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WD 2009/ 053715 PCT/ GB2008/ 003621 THI ENOPYRI M DI ENE
DERI VATI VES AS P13K I NHI BI TORS Field of the Invention
w(ab@opsEsent i nvention relates to indolyl PCT/GB2008/003621

t hi enopyri m di ne conpounds and to their use 5 as

i nhi bitors of phosphatidylinositol 3-kinase (P13K).

Background to_the ! nvention Phosphatid I j NoSito

Cher o ndPENGEkBRFERE SEIVAITES RS B5K BHIBIRRS o/

of phospholipids found in cell nenbranes. In recent

years it has becone clear that Pl plays an 10

| rrportant role in intracellular signal transduction.
M&ﬁwl%% a P13 kinase (P13K) was found to

e BRSSP B, o

as inhﬂntcw of phibSpttatidixamasite] 3-R3@se @I3K)BG46) . PL3K was
originally considered to be a single enzynme, but it
has now been clarified that a plurality of subtypes

Backﬁ(ﬁmﬂrt%?tﬁ@im}eﬂtiﬁ’ﬂ3*< Each subtype has its own
mechani sm 1 or regul ati ng activity. Three nmjor
C IPagmt@)fhmsm{s(hmmeﬁtr@@hrqvm asf"PEY inenet dfa hwmahier obf

trat fi
phossyiis iy b PP 286 Ll ks b s gt P s an
imporbit es16 ﬁﬁnntraé’éilula&@ gﬁ@V@énsd&ﬂ%ﬁt TatheSatk 098G, a P$3 kinkbeIR$3K) was
are PI, hos ate (IPI 4P) and Pl 4, 5- biphosphate
:pggsnhom §>é

foundtpbe @, eBéW‘)W QR%thaﬁepqsmonwé hednQsibANE Af o
phospth%{i’dﬁ BB (VEWRStThah B 31 988! R r%é'dch%% of their

tron nmechanism (Cass’ Ta I'nclude P13K pl
1(]?&3K ptas dfigihaRY considepdd th®S aﬂxtglqa&&mey\lmtohhdsrmnsbﬁeh clanﬁed

gnal s fromtyrosine k|n pl ed rece ors
that a pltaliy g sTUPs B PIESGR 1 POK. JiAsh ypevech SR fgm for
reguleﬂf Ltivine gP@e@{%a Jt BRI of PRIK AT BhérfilEn i onktﬂg%kl@& their in

strat’e assII Pl 3Ks. Cass Il PI3Ks I nclude
vitro @ﬂ)@ﬂ{a@ﬁmmﬁﬁMBaNdnmyebthey pk 3997 iretds am Biochemical Sciences,

22, 27374 Sl QYR LIRS R R G hacp oo gy 4.5

blpho%ﬂal/e (P14, 5)P2? heldsd BIPIsKOhnéFesher dREdéd iBfoStwlodoroisy, m@s Ia and

has been nobst extensively investigated to date.
class i, freterms of thgis gctbvation spshanismyr €lase facR1gKis irgludefI3K pl 10a p110p

and pg@i%a{yggs é’é"%}% %npéiléﬂé%suﬁ(;}ﬁ (t%r)c/)?lgg L(ﬁxtaé) [ gouz)féat%&éﬁ?(gg‘zcmss Ib

PI3K ﬁiwmaiela pANOY subkyid detivityd Bpa Gﬁprbeﬁi dﬂlp&dp’éﬁéﬂ&hﬂ?}laﬁd el(4)P are
growt h factor_receptors w.t g@ys ne ki nase

knowaeﬁ PRhStryte@for&ﬁiﬁé@ HedKpy QEﬂﬁ%{I§I3Kh§1¢ AL Gon 52? pad C2y
subtyhesoW flta'r éﬁa}‘ac?énzteﬂg RifAEAhYhhits 30ne Whify substrate
b | sulst Y us, t P

ates Its I strate. ass

' forclassbﬂ;?dﬂéssrﬁom@nm dered to be associ ated vvith cell

AL R M TR e
date. m&@@@%{l&@%@ élhss A are heterodimers of a catalytic 110 kDa subunit and
regulatory subunits of 85 kDa or 55 kDa. The regulatory subunits contain SH2 domains and
bind to tyrosine residues phosphorylated by growth factor receptors with a tyrosine kinase
activity or oncogene products, thereby inducing the PI3K activity of the p110 catalytic
subunit which phosphorylates its lipid substrate. Thus, the class Ia subtypes are considered to

be associated with cell proliferation and carcinogenesis, immune disorders and conditions

involving inflammation.
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WD 01/ 083456 decri bes a series of condensed heteroaryl
derivatives which have activity as inhibitors of P13
wK2@nds3mnd ch suppress cancer cell growth. SummBelG82008/003621

the Invention 5 It has now been found that a series of

novel thienopyrim dine conpqunds have activity as

i nhibitors of P13K. The conmpounds exhibit selectivity

f t . Qf

QUSRI Bechthlt A R St Roor Rty i have
activitynasanhibivers op PI3VK cad vﬂmicﬂmnppmsﬂcamberodﬁ:lll gsowith.

thi enopyrimdine of formula (1): O N (I) Ra R \ N

N(C(R3)2 MWR2 10 N R4 wherein Wrepresents a
Sum,h% %9%@11%'11 Rl and R2 form together with the N

hey are attached, a group of the 15
f &t haswowdpekn fonmidahdtialsadies ¢finoadl thignppyrimigdirieciompoimeds have

activifiGasgiiiioh of Pk MnddbiraiBas Sl fleckiuRy Ko the p1 108 subtye of

PI3 kit 8¢& ot ttBer oMYs I arfl €1bd3 Ib?IﬁQbSWcEMHﬁ‘%I)th&;ﬁ@seﬁf invention
nmore substituents 20 selected from C3 cycl oal k

providgsiacempound whishtis 8 thienppyrimidine of formula, (Dan - o-
contai ning ring which is tetrahydrofuran,
t et rahydropyran or oxetane and which is unsubstitued
or substituted, -NR -(CR 2)r- rein each R is
i ndependently H or Cl- C6 al

O-containing ring which is te
t et rahydr opyran or oxetane and
or substituted, and a 4-nenbered| satu at ed
N- cont ai ni ng 2

wherein
W represents a thiophene ring;
R' and R? form, together with the N atom to which they are attached, a group of the

following formula (IIa):
(I1a)
A N——

in which A is selected from:

(a) a group selected from homopiperazine, piperazine, piperidine, pyrrolidine
and azetidine, which group is substituted by one or more substituents
selected from C;-C, cycloalkyl which is unsubstituted or substituted, an O-
containing ring which is tetrahydrofuran, tetrahydropyran or oxetane and
which is unsubstitued or substituted, -NR’—(CR’;)—~X wherein each R’ is
independently H or C; — Cg alkyl, ris O or 1 and X is selected from C3-Cyo
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heterocyclic ring which is unsubstituted or
substituted, and which group is 5 optionally

W@ awens17id ed by one or nore further substituenPG/GBRI08A3621

4- to 7-nmenbered saturated N containing heterocyclic
ring which includes O or 1.,additional heteroatons
selected fromN, S and O, tl'?e ring being fused to a

second ri §ﬁ<:¥f3 e ik mb‘gltll%lfedtd? stb dpgl?l{fg b éa‘ﬂ‘t% %@ﬁtHl

N- cont ai eterocy ic ring as ove,
to 12- rremblacbts t&t@ahydsﬁunanabedlylde@@'mmrcdxctanc amgwha:hﬁs

ing, ' dnsybged Bt TR A e SO t’i-ﬁ%mgﬁng
and an  URsRbMycAE BHg Whidhds ﬁgsﬂﬁﬁtﬁmféﬁ%ﬁj s@&ﬁhﬂé‘d’ Ghd @hidhGoup is

to forma heteéropolycyclic ring system the
het er opol qpctlyualbtsubstrtgtedwtoeﬁpbmp elsybstituentasd or

stitute er. ed
NBEnt af 1 dotoraribeha retded N SRR paBetial e ynich
addi ti On&hclh@ésﬁ{r &t idRicnal Kaérestofns 88lebled FoaN, § aAd @, the ring
which further conprises, |linking two constituent

at oms of heHt fusadto asespndigamaaiertedyirons 4 do é’crtl@abtfr%mmﬂed N-
-(CR 2)n H&lmﬁé:ﬁgtgl)o[jyc%(xﬁg %)d\?ﬁﬁ\é}ﬁ{b%kfg §3C ? mgﬁlbel%ﬁ

defi ned a ove I'sS as de i ne ove
and s i s uhsaturaled Hefsro&@lic ang,l as- rtg 7rmeagb¢red sitinmansl Oebmgining

unsubsti tuted o[ substjtut ou
forml a (herqsscyc[l? figg. 2 i/ N’fmsmgsfrﬁd §% o ¢ag Jizyahc Figg and an
7- member E.Pl %ﬁxta%rdaé &g lﬁ‘kn?é?ﬁﬁe?éﬂa%cgt@lgf%l?%%hﬁ a Hete‘i‘&)olycychc

which in es 0 or 1 additional ons sel ected
from N, Sirgrystom, s hetedopalynycl ring systedn being vasubstituted or
menbered s ra@ed carbocyclic ring, a 5- to 7

rrenber ed sélg“f ﬁ\‘tg ed 0-containing heterocyclic ring or a

4c)o 7- rmab@rﬁﬂlenfoefeursah%ded\N%ﬁtaahﬂgBﬁgeﬂ@eyarcqmgcdvm@h
ring as defined above, each of B and bel

unsubst i tineladesd} orsh asiditianat kateroptoms selected @OHQN $@nd O and which

iyl et EnEsch Rz ReS corufint Qi BF g o bridechead
hal o( C1- Gapwy se¥dcted fHsoR R(CR SR NR'dg(ClhB)rMBR, 2)s- wherein each R’ is

NR OR O OR N d NR 2
Wherc(e. )n eaé@ﬁﬁPFCd(?@VP’nﬂ éspb@dgr# |Tys a%decf@ﬁi ?}g‘avea?eé\ﬁés 0gRd, the

Ra 115 an LA SOPNiAUR Bhnk kbR dr4ibindbe; and

substi t ut
d a group of formula (IIb):

(Ilb)

wherein ring B is a 4- to 7-membered saturated N-containing heterocyclic
ring which includes 0 or 1 additional heteroatoms selected from N, S and O
and ring B’ is a 3- to 12- membered saturated carbocyclic ring, a 5- to 7-
membered saturated O-containing heterocyclic ring or a 4- to 7-membered
saturated N-containing heterocyclic ring as defined above, each of B and B’
being unsubstituted or substituted;

mis 0,1 or 2;
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5 or a pharnmaceutically acceptable salt thereof.
Detai |l ed description of the Invention As used herein,

wao b@opsa7ns " f used” indicates that two rings areP¢DGBR@S/003621
together by a conmon bond between two adjacent ring
atons. The term "spiro- fuseq'_ indicates that two 10
rings are |inked through a single common carbon atom
T r h k
o€ 4 LIPS AOAREH seRERALE R bl LR CRORMR, Rllo@1Talk,
nmzladjmziem 2,INR @O;RIO,INR C(O)Reaﬂticab)@m e DR’ cmp&’@ﬁ@mand
a ol yey ClC l.ca 9 tructyre is the
@Qﬁ %ﬁ?p Syr‘a?rﬁg'%die %fi Vﬁ’gan subst it uent
O‘R“'ipér?ﬁl)iofé aq)ewhiaﬁ E@ﬁﬂ%ubs?ﬁﬁt@@éf bivefitbd; 1t is
typically substituted as defined bel ow. 15
AoCa plismacéutically ea;q@ptablel sahelmreqfr branched. A Cl1-C6
al kyl group is typically a C1-C4 al kyl group, for
exanple a methyl, ethyl, n-propyl, i-propyl, n-butyl,

Detaife@CdederiytioP6f theMhvéitiod 9group. A C1-C6 al kyl group is
unsubstrtuted or substituted, typically by one or nore

growsed brerewsy thederas “faeed” iedicales thay twoyrigs ard jpinied tegsther by a
h 3
commg&#%)g;r‘}ji %Et’?yegr& tt‘&ﬁ? Edlg&(%%bg atSls! yﬂb S—FTPYJEHO f.l.&rdg dicatdd that two

t
or n IS selecte

rings fnfedimkéﬂ t}mgmssmgla beﬂnﬁil-cﬁﬁ)oﬁlakmh Tlikﬁieﬁn “bfiligehe&R denotes a
- CH2OR, -CF3, -(halo)-Cl-C6 al kyl
lmkms(gcglm@)) wr(rn%m&}or@lm@%h RYtch cannptts twq egme«}m@wwawms

e O 0 U Pl .
WR)@QUP, €65 RGP Ay, gHENRDstitubiRDr mdi @y M6HiRgdidREin is substituted,
o R

Fage %RS i e O o A(%B‘%%%“IQSW@W a C1-Cy
alkyl groap,ey Q”W@) )Fk) ¢thylOngpropytd- prep;yl wyl, 1sg:-butyl or tert-butyl

grour A GEECRIGH e s Smenthh SRS bsulictBriclly S oM B Byleroups 2

or R’ gall¢finet ®81oM. CDYpicilIiinig (et eyyfor eganiple ﬁletWIl eaﬂeyln $op, n-
R is independently selected fromH, Cl-C6 al kyl

PrOPY@ -batd, Sc%b”d&&?‘llt)’]and a 5- to 12-nenmbered aryl or

T R S g e Eh
CH,0, 3, heald)eBC, alksl e@cr(ahz)eot(halbhelmauqm CO,R; (ccR )2)qcozk -
(C(R63 q&ﬁxﬁé&%gﬁ@@ ﬂ% %gﬁgb&gom ?&ﬁg)z % &q{z)q 2, -
(CRENEGEA N‘gg%ﬁ%gg@zféom szﬁtﬁt?mmg}g@g SRO(O)R, -
(CRBDNRC(O)ORO MO, 2 SO N(REREIR ) S (ON(R) 5 FOGKDIRS -1 S
RO PN AR IPOLR Bk B St QR Rs O)R, -
NRC@)KyR), 200 () RRCOBRFY, EW, -NOZNEOPaS- fo PF-mémbered aryl or
heteroaryl group, which group is unsubstituted or substituted and a 4- to 7-membered
saturated N-containing heterocyclic ring, wherein each R is independently selected from H,
C,-Cs alkyl, C;5-Cyg cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the group
being unsubstituted or substituted, or when two groups R are attached to an N atom they form,
together with the N atom, a 4- to 7-membered saturated N-containing heterocyclic ring; p is 1

or2andqis 0,1 or2.
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5 A halogen or halo group is F, d, Br or |
Preferably it is F, d or Br. A Cl-C6 al kyl group
wae w57 ed by hal ogen nmay be denot ed by the PEr/GB2008/003621
“hal 0- C1-C6 al kyl", which nmeans an alkyl group in
whi ch one or nore hydrogens_is replaced by halo. A
hal o- C1- C6 al kyl group pre15erably contains one, two
Oky5 efegyor @ n& 6
RO iR dotectn f ikoxdh RS, SRR, O, Bl COIR', -
CO, ;m@m@ﬁ)ztmamkaz R, dash of/whichlid the aartd o diffetdnowhen more than

one 1s-gpr f Odi WA EIVEL i@g%taw 1S ts&?%ﬁgmeé h@ré@?%ch)% -Crocycloalkyl,

andp*i’éJI gg(y group A Cl1-C6 al koxy group is unsubstituted or
substituted, typically by one or nore groups Z or RS
ad\ hizbgenat halocareup i6 FCBY, CE.IOJrcIy Crefedaklylit o G onBy. BCi-Cs alkyl

sroup sgbetRBA BY EftesRlpey BEFOR S e Tefb o O BP0 Yhich means an
alkyl g08p M &Bichlone bY Riothydrodens isSreplacddbiENA1d.0Al Hayd-C, i alkyl group

exanpl e cycl opropyl, cyclobutyl or cyclopentyl. In one
preferably s@ntainstong twowr tiree ble gpgups. A masferred gxample @4 5uej a group is
s unsubstituted or substituted, typically by
trlﬂw%r%@?dnore groups Z or R5 as deflned above. A
sat G{-@Qeﬂkéky group/is ke danshed) it & ﬂypi@@llﬁeC@-l(Q&}dmlxbrcgroup, for
ring K pically contains one 20 nitrogen atom and
example gRasIGHY, SHGRYPERPIRYN RIBATYo P-PAPPQXYoR-butoxy oiee-byfoxygr tert-

butoxggpduﬁ) i 9{‘@ -Ce Qﬁ&)ﬁ? %g;uﬁq?unslubst d e suﬂsﬁfut&ix ;H;? afly by one or more

i ne, pyrro plpe I ne, plpera
groups&rqyifo Iasdeﬁnddrabovmrphol [ ne or honopi pera2| ne. A 4-

n%ga%: ?qdcsy% H(ty?taqeoﬁg %ag( El I m Cﬁ,gﬁgoé Cl I éﬁéhna% ciycsz’lopropyl,
11§ut B%’%f% 1&3&1&1@& CorlbyeRAERYN I TyidaBl6f i f(tl Toh kg1, f
eyero 919 X ne abov}g |rI;c!yle)nsungt|1tq5g)tledslor1 ?gubsﬁtc?,{:utlclekg o
exammin cyelepropylroyadohutyl @r cxelopantdt inmnezmbodiment itds 9yclopr0pyl A Cs-

Cro e B0 B B PTIREE OF Rltlfhss Rpicald 8 SE e Goupa p or

as defifedapowef i ned above, and a Cl-C6 al kyl group which is
unsubstituted or substituted by a group Z or R5 as

d &¥ sataated Yotae -mppbgred N@O%Fa’@iflﬂhﬁ%f@ﬂ@élﬁ &mgtyrieally contains one

L e

hetercatoane, It pay dopfoe exampls, azgtipding Iplysrolidinéy piperidinep pqmi‘dzme

mom@@%%%hoqgﬁg%&égg%g%ﬁg;ad o o C %q?@ré}% é@—pomtalmng
heteroeph e GBI BRAE e mz00e 682%35‘” 6

t &t 4-athyld nempbesady 0r, a 4-Nidnitereda lsptiraspd Nacopkaiging heterocyclic ring as
deﬁnq%?&%tpi&% lbsn%lﬁlébsﬁgﬁ%o%d sﬁasﬁﬁ?tgg !9{61 ﬁpgfgr rsnlélgehrir?g Hrbotl ator%s and/or on any
additional N atom present in the ring. Examples of suitable substituents include one or more
groups Z or R as defined above, and a C;-Cs alkyl group which is unsubstituted or
substituted by a group Z or R® as defined above.

When A is a group selected from piperazine, piperidine and pyrrolidine which is
substituted by -NR’(CR’,)—X as defined under (a) above, parameter r is typically 1. A is
typically substituted by a group selected from cyclopropyl, cyclobutyl, -NH-CH,-cyclopropyl,
-NH-cyclopropyl, -NH-CHj,-tetrahydrofuranyl, -NH-tetrahydrofuranyl, -NH-CH-
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N N5 (i) (ii) 10 (iii) (iv) The group Ais
optionally substituted by one or nore further
waeamshsruent s. Such further substituents are PgpGBa008403621
selected fromgroups Z and R5 as defined above. A 5-
to 7-nmenbered saturated O-cgntaining heterocyclic ring
contains at |least one O 15 atomand O, 1 or 2,
. o o | ar10
etra SR A P Rtoehy Ry P e ORI SO SR e SR group
A include¢ theHfolowimgrssmcturesnor phol i ne. A 3- to 12- menbered
saturated carbocyclic ringis a 3-, 4-, 5-, 6-, 7-,
8-, 9-, 10, 11- or 12-nenbered carbocyclic ring
cont ai ni n sat’urated bonds. It is a monocyclic or
fused Di Ning system It is, for instance, a 3-
to 7-menmbered saturated carbocyclic riag 20 _EBXanpl es
i n¢l ude opropane, cycl obntane, cycl openfane,
and bifcyclic|ring
gether. An
unsaturated 5- to 12-nenbered carbocycl € group is a
5¢) 6-, 7-, 8-, 9-, 10, 11- o(i) 12- nenbered
carbocyclic ring containing at |east one unsaturated
bond. It is a nonocyclic or fused bicyclic ring
system The group is non-aromatic or aronmatic, for
instance a 5- to 12 25 nenbered aryl group. Exanples
i ncl ude benzene, naphthal ene, indane, indene and
ahydr onapht hal ene rings, or phenyl, ?gphthyl,

i ndanyl fyt” and tetrahydr onaphtHffyNN-groups. The
group is |unsuldstituted or stitutled, tlypically by
on oups Z or RS WO 3715

PCT/ 008/ 003621 7 defined andve. aryl group is
a 5- to 12-nenbered aromatic carbocyclic group. It is
nonocyclic or bicyclic. Exanples include phenyl and
napht h{iii) gr oups. The group is unsubdtituted or

A% RichP 4585t Oh SRR BY e 8L 0P SuBer aRa@ans. sueh

furtheP QibefiReNS lateCtypicallp séléctéd fiom ghoups 7 andR> asUefinddabol: Or
12-menbered heterocyclic ring containing at |east one

uAshtie 7 anembered saturated{2-cpripigingdieterogystie g containg pblepg gne O
atom L{dqml%r ZNS%]ﬂQJrlﬁé) Jrgl ; gcadﬁﬁ?m ﬂé’c‘éﬁéﬁiohfs s?lfeg{eﬁﬁﬁ)% @ ﬁyﬂdl $ It is,

ring syst S non-aromnma or arofmti C,

for instairce) togilnidesfutuel RéraRydrbpyrdiner gophplineay be, for
exanml furan, thiophene, pyrrole, pyrrolopyrazine
pfri-de E%ymPWPEWeHé?mW‘?dr‘EﬂTW?IFW%’e{S agh 4-, 8-, 65718, 810, 11-or

12-mditier&d Jci)lgﬁ@ﬁ@coﬂtﬁﬂﬁﬁg%nl | SRIrRE® bEndsPH R2FhEnocyclic or fused
pyrazol opyrazi ne; pyrazol opyri m dine, .
bicyclic ring system. It is, for instance, a 3- to 7-membered saturated carbocyclic ring.

Examples include cyclopropane, cyclobutane, cyclopentane, cyclohexane and cycloheptane,
and bicyclic ring systems in which two such rings are fused together.

An unsaturated 5- to 12-membered carbocyclic group is a 5-, 6-, 7-, 8-, 9-, 10, 11- or
12-membered carbocyclic ring containing at least one unsaturated bond. It is a monocyclic or
fused bicyclic ring system. The group is non-aromatic or aromatic, for instance a 5- to 12-
membered aryl group. Examples include benzene, naphthalene, indane, indene and
tetrahydronaphthalené rings, or phenyl, naphthyl, indanyl, indenyl and tetrahydronaphthyl
groups. The group is unsubstituted or substituted, typically by one or more groups Z or R’ as
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pyrazol opyri di ne, pyrazol opyridazine, imdazole,
i m dazopyrazi ne, imdazopyrimdine, imdazopyridine,
WO paodazopyri dazi ne, benzi m dazol e, benzodi oxol BCT/GB2008/003621
benzodi oxi ne, benzoxazol e, benzot hi ophene,
benzot hi azol e, benzof ur an, ndoI|Z|nyI i soxazol e,
oxazol e, oxadi azole, thi azg i sot hi azoI e,
Lazol e, di hydroim dazol e, ' di hydr obenzof uran, 15
deﬁnﬂb?grodl oxi nopyri di ne, dihydropyrrol opyridine,
d IAhya:fybgruulamoqc@mo diﬂmeqmltﬁred(a:rbmagic bd’bo@'clic gsoupd iltnie monocyclic or

bicyche,; ﬁ%qiasnié\ 1%3%5121 L diw%%f ﬁr | ﬂle group is unsubstituted or

substitRtd, FopidStasisi vyl dgr fip ZlR R°ahyekiRisBave. nol i ne,
5,6,7,8-tetrahy ro-1mdazo[ 1, 5-a] pyrazi ne,

51’61lmssturmdr%rrtydacnfvmbemqtbf[t@_rogydchmzusné 6-, 7-, 8-,9-, 10, 11- or

12- m?ﬁ)eﬁ crer%{zz}/(i gfgﬁ%gcrohg 1'{1I DS ég%y rgrlléj L?szﬁséﬂlé%tgcg%ox}%zanﬁ at least one

heterd#fsinl Beltdtedifre O N aadS! Ittib b dbnotydticwrifhiged !bicyen@n@g sys?eQn The
nmore groups Z or R5 as_defined above. Heteroaréh is a
[

groupgs neyarppatis 9p ajosthtis; orinstance betetogey).cThessrgunnay i fehexample,

0, N
ran SR B ol BRSBTS, SR
pyrrolopitiddzive, indok, Nomidolk) pﬁ'dzdlc, p}lrazaldpyrailmdlﬂyrhzmmmldme

het er gat ons selectedfromo S and N It may be, for

pyrazglopysidige, pyrago wwmﬁnﬁéﬂwlﬁé@&a&wﬁzwéraﬁiazopynmldme
r s
1m1da{é/}§1rﬁigl Mﬁllgaztdﬁzn&%g\%i) é%nfdg?%% E!f‘elngﬁcisﬁ{dgg Baéhzc_%ﬁo)ﬂﬁé’up
benzoixaeidle, rhenmmepllmmnsl:nnmthtaedlehmoﬁmm indolizigyk igoxazole, oxazole,
es . of. er.ed sat rae ntalnln
oxadifgs e LS eothirzale TRALAEG dife SOl dinb et e
dihydftfid8shyRiameedihfdrb 1BpediRe, ARBdYSHMfahbFyridintg dﬁ)‘»’(@l@%dme

include a group se cted from azeti di ne, pyrrolidi ne,

pyndlpﬁ,genmqhnnelsocmnpémaznh@Wm{dm Awiaoxdmet ﬂqtrdrvdrqhmmfn@n
tetrah drﬁ)au %nﬁlgeé?e &A 16‘58%11:' %olgnle%g%uPS ki’e%r ?drfo%ﬁﬁ‘gaz%)@ D? ];ﬁfa%ﬂl%

gécon

5,6,7,8-tettahydrorii0e/0E12 afyedzide; mléﬁmﬁienpﬁgnhﬁteﬁpmirieppyrazme
ring as defined above or. a 5- to 12-nenhe

triazing, Gizolcr deirmale he FEQUPAS YRBptitutd o8 s'etgﬁarl&s%ﬂ (ypigatly by one or
more%fb%%%%%%ﬁigsﬁ’%ﬁg%/ 003621 8 the second ring is a

ered saturated N-containing
héfetsroarylisiacs- to t2ymemberdd-arbmatiZhetenobypolie groupswhioh adveadins 1, 2, 3,

or 4 hilg%%qer T Selééfqulrfla(;]r%g) -l%grl}d? : }tgs;( %@ cl)%gbg{a{ ltap?fglscecl“oyplca{ly 1tgconta1ns

one N%t&%faﬂa lone, 2 507 RIERdraEhettdL ORI BREIH #dm O, S and N. It may be, for
honopi pefazine, pyrrole, imdazole, pyri di ne,

examplgy & Stetei Tmembered iretdioaey] gpyupazlypésallyétis stlgddedframehe beteroaryl

groupg éricilﬁr%:agﬂ){ %&@%{/egﬁg)?g&r{%sﬁ% %é—ettogz-tnge X .F%f._ur}gamrated heterocyclic

groupPyrrol o[ 1, 2- a] pyrazi ne and
oct ahydro-pyrrol o] 3, 4-c] pyrrol e. Specific exanples of
t Famples of B dotoyLemberesisefusaied Nctaniraning hetersicyelig g which is

ﬁlsed% hY&HG %%g aydé\hned above to form a heteropolycyclic ring system include a

group selected from azetidine, pyrrolidine, piperidine, piperazine, morpholine,

thiomorpholine and homopiperazine, said group being fused to a second ring as defined
above. The second ring is typically a 4- to 7-membered saturated N-containing heterocyclic

ring as defined above or a 5- to 12-membered unsaturated heterocyclic group. More typically



NNH NH9 10 (a) (b) (¢c) NNNO YO (d) (e) (f) N
N 15 N _ N (g) Exanples of a 4- to 7-nenbered

wa@ 200005878l N- cont ai ni ng heterocyclic group as pef/GBe@s/003621
above which includes a bridgehead group -(CR 2)"- or
-(CR2)t O(CR 2)S as defined above include
3, 8-di aza-bicycl o[ 3.2.1 ] ocfane,

v B PR B4 Bt MRS R MRy g oo

—melﬁbétédiuﬁuamt@de@ hétezbci¢latiigan®ypical examples of the second ring include
6-di aza- bi ¢cycl o[ 3. 1. 1] hept ane, . 6- aza- blcyclo [ 3.
azetldlnq PrEpHdiPG PIPeriging alfstaymeye%m ing, thicmpmheling domopiperazine,

pyoly BGH0AC gL IR Parimidinty RREPRR, SR fran and

5 tetrahydlmpyﬂaur@mmplés of th&-kebhltlhg-lhéle(o@obycwiic) systefcinglulie detalydeb-

pyrrolgEhe-hiny it A iR oS HEPYRE. PG cranples St B

heteropolycyclic system include the following structures:

N/
N/
NH
NH
10 (a) (b) ©
N
(\N/
N N
K/O
o}
(d (e) ®
B
<N
15 N—N (g

Examples of a 4- to 7-membered saturated N-containing heterocyclic group as
defined above which includes a bridgehead group (CR’,),- or {(CR’2),-O-(CR’;),- as defined
above include 3,8-diaza-bicyclo[3.2.1]octane, 2,5-diaza-bicyclo[2.2.1]heptane, 8-aza-
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4- to 7-nmenbered saturated N containing heterocyclic
group as defined above which is spiro- fused at any
w@r@plosdsh® ring carbon atomto a 3 to 12- nenbeCEGB2008/003621

saturated carbocyclic ring, typically to a 3- to

6- menber ed sat urat ed carboc§clic ring, or to a 4- to

7-menbered 15 saturated N-containing heterocyclic
by e ot o elafl B B A o pcptane, 62
bicyclofd. t. h]heptanﬁ,l X %dfaus—bubyalo[zaz Aimgansarddhoe-B8 to a group

. sel d .from cycl opropane, cycl obutane, cycl opentane,
dlazal&‘%q?ﬁhg’xldﬂ%“anﬁzetl dine, pyrrolidine, piperidine,

pi Siﬁ:ﬁﬁi%'eﬂ ?fég of &fid SoUHl RRIdeaRe follDR iy @Rudds; fornul a
(11"b) I nstance, be a group derived from 3,9
20 diazasplro[5 5] undecane, 2, 7-di azaspiro[ 3. 5] nonane,
2,8-diaz i ro[ 4.5] decane @

n4] nonane. i
fornulla (I i nclude th

HN N 25 ( (||)V\02
1 c
(\%))N HNHN(d)I\?O (V||)(viii')(ix')H N W 10

PCC9 (x') (xi") (xii")

\ |
E } N
H
o N
(@) © ()

Examples of a group of formula (IIb) as defined above include groups derived from a
4- to 7-membered saturated N-containing heterocyclic group as defined above which is spiro-
fused at any available ring carbon atom to a 3 to 12- membered saturated carbocyclic ring,
typically to a 3- to 6-membered saturated carbocyclic ring, or to a 4- to 7-membered
saturated N-containing heterocyclic group. Examples include a group selected from
azetidine, pyrrolidine, piperidine and piperazine which is spiro-fused at a ring carbon atom to
a group selected from cyclopropane, cyclobutane, cyclopentane, cyclohexane, azetidine,
pyrrolidine, piperidine, piperazine and tetrahydropyran.

The group of formula (IIb) may, for instance, be a group derived from 3,9-
diazaspiro[5.5]Jundecane, 2,7-diazaspiro[3.5]nonane, 2,8-diazaspiro[4.5]decane or 2,7-
diazaspiro[4.4]nonane. Specific examples of a group of formula (IIb) include the following

structures:

HN —N

@ @ir’)



R4 is an indolyl group which is unsubstituted or
substituted. The indolyl group may be linked to the

wo kioensgoys i m di ne core via any avail abl e ri ng pPOBGBR@R/003621
It may, for instance, be an 15 indol-4-yl,
i ndol -5-yl, indol-6-yl or ipdol-7-yl group. Typically
it is indol-4-yl or indol-6-yl, nore typically an
i ndol -4-yl group. Wien substituted, the indolyl nay be
substituted at one or nore avail abl g positions.

Typi fars a substitu enzene noi ety
of [the i roup. For i -yl
gr pically substitute or

7- 1 on, re typically 20 at t or 6- p03|t|on
Annundol 5-yl group is typicallyv3yubstituted at the
4-, 6- or 7- position, nore typically at the 4- or
6-position. An i ndol-6-yl group is typically
substitu{ed/at t\e 4-, 5 WO 2009/ 053715

PCT/ GB200 003621NH11 or 74ppsitio nmore Y{ypically at
t he ion. An inyol-7- S

typi cal Iy tuted at the - posi tion,

. typically at the 5- or 6- htion. When the
PK%ZIyI group is substituted iﬂgﬁgy be substituted by
a group Z or R5 as defined above. In a typica
enbodi ment the indolyl group is substituted by apgroup
selected 5 fromR -0OR -SR pR, CH2OR
CF3, CF20H, CH(CF3) 3)20H, -(

R2 CCONRZ2, -N TTOR -S(O
N(R) 2, -NRC(O N(R
teroaryl group
, atons selected fr ;
aZ ,ﬁ wherein R p ang are as defined above in the

Y'hition of Z. In an Y“é% typi cal enmbodi ment® % he
i ndolyl group is 10 substituted by a group sel ected
fromCl- C6 alkyl, CN, halo, -C(O NR2,
hal o( C1- C6) al kyl such as CF3, N2, OR, SR,
COR—SOR S R SX2NR2 , NRC(OR CXR2 Rygnd a S5N—

<
vy
%,
Q

me het eroaryl group as ed above. \n angt her
nor& typical enbodi men group_i
S rtuted by a—gro &N,

- S& , and a 5-nenber&d he yl group art ai ni ng
% 8 4 15 heteroato sel ect ed fron1g N and S.
In the %XBove embodi nents % typically H F
al kyl . Typically the substituent on the |ndonI group
is,an el ectron-w thdraw ng gro
s és an igdolyl group “@%ﬁw‘galm@da é&bsyﬁut% éﬁbﬁ ipdoly}ggyoup may be

. , |
il g 0o L4 oy B 550 g e v
indoldsylxiadol- Byl mmduseyl ok indol-29/ giiupz Alypically mlmrmnbneﬁ opindol-6-yl,
t hiadi azol e. I n one enbodi nent a substituted indolyl
more yiag!t 14n3a(ﬂr9‘¥P—-yl group substituted at the 5- or

?W@g@@g@ idolyl e be!s0BstRR@RL S méHé abiabliin
positions. Typically it bears a substituent on the benzene moiety of the indole group. For
instance, an indol-4-yl group is typically substituted at the 5-, 6- or 7-position, more typically
at the 5- or 6-position. An indol-5-yl group is typically substituted at the 4-, 6- or 7- position,
more typically at the 4- or 6-position. An indol-6-yl group is typically substituted at the 4-, 5-
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SO2NMe2 or a 5-nenbered heteroaryl group as defined

above. Typically the indol-4-yl group 1is substituted
w@reoovks3785 or 6-position by halo, in particul apCbhgBE08/003621

More typically the indol-4-yl 25 group is substituted

at the 5-position by halo, ig particular by F. The

paraneter min formula (1) 0, 1 or 2. Typlcallym

or7 -dg§1]113)n Yhore: ty[%(%lﬁro%t)fﬁé; @-?Ar}lrlgy R[ﬁl{lén An infefiy1 | %f&pg yﬁiﬁgl’ly

Inition onopI perazi ne;
substipitgxbatithie 4¢ 5- op§-position]immere tymcra;ﬂlymt theeS- or 6gositiodi ne

e e oLy B s QiR iy PO PER R 2R =

deﬁné?lrab%vé | BCh %Ic%if &ﬁﬁ&iﬁn@ﬂ{t tREfhdBlyl QR)’uS is 8ibetieedbyod grdap 8lected
defi ned above. Typical exanpl és of the substltuent

from Rn@mdskhss(@)plhm{z@oyc(omwzmmm;@z%pcmm)OH C(CF3),0H,
(R B ERR o LEEDRD 500 B oL RIS GESGDIR

oC 2- ) HRCHR d roltHR
G SOUOHRL MmO Moy b

group. ogp@lw@, 2 w@ﬁl hetgrotpmy eselested Afom GaN(asyl Sswharein Rep and q are as
deﬁné?ieatgg(rg ?ﬂ#ﬁé gXﬁJu'uSn of 29 ﬁyaﬁ%ﬁg} f 1calséf9l§(¥dn]hgﬁt§ﬂ% rftdB})}l g{oupnls
substrtuted on eroato

rrng car omo arin

substlhyed)hﬁa groupBelectgd th)ﬂSC15CZalky1 BN, hslod&I(O)ERLa’mln(@] Ce)alkyl
[ cal exa | es of_ the subst [ t uent i ncl ud X0 =0
@R(ﬁ@r and a 5-

such as @ R, NR@F@)&S@
memHe %&tﬁ?ﬁ[&% ? f{&' ince % i) %&h&%?g)seit#ﬁ%% e;nE’rgﬁlgment the

indolyl @f@pNE SB}iuted Bix a griupseloéted Gopm) CNOhalo,cO(@INR £ha)o(EBCs)alkyl

such ST (SO, - SSh BT PP AT o ey aieing 12,3 or 4

heterdaﬂﬁ'hs}J gaectg ng'baN %d 30 1a(thd S¥eRR enmBolliineAR i£¥BI¥RIIE HXr C,-Cs
S(O2 R10 is S(O) CH3. When, in above definition

alkyl(d) of A, the ring Bor B is substltuted it is

sybst it uted a I car.bpn om of [
oty i u i sh PR B B eclishexgcpring grove.
WhentB© ¥igbstitub)is G@-m@?ﬁb@ﬂéh @stefdaryl peorpul bﬁfayibu efot exdmspledRaran,

hal o, C1-C6_al O-NR10)2, -C(ORL0, - C(O ORLO
thiophgpe, Ryg(oty ,zmmok\étwa m@wies te&f#@éfqmé@ledmole oxadiazole,

it t 15 O -N(R10) 2 | ud
o R R S, Lot 00
- 5669 &itbodimehtraibsiiifited Ghikol ylymteupGs Rih Gdd1-@RA @roupcdubskituted at the
- CH2-.OH .and - - .. EX | f bstjt
5- o 680t ORid PIRICHHEIIe. P Gt RGNS 71y SNy SCaMe, -
SO,N&XG'TPL & rﬁfambergﬁ ml%ro%ilsq grup a3(@@fidelAbdve H}%lédﬂ'ycm@ﬁlﬁ@lA yl group

ring Win tornul a adopts el ther of th
is subatswateldaab the i—e:g |6qmlsmmn¢:alha102 th partiedardyi B nMoréI'lfypE:;ally theanéol-4-yl

groupig ik e ey’ PSEOTBY RG] ' paficufur BY £ € Tol oW ng

The parameter m in formula (I) is 0, 1 or 2. Typically m is 1 or 2. More typically m is

When, in above definition (a) of A, the homopiperazine, piperazine, piperidine,
pyrrolidine, morpholine or azetidine group is optionally substituted by one or more .
substituents, it is substituted on a ring carbon atom or a ring heteroatom by one or more
groups Z or R’ as defined above. Typical examples of the substituent include halo, oxo (=0),
—C(O)-N(Rlo)z and fC(Rlo)z-ORIO wherein R' is H or unsubstituted C;-Cs alkyl. Examples of



(la) N RL S/N NR werein Rl, R2, R3, R4 and mare

as defined above for formula (1). In a second
weedodsitent the thienopyrimdine is of the folPOIGB08/003621

formula (Ib): WO 2009/053715 PCT/ GB2008/ 003621 13 O

(Ib) N R~/ N N(QR3)2 mf2'--- / Il S N4

wherein Rl, R2, R3, R4 and mare as defined above for

-C(O)* R, 2 ifdide @@Jﬁ(@{;ﬁ%@)%% @E@ﬁll;s[h@%f of R OR ' include

i nvention includé the compound ‘I isted in
-CHz-f(H{hmiNrGI@z @@Hse 1: 5 Tabl e 1 Conpound Structure Nane

2 (6- flvgli‘)‘?(“g A °Vﬁ g‘éﬁmé % %ﬂﬁﬁgﬁ %Igf}iygyc i‘i' qu'sys%\x'% is

substl‘ﬂuth’d it i settitutePortld ﬂﬁg biﬂ)gﬂl Bl%nNH a Mhg\hdterdatom by one or more groups
| met hyl - 1-[2-(5-fluoro-1 H

5 Zor R adebudibpva. Fimio sxamples of heishetiofeat mehide oxo (<0), <C(O)-
N(Rl(ﬁ%_‘p)g%bﬁqgﬂw%n& -Q/(‘dﬂf?ﬁhy\*/llerp hRe%] s% rcleénéﬁl a}bove. SE)lamlhlesN)t\thé
substituent -C(0)-N(R'®), include -C(O)-NH,, -C(O)NH(CH3) and -C(O)N(CHs),.
Examples of -C(O)R' include -C(O)CH;. Examples of -C(R'%),-OR'? include -CH,-OH
and -CH,-OCH;. Examples of the substituent -C(O)OR' include -C(O)OH and —

10 C(O)OCH;. A typical example of -S(O), R'® is -S(O); CHs.

' When, in above definition (d) of A, the ring B or B’ is substituted, it is substituted on a
ring carbon atom or a ring heteroatom by one or more groups Z or R> as defined above.
Typical examples of the substituent include halo, C;-Cg alkyl, -C(O)-N(R'%),, -C(O)R'?, -
C(O)OR"’ and -S(0), R'® wherein R'’is as defined above. Examples of the substituent -

15 C(0)-NR'"), include -C(O)-NH,, -C(O)NH(CH3) and -C(O)N(CHs),. Examples of -
C(O)R" include -C(O)CH3. yde-C(R'%),-OR' include -CH,-OH and -CH,-OCHj; Examples
of the substituent -C(O)OR'® include —C(O)OH and ~C(O)OCHs.. A typical example of -
S(0);R'" is -S(0), CHs.

The thiophene ring W in formula (I) adopts either of the two available regiochemical

20 orientations. Thus, in one embodiment the thienopyrimidine is of the following formula (Ia):

0]
(12 [Nj
R1

~ -~ N
N—(C(R3),) |

wherein Rl, Rz, R ,R4 and m are as defined above for formula (I).

In a second embodiment the thienopyrimidine is of the following formula (Ib):



~N H 3 C~ Cycl opropyl net hyl

i ndol

NH amnm ne

| Cyclopropyl- { 1-[2-(6-fl
yl) - 4-nor phol i n-4-yl-thieno
d] pyri m di n-6-yl net hyl ] - p|ij|d|n 4y|} NH anmine >-H

F56-[(S)-1-(Hexahydro-p
a] pyrazi n-2-yl ) net hyl ] - 2-
yl) - 4-nor phol i n-4-¢b)-t hi e
~N\ NHN NH®6 2-(5- Fluoro

(hexahyqro pyrrol o[ 1,2-a]lp

| t |
é]?){/r?lmg* Ne q%(%o I
2- (6- FIRjor o- | Hi ndol - 4-

ga-

whereg;p m&y%go pyr el cﬁ%&ec{@

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

following Table 1:

N
-qu ( )R“l- cN)

-{1-[2-(6-fluoro-1H N
-4-yl)-4-norpholin-4-yl-thieno[ 3, 2-
wa@k@yosatidi n- 6-yl methyl] -piperidin-4-yl } - SPAT/6B2048/003621

F WO 2009/ 053715 PCT/ GB2008/ 003621 14 4

ro-1 Hindol-4- N
,2- S \N

ro [ 1, 2 '
dol -
n ZSN-d]pyrim'dine

"1 H-i ndol - 4- yl)-6-[(S)-1-
a2|n-2-
“th eno [3 2 N~

N|.H

yra|n2

oy g Qs fgrmuda 41)-

Table 1
Compound | Structure Name
No.
1 0 6-(4-Azetidin-1-yl-piperidin-1-ylmethyl)-
[Nj 2-(6-fluoro-1H-indol-4-yl)-4-morpholin-
S 4-yl-thieno[3,2-d]pyrimidine
~ N s
|
F
0
2 o Cyclopropylmethyl-{1-[2-(5-fluoro-1H-
[N] indol-4-yl)-4-morpholin-4-yl-thieno[3,2-
s\ d]pyrimidin-6-ylmethyl}-piperidin-4-yl}-
QI ) [\n |amine
N N/
& X0
N
4"
3 0 Cyclopropylmethyl-{1-[2-(6-fluoro-1H-
[N] indol-4-yl)-4-morpholin-4-yl-thieno[3,2-
S djpyrimidin-6-ylmethyl]-piperidin-4-yl}-
l N P\ | amine
oy
7 F




SN -

6- ( Hexahydr o- pyrrol o[ 3, 4-c]
wQ kevenssriy - 2- (1H-i ndol - 4-yl ) -

nor phol i n-4-yl -thieno[ 3, 2-d

WD 2009/ 053715 PCT/ GB2008/ 0

2-(5-

dlpyrimdine ~N\ NHN HF 8~

P

]
Fl uoro-1 Hindol -4-yl) -

y
4-
P

rrol-2- N

S PCT/GB2008/003621
yrimdine \ NHNN NH

621 15 9l

(Trexahydro=-pyrTot i 3, 4= CI pyT Qg

yl met

d] pyr
2- (6-

(hexa

yl met
N NH
6- (2,

hyl ) - 4- nor pHol | n- 4-yl -t Ki

7[BHaza- spi rof 3. 5 non- 2-

@[yc{ln 1-{1 % -(6 fluoro-1H-indol-4-
drp -yl-thieno[3,2-

) (ﬂpynmldm-6 -ylmethyl]-piperidin-4-yl} -

Gype
ieno[3,2 s N d] pyrimdine

yl met hyl ) -

®

6-[(S)-1-(Hexahydro-pyrrolo[1,2-
alpyrazin-2-yl)methyl]-2-(1H-indol-4-
yl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine

0

(J

N

T
Y

2-(5-Fluoro-1H-indol-4-yl)-6-[(S)-1-
(hexahydro-pyrrolo[1,2-a]pyrazin-2-
yl)methyl]-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine

2-(6-Fluoro-1H-indol-4-yl)-6-[(S)-1-
(hexahydro-pyrrolo[1,2-a]pyrazin-2-
yl)methyl]-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine

6-(Hexahydro-pyrrolo[3,4-c]pyrrol-2-
ylmethyl)-2-(1H-indol-4-yl)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine




N 2-(

1H i ndol

-4-yl)-4-norpholin-4-yl-

sl \' N_

thieno[3,2-d]pyrimdine NXNH NN H 12~

W®2(02/07370% aza- spi ro[ 3. 5] non-2-yl methyl) N

2-(5-fluoro-1 Hindol

-4-yl)-4-

PCT/GB2008/003621
nmorpholin- s I \N _
NH NF NH 13l

4-yl -thieno[ 3, 2-d] pyrimdin

Esylms

6-(2,7-D aza- spiro[3 5]non thyl)- N
gE TRk Gl o 0 e
, 2-/d] pyri m ne ~ 15
b dsbonal 003687 16 14 | g} adxa%’f’rp}[w P e ﬁé‘ﬁ. 3
Joct-3 J vyl N - 2=L6-f | uor - i}
Nm)rhol - |/hl mﬁ32c fee s NNH NF
16 ~ }S)S 5S) N1 -Di aza-
10 o 2-(6-Fluoro-1H-indol-4-yl)-6-
[Nj (hexahydro-pyrrolo[3,4-c]pyrrol-2-
sy ylmet‘hy.l)-_4—morpholin—4-y1—thieno[3 ,2-
Y ~\H d]pyrimidine
N F
H
11 o 6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-
[Nj 2-(1H-indol-4-yl)-4-morpholin-4-yl-
s Ay thieno[3,2-d]pyrimidine
N \ 'N/ NH
"] ¢
H
12 0 6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-
[Nj 2-(5-fluoro-1H-indol-4-yl)-4-morpholin-
s\ 4-yl-thieno[3,2-d]pyrimidine
N =
N \ N/l f NH
6) F
N
H
13 0 6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-
[Nj 2-(6-fluoro-1H-indol-4-yl)-4-morpholin-

4-yl-thieno[3,2-d]pyrimidine




N bicyclo[3. 1. 1 ]Jhept-6-yl)
H i ndol

6- (2, 7-D aza-spiro[ 3. 5] non- 7-
2-(6-fluoro-1Hindol-4-yl)-
4-yl -thieno[ 3, 2-d] pyrimdin

-4-yl)-4-norpholin-4-yl
W p0ogtasd785 2- d] pyri m di ne

met hyl]-2-(6- fluoro-1
sl -N-
NH ~7N HF 18 PCT/GB2008/003621
yl methyl)- CNJ
~morpholin- s I \\ N _

NH NNNF HI19

14 ©0-(2,B-Diaza-spiJq 4. 5] dec- 8-[y vt 21 t-3-
2-(6-f|uoro|Hind<§>|-4-y|)-4-|rrg? %6‘? [3:2.1]oc
R A uoro- 1 1-4-yl)-4-
4-yl -t [y enol 3, 2-Wpyri m di ne 0[ midine
6- ( 2, 7- raka- sni o[ 4. 41 non- 2-yF 5‘>’ E?Rﬁ“ pyri
2-(6-f1 Goro* [ ,.p-4-rmrpholln- s |
4-yl-thieno[3,2-Np di ne |~ NH NNHFV\D
2009/ 053715 PCT/ GB2 003621 17 21 ~
2- (6-Fl uoro-1Hindol - g-yl)-4-norpholin- N
4-y| -6- (octahydro-pyrrolo[3,2-clpyridin- s \'N
16 5-ylngethyl)-t I’E’%jwo[ 3, 2- d] pyr i|rfi-K(i $65)- NEB,6¢ Diaza-
N bicyclo[3.1.1]}hept-6-yl)methyl]-2-(6-
s fluoro-1H-indol-4-yl)-4-morpholin-4-yl-
SBSaY thieno[3,2-d]pyrimidine
O TS
N F
18 0 6-(2,7-Diaza-spiro[3.5]non-7-ylmethyl)-
[Nj 2-(6-fluoro-1H-indol-4-yl)-4-morpholin-
s A 4-yl-thieno[3,2-d]pyrimidine
(N =
N N\ N/,L f NH
N(g F
H
19 0 6-(2,8-Diaza-spiro[4.5]dec-8-ylmethyl)-
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67) | 6-[4-(3,3-Difluoro-azet
1-ylmethyl]-2-(1H i ndol

6- (6, 9-D aza-spiro[ 4. 5] dec- 9-
2-(5-fluoro-1Hindol -4-yl) 47
4-yl -t hi eno[ 3, 2-d] pyrim di n®’ \

- 4_ y| ) -
N\ NH N F-~-3 F 68~ PCT/GB2008/003621

idin-1-yl) N piperidin-
4- nor phol i n-4-yl -t hieno

yl methyl)- N
rmrpholln- s |
NH N F 69l

\N _

(R~ 7F[ 2-(5-Ffugpo- r Findol =

75 : . IY(E 125N oro-1H-indol-4-yl)-4-
mor phjol i n- 4-yl - h' lenol 3, 2-d] “ﬁarﬁ{. Eﬂh- I-thieno[3,2-d]pyrimidin-6-
yl methyl ] - hexah f o- oxazolo[~ SthY I indridi din0
a] pyrfazi n- 3- os ~ NH N |NmethyimipsrAinfyd)-gretidips2-one
PCT/ CBZOO8/
7-[2-{(5- oroI -4 yl)-4- N
nmor phiol | -yI-th 32d]pyr|md|n 6-
yl methyN -5, 6, 7, 8- tetrahydro-
[1, 2, 4]M™pazol o[ 4, 3-a] pyrazine s ~-N61 N\ H N/' F
N N71 6-(5,6-D hydro-8Hinmdazo[ 1,2 ()

76 a] pyrfazi n-7- yIEr?? hyl ) - 2- ( 6- f || &)-8-[245-Fluoro-1H-indol-4-yl)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl]-octahydro-pyrazino[2,1-

/—Qr ~ \H c][1,4]oxazine :
" { v i
77 0 (R)-8-[2-(5-Fluoro-1H-indol-4-y1)-4-
[Nj morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
s A ylmethyl]-octahydro-pyrazino[2, 1-
N | /N ~\H c][1,4]oxazine
N
(L 15
CJ
o]
78 0 (S)-8-[2-(5-Fluoro-1H-indol-4-yl)-4-
[Nj morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
s Ay ylmethyl]-ogtahydro-pyrazino[2,1-_
a\ | \H c][1,4]oxazine
(— N’ I§
N F
Lo
79 o (R)-8-[2-(5-Fluoro-1H-indol-4-yl)-4-
[Nj morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
s\ ylmethyl]-hexahydro-pyrazino[2,1--
N c][1,4]oxazin-4-one
P> NH
o
WA
o= 7
o}
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yl methyl]-2-(1Hindol -4-yl)-4- -4~s | \\ N
nmor phol i n-4-yl -t hi eno[ 3, 2- d%gyrl mdine SNHNI \
F 73 ~ 6-[4-(3-Fl uoro-aze.ti n-1- yI) pi peridin-1 - N
g0 V! ”EL ?’! ] 2775{' @Oro[ '3"*2' 3]0 S -8 FTudro- 1H—1nd 14-
nmor phpl i n- 4-yl - |(§no [o\VA1 |-__ )
\"QNp F 74 1- [2(1H—Inum G i h‘e‘% Dﬁug:‘“d‘”
cN) y| -thieno[ 3, ’g"%m) '
pi perj di n- 4. idi P e-k,— XVhQaCIé W
2009/ P53715\PCT/ GBZO dimgthylamide ¢
-[2- (p- Fkuofo-1 H-i m yl)-14 N
mor phiol i mé4-yl -t hi eno[ 3, 2-d] gyri m di n-6- e8~ N _
yl rreth91=1-p| peridi n- 4- yI} azdtidin-2-one F NH NI \
81 5-[2-(5-Fluoro-1H-indol-4-yl)-4-
0 morpholin-4-yl-thieno[3,2-d])pyrimidin-6-
[ j ylmethyl]-hexahydro-pyrrolo[3,4-
N L ;
s Ay c]pyrrole-2-carboxylic acid amide
| —
N \ N7 NH
N
o<
NH,
82 0 2-[2-(5-Fluoro-1H-indol-4-yl)-4-
[N] morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
s A ylmethyl]-2,7-diaza-spiro[ 3.5]nonane-7-
C 1w carboxylic acid amide
N N
N
o<
NH,
83 0 6-(4-Azetidin-1-yl-piperidin-1-ylmethyl)-
[Nj 2-(6-methanesulfonyl-1H-indol-4-yl)-4-
S morpholin-4-yl-thieno[3,2-d]pyrimidine
[N =
N\ 7 NH
u“g
84 °>_\ (4aR* 8aR *)-6-[2-(5-Fluoro-1H-indol-4-
N o 0 yl)-4-morpholin-4-yl-thieno[3,2-
b [N] d]pyrimidin-6-ylmethyl]-1-methyl-
N hexahydro-pyrido[3,4-b][1,4]oxazin-2-
S SN =
Y \H one
N” IE
F
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-4-yl)-4- N

nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di n- 6-

~NNHN CNF O77
(R -8-[2-(5-Fluoro-I Hindol
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nor phol i n-4-yl -t hi eno[ 3, 2- d% yrlm di n- 6-
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fN NF. 05 (S)-8:[2-(5-FluqL 9 {%{f‘gﬁ(ﬂp m1d1n-6-
nor phio]. | | -th er]o[szd]p I . o
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N N sy 2- (5-Fl ydr
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1, 4] oxazi n-4-one N g ~ 10 WO 2009/ 053715
86 PCI/GB2008/ 003621 28 5u 6- 1- ahvdro- 1o[1,2-
5-[ 2-{( 5- Fl uor o- Ligi ndol - 4- yI)|- [(Sg aff" Y f’y;°6°[
mor phpl i n-4-yl - :bno[s 2 d] gy n2-yhmethyl]-2-(6-
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| =
N N\ N7 NH
o
SO,Me
87 0 2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-
Q 0 4-yl-6-[4-(tetrahydro-pyran-4-yl)-
N—> [N] piperazin-1-ylmethyl]-thieno[3,2-
Uy d]pyrimidine
S N -
U //ﬁw
N
F
88 0 2-(1H-Indol-4-yl)-4-morpholin-4-yl16-[4-
Q o (tetrahydro-pyran-4-yl)-piperazin-1-
N—> [ N] ylmethyl]-thieno[3,2-d]pyrimidine.
<—N S N -
W /)\é\NH
N
89 0 (£)2-(5-Fluoro-1H-indol-4-yl)-6-[4-(2-
&Z/ [Oj methyl-tetrahydro-furan-3-yl)-piperazin-
<“_—> N 1-ylmethyl]-4-morpholin-4-yl-thieno[3,2-
N s Ay — d]pyrimidine.
W /)jé\m-l
N
F
90 0 (£)2-(5-Fluoro-1H-indol-4-y1)-4-
Q [oj morpholin-4-yl-6-[4-(tetrahydro-furan-3-
{'_‘» N yl)-pipe{agin-l—ylmethyl] -thieno[3,2-
N Sy d]pyrimidine
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N F
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N
F
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N S~ SN = (tetrahydro-furan-3-yl)-amine
A /)IS\NH
N
F

96 HO, 1-{1-[2-(5-Fluoro-1H-indol-4-yl)-4-

R o morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
[ j ylmethyl]-piperidin-4-yl}-azetidin-3-ol
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A T A (+t ot vrahudrn n ) CMN_ENN

J L n \ oo T At \" L v a y N T . .
98 < enol 3 ,42[2/' QQ'%““NO' :ngO.l# M NH,
morpholin-4-yl-thiéno[3,2-d]pyrimidin-6-
ylmethyl]-1-(tetrahydro-pyran-4-yl)-

Q Y\ piperazin-2-one
oRn
sz F

and the pharmaceutically acceptable salts thereof.
Synthetic strategies for producing thienopyrimidines of formula (I) via suitable
precursor compounds, and the production of those precursors, is depicted in the synthetic
schemes 1 to 13 which follow in the Examples section.
One suitable synthetic strategy for producing a thienopyrimidine of formula (I)
employs the precursor carboxaldehyde of formula (II):
(Oj
N
()
o)
N\ | Sy
H/ /‘\
N

Cl

wherein W is as defined above. Starting from this precursor the synthesis comprises-
performing, in either order, a reductive amination and a palladium-mediated (Suzuki-type)
cross-coupling reaction.

A compound of the invention may thus be produced by a process which comprises

treating a compound of formula (II):
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88 '~ 2-(1HIndol 4-yl)-4-norpholin-4-y16-][4-
(tetrahydro-pyran-4-yl)-piperazin-1- N N EN)

W@ koweokariy - t hi eno[ 3, 2-d] pyri midine. NH N 89 ~PCT/GB2008/003621
()2-(5-Fluoro-IHindol-4-yl)-6-[4-(2- L
nethyl-tetrahydro-furan-B-y#ﬁ pi perazin- N (0)
1-yl nmet hyl ] - 4-norpholin-4-yt=thieno[3,2- ~~ S\ N
dlpyrimdine. NH N F 90 0
() 2-(5-Fluoro-| Hindol-4-yl)~4- T
nmor phol i n-4-yl -6-[4-(tetrahydro-furan-3- N (N)
yl)-piperazin-1-ylnmethyl]-thieno[ 3,2 d] pyrimdine ~~N
S N 6NH F WD 2009/ 053715 P ((82008/ 003621 30 91 .0
2- (5-Fluoro-1Hindol-4-yl)-6-(3 SNi§
met hanesul f onyl - hexahydro pyrrclo[3 4- (N)
c]pyrrol 2-yl net hyl

2-d] pyrimdine N .
{5-[2-(5-FIuoro-IH4 )-4- YN CND
nmor phol i n-4-yl -t hig ] '
yl met hyl ] - hexahydr o- pyrrolo[3 A c]py?rol-2-yl}

wheréift tV\I;‘ #'RYefined above, with an amine of formula NHR '*R? in which R'* and R?* are

as defined above for R! and R, or R!® and R?® are as defined above for R! and R? wherein an

in
E
1
—
=
o
=
o

N atom is present and is protected by an amine protecting group, in the presence of a suitable

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

o

N (Iv)

AN PN

N Cl

RZa

wherein W, R!? and R? are as defined above, with a boronic acid or ester thereof of formula
R* B(OR"), in which R is selected from a group R* as defined above and a group R* as
defined above in which the indole N atom is protected, 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; and, if R¥ , R'? and/or R* includes an
amine protecting group, removing the protecting group. Any suitable amine protecting
groups may be used in R'* and/or R, for instance a t-butoxycarbonyl (BOC) group. Any
suitable group may be used to protect the indole N atom, for instance a ¢-butyldimethylsilyl
group.

A compound of formula (I) may also be produced by a process which comprises

treating a compound of formula (II):
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SNNH NF 93 -N 0~
{1-[2-(5-Fluoro-1 Hindol -4-yl)-4-
woroophsd7ih- 4- yl -t hi eno[ 3, 2-d] pyrim din-6- N  PCT/GB2008/003621
yl met hyl ] -piperidin-4-yl}-nethyl Ns N
(tetrahydro-pyran-4-y|)-an1$$L NH N F 94 0-N CO~

Cycl obutyl -{1-[2-(5-fl uoro- i ndol -
yl)-4-norpholin-4-yl-thieno[3, 2. N

d] pyri mdin-6-ylmethyl]-piperidiméd-yl} Ns = N -
methyl-amne NH NF 95 o 0~
()-{1-[2-(5-Ftuoro-I Hindol {4-yl) -J4-

nmor phol i n-4-yl -t hi eno[ 3, 2- d] pym di n-6- N

yl methyl]-piperidin-4-yl}-nethyl N@yl . N SN (t
etrahydro-fiuan-3-yl)-amne H|NF 96 HO O

1-{1-[2-(5-Fluoro-I% i ndgl—4 4 N~0J

nmor phol i n-4-yl -thie yrirriNdi n- 6-
ylnethyl]-piperidin/é getidinf-3-of NNS "NNH
N F : N/ cl

wherein W is as defined above, with a boronic acid or ester thereof of formula R*B(OR"),
in which R* is as defined above and each R'® is H or C;-Cg alkyl, or the two groups OR"
form, together with the boron atom to which they are attached, a pinacolato boronate ester

group, in the presence of a Pd catalyst; treating the resulting compound of formula (III):

(n

wherein W and R* are as defined above, with an amine of formula NHR'?R* in which R"
and R* are as defined above, in the presence of a suitable reducing agent; and, if R'® and/or
R* includes an amine protecting group, removing the protecting group. In this embodiment
of the process the N atom of the indole group R* may, if necessary, be protected before the
compound of formula (III) is treated with the amine of formula NHR'?R* . In that case the
indole protecting group is removed in a subsequent step, using conventional methodology.

Both the reductive 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,(PPh;),. The reducing agent in the amination step
is typically a borohydride, for instance NaBH(OAc);, NaBH, or NaCNBHj3, in particular
NaBH(OAc);,

Alternatively, a compound of formula (I) may also be produced by a process which
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2-(5-Fluoro-lIHindol-4-yl)-6-[4-(3- O

woredobosdzimazet i di n-1-yl ) -piperidin-1- N /) PCT/GB2008/003621
yl met hyl ] - 4- nor pholin-4-yl-thieno[ 3,2 N d] pyri mdi ne
NSNNH NF 98~ 4-[2-(5-FLporo-|IHindol-4-yl)-4- N
nor phol i n-4-yl -t hi eno[ 3, 2-d# yrimdi n-6-

comp%%%ﬁe2§+%: %%%@Hdm¥wwﬁﬁ%ﬁ%é&6‘b\%§% a reducing agent, to

reduce terGHE@ tﬁunodahzu;ty ac@Hi@H] andsthént Erea:timg tieofesulSyg térapound with an

agent (\xftly %\ﬁe Ivgrfﬁ &%?ﬁtu}z%ﬁg gg#v%enor%% dé@g/relyaelg{p‘gfaocrompound of
formud O@kICt i on of those precursors, is depicted in the
syntthetic 5 schenes 1 to 13 which follow in the
Exanpl es section. One sui e synthetic strategy for
produci ng a thienopyri [ formula (1) enploys
the precursor carboxal dghyde of formula (11): O N
(1) NCWNOC wherei s defined above.
Starting fromthis precu he synthesis conprises
10 performng, in either oMer, ~a¥7eductive am nation

wherein L is a leaving group. Suitable examples of leaving groups include chloro, bromo,
tosylate and mesylate groups. The compound of formula (V) is then treated with an amine of
formula NHR""R* in which R and R* are as defined above, in the presence of a base such
as potassium carbonate or cesium carbonate in a solvent such as DMF, to yield a compound
of formula (I). This strategy is depicted in scheme 6 which follows.

A variation in the synthetic strategy for producing a thienopyrimidine of formula (I)
entails attaching the group R*to the thienopyrimidine core by Suzuki coupling and then

protecting the indole N atom of the group R*. The process comprises treating a compound of

formula (VI):
(Oj
N
P N)\

in which W is as defined above, P is a toluenesulfonyl group and R* is a group R* as defined
above in which the indole N atom is protected by toluenesulfonyl, with a compound

NHR"*R* as defined above under suitable conditions. The indole N atom is protected by any
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cross-coupling reaction. A conpound of the invention
may thus be produced by a process which conprises

wo e@ansitgs a conpound of fornula (11): WO 2009/ PSBGB3008/003621
PCT/ GB2008/ 003621 32 0 N CWI"" N -(: CHNGCJd
wherein Wis as defined ab%?{?, wi th an am ne of
formul a NHRlaR2a i n which a and R2a are as defined

s o s e ety el o

removesl subsdqaentiyd uking aonveniiomml pretitodotogyg Thisctnategy s illnstrated in

h "Frésﬁ]%ﬁf ﬁf a suitable 5 reducing agent; treating the

SCheMES WG C¥fpound of formula (N: 0 N(IV) N RaWw
N TNi&ropyrfitafiNd T ebrihuly ([ny BB o efiRd &it6 pﬁ&n%f %ﬁt%’bﬁﬂy acceptable

0 a

above, W th a boronic acid or ester thereof or mul
salts, pad sabis ORIy e2conmendd iote thelfre¢ sorapdundi byicdnventienalmsthedR4

pa A5 A s S 050, 10 e i

hydrobrétic @érd@dalifiic §id,tahe sdifs ¢\ uRgaaiOatids Ut as hedtiBacid, oxalic acid,
together with the boron atomto which they are

malicacida giedanesilionicecish, tifbroronsetimanid benzaie agidifsic acil anddartaric

acid. ith e%ﬁ@o?éon%o%ﬂd&@tttﬁé iﬁ%‘él{numanh% a Yee cﬂb@xﬁgﬁﬂsﬁfueﬁ, 8 salts
includes an “am ne protecting group, renovihg the

includu taitle tHel dbgv%muﬁm:jeﬂmyidﬁdiditﬁhlseltﬁaﬂdthe salstafcddinm, potassium,

.groups may. be used in Rla and/or Rea, fqr instance.

calcium grg YRPCRRFdnIMe latiesere pieBYpd baffrating the Jise _éhla?qperﬁrrﬁﬁpe of

formd1€ g?:ﬁﬁ%_taeidpardﬁhﬁ)ﬁtsaﬁ BferdoRARE tH c%fr@%ﬁonﬁfﬁ théISIRABEEr fAnmonia.
t-patyldinmethylsilyl 15 group. A conpound of fornula
( IQompwynds efithe presens dnveatiobifavs beew femd imhioddgicad gstsite bs

. .. treating. nd of f (1) . o
inhibitors %}‘ i’{}gklgas%.o gléorglpgunds g{ensléle%tn(/e l”c)r the p1103 isoform, whichis a class

Ia P13 kinase, over other class Ia PI3 kinases. They are thus selective for the p1106 isoform
over both the p110a isoform and the p110p isoform. In particular they are selective for p1106
over p110B. The compounds are also selective for the p1108 isoform over p110y, which is a
class Ib kinase. The selectivity exhibited by compounds of the invention for p110d over other
isoforms of PI3 kinase is at least 2-fold. Typically the selectivity is 5-fold, or 10-fold, or 20-
fold, or 50-fold, rising to 100-fold or higher in many cases. Thus the compounds may be 2-
fold, 5-fold, 10-fold, 20-fold, 50-fold or 100-fold selective for p1105 over p110B. They may
also be 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 100-fold selective for p110d over p110a or
over pl10y.

A compound of the present invention may be used as an inhibitor of PI3 kinase, in
particular of a class Ia PI3 kinase. Accordingly, a compound of the present invention can be
used to treat a disease or disorder arising from abnormal cell growth, function or behaviour
associated with PI3 kinase, in particular the p1105 isoform of PI3 kinase. Examples of such
diseases and disorders are discussed by Drees et al in Expert Opin. Ther. Patents (2004)
14(5):703 — 732. These include proliferative disorders such as cancér, immune disorders,
cardiovascular disease, viral infection, inflammation, metabolism/endocrine disorders and

neurological disorders. Examples of metabolism/endocrine disorders include diabetes and
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WD 2009/ 053715 PCT/ GB2008/ 003621 33 O N (Il) N/CW
HNC wherein Wis as defined above, with a boronic

wa@edod/osa7iest er thereof of fornula RAB(ORL5)2 PeT/éaBR@B/003621
R4 is as defined above and each R15 is H or Cl-C6

al kyl, or the two groups (Rég form together with the
boron atomto which they are”attached, a pi nacol at o

obesigror i)fes%?ggﬁceias |ﬁ1e ﬂr@se ceo onndd\&h E)dtreat include

reatl ng e resu conmpoun
leukaémhial Dn;am fOmoiry, kdnla) c4nckt, ghivtiit MnEEr andeanden thmrsﬁerbladdﬁ, breast,
as defined above, with an am ne of fornula NHRlaR2a in .
uterus, yng, ceipn, Prﬁﬂﬁeﬂ“‘?‘gl}’ andpansreasf i ned above, in the

b r{g?%{r?ﬁ&fgf @1 %:e‘[:i\p éﬁrgﬁﬁﬁg#‘&a 2981L an fHibitorbof PiPkinase. A

ne protecting group
human eravinmag patheat mﬁﬁarmgtfrmg agliseage.or disotder grising &dnmhmpm)#l cell

ool o e 2 ML o B
I t
bR ot SR A L L i

1nﬂammamcarm\nedaboﬂnsm/mdbmmmrdmOe e neursiagicat dlsveht,lma)ahus be

R e T e S

inventiBfl ‘é@@éﬂn‘éﬁ abo 0 rAdl'lddléif‘& anfifl pafbnt IAFEHRLREMI cifider MY 4 be
any that is typically used for Suzuki-type

treatedrbwsnctbupmmgssmg thetadmdniptgativn tmgeeie)of a compoyprdiefcthe gresent

v 5B e B eSS o reve

amelibafdBH3, |n particular NaBH(OAc)3. Alternativel y, a
conmpound of formula (1) may al so be .produced hy

pré> eersRouR; of fihe/gmesad 7Bt eanie pATEBIORA M s g8 ety of dosage

forms, for example orally such as in the form of tablets, capsules, sugar- or film-coated
tablets, liquid solutions or suspensions or parenterally, for example intramuscularly,
intravenously or subcutaneously. The compound may therefore be given by injection or
infusion.

The dosage depends on a variety of factors including the age, weight and condition of
the patient and the route of administration. Daily dosages can vary within wide limits and
will be adjusted to the individual requirements in each particular case. Typically, however,
the dosage adopted for each route of administration when a compound is administered alone
to adult humans is 0.0001 to 50 mg/kg, most commonly in the range of 0.001 to 10 mg/kg,
body weight, for instance 0.01 to 1 mg/kg. Such a dosage may be given, for example, from 1
to 5 times daily. For intravenous injection a suitable daily dose is from 0.0001 to 1 mg/kg
body weight, preferably from 0.0001 to 0.1 mg/kg body weight. A daily dosage can be
administered as a single dosage or according to a divided dose schedule.

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

administered in any conventional form, for instance as follows:
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34 conprises treating a conmpound of forrmula (I1) as
defi ned above with a reducing agent, to reduce the
wOo ai@osarnTti onality to - CHZOH, and then treatiPQr/GBeo0s/003621
resulting conpound with an agent which converts the
OH noiety into a | eaving gro%Jp, thereby yielding a
conpound of formJIfa(\/): N W5 NC
Iy e
%V(ﬁf%gy,;oié gxaﬂlﬂ %E%Zet%h?%?% Fa%?iért% ?rlgig%ef )ﬁ%g]Fés ﬁ)zé}{#gs, aqueous
or oilyeagpeAdiensy hqlldﬂ Solufibuss, dﬁﬁ@&btﬁbuﬁd&mn‘grhml@ﬁmulsldnh,dmd or soft
treated with_an ani ne of r aR2a i.n whic
CapSUIgSaOTSYENRAR P CHXIES. J<OraRAsitinng n&srgi?éafom ¥re rmyelgeememﬁ acgording
to anyfRfhod Bwnﬁth@‘%ﬁl%ﬂh@ %ﬁﬂf&ﬁﬂébﬁp%ﬁ%‘tl@@ c%ﬁ{pgﬁﬁaﬁseand such
In a so vent suc , to yireld a compound
compbmtlmnd maj c<)nta1it lone osMOEL @ytsmslecte{b frotretie gmupcdoasmtlr& Of
A varjation. nthetic strat
sweelgBinE Beei ¢ IANBUriAE Bl AR R PiSPrYIFE 4B it chder to
provﬂ@f)l?drﬁrﬁc&&&ﬁf)hél@@d BR1 S &thble ?ﬂephﬁttlbﬁ@ thi enopyri m di ne
core by SuzuKi coupling and rotecting the
i richblegs cronmlmthe@fctwm@gmdmpnmmlmee yith ses-doxiopharmaeentically
acceplgl Z ?XCI%&%W Ounglnt%éle t%xoﬁxn%aggga\é{‘&rﬁoﬁabiélts We% e)&%l&ts may

eflne

be foit et ndrf diRichtsgdueh s edlciuid@rbchate, grdditp chibonste,dadtoseedextrose,
above in which the indole N atomis_protected_ by

sacchﬂmswﬁlclgleser, 69 stargh, pRtato séﬁﬁbmmmhmmrégdla@fnméﬂm

gr anupr 0 ec#i . l?/gcf%%%ﬁtfoggg J(‘)@é@?’é“ﬂ%?’% 8%0%%%%%&%%2%68 or

sodiufistirah Ig]EychatH; bﬁidurggaggnts lfpr efamiple statchngelatin or acacia; lubricating

t t
agent, G VRS H A AP 95 P EORGEHE: Srale SHEhon ol ligvescing
mlxm;rrgdl, lﬁ%rgswf?st S@¥etbrerd, leeHﬁ{gra%Eﬁtg shich asqecfiﬁl'ﬁ? p%l})éGllbﬁtéS or lauryl

hi enopyri m dinés of formula (I
sulpheten e tablets may bp nacoatasearitheyanhy be ceatest wn techmques to delay

disintegration and adsorption in the gastrointestinal tract and thereby provide a sustained

action over a longer period. For example, a time delay material such as glyceryl monostearate
or glyceryl distearate may be employed. Such preparations may be manufactured in a known
manner, for example by means of mixing, granulating, tableting, sugar coating or film coating
processes.

Formulations for oral use may also be presented as hard gelatin capsules wherein the
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is present as
such, or mixed with water or an oil medium, for example, peanut oil, liquid paraffin, or olive
oil.

Aqueous suspensions contain the active materials in admixture with excipients
suitable for the manufacture of aqueous suspensions. Such excipients are suspending agents,
for example, sodium carboxymethylcellulose, methylcellulose, hydroxypropylmethyl-
cellulose, sodium alginate, polyvinylpyrrolidone gum tragacanth and gum acacia; dispersing
or wetting agents may be naturally-occurring phosphatides, for example lecithin, or

condensation products of an alkylene oxide with fatty acids, for example polyoxyethylene
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5 salts, and salts may be converted into the free
conpound, by conventional nethods. Pharnaceutically
waewepsHnd e salts include salts of inorganic apCTIEB3WSH03621
as hydrochloric acid, hydrobromc acid and sulfuric
acid, and salts of organicngflds such as acetic acid,
oxalic acid, malic acid hanesul f oni ¢ dci d,
[ bg
steara%é' ['gé{%égé%%%h g?ocﬁl%{sﬁt{e ?&égo %1&1 loﬁ%gﬁdn? Flﬁ'}?lLa?iC %ﬂ:ghols for

example\hepiat€vacthgntsxycetandlLer cmdémxtyorsprbdmots db&‘thyleﬁeh@ude with
salts 10 i nclude both the above-menti ﬁned

|
partiah gsiers demved rom fafhracidseand g hexitelisughyas 0’1{)’8&5‘&%&6 §Agbitol
monot‘t?)rﬁ'{’g‘lf‘;le'f %ﬁ?%ﬁm@oﬂ s ﬁg%{#d@ﬁé |1%§ ;i Q)'é?%? Eﬁ?r ka)(‘nved from fatty
acids and heiit] antgidridenfos akamplb polgoiyeﬂwyld:rtc sbttetaucmmlmtedl ng

ng%g ase or ammoni a. s _of resen '

i GRS SOTPERTO R AR 8 8B BEToFLE RS ivgs, for

examffol’é hétﬁ%ltdi‘ rnsprgg yIPL BydtbtideRzoald) Sn@&r?ﬁefé%fo@fn% a§@ﬁt§ Cs‘ilbh/% sucrose
or t 8 'isoform which is a class 571a

or sackharitse, over other class la P13 Ki nases They are thus

ctive for t oforn1 ver
; CHBGH e Y BB SR S e Bl e st
oil, fo‘i%kﬁﬁplb‘é&cﬁﬁrmp d110S0il, Q¥ eillor¥odonul B, SrAARAGHINEE] 81l uch as
al so_sel ective for the pl1106 i sof orm over pl 10y

liquid paraffin; I'he oily suspensipnsungipeontainp 811%1@11&&48911% @ré%mneletlmswax
the invention for p 1108 over ot her
hard I|pa¥a g?&?ﬂg&gpaﬁ&%l kinase is at least 2-fold. Typically
t ISevesehmptagents,ysucls abthbed gt foath abové,and flavourit(y dentsmhay,be added
or 50fo| , risin fold or . higher in nma
to proyyleapal & oral, prep Bﬂmggesprﬁ9mggsltzonsfrggﬂbe Erewgy%i by this addition
of an &Ql%xg&z%\t/ %lr%(ﬁ afs‘%%cqyrbn"_! Qledo Isls mgéfsﬂlg goévﬁérg aﬁ? g%ﬁld §u1fta‘B'ie for
prepaﬂamloh«»lf dn a@tﬁ:oﬁs bui;pemn‘ by the addlmom)of whidr peivatstthe ectfvc nngredlent in

sl ST Fiso e of “Rbipeiectis Reiine PYeHT BRI Bwts

preselkflafi@&se Suftibl8 dispersinglds |thm¥gf nt8 laAé Suspendidg afdnfd&e exemplified
Accordi ngly, a conpound of the present invention can

by thase alrgadycmensioned above. didditionel excipienis fereyxampleswrgtaingsflavouring
e ction or behaviour
and cglgglg%eg&wa?%kﬁ%qﬁsﬁgge in particular the p 1108
| Shtphameicelticil bormpssitionsvatheligdentidbn flaghlsobiedin dseform od oil-in-
di sor.ders_are di scussed by Drees et al in Expert,

water pflsions, { Ehetaslyphagsamay hep ssgev@ée oil, fapexample@liyepif %@éﬁchls oils,
ora n@fléljgir (g) g rfgxt éx\é]%p@é ﬁ@[ 14 Sar e i igﬁlrgsacgﬁﬁése 'Sﬁ}fhﬁl@ femulsxfgglg agents

car ascu I sease, vira ect |

may berﬁahaahh;&bc@mngrgumh db1 exampiedgon acaeiacirgundigagacamttl, naturally

neur ol di sord Ex |.es of . .
occuri i AQRHAL e SIS AR S37 DEH TIEP LA oters r apisiab estegs detiysd from
fatty 2&&%%%&%%{1@2@9%&89@@Bérblté’»f@m%kasa%uéaye aﬁé%ﬂaeﬁ&t@ﬁ

cancers which”the present” conpounds can be used
prodwtseaeﬂthq said partial dstepcwighiethylepe axidest ihn@umple pelryawecﬂa)dwsorbltan

can er and ancer 0 e. sk bladder

monafffigic, the STt M4 aff Y RbirthvesRabent S oiHesny. Syrups and

elixirP @A |b€ d@rmu?até@mﬁls%et@ﬁmgﬁge hmR[éVgl%dr&n sétBitol sucrose.
used as an inhibitor of k|nase
In particular a syrup for diabetic patients can contain as carriers only products, for example

sorbitol, which do not metabolise to glucose or which only metabolise a very small amount to

glucose.
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5 human or animal patient suffering froma disease or

di sorder arising fromabnormal cell growth, function
wW@eoob@ekEvi our associ ated with P13 ki nase, in peet/Gewoano3e2l

with the p 1108 isoformof P13 kinase such as an

i mmune di sorder, cardiovascy@ar di sease, viral

infection, inflammtion, a hetabolisnm endocrine

dissen ffulltiofs Hﬁﬁ aRbRBhGER a GindAEGR a pri®YvdiVE SndRavouring and

treated by a nethod conprising the adm nistration

coloringagetts of a conpound of the present 10 invention as

FEOFRERIEAD. Rt sh ol Bt B Rfamuscalty, o
intras@EM! & B)CinflRforAdtHni R fiA thOdrh e ERER iffec@bRUFROMHRGr Of

the present invention as defined above. The condition
oleagimpus suspensianen Thissysnensioe maythe fompilated dcoerding to the known art using

s YRR O SRR I A SIS AR SR penion

abovee XEHEBkeeil©njdckablSpieparation may Ao be aRiedile infdetablessolution or
capsul es, sugar- or_filmcoated tablets, liquid .
suspeRHpR i} HRAN-oxicRatgraH - aseptable dHne or pelveny, fof granaple app solution
in1 3%?&2[11%'3&39“' arly, intravenously or subcutaneously. The
“conpound may therefore be given by injection or
i Amsigthe addeptatilesalelcdapd solyents that may ibe eynphifyedl aret water, Ringer's

. nclydi ng, t he, age, i ght . and condi ti on,_of 0..t he
S°““B‘é€“?‘£ﬁﬂ°§’ﬁ&°§ﬂ€‘ &B?RV\% _ ‘_‘té’&mq% P@fﬂtlare,ismles rﬁé_F‘i% lyyEages
conve?ﬁl@nél@re)‘nﬁ%(]} 43 W% HRN drfubpendRg méidrh. BEr A ptepRE ahPbland

he individual requirenents in"each particular case. .
fixed oif piayaiel empléoyedandnding synshetwsmopeo-2d diglywrifles: Isaddition fatty acids

of ,adni.niSt,rati on when coppound.i s adm ni stered
such oIE Rifl 36 e pikrarfioR ST BEE I 50 o ke, oot
C @)ByihNalatior, REthe FOHAE oPderésofbk sbmtidfls folhkulizeROdY

wei ght, for instance 0.01 to 1 ny/ kg. Such a dosage )
nely) Rectgly émtheferm efsupppstories pigpared by myxmgithedraig ath a/suitable

. . l. . . |
non BRSO RNR LA O YA 0 B
tempedatQidthdtwill Ghérefond Melt xothy recting b reléase did drugloSwdematarialb are
admi nistered as a si nlgl e dosage or according to a
cocoaduiteriang redy-sthylene glicels- A conpound of the invention is

f : Ut el . [

c OATORRARE, ih B f83% oFErcim? AhRAR, IR, et ol Rl or
suspepgomx i narily acceptable carrier or diluent. 30 The

conpositions are typically prepared follow ng

C Qih ériviehoravillbé Rether ddsdribedeinabExdnspley which foléow:

pharmaceutically or veterinarily suitable form The

conmpound may be adm nistered in any conventi onal

form for instance as follows: WO 2009/ 053715

%ZOOS/ 003621 37 A Oally, for exanple, as
s, coated tablets, dragees, troches, |ozenges,
aqueous or oily suspensions, liquid solutions,

Geneszh ﬁfﬁét&lﬁo%’m%rs or granules, enul sions, hard or
——scﬁ?&—mp?n'l-eror syrups or elixirs. Conpositions

i ntended for oral use nay be prepared according

Scheme 1
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to any nmethod known in the art for the manufacture of

phar maceuti cal conpositions and such 5 conpositions
WOrHn9083TIRI N one or nore agents sel ected from PECEGHR@®8/003621

consi sting of sweetening agents, flavouring agents,

colouring agents and preserving agents in order to

provi de pharnaceutlcally el egant and pal at abl e

preparatlgn‘ﬂhi ablets contain the active ingredient in

adm xture non-toxige pharmaceutically gcceptable

cipi ent g are syitable for the nanuf-'ture of
ts Il:le_é_e_ez(m pi may _1didbe for exeahs NMe,
R fre modlluents such al ci um car bonat e, /,'

car borfat e, Iactose Rdextr d¥&, saccharoseR UNOse,

corn starch, potato starch, cal cium phosphate or

sodi um phosphat e; granulating and di sintegrating

agents, for exanple, maize starch, alginic agii,

al gi nates or sodi arch glycol ate; bindi pg agents,

for exanple starch, latin or acacia; |ubricating

agents, for exanpl ©.5iQ1i ca, gnes} or caIC|um

stearate, stearic acjfd or t o et d

m xtures; dyestuff , teners, wet ti

as lecithin, polysg or Pryl 3

tabl ets nmay be umoa ed r they ﬂay be cRated

technlques to del ay d|S|ntegrat|on and adsorption in

astr0|ntest|nal tract and thereb Y rOV|de a

°nd‘%°a%1(l 1784 21 BdPiLBRaRs B M4 Aty 124 Bett "6d 6 heeg MeQEHHF Baneg® Nickel,
NH,NH,.HpO, RIE 4auninngst) ®MSa, KOAEG Rd(@pHglilysoecy|l nonostearate or

gl yceryl distearate may be enpl oyed. Such preparations

may be manufactured in a known 20 manner, for exanple

by means of m xi ng, granul ating, tabletlng, sugar
Schemedting or filmecoating processes. Fornulations for

oral use may al so be presented as hard gelatin

capsul es wherein the active ingredient IS nixegjvﬁth

an inert solid d|| for exa cal ci um

aroonﬂ)lm c I osphate kaolln or as %wft
Pl 3t i -A—€ap r e| ngr etli ent_i
ord$ent 2s 25 60 mi xed W er or an )

medi um for exanpl e, peanut oil, liduid paraffin? oj
@M%Hm)HmmWﬂ%W%W@W®@%N®W&%%?5cwum

S In adm Xxtu I prents _suitable
TIOCORE) B RAc? bir(® H10 &Rdo ) %ﬁﬁ%e‘ﬁ’s’t YROH( i 2 b. (vii) pinacol borane,
Et;N, @ox@nepPdEDAS,, Bik(Eychbpiphokphiah-Abjptithy, 80 °€,30 maxx anpl e, sodi um

car boxynet hyl cel | ul ose, nethyl cell ul ose,

hydr oxypropyl met hyl 30 cel | ul ose, sodium al gi nate,
ScheR@hYVi nyl pyrrol i done gum tragacanth and gum acaci a;
‘——lgrgper3|ng or wetting agents nmay be

naturaIIy occurring phosphatides, for exaaneB(OH)2

F (hin, of cond ' produc: f an alk Iene
vmt-h—f—at»ty acr% exa pac ol yoxy WO
60 053715 PCT/ GB200% 0 38 stearate, N

condensation products of etfiyl ene oxide with |ong ‘rgg

chain aliphatic alcohols, for exanple

hept adecaet hyl eneox cetanol or condensatlon,Productg )
Conditipns: &9 HVF,ET}I%I 3G then TBSOK RT, 25 h. (ii) sBuLi, TMEDA, THF, -78 °C, 2 h. (iii) B(OiPr)s,

THF, -78 °C—-10 °C, 15 min. (iv) 2.4 M HCL.

Scheme 4



partial esters derived fromfatty acids and a hexitol
such as pol yoxyet hyl ene sorbitol nonool eate, or
W@ awdessat | on products of ethyl ene oxide w th PEF/GBa108/003621
esters derived fromfatty 5 acids and hexitol
anhydri des for exanpl e pol yoxyet hyl ene sorbitan
nonool eate. The sai d aqueous suspensions may al so
grContain one or nore preservatives, for exanple, ethyl

or n-propyl p- hydroxyb~hzoate one or nore col olring

such(&éwsucro & saccharin ly sus»-ns on
éof* e CONH,he aeggLeaing —CN
irHa vegetable 10 oi N exanpl e arachi s oi 0 Nve

oil, sesane oil or coconut 'oil, or in a mneral 0|L
Conditigpss ) GOCD PEMS 21h BErEINH:rH:0: B R Bi(Gii) PQGls Belpesr. d s Crdimin.

contain a thickening agent, for exanple beeswax, hard
Scherh@ affin or cetyl alcohol. Sweetening agents, such as
—Q—gﬁ%ése set forth above, and flavouring agents may be

added to provide a pa
conposi ti ons nmay b:rpr lserved by this agdition 15 of
anti di @ant su a5 ascor bi gijaci d. Dispersible

owders and granu suitabi—e—f—m‘—-pre I g an
afiibous suspensi on~Py Nie addition of \agrery'provi de

the active ingredient adm xture with aHli spersing
or wetting agent, a Qus Adi ng agent and one or nore
preservatives. Suitable dispersing or wetting agents

10 Condltﬁgsd(lﬁﬂélg%gﬁidl&go a%%kﬁ 24, Q{Teefl?m&dyf eﬁﬂlde leht Wmfadlanon, Br,, 16 h.

above. tiona ex0|p|ents

(iii) T°é‘>‘2%ﬁ1%‘1he 6gv€é%thé‘1"ﬂlﬁbﬂ ]f6lha‘i?g‘ﬂ‘r| ng 20 and col ouri ng
agents, nmay al so be present. The pharnmaceutica
conpositions of the invention may also be in the form

5

Br atable oral preparation. These

of oil-in- water enulsions. The oily phase nay be a
15 Scheme@et abl e oil, for exanple olive oil or arachis oils,
or a mneral oil, for exanple liquid paraffin or

m xtures of these. Suitable enulsifying agents
atural l'y-occurring gums, for exanple gum acacia or[ j
un1tragacanth n turaIIy 25 occurl phosphat i des,
S Toe exanﬁ!e SQ ] | ecit kib n, ters qn)parté

ters derive ak of af Ty aC|ﬂs bexj tot—
anhydri des, for emanple sorbi tan nonfb- &l eat e, and® N)\u
condensation products of the said partial esters with
et hyl ene oxi de, for exanple pol yoxyethyl ene sorbiuﬁ
nonool eate. The enul sion may al so contai n sweet eni S
and fIavouring agents. Syrups and elixirs may be

f or mul at wi th sweet eni ng agef for exanple
glycerolﬁ Qorbltol or sucrose O In particular a [ ]

syrup for\diabetic patients cal contain as carriers
only phr s, forvibxanpl e s toI Whitdh dd&ﬂ%S;EL
petab ﬁ%tg gl ucose og |y metabollsq1 MJ\
smalge amopint “to gl ucos& WO 25099053715
PCT/GBZOOE/003621 39 Such fornulatlons may al so !
contain a . nd

Conditions: (i) urea, 190 °C, 2 h; (ii) POCl;, 100 °C, 24 h; (iii) morpholine, RT, 1 h; (iv) n-BuLi, -78 °C,
TMEDA, THF 1 h then DMF -78 °C—RT; (v) NaBH,, THF-IMS, RT, 2 h. (vi) DCM, PPh;, CBr,, RT, 5 h. (vii)
R1R2NH, K,CO; or Cs,CO,, DMF, RT (viii) Na(OAc);BH, 1,2-dichloroethane, R1IR2NH, HOAc, RT.

cl

20
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15

coloring agents. B) Parenterally, either
subcut aneously, or intravenously, or intranuscularly,

w@eoovdiosd7iast ernal Iy, or by infusion techni quesPCT/GBRIV8/003621
formof sterile injectable aqueous or 5 ol eagi nous
suspensi ons. This suspension nmay be fornul at ed

h aciording to the known art using those suitable

Sche persing of wetting agents and suspendi ng agents

whi ch have been nentioned above. The sterile
injectable preparati on may so be a sterile
njpect abl e solution or su nsion in a non-toxi
é?grnally_i;geptable di ljueqt or solvent, for exanple

asja solu inl1,3 anqulol 10 Anong t hes

f"ﬁ;ﬁ:\ abLe_MethLes SolWests thal may b g
ter ®i nger' so lution and |soton|c§_gh| um

chloride sol uti on. 44 addition, sterile, ficked oi | §

are conventionally enployed as a sol vent or L

suspendi ng nmedium FQr this purpose any bl and gd

oil may be enployed cludlng synt heti c nono- or

di gl ycerides. In ad |on fatty acids such as ol eiNC

acid find use in_t ation of, inj ectableS

(@) Bylnhalatl Hsﬁ{ﬂmm—aemsols or dﬂ;‘i

for nebulizer ) Rect in the forn1of§:)

supp05|tor|eszrepared By m xing the drugrmiith a
suitable non-Rrritating eXC|p|ent which is ®olid at
or di nar erat ure but uid at_ the rectal
Condioaiyh P Gar BT EICA R AR, GO e BIRaNTL. G
Suzukircedpiggse t he drug. Such materials are cocoa butter and
pol y-et hyl ene glycols. 20 E) Topically, in the form of
creans, ointnments, jellies, collyriuns, solutions or
Scherdél§pensi ons. The invention will be further described
— 1n the Exanpl es which follow. EXAMPLES 25 Genera
Symt heti ¢ Procedure heme 1 WO 2009/ 053715 E,ﬁ
ﬁ%%}G82008/003621 r. N1 1 N, Br Br Br H 30 |

() Nz, R NOZ% _R(~- N2 (i ilgr&;fi,“ s
& )\ —_— HO N? N - ) "

F
l (v}, (v)

o} o
) )
T G e o Tt

. F
Conditions: (i) NaBH,, THF-IMS, RT, 2 h. (ii) 4-indole boronate ester, CH;CN-H,0, Na,CO;, PdCl,(PPh;),,

140 °C microwave (iii) THF-DCM, NaH, RT, 10 min then TsCl, 40 °C, 3 h. (iv) cyclic amine, DMF, K,CO;, 2
h, RT. (v) Dioxane — IMS, NaOH, H,0O RT, 3 h. (vi) TFA-CH,Cl,, RT.

Scheme 9



0,B.OoB-BBr 00 R(iv) RnN HH Conditions: (i)

H2SO4, 21 h. (ii) Dioxane, DVF-DVA, 80 C 24 h, 90 C 16
WO 2000/0537)5 MeOH THF Raney(r) Nickel, NH2NH2. H2BCT/RB2008003621

mn. (iv) DMSO, KOAc, Pd(dppf)2Cl2 80 C. 5 Schene 2

cazmve I 00 IFj \ (i)(iii) Fj N\ (iv) - (vi) F (vii)

FI NNI \ HHHN H Conditions: (i) DWVF, TFAA, %5

. (ii) 10%aq NaOH, 100 C, 1 h. (iii) MeOH H2SO4,
.18 h. (iv) TI{OCOCF3)3i TFA, RT, 2 h. (v) HO
a oMg vi J) Me 0%Meq _NaiOH, CNR2 N Ml ) anacol

s—bor ane, i d| oxane, P 4 )\
B‘PS(cycI ohexyl) OSphI no- 2- bi phehyl, 80 C, 30HT n$
Scheme 3 F I \OT(CN,B(OHF )2 | ~~\ (|i) - (iv) F\ H
Conditb®® N, 15 TBS Conditions: (i) THF, NaH O C then

) aspﬁ% cgaé Pyﬁz)‘i MR Thli)é Is?l%i"@o cj[[ g/ﬁ‘gﬁ'@% 'ﬂ;? ryag?xr % % EhMW) POCL,

100 °CH31h; (VI@O@mhequTAl W\RI) 260081, 08 37, THIERPAETTIEBL b 381 DVB 6/2 C—BI
5 Br Br (i), (ii) \--C02 H 30 5-CONH2 (iii H6,NCNHH
Conditions: (i) (COCl)2, DCM 2 h RT. (ii) NH3-H20, 3
d, (BT. (ii1) POC13, Toluene, 111 C, 45 mn.
Scheme 1

m @) Bh N (iit) HN
# ~NBoc (ii)

NBoc NBoc

10  Conditions: (i) CH;CN, PhCH,Br, A, 2.5 h. (i) NaBH,, A, 2.5 h. (iii) IMS, Pd(OH),-C, H,, RT, 10 h.

Scheme 11
15
Boc H
N N
(l) (ii) Q
_—
Eﬂj N gNg
RXZ R1 R2
Conditions:
(i) DCE, azetidine or substituted azetidine, Na(OAc);BH, 18 h. (ii) CH,Cl,-TFA, RT.
20
Scheme 12
Boc Boc , -
P O gg gl gl
OTMS

25 Conditions:
(i) DMF, TMSCI, 17 h, 80 °C. (ii) CH;CN, SelectFluor™, 2 h, RT. (iii) Na(OAc);BH, DCE, azetidine. (iv)
CH,CIl,, TFA, RT.

30 Scheme 13



5 Scheme 5 Br Br Br Br ~ NH2 I/ NHbECF3S N H O
CF3 10 Conditions: (i) DCMpyridine, 0 C, TFAA 2 h,
WwW@I0090537)5 benzoyl peroxi de, CCl4i 80 C, irradi BET/GB2008/003621
Br2, 16 h. (iii) Toluene, PPh3, 60 C, 2 h then DV,
16 h, reflux. 15 Scheme 6 OOC co) SO~ (~) \' I NH
(ii) SNS~1N "i~NHZNONC HNO (iv) (O
(O(?Co)NNN. S| N(vii) SN{(v), (vi)OS\\E\
RI*NG Na Br N@°HNGO "R (vi§®) 20 Conditior
My urea, 190 N h; (ii) pocigNM
[&nnﬁpholirre—RT 1 (i v) _n@Buli
he?MeVE - 78 C- R?Oz"ﬂev) NaBH4,

(Y1) DcM PPh3, £8Br4, RT, 5 h. ( ')0 RIR2NH, K2
Cs2Cxi DWMF, RT iii) Na( OAc) 3BN/ 1, 2-di chl or oet
RI R2ZNH, HOAc, RT| WO 20 O&j 053715 PCT/ GB2008/ 003621
Scheme 7 O CNJ NH N | H
(iv) (iii) %J\h/
OH —— OH
" \O%
Conditions:

(i) DCE, azetidine, Na(OAc);BH, 2 h, RT. (ii) DMF, NH,CHO, NaOMe, 100 °C. (iii) CH,Cl,, TFA, RT, 1 h.
(iv) CH,Cl,, DIBAL, -70 °C—RT, 1.5 h. _

Scheme 14
o (o}
(ﬁ (') (i) ﬁj
_—
N N
Boc H
Conditions:
(i) THF, MeMgBr, 0 °C, 3 h, then RT, 72 h. (ii) CH,CL-TFA.
Scheme 15
o)
fo} (o]
® ® (]
\ ' )\ (i) \ | J\ _ N N/)\Cl ]
m() () m() “(,) O
BocN HN RN

n=1, m=2 or n=2, m=1

Conditions:

(i) CH,CI,-TFA. (ii) CH,Cl,, Et;N, 18 h, RT, MeSO,Cl or Me,NC(O)Cl or MeOC(O)C1 or TMSCNO. (iii)
Suzuki coupling conditions.



~N Sii
\

SI ~-N'"ONNC NN Br \\
0 N

CO 'J S~N_S~N NH((iv) \
R1-N R2 R2 5 Condp¢i/GB3008/003621

~-NNOC\ S
Nli, C 0) (O N
WO 2 B9053M1N N N Rl_

0
ad R
(i) DVF, Cs2CCB, RT.

-N
(ii) dioxane-HC, RT. (iii)
Na( OAc) 3BH, 1, 2-dichl oroethane, RLR2NH. (iv) Suzuki
hcougling. Schene 8 O1) OC CCI NNS)I INI NON
Sche 00/ I N- (iii) TSONNIs ~(\ NH H> NCO HO\ N
F F(iv) (v) CNDOOCN S~NSLZ ~/~~"~~\ (~)
\ NH, H
@ (') @ (m) +OH (v) .0
” (||) (|v) 'Tl (vi) ’}l
Boc Boc
0]
~ /U\ (vii)
.0 (vii)
N
H HCI
Conditions:

(i) CH,Cl,, (Boc),0, Et;N, RT. (ii) CH,Cl,, mCPBA, 0 °C—RT, 4 h. (iii) EtOH, NaN;, NH,Cl, 78 °C, 10 h. (iv)
5 EtOH, Pd-C, H,. (v) CH,Cl,, Et;N, 0 °C then chloroacetyl chloride, 0 °C—RT, 10 h. (vi) THF, NaH, 0 °C—RT,
6 h. (vii) NaH, DMF, 0 °C then Mel, 0 °C—RT, 10 h. (viii) 2.0 M HCl-diethyl ether, CH,Cl,.

Scheme 17
?oc Ii%oc
[N]l (I) [ j ___(“l_> [Nj (m) [ j
N )\ e
O 0)\/0
10 Conditions: ¢

(i) CH,Cl,, Et;N, chloroacetyl chloride, 0 °C—RT. (ii) THF, ‘BuOK, 0 °C. (iii) CH,Cl,-TFA, RT, 2 h. (iv)
dioxane, LiAlH,, 80 °C, 2.5 h.

15
Scheme 18

IZ

Conditions:
(i) MeOH-H,0, KCN, tetrahydropyranone, RT. (ii) MeOH-H,0, NaOH, H,0,, RT (iii) 2.0 M HCl in Et,0,
20 CH,Cl,.

25
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HNI BocN-r N~~// FF 10 Conditions: (i) NaBH4,

THE-IM5, RT, 2 h. (ii) 4-indole boronate ester,
WERBONEIARD, Na2CO3, PdCl2(PPh3)2, 140 C m cr OREm6B2008/003621

(iii) THE-DCM NaH, RT, 10 min then TsCl, 40 C, 3 h.

(iv) cyclic am ne, DMF, K2C03, 2 h, RT. (v) D oxane -
.RT, 3 h. (vi) TFA-CH2Cl 2i RT. 15 Schene

P2 E ' alls: pCT/ GB20087 003621 0 0 0 (0) N I Ow
O)eSN(]\/Ie(lll)/INH(|vyNSNHZHSHpHSNCI

O NH2 Conditions: (i) C SO2NCO, CH2Cl2i -78 C ART.

NMR SpecyradcapyHCl 100 C (iii) iPrOH+H20, NaCH, 80 C, 3.5

NMR Sppdtta st optariedonca Vagerytnitiogva 40 SRERohiie: vith a minverse

detect@oxﬁ?iﬁﬁﬂ%s&&n& ﬁrﬁbe B’Maﬁﬂg étMObMHzNﬁ% A BrukeB@nce ]jRX 400
Boc 10 Conditions: (i) CN, PhCH2Br, A, 2.5 h.

spectlmm iwith, a ngn inverse |dp9ecmwsnpm®mcd XI—mobprermng]at 200 MHz
or on g?raggfﬁl a]t_ée5 D@%ﬁdtspgctrl\cl)me%ergmgh ; stgmdaPrd 5mm dua? ﬁ%q&en%gl(lprobe

operating at 300 MHz. Shifts are given in ppm relative to tetramethylsilane.

Purification by column chromatography:

Compounds purified by column chromatography were purified using silica gel or Isolute®
cartridge or Redisep® cartridge, eluting with gradients from 100-0 to 0-100 % of
cyclohexane/EtOAc, or from 100-0 to 0-100 % pentane/EtOAc or from 100-0 to 70-30 %
DCM/MeOH (with or without the addition of NH; 0.1 %). ‘Silica gel’ refers to silica gel for
chromatography, 0.035 to 0.070 mm (220 to 440 mesh) (e.g. Fluka silica gel 60), and an
applied pressure of nitrogen up to 10 p.s.i accelerated column elution. Where thin layer
chromatography (TLC) has been used, it refers to silica gel TLC using plates, typically 3 x 6
cm silica gel on aluminium foil plates with a fluorescent indicator (254 nm), (e.g. Fluka
60778).

Purification by preparative HPLC:

Compounds purified by preparative HPLC were purified using a C18-reverse-phase column
(100 x 22.5 mm i.d Genesis column with 7 pm particle size, UV detection at 230 or 254 nm,
flow 5-15 mL/min), or a Phenyl-Hexyl column (250 x 21.2 mm i.d. Gemini column with §
pum particle size, UV detection at 230 or 254 nm, flow 5-20 mL/min), eluting with gradients
from 100-0 to 0-100 % water/acetonitrile or water/MeOH containing 0.1 % TFA or
water/acetonitrile containing 0.1 % formic acid. The free base was liberated by partitioning
between EtOAc and a saturated solution of sodium bicarbonate. The organic layer was dried
(MgS0O,) and concentrated in vacuo. Alternatively, the free base was liberated by passing
through an Isolute® SCX-2 cartridge, eluting with NH; in methanol. |
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(i) DCE, azetidine or substituted azeti dine,
Na(OAc)3BH, 18 h. (ii) CH2Cl2-TFA, RT. 20 Schene 12
w@ew9Bssr18Boc Boc H N (i) N (ii) N (iii) N (iviCIMNGBEO0B/003621
FpOMPNN V 25 Conditions: (i) DWF, TMsCl, 17
h, 80 C. (ii) CH3CN, SelectFluorTM 2 h, RT. (iii)
Na(OAc)SBH DCE, azetidine. (iv) CH2Cl2i TFA, RT. 30
Microyaye fgactongiy 2009/ 053715 PCT/ GB2008/ 003621 Boc Boc

Mlcro%pa% M&}E r)mé}lté\lvérv caMéd(du{ hém%&m S@ﬂﬁM‘;‘lsér & al Biotage Initiator™,
1 INH2 vV Vv oc N L(rv) (iii) CHV

wthh/uses:@ sigigleiroode reson)ath@Ed dymreaic dietdetunixig( Goth pEBHjchive

reproglf-;’ibiﬁtiyi%d %@1&'@%@%%&@%0&6% tl)%hl%li%g %1?2{1 pr-cle-stﬁ‘tes of up

t0 2056 BABe fhdched MeO I f1- NH <, >==0 NN (1) (ii) N N 6N

All solvents and commercial reagents were used as received. Non-commercially available

reagents/reactants were prepared according to procedures described in the literature.
Abbreviations used in the experimental section:

aq. = aqueous
BOC = ¢-Butoxycarbonyl

bs = broad singlet (NMR)
Cs,CO3 = cesium carbonate

d = doublet (NMR)

DCE = 1,2-dichloroethane

DCM = dichloromethane

DIPEA = diisopropylethylamine

DMA = dimethylacetamide

DMAP = dimethylaminopyridine

DMF = dimethylformamide

DMSO = dimethylsulfoxide

eq. = equivalents

EtOAc = ethyl acetate

EtOH = ethanol

h = hour(s)

HATU = O-(7-Azabenzotriazol-1-yl)-N,N,N’ N’ -tetramethyluronium hexafluorophosphate
HCI = hydrochloric acid

H>0 = water

HPLC = high pressure liquid chromatography
IPA = isopropanol
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10 Boc Boc H Conditions: (i) THF, MeMgBr, 0 C, 3 h,
then RT, 72 h. (ii) CH2Cl2-TFA. 15 Scheme 15 (0) N N
W®20090878 S ~N (1) N1 () NV (NC NNOC 'rPordc82008/003621

NC m )nn() ()n BocN~ HN RN Cp~ (iii) NS '"NN

NH NmMN~( n R/ J RL n=1, nF 2 or n=2, n¥l

Condi tions: 20 (1) CH2Cl12-TFA. (ii) CH2Cl12, Et3N, 18
IMS Tmlndmmall\mg@z@edosplfh‘/ezNC(O)01 or MOC(O) CL or TMSCNO,

Lij ki coupling conditions. WO 2009/ 053715
’Pﬂﬁpma&é‘?gggyoosezl Scheme 16 0 ONH2 Hn (i) (iii) OH
LCMS w)liqdid ¢hroiajograghy imaks $pectrothetty Boc ' Boc Boc 0 (vii)

M =molar

m = multiplet (NMR)
MeOH = methanol
mg = milligram

MgSO, = magnesium sulphate

‘min = minute(s)

mL = millilitre
Na,CO; = sodium carbonate
NaHCOj; = sodium hydrogen carbonate
NaOH = sodium hydroxide
Na;SO4 = sodium sulfate
NH4OH = ammonium hydroxide solution
NMR = nuclear magnetic resonance
= quartet (NMR)
Rt = retention time
RT =room temperature
t = triplet (NMR)
TBAF = tetrabutylammonium fluoride
TBDMS = tert-Butyldimethylsilyl
TFA = trifluoroacetic acid
THF = tetrahydrofuran
TLC = thin layer chromatography

General synthetic strategies

Reference Example 1 Formation of boronate esters

The boronate ester formed in scheme 1 was prepared as follows. To a solution of
halide (1 eq.) and bis(pinacolato)diboron (1.3 eq.) in DMSO were added KOAc (3 eq.) and
[1,1°-bis(diphenylphosphine)ferrocene]dichloropalladium (0.05 eq.). The mixture was heated



O(viii) NHHA Conditions: (i) CH2Cl2i (Boc) 20,
Et 3N, RT. (ii) CH2Cl2i nCPBA, 0 G>RT, 4 h. (iii)
wab@plosaNaN3, NHACL, 78 C, 10 h. (iv) 5 EtOH RdAF/GB2068/003621
(v) CH2Cl12i Et3N, 0 C then chloroacetyl chloride, O
C-ART, 10 h. (vi) THF, NaH, 0 G-RT, 6 h. (vii) NaH,-
- >
0 Rl 0 b Gt E0AC

d HD. ' iPely With i Na,SO
ond 0, 0% gl e Rt S SR 0 88 sy e e NSO
and eGapGratédio drymeps. TiHe resuBaidesiQueSvay then purdi@idfyeolmAn RT, 2

h. i\%} di oxane, LiAlIH4i 80 C, 2.5 h. 15 Schene 18 H
chromgtogygp (

i) 30 ZN OO~ HNp OC (N (N) BoC N N Boc
Boc H Conditions: (i) MeOH H20, KCN,

3 t et rahydropyranone, RT. (ii) MeOH H20, NaCH, H202, RT.
Ref iy 2. HC1 in Et20 .20 CH2Cl12. 25 WD 2009/ 053715
eler 0362 2UZ g v perimental Details: NWR

Spectroscopy 5 NWVR spectra were obtained on a Varian

Urlihe purgks gauplng reasdions denieted generallyanschemasdand 20 below were
' t I b at i .
perfoxgl‘r’?édgi;siﬂgocglre lj‘rka‘?‘J rﬁe&ﬁ&so&g@%fg%& ek ?{1 L 1N idse ﬁ%ﬁlﬁdﬁ indole

vance spectronmeter w
10 boronitnadidwas seddetleakagmt.t ri pl e resonance TXI probe
operating at 400 VHz

Scheme 19

(0]
[ j RO, .OR
N B

)
\ N//I\ u N
R1

o)

Cl

15 Scheme 20

o) 0
[Nj RO\B,OR [Nj
x N =—

20 Method A
A mixture of the appropriate 2-chloro-thienopyrimidine (1 eq.), Cs;CO; (1.5 — 2 eq.), indole
boronate ester (1.2 — 1.5 eq.) or indole boronic acid (1.2 eq.) and tetrakis-
(triphenylphosphine)palladium (0.05 — 0.1 eq.) in dioxane/water (3:1 or 2:1) was heated at
125 °C - 140 °C, for between 10 and 50 min in a microwave reactor (Smith synthesiser or
25 CEM Discover). The resulting mixture was diluted with water then extracted with ethyl

acetate. The combined organic extracts were dried (MgSOy), filtered and concentrated then
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or on a Bruker Avance DPX 300 spectronmeter with a

standard 5nm dual frequency probe operating at 300
worwo/0STIFts are given in ppmrelative to PCT/GB2008/003621

tetranet hyl silane. 10 Purification by colum

chromat ogr aphy: Conpounds purified by col urm

chromat ography, were purified usi
purified GV@ttb‘{rrWepaé%/{’r"F &éﬁowlmap 5(4?9%@'&33 .gbvgéhe desized pepduct.
Alterﬁ\ﬁtfvl% ’ﬂféqjefd?fgﬁ g&& Q%l’ogdédoo&o M%O?{Qt% SCX 2 cartridge, washed

ﬁexane/ rom 100-0 to 0-100 ¢
with MeﬂHatlmh Etufaicwith 2 M NH3]16 OM¢DH STHOe80tig ndsldae:Maneu purified by

., (W th or wthout the ddi ti on .of NH3
cithefppatpEyediRl ¢ 3 bo e SRR GO eyl JPRIHPTOBch 35
to 0.070 mm (220 to 440 nesh) (e.g. Fluka silica gel

60), and an applied pressure of nitrogen up to 10
Meth i accel erated colum el ution. V\here thin layer

AR AR T OSP4 SELEDE LB, e

bororfatd dstct oeﬁ{domcﬁbruahaulqmsfe@ lan® bi{t€iphsrylphospHihe)palREamm {1I1)
i ndi cator (254 nm éﬁgi)\ﬂél uka 20 60778)

chlordg(P 4 jegatin éwtwtrﬁ?/éls@r agimated abbfd rﬁ%@%ﬁq mjndg a
mlcrégag;g :r(g#gr gfn}l;t s eh‘gb PF&GCWIB%&&QQE 5‘,319 gesﬁltmé n&)éture was diluted
with waletithen ek triicted with athlyl adeeatss iThe cotdVinge oegani cosxtratts 230e dmed

254 nm 25 flow 5-15 nL/njin), or. a Phenyl|-Hexy
(MeSQy). fHisradang ceneentrateghthan pyrified A by SHth ARy P L Ay column
chror@zﬁé%’a?ﬂ_ o , @eethe Wsd%ﬁgf&idc 'Alﬁ:}na%%glyofhe%%tlﬁmmﬂu%’\(vas loaded

elutin gradients from1
onto & I50MtE® S@P(EZ tatretgenwashied wﬁher@Hdhiémﬁmddomﬂt hNhNHg in MeOH.

% TF ter/lacetonitrile cantaini 0,1 %
The spigfigsesidhvas fien pheBEGR0B G prepafiP R i conuon
chrorﬂ;ﬂbérhﬁlh}ﬂfélggﬁe the@tsRADréduedc and a saturat ed sol ution

sodi'um bi carbonate. The organic | ayer was dried 30

(MgS04) and concentrated in vacuo. Alternatively, the
Methfcrlge base was |iberated by passing through an
ute(r) SCX-2 cartridge, eluting with NH3 in

A mixRid\eithe apprepridie chlodd ey iRARO B &) N&;COM 105 eq\@\mﬂole
Reactions: M crowave exgerl ments were carried

borongig efiprar mdolabosgnie AEidi(5ércadand tqmalstSérgehqqyﬂnhoawlamt)mﬂadwm (0.1
eq.) 1%&&5‘1‘11% 2% Tajq te 4§36 Bét f3F 190 go ?l?’??/l'fr%%ldéﬂo@lage reactor.

tuni ng g| ve reproduci
The remllﬁr[g)ﬂmxtﬂiewmrdaiutedmﬂf wam then 2opCtaziamitip ethgbztdeeme dhenombined

pressures of .u ) n be reaCEhed

Al |
Orgarnd e, PXFEAGHSSV I &“E@ Mg$é‘3 F terg @%‘ﬂ?@cﬁ%tf ateq Wwaygcug then purified by
either FHEFArNEE HPOO 0f ORI Chhato Sty Bife the des1red product

reagent s/ reactants were preparéd accordi
Alterpativelyd messaqlmcnlwbmwaﬁloah@i orito an dgolute® SﬂX 2 cartrldge washed

with Q%g%—gﬁ% iu? LPwitR S%/I II\H{3 in ?V[g('}(ﬁ e’fhe”r%?&lﬁrllg fesidue Was then%unﬁed by

either preparative HPLC or column chromatography to give the desired product

Method D

A mixture of the appropriate 2-chloro-thienopyrimidine (0.1-0.2 mmol), K5PO,4 (0.5 mL of a
1.27 M aqueous solution), dichlorobis(tricyclohexylphosphine)palladium (II) (0.05 eq.) and
indole boronate ester (1.3-1.5 eq.) in dioxane (1 mL) was heated at 125 °C for 20 - 50 min in
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BOC = t-Butoxycarbonyl bs = broad singlet (NWR) 15
Cs2COB8 = cesium carbonate d = doublet (NVWVR) DCE =
wd @953 or oet hane DCM = di chl or onet hane DI RERGB2008/003621
di i sopropyl et hyl am ne 20 DI\/A = di net hyl acet am de DVAP
= di net hyl am nopyri di ne = di net hyl f ormam de DMSO
= di net hyl sul f oxi de eq. vaI ents 25 Et OAc = et hyl
amlcmvgtr@a qri(Smith Sé{{ll]l?ﬁﬂ%ﬂr °F1 Qbﬁcegsr Uesu ting mlxture was diluted

with Qaa%? ff(é§ REIAA] WitRERyT dceVdid. ‘I’Hh %Mblrﬁh Sl AITRI B WO BiidH

'uor ophosphate ydr ochl c acid 30 H20 =
(MgSQi) éﬂteHiaLz(ﬁdxohcegﬂtramdehmmﬁed dwleﬁhm’rprcpwato@rlﬂﬂl:@ or t£¢hmn

ro anol 9/o 371 2008/ 003621, | N5 =

chrore BB 2 LRy AT Preier: APBReE e (ROERT PARIIE (peloaded

onto an IsbREISCIXL 9 eaﬂ'ﬁéhefmﬁﬁl MBOH! the'8lhifed w1M FMNIEBfin MeOH.
m= multiplet (N MeOH = net hanol milligram

The rpgpBiing residugywas themputifiphby eitherrpreparative BiP&Csgr cofurpn. =
chronﬂﬁtlgé%%@nt%%\'/\eﬁtﬁ?gred prglduc{n car bonate NaHCO3 = sodi um

Reference Example 3 General method for BOC-deprotection

To a solution of the relevant BOC-protected amino-thienopyrimidine in DCM was
added TFA and the resulting solution was stirred at RT for 30-180 min. The resulting mixture
was diluted with water then extracted with DCM. The combined organic extracts were dried
(MgSO, or Na,SQ,), filtered and concentrated in vacuo, then purified by either preparative
HPLC or column chromatography to give the desired product. Alternatively, the reacﬁon
mixture was loaded onto an Isolute® SCX-2 cartridge, washed with MeOH then eluted with 2
M NH; in MeOH. The resulting residue was then purified by either preparative HPLC or

column chromatography to give the desired product.

Reference Example 4 General method for TBDMS-deprotection

To a solution of the relevant TBDMS-protected 5-fluoro-1H-indol-4-yl-
thienopyrimidine in THF was added TBAF and the resulting solution was stirred at RT for 30
min, then concentrated in vacuo. The resultant residue was purified by either preparative

HPLC or column chromatography to give the desired product.
Preparation of Intermediates

Reference Example 5

LG
N NO
o

Sig

2

4-N,N-Trimethyl-3-nitro-benzenesulfonamide
To a solution of dimethylamine in H,O (40% w/w, 15.0 mL, 120 mmol) at 0 °C was
added a solution of 4-methyl-3-nitro-benzenesulfonyl chloride (9.42 g, 40 mmol) in DCM (60
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NaOH = sodi um hydr oxi de Na2SO4 = sodium sul fate 15

NHAOH = anmoni um hydr oxi de sol ution NWMR = nucl ear
wWOor@n®esi7es resonance q = quartet (NVR) R = r eP@nGBoW8/003621

time RT = roomtenperature 20t = triplet (NVR) TBAF

= tetrabutyl ammoni umfl uoride TBDM =

tert-Butyldinmethylsily TFA—trlfI oroacet i

mL) oyge30 np@ﬂlgﬁymltgfgﬂlgﬁurg gvagstixred at{) 1 for )}Qrmm be(f:ore l%elng allowed
I Is t
to wafili6 R A SR0N oy FRRRE The SOl &) ARy B HEO RIFmL)
and DEM @A trd ) caidethe fanyensmtbra: sepmdlmhﬂ“ hé omsicﬂamnwaedvaabed in
follows. To utio and
succegipan Wi avaitaRie] Ghabor oD Bhd b, bstore peiseseqdner NagsQy and
evapdf@@& tcf &yﬁéhs Xo the title compound as a pale yellow solid (9.13 g, 94 %).
bi's(di phenyl phosphi'ne) f errocene] di chl or opa I"adi U
[M+M]t@44)3 eq.). The nixture was heated WD 2009/ 053715
PCT/ GB2008/ 003621 at 90 C until conpletion of the
reaction. The reaction m xture was partioned between
Referbidexanmiel 6H2O. The organic | ayer was washed
successivelywith H2O and brine, dried over Na2SO4
and evapor at ed 10 dryness. The resultant residue was
then purifigdiby colum chronatography. 5 Reference
Exanpl e-®:s30ztikio ,coupling The Suzuki coupling
reacti on® depi ct ed generally in schemes 19 and 20

L e e

b atoansotutiomi dlewa,w tm@eihﬁss hifre-benagesil fonamliden(s. 57, 34)7 mmol) in
RO, B, OR NS'NS-- N
concentrated Sulﬁgl’ll\é) acid (80 mL) was added 1 ,3-dibromo-[1,3,5]triazinane-2,4,6-trione
(5.97 g, 20.8 mmol) and the orange reaction mixture was stirred at RT for 16 h. A further2 g

of 1,3-dibromo-[1,3,5]triazinane-2,4,6-trione was added and stirring continued for 5 h. The
reaction mixture was then poured onto ice and water and stirred for 15 min. The resulting
milky/white solid was filtered and washed with H,O, before being dissolved in EtOAc. The
organic layer was dried over Na,SO, and evaporated to dryness to give the title compound as
a white solid (10.41 g, 93 %).

[M + HJ" 323.1 ("Br) 325.0 ¢'Br)

Reference Example 7
Br

Ns7 i :NO

oo

2

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

Prepared according to the method used in the preparation of 3-bromo-4-N,N-trimethyl-
5-nitro-benzenesulfonamide using 4-methanesulfonyl-1-methyl-2-nitro-benzene in place of 4-
N,N-trimethyl-3-nitro-benzenesulfonamide. The title compound was obtained as a white solid
(17.0 g, 85 %).
[M + HJ" 294.1 ("Br) 296.0 (¢'Br)
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R+ RLR6 NH NCO HNRL 15 Schenme 20 (O RO B, OR
(N NRI ~-N+RL/ N- RS6NH N SN HNRL
w@ooobdesitexl A A mi xture of the appropriate PCT/GB2008/003621
2-chloro-thienopyrimdine (1 eq.), Cs2C3 (1.5 - 2
eq.), indole boronate ester (1.2 - 1.5 eq.) or indole
Referbor ic acid (1.2 eq.) and tetrakis-
——W%@gm%—éhosphi ne)pal l adium (0.05 - 0.1 eq.) in
di oxane/water (3:1 or 2:1) was heated at 125 C - 140
C for b n 10 and 50 mn in a mcrowave reactor
(Smth s esiser or 25 CEM Di scover). The resulting
rrixturé: s BPduted with water then extracted with

eth ta he c nbi ned organic extracts were
1- B“H?? %Cﬂ‘fa‘yil-g ‘E'érr” DZARF concentrated then WO

2 @afa%'a%é&d rgT to @%219@&6@ QK@% thdptepdratesh @B-Sﬁo‘iﬁlﬁ#-N,N-mmethyl-

preparative HPLC or columm chromatography to give
S-nitrgdbenzengsubfopamisie. usm,gl +@uorat1|-melhyl -2-miifeo-bengene 1P mmf%w\’

vime 95 LS AR g G g 9ER ot

(68.0P¥i ng residue was then purified by either
pregaratlve HPLC or col umn chronatogr%ghﬁ: |ve t he
SedBORNHy, §8R(eh) 2.5 (BHbd -1 (dd %2 &-6of H) pred 758 (dd,J=2.9,7.4,
1H) appropriate 2-chloro-thienopyrimdine (1 eq.), Na2CO3
"(2 eq.), indole boronate ester or indole boronic acid
(1.5 eq.) and bis(triphenyl phosphi ne)pal I adium (11)

chl ari de (%.1 eq.) in acetonitrile/water (2:1) was
Refer 0O Cfor 20 - 50 min in a 10 m crowave
reactor (Sm sh synthetiser or CEM Discover). The
resulting m e was diluted wth water then
extracte D hyl acetate. The conbi ned organic
extract$ Were€ diied (MySO4), filtered and
concentrated then purified by either preparative HPLC

4-Broiho-3 Bl-indble-6-5i MotHE agidalitliyParfiidée t he desired pr oduct
Alternatlveq{_;/3 the reaction nm xture was | oaded ont

Folassotutionafp-tsomot-NelY-trimefhe-S-izonlzenzenashl fananpide (RuFs g 28.3
mmol§ it 8i58an¥ (68 nf) M N Edat I DMEPDMA (11.3 mL, 84.9 mmol). The deep red

reaction mixture was heated at 80 °C for 24 h followed by heating at 90 °C for'16 h. The
mixture was cooled to RT and concentrated to 50 % of the volume, poured into H,O and
extracted into EtOAc. The organic layer was isolated and washed with H,O, then brine, dried
over Na;SQy4, and evaporated to dryness to give 3-bromo-4-(2—dimethylamino-vinyl)-N,N-
dimethyl-5-nitro-benzenesulfonamide as a red solid (10.4 g, 91 %). To a suspension of the
amide (10.4 g, 25.7 mmol) and Raney®-Nickel (suspension in H,O, 20 mL) in MeOH:THF
(1:1, 200 mL) was added hydrazine monohydrate (1.9 mL, 38.6 mmol) at 0 °C and the
mixture stirred at RT for 40 min.

~ The reaction mixture was then filtered through Celite and the filter cake washed with
EtOAc and H,O. The aqueous layer was isolated and then extracted with EtOAc. The
combined organic layers were washed with H,O, followed by brine, dried over Na,SO, then
evaporated to dryness. The resulting pink solid was purified by column chromatography, and
subsequently recrystallised from /PrOH and EtOH to give the title compound as a white solid
(3.5 g, 41 %).
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15 The resulting residue was then purified by either
preparative HPLC or column chromatography to give the
wale®posxd1pr oduct. Method C A mixture of the appeDpEBR@BB03621
2-chloro-thienopyrimdine (1 eq.), Na2CO33 (1.5 eq.),
i ndol e 20 boronate ester or indole boronic acid (1.2

v gl E5a 27 ) RAF A PBRSHD, 0 PR 6725 b 7.8

J=1.10rH)10.94 (80 1) Bnd 9.08 (bY, ¢HPWave reactor. The resulting
mxture was diluted with water then extracted with

ethyl acetate. The conbined organic extracts were

dr i ), filtered and concentrated in vacuo then
RL&I&%%?#@&M ei ther preparative HPLC or colum

chromat ogr éphy to give the desired product. 25

Al ternativ At he reaction mxture was | oaded onto an

| sol ute(r 2 cartridge, washed w th MeCH then

eluted(yxf h 2 NH3 in MeOH The resulting residue was

then purified by either preparative HPLC or colum
4-Bragne-6rmetbgnesulfpnybl Hiindolehe desired product Method D 30

B RS L oA B e o

sulforfi@hé¢itl dingthylamide using 1-bromo-5-methanesulfonyl- 2-methy1 3-mtro-benzene in
di_chl or obi Séﬁrl cycl ohexyl phosphi ne) paI I adi um (
place of 3-hgoraer 4y N Ahtimethyd o-ritigdiesrenesul fopamide Thatite soreaoqnw]as
ol . ted at 125 C for 20 - 50 min in
Obta%%ggg}l%@%?'g%ﬂ@b%/ 003621 a microwave reactor
Nm(Sﬁr(BommmUmm)san & 3EEM. 0 G, D) 7.52 Tk J =511 3.0,n @), 7.81 (d, J
with water then extracted with
=1 ie‘tH)yﬁ 19&@4 alt‘el O’Thé, H@rﬂ@ﬁﬁéﬁ Gsgldhi ¢ extracts were
dried (MgSH4), filtered and concentrated then
purified by either preparative HPLC or colum
Referetvedxatmpty dphy to gi ve the desired product.
Al'ternatiyely, the reaction mxture was |oaded 5 onto
‘an Isolutg(r) SCX-2 cartridge, washed with MeCH t hen
MM NH3 in MeOH.  The resulting residue
. Hfl ed by either preparative HPLC or col um
chromat ography to give the desired product. Reference

4-Brdnie6dhore-18endod net hod for BOC- deprotection 10 To a
sol ution of the relevant BQOC- protected

akrepsradraceordgigrtp themathod ysedamtherrepaatinaofrEhrogegl A iedole-6-
sulfor[fﬁ ﬁéih tdhﬂ%??lng %rfél I%Ehﬁpﬁro%d -5 rc?ﬁ gfg[hilgr-mﬁg'b]e %l’lré]lﬁ] place of 3-

eresu h water t
brom@ﬂtN,%&m&tht%mB@MeﬁMsmmnfmmied The e campound s Obvadmed as a

. drj, A or Na2SO4), filtered and concentrated in
Wh‘te\Fal’,‘S& O‘i(ggﬁ’qg’bri fied by either preparative HPLC or
|4 Q}ﬁé e L
NMRﬁHt(er native 1%3‘??%3%1&1%6{,})’1?‘}@}(?3?{%1 @éﬁ)l g%icjigjl olr}111) 712
(dd, Jan2.1 s:1 U, V)ZOSQS@CIEH)tandﬁw (sydH¥hed with MeCH then

eluted with 2 MNH3 in MeOH The resulting residue
was then purified by either preparative HPLC or

ReferEtleWnfpld @pat ography to give the desired product.

4-Bromo-1H-indole-2-carboxylic acid amide

Oxalyl chloride (0.9 mL, 10 mmol) was added to a suspension of 4-bromo-1H-indole-
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Ref erence Exanple 4 General nethod for
TBDVS- deprotection 20 To a solution of the rel evant
wa BMBs1Dt ect ed 5-fl uoro-1 Hindol -4-yl - PCT/GB2008/003621
t hi enopyrim dine in THE was added TBAF and t he
resulting solution was stirred at RT for 30 mn, then
concentrat ed in vacgqlg The r sultant resi due
r

2- carmyhplagél 33} % Bi8yBpo le\g éhe mpxtgEe yyas sHIT rSZ h. The solution
form&d WA R4 Hﬁ)‘ﬁgkfynsg t th‘ﬁﬁg% BEx QRS dfﬁh@ﬁlg gk SOzxiﬁL) and ice (50 mL).

Preparati on I nt er medrat es rence Exa
The rmgihﬁt@e ®as allowed to stand for 3 days. The mixture was ﬁltered and the

ﬁltratg gmmtg{wgﬁ tfgﬁ%ﬁg?ﬂm b e L fha Hﬁlﬁ%l o&ngwn 1§§OIVf§ B E?ﬁ)_/gc and the
orgarﬁ@gblﬁﬂﬂﬂs)we@é c&n&nwﬁne@@MQQO{i‘) aﬁﬁ'th'éﬂ &Rpsfated to afford ch gtle

4-met hyl - 3-nitro- benzenesulfonyl chloride (9.42 g,
compayid 3s 3 bropasolid (2.1\@ YH0%). 053715 PCT/ GB2008/ 003621 nl)

NMRR B VT SR BERIY A et TG R i Sl a2 e, -

0,73,$t5'4r [%gmm/'pnp((gljt_gg'hﬁ.l)r eactl on m xture was dil uted
Wi 00 nL) and DCM (40 ni), and the |ayers

vvere separat ed. The organic |ayer was washed in
RefersNGGESS ith water, HO (ag., 0.1 M and brine
dried over Na2SO4 and 5 evaporated to
dryness 8o give the title conmpound as a pale yell ow
I 94 %9. [M+ H + 244.9 Reference
CAN-S | ~ Nz 00 10
3-Brono-4, NiN-trinet hyl -5-nitro-benzenesul fonam de To

a s L utiopn of -
4-Bromey djl“rqo&ef‘ﬁ%'b‘?“ﬁll?ro benzenesul f onami de (8.57 g,

3ap6sHERb0s dxg hlsﬁa@qm fadt 26man1f Whi SR It@la 68D eidn YA bromo-
adde 3-di br ono- 3, 5 triazi nane- -trione

1H-u(dsle92fcgb0mw&crdmm)ie £ha2 gn®5 ormaelgan rttda@itq @a mh)mdrﬂee mixture
her 2

was offftSd §f 4ehf forfis b, DRcodfnd i byt B35 pufta iffh an aqueoys NexCO;

solutidfi¢sab} 50 ML) @nd thidtrhirtiee stirdéd it effdivescbhcd RRAISubsided. The layers
m xture was then poured ontg ice and water and stirred

were separatesl, thepqueeis nhasa gxtrasigd with EtAGanddhe @mwn%grgamc layers
dried (Mgl £ AR HARHRI ML TEQRBERAIGiaP G0

organi'c layer was rled over and
chrormtagaphy tochffoed ﬂleymlesenbOuxgi asea :toﬂld a JOt)Ige 82 e@pou nd as a

white solid

NMR3 58 (490 iz §:f)c13) 5% 08 (m QH) LM A (m, 2H) 3 and 8o, (s 1H).

Reference Example 14

Br

Iz /E
@]
iy

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

A solution of 2-methyl-3-bromo-aniline (6.05 g, 37 mmol) in pyridine (8 mL) and
DCM (150 mL) was cooled to 0 °C and treated drop-wise with trifluoroacetic anhydride (11.5
mL, 81.4 mmol). The reaction mixture was stirred at RT for 2 h, then quenched with an

aqueous solution of ammonium chloride. The organic layer was dried over MgSQ,, and
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20 Reference Exanple 7 Br .O NXQ2 ~

1- Br ono- 5- net hanesul f onyl - 2- net hyl - 3-ni t ro- benzene
woe@pasEds accordi ng to the nethod used in the PCT/GB2008/003621

preparation of 3-brono-4-N, N-trinethyl- 25

5-ni tro-benzenesul f onam de usi ng

4- met hanesul fonyl -1 - pet hyl - 2- ni t r o- be n n | ace .qf
evapogate] fg dryners togive - 1i°61°b% ﬁ%}é{égﬁmygh%\% ?lf?FeJa%eFW casan
2 n [ 17.0 , 85
°ffWE7§@RF*|\é/lr %%%%94 1 Br) %%hhﬁ?%@é‘r(? 0% 20007053715
NMRFB(,.‘{I(A(%MI@:G/CHDIBI@)ZZB»S Re BH),ehbe(appaentite) 8 8By, 1HY, 25N J = 8.0, 1H),

no- 5-fl ugro- 2- net hyl - 3-ni tr o- benzene Prepared

7.66 @cl:mscﬂ A0 ead ¥rfe (et Rdd used in the preparation of
3 LA TN bldniEb W(%th}élfblénﬂ% 10y BEARAL géée&me Whae74

using 4 uoro-1-neth bénzene | | ace
Imnolé),and bertzoy herdwitle Gl-Oﬁlmg)on barhee tm@hlbndm(ﬁOdBL) Whﬁehdaltetdl te reflux

under%'ra 1%@}38%@8@2 al nqar@éf%o}{ {olg& Pio%%%o gg lgé 91) in
carboit tefra8hlofid€ (3 gxﬁa'ﬂb Wl @he?l a'éaed &@% -wisctodh&refilixthg sofuton, A heating

Ref er ence
was pyrsBed fay 1m Thq maeu@n m@ttmrwas la% tagcadl el yend diluted vathgDCM. The

organfi el B8 4P4eheg vith seing oiosyifa and amied o s ive M-G-
brom&@-&&m@meﬁ&l%hexﬂﬁ) ml-ﬁiﬂluﬁrochc@mﬁﬁ@e 4s6Dbrolvh regiduewiiiell was used
DME- DVA (11 m_, 84.9 nmmol). The deep red reaction

withopt MF@MWH%%%@M 80 C for 24 h fol l owed by

omiEAERR, 6131, el T Gpolli L SETS et 10 1o
7.82 (d20-310] 1H9%hd 879€bs,i1M)0 Et OAc. The organic |ayer vvas

| S"A()lsoellltlt?o% &r}g (%A-%fohrgg 2Ygrgrgorl;1%t(l3yl-lt)lllqeigl) b2ré 9 %nﬂggrlo ag:etamlde (29¢g)in
toluene (40 mL) was treated with triphenylphosphine (2.3 g, 8.7 mmol). The solution was
stirred at 60 "C for 2 h, then cooled to 0 °C. The beige solid that precipitated was collected by
filtration, washed with diethyl ether, then dissolved in DMF (60 mL), and heated to reflux
under nitrogen for 16 h. The reaction mixture was evaporated to dryness, then partitioned
between EtOAc and a sat. sodium carbonate solution. The organic layer was isolated, dried
(MgSQy), and purified by column chromatography to give the title compound as a yellow
solid (1.55 g, 84 %).
NMR &y (400 MHz, CDCls) 7.00 (s, 1H), 7.19 (apparent t, J = 7.9, 1H), 7.36-7.41 (m, 2H)
and 8.53 (bs, 1H). '

Reference Example 15

NO,

F,C NO,
2-Methyl-1,3-dinitro-5-trifluoromethyl-benzene
To a solution of 4-methylbenzo-trifluoride (9.51 g, 59.4 mmol) in concentrated
sulphuric acid (120 mL) was added potassium nitrate (15.0 g, 0.149 mol) and the resulting

mixture stirred at RT for 16 h. The reaction mixture was poured onto ice and water then
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over Na2SO4i and evaporated to dryness to give
3- brono-4-(2-di net hyl am no-vinyl)-N, N 20
wa@l2owokrhs 5- ni t r o- benzenesul f onam de as a red BOI/iG#2008/003621
(10.4 g, 91 %9. To a suspension of the amde (10.4 g,
25.7 mmol ) and Raney(r)-N ckel (suspension in H20, 20
?r%a], in_MeOH THF (1:1, 200 nL) was added hydrazine_ . .
extras mgm% T(hf oueaRic layer vEas S yd spccepsivelywith HeO and brine, dried
: ! . ¢ . ) . o r
over NS Sl e 8'arffest B 8018 e LhibopiP § LN LIP3 545
93 %Washed with 25 EtOAc and H2O. The aqueous | ayer was
iSO a € xt te i th OAc. The combi ned
NM%@@@%%&&?@M?’Z%&@&M#@ , fol l oned by
brine, dried over Na2SO4 then evaporated to dryness.
The resulting pink solid was purified by colum
Referemgedinampde bphy, and subsequently recrystallised from
iPrOH and EtOH to give the title conpound as a white
solid (3.9, 41 %. WD 2009/ 053715 PCT/ GB2008/ 003621
NVR 8H (4 , CDCl13) 2.72 (s, 6H), 6.70 (m 1H),
7.49 ( t, J =27, 1H, 7.68 (d, J =1.1, 1
, 7.94 (m ¥ H and 9.04 (bs, 1 H. Reference

H)

. '".N50..0H
6-Trl§§%n§tyé€%5ﬁgﬂéﬁ%ﬁl§l -1H i ndol e Prepared

a@eepatéd@codirgte tiembihdd usekinithe prieparpti@pefl bionto- bk-indole-6-

4- bromp- 1H i ndol e- 6-_sul fonic acid_diget hyl anj de using
sulfonyic gFid (el hambe Asing %—m?myffia%éwgﬂ-ﬁﬁugﬁ?w@@@%g%nq wplace of
3-broRlo@EK, P frimethyl-5-nitro-benzenesulfonamide. The title compound was obtained as a

KT met nyf -5 b ki

3-brono-4-N, rinet -nitro-benzenesul f onam de.
whiteBobd (10.7 g, ¥¥pound was 10 obtained as a white solid

+ 76 % . NWR SH (300 MHz, CDC13) 3.11 (s, 3H),

[M+%‘.]17§°‘?-Pn 1H), 7.52 (dd, J = 2.5, 3.0, 1H, 7.81 (d, J

= 1.5, 1H, 8.10 (dd, J = 1.0, 1.5, 1H) and 9. 34 (bs,

1H). Reference Exanple 11 Br F N 15 H
RefergnqecBxemple 1 yor o- 1Hi ndol e  Prepared according to the.

nmet hod used in the preparation of 4-brono- |

H i ndol e- 6 {sul foni ¢ aci d di nmet hyl am de usi ng

1- bronmo-5 oy 0- 2- net hyl - 3-ni tro- benzene in place of

3- bromg AN, N trinmethyl-5-nitro-benzenesul f onam de.

The title conpound was obtained as a
4-Iodo-6-trifluoromethyl-1H-indole

To a suspension of 6-trifluoromethyl-1H-indol-4-ylamine (10.7 g, 53.4 mmol) in HCI1
(aq., 15 %, 240 mL) was added a solution of sodium nitrite (5.52 g, 80.1 mmol) in H,O (10
mL) slowly at 0 °C. The reaction mixture was stirred at RT for 1 h before a solution of
sodium tetrafluoroborate (23.5 g, 0.214 mol) in H,O (30 mL) was added. After stirring for 15
min, the resulting precipitate was collected by filtration and washed with a sodium
tetrafluoroborate solution (aq., sat) before dissolving in acetonitrile (100 mL). This solution
was added slowly to a suspension of sodium iodide (24.0 g, 0.160 mol) in acetonitrile (100
mL) and the mixture stirred at RT for 16 h. The reaction mixture was concentrated to 30 % of
the volume and partioned between EtOAc and H,O. The organic layer was isolated then
washed in succession with sodium thiosulfate, H,O and brine, dried over Na,SO4 and
evaporated to dryness. The resulting brown oil was purified by column chromatography to

give the title compound (9.77 g, 59 %).
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20 white solid (6.06 g, 33 %9. NVR OH (300 MHz, CDC13)
6.57 (apparent t, J =2.7, 1H, 7.04 (dd, J = 2.1,
w@2@9/03¥)5 7.12 (dd, J = 2.1, 9.1, 1H), 7.20-FCREBLWE/003621
1H) and 8.25 (s, 1H). Reference Exanple 12 Br O 6
NHZ 25 5 4-Bronpo-1H i ndol e-2-carboxylic acid am de
<al yl. chloride (0.9 nL, 10 mmpbl) was added to a

[M'gﬁgééﬂsi on of 4-Dbrono-| Hindol e WD 2009/ 053715 '

PCT/ GB2008/ 003621 2-carboxylic acid (2.1 g, 8.8 mmol)

in DCM and the m xture was stirred for 2 h. The

Refergngelixample {&r med was added drop-wise to a stirring
m xture of amonia (37% 50 nL) and ice (50 nL). The
resulting m re was allowed to stand for 3 days. The

m xture wasofjdtered and the filtrate extracted with
Et OAc. The s§lid fromthe filtration was dissolved in
Et OAc angl t \prgani ¢ sol utions were conbi ned, dried
(MySO4) BnpdeR evaporated to afford the title

conpoundoa® a bFown solid (2.1 g, 100 % . NWVR 6H (400

CD30D 1 =
4, %Teﬁrwedw b, %J@wxabomlawzw §H-lsﬂwﬁzeulﬁ}mc il (d,
dimethylarfiidge: 1H). 10 Reference Exanple 13 Br \ CN N H
4-Brono- 1Hi ndol e-2-carbonitrile Phosphorous .
ofy@arqdrb}d@n(glmg gemeral7ethod(Scheme 1 h dde ditle ¢ompound was obtained

spe op. of ~ 4- br ono- 1H-| ndol e- 2- carboxylic acid
asawj’r‘ﬁeﬁgpihlgsz f16 é’?S mol .) in toluene (10 ni) and the -

[M+m]3<3502(11§)3\@152§'ﬂ3yred at reflux for 45 mn. On
cooling, the m xture was poured into an aqueous Na2CCO3
solution (sat., 50 nL) and the m xture stirred until

[ f f¢e had subsi ded. The layers were

Referggyﬁjix\é i’ﬁe t he aqueous phase extracted with Et OAc and
t he conblg_%organl c layers dried (MgJS™) and
evapor at e o dryness. The crude material was purified
by col um®echr omat ography to afford the title conpound
as a soli 1\00 g, 82 9.

F,C N

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

Prepared by using the general method (Scheme 1). The title compound was obtained
as a pale yellow solid (1.37 g, 92 %).
[M +H]*311.2 (*°B) 312.2 ("'B)

Reference Example 20

0o H
6-Methanesulfonyl-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1 H-indole
Prepared by using the general method (Scheme 1). The title compound was obtained

as a pale yellow solid (2.4 g, 51 %).
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20 NWVR SH (400 MHz, CDCl13) 7.22-7.28 (m 2H),

7.35-7.40 (m 2H) and 8.79 (s, 1H). Reference Exanple
wad 200805328 N H 4-Brono-2-trifluoronethyl - 1H i PciDiG82008%503621

A solution of 2-nmethyl-3-brono-aniline (6.05 g, 37

mml) in pyridine (8 m_) and DCM (150 nL) was cool ed

andtreated Ehtrifluoroa eric _
NMRM;;QQ , OMSQ-dopl - 36é&, IZHET.H% e o8 Aan il W%ﬁnp@wﬂt tI=

25, B Lo T Ak L e B TR e
| ayer was dried over MgSO4, and WO 2009/ 053715

p PCT/ GB2008/ 003621 evaporated to dryness to give
——ﬁ\ﬂ%‘lﬁﬁ@&?ﬁ‘e—w 25 et hyl - phenyl )-2,2,2-trifl uoro-acetan de
as an off-white splid, which was used wi thout further

nIC

purificati 10 g). NMR SH (400 MHz, CDC13) 2.38 (s, .
3H), 7.14 @aBrxparentt J=8.0 1H, 7.53 (d, J = 8.0,
1H), 7.66 8.0, 1H) and 7.75 (bs, 1H. 5 A

solution o ‘ F,

N- ( 3- br omo-2#mat hyl - phenyl ) -2, 2, 2-trifl uoro-acet am de
(2.1 g, 7.4 nﬁbl) and benzoyl peroxide (100 ng) in
carbon tetrachloride (50 nL) was heated to refl ux

4-(4, 44513@f‘etfaﬁﬁétﬂglafl,3P£]dﬁd&éﬂoWlsﬁLQGﬁ}-QRnhﬁHmmetﬂ?rﬁPHbith[& of

carbon tetrachl ori de .
( ?rma)edvla&lﬂﬂwhe geiateal roetbpd (/SCiaant: d). {The titleicomppumyl was obtained

ol utj.op, . an ating was pursued for 16 h. The
asa"é‘étg ‘%ﬁ?rﬁx%l?i was |eft to cool to RT and diluted
NMRY¥,{ (0642, Eiﬁc1})01 80 &amﬂ% |76§>39(Hdv\pé 7R 8RetH)M742 (ﬁLOI(HJJ ms3(d,J

thiosul fate, and evapora dryness to give
—83,b1r}b)m’15 7Q(d;erﬁﬁetHyanq381éﬂ)(b$ -IH)Z 2-trifluoro-acetanide

as a brown residue which was used w thout further

purification (2.9 g). NVR SH (400 WMHz, CDCl13) 4.71 (s,

Referédde. Examdie ¢2pparent t, J = 8.0, 1H), 7.55 (d, J = 8.0,
IH, 7.82 (d, J = 8.0, 1H and 8.79 (bs, 1H. 15 A

sol uti on_|of
N- ( 3- br ogo-2- br ononet hyl - phenyl )-2, 2, 2-trifl uoro-aceta

mde (2.989) in toluene (40 nL) was treated with
tri pheny hine (2.3 g, 8.7 mmol). The sol ution was
stirred *Cfor 2 h, then cooled to O C. The

bei ge §o| id Hhat precipitated was col |l ected by

filtr wash et n. di ssol ved
&-Fluppo-taiib o tetigmedyy A1 diocanprolaf 21 FHAERIE ¢ open

f Prephfedby vkt the 26hdrAMmethsd SS eB ). SRR RbAPolf was obtained

dryness, then partitioned 20 between Et OAc and a sat.

as a vdidisohd (66 BoRa¥® sol uti on. The or gani c | ayer was

NMR e a0 Bl G LSO P2, A e bt 570 G2 120326

1H), 7.38 (dd, J = 2.4, 9.9, 1H) and 8.16 (s, 1H).

Reference Example 23

H,N

Iz

o)

4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-1 H-indole-6-carboxylic acid amide
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solid (1.55 g, 84 %. NWR SH (400 MHz, CDC13) 7.00 (s,
1H), 7.19 (apparent t, J = 7.9, 1H, 7.36-7.41 (m 2H)
w@ee9BsH8 (bs, 1H). 25 Reference Exanple 15 Ne&R21r/GB3@08/003621
NOz 2-Methyl -1,3-dinitro-5-trifluoronethyl-benzene To

a solution of 4-nethylbenzo-trifluoride (9.51 g, 59.4

kst St Hadale-p-portonitileq1 g oo helfnol (10 mi)

was theafd With 0% ﬁ‘éoﬂg Rydib! énr oﬂ&e 70" 416 rﬁmol hRd a 1 M aqueous
A 5

reaction m x ure icé and vvater t hen
sodlUﬁﬂ@@k@ﬁ&é’ﬂ:ﬂuﬁlﬁWSmﬂh&i D@mizat 40é’ﬂt font he@h¢ reactidat @Xkture was

h h with HO
coolefyFsafbc it gt Y08 et B s e oe peiaplyiads Spfioted
by ﬁlﬁ‘hthﬁ‘l Whashdd witle waRP Rt dMekdan v@cdbetk)'db‘ﬁhﬁ Albrsmb 4 3-BrdoR-6-carboxylic

NVR SH (400 MHz, CDCL3) 2.67 (s, 3H) and 8.27 (s,

acid a,mq)ie (1. @ BH )eWél@hB@Srt{ﬂn@fog_rged igtrthe title bopgs psterhy the general
method(?gh ?jmg i ndol - 4-yl anine 10 Prepared

"hod used in the preparation of

NMRASPRBOUMBH‘I-DMS@L&) 6. 353@1& | 6:78Gh A1, TAORY, 131yl 1S1754 e, 1H),
-methyl-1,3-dinitro tri Iuoronethyl benzene in
7.94- Z)P&él@, ) 8 06 (s, 1H) and 11.40 (bs, 1H).

3-brono-4, N, N-trinethyl-5-nitro-benzenesul f onam de.
The title conpound was obtained as a white solid

Referéid?. BxagnplO®M %9 . [M + H + 201.1 15 Reference Exanpl e
17 1 J-Q F3H

E
@?3
N
H

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

into water and the resulting precipitate collected by filtration, washed with water, then dried
in vacuo. The solid was then dissolved in 10% aqueous NaOH (200 mL) and heated at reflux
for 1 h. The reaction mixture was then cooled, washed with dichloromethane and acidified
with aqueous HCI. The resulting white precipitate was collected by filtration, washed with
water, taken up in dichloromethane, washed with water, dried (MgSQO,) and evaporated in
vacuo. The resulting material (5 g, 75%) was dissolved in methanol (80 mL) and treated with
concentrated sulphuric acid (2 mL) then heated at reflux overnight. The reaction was cooled
and the resulting precipitate collected, washed with water and evaporated in vacuo to 'give 5-
fluoro-1H-indole-3-carboxylic acid methyl ester as a peach-coloured solid (4.5 g, 83 %).

A solution of thallium tris(trifluoroacetate) (8.45 g, 15.6 mmol) in TFA (35 mL) was
added to a solution of 5-fluoro-1H-indole-3-carboxylic acid methyl ester (2 g, 10.4 mmol) in
TFA (10 mL) at room temperature and stirred for 2 h. The reaction mixture was evaporated in
vacuo and the resulting residue suspended in water (25 mL) before being treated with a

solution of potassium iodide (5.2 g, 31.3 mmol) in water (50 mL). The reaction mixture was
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4-10do-6-trifluoromethyl-1Hindole To a suspension of

6-trifluoronethyl-IHindol-4-ylamne (10.7 g, 53.4
worebpsi7es HCO 20 (aq., 15 % 240 nli) was addeRPCEGB2008/003621

solution of sodiumnitrite (5.52 g, 80.1 nol) in H20

(10 nL) slowy at O C The reaction m xture was

stirred at RT for before a solution of sad

treated gyithgichleogisthane IQOzlstalyi metheno] (3811 and th@resl{lseg meylpltate
remo\\/& flﬂﬂ?gnl@}& “rlngfor 15 nin, the resulting

ected by filtration and washed
vvrﬂhla oagmﬁ:cﬂlaywnwztsesepaﬁﬂedl,omshed sitceessnvelyt withn s¢digm thiositlfate

B B R o 120 e e o
d1ssol'v9&j irptﬁetﬁlgﬁol%@mﬁ? aﬁ@g'ez?'@& }vlthqo%ﬁfu%‘ﬁstﬂéd)ﬁ sbit¥8n (60-hL) then

he m xture Stirred . he reacti on
reﬂuxmi )leLQ‘ ke Thegeantioo anixiunt wds QQDIMQXﬁaCt@d] mthd])@MéMa@aI (ratio

95:5)F st VRS Qe FUEF et ieaor BB it ke B EiP pRRRls ol iistBon by
colunind@ShtbgfaBhy Eidfe RRoreL4-bdo- 1H-ir1d1céArpaldbro®@h sand (1.05 g 39 %).

evaporated to dryness. The resulting brown oil was

NMRgur(300 ¥MH4H CRAELMHI-6H2dmat ByreaPhipppareBoitgl v 8.4 Bé, 1H),17¢26-7.33

(m’zg%‘%ggé%iggagi S[QI\/E/()I—H \gll)ozcl)oa/e?grszﬁge Exanpl e 18

7 2Csol@idd ¢ IN1Goro - R)db'-lEH-lndole 261 mg, 1.0 mmol) in dioxane (1 ﬁ_I_mL) was
4,5, 5-Tetranet hyl - [ 2] di oxaborol an-2-yl ) -

treated @{(I@tee@ulafmm 60 %mld X Mnmt)hmlhmu@eaqntaé@@r 2mgh (.03 snmg}) and

bls(ch&%eQﬁg)g{ Qé‘ %@?’%@g 25)1088%&%1) th%l f%aee%[wpﬂ%ﬁ ”ﬁj W lution of

plnac&BGraﬂe (llﬁﬁ)l Tﬁﬂ, 2266( 11115)2 66 h&n&@ﬁn@ﬁ addsd \E;xamﬂge After 30 min, the
5- Tet r anet hyl

reactigh w&m\ﬁ@%ﬁ?#dythfn élltlﬁefif\*flﬁbwﬁﬁre(tlﬂw)mdu%w ¥ @ mL). The
resultﬁ{gqﬁigﬁﬁgvﬁé’ B &‘ﬁlr&%nt %ﬂ%@é &lpatFEbh Qﬂ'trch‘éhﬁﬁlhl)dwhﬂ? ethane

conpoun 15 as a l ow so
layer as 8vapgrat@Rin%cuo to obtain the title compound which was used w1thout further

purification.

Reference Example 25

-

0. .0
B

(o
N

H

4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole-2-carbonitrile
4,4,5,5-Tetramethyl-[1,3,2]dioxaborolane (2.1 mL, 14.5 mmol) was added drop-wise
to a mixture of 4-bromo-1H-indole-2-carbonitrile (1.27 g, 5.8 mmol), palladium acetate (33
mg, 0.145 mmol), triethylamine (1.21 mL, 8.7 mmol) and 2-(dicyclohexylphosphino)biphenyl
(203 mg, 0.58 mmol) in dioxane at 80 °C. The reaction mixture was stirred at 80 °C for 5 h
then allowed to stand at RT overnight. The reaction mixture was diluted with DCM and
washed with water, then the organic layer was isolated, dried (MgSQy) then concentrated in

vacuo. The resultant crude material was purified by column chromatography to afford the title
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[M+ H+ 311.2 (1B) 312.2 ("B) Reference Exanple 20 T
0,B,O I g Oo0o H?20

w®20venkEnesul fonyl - 4- (4, 4,5, 5-tetranet hyl - [ 1, 3p@§/GB2008/003621
di oxaborol an-2-yl)-1Hindole Prepared by using the :
general nethod (Schene 1). The title conpound was
obtained as a pale yellowsolid (2.4 g, 51 %9. WO

compowrsbpsFyown seled{ 19 $9/0b3621 NVR SH (300 MHz,

BRI G Td g o G ot - 10,53

1H), A60-7.73.(8 29'dnd 8.5 (§,18). 1.5, 1H) and 11.73 (bs, 1H).
Ref erence Exanple 21 5 0,B,OCF3 I~ N H 10
4-(4,4,5,5-Tetramet hyl -[ 1, 3, 2] di oxaborol an-2-yl)-2-tri
Referfexllclé.ffxcmﬁWé -1H i ndol e Prepared by using the general
[0)

met T (Schene 1). The title conpound was obtained as
a white iqd (1.5 g, 55 %. NWR SH (400 MHz, CDC13)
1.40 (s, 7 7.33 (dd, J =7.0, 8.3, 1H), 7.42 (s,

1H, 7.53 (d.gJds =8.3, 1H, 7.70 (d, J = 7.0, 1H and

8. 37 (bs, 1H)/\ 15 Reference Exanple 22 7+ 0,B,0

~;nN F H 6-Fluoro-4-(4,4,5,5-tetranethyl-[1, 3, 2]
1-(terdiBatylodimeithyl-slapyl)-Sifiuonecldi-indolepar ed by using the

08 B BlulbR o1 S Hdors 1 H st (30.0%, b2 SaoMRRHHNPPHF (250 mL)
was added sodium hydride (60 % suspension in mineral oil, 10.22 g, 0.255 mol) portionwise
and maintaining the solution at 0 °C. The reaction mixture was stirred at 0 °C for 20 min, then
a solution of tert-butyl-chloro-dimethyl-silane (40.15 g, 0.266 mol) in anhydrous THF (20
mL) was added and the solution stirred at RT for 25 h. The reaction mixture was poured into
H,0 and the layers separated. The aqueous layer was extracted with EtOAc and the combined
organic layers were dried (MgSQ,), then concentrated in vacuo. The resultant residue was
purified by column chromatography (silica gel, cyclohexane:DCM 100 % to 50:50) to provide
the title compound was obtained as a colourless oil (41.2 g, 74 %). .

'H NMR (400 MHz, CDCl3): & 0.60 (s, 6 H), 0.94 (s, 9 H), 6.58 (dd, J = 3.2, 1.0 Hz, 1 H),
6.87-6.93 (m, 1 H), 7.23 (d, ] = 3.2 Hz, 1 H), 7.24-7.29 (m, 1 H) and 7.41 (m, 1 H).

Reference Example 27

HO. .OH
B

F
|Se
N
—/Sl7<
[1-(tert-Butyl-dimethyl-silanyl)-5-fluoro-1H-indol-4-yl] boronic acid
To a solution of 1-(tert-butyl-dimethyl-silanyl)-5-fluoro-1H-indole (30.0 g, 0.12 mol)

in anhydrous THF (1000 mL) were added N,N,N’,N’-tetramethylethylenediamine (36.6 mL,
0.241 mol) and a solution of s-butyl lithium (1.4 M in cyclohexane, 172 mL, 0.241 mmol) at -

78 °C. The resulting mixture was stirred at -78 °C for 2 h, then triisopropyl borate (37.5 mL,

162.7 mmol) was added dropwise. The resulting solution was stirred at -78 °C for 40 min,
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20 as a white solid (4.6 g, 61 %9. NWVR OH (300 Mz,

CDC13) 1.39 (s, 12H), 7.02 (m 1H), 7.14-7.19 (m 1H),
WO 200073726 (m 1 H), 7.38 (dd, J = 2.4, 9.9, HCH:Ba0wd/003621
8.16 (s, 1 H). Reference Exanple 23 /k O0,B,OHZN I /

N H 250

then alighid 8 WA L. AB AUt dbolien SDHGH 654 M50 mL) was added and

At
the re%é}%@%&&%{ y a?‘%ﬁ%ﬁd 161;0?[-22(%' i['hg naﬂ}s &et?ﬂ%atleérl] anrr% tlﬁ aqucous layer

extractdwith Et@As. Theaatrdbinadi dr@tﬁkﬁ)l%yaq urmdnay@dgﬁﬁn apé congetiated in

vacuo, Jd Etas yeRe b Ve fies cwﬁ%/h L EBEDGRP st Tetapexapero sive

thetlt'@%niﬁﬁﬁ&'aé’ﬁ‘wlﬂté"séﬁ@( 760g).ed, treated with water
and cooled in an ice-bath Theresultlng recipitate

'H NMR(400 MEz B OD)bg 0162| (5.r6etD), k92 (8@ Hah. 0 (dh J et 2 HzahH), 6.79-

6.90 (. 155, 30V F54 G0 CuRRAEY. B 50044 E B (105 g

97%, which was transfornmed into the title boronic

ester by the general method (Schene 1) (0.80 g, 67
Reference Bygmpla2& 300 MHz, DVSO-d6) 1.35 (s, 12H), 6.78 (m

1H), 7.10 , 1H), 751754(m 1H), 7.94-7.97 (m

2H), 8.Q6 1H) and 11.40 (bs, 1H). 10 Reference

Exanpl (20 W-Y 0,B,OF ~ N H

5- Fl uoro-4N(404, 5, 5-tetramethyl -[1, 3, 2]

di oxaborol an-2-yl)-1Hindol e A solution of
1H-Thiehb[302-@] pyetithidiné2,9-digne O nmol ) in DVF (40 nl) was

treated at 0 C 15 with trifluoroacetic_anhydride (

s AESY APEIBp-23biapAReCaaR B ALH O BV 5 Dhlland urea
(29.74 gtﬁi’ecﬁ@\?a%nté”) %sthla ed §§1j]d0t ANy Erh% sp*l'hé‘ﬁ@t J‘E&Et bR Thi%HirdWas then

18r vvashe wat er , I N vacuo.
poured loatossodiuzh hpdroxide soldtiers @IV 860 mL) h0&anyinsolubleNadetiflz&foved by

nm.)_and.heated at ref.lLu for 1 e reaction
flratf B @ithae wasdRen st gty B st Aer e Lwih
coolir@N AriRGh&Hlthh@fhite precipitate was collected by filtration and air dried (9.49g, 66%).
SH (400 MHz, d-6 DMSO) 11.60-11.10 (2H, br, s), 8.10 (1H, d, J 5.2), 6.90 (1H, d, J 5.2).

Reference Example 29
cl

B
N/)\CI

2,4-Dichloro-thieno[3,2-d]pyrimidine

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



wi th aqueous HCl. The resulting white precipitate was
collected by filtration, washed with 20 water, taken

waipoovnsdixhl or omet hane, washed with water, driBdr/GB2008/003621
(MyS™) and evaporated in vacuo. The resulting
material (5 g, 75% was dissolved in nmethanol (80 niL)
and treated wwth concentrated sul phuric acid (2 nL)

Reference Exampled0 at refl ux over ni ght. The reaction was

. cooled ang the resulting precipitate collected,
washed qu;% ter and evaporated in vacuo to give 5-
fl uoro- 1HiNnidol e- 3-carboxylic acid nethyl ester as a
peach-ccsl ¢d solid (4.5 g, 83 %9. 25 A solution of
thalliu /Qtrlfluoroacetate) (8.45 g, 15.6 nmol) in
TFA (35 L) added to a sol ution of

d net hyl t 2
2-Cultrb Rty ‘E")'“‘“'?‘z“ﬁ?ﬁ’/i’*‘? B Ene C  emper ature and
stA mi>aorefad12 @dichlofhﬁuemn@hﬂuﬂmynmndtmr(& 68@s 423 4porod), ewdrpholine

8. 11(@5 cuo nd th rHFFSHQ,UI LQS@ SI duiﬂggpﬁ&oogﬁt%wk’gra t%rl

hour. FT% ?eca%il&ﬁridlﬂgfeqf?as(tﬁergﬁﬁereé; Iva2h8dWRith waler W&y RId the @itleledmpound as
The reaction mxture was WO 2009/ 053715

awhlmvllGBlzb@‘Bg,Om@%@l treated with di chl oronet hane (100

ot MRS TENOPb T A AR LSS B AL 25774

(4H,1 #¥®). was separated, washed successively wi th sodium
thioSulfate solution and brine, then dried (MySO)
and evaporated in vacuo. The resultant material was 5

Referdics Iavme in nethanol (60 nl) and treated with 40%

solution (60 nm.) then refluxed for 2 h.
The reactio xture was cool ed and extracted with
DCM MeCH (rzﬁ 95:5), dried (MgSHM), filtered and
evaporated i M vacuo to give a crude solid.

Purificati W colum chr omat ogr aphy gave

5-fl uorgs- A <JH indole as a pale brown solid (1.05

g, 39 %. N (300 MHz, CDCl13) 6.49-6.52 (m 111),
2-Chﬁr8~'z_l- M—yﬂthnenb[? ZQI]ﬁyrlﬁndine-JSEBarbZldEEy(Ye 33 10

S

UI]PI ﬁﬁgi‘ﬁﬁ);?q 30%3%:4 W&H?h@h{l‘z%ﬂ'thﬁm[f ?od}wfamldmﬁ(l 0g,3.91
v P Bd T Y SACRER 1 AN i 0.5
mL, 48580mmiol)sandythd mbelmag )rphtnwhamo]?edhb p?&?()‘/ |n-B2§1 hithiurf (218 M in
hexanﬁﬁ nla% B]I&_bgniéheat aﬂgqq_igopélsggh Ieorgsugtﬁng(ﬁpﬁpﬁnswggllowed to

warmad IS5y bfer SV, 'T‘Tﬁ%acﬁt)ﬁ &ixRE: Whikooldddo 178 *Cakd ir@a[ied with DMF
m xture was cooled, then diluted with water (10 nl)

(0.7 . (Eéomr(om then)snrrw et RT deni(tming The xetagn@l nmgulpa@aes@@oled to0°C

befors i RGP e Ee (HEGTOR YIS E At S e Pk e r another 30

min. Pl pre€ipitate thak Tdr&eﬁ%%@ﬂébt%ﬁﬁltﬁ&ﬁ&n Hﬁﬁﬁedl\tvhb@iﬁth water then
further urification, 20 Reference Exanple 25 0,B, O

dried ginvacuo at 70 °C for 3 h. The title compound was obtained as a pale yellow solid (1.0 g,

90 %).

NMR &y (300 MHz, DMSO-de) 3.77 (m, 4 H), 3.95 (m, 4 H), 8.29 (s, 1 H) and 10.21 (s, 1 H).

Reference Example 32
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N H 4-(4,4,5,5-Tetranethyl- [ 1,3, 2]
di oxabor ol an-2-yl)-1H i ndol e-2-carbonitrile
wa 200965815 et ranet hyl -[ 1, 3, 2] di oxabor ol ane (2. 1P([THGB1(¥DS/503621
mol ) was added drop-wise to a m xture of §
4- br ono- 1H-i ndol e-2-carbonitrile (1.27 g, 5.8 mmol),
pal | adi um acetate (33 25 ny, 0.145 mol),

triethylamn .21 m, 8.7 muol) and

2- (di cycl ohe hosphlno)blphenyl (203 ng, 0.58 mmol)
i n di oxane @t T. The reaction m xture was stirred

at 80 C h)N\then allowed to stand at RT

over ni gt . reaction m xture was diluted with DCM

n washed wi th water, then the ani Ia er was
(Z-Ch?grer%flguphalm Ay -thagreld2-dipyRinidin: e vacuo.

THe J &SptnsRAbf Qrcﬂﬁﬁo-'l%&‘i)héﬁn-w tﬁh‘ﬁé 5126, %IB 053715

chromatography to afford the title
carbaldeliydes2 2G5 /1 0063 @éanol) ooaghydroas A"HFa(IBf)mIc) and|[IMB (70 nl2) was added

sodimg%@ﬁ%dﬁ'gggﬁ]ﬂ éﬁb%z%%’fl)%gﬁ% rerglting ﬁﬁsjtu%ezs’ﬁ)r@d ayRT for 7 h. The

reactibil ml)?tluﬁzgzgs péf'tlt(dﬁkld Béﬁéveéﬂi‘ (M akd b Satuatdd aqueoBe0RItRA G NaHCOs.
anpl e ~Si 7

The ongapicdpyer pyasysolatedrdring (MgBOarapd)cogeantrgied dn yaquontag eesultant
I - rQ- i ol ot o
residud ﬁvc‘ag r#{uxqa&g% \g'gtlf,a@u(r gtg él%ﬁ%l;é {ids &lng%ogﬁg hltg. ﬁl;‘f;cg fﬂ{% E, 91 %).
NMR(8§Q3G@ Eﬂﬁp@MS(om)' N75me4 H), 3289 (m,JéﬁHX,.Zl &1, (dQJ 2350 He) ) H), 5.96
rtionwi se 10 and naintaining the solution at 0 C
(t J—%Hﬂehgﬂp%7ﬁ?iﬁ,dr® was stirred at 0 C for 20 mn,
then a solution of tert-butyl-chloro-dinethyl-silane
(40.15 g, 0.266 nol) in anhydrous THE (20 nL) was
Referaddixamptt 3he solution stirred at RT for 25 h. The
reaction mxtyre was poured into H2O and the |ayers .
separ at ed. TE gaqueous | ayer was extracted with Et OAc
and the conb organic layers were dried (MySO4),
t hen con/c?rslt_d\;ﬁ;d in vacuo. The resultant residue was
15 purifAed by jcol um chromat ography (silica gel,
cycl ohéxane: a00 %to 50: 50) to provide the title

6-Broggomathy khSb forog- Mepphouicy 3} it aepytimiaing § 9, (S
9T6)a soﬁuﬁﬁ o(fgﬂchléro%-%n&?_lzolmm Ebllthléno;ﬂii! -d] idfh- @?yl)(mthmol

(1.46 snil;')l 17rm11011 m anilymus DEMREImb aied) 6 awiepst addedt trgph@lﬂphl_%whme (1.74

g, 6.64 mmol) and carbon tetrabromide (2.03 g, 6.13 mmol). The resulting brown solution

was stirred at RT for 5 h, before additional quantities of triphenylphosphine and carbon
tetrabromide were added (0.4 g and 0.34 g, respectively) and stirring continued at RT for 1 h.
The reaction mixture was concentrated irn vacuo and DCM and EtOAc were added. The
resultant white precipitate was collected by filtration and air dried to give the title compound
as a white solid (0.82 g, 46 %).

[M + H]* 348.1 (°Br) 350.1 (*'Br)

Reference Example 34
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N /Si7(
[1-(tert-Butyl -dinmethyl-silanyl)-5-fluoro-|Hindol-4-y
WO 200008303 ¢ acid To a sol ution of PCT/GB2008/003621
1-(tert-butyl-dinethyl-silanyl)-5-fluoro-1Hindol e
(30.0 g, 0.12 nol) in anhydrous THE (1000 i) were
added N, N, N, N -tetranmet hyl et hyl enedi am ne (36.6 ni,
25 0. 241 m)l?fq‘}d a solution of s-butyl lithium (1.4 M
in cycl ohexa 172 nm, 0.241 nmmol) at 78 C. The
resultlng|g>< re was stirred at -78 C for 2 h, then
triisopr o at 7.5 m, 162.7 mmol) was added
dr opwi g¥©. eNe ing solution was stirred at -78 C
for 40 mn, 053715 PCT/ GB2008/ 003621 then
allowed to marn1toF 20 C. An aqueous sol ution of HCG
(2.4 M 250 nL) was added and the resulting m xture
[2-(6~\E!!solpddlmolﬂt-ﬂ)-l4mornhnéml-ﬁylethsew,é-tﬂwa iecﬁ-aﬂdncthenol
eou extracted w th Et QAC
ot e editld Sl ol & M BeRaRRE T Rprlc . The

title cémPLend Wb@om@ﬁe&l b@@wme bdlﬂWlQOé i40 %g)s t hen
crystalllsed cycl ohexane to

5th
NMRtaHt 300 M SIMA0SE) & Sty & Fof 00 (b 1o, 4,85 T Y50 58 Hay 2k, 5.92

1R S50 B g, By

I= ZleiI—Ilzj)lﬂr)dndllSéO(bklel) = 9.0, 4.6 Hz, :
Ref erence Exanmple 28 0 ~I NO 10 H 1H—Th| en o
[3,2-d] pyrimdine-2,4-dione A m xture of nethyl
Referan @B xRipte 34 ophenecar boxylate (13.48 g, 85.85 mml )
and urea (49 75 g, 5 equivalents) was heated at 190 C
for 2 hour The hot reaction m xture was then poured
onto sodi u ydrOX| de solution (2N, 300 nL) and any
i nsol ubl e terial renoved by 15 filtration. The
mxbg@r{e_@ggﬁ ci<,,b|iofi ed to pH 6 by the addition
tr ™~ cooling. The resultant white
presipitate wa Ied by filtration and air dried
(9499, 66% . H (400 MHz, d-6 DVsSO) 11.60-11.10 (2H,
s), 8.10 (1H, d, 5.2), 6.90 (1H, d, J 5.2).
Ref erence Example 29 CI S "N 20 N C
ToluéheX-5i1£Hi© h&d 20|00t -GoRlen ML sulfody1)4 H-indol-4-yl]-4-morpholin-4-

yl-thieno[3,2-d]pyrimidin-6-ylmethyl ester

To a suspension of [2-(6-fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2- 4
d]pyrimidin-6-yl]-methanol (0.54 g, 1.41 mmol) in anhydrous THF (20 mL) and DMF (5 mL)
was added sodium hydride (60 % suspension in mineral oil, 0.34 g, 8.5 mmol). The resulting
mixture was stirred at RT for 10 min, then p-toluenesulfonyl chloride (1.08 g, 5.66 mmol)
was added and the reaction mixture was heated at 40 °C for 3 h. The resulting solution was
partitioned between EtOAc and a saturated aqueous solution of ammonium chloride. The
organic layer was isolated, dried (MgSO,) and concentrated in vacuo. The resultant residue
was purified by column chromatography to give the title compound as a white solid (0.60 g,
62 %).

NMR 8y (300 MHz, CDCl;) 2.35 (s, 3 H), 2.44 (s, 3 H), 3.89 (m, 4 H), 4.01 (m, 4 H), 5.33 (s,
2H),7.23(d,J=8.7Hz,2 H), 7.34 (m, 3H), 7.63 (d,J =3.7Hz, 1 H), 7.68 (d,] =3.7Hz, 1
H), 7.77 (d, J = 8.3 Hz, 2 H), 7.81-7.86 (m, 3 H) and 7.98 (dd, J = 10.6, 2.5 Hz, 1 H).
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To a suspensi on of
1Ht hi eno[ 3, 2-d] pyri m di ne-2, 4-di one (10.0 g, 59.52
wornebpsi7ns acetonitrile (50 nmL) was added phosptDGB®S/003621

oxychl oride (300 mmol, 5 equivalents, 28 nL) and the

m xture heated at reflux for 24 hours in a flask

fitted with a nechanical stirrer. The 25 reaction
Bﬁﬁiﬁﬁﬁiﬁﬂﬁaﬁébthen cool ed and poured cautiously onto

i ce-water (250 mai ntai ning the tenperature below

20 C. The mxture Jwas filtered to yield

2,4-dichloro-thi®¥no[ 3,2- d]pyrimdine as an off-white

solid (9.15 gs
bH( 400MHz

8)13(1H d, J5.5),7.56(1H,d, J5.5). WO
2009/ 053715 PCT/¥BX008/ 003621 = Ref er ence Exanple 30 N
CO S g \' NCl 2-Chl oro-4-norpholin-4-yl-thieno
[3,2-d]lpPrim dine A m xture of
2,4-dichloro-thieno[3,2-d]pyrimdine (8.68 g,
8-(2-@mloBeldrmobnpholin+4sylethiens|3,3-d] pyrivhidih-6-Anik tiey])+l Madioxa-8)aza-
) met hanol (150 nL) was stirred at roomtenperature
spirodpdecang,r . The reaction mixture was then filtered,
1
mﬁf&?g@?f ‘(6?5{%0&1@&%]1 -2 c‘ﬂl&r@-@ ﬁ'lbl?h@ln‘f QfWQM@ﬁ’o[ cg?ynmldlne
(1.00 g, 287 (i) mDMPE(ZG)nL)mae a(ided 1 @dmxaa? -&p:; spaoBDS](lch,ne(l, 06 mL,

J 4.9 3.74 4H fer nce mpl e 31
8.62 ) oot pEki oot (183% 75 ity HRGRE icBRia stfed at RT
for 90 Bin? THE e fidrinehitie v Gk dalideRi@e thEd eRtrsstdd Wit BtOQAc. The
2-chl oro-4-norpholin-4-yl-thieno[3,2-d]pyrimdine (1.0
organjy, exgracts Wese (Naﬁpam gerngatrategtin BEuat gixg thediflaegempound as
thylethylenedlanlne (0.68 niL, 4.53
an orerey F§ﬂd¢igf§ &ulting mixture was cooled to -78 C.
[M + B Bat1y2 I|th|un1(2 5 Min hexanes, 1.9 nL, 4.75 nmol)
was added dropw se and the resulting suspension
allowed to warmto -30 C over 1 h. The reaction
Refer%c’ét%ég%w cooled to -78 C and treated wwth DM (0.7
) ), then stirred at RT for 30 mn. The
reaction mxtu was cooled to O C 20 before an '
aqueous solutignjof HO (0.5 M was added and the
m xture stlrged for anot her 30

N\ P
N NJ\CI

o}

1-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-ylmethyl)-piperidin-4-one

To a solution of 8-(2-chloro-4—mor1')holin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)—
1,4-dioxa-8-aza-spiro[4.5]decane (0.97 g, 2.36 mmol) in 1,4-dioxane (16 mL) was slowly
added concentrated HCI (24 mL) and the resulting solution was stirred at RT for 2 h. The
reaction mixture was cooled to 0 °C and the pH was adjusted to 12 by careful addition of an
aqueous solution of NaOH (50 % w/v). EtOAc was added, the layers were separated and the
aqueous layer was extracted further with EtOAc. The combined organic layers were dried
(Na;S0Og), then concentrated in vacuo to give the title compound as a yellow solid (0.9 g, 100
%).
[M + H]" 367.3
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mn. The precipitate that formed was col |l ected by
filtration, washed twice wwth water then dried in
wo2@905815 70 C for 3 h. The title conpound wasPObGaRW8MH03621
as a pale yellowsolid (1.0 g, 90 %9 . NWR 8H (300
MHz, DMSO-d6) 3.77 (m 4 H), 3.95 (m 4 H), 8.29 (s, 1
d 10. (s, 1 H. 25 Reference Exanple 32 WO

Refer PCT/ GB2008/ 003621 CO N S ~N HO NCI

(2-Cnhl oro- 4- nor pholoyn-4-yl -thieno [3,2-d]

pyri m di n-6-yl )-rre[h nol To a suspension of

2-chl or o- 4- nor phol i ¥- 4-yl -t hi eno[ 3, 2-d] pyri m di ne- 6-

car bal dehyde (3. 8-gxN11.31 nmol) in anhydrous THE (100

m.) and I MS Mas added 5 sodi um borohydri de

(0.47 g, 12/43 molY afd the resulting mixture stirred

at RT for 2R/ The reaction m xture was partitioned

bet ween and a saturated aqueous sol ution of

NaHCOB.<] The organic |ayer was isolated, dried (I\/gSO4)

and concentrated in vacuo. The resultant residue was
[1-(Z-Ulnilﬁmmhmiphblm4m{thienbB,ng}pgriniidint—64;ﬂmethh)ppipaddhs4-gl]-

V\:hlt(l% d (2.9 g, 90 %9. NWR 8H (300 MHz, DMVSO d6)
cyc‘%mw'{‘ﬁ‘.?'YLr m)(ines 89 (m 4 H), 4.81 (d, J = 5.0 H, 2

( . 3 . ] . . TXPR g

R & oiion gL 1 et Ao hin T BA v RS methy)

piperidine4rphe (0.2 5] ©645 rtmmb)r ipHa3- diwhquﬂthzmhi(é md)[v&re added

d 15
eyclofbbatimisyyasimig, (s Gl G sogiym rigprigrybsrolprsie 715 o,
0.71 IthBt TR Rkultibd sﬁ’s@eﬁhorﬁwéﬁstﬁﬁﬁ'a} RTfoR I | Cthen! &111@6Nv&(1t3®vater and

at 0 C were added tr|$henyl phosphi ne (1.74
DCM6.T agueens laXWdV%SeSP%ﬁteﬂé@ erastedyath DCYE The @nlbyled organic

layers;(g%e @nﬁa- ﬁg%?;bsﬁ ES:%Pp%lgr\éﬂdslﬁ g%c{dotqg gl\)@qge ﬁ{lé {:&ﬁﬁimﬁltd aSin off:
whltetsbilcpt()stl}/gmd%phl ne and car bon tetrabrom de were added
%%4 g and 0.34 g, respectively) and stirring ,
M]* $inued at RT for 1 h. 20 The reaction nixture was
concentrated in vacuo and DCM and Et OAc wer e added.
The resultant white precipitate was coll ected by
ReferéndetBxatmpte3%nd air dried to give the title conpound

><>\—C>Q U

)\

4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-ylmethyl)-1-oxa-4,9-diaza-

spiro[5.5]undecane-9-carboxylic acid tert-butyl ester

To a suspension of 2-chloro-4-morpholin-4-yl-thieno{3,2-d]pyrimidine-6-
carbaldehyde (100 mg, 0.352 mmol) in dichloroethane (10 mL) were added 1-oxa-4,9-diaza-
spiro[5.5]Jundecane-9-carboxylic acid tert-butyl ester (110 mg, 0.376 mmol) and sodium
triacetoxyborohydride (113 mg, 0.533 mmol) and the resulting solution stirred at RT for 3 h.
The reaction was quenched with water and loaded onto an Isolute® SCX-2 cartridge, washed
with MeOH then eluted with 2 M NH; in MeOH. The resulting residue was then purified by
column chromatography to give the title compound as a white solid (98 mg, 53 %)
[M +H]" 524.3
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as a white solid (0.82 g, 46 %9. [M+ H + 348.1 (79Br)
350.1 (81Br) 25 Reference Exanple 34 WO 2009/ 053715
wEROWeE2008/ 003621 CI N S NHOI NH N F [2p¢B6BRawws/003621
or o- 1Hi ndol - 4-yl ) - 4- nor phol i n-4-yl -thi eno [3, 2-d]
pyrinidin 6-yl]-nmethanol Prepared by using general
Suz coupling nmethod A of Reference Exanple 2. The
Refer, nd was obtained as a white solid (1.2 g,
40 9. 5 NNR 8H (300 MHz, DM5O-d6) 3.83 (m 4 H), 4.00

(m4 : 5 (d, J=58Hz 2H),592(,J=5.8
7 (QJ—27 95Hz,1|—|) 7.39 (s, 1
: a7 ,790(dd J =27, 11.5 Hz, 1
and 1%. 3 (bs . Reference Exanple 35 N CO S
NO O~ ONlO Tol uene-4-sul fonic acid
2-[6-fluoro-T- J,Llene4sulfonyl) 1H i ndol -4-yl]-4-no
rphol i n 4- yl-thi 5nof'3 2-d] pyri mdin-6-yl nethyl ester
2Ol SRR Phirne o pymidin ety Lot 5 e

splroE,S]dpﬂwammﬁcarbﬁxxlic] acmlatdr&butyl(e&l;e54 g, 1.41 mmol) in

d T E (20, nm_ 5 nL 5 ed .
o SeRrare oo RS B e mREHrirof Py fHlog gmorphotin-
4- yl-tEnen§[352 &‘H@h}mdlﬁf@yﬁrﬁ:ﬁkylf-l-ﬁﬂam%&ldi@spWS §]fuhlﬂédéﬂe-9tcaﬂ;5xyhc

mn, then p-toluenesulfonyl chloride (1.08
acid t@tt@atyﬂrﬁﬁcr) usingak-oxatd ScliazadspinelS .5 uadecanerdreashonylic ad tert-butyl

ester I{:E)l apeféc%ﬁf%tnee @&g ];TPeE ﬁ%{-}rag\%gggl L g}éhﬁ ng%a(?a%dd‘ié/gg gm‘ﬁqg‘rt-butyl ester.

The tﬁ1@|cuﬁ1lp6ﬂ1d)\fvaéﬂdibfmﬁedlﬁ@ £Whie selil (1TOeg, 60 g9ni c | ayer was
|splated dried (MgS04) and concentrated in vacuo. The

[M+Hs34-3nt resi due 20 was purified by col um
chromat ography to give the title conmpound as a white
solid (0.60 g,

Reference Example 41

HN— 20 0
%5
N s I\N
\ N/)\CI

7-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-2,7-diaza-

spiro[3.5]nonan-1-one

To a solution of 1-0x0-2,7-diaza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester
(150 mg, 0.624 mmol) in DCM (6 mL) was added TFA (3 mL) and the resulting solution
stirred at RT for 1 h. The crude reaction mixture was loaded onto a Isolute® SCX-2 cartridge,
washed with MeOH then eluted with 2 M NH; in MeOH to provide 2,7-diaza- -
spiro[3.5]nonan-1-one as a colourless oil. To a suspension of 2,7-diaza-spiro[3.5]nonan-1-one
(0.624 mmol) in dichloroethane (13 mL) were added 2-chloro-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine-6-carbaldehyde (130 mg, 0.458 mmol) and sodium triacetoxyborohydride (146
mg, 0.689 mmol) and the resulting suspension stirred at RT for 18 h. The reaction was
quenched with water and loaded onto an Isolute® SCX-2 cartridge, washed with MeOH then
eluted with 2 M NHj3 in MeOH. The resulting residue was then purified by column
chromatography to give the title compound as a white solid (93 mg, 50 %)
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62 %9. NWR 8H (300 MHz, CDC13) 2.35 (s, 3 H), 2.44 (s,
3 H, 3389(m 4H, 401 (m 4H, 533 (s, 2 H,
wQo208/081d15J = 8.7 Hz, 2 H), 7.34 (m 3 H), 7.68CT(/dB20)81003621

3.7 Hz, 1 H, 7.68 (d, J =3.7Hz, 1 H, 7.77 (d, J =
83Hz 2H),78 7.86 (m 3 H and 7.98 (dd, J =
Hz, 1 H). WD 2009/ 053715 PCT/ GB2008/ 003621
[M+He]fé9?e%ce Exanpl e 36 CJ N S~N NNJ OQ
8- (2- Chl or 0- 4- nor phol i n-4-yl -thieno [3, 2-d]

pyri m din-6-yl methyl) - ,4 di oxa- 8- aza-
ReferemierEx{athpld 422cane 5 To a sol uti on of
‘6- br ononet hyl - 2- ¢hl or o- 4- nor phol i n- 4-yl -t hi eno[ 3, 2-d] p
yrimdine (1. Oq\;\’; 2.87 nmmol) in DVF (20 mL) were
added 1, 4-di oxa za-spiro[ 4.5] decane (1.06 nL, 8.62
nmol ) and cesi rbonate (1.8 g, 5.75 mmol). The
resul ting m=urle Was stirred at RT for 90 min. The
reaction ture Ma® diluted with water then extracted
Wi th EtO&The organic extracts were dried (Na2SO4)
and concgntrated in vacuo to give the title conpound
as 10 orange solid (O 97 g, 82 % [I\/H—|] +411.2
Ref erence Exa
64 wgmeﬂnamm"ifmrlpwapthurzwQOrdemrBhghw-yl-tmeno13 >
dIpy di n- 6-yl met hyl ) - pi peri di n-4-one To a sol ution of
-chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di n- 6-
Methquet hyl)- 1, 4-di oxa- 8-aza- spi ro[ 4. 5] decane (0.97 g,

c3H% "éft’%fé‘“ﬁéf’ﬁt oHo Sstiin ehrcbreaien £ 1 YarBfor it morphotin-
4- yl-t%ﬁo[%tl m%nﬁdm lfrféfhyrl-’) }_‘klpeﬁ_(hﬁ-4 iljl@%lbl?gpﬂlﬁémﬂ-%nﬁ@esusm

cooled t0 0 Can the "pH was adjusted 12 b ar ef ul
azetumﬁ:lh)tdrmhlmfdean ploe aﬁtwblpsombmﬁﬂwlanuﬁe N&@ﬂtl(e@onmmd/ as
bt t.QAc_was ad (g\g he Izy rs were separated and the :
0 a"he&lfégﬂgr%é? 15 ted further with Et OAc. The

[M +eQhhegied organic layers were dried

Method B:

Prepared according to the method used in the preparation of 4-(2-chloro-4-morpholin-
4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-1-oxa-4,9-diaza-spiro[ 5.5 Jundecane-9-carboxylic
acid tert-butyl ester using 4-azetidin-1-yl-piperidine in place of 4-ethoxy-4-
methylaminomethyl-piperidine-1-carboxylic acid tert-butyl ester. The title compound was
obtained as an off-white solid (219 mg, 48 %).

[M + H]" 408.2

Reference Example 43

®



(Na2SO4), then concentrated in vacuo to give the title
conpound as a yellow solid (0.9 g, 100 %. [M+ H +
W@ 800985303 2009/ 053715 PCT/ GB2008/ 003621 Ref er BOIU6B2008/003621
Exanple 38 CJ Ns I N N\ NCI NId- H
[1 (2-Cnhl oro-4- rmrpholin 4-yl -thi eno [3,2-d]
rimdin-6-yl methyl)- p| eridin-4-y
[1-(2q RliokgsiapgrRioting-yithicnol Zﬂpﬁlwlmwmhyl) piperidin-4-yl]-
K 0- 4- mor phol i n- 4-yl -t hi eno[ 3, 2-d] pyri m di n- 6-

C}’ClOéT(%%&HI é pi peridin-4-one (0.2 g, 0.545 mml) in
1P2epai‘&dfdcomdﬂtg’tamh£ 11h8thpd pisedein ¢heaiepattation of [ 1-(2-chloro-4-morpholin-

-fibRol e R RET By P obinidji-u Tk apy ey 3 Bine
5 cycloﬁt%?&ﬂlaﬁﬁﬁ&in%l'a%@W%&&Gpﬁd@ﬁleﬂeﬂfyﬂﬁﬁﬁné‘tTlﬁ-Eltfleorrﬂp-éuﬁd wab 8Btained as

W th water and he aqueous | ayer was
apales)@ﬂawapbd(%mgeﬂﬁéct ed with DCM The conbi ned organic
[M + \f?i rs were dried (Na2SO4), then concentrated in

o o’ 0 give the title conmpound as an off- white
solid (0.10 g, 44 %. [M+ 422.3 Reference Exanple 39
0 0 (o) YNNNXo NS N N 15

Reference dgdd 4- nor phol i n-4-yl -t hieno [3, 2-d]
pyri m din-6-yl nmet hyl ) - 1- oxa- 4, 9-di aza- spiro[5. 5]
undecane- 9- car ogyl ic acid tert-butyl ester To a
suspensi on of °N
2-chl oro-4-ns

in-4-yl-thieno[ 3, 2-d] pyri m di ne-6-

car bal deh 09 _ng, 0.352 mmol) in dichloroethane
(10 rrL)(' re adyed®1- oxa- 4, 9-di aza- 20

spiro[5 decane-9-carboxylic acid tert-butyl ester
(110 ng, .376 mmol ) and sodiumtriacet oxyborohydride

10 (113 ng, 0.533 mol) and the resulting sol ution
2-Chloko-64[€S)- - (hdxah{ dFo-pyritolo[1,2-a]pyrazin-2-yl)methyl]-4-morpholin-4-yl-

thieno[3,2-d]pyrimidine
To a solution of 6-bromomethyl-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine
(150 mg, 0.43 mmol) in DMF (4 mL) were added (S)-octahydro-pyrrolo[1,2-a]pyrazine (81
15 mg, 0.642 mmol) and potassium carbonate (117 mg, 0.847 mmol). The resulting mixture was
stirred at RT for 17 h, then concentrated in vacuo. The resulting residue was triturated with
water to give the title compound as an off-white solid (130 mg, 77 %).
[M +H]" 394.3

20 Reference Example 45

O
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The reaction was quenched wth water and | oaded onto

an Isolute(r) SCX-2 cartridge, washed wth MeOH t hen
we@bawesB7ed th 2 M NH3 in MeOH The resul ting r eBCTIGB2008903621

then purified by colum chromatography to give the

title conpound as a mhite solid (98 ng, 53 %9 25 [M +

TR I RS P e R WL 2 Ay
spirof3. S0k 8 ﬁdgglﬁﬁgh'tan%mwsmreno [3, 2-d]

rim yl')-1-oxa*-4, 9-di aza-
s mrm@a Srondugctanes metbad beodyinithe prepatatier of chlgto-@H4S¢1-

e e R RS R N

usingd, ‘ﬂdﬁ.’z@h’ﬁﬂdﬁa @Jyﬂbnﬁnetmﬁltbbxyﬂc dci@eR=ButPr dateanydrsaur)ﬁdé in place of

undecane- 9-carboxylic acid tert-butyl este
(S)- omhxd]go-mm&la[w-g]mmm é%i: tie sorsp@n@éw@lm@,daaswﬁq sold (209
mg S%Q,éf tert-butyl ester in place of
’ "hoxy- 4- met hyl am nonet hyl - pi peri di ne-1-carboxylic
[M+a]f 494.8rt-butyl ester. The title conpound was
obtained as a white solid (110 ng, 60 %9. 10 [M + H]+
524.3 Reference Exanple 41 N HN O CO N N S ~NCI
= -4-nor phol i n-4-yl -thieno [3, 2-d]
BE&E%%%ﬁ%gg%ﬁggfylnethyl)-2,7-diaza- 15
spi ro[ 3. 5] nonan- @Fe To a solution of
1-oxo-2,7-diaza-ﬁé' o[ 3. 5] nonane- 7- car boxyl i c acid
tert-butyl ester 150 ng, 0.624 nmol) in DCM (6 nl)
was added TFA N and the resulting solution
stirred at The crude reaction mxture was
| oaded ont Isolute(r) SCX-2 cartridge, washed with
MeOH therf efuted with 2 MNH3 in MeOH to provi de
2,7-d|q;g 20 spiro[3.5] nonan-1-one as a col ourless
oil. To apsuspensi on of
2, 7-di az&=spi ro[ 3. 5] nonan-1-one (0.624 mol) in
di chl oroet hane (13 niL) were added
-(2- L 5 - - -
sC-Epbafaf Lo e A IR Coipepyhespipore
pyrradodi4ichpyriode2icaxyixylio hyidr tedebutyliGter

To a solution of 6-bromomethy1—2-chloro-4-morpholin-4;y1-thieno[3,2-d]pyrimidine
(175 mg, 0.50 mmol) in DMF (5 mL) were added hexahydro-pyrrolo[3,4-c]pyrrole-2-

carboxylic acid tert-butyl ester (160 mg, 0.754 mmol) and potassium carbonate (136 mg,
0.984 mmol). The resulting mixture was stirred at RT for 2 h, then diluted with water and
EtOAc. The organic layer was isolated, then washed with brine, dried (MgSO,) and
concentrated in vacuo. The resulting residue was purified by column chromatography to give
the title compound as an off-white solid (218 mg, 90 %).

[M + HJ" 480.3

Reference Example 47

oL [Oj
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ng, 0.689 mmvol) and the resulting suspension stirred

at RT for 18 h. The reaction was quenched wth water
weposHed onto an Isolute(r) SCX-2 cartri dgePCHaBR@®E/ 003621

with MOH then 25 eluted with 2 MNH3 in MeOH The

resulting resi due was then purified by col um

3Gl Baralp s hishelh dap S iR H0s% 1
bicyck%i.lgﬂcgmf@§ LearboRy Bt 8Gate AP &2 (0) N S 1 ~N N

6 (4- Azetidin-1-yl-piperidin-1-ylnmethyl)-2-chloro-4-no
Methd. holin-4-yl-thieno[3,2- d] pyrimdine Method A
‘@pared according to the nethod used in the

'P@fﬁﬂfe@tdc@&dﬁfg tb lhe( ethbd Qscd-id tﬁ'&}fr@ﬂ)'b@htﬁdir of 5-(2-chloro-4-morpholin-
yl -t hi eno[ 3,2 pyrim din-6 lmgﬁ,g ﬁ)nperldln4yl
1€

4- yl-tljlweg{é;%@pmw%@m&ﬂ)ﬁ@xg@q@-pmo yaeole-2-carboxylic acid
RS, BSEGL 5L OR-BORDSTELIY BT 05

of hexibydroHyHolo[B M—cﬂpyi]rdieQOc&rtﬁ)xyMshhd derBbutybedttreDh¢ tde compound was
according . to the nethod used in the preparation of

obtamfd(aiaéﬁ Hg-(A03BepfbYDn-  4-yI -t hi eno
[M+g§+2ﬁ(}j pyri mdin-6-yl nethyl)-1-oxa-4, 9-diaza-spiro [
undecane- 9-carboxylic acid tert-butyl ester
using 4-azetidin-l-yl-piperidine in place of
thoxy-4- met hyl am nonet hyl - pi peri di ne-1-carboxylic
Methoélcgd tert-butyl ester. The title conpound was

Om&iafb%%c@&d t9tihe MBihb& u%' ih the ptd E%n G- f@-chl&@ -4-Motpholin-
+°408. 2 erence Exanple 43 (0
4-yl-thjeno[3,2- d]pynm1d1n-6 ylmethyl)-1-oxa-4,9- d1aza-sp1ro[5 5]undecane 9- carboxyhc

acid tert-butyl ester using 3,8-diaza-bicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester in
place of 4-ethoxy-4-methylaminomethyl-piperidine-1-carboxylic acid tert-butyl ester. The
title compound was obtained as a cream solid (245 mg, 58 %).

[M +H]" 480.3

Reference Example 48

O

N
L
N N c

N
Aoro
8-(2—Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrinﬁdin-6—ylmethyl)-2,8-diaza-
spiro[4.5]decane-2-carboxylic acid tert-butyl ester
Prepared according to the method used in the preparation of 5-(2-chloro-4-morpholin-
4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-hexahydro-pyrrolo[ 3,4-c]pyrrole-2-carboxylic acid
tert-butyl ester using 2,8-diaza-spiro[4.5]decane-2-carboxylic acid tert-butyl ester
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>-N H WD 2009/ 053715 PCT/ GB2008/ 003621
[ 1- (2- Chl oro-4-norpholin-4-yl-thieno [3,2-d]
W@ esdih- 6- yl met hyl ) - pi peridin-4-yl]- PCT/GB2008/003621
cycl opropyl -am ne Prepared according to the method
used in the preparation of [1- (2 chl or o- 4- nor phol i n-

sl S b S o s

e/{itle conpound
The tRﬂe%SﬁqB?gxlldr?]eggé &R&HQ@E&E Wgﬂ 52 /% 8 g, 179 [M
[M +H]Hp68.208. 2 Reference Exarrpl e 44 CNJ SN N\ NC N
H 10 2-Chloro-6-[(S')-1-(hexahydro-pyrrolo [1, 2-a]
pyrazi n-2-yl ) et hyl ] -4-norpholin-4-yl- thieno [3, 2-d]
ReferBidel Elaflipe49T0 @ sol ution of
6- bronoiret hyl - 2- chl or 0- 4- nor phol i n- 4-yl -t hi eno[ 3, 2-d] p
yr|n1d|ne (1 , 0.43 mmol) in DVF (4 nL) were
added (S)-oct ro-pyrrolo[1, 2-a] pyrazine (81 15 ng,
0.642 mml ) and potassium carbonate (117 ng, 0.847
Seyur ing mxture was stirred at RT for 17
ed in vacuo. The resulting residue
was tri%ﬁ%ated with water to give the title conmpound
N

as an okfywhite solid (130 ng, 77 %9. [M+ H + 394.3
20 Refer Exanple 45 CO N SI1 ~-N NNC NO= O
WO 2009/\92 715 PCT/ GB2008/ 003621

7-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-2,7-diaza-
spiro[4.4]nonane-2-carboxylic acid tert-butyl ester

Prepared according to the method used in the preparation of ~5-(2-chloro-4-morpholin—
4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl)-hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid
tert-butyl ester using 2,7-diaza-spiro[4.4]nonane-2-carboxylic acid tert-butyl ester
hydrochloride in place of hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butjl ester.
The title compound was obtained as a pale yellow oil (96 mg, 67 %).
[M + H]" 494.3

Reference Example 50
SRS,
)
o

5-Benzyl-octahydro-pyrrolo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester

To a solution of 2,3-dihydro-pyrrolo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester
(1.0 g, 4.2 mmol) in acetonitrile (20 mL) was added benzyl bromide and the mixture heated at
reflux for 2.5 h. The reaction mixture was concentrated in vacuo and the resultant black oil
was dissolved in MeOH (50 mL). To this solution was slowly added sodium borohydride (1.2
g, 32.0 mmol) over 10 min, then the mixture was heated at reflux for 2.5 h. After cooling to

RT, the reaction mixture was concentrated in vacuo before EtOAc and an aqueous saturated
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2-(2-Chloro-4-norph olio-4-yl-thieno [3,2-d]
pyrimdin-6-yl net hyl)-2, 7-di aza-

W@ piwoFB15] nonane- 7- car boxyl i ¢ aci d tert-butyl PEBGBR00S/003621
Prepared according to the nethod used in the
preparation of 2-chl oro-6- [(S) 1 (hexahydro-pyrrol of -

solutloa]oﬁ#m& gnées%v I;Meci The reac 191(1) lrr{nr(]tuﬁe alls_ sttlj?'rle ? {l:li fgr 1h.

The &g&l@la%&qhél%§ (ﬁieﬁQN A aﬁ@é&ﬁéﬂdté‘d ﬁ:cdaguo to give the title

tert-butyl ester hydrochloride in place of
compp®dwahwsoh¢m?&g,<ﬂ9r%>2 a] pyrazine. The title
d was obtained as a tan solid (209 ngy, 84 9.
[M+?—ﬁ/ln3?£¥+ 494. 3 10 Reference Exanple 46 (ON) ST ~N N
N O( O 5-(2-Chloro-4-norpholin-4-yl-thieno
[3 2 d] pyrlmd|n 6-yl met hyl ) - h exahydro
RefergneerBanpie 4l c] pyr r ol e- 2- carboxylic acid tert-butyl

ester To sol ution of
6- br Oﬂm@ 2-chl or o- 4- nor pholin-4-yl-thieno[ 3, 2-d] p
yrimdin (175 nmg, 0.50 mmol) in DMF (5 nL) were

added hexég ®- pyrrol o[ 3, 4-c] pyrrol e-2- carboxylic
acid tert<butyl ester (160 ng, 0.754 mmol) and

ass I
OctaR bR oL e Bl TeRr i Plie FpiodoreRRbester ¢ oy
dit t 1 _
(1Tl il dT (Saesyl a0y b HerolTh: Qd‘?‘?’i‘?ﬂgﬁé T v

butyl egfa A7 me, 36 mmel an AMS TR mig syastaddesl pallsfiwgehygzexide on carbon

s ) AT RIS SGHARB B 8

reactibh inn@ﬁfh wadBlieedtheeughColind anddthe GRrdfEroncintrateV/inNaSudNid give the
... N Cl WD 2009/053715 PCT/ GB2008/ 003621

title compouRe s Hraw. sRIPWELPI RA- 9. Fhiodno [ 3, 2- d]

[M + R h## gli n-6-yl net hyl) - 3, 8-di aza-

Reference Example 52

®

SN
L
N NZ i

Ao

5-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-octahydro-
pyrrolo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester

Prepared according to the method used in the preparation of 8-(2-chloro-4-morpholin-
4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-1,4-dioxa-8-aza-spiro[4.5]decane using octahydro-
pyrrolo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester in place of 1,4-dioxa-8-aza-
spiro[4.5]decane. The title compound was obtained as white solid (153 mg, 90 %).
[M +H]" 494.1
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bi cycl o[ 3. 2. 1] oct ane- 8- carboxylic acid tert-butyl
ester Method A- 5 Prepared according to the nethod
W@ s@d/053113 he preparation of 5-(2-chl oro-4- nor phol/iGB2008/003621
4-yl -thieno[ 3, 2-d] pyri m di n-6-yl net hyl ) - hexahydr o- pyrr
"0l 0[3,4-c]pyrrol e-2-carboxylic acid tert-butyl ester
Ref usi 3, -g'aza-bicycl0[3.2.1]octane-8-carboxylic acid
eler ster in place of
hexahydr o- pyrrol o[ 3, 4-c] pyrrol e-2-carboxylic acid
tert-butyl ester. The title conpound was obtained as
a tan solid (103 74 %9. 10 [M+ H + 480.3 Method
B: Prepared accorgE J to the nmethod used in the
preparation of 4-(2 chloro 4- mor phol i 'n-
4- yI-thleno[3m24§£E}m m @hn- 6- yl met hyl ) - 1- oxa- 4, 9- di az
a-spiro[5 de /R ﬁbxyllc 15 acid tert-butyl
ester usiﬁggiZB di aza- clo[3.2.1
] oct ane- 8 9 rooxylic aC|d tert-butyl ester in place of
4- et hoxy\ thylan1nonethyl pi peri di ne-1-carboxylic
acid te b yl ester. The title conpound was

obtained as a creamsolid (245 ng, 58 %9. [M+ H +
5-[2-(6gIngr e bHHB lok-4-ybet-Mmoapholin-44/1-giiens[3;2/]pyriTaidin-6ylmethyl]-

octahggl(? Wgoﬁ%&%]ﬁ%,!t} ﬂ‘or _?rgo aﬁi{c Z%II 4 & rt-bmyl eptl eno [ 3, 2-d]
smréﬁfe@@ﬁiﬂ%ag&ie&-l sanhexyipliagadtebd £of Refirstlce ®xample 2 above.

Prepared accordlng to the nmethod used in the

The tifle sprpaundyiasgd ten@a%wam ol GhOS pwy 5il 170)- 25
d | e
NMRAq y(h%(smﬁ la pl‘@%g?@bw ﬁc%am grml’ ert W@H?yjil 231

(m, 2 D] 1r40-2, B (e, d Ad), Qﬁilrb?Zl(rﬂ]ZﬂHh‘,mznanbe)J 3 45-858¢m, 1 H), 3.80
@I 158D EBnp Eb 53 T A2 Boos By W08 AT W T 18 (. 1 ),
I 2=
729 QAT QS PSSP0 L 301
atan solid (104 ng, 71 %9. [M+ H + 508.3 5 Reference

Referencerﬁg(a% 1<3954{\I

(3a8,7aR)-5-[2-(6-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl]-octahydro-pyrrolo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester _
and
(3aR,7aS8)-5-[2-(6-Fluoro-1 H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-
ylmethyl]-octahydro-pyrrolo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester

After Suzuki coupling, the two enantiomers were separated by chiral HPLC using a
Chiralpak® IA column (250 x 20 mm i.d column with 5 pm particle size, UV detection at 254
nm, flow 9 mL/min), eluting with 100 % EtOH containing 0.1 % diethylamine. 100 mg
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CO SN NC N O7-(2-Chloro-4-norpholin-4-yl-thieno
[3,2-d] pyrimdin-6-ylnethyl)-2,7-di aza-

WG piop0F3413t] nonane- 2- car boxyl i ¢ aci d tert-butyl PEBGBR008/003621
Prepared according to the nethod used in the ‘
preparatlon of 5-(2-chl oro-4-norpholin-

aissolpd e gl se B Gpdiap volimd T Ie@?r?%@%d(‘ frsaye the

title cHﬁleﬁhd% aé 1Wb a%An&RhARIoIds. W&%ﬁoﬁx@fshﬁw Lu'lélyt?é‘al 8ata identical
tert-butyl ester hydrochloride in place of

to thope:elthiped torthe ragemicanixtust pyrr ol e- 2- car boxyl i ¢ aci d
tert-butyl ester. The title conmpound was obtai ned as
a pale yellowoil (96 nmg, 67 %9. [M+ H + 494.3 15

Referaea‘eqzr@Q{Fﬁe $xanple 50 OCNI~/n N XC
5-Benzyl - oct ahydro pyrrol o[ 3, 2-c] pyri di ne-1-car boxyl iC

acid tert- buty[ Sster To a solution of
2, 3-di hydr o- py | o[ 3, 2-c] pyri di ne-1-carboxylic acid
tert-butyl e§te 20 (1.0 g, 4.2 mol) in acetonitrile

(20 nl) ed' benzyl bronide and the nixture
heat ed %\éuor 2.5 h. The reaction mxture was
concent ed in vacuo and the resultant black oil was

di ssol v d ‘i MeOH (50 m.). To this solution was slowy
added sodl um borohydri de (1 2 g, 32.0 mmol ) over

10
2-Chiffs. r[i@og-l(ﬁ%%h?gm- Bl 2t DRb Rl Blch¥h- U Shorpidiin:a-y1-

thien6[3[2-#Ipyriniidithei N vacuo before Et OAc and an aqueous
saturated WO 2009/ 053715 PCT/ GB2008/ 003621 sol ution
ofPrepardraceRrding] te theqaethied useddn e preparationRfs- @ncwrfetﬁv@rphohn-

o Ty Tl oy R 8 N S8 i
tert-bgjyl/estdirhlsmgl(R) ectahyﬂrpmyndlo{ahZ@]pyrmm sgdlact df(hc)?zﬂlygro-ﬁﬁ'roloﬁ 4-
c]pyrr/gle 2 [clvl‘;)ll)xygllc acid tert—butyl estep CIehe: t1t1aerr:%m%ound was Ncg]tamm%( as white solid
(90 mg, 61 %).

[M + H]" 394.0

Reference Example 56

N

Y

N

%

4-Azetidin-1-yl-piperidine

To a solution of 4-oxo-piperidine-1-carboxylic acid tert-butyl ester (1.75 g, 8.88
mmol) in dichloroethane (80 mL) was added azetidine (0.6 g, 10.53 mmol) and the mixture
was stirred at RT for 30 min. Sodium triacetoxyborohydride (3.9 g, 18.44 mmol) was added
and the resulting solution was stirred at RT for 18 h. The reaction mixture was partitioned
between water and DCM and the layers separated. The organic layer was extracted further
with DCM and the combined aqueous layers were concentrated in vacuo. The resultant white

semi-solid was suspended in DCM and a saturated aqueous solution of NaHCO; was added.
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Oct ahydr o- pyrrol o[ 3, 2-c] pyri di ne-1-carboxylic acid
tert-butyl ester To a sol ution of
W@ 20000587¥3 - oct ahydr o- pyrrol o[ 3, 2-c] pyri di ne- | - Ber/l682008/003621
c acid tert- 10 butyl ester (777 nmg, 2.46 mmol) in I M
(20 nL) was added pal | adi um hydr oxi de on carbon (5 %
re stirred under

The Iger U bis ROl i esh (P ianic ger inalateg A i aotighs lgeg further
extradibd AR TENTAUESIERL 3 oyl e i P AR BN 784 P50

In vacuo to give the Itl e conpound as a straw
and comdeotrated m)vdcu() 55 giveg;azotidipgl -ylEpWendﬂ}el-l-ZZr'bosyhclald tert-butyl ester

asa @e {5t Eﬂ?%p Exggrp@f%ﬁércf %ro&é\lcxp“?)ntoﬁ hll %F?b‘{\l Tlga 35 pdﬁ)en)élne 1 carboxyhc

acid te/bufyil diter g‘wa ety | iwlxﬁmQ?mhgm :DCM (1:4) gave the title compound as a
pyrrol o[ 3, pyri di ne- 1-carboxylic aC|d tert-butyl

ye110\§§gle(|182mgp7% red according to the method used in the

[pely

NMRGS A0 Ritp RSP B DX TR B 158 i 20D, 98208 m.
H), 2.85 %t J o[12. ISRMQQQGI{)JSIOGQdQGt:aIMB%Hz 2H)and 3.15(t,J=6.9Hz, 4

pyrrol o[ 3, 2-c] pyridine-I-carboxylic acid tert-butyl

H). ester in pl ace of 1, 4-dioxa-8-aza- spiro[4.5]decane.

The title conpound was obtained as white solid (153

ng, 90 9. [M+ H + 494.1 25 WD 2009/ 053715
ReferBICE/FRRAMDIBID03621 Reference Exanple 53 CJ N S| 'N ~

NH N NF, 0~0 5-

[2(6F roIH-|ndoI 4-yl) - 4m)rpholln4yl-th|eno
‘P"iﬁ*t?;mG ¥l met hyl] -

oFF

1-(3,8-Diaza-bicyclo[3.2.1]oct-3-yl)-2,2,2-trifluoro-ethanone trifluoroacetic acid salt

To a solution of 3,8-diaza-bicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester (212
mg, 1.0 mmol) in DCM (4 mL) were added triethylamine (208 pL, 1.5 mmol) and
trifluoroacetic anhydride (169 pL, 1.2 mmol) at 0 °C and the mixture stirred at 0 °C for 2 h.
The reaction mixture was concentrated in vacuo and the resultant residue was purified by
column chromatography to give 3-(2,2,2-trifluoro-acetyl)-3,8-diaza-bicyclo[3.2.1]octane-8-
carboxylic acid tert-butyl ester as a colourless oil. To a solution of 3-(2,2,2-trifluoro-acetyl)-
3,8-diaza-bicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester in DCM (4 mL) was added
TFA (1 mL) and the solution stirred at RT for 1 h. The reaction mixture was concentrated in
vacuo to give the title compound as a colourless oil (212 mg, 66 %).
NMR &y (400 MHz, CDCl3) 1.92-2.04 (m, 2 H), 2.27 (m, 2 H), 3.40 (d, ] = 14.6 Hz, 1 H),
3.83(d,J=14.6 Hz, 1 H), 3.93 (d,J =14.6 Hz, 1 H), 422 (m, 2 H), 447 (d,J = 14.6 Hz, 1
H); 8.68 (bs, 1 H) and 8.90 (bs, 1 H).

Reference Example 58
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5 oct ahydro-pyrrol o[ 3, 2-c] pyridine-I-carboxylic acid

tert-butyl ester Prepared by using general Suzuki
wa@onplositegs met hod A of Reference Exanpl e 2 aboveCT/GBR@®8/003621

title conpound was obtained as a yellow oil (105 nmg,

51 %9. NWR SH (400 MHz, CDC13) 1.46 (s, 9 H),

1.71-1.85 (m 2 H), %96219m3|—|),2212.31 (m
2l—|),2F4(17250(m 2.71-2.92 (m 2 H) _
3323 45358(m1H) 3.80 10 (d, J
:980I|=I22:g;l) = 4.7 H, 4 H, 4.08 (t, J
:47|—|z4 18(m1H) 7.29(m1|—|),
734(3 1 c.lH) 7.96 (dd, J = 11.2, 2.3
and 8 32 bs 1 . Reference Exanple 54 0 O

1- [8-(@-©hlmm-|4(m9thHn(‘byl-thlwo[$42+4lwl$nldmr6sylmqth -3)¢diazg- N
blcychéfé.]liocﬁ? %l] [222 % é"rqfl%%)r'%th %% dol - 4- yl ) - 4-nor phol i n- 4-

y [Totadolintivndf2- @] Pdiaavbidielofd-2.1]oct-3-y1)-2,2,2-trifluoro-ethanone -

mﬂuq{og‘g%lg%élg;sg c ahydr D f%m;rgliﬁ[ 3 I%:afg npﬁ;l (gllgyna%dle:d %:rﬁartl?y%(r%/l{nle (161
| ¢
uL, 1{1@%@ dﬂf %@F%&ﬁfg@@ 2%111/&8-4%&%915}%'})1‘ iiedd[3 20H]BHPmidine (100

mg, 0y29membl)| Thorhetiondmodtyrg waslstfrdd &-RT ﬁqrrli7di ﬂEnIoon@nhategiliiil vacuo.
c acid tert-butyl ter 20 After Suz coupgling, the
The resyfan efiewey Sl utmal SRR in ERpie 0 sebaund as o
whiteGBlid edgrag (7D %) A col um (250 x 20 mMmi.d colum with 5
gm particle size, UV detection at 254 nm flow 9

NMRrﬁIH/(ﬁﬁ)(hMHz; CRGIalyl.67-1 73100 29)El 98+ 2:n(mai2 ik 3. 10. (d, b5 12.6 Hz, 1

. B 0085 o R AR AR5 L A AR B

(s, 2 HROB0L3.83674 Hi),\3.95:40004) 48BV4L16 (& J 4 12.8 BlzcDMYabddd 34s, 1 H).
two distinct enantioners. Both enantioners have
anal ytical data identical to those obtained for the

Refer[,a%%qipl'%ﬁ”ﬁggg ure 5 Reference Exanple 55 CNJ S _N ~N\
® '
N
I
7( 0 N N a
o—/(N§ )

8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-ylmethyl)-1,8-diaza-
spiro[4.5]decane-1-carboxylic acid tert-butyl ester

Prepared according to the method used in the preparation of [1-(2-chloro-4-morpholin-
4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-piperidin-4-yl]-cyclopropylmethyl-amine using 1,8-
diaza-spiro[4.5]decane-1-carboxylic acid tert-butyl ester in place of
cyclopropanemethylamine. The title compound was obtained as a white solid (184 mg, 45 %).
NMR &y (400 MHz, CDCl;) 1.22-1.31 (m, 2 H), 1.51 (m, 9 H), 1.72 (m, 2 H), 1.88 (m, 2 H),
2.18 (m, 2 H), 2.68 (m, 1 H), 2.90 (m, 3 H), 3.42 (m, 2 H), 3.77 (s, 2 H), 3.84 (s, 4 H), 3.98
(m, 4 H) and 7.11 (s, 1 H).
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2-Chloro-6-[ (R -1-(hexahydro-pyrrolo [1, 2-a]
pyrazi n-2-yl)nmethyl]-4-norpholin-4-yl- thieno
wO 300240887pyr i m di ne Prepared according to the netTG#2008/003621

used in the preparation of 5-(2-chloro-4-norpholin- 10

4-yl -thieno[ 3, 2-d] pyri m di n-6-yl net hyl ) - hexahydr o- pyrr

ol o[.3, 4- é rrol e-2-carboxylic acid tert-butyl ester.
m%ﬁﬁé‘—aﬁﬁj—&it ahydro-pyrrolo [ 1,2-a]pyrazine in place

of hexahydro-pyrrol o[ 3,4- c]pyrrol e-2-carboxylic acid

tert-butyl ester. The title conpound was obtai ned as

white sglid (90 , 61 %9. [M+ H+ 394.0 15

Ref erence,Exanplie p6 H NP NV

4- Azetidin-}-yl -peridine To a solution of

4- oxo- pi penl di Re~tgcarboxylic acid tert-butyl ester

(1.75 g, 8. nol ) in dichloroethane (80 ) was

added azetidine .6 g, 10.53 mvl) and the nixture

2-Ch1tﬁ?|§-g6 -c&)ﬁ(ﬁ) r@ﬂ %érgi < -y@l&hylfqldfn %1111%113-4 l-thleno 2, 3

dlpyrimitlinée resultl ng sol ut| on was stirred at RT for 18 h.

R S e Emio el hish S n iR rBipdehyde 254
mg), %?cl@ﬁt‘ob?lcﬂlﬁéi"ailﬁé HﬁHCI (2@4ttﬁg)D§3\ilﬁﬁdn£Jéﬁ)x996@h?&Qie (619 mg) and

aqueous layers were concentrated in vacuo.

trlmeihe'kmhpﬁmmaw(%%ums wae mmg@n tmhm@us &@ghdde@etmnm rak)for 12

hours%%’g)t/t%ge%%% %\3@(} r?ﬂ'xgﬁ'gg? mI\r\g ragg wasl\lAQ with 50

% sodlﬂlﬂmﬂiﬂn\étdﬁohﬁﬂn Tlﬁ@or@ﬁlﬁa phé?se'v@déelhed %Mg&()@)ibxﬂrtﬂe tdigents
extracted with

aqueous | ayer further
remowcf%nﬂ me@ torZiNe r@Slriafywh@ \Méafs@umégﬁ sgingflash %Marfélroraatiosraphy to
vacuo to give
yleld azet ﬁﬁﬁj%ﬁ‘?'}ﬁée“ I ne- lHcar boxylic acid
oy (4(IOeMsz(IDﬂl3)@317e(m 4B9; BS5 Wi B alS9dnd, 3H); 363 &5280;.3.77 (m, 4H);

3.85 é‘oglﬂs?es h@rlo?pioroeri di ne-1-carboxylic 5 acid

tert-butyl ester (400 ng, 1.67 nmol) using TFA: DCM
(1:4) gave the title conmpound as a vyellow oil (185

Referemge eNVR SH (400 MHz, CDC13) 1.04-1.16 (m 2 H),
1.68(d = 12.8 Hz, 2 H, 1.98-2.08 (m 3 H), 2.55
(td, 121 foin 2H) 3.06 (dt, J = 12.8, 3.6
Hz, 2 H) =6.9 Hz, 4 H).

)\

2-Chloro-6-(4-cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno{3,2-
d]pyrimidine

A mixture of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde (254
mg) and 1-cyclopropylpiperazine di-HCl (352 mg) was reacted under the reductive amination
conditions described for 2-chloro-6-(4-cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-
thieno[2,3-d]pyrimidine, to give the title compound (279 mg) as a white solid.
8y (400 MHz, CDCl3) 0.40 (m, 4H); 1.65 (m, 4H); 2.63 (m, 8H); 3.81 (s, 2H); 3.86 (m, 4H);
4.01 (m, 4H); 7.18 (s, 1H).
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10 Reference Exanple 57 F OF A OHHNF J
2-trifluoro-e
I

1-(3,8-Di aza-bicyclo[3.2.1]oct-3-yl)-2,
wo banossg1i ri fl uoroacetic acid salt To a sol utiper/6B2008/003621

3, 8-di aza-bicyclo[3.2.1 ]Joctane-8-carboxylic acid

tert-butyl ester (212 15 ng, 1.0 nmmol) in DCM (4 nl)

Ref added triethylamne (208 L, 1.5 mmol) and
—5519¥¥§¥95W®%§iti0 anhydride (169 L, 1.2 mol) at 0 C and
the m xture stirred at 0 C for 2 h. The reaction
I Xture was concentrated in vacuo and the resultant

j due was purified by colum chronatography to give
3-L2,2,2-trifluoro-acetyl)-3, 8-diaza-bicycl o[ 3. 2. 1] oct
#ne°8 carboxylic acid tert-butyl ester as a
colourless oil. To a solution of
1H-T§te§13[223-3]ﬂ3frhﬁidii%-9 498ighy! ) 20

di'aza-"bi cyc [3 2. 1] oct ane- 8- car boxylic acid

Toa &tlemmg $nkatjon @fgnethylrzrammqﬂ(mphmy B\misbcafon;aé@j(loﬂzgx 6317 mimpol) in

anhy i385 dif o e tas et Pi) &Rt acleis 16 e ] ERPMR,
chlorssQITB®y figbcsnate (3?06 o), B2 Si‘mlﬁbl) 00&]23 iihuteé8 STRE temipdbRAnPiwas

(400 MHz, CDCl 1. 92- é 2.27 (m 2 H),
warmed iporopgy, teglpe;ramg:e encl.gtlrre}_i f 4 mglqgg e reyctioqmuguqqzwaspvaporated

down!(_‘i'dl?e %s@ﬁ&ég%ldéé(?h(%évagg%d &gﬁ%&d légbdgizch 5% z?(:édr;%ﬁg.‘}glg)and heated

at 10Q( 4G for BS Mhinufes.f Brecrooked kactiph mlﬂﬁrd/\@lsﬁmﬁﬁbﬁfeﬂ?td pH 3 with solid

sod iuglc-r/ %(Blgt%%ﬁéggrggéﬁm%glﬁ hc)dﬂrwwheﬁ i atfgar;i cg:}ed to give 3-ureido-

thloplfé\{'lEJZQa%JkyﬁcXﬂ:lﬁ%&ﬁ*l)esér gl'3. za- bicyclo [3.2.1 ]
oct - 3- 22,2,2-triTl uoro-et anone To a solution of

1Tp3, ﬁmuimgmpmsuymfci[ &eﬁloilthiophene—Z carboxylic acid methyl ester (13.5 g,

trifl 5t I ti )
67.5 s 18 3 o) i) vl Hefled SR Bl (5,5 A P2 S Fp in
watergll(b RILHYT R tiRure Wb stlhed 4t 86018 B)5 s, The cooled reaction mixture
br ononet hyl - 2- chl or 0- 4- nor phol i n-4-yl -t hi eno[ 3, 2-

was powtiedogiorddV (sediom lmgim)gdegalm (100 wHg apd aerdifind terpkk -hwetL careful
addltlll)\ggf ggﬂcélﬁrﬁa%(ﬁé%(ﬁg%ﬁlg %cé% I'T ei)?eec 1&?%%&&%&%%&&9 vacuum
washezlhmlmwg aApbdied © Gy EHttmend[lsz@pmﬂﬁnmﬂ 4adione (sm de
solid (98 ng, 71 %9. to NMR SH (400 MHz, CDC13)
1.67-1.73 (m 2 H), 1.98-2.06 (m 2 H), 3.11 (d, J

H. 3.28 (bs, 1 H), 3.34 (bs, 1 H), 3.48
Referé&e%x%mﬁ% Hz, 1 H), 3.65 (d, J = 12.6 Hz, 1 H),
3@5

H )\

F
2,
S
X

a

2-Chloro-4-morpholin-4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde
Prepared from 1H-thieno[2,3-d/pyrimidine-2,4-dione using the same procedures as described
for 1H-thieno|[3,2-d]pyrimidine-2,4-dione.

Reference Example 64
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(s, 2 H, 3.80-3.85 (m 4 H), 3.95-4.00 (m 4 H, 4.16

(d, J =12.8 Hz, 1 H and 7.13 (s, 1 H). Reference
waEx@apsr1$9 O N S 1 'N -,( /ON\ NCI N 15 ErT/GB2008/003621

8-(2-Chl oro-4-norph olio-4-yl-thieno [3,2-d] :

pyri mdin-6-yl nethyl)-1, 8-di aza-

spiro[ 4. 5] dgcane- 1-carboxylic acid tert-butyl ester

Prepared ord| ng to the nmethod used in the
pr epar at of [1-(2-chl oro-4-norpholin-
4-yl -thiene[ 3, 2-d] pyri m di n-6-yl nmet hyl ) - pi peridi n-4-yl

]- cyclobropylnethyl am ne using 1,8- 20
. e 1-carboxylic acid tert-butyl
7-Mefly - 34 Shito PISIRERIN

yc opr opanenet hyl am ne. The title
c qmmndlowaﬁ 2(diazasirod®.5 fondnid B-cabbx Wic(at f¥reAtbutd estty .

NVR .SH %)400 MHz, CDCl3) 1.22-1.31 (m_.2 H), 1.51 (m 9
hydrogjloride (190 mg, 038lymmel)am DGR (19 mi) wapadged appqueops solytiggpof

e (43R0 855 o B S 457 B i

then spOE] HEBRAE/bOEHYEHEO(/ GRGERST 1 Rmbbvers adddkandstierif)whé-

contirgleejlﬁjqré]r lb \gat(:lgslw%,gd&g F%Bg‘ﬂ reiﬁﬁﬁg My3ure lief%e r?@%wpﬂdeg O P

IsolutE@'S(ﬁx 3-Hrillgy. T8O corfridire wasAyR¥KEd Wit 'M&)I@*tﬁ@n@l&{é@w% 2 M NH;
2-chl or o- 4- nor phol i n-4~yl -t hi eno[ 2, 3-d] pyri m di ne- 6-ca

in Meﬂihtoomm/a@qtlgs& 7- dxg;gl-smm{gél]mmao@wcaghopﬂucaaqld]terﬁbutymwr Toa

solutlér} Pﬁ%?%lﬂy& gxlfllg;r %Pg%oig ?ij@g 5 O%gr I%l?cearc;cg%%— ;'1 easl{ég in DCM (5

mL) vadsfamdé@nBAxl Z119iagl Iﬂw&anhagﬁuita& wis)stitred aflRT fbeIJh snastreacnon
roomtenperature, then diluted with dichloronethan

mlxw(ﬂswawe)idedaqméo HRIRBEESOX- %eartI:L@geO/&vgsi@d mﬁW@@Hﬁbﬁw@ted with 2
MN}?% é@@ﬂ% J%@o&&,‘a »@&oﬁ*ﬁésﬁgﬂg g“%ﬁgd t he

ven noved In v Ive are

"H NMRr (460 E/ﬂ{ZJ DU, ) a1 (ai,l4 18R 2czlzr(@ rmHy;Qrmhy 2t[), 3)2126(b@] 4 H) and
338&)?6 t)ltle conmpound (217 ny) as a buff solid.

Reference Example 65
H
QDN
N
°X

1-(2,7-Diaza-spiro[3.5]non-7-yl)-ethanone

To a solution of 2,7-diaza-spiro[3.5]nonane-2-carboxylic acid zert-butyl ester (70 mg,
0.309 mmol) in DCM (3 mL) were added acetyl chloride (32 pL, 0.450 mmol) and
triethylamine (54 pL, 0.526 mmol). The resulting mixture was stirred at RT for 2 h. The
reaction mixture was loaded onto an Isolute® SCX-2 cartridge, and washed with MeOH then
eluted with 2 M NH; in MeOH to give 7-acetyl-2,7-diaza-spiro[3.5]nonane-2-carboxylic acid
tert-butyl ester. To a solution of 7-acetyl-2,7-diaza-spiro[3.5]nonane-2-carboxylic acid tert-
butyl ester in DCM (3 mL) was added TFA (1 mL) and the resulting mixture was stirred at
RT for 1 h. The reaction mixture was loaded onto an Isolute® SCX-2 cartridge, washéd with
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8H (400 MHz, CDC13) 0.37 (m 4H); 1.51 (m 1H); 2.59

(m 8H); 3.63 (s, 2H); 3.77 (m 4H); 3.85 (m 4H);
wO202/08¥15 1H). 15 Reference Exanple 61 \ C JJ PaI/&B2048/003621

SS N Nd

2- Chl or 0- 6- (4- cycl opropyl - pi perazi n-1-yl net hyl ) - 4- rmrp

meor] S ited ity S QR Bitiathe G5 eampoint g eboglepsoit o

mg, 79%I dehyde (254 ng) and 1-cycl opropyl pi pera2| ne
. HC1 (352 ng) was reacted under the reductive
HNM&(AG@NHE\Z ild): ©ilosfs1.d8 my 2 Bedl.784.83 (m, 2 H), 2.08 (s, 3 H), 3.32-

2- 0[Q-6-(4: cyc r - R n-1-yl methyl)-4-norp
3.37 (H’oﬁiq'b: 3%953£§ ﬂ?&iéf%@%#é?ﬁl( gzl_:[) to give the title

conmpound (279 ng) as a white solid. 8H (400 MHz,

CDC13) 0.40 (m 4H); 1.65 (m 4H); 2.63 (m 8I—|); 3.81
Refer¢gnce Exanplexd®6 (m 4H); 25 4.01 (m 4H); 7.18 (s, 1H).

WD 2009/ 05 5 PCT/ GB2008/ 003621 Reference Exanple 62

0 e el %/NO H5 1 HTh ieno [2,3-dJ

pyri m disme-'2, 4-di one To a stirring solution of

net hyl -%not hi ophene- 3- car boxyl ate (10.0 g, 63.7

mol ) i hydr ous di chl oronet hane (270 nL) cool ed

down to @78 C was added dropwi se chlorosul fonyl
3-FlubSRE4R0 81 eridiné 1 Maxb SR S h NG esfet M UL S, The

enperatur é was = War to room rrperature and

S Torarsethtioarof 4Cxok-pipérizhne- Tloarboewid ao&htmwtyratemxs g, 12.55
evaporated 10 down. The resulting crude soli lygﬁs

mmol) drops DME (1 i} Msenpddied ehigeqtametiysiiang (la?ﬁj el3-2gmmol)
and n&b&ab inf (4.98 mi> 36‘6‘&1 THc.h s&lﬂﬁ% gpﬂl hlr% &t & 80 °C for

eutral Isedto O I um car onat e.
17 h, thee cpoled tqpRT aTlee mastldm rhixmre was ddwstae sivithi Watten/wldaxtracztdd with
EtOAd '#}%%rtg%g? L}K%Y \%gsu%%él%?ed 3 J) (I?\Egesrki) and ggr?c%ﬁ ate zna\(i:alcgo The

resultant residue was purified by column chromatography to give 4-trimethylsilanyloxy-3,6-

dihydro-2 H-pyridine-1-carboxylic acid tert-butyl ester as a pale yellow oil (1.86 g, 55 %). To
a solution of 4-trimethylsilanyloxy-3,6-dihydro-2 H-pyridine-1-carboxylic acid tert-butyl ester
(1.86 g, 6.852 mmol) in acetonitrile (80 mL) was added Selectfluor™ (2.7 g, 7.622 mmol)
and the mixture was stirred at RT for 2 h. The resulting solution was diluted with water and
extracted with EtOAc. The organic layer was separated, dried (MgSQOs) and concentrated in
vacuo. The resultant residue was purified by column chromatography to give the title
compound as a colourless oil (1.13 g, 76 %).

'H NMR (400 MHz, CDCls): & 1.46-1.54 (s, 9 H), 2.42-2.65 (m, 3 H), 3.19-3.33 (m, 1 H),
4.15 (m, 1 H), 4.45 (m, 1 H) and 4.83 (dt, ] = 47.8, 7.8 Hz, 1 H). |

Reference Example 67

(£)-(cis)-4-Azetidin-1-yl-3-fluoro-piperidine
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To a stirring suspension of
3-urei do-thi ophene-2-carboxylic acid nethyl ester
w@ 1®956537g15 15 67.5 mmol) in 2-propanol (100 nlyCnas2008/003621
added sodi um hydroxide (5.5 g, 137.5 nmmol) in water
(40 m.). The mxture was stirred at 80 C for 3.5

Th | t t
A R e e e
splro[@, S%&QnE akigg 9lﬂuo%idlcixbcﬁ'ipé?fdu?eoﬂ@%t)iﬁfc%ld“ﬁéﬂt[tﬁﬁﬁl Rfet ﬁl place of

acid. The precipitate was |tered under vacuum
formaldebiydeland adetidine énx plaseioh, Velwzaxsprgo[\?oé]nonane -2-carboxylic acid tert-

butyl lﬁgg Eelpléiﬁé]z‘l ﬁé%nﬁ‘&{ mrﬂf)%eaji%@% ga%% %p%l:ss 0219(205 mg, 56

%). hl oro 4- rmrpholln 4-yl -t hieno
yri m di ne- 6- car bal dehyde 25 Prepared from

¥ FEOtth@ ]ewdpg ig DTN inph )y ascadded THA & h el and ghe nesulgpgrmixture was
simeRAIRE A 195 RS s h8ioga i o gt S carrid,

washéa«mm) Me(H théh chieDwith QMB\IHPﬁB/I\QEBZHQ&/g%&Ee’ZﬁtIe tbrhpoud as a
Met hyl - 2, 7g za-spiro [3.5] nonane To a solution of
°°1°“§eSF°dil| 9%%5 (/9?3 5] nonane- 2- car boxyl i ¢ aci d

1 r h 0
H R Gty G082 T o2 L2 BT 22T 2 2 TE . 2 1),
3.06-3.02 (ra) OEN3IE8-3.34 (i), B/HY,and@.48, (AT 530.0HIRI1)H). The mi xture
was stirred at RT for 10 mn, then sodium
trlacetoxyborohydrlde (121 ng, 0.571 mmol ) was added
Referaitd Fdahipid 619 continued for 1 h. Water was added
To the reactlon mxture bef ore bei ng | oaded onto an
| sol ut &(r pb\SCX-2 cartridge. The cartridge was washed
with Me then eluted with 2 MNH3 in MeOH to give

7- et hy, N , 7-di aza-spi ro[ 3. 5] nonane- 2- car boxylic acid

tert-buu\[ggter. To a 10 sol ution of

7-met hyl g2,¢- di aza- spi r o[ 3. 5] nonane- 2- car boxylic acid

tert-bufyt ester in DCM (5 nlL) was added TFA (1 nl)

and the resulting mxture was stirred at RT for 1 h.
(:l:)-4—§(2:ﬁtldﬁa13-§fl-ptpderialim@-uﬁﬁilgﬁ&okﬁ&dﬁg{' Qnﬁ;&bﬁn_ylrllesﬁg Gtméth)y;_ ester

X- artridge, washe th Me then elute
VTR RiomaEr - RIPeRAingrd 3rdieathoxsifgeidriarersbuy! ester 3-methyl

ester g@b % b?%‘? n%l'lzb) Qﬁlgdzﬁé(lg E}14L)0@'a'§b éhtie&\'ﬁé%usiﬂﬁf( j\/Egg 0 %]ﬁ’ﬁlol) The

mixtufwas gtirtdd aARA" for 10 min, then sodium triacetoxyborohydride (132 mg, 0.623

mmol) was added and stirring was continued for 2 h. Water was added to the reaction mixture
before being loaded onto an Isolute® SCX-2 cartridge. The cartridge was washed with MeOH
then eluted with 2 M NHj3 in MeOH to give the title compound as a colourless oil (102 mg, 88
%).

[M +H]" 299.2

Reference Example 69
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15 3.38 (bs, 2 H. Reference Exanple 65 H N o N

1-(2,7-Diaza-spiro [3.5] non-7-yl)-ethanone 20 To a
wa@etoansoms of 2, 7- di aza- spi r o[ 3. 5] nonane- 2- car bpX¥/{GB2008/003621

acid tert-butyl ester (70 ng, 0.309 mmol) in DCM (3

m.) were added acetyl chloride (32 L, 0.450 nmol) and

triethylgmne (54 L, 0.526 nmol ). The resulting

m xture sstlrred at RT for 2 h. The reaction

m Xt ure L,,spaded onto an Isolute(r) SCX-2 cartridge,
and vvash d t'h MeOH then eluted with 2 M NH3 in MeOH
to giveQ

7-acetyl Y2, 7-di aza- spi r o[ 3. 5] nonane- 2- car boxyl i ¢ aci d

t1y
(i)'(‘%é' 'g%étfﬁg'#laﬁgélg&igeﬁ)%@?ﬁ l#t)é]cgﬁg d%ao\r%oxyl ic acid
(2)-(tkaris)-4- Alétiﬁin-@@ﬂ-ﬁpdridn%daﬂbﬁy)lc\mm ﬁﬂﬂ&d TFA ( 1 rTL)

B el UM il b e
£,
methyg é&(é%do % ) %lgxguznlom%b fg@ @@89]{\7\%0\?% zi'd%ed formamlde (370 uL,

9.32 vGH. The gnx»teretm heatetl ¢o d:@ﬁr‘ﬁ(b amdla sslutorcof &odrdneastlmxide in MeOH

(25 °/<( W{’lw Z‘gEI)”I?i % gvl\g(swgfi((l%io \'\_'btﬁ/ﬁé;it@g%g Sg)cgn%luledﬁg Fg,%h '?he reaction
mixtude %Zs &dﬂled?to"ﬁ’[ tﬁerﬁl%a&d”o"}lt& A Isdluid® S@( 3 c%@g&’fhé Sartrifige was
Ref er ence Exanﬁde 66 oyor N (-IF

WashQ Withy Mqﬁﬂﬂtﬁa@hpecw iMeVH mdvlb@wp |g¢vea4:mtltim-t-ybatcynbarnoyl-
plpen%i;neglrf H%t ywtlg'gt%él? 1 (eiteg)&% aoifglﬁ ' dofql -az tl?? érBamoyl—

plperﬂhﬁyﬂéﬁb&}ﬂwﬁc{d&eﬂi&nmbﬁr mADIEM @0l pivad adted S{'IFA! dSaﬂE) and the

(1.95 nmL, 15.37 mml% and triethyl am ne (4 18
resultzyyg e Was stimed tdkhifarildy The Feagtion mixiues wass owteéﬂ@&p gt Isolute®
SCX %leﬁdj{l wag'l?eélh)rltﬁ 12%@1—?&%11 \?\g{%@vm %}%3 alg?gécp@v?(t) ﬁlve al:l
cis:trads@ixturd bfthe tigla compbarykas aadow epsnoih (289, mglra9e¢d). ( MgSO4)

d centrated in vacuo. The resultant residue was

[MJ’?p'lﬁrﬁ‘ﬁgd by col um chr omat ography to give

4-trimethyl silanyl oxy-3,6 15

di hydr o- 2H pyri di ne-| -carboxylic acid tert-butyl ester
RefergaceExanipte Y&I | ow oil (1.86 g, 55 %. To

H
N

DN HO

(£)-(cis)-(4-Azetidin-1-yl-piperidin-3-yl)-methanol and
(£)-(¢trans)-(4-Azetidin-1-yl-piperidin-3-yl)-methanol

To a solution of 4-azetidin-1-yl-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-
methyl ester (373 mg, 1.25 mmol) in anhydrous DCM (10 mL) was slowly added a solution
of diisobutylaluminum hydride in hexanes (1 M, 3.8 mL, 3.8 mmol) at -70 °C. The reaction
mixture was allowed to warm to -10 °C over 90 min, then stirred at RT for 15 min. Water was
added to the reaction mixture before being loaded onto an Isolute® SCX-2 cartridge. The
cartridge was washed with MeOH then eluted with 2 M NH; in MeOH to give 4-azetidin-1-
yl-3-hydroxymethyl-piperidine-1-carboxylic acid fert-butyl ester. To a solution of 4-azetidin-
1-yl-3-hydroxymethyl-piperidine-1-carboxylic acid tert-butyl ester in DCM (10 mL) was
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a sol ution of
4-tri met hyl sil anyl oxy- 3, 6-di hydr o- 2H pyri di ne- 1 - car box
wQ@ kdog/osaTid tert-butyl ester (1.86 g, 6.852 mmetl/GBR008/003621
acetonitrile (80 nm.) was added Sel ectfl uorTM (2.7 g,
7.622 mmol) and the m xture was stirred at RT for 2

. e resulting solution was dil yte and
adde(ClZ% kaéa afl the TEsERS Weawgéﬂrreg P%@E%rvﬁ)smg’e F Sgagtion
mixttﬁié W?l&ﬁ@ﬁ%)) A LRER XL Q‘&ﬁlgd%en W%QICH%HPMCB}Fthen eluted with 2

t ant reS| ue was purif y col um
M NH:shn(Mngo gpleya It: b ciyitkas niistutd off the tito opopmuidas azolourless oil (188
8 ourless oi | (1 13 g, 76 %9. 1H NWR (400 MHz,
mg S 1.46-1.54 (s, 9 H, 2.42-2.65 (m 3 H),
[M+$;]19713133(m 1H) 4.15 (m 1 H, 4.45 (m 1 H and
4783 (dt, J 47.8, 7.8 Hz, 1 H). 25 Reference Exanpl e
67 H N(P-F NV
Refer f)-d.ClS)- l-Azeti di n-1-yl - 3-fl uoro- pi peri di ne WO
PCT/ GB2008/ 003621 Prepared according to
the nmethod used in the preparation of
7-met hyl -2, 7-di azg_spi r o[ 3. 5] nonane usi ng
3-fluoro-4-oxo-piperidine-|l-carboxylic acid tert-butyl
ester in place of>N“fornal dehyde and azetidine in place
of 2,7-di aza-sp.r . 5] nonane- 2-carboxylic acid tert-
butyl ester rochf oride. The title conpound was
obt ai ned as™\a col &urFless oil (205 ng, 56 5 %9. To the
productﬁﬁo\/t (3 nm.) was added TFA (1 nL) and the
resulti/ i xture was stirred at RT for 1 h. The
reaction m xture was | oaded onto an Isolute(r) SCX-2
2-Chlofé-6- (7ckgethyl-2Fsdiaga-¥pit 6[ 3 9padn-2 Y eyt £ thorphblir-4M 1Hiri@no[3,2-
in MOH to give the title conpound as a col ourless
dlpyrimidineos ny, 56% . 10 1H NVR (400 MHz, CDC13)

L. 'Ié)oa sJohgloal Jﬁg @M})% i oﬁn% l(tm§: g[j) ﬁlp‘?rgﬂﬁglﬁe %ﬁ;a&lﬁ}%ehydc

(72 migdl0.254 mnidl) th BZE (1 nt)). wzﬁaﬁdeémtﬂdm}tlmzﬁsplrdaiﬁ]ndmne (45 mg,
O.321€ﬁﬁ151)%e mg\)lm\llrecv)vas stirred at RT for 10 min, then sodium triacetoxyborohydride
(81 mg, 0.382 mmol) was added and stirring was continued for 3 h. To the reaction mixture
was added water and the resulting solution was loaded onto an Isolute® SCX-2 cartridge. The
cartridge was washed with MeOH and the desired product was eluted with 2 M NH3 in MeOH
an concentrated in vacuo. The resultant residue was purified by column chromatography to
give the title compound as a yellow oil (31 mg, 30 %).

[M + H]" 408.2

Reference Example 72

®
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15 ()-4-Azetidin-1-yl-piperidine-1, 3-di carboxylic acid

1-tert-butyl ester 3-nethyl ester To a solution of
wd2mgospiperi di ne- 1, 3-di carboxylic acid 1-tertP@rnGBRo0s/003621

ester 3-nmethyl ester (100 ng, 0.389 mmol) in DCE (11

m) was added azetidine (33 ng, O. 578 mol ). The

xture was stirred at fo t he
1123, D A5y SRS Y D iemiok 2l OmG -6 YAy s
Shi7tyiietBaniie continued for 2 h. Water was added to
sPlroFjl}f’einreac)”on m xture 20 before being | oaded onto an

| mm@(acyorsﬁ»g t9 theamethod gecd imitlee preparatiaiyef 2retdomgatibthethyl-2,7-

diaza SOt Sinar-2 e e Ao tlitt 4 thishSta f pbidide S 1-2.7-

diaza%piro[BM]donH y1)28Randne tn ﬁé@éﬁﬁﬁﬁﬂﬁd@%ﬂh@z M3 .5]nonane. The title
09[/B0 3715?32(:2/ G82008§1003621 P- - ra6§, Mg I\F O v

compengdwes abtainedrpsed ¢dpyrless wlwmg, éll i¥e)- 3- car boxyl i ¢ acid

nd
[M+?g;?%$ans) 4- Azeti di n-1-yl -pi peridi ne-3-carboxylic
acid am de To a solution of
4-azetidin-1-yl-piperidine-1, 3-dicarboxylic acid
Refergnqedixampla 73 ester 3 5 nethyl ester (0.66 g. 2.21
mol ) in anhydrous DMF (13 nL) was added formam de
(370 L, 9.32 mml) The m xture was heated to 100 C
andasolutionct; odi um et hoxi de | OH (25 %w w
-330 L, 1.44 mol j/as added wi th heatl bei ng
conti nued for The reaction mxtufe was cooled to

RT, then | oad o an Isolute(r =R cartridge.
The cartr) ivgflshed with,

&luted with 2
M NH3 i n{Me to give 4-azeti | -yl -3-carbanmoyl 10
piperid|

arboxylic acid rt- yl ester. To a
sol ut i ofi\ofy 4'$"52et| di n-1-yl - kcqf_g'ﬁo

pi peri di ne- I chakpoxylic acid tert By, J, ester in DCM
(40 nm) was added TFA (5 nL) and the resultl ng
(£)-(ais) > Azatidimd - i 1i-(2-chd o en-4-orphvolin-dayl-thien of 12 pynimidin-6-
s J oaded onto.an.lsolute(r) SCX-2
yimedByplperidie L GRBE R A ARSI of (1 ed w th 2 M e

(@)- (ﬂdhs}\!b%ﬁangl y1e1Qz-Lhﬂarsusmbfﬁmmm-yLw.ala@ 21d]§yhhﬁhi% 6-

onpo und as a colourl ess oil é
ylmeilh}vl)-mm@naérwbmdl@mme?o H N

Prepared according to the method used in the preparation of 2-chloro-6-(7-methyl-2,7-

diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using 4-azetidin-
1-yl-piperidine-3-carboxylic acid amide in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The
title compounds were separated by column chromatography. '
(¥)-(cis)-4-Azetidin-1-yl-1-(2-chloro-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl)-
piperidine-3-carboxylic acid amide: tan solid (62 mg, 10 %).

'H NMR (400 MHz, CDCls): & 1.51-1.73 (m, 2 H), 2.00-2.12 (m, 3 H), 2.15 (dd, J = 11.4, 3.1
Hz, 1 H), 2.22-2.30 (m, 1 H), 2.47 (m, 1 H), 2.93 (bd, ] = 11.4 Hz, 1 H), 3.16-3.28 (m, 4 H),
3.56 (dt,J =11.3, 2.3 Hz, 1 H), 3.76-3.88 (m, 6H), .93-3.98 (m, 4 H), 5.46-5.51 (m, 1 H), 7.13
(s, 1 H) and 9.07 (bs, 1 H).
(£)-(trans)-4-Azetidin-1-yl-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl)-piperidine-3-carboxylic acid amide: white solid (153 mg, 25 %).
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(f)-(cis)-(4-Azetidin-1-yl-piperidin-3-yl)-nethanol
W@/ 021015 PCT/GB2008/003621
(f)-(trans)-(4-Azetidin-1-yl-piperidin-3-yl)-nmethanol
To a solution of

. 4-azeti di n-| - pi peri di ne- di car boxyl i c aci
H NMR; (490 Mide, D@k} érl 481 4 0my 1 Hasm 1(8@7@, i, 19520662 1),

230485 AR ER oA Qi frk o S1ch o8t SR o280 Eta SR 1M 16,35

Hz, 1$I)§33 ml27 (at 4HD309 (E[,hle= R AL, |2<1m) 3m4>(h1,1r4€H)1vas>4$ YDie,dt H),
over 90 min, then stirred at RT for
5.46 (i’SIH')ﬂl%t bﬁ)m%75§(%ldé@ to the reaction mxture
bef ore being | oaded onto an Isolute(r) SCX-2
cartridge. The cartridge was washed with MeOH t hen
Referedcetfxdmpld 74 2 M NH3 in MeOH to give 4-azetidin-I-
yl - 3- hydr oxynet hyd pi peri di ne-1-carboxylic acid
tert-butyl este o a solution of 4-azetidin-
1-yl - 3-hydroxy | - pi peridine-1-carboxylic acid
tert-butyl estg n DCM (10 nL) was WO 2009/ 053715
PCT/ GB2008/ 6 ll Nadded TFA (1 nL) and the resulting
m xture st cat RT for 30 mn. The reaction
m xture @I oaded onto an Isolute(r) SCX-2 cartridge,
washed 'thFI\/EO-I then eluted with 2 MNH3 in MeOH to
give a 1?1 cis: trans m'xture of the title conmpound as
a colourl ess oil (188 88 %W. 5 [M+ H+ 171.1
6-((cineA-Azetidia- Exhhﬂuerq‘plmrld(m)l -ydmethyI2-h loro-4xmeppholin-4-yl-
h met hyl - 2, 7- di aza- spi ro[ 3. 5] non- 2-yl net hy
thlen%@%@%r ﬁ?dﬁllzen 4-yl-thieno[3,2- d]pyrimdine To a
S @l’dﬁaiadracoérdmg to the method used in the preparation of 2-chloro-6-(7-methyl-2,7-

dlaza-.sala&éeﬁ 52 %5% Wi alwﬁtﬁ%rgw[%é@]%m i (554

azetldgﬁj g-;fii-ﬂﬂﬁ'ﬂ% Ionﬂerlaln% il P?&E@OP‘P {3251 Hﬁﬁ@@ﬁr&ﬁ@]rﬂﬂnane The title

he m xture was stirred at RI for
compomwmhtumdmamsd@@éﬂmaf/%be 15 (81 ngy, O. 382
s added and stirring was continued for 3 h. To
UVHW&%%H on m xture was added water and the
resulting solution was | oaded onto an Isolute(r) SCX-2
cartridge. The cartridge was washed with MeOH and the

Referepceibxampla Buct was eluted with 2 M NH3 in MeOH
® ®
N N
Q \ N/)\CI Q \ N/J\CI
N Ny
U wo 0 Ho
Cis (+/-) Trans (+-)

(®)-[(cis)-4-Azetidin-1-yl-1-(2-chloro-4-morpholin-4-yl-thieno|[3,2-d]pyrimidin-6-
ylmethyl)-piperidin-3-yl]-methanol and
(¥)-[(trans)-4-azetidin-1-yl-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-ﬁ-
ylmethyl)-piperidin-3-yl]-methanol

Prepared according to the method used in the preparation of 2-chloro-6-(7-methyl-2,7-
diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using (4-azetidin-



an concentrated in vacuo. The resultant residue was
purified by colum chromatography to give the title

wa@eovposaTds as a yellow oil (31 ng, 30 9% . 20 [ MeT/EB2008/003621
408.2 Reference Exanple 72 C1 NS I N NN o NW
2009/ 053715 PCT/ GB2008/ 003621 1-

1yl B SoRBoPRRA LR Dl oF 7-matyl 2 stingas T Inogane Tpe fitl

comp@&ﬂ?ﬁ@ve?é"% Ef f&l@rﬁﬁ@ﬁx@hﬁ%g&&bh he met hod used in the
preparation chloro-6-(7 yl-2,7-

[(cis)-d Azetidpl 1yd]l azahimwzmymhm»ﬂmummﬁ Bhdpymmidig6- yltne@xyl)

plpeng#mg%gl_]g%&ﬁﬂr{? 3 E@H*@B)fﬁ% ]1&(0 none in place of

'H NMR@bO'¥MHZ ChC 6)’31681 .6Pink, 0l B), ii]slq&ariq{) 3ha-1i1 grﬁ 4 H), 2. 16212 19

conpound was obtained as a col ourl ess solid
(m, 1 %), 2.4Mm, HH), 1BB(d ] =Rdf eHencH),Bx@hid, £=713.1 Hg, II\HN3O(§)-3 37 (m, 4

H), 3%33?5(3@1;) 385 N9 4 B Vs B8 (s Bh % N6, 906121 H) and

711(§f1¥]H§C|s) Azetldln 1-yl -1-(2-chl oro-4-norpholin-4-yl
-thieno [3, 2-d] rimdin-6-
[(trany) ﬁ-é*angrdlp lpylpb{Z-s laro-4-merphndioyd -yt thicsiolB, &ndiRdeingidin-6-ylmethyl)-

oo BB il T

'H NMRr(aOMtHz [CINEL): &1 N6t Gn, RN RN (nf; 138, 9.0a10, me(d?raem;rzem 2.19
according to the nethod used in the preparation
(m, lﬂ)cmzb(m, BH), 2. (dy = Y.57Hz, 1 H), 2.86 (m, 1 H), 3.18-3.37 (m 4 H), 3.59-

|

a.74 @ 3351 308 2af 298 €y e AE YA i e FRCRNPH) B 4 T
1-yl - pi peri di ne- 3- carboxyl ic acid amde in place of
7-met hyl -2, 7-di aza-spi ro[ 3. 5] nonane. The title

Referencekxample {er e separat ed by col urm chronat ogr aphy.
o
“
N Mg

HN
2-Chloro-6-(2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine

2-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-2,7-diaza-
spiro[3.5]nonane-7-carboxylic acid tert-butyl ester was prepared according to the method
used in the preparation of 2-chloro-6-(7-methyl-2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine using 2,7-diaza-spiro[3.5]-nonane-7-carboxylic acid
tert-butyl ester in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. 2-(2-chloro-4-morpholin-4-
yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-2,7-diaza-spiro[3.5]nonane-7-carboxylic acid fert-
butyl ester was subsequently BOC-deprotected to give the title compound as a pale yellow oil
(287 mg, 58 %).
[M + H]" 394.3
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(f)-(cis)-4-Azetidin-1-yl-1-(2-chl oro-4-norpholin-4-yl
WO 2dwwesofi8, 2- d] pyri m di n- 6-yl net hyl ) - PCT/GB2008/003621

pi peri di ne-3-carboxylic acid am de: tan solid (62 ng,

10 % . 1H NMR (400 MHz, CDC13): 8 1.51-1.73 (m 2 H),
Rf2.0-2.1 3 H, 2.15 (dd, J = 11.4, 3.1 Hz, 1 H,
cleren . 1H, 2247 (m 1 H, 2.93 (bd, J = 11.4

1 H, 3.16-3.2 m 4 H, 3.56 (dt, J =11.3, 2.3
1 H, 3.76-3.6{20 m 6H), .93-3.98 (m 4 H),
.5

) -
I

. 46-

- (

_( _
|

1 (m 1 HN7.13 25 (s, 1 H and 9.07 (bs, 1
(trans)- tidin- | -yl- |
2 or o- 4- I;J\n4yl-th|eno[32d]pyr|md|n 6-

yl et hyl ) - pi{peri di n®- 3 carboxylic acid am de: white
soli (15 , 25 9. WD 2009/053715 PCT/ GB2008/ 003621
'H vaRoega MHz, CDCI3): 6 1.48-1.54 (m 1 H),

1.78-1.8 (m 1 H, 1.98-2.06 (m 2 H), 2.30-2.35 (m

1 H, 2241 (m 1H, 2.53-2.60 (m 2 H, 2.72 (m 1
2-Chldyo-679methdu¢sulfonyli?2,3-digzacspirel3.Sinds) 2-yBnetby-£mog pholin-4-yl-

. , J—24Hz 2 H, 3.84 (m 4 H),
‘h“‘“'%_bgzzt- &é“‘?iﬂ . 5.46 (s, 1 H, 7.16 (s, 1 H and
7.T6% s(ohxmonJofIZ)ohl&ol%e(fzw-aﬁ@@s;ﬁiqmqxfe)nYzﬂsyﬁqleﬂliyl)-&rﬁolphblid\u-yl-

thienéI:I?» @(‘gpg}'lgmi%ﬂ ine8, §- 18- mmob.in ppaydsoysi EM @GimLiwys adedy |
w0 1L AR it B Aa bt w02

mmol) ireanhyepas EGMI(? SfmL). C[hlb wsﬁ}tﬁrlg(lﬂlxﬂﬁé s stlih-eZl-at R'l} for 18 h, then
) i aza-spiro] 3, 5] non-2-ylneth al in-4 -t hi en
dﬂuteg[vgﬁaDéf%M brng: hbe e@?wg Bé)as aepaa'rlz@f Haﬁqh (Na;$0.) an
- r
coselef oL Pyl Uk bRRAEy sy gy o e

thetitdmmmnpmddwsydﬂrtvabﬂéiﬁmg,%?/ﬁn solid (284 ny, 57 9 .

[M+I-{]M4§r2.§|]+ 426.5 15 Reference Exanple 75 NN CJ CO S S

Hz
Hz
5

H)

5
f
ch
th
d

Reference Example 78

()
N
S
N N/)\CI
O#N
N\

Ve
2-(2-Chloro-4-morpholin-4-yl-thieno|3,2-d]pyrimidin-6-ylmethyl)-2,7-diaza-
spiro[3.5]nonane-7-carboxylic acid dimethylamide

Prepared according to the method used in the preparation of 2-chloro-6-(7-
methanesulfonyl-2,7-diaza-spiro[ 3.5 non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-

d]pyrimidine using dimethylcarbamoyl chloride in place of methanesulfonyl chloride. The

title compound was obtained as a yellow oil (39 mg, 42 %).



NNC NNC N NHOHO Cs (+-) Trans (+l-)
(f)-[(cis)-4-Azetidin-1-yl-1-(2-chloro-4-norpholin-4-y
wo 2d0bios3105 [ 3, 2-d] pyrim di n-6- PCT/GB2008/003621

yl met hyl ) - pi peri di n-3-yl]-nmethanol and 20
(f)-[(trans)-4-azetidin-1-yl-1-(2-chloro-4-norpholin-4
=yl -1 hieno[ 3, 2-d] pyri m di n-6-

[M+}§]I %‘Ryl ) - pi peridin-3-yl]-methanol Prepared according
to the nmethod used in the preparation of
2-chloro-6-(7-methyl-2,7-

RefergncgExample 29 3. 5] non- 2- yl met hyl ) - 4- mor phol i n- 4-yl -t hi en
o[ 3, 2- d] pyrim di ne gisi ng (4-azetidin WD 2009/ 053715
PCT/ GB2008/ 003621 [ 1yl - pi peridin-3-yl)-nethanol in
pl ace of 7-nethyl-2n7-di aza-spiro[3.5] nonane. The
title conpoundss separated by col um
chr omat ogr aphy-

plperlqinN I]-methanol: tan solid (83 ng, 19 %. 5
1H NWR (\1/00|\/Hz CDC13): 6 1.61 (m 1 H, 1.81 (m 1
H, 2.04%.12 (m 4 H), 2.12-2.19 (m 1H),244(m

2-(2-(&&1%'2'@4]-2_3131'9@ lg-ééygt-}u?nrﬂ% ZIZ d]p}jl‘l[;%‘]lgé &Exl)ni 73dqufa-
splro% ﬂﬁoﬁine—‘i—caﬂfoﬁhﬂicld‘hé‘ﬁlyl é§te9'8 (m 4 H, 4 40 (t, J =
1 H . : rans) - 4- Azeti di n-

| Prgnardda(czordmgdpéhmmﬁﬂwfb naﬂdq mihngrcparhtu J-chloros-(7-

b 7550 ot RS T >
dlpyrimi@ihe (\ﬁinané‘thyl chlo%dfo(‘rﬁhte 1n bl)ice 8f Iﬁéthineihﬁlférml cBloH}le The title
2.12-2.19 (m 1 H), )-%02.79(d,\]:11.5
comppynd wasrgbtalzedaes wﬁloq_rlqss ol 320119&3283 (m 4 H. 3.59-
7 3.77 (m 2 H), 3.85(t, J = 4.8 Hz, 4
[M+@ .453;(59718 (m 4 H and 7.11 (s, 1 H. 15 Reference
Exanple 76 CJ NN e, s NNC HN

2- oro-6-(2,7-diaza-spiro [3.5] n
—M&ef“ |)-4-no rpholin-4-yl-thieno [3,2-
o}
®

(N \ N//kCI
v
(o] =0

N

H

(R)-8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-hexahydro-
pyrazino[1,2-a]pyrazine-1,4-dione

Prepared according to the method used in the preparation of 4-(2-chloro-4-morpholin-
4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl)-3,3-dimethyl-piperazin-2-one using (R)-hexahydro-
pyrazino[1,2-a]pyrazine-1,4-dione in place of 3,3-dimethyl-piperazin-2-one. The title
compound was obtained as a cream solid (23 mg, 29 %).
[M +H]" 437.2
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d] pyri m di ne
2-(2-Chl or o- 4- nor phol i n-4-yl -thi eno[ 3, 2-d] pyri m di n- 6-

W@ kowokariy - 2, 7- di aza- 20 spiro[ 3. 5] nonane- 7- cap@D&BL08/003621
acid tert-butyl ester was prepared according to the
method wused in the preparation of
2-chl oro-6-(7-nethyl -2, 7-di aza- spi ro[ 3. 5] non- 2-yl net hy

m@&’ﬁﬂﬂ%ﬁbl i n-4-yl -thieno[3,2-d] pyrim di ne using
2, 7-di aza-spi r 0 3. 5] - nonane- 7- car boxyl i c acid
tert-butyl estlerjin place of
7-met hyl -2, 7- diiza- spi r o[ 3. 5] nonane.
2- (2-chl or o-gp/gphol i n-4-
yl -t hien ) -|d%4b\yri m di n- 6-yl met hyl ) -2, 7-di aza- spi ro[
3. 5] nonpngs 7- ¢ b(ﬁ'(yl ic acid tert 25 butyl ester was
subsequ |y BOC-deprotected to give the title
corrpourf-‘d as a pale yellowoil (287 ng, 58 %9. [M +
+
72 ChirganorphoBiy-H-isgo Ll stk dspimetiyt)-3-oxac 5 diaza-
; I -6-(7- met hanesul fonyl -2, 7-di aza-spiro [ 3. 5]
blcycﬁ%%'zl?lg/‘fhr?gfhyl)-4-rmrpho| in-4-yl- th ieno [3,2-d]
pPréparedi ageordinpdo shesmethod useddh the preparation of 4-(2-chloro-4-morpholin-

- C ra-6-.(2,..7-di.azg- spji r ol 3. an- 2-yl et hyl.) - 4- no .
-y iyt Sty DRy SR e e e Wi pf -diaza-
bicyclo[B. 21 MonRhRd i P of 3, 318t a-pRsteeih-21onk STV tR doNS duh8 Was

L, 1.46 nmmol) and a sol uti'on of nethanesul fonyl
obtainet]|ag gjwhate(selid (28 wg252 Ymol ) in anhydrous DCM (0.5 nlL).
[M + 35E()efulting m xture was stirred at RT for 18 h, then
Fluted with DCM and brine. The organic | ayer was
separated, dried (Na2SO4) and 10 concentrated in
vacuo. The resultant residue was purified by colum
Referencedixample 8hy to give the title conpound as a yel | ow
oil (55 ng, b5 9. [MrH + 472.3 Reference Exanple 78

15 CO N gS_N;N NNC ON
N
&
4-(3,3-Difluoroazetidin-1-yl)-piperidine
To a solution of 4-oxo-piperidiné-1-carboxylic acid zert-butyl ester (1.0 g, 5.0 mmol)
in DCE (50 mL) was added 3,3-difluoroazetidine hydrochloride (712 mg, 5.5 mmol). The
mixture was stirred at RT for 15 min, then sodium triacetoxyborohydride (1.59 g, 7.5 mmol)
was added and stirring was continued for 17 h. The reaction mixture was diluted with brine
and extracted with DCM. The organic layer was separated, dried (Na,SO,) and concentrated
in vacuo. The resultant residue was purified by column chromatography to give 4-(3,3-
difluoroazetidin-1-yl)-piperidine-1-carboxylic acid tert-butyl ester as a pale yellow solid (1.2
g, 88 %). To a solution of 4-(3,3-difluoro-azetidin-1-yl)-piperidine-1-carboxylic acid tert-
butyl ester (552 mg, 2.0 mmol) in DCM (4 mL) was added TFA (2 mL) and the resulting
mixture was stirred at RT for 45 min. The reaction mixture was loaded onto an Isolute® SCX-
2 cartridge. The cartridge was washed with MeOH then eluted with 2 M NH; in MeOH to
give the title compound as a pale yellow solid (271 mg, 77 %).
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N- i 2-(2-Chloro-4-norpholin-4-yl-thieno [3,2-d]
pyrimdin-6-yl methyl)-2,7-diaza- spiro[3.5]
woemwanss7Ts car boxyl i ¢ aci d di met hyl am de Pr epar BCI/GB2008/003621
according to the nethod used in the preparation of
2-chloro-6-(7- 20
- met hanesul f onyl -2, 7-di aza-s 3. 5] non- 2-

o ki leiHol 37 8, B o e &ﬁhhé i zlyis’ (@ |1 m,
2 5 < P 0t B B S AL TE 25 o

oi | (39 ny, 42 %. WO 2009/ 053715 PCT/ GB2008/ 003621

[ MtH] + 465. 4 Reference Exanple 79 NCO S I ~N N N C
Refergnce lixample 83

2-(2-Cnl or0H4 nmor phol i n-4-yl -thi eno[ 3, 2-d] pyri m di n- 6-

yl met hyl) N7-di aza- spi ro[ 3. 5] nonane- 7- car boxylic

acid neth ester Prepared according to the nethod

used in e preparation of 2-chloro-6-(7-

nmet hane fonyl -2, 7-di aza-spiro[ 3.5

] non- 2-Fyl met hyl ) - 4- mor phol i n- 4-yl -t hi eno[ 3, 2-
(2 ne hyl chioroformate in place of
4G ﬁhpﬁgagg@g&j nle%@% fdofrﬁ{ede The title 10 conpound was

o Praparsdchcasrdmgao tlemuntthed uskd in (iOprappratish ¢£)4-(3,3-fluotdazetidin-1-

yl)-plégj%dlréllq\}ﬁggei‘ ngreanEél ellg p ace%%3'§ dlﬁuoroazetlumwydrochlonde The

title c&nﬁéoﬁlc{@a&mtﬁﬁéﬁ & Ml&ﬁl%'sé Bi1 fr80lmg oaRpl 3. 2- d] pyri mi di

[ met hyl) - hexahydr o-
‘HNMR(4OOMHz CDCl;): 6 1. 13 1.24 (m, 2 H), 1.64 (dd, J = 12.6, 4.3 Hz, 2 H), 2.16-2.23

(m, 1 H), 2.82-2.91 (m, 2 H), 3.01-3.14 (m, 2 H), 3.59-3.67 (m, 2 H), 3.78-3.95 (m, 2 H), 5.10
(dm, J = 55.8 Hz, 1 H).

Reference Example 84

O

2-Chloro-6-[4-(3,3-difluoroazetidin-1-yl)-piperidin-1-ylmethyl]-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine

Prepared according to the method used in the preparation of 2-chloro-6-(7-methyl-2,7-
diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using 4-(3,3-
difluoroazetidin-1-yl)-piperidine in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The title
compound was obtained as a white solid (115 mg, 74 %).
[M +H]" 444.4

Reference Example 85




pyrazino [1,2-a] pyrazine-1,4-dione Prepared according
to the nmethod used in the preparation of
W@ 2{02408411Dr 0- 4- nor phol i n- PCT/GB2008/003621
4-yl -thieno[ 3, 2-d] pyri m di n-6-yl met hyl ) -3, 3-di met hyl -p
I perazi n-2-one using (R)-hexahydro-
pyrazino[ 1, 2-a] gyrazi ne-1, 4-dione in place of
3, 3-di et hyl - pj pgr azin-2-one. The title 20 conpound
was obt ai ned a creamsolid (23 ng, 29 %9. [M+ H+
437.2 WO 200%/0 3715 PCT/ GB2008/ 003621 Reference

ExanrpIeS SN NPNI O NHZ7-(2-Ch

Tor o- 4 N €Iy|-th| eno [ 3, 2-d]

pyrlmd 6y|mathy|) 3-oxa-7,9-diaza- bicyclo [3.3.1
nonand repared according to the nethod used in

the preparati on of 4-(2-chl oro-4-norpholin-

2-Chibid - 'ii &ﬁ9£§ irofd] Méd-ﬁgﬂh ?BYJ fH%EQH&lin -f.yRuhiel5i3i! - P

| pera usi
d]pyrimugmd: 0[3 3 1] nonane in place of

bt R T aReor y05a trresssaagh STRAGR (Pt 2.7

5 d1aza-:§9i§o|_’~3 S}ﬁblﬁgfyﬁh@tﬁﬁjl?AEﬁ@iﬁﬁbEnﬂ%/lJﬂue&[Bl ZEd]Eynmldme using 6,9-diaza-
ﬁ 3-Di fluoroazetidin-1-y tﬁ}g peridine To

spiro[4¢ @ﬂcmdlbydr@claiﬂnd@mgé&qedxf ﬂemc ka2, Bekazeispiralh -‘dnonane The title
15 DCE (50 mL
compé\n%@vg%ﬁ%%&g;&\f;{wd% Wﬁﬁ%goéglz(ggfn% F?i/dr och: gl‘l de §712 n)g

M+ H]5408191 ). The mi xture was stlrred at RT for 15 min,

then sodiumtriacet oxyborohydride (1.59 g, 7.5 mmol )
was added and stirring was continued for 17 h. The

10 ReferbfaGhiR1dBgt ure was diluted with brine

E°J

(R)-7-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-ylmethyl)-hexahydro-
oxazolo[3,4-a]pyrazin-3-one
Prepared according to the method used in the preparation of 2-chloro-6-(7-methyl-2,7-
15 diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using (R)-
hexahydro-oxazolo[3,4-a]pyrazin-3-one in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The
title compound was obtained as a white solid (71 mg, 50 %).
[M +H]" 410.5

20 Reference Example 87
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and extracted with DCM The organic | ayer was

separated, dried (Na2SO»4) and concentrated in vacuo.
wab@onsrd t ant resi due was purified by col utmm PCT/GB2008/003621

chromat ography to give 4-(3,3 20

di f |1 uoroazetidin-1-yl)-piperidine-I|-carboxylic acid

tert-butyl ester as a pale yellowsolid (1.2 g, 88

% . To a sol ut

4- (3, 3- dlfluor zet|d|n 1-yl) - pi peridine-I|-carboxylic

acid tert- b ty ester (552 ng, 2.0 mml) in DCM (4
m.) was ad (2 m.) and the resulting mxture
was sti €or 45 min. The reaction m xture was

| oaded _jb an Isolute(r) SCX 2 cartridge. The
cartridgejwas washed with MeOH then eluted with 2 M
NH3 in WWOH to 25 give the title conpound as a pale

8l g ARG PR}

[124}tri&oib[&3¢1 Pyrazind) , 1. 63 .72 (m 2 H, 2.14-2.23 (m
2.62 (m H),309(dtJ:127 3.9
2 Hnspamdoacsomﬂslg;oslre gthod usgd injthg preparatiorEatAriA-ehlem-4- morphohn-

4-yl- tgehlp@rZeg]pggrg%él gﬂ%ﬁmﬁgg r?glk‘lﬁfhéff éi}é ngnpf{)ﬁéjﬁﬂl?g 5,6,7,8-
tetral@dﬁ:p[&t@]hﬁﬁlo[hﬁ 3 a(I]Syraznie il placeosf 363 -tithathyl-piperazin-2-one. The title
pi peridi ne usin H{/@uor oazetjdine in place of
compsmyi Wrt uieiehata IR EOlia A SE1 8F Ve, The 1itlo
peuUed was obtained as a colourless oil (180 ny, 39
M+ %? 10§1H NVR (400 MHz, CDCl13): 6 1.13-1.24 (m 2 H),
1.64 (dd, J = 12.6, 4.3 Hz, 2 H), 2.16-2.23 (n1 1H,

2.82-2.9 2 H, 3.01-3. 14 (m 2 H, 3.59-3.67 (m .
Refergn ZE,X . (8.95(m 2 H), 510 (dm J :55.8 Hz, 1

H). Reference Exanple 84 (0) NSI N NNO F 15 F

2-Chl oro-6-[4-(3, 3-di fluoroazeti di n-1- pi peridin-1-

yl)-
yl met hyl ] - 4- nDEBI;]olln 4-yl- thieno [3,2-d] pyrimdine
d|
7.

Prepared accor g to the nmethod use n the
preparatlo/n_{g%chl or 0- 6- ( 7- met hyl -
LA

(N7‘8 N~ C

N

2-Chloro-6-(5,6-dihydro-8 H-imidazo[1,2-a]pyrazin-7-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine

Prepared according to the method used in the preparation of 4-(2-chloro-4-morpholin-
4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-3,3-dimethyl-piperazin-2-one using 5,6,7,8 -
tetrahydro-imidazo[ 1,2-a]pyrazine in place of 3,3-dimethyl-piperazin-2-one. The title
compound was obtained as a pale brown solid (50 mg, 52 %).
[M +H]J 391.3

Reference Example 89
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di aza- spi ro[ 3. 5] non- 2-yl nmet hyl ) - 4- nor phol i n-4-yl -t hi en
o[ 3,2-d] pyrimdine using 4-(3,3 20
waledobosa7emzet i di n-1-yl ) -pi peridine in place of PCT/GB2008/003621
7-met hyl -2, 7-di aza- spi ro[ 3. 5] nonane. The title
conpound was obtained as a white solid (115 ng, 74 %.
[M+ H + 444. 4 Rgf erence Exanple 85 WO 2009/ 053715
PCT/ GB2008/ OOSGZE ;CI N S~N N\ I NG
2- Chl oro- 6- (6, 9- diyaza-spiro [4. 5]

dec- 9-yl net hyl )s- 42por phol i n-4-yl -thieno [3, 2- _
d] pyri m di ne e aﬁf;d according to the nethod used in
Nion o

t he prepa eichl oro-6-(7-methyl-2,7- 5

di aza- spi . 5] non- 2-yl met hyl ) - 4- nor phol i n-4-yl -t hi en
o[ 3, 2-d rimdine using 6,9-diaza- spiro[4.5]decane
di hydro oride in place of

7-met hy - 2, 7- di aza-spi ro[ 3. 5] nonane. The title

conpound was obtained as a white solid (76 nq] 53 O/i)
2-Chlogp-6-[df 3-flyg ospzetidinek- gh-piperidindnyimety]-¢smarpholig-4gyl-

. . o ~ O

thlenég%-gi_p(%l_ or 0- 4- nor phol i n-4-yl-thieno [3, 2-d]
p\Préparat ave6edyrge tthe/inpthhé usddyid tiee preparatidmof Beklem}6-(7-methyl-2,7-

. __pyrazin-3-qgne Prepared acgcording to_the nethad used, i

dlazatsﬁgglér555%&-§tﬁlaﬁt51@s§32memﬁeﬁ%-ﬂsz1ﬁ3@ﬁ§[§r?y?lpzr,lmlcﬁ&%usmg 4-(fluoro-
. '- - 1 re . _ - _ L sa fh i _ /- _t-hi

aactidih 450y GG iV MBS LI diadheRiop L Tofiad: The Lk &npound
was op@ntdads pywhite s0li@ (2Wmeg,i4Y %).ace of

- | -2,7-di aza-spiro[ 3. 5] nonane. The title
[M+ggﬂ%%€¥d was obtained as a white solid (71 ng, 50 % .

[ MFH] +410.5 20 Reference Exanple 87

Reference Example 90

1-Piperidin-4-yl-azetidin-2-one

To a solution of 4-(2-methoxycarbonyl-ethylamino)-piperidine-1-carboxylic acid tert-
butyl ester (3.4 g, 12.0 mmol) in anhydrous THF (75 mL) was slowly added a solution of
methyl magnesium bromide in diethyl ether (3 M, 6 mL, 18 mmol) at 0 °C. The reaction
mixture was stirred at 0 °C for 3 h, then allowed to warm to RT and stirring was continued for
72 h. The reaction mixture was concentrated in vacuo and the resulting residue was
partitioned between EtOAc and an aqueous solution of ammonium chloride. The organic
layer was separated and washed with brine, then dried (Na,SO4) and concentrated in vacuo.
The resultant residue was purified by column chromatography to give 4-(2-oxo-azetidin-1-yl)-
piperidine-1-carboxylic acid ferz-butyl ester as a pale yellow oil (598 mg, 20 %). To a
solution of 4-(2-oxo-azetidin-1-yl)-piperidine-1-carboxylic acid fert-butyl ester (595 mg, 2.34
mmol) in DCM (6 mL) was added TFA (2 mL). The resulting mixture was stirred at RT for

1.5 h, then concentrated in vacuo. The resultant residue was loaded onto an Isolute® SCX-2



WD 2009/ 053715 PCT/ GB2008/003621 CI N S I ~N N (-N

NCl ~ - N 7-(2-Chloro-4-norpholin-4-yl-thieno [3,2-d]
w@yoesdih- 6-yl met hyl ) -5, 6, 7, 8-t et rahydr o- PCT/GB2008/003621

[1,2,4]triazol o] 4, 3-a] pyrazi ne Prepared according to

the nethod used in the preparation of

cartidss WG] M@%ﬁ%ﬁ%ﬁ%@ﬁh & N INHari MSOH taysiye s filg cqmpound
asa ﬂaﬁ%feﬁﬁwgoﬁd Fjﬁzxﬂ gogo 5 6,7, 8-

tetra trlazolo[43a]pyra2|ne|n pl ace of
'H NEIR3400 mvﬂ{ny@D@h]J@r b48-1:62-(orp2 H)Th83 (dd, Ve lmmp’andz W,2.54-2.67 .

(m. 2385550 o7 R Spine b5 Doisft s A2 e itz a2 ¢ 1 Doty 2 1)

5 and 3N6Nn2 1§, Tor 0- 6- (5, 6-di hydro-8Hi m dazo [ 1,2-4]
pyrazin- 7-yl met hyl ) - 4-nor phol i n-4-yl - thien o [3,2-d]
pyrimdine 15 Prepared according to the nethod used in

Refi t he prep ar tion of 4-(2-chloro-4-norpholin-
eerence. XAMPSHST 3, 2- d] pyri mi di n- 6-yl et hyl ) - 3, 3-di et hyl - p
|pera2|n 2-one usdng 5,6,7,8

t et rahydro-im dazof/1, 2-a] pyrazi ne in place of

3, 3-di net hyl - pi pefazi n-2-one. The title conpound was

obt ai ned as a Nbrovvn solid (50 ng, 52 %9. [M+ H+
391.3 20 _Réf CI(S:_xarrpl e 89 WD 2009/ 053715
PCT/ @20@03621 (0)
T
o

1-[1-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-ylmethyl)-piperidin-4-yl]-
10 azetidin-2-one
Prepared according to the method used in the preparation of 2-chloro-6-(7-methyl-2,7-
diaza-spiro[ 3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidine using 1-piperidin-
4-yl-azetidin-2-one in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The title compound was
obtained as a pale yellow solid (205 mg, 81 %).
15 [M+H] 4223

Reference Example 92

O

5

(+)-8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-octahydro-
20 pyrazino[2,1-c][1,4]oxazine
Prepared according to the method used in the preparation of 4-(2-chloro-4-morpholin-

4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-piperazin-2-one using octahydro-pyrazino[2,1-
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NSI N NN ~3F

2-Chl oro-6-[4-(3-fluoro-azetidin-1-yl)-piperidin-1-ylm
w@tdwglo$3745 mor phol i n-4-yl - thieno [3,2-d] pyri nmPdi/a82008/003621

Prepared according to the nethod used in the

preparation of 2-chloro-6-(7- nethyl 2,7- 5

c][1 43(%)%%%_631} Iﬁ{fgq: g{ Igp%gzr}gé Qflganﬁlg gtlp _pémgg}{n%hvgallsl obtamedI asa whlte solid

z in-1-yl)-piperidine in place of
Ugm?&tt yl -2, 7-di aza-spi ro[ 3. 5] nonane. The title
[M+H}Tnbmﬂ1d was obtained as a white solid (201 ng, 47
%. [M+ H+ 426.1 10 Reference Exanple 90 o= N N
H 1-Piperidin-4-yl-azetidin-2-one To a solution of

ReferéndedxaRipoydy car bonyl - et hyl am no) - pi peri di ne- 1- car boxyl
Ic acid tert- butyl ester (3.4 g, 12.0 nmmol) in

anhydr (75 m) was slowy added a solution of
15 matgjﬁ: gnesium brom de in diethyl ether (3 M 6
m., 18 I) at 0O C The reaction mxture was stirred
at 0 C then allowed to wvarmto RT and

stirring;t\r| continuedfor 72 h. The reaction m xture
was corftedtrated in vacuo and the resulting residue
was partiC{i oned between Et QAc and an aqueous sol ution
(R)-4qﬁ-(aﬂﬁmawﬁyly-taluwlrd@m&h 1-pipgddiife-1lcaysuxylie acidapartaitglester
nd washed wth brine, en dried (Na2SO4). and
c decesoltignad (Rh%haér@esymz@ylrweeﬁaé@et lrearboxylis jagidderfaytyl ester

QIRL
(795 Iggz%g%ﬁ%l&g O‘hlﬂ]‘:)) p@%é?l f IBPQII Xﬁgoxy |lé Ogcmxgol) The
resultingmixhuré was e&tlai toaﬁs°(éb¢fafeethy dfdp&mseoaddlt(cﬁlgﬂ‘ chiproazéty¥ghloride

To a _sol

(325 wl Bguoll, 4BF aHure sy wisPIsa e BTk st o5 b e ggtion
mixtubEwhs ﬁ#ﬁﬂ&ne@%ﬁrveeﬁ %%gtuﬂﬂed gq@(]sus $8MRion dNIHKND{ SHdBEM. The

was added TFA (2 . The resulting m xture was
organs:t laygravhs aepmed @md th@ agudous latyenemmdnwlabélm iThewambined

resultan oaded onto an.lsolute(r) .
organis Sady ST s iR SR rasB B e g0 AP Py e ridue was
purifi¥@5y 66l tchrddesErhpisto %’1\&8 thél tivke tbmpoddds dofoubeéd dil Which was

glvethetltle co oun as a pale yellow solid (325

a mixfgge oHiptapers (710 mg, %)

'H NMR (400 MHz, CDCL3): 5 1.48 (s, 9H), 2.80-2.92 (m, 1H), 2.95-3.10 (m, 2H), 3.34-3.44
(m, ¥2H), 3.60-3.74 (m, 2'4H), 3.96-4.16 (m, 3'2H), 4.22-4.30 (m, }2H), 4.32-4.40 (m, 2H)
and 4.63 (bs, ¥2H).

Reference Example 94

O o]

[]
)\/o

(R)-4-Oxo-hexahydro-pyrazino[2,1-c][1,4]oxazine-8-carboxylic acid tert-butyl ester

To a solution of (R)-4-(2-chloro-acetyl)-3-hydroxymethyl-piperazine-1-carboxylic
acid tert-butyl ester (710 mg, 2.45 mmol) in THF (16 mL) at 0 °C was added potassium tert-
butoxide (326 mg, 2.91 mmol). The resulting mixture was stirred for 75 min before the
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"H NWR (400 MHz, CDC13): 8 1.48-1.61 (m 2 H), 1.83
(dd, J =12.6, 3.7 Hz, 2 H, 2.54-2.67 (m 2 H), 2.86

W@ 2g09d53713t. 0 Hz, 2 H), 3.10 (dt, J = 12.6, 3.5P¢®GB2008/003621
H, 3.22 (t, J =4.0Hz, 2 H 5and 3.66 (m 1 H.
Reference Exanple 92 CND S 1 ~-N NC QN\ Ckl O

add1t189 %}ﬁ,&éﬁﬂb@o m g)ul?l%!}&l)xgﬁl £ lﬁvat& Blﬁﬁﬁl%ng(gbgt@%en water and DCM
and tlﬁ:zéa[hb&ﬂsﬁa%r QREadTEERAR BEHIRE 9@1\@“ T Jo?h‘tﬁl'ib% d@hﬁ@ tabtiid were

reparation of 2-chloro-6-(7-net
dried gN azSé)za)smdr @[nserﬂiamiw Yagondhe yds)leg mcpim»/aspuﬂﬂ)cﬂ bylsolmn

hronk'lt ?/gaxlﬁr,:t]hﬁ ti ﬁ 8g$1hgl.8'1daaé acq ﬁ)urless oil (570 mg, 91%).
H NMRF@DMHZ- (?Délg@%al' $p(sr Ol 239 R 3Re12 9,30 Hizl 218), 2.78-2.89 (m,

mpound was tained as a pal € yellow solid (205 ng,
1H), 3348%58 (&6 2HY 3+9¢~|]44104mz 3H), 44 @ Erdé. 2R aniie 420 (€I N16.8 Hz,

lH)a’(’?f‘SgI}Ifnzlgll or o- 4 mor phol i n-4-yl -thieno [3,2-d]
pyri m di n-6-yl met hyl ) - oct ahydro- 20 pyrazi no[ 2, 1-c]

[ 1, 4] oxazi ne Prepared according to the nmethod used in
Refer i on of 4-(2-chl oro-4-norpholin-

4-yl -t higno[ 3, 2-d] pyri m di n-6-yl met hyl ) - pi per azi n- 2- on

e using %gt ahydr o- pyrazi no[ 2,1 WD 2009/ 053715

PCT/ 6826 [,003621 «c] [ 1,4] oxazine in place of

pi peraziD-2tone. The title conpound was obtained as a

white ' (79 ng, 64 %9. [M+ H + 410.2 5 Reference

(R)-l-llzé§gl£rypclr%-p9y3;azino[2,l-c] [1,4]0xazin-4-one

To a solution of (R)-4-oxo0-hexahydro-pyrazino[2,1-c][1,4]oxazine-8-carboxylic acid
tert-butyl ester in DCM (5 mL) was added TFA (1 mL). The resulting mixture was stiﬁed at
RT for 2 h then concentrated in vacuo. The resulting residue was azeotroped with toluene then
purified by SCX column to give the title compound as a colourless oil (60 mg, 76%).
'H NMR (400 MHz, MeOD): & 2.46-2.55 (m, 1H), 2.59-2.76 (m, 2H), 2.90-3.03 (m, 2H),
3.50-3.60 (m, 2H), 3.94-4.02 (m, 1H), 4.10 (s, 2H) and 4.42-4.48 (m, 1H).

Reference Example 96

.
o

(R)-Octahydro-pyrazino[2,1-c][1,4]oxazine

To a solution of (R)-hexahydro-pyrazino[2,1-c][1,4]oxazin-4-one (60 mg, 0.39 mmol)
in dioxane (5 mL) was added LiAlH, (1.5 mL, 1M solution in THF). The resulting mixture
was heated at 80 °C for 2.5 h before the addition of ‘PrOH (0.5 mL) followed by a saturated
aqueous solution of Na,SO, (3 mL). Further Na,SO4 was added and the resulting mixture
filtered through celite, washing with EtOAc. The resulting residue was purified by NH,

column to give the title compound as an oil (40 mg, 73%).
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Oo~CN)'.,. O-OH C

(R)-4-(2-Chl oro-acetyl)-3-hydroxynet hyl - pi perazi ne-I-c
WQeWoRyd7iE acid tert-butyl ester To a sol uti onP@F/GB2008/003621

(R) - 3- hydr oxynet hyl - pi perazi ne-1-carboxylic acid

tert-butyl ester (795 ng, 3.68 mmol) in DCM (20 niL)

was added tri et hyl am ne

) &4}1;353 n, 11.04 mol). The 10

H NMBL(409 Mz, D&k @ 2nkis2 8 medH). 3-39-E4h 6notid). 2ifd (4, J=11.9 Hy,
i i4 d f tyl leey i ,

1) 559805, 20420 Bl TORER AL 6 Dh8La B L3R5 b o o s

3.79-3.87 (1h, 1H). The reaction m xture was partitioned between
a saturated aqueous solution of NaHCO3 and DCM The
organi c | ayer was separated and the aqueous | ayer
ReferSadeBGhe 9% th DCM  The conbined organic fractions
were dried (Na2SO4) and concentrated in vacuo. The
resul ting resiﬁﬂs was 15 purified by colum
chr omat ogr aphy k give the title conpound as a
col ourl ess oil ich was a mxture of rotamers (710
ny, 669% . S N 400 MHz, CDC13): 8 1.48 (s, 9H),
2. 80- 2.3(92»4( ~c2.95-3.10 (m 2H), 3.34-3.44 (m
%R H) , 39-3.74 (m 2 %&H), 3.96-4.16 (m 3%H),
4.22-4.80%(m 9RH), 4.32-4.40 (m 9%H and 4.63 (bs,
%RH). 2 &éeference Exanple 94 Olo-Y CND... J,-,0 O
(R) - 4- Oxo- hexahydr o- pyrazi no[ 2, 1-cJ[ 1, 4] oxazi ne-8-carb
(R)-8€2+(hloroad-mprpbolindeylythienofs?-d] pywimidini6ylmethydf-octahydro-

.R)54- (& ¢hl or.o-acetyl) - 3- hydr oxynet hyl - pi perazi ne-1|-c
pyraéyﬁaﬁgﬂ(]fle‘f]%az%?d tert-butyl ester (710 ng, 2.45 mmol)
| Prepafed(abording t8 thdInéihv@ Sscadd @ fepaatin o (SR4-(2-chloro-4-

but oxi de (326 , 2.91 mol ). The resulting m xture
morphelis-&y|-fieel3, 2 Imsinsilin-Gryosthy }-Bds e BGPEeDaZYF Jsome using (R)-

/ 0 11 -The .
octah e SRS AR o 28 b pBRe B (s Hblp ik one. The it
comp&¥itid wassbtdihel ascpeaieigellomy solidgST7 g 62G)W t h furt her DCM

combi ned organic fractions were dried (Na2SO4)
[M+ﬁg4%£2entrat ed in vacuo. The resulting residue was
purified by colum chronat ography to give the title
conpound as a colourless oil (570 ng, 91 %9. 5 'H NWR
Refer¢mt@ Exitple WOC13): S 1.48 (s, 9H), 2.69 (td, J = 12.9,
3.0 Hz, 2H), 2.48-2.89 (m

N
S \N

% e
e

(5)-8-(2-Chloro-4-morpholin-4-yl-thieno|[3,2-d] pyrimidin-6-ylmethyl)-octahydro-
pyrazino[2,1-c][1,4]oxazine

Prepared according to the method used in the preparation of ($)-4-(2-chloro-4-
morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-3-isopropyl-piperazin-2-one using (S)-
octahydro-pyrazino[2,1-c][1,4]oxazine in place of (S)-3-isopropyl-piperazin-2-one. The title
compound was obtained as a pale yellow solid (210 mg, 90 %).
[M +H]" 410.3
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1H), 3.48-3.58 (m 2H), 3.96-4.10 (m 3H), 4.14 (d, J
= 16.2 Hz, 1H), 4.20 (d, J =16.8 Hz, 1H) and 4.57 (m
wd kos/oReizrence Exanple 95 H NJ O O 10 PCT/GB2008/003621
(R) - Hexahydr o- pyrazi no[ 2, 1-c] [1, 4] oxazin-4-one To a
sol ution of
(R) - 4- ox0- hexahydr o- pyrazi no[ 2, 1-c] [ 1, 4] oxazi ne-8-carb
Mﬁm&ﬁﬁ tert-butyl ester in DCM (5 nlL) was added
TFA (1 nmL). The resulting m xture was stirred at RT
for 2 h then concentrated in vacuo. The resulting
resi due was azeotioped with toluene then 15 purified
by SCX col urm s ve t he t|t| e conmpound as a
col ourl ess gg 7699 . 'H NWR (400 WMHz, MeQD): S
24625&'(_ 1H)N 59-2.76 (m 2H), 2903.03(m
.60 (m 2H), 3.94-4.02 (m 1H), 4.10 (s,
2H) and) 42- 4. 48 (m 1H). Reference Exanple 96 H (N
~ 200 - Cct ahydr o- pyrazi no[ 2, 1-c] [1, 4] oxazi ne To
R)- stiélgggdz fi?-ﬁm%fpg &?4%%Mq[)ﬁ%mmll ) -i%nyltﬂjnle(t)l?(%)n Eelexahy%r_(s
pyramnslzeldd{aljﬂpxﬁmm Qlis: 5 rrL 1M solution in THF). The

| t t heated at 80
[ Eaenated oBtiso Ss HRod SR R efasiiar SO AR
morpl?cﬁmaﬂ-k}'ﬁﬂﬁéhdfﬁb ﬂ)ﬁﬁm@fn-é\@mw@-@-186ﬂropﬁliﬁ}§é?§im1§3&§%mg (R)-
was added an e resulting mxture tered throu

hexahydrqg-pyrazipelhli- ﬁ]{;l ;floxaziEdcyme. in plase pééﬂf%lswopﬂsmmrézmg’sone The

e bl gt by R CdhESIAE b Cezo0s 003621

IHNMR(NWMHQ(CME) 5@%&%{)3 (%, 23}11)721 %oaﬁ [ ®), 2%8-2.85 (m, 2 H), 2.94
(m, 121)6©4&(¢me1 % 7 Ha, oH), 63393 éﬁq(mzHﬁ) 537&’3%@ $H1892 (m, 1

.50, LR L3 B 906, P B 80 4 T

Reference Example 100

o]
)
N |\/)N\
N N~ ~cl

o=

0

_ﬁ

5-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-hexahydro-
pyrrolo[3,4-c]pyrrole-2-carboxylic acid zert-butyl ester

To a solution of 6-bromomethyl-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine
(175 mg, 0.50 mmol) in DMF (5 mL) were added hexahydro-pyrrolo[3,4-c]pyrrole-2-
carboxylic acid zert-butyl ester (160 mg, 0.754 mmol) and potassium carbonate (136 mg,
0.984 mmol). The resulting mixture was stirred at RT for 2 h, then diluted with water and
EtOAc. The organic layer was isolated, then washed with brine, dried (MgSO,) and
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N\ NOI K-?2°0
(R)-8-(2-Chl oro-4-norpholin-4-yl-thieno [3,2-d]
w@wesdih- 6- yl met hyl ) - oct ahydro- pyrazi no[ 2, 1PCt/GB2008/003621

[ 1, 4] oxazi ne Prepared according to the nmethod used in

the preparation of (S)-4-(2-chloro-4 10
conceggp EOl L%ugei‘g%;eﬁhlll ggg %@(ﬁ@%%@@?" (9 Ly colu%nngroryelltz)grgp}llys to give
theu@&é A apx{ﬁe;ﬂmi@sohdqhémg gazine | n place of

-1 sopropyl - pi perazin-2 he title conpound

[M+\I\ﬂs48£b3a| ned as a pale yellow soI id (57 ng, 62 %.

[ MbFH] +410. 3 15 Reference Exanple 98 N CO S| N ~N

\' NCI (S)-8-(2-Ch Toro-4-no rpholin-4-yl-thieno
ReferbrveFx@npy 101 di n- 6- yl net hyl ) - oct ahydr o-

pyrazi nof 2, 1- c] [164] oxazi ne Prepared according to the

nmet hod used in t reparation of (S)-4-(2-chloro-4 20

mor phol i n-4-yl -t o[ 3, 2-d] pyri m din-6-yl methyl)-3-is

opr opyl - pi peraz% n-P-one using (S)-

oct ahydr o- pyr |_o , 1-c][1, 4] oxazine in place of
(S)-3-isop onzi n-2-one. The title conpound
was obt ai as a pale yellow solid (210 ng, 90 %9. [M

+ H + 410, 3/ WO 2009/ 053715 PCT/ GB2008/ 003621
Ref ere Exanple 99 CON) S ~N NCI N)No(
(R) - 8- (2- @Rl oro- 4- nor phol i n-4-yl -thieno [3, 2-d]
pyri m di H- 6- yI met hyl ) - hexahydro- pyrazi no[ 2, 1 c]

sc-Chyfd AR TS AP o s
pyrr(rm[Bphqlpyrrole-ylcat'limqllc [aBI.dZildieﬂwlamidb n-6-ylmethyl)-3-is
0pIrooa 3/ lutPon oefr5a(72I crhloroolp morp%opg 4-y1 th1eno[3 2-d]pyrimidin-6-ylmethyl)-
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester (250 mg, 0.52 mmol) in
DCM (4.5 mL) was added TFA (0.5 mL). The reaction mixture stirred at RT for 1 h, then
loaded onto an Isolute® SCX-2 cartridge. The cartridge was washed with MeOH then eluted
with 2 M NH; in MeOH, and concentrated in vacuo. The resultant residue was dissolved in
DCM (6 mL) and triethylamine (0.48 mL, 3.28 mmol) was added. The reaction mixture was
cooled to 0 °C then a solution of dimethylcarbamoyl chloride (57 pL, 0.615 mmol) in DCM
(0.5 mL) was added. The reaction mixture was stirred at RT for 1 h, then partitioned between
water and DCM. The organic layer was separated and washed with brine, then dried (Na,SO4)
and concentrated in vacuo. The resultant residue was purified by column chromatography to
give the title compound as a colourless oil (55 mg, 24 %).
'H NMR (400 MHz, CDCL3): & 2.51 (m, 2 H), 2.66-2.73 (m, 2 H), 2.76-2.80 (m, 2 H), 2.84 (s,
6 H), 3.17-3.24 (m, 2 H), 3.47-3.55 (m, 2 H), 3.82 (m, 4 H), 3.85 (s, 2 H), 3.94-3.99 (m, 4 H)
and 7.12 (s, 1 H).

Reference Example 102
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hexahydr o- pyrazi no[ 2, 1-c] [ 1, 4] oxazi n-4-one in place of
(8)-3-isopropyl -pi perazin-2-one. The title conpound
wor®nk7e3 ned as a tan solid (79 ng, 69 % . 11ACTMYB2008/003621
(400 MHz, CDC13): S 1.96-2.03 (m 1 H, 2.20 (m 1 H),
2.78-2.85 (m 2H) 2.94 10 (m 1 H, 3.48 (dd, J =
11.9, 7.7 Hz, 3.63-3.68 (m 1 H), 3.78-3.83 (m

6 H, 3.92 (m 1;31 3.93-3.99 (m 4 H), 4.05-4.18
(m 2 H, 4.57 ( and 7.16 (s, 1 H. Reference

Exan‘plelOOCO)NSI~N NN NO( O 15
5-(2-Chl or o- rlphI|n4yl-th|eno[32d]pyr|md|n 6-
ah

yl met hyl ) - rrol o[ 3, 4-c] pyrrol e-2-carboxylic
acid tert yl ester To a solution of

6- br omone | - 2- chl or o- 4- nor phol i n-4-yl -t hieno[ 3, 2-d] p
yrimdiox€ (175 ng, 0.50 mmol) in DVF (5 nlL) were
added hexWtydr o- pyrrol o[ 3, 4- c]pyrrole 2- carboxylic

5-(2- ﬁioggtéﬁi}ﬁn@gﬁ%&w é"‘(ﬂf&ég r{ﬂgyrz@ubn qu%}l? ?newdro-
pyrrﬂﬁ%ﬁ}g@?&%ﬂ&ﬂ%%@ aaﬁl dmhfad at RT for 2 h, then

wat er Et OAc. The organic | ayer was
i Sl aa&oéldiomdfér(Zvcdnkbredl-mbmhohn-iW ;thigno[82-¢IpySD4in-drylmetbyl)-

09/ 0537415, PCT/ 003621. trat o

hexaby 0 P URIP PV R e O I PR S8l o e 832 Rimon i

DCMQBI50AB) K4s added TFA @.5/RL) tm readtiof nEiRAROstELdas Ranfor 1 h, then
off-white solid (218 ng, 90 %9. [M+ H + 480.3

loadefeniororisaluERaIEK S GUTIAE Toe RFAER waniwesbed WibeMe@Hchen cluted
with 2T f}% ﬁr}nﬁ éﬂﬂr%f y:ah&] {:?]m%%ntr tgé)l( arﬂ& éLg "l?heq]esultant residue was dissolved in
DCMA¥ i) aid3rishethly By oS anate @risqu,l 1.6 magolpiwas akletyThafeatdion
mixture was stirred at RT for 1 h, then partitioned between DCM and a saturated aqueous
solution of NaHCOs. The organic layer was separated and washed with brine, then dried
(Na,;S0,) and concentrated in vacuo to give the title compound as a colourless oil (185 mg, 84
%).

'H NMR (400 MHz, CDCl3): § 2.63 (m, 2 H), 2.71 (m, 2 H), 2.89-2.96 (m, 2 H), 3.29 (m, 2
H), 3.57-3.67 (m, 2 H), 3.82-3.86 (m, 4 H), 3.89 (s, 2 H), 3.95-4.00 (m, 4 H), 4.32 (bs, 2 H)
and 7.13 (s, 1 H).

Reference Example 103

kel
N

H
(4R *,4aR *)-1-Methyl-hexahydro-pyrido[3,4-b][1,4]oxazin-2-one
To a stirring solution of 1,2,3,6-tetrahydropyridine (2.96 g, 35.6 mmol), in

dichloromethane (100 mL) was added portionwise di-tert-butyldicarbonate (8.54 g, 39.1
mmol) followed by triethylamine (5.46 mL, 39.1 mmol). The reaction mixture was stirred at
room temperature overnight and partitioned between dichloromethane and saturated sodium

bicarbonate solution. The combined organic layers were washed with brine, separated and
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To a solution of
5- (2-chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di n- 6-

W@ keveoksriy - 10 PCT/GB2008/003621
hexahydr o- pyrrol o[ 3, 4-c] pyrrol e-2-carboxylic acid
tert-butyl ester (250 ng, 0.52 mmol) in DCM (4.5 nl)
was added TFA(O M@g’lreactlon m xture stlrred '

dried gMgfps) torgive }6-dilkyslro-2 coheygdaxylicssid ferehutylseser gs a yellow
r dge. The cartridge was washed with MeCH t hen
hqmﬂ%ﬁeéa with 2 MNH in MeOH, and concentrated in
v&blmsurﬁ'hg scrleﬂmi ofah6-ditydiad2id pyadlmh- Issarbaxgdiciacid ENufyd ester
nd t | am n

nmL
(627 k.3 Biinol) b i lormatansd3 3 B0 SoplE A0wh g BC HR added Gopwise o
solutis® bf‘fn‘-&ﬁb%@k%%ﬁl: ﬁé‘iﬁ*@glﬁpy 1 ¢ Qh))fn' d&n16dfnekhan@ (S0.RIL). The

was ad The reaction m xture
letumstlrsﬂtdl at reain aetmmfatﬁmrfmﬂ hours h"Iéhrc Ipmturp wag paditioncdibeiween

dichl%gglﬁ and (ﬁg%l poﬁaésm{nhcgﬁ o&ffl e é&%?%%e S orgamcn ayers were

wash&DWite Bhﬁ@tsepbrated wad thed (MESO H: Sllﬁetcﬁtﬁlle pirﬁdlhdi N@Ls\{ﬁﬁﬁed by column
purified by colum chromat ogr give the ti

hromateggaphycto aaeld aéﬁﬂo%ar%g@bmyploa‘gS%H*gptamﬁwearbozdh& PPlﬁhmt-butyl
.51 2 H, 2.66-2.73 2
emr&z‘é‘%g-)%o"a%@rb“ﬁ‘ 84 E;n 6H)H), 30072 24(Enm o

H)l“o a'istﬂﬂn@ s@bti¢rmof (2:)7%xa—3—aﬁé.2b(cmloﬂ4 l-ﬁ)]heﬁtaBBS((ﬁrbo%yhb acid tert-

-3.99 4 d 7,12 f
butyl é@ﬁfrﬁ?n‘%g 11@(5{2 125104%1 fggg?ldé@v%é Biegs il 0Qen-62
mmol?_aﬁd aINInONlLEIPl] l'lllbhg%: 40|}l'1'% 13:79% 13 ’lgjhe resulting mixture was heated to
or o- 4- nor phol i n-4-yl -thieno [ 3, 2-d]

reﬂuxp(ywemrghtl andthd pastitioriell baewvesh gthybacetate and water. The combined organic
layersg\%%rrﬁgyag edo\fntﬁ lopl}llé rsgll)aei"at%d Gad 5’ e dMch(iS ‘ii‘hg E:nru%e product was purified
by coﬁmﬁ?clﬁ&h@fo@raﬂahw PR (BR* 24 RM)-4- 4% €19 h drdx§ papyeridided BaBoxylic
acid ety st @y%r DI, dFPy-agitle-4shydzoponipetidinerd carboxylic acid
tert‘bﬂﬁiesé%fg(ggﬁ ) ter (250 ng, 0.52 nmmol) in DCM (4.5 nL)

(0.5 nL). The reaction mxture stirred

alThR'Etlfcﬁfres]oﬂ”thes‘ehegimsblﬁaG ectrotsndirmed by OB8E(r) SCX-2
artri The cartridge was washed with MeCH t hen

4/HSQC(NQES%@E?1T‘Q frAQAment. MeOH, and concentrated in
XA SR IO S0 iy 5
ester (M gdam mitiod) in eﬁxatwlc(ﬁO il )wastfluskedvag vath mitregenaPalbium (10
w5l S PR SRSl SR PO AN B SR e
and ttRARARE 812ty ¥RsHRR Balbdn'ht RS BmpepfiredveRfight. The reaction
mixture was filtered through celite and the filtrate evaporated to give (3R*, 4R *)-4-amino-3-
hydroxy-piperidine-1-carboxylic acid fert-butyl ester (2.73 g).

To a stirring solution of (3R*, 4R *)-4-amino-3-hydroxy-piperidine-1-carboxylic acid
tert-butyl ester (2.64 g, 12.22 mmol) in dichloromethane (30 mL) was added triethylamine
(1.87 mL, 13.41 mmol) and cooled down to 0 °C. Chloroacetyl chloride (0.97 mL, 12.18
mmol) was added dropwise. The mixture was warmed to room temperature and stirred
overnight. The mixture was partitioned between dichloromethane and brine. The combined

organic layers were washed with brine, separated and dried (MgSQOys). The crude product was
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(Na2SO4) and concentrated in vacuo to give the title
conpound as a colourless oil (185 ng, 84 9%. 1H NWR
W@ 209/084415 CDCl3): S 2.63 (m 2 H), 2.71 (m 2P¢H/GB2008/003621
289296(m 2 H, 3.29(m 2 15 H, 3.57-3.67 (m 2
3.82-3.86 (m 4 H), 3.8 (s, 2 H, 3.95-4.00 (m 4

punf@ ’gxﬁplgmﬁf%:dxagtogpagh*f] 1525?18 SdR,f} ﬁ- -ch%ero %ceetylcammo) 3-hydroxy-
piperidinel 1-¥abbyylichRiERybutylRgfer (074 8).4- b] [ 1, 4]

oxazi n-2-one To a stirring solution of

1,0 %ste’ntl&tsqlamm@faé#m %ﬁ’ﬁé‘ -(22cHeropcetybngngpdrhydroxyrpiperidine-1-

carbog?ﬁ{]&g? PégF{nlﬂ?géas &% ?{%2?@%%@9 g‘?‘%@%ﬁ (?@ ¥nIT)|coole down
to 0 bMNasraddédlsdcﬁum ihgdiide, 6% dispedior infinleyal oil (830 @ALL. leq) '

xture was stirred at roomterrperature over ni and
Pom%lé‘flfq e FHHUFSY Feuarmed e ropmp Hremnsatare and simed,fos 6 urs. The

mixtFOdial E&r\ﬁg?}gédm&gn%aﬂﬁﬁﬁ%agg and Bfin€ TP 'c&ﬁgm\gj\%g?éﬁhﬁ: layers

ayer separ ated and
were W%M@W diﬁ:ﬁf(MgSOiD iThet chudg pB¥Juct wagpurified by

colungi ShapmabEPhE | BYd RRE oS %%é'f{aﬁ Sipveidplr 4Rl Hloxazine-6-

carboiylwidl@fbrpﬁut?l &te‘i“(f‘yﬁgg 2H-pyri dine-1-carboxylic acid
tert-butyl eSter

34.2 mmol ) in
diTerd sirong selation Qﬁi&a&t)SagﬁbE@aommhydrg m'n@o[ﬁa%b]a[didmazme 6-

carbogﬁvgglégrzablit% cﬁ)er l&dogmg,g% gﬁgqllglgn mf%}/tb S F] éﬁfmﬂ) at0°C

was aﬂtled sodeuns hizdridegl6e% di@ﬁf@ldrﬁlﬁﬁﬁlhaﬁallbﬂf (fsmrmgl lthk[)SThJ fiﬁxture was
ture was partitioned between dichloronmethane a

stme@%%cﬁ fos S0uminutgs perhthes iadomethans (0.1H el 8f5imwel )wagaﬁd%d The
d and dried
mixt R oo 4689 1Ep L, o e SERAIAL L "ol i
c Hﬂmmnktnge wph}yamtlogﬂddietkveen(e)ﬂyl @Eeétats-aad shateryTHeafofnbined organic
L
layerg et hegi par SopATe S A e MESOD 28 wiel AR Sk 1-methyl

2- oxos&ltmydﬁﬂpﬁfldcgj a4]§x&41?e @'c&%ﬁkﬁ[cf‘acld tertl-butyl ester g5213 mg).

Rept ane car oxy ic acid tert- butyl est
Remayal the)Bompmwctmg geouparsoig 2.9 M MOl imdisthyt etber mcdﬂcvh]momethane

gave % hy?g){:%l@nﬁ.ﬁgql (:)LtStlllﬁ EtlF 8%13}’% nd a)"{)?ﬁwblf'%ég%@% ( 849

refl ux overni ght and t hen partltl oned bet ween et hyI
acetate and water. The conbi ned organic 15 | ayers were

Refergpgettisample H4or i ne, separated and dried (MgSO4). The
crude preduct was purified by colum chromatography
to yield

AR*) - 4- aﬁ‘g dé- 3- I"Q/d]oxy pi peri di ne-1-carboxylic

\')\

(4aR*,8aR *)-6-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-ylmethyl)-1-
methyl-hexahydro-pyrido[3,4-b][1,4]oxazin-2-one

The title compound was prepared under the standard reductive-amination conditions
using (4R *,4aR*)-1-methyl-hexahydro-pyrido[3,4-b][1,4]oxazin-2-one hydrochloride salt in
the presence of triethyl amine to give an off-white foam (48 mg).
3y (400 MHz, CDCl;) 1.52 (m, 1H), 2.04-2.17 (m, 3H), 2.88 (s, 3H), 2.96 (m, 1H), 3.09 (m,
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acid tert-butyl ester (1.95 g) and (3S*,
4S*) - 3- azi do- 4- hydr oxy- pi peri di ne-1-carboxylic acid

wo e0woraT1yl ester (312 ng). The stuctures of tPEBFEB2008/003621
regi oi somers were confirmed by COSY- 20
4/HSC£7NEESY/DEPT Q experiments. A solution of (3R *,

1), {5 (o B Tt St 381 S 208 i § <0 Ao ef e, 6.93

G, 1 L) was flushed out mnth nitrogen. Palladium (10 mﬁ@ﬁ
n activated carbon) (-300 ng) was added and the
m xt ure flushed out with hydrogen and then stirred
und é’ gen ball oon at roomtenperature

e reaction 25 mxture was filtered

t hrough ce e and the filtrate evaporated to give
(3R*, 4F@ - 4-ami no-3 -
hydr oxyy J_é.dl ne-1-carboxylic acid tert-butyl ester

(2.73 gf. stirring solution of (3R *, 4R
*)-4-am no- Nhydroxy pi peridine- | -carboxylic acid
tert-butyl ester (2.64 g, 12.22 mol) in

4-Pipei 12 -0 LydAEt ity ol p3@aild) carboxydiddr it ﬁihidii hyl amine (1.87
m., 13,41 mmol) and cool ed down to Chl or oacet

¢ Aoy miggure of tetraly drov-pyrand- ?ﬁ?dﬁ?o Wéée 5&8@1@@01«3 BhWiEas-
plperé\ﬁl}ger(%‘s(’fmg §10h 2 m&g{iﬂ@gth%%ﬂ(gg ﬁLl)ﬁ'E’g ﬁgﬁ:&%ra%dé‘&‘ﬂroi%vkéfe aesgmtlon
of potdssuhh oymmé (326 engy 15d)0nmob .in Water ¢bmili) NEite mottg@was warmed to

room qué%%%}uma?ﬁéugp a‘éermg%tj Jgr et qsil\‘g.g ok e@@%g%gn%%yl acetate

and walct /y ﬁgﬁ%@%ﬁmﬁghc RYbds o 26 whdheR Ot Brird) s QAR ROk RN

(MgSO);)tq) }édd @Hl: bnmxtamstfw(émyamg-t@rahy@'p@yyan-4 -yl)-piperazine-1-carboxylic
acid t%f %e% gl%{grgqq lﬁ?{%&é& tabﬁq%ﬁhtgflal(é ljt '¥1|1e cerlslaee rrniygtlzlr'e7\9as dissolved

in methiZho (40 (=)l ANV seHi @ hlya#dix R )so Rrtiow @5 ﬁﬁy S0RAAoD vi-added
carboxylic acid tert-butyl ester (2. , 9.23 muol)

followed byethe gropisst Waww@@yﬂ@geren@pwedéwg/«ssqlwl@ i Wages; 2.5 mL).

The n?g%ggwﬁggw Jt]¥t§jc{ %%pe@a%tﬁegggﬁ% ?' ﬁﬂ: émﬁ(rtlgpe&gag 3 Wé)%lrgtedd in vacuo

and t}teasruictuqmdwm@s putified Byeblamn rchmﬁla‘tagralﬂxyho Wield 4 {Hearbamoyl-
xture was_ partiti oned bet ween di chI or onet hane _and

tetrahasﬁhprféfram-ﬂey YoReRAee lofagharylic peg égrebutybester (3R wi t h
Rema3al Stine BBP BhtkTRedhrr oz 2 6 MEHCEln a1 SRR g etbanc
gave the d8hRIro¢hldr do saltoaftthditde compound @f 3 pdlelsplid (260 mg).

1, 4] oxazine-6- 1 o carboxylic acid tert-butyl ester

(1.31 g). To a stirring solution of (4aR*, 8aR
Referéncedx@npiOpiehydr o- pyrido[ 3, 4-b] [ 1, 4] oxazi ne- 6-

carboxyltc acid tert-butyl ester (700 ng, 2.73 mmol)

i n di methy, rmam de (10 nmL) at 0 C was added sodi um

hydri de, 9 dlsp\e;g‘%jon in mneral oil (180 ny, 1.1

eq). Thenm X stirred at 0 C for 30 m nutes
and t hen id\d_ thang (0.19 nL, 3.05 mmol) was added.
The 15 m xtuke “Warnmed to room tenperature and

stirred overni ght- ,mxture was partitioned between
et hyl acetate and water. The conbi ned organic
4-[4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-ylmethyl)-piperazin-1-yl}-

Refer

tetrahydro-pyran-4-carboxylic acid amide

The title compound was prepared under the standard reductive-amination conditions
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| ayers were washed with brine, separated and dried
(MgSAH) to yield (4aR*, 8aR*)-1-nethyl -

WwWQ@2m2053¢3 ahydr o- pyri do[ 3, 4-b] [ 1, 4] oxazi ne- 6- cBCHGBYI08003621
acid tert-butyl ester (513 ng). Renoval of the
Boc-prot ecting group using 2.0 MHO in diethyl ether

i Ry} SRS PR S5 Bt i e

preseﬂeé Gftﬁeﬁ@laﬁﬁﬂﬂm vd &t off-whild fohd) (NS mg)0) N C ( 4aR

(ﬁ - (2-Chl oro- 4- nor phol i n-4-yl -thi eno[ 3, 2-d]

8 (489Mlﬁ4 DCl) yﬁ?réphm 11&1 (o 2&@:%@ meswhgéwmpgﬂo F065-3.85 (m,
d .

IOH)Ligg tr%a[uride ?E St an ?5346r@ 'ng?qﬁgﬂinonms

conditions wusing (4R *, 4aR

f *) - 1- et hyl - hexahydr o- pyri do[ 3,4-b] [ 1, 4] oxazin-2-o0one
Refe 188 salt in the presence of triethyl anine

to give an of{-white foam (48 ngy). 8H (400 WMHz, CDC13)

1.52 (m 1H[, %' 04-2.17 (m 3H), 2.88 (s, 3H), 2.96

(m 1H 3709 (m WD 2009/ 053715 PCT/ GB2008/ 003621

2H), 3.%2-°(m 1H), 3.77 (t, J=4.8,411), 8.81 (s, 2H),
J 8, 4H), 4.21 (m 2H), 6.93 (s, 1 H.

1 (Tmlwdémr@caﬂm-mpswm@ ~QHNN 0 N 5 H

<R b R RO BT SR 5 8PS
stirringhin abh@fousTDHF (HmdlL)aB@Wat@ (P2 nd)iie ad8ePglatial el acid (1.45
mol ) in _nethanol (10 nL) at 0 C was_added dropwi se a

mL, 2} wialh fo l&weﬁ&Ya@élwwamrahyc(@za(ﬁﬁgmgslbbnnmib )Theryeaction
mlxtdi‘@(,vﬁg stied9t)60 ?Et ﬁ ﬁt eﬁcﬂgasm (Wi %ﬂltlé?)u}g{ FC %O mL),

enperature an ITred over n|
extracpjai withiEvOAd abé tivied: MgBOy)l to @uetzedoebourhﬁuﬂoﬂ!\ﬁhﬁ:h wdﬁhﬁnﬁed by silica

C ed or l.ayers were washed. with brin
°hf°f%"3 peltvelg vk F@Hydﬂ( -Riaexy Y)-ingraging- Lycarbaxyhiciacighfertputyl
ester ﬂ%ﬁg,%ﬁ%ﬂ -2 &f WRHY $H11d: BOCBReptotédtlonRh Raffdd Wit hs FAR S Yce
Example 3 to give the title compound (0.30 g, 88 %).

Reference Example 108

o)

S )
N

L

(A
N CI

2-Chloro-4-morpholin-4-yl-6-[4-(tetrahydro-pyran-4-yl)-piperazin-1-ylmethyl]-
thieno[3,2-d]pyrimidine

Prepared from 1-(tetrahydro-pyran-4-yl)-piperazine and 2-chloro-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine-6-carbaldehyde under reductive amination conditions described in
Reference Example 39, to give, after silica chromatography purification, the title compound
as a white solid (190 mg, 61 %)
[M+H]"439.4
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acid tert-butyl ester and unreacted starting nateri al
(1.15 g). The crude m xture was dissolved in nethanol
w@ 1@9nkd71and 1M sodi um hydr oxi de sol uti on (5 neCT/EBR@®S/003621

nmol ) was added 15 foll owed by the dropw se addition
of hydrogen peroxide, (30 wt% solution in water; 2.5
m). Th ture was stirred at roomtenperature

Refer, e mixture was evaporated in vacuo and

t he crude %ﬁQﬂHCt was purified by colum

chr omat to yield 4-(4-carbanoyl -
tetrah r - pyran-4-yl)-pi perazi ne-1-carboxylic acid
tert-bu ester (307 ng). Renoval of the

{ 2.0 MHCI in diethyl eth
(i}LE%&@ﬁ%Hf§¥ In?ﬂgﬁ Bfgyg AT hyh?ockﬁor?deesafi
0f4-Qbetethiyl-tefrakpdvoduras- 3aj51)@1m?dzﬁlesnbmﬁoﬁ}3&(hcm)ert-butyl ester (1.01
Ref erence Exanple 106 H2N N N C
53 &) ya-prepagyd laraaanalﬁs?tﬁrfeshlw to @(teﬁrqhyémpxrsné >d) plperazme-l-
carbo?il d {qq@%f?t- é T LRk hi’ﬂlg E@lca&éﬂ?oﬂecc:ﬁég ]rnhs aﬁéﬁlfﬁlgn(t:ei ]ti)faénple 3 to give

ran- I C acl
the tnﬂmcmmumddw& \pmmﬂldcﬁlmﬂgw& %9 st andard

NMR e tembief Bisagoh 16 (€ 35 1566R, 215; 570 m, 38286 (m, 260); 2.97 (m,

1H); 342@(15491151‘)2 gl (Y, 1) £3.56 (11 1y, BYI5as, 4ipar boxylic acid

di “hydrocéhl 6ride salt”’in thé presence of

trlethylan1ne to give an off-white foam (46 ng). SH

40 MHz, CDCI3) 1.69 (m 2H), 1.81 (m 2H), 2.49 (m
Refer GOE"?I“?“ M 411), 3.65-3.85 (m 1OH), 3.91 (t, J =
4.8, 4H0 5.11 (br s, 1H), 6.46 (br s, 1H), 7.07 (s,

1H). I_%l_e_ire-rence anple 107 NH ~/N oJT

1-(Tetrah dg? E; 4-yl)-pi perazine To a solution of

pi per azi carbgxylic acid tert-butyl ester (1.5 g,

8. 05 nmol) ng in anhydrous THE (20 nlL) and

water (0.2 nL)\ ﬁJagded gl acial acetic acid (1.45

m., 24.2 mmol), followed by sodi um cyanoborohydri de
(i)Z-CKﬁﬁon[A aanathwwtbahyﬁhe-fﬁmcs-zgtplpmamnu1qnmquu -frioepholin-

at 60 C for 12 h, quenched with 10% aqueous NaHCO3 (50
4-yl-thieno[3,2-4{pyrimidingi th £t OAc and dried (MySO4) to give a

Cql@ULLESBrefhhydthliaGn 485 Bipetale v esttdd With 2-chloro-4-morpholin-

4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde under reductive amination conditions described

in Reference Example 39, to give, after silica chromatography purification the title compound
as a white solid (110 mg, 43 %).
[M + HJ 439.2

Reference Example 111
NH
S
og
()-1-(Tetrahydro-furan-3-yl)-piperazine
To tetrahydro-furan-3-0l (1.0 g, 11.4 mmol) in anhydrous dichloromethane (15 mL) with
triethylamine (2.37 mL, 17.03 mmol), was added methane sulfonyl chloride (12.5 mmol) at 0

°C. The reaction mixture was stirred at RT for 3.5 hours, diluted with dichloromethane (50



10

15

20

25

chr omat ography to give

4- (tetrahydro- pyran-4-yl)-pi perazine- 1 -carboxylic
wa@eood/osemt - butyl 15 ester (0.54 g, 25 %, as aP@iGBe008/003621

solid. BOC-deprotection was carried out as in

Ref erence Exanple 3 to give the title conmpound (0. 30

,, 88 9% . Ref Ex 108 N CNJ N Cl 20 ..
mL) a%d(yﬁsgﬁ,wgh Swf%ﬁrgﬁqe ?{ga‘%(j pL%e[v%ps@(lgfi %§Qﬁ%vaplorgte9 [in-vacuo

to ngeréé?ngrnggﬁlroﬂc Xé@ﬁt@ﬁ*&rﬂ f%ﬁ%%p l%s{el?’aszﬁ t opéﬁrgb I %8 g, 89%)

rom1 ran-4-y erazi ne and
A mnﬁurdﬂfqnp:erdz—mml-phmbbxybﬂac;d tert-butyl ester (1.0 g, 5.38 mmol),

methaggs R i LRI IrBRE S GUA T 8 OHePuPallant KrGHp (156 s 215

mmol?gvas s@rr8d iﬁeanh%foﬁ!i acthdrlifeife GOTRIMPIHISE APINY cBh'cthhsCﬁ} '12’ Rours.
he title conpound 25 as a white solid (1 %

The ré¢dotien quxtun@wasqcmdmwoﬁgms) wagy Mﬂ@@ %Qlldlchloromethane

to glvte]aiierlm (51 q\l)é?m og{ag '8 a4h<)\u a&wﬁr& %1531]33 y});plg?rg%l}l% lrcr%boxyhc acid

tert-bityl kwwybolb&uésabﬂfdowfgmm) 3-yl)-pi per azi ne-1-carbox
yl'ic acid tert-but ester (1.01

NMR AT, GO InhaY by B8 5SROy S5 2.37.2.48 (i 3KD; 3.06 (m,
1H); ?4& ,ﬁtj,lgqug gy@[ .yI ) - pi perazi ne-1 carboxylic acid

was BOC-deprotected as in
4- (TeR&IﬁﬁlY@-lfmG.n-BXﬁD‘ﬂpipera'ilrteOI -giarbexylic heidtzetribatyl eseo@y 2.4 mmol)

was B\_Aﬁl -Ei%%?ﬁ!cy%as?ﬁ; %g@r?qqg %Q;%plegw%g?%ﬁggw (gng@n%ln%s a gummy

r351d1%::§]k64§6g976%g‘ 3.22 (m 4H); 3.79 (m 1H); 3.99
5 (bs 1H) 10 Reference Exanple 110 0 o

CNJ CLN N Cl (f)2 Chl or o- 6-
4- (2- met hyl ;- t et rahydro-furan-3-yl)-piperazin-1-yl neth
i n-
o

4
2. )

Refer

/k

(2)-2-Chloro-4-morpholin-4-yl-6-[4-(tetrahydro-furan-3-yl)-piperazin-1-ylmethyl]-
thieno[3,2-d]pyrimidine

Prepared from 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde
and 1-(tetrahydro-furan-3-yl-piperazine under reductive amination conditions described in
Reference Example 39, to give after silica chromatography, the title compound as a white
solid (217 mg, 60%).
NMR 64(400 MHz, CDCl;): 1.87 (m, 1H); 2.06 (m, 1H); 2.49-2.61 (bs, 8H); 3.01 (m, 1H);
3.64-4.02 (m, 14H); 7.19 (s, 1H).

Reference Example 113
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4-yl-thieno [3,2-d] pyrimdine 15
1- (2-net hyl -t etrahydro-furan-3-yl)-pi perazi ne was
WO e@gsxi1sv t h 2- chl or o- 4- nor phol i n- PCT/GB2008/003621
4-yl -thieno[ 3, 2-d] pyri m di ne- 6-car bal dehyde under
reductive am nation conditions described in Reference
Exanpl e,39, to gci)ve, after silica chromatography '
purificat{on t itle conpound as a white solid (110
ng, 43 A [ M + 439.2 20 Reference Exanple 111
(NH 0Ca f) 1 Tetrahydro-furan-3-yl)-piperazine To
t et rahydr o> -ol (1.0 g, 11.4 mmol) in anhydrous
dichlororretha |Q imL) with 25 triethylamne (2.37
03 nmol ), was added net hane sul fonyl chloride
2-Ch7(0m65(hn¥ni1y}ira-tpyorold3,4fﬂ@yr@&6rylewthﬁlkﬂﬂ@nhabn-érylrthwo[3 2-
dlpy'%ﬂgﬂ for 3.5 hours, diluted with dichloronethane (50
09/ 053715 PCT/ GB2008/ 003621 m.) and washed wth
weltoer stirrtti @ohutiga of §-(Plehkbeo-dasorgholémd (GEEx) 3,ard]pyrimidin-6-
orated in-vacuo ive anesul foni ¢ aci
ylme'ﬁ&ﬁﬁl&%ﬂ@?m%{ﬂ% 9]pyarglge -C%rge Wq'gwelddﬁ%{%g@ﬁ&ﬁfﬁr 83?06%' 0.81
mmo? in @ﬁz@ )S&n{ﬂg@déra?d&f TPARE 'Erﬁé' M kedc AP ANt CwAGithed at RT for
ert - but ter 3 nmet hanesul foni c
4 h upomi whitke timalvptatibdsuveare ré%ngl\tedels vamuo( P.uﬁﬁc@onﬂ).yé&CXﬁcga)ve the title
and, K2C0 . 96 .S ) was stirred in
compgyid a5 45, f%’%‘@?éﬂ?‘“ﬁ%é"% §§ om under reflux conditions
8 (4(503MI-1122CM§)91 727(Bes) ﬂ?ﬂzl@@ .o efﬁ LFO?I)"‘@%-Q%' (8f 6ﬂ?d3 99-4.01 (m,
oured onto water and extracted with dichlorone han
4H), ?dﬁ@ VH).after silica chronmatogr aphy
4- (tetrahydro-furan-3-yl)-pi perazi ne-1-carboxylic acid
tert-butyl ester, as a colourless oil (0.57 g, 41 %.
Referbia Foddind®01 IMHz, CDC13): 1.54 (s, 9H); 1.85-2.10 (m
211); 2.37-2.48 (m 4H); 3.06 (m 101 H; 3.46 (m
4H); 3.6mM-3.97 ( 4H)

4-(Tetra o-f -3-&/I)-pi per azi ne-| - carboxylic acid
tert-but 0.57 g, 2.21 mmol) was
BOC- depr ot e sNin Reference Exanple 3, to give,

the title conp a gumy residue (264 rrg, 7699 .

15 Reference Exanple 112 N (ON) N S ~N
[1-(2-Qh)lmp_@mqubolqn-ﬁdflﬂh@pp[i&,h—quyrgmdm-@ylmethyl) piperidin-4-yl]-
methgrl‘-"alﬁnf oL r ahydr o-furan-3-yl)-pi perazin-1-yl methyl] -

To a stirred suspension of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde (1.0 g; 3.5 mmol), 4-N-Boc-4-N-methylaminopiperidine (1.0 g; 4.7 mmol) and
AcOH (0.2 mL) in 1,2-dichloroethane (25 mL) was added NaB(OAc);H (1.0 g; 4.7 mmol).
The reaction mixture was stirred at RT for 5 h upon which time it was quenched with
saturated NaHCO; solution (30 mL), diluted with H,O (50 mL) and extracted with EtOAc
(200 mL). The organic layer was dried (Na;SQO;) and concentrated to a yellow foam (1.84 g).
This foam was dissolved in CH,Cl, (20 mL) and treated with TFA (10 mL) at RT ovémight
(17 h). Volatiles were removed in vacuo, the residue was taken up in 2M HC1 (30 mL) and
washed with CH,Cl, (40 mL). The aqueous layer was basified with saturated Na,CO;
solution, extracted into CH,Cly, the organic layer separated (hydrophobic frit) and solvent
evaporated to give the title compound as a pale yellow solid (1.18 g; 88 %).
3y (400 MHz, CDCls) 1.18-1.42 (m, 3H), 1.7-1.75 (m, 2H), 1.99-2.05 (m, 2H), 2.20-2.27 (m,
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thieno [3,2-d] pyrimdin e Prepared from
2-chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne-6-ca

wo babdsdtyzie 20 and 1-(tetrahydro-fiuan-3-yl- pP(pHGBzoon/e03621
under reductive am nation conditions described in
Reference Exanple 39, to give after silica

11), £ 38 B0 A B 2 76 BTSN, S GO 8] oty B 4 s 41D, 6.8

s, H_é O6(m 1H) 2.49-2.61 (bs, 8H); 3.01 (m 1H);
64-4.02 (m 14H); 7.19 (s, 1H). 25 Reference Exanple
113 WD 2009/ 053715 PCT/ GB2008/003621 N (O N NS N

N Cl_ 2-Chl - 6- (hexahydro-pyrrol o [ 3, 4-c]
mﬁ%‘ﬁgﬁﬁ?—ﬂithyl)-4-mrpholin-4-y|-thi eno [3, 2-

d] pyri modi ne To a stirred sol ution of
5-(2-chl @70-4 mor pgol i n-4-yl -thieno[ 3, 2-d] pyrimdin-6
5
yl met hyl ) - ahyo];,quyrrol o[ 3, 4-c] pyrrol e-2-carboxylic

acid tert- W (390 ng; 0.81 mmol) in CH2A 2
(4 nm) -was a diTFA (6 nmL). The reaction m xture was
stirred at RT f rN4dn upon which tine volatlles wer e
ved in v Pur i fi n b the tle
1-{1-@ B mer g 4 vidhinotE bl ey i i)y pibsridinegiyl-

azetidfiiBolCDC13) 1.72 (br s, 1H), 2.49-3.01 (m 10H),
3.85-3.90 (m_ 6H), 3.99-4.01 (m 10 4H), 7.15 (s,

1Hip.a sRafedisehitien B% kiBsiced-piparidage AR g; 6.0 mgol), 34kydroxgazetidine

(043 3 OO U P or R SRR ity S 380 KB Ol 3.8 180

mmolZOTﬁe fdattisreixdue MR $tired ART overnight 96 h), quenched with saturated
chl oro- 4- nor phol i n-4-yl -thi eno[ 3 A—l yri m di ne- 6-

NaH(Qy sodutipaH 0 enl)1the layerseparated |(l)ydrophoblc t) and solvent evaporated.
The réu&kn%%%@%%f%{?ﬂﬁ%ﬂl \9% cﬂc] &?rét%ﬁ gl‘ Fﬁghﬁ? hﬂd after
evapodatibmch fNa Bilad) Pipkridin-@-y);azétidin{3rall tifluoroacetate was obtalned as a thick
oil.

To a stirred suspension of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde (1.13 g; 4.0 mmol) in 1,2-dichloroethane (20 mL) was added a solution of 1-
piperidin-4-yl-azetidin-3-ol trifluoroacetate (3.6 mmol) in THF (5 mL) followed by
NaB(OAc);H (2.12 g; 10.0 mmol). The reaction mixture was stirred at RT overnight (16 h)
and product isolated by acid/base extraction. Purification by ISCO gave the title compound
as a white solid (0.50g; 30 %).
oy (400 MHz, CDCl3) 1.30-1.47 (m, 2H). 1.60-1.80 (m, 3H), 2.04-2.21 (m, 3H), 2.81-2.90 (m,
4H), 3.59-3.68 (m, 2H), 3.80 (s, 2H), 3.84-3.87 (m, 4H), 3.98-4.01 (m, 4H), 4.47 (quintet, J =
5.6, 1H), 7.15 (s, 1H).

Reference Example 116
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The reaction m xture was stirred at RT for 5 h upon
which tinme it was quenched with 20 saturated NaHCO3
wa@edoansomns (30 nl), diluted with H20O (50 nli) anBCT/GB2008/003621
extracted with EtOQAc (200 nlL). The organic | ayer was
dried (Na2SO4) and concentrated to a yellow foam (1. 84
g). This foamwas dissolved in CH2Cl12 (20 nL) and
treated vvithylZFA (10 nm) at RT overnight (17 h).
Vol atil es e renoved in vacuo, the residue was taken
up in 2M HJ /X80 nl) and washed with CH2C12 (40 nl).
The aqueot{’_ﬂ ayer was basified with saturated Na2CO3
25 solutiogy extracted into CH2Cl12, the organic |ayer -
separ at (hydrophoblc frit) and solvent evaporated
to give(; e title conpound as a pale yellow solid
(1.18 g;” 88 % . OH (400 MHz, CDC13) 1.18-1.42 (m 3H),

by oS A e R, (1

2.76% s'thtﬁm(dﬂ(2%h9mo-3th§@ daﬂaanﬁwcld forbbutgl &Ler((5g, 34+®mmol) in
3.81-3.84 6.98 (s, 1H). Reference Exanple

DCE (150 m]..bvaq\pc{%)tetrqhyg'owyrgk45)n .7 mg, 27.1 mmol). The mixture was

stlrre&p §t£ I%’ancgrl Wi ﬂé SO %LE‘R H)i)el}g 05(2[? d]?@d'n%@ §€ ?9 géé)e Ingulol) yas Iadd‘ed and

stirrinpow s (S)htimle!dcfos o8 ht Tlornre@étloh -riaard was gehted omith NH,QHJ0% in water
6.0 | - hydr oxya t|d|ne (0,43 .9;. 5.9 1), in
and exirasted ¥ 1%1?1 QFﬁ\ét %19 8 layey W@o%%epara&éddm#?@%%oﬁné@s@md
in vadlio 1881 &thé&law%aomﬁ%csﬁaﬂégs% (Bledlguogopyas stirred at
over ni ght , quenched with saturated NaHCC3
[M+§HT&45 bn (20 rrL) the | ayers separated (hydrophobic
frit) and solvent evaporated. The resulting residue
Refer@r?c%ﬁﬁx'ﬂ 18 rmol) was Boc- deprotected (TFA/ CH2C12)
and_ar ter evaporatl on of volatiles

1- pi peridind-yl-azetidin-3-ol trifluoroacetate was
obtalned %g' thick oil. 15 To a stirred suspension

2 chlor rphol in-4-yl -thieno[3, 2-d] pyri m di ne-6-
car bal d hy e (1.13 g; 4.0 mmol) in 1, 2-dichl oroet hane
(20 nL)Owas added a sol ution of 1-
eridin-4-yl-azetidin-3-ol trifluoroacetate (3.6
1-(Tefg pIrQ-RyrARES-yh-RpSTaZ-2OREd by NaB(OAc) 3H (2. 12 g;

160G é@ﬁﬁio}l ofgﬁ‘ Ptefrafydr fydr g oduc%l g} e)gf %Jrf)ﬁgw%/h(ﬁgrt -butyl ester

over ni ght acl d/ base
(6.60 gx2T.8.0tmhalhin oM (ll(lf)aanwasbgddbdﬁ(Btl@dmmmN&el 8iml,&1.1 mmol)

followe(ﬂPy clfln(%'oacze?yl cﬁlond\é\q& %2 g,s?i 11 %3) gr%%imse Tl@ reaction mixture was
stirred at RT for 24 h, then partitioned between DCM and saturated NaHCOj; aqueous
solution. The organic layer was isolated, dried (Na,SO4) and concentrated in vacuo. To a
solution of the resulting residue in THF (50 mL) was added sodium hydride (60% in mineral
oil) (1.62 g, 40.6 mmol). The reaction mixture was stirred at RT for 20 h, then partitioned
between DCM and water. The organic layer was dried (Na,SO,) and concentrated in vacuo to
yield an orange residue. The residue (7.66 g, 27.0 mmol) was dissolved in dichloromethane
(15 mL) and TFA (15 mL) was added. The resulting solution was stirred at RT for 4 h before
being concentrated in vacuo. The resultant residue was loaded onto an Isolute® SCX-2

cartridge, washed with MeOH then eluted with 2 M NH; in MeOH to give the title compound
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SH (400 MHz, CDC13) 1.30-1.47 (m 2H). 1.60-1.80 (m
3H), 2.04-2.21 (m 3H), 2.81-2.90 (m 4H), 3.59-3.68
w@ 2009853715 3. 80 (s, 2H), 3.84-3.87 (m 4H), 3. 9BcHGB1008/003621
(m 4H), 4.47 (quintet, J = 5.6, 1H), 7.15 (s, 1H).
25 Reference Exanple 116 WD 2009/ 053715
PCT/ GB2008/ 003621 0 >=O0 ~NH NH O
as yellow pit§4.20 8386 @-pyr an- 4- yI ani no) - et hyl ] - carbami ¢ aci d
[M+%§f§8p_ytyl ester To a sol ution of
-am no-ethyl)-carbamc acid tert-butyl ester (5g,
3.2 mol) in 5 DCE (150 nlL) was added
RefertmderBxmyapleot I3y r an- 4-one (2.7 ng, 27.1 mmol). The
m xture was stiryed at RT for 1 h, then sodium
tri acet oxyborohydrifde (8.63 g, 40.7 mvol) was added

and stirring was ontinued for 18 h. The reaction
m xture was ?_:q@é?nvvith NHAOH 10% in water and
) an

extracted w e organic |ayer was separated,

dried (NaZg concentrated in vacuo to give the

title co d as colourless oil (6.60 g, 99 %9. 10 [M

+ H + 245\1 OReference Exanple 117 H N N4 0 15

1-(Tetr dr o- pyran-4-yl)-pi perazin-2-one To a

sol ution of

[ 2- (tetrahydro-pyran-4-ylam no)-ethyl]-carbamc acid
4-(2-Chiore-derhyiphotinet-yl-thier®]3,2-4] pyrifidineg-ylmethy-14((et thydicd-pyran-

was added triethylamne (11.3 nL, 81.1 nmol) followed
4-yD-plpegatiBi2oect y| chloride (3.64 g, 32.4 mmol) dropwi se.
Toa sigﬁlﬁio‘hecﬁ%t-ﬁrgﬂlofﬂegfyg-Q-echY@§-421901§>thbfdiﬁ-@fdylﬁﬁieﬁg[3,fZQI\JIa]E%‘&rrﬂn'ﬂiine (200 mg,

hen partitioned between DCM and sdturat ed '
0.57 ragpeBousDMEF(@ k.o was addeddr-@etrahydioaygan-fed)-pipetazine2tone (116 mg,

dried ((Na2SO4) and concentr i n .. T )
0.63 ol oG SRR O Pl AT LBt ey g ot RT for
4 h, tieadBE reaoEinumixhe fwad il0RA With wafen@idadx trabted WithIDGKL. The organic
40. 6 mol ?'drohe reaction m xture was stirred at RT for

layer wgs pepat ed (V38 9meand concentrated in vacuo to give the title compound as a
yellow solid (212 mg, 82 %).
[M +H]" 452.2

Preparation of Compounds of formula (I)

Examplel  6-(4-Azetidin-1-yl-piperidin-1-ylmethyl)-2-(6-fluoro-1H-indol-4-yl)-4-

morpholin-4-yl-thieno[3,2-d]pyrimidine '
Prepared by using general Suzuki coupling method A. The title compound was

obtained as an orange gum (12.1 mg, 24 %).

[M +H]" 507.2

NMR 8y (400 MHz, CDC13) 1.42-1.78 (m, 6 H), 2.16 (m, 4 H), 2.95 (m, 2 H), 3.33 (m, 3 H),

3.84 (s, 2 H), 3.91 (m, 4 H), 4.08 (m, 4 H), 7.17 (dd, ] =8.9,2.1 Hz, 1 H), 7.30 (dd, J =3.2,

2.5Hz, 1 H), 7.33 (s, 1 H), 7.53 (m, 1 H), 7.96 (dd, J =10.9, 2.1 Hz, 1 H) and 8.27 (bs, 1 H).
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30

bet ween DCM and water. The organic |ayer was dried

(Na2SO>4) and concentrated in vacuo to 25 yield an
we@e@ngs37iesi due. The residue (7.66 g, 27.0 moOPQT/GR008/003621

di ssol ved in dichloronethane (15 nL) and TFA (15 ni)

was added. The resulting solution was stirred at RT

for_ 4 before  bej cQn trated. i n vacug. The

Exampfe,| b@l%gpmtfwﬂ-glrlgagrzﬁwsmlé'-moﬂ-éaﬁh?wl)p?lshycf'zyl-
; r s A g | i A0 then. ed with 2 M NH3

thienG 24} 9?%“‘5‘?%’*‘9 eltiviipi eE*;"cié‘nﬂgﬁnﬁ*‘iv%‘“ 2009/ 053715

PET¢paBAt)BisiEgdtral Sszuke couphngimetifotl A6Thy tithscarpound/ivas

.H,+ 184.9 fegpenc maple 118 CJ Ns I .N N\ ~ N
Obtalrgdasﬁlcﬁﬁamss‘gl% (SEP%%] ?’or 0- 4- nor phol i n- 4-yl -t hi eno
[M+H3: 821d3 pyrimdin-6-ylnethyl)-1-(tetrahydro-pyran-

4-vyl SBI Eerazi n-2-one To a solution of
NMR@xi{# KE:0D)dhl s -24H 853 o, 24 098 (mh L dhe | 36 £mg? Bl), 1.90

Vi g ( _ | )40l MVE of
0.1 34T IE A - 139, 9250, T b PR, i, 2 1 1,
2.98 (dpI = 10.063z, 1), B.82r(¢eh, BAAS.9B (i 4 A)PE.O6R(d, §2381,,m8 HE, T H), 6.98
m’ml%. The mxture was_stirred at RT for 4 _h, then
(dd, JhiD.§. 8% Heoh B %2%Utse | $Rs7-&8 (dsd &P -hiizn 1 WReed 7etd(ddd, T =8.8, 4.0,
Ogngltﬁ)e\ct ed with DCM The organic |ayer was separated,
T dried (Na2SO4) and concentrated in vacuo to give the
title conpound as a yellow solid (212 ng, 82 %. 15

Examgglaj:.p rk;fﬁ)%%bgylﬁ{e%?ﬁ-r{?z[iz-%g-lﬂlforoc-??Bﬁl%%?j-yﬁ-@flgérﬁlo m-(4|-g'l-
; ' b= dloil l)-2-(6-fl -
thlenﬁ?;lgzﬁglﬁﬁ_ﬁﬂlglid)l?%]ﬂigtg?l]p;ﬁbél%i‘il 4eydy dthindY ! ) ( uoro
mireplacad bry-ubing genkiad fufuk] gouplipg miethadi A TR tiffagompaupd was
. usi n ener al ki ling nmethod A The title
°bta“’€§r?ﬁgﬁﬂe&‘wa° id (ngzﬁjﬁ’ h%%gg ;angorange gum (12, 1I ny, 24
M+t 54 + H + 507.2 NVR SH (400 MHz, CDC13) 1.42-1. 73)

m 6 H, 2.16 (m 4 H, 2.95 (m 2 H, 3.33 (m_3 H),
NMR(zsH (400 1'\_/?1-12, CDC13)(O.12 (m,'? 1), 0.49 (ns, 2 H), 0'ds (m, 1 H), \"s.1s4 (m, 2 H),
1.89 (m, 2 H), 2.18 (m, 2 H), 2.48-2.58 (m, 3 H), 2.97 (d, ] = 11.9 Hz, 2 H), 3.83 (m, 2 H),
3.91 (m, 4 H), 4.07 (m, 4 H), 7.17 (ddd, J = 8.8, 2.3, 0.8 Hz, 1 H), 7.30 (d, ] = 2.3 Hz, 1 H)

7.33 (s, 1 H), 7.53 (m, 1 H), 7.96 (dd, J = 11.2, 2.3 Hz, 1 H) and 8.27 (bs, 1 H).

Example 4  Cyclopropyl-{1-[2-(6-fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-ylmethyl]-piperidin-4-yl}-amine

Prepared by using general Suzuki coupling method A. The title compound was
obtained as a white solid (40 mg, 63 %).
[M +H]" 507.3
NMR 8y (400 MHz, CDCl5) 0.38 (bs, 2 H), 0.47 (m, 2 H), 1.43-1.57 (m, 2 H), 1.96 (d, J =
12.7 Hz, 2 H), 2.11-2.22 (m, 3 H), 2.60-2.69 (m, 1 H), 2.95(d,J=11.3Hz,2H),3.82(d,J =
1.0 Hz, 2 H), 3.87-3.92 (m, 4 H), 4.03-4.08 (m, 4 H), 7.15 (ddd, J = 8.8, 2.4, 1.0 Hz, 1 H),
7.28 (dd, J=3.3,2.4 Hz,1 H), 7.32 (s, 1 H), 7.51 (m, 1 H), 7.95 (dd, J =11.2,2.4 Hz, 1 H)
and 8.26 (bs, 1 H).
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25 3.84 (s, 2 H, 3291 (m 4H, 408 (m 4 H, 7.17

(dd, J =8.9, 2.1 Hz, 1 H, 7.30 (dd, J.= 3.2, 2.5
woi2009053A)5 7.33 (s, 1 H, 7.53 (m 1 H), 7.96 ¢ctGBI008/003621

10.9, 2.1 Hz, 1 H) and 8.27 (bs, 1 H. WO 2009/ 053715

PCT/ GB2008/ 003621 Exanple 2

ﬁ&&i{ opr Zﬁ.& s g%lgwélrt)—g%'zl((g?[fll lﬂ:(z)]rp())'rzllztk-lzf] q)methyﬁ 2)-(1%1-m({ol-4-yl)-
4-moggﬁdlﬂi ggp“ﬁ"mﬁt@ﬁﬁ'ﬂ?aﬁ%ﬂ di n-4-yl }-am ne Prepared

usin neral coupling nmethod A The title
c Prgraetcb ywasing gemeral Sezika souplingeaethabAi The titte compodind 99as
5 [ M+ 521.3 SH (400 MHz, CD3CD) 0.16 (m 2
°bta“ﬁfiasét§§g<thr‘i‘1(%%%§w o4 (m 1 H, 1.46 (m 2 H), 1.90
[M + ) 47955 121Hz, 214(dt J:121 22Hz 2
)%L 2.48 J HZ 2.56 (m 1
NMR&y (400 MH;g QD(FJZ) 1. QO ﬂ)s 231)8128@@ BH))2.0Umpd )n2?43 qq; 2 H), 2.45

6
s, 31125 620 87 B2, 351y 3 ol 3 307 7% Fom 63, 4ty 4By 7.2
7.34 (gm H), 4488((E/ddH), 7,49 @, 8= 840 Bz, 1KY 705(87.58 (m]1 H), 8. EX el & 8.0,
1.0 Hgy I Hy 9P fless hy- { 1-[ 2- (6-f 1 uor o- | H-i ndol - 4-yl ) - 4- nor

phol i n-4-yl -
t hi eno[ 3, 2-d] pyri m di n-6-yl net hyl ] - pi perldln 4-yl}-am

Exampée 6 Pr QQSFﬂdohy-lemﬂgl-g-gl)eﬁ §(15)-Be(hexkahydoeHply rrodo 2t ipgirazin-2-
A The title, 15 obt ai ned

yOmethyl 4 pomphglin L henolbalIpyrimihne s NnR 6+ (400 M,
%e 5 u(g%en%ralﬁbuznﬁq égu;{lfﬂg n?etifad Aol‘l%atltqéﬁon;pdﬂhd was

obtaimédzasazérs@l(drfﬁsm&lﬁzz"/&) 97 (d L Hz ‘D H), U s

. 3.91(m 4 H, 407 (m 4H), 7.17 (ddd, J
[M+ﬁ?4%3 '3, 0.8 Hz, 1 H, 7.30 (d, J = 2.3 Hz, 1 H)

NMR28;>.I (Zo@?rﬁtzscﬂ, 8174 5&5«19&1, 11{)H) 731 @ﬁnf,@(}? 3.03 (432103 Hz, 1
8.27 (bs,
H), 2@9@%@3{ {233 -2.42 (m, 2H) 289294(m 1?8 2.97-3.08 (m, 3 H), 3.78-3.83
[ fil_u n il rphol 4 _
(m, 4%9 %953? flf):inﬂd'I';]H)(s%h |(rE’tJy H)‘hi“f}i’) Qobr@z)&/ﬁ)i %?nkﬁ&elf)J 3.0,
0.9 HEy EHR 16235 (xmy uH), rvgzgg(anb#alo Bm,zm) amebTipl (dud, Fret8i®)d.000.9 Hz, 1 H).
The title conpound was 25 obtained as a white solid
(40 my, 63 %. [M+ H + 507.3 NVR SH (400 Mz, CDC13)

Exam%leg’}g ( 2%6—1%&%—%&4%&0“’33’1)%-@-1J(héfﬂé'd?{-&s'molﬂ)l ) a]pyrazin-2-

yl)mahﬂwﬁnﬁﬁl(aﬁn-‘ﬁryl-bhlelﬁx[% ¢(];iymindm11 3 Hz, 2 H, 3.82

( (njl;o %sq_ﬂtlonp%igﬁ?%ﬁkgljomc %3 [ngk,\(o létq}:&ene-f #fonngH-lndol-
4-y1] Z &&Yﬁ&% 4»_}4 ﬁngmgs 27JJ]ﬂyﬁ1ﬁ1dlﬂ—6l')91met¥1z|zﬁ€st€(r¥1001m§D 0.144 ﬁﬁml) in
DMF((me)quxv addad mmm@ﬁ@mwmmxam (S) octahydro-
pyrrolo[1,2-a]pyrazine (36 mg, 0.289 mmol). The reaction mixture was stirred at RT for 2 h
before water and DCM were added. The phases were separated using a hydrophobic frit and
the organic phase was concentrated in vacuo.

The resultant residue was dissolved in dioxane (1 mL) and IMS (1 mL), and an

aqueous solution of NaOH (12 M, 1 mL, 12 mmol) was added. The mixture was stirred at RT
for 3 h before a saturated aqueous solution of ammonium chloride and DCM were added. The

phases were separated using a hydrophobic frit and the organic phase was concentrated in
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Exanpl e 5
6-[(S)-1-(Hexahydro-pyrrol o[ 1, 2-a] pyrazi n-2-yl ) net hyl ]

WO 2000A53715dol - 4-yl ) - 4-norphol i n-4-yl -thieno PCT/GB2008/003621
[3,2-d] pyrimdine Prepared by using general Suzuki
coupling method A. The title conpound was obtained as
a tan solid (71 @) 5. [M+ H + 475, 3 NMR 8H

vacuq. Abe ertmtﬂ@wzag m%@g y cglup)n chp@gtogmphz tqgive theditle
2.45 (bs, 2 H, 2.95 (d, J

°°mp%ﬂ?éd%s{0&"mtgséﬁégﬁb%ag%) 3.87.3.95 (m 6 H),

M+#]08938n 4 H), 7.29- 7.34 (m 2 H, 7.38 (s, 1

swilyclobu ofeftaut gy S, g iR 0

197,’@1@i €19, 2.14-2.31 (m, 2 H 284dJ 9.6 Hz, 1 H), 2.89-3.01 (m, 3 H), 3.82 (m,
gﬂf: lﬁgro H-|n(o 4) ( 6-[(S)-1- (he)xahydro( rro? (

4 H), 91902(da.] 1331|4§sz; -1H), 9!9)4@1}?7[111 SHzrd i 8199(my 4 \H), 7 ﬁpédib J=93,

2.5 Heol Bs ot 16, TRERE S b B PHIEE etch

a tan solid (55 nyg, 68% 15[M+|—|]+4933NI\/R6H
(400 Mz, CD3CD) 1. 34- (m 1.73- é} 3
Ex gmgje 82 @4(11Qxahydm-mrglom4-c]pyrp:91-2-2 qep;hzl)ﬂ(l(ﬁ-fn 1yyD)-4-

-2.94 1 2.97-3.08
morx ﬁlé“‘z’éﬁ;'éé@%% ’)‘_Qy“ 3. 9(3m( d, IJ_I) = 1.0 H, 1 (rom
3. Hélpz{reﬂ by]usmg’l.géhei'zli Suﬂuldﬂ):oup4111@3nc(tli¢d A, fdllowed b8 H(Mﬂ-defirotectlon
using BFA: 9%1 Uiy e e ealalas)mzfi ‘za%t?lé?mga g2 tﬁpgo{q?,mlmaﬂ% %

M + le 7
! :i—ﬂGFuoroIH-lndoI 4-yl)-6-[(S)-1-(hexahydro-pyrrolo

NMR[814, (Boa Mz, 4401012)-2.60-2 .66 t(my # H)42.778 (phé H) 2. Q9-}3106t(m ert), 3.86 (t,J

T T N T e S T

4 A =yl.4 12l P9l 3, 2-d rimdin-6-ylnmeth
(dJyF)de%%erH}()ﬁﬂggpggmg )1044 nmol J in ZS]E)I\//F (1 nm) w)ére

added pot assi um carbonate (100 ng, 0.724 mmol) and
t I

Exanfpll 0 Ao DB S O b 8 Ry S 92
ylmeﬂ@iﬂ-ﬁnd&?h@ﬁn-ﬂr}d-tﬁﬁ%m-ﬂlp@rdﬁﬂiﬂme'rhe phases were

se arated usi ng a hydrophobic frit and__the organ

oG w&:mraé%wﬂﬁl ORI ane oAy Gllomied By HROS ggrptection
using %9’%%8* S e e BB ot phaifes din(egid e mEie B9
M+;H]6Iéw93The m xture was stirred at RT for 3 h before a

A I T AN e T2 T

Hz, 2*1%1}120/9@@3 2 1), andy étTihﬁ @r@HQ'PHg@'}Bﬁ(t,\’\ﬁS4M{£Wﬁ 3188qs, 2 H),
VWO 2009) 053715 PCT! GB2008/°003621
3.90- 395 (m, 4 H), 6.67 (t, ] =2.4Hz, 1 H), 7.00 (dd, T=11.1, 8.8 Hz, 1 H), 7.35 (s, 1 H),

7.41-7.47 (m, 2 H) and 11.23 (bs, 1 H).

Example 10  2-(6-Fluoro-1H-indol-4-yl)-6-(hexahydro-pyrrolo|3,4-c]pyrrol-2-
ylmethyl)-4-morpholin-4-);l-thieno[3,2-d] pyrimidine

Prepared according to the method used in the preparation of 2-(6-fluoro-1H-indol-4-yl)-6-
[(S)-1-(hexahydro-pyrrolo[ 1,2-a]pyrazin-2-yl)methyl]-4-morpholin-4-yl-thieno-[3,2-
d]pyrimidine using hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester in place
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vacuo. The resultant residue was purified by colum

chromat ography to give the title conpound as a white
WQ0pM5785 ny, 49 %9. [M+ H + 493.3 NVR 6H (4BOT/{¥Bi2008/003621

DMSO-d6) 1.21-1.31 (m 1 H), 1.59-1.75 (m 3 H),

1.87-1.96 (m 1 H), 5197211(m2H) 2.14-2.31

of (S),-_ﬂctah\ydg'%pmlo[lé pﬂpyrzglrg@fogl&weg by B}E&C-gepétgec%og{)lmggl_r gz:DCM
(1:1). (T—iw t&leroilrﬂmﬁn&%s &bt'abnedﬁs Q%h{tgkolfdégh g,7 430%9 d?de S
[M+HJ] 5792 5 Hz 1 I—I) and 11 28 (bs 1 H. Exanple 8

o R YRS s O e

(m, 2@I)ema8ez085bcmmsH 3. 290E 43H), SYDYKIi2 qulswq(ﬁg A'PEY, hg@(&d J=92,2.6
followed b BCI: deprotection using TFA:DCM (1 . The
Hz, 1) 7 40doHp i Thaaiiod mda4e2 641 WHIGBIA.20MP HED. 26
%. [M+ H + 461.3 NVR 6H (400 MHz, CD3QD) 2.60-2.66
(m 4 H, 2.78 (m 4 H, 2.99-3.06 (m 2 H), 3.86 (t,
mble ]115 %-@,7T-Dititza-spird)3. 5B1092Z-§'Bnetﬁylb=l)2-(IH-ﬁﬂo[—tl-yl)14-md¥'pliolm-4-
g}) 7.17-7.24 (m 2 H), 7.32 (m 2 H), 7.50 (d,
yl-thlsn&Be? pypimiding and 7.89 (d; J = 7.4 Hz, 1 H).

?i’?@%’lr:ﬁi l%; usi ener 1 Suﬁukl cgupémgﬁrée)zh ﬁ% tgllggl/vre(rig & OC Zile%ljotectlon
using(BHA:DICM (1:3). @Ehl)tle)compmmm obtame(yhsa: tan solid (53, rﬁg,dj9 %).

M+ xiﬂgi ne 20 Prepared by using general Suzuki
[ fi g nmethod A, followed by BOC deprot ection using

T t
NMRt S;gﬁ(@g?llvllﬂé- (cﬁ);oﬁnen (t /g £ sizqqmtlﬁiﬁ 2\4@;« ,gbt 92'}&0' 461?03 18 (s, 4 H),

3.5 (i 400K 32745 21), 496004012 3 1)1 1603523 (o0, 31 (m, 2
7 7-2.83 (m 2
m, 748l 1 5% 1(_6131.261&2?“‘?7'»@&_'?“337‘7' SR L 0

389(3 2H) 25 3. 90- 95(m 4H) 667(t J =
7.35

——am@&—l 1972, 7%!@11@"4’%3 éhaonzz mee&hﬂ)ﬁ(Szfy"{rleH-:lnw 4-yD-4-
morp@S?EmFﬁu%?eo I[%-’E dlll%y lm}fimf) 6- (hexahydro- pyrrol of 3, 4-c]

pyRremkedby ysimegenetal Sdzuki cpipdingmethod Af follewed bg BO@deprotection

Pr epar ed ac ordin t he use
usmgﬁ??é* 5@62?3) T compgur} { e optined %ﬁoeoﬁan&c)ﬁfl%eng, {3 def
[M+H]S);93;L3(hexahydro pyrrol of

a] pyrazi n-2-yl ) met hyl ] - 4- nor phol i n-4-yl -t hi eno-[ 3,
NMRﬁﬂ (VO MHZIDMBO-deg i1 167 (t, ] = 5.1 Hz, 4 H), 2.65-2.72 (m, 4 H), 2.99-3.11 (m, 5

L e e S T R

1 H), FAILE82aR57 B 3R@11.29(bs, 1 H).
(S)-oct ahydro pyrrol o[l 2-a] pyrazine, followed by
BOC- deprotection using TFA:DCM (1:1). The title

ExanBR DI HibT8 s bz Yihdefiyy 2 (6 Hnlot- R indef- -

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

Prepared according to the method used in the preparation of 2-(6-fluoro-1H-indol-4-yl)-6-
[(S)-1-(hexahydro-pyrrolo[ 1,2-a]pyrazin-2-yl)methyl]-4-morpholin-4-yl-thieno-[3,2-
d]pyrimidine using 2,7-diaza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester
hydrochloride in place of (§)-octahydro-pyrrolo[ 1,2-a]pyrazine, followed by BOC-
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NVR 8H (400 MHz, DMSO- d6) 2.38 (dd, J = 8.4, 2.5 Hz, 2

H, 2.53-2.61 (m 4 H), 2.64-2.70 5 (m 2 H),
WQ@200802378 (m 2 H), 3.82 (m 4 H), 3.90 (s, 2r¢d/GB3008003621

(m 4H, 7.30 (dd, J =9.2, 2.6 Hz, 1 H), 7.40-7.46

(m 3 H, 7.89 (dd, J =11.4, 2.6 Hz, 1 H) and 11.29

bs, 1. 1 . . . .
deprogﬁctlgr} bsin ZE?@@M i 5 Ehadtle sompanadiyas cbiinetias agie splig (29
mg, 45)%)4- mor pholin-4- yl-thieno [3,2-d] pyrindin e 10

Prepared by using general Suzuki coupling nethod A
[M +#H31 #98kd by BOC-deprotection using TFA:DCM (1:3). The

tit] ai,n lid
NMRop 4o SRERPMSORER L RIS 1A 1 B3 B LRk s T, 3s s 4
H), 331 ¢, #=t426 H4, H{} 204G, 2 H), 397 (157 2 4¥Hz4 H), 7.3 &8 1(H), 788 (s, 1
H), 3.85 g = 4.7 H, 4 H, 3.97 (s, 2 H), 4.06
H), 7.42 (mJ2 H)47.§2-F1 (m, WH) and1d-27.s 1M 2 H), 7.31 (m 2
15 H), 7.48 (dt, J =8.1, 1.0 Hz, 1 H and 7.88 (dd, J
=7.5 1.0 Hz, 1 H. Exanple 12 :
Exambie( 2 7-60B#8zPiazpibiejch[S2190ct3-yinmthyiy2) (6 Mdrof I Hidol4ky1)-4-
I ndol -4-yl)-4- norpholin-4-yl-th ieno [3,2-d]
morphohin4-yithienplhddIRyaimiding i ng general Suzuki coupling

TRiCHRSkgby e B SUARDEO AR MR RIYolIRodBY BOC-deprotection
using{TRA-BEM (i :3)L Thertjtle tBmpdund Wasiobitined@3nD WRItB sbl{dE8 mg, 68 %).

%Hz Od6) 1.67 (t, J = 5.1 Hz, 4 H), 2.65-2.72 (m
M+HI#79% 993,11 (m 5 H), 3.77 (m 4 H), 3.84-3.95

( TRELY(10-1.76)(m, 61891 6095, 05)n: 215h), B,324d8y £ o,
NMR{aR (400 Wiz, GO/ 0-4.76)m, S50 205 21, 2023470 0 6z, 2
H), 2.78 k§d, 1 251025 2etpkle, 21H), 3.44 (bs, 2 H), 3.77 (s, 2 H), 3.88-3.93 (m, 4 H), 4.07 (m,

1), Faadm ARG DR O ST all  p ) 98 @ 2

2.5 Heyr Hyhsl 8182 @separyed according to the method used in
t he preparat&fonﬂgf 2-(6-fluoro-| Hindol-4-yl)-6-
[(S)-1-(hexahydro-pyrrol of

e 248 A AT S RSt . @%idba

indoli-il)—dit-)maqlrlﬁxﬁhmfyﬁtlﬁéngxmaﬁlﬂpﬁigﬁdihexy: iC acic d

tert-but ter [ r. )

( Syerseadavgermingg theonehed Ssealip fhe R tanpt (e Buayy-lgbmdol-4-
R R R R T T e

d]pyrishidire usingi(61.S(55)-3,Gvdia2HbicycloM. I 1 feptan®3-chrbidviRiSheid 40butyl ester
i1 P | gt oot
TFA:ilj)crlxg ¢ 3)4 ggs Eig@ céiﬁlp%ﬁmdagasg&zbt?iﬁlﬁfazs% I_})@hi't‘%sosligl_(%? bnfz (3§n %)(1 m
[M+H]" 46%311. 27 (bs, 1 H). L '

NMR & (400 MHz, DMSO-de) 1.50 (d, J = 9.5 Hz, 1 H), 1.78 (d, ] = 9.5 Hz, 1 H), 2.53 (d, J
=9.6 Hz, 1 H), 2.77 (dd, J = 10.0, 2.1 Hz, 1 H), 2.85 (dd, J = 9.6, 2.4 Hz, 1 H), 3.08 (d, ] =
10.0 Hz, 1 H), 3.47 (s, 1 H), 3.56 (s, 1 H), 3.82 (m, 4 H), 3.97-4.13 (m, 6 H), 7.30 (ddd, ] =
9.3,2.4,0.8 Hz, 1 H), 7.39-7.46 (m, 3 H), 7.89 (dd, = 11.5, 2.4 Hz, 1 H) and 11.28 (bs, 1 H).

Example 18 6-(2,7-Diaza-spiro[3.5]non-7-ylmethyl)-2-(6-fluoro-1H-indol-4-yl)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine
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Exanpl e 14
6-(3,8-D aza-bicyclo[3.2.1]oct-3-ylnethyl)-2-(6-fluoro
WO bddojosaded - 4- yl ) - 4- nor phol i n-4-yl -thi eno [ 3, 2Pcit/GB2008/003621
pyrim dine 10 Prepared by using general Suzuki
coupling nmethod A, followed by BOC- deprotection using
(1:3 The ti conp

oPReRFR 500 rr&fO(t%esm 03 e%edo)ai?uenfrﬁpm?f ol B Huior Kigdol4-
y1)-6- %&9@2 iy :ol%.aga]ég&@lz f\'{b)l%eig?y 7]841?%#%31@ {lrlcr;ﬁ_h%e%o-p,z-

d]pyrinidineasing 2—1) diaZa-4gir¢[B S Jnodahé-2-c3rboXylicaci@ tar)butgl 8&r3. 93

hydrogﬂ?grié szlaé‘é %)7(35 {}ltgl&y]a& ﬁyxg?ﬂ;q; 15%:%&59&3 fcﬂi%eﬁ' bfyggéb J
depro(ééﬁion ﬁsm% TEAZDCM (191 ) T he dtléRorAphng wad obkisnedlasAwhite solid (27

mg, 46°/f)X18 5S) - 1- ( 3, 6- Di aza- bi cycl o[ 3. 1. 11hept - 6- y| nmet hyl|
[M+%’§2§ quoro 1H in dol-4-yl)-4-norpholin-4-yl-thieno
% pyri m dine 20 Prepared according to the nethod

dou) MHi] OMBORE) atmm afH)22 66 (b, Y3 4BHbs)dal); 381 (m, 6 H),

1-(h
397 én,zt 19} ByPOUB L 251 3 ekt B B ARTHASHn TN A8 O ) 62,5 Ha, 1
H)an?'ll‘%blf(\fé gmjl ne using ((1S,5S)-3,6-diaza-bicyclo[3.1.1
an

Carboxylic acid tert-butyl ester in place
of (S)-octahydro-pyrrolo[1,2-a]pyrazine, followed by

&@Smepﬁrﬁ%ﬂ‘%pﬁfﬂl I‘EA D%Mé&)s%%% aluggoefl :In|d§!g4%|)-4-
morpggllﬁmﬂztﬂleho Eﬂdﬁﬂmﬁ& (400 MHz, DMSO-d6) 1.50 (d, J

78 (d, J =9.5Hz, 1 H, 2.53 (d, J
= Peep@rddA)y using) genfgra‘k Buzukd coupling m:et]n)qd A, llpwed by BOC-degstection

using f]i%% Q%JM (?;)6 'The |thle cgr‘ng%m{;i) was. ot%méc@dsgxzta{l ﬁﬁ)ll(ﬁ(S&)mg, 493%

[M+31]9§e74313 (m 6 H), 7.30 (ddd, J = 9.3, 2.4, 8 Hz

9-7.46 7.89 (dd, J = 11.5
NMRﬁuM%NHMPMQO(c{;N 59 (C% 6@&& 48 (sg4 H), 574 (m, 5 1), 2.98 (¢,
J= 6.?#(%?}9%.?? %5, 2009 ; g3l )Z/ll'zﬂtl gﬁtm f 554% 1, YPHY7.13 (ddd, J

reno
= 8.9,[/4,i009 Hizne HY .29 0H 16537 Ha, PHJ/THREO8/H))262 (m, PRS2, J =
according to the nethod used in the preparation of
11.2, 3.4Hz.1) Fiband. §.48 (hsgbH)-4
yI) 6-[(S)-1-(hexahydro-pyrrol of
2- a] pyrazin- 2- yl)mst hyl ] - 4- nor phol i n-4-yl -t hi eno-[ 3,
mle 20) p\br(24i-Diaze-spiziofy4]non-2-ylmethyl)-2- -(6-fluoro-1H-indol-4-yl)-4-

morpfigfip 0 GietBL SO VYBRBER o | de i n bl ace of
(Bg)ée 5 dep r‘(s)id'ti ec olﬁlaq) Eg?{rllﬂ %@1@%%5(\%&% Re€011$ﬁ’g& ? Iy*?be@-ﬁeprotectlon

using ddApBEM (M‘ﬁ Télbttlé\lﬁ ﬁ@@PalsldaW mhtaangbas ajta(l 3qlid (J, mg,923. %).

v+ 4933 NI\/R SH (400 MHz, DMBO-d6) 1.74 (bs, 4 H),
Ibs, 4 3.42 (bs, 4 H), 3.81 (m 6 H),

NMR 8 (400 MHz, DMSO de) 1.73-1.92 (m, 4 H), 2.43-2.59 (m, 2 H), 2.58-2.68 (m, 1 H),

2.66-2.77 (m, 1 H), 2.76-2.87 (m, 2 H), 2.90-3.08 (m, 3 H), 3.83-3.94 (m, 4 H), 3.96 (s, 2 H),
4.04-4.09 (m, 4 H), 7.15 (ddd, J = 10.1, 2.4, 0.9 Hz, 1 H), 7.28 (d, ] =3.3 Hz, 1 H), 7.33 (s, 1
H), 7.52 (d,J = 3.3 Hz, 1 H), 7.95 (dd, J = 10.1, 2.4 Hz, 1 H) and 8.41 (bs, 1 H).
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3.97 (m 4 H, 7.29 (dd, J = 9.3, 2.5 Hz, 1 H),
7.40-7.45 (m 3 H), 7.88 (dd, J = 11.5, 25Hz 1 10
waoooansB7id. 29 (bs, 1 H). Exanple 19 PCT/GB2008/003621
6-(2,8-D aza-spiro[ 4. 5] dec- 8-yl nethyl)-2-(6-fluoro-I H

i ndol -4-yl)-4- no rpholin-4-yl-thieno [3,2-d]

Exanplt o 38 Tuprb lanagi-b-hiF ek -y - petabifppy oD 2-

L d bt d
v FEsIMAMER oS gy AnfffRo.] 255 SPATE'SH Thod

MBzepaRB@-BIOY -depffedtion of 5<{2d6-Tlueirg-18-ixql-£2yl&-1herphglin-4-yl-

thienct[Hé épﬁm&i‘gﬂ g%h?:%ﬂlyﬁ 'o?c%lixg'ér‘o';&y‘%roio [SD.27C]IH—IZy%%121? ltib c:‘aer%XZ'ﬁc acid tert-
butyl Eﬁer 1f§1r)§)TFAZ :-DAM (ﬂ ‘wdrhe]tltle-coﬁlp%un@wﬁs o‘&aﬁedl‘lés a Whitk solid (8.3 mg,

1H, 749 (m 1
%)H) 792(dd J: 20112 24Hz 1 H and 8.38 (bs,

3iExaane 20
[M+%I]+%9 Di aza-spiro[ 4. 4] non-2-yl met hyl )-2-(6-fluoro-| H

NMRIGE}CM)ONHYZI DMSOHRy Dl’ltvlll98-(4n)41H), Izlzermzsi 0,2 H), 2.39- 247 (m, 1 H),
di ne Prepare eneral Suzuki_ coupl

250505 1B 1. 29 (Baker 0, BORZHLBDor. B8 51161 25 D Bgs. 2 1D, 391 (m,

410, $o0 X 4 B} 7, 170Gl o Sr SIDOTRE Y30, SRS &5 e e 1 D,

7.35 (MHZH), DNMBQnd ) H)L 758 (@d.9P= ( b2, 214 Ez, | H).a8 8265®s,(Ink1).2 H) ,
2.58-2.68 (m 1 H), 2.66-2.77 (m 1 H), 2.76-2.87 (m
2 H, 2.90-3.08 (m 3 H), 3.83-3.94 (m 4 H), 3.96 (s,

Examéle"i»z 24(69%61-&911(1%0144-?'1)-4 Zmléh&lﬂﬂ@-yl»&-[@d& 'ﬂaR)21 (joctahydro-
yrrmsa}q]pynann-w'l)m]eth:ymtmena[;&,nd]pyrmﬂdm (dd J = 10 1,

3‘% &’%’dé%@é%ﬂ?%e%?g,{pﬁ%aéfw) 5-10Q6 R I 2AihdR1-4-y1)-4-

morplolint4-§i- mm@? ﬁm];sydﬁhldﬁr aJy)m&h PlaRYdrb-pdrslo] §2(c<3rp§rahﬂ¢i1-
ro- pyrrol of |n5é met hyl thleno

carboyyliq w@ﬁeﬁ@uﬁlgg@f g@ngij?Fg@CMg F Ok ’glgq tidg,coyppound wés obtamed asa
(6-fluoro-1 Hindol-4-yl)-4-norpholin-4-yl-

belgeé?}]lg%no[ 3,2-d] pyri mdin-6-yl methyl]-octahydro-pyrrol o[ 3

The andlytidabylita dieidenticabitothayd dbtained fir therrheentic hiktyke. est er
using TFA:DCM (1:6). The title conpound was obtai ned
as a white solid (8.3 ng, 7%. [M+ H + 493.2 NWMR 8H

5

Examéﬁ% N?g&ﬁg?% flﬁlma% 41-yi) £ ﬁlogfgil olfh- ?%1-63[(3&& ‘?aﬁgles ({Btt%l%'dro-

pyrrolo[3,21&]pﬁndﬁn-ﬁ-yﬂmetﬁylﬁ)hleﬁo[G&—iﬂpyﬁn(ldineZ , 3.81 ( S 2
|_DPJ:@pE:)iregl]byz]gielc %pg)t?_é_ponfﬂhé)a% éaé% QZ% ﬂl:l:pl_%_ 1y7 131](13]2!1

morpﬂoliﬂ)-4 yl- &né@[iﬁqd]%dﬂldlnzé-@ﬁnétﬂ%l]-%c@l dré- p%?‘o(dWQ cggyrldlne 1-

carbozyl(oea.cm o0 oy lestendging TR lycn} ﬁn@)pmm file qorgpoupd| s ghtaiaed as a

beige s&llc} (octahydro-

The analytical data are identical to those obtained for the racemic mixture.

Example 24  2-(6-Fluoro-1H-indol-4-yl)-6-[(R)-1-(hexahydro-pyrrolo[1,2-a]pyrazin-2-
yl)methyl}-4-morpholin-4-yl-thieno[3,2-d]pyrimidine

Prepared by using general Suzuki coupling method A. The title compound was
obtained as a white solid (98 mg, 92 %).
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pyrrolo [3,2-c]pyridin-5-yl)nmethyl]-thieno [3,2-d]
pyrimdin e 15 Prepared by BOC-deprotection of
W@ 3w%0FHR - 5- [ 2- (6-fl uoro-1 Hindol -4-yl)-4- PCT/GB2008/003621
nor phol i n-4-yl -t hi eno ‘ _
[3,2-d] pyri mdin-6-yl methyl]-octahydro-pyrrolo[3,2-c]p
¥_{dei ne- | - carboxylic acid tert-butyl ester using
[M+ (1:6). The title conmpound was obtained as a

NMR! | @60 8412, €DCl h)el @i‘f}h}’fmaﬂ 761298 (A § ggﬂﬁ@g-gﬁﬁg'x(éﬂﬁgl}é), 214223

ose O tal ne fOf racem . cC me
(m, 221)( B3FI2U45T (on, 12HH), B®3H2.97 (rh,) 1L H), mmpmm(m aH)) 3.88-B(98(R, B1),

305540 e § B 4F 184, ST el PR 17 25408 537 P e 1 10, 737

(m, 1'?88@98% bH)Bﬁ% d@rsr(ﬁi € &) 8 8930 (bs, IH?
R 7aS) 12-(6-fluoro-1Hindo 4y)4

m)rphol|n 4 yI thieno [3, 2-d] pyri m din-6-yl net hyl ]

e L7 AL o bl o

ylmeﬂgqmum;mmmmsmmmnbel ge solid. The

anal ytical data are identical to those_ obtained for
lelI}ﬁ gangrab Suzuks sepnding nethod A, followed by TBDMS-

deprofef g E%lﬂg IBA gﬂ?g 60)4a1¥1| ﬁOé c{egﬁ)techogﬁgfflﬁw BoM ({: Qj Yhe title

compylndwhsiybtiindd amawhmé salid43Y mg, BBE6)[ 3, 2- d] pyri mi di ne
Prggfrfd by using general Suzuki coupling nethod A
[M+Heo232 e conmpound was obtained as a white solid (98

%4%@1&%% gfﬁd%ol% 1Q§§Y é%tﬁ’ﬁﬁ/ @?g&l% @1932528'-@ fz'ﬁ_)%z 5% bt 7=46

Hz, 2(H), 2321)t, J £. 199 2.60Hz, ), 2. &a)z 92(mA EI) 23377 (tm 2.6z, 2 H), 3.83

6%{)%’0?&5&%’/ 5% m oésﬂ%dZJ 25 %ﬂzﬁ? %ﬁ&@ﬁ 24149 8.8 1z, 1

H) 7@@%&& 21{)an8791a3}3dcﬂJ=0894‘U 0<,1H'zi) :29 (dd, J = 3.3,
H), (m 1H),
793798(m 1 H) and830(bs 1 . Exanple 27

e By

bt et e e
N e

ﬁo:#%@r ispgrganeral § )lzu(%g aome%m& B¢ lewgﬁg MS-

2

deprofdcfio ftorr soé %E%F?)Tﬁbngl tlg%&%B@F'&?W}_%tf@gglgﬁﬁgtﬁﬁRﬁgﬁH ?140)0 The title
comphlﬂniwm)ledaﬁt-aﬂlsﬁnd(ihmg@%)l 95 (m 2 H), 2.38
W*ﬁ 5532)6 o0 (t ,Jzzsg'g 9;|Z’(m2 ;DH)Z 527(70“({ JJ::
NMRIA_?)H%UQ Mﬁz @D;Ob)SﬁsM 64 gﬂngﬁ H) 1 94 ﬁ?fy =(6 1397 i{(z—z 9,256 (t, #=11.0
Hz, 210, Q67$m84|l=k),214(t J 48Hz 2 H), 363(t J=4.8Hz 2 H), 384(t J=4.7Hz,
4 H), 3.89 (s, 2 H), 4.05 (t, J = 4.7 Hz, 4 H), 6.60 (dd, J = 3.1, 0.9 Hz, 1 H), 6.98 (dd, J = 10.8,

8.8 Hz, 1 H), 7.31 (m, 2 H) and 7.43 (ddd, J = 8.8, 4.0, 0.9 Hz, 1 H).

Example 29  7-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl]-2,7-diaza-spiro[3.5]nonan-1-one
Prepared by using general Suzuki coupling method A. The title compound was

obtained as a tan solid (47 mg, 41 %).
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H, 7.31 (m 2 H and 7.43 (ddd, J = 8.8, 4.0, 0.9 Hz,
1 H. Exanple 28
W®2¢40240%8F1%| uor o-| H-i ndol - 4-yl ) - 4- nor phol i n- 4- yPe1/BBe0v8003621
2-d] pyrimdin-6- ylnmethyl]-1-oxa-4,9-diaza-spiro
[ 5. 5] undecane 20 Prepared by using general Suzuki
coupling nmethod A, followed by TBDMS- deprotection
[M+ Hsll g‘b“'l’BAF THF (1:10) and BOC-deprotection using
fhe tyal
z:?fonéhesi (d g 1[7.9101112’%@1 52‘5%5(38% bal g?g 98, 78 Hz, 2
H), 2.B'812t, J€D:@C‘D)Iz]2 B-2189%62.96 fm, 2Hh)3.171(s92 H)d3.83 (;Jrat 77le|z4 H), 3.90

28, P @1 i, 15,5 %0g T2 B0 Q1 118 €0l s 4y w81
H), 7§2§ﬂ7ﬁﬁ)aﬂd744(adm 8§4‘b 0.$H801 f5, 2 H), 4.05 (t, J
d, J =31, 0.9 H, 1H, 6.98

(dd, J:108 88Hz 7.31 (m 2 H and 7.43

SRV S ST RN NTH T A —

yl—thn@mﬂi&,d]-«!]whmldin@ 6- 30 vyl met hyl]-2, 7-di aza-spiro [3.5]"
nonan- 1- one_ Prepared bﬁ usi ng general Suzuki coupli ng

nerepgEed by uskng generak S senpdingarethasih aTheditlecompougd was

4 WD 2009/ 053715 PCT/ GB2008/ 003621
°bta"ﬁ?ﬂaquﬂ“s7"é‘gg/‘9%%/@6/ %' (200 Mz, CD3OD) 1.84 (d, J =

[M+H} 4892, 2 H), 2.01 (ddd, J = 13.3, 9.8, 3.8 Hz, 2

NMR Hﬁoqgmzzq@é]h)31 és%mp'i':znjzﬂ)zq 71 %9 ;3?1@5%@22 f)'l-z 12 (m,

H), 2'r'3a22%(%§72(}f(15) 2193v(gdﬂlh"é Hﬁz*ﬂi) 3@1‘%&1&0@9& 4}ﬁ §83@s QH) 3.91
(t, T =2 Hlzah H), 7. q&(t(bladmzzﬂa) 82747@4(10 3)1-B)iz7 43(d—|)l 81Hz lH)

7.53 612 nP,&?LZ?JIJPngi%W bEPert 834G it ny1 ) - 2- (1H i ndol - 4

-yl')-4-norpholin-4- yl-thieno [3,2-d] pyrindine
Prepared by usin eneral Suzuki coupling nethod
Examplecdls | 61(d-Azsiigonrhcy aiper cio- loyhmethidi 3 A5-lorarl Fegndah 4 -
2 NI\/R 6H (400 MHz, CDC13
m°'p¥9§%§1y'ﬁ'e(‘w %”wy"'f‘ﬁ'i = 13.6 Hz, 2 H), :

P@éba?ed]b& 1(siﬁg g”enelHl Suzhikl 30123113@ n(dﬂhocIZA,l'ﬂolloﬁle& By (IKBDMS—
11.2 Hz, é 4 H), 3.83 (s,
depropq}:tlolgugq_g TPEAF "leF- ()gr 19). Fﬁbe tlgle pﬁ)mpgrurglngtst obtq}ned 'S aprp&m oy (74
mgsgl),)727734(m 3 H, 7.49 (d, J =8.1 H, 1 H, 15
’ 453 J=2.5H, 1 H, 816 (m 1H)and8.34(bs,
[M+]:I]T—|507Exan‘p| e 32

| e
MR (R ST Vil g, A So¥ (R 2. 130 (m. 4302215 (.2
H), 29%& mﬂlp\ﬁﬁrﬁfﬁmfﬁwm M%@s@@nﬁml 3.80auks £PHR! 4 AY, 4.02 (t, )
—47Hz 4 H), 6%37(t J=25Hz, lH) 6.96-7.05 (m, 1 H), 7.25 (m, 1 H), 7.29 (s, 1 H), 7.33
(dd, J = 8.8, 3.8 Hz, 1 H) and 8.36 (bs, 1 H).

Example 33  6-(3,8-Diaza-bicyclo[3.2.1]oct-3-ylmethyl)-2-(1 H-ind 0l-4-yl)-4-morpholin-

4-ylfthieno[3,2-d] pyrimidine '
Prepared by using general Suzuki coupling method A, followed by TBDMS-

deprotection using TBAF:THF (1:10) and BOC-deprotection using TFA:DCM (1:2). The title

compound was obtained as a cream solid (25 mg, 45 %).
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20 deprotection using TBAF: THF (1:10). The title
conpound was obtained as a creamoil (74 ng, 50 %.
WQ r0%/055745 507. 2 NVR 6H (400 MHz, CDC13) 1. 31- 1pdBGBRq08/203621

H, 1.68 (m 2 H, 1.99-2.09 (m 3 H, 2.15 (m 2 H)),
2.90 (d, J =11.2 Hz, 2 H), 3.17 (m 4 H), 3.80 (s, 2

, 384 (t, J=47HWH, 4H, 402 (t, J 25=4.7
[Mﬂ%‘@ . 6.87 (t, J =2.5H, 1H), 6.96-7.05 (m 1

NMRF&P (4(60 REHZ, 'DMSO'-‘&% 1. 3721?62( @n, 21H3Y; 071 86 (m(ziﬁ) W 5878 10.2 Hz,
2 H), 8 6(432 70 ma&%,bi Fang B),3. 71.9] (@cft 3/$21ﬁthyl4)6-122 @1, B§dt, J = 4.6

I [ I_i 3
Hz, 458, L bR <P i Y ' Bab T 0 s 7 mcad Ul ey 80 dlr =
Hz, 1&@!,800@&1 y= 7. BMsz@B)Qh&QIIQor(stSIH\)g TBAF: THF (1:10)
and BOC-deprotection using TFA: DCM (1: 2). The title
compound was obtained as a creamsolid (25 ng, 45 9.

Exanlfd 2 o G ORRRCiTS %013‘}8933-2@%‘2#'5”5-%““@8" P+

morp@lblln@l j"l}thlei‘wlZﬁZ-(dtbyriknimﬂé) 2 Hz, , 2.64-2.70 (m 2

3
, 631.3@8"5(45 geytetal 3%30 r(‘al,lplwg ngzth%! gstSIawsiPx ﬁéﬂ%yﬁ
deprofec?loﬁ uiiég TB@:TH?-(?.& %ﬁld Botldepfotadioh wdme TRA:BCON 61 :2). The title
T80 (23 =7.8 5 H 1 H, 810 (dd. 5 =78 0.6
comppimd was-f)btainetl asla @arhisslid (91-§ mgEXAM)! e 34

- { -Di aza-bicyclo[3.2.1joct-3-ylnmethyl)-2-(5-fluoro
M+ Aol o yl)-4- morphol i n-4-yl -t hieno |3, 2-dJ

NMRF&{J(HO(D MHI;? D%nseadﬁyéqi 7bxmu%Rggl 935@0&1 7. §m&uBIH)szpkd 76=10.6 Hz,
I'lo eprotection usin

2H), 2§AF(dﬂ—F1@§ Hop na 3@@@,@@& 303461 kom0 d I ASSEM2 H), 3.92

,7J %0%}0z 3’1‘) g%‘s heJ77§$'¥?£’L1W)+\€@,J§ (8@931_ T?ﬁmg%%f H 2740 m, 1

H7mmmt&)zlﬂ)m1d(mzzz(bhi)m; 91(d J=7.2 H, 2H,
2 41 (d, J = 10.6 Hz, 2.73 (d, J = 10.6 Hz, 2
H, 3.60 (bs, 2 H), 377(d J=50H, 4H, 3.85

Exanipfe 35’ 8,7 %giﬁg‘c?hcls% Ho&- Q{methgl)-@(g-zlﬁuﬁ'g A)(I—f’-md]ol 2-yl)-4-

morphoHﬂ-47yl4ﬁ1e(nn[3 1—ﬂMr;mi111d@ 7.46 (m 2 H) and 11.23 (bs,

& Prlased ey i sedera ks cqupliog methad A, TR §tosomponnd apes

obtainedHds laRefe sbtidl (35 thy, IPYHhol i n-4-yl -thieno [3,2-d]
pyrimdine 20 Pr epar ed by using general Suzuki

[M +EJupT9-2g nethod A The title conpound was obtained as
NMR, b6 R\t * P88 9730, Py, b5 1 (0,4 H),2.77 (dd, 7= 12.1, 2.5
Hz, 3 H), 3.16 (d, J = 12.1 Hz, 2 H), 3.23 (s, 2 H), 3.82 (d, J = 1.2 Hz, 2 H), 3.89-4.00 (m, 4
H), 4.07-4.12 (m, 4 H), 7.17 (ddd, J = 10.0, 2.4, 0.9 Hz, 1 H), 7.3 (m, 1 H), 7.32 (m, 1 H),
7.53 (d,J=3.1Hz, 1 H), 7.97 (dd, J = 10.0, 2.4 Hz, 1 H) and 8.33 (bs, 1 H).

Example 36  6-(4-Cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-2-(2-
triﬂuoromethyl-1H-indol-4-yl)-thieno[2,3-d]pyrimidine

Prepared by using general Suzuki coupling method A. The title compound was
obtained as a pale yellow solid (80 mg, 74 %).
[M +H]" 543.1
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NVR 8H (400 MHz, CDC13) 1.85-1.97 (m 2 H), 2.05-2.12

(m 2 H, 2.77 (dd, J = 12.1, 2.5 Hz, 3 H), 3.16 (d,
wa2009023715 Hz, 2 H), 3.23 (s, 2 H), 3.82 (d, J BCWGB2048/003621

2 H, 389400(m425H),407412(m4H) 7.17

(ddd, J = 10.0, 2.4, 0.9 Hz, 1 H, 7.3 (m 1 H, 7.32

MR o e 80185 o gims b B4 g, 90 0 69 1 10,20

(m, 4%(%5@(&' @ oPyY (spmﬂf%l ('m14ﬂ)”3393‘{’rhg4 ﬁanmpb?gmenﬂ y=179
2- (2 1 uor onet hyl - 1H- i ndol i eno

Hz, 1|rH/)r Vﬁﬂd$,r1eHBG @Ké@xdrve}ll/ 9b9/9l}i54,r1|éi)géﬁ@|(all K, 86i(dd, J = 79 0.9 Hz,

od A The title conpound was obtained as
1H)aa{‘%ﬁ‘iep@8’lnfg€/ solid (80 my, 74 %. [M+ H + 543.1 WO

2009/ 053715 PCT/ GB2008/ 003621 NWR 6H (400 M—IZ
DVMSO- d6) 0. 28 0.37-0.43

Examplg 37 Hylﬁ-@ (lonrﬁpyhpmfrazznéwlmhyg ﬁmomhvhnﬁsyl-tblenon 3-

tt, J
"]Pyﬁﬁ“f'g’%ﬁﬁ" °w'6/ @i‘%ﬁc Q&? ‘ﬁB“WHWI%‘E‘Aﬂ?d( apg il 9, 0.9
HzP,rephIéd)by wsifgensral Sutdki cGupling (mekdhod)B ~The ttle dbnSpokind wad
12. 44 5 Exanpl e 37

, 1
obtang:d[ag a(‘W“@;ﬁé’l‘@é&S)‘Bﬁi 5-329/%& azi n- 1-yl net hyl ) - 4- nor phol i n-

[M+ﬁ]y58;§§n eno[ 2, 3-
dJpyrimdin-2-yl J-1H i ndol e- 6-sul fonic acid

NMRoﬁHr(ét)@leamcamm@%ﬂd@ (y 40D, h§8deifeqmall 13); 2,84 (m, 4 H), 2.68 (m, 4

10, 238 TR G B ) S BRI 5 g3 He R B, 7.6
(m, 1@}}0@9’0/5& 1@@60(@136%2}&81 Hﬁan&S'ﬂ)Z aaé 1516),1 68H§m 3176
H, 3.90 (m 4 H), 396 m4 , 7.14 (s,

(
Exam le (g‘[ﬁim}_&l‘yﬁ_gpr%ﬁal-é%lﬁzclgj)l-yl% %@ﬂ%@'ﬂhn? %-Qgthfe%[z 3-

d]pyrﬁnicﬁn@%l@ﬂ-ﬁﬂbwhamoﬂyﬁﬁﬁmaim;lé met hyl ) - 4- mor phol i n-

t hi eno[ 2, 3- '
Prepam{h& W%gdgqmzﬂ yhziki coynting meted By Hisditls compound s gtained as a
i ng general Suzuki coupling nethod B.
whitc ShEREI g 2 4T

ound was obtained as a white solid (37
[M+HJ SeB3% . [M+ H + 518.3 20 NVR 6H (400 MHz, DMSO- d6)

NMRS 140 MER, Iﬁ\@@)’dﬁ gé%fﬁrﬂ g?}g;'b 49 tngd 1 P §71&)”84 @, g')ZH)( 2.43 (m, 4
H), 2~§6fr'1_1|544519"?76fs QDH]? §8% §t=4 5(]H' &Hﬁbm (t4JH)(4 15 Hz, J‘ﬁ)Hf 518 (bs, 1

H), 7890®1(Ib)s7 53 (H)l Hp 70@ (@s 1 H) B)0O (Bs, BCH), §05X(s,H) Haréa60 (m, 1 H) and
1153&13 i 25 Exanple 39
F( cI opr opyI pi perazi n-1-yl net hyl ) - 4- nor phol i n-4-y

Example 39 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-2-(6-
trifluoromethyl-1H-indol-4-yl)-thieno[2,3-d]pyrimidine

Prepared by using general Suzuki coupling method B. The title compound was
obtained as a white solid (75 mg, 63 %).
[M +H]" 543.4
NMR 6y (400 MHz, CDCls) 0.38 (m, 2 H), 0.40-0.47 (m, 2 H), 1.59-1.66 (m, 1 H), 2.54 (m, 4
H), 2.67 (m, 4 H), 3.75 (s, 2 H), 3.88-3.93 (m, 4 H), 3.94-3.99 (m, 4 H), 7.14 (s, 1 H), 7.44 (t,
J=2.7Hz,1H),7.63 (t,J=2.7Hz, 1 H), 7.71 (s, 1 H), 8.47 (s, 1 H) and 8.62 (bs, 1 H).
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trifluo romethyl -1 Hindol-4-yl)-thien o [2,3-dJ
pyrimdin e Prepared by using general Suzuki coupling
woredobosB7B The title conpound was obtai ned asPEr/éGBR08/003621
solid (75 ng, 63 %9. [M+ H + 543.4 30 NVR 6H (400
MHz, CDC13) 0.38 (m 2 H), 0.40-0.47 (m 2 H),
1.59-1.66 (m 1 H, 2.54 (m 4 , . 2.67 ( 4 H
ExampleA) ( §: (4zé¥gloplypsbp@ew"eﬂ¢ylmemkybl -é(@ﬂﬂs.r‘gbf'(wﬂ°k4ﬂ)‘):4-

= 2.7 H, 1 , 7.63 (t, J
m°rpﬁ° %(ﬂz‘h*f% 7’9’%1“‘2"“‘“1 H, 8.47 (s, H)l H) and(8. 62
( qupaﬂedl-ﬂ)y usig meﬂﬂ Seaiki EOLE(ITﬁg GRARIBA OTigRie compmupd evas

obtaubeg(aaaweieéﬁll%éﬁ mg; 1 ¥dzi n- 1-yl et hyl ) - 2- (6-f | uor o- | H

[M+H‘Td@33’f yl')-4- norpholin-4-yl-thieno [2,3-d]
yrimdi ne Prepared by using general Suzuki coupling

NMRI’ﬁBt(h%NKIZ TMSOide) 6.24330@md k9.3 7dbta(meiHdl . 28-Wab t(m, 1 H),

ol i 5,09 4 N 400
2.44 Gs dé?%dﬁgﬁl—g éé%((f‘nf} é)%%l’dﬁ —796}13124?@ Ssgbh)g’—i\@%z 4H),
7.31 (84,98= 1062 .6'Hz, 1Hj)73?@44kﬁm4{{z41ﬂ),7265@pémm14ﬂ4)2 6§Iz 1 H),
753(&,16HH§7§94(dﬂ9F9—192336(1é@lﬂ)aﬂdlldi”é(b% 1@{% 1H, 7.39

(d, J = 2.6 Hz, 1 H), 7.46 (apparent t, J:26Hz, 1

H), 7.53 (s, 1 H), 7.89 (dd, J = 10.2, 2.6 Hz, 1 H
Exam Q 116&1—(Cjixﬂoprbpbb-plpkﬁazﬁx-alimheth@1) 2-(6-methanesulfonyl-1H-indol-4-

opr opyl - pi perazi n- 1-yl met hyl ) - 2- ( 6- met hanesul

yl)-4-flmli9holm=|47ytl.ﬂmenal2 rAhpyrimidinenol i n- 4-yl -t hi eno [ 2, 3-d]

B S R L R R S S
obtairedlas d Wbt sohjd (mH44 %3 [M + H) + 553. 3 NVR 8H (400

Od6) 0.27 (m 2 H), 0.37-0.43 (m 2 H),
W*%%%S 5(m)1l—|)(244H%m 4 H), 24%264H2m4

NMR"S).., (4@0 Rﬁ{z(, ?Mé’aof&@ 037 ;1% ﬁﬂe (23711),43%18@ H)ml 54- F1|)H§5. (;n 1 H) 2.44
(m, 4 @g,, 3 18&964 (m, 8H), 3.231s.) H), 8. 7@s(s<2ju) 3383c(n2 45H) 3.89-3.08 Ca, 4 1),
7.51 (Exja ngisgﬁﬁztdﬂ)ﬁ.s&(s, 1 B, Fs1 &, Thn 2068 t, $2 4993 . 1), P57 4, 7
= 1.3 Blz( BHOMAd OPBOEY, 1H)per azi n- 1-yl met hyl ) - 2- (5-fl uoro- 1 H

i ndol -4-yl)-4- norph olin-4-yl-thieno [2,3-d]
pyrim di ne Prepared by using general Suzuki coupling

Examg %tbgd P%—Q%ﬁo%ﬂéb&fp&%%ﬁ%lﬁ?@y&)’é%(%hﬂﬁ%—i‘ﬁ-ﬁd\‘mh-tyﬁ-4-
morpholin-4-yl-thieno[2,3-d]pyrimidine

Prepared by using general Suzuki coupling method B. The title compound was
obtained as a white solid (39 mg, 35 %).
[M+H]" 493.3
NMR &y (400 MHz, CD3;0D) 0.37-0.42 (m, 2 H), 0.43-0.50 (m, 2 H), 1.63-1.70 (m, 1 H),
2.56 (m, 4 H), 2.69 (m, 4 H), 3.79-3.84 (m, 6 H), 3.95-4.00 (m, 4 H), 6.66 (dd,J=3.1, 0.8 Hz,
1 H),6.97 (dd,J=11.0, 8.8 Hz, 1 H), 7.32 (d, J =3.1 Hz, 1 H) and 7.43 (m, 2 H).

Example 43  4-[6-(4-Cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidin-2-yl]-1H-indole-2-carbonitrile
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NVR OH (400 MHz, CD3OD) 0.37-0.42 (m 2 H), 0.43-0.50

(m 2 H, 1.63-1.70 (m | H, 2.56 (m 4 H, 2.69 (m
wazod))/,05381579-3. 84 (m 6 H, 3.95-4.00 (m 4 H),P6Gr/682008/003621

(dd, J = 3.1, 0.8 Hz, 1 H), 6.97 (dd, J = 11.0, 8.8

Hz, 7.32 (d, J =3.1 H, 1 H and 7.43 (m 2 H).

30 Exa Ie 43

4 Brepared Wy esingscastl Sprykd paunling mgthodbfnlhg tithe cRmpavad s

bt ]opyRi mdin-2-yl]
obtaifesaHRLE (6 il 209, £ O o608/ 53715
[M +PITS@EBR0O08/ 003621 Prepared by using general Suzuki

NMREADY BT G905 41, 6rD. CRF R 055 G g B2 4 1,
3.78 (%4%)%)'(\6:“@ 31 6%%3)5 }@9?(9?“@ 92)9(% JOHA 751)5 % 1?12) (75&5 H)istlkm 2 H), 8.30-
8.34 (31,Q0HBarglB. (s, b)), 3.94-3.99 (m 4 H), 7.15 (s, 1 H),

7.45-7.51 (m 2 H), 830- 834 (m 2 H and 8.73 (s, 1
H) . Exanple 44

m‘é’%i’ ( ﬁ-@@{éﬁ@?&%yﬁbﬁ%ﬁﬁé&}ﬁt Qﬁgfpﬁbﬁﬁhﬁ’yrl?t'h%erﬁb[z,s-
d]pyr"hﬁdlﬂoi ?nﬁtﬁﬁfd&fkﬂdﬂcﬁiﬂdi‘u&ﬁeA m xture of
2-chl oro-6- (4-cycl opropyl - pi perazi n- 1yl met hyl ) - 4- nor ph

0'% Rii e of E zgﬂ@ﬂ?ie% é'cijc]tpﬁtiy}f)}l rﬂl&'r&?n @yfﬁ?e&mj Q‘?ﬁl}fgﬁolﬁ?@ Z'l-

th1enc§[2,33d]ﬁ}lmimuimd36>|cmibaldeﬁyc3d (212 mig), s, lélsetguanexhﬂli tri LI e
113,068y a2 bR B B RaRETE B e | nacer (1.7

bls(tﬂﬁh}nﬁﬁﬁbpﬂﬁﬁ%ﬁﬂh&w ldrfietd n@,h X Sanlae@liRith tdibéhald @79 WEY ¢ water

feactor at 140 C for 1 hour 15 reaction m xture -

(1.7 mla)sandca@btemtnldl(6 otlgovasihehtediic trmrowevmmetor( 20L401°F, for 1 hour . The
Wi t h S04 soI

I‘CaCtIPlé Hm%l{]e Vs g}) dlihge(ngtg di ome laescf Wgh water, dried
(MgSUO,partt the B610&RE RgicvRA YN vddae foigives aﬁarm@mdu&ﬁi&l@ﬂasas a

white solid, SH (400 MHz 1.56
chromgatpgraply; the. tsb cempom; (S%th%(wglmohds 80 (s "2H) :

5H(4ozod)%?lz7§%4 %%}ﬁ)”@é@ 111]r|)%958(8(§15 %1;‘)2 7{@%&28 80 (s, 2H);

3. 95(&15431)(&02&11141)1) 71281 (¢, HI)+736Qs,AHHx276I( 185, 7.83 (s, 1H); 8.52 (s, 1H);
4- Cycl opropyl - pi perazi n-1-yl met hyl ) - 4- nor phol i n-

8.53 Q?rwl hi eno[ 3, 2- d]

[M+2I]g1f560§“ ne-2-yl]-1Hindol e-6-carbonitrile 25 A m xture

2-chl oro- 6-(4-cycl opropyl - pi perazin-1-ylnethyl)-4-norp

Exampleds Yo YIS pHY pinek i 1 iRk SR AROUE Iy hiemot3.2-

d]pymmﬂhe-zﬁyn:mhﬁabrere-&ﬁbbaﬁﬁlm) were reacted using
uzu <i coupling method B, to give the title corrpound

2zchigrotte(4sepclapromit pippoazinglyymethel) 3% mormhe lipr-yl-
thienésl),%d]pyému{lﬁg 2b6'mg)and 3-4 s, §tettiBletnyi: 73, 5 8oxborothl-2-y1)-1-H-

indole-6-carbonitrile (273 mg) were reacted using Suzuki coupling method B, to give the title

compound (55 mg) as a white solid.

8y (400 MHz, CDCI;) 0.36 (m, 4H); 1.57 (m, 1H); 2.51 (br s, 4H); 2.63 (br s, 4H); 3.77
(s,2H); 3.85 (m, 4H); 4.02 (m, 4H); 7.29 (s, 1H); 7.45 (t, 1H); 7.61 (t, 1H); 7.72 (s, 1H); 8.38
(s, 1H); 8.46 (br s, 1H).

[M + H]* 500.3.
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30 (s,2H); 3.85 (m 4H); 4.02 (m 4H); 7.29 (s, 1lH);
7.45 (t, 1H; 7.61 (t, 1H); 7.72 (s, 1H); 8.38 (s,
wdabog/oR746 (br s, 1H). [M+ H + 500.3. WO 2009POB8B1®8/003621
PCT/ GB2008/ 003621 Exanpl e 46
4-[6-(4-Cycl opropyl - pi perazi n-1-yl net hyl ) - 4- nor phol i n-
4-y| -t hi eno[ 3, 2-
Examgledf | |4rlérMéczclwqopzwnmmﬂl@leflelﬁthy&)x%m@paellWaYht&&eml3 2-

d]pyrﬁhﬁﬁfi‘&ﬁ?lfﬁé‘%hyﬁ%?iﬂb \A?valze,fcﬁpgﬂﬁ, o give the title

5 8H(400 Mz,

ChedpayedBuaki ¢ouplihg metho8 B torgiveldh title corhp@urGi(50 mng)&bi)l ‘white
3.76 (s, 2H): 3.85 (m 411): 4.06 (m 4H): 7.29 (s,
solid.1) - 741 (t, 1H); 7.49 (s, 1H): 8.11 (s, 1H): 8.45

S (4@11{%%'[)&;)4)538((%, 415; 1.58Ym, 11Y; 3.5l 26 PR, 1)l 8. 708 HH)E3.85 (m,

4H); 4606 amOiid); GR9(py1Hpi7 @é (e 1H);- 149 (srktiy8. ) 1 @5 (16);18.450(s 0L HDE18.46 (br
s, 1H i ndol -4-yl)-4- norpholin-4-yl-th ieno [3,2-d]
)pyrl m di ne Prepared by Suzuki coupling nethod B to
[M+H]V§18&D off-white foam (46 ng). 8H (400MHz, CDC13) :
0.45 (m 4H), 1.67 (m 1H), 2.59 (br m 4H), 2.72 (br
m 411), 3.85 (s, 2H), 3.93 (t, J = 4.8, 4H), 4.10

xaplg <7, (4 GyejgbPopyt pibtriaf1-vimeyBp-gorg hpinfigf-ap-+-

morpﬁoﬂnaryl&h%nomad]ﬁlrﬁﬂldlﬂ s, 1H). [M+ H + 493.

6 (W&W@b&/@“ﬁilﬂ%F’&QloﬁBlt%Elﬁ%@h?ﬁf)Wmterfe?th%@ mg)4-y
S (4601\211%%9&%594‘53&%?{? hlyé'r 9o th) Q%Qbiﬁ’i 2139']3 85 (s,

répafed u |ng SUZUI coupfing
2H), 393 ¢l Ve 48, vel)] 40 GtoJ Fd. &,BH) )9 (ddH €4K) 7l\1H21H)CC$]16)1 1H), 7.38

. o815 B ety a0 O Vi 2
M+ ﬁ]ﬁcﬂ%(t J =4.8, 4H), 7.41 (s, 1H), 7.46 (t, J = 8.0,

.03 (s, 1H, 8.28 (d, J = 8.0, 1H), 8.49 (br s,
1H) [M+ H + 543 25 Exanple 49

& Sy ABbron L B PER YRS oo BB A B oy ¥
mﬂum/dmahsll-nH-.Raepmygcihimo[m #itidigoupl i ng method A to
give a white foam (14 rTg) H (400MHz, CDCl'J 0.46 (m

4 f{gpare}_i wng syzukd couphgg)m@ﬁqodm t04g1|ye a yelimv §q}
Oerf 1,642 8 t =
B (4@_ 1@?{ ﬁgc@%@gpﬁ, ésx 1:64 457(2 fn‘l? ﬁHﬁF?GO{Q%%]ﬁh 2.# (57 s 4H,
3.86 (8, 49), 3(08,(t, 1 2.8, AY8.10 K, T 48,419, 291 (Y11, 7.464, T = 8.0, 1H), 8.03
(s, 1H), 8.28 (d, J = 8.0, 1H), 8.49 (br s, 1H).
[M + H]* 543

Example 49  6-(4-Cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-2-(6-
trifluoromethyl-1H-indol-4-yl)-thieno[3,2-d]pyrimidine

Prepared by the Suzuki coupling method A to give a white foam (14 mg).
31 (400MHz, CDCls) 0.46 (m, 4H), 1.67 (m,1H), 2.60 (br m, 4H), 2.72 (br m, 4H), 3.86 (s,
2H), 3.94 (t, ] = 4.8, 4H), 4.11 (t, ] = 4.8, 4H), 7.40 (s, 1H), 7.49 (m, 1H), 7.64 (m, 1H), 7.78
(s, 1H), 8.46 (s, 1H), 8.49 (br s, 1H).
[M + H]" 543.
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[M+ H + 543. WO 2009/ 053715 PCT/ GB2008/ 003621
Exanpl e 50
W®2(044087¢3 opr opyl - pi per azi n- 1-yl met hyl ) - 2- ( 6- neCTrgB20081003621
i ndol -4-yl)-4- norpholin-4-yl-thieno [3,2-d]
pyri m di ne Prepared usi ng Suzukl coupl i ng net hod A to
white solid (80 S VHz, CDCL3)

mplkﬁv egQH)6 yp}ol{rﬁpylzpbperg_zlﬁ )(lme %2 (@-nmghxlb\H-gndq!ﬁyl)-4-
611 3.87 2 3.93
morpf't",ﬁg'j‘(@'tﬂfeé'f’é %ﬁpyi.ﬂ?%ﬂ(é >y )4. 8, 4H) ( >y 350 (s, '
1 Pigpared. ustg(SuzukiloupBngBmethiell A 6. §6c a (inte 8dlid (808ng)0 ( s,

8H (4@@&8@3:3#&‘1 sz])' Gu7 tidm, 67, U 32,60 ors; 4i)5 o r s,
4H), 1.576 (Js @M& ndoryﬂ{) BI%G(E gzt 3 l4n), qufle):z?s(zﬁ{meqmml 7.56 (t,

J=2. §,I 1)H)47468r(mhdﬂ1)n8 aoys 15D B5D(B J 2= g .phHi 878ibres, PHYpar ed
[M+}§SF%3 uzuki coupling method Ato give an off-white
72 nrg). OH (400 MHz, d6-DMSO 0.28-0.31 (m _
040 44(m 2H) , 160165(m 1H), 242260
(m 8H) , 3 (s, 3H, 3.83-3 (l 611), 4.00-4
_arg@mms-(hcmol(@pylmperazlm s(lmeﬂy) %g-metfraleefu'(fwylslﬂ-mdol-4-

o+ i el ot 1250 (7 19 i

GPSeﬁbla@ﬂoislimrSzayh qmugbmglamlethzd A/torggvfhgﬂ off-gvl(iﬁsblim Or2omg)+

- t , -

B (40 ek e MASO TR0 (8h RED AR B A b . HEDY 242260
(m, 8%50?39;9@031&3)23\&6'1 &7 |61-E,B ﬁ@@ 4@3) % (m, Z@{)W@?@QHW& (br s, 1),

7.81 (by s,4H), 8.96 63 1Hpr8. S7(s4l—bl) 113816rQ51H)2H) 3. 80 (t, J =
+§H 411) 4.06 (t, J = 4.8, 4H), 6.82-6.84 (m 1H),
M J =10.8 and 8.8, 1H), 7.20-7.25 (m 1H),
7. 30- 34 (m 2H), 8.13 (br s, 1H). [M+ H + 493. 25
Exanpl e 53
Example52 g 6rd=Cyclepropyl- WPSI%Q-Jmmefh?/tlh%@-ﬂzo(('a'lﬁiyépbﬂypﬂ-
n h 4-yl -thieno [3,2-d]
morp'B)?frj'?r‘#f Ttﬁ%e)nﬂfB gfpré%"ﬁ)fﬁﬁ% ng general coupling nmethod
APrépafddch@ Simuﬁ%uﬁﬁxﬁg wethod lA)ta) giset ﬂgoff "ﬁﬂﬂteBGMi (613 ap).
DVGS- deprotection using T

Ox (4QQMH? @%ﬁlﬁh’d -04% (mofflhilmdal - é%(la H‘é) ééos(Bl $, H()a%?rﬁ’fs 4H),

376(%2%%?%8% ?Mzt*s’?ﬂ}gbf) 5?3@?1 s, r%gg,gg %%%bS&ddmI’—IOS

. and 83, 6H),(7B0-225 G, 18), IB01.34 {m:216), SlBlz(erlIH)) 3.84 (m 6

03 (t, J =4.7 Hz, 4 H, 6.88 (t, J =2.3 Hz, 1

[M+ E& 4% 2009/ 053715 PCT/ GB2008/ 003621 6.96-7.05 (m 1
, 7.26 (s, 1 H, 7.3 (m 2 H and 8.35 (bs, 1 H.
Example 53  6-(1,8-Diaza-spiro[4.5]dec-8-ylmethyl)-2-(5-fluoro-1H-indol-4-yl)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine
Prepared by using general coupling method A, followed by BOC-deprotection using

TFA:DCM (1:2) and TBDMS-deprotection using TBAF:THF (1:10). The title compound was
obtained as a beige solid (37 mg, 32 %). '
[M +H]" 507.2
NMR &y (400 MHz, CDCl;) 1.53-1.70 (m, 4 H), 1.67-1.84 (m, 4 H), 2.49 (m, 2 H), 2.63 (m, 2

H), 2.96 (t, J = 6.8 Hz, 2 H), 3.84 (m, 6 H), 4.03 (t, ] = 4.7 Hz, 4 H), 6.88 (t, ] = 2.3 Hz, 1 H),
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Exanpl e 54
2-(5-Fluoro-I1Hindol-4-yl)-6-(7-nmethyl-2,7-di aza-spiro
wo 3009)s0ms 2- yl met hyl ) - 4- nor phol i n- 4-yl -t hi enoP¢BGB2@B/003621
pyrimdine 5 Prepared by using Suzuki coupling Method
A, followed by TBDMVS-deprotection. The title conpound

obt aj.ned as_a_whit 33 9 M + +
6.96-485 (3. § EDniees (S oqDvis Conthpnd 835 B 108 4+ - 2. 26
(s, 3H, 2.35 (m 4 H, 3.09 (s, 4 H, 3.80- 3.90 (m

4 H, 3.89 (s, 2 H, 3.98-4.03 (m 4 H, 6.86 (m 1
Examid)e 54/ . @2(5¢Hhiord-1H-ihdob4-yd-G(Hmetliyli297-djazaspire[3.5]nod-2=

ylmeéyg{%orghggn-gryd%&e&g{%é@ﬁ%’{u&ﬁ?xﬁ Eggﬂ‘pl ‘é ;58 8, 3.9,

gpaﬁ'&iﬁﬁuﬁl SRk b&ipﬁﬂg)Me‘ﬂhddlA f&ﬂﬂ%@tay mBDMs;degltotEcﬁon The
no[ 2-d]'pyri mdin- -diaza-spiro [

title compoynd whs chthiapdaea wbltPS@piaﬁlédn&))B J8)-ng Suzuki
[M+iﬂu§é g Met hod A. The title conpound was obtai ned as.

'H 2ol S Imar e 22 & £y} 13505, 450 L4 410,350
(3598- 7y Lt
3.90 @”41&%@)85 (ébé)ﬁ% 3598?ok')(m @Hé?ﬁ éé:l‘gm Ht%? 023(d"a J( 109]88 Hz, 1
H), 7251d,Hz= 28 B9, 1 H), 029((s,1 ), A33 (dad) J4= 88, 3.9, OQHz AH)‘AnCHZ 25 (bs, 1
4 H, 6.88 (d, J =2.6 H, 1H, 7.04 (dd, J = 10.9,
H). g g Hz 1H, 7.28 (t, J =2.8 Hz, 1 H), 7.34-7.39
(m 2 and833(bs 1H) Exanpl e 56

(3R, 4S*Z§ﬂ4 Azet i di n- [2 (5- Fuoro-| H i ndol
mr dh [2n(54Flypro-1H-mdol-4-y )-4-morpholin-4-yl-thieno[3, Z-Jf;)yrlmldln-

o-stulebh AP 7B D BT RO 16 Siruki counl ing

Mrirgiaedby dsueg SuAukEccipling Methotdos. THY titld @inpdtind wak abtained as a
solid (55 75%&?3 +550. 2 1H NMR (400 Mz,

Whlteeehd@?’ms,g;%? , 2 00-2.12 (m 3 H), 2.19 (dd,

= 3.2 He . 2.23-2.31 1 H), 2.50 1
[MJ’%B]%SSS =11;DHZ 1m,3gg]32£b(m 4H§I,rn
‘HNIBIIB@OGM](M, CDCE) BL. 56('6,2.1 3,61z, 2HY 1- 83(&12(}&0 26)8&& 3H) 3.23 (m,
4 H), é 356‘ (Jm 5. ﬁ H“l) 2 Pﬁ @}QZ 6‘@I€i 536 HZ’l%)Hg’,g-%Q G . J—IZ,“-71HF|)4, H)z .4259 (s,2H),

405 45 4 T AB3 S, £ e TR O M PR o, T 108 82 928 )

=2. Sé{zamﬁ)pmn-ﬂ 30e(ne 24€)pand8. ¥i(bsyl Hini r al HPLC using a
Chiral pak(r) A colum (250 x 20 mmi.d colum with 5
m particle size, UV detection at 254 nm flow 18

Exani{ o A0 MbDL {0115 S M B .
thleno[’3,Z}d}Hyrumdm-ﬁtylmgtlwﬂl-mpntld(nefﬂ-ealtblouyﬂwaﬁld amide0 L

S %g’ﬁatrédvlla); 1¥smg ngukggo\{l%h}lg ?/IetthodI K. The title compound was obtained as a
tan solid (55 mg, 75 %).
[M + HJ" 550.2 ,
"H NMR (400 MHz, CDCl3): & 1.67 (m, 2 H), 2.00-2.12 (m, 3 H), 2.19 (dd, J = 11.5, 3.2 Hz,
1 H), 2.23-2.31 (m, 1 H), 2.50 (m, 1 H), 2.98 (d, ] = 11.5 Hz, 1 H), 3.18-3.28 (m, 4 H), 3.52
(d,J=11.5Hz, 1 H), 3.77-3.91 (m, 6 H), 4.01 (t, J=4.7 Hz, 4 H); 5.44(d, ] =5.0 Hz, 1 H),
6.86 (m, 1 H), 7.02 (dd, J = 10.9, 8.8 Hz, 1 H), 7.27 (m, 1 H), 7.34 (m, 2 H), 8.26 (bs, 1 H)
and 8.91 (bs, 1 H).
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5 conmpound as two distinct enantioners: Enantioner A

first eluting enantioner, white solid; 11.4 ny.
wae@anbhsoner B: second el uting enantiomer; whitEBCEGBR@S/003621

13.2 ng. Both enantioners have anal ytical data

identical to those obtained for the racemi c m xture.

10 Exanpl e 57

( Jhe tyenantiomers Weresenargted by phirgl SIRLG using p Ghirapak® 4A golumn

N
(250 %6[ E glagiug?lp\ﬁﬂ?( Irsn pén Rgrgleelswet H’V (1etegltlglé ?tl 2(:154nnem 3ﬂocvgl rl% mL/min).
Eluthnl wn.h 20 VeEWH deteFll’-lmnyalrmethﬂ)ethm |cngafﬁu@1kl % duethylangine. 32 mg

dlssolggi }n@d@@@ L ethgéto }6ent @gypp&yqrﬁ]dvp%?&)t ne&flﬁns(ﬁ ? Q%gave the title

compdif as%@tmct?erﬁné&ném58 (m 1H, 1.78-1.88 (m 1 H),
1.98-2.08 (m 2 H, 2.39(m 1H, 2.49 (m 1 H),

Enantionsd -2 fitst qlutingEniitior@er9@hitelsolil; 1.4 mdg.Hz, 1 H), '

Enantpgnerﬁ ﬁfcongr%.gm(gte}ﬁ%tlom% V&ESO%%% 231)%?25( t( s, J1=H)4. !
Both &aﬁﬁoﬁlérs hdv&analytital Bata idehical fo dsd 6ttaindd For 1kb RcerBicinixture.
1H, 7.28(m 1 H, 7.36 (m 2 H, 7.86 (bs, 1 H)
and 8.27 (bs, 1 H. 20 The two enantioners were

Exam@ﬁz at(f@’é% *ﬁb—%@%ﬂef-gl-ggk-gﬁ-nfﬁm if{“@?gg ry))—c'l %éorpholin-4-yl-
thien6{3224] pYrintidie 6-tyl6th1]- [ﬁﬁéﬂﬂiﬁb—&‘ J:al%iyﬂld’doidmnﬁde El ution

wth 20 % EtOH in tert- bu et her con alnlgg,
0 Prepogedi byt ynngatHzMkl caypling, e&r%ﬁ f(k@c}lt erpompepng,vas obtained as a

whlteg[,hﬁ;g}qné «ﬁyt (injection volume 500 L, sensitivity
e title conmpound as two distinct

[M +Edasdd.dners; 25 Enantioner A; first eluting

RN RBFS 5.8 b 67 B RO 38 o2 e 210,

r e ' top (lident | t €
2.39 (ﬁgqrﬁj 9!, 'ﬂ?—p, 2383 y4 @?% })%ggigg_(h, i é%%lqu égﬂ’ B99€3 .29 (m, 4

taine e racem
H), 3.83 s, @-H) Zi86)t, 4@ Hz# £1)14.98 (37 £14bHe-oHperdisnt H)y6.82:(t, ] =

t y -2-(5-flu -3
2.5 Hp il TR b TBBLREHA LDy 728 5DsT36 o Food 86 s 1 ) and
8.27 (Bs.ap@y.ed by using Suzuki coupling Method A The title
compound was obtained as a white solid (56 ng, 45 %.
Whhg mgﬁmmrmm@aze@@t&d by slsipal Hl{b@uqmgwhlralpak@m column

(250 % 2]8 Nﬂ?co@% iﬂ}nS 1cfen]z§ U?)gdc?te]cﬁlg& %43&0 ’_%o\%%ﬁ'z}ﬁ/mm)

Elutloh with 2@ "/QEthﬂm ibrtH)utyl%né’tﬁyl( dther tolhining @9 % Hiethyldhhine. 59 mg
84- 3. 3. 4, 03-4.08

dlssolpqyd ing3 pik. quplutglg-_sol_rygng(lmgctlop \fq}um%%@)_wl(,,rﬁeng}tlﬂ)ty 6ﬁftbgave the title
, 7.29 1
°°mp§'9’g’ :}Wﬂdﬁs(“]“gt %"’ﬁéwﬁeé 8. 28 ( bs, 1 H§ " Exarljrl)'pl e 59

Enantﬁ(fn)ler{l( tﬁratrtfll)tmﬂg-e%aﬁﬁd)rdem whity kelid; [22.-6(r5g.f | uoro-1 Hindol -4
- 4-
Enantiglmgr B; second <Futmng enantiomer; white solid; 26.9 mg.

Both enantiomers have analytical data identical to those obtained for the racemic mixture.

Example 58  (£)-6-((Cis)-4-Azetidin-1-yl-3-fluoro-piperidin-1-ylmethyl)-2-(5-fluoro-1H-
indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine

Prepared by using Suzuki coupling Method A. The title compound was obtained as a white
solid (56 mg, 45 %).
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yl -thi eno[ 3, 2-d] pyri m di n-6-yl met hyl ] - pi peridin-3-yl}-
nmet hanol Prepared by using Suzuki coupling Method A
wab@onsizhie conpound was obtained as a 10 creaPeBGBR@S/003621
(19 ng, 38 %W. [M+ H+ 537.2 1H NWR (400 MHz, CDC13):
Sl65(m 2H), 1.9 (m 1 H, 1.95-2.09 (m 3 H,
é , 2.3 (m 1 H, 2.81 (dd, J = 11.2, 3.7
[M+ﬁ;z] SPH.h) 286293(m 1 H, 3.23-3.34 (m 4 H),

H Nﬁ{%{?@%@? ROl A5 Gy, g 2inr2s 2 )

2.51 (Ad0¥=Q9g, 12]3Hz1@1r9,290&n]‘|ZH)1320(m71 H7 A1 (ni, 4|'BI) 378433289 (m, 4
ddd = H 8 B
H), 3&3@2@&4@ 448 %@56@ J 485Hz lH) 651 (m 1 H), 706(dd J=

10.9, %fs)lzé 1%)3%@ (é?jtfg)?'walmd (il %@) é{qﬁ.hyﬁ{sﬁ i ndol*- 4-y

pyrlmd|n 6-yl met hyl ] - pi peridi n-3-yl}-methanol 20

—amgiﬁi&g r ﬁ% &Z(gggbfglzﬁééug 'ylai) Lfﬁ K%glﬁpgfbﬁpgm(i%-r ?4-%rp olin-4-
yl-thn&&v{)ﬂﬂ?yﬁ%ﬁdﬁl(m (ﬁﬁpe.w;.. g@g}.gﬁ, n§i 1.62 (m

1.85 1.98-2.1 , 2.34- 2.41
( Arephrad) by Wirg2Syzaki cbuplmgl\@th@ A 1The) t1tleazompo@ud was ebtained as a

16 (m 2 3. 25 2 25 H),
CrCa“ésoéé(gE*?‘lg ?g?”’)z ( .76 (5?1 J = 1E1|.m4, 1.1 HZH? 1 H,
[M +B1]B§312 . J—47Hz 4H) 403 (t, J=4.7H, 4H).

L 440 (dd, J =11.2, 9.8 Hz, 1 H), 6.88 (m 1 H), 7.04
H NMRA400 MH2,ETCE 53 .6%(m, 2 ), 1.917n2 7 Knl.95-2499 (. DH),2:20 (m, 1

H), 2%*5?11 1?‘103258 @gg@ 1172, 3702 B, 256255 1 B, £953%433, 4 1),
3.58-266 tmP2 H9f3378 m;oj 86(ty Y =467 HZ; 4HY eovea W £ armyiiz, 2 HY, €189 (m, 1

aza-spiro

H), 794)441drét=h 9 84 Hﬁ; bH&»IW AL oyl H), 1 6] BH)- 63 p(ddind 98rfe 3-8, 0.9

Reepar, ugi ng Suzuki coupling Method A. The title
HZ’II@a%gusﬁ%@H tai ned as a creamsolid (33 ng, 47 %.

V\D 2009/ 053715 PCT/ GB2008/ 003621 [M + Hl+ 571.1 1H
(400, CDC13 S1.9

M 3 )I{(Ffﬁ) %Awtlglg-lgg ](-{2 (éﬂuoroﬁ?{-np&ol—ﬁyﬁffl-mgr lm-4-yl—
thlenéﬁ%& wm upé fﬁﬁlgth}g %ﬁﬁédﬁz?a-y&) lmt}la 17)i38 ’(m\] i ;D A

HPrephrdd) by ﬂsnngSt(zslkl douplling el d(Aldthe tikle:co&nﬁmnd%wgs obtathed as a
Hz,. a 24 (bs, 51 H. Exanple 62
creanéso[hgj(?g%ﬂ ggl/g | Hi ndol - 4- yl ) - 4- mor phol i n- 4-yI - t hi eno[

[M + 3125811 pyri m di n- 6-
ylI'met hyl ] -2, 7- di aza- spi r o[ 3. 5] nonane- 7- car boxylic acid

'H Nmm@nammmcm Spab2tin,pyH) i Hgl .86 fmk1 H)oLPS-2rG (e BHDA2.34-
2.41 @E,ME ldg.] %?ﬁg&‘%‘j HE3. oga%af 049 53%,, 3, 396 (m, 2 1), 3.25 (m, 2
H), 3.62-3.71 (m 2 H),3.76 (dd, ] = 14.4, 1.1 Hz, 1 H), 3.86 (t, J = 4.7 Hz, 4 H), 4.03 (t, ] =
4.7 Hz, 4 H), 440 (dd, T = 11.2, 9.8 Hz, 1 H), 6.88 (m, 1 H), 7.04 (dd, J = 10.9, 8.8 Hz, 1 H),
7.27 (m, 1 H), 7.29 (s, 1 H), 7.35 (ddd, J = 8.9, 4.0, 0.9 Hz, 1 H) and 8.23 (bs, 1 H).

Example 61 2-(5-Fluoro-1H-indol-4-yl)-6-(7-methanesulfonyl-2,7-diaza-spiro[3.5]non-
2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine

Prepared by using Suzuki coupling Method A. The title compound was obtained as a
cream solid (33 mg, 47 %).
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[M+ H + 564.2 1H NWVR (400 MHz, CDC13): S 1.75-1.80
(m 4H, 2.80 (s, 6 H, 3.13 (m 8 H, 3.82-3.87 (m
W@ 20dp/058195 (s, 2 H, 4.04 (m 4 H, 6.88 (m HCHEB2008/003621
7.04 (dd, J = 10.9, 8.8 Hz, 1 H), 7.28 (m 1 H), 7.32
(s, 1 H, 7.36 (dd, J =8.8, 3.9 Hz, 1 H) and 8. 22
bs, 1 H. 15 Exanple 63
[M+§H[§ZI(15 Fl uoro-1 H i ndol - 4-yl ) - 4- nor phol i n-4-yl -t hi eno|

1
H NMRA60 Rife: TiSCRY: 81,90 (m, 4 1), 274 (¢ 3 H), 311321 (e B E), 385 1,9 =
4.7 Hﬂ;et Hy|3 gas(te,ez HE’rAE@ﬁ(teﬁ= Iay7 Im§|4rig) SlSBL(hi 1&@),1 pllOl4r(dd Net h@gl 8.8 Hz,
cream SO
1 H), @'87&@J3%8%Z 11@ Y&NS #ﬂH) %éi(@ddlmﬂ%%%&ﬁ Bl H)and824(bs
1H).CDC13): S 1.74 (t, J =5.2 Hz, 4 H), 3.19 (s, 4 H),
3.37 (t, J =5.2 H, 4 H), 3.67 (s, 3 H), $3.85 (t, J
47Hz 4 H, 3.97 (s, 2 H, 4.04 (t, J =4.7 Hz, 4

amp] 9@21 > %6[% (%Flu?rozlr&(lpd%-;gljjﬁ%omhoqs -%_‘yg ’thile%§3gzgi(]%yriﬁaidin-6-
ylmetﬁgﬂ ﬁﬁ%za(sgﬁolﬂsfﬂbna@éﬂ:eﬁmﬁc ﬁ@ld dlmethylamlde

(5-Fluoro-IHindol - 4- nor phol i n-4-yl -t hi
eﬂ?oc[p:are@ by using Suzuki coupling Method A The title compound was obtained as an
d|n met hyl ] - hexahydr o- pyrazi no[ 1, 2- al pyraz
COIOUﬁ%ﬁSE %Zo/y)Prepared by using Suzuki coupling

M + Mg th The title corrpound was obtained as a cream

. soI|d=13 47 % . 30 [M+ H + 536.1 1H NVR (400

H NMRA40 %Ch)ssz V6180 (3, 4 H), 22804s, 6H)73.13 (a, 8 })=3.82-3.87 (m,
o0, 5T 7 Pt by 35 8 M Tad 0% st 1,

H), 7.B1Z (s, 2 H)) 7.38. 3@JW38203)9/LQ5$ anfP€D2@2008)y.003621 3. 96
k& ((54@, 3(98(3 2 H33(0|o|@2:1114 3.2 Hz, 1
430dJ—127Hz H, 6.67 (m 1 H), 6.99

H) ,
Ex+amg%b_3 2ﬂ)23(a lﬁugﬁr gllbl%gol%- 44 of‘@i@(nd-'?gf 'ﬁhg@o[?bz'-d]%y}lkldm-@

ylmetﬁy[]&L T-didzaLbphra{3.5inonané-74aybgxylic avidahethiyhestery| - t hi eno[

[ ?r@gllep{ rylrfglﬁl&;ﬁg%ﬁ %:yanflt&?%@i}loggg )r(;lglegggtbggl ot %% éi)tgined asa

cream'\é%'hhgﬁj 3'5rh/§) title conpound was obtained as a white
50 %9. [M+ H + 495.1 10 1H NMR (400
[M+HI]-E$51CDC13) 8 2.73 (d, J =11.2 Hz, 2 H), 3.07 (m 4

3. 6 = 11,
' kg0 N ey et S k. 39565 i ¥y € 958 e 4
H), 3.87 &, 541), 3.85)t, 1 = 4.7 Hz, 4 H), 3.97 (s, 2 H), 4.04 (t, ] = 4.7 Hz, 4 H), 6.86 (1, ] =
2.5 Hz, 1 H), 7.03 (dd, J = 10.9, 8.8 Hz, 1 H), 7.27 (t, ] = 2.5 Hz, 1 H), 7.35 (m, 2 H) and 8.29

(bs, 1 H).

Example 64 (R)-8-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-ylmethyl]-hexahydro-pyrazino[1,2-a]pyrazine-1,4-dione

Prepared by using Suzuki coupling Method A. The title compound was obtained as a
cream solid (13 mg, 47 %).
[M +H]" 536.1
'H NMR (400 MHz, DMSO-dg): 6 2.06-2.15 (m, 2 H), 2.73 (td, J = 12.7, 3.2 Hz, 1 H), 2.97
(d,J=11.4Hz, 1 H), 3.27 (m, 1 H), 3.77 (t, ] = 4.6 Hz, 4 H), 3.83 (d, J = 10.5 Hz, 2 H), 3.88-
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7.26 (t, J =2.8 H, 1 H, 7.35(m 2 H and 8.23 (bs,
1 H. Exanple 66
W®2(4040%88138- Di f| uor o- azeti di n-1-yl) - pi peri di n- 1Pgi/GBRVEI003621
]-2-(5-fluoro-1H 15 _
i ndol - 4-yl ) - 4-nor phol i n-4-yl -t hi eno[3 2-d] pyrimdi ne

3.96 @b Agoudsibs Bhadit bs 1% Rpikte 140) a0 (G b7 Ho! 1D, 6.67
(m, 1‘2@)ngng7 gﬂ=21 r;}&ﬂ%ﬂf_ﬁ{;},ﬂzﬁggfo%@ﬂg @623 }@_Ehg?%'ﬁ%b% ﬁgib ﬁf‘@ 14 gl(z) (bs, 1
H). 3.54 (apparent t, J =11.9 Hz, 4 H), 3.82-3.87 (m 6 -

H, 4.03 (t, J =4.7 Hz, 4 H, 6.88 (m 1 H), 7.03
(dd, J = 10.9, 8.8 Hz, 1 H), 7.24-7.28 (m 1 H),

Examgle?@ 7 7%2 (SIFluard‘ﬂHﬂﬂdo&-S’rB-é( Rorpholin-4-yl-tiens|32- ﬂf)ynmldln-&
(3 fluoro-azetidin-1- ylg pi peri di n-1-yl met hyl
ylmethy -X-qxa-?ﬁdbpzagbyy;lomﬁ 1]nonane

oA SO R AT O BB et s

wmte(gbh@(md 0 %). creamsolid (96 ng, 61 % [M+ H +
525.1 1H NVR (400 MHz, CDC13): 8 1.41-1.52 (m 2 H,
M+H78%h 2 H), 2.21 (m 3 H), 2.90 (m 2 , 3.54

1 =
H NYREEH Siige ey p 21 @ 5 g P df(na%fi& S48 m 61,
3.91 (4, P511.63z, 2rH), 3.98)4.07 (14,76 HY.,6.89 En,8. B), 204 (ddH)= 10.952.8 Hz, 1 H),
m 1 , 8.16gdd,J=7.5, 1.0 Hz, 1 H and 8.31

726 (= 281 1 Hip) 3669 3878 5B (P ABhs) 003621 Exanp e

68

6-(6,9-D aza-spiro[4.5]dec-9-yl nmethyl)-2-(5-fluoro-IH
Examptedif] - 4-[¢+(B34Difluwrplaattidindl-yl)-piperédio-1F ﬂnﬁtwjl]-m(SJ}ﬂliodb-rlH-

indol-yik g BorA O NG Sy AR o e ol 0 ( 35,

3@% 1edg>z[1Mn+g Sﬂzli'_ibk’ﬁ&zlpl?mé-ﬁeﬁma ¢. 41?{% ngégco?%]@Q@%as §’ota1ned asa

wmte(splldolosmg,so%& 2 H, 3.70 (s, 2 H), 3.83-3.88 (m 4

4(t, J=47H, 4H, 6.88 (m 1 H. 6. 97-
[MJ’;P]B%‘%% C7.26 (m 1 H, 7.34 (m 2 H)H)and 8. 38

'H NME{S@OGMHZ dﬂbl@(@nmge(xﬁ%m 170 m, 2 H), 2.20 (m 3 H),2.91 (m 2H)
[2(5FIuoroIH-|no r&]Hi4rmr h0|n4

354((em%1{r@1t2,Jfl}18ﬁ2|,mP& 5883 Fhin ], 4. Fcdiny 67 GlroddDob 88 (m, 1

w0, 708 P fOkb bt P ST BRI o [l R g p 2 0 110D

a vvhltesolld(58rrg 67 9. [|\/|+ H]+509215 1HNI\/R
(4 Miz, DVBO-d6): S 1.94-2. 03 I—ll) S
M 7 6-[3-(3 3|=Elﬂuprp|)azet2dlgol-yl)-plpen in-1-y methyl]-2 -( H-mdol—4-yl)—4-

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

Prepared by using Suzuki coupling Method C. The title compound was obtained as a
cream solid (96 mg, 61 %).
M +H]" 525.1
'H NMR (400 MHz, CDCl3): & 1.41-1.52 (m, 2 H), 1.70 (m, 2 H), 2.21 (m, 3 H), 2.90 (m, 2
H), 3.54 (apparent t, J = 11.9 Hz, 4 H), 3.82 (s, 2 H), 3.90 (t, ] =4.7 Hz, 4 H), 4.07 (t, ] = 4.7
Hz, 4 H), 7.25-7.34 (m, 3 H), 7.47 (d, ] = 8.0 Hz, 1 H), 7.52 (m, 1 H), 8.16 (dd,J=7.5, 1.0
Hz, 1 H) and 8.31 (bs, 1 H).



10

15

20

25

30

(d, J =11.7 Hz, 1 H, 2.99-3.11 (m 2 H), 3.60 (dd, J
=13.1, 3.3 Hz, 1 H, 3.77 (t, J = 4.6 Hz, 4 H,
w@2@008701 (m 8 H), 4.32 (t, J = 8.1 Hz, 1 HPCBGBB08/003621

(m 1 H) 7.00 (dd, J = 11.1, 8.7 Hz, 1 H), 7.40-7.47
(m 3 and 11.23 (bs, 1 H. 20 Exanple 70

Examplg6d ?MF% Bt pirajd aisier y s ey 263t narard ol ¥

morpho?mdti f{m@lﬂkg_%ﬁmﬁi nPYyrazine Prepared by using

Suzuki “ coupl I'ng hod B. The title conpound was '
okﬁrapamtib:assmg Switvki eoupting MqthabC e @il Gampdunt wasfpbtained as a

5 (400 MHz, DMBO-d6): b 2.99 (t, J = 5.5
Wh“eﬁ?}‘d%ﬁ‘ﬁ‘ %R( J=4.6 H, 4H, 3.89- 3.94 (m 6

[M+|ﬂ] 54709 (t, J =55 H, 2H, 417 (s, 2 H, 6.68 (t,
: ="2.4 W, Hgg7oo (dd, J = 11.1, 8.7 Hz, 1 H),
HNMMGOOrMHZ, EPCLB. Mb5Q-HB4 (m, BiH)aRd2 {m, 24H)( Bs2 (m, HH), 2.95(t,J =

5.0 Hg, TR LR 5y 0. BB A ARII: 4D 404 g T Ry 4 IDrEBR gy 1 B, 697-

7.06 (o8- 1f HY O 26 (niH1 Bf) 7.34 (m, 2 H and838 s, 1 H)
?ﬁoy4 ylgnrzﬁrrgrphcglln -yl - thl((le)no[32d]pyr|md|ne
Prepared by using Suzuki coupling Method B (Schene 1).

Exanbfifed GBSO BLIS denEaliGs T oAy
d]pyrifiidin-GNiméthiy ) -heLalividz o-okh¥el OB, LapYradin-3Joe 5. 4 Hz, 2

H) Sar%?}g‘guspgg ggzukfr g_ol_lll)plipg N?e?[‘rhq(.(bs C. ’%hc{%ﬂe( é,)rr?lg)ung Iv%g o}(z;flned asa
Wh‘teJS°E2“5%“%A6"7°"’19 0.7 (o1t 796 ad, 3=
[M+H]'3092.4 Hz, 1 H) and 5 8.29 (bs, 1 H). Example 72

s i BSOS 4 TRy b BB Yo ) 1 5,20
(@, 1 DL AN, FOBDAI £ DY e aSUPLI 10940k NaT)BDGH1C 46 11,

nmpound” was Qb t’@"sol'l
4H), 681) 41@1 (rﬂ58M)) 4.3Mt +B4 BA7L H), 6b66NMR1(HDG Gmﬂdd, J@D&$;87Hz1
2 (m 2 H, 2 06-2.23 (m 3
B), 7149]7‘2;)%3]%?%32”&3% %1)’&133 (15 (m 2 . 3.60-3. ég (m
H, 3.83 (s, 2 H), 390(tJ:47Hz 4 H), 4.08

t J=4.7 H, 4 H, 512 (dp, J = 57.4, 5.4 Hz, 1
mﬂie, 19 277l2?(53Elupm-1H-m;iol-4-ylbe4-(rwrphohn-a-)d-thteno[B 2-4B)yrbmldm-6-

ylmeélygf %&1 }CP' ttilaﬁ,éﬂgiagglom i a?pyrazmeHZ’ 1 H and

6- F[rélpa(r&iﬂ Lah® SaAR tlip ﬁn% MéthodB PElid it \conpdufi@ iy bbtadred as a
5-f1 uor o- IH-|ndoI 4- yl)-4-norpholin-4-yl-thieno

(
white[solid (b5 Bgr34Yedi ne Prepared by using Suzuki coupling
[M+'¥ﬁ*ﬂ9ﬂ1 The title conpound was obtai ned as a

'"H NMR (400 MHz, DMSO-dg): 8 2.9 (t, J = 5.5 Hz, 2 H), 3.75 (t, ] = 4.6 Hz, 4 H), 3.89-
3.94 (m, 6 H), 4.09 (t, ] = 5.5 Hz, 2 H), 4.17 (s, 2 H), 6.68 (t, = 2.4 Hz, 1 H), 7.00 (dd, J =
11.1, 8.7 Hz, 1 H), 7.45 (m, 3 H), 8.46 (bs, 1 H) and 11.24 (bs, 1 H).

Example 71  6-(5,6-Dihydro-8 H-imidazo[1,2-a]pyrazin-7-ylmethyl)-2-(6-fluoro-1H-
indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine

Prepared by using Suzuki coupling Method B (Scheme 1). The title compound was obtained
as a white solid (5 mg, 10 %).
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20 white solid (94 nmg, 79 %9. [M+ H+ 525.1 "H NWR
(400 MHz, CDC13): 6 1.34-1.45 (m 2 H, 1.71 (m 2 H),
wWQ2094023728 (m 3 H), 2.89 (m 2 H), 3.03-3. 14PC¢T:GB2008/003621
H), 3.59-3.68 (m 2 H), 3.82 (s, 2 H, 3.82-3.87 (m 4
,403(t J= 4.7 H, 4H, 500-521 (m 1H),

8 , 6.97-7.06 (m 1 H, 7.26 (m 1 H, 7.33
[M+?ﬂq 2%65125 and 8.32 (bs, 1 H. Exanple 74

NMRIs:{(dod Rﬂizl*éﬂ gpl (r%/ﬁs”«tﬁ?rpﬁplslss §91/kmtbmn3>b$(s22di) 3.99-
yr|m|n6 pi peri di n-4-yl'}-azeti din-2
4.08 (B, 8dd), 685K, lFSIlr‘ﬂgHSllZHkﬂ Mddpl g Watlndl 73.4-The (mj 1 Hé 7.29

(4, 1ZOSBOH gsz""?mo%in( ”‘ig@?ﬁss‘?\%sg(gﬁ“/ 86 Y5 1 2217 £10 P e and
8.29 (BQTy@)azoOS/ 003621 'H NVR (400 Mz, CDCI3): S

1.74-1.88 (m 4H) 217(td J =11.5, 2.7 H, 2 H),
2.86 (t, J 4. , 2.98 (bd, J = 11.4 Hz, 2

Exanfgle 12 %3[4((3 lﬂglor%ﬁ@eg d'élf—*l )ﬁ) E%Xrn}ixﬁg-yﬁzgébvi]”i (@-’i%?ol.4-yl)-4-

morp?ol;fh;ii ihhw?o[_ﬂ,é—?l]ﬂ’hlﬁuﬂﬂe (m 2 H), g 34 ( Sl 1 H), 5 16
(& aepaéedbywsylg ﬁmﬁoupi}nweél}ﬂ? G 'lﬂ'g t%tbgc@nyogn%as obiained as a

ﬁm%’S F(EIOI‘O | H i ndol -4-yl)-4-norpholin-4-yl-thie
[M+H} ld] pyrl m di n-

' NN W SIS Db f#%lﬁéty(héa?ée R F D R A 2.90
' 5
(m, 22?1?8%?0& ga(ifh% %@ (eg 69 nﬁé 92’%%%133?@(%1 90 @ 7 Ly, 7mﬁ%/' 4'H), 4.08

(t, T =H.7 H2, 4 H)(3.12 (dp, ¥=157.4 5.€HZ, 1Hd), 727|-1]34Bn835HO,t748l(d:1 8.0Hz, 1

). 7.3 Gm g P03 1§ (67575 0 M) HIafy S50 @ s 27, o5

(t, J =4.7 H, 4 H, 404 (t, J =4.7 Hz, 4H) 6.88
(ml? 6.99-7.05 (m 1 H), 15725&1H),
Example3/3- 7| aﬂ-(@fﬁ‘lugrq-yzqml@n-g-)g)tp(p[ggldm_tlﬁr)me Hr@y(sgﬂugro-lH-lndol-4-

- 8. [ 2- r indol =z 4-yl)-4-norpholin-4-yl-thie
yl)""?fl?[rg!lél-g '8]yl'ﬁb1'e Pr@a# R]L-Iﬁlrwmehyl ] - oct ahydr o- pyr azi no
[ Prépagdd Hylustlg Sucki esiphhe Mestied GYTHeitREobipoUKd was obtained as a
_coupling Method C, foll owed by TBDVS-deprotection. The
whitezglid (34 @gc6h¥dund was obt ai ned as a col ourl ess needl es
[M+iﬁ ?3514 %. [M+ H+ 509.1 1H NMR (400 MHz, CDC13): S
917( 1H, 243 (m 4 H, 263279(m3H),
'H NMIRA@0C Mi9z, (CDCL3 1t SH) 34- 3,48311% ng);Ll | (mSZSD ﬁcz)m 26r(m, 3 H), 2.89
(m, 2;2)83;0%13114(m 21&) 3.59- 3H%8 (m, 2 H), (3 82 (s 2H) 3 82-3.87 (mH)4 H), 4.03 (t,T =
4.7 Hz, 4 H), 5.00-5.21 (m, 1 H), 6.88 (m, 1 H), 6.97-7.06 (m, 1 H), 7.26 (m, 1 H), 7.33 (m, 2

H) and 8.32 (bs, 1 H).

wh1te

Example 74 1-{1-[2-(1H-Indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl]-piperidin-4-yl}-azetidin-2-one

Prepared by using Suzuki coupling Method C. The title compound was obtained as a
pale yellow solid (74 mg, 61 %).
[M +H]" 503.3
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1 H, 7.03 (dd, J = 10.9
7.33-7.37 (m 2 H) and 8
w@ R)09853725 (5- Fl uoro-I Hin
eno[ 3, 2-
d] pyri m di n-6-yl net hyl ] - oct ahydr o- pyrazi no[ 2, 1- c]
'H NME 43 M DE BT B dmob i 204 (ds) 3 110y SAHAGIHH236 (.
= 6 : 9% 1 _ + H + .
=40 1 2. 88 G 1 < 4 ey 103280 P 0 B 3l 11D, 380
(s, 2 Ig);rgz% 3(H%I 4= 27 Qﬁéé @), 4.07 gtiE ;&87£;|HZ 4}1131)7.2732.;258(15m It{), 7|j-1)4_(s, 1 H),
747 G5 780, 40 W8 b80c) 550 bHMET) CABoDE b IdoHo 1) and 8.9 (bs, 1
H). 6.88-6.90 (m 1 H), 7.05 (dd, J = 10.9, 8.8 Hz, 1 H),

7.28 (m 1 H, 7.34-7.39 (m 2 H and 8.22 (bs, 1 H).
Exanpl e 78

E&@%{g 51_‘?{'1(5[52 5 3651 H-1aA9PAy -2 or ph SRR P ehien o3 2-dp I imidin-
6-y1nf[ilm].bmeﬂidm-ﬁga!-Hﬁtday.!.-]zz(ﬁﬁt ahydr o- pyrazino[ 2, 1-c]
r

1,’4] oxazi ne epared by using Suzuki coupling Method
APreparedi byt usingormpkieeapling Msthagi Gelhediflescompo gpphtgined as a

73. 00,60 % < JJM + H + 509.2 1H NVR (400 Mk, CDCL3):
Paleée&*@@(z‘?%g@%” 0.0Hz, 1 H), 2.34-2.50 (m 4 H),

[M+H]6%212378 (m 3 lo H), 2.94-2.99 (m 1 H), 3.25 (t, J
OOy LK) 3 613,73 (m 2 b, 3.81.3.89 (m 7
H NMR (400 Mz, (GDCL): & 147071.87 (my4 1), 2.67 89, 5=30.5¢ 27 Hz, Q)H), 2.86 (1, J

- 0S8 7 3R SR S oL s Sy 1 .50

(s, 2 I({)?)sisg-(%a—-(lzgs' EHz19HD); 4.64 (thelel4. AHY] I HY-6188 @hol HY-60%7.05 (i, 1 H),
enol 3, 2-
7.25 @), gy, di3dr 3By 20D and §-3hésah b o- pyr azi no[ 2, 1-¢] [ 1, 4]

oxazi n-4-one Prepared by using Suzuki coupling Method
A. The title conpound was obtained as a tan solid (70

Examipte, 767 2 (£)-8-[2-45-Fludroe-1328n dbl-4-y INWRn ¢ ¥l livkdz y - (BRGiDE),2- S

2.03 (t,  J =10.9 Hz, 1 H), 2. 26 (ltd, J.=11.7, 3.2
dlwa,ldl&-%wl,meﬂz:dl-2¢tsby%!°9nyr@mn°iz2’m]l dlopzinegy (m 1 H),

3_ . = . , _ .

2y i i ol il 0, oo Toph dybion. oo
title cdmpotr] was ¢ftained a5 ¢adourlessnde@led (Hmg, 4 %)., 4.21 (d, J

M4 ETL 2, 1 H, 4.62 (ddd, J =13.2, 3.2, 1.8 Hz, 1

M+EIS®b1 (m 1 H), 7.06 (dd, J = 10.9, 8.8 Hz, 1 H),

'H NP]IR@() MHZ ¢DCLY 530917 (sAPH)M .42 () 4 AN D . 63-2 79 (RS 3 H, 210-2.99 (m,
25 anpl e 80

1 H), 8257w, 5-H)\, 3606 T3H,1218), 38053 88 GmpDHDIO04 (1, b= ¥I7- Hinidib [6.88 (m,
), AT IERAR LB, 726 0 S T 77 e 2 D 3R -

aci d di net hyl am de

8.8 Hz, 1 H, 7.26 (m 1 H,
27 (bs, 1 H. 25 Exanple 77
dol - 4-yl) - 4- nor phol i nPAF/GB2d0R003621

Example 77 (R)-8-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-ylmethyl]-octahydro-pyrazino[2,1-c]{1,4]oxazine

Prepared by using Suzuki coupling Method A. The title compound was obtained as a
cream solid (16 mg, 23 %).
[M +H]" 509.2
'H NMR (400 MHz, CDCl;): § 1.91 (m, 1 H), 2.36-2.47 (m, 4 H), 2.63-2.78 (m, 3 H), 2.95 (d,
J=8.6 Hz, 1 H), 3.25 (m, 1 H), 3.62-3.74 (m, 2 H), 3.81-3.89 (m, 7 H), 4.05 (t, ] =4.7 Hz, 4
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Prepared by using Suzuki coupling Method A foll owed
by TBDMS-deprotection. The title conpound was

wobdoaisssds as a white solid (40 ng, 66 % . [ M +P&f/6B2008/003621
550.2 30 1H NWR (400 MHz, CDC13): 6 2.54 (d, J=7.9
Hz, 2 H, 2.73-2.84 (m 4 H), 2.86 (s, 6 H, 3.24

o oo sl 148 s 8 D S o

822(’{3@1’1@?2008/ 003621 4.04 (t, J =4.7 Hz, 4 H, 6.88 (m
698707(m1H) 727(m1H) 7.33-7.38 (m
2H) and836(bs 1I—|). Exarrple 81

Exangid B (S ERYPB T g ghadnd 5 4 BrRRRR A e

d]pyﬁlhfﬂihf&l&lhe'ﬁ?iﬁhvﬁhsidwpiﬁbﬁioﬁz fopl Ayéxa2hfe 2- car boxylic

acid amd repared by using Suzuki coupling Method A
TReepared by %l@ll@bMﬂhvédA abheditlegompougd wag optagned as a

+ H + 522.2 'H NVR (400 Mz, CDCL3): S
°rea“§§%*§]<?d§?g’9b%g.2'? 27 H, 2 H), x (dd, J 9?4,
[M+6]15682 2 H), 10 2.93 (m 2 H. 3.30 (dd, J = 10.2,
NS g2 H 3,63 (dd ) =102, 76 be 2 H),

H NMRg(406 Midz, 2@%)1 8|_1) 16, 53 10.6Hzo1 H), 2.34-850(m, 4404563278 (m, 3
H), 2%%19((%74)1 ﬁ),'i‘)zz;(f iéQ'l}[z 17%53 %l 9473(@‘&' H), 3515 8 gr?,:ﬁﬁ),

405(1%47%%)36&8 6.90 (m, 1 H), 7.05 (dd, ] = 10.9, 8.8 Hz, 1 H), 728(m,1H),
2-&2- - Fl uor o- IFLlndoI 4-y|)-4-nDrphoIin-4-y|-thieno[
7.33-338 (m] i e 8128 (b5, 11D
yl met hyl ] -2, 7-di aza- spi r o[ 3. 5] nonane- 7- car boxylic acid
am de To a sol ution of

Example(B, 7{R)-842-(S{Flnaio21 jindol-Ryl-drmoiptiofin24-ybien(83- | H-
P A RO TR T

agqlafrdd by BRI SeiukyLoupRRS NARRdEA (BR thile Qnipotind Wk bbtamed asa

The reactlon m xture was stirred at RT for 1 h, then
tan sqbidr(79 trigoA2&e)bet ween DCM and a sat urat ed aqueous
Lyt on of NaHCO3. The 20 organic | ayer was separated
[M+§ﬁ 5%éaghed with brine, then dried (Na2S04) and

'H NFIR\@00 MR%,DCN): svAe3Q; T I m@9r}9§qlﬂ)ant26r(ﬁ§nduﬁ 73 Hz, 1 H),
purified by préparative HPLC to give the titl

2.85-2.84rfroud )5 00-3. O, & FoB52 (dds 1 =i, 9,300 By, 1 HM 368876 (m, 1 H),

3 7 _

3.86-597 a1, 05 Wl e, SB6H Y =nhePiy £ st g 1 ),
421 @6 $5 163, Hitﬁ)l) 4462Qﬂd& tJ 113 Z, 342 q. 8‘|H.z 14H'7!)6 914(1ﬂ61 HDS7 06(dd, J =
10.9, 8. 87H4y|zl Hh(7ﬂ)9 (ng 12@ (71% 714(H§m 27H)3@d78 éé(t(sml H. H) and

8.20 (bs, 1 H). Exanple 83

6- (4- Azeti di n-1-yl -pi peridin-1-ylmethyl)-2-(6-nmethanes
Examipld 80y |5-[2H5+ Fldoto-2 H-indpl-4-ylyot-ploophelint 43y-thiene32-d] pyrimidin-6-

&é 2-d] p%ml m di ne 30 The title conpound was_ prepared
yimethg)lrhxahVana-PYBOIN. s NET ol - serbgxylic acid, dipethlanbide
Prepared by using Suzuki coupling Method A, followed by TBDMS-deprotection. The title

compound was obtained as a white solid (40 mg, 66 %).

[M +H]" 550.2

'H NMR (400 MHz, CDCl3): § 2.54 (d, J = 7.9 Hz, 2 H), 2.73-2.84 (m, 4 H), 2.86 (s, 6 H),
3.24 (dd, J = 11.0, 3.0 Hz, 2 H), 3.51-3.59 (m, 2 H), 3.86 (t, J = 4.7 Hz, 4 H), 3.92 (s, 2 H),
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solid (35 ng). NMR 6H (400 MHz, CDC13) 1.42 (m 2H),

1.63 (m 2H), 1.73 (m 2H), 2.08 (m 2H), 2.21 (m WO
WQO09NSBET15 PCT/ GB2008/ 003621 2H), 2.93 (m Beh/GB30&/B03621
(s, 3H), 3.21 (m 3H), 3.86 (s, 2H), 3.94 (t, J = 4.7,
AH), 4.10 (t, J = 4.7, 4H), 7.35 (s, 1 H), 7.58 (t, J

=27 1M, 7.70 (m 1 H. 814 (s. 1 H, 8.89 (b
4.04 155 47815 4 L 6 88 ) HDy GRG0 8.2 A 3365 (m, 2 H)
andgﬁsﬁgl%ﬁ*) 6-[ 2- (5- Fl uoro-1 Hindol - 4-yl ) - 4- nor phol i n-

’thi‘énol 3, 2-
d] pyri m di n-6-yl net hyl ] -1 - nmet hyl - hexahydr o- pyri do[ 3, 4-

Exarngle 81 &3 @RafinF ArigdnEtbe-Rorahgin A viiRignfls s timidin-6-
ylmefh%ﬂm&gﬂﬁm%%ﬁ&o%ﬁﬁﬂrgﬁgg Msi% i ac 665“(%@1 é 6?”1( m

3My¢pagdldsy ysmg Juduki @upling Methbd:Azﬂ" g tltm-gompgusQW(as obtained as a

J = 4.8, 4H), 4.21 (m 211), 6.83 (m |
Wh‘teﬁ)@‘déﬁ’g“?g(ﬁ@ 7.20 (m 1H), 7.29 (m 2H), 8.15 (br
[M+$1] 52212 [M + |—|]+ 537.15 15 Exarrple 85

4-[2-(5-Fluoro-1 Hindol - l'/)H4 nor phol i n-4-yl -t hi e

'H Nw(gogwpﬁm@h);.m«ss (dd,J = 94 2.7Hz 2H) 2.74(dd, J=9.4, 6.1 Hz, 2 H),

293 G 2 EpdOigs W 17 i L i o DGR Py B es

4 H), St%t(kiz lemm aNgy, h@iM@stzqmls\& Gil 1qi)f7owmq=sqb 98.8 Hz, 1
400 CDC13) 1.80 (m 211), 1.93
H), 7%ih(m2 723%Qn($r§{)4n1}822(b%1(% AH), 3.78- 20 3.94 (m
10H) , 407(t J =4.8, 4H), 5.21 (br s, 1 H), 6.61
(br's, 1 H), 6.92 (m 1 H), 7.07 (m 111), 7.27 (m

Exambld)82 7 232-(5-iFlugdid-1H&nabl-4-y1)-4motpholin-Myk-thikroB20dpFrimidin-6-

Exanpl e, 86 . .
yimey{l(Ly-dfazarspisoty Simonpye-Tonasaxvlicaridamisien- 2. y1 ) et ny! |

nél; ogagsr?élgﬁ)lnfog n6yﬁ2 7I cli_%_alza-saplfo[3 51/110n—2 ylmetlbyﬁ)OZ |(?1 ﬂuoro 1H—hlndolo4 -yl)-4-
morph@in24-y]-thieriof3, didigyrirdepa(l 25 mfg; 6.264 mmol) in anhydrous DCM (10 mL)

was a & % tlﬁi?rk@li j&t{y Sgg_ ME&?%M [’)252 ¥1{nr181 ol[he reaction mixture was stirred at

RT fdimrrpmhlpaﬁﬂrohkd HEOWRBP DEM afld B ¥htufhked aa;ae&ﬁslsamusﬂ 88KaHCO;. The
coupling Method A to give a white powder

5 .
organ&4ayerwsrspnarat@ﬂ>@1d; yvashegavighi prinegjhen risg (N azﬁs)z)sar(dﬁonsmtrated in

vacua, H;%e r%u]éa,n‘]t (%Sl v&%é)%gl)ﬂegéy ?ej)(ag%l %ﬁ’l_?':go’ glée té% tlﬁlg]’compound as

a whifHdolid $4 17 fhg; 3689 8 (m 6H, 4.01 (t, J =4.8, 44, 7.30
gis 111), 7.5 J=2.8, 111), 7.6 (t, J = 2.1, 1H),
M+ 15%(52 1H), 8. 64 (d, J = 1.6, 1 H), 8.6 (d, J = 1.6,

' NMR 400 Mz, (BHCE): 8'1.58-1.81 (m, 4 H), 3.17 (s, 4 H), 3.31 (m, 4 H), 3.82-3.87 (m,
4H),3.95 (s, 2 H), 4.04 (t, ] = 4.7 Hz, 4 H), 4.46 (bs, 2 H), 6.88 (t, ] = 2.5 Hz, 1 H), 7.04 (dd,
J=10.9,8.7 Hz, 1 H), 7.28 (m, 1 H), 7.32-7.38 (m, 2 H) and 8.20 (bs, 1 H).

Example 83 6-(4-Azetidin-1-yl-piperidin-1-ylmethyl)-2-(6-methanesulfonyl-1H-indol-4-
yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine

The title compound was prepared using Suzuki coupling Method A to give a white
solid (35 mg).
NMR 6y (400 MHz, CDCl;) 1.42 (m, 2H), 1.63 (m, 2H), 1.73 (m, 2H), 2.08 (m, 2H), 2.21 (m,
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WO 2009/ 053715 PCT/ GB2008/ 003621 [M = H] + 553.
Exanpl e 87
WQ@2{0540F7uor o- | H i ndol - 4-yl ) - 4- nor phol i n- 4-yl - 6PCHGBL@BH003621
ahydr o- pyran-4-yl)-pi perazin-1- 5
yl methyl ] - thleno[3 2-d] pyri mdine This was prepared
usi ng Suzuki_cou

210), §33081 HE okt Gedth e SR 395 (@lte_fléﬁ ariae Badp d 0 6 1=
47, 4R 35 Lo I RO R Mo Qe VHESIE s 15 B iy ke 74
1H).1.80 (m 2H); 2.47 (m 1H):; 2.66 (bs, 8H): 3.40 (m

1), 88 (m 2H); 4.04 (s, 2H); 4.07 (m 411); 6.93
[M%gl;%;? 7.06 (m 1H): 7.29 (m 2H): 7.39 (m 2H):
8.24 (bs, 1H). Exanple 88
2-(1H1ndol - 4-y1) - 4- nor phol i n-4-y16-[4- (tetrahydro-
Exampie 84 y|(faRT,SeR zﬁ-[ﬂ-(SIEllmrwlﬁth H-yIi-f-menpholip4-yi-th en0[3 2-

apyBHgHE iy - fePinyare pyridelt ah Alomsginggone,

pFH@thEZ:bﬁrpbund/W fearkd Lthg 8azfk3 cowblihl NasthbdriAdb igéve an off-
23 mmol ) and i ndol e-4-boronic acid was

Whlterf@%i@t(g&mg%l ng Suzuki coupling Method B, to give after
NS 8 8 1 S 1
(m, 33*?(3153 (rd,. 130, 8.81 (€@ KHy=4.8,.4H), §.85 (3 &H), 3&3"3(7[ [ 8(llm)’;44ll|)21- o, 2H),
653 GrOB (V7 o TF 7000 (i 404729 ;ﬂzﬁ{)egq g 189 50 (5

M+itﬂ]12537i’543 (m 1H); 7.48 (m | H); 8.11 (d, | H);
20 (bs, 1H). 25 Exanple 89
(f)2(5 FI uor o- 1 Hi ndol - 4-yl)-6-[4-(2-nmethyl -tetrahydr

E—a—‘%‘—f’pg az é‘ i{z ér’#ﬂf’ﬁ%{*"&"ﬂb‘# SRet-merpholin-fryldhisnpld,2,d|pyrimidin-
6-y1n{my1]rp$emmﬂtggwsﬂhguﬁr i Hyrahaldarb6pHiel deitbanfiinod B,

to give after ection carried out as in

Refihs titlscempgundvas mreparn‘é using Suzuks apunling Methed Mipéve an off-

44 % . [M+ H + 537.3 30 NVR 6H(400 Nz,
Wh‘t‘%%@lg .19 (d, 3/oH);[1. 94H](m 2H): 2.56 (m él—l); 2. 85

NMR(37 (4aaivmz, EIH6L) 1180 (1} 9H), 4.90n, OH),8HH2 (16, 49, .58 (114, 3.78-
3,94 (M) o) D 48 ek G200k 6636BRs, TEReAB? BmotD, 7.07 (m,
LD, £ r. g, B e D et iyt 1V hieno
M +H3} 28@1}3 pyrim dine Prepared using Suzuki coupling

Met hod B, to give after TBDMS-deprotection carried
Example 86  6-[(S)-1-(Hexahydro-pyrrolo[1,2-a]pyrazin-2-yl)methyl]-2-(6-
methanesulfonyl-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine
Prepared from 2-chloro-6-[(S)-1-(hexahydro-pyrrolo[ 1,2-a]pyrazin-2-yl)methyl]-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine using Suzuki coupling Method A to give a white
powder (59 mg).
NMR 64 (400 MHz, CDCl;) 1.33 (1H, m), 1.35 - 1.75 (m, 3H), 1.94 (t,J = 10.1, 1H), 2.09 (m,
2H), 2.31 (m, 2H), 2.87 (d, ] = 8.6, 1H), 2.99 (m, 3H), 3.06 (s, 3H), 3.79 — 3.88 (m, 6H), 4.01
(t,J=4.8, 4H), 7.30 (s, 1H), 7.5 (t, ] = 2.8, 1H), 7.6 (t,J = 2.1, 1H), 8.1 (s, 1H), 8.64 (d, ] =
1.6, 1H), 8.6 (d, ] = 1.6, 1H), 9.00 (br s, 1H).
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out as in Reference Exanple 4, the title conpound as a
white solid (48 ng, 26 %9 5 [M+ H + 523.3 NMR 8H(400
WORMWIOEDCL3): 1.88 (m 1H); 2.07 (m 1H); 2. 63P(GTYGB&H)3/003621
3.03 (m 1H); 3.67 (m 1H); 3.86 (m 9H); 4.07 (m
411); 6.93 (s, 1H); 7.07 (m 1H); 7.33 (m 1H); 7.54
8.26 (bs, 1H). 10 Exanple 91
M= éﬁu(éggl) uor o- IH-| ndol - 4- yl ) -6-(5- et hanesul f onyl - hexahy
dro-pyrrol o[ 3, 4- c] pyrrol 2-yl met hyl ) - 4- nor ph
olio-4-yl-thieno [3,2-d] pyrimdine To a stirred
Examplsl|8}t i on of

2-(5-Rigbr LS g S0 Fior R B8 e s parr @P'P’érgm-l-

ylmet%{qﬁihmls)z-amym&né 36 L 0. 26 mmol) in CHRCL2 (2
¢ was added net hanesulfon | chloride (20 L;

0The wiasrpparethesingSvadkt equphingMet stegiv;, piterckBRMSs C

deproreg{lor?c%g%&g ﬁl‘ﬁ OaSRV-{\}I:l %F 1el g%gﬁéﬁ@%%}%oﬁg% E% garrl}tt% solid (67

mg, GTB@ organic layer was separated using a hydrophobic
frit and solvent evaporated to give a yellow solid (70
[M+H3)337his solid was reacted using Suzuki coupling

toirk| f
NMR Y AEAMEL RTRINT, . 241! 85 BPRHER, AR 1Bl 2 56 R HHED 40 (m,
2H); 1.88 (1a19H); 3. 011(;,2(}2340571@14?5); 62%38(2, U?F;i) meé(mig}gﬂs.? ?11 2H); 7.39
, = and 4, , 3.49-3. m
(m, 21%53)822@0&8@ 90 (m 4H), 3.96 (s, 2H), 4.06-4.08 (m
6.93 (br s, 111), 7.08 (dd, J = 10.8 and 8.8,

H),728731 (m,1H, 7.36-7.41 (m 2H), 8.24 (br _
Example 8811p- (1Wndo|l-}]4+yl)35—]normoEnﬂrq:iﬁd4-§@trahydro-pyran-4-yl)-p1perazin-

Lgki ndol - 4-yl) - 4- hol i n- 4-yl - t hi
l-yln\gg%ygl é‘ﬁé"j?ﬁ? ogﬂoﬂl 'é'l SI ?ret hyl)/] ) hexgﬁ;grg ngr r ol>/o '
[ 3,. thix@hrefdf 2t Mlord=4¢mbrpdlolin A0A1%-B-(tetrahyaio-pyrast 459)-pipegin- 1-
ylmethylmlemﬁ@ 2¢d] exemjdine (190m |05} 33nmop) angd indale-4-bpropi¢ pgid yvas

o AR B ARl P
compﬂih')dlastaﬂgte/\ﬁﬁldewdﬁfg 64%).y| | chloride (18.5 Ld 0.26

t t t t t RT
M+ BT Ene (17 hy upon uni oh time 15 wes quenched wi t h
NMR%agm%ﬁQ cggﬂgg—’sn qmomdég yz“ﬁbf{npﬁwm%t@ysﬂ) 331 (m,

separ at a hydrophobi ¢’ frit an
2H); 20D, QH3 3184 WHBZ@G&#ID@HBZHOI Go|4AHBnT. 2émp6Hht7eID solH); 7.43

o, 1Y D E PSR D o give the title
conmpound as a buff-coloured solid (53 ny; 70 % . SH

(400|sz CDC13) 2.10 (s, ?261307 ;)
Example£). 3 (8- ((Snlr‘lgpso-lﬂ-leeob“-a!l)- -[A-(22mpthyl-tetgghyzirodfur ag-3-yl)-

plperﬁ}-l gmgéh@ 4- -igtphofip Ry et di5h-dibYrinflatie: 0 94 (™M

Prepared using Suzuki coupling Method B, to give after TBDMS-deprotection carried

out as in Reference Example 4, the title compound as a white solid (60 mg, 44 %).

[M+H]" 537.3

NMR 61(400 MHz, CDCl;): 1.15 (d, 3H); 1.94 (m, 2H); 2.56 (m, 8H); 2.85 (m, 1H); 3.86 (m,
7H); 4.00 (m, 6H); 6.93 (s, 1H); 7.06 (m, 1H); 7.31 (m, 1H); 7.39 (m, 2H); 8.23 (bs, 1H).
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588, 1H, 7.28-7.31 (m 1H), 7.35 (s, 1H), 7.37-7.41
(m 1H), 8.25 (br s, 1H. [M+ |—|]+521 Exanpl e 93

wQ 100pA53785 FI uor o- | H i ndol - 4-yl) - 4- nor phol i n- 4- ¢ FGBR@R003621
[3,2-d] pyrimdin-6-
yl met hyl ] - pi peri di n-4-yl}-nethyl - (tetrahydro pyran-4-y

[)-amne 10 To a_stjrred suspensi
Exanple §5. &mzocsomow.lehmdpww—mxpm—s ot A fgran-3-

R (22T 0

1 Fiepﬁre:lﬂsmgﬁlzlukn@u@ﬁngﬁ/)ethmis&ad ged after TBDMS-deprotection carried

out i A EiF e e 106 Frmbptnges v Esp e R mka B T

[M+Hjeszz.ghl oro-pyrimdine internmediate was isolated by
aci d- base extraction and reacted using Suzuki coupling

NMR\e(H¥cMBE, €DCd:)yl 88 (mhiH); i2t07dng dlﬁ)o?dﬁﬁ (ras8Hn 3d}3f(nmﬂHt),e3 67 (m,

o0 958 55 o 30150, SR T o,

(bs, 12)94-2. 96 (m 2H), 3.25-3.31 (m 2H), 3.55-3.63 (m
2H) 3.72 (s, 2H), 3.76-3.78 (m 4H), 3.90-3.97(m
6.80-6.81 (m 1H), 6.95 (dd, J = 10.8 and 8.8,

s, P s sl

c]pyrrsi2vplmetffl)-4-morpholin-4-yl-thieno[3, 2-d]pyr1midine _
0 aoqt%#egﬁefu‘%‘log %f éjschiplsyg Ior a)quElLylgrn ao é{% :%é]gilrrnglr-ﬁgﬁlllétﬂ};l)-#
morpg(?ﬁrp@ h-BHidtiofs, ¥ dip Fithidtle @0E 018 rﬁm%f)iah{i REt5ABRER 9! %8 mmol) in

CH,(I¢(BLY:4t1061owas adstep naithanesulfonyt ¢ilende (20 2L P@gmmplli The

reacti_en é{? | rret h J el P?ﬁcfd%%h?laf%’lg\%T g%rﬁ}/gbt 6% ﬁ'l})&% sz%icrﬂ%me it was
quenclwa Wh%ﬁh%té@NBH(L@3 (s6lufibh (4B:3.) 20He drgamic! 1 B e8frdted sing a

. mml? and the reaction mxture was stlrred at
hydroRRotio &iangire venigevaporatedo givelsl ysHowsphid fGmgl This solid was

t .
sSR! Sup RIS 670 R AP BYH F60 FRIR s
(26 nig; B0 &)conpound as an of f- vvhlte soI id (18 ng) 30 8H

B (40 D12y CRIGID R BB (o, 3.2, S8 Bh(m, B 2.9 (69, &1 (41 (m, 26D,

319 Gy =0 451 7 plao-s7 in 201 8 M, 48196 (5 51y 06-4.08 m,
4H), 4.65 (brz, 118), 7.083ddyd = I10}8)a:nd'8.& 3H)57.28-78) (mi7,1 B, T 3t67.41 (m, 2H),
@. 8 d WO 2009/ 053715 PCT/ GB2008/ 003621 4.0, 1H),
8.24 riﬁ@br s, 1H). [M+ H + 535 Exarrple 95
M+@]*5§7‘[2 (5 Fl uoro-1 Hi ndol - 4-yl ) - 4- nor phol i n-4-yl -t hi
eno
dl p£/r| m d| n- 6-yl met hyl } - pi peridin-4-yl}-nethyl-(tetrah

r&y furans3yd.) - ani Q tirred suspensjon gf R
Examffd %" Jr B0 sha Rk AndOu Ry DL ok Rnp BSER RGP 2t pygimicin-
6-ylmethyl Aré pperdl BJZC- Hlol-2B1¥aaghére (229 ny; 0.6

yinrethy ;Tﬁand'yNaBFB’ @l %]p% U%‘lil
To a stirred solution of chloro 6- (hexahydro-pyrrolo[3 4-c]pyrrol-2-ylmethyl)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine (60 mg; 0.16 mmol) and NEt; (36 pL; 0.26 mmol) in
CH,Cl; (2 mL) at RT was added acetyl chloride (18.5 pL; 0.26 mmol) and the resulting

solution was stirred at RT overnight (17 h) upon which time it was quenched with saturated

NaHCOs; solution (4 mL). The organic layer was separated using a hydrophobic frit and
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mmol ) in 1, 2-dichloroethane (5 nL) was added
di hydrofuran-3-one (0.3 nL; 3.7 mmol) and the
WO 2005335 m xt ure was stirred at RT overni ght PABGRR008/003621
The 2-chloro-pyrimdine 10 internmedi ate was i sol ated
by aci d-base extraction and react ed (0.2 mmol ) usi ng

o ORI e
couplﬂnggg[e&oﬁ% {o::%'lvé'“ﬂﬂl: itlé o6 g M@B%ff'wlom%d aid g.% n?rg%o %).

2.38 2.98
on (4EHVHZ CEKJIB) 2810 (sniHm.b)l -3.87 (s 4H)93 4@:@ 5@@ 2I6) 8;66{3981 (m, 2H),

388392 %xg 41—1{)@ 9%1@6%}%?;(9%4 o, 4 gﬁgﬁ%&mlm 07 847 = 10.8 and

8.8, 11=r){712$2 3(1?(nFI1H9r7035 {s; 1Ry a913747 ¥i Im41HRBE¥QbLE 8-141)y! -thie
-dJpyrimd
[M+é1]y52ﬂst hyl ] - pi perl d| n-4-yl}-azetidin-3-ol 1-]

1- (2- Chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di n- 6-
yl met hyl ) - pi peridin-4-yl]- 20 azetidin-3-ol (0.2 mmol)

_amm ee{u[eqsmmm-mamlm-mwlma@mmgl-fhnénb[g,rzuﬂpyﬂimndm-@
nmpound as an off-white solid (56 ng; 54 %.
ylme@mll(nw9rlmz4-ytlse1@)vl-itetr@hzdmxrﬁp-ﬂlj)amlze79 2.95 (m

4??? ans;%ler%h ﬁspgzﬁgggbf ﬁl 1%@1@0-%#?91%%% y]%ﬂ%?b d%d]‘b?fm:mdm-&
ylmethﬁl)@nlmml1184&£]-mét)l’yl-éinﬁé’(229.2171g((Dfﬁ’mlillbi)) hndi\IaB((oAp)}mms mg; 1.3
mmoli irﬁ? ,g(cg%gor‘é;glﬂ% é rg’gings' gddecji '_gtrahgdr%24 -%ryra?l-4 01'1_2 (0. 122 mLN{ 3

mmoB a§15> ufé reRiion it nchufdihs dineldar R dvefrdghiR1 §RXYTRZL Bt Ipykimidine
lnternwdnmg M;s }solaterdir}pmxl base £x{ractioniand ofa3 el usingySuznkidionplingidethod

i d _sol ut
Dto @V%%e?ﬁﬁfﬁﬁﬁpgn%%%ghftﬁ 59111%/ 58 r’I’ig)(éno[ 3,2-d] pyrimdin
Sy (40031\@{): ms)hmm Bb gmr 6H),n- 94-2/&)5 gﬂzm) di1g- @ 31? 0100, cmg(m 2H),

i n_anhydr ous C was

2.94- 7«&/96/&1112@{}@ 250381 Emzolﬂ), 3§t5r3r 63 ﬁ@, 238 rﬁ%ﬂtﬂ)e@mﬁ 7@(((1}, 4H),
3.90-3.97 @%ﬁ}s & 80408 m é’[l—phﬁ 95! it J'W(?ﬁ%h@@%en%g.léﬂ rgwérg 1H), 7.24

ac’tl on mxture
(s, le)\D’ 20081, 05@&%@@6{@280&/(&&36& to warmto RT whil st
g}é“rlng over 4 h. The reaction was purified by
M+ Rbase extraction to give a crude residue that was
react ed using Suzuki coupling Method D to give the
title conmpound as an off-white solid (33 ng; 26 9.
Exam§l¢ 9440 Cyvtebutde T2y (5dhed ol H-indold-d)-4-merpholia-42¢l-(higno(3,2-

3H) .. 1- . A4H) .2 . 2SH), 5 3.64 (b ,
d]pyr. d“‘% 3@%@3F2i®@r'@k%ﬂ'g“§g“§‘fsﬂmw?o 4. 05- 4. oga Ems
4 =, 1 - -
%a sglr%g sgsp%gm()i;inbf ’ ch;org44 mgﬂﬂmohﬁ F%llﬁle%gﬂ;ﬂd?yﬁmldm
yimetbyly pinicin-.s1 1rphyl-gnibe (21 me: 0.6 minol) e NRBUAC)HA0.35 g; 4.0

mmol} §f B ficniBrogthans (5 i was addef eyclobutanong, (0,3 mL: 4.0 pyol aad the

reaction Arigkupy/waddtited-abRT overnight (16 h). The 2-chloro-pyrimidine intermediate

was isolated by acid-base extraction and reacted using Suzuki coupling Method D to give the

title compound as an off-white solid (18 mg).

dy (400 MHz, CDCl3) 1.50-1.59 (m, 5H), 1.68-2.04 (m, 9H), 2.28-2.40 (m, 1H), 2.94-3.05 (m,
3H), 3.60-3.64 (m, 1H), 3.72 (s, 2H), 3.75-3.78 (m, 4H), 3.94-3.97 (m, 4H), 6.80-6.81 (m,
1H), 6.95 (dd, J =10.8 and 8.8, 1H), 7.16-7.18 (m, 1H), 7.23 (s, 1H), 7.26 (dd, J = 8.8 and
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yl met hyl ] - 1- (t et rahydro-pyran-4-yl)-pi perazin-2-one
Prepared by using Suzuki coupling nethod A The title

W@ 0vposaTds was obtained as a white solid (78 npCT/88208/003621
[ MkFH] +551.1 15 1H NWR (400 MHz, CDC13): S 1.63 (d, J

4.1 H, 1.79 (qd, J =12.3, 4.6 Hz, 2 H), 2.78

N Hz, 2 H, 3.30 (t, J =5.3 Hz, 2 H), 3.36

4.0, 179, 8.4 151 (td, J = 11.8, 1.9 Hz, 2 H), 3.86 (t,

M+ ]5515 4 H, 3.90 (s, 2 H, 4.00-4.07 (m 6 H),

94 1H),690(m1H), 7.05 (dd, J =

1 ,727(m1|—|) 7.37 (m 2 H) and

%2&& e Fharp R Lk b W isnots >

d]perﬁﬁthmylﬁmmyﬁiﬁrﬁnh }-mvy%a&hﬂ&@sﬁﬁﬂsg -amine

described in e prece wer e mtted

t dotastirfed|shepensign lof b ggﬂd@no-‘hm@aahohasi -HttBienpf 3pt-Hinyrigudin-6-
yimelih SRR FTPREAS lhe 239 82, G ol E RaBRORERIIB S5 &5 40

nnnol?ﬁliYHRhélﬂ&oéfﬁEn@(S IﬁL)iﬁ'B@@d&eﬁ diliydrofafant34dfe (813 mL; 3.7 mmol) and
onpounds were serially iluted in 100% DVSO. The
the repglipagBiXER MaF STehal R emsaltgbb(lﬁéla Theg¢hloge-pydpgine
{
s e
couplihgtMethiod Bctoygverde sitlg momdanhncrhssaaaffewhnm scﬂld:(aﬁmg)f it

B (40 otom EmGTn B o3 . 4B 12 B2 BB 42 0 G2 B o, 110,

2 T
2.95-898| IHSQH} 'fSQ9D31§@@n\éﬁ) 99%%%1882’%“‘%%%% ngg,?ﬂl (br s, 1H),

|so ormo was l'ess th
6.93-G.9b (s 1K) 7dds7.28 (m, BT 8HKdbrs, 18ch wei ghing 0. 15 g and
[M+mn5$]am ng 25 ng of a conpound of the invention were
ctured as follows: Conposition for 10,000
tabl ets Conpound of the invention (250 g) 10 Lactose

ﬁ%g%ﬂ? BrehRpes s i At b roBBRAIS # iafthol32-aipyrimidin-

6- meﬂyﬁ ireRidin-dGIRagetitlia3bstl f of the corn starch were
y pblﬁlS Th?l}rln xture was then forced through a sie

0. ls[lrﬁ%%lgw 4masphatisr-4rykthignel3, 2-¢ipygimifin-6-ylmethyl)- plpendm-4 yll-
azetidin-3-ol (0.2 mmol) was reacted using Suzuki coupling Method D to give the title

Bb;g-f&ﬁ I
m -
oo\loo\gzu I
oooo-E-vmm-
RS EeN

compound as an off-white solid (56 mg; 54 %). |

8y (400 MHz, CDCl3) 1.30-2.21 (m, 7H), 2.79-2.95 (m, 4H), 3.61-3.65 (m, 2H), 3.81-4.04 (m,
10H), 4.43 (quintet, J = 5.6, 1H), 6.88 (s, 1H), 7.03 (dd, J = 10.8 and 8.8, 1H), 7.24-7.27 (m,
1H), 7.30 (s, 1H), 7.34 (dd, J = 8.8 and 3.6, 1H), 8.22 (br s, 1H).

[M +H]" 523

Example 97 2-(5-Flu6ro-1H-indol—4-yl)-6-[4-(3-methoxy—azetidin-1-yl)-piperidin-l-
ylmethyl]-4-morpholin-4-yl-thieno[3,2-d]pyrimidine

To a stirred solution of 1-[1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl)-piperidin-4-yl]-azetidin-3-ol (100 mg; 0.24 mmol) in anhydrous DMF at 0 °C was
added NaH (60 wt%; 20 mg; 0.5 mmol). Stirring was continued at 0 °C for 40 min. upon

which time iodomethane (16 pL; 0.26 mmol) was added and the reaction mixture was allowed
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suspended in warmwater (90 m ). The resulting paste

was used to granul ate the powder. The granul ate was
waledoedsamntl broken up into small fragnents on aPGI/68B2008/003621

1.4 mm nesh size. The remaining quantity of starch,

talc and magnesi um was added car efully m xed and

processed. into tablets. npl e 1(%1 I nj ectabl e

to wapg to RTavhilsh t@gﬁg@ﬁﬁdﬁl by T{lﬁgaptpﬁ;bwgq yRified c1d-base extraction to
give Wﬂ&@fe@idﬁ% tHat %qe@éﬂshm&um&bh@hé%dmﬁgi?é rﬁi&' e

Sol ut1on o pH4.0 to 7.0 “Steri|
compqumdas:mdfﬂwhte%ﬂai@érmgmﬁc%bf the invention vvas

o (T B W Fere fina S5 20 526 G 3 i 2 S B camb i@ . 31,

3.64 @sssdzmr 3"85?5 3] ymhmr(ﬁmﬁ? £85- 4@@%10:@111? - 6§B%m 1H), 7.07
vvastenrmeuptovourrevvl wa

(dd, J= 19.8 aedi8 Bt Bl GH28a7.30 émi 1), IB4ts CitbpB B8 (dd, IJt=e$ 8 iand 4.0a1H),
8.26 terile 10 m anber glass vial (type 1) and seal ed

F’hl erile closures and overseals. WO 2009/ 053715

[M +BGT5$8B2008/ 003621 Exanple 102 Intranuscul ar |njection
Conmpound of the invention 200 ng Benzyl Al cohol 0.10
g 5 dycofurol 75 1.45 g Water for injection g.s to

BBy - DG AR b b B BB 4 T h ST M etuain-o-
ylmediyl;]sl}(uﬁdhydmalpymh@-yt)&iﬂpdatm-?»oné The m xture was

then fi tered ough .a st |Ie cropore filter and
s SAFRAE %Sﬂ%&$ hpligg me thagi A th t{tf}ﬁemfpun&mas obtained as a

whlte@éﬂﬂ'%semé,oﬁ) :§¥rup For mul ati on Conpound of invention
or b Solution 1.50 g 15 A ycerol 2.00 g

[M + 8681 benzoate 0.005 g Flavour 0.0125 nl  Purified

vt L Bl S0 B0 20 ) TP OAES Pl by L s 30,278

(t,J=5.3 Hz, 2 H), 3.30 (t, ] = 5.3 Hz, 2 H), 3.36 (s, 2 H), 3.51 (td, T=11.8, 1.9 Hz, 2 H),
3.86 (t, J = 4.8 Hz, 4 H), 3.90 (s, 2 H), 4.00-4.07 (m, 6 H), 4.69-4.78 (m, 1 H), 6.90 (m, 1 H),
7.05 (dd, J = 10.9, 8.8 Hz, 1 H), 7.27 (m, 1 H), 7.37 (m, 2 H) and 8.27 (bs, 1 H).

Biological evaluation and Pharmaceutical formulations

Example 99  Biological Testing

Compounds of the invention, prepared as described in the preceding Examples, were

submitted to the following biological assay:

PI3K Biochemical Screening

Compound inhibition of PI3K was determined in a radiometric assay using purified,
recombinant enzyme and ATP at a concentration of 1uM. All compounds were serially
diluted in 100% DMSO. The kinase reaction was incubated for 1 hour at room temperature,
and the reaction was terminated by the addition of PBS. ICs, values were subsequently
determined using sigmoidal dose-response curve fit (variable slope). All of the compounds

tested had an ICsj against PI3K of SOuM or less. Typically the ICs, against the p1105
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20 the purified water. An aqueous sol ution of the
sodi um benzoate was then added to the solution,

WO 200003385 by additi on of the sorbital sol uti onPEFEGB2008/003621
finally the flavour. The volune was nmade up with
purified water and m xed wel|l. WO 2009/ 053715

. PCT 008/ 003621 AIMS 1. A conpound which is a
ISOfO%Pé% W?ﬁﬂeéﬁtg%%?”%%rnma (1)) O N (1) RaR R \ N
N(CR3)2 mWR2 5 NR4 wherein Wrepresents a
t hi ophene ring; RL and R2 form together with the N
ExampieolfiG o Tableticompesitigne attached, a group of the 10
following formula (1la): (Ila) A Nin which Ais
selected from (a) a group selected from ,
honmoiapRfsgéidhtreiiR€0 a3 igdd cBhiaRiing2 g dMardofpodhd6f the
) and azetidine, which group is substituted by one or
inventipn werg panyfagiuied @s fdlosist ed 15 from C3- C10 cycl oal kyl
whi ch is unsubstituted or substituted, an O containing
ring which is tetrahydrofuran, tetrahydropyran or
Compwsitioarfer BH0)000ablets i S unsubstitued or substituted,

-NR -egCR_Z)T X wherein each R is independently H or
Compoypnd e thg ipyantion (339 8) or 1 and X i s sel ected from ’
cycl oal kyl which is unsubstituted or

Lacmgu{)g(sato%)ut ed, an O-containing ring which is
Com statahdyEg)of ur an, 20 tetrahydropyran or oxetane and
Tal whi ch :gg unsubstituted or substituted, and a 4-
ale LA8sat urat ed N-containi ng heterocyclic ring
MagnéfiufmstéaBatb (S ppst i tuted or substituted, and which
group is optronally substituted by one or nore further
s ubs flihe gempeundad the g LB ERY7 lestopmdisd Hoithe ogmZtarch were mixed.

The mixture was then forced through a sieve 0.5 mm mesh size. Corn 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 101 Injectable Formulation

Compound of the invention 200mg
Hydrochloric Acid Solution 0.1M or

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

The compound of the invention was dissolved in most of the water (35°-40°C) and the
pH adjusted to between 4.0 and 7.0 with the hydrochloric acid or the sodium hydroxide as
appropriate. The batch was then made up to volume with water and filtered through a sterile
micropore filter into a sterile 10 ml amber glass vial (type 1) and sealed with sterile closures

and overseals.
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(b) a 4- to 7-nenbered saturated N-containing
heterocyclic ring which includes 0 or 1 additional
whedensZidms sel ected from N, S and 0, the rinpCheBa@s/003621

fused to a second ring selected froma 4- to

7-menbered saturated N-containing heterocyclic ring

as defined above, a 5- to 12-nenbered unsaturated 5
Examplg H)% ¢ Jatramuseylar Injeetion 5 7. pepper ed sat ur at ed

O containing heterocyclic ring, a 3- to 12- nenbered

saturated carbocyclic ring and an unsaturated 5- to
Complatind e tHeaneshtioar bocyclic ring t @00mgn a

et eropol ycyclic ring system th het er opol ycyclic
Benz{’]liéﬂﬁog‘gst em bei ng unsubsti tut ed @llogubst ituted; (c) a
Glycdhurdl 95 7- menber ed sat ur at ed N-coqt.@i%wi ng heterocyclic

ring which includes O 10 or 1 additional heteroatons
Wateg forsgjespnfq.ot N, S and 0 and whi3d®mlrther conpri ses,

li-nki ng two, constituent atens,of .the rin
oriRigameaud, O et vl Tt B Stk Thpengyyatcohol
was thén 4dde@ il dReI10dd) adwhteRadded téS mid dhe REdtuedRdethen filtered
1, 2 or 3, r is_as defined above and s is 0 or 1, the
througls arglierilagicrenege flien and sealedhim steyile A sulradass vipledyrsy D
substituted; and 15 (d) a group of fornmula (11b):
(I'l'b) g~ CBwhereinring Bis a 4- to 7-nenbered
Exampid 103at Sgrip Fonmalationg het erocyclic ring which
includes O or 1 additional heteroatons selected from
N, Sand 0 and ring B is a 3- to 12- nenbered
CompthH ofené bocyclic ring, a Syshgne/ 20 menber ed
saturated O containing heterocyclicTing or a 4- to
Sorbi®ol Sehitiened sat ur at ed N-cont ai nilif ghet erocyclic ring
Glycas defi ned above, each of B and B, being

‘?ﬁﬂ]substitut ed or substituted; m'zs €1 or 2; RB3is Hor
Sodivel b&odteky! ; 25 Ra is sel ected fygpndR , hal o, CN,
C(ONR 2, hal o(Cl-C6)al kyl, S2R, SO2NR 2i NR S2R ,
FlavoNR CCO R, NR CCOOR , NR C(O NQUR250f and NR 2,
. ~Wh LN each R 1is independentlyy defi ned above;
Punﬁg%ge}%ﬁr%ss'q%n i ndol e group whi chsl“osoaiﬁlnsubst ituted or
S Uhgtcoinpbast of the irvepiet Wacdisdolved|ih ¥ ntigepbedhe @lywatdl and most of
t hereof. WO 2009/ 053715 PCT/ GB2008/ 003621 2. A
the pyriigdovaer- A sausPhysalerian ofiths soditia benzeateryeas then added to the

solutibfl] BNORYA byhdlifién bEhE5orbRarEshRioh hAd finall the flavour. The volume

was made up with purified water and mixed well.




(la) N RIS/ N N(CR3)2 mRNRE wherein Rl, R2,
R3, R4 and mare as defined in claim1l. 5 3. A

W@ 209posaTes according to claim1 wherein the PCT/GB2008/003621

thienopyrimdine is of formula (Ib): O (Ib) N
N(C(R3)2 MRS NR4 wherein RL, RR, R3, R4 and m
are as defined in claim1,_ 10 4. A conpound according
to any one of the precedi ims wherein R4 is an

i ndole group which is unsubstituted or substituted by
a group selected fromCN, halo, -C(O NR2,

ha oqniiioudd vdlidyis a this@primigioeRformatal(lx 5- menber ed

het eroaryl group containing 1, 2, 3 or 4 heteroatons
selected fromO, N and S, wherein Ris Hor Cl1-C6

al kyl. 15 5. A conpound whi ch | el ected from
6- (4- Azeti din-1-yl -piperidingl-yl nejhyl)-2-(6-fluoro-1
H i ndol - 4-yl ) -4-nmorpho |in-44yl- thileno
[3,2-d] pyri mdine; Cyclopropyl nethyl- {
1-[2-(5-fl uoro-
| H i ndol - 4-yl)-4-norpholin-4-yl - hlerm[ZS 2- d]pyrlmdln
- 6-ylmethyl]-piperidin-4-yl} -am
Cycl opropyl net hyl - {1- B-(6-f|uo 8- | H i ndol -4-yl)-4-nor
phollnmgyh thl eno[3 - dKpy iy di m\6-yl net hyl ]
-piperid gyl ( (staz % opropyl - {
1-[2-(6- J/LjoroIHln 4-mor ghol i n- 4-yl -t hi eno[
3, 2- d]p§r|md|n 6- yl et Ny | -44-y| } -amne;
V\D2009/ 053715 PCT/ GB2008/ 003621N R
6-[ (S) - 1- (Hexahydr o- pyrrol of
h 2-a] pyrazin-2-yl)methyl]-2-(1H i ndol - 4-yl) - 4- nor phol
Wer‘?‘;’ﬁ 4-yl - thieno [3,2-d]pyrim dine;
2W5e éséﬁfstathidphaﬁcringél yl)-6-[(S)-1-(hexahydro-pyrrolo

|—|

al,pyrazi n- th -4-
pané Ry nﬁom,wgethﬁr éﬁtb[tlse Nvaﬂ?rpy@ wiltich they; arg attached, a group of the

10 follo‘flgég_r% {ﬁ;l H-indol - 4-yl)-6-[(S)-1-(hexahydro-pyrrolo

15

20

[ 3,

in-2-yl)methyl]-4- norpholin-4-yl-thieno
2-d] pyrimdine; (Ila) :

A Sy—

in which A is selected from:

(2)

a group selected from homopiperazine, piperazine, piperidine, pyrrolidine and
azetidine, which group is substituted by one or more substituents selected
from C;-C,¢ cycloalkyl which is unsubstituted or substituted, an O-containing
ring which is tetrahydrofuran, tetrahydropyran or oxetane and which is
unsubstitued or substituted, -NR’—(CR’;),—X wherein each R’ is independently
Hor C,—Cg alkyl, ris O or 1 and X is selected from C3-C;q cycloalkyl which
is unsubstituted or substituted, an O-containing ring which is tetrahydrofuran,
tetrahydropyran or oxetane and which is unsubstituted or substituted, and a 4-
membered saturated N-containing heterocyclic ring which is unsubstituted or
substituted, and which group is optionally substituted by one or more further

substituents;
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6- (Hexahydro-pyrrolo [ 3,4-c] pyrrol-2-ylnethyl)-2-(1
H i ndol - 4-yl ) - 4- nor phol i n-4-yl -

wo bioensd785 2- d] pyri m di ne; 2-(5-Fluoro-1 PCT/GB2008/003621

H i ndol - 4-yl ) - 6- (hexahydro-pyrrolo |
3 4- c]pyrrol 2-yl met hyl ) - 4- nor phol i n-4-yl - 10
(Leno pyrimdine; 2-(6-Flugro-1

hdola 4= 59| rIgmbeRe épﬂ}{ﬁtqg Iﬂycpp@pgn% heterocyclic ring which includes 0
F’ 34 2?] Wgya‘ralhlrtnl%g%ﬂlnﬂgf‘etrgﬁ&}ls $10RE PRGN Fadd O, B BB Being fused toa
6- ( 2 7-sa<mzlausgmeteo{eﬂ fiopma A- ®- Frineatbesed)sa@rdtdd-Ni-codtlinidg y
) h | j 3, 2- i mdine; 15
o (2, 7 hefelsrye i ndpstelntd Above a P yosthased wasgiugated,
gdg| dfh&éﬁ%ggﬁg@% -it§ 74ndthberbdéadirated O-containing heterocyclic ring,

(2, 7-23-4¢ &2-spembéred sqtmtﬁdza;honmlmgg and(ap-vnsatoraged 5- to 12-
H i ndal
5 o] Rl ARIER ni RO el gtiorigs system, the
oct - 34 Mfdﬂ@&ﬂ%y):h@nﬁ@siskdﬂ@béing tthdubstetuted-or lshbstituted;phol i
4-yl - 20 thieno[3,2-d]pyrimdine; 6-[(1S,55)-
(g)g> 6-aDA QP - -@ie@pgqeg [sgul_r@tql N-containing heterocyclic ring which includes 0
1 nept - Gt | ahEfioRa ﬂet&oa&figé Eéig;{té’d frbin 0 %0Lid0%hd which further
nor phol i -y -thi'eno , 2-d] pyrim dine;
6- (2, 7-thr@Zlaess hnhking Ewo’Sccﬁlstltuent atoms of the ring, a bridgehead group

]I_Fioﬂ;jas% 15??/ 52 ?@&)S %aqfio 2‘(,%%]’2} -OriCEs GQS'[ wherein each R’ is as

3, 2- d] Ri¢fih&d SHoVE; ndo1, 2 or 3, ris as defined above and s is O or 1, the
6-(2, 8-Di aza- spiro[ 4.’5] deé- 8-yl met hyl )-2-(6-fl uoro’l H

| ndol - 4emhining-nmy peisisions being unsubkiitgted dr substituted; and

d di
6(%)2 ]p ém flstgpp'blf’inﬁ non 2-ylmethyl)-2-(6-fluoro-1

H i ndoI 4-yl)-4-norpholin-4-yl - (lib)
t hi eno[ 3, 2-d] pyri m di ne; 2-(6-Fluoro-1

H i ndol - 4-yl ) - 4- nor phol | -yI-E;kﬁEFahydro-pyrrolo [
3,2-c]pyridin-5 - 30
yInEthyI)-thieno[3,2- i mi e; B

2-(6 Fl uoro-1 Hi ndol - I') - 47nor plol i nA-yl -6-[(3aS, 7a
R) - (octahydro pyrro ,2- Cc]p I n-5-yl)methyl]

-thi eno [wh, %rB adi- @@7 M@é@éa@é@t@aﬁ-commmng heterocyclic
PCT/ GBZOO8/ 00362 2- (6-Fl uor o-

H- i ndol - 4ing whigh m@lq@hmo onl Adajmoml ﬂl@mtdlasye@te{doﬁoraw@ and O

{g gy(rj]r gl OFlg 2|Eh él Q% {odfzn men¥be}er(riesa9¥ l]ed carlbocychc ring, a 5-to 7-

(6- Fl ughémbdred mlalateéoabamﬁn{r{gﬁ%)etelo&ﬁﬁa Ay Of 8- X6 Qhénbered
1, 2-a] pyrazi n-2-yl )nmet hyl ] -4- norpholin-4-yl-thieng
3, 2- d] pyseturated Necongining heterocyclic ring as defined above, each of B and B’
2-

57 a] pyriettsish gl “‘*P?tk%teéxg" o daza Spiro [

1 if Yrde@ane;

R}isHor C,-Cs alkyl;

R? is selected from R’, halo, CN, C(O)NR’,, halo(C,-Cg)alkyl, SO,R’, SO,NR’,,
NR’SO;R’, NR’C(O)R’, NR’C(O)OR’, NR’C(O)NR’;, OR’ and NR’;, wherein each

R’ is independently as defined above; and

i
[
6
|
[
]
n-
1

2-
[
[
4-
3
5

R* is an indole group which is unsubstituted or substituted;

or a pharmaceutically acceptable salt thereof.
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9-[2-(5-Fluoro-| Hindol -4-yl)-4-norpholin-4-yl-thieno|
3, 2-d] pyri mdi n-6-yl net hyl ] - 1- oxa-
wad 2@9adsHEra- spi ro[ 5. 5] undecane; PCT/GB2008/003621

7-[2-(5-Fluoro-| Hindol -4-yl)-4-norpholin-4-yl-thieno|
3,2-d] pyrimdin-6-ylnmethyl]-2,7- 10
daza- spi ro[ 3. 5] nonan-1| - one;

2. 64 qompeurndgicpordingto slag li wieaein the thisnppyrjmiginerigiof frramlagla):
-yl') - 4-nor phol i n-4-yl -t hi eno[ 3, 2-g d] pyri m di ne;

6- (4- Azeti din-1-yl-piperidin-1- hyI) 2-(5
fluoro-1 Hindo |-4-yl)-4-norgholin-4-yl- thieno
3,2-d]pyrinidine; 15 (la)

-f
[3,
6- (3, 8-Di aza- bi cycl o[ 3. 2. 1] oct - 3- Imsthyl) 2- (1Hi ndol
-4-yl)-4-nor hoI|n4yI-th|e§10[3 d] pyri m di ne;
6- (3, 8-Di azdlt'aj cycl o[ 3. 2. 1 N
]oct-3-yl neth - (CRYDmory- | ndl - 4-yl ) - 4- nor phol i
n4y|-th|é3'?o[32d]pyr|m ne>N R4
6- g;,S aza; bi cycl o[ 3
whergip &y, B-y rreRh%H )mzre(aédﬁﬁu'%ﬁﬂaqqlmhdm 4-yl) - 4- rmrpholl

n-4-yl - 20 thieno[3, 2-d] pyrim dine;
6- (4- Cycl opropyl - pi perazi n-1-yl met hyl ) - 4- nor phol i n- 4-y
31 -Redridpdunidfdcoardnmged blaim 1l whereid dhe thiengpyrithidirens of fyrmila (Ib):
-d] pyri mdine;
4-[6-(4-Cycl opropyl - pi perazi n-1-yl net hyl ) - 4- nor phol i n-
4-yl -thieno[ 2,3-d] pyri mdin-2-yl]o
1H i ndol e-6-sul fonic acid di met yI i de; 25

4-[6- (4- Cycl opropyl - pi perazin- -yI thyI) 4- nor phol i n-
4-yl -t hi eno[ 2, 3-d] pyri nleli n-2-yN

1H i ndol e- 6- carboxyl ic acid am de

6- (4- Cycl oprqpyl per azin- 1z [ )-4-norpholin-4-y
| -2-(6-triflRms (@@smi |)-thieno [2,3

-d] pyrimdi nez/ Yo)m

6- (4- Oycl opr"-‘bpyl pi per azi n- 1Syl yDIRA2- (6-f 1 uoro-1 H

wherqngI %e nB[ Qﬁ‘l’ . ]&] %{é?qu EPeSAs Irﬁigﬁne(}/ in c1a1m 1.

6- (4- Cycl opropyl - pi perazi n- 1-yl met hyl ) - 2- (6- met hanesul
fonyl -1 Hindol - 4-yl)-4-nor phol i n-
4. 4-Atormpowedaiclording]tpuny onciofitbe pracediog ladaawhérein R* is an indole

sroun g g8 ROPRHB T OpFBE A Y 2 GPHREFRASE BOmEN sl cCIQNR:,

halo(CP@? ﬂ?/l ¥Sb’zl‘& JSUZNR‘Q' dnd-a%5-Membbrel B8Rroaryl group containing 1, 2, 3 or
di né;

4hetet0§t6m§4se @Kicfmr@@szdp%mmm R-ig BrastGuyCy alkylaor phol i n-
4-yl -thieno[2,3-d]pyrimdin-2-yl]- 1
H i ndol e- 2-carbonitrile; 5

5. 4-A 6orh M&blﬁplﬂwlecteﬁp‘ﬁﬁmzi n- 1-yl met hyl ) - 4- nor phol i n-

6-(4- ﬁ%ﬁg{,aﬁ%{eﬁp& Tt 'pﬁ)% (r%'ﬂu'oro Nirindor- 4-y1)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine;

Cyclopropylmethyl- {1-[2-(5-fluoro-1H-indol-4-yl)- 4-morph011n-4 yl-thieno[3,2-d|pyrimidin-
6-ylmethyl]-piperidin-4-yl}-amine;

Cyclopropylmethyl- { 1-[2-(6-fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-
6-ylmethyl]-piperidin-4-yl}-amine;

Cyclopropyl- {1-[2-(6-fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl]-piperidin-4-yl}-amine;



4-[6- (4-Cycl opropyl - pi perazi n-1-yl net hyl ) - 4- nor phol i n-
4-yl -thieno[ 3,2-d] pyrimdine-2-yl]- 1
woRiopadsd7es 6- car bonitril e; PCT/GB2008/003621
4-[6-(4-Cycl opropyl - pi perazi n-1-yl net hyl ) - 4- nor phol i n-
4-yl -thieno[ 3, 2-d] pyri mdine-2-yl]- 10
lic acid

6 [(S%ﬂﬁe”@a&re&y@%ﬁ T gloyredimd Y Doty (-indob4nyllmprgholin-4-y1

tmen&“ﬁlzn‘ﬂg%“ % 4- mor phol i n-4-yl -
3, 2-d]' pyri mdi ne;
2-(5-Blu¢rd- n}mw@pyb—[mﬂe(mxﬂwdﬂ&vmoHyz-)z}pé/ram-m)hﬂaﬂm}—?-

morbf 4GRS SRRy e s 15

6- e _ - - A
2-(6-Flubrb (R IndoRARY ST ﬁﬁm‘* PyrEololL2-alpyrazin 2.y ymethyl]-4

morphohm@ﬂl th4€n0I/$ §-dipyranidiries, 2 d] pyri mdine;
6- (He%aﬁﬁa %ylzgl% f R hpﬁ%mg-%aﬁ Hllf) %’ 1'ﬁ5 d%ul y%) &%—10'}%1110}]{41' 4- yl-

thlend[BJZQf]p{zr&nﬁhﬁH pyrl m di ne;
i perazi n-1-yl net hyl) (6-nmet ha

ul
2-(5-Kgpapt Aot i) SAb Ay For RO PP sl 2oy meihyD)-4- morpholin-4-y1-
thiend 3?4‘”@?‘*‘?%5@ 2-d] pyri m di ne;

opr dpyl - pi perazi n-1-yl net hyl )-2-(5-fluoro-1
2-(6-Fuonoeldi-intio}-1) vl 6 +(hexahpdriorpydirold| 3,4t djpyarad-2-ylmethyl)-4-morpholin-4-yl-
. (&g 2- dl'l’%gijm di ne;

thlen_ 321918 €5 spi r o[ 4. 5] dec- 8-yl net hyl ) - 2- (5-f | uor o- | H
6-(2,72-12%5-3&?&['3 )51ftorT2yRAGhY1)-241 Y- indbDA-§NAU- BrofptdliRM- {10 B 2-
dlpyrimifief| uor o- | H- i ndoI 4 yl)-6-(7-methyl -2, 7-di aza-spiro

6-(2, ’; ﬁlalz]ﬂ Sglﬁ?.{?é)j % th%"é (ré 1?_o|r(|) Q5I4{n§o](%-y})rtg\og)holin-4 yl-
thlen&[BFZLdjﬁﬁhmﬂhﬂé) 4- mor phol i n- 4- yI t hi eno[ 3, 2-d] pyrl m di n

I'met hyl ] -2, 7- diaza-Spiro . ]non?I
6-(2, 7 Egaﬁa-,q 3. wZﬂgngthy])ﬂz&ﬂlmrﬁdH indol-4-yl)-4-morpholin-4-yl-

I >-fluoro-1
thlen‘%ﬁgz’éB%‘%R{d?’i‘ - 4-nor phol i n-4-yl -thieno[3,2- 30

6-(3, Sjbnumbiﬁydlom 8:1Y60rBL Yitlelhy)- DE6-idbroet FBirmlol-B opl) i ingorpiolh-4-yl-
de; (3R.*, 4R *)-4-Azetidin- | -yl-I-[2-(5-fluoro-1
thlen?@@rfﬂﬁ}’mﬂld}/‘!l% 4- nor phol i n-4-yl -t hieno [3, 2-

GOSN PG AR e o ot
morpidlin-6-y{-(hire] 3,2-dAgetidine; 1-y| - 3

6-(2, ]_&a‘%% gglgg[lg %j{rlglndz lmet}/lyllsr%t &ygh}o_rg -19_15 i_ntil)lul? ryB:4-morpholin—4-yl-
thlen(;’[gqnhgwuﬁ[ﬁné” t hi eno[ 3, 2 d] pyr| m di ne; (f)-

ﬁlrans -4- Azeti di n- - é{afluoro
6-(2,3-Didzagpiro[4.-5ldec- &ylmtbﬂbrﬁr(ﬁ fhloycp-l indeleA-y13-42morpholin-4-yl-

Y mdl 6-yl methyl] -piperidin-3-yl } -nethanol; 5
‘hlen‘ﬁ}r’?‘%]? A Ay et it 1oyl - 1o [ 2- (51 tior o1 H i ndol - 4y

- [fljgf?;‘*ﬂiﬁ’]%%%m%’? AT R Sk
pyrimidine;
2-(6-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-6-(octahydro-pyrrolo[3,2-c]pyridin-5-
ylmethyl)-thieno[3,2-d]pyrimidine;
2-(6-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-6-[(3aS§,7aR)-1-(octahydro-pyrrolo[3,2-

c]pyridin-5-yl)methyl]-thieno[3,2-d]pyrimidine;
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2-(5-Fluoro- | Hindol-4-yl)-6-(7-nmethanesul fonyl -2,
7-diaza-spiro [3.5 ] non-2-yl nethyl)-4-

worooplsd7ih- 4- yl -t hi eno[ 3, 2-d] pyri m di ne; PCT/GB2008/003621
2-[2-(5-Fluoro-1
H i ndol - 4-yl) - 4-norpholin-4-yl-thieno[3, 2-d] pyri m din-

6-ylnmethyl]-2,7- 10 .
2- (Gﬁuha)z%rlélpmﬂﬁlf%ybjﬁﬁlﬁa?l@hv-%&lr%wwﬂesh1;1(<aptallydr0-pynolo[3,2-

cIp ‘Hgg’n?ﬁhejﬂ@f?“i’%ﬁﬁgw yI thl eno[ 3, 2-d] pyri ni di n-

2-(6- BMytijHJt’nﬁddlMZylﬂs [ER)aL- @ﬁ@g@{g@yﬁﬂ@@@@qﬁ@&@@dﬁ%ﬁ]-4-
C uor o-

morpﬁpliuh-ag}f tmgﬂﬂ[g 325?&6?‘%%9’ n-4-yl -t hi eno _

4-[2- £153F1%oﬁ>lﬂyﬁﬁd81 diy1y.8- rﬂérgﬁgmilgl-tm&?afﬁbyﬂﬁﬁirﬁi&h@@yﬁﬁ&hﬂ]—1-oxa-

al pyr azi ne- 1 4
49dikz{12p1(<£{515ﬂ1umlﬁmbi-l-| ndol - 4-yl ) - 4- m)rphol i n-4-yl -thieno|

9-[2- é’ %1_ gﬁ]op glg-luﬁ g bﬁ%n%rpﬁ? ﬁ-B%-ali éhleno [3,2-d]pyrimidin-6-ylmethyl]-1-oxa-

4.9- dﬁ.z{,gplgqsgjladgé@@ro azetidin-1-yl)-piperidin-1-ylnethyl
| uoro- | Hi ndol - 4- yl)l-4- nor phol i n-4-yl -t hi eno

7-[2- 53Flgo@]-Wﬂmdql-&rﬁ)g4-morpholln-4 yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-2,7-
Qro-azetidin-1-yl)-piperidin-1-yl net hyl
d1aza]sp% 1ﬁrh| N o{ yI) 4- nor phol i n-4-yl - 20

6-(4- Abd:tﬁlil@-[l?yl-%qﬁhﬁﬁf-lmlﬂdtthﬂ) 2-(1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-
6, 9-Di aza-spiro[ 4. 5] dec-9-yl methyl)-2-(5-fluoro-1H
a’]pymﬁ)‘glg}e 4-yl)-4-norpholin-4-yl- thieno [

6-(4-Roclid Y oMLyl 223 oo Loy - momholin;4-y-

thiend3y2-dipyhimidine; hexahydr o- oxazol o [3,4- a] pyra2| n-3 -one;

6-G3, %Efazza(bsc.ﬁhﬁ%?&J?qlpi*rwawrhw:%slfan%-ﬁpﬂbr‘ﬂﬂemheﬂrn-#wﬂ-gn%f[o[3,2-

d]py&n igdl pyri mdin-6-ylmethyl]-5,6,7,8- tetrahydro-]|
1,2,4]triazol o] 4, 3- a] pyrazi ne;

6-(3, &D@&a@l@clq[aad-]wryhmﬂw@-@-ﬁ -fluoro-1H-indol-4-yl)-4-morpholin-4-yl-

razin-7-ylmethyl)-2-(6-fluoro-IHindol-4-yl)-4
tmen%%%% (ﬁ4 yl-thieno [ 3,2-d]pyrimdinel;

6-(3, ﬁﬂlz&a(b'ic)}t_:ldﬂ.@ RQ| Gt Btyleethyl)- yka-ﬂnbﬂerydmdm-h yi) Aghérphdline4-yl-
(1Hi ndol - 4-yl)-4-norpholin-4-yl -
thieng[Ri Zdlpysmding; pyr i ni di ne;

L

yl)-thichop2, 8djpyrintitliene; WO 2009/ 053715 PCT/ GB2008/ 003621

4-{6-E- ORI YA A holinetrsh Biono A2 31
1H-i oYé-&?ﬁlMd add Hﬁﬁétﬂy@mﬁfe yI} azetidin-2-one; 1- {

Fl uoro-1 H1nd 4-yl)-4-norpholin-4-yl-thieno
4-[6- (43C2910k}mwlfmcramnﬂ-xlhnﬁtyh)y4 ‘norpliqiier4-gi-thienof3,3-d]pyrimidin-2-yl]-

llefi?’f%éfflb?éﬁ’f—elaﬁﬁﬁmldﬁl ndol - 4-yl ) - 4- nor phol i n-4-yl -t hi e
6-(4- ogélspra ﬁﬂ;ﬂ%érhﬂhﬁlmnétwmﬂﬂ%ﬂol1Myﬁ@xamﬂwsﬁéth9p1H-mdol-4-

oxazi ne;
y1)-th16no[2 3- d]pynmldlne

6-(4-Cyclopropyl-piperazin-1-ylmethyl)-2-(6-fluoro-1H-indol-4-yl)-4-morpholin-4-yl-
thieno[2,3-d]pyrimidine;
6-(4-Cyclopropyl-piperazin-1-ylmethyl)-2-(6-methanesulfonyl-1H-indol-4-yl)-4-morpholin-
4-yl-thieno[2,3-d]pyrimidine;
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(R) -8-[2-(5-Fl uoro-
| H i ndol - 4-yl') - 4- ror phol i n-4-yl -thi eno[ 3, 2-d] pyri m din

WO geoglosagthyl ] - octahydro-pyrazino[2,1-c] [ 1, APCKEBRIVEN03621
(S)-8- [2 (5-Fluoro-I Hindol -4-yl)-4-norpholin-4-yl-thi
eno[ 3, 2-d] pyri mdi n-6-yl nmethyl]- 10 oct ahydro pyrazi no

6- (4-%qlﬂw8py14p1yp)az%9]:%]|ﬁi?ﬂ&u %@tﬂspr[o?]nééwglﬂoyl) 4-morph011n-4 yl-

th1en$[§32 Mhdifit,di n- 6-yl methyl | -
hekahydr o- pyrazi no[ 2, 1-¢] [ 1, 4] oxazi n-4-one;

4-[6-@-Cgelépropyimiperadin-1-ylmethyl)-4- morphohn—4 -yl-thieno[2, 3 -d]pyrimidin-2-yl]-
. Hindol -4-yl) - 4-nor phol i n-4-yl -thieno[ 3, 2-d] pyri m din-
1H-r@L %Frfr@ 1¥nl)
-[6- @e@%]?{ﬂbﬁylﬁﬁﬁérﬁhﬁh?’ylﬂreﬂlyﬂbﬂ ffSo?mCAy Mo L 3- AR yimidin-2-yl]-
1H- 111510[626-9ng11@@)1¢0 IH-| ndol - 4- yI) 4- or phol i n- 4-yl -t hi eno[

4-[6- @ex %@4 138 ?r 2 1§[1V'1g1%h1yp }ngrpholin eythieno[3.2-dlpygimidine-2-y1]-

1H-irdoled® carbénitrdlef 5- Fl uoro- 1
H i ndol - 4-yl)-4-norphol in-4-yl-thjie
4-[6-@Cyclonrppyliniperasind -yimethyhyd }nor@olryl_4-yl-th1eno[3 2-d]pyrimidine-2-yl]-

1H- I@b%@&e%)&[cﬁmﬁ gﬂ.ﬁﬁgne 7-carboxylic acid am de;

pi peridi n-1-yl net hyl) - 2- ( 6- net hanes
6-(4- @y(ﬂmprpbylalplpbr'aziddl yleyty] )-2H{ 6rfinpool H-indo?-@-yl)-4-morpholin-4-yl-

thlené[)'i yl - thl%g&) S’hg;g] gyrl m di ne; (4aR *, 8aR

6- (4-¢¥dlg;§{'@*’yl4plidér&1ﬁ lngfr[éhﬂjl)'-ﬁnfbrp(ﬂo'hhm -$P9-(2-trifluoromethyl-1H-indol-4-

pyrimdin
yl)- th}dnn’élwﬂﬁmlmdmtehyl hexahydr o- pyri do[ 3, 4-b] [

oo oynSRl oo H&?‘@leﬁ? SRS i Mindol-+-

yl)-th@eny[ 324 idieper azi n-
-t et rahydr o- pyr an- 4- carbox I|c aci d am de

25
6-(4-@yqlemppyl-Riperazinydylmetpir &( metiy]-d Foipdely -y pioypholingt- y-
| f | -1 Hi ndol - 4-
thlen?}?)z(‘gpgigr E)kﬁqufelsﬁ 403Iy t hi elng FS 2-d] pyri m di ne;
6-(4- (Zyc(lb'prﬁbqunperhhlm Inylaiettdd)y2-|6-fhetmanesubfonyi- WHhdob-4f Y1)-Gimeérpholin-
y{ an-4-yl)-piperazin-.1- ylnmethyl]-thieno
ay-figholr Bmidnke. 5. (1

6- (4-&%&1@8%1;\) gzrl)l%lﬂ fnglfxﬁﬁmt}p? 54ﬂ¥31g Trf-iddo® Ut A GRS RYIERA-

thiend[Bj2edjpy3ming;pyri mi di ne; () 2-(5-Fluoro-1

6-(1, é_bf;azg%i)gémgg?lﬁ: %&W%ﬁyl@r(?yduotroe rlﬁlainxglr I morp%olm 4-yl-

thlemg ggﬁﬂni(ﬁnél yl -t hi eno[ 3, 2-d] pyri m di ne; WO
009/ 715 PBCT/ GB2008/ 003621 ()2-(5-Fluoro-1

2-(5- ]i-hlpqq)dkfll.mrlo}-|4)—yl)k6f(ﬁfrmibylr%’l-maya-smro[3 5]non-2-ylmethyl)-4-morpholin-4-

f 3-yl | - yl et hyl
s SEAags 1 ) S g Y
1-{2- [} (mﬂmbrcﬂwlmdcﬁ AP Aahbipheisiil wﬂﬁbnd[sxad]pfkﬁmrd@uﬁrﬁneth&l] 2,7-

3] yrrol - yI nmet hyl ) 4- nor phol i n t hi eno
dlaza[sglrg[ ﬁpw -7 H }ﬁe 013 1 - .
(3R*, 5@4)24 %?etﬁlﬁ Q- [%{ﬂ“ﬁ{?&ro f]n( ir)doﬁzl LR gﬂéﬁ%}ﬁ&’o pr RS-

d]pyr[rﬂl,dm-éiyhyethyl]—pipeﬂdirje 3- edrhmybnmpld am1de
(3R* 4R*)-4-Azetidin-1-yl-1-[2-(5-fluoro-1 H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-
d]pyrimidin-6-ylmethyl]-piperidine-3-carboxylic acid amide;
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{
1-[2-(5-Fluoro-1Hindol - 4-yl)-4-norpholin-4-yl-thieno[
W@2®963339F | m di n- 6-yl met hyl ] - pi peridi n-4-yl} PCT/GB2008/003621
-nmet hyl - (t etrahydr o- pyran-4-yl)-am ne; Cyclobutyl- {1
-[2-(5-fl uoro-

(&6 Ageiiir v B PP YN 5 BhpiteL ol rsD-4-

morpp-Aat Ehé&ﬂf??z G - 4-y1 - t hi eno[ 3, 2- ] pyr i mi di n
*)- {-(ﬁalgd)-rmtglid]n-lfyll-rie[rZI-(dl-ﬂuonto-yH}-lndol -4-yl)- 4—morph011n-4-y1-th_jeno[3,2—

Ay IR S YA pchiaibet~am nei 1 {3

()- »J(Clrs)-a%ienﬂnyi Hi-4-[0Q5 Ahekd- mmn&é1-¢w?ﬂqabl%h8hﬂhgurtm@h@[3m-
pi perid 4-yl} -azetidin-3-ol

d]Pyan(d}!;l-@IYMD¢tb]}'l-]+ﬂlﬁ>qmm-34’1}5/*!1961}@11914 ( 3- met hoxy- azeti di n- 1-
2-(5- ?‘Tlggroﬁiolﬁ u}]do -4- y)(l} P%gﬁ%tF%e%ulgﬂnml/ 7- nq%za Sénro£3 5]Jnon-2-ylmethyl)-4-

morpﬁolﬁ@4(yﬁtlﬁémsg d]bymﬁdmlle4 yI) 4- nor phol i n-4-yl -t hi eno[
m di n yl me

212G B rimsloyr A Sm oo b ﬂg.l»gz@m,zaﬂeymawww@nethyu 2,7-
iSO EER LS Lo GRERLAN BATlaaLer cO - 20 6. A

eut cal tion conprises a
2-[2- ﬁhﬂnmeh%hmd:ﬂ#yl)—éanmphalhi—é-ymﬂneno@ 2-djpyrithidire 6iyhasthyl]-2,7-
j ompound as defined in any-

a e J ngr edi .ent
dlazaosﬁg°@fﬁ ‘I?ﬂ\‘{‘ﬁ'j ‘13%5‘8‘3'!}:“’ agid %etﬁlﬁlr?ﬁ@&nd as defined in any
(R)- @gﬁ soﬁlus}oaimnéolmyﬁ 4fr96rpﬂér?n hfyl%lei?&[ﬁl Qdd]gﬁmm%ﬁﬁ %3 Imethyl]-

reat nment of human or ani nmal bod y therapy.
hexalaldrd\pmmpoﬂnﬁahs'razafel-hédlom, any one of cI ains 1to5

2 ebieerrt b aeRo s el SR Rty IR e ety U-ore

79dwz§hlc%13[j<3 MRfoRAanes30 9. A conpound as clainmed in claim
8 wherein the di sease or disorder is selected from

6-[4-@ahPéftuore-anetiden-didbpiperidin-le imethyl bd ¢inflaprog) Hdedal-4-yl)-4-
bol i sm end
morpw)ﬁriah }“}L‘%Fio’r 'cfQng'ﬁg‘n tion, netabolisnmen O\(;\;)I ne

unctirron heurologlcal di sorders.
6-[4-@03IDi MwBa-hzetidii-1 GBRPIPEYi i 36 Plinethlyl]-2 - indol & - dp-dpaomptiolin-4-yl-
as defined .in any one of clains 1 to 5 in the
thiengyg 2o lRYEMENGf a  nedi canent for treating a di sease or

(6 AR BB LR B A5 bSO i O

thiene{éded]pyngudme claim 10 wherein the nmedi canent is for

(0BRSS TR e e 3B AR B ety
bl nction di sorders or

hexatnm&(?ol ogﬁgl ?g%%lgggﬁé:llo 12. A nethod of treatin

7-[2-(i-Elueroel Fbvinddl doylitd rmenphelim4-yi-tly emcl B2 of | pyimisin-6- yhne H 5,6,7,8-
e AR A P2 Ea i ot or ng 1o a patient
6-(5,6-Dihydro-8 H-imidazo[ 1,2-a]pyrazin-7-ylmethyl)-2-(6-fluoro-1H-indol-4-yl)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidinel; |
6-[4-(3-Fluoro-azetidin-1-yl)-piperidin-1-ylmethyl]-2-(1 H-indol-4-yl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine;
6-[4-(3-Fluoro-azetidin-1-yl)-piperidin-1-ylmethyl]-2-(5-fluoro-1H-indol-4-yl)-4-morpholin-
4-yl-thieno[3,2-d]pyrimidine;
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in need thereof a conpound as defined in any one of

clainmse 1 to 5. 13. A nethod according to claim12
wohb®pe53T13 he di sease or disorder is selected fPONGBL®S/003621

cancer, 1inmmune disorders, cardiovascul ar di sease,

vi ral infection i nfl anmati on, netabolism endocrine

1-{1 [2 (13-} &m{c])l )oérl ?r?orr;s)ho%ﬂl% r)]' H\rlenofg 5 (iﬁpynml Pnr- S [methyl] -piperidin-4-
yl}-azetidin-2-one;

1-{1-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl}-azetidin-2-one;

(%)-8-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
octahydro-pyrazino[2,1-c][1,4]oxazine;
(R)-8-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-
octahydro-pyrazino[2,1-¢c][1,4]oxazine;
(S)-8-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
octahydro-pyrazino[2,1-c][1,4]oxazine;
(R)-8-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
hexahydro-pyrazino[2,1-c][1,4]oxazin-4-one;
5-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid dimethylamide;
5-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid amide;
;2-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-2,7-
diaza-spiro[3.5]nonane-7-carboxylic acid amide;
6-(4-Azetidin-1-yl-piperidin-1-ylmethyl)-2-(6-methanesulfonyl-1H-indol-4-yl)-4-morpholin-
4-yl-thieno[3,2-d]pyrimidine;

(4aR* 8aR*)-6-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl]-1-methyl-hexahydro-pyrido[3,4-b][1,4]oxazin-2-one;
4-{4-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
piperazin-1-yl}-tetrahydro-pyran-4-carboxylic acid amide;

6-[(S)-1-(Hexahydro-pyrrolo[ 1,2-a]pyrazin-2-yl)methyl]-2-(6-methanesulfonyl-1H-indol-4-
yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine;
2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-6-[4-(tetrahydro-pyran-4-yl)-piperazin-1-
ylmethyl]-thieno[3,2-d]pyrimidine;

2-(1H-Indol-4-yl)-4-morpholin-4-yl6-[ 4-(tetrahydro-pyran-4-yl)-piperazin-1-ylmethyl]-
thieno[3,2-d]pyrimidine;
(£)2-(5-Fluoro-1H-indol-4-yl)-6-[4-(2-methyl-tetrahydro-furan-3-yl)-piperazin-1-ylmethyl]-
4-morpholin-4-yl-thieno[3,2-d]pyrimidine;
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(£)2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-6-[4-(tetrahydro-furan-3-yl)-piperazin-1-
ylmethyl]-thieno[3,2-d]pyrimidine;
2-(5-Fluoro-1H-indol-4-yl)-6-(5-methanesulfonyl-hexahydro-pyrrolo[3,4-c]pyrrol-2-
ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine;
1-{5-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
hexahydro-pyrrolo[3,4-c]pyrrol-2-yl}-ethanone;
{1-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl}-methyl-(tetrahydro-pyran-4-yl)-amine;

Cyclobutyl- {1-[2-(5-fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-
ylmethyl]-piperidin-4-yl}-methyl-amine;
(&)-{1-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl}-methyl-(tetrahydro-furan-3-yl)-amine;
1-{1-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-
piperidin-4-yl}-azetidin-3-ol;
2-(5-Fluoro-1H-indol-4-yl)-6-[4-(3-methoxy-azetidin-1-yl)-piperidin-1-ylmethyl]-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine; and
4-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]-1-
(tetrahydro-pyran-4-yl)-piperazin-2-one;

and the pharmaceutically acceptable salts thereof.

6. A pharmaceutical composition which comprises a pharmaceutically acceptable carrier

or diluent and, as an active ingredient, a compound as defined in any one of claims 1 to 5.

7. A compound as defined in any one of claims 1 to 5 for use in a method of medical

treatment of the human or animal body by therapy.

8. A compound as defined in any one of claims 1 to 5 for treating a disease or disorder

arising from abnormal cell growth, function or behaviour associated with PI3 kinase.

9. A compound as claimed in claim 8 wherein the disease or disorder is selected from
cancer, immune disorders, cardiovascular disease, viral infection, inflammation,

metabolism/endocrine function disorders and neurological disorders.
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10.  Use of a compound as defined in any one of claims 1 to 5 in the manufacture of a
medicament for treating a disease or disorder arising from abnormal cell growth, function or

behaviour associated with PI3 kinase.

11.  Use according to claim 10 wherein the medicament is for treating cancer, immune
disorders, cardiovascular disease, viral infection, inflammation, metabolism/endocrine

function disorders or neurological disorders.

12. A method of treating a disease or disorder arising from abnormal cell growth, function
or behaviour associated with PI3 kinase, which method comprises administering to a patient

in need thereof a compound as defined in any one of claims 1 to 5.

13. A method according to claim 12 wherein the disease or disorder is selected from
cancer, immune disorders, cardiovascular disease, viral infection, inflammation,

metabolism/endocrine function disorders and neurological disorders



