1 PURINE DERIVATIVES USEFUL AS PI3 KINASE INHIBITORS Field of the Invention The

present inven@gg; es to indolyl purine compounds and to their use ag.Siphi 'B%%
phosphatidylinositéﬁ%{?i’(inlase (PI13K). Background to the Invention Phospﬁgt&%)%linosf?o (hereinafter

abbreviated as "PI1") is one of a number of phospholipids found in cell membranes. In recent years it
has become clear that Pl plays an 10important rdle in intracellular signal transduction. In the late

1980s, a PI3 ki'ﬁ?@lﬁ%‘é@%%%ﬁ#&% _ Eagrﬁ%@ﬁ% ichiB ylates the 3-position of the

inositol ring of phosphatidylinosito itman etal., 1983, Nature, , 644-646). PI3K was
originally considered to be a single enzyme, but it has now been clarified that a plurality of subtypes
are preseifi¢hi Bi3ke Enaehtubtype has its own mechanism for 15regulating activity. Three major

casses of PSR ORSRRENSRILRAOR e RABIR:R! Wskihulis gl ireRecicly (B

Vanhaesebroeck et al, ,_Irends In Biochemical Sciences, 22, 26/-272). Substrates for class |
PI31Cs ardlphiters afphestiridslipmo) kgt #5™iphosphate (PI (4,5)P2). Class | PL3Ks are further
divided into two groups, class la and class Ib, in terms of their activation mechanism. Class la PI3Ks

include PI%K Elr%l(l)nad 01&\(3 %QQ 2g p1106 subtypes, which transmit signals from tyrosine
kinase-couﬁ%%rmpfwr@q'as% I3K includes a pllOy subtype activated by a G protein-coupled
receptor. Pl andBbrspyptisdireral{hetenabstraiters visted as il Hs3ms oCiawanhePdK s include PI3K C2ct,
C2[3 and Gigippubiypesuidicb-arasahaiasienizedhy RaRRIMBgcomd eiba adtthrs derminus. The

substrate for class Il] PI13Ks is P| only. 25In the PI3K sybtypes, the ¢ Ja subtype has been most
extertSive {F RGN §uEE %ﬁa(ée[lgflal‘rﬁég?ﬁigﬁ BEIRs 1%53%)5 fgﬁ?ﬁﬁ?j%ﬁﬁ%&%?ﬁ ACatalytic 110
kDa subufituad tb fecan atapyns ductighof TR Esahé 5-powitiohhd thegodaiiotyisglofinits contain 5H2
domains apd hing JONEORINGL SaiEHES RRSRESIakar s sreuthsgctor receptors with a tyrosine

kinase activity or oncogene products, thereby inducing the PI3K activity of the p11Q catalytic 30subunit

which phosphoryiate s FHAlHRapsers g Lok SFEITE LU B P25 PR SR FMRER be associated
with cell ptidife pdtiatitpndschngieoge pesist imPidike Elisiosdespaind tomeitiorshimiatviiag inflammation.

WO 2{9094@3%3&1@? a%ﬂ%@ 21%9@4 g%?cﬁ%?asges of PI3Ks have been identified on the basis of their in
vitro substrate specificity (B. Vanhaesebroeck et al, 1997, Trends in Biochemical Sciences,
22, 267-272). Substrates for class I PI3Ks are P1, PI4-phosphate (PI4P) and PI 4,5- |
biphosphate (PI (4,5)P2). Class I PI3Ks are further divided into two groups, class Ia and class
Ib, in terms of their activation mechanism. Class Ia PI3Ks include PI3K p1106a, p1108 and

20 pl103 subtypes, which transmit signals from tyrosine kinase-coupled receptors. Class Ib
PI3K includes a p1 10y subtype activated by a G protein-coupled receptor. PI and PI(4)P are
known as substrates for class II PI3Ks. Class Il PI3Ks include PI3K C2a, C28 and C2y
subtypes, which are characterized by containing C2 domains at the C terminus. The substrate

' for class [l PI3Ks is PI only.

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

30 subunit which phosphorylates its lipid substrate. Thas, the class Ia subtypes are considered fo
be associated with cell proliferation and carcinogenesis, immune disorders and conditions

involving inflammation.



WO 01/083456 describes a series of condensed heteroaryl derivatives.-whichdvewve actwity@g inhibitors
of P13 K and whichesaprass cancer cell growth. Summary 51t has now peeadosnddiaai a series of
novel purine compounds have activity as inhibitors of PI3K. The compounds exhibit selectivity for the
p1108 subtype of PI3 kinase, over both other clags la and class Ib PI3Ks. Accordingly, the present
disclosure provides a compound which is a purine of formula (Ia) or (Ib): (Ia) N--,......... -N-.. /N
-IC(R3)26<I-- R1yo. ¢1/88345d\NRAbds Racki6s o wdndepindidenad iR fanneiogaetharwith the N atom to

which they are.a%%%ei% aqr f the fallowing formula (ha): ULJ/PD Luvw / WO
© 2009/0537£8BE N 35 R RS B2 ol

Summary
5 It has now been found that a series of novel purine compounds have activity as

inhibitors of PI3K. The compounds exhibit selectivity for the p1108 subtype of PI3 kinase,

over both other class Ia and class Ib PI3Ks. Accordingly, the present disclosure provides a
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compound which is a purine of formula (Ia} or (Ib):

10

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

following formula (Ifa):



3 in which A is selected from: (a) a 4- to 7-membered saturated N-confainingvheterpcydlicring which
includes 0 or },gdditigeg! heteroatoms selected from N, S and 0, the ring Sheigsnsgpstituted 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 0, 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
10unsaturated heterocyclic ring, a 5- to 7-m red saﬁ@ted 0-containing heterocyclic ring, a 3- to
12- membered saturated carbocyclic ring ghd an ursaturatéd 5- to 12-membered carbocyclic ring to
form a heteropolycyclic ring system, the heteropolycyglicring system being unsubstituted or
substituted; 15(c)a 4- to 7-membered satiyated N-¢ontaining heterocyclic ring which includes 0 or 1
additional heteroatoms selected from N, S nd which further comprises, linking two constituent
atoms of the ring, g aebeas-grotghselected from -(CR'2)n- and -(CR'2)r-0-(CR'2)s- wherein each R’
is independently Il or CI - C6 alkyl, nis 1,2 or 3, ris0or 1 and s is O or 1, 20the.remaining ring
positions being @substitﬁtéﬂtgﬁgﬂ%ﬁ% ,t‘gﬁmgifﬁl}%‘&b"% Fgerlf%c g‘fﬁb’)‘?n’i ')Chwherein ring B is a 4-
to 7-membered saturatedidiabn imihgddstenddyttosionsshictcthiing ek Dand Oaliditiegal heteroatoms
selected from N, S and Owgand ingBuisi drduiRitéednembered saturated carbocyclic ring, a 5- to 7-
membered saturated 0-containing heterocyclic ring or a 4- to 7-membered 4 saturated N-containing
heterocyclic rind®s defindd alfoVB BRI b ISR B R G RRREY BIER B ituted; or one of RI
and R2 is Ci - C6 alkyl andcthéeotheriaiiBiticmd R2isasmiectdct thrd fioa 3 fat@ Oxtbenbered saturated
carbocyclic group which iﬁeHJ}SH%HttHFEQeQJnﬁ%%%@d%@HQ 425 nemhsied Unsatidrated carbocyclic

group which is unsubstituted or substituted, a 5-'to 12- membered unsaturated heterocyclic group
which is unsubstituted or SRRt IYCRS 198 ATEFHBEARP S SRuPEl HETBFBOSER group which is
unsulgstituted or substituteskandted Giterodaikylmgralp wiieheishstedsttuiacify-egunipgselected from a
3- to 12- membered satutated carbocyclic,group which is unsubstitut %c substituted, a 5- to 12-
membered unsaturated clié?%(r% 8&8 rgur}/%’um;3 W{ﬁiz iS unsul sﬁ%ﬁ%@ﬁ‘)?@% gt%tucte(‘i a 5- 10 12- membered
unsaturated heterocyclic Breairaiadiéntes drsembemdearncyelissngtodne dderapa yersbfbered

saturated heterocyclic groiAp YhiGh, b MssBstil Rt O St Dtk 8ein R uitbdiked or

substituted;

15 (c) a 4- to 7-membered saturated -N—containing heterocyclic ring which
includes O 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";),- and {CR’3)-0-(CR’2)s- wherein each R’ is
independently H or C; — Cg alkyl,nis 1,2 0r 3, risQorl andsisQort,

20 the remaining ring positions being unsubstituted or substituted; and

(d) a group of formula (IIb):
{iib)

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

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



it is H or CI-C6 alkyl; le is selected from R, C(0)OR, C(0)NR2, halo(C1-C6)alkyl, SO2R, SO2NR2"
wherein each R is independently H or Ci-C6 alkyl which is unsubstituted or substituted; and R4 is an
indole group which is imsubstituted or substitutéd; or a pharmaceutically acceptable salt thereof 4a

wherein R and 2 o1 Goedf i, AR p el i arsiacieslopesiaua o e following
orm

formula (11a): in which 3\ a group o a (11b): (11b) wherein ring B is a 4- to 7-membered
saturated N-containing hé@@é%?@ﬁﬁé Wﬁ!’é’ﬁqmﬂdes 0 or 1 additional heteroatoms selected from N,

S and 0 and ring 8% £r3xi0 A2 0emhairy sriwis@HcatoydiR inglaibd fwif-atembered saturated

0-containing heterocyclic rin ra 4 7 membereghl turate a|n| %gycllc ring as
defined above, 13&5??’8%’%655 Ol SRR sut')mfatlum(!elgI mis 0, rb%t%ﬁ?cgf R3is H or C1-C6

alkyl; W is selested ﬁnmbam@)mﬂa@(@;ﬁR2§M®l“@$7aﬂkynSMP@3®ENJR@‘%ere|n each R is
independently .04 GG Allot i D UBRI R bt atsabd Bibdwan indole group which

is unsubstituted or substituted; or a pharmaceuticall accgf)ﬁble salt th &geheof %econd aspect,
there is prowdéé}b&tﬂﬁiin?affe@tﬂ&ll“&?fﬁkfﬁ‘@glfﬂﬂm Reii o 03I A8t ?maceustlc S &2ceptable carrier
or diluent and, assasaiidairigr €glieat, sicglompe widchssdehistidtebipve 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 substituted, a 5- to 12- membered unsaturated heterocyclic group
which is unsubstituted or substituted and a 4- to 12-membered saturated heterocyclic
group which is unsubstituted or substituted;

misQ, 1or2;

R*is H or C;-Cs alkyl;

R is selected from R, C{O)OR, C{O)NR;, halo(C;-Cq)alkyl, SO;R, SO;NR;, , wherein
each R is independently H or Ci-Cg alkyl which is unsubstituted or substituted; and
R’ is an indole group which is unsubstituted or substituted;

or a pharmaceutically acceptable sait thereof.



In a third aspect, there is provided a compound as defined above for use in a method of medical

treatment of the human or animal body by therapy. In a fourth aspect, there is provided a
compound as defined above for treating a diseagg or disorder arising from abnormal cell growth,
function or behaviour associated with P13 kinase. In a fifth aspect, there is provided the use of a

compound as defined above in the manufacture of a medicament for treating a disease or disorder
arising from abnormal cell growth, function or behaviour associated with P13 kinase. 4c Detailed
description of the Invention As used herein, the term "fused" indicates that two rings are joined
together by a common bond between two adjacent ring atoms. The term "spiro-fused" indicates that
two rings are linkdd tHiotgvertstheie ieBrAHSA £ PBBAAbIHIHE ”té’r‘fﬁn‘b‘?ﬁ? %ﬁ%ﬁ(@%ﬂ%n s a linking
group, of one or more atoms in length, which connects non-adjacent ring atoms. In each of these
three cases a polycyclic (typically a bicyclic) structur sult.  When any group, ring, group,
ring, substituent or moiety defined herein is substituted, it is typically substituted by Z or R5 as defined
below. A C1-C6 alkyl group is linear or branched. 'A_C1-0% alkyl group is typically a Cl-Ca alkyl
group, for example a methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl or tert-butyl group. A CI-Cs
alkyl group is unsubstituted or substituted, typically by ong or gf)e groups Z or R5 as defined below.
Typically it is Ci-C4 alkyl, for example methyl, etQyl, i-p n- LUt IIUOU 1. WO
2009/053716PCT/GBZOOS/Q)3622 5 propyl, t-uatyl, §tbutyl ofin-butyl.  Z is selected from H,
unsubstituted C1-C6 alkyl, patb*;@@gﬂ% , -(C{(R6)2) L& - (2_%0}5 -CF3, -(halo)-C1-C6 alkyl,

- -(C(R6)2)qO-(halo)-C1-C®& alkyl, -CO2R, -(C((6) ACR6 2)aCOR, CF20H, CH(CF3)0H,
C(CF3)20H, -(CH2),PR, -(C(R6)2)a0R, -(CH2),INR2, - 5'%C(R6)2 gNR2, -C(0)N(R)2, -PR6)2)aCONR2
, -NR2, -(C(R6)2)aNR2, '(C(R6)2)qNRC(0)R, é (R6)2)4NRC(0)OR, -S(0)R, -S(0) pli(R)21
-(C(Z6)2)gS(0)pN(R)2, -0C(0)R, - (C(R6)2)(40C(0)R, -0C(0)N(R)2, -(C(R6)2)gq0C(0)N(R)2, -NRS(0),,R,
-(C(R6)2),,NRS(0),,R, - NRC(0)N(R)2, -(C(R52)INRC(0)N(R)2 ~NO2, =0, a 3- to 12- membered
saturated carbocyclic ring which is unsubstituted or substituted, a 5- to¢ 12-membered unsaturated 10
carbocyclic which is unsubstituted or substituted, a 5- to 12-membered unsaturated heterocyclic group
which is unsubstituted or substituted and a 4- to 12-membere ted heterocyclic group which is
substituted or unsubstituted, wherein each R is independently selected (ﬁrgm H, C1-C6 alkyl, C3-C10
cycloalkyl and a 5- to 12-membered aryl or heteroaryl (}(oup, the droup being unsubstituted or
substituted, or when two groups R are attached to an 1 t iJorm, together with the N atom, a
4- to 7-membered saturated N-c‘éhtaining heterocyclic/fing; p E 1or2/and qis 0, 1 or 2. R5 is selected
from C1-C6 alkoxy, OR6, SR6, S()dR®, iifB,'&N, hategen, C(0)R6,j- CO2RS, -C(0)N(R6)2 and
-N(R6)2. R6, each of which is thB"same or different whein moré is.present in a given
substituent, is selected from H, C1-C6 alkyl and C3-C10 cycloalkyl, 20and p is 1 or 2. A halogen or
halo group i€'EEe8), Br or I. Preferably it is F, Cl or Br. A C1-C6 alkyl

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

following formula (lia): _
(1la)

A Dy

in which A is



group substituted by halogen may be denoted by the term "halo-C1-C6 alkyl", which means an alkyl
group in which one or more hydrogens is replaced by halo. A halo-C1-C6 alkyl group preferably
contains one, two or three halo groups. A preferred example of such a group is 25trifluoromethyl. A
C1-C6 alkoxy group is linear or branched. It is typically a CI-Ca alkoxy group, for example a methoxy,
ethoxy, propoxy, i-propoxy, n-propoxy, n-butoxy, sec-butoxy or tert- butoxy group. A C1-C6 alkoxy
group is unsubstitytéegugroﬁmmy@g)¢typically by one or more groups Z or R5 as defined above. 30A
C3-C10 cycloalkyl group may be, for instance, C3-C8 cycloalkyl such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, or cycloheptyl. Typically it is C3-C6 cycloallcy(/v.b)ﬂ\ C3- C10 cycloalkyl ?pup is
unsubstituted or substituted, typically by one or mare groupsZordi2.5 6 as defined above. A 4-to
icri pm‘:ﬁmmwe nitrogen atom and either
an additional N atom or an 0 or S atom, or n® addition terdatoms. It may be, for example,
line, thiomorpholine or homopiperazine. A 4-
to 7-membered saturated N-containing heterocyclic ring as defined above is intsubstituted or
substituted on one or more WRyeEBHISR dtorhdanthemisrea i aneltiSHar B ntsieseHt in the ring.
Examples of suitable substitienis; #GHIAReo N :Or AR AoUREE MisREas defined sheve, and a C1-05
alkyl group which is unsubstityled ot substiuied by, pQtoup, 10.2 QLRSS defined gove.  Specific
examples of a 4- to 7-memBerédsaturate -containing %eterocycllc Ing which is Substituted as
defined above include the folkowinedsatutaddsconggniiy heterocyelic ring or a 4- to 7-membered

saturated N-containing heterocyclic ring as defined above, each of B and B’

being unsubstituted or substituted,

mis0,1or2;

R*is Hor C-Cy alkyl;

R" is selected from R, C(OYOR, C{OINR,, halo{C-Cyalkyl, SO;R, SO,NR,, , wherein
each R is independently H or C,-C; alkyl which is unsubstituted or substituted; and

R* is an indole group which is unsubstituted or substituted;

or a pharmaceutically aceeptable salt thereof.

In a second aspect, there is provided a pharmaceutical composition which comprises a
pharmaceutically acceptable carrier or diluent and, as an active ingredient, a compound as defined
above.

In a third aspect, there is provided a compound as defined above for use in a method of
medical treatment of the human or animal body by therapy.

In a fourth aspect, there is provided a compound as defined above for treating a disease or
disorder arising from abnormal cell growth, function or behaviour associated with PI3 kinase.

In a fifth aspect, there is provided the use of a compound as defined above in the
manufacture of a medicament for treating a disease or disorder arising from abnormal cell

growth, function or behaviour associated with PI3 kinase.



(iv) 20(V)(7/0 7  (vii)(vii) 5 A 5- to 7-membered saturated O-containing heterocyclic ring
contains at least one 0 atom and 0, 1 or 2, typically0 or 1, additional heteroatoms selected from O, N
and S. Itis, to for instance, tetrahydrofuran, tetrahydropyran, oxetane or morpholine. A 3-to 12-
membered saturated carbocyclic group is a 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10, 11- or 12-membered
carbocyclic ring containing only saturated bonds. It is a monocyclic or fused bicyclic ring system. It s,
for instanbetHlas eséripasalgnnd Bawnmsad carbocyclic ring. Examples include cyclopropane,

cyclobutane, cyglopentarte. cyclohexane and.cycloheptane, 15 and bicyclic ting systems in which two
such rings are f%ée%%o%%%r%%%&ﬁ%%énﬁ%%& (S)THéa TP e Oﬁlgﬁéaggétﬂ%%’fé‘d carbocyclic group
include tHOTMONMREIShetveaRd Yo adianer ringEpome rAbe terhyissiaeuiestal] iwdibuey/ it tyroup is a 5-, 6-, 7-,
8-, 9-, 10+ihgs At hdreaambeses GaslkReeHHicT g6 Bia Nthaldensh aRHbsalRlgd,bond. Itis a
monocycl{g}ngO fused,bicyclic ring;ré?ter%. The Y%.r?oug?is non-aromatic or aromatic, for instance aryl.
Thus, in one ermbodintent, a 516 T2 e %ﬁgd SR ROPRE SHPSERHRS R GRS 2IE™S: to 12-membered

aryl ?pupliEehmilgssoftard-caset 2-pabiniobedtiping btarbitodlsadecyctdsghewgsiticlude benzene,
naphthalene, indak JleBe;AneaahyAianRBYAIGNS AR, BLARERUAIRIRY,Jagany!, indeny

t
and tetrahg/_dron_a ht%g_roups. he roup Is unsubstituted or'substituted, 25 typically by one or more
groups Z SRS Y SHRRIMIIEL 8t i dRsfhfio¥ of a 5- to 12- 8 membered unsaturated

carbocyclic groupGn€lyaléyihedal dviingrsirbeinersd. A C;-Cq alkyl group is typically a C,-Cs
alkyl group, for example a methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl or tert-butyl
group. A C,-Cs alkyl group is unsubstituted or substituted, typically by one or mofc groups Z
or R? as defined below. Typically it is C-C, alkyl, for example methyl, ethyl, i-propyl, n-




An aryl group is a 5- to 12-membered aromatic carbocyclic group. It i;l’n}%ggcygjjjc/ogbjpy,clj,cl
Examples include phenyl and naphthyl groups. The group is tmsubstituted or 5 substituted, for
instance by a‘&%a %’%}h{éS as defined above. Specific examples of an 5?&(8‘%8‘3?6’?%%‘12&de the following
structures: A 5-to 12-membered unsaturated heterocyclic group is a 5-, 6-, 7-, 8-, 9-, 10, 11- or 12-
membered heterocyclic ring containing at least ofe unsaturated bond and at least one to heteroatom
selected from Q, nd S. It is a monocyclic or fused bicyclic ring system. The group is non-aromatic or
aromatic, ?5rrf?8éttg€|’ﬁ%§fi’hs§fgt|)g§r %@s in one embodiment a 5- to 12- membered unsaturated

heterocyclic gro@d%@é?@emlz-fﬁmb?@@tﬁ‘é%r@aﬁﬂ(ﬂréﬂ}?z B’ SRo-CEnekRbered unsaturated
heterlocyck_imgmgpqp%}y_@gomleggm@g,(@mz)gmqﬁhepeimgr;lmlﬁ, m@;pjpmm&jg,g:@yﬂolopyrimidine,
pyrrolopyriding opyridaz , indole e olgpy
pyrazolopgl%{%i&%}%@%ygfiggrp@ﬁ@# 8 é%ré@g?ﬁ@%ﬁﬁﬁ%@nﬂﬁ'&ggﬁéﬁﬁaﬁ%@%é
imidazopy(@RANGTRyicCEDRII NG RAIILTON R d e (FER itz ISR a2 TREEQRe - benzodioxine,
benzoxazglerbeNzRBieRHRNSBRRZAIAZRIR D erIRWRSCNsRITINGIRMaZOle, 0xazole, oxadiazole,
thiazole, isothig;\zg)le thiadiazole dihydroimidazole, dinydrobenzo uranC 0:dih drog)'o inopyridine,
dihydropyﬁ%B%ﬁﬁ@%ﬁ?&@ﬂ?@éﬁ%&@%@%@%ﬁg% lﬁ%%&ﬂfbﬂ}ﬁﬁg éﬁ%u’inoline, purine,
quinoxalindRIEE YR bERGENERCIENR)6 OLiGin exCe tadhyaliisoguimoliheurated
5’6’71846%%'3)4%8;@%&%%}&%@&%&@«1 @b SnlRlaRdg{nidaspked whRNEAzAe, thienopyrazine,
az

pyrimidine, pyridazine, pyrazine, triazine, triazole or tetrazole. The wow is unsubstituted or substituted,
typicafly b§PBRsxsHo B s yralsitsted oReLititsing d- D bd@eibetsficBeiRits of a 5- to 12-
memberegdigrsaivhiatgdipeiatacialicdraitpdn oluadbsthedo dawing stnZenseberd shateaeary| is a 5- to 12-
membered aromatic heterocyclic gr. ich ' , or 4 het Sselected from O, N
and S. It ig’%é%°8’8t§58|%°8}’ "‘i%%n’é.&f%%%g y°ﬁ%ﬁ§gﬂt’t§%ﬁr%§%&hﬁkﬁ%%‘t%?n”gr%%?‘?, Ig%r 3 égdditional

heteroatoreieststb s Hidim G akah §xCingyrdgalie! 186 @atrgi-Membatsd2RiePR BeiFERfRateroaryl group.
Typically itisigelaciadsoiihendubaiataasy sabsitpednsivird indhaahorartisieirations for a 5 to 12-
membered unsaturated hetergcyclic group. A 4-10_12- membered satyrated.heterocyclic group is a
4-,5-%., 7-H8M1%Y ,“Tl'iog?ai%-wrh%éqn{%ﬁé?gﬁlﬁ’e 3&8;7&1?8 Iﬁ?r)fg?fvpﬁ?c “}geognt@;l|":r?sr,l "5, or 4 heteroatoms
selected flotaroeliamas plisis er Avndoripdlid of Rused bicyclic ring system. Examples of such

heterocyclic ringgQinglLde rpt @re NakdieHIGRIYHOIdRTY hited| ey dabdcanyddgighydrothienyl,
CO,RE, -C(O)N(R®); and “N(R®),. R®, each of which is the same or different when more than
one is present in a given substituent, is selected from H, C;-Cg alkyl and C3-C o cycloalkyl,
20 andpisior2.

A halogen or halo group is F, Cl, Bror . Preferably it is F, Cl or Br. A C;-Cs alkyl
group substituted by halogen may be denoted by the term *“halo-C;-Cs alkyl”, which means an
alkyl group in which one or more hydrogens is replaced by halo. A halo-C;-Cs alkyl group
preferably contains one, two or three halo groups. A preferred example of such a group is

25  trifluoromethyl.

A C)-C; alkoxy group is linear or branched. It is typically a C;-C, alkoxy group, for
example a methoxy, ethoxy, propoxy, i-propoxy, n-propoxy, n-butoxy, sec-butoxy or tert-
butoxy group., A C,-Cg alkoxy group is unsubstituted or substituted, typically by one or more
groups Z or R® as defined above.

30 A C3-Cyq cycloalkyl group may be, for instance, C3-Cg cycloalky! such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, or cycloheptyl. Typically it is C3-Ce cycloalkyl. A Cs-
Cio cycloalkyl group is unsubstituted or substituted, typically by one or more groups ZorR®



tetrahydropyranyl, tetrahydrothiopyranyl, piperidino, morpholino, thiomorpholino, thioxanyl, pip
erazinyl, homopiperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl,
oxazepinyl, digggﬁqw;ﬁ,s%gzepinyl, dithianyl, dithiolanyl, imidazolidinyl, -qé%%gr@ﬁf %?f.O]hexanyl,
3-azabicyclo[4.1.0]heptanyl, and azabicyclo[2.2.2]hexanyl. Spiro moieties are also included within the
scope of this definition. In one embodiment the shturated 4- to 12-membered saturated heterocyclic
group is a gatgnqng(r)r‘lrbered saturated N- containing heterocyclic ling as defined above, which is
unsubstitdted or substituted. The saturated 4- to 12-membered heterocyclic group is unsubstituted or
substituted, typidaftytpy-ormberedspsmiod Psconeniieg heteiesiridid Bpeicsibeemtaikaitples of a 4- to
12-membegfgg 08t alesatarapYalisharRuRIn AR e Saklamipenstidettisrs: O Examples of a 4- to
7-membehed saturate N-c%nt inin hqr%ero%:fidcllic rglqg \fvgich IS fu.%ed to.a second ring as defined above
to form a REFEPBISBIcy i ‘S STEMPISTARE G RO LeTEPRFRGT SRS pyrrolidine, piperidine,

piperazinenemihgihelitheo2&rhidirorphatiomgradinomopiperazine, said group being fused to a second
ring as defined apgvg, 7hesecandfingeprviiralbif fedfdonemheied-aabdraied N-containing

heterocyclic ring_ as defined above or a 5- to 12-membered unsaturated hetgrocyclic group. More
typically tHEUBESHLTS PTGHEH Bedeen g SHEHHE Sre SR AT ReOh e SRR fEic ring or a 5- to
7-membereshusrssdntraiée Fete Byt ivipniipcaibstamnp éshflithesecondt: grgpaélade 30 azetidine,

pyrroliding, sRipgrid] perazine, /o | | i ' | 009/053716 L.
VP LUSA D B e e K micine,

pyraZthe, ?eﬁ‘rﬁ@%ﬁéfﬁf&ﬁ #hedsetrahydropyran. Examples of the resulting heteropolycyclic system

include octahydgyeyifiole{dniaiyrazine mmentiel yelivapiTolaid Anbipyeiale: Opesific examples of the
heteropo lx’.%gﬂ ‘%s%%‘é%@téﬁ%&’%ﬁ@? Jgtl)l%l\llrllgﬁlgé S %E%%ing structures:

= OJXO/
Y C//O -

(iif) (iv)

- (\N/
ol e

20 ) (vi)



00 (S) Examples of a 4- to 7-membered saturated N-containing heterocyclic group as 15 defined
above which includes a bridgehead group -(CR'2)11- or -(CIe2)r0-(CR'2Es- as defined above include
3,8-diaza-bicy%jlg[2§.u§{'ﬁ§éfane, 2,5-diaza-bicyclo[2.2.1]heptane, 8-azabi %(gﬁ’z.%ﬁlféﬁzane,
2-aza-bicyclo[2.2.1]heptane, 3,6-diaza-bicyclo[3.1.1]heptane, 6-azabicyclo[3.1.1]heptane,
3,9-diaza-bicyclo[4.2.1Monane and 3-oxa-7,9- 14 diazabicyclo[3.3.1Jnonane. Specific examples of
this group include the following structures: 10Examples of a group of formeya (11b) as defined above
include groups derived from a 4- to 7-membered saturated N-containingieteroayclic group as defined
above which is spirofused at any available ring carbon atom to a 3 to 12; membgred saturated
carbocyclic ring, t to a 3- tg.6m Nbeflf/ed saturated c;ﬂ;@:ycli Mg, 0Lt0 a 4- to 7-membered
saturated N-containing hgterocyclic group} Examples includ :ﬁselected from 15azetidine,

pyrrolidine, piper, igh is spiro-fused ati ring carbon atom to a group selected
from cyclopropane, entane, cyclohexane, dine, pyrrolidine, piperidine,
piperazine and tetrahydropyran. The group of formula (11b) may, for instance, be a group derived from
3,9- diazaspiro[5.5]undecane, 2,7-diazaspiro[3.5]nonane, 2{14%]'
u

3 gSazaspiro[4.5]decane or2,7- 20
diazaspiro[4.4]n(()n ne. Specific examples of a group of for

a (11b) include the following structures:
‘/\N/
(ix)

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

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

A 3- to 12- membered saturated carbocyclic group is a 3-, 4-, §-, 6-, 7-, 8-, 9-, 10, 11-
or 12-membered carbocyclic ring containing only saturated bonds. It is a monocyclic or fused
bicyclic ring system. It is, for instance, a 3- to 7-membered saturated carbocyelic ring.
Examples include cyclopropane, cyclobutane, cyclopentane, cyclohexane and cycloheptane,

15 and bicyclic ring systems in which two such rings are fused together. Specific examples of a

3- to 12- membered saturated carbocyclic group include the following structures:

7 O

A 5- to 12-membered unsaturated carbocyclic group is a 5-, 6-, 7-, 8-, 9-, 10, ii- or
12-membered carbocyclic ring containing at least one unsaturated bond. It is a monocyclic or
20 fused bicyclic ring system. The group is non-aromatic or aromatic, for instance aryl. Thus, in
one embodiment, a 5- to 12-membered unsaturated carbocyclic group is a 5- to 12-membered
aryl group. Examples of a 5- to 12-membered unsaturated carbocyclic group include
benzene, naphthalene, indane, indene and tetrahydronaphthalene rings, or phenyl, naphthyl,
indanyl, indeny! and tetrahydronaphthyl groups. The group is unsubstituted or substituted,

25  typically by one or more groups Z or R’ as defined above. Specific examples of a 5- to 12-



WO 2009/053716 PCT/GB2008/003622 12 (iv') 5(V) (xiii) le is selected from R, -C(0)NR2,
-C(0)0R, han%C3-C6 alkyl, -SO2R and -SO2NR2, wherein 15 each R is independently H or C1-C6
alkyl which is RstifEtteted or substituted. When R is C1-C6 alkyl whict fst ﬁ’f{ff{’éézit may be
substituted by a group Z or R5 as defined above. Typically it is substituted by a group selected from
CN, halo, -C(0)NR'2, -NR'C(0)R', -OR', NR'2, -CE3, -SO2R’, -SO2NR'2, -NR'SO2R’, -0C(0)NR.12,

NRC(O)0R, 200 NR GONR 2n e 2o Rl D ISRSAg Mgy unsubsticL:

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
5  substituted, for instance by a group Zor R as defined above. Specific examples of an aryl
group include the following structures:

o o

A 5- to 12-membered unsaturated heterocyclic group is a 5-, 6-, 7-, 8-, 9-, 10, 11- or
12- membered heterocyclic ring containing at least one unsaturated bond and at least one

10 heteroatom selected from Q, N and S. It is a 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, furan, thiophene,
pyrrole, pyrrolopyrazine, pyrrolopyrimidine, pyrrolopyridine, pyrrolopyridazine, indole,

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

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

25 more groups Z or R’ as defined above. Specific examples of a 5- to 12- membered unsaturated

heterocyclic group include the following structures:



20C6 alkyl. 13 R4 is an indolyl group which is unsubstituted or substituted. The indolyl group may
be linked to the purine core via any available ring position. It may, for instance, be an indo1-4- yl,
indo1-5-yl, ind8¢¥YLBFihdo1-7-y1 group. Typically it is indo1-4-y1 or |HHHF%Z‘W/%F% typically an
indol-4-y1 group. 5When 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

indo1-4-y1 group.is ty caIIy ifuted tthe 5-, 6- osifion, mor ically at.the 5- or 6-position.
An indo1-5-y1 g%)‘?j?ﬂ yﬂﬁ@jh}o t% ?:Tegtaﬁ?em ﬁuc%et I%?YCLC (rinugir% ?y;g%lcalfy%t the 4- or
6-position3,Am mwleﬁtqnsgmpds&gtpl&amya@dﬁstmmoapmdmor@m 7Eppisibrit more typically at

the 4- or S;.nAsIiQR. ANdRLAs 6L DEPsR4S RIS alLRLRAILLRA ES R0, §-2RK &-Pesilipn, more
typically at the 5- or 6- posmon When the indolyl group is substituted it may he substituted by a

group Z oPRELE HERIed SBR VantEeTSD RELTarRY SE T nomiSha K1GISHS 2°% Btituted by a group
selected frererddrylQRonpS RehiEd)in HEHROE) GO prCO2ES GRS nehdOtd, wh(CHB)OH, C(CF3)20H,

15 -(CH2)y %&Eﬁﬁ\ly@y },’\IF\)IRZ -C(O)N(R)2, -NR2, -N(R)C(0)R, -S(0)pN(R)2, -0C(0)R, OC(0)N(R)2,
-N(R)S(0)pR C% (R)2,CN, halo, -NO2 and a 5-membered heteroaryl group containing 1, 2, 3 or
4 heteroatoms sélécf%élzfrmeﬁdaﬁmfeﬂm@?é‘?ﬁyﬁ‘m B afe as @eﬁhg\é gbd\‘)e Ll fe definition of

Z.In anotm@rma@maadwamtﬁhgmmwmma&mwuéwﬂobwmsgmwneﬂe’ieﬁien1f¢om C1-C6
alkyl, CN, h C(O)NR2, halo C -C .20.such as SOR, 502R,
Eﬁ%?%(l&) ]{2 )la c? eB)b rﬁ%ic nagh é/stcm CPF Qeg bg).‘ﬂ%félﬂn eég l%@r;

SO2NR2, ere teroar up as ove. | another more

typicaP emipekiitpidint mnmwtegmmmmtmwwwpt%éﬂw CN, halo, -C(0)NR2,

halo(Cl-Cpiadidrsphand® %ﬁﬁﬁﬁwpﬁﬁ@mﬁaﬂa@@oﬁxﬁambmn&ﬁ&pﬁemamhaﬁe@ containing 1, 2,
3 or 4 heteroatoms selected fromlo et{;\#ﬁ% n th ove bodlmen Wﬁ‘]ls t |Cfi\lly H or Ci-C6

25alkyl. plpf'%’fggi ?ﬁ@%ﬁ%rsaﬂ%h |ﬁ)él%imlygr01fp| anotralie% r?(g group. When the
substituerthispansloawatrenzll disteroatythipasnjpl. szl ﬁ)ﬁ@l@tmbmllﬁamhdmbéhene pyrrole,

imidazole ,pyrazoles {rinRalen Azl RIE e HSRXAT Ol RBilinas]e.t ﬁé%u kpzole, or
thiadiazole. BOI% o?nje %bodl}rtnentasu)g?}?ﬁt mdsﬁg roup aﬁflrﬂl D] % %rgﬁ% substituted at the

5- or B- pogiﬂtﬁtfe?ﬁrﬁé}f&mﬁlf‘?ﬁg‘gl %%??"B?/‘éf&l e, - SO2NMe2 or a
5- membem&hﬁiﬁﬁe&rﬂ&gmmbasdcbfunﬁddéb@v&ymgaﬂy Mﬁm&e@@mumwd%ubstituted at

the 5- or 6:poSHiAR ﬁ@fe%%ﬂ@rﬂ@%&'éﬁh@%ﬁml\é'%ﬁ:éﬁ@éﬁlﬁﬂ&ﬁu‘t@ﬁ'@@sﬂb&’ﬂtﬁéﬁuI%ﬂé substituted at the

5-position by halo In particular b he parameter m in formulae ( Ia2 and (Ib)is 0, 1 or 2.
Typically ifferateddo - Wﬁﬁfﬁf’r}n’\e@‘i"y"h"lW?BP&MFB%‘?FQY%??O"(IB?%‘% %’YE‘C ¥Mbered saturated
heterocychadgsonpringtbapd efinitdasdafikt anedR Do fidex andietoo? evteim b2 reehtatedated N-containing

heter cycllgnﬂng &'ﬂ;—! Q&R&l#%g&f %ﬂnﬁqﬁlét Etﬁ;&qﬁ%gs selected from N, S and 0. A 5-to 12-
etero

membered Unsaturated |c group |n e definitions of R1 and R2 may be a 5- to 12-
membered heteroaryl gro -to é@n/embere urated carbocyclic group in the
o= o o=
o]

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

25  thiomorpholine and homopiperazine, said group being fused to a second ring as defined
above. The second ring is typically a 4- to 7-membered saturated N-containing heterocyclic
ring as defined above or a 5- to 12-membered unsaturated heterocyclic group. More typically
the second ring is a 5-, 6- or 7-membered saturated N-containing heterocyclic ring or a 5- to
7-membered unsaturated heterocyclic ring. Typical exampies of the second ring include

30 azetidine, pyrrolidine, piperidine, piperazine, morpholine, thiomorpholine, homopiperazine,



10 definitions of R1 and R2 may be a 5- to 12- membered aryl group.  In one embodiment of
formulae (la.) and (Ib), A is a group selected from homopiperazine, piperazing, pipefiding, pytrolidine,
morpholine antf&2¥HEMESwhich group is unsubstituted or substituted by eHEB R Groups selected
from C1-C6 alkyl, - NR1, -S(0)2- (alk)g-NR11R12, -N12.1-S(0)2 R1, oxo (---0), -alk-OR1 , -(alk)g-Het,
-C(R1)2-C(0)-N(RI)2 15_NR1o_catl0.2_) C(0)-M(RW)2 , -C(0)-Nan2 , -*Rl) , -C(0)OR1, C(RI)2-CF3, a
4- 7- membered saturated N-containing heterocyclic group which is unsubstituted or substituted, -
Nee, CS-@Iﬁ‘gﬁdﬁéﬂ%ﬂl%ﬁwﬁiﬁ?uﬁﬂﬁ?ﬁﬂﬁt@ﬂj@@ﬁ%s?ﬁfﬁ%‘&?’&ﬁuﬁié' &“fim'g which is
tetrahydrofitratydteprany dromypke aftioxesaitinghelanpidiicis s spstitutedude sciietittted, a

hexahydr}%ﬁgﬁ@%gg&m&g&m BRtiieshor puhsiiiied Rt MRHAR @, in 20 which: each

R1is inde ‘or =substitute alkyl; each R'is independently H or C1- C6 alkyl; R11
and R12 drspravrygipertrantnyedrdbedaPomeFEHseY -Co alkyl which is =substituted, or R11 and

R12 tggether form, with the N atom to which they are attached, a 5- or 6-membered 25saturated
heterocyclic group; R13 and R14 are each independently selected frzglg,l-\CB alkyl, -S(0)2 R1,

alk-OR1, -(alk)g-Ph and -(alk)g-Het; X is selectéd fro 3-C13 cycloatkyl whigh is unsubstituted or
substituted, an O-contaiging~i1g which is tetrafydrofurgn, tetrahydropyran or oxetane and which is
unsubstituted or 30 stitutgd, and a 4-mempered saturated N-contdining
=substituted or supstitu '
substituents; PGJ/GB AM/ UtiZzz' WO 2U09
isOorl Hetisathiazole, iraidazole, pyrazo
5unsubstituted dPsubstituted; and ()

erocyclic ring which is

e or more further
6PCT/GB2008/ 362N 15 Phis phenyl; gis O or!; r

€, pyrrole, pyridine o(g)pyrimidine group, which group is

N
l/\N /
N N
(A
o
10 (d) (e) D

Examples of a 4- to 7-membered saturated N-containing heterocyclic group as
15  defined above which includes a bridgehead group «(CR.”;)y- or <{CR’2)-0+(CR’),- as defined
above include 3,8-diaza-bicyclo[3.2.1]octane, 2,5-diaza-bicyclo{2.2.1]heptane, 8-aza-
bicyclof3.2.1]octane, 2-aza-bicyclo[2.2.1]heptane, 3,6-diaza-bicyclo[3.1.1]heptane, 6-aza-
bicyclo[3.1.1]heptane, 3,9-diaza-bicyclo{4.2.1]nonane and 3-oxa-7,9-



alk is C1-C6 alkylene.  When, in the above embodiment, the substituent on group A is a 4-
7-membered saturated N-containing heterocyclic group which is unsubstituted or substituted, it is
typically a grof{Pvitiitbridi8elected from piperazine, piperidine, morpholid&€TtRRAHSH3PBRne, 10
pyrrolidine, oxazolidine and anticline and which is unsubsubstituted or substituted. When the
substituent is itself substituted, it is substituted bylone or more groups Z or R5 as defined above, more
particularly by one or more groups selected from C1-C6 alkyl, -012.1, F, Cl, and =0, wherein Rl is as
defined asBEbIESFaldiien20Ys selected from homopiperazine, piperazine, piperidine, pyrrolidine,
morpholine and &etidic examgiés aftbisistitptacilodelths diibtiite dagtergroup selected from piperazine,
piperidine, morpholine, pyrrolidine, oxazolidine and azetidine, that group being unsubsubstituted or
substituted by one or more _groups selected from C1-C6 allcyl, -OR10, F, CI, and =O. In this
embodiment A itself is Byl lected from pi g, piperidine«MQors Noﬁﬁe and azetidine.

[ t)qis 20 typically 0 and Het
A is a hexahydrothiopyran
ring which is subétituted, 48 typically®)dioxohexafiydrothiopyi&n ring>*" In the above embodiment,
examples of the substituent -NR104(0)2 RI include -N(CH3)-S(0)2 CH3 and -NH-S(0)2CH3. Examples
of the substituent -C(RI1)2-C(0)- 25 N(RI)2 include -CH2-C(0)-NH2 and -C(CH3)2-C(0)-NH2. Examples
of the substituent _INRio_catm,2 7 -C(0)-N(RI)2 include -NH-C(CH3)2-C(0)-NH2, -NH-CH2-C(0)-NH2,
-N(CH3)-C(C113)2-C(0)-NH2 and -N(CH3)-CH2-C(0)-NHZ2. Examples‘ of the substituent
-C(0)-MR.10)2 incfudey-C(0)-NH2, -C(0)NH 3) and -C(0)NCH3)2,.§xamples of the substituent
-C(RI)2-CF3 incluyde -GH2-CF3, -C(CH3)Z-CF d -CH(CH3)-CF§EX ples of 30 the substituent

-C(0)ORI include H and -C(0)0OCH3 In gnother embodim rmulae (Ia) and (Ib), Ais a
group selected fr mopiperazine, piperazgia€, piperidine, pyrroli and azetidine, which group is
16 unsubstituted or substituted by one or more groups selected from C1-Cg alkyl, -S(0)2 R1,
-S(0)2-(alk).4-NI£glh12, oxo (=0), -alk-OR1 , -(ZS&M-Het, a heterocyclyl group, -NRI3R14, C3-Cio
cycloalkyl which is tmsubstituted or substituted, an 0-containing ring which is tetrahydrofuran,

tetrahydropyran gy pxatane AnduyBighs i aabsiten L suRSHENEd NP 2R o 2) 1-X, in which:
eachR1lis mdependentlﬁ/ H or unsubstituted C1-C6 alkyl; each R'is independently H or C1- C6 alkyl,

R11 and F12dr& e Speiideosanieed romslicaate 1 eginadatrricre A ®iktituted, or R”
and R12 togethesfgravaitulite g bidtomtomwhiachithily mesmbétat keckagedeob@riemipgred 10saturated

heterocycli AN, 13 80K B 1. AP SRED PUGBSRURD RS E oMl SO R1
alk-OR1, -(alk)g-Ph and -(alkkHet;
saturated N-containing heterocyclic group. Examples include a group selected from
15 aietidine, pyrrolidine, piperidine and piperazine which is spiro-fused at a ring carbon atom to
a group selected from cyclopropane, cyclobutane, cyclopentane, cyclohexane, azetidine,
pyrrolidine, piperidine, piperazine and tetrahydropyran.
The group of formula (IIb) may, for instance, be a group derived from 3,9-
diazaspiro[5.5lundecane, 2,7-diazaspiro[3.5]nonane, 2,8-diazaspiro[4.5]decane or 2,7-
20 diazaspiro[4.4]nonane. Specific examples of a group of fqrmula (IIh) include the following

structures:

N— NH
HN —N

@ (ii’)
25



X is selected from C3-C10 cycloallcyl which is unsubstituted or substituted, an 0-containing ring which
is tetrahydrofuran, tetrahydropyran or oxetane and which is unsubstituted or 15substituted, and a
4-membered SERAEREERLEontaining heterocyclic ring which is unsubstitbEEEERYEB&R%ed, and which
group is optionally substituted by one or more further substituents; Ph is phenyl; qis 0 or 1; 20r is O or
1 Het is a thiazole, imidazole, pyrrole, pyridine o‘r2pyr|m|d|ne group, which group is unsubstituted or
substituted; and alk is C1-C6 aIIcerne In the above emb nts, the group A may also include one
or more further 2 Sttu addition to those gpwcified, forynstance a group Z or R5 as defmed
above.  When A in thexabove embodiments i groufy selectedt from-homopiperazine, piperazine,
piperidine, pyrroligi d iline which is substi -(CR'2),.-X as defined above, the
parameter r is ty@;gally 1. Ais typically substituted by g,group selected from cyclopropyl, cyclobutyl,
-NH-CH2-cyclopropyl, -NH-cyclopropyl, -NH-CH2- 30 tetrahydrofuranyl -NH-tetrahydrofuranyl,
-NH-CH2-tetrahydropyranyl, -NHtetrahydropyranyl . Specific examples of such a group A
[ 2009/053718PCT/ 362217 Z7N 5 10

5 V) (vi")
i H N
(X -
(vii") B (viit") (ix*)
9 DO X
&M (xi’) (xii)

HN

(xiii)

R? is selected from R, -C(O)NR;, -C(O)OR, halo(C; Cs)alkyl, -SO;R and SO;;NR;;, wherein
15 each R is independently H or C,-Cs alkyl which is unsubstituted or substituted. When R is

C,-Cs alkyl which is substituted, it may be substituted by a group Z or R’ as defined above.

Typically it is substituted by a group selected from CN, halo, -C(O)NR’;,

-NR’C(O)R’, -OR’, NR’;, -CF3, -SO:R’ -SO;NR’3, -NR’SOyR’, -OC(O)NR';,

-NR'C(O)OR’ and ~-NR’C(O)NR’», wherein each R’ is independently H or unsubstituted C,-
20 Cgalkyl



In another embodiment A is a group selected from piperazine, piperidine and pyrrolidine, which group
IS unsubstituted or substituted by one or more groups selected from C1-05 alkyl, -S(0)2 R10,
-S(0)2-(allc)s-NR2R1B3IBRo (=0), -alk-OR10 , -(allc)g-Het, a heterocyclyF§rotBaRPR13R14 in
which: 15RI is H or C1-C6 alkyl which is unsubstituted; R11 and R12 are each independently selected
from H and CI-C6 allcyl which is unsubstituted, dB8R" and R12 together form, with the N atom to which

they are attached, a 5- or 6-membered saturated heterocyclic ggrou ; . R13 and R14 are each
independently s&icé@tiRAoRH GTRER VNN 1s SR EP Ok s 6—&‘&)’&4?}%1%9@% “Het; Ph is
phenyl; g ismRedrdl i plidinactiiada layiavidabt eing yeolimpitidise for gramielibeagrmdpl-4vhich group is
unsubstity substituted; and.25alk | - Sﬂ!tﬁél 10008 2SP6Ft4RE4RYERLQN provides a
compoun Sv ?c{h i?la? gf?ﬁ?\% }o?f%olrﬁrgﬁ}lz ?Iﬁa%lg?gpm g zr%fﬁ?t n I03 6 Vy(?) £k : ‘
2009/053 HiBEET s BdobB0E8P2 18 Ra wherein Rl and R2 form, together with the N atom to

whichghey are atiaeheshsagiay mefnhybiadlovd sahitrand at(bid) orimorhiohidbis fietected from: (a) a 4- to
7-membered.saturated N-containing heterocycli¢c ring which includes 0 or,1 additi | heteroatoms
selected fPSrsﬁuﬁr,lssang%ﬁ,hfﬁg}ﬁar{a %géﬁl%}sélgtlgﬁl%}éﬁglsetﬁ]u &t %anﬁiggﬁtlﬁlgd? %Bsg‘? %%bgé_fnembered
saturated NstomaningHekatargatits timicoliyisrbiicnies ho-16euitiperl v esatgifgbelected from N,

S and 0, thewing beinshitssd i dmasconting seigstadnadede: henengbeygdrsafisated
oAl Sl o e 19 3% Botles B2 R DEPRAI LA 4., 5-
10 or 7-position, more typically at the 4- or 5- position. An indol-7-yl group is typically
substituted at the 4-, 5- or 6-position, more typically at the 5- or 6-position.

‘When the indolyl group is substituted it may be substifuted by a group Z or R® as
defined above. In a typical embodiment the indoly! group is substituted by a group selected
from R, -OR, -SR, -S(O),R, CH;0R, -C(O)R, -CO:R, CF3, CF,0H, CH(CF3)0H, C(CF3),0H,

15 ~(CH)4OR, -(CHz)eNR;, ~C(ON(R};, -NR;, -NR)C(O)R, -5(0)N(R),, -OC(O)R,
OC(ON(R)z, -NR)S(O)p R , -NRC(O)N(R);, CN, halo, -NO; and a 5-membered heteroaryl
group containing 1, 2, 3 or 4 heteroatoms selected from O, N and S, wherein R, p and q are as
defined above in the definition of Z. In another typical embodiment the indolyl group is
substituted by a group selected from C; — Cq alkyl, CN, halo, -C(O)NR;, hale(C;-Cg)alkyl

20  such as CF3; NO,, OR, SR, NR; C(O)R, SOR, SO:R, SO;NR;, NRC(O)R, CO;R and a 5-
membered heteroaryl group as defined above. In another more typical embodiment the
indolyl group is substituted by a group selected from CN, halo, -C(O)NR3, halo(C;-Cqg)alkyl
such as CF3, -SO3R, -SO:NR;, and a 5-membered heteroaryt group containing 1,2, 3 or 4
heteroatoms selected from O, N and S. In the above embodiments R is typically H or C;-Cs

25 alkyl A

Typically the substituent on the indolyl group is an electron-withdrawing group.

When the substituent is a S-membered heteroaryl group it may be, for example, furan,
thiophene, pyrrole, imidazole, pyrazole, triazole, tetrazole, oxazole, isoxazole, oxadiazole,
thiazole, isothiazole, or thiadiazole.

30 In one embodiment a substituted indolyl group is an indol-4-yl group substituted at the
5- or 6-position, in particular the 5-position, by CN, halo, -C(O)NH;, -CF3, -S0:Me, -
SO,;NMe; or a 5-membered heteroaryl group as defined above. Typically the indol-4-yl group



15heterocyclic ring, a 5- to 7-membered saturated 0-containing heterocyclic ring, 19 a 3-to 12-
membered saturated carbocyclic ring and an unsaturated 5- to 12- membered carbocycllc ring to form
a heteropolycyti@%i#B8l8tem, the heteropolycyclic ring system being uRStiSSHIEY6t2substituted:;
(c)a 4- to 7-membered saturated N-containing heterocyclic ring which includes 0 5or 1 additional
heteroatoms selected from N, S and 0 and whick4urther comprises, linking two constituent atoms of

the ring, a bridgehead %g_)esp selected from -(CR'2).- and -(CR' 2) -0- CR%& whe f’;\Ch R'is
mdependéﬁfﬂ}’ﬁ‘tﬁ%i‘t 2REGTPAsidon by pply, ip persiciar Bk Mo d ring positions
being unsgtmptﬂtaﬁm%sthﬂé@mdﬂ&(ﬁ)@gmmmﬁfmhyﬂa (MI) (11b) Whereln ring B is a 4- to

7-membered sa t )5 t
HBIENCRN A EARRURI IO I ellan 1) aligng) heteroatoms

selected from N to 12- membered saturated carbocyclic ring, a 5- to 7- 15
membere@@ﬁﬂﬁ%’é@& d-containing heterocyclic ring or a 4- to 7-membered saturated N-containing
heteracyclic r'”@ﬁﬁ)ﬁﬁiﬁ!ﬁ@ﬁ@bﬁﬂ@lﬁ,&dﬂQfﬁ-&ﬁdtﬁeﬁdlmuw&lbaﬁiu&?dtegﬁmbsmﬂt&d or one of RI

and R2 |sgi11. %‘ %%la&)g kiﬁ%g;ggis 517 t“qe?l}cts beres eg%ycroe}l talnl gg erocyclic ring as

defined above or & oup which'is stltute - to memgere turated

N-containivigifenstedsrcdierineg ditoump! Asteraptoms siesied Fiom N, i%‘*ﬂ@ R4 513 B-C1-C6 alkyl; Vis

selected fraemiRrdd (QUNR-Atdadlatot el atkih iﬁ@%ﬁ%&ﬁ%fﬂha{@wm&i;%imdependently H or
C1-C6 alkg)l which, is unsubstltuted rsu titute d R4 |s |nq)ole p%POWhICRlIS unsubstituted or

substituted* 0t 5rf)'11aerrenr3mguﬁrcé’|?y accepta R te ereo m§'pe0| iIC eXAMpTes Of ¢ compounds of the
invention itefiitierthofR' 1wk B imTaie 1- WO- 260¢/686 7 group.

In one embodiment of formulae (Ia) and (Ib), A is a group selected from
homopiperazine, piperazine, piperidine, pyrrolidine, morpholine and azetidine, which group is
unsubstituted or substituted by one or more groups selected from C,-Cg alkyl, -NR'Y, —S(0),-
(alk)NR''R", -NR'*-§(0); R, ox0 (=0), -alk-OR'?, -(alk),-Het, -CR'")-C(0)-NR'"),

15 -NR%CR"),-CO)}NR"),, -C(O)-NR™,, NR'®),, -C(O)OR", CR'),-CF3, a 4-7-
membered saturated N-containing heterocyclic group which is unsubstituted or substituted, —
NRPR™, C3-Ciq cycloalkyl which is unsubstituted or substituted, an O-containing ring which
is tetrahydrofuran, tetrahydropyran or oxetane and which is unsubstituted or substituted, a
hexahydrothiopyran ring which is unsubstituted or substituted, and ~-NR’~(CR’2)X, in

20 which:
each R is independently H or unsubstituted C,-Cg alkyl;
each R’ is independently H or C; — Cg alkyl;

R and R are each independently selected from H and C,-C; alkyl which is unsubstituted, or
R and R together form, with the N atom to which they are attached, a 5~ or 6-membered

25  saturated heterocyclic group; '
R**and R are each independently selected from C)-Cs alkyl, —S(O); R'?, alk-OR',
-(alk)q-Ph and -(alk)q-Het;

X is selected from C3-Cyp cycloalkyl which is unsubstituted or substituted, an O-containing
ring which is tetrahydrofuran, tetrahydropyran or oxetane and which is unsubstituted or

30  substituted, and a 4-membered saturated N-containing heterocyclic ring which is
unsubstituted or substituted, and which group is optionally substituted by one or more further

substituents;



purn 7fingn-; 6 2 2 PCT/GB2008/003622 20 below: Table 1 Compound No. Structure Name | 0
Me2NC ) N N--/LN \INH N~'Nss ..---/ (1-19-Ethyl-2-(1H-indo1-4-y1)-6Ch&eBhéit-4-y1 Lo R-pusik-8-

ylmethylkpipe MU XM Il tmethylamine 2 /0 -N C) PCT/GB2008/003622
i5
Ph is phenyl;
gisOori;
risQorl

Het is a thiazole, imidazole, pyrazole, pyrrole, pyridine or pyrimidine group, which group is
5  unsubstituted or substituted; and
alk is C,-Cs alkylene.
When, in the above embo\dimcnt, the substituent on group A is a 4- 7-membered
saturated N-containing heterocyclic group which is unsubstituted or substituted, it is typically
a group which is selected from piperazine, piperidine, morpholine, thiomorpholine,

10 pyrrolidine, oxazolidine and azetidine and which is unsubsubstituted or substituted. When
the substituent is itself substituted, it is substituted by one or more groups Z or R® as defined
above, more particularly by one or more groups selected from C;-Cs alkyl, -OR'®, F, €1, and
=0, wherein R'? is as defined above. For example, A is selected from homopiperazine,
piperazine, piperidine, pyrrolidine, morpholine and azetidine and is unsubstituted or

15  substituted by a group selected from piperazine, piperidine, morpholine, pyrrolidine,
oxazolidine and azetidine, that group being unsubsubstifuted or substituted by one or more
groups selected from C,-~Cs alkyl, -OR!®, F, Cl, and =0. In this embodiment A itseif is
typically selected from piperazine, piperidine, morpholine and azetidine.

When, in the above embodiment, the substituent on group A is -(alk),-Het, q is

20 typically 0 and Het is pyrazole.

When, in the above embodiment, the substituent on group A is a hexahydrothiopyran
ring which is substituted, it is typically a dioxohexahydrothiopyran ring.

In the above embodiment, examples of the substituent -NR'°-$(0), R'® include
~N(CH;)-8(0); CH; and -NH-S(0);CH;. Examples of the substituent ~C(R1°)2—C(O)—

25 N(R'); include -CH,-C(O)-NH, and -C(CH3) »-C(0)-NH;. Examples of the substituent
NR'-C(R'),-C(0)-N(R'®), include -NH-C(CH3) .-C(0)-NH,, ~NH-CH,-C(O)-NH;,
~N(CHj;)-C{CHj) ,-C(0)-NH; and —-N(CH;)-CH ;-C(O)-NH,. Examples of the substituent
-C(O)NR'™), include -C(O)-NHa, -C(O)NH(CH;) and -C(O)NCHa);. Examples of the
substituent -C(R'%),-CF; include -CH,-CFs, -C(CH3)2-CF3 and -CH(CH3)-CF;, Examples of

30  the substituent -C(O)OR' include ~C(OYOH and —C(O)YOCH;,

In another embodiment of formulae (Ia} and (Ib), A is a group selected from

homopiperazine, piperazine, piperidine, pyrrolidine and azetidine, which group is



L )N NN........ AN (149-Ethy1-2-(1H-indol-4-y1)-6- morpholin-4-y1-9H-purin-8-
ylmethylkpiperidin-4-yll-dimethylamine  NH 3 (0, 9-Ethyl-2-(5-fluoro-113-indol-4-y1)-8-
[(S)-1-(hexahyHfASfHIGEL, 2- alpyrazin-2-yl)methyl]-6-morpholin4d-y1-9MEIUfrfraS{ 9862/ --- NNN
-e...A- \nCcINH NNas.....i '
16 '
unsubstituted or substituted by one or more groups selected from C;-Cs alkyl, —S(0)2 R",
—S(O)-(alk)-NR''R", oxo0 (=0), -alk-OR'®, -(alk),-Het, a heterocyclyl group, -NRR™,
C3-Cyp cycloalkyl which is unsubstituted or substituted, an O-containing ring which is
tetrahydrofuran, tetrahydropyran or oxetane and which is unsubstituted or substituted, and
5 -NR'HCR’3)X, in which: |
each R'® is independently H or unsubstituted C;-Cs alkyl;
each R’ is independently H or C, — C, alkyl;
R and R are each independently selected from H and C,-C; alky! which is unsubstituted, or
R''and R"* together form, with the N atom to which they are attached, a 5- or 6-membered
10 saturated heterocyclic group;
R" and R" are each independently selected from C;-C alkyl, -S(0); R'®, alk-OR'®, -
~(alk)q-Ph and -(alk),-Het;
X is selected from C3-Cyg cycloalkyl which is unsubstituted or substituted, an O-containing
ring which is tetrahydrofuran, tetrahydropyran or oxetane and which is unsubstituted or
15 substituted, and a 4-membered saturated N-containing heterocyclic ring which is
unsubstituted or substituted, and which group is optionally substituted by one or more further
substituents; '
Ph is phenyl;
qisCorl;
20 risOorl
Het is a thiazole, imidazole, pyrrole, pyridine or pyrimidine group, which group is
unsubstituted or substituted; and
alk is C;-Cg alkylene,
In the above embodiments, the group A may also include one or more further
25  substituents in addition to those specified, for instance a group Z or R’ as defined above,
When A in the above embodiments is a group selected from homopiperazine,
piperazine, piperidine, pyrrolidine and azetidine which is substituted by - NR’~{(CR’;)~X as
defined above, the parameter r is typically 1. A is typically substituted by a group selected
from cyclopropyl, cyclobutyl, -NH-CH,-cyclopropyl, -NH-cyclopropyl, -NH-CH;-
30 tetrahydrofuranyl, -NH-tetrahydrofuranyl, -NH-CH;-tefrahydropyranyl, -NH-
tetrahydropyranyl and azetidinyl. Specific examples of such a group A include the following
structures:



4 N 9-Ethy1-8-[(S)-1-(hexahydropyrrolo[1,2-a]pyrazin-2-yl)methyl]-2-
(1H-indo1-4-y1)-6-morpholin-4-yl9H-purine N? N\l NH ,7 Nis WO
20091053716¥E H38P0H8/003622 21 5 NH io 8-(4-Azetidin-1-yl-pipeAGiH{E2008/003622
ylmethyl)-9-ethyl-2-(5-fluoro-1Hindol-4-y1)-6-morpholin-4-y1-9Hpurine :

17
N/
K\N/
C/N A\/ \)
N
® (ii)
5
L7 Ay
(iii) (iv)
10

In another embodiment A is a group selected from piperazine, piperidine and
pyrrolidine, which group is unsubstituted or substituted by one or more groups selected from
C;-Cs alkyl, —S(0); R'®, —=S(0),-(alk)-NR''R", ox0 (=0), -alk-OR'?, -(alk);-Het, 2
heterocyclyl group and ~NR"R' in which:

15 R'is H or C;-Cg alkyl which is unsubstituted; _
R'" and R'? are each independently selected from H and C,-Cy alky! which is unsubstituted, or
R and R together form, with the N atom to which they are attached, a 5- or 6-membered
saturated heterocyclic group;
R" and R" are each independently selected from C)-Cg alkyl, —=S(0), R'®, alk-OR'?,

20 -(alk)-Ph and -(alk),-Het;
Ph is phenyl;
qisOorl;
Het is a thiazole, imidazole, pyrrole, pyridine or pyrimidine group, which group is
unsubstituted or substituted; and

25 alkis C;-Cg alkyTene.

In one aspect, the invention provides a compound which is a purine of formula (Ia) or
(Ib):



\L,NIN 600C) NH 9-Ethyl-2-(5-fluoro-1H-indo1-4-y1)-6-

morpholin-4-y1-8-(4-morpholin-4-ylpiperidin-1-ylmethyl)-9H-purine N PCT/GR 708 0 () 3 g

WO 2009/053716 PCTIGB2008/003622
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wherein
R' and R® form, together with the N atom to which they are attached, a group of the
5 following formula (Ifa):
(1ia)

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, S and O, the ring being

10 unsubstituted or substituied;

(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 saturated N-containing
heterocyclic ring as defined above, a 5- to 12-membered unsaturated

15 heterocyclic ring, a 5- to 7-membered saturated O-containing heterocyclic ring,
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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;

(c) a 4-to 7-membered saturated N-containing heterocyclic ring which includes 0
or 1 additional heteroatoms selected from N, S and O and which further
comprises, linking two constituent atoms of the ring, a bridgehead group
selected from —{CR";),- and ((CR’2)~O~-(CR’;),- wherein each R’ is
independently H or C;— Cg alkyl, nis 1,2 0r3, risGorl andsis O or 1, the
remaining ring positions being unsubstituted or substituted; and

(d) a group of formula (IIb):

{lib)

> A

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

or one of R! and R? is C, — Cs alkyl and the other is a 4- to 7-membered saturated N-

containing heterocyclic ring as defined above or a C; — C; alkyl group which is

substituted by a 4- to 7-membered saturated N-containing heterocyclic ring group as

defined above;

mis0,1or2;

R is H or C;-Cg alkyl;

R® is selected from R, C(O)NR3, halo(C,-Cg)alkyl, SO;R, SO,NR;, wherein each R is

independently H or C,;-Cs alkyl which is unsubstituted or substituted; and

R* is an indole group which is unsubstituted or substituted;

or a2 pharmaceutically acceptable salt thereof.

Specific examples of compounds of the invention include those listed in Tabie 1



NH 9-Ethyl-2-(1H-indo1-4-y1)-6- morpholin-4-y1-8-(4-morpho|in-4-y|p'1p/ergi£gig{;h—yt}ngtiﬂyg-gﬁ-p}jrine N

\ N "N -6 200905810 € ) NH 2[9-Ethy1-2-(5-f|uoro-lH-indolP{i: PCT/GB2008/003622
y1)-6-morpholin-4-y1-9H-purin-8- ylmethy1]-1,2,3,4-tetrahydroisoquinoline
20
below:
Table 1
Compound ;| Structare Name
No.
1 N 0 {1-[9-Ethyl-2-(1 H-indol-4-y)-6-
z E j morpholin-4-yl-9H-purin-8-
N ylmethyl}-piperidin-4-yl}-dimethyl-
N Ny = amine '
</N | NH
N
T
2 ; o {1-[9-Ethyl-2(1 H-indol-4-y1)-6-
—N [ j morpholin-4-y}-9H-purin-8-
N ylmethyl]-piperidin-4-yl}-dimethyl-
(l ) ne ,
N N N -
</NIL/ NH
N
)
F
3 o 9-Ethyl-2-(5-fluoro-1 H-indol-4-yl)-8-
(\N [ ] [(S)-1-(hexahydro-pyrrolof1,2-
&_3 N aJpyrazin-2-yDmethyl]-6-morpholin-
H N NNy 4-yl-9H-purine
¢ =z NH
NN
At
F
4 O 9-Ethyl-8-[($)-1-{hexahydro-
r\N ( j pyrrolo[ 1,2-a]pyrazin-2-yl)methyl}-2-
.’{_‘> N (1H-indol-4-yl)-6-morpholin-4-yl-
H N Ny 9H-purine
“<”N P NH
N
_J
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NH

8-(4-Azetidin-1-yl-piperidin-1-
yimethyl)-9-ethyl-2-(5-fluoro-1H-
indol-4-yl}-6-morpholin-4-y1-9/1-
purine

9-Ethyl-2-(5-fluoro-1 H-indol-4-y1}-6-
morpholin-4-yl-8-(4-morpholin-4-yl-
piperidin-1-yimethyl)-9H-purine

9-Ethyl-2-(1H-indol-4-yl)-6-
morpholin-4-yl-8-(4-morpholin-4-yl-
piperidin-1-ylmethyl)-9H-purine

—<’N N
N
I
C 2-[9-Ethyl-2-(5-fluoro-1H-indol-4-
[ ] yl)-6-morpholin-4-yl-9H-purin-8-
N vimethyl}-1,2,3,4-tetrahydro-
N NeNy _ isoquinoline :
i/N 1N/ NH
A
F
0 2-[9-Ethyl-2-(1H-indol-4-yl)-6-
I: ] morpholin-4-yl-SH-purin-8-
N ylmethyl]-1,2,3,4-tetrahydro-
N N f“ _ isoquinoline '
/
AL O




40--/ NN 9 040 NH 2[9-Ethy1-2-(1H-indo1-4-y1)-6- morpholin-4-y1-9H-pwin-8-- - -
ylmethyl]-1,2,3,4-4gisabydgoisoquinoline 1.

22

PCT/GB2008/003622

10 0 o 2- {4-[9-Ethyl-2-(1 H-indol-4-y1)-6-
>\—J( [ ] morpholin-4-yl-9H-purin-8-
HN Nx ylmethyl]-piperazin-1-yl}-
: N : .
Q_ isobutyramide
N N TN i
/:N ! N/ NH
-
11 0 8-[4-(3,3-Difluoro-azetidin-1-yl)-
[N] piperidin-1-ylmethyl}-9-ethyl-2-(5-
N fluoro-1H-indol-4-yl)-6-morpholin-4-
— :f:” “\h yl-9H-purine
N NN
RN FIS
N
A
r.‘.' .
12 o 8-{4-(3,3-Difluoro-azetidin-1-yi)-
[Nj piperidin-1-ylmethyl}-9-ethyl-2-(1H-
N I}\ indol-4-yI)-6-morpholin-4-yi-9H-
a b /”’”\ purine
&/_<§ N iNH
N
b
13 o 2-{4-[9-Ethyl-2-(5-fluoro-1H-indol-
E Nj 4-yD)-6-morpholin-4-yl-9H-purin-§-
N ylmethyl]-2,2-dimethyl-piperazin-1-
N /__.</N f:/” N yl}-acetamide
Netare
$s
HN
14 © 2-{4-[9-Ethyi-2-(1H-indol-4-y1)-6-
[Nj morpholin-4-yl-9H-purin-8- .
N yimethyl]-2,2-dimethyl-piperazin-1-
— ﬁ” “\H yl}-acetamide
(—N N N
0 N—% K
».._/
HN
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15 ' 0 8-19-Ethyl-2-(5-fluoro-1H-indol-4-
y1}-6-morpholin-4-yl-9H-purin-8-
ylmethyl]-2,8-diaza-spirof4. S]decan-

IQ fﬁ

16 0 8-[9-Ethy}-2-(1 H-indol-4-y1)-6-
mospholin-4-yl-9H-purin-8-
ylmethyl]-2,8-diaza-spiro{4.5}decan-

AV 'f*f

17 o 1-{1-[9-Ethyl-2-(1 H-indol-4-y1}-6-
morpholin-4-yl-$H-purin-8-
yimethyl]-piperidin-4-yl}-azetidin-2-

N
,N g —
N/—(N | ~ { \NH one

=z

18 ° 1-{1-[9-Ethyl-2~(5-fluoro-1H-indol-
4-yl)-6-morpholin-4-yl-9H-purin-8-
yimethyl]-piperidin-4-yl}-azetidin-2-

Q f )\/6 one

19 o 9-Ethyl-8-[4-(3-fluoro-azetidin-1-yl)-
piperidin-1-ylmethyl]-2-(5-fluoro-
1 H-indol-4-yl)-6-morpholin-4-yl-9H-

N
N \N e -
~ NH purne
NN
\ ;IS




WO 20091053716PCT/GB20081003622 22 10 0,4".v0) H2NNThN C-NI Y'Y, 2: (449-Ethy1-2-(1H-indo
1-4-y1)-6- morpholin-4-y1-9H-purin-8- yimethylkpip erazin-1 -y11- |sobut al ide

‘ﬁﬂ\i’ﬂ 3y F'E-11 F 844- (3,3-Difluoro-azetidin-1-y1)- 1%[ melz3 W gsmtzhyl 2-(5-
fluoro-1H-indo1-4- y1) -6-morpholin-4- y1-9H- purl&e 12

) EN) N cNi irc

20 o 9-Ethyl-8-[4-(3-fluoro-azetidin-1-yl)-
‘ N piperidin-1-ylmethyl]-2-(1H-indol-4-
NIK yl}-6-morpholin-4-yl-9H-purine
& TN e
Q/_(Q N/l f NH
.
F.‘

21 0 9-[9-Ethyl-2-(5-fluoro-1H-indol-4~
yl)-6-morpholin-4-yl-9H-purin-8-
yimethyl}-1-oxa-4,9-diaza-

ILl f:? spiro[5.5Jundecan-3-one
o
2,../
0 .

22 O 9-[9-Ethyl-2-(1 H-indol-4-yl)-6-
morpholin-4-y1-9H-purin-8-
ylmethyl}-1-oxa-4,9-diaza-

]\/ki f N spiro[5.5undecan-3-one
HN,}_/
o
23 o 1-{9-Ethyl-2-(5-fluoro-1 H-indol-4-
ENJ yl)-6-morpholin-4-yl-9H-purin-8-
N yimethyl]-piperidine-4-carboxylic
4 f“ \H acid amide
N NN
o
HZ

24 0 2-{4-[9-Ethyl-2-(5-fluoro-1H-indol-
4-y1)-6-morpholin-4-y1-9H-purin-8-
yimethyl}-piperazin-1-yl}- ‘

f\ isobutyramide
N )Ig
0 N—)
HN (

NNNH iip---/ 11 0




0 C)NjLi-I-NH L9,,,NO FA-CI F 8-[4-(3,3-Difluoro-azetidin-1-y1)- )
piperidin-1-ylmeth 1%—9-ethy1-2-(1Hind01-4-y1)-6-morpholin-4-y1-9Hpurr_'ilﬁ(iajfg O“gg I<I ﬁ Mlﬁ Pe-NN 0,
_i61 H2N 2- {Xﬁ‘é-%‘{ JP72¢(5-fluoro-1H-indol4-y1)-6-morpholin-4-y1-9H-puiee /103622
ylmethy1]-2,2-dimethyl-piperazin-1- yl} -acetamide 14 o C ) ,..,NHiN 6CN 0 O 2-
{4[9-Ethy1-2-(1H-indol-4-y1)-6- morpholin-4-y1-98-purin-8- ylmethy1]-2,2-dimethyl-piperazin-1-

yl}-acets

mida
I2I$\JU

o 2-{{cis)-4-[9-Ethy}-2-(5-fluoro-1H-
[N] indol-4-y1)-6-morpholin-4-yl-9H-
N purin-8-ylmethyl]-2,6-dimethyl-
N ,-(/N:\L);N “\H piperazin-1-yl}-acetamide
SO
s
HN
26 o 2-{{cis)-4-[9-Ethyl-2-(1 H-indol-4-
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A suitable synthetic strategy for producing a purine of formula (Ia) or (Ib)
employs the precursor carboxaldehydes of formula ({ila} and (IIb):
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Starting from these precursors the synthesis comprises performing, in either order, a
reductive amination and a palladium-mediated (Suzuki-type) cross-coupling reaction.
A compound of the invention may thus be produced by a process which comprises

5  treating a compound of formula (Illa} or (IIIb):
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with an amine of formula NHR'*R? in which R'® and R** are as defined above for R' and R’
or R'* and R* are as defined above for R' and R? wherein an N atom is present and is
10 protected by an amine protecting group, in the presence of a suitable reducing agent; and

treating the resulting compound of formula (IVa) or (IVb):
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wherein 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;-Cg alkyl or the two
groups OR'? form, together with the boron atom to which they are attached, a pinacolato

(1 NN'No%
I-piperidine-4-

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. Any suitable amine protecting groups may

be used in R'® and/or R®, for instance a t-butoxycarbonyl (BOC) group.
10
(Illa) or (I1Ib):

A compound of formula (I) may also be produced by freating a compound of formula
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5 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;

treating the resulting compound of formula (Va) or (Vb):
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wherein R* is as defined above, with an amine of formula NHR'*R* in which R'® and R*
are as defined above, in the presence of a suitable reducing agent; and, if R'* and/or R*

5 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 freated with the amine of formula NHR'*R*.

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

10 Suzuki-type cross-couplings, such as PAC1(PPh;),, The reducing agent in the amination step
is typically a borohydride, for instance NaBH(OAc)s;, NaBH,; or NaCNBH3, in particular
NaBH(OAc);,

Intermediate compounds of formulae (IIla} and (IIIb) are known compounds or may
be made by routine synthetic chemical techniques, for instance according to the scheme

15 shown in the Examples which follow or by analogy with such a scheme.

Purines of formula (I) 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 acetic acid, oxalic acid, malic acid,

20 xhethanesulfonic 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 salts of sodium, potassium, calcium and
ammonium. The latter are prepared by treating the free purine of formula (I), or an acid
addition salt thereof, with the corresponding metal base or ammonia.

25 Compounds of the present invention have been found in biological tests to be
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inhibitors of PI3 kinase. The compounds are selective for the p1106 isoform, which is a class
Ia PI3 kinase, over other class Ia PI3 kinases. They are thus selective for the p1103 isoform
over both the pl10a isoform and the pl10B isoform. In particular they are selective for p1106
over pl10B. The compounds are also selective for the pl 108 isoform over pl10y, whichisa
5  class Ib kinase.

The selectivity exhibited by compounds of the invention for p1108 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 p1103 over p110f. They may A

10 also be 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 100-fold selective for p1103 over p110a or
over pl1Qy.

A compound of the present invention may be used as an inhibitor of PI3 kinase, in
particular of a class Ia PI3 kinase. Accordingly, a compound of the present invention can be
used to treat a disease or disorder arising from abnormal cell growth, function or behaviour

15  associated with PI3 kinase, in particular the p1103 isoform of PI3 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, inflammation, metabolism/endocrine disorders and
neuroldgical disorders. Examples of metabolism/endocrine disorders include diabetes and

20 obesity. Examples of cancers which the present compounds can be used to treat include
leukaemia, brain tumours, renal cancer, gastric cancer and cancer of the skin, bladder, breast,
uterus, lung, colon, prostate, ovary and pancreas.

A compound of the present invention may be used as an inhibitor of PI3 kinase. A
human or animal patient suffering from a disease or disorder arising from abnormal cell

25  growth, function or behaviour associated with PI3 kinase, in particular with the p1108
isoform of PI3 kinase such as an immune disorder, cardiovascular disease, viral infection,
inflammation, a metabolism/endocrine disorder or 2 neurological disorder, may thus be
treated by a method comprising the administration thereto of a compound of the present
invention as defined above. A human or animal patient suffering from cancer may also be

30  treated by 2 method comprising the administration thereto of a compound of the present
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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

5 tablets, liquid solutions or suspensions or parenterally, for example intramuscuiarly,
intravenously or subcutaneously. The compound may therefore be given by injection or
infusion.

The dosage depends on a variety of factors including the age, weight and condition of
the patient and the route of administration. Daily dosages can vary within wide limits and

10 will be adjusted to the individual requirements in each particular case. Typically, however,
the dosage adopted for each route of administration when a compound is administered alone
to adult humans is 0.0001 to 50 mg/kg, most commonly in the range of 0.001 to 10 mg/kg,
body weight, for instance 0.01 to 1 mg/kg. Such a dosage may be given, for example, from 1
to 5 times daily. For intravenous injection a suitable daily dose is from 0.0001 to 1 mg/kg

15 body weight, preferably from 0.0001 to 0.1 mg/kg body weight. A daily dosage can be
administered as a single dosage or according to a divided dose schedule.

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

20 administered in a pharmaceutically or veterinarily suitable form. The compound may be
administered in any conventional form, for instance as follows:

A) Orally, for example, as tablets, coated tablets, dragees, troches, lozenges, agueous
or oily suspensions, liquid solutions, dispersible powders or granules, emulsions, hard or soft
capsules, or syrups or elixirs. Compositions intended for oral use may be prepared according

25 to any method known in the art for the manufacture of pharmaceutical compositions and such
compositions may contain one or more agents selected from the group consisting of
sweetening agents, flavouring agents, colouring agents and preserving agents in order to
provide pharmaceutically elegant and palatable preparations.

Tablets contain the active ingredient in admixture with non-toxic pharmaceutically

30 acceptable excipients which are suitable for the manufacture of tablets. These excipients may
be for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, dextrose,

saccharose, cellulose, corn starch, potato starch, calcium phosphate or sodium phosphate;



CN ) \1 3 8-(2,2-Dimethyl-morpholin-4- ylmethyl)-9-ethyl-2-(1H-indol-4y})ew weve - - - - - -
'Qe NH (21I( Nso 54 o CN) N 844-(1,1-thoxotty ’ %@)&5‘5&5‘:9’1)"

6-morpho|in-4§y&-29ﬁi- o¥ls
piperidin-1-yhnethyl]-9-ethy1-2-(5- fluoro-1H-indo1-4-y1)-6-morpholin-4- y1-9H-purine NH NNNso o0i 0

WO 20091053716PCT1GB20081003622 31 5543

granujating and disintegrating agents, for example, maize starch, alginic acid, alginates or
sodium starch glycolate; binding agents, for example starch, gelatin or acacia; lubricating
agents, for example silica, magnesium or calcium stearate, stearic acid or talc; effervescing
mixtures; dyestuffs, sweeteners, wetting agents such as lecithin, polysorbates or lauryl
5 sulphate. The tablets may be uncoated or they may be coated by known techniques to delay

disintegration and adsorption in the gastrointestinal tract and thereby provide a sustained
action over a longer period. For example, a time delay material such as glyceryl monostearate
or glyceryl distearate may be employed. Such preparations may be manufactured in a known
manner, for example by means of mixing, granulating, tableting, sugar coating or film coating

10 processes.

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

15 oil.

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

20 or wetting agents may be naturally-occurring phosphatides, for example lecithin, or
condensation products of an alkylene oxide with fatty acids, for example polyoxyethylene
stearate, or condensation products of ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with
partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol

25  monooleate, or condensation products of ethylene oxide with partial esters derived from fatty
acids and hexitol anhydrides for example polyoxyethylene sorbitan monooleate.

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

30 Qily suspension may be formulated by suspending the active ingredient in a végctable

oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as



0 CN ) NINNINH c NOO oi 0-4 0 844-(1,1-Dioxothiomorpholin-4-y1)- S
piperidin-1-ylmethy1]-9-ethyl-2-(1H-indo1-4-y1)-6-morpholin-4-y1-9H-purine 56 0 ) NJILN NINNH o ci
C NOO U EN) Y9248 1-2-(1H-indol-4-y1)-6- ylmethyll-piperidin-4-yii-piFeiiiE%ehe 57 o C)

44

liquid paraffin. The oily suspensions may contain a thickening agent, for exampie beeswax,
hard paraffin or cetyl alcohol. _

Sweetening agents, such as those set forth above, and flavouring agents may be added
to provide a palatable oral preparation. These compositions may be preserved by this addition

5 of an antioxidant such as ascorbic acid. Dispersible powders and granules suitable for
preparation of an aqueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wefting agent, a suspending agent and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified
by those already mentioned above. Additional excipients, for example sweetening, flavouring

10 and colouring agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of oil-in-
water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oils,
or a mineral oil, for example liquid paraffin or mixtures of these. Suitable emulsifying agents
may be naturally-occurring gums, for example gum acacia or gum tragacanth, naturally

15 occuring phosphatides, for example soy bean lecithin, and esters or partial esters derived from
fatty acids an hexitol anhydrides, for example sorbitan mono-oleate, and condensation
products of the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan
monooleate. The ernulsion may also contain sweetening and flavouring agents. Syrups and
elixirs may be formulated with sweetening agents, for example glycerol, sorbitol or sucrose.

20  Inparticular a syrup for diabetic patients can contain as carriers only products, for example
sorbitol, which do not metabolise to glucose or which only metabolise a very small amount to
glucose.

Such formulations may also contain a demulcent, a preservative and ﬂavom’ing and
coloring agents.

25 B) Parenterally, either subcutanecously, or intravenously, or intramuscularly, or
intrasternally, 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
those suitable dispersing of wetting agents and suspending agents which have been mentioned
above, The sterile injectable preparation may also be a sterile injectable solution or

30 suspension in a non-toxic paternally-acceptable diluent or solvent, for example as a solution
in 1,3-butane dioi.

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

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

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

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

suspesions.

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

EXAMPLES
15
General Svnthetic Precedure

The following general scheme depicts the synthetic approach referred to in the

Reference Examples and Examples which follow:

20 Schemel
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5 (i} Hy0, morpholine, 100 °C, 15 mins. (ii) DMF, RBr, NaOH, 150 °C, 2 h (iii} R1, K;CO,, acetone, 65 °C. (iv)
morpholine, CHCl;, 8 °C—RT. (v) (a) TMEDA, THF, -78 °C, nBuli, 1 h (b) DMF, -78 °C, 1 h. {vi) DCE,
Na(OAc);BH, NHR1R2,12 — 18 h. (vii) Suzuki coupling.
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Conditions: (i} DMF, TFAA, 0 °C. (ii} 10% aq NaOH, 100 °C, 1h. (jii) MeOH, H;80,, 65°C, 18 h. {iv)
THOCOCE:)s, TFA, RT, 2 h. (v) H,0, KI, RT. {vi) MeOH, 40% ag NaOH, 65 °C, 2 h. (vii) pinacol borane,
Et:N, Dioxane, Pd{OAc),, bis{cyclohexyl)phosphino-2-biphenyl, 86°C, 30 min.

15 Scheme3
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Conditions: (i) THF, NaH 0 °C then TBSCL, RT, 25 h. (ii) sBuLi, TMEDA, THF, -78 °C, 2 h. (iii) B(OiPr),,
20 THF, -78 °C~»-10 °C, 15 min. (iv) 2.4 M HCl,
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Conditions: (i) NaCN, acetone-H,0, 48 h, RT, (ii) DMSO, K,C0;, HO,, 40 °C. (iii} HCI, ERO.
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Conditions:

(i) DCE, azetidine or substituted azetidine, Na(OAc);BH, 18 h. (i) CH;C1,-TFA, RT.
10

Scheme 6
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15  Conditions:
(i) THF, MeMgBr, 0 °C, 3 h, then RT, 72 h. (ii) CH,ClL,-TFA.
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(i) Dihydropyran, pTsOH, THE, 60 °C, 4 h. (i) morpholine, CH;Cl;, 0 °C—RT, 3 h. (iii) (2) TMEDA, THF, -78
5 °C, nBuLi, 1 h (b) DMF, -78 °C, 1 h. (iv) DCE, Na(OAc):BH, NHRIR2,12 - 18 h. (v) Suzuki coupling. (vi) 2M
aq HCI - MeOH, 12 h.
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10
Conditions:
(i) DMF, K.CO;, 2-(2-bromo-ethoxy)-tetrahydro-pyrar, 50 °C, 7 h. (i) (a} THF, LiHMDS, -78 °C, 30 min. (b}
DMF, -78 °C —»RT, 1 h. (iii) DCE, Na{OAc):BH, 2 h. (iv} Suzuki coupling

15
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5  Conditions:
(i) TFA-CH;Cl,, RT, 2.5 b. (ii) bromoacetamide, DMF, K,CO;, 65 °C, 27 h. (iii) Suzuki coupling.

General Experimental Details:
10

NMR spectroscopy
NMR spectra were obtained on a Varian Unity Inova 400 spectrometer with a5 mm
inverse detection triple resonance probe operating at 400MHz or on a Bruker Avance DRX
15 400 spectrometer with a 5 mm inverse detection triple resonance TXT probe operating at 400
MHz or on a Bruker Avance DPX 300 spectrometer with a standard 5mm dual frequency
probe operating at 300 MHz. Shifts are given in ppm relative to tetramethylsilane.

Purification by column chromatography

20 Compounds purified by column chromatography were purified using silica gel or
Isolute® cartridge or Redisep® cartridge, eluting with gradients from 100-0 to 0-100 % of
cyclohexane/EtQAc, or from 100-0 to 0-100 % pentane/EtOAc or from 100-0 to 70-30 %
DCM/MeOH (with or without the addition of NH; 0.1 %). “Silica gel’ refers to silica gel for
chromatography, 0.035 to 0.070 mm (220 to 440 mesh) (e.g. Fluka silica gel 60), and an

25 applied pressure of nitrogen up to 10 p.s.i accelerated column elution. Where thin layer
chromatography (TLC) has been used, it refers to silica gel TLC using plates, typically 3 x 6
cm silica gel on aluminium foil plates with a fluorescent indicator (254 nm), (e.g. Fluka
60778).

30  Purification by preparative HPLC:
Compounds purified by preparative HPLC were purified using a C18-reverse-phase



0 EN) N NININ i > H NIS N-- c. ) 0 (R)-812-(1H-Indo1-4-y1)-6- morpholin-4-y1-9H-purin-8-
ylmethylkoetahydro-pyrazino[2,1- C][1,4]oxazi & WO 2009/053716PCHEBS 0880362234 70 0 C )
N N? ccNH 5)RU¥PEH 192N 2- (442-(5-Fluoro-1H-indo1-4-y1)-6- morpRoMEERPE S ZBurin-8-
yhnethylkpiperazin-I-y1}- isobutyramide 71 o

column (100 x 22.5 mm i.d Genesis column with 7 um particle size, UV detection at 230 or

254 nm, flow 5-15 mL/min), or a Phenyl-Hexyl column (250 x 21.2 mm i.d. Gemini column

with § um particle size, UV detection at 230 or 254 nm, flow 5-20 mL/min), eluting with

gradients from 100-0 % to 0-100 % water/acetonitrile or water/MeOH containing 0.1 % TFA

5 or water/acetonitrile containing 0.1 % formic acid. The free base was liberated by partitioning

between EtOAc and a sat. solution of sodium bicarbonate. The organic layer was dried

MgS0,) and concentrated in vacuo. Alternatively, the free base was liberated by passing

through an Isolute® SCX-2 cartridge, eluting with NH; in methanol. '

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

to 20bar can be reached.

15
All solvents and commercial reagents were used as received. Non-commercially available
reagents/reactants were prepared according to procedures described in the literature,
Abbreviations used in the experimental section:

20

aq. = agueous
BOC = -Butoxycarbonyl
bs = broad singlet (NMR)
Cs,C0; = cesium carbonate

25 d = doubliet (NMR}
DCE = 1,2-dichloroethane
DCM = dichloromethane
DIPEA = diisopropylethylamine
DMA = dimethylacetamide

30 DMAP = dimethylaminopyridine
DMF = dimethylformamide
DMSO = dimethylsulfoxide
eq. = equivalents
EtOAc = ethyl acetate



C ) N N r4ANN- NH 0 >1\FO H2N 2- {442-(1H-Ind01-4-y1)-6- morphalig:4yd-QKHspurin<8~ v « «
ylmethylkpipegagingdsyidls isobutyramide 72 0 (3:N r414N NH NH, piN40 3epag0s/vese22
2-({149- Ethyl -2-(5- fluoro IH indol 4-y1)-6-morpholin-4-y1-9H-purin-8-
ylmethylkazetidin-3-yll-methylamino)-2-methyl-propionamide 73 0 C ) N --NL N /-CI- NH

EtOH = ethanol
h = hour(s)
HATU = O-(7-Azabenzotriazol-1-y1)-N,N,N" N’ -tetramethyluronium hexafluorophosphate
HCl = hydrochloric acid
5  H,O=water
HPLC == high pressure liquid chromatography
IMS = industrial methylated spirit
iPrOH = isopropanol
LCMS = liquid chromatography mass spectrometry
10  LiHMDS = lithium bis(trimethylsityl)amide
M = molar
m = multiplet (NMR)
MeOH = methanol
mg = milligram
15 MgSO@ = magnesium sulphate
min = rainute(s)
mlL = millilitre
Na,CO; = sodium carbonate
NaHCO; = sodium hydrogen carbonate
20 NaOH= sodium hydroxide
Na; SOy = sodium sulfaie
NH;O0H = ammonium hydroxide solution
NMR = nuclear magnetic resonance
q = quartet (NMR)
25 Rt=retention time
RT = room temperature
t = triplet (NMR)
TBAF = tetrabutylammonium fluoride
TBDMS = tert-butyldimethylsilyl
30 TFA = trifluoroacetic acid
THY = tetrahydrofuran
TLC = thin layer chromatography



NH, ciNN N\ 2-({149-Ethy1-2-(1H-indo1-4-y1)-6- morpholin-4-y1-9H-purin-8-
ylmethylFazetidin-3-yll-methylaino)-2-methyl-propionamide m 74 0 ".0'E § ONV4 NH ryN1db HO 2-
{442-(5-Fluoro¥0H4d5314-y 1)-9- (2-hydroxy-etiyl)-6-morpholin-4-yI9H-BGHIEBRYIHAESRAI-piperazin-1-
y1}-isobutyramide 750 C ) N,IN - NH O N-is -N\
{142-(1H-Indo1-4-y1)-6-morpholin4-y1-9H-purin-8-ylmethylkpiperidin4-yll-dimethyl-amine

TMEDA = N, N’ N’ N “tetramethylethylenediamine ’

General syrthetic strategies

5 Reference Example 1 General methods for Suzuki couplin

The Suzuki coupling reaction depicted generally in scheme 10 below were performed using

one of the methods set out below.

0 O
[Nj RO, OR [Nj
R_(fNﬁj'\ . R1<;[> —_— R‘(’:ﬁN W
z N TG H K N
10 R1
Method A:

A mixture of the appropriate 2-chloropurine (1 eq.), Na;COs (2 eq.), the appropriate indole

15 boronate ester (1.5 eq.) and bis(triphenyiphosphine)palladium (II) chloride (0.1 eq.) in
dioxane/water (2:1) was heated at 125 °C for 20 - 50 min in 2 microwave reactor. The
resulting mixture was diluted with water then extracted with ethyl acetate. The combined
organic extracts were dried (Na;SO,), filtered and concentrated in vacuo then purified by
either preparative HPLC or colamn chromatography to give the desired product.

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

Method B

25 A mixture of the appropriate 2-chloropurine (1 eq.), Cs2CO; (1.5 eq.), the appropriate indole
boronate ester (1.2 eq.) and tetrakis(triphenylphosphine)palladium (0.05 eq.) in dioxane/water
(3:1) was heated at 125 °C - 140 °C, for 10 - 60 min in a microwave reactor. The resulting
mixture was diluted with water then extracted with ethyl acetate. The combined organic
extracts were dried (MgSQy), filtered and concentrated in vacuo then purified by either

30 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
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(142-(5-FIuorq&%ljém%gg_,-l%-yl)-& morpholin-4-y31-9H-purin-8- yimethylkpipgidings -dimethylami
_ Bibdeds ethylamine
770 ()-4'NHON(A 1. F.111r. o] 3-1149-Ethyl-2-(5-fluoro-IH-indol4-y1)-6-morpholin-4-y1-9H-purin-8-
ylrnethyll-piperidin-4-y1) -oxazolidin2-one 78 o
eluted with 2 M NH; in MeOH. The resuiting residue was then purified by either preparative

HPLC or column chromatography to give the desired product.

Method C
5 A mixture of the appropriate 2-chloropurine (1 eq.), Cs2COs (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 - 140 °C, for 10 - 60 min in a microwave reactor. The resulting
mixture was diluted with water then extracted with ethyl acetate. The combined organic
exfracts were dried (MgSQy), filtered and concentrated in vacuo then purified by either

10 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.

15 Method D
A mixture of the appropriate 2-chloropurine (1 eq.), Cs;CO; (1.5 eq.), the appropriate indole
boronic acid (1.2 eq.) and tetrakis(triphenylphosphine)palladium (0.05 eq.) in
acetonitrile/water (3:1) was heated at 125 °C — 140 °C, for 10 - 60 min in a microwave
reactor. The resulting mixture was diluted with water then extracted with ethyl acetate. The
26 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.
25
Method E
A mixture of the appropriate 2-chloropurine (1 eq.), Cs2CO; (1.5 eq.), the appropriate indole
boronate ester (1.2 eq.) and tetrakis(iriphenylphosphine)palladium (0.05 eq.) in
acetonitrile/water (3:1) was heated at 140 °C, for 10 - 30 min in a microwave reactor. The
30 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
gither preparative HPLC or column chromatography to give the desired product.



C)Ni4 1" N 3- {149-Ethy1-2-(1H-indol-4-y1)-6- morpholin-4-y1-9H-purin-8- yL methylj-piperidin-4-y1)

-oxazolidinz-qgs 20%99)97N0 C ) H2NN NN i NNgi io 1-19-Ethy1-2-(1H-inglos4u46d):803622
morpholin-4-y1-9H-purin-8- ylmethy11-4-morpholin-4-ylpiperidine-4-carboxylic acid amide 80 o C DO o
w C ) H2NN NN- 1[9-Ethy1-2-(5-fluoro-IH-indo1-4- y1)-6-morpholin-4-y1-9H-purin-8-
Imethyl1-4- . .
yimethy Alterrnngtriegg,“ﬂlf rglalgtigg E}I{j&%ﬁwgsa{gg(e%lg:n%%g Isolute® SCX-2 cartridge, washed
with MeQOH then eluted with 2 M NH; in MeOH. The resuliing residue was then purified by

either preparative HPLC or column chromatography to give the desired product

5 MethodF

A mixture of the appropriate 2-chloropurine (1 eq.), Na,COs (1.5 eq.), the appropriate indole
boronate ester (1.2 eq.) and tetrakis(triphenylphosphine)palladium (0.1 eq.} in
acetonitrile/water (2:1) was heated at 140 °C, for 10 - 30 min in a microwave reactor. The
resulting mixture was diluted with water then extracted with ethyl acetate. The combined

10 organic exfracts were dried (MgSOs), 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

15
Method G
A mixture of the appropriate 2-chloropurine (1 eq.}, Na;CO; (1.5 eq.), the appropriate indole
boronate acid (1.2 eq.) and tetrakis(triphenylphosphine)palladium or
bis(triphenylphosphine)palladium (IT) chloride (0.5—0.1 eq.) in acetonitrile/water (2:1) was

20 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

25  MeOH. The resulting residne was then purified by either preparative HPLC or column
chromatography to give the desired product.

Method H

A mixture of the appropriate 2-chloropurine (1 eq.), Cs2CO; (1.5 eq.), indole boronate acid
30 {1.2 eq.) and bis(triphenylphosphine}palladium (II) chloride (0.1 eq.) in dioxane/water 2:1

was heated at 140 °C, for 10 - 60 min in a microwave reactor. The resulting mixture was

diluted with water then extracted with ethyl acetate. The combined organic extracts were
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dried (MgSO,), 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 MeQOH. The resulting residue was then purified by either preparative HPLC or column
chromatography to give the desired product

Method I

A mixture of the appropriate 2-chloropurine (1 eq.), Cs;CO; (1.5 eq.), indole boronaté ester
(1.2 eq.) and bis(triphenylphosphine)paliadium (II) chloride (0.1 eq.) in dioxane/water (2:1)
was heated at 140 °C, for 10 - 60 min in 2 microwave reactor. The resulting mixture was
diluted with water then extracted with ethyl acetate. The combined organic extracts were
dried (MgSO,), filtered and concentrated in vacuo then purified by either preparative HPLC
or column chromatography to give the desired product. Alternatively, the reaction mixture
was loaded onto an Isolute® SCX-2 cartridge, the cartridge was then 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 2 General method for BOC-deprotection

To a solution of the relevant BOC-protected aminopurine in DCM was added TFA
and the resulting solution was stirred at RT for 30-180 min. The resulting mixture was diluted
with water then extracted with DCM. The combined organic extracts were dried (MgSOj4 or
Na;80Qy), filtered and concentrated in vacuo, then purified by either preparative HPLC or
column chromatography to give the desired product. Alternatively, the reaction mixture was
_Ioaded onto an Isolute® SCX-2 cartridge, washed with MeOH then eluted with 2 M NH; in
MeOH. The resulting residue was then purified by either preparative HPLC or column
chromatography to give the desired product.

Reference Example 3 General method for TBDMS-deprotection

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

column chromatography to give the desired product.



ylmethylkpiperidin-4-y1}-N-methylmethanesulfonamide 11N 820, P/d-N/No C)N-...-N-LNF
NH N-{149-Ethyl-2:(5-fluoro-111-indol4-y1)-6-gmorpholin-4-y1-9H-puring@sr,cpe0sm03622
ylmethyl]tiperidin-4-yll-N-methylmethanesulfonamide and the pharmaceutically acceptable salts
thereof. A suitable synthetic strategy for producing a purine of formula (Ia) or (Ib) employs the

r r .
precursor by ot o (na) and (1)

Reference BExample 4

Br
CO
F N

5 4-Bromo-6-fluere-1H-indole
To a solution of I-bromo—S:ﬂuoro-Z—methyH~nitro-benzene (7.49 g, 31.8 mmol) in

dioxane (40 mL) was added DMF-bMA (21.0 mL, 158 mmol) and pyrrolidine (2.6 mL, 31.1
mmol). The reaction mixture was heated at 100 °C. The mixture was cocled to RT and
evaporated to dryness to give 1-[2-(2-bromo-4-fluoro-6-nitro-phenyl)-1-methyl vinyl]- '

10 pyrrolidine as a dark red residue (10.0 g, theoretical yield). 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 monochydrate (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 evaporated to dryness and the resulting residue to

15 give the title compound as pale oil (2.57 g, 37 %).
NMR 8y (300 MHz, CDCls) 6.57 (apparent t, ] = 2.7, 1H), 7.04 (dd, J = 2.1, 9.1, 1H), 7.12
(dd, 1 =2.1, 9.1, 1H), 7.20-7.25 (m, 1H) and 8.25 (s, 1H).

Reference Example 5

20
6-Fluero-4-(4,4,5,5-tetramethyl-[1,3,21dioxaborolan-2-yl)-1H-indole
To a stirring mixture of 4-bromo-6-fluoro-1H-indole (6.76 g, 31.5 mmol),
bis(pinacolato)diboron (12.8 g, 94.7 mmol) and potassium acetate (9.3 g, 94.7 mmol)' in
methy! sulfoxide (100 mL) was added 1,1’-bis(diphenyiphosphine)ferrocene-
25  dichloropalladium (1.29 g, 5 mol %). The reaction mixture was flushed out with nitrogen and
heated to 100 °C for 16 hours, The mixture was partitioned between ethyl acetate and water

and the organic layer washed with brine, dried over MgSO, and evaporated down. The crude



R \(111b) 0 % NNCI WO 2009/053716PCT/GB2008/003622 37 Startmgjrom these precursors the
synthesis comprises performing, in either order,?a reductive amination and a palladlum -mediated
(Suzuki-type) ¥id2UHIng reaction. A compdund of the invention may FHEBEHIGHEEed by a
process which comprises 5 treating a compound of formula (Ina) or (Mb): N./V. (lila) with an amine of
formula NH12112.2a in which RI' and R2a are as defined above for Rl and R2 or RI' and R2a are as
defined alpovdusbwmipariferk Dyehbyelichiome ey filosad ratyatnpioltddaifian amine protecting

group, in tg@nggggg g—/@‘)a suitable reducing agent; and treating the resulting compound of formula

(Na) or (I WMHZO B3 S TR AR R01822.1854a 08) 7.26 (¢, 110), 7.40 aa, 110,

8.14 (br s, 1H).

Reference Example 6

2,6-Dichloro-9-ethyl-9H-purine

10 To a stirred suspension of 2,6-dichloropurine (1.89 g; 10 mmol) and K,COs (1.73 g;
12.5 mmol) in acetone {25 mL) was added iodoethane (1.0 mL; 12.5 mmol) and the resulting
mixture was heated at reflux temperature for 5 h. The reaction mixture was cooled, filtered,
the filtrate concentrated and the residue purified by flash chromatography (100 % EtOAc) to
obtain the title compound as a colourless crystaliine solid (1.38 g; 64 %).

15 &y (400 MHz, CDCl3) 1.61 {t, J =7.2, 3H), 4.36 (q, J = 7.2, 2H), 8.14 (s, 1H).

[The corresponding isomer 2,6-dichloro-7-ethyl-7H-purine was also isolated (0.61 g; 28 %).
8w (400 MHz, CDCls) 1.64 (t, T = 7.2, 3H), 4.55 (q, T = 7.2, 2H), 8.27 (s, 1H).]

20 Reference Example 7

o)
N
. N fN
jN | N,)\C!

2.Chloro-9-¢thyl-6-morpholin-4-yl-9H-purine

25 To a stirred solution of 2,6-dichloro-9-ethyl-9H-purine (1.38 g; 6.4 mmol) in CHCl; at
0 °C was added morpholine (1.2 mL; 13.8 mmol). The reaction mixture was stirred at 0 °C
for 30 min then RT. for 1.5 h. Volatiles were evaporated, the residue was taken up in CH,Cl,
(100 mL) and washed with a mixture of HoO/2M HCl/brine (1:1:1; 150 mL). The organic
layer was dried (Na,SO4) and evaporated to give the title compound as a white solid (1.65 g;



(IVID) Ra\ N /N 'N R2a wherein Rla and R2' are as defined above, with a boronic acid or ester thereof
of formula 5 %g&%@]@ jn which R4 is as defiged above and each 12'3,i5 H,0n G55 alky! or the two
groups OR15 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 Rla and/or R2a includes an amine protecting
group, removing the protecting group. Any suitable amine protecting groups may be used in RI' and/or
R2a, for ifdt&Hce a t-butoxycarbonyl (BOC) group. toA compound of formula (I) may also be produced
by treating:a(4¢0mnNiEe GO EBE {M)20BXTIS)BNA/RE (v, WAN 4.23N@T = 7.2, 2H), 4.32 (br
2009/05311@%91_'4@@;29@13/003622 R(111b) OVN C/

5 Reference Example 8

o
®
¢ /;N NJ\C!

* 2-Chlore-9-ethyl-6-morpholin-4-yl-9H-purine-8-carbaldehyde
To a stirred solution of 2-chloro-9-ethyl-6-morpholin-4-yl-9H-purine (1.35 g; 5.0

10 mmol) and TMEDA (1.1 mL; 7.3 mmol) in anhydrous THF (40 mL) at -~78 °C was added

n-butyllithium (2.8 mL of a 2.5 M hexanes solution; 7.0 mmol). The orange solution was

stirred at —78 °C for 30 min. after which time anhydrous DMF (0.7 mL; 9.0 mmol} was

added. Stirring was continued at —78 °C for a further 30 min. after which time the reaction

was quenched by pouring into cold 0.1 M HCI (500 mL) with vigorous stirring. The resulting
15  solid precipitate was collected by filtration, washed with H>O and dried to give the title

compound as a pale yellow solid (1.23 g; 83 %).

8y (400 Mz, CDCl3) 1.40 (1, J = 7.2, 3H), 3.83-3.86 (m, 4H), 4.05 (br s, 2H), 4.60 (g, J =

7.2, 2H), 4.68 (br s, 2H), 9.87 (s, 1H). |

20 Reference Example 9
0

)
N N =
%NI:;\CI
—

[1-(2-Chloro-9-ethyl-6-morphelin-4-yl-9 H-purin-8-yimethyl)-piperidin-4-yi]-dimethyl-

Me,N

amine

25 To a stirred solution of 2-chloro-9-ethyl-6-morpholin-4-yl-9H-purine-8-carbaldehyde
(250 mg; 0.85 mmol), 4-dimethylaminopiperidine (0.16 g; 1.25 mmol) and AcOH (0.0S ml)
in 1,2-dichloroethane (4 mL) was added NaB(OAc):H (0.27 g; 1.27 mmol) and the resulting
mixture was stirred at RT overnight (16 h). The reaction was quenched with 2 M HC1 (10 mi)



5 with a boronic acid or ester thereof of formula R4B(OR15)2 in which R4 is as defined ahove and
each R15 is H or Ci-Co alkyl, or the two groups OR15 form, together with the boron atom to which they
are attached, ¥PiH4¥81a1 boronate ester group, in the presence of a PEERERRIIEAThg the resulting
compound of formula (Va) or (Vb): WO 2009/053716 ruituu zuutt/ U U 56 Z 2 PCT/GB2008/003622
40 wherein R4 is as defined above, with an amine of formula NBRI4R2a in which Rla and R24 are
as defineckmbsirexdimigoeoprodense roina Shetkivkesreehgsngraigd andhel aqheaaeives R2a 5 includes an

amine profagifag @rom A1 SAAAKINGHINRICSMLGRO s E?ﬁ‘é&;@ﬂiﬁ%ﬁ%ﬁﬁ%%&ﬂ@@mess the N atom

of the indole group R4 may, if necessary, be protected before the c nd of formula (V) is treated
with the ar‘ﬁﬁ% ?8??#()%*’&%@3‘3?{%“ Wap el r&&ﬁ%@@ﬁﬂ&ﬁfﬁo@gﬁgﬁﬁhﬁ@ﬁ%ﬁg mediated

Cross-couplipyestisptithkarpiasadnderbwhen ieinh(300mli 8 S he palladium catalyst may be any that
is typicallysusesh tofdOcPHEauld- MRE FLOPS-SRHPIRGS, SHED Qﬁgﬁ@sl%%%m hgpredycing agent in

the amlnatlon step is typically a borohydride, for instance N 3, NaBH4 or NaCNBH3, in
particular NaBEIGAS) Wk%ﬁé@gt’e(%%oaﬁaésﬁ%ﬁ\m% WHEE ‘i}cﬁchompounds or
may be(gaderhyamytine synthetic chemical techniques, for Stance according to the scheme 15
shown in the Examples which follow or by analogy with such a scheme.  Purines of formula (I) may
be converted into pharmaceutlcally acceptable salts, and salts may be converted into the free
compoundigigrensalxamptalinethods. Pharmaceutically acceptable salts include salts of inorganic
acids $uch as hydrochloric acid, gydrobromlc acid and sulfuric acid, and salts of organic acids such as

acetic acid, oxalic acid, I|c ag 0 methanesulfonic acid, trifluoroacetic acid, benzoic acid, citric
acid and tartaric acid. | fcas compounds of the invention bearing a free carboxy substituent,
the salts include both tl’?e- bo tloned acid addition salts and the salts of sodium, potassium,

calcium and ammonium. The 2 @ prepared by treating the free purine of formula (l), or an acid

addition salt thereof, with the'(:orrespondlng metal base or ammonia. 25Compounds of the present
invention Relblerachathyk8-[6Shibibgiehydretpxer poll,2-alpyrazin-2-yl)methylj-6-morpheolin-

4-yI-9H-purine
Prepared in a similar manner to Reference Example 9 using (S)-octahydro-
15 pyrrolo[1,2-a]pyrazine in place of 4-dimethylaminopiperidine.
8i (400 MHz, CDCl3) 1.46 (t, I = 7.2, 3H), 1.61-2.41 (m, 9H), 2.77-3.11 (m, 4H), 3.74 (AB
doublet, J = 14, 1H), 3.79 (AB doublet, J = 14, 1H), 3.82-3.85 (m, 4H), 4.24 (br s, 4H)
overlapping 4.33 (q, J = 7.2, 2H).

20 Reference Example 11

b
AV

4-Azetidin-1-yl-piperidine
To a solution of 4-oxo-piperidine-1-carboxylic acid tert-butyl ester (1.75 g, 8.88
25 mmol) in dichloroethane (80 mL) was added azetidine (0.6 g, 10.53 mmol) and the mixture
was stirred at RT for 3¢ min. Sodium triacetoxyborohydride (3.9 g, 18.44 mmol) was added
and the resulting solution was stirred at RT for 18 h. The reaction mixture was partitioned

between water and DCM and the layers separated. The organic layer was extracted further



41 inhibitors of P13 kinase. The compounds are selective for the p1108 isoform, which is a class la PI3
kinase, over other class la PI3 Icinases. They are thus selective for the p1108 isoform over both the p1
10a isoforrn al@ ﬁ‘f@f?ﬁ’éﬁ:% isoform. In particular they are selective for%ﬁ?&g%%?gﬁ?fm& The
compounds are also selective for the pl 108 isoform over p1 10y, which is a 5class Ib Icinase. The
selectivity exhibited by compounds of the invention for p1108 over other isoforms of PI3 kinase is at
least 2-foitirsidhrydthe sembinedgaressdaacs e ranceairaod f8lrcr SONSRRRhENE100-fold or
higher in Ra%ORERSs SipEnEBe iBAFIRO LTS MR BE 24uéold, srials, driield02G-ipkiiaed-fold or 100-fold
selective %g{ 106 over 81110 1The£/ t%% 10alsoibe Z-E)qggéé%al% 10&%% aoé;t%lﬁj—gh59'f0|d or 100-fold
selective eﬁi%‘s“é‘i“}%r 810‘1 20T oV rp I%S%afmc a/Xef:g’mpoun of the preserYt invenfion may be used
as an inhigitociRIBhiNIde The panbowkhemshziclasssl i vishedwith boordiagsy Mac¥dapound of the

present inyentigRcande et dotiaat Adisease-pLsisames- fisina IaAPrRARAIeRIEgrowth, fimetion
or behaviour 15associated with PI3 Idnase, in particular the p1108 isoform fPIg Icipase. Examples of
such dise&s2 ¥ URPAHYI L e %ré*b@@l%ﬂ%%?fmg 4é?§f’ﬁ&&ﬁ@f%?ﬁ%‘éaﬁ PEehts (2004)
14(5):703acid3ex-bhyt estao(doieng,olifSrative) disiogdef 8 S s W @avehdmngnemntisutders,
cardiovas%ﬁ%q;ﬂ?ﬁmg@ i%gection, inflammation, metabolism/endocrine disorders and neurological
disorders.” Examples of metabolism/endocrine disorders include diabetes and 20 obesity. Examples of
cancers WH{R %éﬂ% g&ﬁbbbﬁﬂ@ <8 tReki8d Gehtilef He ?eﬁpcafe?ﬁﬁoﬁ 3tumours, renal
cancein gapircssan;e=and cantes, pi)e.eki@s, bladdeas, Héddst? et 3 [Uhg, Loleh Hrdstate, ovary and
pancreas}qA compound of the present invention may be used as an inhibitor of PI3 kinase. A human or
animal pa |é'nt suffering from a disease or disorder arising from abnormal cell 25 growth, function or
behaviour associated with P13 Idnase, in particular with the p1106 isoform of PI3 kinase such as an
immune diggeeifeegaigdigyaseular disease, viral infection, inflammation, a metabolism/endocrine
disorder or a neurological disorder, may thus be treated by a method comprising the administration
thereto of a compound of the present invention as defined above. A human or animal patient suffering
from cancer may also Be30 treat y a method comprising the administration thereto of a compound

of the present 42 inventi S defs above. The condition of the patient may thereby be improved or
ameliorated. A compo ofy resent invention can be administered in a variety of dosage
forms, for example orally suc in the form of tablets, capsules, sugar- or film-coated 5tablets, liquid

solutiqgs or suspensions or pat:enterallg/’, for example intramuscularly, intravenously or
subcutaneously. The compound. may therefare be given Ry injection o infusign.  .The dosage
depends &Pﬁ‘gﬁﬁ&%}l&%@%%‘fiﬁ%%a’lir%ett%@%&ﬁv%%gh?aa}lﬁl(;]dc‘gﬁroétlfg r?nd_g lﬁ eggai[)_i'érnutl%nd the route of
administration. Faiaddngeinilon warpep ithieimiercd el 1008 Haeddinstddtertranifdividual
requirememisrinaacRABICYILEAEE: JpmisalnIanRYSpeisdosage adopted for each route of
administration when a compound s adminjstered alone t s 0,0001 10 .50 mg/kg, most
com monlf’fh(ﬁqg %ecwbbfgol ig g?l%,’ kgg%)?t er]@é%’?gﬁhgtga%jgg %&5'1 %%91 I;thtégé].OSuch a
dosagm méay, 5y Ra8-2{8t eénzihipla, 18 Gentlite G8iids 3iafys.REhidteaviib (s, tiBcfidh-4 Xlitable daily
dose is frctm QEQ)(_)Ol to 1 mg/kg

Reference Example 13
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2-Chloro-9-ethyl-6-merpholin-4-yl-8-(4-morpholin-4-yl-piperidin-1-yimethyl)}-9 H-purine

25



15 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 d%§e schedule. A compound of the invention is
formulated foM{3&"%%*% parmaceutical or veterinary composition also cBMHEHE ¥ Hharmaceutically
or veterinarily acceptable carrier or diluent. The compositions are typically prepared following
conventional methods and are 20 administered in a pharmaceutically or veterinarily suitable form. The
compound may PreratshiniarebmannrcoRademaridiramnnlerd urrgdraarakolnfomireniding ) Orally, for

example, asyiaklets-gpaiggiahieispeiagess, troches, lozenges, aqueous or oily suspensions, liquid

solutions, di ible rs Qr granyl ulsions, harg.or.spft.capsul or elixirs.
Composit@h%ﬁ%%&e%%’yﬁrgﬁg%%;ygl?e@%égfz'réga%or hé’ "It'gé;él?/ ?nﬁg%b@%l%swn in the art for
the manufactdid, 8fysrabmanediial-88ihpd EniGHD. 3P éu e bImpdsiddns 4 c8nidih one or more
agentssse[ﬁgtgq)j@g ﬂ}ggﬁpmonsisting of sweetening agents, flavouring agents, colouring agents
and preserving agents in order to provide pharmaceutically elegant and palatable preparations.
Tablets contain the active ingredient in admixture with non-toxic pharmaceutically 30 acceptable
excipientsRufeiehcaiixsuitilé for the manufacture of tablets. These excipients may be for example,
inert diluents, such as calcium carbonate, sodium carbonate, lactose, dextrose, saccharose, cellulose,
corn starch, potato starch, calcium sphate or sodium phosphate; 43 granulating and disintegrating
agents, for example, maizg-starch, {alglnic acid, alginates or sodium starch glycolate; binding agents,
for example starch, gelatir o[, c%cia\lubricating agents, for example silica, magnesium or calcium
stearate, stearic acid or talc; eﬁefr\ﬁ g mixtures; dyestuffs, sweeteners, wetting agents such as
lecithin, polysorbates or lauryl 5/£‘ulp'haté'. The tablets may be uncoated or they may be coated by
known techniques to delay disintegration and adsorption in the gastrointestinal tract and thereby
providd a BtatEiHepdcetyidvaroanbelifefyERFPESFSximphy Dalshdetdeteitaterial such as glyceryl
monosteaj@igusifofitvceryl distearate may be employed. Such preparations may be manufactured in a
known manner, for ex le by. means of mjxi ranulating, tableting,,sugar coating or film coating
10processes. I’rﬁ’g?%l?fgﬁgns}]f’ér’nora eﬁgogﬂﬁw%%%%g aleﬂf)tlr‘eegs(‘3"(‘?‘11 ?égﬁétfﬁ gé’l%rt?ﬁ capsules wherein
the active isasgréutibnmt is phisecef didimethidrerinsplepdidnent, for example, calcium carbonate, calcium

phosphate, ofkaelift, At BEISPItAqaka ¢apsuies wheseindhamclive darediens-isTrgsent as such, or
mixed with water or an oil medium, for éxam ean%boil,%lé(qjji% araffin, or olive 15oil. Aqueous
hefh B 'rb ents

suspeﬁsio@cﬁﬁ{a(ﬁn e 3&?\/‘%%%&%1’?5% ﬁ?é)ﬁ‘%&%é itable for the manufacture of

agueous suspensions. Such excipients are suspending agents, for example, sodium
carboxymgthylcellulose methylcellulose, hydroxypropylmethylicellulose, sodium alginate,
polyvinylpyrrolidoné gum tragacanth and gum acacia; dispersing 20 or wetting agents may be
naturally-occurring phosphatides, for example lecithin, or condensation products of an alkylene oxide
with fatty acids, for exampl oxyethylene stearate, or condensation products of ethylene oxide with
long chain aliphatic alcohgs, 1or gxamaple heptadecaethyleneoxycetanol, or condensation products of
ethylene oxide with partial esters derived from fatty acids and a hexitol such as polyoxyethylene
sorbitép 25hRiperskined -p-isobriaramiftsriphydoeshionidenylene oxide with partial esters derived from
fatty acids and h%ﬁ%ﬁﬁhu@fi@L@ﬁﬁ%ﬁ@ﬁp&h&iﬂéﬂmx%m@@%@Eb;&admmeme?amtﬁsp The saio:
agueous suspensions m SO confain one ore preservativ or example, ethyl or n-propy
o hyaron BUAFELIBEHEA Y B3P0 Ablo s A CLR D STr o B A

diethyl ether). The mixture was stirred at room temperature for 1.5 hours and reduced in

vacuo to yield tert-butyl-1-piperazinecarboxylate hydrochloride (17.9 g).

25 To a solution of rert-butyl-1-piperazinecarboxylate hydrochloride (17.9 g) in water (200 mL)
at room lemperature was added sodium cyanide (3.94 g). A solution of acetone (5.9 mL) in
water (20 mL) was then added dropwise and stirred at room temperature for 48 hours. The

mixture was partitioned between ethy! acetate and water. The combined organic layers were



300ily suspension may be formulated by suspending the active ingredient in a vegetable oil, for
example arachis oil, olive oil, sesame olil or cocgl)nut oil, or in a minefat Bil“ﬂjéﬁ"gggll’ﬂiq)ui?i f)a‘raffin.
The oily susp&HFIPEORAY contain a thickening agent, for example beestFGHAPTYARHin or cetyl
alcohol. Sweetening agents, such as those set forth above, and flavouring agents may be added to
provide a palatable oral preparation. These compositions may be preserved by this addition 5of an

antioxidanvasheh withdseristpaetidl, Bisp éhsde:pavideducath it gramule ysldtkt¥ansr preparation of an
aqueous HSRRIRIAHY @Fmggmc%m Ravidenthe agtive ingggdient in admixture with a
dispersing or wetting agent, a suspending agent and ane ot m?re reservatiyes, uigable dispersing or
wetting agents M&%@ﬁ&ﬁﬁ(ﬁﬁéﬂfgﬁgg@? &%?@Wﬁéécﬁgﬁgé AN ER&E Above. Additional
excipientsgstar (@xamp) énsnetietievilfiogifia(2urhpal 0 ‘Ahelas elblerd pgtagentsarpenpalfdbmpresent. The
Pharmaceyiial epmpasiiens aitheioyaalion may alsads Wadisdamme ejiauaige emulsions. The oly

phase may be a vegetable oil, for example olive oil or arachis oils, or a mineral oil, for example liquid

paraffin oFSFHiTEEE SrIn¥as heatridp R0ctnovSRiRt 94PEqnisd BE TR IIRALBAR GBUms, for
example ghepRcipitiacokaidmiEagbannttedginidaily 4l 8cachuinoyphasphyitided)fopexzmple soy bean
lecithin, and esters. or partial esters deri f f aci 1ol | for example
sorbitan rr? 6%363%)%% ea,{:l%)aéjrlfr 618%%’12%%&%ﬁ%ggﬁ%%m%ﬁéﬁﬁg%%ﬁﬁ%%%e oxide, for
example poRmssradadasadidenitaeivorameareThe dehnsmridadi R esinads g‘?ﬁ&é’c&hing and
flavouggngagents.1@yrups and elixirs may be formulated with sweetening agents, for example glycerol,
sorbitol or sucrose. 20 In particular a syrup for diabetic patients can contain as carriers only products,

for exampg&éggb%%kwhl%ﬁgo not metabolise to glucose or which only metabolise a very small amount

to glucose. ulations may also contain a demulcent, a preservative and flavouring and
coloring agents. 25B) Parenterally, either subcutaneously, or intravenously, or intramuscularly, or
intrastemally, or by infusqugechniq in the form of sterile injectable aqueous or oleaginous
suspensions. This susp#nsi ay rmulated according to the known art using those suitable
dispersing of wetting agent d syspknding agents which have been mentioned above. The sterile
injectable preparation may also-bé alstgdrile injectable solution or 30suspension in a non-toxic
paternally-acceptable diluent or,sm“'vth, for example as a solution in 1,3-butane diol. Among the

acceptable vehicles and sqglvents that may be employed aire aEer,_Rin er'§ \{YO
2000/653 F1EEE PR YSushyb Sy piplin-4-yl-9H-purin-8-ylmethyl)-piperazin-1-yl|-

isobutyramide
Prepared in a similar manner to Reference Example 9 using 2-piperazine-1-yl-
isobutyramide di-hydrochloride (Reference Example 15) in place of 4-
dimethylaminopiperidine.
20 &y (400 MHz, CDCl) 1.21 (5, 6H), 1.41 (t, T=7.2, 3H), 2.52 (br s, 8H), 3.68 (s, 2H}, 3.75-
3,82 (m, 4H), 4.23-4.32 (m, 6H), 5.17 (brd, ] = 4.8, 1H), 7.06 (brd, J = 4.8, 1H).

Reference Example 17

5
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25  5-Fluoro-4-(4,4,5 5-tetramethyl-[1,3,2]dioxaborolan-2-yi)-1 H-indole

A solution of 5-fluoroindole (5 g, 37.0 mmol) in DMF (40 ml) was treated at 0 °C
with trifluoroacetic anhydride (6.1 mL, 42.6 mmol). After 30 min, the reaction was poured



solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionall
employed as a solvent or suspending medium. For this purpose any bland fiXed ol ’m‘éyuoé n’?ployed
including syntW&RM{BYaSor diglycerides. In addition fatty acids such asP6RBAMR HA2use in the
preparation of injectables. 5C) By inhalation, in the form of aerosols or solutions for nebulizers. D)
Rectally, in the form of suppositories prepared by mixing the drug with a suitable non-irritating
excipient ywkiockeis: sofi tha roxdimgmyreeinipes aollestesLibyifliration: veaseast avite ipensdharalagtl will therefore

melt in the,regtm. Ieleasa-the filiSoIRGH 108iSHAS310:CRE PRI HIS LA RRelvaeiéiene glycols. 10E)
Topically, in the form of creams, ointments, jellies, collyriums, splutions or suspesions. The invention
will be furfier eSersacinn fﬁﬁ‘%‘?ﬁﬁf@mﬁ%ﬁiﬂfﬁw@& ?ﬁi‘g‘gn{%a@eaﬁ%sr%@gn hetic Procedure
The followirit) gareualFKthEheedejtingsviie pyatpittic wpprakoteddfe fikkatonnvisbeRwiirence Examples
and fg&g&%@%ﬁ%&%ﬁs&%m asHA RO QA 3P AR GRAAAREG22 a (il)) NN CI 0
vacuo. The resulting material {5 g, 75%) was dissolved in methanol (80 mL}) and treated with
concentrated sulfuric acid (2 mL) then heated at reflux overnight. The reaction was cooled
and the resulting precipitate collected, washed with water and evaporated in vacuo to give 5-
fluoro-1H-indole-3-carboxylic acid methyl ester as a peach-coloured solid (4.5 g, 83 %).
10 A solution of thallium tris(triflucroacetate) (8.45 g, 15.6 mmotl) in TFA (35 mL) was
added to a solution of 5-fluoro-1H-indole-3-carboxylic acid methy! ester (2 g, 10.4 mmol) in
TFA (10 mL) at room temperature and stirred for 2 h. The reaction mixture was evaporated in
vacuo and the resulting residue suspended in water (25 mL) before being treated with a
solution of potassium iodide (5.2 g, 31.3 mmol) in water (50 mL). The reaction mixture was
15 treated with dichloromethane (100 mL) and methanol (5 mL) and the resulting precipitate
removed by filtration through celite.
The organic layer was separated, washed successively with sodium thiosulfate
solution and brine, then dried (MgSQ4) and evaporated in vacuo. The resultant material was
dissolved in methanol (60 mL) and treated with 40% aqueous NaOH solution (60 mL) then
20 refluxed for 2 h. The reaction mixture was cooled and extracted with DCM/MeOH (ratio
95:5), dried (MgSO,), filtered and evaporated in vacuo to give a crude solid. Purification by
column chromatography gave 5-fluoro-4-iodo-1H-indole as a pale brown solid (1.05 g, 39 %).
NMR 8y (300 MHz, CDCl;) 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). |
25 A solution of 5-fluoro-4-iodo-1H-indole (261 mg, 1.0 mmol) in dioxane (1 mL) was
treated with triethylamine (0.2 mL, 1.4 mmol), palladium acetate (4.5 mg, 0.02 mmol) and
bis(cyclobexyl)phosphino-2-biphenyl (28 mg, 0.08 mmol) then heated to 80 °C. A solution of
pinacolborane (1 M in THF, 2.66 mL, 2.66 mmol} was added via syringe. After 30 min, the
reaction mixture was cooled, then diluted with water (10 mL} and DCM (10 mL). The
30 resulting mixture was passed through a phase separation cartridge, and the dichloromethane
layer was evaporated in vacuo to obtain the title compound which was used without further

purification,



N N CION N CI  Conditions: 5 (i) 1120, morpholine, 100 C, 15 mins. (i) DMF, RBr, NaOH, 150 C, 2 h
(iii) RI, K2CO3, acetone, 65 'C. (iv) morphohne, CHC13, 0 C--)RT. (v)(a) MVIEDA, THF & @, nBuLi,
1 h (b) DMF, -¥& &0%03786i) DCE, Na(0Ac)3BH,'NHR1R2,12 - 18 h. (vii\PStikHelesi¥gtilg. Scheme 2
Conditions: (i) DMF, TFAA, 0 C. (ii) 10% ag NaOH, 100 C, 111 (iii)) MeOH, H2S04, 65C, 18 it (iv)
TI(OCOCF3)3, TEA, RT, 2 it (v) 1120, KJ, RT. (vi) Me011, 40% aq NaOH, 65 C, 2 h. (vii) pinacol
botany, ERdeBioxBrenpe{®Ac)2, bis(cyclohexyl)phosphino-2-biphenyl, 80C, 30 min. 15 Scheme 3
Conditions: (1) 111F, NaH.Q C then TBSCI, RT, 25 h. (ii) sBuLi, TMEDA, THF, -78 C, 2 h. (iii) B(0iPr)3,
20 THF, -78 C---10 C, 15 .Niv) 2.4 M HC1. WO 2009/05371647PCTIC132008/003622 Scheme 4
rr'NBec (i)CNBoc (i)NH C B%%,HDNH 00 C

1-(tert-Butyl-dimethyl-silanyl}-5-fluoro-1H-indole
To a solution of 5-fluoro-1H-indole (30.0 g, 0.222 mol) in anhydrous THF (250 mL)
5 was added sodium hydride (60 % suspension in mineral oil, 10.22 g, 0.255 mol) portionwise
and maintaining the solution at 0 °C. The reaction mixture was stirred at 0 °C for 20 min, then
a solution of tert-butyl-chloro-dimethyl-silane (40.15 g, 0.266 mol) in anhydrous THF (20
mL) was added and the solution stirred at RT for 25 h. The reaction mixture was poured info
H>0 and the layers separated. The aqueous layer was extracted with EtOAc and the combined
10 organic layers were dried (MgSQys), then concentrated in vacuo. The resultant residue was
purified by column chromatography (silica gel, cyclohexane:DCM 100 % to 50:50) to provide
the title compound was obtained as a colourless oil (41.2 g, 74 %).
"H NMR (400 MHz, CDCls): 8 0.60 (s, 6 H), 0.94 (s, 9 H), 6.58 (dd, J = 3.2, 1.0 Hz, 1 H),
6.87-6.93 (m, 1 H), 7.23 (d, J = 3.2 Hz, 1 H), 7.24-7.29 (m, 1 H) and 7.41 (m, 1 H).
15

Reference Example 19
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[1-{tert-Butyl-dimethyl-silanyl)-5-fluoro-1 H-indo}-4-yl} boronic acid
To a solution of 1-(tert-butyl-dimethyl-silanyl)-5-fluoro-1H-indole (30.0 g, 0.12 mol)

20  in anhydrous THF (1000 mL) were added N,N,N’ N -tetramethylethylenediamine (36.6 mL,

0.241 mol)and 2 soiﬁﬁon 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 resuiting solution was stirred at -78 °C for 40 min,

then aliowed to warm to -20 °C. An aqueous solution of HC1 (2.4 M, 250 mL) was added and
25 the resulting mixture was poured into HyO. The layers were separated and the aqueoﬁs layer

extracted with EtOAc. The combined organic layers were dried (MgSOy) and concentrated in



Conditions: (i) NaCN, acetone-H20, 48h, RT. (ii)) DMSO, K2CO3, H202, 4Q.C.-(iii) HO, Et2Q. 5 Scheme

5B oc Con(é';‘;' 0% %LP(;E azetidine or substjuted azetidine, Na(OAc?ﬁgéﬂ %{m GHR2C12-TFA, RT.
Scheme 6 1 ?oné’f%‘onls: (i) THE, MeMpr, 0 C, 3 h, then RT, 72 h. (ii) lz%- F{:A. Conditions:
DihYdropyran,pTsOH, THF, 60 C, 4 h. (ii) morpholine, CH2CI2, 0 C--?RT, 3 h. (iii) (a) MAEDA, THF,

-78 5 C, nBuLi, 1 h (b) DMF, -78 C, 1 h. (iy) DCE, Na(QAc)3 HRIR2,12 - 18 h. (v) Suzuki
coupling. {F§“OM BeF Rl RRY R f%hh Wa%—f%f{f E‘iﬁ"f’y‘é&%‘;’ﬁwﬁﬁ‘?ﬁ‘é%ﬁ 08 v
the tifle compound as a white solid (25.0 g, 71 %).

"H NMR (400-MHz, CDsOD):  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, J = 9.0, 4.6 Hz, 1 H).

Reference Example 20
0

)
N =
2
NTNT o
2-Chloro-6-morpholin-4-yl-3H-purine _
To a solution of 2,6-dichloro-9H-purine (5.0 g, 26.46 mmol) in water (100 mL} was

10 added morpholine (6.9 mL, 79.37 mmol). The resulting mixture was heated at reflux for 15
min, and then allowed to cool to RT. The resultant white precipitate was collected by
fiitration and washed with water, MeOH and EtOH, then dried at 40 °C for 18 h to give the
title compound (6.26 g, 99 %).

'H NMR (400 MHz, DMSO-dg): 8 3.72 (m, 4 H), 4.18 (m, 4 H), 8.16 (s, 1 H) and 13.24 (bs, 1

15 H).

Reference Example 21

2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purine

20 To a solution of 2-chlore-6-morpholin-4-yl-9H-purine (304 mg, 1.27 mmol) in DMF
(6 mL) were added bromoethane (284 pL, 3.81 mmol) and sodium hydroxide (152 mg, 3.81
mmol). The reaction mixture was heated at 150 °C for 2 h, then allowed to cool to RT. The
reaction mixture was partitioned between water and DCM, the layers separated and the
aqueous layer was further extracted with DCM. The combined organic fractions were washed

25  with water, dried (Na,SO4) and concentrated in vacuo to give the title compound as a yellow
solid (210 mg, 80 %).



r--1 HOR1 Conditions: (i) DMF, K2CO3, 2-(2-bromo-ethoxy)-tetrahydro-pyran, 50 C, 7 h. (ii) (a) I'HF,
LIHMDS, -78 C, 30 min. (b) DMF, -78 C --+RT, 1 It (iii) DCE, Na(0A88EY% A Subuki®aupling
WO 2009/053VEHOBENAGEB2008/003622 Schéfhe 9 5 Conditions: (i) TRATER2OYN3RE 2 5 h. (i)
bromoacetamide, DMF, K2CQO3, 65 C, 27 h. (iii) Suzuki coupling. General Experimental Details: 10
NMR spectroscopy  NMR spectra were obtained on a Varian Unity Inova 400 spectrometer with a 5
mm inversél R (600 tMjble, RIIChRACESProe=cht iR U UBRAIAror ©H)adBihkeR Avafice DRX 15 400
spectromq&g%tﬂﬂ gsrqrﬁ}[nverse detection triple resonance TXI probe operating at 400 MHz or on a
Bruker Avance DPX 300 spectrometer with a standard 5mm dual frequency probe operating at 300
MHz. Shifts are given in ppm relative to tetramethylsilane. Purification by column chromatography
20Compogrdsdausifieshiecdumn chromatography were purified using silica gel or Isolute(r) cartridge
or Redfsep(r) cartridge, eluting with gradients from 100-0 to 0-100 % of cyclohexane/EtOAc, or from
100-0 to 0-100 % pentane/Et R(H or from 100-0 to 70-30 % DCM/MeOH (with or without the addition of
NH3 0.1 %). 'Silica gel' refersta@-silica gel for chromatography, 0.035 to 0.070 mm (220 to 440 mesh)
(e.g. Fit silica gel 60), and wapplied pressure of nitrogen up to 10 p.s.i accelerated column elution.
Where thin layer chromato (I'LC) has been used, it refers to silica gel TLC using plates,
typically 3 x 6 cm silica gel‘Qn aluminium foil plates with a fluorescent indicator (254 tun), (e.g. Fluka
60778). 30 Purification b}/ reparative HPLC.:

2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purine-8-carbaldehyde

To a solution of 2-chloro-9-ethyl-6-morpholin-4-yI-9H-purine (7.27 g, 27.0 mmol)
and TMEDA (6.1 mL, 40.6 mmol) in anhydrous THF (200 mL) was added a solution of n-
10 Buliin THF (2.5 M, 15.1 mmol, 37.9 mmol} at — 78 °C. The resulting mixture was stirred at

-78 °C for 1 h, then anhydrous DMF (3.8 mL, 48.7 mmol) was added drop-wise. The reaction

mixture was stirred at 78 °C for 1 h, then partitioned between a cold aqueous solution of HCI

(6.1 M) and DCM. The organic layer was separated and dried (Na;80,), then concentrated in

vacuo. The resultant residue was purified by column chromatography to give the title

15 compound as a cream solid (6.02 g, 75 %).
[M + HJ" 296.1

Reference Example 23

20 (2-Chloro-9-ethyl-6-morpholin-4-yi-9H-purin-8-yI}-methanol
To a suspension of 2-chlorg-9-ethyl-6-morpholin-4-yl-9f-purine-8-carbaldehyde
(1.18 g, 4.0 mmol) in IMS (20 mL) and THF (20 mL) was added sodium borohydride (152
mg, 4.0 mmol). The reaction mixture was stirred at RT for 90 min, then concentrated in
vacuo. The resulting residue was partitioned between EtOAc and a saturated aqueous solution
25 of NaHCOs. The organic layer was separated and washed with brine, then dried (Na,SO,) and

concentrated in vacuo to give the title commpound as a white solid (1.20 g, 99 %).



Compounds purified by preparative HPLC were purified using a C18-reverse-phase. ttJ/UQ,LUUO i
UUJot WO 2009/05371650PCT/GB2008/003622 column (100 x 22.5 mm i.d Genesis column with 7
p.m particle si‘%); &2 tion at 230 or 254 nm, flow 5-15 rnL/rnin), or %cgﬁéBr%f/ Slr—‘f%‘%?)zllz column (250 x
21.2 mm i.d. Gemini column with 5 um particle size, UV detection at 230 or 254 rim, flow 5-20
mL/min), eluting with gradients from 100-0 % to 0-100% water/acetonitrile or water/MeOH containing
0.1% TF/Q‘@B&JV%%? cetonitrile containing 0.1 % formic acid. The free base was liberated by
partitioning between EtOAc and a sat. solution of sodium bicarbonate. The organic layer was dried
(MgS04) gn% cocraecgntratlgri %n vacuo. Alternatively, the free base was liberated by passing through an
Isolate(r) - retuting with NH3 in methanol. 10 Microwave Reactions:  Microwave
experiments were carried out 3 g a Smith Synthesiser or a Biotage Initiatorm, which uses a
single-mode resonator and d ic field tuning, both of which give reproducibility and control.
Temperatures from 408 50/ e achieved and pressures of up to 20bar can be reached. 15 All
solvents and commercial Fagh Jvere used as received. Non-commercially available
reagents/reactants were prépared according to procedures described in the literature. Abbreviations
used in the experimental section: 20 ag. = aqueous BOC = t-Butoxycarbonyl bs = broad singlet (NMR)

Cs2C0O3 S-dsempmetionahdors Hethybbimer phmirfpA=puringichloroetharte DCM =
dichloromethanerdd Ebpensliaopropyicibyaming Biphsidinetyiaaetamids RHMAR.20
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triphenylphosphine (1.36 g, 5.2 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 4
h, then partitioned between DCM and brine. The organic layer was separated and washed with
10 brine, then dried (Na,SOy) and concentrated in vacuo. The resultant residue was purified by
column chromatography to give the title compound as a white solid (1.24 g, 86 %).
[M + H]" 360.2 (Br) and 362.2 (*'Br)

Reference Example 25

13

N
o1
4-(3,3-Diflucre-azetidin-1-yl)-piperidine
To a solution of 4-oxo-piperidine--carboxylic acid tert-butyl ester (1.0 g, 5.0 mmol)
in DCE (50 mL) was added 3,3-difluoroazetidine hydrochloride (712 mg, 5.5 mmol). The
20 mixture was stirred at RT for 15 min, then sodium triacetoxyborohydride (1.59 g, 7.5-mmol)
was added and stirring was continued for 17 h. The reaction mixture was diluted with brine
and extracted with DCM. The organic layer was separated, dried (Na;SOs) and concentrated
in vacuo. The resultant regidue was purified by column chromatography to give 4-(3,3-
difluoro-azetidin-1-yl)-piperidine-1-carboxylic acid tert-butyl ester as a pale yellow solid (1.2
25 g, 88 %). To a solution of 4-(3,3-difluoro-azetidin-1-yl)-piperidine-1-carboxylic acid tert-
butyl ester (552 mg, 2.0 mmol) in DCM (4 mL) was added TFA (2 mL) and the resulting



HATU = 0-(7-Azabenzotriazol-1-y1)-N,N,Ns,N'-tetramethyluronium hexafluorophosphate HC1=
hydrochloric acid 5 H20 = water HPLC = high pressure liquid chromatography IMS = industrial
methylated spP &P Zésopropanol LCMS = liquid chromatography m#sEeye¢iitétry 10 LIHMDS
= lithium bisorirnethylsilypamide M = molar m = multiplet (NMR) MeOH = methanol mg = milligram 15
MgSat = magnesium sulphate min = minute(s) mL = millilitre Na2CO3 = sodium carbonate NaHCO3

= sodium Fj#rEg e DENAOiTBe serHoRyErERd & M Ao e pricaulsrhisBESNTI40H =

ammonium fy{eddesltiam NGl riHH claal WARDQHGIESRNBCE &tk autNMR) 25 Rt =
retention time RT = room temperature t = tripl MR) TBAF = tetrabutylammonium fluoride TBDMS =
RIS RS G2L Btk 2o
acid

tert-butyldﬁ?{gﬁﬁ’%qlﬁ éﬁalleé'/& O E THE = tetrahydrofuran
"H NMR (400 MHz, CDCls): 8 1.16-1.27 (m, 2 H), 1.63-1.72 (m, 2 H), 2.14-2.23 (m, 1 H),

5 2.54-2.62 (m, 2 H), 3.09 (dt, J = 12.7, 3.9 Hz, 2 H) and 3.46-3.57 (m, 4 H).

Reference Example 26
)
o

E

4-(3-Fluoro-azetidin-1-yl)-piperidine
10 Prepared according to the method used in the preparation of 4-(3,3-difluoro-azetidin-
1-y1)-piperidine using 3-flucroazetidine in place of 3,3-difluoroazetidine hydrochloride. The
title compound was obtained as a colourless oil (180 mg, 39 %). '
'H NMR (400 MHz, CDCL): 8 1.13-1.24 (m, 2 H), 1.64 (dd, J = 12.6, 4.3 Hz, 2 H), 2.16-2.23
(m, 1 H), 2.82-2.91 (m, 2 H), 3.01-3.14 (m, 2 H), 3.59-3.67 (mn, 2 H), 3.78-3.95 (m, 2 H}, 5.10
15 {(m,l=55.8Hz, 1 H).

Reference Example 27

1-Piperidin-4-yl-azetidin-2-one

20 To a solution of 4-(2-methoxycarbonyl-ethylamino)-piperidine-1-carboxylic acid tert-
butyl ester (3.4 g, 12.0 mmol) in anhydrous THF (75 mL) was slowly added a solution of
methyl magnesium bromide in diethyl ether (3 M, 6 mL, 18 mmol) at 0 °C. The reaction
mixture was stirred at 0 °C for 3 h, then allowed to warm to RT and stirring was continued for
72 h. The reaction mixture was concentrated in vacuo and the resulting residue was

25 partitioned between EtOAc and an aqueous solution of ammonium chioride. The organic
layer was separated and washed with brine, then dried (Na;SO4) and concentrated in vacuo.

The resultant residue was purified by column chromatography to give 4-(2-oxo-azetidin-1-yi)-



TLC = thin layer chromatography turns f U LIJUL WO 2009/05371652PCT/GB2008/003622 TMEDA =
N,NcisP,/?/-tetramethylethylenediamine General synthetic strategies 5 Reference Example 1General
methods for SHQURILEMING The Suzuki couplflg reaction depicted gerRErBIEBRI%SEREA%e 10 below
were performed using one of the methods set out below. Method A: A mixture of the appropriate
2-chloropurine (1 eq.), Na2CO3 (2 eq.), the appropriate indole 15 boronate ester (1.5 eq.) and
bis(triphemj@phﬁﬁamm&hnayﬁdhuﬁ (¢hy-bhigirider(: 1 mdg )yriloftoxd(E78vaie 2(2:d) es heated at 125 C for
20 - 50 MG TN RAGHRS HS ARG MRLIRIRRIIIGANRNBIRHion priracted with
ine

ethyl acetate. The co org anlc extracts were dried (Na2S04), filtered and concentrated in vacuo

then punf@d’%%lWﬁ%ﬁ?mﬁMgﬂ%m’éﬁFﬁ?ﬁ&%&‘a‘ﬂﬁﬁ ¥ yitEsha §e<PEd product. 20
Alternatively Hh@eﬁ%ﬁﬂ&ﬂrﬁfﬁ&%ﬁa%iﬁ&ﬁk&dl@ﬂt&ﬁﬂh&sﬁkﬂh@mﬁta a:aratﬁldg@\&ﬁifén was washed
with MeOH then elute H. Itm y either
preparatlvgrﬁ’lfl% Y1 o umrﬁ%%ﬁ%%g%% Y %Bﬁgﬁ‘/&e?‘%é desire goluct lI\l/lﬁg%r%g[l gB&%%)A mixture of
the approptiareleseHysplidif2 $1megdP ©52C03 (1.5 eq.), the approprlate indole boronate ester (1.2

eq.) and tefy aigia(phRnypeeRineIRalagium, (055 8a.1da, qlwxgr&eévwatar 1319, vsa lgated at 125 C -
140 C, for 10 - 60 min in_ a microwave reactor. The resultin mlxtu dél,sb%% E_Fbewater then
),

extracted WA g?n%iggc(étafeﬂ' Phe c%ﬁ?bl?h]e(}o(‘grdarﬁ% %)?hsa red and
concentrated i aaubdHhen purified by either 30 preparative HPLC or column chromatography to give
the del%ired product. Alternatively, the reaction mixture was loaded onto an Isolutee SCX-2 cartridge,
washed with MeOH then ?V | UtJJOL WO 2009/05371653PCT/GB2008/003622 eluted with 2 M NH3
Rpisregee xampisidue was then purified by either preparative HPLC or column
chromatography to glve/@e desired product.

!
o)\r)gr“‘o
H 5 i

[1-{Methoxy-methyl-carbamoyl)-1-methyl-ethyl]-carbamic acid tert-butyl ester

To a solution of 2-tert-butoxycarbonylamino-2-methyl-propionic acid (20 g, 98.5
15 rmol) and bis(2-oxo0-3-oxazolidinyl)phosphinic chioride (32.6 g, 128.0 mmol) in DCM (280
ml.) were added N,O-dimethythydroxylamine hydrochloride (10.4 g, 107.0 mmol) and
triethylamine (40.0 mL, 287.0 mmol} at 0 °C. The resulting suspension was stirred at.RT for
70 h, and then partitioned between water and DCM. The organic layer was separated and
washed with brine, then dried (MgSQy) and concentrated in vacuo. The resultant residue was
20 purified by column chromatography to give the title compound as a colourless oil (12.2 g, 50
%).
'H NMR (400 MHz, CDCl3): § 1.44 (s, 9 H), 1.54 (s, 6 H), 3.21 (s, 3 H), 3.70 (5, 3 H) and
5.24 (bs, 1 H).

25 Reference Example 29

X

A
(1,1-Dimethyl-2-oxo-ethyl}-carbamic acid tert-butyl ester

o



Method C 5 A mixture of the appropriate 2-chloropurine (1 eq.), Cs2CO3 (1.5 eq.), the appropriate
indole boronic acid (1.2 egg.) and tetralds(triphepylphosphine)palladium g}o.gs gz%i?si{?e) (jégozxanelwater
(3:1) was heatbQ APAY87¢ - 140 C, for 10 - 60 min in a microwave reactor. THE reéuﬁlng mixture was
diluted with water then extracted with ethyl acetate. The combined organic extracts were dried
(MgSO04), filtered and concentrated in vacuo then purified by either 10 preparative HPLC or column
chromatographylagicktirraiébiasthroametiditerhanodly | wmethahetiwi-raRames a4 fkded onto an
'solute(r) $@¥-a&waRidgsavasher wishhyieal TEm(sloted with a84d\igirHyie® The resulting
residue was then purifj either.preparative HP olumn Y, iye the desired
product. 1 gfﬁeo%%g%dcmpﬁﬁrrgsgﬁtll]‘ge%g)ﬁ%fgg‘;%taeh Wgﬁl%ré%ﬁﬁﬁ%%?%%%%% %)hg %&5‘? eq.), the
appropriatiifrrdaieRFoksib. didqueous sojuliel oE Hiig SQdpRERIRdo GisTTENBRNEium (0.05 eq.) in
acetonitrilghnataratdily Wesdpaied RbdBRrGesiddOpirtitfated et Beminiis andRtGNGTBereactor. The
resulting mixture was diluted with water then exiracted with. e ate, The 20 combined organic
extracts m%%’i?&efﬂmﬂal e%%wﬁfaa%&l%}rﬂ?gtg’ ?n%%%%%% ?)Illﬁ’l ed 661317 agft er preparative
HPLC or cohmnTohresmitaggesighs wosgiveliticblesiraeh shoetnaiosmrbinatBientheiéleeaction mixture was

loaded onggr%g},;ﬁglgg%(g)ﬁgg&% ea8Ridas, sypshed with MeOH then eluted with 2 M NH3 in MeOH. The
resulting residue was then purified bxleither reparative HPLC or column chrgznsa} raphy to give the
)

desired prédNRREH MEEIE X hikird 6t HDahpt Shridte 3-%hBiobtirang o1t 2CO3 (1.5 eq.),
the appropriate indole boronate ester (1.2 eq.) and tetraltis(triphenylphosphine)palladium (0.05 eq.) in
acetonitrilti/g@tw%é xlla Wfale%geated at 140 C; for 10 - 30 min in a microwave reactor. The 30 resulting
mixture was drtted r then extracted with ethyl acetate. The combined organic extracts were
dried (MgSO4), filtered concentrated in vacuo then purified by either preparative HPLC or column
chromatography to give Sg& irﬁd roduct. - WO 2009/05371654PCT/GB2008/003622 Alternatively,
the reaction mixture wa oqg%’o 0 &n Isolate(r) SCX-2 cartridge, washed with MeOH then elated
with 2 M NI13 in MeOH. The resulting residue was then purified by either preparative HPLC or column
chromatodPatsriyBotgiveatthonjdomb-3rovteylpropiivdisvRastbieacidmgtbyhppespriate 2-chloropurine (1
eq-),lglazZ_C(aS (1F§h§Qo)?]ﬁgﬁ)cﬁ@ﬁﬁg&ﬂﬁﬁgﬂ%%%ﬁ%&%&%}i@/&é%%ﬁ%ﬂtﬁ!&ter r(la.cse g 3.521 40 for 10
tetralds(triphenylphosphine)palladi eq.) in acetonitri ter.(2:1) was heated at , for 10 -
30 midin Q’Wﬁ%{%ﬁ@@é@@r‘v é% §|ﬁﬁﬁ%ﬁ]§?ﬁ%ﬁ%§ﬁ#ﬂ%ﬁ%§v%§r ?h4e{er1mé§<d]r)élcted with ethyl
acetate. Tiieecesnltingohshenskgamis sitedctsRide Himihd S jofiltareslaapkbrdydederated in vacuo

then purifigdday, either PRI RHE L AARREYRPRAIRA RN IR gR TR AR ed product.
Alternatively, the reaction mixture was loaded onto an Isolateér) SCX-2 cgr rldg<,=Y washed with MeOH
(C

then elate@fIForertiiensdhotasm srwaisd aansgieiabiben ARG o apdi Hifer preparative HPLC
or column @iasain Bieg rephyfeaidedtd e sbsirediipbeideohdbdilet Hdg SO A ambdeneswtdied /appropriate

2-chlo epuv““eo%% N AR st A0, PORERRIIE IAOIE DY )BR. ARl 2 ea.) and

(47
tetral s(trip‘heny osplune)palladium or bis(triphenylphosphine)palladium (II) chloride (0.5-#0.1 eq.) in
acetonitril SAFREIERY 3 W&é“‘g@?@é@é%*f& ¢, for 10 - 30 min in a microwave reactor. The resulting
mixture wag gitedivstimatendhsrsaxineiecnitiue By apetae (khenmbineHyams extracts were

dried (MgSO4 filtere\g% ﬁ%con entr te(](jj in vacuo then purified by either preparative HPLC or column
chromatog(FaE) 1‘357& % alé%%é% §r50 lﬁ@f; Alternatively, the reaction mixture was loaded onto an

Isolate(r) SCX-2 cartridge, washed with MeOH then elated with 2 M NH3 in 25 MeOH. The resulting
residu%wq@ejtggﬁbpgggﬁ@@yleither preparative HPLC or column chromatography to give the desired
hod H ‘

product. Mett L
N
oigjr

6,6-Dimethyl-piperazin-2-one

A solution of (2-tert-butoxycarbonylamino-2-methyl-propylamino)-acetic acid methyl
ester (0.8 g, 3.07 mmol) in DCM (20 mL) and TFA (5 mL) was stirred at RT for 90 min. The



A mixture of the appropriate 2-chloropurine (1 eq.), Cs2CO3 (1.5 eq.), indole boronate acid 30 (1.2
eg.) and bis(tr‘iﬁ)he@zﬁ)hosphine)palladium (1) chloride (0.1 eq.) in dioxane/water§2:1 was heated at
140 C, for 10 Y8 AT Y microwave reactor. The resulting mixture wad SRR Fater then
extracted with ethyl acetate. The combined organic extracts were WO
2009/05371655PCT/G82008/003622 dried (Mg.SO4), filtered and concentrated in vacua then purified

by either FPAFSRRENEIEROTE SREBINHAT EnrBmHaBErRRpeivEith P Hes BN IdIEE RIS matively, the
reaction nxthVEpARTIIRREEHa06HO RN isethiete)sbLsX chloarled g, washeadndfiMmatid-then eluted with 2

M NH3 in MeOH. The resulting residue then. purified by .eithar-gr, ' column 5
chromatoénr%?hp?‘ﬂi)?IJ {gpgil\%n %og- eél?ea pf%%fﬁéte eert}%%?g Ir%¥‘ tﬁ?eWﬁ%aS}F\% r'vfg%t %E%iloropurine (1
eq.), Cs2@RT (oremin. ifbloteatiine nuxdueestes coreaagaiadvs viseeiSkarpshosphiriépalladium (1)
chloride (Quh &) THeFIQURBLANBISE21 1)1 Q30e bantgdeal 4QicnsfaitAOL HR1AIN in a microwave
reactor. The resulting mixture was diluted with water then extracted with ethyl acetate. The combined
organic e%§f§%8éé§r% (MgSO04), filtered and concentrated in vacua then purified by either
preparativé BRI 4000 m GRA Mat8F taphie GR/é.th &l Sstte@, Bridesd. 6XiedhsativBly, the reaction
mixture was loaded onto an Isolute(r) SCX-2 cartridge, the cartridge was then washed with MeOH 15
then eluted with 2 M NH3 in MeOH. The resulting residue was then purified by either preparative HPLC
or columnbehesy HEaB/P£0 give the desired product Reference Example 2General method for
BOC-deproteetion To& sglution of the relevant BOC-protected aminopurine in DCM was added TFA
20 and the resulting solytion was stirred at RT for 30-180 min. The resulting mixture was diluted with
water then extracted with DCM. The combined organic extracts were dried (MgSO4 or Na2S04),
filtered and concentratedin*vacua, then purified by either preparative HPLC or column
chromatography to give“the Yesired product. Alternatively, the reaction mixture was loaded onto an
Isolutedr) SCX-2 cartridge “washed with MeOH then eluted with 2 M NH3 in 25 MeOH. The resulting
residue W?ﬁf)Mm&ﬁeﬂ&wglﬁlﬁyﬂ@ﬁeﬁaﬁww&ﬁiﬁm%mex?hmat&efa@w tetgrve the desired
product. Reterence Emleﬁﬁener%l methﬁﬁl’ for TBOMS-depro egiol? To a splutglgn of the relevant
TBDMS-protectdd & A e I BTN RIP S8~ PEE SR I ERE ARG resulting solution
was stirre@a R, fof38molh it MEM Gioobirarsdddedaderhymminedd Hlanbrébidtiewads Peified by either

preparativg 4 AW SHEAMAOY BORY: B iYS, 6 dasited eyl Qinloride

2009/05371656PCT/G8200/1/003622 Preparation o Intermedie%t?s E&ef%[lence Example 4
15 (325 pL, 4.05 mmol). The mixture was warmed to RT and stirred for 5 h. The reaction

£r8 £
25235

mixture was partitioned between a saturated aqueous solution of NaHCO; and DCM and the
aqueous layer extracted with further DCM. The combined organic fractions were dried
(Na;SQ4) and concentrated in vacuo. The resulting residue was purified by column -
chromatography to give the title compound as a colourless oil which was a mixture of

20 rotamers (710 mg, 66%). '
'H NMR (400 MHz, CDCl3): & 1.48 (s, 9H), 2.80-2.92 (m, 1H), 2.95-3.10 (m, 2H), 3.34-3.44
(m, %:H), 3.60-3.74 (m, 2%.H), 3.96-4.16 (m, 3}2H), 4.22-4.30 (m, }2H), 4.32-4.40 (m, 2H)
and 4.63 (bs, Y2H).

25 Reference Example 33
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Br 5 4-Bromo- 6 nuoro 1H-indole To a solution of 1-bromo-5-fluoro-2-methyl-3-nitro-benzene (7.49
g, 31.8 mmol 40 rnL) was added DMF-DMA (21.0 mL, 158 F% %Q:Lolidine (2.6 mL,
31.1 mmol). The reac on mlxture was heated at 100 C. The mixture was coole and evaporated
to dryness to give 142-(2-bromo-4-fluoro-6-nitro-phenyl1)-1-methyl vinylk 10 pyrrolidine as a dark red

residue (10 theoretical yield). To a sus ension of the %rrolldlne 10.0 1 7 mmol) and
Raneye-N# '@g Rl o PraEReR ) fn ApEesinery % ERrRorY eI LS 3%5' %I hydrazine
monohydrate (2 Boinkoldiof tfi(RYHY-R-Chrandethd-Babytlra sticteyl-pipRTzine-b-¢rsbesylithe reaction

mixture wiasdhaR sl ety al Gelisan il 6ol Washedat Il Bossdliie Alvate was

evaporate yness and the resulting residue to 15 give the title compound as pale oil (2.57 g,
37%). NMWW%B@%?MP& %bompe"l‘éweab'ﬁaaéﬁtwwSﬁﬁfﬁiorﬂémae fgr2 159 9.1, 1H), 7.12 (dd,
| = 2.159.3adibn 6/2Qehc2Rid 0.8 MLpME SRk nRefercneatiouabptedon )de0a8d0 20

6-Fluoro- 4.5 S-tetramet 1 3 ¥ ixture of

4- bromo-é?EFuoro tIl-]| indore %’9’% g ré%@fﬁﬁ%ﬁr% ?[)jlnac][lﬁat %9:&)0?%8 é‘ﬁcsﬁlgggﬁ&gmmol) and
potassiunaredsis @@@‘94@ prRASENTACH e RAvsy FHR Teed Ry rRdpGusss QHH by column
1,1"-bis(diphemepashlhineiiermsenscslish erepalbadisv{l 29 Ge59Tm).%). The reaction mixture

was flushed out with nitrogen and s, Jhe mixuyr artitioned between
ethyl acetdeTang 668? ﬂ?&‘a?rg i § %&M%ﬂgg \]i(/lth rm‘% ne%v%f# @Cfﬂl ‘and evaporated
down 1T ha Bjuslds-al5 8/, 24)) wo4mmmymwxeoﬁ/mmpm¢mm@m purified by
coltunn ck&rﬁm@g_w {%owed by triturating to yield the title compound (7.87 g).

Reference Example 34

EJ
41\,0

15 (R)-Hexahkydro-pyrazino[2,1-c][1,4]oxazin-4-one

To a solution of (R)-4-oxo-hexahydro-pyrazino[2,1-c][1,4Joxazine-8-carboxylic acid
tert-butyl ester in DCM (5 mL) was added TFA (1 mL). The resulting mixture was stirred at
RT for 2 h then concentrated in vacuo. The resulting residue was azeotroped with toluene then
purified by SCX column to give the title compound as a colourless oil {60 mg, 76%).
20 'H NMR (400 MHz, MeOD): § 2.46-2.55 (m, 1H), 2.59-2.76 (m, 2H), 2.90-3.03 (m, 2H),
3.50-3.60 (m, 2H), 3.94-4.02 (m, 1H), 4.10 (s, 2H) and 4.42-4.48 (m, 1H).

Reference Example 35

L
L_o

25  (R)-Octahydro-pyrazino[2,1-c][1,4}oxazine
To a solution of (R)-hexahydro-pyrazino[2,1-c][1,4]oxazin-4-one (60 mg, 0.39 mmol)
in dioxane (5 mL) was added LiAlH, (1.5 mL, 1M solution in THF). The resulting mixture
was heated at 80 °C for 2.5 h before the addition of ‘PrOH (0.5 mL) followed by a saturated



6H (400MHz, CDC13) 1.41 (s, 12H), 7.04 (m, 1H), 7.16 (dd, 1H), 7.26 (t, 1H), 7.40 (dd, U), 8.14 (br s,

1H). 5 Reference E le 6 2,6-Dichloro-9-ethyl-9H-purine 10To a stir lon, of
2,6-dich|oroptb‘f8e20(gls’?§%gg}? 10 nunol) and K2CO3 (1.73 g; 12.5 mmol) ingggé%éégﬂ%@&?n ) was added

iodoethane (1.0 inL; 12.5 intnol) and the resulting mixture was heated at reflux temperature for 5 h.
The reaction mixture was cooled, filtered, the filtrate concentrated and the residue purified by flash

chromatodfaftss e en, ‘éﬁﬁﬂ@pﬁ%ﬁ@ﬁ iR gat At sl R iR Heies fine solid (1.38 g;

64 %). 15 Sidréd GOMHC OB GEBNihghitl EIGAE. Tha 1ds)ldngGeiiiud was. By 8 NHgs, Hi). [The

corresponding. i -6 -7-athy1-7: ' s also isolated (0.61 g; 28 %). Su (400 MHz,
9&&9@%@%%@ ] gfeliqgaseg (q@ %;ﬁ%w%g*%ﬂq.

CDC13) 1.6 3=7.2,311 .2, 2H),8.27 (s, 111).] 20 Reference Example 7
2-Chloro-9EEHYRE4M MHaIRDERL:- O R g @B 38 a2t e 47<BnaEh 662 - dicHibPd.ethyl-9H-purine

(1.38 g5 6.49Med)dnsRHCAD) at O wasmaddgthmorphelingl L2 mh; 1818 mmel) 2fhesaeaction mixture
was stirre gé%%zf?r 3%énin then RT for 1.5 h. Volatiles were evaporated, the residue was taken up in
00 i) &

CH2C12 ( ashed with a mixture of 1120/2M HCl/brine (1:1:1; 150 inL). The organic layer
was dried (Na2S04) and evaporated to give the title compound as a white solid (1.65 g; WO

2009/053 ¢lLea8PCH{ §8/003622 96 %). 8H (400 MHz, CDCI3) 1.52 (t, J = 7.2, 31-1), 3.83-3.86
(m, 4H), 423 (q, J = 7.2, 1-1)04.32 (hrs, 411), 7.73 (s, 1H). 5 Reference Example 8 0 OHC- N CI

2-ChIoro-9-ethyl-6-morpho|inEA‘;—El—QH-purin.e-8-carbaldehyde
0, me
\—<;N ! N’}\c;
10 2-Chloro-9-methyl-6-morpholin-4-yl-9H-purine-8-carbaldehyde
To a solution of 2-chloro-9-methyl-6-morpholin-4-yi-9H-purine (1.0 g, 3.9 mfnol) in
anhydrous THF (25 mL) was added dropwise a solution of LIiHMDS in THF (1.0 M, 5.9 mL,
5.9 mmel) at ~78 °C. The resulting mixture was stirred at —78 °C for 1 h, then anhydrous
DMF (2.3 mL, 30.3 mmol) was added drop-wise. The reaction mixture was stirred at 78 °C
15 for 45 min, then 30 min at RT. The resulting mixture was cooled down to 0°C and quenched
with water, partitioned between a cold aqueous solution of HC1 (1.0 M) and DCM. The
organic layer was separated and dried (Na;SQy), then concentrated in vacuo to give the title
compound as an orange solid (1.12 g, 99 %).
[M +HJ 282.0

20

Reference Example 37

O
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(—N }\l NGl
H,N N—)

0
2-{4-(2-Chloro-9-methyl-6-morpholin-4-yi-9H-purin-8-ylmethyl)-piperazin-1-ylj-
isobatyramide

25 Prepared according to the method used in the preparation of 8-(2-chloro-9-ethyl-6-



To a stirred solution of 2-chloro-9-ethyl-6-morpholin-4-y1-9H-purine (1 35 g; 5.0 10 mmol) and TMEDA
(2.1 mL; 7.3 mmol) in anhydrous THF (40 ml,) % -78 C was added n-butyllithium (2.8 inL of a 2.5 N't
hexanes solutfof 2P Y i ). The orange solution was stirred at -78 C f FEERI AR P which time
anhydrous DMF (0.7 mL; 9.0 tranol) was added. Stirring was continued at -78 C for a further 30 min.
after which time the reaction was quenched by pouring into cold 0.1 M HCI %nth) with vigorous
stirring. THOTRsYir gy k87 5oRE"D ﬁ@bé}x%&s‘}ééﬂ&fégléﬁﬁﬂ%ﬂdm%%ﬁé& $120 and dried to
give the titlemonsrabpias.a-patrysliow.selichiehddk Bk o Ba (40R MEtry L okpalidO (t, J = 7.2,

31D, 3833, 481 405 (s 241 S00.G, 15 e AN ASE (LS AR5, 110 20

Reference Exam
11-(2-Chlepiradéeitiiptas-hrmg Abkinite pangioupd, Hias @ rned g k- prbedinid (734 regnfétbylamine 25To a
stirred solpiepphazchloro-9-ethyl-6-morpholin-4-y1-9H-purine-8-carbaldehyde (250 mg; 0.85 mmol),
4-dimethylaminopiperidine (0.16 g; 1.25 mmol) and AcOH (0.05 ml) in 1,2-dichloroethane (4 mL) was
added NaB(0Ac)3H (0.27 g; 1.27 mmol) and the resulting mixture was stirred at RT overnight (16 h).
Refamsafirmagiieddyith 2 NI HC1 (10 ml) WO 2009/05371659PCT/GB2008/003622 and
stirred vigorously for 30 min. the layers were separated and the aqueous layer was basified to pH 11
with saturated Na2CO3 s@lutisn,. This aqueous mixture was extracted with CH2CI2 (20 mL), the
organic layer was separa‘{f [gﬁqg (Na2S04) and the solvent evaporated to give the title compound as
an off-white solid (300&87 %). 5 6E4(400 MHz, CDC13) 1.44 (t, J = 7.2, 3H), 1.47-1.54 (m, 211),
1.83-1.86 (m, 2H), 2.1 6 (m, 3H), 2.29 (s, 6H), 2.88-2.91 (m, 2H), 3.69 (s, 2H), 3.82-3.85 (m ,4H),
4.30 (hrs,411) 4.32 (g, J = 7.2, 2H). Reference Example 10 10 CN) CI
2-Ch|oro-§=§’lﬂ§ﬂ‘-’§3’(3‘<ﬁ'ﬂ H&Xﬁ%@%ﬂ&fﬁ%‘fﬁ%zin-z-yomethylI-6-morpho|in4-—y1-9H-wine
Prepared in a siritalutianie,daliftdéespnte Bxhg)pictdibgirg 28)pectalB/@be) 5uydyrrolo[1,2-a]pyrazine in
place of 4:dj iInopipekidi ﬁ-’l'F(flSQQ W%as 4 |43, 7- =2.41 (in, 911),
2.77-3.11‘%, 4H ,@FE?E}%A\%@&EO%%’I?& J=14,111), 3%%%%2 %I%u@b%{,ztlg 313%1151%5%%%52_3'85 (m, 4H),
4.24 (br s,eﬂ‘ﬂPPf"é%Wa‘iﬁﬁHQgﬁ‘Qﬂé@ (ﬁ§l§ﬂ£ Wﬁeﬂ_})y column chromatography (50% cthyl acetate —

petrol) to give the title compound as a white solid (3.62 g).
&H (400 MHz, CDCl;) 1.69 -~ 2.21 (m, 6H), 3.80 (m, 1H), 4.21 (m, 1H), 5.78 (dd, ] = 2.5,
15 10.6, 1H), 8.34 (s, I1H).

Reference Example 39

O
/N =N
<N é N)\CI

2-Chloro-6-morpholin-4-yl-9-(tetrahydreo-pyran-2-yl)-9H-purine

20 To a solution of 2,6-dichloro-9-(tetrahydro-pyran-2-y1}-9H-purine (1.0 g) in CH,Cl, (25 mL)
at 0 °C was added morpholine (0.687 g) and the mixture stirred for 0.5 h. The mixture was
then stirred at RT for 2.5 h. The solvent was evaporated and the residue dissolved in CH>Cl,
and washed successively with 1M HC, brine and then dried (MgS0O4). The solvent was
evaporated to yield a white solid (0.97 g).

25 8H (400 MHz, CDCly) 1.64 — 2.19 (m, 6H), 3.79 (m, 1H), 3.84 (t, ] = 4.8, 4H), 4.17 (m, 1H),



20 Reference Example 11 4-Azetidin-1-yl-piperidine To a solution of 4-oxo-piperidine-1-carboxylic
acid tert-butyl ester (1.75 g, 8.88 25 nunol) in dichloroethane (80 mL) was added azetidine (0.6 g,
10.53 mmol) 240 WE/Mtre was stirred at RT for 30 min. Sodium triac&oXABEkdtte (3.9 g, 18.44
mmol) was added and the resulting solution was stirred at RT for 18 h. The reaction mixture was
partitioned between water and DCM and the layers separated. The organic layer was extracted further
WO 2009/53 7 668PCT4&@2008DB3EZR Hh7DEM &y the combined aqueous layers were
concentrated in vacuo. The resultant white semi-solid was suspended in DCM and a saturated
agueous solutlon of NaHCO3 was added. The layers were thoroughly mixed, the organic layer isolated
and the adtieBERMEXEIIARE extracted with DCM. The combined organic layers were washed with
brine, dried (Na2S04) 5 and centrated in vacua to give 4-azetidin-l-yl-piperidine-I-carboxylic acid
tert-butyl ester as a white sol .0 g, 95 %). BOC-deprotection of 4-azetidin-I-yl-piperidine-I-carboxylic
acid tert-butyl ester (4Q0 mg, 1167 mmol) using TFA:DCM (1:4) gave the title compound as a yellow oil
(185 mg, 79%) NMR 8K Iﬁl\—iz, CDC13) 1.04-1.16 (m, 2 H), 1.68 (d, J --- 12.8 Hz, 2 H), 1.98-2.08
(m, 310 H), 2.55 (td, J ii 1,%.6"Hz, 2 H), 3.06 (dt, J =12.8, 3.6 Hz, 2 H) and 3.15 (t, J = 6.9 Hz, 4

H). Reference Example 42 A5
8-(4-Azetidin-hyl-piperidin-hylmethyl)-2-chloro-9-ethyl-6-morpholin-4-y1-9H-purine Prepared in a
similarmammMeﬁ@h&ﬁ@qﬁ%{&&aﬁh@-‘ﬁﬁmmm&Hmﬁmma(RﬁMe Example 11) in
place of 4-dimethy. y M 42 (t,J=7.2,
AY{IBRBIRELHNG ¢ Iﬁ&p%éﬂﬁ)g 19 &JE%AT %2&1. (ébé ?%&é'ghé

3H), 1.68-1.71 (M, 214), 1.98-2.20 20 (m, 5H), 3, 3.69 (s, 2H),
3.82-3.84 ¥A1 mplyap %@%’MOMLR%%@W@@ E?c%lﬂlﬁﬁ ved ify NjEE| (38mL) and the solution’
2-Chloro-Srethydia-1m orplaaliiid -y diBo ténnaaigiphbin: 4-Rupipikidin 2y Met 9 R -pourid; WO

2009/0537166%P%‘%/ oPA 25%08 dOtQS?eZ lémrﬁgeriqﬁg%@%?u{m B S|m|{ar e@gtnggré%ﬁﬁ(ﬁ{%n%xample 9 using
el 2

4 morphollno piper n place o thylaminopiperi
10 (0.31 mL, 3.98mmo!) was added and the solution was s’m'red for a further 1 h then quenched

with water before the mixture was allowed to warm to room temperature. The mixture was
diluted with water and neutralised with HC1 (IM) and extracted with EtOAc (x3). The
organics were dried (MgSO4) and the solvent was removed ir vacuo. The resulting residue
was purified on silica using 0«30% EtOAc in pentane as eluant, to afford the product as a

15 yellow solid (509 mg, 65%). |
'H NMR (400 MHz, CDCl3): 8 1.55-1.92 (m, 4 H), 2.01-2.12 (m, 1 H),2.76 (dq, I = 12, 4 Hz,
1 H), 3.76 (dt, ] = 12, 4 Hz, 1H), 3.85 (1, } = 4.6Hz, 4H), 3.94-4.20 (m, 3H),452—480(m
2H), 6.25(dd, T = 12, 2 Hz, 1H), 9.95 (5, 1 H).

20 Reference Example 41

/ ‘ O

M Lffk)\
8

{1-[2-Chloro-6-morpholin-4-yl-9-(tetrabydro-pyran-2-yl}-9 H-purin-8-yimethyi-
piperidin-4-yl}-dimethyl-amine
Prepared from 2-chloro-6-morpholin-4-yl-9-(tetrahydro-pyran-2-yl)-9H-purine-8-



3H (400 MHz, CDC13) 1.43 (t, J = 7.2, 3H), 1.46-1.57 (m, 3H), 1.85-1.88 (m, 2H), 2.11-2.21 (m, 311),
2.54-2.56 (m, 411), 2.89-2.92 (m, 211), 3.69 (56211)’ 3.73-3.75 (m, 411), 3.82-3.85 5 gm, 4H),
4.25-4.35 (m, B2/ ¥E83tence Example 14 10’ FCT/GB2008/00362
2-(2-Chloro-9-ethyl.-6-morpholin-4-y1-9H-purin-8-ylmethyl)-1,2,3,4-tetrahydroisoquinoline  Prepared
in a similar manner to Reference Example 9 using 1,2,3,4-tetrahydroisoquinoline in place of
4A-dimethytarbatispipie3iAen H 1600 M4thod Brsigdhet. 8x (-G -elfor-8yyloTaomsdine- 411), 3.62 (s,
210). 375507 Koo B4R AR AL Thb BIOSoRBAKIARalo0Z .10 (m, 311).
Reference Example 15 WTh 0 1,NH .2HCI 20 2-Piperazine-1-yl-isobutyramide di-hydrochloride  To
a solutionHFBFEBEIL MEherazinecarboxylate (15.0 g) in dichloromethane (150 mL) and methanol
(150 ml) a3 DywasgdistiHYdDger ciigridE) A8 mis; GHY, 3d6iion iH)IRR e tigr)3.he mixture was

stirred at r. temperagure for u ed v o,yjel

tert-bu yI-I%?i%)l%zm c%%gkﬁzé%ﬁo%?ﬁjﬁ%i_(ggi’;@?@%@é slgggbzr? 7o 4H), 3.86
tert-butyl-§dpbraziifeaBobdlate hydrochloride (17.9 g) in water (200 mL) at room temperature was
added sodium cyanide (3.94 g). A solution of acetone (5.9 mL) in water (20 mL) was then added
dropwise Eng rstirrgg at roo % temperature for 48 hours. The mixture was partitioned between ethyl
acetate a . ined organic layers were rt-inats tuuo iuuaoLe WO
2009/05371662PCT/GB2008/00 washed with brine, separated, dried (MgSO4) and reduced in
vacuo to yield 4-(cyanodimethyl- yl)-piperazine-1 -carboxylic acid tert-butyl ester (17.5 g). Toa
solution of 4-(cyano-dimethyl- W)-piperazine-l-carboxylic acid tert-butyl ester (960 mg) in methyl
sulfoxide (20 inL) at 0 C a gtassium carbonate (104 mg). 5 Hydrogen peroxide (2.0 mL;
27.5 wt % solution in wa Q)wmen added dropwise. The resulting mixture was heated to 40 C
overnight. To the coolegXmixtu as added water and the precipitated solid filtered and dried yielding
4-(1-carbamoyl1-2-meth -ecihyl)-piperazinel-carboxylic acid tert-butyl ester (677 mg). The BOC-group

il e R e s

piperazin-1-yl}-iscbutyramide

2-Chloro-6-morpholin-4-yl-9-(tetrahydro-pyran-2-yl)-9H-purine-8-carbaldehyde (250
mg, 0.71 mmol) and 2-piperazin-1-yl-isobutyramide were suspended in DCE (10mL) and the
mixture was stirred for 1 h. Sodium triacetoxyborohydride (226 mg, 1.07 mimol) was added

15 and the resulting mixture was stirred overnight. The mixture was diluted with water and the
phases were separated using a phase separating cartridge. The organic phase was concentrated
in vacuo and the residue was purified by chromatography on silica using 0-5% MeOH in
EtQAc to elute the product (298 mg, 83%).

M +H]" 507.4
20

Reference Exampie 43
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2-1442- Chlor - IJM %morpholln -4-y1-9H-pnFn-8-yimethyl)- plpera2|n7;6y)&§95hté}‘y(r§%galde
Prepared in a S|m ar manner to Reference Example 9 using 2-piperazine-1-ylisobutyramide

di-hydrochloride (Reference Example 15) in place of 4- dlmethylamlnoplperldlne 20 811 (400 MHz,
CDCI3) 121 s, 611), 1.41 (t, J=7.2, 3112 2.52 (brs, 811} 3.68 (s, 211) %‘ 3,82 (m, 411),
4.23-4.32! éﬁF oFg-rpof Phalin-d- v tetralygiocpyyan £t ﬂ?é'f“ere inple 17 0. 25
5-Fluoro-4efdbd b yietrainehyy-11 3l@rdun@borolan-2-y1)- 1H indole A solution of 5-fluoroindole (5

g, 37.0 mmol) i 40 8 I:;rgl isaphvadridei6id 42.6 nunol).
After 30 min, th%%ggﬁg??nv;\?gl gé)ﬂlfri ﬁﬁ%@%ﬁ% U6 O 2009/053 1663P%T/(gj§2008/003622

into watemhd- THevaslrmy Precipnstonrapmt b kit arerng g2 deen it are!) W& dried in vacua.
The salid sugeibanislissslveehin) 10%/tha qrietis WNa Sirt«@H0 ThARgdama thectedyaoraiidzider 1 h. The

reaction r&%? Ere%thenlf%mea% wﬁéﬁeﬁg ‘?%1%%'1&9& qians-RpdRcisiieq it agheous HCL. The

resulting cipitate was co tratlon washed with 5 water, taken up in

d|chIorom‘éﬂﬁéﬁéted/‘é@hé@WWW&?&hﬁﬁ%ﬂWﬁB@%ﬁﬁiéﬁé’Bﬁ%ﬁ&ﬂﬁt\?ﬁfﬂﬁn%%%uIt|ng material
(59, 75%) QJﬁéQN@QdEh&EH&ﬁﬁQh@Qwﬁmdﬂm&wmmﬁmﬁgiﬁpﬂp@md (2 mL) then
heated at riﬂux ove{gr%lg tlgntw S C oled g resg ? precipitate collected, washed
with water™ ﬁ%jué\/§p Fnvicta g?vee e boxylic acid methyl ester as a
peachécolddreEdIT8.¢4.5 g, 83 %). 10A solutlon of thalllum tris(trifluoroacetate) (8.45 g, 15.6 mmol) in
TFA (35 mL) was added to a solution of 5-fluoro-1H-indole-3-carboxylic acid methyl ester (2 g, 10.4
mmol) in TFA (10 |nL) at room temperature and stirred for 2 h. The reaction mixture was evaporated in
vacua an ue suspended in water (25 rriL) before being treated with a solution of
potassium iodide (5.2 g, 31,3§mmol) in water (50 mL). The reaction mixture was 15 treated with
dichloromethane (100 mL) nd methanol (5 InL) and the resulting precipitate removed by filtration
through celite.  The or ic layer was separated, washed successively with sodium thiosulfate
solution and brine, thendried (MgS04) and evaporated in vacua. The resultant material was dissolved
in methandiPigeridin-anbitebatetkwite 40% aqueous NaOH solution (60 mL) then 20 refluxed for 2 h.

The rgaction mixty %Wﬁ&:&%lﬁ@&ﬁ&%&@ﬁ@@%&@&ﬁé(&ﬁ% Bhil@tino850592 dris(MgS04), filtered
and evaporated in vacuo to rude solid,_Puyr |cat|o W hro gh gave
o fluoro. A TERRN I AL A %m%'imﬁﬂag& ‘lﬁ‘i}%‘ 52 A (@ﬁ‘(ﬁﬂ%ﬁ‘ %T:)Cls) 6.49-6.52
(m, 1H), 6(253apdatentiol), 50="0.4h8 Bsuithg HREHTE. B8 (aw,rai—t)aatﬁrmmm 49%0-
piperidine-1-carboxylic acid tert-butyl ester (2.00 g, 10.0 mmol) was added. The reaction
mixture was stirred at 0 °C for 45 min, allowed to warm to RT, stirred for 1 h and then heated
20 at 70 °C for a further 17 h. The reaction mixture was allowed to cool, then partitioned
between water and DCM. The organic layer was separated, passed through a hydrophobic frit
and concentrated in vacuo. The resuitant residue was purified by column chromatography to
give 4-(1-ethoxycarbonyl-ethylidene)-piperidine-1-carboxylic acid tert-butyl ester as a
colourless oil (1.05 g, 37 %).
25 To a solution of 4-(1-ethoxycarbonyl-ethylidene)-piperidine-1-carboxylic acid tert-
butyl ester (1.05 g, 3.71 mmol) in IMS (15 mL) was added palladium (10 wt. % on carbon,
110 mg) and ammonium formate (saturated solution in IMS, 5 mL). The mixture was stirred
at RT for 36 b, filtered through Celite and the filtrate evaporated. The resulting residue was
partitioned between DCM and water, the organic layer separated, passed through a
30 hydrophobic frit and concentrated in vacuo to give 4-(1 -ethoxycarbonyl-ethyl)-piperidine-1-



25A solution of 5-fluoro-4-iodo-1H-indole (261 mg, 1.0 mmol) in dioxane (1 inL) was treated with
triethylamine (0.2 mL, 1.4 mmol), palladium acgéate (4.5 mg, 0.02 mmoé)) and
bis(cyclohexyBhHeHRAB2-biphenyl (28 mg, 0.68 mmol) then heated td 8O'CEAY 81 Han of
pinacolborane (1 M in THF, 2.66 mL, 2.66 nunol) was added via syringe. After 30 min, the reaction
mixture was cooled, then diluted with water (10 znL) and DCM (10 mL). The 30 resulting mixture was

passed theathemdiptridiesdparssioneasriagaessd (hdtsAfbroristranstiayef dfls evaporated in vacua

to obtain thg e campaundwhichnnes baedyithaub ferhatypigriicaton, stbi mkfolyd:tIVULI If J 014 WO
2009/05371664PCT/G Béé)fﬁ);‘ '

/0036 eference mple,18 . _
1-(tert-8umﬂﬁ%ﬁ1§krgi %%?ﬁ&?é??ﬁ-slﬂl 8%"?%%é‘g?uﬁésﬁpé?@:]ﬁjl%%giﬁ%8%1%1?3(5?09, 0.222 mol)
in anhydroUSFTidpiaREAhyIbgBona d. 68 ddd Sedmmobyaridé (’GO%SWWW%@I oil, 10.22 g,
0.255 mol}RAIPRYNISEARS Rraintaining Hesaoltiondhf Gailb & eastienmisiyg was stired at 0 C for

20 min, then a solution of tert-butyl-chlorg-dimethyl-silane (40.15 g, 0.2 ol) in anhydrous THF (20
mL) was dedidioRr s i &t Ea PR AP @Waﬂﬂ‘é’?’g?c‘ﬁ%ﬁ%ﬂgﬁr?wé?ﬁ%ﬁed into H20 and

the layers mppatated qltnehad uéhustaysrdwasaeidat acte ENh EtOagamivdayes wossoastdO organic
layers Weé?a&%&%@pg;?&%@rsgﬁ&&%@sﬂmﬁ&ﬁ%&é&mam& igsHlamigesidneasingiified by column
y (sili€a g€

chromatograp , cyclohexane:DCM 100 % to 50:50) to provide the title compound was
obtained d§s4eoid Gk vz gdded ap pURAVRRIGEMERTHE 1426 B8b [he Eiuiiveo, (s, 911),
6.58 (g, It wadhekted )0 6CBBGOR, (hen hild)yel 23:a] bR B, Aiked vk HpQR4xd.29 (in, 1 H) and
741 (m,1H), 1 f ce. Example,19.H -(1ekt- l-dimethvisilaest) Ridluoro-1H-indo1-4-yll
boronic aclc 8‘%“%(%&%% g;n 15 g?ﬁ%d%gﬁ%%%ﬁiﬁ?#%%%ﬁoro-%@h%ole (édﬁcl)gg, 0.12 mol) 20 in
anhydrousERiRc(GEOVasLSFREAtedaprices Rnqurhya AdieaRaBIn {fie BgI ENRSERTFIeN 36 6PHRL, 0.241 mol)
and a soluiion Af ScamodlJithinem {1 M ipisadahexoneoddit ild @r28diynenelastbn dlirfge The resulting
mixture was sti at -78,C for 2 h, then thisopropyl.harate (37.5 mL, 162.7 nunol). was added
dropwise. 8[ {é?sﬂ’iﬁ%j 3 T&Ygrrmgvf’/taegs ’tirPe%jsg(t?tg-nf’é) \éf?c%&c@rmolx,' et Iics)%vthgﬁ tg%l)é%eto -20 C. An

aqueots sblatiorx gfcHOA Ry BTeri{l ] 1vas 2d6ceraidiBYHE(H8sulinghaddete was poured into
1120. Th e&?&f@éﬁ%ﬁéﬁsﬁ@f’g@?ﬁ aRch i) arRtbRaHSAYRIasIE d Wi Gad MATOMbINed organic
layers we r(el %E)I?g%(llvggmxgo@ %erlg rce:s%?t(i:r?gngggge I\Qras stirred at RT for 18 h, then partitioned
between EtOAc and an agueous solution of HCI (1 M). The organic layer was separated and
dried (MgSOy), then concentrated in vacuo. To a solution of the resultant residue in DCM (5
20 mL) was added TFA (3 mL) and the resulting mixture stirred at RT for 3 h. The reaction
mixture was loaded onto an Isolute® SCX-2 cartridge, washed with MeOH then eluted with 2
M NH; in MeOH to give the title compound as a pale orange solid (122 mg, 25 % over 2
steps). -
'H NMR (400 MHz, CDCL): 6 1.14 (s, 6 H), 1.27-1.39 (m, 2 H), 1.63 (m, 2 H), 1.70-1.79 (m,
25 1H), 1.99(bs, 1 H), 2.59-2.67 (m, 2 H), 3.18 (m, 2 H), 5.44-5.67 (bs, 2 H).

Reference Example 45



WO 2009/05371665PCT/GB2008/003622 vacuo. The resultant yellow.sqlid,washen crysialiised from

DCM and cyc ive the title compoufpd as a white solid (25.0 g../d 20} NMR (400-MHz,
CD30D): 8 Oé%g(%ﬁ%oﬁg .92 (s,9H),6.51(d, J=3.2Hz, 1 H), 6.79- 6.90 /(m, 1 Hﬂ), 7.30-7.36 (m, 1 H)

and 7.54 (dd, J =9.0, 4.6 Hz, 1 H). 5 Reference Example 20 0 ) 2-Chloro-6-morpholin-4-y1-9H-purine
To a solution of 2,6-dichloro-9H-purige (5.0 g, 26.46 nunol) in water (100 mL) was 10 added
morpholine (6.9 mL, 79.37 mmol). h%resulting mixture was heated at reflux for 15 min, and then
allowed to cool to RT. The resultant#hite precipitate was collected by filtration and washed with water,
MeOH and EtOH, then dried at 4 ﬁmw h to give the title compound (6.26 g, 99 %). IFINMR
(400 MHz, DMSO-d6): 5 3.4 (m %\4;18 (m, 4 H), 8.16 (s, 1 H) and 13.24 (bs, 15 H). Reference
Example 21 0 C) 2-Chlokp-9-ethyl-6-morpholin-4-y1-9H-purine 20To a solution of
2-chloro-6-morpholin-4-yIN9H-purine (304 mg, 1.27 mmol) in DMF (6 mL) were added bromoethane
(284 gL, 3.81 mmol) an dium hydroxide (152 mg, 3.81 mmol). The reaction mixture was heated at
150 C for 2 h, then allow®d to cool to RT. The reaction mixture was partitioned between water and

DCM, the jayRiérsepRL@adamnbibaatdarus ippRierign Lsthestkyiaatty Mtndiit-de combined
organic fra%%]s were washed 25 with water, dried (Na2S0O4) and concentrated in vacua to give the
title compdund 25 & yellow solid (210 mg, 80%). 1/bil LULIII / ullabLz WO

2009/05371666FCT tBx0E/doBore gtk peothalipd EHE payng-§-seppldehydy 489, 3 H), 3.79-3.85

(M, 4 H), 4u}304BauiBt) G hrend simid (ashdded 4-(3,3-difluoro-azetidin-1-yl)-piperidine (130
mg, 0.74 mmol). The mixture was stirred at RT for 1 h then sodium triacetoxyborohydride
(200 mg, 0.92 mmeol) was added and stirring was continued for 17 h. The reaction mixture
was added to water and loaded onto an Isolute® SCX-2 cartridge. The cartridge was washed
with MeOH before the product was eluted with 2 M NHj in MeOH. The resultant residue was

10 purified by column chromatography to give the title compound as a yellow oil (270 mg, 97

%)
[M +H]" 456.4

Reference Example 46
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HENJL’N
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2-(2,2-Dimethyl-piperazin-1-yi)-acetamide ‘
To a solution of 3,3-dimethyl-piperazine-1-carboxylic acid tert-butyl ester (0.55 g,
2.57 mmol) in acetonitrile (10 mL) were added 2-bromoacetamide (0.42 g, 3.08 mmol},
potassium carbonate (1.06 g, 7.70 mmol) and tetrabutylammonium iodide (95 mg, 0.257
20 mmol). The reaction mixture was heated at 60 °C for 18 h, then concentrated in vacuo. The
resulting residue was partitioned between DCM and water. The organic layer was separated,
dried (Na,S0y), and concentrated in vacuo to give 4-carbamoylmethyl-3,3-dimethyl--
piperazine-1-carboxylic acid tert-butyl ester as a cream solid. 4-Carbamoylmethyi-3,3-
dimethyl-piperazine-1-carboxylic acid tert-butyl ester was subsequently BOC-deprotected by
25 using the general method to give the title compound as a white solid (0.43 g, 97 %).
M+H]" 172.1



Reference Example 22 5 2-Chloro-9-etby1-6-morpholin-4-y1-9H-purine-8-carbaldehyde . _ To a
solution of 2-chIoro-9-ethyl-6-morpholin-4-y1-9%-purine (7.27 g, 27.0 mm(%p and TMEDA (6.1 mL, 406
mmol) in anhy¥ftt&PRIE{200 inL) was added a solution of n- 10 BuLi iRSFITE2P248RF?45.1 mmol, 37.9
mm') at -78 C. The resulting mixture was stirred at -78 C for 1 h, then anhydrous DMF (3.8 mL, 48.7
mmol) was added drop-wise. The reaction mixture was stirred at -78 C for 1 h, then partitioned

eBigneg dizamaled{ltion of NC! (0.1 M) and DCM. The organic layer was separated and dried
(Na2S04), then concentrated in vacuo. The resultant residue was purified by column chromatography
to give the title 15 compouné—a a cream solid (6.02 g, 75 %). [M + Hr 296.1 Reference Example 23 0
HO JN NThrti 20 (2-Ch|§§¢9te yl-6-morpholin-4-y1-9H-purin-8-y1)-methanol  To a suspension of
2-chloro-9-ethyl-6-morpfpolin-4-y1-9H-purine-8-carbaldehyde (1.18 g, 4.0 mmol) in 1MS (20 mL) and
THE (20 mL) was added sodium borohy rid%élS mg, 4.0 mmol). The reaction mixture was stirred at
RT for 90 fritf-Prth-DAmE Ut RIBE VA 215 Iting residue was partitioned between EtOAc and a
saturated aqueoBssotdtioroREngtiNhEIBERd Thel drgarpeetmyaionat BEarharedahd washed with brine,

then drjed e%%w 1) RRELEARGE RAIRAIMVRaHR IRy BB e copRAW AR Whe solid (1.20 g, 99
%). W%) ZPO 9/0537%@67PCT/GBZ€%%8%3622 [hﬁglt—}l{?zgs.s Refereﬁ%e E)ia,m le 252 CN) BrNN lesci 5

8-13romo R PIoce Richd- S BE e RTBERGAFAR TG E2B A P ASIE pFiH of
(2-chloro-Qeetpyira-wargthaikinabsyd videpulid 38§ hygnedthianol (1.20
'H NMR (400 MHz, CDCls): § 0.99 (d, J= 5.3 Hz, 6 H), 2.35 (bs, 1 H), 2.39-2.50 (m, 4 H),
2.83-2.93 (m, 2 H), 3.07 (s, 2 H), 6.47 (bs, 1 H) and 7.29 (bs, 1 H).

10

Reference Example 48
0
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2-[4-(2-Chlore-9-ethyl-6-morpholin-4-yi-SH-purin-8-ylmethyl)-2,2-dimethyl-piperazin-
1-yll-acetamide

15 Prepared according to the method used in the preparation of 2-chlorou8—{4~(3,3-
difluoro-azetidin-1-yl)-piperidin-1-yimethyl]-9-ethyl-6-morpholin-4-yl-9H-purine using 2-
(2,2-dimethyl-piperazin-1-yl)-acetamide in place of 4-(3,3-diflucro-azetidin-1-yl)-piperidine.
The title compound was obtained as a yellow solid (290 mg, 95 %).
[M+H]" 451.2

20

Reference Example 49




g, 4.0 mrnol) in DCM (50 mL) were added carbon tetrabrornide (1.59 g, 4.8 mmol) and
triphenylphosghing, {1368, 5.2 nunol) at 0 C. the reaction mixture wasgtiiegh@kBeSsfor 4 h, then
partitioned between DCM and brine. The organic layer was separated and washed with to brine, then
dried (Na2S04) and concentrated in vacuo. The resultant residue was purified by column
chromatography to give the tittle comgound as a white solid (1.24 g, 86 %). [M + Fir 360.2 (79130 and
362.2 (81Br) Reference Example 25 1% ) F"'cli 4-(3,3-Difluoro-azetidin-1-yl)-piperidine  To a solution
of 4-oxo-piperidine-I-carboxylic acid #rt-butyl ester (1.0 g, 5.0 mmol) in DCE (50 mL) was added
3,3-difluoroazetidine hydrochlori mg, 5.5 mmol). The 20 mixture was stirred at RT for 15 min,

then sodium triacetoxybor ride (&%%g, 7.5 nunol) was added and stirring was continued for 17 h.
The reaction mixture was diluted

ith brine and extracted with DCM. The organic layer was separated,
dried (Na2S04) and cgateptrated in vacuo The resultant residue was purified by column
chromatography to give 42[3,3- difluoro-azetidin-l-y1)-piperidine-1-carboxylic acid tert-butyl ester as a

pale yellog &‘.‘ﬂl&}0-29-?e?ngl-ﬁﬁn%i)phmé‘né-?i&&i%?ﬂ%@lﬁi%%&%g@%%iwé%]HL‘&E&L@U‘e'1'Carb0Xy|iC

acid tertbutyl ester (552 mg, 2.0 mmol) in DCM (4 mL) was a mL) and the resulting WO
2009/053?28668PCT/GB2008/003622 mixture was stirred at RT for 45 min. The reaction mixture was
loaded onto an Belied yoeXdarlitgehwhsie thwitpMeditichef 2hilerb\sifh-& 8 NH3 in MeOH to

give the title,compound as a pale.yellow solid. (2 ’;u]“mgﬁ_ 794). 1. NM C13): 8
2 16.127 %‘,"’é"F%eﬁE&?i’.’ﬁiB iﬂ?f’g’ﬁi'yzl’%%{%].% (. 1 %‘?'é%’ %‘2%?%%‘?@“%%%%, 1=12.7,3.9
Hz, 2 H) dhrrssBoizidasnsiqnefientacsiid Benifromezptidin-lyRipprsdpetidin s/ 1)-piperidine
10Preparggnaferaiiing dsrihrdasthosis seEdi R thengrepasption of 4-(3,3-difluoro-azetidin-

1-y1)-pipeti !pﬁ u%%gﬁ-fluoroazetidine in place of 3,3-difluoroazetidine hydrochloride. The title
compound was l)b alhed as a colourless oil (180 mg, 39 %). 1HNMR (400 MHz, CDC13): 8
1.13-1.24 (in, 2 H), 1.64 (dd, J = 12.6, 4.3 Hz, 2 H), 2.16-2.23 (m, 1 H), 2.82-2.91 (m, 2 H), 3.01-3.14

(M, 2 ), ke Eingid s 3.78-3.95 (m, 2 H), 5.10 15 (m, J = 55.8 Hz, | H). Reference Example 27
0
)
~T
Q Q NTTol
O
° .

1-[1-(2-Chlore-9-ethyl-6-morpholin-4-yi-9H-purin-8-ylmethyl)-piperidin-4-yli-azetidin-

2-one

Prepared according to the method used in the preparation of 2-chloro-8-[4-(3,3-

15 difluoro-azetidin-1-yl)-piperidin-1-ylmethyl]-9-ethyl-6-morpholin-4-yl-9H-purine using 1-
piperidin-4-yl-azetidin-2-one in place of 4-(3,3-difluoro-azetidin-1-yl)-piperidine. The title
compound was obtained as a pale yellow oil (281 mg, 93 %). '

[M +H] 434.3

20 Reference Example 51




0 te- 1-Piperidin-4-yl-azetidin-2-one 20To a solution of e
4-(2-methoxycarbonyl-ethylamino)-piperidine-1-carboxylic acid tent- butyl ester (3.4 g, 12.0 mmol) in
anhydrous THEOZSYATF Yas slowly added a s8fution of methyl magnesRif BR3MIE M diethyl ether (3
M, 6 mL, 18 mmol) at 0 C. The reaction mixture was stirred at O C for 3 h, then allowed to warm to RT
and stirring was continued for 72 h. The reaction mixture was concentrated in vacuo and the resulting
residue was 25 partitioned betwetjg"j:OAc and an aqueous solution of ammonium chloride. The
organic layer was separated and ed with brine, then dried (Na2S0O4) and concentrated in vacua.
The resultant residue was purifi golumn chromatography to give 4-(2-oxo-azetidin- 1-y1)- WO
2009/05371669PCT/GB200 2piperidine-I-carboxylic acid iert-butyl ester as a pale yellow oil
(598 mg, 20 %). To a solgtiol o 4-(5-oxo-azetidin-l-yl)-piperidine-l-carboxylic acid tert-butyl ester
(595 mg, 2.34 mmol) in R (6 mL) was added TFA (2 mL). The resulting mixture was stirred at RT
for 1.5 h, then concentrated in vacuo. The resultant residue was loaded onto an 'solute(r) SCX-2 5
cartridge, washed withetMeOH then eluted with 2 M NH3 in MeOH to give the title compound as a pale
yellon SOGaRR 3K BYAAA DM IAARMER, SRR Bl Wby 430 (00 ) 126
3.7 Hz, 2 H), 2.54-2.6/(m, 2H), 2.86 (t, J = 4.0 Hz, 2 H), 3.10 (dt, J = 12.6, 3.5 Hz, 2 H), 3.22 (1, J =
4.0 Hz, 2 M} B8888:66 (m, 1 H). 10 Reference Example 28 --"ko OAN 0 ‘
H-(Methoxy-metigpaadercoedia)-t- hethithethylddahapigasidiet Deltidrestés-13a solution of

2-tert-Qutoxycarbonylaming-2-methyl-propionic aci 5. - .

A Efl‘ggz%%%%%s%e%ﬁrﬁaﬁ%ﬁ%ﬁé’%%%&m e added
N,0-dimetfiytyenesiditaiiherinpaitienia niree @043 -t8nererasssidisr v batpRiidininEhedle mL, 287.0
mmol) at QdmpditRl eaUItnELeY ePERERNIRNH0TaE 88 RY. for 70 h, and then partitioned between water

and DCM Thfﬁﬁf%?gi& layer was separated and washed with brine, then dried (MgSO4) and
concentra% inYacuo. The resultant residue was 20 purified by column chromatography to give the

titte compound as a colourless oil (12.2 g, 50 %). NMR (400 MHz, CDC13): 8 1.44 (s, 9 H), 1.54 (s, 6
H), 3.2 (RefelhcsEi@idsidsh) and 5.24 (bs, 1 H). 25 Reference Example 29

)

)
Y
/_QN) Q NACI

HN O
—
0

$-(2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl}-1-oxa-4,9-diaza-
spiro{S.5lundecan-3-one
Prepared according to the method used in the preparation of 2-chloro-8-[4-(3,3-
15  difluoro-azetidin-1-yl)-piperidin-1-yimethyli}-9-ethyl-6-morpholin-4-yl-9H-purine using 1-
oxa-4,9-diaza-spiro[ 5.5 Jundecan-3-one in place of 4-(3,3-difluoro-azetidin-1-yl}-piperidine.
The title compound was obtained as a white solid (280 mg, 89 %).
"H NMR (400 MHz, CDC1): 8 1.39 (t, J= 7.1 Hz, 3 H), 1.59 (m, 2 H), 1.91 (m, 2 H), 2.48
(m, 2 H), 2.58 (m, 2 H), 3.22 (s, 2 H), 3.69 (5, 2 H}, 3.79 (t, } = 4.7 Hz, 4 H), 4.14 (5, 2 H),
20 4.22-4.31 (m, 6 H) and 5.87 (bs, 1 H).

Reference Example 53




(1,1-Dimethy1-2-oxo-ethyl)-carbarnic acid tert-butyl ester WO 2009/05371670PCT/GB2008/003622
To a solution of [1-(methoxy-methyl- carbamoy 1-methyl-ethyl]lcarbamic acid tertbu tyl ester (8.4 g,
34.1 mine!) in"SARYHBEE T HF (150 mL) was agded Super Hydride(r) drHWigE4E. 4?538 The resulting
mixture was allowed to warm to RI over 30 min, and then stirred at RI for 1 h. An aqueous solution of
citric acid was added, the mixture was 5 concentrated in vacuo and the resulting residue partitioned
between water and EtOAc. The org lec layer was separated and washed with brine, then dried
(MgS04) and concentrated in vacug- The resultant residue was purified by column chromatography to
give the title compound as a W id (4.36 g, 68 %). NMR (400 MHz, CDCI3): 5 1.33 (s, 6 H), 1.44
(s, 9 H), 4.96 (bs, 1 H)an Q, & % 10 Reference Example 30

(2-tert-Butoxycarbonylamjno»2- f:pet yl-propylamino)-acetic acid methyl ester To a solution of
(1,1-dimethy1-2-oxo-e -carbamic acid tert-butyl ester (0.66 g, 3.52 15 mmol) in DCE (40 mL) was
added glycine methyl esteirmydrochloride (0.93 g, 7.41 trunol). The resulting suspension was stirred at

RT for 30 um b QS ‘ gg[pﬁk] M%ﬁ%ﬁ 1 he resulting white
suspensio{n</vas Krred (ngl?orr%gé n&'ﬁgg%k par'f%u%ﬁ%%%ﬁ ena saturated aqueous solution of
NaHCO3 a¢id |dgiec. The organic layer was separated and washed with brine, then dried (MgSO4)
and concentratepképa?& M&S@Mﬁn@' M@Wd@ﬁi%@%w&mdmycﬁqugmatography to give

the t|tIe compound urless,oil (O 80 DClB .81.29 (s, 6 H),1.44
(s, 9 HJ, 1° & 44° m§ § 84 feP ?ﬁ? b i3 ?tgy %‘7@1 ‘lﬁg &‘é {)P SIl-rllf 25 Reference
Example Pipe6Enbifrmathytpiperidzmidegnelace Afédlhﬁtﬂqﬂeprwazetldm«i yl)-plpendme The

(2-tert-butgpy Dyderaingdnaeibylvepyianine meeticogcid methyl ester (0.8 g, 3.07 mmol) in
DCM (20 mL) and TFA (5 mL) was stirred at Rl for 90 mm. The WO

2009/053 Y67 EP AP¥3B2008/003622 reaction mixture was concentrated in vacuo, then azeotroped
with toluene to glve (2-amino-2- methyl-propylamino)-acetic acid methyl ester as a colourless oil. A

solutiQp ob(4=AmiDe: 2 metay!- propylamino)-acetic acid methyl ester in 1MS (6 mL) and NH40H (2
T a tRT for 90

mL) was stirred a min. The reaction mixture was concentrated in vacuo, then azeotroped
with 5 toluene. The resultant white sglidiwas used in subsequent reactions without further purification
(100 %). IHNMR (400 MHz, CDC13)™871.27 (s, 6 H), 2.78 (s, 2 H), 3.43 (s, 2 H) and 6.76 (bs, 1 H).

~ N
__{*’N{ NToNT el
o N
th?_/
2-[(c:s}-4-(2-Chloro»9~ethyl~6—morpholm—4~yl~9H-pnrm—s-ylmethyl)-z G-dimethyl-
piperazin-I-yl]-acetamide
Prepared according to the method used in the preparation of 2-[4~(2-chloro-9-ethyl-6-
15  morpholin-4-yl-9H-purin-8-ylmethyl}-piperazin-1-yl}-isobutyramide using 2-((cis)-2,6-
dimethyl-piperazin-1-yl)-acetamide in place of 2-piperazin-1-yl-isobutyramide. The title
compound was obtained as a white foam (300 mg, 76 %).
IM+H] 451.2

26 Reference Example 55



Reference Example 32 0yOt- ). N OH 10 ci e e e e e
(R)-4-(2-ChIoro-acetyl%—S-hydroxymethyl-piper zine-1-carboxylic acid tert-butyl ester ~ To a solution
of (R)-3-hydro\y§)rﬁ‘5‘ﬁjﬂ7 -E)‘if)erazine- 1 -carboxyF?é acid tert-butyl ester (75{5: Tr#;g%ﬁé/ Gﬁg%ﬁol) in DCM (20
InL) was added triethylamthe (1.53 mL, 11.04 nunol). The resulting mixture was cooled to 0O C before

the dropwise addition of chloroacetél chloride 15 (325 uL, 4.05 trump. The mixture was warmed to RT

and stirred for 5 h. The reaction miXtyre was partitioned between a saturated aqueous solution of

NaHCO3 and DCM and the aque layer extracted with further DCM. The combined organic fractions

were dried (Na2S04) and concg d in vacuo. The resulting residue was purified by column
chromatography to give t N1’|f|'é nd as a colourless oil which was a mixture of 20 retainers (710

mg, 66%). 11-1NMR (40 M)-Iz,kCDClS): 8 1.48 (s, 9H), 2.80-2.92 (m, 111), 2.95-3.10 (m, 211),
3.34-3.44 (m, V211), SGQQ“B/M (m, 21/2H), 3.96-4.16 (m, 31/2H), 4.22-4.30 (m, 1/2H), 4.32-4.40 (m,
1/211) and 4.63 (bs, '1/219)! 25 Reference Example 33 C N A,,A) 0 WO
2009105371672PCT/GB2008/003622 (R)-4-0x0-hexahy dr o-py r

azino[2,1-¢l{1,41azazing-8-carhoxylic,acid tert-butyl estar _soluti . .

(R4 (- S R SRS S S el 0 SR piperaive: g, 2.5
mmol) in Trearieeviin jcid GrehatybestRsd potassium tertbutoxide (326 mg, 2.91 mrnol). The resulting
mixture was stirigehipéd’R idaione theaddilanief pepiicreidAD@-2Ldhidheraayitdrig mixture was

partitioned between w, and DC the aqueous. layer extracted.with,.further DCM. The combined
organi¢ 4B %?%‘3%16} ?M%&?ﬂ% %%%c%ﬁfgrelgélgﬁi %aéﬂlc%%"elgr U ﬁ?]%)rr%)s%ue was purified
by colummpiphrarnatbgrephylio agiddahduiveesonipplaetiof s -aiporsintésd-sitEyamds- 91%). 11-1 NMR
(400 MHZzREIRL B A8 §51u2ied a2 Bfish bl & 38 $1342H), 2.78-2.89 (m,

M -56 + H]" 451.4

10 Reference Exarmple 56
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2-{(S)-4-(2-Chloro-9-ethyl-6-morphelin-4-y1-9 H-purin-8-yimethyl)-2-isopropyl-
piperazin-1-yl]-acetamide

To a solution of (S)-4-(2-chloro-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl)-2-

15 isopropyl-piperazine-1-carboxylic acid tert-butyl ester (340 mg, 0.67 mmol) in DCM (25 mL)
was added TFA (5 mL) and the solution was stirred at RT for 2.5 h. The reaction mixture was
loaded onto an Isolute® SCX-2 cartridge, washed with MeOH then eluted with 2 M NH; in
MeOH to give 2-chloro-9-ethyl-8-((S)-3-isopropyl-piperazin-1-ylmethyl)-6-morpholin-4-yl-
9H-purine as a yellow oil. To a solution of 2-chloro-9-ethyl-8-((S)-3-isopropyl-piperazin-1-

20 ylmethyl)-6-morpholin-4-yl-9H-purine in DMF (25 mL) were added 2~bromoacctamide (277
mg, 2.0 mmol) and potassium carbonate (277 mg, 2.0 mmol}. The resulting mixture was
heated at 65 °C for 27 h, then allowed to cool to RT. The reaction mixture was partitioned



10 11-1), 3.48-3.58 (m, 2H), 3.96-4.10 (m, 3H), 4.14 (d, J = 16.2 Hz, 1H), 4.20 (d, J = 16.8 Hz, 1H) and
4.57 (m, 1H). Reference Example 34 Lb 15 (R);Hexahydro-pyrazino[2,1- In:4-one  Toa
solution of (R)‘{vﬂ%?(egfﬁsé’;]aﬁhydro-pyrazino[Z,1-0)%_1',4]oxazine-8-carboxyljig8jc£|(1; %i}ﬂg-@étggﬁester in DCM
(5 mL) was added TPA (1 mL). The resulting mixture was stirred at RT for 2 h then concentrated in
vacua. The resulting residue was azeotroped with toluene then purified by SCX column to give the title
compounEY % %W{Gﬁ‘ﬁﬁ,g%%??’mﬁW%WWW%UB%@@Q%%SS (m, 1H),
2.59-2.76 ((a, Rb1), BAGhQB (a2 )edb B 3i60 thenithd thn3pBdnd B2 friljolt-Hil 4230 1w, 261) and 4.42-4.48
(m, 1H). Reference Example 35 C N 25 (R)-Octahydro-pyrazino[2,1-c][1,4Joxazine To a solution
of (R)-hexahydro-pyrazino[2,1-e][1,4loxazin-4-one (60 mg, 0.39 mmol) in dioxane (5 mL) was added
LiA1114 (IEBNR (40036 SFDRITH 86 (b Tesultily AR f83 (4 mehlddzat 80, &48£12)5°h before the

addition ofIPERH )5 M dfoliewech by asatipiat WO 2009/0587467 3R QT B20QS/P03622 aqueous
solution of Na2504 (émL . Further Na2S04 Wwas \Egg%%apg%ﬂée rg?s_‘%}inrg %@t%esf\iﬁ%eied through
Celite, Wa's"Hiﬁa Ere Bloako118 fshitg fesitrde a2 Farificer 3§9\I (go UMnto'give the title
compound-ds7 atr.ol HAGH 22534 .3 3%). 6 FDHS M8/Bs (460 Mz 1C0£131).82.17-2.30 (m, 2H), 2.36-2.47 (m,
2H), 2.61 (d, J = 11.9 Hz, 5 1H), 2.69-2.79 (m, 2H), 2.92-2.99 (m, 2H), 3.23 (t, J = 10.3 Hz, 111),

3.61-3.75 (m, 2H) and 3.79-3.87 (m, 1H). Reference Example 36 CN) 10
2-ChIoro-éﬁ%@ﬁ%&ﬂ%ﬁ&inA-yl-gH-purine-8-carba|dehyde To a solution of
2-chloro-9-methyl-6-moipholin-4-y -purine (1.0 g, 3.9 mmol) in anhydrous THF (25 mL) was added
dropwise a solution of LIHMDS in ﬁ;(l.o M, 5.9 mL, 5.9 mmol) at -78 C. The resulting mixture was
stirred at --78 C for 1 h, then anhydr IS DMF (2.3 mL, 30.3 mmol) was added drop-wise. The reaction
mixture was stirred at -78 C 15-6r 5 min, then 30 min at RT. The resulting mixture was cooled down
to 0C and quenched with @r?jr, partitioifed between a cold aqueous solution of HCI (1.0 M) and DCM.

The organic layer was sepHrated and dried (Na2S04), then concentrated in vacuo to give the title
compound as an orang¢ sylid (1.12 g, 99 %). [M + Hf 282.0 20 Reference Example 37
o

10
2—Chloru—9»ethyl—6-morpholin-4-yi-8-[4-(tetrahydro;pyran-4-yl)—piperazin—1-ylmethyl]-
SH-purine

Prepared according to the method used in the preparation of 2-[4-(2-chloro-9-ethyl-6-

morpholin-4-yl-9H-purin-8-ylmethyl)-piperazin-1-yl}-isobutyramide using 1-(ietrahydro-

15 pyran-4-yl)-piperazine in place of 2-piperazin-1-yl-isobutyramide. The title compound was
obtained as a white foam (568 mg, 96 %).
[M +HJ" 450.2

Reference Example 58
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4-(2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purip-8-ylmethyl)-6,6-dimethyl-piperazin-2-
one .
Prepared according fo the method used in the preparation of 2-[4-(2-chloro-9-ethyl-6-



N N H2N 244-(2-Chlor0-9-methy1-6-morpholin-4-y1-9H-purin-8-ylmeth }I,) iperazin-1-y11-
isobutyramide 25Prepared according to the megtpod used in the prepﬁ%' \‘@-tng-éhlgré-@éthyl-&
WO 2009105374 BPABEFGB2008/003622 PCTIGB2003/003622
morpholin-4-y1-9H-purin-8-ylmethyl)-2,8-diazaspiro[4.5]de,can-1-one using 2-chloro-9-
methy1-6-morpholin-4-y1-9H-purine-8-carbaldehyde instead of
2-chloro-swtihelis-frdrBHalin-$1metidlipiecssrsiar baiddspus mide e @sidmsitdobutyramide in
place of 2, 8sdiazasniral4, pldeean-hipas.il 18 fillewnampadedrpsueRinpeshawasyetaiesolid (384 mg,
83 %) 5 [M+H] 437.2 Reference Example 38 2,6-Dichloro-9-(tetrahydro-pyran-2-yl)-9H-purine 10A
solution of P& BItHRFBILHNEE2Y §): 3,4-dihydro-2H-pyran (2.76 g) andp- toluenesulfonic acid (0.31 g)
in THF (35Mnt Hivadhzated at 60C for 4 h. The solvent was evaporated in vacuo and the residue
purified by column chromatography (50% ethyl acetate - petrol) to give the title compound as a white
solid (3.62 g). 8H (400 MHz, CDC13) 1.69 - 2.21 (m, 611), 3.80 (m, 111), 4.21 (m, 111), 5.78 (dd, J
= 2.5, 151@&%@%@4?&&%% Example 39 CO)
2-Chloro-6-morpholin-4-y1-9-(tepr@kydro-pyran-2-y1)-9H-purine 20 To a solution of
2,6-dich|oro-9-(tetrahydro-pyranﬁ?ﬁ- 1)-9H-purine (1.0 g) in CH2C12 (25 mL) at 0 C was added
morpholine (0.687 g) and the pi re stirred for 0.5 h. The mixture was then stirred at RT for 2.5 h.
The solvent was evaporated-§nd the residue dissolved in CH2C12 and washed successively with 1M
HG, brine and then drie(él_ g 045. The solvent was evaporated to yield a white solid (0.97 g). 25 8H
(400 MHz, CDC13) 1.6#=¢719'(m, 611), 3.79 (m, 111), 3.84 (t, J = 4.8, 41-1), 4.17 (m, 1H), WO
2009/05371675 4.32 (br s, 4H), 5.44 (dd, J = 2.3, 10.7, 111), 7.93 (s, 1H).
- 2-Chluro-8-(2,2-dimethyl—morpholin~4—ylmethyl)—9—ethyl—ﬁ-morpho!in—4~y1~9H~;mrine
Prepared according to the method used in the preparation of 2-[4-(2-chloro-9-ethyl-6-
10 morpholin-4-yl-9H-purin-8-ylmethyl)-piperazin-1-yl}-isobutyramide using 2,2-dimethyl-

morpholine in place of 2-piperazin-1-yl-isobutyramide. The title compound was obtained as a

white foam (232 mg, 87 %).

'"H NMR (400 MHz, CDCl): 8 1.21 (s, 6 H), 1.42 (t, J = 7.2 Hz, 3 H), 2.27 (5, 2 H), 2.38 (m,

2 H), 3.61 (8, 2 H), 3.67-3.72 (m, 2 H), 3.76-3.81 (m, 4 H), 4.25 (m, 4 H}) and 4.33 (q,] =72

15 Hz, 2 H).

Reference Example 60
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2-Chloro-9-ethyl-6-morpholin-4-yl-8-(3-morphelin-4-yi-azetidin-1-ylmethyl)-9 H-purine

20 Prepared according to the method used in the preparation of 2-chloro-8-[4-(3,3-
difluoro-azetidin-1-y1)-piperidin-1-ylmethyl]-9-ethyl-6-morpholin-4-yl-9H-purine using 4-
azetidin-3-yl-morpholine in place of 4-(3,3-difluoro-azetidin-1-yl)-piperidine. The title
compound was obtained as a colourless 0il (179 mg, 59 %).
M+H] 422.4



Reference Example 40 co) 0 N PCT/GB2008/003622 NA'CI 5 f e U e r v v v v =
2-ChIoro-6-mg\;%?%%4s-%%-9-(tetrabydro-pyrangq’z-yl)-9H-purine-8-carba},%m0m{&§plutio'n of
2-chloro-6-morp oI|n-i-yl-Q-(tetrahydropyran-2-y1)-9H-purine (716 mg, 2.21 mmol) and TMEDA (0.5
mL, 3.32 mmol) was dissolved in THF (20mL) and the solution was cooled to -78C under a nitrogen

atmosphere. n-Butéllithium 52.5M, 1.2 mL, 3.1 mmol) was added dropwise and the resulting yellow
solution or 40 min. DMF 10 (0.31 mL, 3.98mmol) was added and the solution was

stirred for a further 1 h then quenc with water before the mixture was allowed to warm to room
temperature. The mixture was diluteg-with water and neutralised with HC1 (IM) and extracted with
EtOAc (x3). The organics were di gS04) and the solvent was removed in vacuo. The resulting
residue was purified on silica 320-3\0% EtOAc in pentane as eluant, to afford the product as a 15
yellow solid (509 mg, 65%(5.3)1- NMR (@00 MHz, CDCI3): 8 1.55-1.92 (m, 4 H), 2.01-2.12 (m, 1 H),
2.76 (dg, J = 12,4 Hz, EHW38.76 (dt, J = 12, 4 Hz, 111), 3.85 (t, J = 4.6Hz, 4H), 3.94-4.20 (m, 3H),
4.52-4.80 (m, 2H), 6.25%(dd, J = 12,2 Hz, 1H), 9.95 (s, 1 H). 20 Reference Example 41

11-[2-ChlQrg-6-moyfpholin-4-y1-9-(tetrahydrg- =22y 1)-9H-purin=8-yimethylloiperidinA-y11-dimetbyl-
amine Prebe R T B B e anE B RS E BRI
2009/053 pu6irePCT/GB2008/003622 carbaldehyde (330 mg) using the method described for
compoUndwas olaiod ot & st ol (6L i B0 M DG LT 228 (. 12H), 2.32 (
compound was isolated as a clear Qi Z,. 47 -2.21 (m, , 2.32 (s,
61-1), 2.88@1‘1‘3’3?13’5‘%%‘(@”}’%?‘3“.?}(73’?—“?%%g(ﬁ]?“éi%f“@.‘ﬁ °Z%?JB'¥ zg. Iﬂ’ﬂﬁ‘,cé‘.sé‘&?(%, J=13.6, 1H),
4.18 (m, 1Ry, 2-Eidos;tdi)pip@eiainblac di3t-(131difluroRrestdint e Frineplaa T80)

title compound was obtained as a white solid (420 mg, 93 %).

[M +H]" 448.4

10

Reference Example 62

O
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T

Q z N~ Cl
N

L

2-Chloro-9-etbyl—ﬁ—morph01in~4-y!—8-(4—pyrazol—1-yl-piperidin-1~ylmethyl)—9H-purine
Prepared according to the method used in the preparation of 2-chloro-8-[4-(3,3-

15 difluoro-azetidin-1-yl)-piperidin-1-ylmethyl]-9-ethyl-6-morpholin-4-yl-9H-purine using 4-
pyrazol-1-yl-piperidine in place of 4~(3,3-difluoro-azetidin-1-yl)-piperidine. The title
compound was obtained as a white solid (407 mg, 94 %).

[M+H} 4314

20 Reference Example 63




10
2-14-(2-Chloro-6-morpholin-4-y1-9-(tetrahydro-pyran-2-Y1)-9H-Purin-8-ylmethyljpiperazio-1-y1}-isobut
yramide  2-ZRIBSESIHErpholin-4-y1-9-(tetrahydro-pyran-2-y1)-9H-pufifd! -é/%{%%’fﬁé’ﬁyde (250 mg,
0.71 nunol) and 2-piperazin-1-yl-isobutyramide were suspended in DCE (10mL) and the mixture was
stirred for 1 h. Sodium triacetoxyborohydride (226 mg, 1.07 mrnol) was added 15 and the resulting
mixture was stirred overnight. The rC ure was diluted with water and the phases were separated
using a phase separating cartridge.~jfe organic phase was concentrated in vacuo and the residue
was purified by chromatography an_sHica using 0-5% MeOH in EtOAc to elute the product (298 mg,
83%). [M + H]+ 507.4 20 RefgfeR, I;aiaépple 43 ,in, WO 2009/05371677PCT/GB2008/003622
(R)-8-12-Chloro-6-morphofin- -y1\-9-(tetrahydro-pyran-2-371)-9H-Porin-8-y|methylIoctabydro-pyrazino[
2,1-e][1,41loxazine  2;ChI6ro-6-morpholin-4-y1-9-(tetrahydro-pyran-2-y1)-9H-purine-8-carbaldehyde
(259 mg, 0.74 mmol) aad £R)-octahydropyrazino[2,1-e][1,4]oxazine (126 mg, 0.88 mmol) were 5
suspended in DCE (10mL) and the mixture was stirred for 1 h. Sodium triacetoxyborohydride (234 mg,
1.10 mmotyGideraddetyintomperredintting-fit(d-waezekdsd rieridine e Hvas diluted with
water andgfgqahases were separated using a phase separating cartridge. The organic phase was
concentrated in yacua and the resique was purified.by chromatography on,sili sing 0-5% MeOH in
EtOAcC to elute tt?éeﬁ?{)e FEEPEIEY 5%?.01%%%%3% 5 élfgfrrgﬁcggé E}aﬁgﬁéﬁ4
2-Pipefididifluptisaidird rvidieipg fing! sdogdnbidredysoanemhnjar e (Fopsdugpersion in mineral oil,

0.52 g, 13(%?,9}9&113%ﬁéﬁ%&i@ﬂi&m&mm&&mm@mdmme title

2-phosphonopropionate (2.63 g, 11.0 mmg]|) at 0 C. The resulting mixture was stirred for 15 min, then
4-0x0- pipTRARY a5 PR ARAITRIE B {%@s’té‘?gczs%h'“b 10.0 mmol) was added. The reaction
mixture wid stified D C for 45 min, allowed to warm to RT, stirred for 1 h and then heated 20 at 70 C
for a further 17 h. The reaction mixture was allowed to cool, then partitioned between water and DCM.
The organic layer was separated, passed through a hydrophobic fit and concentrated in vacuo. The
resultaht rBSIEGREGEEAMARY by column chromatography to give
4-(1-ethoxycarbonyl-ethylidene)-pipeftdjne-I-carboxylic acid tert-butyl ester as a colourless oil (1.05 g,
37 %). 25To a solution of 4-(1-ethoxygarbonyl-ethylidene)-piperidine-1 -carboxylic acid tert- butyl ester
(2.05 g, 3.71 mmol) in VIS (15 my, s added palladium (10 wt. % on carbon, 110 mg) and
ammonium formate (saturateqq/sdi’g ornin IMS, 5 mL). The mixture was stirred at RT for 36 h, filtered
through Celite and the filtﬁganoraﬁedc.'The resulting residue was partitioned between DCM and
water, the organic layert# ted, passed through a

(o]

1-(2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl)-4-methyl-piperidine-4-
carboxylic acid amide
Prepared according to the method used in the preparation of 2-chloro-8-{4-(3,3-

15 difluorc-azetidin-1-y!)-piperidin-1-ylmethyl]-9-ethyl-6-morpholin-4-y}-9H-purine using 4-
methyl-piperidine-4-carboxylic acid amide in place of 4-(3,3-difluoro-azetidin-1-yl)-
piperidine. The title compound was obtained as a colourless oil (74 mg, 44 %).

[M+H] 422.4

26 Reference Exampie 65




30 hydrophobic fit and concentrated in vacuo to give 4-(1-ethoxycarbonyl-ethyl)-piperidine-1- WO
2009/05371678PCT/GB2008/003622 carboxyli% acid tert-butylester as a colourless oil (1.04 g, 98 %).
To a solution BIUX&/%E#xycarbonyl-ethyl)-piperidine-l-carboxylic acid ErEGERIEAEFA.04 g, 3.64
mmol) in anhydrous THF (15 mL) was added a solution of lithium diisopropylamide (1.8 M solution in
THF/heptane/ethylbenzene, 4.05 mL, 7.29 mrnol) at - 78 C. The resulting mixture was 5 allowed to
warm to 0 C and stirred for 30 min. Methytfodide (5.17 g, 36.44 mmol) was added drop-wise, the
mixture stirred for 2 h and then allowed t rm to RT. The reaction mixture was quenched with water
and extracted with DCM. The organic I as separated, passed through a hydrophobic flit and
concentrated in vacuo. To a solutiqng)f Nr,ésulting residue in IMS (10 mL) was added an aqueous
solution of NaOH (1 M, 20 tnL). {heyregulting Tb mixture was heated at 70 C for 65 h, then allowed to
cool to RI, diluted with H20 and ywashed with DCM. The aqueous layer was then acidified and
extracted with DCM. The orgéﬁi er was separated, passed through a hydrophobic fit and
concentrated in vacua to give 4-(1-carboxy-I-methyl-ethyl)-pipericline-1-carboxylic acid tert-butyl ester
as an orarge-spirhick6Aragy¥8-Moopesid AtepSH-perinsbintiethel-piperidin-4-ylj-
4-(1-carboxx-I-E%%tnhx[-%tpylypiperidine- 15 1-carboxylic acid tert-butyl ester (777 mg, 2.86 mmol) in
DMF (10 rrr’ﬁ_mvas added triethylamine (2.61 g, 25.77 'mop, ammonium chloride %766 mg, 14 32 mmol)
and HATU (1.20Pgraradasemidiys thisathedgedituie prsastivn alz-eleref 18-, then partitioned

between Ei@AGangairanyBiseaaintionnéti@ldLid)-cliheprgrinic Japer passeanarated and dried
(MgSO04), then concentrated. in yacua. To a ign.qf the resultant residue in DCM (5 20 mL) was
e TR e L T TR L o AL Ao e R i R o oadec
onto an IsetapQrE@ obetneddy e colewtrsel aithoMmsH fieh eluted with 2 M NH3 in MeOH to give the
title compwnd}ﬂs &pale orange solid (122 mg, 25 % over 2 steps). NMR (400 MHz, CDC13): 8
1.14 (s, 6 H), 1.27-1.39 (m, 2 H), 1.63 (m, 2 H), 1.70-1.79 (m, 25 1 H), 1.99 (bs, 1 H), 2.59-2.67 (m, 2
H), 3.18 (m, 2 H), 5.44-5.67 (bs, 2 H). Reference Example 45 r uhluc LOUD /U WO

2009/063 RefzareETGRMOBI003622 (1) N. NN N CI FP
2-Ch|oro-8-[4-(3,3-difluoro-azetidin«trj/l)-piperidin-I-yImethyII-9-ethyl-6-morpho|in#4- y1-9H-purine To a

solution of 2-chloro-9-ethyl-6-moipholin-4-y1-9H-purine-8-carbaldehyde (180 5 mg, 0.61 trimol) in DCE
(15 nil.) was added 4-(3,3-dif|uo'5o- etidin-I-y1)-piperidine (130 mg, 0.74 mmol). The mixture was
stirred at RT for 1 h then sodium |ai"/ toxyborohydride (200 mg, 0.92 mmol) was added and stirring
was continued for 17 h, T, eaﬁtjoﬁ nfikture was added to water and loaded onto an 'solute(r) SCX-2
cartridge. The cartridge washed with MeOH before the product was eluted with 2 M NH3 in MeOH.
The resultant residue w‘a‘& to purified by column chromatography to give the title compound as a yellow

oil (270 mg, 97 %). [M + H]' 456.4 Reference Example 46 o . . .
-(2-Chlore-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl)-1-isopropyl-piperazin-2-one

Prepared according to the method used in the preparation of 2-chloro-8-{4-(3,3-
difluoro-azetidin-1-y1)-piperidin-1-yimethyl]-9-ethyl-6-morpholin-4-y1-9H-purine using 1-
15 isopropyl-piperazin-2-on¢ in place of 4-(3,3-difluoro-azetidin- 1-yl)-piperidine. The title .
compound was obtained as a colourless oil (370 mg, 79 %).
[M +H] 422.3

Reference Example 67




1.111,-LN 15 2-(2,2-Dimethyl-piperazin-1-yl)-acetamide To a solutionof . ... ,b . .. .
3,3-dimethyl-piperazine-1-carboxylic acid tert-%tyl ester (0.55 g, 2.57 mmol) in acetonitrile (10 mL)
were added 2*5PdMgaEEt Amide (0.42 g, 3.08 mmol), potassium carboné)tg( %‘3&(’0?.6?6 mmoD and
tetrabutylarinnonium iodide (95 mg, 0.257 20 mmol). The reaction mixture was heated at 60 C for 18 h,

then concentrated in vacuo. The resulting residue was partitioned between DCM and water. The

organic layer was separated, dried SO4), and concentrated in vacuo to give
4-carbamoylmethy1-3,3-dimethylpip ine- 1-carboxylic acid tert-butyl ester as a cream solid.
4-Carbamoylmethy1-3,3- dimethyipipetazine-I-carboxylic acid tert-butyl ester was subsequently

BOC-deprotected by 25 usin Fird Nekaé method to give the title compound as a white solid (0.43 g,
97 %). [M + H1+ 172.1 W 29090\05371680PCT/G132008/003622 Reference Example 47 0 H2N
2-((cis)-2,6-Dimethyl-piperaZin-1-370-acetamide  Prepared according to the method used in the
preparation of 2-(2,2-difnethylpiperazin-1-y1l)-acetamide using
(cis)-3,5-dimethyl-pipeP§g|ne-I-carboxyIic acid tert-butyl ester in place of
3,3-dimethyl-piperazine-1-carboxylic acid tert-butyl ester. The title compound was obtained as a white
solid (283%fgtiemdh]4-(Nimtiopectiiopysarcbrpipeseriol imethgliS-pthg-inmorpholificd 1) 2 39-2 50
(m, 4 H), 2:8892:8848, 2 H), 3.07 (s, 2 H), 6.47 (bs, 1 H) and 7.29 (bs, 1 H). 10 Reference Example 48
CN) O H2N, ClI Prepared according to the method used in the preparation of 2-[4-(2-chloro-9-ethyl-6-
5 morpholin-4-yl-9¥-purin-8-yimethyl)-piperazin-1-yl]-isobutyramide using !-(1,1-dioxo-
thiopyran-4-yl)-piperazine in place of 2-piperazin-1-yl-isobutyramide. The title compound
was obtained as a white solid (291 mg, 85 %).

[M + H]" 498.3

16 Reference Example 68
®
N
T
N Q N"‘\cn
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o
1-(2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl)-piperidine-4-carboxylic
acid ethyl ester

Prepared according to the method used in the preparation of 2-[4-(2-chloro-9-ethyl-6-
15 morpholin-4-yl-9H-purin-8-ylmethyl)-piperazin-1-yl]-isobutyramide using pipen‘dine;-4-
carboxylic acid ethyl ester in place of 2-piperazin-1-yl-isobutyramide. The title compound
was obtained as a white solid (129 mg, 66 %).
M +HJ 4373

20 Reference Example 69



244-(2-Chloro-9-ethy1-6-morpholin-4-y1-9H-purin-8-yImethyl)-2,2-dimethyl- plperazml yll- acetamlde
15Prepared according to the method used in t@? preparation of 2-chloro- 84‘%5
difluoro-azetidiYRRY¥Y5iridin-1-yimethyl]-9-ethyl-6-morpholin-4-y1-9H-pf %fé’ﬁﬂ‘ﬁ”‘fn
(2,2-dimethyl-piperazin-l-yl)-acetamide in place of 4-(3,3-difluoro-azetidin-1-y1)-piperidine. The title
compound was obtained as a yellow solid (290 mg, 95 %). [M + H]' 451.2 20 Reference Example 49
WO 2009/05371681PCT/GB2008/008832

8-(2-Chloro-9-ethy1-6-morpholin-4-y -purin-8-ylmethyl)-2,8-diaza-spiro[4.51decan-3- one
Prepared according to the metzg%;ﬁ:mn the.preparation of 2-chloro-8-[4-(3,3- 5
difluoro-azetidin-I-y1)-piperiding}-y - -6-morpholin-4-y1-9H-purine using 2,8-
diaza-spiro[4.5]decan-3-on Iaé\e of 4- difluoro-azetidin-I-ye-piperidine. The title compound was
obtained as a white soli mg, 74 %5. [M + Hr 434.4 10 Reference Example 50 cow)
1-[1-(2-Chloro-9-ethy1-6-morpholin-4-y1-9H-purin-8-ylmethyl)-piperidin-4-y1Fazetidin2-one Prepared

accordingt eih [ I £R10% AidiRg: -
q%?r}gﬁﬁﬁ} f{iﬁﬁﬂf@%@é@ﬁﬁfﬁé moré???)-li{;] 4-y1- gﬁe&ﬁ%e using 1-

difluoro- az |d|n [~y Eﬁ%c
piperidin-ZipesisiigitcorBetis el Eﬂb‘F‘&s(S"B difluoro-azetidin-1-y1)-piperidine. The title compound
was obtained asraspaial y¢ieinsthABilcongliQBAehdd/ G+ THE ﬁﬂd%efmamb\ﬁxamm@as aWo

2009/0?3 §\%%ﬁ:gtﬁr§g2998//903622

[M + H]' 536.4

Reference Example 70

(_ Y
10 (R)-8-(2-Chlore-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl)-octahydro-
pyrazino|2,1-c]|1,4]oxazine
Prepared according to the method used in the preparation of 2-[4-(2-chloro-9-ethyl-6-
morpholin-4-yl-9H-purin-8-ylmethyl)-piperazin-1-yi]-isobutyramide using (R)-octahydro-
pyrazino[2,1-c][1,4}oxazine in place of 2-piperazin-1-yl-isobutyramide. The title compound
15 was obtained as a cream solid (315 mg, 98 %).
M +H]" 422.2

Reference Example 71
o
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(:) 2-Chloro-9-ethy1-8-(4-(3-fluoro-azetidin-l-y1)-piperidin-1-ylmethyll-6- morpholln -4-371- 9H |-purine
Prepared according to the method used in the Q{eparatlon of 2-chloro-8-[4’ 'é 3°5
difluoro-azetidi2I34Y45i3ridin-1-yimethyl]-9-ethy1-6-morpholin-4-y1-9H- |ﬁ328%51ﬂ&“2??(3-
fluoro-azetidin-l-y1)-piperidine in place of 4-(3,3-difluoro-azetidin-1-y1)-piperidine. The title compound
was obtained as a white solid (260 mg, 85 %). [M + Hr 438.4 10 Reference Example 52 Nfw NN N CI 2
CHNOO (R)-S-(z-Chloro—9—ethyl-6—morpholin—4-yl—9H-«purin-s-ylmethyl)-hexahydro-

9-(2-Chilor, -pa-ﬁ;m(i{ gm&m,ﬁ_ﬁ;@H purin-8- yImethyI) -1-oxa-4,9- dlazasplrop flundecan-3-one
Prepared accordln hod ij tlon of 2- c -(3, 3 1 s
difluoro-azetidinl 5%2)‘?5%6’%?? f][2 8?5?1%??103 %/ﬁé?H purlng’hs’lnd’

oxa-4,9- dmw@mﬁyﬁpﬁdm 8lm¢ﬁbyh p@:@mﬁ%@@ﬁ%@@z@!@@%@%@é@adme The title
COmPOUNG WS EIgT AR AMIE APHLGE0 oy AR MAMMERMIZ. CDCIO) 8 139 (¢
J= 71H2311) 59(m 191m2dH2% 8(m 2H)258(m 2 H), 3.22 (s, 2 H), 3.69 (s, 2 H),
3.79 (t, J m@?‘i‘ﬁd Wﬂslj’b?lil&‘%gs DEPDEPU 364 5, (T @H) and 5.87 (bs, 1 H). Reference Example 53
V ()JJO W2 a97@53841683PCDGE2008/003622 CN) NH,
1-(2-Chloro-9-ethy1-6-morpholin-4-y1-9H-purin-8-ylmethyl)-piperidine-4-carboxylic acid amide

Prepared according to the method used in the preparation of 2-chloro-8-[4-(3,3-
Reference Example 72 ‘

I3

N

e
.

4-(1-Benzyl-piperidin—4-yl)-thiomorpholine 1,1-dioxide

10

To a refluxing solution of 1-benzylpiperidin-4-ylamine (3.98 g, 20.92 mmol) in iso-
propyl alcohol (15 mL} was added a solution of ethenesulfonyl-ethene (2.47 g, 20.92 mmol)
in iso-propy! alcohol (15 mL) dropwise. The resulting solution was heated at reflux for 3.5 h,
15 then allowed to cool to RT and concentrated in vacuo. The resultant residue was purified by
column chromatography to give the title compound as a pale yellow solid (2.93 g, 45 %,).
*H NMR (400 MHz, CDCls): 8 1.51-1.72 (m, 4 H), 1.96 (td, T = 11.6, 2.5 Hz, 2 H), 2.43-2.52
(m, 1 H), 2.95(d, J = 11.6 Hz, 2 H), 3.04 (m, & H), 3.49 (s, 2 H) and 7.23-7.34 (m, 5 H).

20 Reference Example 73
C)

Q

4-Piperidin-4-yl-thiomorpholine 1,]1-dioxide
To a solution of 4-{1-benzyl-piperidin-4-yl)-thiomorpholine 1,1-dioxide (676 mg, 2.19
mmol) in a mixture of glacial acetic acid (5 mL} and IMS (25 mL) was added palladium



5 difluoro-azetidin-I-y1)-piperidin-lI-ylmethy11-9-ethy1-6-morpholin-4-y1-9H-purine using . . .
piperidine-4-carboxylic acid amide in place of %-3(3,3-difIuoro-azetidin-l-yl%—zﬁ)jé)sszpidine. The title
compound wa¥OHEHETEs a white solid (102 mg, 74 %). [M + Hr 408.4° PS8 Example 54 (0)
H,N
2-[(cis)-4-(2-Chloro-9-ethyl-6-morpholin-4-34-9H-purin-8-ylmethyl)-2,6-dimethylpiperazin-1-y1]-acetami
de Preparvirssidsranrpier{S0hamomndss ap TS EIRIPREEN O %D VHEGH ?E‘ﬁ’ﬁi@& 15
morpholinsdeyid-Rir iy &ogenatipipe rarin brydiseberyrdmiet esingcipH(Eis) TAb-

dimethyl-piperazin-l-yl)-acetamide.in pl of 2-piperazin-1-yl-isobutyramide,. The title compound was
obtained A2 Whit xé‘é%ﬂ 153 angfh'%PgE)%mefﬁ@ g@fﬁ%&e erence x‘é"ﬁ%ﬁé’%%agv%o

2009/053 b8 3RS TERR00TI06B 62X-2 cartridge, washed with MeOH then eluted with 2 M NH;
(5)-4-(;-0@mqm%%mfpwﬁmg%ﬂgm&gmg]gb-xg)i_soproPyI-piPerazinel-carboxylic acid
tert-butyl ester Prepared according to the method used in the preparation of 214-(2-chloro-9-ethy1-6- 5
morpholin[Mffrfﬁlﬁ-%arin-8-ylmethyl)-piperazin-1-y|kisobutyramide using
(5)-2-isopropylpiperazine-1-carboxylic acid tert-butyl ester in place of 2-piperazinThyl-isobutyramide.
The title CR@?@:@H&%‘Q’%@@”Q" as a yellow foam (340 mg, 97 %). [M -56 + H]- 451.4 to Reference
Example 56 Hp!
2-1(S)-4,-(2-Chlore-9-ethyl-6-morpbgliny-y1-9H-purin-8-ylmethyb-2-isopropylpiperazin-1-y11-acetantid
e To a solution of (S)-4-(2-chloro-9-etkiy1-6-morpholin-4-y1-9H-purin-8-ylmethyl)-2- 15
isopropyl-piperazine-l-carboxylic gei t-butyl ester (340 mg, 0.67 mmol) in DCM (25 mL) was added
TFA (5 mL) and the solutio S S { RT for 2.5 h. The reaction mixture was loaded onto an
Isolute(r) SCX-2 cartridge, tva e(stwith MeOff then eluted with 2 M NH3 in MeOH to give
2-chloro-9-ethy1-84(8)-3;isppropyl-piperazin-1-ylmethyl)-6-morpholin-4-y1- 9H-purine as a yellow oil.

To a solution of 2-chlor ‘sg:éthyl-84(5)-3-isopropyl-piperazin-l-
o

[

16 2-Chloro-8-[4-(1,1-dioxothiomorpholin-4-yl)-piperidin-1-ylmethyl}-9-ethyl-6-morpholin-
4-yl-9H-purine
Prepared according to the method used in the preparation of 2-{4-(2-chloro-9-ethyl-6-
morpholin-4-yl-9H-purin-8-ylmethyl)-piperazin-1-yl]-isobutyramide using 4—piperidiﬁ-4-yl—
thiomorpholine 1,1-dioxide in place of 2-piperazin-1-yl-isobutyramide. The title compound
15 was obtained as a white solid (665 mg, 82 %).
[M+H]" 498.3

Reference Example 75

o

)
1
N t N/)\CI

o
O
20  1.[1-(2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl)-piperidin-4-ylj-
pyrrolidin-2-one



20 ylmethyl)-6-morpholin-4-y1-9H-purine in DMF (25 mL) were added 2-bromoacetamide (277 mg, 2.0
mmol) and potassium carbonate (277 mg, 2.0 mmol). The resulting mixife ®ds hicatéd“at 65 € for 27
h, then allowe93¥88F I RT. The reaction mixture was partitioned WOQPCT/GB2008/003622
2009/05371685PCT/GB2008/003622 between DCM and water. The organic layer was separated,
washed with water and dried (Na2S0O4), then concentrated in vacuo to give the title compound as a
yellow oil (236 rBegpaGd/srcariiig MER i@ d/msed ig henRpastigsofd-chiow-#-M4338H), 0.93 (d, J = 6.7
HZ, 3 H), &Rk iRy ipidciind) LByl )etRyl 4 261N AL10 2 38iReaRifgn 1 H), 2.64 (m, 2
H), 2.83 (d, J =, 16,9 Hz, 1@ .86-2.98@%1, gg 3.4 %(YJI J= 356.9 Hﬁ’ 1 %2 .3.6%3.5@ (m, 2 H), 3.81
(t, J = 4.7 WpFriprs -y Pyl g one i Pl Qf(lﬁ , ’f"éf)‘% G949 PR e S ample 57 cciN)
10 2-Chlcng@uethyisehmonghal imedinilslo] (R0 aly @io*pyran-4-yl)-piperazin-1-ylmethyl1- 9H-purine
Prepargd ﬁ;&g_og%iqgég the method used in the preparation of 244-(2-chloro-9-ethy1-6-
morpholin-4-y1-9H-purin-8-ylmethyl)-piperazin-1-ylkisobutyramide using 1-(tetrahydro- 15
pyran-4-yl)-piperazine in place of 2-piperazin-I-yl-isobutyramide. The title compound was obtained as a

white foarRdefionBx8p¥ M + Hr 450.2 Reference Example 58 cN) 20
4-(2-Chloro-9-ethy1-6-morpholin-4-y1-9H-purin-8-ylmethyl)-6,6-dimethyl-piperazin-2- one

®

F*’Nf i
N N N/)\C!

£ O
N

10 7-(2-Chloro-9-ethyl-6-morpholin-4-yl-2 H-purin-8-ylmethyl)-3-oxa-7,9-diaza-

bicyclo[3.3.1Inonane
To a solution of 2-chloro-9-ethyl-6-morpholin-4-yI-9H-purine-8-carbaldehyde (159

mg, 0.54 mmol) in DCE (17 mL) was added 3-oxa-7,9-diaza-bicyclo[3.3.1]nonane (130 mg,
0.65 mmol). The mixture was stirred at RT for 1 h then sodium triacetoxyborohydride (176

15 mg, 0.83 mmol) was added and stirring was continued for 17 h. The reaction mixture was
added to water and loaded onto an Isolute® SCX-2 cartridge. The cartridge was washed with
MeOH, and the product then eluted with 2 M NH; in MeOH. The resultant residue was
purified by column chromatography to give the title compound as a white solid (50 mg, 23
%).

20 [M+HJ 408.4

Reference Example 77
H

M
‘H

2-(Azetidin-3-ylamino)-2-methyl-propionamide
25 To a solution of 3-amino-azetidine-1-carboxylic acid tert-butyl ester (1.0 g, 5.8 mmol)
in dioxane (2 mL) was added 4 M HCI in dioxane (1.5 mL, 5.8 mml} at 0 °C. The mixture was



Prepared according to the method used in the preparation of 244-(2-chloro-9-ethy1-6-_PCT/GB ZHU
/11115 b L WO 2009/05371686PCT/G82008/003622

morpholin-4-y ¥ d#f18-yimethyl)-piperazin-I-ylkisobutyramide usmgP&%’-%ngﬁyfﬁ%ﬁerazm-z-one in
place of 2-piperazin-1-yl-isobutyramide. The title compound was obtained as a white foam (110 mg,
40%). [M + H1 5 Reference Example 59 co)

2-Chloro-8tiizeg adidf6t iyl haeirp Histiveonsantaterd i 9cerny Toa- sabiiioti e spsubigsasidee Brepared
accorﬁlrllg\xfteg gﬁﬁih%%ﬁ?i&m?ﬂ@r@na&ﬁg@ﬂ?ﬁéﬂg&mgrg@ssmls@%ﬂmn Thle

morpholin- purin-8-ylmethyl)-pi -1-ylkisobut imethylmorphol

place of 2} %%%W%M%Wym B’ﬁ'@zlhf# %Bmpouf%%vr%”s b l‘lésune gs AAnite foam (ZIIBnZerrIE] 87
%).  1HOHARC(HOE MidpaGBICEB)EB 4 1adrophebid)iril 208 ¢ongentiaizdHz yack) IRZVE fs, 2 H), 2.38 (m, 2
H), 3.61 (§ ﬁ:%ra'flg - AoRedh él?&ﬁ@l)%x’ﬁﬁho? 4R (Fhrfol il (FR-whih) 3Rd 433, 6k dbyas -2 15 Hz, 2 H).

Reference xamlple 6

2-Chloro-§-&tlep %Sﬂbrﬁﬁﬁﬁﬂl‘lf‘%% el nebeliaminghrstidncdreatenlicooprepared
according dﬁdlf@tmammanssed in ihermepaméﬂdﬁ(bt%otﬂ@mﬁﬁﬁe@iﬁcm (150 mg, 1.1

difluoro-az cBo%% u.%olnx 4 éﬂx t?myt‘/%}‘?tp% fml. TR RGN -

azetidin-3-y morp ine’in place o ifluoro-azetidin-1- -y1)-piperidine. The title compound was

obtained &@%eé@kﬁ?rfgs@%ﬁl ‘(?Lyﬁgth‘?@ aHowssl veapliapdipestitiofed prfypen EtOAC and water.

10 The organic layer was separated, dried (MgSQOy) and concentrated in vacuo to give 3-(1-
carbamoyl-1-methyl-ethylamino)-azetidine-1-carboxylic acid tert-butyl ester (1.24 g, 89 %) as
a colourless oil. To a solution of 3-(1-carbamoyl-1-methyl-ethylamino)-azetidine-1-
carboxylic acid tert-butyl ester (606 mg, 2.4 mmol) in DCM (5 mL} was added TFA (3 mL)
and the resulting mixture was stirred at RT for 4 h. The reaction mixture was loaded onto an

15 Isolute® SCX-2 cartridge, washed with MeOH then eluted with 2 M NH; in MeOH to give
the title compound as a colourless oil (190 mg, 51 %).
'H NMR (400 MHz, CDCls): § 1.22 (s, 6 H), 3.26-3.39 (m, 3 H), 3.61-3.72 (m, 3 H), 6.06 (bs,
1 H) and 7.00 (bs, 1 H).

20 Reference Example 78

H
N

Ns‘
o= H
NH,

2-Methyl-2-((S)-pyrrolidin-3-ylamino)-propionamide
Prepared according to the method used in the preparation of 2- (azeud1n~3~yiannno)-2~
‘methyl-propionamide using (S)-3-amino-pyrrolidine-1-carboxylic acid tert-butyl ester in place
25  of 3-amino-azetidine-1-carboxylic acid tert-butyl ester. The title compound was obtained as a
colourless oil (180 mg, 44 %). [M+H]" 172.2

Reference Example 79




WO 2009/05371687PCT/GB2008/003622 Reference Example 61 CO) F(NNNCIFr =
2-ChIoro-9-ethyl—6-morpholin-4-y1-844-(2,2,Z-Brgﬂuoro-ethyl)-piperazin-hylmeth37111-9Hpurine
5Prepared actPdG 1 tHe method used in the preparation of 2-chloro-84A/¢82418/003622
difluoro-azetidin-I-y1)-piperidin-l-yhnethyl]-9-ethyl-6-morpholin-4-y1-9H-purine using 1-
(2,2,2-trifluoro-ethyl)-piperazine in place of 4-(3,3-difluoro-azetidin-1-y1)-piperidine. The title compound
was obtained as a white s,gll 20 mg, 93 %). [M + Hr 448.4 10 Reference Example 62
2-Chloro-9-ethy11-6- hojT-4-y1-8-(4-pyrazol-1-31.-piPeridin-hylmethyl)-9H-Purine Prepared
according to the methodj$&d in the preparation of 2-chloro-8-[4-(3,3- 15

difluoro-azetidin-1-y1)-piperidin-1-ylmethyl]-9-ethyl-6-morpholin-4-y1-9H-purine using 4-
pyrazol-1-9ride W&i‘ﬁ%‘ﬁh'B‘Fé‘b‘é‘ﬁl“&‘!@%!&ﬂﬁmmfaa@ﬂdfﬂiﬁ/1)-piperidine. The title compound was
obtained as a whitea sclitidd 07 3r(irc 2B 80dy [NEmbthyl4BiyiRDiR} eferpitee  FcagmgglicGBid/V O

2009/05371:3,9_%1%%%%%@99[%9,3%%8?\faS_ pided formaldehydo (37w, 36 in H:0, 020 ml), T
ol

e
2-Chloro-9-ethy orpholin-4-y1-8-14-(1H-pyrazol-3-y1)-piperidin-1- Imethal urine Prepared
according THE et sbeet sbB Tranb pisparditsn iresterrbricydrds 026 me, 2.9 mmol) was
difluoro-azgiddiedny stirfdig evidicohtybmat byl FOhe il reacrofphdiittwiid 18iddd it an 0D
(1H-pyraz kﬁ{-_ -piperidine, in pl Rdo&ég 3- iplﬁOl’ 7 Qi %)e | g\ridines_ p_e titte compound
was obtair%e géslgg%v%ﬁ% ‘é’é%‘of%i‘ag?mé &%%}.e ﬁju © W%hafﬂ %3 8Pt gve EIE '

carbamoyl-1-methyl-ethyl)-methyl-amino]-azetidine- 1-carboxylic acid tert-butyl ester (340

mg, 65 %). To a solution of 3-[(1-carbamoyl-1-methyl-ethyl)-methyl-amino]-azetidine-1-

10 carboxylic acid teri-butyl ester (340 mg, 1.3 mmol) in DCM (5 mL) was added TFA (3 mL)

and the resulting mixture was stirred at RT for 2 h. The reaction mixture was loaded onto an

Isolute® SCX-2 cartridge, washed with MeOH then eluted with 2 M NH; in MeOH to give

the title compound as a colourless oil (170 mg, 79 %).

'H NMR (400 MHz, CDCL): 8 1.13 (s, 6 H), 2.20 (s, 3 H), 3.42-3.57 (m, 3 H), 3.67-3.77 (m,

15 3 H),5.87 (bs, 1 H)and 6.98 (bs, 1 H).

Reference Example 80

()
N
N =N
~ g
N NTN" o
° § ) K
HN
20  8-(2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purin-8-yimethyl}-2,8-diazaspiro{4.5]decan-1-
one
To a solution of 2,8-diaza-spiro{4.5]decan-1-one (120 mg, 0.78 mmol) in DCE (15
ml) was added 2-chloro-9-ethyl-6-morpholin-4-yl-9H-purine-8-carbaldehyde (180 mg, 0.61
mmol). The mixture was stirred at RT for 2 h then sodium triacetoxyborohydride (190 mg,

25 0.90 mmol) was added and stirring was continued for 22 h. The reaction mixture was loaded
onto an Isolute® SCX-2 cartridge, washed with Me(OH then eluted with 2 M NHj in MeOH.



[M+1-11-431.4 10 Reference Example 64
1-(2-ChIoro-9-ethy1-6-morpho|in-4-y1-9H-purirE78-yImethyl)-4-methyl-piperidine-4- carboxylic acid
amide Prepar8tPaEHIAHG to the method used in the preparation of 2-cHoF(2B2f43(%878221 5
difluoro-azetidin-I-y1)-piperidin-1-ylxnethyl]-9-ethy1-6-morpholin-4-y1-9H-purine using 4-
methyl-piperidine-4-carboxylic acid amide in place of 4-(3,3-difluoro-azetidin-1-y1)- piperidine. The title
compoundleassolinimesidng wee sloifitd &y edllyma pipraaaggrphy te glruthy .WIEG%F&’FEE@G? Example 65
WO 200906370306 T B2008/003622
411-(2-Cfﬁ(\)érog3§etgy%-6-morpholin-4-y1-9H-purin-8-ylmethyl)-piperidin-4-y|k morpholin-3-one
Prepared Bt tb the method used in the preparation of 2-chloro-844-(3,3- 5
difluoro-azetidin-I-y1)-piperidin-l-ylmethyll-9-ethyl-6-morpholin-4-y1-9H-purine using 4-
piperidin-4zyimorpholinzg-@pne in place of 4-(3,3-difluoro-azetidin-1-y1)-piperidine. The title compound
was obtairm&Jngé'sTé oil (161 mg, 47 %). [M + H] 10 Reference Example 66 co)
4-(2-Chloro-9-ethy1-6-morpholin-44y1-9H-purin-8-ylmethyl)-1-isopropyl-piperazio-2-one ~ Prepared
according to the method used in thewteparation of 2-chloro-8-(4-(3,3-
difluoro-azetidin-I-y1)-piperidin-1; thyll-9-ethyl-6-morpholin-4-y1-9H-purine using 1- 15
isopropyl-piperazin-2-one i pﬂgés I\,AtvL(g],3-difluoro-azetidin-1-y1)-piperidine. The title compound was
obtained as a colourle%s o“i@m{mg, 79 %). [M +111- 422.3 Reference Example 67

O
1'-(2-Chiloro-9-ethyi-6-morpholin-4-yl-9 H-purin-8-ylmethyl)-{1,4'| bipiperidinyl-2-one
Prepared according to the method used in the preparation of 8-(2-chloro-9-ethyl-6-
morpholin-4-yl-9H-purin-8-ylmethyl)-2,8-diazaspiro[4.5]decan-1-one using
10 [1,47bipiperidinyl-2-one in place of 2,8-diaza-spirof4.5]decan-1-one. The title compound was
obtained as a colourless 0il (260 mg, 83 %).
[M+H] 462.4

Reference Example 82

i5
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)
N
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NH N el
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H
2-{1-(2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl)-azetidin-3-ylamino}-2-
methyl-propionamide
Prepared according to the method used in the preparation of 8-(2-chloro-9-ethyl-6-
20  morpholin-4-yl-9H-purin-8-ylmethyl)-2,8-diazaspiro{4.5]decan-1-one using 2-(azetidin-3-
ylamino)-2-methyl-propionamide in place of 2,8-diaza-spiro{4.5]}decan-1-one. The title

compound was obtained as a colourless oil (240 mg, 68 %)
[M+H] 437.3



WO 2009/05371690PCT/GB2008/003622
2-Chloro-8-14-0,1-dioxo-thiopyran-4-y1)-piperazin-limethyli-9-ethyl-6-morPholin-4- yI-9H-pufire
Prepared accOv@id§¥85# method used in the Preparation of 2-[4-(2-chIBF3/GEH4E623
moipholin-4-y1-9H-purin-8-ylmethyl)-piperazin-I-yThisobutyramide using
1-(1,1-dioxothiopyran4-y1l)-piperazine in place of 2-piperazin-1-yl-isobutyramide. The title compound
was obtaiReftrace Watekdil (291 mg, 85 %). [M + Hi+ 498.3 10 Reference Example 68
1-(2-Chloro-9-ethy1-6-morpholin-4-y 1 9H-purin-8-ylmethyl)-piperidine-4-carboxylic acid ethyl ester
Prepared according to the method usedjin the preparation of 244-(2-chloro-9-ethy1-6- 15
morpholin-4-y1-9H-purin-8- ylmetrg/l)- iperazin-1-y1l-isObutyramide using piperidine-4- carboxylic acid
ethyl ester in place of Zoplperazy:q Y- butyramide. The title compound was obtained as a white
solid (129 mg, 66 %). [ "Reference Example 69 WO

2009/05371691PCT/G M 03 2(2)
1-19-Ethy1-2-(5-fluoro-1H-indo1-4-y1)-6-morpholin-4-y1-9H-purin-8-ylmethylipiperidine-4-carboxylic
acid ethyl 2#&y1-2-Chlusfethisl Gmipp it edibmsimEresty D midibipound was obtained

as a 5 yellaunall A Mgk iPlpiMaimdp. 4 Reference Example 70
5 Prepared according to the method used in the preparation of 8-(2-chloro-9-ethyl-6-

morphalin-4-yl-9H-purin-8-ylmethyl)-2,8-diazaspiro[4.5]decan- 1 -one using 2-methyl-2-((S)-
pyrrolidin-3-ylamino)-propionamide in place of 2,8-diaza-spiro[4.5]decan-1-one. The title
compound was oBtained as a red oil (148 mg, 45 %)
[M+H]" 451.3

10

Reference Example 84

]

(J

N

HN N7 CH
Cre

2-Chloro-6-morpholin-4-yl-9-[2-(tetrahydro-pyran-2-yloxy)-ethyl]-9H-purine
To a solution of 2-chloro-6-morpholin-4-yl-9H-purine (1.00 g, 4.17 mmol) in DMF
15 (30 mL) were added 2-(2-bromo-ethoxy)-tetrahydro-pyran (1.26 mL, 8.34 mmol) and
potassium carbonate (1.73 g, 12.52 mmol). The reaction mixture was heated at 50 °C for 7 h,
then allowed to cool to RT and quenched with water (60 mL). The resultant white precipitate
was collected by filtration and washed with water and diethy} ether, then dried under vacuum
fo give the title compound (1.26 g, 82 %).
20 [M+HI"368.4

Reference Example 85




10
(R)-8-(2-Chloro-9-ethy1-6-morpholin-4-y1-9H-puria-8-ylmethyl)-octahydropyrazino12,1-c|[1,410xazine
Prepared accovdingposiiesmethod used in the Pteparation of 244-(2-ch|S@EEBEaINEDGE22
morpholin-4-y1-9H-purni-8-ylmethyl)-piperazin-1-ylkisobutyramide using
(R)-octahydropyrazino[2,1-c][1,4]oxazine in place of 2-piperazin-1-yl-isobutyranaide. The title
compound 15 was obtai d as a cream solid (315 mg, 98%). [M + Hr 422.2 Reference Example 71
CO) WO 2009/053716 8/003622 (R)-8-(2-Chloro-9-ethyl-6-morpholin-4

y1-9H-purin-8-yImethyl)- razino[2,1-c][1,41oxazin-4-one Prepared according to the
method used in the prepa |on -(2-chloro-9-ethy1-6-
-8-y e

morpholin-4-y1-9H-purin- iperazin-1-y1Fisobutyramide using (R)- hexahydro 5
pyrazino[2,1-c][1,4]oxazin-4- Qné in place of 2-piperazin- | -yl-isobutyramide. The title compound was
obtained as a cream solid (162 mg, 76 %). [M + Fir 436.4 Reference Example 72 10

4-(1- BenZyl-{ﬁim'lﬂrﬁ—ylbzthmﬁﬂﬁm}}l)%&nhdi@&iﬁetl-yl-ﬁpgﬁxfﬂﬂﬂ-)gim&gil}tiﬂpeﬁizm-l-
1- benzylpﬁﬁrldlg lyla ne (3.98 g, 20.92 mmol) in isopropyl alcohol (15 mL) was added a solution of
ethenesul efhtt'é 47 g, 20.92 mmol) in iso-propyl alcohol (15 mL) dropwise. The resulting

solution was heé‘fed %ilthﬂéﬁlmRﬁ%ﬁ@%%‘%’@i@h%ﬁdﬂr@d@d%@@%%@ﬂ@ﬁ@ﬂ@%d in vacuo. The
resultant regidugnyaseuiEied byueelmmeamatops me W\@&é@atmﬁm@mﬂ@ﬁs a pale yellow

0
. 2,43 R S A Bl B WP 7 34 (5 1.
20 Refe rewgesﬁv(ad‘rfptéff Bip=akd then anhydrous DMF (0.15 mL 1.94 mmol) was a.dded dropwise.
The reaction mixture was stirred for 30 min, then allowed to warm to RT and stirred for a
further 30 min. The reaction mixture was cooled to —78 °C, quenched with an aqueous
10 solution of ammonium chloriﬁe (1 M, 10 mL), and then partitioned between water and DCM.
The organic layer was separated, passed through a hydrophobic frit and concentrated in
vacuo. The resultant residue was dissolved in DCE (15 mL) and 2-piperazin-1-yl-
isobutyramide (46 mg, 0.27 mmol) added before the resulting mixture was stirred at RT.
Sodium triacetoxyborohydride (111 mg, 0.52 mmol) was added after 1 h and stirring was
15 continued for a further 2 h, The reaction mixture was loaded onto an Isolute® SCX-2.
cartridge, washed with MeOH then eluted with 2 M NHj in MeOH. The resﬁltant residue was
purified by column chromatography to give the title compound as a colouriess oil (6 mg, 76
% over 2 steps).
M + HJ* 467.5
20

Reference Example 86

)
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2-{[1-(2-Chioro-9-ethyl-6-morpholin-4-yl-9 H-purin-8-ylmethyl)-azetidin-3-yl]-methyl-

amino}-2-methyl-propionamide



4-Piperidin-4-yl-thiomorpholine 1,1-dioxide  To a solution of e -
4-(1-benzyl-pi%?ridin-4%a-thiomorpholine 1,1;glioxide (676 mg, 2.19 mmo$l)/ ina n}ixture of glacial
acetic acid (5 W FSAEEWNS (25 mL) was added palladium WO 2009/05371853B¢ /&8 2008/003622
hydroxide on carbon (500 mg) under an nitrogen atmosphere. The system was evacuated and
back-filled with hydrogen, then stirred at RT for 3 h under an_hydrogen atmosphere, The reaction
mixture was filtefeéd RGP ELRboE-ebrcEmearbelimtL 08 PrABS SRt dRifdWas loaded onto
an Isoluteff} X renesly HHABEE \USSAEH Wi BalkaOH dhedie Bigbehvityl-Znivhdyid 3rbtiryMeOH to give the title
compound as.white iq?] 391 829%0) M + Hr 219,2 Ref

2-Ch|oro-§5f°$}8f?f@d%(>z}()t (llgﬁﬁgrr%%o 0Q’-;&f—%&ﬁ%Wﬁslﬁtér?rﬁgg%?/e{%—%%et yfpéz-é%%t%ﬁlolin4-yl-91l-puri
ne Prepisthadosebidgde G0 methdd msed watnddsdand siisin o1 e onnooupides @ Bthy1-6-
mOth@S“Tﬁé&%ﬁﬁﬁt@h&mﬁ%ﬂmm&@%ﬁ@% | () ?tsn%yfmge' ,aausmgh | ' bwith Me%H theﬁ |
4-piperidin-4-yJthiomar. ine 1,1-digxide in place qf 2-piperazinThyl-isobutyramide. The title
compound’lflf‘og/({/ygg1 a“éﬁg%b’%ﬁé%ﬁ?@ E ﬁ&?gﬁgﬁﬁdﬁﬁ?ﬁﬁ@% Reference Example 75 20
1-11-(2-Chiironm©@geebly 46 givethh tithe-cbmpogid-pr ariceBuylene thl (386 pegidth%ly 1 1- pyrrolidin-2-one LW
LipkWVvy fM,LhQQ)SWp 2009/05371694PCT/GB2008/003622  Prepared according to the method
used in the preparation of 2-chloro-844-(3,3-
difluoro-azetidin-l-y1)-piperidin-l-ylmethyll-9-ethyl-6-morpholin-4-y1-9H-purine using 1-
piperidin-Ryfepyirobdamptatie in place of 4-(3,3-difluoro-azetidin-l-y1)-piperidine. The title compound
was obtained as a colourless oil (ZZéng, 81 %). 5 [M Hr 448.5 Reference Example 76 CoN)

N
0
N _JN NA\CI
o]

2

3-[1~-(2-Chloro-9-ethyl-6-morpholin-4-y}-9H-purin-8-ylmethyl)-piperidin-4-ylj- -
oxazelidin-2-one |

15 To a solution of N-Boc-4-aminopiperidine (1.0 g) in acetonitrile was added potassium
carbonate (1.72 g) followed by 2-chloroethyl chloroformate (0.892 g) dropwise and the
mixture stirred at RT for 1 h and then heated under reflux for 12 h. The mixture was cooled,
partitioned between water and CH,Cl,, the organic layers separated and dried (MgS0.).
Purification by column chromatography eluting with 5%-»10% CH2Cl-MeOH + NH;

20 yielded 4-(2-ox0-oxazolidin-3-yl)-piperidine-1-carboxylic acid ferr-butyl ester as a colourless
solid (535 mg). A mixture of this and 4 M HCl in dioxane (5 mL) in CH,Cl, (2 mL) was
stirred at RT for 12 h and the solvent evaporated. The crude product was passed through an
SCX-2 cartridge to yield 1-piperidin-4-yl-imidazolidin-2-one (340 mg).

2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purine-8-carbaldehyde (270 mg) and 1-

25 piperidin-4-yl-imidazolidin-2-one (203 mg) were reacted together using the standard
reductive amination conditions. The title compound was isolated as a white solid (275 mg).
du(400 MHz, CDCl3) 1.45 (t, 3H), 1.69 (m, 2H), 1.81 {m, 2H), 2.27 (m, 2H), 2.95 (m, 2H),



/I-eNNNOC 10
7-(2-Chloro-9-ethyl-6-morpholin-4-y1-9H-puringg-ylmethyl)-3-oxa-7,9-diazabieycloP.3.11nonane  To
a solution of 2% (91%?3“5 égyl 6-morpholin-4-y1-9H-purine-8- carbaldehyd’gff%%é, (oR:7 mmol) in DCE
(17 mL) was added 3-oxa-7,9-diaza-bicyclo[3.3. 1Monane (130 mg, 0.65 mmol). The mixture was
stirred at RI for 1 h then sodium triacetoxyborohydride (176 15 m 0.83 mmol) was added and stirring
was contiferstfde 17 13 ?He%%b@u@n(%n&ﬁxr%m H@é&‘f&w}étér i HhfdBn 'solute(r) SCX-2
cartridge. gipe cartridge was washed with MeOH, and the product then eluted with 2 M NH3 in MeOH.
The resultant residue was purified by column chromatography to give the title compound as a white
solid (50 mg, 23 %) 20 [M + Hr 408.4 Reference Example 77
2-(Azetididt3sytapsiBxaumigiinyl-propionamide 25To a solution of 3-amino-azetidine-1-carboxylic acid
tert-butyl ester (1.0 g, &8 rhmol) in dioxane (2 mL) was added 4 M HO in dioxane (1.5 mL, 5 8 mml) at
0 C. The mixture was m{i;}?Q/OSWE%PCT/G82008/003622 stirred at OC for 5 min, then

concentrated in vacuo. To¢a splution of the resulting residue in water (15 nalL) was added acetone

(506 mg, 8.7 mmol) and N (285 mg, 5.8 mmol). The reaction mixture was stirred at RT for 20 h,
then partitio een DCM and water. T n|c layer was passed through a hydrophobic flit
and concewpz ?ﬁv\}éfgurd%l'é'\% @etgﬁgy%n%'éa |methyl methyl)-aminol-azetidine-I-carboxylic acid

tert-butyl ester (T @agsogﬂ%i) ofd - BO6ldpiveridoite (0 bl mpskrnt! (10 mL) was added a

9[,) I\F/Tglgl?; ggmﬁﬁ]a!#ﬁ%%{d b %eéclao%@ﬁ@&s (15%&% &1191@&9925}/ ICEARID), tgﬁe%ﬁbﬂn&ﬁﬁ%&ﬁ&?ﬁ 4 r(grgol) ln/
mL) was adde m n ro peroxide solytion wt. % in
1120, 3 inf§™ @?éé‘t?ﬂb?f‘%’%‘?ﬁf@%%@%‘f ﬁw&g%d%? E&%@S ﬂ%gﬁdaﬁg%lé‘qé%ngogf and partitioned
betwesn EAmanibewateonhfidthe segamic dHyedwatd dehmtecthahicw (i Sdh)sediinconcentrated in
vacuo to giye, gd1i. SBIARAM alfﬁgs'bw Bihenion azesdling: bealbendicasid fgd-butyl ester (1.24

0,89 %) as a colourless oil. To a solution of 3-(1-carbamoy1-1- me?Ni;I ethylamlno) -azetidine-1-
C&’bOXWIC%ﬁ%EW Bty ceseri@mige ?ﬁ[qﬁn‘m*ﬂaﬁﬁ‘m%eﬁﬁ_‘? RS iorE R {8 mL) and the

resulting reitiyesiwas.&igyed at RT for 4 h. The reaction mixture was loaded onto an
To a solution of 4-methylamino-piperidine-1-carboxylic acid ters-butyl ester (0.59g) in

15 dichloromethane (10 mL) was added triethylamine (0.42 mL}) followed by methane sulfonyl
chloride (0.23 mL). After stirring for 3 hours the reaction mixture was then diluted with
dichloromethane, washed with sodium bicarbonate solution, dried (MgS80O,) and the solvent
removed in vacuo. The residue was purified by flash chromatography to yield 4-
(methanesul fonyl-methyl-amino)-piperidine- i -carboxylic acid fert-butyl ester (0.738 g).

20 Treatment of this compound with HCI in dichloromethane/methanol gave the title compound,
which was isolated as the hydrochloride salt (0.57 g}. _
8y (400 MHz, dg-dmso) 1.78 (m, 2H), 1.95 (m, 2H), 2.70 (s, 3H), 2.94 (s, 3H), 2.97 (m, 2H),
3.34 (m, 2H), 3.89 (m,1H), 8.74 (br 5, 2H).

25 Reference Example §9

0.?39_ J o
/

®

N~
T
N N/)\CE

N-[1-(2-Chloro-9-ethyl-6-meorpholin-4-yl-9 H-purin-8-ylmethyl)-piperidin-4-yl}-/V-



15 'solute SCX-2 cartridge, washed with MeOH then eluted with 2 M NH3 in MeOH to give the title
compound as _a colourless oil (190 mg, 51 %),11-1 NMR (400 MHz, CDCI3). 8 6 H), 3.26-3.39
(m, 3 H), 3.61Y°7°A*3'), 6.06 (bs, 1 H) anlék 7.00 (bs, 1 H). 20 Refer}éﬁgeéﬁzgjgsr?rq%geg 8 0 NH2
2-Methyl-2-0)-pyrrolidin-3-ylamino)-propionamide Prepared according to the method used in the
preparation of 2-(azetidin-3-ylamino)-2- methyl-propionamide using
(S)-3-amifssByiranthasesutarBlidfc acid tert-butyl ester in place 25 of 3-amino-azetidine-1-carboxylic
acid tert-butyl egtey tifibectilfRwavpe prepandunbiainatd.adand celauiessnailfidondjtidddy. [M+Hr 172.2
ReferenceExgma?éee{}QWVF\,/Q% gﬁ/ 5371696PCT/GB2008/003622
2-(Azetidiﬁ1-‘ép-ylgme¥hy -amln{(ijzg-a " thyl-propionamide  To a solution of 3-0
-carbamoya (#0fhHg) GRGIRMIRH)- 3Pttt b A Eacidetlb (P BtePiSBEE (15 mL) was
added formaldenyes 636 .24 Fi2ln GRS mby)l werk mixture was stirred at RT for 1 h then sodium
triacetoxyborohydride (620 mg, 2.9 mmol) was added and stirring was continued for 16 h. The reaction
mixture was loaded onto an 'solute(r) SCX-2 cartridge, washed with MeOH then eluted with 2 M NH3 in
MeOH to (lefeBvdd Exavbierfioy1-1-methyl-ethyl)-methyl-aminokazetidine-I-carboxylic acid tert-butyl
ester (340 mg, 65 %). To aolution of 3-[(1-carbamoy1-1-methyl-ethyl)-methyl-aminokazetidine-1- 10
carboxylic acid tert-butyl gster (340 mg, 1.3 rrunol) in DCM (5 mL) was added TFA (3 mL) and the
resulting mixture was stir t RT for 2 h. The reaction mixture was loaded onto an 'solute(r) SCX-2
cartridge, washed witt'fleQH then eluted with 2 M NH3 in MeOH to give the title compound as a
colourless oil (170 mg, 79%).4 NMR (400 MHz, CDC13): 8 1.13 (s, 6 H), 2.20 (s, 3 1-1), 3.42-3.57
(in, 3 H), 3.67-3. 7{%1_ 53 1-1) 5. 7é%s 1H)a (% .98 (bs, 1 H). Reference Example 80 CN) 20
8-(2-Ch|o#6%95ﬁ1§!f- ”‘-’rﬁlo%%eo mi}‘zf-';%c- ?E)rﬂ!#:n-g-gy r'f?é? yI)-2,8-diazaspiro[4.5$decan-1- one

10 To a mixture of 1-BOC-4-piperidone (1.0 g, 5.01 mmo!) and morpholine (0.43 mL,

4.93 mmol) in chloroform (5 mL) under nitrogen cooled down to 0 °C was added dropwise

trimethylsilylcyanide (0.73 mL, 5.47 mmol). The mixture was warmed to room temperature
and stirred overnight. The mixture was partitioned between dichloromethane and water. The
combined organic layers were washed with brine, separated and dried (MgSOy) to yield 4-
15 cyano-4-morpholin-4-yl-piperidine-1-carboxylic acid tert-butyl ester (1.19 g). The crude
material was stirred in methanol (10 mL) and 1 M sodium hydroxide solution (4.25 mL) was
added followed by the dropwise addition of hydrogen peroxide, 30 wt.% solution in water
(2.3 mL) at room temperature. The mixture was stirred overnight and then evaporated in
vacuo. The crude product was purified by column chromatography to yield 4-carbamaoyl-4-
20 morpholin-4-yl-piperidine-1-carboxylic acid terz-butyl ester (0.54 g).
Treatment of this compound with HCl in dichloromethane/methanol gave the title compound,
which was isolated as the dihydrochloride salt (0.49 g).
81 (400 MHz, ds-dmso) 2.12 (br m, 4H), 2.87 {(br m, 4H), 3.36 (br m, 4H), 3.72 (br m, 4H),
8.76 (br s, 2H).
25
Reference Example 91



To a solution of 2,8-diaza-spiro[4.5]decan-1-one (120 mg, 0.78 nunol) in DCE (15 mL) was added
2-chloro-9-ethyl-6-morpholin-4-y1-9H-purine-8-carbaldehyde (180 mg, O. u mixture was
stirred at RT f0P2Z{ & ¢odium triacetoxybo?lod?]ydride (190 mg, 25 0.95%%%%%)3%}%&@ and stirring
was continued for 22 h. The reaction mixture was loaded onto an 'solute(r) SCX-2 cartridge, washed
with MeOH then eluted with 2 M NH3 in MeOH. WO 2009/05371697PCTIGB2008/003622 The
resultant residue was puri S by column chromatography to give the title compound as a white solid
(175 mg, 52%). [M+H]4 5 Ref Rigce Example 81 cN)
1'-(2-Chloro-9-ethy1-6+) Iin-4-§1,J H-purin-8-ylmethyl)-11,4'Ibipiperidiny1-2-one Prepared
according to the method usedyin the preparation of 8-(2-chloro-9-ethyl-6-
morpholin-4-y1-9H-purin-8-ylm\e’clﬁ’ryj\jf;£ -diazaspiro[4.5]decan-l-one using 10 [1,41]bipiperidinyl-2-one
in place of 2,8-diaza-spiro[4.5]degan-1 -ofhe. The title compound was obtained as a colourless oil (260
mg, 83 %).iM+Hr 462.4 Reference Example 82 15 cc) )
2-(1-(2-CHid foStlans Pras st Sr SRRy £ A R B S R s e i o)- -
methyl-proiipernidinicé-darbpaylidaeitendidy to the method used in the preparation of
8-(2-chloro-9-ethy|:6;2Q MARRP WL EhPid-Rilip s mety R dicliasaaniig] 4 slelgaans1 -one using
2-(azetidin-3- ylamlnoi-z-me_th [-propionamide in place of 2,8-diaza-spiro[4.5)decan-1-one. The title
compolindad Rtk elig éﬁ%ﬁ}iess oil (240 mg, 68 %) [M+Hr 437.3

51(400 MHz, CDCl3) 1.44 (t, 3H), 1.83 (m, 4H), 2.58 (m, 6H), 2.76 (m, 2H), 3.71 (m, 6H),

3.83 (1, 4H), 4.31 (m, 6H), 5.22 (brs, 1H), 6.43 (br s, 1H).

Synthesis of Compounds of formula (I)

10
Example 1: {l-{9»Ethyl—2-(1H—indol—4—yl)—6—morpholin-4-yl-9[f—puﬁn—SwylmethyI]-
piperidin-4-yl}-dimethyl-amine

A stirred mixture of {1-(2-chloro-9-ethyl-6-morpholin-4-yl-9 H-purin-8-yimethyl)-
piperidin-4-yl]-dimethyl-amine (Reference Example 9; 82 mg; 0.20 mmol), indole-4-boronic

15 acid (45 mg; 0.28 mmol}, PACL(PCys); (7.4 mg; 0.01 mmol), KsPO4 (0.5 mEl ofa 1.27 M
aqueous solution; 0.64 mmotl) and dioxane (1.0 mL) was heated at 125 °C in a microwave for
1.5 h. The product was purified by catch-and-release using an Isolute SCX-2 cartridge
followed by flash chromatography (85:15:1 to 80:20:1 CH,Cly/MeOH/NH4OH as eluent) to
afford the title compound as an off-white solid (30 mg; 92 %).

20 Oy (400 MHz, CDCL:) 1.57 (1, T = 7.2, 3H), 1.88-1.91 (m, 2H}, 2.14-2.20 (m, 3H), 2.35 (br 5,
6H), 2.96-2.99 (m, 2H), 3.76 (s, 2H), 3.90-3.92 (m, 4H), 4.41-4.45 (m, 4H), 448 (q, ] = 7.2,
2H), 7.29-7.35 (m, 2H), 7.50 (d, } = 8.0, 1H), 7.64 (s, 1H), 8.25-8.27 (m, 2H).

[M+H]": 489.

25 The compounds of Examples 2 to 10 were prepared using an analogues method to that
described in Example 1, using the appropriately substituted chloropurine and indole-4-boronic

acid starting compounds:



WO 2009/05371698PCT/GB2008/003622 Reference Example 83

2-1(S)-1-(2-Chlaro-9- -6-morpholin-4-y1-94-purin-8-ylmethyl)-pyrr @j}h y
yIaminol-Z-m?avt%f -%f%g%%amide 5Prepared according to the method u%le ‘/inﬁt 038%}?%%5ration of
8-(2-chloro-9-ethy1-6- morpholin-4-y1-9H-purin-8-yLmethyl)-2,8-diazaspiro[4.5]decan-1-one using

2-methy1-24(S)- pyrrolidin-3-ylamino)-propionamide in place of 2,8-diaza-spiro[4.5]decan-1-one. The
(e compESHANSL oLAAUER 2 B Cigd TP AL RFR At o S RAF B ce Example 54 N N
N ClI c3or3igréhyiirpipernninpholjrdiimeih Giinfiatranydro-pyran-2-yloxy)-ethyl]-9H-Purine To a solution of
2-chloro-6-morpholin-4- -puUfine ), yA . DM 15 m added
2-(2-bromo_-ethq%%@%%%@%?o%ﬁrgﬁ (1.0(%% %é‘%%? %}&ﬁ\dﬂ%ﬁsﬂ%}%g %%%te 1.73 g, 12.52
nunol). THERGEEGdRbagine Refsnsoeor R) heh-roderdasessRerahy quenched with
water (60 fbjo-El8, 483 ttamathife] prezjpitae ondamchipclatihis kil (Rdforema Exuagiel) with water and

diethyl ethey, t dried under vacuum ive the itle compound (1.26 g, 82 %). 20 [1M + fir 368.4
Referencé‘"%i%ﬁ%’fé% RIS S G S 1 888 R ?cgg?%%)ooscazz

2-{4-[2-CHle {400 ¥ ARy &3 /(). & Trict pHdlid-23y1.68 e A Hh-B 8k et glble Pl }-isobutyramide
(m, 35), 2.31 (s, 6H), 2.96 (br d, I = 11.6), 3.76 (s, 2H), 3.86-3.88 (m, 4H), 4.39 (br s, 4H)

overlapping 4.43 (g, J = 7.2, 2H), 6.98 (br s, 1H), 7.07 (dd, = 10.8 and 8.8, 1H), 7.28-7.30
10 (m, 1H),7.37(dd, ] = 8.8 and 4.0, 1H), 8.22 (br s, 1H).
[M+H]": 507.

Example3  9-Ethyl-2-(5-fluoro-1H-indol-4-yi)-8-[(S)-1-(hexahvdro-pyrrolo[1.2-
a]pyrazin-2-ylymethvll-6-morpholin-4.vl-9H-purine _

15 Suzuki coupling of 2-chloro-9-ethyl-8-[(S)-1-(hexahydro-pyrrolo[1,2-a]pyrazin-2-
ylmethyl}-6-morpholin-4-yl-9H-purine (Reference Example 10) and 1-(tert-butyl-dimethyl-
silanyl)-5-fluoro-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1 H-indole (Reference
Example 3) afforded the title compound as a pale yellow solid (61 mg).
8y (400 MHz, CDCls) 1.39-1.88 (m, 4H) overlapping 1.54 (t, J = 7.2, 3H), 2.01-2.50 (m, 5H),

20 2.84-3.15 (m, 4H), 3.79-3.89 (m, 6H), 4.38 (br s, 4H) overlapping 4.43 (q, 1 =7.2, 2H), 6.98
(br s, 1H), 7.07 (dd, ] = 10.8 and 8.8, 1H), 7.28-7.30 (m, 1H), 7.37 (dd, J = 8.8 and 4.0, 1H),
8.22 (br s, 1TH).

[M+H]": 505.

25 Example 4  9-Ethyl-8-[(S)-1-(hexahkydro-pyrrole{l,2-a]pyrazin-2-ymethyl]-2-(1 H-

indoi~4-yl)-6-morpholin-4-yl-SH-purine
Suzuki coupling of 2-chloro-9-ethyl-8-{(S)-1-(hexahydro-pymolo{1,2-a]pyrazin-2-

yDmethyl}-6-morpholin-4-yl-9H-purine (Reference Example 10) and indole-4-boronic acid
afforded the title compound as a pale yellow solid (97 mg).

30 8y (400 MHz, CDCly) 1.37-1.48 (m, 1H), 1.57 (t, } = 7.2, 3H), 1.67-1.89 (m, 3H), 2.04-2.49
(m, 5H}, 3.79-3.93 (m, 6H), 4.42-4.45 {m, 4H) overlapping 4.48 (q, ] = 7.2, 3H), 7.30-7.35
(m, 2H), 7.49 (d, ] = 8.0, 1H), 7.64 (br s, 1H), 8.26 (d, ] = 8.0, 1H) overlapping 8.27 (brs,



To a solution of 2-chloro-6-morpholin-4-y1-9-[2-(tetrahydro-pyran-2-yloxy)-ethyl]- 5 9H-purine (100 mg,
0.27 mmol) in an%drous THF (5 mL) was addgd a solution of lithium hex@%&%ﬂ%‘éjﬁ”ﬁ%ide ih THF (1

M, 0.41 mL, o#P ?ﬁ’igﬁgtﬁ- 78 C. The resulting mixture was stirred for 38 min, an e anhydrous

DMF (0.15 mL, 1.94 mmol) was added dropwise. The reaction mixture was stirred for 30 min, then
allowed to warm to RT and stirred for a further 30 min. The reaction mixture was cooled to -78 C,
quenched]\ﬁ}h an aqueous 10 solution of ammonium chloride (1 M, 10 rnL), and then partitioned
between visteHHENg8DCM. The organic layer was separated, passed through a hydrophobic fit and
concentrated in vacuo. The resultant residue was dissolved in DCE (15 mL) and 2-piperazin-1-yl-
isobutyramide (46 mg, 0.27 nunol) added before the resulting mixture was stirred at RT. Sodium

triacetoxyBseamleidie BrirAmfidinsb yhaioryidiasladamsthsbt-ethy LS -Mnarryifaede-tontinued for a
further 2 hyif bawaaslian-avrsrepiasdoaded onto an 'solute(r) SCX-2 cartridge, washed with MeOH

then eluted with 2 M NH3 in MeOH. The resultant.residue was purifie column chromatography to
give the title com%(z)‘lﬂlﬁtf o %1%8%3; SR rtgéﬁ mgr %%%ié?eﬁ glﬁé%s%‘.f%}{ﬁ?ﬁﬁpfg?.S 20 Reference
Example 8&apnlin-4-yl-9H-purine (Reference Example 12) and 1-(tert-butyl-dimethyl-silanyl)-5-
2-([1-(2-Clalgs-9-giR)sLs Gemarpiolin:4; Y kiShHpt Sy ethidysis el eismact Ehamptb giaminol-2-methyl-p
ropionamgi,glﬁmW% 200%%)53716100PC /GB%%O@/%GZZ To a solution of

2-chloro-SPEMGFEHA SHSHSMRAR0A 28 ATt EM&idehyde (230 mg, 0.78 mmol) in DCE (15 mL)
was atidedX 4@ didin b iiyl-3h(indd s ety propidridhitié 1178 (mg 4009.94r8P. The mixture
was stied LT RAPAhen Sadiy I emobeehyitided2s g, s asial s added and

stirring was continued for The reaction mixture was loaded onto an Lsolute % SCX-2 cartridge,
washed witteNiEBmEAS Gutad withD RORRS T PIEGH 7 PR&IRd Gt radidifie! Wad Bliified by column
chromatograp i, tor)ivesthelditie=codrpd iyl 1a%),BdslGuriesE )il (280 mg, 80 %). [M + Hr 451.4 10

Referenciﬁéﬁlgp 37 C.) . . o -
3-11-(2-Chloro-9-ethy1-6-morpholin-4-y1-9H-purin-8-ylmethyl)-piperidin-4-y1Jorazolidin-2-one 15To a
solutidA of N-Boc-4-aminopiperidine (1.0 g) in acetonitrile was added potassium carbonate (1.72 g)
followed bg:ahlo@etykeahprofomiae- (2rSBdhdipevisepioiliiaey 8 xtiRospiieihat-y3-T for 1 h and
then heat%qp%pﬁgﬂﬁg§%<ezg§!%aﬁ;pgp£emixture was cooled,
Suzuki coupling of 2-chloro-9-ethyl-6-morpholin-4-yl-8-(4-morpholin-4-yl-piperidin-
1-ylmethyl)-9H-purine (Reference Example 13) and 1-(tert-butyl-dimethyl-silanyl)-5-fluoro-
20 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indole (Reference Example 3) afforded
the title compound as a white solid (49 mg).
81 (400 MHz, CDCL) 1.45-1.53 (m, 5H), 1.86 (br d, J = 12.0, 2H), 2.10-2.25 (m, 4H), 2.54
(brs, 4H), 2.94 (br d, T = 12.0, 2H), 3.70-3.73 (m, 6H), 3.82-3.95 (m, 4H), 4.35 (br s, 4H)
overlapping 4.39 (g, T = 7.2, 2H), 6.94 (s, 1H), 7.03 (dd, T = 10.0 and 8.8, 1H), 7.24-7.26 (m,
25 1H), 7.33 (dd, J = 8.8 and 3.6, 1H), 8.18 (br s, 1H).

[M+HT": 549.

Example 7  9-Ethyk-2-(1 H-indoi-4-yl)-6-morpholin-4-yl-8-{(4-morphclin-4-yl-piperidin-
1-ylmethyl)-9H-purine '

30 Suzuki coupling of 2-chloro-9-ethyl-6-morpholin-4-y1-8-(4-morpholin-4-yl-piperidin-
1-ylmethy!}-9H-purine (Reference Example 13) and indole-4-boronic acid afforded the title

compound as a pale yellow solid (93 mg).



partitioned between water and CH2C12, the organic layers separated and dried (MgSO4). Purification

by column chromaté) rapr:;y eluting with 5%-.10% CH2C12-MeOH + NH%@%&{{;%%%%@
4-(2-oxo-oxaz‘gﬁ}dﬁ’1- -;S/T)l-piperidine-l-carboxylic acid ten-butyl ester as a colourless solid (535 mg). A

mixture of this and 4 M HCL1 in dioxane (5 mL) in CH2C12 (21nL) was stirred at RT for 12 h and the
solvent evaporated. The crude 6g}roduct was passed throu%h an SCX-2 cartridge ta giegd
1-piperidita @i MbaZoRGR -8 -P8 Mgy, 1-87-1.90 (m, 2H), 2.13-2.23 (m, 4H), 2.55-2.58 (m,
2-Chloro-33elyb$9e phoiin-24-381391d (au Beg,- 88 8al dahyHe (2A04me{ant), 428 (4,1 =
piperidin-4;yl-imidazalidin-2-one.( 0) Were t HESINg 4 da ductive
Y-myIasglely 6008308 Q) epe ispaigdl (oIRPRbITING hestancan i

amination ¢onditions. mpound was isolated as a white solid (275 mg). 00 MHz,
CDC13) 1454}, 3H), 1.69 (m, 2H), 1.81 (m, 2H), 2.27 (m, 2H), 2.95 (m, 2H), WO
2009/053116101.1s61T/GB2008/003622 3.54 (dd, J = 7.3, 8.7, 211), 3.71 (s, 2H), 3.77 (1H, m)3.84 (t, J
=4.9, 4H), 4.29 - 4.37 (m, 6H). Reference Example 88 9.9 /s-N 5
N-Methyl-N-piperidin-4-yl-methanesulfonamide To a solution of 1-BOC-4-piperidone (1.0 g) in
methanol Bxamptd /asZatfdBthl-3olbiimeref b twpAranommbelinbrih@Hrpdtmol (1.0 mL). The

reaction Wﬁ%&ﬁfﬂﬁ&%ﬁ&@&iﬁy&%&ﬂ?ﬂoﬂ?ﬁn sodium cyanoborohydride (0.315 g) was added. After
stirring for 10 24 hours the reg?]((#ié)are mj tur%w§slt en di useq Wi -h)gi_chlor_ [nfath%n , washed with
sodium bicarbor R SbTGHR: %m@% YaRd tHESONVERT rémoved in vacuo. T he residue was
purifieth byl flsds - ehebyiateigrawhyliee YRiftrdnanedigrmici hd-piddridenebutybdibetoyficitadid tén-butyl ester

(0.609). Tq 3,304 '%ﬁ.éﬂ&ﬁ%w DOIRIPSHIpEA-EIRoMIRAciRkieth asise (-590) in 15

i
dichloromethane (10 mL) was ed triethylamine (0.42 mL) followed by methane sulfonyl chloride

(0.23 mL) 2Herdrdiikitidernmpamit ash & e iisHAimeYe was then diluted with dichlommethane,
washed with (g0t MRizh{TpCh) nate (ol etion, ez IV E0H) 4y 3 &0R8)HBresr¥etkin vacuo. The
residue w rifi fl 0 VATORY/ - Hioles) thy}amigo)-piperidine-1
-carboxyli%%g%btfﬁ’k?lﬁgi ol %}rg%\% 9)5%2 ’%reg(tbre%%iﬁ’ g{fgtﬁs@ 2%?053%yiv%ﬁﬁ ’Ei%:bi Jﬂ?

dichIo#émétﬁ%ﬂwwﬁﬁoﬁdﬁgéoﬁ%aﬂﬂgé:@owmi%as isolated as the hydrochloride salt (0.57
g). 8l (40GN¥kdg:.dadmso) 1.78 (m, 211), 1.95 (m, 2H), 2.70 (s, 3H), 2.94 (s, 311), 2.97 (m, 211), 3.34
(m, 211), 3.89 (m,1H), 8.74 (hr s, 211). 25 Reference Example 89 9.9 / S-N
Example 9  2-{9-Ethyl-2-(1H-indol-4-yl)-6-morpholin-4-y}-9H-purin-8-ylmethyl]-
1,2,3,4-tetrahydro-isoquinoline
20 Suzuki coupling of 2-(2-chloro-9-ethyl-6-morpholin-4-y1-9H-purin-8-ylmethyl)-
1,2,3,4-tetrahydro-isoquinoline (Reference Example 14) and indole-4-boronic acid afforded
the title compound as an off-white solid (64 mg). _
5y (400 MHz, CDCL3) 1.53 (1, J = 7.2, 3H), 2.83-2.94 (m, 4H), 3.77 (s, 2H), 3.92-3.94 (m,
4H), 3.97 (s, 2H), 4.44-4.50 (m, 4H), 4.51 (g, I = 7.2, 2H), 7.01-7.20 (m, 3H), 7.28-7.34 (m,
25 3H), 7.49 (d, ] = 8.0, 1H), 7.63 (s, 1H), 8.26 (d, ] = 8.0, 1H) overlapping 8.27 (br 5, 2H)}.
[M+H]": 494.

Exampie 10 2-{4—[9-Ethyl-z-(lH~indol—4—yl)—6—morpholin-4-yl—9H-purinws-ylméthyl]~
piperazin-1-yi}-isobutyramide

30 Suzuki coupling of 2-[4-(2-chloro-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl)-
piperazin-1-yl]-isobutyramide (Reference Example 16) and indole-4-boronic acid afforded the

title compound as a white solid (58 mg).



WO 2009/053716102PCT/GB2008/003622 methyl-methanesulfonamide  The title compound was
prepared under the standard reductive-aminatjgn conditions to give a pale yellow solid (0.21g). SH
(400 MHz, COYAHYY1E ], 3H), 1.66 (m, 4H), 2.15 (m, 2H), 2.71 (s, 3H)‘Z?¥?§’(ﬁcﬂ8@ﬁfﬁ% 2.84 (m, 2H),
3.60 (s, 211), 3.71 (in, 5H), 4.21 (m, 6H). Reference Example 90 :

4-Morpholin-4-yl-piperidine-4-carboxylic acid amide 10To a mixiure of 1- -4-piperidone (1.0 g, 5.01
mmol) anéﬁw%‘?é ’eC(@:Q@ tln%S, 2 n}rﬂ)(fnjcﬂl’bgo%ﬂn 2(@%%5 %gﬁé’r%\?gﬁe‘%%b%?gd downto0C
was added. oB opydsn, imethigitylEHRnide (9.7 3 ik, 251 3.ainjel ), Thes hitHe/ wanahred to room

temperatuye ang stirsed, qvernight. T ixtyre was paytitonegd b pedighlpromgthane and water.
The comglgr'?édng?gg'r%% é%/ér{srgﬁ%%g’v?;%ﬁé l\j/vith\gi)%ring?jréeﬁa%édﬁg%g%%?ggﬁ ’(I\fl)gSO4) %ﬂ yield 4- 15

cyano-4-nesepreminef gl shséritihe-1 -carboxylic acid tert-butyl ester (1.19 g). The crude material was
stirred 4n m@irghalyd0 mL) and 1 M sodium hydroxide solution (4.25 rnL) was added followed by the
dropwise addition of hydrogen peroxide, 30 wt.% solution in water (2.3 mL) at room temperature. The

mixture W@%ﬂgr@@'1OVQImqbbmﬂme&&xamtﬂimmﬂﬂﬁmmmnm@mtmwnified by column
chromatography to yield 4-carbamoy1-4- 20 morpholin-4-yl-piperidine-1-carboxylic acid tert-butyl ester
(0.54 g). %‘gﬁﬂ‘a\/@h‘f‘ Pife e W RYER 4N dichloromethane/methanol gave the title compound,
which was isolaferasdity dinglfosiiocidplsrt(@htd ) T8E tidOervisund Gadeiaingd B9 {br m, 4H), 2.87

(br m’léHko%oégegp%ﬂﬁ%%g% br m, 4H), 8.76 (br s, 2H). 25 Reference Example 91 WO
2009/053716103PCT/GB2008/003622 N\!_eN

1-(2-ChIo@dgtéhﬁ-%zmorpholin-4--y1-9H-purin-8-ylmethyl)-4-morpholin-4-y|pipéridine-4-carboxy|ic
acid amidéy NMRTedilieep0TRTIAd Wals(preyedianter=tha sanddyd edugtb/Eatifation conditions

(m. 10, 7 T n i T Sy Mg gt > o =0

431-4.42 (m, 6 H), 6.94 (m, 1 H), 6.99-7.07 (m, 1 H), 7.27 (m, 1 H), 7.33 (m, 1 H) and 8.28
15 (bs, 1 H).

Example 12 8-{4-(3,3-Difluoro-azetidin-1-yh)-piperidin-1-yimethyl}-9-ethyl-2-(1 H-
indol-4-yl)-6-morpholin-4-y-9 H-purine
Prepared by using Suzuki coupling method B. The title compound was obtained as a
20 colourless oil (61 mg, 36 %).
M +HJ" 537.2 _
'"H NMR (400 MHz, CDCl3): & 1.34-1.45 (m, 2 H), 1.52 (t, J = 7.1 Hz, 3 H), 1.68 (m, 2 H),
2.12-2.22 {m,‘3 H), 2.84 (m, 2 H), 3.53 (t, = 11.8 Hz, 4 H), 3.74 (s, 2 H), 3.87 (1, ] = 4.7 Hz,
4 H), 4.35-4.46 (m, 6 H), 7.24-7.31 (m, 2 H), 7.44 (dt, ] = 8.1, 1.0 Hz, 1 H), 7.59 (m, 1 H),
25 8.22(dd,J=7.6,1.0Hz, 1 H) and 8.33 (bs, 1 H).

Example 13 2-{4-[9-Ethyl-2-(5-fluoro-1 H-indol-4-yl)-6-morphelin-4-yl-9H-purin-8-
yimethyl]-2,2-dimethyl-piperazin-1-yl}-acetamide
Prepared by using Suzuki coupling method €. The title compound was obtained as a
30 pale yellow oil (105 mg, 80 %;.
[M +HJ 550.3
'H NMR (400 MHz, CDCl): § 1.06 (s, 6 H), 1.50 (t, J="7.1 Hz, 3 H), 2.32 (m, 2 H}, 2.51 (m,
2 H), 2.61 (m, 2 H), 2.99 (m, 2 H), 3.70 (s, 2 H), 3.83 (t, =47 Hz, 4 H), 4.34 (5, 4 H), 442



Synthesis of Compounds offormula () 10 Example e e e m -
1:(1-19-Ethy1-2-(1H-indol-4-y1)-6-morpholin-4:y1-9H-purin-8-ylmethy11- piperidin-4-y1)
dimethyl-amin\(“-fO WREAPEA mixture of [1-(2-cﬁ1%ro-9-ethy1-6-morpholin?@%W-gﬁﬁ?%%-ylmethyl)-
piperidin-4-y1]-dimethyl-amine (Reference Example 9; 82 mg; 0.20 mmol), indole-4-boronic 15 acid
(45 mg; 0.28 mmol), PdC12(PCy3)2 (7.4 mg; 0.01 nunol), K3PO4 (0.5 inL of a 1.27 rt.4 agueous
solution; 0%4 Tividizehtdioxhke: (it viﬁi?)”\%%es]ﬁ@a?e"a 20848 d Ha i/ otb&Pe 46P1.5 h. The product
was purified bpsatrh-andmlease: sHya0 dsal@s SEX-2 cartridge followed by flash chromatography
(85:15:1 to 80:20:1 CH2C12/Me01-1/NH40H as eluent) to afford the title compound as an off-white
solid (90 mg; 92 %). 20 8H (400 MHz, CDC13) 1.57 (t, J = 7.2, 311), 1.88-1,91 (m, 211), 2.14-2.20 (m,
31), 2.35 Exempl 1y, 2¢0- w21 B indulsdy DS meymmling i e puyimSaimetyllm  411), 4.48 (q,
J = 7.25 2B 1) 4l Sifi 3B eRae@l iy RQuishide 8.0, 111), 7.64 (s, 111), 8.25-8.27 (m, 2H). [M+Hr: 489.
25 The compounds o gg(am%leﬁ 210,10 viere?ﬁ)rg%gﬁﬁeq,#sm% gglmargal ques Wﬁﬁ@?%tﬁ) that described
in Example 1, ugﬁ‘?ﬁafﬁ é’p‘ﬁ % 3@% WUBBR T2 o‘rop?mne and mdole-a-boronic acid starting
compoundslodtl&s 206088 PHAD4PCTI6B21108/003622 Example
2(149-Ethw-21?g5@_50-lH-indol-4-y1)-6-morpho|in-4-y1-9H-purin-8-

yImethyII-%Peri In-4- };L%%meth l-amine  Suzuki coupling of

[1-(2-chlorét 9t L ﬂ:-§ﬂ:§ﬁ(%§ﬁﬂaéz§frﬁe{ﬁyﬁgiHérﬁimﬁﬁﬁ-gi%%ﬁ&egﬁne (Reference
Exampje Panarj, Jierhutginoztied; sikng e, 3 H), 3.90 (1, ] =4.7 Hz, 4 H), 441 (t, ] = 4.7

fluoro-4-(4,4,5,5:tettamethy | lan-2z%1)-1151-indo f e 1) afforded
the e ot 20 Gh oIS 2a0h (17 e St a i Loy rder s 8
1.53-1.68 &ifh, UiHz1185.7.68 (m 150) 3:24 4id Do T, 1341y, 2 Bl and $33 159 b6hr d, J = 11.6), 3.76 (s,
211), 3.86-3.88 (m, 4H), 4.39 (hr s, 411) overlapping 4.43 (q, J = 7.2, 211), 6.98 (hr s, Hi), 7.07 (dd, J

=10.8and 8.8, 111), 7.28-7.30 1o (m, 111), 737 (dd J =8.8 and.4.0, 111) 822 (hr s, [M+Hr: 507.
Example S8 15-2-@3%-%%{?3%1%:1(-%TP4)!V [ -%q%%ﬁfgg%y(glr%ﬁ%% oif‘él:ln ¢
aluvrazin-gmethydHididamscrpinoli-siiaat-Bpntne 15Suzuki coupling of

2-chloro-9-ethy - S{{ R)dls(haxahyera-PuspiRklmaalavrarie-any DimpthinklAxestahalin-4-y1-9H-purine

(Reference Example 10) and f—;ten-butyl-dimethyl-
colourless oil (97 mg, 65 %).

[M +H]" 533.2

"H NMR (400 MHz, CDCly): § 1.48 (t, Y = 7.1 Hz, 3 H), 1.68 (m, 4 H), 2.21 (s, 2 H), 2.50 (m,
20 4H),3.18(s, 2 H),3.74 (s, 2 H), 3.83 (t, ] = 4.7 Hz, 4 H), 4.30-4.44 (m, 6 H), 5.68 (bs, 1 H),

6.92 (m, 1 H), 6.96-7.05 (m, 1 H), 7.26 (m, 1 H), 7.32 (ddd, ] = 8.8, 3.9, 0.8 Hz, 1 H) and 8.32

(bs, 1 H).

Example 16  8-[9-Ethyl-2~(1H-indol-4-yl)-6-morpholin-4-yi-9H-purin-8-yimethyl]-2,8-

25 diaza-spiro[4.5]decan—3-one '
Prepared by using Suzuki coupling method B. The title compound was abtained as a

colourless oil (97 mg, 80 %).

M+ H]" 515.2

‘H NMR (400 MHz, CDCh): § 1.50 (t, T = 7.1 Hz, 3 H), 1.65 (m, 4 H), 2.18 (5, 2 H), 2.47 (m,
30 4H),3.14(s, 2 H), 3.72 (s, 2 H), 3.85 (t, ] = 4.7 Hz, 4 H), 4.33-4.44 (m, 6 H), 5.87 (bs, 1 H),

7.23-7.29 (m, 2 H), 7.39-7.45 (m, 1 H), 7.56 (t, J=2.5 Hz, 1 H), 8.19(dd, I =7.5, 1.0Hz, 1

H) and 8.38 (bs, 1 H).



silany1)-5-fluoro-4-(4,4,5,5-tetramethy141,3,21clioxaborolan-2-y1)-1H-indole (Reference Example 3)
afforded the title comﬁ)ound as a pale yellow sgfid (61 mg). an (400 MHz, C Cl?(g 1.39-1.88 (m, 4H)
overlapping 1.5 {33719 311), 2.01-2.50 (m, 511), 20 2.84-3.15 (m, fff;?};gf‘} 1988 (m, 611), 4.38
(hr s, 411) overlapping 4.43 (q, J = 7.2, 211), 6.98 (hr s, 111), 7.07 (dd, J = 10.8 and 8.8, 111),

7.28-7.30 (m, 111), 7.37 (dd, J = 8.8 and 4.0, 111), 8.22 (hr s, 111). [M+H]; 505. 25 Example 4
9-Ethyl-Séﬁ@gbggexéﬁédl%gﬂ%‘tﬁﬂﬂ5‘-’3@?3’2’19&'—?@5’#&?H?ﬂyk-;&[mﬂgﬂ%ﬁ%gﬁorphoIin-4-y1
9H-purinepiperfligukiBauplian-afchchloro-9-ethyl-8-[(S)-1-(hexahydro-pyrrolo[1,2-a]pyrazin-2-
yHmethyl]-6-motpholin:4-y1-91/puri ' - ic, acid afforded the
titte compound a%?aﬁgqe% ggﬁlg gs%fl%? %%%r%%%%%%ﬁ%ﬂﬁg&%%ﬂ?ﬁ%ﬁ?ﬁ%&é%% 111), 1.57 (t,
J= 7.2, 319rpam 67id @32 mg.3MAF0P.04-2.49 (m, 511), 3.79-3.93 (m, 6H), 4.42-4.45 (m, 4H) overlapping
4.48 (05 J pvit+2PH)52.30-7.35 (M, 2H), 7.49 (d, J = 8.0, 111), 7.64 (hr s, 1H), 8.26 (d, J = 8.0, 111)

S AR B dor Saroes
y1)-6-morfhgalifiy 2848 PmeirddS pk{tcbagihfioR H), 3.59 (m, 1 H), 3.73 (s, 2 H), 3.88 (1, I =

8-(4-azetidin&:ylrpiparidin- thy!) 3gchlores G5 mosRhgling:-y 9H-audneReference
Example %Qe%k%%%}%&%ﬁﬁgﬁe%’){-%sﬁ?n%gr-’gfmyb%I@pﬁ RHSENPHR

fluoro-4-(1§, %?Sz-g’efﬁhr%gﬁi’%@[ﬁ%’iﬂfd &%\borolan-z-yl)-lH-indole (Reference Example 3) afforded the
titte campound as a white solid (5 mg). 10 8H (400 MHz, CDCI3) 1.25-1.35 (m, 21), 1.50 (t, J = 7.2,

311), 1-51%%?1%_%!184§g)fzﬁ&iﬁﬁén@ﬂﬁﬂxj&a?Iﬁﬁ«}(@l&ﬁy@h—&uﬁhﬁlﬂ&(&ﬂﬁﬁri%-Esl)' 3.75 (s, 2H),

3.84-3.87 T, m, 411 overlapping 4.39 (g, J’= 7.2, 2H), 6.96-6 m, 111), 7.05 (dd, J =
10.8 and amqmlvﬂaeww}ﬂ%jﬁiﬁé)ﬁmd, J=8.8and 4.0, 1H), 8.18 (hr s, IH). [M+H]: 519. 15
Example 6 9-EttpiiperddHiuaios bldariabubtink) rtetngr ghotia 4ty teBridundorpiotinided is a
piperidin-lI-ylmethy)-9H-purine zuki coupling of :
2-chIoro-%ﬁ?ﬁ%&ﬁ%ﬂ%&%iﬁ]g4§¢1-§|i(4-morpholin-4-y|-piperidinI-yImethyI)-9H-purine (Reference
Exampie 18) abd 533 t-butyl-dimethyl-silany1)-5-fluoro- 20
4-(4,4,5,54gametiidi3, astnyabomlanr2-yh) H sindoistRalferancess xampip, I afforded the title
compound as_a white solid (49 mg). au (400 MHz CDC}"? 1.45-1.53 (M ;&%@8@%? d,J=12.0,
2E1), 2,10 380?813 9208 P 32410, DEa3R7 Gl )3 35 4% A P% 3075378 [ B, 3.82-3.95 (m,
4H), 4.35 @94 AoV posing. 343§ 1), B3Xd2, 10, 18.948(3 Hel 1 )7 DZ6(d] 3 2=81z0land 8.8, 111),
7.24-7.26 {17 33 (4d, = 8.7, 3.8 Hz, 1 H) and 8.23 (bs, 1 H). -

20

Example 19 9-Ethyl-8-[4-(3-fluoro-azetidin-1-yl)-piperidin-1-ylmethyl}-2-(5-fluoro-1H-
indol-4-yl}-6-morpholin-4-yi-9H-purine
Prepared by using Suzuki coupling method G. The title compound was obtained as a

cream solid (100 mg, 62 %).

25 [M+HJ 537.3
'H NMR (400 MHz, CDCls): 8 1.39 (m, 2 H), 1.47 (t, J = 7.1 Hz, 3 H), 1.73 (m, 3 H), 2.17
(m, 3 H), 2.81-2.94 (m, 2 H), 3.17 (m, 2 H), 3.74 (m, 3 H), 3.83 (1, ] =4.7 Hz, 4 H), 4.31-4.42
(m, 6 H), 5.13 (d, ] = 57.4 Hz, 1 H), 6.93 (m, 1 H), 7.03 (dd, 1 = 10.9, 8.7 Hz, 1 H), 7.26 {t,J
=2.8 Hz, 1 H), 7.33 (ddd, J = 8.7, 3.8, 0.9 Hz, 1 H) and 8.23 (bs, 1 H).

30
Example 20  9-Ethyl-8-[4-(3-fluoro-azetidin-1-yl)-piperidin-1-ylmethyl]-2-(1 H-indol-4-
yi)-6-morpheolin-4-yl-9H-purine



2511), 7.33 (dd, J = 8.8 and 3.6, 1H), 8.18 (br s, 111). [M+11r: 549. Example 7

9-Ethy1-2-(1H-indo1-4-y1)-6-morpholin-4-y1-§4@-morpholin-4-yl-piperidin] - 1)-9H-purine
30Suzuki coub‘ffﬁ‘éﬂ% LE% %oro-9-ethy1-6-morpho|in-4-y1-8-(4-morpho|ir(1j§L Jé&?p@é@u‘y%ég J_I

I-ylmethyl)-9H-purine (Reference Example 13) and indole-4-boronic acid afforded the title compound
as a pale yellow solid (93 mg). WO 2009/053716106PCT/GB2008/003622 %E,fgg)o MHz, CDC13)
1.48-1.58 (m, 5TIPAERY vBg k) coRling mehod F, Th legonneang wa 0O GE 3 98 (m o),
3.73-3.76fl1eablil)(8D. 82,392 M, 4H), 4.41-4.44 (m, 4H), 4.48 (g, | = 7.2, 2H), 7.30-7.35 (m, 211),
7.49 (d,J @8&1 1113 7.64 (s, 111), 8.26 (d, J = 8.0, 111), 8.28 (br s, 1H). 5 [M+Hr: 531. Example 8
2-(9-Ethyl-2-(5- Fuoro-lH-ind01-4-y1)-6-morpholin-4-y1-9H-purin-8-
yimethy11H FMRA4EH MY CPSHiiiHclhesFK 3 diphy dfHz 3 H), 1.71 (m, 2 H), 2.16
(2F-2(2f-0*340rei%ﬁﬁyiisﬁ-ltggm)?;mrélmwﬁ{%m@;%m_)%;tily.h)(sla fi)23319-4et0qhtjerHRagpsnoline

eference Exam a -(tert- - - -B-
fIuoro-4-(f‘,‘i§5§'§it§§§rﬁ'§ﬂﬁggli%,&%ﬁéﬁ?éﬁ%ﬁ%ﬁ@ﬂﬁeg '%elréﬁtgjé’x%nmlple 3) afforded the
title compUyiRagdd \WHiteSsdIitHa1 Mggnd BROG@E0LMHz, CDC13) 1.48 (t, J = 7.2, 311), 2.84-2.93 (m,
411), 3.77 (s, 211), 3.88-3.91 (m, 411), 3.97 (s, 211), 4.41 (br s, 4H), 4.46 (g, J = 7.2, 2H), 6.98 (s,
1H), 7.04-7.18 (m, 511), 7.28- S 7,29 (m, 111), 7.37 (dd, J = 8.8 and 4.0, 1H), 8.20 (br s, 1H). [M+Hr:
517, ExarksRmbIatio. S LGB ik i ool PR ey 11
1,2,3, o te ymimtilpdjdoopsiaicidén 20S1imm | RiSjongd iag-3fone
2-(2-chioro-9-otiyd mprmanid il ERHERARAE DN de 20 Rl dsauno e (Reference

[ -4-bo

Example 14) an ole ronic acid afforded the title compound as an off-white solid (64 mg). SIT

(400 MHzydIOC19idL093n; 42292, 311), 2.83-2.94 (m, 411), 3.77 (s, 211), 3.92-3.94 (m, 411), 3.97 (s,
211), 4.44p4.5G4f540H), 4.51 (q, J = 7.2, 211), 7.01-7.20 (m, 311), 7.28-7.34 (m, 25 311), 7.49 (d, | =

8.0, 111), , 2 8. ing 8.27,(b 11). 494, E le 10
2 14 10 COMARAE IR Ok B R o S B S S b TR o oo
30Suzeki Bt GroR 24 3(24¢AIGro 5 &2 1B, id i fmd SADOHL - Gmy RridifyA-4.44
pipefazin@km%qtymi%ﬁagmﬂpﬁﬁmmlg 6y andgndolerdiharosigacishaffesded the title

compound as a white solid g58 m
7.35 (m, 1 H) and 8.29 (bs,

Example 22 9-[9-Ethyl-2-(1H-indol-4-y1)-6-morpholin-4-yl-9H-purin-8-yimethylj-1-
20 oxa-4,9-diaza-spiro[5.5]undecan-3-one
Prepared by using Suzuki coupling method F. The title compound was obtained as a
white solid (103 mg, 82 %).
M +H] 531.2 _
'H NMR (400 MHz, CDCL): § 1.53 (t, J = 7.1 Hz, 3 H), 1.61 {m, 2 H), 1.94 (m, 2 H), 2.52
25 (m,2H),2.64(m,2H),324(d,]=2.6Hz, 2H),3.78 (m, 2 H), 3.87 (t, J=4.7 Hz, 4 H),
4.16 (s, 2 H), 4.35-4.46 (m, 6 H), 6.06 (bs, 1 H), 7.25-7.32 (m, 2 H), 7.46 (d, ] = 8.0 Hz, 1 H),
7.58 (t,]=2.5Hz, 1 H), 8.22 (dd, J = 7.5, 1.0 Hz, 1 H) and 8.29 (bs, 1 H).

Example 23 I-[9—Ethyl~2-(5-ﬂuor0—1H—indol—4-yi)—6~morpholin-4-—yl—9H—purin-8-
30 yhmethyl]-piperidine-4-carboxylic acid amide
Prepared by using Suzuki coupling method C. The title compound was obtained as a
white solid (38 mg, 31 %).



On (400 MHz, CDC13) 1.25 (s, 6H), 1.57 (t, J = 7.2, 3H), 2.59 (hr s, 8H), 3.79 (s, -2H), 3.90-.3.93 (in,
4H), 4.41-4.44 (m, 414), 448 (q, J = 7.2, 214),5.20 (hr d, J = 5.2, 111), 7 13 (hrd. J = 5.2, 1H),
gy il

7.28-7.36 (m, 18, 3=8.0, 1H), 7.64 (s, 111), 8.26 (d, J = 8.0, 1 ov%’rg%gﬁfﬁ9827 (br s,

111). 5 [M+Hr: 532. Example 11
8-1443,3-Difluorg-azetidin-1-ylypiperidin-l-ylmethyll-9-ethyl-2-(5-fluorolR-indol-4-0)-6-morpholin-4-y1-9
H-purine M+ Bl eififreg by using Suzuki coupling method C. The title compound was obtained as a 10
colourlessSBiNM®: age M8 CIIs): 8 @552y B7NMBR 400 Mbi2, 306 13,23 X2 To(pR H), 1.48 (t, | =

7.1Hz, 3 H), 2.1 t, . 3.78\(m, 1 H), 3.84
tJ=47 z%ﬁ-éﬁ 1}1)3 %3{@‘3&5&92 %rﬁ QQL@% %&%‘74 7% éif("/ 274&(2]215 5@7 33 (m, 1 H)
and 8.28 ﬁg&?ﬁgalﬂl%ﬁﬁ}@ﬁ(m 1 H), 6.96(dd, I =10.9, 88Hz 1H),731(d,J=3.1Hz 1
8-14-(3,3-Bjfimaresazelslin;]-yin:piperidin-lI-ylmethyll-9-ethyl-2-0Hindol-4-y0-6-morpholin-4-y 1-9H-purin
e Prepared by using Suzuki coupling method B. The title compound was obtained as a 20
colourless oil (61 mg, 36 %). [M + Hr 537.2 1I-1 NMR (400 MHz, CDC13): 8 1.34-1.45 (m, 2 H), 1.52 (t,
J = 7.1 HZEQule D68 Ari4A%-BHiyh2(3-Aaofon ] BHindol-8y b, 2o alis3HY-§H-purdidz 4 H), 3.74 (s, 2

H), 3.87 ( h}wﬂc}if éﬂﬁ»ﬁﬁﬁ;fuﬂ@tﬁmnﬁdﬁ) 7.24-7.31 (m, 2H)744(d| S=8.1,1.0Hz, 1 H), 7.59
(m, 1 H), 258.22 (dd, S=7.6, 1.0 Hz, 1}I—é)and8 ﬁréb 1H). Examp

2-{4-[9-Ethy1-2- E’éﬂﬂﬁ&f‘d’ﬁﬁ 415 85 ‘6’&?%‘?‘%‘ Was obtained as a
yImethyllyﬂleﬂttgAIapg)eﬁa%m I yII -acetamide Prepared by using Suzuki coupling method C.
The title ¢ 3s obtained as a 30 pale yellow oil (105 mg, 80 %). [M + Hr 550.3 IHNMR (400
MHz, CD 3) 106(s 6 H), 1.50 (t, J=7.1 Hz, 3 H), 2.32 (m, 2 H), 2.51 (m, 2H) 261(m 2 H),
2.99 (m, 2 FINME (09 Mhny DMED(E 8107 (15 D)40(84 ts7 1 ¥, Hp2 3. 4 H)
200910533 SARRGTICAAR0BAIIALY b THb AL B58 4570116, 0 95, (rosTak), 6.97-7.04 (m.
1H),7.23 }1%8( Ifaflso%k 3%)(3)1% by 1% 0.8 Hz, 1 H) and 8.34 (bs, 1 H). Example 14
2-{4-(9- Eth 275[] % -6-mor %Iln- *y1-9H-purin-8-ylmethyl]5
2,2-dimethyl-piperazin-1-y1}-acetamide  Prepared by using Suzuki coupling method B. The title
compoungswas, RRINec ARRCERIGHHASE GRS S84 -yI)-6-morpholin-4-yl-9 H-purin-
8-yimethyl]-2,6-dimethyl-piperazin-1-yl}-acetamide
Prepared by using Suzuki coupling method C. The title compound was obtained as a
white solid (140 mg, 80 %).
20 [M+H]"550.2
"H NMR (400 MHz, CDCl3): 6 1.03 (4, J=6.2 Hz, 6 H), 1.48 (t, J=7.1 Hz, 3 H), 1.99 (1, ] =
10.7 Hz, 2 H), 2.62 (m, 2 H), 2.75 (d, T = 10.7 Hz, 2 H), 3.09 (s, 2 H), 3.69 (5, 2 H), 3.84 (t, J
= 4.7 Hz, 4 H), 4.31-4.43 (m, 6 H), 5.51 (bs, 1 H), 6.92 (s, 1 H), 6.97-7.06 (m, 1 H), 7.22-7.28
(m, 2 H), 7.33 (dd, ] =8.8, 3.5 Hz, 1 H) and 8.32 (bs, 1 H).
25
Example 26  2-{(cis)~4-[9-Ethyl-2-(1 H-indol-4-yl)-6-morpholin-4-yl-9H-purin-8-
yimethyl}-2,6-dimethyl-piperazin-1-yl}-acetamide
Prepared by using Suzuki coupling method B. The title compound was obtaingd asa
yellow solid (154 mg, 85 %).
30 [M+H] 5323
'H NMR (400 MHz, CDCls): § 1.03 (d, J = 6.2 Hz, 6 H), 1.53 (t, J = 7.1 Hz, 3 H), 1.94-2.04
(m, 2 H), 2.62 {m, 2 H), 2.75 (4, T = 11.3 Hz, 2 H), 3.10 (5, 2 H), 3.69 (5, 2 H), 3.88 (1, T=4.7



[M + Hf 532.3 11-1 NMR (400 MHz, CDC13): 8 1.08 (s, 6 H), 1.57 (t, J = 7.1 Hz, 3 H), 2.35 (bs, 2 H),
2.54 to (bs, 2 H), 2.64 (jiln, 2 H), 3.02 (bs, 2 H), 372 (s, 2 H), 3.90 (t, I = 4.7 Hz, 4 H), 4.41 (t, I = 4.7
Hz, 4 H), 4.5000 PP4511%,, 2 H), 5.47(d, J = b5 Hz, 1 H), 7.28-7.36 (n? SUSPHREE2 ) = 8.0, 1.0 Hz,
1H), 7.61 (m, 1 H), 8.24 (dd, J = 7.6, 1.0 Hz, 1 H) and 8.33 (bs, 1 H). Example 15
8-19-Ethy1-2-(5-fluoro-1H-indol-4-y1)-6-morpholin-4 yl 9H-purin-8- 15
yimethy1Hz, 8 Hia d6:H#8 (@B 18R ah 43 Gné= 5-%@{;5%@1%%’3%@{%@@ t6UMhidg Béthod C. The title
compoungiwasgbianed asy eopudess 0k (9.0 me,165 %l §idHudl+ BR3.2 IH NMR (400 MHz, CDCI3):
81.48 (t, J = 7.1 Hz, 311), 1.68 (. 4 H), 2.21 (s, 2 H), 2.50 (M, 20 4 H), 3.18 (s, 2 IT), 3.74 (s, 2 H),
.3.83 (t, J = 4.7 Hz, 411), 4.30-4.44 (m, 6 H), 5.68 (bs, 1 H), 6.92 (m, 1 H), 6.96-7.05 (m, 1 H), 7.26 (m,
1 H), 7.32Exniehid 27 8.8-{6%9-4c BRyI21(-Aneres-B-{dolsdty])-¢-rmorphniie-4 51-9H-purin-8-
3_—19-E;hy}r[ldgréé%ghqu ?%%@pﬁiépﬂﬁh% ;chﬂqﬁlaaourirll-_&ylm?thyl1-2h,8(;| 25 e i |
iaza-spiro[4.5]decan-3-one, Prepared by usi i coupling method B, title compound was
obtained as a cilRAEEDBIEY %’dﬂ“'{%ﬁ%}g}“{%’lﬁ%—gﬂﬂs fé'fﬂ%ﬂ%"{%ﬂnﬁlﬁ%s BEF%?SE? 1.50 (t,J=7.1
Hz, 3 H), Ye@6%mil BRing Z8%5, 2 H), 2.47 (m, 30 411), 3.14 (s, 211), 3.72 (s, 2 H), 3.85 (1, J = 4.7 Hz,
411), 4.3?&.4%%6%1), 5.87 (bs, 1 H), 7.23-7.29 (m, 211), 7.39-7.45 (m, 1 H), 7.56 (t, J = 2.5 Hz, 1

H), 8.19 (dd, J=7.5,1.0 Hz, 1 H% and 8.38 (bs, 1 H). WO 20091053716109PCTIGB200810036 22
Example 15 NMR (400 MHz, CDCl): 8 0.87 (d, 1= 6.8 Hz, 3 H), 0.94 (4, T =6.8'Hz, 3 H), 1.48(, T =

1-{14'90Ecithyilf&@-ﬂ)j72(.11312.44/41)';Q-Hpmimﬂ.ﬂﬂﬁih;laﬁﬁ;pwﬁr(cﬁcym&emﬁjplpﬂidiﬂzéiﬂ]}},azetidin-2|-(cj)r2e
Prepare | i coupli 100, ifle In ,obta) asq gream solid (122
o, 77 06 S LT 1 B A (100 R CEo gy B T e o
1.85 (m, 21HD), 32.88(¢d, 216§, Bzg BD.g06(3, Wi(m), B 3834047, By 1D.938m42 1), 8.73 (s, 2 H),
3.88 (t, J 1949244 By 4130 Aifhbd 03, ¢hH) 15, 306/ (@, 213). 774 #61(dl =53 8if) Higy,I7t4k 7.59 (s, 1 H),

1105 £k AAE IR 1 5 Y11 BTN A b purin 6
ylmethyll-piperidin-4-y1}-azetidin-2-one  Prepared by using Suzuki coupling method G. The title
compound:Was, IRINGd 5. 2 RARRN UG LS. Aok otirdM-sHipmia.&
ylmethyl}-2-isoprepyl-piperazin-1-ylj-acetamide :
Prepared by using Suzuki coupling method B. The title compound was obtained as a
yellow oil (31 mg, 23 %).
20 [M+HJ 546.2
'H NMR (400 MHz, CDCl3): 8 0.86 (d, J=6.8 Hz, 3H), 0.93 (d,J =6.8 Hz, 3 H), 1.53 (8, J =
7.1 Hz, 3 H), 2.04-2.14 (m, 1 H), 2.20-2.36 (m, 3 H), 2.46 (ddd, J =12.2,9.3, 2.8 Hz, 1 H),
2.63(d,J=11.1Hz, 1 H),2.73(d,J =102 Hz, 1 H), 2.83 (d, = 16.8 Hz,  H), 2.93 (dt, T =
12.2,3.6 Hz, 1 H), 3.45 (d, ] = 16.8 Hz, 1 H), 3.67-3.77 (m, 2 H), 3.87 (t, ] =4.7 Hz, 4 H),
25  4.36-4.48 (m, 6 H), 5.45-5.51 (m, 1 H), 7.11 (4, T = 5.3 Hz, 1 H), 7.25-7.33 (m, 2 H}, 7.46 (4,
J=8.0Hz, 1 H), 7.58-7.60 (m, 1 H), 8.22 (dd, J = 7.5, 1.0 Hz, 1 H) and 8.30 (bs, I H}.

Example 29 9-—Ethyl-z-(iH-indol-4-yl)-6-morpho!in-4-yt-8;[4-(tetrahydro~pyraﬁ~4-yl)—
piperazin-1-yimethyl}-9H-purine

30 Prepared by using Suzuki coupling method A. The title compound was obtained as a
colourless o0il {102 mg, 87 %).
[M +H] 531.2



IFINMR. (400 MHz, CDC13): 8 1.48 (t, J = 7.1 Hz, 3 H), 1.68 (m, 2 H), 1.85 (m, 2 H), 2.22 (m, 2 H),
2.83-2.92 (M, 4 H), 3.21 (M, 2 H), 3.59 (m, 1 H), 3.75 (s, 2 H), 3.77-3.8 -4.44 (m, 6 H),
6.92-6.94 (m, A"/ 95 8d, 1 = 10.9, 8.7 Hz,li?sH), 7.26 (t, J = 2.8 Hz, %@#@8@5@ = 8.7, 3.8 Hz,
1 H) and 8.23 (ha, 1 H). 20 Example 19
9-Ethy1-8-[4-(3-fluoro-azetidin-I-y1)-piperidin-1-ylmethyl]-2-(5-fluoro-1Hindo1-4-y1)-6-morpholin-4-y1-9
H-purine 'H P8 &t SiREBL 20 ToubTing fridtnd 651 $hetiddBohifdihd Whe-8btained as a
cream solg%gj(glgmz 63800)-12510% Hﬂﬁ@ﬁ]g_&é@&lj\ﬁwE{?(#@@;Mﬁl,m@@@ﬁl;i& 1.=~3!11(5n, 2 I;|), 1.47( (t,J
=7.1Hz,3H),1.73(m, 3 217 (m_3 H).2.81-2.94 ), 3. : 7 3 H),3.83(J
= 4.7 Hz, ‘it‘fi%,z’zi%é@zi:i%‘tr%, B0 7%?6?‘354%’7%{%12(;% EF}WG‘&&(Z#%%%%% ddr,E[’S: 10.9, 8.7 Hz,
1 H), 7.26:4¢, 1 HR282Hajdl 1,756,360 Hdd], B8l 3,29 §019Biz, 1 H) and 8.23 (bs, 1 H). 30 Example 20
9-Ethy5‘L-8-14-(3-quoro-azetidin-l-yl)-piperidin-hylmethyl1-2-(1H-indol—4-

y1)-6-morpholin-4-y1-9H-purine. WO 2009/053716110PCT/6B2008/0 2 . Prepared by using
Suzuki co@@%&%&th&d*ﬁ%‘ﬁﬂé’gB%ﬁé%@%é?’ggfﬁmﬁﬁ?é% %éﬁﬂrtgﬁ"mg, 53 %). [M + Hr
519 IHNMReABQ N4 2dimkiGyBpifetadih-@rune H), 1.52 (t, J =7.1 Hz, 3 H), 1.71 (m, 2 H), 2.16 5 (m, 3

H), 2.84 (M, 2 H). 3.12.(m. 2.H)c3, 2 H). 2,73 ¢S, 29 1ds36- 4.46 (M, 6 H),
5.)00-5.2{n(1m, 1 f??%@%?ﬁ“éﬁ?ﬁg‘ﬁ)@“@%%ﬁﬁ%hgﬁs%ﬁg lf%)%&s%%%éﬁ%)fggsdd, J ! r?.s, 1%)

Hz, 1 H) ariteseBA (2 mg1$2 %lxample 21
9-19-ghyfii2-(G3fl9ere-1H-indo1-4-y1)-6-morpholin-4-y1-9H-purin-8- 10

Imethy11-1-gxa-4.9-diaza-spiro[5.5] -3- P i i l thod G.
e title ooV At AL o Chey Bt G B L e o b 218 AR (400 Wiz
CDC13): 8 4.6H7] BR)ME3 )2 H)62.2M(n2 #8145 (m] 2 A, Bz52 a6 7 hEH Yy 2.6H7nh, 2 H), 3.24 (d,

1= 2.6 Hzq 2444 57&&5'3-&31(@.7@112!)1 ﬁg}@.‘sz—%ffﬁn,zz'ﬁ);; 4894 A maa i B4l (s, 1 H), 6.92 (m, 1
H), 7.03 (dd; J = 109, 8.7 Hz, 1 Hj, 7.26 (m, 1 H), 7.30- 7.35 (m, 1 H) and 8.29 (bs, 1 H). Example

22 9-19-Ethy1-2-(1H-indol-4-y1)-6-morpholin-4-11-9H-purin-8-ylmethyll-1- 20

oxa-419-digzanglim[5. 3laEibgho-GHtirdol-4-Fieparechhylinsirg-SHmikindypinghyidthéd F. The title
compoun%i\(ﬁ/laﬁ&%%gd aAsAwhite solid (103 mg, 82 %). [M + Hr 531.2 IHNTVER (400 MHz, CDC13):
=/.THz

8 1.53 (t, , 3 H), 1.61 (m, 2 H), 1.94 (m, 2 H), 2.52 )
Prepared by using Suzuki coupling method B. The title compound was obtained as

white solid (42 mg, 58 %).
M + HJ 489.2

20 'HNMR (400 MHz, DMSO-dg): § 1.27 (s, 6 H), 1.56 (t, J = 7.1 Hz, 3 H), 2.60 (s, 2 H), 3.12
(s,2H),3.86 (t, ] =4.7 Hz, 4 H), 3.89 (s, 2 H), 4.37 (1, } = 4.7 Hz,4 H), 449 (¢, ] = 7.1 Hz, 2
H), 7.20 (1, J =7.7 Hz, 1 H), 7.33 (d, J=3.1 Hz, 1 H}, 7.42(dd, J = 3.5, 1.0 Hz, 1 H), 749
(dd,J=7.7, 1.0 Hz, 1 H) and 8.06 (dd, T = 7.7, 1.0 Hz, 1 H).

25 Example32 8-(2,2-Dimethyl-morpholin-4-ylmethyl)-9-ethyl-2-(5-fluoro-1H-indol-4-yl)-

6-morphelin-4-yi-9H-purine
Prepared by using Suzuki coupling method C. The title compound was obtained as

white solid (35 mg, 40 %).
[M + H]" 494.2

30 'HNMR (400 MHz, CDCL): § 1.23 (s, 6 H), 1.53 (t, ] = 7.1 Hz, 3 H), 2.35 (m, 2 H), 2.47 (m,
2 H), 3.74 (m, 4 H), 3.79-3.88 (m, 4 H), 4.36 (m, 4 H), 446 (q, ) = 7.1 Hz, 2 H), 695 (1, I =
2.6 Hz, 1 H), 7.05 (dd, J = 10.9, 8.7 Hz, 1 H), 7.28 (1, } = 2.6 Hz, 1 H), 7.35(dd, T = 8.7, 3.7



25 (m, 2 H), 2.64 (m, 2 1-1), 3.24 (d, J = 2.6 Hz, 2 H), 3.78 (m, 2 H), 3.87 (t, J = 4.7 Hz, 4 H), 4.16 (s, 2
H), 4.35-4.46 (m, 6 H), 6.06 (bs, 1 H), 7.25-7.32 (m, 2 H), 7.46 (d, J - §, 8 (t,J = 2.5 Hz,
1H), 8.22 (dd‘?v? WIEHI8 Hz, 1 H) and 8.29 (§tl)%s, 1H). Example 23 Wochahdlsl2?
1-19-Ethy1-2-(5-fluoro-IH-indol-4-y1)-6-rnorpholin-4-y1-9H-purin-8- 30 '
ylmethyll-piperidine-4-carboxylic acid amide Prepared by using Suzuki coupling method C. The title
compoundifvd$oBedifed @& & Hhite solid (38 mg, 31 %). WO 2009/053716111PCT/GB2008/003622
[M + Hr 507.2 11-INMR (400 MHz, CDC13): 8 1.47 (t, J = 7.1 Hz, 3 H), 1.69-1.83 (m, 4 H), 2.13-2.29

(in, 3H), 297 = i 24 s e d S ASinAd T shE Fofhl B 154.7 Hz, 4 H),
R O N8 G FA R A i AV O
7.38-7.43 qzetidind)-simetnylled Hapaning o_Ethyl-2-(5-fluoro-1H-indo1-4-y1)-6-morpholin-4-y1-9H-purin-8-
ylmethyll-piperapigphyi bysebiggamidaupling Msppamdrhy tisngrpsnbiiveauplzgenathod C. The title
compound was gbfajned as.g,10 yellow solid (51 mg, 23 %). [M + Hr 550.2 NMR (400 MN;

B I ST

DMSO-d4” '(t, J = 7.1 Hz, 3 H), 2.42 (m, 4 H), 2.51 (m, 4 H), 3.70-3.78 (m, 6 H),
4.16-4.34 v +6TF$28.20 (m, 1 H), 6.92-7.01 (m, 211), 7.05 (m, 1 H), 7.41-7.45 (in, 2 11) and 11.20 (bs,

2 41 D O & L 2 i e B 20 2 6 cimethyii
-{(cis)-419-Ethy1-2-(5-fluoro-1H-indo1-4-y1)-6-morpholin-4-y1-9H-purin8-ylme -2,6-dimethyl-pip
erazio-1-y-’fL-?—%ﬁi’é»téﬁ%l%74 (‘Fﬁréﬁaréc? %9675({5‘@ @H}Lﬁgf %:Eﬁ:lﬁl éthdd @%ﬁ@té%xiﬁ Eound was
obtained assawhite)sniid (@40 -19,B6.961220HM 728i(nh 30D, 7NBMRIUGE MBzCBZI®Y, 8 1.03 (d, J =
6.2 Hz, 6 Il—lg)l.48 (t,J---- 7.1 Hz, 3H), 1.99 (t, J = 10.7 Hz, 211), 2.62 (m, 2 H), 2.75 (d, J = 10.7 Hz, 2
H), 3.09 (s, 2H), 3.69 (s, 2 H), 3.84 (t, = 4.7 Hz, 4 H), 4.31-4.43 (m, 6 H), 5.51 (bs, 1 H), 6.92 (s, 1 H),
6.97-7.06 (m, 1 H), 7.22-7.28 (m, 2 H), 7.33 (dd, S = 8.8, 3.5 Hz, 1 H) and 8.32 (bs, 1 H). 25 Example

26 2-{(cis)p4a{fipkethy 1-2-L b 1ind 0 indora-pupR6nhor iyl YHBrneBpholin-4-yl-azetidin-
ylmethy11-2,6-dimethyl-piperazin-l-yl}-acetamide  Prepared by using Suzuki coupling method B.
The title c]%?%lp'}‘(ﬁ‘jlﬂr%ﬁ%%%t%{‘éfned as a yellow solid (154 mg, 85 %). 30 [M + Hr 532.3 NMR (400 MHz,
CDC18): 6 1.03 Retpared dpusing Guaykiicaaplingnaethor F Ty titie paapoupd was obtained as a

tan solid (58 mg, 57 %).

[M +H]" 503.2

'H NMR (400 MHz, CDCl:): 6 1.51 (t, 7= 7.2 Hz, 3 H), 2.38 (m, 4 H), 3.09 (m, 3 H), 3.66

(m, 2 H), 3.75 (m, 4 H), 3.89 (t, ] = 4.7 Hz, 4 H), 3.95 (5, 2 H), 4.37-4.46 (m, 6 H), 7.27-7.34
20 (m, 2 H), 7.47 (d, J = 8.0 Hz, 1 H), 7.57-7.60 (m, 1 H) and 8.20-8.27 (m, 2 H).

Example 35 9-Ethyi-2-(1 H-indol-4-yl)-6-morpholin-4-yl-8-[4-(2,2,2-triflucro-ethyl)-
piperazin-1-ylmethyl]-9H-purine
Prepared by using Suzuki coupling method E. The title compound was obtained as a

25 tan foam (94 mg, 38 %).

[M + HJ 529.3

'H NMR (400 MHz, CDCl3): & 1.52 (1,7 = 7.1 Hz, 3 H), 2.59 (m, 4 H), 2.71 (m, 4 H), 2.95 (d,

J=94Hz, 1H),3.01(d,J=94Hz 1 H),3.76 (s, 2 H), 3.89 (t, ] = 4.7 Hz, 4 H), 4.36-4.47

(m, 6 H), 7.29-7.34 (m, 2 H), 7.48 {d, ] = 8.0 Hz, 1 H), 7.60 (s, 1 H) and 8.19-8.26 (m, 2 H).
30

Example 36  9-Ethyl-2-(5-fluore-1H-indol-4-yl}-6-morpholin-4-y1-8-[4-(2,2,2-trifluerc-

ethyl)-piperazin-1-yimethyl}-9H-purine



(m, 2 H), 2.62 (m, 2 H), 2.75 (d, J = 11.3 Hz, 2 H), 3.10 (s, 211), 3.69.(s, 2.H), 3.88 (t, 1 = 4.7.WO
2009/053716112PCT/GB2008/003622 Hz, 4 H), 4.36-4.48 (in, 6 H), 5.4 = , 1 H),
7.25-7.35 (m, SHH Y47 %, 3= 8.2 Hz, 1 H), l7l_%9(m, 1 H), 8.22 (dd, J :%f(gf"’%?{ﬁ“ai%%?% ) and 8.27 (bs,
1 H). Example 27 2-{(S)-4-19-Ethy1-2-(5-fluoro-1H-indo1-4-y1)-6-morpholin-4-y1-9H-purin-8- 5
ylmethy11-2-isopropyl-piperazin-1-yll-acetamide = Prepared by using Suzuki coupling method C.
The title compo@ﬁ@%@?@lﬂ%&?@%“é’%‘%%ﬁ%%EP??%??WO%“}%‘@B&PE“‘E‘E%%R/IR (400 MHz,
CDC13): 8R&7 fidm¥ 908, Bz 28.H), 0.94 (d, J = 6.8 Hz, 3 H), 1.48 (t, J = 10 7.1 Hz, 3 H), 2.03-2.14 (m,
1 H), 2.20-@§%§n§4? ), 2.46 (ddd, J-=12.2,9.3,2.7 Hz, 1 H), 2.63 (d, J =11.0 Hz, 1 H), 2.73 (d, J =
11.0 Hz, £ ), 2.83(d, J =16.8 Hz, 1 H), 2.90-2.96 (m, 1 H), 3.45 (d, J = 16.8 Hz, 1 H), 3.64-3.79 (m, 2
H), 3.83 ({FUNMR 7440 MH=) CDER) 42501, 51 5123 (), 32508, 431 2-7), 6194 i 294} 6.96-7.05 (m,

1 H), 751(dg ﬁz’?-?l@?ﬁ#&; 726 (i3 H)nY 33460 Hy; 3,858, 3840 2.1 H)3eadk8.30 (bs, 1 H). 15
Example 28 2-{(S)-449-Eth -2-%11i-ind91-4-y1)-6-mor hoIin-g- j—%—l-@%i@@-:{:gs

yImethyII-QI‘i g?o ﬁ&’ﬁre‘rgé'r - Wa&é‘téhﬁd%‘s HzPH%a?e%? ?X siftg 'Suzukitoupliig method B. The
title comppanelaas bHpindd.2k(asyelijw oil (31 mg, 23 %). 20 [M + H} 1H NNW (400 MHz, CDCI3):
60.86 (d, J =6.8 Hz, 3H), 0.93 (d, J =6.8 Hz, 3H), 1.53 (t, J = 7.1 Hz, 3 H), 2.04-2.14 (m, 1 H),
2.20-2.36 (m, 3 H), 2.46 (ddd, J =12.2,9.3, 2.8 Hz, 1 H), 2.63 (d, J=11.1 Hz, 1 %2.73 (d,J=10.2
Hz, 1 H), é_?egm&;—éﬁ: BeFsoil 2-{ 1y inslofztpb-q-marpholingdiyl-8-(4-gyrazol- fyl-piperidingls 1 )
3.67-3¢77 et 9B Paxind = 4.7 Hz, 4 H), 25 4.36-4.48 (m, 6 H), 5.45-5.51 (m, 1 H), 7.11 (d, J =5.3

2 L. 72573 0 6T A Rkl TPk VP Bl 375 10, 2

H) and 8.30 (bs, 1
9-Ethy1-2v(hik-saté (L 20y8. 8% torpholin-4-y1-8-14-(tetrahydro-pyran-4 y1)-
piperazin-fyylegihyia3H-purine 30Prepared by using Suzuki coupling method A. The title compound

ggg;gg%gﬁ@%@%%ﬁggﬁf%@%@%?10/9.)1 M 53812004 Ps (m, 2 1), 2.16 (@, T = 12.3
15 Hz,2H),2.34(dd, J=12.7,10.5Hz, 2 H),3.04 (d, = 11.5Hz, 2 H), 3.81 (5, 2 H), 3.89 (¢, J
=4.7Hz, 4 H), 4.18 (i, T=11.5,4.3 Hz, 1 H), 440 (1, J = 4.7 Hz, 4 H), 448 (q,J = 7.1 Hz, 2
H), 6.25 (t, J=2.0Hz, 1 H), 7.29 (4, T = 7.8 Hz, 1 H), 7.30-7.36 (m, 1 H), 743 (d, J = 2.3 Hz,
1 H), 7.47 (dd, J = 7.8, 1.0 Hz, 1 H), 7.52 (4, = 1.8 Hz, 1 H), 7.60 (m, 1 H), 8.23 (dd, I =7.5,
1.0 Hz, 1 H) and 8.26 (bs, 1 H}.

20 :
Example 38 9-Ethyi-2-(5-fluoro-1H-indol-4-yl)-6-morpheolin-4-yl-8-(4-pyrazol-1-yl-
piperidin-1-ylmethyi)-SH-purine .

Prepared by using Suzuki coupling method C. The title compound was obtained as 2
white solid (88 mg, 71 %).

25 [M+H] 5304 |
'H NMR (400 MHz, CDCl): 8 1.51 {t,J=7.1 Hz, 3 H), 2.02-2.11 (m, 2 H), 2.16 (d, = 12.3
Hz, 2 H),2.34 (t, T=11.6 Hz,2 H), 3.03 (d, = 11.6 Hz, 2 H), 3.81 (5,2 H), 3.85 (t, ] = 4.7
Hz, 4 H), 4.11-4.22 (m, 1 H), 4.36 (m, 4 H), 442 (q, J=7.1 Hz, 2 H), 6.25 (, J=2.1 Hz, 1
H), 6.93 (t, J = 2.5 Hz, 1 H), 7.02 (8d, ] = 11.0, 8.8 Hz, 1 H), 7.25 (m, 1 H), 7.28-7.33 (m, 1

30 H),743(d,J=23Hz 1H), 7.52(d,T=1.8Hz, 1 H) and 8.42 (bs, ] H).



111 NMR (400 MHz, CDC13): 8 1.53 (t, J = 7.15 Hz, 3 H), 1.61 (m, 211), 1.80 (m, 2 H), 2.03- 3.08 (m,

9 H),3.36(t J=117 H), 3.76 (s, 2 H), 3,29-3.90 (m, 4 H), 4.01 (dd, ] = 4.1 Hz, 2 H),
oHtdE, hé e dGraiing

4.35-4.46 (m,g 2 (m,2H), 7.46 (d, J =8.0 Hz, 1 H), 7.59 (t, ), 8.21 (dd, J =
7.5, 1.0 Hz, 1 H) and 8.29 (bs, 1 H). S Example 30
4-[9-Ethy1-2-(5-fluoro-1H-indol-4-y1)-6-morpholin-4-yl-9H-Purj11-8-
y|methy|]-E?@iﬁﬂ%ﬁéﬂwyl%?d&?&%fﬁﬁ&ﬁ@“”ﬁéﬁ%?‘ Dy eRbeby S S GHPHEMIE C. The title

compoundivpipetitainedmethjierseidied? mg, 62 %). 10 [M + Hr. 507.2 11-1NMR (400 MHz,

COCLS): 5 L15 5.t gl b2 ASE 15 HAHAL LB ASD. 385 (.2

4.23 (m, 4 H), 4. z,2H ,J=2.6 Hz,1H),6.98 (dd, J=11.1, 8.7 Hz, 1 H),
7.40-7.45 tamsdidifl27mgp 18 ¥9-H) and 11.21 (bs, 1 H). 15 Example 31
4-(9-EthylsRr (1 Hyi8d0.44-y1)-6-morpholin-4-y1-9H-Purin-8-yimethyl1-6,6- dimethyl-piperazin-2-one

5 o6y, 1w T A G B Mo s A B o e T o 60
(s, 2 H), 3HRI3N222R B.86 (1.9 HzdZ/HHIZ,.0R)7B8B9 I(E) 2195, (d. 37 (] J Hzy Z7Hiz3.4%4,2%.49 (9, I = 7.1

Hz, 2 H), =L 1234 k7 3130701 I3P=1.9 Hiz.1h), 7.49 (dd, J =
7.27, 1.0 H%I?lg %ng% 81.%%13,'@,:1.73?6;(&%8&:?2%%3H 1 b B8 1518 P20 WA 1

A, . 25 Example 32 P

8-(2,2-Din§e9[ﬁ3§r- %ﬁﬁ%-ﬁ@ﬁf&&?l}b@e%ﬁ?@- ]u%?g(fi‘-‘lllﬁaopf@i‘i %‘-‘rﬁgral"?oﬁ)n%-yl-QH-purine
Prepared Hy, usingr 3ozaki €auing Meptad@.CL (bhd fifle compound was obtained as white solid (35 mg,
40 %). [M + 111+ 494.2 30 111 NMR (400 MHz, CDC13): 8 1.23 (s, 6 H), 1.53 (t, J = 7.1 Hz, 3 H), 2.35
(m, 2 H), 2.47 (m, 2 H), 3.74 (m, 4 H), 3.79-3.88 (m, 4 H), 4.36 (m, 4 H), 4.46 (g, J = 7.1 Hz, 2 H), 6.95
(t, J = 2.6 Bramplet07 SsEihyl-3-0 Hejnfod-4-yi),6-mpnphobis 4yyh8=l @ Hrpynage)-3r9k (qd, 3= 8.7, 3.7 WO
2009/053 pifekitr T Tfaiira08/esme Hz, 1 H) and 8.22 (ha, 1 H). Example 33
9-Ethy1-2-(5-flugro-1H-indol-4-y1)-6-morpholin-4:y1-8-(3- holin-4-vl % {m Igg%thyl)-QH-purine
5Prepared by ugl’rrr%aéu;% llisé%%% Ing me %%glg?e og %’tl@géﬁ‘ggﬁéﬁ) évnés 0 t;glne as a white solid (38
mg, 3% yapvelid{i&mg, 32 %).

[M+H] 512.3

'H NMR (400 MHz, CDCL): 8 1.56 (t, J = 7.1 Hz, 3 H), 1.69-1.82 (m; 2 H), 2.00 (4, ] = 13.2

Hz, 2 H), 2.24-2.33 (m, 2 H), 2.69-2.78 (m, 1 H), 2.98 (d, J = 11.3 Hz, 2 H), 3.78 (s, 2 H),

3.89(t,J =47 Hz, 4H), 441 (t, = 4.7Hz, 4 H), 448 (g, T = 7.1 Hz, 2 H), 6.13 (d, T = 2.2

20 Hz,1H),7.29(d,J=7.8Hz, 1 H), 7.31 (m, | H), 7.48 (m, 2 H), 7.61 (m, 1 H) and 8.21-8.26

{m, 2 H).

Example 41  1-[9-Ethy)-2-(5-fluore-1 H-indol-4-yl)-6-morpholin-4-yl-9H-purin-8-
yimethyl}-piperidine-4-carboxylic acid
25 To a suspension of 1-[9-ethyl-2-(5-flucro- 1H—indol—4-yl)-6—moxpholin-4-yl-9f{~puﬁn~
8-ylmethyl}-piperidine-4-carboxylic acid ethyl ester (30 mg, 0.056 mmol) in THF (2 mL)
were added a aqueous solution of lithium hydroxide (1 M, 100 pL, 0.1 mmol) and IMS (1
mL). The resulting solution was stirred at RT for 4 days, then concentrated in vacuo. The
resulting residue was co-evaporated repeatedly with MeOH, then triturated with diethyl ether.
36 The resultant solid was collected by filtration and dried to give the title compound as a cream
solid (20 mg, 70 %).
[M +HJ 508.3



1HNMR (400 MHz, CDCI3): 8 1.47 (t, J = 7.2 Hz, 3 H), 2.37 (m, 4 H),.3.04-3.23 (m,.3.H), 3.62.(m, 2
H), 3.74 (m, 4 H), 3.78-3.87 (m, 4 H), 3.92 (s, g H), 4.32-4.40 (m, 6 H), 6,94 (t, ] =0 2.5 Hz, 1 H),
7.04 (dd, J = 6P P$36 1 1), 7.28 (m, 1 H), 7.33-7.37 (m, 1 H) and 8 2 B Eample 34
9-Ethy1-2-(1H-indo1-4-y1)-6-morpholin-4-y1-8-(3-morpholin-4-yl-azetidinl-ylmethyl)-9H-purine
15Prepared by using Suzuki coupling method E. The title compound was obtained as a tan solid (58
mg, 57 %) HMMBRH{0GYE2, DMEARQ00-Midz] eHEHE: BEDS14E156 (mp2iD, 51 38 (m, 4 H), 3.09
77 4 S L A 2001 (. 244, Example 35

m e ,]= 8.0 Hz, : -7.60 (m, n -8. . Example
oty 2GR Gy b oty 118 SR8 35 o g 0 405 4B s

piperazin-E)dnddth§ 1 (:9HJBurine Prepared by using Suzuki coupling method E. The title

compoind was obtained as a 25 tan foam (94 mg, 38 %). [M + Hf 529.3 11-1 NMR (400 MHz, CDCI3):

81.527(t, J = 7.1 Hz, 3 H), 2.59 g:n( 4 H),2.71(m, 4 H# 2.95(d, J=9.4Hz 1 FIR 3.01(d,J=9.4Hz 1

H), 3.76 (ExampledXRo LelSrEthyh 2e(5-pprp-Yikindeld-yh; Seeyphiolig-4-¥hSpuritd~ 45 (4 1= 8.0 Hz, 1

H), 7.60 (sichdthy@irel sty Bpifetiding-Hatibplmiib difide :

9-Ethy1-2-(5-flugyo-1H-indok-4-y1)-6- in-4- +* trifluar, -ni in-l-ylmethyl]-9
B0 DL el Srid (A aluarosinlasiey

H-purine WO 2 (53)/36 003622  Prepared by using Suzuki coupling method D.
The title coMipscHd #RBBItATRd as a cream foam (90 mg, 35 %). [M + Hr 547.3 111 NMR (400 MHz,
CDC1R): 8\ 5@ tsdE37.1 Hz, 3 H), 2.59 (m, 4 H), 2.71 (m, 4 H), 2.96 (d, 5 J = 9.4 Hz, 1 H), 2.99 (d, J

120, 5.6 LB GSyE Sz o SE G o 8 Tl AR L oie
37 9-Ethy 2HR-1 18l {imdd H)- § 8P 60y DIPhDIA-@- P HB-{ B d 7ot T Hinph dBriéR R #-Adml & &y 1) -9H-purine
Prepared by¢iing Byaid GRUPLA.HEN 1R AL TIROLSTIES OBiRiBadSIAyhite solid (120
mg, 99 %). [M + Hr 512.3
and 9.06 (bs, 1 H).
15
Example 43  4-{1-[9-Ethyl-2-(5-fiuoro-1H-indoi-4-yl)-6-morpholin-4-yl-SH-purin-§-
yimethyl]-piperidin-4-yl}-morpholin-3-one
Prepared by using Suzuki coupling method C. The title compound was obtained as a
colourless oil (45 mg, 47 %).
20 [M+H] 563.3
"H NMR (400 MHz, CDCl;): § 1.49 (t, ] = 7.1 Hz, 3 H), 1.65-1.76 (m, 4 H), 2.25-2.34 (m, 2
H), 2.99 (m, 2 H), 3.28 (t, ] = 5.0 Hz, 2 H), 3.75 (s, 2 H), 3.82-3.89 (m, 6 H), 4.18 (s, 2 H),
4.33-4.43 (m, 6 H), 4.47-4.58 (m, 1 H), 6.91-6.93 (m, 1 H), 7.02 (dd, J = 11.0, 8.8 Hz, 1 H),
7.25 (m, 1 H), 7.32 (ddd, ] = 8.9, 4.0, 0.8 Hz, 1 H) and 8.44 (bs, 1 H).
25
Example 44  4-{1-[9-Ethyl-2-(1H-indol-4-yl)-6-morpholin-4-yl-9H-purin-8-ylmethyl]-
piperidin-4-yl}-morpholin-3-one
Prepared by using Suzuki coupling method B. The tifle compound was obtained as a
white solid (80 mg, 92 %). |
30 [M+HJ 545.3
'H NMR (400 MHz, CDCl5): 8 1.51 (t, 7= 7.1 Hz, 3 H}, 1.61-1.76 (m, 4 H), 2.26 (td, ] =
11.2, 3.4 Hz, 2 H), 2.95 (d, J = 11.2 Hz, 2 H), 3.23 {t, ] = 5.0 Hz, 2 H), 3.72 (s, 2 H), 3.80-



1H NMR (400 MHz, CDC13): 8 1.50 (t, J = 7.1 Hz, 3 H), 2.02-2.13 (m, 2 H), 2.16 (d, J = 12.3 15 Hz,
211), 234 (dd, J = 12.7, 10.5 Hz, 2 H), 3.04 (d, = 11.5 Hz, 211), 3.81 (3, 2 @ 3.80 (t, J = 4.7 Hz, 4
H), 4.18 (tt, = VRROWSTIS 1 1y 4.40(t, J = 4.7 Bz, 4 H),4.48 (q, J = 7.1953 SPHSEBET 3= 2.0 Hz, 1
H), 7.29 (d, | = 7.8 Hz, 1 H), 7.30-7.36 (m, 1 H), 7.43 (d, J = 2.3 Hz, 1 H), 7.47 (dd, | = 7.8, 1.0 Hz, 1
H), 7.52 (d, J = 1.8 Hz, 1 H), 7.60 (m, 1 H), 8.23 (dd, J = 7.5, 1.0 Hz, 1 H) and 8.26 (bs, 1 H). 20
Example 3888 (EtH/H245.91 (o RoHBH-Hctb 4 (g S ETb ASHof (. 1 EB, (W25 b H), 341 (dt, T
piperidin-L-¢metoyt: A puringe(daa Breparec by eising gyizaike eaupling snethed Cifhatite compound
was obtained as a;}vlgite solid (88 mg, 71 %). 25 [M + Hr 530.4 IFINMR (400 MHz, CDC13): 6 1.51 (t, J
= 7.1 Hz, §-fﬁ?)%§:d 011 (m, 2 H), 2.16 (d, 1=12.3 Hz, 2 H), 2.34 (t,| = 11.6 Hz, 2 H), 3.03 (d, J = 11.6
Hz, 2 H), 3.81 (s, 2 H), 3.85 (t, J = 4.7 Hz, 4 H), 4.11-4.22 (m, 1 H), 4.36 (m, 4 H), 4.42 (g, | = 7.1 Hz, 2
H), 6.25 (tm s Z, 3 (e 4= ; Q2 = 119, ok H), 7.25 (M, 1 H),
e B A e o 1 1, Wo
2009/053 #1tdsHd TensoR e E%%nple 39

9-Ethy1-2-(5-flugnephtddibg abidg/d)ztidrotpliog mehpl-8 1 Theittexympol was obtained as a

y1)-piperidin-1- hyLl-9H-pusine  Prepared by using Suzuki coupling method C. The title
compound’é‘v%’s’égnﬁ’ﬁgé%a%% ?gln" olid (12 mg, 10%). 5 [M + H]+ 530.4 1H NMR (400 MHz, CDC13): 8
1.51 (t, J ™M1z 5319), 1.67-1.82 (m, 2 H), 2.00 (d, J = 13.1 Hz, 2 H), 2.28 (t, J = 11.5 Hz, 2 H),
(2-69-2«7 8 (MNMR)48¥He, dcld: s H @,H)); 8.99156 BY).43.851 (& M2/ 3HD, 438Xt 4.36(m, 4 H)), 4.43
q,J=7.1Hz, 2 H). 6,1 = A H -6.96 (m,.1 .04 (dd, J = 11.0,8.8 Hz, 1 H), 7.28
11y, P R E28 T G o) TR Bt SR B 1 . example
40 9-Ethy %21 (b §F001-85,(1), 6-Fo6acid, 4538 14 Hik Ip§)a%6% 814,0)=piber AL yIFikthylj-9H-purine

Prepared by ysing gyzhg eoupling meihed B (hha tije compound was obtained as a 15 tan solid (38
mg, 32 %). [Mﬁ-rer%leB 11-1NMRE?AF:OO MHz, CDCI3): 8 1.56 (t, J = 7.1 Hz, 3 H), 1.69-1.82 (in 2 H),

2.00 (d, J = 13.2 Hz, 211), 2.24-2.33 (m, 2 H), 2.69-2.78 (m, 1 H), 2.98 (d, J = 11.3 Hz, 2 H), 3.78 (s, 2
H), 3.89 (tEdamyle/ 4617, 4H{1R-E thyl2-(0 H-imdold-d)-6-hidrihé8i(d- )-8 H-fukia; R4e®ABYd, J = 2.2 20 Hz,
1H), 7.294d.J =1 Faz}n(mt&)-nZe‘?l (m, 1 H), 7.48 (m, 2 H), 7.61 (m, 1 H) and 8.21-8.26 (m, 2 H).
Example 41 I?Ll%Y 1-2-(5-fluoro-1H-indol-4-y1)-6-morpholin-4-y1-91-1-purin-8-
ylim ethyll-d’l'ﬁ?@ﬁ&ﬁw@ 4;%@8%@&&@ method B. The title compound Wwas obtained as a pale

yellow 0il (73 mg, 27 %).

[M +H]" 503.3

20 'HNMR (400 MHz, CDCl;): 8 1.12(d, J=6.8 Hz, 6 H), 1.52 (1, ] =72 Hz, 3 H), 2.75 (1, T =
53Hz 2H),3.13-3.22(m, 2 H),3.31 (s, 2 H),3.78 (5, 2 H), 3.89(t, ] = 4.7 Hz, 4 H), 4.37-
4.45 (m, 6 H), 4.81-4.93 (m, 1 H), 7.27 (d, ] = 7.8 Hz, 1 H), 7.30 (m, 1 H), 7.45 (dt, ] = 8.0,
1.0Hz, 1 H), 7.59 (ddd, J = 3.3,2.2,1.0Hz, 1 H), 823 (dd, ] =75,10Hz, 1 H) and 8.47 (bs,
1 H).

25
Example 47 9-Ethyl-2-(5-fluore-1H-indol-4-yI}-6-morphoelin-4-yl-8-{4-(tetrahydro-
pyran-4-ylj-piperazin-1-ylmethyi]-9H-purine

Prepared by using Suzuki coupling method H. The title compound was obtained as a

white solid (42 mg, 35 %).

30 [M+H] 549.3
'H NMR (400 MHz, CDCls): 6 1.50 (t, J = 7.1 Hz, 3 H), 1.59 (m, 2 H), 1.79 (m, 2 H), 2.14-
293(m, 9H),337(, J=11.5Hz, 2H),3.77(s, 2 H), 3.85 (1, ] =4.7Hz,4 H),4.03 (dd, } =



25To a suspension of 149-ethy1-2-(5-fluoro-1H-indo1-4-y1)-6-morpholin-4-y1-9H-purin-
8-ylmethyll-piperidine-4-carboxylic acid ethyl asier (30 mg, 0.056 mmol) in THF (2 mL) were added a
agueous solu BRI hydroxide (1 M, 103 gL, 0.1 mmol) and IMS fﬂﬁﬁ? Sat §‘ulting solution
was stirred at RT for 4 days, then concentrated in vacuo. The resulting residue was co-evaporated

repeatedly with MeOH, then triturated with diethyl ether. 30 The resultant solid was collected by
filtration abbidfAddin JRkb il et domfidlAdat-d crédMzsdiidZOMed 7098 2aHE lwo

2009/053 %6137 BE; 1/5B2099/8936221)NMR £4¢0sMhi, HMSO-4): 5 1.42(t, J = 7.1 Hz, 3 H),
1.44-1.56 (m, 2 H), 1.72(m, 2 H), 1.85 (m, 1 H), 2.04 (t, J= 11.2 Hz, 2 H), 2.77 (d, J = 11.2 Hz, 2 H),
3.69-3.77 (m, 6 H), 4.16-4.34 (m, 6 H), 6.72 (t, J = 2.4 Hz, 1 H), 6.98 (dd, J = 11.1, 8.7 Hz, 1 H),
7.40-7.45 ErapR¥$inB44-G11 (Binxb-xthFiegrirlkiopran-4-yl)-piperazin-1-ylmethyl]-9-

1-[9-Ethylegs(e- LRiRrbH 2nflRiade bl RbRlR- gy Pirmein-8- _ _
ylmethy11-4-methyl-piperidine-4-carboxyli¢ acid amide_.  Prepared by using Suzuki coupling method
C. The title comB@Bﬁﬁ%&‘&s“ﬁﬂﬁa%ﬂ"a%"%PW}ﬁfé‘eé%rr%k&Bhﬁ@f‘%‘if’B)ﬁ‘?% tKﬂsfrgﬁ"’r“i'fﬁYl ®11-1 NMR (400
MHz, CDGh3): solld 2B (mg316¥61.46-1.60 (m, 5 H), 2.02 (m, 2 H), 2.40-2.49 (in, 2 H), 2.63 (in, 2 H),
3.40 (m, Z[M)+ %.}Z%E{%Z H), 3.85 (t, J = 4.7 Hz, 4 H), 4.29-4.44 (n, 6 H), 6.86 (m, 1 H), 7.03 (dd, J =
11.0,8.7Hz, 1 H), 7.28 (m, 1 H), 7.37 (dd, J = 8.8, 3.8 Hz, 1 H) and 9.06 gbs 1 H%. 15 Example 43
4-{149-EtH5I VB AOHH GRIG2: 4§ 496D oh B 34012 d 8 (i Ay 2.21-2.31 (m, 2 H),
ylmetmylI-@i@mgﬁmﬁwi&mpmb@mmm, 3.Evepmqm,wmg7$gm?,mm=mgwm@. The title )
compoun taine a colo s qil {4 7.%).,20 2 MHz, CDC13):
S a0 (1 L AR SRS T Bl e R A ) s 0 iz, 2
H), 3.75 ($12 HY).3.82-8RD (M8 8, BR. 4.2 8l¢s! PHnd839-$m3 B, 6 H), 4.47-4.58 (m, 1 H), 6.91-6.93
(m, 1 H), 7.02 (dd, J =11.0, 8.8 Hz, 1 H), 7.25 (m, 1 H), 7.32 (ddd, J = 8.9, 4.0, 0.8 Hz, 1 H) and 8.44

(bs, 1 H). 25 Example 44 ) . . .
4-11-[9-5%4@{%1&n3#1&76”-%’-%8‘#&&8%‘-’&??155ﬁ%ﬁ%ﬁfﬁrﬁ‘é’ﬁfﬁﬁﬁﬁé‘rﬂ‘ R Pmorpholin-3-one
Prepared eiylsin@/Santit-Eplingrpetliod-Bl- I guti@ecompound was obtained as a white solid (80
Mg, 92 %) 30 Myt H{LI MR S00MEZ,ERGLRA 12 et 2 bhhain@ilad a76 (M, 4 H), 2.26
(td, 1=11.2, 3.4 Hz, 2 H);2.95(d, J =11.2 Hz, 2 H), 3.23 (t, J = 5.0 Hz, 2 H), 3.72 (s, 2 H), 3.80-

white solid (16 mg, 14 %).

M +H]*579.2

'"H NMR (400 MHz, CDCLy): 8 1.54 (t, J= 7.2 Hz, 3 H), 2.16 (m, 2 H), 2.20-2.31 (m, 2 H),

20 2.28-2.67 (m, 9 H), 2.85-2.95 (m, 2 H), 3.18-3.28 (m, 2 H), 3.76 (5,2 H), 3.89 (t, T=4.7 Hz, 4
H), 4.37-4.47 (m, 6 H), 7.29(d, =79 Hz, 1 H), 7.29-7.35(m, 1 H), 748 (d,J=79Hz, 1

H), 7.60 (1, J = 2.5 Hz, 1 H), 8.23 (dd, J = 7.5, 1.0 Hz, 1 H) and 8.27 (bs, 1 H).

Example 50  (R)-8-[9-Ethyl-2-(1 H-indol-4-y1)-6-morpholin-4-yl-9H-purin-8-ylmethyl]-

25 octahydro-pyrazino[2,1-c]{1,4]oxazine
Prepared by using Suzuki coupling method B. The title compound was obtained as a

white solid (82 mg, 63 %).

[M + H}* 503.3

*H NMR (400 MHz, CDCl3): 8 1.55 (t, J = 7.1 Hz, 3 H), 1.98 (t, J = 10.6 Hz, 1 H), 2.28-2.51
30 (m, 4 H), 2.57-2.72 (m, 2 H), 2.80 (m, 2 H), 3.27 (t, T = 10.6 Hz, 1 H), 3.61-3.79 (m, 4 1),

3.80-3.91 (m, 5 H), 4.36-4.48 (m, 6 H), 7.28 (4, T =79Hz 1 H), 7.31 (m, 1 H), 746 (d, ] =

7.9 Hz, 1 H), 7.60 (m, 1 H), 8.23 (dd, J = 7.5, 1.0 Hz, 1 H) and 8.32 (bs, 1 H).



WO 2009/053716118PCT/GB2008/003622 3.88 (m, 6 H), 4.15 (s, 2 H), 4.33-4.44 (m, 6 H),.4.43-4.54
(m, 1 H), 7.25 (m, 2 H), 7.41 (dt, J = 8.0, 0.9 Hz, 1 H), 7.56 (ddd, J = 3. H), 8.19 (dd, J
= 75,1.0 Hz, %"’é’(ﬁ’éké‘.ﬁ? (bs. 1 H). 5 ExarEg(l)e 45 Prdadiihhifn:
449-Ethy1-2-(5-fluoro-1H-indo1-4-A-6-morpholin-4-y1-9H-purin-8- _
ylmethy11-1-isopropyl-piperazin-2-one  Prepared by using Suzuki coupling method C. The title
compound&$ERlshin ﬁﬁ%‘&ﬁ!@??—ﬁéﬂ?%‘iP‘(yé“mﬁ?‘l%%ﬁ?molﬂ!w%f@f%ﬁﬁm (400 MHz,
CDC13): §id@yijhodtandddigyiadibe 2, #-2](1,doxabiddiz, 3 H), 2.76 (t, J = 5.3 Hz, 2 H), 3.17-3.25 (m, 2

1,331 (.2 o2 95,2 00 SR A ticd EDnd it A AR ), 692 (00,

=3.0,2.2Hz1 , 1 7.25 (m, 1 H), 7.29-7.34 (m, 1 H) and 8.50 (bs, 1
14). 15 Exehitpkolgb(42 [ #iy/4)2-(JH-inclol-4-y1)-6-morpholin-4-y11-9H-purin-8-ylmethyl]-1-
isopropyl-piperarigs3-ene Prepared by using Suzuki coupling method B. The title compound was
obtained as a pale yellow oil (73 n %). [M + H}.2Q 1H NMR (400 213> 51.12(d, J=6.8
Hz, 6 H), 1%5199‘5459.%@91{%7@%@:%§ ﬁ?z,%#%%e@@&#@’%ﬁ %%% $2H), 3.78 (s, 2
H), 3.89 (12.90<(4, # Hg 32 $\)maA13T), 3.653(A4, (6 H) H2, 8B43R (m, 1 19) 48744, (- HB ¢4 1 H), 7.30 (m,
1 l_c:I)’8 74‘;5%&% 1%{)::{ )13(81(&491'111 }105?.87}1291(1151@’.2]8ﬁ,%-&z?s%lz}-i)fkiz?és"dad&-??z §dd3$56.5, 1.0 Hz, 1 H)
and 8. S, p

. 25 Example
9-Ethy1-2¢ 5ﬂ&Brﬁl‘iﬁzﬁ'\@ﬁﬂiﬁ%l}&morpholin-4-y1—844-(tetrahydropyran-el-yl)-piperazin-I-yImethyl
1-9H-purine  Prepared by using Suzuki coupling method H. The title compound was obtained as a

white Solig (42 m%%?rf (@Iﬁ%%ﬁ%‘gﬁ%ﬁ MR R GE BokB g~ 7-1 Hz, 3 H),

1.59 (m, , 2. ,3.37 (1, F=11.5Hz, 2 H’S,'3.7 (s, 2 H),3.85(t,J=4.7
Hz, 4 H), #lo8tudl-hezahydyoomoonind 24 e othexrrinsomss /003622 11.5, 4.1 Hz, 2 H), 4.31-4.44 (m,
611), 6.94 (t, J IR dpdrba by hing SbRichodptidDniod ¢ Zht ti)e dompdimd vit)obladRd28¢ (m, 1 H) and

8.24 (bs, 1 H). le 48 844-(1,1-Dioxo-hexakydro-1-thiopyran-4-y1)-piperazin-1-ylmethyll-9- 5
ethyl.2-(5-“5%?39%%%653%}§yf}:6-m0rphoIin-4-y1—9H-purine Prepared by using Suzuki coupling
method H[MHeHHIE36empound was obtained as a white solid (19 mg, 16%). [M + Hi+ 597.2 IHNMR

|(_|4)002 '\é';'zz "gﬁﬁi Y08 NP CpdE) /sl B (3rH)7.2 A8, 6o 21832 21 1081k, B)D24 @& A2-2.63 (M, 9

in, 2 H), 3.17-3.28 (m, 211) 3.77 (5, 2 H), 3.85 (1. J = 4.7 Hz, 4 H). 4.33:4.42 (n, 6 H),
6.93-6.95Trﬁ}*%’ﬁrﬁ%hl(@dz;f’ﬁ:‘?lgﬂé’,“& 2-%&;,%2‘7‘%?&i@&ﬁé,@—lfﬁ,‘%bﬁ’%a% Z)-88, 3.8,
0.9 Hz, 1 hyEis8.267ha, 1.H5)3.75 (4, J = 13.5 Hz, 1 H), 3.82-3.87 (m, 5 H), 3.96 (dd, T = 11.8,

44Hz 1 H), 4.13 (4, = 163 Hz, 1 H), 420 (& J = 16.3 Hz, 1 H), 4.33-4.47 (m, 6 H), 4.62

20 (dJ=13.5Hz 1 H), 693 (t1=2.5Hz, 1 H), 7.04 44, ] = 11.0, 88 Hz, 1 H), 7.23 (1, ] = 2.8

Hz, 1H), 7.35 (dd, J = 8.8, 3.8 Hz, 1 H) and 8.26 (bs, 1 H).

Example 53 8-(2,2-Dimethyl-morphelin-4-ylmethyl)-9-ethyl-2-(1 H-indol-4-y1}-6-
morpholin-4-yl-SH-purine
25 Prepared by using Suzuki coupling method B. The title compound was obtained as a
tan solid (49 mg, 60 %).
M +H] 476.3
"H NMR (400 MHz, CDClL): 8 1.26 (5, 6 H), 1.54 (1, = 7.2 Hz, 3 H), 2.34 (bs, 2 H), 2.46
(bs, 2 H), 3.71 (bs, 2 H), 3.75 (bs, 2 H), 3.89 (t, ] = 4.8 Hz, 4 H), 4.34-4.43 (m, 4 H), 4.51 (q,
30 J=7.2Hz,2H),7.29(d,J=79Hz, 1 H),7.32(m, 1 H), 748 (d,} =79 Hz, 1 H), 7.60 {m, 1
H), 8.23 (dd, T = 7.5, 1.0 Hz, 1 H) and 8.27 (bs, 1 H).



Example 49 8+1-(1,1-Dioxo-hexahydro-I-thiopyran-4-y1)-piperazin-l-yjmethyll-9- 15
ethyl-2-(|H-indoI-4@#-6-morpholin-4-y1-9H-pﬁr1ine Prepared by using Suzuki coupling method 1.
The title comﬁ%ﬁﬁ 2¢"8btained as a white solid (16 mg, 14%). [M + H g%zﬁuﬂ% VIR (400 MHz,
CDC13):51.54 (t,1 = 7.2 Hz, 3 H), 2.16 (m, 2 H), 2.20-2.31 (m, 2 H), 20 2.28-2.67 (m, 9 H), 2.85-2.95
(m, 2 H), 3.18-3.28 (m, 2 H), 3.76 (s, 2 H), 3.89 (t, | = 4.7 Hz, 4 H), 4.37-4.47 (n, 6 H), 7.29 (d,J = 7.9
Hz, 1 H), Pxaowied® (n-itiy1 Discpdrigmorphelip-4sihpipesidip-y-dimethyl)-Srefiyld 6 (4g, 3 = 7.5, 1.0
|('|Z), 1 E‘l) Qﬂﬁ&-&ﬁ(ﬂﬂoﬂf&)})wﬁ-ﬁi@m&:ﬁﬂf'i&ﬂwpurme i
R)-8-[9-Ethy1-2-(IH-indol-4-y1):6-rnor in-4-y1-9H-purin-8-ylmethyll- .
octahydro-pyraﬁ?n&gﬁ?#ﬂ[&%%fgs%az%%é:gu}gnﬁgr!enp%%r%% ‘%"‘"sﬁ%% éo&n q(“lxgo‘ﬂ%gﬁlbgm Fﬁeec%ﬁ%g B. The title
compoundolpagasbal (e a7White solid (82 mg, 63 %). [M + Hr 503.3 111 NMR (400 MHz, CDC13):
5 1.554t, gvfﬂl.giﬂjgyg H), 1.98 (t, J = 10.6 Hz, 1 H), 2.28-2.51 30 (m, 4 H), 2.57-2.72 (m, 211), 2.80

2

L2 H), 3.27 (t, J = 10.6 Hz, 1 H), 3.61-3.79 (n, 4 H), 3.80-3.91 (in, 5 H), 4.36-4.48 (m, 6 H), 7.28 (d,
Sm: 7.9 Lzﬁl’@%‘?ﬂﬁ& Wziqz%?‘?).')%l(é?:\‘éoﬂ(?ﬁﬁ)ﬁﬁi?ﬂs%l%iwggﬁ}?ééﬁéé g rr.]5, 1.3 Hz, 1 54)
and 8.32 (s 25 Hm, WD), 200930637#, 6 E20 P GIIYGERY CHOQ356 22 F ¥eritd, 3133-4.43 (m, 6
(R)-8-19- %’ef«?g@'f'ﬁjf@%ﬂﬂﬂé‘f’ 'i‘ﬁ)l)fﬁ’?.”ﬂrﬁ,r@rlfé',i?'f‘@(&d@'ﬂ@f@?@ﬂ, 0.8 Hz, 1 H) an

d
ylmethyll-octahydrg-pyrazino[2,1-¢l[1,410xazine repared by using Suzuki coupling method C. The
titte comp®ahévadidbtained as a white solid (42 mg, 57%). 5 [M + Hr 521.3 1HNMR (4001qt-1z,

CDC%3): 8 1.50 (t, J = 7.1 Hz, 3 H), 1.99 (m, 1 H), 2.40 (m, 4 H), 2.61- 2.90 (m, 4 H), 3.28 (m, 1 1-1),
3.62-3.84 (m, 4 H),3.81- 5 H) 4.31:4.44 (m. 6.H).. , dd,.1=11.0, 8.8 Hz, 1
H), 7.28 (é@éﬁ—lzﬁ%ﬁi’ggfﬁ@gﬁ lffo:rpgl.%t,' %'43% b' %‘ %‘%%&%@Zﬂﬁgﬁﬁlﬁb Example 52
(R)-849- Bkt A-(8) by phialimdayi-9Hpyudagorpbolin-4 yl 9H-purin-8-
ylmethyll-hexakytosyiaziRpl2siefid doddimanamdBerne REepmpsuhy wsivgSeadd coupling method
C. The title compound was oht @ed as a white solid (30 mg, 31 %). 15 [M + H] 1HNMR (400 MHz,
cDCI3): €18l LIPS 53 2 08 (1, J = 10.9 Hz, 1 H), 2.29 (td, J = 11.8, 3.2 Hz, 1 H), 2.76-2.87
(m, 2 H), 2896 [, 978.31.6 Hz, 1 H), 3.53 (dd, J = 11.8, 7.8 Hz, :

'H NMR (400 MHz, CDCl3): § 1.50-1.60 (m, 5 H), 1.74 (m, 2 H), 2.08-2.20 (m, 2 H), 2.46-
2.56 (m, 1 H), 2.97 (m, 2 H), 3.00-3.07 (m, 8 H), 3.73 (s, 2 H), 3.89 (t, ] = 4.7 Hz, 4 H), 4.32-
4.47 (m, 6 H), 7.28 (4, J = 7.8 Hz, 1 H), 7.31-7.33 (m, 1 H), 7.47 (m, 1 H), 7.59 (m, 1 H), 8.23
(dd,J=7.7,0.9 Hz, 1 H) and 8.31 (bs, 1 H).

20 _
Example 56  1-{1-[9-Ethyl-2-(1 H-indol-4-y)-6-morphelin-4-yl-9H-purin-8-ylmethyl]-
piperidin-4-yi}-pyrrolidin-2-one

Prepared by using Suzuki coupling method B. The title compound was obtained as a
pale yellow o0il (32 mg, 24 %).

25 [M+HJ 529.3
'H NMR (400 MHz, CDCl;): § 1.54 (1, J = 7.1 Hz, 3 H), 1.62-1.76 (m, 4 H), 1.94-2.05 (m, 2
H), 2.23-2.31 (m, 2 H), 2.39 (t, ] = 8.1 Hz, 2 H), 2.96 (m, 2 H), 3.34 (t, 1 = 7.0 Hz, 2 H), 3.74
(s,2 H), 3.88 (t, ] = 4.7 Hz, 4 H), 3.97-4.08 (i, 1 H), 4.36-4.48 (m, 6 H), 7.28 (d,J = 7.8 He,
1 H), 7.30 (m, 1 H), 7.45 (m, 1 H), 7.59 (m, 1 H), 8.18-8.25 (m, 1 H) and 8.44 (bs, 1 H).

30
Example 57 8-[9—Ethyl~2-(5-ﬂu0ro—IH-indol-4~yl)—6—morpholin-é-yl—9H~purin-8—
yimethyl]-2,8-diaza-spiro{4.5]decan-1-one



1 H), 3.59-3.67 (m, 1 H), 3.75 (d, J = 13.5 Hz, 1 H), 3.82-3.87 (m, 5 H), 3.96 (dd, J = 11.8, 4.4 Hz, 1

H), 4.13 (d, J :&gﬁgﬂ%l H), 4.20 (d, J = 16.3,5z, 1 H), 4.33-4.47 (m, ‘f}b%léz%é?’@ J=135Hz 1
. Z, . )

H), 6.93 (t, J= ﬁﬁ 7.04 (dd, S=11.0,8.8Hz,1H),7.23(t,S= z, 1H), 7.35 (dd, J = 8.8,
3.8 Hz, 1 H) and 8.26 (bs, 1 H). Example 53
8-(2,2-Dimethyl-morpholin-4-ylmethyl)-9-ethy1-2-(1H-indol-4-y1)-6- mqrpholin-4-y1-9H-purine
25Prepared by GETREFS UGS W@?ﬁ&%%ﬂ%ﬁﬁ%@ga‘%ﬁﬂﬁ?ﬁgg % a tan solid (49
mg, 60 %}roldhirtedd G Bk INMPR{400 MHz, CDC13): 8 1.26 (s, 6 H), 1.54 (t, J = 7.2 Hz, 3 H), 2.34 (bs,
2 H), 2.46&?@%&—%&71 (bs, 2 H), 3.75 (bs, 2 H), 3.89 (t, J = 4.8 Hz, 4 H), 4.34-4.43 (m, 4 H), 4.51 (q,
30J=7.2Hz, 2'H), 7.29 (d, .1=7.9 Hz, 1 H), 7.32(m, 1 H), 7.48 (d, J = 7.9 Hz, 1 H), 7.60(m, 1 H),
8.23 (dd, JHNMR $e0iEz FRGhY 81250 (bd, 17H) Ha 3 Bl £ e $13-02 (m, 2 H),
211C’(%@?o&ﬁzlﬁé&’&ﬁ%ﬁﬁﬂ@éﬁ@@%ﬁ?ﬁsﬁxm,%2 (t, ] = 6.9 Hz, 2 H), 3.77-3.89 (m, 6 H),
814-(1,1-Digxothiomorpholin-4-y1)-piperdin-l-ylmethylj-9- -2-(5-
quoro-IH-iﬁ‘aglg%gl%gj&zﬁﬁoﬂﬁ%%-%?ﬂ’é}u%@& %?’egpgz yj(lfs?ﬁ% %Erz%ﬁi*%%&ﬁf?ng method C. The
title comp@WAdddigis=alitaisets latboTolit kessl Gl 32 iéidr 7 98 25341 0925 FiBand 813QIMR (400 MHz,
CDC13): %}.4%[_.60 (m, 5 H), .75 (m, 2 H), 2.15 (m, 2-H), 2.52 (m, 1 H), 2.97 (m, 2 H), 3.01-3.06 (m,
8 H), 3.74(s, 2 H), 3.84 (t, J = 4.7 Hz, 4 H), 4.33-4.43 (m, 6 H), 6.94 (m, 1 H), 6.98-7.07 (m, | H), 7.27
(m, 1 H), 7.34 (ddd, J = 9.0, 4.0, 0.8 Hz, 1 H) and 8.29 (bs, 1 H). 10 Example 55

8-14-Qol - Dioxtmskd Snorp o lithdiPh(Biffevidis--id dubdhyl)-6-mitrgl @l {d ¥ pePipydip-8-morpholin-4-yl-9H-p

urine P By, Wsing Suizik §@g|f§i_gg hpgd B. The title compound was obtained as a
colourIess}r(‘%'?'z?]{f%g?iI ?nxé 8@ %). 15 [l + Hr 579.311-1 NMR ((400 MHz, CDC13): 8 1.50-1.60 (m, 5 H),

1.74 (m, 2 H), 2 Xrgparatbyysivg Prapki gouplips mthod - The il compguad ypsobRined # &) 373 (s, 2 H),
3.89 (t, J Tréath btk 40)md, 3224.47 (m, 6 H), 7.28 (d, J = 7.8 Hz, 1 H), 7.31-7.33 (m, 1 H), 7.47 (m, 1
H), 7.59 (m;ﬁ? EP% (dd, J=7.7, 0.9 Hz, 1 H) and 8.31 (bs, 1 H). 20 Example 56
1-{1-[9-Ethy1-Z-(1H-Indo14-y1)-6-morpholin-4-y1-9H-purin-8-ylmethyllpiperidin-4-yll-pyrrolidin-2-one
Prepared By NMRJ400 2K conpingirhéined B 728zl élbdrp diddwhs BetdifeE48 ©Hale yellow oil
(32 Mg, 2419%).06 (d, 1 = 11.1 Hz, 2 H), 3.76 (s, 2 H), 3.76-3.93 (m, 8 H), 4.36 (m, 5 H), 4.58 (g, J =

7.2 Hz, 2 H), 6.97 (m, 1 H), 7.04 (dd, J = 11.0, 8.8 Hz, 1 H), 7.28 (m, 1 H), 7.35 (ddd, J = 8.8,

3.9, 0.9 Hz, 1 H) and 8.20 (bs, 1 H).

20 Example 59 8-[9-Ethy)-2-(1H-indol-4-yl)-6-morpholin-4-yl-9H-purin-8-ylmethyi|-2,8-

diaza-spiro[4.5]decan-1-one

Prepared by using Suzuki coupling method B. The title compound was obtained as a
white solid (61 mg, 59 %) |
[M+H]" 515.3 .

25 'H NMR (400 MHz, CDCl3): § 1.46 (m, 2 H), 1.56 (t, J=7.1 Hz, 3 H), 1.96 (1d, } = 12.6, 3.9
Hz, 2 H),2.07(, J=72Hz, 2 H), 225 (t, J=11.7Hz, 2 H), 2.81-2.93 (m, 2 H), 3.33 (t, I =
7.2Hz,2H),3.78 (s, 2 H),3.90(t, J=4.7Hz, 4 H), 438 (1, ] =4.7Hz, 4 H), 448 (q, T =7.1
Hz, 2 H), 7.25-7.36 (m, 2 H), 7.47-7.55 (i, 2 H), 8.17 (m, 1 H) and 9.12 (bs, 1 H).

30 Example60 1 '~{9-Ethyi-2—(5—ﬂuoro-IH-indol~4-yl)—6-morpholiu-4-yi—9ﬁ-purin¥8~
yimethyi]-{1,4'}bipiperidinyl-2-one
Prepared by using Suzuki coupling method C. The title compound was obtained as a



25 [M + H} IFINMR (400 MHz, CDCI3): 8 1.54 (t, J = 7.1 Hz, 3 H), 1.62-1.76 (m, 4 H), 1.94-2.05 (m, 2
H), 2.23-2.31_§Vm, 2 H) 239 (t J=81Hz,2H),296(m,2H),334( J=70Hz 2 I? 3.74 (s, 2 H),
3.88 (t, J = 4. 782 W7$97-4.08 (m, 1 H), 4.36-4.48 (m, 6 H), 7.28 (d, 5 YPEHI¥IE) 7.30 m, 1
H), 7.45 (m, 1 H), 7.59 (m, 1 H), 8.18-8.25 (m, 1 H) and 8.44 (bs, 1 H). 30 Example 57
8-[9-Ethy1-2-(5-fluoro-1H-indol-4-y1)-6-morpholin-4-y1-9H-purin-8- _
yimethyll->Bitaiwkd iragq Hi'ébcan-l-one WO 2009/053716122PCT/GB2008/003622  Prepared by
using Suzpkienupgng method C. The title compound was obtained as a colourless oil (43 mg, 35 %).

[M + Hr 533. 40 VA :81.50 3 w3 H)rl. H), 1.92-2.02 (m, 2
). 5 2078 RUD DS DR bt i B Lo 2 A BRI 06 . 4,35
(in, 4 H), 423, (§; 9522 BH2,49 (), 580286 (1. R HE DA8(rad H)=374 (8 3H).8-8+AL¥ A 7.03 (dd, J =
110,55t ) s £ 40k T3 BR GO0 97 AW and 336 ) 10 Exemole

- -2-(5-flugro-1H-indol-4-y1)-6-maqrptialin-4-y1-9H-purin-8-
yImethyll‘%—%}% %%ﬂzé%igfc%%é%lﬁa%ag%?bs’ pared by using Suzuki coupling method C.
The title compound was obtained as a cream solid (40 mg, 71 %). [M + Fir 507.2 15 111 NMR (400

MRz, CD%%@ (t1*_léiﬁtﬁyﬁi-’(?Iﬁﬂ;d%lﬁﬁ)@aﬁvln%e%&tiﬁé-%b)f-ﬁ.&ﬁ;@%h%éf@ﬂ%96 (d,J=11.1Hz,

2 H), 3.76 (s, 2 H), 3.76-3.93 (m, 8 H), 4.36 (M, 511), 4.58 (q, J = 7.2 Hz, 2'H), 6.97 (m, 1 H), 7.04 (dd,
J = 11.0, d!g*fpipwperjdirgepRe 1 1) 7.35 (ddd, J = 8.8, 3.9, 0.9 Hz, 1 H) and 8.20 (bs, 1 H). 20

Exampie 59 8-1PrEiinyd 13+ (khig Sdadadogtiplitgmetiplich nthetito Ebppoim@wdsobthiptd 22 8-
diaza-spir%[étg]5 ﬁﬁ?ﬁﬁgn& % Prepared by using Suzuki coupling method B. The title compound was
obtained as a white soli (61 mg, 59%) [M+Hr 515.3 25 'H NMR (400 MHz, CDC13): 6 1.46 (m, 211),
1.56 (t, S B4 HH7433 1), 1.96 (td, J = 12.6, 3.9 Hz, 211), 2.07 (t, J = 7.2 Hz, 2 H), 2.25 (t, J = 11.7 Hz,

211), 2.81:2 RBRED M3, 8B (h)l &1053-H82 Bt) ] 317, 8.9 @d;1) 3196, (105 HA. T #z240H), 4.38 (1, J =

4.7 Hz, 4 H), =7. 1) -4.36 ol L ( )-8 « H) and 9.12

e, 1. Bithadeln Sz i AR e st G, e

ylmeti§ 1153144 3tRipedaridimi- Bpar I° ki eatlpli =<T\Re title compound
E0.1443t8ipRda diF- 22330 fEpardl b Usiig=SuktRi ESUpTAE el 22K

was obtaineg agses ¥ @L9¢8/053716123PCT/GB20081003622 white solid (29 mg, 30 %)

Example 62  1-{1-[9-Ethyl-2-(5-fluoro-1H-indol-4-yl)-6-morpholin-4-yl-9H-purin-8-
yimethyl}-piperidin-4-y1}-pyrrolidin-2-one
20 Prepared by using Suzuki coupling method C. The title compound was obtained as a
white solid {19 mg, 18 %)
[M+H]" 547.4
'H NMR (400 MHz, CDCls): § 1.50 (t, I = 7.1 Hz, 3 H), 1.64-1.75 (m, 4 H), 1.95-2.05 (m, 2
H), 2.23-2.33(m, 2 H), 2.39(t, y = 8.1 Hz, 2H)}, 2.96 (m, 2 H), 3.35 (t, = 7.0 Hz, 2 H), 3.75
25 (s, 2 H), 3.85 (t, = 4.7 Hz, 4 H), 3.98-4.07 (m, 1 H), 4.32-4.45 (m, 6 H), 6.95 (m, 1 H), 7.05
(dd, J = 11.0, 8.8 Hz, 1 H), 7.28 (m, 1 H), 7.35 (m, 1 H) and 8.22 (bs, 1 H}.

Example 63  2-{1-[9-Ethyl-2-(5-flaoro-1H-indol-4-yI)-6-morpholin-4-yl-9H-purin-8-
ylmethyl]-azetidin-3-ylamino}-2-methyl-propionamide

30 Prepared by using Suzuki coupling method B. The title compound was obtained as a
colourless oil (45 mg, 56 %)
[M+H]" 536.4



[M+H] 561.3 'H NMR (400 MHz, CDCI3): 8 1.50 (t, J = 7.1 Hz, 3 H), 1.62-1.82 (m, 8 H), 2.30 (dd, | =
12.5,10.4 Hz, 2 H), 2.40 (m, 2 H), 2.96 (m, 2]121, 3.18(m, 2 H), 3.75 (s, 2 H‘%;&SS t,J=475Hz,4
H), 4.31-4.45 YR 8985834 63 (m, 1 H), 6.94 (m, 1 H): 7.04 (dd, J = TCEBBBIFR) 7.27 (m. 1
H), 7.31-7.36 (in, 1 H) and 8.28 (ha, 1 H). Example 61 1
'-19-Ethyl-2-(1H-indo1-4-y1)-6-morpholin-4-y1-9H-purin-8-ylmethyl1- [1,41bipiperidinyl-2-one
10Preparéd Wﬁ@é@iﬂ@@%lﬁb%&%gh?-‘?gg’ﬂt1”é7c%%ét¥9d2v\;§s(‘8b?aliﬁeﬂ5§5(¥ﬁ’white solid (33
mg, 44 %) iy} 34@43-3. DM R 406 MHZ £06] I 38831 28)(ard-1.38) (R, Q138 = 12.5, 10.4
Hz, 211), 2.40 (m,.2.H), 2.96 (M, 2 H), 3.1 ), 3.75( 3.80 (1.1 = 4.7 Hze 4 H), 4.37-4.48
(m, 6 15 @?Egﬁ?%‘g%(ri% ?“ﬁ)%)z#ﬁ‘(rﬁw 7—28%4 (7‘?{’77 ("d,lgofzgsgé’{ﬁz??f;ﬂ%g%g (Frl‘f29 1 H), 8.22 (m, 1
H) and 8.2%(h&)17H} ExarHprad2.38 (bs, 1 H).
1-{1-19-Ethy1-2-(5-fluoro-1H-indo1-4-y1)-6-morpholin-4-yl-9H-purin-8-

ylmethyll-piperidin-4-y11-pyrrolidin-2-one 20Prepared by using S I cQupjin thod C. The title
compounmm&ﬂgém%&%ﬂgﬁi P é’—"ﬂ%ﬁ%#ﬁ“ﬂﬂ/l X z, CDC13): 8
1.50 (t, J mzétididA3-Bat)inb}e2Hdefliylipropio athi@s-2.05 (m, 2 H), 2.23-2.33 (m, 2 H), 2.39 (t, | = 8.1 Hz,

2 H), 2.96 (M, 2 ), 3 3% {tulife Gtld o Eﬁbﬁﬁ%ﬁ@#ﬁ%@é&&uﬁ&wdﬂ&m 2.98-4.07 On, 1
H), 4.32-4.45 (m, 6 H), 6.95 (m, 1 If), 7.05 (dd, J = 11.0, 8.8 Hz, 1 H), 7.28 (m, 1 H), 7.35 (n, 1 1-1) and

8.22 (bs, Pﬁlﬁ}’ﬁi%?b‘lézéglﬂz%fzﬁ@Ethyl-z-(S-ﬂuoro-lH-indolI-4-y1)-6-morpho|in-4-y1-9H-purin-8-
yimethyl-gwetiinsggydamino}-2-methyl-propionamide 30Prepared by using Suzuki coupling method B.

o e PRSI AT B e M0,
3 H), 2.99 K, 26939 BimyA H). A 2578 1), 3 8916 7 2 Ty 3Bt A6 44186700 188 38 (s, 2 1),
4.29-4.38 {m),Gldo) e, 38K 26H4) 36 @0 BrH5 76 WH)=8.0 g, FyH)59 (83 (di, §.221dd07 8.8 Hz, 1 H),
7.26 (t, J :sg,%lj'ﬁ’zﬁ'i% 313’%9‘('0%, T'hi‘”d 8.38 (bs, 1 H).5
15
Example 65  2-{($)-1-[9-Ethyl-2-(5-fluoro-1 H-indcl-4-yl)-6-morpholin-4-yl-9H-purin-8-
yimethyl]-pyrrolidin-3-ylamino}-2-methyl-propionamide '
Prepared by using Suzuki coupling method B. The title compound was obtained as a
pale yellow solid (31 mg, 50 %)
20 [M+H]" 5503
1H NMR (400 MHz, CDCl3): 8 1.31 (s, 3 H), 1.32 (s, 3 H), 1.47 (t, ] = 7.2 Hz, 3 H), 1.48-1.60
(m, 2H), 2.17-2.28 (m, 1 H), 2.41 (dd, J = 9.3, 5.4 Hz, 1 H), 2.55-2.64 (m, 1 H), 2.72 (td, ] =
8.8, 5.4 Hz, 1 H), 2.85(dd, ] = 9.3, 6.8 Hz, 1 H), 3.31 (m, 1 H), 3.79-3.91 (m, 6 H), 4.38 (m, 6
H), 5.29 (bs, 1 H), 6.94 (m, 1 H), 6.97-7.06 (m, 1 H), 7.14 (bs, 1 H), 7.26 (m, 1 H), 7.33 (m, 1
25 H)and 8.35 (bs, 1 H).

Example 66  2-({1-[9-Ethyl-2-(5-fluore-1H-indoi-4-yl)-6-morpholin-4-yl-9 H-purin-8-
yimethylj-azetidiu-3-yl}-methyl-amino}-2-methyl-propionamide
Prepared by using Suzuki coupling method B. The title compound was obtained as an
30 off-white solid (57 mg, 31 %)
[M+H]" 550.2
'H NMR. (400 MHz, CDC13): § 1.18 (s, 6 H), 1.48 (t, ] = 7.2 Hz, 3 H), 2.21 (5, 3 H), 3.17 (m,



Example 64
2-{149-Ethy1-2-(1H-indo1-4-y1)-6-morpholin-4;y1-9H-purin-8-ylmethyllazetidin-3-ylaminol-2-methyl-pr
opionamide Wéﬁ@ﬁ’é{?%%y using Suzuki coéf)él/ing method B. The title ggr%’gguorqngézobtained as a
pale yellow oil (26 mg, 36 %) 10 [M+Hr 518.3 'H N1VIR (400 MHz, CDCI3): 8 1.28 (s, 6 H), 1.51 (t, J =
7.2 Hz, 3 H), 2.86 (m, 2 H), 3.48 ém 1H), 3.69-3.77 (m, 2 H), 3.82 (s, 2 H), 3.89 %)I = 4.7 Hz, 4 H),
4.36-4.44% )-8 435 S @ns E)I B 88 @0 950 34 ADEey D2 (i 1A DS (2 B2, 1 H), 7.50 (m,
1 H), 8.226(gel7. B, 8- B3tZ21(HY anck$132 @5,7139)nd,5 Bxand@eBs, 1 H).
2-{(S)-1-19-Ethy1-2-(5-fluoro-1H-indol-4-y1)-6-morpholin-4-y1-9H-purin-8-
ylmethyll-pyrrolidin-3-ylamino}-2-methyl-propionamide Prepared by using Suzuki coupling method
B. The titiExammisciind Xmas[%ﬁal*‘mcaé%ipa@-&énb%@a'lhﬂ“ﬂﬂﬁﬂa%%ﬁbgf%%w%o.3 'H NMR (400
MHZ, GDG ity i-gibdeazitl)yi}-RemksyRalilad 47 (t, J = 7.2 Hz, 3 H), 1.48-1.60 (m, 2H), 2.17-2.28 (m,
1 H), 2.41°(dd, J = 9.3, 5.4 Hz, 1.H), 2.55-2.64 2.72 (td. J=8,8 54 Hz 1 H) 2.85(dd, J =
9.3, 6.8 Hz, 1 HI "3 ,T’ﬁ%%ﬁ?@ﬁﬁ%%%%ﬁ%@ﬁﬁ%wpg% ﬁ?ég?%"%aéﬁ (m, 1 H),
6.97-7.06 Wintels¢iy (13U 11°4), 7.26 (m, 1 H), 7.33 (m, 1 25 H) and 8.35 (bs, 1 H). Example 66
2-({1-[9-EEM1ﬁ3(§jwpro-lH-indol-4-y1)-6-morpho|in-4-y1-9H-purin-8-

nethod B AR A RS2 et ST & AT T A I ) P14 5502 H

NIMR {400t M§12.90 ROAR); £35. 48, (6HR 5)9 144853 HZ 2 Hz 53621 H),(803 @Y, B=17.0n, WO

2009/053 25PCT. 8/ - T3 4 , 6 H),
%&J‘éé ﬁm%ﬁﬁﬁf%-g%gﬁé% éf‘?ﬁ@ ?'1%57(5“5:(353121-% (8,6 b @ﬁﬁ#&z (m, 6 H)

5.23 (m, | ' 2°R), 7271, J=2.8'"Hz, 1 H), 7.35 (m, 1 H) and 8.25 (bs, 1
H). Exahpld®7 2H442-(5-Fluoro-1H-indo1-4-y1)-9-methyl-6-morpholin-4-y1-9H-purin-8- 5
ylmethyl1-piperazin-1-yll-isobutyramide  Prepared by using Suzuki coupling method C. The tide
compound was obtain ite solid (189 81 %), IM.+536, 1, 11-1 NMR. (400 MHz, CDCI3): 8
1.22 (s, 6%6%9@65%%(1‘%?23% i([‘éfifﬂiﬁzl%‘?‘%?’ﬂs‘élﬂ?‘é}‘#&hfoél LJB é.’ﬁﬁ“?s% @aiﬁs,%s (m, 4 H), 5.19
(d, J 25, piperazid)]-§196¢hutyramide 05 (dd, J= 11.0, 8.7 Hz, 1 H), 7.11 (d, J = 5.4 Hz, 1 H), 7.29 (m, 1

H), 7.35 (ddd, J 5188 R RiQe it Dodpth SrRAHRECLTH) title AR 68 obtained as a
2-{4-12-(1H-!nd01,-4-7y1 -9-m§} yl-6-morpholin-4-y1-9H-purin-8-ylmethyll15
piperazin-TRHSRH] 1de®

[M+H] 518.2

'H NMR (400 MHz, DMSO-dg): & 1.24 (s, 6 H), 2.57 (m, 8 H), 3.77 (s, 2 H), 3.89 (1, J = 4.7
20 Hz, 4 H),3.95 (s, 3 H), 4.40 (t, ] = 4.7 Hz, 4 H), 5.19(d, =52 Hz, 1 H), 7.12 (m, 1 H),

7.27-7.34 (m, 2 H), 7.48 (d, Y =8.0 Hz, 1 H), 7.62 (t, = 2.5 Hz, 1 H), 8.23 (dd, T = 7.5, 1.0

Hz, 1 H) and 8.26 (bs, 1 H).

Example 69  (R)-8-[2-(1H-Indol-4-y1)-6-morpholin-4-y}-9H-purin-8-ylmethyl}-
25  octahydro-pyrazine[2,1-c][1,4]oxazine
Prepared by using Suzuki coupling method C. The title compound was obtained as a
white solid. {35 mg, 29 %).
M+ HT 475.1
'H NMR (400 MHz, DMSO-dg): 8 1.80 (t, ] = 10.4 Hz, 1 H), 2.14-2.36 (m, 3 H), 2.56-2.64
30 (m,2H),2.66(d,J=9.0Hz, 1 H), 2.78 (d,J = 9.0 Hz, 1 H), 3.06 (t, ] = 10.4 Hz, 1 H), 3.47
(td, ] =114, 2.4 Hz, 1 H), 3.56-3.64 (m, 1 H), 3.66 (d, J =4.5Hz, 2 H), 3.71 (d, ] = 10.4 Hz,
2H), 3.79 (t, T = 4.6 Hz, 4 H), 4.28 (m, 4 H), 7.17 (, ] = 7.7 Hz, 1 H), 7.39-7.48 (m, 3 H),



Prepared by using Suzuki coupling method C. The title compound was obtained as a white solid (75
mg, 70 %). [M + Hr 518.2 NMR (400 MHz, DM$0-d6): 5 1.24 (s, 6 H), 2,57 (m, 8 F‘Bj 3.77 (s, 2 H),
3.89 (1, J = 4.7V WY S, 3.95 (s, 3 H), 4.40 %t J=4.7Hz, 4 H), 5.19 [ BB 117 12 (m, 1
H), 7.27-7.34 (m, 2 H), 7.48 (d,J=8.0 Hz, 1 H), 7.62 (t, J = 2.5 Hz, 1 H), 8.23 (dd, J=7.5, 1.0 Hz, 1
H) and 8.26 (bs, 1 H). Example 69 (R)-8-P-(1H-Indol-4-y1)-6-morpholin-4-y1-9H-purin-8-ylmethyli25
octabydroSfrédnbi8 6.t A dhkikk 16 (sp éé?eﬂ‘?éﬁl%?h@lﬁgf Hizuki coupling method C. The title
compound was obtained as a white solid. (35 mg, 29 %). [M + li] 475.1 'H NMR (400 MHz, DMSO-d6):

6 1.80 (t, 1= 10.4 Hz, -2, 3H),2.56-2. . . =9.0.Hz, 1 H), 2.
R e e T L e e T e
3.66(d, J pipdszie-HylSspbytyramid® 4 Hz, 2 H), 3.79 (t, | = 4.6 Hz, 4 H), 4.28 (m, 4 H), 7.17 (t, J = 7.7

Hz, 1 H), 7.39-7¢8:0Rd Byludihg YWENE Q0N RS AE0bd PG R ZR0HAARE A A. (ith sliz 8.5, 1.1 Hz, 1
H), 11.16 (s, 1 H) and 12.9_“%%5, 1H). Ex%ﬂfle 70
oy4 oy | -

214-12-(5PRRF TR RTADES 45 s SHISHH- 4% - Burin-8-yimethylipiperazin-1-y1}-isobutyramide

5PreparedMy- e Sizuki coupling method A followed by THP-deprotection. The title compound was

obtained agy ﬂrwﬁitﬁo%%%mﬁé;%)z 10 é§5@1§),1§.zik'd}l!\4ﬁ{$,4£92'\&h!é H%%@g%z o107 (s, 6 H), 2.45

(m, 4 H), 2.52ém, 4'H),3.68(s, 2H), 3.74(t, J=4.6 Hz, 4 HL;4.22 g(m, 4H), 6.68 (t, J=2.4 Hz, 1 H),
6.92 (d, 1274 45 40018, 48748, 4 D168 & 7124 ), sy =38 He [ty 7.39-7.44 (m, 2
H), 11120 ¢58l(dd) Bad 118.90 s ) HHY.BXdnipie 3Hz, 1 H), 7.39-7.44 (m, 2 H), 11.20 (s, 1 H)

2-042-(1H£é qgjo{ffﬁg}é orpholin-4-y1-91/-purin-8-ylmethyll-piperazinl-y1}-isobutyramide
15Prepared by using'Suzuki coupling method B followed by THP-deprotection. The title compound
was obtained as a white solid (16 mg, 15 %). [M + Hr 408.2

Example 71 2-{4-[2-(1 H-Indol-4-yl}-6-morpholin-4-yl-9H-purin-8-ylmethyi]-piperazin-
I-yI}-isobutyramide
15 Prepéred by using Suzuki coupling method B followed by THP-deprotection. The title
compound was obtained as a white solid (16 mg, 15 %).
[M+H]" 4082
"H NMR (400 MHz, DMSO-dg): § 1.06 (s, 6 H), 2.46 {m, 4 H), 2.53 (m, 4 H), 3.68 (5, 2 H),
3.73-3.82 (m, 4 H), 4.29 (m, 4 H), 6.93 (d, ] = 3.5 Hz, 1 H), 7.06 (d, ] =3.5 Hz, 1 H), 7.17 (1,
20 J=7.7Hz 1 H), 7.40-745(m,2H), 747 (4, T=8.0Hz, 1 H), 8.05(d, I} =7.5H=, 1 H), 11.16
(s, 1 H) and 12.89 (bs, 1 H).

Example 72  2-({1-[9-Ethyl-2-(5-fluorc-1H-indol-4-yI)-6-morpholin-4-yl-9H-purin-8-
yimethyl}-azetidin-3-yI}-methyl-amino)-2-methyl-propionamide
25 2-{[1-(2-Chloro-9-ethyl-6-morpholin-4-yl-9H-purin-8-ylmethyl)-azetidin-3-yl]-
methyl-amino }-2-methyl-propionamide, was reacted under Suzuki coupling conditions
(Method B). The crude 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 column chromatography to give the desired product as an off-white solid (57 mg,
30 31 %).
[M-+H]" 550.2
'H NMR (400 MHz, CDCl;5): 6 1.17{s, 6 H), 1.48 (, J=7.2Hz, 3 H), 2.21 (s, 3 H), 3.17 {t, J



'H NMR (400 MHz, DMSO-d6): 5 1.06 (s, 6 H), 2.46 (in, 4 H), 2.53 (m, 4 H), 3.68 (s, 2 H), 3.73-3.82
=3.5Hz, 14, 7.06 (d, J = 3.5 Hz, 1 1) 4 =7.7Hz, 1 H),

(m, 4 H), 4.29 (m, 4 H). 6,93 (d, J

7.40-7.45 (m,‘é‘ﬁ??gf‘.’z{%, J=8.0Hz, 1H),8.05(d,J=7.5Hz, 1 H), 11.1@%5;,}{%}?%%and 12.89 (bs, 1
H). Example 72 2-({1-19-Ethy1-2-(5-fluoro-1H-indo1-4-y1)-6-morpholin-4-y1-9H-purin-8-
ylinethylEazetidin-3-y1}-methyl-aming)-2-methyl-propionamide - B

-(2-Ch|oro=-§=@ﬁ’ﬁ/f-bg o%ﬁcﬁ%ﬁ&‘zilfg@%%ﬁé-@hﬁ@%{ﬂfggggﬁéﬁék&d’ 1=35.0Hz1
methyl-anin@}s2-taethiyl; propian arkiy e, 20 s readt et undr 7S ukildduplihg Xofditidhs (Method B). The

crude reaction mixture was loaded onto an 'solute(r) SCX-2 cartridge, washed with MeOH then eluted
with 2 M NH3 in MeOH. The resulting residue was then purified b)gycolumrj chromatography to give the

desired pleuataZian Lthnfetaskitr (-nfpl4dor B Oopprptein-s b3 mugnd Yz, cpc13): s
1.17 5% 6 4 tidid3-41) Liveth 1A midold)- Metlly(Sropibnainide (t, J WO | (
2009/053716127PCT. 008/003622 = 5.6.H 47- . , 6 H), 4.33-4.42 (m,
6 H), 5.23 (d, J égﬁ)(éﬁzﬁiom%lg%ﬁmm "?35’“9%5‘(%)@“#g%%%%?:%%aﬁﬁ%% 7.35 (m, 1 H) and
8.25 (bs, meWyl-amnahRtemaByRH(anipgamiFe| ywus 1eaciad Biien Sy z8kh toHEHBE ROBHAYH-purin-8-yimetbyll5
azetidin-3aviinpg iy TaeiaR i MBIVE-NES RIGAPIELan Isdhute® SCX-2 cartridge, washed with
al-(2-Chloro-9-ethy1-6-morphalin-4:y1-9H-nurin:8-ylingthyl)-azetidin-3-y1]- .
methyl-ar&%é@%e%ﬁﬁ%&rﬁ%&#gg l}:i(;ac %¥ Sﬂlgg‘égggﬁ&zufk‘?%so%ﬁé){ll Snc%r%lmons (Method B). The
reactioh nepltume chasnivegiephy teian teolesised SEMUC epstridfiarhiia st LRI S0 othen eluted with 2
M NH3 in [%Q—Qi?-ﬁf‘.@ resulting residue was then purified by 10 column chromatography to give the

desired product as an off-white solid (145 mg, 86 %). [M+ 32.2. N ( H C13):81.18
(.6 1), 1B e, QPG St 5 Teka 35 s B e el A ) 85 (0, 2 £
3.89 (t, J #nl . BHYZ3.45K) 58 BV -3HHG (85, 6, BIYDH 380 (¢, 13-4 8 . Has4 H), MB3 7740% (nJ6H5. 2. Hz, | H),
7.27-7.34 (ny 35!'93{%‘2{??5754%1(’(8; A43h 659 ﬁ}‘,’7.125/-37.§b)(Iﬁ;%%i(ﬁ%dﬁlgfém,l1%,4@0'(&@“0' 8.28 (bs, 1

H). Examplé 74 2-{44 Fluoro-111-indo14-y1)-9-(2-hydroxy-ethyl)-6-morpholin-4-y1-
911-ptin BRI Jipdrazhf £ LS Bedy T'H). ‘prepared by Suzuki coupling Method B. The

resulting residue was then purified by 2() column chromatography to give the desired product as an

off-white solid (60.mg,,51, %). IM+H] 566.2 ‘H NI ) GRGAR B RS &iH). 2.56 (m, 4 H),
2.65 (m, Aﬁfﬁ%;—méi‘r@s,zgeﬁ{?sl%%h('t?l? fl%%‘ﬁ'zu%’ Eﬁ?%%\d ﬁ‘%’? %@ﬁm%’,g) 4'.37§('m, 4 H), 4.47 (t, ] =
4.3 Hz, 2 PH-pupp-Sysmethylpipesian-todHsebpagramide ) = 2.5 Hz, | H), 6.98-7.09 (m, 2 H), 7.28 (t, J
= 2.8 Hz, 25 1 Hireped® telchubimkBeBuplifighifatloli ATtk Eedfiiithisrelidi} vaxampleriiizd by
A2 G Y DAl Bt e ey e R BRI ittt e s opy -amine

[M+H]" 566.2

'H NMR (400 MHz, CDCl): § 1.23 (s, 6 H), 2.56 (m, 4 H), 2.65 (m, 4 H), 3.75 (s, 2 H), 3.85

(t, ] = 4.7 Hz, 4 H), 4.02 (t, J = 4.3 Hz, 2 H), 437 (m, 4 H), 4.47 (1, ] = 4.3 Hz, 2 H), 5.25-

5.31 (m, 1 H), 6.07 (bs, 1 H), 6.91 (1, ] =2.5 Hz, 1 H), 6.98-7.09 (m, 2 H), 7.28 (, ] = 2.8 Hz,

25 1H),7.35(dd, J=8.8,3.8 Hz, 1 H) and 8.28 (bs, 1 H).

Example 75  {1-{2-(1H-Indol-4-yD)-6-morpholin-4-yl-9H-purin-8-ylmethyl}-piperidin-4-
yij-dimethyl-amine
Prepared from {1-[2-chloro-6-morpholin-4-yl-9-(letrahydro-pyran-2-yl)-9H-purin-8-
30 yimethyl]piperidin-4-yl} -dimethyl-amine and 4-indole boronic acid pinacol ester instead of
the boronic acid using Suzuki Method G to give {1-[2-(1H-indol-4-y1)-6-morpholin-4-yl-9-
{tetrahydro-pyran-2-y})-9H-purin-8-ylmethyl}-piperidin-4-yl} dimethyl-amine (106 mg).



Prepared from (142-chloro-6-morpholin-4-y1-9-(tetrahydro-pyran-2-y1)-9H-purin-8- 30

ylmethyl]piperidin-4-y1)-dimethyl-amine and 4-£|§dole boronic acid pinacol ester instead of the boronic
acid using SUM?‘M% f T4;B2005/003622

% 53)6(It0 give (142-(1H-indol-4-y1)-6-morpho|in-4-lf/?[- -
(tetrahydro-pyran-2-y1)-9H-purin-8-ylmethyll-piperidin-4-yliclimethyl-amine (106 mg). WO
2009/053716128PCT/G82008/003622 [M +Fi] 545.3  This was stirred with 2M aqueous HC1 (15
mL) and NROHH( 485 for 12 hours. The mixture was then diluted with CH2C12 and the pH of the
aqueous layer agligstag {ont with \Whaaeausitia?2Se13. shieeoeequsiayer waswextreeted with
CH2C12 and the combined organic.5, layers drie 04). The solven apgrated and
trituration BPHRE FE& I8 ﬁ%ﬁ%@@%ﬁ“&%&%@wﬁ% %%ar%oﬁguarygrfsjgﬁy%%%ﬁpi@%g id (30 mg). 1H
NMR (40G:ddétz NBIIO1.3T He Bangond vy vagirickd Witk GH.(h andithoxombimed organie g1 (m, 211); 3.58

(s, 2119; 3QLrkMidiMpdet? (e Nerk #3s (apdladd fraQriatddldf thd Réfud HEBAR (bit, 111) 10 [M
+ Fir 461 Example 76

{112-(5-FRRSPY-93YEi S compand SF A A ssif RHRE-yimethylipiperidin-4-y1}-dimethyl-amine
Prepared FEONMR4206MGT0-6DGhI0hERi (g W3-8 (ral B G-y an 4Ky DiHsp6Hh B8 160,
yimethylpiesridli s ADeHhy s inexahasrs i edipg. S o (@48 (dndos-4-

y1)-6-morphdlin-4-y1-9-{tetrahydro-pyran-2-y1)-9H-purin-8-ylmethyltiperidin-4-y11- dimethyl-amine as
a yellow oﬂ”(%fﬁl}’ng). [M + Hr 563 This was treated as described for
(112-(bH-indeH3-y4)-6-morpholin-4-y1-9H-purin-8- 20 ylmethylkpiperichn-4-y1}-dimethyl-amine
followed by chromatography to give the title compound as a white solid (20 mg). 1H NMR (400 MHz,
CDC13) 1.75 (m, 411); 2.00 (m, 311); 2.28 (s, 611); 2.77 (m, 211); 3.43 (s, 2H); 3.85 (in, 411); 4.35
(m, 411); Exzopla 76 1 1§1-R2aS-Fiworadj-ngdoldnyir-¢-morpholinrd ik PAE Wy isAsyimathylr 5 (brs, 1H). 25
[M + Hr 4W@mlptﬁﬁ,§dgﬂﬁlﬁhyl-2-(5-ﬂuoro-lH-indol—4-y1)-6-morpho|in-4-y1-9H-purin-8-
ylmethyli-piperidip-4-yll-oxazolidin-2-one repared.using Suzuki Met cb(}[G to gjve the title
compund as a v%?%%é]%o@gl %)G@ERIEAQO&BB?W&H)?%%%%%@ f m’,\%ﬁ); %’5“2% 2H); 1.82 (n,
211); B2Yimctivvilpipeido-thyl dipahsbamnousing Sigokidvieton) G4sgyve 45G{1d41§oBle6 (m, 111);
7.07 (M, 1448 )mbrgib -4l 119: (et {Brol i ta@ 2 31 0tSpukbl - Mithyl] -piperidin-4-yl} -
2009/053716129PCT/GBZOO?/OOSP&%

dimethyl-amine as a yellow o1 1 mg).

M +H] 563

This was treated as described for {1-{2-(1H-indol-4-yl)-6-morpholin-4-yl-9H-purin-8-
20 ylmethyi]-piperidin-4-yi}-dimethyl-amine followed by chromatography to give the title

compound as a white solid (20 mg).

'H NMR (400 MHz, CDCls) 1.75 (m, 4H); 2.00 (m, 3H); 2.28 (s, 6H); 2.77 (m, 2H); 3.43 (s,

2H); 3.85 (m, 4H); 4.35 (m, 4H); 6.89 (m, 1H); 7.08 (m, 1H); 7.22 (m, 1H); 7.39 (m, 1H);

8.65 (brs, I1H); 11.5 (brs, 1H).

25 [M+H] 480.3

Example 77 3-{1-[9-Ethyl-2-(5-fluore-1H-indol-4-yI)-6-morpholin-4-yI-9H-purin-8-
yimethyl]-piperidin-4-yi}-oxazolidin-2-one
Prepared using Suzuki Method G to give the title compund as a white solid (53 mg).
30 'H NMR (400 MHz, CDCl3) 1.52 {m, 3H); 1.69 (m, 2H); 1.82 (m, 2H); 2.29 (m, 2H); 3.00
(m, 2H); 3.55 (m, 2H); 3.80 (m, 4H); 4.33-4.45 (m, 8H); 6.96 (m, 1H); 7.07 (m, 1H); 7.29 (m,
1H); 7.37 (m, 1H); 8.23 (br s, 1H)



Example 78 )
3-{1-19-Ethy1-2-0H-indol-4-y1)-6-morpholin-4;y1-9H-purin-8-ylmethyllpi erld oxazolldln 2-one
5Prepared us‘ﬁﬁ YR Method G to give the titte compund as a white SS“CF% 3‘”f11 NMR (400
MHz, CDC13) 1.57 (t, 311); 1.66-1.83 (m, 4H); 2.27 (m, 211); 3.00 (m, 2H); 3.53 (m, 211); 3.76-3.84
(m, 311); 3.92 (m, 411); 4.33-4.49 (m, 811); 7.34 (m, 2H); 7.51(m, 111); 7.63 (m, 111); 8.26 (d, 111);
8.29 (hr stl1§G [VF4-4i] 531.2 10 Example 79

149-Ethyl-2-(111-indol-4-y1)-6- morpholln -4-y1-9H-purin-8-ylmethy11-4-

morpholin=4-yl-pipgridi d using Suzuki
coupling rﬁe#rlg%'@to 5g}l({:/le achﬁo q)-v(\%] e f{)n;ﬁrﬁ%g Tﬂ% élltEﬂ%(‘)? %%%%Xé%%ﬁiaﬂgffm 311), 1.89 (m,
4H), 2.60 ¥ipeiddiny4 Y oxpmotddiny2one) (t, 411), 3.78 (s, 21), 3.91 (t, 411), 4.42 (m, 411), 4.45 (q, 211),
5.25 (i s, 1H), Brdsld¥ Binkt 08 6o Bl fiRQHSkitleldompuda 451, WHild sidF7inmgg 11). [M + Hr

574.25 2q 9. 5-fl H- -4- ~l-purin-8-
ylmethyl]- Wﬁw [SE) g}%me %%ory cfg‘g*.%“‘ %#19?? gngc?n%%lﬁ%&vvas repared using
Suzuki colipfiriy. MEIhDAS 6 GinaEl SR imitdEokd 3404MhaY. 881400 mH2HE BEHBY 1.52 (t, 3H), 1.88
(t, 411), 2, (%3%1)1};5 Glokt (4 41), 2.83 0y, 2i). 3.49 25 (t, 411), 3.78 (s, 211), 3.87 (t, 411), 4.38
(m, 4H), 4.4 (]g 5 25 (hr's, 1H), 6.43 (hr s, 111), 6.97 (m, 111), 7.07 (m, 111), 7.27 (m, 111),
7.36 (dd, My 8233 s, 111). M + Hr 592.21  Example 81

N-{148rEthy1-2- (1H -indo1-4-y1)-6-morpholin-4- yl -OH- purin -8- yImethyII3O piperidin-4

yl}-N-met esylic | 3 iRskRVAUKI coupling Method
G to give %)‘(w ﬁéghs%rl]uj 5%m% gwclj{ 5%%%/%5 71613 PCT/G mﬁ)osgg’,z 81i %Eoo MHz, CDC13)
1.57 (m, ﬂ&ljphowl-nml ceashppylicacid amyide o g6 (s, 311), 3.01 (m, 211), 3.77 (s, 211), 3.81
(m, 111), 3.91 (M}eé@&@ﬁbﬁpﬁ&&@sﬁ@&zﬁlﬁamh@eﬁ&oqw givt)ar7oB3 (n, 1H), 8.26 (m,

211). [M + %J]% 553 xample 82
N-{1.49- Eth - Uor 111 inclol-4-y1)-6-mor holln 4 -y1-9H-purin-8-
ylimethyIl- é@@@dw@ WPk fSmEbah &S m {m, 6H), 283 (m, 2H), 3.72 (t, 4H),

3.78 (s, 2H), 3.91 (t, 4H), 4.42 (m, 4H), 4.45 (q, 2H), 5.25 (br s, 1H), 6.42 (br s, 1H), 7.32 (m,
2H), 7.50 (d, 1H), 7.63 (m, 1H), 8.25 (m, 2H).
M + HJ* 574.25

20 Example 80  1-[9-Ethyl-2-(5-fluoro-1H-indol-4-y1)-6-morpholin-4-y-9 H-purin-8-
yimethyl]-4-morpholin-4-yl-piperidine-4-carboxylic acid
The title compound was prepared using Suzuki coupling Method G to give an off~
white solid {41 mg).
81(400 MHz, CDCl3) 1.52 (t, 3H), 1.88 (t, 4H), 2.57 (m, 2H), 2.61 (t, 4H), 2.83 (m, 2H), 3.49
25 (t, 4H), 3.78 (s, 2H), 3.87 (t, 4H), 4.38 (m, 4H), 442 (q, 2H), 5.25 (br 5, 1H), 6.43 {br s, 1H),
6.97 (m, 1H), 7.07 (m, 1H}, 7.27 {m, 1H), 7.36 (dd, 1H), 8.22 (br 5, 1H).
M + HJ" 592.21 '

Example 81  N-{1-{9-Ethyi-2-(1 H-indol-4-yI)-6-morpholin-4-yl-9H-purin-8-ylmethylj-
30 piperidin-4-yl}-N-methyl-methanesulfonamide
The title compound was prepared using Suzuki coupling Method G to give a white
solid (35 mg).



The title compound was prepared using Suzuki coupling Method G to give a white solid (94 mg). 10 8H

(400 MHz, CDC13) 1.54 (t, 311), 1.78 (m, 411), 2.28 (t, 211), 2.82 (s, 3 ,3.01.(m, 211),
3.77 (s, 211),3?%1‘???1’{’,5171&1), 3.87 (t, 411), 4.4]1)3?r2n, 6H), 6.97 (m, 1H), 7%@%&%93%‘3%%0 (in, 111),

7.37 (m, 111), 8.21 (br s, 111). [M + 111- 571.81 15 Biological evaluation and Pharmaceutical
formulations Example 83 Biological Testing 20Compounds of the invention, prepared as described in
the precedin®ddiip €D Ie> S (Mntitted 10 (Fe ﬁﬁ?@@vﬁd‘b%&@%(ésﬁ%r?(éélﬁ%%iochemical
Screenings GomRaF)BinhiRiter), ofs? (3K wasicaternined4n anacinmedia. 2157 .86ing purified, 25

recombinapf.e e and. ATP ata.c ntration of luM. All compounds were serially diluted in 100%
DMSO. T%ghdﬂ'gégérela ti’ébrélgvggst%%éugb%%zg’for hour at room temperature, and the reaction was

terminatedMby- tHE 5&dtion of PBS. IC50 values were subsequently determined using sigmoidal
dose-regsponse curve fit (variable slope). All of the compounds tested had an IC50 against 1313K of

o4 Tabiot EOMBRGHN TaUr SR T oL S et BT e i R Gound of the. WO
2009/053 #16day R GipGEBR0O31D0362th i methienendfenpmidafactured as follows: Composition for
10,000 tablets Compaunghaking iNeRinnPRhe kR RAosRiE MM 8 i HRLcWHik5g) Talc powder
(30 g) solid {94 mg).
16 8y (400 MHz, CDCls) 1.54 (¢, 3H), 1.78 (m, 4H), 2.28 (1, 2H), 2.82 (s, 3H), 2.86 (s, 3H), 3.01

(m, 2H), 3.77 (s, 2H), 3.81 (m, 1H), 3.87 (1, 4H), 4.41 (m, 6H), 6.97 (m, 1H), 7.07 (m, 1H),

7.30 (m, 1H), 7.37 (m, 1H), 8.21 (br s, 1H).

[M+H] 571.81

15
Biological evaluation and Pharmaceutical formulations

Example 83 Biological Testing ‘
20 Compounds of the invention, prepared as described in the preceding Examples, were

submitted to the following biological assay:

(i) PI3K Biochemical Screening
Compound inhibition of PI3K was determined in a radiometric assay using purified,

25 recombinant enzyme and ATP at a concentration of luM. All compounds were serially
diluted in 100% DMSO. The kinase reaction was incubated for 1 hour at room temperature,
and the reaction was terminated by the addition of PBS. ICsp values were subsequently |
determined using sigmoidalldose-response curve fit (variable siope). All of the compounds
tested had an ICsq against PI3K of 50pM or less. Typically the ICso against the p1103

30 isoform of PI3K was less than 500nM.

Example 84  Tablet composition

Tablets, each weighing 0.15 g and containing 25 mg of 2 compound of the



Magnesium stearate (5 g) The compound of the invention, lactose and half of the corn starch were
mixed. 10 The mixture was then forced througha sieve 0.5 mm mesh size. Corn starch (10 g) is
suspended inmﬁ’wwg:té%(% ml). The resulting paste was used to granﬁﬁgfg%ﬂgsﬁ)ﬂg\:’ix%zer. The
granulate was dried and broken up into small fragments on a sieve of 1.4 mm mesh size. The
remaining quantity of starch, talc and magnesium was added, carefully mixed and processed into
tablets. 15@%%@?5“?%&%{5{@?6%@?%% Compound of the invention200mg Hydrochloric Acid
Solution 0.1M or 20 Sodium Hydroxide Solution 0.1M q.s. to pH4.0 to 7.0 Sterile water g.s. to10 ml
The comp urgdoalf .toheﬁi)g\{g%erga‘é}gtg dissolved in most of the water (35-40C) and the pH adjusted to
between 4.0 and 98 with the hydrochloric acid or the sodium hydroxide as appropriate. The batch was
then mad&epnomérirthe wiertianés>amd filtered through a sterile 25 micropore filter into a sterile 10 ml
amber glassida) (qwpe)l) and sealed with sterile closures and overseals. Example 86Intramuscular
Injection ?;OfCom Ld%o)f the invention200 mg Benzyl Alcohol0.10 g Glycofurol 751.45 g WO
2009/053 &%ﬁ%% §12008/003622 Water for injection g.s t03.00 m| The compound of the
invention hais miwsen(éd gh the glycofurol. The benzyl alcohol was then added and dissolved, and water
added to inEhgnmbdite was then filtered through a sterile tnicropore filter and sealed in sterile 3 ml
glass vials (type 1).%1Example EZ? ry Formu}ation C%’Hﬁ?g?g of invention250 m

€ Compoun € mvention, lactose an e corn starch were mixed.

10 The mixture was then forced throﬁgh a sieve 0.5 mm mesh size. Corn starch (10 g) is
suspended in warm water {90 ml). The resulting paste was used to granulate the powder. The
granulate was dried and broken up into smal! fragments on a sieve of 1.4 mm mesh size. The
remaining quantity of starch, talc and magnesium was added, carefully mixed and processed
info tablets.

i5

Example 85 Injectable Formuiation

Compound of the invention 200mg
Hydrochloric Acid Solution 0.1M or

20 Sodium Hydroxide Solution 0.1M g.s. to pH 40t07.0
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

25 micropore filter into a sterile 10 m! amber glass vial (type 1)} and sealed with sterile closures

and overseals.

Example 86 Inframuscular Injection

30 Compound of the invention 200 mg
Benzy! Alcohol 0.10g
Glycofurol 75 1.45g



Sorbitol Solution1.50 g to Glycerol2.00 g Sodium benzoate0.005 g Flavour0.0125 ml Purified Water
g.s. t05.00 ml The c(omg)ound of the invention was dissolved in a mixturg of the glycerol and most of 15
the purified W&fgrz.u}&)ﬁo%l&ﬂléeous solution of the sodium benzoate was the%cgﬁ}d;ez?ig 0 ({ﬁ‘sensolution,
followed by addition of the sorbital solution and finally the flavour. The volume was made up with
purified water and mixed well. 133 CLAIMS A compound which is a purine of formula (la) or (Ib): R N
-1C(R3) 283 foriesiion €5(R3)26 R2/ N NR4 ml

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

through a sterile micropore filter and sealed in sterile 3 mi glass vials (type 1).

Example 87 Syrup Formulation

Compound of invention 250 mg
Sorbitol Solution 1.50¢g

10 Glycerol 200g
Sodium benzoate 0005 g
Flavour 0.0125 ml
Purified Water g.5. to 5.00 ml

The compound of the invention was dissolved in a mixture of the glycerol and most of
15 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.



R."and R2 form, together with the N atom to which they are attached, a group of the following formula
(11a): in which A'is 134 a group of formula (11b): (11b) EB >C9N wherein ring B is a 4- to
7-membered saturated N-containing heterocyclic ring which includes 0 or 1 additional heteroatoms
selected from N, S and 0 and ring B' is a 3- to 12- membered saturated earbocyclic ring, a 5- to 7-
membered saturated O-containing heterocyclic ridgr a 4- to 7-membered saturated N-containing
heterocyclic ring as defined above, each of B and B' being unsubstituted or substituted; 135inis 0, 1
or 2; R3 is H or CI-C6 alkyl; Ra is selected frongh?—%)OR, C(0)N142, halo(CI-C6)alkyl, SO2R,
SO2NR2" wherein each R is independently H or C1-C6 alkyl which is unsubstituted or substituted; and
R4 is an indole grqup which isHnsbsiittedres shibstityiedigr a pharmaceutically acceptable salt
thereof 2.A compound according to claim | wherein R4 is_an indole group which is unsubstituted or
substituted by a group selected from CN, halo, -C(0) , halo(Cf-C6)alkyl, -SO2R, -SO2NR2, and a
5-membered heteroaryl group containing 1, 2, 3 or 4;heteroatoms selected from 0, N and S, Whereln R
is H or CI-C6 alkyl. 136 3.A compound according to claim 1 which is selected from: :

(ia)

Ri\ /N \ N
N CR,)G 1
R? =
N N R

\
. N
R
N
/Nm—tc:(ﬁ3)z)m—<\
R? N

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

wherein

following formula (1la):

(11a)
A N ———————

in which A is



137 849-Ethy1-2-(5-fluoro-1H-i nclo1-4-y1)-6-morphol n-4-y1-9H-purin-8-ylmethy1]-2,8-diazaspi ro
[4.5] decan-3-one; 8-[9-Ethy1-2-(1/f-indo1-4-y1)-6-morphol8-ylmethy1]-2,8-di aza-spiro[4.5]decan-
3-one; 138

949-Ethy1-2-(5-fluoro-IH-indo1-4-y1)-6-morpholin-4- y1 -911-purin-8-ylmethyl]-1-oxa-4,9-diazaspiro[5.5]
undecan-3-one; 134
9-[9-Ethy1-2-(1H-indol-4-y1)-6-morpholin-4-y1-9Thpurin-8-ylmethyl]-1-oxa-4,9-diazaspiro[5.5]undecan-
3-one; 139 849-EAH{ARERIBRMARO1-4-y1)-6-morpholin-4-y1-911-puril 8-yltnetlly11-2,8-diaza-
spiro[4.5]decan-l-one; 849-Ethy1-2-(1//-indo1-4-y1)-6-morphol n-4-y14@y-purin-8-ylmetliy1]-2,8-di
aza-spiro[4.5]decanl-one; 140 and the pharmaceutically acc ble salts thereof. 4. A
pharmaceutical composition which comprises aceuytically agceptable carrier or diluent and, as
ive i [ claigs ItoN3—5= A compound as defined in
any one of claims | to 3 for use -1 a method &f medicat'treatment of the human or animal body by
therapy. 6. A compound as defined in any on ims Ito eating a disease or disorder arising

from abnormal cell growth, fnctipREPENAVIRLY AssesalesittiRI3 dinase; hzte{e,@@mpound as
claimed in claim 6 wherein the disease or disorder is selle ted from c ncer, er i rgecm sgrders

cardiovascular disease, vir& i TEUaBICTHAE A R i IS AS AL o%crtl%e ction disorders and
neurological disorders. 8. Usérokditompownd-ascddfiddatraiay @m@@ﬁbﬁlm 3 ﬁotS Tn the
manufacture of a medicament,for treatinga diserssiar HisordanRnising: fomahngimatleell growth,
function or behaviour associated \QHJ P13 Idn se. 9. Use accoc{(ihngit claim %V\mie f\rbi;he
medicament is for treating CAHESF i’tﬁglaf%&etagf ccardiolVascllar tisease, Viral infection,
inflammation, metabolism/erdocrivebftinttiber diseiteas and neurological disorders.




135

mis 0, 1or2;

R’ is H or C,-Cs alkyl;

R is selected from R, C(O)YOR, C(OINR,, halo(C-Cylalkyi, SO.R, SO,NR,, , wherein
each R is independently H or C,-C; alky! which is unsubstituted or substituted; and
R*is an indole group which is unsubstituted or substituted;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 wherein R'is an indole group which is unsubstituted or
substituted by a group selected from CN, halo, -C{O)NR,;, halo(C-Cgalkyl, -5O:R, -SO;NR;,
and a 5-membered heteroaryl group cordaining 1, 2, 3 or 4 heteroatoms selected from O, N and

S, wherein R is H or C-Cg alkyl,



k36

A compound according to claim 1 which is selected from:



137

8-[9-Ethyi-2-(5-Tluoro-1 H-indol-4-yh-6-morphalin-4-y1-9H-purin-8-ylmethyl]-2,8-diaza-
spirof4.5]decan-3-one;
8-[9-Ethyi-2-(1 H-indol-4-yh-6-morphotin-4-y| -9 H-purin-8-vlmethyl]-2,8-diaza-spiro]4.5]decan-

3-one;



138

9-{9-Ethyl-2-(5-fluoro- 1 H-indol-4~y1)-6-morpholin-4-yl-9H-purin-8-ylmethyl]-1-oxa-4,9-diaza-
spire[5.5Jundecan-3-one;
9-19-Ethyl-2-(1 H-indol-4-y])-6-morpholin-4-yl-9/H-purin-8-ylmethyl]- 1-oxa-4,9-diaza-

spiro[5.5]undecan-3-one;



139

8-[9-Ethyl-2-(5-fluoro- LH-indol-4-y}-6-morpholin-4-y|-9 H-purin-8-ylmethyl}-2,8-diaza-
spiro[4.5]decan-1-one;
8-[9-Ethyl-2-(1 H-indol-4-v]}-6-morpholin-4-yl-9 /-purin-8-ylmethyl]-2,8-diaza-spiro{4.5]decan-

i-one;



140

and the pharmaceutically acceptable salts thereof,

4, A pharmaceutical composition which comprises a pharmaceutically acceptable carrier or

diluent and, as an active ingredient, a compound as defined in any one of claims 1 to 3.

3, A compound as defined in any one of claims I to 3 for use in a method of medical

treatment of the human or animal body by therapy.

6. A compound as defined in any one of claims 1 to 3 for treating a disease or disorder

arising from abnormal cell growth, function or behaviour associated with P13 kinase.

7. A compound as claimed in claim 6 wherein the disease or disorder is selected from
cancer, immune disorders, cardiovascular disease, viral mfection, inflammation,

metabolism/endocrine function disorders and neurological disorders.

8. Use of a compound as defined in any one of claims 1 to 3 in the manufacture of a
medicament for treating a disease or disorder arising from abnormal cell growth, function or

behaviour associated with PI3 kinase,

9. Use according to claim 8 wherein the medicament is for treating cancer, inumune
disorders, cardiovascular discase, viral infection, inflammation, metabolism/endocrine function

disorders and neurological disorders.



