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WO 2007/ 127175PCT/ US2007/ 009866 PHARNMACEUTI CAL
COMPOUNDS Priority of Invention 5This application
WQPMIAEIY i ority to United States Provisional PCI/US2007/009866
Appl i cation Number 60/795,048 that was filed on 26
April 2006. The entire content of this provisional
application is hereby incorporated herein by
reference. Field of the Invention 10The present
invention relates to pyrimdine derivatives and their
use as inhibitors of phosphatidylinositol 3-kinase
(PI'3K). Background to the Invention
Phosphati dylinositol (hereinafter abbreviated as
"PI") is one of a nunmber of 15 phospholipids found in
cel | membr anespp A RMRLHNTICALSCOMPBLIRBEO™, ©! o3
that Pl pl ays ['1ular

signal transduction. In the late 1980s, a PI3 kinase

Priori f?IKlre:‘:’@S found to be an enzyne whi ch phosphoryl ates
ion of the inositol ring of

pftos ipdichiyn claksd pidrifylth Uniiet ISt@Bs Biosiorad ApplLibatds ﬁumber

607953 s B g B e i S o o ppcaion

is hereby Plctipaldtbd habinpiaf@encar e present in Pl 3K, Each
subtype has its own nechani smfor regulating.

activity. Three nmajor classes of PlI3Ks have been
andok@gphh&hﬁgnon the basis of their in vitro substrate
specificity (B. Vanhaesebroeck, 1997, -Trend in Biol.
present ingentiongglates tatpysinfidine derivatives @nd 1ifsir aseeas Rikibitors of
hosphEddvileshakfially and Pl 4, 5-bi phosphate (PI
pRosP IMI'Y)F’.Z) d ass ¢4E$%Ks are further divided into two
groups, class la and class |Ib, in terns of their
' j 5 chanism dass la Pl3Ks include PI3K
Backerdfiby {3 tho 0% d pl105 subtypes, which transmt
?hgsmnlasdﬁummtm;(hemmdr abhasﬁtezicuspwq i§ 86€HE OhSmber of
b .RPlI 3K. i ncl.udes J type. acti vat ed s
phosphd 38 rosg i 20 ST, Byt yehgh b pcape ciive Ui mmys an

unpoms relel s intatdRlirei gkl @88sddctiBh 3K the 2 998bd, aFEi1§ K$nase (PI3K) was
found 1 Hclude Pl 3K, Ca, C213 and C27 subtypes, which are
ound 1q ke ph shgyme whichyphosphery kst dhed-rostienms the inphigol@ing of

phosphitRlylihbsiol (DN WRS £alie1 4% Nahas 33 kel 3Ks is Pl
ﬁg&& 301 n_the PI3K subtypes, the cfass la subtype
HE@&”H@%#Yéﬁ@@ﬁ@ﬁ@épﬁmﬁﬁmﬁﬁﬁPg@ﬁ@ﬂbmbﬂdQSQUWThenchnﬁed

tha
tap of b@tyﬁ&%r@%aeﬁbﬁsiﬁ PIoK QS H ! eg e g)a%unﬁ Ghanism for

catal ytic T10 Ic subunit an
regulatipg aktﬁa% rIigee meior. claskes (Pfe@&Kathovg' b&tmdnmtifsecbmﬁmlblasxs of their in

vitro subskinfe Mﬁs@ﬂg% %91%@[:19‘%% n 6?“ at 519 P%O%%S%p Substrates

bind to t ues p
for clasg | PEYEs {ﬂ@dﬁplﬂi ¥sphwisphata (PMIPCD and 1 KJSFliaghosphai}el (PI {4/5)P2). Class I

ereh ducj t.he. P13K a IVIt
prcs sPRARERE RIES S LS Rl PV SRR S alvasion
mechanistrs Glaqsﬂai PEifosinchide. PITHUSL,10te1 MB@]& ;J-ld 08 Sk PAS which transmit
to be prollferatlon

id t ed
signals R SLOBioR iR aopETeassal e bins Ab LK Sropudes amaday pespe
actwated: bﬁai} prdtdia- d@hﬁ&&&e&:éﬁ%rb Pt @hS PHE Nade RGOMER substrata;ls_:hfor class I

net.i arnacod naral c properties
prokcs. gt ERkcsagtuds BRI RRA gy S2n mubohrs, avtiror characterized by

containik@OQRIondMks RIRE Etefhiths dﬁi@t@:@ﬂ?ﬁ@ oSURGIEHER s WPy,
woul d be expected to inhibit proliferation, reverse

Infhe Pk sddynss. de c&%éﬂ{‘ sahtEpehns bagn Mt Exensively amcestigated to
date. Thé €hr6 5E¥tPHdsGof Q%Etlé aferhe‘fé}gm{ r%% uctﬁ.@l]% 14Ny (azsdlagsut and

i nhi bitor's have been reporte t'a
regulatogpgpbunisy o83 kBanass @ma@: r¢1dator 08 E8hitS dantEDEH Somains and
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- 2a- In a first aspect, there is provided a

conpoUnd which is a fused pyrimdine of folnmula (la)
[ of

w@ﬁooﬁlhg)” wherein Xis 0 or S; Rl i's a grou
> R2is H halo or CI-C6 alkyl R4 aPfdV/EE2007/009865

formula: -
form together with the Natomto which they are

attached, a group sel ected from pi perazi ne,
pi periciine, pyrrolidine, oxazolidinone, diazepan and

2,5-dia72-bicyclo[2,2,1]- heptane, which group is

unsubstituted or substituted by
-[(aIk)q-NR]r-S(O)Z-(aIk%q-Z or -C(0)-(alk)g-S(0)2z
mherein Z is Rmor -NR 'R 2, or by unsubstituted

| -cl-c6 al kyl, oxo (=0),

- C6 | hyd
bind to t)(l-gf;zpz? ge es plasgglgodz;@é by g;(opz;t@ factc@(rRQez,\tc@@ O)thM( fyRinekinase
o 0} ¥
activityGf hc&é_}ig% pgcﬁd%%:lﬁl?:gme%y;m ntg:X gpﬁtﬁc‘a\% @? 3&9 gaggyuc
subunit éﬂ'ﬁ}} phasphorklates igstlipié gn}hslrytt d‘ré)us J(th¢ klpsp @:aug@gest 4€ considered to
be @so@&@@%ﬂﬁceﬂﬁ ﬁ@fa%{)&'lﬁﬁ cgllcapg){glglp I(?@{icl 531” ;?OIUDI n\iher ein

sul phonyl pyran or

Elagire] Cmtpvlslleam e nq:nf&endiaﬁbe}; IE‘IIB?Miniz&b Indhﬁgyr? vu,?thtm roved
ran .erocycly nsubstituted or -
pharma R0 B B84 BliE bRekiely 7 iR

3W 'ﬁﬁlﬂ pRthway is

thus an ﬁtracttsrel-ﬂaz(gét for chdren ikigl dﬁo@ﬁ!;;ﬁ%ehﬁsﬂ%%@ﬁ BV\%] ﬁgtﬂd%ceﬁpccted to

inhibit n)gl . indepe n&gntly,

prolidciglien EY TERIRES PR 2popinsts amd sfnmumnt tasgredniee [o cytotoxic
agents indanbert degis CPaY IQMeCInH@ltBH‘. l{a@@ Q'][ %ﬁﬁ%@& Cl%la %Iy(%bgé) Jour. of
the Nat. fiautel mtqﬁ%ﬁﬁd%@ﬁs mqs%ﬁwmoamﬁ EHCER38457; US 6770641;
US 6653500ap¢ BaEz8Y WA g,%lt@gﬁsbol?’sl 51%59&%9 a{&@éqmgg@% WO

unsubsti t ut ed
200400691@&]5)9200863?58%1312&03&49(}% WOR0096B BN 8L WeY 2@13934997; US
ed N-containin

200315884, 297elly r"%ﬁé? %ﬁg@q%ﬁggf eﬁ)&sigziﬂz{?ai;%ggﬂﬂgm 081%6070)

et'erocyc

Wortmariyist erbegsduse BE kinharadivatinif mabhadd (5 67694 43% B%/i 5658).
are each i ndependently selected from Cl-
-S5(0)2 R10, and -(alk)g-OR, Tet is a
whi ch

SﬂnunarVefﬂahﬁgkﬁﬁUﬁanyl or tetrahydropyranyl group,
substituted; Heterocyclyl

| - | It ﬁgs cg :5»% u@u@ﬁ%fa&é%gbﬁ%sa f dsest nyoimiding |cmgpounds are effective .
inhibitorshEPESR GHieH a@ggn@%y@ﬁaéﬂﬁga%ﬁg gﬂér%c%g@g% O ertis. e

het eroat ons sel ectéd from
compounds W@?@IWW ¥or grssup PIale hvey dlass Tinde pamidant Fy th 9111 0c,

subtype. 1; 1 is 0 or 1;
Accordingly, the present disclosure provides a compound which is a fused pyrimidine of

formula (la) or (Ib):
O

o
.
B e SNy

/N
=" °N
EN
-

R

and stereoisomers, geometric isomers, tautomers, solvates, metabolites, and pharmaceutically
acceptable salts thereof, wherein X is O or S. Groups R', R? and R are as defined herein.



alk is C1-05 al kylene; and R3 is selected from (a)a
group of the foll ow ng fornul a: wherein B is
a phenyl ring which is unsubstituted or substituted,
and Z is selected fromH, -OR -SR CH2OR -CX2R
CF20H, CH(CF3)0H, C(CF3)20H, -(CH2),10R, - (CH2),INR2
-C(O)N(R) 2, -NR2, -NRC(O)R, -S(O0)N(R)2, -0C(0)12,
OC(0O)N(R)2, -NRS(0) ",R, -NRC(O)N(R)2, CN, hal ogen
and -NO2, wherein each R is rfdependently sel ected
fromH C1-05 al kyl, C3 - C10 cycloal kyl and a 5- to
12-menbered aryl or heteroaryl group, the group being
%ﬁt&k@ﬂpﬁﬂd&ie@m swivided taubeghound which 104 fudedipghifidish: ¥ formula
(Ia)orl(ItB (b) 'a heteroaryl group which contains
2, 3 or 4 ring nitrogen atons and 0, 1 or 2
addltl onal heteroatons selected fromO and S, which

group is n clic or bicyclic and which is
unsubstltEeg/:Fv?r substituted; and Q) a group
céprisin g -benzene ring which is unsulfstityted or
substitutedjand which is fused tg) a heteroaryl group
. as def gned ove; or a pharnaceuticai?ly adiceptable
sal t e/ Npi'th the provisos that en X in
fsS then R3 is other N ndol e or
nylk3group; (ii) wh orﬂa (1Db)
is S 4then R3 is other than anlndolg K 2c-
(iii) in formula (la) only, when X is S and RR'is H
Whemfand R3 is indazol-4-yl, then. R4 and Rs do not form
XisO 1J§ pi perazine which is unsubstituted or substituted
R y’a group .selected fromnethyl, -S(0)2Me , -S(0)2
R’ is a pivled of foradlz:OH, - al k- Ok, -S(O)2 al KNMe2, and
- S(0) 2- al k- mor phglino; or (ii) piperidine which is
-substituted by Bxgroup sel ected from-5(0)2 M ,
- O(0) - NR- (al k) gp@RN=NtE=S(0) 2 - Me, methyl,
pi peri di ne and NR13R14 wher ei n one of RR14 IS

- (al k)q OR. In a second aspect, there is
R? is H,PhRVdAe % 9lgpound which is a fused pyrimdine of
forrrula al? n. R OXN Z- (alk)g -S- [NR-(alk)ct]r

R* and Y@]@,mgetyz@c VS the- Na(oh? td\vhidB3hesFurR aWbl8le81 Dol from
plpc’:raz;:n)é bﬁmﬁ] E eﬁ;?%l‘ I qme oﬁz@?x@%%@%mﬁ?&%ﬁbﬁz 1}-
heptane, mhkgh] group id wBubtined oR%m%da@ Mﬁ%ﬁé}o@ﬁ)g 20
8l €Nl S
"C;ro)‘(?gj]? e b YRy gﬁg—%"ge%he@r tfyomsmasnamcl-cﬁ alkyl,
o
oy g Ol e ISR 0 R

_ roups R
< (N@ﬁ If%'iib (?’Ea y%gwlyz TG(RR. oe(om,kgzcgmﬂcmz RL is
NRYR™H, a C3 - C6 cycloal kyl group, Cl-C6 alkyl which is

" or one of % B%{slzé %lt; ?(96 all(c);fl —%Falsic) -Heterocyclyl

a yciyl or ~(alk),-OR  and the other is a
plperazme piperidine, pyrrolidine, sulphonylpyran or ~(alk)e-Heterocyclyl group, wherein
said piperazine, plpcndme pyrrolidine, sulphonylpyran or Heterocyclyl is unsubstituted or
substituted by C;-Cs alkyl, (alk);-OR or ~S(O), R™:
Ris Hor C;-Cq alkyl which is nasubstituted;
cach R’ is, independently, H or Ci-Cs alkyl which is unsubstituted, or the two groups R’
form, together with the C atom to which they are attached, a cyclyl group;
R'? is H, cyelyl, C;-Cs alkyl which is unsubstituted or CF;:
R!and R*? are each independently selected from H, C;-C¢ alkyl which is unsubstituted and




R' and R12 are each independently selected fromH,
Cl-C6 al kyl which is unsubstituted and - (al k)g-COR
or R11 and R12 together form with the Natomto

whi ch they are attached, a 5- or 6- nenbered
saturated N-containing heterocyclic group containing
O or |I additional heteroatons selected fromO, N and
S; gqis Oor 1; risOorl; alk is Cl-C6 al kyl ene; and

-2d- and R3 is selected frdfr (a)a group of the
ein henyl rin

foll f
%alk)qvﬁg%ﬁvﬁ (EPASH B%ﬂliftf@an’o‘f’“%% i Eﬁ“’g’ﬁg thes;agd atiached)  5- or
6-mem el EGheseh 'Nl%ﬂ?'mm cﬁr@%cé%% (ﬁfrzlcaﬂdmonal

CH( CF3) OH, C(CF'{:\; (CH2) 1 R2-
heteroatggx;)sﬂ@p@}zg almkﬁ;( O) R -S(0)",N(R2, -0C(0)R,

#and RAMN %@ﬁmﬁ@%ﬁ%ﬂéﬁ*@ oz GRS DL Fac) R, gl ogen

—(alk)q-@Rpm H, Cl- C6 al kyI - Cl10 cycloallcyl and a 5-
the grou

. nber. ed h t I
resis R gTRERRLE 1B BB AP Bh R UGBy o
_substituied; 0, 1 or 2; (b) a heteroaryl group which
ntains 1 r|n |tro en,atoms and 0, 1 or

2 or
Hetemcyf?%)da At Oh ﬁrm?FEP%'ieGé‘F £ PEIGTesYSheseuP Gpptaiing O or
1 additihaPHReloftoRRNRIedd FoRIO) QUGM&'SF c and which is
i msubstituted or substituted; and (c) a group
Cyclyl :%@ﬁipmf‘sacwgloaﬂﬁ'éﬁ@rm ring which is ursubstituted or

eachq,sslug déﬁ’o@f‘ g. which is fused to a heteroaryl group
as fined above; or a pharmaceutically acceptable

riSOc)ré,alt thereof with the provisos that: 0-OR3 is other
group when X is S;

n_indgle or 3-hydroxyphenyl

alk is Cy ﬁa%l@?%c 5‘?‘§er than a group sel ected from M,

R’is sclso(taifrc):m- NVe2 and - al k- nor pholi no when the foll ow ng
re satisfi s.N, .each of R and R is H R2is
and® BSYPS ?%hedgc'}%iw}ﬁg§ bl Z is other than Me

vvhenthefollo are<sat i sfi ed: Yis -CH, each of .
R' and R' is H, and R3 is indazol-4-yl. In a
third aspect, theke is provided a conmpound which is a

fused pyrimidine o ormula (11f): (Ib') R NO Zz-
whetdin Bl 15 a%hcﬁﬂ%ﬁ@“ﬁ)cﬁﬂ 13 unsu‘ﬁNnﬁEﬁi cﬁ%‘ﬁbﬁtﬁt&& %N%ls Baected
From H, 0K -5k, LUK -Cor, CroH, TH(cEOS, Qoisyon erdior, -
(CH2)gNRz, -C(O)N(R})2, -NR2, ~-NRC(O)R, -5(0)}mN(R)2, ~-OC(O)R, OC(OIN(R )z, -NRS(O)
mR , -NRC{O)N(R},, CN, halogen and -NO,, wherein each R is independently selected from

H, Ci-Cs alkyl, Cs - Cyg cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the

group being unsubstituted or substituted, mis 1 or2andqis 0, 1 or 2;
(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and -
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or bicyclic
and which 1s unsubstituted or substituted; and -
(c) a group comprising a benzene ring which is unsubstituted or substituted and
which is fused to a heteroaryl group as defined above;
or a pharmaceutically acceptable salt thereof;
with the provisos that:
(i) when X in formula (I2) is S, then R? is other than an indole or 3-
hydroxyphenyl group;
(if) when X in formula (Ib) is S, then R is other than an indole group;



each R is, independently, H, Cl1-C6 al kyl or

hydr oxy-Cl-C6 al kyl, or two groups R on the sane
carbon atom form an oxogroup; or when Y is N, two
groups R on different carbon atons together forma
-CH2- bridgehead; each R' is, independently, H or
Cl-C6 al kyl, or two groups R' on the sane carbon atom
forman oxo (=0) group; Zis RL or -(allc)g-NRl IRl 2;
Rlis H aC- Cb cycl oal B group, C1-C6 al kyl

B ey BBk SR Mo bt TR SR 15 e -4l then R

U nsiastd dat @ o dir plF@rlaEz}ﬂ wiieh BhunRbbiaed RR58bstinmed by a group

together form w he N atomto which they are

at tsgteivted, from metlayl, 6S(ReMrorddOsatteat @J&QH«; oﬁkﬁMcngS(O}raik—
h etr@M%C Yk %g@*loa{e ngfﬂ-pflah{d Y ﬁ% aﬁ%fﬂ-léh&%% Sﬁﬁirbstlmterd bya

heterotorrs romao,
i s gdowgr selectal fromi —:S(Olzlﬁe aﬂ:(@] E‘Re(nﬂa@ORaﬁNMe—S(f@)z ~Me, methyl,

sel ect%f?r@mg\,%ﬁgn ?re f tfh ﬁ‘lsraghgws’dbg‘[‘g)? E{ﬁejd or

%@ogug%ﬁa?&é@% e i oG B GRS ER e of
formu]é $R2) INR2 - C(O)N(R)2 -NR2 -NRC(O)R, -S(0) N(R) 2,
A(0) R OC(0) N(fra®, - NRS(0), , - NRC(O)N(R)2, CN,
hal ogen and -NO2, wherein each R i's pendent |y
sel ected fromH, Cl- C6 al kyl, Qg‘gl cycl oal kyl
and a 5- to 12-nenbered aryl or het group, the
roup being unsubst R Wed or substit ed mis 1 or 2

and |s 0, 1 or & R (b) x.h aryI group
ni n atons and

— fuRsIL—¢ 3 r@f-—éH
z (angh ] or adgjsqtll ona er oatona %3f rom 0 and
S. \ﬂnchgroup|sR yelic or _bicyctic and which is

unsubstituted or su stltuted; a (c) a group
conprising a benzene ring which is unsubstituted or
substituted and which is fused to a heteroaryl group
- whereings defined above; or a pharnaceutical |y acceptable
Xis O §Jt thereof. -2f- In a fourth aspect, there
' 0§ provi ded a conmpound which is a fused pyri m di ne -of

YlsNOJfﬁEHtLIa(Ia)or (Ib"): N wherein Xis Oor S R2is
Cs alkyl; R4 is C-C6 al kyl,
stE’a(l Ia?k")qd)“}-%gérocyclyl or -(allc)c-OR R5is a
each R’ igj mét;&mdaetlyﬁe B C@I aﬂ@l opyydrokyld Cpe, atityl, niﬂgw lspyipaIR " on the
ter g ei n sai
same caxfion b, () ALl FEP YR s RSO gy Afpront

carbon ammshbgahmﬁhw_@{%du&heﬁubst ituted or substituted

cwh R 5 erepecns,  axdone M ea s . o 5 samegnton som fom

.anoxo(=®’} gab-Ky group Cl-Cs al kyl which is =substituted,
% %B grocyclyl is a 5- or 6-nenbered saturated

[+
ZISRE %‘é‘élﬁq =heterocyc| ic group containing O or 1

°is L, §¢4U CP&;%I?(JIE}IG%BQ%%@E’CE PUBSLH € O Bithedldl S0 19
R and qu are eai:h independently sclectcd from H C1 C5 alkyl which is unsubstituted and —
(alk)q-OR, or R' and R together form, with the N atom to which they are attached, a 3- or 6-

membered saturated N-containing heterocyelic group containing 0 or 1 additional heteroatoms
selected from O, N and §;

gisOorl;

risQorl;

alk is C;-C¢ alkylene; and



and R3 is selected from (a)a group of the foll ow ng
formula: -2g- wherein B is a phenyl ring
which is unsubstituted or substituted and Z is
selected fromH -OR -SR CHZOR -CO2R, CF2CH
CH(CF3)0H, C(CF3)20H, -(CH2)10R -(CH2)gNR2 , -
C(O)N(R 2, -NR2, -NRC(O)R, -S(0)mN\(R)2., -0C(0)R
OC(0O)N(R) 2, -NRS(0) 11, R dNRC(O)N(R)Z CN, hal ogen
and -NO2, wherein each R |§'|ndependently sel ect ed
fromH C1 - C6 alkyl, C3 - Cu) eyeloalkyl and a 5-

and R® isgelesteddnes ed aryl or heteroaryl group, the group

i ng sSihgtituted, mis 1 or 2 and g

& a%§8&§§%ﬁ%q§ﬁgwﬁéteroa%yl group whi ch contains
1, 2 3 or 4 ring sgen atons and 0, 1 or 2
addltlonal het er odt ogs—$elzected from O and S, which
group i s nonocycl i pi cyclic and which is

unsubstituted or substituted; and (c) a group

WRERI BB i WpReRE ARG MhicH 18 gnwdtisthutedsonmbstiiatetl tand &ds ezlected from

-OR,Zgﬁit@Hz%‘BE‘fg@Q@e Bk IR R KRS e, -

C(O)N(ﬁﬁ' INM efmf(om Id;oﬁm QUICYOBR! DEXOMNRMMIERSIO} IR , -
then R3 is other. than an |nd

NRC(O)N(R:):: CM @mymogrmmz%h Riip ydgpemdendy selecihaipng H. Cr-
Cs alkyl( le -)Cf‘w ?{ﬁ aﬁ(gl(eectd@s 1 ot ﬂ@ﬁb&ﬁﬁ:ﬁgﬂ%r h@@%a%l%&&ktp the group

there i's prov a conpound
being ursebﬂltmed of sahstituted, mis l or2andqis 0, 1 or 2;

G5 Sheron A ekl bt eShatinth: SoPRrBRakkaRh laRok

0,10r Zmﬁlﬂdrﬁllhét%yﬂx& SlatiealAporhiO eyt B, ®hizh Zroup|thepnarsiic or bicyclic-

andV&uﬁlO%F??ﬁﬁﬁﬁﬂfdfrfT?g%ﬁ%ﬂ A& hy!l sul fonyl pi per azi n- 1- 34)

(?1 et hy lgtofs doipiahd H6ényeat Sing vhichRyunkubsdiube] or substituted and
1H—|ndazol 4-y1)-64(4- éi&nnrpholino)sulfonylpiPera
which 1sfp$pdlto aylgﬁg ﬁ‘?’l grcnlp as defined ab

hmm[cem&al@%lae;ﬁﬂa[e%a%&éaﬂl mdine; 2-( 1
orap i ndazol - 4-y1) - 6- (((3S, 5R) - 3- met hy1- 4- et hy13111 f On

.mﬂlthf:pr(p/[nf;@rthgq n-1 - yI ) et hyl ) - 4-
(]EPE ?Zﬁd n%{&%&ﬁh a"@ By Rb i PHRAy] group when X is S;

plpera2|n

(gyl zjlrfeisrg;thgr tham rgpmm setroterl frprmlYiei -6l 371 Judrrialiirafoppholino
2-(1 TR ag%lgqﬁmﬁf)m %m:l(sf“(’%’»S,YéSRS\T e:acg OglR ot R XSHr: rll{etlshH and

y 1su R anyiduzpled-a1j n- 1 -yl) met hyl ) - 4-

r | 3, 2- )
(B ROt BBl A g P Bt ity s g =nd
mum,yﬂa s GAHRF Rdmaadol 4yl ) - 4-

nor phol i not hi eno[ 3, 2-d] pyri m di ne;

InG-thad BfeS) tierd ﬁ?\%ﬂﬂéﬂ]@ U&flﬁéﬁﬁh @hl@h Q;' ARbd} RinReTR % Rormula

1 Oret hyl 1H i nci a701- 1
(Ib*): -y yl)- 4-y1) -
: )
—_— N
R R
O Rfl LR
7— u}) 4 INR-(alk)J—Y N}T—CH 7] \/'f\
—(a q— - = odr 2 P
o R“:R;n R N
wherein

X1i1sOorS;



nmor phol i not hi eno[ 3, 2-d} pyri m di ne;

6- (R2R, 6S)-4-trifluoronet hylsul fonyl-2, 6-di net hy1lPi pe

razi n4-yOnet hyl ) - 2- (1Hi ndazol 4-

y1) - 4- nor phol'i not hi eno [3 , 2-d] pyri m di ne;

6- (((R) -4-net hyl snl fonyl - 3- net hyl pi perazi n-1

-yOrnet hyl) - 2- (1H i ndazol - 4-y1) - 4-

nor phol i not hi eno[ 3, 2-d] pyri m dine; 3 -

(6- ((4-nethyl sul fonyl pi perazén- 1

-yl ) met hyl ) - 4--nor phol i not hi enoP , 2-d] pyri m d| n- 2-
Yis N){,QQ@ zenesul f onam de;

4- (6-((4- et hylsul fonyl pi perazin- 1

R* 15PL§lalpr¢eﬂ13ﬂs)aldenDr pholi not hi eno[ 3, 2-d] pyri m di n-2-

yi) . ,
cach Ry BASTRRIERRS FL oGt rdpdamin- st Ry 50 8088 B
same cénbnﬁ) hﬁnefmin&p%m] (YD) igrauyeion when Wls & 2envigthmyps R™- o @fferent

1H-|ndaz 1) oI|nthieno[3,2-cf|pyrimciin-
Carbonétoﬂs)tﬂﬁf 5’“% —2%?03’%813‘?8 y| pi perazi n-2-one; | '
each R™ ¢4 n‘de%m(cﬂsﬂﬂy ' &% -Gk 3iky); 4r KRR @oopd MOORItRN inse 2arbidPytom form

rirnidin-6-yOrethyl) piperazin-1 -yl)-
an ox0 G=QhETRED:2- et hyl propan- 1 -one; 2-(-2-nethyl- 1

leRwlorl—(Q‘f( ZQrb@)?;i mcin 701-1 -yl)-6-((4-m
qIfonyl pi pera2|n 1 [)m et hyl)-4-

RYis I"h@ré/)h-GC; asiealion qrczu}g ]-@y Wiigh is unsubstituted, or CF3;
Rt Rl BEEREE B,y Cpl whic s bt and -
(alk)q- QR,)ant’é grid Rittbgatbdr; foﬁn( with fthé Ndzacz[mlto whlch thcy a.re attached, a 5- or 6-

memberef) sy - S FRbiR it Y U AEAE B e bl P ieroatoms

selected®6R®IN aad Bj enof 3, 2-d] pyri m di ne; - 2i -
2- (1F1-i ndazol - 4-y1) - 64(4- N, N-di net hyl am nosul f onyl Pi

q1s 0 o1y i gj n- | - yOet hyl ) - 4-

ris 0 orf@r phol i not hi eno[ 2, 3-d] pyri m di ne; .
2- (1H-| nci a7ol- 4- 1) 6- ((4-N, N-di net hyl am nosulfOnylp

alk 1s Ci-pe alkyieng; sndret hyI ) 7-met hy1- 4-
and R? lggglg,gg&ﬁ%g{ hi eno[ 3, 2- d3pyri m di ne;
1H 1 ndazol-4-y1)-6-((4-methylsulfonylpipericiin-|-
(y!ZDTEt yeryupoithe M&Wmtfhm%[ 2,3- d] pyrinidine;
2- (1H-|nf|nol 4 6-((4- N-methyl am nosul f onyl pi peri

nor phol i not hi eno[ § yr%t ni di ne;
2-(1Hinda70l-4-y1 et hyl - 644- (et hyl sul f onyl ) pi pe

t(rﬂn%élﬁ#:sy o%khc %mf% wiucgf 1S urLLISIrlrii‘:sg.tlﬁcgd or substituted and 7 is s&lec#ed from
H, -OR, ZSRJGHZGMRI@&,CE&DH GCH(@FM ECHy PHP€CoIz)OFS HCHR)NR, | -

C(O}N(Ig% mg 'ﬂfgﬁbg{%@b&@ﬁ@f@ﬁ@ﬁycwm{ﬁh “NRS(O) R , -

NRC( 0)2&(1{(}71-61\1%@@@@1 arkd Mz,ﬁﬂlﬁﬁ(réml’mbﬂﬂ Rlis ihlfcpmd]:ﬂﬂjﬂ eslagkd frbm H, C;-
met hy1l) - 4- n0l phO0li not hi eno é qﬁg¥lr| m di ne;
Cs alioyl, B3 ¢ Cip psioalbon oA 29 1L 2rmgmpeisd @atl e RS TOREY iy Shipgroup
being unﬁlﬂ?sluﬂztéd B ¥@sfivkdd, -d-is 1 or 2 and q is 0, 1 or2;
nor phol i not hi eno[ 3, 2-d] pyri m di_ne;

(). ( 1-herrrasl susipWhigh copRing In2e? ARt FPE TS AIBH D

0,1or2 'a@cﬁﬁbﬁél']:ﬁie]r é’t&)ﬁﬁ%&ﬁ:ﬂ&i ffom O and S, which group is monocyclic or bicyclic
rphol i not hi eno| d] pyrimdi ne;

aﬂdWhJC,’Q— (Smuﬁmtzd’@llsmﬂ}tc @ad N- nor phol i nosul f onyl pi pera
n-
or phoFPRBEREERSTE e sy rne a/ieh s BB o et and
which is ?uscd to a hcteroaryl group as defined above;
th ul f onyl ) pi perazin-1 - yOTethyI) 4-
ora pharffit oy btckolatit L 34

reo
pyri m di ne;



NA(2- (1H i nda701-4-y1) - 4-nor phol i not hi eno[ 3, 2-d] pyri m

i di n-6-yl1) net hyl)-1-nethyl sul fonyl N-(2-naor phol i noeth

yl ) pi peri di n- 4- am ne;

2-0Hinri 2701-4-y1) - 6- ((4- net hyl pi per azi n- 1-yl ) net hyl

) - 4- nor phol i not hi eno[ 2, 3- d] pyri m di ne;

(14(2-(1Hincis701-4-yl)-4-norpholinothieno[ 3, 2-d] pyr

i m din-6-yOrethyl)pyrroli di2f 2-y1) -

N- net hyl sul f onyl et hanar ai ne;

|,n§{uﬁfh%n§7cg@§e‘r4 sm“révﬁrine@' 4 P&LB |vs5]hr5 e e by inB of formula
(Ia”) orEb(’§:2- (1H i ndazol . -4 yl) '

4-nDrphoIinothieno[3,2-djpyrinidin-6-AnethyI)-N—(2-

met hoxyet hyl ) - 1- met hyl s®l.f onyl pi peri chn- 4- ani ne;

4-f 1 uor o- $2064( 4- met hiy! pi per azi n-1-yOnet hyl ) - 4- nor pho

I i not hi eno[ 3, 2-d] pyrit di p- 2- ypphenol; -2j-

2, 3-di f I uor o-5- (6- ((4- n¥t"hyl pi per azi n- 1- ypnet hyl ) - 4-m

orphollnothleno [3_,2-dljpyrim din-2- yl ) phenol

5- (G(B\Kmet hyl pi p 1) met hyI) 1

nor phol rRetht L 2bd]pyrim din-2-yl)pyridin-3-

01; 2 -¢1 Hind =N 3 . '

701- 4- g#) - 6- (( 1- et hyl pi per ifi n- 4- ypnet hyl ) - 4- nor phol

i not hi eno[ 3, 2- dRpyri m di ne;

6- ((4- met hylpi perazi n-1- yQret hy1) - 4- nor phOl i no- 2- (1FL

pyr azol - 4l ypt hi eno[ 3, 2- d]pyrlnldlne

(3-(6-((4-nethyl pi perazbn-1

- yOnet hyl J14- ncaphol i fiot hienop, 2- di pyri m di n- 2-

yl ) phehybm et hanol ;

N-((2- (1H—|nr|a7qg-4 y1N-"4- nor phol i not hi eno[ 3, 2- d1pyr

i m di n-6-y1) met hy -tet ahydro Nmet hyl - 2H- sul f onyl pyr

an- 4- ne;, 2
yl{;ﬁinnrpholinothieno

- (4- ((2>41Hg

[3,2-d]gyrim % %piperazin-l-yl)-

2- met hyé propanam de;

N42- (1H i nci a70l-4-y1l) - 4- nor phol i not hi eno[ 3, 2- d]pyrlm
i di n-6-yOnet hyl)-1-(2-

met hoxyet hyl ) - N-rnet hyl pi peri di n- 4- am ne;
N-((2-(1Hinda7014-y1)
iXst)onsnDrphoI|noth|eno[3 2-d] pyri mdin-6-yOret hyl) - N 1-

jdin-4-amne; 1
ISH:ﬂ?ge @&§g¥hyl) 44(2- ( 3- hydr oxypheny1) - 4- nor phol i no
‘is C;-ﬂalaﬂf}d{ :BaLR)qu]IetpgacyniyulqrrﬁalkquﬁBs hyDpi per azi n- 2- one;

Sisa p}pﬁh?“%cs ﬁh’% dr. OXyF h _e@%%?, smr%o%g*ﬂiy'rﬂlo&h—(ﬁﬂg[ﬁetgrogirﬁylrérml;.),
wherein Bﬂﬁ@ﬁp’e}tﬁdﬂl P dﬁdiﬁ Ipytpliderea sulpkorylmambonddete wpeyclyt group is

unsubsnm{ & b gﬁﬂ%‘i £ aligis 4—@%@% R RRR 1
RISH:thiéfg?Egﬁ%fgﬁ 4- 1ﬁﬂ% 1sulf.on reQlidin

RYis H.3 61 - GlomsinghyL &) Ghts Sotir EaBsLE SE E
Hctcrocy%I)(l gér_% 'ZSPﬁla% (ﬂillccn)?i?]ée&%a ;iﬁc)ufzgfétﬁi@ &dﬁhﬁﬂhﬂé&@tﬁk}/kﬁﬂb feomtgining 0 or

1 addmon@rl;m@patnmsme@ﬁ@riﬁ@nd?w APASdi ne;
(3- (64(4-net hyl sul fonyl pi perazin-1-yl)nmet hyl) - 4-nor ph
ol i not hi eno[ 3, 2-d] pyri m di n-2- ypphenyDra ethanol; 1
alk is C;-(slki2ng; 3id - i ndazol - 4- y1) - 4- nor phol i not hi eno [ 3
3 r|n1d|n 6-yl)m et hyl ) pi perazin-1-y1)-
and R 182“":5%" yI propan-1-one ; 442-0
(@ | ndagoip 41 k) fodlomony Hedoiwdet hi eno[ 3, 2- dbyri mi di n-6-y

1) met hyppi perazi ne -1 carbal dehyde; -2k- 1{44(2-(

H i ndazol -4 y1)-4-nor phol i noti nenoP

, 2-dj pyri mdin-6-ypin ethyl) piperazin-1-

yfl et hanone; ethyl 44(2-( |

H i ndazol- 4-y1l) - 4- nor pholi not hi eno

[3,2-d}pyrimdin-6-yl)methyl) piperazine- 1 -

car boxyl ate; nethyl 44(2-( 1 Hindazol-4-yl)-4-m

wherein

qisOor



1-K2-( | Hinda70l-4-yl)-4-norpholinothieno [3

, 2-dj pyrimdi n-6-yl)nmethyl)- N net hyl - Nmet hyl sul f onyl p
yrrollthn 3-am ne;
N-((2-(1Hincla7ol-4-yl)-4-norpholinothieno[3, 2-d]pri
m di n- 6- yOret hyl ) - N- et hyl (1-

nmet hyl sul f onyl pyrrolidi n-2-y1) net hanam ne;

N-((2-(111-i ndazol -4-yl)-4gm

or phol i not hi eno[ 3, 2-d] pyri m di n- 6-yl ) net byl ) - N- et hyl
-(1- nethylsulfonylo rrolidin)-3-am ne;

, 2- d]pyrlraldln 6'yIB ethyppi peri di n- 4- 01;

1- ((2-(111-i ndazol - 4- nor phol i not hi eno [3

, 2-d] pyri m di n-6-yl )met hyppyrrolidin-3-ol; I (2-( |
Whdreildr Bl phep@l Angobpfinds unstisianest Trgsubstlmted and Z 'is selected from

-on G R AT IOR B donrclpon oo,

CONR é{m i mﬂcoemismmm -@Cm@r)ﬁzﬁ)ﬁ(Q)N(R)z -NRS(O)mR -

NRC(O dr OXy p ro %ﬁm E%F 1?] q&%%?dﬁntg] SClcCéCd Cﬁl’ om H, C;-
Cs a]kylr 'd? @ Defs 16! téﬂﬂnps-narlazmsmbaredmlor Beterdaryhgroup, the group
t hyl am'no) ethanone; 1- (4 42- (1H 3
being mullsmutwlpr BbsERBeb| Wbt rﬂfér?&d[qsls O 8}
@( W fdidrBag é%iﬁmmch%ﬁﬁhﬁzu 0- 10y 4 king JitdHen @toms and

anone

0, 1 or 2aiditenylhetEogmbresciartas fivem 4 e B WhICREOHP 5 MPIREY DI SF bicyclic

i,not hi e hPM& mdsne; N ((2-(1 H-|nda
and Whl%i Yosy E?ut&tge%%grsgﬁo His i % noP .
cP-clh gwupﬁodhpﬁasﬁngmmb yingivylgich is unsubstituted or substitutéd an

yet h th ek | 4-am ne;
which 13{%’“%’2t %9- Tﬂ%ﬂ’g %%ﬁ% élagr‘b‘{éphol i nothi eno [3
ora phm@a&hﬁbﬂll?@cdéﬁaﬁh%@i Bhdiydt) - 1-- ’
met hyl sul f onyl pi perazi n-2-y1) - N, N-di net hyl net hanam ne
with the,pryifqsbati H- | nda7014- y1) - 4- nor phol i not hi eno [3
%)2 d] Py Rin Ghndia iy theNRZE is other than an indole or 3-
i met hyl pi peri di n-4-am ne;
lﬁdﬁﬁﬁ@bﬂ%ﬂﬂﬂﬁ§1§aﬂfonylplpera2|n -1 -yl)methyl)-4-m
@ E.Ehoslvil 3ok hL E&]thg (B AlipY! iH¥h R is other than an indole group.
enzenenet sulfonylaralne -21-
6- ((4- nethylsnlfonylplpera2|n I-yenethyl) 4- mor phol i n

1123 ?gﬁ faiyﬁebt, ek 13- éﬁexymma )QGTEPCPIBxd.ZSel@é]@él)ﬁ’Qﬁln} di ne;
uor opyridin yl sul f.0ny k.
(18,48)42- ((z_—( 1§ HpdesdhyPEr - PEiietip H&Tﬂoﬁg[‘% Py él]'npyb’ ﬁ >
tahEonyl pi perazi n-
meﬂ’ylsm- %éﬁaz%%gr%ﬂ% nmbt EI eno[ 3 , 2-
d]pyr|n1d|n 2-y1) benzar ni de;
2- (3-fluorophenyl)-64(4-net hylpi perazin- I-yl)nethyl)
4- or phol i not hi eno[ 3, 2- d] pyri m di ne;
2-(2-fluoropyridin-3-yl)-64(4- nethylsulfonyIPlperazln
-1 -yOnet hyl ) - 4- nor phol i not hi eno[ 3, 2- d] pyri m di ne;
6- (4- Met hanesul f onyl - pi perazi n-1-ylnet hyl) - 2- (2- et ho
Xy-pyri mdi n-5-y1)4- nor phOl i 11- 4-
yl -thieno[ 2, 3-d] pyri m dt he;
{546- (4- Met hanesul f onyl - pi perazin-1
- yhnet hyl') - 4- nor phol i n- 4-y1-t hi eno[ 2, 3- d]pyr|n1d|n 2-
yl1ll-pyrimdin-2-yl -dirnethyl -am ne;
6- (4- Met hanesul f onyl - pi perazi n-1-yl met hyl ) - 4- nor Phol
n-4-34-2-nrridin-3-34-thieno[ 3, 2- d]pyrimdine;
4[ 6- (4- Met hanesul fonyl - pi perazin-1
-ylnet hyl) - 4-norpholin-4-yl-thieno[3 ,2-d]py-rimdin-
2-y1] - phenyl }-nethanesul fonam de; N-{4-
[ 6- (4- Met hanesul fonyl - pi perazin-1
-yl met hyl) - 4- nor pholin-4-yl-thieno ,2-dl pyrimdin-
2-yl 1 -phenyl|l -acet2m ide;
6- (4- Met hanesul f onyl - pi per azi n-1-yhnet hyl ) - 4- nor Phol
-4-34-2-pyridin-3-yl-thieno[ 2, 3-



d] pyri m di ne; :

6- (4- Met hanesul f onyl - pi per azi n- 1-yl net hyl ) - 2- (2- net hy
| -i mdazol - 1-y1) 4- nor phol i n- 4-yl -

t hi eno[ 3, 2-d] pyrirai di ne;

346- (4- Met hanesul f onyl - pi perazin-1

-yl met hyl ) - 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di n- 2-
yl]-qui nol i ne; Dh-

446- (4 Met hanesul f onyl - pi perazi n- 1-ylnmet hyl) - 4- nor pho -
lin-4-yl-thienop ,2-dlpyrimdin-2- yThi soquinoline;
2-(1H-idd4zol-4-yl)- 6-((4~mcthy15u1fonylp1perazm I-yl)mcthylH—morpholmoﬁiro[B 2~

H-) ndazol - 4-y1) - 6- (4- net hanesul f ony141, 4] di azepan- 1-y
dlpyrinfigi®¢hy | ) 4- nor phol i n-4-yl - thi eno[ 3, 2-d] pyri ni di ne; 4-

2- (1H-lh&z§aﬂ41}3ﬁ pyblia)pefoagipipetazir- it lmyethy -4ror phol
in-4 hi eno{ 2, 3 d] pyri m di n-2- yThi soqui nol i ne;

morpholinpthiqnel MECIYRERd%Nny | - pi perazin- | -yl rn

2- (1H-1ﬁ{14})6g%-ly gl rg@@ 9k)%—ﬁeﬁ1%i—%ﬂhkft§%l??lg<%)g§n§é%LIﬂyﬂmﬁthgli)-tl-

morphoﬁ(x()ﬁ)emﬁﬁﬁhﬂn@dm%nﬂl 37met hyl - pi perazin- |
6- ((4_m§E{a§FEIfhP{ﬁ}np‘e‘fa’£& PR} Ry ifa¥hod RbRIRRD Lp il iy st yIhtelic 62, 3-

djpyricdiiihetdazol - 4-y1) - 4- mor phol i n- 4- 3, 1- 644- (pr oPane- 2- sul f

-(1H_1?$#/zgln—6{y§} %(@%%5&) 3/ g-ﬁfrﬂer}.ﬂd-zt-methylsulfonylplpermn 1-yDmethyl)-4-

7- morpho?inétkl'énb[ﬂj@aﬁiyrénmide’M( R) - 4- net hanesul f ony1- 3- et hyl -

@(((2@5314;9%%%#@% %&@%Fﬁﬁﬂlﬁaﬂ‘ﬂﬁ)&e&yn—z-(m -indazol-4-y1)-4-
momhogng&gogmwm 6- (4- met hanesul f onyl - 2, 2- di net hy

erazin-"-ylnethyl)-4- oli
6-«<zus§+£wémfo§y@zp§@%mlg‘%’ém Y Dmethyl)-2-(1H-indazol 4-y1)-4-

momhoﬁngé,ﬁnggd? %mﬁln)aj,?] - (4- met hanesul f ony1- 3, 3- di net hyl

pl perazi yl ) 4- mor phol i n-
6—(((2R,&SW—mﬁuenme:ieﬁ;ﬂsxdfmﬁgﬁ-mq@ylplperamm -yD)methyl)-2-(1H-indazol-4-

SR e o 1 2 zol - |

6- (((R)%éthﬂlsﬂﬁdix@h-mmﬂthﬂplpbmkﬂmbmb{n@ﬂ@l}d&] PAH fimdagplvé-y])-4-

ndazo ((2S, 6R) - 4- net hanesul fonyl -2, 6-di m
mOIPhOLM‘FbJ ép%fili’ﬂv"ﬁ’?‘ id{nS; | rnt hyl ) - 4-

3- (6{(4%&@9@&&&134@&4& enQfr2etBylgl4} myrphoiitdthiesc 322-G]pyrimidin-2-
H | ndazol - 4-y1) - 4- nor phol.i n- 4- 3, 1- t hi eno

yDbenzquesdfenamds: i cl i n- 6-yl met hyl | - net hyl - (1 - net hyl -

4(6~ QE&% i pigera Al Nelmé Shorpholinothieno3,2-d}pyrimidin-2-
@& r): noln?lpyl - 4- rngrphgﬁ%4 31’121 thieno[ 2, 3-clipyrim

Yl)Phenﬂéihﬁﬂlan}I met hyI Fpi perazin-1- yi11l

3-(6-((4: f&t}}'%gag&?ﬁ%b £AGE]- MY Hfeth Alﬂéx%h&moﬁueno[s,z d]pyrimidin-2-

y1) - 4-ror Phol i n-4-y1-thlenO
yl)benzdo®id8; dl pyri m di n- 6- ylnet hyl) - pi perazi n- 1-

1(2-(155haadd TN A LR SR Y RHPE 2 -djpyrimidin-6-yDm ethyl}-4-
methylsulfonylpiperazin-2-one;
1-(4-((2~(1H-indazol-4-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yymethyl) piperazin-1-yl}-
2-amino-2-methylpropan-1-one; :

2-(2-methyl-1H-benzo[d}imidazol- 1-y1) -6~((4-methylsulfonylpiperazin-1-y)methyl)-4-
morpholinothieno{2,3-d]pyrimidine;
(3-(6-((4-methylpiperazin-1-yi)methyl)-4-morpholinothieno[2,3~d}pyrnmidin-2-
yl)phenyl)methanol;
2-(1B-indazol-4-y1)-6-((4-N-methyl-N-m ethoxyethylaminosulfonylpiperidin-1-ylymethyl)-4-

morpholinothienof3,2-d]pyrimidine;



N

(|
H 1 nda ol -4-y1)-6-(4-net hanesul f onyl - Pi perazi n-1-yl ne

t hyl ) - 5- net hyl - 4- nor phol i n- 4-yl -

thi eno[ 2, 3-cl ] pyri m di ne,

(2?)-1-(44(2-0Hindazol-4-yl114-nor phol i not hi enOf[ 3, 2-d

jpyrimdin-6- yl)nmethyppiperazin-1 -

y1) - 2- hydr oxypr opan-1-one; 1 '
-(4-((2-(1Hindazol - 4-y1) - #nor phol i not hi eno[ 3, 2-d] py
rimdin-6-yOret hyppi perazin- 1 -yl)-

-(1H-u2daBMﬂ4-9’¥)¥6 400 Nyl rheBEarinbsulisy ipiberidit- D2bhkthy)rda
701-4-yl) - 4- nor phol i not hi eno[ 3, 2-ci pyri nai di n- 6- yOret

- morpholigathicpalr ﬂBWTBﬁ§EF= 2-hycirozyet hanone; 1. -
2~(1H—iﬁc%§51(3- Adddrdandag Blmé’fhy&x)uuﬂ)sﬂﬁ&ﬁﬁ{a@lahmthy?ﬁe&y[ﬁ-methym-

ri mdin- yl') net hyl ) pi perazin-1
morpholinqtblen@bay%ﬁh?emunémﬁ (4-((2-0

' 2—{1H-m r‘[‘if‘ﬁgppf(ﬂrééﬂa?rsﬁ%&r&ﬁ%&%hhﬂ SHRkdry B4 hﬁ%ﬁﬁdiﬁxgihskrﬁfz 3

per az
Mine(; t et r ahydr of ur an- 2- ypnet hanone

e R R (s i b

morphol%{ﬂtﬁ@ﬁé’[gzl‘iﬂ p@ﬁbﬂfﬁzﬁgﬁa hjnone (8) 1 t 3 2
I.nr 0 (6]
2- (IH'IWCHT%VH' Temgthy #@r“ﬁ?’ﬁ% E’Pﬁ?@&?‘%ﬂ IE‘H‘F‘E%@‘“OpanJ ]

,Amorpholu%enc([g )7-dipyrimiding;
1HThriarol-4-y1)-4-nmorpholi nOt hlenO gh 4
CInyi)-

2 (1H—mdazcdﬁoyéTﬁﬁ(&wm@qumwb@pmpfnﬂm-1~y1>m

¥&P ngﬁ one;
morphol %12‘%5“12”%_&} @m% 4-y1)-4-norpholi nOt hi er0 [3
2-(1H-imidazt] flyy 6 (4w @byt iy ppiaper kaDmetd 4 morpholinothieno[3,2-

q (emet hylsul f onypet hanone; (5)-1444(2-0
Ipyrimigine,, | A701- 4-y1) - 4- mor phol i not hi eno[ 2, 3- dj pyri ni di n-6

2-(1H-beny S]] inhithq)i Ipghy a2 {(A-dethy pdlferiibiperaiy biybpetyl)-4-one;
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Det ai | ed description of the Invention
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. .di. s - i ng of di sease progression,
plperamg,lr@’i‘i?g%gfﬁ_ .53{15%09‘5%%‘%8"07_/ 127175PCT/ uﬁgq(ﬁ);éoo%gga i 1-y1)-
1-(4-(Q-PBETihddzbbA-yd¥-4trherpbivlinngkienal €| PYRFY Qpigylpiperazin-t-y

et her. parti,a r total), whether detectable or
Z‘hydm’{?'\rlﬁ\g’é?egﬂlg pgn-L regat ment" can al so mean prolonging . -
1-(4-((2-%m%dé&blé%'lp@rmaiphdlincmhieuqz{éc&-éﬁ’mlﬁmb’l)wthﬁ iperazin-1-yl)}-
receiving treatnment. Those in need of treatnent
2-hydroxy§E12068:t hose al ready with the condition or disorder
1-(4-((2- BB 20 RA-1)ASBoRhORe thiendi2y B dlheiidind-y D oethyppiperazin-1-yl)-
Isorder or those in 5 which the condition or
2-methoyyedban®8F: i s to be prevent ed. The phrase
ey et Akl HpRiifRetibntg2 rapRtini dinang mmethpppetziof L -
@@ aé}g’g‘%ung}afﬁ tcxhg present invention that (i) treats
yD)(tetralprdrpfusare Atyd)metbanniei i cul ar di sease, condition, or
oS BOLES 4l BHAS 8 R no PR SFrahiEn-6.§Drithylpiatesn- 1-y1)-
! (H(zg@%r ml)‘#e}blg%/"rr%% ns of tﬁg parti cul ar - di sease,
2-aminoeBm@dtlyipropamil-ehiesor der, or (iii) prevents or del ays

t f . DO / - SHpetalaF 1 -y1(1-
o SRR bbb
aminocybl’d;@r@g&maﬁammgcer, ‘the therapeutically effective

n t ru t yPfncBRMpRerazin-1-yl)-
1‘(4‘((2_'2gg#‘g‘,sa%%ﬁ'ﬁgﬁrﬂgﬂihgﬁ%?&%?gE‘Z?Bi Eﬁl EI {XE%IE yg)fm slow to b

2-aminoS@Bkoxt ent and preferably stop) cancer cell ,

oo e T SRR g R s mierin

yI)-2- ASt el Nhibit, to some extent, tunor grow h;

and/or relieve to so ext ent r nmor.e A5..0f . RN
(R-1-(4 (i mdaas ol if RO IR NE R i B g TPty iperssin-
- . vent growth and/or kill existing
yl)zmnglgﬁjge alﬁgleﬁﬁg’, &I{ctﬁ may be cyt ost%&i c.alr%gé roSytotoxic, . 4 on
1-(4-((2FbH-indarobri-YirdrmpeyphobinpthicaelZ. ¢ P HEn gl}“r‘)é%"' ?%I’pmz‘ Y
X I sessing the tine to di sease progression
2"(methﬁﬁ‘ﬁ%)ny§ﬁ8%§)gg’eterm ning the response rate (RR) 5
2-(1H-inBbB4phy-65 64 hyay el fevyiniperntip- iy Deysthb)-dmarpkaliafusel3.2-
._that the substance or conposition 20 nust be
d]pynm’éllﬂf‘pati ble chemically and/or toxicologically, wth,
2-(1 H-irkih€olo- BBk 6-{ (Agmediviunt fonylpipsrazin-i gylamedyinfrmpipbalnothieno] 3,2-
. and/or the mammal being treated therewith. The terns
dlpyrimidigacer " and "cancerous” refer to or describe the
physi ol ogi cal condition in mammals that is typically
characterized by unregul ated cell gromh. A "tunor"
conpri ses one or nore cancerous cells. Exanples of



30 cancer, pancreatic cancer, glioblastoma, cervica
cancer, ovarian cancer, liver cancer, bladder cancer,
hepat oma, breast cancer, colon cancer, rectal cancer,
col orectal cancer, endonetrial or uterine carcinona
salivary gland carci noma, kidney or renal cancer,
prostate cancer, vulval WD 2007/127175PC
T/ US2007/ 009866 cancer, thyroid cancer, hepatic
_carcinoma, anal carcinonma, penile carcinona, as well
- as head and neck cancer. A "chenot her apeutic
N-((z_(1%gﬁﬂ%iolléyl%%sgmhoﬁ@m@mudﬂmm-@mm@hﬂ}@ht ment
of cancer” "Exanpl es of chenot herapeutic agents
methylpipeciudé-afnheot i ni b ( TARCEVA(r), 5 CGenentech/ 0S

P Bor i ezo4m thothi¥nb ipyinddar-6é ) ,
O R R L O e S e e
yi)meth)fl%&aﬂfi't drds b-rl-ﬁﬁ'i:zi?lﬁ@fpxmagl’@éb*c@a;( FEMARA(T) é\_:%\z/g_r; igfé) ,
mat i ni yl at e : r4_ - P thyl}-N,1-
N—((2r(12122§1&@lﬁ\g3‘§r¥‘f3 }-9&3%5%9??’%9‘%@%@3% i n(Ir)_, anot @y)%
e APAVLNEL 1) Yot b L apate . B .
| 6-((4-mqtVRERRYIDPCTEtRE S E@}‘zy@%y 0@%?1%11%’@%?‘:%’@?05062’3'bjpy“dm's'
. :) i by SCH 66336), Sorafeni b (BAY43-9006, Bayer
Dot B G | Pt b JRESSAQ 5t 1 afenceal AR 3.
(S}l—((@aﬂzﬂwsmdmﬁw%dbwh%w%% é i%"é%‘ ol as
t hi ot epa ,anc )1-6¥€| osphosphani de; al kyl
HWﬂWh%ﬁﬁ¥%%aﬁggEg c usu%fqn, improsul fan and . . oo
>-(1H-bpiaofdfitnfdarol-2zl)r6-Gidmesthyimperagnt oA iBebpd-+- warmeiingtisacl®->
) t uredopa, and uredopa; ethylenimnes and .
dlpyri tyl anel anmi nes including altretamne,
2-(2-meltiyt 8HIW BRI BhidaEoles-yDE-((Hi sty sefepippprenainy decthyD-4-
triethyl enethio Eosphoran1de and ttinethyl onel am ne;
momhoh@%b@@@ﬁ%’élweélﬁ ally bullatacin and o
(1 H-iiiab b188 3BLAAAE) oth3 SHBORY Rifeeein 1 (il muithyd)-fgnetpholinothienol3,2-
synt hefi'c anal og topotecan); bryostatin; callystatin;
djpyrim@<t065 (including its adozel esin, carzelesin and N
o] ' DS ) §- R RRLRAS M- mefphplitphiead [3s2-d]pyrimidin-2-y
5“(6'((4%%%3 ?@jS‘Fhﬁglgkcr yg?op ycin 1 Izfllni:zlpl‘!crlypt ophycin 8);.
1 H-benzb¢d prmideze 238w myci n (i ncl udi ng the synthetic
anal egs 189 J¥nwipRoek-ent haymdthil)-4-
2"(1H"b§%°é§§?iidsa?§¥_%#?)ngég%rncg?cf?%t yi r§1’ ; spongi ??g't in;

morpholindthiegefs diptymmaisiirsuch as chloranbucil, '
chl hazi ne, . ghl NATLSIRIinE St BpEtAIBE, 3-blpyridin)5-
s{@ﬂnﬁgsgggﬁwﬁ%¥*ﬁ%gﬁﬁ8?%?ﬁ§2§ﬁ%?ﬁﬁg§ﬂfgﬁé?hanine %;idgwnln
yDthienbpdB-apieditie; mel phal an, novenbichin, phenesteri ne,
.precininustjne, trofosfamde. uraci t sholi 2.3-
2 (Efgaep bhuhen e e Ry kg Fria i Qb e Abfbolinofurcl

dkwﬁnﬁﬂﬁgnustine, | omusti ne, ninustine, and rani mustine

tibioti h th 5 di L bi ot T
6-((+-meay SO HOBHP PP R PP T R DRSS By ricinys
e gAY oreoel (e om0 B B9

: - ; dynem cin,, incl.ydi e i LN
N~ esptsebhoRet mpblaeBenel b A n s SRS ifbefopy-N

nxﬁhyk%%?ﬁﬁgikéﬁﬁngeocar2|nostatln chronophore and rel at ed

| s-(s-(maneﬁg'léﬁ{fg;&;'?mﬁiﬁgﬁ¥§Sqq§‘£$b?i.°t 'M&%@g%mgnzyn

. _.ble kns...cacti-nomyci n, carabicin, 30 carm nomnycin,
3Hﬂn“¢%?§g%%§mqﬁ%ﬁ chronornycini s, dactinonycin

6-((4-isStrupasulibmnilmpeietn i oijuthyl)gt-morpholino-2- H-pyrrolof2,3-b]pyndin-5-
., di -5-0xQ: L-nor | euci ne, ADRI AMYCLN(r) -
yl)men?@;i-g}m% > nmor phol i no- doxor ubi cin, o
6-(6-((4%@@9&&&5?%115&%1@)4eylolhi:ﬂiym—4-2nqmthimpﬂmqﬂ%%odflgmueﬂﬁn-?-yl)-
(0D

_ . and_deoxy orubi cin), epirubicin, WO
3PPHH“¥@95%QQ%EWEQ@#/U82007/009866 esor ubi ci n, idarubicin,
mar cel | omycin, mtomycins such as mtonycin C

mycophenol i ¢ aci d, nogal anycin, olivomnycins,
pepl onyci n, porfironycin, puronycin, quelanycin,



WO 2007/ 127175PCT/ US2007/ 009866 - 8- sel ective

estrogen receptor nodul ators (SERMs), including, for

exanpl e, tanoxifen (including NOLVADEXQ tanoxifen

citrate), ral oxifene, ctrol oxifene,

4- hydr oxyt anoxi fen, trioxifene, keoxifene, LY117018,

onapri stone, and FARESTONO (torem fine citrate), (ii)

aromat ase i nhi bitors that Iphl bit the enzyne

aromat ase, whi ch regul at es~estrogen production 5 in

t he adrenal glands such as, for exanple,

R ¥ rﬁggjnut;e 1 lo[ NEGASE{dip-5-yl)thieno[3,2-

(812 hy?&)% acet ﬁgﬂ AROVAS$ NI (r) (exernestane; &
d}pyrimidis- égﬁ))nctﬁxb)pu;mmleﬂ)mam%ﬂ% RI VI SOR(r)

2R T ST i el eants i

&yl)metﬁﬂll)plpaﬁﬁxhegﬁlr)pr@mh cas f1utarni de, nil ut am de

cal eupr ol i - ASTin 6
B e T i A L ) G Rt S
Yl)methﬁwe‘?ﬁd km 1£ 1)@; Imhrpi).e,ltna; | ci nase i t?! nhi bitors; (v)

| i nase i nhibitars [ [ S .
(S)- 2-hyémxgdn@cq(é@wrab%lmcb%{ﬂweaﬂl%ﬁr&%ﬁ%‘i@m%’ﬂmﬁ%65. t
yl)mcthﬁiﬁ’;ﬁqg&?ﬁ QFTVI l?ﬁp@-%ﬂkn signal i ng pat hvvays [ n’pl i cat ed

ce

erra prol|ferat|o such Ie
—me&y%@ﬁ(%aﬂlymlfbnﬂm@ﬁﬂzﬂéré'y Ywithy! B

! 8S: (e.qg., ANG OZYI\/ECP) and
d]pyrimiffa; i%?esi‘%a%n |nh torez (viii) vaccines such as

()-2-hytrens. I Ae((2- mﬂhﬂ—Bﬁsmlcmp[4e$¢é}q)1r@1n~¢\t}1_)6w@rph€m°ﬂ“en0{2 3-

and .V, 5P EUKINO rlL-2; a
d]pynmlfiﬁbéj‘v 5 Nié’ ﬁx %ﬁ?sﬂ’P‘J‘%uc as LURTOTECBAQS; onidien?
] peRkckin{li-xymathly)-myrpigdinpthiengéh 8 < lmainidis 2-
6-(6 ((4@%%82% (AVAST?(DNI?) Genent ech); and (x)

yDimidagd nHeE#IEBE| y acceptabl e salts, acids and
2-(1H- Irﬂﬁidllﬁaﬂb %e@-:ﬁéﬁ@ﬁysmn#hﬁ Lﬁbmepan- -yimethyilhe-therphmlin-4-yi-
prodrug” as used in this application refers to a
thieno[2 3rdpymmeingr derivative form of a conpound of the
tHaed SRRy YL AlRXESant LyhRdthl ) GARPAhEHn-Hoyl-
2-(1H- Intd%éloqm'#’@nt f?}ggcon%ound oﬁr/l ‘gr ug and |ys capabl e of
ﬁueno[Bﬁei]pgnEnZyﬂatl cally or hydrolytically activated or

~(4.Mc§agvsg[fwg ngﬁgrgpb £ yiREfy @.@Lgﬁc@@r ?thé(r&{)m;dé%@ss-yl)—&

ugs i n Cancer Chenot herapy’
morpholﬁh—@gzhémmiB 28Gpyetmydifeansact i ons; 14, pp. 375-382,

2-(1H-Indg2 {}%g@t m%eﬁs-'?ng%% on&p@?@%&%ﬁxn %r%% 4k bolia-4-y1
thieno[3 Pad]byemydine; D| rected Drug Del i ver y, Bor char dt et al .,
2- (1ol Bt S BT oD e > e

morpholinbfﬂ;é:ﬁiﬂzt_% ﬁh@mha,t e- cont ai ni ng pr odni gs,

2 cz-mecbyioé’&fs‘ééﬁ’? TS B AP AR T A8

morpholfi’lgﬂgcﬂHwaJ}SM‘icﬁﬂéUgs gl ycosyl at ed pr odr ugs,
-l actam cont ai ni nﬂﬂgr odr ugs, Opt i OI’]%B Z#bﬁﬁt i trlillgdejn-Z-
4—(6-((4—bhethmbsylé@@tlm%¥éz@o P’J\’-Fﬂﬁ’@‘b‘rf%?f?ﬁ‘glg‘ Bifqi Py

L&g&d phenyl acet anm de- cont ai ni ng prodrugs,
yl)benzcééj?%&%lr ocytosi ne and ot her 5-fl uorouri di ne pir odr,u

496-(h{mFthy boifbeyoppeerite it YDmesthé-(Rmrdeldcrhly

OXL c Q.rrpl es of cytotoxic drugs that
} yl)ﬂncnog%lgﬁ"ﬁ 2Rt v'gfy g&g [ nfﬁgl a prodrug formfor use in
5H(Bi(s+-{muTsutionyHpiparein- by metey hétmorphplingdhiepe]3,2-d]pyrimidin-
CO ds .of the invention and chenot herapeutic
2oy GRS p

#HUf%as descri bed above. WO
6%@%4 @;aZ&}&E@ﬁﬂsﬁ@eﬁﬁ@Bsfb)ﬁleﬂgyi)-dr-morpho]motmen0[3 2-djpyrimidin-
‘rnetabolite” is a product produced through
2-yD-1HrpdaebPra®fn t he body of a specified conpound or
salt thereof. Metabolites of a conpound may be
identified using routine techniques known in the art
and their activities determ ned using tests such as



St ereochem cal definitions and conventions used
herein generally follow S. P. Parker, Ed.,

McGawHi || Dictionary of Chem cal Ternms (1984)

MG aw Hi | | Book Conpany, New York; and Eliel, E and
Wlen, S., "Stereochem stry of O ganic Conpounds"”,
John Wley & 30 Sons, Inc., New York, 1994. The
conpounds of ‘the inventi o®ddmay contain asymetric or
chiral centers, and therefore exist in different

TR M
WO

. |98 ia1h AC IysoAthobME; not limted to,
yhiendFYSNbLSRIGHACY 3‘%28%17/ 009866 d) ast.ex gorrer s, _—
delbalfid-(mnttsulfaay Bpipemizap et sethy-Aei F-raarigld d-algyn

. thereof - Lem xtures, formpart of the
sipicod BBl SHER A SEAREe |

Many or gani c con(gounds exi st

n ..
et 4-gibktny ol fougl piperagin-1 -y&methyley-@ b iprEahygogpinplin-3-

. to.ratate.th ane .of. pl ane-pol arized light. In :
Yl)fhle“‘iﬁ%é'c‘ﬁ}’w&{”%% ’t’Jf)E%H%ﬁlf/’Q’act i ve conpound, the prefixes
D1 2 ethyl-B (R raoephSline2e(quizetint bylidirnob2.t iipabeidinnte

configuratiaon of fhe nolecule about its chiral -
Yi)mﬁth)émeé’%(%‘f‘.mﬁ@ "i‘ﬂ‘{afi xes d and 1 or (+) and (-) are
_ @F@J@Mﬁﬁc t 4leci-glaiyd 2t (2emsihgh 1 B intidizmi4,6+b]offridin-6-y1)-4-
pl ané-pol arized |jght by tqe_c%ggoygl{) Wi t h _(0%) or 1
morpholmeshieme) 3 2rlpyrmidectny sy PPLe 8RO HIPYA™ KB 8npound
'33?:?, i1 - j xhéreppt atory. For a given
a@?]gﬁr% ca é%%%g%ﬁ%g,e&tp%eﬂgsft@er eoi soners are identi cal
except that they are m nor images of one another. A
spegif i t er eoi ikeed ek #@s asfined
R e R e e
in the fi9f 4spEctCRhice grasssenanirisesreedtngr cotpoend af Honele (HaqrdFb):
of enantionmers is referred to as a racemc &ixture or
@ladacemat e, ~h may occur whighe) t here hgs en no
st er eosel ec@n or stereospecificity in aE:he 1 cal
reaction or ~pyeCess. The terns "racem g m xyilre" and
mate" refer to an equinolar py xtu
i 0 i grci es, devoid of op{ic :
itagtorrer" or "tautoneric r r,g\ers to
strpct ur QIrersRdf di fferent dher gi &S NCh BPe
intercogertible via a | ow energy barrier. For
exanpl e, proton tautoners (also known as prototropic
tautoners) include interconversions via mgration of

a proton, such as ket o- | and i ne- i

wherein s Ghan RGPS GHEE T AIPOREr S A oo, ﬁﬁ“‘ﬂg
apd Nt GBI GORVEL SRD daRs At heoctpin thopesaice phe

NHRRbch)ln |1%bﬁe%§it{r%§s?.gﬂ§%%ﬁfal kyl grgopup Is a straight or
suitable Rsdab@igedenthai n sat urat ed hydrocarbon radi cal which is

unsubstituted or substituted. Typically it is Cl-C20

al kyl, for instance Cl-Ci o al kyl, such as Cl1-05

alkyl. Cl-Co alkyl is typically C-Cs alkyl. It may

be, for exanple, nethyl (Me, -CH3), ethyl (Et,

-CH2CH3), 1-propyl (n-Pr, n-propyl, -CH20120-13),

e of i .two

2-propyl (i-Pr, i-propyl, - CH(CH3)2), 1-butyl (n-Bu,
n- butyl, -CH2CH2CH2Cl1-13), 2-nethyl-I-propyl (i-Bu,
i -butyl, - 25 CH2CLACH3)?2), 2-butyl (s-Bu, s-butyl,

- CH( CH3) CH2a13), 2-nethyl-2-propyl (t-Bu, t-butyl,
-C(CH3)3), 1-pentyl (n-pentyl, -CH2CH2CH2CH2CH3),
2-pentyl (-CH(CH3) CH2CH2CH3), 3- pentyl

(- CH(CH2CH3) 2), 2-nmethyl -2-butyl (-C(CH3)2CH20-13),
3-met hyl -2-butyl (- CH(CH3)CH(CH3)2),

3-methyl -1-butyl (-CH2CH2CH(CH3)2), 2-nethyl-I1 -butyl
(- CH2CH(CH3) CH2CH3), 1- hexyl

(- CH2CH2CH2C1- 12CH2C113), 2-hexyl (- 30

CH( CH3) CH2CH2CH2CH3) ,  3- hexyl :

(- CH(CH2CH3) (CH2C1- 12CH3) ), 2-met hyl -2-pentyl (-
C(CH3) 20- 12CH2C1- 13), 3-nethyl - 2- pentyl



hydr ocar bon radi cal having one or nore doubl e bonds.
Typically it is C2-C8 al kenyl, for instance C2-C6

al kenyl, such as allyl, butenyl, butadienyl, pentenyl

or hexenyl. Wen the al kenyl group is substituted it

is typically substituted by a group R2 as defined

above or by al kyl which is unsubstituted. or

substituted by a group R2 as defined above. 30An

al kynyl group is an unsubstjfuted or substituted,

strai ght or branched chai n hydrocarbon radi cal having

one or nore triple bonds. Typically it is C-GCs

al kynyl, for instance C2-C6 al kynyl, such as ethynyl,
propynyl or butynyl. Wen the al kynyl group is WO

2007/ 127175PCPUS2007/ 009866 -12- substituted it is
typically substituted by a group R2 as defined above

or by al kyl which is unsubstituted or substituted by

a group R2 as defined above.. A haloal kyl group is an

al kyl group as defined above, substituted by one or ]
hor evheh egent, fteoms prévidebmpioecsa fprarrhducded kgdmppuod ps defined in

for instance trifluoronethyl or perfluarohexyl, .5 .
the frt sl TP LPBRESD FPRET < O b BB 8L SO T o B (Y

is typically brom ne or iodine. An al koxy
group is typically Cl-C6 al koxy, for instance Cl-Ca
al koxy, such as net hoxy, ethoxy, i-propoxy,

unsubstituted or suybstituted, for -instance by a group
R2 as defi qedy abovaé.or by al kyl which is
unsubstituted or substituted by a group R2 as defined
above or by alkxg whijch is unsubstituted or

10substi t ut ed oud R20 as defined above..

Typically j §$¢é&ied by carbocycl yl,

nmor phol i g, , , »... COOR.0or - CONR2, wherein
each i's| H or_finsubst i t uted al kyl as defined above.
A carbocygiyl group is a non-aromatic saturated
monocyclic hydrocarbon ring, typically having from3
to 10 carbon atonms. . _may be a C3-C8 cycl oal kyl
group, or C5-Cl o 15cycl pal kyl group, for instance
cyclopropy#w”cyclo utyl) cycl opentyl, cycl ohexyl,

cycl oheptyl orgzycl obctyl. A carbocyclyl group may be
unsubstituted oY subdtituted, for instance by a group
R2 as defi ned —or-ty al kyl which is

unsubstitu bstiffuted by a group R2 as defined
above. . pi cal TNl ubstituted by all coxy,

nor ptreino, OH, CON, NR2 ,©- COOR and - CONR2, wher ein
each Ris M or unsubstituted al kyl as defined above.
20The term "cyclyl" as used herein denotes a C3-C6

whereing® ol lapdl Ré restips defimed imedhstaspsee | vopy opgrpnic acid or ester thereof
of fonn@léé#%?ﬁ%f)%mﬁ%@r{cggfggp %&% degjlélgﬁ %ﬁ: lh%%é%gpe&{ qup ega?ﬁ k(wils H or C1-Cs

alkyl or frereohesgd CRT wiral esheliree Gthabsbsign BLbeoomie ity @feQitfached, a
) whi ch includes O or 1 additional heteroatons sel ected
pinacolatq baypngte estefriowp;iis thepgetsaes il Bécatlygubsti tut ed and

is 25typically selected from norpholine, piperidine,

pi perazine, pyrrolidine and thionorpholine.

When a 5- or 6-nenbered saturated N-containing

het erocyclic group as defined above is substituted it

is typically substituted by one or nore substituents,

for instance 1, 2 or 3 substituents, typically by I

or 2 substituents. Typically the substituents are

sel ected fromal kyl which is unsubstituted or

substituted, al koxy which is tutsubstituted or

substituted, - 30 N12.2, -N(Rm-al k-OR, -alk-0OR

-0-al k-OR, -alk-C(0)NR2, -C(0)NR2, -alk-Het,

-N(R)Het, -0-Het, -N(R)-C(0)-al k-OR

-C(0)-N(R) -al k-OR, -alk-S(0)2R, -N(R)-al k-OR, -

alk-NR R', -N(R ")-S(0)2R, S(0)2R ",

n- pr opoxy, t-butoxi:- but oxy or s-butoxy. It is
b

Su




defi ned above or by al kyl which is unsubstituted or
substituted by a group R2 as defined above.

15Typically a 5- or 6-nenbered saturated N-containing
heterocyclic group as defined above is substituted by

a group selected fromal kyl which is unsubstituted or
substituted, al koxy which is junsubstituted or
substituted, a second 5- or &-nenbered saturated

N- contai ni ng heterocyclic group as defined above, a

5- or 6-nmenbered N-containing heteroaryl group which

i s lrrsumehth espeet thre upeifed g p@cess @rmpwlmpwaceuncaﬂy

Y0008 B i 3 B e g et

pyrfhidieldfsmall&yh) or-(M3: R' wherei n each of R and R' is
i ndependently H, al kyl or allcoxy, and - SQ2R"

wherein R " is alkyl which is unsubstituted or
substitu for instance by NR2 or a 5-_ or

6- menbef ed spturated N-containing heter clic group

s defied ove. Moire typically a 5- jor 6-jnenbered

at ur at edNK- cont ai ni ng het erogygl i ¢ griqup_i's 25
substitutéd by one or nore substit@ents Belected from
N ned above which is unsubstituted or
J(for instance by R2 as ztfed Nabove) ,

ef i ned above, al as defLﬁgd above
, RO ,

¢

i s unsub$tituted or substitut
Xy, CN, nitro, amno, oxo (-0), and -NR

wherein each of R and R' is independently H or

aIkyI heteroaryl group is a heteroaryl group which
whemn R4i &'s R1, @8 3o presdefigechinttho e apectawihs: saitablo acid ipa suitable
mﬂv fddltlonal het eroatons selected fromO, N and S,

WhY ch group is WO 2007/ 127175PCT/ US2007/ 009866 - 14-

NONR G Yt th Gspkt, PRy 6l préviatidla pharfRcd@ichl cﬁn?é@ﬁfbhtwlﬁ&pcompnses a

or substituted, It is typically a 5- to - menber ed
phaymaggutiqalls aptoptablsy ca@iweqrélﬂé@ntfnd@sawdiwmnwéw@y rarcgimgound as
defiRYd gle triazole, tetrazole, indazole, thiazole,

'S0 |azole oxazol e, isooxaw e, indole, isoindole,

"1, 3n dltdéhyhi ﬁ@ebﬂ;‘lflﬁie ﬂ-;ﬁ@ﬁdedlydidmhbmd 2s Qofneday thedfilEaspect, for use in

ridin i_m dazol e, 1,
a m@é%%#@%@ﬁﬁﬁﬁ i Giseimal ey by dhsoty.
% 9f Bl fh Gsp eé{f Ty P ﬁgwﬂgcp‘éh‘é us Hf 4 %B%L?Sl’lnd as defined in the first

|squ|noI|ne qU|noxa i'ne, yrazo opyr

aspeanmrtb@maalzfabmfmdifea, mbdicatazn gy trchiting a dpgadanrdiisoeder arising from
r n yrazin i satin groups. Preferred

‘mng%@" ?égo %HH?OPﬁEQ%ﬁW§““1ndoIe pyrazol e and .

te

or ﬁ%ﬁ‘ﬁ’é"??‘?ﬁ%@é@%@r B P P o B phiEChical
compqzmtmrf Wwhith abiwess mmmyseabcnyblnmg ctvmmupd sstdsfirction da fost aspect

stituted roup R2 as defined above. A 5-

with q@nﬂ@ﬁﬁﬁf é’ %%%#g #G heteroaryl group which may

be fused to a benzene ring is typically selected from

pyrrole, pyrazole, triazole, tetrazole, indazole,

t hi azol e, isothiazole, oxazole, isooxazole, indole,

i soi ndol e, 1, 3-di hydro-indol-2- one, pyridine-2-one,

pyridine, pyridin-3-ol, imdazole,

1, 3-di hydr o- benzi m dazol one, |sbenzi m dazol e,

benzot hi azol e, benzot hi a. di azol e, qui nol i ne,

I soqui nol i ne, qui noxal i ne, pyrazol opyridine,

am nopyr azol i none, i m dazopyridine, pyrimdine,

pyri dazi ne and pyrazi ne. When such a heteroaryl group

is substituted it may be substituted by a group R2 as

defi ned above or by al kyl which is unsubstituted or

substituted by a group R2 as defined above. 20 PI3

Ki nase | nhi bitor Conpounds The present

i nvention provides fused pyrimdines which are

4- mor phol i no t hi enopyri m di ne and furanopyri nai di ne

conmpounds, and pharmaceutically acceptable salts
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h R is,  ind X
suems 5350 e PR i S e st |

(ia) ab) R2 IINI1 R3 NR3 Xis O or S; Rl is a group
of formula: R4 NCH2--- 5 R2 is 14, halo or C-C6
alkyl R4 and R5 form together with the Natomto
WO M07/edT1hey are attached, a group sel ected fFEA{US007/009866
pi perazine, piperidine, pyrrolidine, oxazolidinone,
di azepan and 2, 5-di aza-bicycl o[ 2, 2,1]- heptane, which
group i s unsubstituted or substituted by
-[(alk)g-NR],-S(0)2-(alk)g-Z or - 10
C(0)-(allc)g-S(0)2Z wherein Zis Rl or -Me IR12, or
by unsubstituted Cl-C6 &Fkyl, hydroxyl Cl-C6 al kyl,
oxo (=0), -(alk)g-OR, -C(0)-C(R)2-N(R) 2,
-QR2-C(0)-N(R) 2, -C(C-CNR)q(alk)g-OR o
Anothe( Ghbaljmkytiof thapoydR; disdpeyro Rrovidss @)phaanacgytical\paprgogition
.or ope of R4 .and RS is Cl- al kyl
compris e 4 R RTERUP R SRS Iy e Ty b of Fopmuls g 1o anda
pharmacdRicRilPRL AR NS carREDERd SHaRBaceydal Qlnhphisitién may further comprise one or more

sul phonyl pyran or -(al k) g-Heterocyclyl group,. erejn
sdditiongolbErapEYist P IopI ST RAH-PIONEFIVE OE BBl

. : leydtodsSagensUBstrbdtipadrdidvascular
agonts, R b s B O e S
disease, Rgérss FbrareaGhg USendikgascamticriral $2emis et fQf te@ling blood disorders,

Adthertehtfo@inadng bf the pabtienthlisdieyraprevides metheds okink g]%g&’rB kinase

o group;. Rt is H cygclyl, Cls; heh s ompound
activity, SABPHSIOE CORtacH s 2 @ﬁnzﬁe W %%ﬁ%ﬁ%%%a%ibggg)hﬁnpum of a.c p
of FornulMBRE M &R Ister&bdRidregeohtetid sbmed t@fonadrksolvajh negiatiodite, or
unsubstituted and -(alk)q-OR,. or R" and RI 2 together
pharmadeotivallywicesptadhesalf QRIBRHE %ﬁ'ﬁ’oéh they are attached, a
AiheRbmBodRERE ek SdeHf dbdsbul eoviti@imitingls bEprevatiys Py Eeating a
gD O A o ke oo on%'n' 2? heter o%mmneed of such
disease o8 dlsedtedodulaed oy PRkimaspsSompp@ng adminisienng 10 a m
: 007/124175PCT/. Q . Ridri®mer,
e RS e T
geometrR isomer taftaik) golRle, Tetatiokita or phatgtepentiselly aprpptagle salt or

prodrug Y-t SNL A0 Rse Wi s R Db iSRRI ik 8L ot

limited to, hyperproliferative disorders (e.g., cancer, including melanoma and other cancers
of the skin}, ncurodegenération, cardiac hypertrophy, pain, mi g;_raine, neurotranmatic
diseases, stroke, diabetes, hepatomegaly, cardiovascular disease, Alzheimer's disease, cystic
fibrosis, viral diseases, autoimmune diseases, atherosclerosis, restenosis, psoriasis, allergic
disorders, inflammation, rneurological disorders, hormone-related diseases, conditions
associated with organ transplantation, immunodeficiency disorders, destructive bone
disorders, prbliferative: disorders, infectious diseases, conditions associated with cell death,
thrombin-induced platelet aggregation, chronic myelogenous leukemia (CML), liver disease,
pathologic immune conditions involving T cell activa}ion, and CNS disorders. '

Another embodiment of the present disclosure provides methods of preventing or treating
a hyperproliferative disorder, comprising administering to a mammal in need of such treatment
an effective amount of a compound of Formula Ia or Ib, or a stereoisomer, geometric 1somer,
tautohcr, solvate, metabolite, or pharmaceutically acceptable salt or prodrug thereof, alone or
in combination with one or more additional compounds having anti-hyperproliferative
properties.

In a further embodiment the present disclosure provides a method of using a compound of



5 Heterocyclyl is a 5- or 6-nenbered saturated
N-cont ai ni ng heterocyclic group containing O or 1
addi ti onal heteroatons selected fromO, N and S;
Cyclyl is a C3 - C6 cycloal kyl group; each q is
i ndependently O or 1; r is O or 1; 10alk is Cl-C6
al kyl ene; and R3 is selected from (a)a group of the
following formula: where#th B.is a phenyl ring which
IS unsubstituted or substituted, and Z is selected 15
fromH -OR -SR CH2OR -CX®2R, CF201-1, CH(CF3)O0OH
ﬁgy%ir’é) P13 ¥ Ridammal. An
this di tg%at a &gﬁ%% of Qc!?t)d}t,lc,)ﬁ fﬁ'dal)ﬂaﬂeﬁ' SRS OND S,
addmonmlmdmenmﬁ@(eqyrm(em lecinsuwars @g@ﬁe eirconygopnd @A n

d1scIos&?e 1'?:1 L%-j) %gé)}'gﬁq ?{291%@ ém%ﬁgﬁﬁ: E‘.}geqii £ bt grg}er%n%lf K iscase

ed aryl or
or condhebmnmdnl)atedgxyd{lb kniziaeugat ougmthai ng unsubst itutecl or

ﬁé{l(étf;t%}‘taqli%he %H? RH: R:rﬁseggﬁ sglo%%ljeﬁl?c?%e% 51%0 ?&Zprfs?%a Qompound of
Fonnuﬂi llh b@?ﬁgr ?b@ﬁb@ﬁ% (ggoﬂaveﬁ‘ic %Oﬁ@ﬂ itduitamnna] soredte m?naalmhim or
_ sel ecte rom n [ i.S nmon c
phamaegely acemipbiaaten o dHgsbiseth b couaney sl pberelly Egeckose

mseﬁ&ﬁ&beﬁﬁ)c@ca%g%ea&wﬁl sing a benzene ring which is
unsubstituted or substituted and which is E % do
-medtated condition,

hatacthisteenth agpest thess IsqBpyigked adpdoeireaing g Pl
r th
mmpr%&gv{gzggi% ﬁ%%ﬁ&?&ﬁﬁ:ﬁ@b&lﬁ%ﬂ#&&g%@ﬁg Whﬁcha% ch:?ing% in the
first asp&t; apd @b higstritchians &r usedol e or 3- hydr oxyphenyl group;

(ljﬂé?# ﬁlﬂ %@g&f reﬁeulls %r%%gd !1%1‘0§UCttCI8§l%m§ig (% aoédi]xﬁfound as

define®hé Brst lﬁﬁ&@ﬁ@&@%@ﬁﬁﬁ&a\zm}wﬁ+h1ype)rprqh1f¢r@mmﬂcaﬂty,

(la) .on]y, when X is, H, and
for sepgrafgesigRtapegys orsraHmEA %ﬁalm%ﬂa%n frgbe prop aft%f)"f therapeutic

nNe which is unsubstituted or substituted by a

treanneg{r(gﬁ{oaﬁééel ected frommethyl, -S(0)2Me , -S(0)2 Nwe2 ,

-al k-OH, -alk-Owe, -S5(0)2- aI kNMe2, and
Dmueaﬁé stitin Eﬁh%ﬂt@&i or (ii) piperidine which is

sel ected from-5(0)2 M,
C@pp;:mp@o@ ﬂmaﬂa an IQRIRISOMASTS, n@.tthyy differ by the placement -

ot B I B Q4 BBl B

ring sysmmv”['bke&uapmsﬂqle megloishineirid forms ﬁﬁ&e mngysufsmnmeneompassed by

‘formxﬂae‘f ch%ag,é_a :10(Ia)...RR‘ " -
) S =N & (j\/%N
S el
thieno(3,2-d}jpyrimidine thieno[2,3-d}pyrimidine
CL RS
furo{3,2-d]pyrimidine furo[2,3-d]pyrimidine

Compounds of the invention thus include both regioisomers of each of the 4-
morpholino thienopyrimidine and 4-morpholino furanopyrimidine compounds of formulae
(ia), (Ia"), (I2’")and (12”"), and (Ib), (Ib”), (Xb*") and (Ib™”).



I X**R Z- (a(k)q -S- [NR-(alk)ci]- --YNNCH 2 80. ER
RR wherein Xis Oor S; Yis Nor -CH; R2is H,
hal o or Cl-C6 al kyl; 15 each R is, independently,
11, C1-C6 al kyl or hydroxyl- Cl1-05 alkyl, or two
groups R on the same carbon atom form an oxo (=0)
group; or when Yis N, two groups R on different
carbon atons together forma -CH2- bridgehead; each
R' is, independently, Hor Cl-C6 al kyl, or two groups
R' on the sanme carbon atom fgrm an oxo (=0) group;
20Z is Rl or -(alk)g NR11R12; RlL is H a C3 - C6
cycloalityl group, Cl-C6 al kyl which is
unsubstituted, or CF3; Rl1l and R12 are each
i ndependently selected fromH, Cl1-C6 al kyl which is
unsubstituted and - (alk)g-OR or R' and Rl12 together
form with the Natomto which they are attached, a
5- or 6-nenbered saturated N-containing heterocyclic
Definitigngup containing 0 or 1 additional 25 heteroatons

ected from O, N,and, S. is 0. por .1; .
3B 05T B IR SO ik Grsalngs*fefiiso O thprapgytie tregument
and pmﬂiylg&l@d»rlﬁé\%ﬁﬁm@ﬁﬂczﬁﬁrdﬁ w&eieﬁi)ﬂae dbfecPRto b&)v@n&ﬁrcﬁltﬂv down
the follow ng foroula: 5 ereiln Bis a_pheny

(fessenfwd\ﬁﬁreéwhygwb%a%%mﬁ %rodlaqrd%ru By a@&%éﬂ&#ﬂpﬂm gr spread of

_cancer. ¥r esf §8MsHnvent{dR, berdficidbidé qu‘eﬁg%al @E@lg'include but are
H C(CF3)20H -(CH2), 10R, -(

not [umgdgpml%v@uon Nﬁgymppm @l)u]:gnnslggg;t of e)pqem)c%_f dxseg@( gi;a];uhzed (i.e., not

worsemng) state of disease, delay or slowing of disease progression, amelioration or
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OC(0)N(R)2, -NRS(0),,,R, -RC(O)N(R) 2,CN, hal ogen and
-NO2, wherein each Ris 10 i ndependently sel ected '
wo bdoomyhlys C1- C6 al kyl, G - Cto cycloal kyl andparfys2de®o09ses
12-menbered aryl or heteroaryl group, the group being
unsubstituted or substituted, mis 1 or 2 and q is O,
1 or 2 (b) a heteroaryl group which
contains 1, 2, 3 or 4 ring nitrogen atoms and 0, 1 or
2 additional heteroatons selected fromO and S. which
group is nonocyclic or 1gbicyclic and which is
unsubstituted or substituted; and (c) a group
conprising a benzene ring which is unsubstituted or
. x i f .
Pl B B e B P et QRctable or
undetectabdg. e Ofreatyienty qanélqﬂmmwlqmg surpivad Freampagedigrexpected
3
smwvalz L?%.? %@efvﬂ%otk a;ﬂé@% ?ﬁéﬁ%&g&e}ﬁ C&ﬁ%ﬂﬁn&i@&{g&é élregdy with the
condition( @ d«achmzwah@b thatdprone phbavertbe whmsditivi or ﬁmbﬂdcwnm@ose in

r tisfi d Y J f R and R" is H R2is
which (ff Corkfior? ot Eforgicisto b pi@Eked (i) Zis
Thé ﬁhratsé‘l ahefdpewitally thfectivd drvamty niths sdhametntad a c\Smp@und of the

. each of R and 25R' is H R2.is H and.R3
present imygaiigh 1t ) eatier PERYPRUESHe PEBEHRLASER?/ it of gisorder, G
attcnuatfeé thn)elﬁ?at@s b eEmidaSOrft o7 mbIRylniphdeh 16F thbpahidular disease,
O RRR wherein Xis Oor S; Yis Nor -CH;

condmcglRQr f(ig;oq:qer 5I(BL) greventscy dgﬂwﬁhe %ﬁof:g)nq Q more symptoms of the
particul i YESRRE ALMblden, bt dz’gérd@dégch%d BEreftY ARQHY ce@@ oFeatlek the

or two roups R on the sane carbon atom form an oxo

therapeigtzagjly apve anoyiad the dmgnpay edueg bgprimner ghcancer celis; reduce
the tumfgll ;1(%5 ﬁﬁtog C(?é bﬂgw"ﬂ} gﬁﬁlﬁtegﬂa% Qﬁ(ﬁ gie?érm) S tcfaﬁl%a?_fer cell infiltration

epen
into perifzhe% oagdnsyinhibat (i t:wslogv mmnd?éxtmt mﬁ@réamiscﬂop)cmmor

metasta&t; ,all%.)Jb kﬁr%gxtg%? # grgw% %hdléé rghev# ?(mf: extexétu%ne or more
of the s@hp@hsadskydiatallingth the mubwmmmdm he dﬁ:@ maRprearBﬁt growth

2 are each i endent | ect d fro 1-C6 -
anclor G Pt Rt 51 B PY GYIBAtR 80O SR L O 57 therapy,
efficacyaddd HRldedsQERY ReTexh@pIB, byiakiesting ﬁh\é @hema; ngmlgﬁbgrem (TTP)

are attached, a 5- or

and/or determining the response rate (RR).

The phrase "pharmaceutically acceptable" indicates that the substance or composition
must be compatible chemically and/or toxicologically, with the other ingredients comprising
a formulation, and/or the mammal being treated therewith.

The terms "cancer” and "cancerous” refer to or describe the physiological condition in
maminals that is typically characierized by unregulated cell growth. A "“tumor" comprises
one or more cancerous cells. Examples of cancer include, but are not limited 10, carcinoma,
lymphoma, blastoma, sarcoma, and leukemia or lymphoid malignancies. More particular -
examples of such cancers include squamous cell cancer (e.g., epithelial squamous cell
cancer), lung cancer including small- cell lung cancer, non-small cell lung cancer
("NSCLC"), adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach cancer including gastrointestinal
cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder
cancer, hepatoma, breast cance_:r,.col'on cancer, rectal cancer, colorectal cancer, endometrial or

uterine carcinoma, saliv;ary gland carcinoma, kidney or renal cancer, prostate cancer, vulval
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15 6-menbered saturated N-containing heterocyclic
group containing O or 1 additional heteroatons
wo s@bagtiesl fromO, Nand S g is O or 1; r is ﬁc@ﬂUsiaamogsss
aLk is Cl1-C6 al kyl ene; and 20R3 is selected from
(a)a group of the follow ng fornmula: wherein B is
a phenyl ring which is unsubstituted or substituted
and Z is selected fromH, - OR -SR CH2OR -0O2R
CF20H, CH(CF3)01-1, C(CF3)20H, -(CH2)gOR, -(CH2),INR2
- 25 C(O)N(R 2, 4NR2, -NRC(O)R, -S(0)m\(R)2, -0C(0)R
WO 2007/ 127175PCT/ US2007/ 009866 -20- OC(0) N(R) 2,
-NRS(0) rnR -RC(0)N(R)2, CN, hal ogen and -NO2,
cancer, ﬁﬂ%@&%‘dﬂn@écﬁbpgnb SadchHiRRe @ﬂﬁ%&n@ﬁﬁ,ﬁi&hﬁé cfiﬂcﬁ{&ﬂt as well as head
- C10 cycl oal kyl
aﬂdﬂeckzaimﬁbered aryl or heteroaryl group, the group bei ng
R”QHQQB{}%%%%:%%&M%Q dnietech cgf\?géuﬂd Qerdt iAME ﬂedn%egb of
eroaryl group ch contains 1, 2,
cancer. (ixamplésaf ohemotgpeapestiopgens m@deﬁmb GBYRCGEOAAP.

Cenem SHSEEPHIR, PRUEELS, TR AT s

(FASLGDEI®,tAkiegennd), (S:.)taxtgsbﬁ] D24R) Rz hgrmmmfﬁgl\lovaﬁis),

imaini} et S FEVE L KPRt ST ek BB Rty Opigacn

(EloxatEnISa868) 5LPE K$-ﬂu@ﬁcﬁﬁ@é1@bL&1&&bﬁnlIhﬁf@gfcm (Suohmusl, n a

RAP yet fug%t;er enbodl nment ge m%@@ gfg %@1{(}13&)}

Lonafmﬂib (ddri )5(6:3326 asa.rafémb (%WB@O%XB§@K§M)2M GeSitibib (IRESSA®,
0 or - | S

AstraZearsay AGIEEHAG] Bl (3166721 PEct), alistiogAsspes sugipss thiotepa and

CYTOXRNE éﬁ:?&sgﬁggﬂam& Qﬂ}q QA88atesshich as busulfan, improsulfan and

piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine, triethylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide and trimethylomelamine;
acetogenins (especially bullatacin and bullatacinone); a camptothecin (including the synthetic
analog topotecan); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and
bizelesin synthetic analogs); cryptophycins (particularly cryptophycin 1 and cryptophycin 8);
dolastatin; duocarmycin {including the synthetic analogs, KW-2189 and CB1-TM1);
eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as
chloéambucil, chlomaphazine, chiorophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the
encdiyne antibiotics {(e.g., calicheamicin, especially calicheamicin gammall and
calicheamicin omegall (Angew Chem. Intl. Ed. Engl. (1994) 33:183-186); dynemicin,
including dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein enediyne antibiotic chromophores),
aclacinomysins, actinomycin, authramyein, azaserine, bleomycins, cactinomycin, carabicin,
carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6é-
diazo-5-oxo-L-norleucine, ADRIAMY CIN® (doxorubicin), morpholino—doxorubic_:in,

cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin,
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R5 is a piperazine, piperidine, pyrrolidine,
sui phonyl pyran or -(al k)qg-Heterocyclyl group, wherein
wo fb/gh7Rtper azi ne, piperidine, pyrrolidine,  pcr/ws2007/009866
sul phonyl pyran or Heterocyclyl is unsubstituted or
substituted by C -C6 al kyl, -(alk)g-OR or-S(0)2R1; R
is 1-1, C1-05 alkyl which is unsubstituted; 5 Rl is
H, a C3- C6 cycloal kyl group, Cl1-C6 al kyl which is
unsubstituted, or CF3; Heterocyclyl is a 5- or
6- menbered saturated N gantaining heterocyclic group
-containing 0.or 1 additional heteroatons sel ected
fromO, Nand S; gis 0 or 1; alk is Cl1-C6 al kyl ene;
csorubl&H,Qdm%uh%éﬁélﬁ%%frﬁﬁ%y£ﬁ)s Sudl Mlt&ﬁx}f&ﬁ@ mycophenolic acid,
I ow ng formul a: wherein B is a phenyl ring
nogalammus lplivgruypivalprpiqrayaie, parfimnycing prrertyeindquelanycin, rodorubicin,

sﬁepton%‘é’%%g%&%p@ﬁrﬁlgg’ub%rﬁ%f:f tua QL f&fl%%:%ﬁﬁ}?ghtes such

as meth@fNab BP3-flubRtiraciNRI(0); Bolic acS(l@t)lélpBl( Sch, as -deqfi@m),

L e D

mercaptbpuriie, @8ambpeite, tiﬁguanﬁb@pgrymﬁcﬁﬁé kiydlogshch abandi@bine, azacitidine,

2- nrenbered aryl t eroa ro the r.o bei ng. ..
6-azaurife CRPIAT SHAADISE, SR R St ottty SoSiithe i Rihidine:
andmgeas sdchQis u%}us?e%xh-) ArdipdRAAG DM pxgpmte\wpxﬁbstﬁmlt:aé@ﬁo&ane

ring nitrogen atons and

testoiactgaaa %?%Fﬂ%f%%%‘%é@f@éﬁ @W sﬂestsne dplicarid

replenisBErQMBh b FORARCEE; iate Rhtohl; Ca\l&éﬂﬂbsﬁ%m\ﬂ@ bRRotide; aminolevulinic
unsubstituted or substituted; and (c)a group

acid; enijwmpil; ansagrine;hestebusil; bisantigries Rdatemxaies é@f@fmlmwmﬂcolcmc

ciazion - BERER, POOIGER s SRR, QORR ARl

hydmxys&iat lemkiamdﬁxﬁdmrlt tﬂae'tq@sumu@oeslctl Iaamay(am);mwhad] aﬁsamtocm
n_.an |n Ql.

m1togua§onen ?cax%& he 4 ﬁo%gcriaonlﬁc%ﬂ 1'?1%3 fing )pe osar{'%, FH} mﬂu%ru%lcm

losoxantrdi); pbﬁo;ﬂlylhxlne rcid3 2ieshydhirazitihaproasybazinke IPSI@ @upsaccn&dc

2 2717 /1 007/ 866 -22- , th
complex (VS el Brifuas) BRAO, (R P sivotien siaf B b 1

spirogerifa@firh OteMdidz6Rict deRd; tﬁaﬁﬁqmdeame,g"-uaclﬂ%@ﬁ&ﬂsﬁé:ﬁﬁ:tee&chomecenes
I he pyrr | idine

(especxagx g(r% E%))%S:&ﬁ%%lgsap g.lz et %n&ﬁ.l an angui e) urethan; vindesine;

dacarbaz%né ﬂm&m&%&b&o&@ﬂ rieniase ptp&ﬂi}:ﬁﬁi lo¥cytbfinda4tinoside
by R4 and R5 is plperldlne I_perazi ne or

("Ara- Cib)y F}qfeeippla?%amm higfeBrigarGhtnser by ARD LR dpackitaxel; Pristd-Myers

Squibb (bh@ctlgg% 'ﬁiﬂé@t%ﬂ,bﬁt 0};, m@m{dléﬁlbﬁﬂmbﬁee), albumin-engineered
N121, - S( al k) g-Z or by unsubsti tuted

nanopari@ie Germulptypns c@“)mcbtﬂggl (AmerigangPlogmaceticg) Partners, Schaumberg,

Niois) G AR 0 QR 2 oxg%sgf%{gmm&ggﬁf gggsga,c bkt R

chloranmbuyal; GEMIAR® (gemecitibinR); ataioRsarine; GlerGptepurink; methotrexate;
platmum é.t?alo Gsu'c_:ﬁtas %é%ﬁ% ya%id%r' %IaQﬁ‘l Qﬂb‘lqsgq I Lo gaots%% (Q'E’hle({)

I'peraz rro
1fosfam1d§';| mhomdmmbammsttdeammmmmmwbgwp woyvamirezeteniposide;

er.azine, eridi
edatrexel dgpBBFET e el Eonsctleb R REE A @ ihmncioniss 01
topmsox@éraﬁﬁhﬁibﬂoum 00 A rdth kil lormiiiihk Iﬂh@@)@feﬁn&c@ kdch as
retinoic ﬁqlseqqddpmma?ﬁnc?ﬁg Wegb el e: gﬁ(i%sd 2 del\iﬂr\]rgnves of any of the
above. piperidin-2- 15yl, plperldln 3-y1 or. piperidin-4-yl,

i n partlcular pi erld in-4-y1; norpholine, and
B ‘il(éﬁdnlg the definition of "chemotherapeutic agent" are: (i) anti-hormonal

agents that act to regulate or inhibit-hormone action on tumors such as anti-estrogens and
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for instance pyrroLidin-2-yl or pyrrolidin-3-yl,
gr oups, Exanpl es of

wo 2d0§AH)4- NRI r- S(0) 2- (al k) - Z i ncl ude - S(0) 2Rderrus2007/009866
_s(0)24allog_ntt iR 12 and -(alk)g -NR-S(0)2 RI.
Exanpl es of -S(0)2R1l include -S(0)2 Me and - S(0) 2-
cycl opropyl. 20Exanples of -C(0)-(alk)qg-S(0)2Z
include -C(0)-CH2 -S(0)2Me, -C(0)-CIMe - S(0)2Me and
-C(0)-C(Me)2-S(0)2Me. RI is typically H nethyl,
propyl (either n-propyl .gr i-propyl), or CF3.
Exanpl es of -S(0)2-(allc)g-NR I RL2 include
-S(0)2-N(Me) 2, -S(0)2-NHWVe, -S(0)2- N(M)(CH2CH20Me) ,

' selcctwe &@&n%%ﬁ&%@@@( s), slefuding) £Ot exan ( O;;le 258bkPen

npl es of -(alk)g -NR-S
(includipg @r%‘éAmmmm)mw , redpikgrve ok Ry, 4- by dfoxytamoxifen,

mox1fené\»ﬂib§§%t§l?q O%é\@%w a@%ﬁ%\%@ (tcgr@Hﬁ)irge csgz:i)te), (i1}

aromata@® OihitiRid VEPTHikISAS07Z008 360natas:, whiip@pulkpgMstirogen production

in the adg%ﬁ%g;'duﬁﬁ;a%%% %E%%%t -xm%@% %@h&%GASE@

(megestrdl(dd} tatehPA ROMEA SR (px &hPstidd? Pfiz &) orGhivimib| feBjo2ple, RIVISOR®

(vorozoleg%l\dgj% | 40(32.?5 WWS&%)%gfa (anastrozole; AstraZeneca);

(ii1) antr—ﬁ{&&»gé;{s Mﬁé@amnﬁﬁnde SilufapOifie, HiddttdmNid) Jeuprolide, and goserelin; as

well as trem‘ta@nmm 31@9%9%4{3? @gcls?mdwﬁ?%néfe%l ée ﬁsz foth iase

mhlbitorS‘ @Wl& e Mrditors: I(\‘gll) &6@3&55"33 Omﬂcotldes articularly those which
e-C(0)- N112, - C[Me)2-C(0)- NH CH2 0) - NFI Ve

inhibit exepwg_og( gcmlg; 1@ mt)hzaa@f g}lp 1@ aberrant cell proliferation,

X 0 es such as eXpression
such as Ef%@x ﬁﬂ)t ﬁk&’g%?@%ﬁ;ﬁd?fgi% ev(ﬁ%%%%ﬁneachhq IVE?F P

inhibitors el asd ANGIQ Y MENE) arc BERGivspres oo atibivesy; (i 0sgines such as
gene thérapPLaddiheS s UhmBRd a1 PR E N2 BV ECTIN®G, and VAXID®;

PROLEUKIN® rIL-2; a topoisomerase 1 inhibitor such as LURTOTECAN®; ABARELIX®
rmRH; {ix) anti-angiogenic agents such as bevacizumab (AVASTIN®, Genentech); and (x)

m

pharmaceutically acceptable salts, acids and derivatives of any of the above.

The term "prodrug" as used in this application refers to a precursor or derivative form
of a compound of the invention that is less cytotoxic to cells compared to the parent
compound or drug and is capable of being enzymatically or hydrolyticaily activated or
converted into the more active parent form. See, e.g., Wilman, "Prodrugs in Cancer
Chemotherapy” Biochemical Society Transactions, 14, pp. 375-382, 615th Meeting Belfast
(1986) and Stella et al., "Prodrugs: A Chemical Approach to Targeted Drug Delivery,"
Directed Drug Delivery, Borchardt et al., (ed.), pp. 247-267, Humana Press (1985). The
prodrugs of this invention include, but zt;re not limited to, phosphate-containing prodrugs,
thiophosphate-containing prodrugs, sulfate-containing prodrugs, peptide-containing prodrugs,
D-amino acid-modified prodrugs, glycosylated prodrugs, B-lactam-containing prodrugs,
optionally substituted phenoxyacetamide-containing prodrugs, optionally substituted
phenylacetamide-containing prodrugs, 5-fluorocytosine and other 5-fluorouridine prodrugs
which can be converted into the more active cytotoxic free drug. Examples of cytotoxic

drugs that can be derivatized into a prodrug form for use in this invention inciude, but are not

- limited to, compounds of the invention and chemotherapeutic agents such as described above.
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15Exanpl es of -C(0)-(NR)g-(aBc)l-OR when one q is O
: and the other q is I include - C(0)-CH2-O0Me,
WO 20%9)71%"( Me) -OMe, -C(0)-C(Me) 2-0Me, -C(0)- Ger/hoo7/009866
- CH(Me)-0H, -C(0)-C(Me) 2-0H and
C(O) CH(Me) - OMe. Exanples of -C(0)-cyclyl include
-C(0)-(cycl opropyl). 20Exanples of -C(0)R include
-C(0)H, -C(0)Me, -C(O)Et, and -C(0)-C(CH3)3
Exanpl es of -C(0) OR i ncl ude -C(0)0H, -C(0)OMe,
-C(0)OEt, and -C(0)0C(CHR)3 ha the definition (a) for
R3 the phenyl ring B is unsubstituted (apart from
group Z) or 25substituted. Wen it is unsubstituted
Ahﬁle@&%'ﬁs ﬁn&&&t §%&c§ﬂ@§&d§i&ﬁ%boi¥sn§fﬁi’ﬂ1@%o@§ of B8pecified
- or 6- position on the phenyl ring.
compomlrgl pr edt ﬂ;mqf Metabolitpreofa comgpound may poulentibed usipg goutine

techmqv.iéé IR RS ﬂ%{ :hrg 9&% ﬁ'n %lstll'?g %?ﬁ te&!h?{éﬁo ulglg &%%Luh as those described
herein. suds pradutsdnghesylt for axgmp&nﬁomfthc os»datrpﬂx,ersdmonhhydrolysm

‘ am1dat1<%'N%§%BZdz'xﬁ§C| usﬂ%%acﬁg cf;c\g\%enﬁcation, ez‘nzymanrt]:yc CaVA ee tarr]lx the like, of

the admzA§iéed 2 6intoBhd/ HSE&@W@@QB& fvedden inS{udeR Metdhidkipesaif (d:ompounds

.- C(0Q) Me. . When, t he I r|n B is substi ed
of the iV HREIPAipE COMRPRRL PR 3 PIOHSEGoR TR EE ool
compoufdl o BHi€ irki¢BEbnh w@m Samed £ Cbedpdricnafitah®sufibient to yield a -
alkenyl alk¥n CN, N2 , OR, SR, N\R2,COR,
metaboiscw S2NR 2 , NO(O)R and CO2 R . wherein
?il 5mé 'Sis g'sﬁﬁﬂp@c@fi%dlﬂpdﬂe@ of %6@ t?f)és‘?()flhpuid1 phospholipids

niti-on the heteroaryl @rou

anclor surfassiet vah esjuw.fmsfamhm 6e drug (s5ch e RI3 yinase inhibitors
¥
disclosefl Hefih Ry dph Il A o B L a1 Smponcats
of the lipgaoamﬁre conmndxﬂmﬁrmi:gedhn iachilayerkiodmedion, shyilantaithalbipid
riqgﬁﬁﬁq N at o For i nstance, an indazole group may
arangeigen 245 RESZ0I%4- yI , i ndazol -5-y1 or indazol -
'ﬂlﬁlﬁteyﬂz."cﬂy‘ﬂf‘ nefdisne’ xmzlyctkles whitkéavasheqytopertyddfndn-yl |

superim%{zﬁibgi} ﬁt@m&or H%gs?a%'gg g}v Eéltl%er tf%r"i lﬂigil'nfe%éxg ltd molecules
which aﬂ:)’sfdp@hﬁ@o?aﬁlé on [Bydid ﬂ&m&age pﬁftn@yr I dl ne- 4-yl .
Benzi m dazol.e may, l'inked v

DR BT GAFGISmarY” roGers Hof GBS HSy Wach hpyeddenyical chemical
constitufidh, Nl i3 -wilh Rlgaftiotat bitadodthent bf BEUitAaAL bP grdﬁﬁy iPépace.

| i nked as isoquinolin-3-yl or_ i soqui nol i n-4-yl

DipgiaEeamer nEeTB 40 B iStTReisAFRe WA EVG A Basorentery of qlrality and
whose nidiBcdl&d £E ghrrgf Rhbek 9 SHD A dthét Qﬁa‘sttzregﬁiérsbkfave different

substitute one or nore substituents sel ected
physicakprgpentigs.2, g melasg geinty deilmgaants aiprGiral\papRreati¢ss and rcactmtles

I

]thxtm‘&:_lsI %g \ﬁ/ié@t%gér%g gnuag/rscéﬁeﬁgﬁfﬁx;dgl: ﬁ%g\%sog%tﬁgnn 2 O&Sﬁaj gr%gfdures such as
electrophwb:slmahdahtomatomhnhenyI ring B, and an oxo gr oup

(Es’“%‘ﬂ% ‘%‘tﬁ et Y%“”Odﬁgfe%\f;g ﬁﬁ‘dat ﬁrﬁ‘ﬁqu@tﬁm@ [ oup

sumﬂunpﬂﬁﬁﬁmﬁmmbmmm¥p§bﬁoﬁfﬁﬁﬂhﬁryl group is

SerPationenl dF s onaony Trisieobe e Ay oS P, Padker

Ed., McGSaw sl Dictibaski df QRynil Tevis {1984Y Mb(h‘,ﬁwoﬂﬂl Bbolﬂ@bﬂlpany, New
substituents selgcggd froma grou as def

York; agthliel, Eapnd, Wilga: recEemmaY: thc éahfby“ley &
Sons, 1n82 NSy 9efi N©d4 2PN Ron@BEndOF tRE idvagtiak ﬁﬁp%oﬁaﬁpag‘yhﬁﬂemc or

above as an _additional substituent on the phenyl
chiral cqpterprpndabersfare §x15) In $ifltant serempiosericerme ngéﬁ@twdﬁg that all
st*:—:reomsé)rﬁexfnl:I $§ithsi of thd 5&!115015&9:& WRid ﬁ}%ﬁ%}f? ﬁnéﬁtﬁﬁ; bl R Fimifed o,
Instance by a group Z al ch is
unsubstituted or substltuted by a group R2 as defined
above; by any group specified above as an option for
an additional substituent on the phenyl ring B; or by
an oxo group (=0). In one enbodi nent both the benzene
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il il 1 iv WD 2007/ 127175PCT/ US2007/ 009866 - 26-
R12 R12 OH W W4 i WO

wo 2089147427 175PCT/ US2007/ t f t 9866- - 27- P@ﬁggﬁmﬂog%ﬁﬁ
each Rl is independently selected fromH, Cil-
al kyl, C1-C6 al koxy, Cl1-C6 acyl, - C(0)NR',

-S(0)tNR R', aryl, heteroaryl, suI phonyl and hal ogen,
~wherein R and R' are 5 each independently H or Cl-C6
alkyl and t is 1 or 2; each R' is independently
selected from-OR and -NgRL )2, wherein Rl is as
defi ned above; each R12 is independently H F or CF3;
each Wi's independently selected fromCRl and N,

'diastere % Smﬂe?s a5d A6l BaRer@aMUeeT ANdidlired PrdrSoSQLRES Bemic

and NR12 wherein R12 is as defined above.
mixnuewprm @an@imp:ssemﬁnmnpm Meger orgardc compounds exist in optically

active forms, i.e., they have the ability to rotate the plane of plane-polarized light. In
describing an optically active compound, the prefixes D and L, or R and S, are used to denote
the absolute configuration of 4t'h'e molecule about its chiral center(s). The prefixes d and 1 or
(+) and (-) are employed to designate the sign of rotation of plane—pdlarized light by the

compound, with (-) or 1 meaning that the compound is levorotatory. A éompound prefixed

~with (+) or d is dextrorotatory. For a given chemical structure, these sterecisomers are

identical except that they are mirror images of one another. A specific stereoisomer may also
be referx_'ed to as an enantiomer, and a mixture of such isomers is often cailed an enantiomeric
mixture. A 50:50 mixture of enantiomers is referred to as a racemic mixture or a racemate,
which may occur where there has been no stereoselection or stereospecificity in a chemical
reaction or process. The termns "racemic mixture” and "racemate” refer to an equimmolar
mixture of two enantiomeric species, devoid of optical activity.

The term "tautomer” or "tautomeric form" refers to structural isomers of different
energies which are interconvertible via a low energy barrier. For example, proton tautomers
(also known as prototropic tautomers) include interconversions via migration of a proton,
such as keto-enol and imine-enamine isomerizations. Valence tautomers include
interconversions by reorganization of some of the bonding electrons.

An alkyl group is a straight or branched chain saturated hydrocarbon radical which'is
unsubstituted or substituted. Typically it is Cy-Czp alkyl, for instance C 1-Cio alkyl, such as
C1-Cs alkyl. C;-Cs alkyl is typically Ci-Cq alkyl. Tt may be, for example, methyl (Me, -CHa),
ethyl (Et, -CH;CH3), 1-propy! (n-Pr, n-propyl, -CH,CH,CH3), 2-propyl (i-Pr, i-propyl, -
CH{(CH3),), 1-butyl (n-Bu, n-butyl, -CH,CH,CH;CHj), 2-methyl-1-propyl (i-Bu, i-butyl, -
CH,CH(CHj3)), 2-butyl (s-Bu, s-butyl, -CH(CH;)CH,CH3), 2—méthy1—2—propyl (t-Bu, t-butyl,
-C(CHs)s), 1-pentyl (n-pentyl, -CH,CH,CH,CH>CHj), 2-pentyl (-CH(CH;)CHCHCH3j), 3-
pentyl (-CH(CH,CHjs),), 2-methyl-2-butyl (-C(CH;);CH;CH3), 3-methyl-2-butyl (-
CH(CH;3)CH(CHj;),), 3-methyl-1-butyl (-CH,;CH>CH(CHzs),), 2-methyl-1-butyl (-
CH;CH(CH;3)CH,;CHj;), 1-hexyl (-CHCH,CH,CH,CH:CH3), 2-hexyl (-
CH(CH;)CH>CH,CH,CH), 3-hexyl (-CH(CH,CH;)(CH,CH,CHs)), 2-methyl-2-penty! (-

. C(CH;),CH,CH,CHa), 3-methyl-2-pentyl (-CH(CH;)CH(CH;)CH,CHs), 4-methyl-2-pentyl

(~-CH(CH3)CH,CH(CHs),), 3-methyl-3-pentyl (-C(CH;)}(CH,CH3)), 2-methyl-3-pentyl (-
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wherein P is selected fromH -OR -NR2 , -CN, halo
and Cl1-C6 allcyl. Typically in conmpounds of the
wx)hﬁ%@ﬂﬁb R3 takes definition (a) or (b) asp@glsiffoessss
above. 5In one aspect the invention provides a
conpound which is a fused pytimdine of formula (la")
or (Ib" "): --N1"---\ R3'R' ft (Ib"") 10 7-S-y
N CHR'R 0O wherein R2, R3, X, Y, Z, R and R' are
as defined above for fornmulae (la) and (Ib'); or a
pharmaceutically accepte 38I e salt thereof; WO
2007/ 127175PCT/ US2007/ 009866 -29- with the provisos
that, in formula (la") only: (i) R3 is other than
I [ 7
cmcn%fﬂ%ﬁ‘iﬂb@h% her-‘&hﬂéﬁ}?ﬁé@gﬁ%p (2{3211,?% 0 frfgz) §c $£5-dimethyl-2-butyl
(—CH(CHMI(E}E{%NNEZ and -al k- nor phol i no when the foI | owi ng

e

selectedMEromh @alog ke, dlicixyovarbgeyaid, s &t bs bimeinbered satm@béd, Neaotaining

reterocsic R RS RTeR AL i S orC Y B BRRo i n SRR and

" .CONRIJ, Svieeréinzach Ry H, nidub@itakd byl §:40,arydsalkyignd M iO1 or 2. Itis,

for instance, a hydroxyalkyl group, a haloalkyl group or a group —alk-N@R*)R’) wherein alk

is an alkylene chain and R* and R form, together with the N atom to which they are attached,

a 5- or 6-membered saturated N-containing heterocyclic group which includes 0 or 1
additional heteroatoms selected from N, S and O, which may be fused to a benzene ring and

which is unsubstituted or substituted.

Typically R is selected from halogen, alkoxy, carbocyclyl, a 5- or 6-membered
saturated N-containing heterocyclic group as defined above, OH, CN, NR;, -COOR 2and -
CONR;, wherein each R is H or unsubstituted alkyl as defined above. It is, for instance, a
haloalkyl group or a group —alk-N(R*)R®) wherein alk is an alkyiene chain and R* and R’
form, together with the N atom to which they are attached, a 5- or 6-membered saturated N-
containing heterocyclic group as defined above.

An alkylene group is unsubstituted or substituied, straight or branched chain
saturated divalent hydrocarbon group. Typically it is C;-Cg alkylene, for instance C;-Cg
alkylene. ‘Preferably it is C;-C4 alkylene, for example C,-C; alkylene, such as methylene,
ethylene, i-propylene, n-propylene, t-butylene, s-butylene or n-butylene. It may also be
pentylene, hexylene, heptylene, octylene- and the various branched chain isomers thereof.
When the alkylene group is substituted it is typically substituted by a group R as defined
above.

An alkenyl group is an unsubstituied or substituted, straight or branched chain
hydrocarbon radical having one or more double bonds. T;rpically it is Cy-Cy alkenyl, for
instance Cy-Cg a]kenyi, such as allyl, butenyl, butadienyl, pentenyl or hexenyl. When the
alkenyl grouﬁ is substituted it is typically substituted by a group R* as defined above or by
alkyl which is unsubstituted or substituted by a group R* as defined above.

An alkynyl group is an uasubstituted or substituted, straight or branched chain
hydrocarbon radical having one or more triple bonds. Typically it is C,-Cg alkynyl, for
instance C,-Cg alkynyl, such as ethynyl, propynyl or butynyl. When the alkyny! group is
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(La) wherein Xis O or S; Rl is a group of fornula:
NNCH Rs 15 R2 is H halo or Cl1-C6 al kyl R4 and R5

wo b@pAp7ib9get her with the N atomto which theypafgs2007009s66
attached, a group sel ected from pi perazine,

pi peridine, pyrrolidine, oxazolidinone, diazepan and

2,5-diaza-bicyclo[2,2,1]- heptane, which group is

unsubstituted or substituted by

-[(alk)g-NR], -S(0)2-(al k)g-Z or 20

-C(0)-(alk)g-S(0)2Z whertgin Zis R4 or _Nt," 'R 2,

or by unsubstituted Cl1-C6 al kyl, hydroxyl-Cl-C6

al kyl, oxo (=D), -(alk)g-OR, -C(0)-C(R).2-NR) 2,
substitutéd( 1R)szty§{clgl)l§) Mﬁh&ited b% oﬁﬁ\@[’c&s(&%ﬁg}ﬂgﬁe or by alkyt which is

- -CycC et or
WUbSUmRﬂyrsu@t%lﬂeﬁ by a grﬂup Ri 9& @?ﬁrteﬁ Y®viso that, in

| n azol™- %l'&%p gS ai W&l g?ﬂo&z Shﬁstl'dlté@ gy Bﬁe blsmol-e

grou (1) piperazine
halogendomb. Its:aurbswkmrhalmlbﬂl grpumfbsmmtemfbgor@nmymmmﬂuomhexyh

iel‘fa? chte%c_lls E: Of]]t(l c}{'ln’eslexahglg F)/Eldd (Ip Es%yﬁ%@l%r bromine or 10d1nc
200k B3PS T IS0 T Q866 y, Bi-indthia2, C a@dalkoxy, such as

B 1A T W R N
or substitG{ed) fdRndeatdé)d- Otoup WV 2 Si@intd-dvbve Hfﬁjh ylicyl which is unsubstituted

N e R T S
substituftdl 1) £l pidRb A8 G Qieﬁhe&ﬁbm&a' T‘}Iﬁcm R subbeeids cd‘ﬁoc@*clyl

5 erazi ne, piperi |ne rrolidine ul phon ran
morphogpg Hi p@\), @I}gep % b@%uwhem@@h ga{'g gr ugsub)s/ututcd alkyl

as definlll RE&AZI1 Ne, piperldlne pyrrolidine, sulphonyl pyran
or Heterocyclyl is tnsubstituted or substituted by

Bicagwcatlyy Broup(is  lnpg=apRuafic sase@}ezl mranocRelig hydrgearbyin dag.
typicali? hg{%&ﬁ% ?Ité} Yo leo%pl%iét%%t a;y b% C& i gb:gaoaik?l group, or Cs-Cio
cycloalltyigndngi, if@n,madnceomydci;eopy!@cgﬂmjp}sl E§fcld1ﬁbnl3dr mclamggl, bhecloheptyl

or cyclo&:%& Ac E c%g;%'i“g%%?"‘%'%? f:t he Eu%hc? cit)r; S%—S uthcfir f g%ce by a
group R@:ﬁs ddﬁned Rdo.3r By Elk?]aﬁthldhnd epaidantddorsabaitired bﬁ/racgfoup R*

as defingll A AT b BRI g B At matehqig: R G aRL COOR

and -CONIRY, vitic@eialehale Rad H ar &xsuegutﬁ:eammhsdeﬁmt:ed
N—contalnln heterocycllc(grou cont ai ni n

- Ao rxely sasised heta Agn S ¥F ﬁ%ky? “qquan@r igstance
cyclopr%ﬁ,%r&g?b%%f &+& ﬁeﬁl@ﬁ dr@%ﬁ@ﬂﬁn% al%@{x@Ftc%fglyﬁ EsQf%yclopropyl

-S(0)2 R1, "and -(al k)qg-ORr, Tet
group. t et rahycirof uranyl or tetrahydropyranyl group, mhlch

AT RWR 6L BembiRaishiuthed N Eorthindld RddrBEyclic group which includes 0 or 1
additional hetercatoms selected from N, S and QO is unsubstituted or substituted and is

typically selected from morpholine, piperidine, piperazine, pyrrolidine and thiomorpholine.
When a 5- or 6-membered saturated N-containing heterocyclic group as defined
above is substituted it is typically substituted by one or more substituents, for instance 1, 2 or

. 3 substituents, typically by 1 or 2 substituents. Typically the substituents are selected from

alkyl which is unsubstituted or substituted, alkoxy which is unsubstituted or substituted, -

NR,, -NR")-alk-OR, -alk-OR, -O-alk-OR, -alk-C{O)NRa2, -C(O)NR;, -alk-Het, -N(R)-
Het, -O-Het, -N(R)-C(O)-alk-OR, -C(O)-N(R)-alk-OR, -alk-S(O%R, -N(R)-alk-OR, -
alk-NR'R”, -NR')-S(OXR, S(ORR', -alk-N(R)-alk-OR, -S(0),-alk-OR, a second 5- or
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20 Heterocyclyl is a 5- or 6-nenbered saturated
N-cont ai ni ng heterocyclic group containing 0 O 1
wo sddiiienal heteroatons selected fromO, N angcfus2007/009866
Cyclyl is a C3 - C6 cycloallcyl group; each q is
i ndependently O or 1; risOorl; 25alk is Cl1-C6
allcylene; and R3 is selected from (a)a group of
the foll owi ng fornul a: VO '
2007/ 127175PCT/ US20071009866 -31- -C(O0)N(R)2, -NR2,
-NRC(0) R, -S(0)1111" 1(Ry3. -0C(0)R, 0C(0) N(R) 2,
-NRS(0). R, - NRC(O)N(R)2, CN, hal ogen and - NC2,
wherein each 12 is independently selected fromFl,

6—mem@éé&|§§]ﬁ{‘eﬁg\l— OBtainifid ReCdelOfd Kbup @B dein®t abRe, a 5- or 6-membered
12-nenmpered aryl or heterdary roup, .the group bein
N-contaimisg heteroarylegronp Whidhsis iupsitbstitutedof %betlwedzaléﬁu&qh gy be fused

1. ' b te Whicet) GoRER] 1,
to a bengenexiflf, LOGLOLINRLAA0), ORI SNH di
—CO-alla@it bain: it Brapaligiensdiagt tedefinedmboveintieSs avihios lf-membered

NcaneffiBel ol A Sofle TS B hubBor st i
H or aligOpvisngogprbapziae: bomigd whiNcthey snaynferhstogethteditbthe N atom,

substi tuted. an ich.i,s fused to a heteroar r.oup. . .
a senuraigd Sror GHBATREB0QY-cougining hHERRREE Sroua s JomensRe Hhich i
unsubstidlell or REbERbted Wabh of RE 2k RYiiS @lepditenti{ 1), aWe Br 2kbRy; and R™"
formula (la) is S. then R3 is other than an indol e or

is alkyl svhiglyigrupryhstiergd oysuhsptuteth dorinptaapreby &Ep.iNRor @Ry & S- or 6-

| . B3 . . ) -
e
membemkiNonsinng betewapyl rarowmindefpkd horaim| the ¢did hptetacaelic guid
hetcroalsffl rﬁ%&}%ﬁhﬁgﬁ% ulgs%jmtlézl L)rN su%s{ialtga. ﬁ'nlaf be sﬁﬂsﬁ&téﬁ% aogljoup R as
defined above or by alkyl which is unsubstituted or substituted by a group R?® as defined
above,

Typically a 5- or 6-membered saturated N-containing heterocyclic group as defined

above is substituted by a group selected from alkyl which is unsubstituted or substituted,
alkoxy which is unsubstituted or substituted, 2 second 5- or 6-membered saturated N-
containing heterocyclic group as defined above, a 5- or 6-membered N-containing heteroaryl
group which 1s unsubstimted' or substituted and which may be fused to a benzene ring, -
COOR, -CONR3, -CONR, oxo (=0), OH, -NSO;R, -SO;NR; or -CO{CHz),OR wherein R is
Hor alkyl, ;-NR'R" wherein each of R’ and R" is independently H, alkyl or alkoxy, and -
SOZF_."" wherein R'” is alky! which is unsubstituted or substituted, for instance by NR; or a 5- .

. or 6-membered saturated N-containing heterocyclic group as defined above,

More typically a 5- or 6-membered saturated N-containing heterocyclic group is
substituted by one or more substituents selected from alkyl as defined above which is
unsubstituted or substituted (for instance by R?® as defined above), haloalky] as defined
above, alkoxy as defined above which is unsubstituted or substituted, halogen, hydroxy, CN,
nitro, amino, oxo (=0), and -NR'R"’ wherein each of R’ and R” is independently H or alkyl.

A heteroaryl group is a heteroaryl group which contains 1, 230r4 ring nitrogen

atoms and O,lor2 additional heteroatoms selected from O, N and S, which group is
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wherein 20 Xis Oor S; Yis Nor -CH; R2is H halo
or CI-C6 alkyl; each It' is, independently, H Cl-C6
W()%(}KMEF;I% hydroxyl Cl-C6 al kyl, or two groupscBusoidzo0osss

sane carbon atom form an 0xo (0) group; or

vvhen Yis N two groups R on different 25 carbon

atons together forma -CH2- bridgehead; WO

2007/ 127175PCT/ US2007/ 009866 -32- each R' is,

i ndependently, Hor Cl1-C6 al kyl, or two groups R' on

the same carbon atom forman oxo (=0) group; Zis R

or --(alk)g-NR 1R12; R1is H, Cl-C6 alkyl which is

unsubstituted, or CF3; 5 Rl1 and R12 are each

. monocfcﬁg §g§{ag?ﬁk{ Ju}éi é;‘ficig ngib%&%@ orgub%&éhkg{ 1&?@;&8&1];} £5-t0 12-

membered gigh dixatrgren ofld bdterohey] Bratpdneltide pwmmlh they are
at ur,at ed cont ai nicn%dole

att.ached, a 5-.or 6:ngnbered
pyrazol B RO e RO lo0 HLEh: g L. ozl RaaAzole
isoindolegl srdm}cﬁasn&ﬂmehe,q:yﬁdmﬂonu p@'ﬁduﬁ, peridis- Dol imidazble, 1,3-
Qalk is Cl -C6_ al kyl. Q%gd (e he |sslecteijfrucé)nmme

 dihydrochenzimjfiaznlonss. bpRTH

A aﬁiu bﬁﬁmbyﬁagolg{ nSUBSidht dinand
1smlmmm}f%:g&ﬁsx,lcja:llﬁect ed %ﬁh O%ﬂ - SR, CI?Q(P - (%‘Fgﬁ

pyrimidizey PHIdAZIeC R aFine e(l‘trssslgemum( &rffqrzs%’ﬁmplewi%ip igpgazole,
indole, %%%%glﬁ%% : M_E%(O M}&T Rg(“ Qﬁﬁbi@@bsﬁjtﬁ%@% g&elaﬁnulted, for
instancegpyia g19@R,R vmrsemﬁeéehow ardyi f#@ép’én it unsubssituted o substituted

Kyl, G - Cl10 cycloalkyl and a 5- to
byagmf%qgn%erea ary Cor heteroaryl group, .the group being

AnSulssi-itenttede N @uidbing hetedyaryh g‘rsu;.i_whichzmambeq is 0,

1 or 20(b).a _he ar rou ich ot ain
fused 103 o e B P R OB £ PRI S I il drrone
mdazoleh ehiazsle] isdthizzelee okmblé I e Bz o) dndble vmmmho@; D,Gfﬁﬂlﬁiro—mdol-Z—
onqcycl bi cyglic and. whi.c S,..=Ssubsti t.ut.
one, pyRdiBE T aanglgﬁdp ER g?loﬁ}b’d(?%ﬂ]r‘ﬁrh'l %-d %éﬁ%‘ﬁﬂ‘g“f’?ﬁ?ﬁ
benzimidRE S8 BehzotARbRL bEsiotdagikze bQ&mbHﬁ@%o@ﬁ@ldm;bQﬁmh@xahne
fused to a heteroaryl group as_defined above; 25 or a

pyrazolepyziding SMIPGAF13PlnoBeJigAZePKAdine.Rysnpdine. RyHigpzRrend pyrazine.

. When se&pyh&&%a}ﬁ hroud ﬂs)s%sﬁrazea&hﬁay bb §1‘ibsﬁ'ﬁuté@ g9 |a%r@dip R as defined
|

3- hydr oxyphenyl roup when S ii)Z ot her
above of bk GG s Getbled POsHERERted by X FRARID rdgtined above.

- al k- m)rphollno when the foll ow ng
_aresatlsfled YISN “each of R and R' is H Ris
ialeks -4-y1,

The present invention provides fused pyrimidines which are 4-morpholino
thienopyrimidine and furanopyrimidine compounds, and pharmaceutically acceptable salts
thereof, that are potentially useful in the treatment of diseases, conditions and/or disorders
modulated by PI3 kinases. The compounds may inhibit pl 10 isoforms including alpha, beta,
gamma, and delta as pan inhibitors. The compounds may be pl110 isoform selective
inhibitors by selective inhibition of one of the p110 isoforms.

More specifically, the present invention provides a compound which is a fused

pyrimidine of formula Ia or Ib:
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WO 2007/ 127175PCT/ US2007/ 009866 -33- (iii) Zis
ot her than Me when the following are satisfied: Y is
wo 206tha7igach of R and R' is H R2 is H and R3péHus2007/009866

i ndazol -4-yl . In one aspect the invention

provi des a conpound which is fused pyrim di ne of

formula (Ib'): 5 (10 R" 0 RIR Z-

(al k) gl NR-(al k) O N---CH2 ORER wherein X is 0 or S

Yis Nor -CH; Ris H halo or CI-C6 alkyl; to each

R is, independently, H;5.Cl-C6 al kyl or hydroxy-Cl-C6

al kyl, or two groups R on the sane carbon atom form

an oxo (0) group; or when Yis N, two groups R on

di fferent garbon atons together forma -CH2-

bri dgehe ch R'" is, independently, Hop C-Cs

al kyl , E:t \s\;rgroups R' on the sane carb m form

‘éfﬁoxo( oup; 152|sR10r-aIk)q€§

is H Cl1-C§ al kyl which is unsub tt)lt weed, CF3; RH
ch i ndependent |y sel ect ed frgmH C-C6

or R

@l K unsubstituted and -

and d;.Erform wi-th the t V\/nlhthey

are a tach - or 6-nenbered sat F‘ : “O/i

N- corfizai ni ng heterocyclic group contalning orr

addi t1onal 20 heteroatons selected from0O, Nand S; q
XisOar$:0 or 1; alk is C1-05 allcylene; and and R3 is

R! isa%éh;?%f?&nﬁﬁé?m (a)a group of the follow ng formnul a:
4

¢ > N—CHy—o .
R~ :

R? is H, halo or C;-C alkyl

R* and R® form, together with the N atom to which they are attached, a group selected from

piperazine, piperidine, pymrolidine, oxazolidinone, diazepan and 2,5-diaza-bicyelof2,2,1}-
heptane, which group is unsubstituted or substituted by -[(alk)q-NR]}-5(O)2-(alk)q-Z or —
C(O)~(alk)y-S(O)Z wherein Z is R'® or -NR''R"?, or by unsubstituted C;-Cg alkyl, hydroxyl-
C;-Cs alkyl, oxo (=0), (alk)-OR, -C(O)}-CR)2-NR)2, -C(R)2-C(O)-N(R), -C(O}NR)q-
(alk)q-OR, -C(O)-cyclyl, -C(O)R, -C(O)OR, -C(Q)-Tetor
_NRPR™:
or 6ne_of R* and R’ is C;-Cg alkyl, -(alk)-Heterocyelyl or -(alk)~-OR and the otheris a
piperazine, piperidine, pyrrolidine, sulphonylpyran or -(alk)e-Heterocyclyl group, wherein
said piperazine, piperidine, pyrrolidine, sulphonyipyran or Heterocyclyl is unsubstituted or
substituted by C;-Cs alkyl, -(alk)q-OR or —S(O); R'%;
R is H or C,-Cg alkyl Wthh is unsubstituted;
each R’ is, independently, H or C,;-C; alkyl which is unsubstituted, or the two groups R’
form, together with the C atom to which they are attached, a cyclyl group;

10 3¢ H, eyclyl, Cj-Cg alkyl which is unsubstituted or CFs;
R and R are each independently selected from H, C;-Cs alky! which is unsubstituted and
—(alk)q-OR, or R and R"? together form, with the N atom to which they are attached, a 5- or
6-membered saturated N-containing heterocyclic group containing 0 or 1 additional

heteroatoms selected from O, N and S;
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WO 2007/ 127175PCT/ US2007/ 009866 - 34- wherein B
is a phenyl ring which is unsubstituted or
wo%bﬁiﬁwt ed and Z is selected fromH -OR - &Ryus2007/009866
20R, -CO2R, CF20H, CH(CF3)0H, C(CF3)20H,
(CH2),10R -(C1H2),INR2 -C(0)N(R) 2, -NRz, -NRC(O)R
-S(0).N(R) 2, -0C(0)R, OC(0)N(102, -NRS(O)"
NRC(0) N(R) 2, CN, hal ogen and -NO2, wherein each It i's
i ndependently selected fromH, Cl- 5C6 al kyl, C3 -
C10 cycl oal kyl and a 5--40 12-nenbered aryl or
het eroaryl group, the group being unsubstituted or
substituted, mis | or 2 and qis 0, 1 or 2; (b)a
R? and Rt £ QALY IndOpidentM s 8cts@ Bt 05-Ch alidi, -3(0, A iang
nitrogen atons and 0, 1 or 2 additional het er oat ons
-(alk)q-@BL ected from O and S, which group is nonocyclic or

re i AN A0, Ll o S Bt

substituteds ubsti t ut ed or substituted and which is fused to a

f oatyl def
sl RS e ASEL A4 B PhsBpcstic srou poining
orl addjﬁmﬂﬁpemamhemlmtemfrmnc}plﬁomdcﬁas a conpound which is

ne of formila (la") or (Ib" 15 0
CY"“’“(‘I"“adzj qug EPURA NR3 R6 \(/\o )oor (e

eachqzag%béﬁﬂeh%mmuszoow 009866 -35- R2 is H, halo or
Cl-C6 alkyl; R4 is Cl-C6 al kyl, -(alk)qg-Heterocyclyl,
risOords _(al k)Qq- OR R 5 is a piperazine, piperidine,
alk is prj%ragiy;éﬂengmd sul phonyl pyran or -(al k)qg-Heterocyclyl
roup,” wherein said piperazine, piperidine,
*is selegteddTomii rte, sul phonyl pyran or Heterocyclyl group is
trrs §rH}§5foh§: ed by Cl-C6 al kyl,
|k;hbqé{é§gg§ﬁ%(%§lgw R |sHIaH Cl-C6 al kyl which is
—substltut ed; RD Cl-C6 al kyl which s
=substituted, or terocyclyl is a 5- or
6- menber ed saturated N gontaining heterocyclic group
containing O or | additional heteroatons sel ected
whemriOB ilNa phend rinpOghis Doy igsubbtituled EEuiGaitatefydrdieis selected

from HOUk 288 Bir,bk, SEbER! 8, S0P I(CF,)OH, C(CF3):0H, (CH2)OR, -
(CH2)}NR;z, -C(O)N(R)2, -NR2, -NRC(O)R, -S(0)mN(R)z, -OC(OR, OC(OINR),. -NRS(O)
=R , “NRC(O)N(R):, CN, halogen and -NO,, wherein each R is independently selected from
H, C;-Cs alkyl, C; - Cjo cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the

group being unsubstituted or substituted, mis lor2and qis 0, I or 2;
)] a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or

- bicyclic and which is unsubstituted or substituted; and

(c) a group comprising a benzene ring which is unsubstituted or substituted and

which is fused to a heteroaryl group as defined above;

or a pharmaceutically acceptable salt thereof;

with the provisos that:
(i) when X in formula (fa) is S, then R? is other than an indole or 3-
hydroxyphenyl group;
(ii) when X in formula (Ib) is S, then R’ is other than an indole group;



10

15

20

25

(a)a group of the following formula: 15wherein Bis
a phenyl ring which is =substituted or substituted
Woﬂﬂﬂﬁl’@ selected fromH -OR -SR CHZOR -f&RBs2007/009866

CF20H, CH(CF3)O0H, C(CF3)20H, -(CH2)qOR, -(CH2),INR2

-C(0O)N(R) 2, -NR2, -NRC(0)R, -S(0O)N(R) 2, -0C(0)R,

OC(0) N(R) 2, -NRS(O),"R, - NRC(O)N(R) 2, CN, hal ogen

and - NO2, wherein each Ris independently selected

fromH C 1- C6 alkyl, C3 - Cl10 cycloal kyl and a 5-

to 12-menbered aryl or heteroaryl group, the group 20

bei ng =substituted or substituted, mis 1 or 2 and q

is 0, 1 or 2; (b) a heteroaryl group which

c ortgg' 1ﬂsfmjmulg Iglg? ofily, dhkh BOisY APRER BRLMR? mﬂd&o\i\ﬁ ﬁ{fhcn R*

ti onal eroatons selected fromO and S.
gr ¢og R sdametdeymi (Expiperaping ydlicl isingubiiteiad ps substituted by a group
un it Su T N ol
%g%%%:g nf.gc?xﬁ% g %zb;zgdgée fhl(lggz”f}}ge&ﬁ alk-OFL, -alkl &BMEA —S(O),-alk
u nsNIb%ﬁ,l mdt—@ﬂoapr alkttbsnplhblmad}r én)dp@ﬁndﬂnf: mrhlq:IBIstub&édutBé by a

h
pndr b g Vo SRR M5 S(Qp Mo, methy
DI Qperitiing bt -NRIIRIA eihedéin ond of R and R Y3 -(al) SORt hen

R3 is other than an indole or 3- hydroxyphenyl group;
and 30(ii)when X in formula (Ib") is S, then R3 is

In ofid B@bolifddht @k indeEidh 900dRs a c¥¥@pound which is a fused pyrimidine of
2007/ 127175PCT/ US2007/ 009866 - 36- Specific exanples

formuladfa’)¢onpounds of the invention include: Table |a
Conpound No. Str@gt)ure Nanme 1 O [ *ONNNNH

®

SRR
O R L]
(;k)'g [NR-(alk)}, —Y. NR CH ¢ | \i
Z—(a qa v (@i )qir — - 2 NN
o R N~ RS
wherein
XisOorS;

Y is N or —CH-;

R? is H, halo or C;-Cg alkyl;

each R’ is, independently, H, C,-Cy alkyl or hydroxyl- C,-Cs alkyl, or two groups R’ on the
same carbén atom form an oxo (=0) group; or when Y is N, two groups R’ on different ,
carbon atoms together form a —CH,- bridgehead;

each R’ is, independently, H or C;-C alkyl, or two groups R’” on the same carbon atom
form an 0);0 (=QO) group;

Z is R or —(alk);-NR''R'%;

R¥%isH, a Cy—-Cg cycloalkyl group, C1-Ce alkyl which is unsubstituted, or CFs;

R'" and R'? are each independently selected from H, C-Cg alkyl which is unsubstituted and —
(alk};-OR, or R and R" together form, with the N atom to which they are attached, a 5- or
6-membered saturated N-containing heterocyclic group containing 0 or 1 additional
heteroatoms sélected from O, N and S;

qisOorl;



1¢

15

(1 5,4S)-24(2-(1Hindazol -4-y1)-4-
nor phol i not hi eno[ 3, 2-d] pyri m di n- 6-

wo YlerRifiyd ) - 5- met hyl sul fonyl - 2, 5- PCTAUS2007/009866
di aza- bi cycl o[ 2. 2_1Thept ane 2 0 NNMNH

2- (1H i ndazol -4-y1)-64(4- methyl sul fonyi pi perazin- 1
- yl)nethyl)-4-norpholinofuro[3,2- dlpyrimdine N

3 O NNH 2-0 '

H i ndazol- 4-y9- 6- a4- ( N- nor phol i no) sul f onyl pi per azi n- |
-yl') met hyl') - 4- nor phol i ngghi eno[ 3, 2- d] pyri m di ne

risGorl;
alk 1s Cy-Cg alkylene; and
R’ is selected from:

{(a) a group of the following formula:

z

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from H, -
OR, -SR, CH,0R, -CO:R, CF,0H, CH(CF;)0OH, C{CF;);0H, -(CH3);OR, -(CH3}NRz, -
C(ON(RY),; -NRg, -NRC(O)R, -S(O)mN(R)2, -OC(O)R,
OC(OIN(R)2, -NRS(O) mR , -RC(C)N(R), CN, halogen and -NO,, wherein each R is
independently selected from H, C;-C¢ alkyl, C; - Cyo cycloalkyl and a 5- to 12-membered
aryl or heteroaryl group, the group being unsubstituted or substituted, m is 1 or 2 and q is G,
lorz; ,

(b) | a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional hetercatoms selected from O and S, which group is monocyclic or
bicyclic and which is unsubstituted or substituted; and _

©) a group comprising a benzene ring which is unsubstituted or substituted and

which is fused to a heteroaryl group as defined above;

_/)r a pharmaceutically acceptable salt thereof;

20

25

with the provisos that:
6)) R is other than an indole or 3-hydroxyphenyl group when X is S;
(i)  Z is other than a group selected from Me, ~(alk),-NMe; and —alk-morpholino
‘when the following are satisfied: Yis N,ecachof R>and R” is H, R?is H and
R? is indazol-4-yl;
(iii)  Z is other than Me when the following are satisfied: Y is -CH-, each of R” and
R is H, R%*is H and Riis indazol-4-yl.

In another embodiment the invention provides a compound which is fused pyrimidine
“of formula (Ib):
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rTh.1 ON-S _ 4. 0, 0--1\"0CNJ NN

WO 2007/127175 ‘ PCT/US2007/009866
-19-
(Ib" [Oj
. w o [N
o | RER .. R
i / NN
Z— (alk)g—S— [INR-(alk)g,—Y,  N—CH, | By
(U)- - R' : X N/ ) RS
RR'R -
wherein
XisQorS;

© YisNor—CH-;
_ R?is H, halo or C,-Cq alkyl;

each R’ is, independently, H, C;-Cs alkyl or hydroxy-C;-Cg alkyl; or two groups R’ on the
same carbon atom form an oxo (=0} group; or when Y is N, two groups R’ on different
carbon atoms together form a —CH»- bridgehead;

each R” 1s, independently, H or C;-C¢ alkyl, or two groups R”” on the same carbon atom
form an oxo (=0) group;

Z is R'® or —(alk)-NR''R"%;

R%isH,aCs—Ce cycloalkyl group, C,-Cs atky!l which is unsubstituted, or CFs;
R" and R'? are each independently selected from H, C;-Cs alkyl which is unsubstituted and — -

(alk)4-OR, or R'! and R'? together form, with the N atom to which they are attached, a 5- or
6-membered saturated N-contaiming heterocyclic group containing 0 or 1 additional
heteroatoms selected from O, N and S,

gisOorl;

risQorl;

alk is C-Cg alkylene; and

R? is selected from:

(a) a group of the following formula:

Z

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from H, -
OR, -8R, CH,CR, -CO3R, CF20H, CH(CF3)OH, C(CF;),0H, -(CH;){OR, -(CH);NR;, -
C(OIN(R)2, -NR2, -NRC(O)R, ~-3(0)ulN(R)2, ~-OC(O)R,



241H i ndazol -4-y1)-6-(((3S, 5R) - 3-
met hy14- et hyl sul fonyl p iperazin- 1 -

wo YobyABt 1) - 4- nor phol i not hi enop, 2- dMyri mi di nﬁcrmszommoz)%s
WO 2007/ 127175PC T/ US2007/ 009866 -37- 5.. 0C) N

6- ((4- et hyl sul fonyl pi perazin-1 -
yOnet hyl) - 4- nor phohno- 2- (pyrim di n- 5-yQt hi eno[ 2, 3-
d] pyri m di ne N No-, --,S,.."

-20-

OC(O)N(R)2, -NRS{O) mR , -RC(O)N(R)2, CN, halogen and -NO,, wherein each R 1s
independently selected from H, C;-Cg alkyl, C; - Cyo cyclc;alkyl and a 5- to 12-membered
aryl or heteroaryl group, the group being unsubstituted or substituted, mis 1 or2 andq1s 0,
1or2; o . )
5 b) a heteroaryl group which contains 1,2, 3 or 4 ring nitrégen atoms and
0,1or2 additionai heteroatoms selected ﬁ'c;m O and S, which group'is monocyclic or
- bicyclic and which is unsubstituted or substituted; and

() a group comprising a benzene ring which is unsubstituted or substituted and

which is fused to a heteroaryl group as defined above;
10 or a pharmaceutically acceptable salt thereof.
In a yet further embodiment the invention provides a compound which is a fused

pyrimidine of formula (Ia””) or (Ib’*):

- O

R&N X N
— CHy—
/ \ A A
RS N R’
R
15
o}
(16" E j
RZ N

\N—--- cH— :/ i
N N3

wherein
XisOorS;
20  R?is H, halo or C;-Cs alkyl;
R* is C)-Cg alkyl,-(alk)g-Heterocyclyl, or ~(alk),-OR;
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0 6. 0
2- (1H i ndazol-4-yl)-6-(((3S, 5R) -3, 5-
wo shofeiyd - 4- met byl sul f onyi pi perazi n- PCT/US2007/009866

-23-

R’ is a piperazine, piperidine, pyrrolidine, sulphonylpyran or {(alk);-Heterocyclyl group,
wherein said piperazine, piperidine, pyrrolidine, suiphonylpyran or Heterocyclyl is
unsubstituted or substituted by C,-Cs alkyl, ~(alk),-OR or-S(ORR'%;

R is H, C;-C¢ alkyl which is unsubstituted; '

R'isH, a C; — C4 cycloalkyl group, C-Cg alkyl which is unsubstituted, or CF;

_ Hetefocyclyl 1s a 5- or 6-membered saturated N-containing heterocyclic group containing 0

or 1 additional heteroatoms selected from O, N and S;
gisOorl; ‘

alk is C;-Cg alkylene; and

R? is selected from:

(a) a group of the following formula:

- whereinB isa phehyl ring which is unsubstituted or substituted and Z is selected from H, -

OR, -SR, CH2OR, -CO:R, CF,0H, CH(CF3)OH, C(CF3);OH, -(CH2)qOR, (CHz)gNR2, -
CLOIN(R)2, -NRz, -NRC(O)R, -S(O)}mN(R),, -OC(O)R,
OC{OINR), -NRS(O) mR , -RC{O)N(R)2, CN, halogen and -NO;, wherein each R is
independently selected from H, C;-Cg alkyl, C; - Cyp cycloalkyl and a 5- to 12-membered
aryl or heteroaryl group, the group being unsubstituted or substituted, mis 1 or2and qis 0,
1or2;

(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional ﬁeteroatoms selected from O and S, which group is monocyclic or
bicyclic and which is unsubstituted or substituted; and

(c) a group comprising a benzene ring which is unsubstituted or substituted and
which is fused to a heteroaryl group as defined above;
or a pharmaceutically acceptable salt thereof;
with the provisos that:

{1} when X in formula (Ia) is §, then R? is other than an indole or 3-

hydroxyphenyl group; and
(i1) when X in formula (Ib) is S, then R? is other than an indole group.
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In R}, the groups R* and R’ typically form, together with the N atom to which they are

-attached, a group selected from piperidine, piperazine, pyrrolidine, oxazolidinone, diazepan

and 2,5-diaza-bicyclo[2,2,1]-heptane. Typically the group formed by R*and R® is piperidine,
piperazine or pyrrolidine.

The group formed by R? and R’ with the N atom is unsubstxtute:d or substituted by
—(alk),~-NR],-S(O)-(alk),~Z or by unsubstituted C;-Cs alkyl, oxo (=0), (alk)-OR , -C(O)-
CR2-NR)2, -CR)-C(OyNR)2, -C(OHNR)(alk}e-OR, -C(O}-cyclyl -C(OIR, -
C(O)OR, or NR”R“‘

Alternatlvely, one of R* and R i1s Cy-Cg alkyl, <(alk)q-Heterocyclyl or
-(alk)q-OR and the other is a piperazine, piperidine, pyrrolidine, sylphonylpyran or
-(alk), Heterocyclyl group, wherein said piperazine, piperidine, pyrrolidine, suiphonylpymn
or Heterocyclyl group 1s unsubstituted or substituted by C;-C¢ alkyl, -(alk};-OR or ~5(0);
RO :

Examples of Heterocyclyl include piperidine, for instance piperidin-1-yl, piperidin-2-
vl, piperidin-3-y! or piperidin-4-yl, in particular piperidin-4-yl; morpholine; and pyrrolidine,
for instance pyrrolidin-2-yi or pyrrolidin-3-yl, groups.

Examples of —{(alk),-NR]~-S(O)-(alk)e-Z include -S(O)R°, —S(0),~(alk),-NR'R'?
and -(alk),—NR-S(0); R'’. Examples of -S(O);R" include -S(Q); Me and -S(O),-
cyclopropyl. _ A

Examples of —C(G)~(alk)¢-S(O)Z include —C(0)-CH; —8(0);Me, —C(O)-CHMe —

'S$(0):Me and ~C(0)-C(Me), ~S(0);Me.

R'Cis typically H, methyl, propy! (either n-propyl or i-propyl), or CF3.
Examples of —~S(0);-(alk)-NR"'R? include —S(0);-N(Me),. ~S(O);-NHMe, —S(O),-
N(Me)(CH,CH,0Me), —S(0):-N(Me)CH,CH,OH),

——S80—N N J—
. ! SO7—N

and

Examples of -(alk)q—INR-S(O), R'® include -CH;NH(SO:Me),
-CHIN(Me){S()zMe) -NH-S80O:Me and -N{(Me)(SO.Me).
Examples of -(alk)q—OR include —OH, -OMe, -CH,OH, -CH2OMe,
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-CH,CH,0OMe, -CH,CH,0H, -CH,CH>CH,OMe and -CH,CH,CH,OH.

Examples of -C(O)}-C(R")-N(R), include -C(O)-CHz-N(Me),,
-C(O)-CH,-NHMe, -C(0)-CH;-NH,, -C(O)-CHMe-N(Me),, -C(0)-CHMe-NHMe,
-C(0)-CHMe-NH;_-C(0)-C(Me);-N(Me),, -C(0)-C(Me);-NHMe ,
-C(O)-C(Me),-NHy, -C(0)-C(Me)-NH;, |

—C(0)—— G NHMe

—CO—C—NH;

—C(0)—C-—-NMe,
Examples of -C(R);-C(O)-N(R); include —C(Me},-C(0)-NH;,
~CH,-C(0)-NH,, -CHMe-C(0)-NH;, —-C(Me},-C(O)-NHMe —CH,-C(O)-NHMe,
—CHMe-C(O)-NHMe, —C(Me)-C(O)-N(Me),, —CH,-C(O)-N(Me), and ~CHMe-C(O)-N{Me),.
Examples of -C(O)-(INR)¢-(alk)¢-OR when each g is 1 include —C(O)—N(Me)—CHr |
OMe, -C(O)-N(Me)-CH,-OH, -C(0)-NH-CH,-OH, and -C(O)-NH-CH,-OMe.
7 Examples of -C(O)-(NR),~(alk)q-OR when one q is 0 and the other g is 1 include -
C(O)-CH;-OMe, -C(O)—CHM&}—OM&, -C{O)-C(Me) 2-OMe, -C(0)-CH>-OH, -C(O}-

CH(Me)-OH,

-C(0)-C(Me) ,-OH and -C{O)-CH(Me)}-OMe.

Examples of —C{O)-cyclyl include —C{O)-(cyclopropyl).

Examples of -C(O)R include —C{OYH, —C(O)Me, -C(O)Et, and
—C(0)-C(CHas)z .

Examples of -C(O)YOR include —C(O)OH, —C(0)OMe, ~C(O)OEL, and
—C(O)YOC(CHas)s.

In the definition (a) for R® the phenyl ring B is unsubstituted (apart from group Z) or
substituted. When it is unsubstituted the group Z is the sole substituent. Z may be at the 2-,
3-, 4-, 5- or 6- position on the phenyl ring. Typically it is at the 2-, 3- or 4~ position, more
typically at the 3- or 4- position. Z is most typically other than H, such that moiety -BZ is a
substituted phenyl ring. Specific examples of the group Z include -OH, -CH,OH, F, Cl 1-
hydroxyethyl, -NHS(O);Me, -NC(O)Me,
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~ -S(0);NH;Me and -C(O)Me.

When the phenyl ring B is substituted it typically comprises, in addition to group Z,
one or more substituents selected from halo, atkyl, alkenyl, alkynyl, CN, NG, , OR’, SR’,
NR’; C(O)R’, SOR’, SO: R’, SO;NR’> , NC(O)R” and CO2R’, wherein each R’ is
mdepcndcntly H or C;- C5 alkyl.

In definition (b) for R? the heteroary! group is unsubstituted or subst:tutcd It is
typically selected from indazole, indole, pyridine, pyrimidine, benzimidazole, guinoline,
isoquinoline, imidazole and pyrazole, each of which is linked via any available ring C or N
atom. For ins;tance, an indézole group may be linked as indazol-4-yl, indazol-5-yl or indazol-
6-yl. Pyrimidine may be linked as pyrimidin-1-yl, pyrimidine-2-yl, pyrimidin-3-yl or
pyrimidin-4-yl. Pyridine may be linked as pyridin-1-yl, pyndine-2-yl, pyridine-3-yl or
pyridine-4-yl. Benzimidazole may be linked via N as benzimidazol-1-yl. Quinoline may be
linked as quinolin-3-yl or quinolin-4-yl. Isoquinoline may be linked as isoquinolin-3-yl or
isoquinolin-4-yl. Imidazole may be linked via N as imidazol-1-yl _

If the heteroaryl group is substituted it may be substituted by one or more substituents
selected from a group Z, R™ as defined above, alkyl which is unsubstituted or substituted by
aR% as defined above, any group specified above as an additional substituent on the phenyl
ring B, and an oxo group (=0). Typically, if substituted, the hetcroaryi group is substituted
by OH, OMe, NH; NMe; , F or Cl. In one embodiment the heteroaryl group is
unsubstituied.

In definition (¢) for R’ the benzene ring is unsubstituted or substituted. Ifitis
substituted it may be substituted by o-ne or more substituents selected from a groﬁp Z, R¥®
as defined above, alkyl which is unsubstituted or substituted by R?® as defined above, and
any of the groups specified above as an additional substituent on the phenyl ring B. The
heteroaryl group to which the benzene ring is fused is itself unsubstituted or substituted, for
instance by a group Z , R*® or alkyl which is unsubstituted or substituted by a group R* as
defined above; by any group specified above as an option for an additional substituent on the
phenyl ring B; or by an oxo group (=0). In one embodiment both the benzene ring and the
heteroaryl group are unsubstituted.

Groups included in definitions (b) and {c) for R® as defined above include the
following structures:
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wherein each R is independently selected from H, C-Cs atkyl C;-Cg alkoxy, C;-Cs acyl, -
C(O)NR’R”’, -S(O)NR’R”’, aryl, heteroaryl, sulphonyl and halogen, wherein R’ and R”” are
5  each independently H or C;-Cs alkyl and tis 1 or 2; '

each R is independently selected from ~OR'® and -N®R!® ), wherein R'? is as defined

above; ' '

each R is independently H, F or CF3;

each W is independently selected from CR' and N, wherein R"?is as defined above; and W’
10 is selected from O, S and NR wherein R'? is as defined above.

Typical examples of R include
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wherein P is selected from H, -OR, -NR» , -CN, halo and C;-C; alkyl.

Typically in compounds of the invention, Rz'. takes definition (a} or (b) as defined

above.
In one aspect the invention provides a compound which is a fused pyrimidine of
formula (Ia””) or (Ib°*"):
_O
. O
. ) {(1a™) N

0 R

I R
Z—— S v N-— CH

” M R

0 “R“ Rl R'

O
(Ib'l') [ j
N
o R A
Rt R

“ / = N

Z2—S5—Y N— CH /[k
.

” R R X N R

O - R.
wherein

R% R? ;X, Y,Z,R’ and R’” are as defined above for formulae (I2”) and (Ib’);

or a pharmaceutically acceptable salt thereof;
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with the provisos that, in formula (Ia"”") only:

() R? is other than an indole or 3-hydroxypheny! group when X is S;

{ii)r Z is other than a group selected from Me, {a]k)q-NMéz and'—alk—morpholino
when the following are satisfied: Y is N, eachof R’ and R’ is H, R?isH and
R’ is indazol-4-yl; and _ _ ' _

(iii)  Z is other than Me when the followihg are satisfied: Y is —-CH-, each of R’ and
R* is H, R® is H and R? is indazol-4-yl.

In one aspect the invention provides a compound which is a fused pyrimidine of

formula (Ta) or (Ib):

wherein |
XisQOorS;
R'isa group of formula:

R? is H, halo or C;-Cg alky!

R* and R® form, together with the N atom to which they are attached, a group selected from
piperazine, piperidine, pyrrolidine, oxazolidinone, diazepan and 2,5-diaza-bicyciof2,2,1]-
heptane, which group is unsubstituted or substituted by -[(alk)q-NR]-S(O)-(alk)4-Z or
—C(O)-(alk),~S(O)Z wherein Z is R'® or -NR''R*?, or by unsubstituted C;-Cs alkyl,
hydroxyl-C;-Cs alkyl, oxo (=0), -(alk)-OR, -C(O}-C(R'1-N(R)2, -C(R):-C(O)-N(R)z, -
C(O)-(NR)q-(alk)q-OR, -C(O)-cyclyl, -C(O)R, -C(O)OR, -C(O)-Tet or

—NRPR™, with the proviso that, in formula (Ia) only, when X is S and R?is H and R is
indazol-4-yl, said group is other than (i) piperazine which is unsubstituted or substituted by a
group selected from methyl, —S(OhMe , —8(0)2 NMe;, -alk-OH, -alk-OMe, —S(O)p-alk-
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NMes, and —S(O)-alk-morpholino; and (ii) piperidine which is substituted by a group
selected from ~S(O), Me , -C{O);NR—(alk)q-OR, ~NMe-S(0); —Me, methyl, piperidine and ~
NRR™ wherein one of R and R' is ~(alk);-OR;

or one of R*and R*is C;-Cs alkyl, -(alk)q-Heterocyclyl 61‘ -(alk)q-OR and the otheris a

_ piperazine, piperidine, pyrrolidine, sulphonylpyran or ~(alk}q-Heterocyclyl group, wherein
. said piperazine, piperidine, pyrrolidine, sulphonylpyran or Heterocyclyl is unsubstituted or

substituted by C;-Cs alkyl, -(alk)-OR or —S(O) RY;

R is H or C;-Cg¢ alkyl which 1s unsubstituted;

each R’ is, independently, H or C;—C6 alkyl which is unsubstituted, or the two groups R’
form, together with the C atom to which they are attached, a cyclyl group;

R!is H, C;-Cs alkyl which is unsubstituted or CFs;

R'! and R* are each independently selected from H, C;-Cg alkyl which is unsubstituted and
—(alk)4-OR, or R and R'2together form, with the N atom to which they are attached, a 5- or
6-membered saturated N-containing heterocyclic group containing 0 or 1 additional
heteroatoms selected from O, N and S;

R!% and R" are each independently selected from C;-Cg atkyl, -S(O), R, and

~(alk)q-OR;

Tet is a tetrahydrofuranyl or tetrahydropyranyl group, which group is unsubsﬁtuted or
substituted; -

Heterocycly! is a 5- or 6-membered saturated N-containing heterocyclic group containing 0
or 1 additional heteroatoms selected from O, N and 8;

Cyclyl is a C; — C4 cycloalky! group;

each q is independently 0 br 1;

risforl;

alk ils C1-Cs alkylene; and

R? is selected from:

() a group of the following formula:

(-

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from
H, -OR, -SR, CH,0R, -CO;R, CF,0H, CH(CF3)OH, C(CF3),0H, (CH,)qOR, «(CHa)NRz
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-C(O)N(R)z, -NRz, -NRC(O)R, -S(O)mNR), ~OC(O)R, OC(O)N(R)z, -NRS(O) R , -
NRC{O)N(R)2, CN, halogen and -NQO5, wherein each R is independently selected from H, C-
Cg alkyl, Cs - C)p cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the group
being unsubstituted or substituted, mis lor2and qis 0, 1 or 2;
(b} a heteroarjl group which contains 1, 2, 3 or 4 ring nitrogen atorns and
0, 1 or 2 additional heteroamms selected from O and S, which group is monocyclic or
bicyclic and which is unsubstituted or substituted; and )
(c) a group comprising a benzene ring which is unsubstituted or substituted and
which is fizsed to a heteroaryl group as defined above;
or a pharmaceutically acceptable salt thereof;
with the provisos that: _
(i) when X in formula (Ia) is 'S, then R® is other than an indole or 3-
hydroxyphenyl group; and
(it} when X in formula (Ib) is 5, then R’ is other than an indole group.
In one aspect the invention provides a compound which is a fused pyrimidine of
formula (Ia’)
(1a’)

i R
Z—(alk)g—5— INR-(@lk)gl —¥,
O R

wherein

XisQor§S;

Y is N or -CH~;

R? is H, halo or C;-Cg alkyl;

each R’ is, independently, H, C,-Cg alkyl or hydroxyl- C;-Cs alkyl, or two groups R’ on the

same carbon atom form an oxo (=Q) group; or when Y is N, two groups R’ on different

_ carbon atoms together form a —~CH,- bridgehead;
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each R is, indepcndc.nﬂy, H or C;-Cy alkyl, or two groups R’ on the same carbon atom
form an oxo (=0) group;

Z is R' or ~{alk);-NR''R";

R'"%is H, C;-Cs alky! which is unsubstituted, or CFj;
R' and R'? are each independently selected from H, C;-Cs alkyl which is unsubstituted and -
(alk)e-OR, or R!! and R together form, with the N atom to which they are attached, a 5- or '
6-membered saturated N-containing heterocyclic group containing-0 or 1 additional
hetercatoms selected from O, N aﬁd S;

gisOorl; ' '

alk is C|-Cg alkylene; and

and R3 is selected from:

(a) a group of the following formula:

Cx

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from
H, -OR, -SR, CH,OR, -CO;R, CF,0H, CH(CF3)0OH, C(CF3),CH, -{CH;)qOR, -(CH)(NR;,
-C(ON(R)2, -NRz, -NRC(O)R, -5(O)mN(R)2, -OC(OR, OC(OJNR),, -NRS(O) mR , -
NRC(O)N(R),, CN, halogen and -NO,, wherein each R is independently selected from H, C;-
Cs alkyl, C; - Cyp cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the group
being unsubstitute.d or substituted, mislor2andqis 0, 1 or2;

(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heterocatoms selected from O and S, which group is monocyclic or
bicyclic and which 1s unsubstituted or substituted; and

{c) a group coniprising a benzene ring which is unsubstituted or substituted and
which is fused 1o a heteroaryl group as defined above;
or a pharmaceutically acceptable salt thereof;
with the provisos that:

€)) R? is other than an indole or 3-hydroxyphenyl group when X is S;

(ii) Z is other than a group selected from Me, -(alk)q-NMe; and —alk-morpholino

- when the following are satisfied: Y is N,eachof R’ and R is H, R?is H and
R?is indazol-4-yl;
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(i)  Z is other than Me when the following are satisfied: Y is —CH-, each of R’ and

R’ is H, R? is H and R? is indazol-4-yl.

In one aspect the invention provides a compound which is fused pyrimidine of

formula (Ib”):
{Ib" EO:;
O R. R R“R" 1
7— (k) —i— INR-@k)gy —Y. N—cH,— ]| \i
—a q— — - qr—— - 2 -
o ROTOR X
"R R
wherein
Xis0orS;
Y i1s N or -CH-;

R? is H, halo or C;-Cg alkyl;

each R’ is, independenily, H, C;-C; alkyl or hydroxy-C;-Cg alkyl, or two groups R’ on the
same carbon atom form an oxo (=0) group; or when Y is N, two groups R’ on different
carbon atoms together form a —CH,- bridgehead;

_eachR” is, independently, H or Ci-Cs alkyl, or two groups R’” on the same carbon atom

form an oxo (=0) group;
Z is R'® or —(alk)-NR'R'?;
R is H, C;-Cg alkyl which 1s unsubstituted, or CF3;

R and R"? are each independently selected from H, C,-Cg alkyl which is unsubstituted and —

(alk),-OR, or R'' and R"? together form, with the N atom to which they are attached, a 5- or
6-membered saturated N-containing heterocyelic group containing 0 or 1 additional
heteroatoms selected from O, N and S;

qisGorl; '

alk 1s C;-Cg alkylene; and

and R? is selected from:

(2) a group of the following formuia:

Z
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wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from
H, -OR, -SR, CH;OR, -CO;R, CF,OH, CH(CF;)OH, C(CF1}0H, «(CH2){OR, ~(CH:)NR;,

-C(O)N(R)z, -NR2, -NRC(O)R, -S(O}mN(R)2, -OC(O)R, OC(O)N(R),, -NRS(O) mR , -

NRC(O)N(R )2, CN, halogen and -NQO;, wherein each R is independently selected from H, C;-

5  Cgalkyl, C3-Cyp cycloalky] and a 5- to 12-membered aql or heteroaryl group, thp group
being unsubstituted or substitut;.:d, mistor2andqis0,1or2;
(b) a heteroaryl group whi¢h contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or
bicyclié and which is unsubstituted or substituted; and
10 {c) a group corﬁpxising a benzene rixig which is unsubstituted or substituted and
which is fused to a heteroary! group as defined above; -
or a pharmaceutically acceptable salt thereof.
In one aspect the invention provides a compound which is a fused pyrimidine of
formula (Ia”*) or (Ib”*):

(a) - [zj

15

N CHZ——__/\ _ /[L
RS N R’
R

o
“
RZ N
R

. =~ N
. CH 4 J\
/ X \N R3

20  wherein
XisQorS;
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R? is H, halo or C;-Cs alkyl;

R* is C;-Cs alkyl, -(alk)q-Heterocyclyl, or ~(alk)q-OR;

R’ is a piperazine, piperidine, pyrrolidine, sulphonylpyran or —(alk)-Heterocyclyl group,
wherein said piperazine, piperidine, pyrrolidine, sulphonylpyran or Heterocyclyl group is
unsubstituted or substituted by C;-Cg alkyl, -(alk);-OR or-S(O)R'?;

R is H, C1-Cg alkyl which is unsubstituted; ‘

R!%is H, C,-Cg alkyl which is unsubstituted, or CF3;

Heterocyclyl is a 5- or 6-membered saturated N-containing heterocyclic group containing 0
or 1 additional heteroatoms selected from O, N and §;

gisOorl;

alk is C;-C¢ alkylene; and

and R? is selected from:

{a} a group of the following formula:

Ok

wherein B is a phenyl ring which is unsubstituted or substituted and Z is selected from
H, -OR, -SR, CH,OR, -CO:R, CF,0H, CH(CF5)OH, C(CF;),OH, -(CHg)qOK ~(CH2){NR2
-C(OIN(R)2, -NRz, -NRC(O)R, -5{O)mN(R)2, -OC(OR, OC(O)N(R}2, -NRS(O) nR , -
NRC(O)N(R),, CN, halogen and -NO,, wherein each R is independently selected from H, C;-
Cs alkyl, C;3 - Cip cycloalkyl and a 5- to 12-membered aryl or heteroaryl group, the group
being unsubstituted or substituted, mis l or2andgqis 0, 1 or2;

(b) a heteroaryl group which contains 1, 2, 3 or 4 ring nitrogen atoms and
0, 1 or 2 additional heteroatoms selected from O and S, which group is monocyclic or
bicyclic and which is unsubstituted or substituted; and

{c) a group comprising a benzene ring which is unsubstituted or substituted and
which is fused to a heteroaryl group as defined above; |
or a pharmaceutically acceptable salt thereof;
with the provisos that:

(1) when X in formuia (Ia°*) is $, then R? is other than an indole or 3-

hydroxyphenyl group; and

(ii)  when X in formula (Ib’*) is S, then R” is other than an indole group.



2-0 Hindazol-4-y1)-6-((4-Nnethyl-
N- et hoxyet hyl ami nosul f onyl pi peri di n o
wo 20031 y@pet hyl ) - 4- nor phol i not hi eno[ 3, 2- cl | pyr p&tksRR7/009866

NH N
-36-

Specific examples of compounds of the invention include:
Table la

Compound | Structure Name
No.

1 o] , {I5,48)2-((2-(1 H-indazol-4-yl}-4-
o morphelinothieno[3,2-d]pyrimidin-6-

yhmethyi)-5-methylsulfonyl-2,5-

diaza-bicyciof2.2 1]heptane

2-(1H-indazol-4-yI}-6-({(4-
methylsulfonyipiperazin-i-
yhmethy-4-morpholimofurof3,2~
d}pyrimidine :

2-(1H-indazol-4-y1)-6-({4-{N-
morpholine)sulfonylpiperazin--
yhmethyl}-4-morpholinothieno[3,2-
dlpyrimidine

2-{1H-indazol-4-y}-6-({{35,5R}-3-
methyl-4-methylsulfonyipiperazin-1-
ylmethyl)-4-morpholinothienc(3.2-
dipyrimidine
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(—N N N
o N') | N’)k
PN

6-((4-methylsulfonylpiperazin-i-
yl¥methyl)-4-morphohno-2-
{pyrimidin-5-yhthienof2,3-
dlpyrimidine

2-(1H-indazol-4-y}-6-(({(35,5R}-3,5~
dimethyl-4-methylsutfonylpiperazin-
1-ylmethyl)-4-
morpholinothieno[3,2-d]pyrimidine

6-({(2R,68)-4-methylsuifonyl-2,6-
dimethyipiperazin-1-yl)methyl}-2-
{1H-indazol-4-yl}-4-
morpholinothienof3,2-djpyrimidine

S
o, N )
0=5
\
)
N
NH
Q, ,N—)-‘ .
0=5
\
)
N
NH
(_N | N\ N
O, N—
=5 .

6-{((2R,68)-4-isopropylsuifonyl-2,6-
dimethylpiperazin-1-ylymethyi)-2-
{1H-indazol-4-y1)-4-
morpholinothieno[3.2-d}pyrimidine




19. 0

2-01-1-indazol-4-yl)-6-((4-N, Ndi net hyi am nosul f onyl pi

~-38-

wo PRiaghifs 1- yl) met hyl) - 4- nor phol i not hi eno[ 2, 3pcTrus2007/009866
d] pyri m di ne N NH  O..

9. 6-({(2R,6S)-4~
trifluoromethyisulfonyl-2,6-
dimethylpiperazin-1-ylimethyl}-2~
(1B-indazol-4-y1}-4-

[ morpholinothieno[3,2-d]pyrimidine
N
(—N
o. N
0=3
F
F F
10. (@) 6-(((R)-4-methylsulfonyl-3-
[ j methylpiperazin-1-yDmethyl)-2-(1H-
indazol-4-yl)-4- :
N morpholinothieno[3,2-dlpyrimidine
fgIL =
N\ NH
N N/
fises >
o &
il Q 3-{6-{{4-methylsulfonyipiperazin-1-
[ j yl}mcthyi)—é—morphollnothlcn0[3 2-
d]pyrimidin-2-
7 NS yl)benzenesulfonamide
S ~ N O
A I 1.0
= <
(—N N)\Cr NH,
OO-\'\SlN
\
| O (4-(6-{{4-methylsulfonylpiperazin-1-
j yhmethyl)-4-morpholinothicnof3,2-
N dpyrimidin-2-yl)phenylymethanol

0=5 OH
8]




wo Bdodlii#rids - yl ) nethyl)-7-net hyl - 4- "

" S, SNO 1 20. 0
2-011-i ndazol -4-y1)-64(4- N, Ndi met hyl am nosul f onyl pi pe
PCT/US2007/009866

nmor phol i not hi eno[ 3, 2-d] pyri m di ne

-30.

3-(6-((4-methylsulfonyipiperazin-1-

13. L)
[ j yD)methyl)-4-morpholinothieno[3,2-
N d}pyrimidin-2-yDbenzamide
\ =
(—N N NH,
WA
oss
o\
14, Q 1-{(2<(1H-indazoi-4-yl}-4- .
[ j morpholinothienof3,2-djpyrimidin-6-
. N yhmethyl)-4-
methylsulfonylpiperazin-2-one
N\ = NH
—N) N
OS:SIN
\
15. 'e) 1-{A-{(2-(1 H-indazol-4-y1}-4-
[ j 1 morpholinothiena[3,2-d]pyrimidin-6-
yl)ymethyl)piperazin-1-yl}-2-amino-2-
N methylpropan-1-one
Hf;f“ P
NH
N N\ NP
HoN 0O
16. o 2-{2-methyl-1H-benzo[d]imidazol-i-
E j ‘ y)-6-((4-methyisulfonylpiperazin-1-
N . yhmethyl}-4-morphotinothienof2,3-
dlpyrimidine




N =- "N /
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17. O

OH

(3-(6-{(4-methylpiperazin-1-
yhmethyl}-4-morpholinothienof2,3-
djpyrimidin-2-yl}phenyl)methanol

O.::. IN
o
C
18. ’ G 2«{1H-indazol-4-yD}-6-({4-N-methyl-
N. .
( N] methoxyethylaminosulfonylpiperidin

-1-yDymethyl}-4-
morpholinothiene[3,2-dJpyrimidine

o=5
N
/g
19. 9] 2-(1H-indazol-4-yD)-6-((4-N,N-
[ j dimethylaminosulfonylpiperidin-1-
N yl)methyl)-4-morpholinothienof2 3-

djpyrimidine

20. o)

2-{1H-indazol-4-y}}-6-({4-N,N-
dimethylaminosulfonylpiperidin-1-
yDmethyl)-7-methyl-4-
morpholinothieno[3,2-d]pyrimidine




21. 0 2-(1Hindazol-4-yl)-64(4-

nmet hyl sul f onyl pi peridin-1 -

“M)Mh%@?ﬁhy|) 4- nor phol i not hi eno[ 2, 3- dbpyflnldPGﬁMSﬂhhm0%56

YNH - St 01

2- (1FL|ndazoI 4- yl) 6- ((4- Nnethylan1nosu1fonylp|perld

in-1- yl)nmethyl)-
d] pyri m di ne

-43-

4- nor phol i not hi enof 3, 2-

21. 9] 2-(1H-indazol-4-y1)-6-((4-
j methylsulfonylpiperidin-1-
yhmethyl}-4-morpholinothieno{2,3-
N dipyrimidine
22. 2-(1H-indazol-4-y)-6-{{4-N-
methytaminosutfonylpiperidin-1-
. yDmethyt)- 4-morpholmothleno [3.2-
djpyrimidine
23, o 2-{1H-indazol-4-y1)-7-methyl-6-((4-
j (methyisulfonyDpiperidin- i~
yDmethyl)-4-morpholinothienc[3,2-
N dpyrimidine
T
TN
: N
03¢
\
24. e 2-(1H-indazol-4-y)-6-((4-N-4-
[ j methylpiperazinosulfonylpiperidin-1-
yDmethyl)- 4-morpholinothieno[3,2-
N djpyrimidine
P NH
N N
Ox




N ...- NH 0 23. 0
2- (1Hindazol -4-y1)-7-met hyl-6- ((4-

wo towetibmbsul f onyl ) pi periclin-1- PCT/US2007/009866
yQret hyl ) - 4- nor phol i not hi eno[ 3, 2- d] pyri m di ne N

-42=
25. 0 2-(1H-imidazol-1 -y1}-6-{(4-
methylsulfonylpiperazin-1-
. ylimethyl}-4-morpholinothienof3,2-
N dipyrimidine
3 j =N
N\ P
A,
N
7
0=5=0
\
26. . o 2-(1H-benzo[d]imidazol-1-y[)-6-((4-
methylsuifonylpiperazin-1- ’
" yDmethyl}-4-morpholinothienof3,2-
. dpyrimidine
\ =
. PN
N—
O=5=0
27. o ' 2-(1 H-indazol-4-y1)-6-((4-N,N-
. l: :' dimethylaminosulfonylpiperidin-1-
yDmethy!)-4-morpholinothienof3,2-

N dipyrimidine .
N I = NH

"’S\
e
/ O
28. O 2-(1H-mdazol-4-y1)}-6-((4-N-
E j morpholinosulfonylpiperazin-1-
yhmethyl}-4-morpholinothieno{3,2-~
N djpyrimidine
N\ = NH
& "
’N
N__ / 5 O




NH -S .\ 24. 0
2- (1H i ndazol-4-y1)-64(4- N 4-
woO pthylips per azi nosul f onyl pi peri di n-1yl) met hyl ycT/vS2007/009866
' 4- nor phol i not hi eno[ 3, 2- d] pyri m di ne

-43-
- 29. O : 2-(1H-indazol-4-yl)-7-methyi-6-({4-
[ j {methylsuifonyDpiperazin-1-
ylmethyl)-4-morpholinothieno[3,2.
N dlpyrimidine
NH
T
N
—Sa
Rie]
o
30. G N-{(2-(1H-indazoi-4-y1}-4-
[ j morpholinothieno{3 2-dipyrimidin-6-
yDmethyl)-1-methylsalfonyl-N-{2-
. N morpholinoethyl)piperidin-4-amine
Q \ NH
SO e
Y
o
s
31. O 2;{1H-indazci—4-yi)-6—({4-
[ j methylpiperazin-1 -yDmethyl)-4-
N morpholinothienc[2 3-d}pyrimidine
4
NS
N\)
e
32. o | (121 H-indazol4-y1)4-
[ j morpholinothieno[3,2-dipyrimidin-6-
yhmethyBpyrrolidin-2-yI}-N-
o N methylsulfonylmethanamine
= U N




N NH e WD 2007/ 127175PCT/ | TS2007/ 009866
-42- 25, 0 () NN./.1.,_ NLN 2-(1

wo bbormedazol -1 -y1l) - 6- ((4 nmet hyl sul f onyl pi per agcmlszmmogsss
yI)mst hyl) - 4- m)rphol inothieno[3,2- djpyrimdine . G

N 0=5=0
-44-
33. ' 9] 2-chloro-5-(6-({4-methylpiperazin-1-
( j yhmethyl}-4-morpholinothiencf3,2-
N ) dipyrimidin-2-yl)phenol
\ -
(_N N" C-n
N—) ‘ cl
/

34, o " | N-((2«(1H-indazok-4-y1)-4-
morpholinothienof3,2-djpyrimidin-6-
yDmethyl}-N-{2-methoxyethyl)-1-

N methylsulfonylpiperidin-4-amine
NH
3O e
O 2
O
/
3s. O ' 4£-fluoro-3-(6-({4-methylpiperazin-1-
yDmethyl)-4-morpholinothienof3,2-
N dlpyrimidin-2-ylphenol
N\ - = C
(—N N “H
N—) F
/
36. ' o { 2,3-diftuoro-5-(6-((4-
' methylipiperazin-1-yDmethy!)-<4-
morpholinothieno[3,2-d]pyrimidin-2-
N yi)pheno!
; N\ = O
(— N N ~H
N—) F
/ F




\ 26. O N 2-(

nmet hyl sul f onyl pi per azi n- 1-

0=6-0 \ 27. ON NH

H benzo[ dj i ni dazol- 1-y1) - 6- ( (4-

WO y@rathys ) - 4- nor phol i not hi eno[ 3, 2- d] pyri m di rer/t82007/009866

2- (1H i ndazol-4-y1)-6-((4-N, Ndi met hyl am nosul f onyl pi p
eridin-1 - yl)nethyl)-4-norpholinothieno[ 3, 2-

d] pyri m di ne
-45-

37. O 5-{6-({4-methylpiperazin-i-
yhmethyl)-4-morpholinothienof3,2-
dlpyrimidie-2-yl)pyridin-3-ol

N
N\ = o)
(—N NS | T H
7 -
N N
/7

38. 0. 2-{1H-indazol-4-y)-6-{{1-

methylpiperidin~4-ylymethyl)-4-
N morpholinothieno[3,2-djpyrimidine
=N
N-H
39. . o 6-((4-methylpiperazin--vi)methyl)-
[ j 4-morpholino-2-(1H-pyrazol-4-
N yDthienol3,2-d}pyrimidine
A
(—N N ‘ R N
N—) NH
’o

40. O 1-(3~(6-((4-methylpiperazin-1- -
yhmethyl-4-morpholinothieno[3,2-
dlpyrimidin-2-yl)phenyl)ethanol

N
N
N N o P
-
/




\ Ns.- /Ir-0- 0

28.

2-0

H i ndazol- 4-yl)-6-((4-Nnorpholinosul fonyl pi perazi n-1-
woO yhyaetty 1) - 4- nor phol i not hi eno[ 3, 2- d] pyri m dP@&s2007/009866

NH r- \NON S, \,

-46-

/n."0 O N

141

{3-(6-({(4-methylpiperazin-1-
ylmethyl)-4-morpholinothieno[3,2-
d]pyrimidin-2-y)phenymethanol

42,

| N«{(2-(1H-indazol-4-y}}-4-

morphoiinothienc[3,2-d]pyrimidin-6-
yDmethyl)-tetrahydro-N-methyl-2H-
sulfonylpyran-4-amine

43,

2-(4-((2-(1B-indazol-4-yi}-4-
morphotinothieno[3,2-dlpyrimidin-6-
yDmethyDpiperazin-i-yl}-2-
methylpropanamide

N-((2-(iH-indazol-4-yl)-4-
morpholinothieno[3,2-d]pyrimidin-6-
yhmethyl)-1-(2-methoxyethyl}-N-
methyipiperidin-4-amine




WO 2007/ 127175PCT/ 11S2007/ 009866 - 43- 29. To'1 0 A
NN NH 2-(1Hindazol4-yl)-7-nmethyl-6-((4-
wo tgeidbsul fonyl ) pi perazi n- 1- ~ PCT/US2007/009866
yl ) met hyl ) - 4- nor phol i not hi eno[ 3, 2- ‘d] pyri m di ne 30.
N NH N4(2-(111-indazol -4-yl)-4-
nor phol i not hi eno[ 3, 2-d] pyri m di n- 6-
yOnret hyl ) - 1- met hyl sul f onyi - N- ( 2-
nor phol i noet hyl ) pi peri di n-4-am ne

—47-
45, 9] : N-{{2-(1H-indazol-4-y1}-4-
morpholinothieno[3,2-dlpyrimidin-6-
' | yhmethyE}-N,1-dimethylpiperidin-4-
N amine
S N ,._N\
A P NH
- N
:_ N
\
46, ) 1-{2-hydroxyethyl)-4-({2-(3~
[ j hydroxyphenyl}-4-
N morpholinothieno[3,2-d]pyrimidin-6-
yhmethyl)piperazin-2-one
N\ : ; '
ollacH |
-
0
HO
47. 8 4-{{2-(3-hydroxyphenyl}-4-
E j morpholinothienof3,2-dIpyrimidin-6-
yD)methy)-N-{2-methoxyethyl}-N-
N methylpiperazine-1-carboxamide
N\
N N/ OH
=<N 4
C —0O
n—
/
48. Q (4-((2-(1 H-indazol-4-yl)-4-
[ j morpholinothieno{3 2-djpyrimidin-6-
N yhmethyl)piperazin-1-

yiXcyclopropyDmethanone
s "'-N ___,_N‘
AL NH _




o 31 N NH 2-0 Hindazol -4-y1)-64(4-
met hyl pi perazin-1 -yl)nethyl)-4-
WO Elmmmlys not hi eno[ 2, 3-d] pyri rni di ne 3BeT/U2007809866

-48-

49, 2-(1H-indazol-4-yl)-6-((3-
(methyisulfonylpyrrolidin-1-
yhmethyl}-4-morpholinothienof3,2-

d]pyrimidine

50. 2-(1H-indazol-4-y1}-6-({(S)-2-
methyl-4-methylsulfonylpiperazin-1-
y)methyl)-4-morpholinothieno[3,2-

djpyrimidine

51. (3-(6-((4-methylsulfonylpiperazin-1-
yhmethyl}-4-morpholinothieno[3,2-

dlpyrimidin-2-yl)phenyl)methanol

1-{4-{(2-(1 H-indazol-4-yl)-4- _
morpholinothienof3,2-dlpyrimidin-6-
yhmethyhpiperazin-1-yI)-2,2-
diméthylpropan-1-one

52.




/ NI. NH(14(2-(1 11-indazol-4-yl)-4-
nor phol i not hi enoP , 2-dj pyri m di n- 6-

wo Ydob Bty ) pyrrol i di n- 2- y1) - Nret hyl sul f onyl rnﬁéf/@i@m;ﬁogsss

e WD 2007/127175PCT/ US2007/ 009866 -44- 33.

11

2- chl or 0- 5- (64( 4- net hyl pi perazi n-1yQOret hyl) - 4- nor phol
i not hi enop, 2- di pyri m di n-2-yOphenol 34. 0O N
"NH N-((2-(1H i ndazol -4-yl) - 4-

mor phol i not hi enop, 2- dj pypl m di n- 6-

yl )y met hyl ) - N- (2- et hoxyet hyl ) - 1-

nmet hyl sul f onyl pi peridin-4-amne O

53. : 4-((2<(1H-indazol-4-y}-4-
E ) morpholinothieno[3,2-dlpyrimidin-6-
: yhmethyl)piperazine-1-carbaidehyde
S =N _._-N‘
N l = NH
N N
-
\
(@]
54. 1-(4-{(2~(1 H-indazo}-4-yI)-4-
morpholinothiencf3,2-d]pyrimidin-6-
. vhmethyDpiperazin-1-ylethanone
S Y =N
N I P> NH
o
_<N
@
55. o) ety 4-((2-(1 H-indazol-4-yI)}-4-
[ j morpholinothienof3,2-dlpyrimidin-6- |
N yDmethylpiperazine-1-carboxylate
S
N
(—‘N
w4
O
_/ _§O
56. G methyt 4-((2-{1H-indazo}-4-y1}-4-
[ j : morpholinothieno3,2-d}pyrimidin-6-
N yhmethyDpiperazine-1-carboxylate
~_
\ NH
(—N NZ
. N_)
O—<
/o




o 35. O N
4-fl uoro-3-(6-((4-nethyl pi perazin-1-

wo Mo}/ABify! ) - 4- nor phol i not hi eno[ 3, 2- _PCT/US2007/009866
d] pyri m di n- 2- Aphenol 36. O N...... il
2,3-ciifluoro-5464(4- nethyl pi perazi n-1- Anet hyl) - 4-
nor phol i not hi enop, 2-ci |l pyri m di n-2- yDphenol WD
2007/ 127175PCT/ US2007/ 009866 -45- 37.

50
57. 2-{1B-imndazol-4-y1}-6-((4-
methylsulfonylipiperazin-1-yl)methyl)-4-
morpholinothieno[2,3-d]pyrimidine
7
o
’N
O::ﬁ____
o
58. O ({241 H-indazoi-4-y1)4-
l: j morpholinothieno[3,2-d]pyrimidin-6--
N7 yhmethyl}-N-methyl-N-
/_{\r methylsulfonylpyrrolidin-3-amine
S = .
o N \ ‘
7 L)
Iy
O
59. , s N=((2-(1H-indazol-4-yI)}-4-
. morpholinothieno{ 3,2 -d}pyrimidin-6-
| ¥Dmethyl}-N-methyl(i-
N methylsulfonylpyrrolidin-2-ylymethanamine
Ol
N\
—N
Ve
N—
A
C0
60. o) N-((2<( 1 H-indazol-4-yl)}-4-
: [ j morpholinothienof3,2-d}pyrimidin-6-
N yDmethyl)-N-methyl-(1-
. methylsulfonylpyrrolidin)-3-amine
S l =N =N
-.\ - N
O,_}S\ \ ‘




0 C) ptXoN 5-(6((4-nethyl pi perazin-1 -

y1) net hyl )4- nor pholi not hlenol[ 3, 2-
wo tghiopyritms di n- 2- yQoyri den- 3- ol
N-H 2-(1H i ndazol-4-y1)-6-((1-

met hyl pi peri din-4-yl) met hyl) - 4-
nmor phol i not hi eno[ 3, 2-d] pyri m di ne

\' I 0 C) pPcdusz007009866

N / 39.

CO) NNNH 6-((4-nethyl pi perazin-1-yOnrethyl)-

4- nor phol i no- 2- (1H pyr azol - 4-

yl)thieno[ 3, 2-clipyrimdihe

61.

Oy

1-((1<((2{1H-indazoi-4-yl}-4-
morpholinothienof3,2-d]pyrimidin-6-
yiimethyDpiperidin-4-yDmethyl)pyrrolidin-2-
one

62. .

6-({(4-{(1 H-pyrazol-1-yl)methyl)piperidin-1-
yhmethyl}-2-(1 H-indazol-4-y1}-4-
morphelinothieno[3,2~d]pyrimidine

63,

HO

1<{(2-{1H-indazo}-4-yI}-4-
morpholinothieno[ 3,2 -d]pyrimidin-6-
yhmethyl)piperidin-4-ol

1-((2-(1H-indazol-4-yi}-4-
morpholinothieno[3,2-djpyrimidin-6-
yDmethylpyrrolidin-3-ol




40. N LL 1-(3-(6-((4-nethyl pi perazin-1-
yl ) met hyl ) - 4- nor phol i not hi enoP, 2- ' -

woO djopyeiing di n- 2-yl ) phenyl ) ethanol p VO  PCT/US2007/009866
2007/ 127175PCT/ US2007/ 009866 -46- 41.. 0 N...--
(3-(64(4- et hyl pi perazin-1-
yOnet hyl ) - 4- nor phol i not hi enop, 2-
d] pyri m di n- 2-yl ) phenyl ) met hanol 42.

-5
65. 1-((2~(1H-indazol-4-y[}-4-
morpholinothienof3,2-dpyrimidin-6-
yhmethyl)piperidin-3-ol
S
N\
C
“OH
66. _ Q (S¥-1-(4-((2-(1 H-indazol-4-yl)-4-
' morpholinothieno[3,2-d}pyrimidin-6- ‘
. | yhmethylpiperazin-1-yl}-2-hydroxypropan-i-
N one )
S =
I N ._-N‘
: N = NH
o
N
HO o
] 67. 0] 1-{4-{(2{1H-indazol-4-y1)-4-
: l: j morphofinothienof3,2-d]pyrimidin-6-
yDmethylpiperazin-1-y1}-2-
N {dimethylamino)ethanone
S
P
[\
s )
—N N—"
O
68. ®] 1-(4-{(2<{1H-indazol-4-y1)-4-
morpholinothieno{3,2-d]pyrimidin-6-
N ylmethylpiperazin-1-yl)-2-aminoethanone
S R
/—«IL N -—-N\NH
(—N N/
HzN NJ
G




N 101 NH
N-((2-(1H i ndazol- 4- y1) 4- nor phol hnt hi eno[ 3, 2-d] pyrim

WO 2@ m2Ass PCE/USZ007/009866
yl ) net hyl) -t et rahydr o- N- net hyl - 2Hsul f onyl pyr an- 4-am n
e 43. NG N>5"---NH2 0 N NNH
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and the pharméceutically acceptable salts thereof.

The Formula Ia and Ib compounds of the invention may contain asymmetric or chiral

centers, and therefore exist in different stereoisomeric forms. It is intended that all

stereoisomeric forms of the compounds of the invention, including but not limited to,

diastereomers, enantiomers and atropisomers, as well as mixtures thereof such as racemic

mixtures, forin part of the present invention.

In addition, the present invention embraces all geometric and positional isomers. For

example, if 2 Formula Ia and Ib compound incorporates a double bond or a fused ring, the

cis~- and trans-forms, as well as mixtures thereof, are embraced within the scope of the

invention. Both the single positional isomers and mixture of positional isomers are also

within the scope of the present invention.

In the structures shown herein, where the stereochemistry of any particular chiral

atom is not specified, then all stereoisomers are contemplated and inciuded as the compounds

of the invention. Where stereochemistry is specified by a solid wedge or dashed line

representing & particular configuration, then that stereoisomer is so specified and defined.

The compounds of the present invention may exist in unsolvated as well as solvated forms

with pharmacentically acceptable solvents such as water, ethanol, and the Iike, and it is

intended that the invention embrace both solvated and unsolvated forms.

The compounds of the present invention may also exist in different tautomeric forms,

and all such forms are embraced within the scope of the invention. The term "tautomer" or

"tautomeric form" refers to structural isomers of different energies which are interconvertible

via a low energy barrier. For example, proton tautomers (also known as prototropic

tautomers) include interconversions via migration of a proton, such as keto-enol and imine-

enamine isomerizations. Valence tautomers include interconversions by reorganization of

some of the bonding electrons.
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The present invention also embraces isctopically-labeled compounds of the present
invention which are identical to those recited herein, but for the fact that one or more atoms
are replaced by an atom having an atomic mass or mass number different from the atomic

mass or mass number usually found in nature. All isotopes of any particular atom or element

-as specified are contemplated within the scope of the compounds of the invention, and their

uses. Exemplary isotopes that can be incorporated into compounds of the invention include
isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, chlorine and
iodine, such as 2EL 3K, I'C, B3¢, MC, BN, PN, %0, "0, *0, 2p, 3p, 355, 1*F, %4, ] and
131, Certain isotopically-labeled compounds of the present invention (e.g., those labeled with
*H and 'C) are useful in compound and/or substrate tissue distribution assays. Tritiated CH)
and carbon-14 (**C) isotopes are useful for their ease of preparation and detectability.
Further, substitution with heavier isotopes such as deuterium (i.e., ‘Hy maj’ afford certain
therapeutic advanfages resulting from greater metabolic stability (e.g., increased in vivo half-
life or reduced dosage requifements) and hence may be preferred in some circumstances.
Positron emitting isotopcé such asrlSO, BN, ''C and B are useful for positron emission
tomography (PET) studies to examine substrate receptor occupancy. Isotopically labeled
compounds of the present invention can generally be prepared by following procedures
analogous to those disclosed in the Schemes and/or in the Exarnplés herein below, by
substituting an isotopically labeled reagent for a noﬁ—isotopically labeled reagent.

The compounds of the invention may exist in the form of geometrical isomers or
tautomers depending on the kinds of substituent groups, and these isomers in separated forms
or mixtures thereof may bc used in the present invention. Where the compounds-have
asymmetric carbon atoms, optical isomer forms may exist based on such carbon atoms. All of
the mixtures and the isolated forms of these optical 1somers may be used in the present

invention.

A suitable synthetic strategy for producing compounds of the invention as defined
above employs the precursor carboxaldehyde of formula (Ila) or (IIb):
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wherein X and R? are as defined above. Starting from this precursor the synthesis comprises
performing, in either order, a pa]la-dium-—mediate'd (Suzuki-type) cross-coupling reaction and a

reductive amination. The process comprises:

5 '(a) treating a compound of formula (IIa) or (IIb):

- () - 8

(lib)

wherein X and R? are as defined above, with a boronic acid or ester thereof of formula
R3*B(OR'), , in which R? is as defined above and each R' is H or C;-Cs alky! or the two

10 groups OR" form, together with the boron atom to which they are attached, a pinacolato
boronate ester group, in the presence of a Pd catalyst; and treating the resulting compound of

formula (Ilia or (IIib):
(ltia) l:0:l (iib) [Oj
N 2 N
R
0O
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wherein X, R? and R? are as defined above, with an amine of formula NHR’R® in which R*
and R are as defined above, in the presence of a suitable reducing agent; or

{b) treating a compound of formula (IIa) or (ITb) as defined above with an amine
of formula NHR*R® wherein ‘R4 and R are as defined above, in the presence of a suitable -

s reducing agent; and treating the res_ulting compound of form_tﬁa (IVaj or (IVb):

w ()

RS

wherein X, R? , R* and R® are as defined above, with a boronic acid or ester thereof of
10 formula R*B(OR), , in which R is as defined above and each R" is H or C;-Cs alkyl or the
two groups OR ' form, together with the boron atom to which they are attached, a pinacolato
boronate ester group, in the presence of a Pd catalyst. -
Accordingly, the present invention provides a process for producing a compound of
the invention as defined above, which process comprises treating a compound of formula

15 (ilia or (IIIb):
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wherein X, R? and R® are as defined above, with an amine of formula NHR*R® in which R*
- and R are as defined above, in the presence of a suitable reducing agent.

The process may further comprise producing the compound of formula (III#) or (1iIb)

5 by treating a compound of formula (IIa) or (IIb):

w ()

wherein X and R? are as defined above, ith 2 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
10 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.
The invention further provides a process for producing a compound of the invention

as defined above, which process comprises treating 2 compound of formula (IVa) or IVb):
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wherein X, R?, _R4 and R® are as defined above, with a boronic acid or ester thereof of
formula R*’B(OR"Y), in which R? is as defined sbove and each R* is H or C,-C alkyl or the
5 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.

The process may further comprise producing the compound of formula (IVa) or (IVb)
by treating a compound of formula (Ila or (IIb):

- OO

X =~ N o)

= TN
>~ /Jl\\ ’/ E
N™ g

RZ

10
wherein X and R? are as defined above, with an amine of formula NHR*R? in which R* and
R? are as defined above, in the presence of a suitable reducing agent.
Both the amination step and the Pd-mediated cross-coupling step take place under
cénventional conditions. The palladium catalyst may be any that is typically used for Suzuki-
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type cross-couplings, such as PACL:(PPhs);. The reducing agent is typically a borohydride,
for instance NaBH(OAc);, NaBH4 or NaCNBHy,, in particular NaBH(OAc);,

Compounds of formula (Ia) or (Ib} in which R? is a 3- or 4-hydroxyphenyl group may
be produeced by a process which comprises:

5 (a) - treating a compound of formula (Va) or (Vb):
o | - o
(Va) ENj . (V) S [Nj
X N
N\
N .
R2 OR OR

wherein OR' is bonded at position 3 or 4 of the phenyl ring to which it is attéched', R'isa
hydroxy protecting group and X and R” are as defined above, with an amine of formula
10 NHLR“RS wherein R* and R are as defined above, in the presence of a suitable reducing agent;
and o '
(b) removing the hydroxy protecting group.
The reducing agent is typically a borohydride, for instance as specified above.
Examples of hydroxy protecting groups .are known in the art, for instance as described
15  in “Protective Groups for Organic Chemistry”, Third Edition, T.W. Greene and P.G.M. Wuts,
John Wiley & Sons, 1999. For instance, a hydroxy group can be protected as an acetal, a
substituted acetal, an ester, a xanthaie, an ether or a silyl ether. The acet_al is preferably
tetrahydropyran. The silyl ether is preferably trimethylsilyl ether, t-butyl dimethylsilyl ether,
triiso-propylsilyl ether or t-butyldiphenyl-silyl ether. These protecting groups are removed
26 by conventional techniques.
A compound of formula (Va) or (Vb) as defined above may be produced by a process
which comprises treating a compound of formula (VIa) or (VIb):
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whereln X, R?and R’ are as defined above, with a lithiating agent followed by N,N’-
dimethylformamide (DMF). The reaction is typically conducted by adding a solution of the

~ lithiating agent in a non-polar organic solvent, for instance a hydrocarbon solvent such as

10 hexane, fo a suspension of the compound of formula {VI) in an organic solvent such as -
- tetrahydrofuran (THF). If THF is used the addition takes place at a low terperature, of about
-78°C. The lithiating agent is tyi:ically an alkyliithium, for instance n-butyilithium. '
A compound of formula {VIa) or (V ib) as defined above may be produced by a
process which comprises treating a compound of fofmula (VIla) or (VIIb):
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wherein X and R? are as defined above, with a boronic acid of formula (ViI):

VI
(R150)2 (

OR -

wherein R’ and R" are as defined above, in the presence of a paliadium catalyst. The reaction
is conduf:teci under conventional conditions for a Suzuki-type cross-coupling reaction, for .
instance as described above. _

A fused pyrmidine of the invention may be converted into a pharmaceutically
acceptable salt, and a salt may be converted into the free compouh_d, by conventional
methods. The phrase "pharmaceutically acceptable salt” as used herein, refers to 4

‘pharmaceutically acceptable organic or inorganic salts of a compound of the invention.

Examples of pharmaceutically acceptable salts include saits with inorganic acids such
as hydrochloric acid, hydrobromic acid, hydi'oiodic acid, sulphuric acid, nitric acid and
phosphoric acid; and organic acids such as methanesulfonic acid, benzenesulphonic acid,
formic acid, acetic acid, trifluoroacetic acid, propionic acid, oxalic acid, malonic acid,
succinic acid, fumaric acid, maleic acid, lactic acid, malic acid, tartaric acid, citric acid,
ethanesulfonic acid, aspartic acid and glutamic acid.

Exemplary salts include, but are not lunited, to sulfate, citrate, acetate, oxalate, |
chloride, bromide, iodide, nitrate, bisulfate, phosphate, acid phosphate, isonicotinate, lactate,
salicylate, acid citrate, tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate,
maleate, gentisinate, fumarate, gluconate, glucuronate, saccharate, formate, benzoate,
glutamate, methanesulfonate “mesylate”, ethanesulfonate, benzenesulfonate, p-
toluenesulfonate, and pamoate (i.e., 1,1-methylene-bis -(2-hydroxy-3-naphthoate)) salts. A

pharmaceutically acceptable salt may involve the inclusion of another molecule such as an
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acetate ion, a succinate ion or other counter ion. The counter ion may be any organic or
inorganic moiety that stabilizes the charge on the parent compound. Furthermore, 2
pharmaceutically acceptable salt may bave more than one charged atom in ifs structure.
Instances where multiple charged atoms are part of the pharmaceutically acceptable salt can
have multiple counter iohs. Hepce, a pharmaceutically apceptable salt can have one or more
charged atoms and/or one or more counter ion. |

If the compound of the invention is a base, the desired pharmaceutically acccpﬁble
salt may be prepared by any suitable method available in the art, for example, treatment of
the free base with an inorganic acid, such as hydrochloric acid, hydrobromic acid, sulfuric
acid, mtric acid, rmethancsulfonic acid, phosphoric acid and the like, or with an organic acid,
such as acetic acid, maleic 'acid, succinic acid, mandelic acid, fumaric acid, malonic acid,
pyruvic acid, oxalic acid, glycolic acid, salicylic acid, a pyranosidyl acid, such as glucuronic
acid or galacturonic acid, an alpha hydroxy acid, such as citric acid or tartaric acid, an amino
acid, such as aspartic acid or glutamic acid, an aromatic acid, such as benzoic acid or
cinnamic acid, a sulfonic acid, such as p-toluenesulfonic acid or ethanesulfonic acid, or the
hike.

If the compound of the invention is an acid, the desired pharmaceutically acceptable
salt may be prepared by any suitable method, for example, treatment of the free acid with an
inorganic or organic base, such as an amine (primary, secondary or tertiary), an aikali metal |
hydroxide or alkaline earth metal hydroxide, or the like. IHustrative examples of suitable
salts include, but are not limited to, organic salts derived from amino acids, such as gl.ycine
and arginine, ammonia, primary, secondary, and tertiary amines, and cyclic amines, such as
piperidine, morpholine and piperazine, and inorgémic salts derived from sodium, calcium,
potassium, magnesium, manganese, iron, copper, zinc, aluminum and lithium.

Typically the salt is a mesylate, a hydrochloride, a phosphate, a benzenesulphonate or
a sdphaté. Most typically the salt is a mesylate or a hydrochloride.

The salts, for instance salts with any of the inorganic or organic acids mentioned
abbve, may be mono-salts or bis-salts. Thus, for example, the mesylate salt may be the
mono-mesylate or the bis-mesylate.

A fused pyrimidine of the invention and its salts may exist as a solvate or a hydrate.
A "solvate" refers to an association or complex of one or more solvent molecules and a

compound of the invention. Examples of solvents that form solvates inchiade, but are not
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limited to, water, isopropanol, ethanol, methanol, DMSO, ethyl acetate, acetic acid, and

ethanolamine. The term "hydrate™ refers to the complex where the solvent molecule is water.

" Biological Activity

_ Compounds of the present invention have been found in biological tests to be
inhibitors of PI3 kinase. Determination of the activity of PI3 kinase activity of 2 compound of
the present invention is possible by a number of direct and indirect detection methods.

Certain exemplary compounds-described herein were prepared, characterized, and assayed for
their PI3K binding activity (Example 7). Certain exemplary compounds of the invention had
PI3K binding activity ICsy values less than 50uM.

The compounds of the presént invention may inhibit p110 catalytic subunit isoforms
including alpha, beta, gamma, and delta as pan inhibitors. Certain compounds of the
invention may be p110 isoform selective inhibitors by selectively inhibiting one of one of the
pl10 isoforms; alpha, beta, gamma, or delta. A pl10 selective inhibitor may mitigate the risk
of toxicity due to potential toxicities associated with inhibiting thé other pi10 isoforms.
Certain compounds of the irivention may be p110 isoform pan inhibitors by possessing
significant binding to two or more of the pi10 isoforms.

Binding of compounds of the invention from above Tables 1a and 1b 10 purified
preparations of p110 isoforms alpha, beta, delta, and gamma was measured by a Scintillation
Proximity Assay (SPA) to determine binding activity (ICso uMol) and selectivity of binding
of beta, delta, and gamma isoforms relative to alpha (Example 8). These values are expressed
in Table 2.

A compound of the present invention may be used as an inhibitor of PI3 kinase, in

particular of a class Ia PI3 kinase. The compounds are typically selective for class Ia kinases

- over class Ib and typically exhibit a 20-fold selectivity for class Ia over class Ib PI3 kinases.

In particular the compounds ae selective for the p110zlpa isoform.

Accordingly, a compound-of the present invention can be used to treat a disease or
disorder arising from abnormal cell growth, function or behaviour. Such abnormal cell
growth, function or behaviour is typically associated with PI3 kinase. Examples of such
diseases and disorders are discussed by Drees er af in Expert Opin. Ther. Patents (2004)

14(5):703 — 732. These include cancer, immune disorders, cardiovascular disease, viral
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infection, inflammation, metabolism/endocrine disorders and neurological disorders.

Exampies of metabolism/endocrine disorders include diabetes and obesity.
Examples of cancers which the present compounds can be used to treat

include leukaemia, brain fumours, renal cancer, gastric cancer and cancer of the skin, bladder,

breast, uterus, lung, colon, prostate, ovary and pancreas. A human or animal patient suffering

from an immune disorder, cancer, cardiovascular disease, viral infection, inflammation, a
metabolism/endocrine disorder or a neurological disorders may thus be treated by a method
comprising the administration thereto of a compound of the present invention as defined
above. The condition of the patient may thereby be improved or ameliorated.

Diseases and conditions treatable according to the methods of this invention include,
but are not limited to, cancer, stroke, diabetes, hepatomegaly, cardiovascular disease,
Alzheimer's disease, cystic fibrosis, viral disease, autoimmune diseases, atherosclerosis,
restenosis, psoriasis, allergic disorders, inflamnmation, neurclogical disorders, a hormone-
related disease, conditions associated wﬁh organ transplantation, immunodeficiency
disorders, destructive bone disorders, proliferative disorders, infectious diseases, conditions
associated with cell death, thrombin-induced platelet aggregation, chronic myelogenous
leukemia (CML), liver disease, pathologic immune conditions involving T cell aétivaﬁon,
and CNS disorders in a patient. In one embodiment, a human patient is treated with a
compound of Formula Ia or Ib and a pha@aceuﬁcally acceptable carrier, adjuvant, or
vehicle, wherein said compound of Formula Ia or Ib is present in an amount to detectably
inhibit PI3 kinase activity.

Cancers which can be treated according to the methods of this invention inclu'c;ie, but
are not limited to, breast, ovary, cervix, prostate, testis, genitourinary tract, esophagus,
larynx, glioblastoma, neuroblastoma, stomach, skin, keratoacanthoma, lung, epi_dermoid
carcinoma, large cell carcinoma, non-small cell lung carcinoma (NSCLC), small cell
carcinoma, lung adenocarcinoma, bone, colon, adenoma, pancreas, adenoca:ciﬁomé; thyroid,
follicular carcinoma, undifferentiated carcinoma, papillary carcinoma, seminoma, melanoma,
sarcoma, bladder carcinoma, liver carcinoma and biliary passages, kidney carcinoma,
myeloid disorders, lymphoid disorders, hairy cells, buccal cavity and pbarynx (oral), lip,
tongue, mouth, pharynx, small intestine, colon-rectum, large intestine, rectum, brain and
central nervous system, Hodgkin's énd leukemia.

Cardiovascular diseases which can be treated according to the methods of this
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invention include, but are not limited to, restenosis, cardiomegaly, atherosclerosts,
myocardial infarction, and congestive heart failure.

Neurodegenerative disease which can be treated according to the methods of this
invention include, but are not limited to, Alzheimer's disease, Parkinson's disease,
amyotrophic lateral sclerosis, Huntington's disease, and.cerebral ischemia, and
neurodegenerative &isease caused by traumatic injury, glutamate neurotoxicity and hypoxia.

| Inﬂammatdry diseases which can be treated according to the methods of this
invention include, but are not limited to, rheumatoid arthrifis, psoriasis, contact dermatitss,
and delayed hypersensitivity reactions. '

In addition to possessing'biochcmical potency a compound of the invention exhibits
physicochemical and pharmacokinetic pf0pez‘ties which makes it particularly well adapted for
drug use. This is shown for instance in the results of the biological assays described in- '
Example 5 which follows. In paﬁicﬂm the compound possesses high agueous solubility at
physiciogical pH; the solubility is greater than 100 M. High solubility at physiological pH is

- desirable since it promotes bioavailability.

The compound also possesses high metabolic stability, as shown in particular by the

hepatocyte clearance assay described in Example 2 in which the compound was shown to

have low hepatocyte clearance. Low hepatocyte clearance correlates with a low rate of liver

metabolism. It can therefore be seen that the compound of the present invention possess
improved physicochemical and pharmacokinetic properties whilst retaining biochemical
potency as an inhibitor of PI3 kinase. |

A compound of the present invention can be administered in a variety of dosage
forms, for example orally such as in the form of tablets, capsules, sugar- or film-coated
tablets, iquid solutions or suspensions or parenterally, for example intramuscularly,
intravenously or subcutaneously. The compound may therefore be given by injection or
mfusion.

The dosage depends on a variety of factors inclhiding the age, weight and condition of
the patient and the route of administration. Daily dosages can vary within wide limits and will
be adjusted to the individual requirements in each particular case. Typically, however, the
dosage adopted for each route of administration when a compound is administered alone to
adult humans is 0.0001 to 50 mg/kg, most commonly in the range of 0.001 to 10 mg/kg, body
weight, for instance 0.01 to ! mg/kg. Such a dosage may be given, for example, from 1 to 5
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times daily. For intravenous injection a suitable daily dose is from 0.0001 1o 1 mg/kg body
weight, preferably from 0.0001 to 0.1 mg/kg body weight. A daily dosage can be
administered as 2 single dosage or according to a divided dose schedule.

Typically 2 dose to treat human patients may range from about 14 mg to about 1000
mg of a compound of the invention. A typical dose may be about 100 mg to about 300 mg
of the compound. A dose may be administered once a day (QID), twice pci‘ day (BID), or
more frequently, depending on the pharmacokinetic and pharmacodynamic properties,
inchuding absotption, distribution, metabolisin, and excretion of the particular compound. In
addition, tox‘icity_ factors may influence the dosage and administration regimen. When
administered orally, the pill, capsule, or tablet may be ingested daily or less frequently for a
specified period of time. The regimen may be répcatcd for a number of cycles of therapy.

A compound is formulated for use as a pharmaceutical or veterinary composition also
comprising a pharmaceutically or veterinarily acceptable carrier or diluent. The cémpositions
are typically prepared following conventional methods and are administered in 2
pharmaceutically or veterinarily suitable form. The compound may be administered in any
conventional form, for instance as follows: |

A} Orally, for example, as tablets, coated tablets, dragees, troches, lozenges,
aquecus or oily suspensions, liquid solutions, dispersible powders or granules, emulsions,
hard or soft capsule:v,,_ or syrups or elixirs. Compositions intended for oral use may be
prepared according to any method known in the art for the manufacture of pharmaceutical
compositions and such compositions may contain one or more agents selected from the group
consisting of sweetening agents, flavouring agents, colouriﬁg agents and preserving agents in
order to provide pharmaceutically elegant and palatable preparations. |

Tablets contain the active ingredienf in admixture with non-toxic pharmaceutically
acceptable excipients which are suitable for the manufacture of tablets. These excipients may
be for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose,
dextrose, saccharo:-}e, cellulose, cormn starch, potato starch, calcinm phosphate or sodium
phosphate; granulating and disintegrating agents, for example, maize starch, alginic acid,
alginates or sodium starch glycolate; binding agents, for example starch, gelatin or acacia;
lubricating agents, for example silica, magnesium or calcium stearate, stearic acid or talc;
effervescing 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
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delay disintegration and adsorption in the gastrointestinal tract and thereby provide a
sustained action over a longer period. For exampile, a time delay material such as glyceryl
monostearate or glyceryl distearate may be employed. Such preparations may be
manufactured in a known manner, for example by means of mixing, granulating, tableting,
sugar coating or film coating processes.

Formulations for oral use may also be presented as hard gelatin capsules wherem the
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate,
éa.lcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient 1s
present as such, or mixed with water or an oil medium, for example, peanut oil, hiquid
paraffin, or olive oil. )

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

15  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 écid& for example polyoxyethylene stearate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxyecetanol, or condensati 'on producté of ethylene oxide with

20  partial esters derived from fatty acids and a 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 sorbitah
monooleate.

- 'The said aqueous suspensions may also contain one or more preservatives,

25  for example, ethyl or n-propyl p.—hydroxybenzoate, one or more colouring agents,
such as sucrose or saccharin.

Oily suspension may be formulated by suspending the active ingredient in 2
vegetable oil, for example arachis oil, olive oil, sesame o0il or coconut oil, orina
mineral oil such as liquid paraffin. The oily suspensions may contain a thickening

30 agent, for example beeswax, hard paraffin or cetyl alcohol.

Sweetening agents, such as those set forth above, and flavouring agents may .

be added to provide a palatable oral preparation. These compositions may be
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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 \.vat-er provide the active ingredient in admixture with a dispersing or
wetting agent, a suspending agent and one or more preservatives. Suitable dispersing
or wetting :'igents and su_s_pending agents are exemgliﬁcd by those already rqentioned
above. Additional excipients, for example sweetening, flavouring and colouring
agents, may also be present. | -

The pharmaceutical compositions of the invention miay also be in the form of -
oil-in-water emulsions. The oily phase may bea vegetabl-e oil, for example olive cil
or arachis oils; or a mineral oil, for example liquid paraffin or mixtures of these.
Suitable emulsifying agents may be naturally-occuwrring gums, for example gum
acacia or gum tragacanth, naturally occuring phosphatides, for example soy bean
lecithin, and esters or partial esters derived from fatty acids an hexito} 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 carmiers only products, fox
example sorbitol, which do not metabolise to glucose or which only metabolise a
very small amount to glucose.

Such formulations may also contain a demulcent, a preservative and
flavouring and coloring agents; |

B) Parenterally, either subcutaneously, or intm\}enously, or
intramuscularly, or intrasternally, or by infusion techniques, in the form of sterile
injectable agueous or 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.

Among the acceptable vehicles and solvénts that may be employed are water,

Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils
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are conventionally emploved 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;

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

D) Rectally, in the form of suppositbric's prepared by mixing the drug witha
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

butier and poly-ethylene glycois;

- E} Topically, in the form of creams, ointments, jellies, collyriums, solutions or
suspensions.
F) Vaginally, in the form of pessaries, tampons, creams, gels, pastes, foams or

spray formulations containing in addition to the active ingredient such carriers as are known-

m the art to be appropriate.

Sustained-rclease preparations of a compound of the invention may be prepared.
sﬁitable examples of sustained-release preparations include semipermeable matrices of solid
hydrophobic polymers containing a2 compound of Formula Ia or Ib, which ﬁxatrices are in the
form of shaped articles, e.g., films, or microcapsules. Exémples of sustained-release matrices
include polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinyl
alcohol}), polylactides (U.S. Patént No. 3,773,919), copolymers of L-glutamic acid and
gamma-ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-
glycolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres composed
of lactic acid-glycolic acid copolymer and leuprolide acetate) and poly-D-(-)-3-
hydroxybutyric acid.

A compound of the invention may be employed alone or in combination with other
therapeutic agents for the treatment of a disease or disorder described herein, such as a
hyperproliferative disorder (e.g., cancer). In certain embodiments, a compound of the
invention is combined in a pharmaceutical combination formulation, or dosing regimen as
combination therapy, with a second compound that has anti-hyperproliferative properties or
that is useful for treating a hyperproliferative disorder (e.g., cancer). The second compound

of the pharmaceutical combination formulation or dosing regimen preferably has
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complementary activities to the compound of the invention such that they do not adversely
affect each other. Such compounds are suitably present in combination in amounts that are
effective for the purpose intended. In one embodiment, a composition of this invention
comprises a compound of the invention, in combination with a chemotherapeutic agent such
‘as described herein. _ .

_ The combination therapy may be administered as a simultaneous or sequential
regimen; When administered sequentially, the combination may be administered in two or
more administrations. The combined administration includes coadmimistration, using separate
formulations or a single pharmaceutical formulation, and consecutive administration in either
order, wherein preferably there is a time period while both (or all) ac;ive agents
simultaneously exert their biological activities.

Suitable dosages for any of the above coadministered agents are those presently used
and may be lowered due to the combined action (synergy) of the newly identified agent and
other chemotherapeutic agents or treatiments.

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

Exampje 1A General Synthetic Procedures

The following general procedures A, B and C are referred to in the subsequent

Examples and Reference Examples:

A) Suzuki Coupling:
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Substituted 2-chloro-4-morpholinothieno|3,2-d]pyrimidine or 2-chloro-4-
morpholinothieno[2,3-d]pyrimidine was combined with 1.5 equivalents of 4-(4,4,5,5-
tertamethyl-1,3 2-dioxaborolan-2-yl)1H-indazole (alternatively, a variety of boronic acids or
boronic esters can be used in place of the indazole boromnic ester indicated) and dissolved in
3.0 equivalents of sodium carbonate as a 1 molar solution in water and an equal volume of
acetonitrile. In some cases potassium acetate was used in place of sodiwmn carbonate to adjust
the pH of the aqueous layer. The reaction was then heated to between 140-150 °C under
pressure in a Biotage Optimizer microwave reactor (Biotage, Inc.) for 10 to 30 minutes. The
contents were extracted with ethyl acetate. Afier evaporation of the organic layer the product
was purified on silica or by reverse phase HPLC.

B) Amide Coupling:
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2-Chloro-4-morpholino-6-((piperazin- 1 -yl)methyl)thienof 3,2-d}pyrimidine or 2-
chloro-4-morpholino-6-({piperazin-1-ylymethyl)thieno{2,3-d]pyrimidine is treated with 1.5 eq
HATU, 3 eq of amine and 3 eq of DIPEA in DMF to approximately 0.1 M concentration.

The reaction is stirred unti} complete and extracted in Ethyl Acetate with Saturated

Bicarbonate Solution one time. The organic layer is dried, filtered and concentrated to yield

the crude intermediate.

C) Reductive Amination:

) | )

A \S | \i H s B
N“Sa gNeg, AN Y o
o (1.5-2 eq) Ra o
[ j C{OMe); (10 eg) [ j
N ACOH {1 eq) N
o, Na(OAc)sBH (1.5 eq) \
4 /k Dichlioroethane 4 | j]\
S RN 57 N"g

R,
2-Chiloro-4-morpholinothieno{3,2-d]pyrimidine-6-carbaldehyde or 2-chloro-4-
morpholinothieno[2,3-djpyrimidine-6-carbaldehyde was dissolved to a 0.2 M concentration in

dichloroethane. To this solution was added 1.5 to 2.0 equivalents of an amine, 10 equivalents
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of trimethylorthoformate, and 1 equivalent of acetic acid. The mixture was allowed to stir for
2-6 hours prior to adding 1.5 equivalents of sodium triacetoxyborohydride. Following 12 to
16 hours of stirring the reaction was poured mto saturated sodium bicarbonate and extracted
several times with ethyl acetate. This intermediafe was either purified on silica gel or used

crude in the next reaction.

Example 1B Further Generzl Synthetic Procedures

A

D) Removal of t-butoxylcarbonyl (BOC} Group:
O , o

bos, () y L]
O _{f osanrct () _{r
N — SN

A I . /)\R in dlox:n.e N l N/)\R

Ten or more equivalents of 4N HC! in Dioxane, with or without dichloromethane as a
co-solvent, are added to the starting material (general scheme shown above but similar
scaffolds also used). Heating up to 40°C for several hours is occasionally required to remove

the boc group. The reaction 1s concentrated to dryness and used crude in subsequent reaction.
E) Suzuki Coupling Reactions:
o .
o]
(] Ss ()

N 1y

~N /k O =
R | . = N

&2 N N
PACL{PPhg), ; KOAC 1M ; ACN R2 I A
N NH,
14 ’ %5

Generally, substituted 2-chloro-4-morpholinofuro[3,2-d}pyrimidine 14 (leq), 5-
(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-amine (1.7 eq) (or other boronic
acid / ester) and bis(triphenylphosphine)paltadium(II) dichloride (0.leq) in IM KOAc
aqueous solution (3 eq) and an equal velume of acetonitrile (3eq) was heated to 100 °C in a
sealed microwave reactor for 10-15 min. Upon compietion, the contents are extracted with

ethyl acetate, or another organic solvent. After evaporation of the organic layer the product
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15, may be purified on silica or by reverse phase HPLC.

Reference Example 1: 2.4-Dichioro-thieno{3.2-dipvrimidine

o . O . Cl .

S — L L — <
-_— .
I \\ /’LQ: \\ I
\ NH, I§1 o N//LCI

A mixture of methyl 3-amino-2-thiophenecarboxylate (13.48 g, 85.85mmol) and urea
(29.75g, 5eq.) was heated at 190°C for 2 hours. The hot reaction mixture was then péured
onto sodium hydrbxide solution and any insoluble material removed by filtration. The mixture
~ was then acidified (HCL, ZNj to vield 1H-thieno [3,2-d]pyrimidine-2,4-dione) as a white
precipitate, which was collected by filtration and air dried (9.49g, 66%).

'H NMR (400 MHz, dﬁ—DMSO) 6.90 (1H, d, J=5.2Hz), 8.10 (1H, d, /=5.2Hz), 11.60-11.10
(2H, br, s).

A 'mixture of 1H-thieno[3,2-d]pyrimidine-2,4-dione (9.49g, 56.49mmol) and
phosphorous oxychloride (150mL) was heated at reflux for 6 hours. The reaction mixture was
then cooled and poured onto ice/water with vi gorous stirring yielding a precipitate. The
mixture was then filtered to yield 2,4-dichloro-thieno[3,2-d]pyrimidine as a white solid (8.68
g, 75%).

'H NMR (400 MHz, CDCl;) 7.56 (IH-, d, /=5.5Hz).8.13 (1H, d, J=5.5Hz).

Reference Example 2: 2-Chloro-4-morphoelin-4-yi-thiencf3.2-d]pyrimidine
&)
o ,
i N
S XN Y

S
N | ’)\ (2.2 eq) N
NN T on N N//L.c;
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A mixture of 2,4-dichioro-thieno[3,2-djpyrimidine (8.68g, 42.34mmol), morpholine
{8.11mlL, 2 2eq.} and methanol (ISOmL) was stirred at room femperature for 1 hour. The
reaction mixture was then filtered, washed with water and methanol, to yield the title
compou.nd as a white sohd (11.04 g, 100%).

'H NMR (400 MHz, ds-DMSO) 3.74 (4H, 1, J=4. 9Hz) 3.90 (4H, t, J=4. 9Hz), 7.40 (lH d,
 J=5.6Hz), 8.30 (1H, d, J=5.6Hz).

Reference Example 3: *© 2-Chiloro-4-morphelin-4-vi-thieno[3.2-d]pyrimidine-6-
carbaidehvde

Toa sﬁspens’ion of 2-chloro-4-morpholin-4-yi-thieno{3,2-d]pyrimidine (65) (1.75g, ‘
6.85mmol) in dry THF (40mL) at -78°C was added a 2.5M solution of nBuL.i in hexane
(3.3mL, 1.2eq.). After stirring for 1 hour, dry N, N-dimethylformamide (796pL, 1.56q.) was
added. The reaction mixture was stirred for I hour at -78°C and then warmed slowly to room
tci;npcrature. After a further 2 hours at room temperature the reaction mixture poured onto
ice/water yielding a yellow precipitate. This was collected by filtration and air-dried to yield
the title compound (1.50 g, 77%). |
'H NMR (400 MHz, ds-DMSO) 3.76 (4H, t, J=4.9Hz), 3.95 (4H t, J=49Hz), 8.28 (1H, s),
10.20¢1H, s).

2-Chloro-4-morpholin-4-yl-thieno[2,3-d}pyrimidine-6-carbaldehyde was prepared in
an analogous manner by commencing with methyl-2-aminothiophen-3-carboxylate.

2-Chloro-7-methyl-4-morpholin-4-yl-thieno[3,2-d] pyrimidine-6-carbaldehyde was
also prepared in analogous manner by commencing with 3-amino-4-methyl-thiophene-2-

carboxylic acid ethyl ester.

Reference Example 4: 4-(4, 4@,_5—-’!‘etramet§wi-[1.3.2!dmxaboroian-z—vgz-lﬁ-

indazole

Process 1
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To a solution of 2-methyl-3-nitroaniline (2.27g, 14.91mmol) in acetic acid {60mL)
was added a solution of sodium nitrite (1.13g, 1.1eq.) in water (SmL). After 2 hours, the deep
red solution was poured onto ice/ water and the precipitate collected by filtration to yield 4-
nitro-1H-indazole (1.98g, 81%). '

A mixture of 4-nitro-1H-indazole (760mg, 4.68 mmol), palladium on charcoal {(10%,
cat.) and ethanol (30mL} was stirred under a balloon of hydrogen for 4 hours. The reaction
mixture was then filtered through celite, and the solvent remo_ved in vacuo to yield 1H-
indazol-4-ylamine (631mg, 100%). , '

. An aqueous solution of sodium nitrite (337mg, 4.89mmol) in water (2mL) was added
dropwisé to a suspension of 1H-indazol-4-ylamine (631mg, 4.74mmol) in 6M hydrochloric
acid (7.2mL) at below 0°C. After stirriﬁg for 30 minutes sodium tetrafluorobrate {724mg) was
added. The reaction mixture became very thick and was filtered and washed briefly with
_ water to yield 1H-indazole-4-diazonium, tetrafluoroborate salt (218mg, 20%) as a deep red
solid. , |

Dry methanol (4mL) was purged with argon for 5 minutes. To t’tﬁs was added 1H-
indazole-4-diazonium, tetrafluoroborate salt (218mg, §.94mmol), bis-pinacolato diboron
(23%mg, 1.0eq.) and [1,1’-bis(diphenylphosphino)ferrocene]palladium (II}) chloride (20mg).
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The reaction mixture was stirred for 5 hours and then filtered through celite. The residue was

purified using flash chromatography to yield the desired title compound (117mg).

Process 2
. ’ 0 - -
Br NH, : }f, H " H
O " I p
e ] 1Y —_— LY ]
@:ﬂ 2 2
Br - B Br - O/ B\o

To a solution of 3-bromo-2-methyl aniline (5.0g, 26.9mmol) in chloroform (50mL)
was added potassium acetate (1.05eq., 28.2mmol, 2.77g). Acetic anhydride (2.0eq.,
53.7mmol, 5.07mL) was added with concurrent cooling in ice-water. The mixture was then
stirred at room temperature for 10 minutes after which time a white gelatinous solid formed.
18-Crown-6 (0.2eq., 5.37mmol, 1.42g) was then added followed by iso-amyl nitrite (2.2eq.,
Sé.lmmol, 7.94mL) and the mixture was heated under reflux for 18 h. The reaction mixture
was allowed to cool, and was partitioned between chloroform (3 x 100mL) and saturated
aqueous sodium hydrogen carbonate (100mL). The combined organic extracts were washed
with brine (100mL), separated and dried (MgSO,).

The crude product was evaporated onto silica and purified by chromatography eluting
with 20%—»40% EtOAc-petrol to give 1-(4-bromo-indazol-1-yl)-ethanone (A) (3.14g, 45%)
as an orange solid, and 4-bromo-1H-indazole (B)(2.13g, 40%) as a pale orange solid.

A 'H NMR (400 MHz, CDClh) 2.80 (3H, s), 7.41 (1H, t, J=7.8Hz), 7.50 (1H, 4, J=7.8Hz),
8.15 (1H, s), 8.40 (1H, d, J=7.8Hz). |

B: '"H NMR (400 MHz, CDCl3) 7.25 (1H, t, J/=7.3Hz), 7.33 (1H, d, /=7.3Hz), 7.46 (1H, 4,
J=7.3Hz), 8.11 (1H, s), 10.20 (1H, br s),

To a solution of the 1-(4-bromo-indazol-1-yl)-ethanone (3.09g, 12.9mmol) in MeOH
(SOmL) was added 6N aqueous HCI (30mL)} and the mixture was stirred at room temperature
* for 7 h. The MeOH was evaporated and the mixture partitioned between EtOAc (Z x 50mL)
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and water (50mL). The combined organic layers were washed with brine (50mL), separated
and dried (MgSQOy). The solvent was removed by evaporation under reduced pressure to give
-4-bromo-1H-indazole (2.36 g, 93%).

To a sohstion of the 4-bromo-1H-indazole (500 mg, 2.54mmol) and
bis(pinacolato)diboron (1.5 €q., 3.81mmol) in DMSO (20mL) was added potassium acetate
(3.0 eq., 7.61mmol, 747 mg; dried in drying pisiol) and PdCl(dppf); (3 mol%, 0.076mmol,
62 mg). The mixture was degassed with argon and heated at 80°C for 40 b. The reaction
mixture was allowed to cool and éartitioned between water (50mL) and ether (3 x 50mL).
The combined organic layers were washed with brine (S0mL), separated and dried (MgSQO4).
The crude material was purified by chromatography eluting with 30%—40% EtOAc-petrol to
give an mseparable 3:1 mixture of the 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yI}-1H-
indazole (369 mg, 60%) and indazole (60 mg, 20%); this was isolated as a yellow gum which
solidified upon standing to furnish as an off-white solid.

'H NMR (400 MHz, d¢-DMSO) 1.41 (12H, s), 7.40 (1H, dd, /=8.4Hz, 6.9Hz), 7.59 (1H, 4,
J=8.4Hz), 7.67 (1H, d, J=6.91z), 10.00 (1H, br s), 8.45 (1H, s), and indazole: 7.40 {1H, 1),
7.18 (1H, t, J=7.9Hz), 7.50 (1H, d, J=9.1Hz), 7.77 (1H, 4, J=7.9Hz), 8.09 (1H, s). Impurity
at 1.25. '

Reference Example 5: Z2-(1H-Indazol-4-vI}-4-morpholin-4-vi-thieno[3.2-
dipvrimidine-G-carbaldehvde '

A mixture of 2-chloro-4-morpholin-4-yli-thienof 3,2-d}pyrimidine-6-carbaldehyde
(100mg, 0.35mmol), 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yI}- 1 H-indazole (95mg,
0.39mmol) and sodium carbonate (112mg) were suspended in toluene (2.5ﬁ1L), ethanol
(1.5mL) and water (0.7mL). To this was added bis(triphenylphosphine)palladium(1l} chloride
(13.5mg) and the reaction vessel was flushed with argon. The reaction mixture was
microwaved at 120°C for 1 hour and then partitioned between dichloromethane and water, the
organic layer was washed with brine, dried over magnesium sulfate, filtered and evaporated in
vacuo. The resulting residue was purified using flash chromatography to yield the title
compound {97mg).
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Reference Example 6 Preparation of 2-(i H-Indazol-4-yI)-6-{4-methyl-piperazin-1-

vimethvi)-4-morphelin-4-yl-thieno[3,2-d]pyrimidine

To a mixture of 2-(1H-Indazol-4-yl}-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde (91mg, 0.26mmot), 1-methylpiperazine (34mg, 0.36mmol) and acetic acid
(15ul) in 1,2-dichloroethane (2mL) was added sodium triacetoxyborohydride (60mg, '
0.28mmol). The reaction mixture was stirred at room temperature overnight and then basified
(NaHCO3, saturated), diluted with dichloromethane, washed with brine. Organic layer was
sepaxated,_ dried (MgSO,), filtered and ev‘aporated in vacuo. The residue was purified using
flash chromatography to give the title compound (33 mg).

Reference Example 7 2-chloro-6-(4-methvi-piperazin-1-vi methvl}-4-morpholin-4-

yvi-thieno[3.2-dpvrimidine

:

To a mixture of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde
(66) (147mg, 0.52mmol), l-methyl-piperazine (1.5eq., 87pL) and acetic acid (l,OSéq.', 32uL)
in 1,2-dichloroethane (3ml.) was added sodium triacetoxyborohydride (1.1eq., 121mg) and
then stirred at room temperature overnight. The reaction mixture was diluted with
dichloromethane, washed with a saturated solution of sodium hydrogen carbonate, brine,
separated and dried (MgSOq). The crude product was evaporated in vacuo and purified by
chromatography to give the title compound 72 as an off-white crystalline solid (51 mg, 45%).
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Reference Example 8: (2-@_1]0ro—4-morpholinothienn[3.2~d§pvrimidin~6;
yhmethanol

®

N Cl
A solution of 2-chloro-4-morpholinothieno]3,2-d}pyrimidine-6-carbaldehyde (1.0 g,
3.5 mmol) in MeOH (30 mL) at 0 °C was treated with NaBH, (0.1 g, 3.5 mmol). The solution
was ﬂlowcd to warm to room temperature and stirred 15 min. The reaction mixture was
guenched with a mixture of a saturated solution of sodium bicarbonate and water (1:1, v/v).
The agueous solution was extracted with EtOAc. The combined organic iayers were dried

over Na,SO4 and concentrated in vacuo. The crude material required no further purification -

(0.9 g, 90%). MS (Q1) 286 (M)+

Reference Example 9: 6-(bromomethvi}-2-chloro-4-morphelinothienolf3.2-

O
N
N\
N’ACE
To a solution of (2-chloro—4-morpholinothieno[3,2-djpyrimidin-6-yl)methanol (100

mg, 0.4 mmol) in benzene (3.0 mL) at 0 °C was added PBr; (30 uL, 0.4 mmol). The reaction

was heated at reflux for 1 hour. After cooling to room temperature the reaction was quenched

by the addition of water. The aqueous layer was extracted with EtOAc. The combined
organics were dried over Na,SO4 and concentrated in vacuo. The crude material did not

require further purification (115 mg, 94%). MS (Q1) 350 (M)+

Reference Example 10: 1-{2-Chloro-4-merpholin-4-vl-thienol3.2-dipvrimidin-6-

vimethvl)-4-methanesulfonyl-piperazin-2-one
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To a solution of 4-BOC-piperazinone (0.3 g, 1.6 mmol) in DMF {3 mL} at 0 °C was
added NaH (60% in mineral oil, 1.9 mmol)}. Next, 6-(bromomethyl)-2-chioro-4-
morpholinothienof3,2-djpyrimidine (0.6 g, 2 mmol) was added and the reaction stirred for 15
- min. The reaction was quenched with saturated NH4Cl and the aqueous layer was extracted
with EtOAc. The combined organics were dried over Na;SO, and concentrated in vacuo.
This intermediate was dissolved in CH;Cl (40 mL) and MeOH (40mL) and Et,O (10 mL})
and cooled to 0 °C. To this solution was added 4 M HCI in dioxane (20 mL). The reaction
was warmed to room temperature, stirred 18 b, then was concentrated in vacuo. To the
residue was added CHCl, (50 mL), EGN (1.5 mL, 11 mmol), and MeSO.Cl1 (0.6 mL, 8
mmol).- The reaction mixture stirred 42 h at room temperature. The reaction was quenched
with water and extracted with EtOAc. The combined organics were dried over Na,SO, and
~ concentrated in vacuo (0.25 g, 28% over 3 steps). MS (Q1) 446 (M)+

Reference Example 11 - 2-Chlere-6-(4-methanesulfonvl-piperazin-1-vimethyl}-4-

morpholin-4-yi-thienof3.2-dipvrimidine

()
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Reaction between N-BOC-piperazine and methane sulfonyl chlonde in
. dichloromethane and triethylamine yielded 4-methanesulfonyl-piperazine--carboxylic acid
tert-butyl ester. Cleavage of the BOC protecting group using HCI (ZM) in dichloromethane
yielded 1-methanesulfonyl-piperazine. HCI salt.

Reaction between 1-methanesulfonyl-piperazine. HCI salt and 2-chjoro-4-morpholin-
4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde using procedure C yielded the title compound.

Reference Example 12: _ 2-Chloro-6~(4-methanesulfonvl-piperazin-1-vimetbhyl)-4-

reorpholin-4-yi-thieno[2.3-d]|pyrimidine
Q)
N
/—ff ]
(;N S N/'*CI
w
O=g_
]
o

Reaction between 1-methanesulfonyl-piperazine. HCL salt and 2-chloro-4-morpholin-
4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde using procedure C yielded the title compound

Reference Example 13: Tert-butvi furan-3-vicarbamate
O

HN—K
OfBu

3-Furoic acid (5.60g, 1.0 eq) was dissolved in ters-butanol (200 ml) and treated with

triethylamine (10 ml, 1.4 eq) and diphenyl phosphoryl azide (12 ml, 1.1 eq). Mixture was
heated at reflux for 18 h. Reaction mixture was cooled to room temperature, then concentrated
to 50 ml and poured into saturated aq. NaHCO;. Mixture was stirred at 0 °C for 2 h. Solid was
collected by filtration and dried under high vacuum. The crude reaction mixture was purified
by flash chromatography to yield tert-butyl furan-3-ylcarbamate (6.95 g, 76%) : 'H NMR



S 118 HOO kci GN\ / OEND N SN NH IP
1-(44(2-(1ff-indazo)-4-yl)4-

wo nmr7pbmals not hi eno[ 2, 3- capyri mi di n- 6- PCT/US2007/009866
yQret hyppi perazi n-1-y1)-2- hydr oxy- 2-
nmet hyl propan- 1- one 119 HOO END N
-107-

(CDCls, 400 MHz) § 7.71 (bs, 1H), 7.27 (m, 1H), 6.27 (bs, 1H), 6.20 (bs, 1H), 1.50 (s, 9H) ;
MS (Q1) 184 (M)".

Reference Example 14: Tert-butyl 2-{(methexycarboenvl)furan-3-yicarbamate
\0/ CO,Me
W,
HN -
OfBu

To a solution of tert-buty! furan-3-ylcarbamate (1.7g, 1.0 eq) in THF (50 mi) at -30 °C
was added TMEDA (1.75 ml, 1.3 eq) followed by 1.6M solution of r-butyllithium (8.4 ml,
. 2.25 eq, 1.6M in hexanes). Reaction mixture was allowed to warm up to 0 °C and stirred for 1
h, before being cooled back to -30 °C. Dimethyl carbonate (2.4 ml, 3.0 eq) was quickly
added, before the reaction mixture was allowed to warm up to room temperature for 1 hr.
Reaction mixture was quenched with 2M HCL, followed by addition of saturated ag. NaCl.
Mikture was extracted with ethyl acetate. The combined organic extracts were dried with
NaZSO4 and concentrated. The crude reaction mixture was purified by flash chromatography
to yield tert-butyl 2-(methoxycarbonyl)furan-3-ylcarbamate (1.14 g, 51%) : MS (Q1) 242
My".

Reference Example 15: Methvl 3-aminofuran-2-carboxyvlate

O, _-coMe
N/

NH,

Tert-butyl 2-(methoxycarbonyl)furan-3-ylcarbamate (1.14 g, 1.0 eq) was dissolved in
dichloromethane (8 ml) and treated with trifluoroacetic acid (5 ml). Reaction mixture was
stirred at room temperature for 3 h, and was then concentrated. Residue was dissolved in
dichloromethane and washed with saturated aq. NaHCO;. The organic layer was dried
{INa;SOy) and concentrated Mixture was extracted with ethyl acetate. The combined organic
extracts were dried with Na,S0O, and concentrated. The crude reaction mixture was purified
by flash chromatography to yield methyl 3-aminofuran-2-carboxylate (574 mg, 86%) : MS
Q1) 142 (™)™
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Reference Example 16: Ethvl 3-ureidofuran-2-carboxvlate
9]
O OEt
@\A
NH
0% TNH,

Toa soluﬁon of methyl 3-aminofuran-2-carboxylate (100 mg, 1.0 eq) in
dicMomﬁc&mc (3 ml) at -78 °C was added chlorosulfonyi tsocyanate (0.09 ml, 1.4 eq)
dropwise. The reaction was slowly warnmed fo room temperature and stirred for 40 minutes.
Reaction was concentrated. To the residue was added 6N HCL {3.5 ml) ‘and mixture was
heated to 100 °C for 20 minutes. Reaction mixture was allowed to cool down to room
temperature, and was neutralized with saturated ag. NaHCO;. Solid was collected by filtration
to yield ethyl 3-ureidofuran-2-carboxylate (120 mg, 92%) as a beige solid which was used in

the next reaction without further purification.

Reference Example 17: Furof3.2-dlpyrimidine-2.4-diol
OH
\ N/AOH

Ethyl 3-urcidofuran-2-carboxylate (120 mg, 1.0 eq) was suspended in methano! (6 m})
and treated with 1.5 M NaOH (1.5 ml). Reaction mixture was heated to reflux for 90 minutes.
Reaction mixture was allowcd- to cool down to room temperature, and was acidified with 6N
HCI up to pH 3. Mixture was concentrated. Methanol was added to residue and sohd was
filtered and dried at 95 °C under high vacuum for 24 h to yield furo[3,2-d]pyrimidine-2,4-diol

(90 mg, 91%) which was used in the next reaction without further purification.

Reference Example 18: 2.4-Dichlorofurcl3.2-dlpvrimidine
Cl

O I <N
N\
Néj\Cl

Furo[3,2-d]pyrimidine-2,4-diol (39 mg, 1.0 eq) was dissolved in POCl; (1.8 ml).
Mixture was cooled to -40 °C and N, N-diisopropylethylamine (0.45 ml) wad slowly added.
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Reaction mixture was then heated to reflux for 48 h, then cooled to room temperature
Reaction mixture was poured into ice/water. Mixture was extracted with ethyl acetate. The
combined organic layers were washed with saturated aq. NaHCO;, dried (Na,50,4) and
concentrated to yield 2,4-dichlorofuro[3,2-d}pyrimidine (23 mg, 48%) which was used in the

next reaction without further purification.

Reference Example 19: 2.Chloro-4-morpholinofuroil.2-djpvrimidine.
)
N
O—"N

N
N/)\CI

2,4-Dichlorofurof3,2-djpyrimidine (23 mg, 1.0 eq) was suspended in methanol (14.?
ml) and treated with morpholine (0.09 ml, 4.0 eq). Reaction mixture was stirred at room
temperature for 2 h, before being Quenched with saturated aq. NaHCO;. Mixture was
extracted with dichloromethane. The combined organic layers were dried (Na;S04) and
concentrated to yield 2-chloro~4-morpholinofurof3,2-d}pyrimidine (14 mg, 48%) which was

used in the next reaction without further purification.

Reference Example 20: 2-Chloro-4-morphelinofuro{3.2-dlpvrimidine-6-
carbaldehvde

()
N
-
H N~ ~CI
To a solution of 2-chloro-4-morpholinofuro[3,2-d}pyrimidine (40 mg, 1.0 eq)

dissolved in THF (1.7 ml) at -78 °C was added 1.6M solution of »-butyllithium (0.14 mi, 1.3
eq, 1.6M in hexanes). Reaction mixture was stirred at -78 °C for 30 minutes. DMF (0.05 ml,

4.0 eq) was added and reaction mixture was allowed to slowly warm up to room temperature

and stirred for 90 minutes. Reaction mixture was gquenched with water, and extracted with
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dichloromethane. The combined organic layers were dried (Na;S0;,) and concentrated. The
crude reaction mixture was purified by flash chromatography to yield 2-chloro-4-
morpholinofuro3,2-d]pyrimidine-6-carbaldehyde (22 mg, 50%) : 'H NMR (CDCls, 400
MHz) 8 9.92 (s, 1H), 7.48 (s, 1H), 4.12 (m, 4H), 3.86 (dd, 4H) ; MS (Q1) 268 (M)".

Reference Example 21: 2-Chlore-6-({4-( meth‘zlsillfonﬂ jpiperazin-I-ylimethyl)-4-
morpbolinofuref3.2-dipyvrimidine

)
(_“')WI”Z"'

N
MeO,S

2-Chloro-4-morpholinofurof3,2-d]lpyrimidine-6-carbaldehyde (65 mg, 1.0 eq) was
dissolved in 17,2—'dichloroeﬂ1ane'(9.7 m!} and treated with hydrochloride sait of 1-
‘methanesulfonylpiperazine (69 mg, 1.4 eq), sodium acetate (28 mg, 1.4 eq) and trimethyl

orthoformate (0.27 ml, 10 eg). Reaction mixture was stirred at room temperature for 12 h.
Sodium triacetoxyborohydride (62 mg, 1.2 eq) was added and reactioln mixture was stirred at
room temperature for 8 h. Reaction mixture was ciuenched with saturated aq. NaHCO; and
extracted with dichloromethane. The combined organic layers were dried (N2z,804) and
concentrated. The crude reaction mixture was purified by flash chromatography to yield 2- .
chloro-6-((4-(methylsulfonyl)piperazin-1-yl)methy!)-4-morpholinofuro[3,2-d}pyrimidine (70
mg, 68%) : MS (Q1) 416 (M)".

Example 2: Compeounds of the Invention — Series A

The following compounds of the invention were prepared. The compound numbering

corresponds to that used in Table 1A above.

14: 1-(2-Chloro-4-morpholin-4-yl-thieno[ 3,2-d]pyrimidin-6-ylmethyl)-4-
methanesuifonyl-piperazin-2-one (100 mg, 0.2 mmol) was converted to 14 using General

Procedure A (10 mg, 10 %). MS (Q1) 528 (M)+
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68: To 1g of 2-chloro-4-morpholinothieno[3,2-dlpyrimidine-6-carbaldehyde was added
855 mg 1-BOC-piperazine via Procedure C to give 1.59 g of 2-chloro-4-morpholino-6-((Boc-
piperazin-1-yl)ymethyl)thieno[3,2-d]pyrimidine. The crade HCI salt of 2-chloro-4-morpholino-
6-{{piperazin-1 -yl)methyi)thieno[i% ,2—ﬂpyrir_nidine was then formed by treatment with Seq 4N .
HCl in dioxane in a solution of DCM and subsequent evaporation to ciryness.

100 mg of crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-
yi)meﬂxyl)ﬂueno[ﬁi 2-djpyrimidine was treated with 135 mg of Boc-Glycine via Proccdure B.
This crude intermediate was then subjected to Procedure Ato give 31.5 mg of 68 MS (Ql)
4932 (M)+.

67: 25 mg of crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-
yhmethyl)thieno[3,2-djpyrimidine was treated with 135 mg of N,N-Dimethylglycine via
Procedure B. This crude intermediate was then subjected to Procedure A to give 7.4 mg of
67. MS (Q1) 521.2 (M)+.

66: 400 mg of crude HCI salt of 2-chloro-4-morpholino-6-({piperazin-1-
yhmethyDthieno|3,2-d]pyrimidine was treated with 175 mg of L-Lactic Acid via Procedure
B. This crude intermediate was then subjected to Procedure A to give 212 mg of 66. MS
{Q1) 508.2 (M)+.

56: The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methyl)thieno[3,2-
d]pyrimidine (50 mg) was treated with 5 eq methy! chloroformate and 6 eq DIPEA in 1 mL of
DMF. The reaction mixture was concentrated and extracted into Ethyl Acetate with
Saturated Ammonium Chloride. The aqueous layer was back- extracted once with DCM.

The organics were combined and concentrated to dryﬁess. This crude intermediate was then
subjected to Procedure A to give 3.7 mg of 56. MS (Q1) 494.2 (M)+.

55:  The crude HCI salt of 2-chioro-4-morpholino-6-((piperazin-1-yl)methyl)thieno[3,2-
d]pyrimidine (50 mg) was treated with 5 eq ethyl chloroformate and 6 eq DIPEA in 1 mL of
DMF. The reaction mixture was concentrated and extracted into Ethyl Acetate with
Saturated Ammonium Chloride. The aqueous layer was back- extracted once with DCM.
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The organics were combined and concentrated to dryness. This crude intermediate was then
subjected to Procedure A to give 35.4 mg of 55. MS (Q1) 508.2 (M)+.

54: The crude HCI salt of 2-chloro-4-morpholino-6-({piperazin- 1 -yl)methyl)thieno{3,2-
dlpyrimidine (50 mg) was treated with 3 eq Acetic Anhydride and 5 eq DIPEA in | mL of
DCM. The reaction mixture was concentrated and extracted into Ethyl Acetate with
Saturated Ammonium Chlonide. The aqueous layer was back- cxtr:;lcted once with DCM.
The organics were combined and concentrated to dryness. This crude intermediate was then
subjected to Procedure A to give 20.2 mg of 54. MS (Q1) 478.2 (M)+.

53: - The crude HCI salt of 2-chloro~4-morpholin6-6-((piperazin~I—yl)methyl)thieno[3,2-
dlpyrimidine (50 mg) was treated with 5 eq of Formic Acid, S5eq EDC and 5 eq DIPEA In 1
mL of DMF. This crude intermediate was then subjected to Procedure A to give 5.1 mg of
53. MS {Q1) 464.2 (M)+.

52:  The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-ylmethyl)thieno[3,2-
dlpyrimidine (50 mg) was treated with 2.5 eq of pivaloyl chloride and 3 eq DIPEA in 1 mL of
DCM. This crude intenmediate was then subjected to Procedure A to give 36.7 mg of 52. MS

(Q1) 520.3 M)+

48: - The crude HCI salt of 2-chloro-4-morpholino-6-({piperazin- i -yl)methylthienof3,2-
dlpyrimidine (50 mg) was treated with 2.5 eq of cyclopropanecarbonyl chioride and 3 eq
DIPEA in 1 mL of DCM. This crude intermediate was then subjected to Procedure A to give
27.2 mg of 48. MS (Q1) 504.2 (M)+.

107: The crude HCI salt of 2-chloro-4-morpholino—6{(piperazin— i-yDmethyDthienof3,2-
dlpyrimidine (100 mg) was treated with 70 mg of D-Lactic Acid via Procedure B. This crude
intermediate was then subjected to Procedure A to give {(R)-1 —(4——((2—(1H—indazol-4;yl}»4—
morpholinothienof3,2-d]pyrimidin-6- yl)methyl)piperazin-1-yl}-2-hydroxypropan-1-one, MS
{Q1) 508.2 MD+.
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108:  The crude HCI salt of 2~chloro-4-morpholino-6-((piperazin-1-yl)methyl)thieno[3,2-
dipyrimidine (100 mg) was treated with-75 mg of 2-Hydroxyisobutyric Acid via Procedure B.
This crude intermediate was then subjected to Procedure A to give I-(4-((2-(1H—indazol-4—
yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-hydroxy-2-
methylpropan-1-one. MS (Q1) 522.2 (M)+. ' ’

109:  The crude HCI salt of 2-chioro-4-morpholino-6-((piperazin-1 -yl ymethyl)thieno{3,2-
dipyrimidine (100 mg) was treated with 55 mg of Glycohic Acid via Procedure B. This crude
intermediate was then subjected to Procedure A 1o give 1-(4;((2—(1H—indazol-4~y1)—4—
morpholinothieno[3,2-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-hydroxyethanone. MS (Q1}
494.4 (M)+. |

110:  The crude HCI salt of 2—ch]orq#—morpholino—ﬁ-((piperazin»I—yl)metbyl)mieno[S,Z-'
dlpyrimidine (100 mg) was treated with 55 pL of Methoxyacetic Acid via Procedure B. This
crude intermediate was then subjected to Procedure A to give 1-(4-((2-(1 H-indazol-4-yI)-4-
morpholinothieno{3,2-dlpyrimidin-6-yl)methyl)piperazin-1-yl}-2-methoxyethanone. MS
(Q1) 508 (M)+.

111:  The crude HCI salt of 2-chloro~4-morpholino-6-((piperazin-1-yl)methyl)thieno[3,2-
dlpyrimidine (100 mg} was treated with 70 pL of tetrahydro-2-furoic acid via Procedure B.
This crude intermediate was then subjected to Procedure A to give {(4-({2-(1 H-indazol-4-yl)-
4-morpholinothienof3,2-djpyrimidin-6-yl)methyl)piperazin-1-yl)}(tetrahydrofuran-2-
yl)methanone. MS (Q1) 534.3 (M)+.

112:  The crude HCI salt of 2-chIoroA-morphoﬁno-ﬁ;((pipcrazin-1 -yDmethyl)thieno[ 3,2-
djpyrimidine (100 mg) was treated with 100 mg of Boc-amino-cyclopropanecarboxylic acid
via Procedure B. This crude intermediate was then subjected to Procedure A to give (4-((2-
(1 H-indazol-4-yl}-4-morpholinothienof3,2-dlpyrimidin-6-yl)methyl)piperazin-1-y1)(1 -
aminocyclopropyl)methanone. MS (Q1) 519.3 (M)+.

113:  The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methyl)thienof 3,2-
d)pyrimidine (100 mg) was treated with 140 mg of Boc-Alanine via Procedure B. This crude
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intermediate was then subje_:c-ted to Procedure A to give (8)-1-(4-((2-(1 H-indazol-4-yI)-4-
morpholinothienof3,2-dpyrimidin-6-yi}methyl)piperazin-1-yI)-2-aminopropan-1-one. MS
(Q1) 507.3 (MD+. '

114:  The crude HCl salt of 2-chloro-4-morpholino-6-((piperazin- 1-ylymethyl)thieno[3,2-
dipyrimidine (100 mg) was treated with 140 mg of Boc-D-Alanine via Procedm;e B. This
crude intermediate was then subjected to Procedure A to give (R)-1-(4-((2-(1 H-indazol-4-yl)-
4-moxpholinothieno[3,Z-a'jpyrimi&in—ﬁ-yi)methyl)piperazin—1 -yl}-2-aminopropan-1-one. MS
{Q1) 507.3 (M)+.

115: The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methyl)thieno[3,2-
dpyrimidine (100 mg) was treated with 100 mg of methanesulphonylacetic acid via
Procedure B. This crude intermediate was then subjected to Procedure A to give 1-(4-((2-
, (IH—indaiol—4—yl}—4-morpholinothieno[3,2-d]pyrimidjn~6-y1)meﬂ1y1)pipcrazin- 1-yi)-2-
(methylsulfonyl)ethanone. MS (Q1) 556.3 (M)+. A

116: To 700 mg of 2.chloro-4-morpholinothieno[2,3-dlpyrimidine-6-carbaldehyde was
added 645 mg 1-BOC-piperazine via Procedure C to give 1.12 g of 2-chloro-4-morpholino-6-
{(Boc-piperazin- I-yDmethylthieno{2,3-d}pyrimidine. The crude HCI salt of 2-chloro-4- '
morpholino-6-((piperazin-1-yDmethyl)thieno[2,3-d}pyrimidine was then formed by treatment
with Seq 4N HCl in dioxane in a solution of DCM and subsequent evaporation to dryness.

The crude HCI salt of 2-chloro-4-morpholino-6-{(piperazin-1-yl)methyl)thieno[2,3-
dlpyrimidine (100 mg) was treated with 65 mg of L-Lactic Acid via Procedure B. This crude
intermediate was then subjected to Procedure A to give (S)-1-(4-((2-(1 H-indazol-4-y1)-4-
morpholinothieﬁo[Z,B-d]pyrimidin——6-yl)mcthyi)pipcrazm-1-yI)-2-hydr0xypropan-1-one. MS
(Q1) 508.2 (M)+.

117: The crude HCI salt of 2-chl_oro-4—morpholino—G—((piperazin—1—yl)methyl)ﬂ1ieno[2,3-
djpyrimidine (75 mg) was treated with 51 mg of D-Lactic Acid via Procedure B. This crude
intermediate was then subjected to Procedure A to give (R)-1-(4-((2-(1 H-indazol-4-yi)-4-
morpholinothieno {2,3-djpyrimidin-ﬁ-yl)_methyl)piperazin—1 -yD)-2-hydroxypropan-1-one. MS
(Q1) 508.2 (M)+.
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118: The crude HCI salt of ig-—chloro—4—mori3holino—6—((piperazin-]-yl)methyl)&nieno[Z,B-
dlpyrimidine {75 mg) was treated with 55 mg of 2-Hydroxyisobutyric Acid via Procedure B.
This crude intermediate was then subjected to Procedurs A fo give 1-(4-((2-(1 H-indazol-4-

: yl)—4—morpholinothieno[2,3—djpyrimidin—6-y1)me!:hyl)piperazin-1-y1)—2~hydroxy—2~
methylpropan-1-one. MS (Q1) 522.2 (M)+.

119: The crude HCI salt df 2-chloro-4-morpholino-6-({(piperazin-1-ymethyhthienof2,3-
dlpyrimidine (75 mg) was treated with 40 mg of Glycolic Acid via Procedure B. This crude

" intermediate was then subjected to Proceduré A to give l~(49((2-(1H—indazolw4~y})—4—
morpholinothieno[2,3-djpyrimidin-6-yDmethylpiperazin-1-yl}-2-hydroxyethanone. MS (QI)
494.4 (M)+.

120: The crude HCI salt of 2—chloro—4-morpholmo~6-((piperazin-l -yDmethylthieno[2,3-
dlpyrimidine (75 mg) was treated with 41 pL. of methoxylacetic acid via Procedure B. This
crude intermediate was then subjected to Procedure A to give 1-(4-((2-(1 H-indazol-4-yl)-4-
morpholinothienof2,3-dpyrimidin-6-yi)methyl)piperazin-1-yl)-2-methoxyethanone. MS
(Q1) 508 (M)+.

121: The crude HCI salt of 2-chloro-4-morpholino-6-{(piperazin-1-yijymethyljthieno[2,3-
d]pyrimidine (75 mg) was treated with 50 pLL of Tetrahydro-2-furoic Acid via Procedure B.

This crude intermediate was then subjected to Procedure A to give (4-((2-(1. H-indazol-4-yl)
4-morpholinothieno[2,3-djpynimidin-6-yl)methyl)piperazin-1-yl)(tetrahydrofuran-2-
yhmethanone. MS (Q1} 534.3 (M)+.

122:  The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1 -y)methyl)thienof2,3-
d]pyrimidine (75 mg) was treated with 100 mg of Boc-2-Aminoisobutyric Acid via Procedure
B. This crude intermediate was then subjected to Procedure A to givé 1-(4-((2-(1 H-indazol-4-
yh-4-morpholinothieno[2,3-dpyrimidin-6-yl)methyl)piperazin-1-yi}-2-amino-2-
‘methylpropan-1-one. MS (Q1) 521.5 (M)+. '
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123: The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yl)methylthieno{2,3-
d]pyrimidine (75 mg) Was treated with 100 mg of Boc-amino-cyclopropanecarboxylic acid
via Procedure B. This crude intermediate was then subjected to Procedure A to give (4-((2-
(1 H—indazol-4—y})—4—morpholinothieno 2 ,3¥d}pyrimidin—é—yl)methyl)piperazin— -yiX1-
aminocyciopropyi)meﬁhanone. MS (Q1) 519.3 (M)+. ;

124: The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin- 1-yl)methyl)thienof2,3-
dlpyrimidine {75 mg) was treated with 93 mg of Boc-Glycine Acid via Procedure B. This
crude intermediate was then subjected to Procedure Ato give 1-(4-{(2-(1H-indazol-4-yl}-4-
morpholinothieno[2,3-d]pyrimidin-6-yl)methyl)piperazin-1 -yl)~2—arﬁinocthanone. MS (Q1)
4933 (M)+. |

125: The crude HCI salt of 2-ch}.ofo—é}—morpholino—6—((piperazin—l-yi)methyl)thieno[Z,S-
dlpyrimidine (75 mg) was treated with 100 mg of Boc-Alanine Acid via Procedure B. This
crude intermediate was then subjected to Procedure A to give (S)-1-(4-{(2-{1 H-indazol-4-yi)-
4-morpholinothieno[2,3-dlpyrimidin-6-y)methyl)piperazin-1-yl)-2-aminopropan-1-one. MS
Q1) 5073 M+,

126: The crude HCI salt of 2-chiore-4-morpholino-6-({piperazin-1-yi)methyhthieno[2,3-
dlpyrimidine (75 mg) was treated with 100 mg of N-Bo(_:-D—al‘anine via Procedure B. This
crude intermediate was then subjected to Procedure A to give (R)-1-(4-((2-(1 H-indazol-4-yl)-
4-morpholinothieno{2,3-djpyrimidin-6-yDmethyl)piperazin-1-yl)-2-aminopropan-1-one. MS
(Q1) 507.3 (M)+.

127:  The crude HCI salt of 2-chloro-4-morpholino-6-((piperazin-1-yDmethyDthieno[2,3-
dlpyrimidine {75 mg) was treated with 100 mg of methanesulphonylacetic acid via Procedure
B. This crude intermediate was then subjected to Procedure A to give 1—(4-((2-(1H—iﬁdazol—4-
yi)-4-morpholinothieno{2,3-d}pyrimidin-6-yl)methylpiperazin-1-yI}-2- ‘
(methylsulfonyl)cthanone. MS (Q1) 556.3 (M)+.

63:  2-Chloro-4-morpholinothieno{3,2-d]pyrimidine-6-carbaldehyde (50 mg) was reacted

with 4-hydroxypiperidine following the protocol in general procedure C. The crude material
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was then used in general procedure A to give 3 mg of 63 following reversed phase HPLC
purification. MS (Q1Y451 M+

64: 2-Chloro-4-morpholinothieno[3,2-d}pyrimidine-6-carbaldehyde (50 mg) was reacted
with 3-hydroxypyrrolidine following the protocol in general procedure C. The crude material
~ was then used following general pmceéme A to give 7mg of 64‘ following reversed phase-
HPLC purification. MS (Q1) 437 (M)+

- 65: 2-Chloro-4-morpholinothienof 3,2-d]pyrimidine-6-carbaldehyde (50 mg) was
dissolved in 2 mL dimethylformamide. To this solution was added 2.6 equivalents of 3-
hydroxypiperidine, 3 equivalents of magnesium sulfate, and 0.04 mL of acetic acid. The
mixture was allowed to stir for 6 hours prior to adding 2.5 equivalents of sodium
triacetoxyborohydride. Following 12 to 16 hours of sturing the reaction was poured into
saturated sodium bicarbonate and extracted scvcra:l times with ethylacetate. This chloro

intermediate used crude following the protocol for general procedure A to give 6 mg of 65
after reversed phase HPLC purification. MS (Q1) 451 M)+

49: 2~Ch]§ro—4—morpholinothieno{3,2—d]pyrimidine-6—carbaldehyde (175 mg) was reacted

' \;.rith 3-(methanesulfonyl)pyrrolidine following the protocol in general proceﬂme C. The
crude material was then used in general procedure A to give 177 mg of G-34670 following
purification on silica (0 to 15% MeOH gradient in dich]orome.théne over 40 min, 40g
column). MS (Q1) 499.2 M)+

50: 2-Chloro-4-morpholinothieno(3,2-d}pyrimidine-6-carbaldehyde (200 mg) was reacted
according to procedure C with (S)—4-N-tn'ty1-2—mef;hyl-piperazine. The crude material was
then dissolved in 10 mL of methano! and treated with 0.5 mL of concentrated HCI for several
hours before basifying with NaOH and extracting into EtOAc; After evaporation the crude
reaction mixture containing 2-chloro-6-(((S)-2-methylpiperazin-1-yl)methyl-4-
morpholinothieno[3,2-d]pyrimidine was dissolved in 10 mL of dichloromethane and treated
with 0.3 mL of diisopropylethylamine and 54 ul of methanesulfonyl chioride. Afier
overnight stirring an additional 20 pL of methanesulfonyl chloride was added to convert

remaining starting material to product. Upon completion the reaction was extracted with
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dichloromethane and water and then purified on silica gel using a MeOH gradient in
dichloromethane to give 186 mg of 2-chicro-6-(({5)-4-N-sulfonyl-2-methyipiperazin-1-
ylmethyl-4-morpholinothienof3,2-d]pyrimidine. 160 mg of this material was used following '
general procédure SUZUKI and purified with reversed phase HPLC to give compdund 50.
MS (Q1) 528 (M)+ ' | :

1: 2-Chloro-4-morpholinothieno[3,2-d]pyrimidine-6-carbatdehyde (100 mg) was reacted
according to procedure C with (18,48)-N-Boc-2,5-diaza-bicyclo{2.2.1]heptane to give 140
mg of the Boc protected piperazine following silica gel purification (25% to 100% EtOAc
gradient in hexanes, 12 g column}). The Boc group was removed by treating the compound
with 1.5 mmol of HCl in dioxane. Afier evaporation the free amine was sﬁlfonylated in 3 mL
of dichloromethane using 100 pL of triethylamine as a base and 35 L of
methanesulfonylchloride. After two hours the reaction was complete and extracted with
dichloromethane and saturated NaCl. The crude material from this reaction was used

- following general procedure SUZUKI and purified with rcvefsad phase HPLC to give 61 mg
of compound 1. MS (Q1) 526 (M)+

75: N-Butyilithium (9.4 m1., 22.48 mmol, 2.5 M in hexane sclution) was added to a
mixture of 2-chloro-4-morpholinothieno[3,2-d}pyrimidine (3.0g, 11.74 mmol) in 60 mL of
THF at ~78°C. The reaction mixture was allowed to wairn to —40°C and stirred for 30 min. A
solution of i0dine(6.0g, 23.48 mmol) in 10 mL of THF was added dropwise. After the
addition was completed. The reaction mixture was brdught to room temperature and stirred
for 2h. The mixture was quenched by diluting with dichloromethane (300 mL) and extracting
with H>C (2 x 100 mL). The organic layer was washed with Na;5-0; (2 x 100 mL), H:O (2x
100 mL), dried over MgSQ;,_ﬁltered and evaporated to afford 2-chloro-6-iodo-4-
morpholinothieno[3,2-d}pynimidine(3.4 g, 75%).
2-Chloro-6-iodo-4-morpholinothieno[3,2-d}pyrimidine (150 mg), 2-oxazolidinone
(103 mg), potassium phosphate tribasic (250 mg), copper iodide (7 mg), 4 pL of N,N;-
dimethylethylenediamine in 2 mL of I,4—dioxane was heated to 100 °C for 15 hr. The
reaction mixture was evaporated and the residue was diluted with ethyl acetate (50 mL),
washed with brine (30 mL.), dried over MgS8O,, filtered and evaporated. The crude product



133 0 () N, N\ H
64( 4- nmet hyl sul f onyl pi perazi n-1-yr)net hyl)-4-
wo pRrakali no-2-0 Fl -pyrrol of 2, 3-bi pyriden-5-  pCT/us2007/009866
yot hi eno[ 3, 2-d] pyri m di ne ei 0, NOt-g\
2007/ 127175PCT/ US2007/ 009866 -69- 134 HO O o N2 N NH

~119-

was purified on reverse phase HPLC to give 46 mg of 3(2-chloro-4-morpholinothienof3,2-
d}pyrimidin-6-yl) oxazolidin-2-one. 7

- 3-(2-Chloro-4-morpholinothieno|3,2-d}pyrimidin-6-yl) oxazolidin-2-one (46 mg) was
coupled to 4-(4,4,5 JS-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-indazole via Procedure A. The
product was purified by reverse phase HPLC to yield 8.6 mg of 3-(2-(1H-indazol-4-yl)-4-
morpholinotlﬁeno[3,2-d}pyrimidin—6—y1} oxazolidin-2-one. MS (Q1) 423 (M)"

73: 2-Chloro-6-iodo-4-morpholinothieno|3,2-djpynmidine (150 mg), 90 pL of 2-
pyrrolidinone, potassium phosphate tribasic (250 mg), copper iodide (7 mg), 4 pL of N,N-
dimethylethylenediamine in 2 mL of 1,4—dioxane was heated to 100 °C for 16 h. The reaction
mix_ture was evaporated and the residue was diluted with ethyl acetate (60 mL), washed with
brine (30 mL), dried over MgSO;, filtered and e\faporated. The crude product was purified on
reverse phase HPLC to give 53 mg of 1—(2—ch10ro—4—morpholin0thierio[3,2~&}pyrimidin-6—yl)
pyrrolidin-2-one.

1-(2-Chloro-4-morpholinothieno|3,2-d}pyrimidin-6-y1) pyrrolidin-2-one (35 mg) was _
coupled to 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl}-1H-indazole via Procedure A. The
product was purified by reverse phase HPL.C to vield 19.5 mg of 1-(1 H-indazol-4-yI)-4-
morpholinothieno[3,2-d]pyrimidin-6-yI) pyrrolidin-2-one. MS (Q1) 421 (M)"

/

81: 2-Chloro-6-(4-methylsulfonyl-piperazin- 1 -yl-methy!)-4-morphoiin-4-yl-thieno[ 3.2-
d]pyrimidine was reacted with 2-fluoropyridine-5-boronic acid in General Procedure A on a
18.5 mmol scale to give 342 mg. of the deswred product afier RP-HPLC purification. MS
{Q1) 493.1 (M)+.

30: 2-Chloro-6-(4-methylsulfonyl-piperazin-1-yl-methyl)-4-morpholin-4-yl-thieno[3.2-
d]pyrimidine was reacted with 3-fluorophenyl boronic acid in General Procedure A ona 18.5
mmol scale to give 20.8 mg. of the desired product after RP-HPLC purification. MS (Q1)

492.3 (M)+.

79: - 2-Chloro—6-(4—meﬂzylsulfonyi—piperazin-1-yl-methyl}-4-morpholin—4-yi~thieno[3.2-
dlpyrimidine was reacted with 3-(N-methylaminocarbonyl)pheny! boronic acid ifi General
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Procedure A on a 18.5 mmol scale to give 7.4 mg. of the desired product after RP-HPLC
purification. MS (Q1) 531.3 (M)+. '

78: 2-Chloro-6-{(4-methylsuifonyl-piperazin-1-yl-methyl)-4-marpholin-4-yi-thieno[3.2-
d]pyrimidine was reacted with 2-ﬂu0r0pyridinc-3—bo_mﬁic acid in General Procedure A on a

18.5 mmol scale to give 23.5 mg. of the desired product after RP-HPLC purification. MS
(Q1)493.4 M)+, ' '

77: 2-Chloro-6-{4-methylsulfonyl-piperazin-1 -yl-methyl}-4-morpholin-4-yl-thieno[3.2-
d]pyrimidine was reacted with pyrimidine-5-boronic acid in General Procedure A ona 18.5
mmol scale to give 8.1 mg. of the desired product after RP-HPLC purification. MS (Q1)

476.3 (M)+.

76: 2-Chloro-6-(4-methylsulfonyl-piperazin-1 -yl-methyl}-4-morpholin-4-yl-thienof3.2-
d]pyrimidine was reacted with 3-nicthylsulfonylaminophenyl boronic acid in General
Procedure A on a 18.5 mmol scale to give 76 mg. of the desired product after RP-HPLC
purification. MS (Q1) 567.2 (M)+.

2: 2-Chloro-6-((4-(methylsulfonyl)piperazin-1-yl)methyl)-4-morpholinofuro[3,2-
djpyrimidine (40 mg, 1.0 eq) was dissolved in toluene/ethanol/water (4:2:1, 1.6 ml) and
treated with 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl}-1H-indazole (59 mg, 2.5 eq),
PACL(PPh;); (6.8 mg, 0.10 eq) and sodium carbonate (36 mg, 3.5 eq). The vial was sealed

- and heated with stirring in the microwave to .1 50 °C for 15 minutes. The crude reaction
mixture was concentrated and purified by reverse phase HPLC to afford 2-(1H-indazol-4-y1)-
6-((4-(methylsulfonyl)piperazin-1-yl)methyl-4-morpholinofuro[3,2-dlpyrimidine: MS (Q1)
498 (M)".

Example 3: Furtber Compounds of the Invention — Series B

The following compounds of the invention were prepared. The compound numbering

corresponds to that used in Table 1A above.
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5: 2-Chloro -6~(4—mcthanesulfonyl—piperazin— 1-yimethyl}-4-morpholin-4-yl-thuenof[2,3-
d]pyrimidine was reacted with pyrimidine-5-boronic acid in General Procedure A
 Purification on silica yielded the desired compound.

MS (Q1) 4763 (M) ' |
NMR (400MHz CDCB): 2.67 (4H, t (J 4.79), CH2), 2.81 (3H, s, CH3), 3.29 (4H, m, CH2),
3.83 (2H, 5, CH2), 3.89-4.01 (8H, m, CH2), 7.18 (14, s, ar), 9.28 (1H, s, ar), 9.67 (2H, s, ar)

11 2-Chloro-6-(4-methylsulfonyl-piperazin-1-yl-methyl}-4-morpholin-4-yl-thieno[3.2-
d}pyrimidine was reacted with benzenesulfonamide-3-boronic acid pinacol ester in General
Procedure A. Purification on silica yielded the desired coxﬁpound.

NMR:{(CDCI13): 2.68-2.72 (4H, m), 2.82 (3H, s), 3.29-3.33 (41—1, m), 3.90 (2H, s), 3.90-3.94
(4H, m), 4.05-4.10 (4H, m), 4,81 (2H, br. 5), 7.33 (1H, 5), 7,62-7,66 (1H, m), 8.00 (1H, 4,
J=8.0), 8.68 (1H, d, J=8.0}), 9.02 (1H, s5)

(ESI+): MH-+ 553.18 |

12: 2-Chloro-6-(4-methylsulfonyl vpiperazind -yI—methyl)—4-mgrphoiin;4-yl‘ﬁhieno [3.2-
djpyrimidine was reacted with 4-(hydroxymethyl)phenyl boronic acid in General Procedure
A. Purification on silica yielded the desired compound

- NMR:ADMSO-d6): 2.58-2.62 (4H, m), 2.8% (3H, s), 3.13-3.18 (4H, m), 3.78-3.81 (4H, m),
3.92 (2H, s), 3.95-4.00 (4H, m), 4.56 (2H, d, J=5.7), 523 (1H, ¢, J=5.7), 7.40 (1H, 5), 7.44
(2H, d, }=8.2), 8.38 (2H, 4, =8.2)

(ESI+): MH+ 504.18

13: 2-Chloro-6-(4-methylsulfonyl-piperazin-1-yl-methyl)-4-morpholin-4-yl-thieno[3.2-
d]pyrimidine was reacted with 3-carbamoylphenyl boronic acid in General Procedure A.
Purification on silica yielded the desired compound

(DMSO0-d6): 2.58-2.62 (4H, m), 2.89 (3H, s), 3.13-3.18 (4H, m), 3.78-3.81 (4H, m), 3.92 (2H,
5), 3.95-4.00 (4H, m), 7.40 (1H, br), 7.42 (1H, s), 7.53-7.58 (1H, m), 7.94 (1H, d, J=7.7), 8.09
(1H, br), 8.51 (14, 4, I=7.7), 8.38 (1H, s)
(ESI+): MH+ 517.24
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84. 2-Chloro-6-(4-methylsulfonyl-piperazin-1-yl-methyl)-4-morpholin-4-yl-thieno[3.2-

d]pyrimidine was reacted with pyridine-3-boronic acid in General Procedure A. Purification
on silica yieldcd the desired compound .

NMR:(CDCI3): 2.68-2.72 (4H, m), 2.82 (3H, s), 3.23-3.33 (4H, m), 3.90 (2H, s), 3.90-3.94
(4H, m), 4.05-4.10 (4H, m},7.33 (1H, s}, 7.34-7.38 (1H, m), 8.68 (2H, d. J=5.6), 9.64 (1H, 5)
(ESI+): MH+475.11

47: 2-Chloro-6-(4-methanesulfony!-piperazin-1-ylmethyl)-4-morpholin-4-yl-thienof2,3-

d]pyrimidine was reacted with 3-formyiphenylboronic acid in General Procedure A to yield 3-

[6-(4-methanesulfonyl-piperazin--ylmethyl}-4-morpholin-4-yl-thienof 2,3-d]pyrimidin-2-yl}-

benzaldehyde. Treatment of this aldehyde with sodium borohydride (2.5 equivalents) in

ethanol yielded the desired compound.

IHNMR CDCL3

NMR:1.67 (t, H, OH, J = 6.08Hz), 2.64-2.67 (m, 4H, 2 x Ch2), 2.80 (s, 3H, Ch3), 3.27-3.29

{m, 4H, 2 x CH2), 3.89-3.90 (m, 4H, 2 x CH2), 3.96-3.98 (m, 4H, 2 x Ch2), 4.80 (4, 2H,
CH2,J=6.06Hz), 7.14 (s, H, ArH), 7.46 (m, 2H, 2 x ArH), 8.38 (m, H, ArH), 8.43 (s, H,

ArH).

M+ = 504.15

85: 2-Chloro-6-(4-methylsulfonyl-piperazine-1 -yl-methyl)-4-morpholin-4-yl-thieno[3.2-
d} pyrimidine was reacted with N-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yD)phenyimethanesulfonamide in General Procedure A. Purification on silica yielded the
destred compound.

NMR: (CDCI3): 2.68-2.72 (4H, m), 2.82 (3H, s), 3.06 (3H, s}, 3.29—3.33 (4H, m), 3.90 (2H,
s), 3.90-3.94 (4H, m), 4.05-4.10 (4H, m), 6.45 (1H, br. 5), 7.27 (2H, d, J=8.8), 7.32 (1H, 5),
8.44 (2H, 4, J=8.8)

MS: (ESI+): MH+ 567.20

86: 2-Chioro-6-(4-methylsulfonyl-piperazine-1-yl-methyl)-4-morpholin-4-yl-thieno{3.2-
d}pyrimidine was reacted with 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline in
General Procedure A. Purification on silica yielded 4-[6-(4-Methanesulfonyl-piperazin-1-
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ylmethyl)-4-morpholin-4-yl-thieno[3,2-d}pyrimidin-2-yl]-aniline. This was then reacted with

acetic anhydride in dichloromethane and triethylamine to give the desired compound.
NMR: (CDCI3): 2.20 (3K, s), 2.68-2.72 (4H, m), 2.82 (3H, s), 3.29-3.33 (4H, m), 3.90 (2H,
5), 3.90-3.94 (4H, m), 4.05-4.10 (4H, m), 7.22 (1H, br. 5), 7.32 (1H, 5), 7.62 (ZH, 4, J=8.5),
8.42 (2H, d, J=8.5) ‘ '

NMR: (ESI+): MH+ 531.19

89: 2-Chloro-6-(4-methylsulfonyl-piperazine-1-yl-methyl}-4-morpholin-4-yl-thieno[3.2-
d}pyrimidine was reacted with 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)quinoline in
General Procedure A. Purification on silica vielded the desired compound. _ :
NMR: (CDCI3): 2.68-2.72 (4H, m), 2.82 (3H, s), 3.29-3.33 (4H, m), 3.90 (2H, s), 3.50-3.94
(4H, m), 4.05-4.10 (4H, m), 7.49 (1H, 5), 7.58 (1, t, }=7.0), 7.75 (1H, t, ]=7.0), 7.97 (1H, 4,
}=7.6), 829 (1H, 4, 7=8.4),9.17 (IH, 4, I=1.9), 9.96 (1H, 4, J=2.1)

MS: (ESI+): MH+ 525.24

90: 2-Chioro-6-(4-methylsulfonyl-piperazine- 1 -yl-methyl)-4-morpholin-4-yl-thieno{3.2-
d}pyrimidine was reacted with 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoquinoline in
General Procedure A. Purification on silica yielded the desired compound. |
NMR: (CDCI13): 2.68-2.72 (4H, m), 2.82 (3H, s), 3.29-3.33 (4H, m), 3.90-3.94 (4H, m),3.96
(ZH, s), 4.05-4.10 (4H, m), 7.42‘(11-1, s), 7.64 (1H, t, J=7.0), 7.75 (1H, t, }=7.0), 8.06 (1H, d,
J=8.0), 8.83 (1H, 4, J=8.6), 9.13 (1H, 5), 9.32 (1H, s)

MS: (ESI+): MH+ 52523 |

87: 2-chloro-6-(4-methanesulfonyl-piperidin-1-ylmethyl}-4-morpholin-4-yl-thieno{2,3-
dlpyrimidine was reacted with pyridine-3-boronic acid in General Procedure A. Purification
on silica yielded the desired compound.

NMR: (CDChL): 2.65-2.67 (m, 4H, 2 x CH2), 2.87(s, 3H, CH3), 3.27-3.30 (m, 4H, 2 x CH2),
3.82 (5, 2H, CH?2), 3.88-3.90 (m, 4H, 2 x CH2), 3.97-3.99 (m, 4H, 2 x CH2), 7.16 (s, H, ArH),
7.36-7.39 (m, H, ArH), 8.66-8.6% (m, 2H, 2 x ArH), 9.62 (d, H, ArH, ] = 1.28Hz).

MS: (ESI+): MH+=475.18
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91: 2-chloro-6-(4-methanesulfonyl-piperidin-1 -ylmethylH—morpholin—4~y1—'thieno[2,3—
dlpyrimidine was reacted 3-acetyiphenylboronic acid in General Procedure A. Purification on
silica yielded the desired compound. '

NMR: (CDCls): 2.65-2.67 (m, 4H, 2 x CH2), 2.70 (s, 34, CH3), 2.80 (s, 3H, CH3), 3.27-3.30
(m, 4H, 2 x CH2), 3.82 (s, Z2H, CH2) 3.89-3.92 (m, 4H, 2xCH2) 398-400(m 4H,2 x
CH2), 7.16 (s, H, ATH), 7.55(t, H, ArH, J="7.75Hz), 8.03 (d, H, ArH, J = 773Hz),864(d
H, ArH, J = 7.78Hz), 9.01 (s, H, ArH). '
MS: (ESI+): MH+ = 516.19

93: - 1-{3-[6<(4-Methanesulfonyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d}pyrimidin-2-yl}-phenyl }-ethanone was treated with sodium borohydride (2.8eq.) in ethanol.
- Purification on silica yielded the desired compound. ' _ .
NMR: (CDClL): 1.57 (4, 3H, CH3), 1.85 (d, H, OH), 2.64-2.67 (m, 4H, 2 x CH2), 2.80 (s, 3H,
CH3), 3.27-3.28 (m, 4H, 2 x CH2), 3.81 (s, 2H, CH2), 3.88-3.91 (m, 4H, 2 x CH2) 3.96-3.98
(m, 4H, 2 x CH2), 5.00-5.03 (m, H, CH}, 7.14 (s, H, ArH), 7.42-7.49 (m, 2H, 2 x ArH), 8.35
(d, H, ArH, ] = 7.27Hz), 8.43 (s, H, ArH). |

MS: (ESI+): MH+ = 518.27

94: 2-chloro—6—(4-rh ethanesulfonyl-piperidin-1 -ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d}pyrimidine was reacted with 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoquinoline in
General Procedure A. Purification on silica yielded the desired compound.

NMR: (CDCl): 2.67-2.69 (m, 4H, 2 x CH2), 2.80 (s, 3H, CHB),A 3.29-3.31 (m, 4H, 2 x CH2),
3.85 (s, 2F, CH2), 3.88-3.90 (m, 4H, 2 x CH2), 3.99-4.01 (m, 4H, 2 x CH2), 7.22 (s, H, ArH),
7.63 (t, ArH, J = 7.53Hz), 7.75 (t, H, ArH, 1 =831Hz), 8.03 (d, H, ArH, J = 8.1Hz), 8.88 (d,
H, ArH, J =8.61Hz), 9.16 (s, H, ArH), 9.30 (s, H, AtH).

MS: (ESIH+): MH+= 525.23

95: 2-chloro-6-(4-methanesulfonyi-piperidin-1-ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidine was reacted with 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)quinoline in
General Procedure A. Purification on silica yielded the desired compound.

'NMR: (CDCl): 2.66-2.69 (m, 4H, 2 x CH2), 2.80 (s, 3H, CH3), 3.28-3.31 (m, 4H, 2 x CH2),
3.83 (5, 2H, CH2), 3.91-3.91 (m, 4H, 2 x CH2), 4.01-4.04 (m, 4H, 2 x CH2), 7.18 (s, H, ArH)
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7.57 (1, H, ArtH, J = 7.27Hz), 7.74 (t, H, ArH, J = 7.14Hz), 7.96 (d, H, ArH, J = 8.47Hz), 9.15
(d, H, ArH, I = 2.0Hz), 9.94 (4, H, ArH, ] = 2.0Hz). ' |
MS: (ESI+): MH+=525.28

3'_7: Toa sblution of 4-methoxybenzyl alcohol (1.73 g) in DMSO (10 mL} at room
temperature was added sodium hydride (500 mg). The reaction mixture was stirred for 75 min
and then a solution of 3,5-dibromopyridine (3.0 g) in DMSO (15 mL) was added. The
reaction mixture was then heated at 90“’(3 for 2.5 h and then allowed 10 cool fo room
temperature, quenched with water (60 mL) and extracted into diethyl ether (3 x 60 mL). The
combined organics were washed with brine (100 mL), dried MgSOy), reduced in vacuo and
. purifed by column chromatography to give 3-br0m0—5—(4—methoxy—benzy10xy)—pyﬁdine as a
white solid (1.76 g). 7 ' |

To a solution of 3-bromo-5-(4-methoxy-benzyloxy)-pyridine (300 mg) in THF (10
inL} was added triiospropyl borate (0.28 mL) and the mixture cooled to -78 °C. Then r-
butyllithivm (0.49 mL of a 2.5 M solution in hexanes) was added méintajning the
temperature below -65 °C. The reaction mixture was then allowed to warm to 20°Coverih
- and then quenched with 2 M agueous hydrochloric acid (2 mL). The mixture was allowed to
. warm 1o room temperature over | h and then diluted with water (25 mL}, the pH was adjusted
to 7 and thern extracted into ethyl acetate (3 x 25 mL). The combined organics were washed
with brine (20 mL), dried (MgSOQy) and reduced in vacuo. A mixtare of the crude product énd
pinacol (236 mg) in toluene (15 mL) was then heated at reflux for 4 h. The mixture was then
reduced in vacuo, dissolved in ethyl acetate (30 mL) and washed with water (2 x 30 mL) and
brine (30 mL). The combined organics were dried (MgSO4) and reduced in vacuo to give 3-
(4-methoxy-benzyloxy)-5-(4,4,5,5-tetramethyl-[ 1,3,2]}dioxaborolan-2-yl)-pyridine as an off-
white solid (162 mg).

2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thienof3,2-
dlpyrimidine was reacted with 3-(4-methoxy-benzyloxy)-5-(4.4,5,5-tetramethyl-
f1,3,2]dioxaborolan-2-yi)-pyridine in General Procedure A. Purification on silica yielded 2-
[5-(4-methoxy-benzyloxy)-pyndin-3-yl}-6-(4-methyl-piperazin-1-yimethyl}-4-morpholin-4-
yl-thienof3,2-d]pyrimidine. This was then reacted with trifluoroacetic acid in '

dichloromethane to give the desired compound. -
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NMR: (CDCI3): 2.31 (3 H, s, Me), 2.46-2.68 (8 H, m, CH2), 3.73 (2 H, s, CH2), 3.74-3.82 (4
H.m, CH?), 3.94-3.99 (4 H, m, CH2), 7.20 (1 H, 5, A), 8.12 (1 H, 5, Ar), 8.22 (1 Fi, 5, A7)
and 9.07 (1 H, s, Ar).

MS: (ESI+): MH+ 427.15

39: 2-Chloro-6-(4-methyl-piperazin- 1 -ylmethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine was reacted with 4-(4,4,5,5-tetramethyl-{1,3,2}dioxaborolan-2-yl)-pyrazole-1-
carboxylic acid tert-butyl ester in General Procedure A. The BOC group was cleaved under
the conditions of the Suzuki reaction. Purification on silica yiclded the desired compound.
NMR: (DMSO): 13.05(bs, iH ); 8.31 (bs,2H ); 7.26 (s, 1H); 3.92 (m, 4H ); 3.85 (s, 2H );
3.77(m,4H ); 2.41 (m, 8H); 2.15 (s, 3H ).

MS: (ESI+): MH+ 400.21

40: 2-Chloro-6-(4-methyl-piperazin-1 -yimethyl)—4-morph01in—4—yl—thieﬁo[3,2-
d]pyrimidine was reacted with 3-formyl phenyl boronic acid in General Procedure A.
Purification on silica vielded 3-[6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-
thieno[3,2-d]pyr .

imidin-2-ylj-benzaldehyde. This was then treated with methylmagnesmm bromide in THF to
give the desired compound. '
NMR: (CDCI3): 1.49 (d, ] = 6.5, 3H), 2.10(d, J = 1.7, 1H), 2.25 (s, 3H), 2.46 (s, br, 4H]}, 2.54
(s, br, 4H), 3.74 (s, 2H), 3.82 (t, J = 4.8, 4H), 3.98 (t, ] = 4.8, 4H), 4.94 (q, I = 6.4, 1H), 7.23
(s, 1H), 7.35 - 7.42 (m, 2H), 8.27 (m, 1H), 8.35 (s, 1H).

MS: (ESH): MH+ 454.27

41:  2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thienof3,2-
d]pyrimidine was reacted with 3-formyl phenyl boronic acid in General Procedure A.
Purification on silica yieldc& 3-[6~{4-methyl-piperazin-1-ylmnethyl)}-4-morpholin-4-vi-
thieno[3,2-d}pyr

imidin-2-yl}-benzaldehyde. This was then treated with sodium borohydrnide in methanol to
give the desired compound.

NMR: (CDCI3): 2.25 (s, 3H), 2.47 (s, 4H), 2.54 (s, 4H), 3.75 (s, 2H), 3.80 (t, 1 = 4.8, 4H),
3.98 (t, 1=4.8, 4H), 4.71 (s, 2H), 7.23 {m, 1H), 7.38 (m, 2H), 8.28 (m, 1H), 8.34 (s, 1H).
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MS: (ESH): MH+ 440.23

35: A solution of 4-methoxybenzylalcohol {10g) in ether (300ml) was shaken with
hydrobromic acid, 48%, (150ml). The organic phase was washed with saturated sodium
‘bromide, dried (K2COs) and the solvents removed in vacﬁo to give 4-
methoxybenzylbromide(13.17g). ‘

To a solution of 3-bromo-4-flourophenol (0559 g) in tetrahydrofuran (71::11) under
nitrogen was added sodium hydride, 60% dispersion in mineral oil (0.13g). The solution was
stirred at room temperature. After 30 minutes a solution of @memoxybeﬁéylbromide (0.62g)
was added in tétrahydrofuran (5mi). The reaction mixture was stirred at 50°C overnight. The
reaction mixture was partitioned between dichloromethane and brine, then dried (MgSQs4), the
solvents were removed in vacuo to give a crude residue. This crude residue was purified using
flash chromatography to give Z-bromo-iﬂouro—4—(4—meﬂloxy-benzyloxy)-benzene 0.71g).
To a solution of 2-bromo-1flouro-4-(4-methoxy-benzyloxy)-benzene (0.33g) in
tetrahydrofuran (10ml) under nitrogen was added triiopropylborate (0.29m1). The mixture was
cooled to -78°C and 2.5M n-butyllithium solution in hexanes was added. The reaction mixture

~was stirred at ~40°C for 1 hour, then warmed to 20°C and quenched with 2M hydrochloric
acid (aq) {2ml}). The reaction mixture was warmed to room temperature and stirred for 1 hour.
The reaction mixture was adjusted to pH 7 using saturated sodium biéarbonate solution, then
partitioned between ethyl acetate and Water, dried (MgSQy) and the solvents removed in
vacuo to yield a crude residue (0.31g). A mixture of this crude residue and pinacol (0.25g) in
toluene (10ml) were stirred under reflux 'ovemiéht in a Dean-Stark apparatus. The solvents
were removed in vacuo, the residue was then partitioned between ethyl acetate and water, the
combined organics were washed with water then brine and dried (MgSQOy), the solvents were
. removed in vacuo to yield 2-[2-fuoro-5-(4-methoxy-benzyloxy-phenyl}-4,4,5,5-teramethyl-
[1,3,2]dioxyborolane (0.28g) )
2-Chloro-6-(4-methyl-piperazin- 1 -ylmethyl)-4-morpholin-4-yl-thieno([3,2-
d]pyrimidine was reacted with 2-[2-fluoro-5-(4-methoxy-benzyloxy-phenyl}-4.4,5,5-
tetramethyl-[1,3,2]dioxyborolane in general procedure A. Purification on silica yielded 2-[2-
flouro-5-(4-methoxy-benzyloxy)-phenyl}-6-{(4-methyl-piperazin- 1 -ylmethyh-4-morpholin-4-
yi-thieno[3,2-d]pyrimidine. This was then reacted with triflouroacetic acid in

dichloromethane to yield the desired compound.
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NMR: 400MHz; CDCI3: 2.34(3H,5); 2.58(8H,m); 3.84(2H,s); 3.90(4H,t.J7=4.8Hz);
4-04(41—}';,@]"—-4.81-11); 6.84(1H,m)}; 7.02(1H,t,J=9.6Hz); 7.39(1H,s); 7.57(1H,m).
MS: (ESI+): MH+ 444

36: A solution of 4-methoxybenzylalcohoi (10g) in ether (300m1) was shaken with
hydrobromic acid, 48%, (150ml). The organic phase was washed with saturated sodmm
bromide, dried (K2CO3) and the solvents removed in vacuo to give 4-
methoxybenzylbromide(13.17g).

To a solution of 5-bromo-2,3-diflourophenol (1.0g) in tetréhydrofuran {(10ml) under
nitrogen was added sodium hydride, 60% dispersion in mineral oil (0.20 g}. The solution was
stirred at room temperature. After 30 minutes a solution of 4-methoxybenzylbromide (0.96g)
was added in tetrahydrofuran (7ml). The reaction mixture was stirred at 50°C ovemight. The
reaction mixture was partitioned between dichloromethane and brine, then dried (MgSOx), the
solvents were removed in vacuo to give a crude residue. This crude residue was purified using
~ fiash chromatography to give S-bto_mo~1,2-diﬂouro-3-(4—meﬂloxy-benzyloxy)-benzene
(0.76g). '

To a solution of 5-bromo-1.2-diflouro-3-(4-methoxy-benzyloxy)-benzene (0.35g) in
tetrahydrofuran (10ml) under nitrogen was added triiopropylborate (0.29ml). The mixture was
cooled to -78°C and 2.5M n-butyllithium solution in hexanes was added. The reaction mixture
was stirred at -40°C for 1 hous, then warmed to 20°C and quenched with ZM hydrochloric
acid (aq) (2ml). The reaction mixture was warmed to room temperature and stirred for 1 hour.
The reaction mixture was adjusted to pH 7 using saturated sodium bicarbonate solution, then
partitioned between cthyl acetate and water, dried (MgSQOy) and the solvents removed in
vacuo to yield a crude residue (0.31g). A mixture of this crude residue and pinacol (0.25g) in
toluene (10ml) were stirred under reﬂuic overnight in a Dean-Stark apparatus. The solvents
were removed in vacuo, the residue was then partitioned between ethyl acetate and water, the
combined organics were washed with water then brine and dried (MgSQy), the solvents were
removed in vacuo to yield 2-[3,4-diflouro-5-(4-methoxy-benzyloxy)-phenyl}-4.4,5,5-
tetramethyl-[1,3,2]dioxaborolane(0.28g)

2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)-4-morpholin-4yl-thieno[3,2-d]pyrimidine
was reacted with yield 2-[3,4-diflouro-5-(4-methoxy-benzyloxy)-phenyl]-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane in general procedure A. Purification on silica yielded 2-[3,4-diflouro-5-
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(4-methoxy-benzyloxy)-phenyi] -6~(4-methyl-piperazin— 1-yimethyl}-4-morpholin-yi-
thieno[3,2-d}pyrimidine. This was then reacted with triflouroacetic acid in dichloromethane to
yield the desired compound.

- NMR: 400MHz; CDCI3: 2.36(3H,s); 2.67(8H,m); 3.84(2H.s); 3. SO(4HLt, i=4. 7Hz)
4.00(4H,t,J=4.7Hz); 7.24(1H.s); 7.80(1H,m}; 7.90(1H,d,}=7.6Hz).

MS: (ESF+): MH+ 462

33: A solution of 4-methoxybenzylalcohol (10g) in ether (300ml) was shaken with
hydrobromic acid, 48%, (150m1l). The organic phase was washed with saturated sodium
bromide, dried (K2CO;) and the solvents removed in vacuo to give 4-
methoxybenzylbromide(13.17g).

To a solution of 5-bromo-2-chlorophenol {1.0g) in tetrahydrofuran (10ml) under
nitrogen was added sodium hydride, 60% dispersion in mineral oil (0.20 g). The solution was
stirred at room temperature. After 30 minutes a solution of 4-methoxybenzylbromide (0.97¢g)
was added in tetrahydrofuran (71111). The reaction mixture was stirred at 56°C overnight. The
reaction mixture was partitioned between dichloromethane and brine, then dried (MgSOy), the
solvents were removed in vacuo to give a crude residue. This crude residue was purified using
flash .chromatography to give 4-bromo-1-chloro-2-(4-methoxy-benzyloxy)-benzene (0.96g).

. To a solution of 4-bromo-1 -chloro—.’z*(4—meﬂloxy-benzyléxy)-bemne (0.35g) in
tetrahydrofuran (10ml) under nitrogen was added triiopropylborate (0.29ml). The mixture was
cooled to -78°C and 2.5M n-butyllithium solution in hexanes was added. The reaction mixture
was stirred at -40°C for 1 howr, then warmed to 20°C and quenched with 2M hydrochloric
acid (ag) (2ml). The reaction mixture was warmed to room temperature and stirred for 1 hour.
The reaction mixture was adjusted to pH 7 using saturated sodium bicarbonate solution, then
partitioned between ethyl acetate and water, dried (MgSQy) and the solvents removed in
vacuo to yield a crude residue (0.31g). A mixture of this crude residue and pinacol (0.25g) in
toluene (10ml) were stirred under reflux overnight in a Dean-Stark apparatus. The solvents
were removed in vacuo, the residue was then partitioned between ethyl acetate and water, the
combined organics were washed with water then brine and dried (MgSOy), the solvents were
removed in vacuo to yield 2-[4-chloro-3-(4-methoxy-benzyloxy)-phenyl}-4,4,5,5-tetramethyl-
[1,3,2}dioxaborolane (0.28g).
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2-Chloro-6-(4-methyl-piperazin-1-ylmethyl)4-morpholin-4-yl-thieno[3,2-
djpyrimidine was reacted with 2-{4-chloro-3 4(4~methoxy-benzyloxy)—phenyi}74,4,5,S~
“tetramethyl-[1,3,2]dioxaborolane in general procedure A. Purification on silica yielded 2—[4— '
chloro-3-(&methoxy—benzyloky)-phenyl]a&(é-mcﬂlyl-piperazin-1-—y1methyl)—4—morpholin—4-
yl-thieno[3,2-d]pyrimidine. This was then reacted with triflouroacetic acid in
dichloromethane to yield the desired compound.
NMR: 400MHz; CDCI3: 2.25(3H,s); 2.50(8H,m); 3.77(2H.s); 3.82(4H,t,7=4.9Hz);
3.98(4H.,t,J=5.0Hz); 7.23(1H,s); 7.32(1H,d,]=8.4Hz); 7.93(1H,d,i=8.4Hz); 8.04(1H.,s).
MS: (ESI+): MH+ 460

16: To 2-methylbenzimidazole (75mg) in N,N-dimethylformamide (3mL) was added
sodium hydride (60% djspérsion, 23mg). After stirring for 30 mins, 2-chloro-6-(4-
r’nethanesulfonyl—pipcrézin—1-ylmethyl)-4-m0rpholin—4-yl~thicno[2,3~d]pyrimidine (242mg)
was added and the reaction mixture was heated to 90°C. After 16 hours the reaction mixture
was cooled, diluted with ethyl acetate and washed with brine,. The organic fraction was
concentrated in vacuo and purified using flash chromatography to yield the title compound
[M+H]}+ 528.21 : _
(400MHz CDCIi3): 2.68 (4H, t (J 4.80), CH2), 2.81 (3H, s, CH3), 2.94 (3H, s, CH3), 3.30
(4H, t (J 4.61), CH2), 3.83 (2H, s, CH2), 3.88-4.00 (8H, m, C}2), 7.19 (1H, s, ar), 7.31 (1H,
-m, ar), 7.70-7.73 (1H, m, ar}, 8.10-8.12 (1H, m, ar) -

88: 6-(4—Methanesulfonyl-piperaiin—1 ~-yimethyl}-2-(2-methyl-imidazol-1-yl)}-4-morpholin-
4-yl-thieno{3,2-d]Jpyrimidine was made in a similar manner to the compound above using 2-
methylimidazole and 2-chloro-6-(4-methanesulfonyl-piperazin-1-ylmethyl)-4-morpholin-4-y!-
thieno[3,2~d]pyrimidine.

(CDCI3): 2.68-2.72 (4H, m), 2.82 (3H, s), 2.85 (3H, s}, 3.29-3.33 (4H, m), 3.90 (2H, s), 3.90-
3.94 (4H, m), 4-.05-4.10 (4H, m), 6.93 (1H, d, J=1.6), 7.25 (1H, s), 7.82 (1H, d, }=1.6)

(ESIt): MH+ 478.17

101: 6-(4-Methanesulfonyl-piperazin-1-ylmethyl)-2-(2-methyl-benzoimidazol-1-yl}-4-

morpholin-4-yl-thieno{3,2-d]pyrimidine was made in a similar manner to the compound
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above using 2-methylbenzimidazole and 2-chloro-6-(4-methanesulfonyl-piperazin-1-

ylmethyl}-4-morpholin-4-yl-thienof3,2-djpyrimidine.

(ESI+): MH+

(CDCI3): 2.68-2.72 (4H, m), 2.82 (3H, 5), 2.92 (3H, 5), 3.29-3.33 (4H, m), 3.90 (2H, s), 3.90-
'3.94 (4H, m), 4.05-4.10 (4H, m), 7.27-7.30 (2H, m), 7.32 (1H, 5), 7.71-7.75 (1H, m), 8.09-

8.12 (1H, m)

Example 4: 'Congpounds of the Invention — Series C

The following compounds of the invention were prepared. The compound numbering

corresponds to that used in Table 1A above.

3: To 1-Boc-4-piperidone (10g) in ethanol stirring at 0°C was added sodium borohydride
(9.45g) portionwise. The reaction mixture was stirred at 0°C for 1 hour. The reaction mixture
was then quenched with water and extracted with chloroform. The combined organic were
washed with brine and dried (MgSO4). The solvent was removed in vacuo to yield 9.2¢g of 4-
hydroxy-piperidine-1-carboxylic acid teri-butyl ester.
7 To 4-hydroxy-piperdine-1-carboxylic acid tert-butyl ester (9.2g) in dichloromethane
(170mb), stirring at 0°C was added methane sulphoyl chloride (5.33 ml) and triethylamine .
- (10.24ml). The reacti.on mixture was slowly warmed to room temperature and stirred
overnight. The reaction mixture was partitioned between chloroform and water. The
combined brganics were washed with brine and dried (MgSQ,). The solvent was removed in
vacuo to yield 14g of 4-methanesulfonyl-piperidine-carboxylic acid tert-butyl ester.
A mixture of 4-methanesulfonyl-piperidine-carboxylic acid tert-butyl ester (2.82g) thioacetate
(2.31g) and DMF (40ml) was stirred at 60°C. After 4 hours the reaction mixture was cooled
and partitioned between ethyl acetate and brine. The combined organics were dried (MgSO4)
and the solvents removed in vacuo. The resulting crude mixture was purified by flash
chromatography to yield 4-acetylsulfanyl-piperidine-1-carboxylic acid tert-butyl ester (1.8g).
4-acetylsulfanyl-piperidine-1-carboxylic acid tert-butyl ester {(400mg) was stirred in acetic
acid (3ml) and water (3ml) at 0°C. Chlorine gas was bubbled through the reaction mixture.
The reaction mixture was stired for 1.5 hours. The reaction mixture was then diluted with
water to yield a precipitaie which was collected by filtration to yield 4-chlorosulfonyl-
piperidine-1-carboxylic acid tert-butyl ester (295mg).
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To a solution of 4-chlorosulfonyl-piperidine-1-carboxylic acid tert-butyl ester (295mg)
in dichloromethane stirring at 0’C was added triethylamine {96pL) and morpholine (55uL).
The reaction mixture was stirred overnight then quenched with water and extracted into -
dichloromethane. The combined organics were washed with brine and dried (MgSO4). The

_solvent was removed in vacuo to yield 4~(mprpﬁoline-*‘%—sulfonﬂ)-pipgﬁdine-1-carboxylic
acid tert-butyl ester (120mg).

' To a solution of 4-(morpholine-4-sulfonyl)-piperidine-1-carboxylic acid tert-butyl
ester in dichloromethane (10ml) and methanol (10ml) was added 2M hydrogen chloride in
ether (2uL). The reaction mixture was stirred overnight. The solvents were removed in vacuo
to yield 4-{piperidine-4-sulfonyl)}-morpholine hydrochloride salt.

* Reaction with 2—6hloro-4-m0rpholin—4~yi-thieno[3, 2-djpyrimidine-6-carbaldehyde
using procedure C yielded I-(2-chloro-4-morphohin-4-yl-thieno|3,2-d]pyrimidin-6-ylmethyl)-
piperidine-4-sulfonic acid dimethylamide. This compound was subjected to procedure A to
yield the desired final compound which was purified using flash chromatography.

(M+H)+ 542.28 ‘

(400MHz CDCI3): 1.95-2.04 (4H, m, CH2), 2.14 (2H, td (J 11.36, 2.99), CH2), 2.94 (6H, s,
CH3), 2.99 (1H, m, CH), 3.13 (2H, d (J 11.59), CH2), 3.85 (2H, 5, CH2), 3.92-3.95 (4H, m,
CH2), 4.08-4.15 (4H, m, CH?2), 7.36 (1H, s, ar), 7.50 (1H, t (J 7.73), ar), 7.58 (1H, d (J 8.34),
ar), 8.27 (1H,d {J 7.52), 9.02 (1H, s, ar), 10.25 (1H, b, NH)

The following compounds were prepared in an analogous manner using the appropriate

amine,

27: 1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d}pyrimidin-6-ylmethyl]-
piperidine-4-sulfonic acid dimethylamide was prepared as above using biperidine-4-sulf0nic
acid dimethyl amide hydrochloride salt.

(MH+H)+ 542.28 _
(400MHz CDCI3): 1.95-2.04 (4H, m, CH?2), 2.14 (21, td (J 11.36, 2.99), CH2), 2.94 (61, s,
CH3), 2.99 (1H, m, CH), 3.13 (2H, d (J 11.59), CH2), 3.85 (2H, s, CH2), 3.92-3.95 (4H, m,
CH2), 4.08-4.15 (4H, m; CH2), 7.36 (1H, s, ar),.7.50 (1H, t (J 7.73), ar), 7.58 (1H, d (J 8.34),
ar), _8.27 (1H,d {J 7.52),9.02 (1H, s, ar}), 10.25 (1H, b, NH) -
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22: 1-{2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d}pyrimidin-6-ylmethyl]-
piperidine-4-sulfonic acid methylamide was prepared as above using piperidine-4-sulfonic
aci(i methylamine hydrochloride salt.

MH+ = 528.24 |
400MHz 1H NMR CDCI3.

1.60-1.70 (m, 2H, CH2), 1.90- 20(m,ZH,CH2) 2.1-2.2 (m, ZH,CHE),ZSS(d 34, CH3, 3—
4.76Hz), 2.95-3.05 (m, 2H, CH2}, 3.80-3.85 (m, 4H, 2 x CH2), 3.88 (s, 2H, CH2), 3.95-4.05
(m, 4H, 2 x CH2}, 6.90(m, H, ArH), 7.45 (m, H. ArH), 7.64 (d, H, ArH, J=8.21Hz), R.2 (d,
H, ArH, J = 7.2Hz), 8.86 (s, 4, ArH), 13.15 (sbr, H, NH).

24: 2-(1H-Indazol-4-y1)-6-[4-(4-methyl-piperazine-1-sulfonyl)-piperidin-1-yimethyl}-4-
morpholin-4-yl-thieno{3,2-d]pyrimidine was prepared as above using 1-methyl-4-(piperidine-
4-sulphonyl)-pipenizine hydrochloride salt.

400MHz 1H NMR CDCl3

1.90-2.0 (m, 2H, CH2), 2.05-2.15 (m, ZH, CH2), 2.32 (s, 3H, CH3), 2.45-2.55(m, 4H, 2 x
CH2), 2.90-3.0 9 (m, H, CH), 3.05-3.15 (m, 2H; CH2), 3.38-3.43 (m, 41, 2 x CHR2), 7.35 (s,

- H, ArH), 7.49 (1, H, ArH, J = 7.6Hz), 7.58 (d, H, ArH, J = 8.33Hz), 8.27 (4, H, ArH, J = |
7.53Hz), 9.00(s, H, ArH), 10.15 (sbr, H, NH).

MH+ = 597.25

18: 1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d|pyrimidin-6-ylmethyl]-

piperidine-4-sulfonic acid (Z-methoxy-ethyl)-methyl-amide was prepared as above using
piperidine-4-sulfonic acid (2-methoxy-ethyl}-methyl-amide hydrochioride salt.

ACDCI3): 1.98-2.10 (4H, m), 2.11-2.19 (2H, m), 2.99 (3H, s), 3.00-3.10 (1H, m), 3.12-3.18
(ZH, m), 3.37 (3H, s), 3.41-3.45 (2H, m), 3.53-3.58 (2H, m), 3.84 (2H, s), 3.90-3.94 (4H, m),
4.10-4.14 (4H, m), 7.38 (1H, s), 7.48-7.52 (1H, m), 7.58 (1H, d, J=8.3), 8.38 (1H, d, J=7.6),
9.20 (1H, s), 16.10 (1H, br) |

“(ESI+): MH+ 586

19:  1-[2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno{2,3-d}pyrimidin-6-ylmethyl]-
piperidine-4-sulfonic acid dimethylamide was prepared as above using piperidine-4-sulfonic

acid dimethyl amide hydrochloride salt.
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NMR: 1.9-2.0 (m, 2H, CH2), 2.0-2.2 (m, 4k, 2 x CH2), 2.94 (s, 6H, 2 x CH3), 2.95-3.0 (m, H,
CH), 3.05-3.10 (m, 2H, CH2), 3.79.(s, 2H, CH2), 3.92-3.94 (m, 4H, 2 x CH2), 7.15 (s, H,
ArH), 7.50 (¢, H, ArH, J = 7.79Hz), 7.59 (d, H, ArH, J = 8.23Hz), 8.32 (4, H, ArH, J =
7.34Hz), 9.02 (s, H, Art), 10.1 (sbr, H, NH).
MH+ = 542.19

/ _
20.  1-[2-(1H-Indazol-4-yl)-7-methyl-4-morpholin-4-yl-thienof3,2-d]pyrimidin-6-
yimethy}]-piperidine-4-sulfonic acid dimethylamide was prepared as above using piperidine-
4-sulfonic acid dimethy! amide hydrochloride salt. _
NMR:1.98-2.08 (4H, m), 2.12-2.18 (2H, m), 2.54 (3H, 5), 2.94 (6H, 5), 2.98-3.06 (1H, m),
3.12-3.18 (2H, m), 3.84 (2H, s5), 3.90-3.94 (4H, m), 4.10-4.14 (4H, m), 7.48-7.52 (1H, m),
7.58 (1H, d, J=8.3), 8.38 (1H, d, J=7.6), 9.20 (1H, s), 10.10 (1H, br)
(ESI+): MH+ 556

21: A mixture of 4-mcﬂlanésulfonyloxy-piperidine-1—carboxylic acid tert-butyl ester
{1.015g) and sodium thiomethoxide (635mg} was heated to 80°C in dimethylformamide

~ {10mL). After 4h, the reaction mixture was diluted with water, extracted with ethyl acetate,
dried (MgSOy), filtered and concentrated in vacuo and then purified by flash chromatography
to give 4-methylsulfanyl-piperidine-1-carboxylic _ac‘id tert-butyl ester (600mg). To a solution
of 4-methylsulfanyl-piperidine-1-carboxylic acid tert-butyl ester (600mg) in chloroform
{15mL) was added mCPBA (1.46g). Afier stirring for 2 days, the reaction mixture was diluted
with dichloromethane, washed with sodizm bicarbonate solution, dried (MgSQs) and the
solvent removed in vacuo to yield 4-methanesulfonyl-piperidine-1-carboxylic acid tert-butyl
ester (505mg) as a white solid.

Treatment of this compound with HCl in dichloromethane/methanol yielded 4- |
methanesulfonyl-pipenidine, which was isolated as the hydrochlonide salt.

Reaction with 2-chloro-4-morpholin-4-yl-thieno[2,3-d]pynmidine-6-
carbaldehydeusing procedure C yielded 2-chloro-6-(4-methanesulfonyl-piperidin-1-
ylmethyl)-4-morpholin-4-vl-thienc[2,3-d])pyrimidine. This compound was subjected to
procedure A to yield the desired final compound which was purified using flash
chromatography.
1H NMR CDCL3
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1.9-2.0 (m, 2H, Ch2), 2.1-2.2 {m, 4H, 2 x CH2), 2.84 (m, 48, 2 x CH2),3.15-3.20 (m, 2H,
CH?2), 3.90-3.95 (m, 4H, 2 x CH2), 4.0-4.05 (m, 4H, 2 x CH2), 7.15 (s, H, ArH), 7.50 (¢, H,
ATH, J =7.78), 7.59 (4, H, ArH, J = 8.32Hz), 832(d,H ArH, J = 7.21Hz), 9.02 (s, 2, ArH),
10.1 (sbr, H, NH).

MH+=513.19

The following compound was prepared in an analogous manner:

23:  (BSI+): MH+ 527 |
(CDCI3): 1.94-2.03 (2H, m), 2.12-2.24 (4H, m), 2.55 (3H, s}, 2.88 (3H, 5), 2.88-2.95 (1H, m),
3.21-3.25 (2H, m), 3.84 (21, s), 3.90-3.94 (4H, m), 4.10-4.14 (4H, m), 7.48-7.52 (1H, m),
7.58 (1H, d, }=8.3), 8.38 (1H, d, J=7.6), 9.20 (1H, s), 10.10 (1H, br)

45: Reaction between 2~chloro-4—niorpholin—4—yl-thicno [3,2-d]pyrimidine-ﬁ-carbaldehyde
and 1-methyl-4-(methylamino)piperidine using procedure C yielded (2-chloro-4-morpholin-4-
yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-methyl-(1-methyl-piperidin-4-yl)-amine. This
compound was subjected io procedure A to yield the desired final compound which was
purified vsing flash chromatography.

1H NMR 400MHz DMSO

13.2(bs, 1H ); 8.87 (5, 1H ); 821 (d, 1H); 7.65 (d, 1H, J=7.3 Hz }; 7.46 (4, 2H,J=7.7 Hz };
390(m,CH2x4);393(s,2H); 2.79(4d,2H, J=11.2 );2.40 (m, 1H ); 2.25 (s, 3H 2 2.12(s,
3H ); 1.68 (m, CH2x3).

M/S (m+1) = 478.3; LC >95% purity

9: To a solution of piperazine (1 g} and triethylamine (1.78 mL) in dichloromethane (20
mL) at 0 °C was added dropwise trifleoromethanesulfonyl chloride (1.24 mL). The reaction
mixture was stirred at room temperature for 16 h and then .quenched with water (20 mL} and
exfracted into dichloromethane (2 x 40 mL). The combined organic layers were washed with
saturated aqueous brine solution {2 x 40 mL), dried MgSQOy) and concentrated to afford 1-
trifluoromethanesulfonyl-piperazine as a pale yellow solid (1.92 g, 76%).

Reaction between 2-chioro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde and
1-triflucromethanesulfonyi-piperazine using procedure C yielded 2-chloro-4-morpholin-4-y1-
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6-(4-trifluoromethanesulfonyl-piperazin-1-yimethyl)-thieno[3,2-d}pyrimidine. This
compound was subjected to procedure A to yield the desired final compound which was
purified using flash chromatography

(M+H]+ 568.23 : _

NMR:(400 MHz, CDCI3): 2.67-2.72 (4 H, m, CH2), 3.53-3.64 (4 H, m, CH2), 3.90-3.98 (6
4, m, CH2), 4.08-4.14 (4 H, m, CH2), 7.40 (1 H, 5, Ar), 7.48 (1 H, t, J 8.23, Ar), 7.53 (1 , &,
7828, Ar),827(1 H,d,1 733, Ar), 902 (1 H, s, Ar} and 10.11 (1 H, s, NH).

4: To a solution of (S)-me‘thylpipe'raziﬁé (400 mg} in dichloromethane 20 rﬁL) at ¢ °C
was added di-zerr-butyl dicarbonate (871 mg). The reaction was stirred at room temperature
for 4 h and then quenched with water (20 mL) and extracted into dichioromethane {2 x 40
mL). The combined organics were washed with saturated aqueous brine solution (40 mL),
dried (MgSOy) and concentrated to give (S)-3-methyl-piperazine-i-carboxylic acid tert-butyl
ester as a white solid (669 mg, 84%). '

To a solution of (8)-3-methyl-piperazine- 1 -carboxylic acid (669 mg) and
triethylamine (0.56 mL) in dichloromethane (10 mL) at 0 °C was added dropwise
methanesulfonyl chloride (0.28 mL). The reaction mlxturc was stirred at room temperature for
16 h and then quenched with water (10 mL) and extracted into dichloromethane (2 x 20 mL).
The combined organic layers were washed with saturated aqueous brine solution (2 x 20 mL},
dried (MgSO4} and concentrated to give (S)-4-methanesulfonyl-3-methyl-piperazine-1-
carboxylic acid tert-butyl ester as a pale yellow solid (924 mg, 99%).

To a solution of (8)-4-methanesulfonyl-3-methyl-piperazine-1-carboxylic acid tert-
butyl ester (924 mg) in dichloromethane (20 mL) at 0 °C was added dropwise HCI (6.65 mL
of 2 2 M solution in diethyl ether). The reaction mixture was stirred at room temperature for 2
h. The precipitate formed was then collected by filtration and dried to afford (S)-1-
methanesulfonyl-2-methyl-piperazine hydrochloride salt as a white solid (583 mg, 82%).

Reaction between 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde

and (S)~1—methanesulfony1—2-meﬂ1yl~piperazine hydrochloride salt using procedure C yielded
2-chloro-6-((S)-4-methanesulfonyl-3-methyl-piperazin-1-ylmethyl)}-4-morpholin-4-y!-
thieno[3,2-d]pyrimidine. This compound was subjected to procedure A. to yield the desired
final compound which was purified using flash chromatography.
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NMR:(400 MEz, CDC13): 1.42 (3 H, 4, ] 6.75, Me), 2.33 (1 H, td, J 11.42 and 3.45), 2.43 (1
H, dd,J3.62and 11.23),2.76 (1 H, d, T 11.17), 2.88 3 H, 5, Me), 2.91 (1 H, d, J 11.54), 3.34
(1 H, td, J 12.01 and 3.04), 3.59 (1 H, d, J 12.81), 3.72-3.94 (6 H, m, CH?2), 4.08-4.12 (6 H,_
m, CH2), 7.39 (1 H, s, Ar), 7.51 (1 H, 1, ] 8.19, Ar), 7.60 (1 H, 1, 1 8.29, Ar), 825 (1 H, d, J
6.96, A1), 9.01 (1 H, s, Ar) and 10.12 (1 H, 5, NH).

M+H]+ 528.26

The following compound was prepared in an analogous manner using 2-chioro-4-morpholin-

4-yl-thienof2,3-d]pyrimidine-6-carbaldehyde.

1 96:  (400MHz, CDCI3): 1.34 (3H, d (J 6.77), CH3), 2.25-2.35 (2H, m, CH2), 2.70 (1H, d,
CH), 2.80 (3H, s, CH3), 2.90 (1H, d, CH), 3.25-3.30 (1H, m, CH), 3.42 (1H, 4, CH), 3.55
(1H, m ,CH), 3.67 (1H, d, CH), 3.76 (1H, d, CH), 3.86-3.93 (8H, m, CH2), 7.09 (1H, s, ar),

- 7.44-7.46 (1H, m ,ar), 7.52 (1H, d, ar), 8.25 (1H, d (J 7.56) ar), 8.96 (1H, s, ar), 10.00 (1H, b,
NH) ’
(M+H)+ 528.24

10: This compound was prepared in an analogous manner to the compound above using
(R)-methylpiperazine as the starting material.

NMR:(400 MHz, CDCI3): 1.42 (3H, d, J6.75, Me), 2.33 (1 H, td, J 11.42 and 3.45), 2.43 (1
H,dd,J3.62and 11.23),2.76 (1 H,d, J11.17), 2.88 (3 H., 5, Me), 291 (1 H, d, F 11.54), 3.34
(1H,td, J12.01 and 3.04),3.59 (1 H, d, J 12.81), 3.72-3.94 (6 H, m, CH2), 4.08-4.12 (6 H,
m, CH2), 740 (1 H,s, Ar), 751 (1 H,, 1 8.22, Ar), 7.60 (1 H,t, T 8.31, Ar), 827 (1 H,d,J
6.79, Ar), 9.01 (1 H, s, Ar) and 10.20(1 H, s, NH).

fM—i—H}-i—. 528.27

The following compound was prepared in an analogous manner using 2-chloro-4-morpholin-

4-yi-thieno[2,3-d]}pyrimidine-6-carbaldehyde.

98:  (M+H)+ 52823
NMR:(400MHz CDCI3): 1.25-1.28 (1H, m, CH), 1.42 (3H, d (J 6.71), CH3), 1.54 (1H, s,
CH), 2.29-2.40 (2H, m, CH), 2.77 (1H, d (J 11.1), CHD, 2.87 3H, s, CH3), 2.95 (1H, d (J
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11.25), CH), 3.30-3.36 (1H, m, CH), 3.60 (1EL d, (J 12.75), CHD, 3.72 (11, d (J 14.18), CHD),
3.85 (2H, d (J 14.13), CH2), 3.92-4.01 (8H, m, CH2), 4.12-4.13 (1H, m, CH), 7.16 (1H, s, ar),
7.51 (1H, t (I 7.75, ar), 7.60 (1H, d (J 8.29), ar), 8.32 (1H, d(J 7.29), ar), 9.04 (1H, s, ar),
10.10 (1H, b, NH)

8: To a solution of piperazine (1 g) and ﬁieﬂlylamme {1.78 mL) in dichloromethane (20
mL) at 0 °C was added dropwise 2-propanesulfonyl chloride (1.30 mL). The reaction mixture
was stirred at room temperature for 16 b and then quenched with water (20 mL) and extracted
into dichloromethane (2 x 40 mL). The combined organic layers were washed with saturated
aqueous brine solation (2 x 40 mL), dried (MgSO,) and concentrated to afford 1-(propane-2-
sulfonyl}-piperazine as a white solid (1.87 g, 84%). '

‘Reaction between 2-chloro-4-morpholin-4-yl-thieno[3,2-d}pyrimidine-6-carbaldehyde
and !-(propane-2-sulfonyl)-piperazine using procedure C yielded 2-chloro-4-morpholin-4-yi-
6-{4-(propane-2-sulfonyl)-piperazin-1-ylmethyl]-thienof3,2-djpyrimidine. This compound
was subjected to procedure A to yield the desired final compound which was purified using
flash chromatography. ' \

[M+H]}+ 542.22

NMR.:(400 MHz, CDCI3): 1.28 (6 H, d, J 6.84, Me), 2.51-2.61 (4 H, m, CH2),3.13 (1 H,
septet, J 6.93, CH), 3.35-3.60 (4 H, m, CH2), 3.81 (2 H, s, CH2), 3.83-3.90 (4 H, m, CH2),
3.964.04 (4 H, m,CH2), 732 (1 H, s, Ar), 740 (1 H, t, ) 8.20, Ar), 748 (1 H,d, J 8.22; Ar),
820(1H,d,77.32,Ar), 892 (1 H,s, Aryand 1026 (1 H, 5, Ar).

The following compound was prepared in an analogous manner using 2-chloro-4-morpholin-
4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde.

97:  NMR:(400MHz, CDCI3): 1.24 (1H, m, CH), 1.36 (6H, d (J 6.84), CH3), 2.62 (4H, m,
CH2), 3.44-3.49 (4H, m, CH2), 3.82 (2H, s, CH2), 3.93-4.00 (8H, m, CH2), 7.17 (1H, s, ar),
7.51-7.53 (1H, m, ar), 7.59 (1H, m, ar), 8.32 (1H, d (J 6.69), ar), 9.04 (1H, s, ar), 10.05 (1H,
b, NH)

M+H)+ 542.24
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7: To a solution of ¢is-2,6-dimethyl-piperazine (600 mg) and triethylamine (0.80 mL} in
dichloromethane (10 mL) at 0 °C was édded dropwise methanesulfonyl chioride (0.43 mL).
The reaction mixture was stirred at room temperature for 16 h and then guenched with water
(10 mL) and extracted into dichl;)romethane (2 x 20 mL). The combined organic layers were
washed with saturated aqueous brine solution (2 x 20 mL), dried (MgSO4) and concentrated
to afford (38,5R)-1-methanesulfonyl-3,5-dimethyl-piperazine as a white solid (817 mg, 81%).
Reactidn between 6-(bromomethyl)-2-chioro-4-morpholinothienof3,2-d}pyrimidine
and (35,5R)-1-methanesulfonyl-3,5-dimethyl-piperazine using potassium carbonate and
acetonitrile yielded 2-chloro-6-((2S,6R)-4-methanesulfonyl-2,6-dimethyl-piperazin-i-
ylmethyl)-4-morpholin—4—yl—ﬂ1ieﬁo[3 ,2-d]pyrimidine. This compound was subjected to
procedure A to yield the desired final compound which was purified using flash
chromatography.
[M+H]+ 542.24
NMR:(400 MHz, CDCI3): 1.18 (6 H, d. ] 6.90, Me), 2.48-2.52 2 H, m, CH2),2.72 3 H, s,
SO2Me), 2.78-2.88 (2 H, m, CH2), 3.51-3.56 (2 H, m, CH2),3.81-3.88 (4 H, m, CH2), 3.96-
4.02 (4H, m ,CH2),4.12 (2 H,s,CH2), 728 (1 H,s, Ar), 742 (1 H. , ] 8.22, Ar), 749 (1 H,
d, 7831, Ar), 8.20 (1 H. d,J 7.26, Ar) 8.94 (1 H, s, Ar) and 10.08 (1 H, s. NH). .

The foHowing compound was prepared in an analogous manner using 2-chloro-4-morpholin-
4-yl-thienof2,3-d]jpyrimidine-6-carbaldehyde.

102: NMR:(400Mhz, CDCI3): 1.19-1.24 (6H, m, CH3), 2.61 (2H, t (J 10.72), CH2), 2.80
(3H, s, CH3), 2.88-2.90 (2H, m, CH2), 3.59 (2H, d (3 10.46), CH2), 3.93-4.00 (8H, m, CH2)
4.14 2H, s, CH2), 7.12 (1H, s, ar), 7.51 (1H, t (J 7.80), ar), 7.60 (1H, d (J 8.29), ar}, 8.32 (1H,
d (J 6.73), ar), 9.04 (1H, s, ar), 10.16 (1H, b, NH)

6: Reaction between 2-ch10ro—4-morpholin-4—yl—thieno[3,2—d]pyrimidine-6—carbaldehyde
and cis-2,6-dimethyl-piperazine using procedure C yielded 2-chloro-6-((3R,58)-3,5-dimethyl-
piperazin-1 -yhnethyl)-—4~morpholinv4-—y1-thiq:no[3,2-d]pyﬁ1hidine. This compound treated with
methane sulphonyl chloride using standard conditions to yield 2-chloro-6-((3R,58)-4-
methanesulfonyl-3,5-dimethyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno{3,2-d}py
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i di n--6- ypnet hyppi perazin-1-yl)propan-1-one :N c-
NN H / and the pharmaceutically acceptable salts
t her eof . The Formula la and | b conpounds of
the invention nmay contain asymetric or chiral
centers, and therefore exist in different
stereoisoneric forms. |ti40s i ntended that all

rimidine. This compound was subjected to procedure A to yield the desired final compound

which was purified using flash chromatography.

[M+H]J+ 54225

(400 MHz, CDCI3): 1.52 (6 H, d, J 6.93, Me), 2.33 (2 H, dd, J 11.37 and 4.34, CH2), 2.81 (2
H,d, J11.15, CH2), 2.89 3 H, s, SU2ZMe), 3.86 (2 H, s, CH2), 3.88-3.94 (4 H, m, CH2),
4.05-4.13 (6 H, m, CH2), 7.40 (1 H, s, Ax), 7.51 (1 H, t, J .20, Ar), 758 (1H,d, J-8.29, Ar),
827 (1 H, d,J 732, Ar),9.02 (1 H, s, Ar) and 10.14 (1 H, s, Ar).

92:

To 1-BOC-homopiperizine (0.8ml) was added methane sulphonyl chloride (0.34ml)

and triethylamine {0.68ml). The reaction mixture was stirred at room temperature for 4 hours.

The reaction mixture was then partitioned between dichioromethane and water. The combined

organic extracts were then washed with brine and dried (MgSQy). The solvent was removed

in vacuo to yield 1.23g crude 4-méthanesulfon-yl-[i,4]diazepane-1-carboxylic acid tert-butyl

esier.

Crude 4-Methanesulfonyl-[1,4}diazepane-i-carboxylic acid tert-buty! ester (1.23g) was stirred
in anhrydrous methanol (10ml). 2M bydrogen chloride in ether (22ml) was added. The

reaction mixture was stirred at room temperature. Afler 5 minutes a precipitate formed,

addition of anhydrous methanol (Sml) caused this to dissolve. The reaction mixture was

stirred overnight at room temperature. The solvents were removed in vacuo to yield 1.06g of

1-methanesulfonyl-[1.4]diazepane hydrochloride salt.

Reaction between 2-chioro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde

and 1-methanesulfony!-[1,4]diazepane hydrochioride salt using procedure C yielded 2-
chloro-6-(4-methanesulfonyl-{1,4]diazepan-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2~
d]pyrimidine. This compound was subjected to procedure A to yield the desired final

compound which was purified vsing flash chromatography.

NMR:(400MHz, CDCIi3): 1.26 (3H, s, CH3), 1.96 (2H, m, CH2), 2.86-2.88 (4H, m, CHZ),
3.48-3.52 (4H, m, CH2), 3.92-3.94 (4H, m, CH2), 4.03 (2H, 5, CH2), 4.08-4.11 (4H, m,
CH2), 7.38 (1H, s, ar), 7.51-7.53 (1H, m, ar), 7.58 (1H, d, ar), 8.28 (1H, d, J(7.41), ar), 9.02
(1H, s, ar), 10.05 (1H, b, NH)

(M+H)+ 528.23



5 stereoisoneric forns of the conpounds of the
i nvention, including but not linmted to,
wo ddsagtargoners, enanti onmers and atropi somers, pag/useso 009866

as m xtures thereof such as racem c mxtures, form
part of the present invention. In addition,
the present invention enbraces all geonetric and
positional isoners. For exanple, if a Formula la and
| b conpound incorporates a double bond or a fused
ring, the O cis- and tra@ms-forns, as well as m xtures
thereof, are enbraced within the scope of the
i nvention. Both the single positional isomers and

94:  Toxd Mbﬁuﬂzf fohfﬁﬁﬂiukyﬂmhycﬁés@m%ﬁ&) ahe daﬂxﬁﬁe (6.8 Lt diethyl ether (40
scope of the presen I nvent In e structures

mL} at RORBYFTIPEFALHTS Wzmé*fls PramigE &0 36&4&1@? FSpelpn Zpjsyure was cooled to

0 °C an®@8fdchigdl(8h &) ad a@&eararbﬁwﬁetmséﬁdneﬁmﬁwasaﬂtimd for 10 min

stereoi soners-are contenpl ated and included as th

and thers ppryed S iesweler €230 by Sediusm catppeste (8 ek Pes eddat gﬁillyﬂly to the
mixture Witk gswds%ﬁnmg ngh) &19 oNBLgEnRke (a8 Bthrk tk:ﬂ edned (MgSOy) and

repre ent | ng -a partl cul ar” conf i guratl on,
distilledgtsengelenggiradr appargtes $p givef3-brpmma- mhylrw@pldnh@ehyde as a

: mﬂmnkﬁggﬁ?yﬁ?§ of the present invention may exist in
unsol*va as well as solvated forns with
To a solphan pfethyiene didwyina ¢8.40 nalh) 1B telvkene(M0smbyehC &6 waatagdided 2-bromo-
t hanol I|k and it is_.intended t.hat th
2-methy N s 7ok S TSR o e TR kel gt roomm
temperalQd ier T BRPO dihsat @éﬂllbhﬂ)r BoasRn A fien v@duﬁgaa BB tazlnpa-atm the two
exist in dlfferegf tautoneric for al |

phases wege $gparated gpg tasclog ehph eI tRE s émbhf PrEe| (%\%g’m%h The

toluene PAfelvPdstherd SoHiceARSted Qhd disBUES W8ihE K eRlhbr &ifafitSs Lo%ive 6.6-
structural isoners of different energies which are _

dimethyl-d42%3.85aydntdreparazing @ -1%%- ener gy barrier. For
€5 2TBuBon M’@t@&‘iﬁ;éﬂﬁloﬁﬁ 3%6- %Wﬁé IDSQEPﬁxréﬁQdJﬁ)I (100 mL)

tautomers) i nclude 1nt'erconversions via n1grat|o
was addgd Bd4E 6300 mak Thegeaation mixsire aras sHrred gor Tich endm lmélmgcn balloon.
The mu&t&x%%l tﬁglrl h&gl%ﬁ t%%)lugﬂ ?fehtteaa%@lﬂg [Serdid %!)H&%tratefj n]gl distilled using’

I nterconversions by~-reorgani zati on of sone
kugelrohoapgaragueticediord B2-dinMEh Pofipéra 2ing 25 PEHOLIISR0GY #0336 Hdified on

The present invention al so enbraces

mmnhngé?%%ﬁL cal |l y-1abel ed conpounds of the present

Towealudon o2 dinsatieypi pemtine #4004 ng) obmatedamad (0.59 mL) in

s S B 810 Sk 8 S B s e 030w

The readgtitibaixtokel o iftedfat eForh Mnﬁérﬁ)ﬂilik&fdﬁ&ﬁ&x A1d thes §udnthibe tvith water

usual und nat ur e. s of any
(10 mL)pPé}dﬁ"E}éF?& éi‘ﬁr}&}?mé’?eéh@‘?t 25 %%mige ef?%}ablaF%orgm layers were

washed G QERkRHE %Qué%dsmrﬁ:tetsbﬁn%(m@: T mihQI-RARAETS 288 chbit@ntrated
i nvention, and their uses, enpl ary i sot opes t hat

to affor%@ﬁb@%‘é@%r%%@emﬁhﬁ'bpwwds of the invention

as 2 whitd&d1#0@ 10§88 e of hydrogen, carbon, nitrogen,
oxygen, phosphorus sul fur, fluorine, chlorine and

Reasition betvren ashim-4sporphndin-4-glthienef3, 2 s pyrimiipe-¢sgrbaldehyde

L e e

methang snlfemlrba-dérae@ﬂ-mm-ﬂ etlmledy Dnf-trorpBoldHA gk dhienp,2-

ef u Qr S su
d]pynmi mef* Uﬁ% (!)m %ngigvgys %&j{otprggc%gﬁ é% g aﬁlégl} (?esni%ﬁnal
compouhd AEich wat ppﬂﬁedamang ﬂaﬁlm bhximfatdgn@hy ease of

cioo e SEBEEL, PSR NS ERe gl b P, 27258 B G205

s, CH2)RY 2. {0 c ey, C312), 3.8e+30%k@E H;:mad:m),t YRS 0LGIUH ] mNOH?2), 7.32 (1
fromgreater nmetabolic stability (e.g., increased in
vivo half- life or reduced dosage requirenents) and
hence may be preferred in sone circunstances. 15
Positron emtting isotopes such as I1SO '3N, 1lc and
18F are useful for positron em ssion tonography (PET)



5(a) treating a conpound of formula (Ha) or (lIlb): O
wherein X and R2 are as defined above, with a boronic
wo amidamnrs ester thereof of fornula 12311( ORL52p¢TAIB2007/609866

which | e is as defined above and each R15 is H or
Cl-C6 alkyl or the two groups OR' form together with
the boron atomto which they are attached, a

pi nacol ato boronate ester group, in the presence of a
Pd catal yst; and treating the resulting conpound of
formula (Ma or (111Db)- 1480

2007/ 127175PCT/ US2007/ 009866 -80- wherein X, R2 and
R3 are as defined above, with an am ne of formula

H, s, Arj\lHRﬂ.ﬂﬁ HNe, Wi oh ARG 72500(1RE, ark8.as, Asf 8.0ed! Bhdye7.18NnAr), 8.92 (1
resence of a suitable redu0|ng agent; or
'EIS,A51yy%88§ﬂﬂ seNE@npound of fornmula (Ha) or (lib) as
[M-+E]H0943 ped above W th an am ne of formula NHRARS
wherein R4 and R5 are as defined above, in the
presence of a suitable 5 reducing agent; and treating

THERE 2R SRR et D Bl bl G by 0o
was adddféﬂi-m%ev&bab«bd‘marhMmh (@66 orpnTThe ewrdomwaestitesd allfepigmperature -
for4ah 3%61 otg%n g‘%%‘%lé‘% H“‘E.(Vgéé S(bél I%Ir,s %ﬁ‘%ﬁ&ﬁiﬁfl{ maﬁﬁ%‘?ﬁétﬂﬁi% (2x40
mL). ThgrcoutinédRbraiios merd wgﬁteklemﬂmztthratddea@emmbratecmiutmn (40 mL),
aried (HAS5) b B 5 25 B BB Bel! LO0Bo Shoi erbuy

ester as AAGedoligl(y20 flpeop¥wsent |nvent|on provi des a process .
for producing a conmpound of the invention as defined
above, which process conprises treating a conpound of

T@ & Rblufiod 21 6 BdiemettNDpiperiZinth ef@bdkylic aBRd 18AGbURE e8tef (720 mg)
defi ned above with an ami ne of fornula NHRAR5 in

and trieGhylasHnRAD. 59 IRgo dablere methanedd0 ao\a 0 hweneddsAdoemdse
methanél{ﬂtﬁ? . l“% e%Or?bdéiE eheA888on mixture was stm-EB‘it Rfdi’& ®3¥perature for

nprise produci ng the conpound

16k and menmuam(heﬂlvayh watef (10 ml)5whextneiad inig deph&vﬁmme & x 20 mL).
The cc)rlzijlgé%xI %a&.ng &k “(e#: Ql)a%hed w‘ﬂﬁ rsgt.lupaé Qﬂféo&bﬂeesdﬂl‘énon (2 x 20 mlL),

oroni ¢ acl ester thereof
dried (M g8 ®a)laad Raﬁ(amla&)cﬁo ,gl\rerﬁ-wtﬁthekncmlfwlafi-&is?’ d@ﬁqth)elwla@@me -1-

carvors RS SRR s s o S gl 110, 10,0 o
' 'ﬁb a sﬂﬁ@ﬂhﬁd—m&hﬂhi@ﬁbﬁﬁl—&3bﬁmﬂgﬂ@1mﬁme grouboxiiliv acid tert-
butyl ester %9 Pt{ = g?ncglcﬁlforgmggagg Eﬁj Xxit) at 0 °C was added dropwise HCI (6.65 mL
of a 2 M solution in diethyl ether). The reaction mixture was stired at room temperature for 2
h. The precipitate formed was then collected by filtratien and dried to afford 1-
methanesulfonyl-2,2-dimethvl-piperazine hydrochloride salt as a white solid (540 mg, 75%).
Reaction between 2-chloro-4-morpholin—4—yl-thieno[3,2-d]pyﬁmidine-ﬁ—ca}baldehyde
and 1-methanesulfonyl-2,2-dimethyl-piperazine hydrochioride salt using procedure C yielded
2-chloro-6-(4-methanesulfonyl-3,3-dimethyl-piperazin-1-yimethyl)}-4-morpholin-4-yl-
thieno[3,2-d}pyrimidine. This compound was subjected to procedure A to yicld the desired
final compound which was purified using fiash chromatography.
(400 MHz, CDCI13): 1.49 (6 H, s, Me), 2.28 (2 H, s, CH2), 2.55-2.58 2 H, m, CH2), 2.88 (3
H, s, Me), 3.44-3.48 2 H, m, CH2), 3_76 (2 H, s, CH2), 3.82-3.89 (4 H, m, CH2), 4.01-4.08
(4H,m,CH2),729(1 H,s, Ar), 741 (1 H, 1, J 822, Ar), 752 (1 H,d, J 8.24, A1), 8.20 (1 H,
d, J7.21, Ar), 8.96 (1 H, 5, Ar) and 10.02 (1 H, s, NH).



The invention further provides a process for
produci ng a conpound of the invention as defined
WO amoazr173vhi ch process conprises treating a coPpbUSZHOODH09866

formula (l1-Va) or (IVb): WO
2007/ 127175PCT/ US2007/ 009866 0 (IVa) 0 d RS
wherein X, R2 , 12.4 and R5 are as defined above,
with a boronic acid or ester thereof of formula
R3B(OR15)2 in which R3 is as defined above and each
12.15 is Hor C -C6 al kyds-or the 5 two groups ORI 5
form together with the boron atomto which they are
attached, a pinacol ato boronate ester group, in the

[M+H]-ps£xENCe of a Pd catal yst - The process my
further conprise producing the conpound of fornmula
(I'va) or (I'Vb) by treating a conpound of fornula (Ha

29: ﬁéacﬁloh @Lm&n@q@@@_plpemﬂﬁ@w Methad® Sulfsny2 cBlofde in

defi ned above, an am ne of. fornul a NHR412 5in

dmhiorqmtbwemdémthﬂmp@ yipldedet-meghrngpiinayl-piperaginepl-sarbagic acid
- tert-but)qfesér %’!!e L&t h@ﬂ@%ﬂ%@%_ﬁﬁ% g‘iro;tpelgmg Bei @I\td] dichloromethane

am nation Step and cr oss-=coupl 1 ng
yielded § tregshanssalfonydqipemdae. dShsadnt i onal conditions. The

PR 058 S0, B 3, BUBLES gy
morpholin-4-yl-thieno{3,2-d}pyrimidine-6-carbaldehyde using procedure C yielded 2-chloro-
6-(4-methanesulfonyl-piperazin-1-yimethyl)-7-methyl-4-morpholin-4-yl-thieno[3,2-
djpyrimidine. This compound was subjected to procedure A to yield the desired final
compound which was purified using flash chromatography.

NMR:(CDCI3): 2.55 3H, s}, 2.71-2.75 (4H, m), 2.82 (3H, s), 3.30-3.33 (4H, m), 3.89 (2H, s),
3.90-3.93 (4H, m), 4.06-4.10 (4H, m), 7.51-7.54 (1H, m), 7.60 (1H, d, J=8.3), 8.37 (1H, 4,
3=6.8), 9.18 (1H, s), 10.05 (1HL, br) '

(ESI+): MH+ 528 (100%)

31:  Reaction between 1-methylpiperazine and 2-chloro-4-morpholin-4-yl-thieno{2,3-
d]lpyrimidine-6-carbaldehyde using Procedure C yielded 2-chloro-6-(4-methyl-piperazin-1-
ylmethyl)-4-morpholin-4-yl-thieno[2,3-d]pyrimidine. This compound was subjected to
procedure A to yield the desired final bompound which was purified using flash
chromatography.
- 400MHz 1H NMR CDCI3

2.31 (s, 3H, CH3), 2.50 (m, 4H, 2 x CH2), 2.60(m, 4H, 2 x CH2), 3.78 (s, 2H, CH2), 3.91-
3.94 (m, 4H, 2 x CH2), 3.98-4.00 (m, 411, 2 x CH2), 7.16 (s, H, ArH), 7.50 (t, H, ArH, I =
7.39Hz), 7.58 (4, H, ArH, J = 8.29Hz), 8.32 (d, H, ArH, J = 7.37Hz), 5.03 (s, H, ArH), 10.15
(sbr, H, NH). ‘

MH+ = 450.18

57: 2-Chloro-6-(4-methanesulfonyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[ 2,3~
djpyrimidine (see intermediates) was subjected to procedure A. The final compound was

purified using flash chromatography.
490MHz 1H NMR CDCI3



type cross-couplings, such as PdC12(PPh3)2. The
reduci ng agent is typically a borohydride, for
wopRestarice NaEt H( OAc) 3, NaBH4 or NaCNBF14, in PCT/US2007/009866

parti cul ar NaBH( OAc) 3 Compounds of fornul a

(la) or (Ib) in which R3is a 3- or 4-hydroxyphenyl

group may be produeced by a process which conprises:

5(a)treating a conmpound of fornmula (Va) or (Vb):

wherein OR is bonded at position 3 or 4 of the

phenyl ring to which it-i#s attached, R is a hydnaxy

protecting group and X and R2 are as defined above,

with an amne of formula 10 NHR4P.5 wherein R4 and RS
2.67 (maﬂH adx TEP), 3dd (sbdMeCH3) 3. B (mr Bdehs £107), 3.83 (5.124bIEH2), 3.92-

| , hydr ' _
3.94 (m g’?gé{%égﬁg:‘ggf%%? Q%lrégum ngggge‘ﬁs H A?? A ?‘yHaAIH’J”
7. SIHZ})G’[WdH, deH, J er8.3H31)ACA (dsHsAdd| ¥ ?MWVH} 12 (Sbr H, NH).

| es of hydroxy protecting groups are known in
MH+ Eﬁgqg for instance as described 15 in Protectlve

G oups for Organic Chem stry”, Third Edition,

b B ot e P 0 v

added m ¢iAlin efhed ENPALIY! RGheA TR R solvitht O SEmovedR DA B give a white
.an ether or a silyl ether. The acetal is preferably

solid. Thustwastfjierobiedra wvaraddNa(N vesidded C89me of @ Biig mixture was added

a solutibf bﬁ&temﬂes(hb(yﬁL)eﬁnhﬁﬁtcr iU Yi]e ol SRA Rl étﬁ‘x%d%ﬁ p&‘fm temperature
riiso-p r or butﬁg'dlphenyl

for 72h ébﬂt@ilutqdwve@g vmt@t @@thﬁgﬂgd o'uﬁsethr cetatn @@mfﬂoedosxtmcts were

dried (bfa%ﬁ sﬁ‘%” h‘lt?%@' anli %%g@#:fhn%‘?egi to give 4#&)2/%:3%6 4 ?% g&%h%g E)g}&ﬁme—l-

carbox)fhccacebgrtvﬁutyiresm@7%$es treating a conpound of.

§§ @%&’3‘?& %&yﬁéggw%%gggglybﬁpemnf \}ca)rboxyhc acid tert-butyl

ester (1% afK A00; (R00MEE im&rydBMSE® qtzminroya 0 ¢ s addddtd’m’aﬁ‘m’igrdrogen

peromder»%gmi, Lol qu’yetrﬁpt&% dl et h m‘@%&\] ?]Vé:na{gan then dituted

with waiét gitd 96olef. Thinewhi I:&lls%tddD gvaamﬁndl dawa 6 @ivePRl BEarbamoyl-1-
organic solvent, for _instance dr ocar bon sol vent

methyl-ethyl)-pigerggingd rearboxylis %w%tfg‘p@ﬁg r4POGTHE)- §&hﬁ-‘6&ﬁ%\t tgatment
with 2M @mmh dtHel! F;lvcl 2lp r&ruga n,l-iqsaﬁlry&ﬁﬂﬁd ?d.t%@hlonde (100%).

t et rahydr of ur an THF 1 s used dition

Rafhacsivpjagueatipn ebbomﬁewhaw Yifthigpeld2-djpyomitins-6-
: ca:bald!:ﬁ);dla'vﬁm @%1&% 1}?1-&8&51&&%1&& aﬂlxa}déw&ﬂdk t?ll:éﬁ'fhu'ﬂ‘gqgeneral

i Nst ance buty hiu

ProcedspyKegavers-{Zbghians- totarmbeliatiodshieag DHbdlmpddisds methsD-
Plperﬂgg?-mﬁgowg}l&% %}Eﬁﬁ?ﬁdﬁ%‘ﬂ fifl# CoOmpou nd of

2481215 P eV S0l 400988 6oL 32-01py(iviidiay 6-yimethyl)-piperazin-1-yl}-
isobutyramide was reacted with 4-(4,4,5 5-tetramethyl-{1,3,2]dioxaborolan-2-yi)-1H-indazole
in General Procedure A. Purification on silica yielded the desired compound.
NMR: (CDCh}): 1.24 (s, 6H, 2 x CH2), 2.55-2.65 (m, 8H, 4 x CH2), 3.85 (s, 2H, CH2), 3.90-
3.92 (m, 4H, 2 x CH2}, 4.07-4.09 (m, 4H, 2 x CH2), 5.35 (m, H, NH)}, 7.09 (m, H, NH), 7.37
(s, H, ArH), 7.48 (t. H, ArH, J = 7.72Hz), 7.57 (d, H, ArH, ] = 8.22Hz), 826 (d, H, ArH, J =
7.14Hz), 9.0 (s, H, ArHO, 10.4 {(sbr, H, NH). -
MS: (ESI+): MH+ = 521.27



N N (ab) R2XClI wherein X and R2 are as defi ned
above, with a boronic acid of forrmula (VIIl): (R150)2
WO eoarie)170R  wherein R and R15 are as defi nedcahsu@®7/009866

in the presence of a palladiumcatalyst. The reaction
I s conducted under conventional conditions for a
Suzuki -type cross-coupling reaction, for instance as
descri bed above. A fused pyrm di ne of
the invention may be converted into a
pharmaceutically acceptals-e salt, and a salt may be
converted into the free conpound, by conventional 10
nmet hods. The phrase "pharnmaceutically acceptabl e

44:  Falatsdhmmnuseibdreiont (31 7agpakd paaghan eadenste €230 yrg) in acetonitrile

accept abl rgani ¢ Qr, L QQrgani alts, of a_c .
at oom O AN O Ve it FE aP e PR FESLPE G T L. he roaction
mixturedSaSih il £ reffild fori16H, dlews@td (Sodl\/ltd fbdnilwhmtﬁmaﬁiddﬁen redaced

such as hydrochl oric acid, hydrobrom c aci

in vacu%ﬁaaﬁdpﬁa% was then redisyigd o %ehlammﬁt'meéZQeﬂ& agyvashed with

water (ﬂhﬁﬁ?ﬁ&f bRnAEIPmI §i AN BANE,) 3Rk Aius e Bh SRuo to give 1-(2-methoxy-
hanesul foni ¢ aci d, benzenesulphonlc acid, 15formc

ethyl) P&qu@m-&@lelaé calgugiesy ¢l {14Jomshcet i c acid, pr op| oni c

i C BQQ# 6
?IS S%gs [ céégck:li%g? A}ﬁ? ei c ac Eomﬂ%tl iC a@?? 4 I cdlgg |5d
carbald¢tgnde 41 0@) aod dpoledular siewves i megtangh@§uh L bati roomdlemperamre was
t I
added B3RS o‘ie fo. g‘ﬁ%ﬂ a?igdan%@tiﬁtﬁo%ﬁtfné%ﬁ&% rﬁé)y ?nol (1 ml). The
rcactloranettabevamﬁeétae romh ltempeiemrdofcm m4dne Them shacﬂem burbh;alreip (542

mg) was 3% | f at e ? fsn.gg ﬁ}ﬁr’ga af%i,eata? g(?otég telng[?e?;:\]tlgfeg{’oir g%&ier 30 min.

The rea&hcﬁfﬁv@s thed QDskchedRAH Qinfadtauedistsadiundhfdrog&s Odrbadate solution
succi nat e, rral eat e ge tis] nat e, fiunarate,

(10 mLW 1@1 chi gtlé Tlfeoq:qpa}pged organics were
washed Qﬁﬂi&ﬁ&ﬁzo%yj mﬁwM&a&s&&&emﬁi @aculBS ¥l @ chloro-4-

et hanes fonate benzenesul f onat e, ptol uenesul fonate,

morpholipd-Yathisaes3. g-rd}@ynm}dnxﬁr@gmhyéh@emy amine as a white solid (0.95 g).
2 GOl SR IRAR N RORKE 2-&@4&&1&% @9&5@&9 %étﬁ?ll Linfine was

acceptable salt ndy 1 nvolve The 1 nclusion ano
then reagtsdewitih é-(%tmﬁhw-aﬁlyimmw&mmmsgﬁmwm@ @@nﬁcanon on
r -]
- siticn yipa (RERLA Bop BT St FEG D o A B R RUBIEN @ -me
thOXY-eﬁn'ﬁ)emlpemha%—sﬂabcthvlzwutehe C har ge on the parent

CEPBRIR S IEAD e LA Lo

eﬂayi)-p&;tmﬂnt-ﬂmé} -mietisti-antas wak dien roadied pzﬁth 4deldod. §Sdeahmptiyh{ B3,2]dioxa

borolanfEyf 1R 1R BB PPERLTS AR EabA e R e g st

conqmuaﬂceptable salt can have one or nore charged at ons

rovir: R 1A % B B o 8% (bl el Hedi 768 (4, 1, =82
Hz ); 7%@@@5}9}13!9984 :hy4HC)€§J@t4f{Q| EHS)QBtSZZI’{Bﬂ M)mw@fxﬁmbuszz(s 3H

i tabl e ailable in
); 2.94 (ésea%%ﬂe? 4?K%t%ht 6? (tIhéHf)r 8@%@38}!& tlb?ér{ mn%%dn%( m, 2H };
1.35 (nf@kfh). such as hydrochloric acid, hydrobromnic acid,
sulfuric to acid, nitric acid, nethanesulfortlc aC|d
phosphoric acid and the like, or with an organic
acid, such as acetic acid, maleic acid, succinic
acid, mandelic acid, fumaric acid, nalonic acid,
32: Yydweer chlonds gax & gxwacbuhblef theaighanetbinp! (320 indylak @ °C. Proline
C
(3.80 g)%és%?rﬁ?&g&’hng‘a%gith% %hxéx‘fé Pza.?] éédrﬁéh d@%g%%&ﬁﬂgé’{a%g ﬁé}aalgkj h%hd then
citric acid or tartarlc aC|d an am no acid, such as
aspartic acid or glutamc acid, an aromatic acid,
such as benzoic acid or




15 cinnam c acid, a sulfonic acid, such as
p-tol uenesul fonic acid or ethanesul fonic acid, or the
WO RHORE 27175 I f the conmpound of the inventi oRCTAISAW7/009866
acid, the desired pharmaceutically acceptable salt
may be prepared by any suitable nethod, for exanple,
treatnment of the free acid with an inorganic or
organi ¢ base, such as an amne (primary, secondary or
tertiary), an alkali netal 20 hydroxide or alkaline
earth netal hydroxide, #46-the like. Illustrative
exanpl es of suitable salts include, but are not
limted to, organic salts derived fromam no acids,
reducedsinolacas tagtiye pyaohdide-2raichindic agidmribal egen hysirgchlonde salt as a
and tertiary am nes, and cyclic am nes, -
white s@ﬁ%ﬁ?g{ pi peri di ne, norpholine and piperazine, and
Toarsgaminsion i pyrrdhding edcdrboxyivoatidimetind Ief:tbuhydrochlonde salt (5.5

£)in acBPORR M0 BPD ¥ B TBTpTiee 10 g 2o APy dhcarbonate 80

) The fRSHLA LAxtuRe WHHEREH AThER, teApRROEE S 15 h and then rcduced in vacuo.
benzenesul phonate_or a sul phate. Most tygl cally th

The resigy pvasgedisspbessl 1B e iprometanc ¢ my) g washed withhgne @o mL),
dried (ME$03), réRiced BSTR168né Bhlifiec g'&oﬁwn a&o&'aeomy&a%h

of organic acids_mentioned above EIy be nono-salts

Pyl'mlldme hi2sdigarboxylicrvid -tergbui gast &-methil esias s atvellew| il (6.33 g).
' gﬁmtog%f QIJHBEW %Hﬁ:a%of#ﬁ@ aPiaST- Mllx@g%&t:r@%gthyl ester (3.5

pyri mi ne 0 e I nvention an
g)in tOlBﬁllfS (40as L) atsGB V& wasorddgd ldyoprwise dnsbbus)dhhaa:tteihm lej@nt (20 mL of a
15 M bR 18 R0k iAW ¥ Bl PR 3RS ZROLRRD mixture
was stirfdd stoV% eéfitfsr 2 hahd ﬂmm‘qmbhai withinnchandé (1 (me)fm&: midture was then
07/12717 US2007/ 009866 -87- I im,t
ditwed b e v&%%%ﬁ%ﬁ PORSBHO0H1ER e o T Py pded and the

mzxune%@;eﬁeatvegoraﬁﬁy 6 G th ataadm&te&@e@n&m Tig: twidEhdsed Were then
ydr at e" refers to the compl.ex where the sol vent

sepamtmr@ctma BUPLOURIRYEF extm%m%aﬁlcla&%ﬁomﬁthaye £ EFmMIgakd s srecombined

organict Berdihes SRkhddWARbHAR (TRV &L aﬁea 80, réi REQM FRuo and
tests to be inhibitors of Pl3 kinasé. Determ nation

purifieddfy elumpchramatgegphpicagive PrimseykpyTolidige-dfcasbaxylip ggiddert-butyl

t Q IRAE cgP¥eENtion i s possible by a nunber of
© erasd reﬁhf‘3 andéi?g%ll %f detection nethods. Certain

(2 empsmnym@mfﬁeﬁmdsl -pselidibed -mb@iyﬂ;icmidewm@mreé@,r (2.68 g)in
methanS130 3% £ Al e PPeta0 QL HALRT o LiGEn b AbuiA IR Be3) me) in
methanolh(@ rhy diteirestiondnikQr@MaK shimd hhg)oantempcthmk@f)ﬁ h and then
sodium %rgléos %Fdé’ i‘% gg%nsdorrrébiv:cn ar ts)le:tves aélgng Ioky ‘S}m[x)% room '
temperalnseffor i, thaakastiion gmatqzh avas lfﬂtea:d gainthe filisatel rﬂhﬂcemuaeacuo. The

] an i nhi |tor rtai,n ¢ ounds ,of .
residue R3S redioieth e alnt PR S it ash g i) SSRirase! sodium
blcarboﬁeab eﬁlhmtﬂ I(_y? i) Did ¢drgbiase offaniuzenat wakkedwikh brine (30 mL), dred

sof orms; .a

bet a, or d ta. A
(MeSOY P ddied thpios SRR Y e lrﬁ’w*ﬁ%‘se -Grarboxylic acid

| tert-but§l®$tes lab ¥ pAlesylowpsit @86 g). t oxi Ci t| es associated with
I nhi bitjing the other pl110 isoforns. Certain conpounds

B arspltiopad ﬂrmswngyn%e@rmrrgbfi@m prEROR I asi¢ Fisbutyl ester

(500 m%ﬂ.n B@cﬁﬁ&%ﬁieﬁ&n@ '(%‘HL)%@P&orQ 't&ﬂi;é}gnﬁ@wtawd&ﬁ tﬁgﬁ?la%ﬁme (0.36
pl10 1 sof orns. Bi ndi ng of conpounds Of

mL) and megimresphonyirchisode (0-30 inels). [Thy reastion Butﬁbmpwms ﬁﬁné%fi at room

temperamm%g{ ‘\i/\ll?allsa?l?rg%s Q%&%édﬂgg’lg nti ?F‘EIPI onﬁg{(l) I oXl ?ﬂé{%%/mated

aQueousds)sia;m (bipehortate ﬂ%m@nﬁ&ﬁenbb nidierqpmddndd prggnics @S wgiiell with
and selectivity of binding of beta, delta, and ganma
i sofonns relative to al pha (Exanple 8). These val ues
are expressed in Table 2. A conpound of the
present invention may be used as an inhibitor of PI3
Icinase, in particular of a class la PI3 kinase. The



i nfection, inflammtion, netabolism endocrine
di sorders and neurol ogi cal disorders. Exanpl es of
WO pr/apali sm endocri ne di sorders include di abeP€%/UaRIH7/009866
obesity. Exanpl es of cancers which the present
conmpounds can be used to treat include |eukaem a,
brain tunours, renal cancer, gastric cancer and
cancer of the skin, bladder, breast, uterus, |ung,
colon, prostate, ovary and pancreas. A human or
ani mal patient sufferinrg7troman i nmune di sorder
cancer, cardiovascul ar di sease, viral infection,
i nflammati on, a netabolism endocrine disorder or a
brine (30 enlr)olingl OdESOL ) ocdieed urmaymmhud ploe fied dxtcebintyy clromatography to
od c r|S| the trati.on t,her et o .of
give 2[RRI heR e B e e eh Blidihe iRy Fias Buiert-buy
ester as 4 MhiteQBHE (0.68 ghf the patient may thereby be inproved
' or amel.iorated. ODi seases an ondi |on r eat
~ Tpeselyting of §-lfmethraesnbgey! o‘f*e'?wf M—wﬁ‘ﬁ% 1-carboxylic
acid tm%}aerseer 19563 loh i ERHIJrSmeMBAS B0 mBhH a%%m #bReIES was added

he atonegaly, cardi ovascul ar di sease, Al zheiner's

hydrogeg; SyaLiaf a2 M snlptaon i digghyhetheris Bhe mastnmmiztere was
stirred agi'o%%?&%gp éamef 9579'1&[&%& rddasd EROSIcio t(P E%'r@ﬁ*léhyl—bL
| er gl | SOr

ers, 1 nflanmation, neurol 0gi ca
Pyrmhdm-%ﬂ'hdeﬁhyl—mﬂmﬁﬁfmmneﬁ%\mcrd’ﬁ@émohédﬁémgi)ons

B P Sl bR ST RS AR -4y ol 2 dlpysimidine

(0.50 g)cdind O¥-detisy]l-Npetrolidimal iyieetiyboetanssulfonhmddd (308 mg) in acetonitrile

di se condi ti ons as iated.with.cell. death o
(10 mLKREER prfatbat CEPals QR0 Tphriaos mifiRe ivbs heated at 80 °C
for 16 hiayé klﬁdjﬂmﬁ?dl tetdeemo&obﬁl\tbﬁlpel fanuneT Hhh Rasse mbatximm@hm
[ ne copdi.ti ons, i nvolv ce ctivation,
Partmore@me;& %*rlgrqﬂPPtam&a@P@a@ ﬁ%ﬂ?%ﬁ? “ﬁ‘a"l’fﬁﬁﬁﬂm"e
soluuonR@D Qt Thé c&hﬁﬁieﬁd)rg\ﬁrh&‘s W@ QRO it brirR!, 8y |uiﬂ§n§tf (MgS0,),
a pharnaceutlcall acceptable carrier,

reducsdala rwmn myifieg t@%p%&ﬁ%gwe Abblrfracigpro-4-

gL -d ;gyﬁxﬁ d%-% tetH GIERADLythfthy!]-N-methyl-
nunphOEgtg%sgg%s:f%hl It %IS aﬁﬁbsgm%%f7V|t y yi}-N-methy

methanesyiferamideiab e palrayelloav salidd586 mBcor di ng to the methods
f[1 t(E 'émbfb"—@ %dx@ﬂohﬂ? Ql )Hdcﬁrenggat éﬂfﬁrﬁ%}iu{ 5 r?l&l@!ﬂyf) (}Jyrrohdm—Z—

reast, ovary, cervix,” prost
Ylmethy@ehirm@byl-mﬂ;antmémnanmwhawstedIvaﬂyﬁ# 4, 3ttt

st ' I
15215 B BEASIBsSHAMED S, BRI b ey
.thenﬂenmmpmmail cell lung carcinoma (NSCLC), snall cel

ek i DR aeha O GPRaTs Ok Pans - pup PR gy D s

(3H,m); o Einm; 4.40q¢iH{g-a Tz 280 CHId, FoNBHA)ANBT (HLy); 7.50

it r=EAEk AT e TR SR o P T AR T elle 8t dBloo canor o

MS: (essirgingpt+csyci noma, nyel oi d di sorders, |ynphoid
di sorders, hairy cells, buccal cavity and pharynx

(oral), I|p, 30 tongue, nouth, pharynx, smal

42: Tdﬂ& eStutiBR offé?}a@lsldfcﬁﬁbﬁﬂanl@é&e(a BE%S bitBing 1§§&é€&hmle (5ml)

brain and central nervous system dgki n"s and
and Na2 R &n 80004 iagwdsml) wes addeda pewssipm asrasmapesulphate ( Oxone

6:342) YERACARCRIT Moh k3 ki QRO gRer W midlhas, THObeqction mixture was

stirred abrrtonateenprostuke frirtagirther, 2 hews athos dduted avith wategaf§y ml ),
. her 0
emacteggxﬁgess%ﬁ{)/rg) e?é%e , ?lc&%i;eg (‘il{géfﬂfl ?Qtﬁéﬂl}rg 2 dle afeb%g-tettrah\ydm-ﬂuopyran
- 4-one (A36madaswhwhite sadinl. B thiseatagsuad (6 dmglgsm'mng e anbeytdinargbs? 2 —
of this invention include, but are not limted to,
Al zhei ner' s di sease, Parkinson's di sease, anyotrophic
| ateral sclerosis, Huntington' s disease, and cerebra
i schem a, and neur odegenerative di sease caused by
traumatic injury, glutamate neurotoxicity and




The dosage depends on a variety of factors including
the age, weight and condition of the patient and the
WO e@aie71338 admini stration. Daily dosages can vBECY/US2067/069866
within wide Iimts and will be adjusted to the
i ndi vidual requirenents in each particul ar case.
Typi cal ly, however, the 30 dosage adopted for each
route of administration when a compound i s
adm ni stered alone to adult humans is 0.0001 to 50
ng/ kg, nost conmonly i nridshe range of 0.001 to 10
rag/ kg, body.weight, for instance 0.01 to 1 ng/kg.
Such a dosage nay be given, for exanple, from1l to 5
dichloroBan® qm:&@%&m& U&ﬂ&ﬂ@&%ﬁﬁoﬁ@@-ﬁtﬁnmﬁﬂmﬁm&@l methy!

|ntr ous I njection a suitabl |y dos s from
methylagunb ) SUOE 15T PRG Sy TP O pebrer dorg P binior 0001
thzenop)trilnﬂhﬁe %éhﬂi&ﬁﬁ&c wei ﬂl'&&ylﬁnﬂﬁldnﬂeﬂ@ﬂﬁtgﬁfe(h&ﬁnﬁﬁm conditions),

adm ni stered as singl e dosage. or according .t

followedipy ipsirl dEAE 6iHGAIHIO) angysopiu fracgtoy berqhydiide 4438me ). The
reactxonnﬂme R bﬁﬂ&& férem ﬁcﬁ‘ﬂ'g 8t fdoRfMeatperurt OadiDiht PriRe Isolated by

of the invention. A typical

extractiatuigio dighiopemetbors . Uowed by Eisaton by fgtbebromeiography to give
(-ohlors TR e JRS el REAIB DN P01 PGBy dro-thiopyrans-

yD)-metigépende (0§l ong ) bea phllowsobilcwhichiversanet ptmﬁimé@ dyurdimgowith 4-
er | S hu
(4.4.5,S REPRRGhYER 3 RS LR e 331 P RRechc 80 B 0@ hest siica
purification thedittel mponnd i{ S8 ¥ @ct whise msl;d_ i nfl uence t he
m ni stration regi men. Wen
Hibﬂdgdg@ﬁﬁﬁggﬁgg d orally, the pill, capsule, or tablet
13.18 (bR HE simassmo) daill ¢d,aH, Jes 3. 2Ty ess { §, D0 €8.2 Hz)

7.45 Cog BF 5 % hfor 185 oA B P PrAgr A CI ¥ 28 compound

2.91 (rri mf)oamsI@ spt)ﬁgrozu{&ﬁ @82 phar maceut.i cal or
rlnar{ conposition also conprising a

Lﬁﬁ;ESbﬁHﬁﬁ@ceﬁ -kally or veterinarily acceptable carrier

LC:>9§¥%ﬂﬂd ent. The conpositions are typically prepared
fol'l owi ng conventi onal nethods and are adm ni stered
in a 15 pharnaceutically or veterinarily suitable

. b st . ]
34 TOL SRS of PERAHACRORP FRON IS 4Sirblt, dnflh fregarsd from N
- BOC —pimaridera bp reactign of alpeotione-domteckF A atdt Bﬁth,mﬁhaq%@honyl chloride
R ¥ T _
s SRl X AR NGO ) s oY SARL R (oo
- followead by lglacoai acetlhraacid 662sl0f tsmwwxombwqhymmeoﬁ 284mg ), was

.elixirs i ntended f .2 b
aased i oy MRy 3P bR s iR SO R B o
tempéraﬁhe, them dfiated with dithlphanethseuf 4@rmal ), casipaiswith 60% NaHiCOB

sohuon A BRSSP ot TB S BR esicus wict
was purfR@itySsilidd BasBWhidiHaBgRIPLS to ghleaUnei@nag@iHony Rpiperidin-4-y)-2-

rvi ents in qrder to provide
methox)bﬁgﬂyle?é‘&‘@ﬁgllégﬂ%/ ). 8 & yetite so¥d: pal at abl e preparati ons.
TaRk6luSios @At FhéthhkiSuibbhye 1b8ﬂdﬁ£h—§ﬁﬁ—rﬂdﬁ1@@%t&§'ldhﬁnc ( 146mg),

Wi th non-toxic harnaceutlcal y 25 acceptabl e

stirring iy b hpectipne b Lamd ).cvirs added 2rSvorprfememphetiget-yi-ghigpol3,2-

Glpyrimifhl-Blcarbalde38e £156REGNHOTRY it £XATRLE ( 3BRFY, bnd sodium
uents, such as cal¢ium car bonate sodi um

Macem%ab&rehm@c ( Bdtimge, %s&am@remvsmwm gured fopi? bpysat room
temperaﬁﬂ'E Nryed %Eﬁ@ct w881 Qked tb@f@%&acﬁ@ﬂ ﬁité‘gicﬂﬁgﬁﬂm Ollowed by

di um hate; granual ating and SI nt egr at
punﬁca‘ag@ hy $lask sifica xmaéongBz ¢o gtvar(aﬁhkubxjrrmpzphebn@l-@yl-ﬂmm[3 2-
al gi nates or sodium starch glycol ate; binding agents,
for exanple starch, gelatin or acacia; 30l ubricating
agents, for exanple silica, magnesi um or cal ci um
Stearate, stearic acid or talc; effervescing
m xtures; dyestuffs, sweeteners, wetting agents such



hydr oxypr opyl nmet hyl - cel | ul ose, sodi um al gi nat e,
pol yvi nyl pyrrolidone gum 15 tragacanth and gum
WOgeHaRat7sdi spersing or wetting agents nay be PCT/US2607/009866
natural | y-occurring phosphati des, for exanple
| ecithin, or condensation products of an al kyl ene
oxide wth fatty acids, for exanpl e pol yoxyet hyl ene
stearate, or condensation products of ethyl ene oxide
with long chain aliphatic al cohols, for exanple
hept adecaet hyl eneoxycetda®! , or condensation products
of ethylene oxide with 20 partial esters derived from
' fatty acids and a hexitol such as pol yoxyet hyl ene
d]pyrxrxadmbﬁ-vbhethph) etl ﬁmtmeﬁﬂphmdmm -i)-Guetioxgtthylaming) , (103
mnth arti estens derl f fatt
mg) as gw%‘s Sh fél%ﬁt BRhY G 'éze’slufcor Xe(g 45 Q%tmmetﬁyl-
1,3 2]45)@]:&})0@3’(-@5&1}&]1&-@6&@1& aa given aﬂé::eﬁ.?dsﬁ s1liEIaQnﬁﬁcdnc&qﬁe®iﬂ‘é

nsi ons contain one or nore

Cmnw“ﬁﬁ s Q?V%g’tiéoﬁgr exanpl e, ethyl or n-propyl

1H NMR- 40008 Mequasas e, one or nore colouring agents, such
sSuUcrose or__sacc |y suspension may

13IS(Bg1#6?ﬁ%gﬁf%§Pﬁ}Es%sbéﬂﬁﬁnbuﬁﬁeﬂéét|ve i ngredient in

755(da1Me_get@j)1.ﬁ Wirlas (ng[ng.aﬁ'gl(e #gachis oil, olive oil,
Oor coconut in a ntneral oi | such

4.01 (naéH T“(Q}II%I) Fashf i, HH )Fﬁeﬁ(bd Myzgl)s%@ﬁslso%g Jray contain
2.81 (s i £HSPNTHY x30EM67 (@l C X, hard .
(s ZT%IHEOF cet?ﬁgﬁ OHQ@ g§£ 6% ng agénts, such as
LCJﬂSthose set forth above, and flavouring agents may be
d to provide a pal atable oral preparation. These
(nﬁq)%gﬁgb5|tlons may be -92- preserved by this addition
Purity >0#5 %n ant i oxi dant such as ascorbic acid. D spersible
powders and granul es suitable for preparation of an
aqueous suspension by the addition of water provide

30:  Tha sahitiow@fYAQradinesthyl ) nitdphoiing (S00kigh) firdhS Redifiydtbus 1,2-

dichlonqSEha0 A0 ) oes AL D oG SRE R &SRB g pyrimidine-6-

carbald@8@B{( 3. AR, segeee@ bg @188 AESHAIED X)) dhl ’EdiY ﬁ'ﬁ@&@xy
al ready mentioned above. Additional exdi i ents,

borohydiide (|- &7 &shgelded ip sgversl)alignpsiovgr A0 einersy eﬁgacar@em@mre was
stirred prYZ 8599 aPRodes BSEPUrature, then difli&i &tkﬁ&:ﬂ%‘%&téhhf(ﬁbmt ), washed with

mposi tions of the invention may al so be I n the form

0% N#flC&3| mﬁtﬁ%@ﬁ%l Me8R4.)- Thesarengs pfﬁess@nm;zyd prevacuo to give a.
t , o
residue %ﬂfﬁ \@Q ;?urfﬁéd 61{ r%tﬁ'oﬁ’xlat t? %q € G-ohia gb# ﬁ:orphohn—4-

S, of ex
. yl-ﬂ'nen@fﬁ f%ﬂiinymwémfG-Vheetéyl)ﬂéa+m@helmﬁwlmthxlb-agxmg(e3&&ngm;ﬁs a white
solid. Pe naturally-occurring guns, for exanple gum acacia

or gumtragacanth, naturally occuring phosphati des,

To ﬂuemanpdnmcs(owmmh shamg Ini anhydras ¢ t-éichloosetiaiet { 8l ), was

est rs d d fro ds_an hexit ol ..
saded 135G Fbo FpinE R ains Pt L7k oA g P Orgiperidone by
reactioncd| m:djmmhhe efrope QEAC§adt @fth oleeha@isdiphanyl chlloredd o Fsilobed by glacial

. wi.th_ethyl ene,oxide, for. e 0 erne
acetic adt ( A5RL | SE ASRELE Bo=4PRE DBV O L LeE ) < B isAT Y mixtare was
stirred f&x\/\ﬂi‘h@ﬁ’s ﬁgro@ﬁd e pv@iid 49 Baealisted Smxﬂﬁm@&ﬁnﬁt 30¢th! § washed
|.at ed, mnt$ sweet eni_ng agents, for exanple
with 50 % ¢

BlieR et dsd cMESEL)- Tk sp Ft‘ﬁsd’t{ﬁfafe%f’%‘aﬁ’acw to

give a rffsﬂfucdblﬁ@l@ Waﬁ phakes 8}7%11%331&? Qhﬁinﬁt@gﬁ'a fo' ﬁ{fé (RBh%ro-4-
e sorbit ol

oducts, for exa

morpholp e hicbel s & RraTB e Sry kitoH-Grirg iR pigeddine 4-y1)-(2-
morphoﬁx?-ﬁ)/ylferﬂl -afiiR Rt 23 | 4GRS -white solid, WiiBh was used in a Suzuki

forrul ations may al s6 contain a demulcent, a

preservative and flavouring and col ori ng agents;

B) Parenteral |y, either subcutaneously, or

i ntravenously, or intranmuscularly, or intrasternally,

or by infusion techniques, in the formof sterile 25

i nj ect abl e aqueous or ol eagi nous suspensions. This

suspensi on may be fornul ated according to the known



are conventionally enpl oyed as a sol vent or
suspendi ng nedi um For this purpose any bland fi xed

WO ae7/1|ys be enpl oyed i ncl udi ng synt heti c nmonoPCEUS2007/009866
diglycerides. In addition fatty acids such as oleic
acid find use in the preparation of injectables; C) By
i nhal ation, in the formof aerosols or solutions for
nebul i zers; D) Rectally, hi the form of
suppositories prepared by mxing the drug with a
sui table non-irritatingiskci pient which is solid at
ordinary tenperature but liquid at the recta

- tenperature and will therefore nelt in the rectumto

coupling sithas-64.# 1965 - ohtmg:letlsddh 3@ﬁMb®wlwbybeﬁé-énm1eeto ginel after

fash s O LB M Eoione Syt R a 28BS, e,
IHNMkol(lﬂ)tmIﬁ)MSGsuspenm ons. F) Vaginally, in the

1505 PEAARS FEER I o PERER s SR FS6RRLES! tron 1o

7.65( dt IIQ PelR.VHzINY me%@rm{ ylmdxz Cal, MH%EI-E.S) 38X (ktﬁom )* n
he_art tq be ap tai ned-rel ease

3.61 (mp CFFaK 2% 8139 (01 GHEG BB bF Tk FOLM CER. Fkibe

248(nP¢§@¢Q9§2)§9'1?@5?n§¥§%?be§5@fn§%§t? ned-rel ease
preparations i nclude seniperneabl e natrlces of solid-
hydr ophobi ¢ pol yners contai ni ng a conpound of Fornmul a

71: T8 agb) u‘u‘Bn o‘f‘l ﬁ@m???{%ﬁﬁén@{neodrgg ih *ﬂ& %1@%{%?\&%@%@&&1&%3 added

arti C .
2-meth®us&naime I(@V@@é)e fotwaddussddieh lld@epmmmh&dsde (2.62g) and acetic

acid (0. ﬁ/(ﬁq r?%elhygr oxy- eﬁ%neg?rﬁ%%?tyl a{net)empgrramﬁg I°3‘/’ 1§1/1|l 3;1

| chmoraheﬂ»hm/;lqueope Isqdhani h)@ﬂesge@ul:aﬂ)orﬁm entachion afd pE3Gd on silica

f L-
gave (2 GioRy BN e bR G 2y 808 (1280
2-Chloretdbbaitelivi4yl- &ﬁaei[a,lzei]pﬁe@ﬁcadam@ﬂbaaﬁhyae(lsomg) and (2-methoxy-

et st P iAot B CHBR) e G B | Peliprosthane

(8ml) ar@dcdtig b&’ﬁQBEﬁlg? Gith s@an@dl m&z@gﬂodoﬁy&ﬁ&l udsn@ 8t b
and pol y- D]&- - 3- oxybutyric acid
temperaREARUERTLTS fPWéﬁP P/aRueRNS speiugniydsgeen W‘@ﬁv@teo?anon and

purifica®&Bh Baich 9&1&\&& @z é’ﬁl&%u-hﬁﬁf)ﬁ&%klhlﬂ 1REROBS - &n-G-yLmethyI)-

treatment "of a disease or di sorder descri be hereln

(2-methgycrthyd-d -Mypei-pirsridinet A)-eming @3mgdr (e.g., cancer).
I
(96mg),|4DinRE iélbercﬁ{z&oé’étélﬁf{'ﬂr Fng SSARROULD r@ gﬂﬁu&%%ﬁ AP Phs),

bined 1 n a
(8mg) irf piyame 42 mdh cﬂ@noid(dsﬂhgnd wgtcnéihsaé) worthieagtiina microwave at 120°C

xR b 0,365 00, RIPAU 808 ic o e o

compouhd(S4mgat i ng a hyperprollferatlve di sorder (e.g.

bHdR“(ggﬁﬁﬁﬁa‘ioE Sﬁﬁ ﬂ9§§gn or %%si pPﬁ%QE%Se?ngBHQEiJ“SO

Hz }; 7.4f86t, ZB‘DJ%@.OHﬂ)?,?!1(7358&/2}152@9'(/@,0@%62 3;9482 (m, CH2x2 }; 3.39 (m,

I tar i\vities tQ. d.of. th
2003 7E TR R R Rt o G b oS TR TED s et a9
m, CHQﬁBmer Such conmpounds are suitably present in
on in amounts that are effective for the
MS: M]%urp ntended. I n one enbodi nent, a conposition of

this invention conprises a conmpound of the invention,
in conbination with a chenot herapeutic a ent such as

59 Hndregsmheldoride eani4 g) was bubpjpd thenghiaethenel (0 mpy ah@yC. Proline
(3.80 g) Ws3RLH MEHAIhSmiRuS Wi HBRIOHSoGH taﬁgaaﬂ&é r 4.5 h and then

regi men. Wien adninistered sequentially,

conbi nati on may be adm nistered in two or nDre

adm ni strations. The conbi ned adm ni stration includes
coadm ni stration, using separate fornmulations or a

si ngl e pharmaceutical fornulation, and consecutive
adm nistration in either order, wherein preferably
there is a tine period while both (or all) active




0 HOAR HATU (1.5 eq) DIPEA (3eq) DMVF (--NNNQ N Cl O
2- Chl or o- 4- nor phof i no- 6- (( pi per azi n-

wo dooyxnet hyl )t hi eno[ 3, 2-d] pyrirnidine or 2- PpCT/US2067/009866
chl or o- 4- nor phol i no- 6- (( pi perazin-1-yQOret hyl)thieno[ 2
,3-d]pyrimdine is treated with 1_5 eq HATU, 3 eq of
amne and 3 eq of DIPEA in DVF to approximately 0.1 M
concentration. The reaction is stirred until conplete
and extracted in Ethyl Acetate with Saturated
Bi carbonate Sol uti on ongssti me. The organic layer is
dried, filtered and concentrated to yield the crude
i nt er medi ate C) Reductive Anmination: 0 CN) C(Ow)3

reduced(lilx Q!a&ﬂ:) t omemﬁ@ﬂc(&n@&@%s&r hydrochloride salt as a
| or oe hane Cl R1- N

white S‘élddﬂ%gb 4- or phol i not hi eno[ 3, 2-di pyri mi di ne- 6- car bal

?IS @é e?%gat??gkﬁf)gdl (ﬁ Sk )r?],lg:l acid %'mthg% cstft dhe_\,lﬁr 0 hlon%e salt (5.5
g)in aczioemle\(% ntlg Wd@emmﬂemwx@( 140@21mlh) agd dhrlegt- bwmbonate (8.0

g). The reac{lcl;]ﬂl 1§n 29 etl’)l\t?vaso £ 2t omqwér&me %orol & anY éleg rllé ucg in vacuo.

equi val'en
The resﬁﬁ@ Wa?s Eacﬁgdﬁﬁféﬂllhlﬁﬂﬂﬂﬂnbﬁﬁﬁ%ﬁ (497hL)aihd washed with brine (40 mL),

. rd et hyl ort.hof or nat dleuwalent of a i C. -
dried (M Q}5: sFHBCHA Waped Bakbur s Bn SO BmEr o apErsPRY i, gvg pymolidine-
1,2-dicabd0Mlicta0idaiieirnbutl SstaRHmedhd rek&r ad a2 gelthwi Bil (6.33 g).

ri acet oxyhoroh Fol | o 2 to our
Iy Prﬁ?l'wgﬂﬂ? amei/igw g‘rF le cld &f g methyl ester (3.5
g)in tolﬁ@&! W&Lyﬁf-bg Rat Wasides &&6;&%@&u§ﬁ>¥x%ﬂﬁhuﬁh&ﬁ%9&rﬁ@ (520 mL of a

cetate. This internedi ate was either purif
15M S@lﬁtlgn i todugpe) mginteigmg toe trrapsrAturhbelawx b5 Fealbe tmcnon mixture

was sﬂr@&aégp'bﬁ"é REU K 38K afsh ﬁ!:he%ywﬁﬂ %Ié)t&nlg{ ?ﬁﬁﬂﬂﬁ &%he mbdure was then

Renmoval of t-butoxyl carbonyl
diluted with diethyl ether (50 mL), potassium sodlum tartrate tetrahydrate was added and the

mixture stirred vigorously for 20 min at room temperature. The two phases were then
separated and the aqueous layer extracted with dichloromethane (2 x 50 mL). The combined
organics were then washed with brine (1060 m1L) , dried (MgSQ4), reduced in vacuo and
purified by column chromatography to give 2-formyl-pyrrolidine-1-carboxylic acid tert-butyl
ester as a pale yellow oil (2.687 g).

To a suspension of 2-formyl-pyrrolidine-1-carboxylic acid tert-butyl ester (2.68 g) in
methanol (30 mL) at room temperature was added a solution of methylamine (831 mg) in
methanol (3 mL). The reaction mixture was stirred at room temperature for 72 h and then
sodium borohydride (760 mg) and molecular sieves were added. After stirring at room
temperature for 2 h, the reaction mixture was filtered and the filtrate reduced in vaéuo. The
residue was redissolved in dichloromethane (30 mL) and washed with saturated sodium
bicarbonate solution {30 mL). The combined organics were washed with brine (30 mL), dried
(MgS0O,) and reduced in vacuo to give Z-methylaminomethyl—pyrrolidine—1-carboxylic acid
tert-butyl esteras a pgle yellow oil (2.56 g).

To a solution of 6-bromomethyl-2-chloro-4-morpholin-4-yl-thieno[3,2-dlpyrimidine (420 mg)
and 2-methylaminomethyl-pyrrolidine-1-carboxylic acid tert-butyl ester {310 mg) in
acetonutrile (10 mL) was added potassium carbonate {250 mg). The reaction mixture was
heated at 80 °C for 4 h and then allowed to cool to room temperature. The mixture was then
partitioned between dichloromethane (20 mL) and saturated aqueous sodium bicarbonate



Ten or nore equivalents of 4N Ha in D oxane, with or

wi t hout di chl oronmet hane as a co-solvent, are added to
wobdenstisgting material (general schenme shown apoxg2detboeses

simlar scaffolds al so used). Heating up to 40C for

several hours is occasionally required to renove the

boc group. The reaction is concentrated to dryness

and used crude in subsequent reaction_ E) Suzuki

Coupl i ng Reacti ons: 14 General ly,

substi t ut ed 152 ,

2-chl or o- 4- nor phol i nof uro[ 3, 2-dj pyrimdi ne 14 (1leq),
5-

soluﬁon((éa 4:;15) dndtté begamidiyerwashad it @ alk ) dyta@yMng)d) reduced

in vacud g DY AAT, SIS STt P RE G R0t 2 (-Ehiprstf aorbholiss-vi-
: ﬂusno[i@«iiﬁ&&mu{h-wm&%gl)&ﬂeﬁ | (]Lihmggn }(;?yrﬁﬂ]hn@nﬂ-cmoxyhc acid
r| e

vol une "of acet onj 3eq) was heated to 100
tert—buu@erswas&@&mééohﬂ&mgb reactor for 10-15 nin. Upon

FOIRbLRkLA %f zt:gg) ﬁlﬂﬂioe-@txﬁm%&ﬁ-’&t ﬁacﬁfeﬁg[rsw.arby?mmn _6-ylmethyl)-

: acet at e, er organitc sol vent
memyhmammthﬂl} -wfrolidinest-gagbiosyliageid tertrbuiyl ederctd80 W) in

dichioro OQbe}l %éé [ gf_?) 3 U%dgg ry d o%%g%hk%%{ é% i&, Pﬁr 2 m&&orﬁg diethyl

ether) ThieZn detidle cidsatioret lat B:tm&.ﬂipﬂﬂhtpw forril ibremd then reduced !A vacuo to

Ty e

ymhdlﬁxe@tmﬁﬁ@n abfRChdrbcidotidel salt asTh 9elim>tr solebGBD g xt ur e

Tor s o o Y02 L 0B 0

methyl- 158~ ineiﬂmfhxﬁﬁb g &to%ﬂloﬁd@lsalt 2390 @) i ditidodomethane (10 mL)

t hi eno r|md| ne-2,4-dione) as a white
was addgd Gue TR (Uit B) S TSP SLLan B g1 G Mop) Rpfemixture veas
stirred a@!rdfoxﬁ* Eén‘i‘-isierét%m"ﬁg 2 Paxa mengﬁ%ﬁoﬁéi%ﬁx%& dnagimQhﬁQﬁane (20 mL)

and satqq_te@ gqqepug @o@m bxg;r%)oggte solutlon (2()\%)9('{1@9 @rgapics were washed with

wine AGELLIERL 4L Ao o) ity o v

chloro-tearghtblint4-ykthieno[s Srdpytimidis-6-Yimeth¥adl mpthanesslfonyl-pyrrolidin-
2—y1med\9§13-g§cg§u§_g B 5 R BEr R RAHE €6 SHQOLA hip/ vater i th

irring yie a‘precrpitate. The m xture
(2-Chiom$—mdﬂpholﬁm—l4t-3érthﬂnbb };l-ldhi)d'xmldm—ﬁ-ylmethyl) - 1-meﬁzanesulfonyl-

pyrrohdtrglzl@gmcﬁwl Ehhk no 3 r| m d%§5 %trgo el_’soldl d
[1,3,2]dibxabbidan- &yl)SlI(Hhﬂazdle ﬂl—@nEidZ ):roceéﬁmrﬁermmﬂﬁm@fpbﬁ sifica yielded

th tl2Ch|o - 4-nor phol i n-4-yl -t hi enor 3. 2-d1pyri m di ne
e title Gp§PaYRY-1271.75PCT/ US2007/ 009866 - 99- A mixture

NMR: ccmcl?3 Heucbd; QEH),JI‘I)DE &ng 83 @mmy momzjm(ez}(,&)%go (ﬂ s); 2.52

(1100 {15050 444 88 LT Al a7 G5 kb S5 s E 0P 1 ot ra

3.84-3. 95"?}{1%@04 HRG m (Xcmhtp W\@@(iﬂ@j\ 7f49 11 @ﬁl:s wpshed émt@ 8.28);
er and met h t he tlt e conpoun as a
8.28 (1RIFd 2601 3-Q1 (4L, Sb40910(igb9)e 11-1 NVR (400 MHz,

MS: ESH6AME0)453. 74 (411, t, J=4.91-1z), 3.90 (41-1, t,
J=4.9Hz) . 7.40 (1H, d. J56Hz) 8.30 (1H, d,

J=5.6Hz). Reference Exanp

5. BTS00 el PG o L s

solution of freshly prepared methylamine (0.75g) in methanol (3.1ml). The reaction mixture

was stirred for 1 hour and then sodium borohydride (0.61g) was added. After stirring for 4

hours the reaction mixture was then diluted with dichloromethane, washed with sodium



.To a suspensi on of
2-chl or o- 4- nor phol i n-4-yl -thi eno[ 3, 2-di pyri m di ne
wo bf5h2f1ds 759, 6.85mol) in dry THE (40nl) at pl8GsYaS0oses
added a 2.5M sol ution of nBuLi in hexane (3.3niL,
1.2eq.). After stirring for 1 hour, dry
N, N-di net hyl formarni de (796p. L, 1.5eq.) was added.
The reaction mxture was stirred for 1 hour at -78C
and then warned slowy to roomtenperature. After a
further 2 hours at roomsxenperature the reaction
m xture poured onto ice/water yielding a yellow
precipitate. This was collected by filtration and
blcarbomté selition] driéd)(l\@zgg;)sﬁwg the |selv@ﬂmgli¢ﬂdd i:glvcﬁ;agglczy )gﬁ%?%
meﬂwlaclnpp RY”°§8’£‘891FI¥)‘E’°’8V1§8“"(%W“‘§‘}W é% 188l s).
To GRbRIB 4 BUEARYlaklind- Yaﬁbhhhﬁm&%b&i}qic] ¥l temmtpfes@r {0.50g)

car bal deh de was pre ared in_an anal o%c(’)us manner

in dichlgromptirrnied §0mitwasraddad Insthylamies (O ol Ihlwmbwyﬂap@ulfomc
acid (0. 23921 Rker Jnrgﬁ% gagl 745408 RO }-éa'aﬁén Wizt @a@&ﬁmz? dh@yrim

-car hyde wds al so prepared I n anal ogous
dichloromeethane, ly.y.s}mginwgh spdigmvpicdrbonate solution, dried (MgS0O,) and the solvent

removed; r?%c%g ﬁé.rleetsﬂi\ﬁl '\% g%l%%ﬁeoyzﬂasﬁ%ﬁg%édbér%pﬁ);{o ylgltdh.’yl

erence
(meﬁlarﬁStdﬁﬁWM@hﬂ&h‘ﬂlla@pmbhdlﬁe 3 -@itdexylia oidokearbiyeBtet (#152g).

Treatrnén?_%gégl Sothb A W‘LfliHaCI b p&%?%r%%% hefodira? KA LA38 REethyin-

pyrrolidzn- B%ﬂhﬁd:thﬁte@bltfdimnﬁb hipérocBlo?idg salt 0.914)mol ) in acetic
ac:ld added .a solution of sodiummnitrite

taass nOEPé OE“HWE&Y&TZ'%}E;H’L‘T”"“NTPE?IW"'T? tpignoldyfed]pyrimidine

(500 mgI QB8R N- M’etﬁﬁLNIpr&ﬂ&ﬁﬁB-@@iﬂﬁéiﬂa&Bﬁ@oda&ﬁﬁe ﬂ@&:@&m@ﬁde t£(370 mg)
itate col|lected by filtration to yield 4-

in acetommkf@ PRI asided petagaym grbgnate (490 mg)aThe ;aaml@n grixture was
heated a4 ’86'°U)‘.%r 1thindaga] ﬁi&de@oﬁ%oﬂtoq%om}#%emﬂﬁk Refd was then
was st r red

harcoal (10% cat.) and et hanol
Pamnongdd@hv@rbhtmgmm@hawaﬂ ogbhalfd)samahé @Flsﬁoﬂs lsedivgnbicarbanate

solutlonregp \@ﬁ:ﬁe B%%chf la%ér%:?s%ch %&L%ecébil{lﬁ), dﬁgig (M%§O4), reduced in

renov acuo to

vacuo azlcl-pnnﬁatoﬂl cdluyinmhrma(oem to $0@W-methyl-N-{1 AB-macthelotts
_ morpho?r%—#ﬁ}gl' t‘ﬁﬂeng&d% opvvl -0 e’;h% gh}%? olﬂiig %:SHE etﬁa?xe%fonamﬂe as a

spensi 0
pale yelldvw soitth(363 mlg)y| am ne (631rrg 4. 74mmol ) in 6M

RGBT B Pt o b2 P e

pyrrolidadi8 8d}-mEfiRnt fARhh@NddWid thcteh eﬁﬂme—(zve rsys-tdwaﬁle -
[13.210ksb eSS DL AR e i eepe) BRICERb B P 4GoaaH on sitca yielded

the title ¢8 dZO% as a deep red solid. Dry net hanol
C,(,ggg) was %ﬁd with argon for. 5 ninutes. To th
NMR: 13aé|1§§d Yo} 422 HARP LR Wéﬁ@h&%&)o%éﬂa”t@(lﬂ m);

2. 89(31—1%3%? 86@1%%8@5—15}3 %Qﬁ@kb&) i s> pirnes ol Podi 2PN 3.84-3.98 (6H,m);

4.02-4. IP](‘*H mii %i%ﬁi@ﬁe{ﬁaﬂ Iphé’s%ﬂq(%})“ &r30d3 Bt B2 D a8p U6 HLHJF8.21);
i 74127175PC T/ US2007/ 009866
826 (Ig’%?'ﬁ'ﬁedregg% }W]')?((?%F% was stirred for 5 hours
MS: ESEndMBHe8f i | t er ed t hrough celite. The residue was .
purified using flash chromatography to yield the
desired title conpound (117ng). Process 2
60: Toaaoktbhiof (1)¥N~(B‘06-3bpﬁrmﬂicﬁ.ﬂﬂiﬁi (3y0g) aniretha@ol $08d) was added a

sotution p TR Rrap b ipetouna (81 Eblo et ol AiRyattpg mixeue

was stirfed. fo£ | houbahd/iiem kodibmOborbhydiiz (04d gyiwas h&dedomfﬂdf stffihg for 4
cooling in ice-water. The m xture was then stirred at
roomtenperature for 10 mnutes after which tine a
white gelatinous solid forned. 18-Crown-6 (0. 2eq.,
5.37mol, 1.42g9) was then added foll owed by iso-anyl
nitrite (2.2eq., 59.1rnnol, 7.94nL) and the m xture



WD 2007/ 127175PCT/ US2007/ 009866 - 102- and wat er
(50mL). The conbi ned organic | ayers were washed with
wob6ornened0onL), separated and dried (VIgSO4). PRe/uszo07/009866
sol vent was renoved by evaporation under reduced
pressure to give 4-brono-1Hindazole (2.36 g, 93%.
To a solution of the 4-brono-1Hindazole (500 ng, 2
54mmol ) and bi s(pi nacol at o) di boron (1.5 eq.,
3.81mmol) in DVSO (20nL) was added potassium acetate
(3.0 eq., 7.61mmol, 747,4%0; dried in drying pistol)
and PdC12(dpp02 (3 nol% 0.076mmol, 62 ng). The
m xture was degassed with argon and heated at 80C for

hours thé Qedbtion BEixt@8 Hak erdilkiet ﬁltﬁ@iclﬂbﬂoﬁwﬁihnb owastel vatdsodium
partitioned between water (50nL) an sther (3 x

bxcarbomaqluthmeir@é s SEp bngethe eolvatarmoyed & vacurda el
methyiaﬁﬁ{x@?#rﬁﬁm 1@58?#%&6%1@{&& ISH Péhedr @@é} . The crude

was puri y chronat og ra eluting with =
BOYmiA 06 Bf Gmmmemylﬂoc@mé—mrph@m@awbﬂue ] 3,2,d]pynmidine

509 iy ity pymalidonseasboxviic eid or ] 5t 9 4y
acetomml’u:taﬂﬂﬂ)éwéﬁ ﬁ&iddig)otff@%n ea:tiomatci §x30s fndhengd tQBO)BC for 3 hours.

his was i sol as.a.ye mhlch
The fca‘tﬂ%‘rf“?"ttﬁ‘i"fd"’?? % Hyfedivg %&ﬁgﬁ&%? oﬂqia S°§BP’
bicarbodMRsd1466n, Mried (drﬁgzw'c)mﬂihé lol&&ﬁtl‘i‘,en'&)vcd 31 Y101 The redidiue was
J=8. 4Hz, 6 911z) J=8. 4Hz 7 67

Puﬂﬁcdﬁfeﬂaghf}mr&@wsﬁpbi & v 3y %%0141%’ ot

e-18adbbk Hic hei lcr?—bﬁ exl 05‘5
et 4 e 0

Treatmeg'z} of ﬂwpggmpg,urgitwgﬁ 1 1;13@1@}@9@&@%@@0’1 yielded ( -chfloro-dw
morphogn%—yii e&@ﬁ%? Lahs )mémf@grmylﬁ-aﬂngo-b%sﬁ%%-&mme hydrochioride

baldeh de A m xture of
salt (0.58gk hl or o- 4- nnrpbol|n 4- yI t hi eno[ 3, 2-dbyri m di ne- 6-ca

- IRl P pgls b isnof . degripidinygy methy)-
amino- pyhoalziﬂ{ B- a@zﬁﬁa@ydﬂc%nﬂa ks3It é(,hﬁlég)cdldmhlmnwmt €10ml) was added

tnethylaénlmg ﬁﬁ%ﬁfv\%?% %esu A081dr 130102t £ 1A Wiering for 3
hours ﬂi&lrsidtiohﬁﬁﬁm&h Msﬂhtdﬂla)rﬂh Hic&ﬂjrdﬂi(etﬂa)ie ohdshed siéth sodium

acti ve was fl ushed th .
bicarborigie 5ot SO E SO B SOREE! TREreLt B i, Lo fraidue was
pmﬁedf@fﬂésh%m&?a@dﬂh?@o paid (Z—d:lﬁﬁﬁﬂti»ll@&r‘pﬁellih—d—yl—ﬁuenoﬁ 2.-

di chl or onet hane and water, the r was
AipyrimygS R L1 PR PR G P OB G e S LA (0.258).

(2-Chlofd- hlrﬁ&%ﬁoﬁﬂ-d AVRRALET, 2Qi]b?niﬁ%ﬂﬁ%-yﬁk&hﬁ?—%wrﬂdtﬁﬁlesmmnyl—
residue was purified using flash chronato F y
pyrrolidjn-3tyd)-pieghtlianiae gegpeastd Vo drf 4.5 Mﬂmme 1.3 2]doxaborolan-2-

y1)-1H- QQZJ}&%Z%I on&g{!f}mé ROPEER-mibdn RedLyiENIEE d@IPdnpound.

repara

NMR: QIZ@MJI%C%%(H&W], R-2042828£ By ) BiXSPHzIn2-85 (3H,s); 3.20-3.38
(3Hm)Y3. 52518 orfifDl B 44\ ehrbh; 4. 02 AN G P8 (1L et
(1}1,@%:{11)1160;{@%1@%842@)1;5 24 -(iidrdoFro. 20 200 A Hs)eHb] B(1HLE. py
) | hMi ngsH- carbal dehyde (91 ng, 0.26mmol),
hﬁS'ESEgﬁg?hyﬁ%?perazine (34nmg, 0.36mml) and acetic acid
(15uL) in 1, 2-dichl oroet hane (2nL) mas added sodi um

74 e SR O YRS AT R S SRR U paChloro—

morpholileNyPRasddd[ 8, Q-d]%%ﬁlﬁidﬂﬁﬁ}-&f&hyl(ﬁnkmé elﬁﬂmg)hmder standard
d|chroronethane ed wi,ith

conditicge Al QWA bY GRIEAFS (NSO AR LRBH: G 310 565 CLatiorT-
vacuo. The reS|due was purified using flash
chromat ography to give the title conmpound (33 ny).
Ref erence Exanpl e
72- chi or o- 6- (4- et hyl - pi perazi n- 1- vl
met hy1) 4- nor pbol i n-4- yl -thi enol3, 2-di pyri m di ne
To a m xture of

o~ e - - - . Py



NCl To a solution of
(2-chl oro-4-norphol i not hi eno[ 3, 2-d] pyri m di n-6-yl ) net
wo Banat716s100 ng, 0.4 nmol) in benzene (3.0 nl) padytR26e7/000866
was added PBr3 (30 aL, 0.4 mmoD. The reaction was
heated at reflux for 1 hour. After cooling to room
tenperature the reaction was quenched by the addition
of water. The aqueous | ayer was extracted with EtOAc.
The conbi ned organics were dried over Na2SO4 and
concentrated in vacuo. Jke crude material did not
require further purification (115 ng, 94%. M5 (Ql)
350 (M + Reference Exanpl e
morphom-ufllﬂlzthgﬁb?f O=dfp VRN lsL Narbtiddy- ézhfneﬁﬁﬁéslﬂfoﬂwweﬁuﬁmyn-
| met hvB- 4-et hanesul f onyl'l ai ner azi o- 2-
'methyl-zmgm/ @7PI9PCT/ US2007/ 009866 - 105- I\/EOZS

ol S BLSR0 5 3 i Bt

piperidiot4-yl)-ineghyirahine stxeactﬁi ithdn@nk b lytetraRetiyl-gt,3-24dioxaborolan-2-
yi)}- IH-{éga%o oL Ot hl eaC l on & |r Irl:cn%tgjl n& ggga }h%ide%.lﬂgglegirem%mpound_
NMR: (D&&S@).drj.ma@bs; aehy 18Ry (s, t1 BT )33t21r(ad,dd{ NHATS Hn)t 2.6%(d, 1H, J=

aqpeous l.ayer ex{,r.acted w C. in
6.3 v 0 B S o A me T SR s RO SO LAt 284
s, 3H ),quan N s2 e @n mad);al. 29 Was3Hl);SIseT ¢ agd 2H); CHRG12, 2M0
‘ and MeOH (40nmL) and Et 20 (10 m.) and cooled to O
MS: (E%"*”)W*hl €424 ution was ‘added 4 M HC1 i n .di oxane (20

m.) The reaction was warnmed to roomterrperature

stirred 18 h, then was concentrated in vacuo.
72:  TegisHERSnsiAB of pincaazirp eraryosglippgid d@rmxpftiogdﬁl Oghn I »4-dioxane
(100mL 4 )Malteﬁl @90&@)?'812&3(3(\?%5%31:& 1 MTROM: sobifon Iﬁﬁﬁ}ﬁtﬁﬁ foliowed by

xture stirred 42 h at room tenperature.

dl-tert-huaddicamonmil b8ehdhedewiltite waxtore wadwasediotRd . and stirred for Sh.

B o

stirred cNBrr(i@t)at BRAD. ThA reaBiidreméiore \Easxrqﬂcmtﬂaied in vacuo, diluted w1th 2M

- n suI Pl ner
HCl andgithcfid vath EIORT, BRned Sasis Ve e Tes bl e
concentZ4il {olglvd 4 aiihakdSATORY 108 P&adine -]ICHidlcarboxyhc Beidcit-teftrbutyl ester
bet ween -N- BOC- pi perazi ne and net hane sul f onyl
(8:468)-ch| oride in dichloromet hane and tri et hyl ar ni ne
Ybh alseRgiod D&fﬂtxhaﬂﬁﬁﬁkﬂuif@ﬁﬂLplpbﬁEﬁlazﬂ na:cbrbds@hb @il i-€ert-butyl ester
_ acid tert-butyl ester. eava e of the BOC protectin )
(8.4g, calrdshwla i OreE) wangdded ReCOC ésh@t%lgﬁ@ Pa4RSmL) | he mixture

was stirfed BeRRRSSH I eN)h- a‘ah&i{s%rﬁﬁxp t3fibwealby purification on silica gave 4-
Reacti on between nmet hanesul f onyl - pi pérazi ne. HC
methanegyifpnypiperazine-1,3- dlcarboxyhc acid 1~tex1—buty ester 3-methyl ester (3.267g).

A sohm%n thﬁ%énémffgﬂﬂl ﬂnBéra! neh@-@ﬂ%[‘&x%hglagi)ﬂrﬂ @rﬁbﬁ@l E163 -methyl

e usl procedure C yielded the tit
ester (3@ghpro:lmdﬂﬁé2 hwes Ededpiie camular to a mixture of ht‘mum aluminium

vyariac 0 S O L RABOS U PPk FhRHB e o

then waReed td R/T. lbed weand forrtbbih ditieasadtionnyds-qargell pguamheti@ith aqueous
sal t _

ammonh (1B (S BB TeR Pver Feliso o2 SVEPRy WPk B felogredby

purificatiba bl etiicd @gauvs Bﬂg:dm&mihyl@-ﬁeyh@bﬂﬂﬂmyhpmeﬁdim-] -carboxylic acid

Ref erence Exanpl e 13: Tert-butyl
mﬂ'b“tﬁfﬁn%ﬁf{;g Jear banat e 0 0 HN--( O Bu

:&fﬁﬁﬁg #xﬁélhﬂle(sﬁlfﬁﬁwrpxﬁergmﬁﬂ-)l m)@'ulssaidvteﬁ-wﬂyl ester was
ut anol (200 and { ed Wlth{ % gd

prepared figip - yir%ygaﬁthsal ﬂl@ BRRHEIyT 58500y iqciffert-butyl
ester folloWin@%) probddilrl (LY WS @ﬁ@l‘helb()@t 44}, lppaodbeuois h.

Reaction m xture was cooled to room tenperature, then

concentrated to 50 ml and poured into saturated aq.

NaHCC3. M xture was stirred at 0 Cfor 2 h. Solid was

collected by filtration and dried under high vacuum

The crude reaction mxture was purified by flash




WD 2007/ 127175PCT/ TJS2007/ 009866 -107- (CDCl 3, 400
MHz) 87.71 (bs, 1H), 7.27 (m 1H), 6.27 (bs, 1H),
wo Boc2Q21ibs, IH), 1.50 (s, 9H) ; M5 (Ql) 184 (VPETMS2007/009866
Ref erence Exanpl e 14: Tert - butyl
24met hoxyear bonyl ) f ur an- 3-yl ear bamate \co/ CO2Me 0O
01Bu To a solution of tert-butyl
furan-3-yl carbamate (1.7g, 1.0 eq) in THF (50 m) at
-30 C was added TMEDA (1.75 m, 1.3 eq) followed by
1. 6M sol ution of n-butyhid-thium (8.4 m, 2.25 eq.
1.6Min hexanes). Reaction mxture was allowed to
warmup to 0 C and stirred for 1 h, before being

Re@lerle Rafikation of 3fdemyDiRéMihesaHFORANADEratihe A -Pirbox3iie acid tert-

was qui ckly added, before the reaction mxture

f
buryl esiag ) SR Aoy R PP gUAT e B g toeperl
Procedufe QC%'I 1BRedby b aGuiRs WHRNG G g\dﬂﬁba?x% Bilich @hloved
by addition” of saturated aqg. d.

M xt ure wdas

dimethydam inpoteghy] vi-mhthanegl foapkpiperazitphb-cabaty itearid tagtbwiyl ester

comsGARESAS RS 2 11 B 10200205 -GORREIANG A

yimethydhdinsabyigmaiph dityerodhbbritie @ AOmight v

o SR YE RO o B RLR s Sl tagp 2 Pwimicine

{140mgP ahidyil mmnﬂom;ﬁpwimtkyﬁ?WMy{-amhﬁ dihydrochloride
’ Tert - t - (et ho C ] ran:3-yl.car pbamat e °
(140me) 1 4y Mol Grmig wanasins Bony Ko B e et 80 °C
for 4h. AhhqadfistwaRRPGoNbBd by ipbHGesRaCed siticagav [42rdhloro-4-
Reaction mxture was_stirred at _roomte erfilturef_or
momhoénfﬁ-ylawm%dﬂ@ﬁﬂe%érﬁ@&%&i é%sv PRI

Imethyi G SRy IRB ([1Esigg@nd washed with saturated aq.
yime )‘I\EI—CC%F}The oi%ani c)al aéer was dried (Na2SO4) and

Bo@cehiorerttanomhetinrieyiigieneld.? sipximidin-f-deeihyD-1-
mem%ﬁ?%ﬂ@gﬁﬁn@m%ﬁrxgﬁ&@m -a._lliﬁﬁcr #6d Realieli ifl] 4-?1,4,5,5—

and”concentrat ed. e crude reaction =~
tetrametiyk{ LB &]diesabpgelaniZeyl) 3 §i-fidagsie dh GonerabBrospire to Ryridication on

s - an 2-carboxylate (574 ng, 86% : M5
silica y‘?%%?*‘a"u%’sf'%’ B LY Ect 20077 005008
400MHReCBEOIce Exanpl e 16: Et hyl

23007Em gy fOH R SRR s Raibrieintn: 32hih il b sparigggta ety

3.84(3.8%02H )0 a4, Jeit Ohlzy 0 deEERne-4( At 74001 H,98 7TG26HS,1,1=7.7THz);

' e Qr f onyl d.SOgy e, (|G . 1.4 eq)
760(”@‘%6@/?&%5’%1#2$é§£_dﬁls)ﬂl\és&Zﬁgﬁ)}%\l\%&}ga’rtsi room
MS: (ESeyperdEL3me and stirred for 40 minutes. Reaction was
concentrated. To the residue was added 6N HCL (3.5
m) and mxture was heated to 100 C for 20 m nutes.
70:  Reabio0L(Ainetiil Sip@azial - oMedh §19-4CA 6 phd Bild-§10thiee[B,2-
tenperature, and was neutralized with saturated aq.

dlpyrinygippmnes rasteddvifh $-amenpecmethblerzrpebosemie Acid 4o gerarg procedure A.
pudﬁcagze,li?w fBish &gﬂo%gsi‘tc Prlof en%gi>9¥é1§%@24d&9ym[5.9@9@emﬁpemm-1-

ge sol i was use e next reactlon

yimethyji-¢teerphelin-éhdrthisae i3 3-dinyrenidime f @ -ehreylamiagpl @a solution of2-
L Eur ' -l gl L vl o
- Methyl- et ey EpRRYEd 812 SRR Ly ghicnols Zihimidin 2.y1)

phenylagisp Eifde) iim chletdfarm (1 ¢:8D)mnd agadc a¢1é 428 wistddded Bopmyl nitrite
OH (1.5 ml). React. L xture e f -

(o5, PR epon efdee SRR R0 PO P RO 3 el TR son

mixturedeasrdituved wanchieegforatandeyashnd witsa 360 nfikexe of tamréfbd sodium

] to 3, xt C entrated. Mt hanel
bioarbofgte sty e bitne driv (estEy o ERH AN Wprstfhtio vaguo to
give a cAidebsiud! MLy whs glrified by flafio chrddakodraphyi telydeld the desired product.
furo[ 3, 2-cljpyrimdine-2,4-diol (90 ng, 91% which
was used in the next reaction w thout further
purification. Reference Exanple
18:2.4-Di chl orofurol3. 2-dlovrimdine C | Cl
Furo[ 3, 2-cl ] pyrimdine-2,4-diol (39 ng, 1.0 eq) was




WO 2007/ 127175PCT/ US2007/ 009866 -109- Reacti on
m xture was then heated to reflux for 48 h, then

WO Qaﬁh@ﬂ'jé 0 room tenperature React ion mxture F@f/USZOOWOOS’SGS
poured into ice/water. Mxture was extracted with
ethyl acetate. The conbi ned organic |ayers were
washed with saturated aq. NaHCO3, dried (Na2SO4) and
concentrated to yield
2,4-dichlorofuro[ 3, 2-d] pyrimdine (23 ng, 48% which
was used in the next reggstion wthout further
purification. Reference Exanple
19: 2- Chl or 0- 4- nor nhohnof ur o013, 2-dl pyrimdine 0 | CI
NMR: ﬁomqtli MWMB@) stkrwsl mdlmm(ai’qm sio@deﬂbi)\/\@%(s 1H

ended i n met hanol m ) treated wit
)781(% 3 3H40es. ABL G- ( my- H)e&ﬁﬂﬂbﬁéﬁ&ﬂ%ﬁﬁﬁéw&@) 216 (s,

3H) stirred at roomtenperature for 2 h, before being

p quenched wi th saturated aq. Nal 4C0B. M xture was

MS: (ESix¥:rd@6t2%ed with di chl oromet hane. The conbi ned organic
-layers were dried (Na2SO4) and concentrated to yield

. . 2-chl or o- 4- nor phol i nof ur o[ 3, 2--d] pyri m di ne (14 ny,

62:  HEB%polwtion bf ddeydrsathathyitfiperibng-1 {oaﬂlmiybn apdttroiisty] ester (2.0g)

in anhydsbts PRRnR i ERbmR S Atis SHGey i RRRETHE G 20 and.

tnpheny@;&fd@ﬂhd&b@/d@g) the red@ion Bbituk vl stifred at room temperature for 3 dayss.

chloro 4 nD o] i.no o[.3, 2-d rinidi e (40 ,
The reacfiog refyurg et frcueees El %‘#‘? = senrin g acteate,
* . washed %tﬁ%ﬁ@ﬂ tW:h Qﬂn@fdr[bdm%§$4)cﬂﬂdltﬁé vt r@ihové'd # Wluo give a crude
i

6M i n hexanes Rea on m xture was stirred at -78

product. d’tﬂwasgnxﬁf %v%@g flash ehromatoeraphy whigh yipldsdhBrosepmaethyl-

pzpendn?tng-c GO il Byl Weer @ li@?fﬁﬁd to slomy warmup to
roon1te erature and stirred for 90 m nutes. Reaction

Ta xselndomaSpyraeric KeBmes)tin aphydspus @mﬂwlfqr@@tre@b wies pdded

o ARG TR AEIOSHES i B 2.+
Bromonwﬂn)édn;ém)caé:mtyho acigriertdugd estEh @8@!1135331“ aﬂnfﬁmm

dimethy m’%#%%gv‘v’ga% 4L T eBYidd ARRnE T ARG AP LQaer a8l for 2.5 -
hours. Thotghadn nikuropas guetchyd mithovater @oda Eﬂixﬁﬂﬁ&b}&&@ts(\ﬂ%e removed in

vacua. %:cn%%)@jesi:gp%\l %@f %:d %%Q%Mﬁlz org%f}}&mb ﬂgd% L é%%i (MgSOy)

and the {dWentRehri el ¢ vin Pl gve a crude product. This was purified vsing flash

chromatgEiash By PFE) 1R B FEPGIHB PR Hi e 6o DR e tertbu ester

(148mg ﬂ Chl or o- 4- nDrphollnofuro[3 2-d] pyri m.di ne- 6- car bal de
) was di ssolved in

yd
g azgfdpfe?ﬂ & %é’ (sémrﬂm PiRgTyline: baagxyfit feid tert-butyl ester
(215mg)|'m%ﬁ§cmoﬁ§ méﬁxo%&heﬂﬁae %smn%aaaaw hm&ggaﬁé}aam&n ether

eq), sodium acetate (28 nt, eq
(4.1ml).¢ rrfwyp W@W tired Ebropy fempergwsdPr 6 R@H’@t bﬁ soivenfs were

removedtabhI0RRIEL PUEEAL ALy A BEERNA ok rdk R,

Sodiumtriaceto yboro
T sdutagrdof %&mblmlmﬂn&mmq Iydeokhdorideoeait in 1,2-

aichlorol ST i Bfled 2 R A L B BB A -

carbaideﬂ?@d‘ﬂ%ﬂmg&%@gmcidf laeetooaridd (EitLOr 'ﬁmmactlitaymi)mmwe; stirred at

room terfbdrifs AR ARRAGRRGER Bk s R pRR g Rlppine

(1 13;.1L)2:vere added. The re:acuon mixture was stirred at room tempcrature overmght The

cion N Gh T A b B i S s s

sodium ¥i€irbodaké s¢iion EAABERE, BiddaMPERDYana thd Bvdnty@RidveR in vacuo to
Series A The foll ow ng conmpounds of the
i nvention were prepared. The conpound nunberi ng
corresponds to that used in Table | A above.



14: 1- (2- Cnl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di
n- 6-yl net hyl ) - 4- net hanesul f onyl - pi per azi n-2-one (100
wo B&l7/197125s ol ) was converted to 14 using Genepetns2007/009866

Procedure A (10 ng, 10%. M5 (Ql) 528 (M-1- WO
2007/ 127175PCI YUS2007/ 009866 68: To | g of

2-chl or o- 4- nor phol i not hi eno[ 3, 2Apyri m di ne- 6- car bal de
hyde was added 855 ng 1-BOC- pi perazine via Procedure
-Cto give 139 g of

2-chl or o- 4- nor phol i no- 64§Bocp|pera2|n | - yOret hypt hi en
o[ 3,2-c] pyrimdine. The crude HCl salt of

2- chl or o- 4- nmor phol i no6- ( (pi perazi nThyl ) met hypt hi eno[ 3

give a cn?ae%rﬂ&hd’ﬂ Whik SvadPhritiBe ByfstHEHrdﬁyatégrﬁﬁin@(}hewj-ﬁhW
in dioxane in_a solution of D%\fdgleepfkgsequent

morphogpébg]rg{ﬁwafz@l drymetyl —plpendm-l-p@IQe% dipyrimidine

(154mgzalt of
' chl or o- 4- mor phol i no- 64( pi per azi n-1 yOret hyl )t hi eno[ 3

24 ﬁ@@@y%ﬂﬁ@hﬂ@ﬁﬂ&&@ﬂrwlv&-vwm -piperisiin-1-ylmethyl)-thieno{3,2-
L g

in geneﬁs prdVSdu@r@lb) Pgdizatdg by fiash Sronptagraphyusesibi@ yiskded thof desired
4 2- chl or o- 4- nor phol i no- 6- ((pi perazin-1 -
producly 1) et hypt hieno[ 3, 2-djpyrinmiclitie was treated with

NMR: 4BAVBT: 1H NNRHPDMEY 18] 18I tae 1Mi)ag8 BY ¢eetines.Bl (ahnsl J=6.7 HZ

67 AR B ) R S5 PR o+ o,

3.83 ( f4IL#Cle2 KO 9Bakd, 20 ); 2.04 (m, 2H ); 1.98 (m, 2H ); 1.45 (m, 2H ); 1.25 (m,
2- chl or o- 4- nor phol'i no- 6- (( pi perazi n-1 -
ZH) yonet hypt hi eno[ 3, 2-dj pyrim dine was treated-with 175
MS:(E t)oglj_z Lactic Acid via Procedure B. This crude
ernmedi ate was then subjected to Procedure Ato
glve 212 nmg of 66. M5 (Ql) 508.2 (M+. 56: The crude
: H8iHe N0 484 1&%&?6 H-Blu 1 2.0
61 %%r?é%{%ﬁ%ﬁh %ﬂg iTei?:)lgm di nec ﬂ}wg) S ty es‘m( g
in anhygotih tefrabprafestah (O b deﬁdawoan@tr@r@qxdal (SEA) mmd 1 m_

wone T B HRLETEL LR BAE VRO RSO IAIAL e  de

The realiidromixtere wWinefilaroé dusugtaydite Vibis: fitreke wasthkact@eth ﬁ:ﬂ‘lﬂeac’tctate

T e. or ganj Le C i ned and concentrate
washed SittwBiettnel g SR0H (e N04F rifiRR, B GaE e RE BT BiuR ety = oruce
productt ’ﬂhﬂ?ﬁmqﬂmﬂﬁ%d/ﬁsh@ fiisk ehﬁ)xﬂatﬁgraﬁﬁy Shich\vheldell Bréidmathyl-
. ..éM he ¢ ud 1 sa 2
piperidi g‘éh‘f"‘é]??fg’ i) HI' ((%128 £azi n- 1-ypmet hyl ) t hi eno

T8 a%ohﬂﬂoﬁ)ﬂfﬂ!%ﬁ-kdlﬁioﬁé @xﬁmg) Mamhlaeat ednamyﬂamﬁaﬁq:te (5wml) was
ethyl chloroformate and 6-eq DI PEA |n

added sqqjuiy yuchide dASmE) ithe Bagiien Wﬁ%ﬁtg“aedamﬂle@wﬂom 81 50°C for 35
minutesl ﬂlg}oﬁdwémm%a&ﬁnm LA e fCke ATBIRY] | ¥y @zsln@g)l ifl @nhydrous

he aqueous |l'ayer was back- extracted once with

dlmethsv@nzaeurrslq@mliv sregidsth §h7 repoigeanixiure waygerred gafl €»§vemlght The
solvemé/@&% re&'S%&‘ GilvAnd aﬁ& RELOLBA k& lOval F;yﬁéé&ledﬂéh‘%eﬁf ude

I ntermedi ate was then subjected to Procedure Ato

dichlorgghsthargtang wagen fthssgmivBed QuganBosctacisiyere vegherhwith brige, dried

MeSOY g boffenss remsrodia e i e Sy ool T Buficd wine
flash chyr@atogdaphy Ita‘r}’x&ldﬁé-(lﬁbimg))rrmn{ lr-ﬁateéhyl}bptgqn&ned -carboxylic acid

dride and 5 eq DIPEA in 1 nL of DCM The
ten'buﬁﬁ %’ﬁ%ﬁg "xture was concentrated and extracted into

B hsblutioatof e vk b-pSablidiat by ihatpl)ipiperidihst icdthoxFheacid tert-

O et R T Sk S e R A

Th| s crude internedi ate was then subJ ect ed to
Procedure A to give 20.2 ng of 54. M5 (Ql) 478.2
(M+. 53:The crude HCl salt of

2- chl or o- 4- nor phol i no- 6- api perazi n-1-yQOretitypthi eno[
3,2- dbyrimdine (50 ng) was treated with 5 eq of
Form c Acid, 5eq EDC and 5 eq DIPEA in 1 nL of DW.




-113- 108: The crude HCl1 salt of
2- chl or o- 4- nor phol i no- 64( pi per azi n-1 - yOret hypt hi eno[ 3
Wo,zé’m/ﬁ'hﬁy“ m dine (100 ng) was treated w th-7pc#Hs9fo7/000866

2- Hydr oxyi sobutyric Acid via Procedure B. This crude

i nternedi ate was then subjected to Procedure A to

give 1-(44(2-(1H i ndazol -4-

y1) - 4- nor phol i not hi enoP, 2-dj pyri m di n- 6- yOret hyl ) pi pe

razin-1-yl)-2-hydroxy-2- nethyl propan-1 -one. M5 (Ql)

522.2 109: The crude HGgsalt of :

2-chlor o- 4- nor phol i no- 6-(( pi perazi n-1-yOnret hyl ) thi eno

[3,2- dbyrinidine (100 ng) was treated with 55 ng of

s UEBFy R SOt WS g vt
vacuo t@ywki ]_—P@pb-r(cﬁﬂ(ﬁlh&aﬂr}dﬂulohdmy}pnd hydrochloride salt.

LR AR ek SR i B RRL O 3

~anhydrolb @, CdidtRrbitharialhs aided tnethyam_me (47pL), the reaction mixture was

2-chl or o- 4- nor phql.i no- 6- a2| . ()rle I
strred o o070 (aEpETRER (A% 8’0‘96.15540 Palip S ol ¢y imidine-
6-carballh MRS (9043 GBS b Fach Iadeﬂe a@l&e&%de&, tBe rbtiSn efiMmle: was stirred at
internedi ate was_then subjected to Procedure A to

room tegpGEAtyre (fgq@ h?q_qslh $%3@dpagpt9@)bogphydnde (96mg) was added The reaction

mlm%&%ﬁlea%%&sﬁmﬁ raruft Poerhi Nghﬁ e QeadibHBLRURE WAS UAAleR with
1) - 2- met hox hanone. (QL) 508 (M+. 111: The
dlchiorqm e washegqwt @fSO/SO mixture of saturated sodmm bicarbonate solution and

brine, d§ cgfﬂflg?@m aﬁ@ QAR Bidol B BEFREL TS gxaéé\%’ﬁaﬁé?/ %gl\!/iﬁlgg?[‘m was

ne (100 ng) was treat
punﬁedtle*matwmo cErdmﬁtogmpbx idgive 3-[Pr(@cCare4BrorPhpkin-drytkdhieno]3,2-

i S PR P B AR AR AR CAHS A T
E-{Wimmn@trmrﬁmir@i&dhmﬁanﬁnm)mghmm)p@eamn-4-

ylmemyégﬁycégq%ﬁag&}éa q{: é&tﬁg‘gt %:g.gg:& iW 3(%201{51

boroland- fljﬂ)l lﬂﬁﬁrdlé.?ﬁﬁﬁﬂbﬁfideﬂ&e@a ](f(lﬁlfﬁeﬁgﬂ bR ﬂ(fhsh chrorx;atography on silica
. -yl )nmet hyl ) thieno[3, 2 pyrimdine (100 ng) was
yielded g8 RIA9¥CR00 ny of

NMR ﬁpmm MME! 89 DARSOESAT OB I HO):; ecmot RYLA: § )Peqqe(dwlﬂ J=74Hz
crude intermedi ate was then subjected t

); 7.65 (Fa]r,dggam%:’,mb?gc}%t (lﬁ.((=28,3Hz)401(m % 383(m 4H + CH2 );
'306(11{,12&2} PURAZOMh; é‘H»ljzé(ge phal 7 By engs (¢, 11 3 =112 Hz );1.90 (m,
yrimd t yl)plperazm - yi)(
2H); 1. @{m;é )dp]r%(o!}lla?-ﬁta)thanone MS (Ql) 519.3 (M+. 113:
uge HCl salt of
MS: (Eginghsl:oro 4- nor phol i no- 6- ((pi perazin-1-yOrethyl)thieno
[3,2- d]pyrimdine (100 ng) was treated with 140 ng

2 SRR PR S et pienor2 s

d]pyrimidinn wasl jageleshth @-Retboedtrpgrifnitimeghorenic acid in General Procedure A.

Purificafigy Bﬁgflfcafygﬂé%{%ﬁ% “’%‘J& p‘%‘_‘%{l fin- o- yHret hy ppi per azi n-

NMR: (CDCL)): 2:6412.6D QthHDZZk ©HR), 2B (6, CHZ).3. XM B0 (m] 3H, 2 x CH2),

381 (s 30 GOS8 TS A 4802 5 CHDAOSA 9T (my e 1 4095 3L

CH3), 7,12r(seﬁlnymm@b(gezﬂlg&m was treated with 140 ng of
D- Al ani ne via Procedure B. This crude

MS: (Esrlﬁ’?é}%"d"é?@l%s then subjected to Procedure Ato
give (R)-1444(2-(1Hindazol -4-y1)- '
4- mor phol i not hi eno[ 3, 2-di pyri m di n-6-yl) net hyl ) pi pera
zin-1 -yl)-2-am nopropan-1 -one. M5 (Ql) 507.3 (M +.
115: The crude HCl salt of
2-chl or o- 4- nor phol i no- 64( pi perazi n-1-yOnmret hypt hi eno[ 3
,2- d]lpyrimdine (100 ng) was treated with 100 ng of
nmet hanesul phonyl acetic acid via Procedure B. This
crude internedi ate was then subjected to Procedure A
to give 14442-

P . T x o= .. o~ e



WO 2007/ 127175PCMJS2007/ 009866 -117- was then used in
general procedure Ato give 3 ng of 63 follow ng

wogﬁﬁﬁlt’zﬁ@ﬂ phase HPLC purification.. M5 (QL)-4p&Thiibookooosss

2- Chl or o- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne- 6- car bal
dehyde (50 ng) was reacted with 3-hydroxypyrrolidine
follow ng the protocol in general procedure C. The
crude material was then used follow ng general
procedure A to give 7 nggf 64 follow ng reversed
phase HPLC purification. M (Ql) 437 (M-F 65:
2--Chl or o- 4- nor phol i not hi eno[ 3, 2-d] pyri rni di ne- 6- car ba
83:  hdphysle. sfgeﬂggﬁeﬂ&ﬁ%n QIIKYiﬁdl Iﬁle%bm-tl-mog)hohn—tl-}él’ﬁueno[iz 3-

L
di met hyl T or manmi de. To |s solution was a

dpyrimgding wab egactedovitiy 2- dqymbdka}pmmmdme-% erppiagid in Gersral
Pmcedtﬂ@gn%hﬁatﬁﬂ cFrFstxﬁca Rl déa eﬁf oﬂ%uhh& acid. The-

xture was owed” to stir rs prior to-
(@Mlm)g 22352.60 (my AHe A xLdE), Qo”@i (l§|ﬂ3H CH3),3.25-3.28 (m, 10H, 2 x CH2

+2xClt-I? .3 ng’(?ﬁg gd.{éﬂﬁ 87 "4 2”:9(:%1% t?snlﬁura égi—f’fszHz),

i on— wa red o Sa
7.101 (sS B iAED)y |3 E&(sbahlauecmd) ext ract ed sever al times with

) t byl acet ~1hi s chloro internedi ate used crude
MS‘(E%EIS%&@%%%‘?WM ocol for general procedure Ato
gi ve 6 ng of 65 after reversed phase HPLC

.24 : =l =2>2d] pyri m di ne- 6- car bal
'ﬂﬁé"ﬁﬁ%wﬁﬂg EJIH‘B} cﬁﬁ%ﬁﬁc&c‘éﬁﬂe WvehAtion were prepared. The compound
3- (et hanesul fonyppyrrolidi ne foll ow ng t%e pr ot ocol
numbering coergepaiid Sb?ﬁ@éa-éﬂ%mé"a b¥hBBcrude material was then
used in general procedure Ato give 177 ng of G 34670

followng purification on silica (0 to 15% MeOH
140: o 480 ergofi %Cbiqrmﬁo%mﬂhaﬁ%ﬂmlrp@@mml-thchUmeypholm-fi-

yl-ﬂuen%ﬁéw%}? o- 81rfl§r1££)ho"ﬂl| ng)ti X [agd 5 “a‘r ac?t?% e es@dded 198 me

(1 ozeqmwmmﬂasw@mmacrmnam ester amblsmg m@((play ef BAEPHB;)s as per

Generalffrbddid Alp gite LI ArE rbe e RO Sfer ARty Prigeation
(75%'yit=;rd$.atf{SGtQM)tSm4.Q (k. of concentrated HCl for several

hours before basifying with NaOH and extracting into
Et OAc. M er evaporation the crude reaction m xture

152: qarm@l i eg2@&6&@5@4&&&&ﬁkm%ﬂwﬂmdrﬁlﬂatﬁmdﬁlyl)-4-morpho;m.4.

%S%rret hyl-4- mor phoI i not hi eeﬂ{% yrim di ne was
yl-thieng i S s lpygniding an gimb i M Sefivg ?%%1 ‘&’H@f Q3 ffejacetonitrile
was addall Ri70 83z (L5 o@l BL Mﬁkx@b%ﬂﬁm@ﬂ@i)@cn}éﬂky[fﬁ -(4,4,5,5-

met hanesul f onyl | oride. After overnight stirrin

tetrame gl st3r7oﬁlé’lxa%°@@ oyt dmidegol 4 3Ry Pyuebernd é4m%(0905eq) of Pd

(PPhs)s 28GR A PRYEGhrd MBI AdolRbRIihicRPedBlethdLhd0d off, washed with
roduct. Upon conpletion the reaction was extracted

water, cwwmm@mwewm Jistpd is A0 (388 bdlowetighy the addition of 2.8 mL
t CRLQF t p i1 o
0ee) 8 PONMUIELPQISIERMoATL LR YA DUAL P S Ao o 0

C with ali@@upgondenser attached overmght, complete reaction was confirmed by LCMS.

The rca%ﬁc’%h}“%4&ir}§?épﬁ&ﬁ§| Mot hi enoﬁtgé%"l%] pyrt %Xod(p P'Btem%é aé{llg')fa@d gave

55.2 mptdfithe dediredipabduwa sftersRB-HRILC purifigatien@n &d yqatd)cmﬂ{lcg) 529 2 (M)
SUZU Cl and purified with reversed phase HPLC to give
conmpound 50. M5 (Ql) 528 (M +

1: 2- Chl or 0- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne-6-carb

2 Bofhitiegs 24mhe) T Eore Sgdaneb L BPeyera) 2 SUpERYImEholin-t-

yl-ﬂnen& 03,00-Upyliflding iefl thha MBREDRE @ﬁ@@tsaﬁuabaahﬂﬁleneas added 73.2 mg
followng silica gel purification (25%to 100% Et 0Ac

gradi ent in hexanes, 12 g colum). The Boc group was
renoved by treating the conpound with 1.5 nmmol of- -HCl
i n di oxane. After evaporation the free am ne was

sul fonylated in 3 nL of dichloronethane using 100 pL

+.



WO 2007/ 127175PCMrs2007/ 009866 -120- Procedure A on a
18.5 mpl scale to give 7.4 ng. of the desired

WO ﬂfo?/‘i'tlﬁt?s after RP-HPLC purification. M (Ql) 5@%52907/009866
(M +. 78:2-Chl oro-6-(4-nmethyl sul fonyl - pi perazi n-
-yl -met hyl ) - 4- nor phol i n-4-yl -thi eno [3. 2-
d] pyrimdi ne was reacted with
2-fl uoropyridi ne-3-boronic acid in CGeneral Procedure
A on a 18.5 mmol scale to give 23.5 ng. of the
desired product after RIpgHPLC purification. M5 (Ql)
493.4 (M +.
77:2-Chl or o- 6- (4- nethylsulfonyl pi perazi n-1-yl - met hyl

(1.3eq) bf £<ARIS fﬁetrﬁha 11, Qﬁlalc{ﬁb&olaﬁhlwl)nrn-ﬁhd%@omci 26.6 mg (0.1
reacte &rlmdl ne-5-boronic acid in General

mM) of Bidd@8Huie es perérenaral Erecadies Ade fiiee o4 gny ef the fepiged gpduct after
Rp.}m[(%‘i,ygﬁg%{ glq ﬁ{%’ggﬁs akt@y1) @82 g puri fication. M5

2- Chl or o- 6- (4- rret hylsulfonyl pi pera2| n- 1-yl - met hyl

131 Paéa%apm"ﬂ%“ﬁ i o

yl)meﬁ@l)ﬁﬂeﬂo@,@&l]pyr&hxdﬂi@wed treaeekvm:h 4301:8¢g of lrnbaictmomld viaoProcedure

B. 60 uggﬁ)ﬁe tﬁlfsccgpng%wgefrwtg e destr ed%%(»xﬁg (4, %fstg-tergme'ﬁlfl‘iq 3,2~
| dloxabo%oian@amm—n%&é}e(m lph)deaufd A0y vei ey @giof tHe Jeksjrew plyduct after

nor phol i_.nof uro 2- d di ne (40 , 1.0 e
fevefseﬁb%‘fedi%‘g Ecz}tﬁ’ﬂtg }ﬁﬁﬁﬁwmter(m ngl 1.6 Y
m) and treated with
4-(4,4,5,5-tetranet hyl-1, 3, 2- di oxabar ol an- 2y1)
134: dmﬂ we (058- qh@,omz%-gl%eholHpémm[ﬁﬁr@pwv’e‘ilaeﬁg%f@lé@yde was used
accordu\% p@@%ﬁ@é'»ﬁlﬁ?}@{ egf‘%ﬁtﬂlﬁst Itﬂ?ll %1g=r§zi%g) Thel8d¥ hidterial was

as ‘sea he m crowave
then dissoivédin 1D fodrofrBethiameltand refited withded maaftdoppentiaged le! for several

hours b?%re %%wﬁﬁ%(ﬂa—g ay o?{c%g 'tf{l% LQ% EOUS AGieP g@zﬁ:%rftlon"tﬁe crude

reactlorﬁmb(tdfe(dmtam&hg D06 enpy &2 -phicaa-GA{((B)Pamethiyitiperdzirei- phmkihyl-4-

oS G o e 2R Y BP0
(S5)-1 {(gflﬂ—(tl’-hhl@m-ﬂgn@{@mﬁnﬂﬂﬂﬁeneﬁ Ih@yrhﬂﬁiﬂ—éqﬂl)m{mhﬁ) 3-methylpiperazin-
I-y)-2- Bg ?(;Tﬁl%?alg r%‘ﬂ%%]%g‘%g% T i 4 I(g% é: 9 rartar tgsglsl 53 &mx&borolan 2-

_ yI)IH-lmael\aZ PSR U520 Qlyeoﬁ%ﬁﬁ of kRd deshred pRdtluRf Sfter reverse phase
met hanesul f on | perazin-1 -yl met hyl) - 4- nor phol

HPLC pusi -f'(Iﬁ‘?PDtMW 22 056 yrim dine was reacted with
pyrim di ne-5-boronic acid in General Procedure A
.Purification on silica yielded the desired CO%
148:  \BQ mg)ofssebatyl fH2-c (meiyyl-g-negsphaljnothiena] 3¢ Ipmfmdlmﬁ-
yI)methgﬁggfg%ln b ;Ia?é]wﬁsgféagt%d v@hﬁsllﬁ 4 Ag%éﬁmemfi q’"?i-
dloxabcgolaaf%-yl}-g}ﬁgmqlp{z,3-@;})@@1}1&: vg: I@'pc:(@p:f: As Thag ;rudg 1ntermed13te was
pA- met hyl sul fonyl - pi perazin- |
Subjea%{/gﬁnrg%ﬁy% -4- nor phol i n-4-yl -thieno [ 3. 2-
dhpyrddmﬁﬁllrwlmﬂ§ -me&@'l-éetnmmhhhno-éi-((plpcrazm- -ylimethyl)-

L I L L S

ProceddrB @ magive 8617 Gmgmf)th&diesﬁdb&(oﬁﬂﬁﬂﬂjer ré&et@-phad?HPLLCdpurification.
lg) . (311 s), 3.29-3.33 (4H, m, 3.90 (211, s),
MS Q3 %3-BM%" (4H, in); 4.05-4.10(411, m), 4,81 (2H br.
s), 7.33 (111, s), 7,62-7,66 (1H, m, 8.00 (11-1, d,
J=8.0), 8.68 (111, d, J=8.0), 9.02 (I H s) (ESI+):
Mi+ 553.18 12:
2- Chl or 0- 6- (4- met hyl sul f onyl - pi perazin-1-yl-nethyl)-4
- nmor phol i n-4-yl -t hieno[ 3. 2- d] pyri m di ne was reacted
W th 4-(hydroxynet hyl ) phenyl boronic acid in General
Procedure A. Purification on silica yielded the
desi red conpound NVR (DVBSO-d6): 2.58-2.62 (4H, m,
2.89 (3H, s), 3.13-3.18 (411, m, 3. 78-3.81 (4H, m,




WO 2007/ 127175PCT/ US2007/ 009866 -122- 84:
2- Chl or 0- 6- (4- net hyl sul fonyl - pi perazi n-1-yl -nmethyl)-4
wo 2089 Phed i n-4-yl -thieno[3.2- cl]pyrinidine wasctessio®doosse
with pyridine-3-boronic acid in CGeneral Procedure A
Purification on silica yielded the desired conpound .
NVR: (CDCl 3): 2.6872.72 (4H, m), 2.82 (3H, s),
3.29-3.33 (411, m, 3.90 (211, s), 3.90-3.94 (4H, m,
4.05-4.10 (4H, m,7.33 (111, s), 7.34-7.38 (1H, m.,
8.68 (2H, d, 3=5.6), 9.44-(1H s) (ER-0: MEl+ 475.11
47: 2- Chl or o- 6- (4- net hanesul f onyl - pi per azi n- 1- yl net hyl
) - 4- nor phol i n-4-yl -thieno[ 2, 3- d] pyrimdine was

150 IRPeEeA té%th@4f(_@z-ambftherméta9rm&pa@mbunen@e,maﬂ}yynmldm -6-
Procedure A to yield

yl)mc&yiapwmwhiaﬁ@awlewwasﬁpw%m# quigqlips3-jryhoxonip eFRLY2

Procedud A% Phis Lﬂidgr;&é%né’m&k%Isﬁbﬁb{mgﬂ&e@a{ml dehyde.
eatment of this aldeh sodi um bor ohydri de
%ﬁm@rpgw

m Sudeg ikl of 3)(7rmethy inated (Riperagash-r ed

e GORREHS b, SRR s i i v

Procedtfe"‘lB)to gve2T1.8 mddof the dédifed RodudEldRier r¥e88 pBagCHPh{ leHﬁcation-
3.96-3.98 (in, 4H 2 x Ch2), 4.80 (d, 2H,
MS(Q‘%:Q?-”%G 06Hz), 7.14 (s, H ArH), 7.46 (m 2H 2 x
8 38 (m H ArH), 8.43 (s, H ArH. MEl+ =

149: %ﬁ(mgafa@r&bewl Ay Plomr-faRgPhsipethiereie3 AIRrinidingy ) -
yl)methgmlj)?%(:%i%ei— Nedrby %ifa&l Wiokactéd w4, 915t ft@fam&lymasgzed

tetranmet hyl 2- di oxahor ol an-

Moxabmlw%ﬂwlﬁbpmw@%ﬁfb&mmﬁ%vwﬁrmﬁ Prvteyds @tﬂmedlate was
| on silica yielded the desired conpound.
s“bj"’c‘cak{/ﬁ’eﬁri’%g@?z 2.68-2. 72y(4H m, 2.82 (3H, sgnp
Tetprudy HG saf-of 43:30(1351;@@01&)(@1@6@@“(-215{1)@)&3’13 é@Hgvsg‘zpr 3-

b]pyndr%xﬁ:yl)??e%oigg%}]’%y%éﬁﬁﬁmg%i %sgthg%'ﬂ S{J}ﬁ aclg)vm Izro%Zdure B to give

58.5 mg\i th¢ B8tired privihet aB67reR0Orse PBase HPLC punﬁcatlon MS (Ql) 508 2 (M.
2- Chl or 0- 6- (4- et hyl sul f onyl - pi per azi ne-1-yl - et hyl ) -
4- ot phol i n-4-yl -thieno[ 3.2- d} pyrimdine was

151: 1@@EgGieas tdtibtyl 4—((2-chloro—4 morpholmottueno[z 3-d]pyr1m1d1n—6-

P YRR N AR AR RN AT e

Procedufé @l. OEKks 4ARie(ifteMabdianasay fubhctediofeocsdure - WO
2007/ 127175PCT/ Us2007

/ 66 -123-
ERg [ CUmalket S PACROPO v @R Taginy s vRehiepe 23
d}pyrirrbfcli;ilﬁpl)ghﬁ@lmg Eaétewaﬁzﬂ Danctieasiioda phdedme s i tocgwe 68 mg of the
e in dichloromethane and trieth Iam

desired gragact plierressrpephass kdun aurifpation: ASLQ) 515 %éM()éH

153: %?g f%g ﬁ?f Z-%Biﬁ%zicm%m--&u%gﬁ&ﬁkm&o {2%-§$ayﬁn§§n-6-
Yl)meml)pﬁleﬂazm @-42Hb0ﬁ)/131€7'ﬁ’@9 reagted pyith (2 ml%hxliwl)ﬁél}ﬂxﬁmﬂhﬂ) -2-

methyl-éi-ﬁ,zgé,% Fl'&g%ngtéy? 1,@,2 di%xégor(ﬂ%ﬂk_’l 91)—3151‘ %nﬁiaz% bﬁp@ﬁhﬁe via

Procedie @.i Corde-iftefmedistetyt-dubyfl dnf(R-(bi{(e (tamethed sily)lethoxtyhpethyl)-
-methgi“fa}g‘%rgg? @:&%iﬁﬁézﬁz\é Bl H-8000 3 SnnShRU5 B A R Bf-6-

yhmeth3hpibefazind 1 Icﬁfb"omymtshwés thes r&ﬂnkembm&&mghtamﬂzye&)apuahnta of

in Gen ure A Pur onS|I|

rratal iR R L CIFBOYRA ik Pl Sty o pruds material
was theﬁ‘ék'tramad vzthsﬁa{cﬁh:hd &thyl akefle. STRS ofghhic iﬁ?cr v&s%nééiﬁfhted to

s),. 3.90-3. 94% En;g 605 4.10(411, rr) 7.49 (1E1,
drynessgind themgubieqied fo Precetgs D.7 75 (11 t. . 1=7.0), 7.97

(111, d, J=7.6), 8.29 (1H, d, J=8.4), 9.17 (11-1, d,

J=-1.9), 9.96 (1H, d, J=2.1) N5: (ESI+): M1+ 525.24

90: :
2- Chl or 0- 6- (4- net hyl sul f onyl - pi per azi ne- 1-yl - net hyl ) -
4- nor phol i n-4-yl -thieno[ 3.2- d}pyrimdine was reacted
with '



91: 2- chl or o- 6- (4- et hanesul f onyl - pi peri di n-1 -yl net hyl
) - 4-nor phol i n-4-yl -thieno[ 2,3- d] pyrimdine was ,

wo b@agiags 3- acet yl phenyl boroni ¢ acid in Gener abCT/us2007/009866
Procedure A. Purification on silica yielded the
desired conmpound. NMR (CDClI3): 2.65-2.67 (m 4H, 2 X
CH2), 2.70 (s, 3H, CH3), 2.80 (s, 3H CH3), 327-130
(an, 411, 2 x CH2), 3.82 (s, 214, CH2), 3.89-3.92 (m
411,2 x CH2), 3.98-4.00 (m 414, 2 x CH2), 7.16 (s,
H ArH), 7.55 (t, H Arkks.J = 7.75Hz), 8.03 (d, H
ArH, J = 7.73Hz), 8.64 (d, H ArH J = 7.78Hz), 9.01
(s, H ArH. MS. (ESI+): Me-1+ = 516.19 93: 1-f
%ﬂ@c&fle m;fsan%ﬂu§imyzm HRMBERZ [ irki b8 5 HY)-4-mior PRIIR{R6-

yl -t hi eno

((plpera@]npwl)m c&m)@cml}l%rﬁmmldwmﬁ@t%wﬂlﬂe&@@@ fridyia
| i
procea g BBOTONIH 1t (E-iEirbal sSLiRAShe R W ESTh R csn.
MS (Q1) 53F32(MD)H3H, CH3), 1.85 (d, H, OH), 2.64-2.67 (m A4H,
2x CH2), 2.80 (s, 3H, CH3), 3.27-3.28.(m 4H 2 x
: CH2), 3.81 (s, 2H, CH2), 3.88-3.91 (an, 411,2 x CH2)
142:  2-Offerd-Og4(metdisulfonyPhiR)yazit-1 00)betBgl)4mmotphobindfuro[3,2-

alpyrimiging (163, peaingolprepsai gagict ) S and Rstogibhsafip pellasiuman

dichloriB0. Fe) 18 2K1 NI4CO; aqueous solutmn (3 eq) and an equal volume of acetonitrile

(3eq) was A OR K. e RIS e abigon i agn cotmpletion, the

rcactxonr B8 Wablcbficentrated and crude mixture was purified by reverse phase HPLC to
5-terraneth 2-di oxabor ol an yfliso

4- (4
yield 121ggiof é-(ﬂrm@heha@ﬁlmléc%@mbf@m@mﬁmmyr@atw ~RINS;| M 1) 498
M) yi el ded t he desired conpound. NVR (CDC13): 2.67-2.69
(m 4H, 2 x CH2), 2.80 (s, 3H, CH3), 3.29-3.31 (in,
411, 2 x CH2), 3.85 (s, 211, CH2), 3.88-3.90 (an, 4H,

Rl 8l st feutbnlbioGhitey £y il e pqghhof2.5-
- d]pyrim@difd €iz9q), 8(03,5,b-tetkhmethildl 3 2-dioSatibrtlpn-28y138 H-thdatdle (1.7 eq) and
bis(ﬁp%ﬁpb%ﬁ?d)g%gmwﬁégﬁggm.'lagqubiﬂ 184 BOAS aqudout Sdihtion (3 eq)
and an ezluﬁmcﬁmﬁc of ééetﬁﬁit:l‘ilhﬂﬁeq}l waarhehteditp @ B0 0C in 3 sydis@ tligtbyvade reactor
for 10 Wn? %08 lclopnpie ]i:l{]el react on’ mtxtml: arslcronngénrt]reate 2 drcerg et xgldxture was
purifiedby(rdveédsdphase ¢{PRORS Meld 16 Biglofdi- a&ﬁbﬁa@bla@yﬁﬁé’-l(()ﬁ!q UI nol

methylsy&%m&é&@%g iy %8{%#& et !i%a-”t (oo onsif:’l'e MS'Q) 498
)*. 2.66-2.69 (in, 4H 2 x CH2), 180 (s, 311 CH3) ,

3.28-3.31 (m 411, 2XCH2) 383(8 2H, CH2),

391391§m 411 X CH2), 4.01-4.04 (m 4H, 2
128:  Zpblpro-6-(i4 ngthyﬁulf)qp)nwplpe%n l—y})methyl)—4—morpholmoﬁ1r0[3 2-

; i

AlpyrimiHY (5] MRTET IR SR Y R o Sbiiphenytohys Ghin pilaghum(td
dichloridg (§.13) 3n gVYIRREGOs gqtg@u% solutipn: (§ ¢q) agd an2qo#injolurge ofjacetonitrile

oo vifhebchioRafeciyn 2l Bost S8 iy 35 8en. e
reactioni mixBiB® a6 TOncdnjtrastd a@mrud@mpemwa@wseddddedes@ gdbass HPLC to

. hydr | 500 ure stirr

vield 1255 bb S mOpniborattls. SOPTHRIRo G AR B 2 sF s o) 497

). (3.0 g) in DVBO (15 nL) mas added The reactlon
m xture was then heated at 90 C for 2.5 h and then
all onwed to cool to roomtenperature, quenched wth

~water (60 nmL) and extracted into diethyl ether (3 x

60 nlL) The conbi ned organics were washed with brine
(100 nm.), dried (MgSH), reduced in vacuo and purifed
by col umm chromat ography to give
3- br ono- 5- (4- net hoxy- benzyl oxy)-pyridine as a white
solid (1.76 Q). To a solution of
3- br ono- 5- (4- met hoxy- benzyl oxy) - pyridine (300 ng) in
|"HF (10 nL) was added triiospropyl borate (0.28 nlL)




M5: (ESP): MB+ 427.15 39:
2- Chl or 0- 6- (4- net hyl - pi perazi n- 1-yl net hyl ) - 4- nor phol

WO Beodriytizd hi eno[ 3, 2- d]pyrimidirie was react edpiiu82007/009866
4-(4,4,5,5-tetramet hyl4l, 3, 2) di oxaborol an- 2-y1) - pyraz
ol e-1- carboxylic acid ten-butyl ester in General
Procedure A. The BOC group was cl eaved under the
conditions of the Suzuki reaction. Purification on
silica yielded the desired conpound NVR (DVSO):
13.05 ( bs,); 8.31 ( bsies2H ); 7.26 ( s, 1H); 3.92 (
m 4H); 3.85 (s, 2H); 3.77 ( m 411); 2.41 ( m
811); 2.15 ( s, 3H). ‘M5 (ESI+): M1+ 400.21 40:

- 133:  Brefdik® ﬁ@mﬁﬁk pﬁiﬂ%ﬁk&xﬂ&@@&dﬁ%&h&oﬁiﬁ@wﬁbﬂuﬂ Procqiued A using 5-

(44,5, Sﬁetfacml@vtf h"p Pxéard' P r—i'dg: g*?ﬂ?é%ﬁ%?i’ﬁm e%a%djﬁ%cwpomd 1

obtamed’z&ﬁérfré&e@&d xﬁ:ﬁs@?ﬂ&dﬁ bﬁ@ﬁé&ﬁ%h‘i@ﬂ mg) MS (Q1) 514 M)+
- (4- net pi perazi n-1-yl net hyl ) -4-nor phol.in-4-ylt

h|en0[3 2- d]pyr i m di n-2-yl kbenzal dehyde. This was

: =
o0 DA o TGRS B, ik 0.5
mmol) i6 19-didhiorodthdi® (RapL Bwas added AQH (20 25 085 Bthe)),and 44611111104-

BOC-pxéfir’dmj 21 Ql;?@’ lﬁ)ﬁ)Szﬁrc%:?)g élq:;(e }tlu)xg icﬁg tiogy gi‘l.lt)recg %‘r\;%xzxggaa% fgom

temperatur® thén MDACZ3% (Q(Sm 151)42 mmdD wasladdidd ahd thdlrddctioh. stifred 4 h at

( 111 - (ESI+): 454, 27
room tel(zm%? olg- (QPCH%&‘WP qﬁ?qyg?ézﬁslﬁ ')ﬁT W‘cﬂ%ﬁlﬁ#&ﬂm
EtOAc. "Pit-comBiEHRbdicd wetd B¥Ed A NESORYIKREE el chhdditrated in vacuo.

3-fornyl phenyl boronic acid in General Procedure A,
The crude proflpetwasghssohves) Irlll‘é%p i(&mfleiand AcOH (80 pL), then formaldehyde

e RSN AT e e o

atlowed kSt dveR@bRChEA h&m@a@mﬂaaame (B, 56 plm&nh@rz\ﬂﬁed 10 drive the
ve the desired conpound. NVR (CDCl3): 2.25 (s,
reacﬁongwyomzle&m( s, 4H), 2.54 (s, 4H), 3.75 (s, 211) 3.80
Aflfber 1h ‘at Aok teﬂ!‘ﬂeratﬁre%e ('éa(ctlgn Wﬁ)é cgmpféfg ?ncf'qlze}ncﬁ&i wuh saturated

lil)

aqueous(l%;cqsmnd dlx(p@mh@m SRe TSI 0pBEBUaCiEd FNEOAC and

u
the Com%ﬁ§g Xy e n V4 y agg 8 %éﬁ ﬁ?%? h%t%%g‘t %Iled rcoFgﬁ%ﬁ d in vacuo The
crude prs&!akews\dlisbivhsldn T (dOamL]d M98k (10 15083 EBe(s mL) and 4 M

HCl in <§ :5‘1:0 § %@g ges\gﬁttrh I%l%&l]yr su gd ‘r?ig xcrj%)%nlgmperature for3

days theu mmoheergra&&i ib-vared hOhy taerdwlvbersaivxtsdb(eld i8 CHA§h: (20 mL) and Etz:N

t f 3-brono-4- 0. 59 i
(5 mL) Ve SR Esp o st iy e S (e SR dhass fraspeparated
and the et Bger 6AYetira&Ral #ith IEthﬂcmmro@knEﬁnéd cﬁr@aﬂ;SgivererI&d over

solution was stirred at erature. After, 30
NasSOs e SR COBPPE B e ol P POBAATAL SYes et Qg e next
step with@g pad@estidd) Ce&hpaiersy e prédhittd by Bhguktiedebli@with 4-(4,4,5,5-

m xture was stirred at_50C overnight The reaction
tetramethyly .8 2cdiggabgsalapd-yBriditinseeoleancring 9 mmsta FiRecdn A (6 me).
MS (Q1PEshavpthen dried (MySH), the solvents were renpved

I n vacuo to.give a crude residue. This crude residue

was purified using flash chromatography to give

91,2%b;ggait@nwm—%—#&m&@m&w‘ oxy) - benzene

Thebobnwidd ddsiitianal codpomidsofthbaveytiox yerdranpaad The compound

0. 33 e r. nl) under nitrogen was
““m"mg%&%‘a’ % n?%%r%’%@?%grlg?%{)%qégﬁﬁe) The m xture was

cooled to -78C and 2.5M n-butyllithbam solution in

hexanes was added. The reaction m xture was stirred

at -40C for 1 hour, then warnmed to 20C and quenched

with 2M hydrochloric acid (ag) (2nl). The reaction

m xture was warnmed to roomtenperature and stirred

for 1 hour. The reaction mxture was adjusted to pH 7

usinglsatU(ayed sodiun1b!carbpnate sqlution, phenl




-129-
(4- nmet hoxy- benzyl oxy) - pheny11- 6- ( 4- et hyl - pi per azi n-
wo2yi7xnerhyl ) - 4- mor phol i n-yl t hi eno[ 3, 2- d] pyri medirn@2007/009866

This was then reacted with triflouroacetic acid in

di chl oronet hane to yield the desired conpound. N VIR

400MHz; CDCI 3: 2.36(3H $); 2.67(8H m; 3.84(2H $);

3.90(4114,J3=4.71-1z); 4.00(4H,t,J=4.7Hz); 7.24(1H, $);

7.80(1H, m; 730(1H,d,J=7.6Hz). MS: (ESI-F): M+ 462

33: A solution of 4-nethggybenzyl al cohol (10g) in

et her (300nml) was shaken with hydrobronaic acid, 48%

(150mL). The organi c phase was washed with saturated .
129: FON-BOGbPE-B8e dl384n @Kﬂﬁ@?\){ (201 b8 a884Y BlHBylamine (1.2mL)

renoved in vacuo to

and cyclasraRapyHEpbSrvhF 21@‘@7@# the reaction Jyxtyre; wpy ptirgsel room
tempera?%x% rﬁfpé? Rt ’ﬁ{e%gg’lﬂﬁ'l mgygtu%garaé fled iR m&%@m%ashed with

under nitrogen-was added sodi um hydri de,
water, dfiedf{bfaSiChn andlrmlmed al vmub Tlg: 26idyy wa¥ydissgbyedin mﬂwagl (10mL)

ot L Sl QEEASIRORBAY R MO B oyt

in vacuo to vietd bchycdoprbpma?.u(ﬁnjﬂ}pnpéﬁlamne daadﬂucbimnd&xt ure was

Sahl i Remr e Biha o Oret RS R e YRS frooted v

1-cycloﬂfdp@ﬁbs(ﬂbﬁﬁxbxpeﬁibﬂe319Hbtﬁ:hl<ﬁ1d&&fsﬁlgr@nmm Proceduscyg Qreﬁ(lctlve

ammangg) tﬁ’dnqiﬁ iZg‘ﬁS ﬁ%ﬁgﬂpﬁ%@ﬂ{%&éﬁﬂéﬁ%&% }Waﬁngtﬂyﬁ—tt-morphokn-

eLylﬂuéuHBgmgp}nﬁmhﬁéo 2- (4-met hoxy- benzyl oxy) - benzene
: 0. o a solution of

| BFEWZ?“Q“WFQ?F%W@@E@ forst tepsragien Zxlme ) - fhanorphelin-4-yi-
thienof, &ﬂ%&zxxrdcﬁhet&u RAYEE Qfitd i\JS m&aﬁﬁﬁ% @lﬂ]ﬁﬂﬁ%&%&n— Y1)

I 1 opropyl borate The n1xture
1H-indzzeld iadzeperal pRceamg /2 Psmﬁﬁzabm 91’ p@mﬂhr@@ﬁm@&ywdded the titie
cmmpmﬂﬁfanes was added. The reaction mxture was stirred
40C for 1 hour, then warmed to 20C and quenched
(400Mhm1, CCAB): yad-boh I(BH; o, 8HD), [A81.32@8, m. PE2), 8% (lthm, CH), 2.69

war, r e r re
cart, m Y SRR, HCHTD, s TR R CRY St BE k2. 741
(1H, s, ar$,| TeP-g B HE, g as)p diaing1bl, d(i®30)phe, sai}m Hpd J(?L(ﬁfenar) 9.02 (1H, s,
d between ethyl acetate and water, dried
mﬂ’“lﬁﬁgéiﬁﬁggﬁd the sol vents renoved in vacuo to yield a
(M+H)€pagle4r esi due (0.3! g). A mixture of this crude
resi due and pinacol (0.25g) in toluene (10 nl) were
stirred under reflux overnight in a Dean-Stark
137: @mﬁ&@w&um%égmkﬁm@zﬁ&ﬁﬁnﬂeﬁﬁx\eaﬁm—m&@@u@m—ktﬁmmo[3 2-
residue was then partitioned befween. et é acet ate

d]pyrimidige waf sractadnrith Srifihed-teiramptiekl i el slang2ry))-1H-indazole
(commBRYy ab;ti%ié; fih @@n&ﬂﬁpr@f: aﬁﬂe (MVPSELatidd Sy SALMAM SR raphy

rempved in vacto to yield
yielded ghpqtide@rprumd( 4- net hoxy- benzyl oxy) - pheny11- 4, 4,5, 5-te
NMR: G G B L g L s P 9225 i m, ) 3820
H, s, CIZ2}ChB31386A(H - me Chig). %@%r@z@ﬁi ImyCHex Ry8)1 A roAphdl48 (1 H, 4,

782, Ag)rﬁdé(ltﬁ‘ %9){,% (tlﬁﬂg%ﬁ'bé;%% ﬁ% é%; ]%% ?EI?C‘SI_O-OI (1H, s,

tetranet hyl41, 3, 2]d|oxaborolane i n general procedure

f on on silica yielded 244-
MS'Cgéﬁpﬁy%i’ﬁgfﬁizethoxy-benzyloxy)-pheny11-6-(4-nethyl-pi
perazin-I-yl methyl)-4- nDrpholln 4-

t VAR This. wa ea .
143: oSkt el il i o e bR rpming wes
made bj‘: fieatsifs) ERGr&-aRE ML N\@-&A&&m,d @G&ﬁ[m%&fkﬁl‘dleﬁ}rde
2.50(8H m; 3 77(2H,%); 3.82(4Ht, J=4.9Hz);
98(4H20=5 OHz); 7.23(114,9%); 7.32(1H d, J=8. 4Hz)
7.93 (1H,d,J:8.4FE); 8.04(1H, $). ME: (ESI+): MH+ 460
16: To 2-nmet hyl benzi m dazole (75nmg) in
N, N-dlnethylfornan1de (SnL) was added sodlun1hydr|de



(9.459) portionw se. The reaction m xture was stirred
at OC for 1 hour. The reaction m xture was then
wo amenghesl with water and extracted with chl or pfomR2ee7/609866

The conbi ned organic were washed with brine and dried
(MSA). The solvent was renoved in vacuo to yield
9.2g of 4- hydroxy-piperidine-I-carboxylic acid
tert-butyl ester. To
4- hydr oxy- pi peri di ne- 1-carboxylic acid tert-butyl
ester (9.2g). in dichlorggget hane (170nl), stirring at
0C was added net hane sul phoyl chloride (5.33 nl-) and
triethylam ne (10 24nml). The reaction m xture was

(intermedi 01 1) X 4BH nhthyiRRMd BRPAEREdLRlARth GEherdldtocedure C
overni ght. The reaction m xture was partitioned

(reductiyge Hoehl or of or m and wat er. The conbi ned or gani cs

ORERIWAINES Wb 401 R na 0 dﬁﬁ%ﬁb&@%a@bf{ls%ﬁfsﬁt;-

was renoved in vacuo to yiel
_plpendm-ﬁrmelﬁmbﬁmmn ras mqsi@rhYdir%mga(m&Qwﬂcmamhalm-“-yl-ﬂnemD 2-

d]pynmifﬁﬁé&%ﬁﬂfc squ aéuﬁ@: S € QS&{:roa?)g gxlpmgd%n& aaccordmg to the

ane - pI peri di ne-
GeneraltPeoztedh:mgll(radscteve 42in8dgn). t hi oacetate (2.31g) and

Rt SRR B SRl bR bR e -0

isoprop#itpipdridiaelgl)-enealiyl-duiine ¢63mpe0.¢ 49rhinnslyl 4of4ghhSastramethyl-

132055 RS GUYED. Sl STRH 0 JEEDs A1 5 umo

and PA(RPHMTEL Qgrlﬁ?rUOIpm\hhtﬁb th acetonitrile (3 ml) was heated in a microwave at

140°C fgrefst % ;#heég{]%pn?v&a%gté;:g Ieurs]l?iﬁ%edcﬁaf{ﬂ? %I)ilyI!ICl (a% extracted with ethyl

acetate, fieAGSkY |23l depBMtediddtsHedsnith Karen §§{ﬂt| %) 8&hfing in an impure

tert-butyl ester (400ng) was _stirred in acetic acid
precipitgignf hisawes myaifted qrapiwping vk SYnethapel ig dichigrempisns agthe
I, oishe reaction m xture. The reaction mxture
-Chmm&(ﬁgn%g??r d for 1.5 hours. The reaction m xture was
NMR (GINER, dP0 Mide), RidHoWa el =ttod)y il Sl4dl -60 (Hbonpilt At b SGKE Hm), 2.04-

209 SR, SO E 6 DS LIRS AT b9 EL . . 2 55292 ot s 2

(4H, t, Jed ), 8% (2 5),e¥.07 QB5ny) = 4.8)D7.19 (lH s), 7.43 (1H, t, I = 7.6), 7.50 (IH,

0 P 007 32~ T
438 B R GRS S A GO BEPGAT Shitned PR (e Doyt ¢
MS: (ESIe):.dvter+ 5061t yl ester (295ng) in dichl oronet hane
stirring at 0C was added triethylam ne (96uL) and
nmor phol i ne (55111). The reaction m xture was stirred

xg&%h%a&m F tﬂs@gwm@mé a Wit e Rl Ry ﬁgfbcfaﬁme%}mym& f0.85g) in

oronethan€. The conbi ned organi-CS were wa
General firededbrd AeAawrpud M@E‘%I‘@Q@Fﬁcﬁh@ﬂ oB silish Bavt (-ehoved-

morphofﬁﬁh\@%%o%)@ % nlnfimn y?_)y it p ra_z _e-— ;carbo: )?ihlccamd tert-butyl

emer(lébgm tert- butyl ester (120ng) To a sol ution

FAL DR s s

carboxylie hhﬂrten‘t-b@ﬂ;,@ Iafﬁt)er Q\Iaél g}ddmiréﬂt&dmnih(agemﬁh kbhydtegemchloride in

) her ulL The reacti xt ur,e .stirred. . )
ety Rt rOD SRR G CHTEN LR iy SR o gt i ption with
aqueous)ébﬂhﬁn Aydidbeechidtae aﬂbﬁ:ldﬂdfziﬂl)ﬁb)o-m&bﬂdﬂﬁﬂe—yi—é—piperazin—l -

drochl oride s Reaction with
Ylmethyk%awla 37d W%&"F K0-298)- _ t hi enol 3,
Po Qwarbm-ﬁbpﬁfoﬁnmpbalpigaﬂﬂ M?]nﬁ@hﬁftﬁ&ﬁgwﬁd]%ynmldme

¢ 87mg5{m(az~haﬁmﬁ SCM S hind wiethylaming @ Lz wes aﬁ?grqymoarqiﬂaeesulfmﬂ
chloride _I(Klsﬂﬁtahﬁdd “THRIrBRAiof Rkudhe WSl PRWed 36 Wa'nﬁ'ug%) W&rﬁ@é rature
hi s”conmpound was subj ected to procedure to yiel
the desired final conpound which was purified using
flash chromat ography. (nd-F)A- 542.28 (400MHz CDC13):
1.95-2.04 (4H m CH2), 2.14 (2H, td (J 11.36, 2.99),
CH2), 2.94 (6H, s, CH3), 2.99 (1H, m CH), 3.13 (2H,



7.53Hz), 9.00(s, H, ArH), 10.15 (sbr, H NH). Ml + =
597.25 18:
wo doobd2-a34+ | ndazol - 4-y1) - 4- nor phol i n- 4-yl - t hi epet@sZoodbosses

pyri m di n-6-yl net hyl | pi peri di ne-4-sul fonic acid
(2- nmet hoxy- et hyl ) - net hyl -am de was prepared as above
usi ng pi peridine-4-sul fonic acid
(2- met hoxy- et hyl ) - net hyl -am de hydrochl ori de salt.
(CDC13): 1.98-2.10 (4H, m, 2.11-2.19 (2H, m, 2.99
(311, s), 3.00-3.10 (113¢. in), 3.12-3.18 (2H,
3.37 (3H, s), 3.41-3.45 (211, in), 3.53-3.58 (2H, m,
3.84 (2H, s), 3.90-3.94 (4H, m, 4.10-4.14 (4H, in),

over 4 h?)m?@ A%Ebuss\}/orkzuﬁ%cf pé‘?ﬁ&allﬂil oh@lgg? |8—| 2Céi)l'brod=8morpholm-4-yl -6-

S
[4-(cyc19pmpam-¥ SQLESD}FI)-PIWI%QGYMYH-@@ Md}nmﬁme (159mg).

T

d]pynmpzimpma&dem&d&bﬂh &-azgindglepi-perongt amad pirgodlf e:stﬂrcn &enetal Procedure

. PurfigiBn 0 AR5 R (m 24 o),

NMR (CDQ1D: 2.00i 105 GH D), X. 18:H232 (21{,9,4), Q8-BBR (PH)mEHB§5-2.69 (4H, m),

. 2.95-3.0_(l H, , 0

3373 QLGP ), 249250 919516 PAHL Ty 3 0% o5t 55 67 6% G, .

7. 18(1}4\rdji)7 3*7-7533) @H nh-} 9@2&1}&1 dx% 97377@&)&»:) bzﬁ%{jg,l)d) gi Oér H,

MS (ES(Ps) W*&ﬁ?zi)(ls‘i@ 1 (sbr, H NH) I\/B+ = 542.19 20:
1.42-
1H—Ingazol-4-y1)-7-nethy|-4-nDrphoIin-4-yhthieno[3,2-

. 146: Td]mommmﬁelw#ﬂéﬁFMbpramnpbmmmhgkﬁnm[l 3rdlpyriraidine

(150m gg Wgﬂ? &gﬂ%}%pﬁg oxe | ggded 2-thiophenesulfonyl

chlondék’)ldll o lat cm (‘I&xe&akdnonl‘;hﬂnike Qs 21188req drwanth updo 1R tehBperature

over 4 l)%)i.xrs ér;?ilg()é \%grk(gﬂami%mécag&m élfﬁﬂlc;'%gavg 29<§:]%zogég-m§05;iolm-4—yl—6-

[4—(th10bm9m-ﬂ5lﬂ@mf&i)1ﬂlpéﬁﬁn l@)metﬂyﬂ&h%nﬁ?l {dibyrifhiding 680y,

_Chlc;r()-anoB?k,o)hPEtsyl,:f [&“Qﬁquhegg-g-s Gémyg 20 S eth}(f)l] %Igeno[z 3-

d]pyrinfdifl® W28 RESH Wi b RES-beiods: Aci %ﬁ{&e&’és’t& i Geferal Procedure
tert-butyl ester (1. Ong%Pand sodi um t hi onet hoxi de

A. Purifigtiongp sHees yieldedthadesgoeompatfet hyl f or nani de (10nL)

Nm(étf)b?{) 4lg7.4. ?@ngﬁa;ﬁi I305% ﬁ”lﬁt(&‘lflem‘ﬁ’a??ﬂ'(iﬂﬂ sSd3 %13*195 4K, m), 3.99-

wat e extrac h et hyl' atefate, drié
4.03 (4Hj ). r &6 £3d 1 Bomdehil b 4B ?rlﬁﬁc%(léhdnl Ffei% [} 6 |(¥ &), 7.54-

Y req g t
S i R L DS (U R )
MS (ESli-e):il\{Hth)‘&IZ (é@%ér (600rTg) To a solution of
4- met hyl sul f anyl - pi peri dhae- 1-car boxylic acid

. abEF4. ) -
138: 4 Ll R BT T R DR Rl O kS 2
dlpyrizdinet- ylémenzeawhé dmsmau(liﬂrea dgisembedi ablove)) ovasthisataé in dry THEF

[ t r

(4ml) w}%@?ﬁ 1\9'51&%) %ﬁe 3k ‘i’s 5%2%@\/@8& IQ%H%% %E[}go?lo‘ﬂelsl eratpre overnight.
Added Watﬂetplnempmib mﬁlmpacbmséubdnemwm&yhed "Blog psidue was purified

by Rastr(ERRGRREY % e BoRMRbREPR CRER

NMR (DMEGHE aronesh gstd/ it hen@H, v, 6. 186 14-(4H, m), 3.80-3.83 (4H, m), 3.92

aH, o), TS, GV B (Rl 4 3-8%) LR Tk bRUIAT §e 38 (1, 5-8.2),

;Oés(ﬁﬁqﬁquqxﬂjﬂpmghol|n 4-yl -t hieno[ 2, 3-d] pyri m di ne- 6-
car aldehédeu5|ng procedure C yiel ded

MS (ESFtk: MIgH o3 4 met hanesul f onyl - pi peri di n- lyhat et hyl ) -4
- nmor phol i n-4-yl -t hieno[ 2, 3-d] pyrimdine. This
conpound was subjected to procedure Ato yield the
desired final conpound which was purified using flash
chr omat ogr aphy. 1H NVMR CDCL3 WO
2007/127175PCN52007/009866 -135- 1.9-2.0 (m 2H,

Py e . o,



13.2 ( bs, 1H); 8.87 ( s, 1H); 8.21 ( d, 111); 7.65
( d, 111, J=7.3 Hz ); 7.46 ( t, 211, J=7.7 Hi); 3.90
woborW2Rex4 ), 3.93 (s, 2H); 2.79 ( d, 2H %C%ﬂus%o&/ooslsaﬁ

2.40 (( m 111); 2.25 (s, 3H); 2.12 (s, 3H)

Cm CH2x3 ). MS (mtl) = 478.3; LC >9596pur|ty 9: To a

sol ution of piperazine (1 g) and triethylamne (1.78

m.) in dichloronmethane (20 nL) at 0 C was added

dropwi se trifluoronethanesul fonyl chloride (1.24 nl).

The reaction mxture wagggtirred at roomtenperature

for 16 h and then quenched with water (20 nlL) and

extracted into dichloronethane (2 x 40 nm.). The

conbi ned organic |ayers were washed with saturated

aqueous brine solution (2 x 40 nm.), dried (MgJSO™) and
139: Acaicior nweaietmidbﬁemi&ophenyl)bcronjc acid (300 mg) in 2M aqueous

hydrocig%ﬁ[u;: facl:l $o 'ota ?g %g%] \!vés%g%gcf % %%Lag‘f%flg gﬂ ?nsin.a gxl- goc}fmg to room
tem erﬁm@hﬂ'ﬁrsﬁfv%nfmﬁﬁl‘&hbﬁ #heyacub o gﬁe [2Frawd ]sﬁbidi wiiich Wes fdissolved in

. arbal de trlfluoro esu] f on per
! 4-61%@8%3 %&g ) RSP f&*%ﬁf&ﬁaﬁgﬁ At k&i!’@ for 30
IR, AMQ c%@ﬁﬂé Q&%ﬁﬂe&ﬁ&@%@: 9&9&%23113@(1(:&! m vacuo to glvc a belgc solid

6-(4-trifl uoromethanesul foni/'a pi per azi n-

which wascHigobyed-inppsit #idi (hel)halldienps &ﬁ@%% émﬁ) & ééded and the

mlxnuets%r&ﬁ%ag}‘&?atﬁﬂsﬁh%b 8 ﬂy&lj%geﬁ‘ es4d €€ £l 1R m%lxmre was
fied using f h chromat ogr aphy

whi ch uri
then fil emdﬂhmqgh C&é@e 28! ivfragoedneed iepere) Punifigition byxqolwpp

chroma@sg%ﬂé 4ga8§ 22&_;&?2‘3 gfh b %ﬂ%é@}% 1%0? ?ﬁéﬁﬁ&oﬁeﬁx 5 l)ﬁlnhne

Z-Qlﬂ()tb—ﬂﬂ-metballe&ﬂﬂ&yhﬁlgemﬂnﬂBYI(@tﬁﬁ}-ﬁ-mol‘pBoW viithieno[3,2-
1 H.
T TN S WM SN AR R

yl)amluﬁefl-ﬂcgeﬂgx)al procdilia| AQrforiidadae by 201 umin ciﬁbm@tdgram yacided!3-[6-(4-

methan G HORELP IR AT A BFED TP TS P b AP HaBiE R-
benzenéM PRdwai®S whid wis)heated i@ Xérhdic kel at féfMxdioe Alho m&t&w@m@ to room
cmperie s So b 0 I SOPRIRTS R R i <o bna

solutiod d@%@) axﬁf‘&tﬁh@fb@eiﬁ{or BtRdrdRetBh%e(3 x 20 mL). The combined organics
3-net hyl - pi perazi ne-1-carboxylic acid tert-butyl

- were W%@?é Withsacareqis branessalvapn @eo20rL)gdugd (MaSO,), refgosd in vacuo and
purifiedf) sH1inAR c%;ﬁé},gépﬁ?wgive%pgﬁg@%dndcar boxylic acid -

| am ne

and trie
NMR: éﬂP@hl 81&3@651%5' (.6 fﬁzll)z at (éHCS:v\MS) Sctfed. %K@W@&Hﬁ 3.84 (2
H s, C I‘i“itﬁ‘ﬁﬁ%sélﬂ ©O8Yhn, @?i 5”4' §ea (0l (%q-l,rﬂr,)CH;r?h?S DRSS LPIL m. Ar), 7.86 (1

ture was stifr room er at
H, d, Jiﬁ,eihr)q&éﬁdhéﬁ Sv\Ar}\aIWa% .Y U(EOdWJ_Y 9aAd). extracted i nt o)
ne (2 x 20 nm.). The conbi ned organic
MS: (Eﬁ-}?e rs vvere ‘\%ashed wi th saturated aqueous brine
solution (2 x 20 nm.), dried (MJSH) and concentr at ed
to give (9S)- 4 rret hanesul f ony1- 3- net hyl - pi per azi-ne- 1-

144: AS b0)§>(/ 3- %E} bUt;}gm eSt a342®|i§tf$al i 1%67 I:X\i,) was heated

at refluw for . rm&raigeﬁugfcoﬁmh &n@iﬁyfe rhep;eglxaczlltq *laaes teduasdbimadcuo to give
t er.t but
a0 off-whify b il Vel e Silliecs AP BHF LB P OB Hgprng -

) mdach[Aqui]yhhaﬁewa@hﬁtdﬁﬁgeeidmar) The reactl on m xture
was stirred at roo m_t enperat ure for

be eepiticnd SriypRaHamitareld, é&IPEE%‘%f‘d(le/ &1 i1 THE(ZO ML) at 0 °C
was add@d QOgiihhﬁgj(&rﬂiee(fIE@ )(aﬁhtﬂe reaction sttn‘cd atQ °C folr 1 h. Then, 2-

net hanesul f on erazi ne ydr ochl ori de
(mmeﬁ%ﬁﬂwl)aﬁm&mﬁt%@cépfia (¥ Béaﬂgagw d and the reagiioncstinggd at room
bet ween

2-chl or o- 4- nor phol i n4-yl -t hi eno[ 3, 2-d] pyri ni di ne-6-ca
r bal dehyde and

(S)-1- et hanesul f onyl1- 2- et hyl - pi per azi ne
hydrochl ori de salt using procedure C yiel ded



NVR (400MHz CDC13): 1.25-1.28 (1H, m CH), 1.42 (3H,
d (16.71), CH3), 1.54 (1H, s, CH), 2.29-2.40 (2H m

woesi2A797 (1H, d (5 11.1), CH), 2.87 (3H, s, pEiidk2007/009866
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rimdine. This conpound was subjected to procedure A
to yield the desired final conpound which was
wo BMpiikiiegl using flash chromatography. [|Vf+FﬂPC§&%mﬁ5mmwm;
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H dd, J 11.37 and 4.34, CH2), 2.81 ( 2 H, d, 311 15,
CH2), 2.89(3 H s, SO2Me), 3.86 ( 2 H, s, CHQ),
3.88-3.94 ( 4 H m CH2), 4.05-4.13 ( 6 H m CH2),
7.40 (1 H s, A), 7.51 (1 H t, J. 8.20, Ar), 7.58
(1 H d, .18.29, Ar), $e27(1 H d, J 732, Ar),
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gﬁﬂﬁﬂa di chl or onet hane and wat er.
chnxnm#ﬁﬁﬂhgggé& organi c exR%acts were then washed with
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147 Twmsolaﬂdeﬂ-chrﬂn@&(dambth@nem&nm}-plmust-|y&m6étylc)t4 ~moegpholin-4-yl-

e SRSHAGE oS80 BB B B e 052 me

and the fHaSGoN Neatedlhel 00SETfor Al HiACte rceomtosbbmrtedxpem:m |ﬂwcactlon
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diluted \&}tp ethy’l %ietaitZ: é%() En%ﬁ a5 1%53'1;"('# Wh}s\gat?_@x ag rtgf%) gqlgog%bnne solution
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