WO 2009/053715PCT/GB2008/003621 THIENOPYRIMIDIENE DERIVATIVES AS PI3K INHIBITORS
Field of the Invention The present invention relates to indolyl thienopyrimidine compounds and
to their use 5 GMWItBTEDf phosphatidylinositol 3-kinase (PI3K). Backgtoliditftiesthlention
Phosphatidylinositol (hereinafter abbreviated as "PI") is one of a number of phospholipids found in cell
membranes. In'recent years it has become clear that Pl plays an 10 important role in intracellular
signal transduction. In thEHEANQBYBIIRIENERERINABIYRS Ha S G MIHEBYORS enzyme which
phosphorylates the 3-position of the inositol ring of phosphatidylinositol (M.Whitman etal., 1988,
Nature, 332, 644-646). PI3K was originally considered to be a single enzyme, but it has now been
clarified thaﬁﬁlalymmygfeﬁgm,ypes are present in PI3K. Each subtype has its own-mechanism for Is
regulating act|V|ty Three major classes of PI3IC ve been.i entlfled ony the tf‘ of their in vitro
substrate specificty(E84h *5%%%&% 58 4 ‘ﬁl‘ﬁwﬁgﬁgn PG SRS PR REELSS ) 267-272).
Substrates forindiiims Bf@l(@]dlﬁlﬁblhmmbmgpm@l%ﬁmm and PI 4,5- biphosphate (PI (4,5)P2). Class
| PI3Ks are further divided into two groups, class la and class Ib, in terms of their activation
mechanism, Class la PI3Ks |nclude PI3K p1 10a, p11013 20 and p1108 subtypes, which transmit

i FHH R spredt receptors. Class Ib PI3K includes a p1107 subtype activated by a
G protein- couplewrmeﬁmﬁfylﬁxband Bid) farabinmovimed asstiiS iates tdmaesbddl #F13Ks. Class Il PI3Ks
include PBﬁg Su?g)l%%gsm ﬁ%&?&%ﬁn&%@é&ﬁt%ﬁ@%ﬁ%@&% CRAIAUNM frrdpmains at the C

terminus. T ate for class Il PI3ICs is Pl only.”25In the PI3K subtypes, the class la subtype has

been nibst @%té’ﬁ@}véﬁelm@%@@l@@tﬁ%‘&}cé‘aﬁﬂé%é’éﬂﬁtiﬁﬁ%?@%légé?’lgl%ﬁ“‘é’ HEtb¥aters of a

catalytic 11@khaasbibaihanseregidtaphoybohlnisied 8patina of Hb ibiiol Hiezielulatory subunits

contain SH2 dorrg1 and bigfé{ rosm? r[es‘fgﬁheﬁghos ggrgﬁtggﬁgy growth factor receptors with a
M & X - :

tyrosine klngse a ﬁngﬁlct)on ene pro duéts; t y i ucing the PI3K activity of the p110 catalytic

30 subunit which B%mm@@ln§%1mgtbafemmmﬁ@ecm§st|1aa%nmybes§ gesiligshsidered to be
associated wiifu¢altarg/fesatiop.ans M%Pﬂ@@a&ﬂ@%ﬂ@&ﬁ@fgw&ﬁmﬂﬂws involving

inflammation. EPXVO 2099[05 15PCT/G 2008&%(? t]ﬁf: §34 6 ecrlbfe a serles of
condertded TEtE TS IF HaR atRfEs MR SRS E‘iﬁﬁe&{or’é 0 "Slppress cancer
cell growth. \@unsnbsirgteSitchEEito (R Déahdoabddtiar a/s tRYs Dienda | Bmghrmyalrﬁmscompou nds
have 22,267-272). Substrates for class I PI3Ks are PI, PI 4-phosphate (PI4P) and P1 4,5-

biphosphate (PI {4,5)P2). Class I PI3Ks are further divided into two groups, class Ia and

class Ib, in terms of their activation mechanism. Class Ia PI3Ks include PI3K p110a, p1108

20 and p1105 subtypes, which transmit signals from tyrosine kinase-coupled receptors. Class Ib
PI3K includes a p110y subtype activated by a G proteih—coupled receptor. PIand PI(4)P are
known as substrates for class II PI3Ks. Class II PI3Ks include PI3K C2¢a, C28 and C2y
subtypes, which are characterized by containing C2 domains at the C terminus. The substrate

" for class III PI3Ks is PI only.

25 In the PI3K subtypes, the class Ia subtype has been most extensively investigated to
date. The three subtypes of class Ia are heterodimers of a catalytic 110 kDa subunit and
regulatory subunits of 85 kDa or 55 kDa. The regulatory subunits contain SH2 domains and
bind to tyrosine residues phosphorylated by growth factor receptors with a tyrosine kinase
activity or oncogene products, thereby inducing the PI3K activity of the p110 catalytic

30 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

inveolving inflammation.



activity as inhibitors of PI3K. The compounds exhibit selectivity for the p1108 subtype of PI3 Icinase,
over both oth d class Ib PI3Ks. Accordingly, the present disglQgtis,cpigsies a compound
which is a th|enopyr|m irte of formula (1): 10 R2 0(R3) wherein W represents a thiophene ring; RI
and R2 form, together with the N atom to which they are attached, a group of the 15following formula
(Ha): inwhich A is selected from: (a)a group seletted from homopiperazine, piperanne, piperidine,
pyrrolidine and ammsm@hx@mpd&aubsﬁwtﬁd@gﬁmmmarmsmmmmnmme|ected from
C3-C10 cycloal |s u tuted ar substltuted an O containing ring which is tetrahydrofuran,
tetrahydrop an% aln‘:’éS é’rﬁﬁ? (I?S unsusbg%tueaa'gresru stﬁrutw%1 -NR'-(CR'2)1-X wherein each R’
is independently H or CI - C6 alkyl, ris 0 or 1 and Xis selected from C3-Clo WO
2009/0537@&5@82008/003621 3 cycloallcyl which is tutsubstituted or substituted, an 0-containing

ring which iSTte ra d ofuran tetrahydropyran or oxetane and which is unsubstjtuted or substituted,
and a 4*memberéel ik gPHeR e oLy él@ﬁﬁgpwm%ﬂl?s Eﬂ%%??&?ﬂs&}%a or substituted, and
which groupdﬁv&@mlemﬂiiwmﬂfﬁmmdrbywn@mm@mwm@mbsfmm106 subtype of

PI3 kinase, over both other class Ia and class Ib PI3Ks, Accordingly, the present disclosure
provides a compound which s a thienopyrimidine of formula (I):

9l
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wherein _
W represents a thiophene ring;

R! and R? form, together with the N atom to which they are attached, a group of the

15 following formula (IIa):
(112)
A N——

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
20 selected from Cz-Cyp cycloaltkyl 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



(b)a 4- to 7-membered saturated N-containing heterocyclic ring which inbludes 0 or 1 additional
heteroatoms selected from N, S and 0, the ring being fused to a second ri cted from a 4- to
7-membered g%?uzr{’aﬂ?éﬁasmf’containing heterocyclic ring as defined above Pé@;'%g[l%%?#é%bered
10unsaturated heterocyclic ring, a 5- to 7-membered saturated 0-containing heterocyclic ring, a 3- to
12- membered saturated carbocyclic ring and an dnsaturated 5- to 12-membered carbocyclic ring to
form a heteropolycyclic ring,gsiepd. WARINRIEEQRRi¥GNE s SngHRyRie Ih ke idgnsidhstituted or
substituted; 15(c)a 4- to 7-membhered saturated N-containing heterocyclic, ring which includes 0 or 1
additional heteroatoms selgéf@}ﬂilfrgmf@f&f?&’éegﬂg%?ﬁzﬁ%m%? %Bﬁgg'g‘fqilﬁking two constituent
atoms of the ring, a bridge heatisgjtoiep seidstédddomd (GREMSera @RI -00BRIRYS- wherein each
R'is as defined above, n i, J 2,0k B il #hi8eTNE4.A00¥R AR IHARL knd BEArEMAINNG ring

positions being unsubstituted or substituted; and (d)a group of formula (fib): (lib) wherein ring B is a 4-
to 7-metbered saturated NPEBPRHHW&WE@BWBH@?HQI 1FERSHEES%r 1 additional heteroatoms
selected from N, 5tand 0 - 25ardringniBeisdsduined N-cosmitiapdeeaicydie digawbadyclic ring, a 5- to 7-
membered saturated 0-conainiag feie el NG Ruids IiESBRAEL safwalRdfy containing

of B an e

heterocyclic ring as defineéna ove, eac B and B' being unsubstituted or substituted; mis 0, 1 or 2;
4 R3is H or C1-C6 alkyl; Foging siredtioc: firsandring ariectsi fronoy k7 masleret eumist No2Rr',
SO2NR'2, NR'SO2R’, NR'Gé@idtiry RebetOR R M EGE(OINR 2bdOiR ' andd\NB eviibatdin each R’ is
independently as defined above; and R4 is an indole group which is unsubstj gteq or.substituted; or a
pharmé%eutically acceptab\’élssa%ﬁattﬁr}iequee%e{o gg%i%’lgaaéré)zetgg??ﬁlgr% Fsrepr%%%e a6 ccé}r%podlﬁd which is a
thienopyrimidine of formuld¢tyrocyclic ring, a 3- to 12- membered saturated carbocyclic ring and an

unsaturated 5- to 12-membered carbocyclic ring to form a heteropolycyclic
ring system, the heteropolycyclic ring system being unsubstituted or
substituted;

15 {c) a 4- to 7-membered saturated N-containing heterocyclic ring which
includes 0 or 1 additional heteroatoms selected from N, S and O and which
further comprises, linking two constituent atoms of the ring, a bridgehead
group selected from (CR’)y- and —(CR’3)-O-(CR’z)s- wherein each R’ is
as defined above, nis 1,2 or 3, ris as defined above and sis O or 1, the

20 remaining ring positions being unsubstituted or substituted; and

{d) a group of formula (ITb):
(1ib)

PN
wherein ring B is a 4- to 7-membered saturated N-containing heterocyclic
ring which includes 0 or 1 additional heteroatoms selected from N, § and O
25 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;

misO,lor2;



wherein W represents a thiophenering; R' and le form, together with the N atom to which they are
attached, a group of the following formula (Ha): 4n which A is a group of formula (11b): 4a (11b)
[3,CBN wherein ring B is a 4- to 7-membered saturated N-containin h,etgg%%cli(gﬁ): 1Which includes O
or 1 additional hetés&henfmsGakyleR AorHaicS R APy 8 (W% 2648 red saturated
carbocyclic ring g& R’ 1@ ;NREMEE0L R INRIEO R COMATIDIDRE R EHENNRNY OR 2pdd to 7-membered
saturated N-containing heterocycli¢ ring,as defined . and B' being unsubstituted or
substituted; m isl%{, % gfhffeﬁllﬂ?s of e@%”%%’ﬁgV ﬁ%ﬁ%gﬁ%’%&% R', halo, CN, C(0)NR'2,
halo(C1-C6)allsif iSO 2RpISERNRECNRIBOFRIMNR C{HRUMRIC (0)OR', NR'C(0)NR'2, OR' and NR'2,
wherein each R’ | aig%&g@%@&hy@@g@gg@@hgy@bgnd R4 is an indole group which is unsubstituted
or substituted; or a pharmaceutically acceptable salt thereof. In a second aspect, there is provided
a pharmaceutical composition which comprises a pharmaceutically acceptable carrier or diluent and,
as an active ingredient, a compound as defined above. 4b Detailed description of the Invention  As
used herein, the term "fused" indicates that two rings are joined together by a common bond between
two adjacent ringsaicins aJeet terre ispirsifissedbmpicatesitivhtswhringaysreidink e iy Ma single
common carbon atom, The term "bridgehead" denotes a linking group, of one or more atoms in length,
which connects two non-adjacent ring atoms. In each of these three cases a polycyclic (typically a

bicyclic) structure is the result. (Oj
N
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W represents a thiophene ring;

wherein

R' and R? form, together with the N atom to which they are attached, a group of the
following formula (1ia):
(Ila)
A N——

in which A is a group of formula (I1b):



When any group, ring, group, ring, substituent or moiety defined herein is substituted, it is typically
substituted by Z or R5 as defined below. A C1-C6 alkyl group is linear or branched. A CI-Co alkyl
group is typically a CI-Ca alkyl group, for examplefsamethyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl
or tert-butyl gimp. A C1-00 alkyl group is unsubstituted or substituted, typically by one or more groups
Z or R5 as defined below. Typically it is Ci-C4 alkyl, for example methyl, ethyl, i-propyl, npropyl, t-butyl,
s-butyl or n-butyl. Z is selected from H, unsubstituted C1-C6 alkyl, halo, -OR, -SR, -(C(R6)2),,R, -
CH20R, -CF3, -(halo)-C1-Co alkyl, -(C(R6)2),10-(halo)-Ci-Co alkyl, %%ZR -(C(R6)2)gCO21t, -
(C(R6)2)qCOR, CF20H, CH(CF3)0H, C(CF3)20H, -(CH2)q0R, -(C(R6)2)q0R, -(CH2)INR2, -
(C(R6)2)gNRz, -C(0)N(R)2, -(C(R6)0gCONR.2 -(CE)R{@?T(_&NQZ, -(C(R6)2)(INRC(O)R, -
(C(R6)2),,NRC(0)OR, -S(0)R, -S(0) pN(R)2, -(C(R6)2)q pN’@)Z, -QCOR, - (C(R6)2)q0C(0)R,
-0C(0)N(R)2, -(C(R6)2),10C(0)N(R)2, -NRS( pRE-,”-(C ,INRS(0)pR, - NRC(0)N(R)2,
-(C(R6)2),,NRC(0)N(R)2, CN, -NO2, =0, a 5- to.12- mbw heteroaryl group, which group is
tmsubstituted or substituted and a 4- t?ﬁ-mfembs;red %atugattec! N _ntaj{njng eteroc 1(:Ii(: ring, wherein
each R is independently el FERHS E1-C0 AT E5 LT Lo AN 85746 15 -membered aryl
or heteroaryl group, the grouipsoeing imbubsfitrtéddsitsubistitigtedyor whelkdtWworghbSpsdare attached
tho an N atlom they form, togglt,la@{ngvj;hém%N@t@%e@éﬂgagg/gm%;gga%é@%gﬁgmggg gél)’%@qntaining

eterocyclicring; pislor2andqis0,1or2, WO. 53715PCT/GB 1 R5is
selecten ffom Ci-Co alkey O L REF ST RIS R HAISOER s TERs, -CON(RE)?
and -N(R6)2. R6, each of whithasthecgaime ar iditfaenbwingrinderiecthziv wneaid ptésadtin a given
substituent, is selected fromy by Gl(a8:al 8ndilsdntel9 cycloallcyl, and p is 1 or 2. 5A halogen or halo
group is F, Cl, Br or I, Preferably it is F, Cl or Br. A C1-C6 alkyl group substituted by halogen may be
denoted by the terfi Ha10%ET-C6 alkyl", which means an alkyl group in which one or more hydrogens
is replaced by haloRAsHale-GEC8alkyl group preferably contains one, two or three halo groups. A

preferreﬂ example @ﬁ}%éigcé(%@h‘x%{i’? irifluorometivk 1041 G Cohakangrouisiinear or branched. It
is typically a CI-C4 allcoxy group, for exam nethoxy. ethoxy, propoxy, i-propoxy, N-propoxy,
n-butoxy, sec-butoNoﬁqgﬁ'tﬁqﬁo@@éj}o’ R,&P @i%&i E}TEC)&)gj bﬁ%&ﬁg uaﬁ’éﬁj%gﬁtu‘%ﬁ’%? g%fé]s ituted,
typically by one or moremrdeply Z deREdabaefined above. A C3-C10 cycloallcyl group may be, for

instance, C3-C8 cygloalkyhsyehb.as glansopyhudaayelobutviiayelopentyl, cyclohexyl, or cycloheptyl.
Typically it is C3-C6 cycloalk%l for exam tﬁlg)égl%ro l, cyclobutyl or cyclopentyl. In one embodiment

it is cyclopropyl. A B3-E TG 5

R PGB e analibeituted or substituted, typically by one or more
groups Z or R5 as defined above. A saturated 4- to, 7-membered N-containing heterocyclic ring
typically contains orfe 26RO GERFEJRTEAY BRIEF St BIARIBTANREE67P O 4R 061°8 SHBmi 6t o
additional heperoatomscitimaycbepiorexanplélantichihes pyrralidiherplpat]dinenpipedaziadined
motpholine, tﬁu’g{;g.orpholine or homopiperazine. A 4- membered saturated N-containing heterocyclic
ring is typically azetidine. A 4- to 7- membered, or a 4-membered, saturated N-containing heterocyclic
ring as



25 defined above is unsubstituted or substituted on one or more ring carbon atoms and/or on any
additional N atom present in the ring. Examples of suitable substituents include one or more groups Z
or R5 as defined above, and a C1-C6 alkyl group fWhich is unsubstituted or substituted by a group Z or
R5 as defined above. When A is a group selected from piperazine, piperidine and pyrrolidine which is
30 substltuted b NR (CR 2 I X as def,lned under (a) above, parameter r is typically 1. A is typically
substitute® (AHECeiCHE : SHreyeropropyl, cyclobutyl, -NH-CH2-cyclopropyl, -NH-cyclopropyl,
-NH-CH2-tetrahsslksfdriamyil, maa:atr‘éﬂuwammﬂtys thHe@ Fings ampjoined together by a

2009’053@??;5181?&@%9;%&%@%&;&&% slroRyreny e hjaisahvaropeny anadwgetidinyl. Specific
examples 0 a group A include the fol owmg structures: gﬂ%é%{% The group A is optionally

substitutednsy asmEsEdNRRY S A S Eels APSHRAE DR BA T S St ag;éi?yplcé’lly selected from
groups Z ﬁﬂﬂn‘é%raﬁpdefmﬁd)ﬁﬁemﬁyﬁ-mdeﬁgmmibﬁreMmrmadcﬁl-@dmwrtmgghemmcycI|c ring

contains 5atom and toms selected from O,
HER SRR SRRamarg Rt b R b el

N and S. ran pyran or morpholine. . A 3-to 12- membered

saturated carbodVsticaiigrip, Bne4ersip, 6’5183355“85“9‘3“19" ‘I‘f‘%f%?ﬁﬁé’ﬁéﬂsﬁma‘}chc ring
containing,gn} § @igg{,{g@@dg, 1 és @ meuasyrlielon fused bicyclic ring system. It is, for instance, a 3-

to 7-membere ted carbocyclic r|n xampl £ lo lebutane,
cyclopentane, c;% (g%{ ﬁ'ﬁ’apc{/éo &P at’rl{aencan%d bgc%ilz%“iﬂ% XE 19%@2\%%&&% such rings are
fused togeﬂhﬁrgroupAfmmmalmew@ywmzkmmbéke@mﬁdwé% @Péthb“i!é arsItdutd. 8- o- 10, Il- or
12-membered, car @@%ﬂ%ﬂa&&&taﬁ&mt%&qﬁtﬁ%ﬁwwm boBse brimareageyclic or fused

bicyclic ring system. The group is.non aromatlcci matic, f rinst 5-10 1% 25 membered aryl
group. Exﬁ%lé%mée%’% %@cﬂ’a\'ﬁﬁﬁgle%‘ea }ﬂ% ! eﬁ?f&%ﬁé"ﬁ J te?1 2hydrShaphithalene rings, or
phenyl, napbihyk-neda ybuintienybanyd tetranydronaphthyl groups. The group is unsubstituted or
substituted, typically. by one or More aroMRe £ QIR AR, halo, -OR, -SR, (CRY)R, -

CH,OR, -CF5, -(halo)-C,-Cs alkyl, (CR®),)q0-(halo)-Ci-Cy alkyl, -COR, -(C(R*)2)(COR, -

(C(R®).),COR, CF;0OH, CH(CF;)CH, C(CF:):0H, -(CH2),OR, (CR®)2)0R, (CH2)NR3, -

(CR®)2)eNRs, -C(O)N(R),, (C(R®)2),CONR; , -NR, {CR*))NRs, (C(R):);NRC(O)R, -

(C(R®)2)NRC(O)OR, -S(O)R, -S(0) pN(R), -(C(R )2)aS(0)NR)z, -OC(O)R, -

(CR2)OC(OIR, -OC(ONR)z, (CR)2)4OC(ON(R);, -NRS(O)R, -(CR )2)NRS(O)R, -

NRC(OIN(R);, (CR*2)NRC(OINR), CN, -NO,, =0, a 5- to 12-membered aryl or

heteroary] 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, C3-Cyp cycloalkyl and a 5- to 12-membered aryl or heterocaryl 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; pis 1

or2andqis 0, lor2.



WO 2009/053715PCT/GB2008/003621 7 defined above.  An aryl group is a 5- to 12-membered
aromatic carbocyclic group. It is monocyclic or bicyclic. Examples include phenyl and naphthyl groups.
The group is UhEABEIRRED or substituted, for instance by a group Z or R‘@%{?E’egﬂf‘{gﬁﬁ%ove. 5An
unsaturated 5- to 12-membered heterocyclic group is a 5-, 6-, 7-, 8-, 9-, 10, 11- or 12-membered
heterocyclic ring containing at least one unsaturatéd bond and at least one heteroatom selected from
0, N and S. It is agrQnQEElE MInhUSEd, RiexE ORI GRFSER ), R i) NI S NORLArQRENES,Qr aromatic, for
instance hﬁﬁyl' The group m%ﬁ be, for example, furan thiophenegpyrrole, pyrrolopyrazine,
pyrrolopyrinidt S&ﬁﬁé%@?ﬁe B By%i&ﬁgffiﬂ%“z’m@ s o e ASLROE AL olopyrazine,
pyrazolopyringidipesspytrazofhpyr ki pytaz sébpimddazing, Tnidasbie aahitiaZepycheikgl,
imidazopyrim&jl'gqg,1 ig;ig_azopyridine, irnidazopyridazine, benzimida7ole, benzodioxole, benzodioxine,
benzoxazole, benzothiophene, benzothiazole, benzofuran, indolizinléir,?isoxazole, oxazole, oxadiazole,

thiazole®, isothiazofehalouidi 8z b sPRRfdintib el FEsfaraBeidfuler B dinGefodi¥inopyridine,
dihydropyrrgiegysitiaiueieielsganapybidisecditoinpirdi realpyhdipeikgrindicenisaguinoline,

thienopyrimj inle uinoxaline, tetrahydrobenzofuran, tetr roquinoline, tetr roisoquinoline,
567 & et R L R yrazine.
pyrimidine, Byfeerbirontaing sirfe Wa s itecethirlo groups (et bedered rragpdepf Riehiemsatsted or
substituted iiypisalyedyione or 20 more groups Z or RS as defined above.  Heteroaryl is a 5- to

12-membered aromatic, heterocyclic graup which contains 1, 2, 3, or teroatoms selected from 0, N
and ST s monodyCHECH HRTECHR LTy TR o Riskalh A SO P Btffonal
heteroatomexswidetendimryOcBoandiNpds miagrinsxio mexapapie ndBoty, Feprimtakeredetieteroaryl group.
Typically it i,gglected frane e Qﬁ&ﬁ%ﬁéﬂﬁ@%&@@'&%@sﬁ{m& Jisl, ehoptigesfor a 5-
to12-membered unsaturated heterocyclic group. Examples of a 4- to 7-membered saturated
N-containing AR AREPRHEAYR fused to a second ring as defined above to form a
h_eterop_olycyclic rmgisfjssemligmﬂ;:yugmgmn;@s,dladts&#mn@gﬁeﬁwmug'ysmﬁdme;cmmﬂame,
piperazine. JyasBhiling. A hiarearRialnc,rad BRmAPRRIAZING Seld, rouRibaing iped to a second

ring as defined above. The sécond ring’is ty?lcally a’4-to 7-mémbered saturated N-containing
heterocycli(?ﬁ‘?@’?ﬁﬁ%?ﬁ’f@ﬂyéﬁéf@@‘b‘l‘)f@-C% epenhdnibene e edimand i b RetepsRRMlidraup. More
typically WO 2500403 pi&RGhitsR00t036Rti8iihs ypkand HingispuloreGrand Ane®bered
saturated N-c%ggicrc}i%heterocyclic ring or a 5- to 7-membered unsaturated heterocyclic ring. Typical
examples oft

e second’?ing include azetidine, pyrrolidine, piperidine, piperazine, morpholine,
thiomorpholine, hénispipéfetite7 Biaroredhigansibing sresy Pif rre ey entnae opgrazine,
tetrahysirofuiia8an dibnietiabiEoayiani&4aNBRIes 6f the e ling, betprappiveyrlic system include
B e
morpholine, thiomorpholine or homopiperazine. A 4- membered saturated N-containing
heterocyclic ring is typically azetidine.
A 4- to 7- membered, or 2 4-membered, saturated N-containing heterocyclic ring as
25  defined above is unsubstiiuted or substituted on one or more ring carbon atoms 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
30  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-cycilopropyl, -NH-CHy-tetrahydrofuranyl, -NH-tetrahydrofuranyl, -NH-CH,-



(d)(e)(f) 15 (8) Examples of a 4- to 7-membered saturated N-containing heterocyclic group as defined
above which includes a bridgehead group -(CR'2)0- or -(CR'2),-0-(CR'2),- as defined above include
3,8-diaza-bicy%’|%f§f’§{(ff3&?ane, 2,5-diaza-bicyclo[2.2.1]heptane, 8-aza- oB2008/t03621
2009/053715PCT/GB2008/003621 9 bicyclo[3.2.1]octane, 2-aza-bicyclo[2.2.1]heptane,
3,6-diaza-bicyclo[3.1.1]heptane, 6-azabicyclo[3.1.1]heptane, 3,9-diaza-bicyclo[4.2.1]Jnonane and

3-0xa-7,9- diazapicysial3is-Minansnsdopasiiis axanalesef Shisarosaimmiddedha fqllewgng structures:

100 A include the following structures:
N
1/\N -
N
C/ A/ N \/l
5 1) (i)
L7 a Oy
10
(iii) (iv)

The group A is optionally substituted by one or more further substituents. Such
further substituents are typically selected from groups Z and R as defined above.

A 5-to 7-membered saturated O-containing heterocyclic ring contains at least one O

15 atom and 0, 1 or 2, typically 0 or 1, additional heteroatoms selected from O, N and S. It is,
for instance, tetrahydrofuran, tetrahydropyran or morpholine,

A 3-to 12- membered satx&ated carbocyclic ring is a 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10, 11-or
12-membered carbocyclic ring containing only saturated bonds. I is a monocyclic or fused
bicyclic ring system. It is, for instance, a 3- to 7-membered saturated carbocyelic ririg.

20  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-

25 membered aryl group. Examples include benzene, naphthalene, indane, indene and
tetrahydronaphthalené rings, or phenyl, naphthyl, indanyl, indeny! and tetrahydronaphthyl
groups. The group is unsubstituted or substituted, typically by one or more groups Z or R’ as



(d) (e Examples of a group of formula (11b) as defined above include groups derived from a 4-
to 7-membered saturated N-containing heterocyclic group as defined above which is spire-fused at
any available Wﬁgz%’ﬁ%éﬁsatom to a 3 to 12- membered saturated carbog%f@ﬁ%/f'@ﬁgally to a 3- to
6-membered saturated carbocyclic ring, or to a 4- to 7-membered 15 saturated N-containing
heterocyclic group. Examples include a group seldcted from azetidine, pyrrolidine, piperidine and
piperazine whighyig,spiro-fused at a ring carbon atom to a group selected from cyclopropane,
cyclobutane, cyclopentane, cyclohexane, azetidine, pyrrolidine, [?_iperidine%g%erazin%and

tetrahydropyran. THEGHEMBIBAnNIAFTRED BPTREGHROBEY &8 QUG 8To-
20diazaspilafydijuritienais, idchidt akasp isofh Sjnbpbpreys, S ke gaspiioidstidewsdaor 2,7-

diazaspiro[4 4la0pane, Spesificy Fg of @s9LQuURQf tygpyla (llb) include the following structures:
WO 20091053715PC T/G 82008/%;%62 10 (iv) '
5 An unsaturated 5- to 12-membered heterocyclic group is a 5-, 6-, 7-, 8-, 9+, 10, 11~ or

12-membered heterocyclic ring containing at least one unsaturated bond and at least one
heteroatom selected from O, N and S. It is a monocyclic or fused bicyclic ring system. The
group is non-aromatic or aromatic, for instance heteroaryl. The group may be, for example,
furan, thiophene, pyrrole, pyrrolopyrazine, pyrrolopyrimidine, pyrrolopyridine,

10  pyrrolopyridazine, indole, isoindole, pyrazole, pyrazolopyrazine, pyrazolopyrimidine,
pyrazolopyridine, pyrazolopyridazine, imidazole, imidazopyrazine, imidazopyrimidine,
imidazopyridine, imidazopyridazine, benzimidazole, benzodioxole, benzodioxine,
benzoxazole, benzothiophene, benzothiazole, benzofuran, indolizinyl, isoxazole, oxazole,
oxadiazole, thiazole, isothiazole, thiadiazole, dihydroimidazole, dihydrobenzofuran,

15 dihydrodioxinopyridine, dihydropyrrolopyridine, dihydrofuranopyridine, dioxolopyridine,
pyridine, quinoline, isoquinoline, thienopyrimidine, quinoxaline, tetrahydrobenzofuran,
tetrahydroquinoline, tetrahydroisoquinoline, 5,6,7,8-tetrahydro-imidazo[ 1,5-a]pyrazine,
5,6,7,8-tetrahydro-imidazo[1,2-a]pyrazine, thienopyrazine, pyrimidine, pyridazine, pyrazine,
triazine, triazole or tetrazole. The group is unsubstituted or substituted, typically by one or

20 more groups Z or R’ as defined above. '

Heteroaryl is a 5- to 12-membered aromatic heterocyclic group which contains 1, 2, 3,
or 4 heteroatoms selected from O, N and 8. It is monocyclic or bicyclic. Typically it contains
one N atom and 0, 1, 2 or 3 additional heteroatoms selected from O, S and N. If may be, for
example, a 5- to 7-membered heteroaryl group. Typically it is selected from the heteroaryl

25  groups included in the above list of options for a 5- to12-membered unsaturated heterocyclic
group.

Examples of a 4- to 7-membered saturated N-containing heterocyclic ring which is
fused to a second ring as defined above to form a heteropolycyclic ring system include a
group selected from azetidine, pyrrolidine, piperidine, piperazine, morpholine,

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

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



5  (V)(vi') (vii")(viil") R4 is an indolyl group which is unsubstituted or substituted. The indolyl
group may be linked to the thienopyrimidine core via any available ring position. It may, for instance,
be an 15indo WS L55-yI, indo1-6-y1 or indo1-7-y1 group. TypicallJH1&HOELLANA or indol-6-yl,
more typically an indo1-4-y1 group. When substituted, the indolyl may be substituted at one or more
available ring positions Typically it bears a substiient on the benzene moiety of the indole group. For

instance, a indol %réuép %s o\{gicall bSUlaSt'tﬁ'ir Béi ‘ﬁ‘i}fgg fter cyc ion m restxgically 20at the

5- or 6-posi ione AN |n “ylgroup is ypicaIﬁ/ su %smon
7-membered unsaturated heterocyclic ring. Typical examples of the second ring mcIude

azetidine, pyrrolidine, piperidine, piperazine, morpholine, thiomorpholine, homopiperazine,
pyrrole, imidazole, pyridine, pyridazine, pyrimidine, pyrazine, tetrahydrofuran and

5  tetrahydropyran. Examples of the resulting heteropolycyclic sysiem include octahydro-
pyrrolo[1,2-aJpyrazine and octahydro-pyrrolo[3,4-c]pyrrole. Specific exampies of the

heteropolycyclic system include the following structures:

e ~
N N
« >
N
NH
] U
10 (a) {b) (©
N i
K\N/
N N
K/O
0 .
(d) (e ®
")
N
<
15 \N/ N (2)

Examples of a 4- to 7-membered saturated N-containing heterocyclic group as
defined above which includes a bridgehead group {(CR’2)p- or {CR’2)~O-(CR’;);- as defined
above include 3,8-diaza-bicyclo[3.2.1]octane, 2,5-diaza-bicyclof2.2.1]heptane, 8-aza-



more typically at the 4- or 6-position. An indo1-6-y1 group is typically substituted at the 4-, 5- WO
2009/053715PCT/GB2008/003621 11 or 7-position, more typically at the 4- or 5- position. An
indo1-7-y1 grot® 1&8isicatly substituted at the 4-, 5- or 6-position, more X¢BIERH EPLRRES- or 6-position.
When the indolyl group is substituted it may be substituted by a group Z or R5 as defined above. In a
typical embodiment the indolyl group is substitute@ by a group selected 5 from R, -OR, -SR, -S(0)R,

CH2O0R, - ; E CE3)2 2 (CH2),INR2
Conr2 NE RIS A TR e SERR MR TR oir o
halo, -NO2 gif¥rie[5. dhspianed felvediprgidfg ¢ ABIE-9%a376} 4 heteroatoms selected from 0, N
and S, whemiRaicpR[IB0 maas.defined above in the definition of Z. In another typical embodiment
the indolyl group i, 10.substitu edg a group. select dér m Cl - C6 alkyl, CN, halo, -C(0)NR2,
halo(CI-C6)alky! s%ﬁE%c‘és‘é’ 8‘&%‘?3%‘8’ }(,htt")%?%‘&f’ﬁ‘l‘%ﬁ,%? 3&‘@‘5@%‘8&‘%, SO2NR2 , NRC(0)R, CO2 R
and a 55 membered heteroaryl group as defined above. In another more typical embodiment the
indolyl group is substitute a greup selected CN, halo, -C(0O)NR2, f@.le(Cl-CG)aIkyI such as
CF3, -SO2R, -SO2NRZ; a B-membered h ryfyroup contaming & 2, 3 or 4 15 heteroatoms
selected from 0, N and IS. In above embodimentg R is typicall w -C6 allcyl.  Typically the
substituent on the(;r}dgf' (gep is an glectreriwithgreiving groyy. Whghthe substituent is a
5-membered heteroaryl group it may be, for example, furan, thiophene, pyrrole, imidazole, pyrazole,
triazole, tetrazole, oxazole, isoxazole, oxadiazole, 20thiazole, isothiazole, or thiadiazole.  In one
embodiment a substituted indolyl group is an indol1-4-y1 group substityted at the 5- or 6-position, in
particular the 5-pcg by CN, halo, -C(0)NHg, -CF3, -S02Me, - SOZiJMeZ or a 5>-membered

s defiped above. Typicalfy the hydo1-4-y1 group " substjtuted at the 5- or 6-position
by halo, in particu More typically thie in 4-y1 25group is tuited at the 5-position by
halo, in particular By H,The parameter m imdQrimuta (1) is 0, 1 or 2. icafly m is 1 or 2. More typically
mis 1. When, in &bove definition (a) of A, the homopiperazine, pipefazine, piperidine, pyrrolidine,
morpholine or azefidine group is optionally®ubstituted by one or fhbre 30 substituents, it is substituted

on a ring carbon atom or a ring heteroatom by one or more groups Z or R5 as defined above. Typical

ng dARNERIA Al a%?ﬁwﬁlﬁﬁ%ln Rlis H or

examples of the sybstituent.in A oMo (el
unsubstituted C1-05%&)§. Exégrlngl[gis of WOq2O 9/053715PCT/6B2008/0036

4- to 7-membered saturated N-containing heterocyclic group as defined above which is spiro-

heteroaryl group

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

15  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-

20  diazaspiro{5.5]undecane, 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) inciude the following

structures:

N NH
HN —N

25 0] (i)



12 -C(0)-N(RI0)2 include -C(0)-N(CH3)2 and -C(0)-NH2. Examples of -C(1(1)2-ORI include -CH2-0H
and -CH2-0CHI When, in above definition (b) of A, the heteropolycyclic r|n stem is
substituted, it ESHBATSTEY on a ring carbon atom or a ring heteroatom By OHE? 8 ?@groups 5Zor
R5 as defined above. Typical examples of the substituent include oxo (=0), -C(0)- N(Itm)2 -C(0)0RI
and -S(0)2 RI wherein Rl is as defined above. Exépnples of the substituent -C(0)-N(RI)2 include
-C(0)-NH2, -C(0)NH(CH3) and -C(0)N(CH3)2. Examples of -C(0)R' include -C(0)CH3. Examples of
-C(R1)2-0111 include -CH2-0H and -CH2-0CH3. Examples substituent -C(0)OR" include -C(0)0OH
and - 1 0 C(0)OCH3 A typicad exammteof -S(0)2 RI | When, in above definition (d) of
A, the ring B or B' i substiyted, it is substituted &fY om or a ring heteroatom by one or
more groups Z or efi ove. Typical examples ubstituent include halo, C1-C6 alkyl,
-C(0)-N(RI)2, -C(QR, - C(0)OR' and -S(0)2 RI wherein &tjs as defined above. Examples of the
substituent - 15 C(0)-N(RI)2 include -C(0)-N112, -C(0)NH(CH3) and -C(0)N(CH3)2. Examples of -
C(O)R' include -C(0)C113. yde 1)2-ORl include LCH2-0CH3 Examples of the

substituent -C(0)OR" in (0)OR\and -C(0)0CHB . A tyigal exalaple of - S(0)2 Rl is -S(0)2 CH3
The thiophene ring W Bpts either regiochemical 20 orientations.
Thus, is one embodiment‘the thiendpyrimidine is of ' mula (1a): (la)N wherein RI, R2,

R3,R4 and m are @g)ydefined above for formula (I). In a¢sggpond embodiment the thienopyrimidine is of
the following formula (Ib): 13 (Ib) N-(C(R3)2), NR4 wherein R', R2, R3, R4 and m are as defined
above for formula (I).  Specific examples of compounds of the invention in Iude the compound listed
in the following Table 1:

So- Yoo

(vii) (vii’) i)
H IN e
) (x0°) (xit)

'R%is an indolyl group which is unsubstituted or substituted. The indolyl group may be
linked o the thienopyrimidine core via any available ring position. It may, for instance, be an
15  indol-4-yl, indol-5-yl, indol-6-y1 or indol-7-yi group. Typically it is indol-4-yl or indol-6-yl,
more typically an indol-4-y! group.

When substituted, the indolyl may be substituted at one or more available ring
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

20 at the 5- or 6-position. An indol-5-y] 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-



Table 1 Compound No. Structure Name 1 o C ) \lo NH cN)Ns 6-(4-Azetidin- 1 -yl-piperidin- 1
-ylmethyl)- 2-(6-fluoro-1H-indo1-4-y1)-4-morpho lin4-yl-thieno[3,2-cipyrimidine 2 s
Cyclopropylm#RyY¥P75-fluoro-1Hindo1-4-y1)-4-morpholin-4-yl-thiend]g 2z B2008/003621
d]pyrimidin-6-yhnethyll-piperidin-4-yllamine )iNH N1101 <IN 3 C)os_AN
Cyclopropylmethyl-{142-(6-fluoro-1Hindo1-4-y1)-4Imorpholin-4-yl-thieno[3,2-

d]pyrimidin-g-ylmethylKpiRedin:dry A2 or 5- position. An indol-7-y1 group s typically
substituted at the 4-, 5- or 6-position, more typically at the 5- or 6-position.
When the indolyl group is substituted it may be substituted by a group Z or R’ as
defined above. In a typical embodiment the indolyl group is substituted by a group selected
5 fromR, -OR, -SR, -§(0),R, CH;0R, -C(O)R, -CO:R, CFs, CF20H, CH(CF5)OH, C{CF;).0H,
A(CH;)0R, «CH;)(NR;, -C(O)N(R)2, -NRy, -N(R)C(O)R, -S(O);N(R);, -OC(O)R,
OC(O)N(R)z, -N(R)S(O)p R , -NRC(O)N(R),, CN, halo, -NO; and a 5-membered heteroaryl
group containing 1, 2, 3 or 4 heteroatoms selected from O, N and S, wherein R, p and q are as
defined above in the definition of Z. In another typical embodiment the indolyl group is
10 substituted by a group selected from C; — Cgalkyl, CN, halo, -C(O)NR;, halo(C;-Ce)alkyl
such as CF3;, NG;, OR, SR, NR;, C(O)R, SOR, SO2R, SO;NR;z, NRC(O)R, CO; Randa5-
membered hcteroéryl group as defined above. In another more typical embodiment the
indolyl group is substituted by a group selected from CN, halo, -C(O)NR;, halo(C;-Cg)alkyl
such as CF3, -SO3R, -SO;NR;, and a 5-membered heteroaryl group containing 1, 2,3 or 4
15  heteroatoms selected from O, Nand 8. In the above embodiments R is typically H or C,-Cg
alkyl.
Typically the substituent on the indolyl group is an electron-withdrawing group.
When the substituent is a 5S-membered heteroaryl group it may be, for example, furan,
thiophene, pyrrole, imidazole, pyrazole, triazole, tetrazole, oxazole, isoxazole, oxadiazole,
20 thiazole, isothiazole, or thiadiazole.
In one embodiment a substituted indolyl group is an indol-4-yl group substituted at the
5- or 6-position, in particular the 5-position, by CN, halo, -C(O)NH;, -CF3, -S80O;Me, -
SO,NMe; or a 5-membered heteroaryl group as defined above. Typically the indol-4-yl group
is substituted at the 5- or 6-position by halo, in particular by F. More typically the indol-4-yl
25 group is substituted at the 5-position by halo, in particular by F.
The parameter m in formula (I} is 0, ! or 2. Typically mis 1 or 2. More typically mis

When, in above definition (a) of A, the homopiperazine, piperazine, piperidine,
pyrrolidine, morpholine or azetidine group is optionally substituted by one or more
30 substituents, it is substituted on a ring carbon aiom 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(R'%; and -C(R'%),-OR"® wherein R'® is H or unsubstituted C;-Cs alkyl. Examples of



NH >----/IP <01 WO 2009/053715PCTIG82008/003621 14 4 s NH Nis
Cyclopropyl-{142-(6-fluoro-1H-indol-4- y1)-4-mospholin-4-yl-thieno[3,2-
d]pyrimidin-6-¥th&tkSiSeridin-4-y1) - 0111111050 () s -.....IN tINH K GgU0s003621
6-[(S)-1-(Hexahydro-pyrrolo[1,2- a]pyrazin-2-yl)methyl]-2-(1H-indol-4- y1)-4-morpholin-4-yl-thieno[3,2-

d]pyrimidine 6

10

15

20

12
-C(O)-NR'), include —C(O)-N(CH); and ~C(O)-NH,, Examples of -C(R'%),-OR'? include
-CH>-CH and -CH,-OCH;,

When, in above definition (b) of A, the heteropolycyclic ring system is
substituted, it is substituted on a ring carbon atom or a ring hetercatom by one or more groups
Z or R’ as defined above. Typical examples of the substituent include oxo (=0}, -C(O)-
N(R'%,, -C(OYOR'®and -S(0), R'® wherein R'is as defined above. Examples of the
substituent -C(O)-NR'); include -C(0)-NH;, ~C(O)NH(CHz) and -C(O)N(CH,),.
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 —
C(O)OCH;. A typical example of -S(0), R' is -$(Q); CHa.

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 hetercatom by one or more groups Z or R® as defined above.
Typical examples of the substituent include halo, C;-Cs alkyl, -C(0)-N(R'%s, -C(O)R'?, -
C(O)ORY and -8(0), R'® wherein R'i¢ as defined above. Examples of the substituent -
C(O)-N(R'), include -C(Q)-NH;, -C(O)NH(CH,) and -C(O)N(CHs),. Examples of -
C(O)R' include -C{O)YCH;. yde-C(R'%)-OR' include -CH,-OH and -CH,-OCH;, Examples
of the substituent -C(O)OR'? include ~C(O)OH and —C(O)OCH;. A typical example of -
§(0), R" is -8(0), CHs.

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

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

o O

Rt S N

~
N (GRS |
R TN, N »

wherein R', R%, R* R* and m are as defined above for formula (I).

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



0 C) r-11-SANIIIINH a clIP N 2-(5-Fluoro-1H-indo1-4-y1)-64(5)-1- (hexahydro-pyrrolo[1,2-a]pyrazin-2-
yl)methyl]-4-morpholin-4-yl-thieno[3,2- d]pyrimidine 7 SN NH N O N
2-(6-Fluoro-1FEhef§a/043yif)-6-[(5)-1- (hexahydro-pyrrolo[1,2-a]pyrazin-2PCT/GB2008/003621
yl)methy11-4-morpholin-4-y1-thieno[3,2- d]pyrimidine 8 s- \NH N110
6-(Hexahydro-pyrrolo[3,4-c]pynol-2- ylmethyl)-2-(8H-indol-4-y1)-4-
mombholin-4-yl-thieno[3,2-d]pyrimidine WO 2009/G53715PCT/OB2008/003621 15 9

o (J

R! =~ "N
~ 74
N—i{ C(R3)2 - ‘
R/ S \N /LR4

wherein R!, R?, R*, R* and m are as defined above for formula (I).

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

following Table 1:
5
Table 1
Compound | Stracture Name
11\{0- 0 6-(4-Azetidin-1-yl-piperidin-1-yimethyl)-
[ j 2-(6-fluoro-1 H-indoi-4-y1)-4-morpholin-

s 4-yl-thieno{3,2-d]pyrimidine
SN e
L S

2 0 Cyclopropylmethyl-{1-f2-(5-fluoro-1H-
[ j indol-4-y1)-4-morpholin-4-yi-thieno[3,2-

s d]pyrimidin-6-ylmethyll-piperidin-4-yl}-
f‘%w amine
F

3 0 Cyclopropyimethyl-{1-[2~(6-fluoro-1H-
[ j indol-4-yt)-4-morpholin-4-yl-thieno{3,2-
dpyrimidin-6-ylmethyl]-piperidin-4-yl}-

N = :
Y \ | amine
Q " E 5




S_NH N 40 0 2-(5-Fluoro-1H-indo1-4-y1)-6- (hexahydro-pyrrolo[3,4-e]pyrrol-2-
ylmethyl)-4-morpholin-4-yl-thieno[3,2- a]pyrimidine 10 sC ) sSLN NrCkW ab NH el

2-(6-Fluoro-1 P heEY083Ef)-6- (hexahydro-pyrrolo[3,4-e]pyrrol-2- yimeth§H AR HRERL 4-yI-thieno[3, 2-

dhoyrimidine 11 0 C ) N /NH Nio 6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-
2-(1H-indol-4-y1)-4-morpholin-4-ylthieno[3,2-d]pyfifnidine 120 C) S,-% I-UN si NH

4 0 Cyclopropyl-{1-[2-(6-fluoro-1H-indol-4-
[Nj yl)-4-morpholin-4-yl-thieno[3,2-
s dlpyrimidin-6-ylmethyl]-piperidin-4-yl} -
Y amine
AL NH
ahade
D F |
5 0 6-[(8)-1-(Hexahydro-pyrrolo[1,2-
[N) ajpyrazin-2-ylymethyl}-2-(1H-indo!-4-
s yl}-4-morpholin-4-yl-thienof3,2-
/—&\IL/ Y\ dlpyrimidine
N 5
N—{<H
6 2-(5-Fluoro-1H-indol-4-y1)-6-[ (S)-1-
o {hexahydro-pyrrolof1 ,_2-a]pyraz_in—2-
( j yl)methyl}-4-morpholin-4-yl-thieno[3,2-
N djpyrimidine
/—st I %"
(“N N N/ NH
N—f=H F
7 o 2-(6-Fluoro-1H-indol-4-yi)}-6-[(S)-1-
[Nj (hexahydro-pyrrolo[1,2-a]pyrazin-2-
s ylimethyl]-4-morpholin-4-yl-thieno{3,2-
& /N ™ d)pyrimidine
o
N-—=H
F
8 © 6-{Hexahydro-pyrrolo[3,4-c]pyrrol-2-
[Nj yimethyl)-2-(1 H-indol-4-yi)-4-
s morpholin-4-yl-thienof 3,2-d}pyrimidine
\N S
(gj N lN,i f NH
N
H




41, 6-(2,7-Diaza-spiro[3.5]non-2-yImethyl)-

2-(5-fluoro-1H-indol-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidine 13 o %81‘?(,!

6-(2,7-Diaza-SPi38’8Mo6R-2-yimethyl)-

B2008/003621

2-(6-fluoro-1H-indo1-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidine WO

2009/053715PCT/OB2008/003621 16 140 () N

6-(3,8-Diaza-bicyclo[3.2.1)oct-3-

yImethyl)-:ﬂgb-nuoro-LH-in001-4-yqu4- morpholin-4
N

ey
o Y N, NH
N

N

YRR R (VA N

(hexahydro-pyrrolof3,4-c]pyrrol-2-
ylmethyl}-4-morpholin-4-yl-thieno[3,2-
dlpyrimidine

H
10 o 2-(6-Fluoro-1H-indol-4-y1)-6-
ENJ (hexahydro-pyrrolof3,4-c]pyrrol-2-
s\ yimethyl)-4-morpholin-4-yl-thieno[3,2-
Q! /N \H dlpyrimidine
50
F
H
11 o 6-(2,7-Diaza-spiro[3.5non-2-ylmethyl)-
[Nj 2-(1H-indol-4-yh)-4-morpholin-4-yi-
s Ay thieno[3,2-djpyrimidine
| .
(—%N \ N,,L f NH
N
H
12 0 6-(2,7-Diaza-spiro{3.5Jnon-2-ylmethyl)-
[ j 2-(5-fluoro-1H-indol-4-yl)-4-morpholin-

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

° ()

6-(2,7-Diaza-spiro[3.5Inon-2-yimethyl)-
2-(6-fiuoro-1H-indol-4-y1)}-4-morpholin-
4-yl-thienof3,2-d]pyrimidine

a,..,,, INH Nio
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16 0 (), Nl-ab NH (7)C-INel N H
siLNfluoro-1H-indo1-4- 1192-4-morpholin-4-yl6-[(13,55)-1-(3,6-Diazabicyc|o§.1.11heJ)t-6-y1)methy11-2-(
6- thieno[s,z-dfa/%ﬂ??f&% 918 SN /NH N40 6-(2,7-Diaza-spiro[3.5]non-7-yIHethgje 03628
2-(6-f|uoro-1H-indol-4-y1)-4-morpho|in4-yl-thieno£3,2-d]pyrimidine 19 ,0)...-11 r_cs----ApN Nik'sni si
NH 11, 6-(2,8-Diaza-spiro[4.5]dec-8-yImethyl)- 6
2-(6-fluororifi-imdo=-2ry I-4=morphodi4-yi-thieno[3 %—@Eyﬂmjﬂi%ycloi&ll]oct-3-
E S ylmethyl)-2-(6-fluoro-1H-indol-4-yl}-4-
HN;“;‘N . “i morpholin-4-yl-thieno[3,2-d]pyrimidine
S P jd— hH
N

16 [O) 6-[(18,55)-1-(3,6-Diaza-

bicyclo[3.1.1]hept-6-yDmethyl}-2-(6-

s fluoro-1H-indol-4-y1)-4-morpholin-4-yl-
,-dg N %‘*‘“\NH thieno[3,2-d]pyrimidine
N i .

N <
H F
18 o 6-(2,7-Diaza-spiro{3.5]non-7-ylmethyl)-
[Nj 2-(6-fluoro-1H-indol-4-yh)-4-morpholin-
s 4-yl-thieno[3,2-d]pyrimidine
N =
N N N/ NH
H
19 0 6-(2,8-Diaza-spiro[4.5]dec-8-yimethyl)-
[ j 2-(6-fluoro-1 H-indol-4-y1}-4-morpholin-

s 4-yl-thieno[3,2-d]pyrimidine
=N s
r@lﬁ SNH

20 0 6-(2,7-Diaza-spiro[4.4]non-2-ylmethyl)-
® 2-{6-fluoro-1H-indol-4-yl)-4-morpholin-

S 4-yl-thieno[3,2-djpyrimidine
~r N e
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2-(6-fluoro-1H-indol-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidine WO
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(it?ahydro-pyrrolo[s,z-c] pyridin5-ylmethyl)-thieno[3,2-cf

Ipyrimidine
21 o 2-(6-Fluoro-1H-indol-4-yl)-4-morpholin-
[Nj 4-yl-6-(octahydro-pyrrolo[3,2-c]pyridin-
rﬂsf\\ 5-ylmethyi)-thieno[3,2-d]pyrimidine
N =
({j} \ N,)\é‘wﬁ
ﬁ F
22 2-(6-Fluoro-1H-indol-4-yD)-4-morpholin-
" o 4-»yl-6-{(3aS,7aR)_—1_—(octahydro-
N H ( j pyrrolo[3,2-c]pyridin-5-ylmethyl}-
% N thieno[3,2-d]pyrimidine
H N S *n -
\\ iN ,)\ESNH
F
23 2-(6-Fluoro-1H-indol-4-y1)-4-morpholin-
" o 4-yl-6-[(3aR,7a8)-1-(octahydro-
N H [ ] pyrrolo[3,2-c]pyridin-5-yl)methyl]-
L{} N thiena[3,2-d]pyrimidine
HYN  SeNy e
B! Nﬁm
F
24 0 2-(6-Fluoro-1 H-indol-4-y1)-6-[(R)-1-
[Nj (hexahydro-pyrrolo[ 1,2-alpyrazin-2-
s A yhymethyl]-4-morpholin-4-yl-thieno[3,2-
Y /N i dlpyrimidine
S
N—{wH
F
27 o 4-[2-(5-Fluoro-1H-indol-4-y1)-4-
0 [ j morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
N X _b} Y ylmethyl]-1-0xa-4,9-diaza-
S Y spiro[5.5Jundecane
Y P NH
N IE
F
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2-(6-Fluoro-1H-indo1-4-y1)-4-morpholin4-y1-6-[(3aS,7aR)-1-(octahydropyrrolo[3,2-c]pyridin-5-yl)methy
Ik thieno[3,2-SFIERES3 N \ o () CAIN(s NH IP- RERRAioriE
2-(6-Fluoro-1H-indo1-4-y1)-4-mmpholin4-y1-6-[(3aR,7a8)-1-(oetahydropyrrolo[3,2-c]pyridin-5-yl)meth
ylk thieno[3,2-d]pyrimidine 24 N iHi 18

28 H 9-[2-(5-Fluoro-1H-indol-4-yl)-4-

(_ [Oj morpholin-4-yi-thieno[3,2-djpyrimidin-6-
o o ylmethyl]-1-oxa-4,9-diaza-
N SeNy spiro[5.5]undecane
. 41\/6%
N
_ F
29 HNpr© o 7-[2-(5-Fluoro-1H-indol-4-y)-4-
[Nj morpholin-4-yl-thieno{3,2-dlpyrimidin-6-
ylmethyl]-2,7-diaza-spiro[3.5]nonan-1-
NS = one
oY ' = NH
N I§
F
31 o 6-(4-Azetidin-1-yl-piperidin-1-ylmethyl)-
[ j 2-(1H-indol-4-yt}-4-morpholin-4-yl-

sy thieno( 3,2-d}jpyrimidine

32 G 6-(4-Azetidin-1-yl-piperidin-1-ylmethy!)-
[ ) 2-{5-fluoro-1H-indol-4-yl}-4-morpholin-
4-yl-thieno[3,2-d]pyrimidine
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33 Y 6-(3,8-Diaza-bicyclof3.2.1]oct-3-
[ j ylmethyl)-2-(1H-indol-4-yl)-4-
HN;\QN s N morpholin-4-yl-thieno[3,2-d]pyrimidine
\N o
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34 o 6-(3,8-Diaza-bicyclo[3.2.1]oct-3-
[ j ylmethyl)-2-(5-fluoro-1H-indol-4-yl)-4-

morpholin-4-yl-thieno[3,2-d]pyrimidine
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35 0 6-(3,8-Diaza-bicyclo[3.2.1]oct-8-
yimethyl)-2-(6-fluoro-1H-indol-4-yi)-4-
HN\;Q

\__&f\ morpholin-4-yl-thienc|3,2-d]pyrimidine

36 o 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
E ] 4-morpholin-4-y1-2-(2-trifluoromethyl-
CF 1 H-indol-4-yl)-thieno{2,3-d]pyrimidine

37 o 4-[6-(4-Cyclopropyl-piperazin-1-
[ ] ylmethyl)-4-morpholin-4-yl-thieno]2,3-

§ dlpyrimidin-2-yi]-1H-indole-6-sulfonic
,_(/\’f\ N %’"'\NH acid dimethylamide
N SN
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38 o 4-{6-(4-Cyclopropyl-piperazin-1-
[ N] yimethyl)-4-morpholin-4-yl-thieno[2,3-
dlpyrimidin-2-yl]}-1 H-indole-6-carboxylic
N acid amide
2 NH
(—N S N
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<r 0% NH,
39 © 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
I: ] 4-morpholin-4-yl-2-(6-triflucromethyl-

1 H-indol-4-yl}-thieno{2,3-d]pyrimidine




18 28 o C ) 942-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-4pyrinuidin-6-
ylmethyli-1-oxa-4,9-diazaspiro[5.5]undecane isiAN \-"Ndiati NH LW 29 HiltL. -C.)s.-21N
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ylmethy1]-2,7-diaza-spiro[3.5]nonan-1- one NH N * 31 S.
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40 © 6-(4-Cyclopropyl-piperazin-1-ylnethyl)-
[N] 2-(6-fluoro-1H-indol-4-yl)-4-morpholin-
/_(f 4-yl-thieno[2,3-d}pyrimidine
/7 SN =
(___) s N/ NH
<fN
F
41 0 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
(Nj 2-(6-methanesulfonyl- 1 H-indol-4-y1)-4-
morpholin-4-yl-thieno[2,3-d]pyrimidine
7] SN
(_-Ti) 5 N&k‘é\NH
N
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42 ° 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
[Nj 2-(5-fluoro-1H-indol-4-y1)-4-morpholin-
4-yl-thieno[2,3-d]pyrimidine
7 TN =
(__N s N/Jjém
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43 o 4-[6-(4-Cyclopropyl-piperazin-1-
[N] ylmethyl)-4-morphelin-4-yi-thieno{2,3-
cN dlpyrimidin-2-yl]-1 H-indole-2-
am f‘"_(NH carbonitrile
(—N S N
&
44 <L 0 4-[6~(4~Cyclopropy1«piperazin?1-
y () ylmethyl)-4-morpholin-4-yl-thieno[2,3-
Q} N dlpyrimidin-2-y1]-1H-indole-6-
N \_(/-ka = carbonitrile
N JISNH
57N
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NH Nis 6-(4-Azetidin-1-yl-piperidin- 1 -y1lrnethyl)-
2-(1H-indol-4-y1)-4-morpholin-4-ylthieno[3,2-4pyrimidine 32 0 C ) "NNH ¢ 8IIP 01 | re----lcm
6-(4-Azetidin-Y K ABHHEFdM-1-ylinethyl)- T/GB2008/003621
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" [ :} yimethyl}-4-morpholin-4-yl-thieno[3,2-
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\ Sy ! NH
07 "NH,
47 o 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
[ Nj 2-(6-fluoro-1H-indol-4-y1}-4-morpholin-
ﬁ{j\)\ 4-yl-thieno[3,2-d]pyrimidine
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48 q o 6-(4-Cyclopropyl-piperazin-1-yimethyl)-
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§:3 N o 1H-indol-4-y})-thieno[3,2-d]pyrimidine
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49 0 6-(4-Cyclopropyl-piperazin-1-ylmethyl}-
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Q:> N 4-yl-thieno[3,2-djpyrimidine
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53 o 6-(1,8-Diaza-spirof4.5]dec-8-ylmethyl)-
[Nj 2-(5-fluoro-1 H-indol-4-y1)-4-morpholin-
4-yl-thienof3,2-dJpyrimidine
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morpholin-4-yl-thieno[3,2-d]pyrimidine
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55 0 1-{2-[2~(5-Fluoro-1H-indol-4-y1)-4-
[N] morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
s A ylmethyl]-2,7-diaza-spiro[3.5]non-7-yi}-
QI Y [\ |cthanone
N N/
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X
56 0 (3R* 45%)-4-Azetidin-1-yl-1-[2-(5-fluoro-
[Nj 1H-indol-4-yl)-4-morpholin-4-yl-
s A thieno{3,2-d]pyrimidin-6-ylmethyl]-
r@ N {"\NH piperidine-3-carboxylic acid amide
N N
F
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57 c (3R* 4R*)-4-Azetidin-1-yl-1-[2-(5-
[Nj finoro-1H-indol-4-yl)-4-morpholin-4-yl-
PN thieno[3,2-d]pyrimidin-6-ylmethyl]-
/—@ ) %”\NH piperidine-3-carboxylic acid amide
N N
/ F
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58 C {#)-6-((Cis)-4-Azetidin-1-yl-3-fluoro-
[Nj piperidin-1-ylmethyl})-2-{5-fluorc- 1 H-
s indol-4-yl)-4-morpholin-4-yl-thieno[3,2-
&l /N "\ djpyrimidine
N N
N F
o
50 o (£)-{(trans)-4-Azetidin-1-yl-1-[2-(5-
[Nj fluoro-1H-indol-4-yl)-4-morpholin-4-yl-
s thieno{3,2-d]pyrimidin-6-yimethyi]-
Y a" piperidin-3-y1}-methanol
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| 4-16-(4-Cyclopropyl-piperazin-lylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidin-2-y1]-1H-indole-6-sulfonic acid dimethylarnide 38 ir'\ N-2 <1 S N.N NH is QN
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,—-&_IL N %"‘\NH piperidin-3-y1} -methanol
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F
N ;
O

61 0 2-(5-Fluoro-1H-indol-4-y1)-6-(7-
[ j methanesulfonyl-2,7-diaza-spiro[3.5non-

s 2-ylmethyl)-4-morpholin-4-yl-thienof3,2-
/_Q\j\/ N %‘“‘\NH dlpyrimidine
F

62 0 2-[2-(5-Fluoro-1H-indol-4-y1)-4-
I: j morpholin-4-yi-thieno{3,2-dlpyrimidin-6-
ylmethyi]-2,7-diaza-spiro[3.5Inonane-7-

I N N\ carboxylic acid dimethylamide
N N” Ig
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63 © 2-[2-(5-Fluoro-1H-indol-4-y1)-4-
[ ] morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
yimethyi]-2,7-diaza-spiro[3.5]nonane-7-

o ] N "\iH carboxylic acid methyl ester
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66 0 6-[4-(3,3-Difluoro-azetidin-1-yl)-
[Nj ?iperidin—l -yhneﬁxyl]-:?-(S—ﬂuor_oulH-
s A mdo1~‘4-yl}-4-morphohn—4-y1»th1eno{S,2-
Y waY d]pyrimidine
N N
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N
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67 0 6-[4-(3,3-Difluoro-azetidin-1-yl)-
[Nj piperidin-1-ylmethyl]-2-(1 H-indol-4-yl)-
s X 4-morpholin-4-yl-thienof3,2-
& /N N dlpyrimidine
0
N
A
F
68 o 6-(6,9-Diaza-spiro[4.5]dec-9-ylmethyl)-
[Nj 2-(5-fluoro-1H-indol-4-yl)-4-morpholin-
,_.er 4-yl-thieno[3,2-d}pyrimidine
\N e
5 ey
H
69 0 (R)-7-[2~(5-Fluore-1H-indol-4-yl}-4-
ENJ morpholin-4-yl-thieno(3,2-d]pyrimidin-6-
s yimethyl}-hexahydro-oxazolo[3,4-
,—-&f\\/ W “\H alpyrazin-3-one
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70 o 7-[2-(5-Fluoro-1H-indol-4-yl)-4-
[Nj morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
s ylmethyl]-5,6,7,8-tetrahydro-
Y M [1,2,4]triazolo[4,3-a]pyrazine
M N/
sRass
> N
N
71 0 6-(5,6-Dihydro-8 H-imidazo[ 1,2~
[Nj a)pyrazin-7-ylmethyi}-2-(6-fluoro-1H-
s A indol-4-yl}-4-morpholin-4-yl-thieno[3,2-
/—Q\j\/ i " dlpyrimidine
o
N
&N F
72 0 6-{4-(3-Fluoro-azetidin-1-yl)-piperidin-1-
[Nj ylmethyl]-2-(1 H-indol-4-yl)-4-
s X morpholin-4-yl-thieno{3,2-d]pyrimidine
(N =
N oY N/l f NH
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73 o 6-[4-(3-Fluoro-azetidin-1-yl}-piperidin-1-
ENJ yimethyl]-2-(5-fluoro-1H-indol-4-yl)-4-
/_KSIL\\‘ morpholin-4-yl-thieno[3,2-d]pyrimidine
N ==
N \ N/)ﬁw
&
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74 0 1-{1-[2-(1H-Indo}-4-y])-4-morpholin-4-
[Nj yl-thieno[3,2-dJpyrimidin-6-yimethyl]-
s A piperidin-4-yl}-azetidin-2-one
[N r;
N N N/ NH
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[Nj morphelin-4-yl-thieno{ 3,2-dpyrimidin-6-
s ylmethyl]-piperidin-4-yl}-azetidin-2-one
N =
WA 7 NH
() be
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Q
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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
5 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 (1I):

@]
HIL

wherein W is as defined above. Starting from this precursor the synthesis comprises

cl

10  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):



Nis 6-(1,8-Diaza-spiro[4.5]dec-8-ylmethyl)-

2-(5-fluoroAH-indol-4- 1)-4-morpho|in4-yl-thieno[3,2-4pyrimidine 540 C)siz-N NC1/4"--LN--NH a
IP 2-(5-FIuor0‘4”‘1(?42-(?f"ﬁﬁ“gf-Zfiyl)-6-(7-methyl2,7-diaza—spiro[3.53non-2-yln1]P(-3CtF(3)}i53-2398/,093621
morpholin-4-yl-thieno[3,2-4pyrimidine WO 2009/053715PCT/GB2008/003621 23 55 s H 1-
{242-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-y|-t-'l’ﬁeno[3,2-d]pyrimidin-6-
ylmethy1]-2,7-diaza-spiro[3.5]non-7-y1} - ethanone 50 C)

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

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

9
N av)
R1a
\N ' )\

RZa

wherein W, R'® and R* are as defined above, with a boronic acid or ester thereof of formula
RY B(OR"), in which RY 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;-Cg alkyl or the
10 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-butoxycarbony! (BOC) group. Any
suitable group may be used to protect the indole N atom, for instance a t-butyldimethylsilyl
15 group.
A compound of formula (I} may also be produced by a process which comprises

treating a compound of formula (II):



NS,..AN_/NHNOH, O-
(3R*,45%)-4-Azetidin-I-y1-142-(5-fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[ 3.2-d]pyrimidin-6-ylmet
hy1]- piperidine S tarbaylic acid amide 57 s NH N310 01 I-NpH, (3Rt4éﬁgz?§%eﬁ‘§?ﬁ?]@{1-112-(5- Y
quoro-IH-indol-4-y1)-4-morpho|in-4-ylthieno[3,2-d£%yrimidin-6-y|methy|]- piperidine-3-carboxylic acid
amide 58 o C) r(8---;- Nab NH 4111
()-6-((Cis)-4-AzetidM-1-y1-3-fluoro-piperidin-lI-ylmethyd<2-(5-fluoro-1H-indo1-4-y1)-4-momholin-4-yl-thi
eno[3,2- d]pyrimidine 59 a-
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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

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

{1

wherein W and R* are as defined above, with an amine of formuta NHR'*R™ in which R"®
and R* are as defined above, in the presence of a suitable reducing agent; and, if R** and/or

10 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 (II1) 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

15 under conventional conditions. The palladium catalyst may be any that is typically used for
Suzuki-type cross-couplings, such as PdC1,(PPhs),. The reducing agent in the amination step
is typically a borohydride, for instance NaBH(OAc);, NaBH, or NaCNBH;, in particular
NaBH(OAc);,

Alternatively, a compound of formula (I) may also be produced by a process which



()- {(trans)-4-Azetidin-1-y1-142-(5-

fluoro-1H-indo1-4- &4 morpholin-4-ylthieno[3,2-d]pyrimidin-6-ylmethylk piperidin-3- 1} -methanol NH
N0 O1HO7 WOrdBUEi083715PCT/OB2008/003621 24 60 & \NH NAO & é)I—F SHORT302
(0-{(Cis)-4-Azetidin-1-y1-142-(5-fluoro-1H-indo1- 43}/1) -4-morpholin-4-yl-thieno[3,2- d]pyrlmldln -6-ylinethy
]- piperidin-3-y1} -methanol 61 s\N N 40 ,., , .

comprises treating a compound of formula (IT) as deﬁned above with a reducing agent, to
reduce the -CHO functionality to —CH;OH, and then treating the resulting compound with an
agent which converts the OH moiety into a leaving group, thereby yielding a compound of
formula (V):

LA
L =
5 N cl
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
10 of formula (I). This strategy is depicted in scheme 6 which follows.
A variation in the synthetic strategy for producing a thienopyrimidine of formuia (T)
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):
io j
N
P ///l\

15 N R
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 toluenesuifonyl, with a compound

NHR*R? as defined above under suitable conditions. The indole N atom is protected by any



2-(5-Fluoro-1H-indo1-4-y1)-6-(7-
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removed subsequently, using conventional methodology. This strategy is illusirated in
scheme 8 which follows.
Thienopyrimidines of formula (I) may be converted into pharmaceutically acceptable
5 salts, and salts may be converted into the free compound, by conventional methods.
Pharmaceutically acceptable salts include salis of inorganic acids such as hydrochloric acid,
hydrobromic acid and sulfuric acid, and salts of organic acids such as acetic acid, oxalic acid,
malic acid, methanesulfonic acid, trifluoroacetic acid, benzoic acid, citric acid and tartaric
acid. In the case of compounds of the invention bearing a free carboxy substituent, the salts
10  include both the above-mentioned acid addition salts and the salts of sodium, potassium,
calcium and ammonium. The latter are prepared by treating the free thienopyrimidine of
formula (I), or an acid addition salt thereof, with the corresponding metal base or ammonia.
Compounds of the present invention have been found in biological tests to be
inhibitors of P13 kinase. The compounds are selective for the p1108 isoform, whichisa class
15  Ia PI3 kinase, over other class Ia PI3 kinases. They are thus selective for the p1105 isoform
over both the pl 10¢ isoform and the p110p isoform. In particular they are selective for p1103
over pl10f. The compounds are also selective for the p1108 isoform over pl10y, whichis a
class Ib kinase. The selectivity exhibited by compounds of the invention for p1108 over other
isoforms of P13 kinase is at least 2-fold. Typically the selectivity is 5-fold, or 10-fold, or 20-
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 pl108. They may
also be 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 100-fold selective for p1106 over p110a or
over pildy.
A compound of the present invention may be used as an inhibijtor of P13 kinase, in
25  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 p1108 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 caﬁcér, immune disorders,
30 cardiovascular disease, viral infection, inflammation, metabolism/endocrine disorders and

neurological disorders. Examples of metabolism/endocrine disorders include diabetes and
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obesity. Examples of cancers which the present compounds can be used to treat include
leukaemia, brain tumours, renal cancer, gastric cancer and cancer of the skin, bladder, breast,
uterus, lung, colon, prostate, ovary and pancreas.
A compound of the present invention may be used as an inhibitor of PI3 kinase. A
5  human or animal patient suffering from a disease or disorder arising from abnormal cell
growth, function or behaviour associated with PI3 kinase, in particular with the p1105
isoform of PI3 kinase such as an immune disorder, cardiovascular disease, viral infection,
inflammation, 2 metabolism/endocrine disorder or a neurological disorder, may thus be
treated by a method comprising the administration thereto of a compound of the present
i0  invention as defined above. A human or animal patient suffering from cancer may also be
treated By a method comprising the adminisiration thereto of a compound of the present
invention as defined above. The condition of the patient may thereby be improved or
ameliorated.
A compound of the present invention can be administered in a variety of dosage
15 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
20 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/ke,
body weight, for instance 0.01 to 1 mg/kg. Such a dosage may be given, for example, from 1
25  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.
30 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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A) Oraily, for example, as tablets, coated tablets, dragees, troches, lozenges, aqueous
or oily suspensions, liquid solutions, dispersible powders or granules, emulsions, hard or soft
capsules, or syrups or elixirs. Compositions intended for oral use may be prepared according
to any method known in the art for the manufacture of pharmaceutical compositions and such

5 compositions may contain one or more agents selected from the group consisting of
sweetening agents, flavouring agents, colouring agents and preserving agents in order to
provide pharmaceutically elegant and palatable preparations.

Tablets contain the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipients which are suitable for the manufacture of tablets. These excipients may

10 be for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, dextrose,
saccharose, cellulose, corn starch, potato starch, calcium phosphate or sodium phosphate;
granulating and disintegrating agents, for example, maize starch, alginic acid, aiginatés or
sodium starch glycolate; binding agents, for example starch, gelatin or acacia; lubricating
agents, for example silica, magnesium or calcium stearate, stearic acid or tale; effervescing

15  mixtures; dyestuffs, sweeteners, wetting agents such as lecithin, polysorbates or lauryl
sulphate. The tablets may be uncoated or they may be coated by known techniques to delay
disintegration and adsorption in the gastrointestinal tract and thereby provide a sustained
action over a longer period. For example, a time delay material such as glyceryt monostearate
or glyceryl distearate may be employed. Such preparations may be manufactured in a known

20  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

25  such, or mixed with water or an oil medium, for example, peanut oil, liquid paraffin, or olive
oil.

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

30 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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stearate, or condensation products of ethylene oxide with long chain alipbatic alcohols, for
example heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with
partial esters derived from fatty acids and 2 hexitol such as polyoxyethylene sorbitol
monooleate, or condensation products of ethylene oxide with partial esters derived from fatty
acids and hexitol anhydrides for example polyoxyethylene sorbitan monooleate.

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

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

Swectening agents, such as those set forth above, and flavouring agents may be added
to provide a palatable oral preparation. These compositions may be preserved by this addition
of an antioxidant such as ascorbic acid. Dispersible powders and granules suitable for
preparation of an aqueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wetting agent, a suspending agent and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified
by those already mentioned above. Additional excipients, for example sweetening, flavouring
and colouring agents, may aiso be present.

The pharmaceutical compositions of the invention may also be in the form of oil-in-
water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oils,
or a mineral oil, for example liquid paraffin or mixtures of these, Suitable emulsifying agents
may be naturally-occurring gums, for example gum acacia or gum tragacanth, naturally
occuring phosphatides, for example soy bean lecithin, and esters or partial esters dertved from
fatty acids an hexitol anhydrides, for example sorbitan mono-oleate, and condensation
products of the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan
monooleate. The emulsion may also contain sweetening and flavouring agents. Syrups and
elixirs may be formulated with sweetening agents, for example glycerol, sorbitol or sucrose.
In particular a syrup for diabetic patients can contain as carriers only products, for example
sorbitol, which do not metabolise to glucose or which only metabolise a very small amount to

glucose.



S 712-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-4pyrimidin-6-

yltnethyll-5,6,7,8-tetrahydro[1,2,44triazo10[4,3-alpyrazine NHN 710)s,..)L

(a]pyrazin-7-yW RSB -fluoro-1H6-(5,6-Dihydro-8H-imidazo[1,2- ~ PCT/GB2008/603621

indo1-4-y1)-4-morpholin-4-yl-thieno[3,2- dipytitnidine /NH alp Oa 720 C) S---IN INH c-No)Nis
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Such formulations may also contain a demulcent, a preservative and flavouring and
coloring agents.

B) Parenterally, either subcutaneously, or infravenously, or intramuscularly, or
intrasternally, or by infusion techniques, in the form of sterile injectable aqueous or

5 oleaginous suspensions. This suspension may be formulated according to the known art using

those suitable dispersing of wetting agents and suspending agents which have been mentioned
above. The sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic paternally-acceptable diluent or solvent, for example as a solution
in 1,3-butane diol.

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

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

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

20 E) Topically, in the form of creams, ointments, jellies, collyriums, solutions or

suspensions.

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

EXAMPLES

25
General Synthetic Procedure

Scheme 1



p F 644-(3-Fluoro- azetidin [-y1)-piperidin-1- yimethy1]-2-(1H-indo1-4-y1)-4-
morpholin-4-yl- thleno 3 2 C|pyr|m|d|ne 73 1 S/NH c-N?Nis p F 644-(3- W%ﬁ&t@ yl)-piperidin-l-
ylmethylj-2- (5V¥fe|oro *idol-4- -y1)-4- morpholin-4-yl-thieno[3,2-cipyrimidine L}Q

sit.Npiperidin-4-y1}-azetidin-2-one 1-{1-12-(1H-Indo1-4-y1)-4-morpholin-4-
yI-thieno[3,2-d]pyrimidin-6-ylm%thy1]- 1NH ON is at,
Br\NJLN.Br

A A Br Br
R NO, ] R NO, R NG,
l(iﬁ)
g:o o
B-B
/©f> {iv) @

Conditions: (i) HySO4, 21 h. (ii) Dioxane, DMF-DMA, 80 °C 24 h, 90 °C 16 h. (iii) MeOH-THF Raney® Nickel,
NH,NH,.H,0, RT, 40 min. (iv) DMSO, KOAc, Pd(dppf),CL, 80 °C.

5
Scheme 2
. CO,Me r ?}_‘jﬁ
m (1} - (i) F® {iv} - {vi} Fm {vil} F
N N M p
H H H N
H

Conditions: (i} DMF, TFAA, 0 °C. (ii) 10% ag NzOH, 100 °C, 1 h. (jii) MeOH, H,80,, 65 °C, 18 h. (iv)
THOCOCF,);, TFA, RT, 2 h. (v} H;0, KI, RT. (vi) MeOH, 40% aq NaOH, 65 °C, 2 h. (vii) pmacol borane,
10 E;N, dioxane, PA{OAc),, bis(cyclohexyl)phosphino-2-biphenyl, 80 °C, 30 min.

Scheme 3
B(OH)
F i)
N N
H TBS N
15 TBS

Conditions: (i) THE, NaH ¢ °C then TBSCI, RT, 25 h. (ii) sBuLi, TMEDA, THF, -78 °C, 2 h. (iii) B(OiPx)s,
THE, -78 °C—-10 °C, 15 min. (iv) 2.4 M HCL

20
Scheme 4



WO 2009/053715PCT/6132008/003621 27 75 s....N NH Nis (ON )1-0-12-(5-Fluoro-1H-indo1-4-y1)-4-
molpholin-4-y|-thieno{h%%-{tpyrimidin-& ylmethyll-piperidin-4-y1}-azetidin-2-one 76 N 8NNH N io

()-8-[2-(5-Fluo%)4ﬂ’-?? T—4-yl)-4- morpholin-4-yhthieno[3,2-4pyrimidin?b':-TlGlmeﬁl003621
yhnethylkoctahydro-pyrazino[2,1- c][1,4]oxazine 77 /--N c_>0\N-1 s H We
Br Br Br
(0, (i)
mcoﬁ _— N—CONH, _w N—ceN
H N N

Conditions: (i) (COCI);, DCM, 2 h RT. (if) NH;-H,0, 3 d, RT. (iii) POCI;, Toluene, 111 °C, 45 min.

5
Scheme 5 |
Br Br Br Br
), (i (iit)
- N—ck
NH, NH N
H
07 CF,

10 Conditions: (i) DCM-pyridine, 0 °C, TFAA, 2 h, RT. (ii) benzoyl peroxide, CCl, 80 °C, irradiation, Bra, 16 h.
(iii) Toluene, PPhy, 60 °C, 2 h then DMF, 16 h, reflux.

15 Scheme 6
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Conditions: (i) urea, 190 °C, 2 h; (if) POCL, 100 °C, 24 h; {iii} morpholine, RT, 1 h; (iv) »-Buli, -78 °C,
TMEDA, THF 1 h then DMF -78 *C—RT; (v} NaBH,, THF-IMS, RT, 2 h. (vi) DCM, PPh;, CBry, RT, 5 h. (vii}
RIR2NH, K;CO, or CsoCO5, DMF, RT (viii) Na{OAc)BH, 1,2-dichloroethane, R1IR2ZNH, HOAc, RT.

20



(R)-842-(5-Fluoro-1H-indo1-4-y1) 4- morpholin-4-yl-thieno[3,2-cflpyrimidin-6-
ylmethylkoctahydro-pyrazino[2,1- C][1,4]oxazine 78 (--:: 7\-00 C ) s-A 0Ly BN N E o
(S)-842-(5-FIL%rdzpi)ﬁ-}léﬁggl-4-y1)-4- morpholin-4-yl-thieno[3,2-4pyrimid|\|%1 *2
ylmethylkoctahydro-pyrazino[2,1- C][1,4]oxazine 79 /-N . $- NH (R)-842-(5-Fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-a]pyrimidin-6- yimethyll-hexahydro-pyrazino[2,1- c][1,4]oxazin-4-one WO
2009/0537?@%@%‘682008/003621 28
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5  Conditions: {i) DMF, Cs,COs, RT. {ii} dioxane-F¥C}, RT. (iii} Na(OAc);BH, 1,2-dichloroethane, RIRINH. (iv)
Suzuki coupling.

Scheme 8
o
® ® &
N = —
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N
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HO X NI}K&NH - BOCO N/K(g
7

F

16 .
Conditions: (i) NaBH,, THF-IMS, RT, 2 b. (i)} 4-indole boronate ester, CIL;CN-H;0, NayCOs, PACL{FFPhs),
140 °C microwave (iii) THE-DCM, NaH, RT, 10 min then TsCl, 46 °C, 3 h. (iv) cyclic amine, DMF, K;CO;, 2
b, RT. (v} Dioxane -~ IMS, NaOH, H,0 RT, 3 h. (vi) TFA-CH,Cl,, RT.

15

Scheme 9



80 0 _ CNOD C s N NH 0 542-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-cflpyrirnidin-6-
ylmethyl]-hex - 0[3,4- c]pyrrole-2-carboxylic acid dimethylam] NEbsex--N'N _NH io
542-(5-Fluoro?’lfﬁ%r%dﬂ%ﬁggyl)A- morpholin-4-yl-thieno[3,2-d]pyrimidin-6i-;ier%]8g 6
ylmethyThhexahydro-pyrrolo[3,4- c]pyrrole-2-carboxylic acid amide

Q
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OM i OMe X .
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NFe j\H H Ho S N//'kC.i
S

Conditions:
(i} CISO,NCO, CHCl,, -78 °C—RT. (i) 6 N HCL, 100 °C. (jii) iPrOH-H,0, NaGH, 80 °C, 3.5 h. (iv}) POCL,
100 °C, 24 h; (v) morpholine, RT, 1 by (vi) 5-Buli, -78 °C, TMEDA, THF | h then DMF -78 *C—RT

3
Scheme 10
N~ " @ mN
Z ~NBoc (i)
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10 Conditions: (i} CH,CN, PhCH;Br, A, 2.5 h. (i) NaBH,, A, 2.5 h, (iif) IMS, Pd(OH),-C, H3, RT, 10 h.

Scheme 11
15
!130c ﬁ
!?oc N
N (i) (ii)
QHJ N N
O
R1 R2 R1 R2
Conditions:
(i} DCE, azetidine or substituted azetidine, Na(QAc);BH, 18 h. (ii) CH,CL,-TFA, RT.
20
Scheme 12
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25  Conditions:
(i) DMF, TMSCY, 17 h, 80 °C. (ii) CH,;CN, SelectFhuor™, 2 h, RT. {iii} Na(OAc);BH, DCE, azetidine. (iv)
CH,CL, TFA, RT.

30 Scheme i3



82 0 na-12 $ NH 0 2-[2-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-

yImethyII-2,7-%%2%63%%@7&35’.51nonane-7- carboxylic acid amide /N 83P CT%B':\»I()'B'smnsen
I%oc Elaoc ?oc
N N N H
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" N N
Boc
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OH  moea OH
< %
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20

Conditions:
(i} DCE, agetidine, Na{OAc);BH, 2 h, RT. (ii} DMF, NH,CHO, NaOMe, 106 °C. (1ii) CH;Cl;, TFA, RT, 1 h.
(iv) CH,Cl,, DIBAL, -70 °C—RT, 1.5 h. .

Scheme 14
0
MeOJ\/\NH (N%O (IPCO
(lj _ o (ii) ﬁj
N N N
Boc Boc H

Conditions:
(i) THF, MeMgBr, 0 °C, 3 h, then RT, 72 h. (if) CH,CL,-TFA.

Scheme 15
0
o O
) ® G
s N\N SN I
I P ) N =
N N N/J\Ci S N “/LC‘ T A, N
L1 0, ) AU ;
BocN, HN RN
o (i

=1, m= 2 or 5=2, m=1

Conditions: _

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



i0 6-(4-AzetidinThyl-piperidin-1-ylmethyl)- 2-(6-methanesulfonyl-1H-indol-4-y1)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine N 84 O Co) NSj\LI?N t-SAN si NH IP (4aRt8aR
*)-642-(5- -Fluo SRR y1)-4-morpholin-4-yl-thieno[3,2- PCT/GB2005/003621
d]pyrimidin-6-ylmethyl]-1-methylhexahydro-pyrido[3,4-b}[1,4]oxazin-2- one WO
2009/053715PCT/GB2008/003621 29 85

Scheme 16
0
NH, H
]\/\/‘ (3) ﬂ (m) «OH {v) e
H (“) (;v) N (vi) N
Boc Boc
0
~ /”\ {vii)
gj\\o (viti)
N
H HCi
Conditions:

(i) CH,Cly, (Boc),0, EuN, RT. (i) CH,Cl,, mCPBA, 0 °C—RT, 4 h. (jii) EtOH, NaN,, NH,Cl, 78 °C, 10 h. (iv)
5 EtOH, PA-C, Ha. (v) CH,Cly, EtN, 0 °C then chloroacetyl chloride, 0 °C—RT, 10 h. (vi) THF, NaH, 6 °C—RT,
6 h. (vii) NakH, DMF, 0 °C then Mel, 0 °C—RT, 10 h. (viii) 2.0 M HCl-dicthy! ether, CH,Cl,.

Scheme 17
[laoc I?oc
EN].. 0 [ j (W) N:l‘ iy [ ]
N ) )\ ) @ CH
10 cl
Conditions:

(i) CH;CL;, EtN, chloroacetyl chioride, 0 °C—RT. (ii) THF, 'BuOK, 0 °C. (iii) CH,Cl;-TFA, RT, 2 h. (v}
dioxane, LiAlH,, 80 °C, 2.5 h.

15
Scheme 18
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Conditions:
(i) MeOH-H,0, KCN, tetrahydropyranone, RT. (ii) MeOH-H;0, NaOH, H;O,, RT (iii) 2.0 M HCl in Et,Q,
20 CH,CL,.

25
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yImethyIkpipe‘rgzin-I-X}II-tetrahydropyran-4-carboxylic acid amide 7 HIV _86 s\ N NH.is SO
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O 20097453715 PCT/GB2008/0683621

General Experimental Details:

NMR Spectroscopy

NMR spectra were obtained on a Varian Unity Inova 400 spectrometer with a 5 mm inverse
detection triple resonance probe operating at 400MHz or on a Bruker Avance DRX 400
spectrometer with a 5 mm inverse detection triple resonance TXI probe operating at 400 MHz
or on a Bruker Avance DPX 300 spectrometer with a standard Smm dual frequency probe
operating at 300 MHz. Shifis 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 % pentance/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 colurnn 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 nmy}, (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,
fiow 5-15 mL/min), or a Phenyl-Hexyl column (250 x 21.2 mm i.d. Gemini column with 5
um particle size, UV detection at 230 or 254 nm, flow 5-20 mL/min), eluting with gradients
from 100-0 to 0-100 % water/acetonitrile or water/MeOIH 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
(MgSQy) and concentrated in vacuo. Altematively, the free base was liberated by passing
through an Isolute® SCX-2 cartridge, eluting with NH3 in methanol. -

,Me



6-[(S)-1-(11exahydre-pyrrolo[1,2- a]pyrazin-2-yOmethyl]-2-(6- methanesulfonyl-1H-indol-4-y1)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine 87 $ N NH is

2-(5-Fluero-1li1]-?n?(%’ff -Vﬁ-4-rnmpholin4-y1-644-(tetrahydre-pyran-4-y1f-CT/GB2%8m“3m
piperazin-1-ylmethylphieno[3,2- d]pyrimidine 88 0, -- s - NH als
2-(1H-Ind01-4-y1)-4-morpholin-4-y16-[4- (tetrahydro-pyran-4-y1)-piperazin-1-
yimethy1]-tH&FBrevs Zepsknidine. N

10
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20
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Microwave experiments were carried out using a Smith Synthesiser or a Biotage Initiator™,
which uses a single-mode resonator and dynamic field funing, both of which give
reproducibility and control. Temperatures from 40-250°C can be achieved and pressures of up

to 20bar can be reached.

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:

ag. = aqueous

BOC = t-Butoxycarbonyl

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

d = doublet (NMR)

DCE = 1,2-dichloroethane

DCM = dichloromethane

DIPEA = diisopropylethylamine
DMA = dimethylacetamide
DMAP = dimethylaminopyridine
DMF = dimethyiformamide
DMSO = dimethylsulfoxide

eq. = equivalents

EtOAc = ethy! 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



89 $ NH is ()2(5-Fluoro-1H-ind01-4-y1)-6-[4-(2-

thyl-tetrahydro-f -3-y1)-pi inl- -4- -
Ege) L)(/ NeeraN)évg)aﬂggrﬁ%mﬁy1)l\5)||_|p‘eltazml ylmethyl]-4-morpholin-4-yl flneq)%[%émg]g/x&r‘pzlldlne. N 90

IMS = industrial methylated spirit
iPrOH = isopropanol
LCMS = liguid chromatography mass spectrometry
M = molar
5 m=multiplet (NMR)

MeOH = methanol
mg = milligram
MgS0O, = magnesium sulphate
‘min = minute(s)

10 mL = millilitre
Na;COs; = sodium carbonate
NaHCO; = sodiwm hydrogen carbonate
NaOH = sodium hydroxide
Na; S0, = sodium sulfate

15 NH4OH = ammonium hydroxide solution
NMR = nuclear magnetic resonance
q = quartet (NMR)
Rt = retention time
RT = room temperature

20 t=trplet (NMR)
TBAF = tetrabutylammonium fluoride
TBDMS = tert-Butyldimethylsityl
TFA = trifluoroacetic acid
THF = tetrahydrofuran

25 TLC = thin layer chromatography

General synthetic sirategies

Reference Example 1 Formation of boronate esters

30
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



(th)2-(5-Fluom-1H-indo1-4 yl) morpholin-4-y1-644-[4-furan-3- y1)-piperazin-1-ylmethyll-thieno[3,2-
dipyrimidine WO 2009/053715PCT/GB2008/003621 30 91 9. 0 --s 8"-N \NH N110
2-(5-Fluoro-1Ijl‘ffﬁa’(ﬁ@ﬁ:’:g}f)-G-(S- methanesuIfonyl-hexahydro-pyrrolo[3,£4CT/ GB2008/003621
c]pyrrol-2-ylmethyl)-4-morpholin-4-ylthieno[3,2-alpyrimidine 92 NS \ \NH Nao 1-
(542-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d}pyrimidin-6-

yhnethy The3tafyrgo wPa;aT@mn e rorosigp {The FraRiaRayERg Cyas partioned between EtOA

and H,0. The organic layer was washed successively with HyO and brine, dried over Na;SO4
and evaporated to dryness. The resultant residue was then purified by column

chromatography.

Reference Example 2 Suzuki coupling

The Suzuki coupling reactions depicted generally in schemes 19 and 20 below were
performed using one of the methods set out below, When R1 = H in these methods, indole

10  boronic acid was used as the reagent.

Scheme 19
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20 Method A
A mixtare of the appropriate 2-chloro-thienopyrimidine (1 eq.), Cs2CO;3 (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



N \s---1IN- J....N"at NH IIP (142-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethylkpiperidin-4-y1) -methyl- (tetrahydro-pyran-4-y1)-amine 94 0-110 L 5CI) N-,..--1...-N_ \INH N ii
F Cyclobutyl- A2%E%¢df0-1H-indo1-4- y1)-4-morpholin-4-yl-thieno[3, £ T/CB00sM03621
cipyrimidin-6-ylmethylkpiperidin-4-y11- methyl-amine 95 o C) NS-....--%_NH IIIP _
()-{142-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6- yImethylkpiperidin-4-yl|
-methyl(tetrﬁh?@@éhﬁi aHes B EnaEatiYe B acplumn chromatography to give the desired product,

Alternatively, the reaction mixture was loaded onto an Isolute® SCX-2 cartridge, washed
with MeOH then ehited with 2 M NH; in MeOH. The resulting residue was then purified by
either preparative HPLC or column chromatography to give the desired product,

Method B
A mixture of the appropriate 2-chloro-thienopyrimidine (1 eq.), Na;CO; (2 eq.), indole
boronate ester or indole boronic acid (1.5 eq.) and bis(triphenylphosphine)palladium (II)
chioride (0.1 eq.) in acetonitrile/water (2:1) was heated at 140 °C for 20 - S0 minina
10 microwave reactor (Smith synthetiser or 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 purified by either preparative HPLC or column
chromatography to give the desired product. Alternatively, the reaction mixture was loaded
onto an Isolute® SCX-2 cartridge, washed with MeOH then eluted with 2 M NH; in MeOH.
15 The resulting residue was then purified by either preparative HPLC or column

chromatography to give the desired product.

Method C
A mixture of the appropriate 2-chloro-thienopyrimidine (1 eq.}, Na,CO; (1.5 eq.), indole

20 boronate ester or indole boronic acid (1.2 eq.) and tetrakis(triphenylphosphine)palladium (0.1
eq.) in acetonitrile/water (2:1) was heated at 140 °C, for 10 - 30 min in a microwave reactor.
The resulting mixture was diluted with water then extracted with ethyl acetate. The combined
organic extracts were dried (MgSO,), filtered and concentrated in vacuo then purified by
either preparative HPLC or column chromatography to give the desired product.

25  Alternatively, the reaction 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

Method D

30 A mixture of the appropriate 2-chloro-thienopyrimidine (0.1-0.2 mmol), KsPO, (0.5 mL of a
1.27 M aqueous solution}, dichlorobis(tn’cyclohexyiphosphine)pa.lladium (ID) (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



C ) Ns% NH IP 1-11 42-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
yImethyIkpiperidin-4-y1§ -az,etidin-3-ol WO 2009/053715 PCT/GB2008/003621 31 97 s N NH 0110
2-(5-Fluoro-1/hU8Y22)-644-(3- methoxy-azetidin-1-y1)-piperidin-1- ¥ CT/GB2008/003621
ylmethyl]-4-morpholin-4-yl-thieno[3,2- cipyrimidine 98 N (-1--: dcc o \o--/

a microwave reactor {Smith synthesiser or CEM Discover). The resulting mixture was diluted

with water then extracted with ethyl acetate. The combined organic extracts were dried

(MgS0,), filtered and concentrated then purified by either preparative HPLC or column

chromatography to give the desired product. Alternatively, the reaction mixture was loaded

5 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 3 General method for BOC-deprotection
10 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
(MgS0, or N2,;S0,), filtered and concentrated in vacuo, then purified by either preparative
HPILC or column chromatography to give the desired product. Alternatively, the reacﬁon

15 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

20 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.
25 Preparation of Intermediates

Reference Example 5

Bt
/N“S NO.
Q

- 2

0

4-N,N-Trimethyi-3-nitro-benzenesulfonamide
30 To a solution of dimethylamine in H,O (40% w/w, 15.0 mL, 120 mmol) at 0 °C was
added 2 solution of 4-methyl-3-nitro-benzenesulfonyl chioride (9.42 g, 40 mmol) in DCM (60



0 C) s NH ell s__ANylmethy1]-1-(tetrahydro-pyran-4-y1)- 412-(5-Fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thienoé3,2-c]pyrirnidin-6- piperazin-2-one and the pharmaceuticalily acceptable salts
thereof. §‘;’/ﬂff?3%f 5§¥i‘5¢tegies for producing thienopyrimidines of forrr?&lg(fﬁz?/?aasoaﬁzéble precursor
compounds, and the production of those precursors, is depicted in the synthetic 5 schemes 1 to 13
which follow in the Examples section. ~ One suitable synthetic strategy for producing a
thienopyrinfrRihevsr #8rmitideo réﬁﬂ%?%ﬁmﬂ)&ﬁ?aé%%’é%ﬁfﬁmﬂ}ﬁZﬁ?ﬁ‘."’%herein W is as
defined abayevantaidiRg fiaietitieg preiys0THsecayidh asisae mpy tiksctopahfHp® K10 mither order, a
reductive amirgia Agd 8 palad L meipISd (W KA BELAIOR PP ERgGTON. A compound

of the invention may thus be produc y a process whic mprises treating a compound of formula

(I): WO 2080feSBrrsicaepitbeno3s Y s Yike kafipbrngdawtiowg Muok afith an amine of

formula NHRIgRBR&NMHeRRE and Beauemmassined mhoyaiber RBhapd R, arRh and Rh are as
defined abo[a\ﬁi Ri&ngg R2 wherein an N atom is present and is protected by an amine protecting
group, in the preserice of a suitable S reducing agent; treating the resulting compound of formula (1V):

Reference Example 6

By

el
Nog NO
0

ety 2

o
10 3-Bromo-4,N,N-trimethyl-5-nitro-benzenesulfonamide
To a solution of 4-N,N-trimethyl-3-nitro-benzenesulfonamide (8.57 g, 34.7 mmol) in
concentrated sulfuric acid (80 mL) was added 1,3-dibromeo-{1,3,5]triazinane-2,4,6-trione
(5.97 g, 20.8 mmol) and the orange reaction mixture was stirred at RT for 16 h. A further 2 g
of 1,3-dibromo-[1,3,5)triazinane-2,4,6-trione was added and stirring continued for 5 h. The
15 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,0, 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)
20

Reference Example 7
Br

\s’dmo

00 ?
1-Bromo-5-methanesulfonyl-2-methyl-3-pitro-benzene
Prepared according to the method used in the preparation of 3-bromo-4-N,N-trimethyl-
25  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)



R2. wherein W, Rh and R2a are as defined above, with a boronic acid or ester thereof of formula Ity
B(ORI5)2 in which R4' is selected from a group R4 as defined above and a group R4 as defined above
in which the ind8IE' RSB is protected, and each RI5 is H or CI-C6 alkyil}coTr%hBéwﬁgf Wgzglgroups ORI5
form, together with the boron atom to which they are attached, a pinacolato boronate ester group, in
the presence Pf a PdEcataI st; and, if R4', R and/or R2a includes an amine protecting group, removing
the protect%&&‘?é%.——ﬁ%géﬁgable amine protecting groups may be used in Rh and/or Rh, for instance
a t-butoxycarbonyl (130C) dioup. Any suitable group may be used to protect the indole N atom, for
instance a t-butyldimeth?&v{mroup. A compound of formula (I) may also be produced by a
process which comprise gy @ compound of formula (H): WO 2009/053715PCT/GB2008/003621
33 wherein W is as defined above, with a boronic acid or ester thereof of formula R4B(OR15)2 in
which R4 is'ZBraBRr s Huasoame L SHERIReR2sa%r C1-C6 alkyl, or the two groups OR15 form,
together with the Bosmedtemtdingluchdethadasitactedreppriociitobbaroraiélésiertytoup, in the
presence okg,fnd caalyshiFRaHRE: e sosrling. compaund:eb ianmula il Wacket wheyein W and R4 are

as defined above, with an amine of formula NHRIaR2a in which Rh and R2a are as defined above, in
the presend@BrvdimBRsbeatRsoRsHtealle e rPamarsr Tt kMadas R igwif brotecting group,
removing theoeierstway group. In this embodiment of the process the N atom of the indole group R4
may, if nec , C forg,the ff IS4t ith,t mine of
formula NEE%%\E(%?%? %ﬂg% ’ctgge‘?@g '%0%13@;2%%%% EFO%%L?e%Q\%%%?%\gi%g’gfri%’step, using
conventiondfhhethodology. Both the reductive amination step and the Pd-mediated cross-coupling
step takg place 15 under conventional conditions. The palladium catalyst may be any that is typically
used for Su§uj_<i-t eEcrosTcguplings, such as PdC12(PPh3)2. The reducing agent in the amination
step is typicaﬁ;grﬁzg&ﬁ%, for instance NaBH(OACc)3, NaBH4 or NaCNBHa3, in particular
NaBH(OACc)3. Alternatively, a c%mpound of formula (I) may also be produced by a process which WO
N

2009/053715PCT/G BZOO%/O 3
0% A

4-Bromo-1 H-indole-6-sulfonic acid dimethylamide ‘
To a solution of 3-bromo-4-N,N-trimethyl-5-nitro-benzenesulfonamide (9.15 g, 28.3

15 mmol) in dioxane (60 mL} was added DMF-DMA (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 HyO and
extracted into EtOAc. The organic layer was isolated and washed with H,0, then brine, dried
over NaSOy, and evaporated to dryness to give 3-bromo-4-(2-dimethylamino-vinyl)-N,N-

20  dimethyl-5-nitro-benzenesulfonamide as a red solid (10.4 g, 91 %). To a suspension of the
amide (10.4 g, 25.7 mmol) and Raney®-Nickel (suspension in H,0, 20 mL) in MeOH:THF
(1:1, 200 mL) was added hydrazine monohydrate (1.9 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

25 EtOAc and HyO. 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;SQy then
evaporated to dryness. The resulting pink solid was purified by column chromatography, and
subsequently recrystallised from iPrOH and EtOH to give the title compound as a white solid
(3.5 8,41 %).



34 comprises treating a compound of formula (11) as defined above with a reducing agent, to reduce
the -CHO fiinct_ionality to -CH20H, and then treating the resulting comp%ung Wzi(t)t}ms%nsgt ent which
converts the Cm)ﬁ%?é)ﬁ?ﬂﬁo a leaving group, thereby yielding a compoun%ch(fl?or ula(Vv): (v) 5NCI

wherein L is a leaving group. Suitable examples of leaving groups include chloro, bromo, tosylate and

mesylate grQups Té%? compa n# ff mulgarévgt' hen treated with an amine,o %r HRlal2.2a
in which Rlﬁgﬁﬁ% % (g]g ??3821% Ve 1@ élslgn?e‘le%fag‘baé% %lﬂ#‘z’s{p taqgésgu?é‘l\l carbonate or
cesium caronhie iH)as&hent 50 ehdBB KK, 1id)yield a compound 10 of formula (1). This strategy is
depicted in scheme 6 which follows. A variation in the synthetic strategy for producing a
thienopyrimidine of formula (1) entails attaching the group R4 to the thienopyrimidine core by Suzuki
coupling a e indole N atom of the group R4. The process comprises treating a
compound of formula (VI): (&) 77# 15NR4a in which W is as defined above, P is a toluenesulfonyl
group and R48 is a group R, efined above in which the indole N atom is protected by
toluenesulfonyl, with a cos; NHRIaR2a as defined above under suitable conditions. The indole N
atom is protected by anf O 2009/053715PCT/GB2008/003621 35 suitable protecting group, for
instance a t¢/BenesdHarijagreuiforAl-pibiedtiag groups are removed subsequently, using conventional
methodology. Thipstialaq siditietialedme\Rs Awichaligner Lhishenyrmudias of formula ()

may be converted into pharmaceutically acceptable 5 salts, and salts may be converted into the free

compound, W%ﬁ%ﬁf%’ﬂ%%ﬁ%‘%?ﬁ%éﬁﬂ%@%&@ﬁ%ﬁ@%ﬁk FEHRIRERZERE B inorganic

acids such grdrysirpshigikiciaes, thy@dnromicoaeitkansuifalfaritiadde dnesalfmaidrganic acids such as

acetic al%id,{%glig cidwmglic lfgiﬁ,Epéfal;geg,é:)fsuIfonic acid, trifluoroacetic acid, benzoic acid, citric acid
oun

and tartaric &0, n'the case of com of the invention bearing a free carboxy substituent, the

salts 10 inchiN&R Bat39h &Es008 M AtidaBHY G- i dH s 3163 &l ke Saltd) ofBo dithidpbtassium,

calcium and.grameRiyny Geylatier, 16 pisRaieshypiaating the free thienopyrimidine of formula (1), or
an acid addition’salt thereof, with the corresponding metal base or ammonia.

Reference Example 11
Br

jon
e

4-Bromo-6-fluoro-1H-indole
Prepared according to the method used in the preparation of 4-bromo-1H-indole-6-

15

sulfonic acid dimethylamide using 1-bromo-5-fluoro-2-methyl-3-nitro-benzene in place of 3-

bromo-4-N,N-trimethyl-5-nitro-benzenesuifonamide. The title compound was obtained as a
20 white solid (6.06 g, 33 %).

NMR 8y (300 MHz, CDCl3) 6.57 (apparent t, I =2.7, 1H), 7.04 (dd, J= 2.1, 9.1, 1H), 7.12

(dd, J=2.1,9.1, 1H), 7.20-7.25 (m, 1H) and 8.25 (5, 1H).

Reference Example 12

25 H
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-



Compounds of the present invention have been found in biological tests to be inhibitors of P13 kinase.
The compounds are selective for the p1108 isoform, which is a class 15 la PI3 kinase, over other
class la PI3 kiWé’s’é’g?’Wé’? are thus selective for the p1108 isofonn overrbccﬁ/ﬁﬁ%%ﬂ%ﬁﬁzal isoform and
the pl 10j3 isoform. In particular they are selective for p1108 over pl 1 Op. The compounds are also
selective for the p1106 isoform over pl &', which is a class Ib kinase. The selectivity exhibited by
compoundsZfaeeHib el BEeYer Bkl i M BrpYesHEed R Al S ¥8RE Typically the
selectivity if@Hetbver adaefbitlhewio 12dstotthgmbfxfotd anshogitq 306-56ehDy dnd e (56 mizgny cases.

Thus the COE‘?B?&QHE%@% %ai%%ﬁ&é%%ﬂiﬁ%% 8%9%‘9_1% (ﬁ:%z(&!&'&i&ﬂ%&@%‘%ﬁ%%ﬂive for p1108

over p11013. They m So be 2 Id, Id, 20- 50-fold or 100-fold selective for p1108
over pl 10aF 8¢ ertpcies At BiapGuhks 6P A dpred fttitientes Jasisd iisBPAs # nibitor of PI3

Idnase, in 2brgaiti gulatiak & lasenBikets disasRIgAOCNL By cRporpowsifefdlie grrsent invention can
be used to treat a di ease or disg(ﬁ r}ari?]é)rag@om abnormal cell growth, function or behaviour
icu ep

associated With P13 ?‘?13350,‘}?11 Sﬁ:'ar 108 isoform of PI3 kinase. Examples of such diseases

and disordetvVit&{460368d 6P DMK dt@Hid EXSehOPH. ThefdHatéMsfR002) (dd.145)903 - 732.
These inclugerolferafive disprders-sgishyag cancer, immune disorders, 30 cardiovascular disease,
viral infection, inflammation, metabolism/endocrine disorders and neurological disorders. Examples of
metabolism/endocrine disorders include diabetes and WO 2009/053715PCT/G82008/003621 36
obesity 1&xaafatescefBrampird 3vhich the present compounds can be used to treat include leukaemia,
brain tumours, renal cancey, gastric cancer and cancer of the skin, bladder, breast, uterus, lung, colon,
prostate, ovary and panc A compound of the present invention may be used as an inhibitor of
P13 kinase. A 5 human imaf'patient suffering from a disease or disorder arising from abnormal
cell growth, function or behavlbur associated with P13 kinase, in particular with the p1108 isoform of
P13 kinase sl mse-an-ininee-disemeiiecardiovascular disease, viral infection, inflammation, a

metabolism/endog(ine disorder or a neurological disorder, m us be treated py a method
comprising the adcgriﬁ?u A %Snoﬂgirlg%c%l#%écrgrtr‘fggun ‘ ‘ﬁ?@ ag%géﬂ?f}j?ﬁ{}?ﬁﬂ&g%@%ﬁhed above. A
human or anfhakpltiecarbofididrgidramidsdhderentel e bia trdemes( i ralhriswhihg wdrwptising the
adminiSigati%ta%g@%%ﬁma@m. Qfﬂlhsoaﬁ%,S@@tﬁww% g@f&ﬁhﬁ%ﬁh@%ﬁh@ze@@ditibon of the
patient may there e impraved qr ameliorated, A compound o resent jpvention can be
P eiministoroBF R Pl PR B R SR A RS e TS VEF bt
capsules, swgae-sepafiltedcibatenicaislpbesdietidessl witE OA s asp tesionbivrdpageniekatys for example
intramusculgfys (MgS0,) and evaporated to dryness. The crude material was purified by column

chromatography to afford the fitle compound as a solid (1.00 g, 82 %).

20 NMR 8y (400 MHz, CDCl;) 7.22-7.28 (m, 2H), 7.35-7.40 (m, 2H) and 8.79 (s, 1H).

Reference Example 14
Br

(s
N
H
4-Bromo-2-trifinoromethyl-1H-indole
25 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 guenched with an

aqueous solution of ammonium chloride. The organic layer was dried over MgSOs, and



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 20 the patient and
the route of adtMAISI ATk, Daily dosages can vary within wide limits ana%ffi;%@oﬁfﬂq}g%éd 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 commBHRPTARAL AR Ir &0 Y3 - Py B bhR B2 IR S B 1 Fhg/kg. Such a
dosage mayfievhivaenlifiptvaihmptastibwitioRbtathet predichaiby (FOg)ntravenous injection a suitable daily

dose is fro 0 y/ [ erably from 0.0Q0 Kgo weight. A daily
dosage cam%ﬁ% ere% élg(g%%%\%?%gég ’g%?ér{aap&%?n |Frig toQég d%}tgé)délé([)%gef iﬁ?ﬁé A

compound GfthadidvehfloHisafermiAdbsdlidk use as a pharmaceutical or veterinary composition also
comprising a pharnaagsiicety-of-yeirsinanimecssRianiecarranab Albenidd¢ ing wampositions are

typically prepared following conventional methods and are adminjstered in a pharmaceutically or
veterinarily SRR SRFETHECSIH IR PR AL BPYUIFHREYS ﬁéﬁbéﬂe(jr)é%?’?\}géﬁfga 2 aé;% for instance

as follows: WM@Er 208840687155 FCTGSR0 08D 2681u83n of hionrall:s fonbxHhdplenelsimblets, coated
tablets, dragges, HachRSIRAGREESANEP AT ALy SHSPETRICRE Y RRIIoRF nElaRgSible powders

or granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral use

may be prepAréyra ih® o BRyeAsEeRE ATt speté Brieepsditwad il B ddsaceutical
compositionsganid Biyelvacamhabiidnsdiay hividias asdaviporecd ge digreedectade Mo the group

consisting of sweetening agents, fl ' S ' I Vi nts in order to
provide ph%mgggﬁ%%ﬂ%me%eﬁgé%}%ﬂf %%ataﬁie%@ﬁ%%%% Q%%ﬁgg‘%ﬁl%%%%%ve ingredient
in admixturevithvi-farbeeibisatipnded gieally acceptable excipients which are suitable for the
manufacturpirapleise Miresesesipientssmay, 7obapreaxample.anam diyendsy suoh) amcalcium
carbonate, sodium _carbonate, lactose, dextrose, saccharose, cellulose, corn starch, potato starch,
calcium pho%ﬁ)%%é—"rgs%dﬁgﬁrﬁi%g%ﬁﬁté, ranulating and disintegrating agents, for example, maize
starch, aginic acid, sibinates B(SbdimnStavcivgktbplatenpihdinhg-atfeots; fontaxda(gl8 starch, gelatin or

acacia; 'ubrisﬂ%éﬁg@sﬁmfwmru%mm@lﬂ@nﬁmgm@srgea!ﬁmoﬁf}eﬁ{@yaﬁfsmsacid or talc;

effervescing 15 mixtures; dyestuffs, sweeteners, wetting agents such as lecithin, éy)olysorba\tes or lauryl

sulphate. Tﬁ@‘?ﬁfbi’é@rﬁ%@r UWEB&?@&F%M%?'WB@ B pierBiA e vRR e Welay
disintegratidiltainidradasikptiattinitieyhastiointe dialeant DNME titenaby, pidwWekted susflined action over a

onger periog Eor EAaMBL 8 4edelavomaleill sueh G AsSanesienaia i glyoen! distearate

may be emp preparations may be manufactdred in a kriown 20 manner, for example by
means &t mbeger EsRda e fabrodiyn sufaraoialmies: Thearesaiflgysrotasdslated, dagdmuylations for
oral use maghaiso bRl geentadpsohmiE gelatitogapayieswbaleiithomssivel moreeient is mixed with an

inert solid d!gﬁé}#f e>§%r;}§le, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin
capsules wherein t eBaCtivé ingredient is present as 25such, or mixed with water or an oil medium, for
example, pedivilt bil(4gutHpataxih) 3106Iisc Bk, 7.19 (apparent t, ] = 7.9, 1H), 7.36-7.41 (m, 2H)

and 8.53 (bs, 1H).
25

Reference Exampie 15
NO,

F.C NO,
2-Methyl-1,3-dinitro-5-trifiuoromethyl-benzene
To a solution of 4-methylbenzo-trifluoride (9.51 g, 59.4 mmol) in concentrated
30 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 mixfure was poured onto ice and water then



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
carboxymethy%gl ﬂ?%?jﬁ%ethylcellulose, hydroxypropylmethyl- 30 ceIIul%ggf;gégﬂﬂ%sgﬁinate,
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 aG@E2qts dxakifa o Ihosmanislare WarcrshedrysE s B BLY el 55368198 stearate, or
condensatiaaegiscisaf ethyleneiexigonsithdeng araidatiphsdinakehelovaoizarslies,
heptadecaeégx neoxycetanol, or condensation products of ethylene oxide with partial esters derived

from fatty acids"and a hexitol such as polyoxyethylene sorbitol monooleate, or condensation products

of ethylene DM&dw H0H ATl €Bdsd Hetiediont i/ (8 2BHs and hexitol anhydrides for example
polyoxyethylene sorbitan monooleate. The said aqueous suspensions may also contain one or
more presegvgtives, gor exgmgle, ethyl or n-propyl p-hydroxybenzoate, one or more colouring agents,
such as suCTEEBE ~Qily suspension may be formulated by suspending the active ingredient
in a vegetable 10o0il, for examyle arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such
as liquid paraffin. The oily s sions may contain a thickening agent, for example beeswax, hard
paraffin or cetyl alcohol. . . tening agents, such as those set forth above, and flavouring agents
may be added to provide’a palatﬁble oral preparation. These compositions may be preserved by this
addition 15 eflziflantonidayitidiididabopaaine acid. Dispersible powders and granules suitable for
preparafion of an pRGAUSSURRRIIGN Re i B hobWANBIYAG M Asiiyiigedient i

admixture with a dispersing or wetting agent, a suspending agent and one or more preservatives.
Suitable disﬁémﬁgaaﬂmﬁﬁh&ae@ﬁ@aﬁ%ﬂf% nigemEArerarsibrad By ImBeeeateady
mentioned abytwAgNiNanRkaxCipiERtshéar@xanfplamde diRNing, dayeufing20rnadedaloaring agents,
may also bewBlrtess%ﬂg( ,].Th%?q/h rmaceutical compositions of the invention may also be in the form of
oil-inwater emulsions. llohegbl y |5’ lase may be a vegetable oil, for example olive oil or arachis oils, or a
mineral oil, B tXEMA9k liquid paraffin or mixtures of these. Suitable emulsifying agents may be
naturallysoccurring gums, for example gum acacia or gum tragacanth, naturally 25 occuring

phosphand;gﬁtjognex%r}pa%ekﬁi bean lecithin, and esters or partial esters derived from fatty acids an

hexitol anh sorbitan mono-oleate, and condensation products of the said partial
esters with ethylene oxide, fof example polyoxyethylene sorbitan monooleate. The emulsion may also
contain sweetening and fla MY agents. Syrups and elixirs may be formulated with sweetening
agents, for example glyceedl8orbitol or sucrose. 30 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 metabdikeag-GErfusrametciBdlScose. WO 2009/053715PCT/GB2008/003621 39 Such
formulations may alse wepdaiivmoed érifloeninetipie b indtils¢-glachifia(tlTipgs dddronbringi@hents.

20 {aq., 15 %, 240 mL) was added a solution of sodium nitrite (5.52 g, 80.1 mmel) 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 filiration and washed with a sodium
tetrafluoroborate solution (aq., sat) before dissolving in acetonitrile (100 mL). This solution

25 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;SO, and
evaporated to dryness. The resulting brown oil was purified by column chromatography to

30 give the title compound (9.77 g, 59 %).



B) Parenterally, either subcutaneously, or intravenously, or intramuscularly, or intrastemally, or by
infusion techniques, in the form of sterile injectable aqueous or 5 oleaginous suspensions. This
suspension m‘g)()’ B8 itated according to the known art using those S{ﬁgﬁ%ﬂﬁ%ﬂg%}ng of wetting
agents and suspending agents which have been mentioned above. The sterile injectable preparation
may also be a sterile injectable solution or suspension in a non-toxic paternally-acceptable diluent or
solvent, for [Méﬁblfélgsﬂa solution in 1,3-butane diol. 10Among the acceptable vehicles and solvents
that may be employed are water, Ringer's solution and isotonic sodium chloride solution. In addition,

sterile, fixe%g% S.are E}gqvelgq%nally employed as a solvent or suspending medium. For this purpose

any bland fixe ployed including synthetic mono- or diglycerides. In addition fatty acids
such as oleic acid find use in{p%?preparation of injectables. 15C) By inhalation, in the form of aerosols
or solutions for nebulizers. o.l Rectally, in the form of suppositories prepared by mixing the drug

with a suitable non-irritating exgjpient which is solid at ordinary temperature but liquid at the rectal
temperature and will there'gor ¢lt)n the rectum to release the drug. Such materials are cocoa butter
and poly-ethylene glycols. RE) oﬁically, in the form of creams, ointments, jellies, collyriums,
solutions or suspensions. The invention will be further described in the Examples which follow:
EXAMPEE S BAS T PSR T SLEH T b AR 5384, 21 h. (i) Dioane,
DMF-DMA, ithén@thinid®0 C 16 h. (iii) MeOH-TFIF Raney(r) Nickel, N112N112.1120, RT, 40 it (iv)
DMSO, KOAc, Pd(cIPPO2C12.80C. Sc itionss (i) : i).10% aq NaOH,
100 C, 1 h. (ii) Mdé%ﬁf“ﬁ o“if“gsgé ?i%%ﬂg@?’%?%%%%%%%@% %&%\% %ﬁ%},}%, RT. (vi)
MeOH, 40%#ad Nuorelidsi83 ZHEW) pinacol bonne, 10 Et3N, dioxane, Pd(OACc)2,
bis(cyclohexyipagsphom¢2eyiphenytz0 C, 30 min.

10

Reference Example 19

4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-6-triflucromethyl-15-indole
Prepared by using the general method (Scheme 1). The title compound was obtained
15 as apale yellow solid {1.37 g, 92 %).
[M+H]"311.2 (B) 3122 ('B)

Reference Example 20

oD
\.S N

oo H

20 6-Methanesulfonyl-4-(4,4,5,5-teframethyi-[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 %3}.



Scheme 3 Conditions: (i) THF, NaH 0 C then TBSC1, RT, 25 h. (ii) sBuLi, TMEDA, THF, -78 C, 2 h.
(iif) B(OiPr)3, THF, -78 C-4-10 C, 15 min. (iv) 2.4 M HC1. 20 Scheme 4 WO
2009/053715PCFEE5808/003621  Conditions: (i) (COC1)2, DCM, 2 KR HRHEFET 120, 3 d, RT.
(i) POC13, Toluene, Il 1 C, 45 min. Scheme 5 BrBr Br 10 Conditions: (i) DCM-pyridine, 0 C, TFAA,
2 h, RT. (ii) benzoyl peroxide, CCl4, 80 C, irradiation, 1372, 16 h. (iii) Toluene, PPh3, 60 C, 2 h then
DMF, 16 h Yok $r{ gyggn}grésgdiﬁ) 1.36 (s, 12H), 3.18 (s, 3H), 6.87 (t, 1H), 7.73 (apparent't, J =

2.5, 1H), 7.85 (d, I = 1.5, 1H), 8.07 (dd, T = 1.0, 1.5, 1H) and 11.73 (bs, 1H).

Reference Example 21

10 4-(4,4,5,5-Tetramethyl-{1,3,2]dioxaborolan-2-yI)-2-trifizoromethyl-1H-indole
Prepared by using the general method (Scheme 1). The title compound was obtained
as a white solid (1.5 g, 55 %).
NMR §y (400 MHz, CDCly) 1.40 (s, 12H), 7.33 (dd, J = 7.0, 8.3, 1H), 7.42 (s, 1H), 7.53 (4, ]
= 8.3, 1H), 7.70 (d, T = 7.0, 1H) and 8. 37 (bs, 1H).
15

Reference Example 22

O‘B’O
jos:
F N

6-Fluore-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yh)-1H-indole _
Prepared by using the general method (Scheme 1). The title compound was obtained
20 as a white solid (4.6 g, 61 %).

NMR 8y (300 MHz, CDCL3) 1.39 (s, 12H), 7.02 (m, 1H), 7.14-7.19 (m, 1H), 7.20-7.26 (m,
1H), 7.38 (dd, J = 2.4, 9.9, 1H) and 8.16 (s, 1H).

Reference Example 23

N N
25 0
4.{4,4,5,5-Tetramethyl-{1,3,2}dicxaborclan-2-y1)-1 H-indole-6-carboxylic acid amide



Cr r (ii) NH,N" 0 C) N BrN CI Conditions: (i) urea, 190 C, 2 h.; (ii) POC13, 100 C, 24 h;
morpholine, RT, 1 %‘éiv n-BuLli, -78 C, TMEDA, TI-IF 1 h then DMF -78 C--oRT; (/v NaBH4, THF-IMS,

RT, 2 h. (vi) DERPBBRTITEr4, RT, 5 h. (vii) RIR2NH, K2CO3 or Cs2CB3 BRIy

Na(0Ac)3BH, 1,2-dichloroethane, RIR2NH, HOAc, RT. WO 2009/053715PCT/GB2008/003621

Scheme 7 . _ o )
A solution of 4-bromo-1H-indole-6-carbonitrile (1 g, 4.50 mmol) in methano! (10 mL)

was treated with 30% aqueous hydrogen peroxide (2.7 mL, 4.95 mmol) and a 1 M aqueous
sodium hydroxide solution (5 mL) then heated at 40 °C for 1 h. The reaction mixture was
cooled, treated with water and cooled in an ice-bath. The resulting precipitate was collected
5 by filtration, washed with water and dried in vacuo to obtain 4-bromo-1H-indole-6-carboxylic

acid amide (1.05 g, 97%), which was transformed into the title boronic ester by the general
method (Scheme 1) (0.80 g, 67 %).
NMR 8y (300 MHz, DMSO-dg) 1.35 (s, 12H), 6.78 (m, 1H}, 7.10 (s, 1H), 7.51-7.54 {m, 1H),
7.94-7,97 (m, 2H), 8.06 (s, 1H) and 11.40 (bs, 1H).

10

Reference Example 24

b

G, .0
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k
N
H

5-Fizoro-4-(4,4,5,5-tetramethyl-[1,3,2}dioxaberolan-2-yI)-1H-indole
A solution of 5-fluoroindele (5 g, 37.0 mmol) in DMF (40 mL) was treated at 0 °C
15 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

20  water, taken up in dichloromethane, washed with water, dried (MgSQ0.) 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 'g:ive 5-
fluoro-1H-indole-3-carboxylic acid methyl ester as a peach-coloured solid (4.5 g, 83 %).

25 A solution of thallium tris(trifluoroacetate) (8.45 g, 15.6 mmol) in TFA (35 mL) was
added to a sclution 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 mixiure 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 mix{ure was



5 Conditions: (i) DMF, Cs2CO3, RT. (ii) dioxane-HC1, RT. (iii) Na(0OAc)38H, 1,2-dichloroethane,
R1R2NH. (iv) Suzuki coupling. Scheme 8 10 Conditions: (i) NaBf14, THT-IMS, RT. 2 h. (ii) 4-indole
boronate estel CHEERIER0. Na2C0O3, PAC12(Ph3)2, 140 C microwave (i THEBCYE Nall, RT, 10
min then TsCI, 40 C, 3 h. (iv) cyclic amine, DMF, K2CO3, 2 h, RT. (v) Dioxane -1MS, NaOH, H20 RT,
3 h. (vi) TFA-CH2C12, RT. 15 Scheme 9 Conditions: (i) OSO2NCO, CH2C12, -78 C-+RT. (ii)) 6 N

HC1, 100 CTaHFsHTEHEBeroRsde BYLmis)and messele B grrcheaspiins Msipitfine, RI, 1 h; (vi)
n-BuLi, -78 femdMERA LM fhtvdaeoelF -78 C-frRT Scheme 10 HN NBoc 10 Conditions: (i)

CHSCN, PhCH2B A 2.8, (L NABHS, Ae-& IS RV G i RTscb- Scheme 1115

Bac
solution and brine, then dried (MgS0O,) and evaporated in vacuo. The resultant material was

5 dissolved in methanol (60 mL) and treated with 40% aqueous NaOH solution (60 mL) then
refluxed for 2 h. The reaction mixture was cooled and extracted with DCM/MeQH (ratio
95:5), dried (MgSOQy), filtered and evaporated in vacuo to give a crude solid. Purification by
column chromatogrﬁphy gave 5-fluaoro-4-iodo-1H-indole as a pale brown solid (1.05 g, 39 %).
NMR &y (300 MHz, CDCl3) 6.49-6.52 (m, 1H), 6.95 (apparent dt, J = 0.4, 8.6, 1H), '7..26-7.33

10 (m,2H)and 8.35 (s, 1H).

A solution of 5-fluoro-4-iodo-1H-indole (261 mg, 1.0 mmol) in dioxane (1 mL) was
treated with triethylamine (0.2 mL, 1.4 mmol), palladium acetate (4.5 mg, 0.02 mmol} and
bis(cyclohexyl)phosphino-2-biphenyl (28 mg, 0.08 mmol) then heated to 80 °C. A solution of
pinacolborane (1 M in THF, 2.66 mL, 2.66 mmol) was added via syringe. Afier 30 min, the

15 reaction mixture was cooled, then diluted with water (10 mL) and DCM (10 mL). The
resulting mixture was passed through a phase separation cartridge, and the dichloromethane
layer was evaporated in vacuo to obtain the title compound which was used without further

purification.

20 Reference Example 25
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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
25 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 °Cfor 5 h
then allowed to stand at RT ovemight. The reaction mixture was diluted with DCM and
washed with water, then the organic layer was isolated, dried (MgSO4) then concentrated in

vacuo. The resultant crude material was purified by column chromatography to afford the title



(1) Boc <\X>R1 R2 R1R2 Conditions: (i) DCE, azetidine or substituted azetidine, Na(OAc)3BH, 18
h. (i) CH2C12-TFA, RsT' 20 25 Conditions: (i) DMF, TMSC1, 17 h, 80 C_ﬁg CH3CN., SelectFluorm, 2
h, RT. (iii) Na(BR&SHIFBCE, azetidine. (iv) CH2C12, TFA, RT. N 0 30 SchSRE ¥t nditions:

compound as a brown solid (1.02 g, 66 %). |
NMR &y (400 MHz, CDCl3) 1.40 (s, 12H), 7.36-7.42 (m, 1H), 7.51 (apparent.dt, ] = 1.0, 8.3,
1H), 7.67-7.74 (m, 2H) and 8.51 (s, 1H).

5 Reference Example 26

Fm
‘ j‘ss%
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1-(tert-Butyl-dimethyl-silanyl)-5-fluero-1H-indole
To a solution of 5-fluore-1H-indole (30.0 g, 0.222 mol) in anhydrous THF (250 mL)
was added sodium hydride (60 % suspension in mineral oil, 10.22 g, 0.255 mol) portionwise
10 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 agueous layer was extracted with EtOAc and the combined
organic layers were dried (MgSQy), then concentrated in vacuo. The resultant residue was
15 purified by column chromatography (silica gel, cyclohexane:DCM 160 % 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, ] = 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).

20 Reference Example 27
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[1-{tert-Butyl-dimethyl-silanyl}-5-fluoro-1H-indol-4-yl] boronic acid
To a solution of 1-{tert-butyi-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,
25 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,



(i) DCE, azeticline, Na(0Ac)3BH, 2 h, RT. (i) DMF, NH2CHO, NaOMe, 100 C. (ii) CH2C12, TFA, RT, 1
h. 5 (iv) CH2C12, DIBAL, -70 C---)RT, 1.5 It Scheme 14 0 MeONH 10Boc Conditions: (i) THF,
MeMgBr, 0 C Y HEFRT, 72 h. (i) CH2C12-TFA. 15 Scheme 15 n=1"RIEBUPRES! tn=1
Conditions: 20 (i) CH2C12-TFA. (i) CH2C12, Et3N, 18 h, RT, MeS02C1 or Me2NC(0)C1 or

MeOC(0)C1 or TMSCNO. (iii) Suzul§i coupling conditions. WO 2009/053715 Scheme 16 (1) (ii)
Conditions:them) aieyessiio e s0- 28 N AR TIUGHE 1 bEan o RSP B A N> @20 i, Wk 2¢pfErdH, NaNs,
NH4CI, 78 fBe 3tk nbeioto bafiihEedlidd. Ky A2 Gits BtabkePafatttendhiosgansiyipbioride, 0
C--+RT, 10 h, (v|) THE Il, 0.C->RT. 6 h. (vii). Nail, DMF, 0 C : - 0. (viii) 2.0 M
HCI-die thyleé{ﬁ]g'e:%%wg@%kc' &%enc Iﬁghnse: og'ga}uc ﬁYers Wex’e(gtnec{ l?l@!%%% agdcco:l’ib%n-l‘-cra}e% Iﬁi

vacuo. The resultant yellow solid was then crystallised from DCM and cyclohexane to give

5 the title compound as a white solid (25.0 g, 71 %).
"H NMR (400 MHz, CD;0D}: 6 0.62 (s, 6 H), 0.92 (s, 9 H), 6.51 (d, T =3.2 Hz, 1 H), 6.79-

6.90 (m, 1 H), 7.30-7.36 (m, 1 H) and 7.54 (dd, ] = 9.0, 4.6 Hz, 1 H).

Reference Example 28

0O
5
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1H-Thieno[3,2-d]pyrimidine-2,4-dione
A mixture of methyl 3-amino-2-thiophenecarboxylate (13.48 g, 85.85 mmol) and urea
(29.75 g, 5 equivalents) was heated at 190 °C for 2 hours. The hot reaction mixture was then
poured onto sodiurn hydroxide solution (2N, 300 mL) and any insoluble material removed by
15 filtration. The mixture was then acidified to pH 6 by the addition concentrated HC] with
cboling. The resultant white 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, 7 5.2), 6.90 (1H, d,  5.2).

Reference Example 29
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2.4-Dickloro-thieno{3,2-d]pyrimidine
To a suspension of 1 H-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

25 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-
dlpyrimidine as an off-white solid (9.15 g, 75%).
SH (400 MHz, CDC13) 8.13 (1H, d,J 5.5), 7.56 {1H, d, J 5.5}.



(i) CH2C12, Et3N, ctdoroacetyl chloride, 0 C-)RT. (ii) THF,13u0K, 0 C. (iii) C112C12-TFA, RT, 2 h. (iv)
dioxane, LIA1H4, 80 C, 2.5 h. 15 Scheme 18 Conditions: (i) MeOH-H20, KCN,
tetrahydropyraHO AN B 71%i) MeOH-1120, NaOH, H202, RT. (iii) 2.0 M Ha S EBRYS8H2c12. 25 wo
2009/053715PCT/GB2008/003621 General Experimental Details: NMR Spectroscopy 5 NMR spectra
were obtained on a Varian Unity Inova 400 spectrometer with a 5 mm inverse detection triple
resonance BEEspERNMEIL100MHZ or on a Brulcer Avance DRX 400 spectrometer with a 5 mm
inverse detection triple resop@nce TX1 probe operating at 400 MHz or on a Bruker Avance DPX 300
spectrometer with a standatd mm dual frequency probe operating at 300 MHz. Shifts are given in
ppm relative to tetramethylsilal ne. 10 Purification by column chromatography: Compounds purified by
column chromatography rej{urlfled using silica gel or Isolute(r) cartridge or Redisep(r) cartridge,
eluting with gradients from 100-G*o 0-100% of cyclohexane/EtOAc, or from 100-0 to 0-100 %
pentane/EtQACHN T aind AfhO!iko4Z O3t o (B2 LA PV (With or without the addition of NH3 0.1 %).

'Silica gel' refers tRS'L'Ctur el_gol &%%miﬁgngw d%g%?’i%‘g@?& 394{118%%% (e.g. Fluka

silica gel 60), and an appli ed pressure o s.I accelerated column elution. Where thin
layer chiom@dlrabiR2(Fnuepisas)sed medaep!; ]r@é%)t&f%ﬁﬁé&ﬁeﬂtﬂ‘@ gl pically 3 x 6 cm
silica gel onpgliminiweaciRih pldiasWilh dduniaseonidndicatn wat@4o Wtld (Beditk!tds@ipound as

a white solid (11.04 g, 100%).
SH (400 MHz, d-6 DMSO) 8.30 (1H, d, I 5.6), 7.40 (1H, d, T 5.6), 3.90 (4H, 1, J 4.9), 3.74
(4H, 1,7 4.9).

10

Reference Example 31
o
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2-Chloro-d4-morpholin-4-yl-thieno[3,2-d] pyrimidine-6-carbaldehyde
To a solution of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (1.0 g, 3.91

15 mmol) in anhydrous THF (50 mL) was added N,N,N° N -tetramethylethylenediamine (0.68
mL, 4.53 mmol) and the resulting mixture was cooled to -78 °C. n-Butyl lithium (2.5 M in

hexanes, 1.9 mL, 4.75 mmol) was added dropwise and the resulting suspension allowed to

warm to -30 °C over 1 h. The reaction mixture was cooled fo -78 °C and treated with DMF

(0.7 mL, 9.04 mmol), then stirred at RT for 30 min. The reaction mixture was cooled to 0 °C
20 before an aqueous solution of HCI (0.5 M) was added.and the mixture stirred for another 30

min. The precipitate that formed was collected by filtration, washed twice with water then

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

90 %;).

NMR 8y (300 MHz, DMSO-dg) 3.77 (m, 4 H), 3.95 (m, 4 H), 8.29 (s, 1 H} and 10.21 (5, 1 H).
25

Reference Example 32



20 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 p.m ‘Particle size, UV
detection at 23§31 ﬂsﬁlr%, 25 flow 5-15 mL/min), or a Phenyl-Hexyl coﬂfr?ﬁ?f%&%(ﬁiﬁ mm id.
Gemini column with 5 um 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 O. @formic acid. The free base was liberated by partitioning between
EtOAc and a saturated solution of'Sodium bicarbonate. The organic layer was dried 30 (Mg504) and
concentrated in vacuo. Alter .I ?i;cthe free base was liberated by passing through an Isolute(r)
SCX-2 cartridge, elutingq¢/ith methanol. WO 2009/053715PCT/GB2008/003621 Microwave
Reactions: Microwave experiments were carried out using a Smith Synthesiser or a Biotage Initiator,
which use5(5”gﬁfﬁf&ﬁifi’d‘éﬂ’é@ﬂ‘n‘ﬁﬂ?‘ﬁﬁﬂ"é@fﬁ'ﬁﬂﬂ%’f@&‘ﬂ]%ﬁ%j%ﬁ?’lﬂlwhich give reproducibility and
control. Temperafivasispensitr25DEhbambmaphidiviet ol g 3 2y ihidng-6e 20bar can be reached.

All solvents,gad, £OIIDPIGa! E?%Q%Wﬂ%@gﬁ%fﬁﬁﬁ%%ﬂ)‘%%@i“?@gﬁ}%‘%@%ﬂﬂ@@'e

reagents/reactants Were prepared according to procedures described in'the literature. 10

AbbrevidtiofRdiyasberahyids ftihte Mdldammbroddherenyiting raigeestreg B addbifiths = broad
singlet (NMig3clionGHRi@# a5 sa5iN6 BE0oRAD OV Aiduiaihiid R uEsshutich-ditiMeiosthane DCM =

dichloromethane DIPEA = diisQ lethylami 0] = gjigngthxlacet iggs&%ﬁp =
dimethylam%r}?gBﬁﬁfﬁgaﬁeﬁﬂfai%%f#%%eo%r@?#ﬁ ﬁﬁ%’& £ ?rﬁefﬁy sulfoxide eq. = equivalents 25
EtOAC = ethgideersetiigpied @iﬂhﬁ@jm&mgiﬂe compound as a white solid (2.9 g, 91 %).
NMR &y (300 MHz, DMSO-dg) 3.75 (m, 4 H), 3.89 (m, 4 H), 4.81 (d, J = 5.0 Hz, 2 H), 5.96
10 (1,7J=5.0Hz, 1 H)and 7.22 (s, 1 H).

Reference Example 33
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6-Bromomethyl-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine
15 To a solution of (2-chloro-4-morpholin-4-yl-thieno|3,2-d}pyrimidin-6-yt)-methanol
(1.46 g, 5.11 mmol) in anhydrous DCM (30 mL) at 0 °C were added triphenyiphosphine (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.
20 The reaction mixture was concentrated in vacuo and DCM and EtOAc were added. The
resultant white precipitate was collected by filtration and air dried to give the title compound

as a white solid (0.82 g, 46 %).
[M + HJ" 348.1 (°Br) 350.1 ('Br)

25 Reference Example 34



HATO = 0-(7-Azabenzotriazol-1-y1)-N,N,IV',N'-tetramethyluronium hexafluorophosphate HC1=
hydrochloric |(? % = water HPLC = high pressure liquid chromat = Jsopropanol
1MS = indusfr\i% rzﬁggt}r?y z%féd spirit iPrOH = isopropanol LCMS = liquid c%%@n%é?%ﬁfmzssp
spectrometry M = molar 5 m = multiplet (NMR) MeOH = methanol mg = milligram MgSO4 =
magnesium sulphate min = minufe(s) 10 mL = millilitre Na2CO3 = sodium carbonate NaHCO3 =
sodium hydrogen carbonate N = sodium hydroxide Na2S04 = sodium sulfate 15 NH40OH =
ammonium hydroxide solution = nuclear magnetic resonance q = quartet (NMR) Rt = retention
time RT = room temperature\? rp NQ*NMR) '

HO N

£
[2-(6-Fluoro-1 H-ind ol-4-yI)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yi}-methanol
Prepared by using general Suzuki coupling method A of Reference Example 2. The
title compound was obtained as a white solid (1.2 g, 40 %).
5 NMR 3y (300 MHz, DMSO-dg) 3.83 (m, 4 H), 4.00 (m, 4 H), 4.85(d, J=5.8Hz,2H), 5.92
(t,]=58Hz, 1 H),7.31(dd, J=2.7,9.5 Hz, 1 H), 7.39 (s, 1 H), 7.41-7.47 (m, 2 H), 7.90 (dd,
J=2.7,11.5Hz, 1 H)yand 11.30 (bs, 1 H).

Reference Example 35

®

10
Toluene-4-sulfonic acid 2-[6—ﬂuoro—1~(toluene—4—sulfonyl}-lH-indoM&-yl]-4-morp'holin-4-

yl-thieno[3,2-d}pyrimidin-6-yImethyl ester
To a suspension of {2-(6-fluore-1H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2- _
djpyrimidin-6-yl]-methanol (0.54 g, 1.41 mmol) in anhydrous THF (20 mL) and DMF (5 mL)
15 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-toluenesulfony! 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
20 was purified by column chromatography to give the title compound as a white solid (0.60 g,
62 %).
NMR 8y (300 MHz, CDCl3) 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=8.7 Hz, 2 H), 7.34 (m, 3 H), 7.63 (d,J =3.7Hz, 1 H), 7.68 (d, ] =3.7 Hz, 1
H), 7.77 (d, T = 8.3 Hz, 2 H), 7.81-7.86 (m, 3 H) and 7.98 (dd, J = 10.6, 2.5 Hz, 1 H).



TBAF = tetrabutylammonium fluoride TBDMS = tert-Butyldimethylsilyl TFA = trifluoroacetic acid Tiff =
tetrahydrofuran 25 TLC = thin layer chromatography General synthetic strategies Reference Example
1Formation of bOfORALS e3ters 30 The boronate ester formed in schéme %;\]l(g%@%srﬁezrl)ared 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 at mﬁm of the reaction. The reaction mixture was pardoned between EtOAc
and H20. The organic layer was wa8ked successively with 1120 and brine, dried over Na2S04 and
evaporated to dryness. The result esidue was then purified by column chromatography. 5
Reference Example 2Suzuki coypli The Suzuki coupling reactions depicted generally in
schemes 19 and 20 below V\&eré&ﬁglmed using one of the methods set out below. When RI = H in
these methods, indole 10¢otonic adid Was used as the reagent. Scheme 19 15 Scheme 20 20

Method A cL/ »
8-(2-Chlore-4-morpholin-4-yl-thieno[3,2-d) pyrimidin-6-ylmethyl)-1,4-dioxa-8-aza-
spiro{4.5]decane
5 To a solution of 6-bromomethyl-2-chloro-4-morpholin-4-yl-thieno{3,2-djpyrimidine

(1.00 g, 2.87 mmol) in DMF (20 mL}) were added 1,4-dioxa-8-aza-spiro[4.5]decane (1.06 mL,

8.62 mmol) and cesium carbonate (1.8 g, 5.75 mmol). The resulting mixture was stirred at RT

for 90 min. The reaction mixture was diluted with water then extracted with EtOAc. The

organic extracts were dried (Na,S0O,) and concentrated in vacuo to give the title compound as
10 an orange solid (0.97 g, 82 %).

[M+H] 411.2

Reference Example 37

)
)
S~y
Q = N/)\cl
o
15 1-(2-Chloro-4-morpholin-4-yl-thienc{3,2-d| pyrimidin-6-ylmethyl)-piperidin-4-one
To a solution of 8-(Z-Ch}.oro-4-mor;?holin-4—yl-ﬂ1ieno[3,2-d]py1imidin—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 HC1 (24 mL) and the resulting solution was stitred 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
20 agueous 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;SOy), then concentrated in vacuo to give the title compound as a yellow solid (0.9 g, 100
Ye).
M+ H]" 367.3



A mixture of the appropriate 2-chloro-thienopyrimidine (1 eq.), Cs2CO3 (1.5 - 2 eq.), indole boronate
ester (1.2 - 1.5 eq.) or indole boronic acid (1.2 eq.) and tetralcis(tripheny| ' lladium (0.05 -
0.1eq.)in dio‘faor?eu)f)vg\/g%rlﬁ:l or 2:1) was heated at 125 C - 140 C, for k%é?\%%%?}%%g%%%%o min in a
microwave reactor (Smith synthesiser or 25 CEM Discover). The resulting mixture was diluted with
water then gxigacted with gthgl acetate. The combined organic extracts were dried (MgSO4), filtered
and conce 09/053715PCT/GB2008/003621 purified by either preparative HPLC or
column chromatography to give the deg?jdd product. Alternatively, the reaction mixture was loaded
onto an 'solute(r) SCX-2 cartridge, wa with MeOH then eluted with 2 M NH3 in MeOH. The
resulting residue was then purifim&@r preparative HPLC or column chromatography to give the
desired product. 5 Method B A mi Nc;f\tge appropriate 2-chloro-thienopyrimidine (1 eq.), Na2CO3
(2 eq.), indole boronate ester{or ndole boronic acid (1.5 eq.) and bis(triphenylphosphine)palladium (I1)
chloride (0.1 eq.) in acetonitrji&/water (2:1) was heated at 140C for 20 -50 min in a 10 microwave
reactor (Smith synthetiser/ortCEM Discover). The resulting mixture was diluted with water then
extracted with ethyl acetale. The combined organic extracts were dried (MgSO4), filtered and
concentratqg-tbarnpusifies dyeihespiapRaiiye-HphEGnidiacduwhnediypipagiaphylio give the desired
product. Alterpatively, the reaction mixture was loaded onto an Isolute(r) SCX-2 cartridge, washed with
MeOH then %%?géo\%ﬁﬁlﬁ%ﬁl\ﬁ%%% MeOH. 15 The resulting residue was then purified by either
preparative HPLCTerseluian ehidetiogrdmyrbdivd-Hdhianidd-goaterdivemsgttylk mixture of the

appropriatepgseideHa-tHeropyy orginaddiga. ), Nadlea3thine @omLjneateddedoronate ester or indole
boronic acid (1.2 eq.) and tetralcis(itiphe osphine)palladiym (0.1 eq.) in acetanjttile/water (2:1)
was heatec TS g e Sl S e haeé"'rté”s‘fi%g%h%%‘% PR diuted with
water then &ttasted)yiitls sewlingatsmensinevesstibhted BFdanid &xthaediedevithaatenms 04), filtered

and 00ncefkﬁéﬂ@dﬂﬁk%%Eéb%&%@rwéf&eﬁaﬂye@m@éﬁma@mm%wm shapatography to give
the desired product. 25 Al the reactio%lmixture was Iotﬁdteltq onto an 'solute f?CX-Z cartridge,

Alternatively,
washed%itﬁﬁ@dﬁ%‘gﬁ%%g%ﬁtﬁ%\ﬁoﬂﬁ%ﬁ BoaruPrR FREIRY FESHERWEE i purified by
either preparaiiveokiPQ g, @8ltann chromatography to give the desired product Method D 30 A
mixture of t Resopriate 2-chloro-thienopyrimidine (0.1-0.2 mmol), K3PO4 (0.5 mL of a 1.27 M
agueous solution), dichlorobis(tricyclohexylphosphine)palladium (1) (0.05 eq.) and indole boronate
ester (1.3-1.5 eq.) in dioxane (1 rriL) was heated at 125 C for 20 - 50 min in

Reference Example 39
[Oj
N

0 O
= N')\cr

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

15

spiro[5.5]undecane-9-carboxylic acid tert-butyl ester
To a suspension of 2-chloro-4-morpholin-4-yi-thieno{ 3,2-dpyrimidine-6-
carbaldehyde (100 mg, 0.352 mmol) in dichloroethane (10 mL) were added 1-oxa-4,9-diaza-
20 spiro[5.5}undecane-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
colummn chromatography to give the title compound as a white solid (98 mg, 53 %)
25 [M+H]" 5243



WO 2009/053715PCT/GB2008/003621 a microwave reactor (Smith synthesiser or CEM Discover).
The resulting mixture was diluted with water then extracted with ethyl acetate, The combined organic
extracts were ‘ﬁﬁe’&“ﬁ%‘é‘&), filtered and concentrated then purified byl)é(ijt lgrB%Peglﬁ'g?ﬁa tve HPLC or
column chromatography to give the desired product. Alternatively, the reaction mixture was loaded 5

onto an Islute(r) SCX-2 cartridge, washed with MeOH then eluted with 2 M NH3 in Me01-1. The
resulting re%@%@%&&?@ﬁ—%«#iﬁed by either preparative HPLC or column chromatography to give the
desired product. ReferencefExample 3General method for BOC-deprotection 10To a solution of the
relevant BOC-protected gminothiengpyrimidine in DCM was added TFA and the resulting solution
was stirred at RT for 30-180/min. THe résulting mixture was diluted with water then extracted with
DCM. The combined orgar%gxtractswvere dried (MgSO4 or Na2S04), filtered and concentrated in

vacuo, then purified by eitherNore twe HPLC or column chromatography to give the desired
product. Alternatively, the reactio w‘%‘;ure was loaded onto an Isolute(r) SCX-2 cartridge, washed
with MeOH then eluted with 2 M NH3 in MeOH. The resulting-residue was then purified by either

preparative Herehlsrehimerphalindratdyicins- toflpvenrdivdartas hrdatier adetdli®ite Example
4General mgitro BHuddktmStdasoielitapidiefichatgbision of the relevant TBDMS-protected

> fuoro-gbindol o IhiEASRMITAUNG AL E1AR AUURFROE Aadifituing aolion was stired

at RT for 30 min, then concentrated in vacuo. The result residue was purified by either preparative
HPLC or cofuinthigiebiraidrmmidns-yinstiddesireti®plgueeirob plapsramsh-erisidlifediates
Reference Byamplehylhé Vsifsimetav;Bdutio prozes) esadtenaumite 39To Risedutianyof dimethylamine

in H20 (40% w/w, 15.0 mL., 120 nynol) at 0C was added a.solution of 4-methyl-3-nitro-benzenesulfonyl

chloride (9.55°G 4BRAs5 B‘él&ﬂ? %%&3‘?%@@9&@%#éﬂ@féﬁ@?@@%ﬁbﬁf%ﬁ 30 milt The

resulting misthstitlyaerpived was@i@aord3s mitkiteselid Bélgealeied to warm to RI and stirred

overnighy. T_F@ J:QJEcthQ_gnixture was diluted with H20 (100 mL) and DCM (40 mL), and the layers were
h

separated. The organic layer was washed in succession with water, HCI (ag., 0.1 M) and brine before
being dried over Na2S0O4 and 5 evaporated to dryness to give the title compound as a pale yellow

solid (9.13 RGé%hyc[Ftambilé Reference Example 6 Br
HN-z0 o
)
N Sy

A NACI
7-(2~Chlore-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl}-2,7-diaza-

15 spiroi3.5inonan-1-ene

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 Isoluie® SCX-2 cartridge,
washed with MeOH then eluted with 2 M NH; in MeOH to provide 2,7-diaza- -

20 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-
dlpyrimidine-6-carbaldehyde (130 mg, 0.458 mmol) and sodium triacetoxyborchydride (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

25 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 (93 mg, 50 %)



NO, 0.0 10 3-Bromo-4,N,N-trimethy1-5-nitro-benzenesulfonarnide To a solution of
4-N,IV-trimethy1-3-nitro-benzenesulfonamide (8.57 g, 34.7 mmol) in concentrated sulfuric acid (80 mL)
was added 1, -HiB‘I’(gﬁ’\S&j[]f,3,5]triazinane-2,4,6-trione (5.97g, 20.8 mmoly%ﬂg%og%ﬁr%;ﬁzgie reaction
mixture was stirred at RT for 16 h. A further 2 g of 1,3-dibromo-[1,3,5]triazinane-2,4,6-trione was
added and stirring continued for 5 h. The 15 reaction mixture was then poured onto ice and water and
stirred for 1B¥idlTARB R sulting milky/white solid was filtered and washed with H20, before being
dissolved in EtOAc. The organic layer was dried over Na2SO4 and evaporated to dryness to give the

title compo%ge%%(g ﬁl)palatx? ﬁo‘,ﬂj (10.41 g, 93 %). [M + H](79Br) 325.0 (81Br) 20 Reference Example 7

Br 1-Bromo-5- nyl-2-methyl-3-nitro-benzene Prepared according to the method used in
the preparation of 3-bromo-4-N,N-tr'[r?1 thyl- 25 5-nitro-benzenesulfonamide using
4-methanesulfony14-methy1-2-nitro=k€nzene in place of 4-

N,N-trimethy1-3-nitro-benzenesu ide. The title compound was obtained as a white solid (17.0 g,
85 %). [M + H](9Br) 296.0 r 20@9/053715PCT/G82008/003621 Reference Example 8 NO2
1-Bromo-5-fluoro-2-methyl3-ntitro-benzene Prepared according to the method used in the preparation
of 3-bromo-4-N,N-tritnet%

5 6-{4-Azetidin-1-yl-piperidin-1-ylmethyl}-2-chloro-4-morphelin-4-yl-thieno|3,2- |
dlpyrimidine
Method A
Prepared according to the method used in the preparation of [ 1-(2-chloro-4-morpholin-
4-yl-thieno[3,2-d]pyrimidin-6-yImethyl)-piperidin-4-yl]-cyclopropylmethyl-amine using
10 azetidine hydrochloride in place of cyclopropanemethylamine. The title compound was
obtained as an orange solid (102 mg, 57 %).
[M +H]" 408.2

Method B:

15 Prepared according to the method used in the preparation of 4-(2-chioro-4-morpholin-
4.yl-thieno|3,2-dlpyrimidin-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 %).

20 [M+ HJ" 408.2

Reference Example 43
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5 5-nitro-benzenesulfonamide using 4-fluoro-1-methy1-2-nitro-benzene in place of 4-N)V-
trimethy1-3-nitro-benzenesulfonamide. The title compound was obtained as a yellow solid (68.0 g,
79%). NMR SHQ3H8RHEY cpbc13) 2.59 (s, 311), 7.50 (dd, J = 2.8, 7.6, FH)BR0 T 581hd, J = 2.9, 7.4,
1H). 10 Reference Example 9 4-Bromo-1H-indole-6-sulfonic acid dimethylamide To a solution of
3-bromo-4-N,N-trimethy1-5-nitro-benzenesulfonamide (9.15 g, 28.3 15 mmaD in dioxane (60 mL) was
added DMFLBfCHor s drmerpheimizgifienaltitiprsimidintgormuhPisEdit el at 80 C for 24 h
followed bydyelappspal-Saligefor 16 h. The mixture was cooled to RT and concentrated to 50 % of the

volume, poured i 20,300, A S Jiads 06 e aLaaNG Iy N siRliSH A ashed with

1120, then brine, dried over Na2504, and evaporated to dryness to give .
3-bromo-4-(evkitherplAdrdinsomidinen et et isdits senpisitominsdEngs a red solid (10.4
g, 91 %)s Teyaispopsraaing Bf phecaTide diSpirgmebylamimnea T rnctiR esteyadd okeldsuispeasion in H20,
20 rnL) in Me%H:TEIE (51'11 égo ma)T\é/ﬁs added hydrazine monohydrate (1.9 inL, 38.6 nunol) at 0 C
and the mixtéfe stirred a(ftlﬁ or %0 min. The reaction mixture was then filtered through Celite and the
filter cake wisHdH Vfi#8.25 EtOAC and H20. The aqueous layer was isolated and then extracted with
EtOAc. The combined organic layers were washed with H20, followed by brine, dried over Na2S0O4
then evaporated to dryness. The resulting pink solid was purified by column chromatography, and
subsequentREEERHAEEERSM iPrOH and EtOH to give the title compound as a white solid (3.5 g, 41
%). WO 2009/053715PCT/6B20 03621 NMR 8H (400 MHz, CDCI3) 2.72 (s, 61), 6.70 (m, 111),
7.49 (apparentt, J = 2.7, 1H), 7.68d, J = 1.1, 114), 7.94 (m, 114) and 9.04 (bs, 114). Reference
Example 10 Br 50b 4-Bromoo-_6ﬁﬁﬁnesuIfonyl-lH-indoIe Prepared according to the method used
in the preparation of 4-bromo=1d-indale-6- sulfonic acid dimethylamide using
1-bromo-5-methanesuIfoégizz-metﬁyl-%-nitro-benzene in

N—=H

V

10
2-Chloro-6-[(S)-1-(hexahydro-pyrroio[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-pyrrolo1,2-a]pyrazine (81
15 mg, 0.642 mmol) and potassium carbonate (117 mg, 0.847 mmotl). 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] 3943

20 Reference Example 45
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place of 3-bromo-4-N,N-trimethy1-5-nitro-benzenesulfonamide. The title compound was 10 obtained
as a white solid (1.8 % 76%). NMR 8E1(300 MHz, CDC13) 3.11 (s, 31), 6.70 (m 1llé 7.52 (dd, J =
2.5, 3.0, 1H), V8#R$T 5 111), 8.10 (dd, J = 1.0, 1.5, 111) and 9.34 THCHPI B4 rence Example
11 Br 15 4-Bromo-6-fluoro-1H-indole  Prepared according to the method used in the preparation of
4-bromo-1H-indole-6- sulfonic acid dimethylamide using 1-bromo-5-fluoro-2-methy1-3-nitro-benzene in

place of 3- Briftduene knmmbatiprty - hisis B2 dheimitinfgmetnd i Uspound was obtained as a
20 white solpik& 6 ehnid &) cdibbyBtiactd G ddbinyCdoterl 3) 6.57 (apparent t, J =2.7,111), 7.04 (dd, J =

2.1,9.1, 110, 7.1%%%‘(%!]%%6%&6]& ]11]%]%%%‘ adﬁ%%égﬁﬁ%{@ 86324 d k1 Xsﬁp_ference Example 12

Br 25 4-Bromo-1H e-2-carboryli mide Oxa e (0.9 mL, 10 mmol) was added to a

suspension®faipdseTricll dordeyipr-2000108 3 fepanhelB Aord ieshi-gliuaimBikitic acid (2.1 g,
8.8 mmq) inddig WradigiheirpjzisEeNuas Bhsrbekiok 2dud Bheeaiuien Hogroadonasiagiieddrop-wise to a

stirring mixtyce of moniaf‘?l %, 50 mLﬁ]a[ﬁji 50 mL). .The resulting mixture. llowed to stand
for 3 days. ##ﬁeo%%%%%'wgg ﬁééro'eaj’%aél fe |?r§§g(%°>{ﬁ%)c e%%vaftﬁ%liatlﬁ C. Ihgénsscgﬁllﬁl @% the filtration
was dissolved.iPAEHAC and the

[M +H]" 494.3

10 Reference Example 46
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5-(2-Chloro-4-merpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-hexahydro-
pyrrolo[3,4-cjpyrrole-2-carboxylic acid tert-butyl ester
To a solution of 6-bromomethy1—2mchlaro—dr—morpho1in—4;yi-ﬂlieno{3,2~d}pyrimidine

15 (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, 8.754 mol) and potassium carbonate (136 mg,

0.984 mmol). The resulting mixture was stirred at RT for 2 b, then diluted with water and

EtOAc. The organic layer was isolated, then washed with brine, dried (MgSQs) and

concentrated in vacuo. The resulting residue was purified by column chromatography to give
20 the title compound as an off-white solid (218 mg, 90 %).

[M + HJ 480.3

Reference Example 47
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5 organic solutions were combined, dried (MgSO4) and then evaporated to afford the title compound
as a brown sqlig £8,d:48;-490 %). NM. 8H (400 MHz, CD30D) 7.11 (dd, JyzicnBeaosshh: 7-16 (d, J =
0.9, 1H), 7.25 (dd, J = 0.78, 7.54, 11-1) and 7.43 (d, J = 8.3, 1H). 10 Reference Example 13 Br
4-Bromo-1H-indole-2-carbonitrile  Phosphorous oxychloride (1.9 mL, 20 mmol) was added to a
suspension,of 4-promatbiingele:2-cerhexyieag AMIdR (4.7, ySiRAamRlLn toluene (10 mL) and
the mixture 15 was stirred ot reflux for 45 m n"2 cooling, the mixture was poured into an aqueous
Na2CO3 sdigtigalishilosonatd carbordipmsidtershipybiesténi effervescence had subsided. The layers
were separated, the agueous phase extracted with EtOAc and the combined organic layers dried
(MgS04) a vaporated to dryness. The crude material was purified by column chromatography to
afford the t 5’%%%%ound as a solid (1.00 g, 82%). 20 NMR 8H (400 MHz, CDC13) 7.22-7.28 (m, 2H),
7.35-7.40 (M, 2HPaper@l Agc(sding 19 tRefetmdossiathpleepargion of Bfdreldomtiperbaithy 1-1H-indole

25A solutiogn @fiR= /13 =il r i iney (& Mmhkkandi D (150 mL) was
cooled to OE‘C?Q a%éﬁ%?pﬁéﬂﬁ&@ﬂ!ﬁ@tﬁ@fﬁé%& saﬂpﬁawgepu& o o

i)-wlse with trif uoggacetic anhydride lbaf) nkL, ql 4 minql). The reaction
mixture waSSHHed StoR¥RE SRR g e Wﬁﬂeégﬁcéfﬁ%% S GRSV SFhBRERS chioride. The
organic layef heashgiiechpveln[9lgSPairainc - A 200MOS BTEBRE THERB2ZHOI0862dund was

obtained as a tan solid (103 mg, 74 %).

10 [M+H] 4803

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
15 acid tert-butyl ester using 3,8-diaza-bicyclo[3.2.1]Joctane-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 + HJ* 480.3

20 Reference Example 48
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8—(2-Chlaro-4-morpholin-4-yi—thieno[3,2-d]pyrimidin-ﬁ-ylmethyl)~2,8~diaza--
spirvo[d.5]jdecane-2-carboxylic acid tert-butyl ester
Prepared according to the method used in the preparation of 5-(2-chloro-4-morpholin-
25  4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-hexahydro-pyrrolo[3,4-cipyrrole-2-carboxylic acid
tert-butyl ester using 2,8-diaza-spiro[4.5]decane-2-carboxylic acid tert-butyl ester



evaporated to dryness to give N-(3-bromo-2-methyl-phenyl)-2,2,2-trifluoro-acetamide as an off-white
solid, which was used without farther purification (10 g). NMR. on (400 MHz, CDC13) 2.38 (s, 311),
7.14 (apparent’0 PLEH111), 7.53 (d, J = 8.0, 1H), 7.66 (d, J = 8.0, 11T HEFFBEUL 111), 54
solution of N-(3-bromo-2-methyl-phenyl)-2,2,2-trifluoro-acetamide (2.1 g, 7.4 mmol) and benzoyl
peroxide (100 mg) in carbon tetrachloride (50 mlzig@\évas heated to reflux under irradiation (150 W
tungsten laiyirosblssidaisyrBrors A symplotet 2 Imels-fredpbritard AmbPrig esteh) was then
added dropaisekoctagsefixingbatons and kaatingaas Tiuysued for 16 h. The reaction mixture was
left to cool t@ﬂj’ mgdgi ted with DCM. The to organic layer was washed with sodium thiosulfate, and
evaporated 10 dryness fo give N-(3- bromo-2-bromomethyl-phenyl)-2,2,2-trifluoro-acetamide as a
brown residue which was used without further purification (2.9 g). NMR 5H (400 MHz, CDC13) 4.71 (s,
211), 7.30 (RpRasgRttxalmi84 111), 7.55 (d, J = 8.0, 1H), 7.82 (d, J = 8.0, 111) and 8.79 (bs, 111).
15A solution of N-(3-bromo-2-brorgomethyl-phenyl)-2,2,2-trifluoro-acetamide (2.9 g) in toluene (40 mL)
was treated with triphenylphospHinei (2.3 g, 8.7 nunol). 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 r/m{;%ﬁﬁheated to reflux under nitrogen for 16 h. The reaction mixture was
evaporated to dryness, t p wfﬁe;d 20 between EtOAc and a sat. sodium carbonate solution. The
organic layer was isolate%ried (MgSO04), and purified by column chromatography to give the title
compound as a yellow sdlid(1.55 g, 84%). NMR 814 (400 MHz, CDCI3) 7.00 (s, 1H), 7.19 (apparent t,
J=7.9, 1H), 7.36-7.41 (m, 2Mj%nd 8.53 (bs, 1H). 25 Reference Example 15 NO2
2-Methyl-l,3-dinitro-5-trr;‘brve?omethyl-benzene To a solution of 4-methylbenzo-trifluoride (9.51 g, 59.4
mmol) in concentrated 30 sulphuric acid (120 mL) was added potassium nitrate (15.0 g, 0.149 mol)

and the resUti?n§ Mexerfensimbelint4yi-teieng h2- vy risaidiof-Wmethen/ab §i8tted onto ice and water
then WO 2Q0R1723j0baRie DLeBBROEHONIE 2 t-butyl ester

Prepared according to the method used in the preparation of .5—(2-chloro-4-morpholin-
10 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-butyl ester.
The title compound was obtained as a pale yellow oil (96 mg, 67 %).
[M + HJ" 494.3
15

Reference Example 50
SAS®
;.
R0

5-Benzyl-octahydro-pyrrele[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
20 (1.0 g, 4.2 mmol) in acetonitrile (20 mL) was added benzy! 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 iz vacuo before EtOAc and an aqueous saturated



extracted into EtOAc. The organic layer was washed successively with 1120 and brine, dried over
Na2S04 and evaporated to dryness to give the title compound as a yellow solid g13.84 g, 93%) NMR
SH (400 MHZzEBBY4257 (s, 3H) and 8.27 (s, 2H). 5 Reference Exaripla g oo/003621 =
6-Trifluoromethy1-1H-indo1-4-ylamine inPrepared according to the method used in the preparation of
4-bromo-1H-indole-6- sulfonic acid dimethylamide using.2-methyl-1,3-dinitro-5- ric?uor methyl-benzene
in place of SATEMELARIIeNRR SHRFALS itF Sd9sh AEhrdsai Hﬁm?%%dc%}rﬁ% Phtfvas obtained as
a white solidd OrZagic 990w aNkdldttE; RRdl (N2 SR texbrne dnrateipie vk dug ® give the title

4-Iodo-6-trif£%&r o%%@’}ﬂ’x‘é&ﬂldé%'ﬁdqe %%{J@%'sion of 6-trifluoromethy1-1H-indo1-4-ylamine (10.7 g,
53.4 mmol) in HC1 20 (aq., 15%, 240 mt.) was added a solution of sodium nitrite (5.52 g, 80.1 mmol)

in 1120 (10/ML) Blowly-t 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 1120 (30 mL) was added. After stirring for 15 min, the

resulting prgg@gt&: pas c%llglcted by filtration and washed with a sodium tetrafluoroborate solution

(aq., sat) b cetonitrile (100 mL). This solution 25 was added slowly to a suspension
of sodium iodide (24.0 g~ mol) in acetonitrile (100 mL) and the mixture stirred at RT for 16 h. The
reaction mixture was con ed to 30% of the volume and partioned between EtOAc and 1120. The
organic layer was isolated t?{zg)vtashed in succession with sodium thiosulfate, 1120 and brine, dried
over Na2S0O4 and evaporated to dryness. The resulting brown oil was purified by column

chromatograrshi@ R pgiveitE Zilp HesMRoLask (A Tigadhd A4)-b\d e3099/053715 [M - 1-1] 310.1
Reference Examp{% g.' gohition of (5-benzyl-octahydro-pyrrolo[3,2-c]pyridine-1-carboxylic acid tert-
10 butyl ester (777 mg, 2.46 mmol) in IMS (20 mL) was added palladium hydroxide on carbon
(5 %, 50 mg) and the mixture stirred under a hydrogen atmosphere at RT for 10 h. The
reaction mixture was filtered through Celite and the filtrate concentrated in vacuo to give the
title compound as a straw coloured oil (550 mg, 99 %).
[M+H]" 227.3
15
Reference Example 52

O

%
N NJ\CE

Jro™o

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

20 Prepared according to the method used in the preparation of 8-(2-chloro-4-morphelin-
4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-1,4-dioxa-8-aza-spiro{4.51decane using octahydro-
pyrrolo{3,2-c]pyridine-1-carboxylic acid tert-butyl ester in place of 1,4-dioxa-8-aza-
spiro[4.51decane. The title compound was obtained as white solid (153 mg, 90 %).

M+ H]" 494.1

25



PCT/GB2008/003621 005 4-(4,4,5,5-Tetramethyl-[1,3,21dioxaborolan-2-y1)-1H-indole-6-sulfonic
acid dimethylamide  Prepared by using the general method (Scheme 1). The title compound was
obtained as aWhAWYERET1.85 g, 46%). [M + Hr. 350.2 (1B) 351.2 (1B) 10HEENEEE xample 19 0"0
4-(4,4,5,5-Tetramethy1-11,3,21dioxaborolan-2-y1)-6-trifluoromethyl-1H-indole Prepared by using

the general method iScheme 1). The title compound was obtained 15 as a pale yellow solid (1.37 g,
92 %). [M 12.2 (113) Reference Example 20 0"0 00 20

6-Methanesulfonyl1-4-(4,4,5,5-tetramethy1-11,3,2jdioxaborolan-2-y1)-1H-indole Prepared by using the
general method (Scheme 1). The title cgmpound was obtained as a pale yellow solid (2.4 g, 51 %).
WO 2009/053715PCT/G82008/00362i ]

5-[2-(6-Fluoro-1H-indol-4-yl)-d-morpholin-4-yl-thieno3,2-d]pyrimidin-6-ylmethyii-
5 octahydro-pyrrelo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester

Prepared by using general Suzuki coupling method A of Reference Example 2 above.
The title compound was obtained as a yellow oil (105 mg, 51 %).
NMR 8y (400 MHz, CDCl;) 1.46 (s, 9 H), 1.71-1.85 (m, 2 H), 1.96-2.19 (m, 3 H), 2.21-2.31
{m, 2 H), 2.40-2.50 (m, 1 H), 2.71-2.92 (m, 2 H), 3.32-3.41 (m, 1 H), 3.45-3.58 (m, 1 H), 3.80

10 (d,J=9.80Hz, 2 H),3.92 (1, ] =4.7 Hz, 4 H), 4.08 (t, ] =4.7 Hz, 4 H), 7.13-7.18 (m, 1 H),

7.29 (m, 1 H), 7.34 (s, 1 H), 7.52 (mm, 1 H), 7.96 (dd, J = 11.2, 2.3 Hz, 1 H) and 8.32 (bs, 1 H).

Reference Example 54

T 4
e

Lo

15 (3aS,7aR)—5—{2-(6—Fluom—1H~ind0[—4~yl)-4—morpholin—4-—yl~thieno[3,2-d]pyrimidin-ﬁ-‘
yimethyl]-octahydro-pyrrole[3,2-c]pyridine-i-carboxylic acid tert-butyl ester

and
(3aR,7aS)-5-[2-(6-Fluore-1H-indol-4-yl)-4-morpholin-4-yi-thieno[3,2-d]pyrimidin-6-
yimethyl]-octahydro-pyrrolo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester

20 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 160 % EtOH containing 0.1 % diethylamine. 100 mg



NMR (300 MHz, DMSO-d6) 1.36 (s, 1210, 3.18 (s, 311), 6.87 (m, 111), 7.73 (apparent t, J = 2.5, 111),
7.85(d,J=1.5, 1H), 8.07 (dd, J =1.01 1.5, 111) and 11.73 (bs, 1H). Reference Example 21 5 0'13,0
10 4-(4,4,5,5-1’”&% Qf}:ﬂ’}%ll,&21dioxaborolan-2-y1)-2-triflumomethyl-fﬁ?1”rﬁ;d3(§f'<38/{'0 pared by
using the general method (Scheme 1). The title compound was obtained as a white solid (1.5 g, 55%).
NMR 8H (400 MHz, CDC13).1.40 (s, 1211), 7.33 (dd, J =.7.0, 8.3, 11.1), 7.42 (s, 111), 7.53 (d, J = 8.3,
1R, 770 (PR S S S BoR ARl S e ad0 04 ave e

6-Fluor0-4- (i}4 fobptesidnae tivgl diki R toiotaineno BotPeydtibidein dote analytifaldparagnityalising the

general metfiggl (Sehema & dhelilscpmpeund was obtained 20 as a white solid (4.6 g, 61 %). NMR
511 (300 MHz, CDC13) 1.39 (s, 12H), 7.02 (m, 111), 7.14-7.19 (m, 111), 7.20-7.26 (m, 1.14), 7.38 (dd,

J=2.4,9.9, 1H) and 8.16 (s, 1H). Reference Example 23 YA/ 0,B.0
5 Reference Example 55
)
N

S i = N
N
N'/J\CI

2-Chiero-6-{(R)-1-(hexahydro-pyrrolo}1,2-e]pyrazin-2-yiymethyl}-4-morpholin-4-yl-
thieno{3,2-d]pyrimidine
Prepared according to the method used in the preparation of 5-(2-chloro-4-morpholin-
10 4—y1-thieno[3,2-d]pyrimidin—ﬁ'—yimethyl)~hexahydro-pyrfolo[3,4-c]pyrmle—2—carboxyiic acid
tert-buty! ester using (R)-octahydro-pyrrolo[1,2-a]pyrazine in place of hexahydro-pyrrolo[3,4-
clpyrrole-2-carboxylic acid tert-butyl ester. The title compound was obtained as white solid
{90 mg, 61 %).
M+ H]" 394.0
15
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
20 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

25 semi-solid was suspended in DCM and a saturated aqueous solution of NaHCO; was added.



WO 2009/053715PCT/GB2008/003621 A solution of 4-bromo-1H-indole-6-carbonitrile (1 g, 4.50
mmol) in methanol (10 inL) was treated with 30% aqueous hydrogen peroxide %2.7 mL, 4.95 mmol)
andalM aqﬁﬁé%ﬁlgj G hydroxide solution (5 mL) then heated at 40FEREPPH PR feaction mixture
was cooled, treated with water and cooled in an ice-bath. The resulting precipitate was collected 5 by
filtration, washed with water and dried in vacuo to gbtain 4-bromaq-1H-indole-6-carboxylic acid amide
(1.05 g, 979 WHfEh trEshrpsbniiacthiG TnEstie BeToiiRia @%&?ﬁ@ﬁ%ﬁéﬁé{%ﬁé@% (Scheme 1)
(0.80 g, 67 ShirabiddRtNIIBHAN ThidzoBHASOMEanc Ry, wiahd)wheial (ith bride,AidiOd(8Yab8(),)7.51-7.54 (m,

1H), 7.94-7 24, 8,06 (. 1 11.40.(bs. 1 pr -
5-Fluoro-4- 4%4%%?&%%&%1“41@%&%&%&£i¥1@- A RRRRE Bt ollr

orol y1)-1H-indole A solution of 5-fluoroindole (5 g,

37.0 mmol)anaritite coti L. P &S fro QU teprotastionef thimrbitiad st insrgindectaxvic 42.6 mmol).

After 30 imiRcihRASALIDRWAS00ME edanimwBies aURROER iy javecipitale calieaterhby filtration,

washed with water it{ﬁg drie%]%;/acuo. The solid was then dissolved in 10% aqueous NaOH (200 mL)
0 e

and heated’s ?&Iﬁ%( eaction mixture was then cooled, washed with dichloromethane and

acidified withMB$edtROMBIZTEREES bIihd - WHite DEEkibRBE. W asl éSiatédlby Afrafidwhshed with 20
water, takepgyip % dighiremethang, nashas withy wates, slded. (MaSa4 and, gvaporied in vacuo. The
resulting magerial (5 g, 75%) was dissolved in methanol (80 inL) and treated with concentrated
sulphuric acfer (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-ingigle3-cashaxyliGacid methyl ester as a peach-coloured solid (4.5 g, 83 %). 25A 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-carb§xylic acid methyl ester (2 g9,/210 4 mmol) in TFA (10 mL) at room temperature
and stirred for 2 h. The redctiSH e Was evaporated in vacua and the resulting residue suspended
in water (25 mL) before being treated witira solution of potassium iodide (5.2 g, 31.3 nunol) in water
(50 mL). The reaction mixture was w38 2009/053715PCT/GB2008/003621 treated with
dichlorometh¢318-[iabicy dofd. o teaA ol B, Ml-dficb e teaultia grfheotpatsiic reidoaltd by filtration

through celite. Th j /i s ?&% | 8L gﬁﬁg&g’ With. s0d} ipgylfate solution
and brine, then dr?é%%%gg@fg%ﬁé\/ﬁ%%%%ﬁjgﬁ%acuog. '§rLr?e resuﬁiﬁ%ﬁg?%ﬂ dissolved in

methanbi (69&n§ ERetén trmio rerrpidet EiRthrEs (A s d -Aereikifefiuxed for 2 h. The
reaction mixtiffeowas:6oatbgdaire @giraciad witkel) 6 0 Ad eQiHieatit 8k Sjirrddied (WM d&Q4), filtered and
evaporated.jn vacuo to give a crude solid, Purification by col M0, chromaing by e

5-fluoro-4-i0 S-Tﬁﬁtu‘r?ﬂc’)'ﬁe"aseawﬁ%é’ °F3\%rvaﬁe§6ﬁ&’f’1.‘6%n éi?‘xéeg%m X W% 8H (300 MHz, CDC13) 6.49-6.52
(m, 1H), 6.9@%&%@?@%@@8@@@?@,@6?1%1%?? goyoggetyl)-3,8-diaza-bicyclo[3.2.1 joctane-8-

carboxylic acid tert-butyl ester as a colourless oil. To a solution of 3-(2,2,2-trifluoro-acetyl)-

26 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 8y (400 MHz, CDCl;) 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), 4.22 (m, 2 H), 447 (d, J =146 Hz, 1
25 H); 8.68 {bs, 1 H) and 8.90 {bs, 1 H).

Reference Example 38



10 (m, 2H) and 8.35 (s, 1H). A solution of 5-fluoro-4-iodo-1H-indole (261 mg, 1.0 nunol) in dioxane (1
mL) was treated with triethylamine (0.2 mL, 1 4 nunol), palladium acetate %?1.5 ma 0.02 mmol) and
bis(cyclohexyﬁ’%’%fﬁ%—sz-biphenyl (28 mg, 0.08 mmol) then heated 1o 86/ EK J%‘ﬂ tdn of
pinacolborane (1 M in THF, 2.66 mL, 2.66 mmol) was added via syringe. After 30 min, the 15 reaction
mixture was cooled, then diluted with water (10 mL) and DCM (10 mL). The resulting mixture was
passed through a phaserze ration cargi e, and the dichloromethane layer was evaporated in vacuo
to obtain the title compoupdyyhi¢h was d without further purification. 20 Reference Example 25
4-(4,4,5,5-Tetramethy141f,3,2 a R-2-0)-1H-indole-2-carbonitrile
4,4,5,5-Tetramethyl-[1,3,2]clioxabor E (42.31 mL, 14.5 nunol) was added drop-wise to a mixture of
4-bromo-1H-indole-2-carbonitrile (1.27 g, 5.8 mmol), palladium acetate (33 25 mg, 0.145 mmol),
triethylamint- @ 2Ciieradmnrmbpliartt v-Giradiohdigiprd dphfimaiheni§#ar4ng, 0.58 mmol) in

dioxane at §ffelo[N1E.1RAGRN DX BLSIHNAFSEleRbak 80 C for 5 h then allowed to stand at RT

overnight. The reaction mixture w iluted. wi a d with water, then the organic layer
was isolated, drie o(ﬁ/lsgog‘é%} ?ﬁéﬁ‘?‘dﬁ?&ﬁ‘t@g e‘%[?‘ %a oucg.g ?\I}!ngf%%fﬁ\t{é‘lﬁ ré’r'ﬁg%h Material was purified by
column shrenflswepertiopdd sffoitdéragite 3\WwoRcoJHB Y 18P eTreBRIosMndeznecdfpound as a
brown solid (.93 ZrBRY kM MReRHAERN M0 S RGLRL A1 AT BB AR e HOD, 7.51
(apparentdt, I = 1.0, 8.3, 1H), 7.67-7.74 (m, 2H2 arég 8.5i0gs, ﬁwo'? Referenceeﬁlxamgle 26
14tert-Buty!Bfnfih Pen A EAREGPA IR et tirer 8T8 dRitidn o P R BN HHAESE (30,0 g, 0.222
mol) in anhydikoes: Tdfr¢A80: by puas aiddecisoali daoimptpreis G0 subp dtisionmppmiheral oil, 10.22 g,
0.255 mol) %{Losg%s(gs]rggaqg%gintaining 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 THE

(20 nth) ivadiela4HMER-SORten. Sirfet SRR 28R 07 8- e Bt h ikl d 30 %pbured into H20
and the layery sepasted). Ihsiqhs)eqs Jaggawasiedizstedyitle HdAe ahd He CHNbBITEd

(s, 2 H), 3.80-3.85 (m, 4 H), 3.95-4.00 (m, 4 H), 4.16 (d, ] = 12.8 Hz, 1 H) and 7.13 (s, 1 H).

Reference Exampie 59

®

S~ Sn
g Of e
N
15
8-(2-Chloro-4-morpholin-4-yl-thieno{3,2-d|pyrimidin-6-ylmethyl)-1,8-diaza-
spiro{4.5}ldecane-1-carboxylic acid tert-butyl ester
Prepared according to the method used in the preparation of [1-(2-chloro-4-morpholin-
4-yi-thieno[3,2-d]pyrimidin-6-ylmethyl)-piperidin-4-yl}-cyclopropylmethyl-amine using 1,8-
20 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;3) 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 (5, 1 H).
25



organic layers were dried (MgSO4), then concentrated in vacua The resultant residue was 15 purified
by column chromatography (silica gel, cyclohexane:DCM 100 % to 50:50) to provide the title
compound Wa‘g%ﬁwﬁﬁ? '3s a colourless oil (41.29. 74%). IHNMR (400 /zG 8%'1‘?)62% 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, .1 = 3.2 Hz, 1 H), 7.24-7.29
(m, 1 H) and 7.41 (m, 1 H). 20 Reference Example 27 HO,B40H ‘
[1-(tert-Butﬁ%ﬁﬁ@%ﬁ#ﬁ%@ﬁiﬁy@-&ﬂuormmndol-4-y11 borouic acid To a solution of
1-(tert-butyl-dimethyl-silany1)-5-fluoro-1H-indole (30.0 g, 0.12 mol)  in anhydrous THE (1000 inla)
were added N,N,N',/V'-tetramethylethylenediamine (36.6 mL, 25 0.241 mol) and a solution of s-butyl
lithium (1.4 M in cycloheéne, 1723Eﬁ_, 0.241 mmol) at - 78 C. The resulting mixture was stirred at -78
C for 2 h, then triisopropy!l 61)ate (3%5 mL, 162.7 nunol) was added dropwise. The resulting solution
was stirred at -78 C for 40 , lowed to warm to -20 C. An aqueous solution of HCI (2.4 M,

250 mL) was added and the resuyt ,Pn'ggture was poured into H20. The layers were separated and
the aqueous layer extracted with EtOAc. The combined organic layers were dried (MgSO4) and

concentratedGhpseGd4Treepamirinransi Labaetud enprpbelinnéalrtisatBém and cyclohexane to
give 5 the tigippempaiend as a white solid (25.0 g, 71 %). 1H NMR (400 MHz, CD30D): 8 0.62 (s, 6 H),

092 (5,9 ), 51,0 =2 He L H. 01090 s b1 AT BN Lidl Al oA0d. ) =0

1 6
4.6 H; 1 H). Referé‘ncetgrxamp elﬁgj%)(_)m iIrm-2,4-dione A mixture of methyl

3-amino-2-thipherideninokylaceris st 16254 snanserjuah iaseiaxorehydridedel f g itd) was heated
at 190 C fogZnhauisrldiehal@astian, mistirewasthsarpauredinpiersapinedsydrgxidesolution (2N,
300 mL) ang any insoluble materialhrerﬂi)\ée bﬁl SE#Itratio% Th 6nni1>ﬁ#fjre yuas, }tlh n.alcggified to pH 6 by
the addition"CBRA PRI Rtk R HHG T HEHESOERTW ?trée§remp' Ate was collected by filtration
and air trietl(@ditg, HE8bInet sOMHe oE@IDNMSO Was deedIMebandbihesiolgens (1H, d, J 5.2), 6.90
(1H,d,J S'Qmoved in vacuo to give a residue which was purified using flash silica chromatography to

yield the title compound (217 mg) as a buff solid.

31 (400 MHz, CDCls) 0.37 (m, 4H); 1.51 (m, 1H); 2.59 (m, 8H); 3.63 (s, 2H}; 3.77 (m, 4H);

3.85 (m, 4H); 7.02 (s, 1H).

15

Reference Example 61
W O

N

N

N S~y
Mg

2-Chloro-6-(4-cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno{3,2-
d)pyrimidine

20 A mixture of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde (254
mg) and 1-cyclopropylpiperazine di-HC] (352 mg) was reacted under the reductive amination
conditions described for 2-chloro-6-(4-cyclopropyl-piperazin-1-yhnethyl)-4-morpholin-4-yl-
thieno[2,3-d]pyrimidine, to give the title compound (279 mg) as a white solid.
8 (400 MHz, CDCl3) 0.40 (m, 4H); 1.65 (m, 4H); 2.63 (m, 8H); 3.81 (s, 2H); 3.86 (m, 4H);

25 4,01 (m, 4H); 7.18 (s, 1H).



Reference Example 29 Cl Sw 20NA"CI 2,4-Dichloro-thieno[3,2-4pyrimidine  To a suspension of
1H-thieno[3,2-d]pyrimidine-2,4-dione (10.0 g, 59.52 nunol) in acetonitrile (50 inLq was added
phosphorous Sﬂgg ‘f%??a@?SOO mmol, 5 equivalents, 28 mL) and the mixtre FEAEY Ee T eflux for 24
hours in a flask fitted with a mechanical stirrer. The 25 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%%@@5@@%’ 12- d]pyrimidine as an off-white solid (9.15 g, 75%). 611 (400 MHz,

CDC13) 8.13 (IH, d, J 5.5), 7.56 (1H, d, 15.5). WO 2009/053715PCT/6B2008/003621 Reference
Example 30 C) [cktl 2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidine A mixture of
2,4-dichlorohgnd{3,2-d]pyrimidine (8.68 g, 42.34inmol), morpholine 5 (8.11 mL, 2.2 equivalents) and
methanol (159 i as stirred at room temperature for 1 hour. The reaction mixture was then filtered,
washed with water to yield the title compound as a white solid (11.04 g, 100%). OH (400 MHz, d-6
DMSO) 8.30KHihidndi5BY]pvitnidine-d,43d06}, 3.90 (4H, t, J 4.9), 3.74 (4H, t, J 4.9). 10 Reference

Example SJT()CQS[}{)I{&é‘solution of methyl-2-aminothiophene-3-carboxylate (10.0 g, 63.7 mmol) in
anhydrous dichloromethane (270 mL) cooled down to -78 °C was added dropwise
chlorosulfonyl isocyanate (7.6 mL, 87.2 mmol) over 25 minutes. The temperature was
warmed to room temperature and stirred for 40 minutes. The reaction mixture was evaporated

10 down. The resulting crude solid was treated with 6M hydrochloric acid (250 mL) and heated
at 100 °C for 35 minutes. The cooled reaction mixture was neutralised to pH 3 with solid
sodium carbonate. The precipitate was filtered, washed with water and dried to give 3-ureido-
thiophene-2-carboxylic acid methyl ester (13.5 g).

To a stirring suspension of 3-ureido-thiophene-2-carboxylic acid methyl ester (13.5 g,

15 67.5 mmol) in 2-propanol (100 mL) was added sodium hydroxide (5.5 g, 137.5 mmol) in
water (40 mL). The mixture was stirred at 80 °C for 3.5 hours. The cooled reaction mixture
was poured onto 2M sodium hydroxide solution (100 mL) and acidified to pH 3 with careful
addition of concentrated hydrochloric acid. The precipitate was filtered under vacuum,
washed with water and dried to give 1H-thieno{2,3-d]pyrimidine-2,4-dione (8.83 g).

20

Reference Example 63
®
Y
0 =
7N
o8 N’)\m
2-Chloro-4-morphelin-4-yl-thieno[2,3-d}pyrimidine-6-carbaldehyde

25 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




OTr CI 2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde To a solution of

2-chloro-4- morpholln -4-yl-thieno[3,2-d]pyrimidine (1.0 g, 3.91 15 nunol) in anhydrous THE (50 mL)
was added N, KRR r]é?methylethylenedlarnlne (0.68 mL, 4.53 mmol) §%Gﬁ¥goﬁé§ﬂ?ﬁhg mixture was
cooled to -78 C. n-Butyl lithium (2.5 M in hexanes, 1.9 mL, 4.75 mmol) was added dropwise and the
resulting suspension allowed fo warm to -30 C over 1 h. The reaction mixture was cooled to -78 C and
treated with DMF (0.7 mL, 9% nunol), then stirred at RI for 30 min. The reaction mixture was cooled
to 0 C 20 before an aquegl%mtion of HC1 (0.5 M) was added and the mixture stirred for another 30
min. The precipitate that d was collected by filtration, washed twice with water then dried in
vacuo at 70 C for 3 h. The title compound was obtained as a pale yellow solid (1.0 g, 90 %). NMR SH
(300 MHz, 131\17@@3’&@)73“?’7"’(151’“2?‘31')%59@3% 4 H), 8.29 (s, 1 H) and 10.21 (s, 1 H). 25 Reference

Example 32 WO 20Q9/0537L5P, @—WﬁBﬂﬁﬁﬁm&ﬁ%e-}carboxyhc acid tert-butyl ester

(2-Chloro-4; i 0l - - -th| meth nsion of
2-chloro-4- moa(r%;mlD J)f thiefio gs[g |m| ﬁg@ h)w E&(?e W, %O%lg%?f?rg}ﬂﬁg) in anhydrous
THF (108 niPmemdeiwis Wdﬁ’fﬂ)"mf&é&dﬁé&@%bW%%HWW%SW@%RT’!‘EZ $abl) and the
resulting m'ﬁféﬂ@oﬁllﬁiﬁﬂlﬁkBIyﬁ@fo%ﬁnﬁb@ﬂQaﬁg@SmlwﬁW mmtmadﬁﬁwn DCM and a

saturated acL]ueoug’dsfc(;u]#?1 af'teI}IaHC dfgd'{h& {nc Ia %gv\\//vg?? lated ddeéjﬁ SO4) and

concentrated in vacuo eresu an resiaue WaS ura Wa?er%o glve e compound as a

white solid (2ods®0R0K%) samtidBtTY0 NIige WRsIBShadoy g Me(H, thep phgedovith ,ZM—N,H4.81 (d,J=5.0
Hz, 2 H), 5.6k o zive -tny- Y adBalsgRof3: siddbhR o fer@Re b XamRIe- B3y dier. To a
10  solution of 7-methyl-2,7-diaza-spiro[ 3.5 nonane-2-carboxylic acid zert-butyl ester in DCM (5
mL) was added TFA (I mL) and the resulting mixture was stirred at RT for 1 h. The reaction
mixture was loaded onto an Isolute® SCX-2 cartridge, washed with MeOH then eluted with 2
M NHj3 in MeOH to give the title compound as a colourless oil (45 mg, 84 %).
'H NMR (400 MHz, CDCls): 8 1.81 (m, 4 H), 2.22 (5, 3 H), 2.28 (m, 2 H), 3.22 (bs, 4 H) and
15 3.38 (bs, 2 H).

Reference Example 65
H
dj
N
X

1-(2,7-Diaza-spirc{3.5]non-7-yl)-ethanone

20 To a solution of 2,7-diaza-spiro[3.5]nonane-2-carboxylic acid ters-butyl ester (70 mg,
0.30%9 mmwol) in DCM (3 mL) were added acety! 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 Jnonane-2-carboxylic acid

25 tert-butyl ester. To a solution of 7-acetyl-2,7-diaza-spiro[3.5nonane-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, washed with



6-Bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,24 1pyrimidine 15To a solution of
(2-chloro-4-mgorpholin-4-yl-thieno[3,2-cipyrimidin-6-y1)-methanol (1.46 in anhydrous
DCM (30 mL)‘%@ﬁ@W%Sr'gsadded triphenylphosphine (1.74 g, 6.64 mrno%%@%%gr@g#?grabromide
(2.03 g, 6.13 mmol). The resulting brown solution was stirred at RT for 5 h, before additional -quantities
of triphenylé%p gi'ge nd.car kr B were added (0.4 g and 0.34 g. respectively) and stirring
continued Eg)?% E‘f?‘% ;i'ﬁlobgr%é%&%ﬁn% ul(?r[eto ‘éeco%%%%?fa{?ﬁa% vag’tgtfg%hrfclef ﬁ)&lﬁ%nd EtOAC were
added. Theamgsiiitant white precipitate was collected by filtration and air dried to give the title

d | | : .4G6%. 48. E le 34
oo S IR, 519010 18A.4504 R0l e

12-(6-Fluord2HUndotis-a32=-36r BRaliFDA3A -3 érol3 ®uhiBmidin-6-y1J-methanol Prepared by using

general Suzuki coupling method A of Reference Example 2. The title compound was obtained as a

white solid g&djé g;c4%°/&)ﬁ§ [’EIQ/IR bw (300 MHz, DMSO-d6) 3.83 (m, 4 H), 4.00 (m, 4 H),4.85(d, J =

5.8 Hz, 2 H), 5 8 Hz,1H),7.31(dd, J=2,7,9.5Hz, 1 H), 7.39 (s, 1 H), 7.41-7.47 (m, 2 H),
7.90 (dd,J=2.7,11.5 and 11.30 (bs, 1 H). Reference Example 35 10 Toluene-4-sulfonic acid
2-16-fluoro-1-(toluene-4-sylfony1)-1H-indol-4-y11-4-morpholin-4- yl-thieno[3,2-Apyrinildin-6-ylmethyl
ester To a suspension of [24(6-fluoro-1H-indo1-4-3/1)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-yl]-methanol{(0.54 g, 1.41 mmol) in anhydrous THF (20 mL) and DMF (5 mL) 15 was
added sodium hydride (60 % suspension in mineral oil, 0.34 g, 8.5 mmol). The resulting mixture was
stirred at R¥-Forarg-thpxetatnsridisfobaadierghe peid smebuty 08t 5.66 nunol) was added and the

reaction mixture was: heates at 40x6-fajeRdmel Nearbsiilliogesolutivniasganisignexsbetween EtOAc and

a saturated aqueous solutio monium chloride. The organic la as iselated, dried (MgSO4)
and coAerftra eiiluilnm\’/g c‘:gﬁ%".m?%?éh?ésu gn Ted ueg %%o\fvoatgrﬁ%r%%{ixggg}%’ zﬁ'r%;rﬁgttlggraphy to give
the title corapd trivthaleraineH(itd Soild 30.60uy b The)restiReaw k300 Y BH@Ed)pES(doB H), 2.44 (s,

3 H), 3.89 (1.1 tibn 4oBibd B R ISR tiSn datthhird W (Bhuted Fithlatef 44 ek reiwitH), 7.63 (d, J = 3.7

e L, 780 LS e L, T 6~ B AR e L 3 FAED R 8 (0= 208

resultant residue was purified by colwmn chromatography to give 4-trimethylsilanyloxy-3,6-
15 dihydro-2H-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-2H-pyridine- 1 -carboxylic acid fert-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 (MgSO,) and concentrated in
20 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, CDCL): & 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), 445 (m, 1 H) and 4.83 (dt, J = 47.8, 7.8 Hz, 1 H).

25 Reference Example 67

(x)-{cis)-4-Azetidin-1-yl-3-fluoro-piperidine



WO 2009/053715PCT/GB2008/003621 Reference Example 36 N CI 0JO
8-(2:ChIoro-4-mor&holin-4-y|-thien013,24)pyrimidin-6-ylmethyl)-1,4-dioxa—8- zasg/iro 4.51decane 5To
a solution of 623 %?ﬁ%’ﬂ‘?yl-z-chIoro-4-morpho|in-4-y|-thieno[3,2-d]pyrﬁﬁ%lnBez 0 92}2.87 mmol) in
DMF (20 mL) were added 1,4-dioxa-8-aza-spiro[4.5]clecane (1 06 mL, 8.62 mmol) and cesium
carbonate (1.8 g, 5.75 nunol). The resulting mixtyre was stirred at RT for. 90.min. The reaction mixture
was diluted with WA8 eaﬁcé’%i%%&&*’%\ﬁﬁﬁ‘%g}&s 3t eo‘?b%ﬁ‘u%“&%%t‘r’g&g‘%‘vh r{éz?ﬁ%lazailaZSO@ and
concentratesiim[9&¢emaocgisieg Adltithe-dempoiped disdocaharditgeid edid-(0ud 2<ierd 2 lape[M+Hj+ 411.2
Reference @fﬁfﬁ@éﬁ)ﬁz a@i %Mﬁé 91 ﬁce of 2,7-diaza-spiro[3.5]nonane-2-carboxylic acid tert- _
1-(2-Chloro-4-morpholin-4-yl-thieno(3,2-dipyrimidin-6-ylmethyl)-piperidin-4-one To a solution of
8-(2-chloro 2l sFR dvArecende Nt ilcnpimmtrdres Shiied i £ lglesse il 0Bt 8 5]1decane (0.97
g, 2.36 mmed).in 1,4-dioxane (16 ml) was slowly added concentrated HO (24 rnL) and the resulting

solution was stirr .o?ﬁeR%H% E)zthEp/FlSﬁn i‘%QS 'Og%ﬁr%\ﬂet? &gﬁl&g\% Qc%%%vﬁggtmg% S adjusted to

12 by careful addition of an 20 aqueous solution of NaOH"(50 % w/v). EtOAc Was added, the layers

were separ8iggaiRThbrghcthessesionwitusias leatedonir Rito e e Crhe @Hrflihed organic layers

were dried (Ngi23Q4h theTHo@scenicatednn YasIn 19 MbeH ke ditericontp ebngoasdayellow solid (0.9 g,
100 070. [M % H1:36413205 me, 56%).
10 'HNMR (400 MHz, CDCL): § 1.40-1.57 (m, 2 H), 2.01-2.24 (m, 3 H), 2.48-2.72 (m, 2 H),

3.06-3.12 (m, 1 H), 3.18-3.34 (m, 5 H) and 4.48 (d, J = 50.0 Hz, 1 H).

Reference Example 68

OYO‘\(

15 (&)-4-Azetidin-1-yl-piperidine-1,3-dicarboxyiic acid 1-fert-butyl ester 3-methyl ester
To a solution of 4-oxo-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-methyl
ester {100 mg, 0.38% mmol) in DCE (11 mL) was added azetidine (33 mg, 0.578 mmol). The
mixture was stirred at RT 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
20 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 the titie compound as a colourless oil (102 mg, 88
%).
[M +H]" 299.2

25 Reference Example 69



Reference Example 38 <111
11-(2-Chloro-4-morpholin-4-yl-tbieoo[3,2-Apyrimidin-6-ylmetby1)-piperidin-4-ylicyclopropylmethyl-amin
e 5To a soluti®iPF*P %3 Ehloro-4-morpholin-4-yl-thieno[3,2-4pyrimidin-6-3fiH %ﬁ'f%’ %élrldln 4-one (0.2
g, 0.545 mmol) in 1,2-dichloroethane (3 mL) were added cyclopropanemethylamine (71 pi, 0.812
mmol) and sodium triacetoxyborohydride (0.15 g, 0.71 mmol). The resulting suspension was stirred at
RI for 17 h, then diluted water and DCM. The aqueous layer was separated and extracted with
DCM. The combined organic 184ayers were dried (Na2S0O4), then concentrated in vacuo to give the
title compound as an off-whit@ solid (0.10 g, 44%). [M] 422.3 Reference Example 39 0 00 y-N90 y
XONS...,,—"-N\U s....L, I

4-(2-Chloro cﬁﬁ)@ﬁ 2 e-é%l_fpl 3 %dé%y %%r%lfcXI%eg%gélégéa-&9-d|azasp|ro[5.5]undecane-9-c

arboxylic a
2-chloro-4- rﬁdfiﬂwhwsﬁdmb{ﬁ-ﬁiﬂ?pﬁim&ml@xmmmiddwe (100 mg, 0.352 mmol) in

dichloroethane (1Q@4nlshiyess Gdded:lnaxay ﬁ;gp@;m 29-sripkxnlundecapr-fsatrxylic acid
ert-putyl ester m mm and sodium triacetoxyporonyariae mmaol) an e
tert-butyl ester (110 , 0.376 ol) and t toxyborohydrid §113 Hc{;a(0533 [) and th

resulting®soiBH st o &#- %6?%“}?1)1*?1@’%'55‘1]’(?@%55( B s e f{d3d¥d onto an
Isolute(r) Sem&myldgemmmm&twe@wWBdmh & kddilitBmptiviedtin MeOid sulting

residue was Jben gy Y ORI VANRIRLIRRY R AL SRR CAS e sold (98
mo ) mnEture was cooled to RT, then loaded onto an Isolute® SCX-2 cartridge. The cariridge was

washed with MeOH then eluted with 2 M NH; in MeOH to give 4-azetidin-1-yi-3-carbamoyl-
10  piperidine-1-carboxylic acid rers-butyl ester. To a solution of 4-azetidin-1-yl-3-carbamoyl-
piperidine-1-carboxylic acid ters-butyl ester in DCM (40 mL) was added TFA (5 mL} and the
resulting mixture was stirred at RT for 1 h. The reaction mixture was loaded onto an Isolute®
SCX-2 cartridge, washed with MeOH then eluted with 2 M NH; in MeOH to give a 1:1
cis:trans mixture of the title compound as a colourless oil (280 mg, 69 %).
15 [M+H] 1843

Reference Example 70
H

£

HO

(£)-(cis)-(4- Azetidin-1-yi-piperidin-3-yl)-methanel and
20 {(&)-(trans)-(4-Azetidin-1-yl-piperidin-3-yl)-methanol '

To a solution of 4-azetidin-1-yl-piperidine-1,3-dicarboxylic acid 1-fert-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 mumol) 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

25 added to the reaction mixture before being loaded onto an Isclute® SCX-2 cartridge. The
cartridge was washed with MeOH then eluted with 2 M NH; in MeOH to give 4-azetidin-1-
yI-3-hydroxymethyl-piperidine-1-carbox ylic acid tert-butyl ester. To a solution of 4-azetidin-
1-yl-3-hydroxymethyl-piperidine-1-carboxylic acid tert-butyl ester in DCM (10 mL) was



WO 2009/053715PCT/GB2008/003621 Reference Example 40 0 iN NCI
942-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-1-oxa-4,9-diazas iro£5.5jundecane-4-c
arboxylic acid¥&t E(fW@éter 5Prepared according to the method used ﬁmc%gﬁﬁpés Artbn of
4-(2-chloro-4-morpholin-
4-yl-thieno[3,2-cOpyrimidin-6-ylmethy!| _-1-o>_<a-4,9-diaz_a—spitrj%a[\lf§c.5]undepan -9-carboxylic acid tert-butyl
ester using aﬂ%ﬂiﬁ%ﬁf&%% i sesjiimgaeixhuc s izsa A fﬂrté‘?t‘i‘ﬂﬂtﬁ@?éﬂﬂnplace of
4-ethoxy-4-frigthnl i amathyb pp BN e SCXD @xttid gcidatbes vity N e . tHdne itk edtnPound was
obtained a ite splid (110 mg,. §0%). to [M + Hf . , Cl
7-(2-ChIorﬁ%r%r%%%g?/I%‘B?e%lo%c,gigfgf/ﬁlﬁgﬁ-ﬁy%mﬁeti{gﬁ - ,7-§i§§él%8§3fér%[%h|5q%%\:1an-I-one To
a solution omg-8%36R, 7-diaza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester (150 mg, 0.624 mmol)
in DCM ¢6 migvgs gdded TFA (3 mL) and the resulting solution stirred at RT for 1 h. The crude
reaction mixture was loaded onto a Isolutee SCX-2 cartridge, washed with MeOH then eluted with 2 M
NH3 in MeOH to provide 2,7-diaza- 20 spiro[3.5]nonan-1-one as a colourless oil. To a suspension of
2,7-diaza-spietsdnstdanampledhe (0.624 mmol) in dichloroethane (13 mL) were added
2-chloro-4-morpholin-4-yl-thieno[3,2- cipyrimidine-6-carbaldehyde (130 mg, 0.458 mmol) and sodium
triacetoxyborohydride (146 mg, 0.689gnmol) and the resulting suspension stirred at RT for 18 h. The
reaction was quenched with water and loaded onto an Isolute(r) SCX-2 cartridge, washed with MeOH
then 25 eluted with 2 M NH3 in MeOHY The resulting residue was then purified by column
chromatography to give the titlg_c@f%/%d as a white solid (93 mg, 50 %)

N~ ¢

o

/

10 2-Chloro-6-(7-methyl-2,7-diaza-spiro[3.5]non-2-yimethyl)-4-morpholin-4-yl-thieno{3,2-

dipyrimidine
"To a solution of 2-chloro-4-morpholin-4-yi-thieno{3,2-dipyrimidine-6-carbaldehyde

(72 mg, 0.254 mmol) in DCE (7 mL) was added 7-methyi-2,7-diaza-spiro[3.5Inonane (45 mg,
0.321 mmol). The mixture was stirred at RT for 10 min, then sodium triacetoxyborchydride

15 (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 NH; 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 %).

20 [M+H] 408.2

Reference Example 72
(Oj
N

S i‘\N
N N N’J\cx



WO 2009/053715PCT/G82008/003621 [M + Hf 408.2 Reference Example 42 cr31 5
6-(4-Azetidin-l-yl-piperidin-I-ylmethyl)-2-chloro-4-morpholin-4-yl-thieno[3,2- 4pyrimidine Method A:
Prepared accgglﬁiﬁ‘tg%si’ﬂg method used in the preparation of [1-(2-ch|or89ff%?ﬁﬂ%‘lfﬁgl
4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)-piperidin-4-A-cyclopropylmethyl-amine using 10 azetidine
hydrochloride in place of cyclopropanemethylamine. The title compound was obtained as an orange
solid (102 gf257-Syoper-mprRbrliv-ekthign P A anrysimidintadmithy oihid B ihod used in the
preparationspirbiisphornylidinanahelin-
4-y|-thieno[3,2-dipiyrrimigénb%b\fg%etpoy&élrh%ﬁ%}flu?éﬁli@ﬁgé %%Eﬁ%}f‘?gf%&%%"%: -P?éﬁwll-ifﬁdd tert-butyl
yf— |per|§ ﬁ - methylaminomethyl-piperi

ester using 4—azet|_df|"ﬁ?i- ine in place of 4-ethox aminomel dine-1
-carboxylic SE-spitabtibypersteyimefbyitit-serpbimt Xviieapibidp gEndinstsingteColid (219 mg, 48 %).
20 [M + Kit 422 2nsfespnsermemleAsin pME 2ORHABA M PRlA/pRIR0AMAAE The title
[1-(2-Chloro-4-morpbolin-4-yl-t |eno£1,2-lfrf]% I’IOI’H‘I:F 517% Irple% [)-piperidin-4-ylicyclopropyl-amine

Prepared aCo t‘?')afhoé’t eth8utSet 13 preparation of [1-(2-chloro-4-morpholin-
M +HJ 436.5

Reference Example 73

10

) O

N 'Y
N N/)\CI N N”]\m
N )NH N p—NH,
g T d
Cis (#/-} Trans (+-}

(£)-(cis)-4-Azetidin-1-yl-1-(2-chloro-4-morpholin-4-yl-thienof3,2-d] pyrimidin-6-
ylmethyl)-piperidine-3-carboxylic acid amide and
()-{(trans)-4-azetidin-1-yl-1-(2-chloro-4-morpholin-4-yl-thieno{3,2-d]pyrimidin-6-

15 yimethyl)-piperidine-3-carboxylic acid amide

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-spirof 3.5 Jnonane. The
title compounds were separated by column chromatography. '

20 (F)-(cis)-4-Azetidin-1-yi-1-(2-chloro-4-morpholin-4-yl-thienof 3,2-djpyrimidin-6-ylmethyl)-
piperidine-3-carboxylic acid amide: tan solid (62 mg, 10 %).
'H NMR. (400 MHz, CDCl:): 8 1.51-1.73 (m, 2 H), 2.00-2.12 (m, 3 H), 2.15(dd, I =11.4, 3.1
Hz, 1 H), 2.22-2.30 (m, 1 H), 2.47 (m, 1 H), 2.93 (bd, J = 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), 546-5.51 (m, 1 H), 7.13

25 (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 %).



4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-piperidin-4-ylkcyclopropylmethyl-amine using 5
cyclopropylamine in place of cyclopropanemethylamine. The title compound was obtained as a pale
yellow solid (3833827304, [M Hr 408.2 Reference Example 44 10 ~ PCT/GB2008/003621
2-Chloro-6-[(S)-1-(hexahydro-pyrrolo[1,2-alpyrazin-2-yOmethyll-4-morpholin-4-ylthieno[3,2-dipyrimidin
e To a solution of 6-bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,24]pyrimidine (150 mg, 0.43
mmol) in DREFENMIR4POEIEzaGBE ) S) 1ot Hifctm-bYrdI B 1283 sy hxihd &812108 (g 280642 nunol) and
potassium Gafponaie{ il Mo QAT HNMOR. ARedesuing Mmihiieny aasliued auRg s 17 h, then

concentrated in vacuo The resulting residue was riturated with water toglve the title compound as an

off-white sdilé (18b $id-77 795 ﬁ\ﬁh%ﬁ%ﬁ Refefeitd Blatiifiéusg §lc3)93-3.99 (m, 4 ),

242-Chlorosenerphn|in4-y; thisnalB72-s fipydmidin-6-ylmethyl)-2,7-diazaspirop.51nonane-7-carboxylic

acid tertsbutyl ester Prepared according to the method used in the preparation of 2-chloro-6-[(S)-1-

(hexahydro pyrrolo[l 2- cdpyrazm -2-yl)methyl]-4-morpholin-4-yl-thieno[3,2-d]pyrimidine 5 using
BRSTSReABEIER /4carboxylic acid tert-butyl ester hydrochloride in place of

(S) octahydro pyrrolo[l 2-a]pyrazineeIhe title compound was obtained as a tan solid (209 mg, 84%).

6-((cis)-4-Azetidin-1-yl-3-fluore-piperidin-1-yimethyl)-2-chlero-4-morpholin-4-yi-

thieno[3,2-djpyrimidine

10 Prepéred 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 (cis)-4-
azetidin-1-yl-3-fluoro-piperidine in place of 7-methyl-2,7-diaza-spiro[3.5nonane. The titie
compound was obtained as a tan solid (284 mg, 57 %).
[M+H] 426.5

15

Reference Example 75
® ®
N ' N
S -~ N o N
| |
\ NA\CI Q N N//kC!

N N 7
D HO D HO/

Cis (+/-) Frans (-}
(£)-[(cis)-4-Azetidin-1-yl-1-(2-chloro-4-morpholin-4-yl-thieno{3,2-d]pyrimidin-6-
yimethyl)-piperidin-3-yl]-methanol and |

20 {&)-[(trans)-4-azetidin-1-yl-1-(2-chlore-4-morpholin-4-yl-thieno|3,2-d] pyrinidin-6-
yvimethyD-piperidin-3-yi}-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-



To a solution of 6-bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine 15 (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, 0.75%%‘1‘?%5%‘8 potassium carbonate (136 mg, 0.984 mmoI).P‘FW Pe"g?ﬁfffﬁﬁzi%ixture was
stirred at RT for 2 h, then diluted with water and EtOAc. The organic layer was isolated, then washed
with brine, dried (MgS0O4) and concentrated in vacuo. The resulting residue was purified by column
chromatogr]a"ﬁh?i’sr@\‘?éﬁt%‘hﬂ?‘c’&ﬂ‘ﬁ&%?ﬁé&egﬁlﬁfzmé'%ﬁ%( %@W d664"tm + Hr 480.3
Reference Eotapoptasivery\éep 28 b3 Tl o iaBRPRBin 03621
3-(2-Chlorg e Rhli gl R AL RRIIICo Sy o shagabiouslald g ioctane-8-carbox

ylic acid te yl ester Method ‘A: 5Prepared according to the m sed in the preparation of
5-(2-chloroMPaiiptioidrmethanol: tan solid (83 mg, 19 %).

4-yl-thieno[&2<¢pyinidinegzy ety shexaiydrenpy R olel3i14sg ] pyrole s haapxyliz acid tert-butyl ester
using 3,8-diaza-bicyclo[3.2.1]octane-8-carhoxylic acid, tert-ufyl ester in plac
hexahydro-g’gl’rlloﬁgé;ﬁ‘-‘&my}r%? 22?%5%{3%}&05 ?d@-%‘ﬁﬁﬁgeﬁféll.i1sheéztiﬁ%%’o§m%g’u3n7d(%e{is obtained as
a tan solid E03.58¢3. 7400) 350),[M85 (417 48083 etFoB B8 Brepdied 4E0oidinlg-tothd Mkthdd used in the
preparatiomgfld(s(%-ﬁ?.loro-&morpholin-

4-y1-thienoi3,2-d’lp rimidin-6-ylmethyl)-1-oxa-4,9-diaza-s i‘ro[5.ngdecane-Q-carbox lic 15 acid
tert-butyl e fé"l"ﬁ?rgg&é?@%kﬁiﬂi&ﬁg&‘%ﬁmgﬁé’é‘r%ﬁw& BB GRARE H place of
4-ethoxy-4phietiyitasinometaydipipesdia 641 mgrbokylic acid tert-butyl ester. The title compound was

obtained as 2 graM, SPRHZ4HG: 39 Al 1111 4803 PRREIIESQ S AP 43 4y 40 0

(m, 1 H), 2.34 (m, 1 H), 2.79 (d, T = 11.5 Hz, 1 H), 2.86 (m, 1 H), 3.18-3.37 (m, 4 H), 3.59-
3.74 (m, 2 H), 3.77 (m, 2 H), 3.85 (t, ] = 4.8 Hz, 4 H), 3.98 (m, 4 H) and 7.11 (s, 1 H).

15 Reference Example 76

0
®
SN
N = N/)\CI
HN
2-Chlore-6-(2,7-diaza-spiro[3.5]non-2-yimethyl}-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-

20 spiro[3.5]nonane-7-carboxylic acid fert-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-yi-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-spirof3.5Inonane. 2-(2-chloro-4-morpholin-4-
yl-thieno[3,2-d]pyrimidin-6-yimethyl)-2,7-diaza-spiro{3.5 Jnonane-7-carboxylic acid fert-

25 butyl ester was subsequently BOC-deprotected to give the title compound as a pale yellow oil
(287 mg, 58 %).

[M + H] 3943



8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dIpyrimidin-6-ylmethyl)-2,8-diazaspiro[4.5idecaue-2-carboxylic
acid tert-butyl ester Prepared according to the method used in the preparation of
5-(2-chloro-4-WErREIL PCT/GB2008/003621
4-yl-thieno[3,2-dipyrimidin-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 WO

REHERIEBEN03621 hydrochloride in place of

2009/05371
hexahydro-pyrrolo[3,4-c]pyrrole-2-car lic acid tert-butyl ester. The title compound was obtained as
a tan solid (104 mg, 71 %). [M +508.3 eference Example 49
7-(2-Chloro-4-morpbolin-4-yl-thieno[3,2 \4’EJyrimidin-6-yImethyl)-2,7-diazaspir014.41nonaue-2-carboxyli
c acid tert-butyl ester Prepared aeeQﬁ;gj\tg‘ the method used in the preparation of

5-(2-chloro-4-morpholin- 10 N
4-y|-thieno[3,2-cipyrimidin-@ﬁethyl)-hexahydro-pyrrolo[3,4-c]pyrrole-z-carboxylic acid tert-butyl ester
using 2,7-diaza-spiro[4. adh ne-2-carboxylic acid tert-butyl ester hydrochloride in place of
hexahydro-pyrrolo[3,4-c]py\'role-z-carboxylic acid tert-butyl ester. The title compound was obtained as
a pale y?l|owgﬂl@@mﬂﬁlaﬁ’éﬂe{M@gilr,%amgkﬁiﬁggqagﬁe@mu%b | -ﬁ%orpholinl-fi-yl- f
5-Benzyl-oc o:zpyrrolo[3,2-cipyridine-1-carboxylic acid tert-butyl ester To a solution o
2,3-dihydroj%ggrlgfgﬁéggfﬁ'ﬁ['n%ﬁee-1-carboxy|ic acid tert-butyl ester 20 (1.0 g, 4.2 mmol) in acetonitrile
(20 mL) fvas addebolseniyidsrefAideand-Be dibeerreimthfdacatZatustg-2-BerpiErEattion mixture

was conceriiaiefln YsR: AR e dgsultaihilach alas SRl eshitaDR3 mL). To this solution
was slowly added sodium borohydride (1.2 g, 32.0 mmol) gver 10 min, then the mjx was heated at
oo for 3 5 AKHBIEG A o o0 TRk R FEEA T EoH EER B Ui fore EtOAC and
an aqueousnsatly atedhyA2D0MAB I P TE/ GBA0ES10086Mas stuted atdt Bfani8ivherchloride were

added. TheJﬁ&@&WN{%@ﬁﬁiﬁ%@gm f&}fe}%&%‘i{%ﬁl&!@a@%mg dnglated, dried (Na2SO4)

and concentrated in vacuo to give the title'compound as a cream solid (0.78 g, 59 %).
10 concentrated in vacuo. The resultant residue was purified by column chromatography to give

the title compound as a yellow oil (55 mg, 65 %).
[M+H]" 472.3

Reference Example 78
15

2-(2-Chlero-4-morpholin-4-yl-thieno|[3,2-dlpyrimidin-6-yimethyl})-2,7-diaza-
spire[3.5|nonane-7-carboxylic acid dimethylamide
Prepared according to the method used in the preparation of 2-chloro-6-(7-
20 methanesulfonyl-2,7-diaza-spirof3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-
dlpyrimidine using dimethylcarbamoyl chloride in place of methanesulfonyl chloride. The
title compound was obtained as a yellow oil (39 mg, 42 %).



[M + Hr 317.2 5 Reference Example 51 HNaN) )ro Octahydro-pyrrolo[3,2-clpyridine-1-carboxylic acid
tert-butyl ester To a solution of (5-benzyl-octahydro-pyrrolo[3,2-c]pyridine-l—carboxxlic acid tert- 10
butyl ester (7?‘?0&8{95.53%1?nmol) in IMS (20 mL) was added palladium h%%{)’%ﬁfg’%’ﬁ EHibon (5 %, 50
mg) and the mixture stirred under a hydrogen atmosphere at RI for 10 h. The reaction mixture was
filtered throygh eké% gnd the filtrate concentrated in vacuo to give the title compound as a straw
coloured oll md; 99 %). [M + HI- 227.3 15 Reference Example 52
5-(2-Cbloro-4-morpholin-4-yl-tbieno[3,2-d]pyrimidin-6-ylmetby1)-octahydropyrrolo[3,2-cipyridine-1-carb
oxylic acid tggthutyvl esiernrOBrepared according to the method used in the preparation of
8-(2-chloro-4-morpholin- 4-yhthieno[3,26d]pyrimidin-6-y|methyl)-l,4-dioxa—8-aza-spiro[4.5]decane
using octahydropyrrolo[3,2-c]pyridine-gé—c rboxylic acid tert-butyl ester in place of
1,4-dioxa-8-azaspiro[4.5]decane. The 'ge compound was obtained as white solid (153 mg, 90 %). [M

+ Hf 494.1 WO 2009/053715PCT/ /003621 Reference Example 53
5-12-(6-Fluoro-1H-indo1-4-y1)-4¢/m .@ﬂﬁcﬁ-yl-thienoP,Z-dlpyrimidin-6-ylmethy11- 5
octahydro-pyrrolo[3,2-c]pyri@i§l-carborylic acid tert-butyl ester

0§(N
O
s

5  2<(2-Chloro-4-morpholin-4-yl-thieno[3,2-d| pyrimidin-6-yimethyl)-2,7-diaza-
spiro[3.5]nenane-7-carboxylic acid methyl ester
Prepared according to the method used in the preparation of 2-chloro-6-(7-
methanesulfonyl-2,7-diaza-spiro[3.5non-2-ylmethyl)-4-morpholin-4-yl-thieno[ 3,2-
dlpyrimidine using methyl chloroformate in place of methanesulfonyl chloride. The title
10 compound was obtained as a colourless oil (20 mg, 28 %).
M+ H]" 452.4

Reference Example 80

®

S l =N
A A
N N” Gl
-
o =0
N

15 (R)-8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yimethyl}-hexahydro-
pyrazinofi,2-a]lpyrazine-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-
pyrazinof1,2-a]pyrazine-1,4-dione in place of 3,3-dimethyl-piperazin-2-one. The title
20 compound was obtained as a cream solid (23 mg, 29 %).
[M+HI" 437.2



Prepared by using general Suzuki coupling method A of Reference Example 2 above. The title
compound was obtained as a yellow oil (105 mg, 51 %). NMR 6H (400 I})/I 1z %Do%l% 1.46 (s, 9 H),
1.71-1.85 (m, B9 VEEY 19 (m, 3 H), 2.21-2.31 (M, 2 H), 2.40-2.50 (M’ LI 29152 (m, 2 H),
3.32-3.41 (m, 1 H), 3.45-3.58 (m, 1 H), 3.80 10 (d, J =9.80 Hz, 2 H), 3.92 (t, J = 4.7 Hz, 4 H), 4.08 (t, J
=4.7 Hz, 4 H), 7.13-7.18 (m, 1 H), 7.29 (m, 1 H), 7.34 (s, 1 H), 7.52 (m, 1 H), 7.96 (dd, J = 11.2, 2,3
Hz, 1 H)a = - —Reference Example 54 15
(3a5,7aR)-5-12-(6-Fluoro-1H-inde?~4-y1)-4-morpbolin-4-yl-thieno[3,2-dIpyrimidin-6-
ylmethyll-octahydro-pyrrolo[3,2-clgyridine-1-carboxylic acid tert-butyl ester and
(3aR,7aS)-5-12,-(6-Fluoro-1H-ydal-4-y1)-4-morpholin-4-yl-thieno[3,2-dIpyrimidin-6-
ylmethylFoctahydro-pyrrolg{sﬁiﬁ?mdine-l-carboxylic acid tert-butyl ester 20After Suzuki coupling,
the two enantiomers weqrg_%gparat d Bﬂ/ chiral HPLC using a Chiralpala IA column (250 x 20 mm i d
column with 5 p.m parti ze, UV detection at 254 rim, flow 9 mUrnin), eluting with 100% EtOH
containing 0.1 % diethyl&mine. 100 mg WO 2009/053715PCT/G132008/003621 dissolved in 4 at of
eluting solveiz-{jectichmatphedint3q0-tRikk o SetdlpytimdiOd §-guethiyb-Gtiecadifipliames as two distinct
enantiomerg@glg?sg}?@ggg%rs have analytical data identical to those obtained for the racernic mixture
5 Reference Example 55 ) ) ) .
2-Chlord:6-1(R)- 1R{FRARA VAT & 91182 moharyied it e pIspaeinniof Ao eit-BmbedRo 3, 2-d]pyrimi
dine Preparggiaiens{iigipinitiethothuset)-sptkienptepaiptanob D@ whip Goetarfidrdhaalin- 10
4-yl-thieno[3,2-09nyrimidin-6-yimethyp-hexahydro-pyr A-clpyrrele-2-car ic. acid tert-butyl
coer tamg T S e AR RO e TR conhan e
c]pyrrole-2-ebtansdaicaadiasplid (d§res et “Dhe title compound was obtained as white solid (90 mg, 61
%). [M + H]" 396.3

10

Reference Example 82

N
=
4-(3,3-Difluoroazetidin-1-ylj-piperidine
To a solution of 4~oxo-piperidiné-1—carboxylic acid tert-buiyl ester (1.0 g, 5.0 mmol)

15 in DCE (50 mL) was added 3,3-difluoroazetidine hydrochloride (712 mg, 5.5 mmol). The
mixture was stired 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-

20 difluoroazetidin-1-yl)-piperidine-1-carboxylic acid rert-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 mixfure was loaded onto an Isolute® SCX-
2 cartridge. The cartridge was washed with MeOH then eluted with 2 M NH; in MeOH to

25 give the title compound as a pale yellow solid (271 mg, 77 %).



[M + H]' 394.0 15 Reference Example 56 4-Azetidin-1-yl-piperidine To a solution of
4-oxo-piperidine-l—carboxsylic acid tert-butyl ester (1.75 g, 8.88 20 mmol}%ﬁi-[;t dichloroethane (80 mL)
was added az‘gﬂtﬁ?{’g‘{ﬁ’% g, 10.53 mmol) and the mixture was stirred at o4 R s odium
triacetoxyborohydride (3.9 g, 18.44 nunol) 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 Iayeﬁmﬁﬂ%%’@ﬁﬁlé?:\ﬁ/i%ﬂ@bm G R E8HbifedPagiBotid iy @t i concentrated in
vacuo. Thezgsulient\birs, 250sedissolig 1vas sispended 3mbCM andi atpaturated aqueous solution of
NaHCO3 was added. WO 20091053715PCT/GB2008/003621 The layers were thoroughly mixed, the
organic layer isolated and the aqueous layer further extracted with DCM. The combined organic layers

pigrehch Enamnpidadd (Na2S04) and concentrated in vacua to give 4-azeticlin- 1-yl-piperidine-
1-carboxylic acid tert-butyl esger as a white solid (2.0 g, 95 %). BOC-deprotection of
4-azetidin-1-yl-piperidine-1¢casboxylic 5 acid tert-butyl ester (400 mg, 1.67 nunol) using TFA:DCM
(1:4) gave the title compo as a yellow oil (185 mg, 79%) NMR. an (400 Ml-Iz, CDC13) 1.04-1.16
(m,2H),1.68 (d, J=12.8 Hz, 2 H), 1.98-2.08 (m, 3 H), 2.55 (td, J = 12.1, 2.6 Hz, 2 H), 3.06 (dt, J =
12.8, 3.6 Hz, 2 H) and 3¢15 (t, J = 6.9 Hz, 4 H). 10 Reference Example 57 OH FIN If VF

1-(3,8-Diazg-QipfaliplaAddAt 31y pigedidiifluoro-ethanone trilluoroacetic acid salt To a solution of
3,8-diaza-bicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester (21 1.0 mmal) in DCM (4 mL)
were added trieth[ﬁ&?ﬁﬁ‘%%'ﬁﬁ,tﬁ%emﬁ%f% fﬁfﬂfd?%ﬁé@ﬂeg’aﬁ%?]é%ggq&g@ﬁ?%@rhmol) at0C
and the mixglyrgisiitded aditkG- o ireidiee padticmnfitidtdifuwvasrtdreitydradlmmdadle and the
resultant regjdue w. ifie Qo0

Biol c%mé%%:%twty : 3% %B&%@Lﬁ@%ﬂﬁ&%&%‘?@f@@ ‘S

3-(2,2,2-trifluoro-a aza-bicyclo[3.2.11octane-8- carboxylic acid tert-but%/I ester as a

colourldgs offl R GORNGH.TBAR R L ddlLidfdradetd1)- o ol 6id2 4-Hidy&eldD:. HHttdie-8-carboxylic

acid tert-bupyl qatgr I RO (4, i), was addeeh TEA, @ sk )@ e theisavsonsstimes )y, Rofor 1 h. The
reaction miﬁlIJnrejv“_\—/%? ggﬂc?%ated in vacuo to give the title compound as a colourless oil (212 mg, 66

%).

Reference Example 84
®
N
N N NJ\CI

N
A
15 F
2-Chloro-6-[4-(3,3-difluoroazetidin-1-yl)-piperidin-1-ylmethyl]-4-morpholin-4-yl-
thieno{3,2-djpyrimidine
Prepared according to the method used in the preparation of 2-chloro-6-(7-methyl-2,7-
diaza-spiro[3.5]non-2-yimethyl)-4-morpholin-4-yl-thieno|[ 3,2-d]pyrimidine using 4-(3,3-
20 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




NMR ati (400 MHz, CDC13) 1.92-2.04 (m, 2 H), 2.27 (m, 2 H), 3.40 (d, J = 14.6 Hz, 1 H), 3.83(d, | =
14.6 Hz, 1 H), 3.93&1, J =14.6 Hz, 1 H), 4.22 (m, 2 H), 4.47 (d, J = 14.6 Hz, 1 25 H). 8.68 (bs, 1 H)
and 8.90 (bs, T EH"BE¥E Ence Example 58 WO 2(109/053715PCT/6B 20621
1-18-(2-Chloro-4-morpbolin-4-yl-thieno13,2-d]pyrimidin-6-ylmethyl)-3,8-diazabicyclo[3.2.110ct-3-y11-2,
2,2-trifluoro-ethanone To a solution, of 1-(3,8-diaza-bicyclo[3.2.1]oct-3-y1)-2,2,2-trifluoro-ethanone 5
trifluoroacetic acid salt (106 mg, .33 mmol) in THY (5 mL) were added triethylatnine (161 gL, 1.16
nunol) and 6-bromomethy1-2-chlorg-4-morpholin-4-yl-thieno[3,2-djpyrimidine (100 mg, 0.29 mmol).
The reaction mixture was stirr [T for 17 h, then concentrated in vacua. The resultant residue was
purified by column chro gr Wtbcgive the title compound as a white solid (98 mg, 71 %). 10 NMR
6 (400 MHz, CDC13) 1.67-2.73 (m, 211), 1.98-2.06 (m, 2 H), 3.11 (d, .1 =12.6 Hz, 1 11), 3.28 (bs, 1
H), 3.34 (bs, 1 H), 3.48 (8,0 3 12.6 Hz, 1 H), 3.65 (d, J = 12.6 Hz, 1 H), 3.79 (s, 2 H), 3.80-3.85 (m, 4
1-1), 3.95-4.00 (m, 4 H), 4.16 (d, J = 12.8 Hz, 1 H) and 7.13 (s, 1 H). Reference Example 59 15
loro-4-mor@etieresd-thds{8i2niroiAifiddimlodmetbibyhma phelimdritdiieetfetane-1-carboxylic acid

tert-butyl e rimidifgpPared according to the method used in the preparation of :
[1-(2-chloro-4-morpholin4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-piperidin-4-y11-cyclopropylmethyl-amin
c using 1.5, 20 TR OIE L e PR BNE JEE R P T e S 2
cyclopropademethiytéhiienRhgtitihytAmpomhdlineasybiitanmédl 2ad] pyvihitnsolith £X8% diaga-45 %). NMR
SLL(400 Ml CRGRELL 85T RaE bk 0 e DR R BRTIZ e 2,18 (. 21)

2.68 (m, 1 (m, 3H),’3.42 (m, 211) 3.77 (s, 2 H), 3.84 (s, 4 H), 3.98 (m, 4 H) and 7.11 (s, 1 H).
25 WO 20697237 BBropares o8/ shse iR hample 60 .so

M + H]" 408.5

10 Reference Example 86

o}
)
S~
N | N')“cs
&
oo
{R)-7-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dlpyrimidin-6-yimethyl)-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[3.5non-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-methyi-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




(JQN/---NSNCI 2-Chloro-6-(4-cyclopropyl-piperazin-hylmethyl)-4-morpholin-4-yl-thieno12,3- 5 di
pyrimidine A mixture of 2-chloro-4-morpholin-4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde (254 mg),
1-cyclopropyl- BP&AREi-HC L (264 mg), sodium triacetoxyborohydridB B TE WG St
trimethylorthoformate (968 pl), was stirred in anhydrous 1,2-dichloroethane (25 mL) for 12 hours at
room temperature, then diluted with dichloromethane (50 mL), and washed with 50 10 % sodium
bicarbonate solution. The organio@se was dried (MgSO4) and the solvents removed in vacuo to
give a residue which was purified ugfng flash silica chromatography to yield the title compound (217
mg) as a buff solid. 8H (400 Mk CI3) 0.37 (m, 4H); 1.51 (m, 111); 2.59 (m, 8H); 3.63 (s, 211);
3.77 (m, 411); 3.85 (m, qu;i)w . ~411). 15 Reference Example 61 ‘
2-Chloro-6-(4-cyclopropw-piperazin-l-ylmethyl)-4-morpholin-4-yl-thieno[3,2- ripyrimidine 20A mixture of
2-chIoro-4-morpho|in-4-yE‘ﬂ’§L2no[3,2-d]pyrimidine-6-carbaldehyde (254 mg) and
1-cyclopropylpiperazine di*HC1 (352 mg) was reacted under the reductive amination conditions
describehd f@t(&dhkafe:ﬁﬁﬂsmn@mwtm&ﬁ[@,ziﬂilllgyiMhy?ﬂmmgppr%tmmg&3-d]p)yrimidir(we,
to give the mpo 279 mq) as a white solid.  8ry (400 MHz, CDCI3) 0.40 (m, 411); 1.65 (m,
411); 2.63 (E?g‘f‘b‘%’ﬂ%‘f‘%}% 186 (M, 411); 25 4.01 (m, 4H); 7.18 (s, IH). Reference Example 62
5 111-Thieno[2,3-Bipnated ietiersding (dithaentedl seefi igtlobieksmesn of 4-(2-chloro-4-morpholin-
methyl-2sargigptigRENS SraaiRMYIaHa b P05 - B3 &rpipell iy anhysl aus digkliogomethane (270 mL)
cooled down to -78 C was added dropwise,chlorosulf(éfg%ia@rclg/Fﬁ\(y ate (7.6 i?t, 87 %hmtn&ol) over 25
minutes. ThiSTEMBEr Hrart e RIAr R 3780 M REATR it RIREFIB- AT TinGtes” The reaction
mixture wasevaporhted dfaftedas Twbiresultfylmges46td was treated with 6M hydrochloric acid (250
mL) and hegied at41Q € for 35 minutes. The cooled reaction mixture was neutralised to pH 3 with
solid sodium carbonate. The precipitate was filtered, washed with water and dried to give
3-ureidothiophene-2-carboxylic acid methyl ester (13.5 g). To a stirring suspension of
3-ureidadhigehearcBeanixgic acid methyl ester (13.5 g,

®

Y
(’N N N/J\Ci
N‘\g
3. N

2-Chloro-6-(5,6-dihydro-8H-imidazo{1,2-e]pyrazin-7-ylmethyl)-4-morphotin-4-yl-
thieno[3,2-d]pyrimidine

15 Prepared according to the method used in the preparation of 4-(2-chioro-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+HJ] 391.3

20

Reference Example 89




15 67.5 nunol) in 2-propanol (100 mL) was added sodium hydroxide (5.5 g, 137.5 mmol) in water (40
mL). The mixture was stirred at 80 C for 3.5 hours. The cooled reaction mixture was poured onto 2M
sodium hydroXi§e4817ia1 (100 mL) and acidified to pH 3 with careful ad&tiGH 3G REEntrated
hydrochloric acid. The precipitate was filtered under vacuum, washed with water and dried to give
1H-thieno[2,3-4pyrimidine-2,4-dione (8.83 g). 20 Reference Example 63 c:)
2-ChIoro-4-morpho|itt-4-y|-thieno[2,:g: yrimidine-6-carbaldehyde 25 Prepared from
1H-thieno[2,3-4]pyrimidine-2,4-dion ing the same procedures as described for
1H-thieno[3,2-4pyrimidine-2,4-diopeRgference Example 64 7-Methy1-2,7-diaza-spiro[3.51nonane
To a solution of 2,7-diaza-spirg[3. a’agle-Z-carboxylic acid tert-butyl ester hydrochloride (100 mg,
0.381 mmol) in DCE (10 m§ivyas added an aqueous solution of 5 formaldehyde (37% w/w, 40 gL,
0.537 mmol). The mixture yyas stirred at RT for 10-mm, then sodium triacetoxyborohydride (121 mg,
0.571 mmol) was added stirring was continued for 1 h. Water was added to the reaction mixture
before being loaded ontd an Isolute(r) SCX-2 cartridge. The cartridge was washed with MeOH then
eluted with 2.¢hNF36pMe - Péadtai sl igeritlin yniiald-al aphsig-g31boxylic acid tert-butyl
ester. To a 1Q solutjon of 7-methyl-2,7-diaza-spiro[3.5]Monane-2-carboxylic acid tert-butyl ester in
DCM (5 mLﬁ‘W&géﬁa‘ﬂayﬂi‘R"('f%L) and the resulting mixture was stirred at RT for 1 h. The reaction
mixture was loadettepatedancisdinga¢rihS@ythodomaditybs wantratiowth2vbor-thehretthdRvith 2 M NH3 in

MeOH tosgivg thefitle £orhpRs CRIQLIRS BN (AR B4-2yrimidMRiAE A0 MilgrlDC13): 5
1.81 (m,54 ﬁ%a%%pg% H), é@'ggr%%ﬁ% :g%%zz (bs,{fH) an[d 15 .3311%3 2 Il-% Fc{)(eference Example 65

, . . . . ( ).
1-(2,7-Diaz&?§Bﬂ18[é§],r)RWPeﬁ9‘I‘f-5‘cﬁﬁﬁ% 25““1‘8‘%736191‘&6?1‘58fr29‘-5dﬂ9?5’-’§pv8[§ﬂ§]H‘Bﬂ%‘?’r‘é’gz-carboxylic
acid tert-butyheshesitgdamgwbid @8lihi{Rol nig, BTH).(3 mL) were added acetyl chloride (32 gL, 0.450
trunol) and ﬁgh%ag%@g (54 gL, 0.526 mmol). The resulting mixture was stirred at RT for 2 h. The
reaction mixture was loaded onto an Isolute(r) SCX-2 cartridge, and washed with MeOH then eluted
with 2 M NH3 in MeOH to give 7-acetyl-2,7-diaza-spiro[3.5]nonane-2-carboxylic acid 25 tert-butyl ester.

To a solytioR«prénaceidmbié-ghaza-spiro[3.5]nonane-2-carboxylic acid tertbutyl ester in DCM (3 mL)
was added TFA (1 mL) and the resulting mixture was stirred at PT for 1 h. The reaction mixture was
loaded onto an Isolute(r -2 cartridge, washed with

®

N
Ll

1-Piperidin-4-yi-azetidin-2-one
To a solution of 4-(2-methoxycarbonyl-ethylaminoe)-piperidine- 1 -carboxylic acid rert-
butyl ester (3.4 g, 12.0 mmol) in anhydrous THF (75 mI.) was slowly added a solution of

15 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;S0) and concentrated in vacuo.

20 The resultant residue was purified by column chromatography to give 4-(2-oxo-azetidin-1-yl)-
piperidine-1-carboxylic acid tert-butyl ester as a pale yellow oil (398 mg, 20 %). To a
solution of 4-(2-oxo0-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



WO 2009/053715PCT/GB2008/003621 MeOH then eluted with 2 M NH3 in MeOH to give the title
compound as a colourless oil (41 mg, 79%). 11-1 NMR (400 MHz, CDCI3): 8 1.69-1.79 (m, 2 H),
1.78-1.83 (m, WHPYBEE, 3 H), 3.32- 3.37 (M, 2 H), 3.39-3.45 (m, 2 HY SHEBSF S (m, 4 H). 5
Reference Example 66 CrlF 3-Fluoro-4-oxo-piperidine-1-carboxylic acid tert-butyl ester To a solution
of 4-oxo-piperidine-1-carboxylic acid tert-butyl ester ﬁ.S , 125510 nu_nolé_‘in anhydrous DMF (5 mL)
were addedFEiigesrASEd raia NP Hdben lutgd vath 4, RIS SRR e AU BRIEPHE mmol). The

resulting midky, pastBowasiiagatsdry) 80¢%)for 17 h, then cooled to RT. The reaction mixture was

diluted with; rande c?& ith EtQAc. The qrgani é r Wi te(%,lgri (%1 O4) and
concentrategm 9%@? suﬁvti/é)r‘lf5 ﬁeg%{lfjg-{ a8 p%%rflléé %Xg/gt{x)l\lll?%r%ec %%ﬁza 0 t’a% 4§/I¥tl'§?gi”\/e
4-trimethy|sies B/ iox2-856¢, 15 dib ftG-BH-piRitind +¢afh 6xyHe, Adi: td A2t dstdizagd Hpale yellow oil
(1.86 9, 25 Xk 21& ,qllﬁ'pn of 4-trimethylsilanyloxy-3,6-dihydro-2H-pyridine-1-carboxylic acid
tert-butyl ester (1.86g, 6.852 mmol) in acetonitrile (80 mL) was added Selectfluorm (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. Hidfe g aiis was separated, dried (MgSO4) and concentrated in 20 vacuo. The
resultant residue was purified by colygnn chromatography to give the title compound as a colourless oil
(1.13 g, 76%). 1H NMR (400 MHz, EDE13): 8 1.46-1.54 (s, 9 14), 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, J = 47.8, 7.8 Hz, 1 H). 25 Reference Example 67
()-(cis)-4-Azetidin-1-y1-3-fluorg-= f) ridihe WO 2009/053715PCT/G132008/003621 Prepared

-

according to the method utw)in tne pfeparation of 7-methy1-2,7-diaza-
o\
Q

1-[1-(2-Chlerc-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yimethyl)-piperidin-4-y1]-

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 Jnon-2-ylmethyl)}-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using I-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+HJ 4223

Reference Example 92

O

(£)-8-(2-Chlore-4-morphelin-4-yl-thieno|3,2-djpyrimidin-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-



spiro[3.5]nonane using 3-fluoro-4-oxo-piperidine- 1-carboxylic acid tert-butyl ester in place of
formaldehyde and azetidine in place of 2,7-diaza—spiro[3.5]nonane-2-carboxa/lic acid tertbutyl ester
hydrochloridewpn@[ﬁfi}és&ﬁnpound was obtained as a colourless oil (205P ﬁ% BRE %3‘?% o the product
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 Isolutee SCX-2 cartridge, washed with MeQH then eluted with 2 M NH3 in
MeOH to giv Idonmansdriplatsf BesreadmtesShsiltisosmRg ek yes obsisies a50Hnsdidpc13): 5
1.40-1.57 (19 2nkl)6£991-2.24 (m, 3 H), 2.48-2.72 (m, 2 H), 3.06-3.12 (m, 1 H), 3.18-3.34 (m, 5 H) and
448 (d,J= §/§)+Od-lz4l 5'). Reference Example 68 N N 15 ()-4-Antiditi-1-yl-piperidine-1,3-dicarboxylic
acid 1-tert-t§u yl egter -methyl ester  To a solution of 4-oxo-piperidine-1,3-dicarboxylic acid
1-tert-butyl ester 3-methyl ester (100 mg, 0.389 mmol) in DCE (11 mL) was added azetidine (33 mg,
0.578 mmoj efEha nixtpwes stirred at RT 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
20 before being loaded 8&%6’ Isolutee SCX-2 cartridge. The cartridge was washed with MeOH then

eluted with 2 M NH3 in to give the title compound as a colourless oil (102 mg, 88 %). [M + H] 25
Reference Example 69 .<21009/053715PCT/G82008/003621 NO
GH
o,
¢l

(R)-4-(2-Chloro-acetyl)-3-hydroxymethyl-piperazine-1-carboxylic acid tert-butyl ester
To a solution of (R)-3-hydroxymethyl-piperazine-1-carboxylic acid zert-butyl ester
(795 mg, 3.68 mmol) in DCM (20 mL) was added triethylamine (1.53 mL, 11.04 mmol). The
10 resulting mixture was cooled to 0 °C before the dropwise addition of chloroacetyl chloride
(325 ulL, 4.05 mmol). The mixture was warmed to RT and stirred for 5 h. The reaction
mixture was partitioned between a saturated aqueous solufion of NaHCO; and DCM. The
organic layer was separated and the aqueous layer extracted with DCM. The combined
organic fractions were dried (Na,SO;) and concentrated in vacuo. The resulting residue was
15 purified by column chromatography to give the title compound as a colourless oil which was
a mixture of rotamers (710 mg, 66%).
'H NMR (400 MHz, CDCly): § 1.48 (s, 9H), 2.80-2.92 (m, 1H), 2.95-3.10 (m, 2H), 3.34-3.44
(m, %:H), 3.60-3.74 (m, 21:H), 3.96-4.16 (m, 3%.H), 4.22-4.30 (m, 2H), 4.32-4.40 (m, 2H)
and 4.63 (bs, \2H).
20
Reference Example 94

0, .0
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(R)-4-Oxo-hexahydro-pyrazino[2,1-¢]{1,4]oxazine-8-carboxylic acid tert-butyl ester
To a solution of (R)-4-(2-chloro-acetyl)-3-hydroxymethyl-piperazine-1-carboxylic
25 acid tert-butyl ester (710 mg, 2.45 mmol) in THF (16 mL) at 0 °C was added potassium fert-

butoxide (326 mg, 2.91 mmol). The resulting mixture was stirred for 75 min before the



()-(cis)-4-Azeddin-1-yl-piperidine-3-carboxylic acid amide and
()-(trans)-4-Azetidin-1-yl-piperidine-3-carboxylic acid amide To a solution of

4-azetidin-I-y}pibEHAAEH 3-dicarboxylic acid 1-tert-butyl ester 3- 5 meth{FERETE%BEY. 2.21 mmol) in
anhydrous DMF (13 mL) was added formamide (370 pi, 9.32 mmol). The mixture was heated to 100C
and a solution of sodium methoxide in MeOH (25 % w/w. 330 gL, 1.44 mmol) was added with heating
being contiAd@tiore2AOTHE fnblichhaimitifadmistusoresme trred bt SishBddiRblute(r) SCX-2
cartridge. Thel e ikidesasyashedvin Meth ttm. ghdeonmithe? vp Nt Siadvietito give

4-azetidin-l-y1-3-car. oyl- 10 piperidine-l-carbpoxylic.acid tert-butyl ester. .To a solution of
4-azetidin-I%@-c%ﬁ@&%ﬁ%@%ﬁﬁtg— Laf Cgﬁytﬁgeaﬁfa‘ lgﬁ-rbeﬂf{/ ee‘g%érp ?ﬁlt%eéh&? mL) was added TFA
(5 mL) and theemesgtinlyrioaiveethosisls terenpundry afeplduressiod (A2 e Hhikture was loaded onto an
Isolute(r) Sﬁ%i(n&’vﬁ@(tﬁﬁssmw%%@g);vsiti?z;hs/'&s)bhsb@.@ﬁdﬂa;@dawﬂb,%.M}blrﬁﬂpﬂ%%d@ngive all

cis:trans mixture of the title compound as a colourless oil §280 mg, 69 %). 15 [M + Hr 184.3 Reference
Example 70 B M3 EEN BRSO G e A @Y DL Do dlG: 1 = 165 1z,

()-(trans)- (4t Ay atitastyinpigsridin-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, 3.8Bawsire bxamnie Ihe reaction mixture was allowed to warm to -10 C over 90 min, then
stirred at RT for 15 min. Water was 25 added to the reaction mixture before being loaded onto an
Isolute(r) SCX-2 cartridgé. The cartridge was washed with MeOH then eluted with 2 M NH3 in MeOH to
give 4-azetidin-1y1-3-hydwsXirnethyl-piperidine-1-carboxylic acid tert-butyl ester. To a solution of
4-azetidip- 1-y1-3-hydrox thyl-piperidine-1-carboxylic acid ter:-butyl ester in DCM (10 mL) was WO
2009/0537 _ﬁT/%BgQDQWQ%QO ?—Ol%"i‘ql IFaAﬁ{ll [ng and the resulting mixture was stirred at RT for
30 min. The réaction mixitre was [daded Anfo an'd[sc!)ﬁute r) SCX-2 cartridge, washed with MeOH then

eluted with 2 M NESsasoindenpidRjrdeorcthaxabydrenermginelite silthdlonriagspeberyisiolourless oil
(188 mg, 88cyabudyl Migr 3@l LsRafetrReadexarmI@ hl). The resulting mixture was stirred at
2-Chloro-6-(7-methy1-2,7-diaza-spjro[3.51ngn-2-ylmethyl)-4-morpholin-4-yl-thienp13.2- 4 pyrimidine
To a solutio To%ﬁgc%%%%ﬂ%e %ﬁgdﬂ'ﬁ-fﬁf‘-t |<eaﬁo['§t,l§-g |p%/(ﬂlr%?%'l‘?ﬁ%%gc-’cg Xéﬁ%’ﬁ&(%eﬁé’?nng, 0.254
mrnol) its D@EifiEdhl SWEselduadorgivethstitk Zodipound pirofaleurrsmal €58 an{9.321 mmol). The
mixture wassHHee @bRInL! MRAH)- $hef.sodiug) 1150e192 ke Tah e deob: (Bl 382 mmol) was

added and stirring was continued for 3 h. To the reaction mixture was added water and the resulting
solution wad-f9atey B bR EPsEh-% et Ad T4 dFe Was washed with MeOH and the

desired product was eluted with 2 M NH3 in MeOH

Reference Example 96

),
o

20
(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
25 aqueous solution of Na,SO, (3 mL). Further Na;SO4 was added and the resuiting 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%).



an concentrated in vacua. The resultant residue was purified by column chromatography to give the
title compound as a yellow oil (31 mg, 30 %). 20 [M + Hr 408.2 Reference Example 72 WO
21100/05371 SIS D81003621 PCTIGR008T03621
1-[2-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-2,7-diazaspiro[3.51non-7-yllethanon
e Prepared according to the method used in the preparation of 2-ch|oro-6é7-meth 1-2,7-
diaza-spiro STNER BRI Gk Gt i FHoro 1S 34 S RRAAE LI 1L Hos
diaza-spiro[33]ne-2 ¥ }cthanooe ypplaced, B-036thy-20/3dkRz &BpHei35nanA1e), ahbe title
compound \g/ga_ggga(ine s a colourless solid (47 mg, 61 %). [M + Hr 436.5 Reference Example 73 10
0 NH,chNH; Cis {41:) Trans (+I-) -
()-(cis)-4-Azetidin-l-y1-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyly-pipericing-Breagioxylic acid amide and '
()-(trans)-4-azetidin-l-y1-1-(2-chlorg-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6- 15
ylmethyl}piperidine-3-carboxylic z{c@amide Prepared according to the method used in the
preparation of 2-chloro-6-(7-methy%-2,7-
diaza—spiro[3.5]non-2-y|me%pholinA-yl-thieno[3,2-d]pyrimidine using
4-azetidinl-yl-piperidine-3-gar ' id amide in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The
title compounds were se _rg}ted by column chromatography. 20
(-(cis)-4-Azetidin-1-y1-1¢(2-chloro-4-morpholin-4-yl-thieno[3,2-d]p midin-6-ylmethyl)-
piperidine-3-carboxylic acid®amide: tan solid (62 mg, 10 %). NMR (400 MHz, CDC13): 5 1.51-1.73
(m, 2 H), 2.00-38-{R(Rlerd-Hmdrpholiict 43 FHidnd] 8212 ribolidin S Rmd MO factdbivigra. 47 (m, 1 H), 2.93
(bd,J=11.4 Hz.1 )1-?6 E}_G‘S-P.ZS.gm, 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), 5.3%-%1.%?%’:1, ILI95E (<. 7 1) and 9.07 (bs, 1 H).
Prepared according to the method used in the preparation of (5)-4-(2-chloro-4-
10 morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-3-isopropyl-piperazin-2-one using (R)-

octahydro-pyrazino{2,1-c][1,4]oxazine in place of (§)-3-isopropyl-piperazin-2-one. The title

compound was obtained as a pale yellow solid (57 mg, 62 %).

M +H]" 4103

15 Reference Example 98

®
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(5)-8~(2-Chioro-4-morpholin-4-yi-thieno[3,2-d}pyrimidin-6-yimethyl}-octahydro-
pyrazino[2,1-cj[1.4]oxazine
Prepared according to the method used in the preparation of (§)-4-(2-chloro-4-

20  morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yimethyl)-3-isopropyl-piperazin-2-one using (S)-
octahydro-pyrazino{2,1-c]{1,4Joxazine in place of (S)-3-isopropyl-piperazin-2-one. The title
compound was obtained as a pale yeliow solid (210 mg, 90 %).

[M +HJ 410.3



(th)-(trans)-4-Azetidin-1 -y1-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d)pyrim d n-6-
ylmethylypiperidine-3-carboxylic acid amide: white solid (153 mg, 25 %). WO
2009/053715PORREE5888/003621 11-1 NMR (400 MHz, CDC13): 8 148 VSR ¥4, 1.78-1.83 (m,
1 H), 1.98-2.06 (m, 2 H), 2.30-2.35 (m, 1 H), 2.41 (m, 1 H), 2.53-2.60 (m, 2 H), 2.72 (m, 1 H), 2.91 (dd,
J=11.6,3.5Hz, 1 H), 3.20-3.27 (m, 4 H), 3.79 (d, J = 2.4 Hz, 2 H), 3.84 (m, 4 H), 3.94-3.99 (m, 4 H),
5.46 (s, 1 Hyefereacedixample P 7 75 (bs, 1 H). 5 Reference Example 74
6-((cis)-4-Azetidin-l-y1-3-fluoro-pipe ia:il-I-yImethyl)-2-chIoro-4-morpho|in-4-ylthieno[3,2-d|pyrimidine
10Prepared according to the methoéN ed in the preparation of 2-chloro-6-(7-methy1-2,7-
diaza-spiro[3.5)non-2-ylmethyl)-4smaypholin-4-yl-thieno[3,2-6]pyrimidine using (cis)-4- azetidin-1 -y1-3
-fluoro-piperidine in place of 7%@5‘{7@ia7a—spiro[3.5]nonane. The title compound was obtained as
a tan solid (284 mg, 57 %) + Hr 4926.9 15 Reference Example 75 Cis (+1-)Trans (+1-)
()-Kcis)-4-Azetidin-l-yl—l%doroA-morpholin 4 yl-thieno[3,2-dIpyrimidin-6-
yImethyl)-piperidin-3-y1f— #ianol and 20
()-1(trans)-4-azetidin-I-y1-1-(2-chloro-4-maorpholin-4-yl-thienot3,24 1pyrimidin-6-
yimethyl)-pHBrlA-SBIrertemprRiplin-4oylurnald, P&Mﬁ*‘f&‘tﬁé}'ﬁﬁéﬁﬁ@!&"&&%“?ﬁ‘iﬁe preparation of
2-chloro-6-(Fymelin{ 2,2 cIH dipzazipdaide5|non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-4pyrimidine
using (4zazetidin- gy 200010674 ISR CTIGRPOQBNORSALANAISS) frikisiggihandl in place of

- m

7-methyl-2,7-diaza-spiro[3.5]nonane. The title compounds were separated by column chromatography.
morpholin-4-yl-thieno[3,2-dJpyrimidin-6-yimethyl)-3-isopropyl-piperazin-2-one using (R)-

hexahydro-pyrazino{2,1-c][1,4]oxazin-4-one in place of (S)-3-isopropyl-piperazin-2-one. The
. title compound was obtained as a tan solid (79 mg, 69 %).
H NMR (400 MHz, CDCL): § 1.96-2.03 (m, 1 H), 2.20 (m, 1 H), 2.78-2.85 (m, 2 H), 2.94
10 {(m,1H),3.48(dd,J=11.9,7.7Hz, 1 H), 3.63-3.68 (m, 1 H), 3.78-3.83 (m, 6 H), 3.92 {m, 1
H), 3.93-3.99 (m, 4 H), 4.05-4.18 (m, 2 H), 4.57 (m, 1 H) and 7.16 (s, 1 H).

Reference Example 100
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15 5-(2-Chloro-4-morpholin-d-yl-thienof3,2-d] pyrimidin-6-ylmethyl)-hexahydro-
pyrrolo[3,4-clpyrrole-2-carboxylic acid ferr-butyl ester
To a solution of 6-bromomethyl-2-chloro-4-morpholin-4-yl-thieno[3,2-dlpyrimidine
(175 mg, 0.50 mmol) in DMF (5 mL) were added hexahydro-pyrrolo{3,4-c]pyrrole-2-
carboxylic acid fert-butyl ester (160 mg, 0.754 mmol) and potassium carbonate (136 mg,
20 (1.984 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 (MgSOy) and



[(cis)-4-Azetidin-l-y1-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-a]pyrimidin-6-ylmethyl)-
piperidin-3-ylimethanol: tan solid (83 mg, 19 %). 5 111 NMR (400 MHz, CDC13): 8 1.61 (m, 1 H), 1.81
(m, 1 H), 2.04¥WBA5A), 2.12-2.19 (m, 1 H), 2.44 (m, 1 H), 2.79 (d, 3EFBREBO%2) 3.00 (d, J =
11.1 Hz, 1 H), 3.18-3.37 (m, 4 H), 3.59-3.74 (m, 311), 3.85 (t, J = 4.8 Hz, 4 H), 3.98 (m, 4 H), 4.40 (t, J
=10.6 Hz, 1 H) and 7.11 (s, 1 H).  [(trans)-4-Azetidin-I-y1-1-(2-chloro-4-morpholin-4-yl-thieno

[3,2- n]pynnﬁeﬁﬁeeﬁyﬁwﬁemwm@bme%ﬁmrﬁmwﬁ%wn&whﬁ@ngt%)apizﬂtNMR (400 MHz,
CDCI3): 8 lyfilifledripduddBi Aol kel 219:h 98 ¢4, 2.12-2.19 (m, 1 H), 2.34 (m, 1 H), 2.79 (d, J
=11.5 Hz, nggl%ﬁ} % , 1 H), 3.18-3.37 (m, 4 H), 3.59- 3.74 (m, 2 H), 3.77 (m, 2 H), 3.85 (t, J = 4.8
Hz, 4 H), 3 4 H)and 7.11 (s, 1 H). 15 Reference Example 76
2-Chloro-6-(2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thienoP,2- dipyrimidine
2-(2-Ch|9ro¢e-fg}gxggg1gjg%- wirthieno[3,2-4pyrimidin-6-ylmethyl)-2,7-diaza- 20
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- q: -tliaza-spiro[3.5]non-2-ylmethyl)-4-

morpholin-4-yl-thieno|[3,2- 4pyr|m|d|ne Sing 2,7-diaza-spiro[3.5]-nonane-7-carboxylic acid tert-butyl
ester in place of 7-methyl-2,7-dia .5]nonane. 2-(2-chloro-4-morpholin-4-
yl-thieno[3,2-d]pyrimidin-6-ylmgth A~giaza-spiro[3.51nonane-7-carboxylic acid tert- 25 butyl ester
was subsequently BOC-deg%écted to give the title compound as a pale yellow oil (287 mg, 58 %). [M
+ Hr 394.3 Reference Exalppgle 77

2-Chloro-6-(7- methanes@ﬁ’ényl 2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-ylthieno[3,2-dipyrimi
dine 5To a solutlon of 2-chloro-6- -(2,7-diaza-spiro[3.5]non-2-ylrnethyl)-4-morpholin-4-yl-

thieno[3,2- |ne 71 1 ol gn drou d triethylamine (160
ML, 1.46 mhsc’l)g) na a solut 8%09 § ané)igu fortlﬂf %ﬂfgﬁi&“ % tl%%g l?g%qlgﬁ anhydrous DCM (0.5
mL). The renmm{ﬁﬁxfwym%ﬂﬁrédxﬂlwﬁﬁwﬂlﬂh@#ﬂ@|Iuted with DCM and brine. The organic
layer was separateg o R dNFZSQ4h1BRMULASSIRMIAEd b IR Ui yTiedie B REeEidue was

0
purifed B ST OmAROIaL IS OVE.LIS e, ORI ax Helaty ALORAR £° %0 N+

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
15 cooled to 0 °C then a solution of dimethylcarbamoyl chloride (57 plL, 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 %).

20 'HNMR (400 MHz, CDCl): § 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
25



2-(2-Chloro-4-morpholin-4-yl-thieno13,2-d]pyrimidin-6-ylmethyl)-2,7-diazaspiro[3.5]nonane-7-carboxyli
c acid dimethylandde Prepared according to the method used in the preparation of 2-chloro-6-(7- 20
methanesulfof{ 28994674 ¥a-spiro[3.5]non-2-yhnethyl)-4-morpholin-4-yl-thfeie 38 ¢isetimidine using
dimethylcarbamoyl chloride in place of methanesulfonyl chloride. The title compound was obtained as
a yellow oil (39 mg, 42 %). WO 2009/053715PCT/G82008/003621 [M+Hr 465.4 Reference Example
79 05
2-(2- ChIoro-4-morpho|in-4-y|-thieno[J;de]pyrlmldln 6-ylmethyl)-2,7-diazaspiro13.51nonane-7-carboxyli
c acid methyl ester  Prepared a ing to the method used in the preparation of 2-chloro-6-(7-
methanesulfony1-2,7-diaza-spj @hég-ylmethyl)-4-morpho|in-4-y|-thieno[3,2- d]pyrimidine using
methyl chloroformate in pla methanesulfonyl! chloride. The title 10 compound was obtained as a
colourless ail (20 rug, 28 %).fM + Hr 452.4 Reference Example 80 CN) 15
(R)-8-(2-Chloro-4-morphatf-4-yl-thieno[3,2-dIpyrimidin-6-ylmethyl)- hexahydropyrazino[1,2-a]pyraziae-
1,4-dione  Prepared acccS‘Hﬁlng to the method used in the preparation of
4-(2-chloro- 4@@196&11&%}1&!@39&2&%mﬂmmmﬂmad)y&&tﬁm}eimhpwazln -2-one using
(R)- hexahydrqu{ moiﬁ) a]g_)éram ]i“(ﬁ :& lace of 3,3-dimethyl-piperazin-2-one. The t|tIe 20
a

compound ne 'g% Cream s 9 %). [M + Hr 437.2

To a solution of 5- (2~ch10r0~4~m0rphohn—4-yi-—thxeno [3,2-d}pyrimidin-6-ylmethyl)-

5 hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid fert-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 resuliant residue was dissolved in
DCM (5 mL) and trimethylsilyl isocyanate (139 pL, 1.0 mmol) was added. The reaction

10 mixture was stirred at RT for 1 h, then partitioned between DCM and a saturated aqueous
solution of NaHCQs. The organic layer was separated and washed with brine, then dried
(Na;SO,) and concentrated in vacuo to give the tifle compound as a colourless oil (185 mg, 84
%).

'H NMR (400 MHz, CDCl;): & 2.63 (m, 2 H), 2.71 (m, 2 H), 2.89-2.96 (m, 2 H), 3.29 (m, 2

15 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

Rel
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20 {4R*4aR*)-1-Methyl-hexahydro-pyrido[3,4-b]il, 4joxazin-2-one
To a stirring solution of 1,2,3,6-tetrabydropyridine (2.96 g, 35.6 mmol), in
dichloromethane (100 mL} was added portionwise di-rers-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 satorated sodium

25 bicarbonate solution. The combined organic layers were washed with brine, separated and



WO 2009/053715PCT/GB2008/003621 Reference Example 81
7-(2-ChIoro-4-mor&holin-4-y|-thieno[3,241pyrimidin-6-y|methyl)-3-oxa-7,9-diazabica/clo[j3.3.1]nonane
5Prepared acddid alﬁf’-ﬂise method used in the preparation of 4-(2-chIoF&H§Fﬁ6°r°p%8ﬁﬁ-
4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-3,3-dimethyl-piperazin-2-one using
3-oxa-7,9-diazabicyclo[3.3.1]nonane in place of 3,3-dimethyl-piperazin-2-one. The title compound was
obtained as*HehRMESRIdq Bl ep-dhutp-Eit nyRdine TReerbrilie aidmiphaabepic s a yellow
4-(3,3-Difiugmnaretming-y1)-piperidine To a solution of 4-oxo-piperidine-1 -carboxylic acid tert-butyl
ester (1.0 g, 5.0 ol),15 in DCE (5 WaSs ed.3,3-diflugroazetidi ide (712 mg, 5.5
mmol). The mixtlﬁgj] \?Vz%tsmé%rse%ug? 'é??gfc%gégvﬁw? a%%%pr‘?ns%i iﬁl]driﬁc'?r%%xgt&(l)%)é l%%%?/%{rt?gg %.59 g(g 7.5 n%nol)
was added €4 stittdgmned) dodinblrsenteihare (35Thl) reatadoiriibta e addad - vtisBAne and
extracted WithBénMr ARB10FgRNG JBMELIYAS SEN6Y alad, dijes ddinsSRdhanrdsanacpntkated in vacuo.

The resultant residue was purified by column, chromatography to give.4-(3,3- 20
difIuoroaze%ﬂ?f}ﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁt& it %.E‘Io ent- et?f‘f/ es é‘iﬁ%’%\%ﬁ%@q}éﬁ%ﬁgolid (1.2 g, 88 %).
To a sqlutioﬁi@to@e(@@&qiﬁm@ammmvammwn@n-wbmﬁmé@ménlmlwﬁer (552 mg, 2.0
mmol) in DG R, &%Jfa%d&ﬁ&gh@g%ﬁ%@%ﬁ@gﬂ&%@gﬁwm@w for 45 min.

The reaction mixture was loaded onto an Isolute(r) SCX- 2 cartridge. The cartridge was washed with
MeOH then SHBAQSPEY b MElS 3 NeBH-{72 Grolokhd Hemifigs ?f’é’é‘&aﬁéqdé% Ve%w solid (271 mg,
77 %). W/Oe28083ZLHPGRIEBROOBHOB621 NMR (400 MHz, CDC13): 8 1.16-1.27 (in, 2 H),

é:ig: égg Em i E)%_oéa gsféfr&éuégéfélio}m@I(éc%fé%zésﬁgzm&cmaﬁ:Qﬁaéﬂﬁnl-i-ééblx%@ dd# ) and

butyl ester (2.4 g, 12.06 mmol} in ethanol (20 mL) was added sodium azide (1.00 g, 15.62
mmol)} and ammonium chloride (840 mg, 15.79 mmol). The resulting mixture was heated to
reflux ovemnight and then partitioned between ethyl acetate and water. The combined organic

15 layers were washed with brine, separated and dried (MgSO4). The crude product was purified
by column chromatography to yield (3R*, 4R*}-4-azido-3-hydroxy-piperidine-1-carboxylic
acid fert-butyl ester (1,95 g) and (35*, 45%)-3-azido-4-hydroxy-piperidine-1-carboxylic acid
tert-butyl ester (312 mg}).

The stuctures of these regioisomers were confirmed by COSY-

20 4/HSQC/NOESY/DEPT-Q experiments,

A solution of (3R ¥, 4R *)-4-azido-3-hydroxy-piperidine-1-carboxylic acid fers-butyl
ester (2.96 g, 12.23 mmol) in ethanol (50 mL) was flushed out with nitrogen. Palladium (10
wt% on activated carbon) (~300 mg) was added and the mixture flushed out with hydrogen
and then stirred under a hydrogen balloon at room temperature overnight. The reaction

25 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. Chioroacety! chloride (0.97 mL, 12.18

30 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 (MgSQ,). The crude product was



}-1 5 4-(3-Fluoroazetidin-1-yl)-piperidine Prepared according to the method used in the preparation of

4-(3,3-difluoroazetidin-1- y1)-piperidine using 3-fluoroazetidine in place ég%il roazetidine
hydrochloridemzémt?{%g'glogmpound was obtained as a colourless oil (1809 %% %&?%%HNMR (400
MHz, CDCI3): 8 1.13-1.24 (m, 2 H), 1.64 (dd, S = 12.6, 4.3 Hz, 2 H), 2.16-2.23 (m, 1 H), 2.82-2.91 (m,

ég'fza’ rg 'n(::t' %)%gﬁr%gyg}z&%x? i ma gtk 3813530 % 7 ot st G oyt -

2-Chloro-6-pipqdiRiificasboayiidietiinl eyt b esteli 6213 giethyl)-4-morpholin-411- thieno[3,2-69pyrimidine

g o b AT U AN RO ORI
iaza-spiro[3.5]non-2-ylmethyl)-4-morphalin-4-yl-thienq[3,2-d]pyrimiding using 4-(3,3-

difluoroazetfd 9?3/’5‘)96%%?‘?65‘}?82% ??FSE@‘&P ﬂ%éﬁﬁ?ﬁsﬂlfﬁ -%%ﬁg{’\?%zj%oo%g’%gﬂﬂ@ compound

was obtained &8Cawahiiabistiidd hyhdgdc, 40% Miphtrsi drid ddnérR efe(@roed Xdraple 85 WO

2009/0537 fEi _g&@%%gm%@amed to room temperature and stirred for 6 hours. The

2-Chloro-6-(6,9-diaza-spiro[4.51dec-9-ylmethyl)-4-morpholin-4-yl-thieno[3,2- pyrimidine Prepared
according tOWHET A FAAeRsd PeheeEh Sirhionte Br eMidrens.- Frs ferraed opganic layers
were washed with brine, separated and dried (MgSQy). The crude product was purified by

column chromatography to yield (4aR*, 8aR*)-2-ox0-octahydro-pyrido[3,4-b][ 1,4]oxazine-6-
10 carboxylic acid terr-butyl ester (1.31 g).

To a stirring solution of (4aR*, 8aR *}-2-oxo-octahydro-pyrido[3,4-b][1,4]oxazine-6-
carboxylic acid fer¢-butyl ester (700 mg, 2.73 mmol) in dimethylformamide (10 mL) at 0 °C
was added sodium hydride, 60% dispersion in mineral oil (180 mg, 1.1 eq). The mixture was
stirred at O °C for 30 minutes and then iodomethane (0.19 mL, 3.05 mmol) was added. The

15 mixture was warmed fo room temperature and stirred overnight.

The mixture was partitioned between ethyl acetate and water. The combined 6rganic
layers were washed with brine, separated and dried (MgSOs) to yield (4aR*, 8aR*)-1-methyl-
2-oxo-octahydro-pyridof 3,4-b]{ 1,4]oxazine-6-carboxylic acid terr-butyl ester (513 mg).
Removal of the Boc-protecting group using 2.0 M HCl in diethyl ether in dichloromethane

20 gave the hydrochloride salt of the title compound as an off-white foam (290 mg).

Reference Example 104

0
8 )

w2
N

ci
{4aR*8aR *)}-6-(2-Chloro-4-moerpholin-4-yi-thieno{3,2-d) pyrimidin-6-ylmethyl)-1- '
25 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 hydrochlcride salt in
the presence of triethyl amine to give an off-white foam (48 mg).
81 (400 MHz, CDCI;5) 1.52 (m, 1H), 2.04-2.17 (m, 3H}, 2.88 (s, 3H), 2.96 (m, 1H), 3.09 {m,



5 diazn-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using
6,9-diazaspiro[4.5]decane dihydrochloride in place of 7-methy1-2,7-diaza-spiro[3.5]nonane. The title
compound wa¥®H&iiEd as a white solid (76 mg, 53 %). + Fir 408.5 10 Ef&RHEE ERAple 86 fr N/
\N)N CI 00)

(R)-7-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-hexahydrooxazolop,4- a]pyrazm -3-0
ne PreparedtReddroifig EiRe Hbthod-8stidif B it didh 61“2‘ BribPe G2 éthya-2 7- 15
cliaza-spirofg. Sﬂnpn -2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using (R)- hexahy dr
0-oxazolo[3 ,4- *yr azin-3 - one in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The title compound
was obtalned as a Whlte SO|Id (71 mg, 50 %). [M + H] 20 Reference Example 87 WO

2009/0537 N6 Boandédl
7-(2-Chloro- 4-morphoI|n-4-yI
pyrazine Prepared accor

ieno[3,2-d]pyrimidin-6-ylmethyl)-5,6,7,8-tetrahydro[1,2,4]triazolo14,3-al
to’'the method used in the preparation of 4-(2-chloro-4-morpholin- 5
4-yl-thieno[3,2-4pyrimidigne-yknrethyl)-3,3-dimethyl-piperazin-2-one using 5,6,7,8-
tetrahydro-[1,2,4]triazolo[4,3- razine in place of 3,3-dimethyl-piperazin-2-one. The title compound
was obtained as a white solid (15 mg, 84%). [M + HI- 392.3 10 Reference Example 88

2-Chloro-6-g5opéseliydr oitisiraiclan olpveaa Ry At beyiiy IR Aykigd-morpholin-4-ylthieno3, 2-dipyrimidine
To a mixture of tetrahydro-4H-pyran-4-one (500 mg, 5.00 mmol) and 1-Boc-

piperazine (930 mg, 5.00 mmol} in methanol {10 mL) at 0 °C was added dropwise a solution
of potassium cyanide (325 mg, 5.00 mmol) in water (1 mL). The mixture was warmed to

10 room temperature and stirred overnight. The mixture was partitioned between ethyl acetate
and water, The combined organic Iayers were washed with brine, separated and dried
(MgSQy) to vield a 1:1 mixture of 4-(4-cyano-tetrahydro-pyran-4-yl)-piperazine-1-catboxylic
acid fert-butyl ester and unreacted starting material (1.15 g). The crude mixture was dissolved
in methanol (10 mL) and 1M sodium hydroxide solution (5 mL, 5.00 mmol} was added

15 followed by the dropwise addition of hydrogen peroxide, (30 wt% solution in water; 2.5 mL}.
The mixture was stirred at room temperature overnight. The mixture was evaporated in vacuo
and the crude product was purified by column chromatography to yield 4-(4-carbamoyl-
tetrahydro-pyran-4-yl)-piperazine-1-carboxylic acid fert-butyl ester (307 mg).
Removal of the Boc-protecting group using 2.0 M HCl in diethyl ether in dichloromethane

20 gave the di-hydrochioride salt of the title compound as a pale solid (260 mg).

Reference Example 106
0

4-{4-(2-Chloro-4-morpholin-4-yl-thieno(3,2-d}pyrimidin-6-ylmethyl)-piperazin-1-yl}-
25 tetrahydro-pyran-4-carboxylic acid amide

The title compound was prepared under the standard reductive-amination conditions



15Prepared according to the method used in the preparation of 4-(2-chloro-4-morpholin-
4-y|-thieno[3,2-4%rimidin:6-ylmethyl)-3,3-dimethyl-piperazin-z-one usin&%G 72{}%3 03621
tetrahydro-imi‘gg fi{{fgéibyrazine in place of 3,3-dirnethyl-piperazin-2-one. The il ¢ompound was
obtained as a pale brown solid (50 mg, 52 %). [M + Hr 391.3 20 Reference Example 89 WO
2009/053715PC /652008/?0 621 CN) ClI e . .
2-Chloro-6-[5- (8- BBa 476 i'éf%‘- ?ﬂy%%ﬁ%ﬁé‘u‘ﬁf‘ﬁﬁf%“é‘ﬁ%ﬂ PGB SR RIS 2L A B rimidine
Prepared ageesaiierpfdritibytamine b ghadureffiaviite faratéhrad)2-chloro-6-(7-methy1-2,7- 5
diaza-spiro[§,haemnny sty )-4omRr BRslNed Wi ieneld. plnyyiniding Using 4s(3dkigroazetidin-
1-y1)-piperi§i' inﬁl ce of 7-methg/l-2,7-diaza-5é)iro 3.5]ngnane. The title compound was obtained as
a white soli @f’ ‘ 3}’4!7'(%533 DH ! 456 Badbeidd sl fel 89 1-Piperidin-4-y1-azetidin-2-one
To a soldtion of 4-(2-methoxycarbonyl-ethylamino)-piperidine-1-carboxylic acid tert- butyl ester (3.4 g,
12.0 nunol) . aRydius st 75 mL) was slowly added a solution of 15 methyl magnesium bromide
in diethyl ether (3 M, 6 mE, T8 mmol) at 0 C. The reaction mixture was stirred at 0 C for 3 h, then
allowed to warm to RT and stigffittgtwas continued for 72 h. The reaction mixture was concentrated in
vacuo and the resulting rest as partitioned between EtOAc and an aqueous solution of ammonium
chloride. The organic la as separated and washed with brine, then dried (Na2S0O4) and
concentrated in vacua. 20 The resultant residue was purified by column chromatography to give
4-(2-oxo-az§t¢gﬁ¥ﬂ%§%9 &ﬁ"e"ﬁfa‘frfé?ﬂ!‘ég?%?ﬁc acid tert-butyl ester as a pale yellow oil (598 mg, 20%).
To a solution of 4-T2-psaduigepdmperaginp-dipaherylic ciddehioiyiit sl drebtiff mstel (595 mg, 2.34
mmol) lﬁbDQMrﬁfgmla)ﬂiﬁlib@ﬂﬁHﬂi (Obmi3 iﬂ&)wéf&ﬁd@%%%&ﬂ&@é&@li{&?ﬁ slgreseai (R3sfor 1.5 1t, then
e M R B A 2 L T OE o SN

mixture was stirred at 60 °C for 12 b, quenched with 10% agueous NaHCOs (50 mL),

extracted with EtOAc and dried (MgSOs) to give a colourless oil which was purified by silica

chromatography to give 4-(tetrahydro-pyran-4-yl)-piperazine-1-carboxylic acid terz-butyl

15 ester (0.54 g, 25 %), as a white solid. BOC-deprotection was carried out as in Reference

Example 3 to give the title compound {0.30 g, 88 %).

Reference Example 108

SRe

>

S~
= N’)\Ci
20 2-Chloro-4-merpholin-4-yl-6-[4-(tetrahydre-pyran-d-yl}-piperazin-1-yimethyl]-
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
25 as awhite solid (190 mg, 61 %)
[M +H]"439.4



WO 2009/053715PCT/GB2008/003621 cartridge, washed with MeOH then eluted with 2 M NH3 in
MeOF1 to give the title compound as a pale yellow solid (325 mg, 90 %). 111 NMR (400 MHz,
CDC13): 5 1. 48928243715 H), 1.83 (dd, J = 12.6, 3.7 Hz, 2 H), 2.54-2.67CTGR?¥84y3986 (t, 3= 4.0
Hz, 2 H), 3.10 (dt, J = 12.6, 3.5 Hz, 2 H), 3.22 (t, J= 4.0 Hz, 2 H) 5 and 3.66 (m, 1 H). Reference
Example 91 0 CN) (--U, SC)N .
141-(2-ChidkstersssBrmmplealVd thieno[3,2-dipyrimidin-6-ylinethyl)-piperidin-4-y11- 10 azetidin-2-one
Prepared according to the me used in the preparation of 2-chloro-6-(7-methy1-2,7-
diaza-spiro[3.5]non-2-ylmgthyl)-4-morpholin-4-yl-thieno[3,2-a]pyrimidine using
1-piperidin4-yl-azetidin-Zgde 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 + Hr 422.3 Reference Example 92 0 N N
()-8-(2-ChI0%1'4fﬂtﬁ“ﬁ%*ﬁﬁ%ﬁﬁf@ffﬁ[‘§f23d¥B§PmﬁEﬁﬁ‘5§-ylmethyl)-oetahydr020
pyrazino[2,1-c1114%aahiyiadathparefhaachptipiptoathenethed visedidvdeopid paeaijbilof
4-(2-chlqro- ,-%%B?gﬂq;regﬁ;t&?aeap%%-g%l&mm@:xt@aw%Riﬁ%%%?pﬁ&%%ﬂg |
octahydro-pyrazino[2,1- c][1,4]oxazine in place of piperazin-2-one. The’title compound was obtained
as a white ssfBRErRgd rgtfivsten s warBAralreetegisthi éngigference Example 3 to give

the title compound as a white solid (370 mg, 98 %).

NMR 85(400 MHz, CDCls): 1.16 (d, 3H); 1.96 {m, 2H); 2.70 (m, 2H); 2.86 (m, 2H); 2.97 (m,
1H); 3.22 (m, 4H); 3.79 (m, 1H); 3.99 (m, 2H); 8.25 (bs, 1H).

10

Reference Example 110
(¢]

Cr

O
N Sy

\ N”l\m
{#)2-Chloro-6-[4-(2-methyl-tetrahydro-furan-3-yl)-piperazin-1-yimethyl}-4-morpholin-
4-yl-thieno[3,2-d|pyrimidine |

15 1-(2-methyl-tetrahydro-furan-3-yl)-piperazine was reacted 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 +H]" 439.2

20

Reference Exampie 111

J

N

o:j/

(&)-1-(Tetrahydro-furan-3-yh)-piperazine

To tetrahydro-furan-3-0} (1.0 g, 11.4 mmol) in anhydrous dichloromethane (15 mL) with

25 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




NI Ci. OH CI (R)-4-(2-Chloro-acety1)-3-hydrosymethyl-piperazine-1-carboxylic acid tert-butyl ester

To a solution of (R)-3-hydroxymethyl-piperazine-I-carboxylic acid tert-butyl ester (795 mg, 3.68 nunol)
in DCM (20 mPPRHS/ & triethylamine (1.53 mL, 11.04 mmol). The 185E&HR N MH&Ure was cooled
to 0 C before the dropwise addition of chloroacetyl chloride (325 ILL, 4.05 nunol). The mixture was
warmed to RT and stirred for 5 h. The reaction mixture was partitioned between a saturated aqueous

solution of NSO Y shedDOMYIte Bryensroiapasoiasssied el Qo anthevapieed g tag@r extracted with

DCM. The QQ@P&QE&M@HE&H@&H@W&%@B%-M%@Q% AR sanRseatrateld inggseuo. The resulting
residue was 15 purified py column chromat a to give the titl nd as a colourless oil which
907k eCSeT

was a mixtutebFHEERHRR AR g BRI & BN 1.48 (s, 91-1), 2.80-2.92
(m, 111), 2 BEURAGopR 1) &M}MM-ﬂﬂﬂ)ﬁﬂBW&mqm§ K06:421% G 1331/2H),
4.22-4.30 (i ddBtihs ittt (g Hhandift B (BF) didbk-ARREIRIEARa MR 94 1 00 N ™1

(R)4-0xo- hexahydro pyrazino[2,1-c111,4]oxazine-8- carbox lic acid tert-butyl ester To a solution of
(R)-4-(2-chi&h6 fa&%mwﬁ%Wi’éﬁﬁwbmﬁa‘%%Olvﬁé?bwﬁ%%‘%ﬁ‘&%‘?ycbﬁf?%@%10 mg, 2.45
mmol) in THIchiilzBm&)satda@nm&mgdﬁdyp@(mhmtefmrdnmw}qu@%mgc&mxﬁmm The resulting
mixture was sfi qdl or 75 min Po%fré sEQ%D%’%Q%(OSSYBPCT/G82008/003621

er as a co
NMR 815(400 MHz, CDCl;): 1.54 (s, 9H); 1.85-2.10 (m, 2H); 2.37-2.48 (m, 4H); 3.06 (m,
10 1H); 3.46 (m, 4H); 3.67-3.97 (m, 4H).
4-(Tetrahydro-furan-3-yl)-piperazine-1-carboxylic acid zert-butyl ester (0.57 g, 2.21 mmol)
was BOC-deprotected as in Reference Example 3, to give, the title compound as a gummy
residue (264 mg, 76%).

15 Reference Example 112
o
Qe
- LJ

-

\i)\

{(£)-2-Chlorg-4-morpholin-4-yl-6-{4-(tetrahydro-furan-3-yl}-piperazin-1-yimethylj-
thieno[3,2-d]pyrimidine
Prepared from 2-chloro-4-morpholin-4-yl-thieno{3,2-d]pyrimidine-6-carbaldehyde
20 and I-(tetrahydro-furan-3-yl-piperazine under reductive amination conditions described in
Reference Example 39, to give afier silica chromatography, the title compound as a white
solid (217 mg, 60%).
NMR 8,(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).
25

Reference Example 113



addition of AcOH (0.6 mL). The resulting mixture was partitioned between water and DCM and the
aqueous layer extracted with further DCM. The combined organic fractions were dried (Na2S04) and
concentrated WM#EH83*THe resulting residue was purified by column chinY&BHFaBMPIb give the title
compound as a colourless oil (570 mg, 91%). 5 11-1 NMR (400 MHz, CDC13): 5 1.48 (s, 9H), 2.69 (td,
J=12.9, 3.0 Hz, 2H), 2.78-2.89 (m, 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 457 (m, 114). Reference Example 95 C N."1 10
(R)-llexahydro-pyrazin%c][1, azin-4-one  To a solution of

(R)-4-oxo-hexahydro-pyra W,Moxazine-&carboxylic acid tert-butyl ester in DCM (5 mL) was
added TFA (1 mL). The result ixttire was stirred at RT for 2 h then concentrated in vacua. The
resulting residue was azeotroped with ©Bluene then 15 purified by SCX column to give the title
compound 2sClooboéHlese kii(6EprToe e B4k TR YOS HYb H; iveDBiicRyvAcheEH a4, 1H), 2.59-2.76
(m, 2H), 2-9¢8' QRslie2H), 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 20 (R)-Octahydro- }/razin012 1-(_:][1,4}éggzin‘ie ‘(Iﬁga solg,tion of
(R)-hexahydro-pyr2A8i4 sejpion s é‘zﬁ?‘f-"g-ﬁ‘i‘?éﬁl(%’@rﬁh’ﬂflﬁ'ﬂ’g}' BRI SBYERRIEfiL) was added
LIA1H4 6L.5/hnkthiyiralbiorn ipyfiblb])3, daipyesiditacutnixilivcavid shdatgtestt:80 %0 fog; .81h before the
addition of | ) d;éﬁéf(bj&{é@&ié%%&ﬁ#ﬁ 5-ARYEAURSAINARD YINARSQANS fL). Further

Na2S04 was a ind the resulting mixture filtered through celite, washing with EtOAc. The resulting
residue wad BumReabigINTE velefiles Yotgiranavaditte tom JOBHIF LR AYGIAT &7yC Psdille 11-1 NMR
(400 MHz, G&5pdand 3shh wSRHiPe saiid) (22 Bk 8724, 211), 2.61 (d, J = 11.9 Hz, 1H), 2.69-2.79 (m,

24) 2.92-209 b 33 1 35 QA B2 o, (s ASS S92 (1, 199

Reference
10 4H), 7.15 (s, 1H).

Reference Example 114

@ ®

e
N
[1-(2-Chloro-4-morpholin-4-yi-thieno[3,2-d] pyrimidin-6-yimethyl)-piperidin-4-yl]-

15 methyl-amine |

To a stirred suspension of 2-chloro-4-motpholin-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

20 saturated NaHCO; solution (30 mL), diluted with H,O (50 mL) and extracted with EtOAc
(200 mL). The organic layer was dried (Na,SQ4) 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 overnight
(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;

25 solution, extracted into CH,Cl;, 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, CDCl3) 1.18-1.42 (m, 3H}, 1.7-1.75 (m, 2H), 1.99-2.05 (m, 2H), 2.20-2.27 (m,



(R)-8-(2-Chloro-4-morpholin-4-yl-thieno(3,2-dipyrimidin-6-ylmethyl)-octabydropyrazino[2,1-c][1,410xazi
ne Prepared accord(in to the method used in the preparation of (S)-4-(2- -4- |
morpholin-4-nyFm?8%([%,§-5d]pyrimidin-6-y|methyl)-3-isopropyl-piperazin- C%Q]‘ngg‘%ﬁr{%‘%ﬁi
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 (57 mg, 62 %). [M + Hr 410.3 15 Reference le 98 (
(3)-8-(2-ChiSHo SR or RN 43 B D G5 AR -9 T P s e O oL 4 1oaz
ne Prepareg@,dégording to the method used in the preparation of (5)-4-(2-chloro-4- 20
morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-3-isopropyl-piperazin-2-one using (S)- octahy dr o
-pyrazino[2 ,1 - c][1,4)oxazine in place of (S)-3-isopropyl-piperazin-2-one. The title compound was
obtained aR&fpEnssBraupleciid (210 mg, 90%). [M Et 410.3 Reference Example 99
(R)-8-(2-Chloro-4-morphglin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-hexahydropyrazino[2,1-c][1,410xaz
in-4-one 5Prepared according to the maethod used in the preparation of (S)-4-(2-chloro-4-
morpholin-4-y|-thieno[3,2-a]~‘gia§midi -6-ylmethyl)-3-isopropyl-piperazin-2-one using (R)- hexahydro-pyr
n

azino[2 ,1- cl[1,4]oxazin- 4 - @ in gla e of (S)-3-isopropyl-piperazin-2-one. The title compound was
obtained as a tan solid (79 mg,\69¢ ."N'NMR (400 MHz, CDCI3): 8 1.96-2.03 (m, 1 H), 2.20 (m, 1 H),
1H), 3

2.78-2.85 (m, 2 H), 2.94 10 (M, A%(dd, J = 11.9, 7.7 Hz, 1 H), 3.63-3.68 (m, 1 H), 3.78-3.83 (m,
EH)’ 3-|921gkg[11(ﬂbn309§:43B&Hﬂnlfh-!ZDy14ﬁ9556[&%-@%y%xﬁhi&ﬂi%tﬂyﬁb%ﬁ&&§ﬁ- 1 H). Reference
xample

azetidin-3-ol
To a stirred solution of 1-Boc-4-piperidone (1.2 g; 6.0 mmol), 3-hydroxyazetidine
(0.43 g; 5.9 mmol) in 1,2-dichloroethane (30 mL) was added NaB{OAc):H (3.81 g; 18.0

10 mmol). The reaction mixture was stirred at RT overnight (16 h), quenched with saturated
NaHCO, solution (20 mL), the layers separated (hydrophobic frit) and solvent evaporated.
The resulting residue (926 mg; 3.6 mmol) was Boc-deprotected (TFA/CH,Cly) and aﬁer
evaporation of volatiles 1-piperidin-4-yl-azetidin-3-ol trifluoroacetate was obtained as a thick
oil.

15 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

20 as a white solid (0.50g; 30 %).

By (400 MHz, CDCly) 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 (5, 2H), 3.84-3.87 (m, 4H), 3.98-4.01 (m, 4H), 4.47 (quintet, J =
5.6, 1H), 7.15 (s, 1H).

25 Reference Example 116



15

5-(2-Chloro-4+ fﬁggg%-é-yl-thienoﬁ,2-d]pyrimidin-6-y|methyl)-hexaby@'ggggﬂ,l&wﬂgéﬁlpyrrole-z-earbo
xylic acid tert-butyl ester  To a solution of
6-bromomethy1-2-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-e]pyrrole-2- carboxylic acid tert-butyl ester (160 mg, 0.754 mmol)
and potassium carbonate (136 /mg, 20 0.984 mmol). The resulting mixture was stirred at RT for 2 h,
then diluted with water and Etaﬁ,@ The organic layer was isolated, then washed with brine, dried
(MgS04) and WO 2009/052785PCT/G132008/003621 concentrated in vacuo. The resulting residue
was purified by column chrogaatography to give the title compound as an off-white. solid (218 mg,
90%). [M + Hr 480.3 5 R@ence Example 101 CN) N/
5-(2-Chloro-4-morpholin-4-=yi-thieno[3,2-dipyrimidin-6-ylmethyl)-hexahydropyrrolo13,4-clpyrrote-2-carb
oxylic acid dimethylamide To a solution of

5-(2-chloro-B-tetphtimespyraniénidigrinadnthiviicariguphnacid rioutyl ester

) s S T (B oL o an Isolute()
mL) was a 51n e reaction mixture stjrred a or 1 h, then Joaded onto an Isolute(r
SCX2 Chrt R TR AN AR AN ok £1h U DVPRIE Ffte0r, and
concentratestiired/atRID foF H éh y E sl tadture sidueg ovgsdilsgbide BiN3RCI {6nmbl) anslaidethaddamine (0.48 mL,

3.28 mmol) yas addethnliRG-AARr 18R, PRINME A IaurORR iR OE e N, RUbeD:Plvater ,
dimethylcarbamoyl chloride (57 ML, 0.615 mmol) in DCM (0.5 _mL’&qwas added. The reaction mixture

was stirred FFEFRst HifHRAYa s aremsdie dhiimarsirdMierh@a pgd eIl sias separated
and washedmvitbubingiythraniiiidediNans @oind sontéataiedinsgacuo. The resultant residue was

purified 1laygg,{u+nf_§+cﬂré_>[’natography to give the title compound as a colourless oil (55 mg, 24 %). 20
1HNMR (400 MHz, CDC13): 5 2.51 (m, 2 H), 2.66-2.73 (m, 2 H), 2.76-2.80 (m, 211), 2.84 (s, 6 H),

3.17-3.24 (1, 2 5366%47-3!552 E?T] 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). Refere WO 2009/053715PCT/GB2008/003621

Qo

1-{Tetrahydro-pyran-4-vi)-piperazin-2-one

i5

To a solution of [2-(tetrahydro-pyran-4-ylamino)-ethyl}-carbamic acid tert-butyl ester
(6.60 g, 27.0 mmol) in DCM (100 mL} was added triethylamine (11.3 mL, 81.1 mmol)
followed by chioroacetyl chioride (3.64 g, 32.4 mmol) dropwise. The reaction mixture was
20 stirred at RT for 24 h, then partitioned between DCM and saturated NaHCO; aqueous
solution. The organic layer was isolated, dried (Na;SO,4) 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»SOy) and concentrated in vacuo to
25 vyield an orange residue. The residue {7.66 g, 27.0 mmol} was dissolved in dichloromethane
(15 mL) and TFA (15 mL) was added. The resuiting 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 MeCOH then eluted with 2 M NH; in MeOH to give the title compound



(1) NH,
5-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-hexahydropyrrolop,4-cipyrrole-2-carbo
xylic acid amia%gﬁg{’%(géfﬂﬁﬁion of 5-(2-ch|oro-4-morpho|in-4-y|-thieno[3,2?(ﬁg?/ﬁ¥ﬁ%$ﬁq%ﬁ- methyl)- 5
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(r)
SCX-2 cartA8igelorheldatfidgéwals washed with MeOH then eluted with 2 M NI-13 in MeOH, and
concentratgaldn ycugs.d he resultant residue was dissolved in DCM (5 mL) and trimethylsilyl
isocyanate (139 AL, 1.0 mmol) was added. The reaction 10 mixture was stirred at-RT for 1 h, then
partitioned hepyeen PCM and a saturated aqueous solution of NaHCO3. The organic layer was
separated and washed with brine, thea. dried (Na2S0O4) and concentrated in vacuo to give the title
compound as a colourless oil (185 mg, 84 %). IHNMR (400 MHz, CDC13): 82.63 (m, 2 H), 2.71 (m,
2 H), 2.89-2.96 (m, 2 H), 3.29 (m, g 15 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 F)@ d7/“13 (s, 1 H). Reference Example 103 0 20
(4R*,4aR*)-1-Methyl-hexah -pyrids[3;4-14[1,410xazin-2-one To a stirring solution of
1,2,3,6-tetrahydropyridine ( g. 35.6 nunol), in dichloromethane (100 mL) was added portionwise
di-tert-butyldicarbonate (854 g°39.1 nunol) followed by triethylamine (5.46 mL, 39.1 mmol). The
reaction ymixture was stirred’at room temperature overnight and partitioned between dichloromethane
and saturated sodium 25 bicarbonate solution. The combined organic layers were washed with brine,
separated _gl'_ dZOO _?4 :E BOPCT %@g‘% /( Lhrie to.ql _ .
3,6-dihydroa£ %f}’% in‘é)- g% éﬁ@ﬁ?gg ter%?lljty esﬁ%&%’éﬁ%ﬁw |%l%%lg Yd!éjo).pymnTo a stirring
solution of FaXiPipsrazn-L9Padine-I-carboxylic acid tert-butyl ester (6.27 g, 34.2 mmol) in

dichIorometmaa@o(laﬁombﬂ@B@Eﬁd;ﬁkﬁwnz&ﬂ@waﬁoqﬂﬂﬁd-wﬂpwae{a,&qmmﬁﬁﬂiﬁé (200 mg,
m-chlorgperpxybenzoic acick(8.65 9, 1.1 eakin dighigrmeshane (50iakid Bme (116 me,

0.63 mmol) and potassium carbonate (238 mg, 1.72 mmol). The mixture was stirred at RT for

4 h, then the reaction mixture was diluted with water and extracted with DCM. The organic
layer was separated, dried (N2;SO4) and concentrated in vacuo to give the title compound as a
yellow solid (212 mg, 82 %).

15 [M+H] 4522

Preparation of Compounds of formula (I)

Examplel  6-{(4-Azetidin-1-yl-piperidin-1-ylmethyl)-2-(6-fluoro-1H-indol-4-yi}-4-
26 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 3y (400 MHz, CDCls) 1.42-1.78 (m, 6 H), 2.16 (m, 4 H), 2.95 (m, 2 H), 3.33 (m, 3 H),
25 3.84 (5,2 H), 3.91 (m, 4 H), 408 (m, 4 H), 7.17 (dd, ) = 8.9, 2.1 Hz, 1 H), 7.30 (dd, ] = 3.2,
2.5Hz, 1 H), 7.33 (s, 1 H), 7.53 (m, 1 H), 7.96 (dd, T = 10.9, 2.1 Hz, 1 H) and 8.27 (bs, 1 H).



mixture stirred at room temperature for 4 hours. The mixture was partitioned between dichloromethane
and 5% potassium carbonate solution. The combined organic layers we % ith brine,
separated anavé)rfggglﬁégOM. The crude product was purified by colum£r$ ﬁ]@%&ga %%?Iglphy to yield a
()7-oxa-3-azabicyclo[4.1.0]heptane-3-carboxylic acid tert-butyl 10 ester (4.43 g) as a pale yellow liquid.

To a stirring solution of ()7-oxa-3-aza-bicyclo[4.1 0]lheptane-3-carboxylic acid terf- butyl ester (2.4 g,

12.06 mrn%%ﬁ&nol G"ﬂ’i’l‘.’?Wﬂge&bﬁé@%ﬁgﬁﬂﬂ"&%&%’H%&(b‘?&é’éﬁoﬁéﬁ%ﬁéﬁg ammonium

chloride (848ieng{3l5d] gyntnndih-THyburabullipipenidiure pllamisated to reflux overnight and then

partitioned betwe I : : Ho]agle] ARG Swete washed with brine,
%%SMQ &ﬂ‘%%ﬁ?}%eﬁ%@a%ﬁnm@pﬁﬂmm QGG ol AYR)

separated and dri “The crude product was purified by column chromatography to yield
(3R*, 4R*)-2D5INeE -heHsAakSRPEr d8etT-Carboxylic acid tert-butyl ester (1.95 g) and (3S*,
4S*)-3-agzidpvi+ryprspdyspiperidine-l-carboxylic acid tert-butyl ester (312 mg). The stuctures of these

regioisome firme = 20 4/, N T3 peri A solution of
(3R*, 4R*)-Elgf§ 8-@y¥%€3§1§%§§ |i:(e6z- cgéiéﬁggc%%ygﬁﬁeﬁﬁ%% sf'l 72139(r)nmol) in
ethanol (50(EFWad fashel: duthiitnlrittedeh-2REMAdim 48 Gdnton oh e th/dlet ~300 mg) was
added and thegpaixiurexfugheriout withhydinaan andithgresiiied vader, a hyyagendssioon at room

temperature qvernjght. The reagti IXtu iltered.th h celi e filtrate evaporated
o give (BRI A% T3y Sid e oAby e B B andr (). To a
stirring olui8iief (3R*, 4R*)-4-amino-3-hydroxy-piperidine-I-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 30 mmol) was added dro;f_wi e, The mixture was
warmed to FSGmRIEm e GHSHRErRY Shera- Sl HiEorrd HapaAn =ty b i b¥kveen
dichlorometibdsne[artadyirbuiiibe Gohabth el pigaidintdydramime washed with brine, separated and dried
(MgSO04). The cr gﬂ;;éﬁ L 2009/0 ified.by column
chromatography t(;g%fgfd ( *%ﬁ%%%%%%-chIorégéﬁga%ﬁ%%?%?ﬁ%%gﬁ%%%gﬁ-carboxylic acid
tert-butyf estBiaiged gs gcreamglid &ikingy Lbkadion of (3R*,
4R*)-4-(2-cipgrorataiamino)-3-hydroxy-piperidine-1- carboxylic acid tert-butyl ester (2.70 g, 9.23
mmol) in te ro 0 d C i i % dispersion in
mineral oil r%ﬁ %@Rg%’%&%ﬁsﬁ%%g%i%&%rgmwgsﬁ%g%%z&?g%o%%%ggﬁa’\?&g’and stirred for

6 hours. Thé-#isturctius! SamitioHbd BeivimaicHlofeinénhrid bh b itd): 718é Eerhbthed organic
layers weresnashed with. brigs, separatedand-dsiecc(Ma$@4)1 Bherauds pradiiskyag)purified by

corbonyi 2l ariBly i (2o G010 DA Lo AR aF i 1" enere 0

8aR*)-2-oxo-octahydro-pyrido[3,4-13][1,4]oxazine-6- carboxylic acid tert-butyl ester (700 mg, 2.73

mmol) in dirg Emapidfoptool b QChuGs-280adaadivm-helidenfQadisaapion in mineral oil
(180 mg, 1.1 eq). The mixture was stirred at OQC for 30 minutes and then iodomethane (0.19 mL, 3.05

nunol) was SHEEE RO Rt P RES AL PSom temperature and stirred overnight.

Prepared by using general Suzuki coupling method A. The title compound was

25 cbtained as a white solid (40 mg, 63 %).
M+ HJ 507.3
NMR 8y (400 MHz, CDCI3) 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=11.3 Hz, 2 H),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),

30 7.28(dd, J=3.3,24Hz, 1 H),7.32(s, 1 H),7.51 (m, 1 H), 7.95(dd, T=11.2,2.4 Hz, | H}
and 8.26 {bs, 1 H).



The mixture was partitioned between ethyl acetate and water. The combined organic layers were
washed with brine, separated and dried (MgSO4) to yield (4aR*, 8aR*)-1-methyl

2-oxo-octahydt8* 6%@!’8{@% -b][1,4]oxazine-6-carboxylic acid tert-butyl es’f@?’@ﬁé%ﬁ)’éﬁemoval of the
Boc-protecting group using 2.0 M HC1 in diethyl ether in dichloromethane 20 gave the hydrochloride
salt of the title compound as an off-white foam (290 mg). Reference Example 104 0 -N4 0

(iR GaREE R R0 HSRAKYTERCItE - RSl Pl
methyl-hexahyﬂsgmmdaﬁ&ﬁ;ﬁﬁﬂa@wmﬁgme The title compound was prepared under the

standard reductiv ammﬁf?n condltlo ounling method A. The title ¢ und was
(4R*,4aR*)-1-met y(-fpnex ydsro n@ Lt‘%?f oxdazin-2-one ydrocth?%)e saltin the presence of

triethyl amiribteinghas atrofolithiid f@ar?ﬁ(%@ mg). Sig (400 MHz, CDC13) 1.52 (m, IH), 2.04-2.17 (m,
311), 2. 858( 3HY24964m, 1H), 3.09 (m, WO 2009/053715PCT/GB2008/003621 2H), 3.52 (m, 11-1),

105 HA 5 i LA sl Rk R IR R e

tetrahydro- @&%ﬁﬂaﬁif%ﬁhé {500 Hagl 5)08-.04 fml} B BBHES p:pérazm@&mw@, 545 mmol) in
methanol (19t af ;hG was aded. Qéqavylses% olutian R5RoasaiME) 3VEGB2= B¢, 5-00 mmol) in
water (1 mL). The mixture was warmed to 10 room temperature and stirred overnight. The mixture was
partitioned é)[\ﬁé’ehl"gtﬁ?‘i Ec8ie LA water. The combined organlc layers were washed with brine,
separated and dried (Mg804) to yield a 1:1 mixture of

-(3-cyano ISR PYIAN - PIPGIRANS 6 ?Pﬁﬁ%ﬁ%%%ﬁ#%ﬁ% S| @dgnzpacted starting

material (1.I5°g). The crude mixture was dissolv |n methanol (10°mL) and 1M sodium hydroxide
solution (5 ﬁ?&msthﬂfrﬁmﬂkagﬂaﬂdbﬁﬂfsﬁ%ﬁﬂ@dfb‘?‘ﬂﬁedropW|se addition of hydrogen peroxide, (30

wt% solution in Waﬁepai’e&whémygenmmsu@waa@ﬂﬁgmahmommﬁﬁnemwpe@ﬂwmght The mixture
was evapora{) cru duct was purified by column chromatography to yield

4-(4- carbamo%{e raaﬁy ro- pyra?n mﬁ) p razme 1-carboxylic acid tert-butyl ester (307 mg).
15 [M+H] 4033

NMR 8y (400 MHz, CD;0D) 1.34-1.45 (m, 1 H), 1.73-1.86 (m, 3 H), 2.04 (t, J = 10.3 Hz, 1
H), 2.14-2.24 (m, 2 H), 2.33-2.42 (m, 2 H), 2.89-2.94 (m, 1 H), 2.97-3.08 (m, 3 H), 3.78-3.83
(m, 4 H), 3.93 (4, J = 1.0 Hz, 1 H), 3.94 (d, ] = 1.0 Hz, 1 H), 4.03 (m, 4 H), 6.58 (dd, T= 3.0,
0.9 Hz, 1 H), 6.95 (m, 1 H), 7.29 (d, = 3.0 Hz, 2 H) and 7.41 (ddd, ] = 8.8, 4.0, 0.9 Hz, 1 H).

20 .
Example 7  2-(6-Fluoro-1H-indel-4-yl)}-6-[(5)-1-(kexahydro-pyrrole[1,2-gjpyrazin-2-
yhmethyl}-4-morpholin-4-yi-thieno[3,2-d|pyrimidine
To a solution of toluene-4-sulfonic acid 2-{6-fluoro-1-(toluene-4-sulfonyl)-1H-indol-
4-y1}-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl ester (100 mg, 0.144 mmol) in
25 DMF (1 mL) were added potassium carbonate (100 mg, 0.724 mmol) and (§)-octahydro-
pyrrolo[1,2-a]pyrazine (36 mg, 0.289 mmol). The reaction mixture was stirred at RT for 2h
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 (I mL} and IMS (1 mL), and an
30 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 chioride and DCM were added. The

phases were separated using a hydrophobic frit and the organic phase was concentrated in



Removal of the Boc-protecting group using 2.0 M HCI in diethyl ether in dichloromethane 20 gave the
di-hydrochloride salt of the title compound as a pale solid (260 mg). Reference Example 106 H2NcN)
\-61S CI 44X ZM8Y6%4-morpholin-4-yl-thieno [3,2-d Ipyrimidin-6-yhHfeHBRTHIESZin-1 -y1j25
tetrahydro-pyran-4-carboxylic acid amide The title compound was prepared under the standard
reductive-amination conditions WO 2009/053715PCT/CB2008/003621 using
4-piperazinYogkeeraniribapy residuc eifird AyierBteehenmaiasraioecivsdeifitihe presence of
triethylamingotgp@ive anaainhite deesmetaong). SH (400 MHz, CDC13) 1.69 (m, 211), 1.81 (m, 211),
249 (m, 41) _5&1 m, §1H), 3.65-3.85 (m, 10H), 3.91 (t, J = 4.8, 4H), 5.11 (his, IH), 6.46 (hr s, 1H), 7.07
(s,IH). 5 Ré eren e“gx' mple 107 1-(Tetrahydro-pyran-4-yl)-piperazine To a solution of
piperazine-Medibox AR ARz EMSGhylp b & { B.5(1, 885 h6AdIF10mtitingt iB7ah?f/trolsTEHF (20 nth)

and watar (.g718ly) \¥a$agded giaciahagalic Agidd L4 mis,24:2)/8mab ooliaveg by gqeium

cyanoborohydride (758 mg, 12.1 mmog;?The reaction mixture was stirred at 60C for 12 h, guenched
with 10% adugbds = §'§§ézir}LI)[,)' tGdq it BEtoalhnd %iff&u“(%fg%?%)i‘?ojg”i\?ez'a colourless oll
which was [Fitied! 1) shiea T gmat el ashydd) ivels,(eirihytio-pydanh-28- bk piperazine-1-carboxyLic
acid tert-butyl 15 ester (0.54 g, 25 %), as a white solid. BOC-deprotection was carried out as in

Reference Example 3 to give the title compound (0.30 g, 88 %). Reference Example 108 ro\ N -(kA
" Example 8  6-(Hexahydro-pyrrolo[3,4-clpyrroi-2-yimethyl)-2-(1 H-indol-4-yi)-4-

10  morpholin-4-yl-thieno[3,2-d]pyrimidine
Prepared by using general Suzuki coupling method A, followed by BOC-deprotection
using TFA:DCM (1:2). The title compound was obtained as a tan solid (27 mg, 28 %}.
[M +HJ 461.3
NMR &y (400 MHz, CD;0D) 2.60-2.66 (m, 4 H}, 2.78 (m, 4 H), 2.99-3.06 (m, 2 H), 3.86 (t,]
15 =47Hz 4 H),392(s,2H),4.08(t J=4.7Hz, 4 H), 7.17-7.24 (m, 2 H}, 7.32 (m, 2 H), 7.50
(d,J=8.0Hz, 1 Hyand 7.8% (d,J =74 Hz, 1 H}. '

Example?  2-(5-Fluors-1 H-indei-4-yl}-6-(hexahydro-pyrreolof3,4-cipyrrol-2-
yimethyl)-4-morpholin-4-yi-thiene[3,2-d]pyrimidine
20 Prepared by using general Suzuki coupling method A, followed by BOC-deprotection
using TFA:DCM (1:5). The title compound was obtained as a tan solid {36 mg, 36 %).
M +HJ" 479.3
NMR &y (400 MHz, DMSO-dg) 2.37 (d, J = 8.8 Hz, 2 H), 2.50-2.59 (m, 4 H), 2.67 (1, ] = 6.9
Hz, 2 H), 2.77-2.83 (m, 2 H}, 3.17 (d, J = 3.6 Hz, 1 H), 3.77 (t, ] = 4.7 Hz, 4 H), 3.89 (s, 2 H),
25 3.90-3.95(m,4H),6.67(t,T=24Hz, 1H),7.00(dd, J=11.1,8.8Hz, 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-yI}-6-(hexahydro-pyrrolo{3,4-cipyrrol-2-
ylmethyi)-cl—morpholin-tl-};l-thieno{3,2-d]pyrimidine

30 Prepared according to the method used in the preparation of 2-(6-fluoro-1H-indol-4-y1}-6-
[(8)-1-fhexahydro-pyrrolof 1,2-a]pyrazin-2-ylymethyl]-4-morpholin-4-yl-thieno-[3,2-
dJpyrimidine using hexahydro-pyrrolo{3,4-cipyrrole-2-carboxylic acid tert-butyl ester in place



N 20

2-Ch|oro-4-mg§ ?&1%5%%;-644-(tetrabydro-pyran-4-y|)-piperazio-l-ylmq;@y}ggggmgﬁdIpyrimidine
Prepared from 1-(tetrahydro-pyrart-4-y1)-piperazine and ' '
2-chloro-4-morpholin-4-ylthieno[3,2-d]pyrimidine-6-carbaldehyde under reductive amination conditions

described in Rgference Exampl 0 give, after silica atography purificati he title
compound Q? é“ﬁ%v‘ﬁﬁ?‘?&ﬁ@qfféaﬁgﬁfﬁyﬂ%’f‘%?‘t? ﬁe&?’XaﬁgH?r@%D%S%%?égﬁﬁgggg 2008/003621
Reference Ekanibie titlBgooniund wasobivieeh ph-totkite ot ffaneady Pbiperazine
4-(2-Methylﬁt;qﬂy%@ran-?;-yl)-piperazine-l-carboxylic acid ten-butyl ester (1.01 5 g, 53 %) was

prepared in_an analogous fashion to 4-(tetrahydro-pyran-4-y1)-pi zjine-1- carhoxylic acid tert-butyl
ester. This \ﬁgh "é@)@%%ﬁﬁe‘%ﬁg%gﬁéé%@‘?eﬁ‘éé%éa%%ﬁe%o &g%(?téle%ﬁﬁél %%%ég%&a& as a white
solid (370 nig, DEYE) 7BIREE SUADBNEHZ (@DCHR)3.2016, kB B199 (108 Hh,784)dd. 76- i, 281); 2.86 (m,

211); 2.97 (D, 118735023 4895 8180 1101 P09 $M 218 P Bk D) Reference Example

(02-Chloro-644-(2-methyl-tetrahydro-furan-3-yl)-piperazin-1-ylmethy11-4-morPholin4-yl-thieno[3,2-dIpy
rimidine 15E£Zrimethy|-te4ammiafeparn{35hppipeiazihen el iddole4ith42rakhipiolig-#orpholin-
4-yl-thieno[3,2; igidine-6-carbaldehyde under reductive arnination conditions described in
Reference é&%ﬂgéi%%$6%§ggﬁer silica chromatography purification the title compound as a white

solid (110 mg, 43Brpam bylusinegrncrab Bupidernbisgmethng| 4. falowed by BOC-deprotection

using TFA:DCM (1:3). The title compound was obtained as a tan solid (57 mg, 59 %).

[M +H]" 475.3

NMR 8y (400 MHz, CD;0D) 1.74 (t, J = 5.2 Hz, 4 H), 2.73 (t, ] = 5.2 Hz, 4 H), 3.18 (s, 4 H),

3.85(t,J =4.7Hz, 4 H), 3.97 (5, 2 H), 4.06 (t, ] = 4.7 Hz, 4 H), 7.16-7.23 {m, 2 H), 7.31 (m, 2
15 H),7.48(dt,]=8.1,1.0Hz, 1 H)and 7.88 (dd, J =7.5, 1.0 Hz, 1 H).

Example 12 6-{2,7-Diaza-spiro[3.5]non-2-yimethyl)-2-(5-flaore-1 H-indol-4-yl}-4-
morpholin-4-yi-thieno[3,2-d]pyrimidine
Prepared by using general Suzuki coupling method A, followed by BOC-deprotection
20 using TFA:DCM (1:5). The title compound was obtained as a tan solid (18 mg, 18 %).
[M +H]" 493.3
NMR &y (400 MHz, DMSO-dg) 1.67 (t, J = 5.1 Hz, 4 H), 2.65-2.72 (m, 4 H), 2.99-3.11 (m, 5
H), 3.77 (m, 4 H), 3.84-3.95 (m, 6 H), 6.66 (m, 1 H), 6.99 (dd, I =11.1, 8.8 Hz, 1 H), 7.32 (m,
1 H), 7.41-7.47 (m, 2 H) and 11.24 (bs, 1 H).
25
Example 13 6-(2,7—Biaza-spiro[3.5}non-2~ylmethyl)w2w(@ﬂuoro-lH-indoM-yiH-
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-alpyrazin-2-ylymethyl]-4-morpholin-4-yl-thieno-{3,2-
30  dlpyrimidine using 2,7-diaza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester
hydrochloride in place of (S)-octahydro-pyrrolo[ 1,2-a]pyrazine, followed by BOC-



CNN ()-1-(Tetrahydro-furan-3-y1)-piperazine To tetrahydro-furan-3-ol (1.0 g, 11.4 mmol) in anhydrous
dichloromethane (15 mI,é with 25 triethylamine (2.37 nth, 17.03 nunol), was added methane sulfonyl
chloride (12.5Wr(l);|ﬁé}l3f(gt7' *C. The reaction mixture was stirred at RT for é)%f%ﬁlﬁgs;&olﬁ?%d with
dichloromethane (50 mL) and washed with water. The organic phase was dried (MgSO4) and
evaporated jn-vacuo to give methanesulfopic acid tetrahydro-furan-3-y1 ester as i n& orange oll
(1080, BoPRGBREH DTN Oal B N AR BUIE FL00 6 e ST Aol
methanesuttgni® 86id tetrahydrofuran-3-y1 ester (1.07 g, 6.45 mmol) and K2CO3 (2.96 g, 21.55
mmol) was [ﬂ'q ingnhydrous acetonitrile (50 mL) under reflux conditions for 12 hours. The reaction

mixture was cooléd and poured onto water and extracted with dichloromethane to give after silica
chromatogriPRy Su R MRFRVBIRaRA§3 (Mpigeradite 4 @b bifiid add Kbty PdtEr as a colourless
oil (0.57sg, #3731 (t, NMR6H3, A0, B¥475 QDG IBR7YHA%, OHY, 4185729 Qe FPH)38.8712.48 (M, 411);
3.06 (m, to 3,40 B3 m ~(Tetrahydro-furan-3-y1)-piperazine-1-carboxylic
acid tert-bu@?ﬁ%ﬁO@@?géfﬁ%%I?@é?@é—ﬁéﬁ’r%t@ted as in Reference Example 3, to give, the
titte compound as a gummy residue (264 mg, 76%). 15 Reference Example 112 _

()-2-Chloro #:sapehgling4y/d-BiA-Grvabidt 9jbetyBndapiDerasimloringitlislianal 3-2-dIpyrimidine
Prepared from 2-chloro-4-morphqlin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde 20 and
1-(tetrahyd%%ﬁ‘é‘?&%’f@iﬂﬁgg&é&%’%‘?}ﬁ é?l%@ﬁctive amination conditions described in Reference
Example 39, to giferitetuilising igeoenSemap agunhestinethasp Sl edby RAftedapimteeay mg, 60%).

NMR S(400, ZFF@;%%?%’& BB Ttk Ldhip2 3 (s dtlihindadR % 8 DRtbil @D des Uy); 3.64-4.02
Reference Example 113 WO 2009/053715PCT/G112008/003621

(m, 1411); 7.1 gi;lllg 2
2-Ch|oro-6-@1’e3'< yﬁ? “pyrroloP,4-cipyrrol-2-ylmethyl)-4-morpholin-4-y1-thien03,2- 4pyrimidine
NMR 8y (400 MHz, CDCl,) 1.70-1.76 (m, 2 H), 1.94-2.05 (m, 2 H), 2.32 (d, ] = 10.6 Hz, 2

H), 2.78 (dd, J = 10.6, 2.6 Hz, 2 H), 3.44 (bs, 2 H), 3.77 (s, 2 H), 3.88-3.93 (m, 4 H), 4.07 (m,
15 4H),7.15(m, 1 H), 7.28 (t, T =2.5 Hz, 1 H), 7.32(s, 1 H), 7.51 (s, 1 H), 7.94 (dd, T = 11.2,
2.5 Hz, 1 H) and 8.32 (bs, 1 H).

Example 16  6-[{1S5,58)-1-(3,6-Diaza-bicyclo{3.1.1}hept-6-ylymethyl]-2-(6-fluore-1 H-
indol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine ‘

20 Prepared according to the method used in the preparation of 2-(6-fluoro-1H-indol-4-
y1)-6-[(8)-1-(hexahydro-pyrrolo[1,2-alpyrazin-2-ylymethyl}-4-morpholin-4-yl-thieno-{3,2-
dlpyrimidine using ((15,58)-3,6-diaza-bicyclo[3.1.1]heptane-3-carboxylic acid tert-butyl ester
in place of (§)-octahydro-pyrrolo{1,2-a]pyrazine, followed by BOC-deprotection using
TFA:DCM (1:1). The title compound was obtained as a white solid (27 mg, 38 %).

25 [M+H] 4653
NMR 8y (400 MHz, DMSO-dg) 1.50 (d, F =9.5Hz, 1 H), 1.78 (d, T = 9.5 Hz, 1 H), 2.53 (d,]
=9.6Hz, 1 H),2.77 (dd, = 10.0,2.1 Hz, 1 H),2.85(dd, J =9.6,24 Hz, 1 H), 3.08 (¢, ] =
10.0 Hz, 1 H), 3.47 (s, 1 H), 3.56 (5, 1 H), 3.82 (m, 4 H), 3.97-4.13 (m, 6 H), 7.30 (ddd, J =
9.3,2.4,0.8 Hz, | H), 7.39-7.46 (m, 3 H), 7.89 (dd, J = 11.5, 2.4 Hz, 1 H) and 11.28 (bs, 1 H).

30
Example 18  6-(2,7-Diaza-spiro[3.5]non-7-ylmethyl)-2-(6-fluore-1H-indol-4-yi)-4-
morpholin-4-yl-thieno[3,2-d] pyrimidine



To a stirred solution of 5-(2-chloro-4-morpholin-4-yl-thieno[3,2-dIpyrimidin-6-
ylinethyl)-hexah dro-%yrrolo[s,4-c]pyrrole-2-carboxylic acid ten-butyl estPerT(/BQO ng%&)O.?l mmol) in
CH2C12 (4 miPREERHed TFA (6 mL). The reaction mixture was stirred At R1 1or 4 R upon which
time volatiles were removed in vacua. Purification by SCX-2 gave the title compound as an off-white
solid (273 mg; 89 %). 61/(400 MHz, CDC13) 1.72 (br s, 1H)62.49-3.01 (m, %ﬁ{H), 3I85_3'90 (m, 6H),
3.99-4.01 (m, tO FTPpred pecpeding 19 e deiunddisee in FpREcp IR &f K -fiuogpdft-ndol-4-
[1-(2-Chlorgidan@phindydrikienocld 22 difpyriamich yBrynbgthviymipdntinddyl tdentd H3ethyl-amine

To a stirred S| 5 -4- iN-4-yl-thj 2 Tmid - carbaldehyde (1.0 g;
3.5 ol D e B 2 i) in
1,2-dichlordwtashlogits implegepf éﬁd@@ﬁ%@ﬁ&@ﬁ%@&?@f@ﬁ%ﬁ?ﬁﬁﬂ%ﬁ SCtion mixture was
stirred at REefaptachdsnemyvivehioe (i WasiurRcaapokiil wE sbiiribs MakiG@disdation (30 mL),
diluted with 1124%(( 0 triL) and extracted with EtOAc (200 mL). The organic layer was dried (Na2804)
and concentizited 1 a yellow foam (1.84 g). This foam was dissolved in CH202 (20 mL) and treated
with TFA (1%H_1¥]§ﬁ98ﬁovernight (17 h). Volatiles were removed in vacua, the residue was taken up in

208 2 A e e ohabie it and solvent
evaporated:’t‘ggg?%ﬁﬁg’ ?ﬂ%gégﬁg.{)ﬁﬁ r‘(F(:j %%%Zpéﬁg)yiﬁgwis%@a%%ag%@&j_0?1{ 4?(? %ﬁi CDC13)
1.18-1.4@ (iH) 8i)] 12975 Bh, 2H), 1.99-2.05 (m, 211), 2.20-2.27 (m, WO

2009/053715PCT/GB2008/003621 1H), 2.28 (s, 3H), 2.73-2.76 (m, 2H), 3.62 (s, 2H), 3.66-3.69 (m,
4H), 3.81-3.84 (m, 411), 6.98é|s, 1H). Reference Example 115 HO 5NAt|

141-(2-Chidisamnisdd h Si-A-Disrtatrirel o Sissindmeie 3 lnnrs-HioedataDst 1 azetidin-3-ol

To a stirredeHgtiotnof-#-Briendihpafigomsidin® g; 6.0 mmol), 3-hyciroxyazetidine (0.43 g; 5.9 mmol) in

1,2-dichloroethang (30 m ?glﬁég) . X ‘ T ztion mixture was
stirred at RT overglré%atrﬁéﬁv%%%%%%% wit gﬁgé%%ﬂﬁég&%ﬁ Sm%?g r#if)rsﬁ?g EI"z;l(?yers
separattd (AsiaedpsBieiif] dhd be s roswpayedaratiobitiaereas iy SRS &me 8 my; 3.6 mmol) was
Boc-deprotggtad{jT56¥@H2C12) and after evaporation of volatiles 1-piperidin-4-yl-azetidin-3-ol

trifluoroace e nas AR RIRS ARG St 1= 6.7 1z, 6 1), 2.48 (5, 4 ), 2.74 (m, 3 ), 2981,
=67 Hz, 2 H),3.79 (s, 2 H), 3.87 (t, = 4.7 Hz, 4 H), 4.04 (t, ] = 4.7 Hz, 4 H), 7.12 (ddd, J
—89,2.4,09Hz, 1 H), 7.25 (d, ] =3.3 Hz, 1 H), 7.31 (s, 1 H), 7.49 (m, 1 H), 7.92 (dd, ] =

20 11.2,2.4 Hz, 1 H) and 8.38 (bs, 1 H).

Example 20  6-(2,7-Diaza-spire{4.4]non-2-ylmethyl)-2-(6-fluoro-1H-indol-4-yl}-4-
meorpholin-4-yl-thieno{3,2-d]pyrimidine
Prepared by using general Suzuki coupling method A, followed by BOC-deprotection

25 using TFA:DCM (1:1). The title compound was obtained as a tan solid (21 mg, 23 %).

[M +H]" 493.3

NMR &y (400 MHz, DMSO-ds) 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, 7= 10.1,2.4,09Hz, 1 H),7.28(d,J =33 Hz, 1 H),733(, 1
30 H),7.52(d,J=3.3Hz 1 H), 7.95 (dd, T =10.1, 2.4 Hz, 1 H) and 8.41 (bs, 1 H).



15To a stirred suspension of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6- carbaldehyde (1.13
g; 4.0 nunol) in 1,2-dichloroethane (20 mL) was added a solution of 1- plggg%dln-é-a/(;g%etld|n-3-ol

trifiuoroacetat‘é/?sh%%[ﬂsr%ﬁ in TI-1F (5 mL) followed by NaB(0OAc)3H (2.1P Fo' G ). The reaction

mixture was stirred at RT overnight (16 h) and product isolated by acid/base extraction. Purification by
ISCO gave _the title compound 20 as_a white solid (0.50g; 30%). 831(40Q MHz, CDC13) 1.30-1.47 (m,
). 1 60 EGBRRE ), Dot L a5 BT R SR R (1. 11
3.84-3.87 (ajpvilihinE 8B+ thidid] 324 fainiddte ) = 5.6, 1H), 7.15 (s, 1H). 25 Reference Example
116 WO 20090537} RGT 8200800362 L RATE RN Iprians 4y aniaghriyL-carbamic acid

tert-butyl ester To a solution of (2-amino-ethyl)-Carbarnic acid ter_t-butil ester (5g, 31.2 mmol) in 5 DCE

(150 mL) wikicapidacrevrimigiro-pratdlanizdr mgroal L e lRithl RS Wa! difred at RT for 1
h, then sodiui! it ety PBrobyMdedB B giid Compomnd vuabaiide dsanehstrsalig (98sgpntinued for 18
h. The reactign mixture was diluted with NH.40H 10% in water and extracted with DCM. The organic
layer was sepdrated, dried (Na2S04) and concentrated in vacuo to give the title compound as
colourless GM(BHD 493 %). 10 [M + Hr 245.1 Reference Example 117 (-N N-: 0\0--7 15

1-(TetrahydiRaRy 20dh YD) IDRISGIA: 2101221 .98 () ALBONI®D. 1 (m, 2 H), 2.39-2.47 (m, 1 H),

[2-(tetrahydrao-pyran-4-ylamino)-ethyl]-carbamic acid. teri- ster. (6. ol) in DCM (100
mL) was a&d%‘g%qa%{ﬁi‘/éﬁﬁ%ég ﬁ?‘% %Lf%.%%oﬁ)%l oblé)égdtyéf%h?o}rggagi%@fi%@fg@( .64 g,32.4
mmol) dvophkBes The.t6édutiétinikidraiddas 206.Stkved AHRT i) 2430 (dhdITBahtRidhtd Péhween DCM
and saturated YaHG03 a0uequs)Sekgin, The proaniaiayen wassiselaled igyied (Na2SO4) and

concentrated in vacuo. To a solution of the resulting residue in THF (50 mL) was added sodium
hydride (60% in mineral
Example22  2-(6-Fluoro-1H-indol-4-y1)-4-morpholin-4-yi-6-[(3a$,7aR)-1-(octabydro-

pyrrolo[3,2-c]pyridin-5-yl)methyl]-thieno[3,2-d]pyrimidine

15 Prepared by BOC-deprotection of (3aS,7aR)-5«[2~(6»ﬂuoro-1H~indol-—4~yl)-4—
morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl]-octahydro-pyrrolof 3,2-c]pyridine-1-
carboxylic acid tert-butyl ester using TFA:DCM (1:6). The title compound was obtained as a
beige solid.
The analytical data are identical to those obtained for the racemic mixture.

20
Example 23  2-(6-Fiuoro-1 H-indol-4-ylj-4-merpholin-4-yi-6-{(3aR,7a8)-1-(octabydro-
pyrrole[3,2-c]pyridin-5-ylmethyl]-thieno{3,2-d]pyrimidine |

Prepared by BOC-deprotection of (3aR,74S)-5-[2-(6-fluoro-1 H-indol-4-yl)-4-

morpholin-4-yi-thieno[3,2-dJpyrimidin-6-ylmethyl}-octahydro-pyrrolo[3,2-c]pyridine-1-

25 carboxylic acid tert-butyl ester using TFA:DCM (1:6). The title compound was obtained as a
beige solid.

The analytical data are identical to those obtained for the racemic mixture.

Example 24  2-(6-Fluoro-1H-indol-4-yI)}-6-{(&)-1-(hexahydro-pyrrolo[1,2-alpyrazin-2-
30 yhmethyi]-4-morpholin-4-yl-thieno[3,2-d]pyrimidine
Prepared by using general Suzuki coupling method A. The title compound was
obtained as 2 white solid (98 mg, 92 %).



oil) (1.62 g, 40.6 mrhol). The reaction mixture was stirred at RT for 20 h, then partitioned between

DCM and water. The or?anic layer was dried (Na2S04) and concentrateg in.vacuo to 25 yield an

orange residu oA TaEiue (7.66 g, 27.0 mmol) was dissolved in dichI(%)roTrﬁ(;eI:{ﬁogsr‘}g‘?fﬁo1 mL) and TFA

(15 mL) was added. The resulting solution was stirred at RI for 4 h before being concentrated in vacuo.
The resultant residue was loaded onto an Isoluten SCX-2 cartridge, washed with MeOH then eluted
with 2 M NHPE i et o give the title compound WO 2009/053715PCT/GB2008/003621 as yellow
oil (4.26 g, 8B%R) sI\NueoHRefEDeEnge Ex(mapE)l 18051.90 (m, 3 H), 1.98-2.07 (m, 1 H), 2.14-2.23

4-(2-Chlorord merpholins dey|shieRols -dipy imipiay erpinetivl; I dis el pyr iy v 1)-piperazin-2-o
%?6- romo ﬁ}f—zc

ne To a solutibn et oro-4-morpholin-4-yl-thieno]3,2-d]pyrimidine (200 mg, to 0.57
nunol), in DMB-Gi(y, WH 2ddédid{rtdnydrd-pitan- By 123198 dZzid-2-6di 16G30.63 mmol) and
potassium ¢aronate {288, M), 7.2 nenah. iTHendseoabyasistirred at RT for 4 h, then the reaction
mixture was diluted with water and extracted with DCM. The organic layer was separated, dried
(Na2S04) and concentrated in vacuo to give the title compound as a yellow solid (212 mg, 82 %). 15

M + HI' 45 E2ampde)af atibr o Tivapolifldsdsltowhivtmey sbedisryitzl-thienof3,2-d]pyrimidin-6-
16-(4;]A|zeti%@ﬁ]ﬂl@g{ﬁ%ﬁ;ﬂ;ﬁé@%ﬁ@ﬂ@@ﬁ?gnd01-4-y1)-4- 2|O | o )
morpholin-4-yl-thieno[3,2-d|pyrimidine Prepar sin eral, Suziiki pling method A. The
title compound W%%%f‘é%%r?é]’d"é%gﬁ%@r?dg%% ?ﬁ%&#&%&%%ﬁdéf 11(400 MHz, CDC13)
1.42-1.78 (rigpBokeptiBrlbiom TB AR TRIBEL (1) B3B8 pmtcstion RnSTEA RCMH);23. Ihe(itile411), 4.08
(m, 4 H), 7.14.( ﬁ%ﬁ-?m%;kd‘kéé&ﬁﬁ%&ﬁ@@ﬂn&ﬁ@" , 2.5Hz,1H),7.33 (s, 1H),7.53(m, 1H),
7.96 (dd, J fh,%+.9j+25%3l-éz, 1 H) and 8.27 (bs, 1 H).” WO 2009/053715PCT/G132008/003621

NMR 8y (400 MHz, CD;0D) 1.51-1.61 {m, 2 H), 1.95 (m, 2 H), 2.38 (s, 2 H), 2.56 (1, ] = 4.6

Hz, 2 H), 2.72 (dt, ) = 12.7, 4.6 Hz, 2 H), 2.83-2.92 (m, 2 H), 3.77 (t, ] = 4.6 Hz, 2 H), 3.83

15 (m, 6 H), 4.05 (t, ] =4.7 Hz, 4 H), 6.59 (dd, ] = 3.1, 0.9 Hz, 1 H), 6.97 (dd, } =10.9,8.8 Hz, 1

H), 7.31 (m, 2 H) and 7.43 (ddd, T = 8.8, 4.0, 0.9 Hz, 1 H).

Example 28  9-{2-(5-Fluoro-1H-indel-4-yl)-4-morpholin-4-yl-thieno[3,2-d] pyrimidin-6-
yimethyl]-1-oxa-4,9-diaza-spiro[S.5]undecane
20 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 tan solid (51 mg, 46 %).
[M +H]"523.2
NMR 8y (400 MHz, CD;0D) 1.54-1.64 (m, 2 H), 1.97(d, J=13.7 Hz, 2 H), 2.50 (t, ] = 11.0
25 Hz,2H),2.67(m,4H),2.74(t,J=4.8 Hz, 2H),3.63 (t, ] =4.8 Hz, 2 H), 3.84 ({, ] = 4.7 Hz,
4 H), 3.89 (s, 2H), 4.05(t,]=4.7Hz, 4 H), 6.60 (dd, J =3.1, 0.9 Hz, 1 H), 6.98 (dd, ] = 10.8,
8.8 Hz, 1 H), 7.31 (m, 2 H) and 7.43 (ddd, J = 8.8, 4.0, 0.9 He, 1 H).

Example 29  7-[2-(5-Fluorc-1 H-indol-4-yl)-4-morpholin-4-yl-thieno{3,2-dlpyrimidin-6-
30  yimethyll-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 %).



Example 2Cyclopropylmethyl-{1-12-(5-fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-
thienop,241pyrimidin-6-ylmethylitiperidin-4-01-amine  Prepared by using general Suzuki coupling
method A. Th&HtR%¢8MPSund was obtained as a cream solid (55 mg, 67 /}q’%"wﬁ B3¢ 521.3 NMR 5H
(400 MHz, CD30D) 0.16 (m, 2 H), 0.51 (m, 2 H), 0.94 (m, 1 H), 1.46 (m, 2 H), 1.90 (d, J = 12.1 Hz, 2
H), 2.14 (dt, J = 12.1, 2.2 Hz, 2 H), 2.48 (d, J = 6.9 Hz, 2 H), 2.56 (m, 1 H), 2.98 (d, J = 12.0 Hz, 2 H),
3.82 (m, mﬂmkéwzm) 6.63 (dd, J= 3.1, 0.8 Hz, 1 H), 6.98 (dd, J = 10.8, 8.8 Hz, 1 11), 7.29 (s, 1
H), 7.32 (d.Nivir3 1 (oo Aok, and Gpd4 .6dqd, =11 8814, 0 HHD20 8 (dad, T H)3Bxaumple Hz, 2

3Cyclopro yl-{14 1 y. h Z,
thieno[3,2 %yyng% n316 %yq gg{%&r%fp%%%?n ﬁ% %}_ql PS Q@é%;érg (é’[gy ﬁs']lr% g4enera 0Suzukl
coupling méhdHN4. 76 &.ttreoRb Ui Mfdddds b taln@d He. 4 BeffPdatd 210M3- 4 o) [M + HT

521.3 N}VIBgﬁﬁ(&QQM%,@Q@@O}%@m@ blh @491, 211), 0.96 (M, 1 H), 1.43-1.54 (m, 2 H),
1.89 (m, 211), 2.18 (m, 2'H), 2.48-2.58 (m, 311), 2.97 (d, J = 11.9 Hz, 211), 3.83 (m, 211), 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, .1= 2.3 Hz, 1 H) 20 7.33 (s, 1 H), 7.53
(m, 1 H), 7.Baftide 3+ 16-@;Kzatidin-1- ﬂpm@m-sfbsemﬂ}zaimi-4-yl)-4-morpholm-4-

4Cyc|opropgj iﬂm‘?xéé g%ﬁ?rﬂﬁdﬂﬂpl -4-y1)-4-morpholin-4-yl-thieno[3,2-
4pyrimidin-6-ylmethyli-pipéridin-4-y1}-amine Prepared by usnﬁ%general Suzuki coupling method

A. The title comp(ﬁi RyoBipg e Seudnntelegimetiet figTR% S SRR NRAR oH (400 MHZ,
CDC13)0. 3btiiredat 1 &g 9Lntd) 84 %3-1.57 (m, 211), 1.96 (d, J - 12.7 Hz, 2 H), 2.11-2.22 (m, 3
H)2602 u 2,95 (d, J = 11.3 Hz, 2 H), 3.82 (d, J - 1.0 Hz, 2 H), 3.87-3.92 (m, 4 H),
4.03-4.08 ( 41% (ddd, ) =8.8,2.4, 10Kz 1H). 30728 (dd, J =33, 2.4 Hz 1H), 732 (5.1

H), 7.51 (IHW‘S?* @@Qé@{%} €NGlY 135 P (I“H'%Iéhd 3146 dos 14946z AAD, 2.01-2.12
2009/0537 5P E.T{GB2ASH 1303 1dEKAMPHz, 2 H), 321 (t, ] = 6.9 Hz, 4 H), 3.83 (s, 2H), 3.91
56-1(5)-1-(Hexahy gig; Py IR0l 7 30y 33 3 AT Il S s - 8.1 1z, 1 1),

15 7.53(t,J=2.5Hz, 1 H), 8.16 (m, 1 H) and 8.34 (bs, 1 H).

ample 32 6-{(4-Azetidin-1-yl-piperidin-1-yimethyl}-2-(5-fluoro-1H-indoi-4-yl)-4-
morpholln-4-yl-thteno{3 2-d|pyrimidine
Prepared by using general Suzuki coupling method A, followed by TBDMS—
20 deprotection using TBAF:THF (1:10). The title compound was obtained as a cream oil (74
mg, 50 %).
[M+H] 507.2
NMR 8y (400 MHz, CDCl3) 1.31-1.43 (m, 2 H), 1.68 (m, 2 H), 1.99-2.09 (m, 3 H), 2.15 (m, 2
H),2.90(d,J=11.2 He, 2 H), 3.17 (m, 4 H), 3.80 (5, 2 H), 3.84 (, ] = 4.7 Hz, 4 H), 4.02(t, )
25 =4.7Hz, 4H), 6.87 (t, ] =2.5Hz, 1 H), 6.96-7.05 (m, 1 H), 7.25 (m, 1 H), 7.29 (s, 1 H), 7.33
(dd, J=28.8, 3.8 Hz, I H) and 8.36 (bs, 1 H).

Example 33  6~(3,8-Diaza-bicycle[3.2.1joct-3-yImethyl)-2-(1 H-indol-4-yl)-4-morpholin-
4-yl-thieno[3,2-dpyrimidine

30 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 %).



4-morpholin-4-yl-thienof3,2-4pyrimidine  Prepared by using general Suzuki coupling method A. The

title compoun%wg@gmiﬁed as a tan solid (71 mg, 91 %). 5 [M + Hr 473 3 NMR & 100 MI-1z,
CDC13) 1.60 (bs, 2 H), 1.84 (m, 2 H), 2.07(m, 1 H), 2.23 (bs, 2 H), 2.45 (bs, 2 H), 2.95 (d, J = 8.7 Hz,

1 H), 3.09 (m, 3 H), 3.87-3.95 (m, 6 H), 4.08 (m, 4 H), 7.29- 7.34 (m, 2 H), 7.38 (s, 1 H), 749 (d, J = 8.0
Hz, 1 H), 7?%]&:?& ,L H), 8.18 (dd, J =8.0, 1.0 Hz, 1 H) and 8.29 (bs, 1 H). 10 Example
62-(5-Fluoro-1H-i dogll-' -y1)-6-[(S)-1-(bexabydro-pyrroloil, 2-alpyrazin-2-
yOmethyll-2SMBrihda-bikfz- BReHeE2 ipytiiame H). PR8patedmby iiretdéhdrall 84 A coupling
(00 Mz, IR T s (o T LT e n S o2 ot ottt 282,20 (me 2
H), 2.33-2. 4! ii}%é%@"-?.‘%ﬁi érﬁ';,;'lg > ilgg%@éscrgpgzﬂl%z%‘é%g %1%?&)@‘5 B4, 3= 1.0 Hz,
1 H), 3.94(d{d EH)BHE (ddH)4.83 iz HY) endg (88,0131, 0.9 Hz, 1 H), 6.95 (m, 1 H), 7.29 (d, J =
3.0 Hz, 2 H) and 7.41 (ddd, J = 8.8, 4.0, 0.9 Hi, 1 H). 20 Example

T R AR s ot

yl)methyll- -4= , [ -4- c aci

2[6-fluoro- 1stophaitia-4-gidhdens] 3: 1-dlipyeindidige/ 1]-4-morpholin-4-yl-thieno[3,2-c]pyrimidin-6-ylmethyl
ester (100 mg, O'%é;@é@ﬁl)ﬁ%g&%ﬁ w%)cg{@%gqg%@%%ﬁ%ﬁ{@gm_(loo mg, 0.724 mmol)

and (5)-octahydropyrrolo[1,2-a|pyrazine %6 mg 9 nunol). The reaction mixture was stirred at RT
for 2 h BefoferpReioats BEC WeFE R U LY anf 8 B slsprotetiendisyg MM Lthydroiobic frit and

the organic ghgsandasconarpl aladitamaclio (9T Beng Jultant residue was dissolved in dioxane (1 mL)
and WIS (1,mbL),an 30 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. ThePMBsas$perdEadaMatedasing mhydioghtdid fitaht Hae2diyartt hase adeoncentrated in
WO 2009/053310Pd/ B 200800360 3 yamio2 Thesresulant sesidue myas pusfieepy.splumn

chromatography o give Jos tile, comeaing. a3 g whis a9f.(32 9540, "Phy, 7.32-7.40 (m, 1

H), 7.40-7.46 (m, 2 H) and 11.23 (bs, 1 H).

Example 35 6-(3,8-Diaza-bicyclo[3.2.1}oct-8-ylmethyl)-2-(6-fluoro-1H-indol-4-yi)-4-
morpholin-4-yi-thieno{3,2-d]pyrimidine
20 Prepared by using general Suzuki coupling method A. The title compound was
obtained as a white solid (35 mg, 37 %).
[M+H]"479.2
NMR 8y (400 MHz, CDCl5) 1.85-1.97 (m, 2 H), 2.05-2.12 {m, 2 H), 2.77 (dd, T=12.1,2.5
Hz, 3H),3.16 (d, T = 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
25 H),407-4.12 (m, 4 H),7.17 (ddd, ] = 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 (d&, I=100, 2.4 Hz, 1 H) and 8.33 (bs, 1 H).

Example 36  6-(4-Cyclopropyl-piperazin-1-yimethyl}-4-morpholin-4-yi-2-(2-
triﬂuoromethyi-1H-indol—&yl}-thieno[z,i;—dipyrimidine

30 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



{M + H}+ 493.3 NMR 6H (400 MHz, DMSO-d6) 1.21-1.31 (m, | H), 1.59-1.75 (m, 3 H), 1.87-1.96 (m, 1

H), 5 1.97-2.11 (m, 2 H), 2.14-2.31 (m, 2 H), 2.84 (d, J = 9.6 Hz, 1 H), 2.89-3,01 (in. 3.H), 3.82 (m, 4
H), 3.90 (d, J‘é"giﬁ??’fl@)?’f H), 3.94 (d, J = 14.8 Hz, 1 H), 3.99 (m, 4 H),Zg%.gééfgé‘,’%‘}‘?%b, 2.5 Hz, 1 H),

7.42-7.45 (m, 3 H), 7.89 (dd, J = 11.5, 2.5 Hz, 1 H) and 11.28 (bs, 1 H). Example
86-(Hexahydro-pyrrola[3.4-cipyrral-2-yimethyl)-2-(1H=ndal-4-yl)-4-

morpholin-4-yI- |§ﬁ%&%%p@#é{gd%gmgé%%gpéél%?/%g%n%nggn ’ra}lgghlz'% %bb&)lhzgtgrdﬁethod A,
followed by(BOICHH &6 (es AR LBHTY ST F DGV (. 2N B L3l copodhtrprasssiitdiniéd as a tan solid

(27 mg, 28%). My Addes 4653 HMR BEHE QY2 BDAOP) 210,266 (@, -H),2.881eM, 4 H),
2.99-3.06 (M, 2 H}, 386 (t, J15=4.7 Hz, 4 H), 3.92 (s, 2 H), 4.08 {1, J = 4.7 Hz, 4 H), 7.17-7.24 (m, 2

H), 7.32 (in} SH%71834405 L0 Hz, 1 H) and 7.89 (d:J = 7.4 Hz, | H). Example
92-(5-Flgoro-1H-indo1-4-y1)-6-(hexahydro-pyrrolo13,4-cipyrrol-2- _
yimethyl)-4 H-4zviathie ~dipyrimidine 2 K INELOLLERLRLEYKI coupling
method A, %%%iv%ep%gy B%%%?pﬁ%%%%ﬁ%ﬁ%g i:1%53@!\%?‘ FS%QI& rﬂeﬁ%ﬁ% cogrfl?g)ou%é v%as obtained as a
tan solid (3@Ipygimidings- yhrLEindole Gswiipricacd AmethilemidfsO-d6) 2.37 (d, J = 8.8 Hz, 2 H),
2.50-2.59 (M, 4 Hprep&éd(bylising. Getbtal Bithk? cbibplgingthod BI)TRe Hitlddordparhbkiz, 1 H), 3.77 (t, S =

4.7 Hz, 4 H), 3.89.(s, 2 H), 25.3.90-3.9 4 H),6.67 (t,1=2.4Hz,1H),7.00(dd, J=11.1,8.8Hz,1
H), 7.35 (sgf%ifle‘}%ffl?’l}gt? ftgnh ;%)ma\gh%%n}f?% (bs, 1 H). Example 10 2-(6-Fluoro-1H-indol 4 yl) 6

(hexahyé@rotMHEIB[3®3-Zipyrrol-2- yimethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine 30 Prepared
ﬁé‘)“’fd(ih”g t@ﬁm sa%&h@@mﬁel e @aﬂttbe)sse@aslqlﬂm Hf,ﬂié@ﬂ'!ﬂsrﬁn;ﬁﬂﬂg}d?ﬁd'ﬁmﬂ)fg;z.ﬁs (m, 4 y _

-1-(hex ro-pyrr ,2-a]pyrazin-2-yhm -4-m -4-yl-thignq-[3,2- idine using
hexahyd ro-awy'r%oﬁ Eﬁéﬂg@%@&éﬁ% %ﬁﬁﬁ-@“&{ﬁ@ﬁ%ﬁﬁ%ﬁa& 9\%2)&“21 ﬁqpygtyn .
2009/0537 {6 CH)GBIA68/DEREX0 ¢, (5j-betdhyidrd-m@ fald[b-ttpyrazine, followed by
BOC-deprotection using TFA:DCM (1:1). The title compound was obtained as a white solid (34 mg, 47
%). + HI+ 479.3 NMR 8H (400 MHz, DMSO-d6) 2.38 (dd, J =8.4, 2.5 %% 24—&,_2.5%-! .61 (m, 4 H),
2.64-2.70 SEEADBIESS ) A ECslonropypRsTafin 1YIs g Brphatisat it diisngl% 50 (d, 5 = 9.2,
2.6 Hz, 1 H)jpyélaitike2(m]- Ba-) doiBS{(cathdxwlit beld 2i6idthz, 1 H) and 11.29 (bs, 1 H). Example 11

6-(2,7-Diazg;gpirof 3 IRRR-Zaxmesivia-dditp driadkey &)-faeip bolipsdad Wi sRaRA APy rimidine
white solid (37 mg, 28 %).
[M+H] 5183
20 NMR 3y (400 MHz, DMSO-dg) 8 0.27 (m, 2 H), 0.40 (m, 2 H), 1.57-1.64 (m, 1 H), 2.43 (m, 4
H), 2.56 (m, 4 H), 3.76 (s, 2 H), 3.82 (t, ] = 4.5 Hz, 4 H), 3.94 (t, ] = 4.5 Hz, 4 H), 7.18 (bs, 1
H), 7.39 (s, 1 H), 7.53 (s, 1 H), 7.60 (m, 1 H), 8.00 (bs, 1 H), 8.05 (s, 1 H), 8.60 (m, 1 H) and
11.53 (bs, 1 H).

25 Example 39 6—(4-Cyclopmpybpiperazin»l-yimethyl)-4—morpholin—4—yi—2—(6~

trifiuoromethyl-1 #-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

30 NMR 8y (400 MHz, CDCl3) 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 (5, 1 H), 744 (1,
J=27Hz, 1H),7.63(,J=27Hz, 1 H),7.71 (s, 1 H), 8.47 (5, 1 H) and 8.62 (bs, | H).



toPrepared by using general Suzuki coupling method A, followed by BOC-deprotection using
TFA:DCM (1:3). The title compound was obtained as a tan solid (57 mg, 5%%Q. t{l\?/l arﬁl—2| NMR 8H (400
MHz, CD30DY LU L55 2 Hz, 4 H), 2.73 (t, I = 5.2 Hz, 4 H), 3.18 (s, 4 1) 3 85 (13 = 4.7 Hz, 4 H),
3.97 (s, 2 H),4.06 (t, J=4.7 Hz, 4 H), 7.16-7.23 (m, 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). Example 12 )

6-(2, 7-DiazBxaBmkrd0s 1 Sr-Sxrierarii-pinerarior inethel 2-fiyose-1H-indol-4-yl)-4-
morpholin-4nykihignod3Redipysimidipgyrimidirepared by using general Suzuki coupling method A,
followed by BOC-gleprotection 20 using JFA:DCM.(1: ti btained as a tan
solid (18 mg, 18 og"fgﬁﬁ"fb SR SRS B 1(51%“?’54h RA%%%QN%‘O- g)ﬁlﬁggg}%g%,y@é@fg Hz, 4 H), 2.65-2.72
(m, 4 1-1), obtangi ps g whigesplid (37 e, 64 #4); 3.84-3.95 (m, 6 H), 6.66 (m, 1 H), 6.99 (dd, = 11.1, 8.8
Hz, 1 H); 7.32 {mylabk)37.41-7.47 (m, 2 H) and 11.24 (bs, 1 H). 25 Example 13

6-(2,7-Diaza-spiro[3. -2- hyl)-2-(6-flyoro-1H-i -4-y1)-4-

morpholin- ﬁ%‘é%@%ﬁ@%g ?%‘énge%”a%lc%r§%zj?§ %@é\e%olds ngélé%si%n]fhle}BFeparation of
2-(6-fluoro-2HKitalciEl- 2 56 Gm] (SHL Y6 Xa YRS WikdlT foHa)AHaAR 2y HiretHyn 4horpho
lin-4-yl-thiena{34d- B0 @Iy ignidineysing %g;djg_zga;ggilr(pi)’g.ﬁmﬁg&grgqmgm,qcm,tert-butyl ester
hydrochloride in pface O%%Sﬁé-octah% ro- rroIg%,Z- pyrazine, faollowed by BOC- WO
2009/0537 /5P ET/GB2088EIE2 1 ozear% i ﬁ‘é%]bl’?ﬁ@ﬁf) '(1:1). The title compound was
obtained as a white solid (29 mg, 49%). [M + Hr 493.1 NMR 8H (400 MHz, DMS0O-d6) 1.63 (t, J =5.1

Hz, 4 H), 2. =5.1.H ] _ | 5 4 (5 3.97(t,J=46
i ), 7 SRR )?f?%#%j:f@%%?%o?%% e  ampl 14
6-(3,8-Diazilbtcirersboline4ytithisnméthyl P96 ro-1H-indol-4-y1)-4-

rnorpholin-4-yl-thieRpil@ vapitipigine 1 SRrap acegliny methel e rmakaitBudaiionndpisg method A,

followed by BOC-deprotection.using TFA:DCM (1:3). The title compound was obtained as an off-white
solid (68 ma%%gﬁgwﬁifﬁ%@gﬁg(ﬁ%gﬁlm CDC13) 1.70-1.76 (m, 2 H), 1.94-2.05 on, 2 H), 2.32
(d, J = 10.6[MzF HIH352¥8 (dd, J = 10.6, 2.6 Hz, 2 H), 3.44 (bs, 2 H), 3.77 (s, 2 H), 3.88-3.93 (m, 4 1I),
4.07 (m, 15MMm) 57 (25000512, HMIR8,(6. 3 AR 2HE, 0.31)0.4335.(8.1H),H)5821565 (80, 1 H), 744 (dd, J = 11.2,

6101555 193 SRR TILe &) HRSE2 T8 B ARG Borpholin 41+
hieno13,2-Agiirihibinds Hz, 1 H), 7.56 (s, 1 H), 7.81 (s, 1 H), 8.08 (dd, J = 2.5, 1.3 Hz, 1 H), 8.57 (4,]
=1.3Hz, 1 Hyand 11.85 (bs, I H).
20
Example 42  6-(4-Cyclopropyl-piperazin-1-ylmethyl)-2-(5-fluoro-1 H-indol-4-yD)-4-
morpholin-4-yi-thieno{2,3-d]pyrimidine
Prepared by using general Suzuki coupling method B. The title compound was
obtainted as a white solid (39 mg, 35 %).
25 [M+H] 493.3
NMR 8y (400 MHz, CD30D) 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, 1 =3.1,0.8 Hz,
1H),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).

30 Example43 4-{6-(4-Cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yi-thieno[2,3-
d}pyrimidin-2-yij-1H-indole-2-carbonitrile



20Prepared according to the method used in the preparation of 2-(6-fluoro-1H-indo1-4-
y1)-6-[(S)-1-(hexahydro-pyrrolo[1,2-a]pyrazin-2-y1l)methyll-4-morpholin-4-yl-thieno-[3,2- d]pyrimidine
using ((1S,SSwg,@g’(ﬁ%%ﬁgicyclo[&1.1]heptane-3-carboxylic acid tert-bufy gﬁ@?‘]?‘("éfﬁ%:’e of
(S)-octahydro-pyrrolo[1,2-a]pyrazine, followed by BOC-deprotection using TFA:DCM (1:1). The title
compound was obtained as a white solid (27 mg, 38 %). 25 [M + H] NMR 8H (400 MHz, DMSO-d6)
1.50 (d, J = 9.5 HErepamd byasing ssnere) Syayki rquplingraethod A Ghs fitle compyowng wadig, J = 10.0, 2.1 Hz,
111), 2.85 (lstaihed 88, whitehatidl(36)m3,08 ¢6h. J = 10.0 Hz, 1 H), 3.47 (s, 1 H), 3.56 (s, 1 H), 3.82 (m, 4
H), 3.97-4.]@{7&119@ E@OZSO (ddd, J=9.3,2.4, 0.8 Hz, 1 H), 7.39-7.46 (m, 3 H), 7.89 (dd, J =11.5, 2.4
Hz, 1 H) and 11. S,1 H). 30 Example 18 :

6-(2,7-Diaz AR S99 Az CRIREIAF-D-48 i HDTHF{eolL ALY B.56.(m, 4 H), 2.69 (m, 4 H),
morpholin-Asyisthienad 3. gsdipyrimiding, 38Q328090b 87 1oRG] /GB26A8/0936412 1) Rrepared according
to the meth%(%fg;gd ig)the %riffr%tﬁi of 2-(6-fluoro-1H-indo1-4-

y1)-6-[(S)-1-( h%/ omb%/ r f’l -a]pyrazin-2-yOmethyl]-4-morpholin-4-yl-thieno-[3,2- d]pyrimidine
using 2,7-diaza-spiro[3.5]nonane-2-carboxylic acid tert-butyl ester hydrochloride in place of
(S)-octahydro-pyrrolo[1,2-a]pyrazine, followed by BOC- 5 degrotection using TFA:DCM (1:1). The title

compound A&k dth e AU GRerIgRI@IPSTA N BhTetly -t ophelis b2 DMs 0-d6) 1.74
(bs, 4 H), 2 3pHsaiditd)-A]4H (bRl odetd) e Ehigmiiet H), 3.97 (m, 4 H), 7.29 (dd, J = 9.3, 2.5 Hz, 1 H),
7.40-7.45 (in, 3 H), 7.88 (dd, | = 11.5, 2.5 Hz, 1 10 Wand 11.29 (bs, 111). Example 19
6-(2,8-Dfaza-spiroMisituseel 3-iorethyl=oxbrrapybpingaatol oethyi)-4-morpholin-4-yl-
][nl?rphoollirtl)-dﬁbﬁbﬂ@,@q{fpﬁiﬂﬂmﬁn@w&ﬁmdehyda@paﬁgﬁ hyz;u@s;lg?g@@ﬁéﬂiyﬁuzduki Cougling nd1ethod A,
ollowed by -gdeprotection 15 using, TFA:DCM (1:1 e title compound was obtained as a tan
solid (50 mﬁ%@%ﬁﬁ%ﬂﬁ%@dﬁ’éﬁh&%&bﬁ? f}%%?éﬂde) 159 (t, J = 6.7 Hz, 6 H), 2.48 (s, 4
H), 2.74 (m b3(HipiR0srtionhinedpalletind Lhlordiz 0l fong) HndS@iiugn Gebonatey]Yms) i walett, J = 4.7 Hz, 4

), 712 (A 0 S R o)l s e Hbeforih (0 b T SRR H. 792 (0
J=2011.2,2.4Hz, 1 H)and8.38 (bs, 1 H). Example

. : : 20 . .
6-(2,7- Dz AP irS A PR A SS FAth ISRONmsHDe (B0 y washed with water, dried
rnorpholin-4MeB0eneiBiR: 4plyemsiekneved in viacepavagiveyafisipgrifentralBngulaskoupling method A,

follpwed by %8&9@58&9%@'&&5&%}&%3%%’%%5(}'\gﬂjtg_l&ﬁi&“e compound was obtained as a tan
solid (21 m%,HZB %). [M + Hr 493.3 NMR (400 MHz, DM50-d6) 1.73-1.92 4 H),l 2.43-2.59 (m, 2 H),

m,
2.58-2.68 (e FONMIBdDTh) (3 {1 D 7630 @ kﬁ?}é-ﬁ),ﬁﬁagﬁh?e@ (: ‘S@i)?é. 8381 (m, 4 H), 3.96
(s, 2 H), 4.089%. 00, ()4 )00 (B, WBI{ITios (s51H0; 7,55 5, 0¥ HZIS1H) HY, 2815, 1383 Mg, 18), 7.33 (s, 1
30 H), 7,52 (A )= 334z, 1 H), 7.95 (dd, J =10.1, 2.4 Hz, 1 H) and 8.41 (bs, 1 H).

M+ H]" 500.3

Example 45  4-[6-(4-Cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yi-thieno[3,2-
dpyrimidine-2-yl]-1H-indole-6-carbonitriie |

25 A mixture of 2-chloro-6-(4-cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyrimidine (200 mg) and 4-(4,4,5,5-tetramethyl-[1,3,2Jdioxaborolan-2-yl)-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.
3y (400 MHz, CDCl3) 0.36 (m, 4H); 1.57 (m, 1H); 2.51 (br s, 4H); 2.63 (br s, 4H); 3.77

30 (s,2H); 3.85 (m, 4H); 4.02 (m, 4H); 7.29 (s, 1H); 7.45 (t, 1H); 7.61 (1, 1H); 7.72 (s, 1H); 8.38
(s, 111}; 8.46 (br s, 1H).
M + H]" 500.3.



WO 2009/053715PCT/GB2008/003621 Example 21
2-(6-Fluoro-1H-indo1-4-3/0-4-morpholin-4-y1-6-(octahydro-pyrrolo13,2-
dpyridin-5-y|m‘gﬁffly?{ﬂﬁﬂap,2-Apyrimidine Prepared by BOC-deprotggt'iré%ﬂ%(%{wmm
542-(6-fluoro-1H-indo1-4-y1)-4-morpholin-4-ylthieno[3,2-d]pyrimidin-6-ylmethylkoctahydro-pyrrolo[3,2-
c]pyridine-1-carboxylic acid tert- 5 butyl ester using 11-.A:DCM (1:6). The title compound was obtained
as a white daiampie36ngd-Told-Crrisnmexbpipersrin lsimssyindrmesphstindoy-thiensldd 1 4 1),
2.20-2.29 (ihpgvitdi Bnd 221 109 dotd)s-2aPBoRyild {8 2ntfe 2.96 (td, | = 10.3, 5.6 Hz, 1 H), 3.08-3.16
(m, 2 H), 3.81 (s, 2 H), 3,91 (m, to 4.H), 4.05-4.10 (m 7.17 (ddd, 3.~.8.9. 2. 9 Hz, 1 H), 7.30
(dd, J=3.3, 2.4 k?zﬁ“"f"‘f—‘i}i,%}%g‘(‘s’? ’ﬁj%t?“g?{lrﬁ]tiél‘ﬁé é‘.‘b e mpe ié?é’.’ﬁ)li‘if’z%l B and 8.26 (bs, 1
H). Exampleo2g.

2-(6-Flugrog s o 0ROl 185 nl (3951 KRGS (aciaty dpurmigs3. sqinyidin 5-ymeth
2’3 E;S"(;g%g_ é@;%'ﬁ%@%ﬁ%ﬁé%@%ﬁ%ﬁg SRR 11 (s, 150); 8.45 (s, 1H); 8.46 (br
morpholin-4sytHhieno[3,2-djpyrimidin-6-ylmethyThoctahydro-pyrrolo[3,2-c]pyridine-1- carboxylic acid
tert-butyl esﬁgﬁu g ERA:DCM (1:6). The title compound was obtained as a beige. solid. The analytical
data are identical to those obtained for the racemic mixture. 20 Example 23
2-(6-Fluoro-1H-indo1-4-y1)-4-morpholin-4-y1-6-1(3aR,7aS)-1-(octahydropyrrolo[3,2-clpyridin-5-yl)meth
yll-thien{3, Bxdipyie andire(Reaspebbyi-pierdaplofhatibn L -(6-fluore-1H-indol-4-yl)-4-
(3aR,7aS)-542-(6-fluoyo-1H-indqQl-4:y1):4- ..

morpholin-4¥§ﬂfé1§igiﬁ%[ ?’%E?Pﬁgﬁa%@é%%ltﬂ?ﬁ-octahy_dro-pyrrolo[3,2-pr ridine-1- 25 carboxylic acid
tert-butyl ester uskigrERA IYEWYE: eyunting meded fhsotirrri a8 3bik e84 ige solid. The analytical
data are ideg)ficabiarthospobtaineddofHhg FECRMIENPEN@r m, EXAREE@Am, 4H), 3.85 (s,
2-(6-Fluoro-1H-indol-4-y1)-6- 1(R)-1-(hexahydro-pyzr. ,2-alpyrazin: &s

y9methy11-4- gr%%%lﬁ%ﬁ;%t %rﬁc‘hé, -iﬁ;%?m%g?hg'g?%’e%p%r%% %@’J@ig%leﬁrg’réﬁé&s'uski coupling
method1A. Thd Bilg §3rtmadhdsMa<dsbizivet] &8, dAThke2dbid. (38-mg, 92 %). WO
2009/05371@5’;:@16@3008/003621

Example 48  6-(4-Cyclopropyl-piperazin-1-ylmethyl}-4-morphelin-4-yl-2-(2-
triflasromethyl-1 H-indol-4-yl}-thieno|3,2-d]pyrimidine
20 Prepared using Suzuki coupling method A to give a yellow solid (53 mg).
81t (400 MHz, CDCl;) 0.40-0.50 (m, 4H), 1.64-1.70 (m, 1H), 2.60 (br s, 4H), 2.72 (br 5, 4H,
3.86 (s, 2H), 3.94 (t, T = 4.8, 4H), 4.11 (t, T = 4.8, 4H), 7.41 (s, 1H), 7.46 (t, ] = 8.0, 1H), 8.03
(s, 1H), 8.28 (d, ] = 8.0, 1H), 8.49 (br s, 1H).
M+ HJ 543
25
Example 49  6-{4-Cyclopropyl-piperazin-1-ylmethyl)-4-morphoiin-4-yl-2-{6-
triffnoromethyl-1H-indol-4-yl)-thieno[3,2-djpyrimidine
Prepared by the Suzuki coupling method A to give a white foam (14 mg).
84 (400MHz, CDCls) 0.46 (m, 4H), 1.67 (m,1H), 2.60 (br m, 4H), 2.72 (br m, 4H), 3.86 (s,
30 2H),3.94(t, ] =4.8,4H),4.11 (t, J = 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,



[M + HJt 493.2 NMR 8H (400 MHz, CDC13) 1.42 (m, 1 H), 1.70-1.90 (m, 311), 1.98-2.07 (m, 1 H),

2.14-2.23 (m, 2 H), 135-2.47 (in, 2 H), 2.92-2.97 (m, 1 H), 3.01-3.14 (m, 3, -3.96 (m, 611),
4.05-4.10 (m,‘X(F%ff‘”’V.“f’i”(%dd, J=8.9,2.4,09Hz 1H),7.29 (dd, J = 3.5%%3%%?&%4%?7.37 5 (nl, 1

H), 7.53 (m, 1 H), 7.93-7.98 (m, 1 H) and 8.30 (bs, 1 11). Example 27
4-[2-(5-Flugro4H-indol-4-y1)-4-morphalin-4-yl-thieno[3,2-dipyrimidip-6- '
yImethyll-?@%ﬁl}&;@dig“zéfgﬁﬁﬁfﬁ‘?gﬁ'ﬁ&%e&ﬁﬁ'&ﬂ’“ﬁéﬁ’ﬁm ”%ﬁ?@hagﬁ&éq@&'fm?'ébupling method A,

followed byrnidpidin-4-QlchpratBcidlpydmiitB AR . THF (1:10) and BOC-deprotection using TFA:DCM

1:2). The titl ' ' ' : H]' 523.2 NMR 8H (400
i, o IS e S BB <

MHz, CD30D) 1.5 ), 1.95 (m, (S, 2 H), 2. %@St, 6 Hz, 2 H), 2.72 (dt, J =
12.7, 4.6 HEu 408 MEBECRED) A lmn 2B)7947 2is 17, 0 1103200 {85 i3V 245 (t, 3 = 4.7 Hz, 4
H), 6.595(ddi, 2. 36l(s Gz (5 216, B0o60E, == 30481) 818 HE, JE=H )8, ARY, ’(m &, HHambE 43 (ddd, J =

8.8,4.0,0.9Hz,.1 |

) ! e O Y? . . = - ] 1 .
015-(5-Fucho L EL DA RS R el MR
ylmethyl]- 1184884, 9&id2a-spiro[5.5Jundecane 20Prepared by using general Suzuki coupling method
A, followed by TBDMS- deprotection using TBAF:THF (1:10) and BOC-deprotection using TFA:DCM

(2:2). The tifle compound w btained gs a tan solid (51 46 9%). [M +.Hr 2 N 8H (400
MHz, cos%ﬁ%%giﬁzg %?%ﬁﬂ’,"i?@ “28’,eﬁa%‘ii'?qﬁ%(‘?‘é’l%gﬁgﬁt?{f“.ll"'%“ﬂ%’%'z'f@%, 2.67 (in, 4
H), 2.740(t, gl=44uiftholr-5-yB 18803, 2= @ Himidind), 3.84 (t, J = 4.7 Hz, 4 H), 3.89 (s, 2 H), 4.05 (t,J =

4.7 2, 4 H), 6 604l 5ol BRI o vl b B hlteschiby . (n, 2 11) and 7.43
(ddd, J=8.8,4.0,0.9Hz,1 11& Example 29

7-12-(5-Flubrd PR Ao SRV A 978 B0 2R Sk kg 63 ggy 1HD: 2.42-2.60
ylmethyll{zZh/8tipaa30irdib, 3 RIchahis iy, 4.00¥eaieddll), dsiv G gdiefat Sbrekildhupling method A.

The title corp_g%mq \lyﬁ% gsgﬁggpef%?? “%(7?{' lid (44 B, ‘ﬂﬁ)%)' WO

2009/053715PCT/GB2 362 +507.2
15 [M+HJ 553.

Example 52  6-(4-Cycloprepyl-piperazin-1-yimethyl)-2-(5-flnoro-1H-indol-4-yl)-4-
morpholin-4-yi-thieno[3,2-d]pyrimidine
Prepared using Suzuki coupling method A to give an off-white solid (63 mg).
20 &y (400 MHz, CDCl3) 0.31-0.41 (m, 4H), 1.54-1.60 (m, 1H), 2.50 (br s, 4H), 2.63 (br s, 4H),
3.76 (s, 2H), 3.80 (t, ] = 4.8, 4H), 4.06 (t, I = 4.8, 4H), 6.82-6.84 (m, 1H), 6.98 (dd, J = 10.8
. and 8.8, 1H), 7.20-7.25 (m, 1H), 7.30-7.34 {(m, 2H), 8.13 (br 5, 1H).
M +H]" 493.

25 Example 53  6-(1,8-Diaza-spiro[4.5]dec-8-yimethyl)-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 %). ‘

30 [M+H]"507.2
NMR 8y (400 MHz, CDCl3) 1.53-1.70 (m, 4 H), 1.67-1.84 {m, 4 H), 2.49 (m, 2 H), 2.63 (m, 2
H),296(t,J=68Hz, 2H),3.84 (m, 6 H), 403 (t, ] =4.7Hz, 4H}, 6.88 (t, J = 2.3 Hz, 1 H),



NMR 511 (400 MHz, CD30D) 1.84 (d, J = 13.4 Hz, 2 H), 2.01 (ddd, J = 13.3, 9.8, 3.8 Hz, 2 H), 2.38 (¢,
J=10.5 Hz, 2H), 2.89-2.96 (m, 2 H), 3.17 (s, 2 H), 3.85 (t, I = 4.7 Hz, zk%)ﬁ%%g of5,2 H), 4.06 (t, | =
4.7 Hz, 4 H), &82WE33.1, 0.9 Hz, 1 H), 6.98 (dd, J = 10.9, 8.8 Hz, IR 2 H) and 7.44
(ddd, J =8.8, 4.0, 0.9 Hz, 1 H). Example 31

6-(4-Azetidin-1-yl-piperidin-1-ylmethyl)-2-(1H-indol-4-y 1)-4-morphgqlin-4- yl-thieno[3,2-djpyrimidine
Prepared b?'ﬁéﬁﬁ%@‘ﬁérgpsyu%% E&hp?i%& (rtﬁe%%bag&%'ﬁ%(ﬁﬁ’eﬁ)égmpound was 10 .obtained as a tan
solid (99 mg, 84 %). [M + HI- 489.2 NMR 811 (400 MHz, CDCI3) 1.35-1.46(m, 2 H), 1.71 (d, J = 13.6
Hz, 2 H), 2.81-2. y 3l 32 1 2 JrHhl.2 k 2l (1, J=6.9 Hz, 4 H),
S (o2 g S8, 3 iﬁ?*%%?’%?%ﬁ%ﬁ‘?}%‘&‘z%zﬁ%?% . 749 (7= 8.1
Hz, 1 H), 15/ stul)y-4-morphabin-t-yhythiergl3r-1Pspimiting 34 (bs, 1 H). Example 32
6-(4-Azefidin-1-y|-pigsiidi Byl Stzybi 20(piihgoviztidd-Kdallowed iy ABDMS-deprotection. The
morpholin-4-yl-thieno[3.24]pyrimidine Prepare sing,general Suzuki coupling method A, followed
by TBDMS-“%% %Fénp% e%zt%;rgl)%{)%ng%,&gﬁﬁﬁo %L(P{]O%mlghgégtlt}fg compound was obtained as a cream oil
(74 mg, 509 Wﬂﬁé@?& NMR. 8H (400 MHz, CDC13) 1.31-1.43 ém, 2 H), 1.68 (m, 2 H), 1.99-2.09 (in,
3 H), 2.15 (k! DV, @O0VHZ CRE R0 S 40wyt By 2-2f(s43D). 3.80 (3, H)) 38%6. ¢ B=38% 1z, 4 H),
jgg gng 353.4%61(&,'12{&;}23%@9 687, 831%2.? g, irﬂ)s@@g'rg 08)(Mod (i, 7=21% 678 .4 14),17.29 (s, 1 H),
6;(3,8-[5 angl&glés’lffjlgo??ztiap gf?%?f-’?—éﬁi%%iwiyﬁ-g;l%fr%égﬁp?‘u%llflrﬁ}ymrﬁ%dn%@,g)-séffpyrimiditie
30Preparedty 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 %). WO 2009/053715PCT/GB2008/003621 [M, + H]' 461.2 NMR 611 (400

MHz, D|v|S&B‘;E?éil.‘6}?(l%‘,(é“ﬂ?,“i?éﬁf%“(ﬂi?‘iﬁ?}%kﬁfﬁ%?%?‘ ﬁ‘jf"?%&‘-‘zm (m, 2 H),
3.33 (M, 2 Hy}yhnéth{d]-2 )ia2RBiite|3.5]dob-Hyl}dethpndi3 (t, J = 4.6 Hz, 4 H), 7.18 (apparentt, J =7.8
2 A ELs 738 O biardati g g(ému%_wup?@mmaﬁ 4 Brfe e LSt Pubichoiainé s Hz, 1 H) and

11.20 (bs, 1 1-1). Example“34 6-(3,8-Diaza-bicyclo[3.2.110ct-3-ylrnethyl)-2-(5-fluoro-IH-indol-4-y1)-4-
morpholin-4%fitihreld (3> @A thidine

[M+H]" 535.1

'H NMR (400 MHz, CDCly): § 1.76 {t, T = 5.6 Hz, 2 H), 1.83 (m, 2 H), 2.08 (s, 3 H), 3.23 (m,

4H), 3.37 (t, J =5.6 Hz, 2 H), 3.52 (t, ] = 5.6 Hz, 2 H), 3.86 (t, ] = 4.7 Hz, 4 H), 4.00 (s, 2 H),
2 4.05(t J=4.7Hz, 4H), 6.88(d, ] = 2.6 Hz, 1 H), 7.04 (dd, = 10.9, 8.8 Hz, 1 H), 7.28 (¢, ]

=78 Hz, 1 H), 7.34-7.39 (m, 2 H) and 8.33 (bs, 1 H).

Example 56 (3R*,45%)-4-Azetidin-1-yl-1-{2-(5-fluore-1H-indol-4-yl)-4-meorpholin-4-yl-
thieno[3,2-d]pyrimidin-6-ylmethyl}-piperidine-3-carboxylic acid amide
25 Prepared by using Suzuki coupling Method A. The title compound was obtained as a
tan solid (55 mg, 75 %).
[M +HJ" 550.2 X
'H NMR (400 MHz, CDCls): 8 1.67 (m, 2 H), 2.00-2.12 (m, 3 H), 2.19 (dd, T = 11.5, 3.2 Hz,
1H),2.23-2.31 (m, 1 H), 2.50 (m, 1 H), 2.98 (d, J = 11.5 Hz, 1 H), 3.18-3.28 (m, 4 H), 3.52
30 (d,J=11.5Hz, 1 H),3.77-3.91 (m, 6 H), 401 (t, 1 =4.7Hz, 4 H); 5.44(d,J=5.0Hz, 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 (i, 2 H), 8.26 (bs, 1 H)
and 8.91 (bs, 1 H).



Prepared by using general Suzuki coupling method A, followed by TBDMS- | 0 deprotection using
TBAF:THF (1:10) and BOC-deprotection using TFA:DCM (1:2). The title compound was obtained as a
cream solid (Y B *F766). [M + Hr 479.1 NMR 6B (400 MHz, DM50-d’§)TE§ﬁ°QWﬂ°%H), 1.91(d,J =
7.2 Hz, 2 H), 2.41 (d, J = 10.6 Hz, 2 H), 2.73 (d, J = 10.6 Hz, 2 H), 3.60 (bs, 2 H), 3.77 (d, J =5.0 Hz, 4
H), 3.85 (s, 2 H), 3.92 15 (d, J = 5.0 Hz, 4 H), 6.66 (d, J = 2.6 Hz, 1 H), 6.99 (dd, J = 11.0, 8.8 Hz, 1 H),
7.32-7.40 (m, 1 HY b7 wemaigmens pora prparataldpsbivgl BTG using|a Gyralpak® IA column

6-(3,8 Diazgobioyolo dlan WS i (BRI it b, fow 18 mldmin).
morpholin-4-yl-thien rimidine. 20Prepar using general Suzuki coupling method A. The
title compozuhr}]{gi%‘glgﬁgziﬁ’é[glé lélﬁﬁtftbeu@(cl)ﬁnag @'g %nhg, 70 g[%/ri}i ?ﬁi‘fﬁ}‘rﬁﬁ% Hz, CDCI3)
1.85-1.97 (s O5nR. dPefnting sellvedt (injton volumd S00 5.1 seBiHyitg @A davetheditieHz, 2 H), 3.23
(s, 2 H), 3.824fbodid ds 2dZitidd) emaBOsQQ (M, 4 25 H), 4.07-4.12 (m, 411), 7.17 (ddd, J = 10.0, 2.4,
0.9Hz, 1H), 7.3 (m, 1 Hé,%?.sz_(m, 1H), 7.53(d, J = 3.1 Hz, 111), 7.97 (dd, J = 10.0, 2.4 Hz, | H) and
8.33 (bs, 1 #‘)"“ Hiomerfe st EYAE SEAsHPaIT S AU%- 1 AM8thy1)-4-morpholin-4-y1-2-(2-
trifluorometRykitidriaciBl-¢badind lrletind 23:dipyamidinessi roainegl by using general Suzuki coupling

method A Hg s, omaonnd wan shininedaaa.plevelion sl dplaniet: il Hr 543.1 WO
2009/053715PCT/G82008/003621'NMR 8H (400 MHz, DM50-d6) 0.28 (in, 211), 0.37-0.43 (m, 2 H),

1.59-1.65 (m, 1 H), 2.44 (m, 4 H), 2.56 (m, 4 H), 3.77 (s, 2 H), 3.81 (m, 411), 3.93 (m, 4 H), 7.43
(apparent t,Ekamplf 337, LR, 4R544(3zdtidin-T-0R1( (5} fudr 8,107 Srdal-4-y )4 mtdPy(BolinH)yB.26 (dd, J =

7.9,0.9Hz, 1.H 2.44 (hs . 5 Example 37 . N .

116 (a-Cyc B EAR it o RS b pig amide.
Apyrimidin-2-01-1PfepriesdcusngSmalscianaling isieedideThe [ieprreepy HanfytgBrbraRSuZUKi
coupling methne Biid (32 tile sompound was obtained as a white solid (68 mg, 53 %). 10 [M + H1

[M +H]" 550.2

15 'H NMR (400 MHz, CDCls): & 1.50-1.58 (m, 1 H), 1.78-1.88 (m, 1 H), 1.98-2.08 (m, 2 H),
2.39 (m, 1 H), 2.49 (m, 1 H), 2.56-2.74 (m, 3 H), 2.90(d, } =11.6 Hz, 1 H), 3.22-3.29 (m, 4
H),3.83(s,2H),3.86(1,J=4.7Hz,4H),403(,J=4.7Hz,4H),545(s, L H}, 6.89 (1, I =
2.5Hz, 1 H), 7.04 (dd, J = 10.9, 8.8 Hz, 1 H), 7.28 (m, 1 H), 7.36 (m, 2 H), 7.86 (bs, 1 H) and
8.27 (bs, 1 H).

20 The two enantiomers were separated by chiral HPLC using a Chiralpak® IA column
(250 x 20 mm 1.d column with 5 pum particle size, UV detection at 254 nm, flow 18 mL/min)
Elution with 20 % EtOH in fert-butyl methyl ether containing 0.1 % diethylamine. 59 mg
dissolved in 3 mL of eluting solvent (injection volume 500 pL, sensitivity 0.04) gave the title
compound as two distinct enantiomers;

25 Enantiomer A; first eluting enantiomer; white solid; 22.6 mg.

Enantiomer B; second eluting 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-yI-3-fluore-piperidin-1-yimethyl)-2-(5-fluoro-1H-
30  indol-4-vl)-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 %).



NMR 8H (400 MHz, CDCI3) 0.36-0.48 (m, 4 H), 1.58-1.68 (m, 1 H), 2.54 (m, 4 H), 2.68 (m, 4 H), 2.73
(s, 6 H), 376§ 2 H), 3.90 (m, 4 H), 3.96 (m, 4 H), 7.14 (s, 1 H), 7.52 (.1 H), 7.67 (m, 1 H), 7.97 (m,
1 H), 8.60 (d, YA H) and 8.82 (bs, 1 11). 15 Example 38 FC1/GB2008003621"
416-(4-Cyclopropyl-piperazin-I-ylmethyl)-4-morpholin-4-yl-thieno12,3-
dipyrimidin-2-y11-1H-indole-6-carboxylic acid amide Prepared by using general Suzuki coupling
method B. THe"HE &Hpound was obtained as a white solid (37 mg, 28 %). [M + Hr 518.3 20 NMR 8H

(400 éVIHz DM@@{( qd6dEOEZ, (D)3, lQSé@n(nl H9,H)8 (Lim/ 11:642(, (b H)HE. 233!, 4 H), 2. 5)6 (m, 4(11)
3.76 (s, 2 H J=45Hz, 4 ¥ 1 H), 7.53 (s, 1
H), 7.60 (m")J'f:?r{ﬁ;ﬁzz}oozﬁa3 ?fq% é%%%%l 1?%3 F) ]ll)’)gh ﬁ%%s @?gfﬁ?%ég x‘!;mple 39
6-(4- Cycmmnm/abgsezaﬁmp%m@m)mmmtmwl&ﬁw H), 6.91 (m, 1 H), 7.06 (dd, I =

trifluorometiy d- H-indedrf-y39-thieng] 2,34 kpysimidifie) and BraN@Les iy using general Suzuki coupling
method B. Thetitle compound was obtained as a white solid (75 mg, 63 %). [M + Hr 543.4 30 NMR

813 (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 H), 2.67 (m,
411), 3.75 @@@_88(:8)86%)4!%#&(9&—3;99-([m(gl-ﬂﬁ);ra-lﬂ-incldl-ﬂl-)(l%m(tpﬂml:i@-f# Hz, 1 H), 7.63

(tJ=2.7Hg 51‘& %%%ﬂ% filo3621 nggthlyllj_%ggﬂcﬁnég . {BSmlehnlVO

2000/0537761 xample
6-(4-Cyclopropyl- 6 fERRESIAY VMW?@H&%%EWPW-W? gpmpound was obtained as a

morpholin-4ypkihiene 1R :glpydmidine  Prepared by using general Suzuki coupling method A. The
title compo%gg vyg g?talned as a white solid (65 mg, 65 %). 5 [M + H]' 493.3 NMR 8H (400 MHz,
DMSO-d6) .24 2 H), 0.37-0.42 (m, 2 H), 1.58-1.65 (m, | H), 2.44 (m, 4 H), 2.56 (m, 4 H),
3.76 (s, 2 HHBR((400DA 6 FRCHY, IO 27 4.9 (m, WH) 1:932.98¢my3FhR 2048 Yz, 1 EI), 7.39

(10'1 3,1 (t2) 6 1'111'?' b, ZA%aemr@atH i 3,8 a1, 3.88493 khih %)894€19.34 @l @2),2.6 Hz, 1 H) and
S,

10 Exam
o-(4-Cyciop by BN T A oA (S ek A O b i 40, 6389 1
y1)-4- mrphnllmmy&dmennlﬂ F-dpyrintgling7 (m,RrEparad @ylusinggdiddal S8Bukidc8dpling method B.
The title comypou aw@§gb nieg[)as a white solid (54 mg, 44 %). 15 [M + Hr 553.3 NMR 8H (400 MHz,
DMS0416) 0.27 (M, 2 HY, 3‘7 -0.43 (m, 2 H), 1.58-1.65 (M, 1 H), 2.44 (m, 411), 2.48-2.64 (m, 4 H),
3.23 (s, 3 H), 3.78 (s, 2 H), 3.83 (m, 411), 3.87-3.98 (m, 4 H), 7.51 (d, | = 2.5 Hz, 111), 7.56 (s, 1 H),

7.81(s, 1 HE_MQ@ lﬁ-@(&s}@zﬂ:ﬁxdﬂﬂ) ﬁ-BTZG(S-ﬂmﬂnaﬂ-annM)andrﬂdrﬁo[mc}-ylH) 20
Example 4121‘6. %nfe; (_:T%Q cﬁ}ﬁ ?z Ig}g&@}@ n23g3§1 Igomanollndol -4-y1)-4-
morpholln n fimidine
Prepared by using Suzuka coupling Method A. The title compound was obtained as a
cream solid (69 mg, 71 %). '
[M+H] 537.1
"H NMR (400 MHz, CDCL3): 8 1.62 (m, 1 H), 1.71-1.85 (m, 1 H), 1.98-2.18 (m, 5 H), 2.34-
2.41(m, 1H),2.82(d,J=11.5Hz, 1 H),3.04(d, )= 11.5 Hz, 1 H), 3.16 (m, 2 H), 3.25 (m, 2
25 H),3.62-3.71 (m,2H),3.76 (dd, = 14.4, 1.1 Hz, 1 H), 3.86 (t, ] =4.7Hz, 4 H), 4.03 (t, ] =
4.7 Hz, 4 H), 440 (dd,J=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-spire[3.5]non-
30 2-yimethyl)-4-morpholin4-yl-thieno[3,2-djpyrimidine
Prepared by using Suzuki coupling Method A. The title compound was obtained as a
cream solid (33 mg, 47 %).



Prepared by using general Suzuki coupling method B. The title compound was obtained as a white
solid (39 mg, 35 %). %JM + H] NMR 8H (400 MHz, CD30D) 0.37-0. 42 m 2 H), 0.43-0.50 (m, 2 H),
1.63-1.70 (m, YHf*YEE 1, 4 H), 2.69 (m, 411), 3.79-3.84 (m, 611), 3 )("8’“4"%5 6.66 (dd, J =
3.1, 0.8 Hz, 111), 6.97 (dd, J = 11.0, 8.8 Hz, 1 H), 7.32 (d, J = 3.1 Hz, 1H)and743(m 211). 30
Example 43 446-(4-Cyclopropyl-piperazin-I-ylmethyl)-4-morpholin-4-yl-thieno[2,3-

djpyrimidin %)71 i/ nidole-2-carbonitrile WO 2009/053715PCT/GB2008/003621 Prepared by

using genel‘*mmwnmmmﬁngmtjﬁedﬁo e m}mcmme&mmassmtmnamamlne=solid (36 mg, 24
%). [M + Hr D m, 4 11), 2.69
(1, 5 %778 Dot o e Bl ARER A (R M p b T £PBAC 0 £ 2.
8.34 (m, 2 H}ﬁnﬂ% 43 (28 Hy, ERgR(@4 H), 7.36 (ddd, 1= 8.8, 3.9, GSHZ 1 H) and 8,24 (bs,

4-16-(4- g:yql@gropyl piperazin-I-ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidin-2-y11-1H-indole-6-carbonitrile 10A mixture of 2-chloro-6-(4-cyclopropyl- plperazm 1
ylmethyl)-4-morpholin-4-yl- thieno[2,3-d]pyrimidine-6-carbaldehyde (217 mg),

4-(4,4,5,5-tEranpi 691[ 1 23{ 2{FdedorbHiindel- ) yD-Haimdplorebibehiend 2 58pyninidin-6- -
bls(trlphen%lﬂga f‘f’)f’@im %ﬁlgfﬂﬁ:‘&@ﬂ@bﬁﬂ%éﬁ’ﬂwmﬁ (175 mg) in water (1.7 mL)

and acetonitrile (6 mL) was heated in a microwave reactor at 140 C for 1 hour, The 15 reaction mixture
was cooled, dilutdaRATFERRMHRNG SHatd renpbinesthad-nEle A RERag e PRI A5 #hd the solvents

remover |nc¢muﬂﬁstcbglm mferpyyification using flash chromatography, the title compound (59 mg) as
a white solig, 0,MHz, CDC13) 0.43 (m, 4H); 1.56 (m, 1H); 2.58 (m, 4H1; 2.71 (m, 411); 3.80
(s, 211); 3. (m 4 ): 402(m 4H); 7.28 (s, 111); 7.56 (s, 1H); 7.75 (s, 1H); 7.83 (s,11-1); 8.52 (s,
1H); 20 8.5F(AMERIHO0 INFR.IGD510: 3 EXsrhidmet H), 2.80 (s, 6 H), 3.13 (m, 8 H), 3.82-3.87 (m,

4-16-(4- Cytﬁ@@@%‘(@'@Q@awmtbybfk(ﬂpﬁpﬁplmmthlﬁﬁ@ 28 Hz, 1 H), 7.28 (m, 1
dipyrimidine-2-A-1H-indole-6-carboni r|I

2-chloro-6- (Iil’c_{/é?oﬁﬁ’r(’)ﬁpl’ 61?)% (dih 7 1 %ér@ﬂﬁqﬁnﬁ%%gﬁ@ﬁ )¥IHl)h|eno[3 2-d]pyrimidine (200 mg) and

4-(4,4,5%5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1- Hlndole 6-carbonitrile (273 mg) were reacted using

Suzuki Coum%%bodzizt@mﬁ%mmgmm mqi@;;ahmu Pi{dfsMHz, CDC13)

0.36 (m, 4 251§brs 411 2 hrs4%3 SO(SZH .85 (m, 414); 4.02 (m,
4H): 7.29 (imethylh2yBqjazaranirg] é“flwfiaff)”‘?afﬁ"@“fﬁ?‘ meihd o5feY: 8 46 (hr s, 1H).

Prepared by using Suzuki coupling Method A. The title compound was obtained as a
cream solid {8 mg, 35 %).
20 [M+HJ] 5513
'H NMR (400 MHz, CDCl3): 8 1.74 (t, T=5.2 Hz, 4 H), 3.19 (s, 4 H), 3.37 (t, =52 Hz, 4
H),3.67 (s,3H),3.85 (1, J=4.7Hz,4 H),3.97 (5,2 H), 404 (t, =47 Hz,4H), 686 (t, ] =
2.5Hz, 1H),7.03(dd, I =10.9,8.8 Hz, | H), 7.27 (t, ] = 2.5 Hz, | H)}, 7.35 (m, 2 H) and 8.29
{(bs, 1 H).
25 .
Example 64 (R)-8-[2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thienof3,2-
d)pyrimidin-6-yimethyl]-hexahydro-pyrazino(l,2-alpyrazine-1,4-dione
Prepared by using Suzuki coupling Method A. The title compound was obtained as a
cream solid (13 mg, 47 %).
30 [M+HJ 5361
"H NMR (400 MHz, DMSO-de): & 2.06-2.15 (m, 2 H), 2.73 (td, = 12.7, 3.2 Hz, 1 H), 2.97
(d,J=11.4Hz, 1 H), 3.27 (m, | H),3.77 (t, ] = 4.6 Hz, 4 H), 3.83 (d, J = 10.5 Hz, 2 H), 3.88-



[M + Hr 500.3. Example 46 4-[6-(4-Cyclopropyl-piperazin-I-ylmethyl)-4-morpholin-4-yhthieno[3,2-
dipyrimidine-2-A-1H-indole-6-carboxylic acid amide Prepared Suzuki coupling method B to give the
title compound BEYHIYTHS a white solid. 5 814(400 MHz, CDC13) 0.38 Frﬁ?’&}%ﬁ";’%‘?%’é"‘(‘m, 111);
2.51-2.63 (m, 8H); 3.76 (s, 2H); 3.85 (m, 4H); 4.06 (m, 4H); 7.29 (s, 111); 7.41 (t, 1H); 7.49 (s, 11-1);

8.11 (s, 1H); 8.45 (s, 1H): 8.46 (br s, 1H). [M + HI. 518.4 10 Example 47

o o P DI i A H I s P AT )~ 12.7 iz, 1 0,667
morpholia-4xy)-thimnedS (deol oy i micl B HxcpEyet40y? 36 2mk B dby pliNTdtm dtHd dnB 1d.Z3\esah off-white
foam (46 mg). 8EL (400MHz, CDCI3) 0.45 (m, 4H), 1.67 (m, 111), 2.59 (hr m, 4H), 2.72 (hr m, 4H),

3.85 (s, 2H),3.93 (t, J = 4.8, 4H), 4.10 (t, J = 4.8, 41-1), 7.19 (dd, J = 1.8, 7.1, 1H), 7.31 (m, 1H), 7.38
15 (s, 1H), 7.57 (m, 1H), 8.00 (dd, J = 2.3, 8.9, 1H), 8.22 (hr s, 1H). [M + H]+ 493. Example 48

6-(4-CydjoprapybRiperazifpds mesiy ) maeraha)ia-fryrhiol@=4-yi-thieno[3,2-d] pyrimidin-6-
trifluoromethyl-1H-indol-4-y1)-thietig[3,2- rjmidine 20Prepared using Suzuki coupling method A to
give a yello%ﬁggwal}gioﬁ%\;% 2%5@%%%%)“8.40-0.50 (m, 411), 1.64-1.70 (m, 1H), 2.60 (hr s,
411), 2.72 (hr s, 4hcreredisusiagBugid aqupling Mehady), Thetitle comppendeps gbleined 23 p) 7.46 (t, J =
8.0, 111), 8Q3iSolld k288 68.9l)= 8.0, 111), 8.49 (hr s, 1H). [M +543 25 Example 49

6-(4-Cyclopro le-ﬁj%?razin-I-yImethyI)-4-morphoIin-4-y1-2-(6- '

trifluorometM- -l éo]1-4-y1)-thiellop,2-dIpyrimidine Prepared by the Suzuki coupling method A to
give a white FoSNR 14DongHz, GERPMIRIZ3 QDG4 B). DHEG Zi1), A, (67 KD 3183 3 BB0n¢erER, 411), 2.72 (hr

o LT el i G B 1. 7

(m, 111), 7.7 . TH), 2
7.26(t, ] = 2.8 Hz, 1 H), 7.35 (m, 2 H) and 8.23 (bs, 1 H).

Example 66 6-[4-(3,3-Diﬂuoro-azetidin~1-yI)-piperidin-I-ylmethyl}-z-(s-ﬂuoroélH-
15 indol-4-yI)-4-morpholin-4-yl-thieno|3,2-d]pyrimidine
Prepared by using Suzuki coupling Method C. The title compound was obtained as a
white solid (108 mg, 80 %).
M+ HJ 543.2
*H NMR (400 MHz, CDCL): 8 1.49 (m, 2 H), 1.70 (m, 2 H), 2.20 (m, 3 H), 2.91 {(m, 2 H),
20 3.54 (apparentt, J = 11.9 Hz, 4 H), 3.82-3.87 (m, 6 H), 4.03 (t, ] = 4.7 Hz, 4 H), 6.88 (m, 1
H), 7.03 (dd, ] = 10.9, 8.8 Hz, 1 H), 7.24-7.28 (m, 1 H), 7.30-7.37 (m, 2 H) and 8.29 (bs, 1 H).

Example 67  6-[4-(3,3-Difluoro-azetidin-1-yl}-piperidin-1-ylmethyl}-2-(1 H-indol-4-yl)-4-
morpholin-4-yl-thieno{3,2-d}pyrimidine
25 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, CDCl;): 5 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), 3.50 (t, ] =4.7 Hz, 4 H), 4.07 (1, I = 4.7
30 Hz, 4H),7.25-7.34(m,3 H),7.47(d,]=8.0Hz, 1 H), 7.52 (m, 1 H), 8.16 (dd, F = 7.5, 1.0
Hz, 1 H) and 8.31 (bs, 1 H).



WO 2009/053715PCT/GB20013/003621 Example 50
6-(4-Cyc|opro?\yl-rgi§)erazin-Iihnethyl)-2-(6-methyl-|H-indol-4-y1)-4- PCT/GR2008/003621
morpholin-4-y YRid) 9cﬁ’?ﬁ-ﬁ;pyrimMine Prepared using Suzuki coupling method A 1o give a white solid
(80 mg). 8H (400 MHz, CDC13) 0.44 (m, 21), 0.47 (m, 211), 1.67 (m, 111), 2.60 (hr s, 411), 2.72 (hr s,
5 4H), 2.76 (s, 6H), 3.87 (s, 211), 3.93 (t, J.= 4.8, 4H),.4 = 4.8, 4H), 7.39 (s, 111), 7.56 (t, J =
2.8, 1H), 7.%%@1),%%8‘@?&‘1:6?‘ .i‘bséﬁ?ﬁgz‘y : *‘1@%@%&*’&%’%}@&@ 531 Example 51
6-(4-Cyclopropylkpibedagithkiepait: iy Rifiidinethanesulfonyl-1H-indo1-4- 10
yl)'4'm°rph‘°"”*ﬂéﬂ&ﬁ%&?:ﬁ&%ﬂ%@%@fdg%@&h@'@ﬂe%ﬂé%h%%ﬁéﬂmﬁmﬁéﬁésEP give an
off-white solid (72 m z?8n 400 MHz, d,5-DMS0) 0.28-0.31 (m, 211), 0.40-0.44 (m, 211), 1.60-1.65 (m,
111), 2.42-2?@6@(%}15 Pmgoi6 (4)311), 3.83-3.87 (M, 611), 4.00-4.03 (m, 411), 7.49 (s, 1H), 7.52 (br s,
111), 7.81 (pvis; B11908206 (s, 111), 8.57 (s, 111), 11.88 (bra, 111). 15 [M + Hr 553. Example 52

6-(4-Cyclopr. -ni 1n-l-y, tly1)-2-(5-fluoro1H-indol-4-y1)-4 -
morpholin-4§ﬁ¥}gﬂ%ﬁ@§%ﬁy¢%¢&g§ h%ééaggﬁ?jsﬁ]r%’gﬁ’?&ﬁ?’%hﬁ*ﬁ%ﬂ%“é’tﬁ?&’i% (é’l\J/e an off-white
solid (63 md)02exi3 Hy 400 MRAICHE1BFN@14TH (h (W Hy, 475321460 8810 B)56.his, 411), 2.63

(hr s, 4K, 371 6, 340 30014 455 A QBB B1LD). 6.82:6.84 (m, 1641), 6.98 (dd. J =
10.8 and 8.8, 1H), 7.20-7.25 (m, 111), 7.30-7.34 (m, 2H), 8.13 (hr s, 111). [M + Hr 493. 25 Example 53
6-(1,8-Diaza-spiro[4.5]dec-8-ylmethyl)-2-(5-fluoro-1H-indo1-4-y1)-4-
morpholin-4Exkatiments] 3, PRH2HiSHdilero-1 Rindalrég b ¥-usinghgbndryl-Soemkidc- method A, followed by
BOC-deprogﬁ gimmg_)]iE&%M&a@(ﬁ&q&g@%ﬁj@%ﬁgpgﬁsing TBAF:THF (1:10). The title

compound w?s obtained’as a bel%e solid (37 mgéz )%6). 30 [1[\/| + Hr 507.2 NMR 8H (400 MHz,
CDC13) 1.53-1.7CP{rRauedpy 4sipe Sugc rrunking Methed i, e Hile sompeyndvas obtapediasp- 6 g Hz, 2 H),
3.84 (m, 6 HyhHeQ3ld, (Ismd,.§7H8). 4 H), 6.88 (t, J = 2.3 Hz, 1 H), WO

2009/053718RCT/GB2008/003621
15 'H NMR (400 MHz, DMSO-dg): 5 1.94-2.03 (m, 1 H), 2.10 (td, J = 11.7, 3.7 Hz, 1 H), 2.90
(d, J = 11.7 Hz, 1 H), 2.99-3.11 (m, 2 H), 3.60 (dd, T = 13.1, 3.3 Hz, 1 H), 3.77 (t, ] = 4.6 Hz,
4 H), 3.80-4.01 (m, 8 H), 4.32 (¢t, T = 8.1 Hz, 1 H), 6.66 (m, 1 H), 7.00 (dd, J = 11.1,8.7 Hz, 1
H), 7.40-7.47 (m, 3 H) and 11.23 (bs, 1 H).

20 Example 70 7-[2-(5~Fltioro-1H-indoi—4—yl}-4-morpholin-4-—yl~thieno[3,2-d}pyrimidin'-6—

yimethyl}-5,6,7,8-tetrabydro-[1,2,4}triazolo{4,3-a]pyrazine
Prepared by using Suzuki coupling Method B. The title compound was obtained as a

white solid (115 mg, 84 %).
[M+H] 491.1

25 'H NMR (400 MHz, DMSO-dg): 8 2.99 (t, ] = 5.5 Hz, 2 H), 3.75 (t, ] = 4.6 Hz, 4 H), 3.89-
3.94 (m, 6 H),4.09 (1, 7=55Hz, 2H), 4.17(s,2 H), 6.68 (t, =24 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-8H-imidazo[l,2-¢]pyrazin-7-yimethyl)-2-(é-fluore-1H-
30 indol-4-yl)-4-morpholin-4-yi-thiene[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 %).



6.96-7.05 (m, 1 H), 7.26 (s, 1 H), 7.34 (m, 2 H) and 8.35 (bs, 1 H). Example 54
2-(5-Fluoro-1H-indo1-4-y1)-6-(7-methy1-2,7-diaza-spiro[3.51mm-2-

ylmethyl)-4-m8’|’f5ﬁ%ﬁf?§ -ﬁ-thieno[3,241pyrimidine 5Prepared by using §ﬂdﬁ%%’3’6ﬁ?ﬁ%lMethod A,
followed by TBDMS-deprotection. The title compound was obtained as a white solid (12 mg, 33 %). [M
+ Hr 507.2 H NMR (400 MHz, CDC13): 8 1.84 (m, 4 H), 2.26 (s, 3 H), 2.35 (m, 4 H), 3.09 (s, 4 H),
3.80- 3.90 (M A1) 48B3 (s, 2 H), 3.98-4.03 (m, 4 H), 6.86 (M, 1 H), 7.02 (dd, J = 10.9, 8.8 Hz, 1 to H),
7.25 (d, .1.-NR8 Blz(4D0-MHE TDE1: 12099 (7. B3 (b7, 2HE BRG- D9 D(S HIZTL H)efed28123 {9s, 1 H).

Example 55 - _
4.08 BH),6.85(d, J=14Hz, ,7.04(d, T=1.4Hz, 1 H), 7.14-7.19 (m, 1 H), 7.29 )
1-{242-(5-Fluor(g’?[H-}lI dol- -y1)-4-morp}116?in-4-yf-th|enoT3,2-(§Ip))/r|m|d|n6-y(lrr?ﬁeth )il-2,7-d|aza-sp|ro[3.5

1non-7-y1}-éthdriohd 28dteddied By (isihfslizlkmebiblindtMddnba W 2rRé fitte Bn8und was
obtaineds asgpwiiel 39)id (13 mg, 23 %). [M + Hr 535.1 11-1NMR (400 MHz, CDCI3): 8 1.76 (t, J = 5.6
Hz, 2 H), 1.83 (m, 2 H), 2.08 (s, 3 H), 3.23 (m, 4 H), 3.37 (t, = 5.6 Hz, 2 H), 3.52 (t, J = 5.6 Hz, 2 H),
3.86 (t, J=4.7 Hz, 4 H), 4.00 (s, 2 H), 20 4.05 (t, J=4.7 Hz, 4 H), 6.88 (d, J = 2.6 Hz, 1 H), 7.04 (dd,
J =10.9, 8.84ample 7R 769i8-(3-Flaor@adetidingl-yipiperstiachrypetpsid 413Bingel-4-H)-4=xample 56
(3R*,4S1-4%@#&%&@;@%9?%3%01-4-y0-4-morpholin-4-ylthieno[3,2-d]pyrimidin-6-ylmeth
ylbpiperidine-3-carboxylic acid amide 25Prepar using Suzuki coupling Method A. The title
compound was obtERiEH 5% Wk UsHE Eggpﬂﬁ'bg E}%t%%«}(?ﬁ .ﬁ°fﬁ%§ﬁlﬁ9?i8%¥ﬁﬁﬁz?séoc13)z 8 1.67
(m, 2 H)p 2.0 8&idr(873nd) 72 %49 (dd, J = 11.5, 3.2 Hz, 1 H), 2.23-2.31 (m, 1 H), 2.50 (in, 1 H), 2.98
(d,J=115 +%Iﬁ50$-f-8‘3-28 (m, 411), 3.5230 (d, J =11.5Hz, 1 H), 3.77-3.91 (m, 6 H), 4.01 (t, J =
4.7Hz, 4 HF%.M (d,J=5.0Hz, 1 gg 6.86 (in, 1 H), 7.02 (dd, J = 10.9, 8.8 Hz, 1 H), 7.27 (n, 1 H),
7.34 (m, 2 HY BB (HY Nilp, GRERIOY (83; b imai68)2bbbins 3 FispeoriéBopobibo38%1

(m, 2 H), 3.04-3.15 (m, 2 H), 3.60-3.69 (m, 2 H), 3.83 (s, 2 H), 3.90 (1, ] = 4.7 Hz, 4 H), 4.08
(t,J=4.7Hz, 4H), 5.12 (dp, J = 57.4, 5.4 Hz, | H), 7.27-7.34 (m, 3 H), 7.48 (4, ] =8.0 Hz, 1
15 H),7.53 (m, 1H),8.17(dd, T=7.5, 1.0 Hz, 1 H) and 8.31 {bs, 1 H).

Example 73 6-[4-(3-Fluoro-azetidin-1-yl)-piperidin-1-ylmethyl]-2-(5-fluoro-1 H-indol-4-
yh}-4-morpholin-4-yl-thieno[3,2-d]pyrimidine
Prepared by using Suzuki coupling Method C. The title compound was obtained as a

20 white solid (94 mg, 79 %).

[M +H]" 525.1

'H NMR (400 MHz, CDCls): 8 1.34-1.45 (m, 2 H), 1.71 (m, 2 H), 2.07-2.23 (m, 3 H), 2.89

(m, 2 H), 3.03-3.14 (m, 2 H), 3.59-3.68 (m, 2 H), 3.82 (5, 2 H), 3.82-3.87 (m, 4 H),4.03 ¢, I =

4.7 Hz, 4 H), 5.00-5.21 (i, 1 H), 6.88 (m, 1 H), 6.97-7.06 (m, 1 H), 7.26 (m, 1 H), 7.33 (m, 2
25 H)and 8.32 (bs, 1 H).

Example 74  1-{1-[2-{1 H-Indol-4-yI}-4-morpholin-4-yi-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
30 pale yellow solid (74 mg, 61 %).
[M + HJ" 503.3



The two enantiomers were separated by chiral HPLC using a Chiralpalc(r) IA column (250 x 20 mm i.d
column with 5 gm particle size, UV detection at 254 nm, flow 18 mUmin). Elution with 20 % EtOH in
ten-butyl met Pé‘é)?g?‘g(%h}aining 0.1 % diethylamine. 32 mg dissolved i%(‘é”rﬁﬁzg(fsé%ﬁﬁ‘g solvent
(injection volume 500 gL, sensitivity 0.04) gave the title 5 compound as two distinct enantiomers:
Enantiomer, A: first eluting enantiomer, white solid; 11.4 mg. Enantiomer B: second eluting enantiomer;

white solid; TBNMR4EOMHERGRES &5 Mal &8I0 i0aP ddtliddentital &/ tHase Bhiafifdd for the racemic
mixture. 10Example §Y, 2.98 (bd, 7= 11.4 Hz, 2 H), 3.23 (¢, ] = 4.0 Hz, 2 H), 3.53-3.62 (m, 1 H), 3.81

(3R*,4R1-4- idip-l-y1-1-(2-5(5-fl -1H-indp1-4:y1)-4- lin-4-ylthi ,2-dipyrimidin-6-ylmeth
yIj-piperidinééc ’rgg)%yx;%?c}é‘c%t}( 2%1%%& % r@pgf”e‘é’gé%girﬁ%ﬁ%ﬂ%ﬁg{g%ﬁgﬂ%ﬁs& . The title
compound W43 @bthin&d. d< aleviitd.Sohit (841 HYy, 4B W, vk ¥ 30550 PH)3md 4. 2910 {400 MHz,
CDC13);8 yp0-1.58 (m, 1 H), 1.78-1.88 (m, 1 H), 1.98-2.08 (m, 2 H), 2.39 (m, 1 11), 2.49 (m, 1 H),
2.56-2.74 (m, 3 H), 2.90 (d, J = 11.6 Hz, 1 H), 3.22-3.29 (m, 4 H), 3.83 (s, 2 H), 3.86 (t, J = 4.7 Hz,
411), 4.03 (t, J = 4.7 Hz, 411), 5.45 (s, | H), 6.89 (t, .1= 2.5 Hz, 1 H), 7.04 (dd, J =10.9, 8.8 Hz, 1 H),
7.28 (m, 1 HExamB6 1, A4 -Betheoll Hyindd-3-20-fosorpikidoFpethico eld2rfjomremddivere separated

by chiral HF%é@ﬁ&}gﬁﬁ@@@g};{@_i&ﬁg{u@&@50 x 20 mm i d column with 5 gm patrticle size, UV
detection at 254 rim, flow 18 mL/min) Elution with 20 % EtOH in tert-butyl methyl ether containing 0.1

% diethylamine. SOFRGWiSESRagSRzaknowing Msed eHq e coBRAVBHINRS S8R5 aénsitivity 0.04)
gave thetitleakomrgaund @s two3disgnct enantiomers; 25 Enantiomer A, first eluting enantiomer; white
solid; 22.6 mg. | jomer B; second eluting enarttiomer; white solid; 26.9 mg. Both enantiomers have
analytical dl ta identical'to those obtained for the racemic mixture. Example 58
(+)-64(Cis)-HAPARAHM-YHS, IS} phoe B i dtHY -2 7 6XdiorbL B0 Hz, 2 H), 2.86 (4, J
'nd01-4-34)-=44!@%B@&g}ﬁgzlcameﬁ%%&Lwﬁwﬁz@qﬁre%@&,m,sm§.@t{m,q0ﬂpImMethod A. The
title compound was obtained as a white solid (56 mg, 45 (%% \é\/(? 209_%{{%5399 PE:T/G 2008/003621
CM + Hr 526: 7 1. 3-RNiR [ahd R 5] 54/ 8% ik 485, Podiith S PEYO2 @ Vb 211), 2.33 (m,
2 H), 2.5 (d@5Jm=, 2B, 7132.3.Bz(rd, B 2:808(30, (BsH) F3.20 (m, 1 11), 3.29 (m, 4 H), 3.84-3.89 (m, 4 H),
3.93 (s, 2 H), 4.03-4.08 (m, 411), 4.65 (d, J = 48.5 Hz, 1 H), 6.91 (m, 1 H), 7.06 (dd, J =
Example 76  ()-8-[2~(3-Fluoro-1H-indol-4-y}-4-morpholin-4-yl-thieno[3,2-
dlpyrimidin-6-yimethyl]-octahydro-pyrazino[2,1-c]{1,4]oxazine
Prepared by using Suzuki coupling Method C, followed by TBDMS-deprotection, The
20 title compound was obtained as a colourless needles (4 mg, 4 %).
[M +H]" 509.1
'"H NMR (400 MHz, CDCL): § 1.91 (s, 1 H), 2.43 (m, 4 H), 2.63-2.79 (m, 3 H), 2.90-2.99 (m,
1 H), 3.25 (m, 1 H), 3.60-3.73 {m, 2 H), 3.80-3.88 (m, 7 H), 4.04 (1, J = 4.7 Hz, 4 H), 6.88 (m,
1 H), 7.03 (dd, I = 10.9, 8.8 Hz, 1 H), 7.26 (m, 1 H), 7.33-7.37 (m, 2 H) and 8.27 (bs, 1 H).
25
Example 77  (R)-8-[2-(5-Fiuorc-1H-indol-4-y[}-4-morpholin-4-yl-thieno{3,2-
djpyrimidin-6-ylmethyl]-octahydro-pyrazino[2,1-cj{1,4]oxazine
Prepared by using Suzuki coupling Method A. The title compound was obtained as a
cream solid (16 mg, 23 %).
30 [M+H] 509.2
'H NMR (400 MHz, CDCls): 8 1.91 (m, 1 H), 2.36-2.47 (m, 4 H), 2.63-2.78 (m, 3 H), 2.95 (d,
J=8.6Hz, 1 H), 3.25 (m, 1 H), 3.62-3.74 (m, 2 H), 3.81-3.89 (m, 7 H), 4.05 (, = 4.7 Hz, 4



510.9, 8.8 Hz, 1 H), 7.29 (m, 1 H), 7.34-7.40 (m, 2 H) and 8.28 (bs, 11-1). Example 59
(O-{(trans)-4-Azetidin-l-y1-142-(5-fluoro-1H-indol-4-34)-4-morpholin-4-
yI-thieno[3,Z-dvﬁ?ﬁ?ﬁ@%zé‘iylmethylI-piperidin-3-y1}-methano| Prep%%’tﬁ;%%fml? 9|?13g‘;r’2§uzuki coupling
Method A. The title compound was obtained as a 10 cream solid (19 mg, 38 %). [M +537.2 111 NMR
(400 MHz, CDC13); 8 1.65 (m, 2 H), 1.91 (m, 1 H), 1.95-2.09 (m, 3 H),.2.20 (m, 1 H)..2.31 (m, | H),
2.81 (dd, J B19:85-690 (3, hHDy 7HBED 3 10 $- ,Zs;‘z‘élé’.alﬁgﬁ%, 1411%)7%?‘50?3536% ,)?'15\1), 3.78 (s, 2
H), 3.86 (t, 8.22468 K4 H), 4.04 (t, J = 4.7 Hz, 411), 6.89 (in, 1 15 H), 7.04 (dd, J = 10.9, 8.8 Hz, 1
11), 7.27 (m, 1 H), 7.32 (s, 1 H), 7.35 (ddd, J = 8.8, 3.8, 0.9 Hz, 1 H) and 8.23 (bs, 1 H). Example 60
(-{(Cis)-4-Azetidin-l-y1-1-12-(5-fluoro-IH-indo1-4-y1)-4-morPholin-4-371-
thieno[3,2-dipsapied’ -6 Gintddr{i-Pradid-ndahathirmpeatoleptpddhisreidy Suzuki coupling
Method A. T/ HlEGRreRMMBE YIRs: Gltai RegyRezm 6[BMA BHSSg, 71 %). [M +537.1 IH NMR (400
MHz, CDC13):81.62 (m,, 1 H), 1,71-1.85 H), 1.98-2.18.(m, 5 H). 2,34- 2,41 H), 2.82 (d, J =
11.5 Hz, 1 H), 3.0 rfﬁ?gga:bif%‘%ig%f?ﬂg?%g(l“{m‘%ﬂi‘i@@%%ﬁnﬁ,cﬁn’i Wﬁ‘%?%ﬁf-’?"?‘%r%ﬁnﬁl,az H), 3.76 (dd,
J = 14.4, 1.tream ok (B.88(6082-4.7 Hz, 4 H), 4.03 (t, J 4.7 Hz, 4 H), 4.40 (dd, J = 11.2, 9.8 Hz, 1 H),
6.88 (M, 1 ke 7.84 @8,2) = 10.9, 8.8 Hz, L 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

(o Fltoro 1 NG et a A9 25271 A A Sy dRaB 63278 .
2-ylinethy!)-Bnmaph30-@ny HBjenef32Fcipyrirtizingl), 3. Prepay éd, ByskRr]-S#2uki, dddpling Method A.
The title co nd w, tai li =44 0).

2009/0537%@9&% B‘g%%)’/gg%%%? Wgﬁi@lﬁﬁr@&% gggM gg}g/bébgc%l: Iz?,{)fé)?'o8 fﬁ’, 14%, 2.74 (s, 3 H),
3.11-3.21 (M38-HI84res {) 3nd 82810, W), 3.94 (s, 2 H), 4.04 (t, J = 4.7 Hz, 4 H), 6.88 (m, 1 H), 7.04
(dd, J = 10.9, 8.8 Hz, 1 H), 7.27 (t, .1 = 2.8 Hz, 1 H), 7.32 (s, 1 H), 7.36 (ddd, J = 8.8, 3.9, 0.8 Hz, 1 H)

12 (PGS0 T A RSP ) Pt kel -
yimethyis1 - 2ipxdisnidisirviaesiiyibhexsbyrivseptisaiiie adigl hlesazardiqae
Prepared by using Suzuki coupling Method A. The title compound was obtained as a
tan solid (70 mg, 72 %).
[M +H] 523.2
'H NMR (400 MHz, CDCL): § 2.03 (t, = 10.9 Hz, 1 H), 2.26 (td, ] = 11.7, 3.2 Hz, 1 H),

20 2.85-2.94 (m, 2 H), 3.00-3.07 (m, 1 H), 3.52 (dd, J = 11.9, 8.0 Hz, 1 H), 3.68-3.76 (m, | H),
3.86-3.92 (m, 6 H), 3.93-4.00 (m, 1 H), 4.06 (t, 1 = 4.7 Hz, 4 H), 413 (d, ] = 16.3 Hz, 1 H),
421(d4,T=16.3Hz, 1 H),4.62 (ddd, J=13.2,3.2,1.8 Hz, 1 H), 6.91 (m, 1 H), 7.06 (dd, ] =
10.9, 8.8 Hz, 1 H), 7.29 (m, 1 H), 7.36-7.40 (m, 2 H) and 8.27 (bs, 1 H).

25 Example 80 5-[2-(5-Fluore-1H-indol-4-yi)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl}-hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid dimethylamide
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

30 'H NMR (400 MHz, CDCL): § 2.54 (d, I = 7.9 Hz, 2 H), 2.73-2.84 (m, 4 H), 2.86 (s, 6 H),
3.24 (dd, I =11.0, 3.0 Hz, 2 H), 3.51-3.59 (m, 2 H), 3.86 (t, I =4.7Hz, 4 H), 3.92 (5, 2 H),



Prepared by using Suzuki coupling Method A. The title compound was obtained as an 10 colourless oil
(13 mg, 27 %%M + Hr 564.2 NMR (400 MHz, CDC13): 8 1.75-1.80 (m . 6 H), 3.13 (m, 8
H), 3.82-3.87 1R AP555385 (s, 2 H), 4.04 (m, 4 H), 6.88 (M, 1 H), 7.04 (’aci’!ﬁ_gzz@??‘.%?%?e Hz, 1 H), 7.28
(in, 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 Example 63
2-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ety 2 4 6l heah G D ST S SO BT gL B0 By g suzuk
coupling MetlaaB4(bEherifle compound was obtained as a cream solid (8 mg, 35 %). 20 [M + Hf 551.3
1H NMR (400 MHz, CDCI3): 8 1.74 (t, J = 5.2 Hz, 4 H), 3.19 (s, 4 H), 3.37 (t, J = 5.2 Hz, 4 H), 3.67 (s,
3H),3.85(,J=4.7Hz,4H),3.97(s,2 121),4.04 (t, J=4.7 Hz, 4 H), 6.86 (t, J = 2.5 Hz, 1 H), 7.03
(dd, J = 10.Bxamplesl 1 Bj215Flvers-1indab 44 Pif-maphplinAn-ticpalde-dpyrimiging Example 64
(R)-8-125(SyrbsiqnQiil iktagpdrdt sl vloD ALttty ldkibanBe Zcid amide
dlpyrimidin-6-ylmethyll-hexahydrq-pyrazino[1,2- razine-1.4-dione Prepared Q uasing Suzuki
coupling Method Ef%ﬁg%te}fweucﬁonﬁlpoundc\?vu S 1}2%% a'snlgleéﬁlgngloglgl?(‘im ((%L‘évarsn%%,‘{ﬁl%e%%? 30 [M + Hr
536.1 11-1 WiRsei0@40NHe, BDUGO-d6): 82.06-2.15 (m, 2 H), 2.73 (td, J = 12.7, 3.2 Hz, 1 H), 2.97 (d, S
= 11.4 Hz, }). 32541, 1 H), 3.77 (t, S = 4.6 Hz, 4 H), 3.83 (d, J = 10.5 Hz, 2 H), 3.88- WO
2009/053715PCT/GB2008/003621 3.96 (in, 4 H), 3.98 (s, 2 H), 4,03 (dd, J =11.4, 3.2 Hz, 1 H), 4.30
Ol 80 218 ot At iE

(d, J = 12.7 A2NMR 08 BHECRG): § 3604 1=0rh b7 85 ¢ Y8 17 (bs, 1 H)

and 11.22 (b3 1nkR B)EXaMplE 6510.2, 3.4 Hz, 2 H), 3.63 (dd, J = 10.2, 7.6 Hz, 2 H), 3.83-3.88 (m,

7-12-(5-Flugrg; 1LH;i -y 1) -4A-mormhqlin-4-ylsthy - rigdi -
y|methy|]-3%§%§,59%§%§ﬁbﬁ:%ﬁg?3%. ]%o%eﬁ% Mﬁ@f&rﬁégﬂ@’u@%@u}zuﬁioé%fpﬁiﬁ%’I\I/lethod A. The
title compodRd ddsmbtdihePadme & HandatidZ( @5 th§)50 %). [M + H]' 495.1 10 11-1 NMR (400 MHz,

CDC13): 62.73 (d, J =11.2 Hz, 2 H), 3.07 (m, 411), 3.82-3.88 (m, 6 H), 3.91 (d, J = 11.6 Hz, 2 H),
a'fsr':;‘ %72(% Sz}ﬁe'l%.892&%@%-5%1%Zggf'égx?d‘ﬂ-i%)ﬁh%%E'oﬁinﬁ':'ﬁ’-tﬁi%?of&;ﬁd_jp%ﬁnﬁémlé-")’ 7.35(m, 2
644-(3,3sDiftoethyikdiiliiiazgtypinoSrEinptapiniethshiopy s Arid armida 5
indo1-4-y1)-4-morgipliswiyl- S et ikeAiBpreidinen-2- FHeanned oy fsiRg1 BUAdkl-eaupkng Method C.
The e Co O S e A e S8 (L0801 %K% anhydrous DM (10mLy -
was added trimethylsilyl isocyanate (35 pL, 0.254 mmol). The reaction mixture was stirred at
RT for 1 h, then partitioned between DCM and a saturated agueous solution of NaHCOs. The
20 organic layer was separated and washed with brine, then dried (Na;SO,) and concentrated in
vacuo. The resultant residue was purified by preparative HPLC to give the title compound as
a white solid (41 mg, 30 %).
[M + HI" 536.2
'H NMR (400 MHz, CDCl): 8 1.76-1.81 (m, 4 H), 3.17 (s, 4 H), 3.31 {m, 4 H), 3.82-3.87 (m,
25 4 H),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 (d4,
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-yimethyl)-2-(6-methanesulfonyl-1H-indol-4-
yh-4-morpholin-4-yl-thieno[3,2-d]pyrimidine

30 The title compound was prepared using Suzuki coupling Method A to give a white
solid (35 mg).
NMR 8y (400 MHz, CDCls) 1.42 (m, 2H), 1.63 (m, 2H), 1.73 (m, 2H), 2.08 (m, 2H), 2.21 (m,



[1'4 + Hr 543.2 114 NMR (400 MHz, CDC13): 8 1.49 (m, 2 H), 1.70 (m 2 H), 2.20 (m, 3 H), 2.91
(m, 2 H), 20354&8 arentt, J =11.9 Hz, 4 H), 3.82-3.87 (m, 6 H), 4.03 (t 47Hz 4H) 6.88 (m, 1
H), 7.03 (dd, 2} %Eé Bz, 1 H), 7.24-7.28 (m, 1 H), 7.30-7.37 (m, 2 é%’?f‘é’&é%’;‘(bs 1.H). Example
67 644-(3,3-Difluoro-azetidin-I-y0-piperidin-1-ylmethyll-2-(1H-indol-4-3/1)- 4-

morpholin-4 thleno[3 2- rimidine 25Prepared by using Suzuki coup Method C. The title
compound %B% s]?a}/?:i(é’a”rﬁ Jsdifd @63ty 368%/5%)2%%1 38567 114 4(21?)6 ‘WHz, CDC13): 5

1.41-1.52 (A7 246, 138Q(ITELR 118 2,2 =Y, BHY,)7. 20960 (0F)2 81y G, 38 e, 150,8.74 8,Hz, 411),
3.82 (s, 2HgH§90(t J=4.7Hz, 4 H),4.07 (t, J=4.7 30 Hz, 4 H), 7.25-7.34 (m, 3 H), 7.47 (d, 3 =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). Example 68

6-(6,9- Dlaz@%m?é][?ﬁ@l%ﬁec 9-ylmethyl)-2-(5-fluoro-1H-indo1-4-$)-4-
morpholi-4-yl-thieno13,2-dIpyrimidine  Prepared by using Suzuki coupling Method C. The title

0T 84 (R B (e A S EB T PO T SR el D
H), 4.04 (t, d]#mmidzx-ﬁ ﬂm@oﬂ-enmqhﬂ}hsxgw@roawoi%bumf(wm-lzr}mr 34 (in, 2 H) and 8.38

(bs, 1 H). to Examﬂl@tﬁ% (Barfola(Reds prepared txing Radnildoby R RIps: 4 Yo ENeRa R 2-
d]pyrimidin-6- ylmethyl hexabydro-oxazolop,4-alpyrazin-3-one  Prepared by using Suzuki coupling

Method C. THEG{RERS nd was obtained as a white solid (58mg, 67 %). [M + Hr 509.2 15NMR
(400 MHr, DIMBOrd6)0 MH@@Q&B) (81 60 (2, 161)18,03-2. 171 (7, 3M).BA81(HHR.0054;18= 11.7 Hz, 1 H),

2.99-3.11 d 1,3 8 H), 4.32
t, J=8.1 I(-Ir(zhl% 3252 g pﬂf o (d 433%1)13!'95 &721{&2 1 Hfﬁg%ﬁ}ﬁﬁ?%ﬁ%&a% 11. 2)3 (bs, |
H). 20 Exarﬁ;?l\'%'(‘?‘(ﬂH ] T PR 29 I H)yl-’}% Fﬁbﬁgﬁoﬁﬁ“ﬁ(?ﬁ ﬁh}éﬂo[s 2-dipyrimidin-6-

ylmethyl]-5,\7+8RFtsahydro-11,2,41triazolo[4,3-alpyrazine  Prepared by using Suzuki coupling
Method B. The title compound was obtained as a white solid (115 mg, 84%). [M + Hr 491.1
15 Example 85 4-{4—[2-(S-Fluero-1Hwindolw-d—yl)~4~morpholin-4-yl—thieno[3,2—d]pyﬁmidin~
6-yimethylj-piperazin-1-yli}-tetrahydro-pyran-4-carboxylic acid amide
The title compound was prepared using Suzuki coupling Method A to give an off-
white solid (17 mg).
NMR 8y (400 MHz, CDCls) 1.80 (m, 2H), 1.93 (m, 2H), 2.62 (m, 4H), 2.68 (m, 4H), 3.78-
20 3.94 (m, 10H), 4.07 (t, ] = 4.8, 4H), 5.21 (br s, 1H), 6.61 (brs, 1H), 6.92 (m, 1H), 7.07 (m,
1H), 7.27 (m, 1H), 7.39 (m, 2H), 8.25 (br s, 1H).
[M + HJ" 580.13

Example 86 6-[(S)-1-(Hexahydro-pyrrels|1,2-a}pyrazin-2-yl)methyl]-2-(6-
25 methanesulfonyl-1H-indol-4-yI}-4-morpholin-4-yl-thieno!3,2-d}pyrimidine
Prepared from 2-chloro-6-[(5)-1-(hexahydro-pyrroiof 1,2-ajpyrazin-2-ylymethyl]-4-
morpholin-4-yl-thieno{3,2-d]pyrimidine using Suzuki coupling Method A to give a white
powder (59 mg).
NMR 8y (400 MHz, CDCl3) 1.33 (1H, m), 1.35 - 1.75 (m, 3H), 1.94 (t, T =10.1, 1H), 2.09 (m,
30 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, T=2.8, 1H), 7.6 (, } = 2.1, 1H), 8.1 (5, 1H), 8.64 (d, ] =
1.6, 1H), 8.6 (d, ] = 1.6, 1H), 9.00 (br s, 1H).



25 111 NMR (400 MHz, DMSO-d6): 52.99 (t, J = 5.5 Hz, 2 H), 3.75 (t, J = 4.6 Hz, 4 H), 3.89- 3.94 (m,

6 H), 4.09 (t, Q@z?g%%ﬁélm' 4.17 (s, 211), 6.68 (t, I = 2.4 Hz, 1 H), 7.0l di5 chdedy 8-7 HZ, 1 H),
. S, T

7.45 (m, 3 H), -1) and 11.24 (bs, 1 H). Example 71
6-(5,6-Dihydro-8H-imidazo[1,2-alpyrazin-7-ylmethyl)-2-(6-fluoro-IH30

inclo1-4-yl)-4-m ph(glin-4-yl-thieno p,2-dIpyrimidine Prepared by using Suzuki coupling Method B
(Scheme 1f.Ml'ﬁ F[itl% ébmpound was obtained as a white solid (5 mg, 10 %). WO |
2009/053715PCT/6B2008/003621 [M + HI- 490.2 NMR 8H (400 MHz, CDC13) 2.99 (t, J = 5.4 Hz, 2

H), 3.86-3.94 {my4dH), 3.94 (s, 2'H), 3.99- 4.08 (m, 8 H), 6.85 (d, J = 1.4 Hz, 1 H), 7.04 (d, J = 1.4 Hz,
1H), 7.14-719 (m, T H), 7.29 (dd, J =33 2.4 Hz, 1 H) 7.42 (s 1 1-1). 7.51 (m, 1 H), 7.96 (dd, J =

. Sl
11.2, 2.4 H %:{%— ol g%l(ﬁ-gr’i pm-f%—y}f-[42(tetrahydro—pyrau%y!}pxpermn— -
6-14-(3-Flugnactirgfichieds|s)-plperidiingmethyll-2-(1H-indol-4-y1)-4-

morpholin-4-yl-thi L§ 41 g;piq g - Prenar RHENE, uld comphing:Method C. The title
compound was ogt%?neﬁgrs%aﬂ R e Suzy g‘gﬁﬁw 5 96 M E{ﬁf 507.1111 NMR (400 MHz,
e

CDC13): 8 depmtaction gsrrind-ppt psjp Refersngs S3hanhitls epmponed 2 R L1 15 (m, 2 H),
3.60-3.69 (Mg Z5H¥%)3.83 (s, 2 H), 3.90 (t, J = 4.7 Hz, 4 H), 4.08 (t, = 4.7 Hz, 4 H), 5.12 (dp, | = 574,
5.4 Hz, 1 H) +21§-+7 4 (m, 3 H), 7.48 (d, J = 8.0 Hz, 1 15 H), 7.53 (m, 1 H), 8.17 (dd, J = 7.5, 1.0 Hz, 1
H) and 8.31%5, I§|)§.7I§Xample 73
644-(3-FludvdBAet{d09- 1 2) Gsdridid - iathiyl 89 -(8. A0 44 na bR 66 (bs, 8H); 3.40 (m,

0)-4-morphejiy-4 34 HRAISIOP 2AHLRYIIHIE (m, 4L EERAKSAIDY UGN ST K BoERINY;Msthod C. The
titte compound was o?:@ig%%as a 20 white solid (94 mg, 79 %). [M + Hf 525.1 1H NMR (400 MHz,
2

CDC13): 8 33Y: 4 }:1.71 (m, 2 H), 2.07-2.23 (m, 3 H), 2.89 (m, 2 H), 3.03-3.14 (M, 2 H),
3.59-3.68 (M, 2 H), 3.82 (s, 2 H), 3.82-3.87 (m, 4 H), 4.03 (t, .1= 4.7 Hz, 4 H), 5.00-5.21 (m, 1 H), 6.88

(m, 1 H), 6%%%310%9 4, )5_2{1_}11:%%1( _Quﬂl)m?éﬁxﬁm@@iidzt}&%?d?@-lﬁ?&nl@ﬂﬁmiﬂ-74

141-12-(1H -y1)-4-morpholin-4-yl-thieno[3,2Apyrimidia-6-
ylmethylfpideﬂ&}ﬁﬂﬂkf/ lignathirdipgriwidise. pranared by using Suzuki coupling Method C. The title
compound was obtaiadrasie-30iqald-yeiishvlgeld (84 A ignEhye)-fiat-Hit) $0R:3zin-1-

ylmethyl}-thieno [3, 2-d] pyrimidine (100 mg, 0.23 mmot) and indole-4-boronic acid was

reacted using Suzuki coupling Methed B, to give after silica chromatography, the title

compound as a white solid (76 mg, 64%).

20 [M+H]'519.3

NMR 83(400 MHz, CDCls) 1.51 {m, 2H); 1.70 (m, 2H); 2.37 (m, 1H); 2.56 (bs, 8H); 3.31 (m,

2H); 3.77 (s, 2H); 3.84 (m, 4H); 3.95 (m, 2H); 4.01 (m, 4H); 7.24 (m, 2H); 7.30 (s, 1H); 7.43

(m, 1H); 7.48 (m, 1H); 8.11 (d, 1H); 8.20 (bs, 1H).

25 FExample 89 (&)2-(5-Fluore-1H-indol-4-yl)-6-{4-(2-methyl-tetrahydro-furan-3.yl)-
piperazin-1-ylmethyi]-4-morpholin-4-yi-thieno[3,2-d]pyrimidine.
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
30 NMR 64(400 MHz, CDCl3): 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).



WO 2009/053715PCT/GB2008/003621 11-1 NMR (400 MHz, CDC13): 8 1.74-1.88 (m, 4 H), 2.17 (td,
J=115,2.7 Hz, 2 ), 2.86 (t, J = 4.0 Hz, 2 H), 2.98 (bd, = 11.4 Hz, 2?%%%%@85@4'0 Hz, 2 H),
0 Zl ) -

3.53-3.62(m, T RP"SEYE 2 H), 3.00 (t, J= 4.7 Hz, 4 H), 4.07 (t, J = 4. 1732 (m, 2 H),

7.34 (s, 1 H), 7.47 (dt, J =8.0, 1.0 Hz, 1 H), 7.51 (m, 1 H), 8.16 (dd, J = 7.5, 1.0 Hz, 1 H) and 8.29 (bs,

15 Example 75 . )

1-{142-(5-FRISBRE N SIS e s At praiae dosfsdridchists et e Btodidin-4azetidin

-2-one yiPapatathilyvisnbyHubidd ofd2pipglibdtdiod C. The title compound was obtained as a 10

pale grey solid (4 9 ir Ha ); : 4 H), 2.17
‘!»ﬂ%eﬁ%sé% g%@%ﬁw S § (4QR Mz FR3)asbtlidn 341t

(td, J=11.5, 2.7 Hz, 2 H), 2 _ :987(d, J = 11.5 Hz, 2 H), 3.23 (t, J = 4.0 Hz, 2 H),
3.53-3.62 (iPRtRHY Refgrsnee Bxpmpiednthe title cpmpqundiapp whignsplig@84m£.49 ‘8 H), 6.88 (m, 1 H),
6.99-7.05 (MM} ) 3882.25 (m, 1 H), 7.31-7.37 (m, 2 H) and 8.31 (bs, 1 H). Example 76

()-8-12-(5-Flugrp:1H-indo1-4<y1)-4-marpholins4=yl-thiencl3, 2 _ _

d]pyrimidin-6-y msé‘@%ﬁ%&ﬁﬂ%%@pgggﬁ%[ : ’-éﬁi&i’gx ilgn'g3 (m, SPBngoasr%’ l%/{)lilglﬁ’é (ISnl’Jzuki coupling
Method C, fHlib@&d 69 SRDME-aeiBletdks THe: 2@ Titre. déhgaidriennal: dbtaiseddl a¥olourless
needles (4 qag, B136). [M + HP' 509.1 NMR (400 MHz, CDC13): 8 1.91 (s, 1 H), 2.43 (in, 4 H),
2.63-2.79 (m, 3 H), 2.90-2.99 (m, 1 H), 3.25 (m, 1 H), 3.60-3.73 (M, 2 H), 3.80-3.88 (M, 7 H), 4.04 (t, =
4.7 Hz, 4 H), 6.88 (m, 1 H), 7.03 (dd, J = 10.9, 8.8 Hz, 1 H), 7.26 (m, 1 H), 7.33-7.37 (m, 2 H) and 8.27
(bs, 1 Hp 2EfExminfde 77-@i8da-(HiHudrodl)-in(fometbpnsaifooyphetahvdye-tienedtB 2= d]

pyrimidin-6-yloethvil-qeiabyieaxran el a-islldbt933As imidnigpared by using Suzuki coupling
Method A. T IE?égtitle c%qmpogﬁd was{‘%btaineias a cream é%%d (16 mg, 23 %). 30 [M + Hf 509.2 11-1

NMR (400 MHz, GBe $87ehseleiopnt 3-¢hjom-ghsxabydro-pymgiop sl aolt mefiiigs (d, 3= 8.6 Hz, 1
H), 3.25 (MpibihoBn6RyBTéG(8,2- EpyBrBilliReg60(my; B.H) ntdB $hdNEY (B4 .02 mer@8i6.90 (m, 1 H),
705 (A, ) TAQD BBz dotihd SRl litdsh 3R 3I0) P00 A Bl Fud 4)-  Example 78

(S)-8-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno|3,2-
dipyrimidin-EAsae ANNE Sy DYH 82 6T 2 b eepRAyeanish (18 b Hepa 9 iEm&iHg &z uki coupling
Method A. THenblel 6am pauagasTiakdias (A SIoAmhsQightrSlang, i3 Séparated using a

hydrophobic frit and solvent evaporated to give a yellow solid (70 mg). This solid was

reacted using Suzuki coupling Method D to give the title compound as a buff-coloured solid

(26 mg; 30 %).

20 8y (400 MHz, CDCl3) 2.62-2.66 (m, 2H}, 2.77-2.81 (m, 4H), 2.89 (s, 3H), 2.91-3.01 (m, 2H},
3.19(dd, J = 10 and 4, 21), 3.49-3.55 (m, 2H), 3.88-3.90 (m, 4H), 3.96 (s, 2H), 4.06-4.08 (m,
4H), 6.93 (br s, 1H), 7.08 (dd, J = 10.8 and 8.8, 1H), 7.28-7.31 {(m ,1H), 7.36-7.41 (m, 2H),
8.24 (br s, 1H).

M +H]" 557

25
Example 92 1-{5-[2-(5-Fluoro-1H-indo}-4-yl}-4-morpholin-4-yl-thieno|{3,2-d}pyrimidin-
6-ylmethyl]-bexahydro-pyrrolo[3,4-c]pyrrol-2-yl}-ethanone

To a stirred solution of 2-chlore-6-(hexahydro-pyrrolo{3,4-c]pyrrol-2-ylmethyl)-4-
morpholin-4-yi-thieno[3,2-d}pyrimidine (60 mg; 0.16 mmol) and NEt; (36 pl.; 0.26 mmol} in

30 CH,Cl, (2 mL) at RT was added acetyl chloride (18.5 pL; 0.26 mmo!) and the resulting
solution was stirred at RT overnight (17 h) upon which time it was quenched with saturated
NaHCO; solution (4 mL). The organic layer was separated using a hydrophobic frit and



[M H]+ 509.2 11-1 NMR (400 MHz, CDC13): S 1.91 (t, J = 10.0Hz, 1 H), 2.34-2.50 (m, 4 H), 2.63-2.78

(in, 3 10 H), 2§%0%%é§;% 1 H), 3.25 (t, J = 10.0 Hz, 1 H), 3.61-3.73 (M, 2 Hx3:8d:389 (M, 7 H), 4.05

(t, J=4.7 Hz, 90 (m, 1 H), 7.05 (dd, J =10.9, 8.8 Hz, 1 H), 7.28 (m, 1 H), 7.33-7.38 (m, 2
H) and 8.28 (bs 1 H). Example 79 (R)-8-12-(5-Fluoro-1H4ndo1-4-y1)-4-morpholia-4-yl-thieno [3,2-
15 d]pyrimidi Imeth exahydro: 1 zm 4 -on red by using Suzuki
coupling Méfﬁ AYHRE Wl‘i[1 6&{?}{% wazlsgcﬁ)%é?ﬁ%fdlg" an S6hd° n‘fél,ngéqg [M +523.2 THNMR
(400 MHz, CDakR)MshoBHtieleivd Bz ednpdnRi 26 i coloured @If_mé@ mgy036.2.85-2.94 (m, 2 H),

3.00-3.07 (rg, ofpH), 3.93-4.00
1), 4.8 &g@@%&gﬁ iy L o o7 L it %J%‘?i@*%*ﬁf&%ﬁﬁmgaz (. 3~

o A 0 o 10 0o 0 75000 (3 6 AT ) 7 R E ks a5 o
H) and 85278(8:,51}1) H)2@3 FExamiHs, 805 (s, 1H), 7.37-7.41 (m, 1H), 8.25 (br s, 1H).

5-12-(5- FIu g 1-4-y1)-4-morpholin-4-yl-thieno[3,2-4pyrimidin-6-

ylmethyll- hexahy ro- pyrrolop 4-clpyrrole-2-carboxylic acid dimethylamide Prepared by using Suzuki
coupling Method A, followed by TBDMS-deprotection. The title compound was obtained as a white

solid (40 mgxamde)oiM +43- mwmgdmm&)pﬂoﬂxﬁd-ﬁdtﬂléﬂ[Q,M;J?rl‘lk)uﬂn?@2 84 (m, 4
H), 2.86 (s, G H), 3 3.51-3.5 H), 3.86 (t, | = 4.7 Hz, 4 H), 3.92 (s,
2 H), WO 2‘86’5?8%@?1&‘5’8‘1“/& i%d’éé’%%ﬁ’f%}%f "?3([}; g‘rH) 6.88 (m, 1 H), 6.98-7.07 (m, 1
H), 7.272qm, 1 H), To33tiredsyspensiqy aﬁﬁ@s@letswimqyph@cémb!@@rﬁ 2-d]pyrimidin-6-

5|42 (ﬁ T'%%%Hgﬂ%%ﬁﬁmlggjﬁﬁmf&%r& Mz&iﬁ@@i@ gnﬁ@yﬂéﬁaiﬁ!aa@aﬁc)gﬂ (276 mg; 1.3 _—
ylmethylphexahydro-pyrr clpy carbpxylic e repar ysing Suzuki
coupling MEWTEY A %\yéhf’ 8¢ é‘&%gsaso% éngé”gw%é’ggfloﬁ@'ﬁp@ 53 A))E[M + Hr 522.2
11-1 NMR (400 Widd SRDEIRY @g@&(w ammegatlzzriswn@ﬂ)lézl)zmw grlog-gyéidine, 2 H), 10 2.93

(m, 2 H), 3.3Q8dathiz %Qs?so%ma&é%é’e%@%&aml%mé §s gs%zﬂmgbéﬁl 28844 H), 3.93 (s,
2 H), 4.04 (m, 4 H), 4.54 (bs, 2H) 6.88 (in, 1 H), 7.04 dd 8.8 Hz, 1 H), 7.27 (m, 1 H), 7.35

(m, 2 1.1 aRdsevs tlbc*stltiemmpo fé'?vhﬁe solid (
2-12-(5-Fludgporid lindnl 1) 4- marmahaéﬂaymmmm mﬁymwﬂaﬁms_z@z-z.ﬁg (m, 2H),
ylmetby11-2, ¢;diaza-3piel33109nang- 51earbexyli b amide; « omy, 3.76-3.78 (m, 4m),
3.90-3.97 (m, 6H), 6.80-6.81 (m, 1H), 6.95 (dd, J = 10.8 and 8.8, 1H), 7.16-7.18 (m, 1H), 7.24
(s, 1H), 7.26 (dd, J = 8.8 and 3.6, 1H), 8.14 (br s, 1H).
20 [M+H] 565

Example 94  Cyclobutyl-{1-]2-(5-fluoro-1 H-indol-4-yl)-4-morpholin-4-yl-thieno{3,2-
d]pyrimidin-6-ylmethyl]-piperidin-4-yl}-methyl-amine '
To a stirred suspension of {1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
25  ylmethyl)-piperidin-4-yl]-methyl-amine (229 mg; 0.6 mmol) and NaB(OAc);H (0.85 g; 4.0
mmol) in 1,2-dichloroethane (5 mL) was added cyclobutanone (0.3 mL; 4.0 mmol) and the
reaction mixture was stirred at RT 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).
30 Oy (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, = 8.8 and



To a solution of 6-(2,7-diaza-spiro[3.5]non-2-ylmethyl)-2-(5-fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno§3 2-c/Jpyrimidine (125 mg, 0.254 nunol) in anhydrous DCM (10 mL) was added
trimethylsilyl i%%&%” Pg7€§5 gL, 0.254 mmol). The reaction mixture was Strnet at Rror 1 h, then
partitioned between DCM and a saturated aqueous solution of NaHCO3. The 20 organic layer was
separated and washed with brine, then dried (Na2S0O4) and concentrated in vacuo. The resultant
residue was‘"'ﬂu}ﬁ)aé'&)?/(ﬁfép%tive HPLC to give the title compound as a white solid (41 mg, 30 %).
[M + Hr 536 + HY\B5(400 MHz, CDCI3): 5 1.76-1.81 (m, 4 H), 3.17 (s, 4 H), 3.31 (m, 4 H), 3.82-3.87
(m, 254 H), 3.95 (s, 2 H), 4.04 (t, J = 4.7 Hz, 4 H), 4.46 (bs, 2 H), 6.88 (t, J = 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-AzetidiBEEaale i rifiri lyitnSuipreBinindnbirabotrarpiek plitdri-sienoi3,2-
y1)-4-marphgiariaditéenaldigpyrmine A0 Ml e cpmponnthmas pasind using Suzuki
coupling Method A to give a white .soli . NMR 6 0) C 1.42 2H), 1.63 (m,
211), 1.73 (m, 2H).°%" rf‘?,s%a'i?%‘?&f%J@%@%‘%&%’&%ﬁ%‘é%é%&%%%%&%ﬁ%ﬁ), 2.93 (m, 211),
3.17 (s, 3Hy@ehyihpisEieBs kadhy-anne (29 By 076 mmol) aniNeB(CADH (-5 % 48 (s, 1H), 7.58 (t,
34: s, ;, éllla,,%gcpg(glg_gibﬁﬁgﬁé% fsfalﬁug.@ Ahueaﬁdl;ﬁhzﬁﬁ}éﬁgs,oh%og\dﬂﬁﬁﬁﬁlEﬁMm ple 84
aRt8aR1-6-12-(5-Flugro-1H-indo1-4-y1)-4-mor in:4-yl-t
d]pyrimidin-‘g‘%/ﬁﬁ%lﬁg/ﬂﬂ{%‘é’ﬁwﬁﬁgﬁﬁ{é Gop %‘%&%&%]ﬂf’% "c‘?tzﬁ%?ﬁ?%gm The title compound
was preparadensinipS e isdaep hygdiddibsd tirtotigivand neaffed i@ ozt ¥50818g80 NMR 81.1(400

MHz, CDCJ&L&%};@M@%% 202 MFebBlnd o BB 51134012 @538 (M. 3H), 3.53 (m, 111),
3.81 (t, J =4.8, 4H), 3.85 (s, 2H)

( 3.97 (t, J=4.8, 4H), 4.21 (m, 211), 6.83 (m, 111), 6,97 (in, 111),
0 e 11y (105t Sl ko8 (i i e B a8 S5, 2 P23 1F,
4-14*(5-FluaresiHomdn) 21y, B) 18- msi Hincl iy, 4-gB g 39PE 4391 (6, Wil e6Bl jdpipetEyin-1-y1)-tetrahy

dro-pyran-4:carboxylic 3 i .fimi_q 8 (ml tidg £aMpound was prepared using Suzuki coupling Method
A to give anﬁ?ﬁgv??téms’o@q(ﬂ mg). (%@’8'14 400 MHz, CDC13) 1.80 (m, 211), 1.93 (m, 211), 2.62

(m, 4E1Y 2 B8 tH] 4%1), 3.78- 20 3.94 (m, 10E), 4.07 (1, J = 4.8, 411), 5.21 (hr s, 11), 6.61 (hr s, 111),
6.92 (m,111), 7.07 (m, 111), 7.27 (m, 111), 7.39 (m, 2H), 8.25 (hr s, 111). [M + 10+ 580.13 Example

86 64(S)-1-gHexalvsl O- P POE-Frl L E s RME M Ro{f= 4-y1- thieno[3,2-d] pyrimidin-
6-ylmethyl]-piperidin-4-yl}-azetidin-3-ol
1-{1-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-piperidin-4-yl]-

20  azetidin-3-o! (0.2 mmol) was reacted using Suzuki coupling Method D to give the title
compound as an off-white solid (56 mg; 54 %). |
8y (400 MHz, CDCl;) 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, LH), 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).

25 [M+H] 523

Example 97 2—(S-Fiu6ro-1H—ind01—4-yl)—6-[4~(3-—methoxy~azetidin—l-yl)-piperidin-ln
yimethyl}-4-morpholin-4-yl-thieno[3,2-djpyrimidine
To a stirred solution of 1-[1-(2-chloro-4-morpholin-4-yl-thieno[3,2-dJpyrimidin-6-
30  yimethyl)-piperidin-4-yl}j-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



25 methanesuliony1-111-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dipyrimidine Prepared from
2-chloro-6-[(S -1-§lexah dro-pyrrolo[1,2-alpyrazin-2-yOmethy1]-4-
morpholin-4-y M H%ffé%—%]pyrimidine using Suzuki coupling Method A %’5’5’. %Zgu%%}ﬁ'g%oowder (59
mg). NMR all (400 MHz, CDC13) 1.33 (111, m), 1.35-1.75 (m, 3H), 1.94 (t, J = 10,1, 111), 2.09 (m,
30 21), 2.31 (in, 2H), 2.87 (d, J = 8.6, 111), 2.99 (m, 311), 3.06 (s, 31), 3.79 - 3.88 (in, 6H), 4.01 (t,J =
4.8, 4H), 7. 50N [HRF wihfstptiming oyenf b dbe rpaction wits purificd by pidcbiss RTaFioR B 11) 8.6 (d, J
= 1.6, 1H), 2i00a b ddstiiudAtar 200 a5V ISRETHEd 3200 8/HPREDRE [Mogbe.the kdmple 87
2-(5-FIuoro%@égg%-%-ﬁgﬁ;é’@%%ﬁ#rﬁg#;%%itetrahydro-pyran-4-y|)-piperazin-l- 5

13,2- i IS wa

ylmethyll-thieno13,2-dIpyrimidine as prepared using Suzuki coupling Method B, to give, after

TBDMSdepfatéefidntiafrablodeistii IReseidhdel Edh e Hiieditho8 Mg 28 & Whlte solid (67
mg), 61 %)(- mef]s,tqmml%m, (A003M 3,96 B 48), 1474108 ahmm,amm%a,m(ctz o7 %11); 2.?6 (bs,
8H); 3.40 H); 3.88 - 4.04 11);4.Q7 (m, ; 111); 7. 11); 7.29 (m,
2H): 7.39 (2‘;‘@1‘)?%%%sﬁ%)ﬂ%ﬁ%‘}e@’gﬁ’m’ ) 5l L ok Bl B
2-(1H-Indo1826/by-4-Hhidrpholin-4-y16-14-(tetrahydro-pyran-4-y1)-piperazinl5
1-y|methylpmgmq@:g3qlpyrimidine. A mixture of
2-chloro-4-morpholin-4-y1-614-(tetrahydro-pyran-4-y1)-piperazin-I- yimethy13-thieno [3, 2-d]
pyrimidine (100 mg, 0.23 ntmol) and indole-4-boronic acid was reacted using Suzuki coupling Method
B, to give affermilie% hréfiatbdtepivy] thnditkeicdinpownphaiimdrthiteioolid. F7dmywgmédineg- 20 [M + HI+

o (0 241 170 211); 2.37 (m, 1H); 2.56 (bs, 8H); 3.31 (m,
SR ki

519.3 NMR M
2H); 3.77 (s’,ﬁglé%gﬂzt((m 1Y; 4.01 (m, 4H): 7.24 (m, 211); 7.30.(s, 111); 7.43 (m,

11-1): 7.48 (m, 1HFeRaed Ry, usiny 920 prupling yethog ¢y Thididgcompound was obtained as a
()245-Fluoraviitt-iodol74 mE) B44)(2-rnethyl-tetrahydro-furan-3-y1)-
piperazin-I-)@@gtﬁff‘lﬁl-morpholin-4-yl-thieno[3,2-d]pyrimidine. Prepared using Suzuki coupling
Method B, to give ter'+BDMS-deprotection carried out as in Reference Example 4, the title
compourid a8 AMRif80WHLe06E) A119%) (M = Hi 32300 RMR.Ead M- HeBELH 78 .15 (d, 311);
1.94 (m, 2H); 256 {1y, SLik); 29857 31}, 336, (67611 A00 Sudi)s £931(8.HA 2y .06 (m, 111);
7.31(m, 1H3’.876' %?J(Ln 4.% 11, ’48}'1{33.93 ’(sl, ]21}}) 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).
20 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:
23
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,
30 and the reaction was terminated by the addition of PBS. ICsg values were subsequently
determined using sigmoidal dose-response curve fit (variable slope). All of the compounds
tested had an ICsq against PI3K of 50uM or less. Typically the ICs against the p1103



WO 2009/053715PCT/6132008/003621 Example 90

()2-(5-FIuoro-wr%ag%%&ﬁf@%l)-&morpholin-4-yl—6-14-(tetrahydro-furan-SE, T/GBZ(??S/E)(}%ZI

yl)-piperazin- ieno[3,2-dIpyrimidine  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
(48 mg, 26 %).5 [M + HI+ 523.3 NM WOO MHz, CDC13): 1.88 (m, 111); 2.07 (m, IH); 2.63 (m,
811); 3.03 (‘ﬁ%?,f?f!%%f%g}ﬁr‘?’f‘?ﬁﬁﬁséw?é’é%@ M911); 4.07 (m, 414); 6.93 (s, 1H); 7.07 (m, 111); 7.33 (m,
111); 7.54 (m, 211); 8.26 (bs, 111). 10 Example 91

2-(5-FluorogZ Hsl gqlﬂfl-yﬂﬁéﬁ-%mﬁmsulfonyl-hexahydro-pyrrolo[3,4-

cipyrrol-2-ymﬁ%l)‘-2l-morp olin-4-yl-thienoi3,2-ipyritnidine  To a stirred solution of
2-chloro-6-(hexahydro-pyrrolo[3,4-c]pyrrol-2-ylmethyl)-4- morpholin-4-yl-thieno[3,2-d]pyrimidine (60
mg; 0.16 nunol) and NEiR§3€a¢h yelbRiGglhHP indChiadiag 25mig)d@dhpasdasfdied methanesulfonyl
chloride (201 &z&%@e%%%fﬂ?%ééaﬁ glion mixture was stirred at 0 C for 2 h then RT overnight (18
h) upon which time it was quenched with saturated NaHCO3 solution (4 mL). The organic layer was
separated using a hydrophobic fit and solvent evaporated to give a yellow solid (70 mg). This solid was
reacted usingopusitdCarpimMaiiad D to give the title compound as a buff-coloured solid (26 mg; 30
N. 20 811(480 MHz Cpﬂ%ll?{ 32t62-é.§)6 m, 211), 2.77-2.81 (m, 411), 2.89 (s, 311), 2.91-3.01 (m, 213),
3.19 (dd, J ZHPIRE A B R , 211), 3.88-3.90 (m, 4H), 3.96 (s, 2H), 4.06-4.08 (m, 411),
6.93 (bri%,11a9toved80(e), | = 10.8 and 8.8, 1H), 7.28-7.31 (m ,IH), 7.36-7.41 (m, 211), 8.24 (br s, 111).
[M + Hr 55725 Examplesa?

145-12-(5-FJu ro-lH-iréj 1)-4-y1)-4-morpho|in-4-yl-thienop,2-cf|pyrimidin6-y|methyli-hexabydro-pyrrolo[
3,4-elpyrrol 2GRSHEH r(% To a stirred solution of

2-chloro-6-(Megatsanostpsaielt] 2)4-c]pyrrol-2-ylmethyl)-4- morpholin-4-yl-thieno[3,2-d]pyrimidine (60

mg; 0.16 mmol) and NE3 (36 ki 86 BRRAMA®ECHRERRAG L REyasaddegiacetyl chioride
(18.5 ttL; 0.26 mmol) and the resulting solution was stirred at RT overnlghtﬂﬁé gg,Upon which time it

was quénhchEf mittueatasted xstEuel fasHe G 1T A 875 iR rF Parated using a
hydrophobiediparidd W @ 20000 3NLHR CIHGBIARNNE/FEB6R1s scbden tanajuty dtedawdgivd eeyellow solid
(62 ma). Thiz.38lie.as dnaried walng astidaaripaMetiod duoive e Hls,cpuppiind as 2
buff-coloured solid (53 mg; 70 %). 514 (400 MHz, CDC13) 2.10 (s, 3H), 2.61-3.07 (m, 4H), 3.44-3.56
(m ,211), 3.BEngmneHantiy of stasch. thoqnd megyetivgpvas adderl, sapfulliyeings W precesed 04 (m, 111),
7.07 (dd, J smiDdienrd 58.8, 111), 7.28-7.31 (m, 1H), 7.35 (s, 1H), 7.37-7.41 (in, 1H), 8.25 (br s, 111).
[M + Hit 521 Example 93 {142-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-djpyrimidin-6-
ylmethyl]-piperidin-4-yll-methyl-(tetrahydro-pyran-4-y1)-amine

Example 101 Injectable Formulation
Compound of the invention 200mg
Hydrochloric Acid Solution 0.1M or

25 Sodium Hydroxide Solution 0.1M g.s. to pH 4.01t07.0
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

30 micropore filter into a sterile 10 ml amber glass vial (type 1) and sealed with sterile closures

and overseals.



10To a stirred suspension of [1-(2-chloro-4-morpholin-4-yl-thieno[3,2-alpyrimidin-6-
ylmethyl)-piperidin-4-ylkmethyl-amine (229 mg; 0.6 nunol) and NaB(OAcQSHC}276 ma, 1.3 mrnol) in
1,2-dich|oroetW§’n7é’0(ﬂ:’;X?ﬁT_1)swas added tetrahydro-4H-pyran-4-one (0.12 mq;r;/ %ﬂﬁsul[r!]of)nand the reaction
mixture was stirred at RT overnight (16 h). The 2-chloro-pyrimidine intermediate was isolated by
acid-base extraction and reacted using Suzuki coupling Method 15 D to give the title compound as an

off-white sofdaBRISASS. clntramas ,-_:

. GARiyamasK BISREER) 1.50-1.65 (M, 6H), 1.91-2.05 (m, 2H), 2.18 (s, 311),
2.42-2.69 (m, 2H), 2.94-2.96 (m, 2H), 3.25-3.31 (m, 211), 3.55-3.63 (m, 211), 3.72 (s, 2H), 3.76-3.78
(m, 4H), 3.90-3.97 6,.80-6.81 (m, 1H), 6.95 (dd,},,40.8 and 8.8, 111), 7.16-7.18 (n, 1H), 7.24
(s, 1H), 7.29569?318,"5’@%@'3%3%“%?‘1H), 8.14 (br s, 111).20 [M +565 Example 94
Cyclobutyl-Benzy(leelvlo-IH-indo1-4-y0-4-morpholin-4-itéhgeno[3, 2-
d]pyrimidin-Grdareibyikpiperidin-4-y1}-methyl-amine Tqg astirred suspension of
[1-(2-chloro-4-morphalin-4-yl-thieno[3,2-d]pyrimidin-6- Imethyl)-piperidin-4-ylkmethyl-amine (229
mg; 0.6 mmﬁﬁ%n%ﬂ’é%?@&@ﬁﬁ (0.85 g; 4.0 nunol) in f’ée{d@hloroethane (5 mL) was added
cyclobutanone (0.Bhmtonapound nbihairaeatiorestbyiahisdindhy ayenforell FhRIEeRdakgkRL(16 h). The

2-chloro-pytiydias Jesmeoialie Vas isewied Macis haserasactiedwaRdn@anieddising Suzuki

coupling Method D to give the title compound as an off-white solid.(18 mg),.30811 (400 MHz, CDC13)
1.50-1.59 (rﬁ‘,‘%‘ﬁ}aﬁ§§lﬁfﬁlﬁfﬂ%",‘§f f§r ﬁé%@%@?ﬁ?ﬂﬁ?’?.@%ﬁﬂéﬂ HY: 3.60-3.64 (m, 111), 3.72

(s, 211)163.75-3.78 (m, 411), 3.94-3.97 (m, 411), 6.80-6.81 (m, 1H), 6.95 (dd, J = 10.8 and 8.8, 111),

7.16-7.18 (B, L) 1623 %‘.&é%r&ﬁ@d{ﬂq, J=8.8and WO 2009/053715PCT/GB2008/003621 4.0,
111), 8.14 (hr's, . [M xample

(-{1-[2-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2- 5
d]pyrimidin-Geyhaiiybie pipatsidin-4-yll-methyl-(tetrahydrastusan-3-y1)-amine

Sorbitol Solution 1.50g

15 Glycerol 200g
Sodium benzoate 0.005 g
Flavour 0.0125 mi
Purified Water g.s. to 5.00 mi

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

was made up with purified water and mixed well.



To a stirred suspension of [1-(2-chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-
ylmethyl)-piperidin-4-y11-methyl-amine (229 mg; 0.6 mmol) and NaB(0Ac)3H (0.85 g; 4.0 rnmol) in
1,2-dichloroethane (5 mL) was added dihydrofuran-3-one (0.3 mL; 3.7 mmol) and the reaction mixture
was stirred at RT overnight (16 h). The 2-chloro-pyrimidine 10 intermediate was isolated by acid-base
extraction and reacted (0.2 nunol) using Suzuki cb‘UpIing Method D to give the title compound as an
off-white solid (26 mg). SH (400 MHz, CDC13) 1.54-1.63 (m, 4H), 1.68-2.04 (m, 411), 2.15 (s, 311),
2.32-2.38 (m, 111), 2.95-2.98 (m, 211), 3.19-3.5P{Ms211), 3.53-3.84 (m, 911), 3.94-3.97 (m, 4H), 6.81
(brs, 111), 6.93-6.97 (m, 1H), 7.17-7.28 (m, 311), 814 (br s, 111). 15 [M + fir 551 Example 96
1-11-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4 yl-tbieno[3,2-d]pyrinildin6-ylmethyll-piperidin
4azetidin-3iol |-[1-42Chierodmobigihe inhikydepthient(8 A-Hipyraicdin-6-yhnethylypiperidin-4-ylk 20
azetidin-3-ol (0.2 mmol) was reacted using Suzuki coupling Method D to give the title compound as an
off-white solid (56 mg; 54 %). 8H (400 MHz, CDC13) 1.30-2.21 (m, 711), 2.79-2.95 (m, 411), 3.61-3.65
(m, 211), 3.81-4.04 (m, 1013), 4.43 (quintet, J =5.6, 1 9%:88 (s, 1H), 7.03 (dd, J = 10.8 and 8.8,
1H), 7.24-7.27 (m, Hi), 7.30 (s, 111), 734 (dd, J = 8.8]and 3.6, 1H), 8.22 (hr s, 111). 25 [M +523
Example 97 2-(5-Fluoro-1H-indo1-4-y1)-6-[4-(3-methory-azetid|n-1-y1)-piperidin-1-
ylmethyll-4-morpholin-4-yl-thieno[3,2-dIpyrimidine To a-stirreg-Solution of
I-[1-(2-chloro-4-morpholin-4--yl-thieno[3,2-djpyrimidin-6- 3¢ ylmethyl)-piperidin-4-ylkazetidin-3-ol (100
mg; 0.24 mmol) in anhydrous DMF at 0 C was added NaH! (60 w ‘LA); 20 mg; 0 5 minol) Stirring was
continued at 0 C for 40 mm. upon which timB% 6 ftL; 0.26 mmol) was added and the
reaction mixture was allotwed WO 2009/053713RCT/{z132008#003621 to warm to RT whilst stirring
over 4 h. The reaction was purifiee-biCétidr action to gjve a crude residue that was reacted
using Suzuki coupling Method 1) to give the title compsund as-an off-white solid (33 mg; 26 %). 811
(400 Ml-la, CDCI3) 1.36-1.71 (m, 514), 2.10-2.26 (m, 311 2.81-2.98'(m, 411), 3.29 (s, 311), 5 3.64
(brs, 211), 3.85 (s, 211), 3.87-3.90 (m, 411), 4.05-4.08 (in, 411), 6.92-6.93 (m, 1H), 7.07 (dd, J = 10.8
and 8.8, 111), 7.28-7.30 (m, 111), 7.34 (s, 111), 7.38 (dd, J = 8.8 and 4.0, 1H), 8.26 (br s, 1H). [M + Hr
537 10 Exafmile"98 4-[2-(5-Fluoro-1H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dIpyrimidin-6-
yimethyll-1-(tetrahydrpperanadhApigpendazin-2-one Prepared by using Suzuki coupling method A.
The title Compounﬁ"W%ﬂiﬂ%&k&ﬁe@»\#\mﬁé@ Hgngl% mg@l’stge%’are attached, a group of the

following formula (1la):

(I1a)
A e

in which A is a group of formula (J1b):



+ Hr 551.1 15 IH NMR (400 MHz, CDCI3): 8 1.63 (d, J = 4.1 Hz, 211), 1.79 (qd, J = 12.3, 4.6 Hz, 211),
2.78 (t, J =5.3 Hz, 2 H), 3.30 (t, J = 5.3 Hz, 211), 3.36 (s, 2 H), 3.51 (td, J = 11.8, 1.9 Hz, 2 H), 3.86 (t,
J=4.8Hz, 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). 20 Biological evaluation and
Pharmaceutical formulations Example 99 Biologic4ff Testing Compounds of the invention, prepared
as described in the preceding Examples, were submitted to the following biological assay: 25 PI3K .
Biochemical Screening Compound inhibition of 1113K was deterrp}lg&ed in a radiometric assay
using purified, recombinant enzyme and ATP at a concentratlon of luM. All compounds were serially
diluted in 100% DMSO. The Icinase reaction w, ubatmur at room temperature, 30 and
the reaction was terminated by the addition of PBS. | alues wete suhsequently determined using
sigmoidal dose-response curve fit (variable slopd. Al %m i
1313K of 501.xM or less. Typically the IC50 agai
2009/053715PCT/GB2008/003621, |soform of PI3K was less thag 500nM Ex?m ple 100 Tablet
composition 5Tablets, each WEigHiAg /15 4 Snd SONERIAY B8 5ho &F PLAUNR OSSP the invention
were manufactured as follows: @orhposideontfor H@@@@Wﬁéb@@@mﬁpd@fﬁ@ﬂcﬁfﬁ@hé\ilrﬁ@ﬁt@n (250 g) 10
Lactose (800 g) Corn starcgﬁggghT@I&p@y\@eﬁ@q}g}&@a@mlégabgtg@;r@;%@@)1!31,& compound of

the invention, lactose and half fth cornE?t ch were m |>§ed 1? The mixtur as t forced through
a sieve 0.5 mm mesh size. &Lc')]rn Stareh (‘.uL %{lcg“sﬂglﬂ ded’in‘waritwater @ e resultlng paste
was used to granulate the peiwdesd NisengranglArenas! drigd andHrekawvp ﬁl%@rﬁalﬁl%gments ona
sieve of 1.4 mm mesh size xdihe rematning quantityuelistarch, talc and magnesium was added,

carefully mixed an]g Br&q_e&sfd into tablets.

R’ is H or €-Cs alkyl;

R is selected from R’, halo, CN, C{O)NR",, halo(C,-Cglalkyl, SO;R°, SONR’,,
NR’SO;R’, NR'C(O)R’, NR’C{OYOR’, NR’C(O)NR’;, OR” and NR’;, wherein each R’
is independently as defined above; and

R is an indofe group which is unsubstituted or substituted;

or a pharmaceutically acceptable salt thereof.



20 Example 101Injectable Formulation Compound of the invention200mg Hydrochloric Acid Solution
0.1M or 25 Sodium Hydroxide Solution 0.1M g.s. to pH4.0 to 7.0 Sterile water g.s. to10 ml The
compound of the invention was dissolved in most of the water (35-40C) 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 thie2igh a sterile 30 micropore filter into a sterile 10 ml
amber glass vial (type 1) and sealed with sterile closures and overseals. WO
2009/053715PCT/GB2008/003621 Example 102 Intr m scular Jn1 ctign C{I mng)q of the
invention20& mg BERPRIEGISHY i@fé%‘(z@ TS il 1o} g ?3%%5%8& fB? iadtionE §363.00 ml The
compound of the invention was dissolved in the glycofurol,. Phe benzyl alcohol was then added and
dissolved, and water added to 3 ml. The mixture was the fl|ti3Ed through a sterile micropore filter and
sealed in sterile 3 ml glass vials (type 1). 10 Example 10
invention250 mg Sorbitol Solution1.50 g 15 Glycerol2.00 g

R’\ S
N—{ C(R3

wherein R, R? , R®, R* and m are as defined in claim 1.

Formulation Compound of

3. A compound according to claim 1 wherein the thienopyrimidine is of formula (Ib):

0
(Ib) [Nj
R'!

NN
S N—{ C(R3,- 2 |
RZ/ g S
N R4

wherein R, R?, R?, R*and m are as defined in claim 1.

4, A compound according to any one of the preceding claims wherein R*is an indole group
which is unsubstituted or substituted by a group seiected from CN, halo, ~C(O)NR,, halo(C;-
Coalkyl, -SO:R, -SO,NR;, and a S-membered heteroaryl group containing 1,2, 3 or 4
heteroatoms selected from O, N and 8, wherein R is H or C,-Cg alkyl.

5. A compound according to any one of claims 1-4, wherein the group of formula (lIb) is

selected from the group consisting of:

HiN —_—

® G}

HN N

HN
(i) GvYy



Sodium benzoate0.005 g Flavour0.0125 ml Purified Water g.s. t05.00 ml The compound of the
invention was dissolved in a mixture of the glycerol and most of 20 the purified water. An aqueous
solution of the sodium benzoate was then added to the solution, followed by addition of the sorbital
solution and finally the flavour. The volume was mgde up with purified water and mixed well. 147
CLAIMS A compound which is a thienopyrimidine of formula (: wherein W represents a thiophene
ring; It." and R2 form, together with the N atom to which they are attached, a group of the following
formula (Ha): high A is a group of formula (lib): 148 (11b) 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 0 and ring B' is a 3- to 12- membered saturated carbocyclic ring, a 5- to 7- membered saturated
0-containing heterocyclie™ng 6r a 4-Yo 7-membered gaturated X-contajning heterocyclic ring as
defined above, e B ani 13' beingrunsubstituted or subsifuted;  N—

v (vi")
N
ﬁ . . H h—
| P—
’ O
(vily (viii*} (1"}
H N——

5 o

N
(<) (i) and  (xil),



mis 0, 1 or 2; 124 is 1-1 or C1-C6 alkyl; R4 is selected fromhalo, CN, C(0)NR'2, halo(CI-C6)alkyl,
SO2R', SO2NR'2, NR'SO2R', NR'C(0)R', NR'C(0)OR', NR'C(0)NR'2, OR" and NR'2, wherein each R' is
independently as defined above; and R4 is an indole group which is unsubstituted or substituted; or a
pharmaceutically acceptable salt thereof. 149 2. A compound according to claim 1 wherein the
thienopyrimidine is of formula (la): 0 (la) Ri N- (CR8)2)n., wherein R', R2 , R3, Wand m are as
defined in claim 1. 3. A compound according to claim 1 wherein the thienopyrimidine is of formula (Ib):

0 (Ib) 6. A compound according to claim 1 which is selected from:

6-(2,7-Diaza-spiro[ 3.5 ]non-2-yImethyl }-2-(1 F-indoi-4-y1)-4-morpholin-4-yl-thieno| 3,2-
dlpyrimidine;

6-(2,7-Diaza-spiro]3.5non-2-ylmethyl)-2-(5-fluoro- 1 H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-
dipyrimidine;
6-(2,7-Diaza-~spiro]3.5Inon-2-yimethyl)-2-(6-fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thienof 3,2~
dlpyrimidine;
6-(2,7-Diaza-spire]3.5]non-7-ylmethyl)-2-(6-{luoro-1/7-indol-4-y1}-4-morpholin-4-yl-thieno[3,2-
dlpyrimidine;

6-(2,8-Diaza-spiro{4.5ldec-8-yImethyi)-2-(6-fluoro- 1 H-indol-4-yt)-4-morpholin-4-yi-thieno{3,2-
dpyrimidine;

6-(2,7-Diaza-spiro[4.4|non-2-ylmethyl }-2-(6-fluoro-1 H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-
dlpyrimidine;



wherein IR',, R3, Wand m are as defined in claim I. 4. A compound according to any one of the
preceding claims wherein R4 is an indole group which is unsubstituted or substituted by a group
selected from CN, halo, -C(0)NR2, halo(CIC6)alkyl, -SO2R, -SO2NR2, and a 5-membered heteroaryl
group containing 1, 2, 3 or 4 heteroatoms selected from 0, N and S, wherein R is H or Ci-C6 alkyl. 5.
A compound according to any one of claims 1-4, Wherein the group of formula (11b) is selected from
the group consisting of: (i)(ir) 150 6.A compound according to claim 1 which is selected from;

6-(2, 7-Diazg-spitolg IMOP-2HME M )sfei Aﬂﬂﬂdﬁlﬁ‘&ﬁ}%é'ﬂrﬂ]ﬁfﬁ-ﬂhﬁﬂr{&%n)éE‘ﬁh]}ﬁﬂc-’c[;??azzr,§'pr“m'd'nei
6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-2-(5-fluoro-1/Tindol-4-y1)-4-morpholin-4-yl-thienop, 2-
d]pyrimidin&! 3 7ebiabREH#5[3.5]nom2-yimet1 yI)-2-(6-fluoro- lodo1-4-y1)-4-rnorphol
in-4-yl-thierto[33-Fpyrimidinelol-4-yi}-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl]- 1-oxa-4,9-
6-(2,7-Diazg;spitgl3Blaanadzyimethyl)-2-(6-fluoro-H-indol-4-y1)-4-morpholin-4-yl-thicno113,2-
dThyrimidine; = ) , ) o . .
6-(2,8-Diaz&-Srdi B be-sdinethytm R tibys i HolRdor By 1y o B nAL A eifteno[3,2- d]
pyrim id mesp6e(2, 7hDiana-spiro[4.4]non-2-ylmethyl)-2-(6-11uoro- 1
trindol-il-y1)-4-morpholin-4-yl-thieno[3,2- dlpyrimidine; 151
442-(5-Fluoro-1H-indo1-4-y1)-4-morpliolin-4-yl-thieno[3,24]psa m in-6-ylmethylk 1 -oxa-4,9-
diaza-spiro[5.5]undecane; 942-(5-Fluoro- H-i ndol-4 -y1)-4-morphol n-4-yl-thi enoP,2-abyrimidin-6-y |
methylk 1 -oxa-4,9- diaza-s pi ro [5.5 Jundecane; 7-[2-(5-Fluoro-1H-indo1-4-y1)-4
-morpholin-4-yl-thieno[3,2-dThyrimidin-6-ylmethy11-2,7-diazaspiro[3.5]nonan-I-one;



| 52 6-(1,8-Diaza-sp i ro[4.5]dee-8-y1 methyl)-2-(5-fluoro- 1ndol1-4-y1)-4-morpholin-4-yl-thieno[3,2- d]
pyri mi dine; 2-(5-F1uoro-1 indo1-4-y1)-6-(7-methy1-2,7-diaza-spi ro[3.5]non-2-ylmethyl)-4-morphol
n-4-ylthieno [3,2-olpyrimi din e; 1- {242-(5-Fluoro-1H-

indol1-4-y1)-4-morpholin-4-yl-thieno[3,2- d]pyrlmldln -6-ylmethyll-2,7- diaza-spiroP .511110n-7-y1}
-ethanone; 153
2-(5-Fluoro-1/1-indol-4-y1)-6-(7-methanesulionyl-2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-

morpholin- %Y §W!ﬁ%[§p§o?&]ﬁ}ﬁé%d§ﬂﬁem A}1-2-(5-fluoro-1 H-indol-4-y1)-4-morpholin-4-yi-thieno[3,2-
2-12-(5-Fluoro-1H-indol-4-y1)-4- morpholln -4-yl-thieno[3,2-dtpyrimidin-6-yimethy11-2, 7-diazaspiro[3.51
nonane-7-cAMEREScid dimethylamide;

2-[2-(5-Fluares Flisndot-4xyd) 44y morhotinyd2yl-tihena] 323 dijpyriridineGey ety bR, ¥-d-

lazaspiroP. %1&9{%3{' 17 -carbaxylic acid methyl ester;
6-(6,9-Diaza- §£er dec 9-yimethyl)-2-(5-fluoro-tH-indol- 42yd? -4-mo pholin-4-yl-thieno[3,2-

4pyr|m|d|ne }Zﬂuezo 1H—mdo§ 4- yl -d-morpholin-4-yl-thieno{3 pyr;mldl n-6-ylmethyi]-2,7-
2-[2-(5-Fluatiezd-Asinddl Byt J-4Hmdepholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethy11-2,7-diazaspiro[3.5]n
onane-7-carboxylic acid amide; 155 and the pharmaceutically acceptable salts thereof 7.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 6.



153

2-(5-Fluore-1H-indol-4-y)-6-{7-methanesul fonyl-2,7-diaza-spiro[ 3.5 non-2-ylmethyl)-4-
morpholin-4-yl-thieno| 3,2-d]pyrimidine;
2-12-(5-Fluoro-1H-indol-4-y{)-4-morpholin-4-yl-thieno{ 3, 2-d}pyrimidin-6-ylmethyi}-2,7-diaza~
spiro[3.5]nonane-7-carboxylic acid dimethylamide;
2-[2-(5-Fluoro-1H-indol-4-yh-4-morpholin-4-yl-thienof 3,2-dpyrimidin-6-ylmethyi}-2,7-diaza-
spiro[3.5]nonane-7-carboxylic acid methy! ester;
6-(6,9-Diaza-spiro[4.5]dec-9-ylmethyD)-2-(5-flucro-1 H-indol-4-y1}-4-morpholin-4-yi-thieno[ 3,2-
dipyrimidine; and



154

2-[2-(5-Fluoro-1/-indol-4-y1)-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ytmethyl}-2,7-diaza-

spiro{3.5]nonane-7-carboxylic acid amide;



155

and the pharmaceutically acceptable salts thereof.

7. A pharmaceutical composition which comprises a pharmaceutically acceptable carrier or

dituent and, as an active ingredient, a compound as defined in any one of claims § to 6.



