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THI AZCOLI OPYRI'M DI NES AND THEI R USE AS | NHI BI TORS OF

PHOSPHATI DYLI NOSI TOL-3 KI NASE Fi el d of the Invention

The present invention relates to indolyl ,

t hi azol opyrim di ne conpounds and to their 5 ‘use as
WHWPHIRBPs of phosphatidylinositol 3-Idnase {’ﬁ?@@)’““g"o“z““

Background to the Invention Phosphatidylinositol

(herei t i "PLUY r
of - phol R IBRY FIANES Al THerk o ARINF R dRBF
years it has becomPHOERHATHRILINOSHTQLS an 10
inmportant role in intracel kiNgg§e si gnal transducti on.
In the late 1980s, a PI3 Idnase (PI3K) was found to
be an enzyme whi ch phosphoryl ates the 3-position of
the inositol Iing of phosphatidylinositol (D. Witman
Field,pf the Invep#ign Nat ure, 332, 664). PI 3K was .
or TH fadehyincSihdeaes lﬁdchﬂ {BiaSb O rBriaiE LoRpoids aihd to their
- hos now been Clarified that a Iurallty of subtypes
use agighibjtoss efinbopphapidioositel SHigasp (K138)-has its own
rnechani smfor 15 regulating activity. Three major
cl asses of PI3Ks have been identified on the basis of

" Baclignedid tothe fovemtionbstrate specificity (B. .

Vanh 9 -
SRR ol pebinaf Pl et af P ong 66 mtiol ot
phos: lgﬁléll%f&)s f&ﬁﬂfxﬁ’ bilﬁnﬁnigr@bg slp haietﬁt fetl&l's if HasHpRtde clEirdlss IPI plays an
S are ur er | VI I.Nt O SS
impogad Tole g Grrge Ly sieppL oty T oo, SePe s F1a Bt G was
founﬁcﬁ:?e%nleazyﬂa%&ah%b%snﬁt@sﬁh@%oaam &0thO E3 101 dinp 1;105

subt ypes,” which transni't 20 gnals fromtyrosine

Skhﬁaéﬁmml@eww ak §988d\Ta§1§e BBZ.M64K i ncl udes a
Pl hS¥ v %}%ﬁgﬂﬁ g&%r%%g o BY a%[?glo RnPrfd, BuLRHR & been clanﬁed

recept or ar e wn as substrat es
that a:IbIa&ﬁtyI df sﬁ’cb@;h’a arprasst inl PIBK 3 Esch subtypd éaﬂwmacha@@rr@or

reglﬂé%qﬁ agzp#t% uﬁg% %mﬁﬁse‘g??{’lﬁé %aY gér: tr?lg EA%SHﬁgﬁgn the basis of their in

vitro 3&&&&1&%@&11&@@ @®. a’&ﬁheﬂiebfﬂeakﬁQg?S TRIndamnBiol. Sai, 22h26FBRubstrates

oo B o 05 AR R g7 i

PBK§ %tﬁiﬂﬁ‘é dBfiddel iBfStwhdraiips, IRk o1 A1l JIRE B, o teﬁngambxyhcttﬁ:auon
Da subunit and r uI atory subunlts of .85
mectggRDE ST P BEG b S5 B0 Ui P31 UL R RO SR REFaT D transmis

§1 guafslyo\xﬁ hﬂ?slﬁeolﬂ.{x%% %%e% lﬁe%éémgﬂe@la@? ﬁ%ﬂ'@ﬁw&a&&% r_mﬁ}y subtype

actor rec a tyrosine kinase
act:waiert bwa G}proﬂememup@dms:eptoodhm PI{42 prefipown ds mbﬁ‘gat(:sr@r class II

pok LGSRl B, AL ABI pBLOb MYl

comaixmgis@@timags i the COBShifeY. thetstbsB@tetfor clss AHiPatedis B thly.
cell proliferation and_cayci nﬁ'ﬂ‘ﬂ nesi s,

Ciia 1S SHbbeso P HOP DD Reb G P} SR Flg favestigated t

date. Vi@e OO s EOEISAE SrethetPbdi@ersf 2 CAANADS E0lkDa subunit and
het eroaryl” derivati ves which have activity as

regulitoty subusisof 85 kPr3r K5 4Re. Wht tgulstnsy w@@@t%%ﬂ@m SH¢ (dpmains and

bind %s oesw%g%}%los?%m}él%ep lbgf?ﬁh g I'n er E&E'p ound s heg%ase

actmqodrl oncdgena prddﬁbmhhtlebﬁ mdﬁcnﬁ’g i P13 ectnwm tiregsl lﬁagtalytlc
it, se IVIt 106
sobur (PR BB Gl Bt P e 0o AR Sy cqpeiderd o

be asdOGREII GhifkkeYl, prbl[feﬁtlﬁh bfd caadpaehesid, hﬁmand: Gis@tieng Iadiacbnﬂmons
conpound which is a thiazol opyrimdine of formula :
mvolv.pg miflammation.



wherein Wrepresents a thiazole ring; - R and R2
form together with the Natomto which they are
attached, a group of the following fornmula (Ha):
(ha) in which Ais selected from (a)a 4- to .
7-menbered saturated N-containing heterocyclic ring
whi ch includes O or 1 additional heteroatonms sel ected
fromN, S and O, the ring being unsubstituted or
substituted; a 4- to 7-nmenbgred saturated _
N-contai ning heterocyclic rihg which includes 0 or 1
addi W 9?/@% 34%38 HEL Jﬁ)%g 9 g&e@%f &oh&ded flé%&]o&!yl §erﬁ’3.ﬁlvé3 'Wﬁlaﬁaave
ring elng use

aciPOiges IHABBORCPITR200 8hidh 2Gi1es3 camenrrl gowth. sel ect ed

* froma 4- to 7-nmenbered saturated N-containing

heterocyclic ring as defined above, a 5- to

SuhZnagFenber ed unsaturated heterocyclic ring, a 5- to
7-menbered saturated 0-containing heterocycllc ring,

a 3-It liag navp beeprdonne hath ssresf aowehthiags! 86’6'9’&415‘6&0?1??%@%@@ have

actl@ﬁy éérlﬁﬁ&%f %KS Thd &Muné%@%ﬁ%eﬁéfvﬁ?ﬂ Qe p‘fldﬁ'sﬁl‘gype of

‘ forma heteropolycyclic ring system
PBH@I@% opoi bpdlyathérelass liand plessdmiigi hg Aﬂscarﬁmgln irt efifstaspect,
rat ed
mm‘ ?B%”%?%?ﬂn(%&%gﬁggﬁgﬁﬁ%m¥Pﬁmnmﬁegﬁﬁpﬁ% des 0 or 1
“addi tional heteroatons selected fromN, S and 0 and
whi ch further conprises, |inkingtwo constituent
atons of the ring, a bridgeh greup

wherem
W represcnts a thlazole ning; _
R' and R? form, together with the N atorn to which they are attached, a group of the |
following formula (IIa): --

in which A is selected from: ,

(a)  a 4-to 7-membered saturated N-containing heterocyclic ring which includes 0
or 1 additional hetefoatoms selected from N, § and O, the ring being
unsubstituted or substituted; _

(b)  a 4-to 7-membered saturated N-containing heterocyclic ring which includes 0

or 1 additional heteroatoms selected from N, § and O, the ring being fused fo a
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10sel ected from-(CR 2)"- and -(CR 2),--0-(CR 2)s-
wherein each R is independently Hor Cl - Cs alkyl,
nis 1, 2or 3, risOor 1andsis 0or 1, the -
L ring positions being =substituted
&Sg%ﬁﬂ ﬂ%}e and (d) a group of formula (Ji b%CT/(GPf%%SIOOZOM
15wherein rlng Bis a 4- to 7-nenbered saturated
N- contai ni ng heterocyclic ring which includes 0 or 1
addi ti onal heteroatons selegged fromN, S and 0 and
ring B is a 3- to 12- nenbered saturated carbocyclic
ring, asgond And seldfHORIEH 4SRl MmdnBsred s et Nbdifaining
heterocKcllc ring or a 4- to 7-menbered saturated

N-cont a ﬁpmqui@tnélg@éyleﬁned apveg ags I bd-meeergp goaturggdh - -
of B an AR i
one of %t&og%%n k(lit% b}h@%},ﬁ#ﬁf %“2%35 ?ﬁ%%ﬁ ;%@?9%?8{}78 fio ring,

and R2 2§- saellzenieaﬂbefedaammeacatbocﬂsﬁc rimglabémenhsaturated 5-to 12-

saturated carbhocycl i hIS bst tu

Subst | 1 prmEed 2a6yisio 808 Kok BeirholiPTHE Ty WA SE &L

car boc yﬁétdtzﬁp@f(@ld:ﬂc v evstdns beisg issubdtinitedlonsubstituted;
substituted, a 5- er ed, unsat ur at ed '
hef@r ocy dr it7 WTWP@W*‘?EGJD CQRIBE{REAFIeERpYBic ring which includes 0
25subst it Ui tiond! KeterbRorhe selSBRMIRIE W, 8 3h& A8 bhich further
heterocyclic group which is unsubst i tuted or

subst | t efmaises dnkingivo GEsEbRIatRTAhewng H hrifgehead group
substi t D S6f -

menber e%S ggeflljﬁr%rl?@fﬁé? bocycf:: ‘5* 6581? \%%"ﬁ% HOR is
=substi mdd:p&:ddmly%b;sﬁfﬁ Q4 dkiyl, lalsa- 2@03,1215 bhertrededs 0 or 1, the

unsaturated car boc i C. ou h |s qub tituted
or - subserptmpasopg g5 Wi Rcic RS,
he@groqy@bggogm@ﬁﬂm(ﬂbyM|ch 'S unsubstltuted or
substituted and a 4- to 12-nmenbered saturated
heterocyclic group which is iinsubstitut® or
substituted; mis 0, 1 or 2; R3i r G-C6 al kyl;
and R4 is an indole gr i s unskbstituted or
substituted; or a pharfmage e ' ptabl e sal t

t her eof . Accordlng tola secoq » there is
provi ded a conpound whi

?p§?rg:uor %g%ﬁ§§§5?ﬁ“¥rpﬁ%?EQEﬁémﬁgﬁ%ggxﬁh?h@%%ﬁ%%%ﬂﬂk

ri m di ne;ring which includes 0 or 1 additional heteroatoms selected from N, Sand O
5- (6-Fluorq-1H-j,ndol-4-yl dro Q
] pyrrol- Fgﬂ?ﬁ%ﬁ‘}}?"ﬂ% %‘ﬁ’ﬁ‘?é‘ﬁ‘i “B? 635r|°7'

m di Ne;  membered saturated O- contamm heterocychc n:f ora 4-to 7—membcred

2-(2,7-D aza- ;ﬁNro[s 5) non- 2- y met hy 1H i ndol - ,
y1) - 7- noipliEtedN poftaining hgldresysh 1‘211111%1 ghoye each of B and B

being unsubstituted or substituted;
or one of R! and R? is C; — Cs alky! and the other of R' and R” s selected from a 3- to
12- membered saturated carbocyclic group which is unsubstituted or suﬁstituted, a5-
té 12- membered unsaturated carbocyclic group which is unsubstituted or substituted,
a 5- to 12- membered unsaturated heterocyclic group which is unsubstituted or
substituted, a 4- to 12- membered saturated heterocyclic group which is unsubétituted
or substituted and a C; — Cg alkyl group which is substituted by a group selected from
a 3- to 12- membered saturated carbocyclic group which is unsubstituted or
substituted, a 5- to 12- membered unsaturated carbocyclic group which is
unsubstituted or substifuted, a 5- to 12- membered unsaturated heterocyclic group



2-(2,7-D aza-spiro[ 3. 51non- 2-yl met hyl ) -5-(6-fl uoro- 1H
indol 4-y1l)-7-nmorpholin-4-ylthiazol o[ 5, 44/ ] pyrimdin

e;
2-(2,7-Diaza-spiro[ 3. 5]non 2-yl methyl)-5-(5-fluoro-1H
i ndol-4-yl)-7-rriorpholin-4-ylthiazol o[5, 4-cipyrimd
i ne; 4
2- (3, 8- D|aza bi cycl op. 2. 1] oct - 3y|rrethy|) 5- (1Hi ndol
- 4anpichid umbs,ninﬁhd ovdsuipdtitetid anda df 5 W-mainpgred paterated heterocyclic

2- tldln per.i.di yl met hyl') - 5- (1Hi ndol -

4- %’f)“P‘?V ]%Ltlfpe?lortg%}?sgg%‘?%[ 5, 4- di pyri midine;

2 5&41’5)3 j_Lm(rlexahydro pyl rol o[ 1, 2-a] pyrazin-2-yl)nethyl
(1H—| ndol 4- yl) - nor phol.i n-4-yl t hi azol o[ 5, 4 d] py

.r| i B enlher Cr-Cs aliyt and

2- 638 1H i ndol- 4-
2 5Bl oo pdplam a1 ot &

- 2- Q@ﬁhaauazamﬁya@{es@wcsﬁli@ww%t hyl )-5-(6-fluoro-1H °
i-ndol - 4-y1) - 7- nor phol i n- 4-yl t hi azol o[ 4, 5-di pyri m di ne
Accokdingmategcond aspect, there is provided a compound which is selected from:

P Gt BRI BRI o

thiazdto(435 ij@hﬁaﬂaw pi per azi n- 1 yl met hyl ) -5-(5-fl uoro-1Hi
7-nor pholin
5-(6- ﬂupfﬁ-]a(-zf-équ%g;[lﬁ - gf(bg}qa]]yﬁrg-,pﬁgolo{?ﬂ,ﬁ—c pyrroi-2-ylmethyl)- 7—morphol1n—4—-y1—
thlaz?ioﬁs&t- 59‘?.9‘%? |nnd214 y1) - 7- nor phol i n4-y1- 2- (4- nor pho :
2-(2, ym-mn];q[ﬁlﬁ‘]ml-or[ma&yl}jﬁ-;@ﬂfmqlqjﬂﬁﬂ} 7-morpholin-4-yi-thiazolo[5,4-
d] 141 ndol - 4-y1) - 7- ol phol i n-4-y1-2- (4-nor phol i n-4-Y
PW‘B%‘IB’&. di n-1- yl methyl )t hi azol o[ 4, 5- d] pyri mi di ne:
2-(2, bDdra shis[B Sinbhd- fietethyl)- ya&ﬂaorb(ls’)maox(mﬁmhmpﬁbmw@m
o[ 1, 2-al pyrazin-2-yl)nmethyll-
thiazelo Hﬁr‘ﬂﬁle t hi azol o[ 4, 5-di pyri ni di ne;

2-(2, 72D(a£’:a dgﬁ?cfrﬁ 'sﬁioﬁ*z ﬁmei}gﬁ? {sdﬂﬁbrolmhﬂ&hhyﬁ)-vaﬁn&éhéﬂnwpp

thlaquq>[t5t4rcﬁzmrn{dme5 d] pyri mdine; 2-(4-Azetidin- 1

23, gJ}SfaBA ?ﬁ%@ 3? I(]%?_tl_?z Yimethy)->- BH-J}ndoI-ti Eﬂo -morpholin-4-yl-thiazolo[5,4-

d}pyrymameazol o[ 4, 5-d] pyri m di ne; '

_(4.%%%@_5 5@%53% TYFE%}F%I @I(?ﬁr &C;I-Il_—yl)l—"?-morpholin—ri-—yl—thiazolo[5,4-

dlpyriddihiiagol- 4- y1) - 7- mor phol i n-4-yl t hi azol o
yrim di ne;

2. {(S)zﬂs&iegaﬂadwmw.zn@exmam;zmnzetaﬂaﬁﬁwmwu Fracrahadin 4yl
di 2- di t hyl 1

thlazo[o{ﬁi(d%l& gﬂi I4ny1) 7I gzorghgm 2e4 yl{t hi azol o[ 4, 5- d] p

23, Sypimeitol pocaa--y oy i el 1 193l oy -taolol

d] |.am ne; 2-
P -’(5- Fl uor o- 1H i ndol1- 4-y1) - 7- nol phol i n-4-yl -t hi azo

2-(2, 71D spiraf 3hdr2-Giniet Byl)-§ Ho-duboVpi el b2y}~ 7-horphblik-4-yl-

_tﬁazolbbﬁsgaﬁ’té’%d%}?ﬁhé?hﬁ)et I5(:“(2 flluoro 1Hindol-4-yl1)-7

—(IH iﬂﬂam L7 BrofishoVihidyiaz QL ﬁbéhéhﬁkm Eip%{ﬂhﬂeylmethyl) thiazolo[4,5-
|"'uor o- 1H-|n 01-4-yl)-7-norpholin-4-yl-2-piperaz

d]PYmPJfﬁlmehyl i nethyl t hi azol o [5, 4- d] pyri ni di ne;
2-(3,3-Dimethylpiperazin- 1 -yimethyl)-5-(5-fluoro-1 H-indol-4-y1}-7-morpholin-4-

ylthiazolo[4,5-d]pyrimidine;




2- (4-Cycl opropyl pi perazin- 1
-ylinethyl)-5-(5-fluoro-1Hindol -4-y1l)-7-norpholin-4-
yl-t hi azol o[ 5, 4-d] pyri m di ne;
{4-[5-(1H 1 ndol-4-yl)-7-norpholin-4-ylthi azolo
[5,4-d]pyrirnid in-2- yhnethyllplpera2|n 1 -y1)
I sobutyram de; 2- _
{4-[5-(5-Fluoro-1Hindol- 4- yl) 7-mor phol i n-4-y
thi azol o[ 5, 4-d] pyri m di n-2- yl met hApi perazin-1-yl|

3- (SSEihotbyer:tmddEt}—yI)— -morpholin-4-yl-2-(4-morpholin-4-ylpiperidin-1-

1).- 7- nmoi phol i n-4-yl thiazolo[5, 4-a]p
h& 1§p1§%m¥?%V%? $i peridin-4-yll dimethyl ani ne;
5-Alr Indal%—yl)-? moxphohn—4—y1-7-(4-morphohn~4—ylp3pendm -1-
1H- 1 ndol-4-y1)-7-norpholin-4-yl-2-(4-norPholin-4-3
3myq ﬂﬁ@@@ﬂ?ﬂﬁ’ﬂyﬁ%@#ﬁ?ﬂ)thlazolo[5 4- dbyri m di ne; and
@: | i h b0fyedAn2:
5(§gﬁ?ﬁgi Qm IPgﬂ%%Iyp%nethyp hi awi o[ 5, 4- dlpfgﬁ?ﬁgﬁy
74n@phdnﬁﬁwhbm¢hd yRigaiel v acceptable salts
Acc [ -]
e e e R D

provi
yh&mﬂhﬂﬂﬁaqpﬂhhﬁﬂkty acceptable carrier or diluent and,

2 Graiin e e e 2 E PR AsnghgReg 2ove

'ynﬁgﬂmqmgdﬂﬁﬁuggﬁbned above for use in a nethod of
medi cal ftreatment of the human or anlnal body by

2-(tharlapirryimeduinipeigrind BQMFW) -@sEt- 1t here i s
indBE 2y dEfloBraaMPONL A8 AeliDAkiaReve for (realing a

der arising from abnor mal ceII_

{1-fr Mbomfmmobﬁybr?—mmh@ﬁrylﬁ@%bﬁai - yminidingt 3

.0 a.sixth aspect, there is
yhBﬁ@@ﬁH%%éFﬁgy gggg%qgmggnpound gs defi ned above in
{It[h@mmﬁac;ﬂpwmﬁhmn@ﬁmmm sf@%ﬁﬁma@tzmg a .

t%ﬂfse or dlsorder ar|5|ng from abnormal cel
ﬂ%ﬁ B IHBRSYi our associated with PI3

2 g @quo@amh@mfg BB, 28D ST PEiAS. used

erein term sed" indicates th rings are

Yﬁ?%ﬁﬂkmpﬁﬁgéﬂhﬁ}ﬂ%$MEm@@dnon bond between two adj acent
t
2- (A 3 Fpipd i iSRS LB 0 B9 IOl

rings ar
ﬁﬂiﬂ@kﬂéﬂﬂﬂ#mmmdgehead denotes a linking group, of one

|n I en h. conne
L b o R e CR
dmgn@ﬁhﬁﬁycllc (typlcally a blcycllc) structure is the
n an roup, ring, group, ring
2445@5@?E’TPEDéWPe@?mrﬂuylﬁe}Ph)é)e?'@a@HWﬁé@mﬁbIgé-YBu%@theb%&
.Substituted by Z or R5 as defined
ylﬂ%gez?%)%,ﬁmyﬁ%&% C1- C6 al kyl g¥oup is linear or
2- (bl atichbdol-AyH7-Oerpioky4-gthgwplo| 54 jmpiivading-a G - Ca
rou a e a nethyl, ethyl, n-propyl,
yh“%hgy%Bg' ﬂ"%g? u?5’1".‘5,11r§j;§d-‘3butyI or tert-butyl group. A
2{415@£H?Tbcu¥ugbpmgﬂ}Bmmﬁﬂbﬁﬁ#&ﬂﬁ?ﬁmﬁiiéﬁ@ﬁﬁ%ﬁ?heﬂd
an r npre groups or as define
hnﬁ%ﬁgﬁyx§%% A tjFm?lgireCIgCa glkyl for exanpl e
{1- [ﬁli'lm&ol alﬁ)iqudxpﬂcﬂﬁp%lthlﬁzolﬂgqpﬁjbynﬁldﬁilﬁﬂ s-butyl
ylmethyl]p;pendmwzl—yl}dxmethylamme . -



Zis selected fromH, =substituted Cl-Cs al kyl, halo,
-OR, -SR, -(C(R6)2)gR, - CHOR, -CF3, -(halo)-C-Cis
al kyl, 4C(R6)2) (40-(hal0)-Cl1-C6 al kyl, -0X2R,

4C(R6) 211C2R, - (C(R6)2)qCoR, CF20H, CH(CF3)0H,
C(CF3) 20H, -(CH2)(10R, KCOODOR, -(CH2)gNR-2, -
(C(R6) 2) gNR2, -C(0)N(R) 2, C(R-6) 2) 9CONR2 - NR2,

- (S{FBYRMRR) mcal@mz)nzwlm&emoapﬂaohwmwenmi-

C&Rr%@%%%%wﬁ%% > (&) 2} qocro

0 DFNCR)- PH-indolC@RE)- zw@ﬁmﬂ}2(4 mNﬁ@@BI)“ﬁ@lplpeﬂdm-l-
R6)2 RS( 0) pR. NRC(O)N(R)Z
F@% D 1 20, a 3- to 12-

"Ezma @ﬁhaﬁﬁédéﬁaé a@ Fe)’é’éitéﬁzefebﬂg which is
unsubstituted or Subsfituted, a 5- to 12-nenbered

unsedottigy ted tdarakmey fﬂlelreas whviddd 4 phanteheipd comppsigen which comprises
ubstit fﬁ%cg:%)ta%le can}e\?\ﬁ @E&Q{R& leﬂd?i%ﬂ e@kﬁ@a compound as defined

aphaﬁ‘@?cg'rltc@ rou I'S unsubstitu ed of
abov&ubsti t ut ed and a 4 to 12 menber ed sat ur at ed

he}\g ro?a?ﬁ’g? 0.2 fggrlﬁ\?\%ge%grg id sronldss b gi6H £ defined above for use in a

unsu rein each R is independently
methedbtanddid! tfqawwnwf thghumsn el Aipal bads brigragy el oal | cyl and

a gccokg e%]'l% anﬁ'ﬂpgsg) &4 @k lis SoviR&t £EaRoMAd as&ie%ﬁ&i«libové hﬁ? treating a
unsubst i

gr oup tuted or substifut eq}‘e vg) h PI3
diseaggy oUSOrRr @fi@nafrpwcﬁbéwb cellrgr Vit BRFHORSY DERIR FLEL
kinadeogether with the N atom a 4- to 7-nmenbered

saturated N-containi ng heterocyclic Ting; IS o .2 .
ndcipmlies o SEHbEL R § ErSPLET a8 o ATESHIES STRBLy e n the

an% 90 meditMcht RP treink laQiiseld, or IBRbragreMising Globh) MEormal 5311 growth,
)1 R6, each of which is

fﬂnc"fqii‘é’r MOE@S%FIF?%Wﬁng% nore than one is present

- in a given substltuent is selected fromH, Cl1-C6
DetzAbKibscARhnGR ciRvaisioh 0al kyl, and pis 1 or 2. A
al ogen or halo grg |,,s or |. Pre
e o oot e ey o S e gy
mgﬁk ?r?d'b érﬁ ﬁn ¥tokfae 'Hh@ ki Bttt fdd " Ghdicates that two
co B ﬁ ﬁquns an 10 allc EH}OE%}W i.ch p
nngs:nre hnked tlmy:dglogsngle commep cades 3%’}“ & otes 2

2k 1 Pk Qtoms.
] R A I it ek
In edch of thuey Rl a polycyclic Aygibalbpa bickdsk siruphiae i t]:ﬁsresult

i || pear 2 b %%E o %@Lg;%%@ Sl ))%;y%qgcr}%ﬁéd LB substituted,

1txsiypﬁmpﬁf&¥ﬁmﬁd99mw,asﬂefmwmmw sec-butoxy or ten- ts

ut oXy group. A Cl-C6 al koxy g O nsubstl t ut
| orAéll)t/{;‘gataIkﬂgg@p ig Wa{;gq tpr9n ﬁélucgﬁ ail@rhj cf?y a C1-Cy
a]kyl%mﬂ? f&%& 1@1@;:%91 @—¥)§dp?ﬁ hlﬁhkylye%atyn&ytm-butyi

or 1ns ance CycCl O0a such_as

~ groupy Al @pCoy] grampas ubsubgﬂtutefé 92:%5@14%94 typiga}ly bytfes Pf mOp; sroups Z
or R%%G]’I gﬁ%ﬁ%yf%g?aoﬁ p 1|¥§ Ihnsa%gfs?ﬁ-t uta&%férﬁ&hiﬂ}’éthyﬁ -+ pyl_#-

pmpﬁub&ttyit sbedl otypitgll |y by one or nore groups Z or RS

20 def d
oot theaiee AoTabe R HLCEr s RS 1EoT TRy Topf QR yr
CH QR4 R ADROLE IR TCROMONAG, L, Sl e DRCOR, -

(C(Rf)t)q@@BbﬁFzGEérCW% AN e e AN GRS
(COxBRRR: SR INR, POERE AROTRY PRGOS RFYIRCAI) NRE(O)R. -

N- cont ai ni ng heterocyclic rlng as defined above is
unsubstituted or substituted on one or nore ring
carbon atons and/or on any additional N atom present
in the ring. Exanples of suitable substituents '
i nclude one or nore groups Z or R5 as defined above,
and a Cl-C6 al kyl group which is unsubstituted or
substituted by a group Z or R5 as defined above.




30Specific exanples of a 4- to 7-nmenbered saturated
N- contai ning heterocyclic ring which is substituted
as defined above include the follow ng structures:
WD 20081152390PCT/ GB2008/ 0020 4 6 (i) (ii)

(v) (vi) (vii)(viii) WO

2008/ 152390PCT/ GB2008/ 002@t4 7 A5- to
7-menbered saturated O-containing heterocyclic ring

(CRYDINREIDHOR, -3(ERK, -0 (L (ERILHOIN@) 20C(PB cal | y

crDrtrepR GG AT RER R ARSI EROMAS R -

NRCICHNR))Y- 40 QTS NRC(ONREONCION-NTY pOzidnes 12- membered saturated

carbocyclic ring which is unsubstituted or substituied, a 5- to 12-membered unsaturated
carbocyclic which is unsﬁb stitﬁted or substituted, a 5- to 12-me‘rﬁbered unsaturated
heterocyclic group which is unsubstituted or substituted and a 4- t6 12-membered saturated
heterocyclic group which is substituted or unsubstituted, wherein each R is independently
selected from H, C,-Cs alkyl, C3-Cyo cycloalkyl and a 5- to 12-membered aryl or heteroaryl
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A 3- to 12- nmenbered saturated carbocyclic group is a

3-, 4-, 5-, 6-, 7-, 8-, 9-, 10, 11- 5 or 12-nenbered
carbocyclic ring containing only saturated bonds. It

[ nnocyclic or fused bicyclic ring syste
W@?O%f“ﬂ%%ggnce a 3- to 7-nmenbered saturated %T/G%Zd@mm“
carbocyclic ring. Exanpl es include cycl opropane,

cycl obut ane, cycl opentane, cycl ohexane and

cycl oheptane, and bicyclic ring systens in which two
such rings are fused togethér. Specific exanples of a

grou.?h C% %r v bﬁHE %%@Bygﬁgﬁqte&q{rm @M) groﬁfJQRFhre attgched to an

oW ng structures
N atdlﬁ-ﬂnm'rﬂmm e@gm autbrﬂmléama rlo ay?:membgﬁeé @ﬁfu:aéedd‘?-sontmmng
, 1 12 menber ed carbocyclic
hﬁmpﬁﬂﬁwé%¥ﬁgﬂﬂ%cﬁ& a?qf%és one unsaturated bond. It is

a Rf)ﬁ@slyﬂ:bd fromrC;fOatichxlyp ORE ISRE, S(ORB’ s yistoeEN, muegegr SP)RS, -

coskh,-CRBNEE e B R R ST s B sk s bt o than

one S PFRQANEL Livefubefiubg, 8 slectéDfrdm HIOHTR 2861 4&d @4-¥h, cycloalkyl,
group. Exanples of a 5-10 12-nenbered inisaturated

ﬂndkﬁﬂU§@y0|IC group include benzene, napht hal ene,

t : ]
s g nggﬁ%réﬁ&sfebi%}w%mﬁatw RS, A;-Cs alkyl

I ndanyl, 1 ndenyl

group etbstitwied byajoigemipay e d@m@ﬂd btike grmo (hrle-€1iGraliod T imhighageans an
or _subs ut ed r
oy o B S B S KBt RS B oL A BT eroup
prefeR@biD@InGihnsUins Al drttierde Balo lgﬂmps: | A prefercadexamplewsd sudhreegroup is
foll gwi ng structure: An aryl group is a 5- to
triflugromeiiber ed aromatic carbocyclic group. It is
DX (0RY,CAlkSxyOHroldh BYEkirGr binotda! @Ss typedatige CRERNMoxgRtbup, for

napht hyl groups. The group is unsubstituted or
examplrsmethense §hoxyn PIoReEY.driEePasy: PGP RPUHRXYREpeaitoxy or tert-
_ &§0Q$b§%héﬂ _
B ERE A T U gl B0 e
gnmﬁﬂbaﬂi 39@@@1%@82008/002014 8 heteroaton1se|ected
; ijgg S8 aﬂqlﬁ gb@ 3P ﬂigt%cgb e c{'clfg‘a?%} giﬁcgyﬁlc&ﬂopropyl

I’'s non-ar c” or
cyclobatyl, icglﬂblﬁnq& djrelohé)qé,rq leycidlepsy]. Typlmﬁb' e digmynloalayls-A C3-

SIS TG NIRRT M TR A YR

as defigesd@®Birer ed unsaturated heterocyclic group may be,
for exanple, furan, thlophene S pyrro
pyA froodppemaberersatispied O-BATRE BFIRECYGHY ﬂnuf&ﬂgﬂ%’&r’ﬂféms one
nitro%é ol %Riyé'lﬂhg% DMRition A LBm drSAINEOS SonPd¥F &7 & dRional
yrazol opyrazi ne, pyrazol opyri m di ne, ‘
hetercpa}m dt wpy bc,cfome:,arrwh amdm@mmoaéwﬁmpendmﬂd Bipgtagine,

m di ne, i m dazopyri di ne,
mm@*ﬁﬁﬁaigﬁ%éﬁ? Hrhﬁé %é%ﬁ%azole benzodi oxol e,
benz.adi ’Ditieﬁﬁereb Gmmcmmhmgmtei‘ucgﬂhﬁmm as defined above is
N L E I e Ly
atomn bfb‘sﬁﬁl PEO e, Ekﬁﬁﬂé@éﬂ&lﬂﬁﬂ@k@sﬂtﬂbﬂw Hichide BEeb @@ Eroups Z or

ydr odi oxi nopyr1di ne, dihydropyrrol opyri-dine,
5 as Qe RRAdIoBpYss AR CH FIK ST RBICh St OI s Sbiged by 3 grovp

Zorﬁﬁggm%##g $§oqu|nollne purine, quinoxaline,

tetra enzofuran t et rahydr oqui nol i ne,
t §pccaﬁydqamp$ssqxj adold ﬁepemb ered saturated N-contaimning heterocyclic ring

oS b RS 8ol Mdgohd A Y EAaE:

t hi enopyrazine, pyrindine, pyridazine, pyrazine,
15triazine, triazole or tetrazole. The group is
unsubstituted or substituted, typically by one or
nore groups Z or R5 as defined above. Specific
exanples of a 5- to 12- nenbered insaturated

het erocyclic group include the follow ng structures:
Cr Heteroaryl is a 5- to 12- nenbered aromatic




10

15

20 3, or 4 heteroatons selected fromO, N and S. It
i s nonocycle or bicyclic. Typically it contains the N
atomand 0, 1, 2 or 3 additional heteroatons sel ected
fromO, Sand N It my be, fO exanple, a 5- to
WD Wesit5e39ed heteroaryl group. Typically it i sPE8IGEE8E02014
fromthe heteroaryl groups included in the above I|i st
of options for a 5 to 12- menbered unsaturated
heterocyclic group. 25A 4- to 12- nenbered saturated
heterocyclic group is a4-, .6-, 6-, 7-, 8-, 9-, 10,
11- or 12- nmenbered heterocyclic ring which contaips
1, 2, 3, or 4 heteroatons sel ected

I s a nonocycl H/J,,lsed bicyclic ri
Exanmuses oq/gﬁEhN terocyclic ring
to

not lfimte yrroliciinyts i
tetr ghydr gihi enyl, tetrahydf opyranyl
teg ot hirepyranyl, pipegidi no, r phol i no,

thio phel i no, thioxanyl, I perazi nyl,
hqggpiperazinyl, azeti di nyl, ﬁﬁetanyl t hi et anyl
pi peridi nyl, oxepanyl, thlepanyl oxagrplnyl
di azepi nyl, thiazepinyl, dithianyl an
I m dazolidinyl, 3- W) 2008/ 15239GPCT/ 008/002014 9
. 01hept anyl ,

azabi cyco[ 3,4~ hexahyl 3- azablc cl o[ 4.
and azabi cycl o[ 2.2 2]hexany ies are al so

i ncl uded wilthin the scope of t |s definition. In one
enbéth. mentNtphe saturated 4 to 12- menber ed saturated
heterocyclic group is a 4- 7-menbered saturated N
cdhﬂalnlng het er ocyclic r|ng(ﬂ% defi ned above, which
is unsubstituted or substituted. The saturated 4- to
12-menbered heterocyclic group is unsubstituted or
substituted, typically by One or nore groups Z or R?
as defined above. Further specific exa
gxééturated het erocycl i
hetefoatomis 0) include the follpw ng
structurgs: 0-- O toExanpl es of _
7- urated N-containin eterocyclic ring
which' is fused to a second ring a$ defined above to
formlja heteropol ycyclic ring systéminclude a group
sel ected fromazetidine, pyrrolidj pi peri di ne,
pﬂﬁéra2|ne nor phol i ne, thlonnrphgﬁfne and

honopi perazi ne, said group being fused to a se
ring as defined above. The second Flng IS typlcally a
4- to 7-nenbered saturated N- cont af ni ng het ergcycl i

15 or a 5- to 1l

unfat urafied het Nc group. More{typiclly the
second r - or 7-menbered satutated

N-% i lic ring or a % _to-7-menbered
unsat eteroCyclic ring. Typical exanples of

the second ring include azetidine, pyrrolidine,
pi%_ridine, pi perazine, morpholine, (fsonorpholthe,

é pi perazine, pyrrole, imdazole, pyridine,

pyri dazi ne, pyrimdine, pyrazine, tetrahydrofuran and
20 tetrahydropyran. Exanples of the resulting

het er opol ycyclic system i ncl ude

oct ahydr opyrr 1, 2~4] pyrazi ne and
oct ahydr o-pyfrrol o[®, 4-c] pyrrol e.  Specific exanpl es of
tgﬁ:@i&iiiﬁ | ycycljc systeminclude the follow ng

WO

st res.N 8/%?%390PCT/G132008/00201-1 10
IX
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(d)(e) (0 Exanples of a 4- to 7-nmenbered saturated

N-cont ai ni ng heterocyclic group as 5 defined above

whi ch includes a bridgehead group -(CR 2)"- or

-(CR 2),-0-(CR 2),- as defined above i ncl ude

W3, WOMISZPE- bi cycl of 32, 1] oct ane, PCT/GB2008/002014
~ 2, 5-diaza-bi cycl o[ 2. 2. 1] hept ane,

- 8-azabicycl o[ 3. 2. 1] oct ane,

2-szs-bicycl o[ 2. 2. 11hept ane,

3, 6-di aza- bi cycl o[ 3. 1. 1) hept ane,

6-azabi cycl o[ 3. 1. 11hept ane, 1 o
3 8 Seliccetoberyd Fliates OrporAining haiRepoaslisyis cogtains at least one

atorm, g%)agorcy g{rpl a.:ﬁ]y% é}l%nﬁd@%}ﬁﬂ HP2B861E LeGectorPitdth €5 Nodnd S. Tt is,

rod OW ng structures:

for Hkﬁi(ﬂde Yefrmh fdryfiran, tetrahyExenypine gxesdnepr gromhwlise: formula
1 3 defi ned ove i erd_V f g0 -
Al st S S, St e om0
or 1291&1%%@&@@?@61&%@&%@:@ ey ksuspd bohdss difisatmenegyclic or fused
avai |l abl e ring carbon at
blcyeﬁtrweaif%%nc&w%cfewﬁ‘ia’éc% s foo Deerblatiy e gagontly goe
Exar@ﬂ&%%géce%c fophad et 1&5&&@ covelopentirie)@yclstiexie: anddeyclobeptane,

sat ur at ed N—contwnmqékheterocy li¢ grgngl £
and tﬁmhphegsysmm whichdwe spchodnes aregsad igeRtheppSpecific cxamples ol 2
08 fnd@ % foflbRig structures:
3-m§9-nx %%ﬁ%ﬁg%%%gégdg/ éggﬁg%pera2|ne mh?gh ?s
sperrfused at a ring carbon atomto a group sel ected

cyclo pane, cycl obutane, cycl opent ane,
hexan- azetidine, pyrrolidine, piperidine,
pl n LAk 9LeURs-Of- §.00.wba1- or
‘g%bs’ﬂ o 13 I%erg&%& %Sst an%ie é@ghcgg;rr%gppl 3 er’l%ved from
12 m%m@ereS darad@sm ring Sorfdining et:laaq;@ one unsaturated bond. It is a monocyclic or

sy PR SR A AL o

one @XEIERNRE, afDkdTUl-mhefnbidell uhsutiratdé carhacybid Lrowp ixp 5- to 12-memberea
aryl gsrg){z; Cltixlég'z%?es of gi 5( to) 12—ng|elxlnbgred unsatuarated carbocyclic group include -
benzene, naphthalene, mdane, indene and tctrahydronephthalene rings, or phenyl, naphthyl,
indanyl, indenyl and tetrahydronaphthyl groups. The group is unsubstituted or substituted,
typically by one 6r more groups Z or R as defined above. Specific examples of 2 5-to 12~

membered unsaturated earbocyclic group include the following structure:

o

An aryl group is a 5- to 12-membered aromatic carbocyclic group. It is monocyclic or
bicyclic. Examples include phenyl and naphthyl groups. The group is unsubstituted or
substituted, for instance by a group Z or R® as defined above. Specific examples of an aryl |

group include the foliowing structures:

o o

A 5-to 12-membered unsaturated heterocyciic group is a 5-, 6-, 7-, 8-, 9-, 10, 11-or

12- membered heterocyclic ring containing at least one unsaturated bond and at least one
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(iv') (v')(vi') 20 WO
20081152390PCT1GB20081002014 12

WO 2008/152390 ‘ PCT/GB2008/002014

8

heteroatom selected from O, N and S. It is 2 monocyclic or fused bicyclic ring system. The
group is non-aromatic or aromatic, for instance heteroaryl. Thus, in one embodiment a 5- to
12- membered unsaturated heterocyclic group is a 5- to 12-membered heteroaryl group. The
5- to 12-membered unsaturated heterocyclic group may be, for example, ﬁlran,'thiophene,
pyrrole, pyrrolopyrazine, pyrrolopyrimidine, pyrrolopyridine, pyrrolopyridazine, indole,
isoindole, pyrazole, pyrazolopyrazine, pyrazolopyrimidine, pyrazoiopyridine,
pyrazolopyridazine, imidazole, imidazopyrazine, imidazopyrimidine, imidazopyridine,
inﬁdézopyridazme, benzimidazole, benzodioxole, benzodioxine, benzoxazole,
benzothiophene, benzothiazole, benzofuran, indolizinyl, isoxazole, oxazole, oxadiazole,
thiazole, isothiazole, thiadiazole, dihydroimidazole, dihydrobenzofuran,
dibydrodioxinopyridine, dihydropyrrolopyridine, dihydrofuranopyridine, dioxolopyridine,
pyridine, quinoline, isoquinoline, purine, quinoxaline, tetrahydrobenzofuran,

tetrahydroguinoline, tetrahydroisoquinoline, 5,6,7,8-tetrahydm—inﬁdazo[I,S-a]pyrazine,

5,6,7,8-tetrahydro-imidazo{ 1,2-a]pyrazine, thienopyrazine, pyrimidine, pyridazine, pyrazine,
triazine, triazole or tetrazole. The group is unsubstituted or substituted, typically by one or
more groups Z or R® as defined above. Specific examples of a 5- to 12- membered unsaturated

heterocyclic group include the foliowing structures:

IS e

Heteroaryl is a 5- to 12- membered aromatic heterocyclic group which contains 1, 2,
3, or 4 heteroatoms selected from O, Nand S. Itis monocyc}ic or bicyclic. Typically it
contains ohe N atom and 0, 1, 2 or 3 additional heteroatoms selected from O, S and N. It may
be, for example, a 5- to 7-membered heteroaryl group. Typically it is selected from the
heteroaryl groups included in the above list of options fora 5 to12- membered unsaturated
heterocyclic group.

A 4- to 12- membered saturated heterocyclic group is a 4-, 5-, 6-, 7-, 8-, 9-, 10, 11-or
12- membered heterocyelic ring which contains 1, 2, 3, or 4 heteroatoms selected from O, N
and S. It is a monocyclic or fused bicyclic ring system. Examples of such heterocyclic rings
include, but are not limited to, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, tetrﬁhydrothiopyranyl, piperidino, morpholine, thiomerpholino, thioxanyl,
piperazinyl, homopiperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl,
thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, dithianyl, dithiolanyl, imidazolidinyl, 3-
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(e) R4 isan indolyl group which is

=substituted or substituted. The indolyl group may be

| inked to the thiazol opyrimdine core via any

avai |l abl e ring position. It may, for instance, 5a
WRWELFSM , indol-5-yl, indol-6-yl or indol- -}’Ci,[‘PBZOOSI(}OZGM
gr oup. Typlcally it is indol-4-yl or indol-6- yl,

nore typically an indol-4-ylgroup. Wen substituted,

the indolyl may be substltuted at one or nore

avai |l abl e ring p03|t|ons |caIIy it bears a

substituent on_th ety of the I
azatieysald: |- HFXEPYs 347 QBT ﬁH’SRéaﬂ %gf’rz?}t}ﬁy‘:@g?yﬁ%"%%ﬂ'l Spiro
moistitl $fd AiddtiRduddd Wikn EIB s é:@'of His aﬁﬂiﬁﬁdﬂ inBne aiﬂb@iunent the
typlcall at the 5- posi tion. |nd9 1 ed N-
sy 19 B2-mppmbersl |sgtu@eng§eterw@ac goug ke 4 1o Togl saturat

W ﬁmﬁibst@m&@%k iR RmutoAN Th
comﬁﬁggglgﬂwf groJ% |§£?%%%§g%l;ﬁgtbstltuted at the 4- ©

satufstedot- tcVLqemsmbmd heterpcgclicygpburdl myswtmé oy subgfitutpd, typically by

one B{fbiiaflpa ¢ oxi¥ hacit el Fahet bt Bamples o a4 10 1

menibéfdd@@ﬂu%a&fedaietdnb‘t@cﬁc gotp Gn wikdh the hetervhtem is 16D inalettsi the foliowing
roup is substituted it may be substituted by a group
- R5 as 15 defined above. In a typi cal embodi ment
the i ndolyl group is substltut d by a ginp sel ected

fr .- “SR., C(O)R - CRR, CF3,
CF20H, C143) OH, 3) ZDHS - - (CH2) sNR2,
“C(O)N(R) 2,” -NR2, -N(R) C(0) R S(O)N(R) -0C(0) R,

OONR 2, -N(R) S(O O)N(R) 2, CN, .
o R S P S5 R Do ik N
fuse&’ {o 5:@ ; d;?%;ﬁ%&fé&b?% £ %ofrh @ MeRropblydidicIingysiERiifc e a

efined above in the definition of
gmuz selbaemwhemdﬁwpmhmg@m@m, DiprEazingg BIYRNOERSuUp i s

ni subg#t utgga%s Rémg% E‘gaﬁjb&;@]g%&{@tg%g cgﬁd'?%gﬂ defined

aboM‘he cRondSthg NZyicAUyR) R o mmlﬁ@ﬁaaumlﬁzmnM@;@mcychc

ring ghRNBeL v RBE Ao 17OPEmPYER Lo EHE ORI A P daPi Dpically

the sgédﬁlel Rink $s S5081 dnt 'ﬂfn@ﬂlb&iéd Eha@lfﬂhtDNScﬁhﬁi}h@héwromoﬁurmg oras-to
. hal o, C(O)NRZ han(O C6 é 25 S qg -
7-menghepd unsg@zmélefeﬁ%dc i DRSre ?%@F Fxaplst %§$9 pecgr nclude

! t n 12, o e,
i o S s g e,

pyri€lt,-ifiidaadie qynidinypyridaring, pyrsudinpspyrezieh teupRydn

ou S e }
b o B BH O 00 SURRL RS B R S ool
Pyﬂm ?bﬁpﬂﬁﬂﬁe ﬁmﬂ@dmf—mrrmh [ll’vﬂm]hyruﬂheﬁzlueemwamgliee of the
pyr a I azo tetrazol e, oxazole
heteﬁ"B‘b‘X%VfBF @’St‘i f“éif &eeé’ﬁ?‘ﬂlinﬁfﬁ%m *F'sot hi azol e, or
t hi adi azol e. WD 2008/ 152390PCT/ GB2008/ 002014 13
In one enbodi nent a substituted indolyl group |s an

i ndol-4-y1l group substitut 44e 5- or 6- §Wf/
in parti e 6-positijon, by} CN, hal o,

-C(0) NIl /12, NCF3, -S02Me, 2 or a 5-genbere

het group as defi . Typical )y

i ndpl- 4- oup is s titutled at the 5-Gor /

ular by F. e
typiC y t he |ndol 4-y1 roup i s substituted at the
6-@osition by halo, inbparticular by F. Tk paraneter
min formula (1) is O, 1 or 2. Typically mis 1 or 2.
More typically mis 1.
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hi forrmulae (1), a 4- to 12- nenbered saturated

heterocyclic group in the definitions of Rl and R2 -

may be a 4- to 7-nmenbered saturated N containing '

het erocyclic ring waieh 10 includes 0 or 1 :

wdaoosiignsal het eroatons sel ected from'N, S and®CU/GBERO®002014

to 12- nmenbered unsaturated heterocyclic group in the

definitions of Rl and R2 nay be a 5- to 12- nenbered

heteroaryl group. A 5- to 12- nenbered unsaturated

carbocyclic group in the defibnitions of RI and R2 may

be a 5- to 12- nenbered aryl group. In one aspect the

i nvention provides a conmpound which is Eh

t hi azol opyri m di ne of 15fiormula (I):

1o Rl and for

y are attached
. WO

erein 20W
t oget her
, a group

. 0 7-menbpred sat ur at ed

N-cant ai ni ng heterocyclic 10 which in Oor 1

addi ti onal heteroatons ?%Iected fromN, S and 0, the
5

ri kg ()

Exarnples of 2 4- to 7-membered saturated N-containing heterocyclic group as
definied above which inclndes a bridgehead group «(CR’2)s- or {(CR’2)-0-(CR’2);:- 2s defined
above include 3,8-diaza-bicyclo[3.2.1]octane, 2,5-diaza-bicyclof2.2.1 Jneptane, 8-aza-
bicyclo[3.2.1]octane, 2-aza-bicyclo[2.2.1Jheptane, 3,6~diaza-bicyclo[3.1.1jheptane, 6-aza-
bicyclo[3.1.1]heptane, 3,9-diaza-bicyclo[4.2.1Jnonane and 3-oxa-7,9-

dinazabicyclop .3.1lnonane.

Specific examples of this group inciude the following structures:

O
NH N : o
@) o) ©
N | o
| | N N
E} 0
| o
@) -

N N

(e )

Examples of a group of formula (IIb) as defined above include groups derived from a

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

fused at any availableﬁng carbon atom to a 3 to 12- membered saturated carbocyclic ring,
typically to a 3- to 6-membered saturated carbocyclic ring, orfo a 4- to 7-membered
saturated N-containing heterocyclic group. Examples include a group selected from
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5bei ng unsubstituted or substituted; (b) a 4- to

7- menber ed saturated N-contai ning heterocyclic ring

whi ch includes O or 1 additional heteroatons selected
fromN, S and 0, the ring being fused to a seco
WO H98/52P%ct ed froma 4- to 7- nenbered satura?gyGBﬂw&mn““
N-contai ni ng heterocyclic ring as defined above, a 5-

to 12- nenbered 1lOunsaturated heterocyclic ring, a 5-

to 7-nmenbered saturated O-containing heterocyclic

ring, a 3- to 12- nmenbered Baturated carbocyclic |ing

aﬂﬁg&ﬂﬂg&ﬁansa;gégéggFgéyég?%épggﬁPg;gggﬁﬁﬁ$ﬁéyanngc&%&Qﬂmﬁto
a grdﬁﬁ%@l@&&?hbfﬁ%%l’o?m?hﬁbg oY SHubhit NS RgentitelbRidhexkne fazetidine,

bstituted -~ to 7-menbered saturated
PYH¢Mhmmpmﬁwhn§Pnﬁﬁﬁﬁﬁﬁvémﬁ@hﬂﬁﬁﬁﬂﬁhlch includes 0 or 1

d?h%érﬁ{c}?{;% 3eha gﬂpﬁ)ﬁH@S $6:RGHRE, TrOmd) dSvad ol nd

whi € nkln two constituent
diazasppols. Shindetraey izﬁghazasmmmghhem, @Maﬂ@a@@o@bﬂé@aﬂ? o> 7-

dina RS BHTBART | PET T bl oot B oA ol AR oF offBing

stracir® 1 and s is 0 or 1, 20the remaining ring

positions being tnsubstituted or substituted; and
(d)a group of formula (I1b): (11b) 15 saturated
d above, each
beNng unsubstitutegd or ed; or
one| of 3 and 22 is Cl- CBNFIKy nd t ie other is
t aivad

heéerocycllc ring as defined abgwe or a Cl1- C6 allcyl
group which is 5substituted by a 4- to 7-nenbered
saturated N-containing heterocyclic ring group as
.. mis 0, 1 or 2;
al kyl ; s an i ndol e
unsubst i r substituted, a phgrmaceutically
t her eof
fogpul a (1) adopts either of thevtwo avail able
regi ochem cal orientations. Thus, in one enbodi nment

the thiazolopyrimdine is of the foll ng formula
- (la): . |
| ——N . /NH

™) -0
| N
.

(X )~

(vii’) (viii") ()

gN_
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(la) N (C(R3)2 R2 15R4 wherein R, R2, R3,R4 and m

are as defined above for fornmula(1). In a second

enbodi ment the thiazolopyrimdine is of the follow ng
formul a' (1b): .(I'b) wherein RI, R, R3, R4 and m

VE 2008/6528R8f | ned above for fornula (1). 5Speci PLEGB2005/002014
exanpl es of conpounds of the invention include the
compound listed in the following Table : Table 1

Conmpound No.
12

&7

R*is an indolyl- group which is unsubstituted or substituted. The mdolyl group méy be
lmked to the thiazolopyrimidine cote via any available ring posiﬁon; It may, for instance, be
an indol-4-yl, indol-5-yl, indol-6-yl or indol-7-yl group. Typically itis indol-4-y1 or indol-6-
yl, more typically an indol-4-yl group.

When substituted, the indolyl may be substituted at one or more available ring
positions. Typically it bears a substituent on the benzene moiety of the indole group. For
instance, an indol-4-yl group is typically substituted at the 5- , 6- or 7-position, more
typically at the 5- or 6-position. An indol-5-yl group is typically substituted at the 4-, 6-or 7- \

position, more typically at the 4- or 6-position. An indol-6-y! group is typically substituted at

the 4-, 5- or 7-position, more typically at the 4- or 5- position. An indol-7-yl group 18
typically substituted at the 4-, 5- or 6-position, more typlcally at the 5- or 6-position.
When the indoly] group is substituted it may be substituted by a group Z or R5

defined above. In a typical embodiment the indelyl group is substituted by a group selected

from R, -OR, -SR, -S(O),R, CH;0OR, -C(O)R, -CO:R, CF3, CF20H, CH{CF;)0H, C(CF;):0H,
(CH:);OR, -(CHz);NR;, -C(ON(R)z, -NRz, -NR)C(O)R, -S(O)NR)z, -OC(O)R,
OC(O)N(R);, -N(R)S(O), R , -NRC(O)NR)2,CN, halo, -NO, and a 5-membered heteroaryl
group contaiming I, 2, 3 or 4 heteroatoms selected from O, N and S, wherein R, p and q are as
defined above in the definition of Z. In another typical embodiment the indolyl group is
substituted by a group selected from C;— Cs alitjrl, CN , halo, -C(O)NR_, halo(C;-Cg)alkyl
such as CF; NO;, OR, SR, NR;, C(O)R, SOR, SOz R, SO;_NR;; , NRC(O)R, CO; Randa5-
membered heteroaryl group as defined above. In another more typical embodiment the '
indolyl group is substituted by 2 group selected from CN, halo, -C(O)NR., halo{C,-Cg)alkyl
such as CF;, -SO2R, -SO>NR;, and a 5-membered heteroary! group containing 1, 2, 3 or 4
heteroatoms selected from O, N and S. In the above embodiments R is typically H or Ci-Cs
alkyl. ' _

Typically the substituent on the indolyl grmip is an electron-withdrawing group.
When the substituent is 2 5-membered heteroaryl group it may be, for example, furan,

'~ thiophene, pyrrole, imidazole, pyrazole, triazole, tetrazole, oxazole, 1soxazole, oxadiazole,

thiazole, isothiazole, or thiadiazole.



Structure Nane 1 C) Jc o MNH
5- (6- Fl uoro- 1Hi ndol-4-yl)-2-
(hexahydro pyrrol o[ 3, 4-c) pyrrol -

met hyl )-7- nDr hol i n-4- I-thlazolo 4, 5-
‘éo 2?{[8/@%/:@ P y [ d by rPICT/GdBZ(}{)SI()OZOM

13

In one embodiment 2 substituted indoly! group is an indol-4-yl group substituted at the
5-'or 6-position, in particular the 6-position, by CN, halo, -C(O)NHo, -CF3, -SO;Me, -
SO,NMe; or a 5-membered heteroaryl group as defined above. Typically the indol-4-yl group
is substituted at the 5- or S—posiﬁon by halo, in particular by F. More typically the indol-4-yl

5 group is substituied at the 6—positibn by halo, in particular by F. 7
The parameter m in formuta (I) is 0, 1 or 2. Typically mis 1 or 2. More typically m is

Ttr formulae (D), a 4- to 12- membered saturated hetérocyclic group in the definitions of
'R! and R® may be a 4- to 7-membered saturated N-containing heterocyclic ring which
10 includes 0 or 1 additional heteroatoms selected from N, S and O. A 5- to 12- membered
unsaturated heterocyclic group in the definitions of R! and R” may be a 5- to 12- membered
heteroaryl group. A 5-to 12- membered unsaturated carbocyclic group in the definitions of
R' and R* may be a 5- to 12- membered aryl group.
In one aspect the invention provides a compound which is a thiazolopyrimidime of

15 formula (I):
O
! N
()
R N
j\N——( SR
R2 i
N R4
whersin
20 W represents a thiazole ring;

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

following formula (IIa):



10

15

20

25

410 5-(6-Fl uoro-1Hindol-4-y1l)-2-
(hexahydso- pyktrol of 3, 4-c] pyrrol - 2-
yl met hyl ) - 7- nor phol i n- 4-yht hi azol o[ 5, 4- d] pyri m di ne

N C

WD 2008/ 152390PCT/ GB2008/ 002014 17 3 N1 N

Wbi2e08/123¢@, 7- Di aza- spi ro[ 3. 5] non- 2- yl et hyl ) -PCT/GB2008/002014
5-(1H i ndol - 4-y1) - 7-nor phol i n-4-yl thiazol o[ 5, 4-4pyrim

i di ne

/! Ne

.14

in which A is selected from:

(a)

®)

{©)

(@

a 4- to 7-membered saturated N-containing heterocyclic ring which
includes 0 or 1 additional heteroatoms selected from N, S and O, the ring

" being unsubstituted or substituted;

a 4-to T-membered saturated N-containing heterocyclic ring which
includes 0 or 1 additional heteroétoms selected from N, S and O, the ring
being fused to a second ring selected from a 4- to 7-membered saturated N-
containing heterocyclic ring as defined above, a 5-to 12-membered
unsaturated heterocyclic ring, a 5- to 7-membered saturated O-containing
heterocyclic ring, a 3- to 12- membered saturated carbocyclic ring and an
unsaturated 5- to 12-membered carbocyclic ring to form a heteropolycyclic
ring system, the heteropolycyclic ring system being unsubstituted or
substituted; '

a 4- to 7-membered saturated N-containing heterocyclic ring which
ineludes 0 or 1 additional heteroatoms selected from N, S and O and which
further comprises, linking two constituent atoms of the ring, a bridgehead
group selected from (CR’2)n- and «(CR’)-0-(CR";)s- wherein cach R’is
independently Hor C;—Cs alkyl, nis 1, 2 or 3, risGorlandsisQorl,
the remaining ring positions being unsubstituted or substituted; and

a group of formula (IIb):
{Nib)

wherein ring B is a 4- to 7-membered saturated N-containing heterocyclic
ring which includes 0 or 1 additional heteroatoms selected from N, S and O
and ring B’ is a 3- to 12- membered saturated carbocyclic ring, a 5- to 7-

membered saturated O-containing heterocyelic ring or a 4- to 7-membered



S 4 |/ NSN N e I - NHis .
2-(2,7-Di aza-spiro[ 3. 5] non- 2-yl net hyT) -
5-(6-fluoro-1Hindol-4-yl)-7-norpholind-yl-thiazolo[5
4-4§J_rim'dine 5 NoCDNNis NH
W0 20987828037 5. spi 1 of 3. 5] non- 2- yhnet hyl ) - PCT/GB2008/602014
5-(5-fluoro-1Hindol-4-yl)-7-noTphol i n4-34-thiazol o[5
, 4-4pyrim di ne

15
saturated N-containing heterocyclic ring as defined above, cach of B and B’
being unsubstituted or substituted;
or one of R! and rRz is C; — Cg alkyl and the other is & 4- to 7-membered saturated N-
containing heterocyclic ring as defined above or a Cy — Cg alkyl group which 1s
5 substituted by a 4- to 7-membered saturated N-containing heterocyclic ring group as
defined above;
mis0,lor2;
R?is H or C;-Cs alkyl; and
R* is an indole group which is unsubstituted or substituted;

10 or a pharmaceutically acceptable salt thereof.

The thiazole ring W in formula (I} adopts either of the two available regiochemical

orientations. Thus, in one embodiment the thiazolopyrimidine is of the following formula

(ia):
' [Oj _
N .

15
wherein R', R%, R’ R* and m are as defined above for formula (I).
In a second embodiment the thiazolopyrimidine is of the following formula

(Ib):



N7S 6 H- Nbe.rnon No L) N I NNHss

2-(3,8-D aza-bicyel 0[ 3. 2. 1] oct - 3-

yl met hyl ) -5-(1H i ndol-4-y1)-7-

nmor phol i n-4-yl -thiazol o[ 5,4-cipyrimdine \'S

WO 2008/152390 PCT/GB2008/002014
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: | N
R1
>N--——(C(R3)zrm——<
-
' s

wherein R', R%, R®, R* and m are as defined above for formuta (D).

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

following Table :
Table 1
Compounnd | Structure Name
No. _
1 ‘ G 5-(6-Fluoro-1H-indoi-4-yl)-2-
' [Nj (hexahydro-pyrrolo[3,4-clpyrrol-2-
ylmethyl}-7-morpholin-4-yl-thiazolo[4,5-
S \N e - . xr
= \H dlpyrnmidie
>aas
N ' F
H : _

5-(6-Fluoro-1H-indol-4-yl)-2-

2 , @ _
[ j (hexahydro-pyrrolo[3,4-c]pyrrol-2-
ylmethyl)-7-morpbolin-4-yi-thiazelo[ 5,4-

N = - T
./___(/:EL/N "\ dipyrimidine
=Aaat
N
H :




;
2.
5_
|

w0

N |
4-

irie NS

008/152390  Nj | N | NC</ s~ 1NH

N NHis
(4-Azetidin-1-yl -piperidin-1-34netleyl)~
(1H i ndol -4-y1) - 7- nor phol i n4-yl t hi azol o[ 5, 4-d] pyri m

WD 2008/ 152390PCT/ GB2008/ 002014 18 o
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PCT/GB2008/602014

O

2-(2,7-Diaza-spirof3.5]non-2-ylmethyl)-
5-(1H-indol-4-y1)-7-morpholin-4-yi-
thiazolo[5,4-d]pyrimidine

2-(2,7-Diaza-spiro[3.5non-2-ylmethyl}-
5-(6-fluoro-1 H-indoi-4-y1}-7-morpholm-
4-yl-thiazolo[5,4-dJpyrnmidine

2+2,7-Diaza-spiro{3.5]non-2-ylmethyl}-
5-(5-flucro-1H-indol-4-yl)-7-morpholin-
4-yl-thiazolo|[5,4-dpyrimidine

2-(3,8-Diaza-bicyclo[3.2.1}oct-3-
vimethyl)-5-(1 H-indol-4-yl)-7-
morpholin-4-yi-thiazolo{5,4-dJpyrimidine

N
© 2-(4-Azetidin-1-yl-piperidin- 1-yimethyl)-
[Nj 5-(1H-indol-4-yl)-7-morpholin-4-yl-

thiazolof 5,4-dJpyrimidine




NH 2-1(S)- 1- ( Hexahydro- pyrrolo[ 1, 2-
~ a] pyrazi n-2-yOret hy11-5-(11/-i ndol - 4-, )
y1) - 7-nor phol i n-4-yl -t hi azol o[ 54- cipyrimdine 9 o CN

)

N 2- (3, 5-Di net hyl - pi perazi n-1-yl net hyl )

-5-

WAREHEHD- 4-y1) - 7- nor phol i n-4-yl t hi azol o[ 5, 4 PET/5\pRH0§I002014
NISNNH -(N-411 H 10 0 C) ms
- 2-(2,7-Di aza-spiro[ 3. 5] non- 2-yl net hyl ) -
5-(6-fluoro-1Hindol-4-y1)-7-norpholind-yl-thiazolo[4
, 5-d] pyri mdine formate

di ne

NN§H N4O .

8 0 2-[(S)-1-(Hexahydro-pyrrolo[1,2-
' [Nj alpyrazin-2-ylymethyl]-5-(1H-indol-4-
N ' y1)-7-morpholin-4-yl-thiazolo[ 5,4~
4 f:NE %"\NH dlpyrimidine
(—N 5 N
”5 i
9 C 2-(3,5-Dimethyl-piperazin-1-yimethyl}-5-
) [N] (1H-indol-4-yl)-7-morpholin-4-yl-
. N thiazolo[5,4-d)pyrimidine
and IL,NI %-—FNH
—(—N . S N
N
10 o 2-(2,7-Diaza-spiro[3.5]non-2-yimethyl)-
[Nj 5-(6-fluoro-1 H-indol-4-y)-7-morpholin-
s ' | 4-yl-thiazolo[4,5~-d]pyrimidine formate
Vo jl\/!le :f NH
o F
i HkOH
11 - @ 5-(1 H-Indol-4-yl)-7-morpholin-4-yl-2-(4-
[N] morpholin-4-yl-piperidin-1-ylmethyl)-
s thiazolo[4,5-d]pyrimidine
4 %NH '
oy
o}
12 o 2-£3,3-Dimethylpiperazin-1 -ylmethyl)-5-
ENJ (5-fluoro-1 H-indol-4-yi)-7-morpholin-4-
ylthiazolo{4,5-d]pyrimidine
S SN =
4 %NH
(—N N N
N F :




11 o C) N s NC4AN c-

2-NNH (NI\ 0-1

5-(11/-1ndol-4-yl)-7-rnorpholin-4-yl-2-(4-
nmor phol i n- 4-yl - pi peri di n-1-yl net hyl ) -

thiazolo[4,5-dimairnidine 12 o C)
het hyl pi perazi n-1-yl net hyl ) - 5-

O eisas

N s
PCT/GB2008/002014

(5-fluoro-1Hindol-4-y1l)-7-norpholin-4-
yl thiazolo[4,5-d]pyrimdine NN CN O NH

13 © -5-(5-Fluoro-1H-indol-4-yl)-7-morpholin-
[N] 4-y}-2-(4-morpholin-4-ylpiperidin-1-
o ylmethyl)thiazolo{4,5-djpyrimidine
/_< :\")\/N — \H -~
N N N
) 0
(—N
o’
14 G 5-(1H-Indol-4-y1)-7-morpholin-4-yl-2-(4-
[Nj morpholin-4-ylpiperidin-1- -
yimethyl)thiazolo[4,5-dJpyrimidine
STSN ==
—4 %NH
(—N
o) .
15 © 5-{5-Fluoro-1H-indol-4-y1)-2-[(S)-1-
':Nj {hexahydro-pyrrolo[1,2-z]pyrazin-2- .
s yDmethylj-7-morpholin-4-ylthiazolo[4,5- -
4 f\,N NH d]pyrimidine
(—N NT™N
L
16 O 2-(4-Azetidin-1-ylpiperidin-1-ylmethyl)-
[Nj 5-(5-fluoro-1H-indol-4-yl}-7-
s morpholin-4-ylthiazolo[4,5-dJpyrimidine
e Vs |
ARY | . ,/J\/é\NH
F
N
D .
17 0 2-(4-Azetidin-1-ylpiperidin-1-ylmethyl)-
[N] 5-(1H-indol-4-yI}-7-morpholin-4-
ylthiazolo[4,5-dlpyrimidine
S SN =
4 f\/ NH
G
N
D R
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5- (5-Fl uoro- 1H i ndol-4-yl)-7-norpholind-yl-2-(4-norph

olin-4-yl pi peridni-1-
yl met hyl ) t hi azol o[ 4, 5-d] pyri rni di ne

- VB 008/1%3® () N s.

NH c- NNNO (- N\
PCT/GB2008/002014

20
18 g 2-(4-Cyclopropylmethylipiperazin-1-
[ j ylmethyl)-5-(5-fluoro-1H4-indol-4-yl)-7-
s | ‘ morpholin-4-ylthiazolo[4,5-d}pyrimidine
S :f,NI fﬂ NH '
N N N
N F
: .
, 19 ON {1-[5-(5-Fluoro-1H-indol-4-yI)-7-
[ j morpholin-4-ylthiazolo[4,5-d]pyrimidin-
S N 2-ylmethyljpiperidin-4-yl} dimethylamine
— f\,Nl f—— NH
:N N7 N
F
N
\ .
20 5 (1-15-(16-Tndol-4-yl)-7-morpholin-4-
[Nj ylthiazolo[4,5-d]pyrimidin-2-
. yimethyljpiperidin-4-yl} dimethylamine
S TN - 7
/_<\ :H/L, NH
oRR®
\ .
21 o 2-{4-[5-(5-Finoro-1H-indol-4-yl}-7-
E j morpholin-4-yl-thiazolo[4,5-d|pyrimidin-
. " 2-yimethyl]-piperazin-1-y1}-
-~ N — - -
— f\/ N 1sobutymmde
(—N N N
o S’ Ig
H N :
22 o 2-(4-Azetidin-1-ylpiperidin-1-ylmethyl)-

5-(5-fluoro-1H-indol-4-yl}-7-morpholin-

4-ylthiazolo[3,4-djpyrimidine




5- (1H I ndol-4-y1)-7-norpholin-4-yl-2-(4-

norphol i n-4-yl pi peri di n-1-

yl met hypt hi azol o[ 4, 5-d] pyri m di ne

e--N, \ 0-7 150 ( ) Ns

WO2808AK¢ 0- 1H i ndol-4-y1)-2-[(S)-1-

17--1 ¢ ) N N\H

PCT/GB20468/002014

(hexahydro-pyrrol o[ 1, 2- a] pyr azi n- 2-.
yOnret hy1} - 7- nor phol i n-4-yl thi azol o [ 4, 5-

dlpyrimciine i

N \\NNNH i o

23 o 5-(5-Fluoro-1H-indol-4-yl}-7-morpholin-
[ j | 4-yl-2-piperazin-1-ylmethylthiazolo[5,4-
Nf”\ dJpyrimidine
M SN =
(—-N/_<S IN ﬁmn
ﬁ‘) -
24 o 2-(4-Cyclopropylpiperazin-1-ylmethyl)-
: , [N] 5-(5-fluoro-1H-indol-4-yl}-7-morpholin-
S fN 4-ylthiazolo[5,4-d]pyrimidine
4 , —
(—-N/—{S N,,I\/Eg\mﬁ
P
25 © 2-{4-{5-(1H-Indol-4-yl)-7-morpholin-4-
. [Nj ylthiazolo[3,4-d}pyrimidin-2-
yimethyljpiperazin-1-yl} isobutyramide
NSy 7
< %NH
(—N 5 N
o S’
H,N
26 o , 2-{4-[5-(5-Fluoro-1 H-indol-4-y1)-7-
ENJ morpholin-4-ylthiazolo[ 5,4-dJpyrimidin-
N A 2-ylmethyl]jpiperazin-1-yl}isobutyramide
/__</ . E N _‘_NH 7 - | .
o
0 N—) F
BN
{1-[5-(1 H-Indo}-4-yl}-7-morpholin-4-

27

®

NSN =
oA

—N
\

ylthiazolo[5,4-d]pyrimidin-2- ‘
ylmethyljpiperidin-4-yl} dimethylamine




16 co Nr--(iNHNLiNc) O

2-(4-Azetidin-1-ylpi peridin-1-yl nethyl)-

5- (5-fluoro-1Hindol-4-yl)-7- :

nmor phol i n-4-yl t hi azol o[ 4, 5-4pyrimcline 17 o C) N

W80 2008/123¢4- Azet i di n- 1-yl pi peri di n-1 -yl met hyl )rCT/GB2008/002014
5-(1H i ndol-4-yl)-7-norpholin-4-

yl thi azol o[ 4,5-djpyrimdine NHNNio WO

2008/ 152390PCT/ GB2008/ 002014 20 18 o ( )

22 .
28 o 5-(1H-Indol-4-yl)-7-morpholin-4-y}-2-(4-
[ . j ' morpholin-4-ylpiperidin-1-
y i yimethyl)thiazolo[5,4-d]pyrimidine
~ Jlin ~ WH
ohRaE
.(_N
o’
29 C 5-(5-Flnoro-1H-indol-4-yl)-7-morpholin-
E j 4-yl-2-(4-morpholin-4-ylpiperidin-1-
N \ yimethyljthiazolo[5,4-d]pyrimidine
F ‘\.N —
X %NH
;N STTN
F
(—N
o/

and the pharmaceutically acceptable salts thereof,

A suitable synthetic strategy for producing a thiazolopyrimidine of formula ()
5  employs the precursor carboxaldehyde of formula (TIT):

()

(M)

AN TS
H/C ‘ N/}\

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

c \

performing, in either order, 4 reductive amination and a palladium-mediated (Suzuki-type)

~ cross-coupling reaction,
10 A compound of the invention may thus be produced by a process which comprises

treating a compound of formula (1II):



10

S . % 2- (4- Cycl opropy!l net hyl pi per azi n- 1-

ylmsthyl) 5- (5- f1 uor o- 1H i ndol-4-34)-7-

nor pholi n-4-ylthlazolo[4,5-a]lpyrimdine i1,NHi M
N-/Fmllir. r).N'----"Nti 19 0 C) Ns :
WQ2AYSHERH uor o- 1H- i ndol- 4-y1) - 7- PCT/GB2008/002014

nor phol i n-4-yl t hi azol o[ 4, 5- 4pyri m di n2-yl met hyl ] pi per
idin-4-ylldimethylamne NNH-N\ 20,0

23

@

(i)

wherein W is as defined above, with an amine of formula NHR"R* in which R'® and R* are
as defined above for R! and R? or R1® and R* are as defined above for R! and R? wherein an

N atom 1s present and is protected by an amine protecting group, in the presence of a suitable

* reducing agent; treating the resuitmg compound of formulia (TV):

e

W)

22
wherein W, R and R* are as defined above, with a boronic acid or ester thereof of formula
R*B(OR'), in which R* is 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; and, if R'® and/or R* includes an amine
protecting group, removing the protecting group. Amny suitable amine protecting groups may
be used in R'® and/or R*, for instance a butoxycarbonyl (BOC) group.

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

- treating a compound of formula (III):



.S {145- (1H | ndol- 4-y1) - 7- mor phohn-4-

yl t hi azol o[ 4, 5- ci]pyrinidin 2-

ylnethyl]plperldln yl) di met hyl ami ne NH NN110 21
N 2-

C) se....... 1.
v\{mza[ozyﬁ(zsaolzl uor o- 1H i ndol- 4- Y1) -7- PCT/GB2008/002014
mor phol i n-4-yl -t hi azol o[ 4, 5-dj pyri m di n2-yl methyl]-p
perazin-1-yll - isobutyramde | NNNNH a* F  ON H22.
22
24

)

wherein W is as defined above, with a boromic acid or ester thereof of formula R‘B(OR")
in which R* is as defined above and each R*® is H or C;-Cs alky}, or the two groups OR"
form, together with the boron atom to which they are attached, a pinacolaio boronate ester

5  group, in the presence of 2 Pd catalyst; treating the resulting compound of formula (V):

()

wherein W and R* are as defined above, with an amine of formuia NHR'"™R® in which R'"*

10  and R® are as defined above, in the presence of a suitable reducing agent; and, if R and/or
R* includes an amine protecting' group, removing the protecting group. In this embodiment
of the process the N atom of the indole group R* may, if necessary, be protected before the
compound of formula (V) is treated with the amine of formula NHR'“R* | for instance as
discussed further below and as shown in scheme 5 which follows. In that case the indole

415  protecting group is removed in a subsequent step. |
Both the reductive amination step and the Pd-mediated cross-coupling step take place
under conventional conditions. The palladium catalyst may be any that is typically used for
Suzuki-type cross-couplings, such as PAC1(PPhs),. The reducing agent in the amination step



-s,

10

0 C) NN 2-(4-Azetidin-1-yl pi peridin-1-yknet hyly
5-(5-fluoro-1Hindol-4-yl)-7-norPholin4-yithiazol o[ 5,
4-di pyri m di ne I Nj--NH ci SN4O c13,1 WO
20081152390PCT/ GB2008/ 002014 21 23 N____
V8O 2SIIZBWr 0- 1H- i ndol - 4- y1) - 7- nor phol i n4- y1- 2 FhT5dPR%002014
Rl-sl-yl nmet hyl t hi azol o[ 5,4- a]pyrimdine NH (M Sry40

H 24

25
is typically a borohydride, for instance NaBH(OACc);, NaBH; or NaCNBHj, in particular

NaBH(OAc)s.
A compound of formula (I} as defined above may be produced by a process which

comprises oxidizing a compound of formula (VI

.
S UPN

wherein W is as defined above under suitable conditions. The oxidation may be performed,
for instance, usin;g Se(, in dioxane.
A compound of formula (IIT) as defined above may also be produced by a process
which comprises treating a compound of formula (VII):
‘ [O
)

Vi

wherein W is as defined above, with a deprotonating agent and then with dimethylformamide
at -78°C rising to room temperature. A suitable deprotonating agent is a lithiating agent, for
instance an alkylhthmm such as n-butyllithium in the presence of trimethylethylenediamine in
THEF at -78°C.

15 A compound of formula (VI) or (VII) as defined above may be produced by a process

which comprises treating a compound of formula (VII):
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0 (Vi
NH
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o w4

wherein W is as defined aboveand R is Hor CHawith a chloﬂxmﬁng agent followed by
morpholine in a suitable solvent, for instance methanol at room temperature. A suitable
5 chlorinating agent is POCl; in PhNMe,. This reaction is suitably conducted at about 100°C.
A compound of formula (VIII) may be prepared by known methodologies or by
analogy with known methodologies. For instance, included within formula (VII[) are
compounds of the followmg formmulae (VIIIa) and (Vilb):

‘ (Vitla) (Viitb)
N N /Ko /&
H
10 These may be prepared, respectively, as shown in schemes 1 and 2 which foliow,

where they feature as synthetic intermediates.
A further compound of formula (VIII) has the following formula (VILc):
{vilic)

N
S N o
H
This compound may be prepared as described in the literature, for instance m M.
15 Sekiva, Y. Osaki Chem. Pharm. Bull., 1965, 13, 1319 ~1325; 8.]. Childress, R.L. McKee, /.
Am. Chem. Soc., 1952, 73, 3862 — 3864; and US patent 2933498.
An alternative synthetic strategy for producing a thiazolopyrimidine of formula (I)

entails attaching the group R* 1o the thiazolopyrimidine core by Suzuki coupling and then
protecting the indole N atom of the group R* prior to introduction of the —CHO moiety
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which is submitted to reductive amination. The process comprises oxidising a compound of

.

formula (IX):

(x)

in which W is as defined above and R* is 2 group R* as defined above in which the indole N
atom is protected, under suitable conditions. The indole N atom is protected by any suitable
protecting group, for instance a toluenesulphonyl group. The oxidation may be performed,

for instance, using SeO; in dioxane. This reaction yields a compound of the following

formula (X): .
[Oj
N .
(X}

0 \N
Yo

in which W and R* are as defined above. The compound of formula (X) is then subjected to
reductive amination by treatment with a compound NHR"™R* as defined above. Any
protecting groups are removed subsequently. This strategy is illustrated in scheme 5 which
foliows. '

‘ ’I'hiazoldpyrimidincs of formmia () may be converted into pharmaceutically
acceptable salts, and salts may be converted into the free compound, by conventional -
methods. Pharmaceutically acceptable salts include salts of inorganic acids such as

hydrochloric acid, hydrobromic acid and sulfuric acid, and salts of organic acids such as
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acetic acid, oxalic acid, malic acid, methanesulfonic acid, trifluoroacetic acid, benzoic acid,
citric acid and tartaric acid. In the case of compounds of the invention bearing a free carboxy
substituent, the salts include both the above-mentioned acid 'addition salts and the salis of -
sodium, potassium, calcium and ammonium. The latter are prepared by treating the free

thiazolopyrimidine of formula (I), or an acid addition salt thereof, with the corresponding

metal base or ammoma.
Compounds of the present invention have been found in biological tests to be

inhibitors of PI3 kinase. The compounds are selective for the p1108 isoform, which is a class
Ia PI3 kinase, over other class Ia PI3 kinases. They are thus selective for the p1108 isoform
over both the p110a isoform and the p110p isoform. In parﬁculér they are selective for p1103
over pl10B. The compounds are also selective for the p1106 isoform over p110y, which isa
class Ib kinase. | '

The selectivity exhibited by compounds of the invention for p110d over other
isoforms of PI3 kinase is at least 2-fold. Typically the selectivity is 5-fold, or 10-fold, or 20-
fold, or 50-fold, rising to 100-fold or higher in many cases. Thus the compounds may be 2-

fold, 5-fold, 10-fold, 20-fold, 50-fold or 100-fold selective for p1 108 over p110B. They may

also be 2-fold, S—fbld, 10-fold, 20-fold, 50-fold or 100-fold selective for p1105 over pl 10 or
over p110y . '

A compound of the f:rcsent invention may be used as an inhibitor of PI3 kinase, in
particular of a class Ia PI3 kinase. Accordingly, a compound of the present invention can be
used to treat a disease or disorder arising from abnormal cell growth, fimction or behaviour
associated with P13 kinase, in particular the p1106 isoform of P13 kinase. Examples of such
diseases and disorders are discussed by Drees ef al in Expert Opin. Ther. Patents (2004)
14(5):703 - 732. These include proliferative disorders such as cancer, immune disorders,
cardiovascular disease, viral infection, inflamnmation, metabolism/endocrine disorders and
neurological disorders. Examples of metabolism/endocrine disorders include diabetes and
obesity. Examples of cancers which the present compounds can be used to treat include
leukaemia, brain tumours, renal cancer, gastric cancer and cancer of the skin, biadder, breast,
uterus, lung, colon, prostate, ovary and pancreas.

A compound of the present invention may be used as an inhibitor of PI3 kinase. A

human or animal patient suffering from a disease or disorder arising from abnormal cell
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growth, function or behaviour associated with PI3 kinasé, in particular with the p1106
isoform of PI3 kinase such as an 'mmune disorder, cardiovascular disease, viral mfection,
mflammation, a metabolism/endocrine disorder or a neurological disorder, may thus be
treated by a method comim'sing the administration thereto of a compound of the present
invention as defined above. A human or animal patient suffering from cancer may also 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. _

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, liquid solutions or suspensions or parenterally, for example intramuscularly,
intravenously or subcutaneously. The compound may tﬁerefore be given by injection or
infusion. | '

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

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

A) Orally, for example, as tablets, coated tablets, dragees, troches, lozenges, aqueous

Cor oily suspensions, liquid solutions, dispersible powders or granules, emulsions, hard or soft

capsules, or syrups or elixirs. Compositions intended for oral use may be prepared according
to any method known in the art for the manufacture of pharmaceutical compositions and such

compositions may contain one or more agents selected from the group consisting of



10

15

20

25

30

cN.) ts Ni NH (14\ 0-1 and the

phar maceutical ly acceptabl e salts thereof

A suitable synthetic strategy for producing a

t hi azol opyri.m di ne of formula (1) 5 enploys the

YOO 15390 car boxal dehyde of fornula (111): wRGFEER2009/002014

is as defined above. Starting fromthis precursor the

synthesis conprises performng, in either order, a

reductive am nation and a pal | adi um nedi at ed

(Suzuki -type) cross-coupling0reaction. 10A conpound

of the invention may thus bhe produced by a process
SWeRIFPEN 28R Apvasing pgenls, fejo an%%ﬁﬁ%ﬁaﬁ%de RS BRABSRtY HOgier o

provide pharmaceutically elegant and palatable preparations.

Tablets contain the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipiénts which are suitable for the manufacture of tablets. These excipients may
be for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, dextrose,
saccharose, cellulose, comn starch, potato starch, calcium phosphate or sodium ph;)sphate;
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 tale; effervescing
mixtures; dyestuffs, sweeteners, wetting agents such as lecithin, polysorbates or lauryl
sulphate. The tablcté may be uncoated or they may be coated by known techniques to delay
disintegration and adsorption in the gastrointestinal tract and thereby provide a sustained
action over a longer period. For example, a time delay material such as glyceryl monostearate
or glyceryl distearate may be employed. Such preparatians.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 cépsules wherein the
active ingredient ;Zs mixed with an inert solid diluent, for example, calcium carbonate, calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is present as

such, or mixed with water or an oil medium, for example, peanut oil, iquid parafﬁn, or olive

oil.

Aqueous suspensions contain the active materials in admixture with excipients
suitable for the manufacture of agueous suspensions. Such excipients are suspending agenis,
for example, sodium carboxymethylcellulose, methylcellulose, hydroxypropylmethyl-
cellulose, sodium alginate, polyvinylpyrrolidone gum tragacanth and gum acacia; dispersing

or wétting agents may be naturally-océurring phosphatides, for example lecithin, or

condensation products of an alkylene oxide with fatty acids, for example polyoxyethylene

stearate, or condensation products of ethylene oxide with long chain aliphatic alcohols, for
cxarﬁple heptadecaethyleneoxyecetanol, or condensation products of ethylene oxide with
partia! esters derived from fatty acids and a hexiiol such as polyoxyethylene sorbitol

monooleate, or condensation products of ethylene oxide with partial esters dertved from fatty

acids and hexitol anhydrides for example polyoxyethylene sorbitan monooleate.
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-.la and R2 a are wherein Wis as defi ned above, with

an am ne of forrmula NBRI aR2a which K as defined

above for Rl and R2 or RV and R2a are as defined .
WEHBFEHPOR1 and R2 wherein an N atomis preS&TYCRAGEp/002014
is protected by an am ne protecting group, in the
presence of a suitable 5 reducing agent; treating the
resul ting conpound of forrmula (W: wherein W RI'

and R2a are as defined abovél with a boronic acid or

ester thereof of fornmula R4 B(OR15)2 in which R4 i
ﬁ&seﬂéaumwmonéw SOREIn|g h BT ‘E‘irec%esﬁ’fvﬁ??’eso’?‘“

cxainbe EE @ GBSy Fx9bdzoAtOIRE B dolbutiRe a RP¥ORuch as sucrose
atomto which they are attached, a pinacolato 10
or spRshefite ester group, in the presence of a Pd

C at@ﬂ Sbpenbf magfbe R B W F%&h@&% APreBiZh ayvegetable

_prot ct|n group, renoving the protecting group.
oil, &ngickarhple aramnn elhmlo*e @t sesgnepiberpceny ober usentnanl Rilguch as
I hstance a arbon (
hqugfpp%ﬂagﬁn. R%ﬁ‘e 015 em18ﬁsn Ay ?or?am %ra )tf fB oF e)?an'g)ie beeswax,
hardqimfﬁﬁeﬂcdﬁyl aa:ohﬁlocess whi ch conpr | ses t reating a

ound of. fornu in Wis as
D RAag e, Gitp s ot e frth by 260 DRGREPE grafapRy be added

to pﬁﬁ/:d@@ﬁﬁl&@lﬂcﬂﬂ-ﬂ( nl Th¥RiceRpSdtidns m’sﬁz be pldsBQEd BPBYEaddition
and each R15 is Cl- C6 al ky I e two groups
of agputmxidgptHuch é?g@@cnéw amdt H)lfﬂ‘i’e‘ﬂﬁé p@\ﬁdea% Hith af@w.seﬁabﬂm@y

prepfifofbl Batous BulpiRREL 40 B RHGNB ol Hh A Al A inghBint in
admixturp wuth@ defpefsorgrom weetting)agent( a/;uspovﬁdmgagmt\andmmb R4nace

presgrva \A%F Lﬁm%b%bcgspetsmvg &erei!hng agerr&g oc{ sufsgern lg%gewllts-r aF\r)Ie %Jlsezlgphﬁ d

by those already mentioned above. Additional excipients, for example sweetening, flavouring
and colouring agents, may also be present.

The pharmaceutical compositions of the invention may also be in the formm of oil-in-
water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oils,
or a mineral oil, for example liquid paraffin or mixtures of these. Suitable emulsifying agents
may be naturally-occurring gums, for example gum acacia or gum tragécanth, naturally
occuring phosphatidés, for example soy bean lecithin, and esters or partial es;fers derived from
fatty acids an hexitol anhydrides, for example sorbitan mono-oleate, and condensation
producfs of the said partial esters with ethylene oxide, for exemple polyoxyethyléne sorbitan
monooleate. The emuision may also contain sweetening and flavouring agents. Syrups and
elixirs may be formulated with sweetening agents, for example glycerol, sorbitol or sucrose.
In particular a syrup for diabetic patients can contain as carriers only products, for example
sorbitol, which de 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 subcntaneously, or intravenously, or intramuscularly, or
mntrasternally, or by infusion techniques, in the form of sterile injectable aqueous or

oleaginous suspensions. This suspension may be formulated according to the known art using
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to and 12.22 are as defined above, in the presence of
a suitable reducing agent; and, if ‘Rla and/or R2a .
i ncl udes an am ne protecting group, renoving the
~ protecting group._In this enbodi nent of the process
Wwheoaw1aeim of the indole group R4 may, if necRESHGEBPPS/002014
be protected before the conmpound of formula (V) is
treated with the amne of fornmula NHRIaR , for
"instance as discussed further below and as shown in
schene 5 which follows. In ghat case the indole 4 5
protecting group i's renoved in a subsequent step.
thosBatitmblicdispeathgatiiwettingragmats puhsuspeadingrgentthwhiol heveibegn arpntioned

crqoss-coupl i ng. step take pl ace, under.. co [
o gty S Clen SR el f by 356 b A SRR S Slfln or
suspefibicil d nonUsHE phteinatbitacteptably @luat osivaat fbi axgsiplestsalsolution

. .as PdClZﬁPPhS)Z. The reduci ng agent in the am nation
in 1gehygpnedipli 5 typical ly a borohydride, for instance

Na Bl did il eaccifdbidvéic1afaiiBbidenth thapiiy besthpioyed are water, Ringer's
NaBH( OAc) 3 A 'conpound of fornula (111) as_defined
solufipiensl Ineignip sodiyrs ghleade sjutiony fp agdidon, fedls. BetRisars

on By M GO OMIG L RS . 5 409600

fixed wil dayibe empwyedmcivding eymtbelic thono- ondighnerades.u i alglitgmgatty acids
in di.oxane. . A conpound of forr 11) as defined
sueti i el g 85 TR IR Httren RS Bicebs whi oh
CO QY BlySEfldibe,ah itfofin 6DMpessichr ablufiansud web@Ndeks.
D) Rectally, in the form of suppositories prepared by mixing the drug with a suitable
non-irritating excipient which is solid at ordmary temperature but liquid at the rectal

temperature and will therefore melt in the rectum to reiease the drug. Such materials are

cocoa butter and poly-ethylene glycols.

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

suspensions.

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

EXAMPLES

General Synthetic Procedure

The following general schemes 1 to 6 iHustrate routes to compounds of formula (I).
Schemes 7 and 8 illustrate routes to interrediates used in the synthesis of compounds of

formula (D).

Schemel |
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deprotonating agent and then w th dinmethyl f ormam de
at -78C rising to roomtenperature. A sui tabl e
depr ot onat i ng agent is a lithiating agent,
WH2WEAE*GNn al kyl.lithium such as n-butyllit hF’GE‘Hqﬁ%"OM}UzOM
the presence of timethylethyhenedianne in THE at
-78C. 15A conpound of fornula (VI) or (VII) as
defi ned above nmay be produced by a process mhich
conpri.ses treating a conpound of fornula (VBI) WO
2008/ 152390PCT/ tO(I2014 B~ SRer efin W i ss COzEt
Etg@erQ-_eg{ above any H'or‘éﬁ&% h a chi o‘gﬁ
agent ol | owed by n%r phol ine in a Suitable so ve'f’ﬁ
for i nstance met hanol at roomtenperature. A's |tabl e
orl nating agent is POC1l3in PINMe2. This r Wt on
|tably condugt ed at about 1Q0C. A conpound of
foraul a II) be prgpar eq no met hedokogi es
:@m (“E)\('L) cvmgiwet—h@d |9|\£_il e-sm?—)F 4 nist ance,
d W|th|H Ia (V11 a ‘éorrpounds”of”th%'
fol |l owi ng forrrulae (Villa) andpi(’elll A
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® IR )
oSS ) rf I > S A _
OHNINL;LCI T R1- /_<\ f\)\ R1—N/_<\N:\|ij\é\””

| b): 07 "NH,

(xn) R2
R

Conditions: (i) thicacetamide, toluene, 111 °C. (ii) TsCl, Et;N. (iii) BnNH,, dioxane, 80 °C. (iv) CISO,NCO,
CH,Cl,, -78 °C. (v) 6 N HCL, 100 °C 2 h. (vi) NaOMe, MeOH, 67 °C. (vii} BBrs, xylene, 150 °C. (viii) POCl,
DMA, 150 °C. (ix) morpholine, MeOH, RT. (x) Se0,, dioxane, 80 °C. (xi) RIR2NH, DCE, Na(AcO);BH,
AcQH, (xii) Dioxane ~ water, Cs,CO;. Pd (PPh3)s, 120 °C, microwave.

Scheme 1A

o) 0
S;I)Loa o (D) : f‘\
_— . ( ot _*7
. s<}\' ’ OH OTf ° _<\ /J%

N

l {iii}

0
S~"“NH
—4& |
N E{AO

Conditions: (i} CH,Cl, BN, TH0, -78 °C—RT. (ii) Dioxane, Cs,CO;, Xantphos, Pd;(dba)s, 60 °C, 18 b (iii)
xylene, BBrs, 120 °C-+170 °C, 1 k.

Scheme 2



10These may be prepared, respectively, as shown in
schenmes 1 and 2 which follow, where they feature as
synthetic internmediates. A further conpound of

formula (VDT) has the follow ng fornmula (VBE 2:

WO PWBHSHHThi s compound may be prepared as ded&H/QE§08/002014
inthe literature, for instagce in M 15 Sekiya, Y.

(kaki Chem Pharm Bull., 1965, 13, 1319 - 1325; S.J.
Childress, RL_ MKee, J. Am Chem Soc., 1952, 73,
3862- 3864; and US patent 2933498. An

alternative synthetic Q&rategy for produddig a
hdMnvazebgpyri i dine ® nmul &, @#)) ent an t achi ng
the group Réto the thiazol opyrni dim€ dore Qy Suzuki
coupt¥ ng and then pPot®efing the indol® NYagorh of the
group R4, prior to introduction of the - noi ety
WO 2008/ 152390PCT/ GB2008/ 002014 27 whi chl{h,s; submtted

ive am nation. Jhe process conpkKises

a conpound of| fgrmula (1X): (IX) RA8 in
is as defined abpve and R4a is a grpup R4 as
@bove ®h whi i nd8F &N 5at "S NH
prdt etted, umder sui€abl e jconditions. T 'nd@be N
Qat ofh | & pEbt ect ed by |nyNsUEt abl e protecting gfoup,
for(vﬁ'ggst ance a tol uenesul phonyl group. The oxidation
may per f or med, i nstance, using Se02 in
di oxaneo. Thi s reaction yields a conp of the
foll ox{n@ formula®e®X): (X) 0,' NHC
N

N
R h N
N = N =N —
N
1 —N‘ S N ci . {ix) R1-N 8 N
R2 R2
. R

Conditions: (i) Lawesson’s reagent, toluene, 111 °C. (i) CISO;NCO, CH,Cl,, ~78 °C. (iii) 6 N HCL, 100 °C 2 h.
(iv) 2 N NaOH, iPrOH, 80 °C 2 h. (v) POCl;, PhNMe,, 100 °C, 4 b {vi) morphotine, MeOH, RT. (vii) oxidation
(visi) RIRZNH, DCE, Na(AcO);BH, AcOH. (ix) Dioxane — water, Cs;CO;3. Pd (PPhs)s, 120 °C, microwave.

R

Scheme 3
: QO
8] O [ j
S OMB (!) - (iii) S NH ﬁ\f) - N
‘e, 0SS e oy
! NH, ﬁ e \N N/)}\C]
l {vi)-(viii)

o

_ M o}
» X0
| R S N
Ri-N N7\ NH S S Itl\
R2 - (ix) RI-N N N cl
R R2

Conditions: (i) CISO,;NCO, CH,Cly, -78 °C. (i) 6 N HCL 100 °C 2 b. (i) 2 N NaOH, MeOR, 100 °C 2 k. (iv}
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10 in which Wand R42 are as defined above. The
conpound of formula (X) is then subjected to
reductive am nation by treatnent with a conpound
R2a as defined above. Any protecting gr gl re
VV‘é?‘%0\’74@':%123’%ubsequent ly. This strategy is illust F%? 0Q8po2014
schene 5 which follows. 15Thsazol opyri m di nes of
formula (1) may be converted into pharmaceutically
acceptable salts, .and salts may be converted into the
free conpound, by conventi ona
POCH G oMV MO BB LIS B T TGRS i —RT. 0
RIRINIDDQE Nh(@.cOeRH] .cGHqR) G CR YD, 0@l PAE.(BRY) 6 microwave, 120 °C.
hydr obrom c acid and sulfuric acid, and salts of
organi c acids such as 28 acetic acid, oxalic acid,
mal i ¢ acid, nethanesul fonic acid, trifluoroacetic
Schem@idl, benzoic acid, citric acid and tartaric acid. In
t he case of conpounds of the invention bearing a free
car boxy substituent, the salts gf%gude both the . j
f

alpove- nenti oned |d addition s and the salts
/ odﬁunl ﬂbtaswu y cal cimm and anponi umgThe Iatter
@repared tghatlng the g: t hi azgi™op jﬁlji
oF formula (1), & &h acid ad ﬁjL§alt t her o 5 ¢

wWith the correspondi ng netal base or anmmoni a.
Conpounds of the present inventio ve been foundwj n
bi ol ogical tests to be inhibitors @ &Pl 3 |cinase. |The

conpounds are selecti or the pll D5 i sof orm which

is aclass la P13 |CIE§ over Ookf el ass | a PlS[ ]

ki nases. They are thus NSel ecti ve_f of Bhe 1) 1108

i soform 10 over leggﬂﬁﬁqpl Oa isofgymand the

p11013 i sof or m,_\A Nfhey are sel ectve, )\

pl1108 over pl 101@& The ¢ unds are aIsoFgeﬁ?cflvﬁ o

for the pl1108 isoform over pll0y, which is a ass |Ib

ki nase. The sel ectivity exhi bited by conmpounds of the

i nvention for pl108 over other isoforns of P13 kin
Condifigps:4 ﬁP@%a&q%é@$wwﬁmmwvﬁ#EéPF¢miﬁ%isEMEE%{U?ﬁﬁgqémdDMF'”
*C— i PR k2NBDA)NEALE);BID A G ¢vi) THLEN0HM, NoOOS 0410 RY,),, microwave, 120
o rising to 100-fold or higher in many cases. Thus the

" conpounds may be 2- fold, 5-fold, 10-fold, 20-fold,

50-fold or 100-fold selective for 0103 over pl100.
- They may al so be 2-fold, 5-fold, 10-fold, 20-fold,

Schem@5f ol d or 100-fold selective for pl105 over pll0a or

over pl 10y . A conpound of the present invention may
be used as an inhibitor of P13 |dnase, in 20
parti cul f a class la P13 kinase. Accordingly, a
ngfund f.othe prese ®y nvention can be u to
t a di Sease or dlzgj er arising from ahnarma
ce gro unctl or behavi our associatgd with
;Lotlgg L Hpp ul ,P11@8 i sof
anmpl es o €4sés and €
dlscussed y Drees et al i pert Opin. Then ﬂg;
(2004) 14(5):703 - 732. THese include proliferative
di sorders such as cancer, inmmne disorders,lma
25car di ovascul ar disease, viral infection,
i nfl ammati on, netabgLéFniendocrine disordeT%> nd
neur ol ogi cal disord Exanpl es of :?
met abol i snf endocr iyne idi sorders include dlabé{es and
obesity. Exanphes€O| nc F gy WaivE ! t hE s
conpQunds cdri—he $5€ eat “incl udg’ | 2, NTS
brain tunmours, Fenal ca , gastric cancer and
cancer of the skin, blafder, breast, uterus, | u®ig,
colon, prostate, ovary and pancreas.
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30A conpound of the present invention may be used as
an inhibitor of PI3 Idnase. A human or aninmal patient
suffering froma di sease or disorder arising.from
abnormal cell 29 growth, function or behavi our
VWOIHBIABEY with PI3 kinase, in particular w tB¢THE0§3{002014
108 i sof orm of P13 ki nase su as an i nmune di sorder
cardi ovascul ar di sease, viral infection,
i nfl ammati on, a netabolism endocrine disorder or a
neur ol ogi cal disorder, may thus be treated by a
ConttiBdnk) @il di e, O Sisips M@ Padmirbwivy, 820G iTHE NaloIs6} (i) SeO,, dioxane,
100 SOMNIRATL beENGROESRNOR. b1isai. oiis asodatbnad above.
A hurman or aninmal patient suffering fromcancer may
al so be treated by a nmethod conprising the
adm nistration thereto of a conpound of the present
Schemyént i on as defined above. The condition of the
patient may thereby be inproved or aneliorated. A
conmpound of the present invention can be adm ni stered
in a variety of dosage 10 forns, for exanple orally
- such as in the formof tablets, capsules, sugar- or
filwrcoat@dNﬂhpﬁets, l'i quid solutions or suspensions _
parenterdl | ¥, for exgnple intramuscul arl §'
avenou8l Wl o subcutagedusly. {he conpouns
re Dé_given by ecti onor 10Nfusi
2depen8 on aRvarvetiOopf factors i Lt he
age, weight and condition of /5 the patient and the
route of adm nistration. Daily dosages can vary
wthin wide limts and will be adjusted to tjha
i ndi vi dual requiregen in each particul ar se.
Typi cal |y, homever??fki dosage adopted for €ach nute
of adm ni stration whe d 4~ _adm ni gt er ed

Bth,-&0 ngy/ kg] nos

commonly in the ran . ng/ kg oty
wei ght, for instanclk 0l1”to 1 / kg. Such Eh?age
may be given, forRex npl%, fronp? 20 to5 i nes
daily. For intravenous injection a suitable daily

CondIRSLG) 1556, AW @) 9083, DRF DMK /8k & TAahY * Wk GRIMeOH-THF Raney® Nickel,

G ogs (BT e s drs £ 20 ngt e dosage

or according to a divided dose schedule. A conpound
hofe%he invention is fornulated for use as a

§94%%3Tnaceutical or veterinary conpositionﬂ@hgo

F. cegpki Si ng @ phar né ieal |y or veferinari
able—@&ﬂier mnt. ZM corrpoo 3
afe Q&pically prepare foﬁkﬁyﬁng convent i onal zrefhods
BS

and are adm nistered in a pharmaceutically or ;

veterinarily suitable form The conpound n%y be . .
Conditighsi i} THeel 0 % Gy TRSGh R SndPe {2 FRRLS fFEDAn dHE ¢k 2 b (D)
BOBS, Ter I7owss-10 °C, 15 miR)ivX.aMIHGL (78%)3 sepsanpl e, as tabl ets,

coated tablets, drapes, troches, |ozenges, aqueous or

oi |y suspensions, liquid solutions, dispersible

powders or granul es, enulsions, hard or soft 30
Sches@ygsul es, or syrups or elixirs. Conpositions intended

for oral use may be prepared according to any nethod

knowr in the art for the manufacture of

phar mpceut i cal conpositionﬁiﬁﬂd such conpositionséﬁ%ﬁ
sel
N

co n one or nore agents ected - fromthe grou
gon i sting onn WO 200851.5239BPCT/ GB20Q8/ 002014 30
Ph New oy o) Q

N N B
— — "<L_< . ) N
(i) | () —

ST N el s N¢ka H S N)“m



sweet eni ng agents, flavouring agents, colouring
=~ agents and preserving agents in order to provide
pharmaceutically el egant and pal at abl e preparati ons.
Tablets contain the active ingredient in adm xture:
WP 32 oxi ¢ pharmaceutical Iy acceptabl e exX&r{fiRaf¢sQ02014
which are suitable for the manufacture of tablets.
These excipients may 5be for exanple, inert diluents,
such as cal ci um carbonate, sodium carbonate, | actose,
dextrose, saccharose, cellulose, corn starch, potato_
Condstjopy: §hTHE AMEPAwABPHoT atlé ™6t (8 SEFHIN TrEIRA AR 2 sieps). (i) toluens,
pTsCR, Ut ak h.Ng) BIFICHICE) MO ERICAT HIy, FIgaB2s;; 2 kegs). exanpl e,
mai ze starch, alginic acid, alginates or sodium
starch glycol ate; binding agents, for exanple starch,
Séhgel?tin or acaci a; iubricating agents, for exanple
ca, magnesium or calcium stearate, stearic acid
or talc; effervescing 10 m xtures; dyestuffs,

sweet eners, wetting agents such as |ecithin, ]}j(
e. _pol ysorbates or |auryomul phate. The tablets may be.o
t e@-6f thé \pe ceated by khown teghni ques §t o
g€y disintegr and‘ad?brptﬂézﬂ?ﬁthe——* F A
gastrointestinal traget and thereby ofide a N

sustai ned action over a |longer period. For exanple, a
Condltib¥E) @ﬁ«lfavmx?é €1, [i§4095440R0RS100 by T (il MITBNASDS 85°81 18 hqf)

e [ y Qye -
oGt ke a2 RLEH T (PRERPAG OS2 g pinscar v,
E6:N, fpigrmer PA(OpAgk, bistezainbaDibgspiipmhiirkstyL $0%: ¥geit-gr anul at i ng,

tabl eti ng, sugar coating or filmcoating processes.
Formul ati ons for oral use nay al so be presented as

Schel2 1@ g€l atin capsules wherein the active ingredient
I's mxed wwth an inert solid diluent, for exanple,

cal ci um ¢ar bonat e giun1pho$@ha MHoc Kaolin, Qn §§\NH
ﬁﬁ?shg | ap%grqgkmh@9gin & racth ve i ABiredi ént
HN-s-pr esent ag& §U§h, or mixed Wth water or &h I\“J
- medium for ex |l e, peanut oil, liquid paraffin, or
Condi@bris\(§ NEON, acetone-H,0, AGUED UB DMSSICIS!, HRS, 40 0Nt (&) AICt e,
active materials in adm xture with excipients
sui table for the manufacture of aqueous suspensions.
Such excipients are suspendi ng agents, for exanpl e,
Sches@diium car boxynet hyl cel | ul ose, met hyl cel | ul ose,
hydr oxypr opyhnet hyl - 25 cel | ul ose, sodi um al gi nat e,
pol yvi nyl pyrrotidone gumtrag nth and gumacacia;,:7
N

dis ong orfdwetti ng agents be ()

Fag§E§?|Y'GECUTTTﬁQ phosghat] des, fUr*exaﬂpIeHé;;j/

®Cir+hin, or condensatBeW-products of an al ky

oxide with fatty acids, for exanple pol yoxyet hyl ene
Condifidn® & BLIS azefiine OQOlRNBE] ISR RP ) IBELLCR,Mf et hyl ene oxi de

with long chain aliphatic alcohols, for exanple

hept adecaet hyl eneoxycet anol, or condensation products

of ethylene oxide with 30 partial esters derived from
Gene 5:a hexitol such as pol yoxyet hyl ene

sorbitol nonool eate, or condensation products of

et hyl ene oxide with partial esters derived fromfatty
NMR gpéctosapd hexi t ol anhydri des for exanple '

p xyet hyl ene sorbita t T

D R R 8Pl 2 TalTBP O oS g0 heotrometer Wil o 5 mon
invergaldefetivadripleassonfmte peotargpeafing bl y00MIz or-garopgker Avance DRX

- hydr oxybenzoat e, one, or .nore, col ouri ents, such
400 shestibTReien WEk 4,5 RRGRYFET I 0BT IRl SRRARI O DT eraling at 400
MHz bPéi Balker A Pince BPpessh Hocttdiet @Gty £sthiif E$th@Mual feq@ency

vegetabl e 50il, for exanple arachis oil, olive oil

sesane oil or coconut oil, or in a mneral oil such

as liquid paraffin. The oily suspensions may contain

a thickening agent, for exanple beeswax, hard

paraffin or cetyl alcohol. Sweet eni ng agent s,

such as those set forth above, and fl avouring agents
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10 of an antioxidant such as ascorbic acid.
Di spersi bl e powders and granulfes suitable for
preparation of an agueous suspension by the addition
of water provide the active ingredient in adm xture
WP #8458 per si ng or wetting agent, a sus pen&cﬁﬁ;32°08’002“14
agent and one or nore preseryatives. Suitable
di spersing or wetting agents and suspendi ng agents
are exenplified by those already nmentioned above.
Addi ti onal excipients, for exanple sweetening,

protfel cpeating mRODMERN Ehifed apigivergingpentelafivermyteminsehyis lane.
present. The pharmaceutical conpositions of the
invention may also be in the formof oil-inwater

Purf@iobhl BNS i @r&hiygapmse may be a vegetable oil, for
exanpl e olive_oil or arachis oil er.a

0
f ofompanRsis@urifigfl PR FrPRA §opiatriBre s afics el or
Isohﬁé@tc%kﬁﬁlu?gemeﬁfséﬁ@ BErRGE RHdingBYitBadients from 100-0 to 0-100 % of

nat ur y-occurring guirs, for exanple gum acacia or
cyclgmmqfa@%am fiom dagﬁﬁgmlﬁﬂ 2’@9@@@%'? 14 phEepHAPi e/ 0-30 %
e(ﬁzﬁl Br \%gﬂ quf omr}fl x@@l BaCI Oalnid) ®§ii1@‘{ %eil%fe?s?tﬁtsi]ﬁ:la gel for

ers erive S
cmoamtq@hrphgl,e(sos 5t010.05R anp l(zaoao AB0 nash)rﬁogdﬂdtwﬂice,gehﬂa, and an

cqndensat i.o r of. th sai, d -\
s R pBG CLRPaEEn TP LRAAP S Ry SUYEr RyRemaTRat Bl
chrofRRREApEA (ELC) e besrulsed, @nefeaytoan&e gelﬁﬂ’ﬂ(aus’in§m§ appiogly 3 % 6

and flavourlng agents. t% ups and E|JXIF§§ F Fluk
cm silise g en dumypimn fal Rlaesw ﬂgﬂ@%’ﬁ?@ infigptog, g%%é ¢.g. rluka
607ﬂ%ycerol sorbitol or sucrose. 25 In particular a

rup for diabetic patients can contain as carriers
only products for exanple sorbitol, which do not

. tab se t e or which only netabolise a very
Fw”sﬁ%?? ﬁ%%ﬁ?g?g igiose Such fornmul ati ons nay

al Eompenida pmﬁemmmmnvﬁ HP1SY weepvrified/esingriCl 8-reverse-phase
b1 508 30 BB gD o3 RBlF PR P bt 0.

254 i} AIGWYSIG UhBEdiY), o PhentFHeky kathrin, (230 x byz mm {14 @emini column
technlques in the form_of s%;@mge in gﬁt | e a{gueous.th

with §rurp partigie Ss6U ¥ Glsehiam 430 o

gradicfis B2l ®do #CE QL fiog V\ta%rﬁab&oﬂﬁ&ﬂ%r aﬁt&moag:onmmg 0.1 % TFA
20081152390PCT1GB20081002014 32 those suitabl e

or waterigsetositrilg containing (. hip fageistasidabe &%Fs&?é%&'ﬁh’@b%t%% partifioning

-betw@é}x ]gtla)AQba%ﬁg atégte B dfgg(ﬁQma&?a\fﬁo *Egh'?héc;ﬂgﬁxhé ﬁyer was dried

I'njecta preparati on ma Pe a steril
(M @4) ecd ahicemmédutz |vmooA1tsru3M|thfrﬁqerbaae W@rilmﬁ?d:by passing

LTS ST S

acceptable vehi cl es and sol vents that may be enpl oyed

are water, Ringer's solution and isotonic sodium
MicrempigrRede#’as) ution. In addition, sterile, fixed oils

angi cAPKR ARy w B R kL% E @uﬁﬁsm’?g StBENERrsoRhl Chemistry Smith

suspendi ng nmedi um For this purpose any bl and fixed

Synﬂmsisem;a Rietagariplitaerd™ widthuuien g singiernede resonpighandfynamic field
tumng b%ﬁ § fazgff %welr r(?cﬂ.lq{b'iﬁ Qnd 83406l AShSrRARE R @R 4@'2@0“(3 c):an be

e pr paration of “I'njectables.
achieByd ardhabstiennf g 1o A0har dhoberakheker osol s or sol uti ons
for nebulizers. - D) Rectally, in the form of
suppositories prepared by m xing the drug with a

All seﬁu%ﬂtﬁﬁld&o?@ﬁbrdnﬁifﬂeig’thtsg@sreuﬁldms gfﬁblvw |h Nhlubmeffclajﬁyavaﬂable
ordil nary terrper ature ul at the rect
reagefiSFRASI AUV &° RFFRARA RFOOrHBE &Y QPeediEs deshbedi ‘ﬁ%%tﬁ{?mf?-o

rel ease the drug. Such materials are cocoa butter and
pol y-et hyl ene glycols. 15E) Topically, in the form of
creans, ointnents, jellies, collyriuns, solutions or

suspensions. The invention will be further described

in the Exanpl es which follow
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EXAMPLES 20 General Synthetic Procedure The follow ng
general schenes 1 to 6 illustrate routes to conpounds
of formula (I). Schenmes 7 and 8 illustrate routes to
i jates used in the synthesis of conpoun f
v\%(géo%?agg%ol ). 25 Scheme 1 WD %C??GB%O(}SIOQZOM
2008/ 152390PCT/ GB2008/ 0020145 33 Br (i )s00Ps CO Et |
Et O2C CO, Et N OHN OTs Conditions: (i)
t bi oacetam de, toluene, 111 C. (ii) Tsd,
Et 3N. BnNI 12, di oxane, 80 C. (iv) C1S02NCO, CHz2C12,
-78 C. (v) 6 NI0OO C 2 h. (vi) NaOMe, MeOH, 67 C.
Abbreviatigneysehia, thed S@edmeritel seftjonPOCL3, DMA, 150 C. (i x)
nor phol i ne, MeOH, RT. (x) Se02, clioxane, 80C (xi)
RIR2N11, DCE, Na(AcO)3BH, 5 AcO0l1l1l. (xii) D oxane -
A TP Ccs2co8. Pd (PP113)4, 120 C, microwave. Schene

BOd #y-Bftoxycarbonyl
bs = broad singlet (NMR)

Cs;CO; = cesium carbonate

d = doublet (NMR)
DCM = dichloromethane

DIPEA = diisopropylethylamine

DMA = dimethylacetamide

DMAP = dimethylaminopyridine -
DMF = dimethylformamide
PMSO,= dimethylsulfoxide

&q. = equivalents

EtOAc = cthyl acetate

EtOH = ethanol

h = hour(s)
HATU = O-(7-Azabenzotriazol-1-y])-N,N,N" N -tetramethyluronium hexafluorophosphate

" HCI = hydrochloric acid

H,0 =water
HPLC = high pressure liquid chromatography

IMS = industrial methylated spirit

iPrOH = isopropanol o

LCMS == liquid chrmﬁatography mass spectrometry
M =molar \

m = multiplet (NMR)

MeOH = methanol

mg = milligram

M‘g'SOJ; = magnesium sulphate

' min = minute(s)

mL = millthitre

N2,C05 = sodium carbonate
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NH |
Tf 20, -78 C +RT.
Pd2(dba)3, 60 C, 18 h.

N'--'""1s/A 0 Conditions:
(11) Di oxane,

(iii) xylene,

(i) Cl12C12, Et 3N,
Cs2CO3, Xantphos,

BBr3, 120 C- 4170

C. 1 h. Schne 2 WD 20081152390PCT1GB20081002014 34
WORMSEESPEt ON r "I RI-N, R2  coN) (vii) NNEEL/GB2008/002014

40

NaHCO; = sodium hydrogen carbonate
NaOH = sodium hydroxide

Na,504 = sodium suifate

NMR = nuclear magnetic resonance

g = quartet (NMR) .
Rt = retention time

RT =room temperature

sat = saturated

t = triplet (NMR)

TBAF = tetrabutylammonium fluoride
TBS = t-butyldimethylsilyl

TFA = trifluorcacetic acid

THF = tefrahydrofuran

TLC = thin layer chromatography
Xant phos = 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene

Reference Example 1: Formation of borenate ester

The boronate ester product of the final étep of schemes 1 to 4 above was prepared as

follows. To a solution of halide (1 eq.) and bis(pinacolato)diboron (1.3 eq.) in DMSO were
added KOAc (3 eq.) and [1,1 ’-bis(diphcnylphosphine)ferrocéne]—dichloropalladium (0.05
eq.). The mixture was heated at 90°C until completion of the reaction. The reaction mixture
was partioned between EtOAc and H;O. The organic layer was wasﬁed successively with
H,0 and brine, dried over Na,SO; and evaporated to dryness. The resultant residue was then
purified by column chromatography.

- Suzuki coupling

Reference Example 2:

Scheme 4

W=H, or protecting group, e.g. TBS
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Condi tions: (i) Lawesson's reagent, toluene, | | 1 C
(ii) CS2NCO, Cl1-12012, -78 C. (iii) 6 N HC, 100 C
2 h. (iv) 2 NNaOH, iPrCH, 80 C 2 IL (v) POC 3,

00 C, 4 h. (vi) norpholine, MeOH,
OXI g&f»zoﬁ (viii) RLR2NH, DCE, Na(Ac0)33H, ARgET@'é%&/OGmM
(i.x) Di oxane - water, Cs2C0O3; Pd (PPh3)4, 120C

m crowave. Scheme 3 00 (i) -(H ) Il TCNNH2N----"1"1
OH e NI -1 :
Scheme B
o

[j Rys0. . ORyg

N

S ~

RI-N 8 \ R1-
R2 w

W=H, or protecting group, e.g. TBS

The following methods were used for the Suzuki coupling reactions depicted in schemes A

and B abovg:

Method A

A mixture of the appropriate 5-chiorothiazolopyrimidine (1 eq.), Na;CO; (2 eq.), the
appropriate indole boronate ester (1.5 eq.) and bis(triphenylphosphine)palladium (TI) chioride
(0.1 eq.) m acetonitrile/water {2:1) was heated at 140 °C for 20 - 50 min in a microwave
reactor. The resulting mixture was diluted with water then extracted with ethyl acetate. The
combined organic extracts were dried (N2,SOy), filtered and concentrated in vacuo then
purified by either preparative HPLC or column chromatography to give the desired product.
Alternatively, the reaction mixture was loaded onto an Isolute® SCX-2 cartﬁdge, washed
with MeOH then eluted with 2 M NE; in MeOH. The resulting residue was then purified by

either preparative HPLC or column chromatography to give the desired product.

Method B

A mzxture of the appropriate 5-chlorothiazolopyrimidine (1 eq.), Cs2COs (1.5 eg.), the
appropriate indole boronate ester or boronic acid (1.2 eq.) and ,
tstrakis(txiphenylphosphjne)palladjum (0.05 éq.) in dioxane/water (3:1) was heated at 125 °C,
for 10 - 30 min in a microwave reactor. The resulting mixture waé diluted with water then
extracted with ethyl acetate. The combined organic extracts were dried (MgSQO,), filtered and
concentrated in vacuo then purified by either preparative HPLC or column chromatography to
give the desired product. Alternatively, the reaction mixture was loaded onto an Isolute®
SCX-2 cartridge, washed with MeOH then eluted with 2 M NH; in MeOH. The resulting
residue was then purified by either preparative HPLC or column chromatography to give the
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POC13, 100 C. (v) norphohne, MeOH, RT. &vi) nBuli,

TMEDA, THE -78 C. (vii) DW -78 C--.RT. (viii)

RLR2NH, | . CE, Na(Ac0)38H, AcOL (ix) CH3CN 1120,
Wa20483523¢Hel 2( PPh3) 2, microwave, 120 C. ScherBCTAGB2008/002014
Conditions: (i) POC13, 80 C.gor phol i ne, MeOH, RT.

(iii) nBuLi, TivlIEDA, THE, -78 C. (iv) DW -78 C)RT.

(v) RIR2NH, DCE, Na(Ac0)3BH, ALCE (vi) CH3CN H20,

Na2CC38, PdC12(PPh3)2, m crowave, 120 C. Schene 5 36

. desfiaigbdicans: (1) di oxane- H20, Cs2CQO3, Pd( PPh3) 4,

m crowave, 120 C. (ii) THE, Nall, TsCl.Se02, dioxane,
100 C. (iv) RIR2NH, DCE, Na(AcO0)3BH, AcCH. (V) :
Metboxane - 1M5, NaOH, 1120, RT. ' Sche_rre 6

A mixture of the appropriate 5-chlorothiazolopyrimidine (1 eq.), Cs;COs (1.5 eq.}, the
appropriate indole boronic acid (1.2 eq.) and tetrakis(triphenylphosphine)palladium (0.05 eq.)
in dioxane/water (3:1) was heated at 125 °C, for 10 - 30 min in a microwave reactor. The
resulting mixture was diluted with water then extracted with ethyl acetate. The combined
organic extracts were dried (MgS0,), filtered and concentrated in vacuo then purified by
either preparative HPLC or column chromatography to give the desired product.
Alternatively, the reaction mixture was loaded onto an Isolute® SCX;SI cartridge, washed
with MeOH then eluted with 2 M NH; in MeOH. The resulting residue was then purified by
either prép arative HPLC or column chromatography to give the desired product.

Method D

A mixture of the appropriate S-Chlorothiazolopyrizﬁidine {1 eq.}, Cs2C05 (1.5 eq.), the
appropriate indole boronic acid (1.2 eq.) and tetrakis(triphehylpho'sphinc)palladium (0.05 eq.)
in acetonifrile/water (3:1) was heated at 125 °C — 140 °C, for 10 - 30 min in a2 microwave
reactor. The resulting mixture was diluted with water then exiracted with ethyl ace%ate. The
combined organic extracts were dried (MgSOy), filtered and concentrated in vacuo then
purified by either preparative HPLC or column chromatography to give the desired product.
Altematively, the reaction mixture was loaded onto an Isolute® SCX-2 cartrid ge, washed
with MeOH then cluted with 2 M NH; in MeOH. The resulting residue was then purified by
either preparative HPLC or column chromato graphy to give the desired product.

Method E
A mixture of the appropriate 5-chloro-thiazolopyrimidine (1 eq.), Cs;COs: (1.5 eq.),

the appropriate indole boronate ester (1.2 eq.) and tetrakis(tiphenylphosphine)paliadium
(0.05 eq.) in acetonitrile/water (3:1) was heated at 140 °C, for 10 - 30 min in a microwave
reactor. The resulting mixture was diluted with water then extracted with ethyl acetate. The
combined organic extracts were dried (MgSOs), filtered and concentrated in vacuo then
purified by either preparative HPLC or column chromatography fo give the desired product.
Alternatively, the reaction mixture was loaded onto an Isolute® SCX-2 cartridge, washed
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Conditions: (i) 112504, 21 h. (ii) D oxane, DM DVA,

80 C 24 h, 90 16 h. MeOH THF Raney') Ni ckel,

NH2NH2. H20, RT, 40 min. (iv) DWVSO, KOAc,

Pd( dP131 2C12 80C. Conditions: (i) THF, NaH 0

N RT, 25 h, 74% (ii) sBuli, TNEDRCT’ﬁﬂ#“OS’““Z"“
-78 C, 2 h B(Oi Pr)3, THY, -8 CG>-10 C, 15 mn. (iv)

2.4 MHC1 (71% 3 steps). Scheme 8 WO

2008/ 152390PCT/ GB2008/ 002014 37 Conditions: (i) THF,
TMEDA, nBuLi, -78 C, 15 min. (ii) PhCHO -78 C -.

with\eOH thensiwprbiyith 2iM NH:tin MsFb The Tesplfing residzg was tizn Pﬁﬂﬁed by

.. (i L , 4
it plopass R L ol iisfobrerhd ¥ 05 ibetingd ol
(ii) 40% ag NaOH, 100 C, | h.Me011, 112804, 65C, 18 h.
M %\g) T1(000CF3)3, TFA, RT, 2 h. (v) H20, KI, RT. (vi)
el H, 40% aq Na0Ol11l, 65C, 2 h. (vii) 'pinaeol borane,
Et ANixRirosBheappreiriies-hioro-thiazolopyrimidine (1 eq.), Na,CO; (1.5 eq.),

the aglgqsc}(g%ce lgl_tgilgleex %&%ﬁ%&%&%&l e Zant()il tggﬁﬂs%mpheny%hosp%lnwapa]lagium (0.1

eq.) in acetonitrile/water (2:1) was heated at 140 °C, for 10 - 30 min in a microwave reactor.

The resulting mixture was diluted with water then extracted with ethyl acetate. The combined

organic extracts were dried (MgSOy), filtered and concentrated in vacuo ther purified by
either preparative HPLC or column chromatography to give the desired product.
Alternatively, the reaction mixture was loaded onto an Isolute® SCX-2 cartridge, washed
with MeQH then eluted with 2 M NH; in MeOH. The resulting residue was then purified by
either preparative HPLC or column chromatography to give the desired product.

€

Method G : _

A mixture of the appropriate 5-chloro-thiazolopyrimidine (1 eq.), Na;COs (1.5 eq.),
the appropriate indole boronic acid (1.2 eq.) and tetrakis(iriphenylphosphine)paliadium (0.1
eq.) in acetonitrile/water (2:1) was heated at 140 °C, for 10 - 30 min in a microwave reactor.
The resulting mixture was diluted with water then extracted with ethyl acetate. The combined
organic extracts were dried (MgSOy), filtered and concentrated in vacuo then purified by
either preparative HPLC or column chromatography to give the desired product.
Alternatively, the reaction mixture was loaded onto an Isolute® SCX-2 cartridge, washed
with MeOH then eluted with 2 M NH; in MeOH. The resulting residue was then purified by
either preparative HPLC or column chromatography to give the desired product

Reference Example 3 t-Buioxycarbonvl depreotection

To a solution of the relevant BOC-protected thiazolopyrimidine in DCM was added
TFA and the resulting solution was stirred at RT for 30-180 muin. The resultmg mixture was
diluted with water, neutrahsed with saturated aqueous solutlon of NaHCO, then extracted

- with DCM. The combined organic extracts were dried (MgSO4 or Na;SOy), filtered and

concentrated ir vacuo, then purified by either preparative HPLC or column chromatography

to give the desired product. Alternatively, the reaction mixture was loaded onto an Isolute®
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_ Reft & igd. phas o LH RGN ClaEs F)i—

Conditions: (i) DCE, azetidine, Na(OAc)3811, 18 h,

RT. (ii) TFA-Cl12C 2~ 20 Ceneral Experinental

Details: 25 NAIR spectroscopy . NMR spectra were
obtai ned on a Varian Unity Inova 400 spectroneter
WPAPESE N m i nverse detection triple resonancelirhiyes002014
operating at 400MHz or on a Bruker Avance DRX 400
spectroneter with a 5 mminverse detection triple
resonance TXl probe operating at 400 MHz or on a

Brul cer Avance DPX 300 spectronmeter with a standard

SCX%ihwariudge, washgd @n&@de@@t@@ﬁ%ﬂg@émsm e e)efulung

i PSP ALY B S S B e BB v

desiﬁsﬂlpmducchrorrat ogr aphy Conpounds purified by col um

chromat ography were purified using silica gel or 5

I solute(r) cartridge or Redisep(r) cartridge, eluting
Refitbridd Fgbmgieent s f r yBs-MePrdiedtiond- 100 % of

cycl ohexane/ Et OAc, or from 100-0 to 0-100 %

pent ane/ Et 0Ac or from 100-0 to 70-30.% DCM MeOH (w.t h

or Triatsnition ehthe sgevapt Bﬁswrotmtei -indgj-4-yl-gp F%O&%PYE%‘F n in THF

r’I%}dQ ?%12%5 ?&uﬂiﬁg sélﬁﬁo&@ﬁ%c@ o RP % 30@[1@,3@315 Sbnccntratcd in

Fluka silica g

Wtemamv&é}n tizenehulang tmhém Uﬂ‘aé dﬁgfeﬁ Wﬁld@@ﬁ thep eﬁ@&c{@ with DCM.
The Rofthed & é%'ggfﬁaé%%v%% 4010 Al O NED il Rl ent Bed i

vacu®l Inl fﬁt&clg@lsc 'ﬂhﬁcmﬂlaﬂg'cﬂﬂm € pllnyﬁd tb& Icitlycr PrepatatiesrHPLC or column

. silica on al un oil plates with a

chfoma@@if@ggéqﬁw?ﬂmdgﬂf rpr‘(%ﬁ urn), (e.g. Fluka 60778).
Purification by preparative HPLC: 15Conpounds
purified by preparative HPLC vvere ur| f| ed u3| .o.__

colum with 7 gmparticle size, detectlon at 230
or 254 nin, flow 5-15 nL/m n), or a Phenyl - Hexyl

colum (250 § 21.2 mmid. Genmini colum with 5 pm
particle e;00V detection at 230 or 254 nu, flow
5-20 ni/ eluting with gradlentsfromloo 0%to

0- 100% wat er M¥cetonitrile or water/MeOH cont ai ni ng
0 o ¥adifiodér a@étyl’ﬁh@d-é?eﬁxeiaeéﬁd dcid @hyl %&Eﬁ{ZﬂJZ@ 0960 nfdl) in

formc acid. The free base was |iberate

anly S0 1R (9 19b] WeLHIdES BARCHIRTS BT b 0T meh and the
rcsul?ﬁtdfg%@h% Q{Eh&‘x foF 18 HOTRARLALEhAY R Iow \@Spebibs thas partitioned

concentrated 1 n vacua. Alternatively, the
betwéenem dgmemswalstibn bEHET @dMh ynditag iukg mekryb eier. Zhe layers were

Sepﬂﬁ%gﬁg‘?ﬁgf S%ﬁag%{%ave&geac?g L#}Jégug’\éo‘id%loﬁ'a'%}fd‘a M). The

ccmbmcd aqueous layers was basified to pH 10 with an aqueous solution 6f NaOH (2 M),
then extracted with EtOAc. The organic layer was isolated, dried {(N2,SO;) and concentrated

in vacuo to give the title compound as a pale yeliow solid {17.0 g, 57 %).
[M +H]" 187.0

Reference Exﬁmple 6 2-Methyl-5-ureido-thiazole-4-carboxvlic acid ethvl ester
o ‘
N o
—~]
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M crowave experinments were carried out using either a
Personal Chemistry Smth Synthesiser or a Biotage
Initiator, which uses a single-nbde resonator and

dynam c field tuning, both of which give

‘Véﬁﬁ@ﬂﬁ@ﬂbility and control. Tenperatures frdiRl/GB2008/002014
40- 250C can be achi eved and gressures of up to 20bar

can be reached. 30 39 Abbreviations used in the
experinmental section: aq. = aqueous 5 BOC =

t - But oxycar bonyl bs = broad singlet (NWR) Cs2CO3 =

c e Jiowrsobsiph ofiminh-Z=nathybthedzoleNVRIrb QML acid ethyl ester (15.0g,

i chl or. e .10 DL = di i.sopropyl et.h 1 he

o o] il BRSNS e pliRboRofEeR) REREY Pt oo
dropwish di e oy IThe B G pension ERMB@llowed tdl i iy RS uinfl @dbiretiefod 85
mmgtgh gﬁg ?E%]lﬂﬁ\éga %%{p?tgt)gtvpaé %olll_%&i?etf_ijh lﬁlt%gn%%aa% dggxgzl;'z vacuo. The resultant
whifd bt RZEREeRAL naAhadouY dointd¥hlfRICY (6 Ve 1408 BTk MEARI 4t 90 °C

m hexaf | uor ophosphate 20 HC1= hydrochloric_acid I-120
for Lh.\ide egsulipE eplution whs gnokdde Pé’anpé pHadited i b ggihaprrgueous
soluge{l\@‘ NaOIf Wg kﬁ&é&ﬁr%ﬁﬁ%tﬁ%s@oﬁe&gd firation and dried in

I Sopropan chromat ogr dphy mass

‘ vdc:@[:ae 6@ PO Ae 36\ to give the title compound (16.4 g, 89 %).

M +HJ 230.0
Reference Example 7 Z-Methvi—xtﬂ-@i_azoloISA-d]pvrimjdiné—SJ—dione
o]
N
v f‘\NH
s H’]*O

To a suspension of 2-methyl-5-ureido-thiazole-4-carboxylic acid ethyl ester (21.0 g,
0.079 mol} in iPrOH (300 mL) was added an aqueous solution of NaOH (3 M, 26 ml., 0.078
mol) at 80 °C. The thick white suspension was heated at 80 °C for 45 min, then diluted with

H,0 and cooled to 0 °C. The reaction mixture was acidified to pH 3 and the precipitate
collected by filtration. The white solid was washed with ;O and dried in vacuo at 60 °C for

17 h to give the title compound as a white solid (12.3 g, 83 %).
'H NMR (300 MHz, DMSO-dq): & 2.56 (s, 3 ID).

Reference Example 8 5,7-Dichloro-2-methvi-thiazolo[5.4-d]pyrimidine

ol
N S
ey
§ N/)\CJ

To a mixture of 2-methyl-4H-thiazolo{5,4-d]pyrimidine-5,7-dione (7.5 g, 0.041 mol)

" in N,N-dimethylaniline (3.7 mL, 0.029 mol) was added phosphorous oxych]oridg (38.0 mL,

0.410 miol) and the mixture heated at 130.°C for 4 h. The resulting black solution was cooled
to RT, then carefolly quenched with crushed ice and H,O, before being extracted with EtOAc.
The organic layer was isolated, dried (MgSQO,) and concentrated in vacuo to give a yellow

solid. The solid was dissolved in DCM, then washed with an agueous solution of NaHCO;



M= nolar m= nmultiplet (NMR) MeOH = net hanol ng =

m=l Iigram 30 MgSat = nmagnesi um sul phate mn =

mnute(s) nmk, = mllilitre Na2CO8 = sodi um car bonat e

WO 2008/ 152390PCT/ GB2008/ 002014 40 NaHCO3 = sodi um

W9 arBgeri®tar bonate NaOH = sodi um hydr oxi de NFS3(B2008/002014

sodi um sul fate NMR = nucl earggnagneti ¢ resonance 5 q =

quartet (NVR) Rt = retention tinme PT = room

tenperature sat = saturated t = triplet (NVR) 10 TBAF

= tetrabutyl ammoni um fl uoride TBS = ) )
follgwdsiHytiriie ndrtekdy(Ne1 G anrosneentrpiefl fryvcya tegive theditly compound as a

pale yellow solid (4.90 g, 54 %).
"H NMR (300 MHz, CDCl3): § 2.95 (s, 3 H).

5 Reference Example 9 5-Chloro-2-methvl-7-morpholin-4-vi-thiazoio|5.4-
dipyvrimidine '

o

)
T

s Nél\Ct

To a solution of 5,7-dichloro-2-methyl-thiazolo[5,4-d]pyrimidine (4.1 g, 18.72 mmol)

10 in MeOH (100 mL) was added morpholine (3.26 mL, 37.44 mmol) at 0 °C and the mixture
' stirred at 0 °C for 30 minutes. The resultant precipitate was collected by filiration and dried in

vacuo at 40 °C to give the title compound as a cream solid (4.42 g, 8 %).
"H NMR (300 MHz, CDCls): & 2.74 (5, 3 H), 3.80-3.86 (m, 4 H) and 4.35 (m, 4 H).

15 Reference Example 10 5-(1 H-Indol-4-y1}-2-methyl-7-morpholin-4-vl-thiazoiofS.4-
dipvrimidine

0

®
4:}6;’? ff Nk

Prepared via the Suzuki coupling method of Reference Example 2, using 5-Chloro-2-
meihyl—7—morph0]jn-4—yl-ﬂliazolo[5,4-d}pyrimidine. The title compound was obtained as a
20 white solid {130 mg, 50 %).
M +H]" 352.9

Reference Example 11 4-Hydroxy-2-methvl-thiszele-5-carboxylic acid ethyl ester

o
o’

s
—
N

OH



THE = tetrahydrofuran TLC = thin |ayer chromatography
15 Xant phos = -
4, 5- bi s(di phenyl phosphi no) -9, 9-di nmet hyl i cant hene
f Exanpl e 1: Formati on of boronate est
‘gﬁég([%}é?%%oat e ester product of the final step Pg{T/GBZOOS”GMOM
schenmes 1 to 4 above was prefrared as follows. To a
solution of halide (1 eq ) and bi s(pinacol at o) di boron
(1.3 eq.) in DVSO were 20 added KOAc (3 eqg.) and [1,1
" -bi s(di phen IphosphinelferrocenekdichloroPaIIadium
( 0.793 sljtipn ogﬁ@aﬁﬂmﬂeé W& hetd mel) i tobgee (J3P L) was added
i 108 0236 bl lnd HIEMDRARE hidll Arefid B¢ YASTH
‘ﬁaggﬁﬁ%ﬁégaﬁggaégn t 0Ac and H20. The organic ayef wase '
reachiers exdhusves esded tl BT vilteredithogh Qdlithrthereconderiteattday egcuc. The
S, and_ev r d to. dr. y ' I .
reonl B8 S PG RBR B AR YO BB D R e YRl solid 1.0
5 26%pH Reference Exanpl e 2: Suzuki coupling Scherme A

r _p [ 0, . Q. AL _
s Bk PBeRoeb Bas b ngriaag B A6HSE Homd 435 (o 1= 7.1 Hs
2 Hprotecting group, e.g. TBS 5 The foll ow ng net hods
were used for the Suzuki coupling reactions depicted

in schenes A and B above: Method A

Reference Example 12 2-Methvl-4-(tolnene-4-sulfonviexv)-thiazole-5-carboxvlic
10 - acid ethyl ester
0
[ o T~
—4 |
N" g
0::-5'

S,

To a solution of 4-hydroxy-2-methyl-thiazole-5-carboxylic acid ethyl ester (5.0 g,

26.74 mmol) in chloroform (80 ml) were added p-toluenesulfonyl chloride (5.61 g, 28.41

mmol) and txiethylamiﬁe (4.84 mL, 34.76 mmol) at 0 °C. The reaction muxture was allowed to
15 warm to RT over 4 h, then diluted with DCM and H,O. The organic layer was isolated,

washed with H,O and brine, then dried (MgSOy) and concentrated in vacuo. The resultant

residue was purified by column chromatography to give the title compound as a pale brown

solid (8.1 g, 89 %).

"H NMR (400 MHz, CDCL): § 1.34 (t, J = 7.1 Hz, 3 H), 2.47 (s, 3 H), 2.64 (5, 3 H), 430 (g, J
20 =-7'.1 Hz,2H),7.37(d,]=8.1Hz, 2 H) and 7.94 (d, J=8.1 Hz, 2 H).

Reference Example 13 4-Benzyiamino-2-methyl-thiazole-S-carbexvlic acid ethyl

ester

25



10

15

20

25

10A m xture of the appropriate
5-chl or ot hi azol opyrim dine (1 eq.), Na2CO3 (2 eq.),
the appropriate indole boronate ester (1.5 eq.) and
' nyl phosphi ne) pal | adi um (I11) chlori
ggsl)%g?lﬁgg@etomtrl | e/water (2:1) was heated Z%Tiélgzo@mmu
for 20- 50 min in a mcrowav4s reactor. The resulting
m xture was diluted with water then extracted with
et hyI acetate. The conbi ned organic extracts wer e

d Na2SO4 d t
S a o by Sl e R ET B e RS e acit ey
este? @i H8Ts. 9&3&%@1} P9 ARHYxahE (T ME) &&eadd&ﬁibefn@?laﬂﬁ&qlﬂ &b .mL, 17.6

Al'ternative the reaction m xture oaded onto

mmgh and Glegristurg wg@»ca@d @ht30 1age 6 hwhpsactipnapx sprag ¢aoled to RT
and%a ﬂ i ebPech ﬁ%%'\t@na A shiftioh GBHLI tﬂl@g{ﬁ%‘r&gﬁc layer was

en puri by elther preparative
isolated, washadohithobriteptpem ghisd Qde%d end ¢naceidmsiedan vequodiiog resultant

roiGi KR RA AT 2o By PPy b B0 1288 SBEn A aga vetlow soid

. (0.86@, 39 %).he appropriate indole boronate ester or

or oni [ 1.2 ). and _
N GBS Sy PSR 1 g5 P 36 (0 B 40 5 1771 T2
H), 7exane/geter: 13707 (983 Meaieckiat 3488 Gr).for 10 - 30
mnin a mcrowave reactor. The resulting nixture was
diluted with water then 25 extracted wth ethy!

Refdé&it : S1A y pyinifthe-5.7-dione
purifi ed by eit heP preparative HPLC or colum
chr omat ograpm ' Hve t he desired product.
Al ternatively gactl on m xture was | oaded onto

eluted with 2 M NH3 MeOH. The resulting residue
was then purified ei ther preparative BPLC or

T T e Ry
g, 1.55 mb:loa))rmmmzm wpy wiasrkdtied ehipfoselfory] isGsRED8 ((410 15, 59 qumol)

t d
oot T80y EBY AL B USRS il 608 g Jo e 1oe
resuldhg) ¥cnNeds@bndedirdted Wasache aiea @issdivddin afetohid(S M0), befdft HLO (2

an | sol ute(r) SCXEZ iartridge, washed with MeOH t hen

mn in a ncrowave_reactor. e re uI |ng nlﬁgure Wwas
mL) yap added %W%E?%m%ﬁwéiw ﬂ@wﬁ@a B &pugeirated in
vacud e GORRLRSSH %Qﬁﬂiﬂ%n@%ﬁétﬁ_@énsﬁfw&[c%ﬂ ,0dThe ¥ e was

filtered and concentrated in vacua then purified

isolatgiis Washedwith brieg. idvied AYIRECx)@nd gencgniriedn o'ﬁ@t%tg rga\mﬁr( lt}éﬁﬂzﬂ-

ureldgj ggx%etﬂgg tl%gzcbtlé ggaﬂ){)gﬁ Catc e%fg %Itstrgxe%sn a'le %(nét é)hg?; a Eolunon of 4-

Xt ur e was
( l-bemyltmmd@)ez mmﬂghﬂﬂamid—hcﬁtb@ﬁltzheﬂ ety emt MO (I iEBwas

sdded oo B T PO ADY el DB oos LB e the
mixtge Wes blitfedde RITT861 PhOTHeCrudelveidnos nﬁm@%ﬁl c)éhtbﬁh&at@ﬁ it ViRuo and
appropriate 5-chl or ot hi azol ogyrl m di ne

partitrensgbgiween BIQhr and aprpguegyis sefgiomeld it é\fﬁe TBB P%ﬁ‘ﬂl’e layer was
1soiat(=%, vzasﬁaa %ﬂ@&%é gHeh 3rds (Mgs&t)%x h@ﬁb@ﬁ@ﬂwﬁmaa gek W¥hitant

I'n acetonitrile/water (3:1) was heated at
resxdu%m@lma;@w Et@é¢ to give ﬂl?@lﬂmcnmpw aiaPelsvigllew sohd (0.25 g
63‘y¥eactor The resulting m xture was diluted with water

hen extracted with ethyl acetate. The
"H NMR (300 MHz, DMSO-de): 8 2.76 (s, 3 H), 5.25 (s, 2 H), 7.19-7.40 (m, 5 H) and 11.71

(s, 1 H).
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15

conmbi ned organic extracts were dried (MgSH),

filtered and concentrated in vacua then 20 purified

by either preparative HPLC or col unmm chromat ography

wo 2@sesdhe desired product. Alternatively, troe/GB2008/602014
reaction m xture was | oaded onto an Isolute(r) SCX-2
cartridge, washed with MeOH#hen eluted with 2 M NH3

in MeOH. The resulting residue was then purified by

ei ther preparative HPLC or columm chronat ography to

Rerine piliSnd98! 1 0 PRRANELr AR M DSt rimiding S0 i ©

eq.), Cs2CXB,(1.5 eq.), the appropriate indole

boronate gstdr (1.2 eq ) and

tetral cistfi ghenyl phosphi ne) pal | adium (0.05 eqg.) in

acetoni triN el er (3:1) was heated at 140 C, for 10

- 30 mMinina mcrowave reactor. The resulting
Methodd ure was diluted with water then extracted with

t hyl tate.. Th 0 i.ned i t
o b R oo 2RV G BB A Rt 005
13.8Y Eﬁrﬁblpi%ir)dyfeing ﬁ@%ﬂwﬂﬁbmﬂ&ﬁbﬁﬁe ng.ﬁI?J; 5%.07 mmpl) dropwise
cnronat ogr a (0] | ve e SI I r uc o
at 138 o He A OP xR et oh T 6 BF L Byiaed slefdg 05l Before

7 ' ad 3olWcieh ion,
Mec?ﬂgg%gﬂf)n%é%(c\%\%etﬁﬁ%}d %/Iec%\l%é Fér?%g) @Eﬁg Fﬁesulltj n bYiehtion

washed siitideQH folidwed by 0% the drpd &1 wamer at 303G p aﬁt‘ﬁe\gﬂee tptEemogspound

.. col. h tography to give the desired product.
asa%?%%éﬁ@%%,?nlo%ﬁure of the appropriate
"H NBAR (A00MHE HDMSOHdgmytr2. 78 @ hH)(1 eq.), Na2CB (1.5
eq.), the appropriate indole boronate ester (1.2 eq.)

MetidA® tetral ds(tri phenyl phosphi ne) pal | adium (0.1 eq.)
in_acetonitrile/water (2: was ted at. 14 .fo
| 0T SEpIHHR A5 ey o YL -é‘aa%%&.g’%ﬂﬁ@’ff‘%‘étﬂe%zﬁ@m (6222
mmol %&?fcﬁe W28 nfti)lvis@Hded HoforbRImiO @B BX| B@bRY) debiwise at 120

et hyl acetate. The conbi ned organic extracts_wer

°C. Tae resgtiov By was heated #d 78nd ferdhl dhnrcapled 19 & "G aeige MeOH (30
mL) gﬁf&:&djﬁ LRl B tQuEhd? ipiQiSRAY @ilbéf@ddt&j}’ﬁl@aﬁén, GRkAEMyith

omat ogr aphy to gi ve ‘t he desired product.

- MeOH followat hywBiG, tharthdiedemedduont Hi XE tr@vaihs ffloetrerpuan a2 white

20

25

30

i | s (r) SCX-2 cartridge, washed with MeOH t hen
SOhdi?OtgegAO\?w%fh 2 MNH3 in MeOH. The resulting residue
'H NWES (400 EIRWNMEORS Y3 @) 3 Her preparative FTPLC or
col um chr omat ography to give the desired product. 15
Met hod . G A m xture of the appropriate
5-chl oro-thi azol ogpyrimdine (1 Na2
Refergpce\Example Wypr opRiZoighloperd;ix difzglolg.>-dlpyrimicine
and tetral cis(triphenyl phosphi ne)palladium (0.1 eq.)
in acetonitrile/water (2:1) Was heated at 140 C, for
10 - 30 min in a jrcrowave reactor. The resulting
m xture was gi@ 8d with water then extracted with
et hyl acetate.w nmbi ned 20 organi c extracts were
dried (MgSH), filtered and concentrated in vacuo
t Regpapdrisinigdie ipgthed usedrin heappenazation of 1 pidiee-2cBEthin

. 0 ogr aph 0 Qi ' ! N
s G SRR RO RRP sl R BR3Pl o Trdiome i lace of
2-metapl-4 Hahitt 5 - BEYE R dieer-3,7-idthpe, Thedglsedmppirid wisGiHtdikegres an
..elut Wi t MNH3 in MeOH The resulting residue
S"hdﬁ%té(ﬁg%ﬁlgp%r%‘?'i ed by either preparative HPLC or
'H NO® 4o MY, oMt ogrRpme e YHY e the desired product 25
Ref erence Exanpl e 3t-But oncarbonvl deprotection
To a solution of the rel evant BOC- protected
t hi azol opyri m dine in DCM was added TFA and the
resulting solution was stirred at RT for 30-180 m n.
The resulting m xture was

o T A B =

Biazplold S-Jipviiraidine



30 diluted with water, neutralised with saturated
aqueous sol ution of NaHCC3 then extracted with DCM
The conbi ned organic extracts were dried (My804 or
Na2SO4), filtered and concentrated in vacuo, then
VRPIP1IE* %y either preparative FIPLC or col uf§T/GB2008/002014
chromat ography to give the c_L)%si red product.
Al ternatively, the reaction m xture was | oaded onto
an |Isolute(r) WD 2008/ 152390PCT/ GB2008/ 002014 44
SCX-2 cartridge, washed with MeOH then eluted with 2
RefddisbiBxamplydQH.  TheChhe o2t vi-BaiainBolived-vi-tisazelof4.5-
purified by either prepagrative HPLC or col um
chr omat ogr aphy to‘ﬂﬁfséﬁﬂ% desired product. 5
Ref er ence Exanpl eo4TBS- depr ot ecti on: To a
sol ution of the tellevant TBS-protected
1H i ndol- 4-yl -thi qgzol opyrunmdnme in THE was added TBAF
and the result lution was stirred at RT for 30
mn, then con‘_cdé r,,alt\&d in vacua. Alternatively, the

resulting solution was diluted with brine then
exTo aselagonit 37-Bichlord-8-ritieyl dhipiniold §-OpyyanidinedR2 mec§.42 mmol)

) dr.i A , i i . .

in MEBHTa Rt S e e ol R UL, .2} b batRE it e a RT for

1 h. Thesieghition weigtupiwis diRekdoyitleEtOver and T Tht brganiciPhyer was isolated,

wask%@ :ngqh & g,rt%rgéfgq%z(%g%J gndgéoggen%rgﬂeed gneéalczrxg .dl'hrt)arrg%&‘tgxtlt'residue was

uri R b Eb R lenidh Y frab iy ﬁ@le&hélﬁﬂ@é&ﬁ%ﬁhdl 85 86refin €bIY({102 mg, 90
ester 15 0 0 NH, 0 a solution of

%). acetyl ami no-cyano-acetic acid ethyl ester (27.2 g,

'H MR TRis, CHCRRBHAYS: 11913usneed GO ki 3853 8d¢8d: 1),

_ H a\/\g@gon s’(?zg%%j;nt (Sg(g’. Oﬁg’, 0. 079§9rml%wand t he tecem

resulting mxture heated at reflux for 18 h. The

resultin Il ow Dens Nas. Rk Lt vk
Refers g?:%%ﬁ@g%ﬁgqueo%ﬁ o7 tphbiin 0 his v ]

C U U 1 c
tert-butyl methyla vddhe | ayers were separated
and the organic | gyer extracted with an aqueous
sol uti on of HC ([Ltl/p The conbi ned aqueous | ayers
was basified to p 0O with an aqueous sol ution of
NaOH (2 M, ot h Lracted with EtOAc. The organic
| ayer was i O+t d,_[dried (Na2SO4) and concentrated
in vacua to gi VE the®title conpound as a pale yellow
Sk . _ Uh. [_ . e X . A ..

o3 b Sl el bl ) e S e 10
mg, (5 remol) NI, 4SVidkdne (5 mL) was added selenium dioxide (51 mg, 0.46 mmol) and

the solution heated at 105 °C for 6 h. The reaction mixture was cooled to RT and partitioned
betweenn DCM and brine. The organic layer was isolated, then dried (MgSO,) and”
concentrated in vacuo. The resultant residue was purified by column chromatography to give

the title compound as an orange solid (53 mg, 49 %).
'H NMR (400 MHz, DMSO-de): 6 3.73-3.78 (m, 4 H), 3.85-3.96 (m, 4 H) and 10.12 (s, 1 H).

Reference Example 19 5-(5-Chloro-7-morpholin-4-vl-thiazolof4,5-d]pyrimidin-2-

vimethvl)-hexahvdro-pyrrolo[3.4-cjpvrrole-2-carboxviic

acid tert-butvl ester
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45 _ To a solution of
5- am no- 2- net hyl -t hi azol e- 4- carboxylic acid et hyl
ester (15.0 g, ‘0.081 nol) in DCM (550 nL) was added
I nyl isocyanate (8.92 inL, 0.102 no
d?é@%ﬁggﬁgt -78 C. The thick suspension was g%pg%%@mmmxu4
to warmto RT and stirred fogg 45 m nutes. The
resulting precipitate was collected by filtration and
dried in vacuo The resultant 5 white solid was
suspended i n an aqueous_sol ution of HC (6 M 400
m,) and heated at 90 or 1 h. The resulting
sol ution was cool ed t and pH adjusted to 5 with
an aqueous sol ution of OH (6 M. The resultant |
precipitate was CQLKQEEEE\by filtration and dried in
vacuo at 60 C ferN 36Nh™ocgive the title conpound
(16.4 g, 89 % %1+ H E 230.0 10 Reference Exanple
72- Met hvl- 4H t hiazol or 5, 4-di pyri m di ne-5, 7-dione 0 N
_C1 " To=@ suspension of
2- et hyl - 5- ur ePdo- t hi azol e- 4- carboxylic acid et hyl
ester (21.0 g,\0.079 nnp |n |PrC}I(300 m) mas added
an_aqueous sol ution_ of 26 inL, 00

noilp 2aplufien ef 5- %@w%mewhdwﬁé'lé@%&ié ﬁzsﬂpm%ldwgé’r@abaldehyde
@5 @%,_ (8@% 151%52%51 BidhidrBaRamd Si BT %ﬁ%&&aﬁ%&ﬁg&%ﬁ@@@d 4

reactl on m xture was aci di
clpyanlg-2-¢rebgaylic ppd tent-utyeilee Gl e, By Ofriinoh afhiconixtuifthwas stirred at

5 o0 RIS 0 D 95

resultiog Bcﬁiutﬁthwﬁ s@rrecBSt R for INRTHS Oidd/Hact divisuabvas ﬁa’iﬂﬁ(ﬁled

ference Exanpl.e 85 7-Di G
berpd PR S orS e SRl e oo GUESGATRS e
conce:imzedrrﬁwaio g reflIRZ 0GR dafiupifel Hy%lﬂﬂn%h%n%@ﬁ)hy io give
(7.5 g, 041 ol ) _in N, N—dlnethylanlllne (3.7 naL

eGQEPWﬁ@?S%&@Hﬁd@éhgéﬁﬁkEhd@ous oxychl oride (38.0
IHNMR (4P M%ﬁ'ﬁ?ﬂ ); 1693% tdg) Ml ugLpeahed sﬁgsd &%@ §36‘{’£ 2H),

. The resu bl'ack Solution Was ‘¢ool
3.63 (Shé EDcHhE2B 8V (m, ﬁHérﬁc?ﬁeéLOMmM B ernhve@®-# 4 & (mnd Hj20,
before being extracted with EtOAc. The organic |ayer
was isolated, dried (MgSO4) and concentrated in vacuo

Refeteocegiianenpde Jel | owlgert-ButvHdémathli-cilansB-Sdilserol Ifdéhdole
DCM then washed with an aqueous sol ution of NaHCO3
\ .
N

—/‘sa% |
Toa soiution of 5-fluoro-1H-indole (30.0 g, 0.222 mol) in anhydrous THF (250 mL)
was added sodium hydride (60 % suspension in mineral oil, 10.22 g, 0.255 mol} portionwise
and maintaining the solution at 0 °C. The reaction mixture was stirred at 0 °C for 20 min, then
a solution of tert-butyl-chioro-dimethyl-silane (40.15 g, 0.266 mol) in anhydrous THF (20
ml.) was added and the solution stirred at RT for 25 h. The reaction mixture was poured into

H>0O and the layers separated. The aqueous layer was exiracted with EtOAc and the combined
organic layers were dried (MgSO,), then concentrated in vacuo. The resultant residue was
purified by column chromatography (silica gel, cyclohexane:DCM 100 % to 50:50) to provide
the title compound as a colourless oil (41.2 g, 74 %).
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brine, dried (Na2SO4) and concentrated in vacuo to

give the title conmpound as a pale yellow solid (4.90

‘%OF‘ZO%QF] 2] IE?QQS (300 Mz, CDCI3): 82.95 (s, 3 bepRisinanns

95- Chl or 0- 2- et hy1- 7- nor ohol in- 4- yl -th| azol ol15, 4-

d1iPYrintidine () NN To a sol ution of

5 7-di chl oro-2-met hyl -t hi azol o[ 5, 4-d] pyrim dine (4.1

, 18.72 mmol ) 10 in MeDH (100 nL) was added

‘meﬂtﬁom CRC2H: HrD,6037 64D, B I3 9D, ©FS tdd] Ehe, IOHz 1 H),

osTh 8 it B g e Soprdte ddh) P DbE T A MR 1 L0,

vacuo at 40 Cto give the t|t| e conpound as a cream
solld(44Zg 89 9% . 1 )

Ref le 1 0- 3. BB*%1A A
Ref er ence Exan‘pl €horonic acid
105- (1H I ndol - 4- yTy-2-net hyl- 7- nor phol i n- 4-yl - t hi azol
o[5,4- dlPyrimditte Prepared via the
Suzuki coupl m@g oethod of Reference Exanple 2, using

5-Chl or o- 2-
met hy1l-7- rmrE 4-yl -t hiazol o[ 5, 4-d] pyri m di ne.
The title co was obtained as a 20 white solid

(130 gy, 50 % [ #¢bis’Hr 352.9 Reference Exanpl.e
114- Hydr ory- 2- net hyI t hi azol e-5-carboxylic add et hyl

estgr, sglution of 1-(tert-butyl-dimethyl-silanyl)-5-fluoro-1F-indole (30.0 g, 0.12 mol)
in anhydrous THF (1000 mL) were added NN\, N -tetrarpethylethylenediamine (36.6 mL,
0.241 mol) and a solution of s-butyl lithium (1.4 M in cyclohexane, 172 mL, 0.241 mmol) at -
78 °C. The resulting mixture was stirred at -78 °C for 2 h, then triisopropyl borate (37.5 mL,
162.7 mmol) was added dropwise. The resulting solution was stirred at -78 °C for 40 min,

then allowed to warm to -20 °C. An agueous solution of HCI (2.4 M, 250 mL} was added and
the resulting mixture was poured into H,O. The layers were separaied and ihe aqueous layer
extracted with EtOAc. The combined organic layers were dried (MgSO4) and concentrated in
vacuo. The resultant yellow solid was then crystallised from DCM and cyclobexane to give

the title compound as a white solid (25.0 g, 71 %).
'H NMR (400 MHz, CD:OD): & 0.62 (s, 6 H), 0.92 (s, 9 H), 6.51 (d, ] =3.2 Hz, 1 H), 6.79-6.90 {m, 1 H), 7.30-
7.36 (m, 1 H) and 7.54 (dd, I = 9.0, 4.6 Fz, 1 H).

Reference Example 22 ‘S-Fivoro-4-(4.4.5.5-tetramethvl-[1.3.2ldicxaborolan-2-vl}-
1 H-indole

Step 1 _
A solution of 5-fluoroindole (5 g, 37.0 mmol) in DMF (40 mL) was treated at 0 °C

with trifluoroacetic anhydride (6.1 mL, 42.6 mmol). Afier 30 min, the reaction was poured
into water and the resulting precipitate collected by filtration, washed with water, then dried
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WD 2008/ 152390PCT/ G82008/ 002014 47 To a sol ution of
t hi oacetam de (17.2 g, 0 229 nol) in toluene (130 nlL)
was added di et hyl brononal onate (55.0 g, 0.230 nol)

WO99dsh©ssp Xture heated at reflux for 3 h. The.cT/GB2008/002014
reaction mxture was cooled to RT, filtered through

Celite, then concentrated irmsvacua. The resultant
solid was triturated with hexane to give the title
conmpound as a yellow solid (11 O g, 5 6@@ 1H NVR

400 MHz, CDCl13):.8 1.3
in Vé@zo @q.q})h@ﬁ’as theny glsg:(&ved\]m-lg% aﬂuq:sEls I\@QII; (zoﬂé‘ﬂe)raé‘ﬁ %‘@'md at reflux
for %%&ﬁ ?n m1xe:ure was cooled to RT, washed with DCM and acidified with

t ol nene- 4- sul fonyl ohi-azol e- 5- car boxyl i c
aqudg@aBiCdl 'Ié'phgdul’r@gtvénte precipitate Was cgllegttd iy flfrabgn, washed with water,

o FIFDRL RSB 850 oS GBERS 0 y eetins

mata'ﬂiﬁ €50, 5 %) kmememwefdon yetlahblaBO d.) @bd ﬁ'&atg:l wiB cdricentrastd sulfuric

acia D 5Ly HiF e dhee s avene s ieishion Wia o Bl ifine

precibitafel¥8ectidl Wh@@d Withw X vha BehceatedT ﬂae;awcgargm 3-aye@n-1H-
was i sol ated, washed with 1120 and br|Q$ gfn dri ed
indolavyGehyxyis acid SHEsn eFtat @ Reachyealemed said (f e BT
resi due was purified by colum chromatography to glve
the title conmpound as a pale brown solid (8.1 g,
Ssm&B@a | FI NVR (400 MHz, CDC13): 6 1.34 (t, J

~ i g eyt PoE 15 g 45 v
adde?l t<94 sqitkionbofS-faoto-HE-in@olbiB - caR@ﬁ{?]ﬂ{E&D&kmEbhahWt@ (2 g, 10.4 mmol) in
TFAi? ﬁ iﬂ%}x g%!)élg%r{]@lqlger%m{n?% ﬁcgtogé%l g‘he reac D%Oml},(:mrg was é:vaporated in
vacuo and the resulting residue suspended in water (25 mL) before being treated with a
solution of potassium iodide (5.2 g, 31.3 mmo}) in water (50 mL). The reaction mixture was
treated with dichloromethane (100 mL) and methanol (5 mL} and the resulting precipitate
removed by filiration through celite. The organic layer was Separated, washed successively
with sodium thiosulfate solution and brine, then dried (MgSQy4) and evaporated in vacuo. The
resultant material was dissolved in methanol {60 mL) and treated with 40% aqueous NaOH

solution (60 mL) then refluxed for 2 h. The reaction mixture was cooled to RT and extracted
with DCM/MeOH (ratio 95:5). The organic layer was dried (MgSOy), filtered and

concentrated in vacuo. The resultant residue was purified by column chromatography (silica

gel, pentane:EtOAc 75:25) to provide 5-fluoro-4-iodo-1H-indole as a pale brown solid (1.05
8 39 %). |

- NMR 8y (300 MHz, CDCls) 6.49-6.52 (m, 1H), 6.95 (apparent dt, J = 0.4, 8.6, 1H), 7.26-7.33

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

Step 3
A solution of 5-fluoro-4-iodo-1H-indole (1.28, 4.90 mmol) in dioxane (5 mL) was

treated with triethylamine (1.0 mL, 7.18 mmol), palladium acetate (22.0 mg, 0.098 mmol) and
bis{cyclohexyl)phosphino-2-biphenyl (137 mg, 0.40 mmol} then heated to 80 °C. A solution
of pinacolborane (1 M in THF, 13.0 mL, 13.0 mmol) was added via syringe. Afier 30 min, the
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To a solution of

2-nmet hyl - 4- (t ol uene-4-sul f onyl oxy) t hi azol e- 5- car boxy

Iic acid ethyl ester (2.0 g, 5.865 nmmol) in

4- d| oxane (50 nL) was added benzylamne (1.9

vi(;)z B34 ) and the mixture was heated at 126’%"%%?086’9201“

h. The reaction m xture was gool ed to RT and

partitioned between Et 0Ac and an aqueous sol ution of

HCl (1 M. The organic |layer was 5 isol ated, washed

with brine, then dried (MgSO™) and concentrated in
reactiacmixturtlves caded todkiT, thesditited withswaen(®9 mda apy DEM (Fprml). The

e

conc(ehtratéd m vhedo. HBe redulhng redidad was purdicdby céludih dhpmakography (silica

7.1 Hz, 2 .. 4.76 (d, J =6.1 Hz, 2 v 4207 (DS, ,
gel, pntEgFI9A Boshie Rrpiyide iy titlg §OTRRAUIH a2 bisofi {023 %)
M -ArPpeszyl- 2- met hyl 4H-t hi azol of 4, 5- dl

pyrimclitte-5.7-dione NH N N'-LO To a

sol ution of

2- haxVvi.i id
Refeg_?(_ul @g&&@%ﬁ‘o g‘f%%o-%rﬂuﬁ?&?ﬁnéhﬂ%— Ugeﬁzﬁe)ﬂ_%as

‘added chlorosulfonyl i socyanate (140 ILL, 1.59 nmol)

15 dropwisg at -78 C. The m xture was allowed to warm

to RT and Jstirred for 30 mnutes. The resulting

sol uti onconcent rated in vacuo then dissolved in

acet oner », before H20 (2 rtil) vvas added

i P o it ore Pt (O 88s mnb i mipraic aid 4o

mL) Wak 2R cBehiritb® BRFhriROEEENS E{[QM@FH& bl 2 Broniﬂ%ﬂccmumde (17.2
organi c | ayer was isolated, washed w.th

i ne,
g G NBON)20d the Terstien FiKBICHaS SETgh T 95 1§ity g{’e FeSation'miire was
| d st forts Th duct then extracted mto
then émﬁ:@:d QE?Q ?érfag? ﬁ%‘e—rtﬂﬁ. az% e- 0% cgurnbox?/ ?CH%ST ag eéinhyl
EtOﬁecs&z@rthasrganp lyer washaf withbring,girigd éMB%&h) @Rd gpncgatrated in vacuo to

1- r.ei I b,

give éﬁeﬁ‘?ﬁ 0 ¢ asg%é’kﬁ?ﬁ%mr{r@& m;géf;& a so?g%ﬁl ’{)fﬁg’ 2? 8
NMESB;QB@UMJE, hznmg)ez B (slvBAK 7(SDR 0T g, 716 3B)mahd 7,58 BO=2.9, 7.4,

~mmol) and the m xture was stirred at RT for 18 h. The

1H).crude reaction mixture was concentrated in vacua and

partitioned between Et 0Ac and an aqueous sol ution of
gani ¢ I ayer V\gl{s 25 isol ated, washed

HCl (1 . The or
Refcmglé_ggﬁféﬁ t hen4BEaz Eoncentrated in

vacua. Therresultant residue was triturated with

Et OAc t 0_gi the title conmpound as a pal e yell ow
solid (0ll25 . 63 %. 1H NVR (300 MHz, DMBO-d,6): 5
2.76 (<, , 5.25 (s, 2 H), 7.19-7.40 (m 5 IT) and

T AR 8 R H A SR BB D omems (T 4%y mmob in

dioxane (40 mL) were added DMF-DMA (21 0 mL, 158 mmol) and pyrrolidine (2.6 mL, 31.1
mmol). The reaction mixture was heated at 100 °C for 3 h. The mixture was cooled to RT and
concetrated in vacuo to give 1-[2-(2-bromo-4-fluoro-6-nitro-phenyl)-1-methyl vinyl}-
pyrrolidine as a dark red residue. To a suspension of the pyrrolidine (10.0 g, 31.7 mmol) and
Raney®-Nickel (suspension in H>O, 15 mL) in MeOH:THF (1:1, 150 mL) was added
hydrazine monohjfdrate_ (2.3 mL, 47.4 mmol) at 0 °C and the mixture stirred at RT for 5

hours. The reaction mixture was then filtered through Celite and the filter cake washed with

EtOAc. The filtrate was concentrated in vacuo and the resulting residue was purified by



Met hod A 5To a sol ution of
4- benzyl- 2- net hyl - 4Ht hi azol o[ 4, 5-d] pyri m di ne-5, 7- di
one (3.80 g, 13.87 mml) in xylene (40 nL) was added

\’b@&&)@/lgifg promde (5.34 nL, 55.47 nmmol) drop di‘é/(f?@z'i)osioozou

e reaction m xture was heated at 17
h, then cooled to 0 C, befor®s MeOH (30 nil) was
carefidly added. The resultant precipitate was
collected by filtration, washed with MeOH fol | owed by

oot ool By B 5558 St Bl ko
pale@ﬂQQ 5M§Zg7 @5/50 dé): 82.73 (s, 311). Method B To a
sol ution of :

'NMR Sp&HONIHZ, GRChY 6.5 epphicatiol 5[247, SEM] o3 (ddd ot Ad, B 1.71K9; 7.12
n g , [ ):¢hN I 20 nL) was added
(dd, g o frigtlr’ Fg?%iogé%m’sl%mééﬁ:ﬁbll “dropwi se at 120 .C.

5 The reaction mxture was heated at 170 C for 1 h,
Refe(}:%r%g;%%%ﬁ%t 0 0 uBﬁI-QI n%%%zk&%&&ﬂ:h) was
col l ected by f|| AZidinxabgrelancP-yi- :z-): foIIovved by
1120, then dried i n vacuo at 50 C to give the title
conpound_ps/ a white solid (4.0 g, 100 %9. 20 ill NMWMR

(400 MHz / 0): 62.73 (s, 3 H. Reference Exanple
165, 7-Di chil’oro- 2-net hvl -t hi azol 014, 5-di nvri m di ne Cl

25 Drepar ed using the method used in the
pr epar at i -'
5, 7- di chl om - met hyl t hi azol o[ 5, 4-d] pyri m di ne using
gyt E&i{moﬁtﬁ%&aeleoﬁ&rém BB G5 B i '
10 bls(pﬁlantﬂaﬂo)dxbodrbh i 28 lle[lﬁt;ml) ah} p;hyﬁmusl DMEG (mndnbmere W KOAc

(75%&%@ coniB) gﬂil\i\%s ‘% %?nl Kk % sol 'aﬁshsfﬁ' id ‘fg(mg,
1.22 thntdft). ThA\RA0R 8t p2A80REH %@@8110&%&&&1;151@ Imxture was cooled to
RT and partioned between EtQAc and H,O. The organic layer was washed successively with

H,0 and brine, dried (N2,S04) and concentrated in vacuo. The resulting residue was purified
15 by column chromatography (silica gel, pentanc:EtOAc 75:25} to provide the title compound
' asawhite solid (4.6 g, 61 %). " '
NMR 6y (300 MHz, CDCls) 1.39 (s, 12H), 7.02 (m, 1H), 7.14-7.19 (m, 1H}, 7.20-7.26 (m,
1H), 7.38 (dd, J=2.4,9.9, 1H) and 8.16 (5, 1H).

20 Reference Example 26 2-(5-Chloro-7-morpholin-4-

vi)-1-phenvl-ethanol
o

OH N
Oy
@
S N/J\C! _ _
To a solution of 5-chloro-2-methyl-7-morpholin-4-yl-thiazolo{5,4-d]pyrimidine {1.33
g, 4.91 mmol) and N, N, N°, N’ -tetramethylethylenediamine (0.74 mL, 5.40 mmpl) m -

25  anhtydrous THF (50 ml) was added a solution of »-BuLi (2.5 M in hexanes, 2.4 mL, 6.0

mmol) dropwise at -78 °C. The reaction mixture was stirred for 15 min, then a solution of
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Ref erence Exanpl e
175-Chl oro-2-netlrt4-7-norpholin-4-vl-thiazolol 4,5 =
dl pvrimdine O C To a solution of

‘§sz%h%%hpro 2- nethyl-thiazolo[4 5- d)pyrinid%% (%gﬁmmmﬂu4

mmol) 5 in MeOH (3 nL) was added nor
(81 pi, 0.93 mol) and the mggxture stirred at RT for
1 h. The reaction mixture was diluted with EtOAc and
1120. The organic |layer was isol ated, washed with
brine, then dried (MJSO™) and concentrated i n vacuo.

benmhw@%@tfém 625 Engh ipaRhydeaus fHEA S gL ctss gAded rapidly. The

ng?%n%%g aphY o ggo%s"r‘ﬁjfo Hﬁﬁ%&i @3%%%1 ﬁT%%g%gﬁh‘a%ﬂéﬁ between

BIOACESd B0 B:ietd)rganﬁt B0er3veB Gsofated, waa)ed avith I3in8 01 @ded(@e2S0s) and

erenc
condghisate ity T FMBFT RS 7o RRHIRG Y £ PR PP o £ive
the titR- coapbbad &eamedew soid 8120 @ 68abut i on of
SEﬁh Qr 0- 2- met hy1- 7- mor phol i n4-yl - t bi azol o[ 4, 5- 4pyri m
( 02 ng, 0.38 mmol) in 1,4-dioxane (5 nL) was
added sel eni um di oxide (51 ng, 0.46 nmol) and the
sol uti on heated at 105 C for 6 h The .reaction
Refergnee Examplg 37 cool & ; phelindrylithiazelo [Sed-dlny pinyidin
and brine. The org er was isol ated, then dried
(MpS™) and concentr£¥%%§¥n vacua. The resul tant
resi due was fﬁzlfled by col umm chr omat ography to give
20 the title npound as an orange solid (53 ng, 49
% . 1H NVR. (400 MHz, DMSO-d6): 5 3.73-3.78 (m 4 H),
3.85-3. 86 4'M ¥ If) and 10.12 (s, 1 H). WO
2008/ 152398 20081002014 51 To a solution of
5-chl or o- 7- nor phol i n- 4- yI-t |azol i mdi.n
- 5P paraEO! ¢A5-Gipro-G- ree'e f %%OIOEQ DY pymniein 311
phen: L—&h&ﬂo@ tll PE0SS f&ﬁ{b?) i kolfdne (D@ﬁl@%@ ddded g-toluenesrﬂfomc acid (0.11

ro-pyrrolo[3,4- c]pyrrole-2-car lic acid

&, 0 Yimmob g Ihrvering( ol S0t IRRBE Jor DHho The Feweiies saare was
concé&tfa'té'd%g vé¥uo to give 5-chioro-7-morpholin-4-yl-2-styryl-thiazelo[ 5,4-d]pyrimidine
as a crude yellow solid which was used without purification. To a suspension of 5-chloro-7-
morpholin-4-y1-2-styryl-thiazolo[ 5,4-d]pyrimidine (2.9 mmol) in THF (9 mL), acetonitrile (9
mL) and H>O (3 mL) were added rutheninm(III) chionde {18 mg, 0.081 mmol) and penodic
acid (1.3 g, 5.80 mmol). The resulting soluﬁen was stirred at RT for 2 h, then partitioned
between EtOAc and an aqueous solution of sodium thiosulfate. The aqueous layer was

isolated and extracted with EftOAc. The combined organic layers were washed with brine,

dried (Na;S0,) and concentrated in vacuo. The resultant residue was purified by column

chromatography to give the title compound as a yellow solid (0.34 g, 42 %).
"H NMR (400 MHz, CDCL): & 3.83-3.88 (m, 4 H), 4.06-4.15 (m, 2 H), 4.72 (m, 2 H) and 9.95 (s, 1 H).

Reference Example 28 5-(5-Chloro-7-morpholin-4-vi-thiazplo{5.4-djpvrimidip-2-

vimethvi}-hexahyvdro-pyrrolof3.4-clpvrrole-2-carboxviic

acid tert-puty} ester
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5 RT for 5 mn before sodiumtriacetoxyborohydride

(28 ng, 0.130 mmpl) was added. The resulting solution
was stirred at RT for 1 h. The crude reaction m xture
waogakido | oned bet ween DCM and brine. The orlg;a[%

| ayer was isolated, then dried (MgJSO™) and F2008/002014
concentrated in vacua. The r®sul tant resi due was

purified by colum chromatography to give the title
conpound as a white solid (26 ng, 61 % . 10 11-1 NMWR
(400 MHz, CDC13): 5 % 55 (s, 9 H, 2.70-2.83 (m 4

H, 2.88 (s, 2 H, (s 2 H, 3.63 (s, 2 H,
3.82-3.87 (m 4 H), 93401(m 4 H and 4.05-4.17
(m 2 H. Referen npl e

201-(tert- ButyIFd{’ t Byl - si I anv0-5-fluoro- 1Hi ndol e

-''Si 15To a s t i"onMof ©5-f | uor o- 1H-i ndol e (:30. Og,

0. 222 nol) @hydrous THY (250 inL) was added

sodi um 60 % suspension in mneral oil, 1022

g, 0.255 rﬁa‘l\( portionwi se and mai ntai n* the sol ution

at 0 C. The reactlon m xture was stirred at 0 C for
20Tuaelutibeaf Bcldolodt-morphofin-4-yi-thiazolo[ s, 4-d]pynm1dme 2~ carbaidehyde

ter ut chl or.o- di | ane
(57 iy G Sl | G o) Skl -biraool 4
c]pyﬁ'@ic%éi‘ﬂmﬁ}hb héi8 terfbu ’Eg_lésfe@ [4648g 10 220N Eed hikPur8wsd sticked at
oured into 20 0 and the |ayers separated. The

RT faa@%laéefpwedmma@i&wh@pémeﬁ% Peoh30 mmpl) i added. The

resuﬁﬁ%@élﬁ@cgl Qm&e& al BY 855 V8 e cﬂfdb ?&cﬁm “Bp zﬂ'ﬁnoned

centrated 1 n vacua. The resultant resid

betwper DEMeashddyineoThenorzahiv eyertvemsrisghiod, (dmnldneé(l\gefﬂm) nd "
conceﬁ/ﬁtf%h ’ﬁ)é’g N %Mmflﬂ O/reg1 U WFISS ]al.ﬁ'zf}teg bgr 8\” de h}ohe I ! lhy to give

metiﬂeaamﬁm%%?fﬁteaaﬁm& @m%)sz | FI NVR (400 |sz

R e85 B bttt 8 e o

H), 3323232, )13 5 (s, 2 }%43 g0 &9y %ms Hz DHRBY1 (md4 Hf thd 4.3 Hm, 2 H).
Ref erence Exanpl e
21114tert-Butyl -di net hyl -si | anA) - 5-fl uoro- 1H-i ndol -
Referehée Hboipdnl® aci d-(S-KKhlm@ﬂ? mnrphohrﬂ:@-va-ﬁﬁﬁdlﬂmrgIﬁrmndm-z-
1-(tert-butyl-di ) I
(30 0 g, 0.12 no i vI-2,7-0iAzs SpH S IHORARE- {-=Cq 18 acuitert-
added N, N, / VWV - bﬁMaﬁ@‘t hyI et hyI enedi ami ne (36 6 mrl
, 10 0.241 nol) aasolutlon of s-butyl lithium
(1.4 Min cycloh Jz 172 nL, 0.241 nrnol) at - 78
C. The resultinge{:n ture was stirred at -78 C for 2
h, then triiso o borate (37.5 nL, 162.7 ranol)

was added dr op¥i The resulting solution was
stirred at «N\78 Nres0 mn, then allowed to warmto
-20 C ueous sol uti-on of HC (2.4 M 250 nlL) was

added and,the resulting m xture was poured into 1120.

The | aye®¥s were separated and the aqueous | ayer 15
extrac%with_a OAc. The conbi ned organic |ayers

were dried (MgSO4) and concentrated in vacuo. The

resul tant yellow solid was then crystallised from DCV
alftepered|aotrasiag to the mythod userbintthe preparapgroafidel Senhlogo-Rihempholin-

e A ] A RSP g i i

tert-buit¥) ested usifg 6, 700 adargpird] 3t InonandJ-carhodGlid mid tertdhbs)yl aster

hydrozmgréllde( i%%’lac‘g ofh&?iag}’fdrg’-'pgrr%m,%—cﬁ_g}irm%cc—)}carboxyﬁc acid tert-butyl ester.

The titie compound was obtained as a white solid (70 mg, 71 %).



w

10

15

20

Ref erence Exanpl e

225-Fluoro-4-(4.4.5.5-tetranet hvi 41. 3, 21di or abor ol an-

2-vb- 1Hindole YO O Step 1 25A solution of

dole (5 g, 37.0 nunol) in DVE (40

?’0 Zﬂ&%&%g@] OC with trifluoroacetic anhydride ]Z%T’EBH’IOS’“OZ"“

42.6 nunol). After 30 mn, the reaction was poured

into water and the resulting preci pitate collected by

filtration, washed with water, then dried 53 in

vacu he solid was then dissolved in 10% aqueous
ﬂdﬁﬁéiﬁ?%%o nm.) and heated at reflux for 1 h. The

reaction mxture was cooled to RT, washed wi th DCM

and acidified with aoueous HCl . The resultlno mhite
RefprenceiBxampledvas  cai3-68 holinA-yifhiazgh | mpiriridi

wat er, taken up i . | ? " P
(NQSO4) and evgpo -g\ﬁﬁﬁm-ﬂﬂ; 331 'ﬁfté—% boxylic acid

material (5 g, 75&&&&E§Lﬂ£§50|ved in nmethanol (80 m)
and treated with concentrated sulfuric acid (2 nL)

t hen heat£d at reflugoovernlght The reaction was

cool ed arf®¥he resul g precipitate collected,

washed with r andNconcentrated in vacua to give
5-fl uoro- 1Hi doNe- ,boxyllc acid nethyl ester as a
peach- col our ed so g 83 %9. 10 Step 2 A
solution of thallium trifluoroacetate) (8.45 g,
15p£epmm h%-clefcﬂngg foAhé gémoa E);ed/iiﬂ%@ﬂ&ﬁﬁaﬁoﬁ oﬁsqslcuht@mnﬁxphohn-
oro i ndol e- 3- car boxyl i met ester
4 ghicantls st rime b neey e PSRl b rperaiect e acid

 tert-Bilt) b REudify 3 g-dibza Hﬂfycfof?@ ﬁ]&%@s&%ﬁﬂ@&ﬁféﬁ%ﬁ%&& in place

in vacua and the resul resi due suspended i n ‘water

of hqxwm)am@pweclbwn@%craéw@ac i kerisbut g estst. (fibe ditle gpmpound was
obt stgg,}ggégo(gg&gle ES%ZV 31.3 mol) in water (50 ni).
X

e reaction s treated with dichl oronet hane

'H NMR (408 Ha CDR): Bt (s( SExL) 9mg 2tERe1 H3UI0GmM G H), 2.54 (bs, 2

0. B PG TR Duptiel ot Bl e e i R

sodi um t hi osul fate solutlon and brine, then dried

treated with 40%gag q;ia;go qJ_{,,qugjﬁQ )

then refl uxed fo% € reactron mxture was
. cooled to RT an tracted with DCM MeOH (ratio
95:5). The orga Iayer was dried (MgSO™4), filtered

purified by chr omat ogr aphy (silica gel,

pent ane: 1to provi de

5-f 1 uoro- odo- 1Hindol e as a pale brown solid (1.05
g, 39 %N 25 NVR 811 (300 MHz, CDCl3) 6.49-6.52 (m
111), 6v95 (apparent di, J =0.4, 8.6, 111),

7.26-7.33 1 3 , 111
Pt e P SR i oo D5 <hjora]-morpholin-
4—y1—tﬂﬁﬂﬂb[§ A- aqumeme ﬂéemyimax &ﬁ@rtdlqauecq%yimélz-ca:boxyhc acid
trjethylam ne . 18 nuno um acet ate
ert~b|etglzesgar Hﬁng &agggiw -pggﬁxgme in place of hexahydro-pyrroloB 4-clpyrrole-
2-carboxylic acid tert-butyl ester. The title compound was obtamec}‘as,a_,cf‘eam solid (54 mg,
66 %). R

[M + Hj" 409.3

and concentra:;g%Ln vacua. The resul tant residue was
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bi s(cycl ohexyfi phosphi no- 2- bi phenyl (137 ng, O0.40 -
mol ) then heated to 80 C. A sol ution of

pi nacol borane (1 Min THF, 13.0 inL, 13.0 nunol) was
vassegidsa syringe. After 30 min, the WO  pCT/GB2008/002014
2008/ 152390PCT/ GB2008/ 002014 54 reaction m xture was
cooled to RT, then diluted wWth water (50 nL) and DCM

(50 raL). The resulting m xture was passed through a
phase separation cartridge, and the organic |ayer was

RefCOHCE_nt r alt 3

pent ane: Et OAC 75:vDm |- Pmentipd ) S oM

a tan solid (1. Q6 g, 83 %. 5[M+ H+ 262.1

Ref er ence ExanE;J

231- Brono- 5-f | 0-2-nethvl-3-nitro-benzene NO2 10To
a solution ofy4 Iuoro 2-nitrotoluene (10.0 g, 64.4
mml) in tyrfl NrQacetlc acid (40 nL) was added
concentr, Fic acid (12.5 nmL) foll owed by

N- br ono kn|n1de (17.2 g, 96.6 mvpl) and the
reactio y Xxture was stirred at RT for 16 h. The
reaction m xture was then poured onto ice and water
anPrepired aedrdigy tokfie mithod iﬁwd ipfhegueparafien of fréhrchloro-7-morpholin-

4—}’1%%2{9?03? gdﬂé%dggﬁw%— %ﬁyc{\: ani &Pt%%yﬁéﬁggg%ﬁ%}xyhc acid
tert-Tifyl bRteDhiSs (QS‘Y-%G&h)tdr&p?ﬁﬂﬁpwd]p@Eazﬁle fraplecoofl hewdtiydto-pyrrolo[3,4-

stallised out on standing (11.76 g,
c]pym%@ -oarboxypeid jerbbuty episr. T@Fi)ﬁ%e $0mBp0 d"’asj"{?mfdés a Wit solid
G4Té%gﬂ° 1) and 7.58 (dd, J = 2.9, 7.4, Reference
& 244- Brono- 6-fl uoro- 1Hi ndol e Br 20 To

[M+&I]sdl95|£3| on of

1- brono-5-fluoro-2-nethyl-3-nitro-benzene (7.49 g,

31.8 nmol) in di oxane (40 nL) were added DM | F- DVA
Refefende Bxdatinle 358 BB . b ol 5 4adlpyrimidin-2-

mol ). The react|on ' I e, ¥2 X , _

h. The mixture cthivl)-2, 8-0iaZasspirol 4.5] 11 .ﬂ&a&dtert

vacua to give butyl ester

112- ( 2- br ono- 4- quoro 6- ni tro- phenyl) - 1- net hyl vinyl k

25 pyrrolidine as f@ggrk red residue. To a suspension

of the pyrrolidine 0 g 31.7 mmol) and

Raney(r)- N ckel (g ension in 1120, 15 nl) in

MeOH: THF (1:1,330/in} was added hydrazine

nmonohydr at e 3N 49.4 mol ) -at 0 C and the

m xture sti d at RT for 5 hours. The reaction

m xture ma hen filtered through Celite and the

filter cakelwashed with EtOAc. The filtrate was

concent ’§0|n vacua and the resulting residue was

purified by '

Prepared according to the method used in the preparation of 5-(5 -chloro-7-morpholin-
4—y1—th1azolo[5,4—d]pynmidin-Z—yhneﬂlyi)-hexahydro-pyrrolo[3,4—c]pyrrole—2-carboxylic acid

tert-butyl ester using 2,8-diaza-spiro[4.5]decane-2-carboxylic acid tert-butyl ester in place of

hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester. The title compound was -
obtained as a white solid (81 mg, 80 %).
™ + H]" 509.3

Reference Example 34 5-Chioro-2-{ cis-3,S~dimethxl-piperazin-1—vlmethvl)—’]-
AN

morpholin-4-vl-thiazole[5.4-d|pyrimidine
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55 col umm chromat ography (silica gel, pentane: Et OAc
75:25) to provitde the title conpound as a pal e oi
(2.57 g, 37 %9. NAIR SH (300 MHz, CDClI3) 6.57

ent,.t, J =2.7, 1H, 7.04 (dd, S = 2.1,
%&?&rf"%ﬂ(dd, J =21, 9.1, 1H), 7.20-7.25 (¥ ."}'i?ff’s’“oz‘}“
and 8.25 (s, 111). 5 Referenge Exanple
256- Fl uoro-444,4.5,5-tetramet hvi -

R, 3, 2] di oxaborol an-2-y1)-1/7-indole To a solution of
4- brono-6-fluoro-1Hindole (6.0 g, 25.53 nmol) and to
bi s( pi nacol at o) di on (9.7 g, 38.19 mol) in

anhydr ous DMSO ( m) were added KOAc (7.5 g, 76.41
nmol ) and

[1,1"- bls(dlphen Ilhosphlne)ferrocenej-dlchloropalIad
ium (1.0 nMDbo The m xture was heated at 80
C for 18 he reaction mxture was cool ed to RT and

~ pardoned between Et0Ac mid H20. The organic |ayer was

washed succe nd bri.ne, dr
( NEDG SR DR K el e AL of GG lome; 7 morpholin-
4-ylirbREeus, M@?ymmdlﬁaq&n&:ﬁylbmemymy@bro@naxcmnﬂqy-cmoxyhc acid
-& silica ge pent ane. Et DAc 75: 25 to gglde th
tert-ppi} %‘ﬁf‘éé‘ﬁ'ﬁé G E- e me PRI EIe T P *% FroypyTrQlfis.4-clpyrrole-

- QBtalnBY add gdle yeli Iid (32
Z-caf h%%te%)ﬁ%r o liBe odd 2@%“73311?& 7 38§ Gty ohd @

ﬂ%;ﬂ2&® 9.9, 111) and 8 16 (s, 1H). 20 Reference Exanple

2 (§¥% | or o- 7- nor phol i n-4-yl -t hi azol o[ 5, 4-dl pyri m di
H“ %g 9hl phenyl -ethanol 0 CHC 1 A S"N--- C
To a solution of 5-chloro-2-nethyl-7- nDrphoI|n 4

| -t hi azol aQl.5, 4- I .
BLJ%E£&£¥&®§%§Eanet ; of S alpy Pilfidin.2-

mol ) in 25 anhymmww@bmﬁe acid tert-
solution of n-BuLi (2.5 Min hexanes, 2.4 ralL, 6.0 :
mol ) dropwi se atPUEAESEr The reaction mixture was

stared for 15 min_othen a solution of WO

2008/ 152390PCT/ GBEO 8/ 002014

N
-
6)“ A
N
o<
B,
Prepared according to the method used in the preparation of 5-(5-chloro-7-morpholin-

4-yl-thiazolo[4,5-d}pyrimidin-2-ylmethyl)-hexahydro-pyrrolo[3,4-clpyrrole-2-carboxylic acid
tert-butyl ester using 2,7-diaza-spiro[3.5Jnonane-7-carboxylic acid tert-butyl ester in place of

hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert—butyl ester The title compound was
obtained as a white solid (46.4 mg, 72 %).

'H NMR (400 MHz, CDCls): & 1.43 (s, 9 H), 1.73 (t, ] = 5.3 Hz, 4 H), 3.08-3.35 (m, 4 H),
3.27-3.37 (m, 4 H), 3.78-3.84 (m, 4 H}, 3.90-3.95 (m, 5 H) and 4.07 (d, = 9.0 Hz, 2 H).

Reference Example 36 5-Chloro-7-morpholin-4-vi-2-(4-morpholin-4-vl-piperidin-1-

vimethyl}-thiazolo[4.5-d]pvrimidine
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56 benzal dehyde (0.65 tril, 6.29 nmol) in anhydrous
THF (5 mL) was added rapidly. The nixture was stirred
at -78 Cfor 15 mn, then allowed to warmto RT and

d between EtO0Ac and 1120. The orga
‘&gg&kggﬁgfed washed with brine, then dried ?Kggggﬁﬁﬁmxn4
and concentrated i n vacuo. EBhe resultant residue was
purified by colum chromatography to give 5 the title
conpound as a yellow solid (1.20 g, 66%. [M + Hl+
377.0 Reference Exanple
275- Chl or o- 7- nor pfiohi n-4-yl -t hi azol or5, 4-dl pyri m di ne
- 2- carbaidehyde ) N 10N C To a suspension
of '
2-(5-chl oro- }rﬂnr Qg!ln 4-yl -t hiazol o[ 5, 4 4pyr|n1d|n-
2-y1l)-1- p yl¥ethaigbl (1.1 g, 2.9 nmmol) in tol uene
(25 "'"1L) added p-toluenesul fonic acid (0.11 g,
0. 58 N and the resulting solution stirred at 120
Cfor 2 _D) The reaction m xture was concentrated in
vacua to give
5- Pleb@td actoridigioahs Mmethod decd-is thy mydpatakiba a H5-0$-dhidrod Pymorpholin-

ot b e S R e Bl B st i
tert— 1@31@} ﬁﬁlgélzr-yﬂaeﬁdxﬁlzumhox;:miﬁé% pha&e éflﬁk&?fdkd'fb dl@[?: 4

mol I~ inh THF i nL acetonitrile
Cprmle %@rb%yhm@tea@aéﬂ epfgt. aA Btlppommund fyas .op@gleg fga prgam solid

pnnl) and periodic acid (1.3 g, 5.80 mmol ). The
(zgrg%;%ﬁlflng solution was stirred at RT for 2 h, then

"H NMR (400iMBe, D6k wednb3Hg0ie 128 dzan Fgquedits J §0“2bﬁ Ho? W% 2.24 (m

L zhi G L0 B AP o Gre D Loty B A AP e s

H), VErRes\as ed) sidthobsoRem, Hy.ed (Na2SH4) and
concentrated in vacuo. The resultant resi due was
purified by colum chrormatography to give the title

Refeféﬁ%%&%%l@@ aye blmgt_rgpk-lg ﬁlﬁlﬂ)rgﬂle&ané&lﬁﬁlgoig%ﬂ?gﬁ)le-s-
- I n,

211), 4.72 (i n W&&ﬁl 11). 25 Reference

Exanpl e
285- (5-Chl oro- 7- nor phol i n-4-yi -t hi azol or5, 4-dinyrimd
in-2- CO,Et

e acid ter fyl. ester WO

20081152390P¢:[/ GB2008/ 002014 57 To a solution

of : '

5-Tohd wiudior -oﬁnmhfdxblm-ﬁe&b}tﬁlhioﬁﬂcﬂrﬁ)Bxﬂicd!]::blyaﬂilﬁiesibIr(é 82g 10

- carbal dehyde (57, 1w, , 0.20 2-di.c hane
o 2 R A 7 v S B s BB LSBT o
mL, E]zﬁr%l) Oﬂoﬁo@ed:@gr &%Msb@d&ﬁb@lof ﬁﬂhmbmeﬂian&mfamc (aﬂlfydﬁﬂe (1 85

m xture was stirred at

mL, Iaem@plé E@zrp%mgrm%gﬁ S5y BEFSHY dFS Gefor 62 ﬂh@l Wmé % R e
solveli Rl rdm¥Gd iAVL6H and & resulting residue was punﬁed by column

chromatography to give the title compound as a yellow oil {2.86 g, 90 %).
[M+H] 320.0

vInethyTTLagggﬁydro nyrrol or 3, 4- clpyrrole 2 ear boxyl i

Reference Example 38 6-Benzyi-2-methvi-4 H-thiazolo[4.5-d]pyrimidine-5,7-dione
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resulting solution was stirred at RT for 1 h. The

crude reaction m xture was partitioned between DCM

and brine. The organic |ayer was isolated, then dried
\R/wﬁvgﬂ%zs@@d concentrated in vacuo. The result GR2003/002014
residue was purified by columm chromatography t0 give
the title conpound as a whitg solid (83 ng, 86 % . 10

"H NVR (400 MHz, CDCI3): 8 1.45 (s, 9 H, 1.55 (m 2

H, 2.61 (m 211), 2.75-2.87 (m 4 H, 3.23 (m 2

H, 3.57 (s, 2 H, 3.80 (t, J =4.8 H, 4 H), 3.91

(m 2 11) and?4.31 (m 2 H). Reference Exanple

292- ( 5- Ch_l@ -if\ri’aor phol i n-4-vi-thiazol td5, 4: Apyrimd

i n-2- N">N"0 ‘

yl met hyl ) -2, 7-di aza- spi r 013. 5i nonane- 7- car boxyl i c o
acild atselutie® biR-ylethyb ¢ ¢trifippgomethanesul prdpapdipzalecoeabeylic acid

t t hod ' i
ey By A5mt 3 il PIFARAS o S o Ny st
cestury karbbimdX 13 exa iy einagly, beadybirds ¢-1d. 2% mrmodls -Xantdiob (k34 £d mmol)

acigd tert-butyl ter using . ;
and SldmgiideniieFap e QY 4655 0siepmeD: T geutting misture was
stirrddedt 6o POty 1885 b&le2Q RN, AhaGItufd i Wite(b@C LY tind stirred for 15
hexahydr o- pyrrol of 3,

4-¢c rrol e-2-carboxylic, aci .
min {Thegesyifngmiggrevas fifged, %lk%yﬁéﬁ'e% ﬁﬁ%?ﬁf‘g ﬁ&gggdaﬁft‘ddf' Nafmggn vacuo
' i O . .
to ap%g%?é%%éﬁ%ﬁ%rﬂ% l%ge; Plnitaht pr@:rpltaé 8ak M?]I'ecfé.ﬂ b4 $tration, washed with
ether30@-dfi5d @hvaro torgivethp gk compour ks e wwhile solsh .92, dR 59k i mi

[M+6?Jrrbet hlyl ) -3, 8-di aza- bi cycl 013. 2. 11oct aue-8-carborylic
acid Stert-butyl ester CN) Prepared according to the

Refermse BlarsiS e N t%&g% Hlbre- O b Qin-4-vithiazolo[4,5-d]pyrimidin-2-

-nta
4-yl -t hi azol o 5, 4uidayniz-divvetBylninErizine-)-cirboailickidsd fere-
yrrol o[ 3, 4-c] pyrrole-2-carboxylic acid tert-butyl
ester using butyl ester
3, 8-di aza- bi cycl o[ 3. 2. 1] oct ane- 8- carboxylic acid
tert-butyl ester in place 10 of
hexahydr o- pyrroIEf[j:’E, 4-c] pyrrol e-2-carboxylic acid
tert-butyl esters,-The title conpound was obtained as
a white solid (91 nmy, 95 9% . 11-1 NMR (400 Mz,
CDC13): 5 1.4% [s,/”911), 1.90 (m 211), 1.93-2.00
(in, 2 H)((— .5 rb)s\,az H, 2.74 (dd, J = 10.6, 2.6
Hz, 2 H) ,\3/{79 (s, 2 H, 3.82 (m 4 H and 4.12-4.43
(m 6 H=( 15 Reference Exanple '

~312-(4-Azgtidiml-vl-piperidin-1-ylmethyt)-5-chloro-7
- nor phol\ n-4-yl -t hi azol o[ 5, 4-di pyri m di ne

Prepared according to the method used in the preparation of 5-(5-chloro-7-morpholin- .
4-ylthiazolo[4,3-d]pyrimidin-2-yimethyl}-hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid
tert-butyl éster using 2,2-dimethylpiperazine-1-carboxylic acid ters-butyl ester in place of
hexahydro-pyrrolo|3,4-cjpyrrole-2-carboxylic acxd tert-butyl ester. The title compound was
obtained as a yellow solid (100 mg, 38 %). -

[M+H]" 483.2

Reference Example 40 5-Chloro-7-morpholin-4-vi-2-(4-morpholinp-4-vipiperidin-1-

vimethyDthiazele|4,5-dipvrimidine




Prepared according _to the nethod used in the

preparati on of

5- (5-chl oro- 7- nor phol i n4-yl -t hi azol o[ 5, 4-ci pyri m di n-

wo Ybaddrtfyd ) - hexahydr o- pyrrol o[ 3, 4-cl pyrrol e- %ﬁ%@iﬁﬁomom
lic acid 20 tert-butyl ester using

4-azetidi n-1-0-pi peridine in3place of

hexahydr o- pyrrol o[ 3, 4-c] pyrrol e2-carboxylic acid
tert-butyl ester. The title conpound was obtai ned as

a creamsolid (54 gy, 66 9. [M+ H+ 409.3 WO .

2008/ 152390PCT/ q98/002014 59 Reference Exanple

325- Chl or o- 2- 1(S) (ber abydr o- pyrrololl 2-al pvrazin-

2-

yl)nethyll-7zﬂﬁ& qﬂ\n 4-yl -t hi azol o[ 5, 4- di pyri ni di ne

Pr epar ed [ rdlng td&the nethod used in the
preparatio f 5-(5-chloro-7-nmoTholin- 5

4-yl -thi | o[ 5, 4-d] pyri m di n- 2- yﬂnethylyhexahydro py
rrol o[ 3, ] pyrrol e-2-carboxylic acid tert-butyl

ester u3|ng (S)-octahydro-pyrrolo[ 1, 2-a] pyrazine in

p| B@argqi a¢noxding tirtbe pythod |uwcén4hc preparatton of 5-(5-chloro-7-morpholin-

RTINS i D o
Bidyl%ster idvhdit-p3RHdR-4-Oinidepleiian QEpIE)ea]fhbth&‘o -pyrrolo[3,4-cipyrrole-
-ca% %15'110 acgdotﬁzrgt—butyqoestgrh %els: Et}gf chmpotu%h S lo!g)taméd as a f')éﬁolwlsjé?ig (220 mg,

399yl methyl) - 2, 8- di aza- spi r0[ 4. 51decane 2-carboxylic
acid tert- butyl ester c 0"Lo 15Prepared according
[M+H) 4382 et hod used in the preparation of
5- (5-chl oro- 7- nor phol i n-
4-yl -t hiazol o[ 5, 4- cflpyr|n1d|n 2- ylnethyl)-hexahydro-
Referopee Biamifle 41 c| py rxGhle Jofhexahydge ‘
ester using 2, 8-dj
acid tert-butyl -
hexahydro-pyrrgﬁ§[3,4-c]pyrrole-2-carboxy|ic acid
tert-butyl est The title conpound was obtai ned as
a white SO|Id ( 1 ng, 80% . 20 [M+ H Reference
Exanpl e 34
5- Cltlor(e/_<( )chs di met byl - Pi Per azin-1 -yl methyl ) -7

Prepared according to the method used in the preparation of 5-(5-chloro-7-morpholin-
4—y1thiazold [4,5-d}pyrimidin-2-yimethyl}-hexahydro-pyrroiof 3,4-c]pyrrole-2-carboxylic acid
tert-butyl ester using (S)-octahydro-pyrrolof1,2-alpyrazine in place of hexahydro-pyrrolof3,4-

c]pyrrole-2-carboxylic acid fert-butyl ester. The title compound was obtained as an orange

solid (131 mg, 46 %). 7 \
[M+H]" 395.4 '
Reference Exampie 42 4-Azetidin-1-vi-piperidine

H
N

O

N

<
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nmor pbol i n-4-yl -t hi azol 015, 4-di pyri m dine WO
2008/ 152390PCT/ GB2008/ 002014 60 co) Pr epar ed
according to the method used in the preparation of

‘gﬂgﬁﬁégﬁ Qr 0- 7- mot pholi n4-yl -t hi azol o[ 5, 4- d]p Hh%&ﬁmoxn4

) hexahydr o- pyrrol of 3, 4- e]pyrrole -car
I|c acid tert-butyl ester using
ci s-2, 6-di net hyl - pi perazine in place of
hexahydro pyrrolo[3 4- c]pyrrole- 5 2-carboxylic acid
tert-bu er. The title.co bt.ai
- plaalpbion Gi St P agienrsvs o et v B Ao 3 88
mmEP7 @ml:ﬁo?o'éthane (so mL) was added azetidine (0.6 g, 10.53 mmel) and the mixture

2-(5-Chloro-7 hol i n-4-vl -t hi azul of 4. 5- dI vrlqldln
was_sfirred at RT for 301 mm odium triacetoxyborohydnde (3.9 g, 18. ) was added

and Yile %ﬁﬁnﬂ?gt%m%m\? wdb aﬁ?ed%PR'T%ﬁl i, f’&%@éh%ngn ﬁﬂt&&%% iGrtitioned

acl uty ester re ared
betveeen ovathr pgd DEM el thetahc;a sepaeajed. Ahe preape éf;yg‘f Wi oitragipd further

o O S By U e i

semi- Sc!hdamsdus’l;ﬁndedrm DIGIM yihd 2stented siqurgus solution of NaHCO; Was added

The?aéflc{s a2 (E]g{ﬂé'&'mf[ﬁi a-? } aga%bcz lagft%rzso%&& Ana tge aqueous layer further
extrit@émmmw IThe kehBindd SpR1E I3k veere #aded Withbrine | dlied (N2,SO,)

tert-butyl ester. The title conpound was, obta
and gongpR BIviero(ta Givg 4@@3’:1%-1@&@1@% -c(ag yiw_ﬁmg tertabutyl ester
%g%p (g OJ%T?§ %}530&3 r7o_téct13§ of Bxuazehdﬁ) 2 yﬁpl dlﬂe-h'bc?lboxyhc
ac1d43rt—|)>1;ty}3¢s% (@09& (lrﬁ7 mBmel) using TEAG?CWI 4) g&vegh@hﬂz comgpound as a
yello'd?r oil ?‘1%5 mg, 79 %)
NMR 8y (400 MHz, CDCl3) 1.04-1.16 (m, 2 H), 1.68 (d, ] = 12.8 Hz, 2 H), 1.98-2.08 (m, 3
H), 2.55 (td, J=12.1,2.6 Hz, 2 H), 3.06 (dt, = 12.8,3.6 Hz, 2H) and 3.15 (t, J= 6.9 Hz, 4

H).

Reference Example 43 2-(4-Azetidin-1-yipiperidin-vimethvl}-5-chioro-7-morpholin-
4-vithiazolo[4.5-dpvrimidine
®
N
Sy
~& A

Prepared accc;fding to the method used in the preparation of 5-(5-chloro-7-morpholin-
4—y1thjazolo{4,5~a’]pyrimid'm—2-yimethyl)-hexahydronpmoloi3,4—c}pyrrole-2—carboxylic acid
tert-butyl! ester using 4-azetidin-1—yl piperdine in place of hekahydro-pyrrolo[3,4—c]py:role-2—
carboxylic acid ferz-butyl ester. The title compound was obtained as a yellow solid (57 mg, 33
%, | |
[M+H]" 409.3 (*°Cl) and 411.3 ¢'C))

Reference Example 44 5-Chloro-2-{4-cvelopropvimethvipiperazin-1-vimethyi)-7-
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15

20

WD 2008/ 152390PCT/ GB2008/ 002014 61 , Om sw c-N)
N---"-hr a Prepared according to the nethod

used in the preparation of

Wo(2beseibis06 0- 7- nor phol i n4-yl -t hi azol of 4, 5- d] pygd:EhoPso02014
2-yhnet hyl ) - hexahydr o- pyrrol o[ 3, 4-c] pyrrol e- 2- car boxy

lic acid tert-butyl ester  ustng

4- pi peridi n-4-yl -norpholine in place of
hexahydr o- pyrrol o[ 3,4- 5 c]pyrrol e-2-carboxylic acid

tert-butyl ester. The tit i ned as
a creamsolid (2sﬂﬁ%ﬁm§@3?@ﬂi&g@ﬂﬁﬁgﬁﬁgém%ﬁég CDC13):
51.63 (q, J fijt 1.92 (d, J = 12.3 Hz, 2
H, 2.24 (m 1 FD 34(t J = 11.5 Hz, 2 H), 2.60(m
411) 3.04(d, J 1 5 Hz 2 H, 3.76(t, J = 4.4 Hz,

3.81-3.8 FD and 3.92-3.98 (m 611). 10
Reference %xaﬁg<
372- Met hy144 tr||Iuoronethanesquon | ory)thiazol e-5-
car boxyln Cld ethyl ester s COEt -4. | n 0=5=0 CF,
15To a sol ution of
4- pyglhed MeodrdiRE R:V’Jh& Ricpa |u§ed51:x w;bgamﬁog o@csl(s-cﬁtomtb.morphohn-
ester (1.87 g, 10 nmol) InL) at -78

4- yl@w@rﬂ%dh!ﬂm@ﬁe?rﬂn@fh &?Wdﬁ’dml‘?iﬁq4eﬂf]m€dﬁ?ﬁéfboxﬂw acid

Rt Pene DR gy e A PR S AR o

clpympleel-yarboriylic peid udrt-bniyl me)u’ﬂreeﬂmgmscwn!r\e@ ctainerigss € yellow
n warnmed to RT. The solwvent was renoved in
Sojlf{/@a%glga%é‘p‘$he resulting residue was. purified by -
[M-+8191 4005 20 chr omat ography to give the title conpound
as a yellowoil (2.86 g, 90 %9. [MH 320.0 WO
2008/ 152390PCT/ GB2008/ 002014

Reference Example 45 1-{5-Chloro-7-morpholin-4-yithigzelo[4.5- imidin-2~
Imethvl-piperidin-4-vljdimethviamine

9]

N
T
d
Q N N/)\CE
—N
A

Prepared according to the method used in the preparation of 5-(5-chioro-7-morpholin-
4-ylthiazolo{4,5-d]pyrimidin-2-ylmethyl)-hexahydro-pyrrolof3,4-c]pyrrole-2-carboxylic acid
tert-butyl ester using dimethylpipeﬁdimﬁr-ylanﬁne in place of hexahydro-pyrrolo{3,4-
clpyrrole-2-carboxylic acid fert-butyl ester. The fitle compound was obtained as an orange
solid (244 mg, 40 %).

[M+H]" 397.2 (°CI) and 399.2 (*'C1)

Reference Exémg]e 46 2-[4-{5-Chlore-7-morpholin-4-vl-thiazolo[4.5-dpyrimidin-2-
vimethvh-piperazin-1-vil-isobutvramide
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I35

20
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62 To a solution of

2-nmet hyl -4-(trifl uoronet hanesul f onyl oxy)t hi azol e-5-ca
rboxylic acid ethyl ester (6.38 g, 20 rrtnol) in
Wba¥RNS:36B0 M) under an atnosphere of N2 was@ds@Mosooz014
cesi um carbonate (13.0 g, 40 rnnol"), benzylurea (3.3
g, 22 mmol ), Xantphos (0.58 @, 1 mmoD 5 and

tris(di benzyli deneacet one)di pal |l adi um(0) (0.46 g, 0.5
mol ). The resulting m xture was stirred at 60C for
1811, cooled to RT ot hen poured onto water (500 nl)
and stirred for L%; The resulting mxture was
filtered, the filt e coll ected and reduced in

vol ume in vacua t roxi mately one-third. The

resul tant preciphtéte was collected by filtration,
washed MAthéﬁgpeW abid dried in vacua to give the
title compo as a white solid (3.9 g, 72 %9. 10

[ MHF1- 11+ 1 Reference Exanple

394 (5 €M of o- 7- mor phol i n- 4-vi t hi azol o 4, 5-di pyri mi di

R R L
mL)amd @icthiang! (1 50 tdlie an®ettheds ackledi hjfdrogdne:hflnr'e\géﬂbmioﬂvﬁﬁolution in

d‘cthx} %ﬁl@é%%ﬂqﬁé&(go ?%éﬁ%?? Fal azo pydl’r ro car gé))’(w‘f .

vacaoqo @’Eéﬂ(ﬂtei'tﬂfutylkl%1¥émﬂﬁéc€ﬁoﬂ§1&m@ydIOCMOHde (17. 9 2).

e S fa glsgﬁ%hyg@é Sty ?Igpelmﬁgéacapbgé%ate%ygf cglongc (19 lé QS In water

(20 feg : téﬂiﬂefa%r@k&%s dagl Bb’&l{l&' Sarbié 8. ROXY Kiselu@6h B acetone (5.9
u y

ester. The title compound was obtained as a

mL} WIHUV\KZ@GBLWQS@@I adged dRDWse apg/miiredss gogm tepgperature for 48 hours.
r ep e e% artitor ﬁ%‘g? ;&ﬁé%‘cﬁ %ndd ﬁg{)eela Ghe coxﬁbmed organic layers

werepuv@ai afth bringfseparated, dried (MgSOy) and reduced in vacuo to yield 4-(cyano-
i PR BB 1 BRIy 7701 2 car boxy

| i To aGbldtibest4-Ryhil-diaftSt-metiyligpiperazine-1-carboxylic acid tert-butyl
BB o B8 BL 2580 o 104 .
Hyd{g%ﬂe clk?gﬁvxvuég g&;ﬁﬁ@ 27308 % g&ﬁtﬁxﬁﬁ RRRHWad@sn e RS The
resulting mixture was heated to 40 r(quovermgh’t To the cooled mixture was added water and
the precipitated solid filtered and dried yielding 4-(1-carbamoyl-2-methyl-ethyl)-piperazine-
1-carboxylic acid fert-butyl ester (677 mg). The BOC-group was removed using HCl in cther
under standard conditions to give 2-piperazine-1-yl-isobutyramide di-bydrochloride (600 mg).

The title compounds was prepared according to the method used in the preparation of

5-(5—chloro-7-morpholin—4—y1t}ﬁazolo[4,5—d}pyrimidin-2—ylmethy])—hexahydro—pyrrolo[3 (A
cjpyrrole-2-carboxylic acid tert-butylx ester using 2-piperazin-1-yi-isobutyramide in place of
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester. The title compound was

~ obtained as an off-white solid (71 mg, 36 %).

[M-+H]" 440.2

Reference Example 47 2-(4-Azetidin-1-vipiperidin-1-vimetbyh-5-chlore-7-
morpbolin-4-vithiazolo{S.4-djpyrimidine
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[ MkH] 439. 2 Reference Exanple

415- Chl oro-2-[ (S) - 1-t hexahydr o- pyrrol o11. 2- 1] pvr azi n-

2-

wWOy@sat3w | - 7- nor phol i n-4- vl t hi azol o[ 4, 5- dl pyCTrGERDIS®02014
cC Pr epar ed accordinq;to the nethod used in

t he preparation of 7

5- (5-chl oro-7-nor phol i n4-yl t hiazol o[ 4, 5-ri pyrimdin-2
-yhnet hyl ) - hexahydr o-.pyrrol o[ 3, 4-cl pyrrol e- 2- car boxyl

ic acid tert-but ester using

(5)-octahydro-pyﬁf | o[ 1, 2-a] pyrazine in place of
hexahydr o- pyrrol off3, 4- 15 e] pyrrol e-2-carboxylic acid
tert-butyl S?Lgtg%ﬁhe title conpound was obtai ned as

an orange sgli %ﬁmng, 46% . [ MrHr 395.4 Reference
Exanpl e 424-)Azeti di n-1-yl-piperidine 20<>1 WO

200811523 CT/ GB2008/ 002014 64 To a solution

of 4-oxd-pi peridine- 1-carboxylic acid tert-butyl

ester (1.75 g, 8.88 mmol ) in dichloroethane (80 nlL)
waFoaddrtomei-tidbre7-a®ntholn-410thEeoiviiotyipanthidine 2-carbaldehyde

i xt d_at. RT .for, 30..m
ok aRhhor Bt va e 3 T B gy 119
mmél) FHe heultiag wiktnRgwasdtinel arR Wi 1Stoih tiet satinRTtribentoxdBorohydride
h. The reaction m xture was partjti eq %hﬁﬁtmeen it
(29 S 0O Bises ASRPd G STRPE PGS SeRPE 8 18 T bhe g duixture
was IGWME] oBEn BSTuteas SeSt-3 sitags, wishdd JAGMVRDE hbe IGRANREIM NH;

agueous | ayers were concentrated in vacua. The, .
in Me@E dndaancepmited nsvaeke toativaithaste sompramd agan ffmdie splil @63 me,
GOQ%aturated aqueous sol ution of Nali CO38 was added. The

rayers were thoroughly nixed, the organic |ayer
[MHEo#®t2d and the aqueous | ayer further extracted with

DCM The conbi ned organic | ayers were washed with

brine, dried (Na2SO4) 10 and concentrated in vacuo to
Refegérice Edardmetd di n- k-l €hlopeTinlirpholin-dvithineglol S 4-aftwydimidip-2-

tert-butyl ester as a white soli,d .0.9, 95 %,.
BOC- depr gt ection v&glethvl)miperaz_’n_:e—l—cag'goxv!ig acn% tert/-dbutvl ester

4-azetidin-1-y|-%i eri di ne-1-carboxylic acid

tert-butyl ester {(4P0 ng, 1.67 mml) using TFA: DCM
(1:4) gave the titN e conpound as a yellow oil (185
ng, 79% ngrgg! 400 MHz, CDC13) 1.04-1.16 (m 2
H, 1.68 (dy I« ~8 Hz, 2 H, 1.98-2.08 (m 3 H),
2.55 (td, (J 2.1, 2.6 Hz, 2 H), 3.06 (dt, J = 12.8,
3.6 Hz, 2 and 3.15 (t, J = 6.9 Hz, 4 11).
Referen@%ﬁExanple

432-(4- tidi n-1-vlpiperidin-vlnmethvll-5-chloro-7-no
rpholin- 4-vlthiazol o[ 4, 5-Apyrimdine

Prepared according to the method used in the preparation of 2-(4-azetidin-1-
ylpiperidin-1-ylmethyl)-5-chioro-7-morpholin-4-ylthiazolo[5,4-d]pyrimidine using

piperazine-1-carboxylic acid tert-butyl ester in place of 4-azetidin-1-ylpiperidine. The title .

compound was obtained as a white solid (129 mg, 81 %).
IM+H]" 455.2

Reference Example 49 5-Chloro-2-(4-cvclopropylpiperazin-1-vlmethvi)-7-

morpholin-4-vithiazolo[5.4-d]pyrimidine




10

15

20 Prepared according to the nethod used in the

preparati on of

5- (5-chl oro- 7- nor phol i n4-yl t hi azol o[ 4, 5-d] pyri m di n-2
I hexahydr o-pyrrol of 3, 4-c] pyrrol e- 2-

W?zg% g%baert butyl ester using 4-azetidin- P%%&%XAIOMOM

-yIp|perd|ne in place of 68

hexahydr o- pyrrol o[ 3, 4-c] pyrrol e-2- carboxylic acid

tert-butyl ester. The title conpound was obtai ned as

a yellowsolid (97 ng, 33 25 % . [MHr 409.3 (350)

and 4113 (37C1) 2008/ 152390PCT/ GB2008/ 002014 65

nor phol i n-4-vlt hisgzolo[ 4. 5- 4pyri m di ne coN)

Prepar ed accoran fo the nethod used in the

preparation gf¢

5-(5-ch|or0 7- ﬁbrpﬁ%win4 yl t hi azol o[ 4, 5- d]pyrinidin-Z

-yl net hyl exahydro pyrrol o[ 3, 4- el pyrrol e-2- car boxyl

ic acid tert butyl ester using

1-cyclop pylnethylpiperazine in place of

hexah dro r-r r L d
%’reg tyf'i tﬁﬂﬁiénefho ]ugéﬁ m%e é}u%)(fgﬁog%)f%t(h%z&l -1-

ten Ie comp Wwas O al ne as a
ylplyeeidimmmthﬁ) (S-bmmrg mdahdt-4- ymuozom 93| BinRéfne naing &-

Example . . o s e . .
cydazgﬁﬁﬁew%ﬂ@a?Hlpﬂacmfﬁr?&ﬁwn-&-w??ﬁ% Thp il comanypd fegpbiained
as 2 e solid gﬁ;l'hiﬁl sfp%@erl di n-4-yl]di methylam ne -N _

Pre according to the nmethod used in the
[MH é%ﬁﬁhtlon of

545- chl or o- 7- nor phol i n4- yIthlazoIo[4 5-4pyrimdin-2-y
' Inethylyhexahydro pyrrol oP, 4-cl pyrrol e- 2- carboxylic
RefemnicelE - but Mrpholm-ﬁ!—vﬁhmmla[ﬁ A-dipyrimidin-2-
dlnethylplperldln 4nég _

hexahydr opyr r ol o[\ST2——pyr10 DOXYT
ten-butyl ester. The.title conpound was obt ai ned as
an orange solid (j?éjng 40 9% . [Mm+11]+ 397.2 (350)
and 399.2 (37C1) 2d“Reference Exanpl e
4624445- Chl or o- jg: olin-4-yl-thiazol 014. 5-dl pyrim
di n- 2- V|tTFL a2|n 1-v11-isobutvram de

0 N

H,N
Prepared according to the method used in the preparation of 2-(4-azetidin-1-

ylpiperidin-1-ylmethyl)-5-chloro-7-morpholin-4-ylthiazolo[ 5,4-d]pyrimidine using 2-

piperazin-1-ylisobutyramide in place of 4-azetidin-1-ylpiperidine. The title compound was

obtained as a whiie solid (70 mg, 46 %).

[M+H]" 440.3

Reference Example 51 [1-{5-Chloro-7-morpholin-4-vithizzolo[5.4-d|pyrimidin-2-
' vhmetiry])piperidin-4-vl)dimethyiamine




66 O To a solution of

tert-butyl-I-piperazi necarboxylate (15.0 g) in

di chl oronet hane (150 ralL) and nethanol (150 niL) at O
wo yeg1asied hydrogen chloride (40 nL; 2M sol girRiB2bd3 /002014
diethyl ether). The m xture was stirred at room
tenmperature for 1.5 hours arfd reduced in 5 vacuo to
yield tert-butyl -|-pi perazi necarboxyl ate

hydrochl oride (17.9 g). To a sol ution of
tert-butyl-1-pi pepazi necarboxyl ate hydrochl ori de
(17.9 g) in wate 200 nL) at room tenperature was
added sodi um cyanide (3.94 g). A solution of acetone
(5.9 nm) in wawm 0O mM,) was then added dropw se
and stirreddﬁﬁg oahtenperature for 48 hours. The

m xt ure s yartiliofled between et hyl acetate and
water. Th onbi ned organic layers 10 were washed
with brimg, separated, dried (MgSO4) and reduced in
vacuo to yield

4- Preyanbaticnslitytb-inenbgib] upi e tepreperation af BekykdidiaLi d
gy et Ry PR e den i £ 2 P B o

dma}gnﬁlp@i&xyh vestifE in( S8R oTY) azktiiinRiiyiberfdihd. Tkt de (Bpdihd was

at C was added potassium carbonate (104 ny).

5 obtmp%@@g@#ﬁ}ﬁélp‘b’ﬁphé(}((ﬁ PSP 7%R7.5 wt sol ution in water)

10

15

[M+MftSgtRen added dropwi se. The 15 resulting m xture was
heated to 40 C overnight. To the cooled m xture was
added water and the precipitated solid filtered and

Refg%ﬁ%ee&a}ﬂggé £ 09 5:Chipra7-
acid tert- butyl &BmﬁhVMEHﬁmﬂmS44ﬂbﬁnﬁmﬁneroup was
renmoved using HCl . n ether under standard conditions
to give 2-piperazineg-1-yl-isobutyrarnide
di - hydrochl ori de 0 nmg). The title conpounds was
prepared accor dj o the nethod used in the
prepar ati on Df¢ Py

-ﬁbrﬁhoﬁin-4-y|thiazo|o[4,5-dipyrinidin-

5- ( 5- chl opo™

2-yl met hyl exahydr o- pyrrol of 3, 4-

c]pyrro 2-carboxylic acid tert-butyl ester using
2-pi pergz¥n-1-yl -i sobutyram de in place of

hexahydr o- pyrrol o[ 3, 4-c] pyrrol e-2-carboxylic acid
t é’retpaimdia;ntor@a ¢ &y the Teghddi Wbcémdbmwpmaham Ze(raltaicmﬁd-las

siip i) ol a5 caS ZroplOl B i L A PP e ing ¢

plpentimltﬁ?hfb‘z‘;bﬁohﬁc 18600 4 aBdiph -ylpiperidine. The tifle compound was
ol.in-4-vlthjazolor5, 4-dl pvninaictine WO

obtaingganh VEBS S MEBEOBBID02014 67 c: )
[M+H]" 397.4

Example 1 5-{6-Fiwore-1H-indol-4-yl}-2-(hexahydro-pvrrolof3.4-clpvrrol-2-

yvimethvl)-7-morpholin-4-yl-thiazolo[4.5-djpvrimidine
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To a solution of
5-chl oro-7-inorpholin-4-ylthiazol o[ 5, 4-ci pyri m di ne-2
- car bal dehyde (308 ng, 1.08 mmvl) in DCE (8 nalL) was

ed 4-azetidin-1-ylpiperidine (166 ng, 119 mol

‘?ﬁgoog"é?ﬁ?ﬂti ng mxture was stirred at RT for f&#ﬁ%"“mﬂz““
then sodiumtriacet oxyborohygdride 5 (297 ng, 1.40 :
nmol ) was added and stirring was continued for 18 h.

The reaction m xture was | oaded-onto an Isolute(r)

SCX-2 cartridge, washed with Me01l-1 then eluted with

2 MNH3 in MeOH and E8Dcentrated in vacuo to give the
title conpound as an f-white solid (263 ng, 60%.
[M%ﬂ4092|0|%fre ce Exanple

484- ( 5- Chloro'?;nﬂ I|n'ﬂ Y| t hi azol 013, 4-d) pyri m di

n- 2- ylnethyl |p§r w1 -carboryllc acid

tert-butyl e Pr epar according to the nethod

used in the paratlon Of 2-(4-azetidin-1- 15

yl pi peridin- ™

- VirhiQ 8biipbunid3ods Hr@fuRed asiRY (RO Shouli émﬁbhhé‘l\&%lﬂd‘ﬁ RosriBeldfin

yr|n1d|ne usi ng pi perazi ne-1|-carboxylic acid

| Referamce Evanpie 2aboen fqll@vqg{i by BQsF-deprotection using TFA:DCM (1:1). The titie

comfy 8 s b AE of PR el Bl 100 [t s -

DA+HEEH3ﬂQd accordlng to the nmethod used in the

t
' BRI i og g B i I £ 9Pt Hr 3 R AR G b 957 2 D)
3. ospxhoj.r HR- 342cythi,h1 A7190804 3 H4; 3Br4m en 08, 2ED, MR, J = 4.8 Hz, 4 H),
ro erazine in
107 £ AR Bk 0, Bl 9r4eié%aa§¢d 3 2 Hz, 1 HD,
7.44%%??'3%&%}%2 b a\gxﬁg% @@l (427 me, 1 G N [ MrHr
502- 14- (5- Chl oro- 7- nor phol i n-4- 171t hi azol o[ 5, 4-d] pyri

Exarffli€h " % @4uiHY b BUBEL IR hbiatival S QO G 8 Bl rrol 2N

vimethvi}-7-morpholin-4-vi-thiazslof5.4-dlpvrimidine

()

N\N—-—
—~ 1 T NH
N

E
H

Prepared by using the Suzuki coupling Method B of Reference Example 2 (scheme B),

followed by BOC-deprotection using TFA:DCM (1:2) according to Reference Example 3.
Thé title compound was obtained as an off-white solid (2.0 mg, 16 %).

[M +H]" 480.13

'H NMR (400 MHz, CD;0D): §2.57 (dd, J=9.6,5.3 Hz,2 H), 2.98 (4, T = 9.6 Hz, 2 H),
2.99-3.06 (m, 2 H), 3.13 (dd, J = 11.7, 5.3 Hz, 2 H), 3.57 (dd, T=11.7, 7.2 Hz, 2 H), 3.87(, J
=4.7 Hz, 4 H), 4.06 (s, 2 H), 4.45 (t, } = 4.7 Hz, 4 H), 7.22 (dd, J = 10.6, 2.4 Hz, 1 H), 7.30
-(dd, I=32,09Hz, 1 H), 7.34 (d,J=32Hz, 1 Hyand 7.77 (dd, ] = 10.6, 2.4 Hz, 1 H).

Example 3 2-2.7-Diaza-spirof[3.5]nop-2~-vimethvD-5-(1 H-indol-4-vI}-7-

morpholin-4-vi-thiazolof5,4-dlpyrimidine




Prepared according to the nethod used in the

preparation of 2-(4-azetidin- 1 -

yl pi peridin-1-yhnethyl)-5-chl oro-7-morpholin-4-ylthia
WQh@kRsAefl] Pyri m di ne using 2- piperazin-1  pcriGeoos/m0201s
-yl i sobutyram de in place of

4-azetidin-1-ylpiperidine. THe title conpound was
obtained as a white solid (70 ng, 46 %9. 15 [m+H|t

440. 3 Reference Exanple

51[ 145- Cnhl or o- 7- n@r phol i n-4-vi t hi azol of 5, 4-d1pyri m di
n-2- yl met ht hpi gerfdi n-4-yfidinetlivlamne WO
20081152390PCT/ 08/ 002014 69 Pr epar ed
according to t thod, used in the preparation of
2-(4-azetidim< al NH
ylplperldlm -5-chl oro-7-norpholin-4-ylthia
zol o[ 5, 4£ci\pyri m di ne“usi ng

di met hyl'piperidirl-4-ylamne in place of
4-azetidi'nThyl pi peridine. The title conpound was 5

0 bP?égEk%ﬁ’ b8sife BR! Eﬁxziﬂ%' doﬁﬁﬁn%@lfiétﬂod B Q@ RBRrené2 E¥Amplk Mddheme B),
397 Ref erence Exanp

foll@@sbmmﬁéemwwgﬂ% PEM 41 3breperdingrio Rolpremse fEapgic 3.

The ifls dompdyB WA bieatdd 3¢ R 888w dbliallisTh g b9, OO 10

pare according to the net use

M -pHEPAGAL | on of

s B S S 2 B9 T

3.88{3.96(d, diH); 49ytsrmrmb¢l45m 4 F),07. 30, Joé??Hz 1}1) 7.33(t, J=27Hz 1

D, Dt Eohem 2808 ol L%Ivnﬁ@gi%néiﬁﬁé??@ﬂd -

10 Examnle4 2-(2.7-Diaza-spire[3.51nop-2-ylmethvl)-5-(6-flnoroe-1. H-indol-4-vl)-

15

20

7_-:gofpholiu—4—vl—thiazolo{5.4-dlpvrimidine
o

N
Nf by i )
—~—< | -
s N/ NH
F

Prepared by using the Suzuki coupling Method B of Reference Example 2 (scheme B),
followed by BOC-deprotection using TFA:DCM (1:2) according to Reference Example 3.

The title compound was obtained as a pale grey sohd (20 mg, 58 %).

[M -+ HJ" 494.3 ,

'H NMR (400 MHz, CDCL): § 1.77 (t,J = 5.4 Hz, 4 H), 2.79 (t, ] = 5.4 Hz, 4 H), 3.21 (5, 4
H),3.90(t,J=4.6 Hz,4 H), 3.99 (s, 2 H), 445 (t, I =4.6 Hz, 4 H), 7.18 (dd, J=8.8,25Hz,
1 H),731(t, J=2.5Hz, 1 H), 7.51 (m, 1 H), 7.95 (m, 1 H) and 8.27 (bs, 1 H).

Example 5 2-(2,7—Diaza—spir(ﬂ3.5]non-Z-VlmethLll—5—{5-ﬂnoro—11{-indo!«4-vl)-7-

morpholin-4-yl-thiazolo[5,4-d]pyrimidine




10

15

20

25

15 [ MtHr 397. 4 Exanpl e
1546- F uor 0- 1H i ndol-4-y1l)-2-(herahydro-pyrrol of 3, 4-d
pyrrol -

Wd%mg_,)gﬂ nor phol i n-4-yl -t hi azol of 4, 5-dI pyrbﬁ%{éﬁsibﬁmoz{m
Thi's conmpound was produced using t

Suzukl coupling Method B des@ribed in Reference
Exanpl e 2 above, followed by BOC-deprotection using
TFA:DCM (1:1). The title conpound was obtained as a

pale yellow film Ong, 16 %9. 5 [INA + H + 480.2
NVR (400 MHz, %j#d4) 52.63 (dd, J = 9.6, 5.6 Hz,
2 H, 301(d 96Hz 2 H, 33.06(m 2H, 3.20
(dd, J = 11. 8,N 211) 3.45-3.54 (m 2 H), 3.89
(t, .1= 48/Hz<’,S ﬂ; f ‘,\(;W (t J =4.8 Hz, 411), 4.18
(s, 2 H) , 24 3, 2.4, 1 H, 7.35 (d, J =
3.2 Hz, ,744F 32 1 Hz, 111) and 7.88

(dd, J =\11.3, 2.4 Hz, 1 11) 10 Exanple
25 (6- Fl ior o- 1H i ndol- 4- v1) - 2- (hexahvdr o- pyrrol 013, 4-

ling Method B of Refi E Ie 2 {(sch B
vl rreér{wld) '}mnér peh COHB ngt hFagoI 815 efr%lfcgyﬁcﬁlr%pgl n(éc eme B),

follwmmcwypmmchgl m BoAUNM ¢ b pccorgingep edranceftixample 3 and

S Lo By U B o

mnﬁeﬁﬁmmm&ealﬁph@re&soﬁh@StmgI% %pnpound was obt ai ned
aquan of f-white solid (2.0 ng, 16 %. [M+HI+ 480. 13
Y400 MHz, CD30D): 52.57 (dd, J = 9.6, 5.3 Hz,

’Hﬁiv[ﬁ)(«(}@?lv@& C@ag 6:1 95@ H%,s 32Hi;|)4,H)22 99(t3J 9@ f{H_’z 42HJ:|B.20 (s, 4.
H), 358 (i H 400 (5.3, K0 4080, (o 4 20, €oom, LI, 7404400, S 0 68 iz, 1 0,
7285(1{')1@47?5@31 %s-s‘kd%zﬂlzpnzﬁa%@.zyz(gs,g%azdd J = %032
(d, J = 3.2 Hz, 1H) a'nd777'(6|d'3:106 2.4 H,

Examnl'é'),s Ei‘%‘?-beaza-bm

= dLd=

-y 1) 7- 4-y)-thiszolo]5. #djpvnmdme

N

H
N N
):N Ne
N
</IL/ NH
s

Prepared by using the Suzuki coupling Method B of Reference Example 2 (scheme B),
followed by BOC-deprotection using TFA:DCM (1:2) according to Reference Example 3.

. The title compound was obtained as a white solid (3.0 mg, 7 %).

M +H] 462.2

'H NMR (400 MEHz, CD;0D): § 2.03-2.08 (m, 2 H), 2.27-2.33 (m, 2 H), 2.73 (d, T = 12.5 Hz,
2 H), 3.03 (dd, ] = 12.5, 2.7 Hiz, 2 H), 3.83-3.88 (m, 4 H), 4.02 (m, 4 H), 4.45 (m, 4 H), 7.20
(t,J=7.8Hz, 1 H), 7.27 (dd, T= 3.2, 0.9 Hz, 1 H), 7.35 (d, ] = 3.2 Hz, 1 H), 7.52 (apparent
dt, 7=7.8,09Hz, 1 H) and 7.98 (dd, J = 7.8, 0.9 Hz, 1 H).



5

10

15

20

nmor phol i n-4-vt-thiazol ot5, 4-dl pyrimdine WO

2008/ 152390PCT/ GB2008/ 002014 71 Prepared by using

the Suzuki coupling Method B of Reference Exanple 2

wiembomesd) , foll owed by BOC- deprotection usi POT/GE2008/002014
TFA:DCM (1: 2) according to Reference Exanple 3. The
title conpound was obtained7as a off-white solid (15

ng, 29 %9. 5 [M+ H 476.3 11-1 NWR (400 MHz, CDC13):

65 1.74-1.79 (m 411), 2.79 (t, J = 5.3 Hz, 4 H,

3.12 (s, 4 .3.,88-3. 94, Dl . 2
gs ( oiny SLlo e s : =
= 2.7 Hzlqthﬂazélﬁ{siﬂg@riﬁﬁﬁﬁe(m 2 H, 818 (dd, J =
7.7, 1. , 1 and 830 (bs, 1 H. 10 Exanple
42-(2,7-Di aza- spirol3. 51non-2- vl met hyl1- 5- (6-fl uoro-I

H i ndol - 4-0) - 0

7- mor phol i n-4-vf\-t:hi azol o[ 5. 4-dl pyrim dine EN)

Prepared by usind!the Suzuki coupling Method B of

Ref erence Exa R ( eme B), fol | oned by

BOC- depro LS ™A DCM (1: 2) according to

Ref erenc& Exanple 3. The title conmpound was

obt ai ned a pale grey solid (20 ng, 58%. [A4 Hr.

4943  (NMR (400 Mz, CDCI3): 8.1.77 (t, J = 5.4 Hz,

4 H, 2.79 (t, J =5.4 Hz, 4 H, 3.21 (s, 4 H, 3.9

( tPrephraddbybustg, theStduki Soudling Mettidd ) of RefettncptExathple A(séheme B),

Hz, 4 , . 7.18 (dd,. J = Hz,..1 7.31 (t
followse by P depigfeiph sing FFADEM (73085 & gk gt 3
The t{tRSompéddd waQbtained as a JP-RRAE 8MidY5 ME TPey.he Suzuki

coupling Method B of Reference Exanple 2 (schene B),

[M +{t8 F8h&d by BOC- deprotection using TFA DCM (1:2)

: igﬁ%: 2§ e188. ! 3.6?55%J= 12.1 Hz, 2 H), 1.92-2.00 (m,
HN?%%%BQ epr’t(gjtbeggﬁ‘)on usi ng BAI;?)THF 110y accor di ng to {en
2 H), ReB3d(t. drrcled . 10ddan3| 1), .86 The T 1 1.0 &z, 2 H), 3.21 (m, 3 H), 3.80 (m, 4 H), 3.88

(s, 2 H), 4.34 (m, 4 H), 7.19 (apparent t, = 7.8 Hz, 1 H), 7.33 (s, 1 H), 7.45(t, ] =2.7 Hz, 1

H), 7.53(d, J=7.8 Hz, 1 H), 8.09 (d, J = 7.8 Hz, 1 H) and 11.25 (bs, 1 H).

Ex

Example 8  2-[(S)-1-(Hexahydro-pyrrolofl.2-¢jpyrazin-2-vhmethvl]-5-(1 F-indol-4-vi}-

7-morpholin-4-yl-thiazolol5.4-dlpyrimidine

o

| [ 7 |
N)
N
— r:Nl f# NH
(—N 5 N
”OZ i
Prepared by using the Suzuki cbupling Method B of Reference Example 2 (scheme B).
The title compound was obtained as a pale yellow solid (34 mg, 83 %).

M + HJ" 47622
"H NMR (400 MEz, CDCL): 8 1.46 (m, 1 H), 1.60 (m, 1 H), 1.67-1.93 (m, 3 H), 2.13-2.29

(m, 2 H), 2.41 (m, 1 H), 2.55 (m, 1 H), 2.96 (d, T = 10.9 Hz, 1 H), 3.01-3.14 (m, 3 H), 3.86-

3.94 (m, 6 H), 4.44 (t, T = 4.6 Hz, 4 F), 7.28-7.33 (m, 2 H), 7.47-7.52 (m, 2 H), 8.17 (dd, T =



5 conmpound was obtained as a grey solid (49 ng, 55

% . [M+1-11 4943 I H NWVR (400 MHz, CDC13): 51.75 (t,
.1=5.3 Hz, 4 H, 2.78 (t, =5.3 Hz, 4 H), 3.20 (s, 4

wbzg(%l m 411), 4.00 (s, 2 H), 4.42 (m 4

(bs ”gﬁ)ﬁ,ﬁ 7.04 (dd, J = 11.0, 8.8 Hz, Té‘éél(’%“m“
1|—|) 7.37 (dd, J = 8.8, 3.8z, 1 H) and 832(bs 1

H). 10 Exanpl e

6243. 8- Di aza- bi cycl o[ 3. 2. 1. 1oct - 3-yl net hyl ) - 5- (1Hi nd

oI | < 4-14-thiazol o[ 5, 4- Apyri m di ne

75%%%57%%) Suzuki coupling Method B of

Ref er ence Exarrpl e 2 (scherre B), 15 fol |l oned by
Ewepmimnw@ ineraZin/t- -3Y1 Hdedeled-vit 7tmorpholin-4-

Ref er enc Exa The t|t| e conpound was obt ai ned

as a Whit %. [M+ H 462.2 11-1

NVR (400 MHz, 8 2.03-2.08 (m 211), 2.27-2.33

(m 2H),273 :125Hz 2 H, 3.03 (dd, .1=

12.5, 2.7 Hz, 2||”!) 3.83-3.88 (m 4 H), 4.02 (rn,

411), 445( N7 020(t S = 7.8 Hz, 1H)
7.27 (dd O 1 I-1) 7.35 (d, S = 3.
Hz 2 (appa dt .1 7.8, 0.9 Hz 1 H)

] ana798 = 7.8 09Hzl V\D
2008/ 152390PCT/ GB2008/ 002014 73 Exa
72 Rrepaped by aibing the\BuzpkipenplaigiMdthod h@dfwyceﬂ@mpi&w@bhﬂ’me B).

ol Vi I yrim di ne
The 2 korko R RIS bhild oy Wl 38R @ 55kt hod B of
[M -REf e¢6@1rﬁce Exanpl e 2 (schene B),
'"H NMR (400 MHz, CDCl): § 1.05 (d, J =6.4 Hz, 6 H), 1.86 {t, T =10.5 Hz, 2 H), 2.86-2.92
10 (m, 2 H), 2.96-3.06 (m, 2 H), 3.84 (s, 2 H), 3.89 (t, ] = 4.6 Hz, 4 H), 4.44 {t, ] = 4.6 Hz, 4 H),

7.26-7.33 (m, 2 H), 7.47-7.52 (m, 2 H), 8.17(dd, J =7.7, 0.9 Kz, 1 H) and 8.29 (bs, 1 H).
Example 10 2-{2.7-Diaza-spiro[3.5inon-2-yvimethvi}-5-(6-finoro-1 H-indel-4-vi)}-7-

morpholic-4-vi-thiazelof4.5-dlpyrimidine formate
0

N
Hsfx“ f‘?
\Y
[&N N N/ NH
i O E
N
A Aoy

Prepared using the Suzuki coupling Method B of Reference Example 2 (scheme A),
followed by BOC-deprotection using TFA:DCM (2:3) according to Reference Example 3.

15

The formate salt of the title compound was obtained as a creamn solid (2.6 mg, 12 %).
[M+H]" 494.2



fol |l owed by BOC-deprotection using 11. A:DCM (1:2)
according to Reference Exanple 3. The title conpound

was obtained as a off-white solid (15 ng, 24 %9. [M+

W 20a8r139MR (400 MHz, CD30D): 8 1.15-1.29 (m

1.67 (d, J = 12.1 Hz, 2 H), 1.92-2.00 (m (&Y B2008/002014
2.23 (t,J = 11.30 Hz, 2 H, .86 (d, J = 11.0 Hz, "2

H) , 321(m 3 FlI), 3.80 (in, 4H) 3.88 (s, 2H),

4.34 (m 4 , 7.19 (apparent t, = 7.8 Hz,

n
gt Bholy s ool i s Myt S e
38909 = 4.7 Hz, 453@3@51@,1 478, 4K, 4195, 2), 7.23 (404,12 100, 24,09

Hz, DL, ?%f_«%l(- SXADRD I 6822 % SR BF Thetad TN 249z,

1H)]z6538m;r(p§;qlm)n 4-vl -t h| azol 015, 4-dl pyri ni di ne
Prepared by using the Suzuki coupling Method B of
Ref erence Exanple 2 (schema B) The t|t| e conpound

[M+ H ™ THNVR ing .
(m- 1 kylmethmmmLMmMm 2.29 (m 2 H,
2.41 (m 1 H), 25[5(m1|—|),296(d J =10.9 Hz, 1
H),301314(m 3.86- 3.94 (m 6 H), 4.44 (t,
J=4.6 Hz, 4 .28733(m 2 H, 7.47-7.52 (m 2
H), 8.17 (dd s— 2008/ 152390PCT/ GB2008/ 002014 74

7.5, 1.0 Hz nd 8.8 (bs, 111). Exanple
92- (3, 5- D| hv i @ n-1-yl met hyD-5- ( 111- i ndol -
y1) 7- rmr | n- 4- yhtfi azol of 5, 4- Apyri m dine cu) 5

g Prepared by using the Suzuki coupling
I\/let hod Ref erence Exanple 2 (scheme B). The title

conpound was obtained as a beige solid (24 ng, 62 %.
[ mrq:pqxpfdybw@mg;he Suzuki conpling Method B of Reference Example 2 {Scheme

10 A). The title compound was obtained as tan glass (10 mg, 20 %).
M +H] 5202 |
"H NMR (400 MHz, DMSO-dg): 8 1.41-1.54 {m, 2 H), 1.81 {d, =123 Hz,2 H), 2.11-2.22
(m, 1 H), 2.23-2.36 (m, 2 H), 2.44-2.49 (m, 4 H), 3.02 (d, T = 11.2 Hz, 2 H), 3.57 (1, T=4.3
Hz, 4 H), 3.82 (t, T = 4.6 Hz, 4 H), 3.98 (t, = 4.6 Hz, 4 H), 4.01 (s, 2 H),7.21{t,J=7.8 Hz,
15 1H),742-748 (m,2H),7.54(d, J=8.0Hz, 1 H),8.14(dd,J=7.8,1.0Hz, 1 H) and 11.25
(bs, 1 H). |

Example 12  2-(3.3-Dimethvipiperazin-1-vimethvl)-5-{5-fluoro-1 H-indol-4-vi)-7-

morpholin-4-ylthiazelo[4.5-d]pyrimidine
o}

N
/—(\SfN -
F

Prepared using Suzuki coupling method C, followed by TBS and BOC~deprotection.

20

The title compound was obtained as a yellow solid (13 mg, 22 %).
[M+H] 482.1



NVR (400 MHz, CDC13): 5 1.05 (d, J = 6.4 Hz, 6 H),
1.86 (t,~J = 10.5 Hz, 2 H), 2.86-2.92 10 (m 2 H),
2.96- 3. 06 (in, 2 H, 3.84 (s, 2 H, 3.89 (t, J ---

‘?0%0"%%36]0 4.44 (t, J = 4.6 H, 4 H, 7 23? 181820%8/002014

747752(m2H) 8.17 (dd, J =
Hz, 1 H and 8.29 (bs, 1 H).7éExanple 10
2- (2 7- Di aza-spi rof 3. 5t hon- 2-yl met hvl ) - 5- (6-fl uoro- 1H
-indol-4-yl1)-7
nor ohol i n-4-0-t hi azol of 4, 5-cloyrim dine formate 15

- 'HNMR (400 MELDMROYQ 1k (e Eﬂx@ 3éuzz%§<€m=c2oﬁ§)p Picddmnvéthott B2-94
I =
Sl e R AN R e R R
8.8 Ref eHpcle (Bxaih) é4&(dd'l'lﬁe Bl 1dBland 31 .26Ks 1Dt | e
conpound was obtained as a creamsolid (2.6 ngy, 12
%. [M+ 1lir 494.2 WD 2008/ 152390PCT/ GB2008/ 002014
5  Exadfild 1HNN3($J(F®£hrM111 uﬂB:Ba@n-'f-ﬁﬁwﬁRoimivm (&Jﬁw)
3.08-3.14 (m . )

Hz, 4 HylBioer (s,2|—|)
7.23 (ddd, 3= 10.0, 2.4, 0.9 Hz, 1 H), 734( J =
3.2 Hz, 1 H), 7.42 (dd, J -2 3.2 09 H, 1H),
7.86 (dd, 35300 2.4 Hz, 1H) and 8.54 (bs, N).
Exanple 11

5- (1H I ndoj- vl) 7 m)rphol i n-4-v1-244-norpholin-4-vi

- pi peri dH(v
CN) gatred by using the Suzuki coupling
Met ho of Reterefice Exanple 2 (Schene 10 A). The

ti%@ conmpound was obtained as tan glass (10 ng,

20% ./)+ 117 520. 2 NVR (400 MHz, DVMBO-d6): 5
1.4171.54 (m 2 H), 1.81 (d, J = 12.3 Hz, 2 H),
2. PiepZe@By (ithg Suzhl)a colipBoe Bethod S)‘n'ﬁﬁ title ,ct(aﬁlpéﬁh&wé%bta‘med asa
= 11.2 Hz, 2 H), 3.57 (t, J = 4.3
10 Pale#&‘@"ﬁ%iviﬁ%lfgé Q% =46 H, 4H, 3.98(t, J =46
[Mq:jgs}gll—b 4.01 (s, 2H) 7.21 (t, J=78Hz, 15 1
_ ID7.42-7.48 (in, 2 H), 7.54 (d, J =80 H, 1H),
HMMQOMZJDMS@BS 1.420.5%m, 2 Hy 1. &%i ir 5’3%82 H) 27\t I =
L7 116 Bz, 2.5, 3.58

14
1. 1’??@’316@1 ?Wpera |2n44’24% ?re’t%}q )30§ g llJoro 1
m, 4081, 3477\(th) 4H) e phot Hpn-401yE chH}uSdBl(m[, 4 15; APy (ddnd eilng, 8.9 Hz,
15 1 H), 7.43-7.50 (m, 2 H) and 11.27 (bs, 1 H).

Example 14 5 IH-BJdaf—-é-—v!)—?-morggolin-:#-vl-z;(4-morphoﬁn#vlpigeridin—l‘-

vimethvDthiazolo[4.5-djpyvrimidine
0

. ‘
[ Z h
N/_<\N " ~ N
(—N
o/
20 Prepared by using Suzuki coupling method F. The titfle compound was obtained as an

off-white solid (55 mg, 43 %).
IM+H]" 520.2




20 NH Prepared using Suzuki coupling method

C, followed by TBS and BOC-deprotection. The title
compound was obtained as a yellow solid (13 ng, 22

WO 2008Mhbky 482. 1 WD 2008/ 152390PCT/ G132008/ 0%9%23&/002014
11-1 NAIR (400 MHz, DwsO): 5 1.16 (s, 611), 2.

(m 2 H, 2.57 (in, 2 H, 2.987-2.94 (m. 2 H),
374380(m 4 H, 192 (in, 4 H, 3.98 (s, 2 H,
6.73 (m 1 H, 7.07 (dd, J=114 8.8 Hz, 1 H), 7.45

HI{]\%(%?_‘;MLZ é)l()ﬁn%l(é’f’%ﬂm‘zﬁ) Q014 1. 8JHzH% BY1£128%m, 1 1),
2 295 el LY, Q40 6o, ATy 109 Td, 10+ PhDHER: K, #1223 {4eor H) 3.89-

3,95 7480 (5 P F91 HEHAOB(R: B0 04 B33y 3 BT g = 82 Bz, 1 1),
753&’&@[3@1)@31)@@@&@1;@@ caypling method G The title

conmpound was obtained as a 10 pale yellow solid (101
] ny, 76 %. [I\/H—|]E5381111 NI\/R(4OOI\/Hz DI\/SO) 5

HE: ) ' ’

2 44-2. ﬂﬁnémlld—mﬁrmlﬁhﬁmwmlg[ié@jm p_a 3.58

m4H) %77(n 4 H, 3.92 (m 4 H, 4.01 (s, 2

. 6.73 gmg 7.02 (dd, J = 11.0, 8.9 Hz, 15 1
0 (n,

- , 7. 43 2 H and 11.27 (bs, | H. Exanple
14
S41H, ﬁf+m)rpholln4142(4 nmor phol i n- 4- Ap
|p{j|n|9‘ | )t hi azol of 4.5-dl uvrim dine

Prepared by using Suzukl coupling method G. The title compound was obtained as an
10 orange solid (41 mg, 25 %). B
[M+H]" 494.1
'H NMR (400 MHz, CDCls): 8 1.38-1.51 (in, 1 H), 1.71-1.93 (m, 3 H), 2.15-2.28 (m, 3 H),
2.37-2.46 (m, 1 H), 2.60 (td, T = 10.9, 3.0 Hz, 1 H), 2.95-3.16 (m, 4 H), 3.84-3.90 (m, 4 H),
4.00-4.05 (m, 4 H), 4.08 (d, J = 5.5 Hz, 2 H), 7.04 (dd, J = 10.9, 8.7 Hz, 1 H), 7.09-7.11 (m,
15 H),7.28(t, J=2.9Hz, 1 H), 7.35-7.40 (m, 1 K) and 8.30 (bs, 1 H).

Example 16 - 2-(4-Azetidin-1-vipiperidin-1-vimethyD-5-(5-fluoro-1 H-indof-4-v1)-7-
momhoﬂn-4—vithiazolo]4,.5-Qigy_rimjiiine

N
S B
N/—<\N:fr:,Nl f——NH

Prepared by using Suzuki coupling method G. The title compound was obtained as a

20

yellow solid (8 mg, 7 %).
[M+H] 508.16



20Pr epared by using Suzuki coupling nethod F. The
title conpound was obtained as an off-white solid (55
mg, 43 %9. [MrH 520.2 77 1H NMR (400 MHz, CDCI 3):
RobofsiB 2 H, 1.91 (d, J = 11.8 Hz, 2 1- Ducrigeaesionzons
2.17-2.28 (n, 1 H, 2.29-2.39 (m 2 FD 2.53-2.65 (m
4 H, 3.09 (d, J =11.1 Hz, 2 H), 3.72-3.78 (n, 4 H),
3 89- 3.95 (m 4 H), 4.00 (s 2 H, 4.03-4.08 (n 4
H, 7.27-7.35 (m 2 H), 7.51 (d, J = 8.2 Hz,

g @ﬁ?ﬂ&{o@“@z Bci8: 82359540 ¢, P91 8. R%ml Pipla. 6&)2 p (m, 3 H),

235&5 ch u1|os @34 H};IQI%ABMl()n 2-10) Spo it; [ hexsaix,dridy, pyR7r(al, 4 H),
al pvrazin
4. Obﬁrﬁséﬂwf'foﬁd%rpﬂowﬁlﬁz VIR 742 Sroh H)-5- ) (8 it didfed -39 (. 1
H) Rieapar@d iby) usi ng Suzuki coupling method G The title
conpound was obtRirted as an 10 orange solid (41 ny,
5 25 9. [N%111+ 494.1 1H NMR (400 MHz, CDC13):

Ex 37 Jvlgj%Smﬁr!}%s-ﬁ f_)‘;%;do?ﬂ»ﬁ '?u?:ﬁphohn4-

3.0 Hz, ithini14' @nfidinem 4 H), 3.84-3.90 (n,

411), 400405 (m 4 H, 4.08 (d, J = 5.5 Hz, 211),

704(dd [;10 9, 8.7 Hz, 1 H), 7.09-7.11 (in, 1 15
=2

. 7.28 (t "9 Hz, 1 H), 7.35-7.40 (m 1 H and
8 30 (bs anpl e 16
2-(4- Az fn, piHper i di n-1-yl met hv11-5- (5-f 1l uoro- 1

11- ||%;} 21"y 1- |

rmrp in-4-ylt zol oN, 5-dl pyrimdine 20 NH
ﬁred by using Suzuki coupling nethod G The title

conpound was obtained as a yellow solid (8 ng, 7 %.

[ W’Hﬁbm@@ @y %Qng Suzuki coupling method E. The title compound was obtained as a
10 yellow solid (48 mg, 52 %). '
[M+H]" 490.1
'H NMR (400 MHz, CDCl3); & 1.37-1.49 (m, 2 H), 1.71-1.79 (m, 2 H), 2.01-2.12 (m, 3 H},
2.37 (td, F = 11.3, 2.3 Hz, 2 H), 2.94-3.01 (m, 2 H), 3.16-3.24 (m, 4 H), 3.89-3.94 (m, 4 H),
4.00 (s, 2 H), 4.03-4.07 (m, 4 H), 7.28-7.34 (m, 2 H), 7.51 (bd, ] = 8.0 Hz, 1 H), 7.69 (m, 1
15 H), 8.31 (bs, 1 1) and 8.36 (m, 1 H).

Example 18 2—(4-Cvclopropylmethvipiperazin-1-vhnet_hvl}-S-{S-ﬂuorq—IH—

' indol-4-y1)-7-morpholin-4-vlthiszelo[4,5-dlpvrimidine

N
ﬂsfi“] f-_' NH
(—N N N
N—) F
f>_/

Prepared by using Suzuki coupling method G, foliowed by TBS-deprotection. The

20

title compound was obtained as a yellow solid (74 mg, 35 %).

[M-+H]" 508.1



78 I HNVR (40Q, MHz, CDC13): 8 1.37-1.49 (m 2 H),
1.71-1.79 (n, 2 H, 2.00-2.11 (n, 3 H, 2.37 (td, J =
11.5, 23 Hz, 2 H, 2.94-3.01 (m 2 H), 3.20(t, J =
Wo%odstas2zde H), 3.87 (n, 411), 4.01 (in, 6 H),; pCTA%B2008/002014
(dd, J = 11.2, 8.9 Hz, 1 H, 7.09 (n, 1 H, 7.27 (m

1 H, 7.34-7.39 (in, 1 H ar?(3831(bs 111). 5

Exanmpl e 17
2-(4-Azetidin-I-vlpiperidin-1-vlnethvl)-541Hi ndol -

4-
R AodRER PR Wy R B LR B Sg s

H), 208 Urds. TWels, DHY, 31 8e2i306n,:8 HY) 3y8dh3.90(us o H) 4008 05 m, 1), 7.04

(@, f"’elyl[iﬁ‘s%lrf 459, Do (TR 408, M 2S0C3) g3y oot 0.

2.37 (td, J = 11.3, 2.3 Hz, 211), 294301(m

2H), 316324&] 4 H), 389394(n 4_H) 4. 00
5 EX%QI@IQ {1-[34 naroy b yindpi-4 vIy-mor phalin-4-yit M. Bl

7.51 b%ﬂ ﬁ%ﬁ ? @,ﬁi ! 1 15 8.3i
(bs. g_ [§eﬂiv e[kiﬁ 4]=v e?hﬁgxg%e 18 H)

2-(4-Cycl opEBﬁvlrret hyl pi perazin-I -yl methvl)-5-(5-fluo
ro-1H
i ndol - 4- v% - hor phol i n-4-vl t hi azol 014, 5-dl pyri m di ne

(M N 2 Ny, red by using Suzuki coupling
net h y TBS-deprotection. The title
d vvas

conmpqu ned as a yellow solid (74 ng, 35
% .— I\/H—|]1 508 1 79 IFINMt (400 MHz, CDC13):
60. 1 =50 Hz, 2 H), 051058(m2|—|)

ity sl it 1 b g <

orangmsohﬁ(ﬁﬂmgﬂfﬁ%)(dd J = 11.2, 8. 7 HZ I H), 7.10 (n
[M+%*H?9’61 28 (in, 1 H, 738(m 1 H) and 8.31 (bs, 1

'H NMR (400 MEz, CDCly): § 1.56-1.71 (m, 4 H), 1.85-1.93 (m, 2 H), 2.13-2.22 (m, 1 H),
232 (s, 6 H), 3.04-3,12 (m, 2 H), 3.87 (m, 4 H), 4.02 (m, 6 H), 7.04 (dd, J = 11.1, 89 Hz, 1
H), 7.10 (m, 1 H), 7.28 (m, 1 H), 7.38 (ddd, J = 8.7, 3.9, 0.9 Hz, 1 H) and 8.31 (bs, 1 H).

10

15 Example 20 {1-[5-(1H-Indol-4-yI}-7-morpholin-4-ylthiazolo[4.5-d]pyrimidin-2-
vimethyljpiperidin-4-yhidimethyiamine
o

N
:N N N’)\éw
—N

Prepared by using Suzuki coupling mé;thod E. The title compound was obtained as an
orange solid (123 mg, 70 %).
20 [M+H] 478.1
TH NMR (400 MHz, CDCL): 6 1.58-1.72 (m, 4 H), 1.86-1.93 (m, 2 H), 2.15-2.24 (m, 1 H),
2.33 (s, 6 H), 3.04-3.12 (m, 2 H), 3.89-3.95 (m, 4 H), 4.01 (s, 2 H), 4.03-4.09 (m, 4 H), 7.28-
7.34 (m, 2 H), 7.52 (m, 1 H), 7.68 (m, 1 H), 8.32 (bs, 1 H) and 8.36 (dd,J = 7.4, 0.9 Hz, 1 H).




10

15

20

5 Exanpl e 19

| 1- 15- (5- Fl uor o- I H hadol - 4-v1) - 7- nor phol i n-4-vlthi azo

| 014, 5-dl pyri m di n2-yl net hyl | pi peridi n-4-v1}di net hyl a
WoGos/152300 - Prepared by using Suzuki coughi@gheosno2014
met hod D. The title conpound was obtai ned as an

orange solid (67 ng, 45 % . &0 [ MFHr 496.1 1H NWR

(400 MHz, CDCI3): 5 1.56-131 On, 4 H, 1.85-1.93 (m

2 H, 2.13-2.22 On, 1 H, 2.32 (s, 6 H, 3.04-3.12

(m 2H, 3.8 (m 4H, 40201 6 H, 7.04 (dd, 3 =
11.1, 8.9 Hz, 1 H, 7.10(m 1 H, 7.28 (m 1 H), 7.38

Exdn@iil] 3 25485-(5-Fhudto-10- ﬂldldf-et-il)—'ﬁ'ﬂl_loﬁﬂiblﬁnﬂid-ﬂhﬁzoldm.@)
15 Exanple O

{ 145- ( 1 4iOYEH DSREAY : gider 4 5-dl p
yrimdin-2- ylmethyllplperldln4y||d|methylamne

CN) -N EIN:Epared by using Suzuki coupling

met hod E. The ®i'tl e conpound was obtai ned as an
orange sol i 70 %9. 20 [M+Hr 478.1 1H NMR
(400 I\/Hz 3 NH8-1.72 (in, 4 H), 1.86-1.93
(in, hﬂ) 2.15-2 (n, 1 H, 2.33 (s, 6 H,

3. 04 3. (m 2%¥);773.89-3.95 (m 4 H), 4.01 (s, 2

H),HZN)HBA 090n 4 H), 7.28- 7.34 (m 2 H), 7.52
(inf 1 H), 768(in 1 H, 832 (bs, 1 H and 8.36

d
Sy o b A0 B o st s

Ofaﬂéﬁ FQildé(nglli bo)i azol 0 4. 5-

M+ Mol qm di n- 2-yl met hyl | - pi per azi n-1-v11-isobutyram de

'H NMR (400 MHz, DMSO): 5 1.10 (s, 6 H), 2.49-2.54 (m, 4 H, hidden), 2.66-2.71 (m, 4 H),
3.76-3.79 (m, 4 H), 3.90-3.93 (m, 4 H), 4.03 (s, 2H), 6.72 (m, 1 H), 6.96 (4,1 =2.5Hz, 1 H),
7.02(dd, T=11.5,9.0 Hz, 1 H), 7.10(d, J=2.5 Hz, 1 H), 7.45 (t, J 2.7 Hz, 1 H), 7.48 (ddd, J
=8.5,41,1.0Hz, 1 Hyand 11.27 (s, 1 H).

Example 22  2-(4-Azetidin-1-yipiperidin-1-vimethyl)-5~(5-fiuoro-1 H-indol-4-yI-7-
 morpholin-4-vithiazolo[5.4-d|pyrimidine

o]
: N
H”ﬁ“ N
N LY
w b

-Prepared by using Suzuki coupling method G. The title compound was obtained as an off-

white solid (69 mg, 43 %).

[M+H] 5082

'H NMR (400 MHz, CDCL): & 1.35-1.45 (m, 2 H), 1.67-1.74 (m, 2 H), 2.00-2.10 (m, 3 H),
228(d, J=11.1,2.5Hz 2 H),2.95(dt, F=12.1,3.8 Hz, 2 H), 3.19 (t, T = 7.0 Hz, 4 H), 3.84-
3.87 (m, 6 H), 4.39-4.44 (m, 4 H), 6.92-6.94 (m, 1 H), 7.04 (dd, T = 11.1, 8.9 Hz, 1 H), 7.29 (1,



5Prepared by using Suzuki coupling nmethod G The
title conpound was obtained as an orange solid (7 nyg,
12% . [MrHr 539.3 111 NWR (400 MHz, DMBO): 8 1.10 (s,
V6O bljog/12340- 2. 54 (m 4 H, hidden), 2.66-2.71 (Eor/aB2bis/002014
3.76-3.79 (m 4 H), 3.90-3.93 (m 4 H, 4.03 (s, 2
H, 6.72 (m 1 H), 6.96 (d,E% = 2.5 Hz, 1 H, 10 7.02
(dd, J = 11.5, 9.0 Hz, 1 H, 7.10(d, J = 2.5 Hz, 1
H, 7.45 (t, J 2.7 Hz, 1 H), 7.48 (ddd, = 8.5, 4.1,

b2

eridi

J= 219@1sz}I)173‘b(danﬂ=$ (Fez, 130 lEhd 8.B% aepl

7
2-(4 42 Azetidin-1- ridin-I-vlnmethvl)- -(5-f|uoro-1H

-indoi -4-y1)-7- '
-1‘11)’0'1‘5—'1' !

gl ‘ d-dpyrimidiid - mhlte SO|Id (69 ny,
43 9% . 20[M+H]t 50821HN|\/R(4OOI\/HZ CDC13): 8

1.35-1.45 (in, , 1.67-1.74 (m 2 H), 2.00-2.10
(m 311), WO 8/ 152390PCT/ GB2008/ 002014 81 = 2.9
Hz, 1 H), 7.3 g J =89 38H, 1H and 8.34

(bs, 1 H). E=Ladpl w (5- Fl u
oro- 1Hi 1-%-0&)- r phol i n-4-y1- 2- pi perazi n- 1-
vlnethylH { azol op dine 5

Prepared by using Suzuki coupling method G. followed by BOC-deprotection. The
title compound was obtained as a white solid (46 mg, 37 %).
IMHH]" 454.1
'H NMR (400 MHz, CDClL): 8 2.59-2.68 (m, 4 H), 2.96 (t, J = 4.9 Hz, 4 H), 3.84-3.88 (m, 6

10 H), 4.39-4.43 (n, 4 H), 6.91-6.94 (m, 1 H), 7.04 (dd, J=11.1, 8.6 Hz, 1 H), 7.29 (1, = 3.2

15

20

Hz, 1 H}, 7.37 (ddd, I = 8.9, 3.5, 0.9 Hz, 1 H) and 8.34 (bs, 1 H).

Example 24  2-(4-Cyclepropylpiperazin-1-vimethvl)-5-(5-fluoro-1/-indol-4-vl)-7-
morphelin-4-vithiazolo[5.4-d]pyrimidine
0

N
N .
L
[ N/
F

Prepafed by using Suzuki coupling method G. The title compound was obtained as a
white solid (63 mg, 46 %). -
[M+H]" 494.1
'H NMR (400 MHz, CDCL): § 0.38-0.49 (m, 4 H), 1.64-1.70 (m, 1 H), 2.61-2.75 (m, 8 H),
3.86 (t, T = 5.1 Hz, 4 H), 3.88 (s, 2 H), 4.39-4.44 (m, 4 H), 6.92-6.94 (m, 1 H), 7.04 (dd, ] =
11.1, 8.6 Hz, 1 H), 7.29 (t, 7 =3.2 Hz, 1 H), 7.37 (ddd, }=8.9, 3.5, 0.9 Hz, 1 H) and 8.31 {bs, 1
H). ' '

Example 25  2-{4-15-(1 H-Indol-4-v]}-7-morpholin-4-vithiazolo5.4-d]pvrimidin-2-
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15

20

NH Prepared by using Suzuki coupling nmethod G
foll owed by BOC-deprotection. The title conpound was
obtained as a white solid (46 ng, 37 %9. [WEl- 454.1
(400 MHz, CDC13): 5 2.59-2.68 (m '
‘%63%@}#3&3 = 4.9 H, 4 H, 3.84-3.88 (m 6 T j 6520081002014
4.39-4.43 (m 4 11), 6.91-6.84 (m 1 H), 7.04 (dd, J
=11.1, 8.6 Hz, 1 H), 7.29 (t, J =3.2 Hz, 1 H, 7.37
(ddd, J = 8.9, 33, 0.9 Hz, 1H)and834(bs 1 H.

Exanpl e [
- vl met hy L - : 1
5,4-dlavrim di 15 NH Pr epar ed by usi ng
Suzuki coupl i thod G The title conpound was

Wi te SO|Id (63 ng, 46 %9. [MEHF

, CDC13): 5 0.38-0.49 (m 4

H 2.61-2.75 (m 8 H), 20 3.86

( 3.88 (s, 2 1-1), 4.39-4.44 (m

4 HO 6Y92-6.94 (m 1 H), 7.04 (dd, J = 11.1, 8.6 He,

1 HN 29 (t, J =3.2 Hz, 1 H), 7.37 (ddd, 3= 8.9,

3.5, 0.9 Hz, 1 H and 8.31 (bs, 1 H. W
20@%&&23@0@(&@3&5@6%@&%@%@@ yThneﬁtthdmpound was obtained as an

off'%n? % (§3 mng J[D)c,obut yramide C N s'H EN.)

[M+H]* 52122

'H NMR (400 MEz, DMSO): § 1.10 (s, 6 H), 2.47-2.52 (m, 4 H), 2.62-2.67 (m, 4 H), 3.81 (t,
T=45Hz, 4 H), 3.92 (5, 2 H), 433438 (m, 4 H), 6.97 (4, T =2.8 Hz, 1 H), 7.08 (4, T =2.8
Hz, 1H), 720 (t, T = 7.4 Hz, 1 H), 7.34-7.36 (m, 1 H), 7.46 t,J=28Hz, 1 H),754(d,J=
8.1 Hz, 1 H), 8.10 (d,  =7.4 Hz, 1 H) and 11.31 (bs, 1 H).

obtai ned as a

Example 26  2-{4-[5-(5-Fluore-1H-indol-4-yI}-7-morpholin-4-vithiazolo[S.4-

dlpvrimidin-2-vimethyi}piperazin-1-vilisobutyramide
®
N
N

Wan ﬁwl f’NH
(—N S N
s _) .

o N
Prepared bjf using Suzuki coupling method G. The title compound was obtained as an

off-white solid (15 mg, 17 %).

IM+H] 539.3

IHNI\&R(400}\4{{412 DMSO0): & 1.09 (s, 6 H), 2.46-2.51 (m, 4H), 2.60-2.67 (m, 4 H), 3.76 (1,

I=5.1Hz, 4 H), 3.93 (5, 2 H), 4.27-4.32 (m, 4 H), 6.69-6.71 (m, 1 H), 6.97 (d, J=35Hz, 1

H), 7.00 {(dd, T=11.1, 8.9 Hz, 1 H), 7.08 (d, J = 3.5 Hz, 1 H), 7.44-7.49 (m, 2 H), and 11.31

(bs, 1 H).

Example 27  {1-[5-(1 H-Indol-4-vI)-7-morpholin-4-ylthiazolo[5.4-dlpyrimidip-2-

vimethvijpiperidiz-4-vlidimethvlamine




-~ ONFitt- Prepared by using Suzuki coupling
met hod F. The title conpound was obtained as an
off-white solid (83 ng, 47 %9. 5 [MtH 521.2 | FI NWR
Wé@&ls%iésm DMVb0): 8 1.10 (s, 6 H), 2.47-2.52 @Ear/cE2tbsoo2014
2.62-2.67 (m 4 H), 3.81 (t, = 4.5 Hz, 4 H), 3.92
(s,2|—|),433438(m4|—|)3697(d S—2.8Hz,1
H, 7.08 (d, J =2.8 H, 1 H, 7.20 (t, J =7.4 Hz, 1

H), 7.34-7.36 (m 1H), 7.46 (t, J =28 Hz, | H,
7.54 (d, J =8.1 Hz, 1 H, 810 (d, S=7.4 Hz, 1 H
and 11.31 (t[wgl H). 10 Exanpl e 26 2-{44545-Fl u

or o- 1H i ndol 1)- m)rpholln4ylth|azolof 5.4- di
pyrlmdlnn?- h

| pi perazin-1 -yl} isobutYram de
E(]\IJ f’ﬂg 4 5 N k2N , Prepared by using
Suzu oupl |"hg hod G The title conpound was
obtai d as an 15 off-white solid (15 ng, 17 %.
[ M+, 539. 3 1HNVR (400 MHz, DMBO): 8 1.09 (s, 6 H),
2.46-2.51 (m 4 H, 2.60-2.67 (m 4 H, 3.76 (t, J =
5. Prepared byhising Buaaki (copplihghipsthed B7THe 8e ¢ompohmBwas obtained as a
71 (, 1H) 6.97 (d, S=3.5Hz, 1 H, 7.00
tan 38%7%” 621%) 8.9 Ho, 1 H, 7.08 (d,’S = 3.5 Hz, 1

{M+@b]+477gzﬂf4 7 49 (m 2 H, and 11.31 20 (bs, 1 H).

'y ﬁxﬁgﬁ'@&ﬁ%@a@ 3 1y 597L Rofr o b8 (4 817 12.6Fs 8 Hh 425 (@0 =

|
12.2) %58 i h QOPSC/:dW GtB{b} 08%@820'19'0%42\73) dRrel b\lﬂbaﬁy@@ ]M@:”HZ 4

H), $43-44b g, SE2Lk30 GolipFiSridg. ﬁé?)h@é“@ TS Het ] g},c'b%p@u-ﬁﬁ 8.7 Hz,
1 ?81.925 "9 a8 1 £(d 70 S0 4 Y d B30 &4, P8

10 Example 28  5-(1H-Indo}l-4-v)-7-morphelin-4-vi-2-(4-merphelin-4-ylpiperidin-1-

15

20

vimethvl}thiazolol5 imidine
8]

N
H:f:,”l f#“NH
>

* Prepared by usmg Suzuki coupling method B. The title compound was obtained as a
tan solid (38 mg, 64 %).
[M-+H] 520.2
'H NMR (400 MHz, CDCL): 6 1.63 (qd, J = 11.3, 3.7 Hz, 2 H), 1.87 (d, T = 11.3 Hz, 2 H),
2.18-2.29 (m, 3 H), 2.55-2.59 {m, 4 H), 3.07 (d, T = 11.9 Hz, 2 H), 3.72-3.76 (m, 4 H), 3.86 (s,
2H),390(t J=51Hz 4 H),443-447 (m, 4H),730(t, J=81Hz, 1H), 734 J=29
Hz, 1 H), 7.49-7.53 (m, 2 H), 8.18 (d, ] = 7.6 Hz, 1 H) and 8.29 (bs, 1 H).

Example 29 5-(5—Flu9ro—1H—ngoI—4—vI)-7-morphoiin-4-vi-2-(4-momhoiin—4-
vipiperidin-1-vimethythiazolo{S.4-dipyrimidine




fMrH 478.2 5 11-1 NWR (400 WMHz, CDC13): 5 1.59-1.71 -
(m 2 H, 1.87 (d, J = 126 Hz, 2 H), 2.25 (dt, J =-
12.2, 1.8 Hz, 3 H),2.35 (s, 611), 3.07 (d, J = 12.0
Wo. 2008180300 3. 87 (s, 2 H), 3.90 (t, J =43 H PéT/CQ&ZOOS/OOZOM

4.43-4.46 (m 4 H), 7.30 (t, J = 7.5 H, 1 H), 7.34
(t, 3 =2.5H, 1H), 750(84J:87Hz, 1 H,
7.51-733 (m 1 H), 8.18 (d, | = 7.1 Hz, 1 H and 8.30

(bs, 1 H. 10 Example 28

541H | ndol- 4-yg) - 7- nor phol i n-4-y1-2-(4-nor phol i n-4-yl

piperidin-l-;/ thylithiazol of 5,4-4 pyrimdine

cow) pared by using Suzuki coupling nethod

B. The titl npoud was obtained as a tan solid (38

ny, 64 ‘(’ﬁ’.—‘(’sllhg §20. 2 NVR (400 MHz, CDC13): 8

1.63 (Qdy J ="11. 3.7 Hz, 2 H), 187(d J =11.3

. , 2.18F279 (m 3H) 2.55-2.59 (in, 4 H,

OZ/—(*‘d, J =11.9 Hz, 2 H), 3.72-3.76 (m 4 H), 3.86
2/H), 3.90 (t, J =51 H 4 H), 4 43-4.47 (in, 4

H), 7.30 (t, J = 8.1 Hz, 1H), 7.34 (t, J = 2.9 Hz,

H) Prepard by, Sing Puzuki squplise methed C. mnﬂe@omommlm@lﬁ@ncd as a

1s 20 Exanple 29
tan g"-“@?éﬁbﬁo@& i ndol-4-yl1)-7-norpholin-4-yl-244-or ph
[M-é]i A3842

' RoAh e e B3ohs) bismo Tal e o7 1 2 BB (1% {8 2 0,

2.184529 o UEYKI 5£28p (0N g HyEB bodd,G.= The I—Izl_, £ teg mmacmr(ﬁl 4 H), 3.84-

3.87m; 5.5, A (o BNRRS Gt D57 95 R d i 1.6 805 g, 1) 729 (1 =

7% iz 5 e 87 2.18-2.29
20ﬁz 11*55273%@1 _823549ﬁ§§|z|?1’-ﬁaﬁd18’§ ﬁzH) GatA,

H), 372376(|n 4 H), 3.84- 387(m 6 H, 4.40
i,4 . 6,92:6.94 (in, 1H, 7.05 (dd, J = 11.0,
Ex E io S=20H, 1H, 7.38 (dd, J

= @oﬂlpoﬁndg oHZhe ﬁvdﬁoﬂﬁﬂeﬁre’&% (ibs’tnbéd irl)fthe preceding Examples, were

subrnitted to the following biological assay:

PI3K Biochemical Screening
Compound inhibition of PI3K was determined in a radiomeiric assay using purified,

recombinant enzyme aﬁd ATP at a concentration of 1uM. All compounds were serially
diluted in 100% DMSO. The kinase reaction was incubated for 1 hour at room temperature,
and the reaction wés terminated by the addition of PBS. ICs values were subsequently
determined using sigmoidal dose-response curve fit (variable slope). All of the compounds
tested had an ICsp against PI3K of 50pM or less. ‘Ty'pically the ICsp against the p1108
isoform of PI3K was less than 500nM.

Example 31 Tabiet composition

- Tablets, each weighing 0.15 g and containing 25 mg of a compound of the

invention were manufactured as follows:
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15
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25

30

10 Exanpl e 30Bi ol ogi cal Testing Conpounds of
the invention, prepared as described in the preceding
- Exanpl es, were submitted to the follow ng biol ogical
woxay/15580 P13l C Bi ochem cal Screeni ng EONHP10081002014
i nhi bition of PI3K was deter?‘i ned in a radionetric
assay using purified, reconb “hant enzyne and ATP at a
concentration of luM All conmpounds were serially
diluted in 100% DVMBO. The |cinase reaction was
Compssutbtiedid oo ddpiBuUr at roomtenperature, and the
reaction was terninated by the addition of PBS. |C30
Compound of therievestions €30&ht | y 20 det ermi ned usi ng

[ indal dose-response curve fit (variabl e sl ope).
Lacﬁsg@fodg?he conmpounds tested had an |1 C50 agai nst P13K

CorofstaBO 4Mzr | ess. Typically the 1 C50 against the

1105 i.sof.orm of MK was | ess than 500nM Exanpl e
Talgﬁcﬁé%f@@onpositi on 25 WD

Ma@fe6igm]bedndBE)/ GB2008/ 002014 85 Conposition for
10, 00Q_tabl ets ound .of . the inventi 250 - .
Lact od8° pooRe UG sSSP ercR, FRotRd fit ot g%mg%, Y eapymixed.
The@ixMAOREShENTo?dAa%RLEh 4 Hew)0.5 mm mesh sizel NCorf @RARAYNG )10k
the invention, |actose and half of the corn starch .

suspgedad ipiwean watkm&9thinkt (ihe reppiiing nasic vay esed te Bepal the powder. The
{ ) A | .

S Gl BT UER 356, oA bR (30 s . e

rempasg usadity of garalnthlated thgnepiowdess adiibg cikfiglyanobditmad processed

intov&z dried and broken up into small fragnents on a

K% of 1.4 ram nesh size. The remaini ng quantity of
starch, talc and magnesi um was added, carefully m xed

‘and processed into tablets. Exanple 32 Injectable
MFM | atRighta of the invention200ny

Compound of the invention 200mg
Hydrochloric Acid Solution 0.1M or

Sodium Hydroxide Solution 0.1M q.s. to pH 4.0t0 7.0
Sterile water g.s. to 10 mi

The compound of the invention was dissolved in most of the water (35°-40°C) and the
pH adjusted to between 4.0 and 7.0 with the hydrochloric acid or the sodium hydroxide as
appropriate. The batch was then made up to volume with water and filtered through a sterile

micropore filter into a sterile 10 mt amber glass vial (type 1) and sealed with sterile closures

and overseals.

Example 33 Intramuscular Injection

Componnd of the mmvention 200 mg
Benzyl Alcohol , 0.10 g
Glycofurol 75 145¢

' Water for injection g.s to 3.00 ml

The compound of the invention was dissolved in the glycofurol. The benzyl alcohol
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Hydrochl oric Acid Solution 0.1M or Sodi um Hydroxi de
Solution 0.1Mqg.s. to pH4.0 to 7.0 Sterile water q.s.
tol0 m 20The conpound of the invention was di ssol ved
wo 20882300 the water (35-40C) and the pH adj wstrask2bas/o02014
between 4.0 and 7.0 wth-the hydrochloric acid or the
sodi um hydroxi de as appropri¥te. The batch was then
made up to volunme with water and filtered through a
sterile mcropore filter into a sterile 10 nl anber
wasth@Siadd Bld dids¥REa o 3fk- 38RRY 3WhIL Mnd hikrlureud B IRRe
and overseals. 25 Exanpl e 33Intranuscul ar | njection
throGehmp sterile noifropbre filtey et sealad O0sterije Bar 2lass Walsdhoe 3)-10 ¢
30 dycofurol 751.45 g Water for injection gq.s to03.00
m  The conpound of the invention was dissolved in the
Exagiplec3al ur Svrup lembdsigod al cohol WO
2008/ 152390PCT/ GB2008/ 002014 86 was then added and
di ssol ved, and water added to 3 ml. The m xture was
CorkpbaRd bf b @fied t hrough a steril e2sbgigopore filter and
sealed in sterile 3 nl glass vials (type 1). Exanple
Sorigipl 8§iptiRN For nul ati on S Conpound 'oV & nventi on250 ny
gibi tol Solutionl.50 g G ycerokzpQ0 g Sodium

Gly enzoat e0. 005 g

Sodium benzoate 0.005g
Flavour . 0.0125 mi
Purified Water q.s. to 5.00 mi

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

was made up with purified water and mixed well.
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10 Flavour0.0125 m Purified Water g.s. to5.00 m

The conpound of the invention was dissolved in a

~m xture of the glycerol and nost of the purified
wabeis/158m aqueous sol ution of the sodi um benzaatEsl 002014
then added to the solution, followed by addition of

the sorbital solution and fi¥ally the flavour. The

vol une 15 was made up with purified water and m xed

well. 87 CLAIMS 1.A conpound which is a
t hi azol opyri m di ne of formga,plgk: wherein W
represents a thiazole ring; R and R2 form

together with the N atomto which they are attached,

a group ,of the 10.f0l] owi f or mul 1. l.N whi ch
A gs seﬁé@?&ﬁmwgg%¥£(%ﬁ&%ﬁg¥m¥%ﬁ&@é%§ééﬁ%%Fg%lurated
N-cont ai ni ng heterocyclic ring which includes 0 or 1
additional heteroatoras selectegyfromN, S and 0, the
ring being 15i nsubstituted o ubstituted; (b) a 4-
to 7-nmenbered saturated N containing heterocyclic
ring which includes 0 or 1 additiongl heteroatons
selected fromN, S and 0, th in eing fused to a
second ring selected froma 4- tho 7-ngnbered

saturated N-containing heterocyc]ic ng as defined
above, a 5- to 12-nenbered unsatlyrated 20heterocyclic

ring, apb- to 7-nmenbered Urat esQ- cont ai ni ng
het er ocyc™™g¢, i NG pa
" RHER

wheremn

- W represents a thiazole ring;
R! and R? form, together with the N atom to which they are attached, a group of the

following formula (Ila):

(1)

A Ny

in which A is selected from:

(a) a 4- to 7-membered saturated N-containing heterocyclic ring which includes 0
or 1 additional heteroatoms selected from N, § and O, the ring being
unsubstituted or substituted;

(b) a 4- to 7-membered saturated N-containing heterocyclic ring which includes 0
or 1 additional heteroatoms selected from N, S and O, the ring being fused to a
second ring selected from a 4- to 7-membered saturaied N-containing
heterocyclic ring as defined above, a 5- to 12-membered unsaturated
heterocyclic ring, a 5- to 7-membered saturated O-containing heterocyclic ring,
a 3- to 12- membered saturated carbocyclic ring and an unsaturated 5- to 12-
membered carbocyclic ring to form a heteroﬁ)o}ycyclic ring system, the

heteropolycyclic ring system being unsubstituted or substituted;
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a 3- to 12- nenbered saturated carbocyclic ring and

an unsaturated 5- to 12- nenbered carbocyclic ring to
forma heteropol ycyclic ring system the
webersaesabycyclic ring system being unsubsti t wcebmb08/002014
substituted; "WO 2008/ 152390PCT/ GB2008/ 002014 88 (c)

a 4- to 7-nenbered sat ur at ed®N- cont ai ni ng

het erocyclic ring which includes 0 or 1 additional

het eroatons selected fromN,- S and 0 and which

further c Lises, |jnki ' -af- :

t ﬁe(c)ri nd, 2%8 g%m%%%%dasg%ﬁgdugy@gi ectgeﬁc?tt#§§tr%h?%@%g 'f'l-mdudes 0

and - ( CRr 2)fdifofCRet2oatomsheeaedireadh SRIndiGand which further

5i ndependently 1l .or C - C6 alkyl is 1,,2.0 LI

""" or SompritshdipsasvgcorsiopReplnaf B ey b Rjicthedd arbup
ositio ' i ! iah YL @R QI-OS(ARS - t wheelin eadhR (gl

g gr oup@glgaf&ioﬁﬂlunlg@%?%b)a&dj 11b§)lr 11/ c%él ) V\:hf%}é (8)

. ) N n
fing B imlenenenixol Bt Rembe ksl 8dt P dd 'ié S8t 390 17 or L the

het er oc ' YT TN 0 ; i tignal
het er oa%%}ér@négflggtgsel#ﬁf?%ﬁ?%g%ggﬁ%egg%aur%n?i%ﬁ’g dlgg i s
a 3d) t o alpeuprof fidremdedTdat ur at ed carbocyclic ring, a 5-
to 7- menbered saturated O-containing hed'lﬁrocycl iC
ring or a 4- to 7-nenbered saturated N-corit ai ni ng
heterocyclic ring as defined aboveg; h of B and B
bei ng unsubstituted or /Subst™ui€d; 150r one of Rl

and R2 is Cl- 06 al kyl{ arglt theGqothdd of NRI and R2 is
12- anurat ed
i nsubst i ed or

selected froma 3- to
subst i t ut gglerefh e %}; 1o TRADRSR URPAbdNabR ining heterocyclic
I C

carbocyclic group which
car bocyclic groupg I's unsubstituted or
subst i t ut gg which-inghedes 9.or freddidprad heigratomsaeiseied fom N, S and O
het erocycl i c.qarQu Lchy i RSl - Cte T
substi t ut %n(f!: a"‘g-ﬁta\gj%lozﬁ m%efégdﬁé%%ﬁ%hog%hcm&as o7
het er ocy chiembeed wautathidhcorgaiuing bgtdcyclicathgx@ar 4- to 7-membered
substituted an €l- .C6. al kyl .group Lch LS ,
substi t ut WBVQQP?’ W%B’%Sr@iéﬁﬂﬂnéﬁﬁs ggéqegtaéwfz?ach of Band B
rrerrbgr ed §§ﬁ%ﬁ1@hg$t%a&&o@ygighﬁd;gr oup which is
unsubstityte r substitute a _b5- 12-_Jtenber e
un@ramﬁcef_tPgan‘éBrQ bdeycd &g pad; freifiee R et o 310
or 18URshbdrtd &thrafdd éérb&‘i/ﬁﬂ@groﬂﬁm%@guﬁbﬂﬁmmﬁﬁbsﬁmted, as-
¢

het erocycl i ¢ group whi IS _unsubstituted or

s utsstZ- memivrednuisaiugted carbogyciie rwp Fdidys ypapgiuted or substituted,

hef er cl . . . & Wikl &dmSbstituted or

su%gt fi%tcpuét élg&brghl%lgslﬁg&m?@%g&?é{% ?@g} I—i&or Cl- CGS ) o

al kublstitugedgda 4- to 12- membered saturated heterocyclic group which is unsubstituted
or substituted and 2 C; —~ Cg alkyl group which is substituted by a group selected from
a 3- to 12- membered saturated carbocyclic group which is unsubstituted or

substituted, a 5- to 12- membered unsaturated carbocyclic group which 1s
unsubstituted or substituted, a 5- to 12- membered unsaturated heterocyclic group
which is unsubstituted or substituted and a 4- to 12—meﬁ1bered saurated heterocyclic
group which is unsubstituted or substituted;
mis{, lor2;

R’ is H or C,-Cy alky}; and

R’ is an indole group which is unsubstituted or substituted;

or a pharmaceutically acceptable salt thereof.



R4 is an indole group which is unsubstituted or
substituted; or a pharmaceutically acceptable salt

t hereof. WD 2008/ 152390 PCT/ GB2008/ 002014 89 2. A _
vopppeusideaccording to claim1 wherein the PCT/GB2008/002014
t hi azol opyri m di ne |s of formula (la): (I a) N
LUONP(RI)AWNT R2 17 NRa 8therein RIR4 and in areas
defined in claim1. 53. A conmpound accor di ng to claim

1 wherein the thiazol opyr| m dine is of formula (Ib):

G Slofboldy ety bfdE s dfTormoi
2 H?omﬂ)a%o f&mc%tr'?%cl)aflfﬁ accor eng tdgépa};ri:f;:/‘q[fl ]one of ormua(Ia)
precedl ng clains wherein R4 is an j | e group V\,hl ch

is msubstituted or substituted Ky a grljoup sel ected
fromCN, halo, -C(0)NR2, halo(C 4C6)al kyl, -S02R,

- S02NR2, and a 5-nenbered hetero I oup contai ni ng
1, 2, 3 or 4 heteroatons sel ected ffom O(’l )N and S.
wherein Ris Hor Cl1-C6 al kyl.

5

R /
( 3 )._...,..

RE/N s N\

N N R

wherein R', R?, R R R*and m are as defined in claim 1.

5 3. A compound according to claim 1 wherein the thiazolopyrimidine is of formula (Ib):
[Oj
N
(Ib)

N
R1
>N——<C<R3>z>m—</
R? s

wherein R!, R? |, R’, R*and m are as defined in claim 1.

R4

10 4. A compound according to any one of the preceding claims wherein R‘is an indole
group which is unsubstituted or substituted by a group selected from CN, halo, -C(O)NR,, |
halo(C;-Ce)alkyl, -SO;R, -SO2NRz, and a 5-membered heteroaryl group contaixﬁng 1,2,30r
4 heteroatoms selected from O, N and S, wherein R is H or C-Ce alkyl.

15 5. A compound which is selected from:
5 —(6—-Fluor0-1H—indo1-4-y1)-2—(hexahydro-pyrrolo{3,4-c]pyrrol-é-ylmethyl}-?’-morpholin#—yl—
thiazolo[4,5-d]pyrimidine;
5—(6—F1uoro—1H—indol—4—yl)~2-(hexahyd:o~pyrrolo[3,4~c]pyrro1-2~yhnethyl)—7—morpholin—4-yi-
thiazolo[5,4-djpyrnimidine;

20 2-(2,7-Diaza-spiro{3.5)non-2-ylmethyl)-5-(1H-indo}-4-yl}-7-morpholin-4-yl-thiazolo[5,4-
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15 5. A conpound which_is selected from
5- (6- Fl uoro- 1H i ndol-4-yl)-2-(hexahydro-pyrrol o[ 3, 4-4
~yrrol -2-yl met hyl)-7-norPhol i n-4-yl -
Wwhizamaksbet, 5- ci pyri m di ne, PCT/GB2008/002014
5- (6-Fl uoro-1Hindol-4-y1)- 2- (hexahydro-pyrrol o[ 3, 4-c
) pyrrol -2-3/ 1net hyl ) - 7- mor PRI i n- 4yl -
t hi azol o[ 5, 4- 4pyri m di ne; 20
2-(2,7-D aza-spiro[ 3. 5] non- 2-yl met hyl-) - 5- (11/ - i ndol -
d} ;ﬁl%, 7- nor phol i n-4-yl -thiazolo[5,4- 90 dj pyri m dine;
P > Di aza- spi ro[ 3. 5] non- 2-yl rnet hy0O-5- (6-fl uoro-1H
2- (2 7- D@kziasﬁarqil)S}n?mﬂlsy]pi&ﬂiyl)Fﬁ—@ﬁ—mmmlﬁzuﬂ@%ywmrpmlm-ﬁwh

thlaé"l?@%ﬂﬂ’%‘?ﬁm?pl ro[3 5] non- 2-yl net hyl ) - 5- (5-f | uor o- 1H

2-(2,7-Ded siraf 4. B}nznmoﬁmlamyl)m @~ floro-3 H-indol-4-y1)-7-morpholin-4-yl-
t hi azol o[ 5, 4-d] pyri m di ne;

thiagol ?fé‘*sdlwalé‘mﬁr cycl o[ 3. 2. 1] oct - 3-yl net hyl ) - 5- (1H i ndo

3. 2 By hblth-dL lo[ 5,4
2-(3 g ﬁw‘éé—inc?clﬂ?@ﬂ}){:tgkl ﬁﬁ%ﬁ%@%l rré’?hj;;l}ﬂ)a 5b( 1H}f}ﬁ1:jlg-?o of

d}pymmgmi) 7- mor phoI i n-4-371-thiazol o[ 5, 4- dbyri mi di ne;

. g y1)-7-morpholig-4-y. thiazolo[ 5,4-
(4-2% _ _( peridi rlrget%;l? (14, I%doéndta )py morphol olin { azo 0[
d]pydmiﬁm(a;ll—l-i ndol -4 y1) - 7-nor phol i n-4-34-

21 B P o2 Y i Y gemi
thlﬁﬂﬂ[z"ifﬂ}% azlfiinﬁ 4-yl -thiazol o[ 5, 4- dbyri m di ne;

AR SRy m,a,%z%?' ) DO o TR dorphotina 1 4Rfa051375,4-

d]p)&i%@iﬁgl o[ 4,5-d] pyrimdine formate; 5-(1H 1ndol-4-yl)
7-nor phol i n-4-y1- 2- hol i n-4-yl - pi peridiu-1-ylne
2-(2(7HYiaya-shiohz Hnot- z-merawsr&fam;wmdol 4-y1)-7-morpholin4-yl-

thla%d‘g% iﬂ%@[}gm gﬁtlaﬁl 2_1 yl met hyl ) -5- (5-fl uoro- 1H i

5- (1mlhﬁnlﬂyil)-@{rdqrﬁhcdinp@‘yl-h{#mmg}hoﬁﬁ—‘%-yl-zﬂpeﬂdm-1 -ylmethyl)-thiazolo[4,5-
- Fl uor o- 1Hi ndol- 4-y1) - 7- nor pholi n- 4- y1- 2- (4- norp
d]P AS4- y1pi peridi 11- 1yl met hyl ) t hi azol o[ 4, 5-d] pyri mi d
2-(3 J3M@imethylpiperazin- 1-yimethyl)-5-(5-fluoro-1H-indol-4-y1)-7-morpholin-4-
5- H-Inol4y1)7rmrpholln4y12(4rmrpho||n4A
Yl‘hlﬁ"’é@ thyl )t hazol o 4, 5-d] pyri m di ne;

—(5-5"[111050 Eguﬂacgjlﬁb-vgﬁaﬁmﬁmy-zg {ro)phblit Bepyspyia-1pyT 1 Ol
- Zin
ylmeﬁmwnmﬁ%}%ﬁ =ApyFirgifingz o o[ 4, 5-4pyrim di ne;

ka0 SR dynbngipsn 5= (51 w3
Ylﬂlejﬂ}ﬂ]giiwm@ﬁlﬂﬁqﬁh]ﬁ@ﬁj mi di ge I

2 (4- Azet e
e
7-morpholin-4-ylthiazolo[4,5-d]pyrimidine;

2-(4-Azetidin- 1 -ylpiperidin-1-ylmethyl)-5-(5-fluoro-1H-indol-4-yl)-7-morphotin-4-

ylthiazolo[4,5-d|pyrimidine;
2-(4-Azetidin-1-ylpiperidin-1~ylmethy})-5-(1H-indol-4-yl}-7-morpholin-4-

ylthiazolo[4,5-d]pyrimidine;

2-(4-Cyclopropylmethylpiperazin-1-ylmethyl)-5-(5-fluoro-14-
indol-4-y1)-7-morpholin-4-ylthiazolo{4,5-d]pyrimidine;
{1-[5-(5-Fluoro-1H-indol-4-y1)-7-morpholin-4-ylthiazolo{4,5-dlpyrimidin-2-
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2- (4- Cycl opropyl net hyl pi perazin-1 -yl nmethyl)-5-(5-fluo

ro- 1H ndol- 4-y1) - 7-nmor phol i n-4-yl t hi aw o[ 4, 5-dbyrim d

W@ @)08/4152B90 PCT/GB2008/002014
-[ 5- (5- Fl uoro- 1Hi ndol- 4- yl) 7 rmrphol i n-4-ylthiazolo

[4,5-4pyrimdin-2- 91

di r net hyl am ne;

{145- (1H 1 ndol- 4-y1) - 7-nor phol i n-4-yl t hi azol o[ 4, 5- 49f

y}m!;tﬁylljﬂgf;@r@mzﬂ}dxhe@pllaﬁkﬂepi peri di n- 4-yl | di met hyl am ne;
{1- [éz(h—@ I(l@ﬂ-ﬂl-)dbﬁ’-@ﬂorl;ﬁﬁll@d%]ﬁma%@ﬂ[‘-‘f -4 PHEIZr- 4- y| -t hi azo

Ylml’tﬁ%ﬁm%ﬂé’g azl ny VI - i sobut yr ani de;

2- {4255((4 thcemIﬂﬂ’-mdolldl—jrm?pmp@olm-ﬁ-yl-th1a2010[4 5-dlpyrimidin-2-

th 5-f ro 1H-|ndol4y1) 7- nmor phol i n- 4-
ylm'i;hdﬂ‘s ?%F%‘[‘s é &i ne;

2- (45&:(eﬁdxﬁlll—lﬂpﬁreh&im mﬁlﬁietﬁid}jﬂrl&ﬂumlﬁhmHDMSkL)y?lm@mbolmeﬂ-az
in-1- yhnet hyl t hi azol o[ 5, 4- ci pyrim dine; 10
Ymuﬂz"(ﬁ[dy‘g b pi perazi n-1-yl met hyl ) -5-(5-fl uoro-1H
s-(5iEsiRd 14 M&f)l—ﬂylmﬁbﬂhbﬁhiyl-}plpermn 1-ylmethylthiazolo[5,4-
yl thi azol o[ 5,4-d] pyri mthne; -
fﬂpm@ﬂfé 1H 1 ndol-4-y1)-7-nor pholin-4-ylthiazol o[ 5, 4-d]p

24P pfirerdd T 1 BIS B oh el S0 iAo &
yithiefdBo[44edpyrimidhiret n- 2- | s

2- {4y fg‘g}[{}ﬁil%ﬁ@gig%%&%}%ﬁ {Xr a@p%ﬁ%dmazol o[ 5, 4- 4py
ylmdth)fr]pcﬁeﬂazgx }i}z;rl}ﬁ@bhwlre]nﬂd@erl (i! n 4 yl I di met hyl am Ine .
ndol- - 7-nor [ mor. phol i n
2 {ﬁ[aﬂygaqowAb'rlyﬂw&n%mr%ﬁ@m%ﬂmﬁzoa TS r PG ond
]glplglraﬁglrg IET-OFE 1) 7- holin-4-yl-2-(4-norp
{1 [ﬁbﬂH Ml-%YBerquLﬂnWﬂ%PM-‘r YEFBRB{ZS, 4- ci pyrinid
t [ t abl | t
y@%g@ﬁ&nﬁﬁ}@%ﬁ’é@ ﬁ%rjnggeu%/l 2glcego?rpo§| tS?onSV\/m ch
-(1Ic’énqmiﬂsgé)s7ﬂncpplmlnn4ryh£{fbai0@0hnéejﬂplamfbﬂdar rier 25 or
an,. ¢ cgﬂve i ngredi ent, a conpound as

ent
yhneg@?}%ﬁ Iilﬁ’qaaa?/yno e of“clains Ito 5. 7. A conpound as
5- (S-Gﬁfotcnlaﬁ‘ ihdbl-anyh)-Ongorpholin-&yRE-(4-ntooptiplih g yipiperidin-1a
hod ?f medi cal . treat ment of the human or ani nal -
Yhm’ﬁlé’ 8. A conmpound as defined in any
andiﬁ@ﬁha?ﬁ:a&éuﬁbﬂﬁfdccéﬁa?ﬁe §40% tHeFed@t | Ng @ di sease or
di sorder arising fromabnornmal cell growh, function
or behaw our associated with P13 kinase. 92 9.Use of
6. IRYPRS: c%ﬂ{ai 86 0n WhichRY¥mBASes AfphGin@cB®tichily Sccapthble carrier
he rranu acture f0 a
or dﬂuent and, as an active ingredient, a compound as defined in any one of claims 1 to 5.

7. A compdund as defined in any one of claims 1 to 5 for use in a method of medical

treatment of the human or animal body by therapy.

8. A compound as defined in any one of claims 1 to 5 for treating 2 disease or disorder

arising from abnormal cell growth, function or behaviour associated with PI3 kinase.



9.

medi canment for treating a disease or disorder arising
fromabnormal cell growh, function or behavi our
associated with PI3 kinase.?25 10. Use according to
claim9 wherein the nedicanment is for treating
cancer, inmune disorders, cardiovascul ar disease,
ammat i on, t abol i sm endocri ne

I fect
ﬁ?ﬁ?’f p b?ﬂngﬁgfg@fagéﬁgn%w e g Io5 giae | 19 Sy ihe pgnutacture of a

medicament for treating a disease or disorder arising from abnormal cell growth, function or

behaviour associated with PI3 kinase.

10.

Use according to claim 9 wherein the medicament is for treating cancer, immune

disorders, cardiovascular disease, viral infection, inflammation, metabolism/endocrine

function disorders and neurological disordets.



