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WO 2006/109081 PCT/GB2006/001369 1 DNA-PK INHIBITORS The
present invention relates to compounds which act as DNA-PK inhibitors,

Wthg{i)% (%e gagrlld synthesis. 5 The DNA-dependent protein kin@%%;@}'&;;ﬁ;&gg

IS @ nuclear serine/threonine protein kinase that is activated upon
association with DNA. Biochemical and genetic data have revealed this
kinase to be composed of a large catalytic subunit, termed DNA-PKcs,
and a regulatory component termed Ku. DNA-PK has been shown to be a
crucial component of both P IRHAEIERRTe-strand break (DSB) repair
machinery and the V(D)J recombination apparatus. In addition, recent

The PRESAGRIMRICAISE ONARI GRUENANATS 13 BNALSH-RIRRS PSSR

Synt%n%!gding the modulation of chromatin structure and telomere maintenance

mith, G. C. M. and Jackson, S.P., Genes and Dev., 13, 916-934
(1999)). 15 DNA DSBs are regarded as the most lethal lesion a cell can
The Enodetenddit pombatihe: GENiOEKjhy eatscpaseetby/ DNMBEBSIsin kinase
that %%%?é%@%ﬂ%@%\é%wt @Hﬁ@\’th .eszémgﬂbairgﬁﬁ@e%ﬁef&d@ﬁg@%aned
._repair, In higher eu es, the predominant o chanisms is
s e S SSL & B ST R, EIS r RE i
COMRSEBHL BB K DRIEEK H3bees Regvie A arepatkaragonnerebiet the
DNm;@b@&tmﬁ\ﬁtyéhasm}eﬁmmmmmmbmb in20 z\eimnﬂti@rwém@amds.
o A deeecees
. in nts : . , - .. Sirz o
b e S e e
and JBekARP Has bEeRSHIBIs0=ed 48, 816eiRaf &8 tumour resistance

mechanism. Hence, inhibition of DNA-PK with a small molecule inhibitor
DNATIYERGUE LHIGagIAUE I LINRWS WEEKS QUELSIBIESSIRR IS feaatiad as a
ser§25 I’;ﬁrselg gncse n%eﬁ%%%%ltgl Orsl;] 2 b%%@}%’g\él\%ilsx fgur}'d%-that]'gh{? Pls to

Ykinage IH%ISIC{OIY : 1BY ISEBIELS MRt BRIAER
medigitclish PPaitrd T RHighrd ey alneCEeaTREL! §952 5B LIPEEeIn DNA
non{1988PyclherGobiteomtehtyadien kabwihichibGlionafopzymignactin tDisAest)
playik k{23RA0 §4QuRTHS, DINGBLL i Ak A e Same A8 RBhEBLRY both in
w-fm?’éhw %Sv?Vog%g%gF@g{ees I\Fv!{\naﬁ'\g ?gs?stance of tumour cells to IR and bifunctional
alkylating agents (Muller C., ef al., Blood, 82, 2213-2219 {1998), Sirzen F., ef al., Eur. J.
Cancer, 35, 111-116 (1989)). Therefore, increased DNA-PK aciivily has baen proposed as
a celiular and tumour resistance mechanism. Hence, inhibition of DNA-PK with a smatt
moiecuie inhibitor may prove efficacious in iumours where over-expression is regarded as a
resistance mechanism.

it also has been previously found that the Pl 3-kinase inhibitor LY2984002:

Ph (\o

is able to inhibit DNA-PK function in vifro (izzard, R.A,, ef al., Cancer Res., 58, 2581-2588
(1999)). The ICsp (concentration at which 50% of enzyme activity is lost) for LY294002
towards DNA-PK is, at ~1uM, the same as that for Pl 3-kinase. Furthermore it has been



WO 2006/109081 PCT/GB2006/001369 2 shown that LY294002 is also
able to weakly sensitise cells to the effects of IR (Rosenzweig, K.E., at
al,, C/in. Cancer Res., 3, 1149-1156 (1999)). WO 03/0249 |
Wrcl)uﬁr% Ser of Classes of compounds useful as DNA-PK inhibi%%%?%%@ﬁ%ﬁggg

2-amino-chromen-4-ones of the general structure: R O NRI R2 O of
which: 0 0 NJ Y was one example, This compound exhibited an 1C50 of
10-12 nM and an SER of 1.3 (100 10 nM) (see below for methods). Other

show@)@mb}@@@qgm@iw%ﬁ%mm%ng@se cells to the effects of IR (Rosenzwelg,

K.E. HZhyoliooedcanaahdinsdt pbemadopthanone (Kashishian, A., at at.,
MoL Cancer Ther, 2, 1257-1264 (2003)): NOH O 15 and SU11752 (Ismail,
I. H., at at.,, Oncogene, 23, §73-882 (2004)) O,P. OH_ HN,ll OS5 H, O. H

WO B R SRR B PSR ABEIOT R P SR ok

5  inclugimmf-angheceieonanibitnes RENE BRrFasRBYFHES radio- and chemo-sensitise

mammalian cells in culture, &n_apglicatjgrzof specific DNA-PK inhibitory
drugs would be to act as aggntsTthatjwill enhance WO 2006/109081
PCT/GR2006/001369 3 the“e#iCagy of both cancer chemotherapy and
radiotherapy. DNA-PK inhibitors mgy also prove useful in the treatment of
retroviral mediated diseases. For example it has been

of which:

S $;
O N
Ly
O
was one example. This compound exhibited an |ICsp of 10-12 nM and an SER of 1.3 {100
10 niv) (see below for methods).

Other examples of DNA-PK inhibitors include 1(2-hydroxy-4-morpholin-4-yi-phenyl)-
ethanone (Kashishian, A., ef al.,, Mol. Cancer Ther, 2, 1257-1264 (2003)):

&

OoH O
15 and SU11752 (Ismall, | H., ef al., Oncogene, 23, 873-882 (2004))
O
> :
o [}
HNL / N
O// H
O
N
H

Given the involvement of DNA-PK in DNA repair processes, and that small molecule
inhibitors have been shown to radio- and chemo-sensitise mammalian cells in cuiture, an
application of specific DNA-PK inhibitory drugs wouild be fo act as agenis that wiil enhance
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demonstrated that loss of DNA-PK activity severely represses the process
WO%%@H&\@?I i.ntegration (Daniel R,.at al., Science, 284, 644;51@;@9@)9;051369
he present inventors have now discovered further compounds which
exhibit similar or improved levels of DNA-PK inhibition, whilst possessing
other useful properties for use as, active pharmaceuticals, in particular
improved solubility and cellular efficacy. 10 Accordingly, one embodiment
the effiefdner Bistlomwee providesrzpyandratiathemRyY mNA T RERNRRPRTAL#N 2
prove Js%?(év‘hn @x@%ﬁ@rﬁ%ﬁm m@i@w@ﬁa&@hmﬂmﬂyw@&w&gﬁﬁm i
prodrugs thereq N iBhase ram the
dem"“@?’&fﬁ‘p‘%‘ cggbar%g?é .ﬁ@%’?@%ﬁé’ﬁ“ﬂ%’ ng ‘?:é?ill%%@jfeéaépﬁg Nnd (iii) CH, 0, C; the
integrafion SepmRb B refReserie o T Ble-DENTE

the appropriate locations; RN
and RN2 are independently selected from hydrogen, an optionally

The p&gﬁiﬁmg%tzvalﬁtfﬁh Q@b@r@s@mﬁmﬁg @mﬂp&mt@fﬁf@ﬂgﬂh
‘ roup, or I ; -%eogfgl cHEHIRdGoMINE s
lmpm\?ﬁ&if%?[g 3@%&%&%%@%%&%@%%@% hgteripgllsﬁ fing having from
activeherBAIRIEEINE; REACEA TG EeE B Y SR Gra L ps #Caf) above, Z is
selected from the group consisting of S, 0, C(=0), CH2 and NH; if A, 6, D
ACCO@_"{;?&E‘@B&%&H&%&% selested fremithe aseppwconsisting:.of 0, C(=0),
and NH; 25 R4 is selecteRd from the group of H, OH, NOz, NH2 and
.  Q-Y-X where Q is -NA=C(=0): or -0-; Y is an optionally substituted 01.5
alkylene group; Xi ected fiom SRS' or NRNSRN4, wherein, WO
2006/109081 PCT/GB2006/001.369 4 Rs,, or RN3 and RN4 are

independently selected from hydro%en, ﬁptionall;{/xéubstituted C,.7
2o

Sy N2
R

and isomers, salis, soivates, chemically orotected forms, and prodrugs inereci, whereirn:
A, B and D are respeciively selected from the group consisting of

{i) CH. NH, C;

(i) CH, N, N;and

iy CH. C G

the dotted lines represent two double ponds in the appropriate locations;

BN ond R are independently selected from hydrogen, an optionally substituted Gy alky!
group, Caz heterocyciyt groun, or Ca.zo arvt group, or may together form, atong with the
nitrogen atom to which they are attached, an optionally substiuted heterocyclic ring having
from 4 1o & ring aloms; '
if.A, B, D are selected from groups (), (i) above, Z is selected from tnhe group consisting of
S, 0, C{=0), Ch, and NH; if A B, D represent group (i}, Z is selected from ihe group
consigting of O, G{=0), CHy and NH;

R is selected from the group of H, OH, NO, NH. and Q-Y-X

whers

Q is -NH-C(=0}- or -C-;

Y. is an optionally substituted C.s alkyiene groun;

X is selected from SRS or NR™R™, wherein,
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alkyl, C5.20 aryl, or C3.20 heterocyclyl groups, or RN3 and RN4 may
together form, along with the nitrogen atom to which they are attached,
an optionally substituted heterocyclic ring having from 4 to 8 ring atoms; 5
wip 6’?%" 1pposk may additionally be selected from -C(=0)-NR @WQP@? ?
RN5 and RN6 are independently selected from hydrogen, optionally
substituted Ci.y alkyl, C5-20 aryl, or4C3-20 heterocyclyl groups, or RN5
and RNs may together form, along with the nitrogen atom to which they
R, arebteshBl, ain ibperraity b dsititiek tionete doeyelicorinaidvingsfitolmi Lo 8
alkyri mgzaﬁlam%r asleN h@t&&jgﬂ&b&@?@éﬁ%ﬁ ey Adediana l_a_zs_rﬁﬁl%ﬁggmff@rg
. - Wit V] | N ntar i) and. RN' an
e R e D R e B s
havipg BRSNS GISLRIRE cannot be H. The options for A, B and D result in
if Q sofApdunds aiditentdidrisrjeterfnae-CTISFOMTR AW B BRIt ame RE Gid
indebkderiRts8iERRel frbm M DIIZN2 oftidRatMINiRA SR BN &L BB, B 8.3,
heteg?%kﬁﬁeg%dpé%i%%%?né %Yﬁ?g?rlrégltg%%z 'é}ﬁ,t%c‘?ng r\%ﬁtﬁﬁ%ez%fotgg{gt@ﬂ 10 which
they are attached, an optionally substituted heterocyclic ring having from 4 to 8 ring atoms

and

if Q is “NH-C{=0}-, -Y-X may additionally selected from C,. alky!;

with the proviso that if A, B, D represent group (iif) and R™ and R™ together with the carbon
atom to which they are bound form a marpholino group, R* cannat be M.

The options for A, B and D result in compounds of the following formulae;

Formula A B | Structure
la CHINH|C




gn~RN2 A 0 and salts and solvgtes thereof, wherein: A) A, B and D are
respectively selected from t'ne group consisting of : (i) CH_NH, C: and (ii)
CH, N.|N; the dotte%cﬁﬁh‘ 8 represent.two doulfle bonds in the ‘xappropriate
Iocatiojos; RN' and RN2 are indepe etgcted from hydrgogen, a3, 7

alkyl group, 33-20 ﬁpetet‘gocydlyi rr 05.20 aryl group, or may
together form, along with the nitrogen atom oAvhich tht?v arg attached, a
heterodyclic ring hdvingjfrorﬂ 4 t0 8 ring atoms.optinnaliy_sbstituted by a
C,. alkyl group, 2 |$ selﬁ‘acte from the group coisisting 01RS, @ C(=0),C2
and NH R4 is O-Y-X where {0 isTNH-C(:O =or-O~Y is a C1.5 alkylene
group; X is selected from SRS’ or‘NRNBRNm, Rs' or_F{N' and RN4
are independently selected ftom Lydmgpq optionally-substituted alkyl,
AccordB B9 AN QE 3327 hetrraeyeivi@RpLRR whaein the optional substituents
are selected from hydroxyl, methoxy, -NH2, C6 aryl and 3s-0
heterocyclct, or RN3 ay together form., along with the nitrogen
atom to which they )eth-an optionally substituted heterocyclic
ring having from 4 to 8ring atoms; if 0 is -0-, X may additionally be
selected from -C(=0)-N RNS/R\I\iﬁWhereinﬁﬁN' and RN' are
independently selected from}h/yc'i@gag\(?pﬂp\n@y substituted 01-7 alkyl,
05.20 aryl, or 33-20 heteroc (flf/l groups;, whétein the optional
substituents are selected fromq\hyd:é@x%methoxy, -NH2, CE aryl and Cs-6

heterocyciyl, or RN' and RNE may todether form, along with the nitrogen
atom to which 5a they are attached, an optionally substituted heterocyclic
and sHRY Jlving remdetad igatams and if Q is -NH-C(=0)-, -Y-X may

A A, %dgrl;[cljolgaa!% ?s?s!ggé%geflgfostgig&teﬁai‘%#l;"*t‘ne group consisting of
(i CH, NH, C; ana
(iny CH NN,
the dotted lines represent two double bonds in the appropriaie locations;
RM and R™? are indspendently seiected from hydrogen, & G+ alkyl group, Caao heterocycivi
group, or Ciap aryl group, or may togetner form, along with the nitrogen. atom o which they
are attached, a heterocyciic ring having from 4 to 8 ring atoms optionaly subsfituied by 2 C,.
7 alkyl group;
7 is selected from the group consisting of 8, Q, C(=0j, Ch; and MNH
RYis Q-Y-X
-whers
Q is -NH-C{=0)- or -O-;
Y is a Cq.5 alkylens group;
X is salected from SR®! or NRYRM wherein,
RS or R™ and R™ are independently seiectexd from hydrogen, oplionally substituted G
alkyt, Cs.00 aryl, or Csa heterocyclyl groups, wheareain the optional substituents are selected
“from hydroxyi, methoxy, -NH., Ce aryl and Cs.s heterosyeiyl, or R™ and R™ may together
form, atong with the nitrogen atom to which they are attached, an optionally substituied
heterocyciic ring having from 4 1o 8 ring atoms:
¥ 0 s -O-, X may additionally be selected from —C(=0)-NRVR"™, whersin R and R' are
independently seiected from hydrogen, optionally substituted C.; alkyl, Csop aryl, or S
heterocyclyl groups, wherein the optional sutostituents are selected from hydroxy, methoxy,
-NH,, Cs aryi and Cse heterocyeiyl, or R and R™ may together form, along with the nitrogen
atom o which



or wherein: B) A, B and D may also be: (iii) CH, 0, O; the dotted lines
represent two double bonds in the appropriate locations; RN' and RN2 are
independently selected from hydrogenga 01.7 alkyl group, C3-20
heterocyclyl group, or Cs20 aryl group, or may together form, along with
‘ the nitrogen atom to which t e %%g %%Iacqjég{} FHG RGNS orms
they afPoﬁ%?ﬁ?% ﬁ%g@%@@%ﬁﬁ#f @&t?gétut § yac, ﬁ%wi)group; Z ,@93
and selected from the group consisting of 0, C(=0), CH2 and NH; R4 is Q-Y-X
@ s MBSOl N {rrQluatiofiY 88 Gdaralioisnaggau; X s selected
from SRS’ or NRNSRN4, wherein, RS', or RN3 and RNa are
independently selected from hydrogen, optionally substituted C,.7 alkyl,
or wh&Bi20 aryl, or 03.20 heterocyciyi groups, wherein.the optional substituents
re selected from hydroxy, methoxy, -NH2, C6 aryl and 05.6 heterocyclyl,
B) A %ﬁﬂﬁeﬁ%""& ﬁiﬁ} tr)nez':\y together. form, along with the nitrogen atom to which
(i) theyiafe Gttached, an optionally substituted heterocyclic ring having from

the d%ﬂ%ﬂ%ﬁ%ﬁ&%ﬁﬁd%ongé(Nua@wsngfﬁ@ap&ydpeaselmﬁa@blﬂgml

A et i g wherein K| n are indgepe ntly s te
R™ apg/R hylr SSHPeB oM AR S T Wf?'?%?ﬁyﬁ fzégga?‘y?, 2 _Sz’iq‘e‘emyc'y‘
grouhetetcyelyl graumpsynaremréhastieoistonienbavithdheshireassiciasd iR arhich they

are aﬁggﬁ%warﬂ&g}%}’ciiél}w&hgﬁr? A& § helereayeybirh RN @@y a C..
may together form, along with

he nitrogen atom to which they are
7 alk@seysd, an optionally substituted heterocyclic ring having from 4 to 8

7 is SiMSAlomSAIRe Hrelis cHHZiElitm0df, O Y X=1ay Giddiiahiity, selected from

RY i %81 7 alkyl. Sb A second aspect of the disclosure provides a composition
Bc ’rﬁ%iasing a compound of the first aspect and a pharmaceutically
whemcceptable carrier or diluent. A third aspect of the disclosure provides a

Qis ggppjg)qg@g_ of the first aspect for use in a method of therapy. A fourth
~aspect of the disclosure provides for the use of a compound of the first

Yisg !m’lﬂ‘?@ Pr&raration of a medicament for treating a disease

X is asretietaiedh IpRMeiNAOTtRIH ofBNARPK .

RS or R™ and R™ are independently selected from hydrogen, optionaily substituted G+

| alky!, Cs.a aryl, or Cs0 heterocyclyl groups, wherein.the optional substituents are selected
from hydroxy, methoxy, -NH,, Cs aryl and Cs_ heterocyclyl, or RN and R™ may togsther
form, along with the nitrogen atom to which they are attached, an optionally substituted
heierocyciéc ring having from 4 to 8 ring atoms;

if Q is -O-, X may additionally be selected from —C{=0}-NR"R", wherein R™ and R" are
independentiy seiected from hydrogen, optionally substituted Cy.7 alkyl, Cs.a0 aryl, or Cano
heterocyclyl groups, wherein the opticnal substituents are selected from hydroxy, methoxy,
-NH,, Cs aryi and Cs.; heterocyclyl, or R and R may together form, along with the nitrogen

atom to which they are attached, an optionally substituted hetaerocyclic ring having from 4 1o
& ring atoms and

if Q is -NH-C{=0)-, -Y-X may additionally selected from C,7 alkyl.



It is preferred thatthe medicament of the fourth aspect selectivity inhibits
the activity of DNA- PK compared to P1 3-kinase andior ATMM. Selectivity
is an important issue as inhibition of other Pl 3-kinase family members
may lead to unwanted side-effects associated with the loss of function of

A seconq ag eegtno%Xg] 1SSGIICQ;LP artllg\H es’ atb:g %Eﬂ[%%&%rmﬁ‘y Ep&)lﬂﬁglgldrb;% first aspect

preparation of a me iCament for- a) use as an adjunct in cancer therapy
and aRbmm@pm@ﬂtla@m@%ﬁmﬂr‘eééﬁléﬁl‘@ﬂremment with ionising radiation or

chemotherapeutic agents; or (b) the treatment of retroviral mediated
A thira U8R SE 8- AdULDErARRESL bR HisclasLER DEQVIdRS @B A ativehoo BTpoHg.
_ as described hereln for use in a method of treatment of the human or
anima! body, preferably in the form of a pharmaceutical compositor,,
Another aspect of the disclosure provides a method of inhibiting DNA-Ph
A fodRhMiti@@bimy g ceamprising tontactingfa cethwithcar ©fféctiverashtunt of
prepa%z&?&?@rﬁmﬂéﬂgfﬁscrg% i@@@eﬁ%é@ﬁr&%@t@@@@/ﬁgm&bm of DNA—F’K
PCT/GB2006/001369 6 Definitions C1.7 alkyl: The term "C1.7 alkyl",
used herein, pertains to a monovalent moiety obtained by removing a
itis prejelreg eI AdPATBECH DI, BHBiEa ASBRCE SRMSMHHARIA &R RIS PNA
PK coiashae psnahicihmeybiel aliphativionaboycticotmaisamismiativiion of
otner PEISALa@NENDICR MY RE-y SAlUARH PRiat:UnRRIL IR RS Wi the

unsaturated. Exam les of saturated linear C1.7 alkyl groups include, but
ioss ﬁfé‘?‘f&?ﬂﬁi&%ﬁ?&‘ﬁ?@?ﬁw ethyl, n-propyl, n-butyl, and n-pentyl (amyl). 10
Examples of saturated branched C1.7alkyl groups include, but are not

in pal-izmmgd 18 isamremd misoteulidd setbulysdestibutyk ardiceoepeity!.
Ex%rgcyc %@@W 1@%@5!"%%%9 JJr%“‘ryétgﬁﬂH%(@§9Jreé@{§ergr@e§§nem with

groups) include, but are not limited to, groups such as
‘0”‘5Wd%$?BWPrMBU’WFW§|bB%?R§| ghd 15 cyclopexyl, as well as
{b) substitretegtod psTeiw), Yedizes WhkEsedmprise such groups), such as
methylcyclopropyl, dimethylcyclopropyl, methylcyclobutyl,
%ig{%tshg %? |Ob8li%/ Sriﬂ'eeth e Xe%l aﬁ% J=’c *H%%M%yﬁk%m%erem for use n

imeth |c ciohexyl, cycloprop Imeth and
a m@y%ﬁéf&amgwr 59 %ﬂﬁfé’é"kﬁ% Fgﬁfu PLREE & 74 Ryra?a lﬁbé which

phaisaedive! osrmesdicarbon-carbon double

Another aspect of the disciosure provides a method of inhibiting DNA-PK in virro or in vive,

comprising contacting a cell with an effective amount of an active compound &s aescribed
nerein.
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bonds (also referred to as "C2.7alkenyl" groups) include, but are not
limited to, ethenyl (vinyl, -CH=CH2), 2-propenyl (allyl, -CH-CH= CH2)
sopro e | (-C(CH3)=CH2), butenyl, pentenyl, and hexen%)l
ngg '& &%t unsaturated C1.7 alkyl groups which have one ST MGra 6001369
carbon-carbon triple bonds (also referred to as "C2.7alkynyl" groups)
include, but are not limited to, ethynyl (ethinyl) and 2-propynyl (propargyl).
Examples of unsaturated alicyclic (carbocyclic) C1.7 alkyl groups which
DefRig8one or more 30 carbon-carbon double bonds (also referred to as

C1.7 40317 Bye| etk Dy Aigroups)dnc lusteinbpérazies nos lmitechientwrssl atittted by
remgm%sﬂ%ﬁﬁﬁl%mg@whﬁgl%%@a 999@@"&4 go 7 carbon
atom xenﬂ6 siv%e 2l Cacs)rsé (l::)s ituted ?‘ﬁ L%p e. g,E roup% w h comprise
groups) such as cy€lo E.’)%Cbé’nﬁl SRR R gﬂhﬁﬁwylfﬁé?ﬁ%’l o
Sa*%%é{PBQBM“P@W@B%GU@f%EWF FgY3.20 heterocyclyl: The term
"C3-26 heterocyclyl", as used herein, pertains to a monovalent moiety
Exaemamwm@é@@a@ag@ bawp@%np@'mghB@mgﬂ@ga@me%f@ Gl sty

rogyclic ¢ oun compound having one ring, or two or mo
" pro%‘s (gxg%’l saﬂldroo ﬁnsltj ?érﬂﬁbjged) and having from 3 to 20 ring atoms,

atoms, of which from 1 to 10 are ring 5 heteroatoms, and wherein at least
Exapmées bbsatl ritg()dscadueteratychectinginPrete nahly:eashniiag basdmem3

iso-iuyl FRE-BIME -l WNIGhITm Je 14 are ring heteroatoms. Ring
heteroatoms may preferably be selected from the group consisting of O, N,

S and P. "C3-20" denotes ring atoms, whether carbon atoms or

Examneri ke a0 diuifios BRCT RO EBRCEiRITH GRS S havirkpbméaroups)
inclnitroge rEmgtaitoind e gdepbsteranoicitipnied, tycibmag decveshiypand
cycRREING @Q?gg%%sﬂwé@@mu%§ ﬁtfadFWJQRMER'SawBY oling, é%lgjs such
as me@lgolme ?gl %W F?) @/ or 3H E%rrole (|sop rrole,

ol ;yérld“ amyaropyidiG @f?é’ﬁ)'?'&?o ?&*ﬂé{gy%{ﬂ%}l feplne 15
me@%%’ﬁ@@%‘f %%W@@?@@Myﬂ@tbﬂﬁ‘@'ﬁéwg Ometogrreneng atom
cycimphygdéndityl arel notidimiteddinythose derived from oxirane, oxetane,

oxolane (tetrahydrofuran) oxole (dihydrofuran) oxane (tetrahydropyran),

dihyd d Examples of substituted C3-20
ST R IV ESBIL, T 3 16 i SREH PR

erocy c Vigroups i

bonéﬁéabyr%éﬁﬁswuﬁélﬁw%ﬁ cxampldndlisisseuipre set kylissdo gitaotbsanyt,
-CHsumtgsesphureios &2 0-ardarabinp sepksamples of G3:20) hateracyeikeny!,

andf@R$: having one sulphur ring atom include, but are not

Examples of unsaturated Cy.; alkyl groups which have one or more carbon-carben triple
bonds (aiso referred to as “C,7 alkyny!” groups) include, but are not limited to, ethynyl
{ethinyl) and 2-propyny! {propargyl).

Exampies of unsaturated alicyclic {carbocyciic) Gz alkyl groups which have one or more
carbon-carbon double bonds (also referred to as “Carcycloalkeny!l” groups) inciude, but are
not limited to, unsubstituted groups such as cyciopropenyl, cyciobutenyl, cyclopentenyl, and
cyclohexenyl, as well as substituted groups (e.g., groups which comprise such groups) such
as cyclopropenylmethy! and cyclohexenyimethyl.
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limited to, those derived from thiirane, thietane, thiolane
(tetrahydrothiophene), thiane (tetrahydrothiopyran), and thiepane. 25

Examples of C3-20 heterocyclyl groups having two oxygen [i
Wiﬂ(%l%{}&felf} Bt are not limited to, those derived from dioXoIane,B(ﬁ@%r{%%{gﬁaﬁg

dioxepane. Examples of C3.20 heterocyclyl groups having two nitrogen

ring atoms include, but are not 30 lymited to, those derived from

imidazolidine, pyrazolidine (diazolidine), imidazoline, pyrazoline
Coa BRGARSBY 2518 ries iR B eavtsie SP LI otRmst ra cyenpvglentips
moidigvibigioaEbpitcogeing ingyatoperaatoneroxyge ating cbd@n.ineliseteybiit are
confpelfimied tanihese dervedhiony tealydrerxaanle dihydipgxazale. WO
orig0Q00900] ETIGE200001 369 B tetighycrpisoxagoley

iy didisoxazole, morp olite: terf‘rahydPobxazm R f%axﬂﬁ{ér}gand
helgioalsie, ILAMPRIS Jrieast 2onefeieyerryoapstarasisirone. dRgiANgach
ringdtonrand arersiglptoursricigviScatbominctudercbigaresrchtimiiedite, those
hetdi4ived FraphRxathiglans-andoxRiniaRg sthisane Fxamnles af 6828,
donEISTSCYCIY Jralipe havind, one nifaden fing atom and one sulphur ring

atom ificlude, but are notf imi ergsto, ose derived from thiazoline,

thiazolidine, and 10 thiomorpholine. Other examples of C3.20heterocyclyl

Exagmjapsfiﬁg&uulﬁerbuycayegrmlpﬁnﬁﬁdgtqp@md@imiegamdmov(aﬂali@,zﬂnear&&ot
imiSXANRIeS ‘afe:ﬁ\?et@%‘ﬁ}"éb(ﬂi&HQPQEMMEP@F#Q%%@'%P%%%%%%] MR
(::g)éegrroi!.Jips,2 pg.nged but F[ﬁe r%)t Ilmged tho%f g,erlved ifro,m:
S B S Lo PR A PN &, ST eetHy v eI
Pirgsi RS SIBHEroREDR iRiGHeT RviEE 6 lidehezapiEzolone, and isothiazolone;
C6heterocyclics, su_ch as _pipe_ridinone _(pip_eridone), piper_idi_ne_dione,
ExaPBREASH 09N S ANIRRIGEINRHANRY BYUERZIRRNR, ARFLRYHRILIBANG R Q-
i -t%%t?s'%egthé’m'”gf uracn?, and b?r |tur|cl acmi' fusfje hfeter%%ycllcs, such
m:"as (?Xinao?e,eﬁlﬁ?lné%% ?é."&ﬁegﬁ’é%. 5),06(81‘3198 gegglﬁ ner f8ﬁyrone
(dingsirgfuEslrang) ey mrbiAividay drerven. @Ver=©sians anenininEkamalgs of
subblittirattypitetttocmlejoapdiyditde sugars, in cydiic form, for example, furanoses
and pyranoses, including, for example, ribose, lyxase, xylose, galaciose, sucrose, fructose,
and arabinose,

Examples of Ty heterocychyt groups having one sulphur ring atom include, but are not

. limited to, those derived from thiirane, thietane, thiolane (fetrahydrothiophene), thiane

(tstrahydrothiopyran), and thiepane.

Examples of Capp heterocyclyl groups having two oxygen ring atoms inciude, but are not
limiied to, those derived from dioxolane, dioxane, and dioxepans,

Examples of Ca.g heterocycly! groups having twe nitrogen ring atoms inciude, but are not
fimited to, those derived from imidazolidine, pyrazolidine (diazolidine), imidazoline,
pyrazoline (dihydropyrazole), and piperazine.

Examples of Cs.z heterocyclyl groups having one nitrogen ring atom and one oxygen ring
atom include, but are not fimited to, those derived from tetrahydrooxazole, dihydrooxazole,
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25 succinic anhydride, and glutaric anhydride; cyclic carbonates
(-O-C(=0)-0- in a ring), such as ethylene carbonate and 1,2-propylene
arbo mides (-C(=0)-NR-C(=0)- in a ring), including b imi

%5511{1?}%%'?%@6 maleimide, phthalimide, and glutarimide; 3 §Q%§%6§&1369

(cyclic esters, -0-C(=0)- in a ring), including, but not limited to,

(3-propiolactone, y-butyrolactone, g-valerolactone (2-piperidone), and

e- caprolactone lactams (cyclic amides, -NR-C(=0)- in a ring), including,
el SOHAR T PERIS PSRl P LB R R E R e@py HibIRIBRERne: and
oxadyrgalerolactam, and E-caprolactam; cyclic carbamates (-O-C(=0)-NR- in a

ring), such as 2-oxazolidone; WO 2006/109081 PCT/GBZOOG/001369 9

reas n a ring), such a32| |da I|don

Exa%rer%fﬁméﬂg%%mﬁé 8)(OUD? ha\mrgf'e urg)gf e&%ngdq SRFHE terh lﬂfé‘
afor%r‘wﬂ%& B%fe%i%‘&@iﬁ“tﬁ‘éﬁa H%Sﬁ)dafw&ﬂqfwa@mfm?@@%t%ﬁ%ww 5
(thiermelving a hydrogen atom from an aromatic ring atom of a C5-20

aromatic compound said compound having one ring, or two or more

havm from 5 to 20 ri r ng, atoms, an

Exal're\p%s {'9 832 HS% xcigss;rou g avn?%atne nifrog 1Peq,a m an ne su r ng

RSt one ‘af said n aromatic rmg y, each fing

atom ip| 8% oPHL g g IR B ﬁf@?lﬁ@”’é\?ﬁr“ﬁgwgﬁ%rﬁll A f&to’r‘ﬁ% as in

thiotimapbobtirgl groups”, in which case the group may conveniently be referred
to as a "C5.20 carboaryl" group. Examples of C5.20aryl groups which do
not hav ring heteroatoms (i.e. C5-20carbo u clude, but are

O B e e D, 2 R S e T

Wéﬁﬂ‘ﬁﬁalene (ClO), anthracene (C14), phenanthrene (C14), naphthacene

(C15), and pyrene (C16). Examples of aryl groups which comprise fused

ExakHs m%@faw&@hg@mt@@cﬁrmayﬁaw BealGHHdR R4 818 200 limited to,
inci L%OL{P% denvog P}; g‘ene Gand %%orene 20 Alternatively, the ring atoms

oxXa

re no
include one or mor Heteroatoms including but not limited to

Cs f@i&f@@f' Rt SO RSIHRRIBIRIFOM RYRUSerSARTGHGINgae) IS eRge, the
(pyrgrolpnedyimidareéineatiyideirete ried itotasz D620 heteroaryl” group,
Co ﬁyﬁ%@yeac%@@{'ééedmfﬂﬂg BI9ENSon N BINSG RO AIRHISRone,

eterooatoms L{eferab %ng%% n%&%o%%s érgomq&fst ta7 r atom

piperaziadione, pyiidazinong 0sing, ine, uréocg and

barbituric acid;

fused heterocyclics, such as oxindole, purinane (e.g., guaning), benzoxazolinone,
benzopyrone {e.g., coumarin};

cyclic anhydrides (-C(=0}-0-C(=0}- in a ring), including buf not limited to malsic anhydride,
succinic anhydride, and glutaric anhydride;

cyclic carbonates (-O-C{=0)-0O- in a ring), such as ethylens carbonate and 1,2-propylene
carbonats;

imides {-C(=0)-NR-C(=0)- in a ring), inciuding bui not limited to, succinimide, maieimide,
ohthalimide, and glutarimide;

factones {(cyclic esters, -O-C(=0}- in a ring), including, but not limited to, B-propiclactone,
y-butyrolactone, d-valerolacione (2-piperidone), and e-caprolacione;

lactams (cyclic amides, -NR-C{=0}- in a ring), including, but not limited to, B-propiolactam,
y-butyrolactam (2-pyrrolidong), S-valerolactam, and e-caprolactam;

cyciic carbamates (-O-C(=0}-NR-~ in a ring}, such as 2-oxazolidong;
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25 which from 0 to 4 are ring heteroatoms. Examples of C5-25 heteroaryl
groups include, but are not limited to, C5 heteroaryl groups derived from
furan (oxole), thiophene (thiole), pyrrole (azole), imidazole ?h
Wgﬁgg Ioe(){@‘,z-diazole), triazole, oxazole, isoxazole, thiazole%lrs?}cé %% e(,‘1369
oxadiazole, and 30 oxatriazole; and C6 heteroaryl groups derived from
isoxazine, pyridine (azine), pyridazige (1,2-diazine), pyrimidine
(1,3-diazine, e.g., cytosine, thymine, uracil), pyrazine (1,4-diazine),
Cycf%&iaﬁﬁ%é;“ﬂé’tﬁ&‘zﬁ 1'\5%1(1@%%2%@ FRiriRfAZ eidanses Brakling-2.4-dione
{e.ghetemoeycligcgyoups (some of which are C5.20 heteroaryl groups) which
35 comprise fused rings, include, but are not limited to, C9 heterocyclic
roups derived from WO 2006/109081 PCT/GB2006/001369. 10 -
O b Ao T GIE. 5T S TR BB T b
MR rseR AT AR 2BEIRARTIBR I, € hetcteir qgrorayad. said
comdewivEshifogrogeigline wisoquine limgs ez ddiadjne doysidapysidife; 20 ring
atorSlIRRXRHBRICL B batera ey el GrRUN S dRrive A IRM-LATPREQS Y, each ring has
fromdél%gt%zr%tglq%gne, dibenzofuran; C14 heterocyclic groups derived from
acridine, gxan’thene, phenoxathiln, phenazine, phenoxazine,
phenothiazine. The above CI-7 alkyl, C3_20 heterocyclyl and C5_20 aryl
The groupsnwinedh de alib ne lempartref amiothearbsarpistituernrt, mayithemsahegoup
mayQRHOSA e SHastidesdwihqne.an Bere Sryps selected from
themselves and the additional substituents listed below. 10 Halo: -F, -Cl,
-Br, and -I. Hydroxy: -OH. 15 Ether: -OR, wherein R is an ether
ExagpiesiRlent 301 esapiprdlid €A rPtAIRye RO Rirsierasdife $sto waebarl 7
groupikonylgio o} discusetidoetotithsa GEh2a heteteoyehd Growpgalsoagferred
naphth@B (@%-),ZQr!ﬂ%rw@yJ%&mbn@qag,sﬁggwa{aéa{@aﬂ%%‘a @Isﬁéed
© 0 asa C5.20 arylo>.<y gr_oup), preferably a C1_7alkyl group. 20 CI-
®&lkoxy: -OR, wherein R is a C1_7 alkyl group. Examples of C1.7 alkoxy
groups include, but are not limited to, -OCH3 (methoxy), -OCH2CH3
Exa(atles)y pan dreOis(@hit3) Softertsb titexy )in@x @rfketoykianed nelarbatanmpie sraf
inciSE I CATRAURTR ARYIQEOUDS DANINY A b SHPSUEHERL an oxo group
(=0) include, but are not limited to, carbocyclics such as 25
cyciopentanone and cyclohexanone; heterocyclics, such as pyrone,
Alteriatividhe ripyrieBId AEY BotdEotifope NP BRGHRO PR EliRes i aot limited
fo opypenazinegiordanthimidazolidereseydioups. in this case, the group may
conveniently be referred 1o as a "Cspp heteroaryl” group, wherein “Cs.op” denotes ring atoms,
whether carbon atoms or heteroatoms. Preferably, each ring has from 5 to 7 ring atoms, of

which from 0 {o 4 are ring heteroatoms.

Examples of Cs.p0 heteroaryl groups include, but are not limited to, Cs heteroary! groups
derived from furan {oxoie), thiophene (thiole), pyrrole {azole), imidazole (1,3-diazole),
pyrazole (1,2~diazole), triazole, oxazole, isoxazole, thiazoie, isothiazole, oxadiazole, and
oxatriazole; and Cg heteroaryl groups derived from isoxazine, pyridine {azine}, pyridazine
(1,2-diazine), pyrimidine (1,3~diazine; e.g., cytosine, thymine, uracil), pyrazine (1,4-diazine),
triazine, tetrazole, and oxadiazole (furazan).

Examples of Cs.z20 heterocyclic groups {some of which are Cs o heteroaryl groups) which
comprise fused rings, include, but are not fimited to, Cg heterocyclic groups derived from
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anhydrides, including but not limited to malefic anhydride and succinic

anhydride; cyclic carbonates, such as propylene carbonate; imides,

including but not limited to, succinimide and maleimide; lactones, (c (206 ic

W@s%gg 0(%(9 é( O)- in a ring), including, but not limited to, 30 ECTGBZIIN6I001369

(3-propiolactone, y-butyrolactone, 5-valerolactone, and a-caprolactone;

and lactams (cyclic amides, -NH-C(5O)- in a ring), including, but not

limited to, (3-propiolactam, y-butyrolactam (2-pyrrolidone),
bengplusaarinehearAlusM isdehrisrindam PHMEIBniAdsniaN RUSDHSIeIn R is an
benzotinapserzs tikrentidor axanpletchysiong enutdstiadk\odtgirupe a

iso h | I 1 I
e e b

C1 7 | WO 2
carcerds est§ lbg FEaLRY ude PRI E ot ARSEP Y CUagrp U2 8"%@? ﬁﬁr('udme
Xa”mRnBhp*lz’@ﬂafﬁﬁh(Bal?baf@éﬁ?d@"%@émm@ﬁy@@)@zmhO)H 5 Acyl (keto):
-C(=O)R, wherein R is an acyl substituent, for example, a C1.7alkyl group

The@aee b%f%!@ﬁ’ 8 a%%&ém%@ yg%ayés )t Segh Jrél!FQW'Qwe? 5320 *as%%(&w&

b also re erred to as é teroc or a C5-20 aryl grou
s R (o Heoe &b Ay B Iy R g gRo et o

therpseliphiesg Wﬁfgﬂ'f@*aﬁjﬁsmﬁ@w imdal?@cmat I|m|ted to, -C(=O)CH3
(acetyl), 10 -C(=O)CH2CH3 (propionyl), -C(=0)C(CH3)3 (butyryl), and
HaicCGEQIPRAReRzoyl, phenone). Carboxy (carboxylic acid): -COOH. Ester
(carboxylate, carboxylic acid ester, oxycarbonyl): -C(=O)OR, wherein R is
an ester 15 substituent, for example, a C1.7 alkyl group, a C3-20
Hydraperdtclyl group, or a C5.20 aryl group, preferably a C1.7alkyl group.
Examples of ester groups include, but are not limited to, -C(=0)OCH3,

Etheph@)%”é@%gan%ﬁ@)ggs@%ﬁﬁma&gmgg 919 QRV?SPQQ%(\% ggygf'é?‘%d

O)R, wherein R |s substlt ent exam le, a
0 8 SR B R Rt oy A GBS VL TR 405 BTG 2
CazphelRpmR)Y 1T DrPEmy PRRcamy BX SrpIdaiest rafg:r@séwg@@ s meidey batare
prefeatiimited, tiki@G(EO)CH3 (acetoxy), -OC(=0)CH2CH3,
-OC(=0)C(CH3)3, oc:( O)Ph, and -OC(= O)CHZPh Amido (carbamoyl,

c, 72’%(rbam I amlngp r# ca% ?xamldeﬁ) i (=O)NR'R2, wherein R" and ot
DB HABE et Y STHBGETS) e le AT AR St
are E&Hmﬁ@éé%f@ﬁhb@ﬂgmmb iRibde; ogtar o akédto; (e=omH2,
-C(=O)NHCH3, -C(=O)N(CH3)2, -C(=O)NHCH2CHS3, and
Oxs RO IMGHECHIIL s Well 8k BP0 AR WAS I whigh Rand B2
substituent, an oxo group (=0O) inciude, but are not fimited to, carbocyclics such as
cyciopentancne and cyclohexanone; heterocyclics, such as pyrone, pyrrolidone, pyrazolone,
pyrazolinone, piperidone, piperidinedione, piperazinedione, and imidazalidone; cyciic
anhydrides, including but not limited fo maleic anhydride and succinic anhydride; cyclic
carbonates, such as propylene carbonaie; imides, including but not limited to, succinimide
and maleimide; lactones (cyclic esters, -O-C(=0)- in a ring), inciuding, but not limited 1o,
B-propiclactone, y-butyrolactone, d-valerolacione, and e-caprolacione; and lactams (cyclic
amides, -NR-C(=0)- in & ring), including, but not limited te, B-propiolactam, y-butyrolactam
(2-pyrrolidone), &-valerolactam, and e-caprolactam.

fmino (imine): =NR; wherein R is an imino substituent, for exampie, hydrogen, Cy.alkyl
group, a Csapheterocyclyl group, or a Ce.gp aryl group, preferably hydrogen or a Ci.7 alky!
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together with the nitrogen atom to which they are attached, form a
heterocyclic structure as in, for example, piperidinocarbonyl,
or hollnocarbonyl thiomorpholinocarbonyl, and 30 piper }f I
v C’VF mids acylamlno) -NR'C(=0O)R2, wherein R'is an am?lggéi}gé |t%qg€r%f’69
for example, hydrogen, a C1.7 alkyl group, a C3.2oheterocyclyl group,
ora C5.2o0aryl group, preferably hygdrogen or a C1.7 alkyl group, and R2
is an acyl substituent, for example, a C1.7 alkyl group, 35 a C3.20
OrOUR o (RXBRRIAT 10§ RSt SERURCBRBea P §To 08 réteriabR Ny ctdderrbERme. 7
=NPalkyl group. WO 2006/109081 PCT/GB2006/001369 12 Examples of
acylamide groups include, but are not limited to, -NHC(=O)CH3,
H2CH (= . R"and R2 may together form a
F"rm\}ér% s?(r%?%%t rg % |{n’m|g 7 x§mp succinimidyl, maleimidyl and
phthalimidyl: 0-O OO O O succmlmldyl maleimidyl phthalimidyl 5
AcylAlcstinreitio0RI(REED INR 2C4Q) R wiheneiidrdxand R 2 aredrdepandarty

refeyae%oassepglw%e%om%@am{ﬁy Bﬂfgg% ﬁpyf q%u%d%gzﬁecﬁegﬁn 29
FHS

2
o Ve B B S S P OB EAS &f
Ciz a'éfyl §rettho GralpSHRiaes QES{H'PaFéCh@?hWFtéEPﬁ@PUNH@@N l%(@pma Betyl).

-CERMENYI@ER)HL) -NIGOENEIG @) iy HEOBMBRMeoy!, phenone).
-NHCONELC(O)Et, - NMeCONHC(O)Et, -NMeCONHC(O)Me,

-NM NHC(O)Et, - CONMeC(O)Me, - NMeCONEtC(O)Et, and
Carbmgé%%ﬂlﬁ%ﬁ;ﬁﬁ?g%amate: -NR'-C(0)-OR2 wherein R1 is an amino
~ substituent as defined for amino groups 15 and R2 is an ester group as
Esterléfimeckfonte stebgralipsidoam plesaboayhana®)grouperécRiderusare
subﬁ@&é“ﬁ'ﬁ&%i@m%a%@&% I}O{“%u NMe- CI(Q%YQGJMI b MH} %@c %J»w 5\‘%8

-Ph. T ioami thlocarba

and
prefs é‘?% \%’/ﬁePe ’ﬁTé\%doﬁ‘:z“S FPtREdRA %ﬁ%ﬁﬁﬂe}ti@m to,
‘C(%ﬁﬁe%oé@@%fﬁfé&d - RIRErdupd EXERINES-of amido groups
include, but are not limited to, -C(=S)NH2, -C(=S)NHCH3,

Acyx{TrRNGEH3). %@Y%RSNNQQ#QQ'Q?I aIﬁHﬂZ&!MEt%&'N@rHP%QA% E@da S

T’;\romatlc mghh ving four nitrogen_.atoms and one carbon atom,
alkyl group, a Caag yi group, of a Cszp aryl group, preferably a Cyalkyl group

Exampies of acyloxy groups include, but are not iimited to, -OC(=0)CH; (acetoxy),
-OC{=0)CH2CH3, -OC(=0)C(CHg)s, -OC(=0)Ph, and -OC(=0)CH,Ph.

ererocyc

Amido (carbamoyl, carbamyl, aminocarbonyl, carboxamide): -C{=0)NR'R?, wherein R" and
R* are independently amino substituents, as defined for amino groups. Examples of amidc
groups include, but are not imited fo, -C(=0)NHz, -C(=O)NHCH;, ~C(=0)N(CHa),,
-C{=0)NHCH,CHs, and -C(=OYN(CHCHa)z, as well as amido groups in which R' and R?,
together with the nitrogen atom to which they are attached, form a heterocyclic structure as
in, for example, piperidinocarbonyl, morphalinocarbony!, thiomorpholinacarbonyi, and
piperazinocarbonyl.

Acytamido (acylamino): -NR'C(=C)R? wherein R' is an amide substituent, for example,
hydrogen, a Cyyalkyl group, a Cagq heterocycivi group, or & Csao aryi group, preferably
hydrogen or a Cy.y alkyl group, and R® is an acy! substituent, for example, a Cy.» alkyl group,
a Ca.g0 heterocyclyl group, or a Csgp aryl group, preferably hydrogen or a Cq; atkyl group.
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Amino: -NR1R 2, wherein R1 and R2 are independently amino
substituents, for example, hydrogen, a C1.7 alkyl group (also referred to

as C1.7alkylamino or di-C1.7alkylamino), a C3-20 heterocyclyl group, or
WE EBIGAR group, preferably H or a C1-7alkyl group, or, |r¥ﬁ1¥é BIEESPES

"cyclic" amino group, R" and R2, taken together with the nitrogen atom to
which they are 30 attached, form aﬁeterocyclic ring having from 4 to 8
ring atoms. Examples of amino groups WO 2006/109081
Exapgiey &fBo0eB/inamE9s TBlede asundreied imitdddic QIH2, -NHCHS3,
-NHOHGLEIEB)2 anbll (QHG)R0 ORI 264H3) dhagnsyeit RimExaiRlesuefuey Aicin,
for &m&ggm%ug%%w%g%@@%gﬁp, aziridino, azetidino,

pyrrolidino, piperidino, piperazino, morpholino, and thiomorpholino. 5
Imino: =NR, wherein R is an imino substituent, for exam§3le, for example,

hydrogen,@ﬁira@yl group, @G%E&B@erocycl;ﬂ ~80a C5.20 aryl
group, prefer H or a C1.7 alkyl p. Amidine:

R)NR2, wherein
3 C1.7 alkyl
group, a C3.20 heterocyclyl group, or a C5.20 aryl groupszfpreferably H or
a C1-7 alkyguarigvdip. An exampiaiefraisi amidine grotbgitgdC(=NH)NH2.
Carbazoyl (hydrazinocarbonyl): -C(O)-NN-R' wherein R' is an amino
ubstitut fi saming groups, Examples of azino groups
Ao T T i Iy AR B KR, 8-t
SUbSHUENIN QL BYRMERIE: T AETRNINE CHZ2IBH 1% N 63 2N OB ORMFYSHOUN O, @ 58520
aryl Azidip; pis8 reBlydrydrinitrile; g @rbarittiedupCR® itsocyangrodiGs 261Gymaatay!
groa&@r?xaﬂﬁggyaﬁééﬂpr%%r shhiR@Lpe éﬁ@%}z’l@rﬂﬁ_&})&:ﬁ@%ow)ﬁc Ot -
0 | e ry rcapto): -SH.
NS AR R oo Ol B R
NMeCONHC({O)Et, -NMeCONHC(O)Me, ~NMeCONHC(O)E, -NMeCONMeC(OMe, —
NMeCONEIC(O)EL, and ~-NMaeCONHC(Q)Ph,

s

Carbamate: -NR'-C(0)-OR? wherein R is an amino substituent as defined for amino groups
and R® is an ester group as defined for ester groups, Examples of carbamate groups
include, but are not limited tc, -NH-C(0}-O-Me, -NMe-C(O)-O-Me, -NH-C{0)-0-Et, -NMe-
C{O}-O-t-butyi, and -NH-C(O)-0O-FPh.

Thioamido {thiocarbamyl): -C(=S)NR'R? wherein R' and R? are independently amino
substituenis, as defined for amino groups. Examples of amido groups include, but are not
Emited 1o, -C{=8)NH,, ~-C{=8)NHCHs, -C(=SIN{CHj),, and -C{(=S)NHCH,CHs.

Tetrazolyl: a five membered aromatic ring having four nitrogen atoms and one carbon atom,

&

N,N

Amino: -NR'R?, wherein R' and R? are independently amino substituents, for example,
hydrogen, a Cq.7alkyl group (also referred to as Gy alkylamino or di-Cq.7 alkylamino), a Cagp
heterocyciyt group, or a Cg.ag aryl group, preferably H or a Cq_yalkyt group, or, in the case of a
“cyclic" amino group, R' and R?, taken togsther with the nitrogen atom to which they are

attached, form a heterocyclic ring having from 4 to 8 ring atoms. Examples of amino groups
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14 Thioether (sulfide): -SR, wherein R is a thioether substituent, for
example, a C1.7 alkyl group (also referred to as a C1.7 alkylthio group), a
C3- 20heterocyclyl group, or a C5.2oaryl group, preferably d&
Wé)r(%%%ﬂ xamples of C1.7 alkylthio groups include, but are noﬁ;}rﬁlte tog1369
-SCH3 and -SCH2CHa3. 5 Disulfide: -SS-R, wherein R is a disulfide
substituent, for example, a C1.7 alkygl group, a C3.20 heterocyclyl group,
or a 05.2oaryl group, preferably a C1.7 alkyl groz%{ralso referred to herein
incligie (4 xRy TESANREN AV Hids STHEAC s Nt G e incite,
-NHBbt &rempitdiniitgditemiSSEHBEINduESIEHAE HA ittt ondriduarytidine,
pyrrofdn@)aFrWhe iR B8 A RUHMRERURSIItHE Mo gxample, a Cl.7alkyl
group, a C3.20 heterocyclyl group, or a C5-20 aryl group, preferably a
C1.7 alkyl group. Examples of sulfone groups include, but are not limited
Iming; =REE=§ ?9 08 (RRAEReS RSy R AR RIe: 9y e @riflyiogen, & Cir
alky: 8(c(}) 2CH 2GS 0B Q) 2 B Nanaiyl jro S{—DIRCGHR CF3 ftms\dkyldroup.
-S(=0)2Ph (phenylsulfonyl), 4-methylphenylsulfonyl (tosyl),
Am:? [Q OBE WISUHO%{(& ?IQ-)Q/'S a%nagmll neletlé?igstf ngtl"nt(qgrs 2 )Etmg r‘i:'f E&drogen a

fin 1, sulfoxXi Whereln |sasu Ine subs

w@k@ Al &é&zwh%wsﬁﬂ (OUP (23 264160 SEGER IR AP o 502054y

grougrotip eprefaealh s Gitike alicongroii=N20NEXamples of sulfine groups
include, but are not limited to, -S(=0)CH3 and -S(=0)CH2CH3.

Ifo oS R a sulfonylox subst nt for
o AR S o
Wfﬁ%@?e@av%leeffﬁaﬂ%ﬁwpmﬁ%rw@%ﬁ&uﬂmrex
C{Onhdie, BUICadNBt, HEitBdNtd- PO S(¢@)RGMS-8Rg 2 -OS(= O)2CH2CH3
Sulfinyloxy -OS(=O)R, wherein R is a sulfinyloxy substituent, for example,
7 alkyl group, a C3-20 heterocyclyl group, or a C5-20 aryl group,
pr Fably a C1.7 alkyl group. Examples of sulfinyloxy groups include, but
are not limited to, -OS(=0)CH3 and -OS(=0O)CH2CH3, 30 Sulfamino:
NitreBR'S¥20)20H, wherein R' is an amino substituent, as defined for amino
groups Examples of sulfamino groups include, but are not limited to,
i (=0)20H and -N(CH3)S(=0)20H. WO 2006/109081
CES’C &B2006/001369

Cyanoe {nitrile, carboriiriie): -CN.
isocyano: -NC.

Cyanato: -OCN.

[socyanato: -NCO.

Thiocyano (thiocyanato): -SCN.
Isothiocyanc {isothiocyanato): -NCS,

Suifhydryi (thiol, mercapto): -8H.
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15 Sulfinamino: -NR'S(=O)R, wherein R' is an amino substituent, as
defined for amino groups, and R is a sulfinamino substituent, for example,
Cl-7 alk I group, a C3.20 heterocyciyl group, or a C5. 20
Wﬁr%%%%%?/ a C1.7 alkyl group. Examples of sulfinamino groups mc?&g%%l%g
but are not limited to, -NHS(=0O)CH3 and -N(CH3)S(=0)C6H5. 5 Sulfamy!:
-S(=O)NR'R2, wherein R' and R2 afg independently amino substituents,
as defined for amino groups. Examples of sulfamyl groups include, but
ThiogieehsulifrlecSR, WaF=O)RIA2, hissthe)) Mibptines, (s eeyRCHS)22lky! group
{also B{e@IN Hd (SHAG HBYyHS(=DYMN(C M 2GHB2 ey d v Sia6p) NHRD: .4 8ryi group,

pref§5ﬁ9%a@? IRy BB@(%@Q’ E?t% '%Rgltﬁoaé}cﬁ‘i% %IﬁHQ%W&@tn&%mlmd fo,
_SC e fin dec?H %amo groups, and R is a sulfonamino substituent, for
e, a’

exan %7 alkyl group, a C3-20 heterocyclyl group, or a C5-20 aryl
group, preferably a C1.7 alkyl group. Examples of sulfonamino groups

Disuilfidkudé& SRt ahersiotri et ttficd\HdS{@) 2 Gt Bamebid\ €GH &R E 615, 0
heteﬁbéy&g@wm ch%%magww 9(&&%5@566 oaﬁﬁyﬂ&w&?a ge%fa%@m%ermn
%%I rglﬂl aIEI xsu %29"061 mg) ref(?ran??!‘ylr% cg%
ESWEEH’ the ot ro“f 1s?a?:’) %56 HER Ik E R i
-SSGH %Eﬁﬁ%ﬂ&ﬁ&s a bldentate group derlved from a C1.7 alkyl group.
Examples of such groups include, but are not limited to: oo PV/ siN

Sulfgm% @&\%ﬁ% tefzeldlistRiazotes é—a]sgﬁ?fédﬁﬂ%ﬁﬂ.lent for example, a Cyyalkyl

benz sothlazo e-2,2-dioxide-I-
Grou e SO SRR BER L o s g e i er o & G gl rou.
Exaﬁﬁ@mﬁéﬁﬁﬁ%ﬁé’%W@W)Wkﬂz?n%h@@@oarﬁﬂ%%% rsisprseiamdite
messUbsHite @RS fonfiexaltptB,CH,Grpmtie oally mubstitmted) SCOT.aHig aepyl),

-8 ﬁ)ﬁﬁﬁ%{%ﬁéﬁl&%@ 'zgﬁ%k' n%%&ﬁr%ﬁyl%{aé%r QLR RS IRARY b B sy,
nd%flk (?ggu]p % -20 ar group. Examples of phosphoramidite groups
a BOF Si2¥95t limited to, -OP(OCH2CH3)-N(CH3)2, 25

-OP(OCHZCH3) N(i-Pr)2, and -OP(OCH2CH2CN)-N(i-Pr)2.
Sulffbgsigherasaitaie: : CHLOM)(@RENR 22 suieresRiging R Zoareampie, a C.;

asx@emhgar%ga@&ya %@H%Bi%; oégéc l@m%lz%ud_lpr%fé% pally éxg%tw?w

e B B SR o)
2006/109081 PCT/GB2006/001369

Sulfonyloxy: -O8(=0);R, wherein R is a sulfonvioxy substituent, for exampile, a Gy alkyl

group, a Cs.zg heterocycly! group, or a Cs.ag aryl group, preferably a Ciy alkyi group.

Examptes of sulfonyloxy groups include, but are not limited to, -OS(=0),CH; and

~O8(=0),CH2CHs.

Sulfinylaxy: -OS(=0)R, wherein R is a suifinyloxy substituent, for exampie, a Cs.; alkyt group,
a Cagp heterocyclyl group, or a Cs.pe aryl group, preferably a Cy.; alkyl group. Examples of
sulfinyloxy groups include, but are not limited to, -O8(=0)CH; and -0S(=0)}CH,CH.

Sulfamino; -NR'S({=0),0H, wherein R' is an amino substituent, as defined for amino groups.
Examples of sulfamino groups include, but are not limited to, -NHS(=0),0H and
"N(CH,g)S(mO)zOH
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16 phosphoramidate groups include, but are not limited to,
-OP(=0)(OCH2CH3)-N(CH3)2, -OP(=0)(OCH2CH3)-N(i-Pr)2, and
-OP(=0)(OCH2CH2CN)-N(i-Pr)2, In many cases, substitueig]&)ag%w 01369
Wi ge% be substituted. For example, a C1_7 alkoxy 5 group may be
substituted with, for example, a C1.7 alkyl (also referred to as a CI.?
alkyl-C1. 7alkoxy group), for exampie, cyclohexylmethoxy, a C3-20
hete_rocyclxl roup (also ‘refeqr.red to as a C5.20 aryl-C1.7 alkoxy group),
SU‘ﬁftﬁ”é%r‘rﬂbEfesgﬁ% liIGERI NG 28 PENES SPBSHINAY 88 5 ENS6 fTetBTRePiR-as:
and & Go-208myt@d . Fadkiyrgronp)afosiexatpleikpenayox . hSasoktiylener,
or a N8 IRIM8r . BralkdBng e ARG iRT einaRRItRIBS AR RIS iR,
btai b ' hyd g‘h both f th
obtained by re g 0 T er both from the same
but %rgrgootrﬁ rﬁ&%%n{%%%“éi%‘ Sé%n%'%ﬁl‘v\%@m%nf ‘carbon atoms, of an
aliphatic linear hydrocarbon compound having from 1 to 5 carbon atoms
Sulfbimiessy -athis RS evepeeified pnoRicarariage bensattiyadetho palrtidlipnts, as defined

for diga AR BLHkUnsatMAtR drolBY St terMara kY eRgednsludesiie,,

B T e T

where n is an integer from 1 to 5, for example, -CH2- (methylene),
SulfeGHR2EHNE RN waeki2 GH2 Eidni(orepydtne)t, andiefined for amino

groube R RACHIGbian R MsaRle 05 ampies othadighydnsaluated
e
sulforaqrrgroyns iaygac i are. oot reied A NEIG (SiheCIGRE N (SRR 254 D5,
A siidheassbstiideningroupsuisted dlbeve enayt besHogtituents asamroups one
of FAlkYleRe 9reup - Mede s Atbeh Fymas/ Inglideddnihs ahove.atedhe well

bid%ﬁ%‘é"”ﬁ'on'c Sé}"'ﬁniowa e,gr_ld pr tected forms of thse substituents, For

PR PR R A N R T OB ) AISE T A TR ?n‘%ﬁ?ca

CrgtigtaipoxyRaTrsneiseO oryuasdan e st afe REFEERi4S well as

. conventional protected forms. Similarly, a reference to an amino group
incltiges the protonated form (-N+HR-R2)Nr solvate of the amino

graup, ample, a hydrochloride salt, &s wetas conventional
s of an amino group. SimfaxY, a reference to a hydroxyl

2.3-%5 Up.alsg,ngludes (s aniopic form (-Q0), Axsalt ol Salyale thereof, as

[ 'as conventional protected forms of a 35 hydroxyl group. WO
20&@@09081 PCT/GB2006/001369
— NN

2 A-dinydro-2H-benzofelit, Zjthiazine-1, 1-dioxide-2-yl

Phosphoramidite: -OP{OR"-NR?,, where R' and R? are phosphoramidite substituents, for
exampie, -H, a (optionally substituted) C,.7 alkyl group, a Cs.zp heterocyclyl group, or a Cs.x
aryl group, preferably -H, a Cq7 alkyl group, or a Csu aryl group. Exampies of
phospharamidite groups include, but are not limited to, ~OP{OCH;CH;z)}-N(CHa)s,
-OP{OCHGH3-N(i-Pr);, and ~-OP{OCHCH,CN)-N{-Pris.

bhosphoramidate: -OP(=0)OR-NR?;, where R' and R® are phosphoramidate substituents,
for example, -H, a (optionally substituted) C+.y alkyl group, a Cs.z0 heterocyclyl group, or a
Cs.op aryl group, preferably -H, a Cy.; alkyl group, or a Cs.eoary! group. Exampies of
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17 Isomers, Salts, Solvates, Protected Forms, and Prodrugs Certain
compounds may exist in one or more particular geometric, optical,

enantiomeric, diasteriomeric, epimeric, stereoisomeric, tautomeéchm% 001369
W&ngﬂ%nal or anomeric forms, 5 including but not Ilmlté’(ﬂé RIQUGANAS

trans-forms; E- and Z-forms; c-, t-, and r- forms; endo- and exo-forms; R-,
S-, and meso-forms; D- and L-form,gé d- and I-forms; (+) and (-) forms;
keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal- and
PhOgHIRERMAINGI9R PR -INEE 8 -D18 s Nl BIEA & e RRARPIEP foreRStsb bR Habhair-,
-OPtwistO @ EHopRé-randdnalfciarciious;,andCIieprRibmgtions thereof,
hereinafter collectively referred to as "isomers" (or "isomeric forms"). 10

Note that, exce t as discyssed belqw for tautomeric forms, specifically
I QAR U U G CETRENE= BE LB AGhorh O P e B
grolfongtterisrralisehYEls [P iaoRiers Wkielsyldifer ipfaneddemectiormiyv-C:.

;alkbetyeap) stomaratbesiharemetelyoky, thepostiengtiaterassinaspase)rddas
as £Xa0 cﬂ r&feww FMSthaxy gﬁ&gﬁm.éa&hﬁw'%ﬁgbs ) R ponsiruad,

rencT structural |somer a h¥drox methyl group,
3

refer@g%@ﬁ AT FEY SRt b EFSTRIG lis not to be

construed as a reference to its structural isomer, meta- chiorophenyl.
CysHApiever Tag efareuce dmeeatasasafsst uetuire panay el incbigaskiveturally

obté%@@&'%mémﬁ fall mgmqgw%%cmxg& ’fvgﬂ'z el ingludes pspropyhe

¢ o-pro }/I but udes n-, iso-, sec-, and tert- butI methoxyphenyl
or ecelﬁ*an ‘ESPtHge%éfarb%{hﬁ%’&srao’éﬁ“rﬂ&R%WW@BW 888\98‘% fision
ha"tﬂ’@é@ﬁo‘t iscTraeo seivelieTotnesyies spraitnsle Woitb menbs-safndted,

parienplateaforms, asfiny forcexampleTthe, bkawing-aytosesigupal sidels/enol
C;asggggﬁ@%ﬂgegqg), éggw%,{gnggwgse%@éq%mmo alcohol, amidine/amidine,
25t

nitroso/oxime ioketone/enethiol, N-nitroso/hyroxyazo, and

nitro/aci-nitro. H ,O OH Ht O - C~/C=C\/C=C \ H keto enol enolate Note
Exaﬁﬁahegﬁé@m@r@ﬁwiﬁchﬁﬂef@n«? tHeuRs MCligtsmialt sagaredimjiernivd s Gitkhr-omestsy n is
an imejerisaiopic Kuhsiitsrtions.Gror exarmpesH OALHE (BHRMhiSOIORICHRTR,-
(prdﬁﬁmg‘gn@"c%'é@%!a&q ('B'L@Eneg may be in any isotopic form, including

t2C, 13C, and 14C; 0 may be in any isotopic form,

Examples of partially unsaturaied Cy.s alkvlene groups include, but is not imited io, -CH=CH-
{vinylene}, -CH=CH-CH,-, -CHa-CH=CHy-, -CH=CH-CHa-CHyr, -CH=CH-CHp~CHz-CHe-,
-CH=CH-CH=CH- and ~-CH=CH-CH=CH-CHa-.

The substituent groups listed above may be substituents on an alkylene group.

includes Other Forms

tinciuded in the above are the well known ionic, salt, solvate, and protected forms of these
substituents. For example, a reference to carboxylic acid (-COOH) also inciudes the anionic
(carboxylate} form (-CQO7, a salt or soivate thereof, as well as conventional protected
forms. Similarly, a reference to an amino group includes the protonated form (-N"HR'R?), a
salt or solvate of the amino group, for example, a hydrochloride salt, as well as conventional
protected forms of an amine group. Similarly, a reference to a hydroxy! group also includes

the anionic form {-O7), a salt or sclvaie thereof, as well as conventional protected forms of a
hydroxy! group.
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30 including 160 and 180; and the like. Unless otherwise specified, a
reference to a particular compound includes all such isomeric forms,
|nclud|n WhoIIy or partially) racemic and other mixtures th
Vo the W8 2006/109081 PCT/GB2006/001369 18 preparatuonJEIM’%E‘%)’(‘??69

asymmetric synthesis) and separation (e.g., fractional crystallisation and
chromatographic means) of such isgmeric forms are either known in the
art or are readily obtained by adapting the methods taught herein, or
known methods in a known manner. 5 Unless otherwise specified, a

i 5 A gdes ionic, salt, solvate, and

Cer@r@&%s&m%g:femﬁ%efer %@a@m@@é @@&Mé@@d&a@égwerlgﬁﬂa%é?%

B T o et B
AIPOF tHE Active' compoun orexampre, a pharmacedt QI?)D"%K'; O[S'fésble
m‘%w E&%é}‘ffd'l@é‘.@éfticpﬁha’ﬁﬁfﬁf@cfﬂ&ﬁﬂy%@@é &éﬁl@%&t@ a?é%s@tﬁ%%ﬂﬁ?
and Berdgenat &, 3-RihdmmesSab66D1ah0 LIAOME) dFamciampler jfathie-) forms;
ketcCOSRROWAE &é\gf@mﬁn@réﬁsﬁ@ﬂﬁw gyeezmmﬁ@ ARG BRHRNIE and p-
fom‘(se gxialco% u gryap 1% szO tchea;rr!- at TR eefogmg(ﬁa h 9f§runl1§sable
cation. %’x r% ? es of 1 SUI able inofg anld ca oA ThEN tard nOt"’m
COWWﬁﬁ%w%dh%ﬂ%fh hﬂr@faﬁfishgoga‘éw%&,rﬁfaﬂaﬁépﬁ sheesse @a#ﬁqf&ﬁtibﬁﬁ'é’m ).

such as Cat+and Mg24, and other cations such as Al3+. Examples of

Noté%ﬂ&%@ﬁc@ﬁ@@@@&@B%ﬂ&@“ﬁ?té@kﬂr@éﬁcﬂ%@gﬁ&% mmmrm&be

NH4+) and _substituted ammo jons R2+, NHR3+
te’”?\lﬁ%m%r%xas P §§‘8 0,32 S S Oﬁs‘fﬂf“a"‘a ’SOF‘PF&S Fohsc”g?ést %§‘e‘

dﬁedéh%&?f&ﬁﬁ*@ﬂ%ﬁ&?ﬁﬁ?@ pEth AL e rDiRky Bloheepeiiame atoms in
spateptifplcaningibutytderine; ethytetiediggming, -€ihapnodarminebe construed as a

refeééﬁ&emmmrwW@hﬁemmgmgge@%ﬂzx@mw@ £heliRGce to

ethamine, as well as amino acids, such as lysine
o L B e SEOaF A T R By AR G
Chw@ﬁgﬁ4ﬁ%\fﬂh%refﬁﬁ%ﬁ@ @J%ﬁmﬁﬁt&%ﬁrﬁa@aym%ﬁ@hﬁp@wwwch
isornedy foereatitiniowieh. thdd l2senay. be. ; hikid hdhess a-sadbyhayd hen fieame thuiy!
incidél A Suliable aniane FXaMNIRSSkAHIADIGINAIGaRIG.ANRRS inclyde, but
rne'ﬁre n t Ilr]}lted to, those derived from the following inorganic acids:
ydyrp Ehldric hydrobromic, hydroiodic, sulphuric, sulphurous, nitric,
nitrous, phosphoric, and phosphorous. Examples of suitable organic
Thecationsdnglste, dugk ace pottimied tonéhosadd derkvadfomethe dadlowirg
encRiB8aBIRAGLS:, AGELGRIRPINSISHS BiRoAGOligrStRatenBARliG:lactic,
betovﬁl “cn:fi rp qrpwg}gfntearettranﬁlgél%mg a%l ¥ nE{FCI:’H g&glr"r?alé:hgl ﬁil‘%%op y(%ggxymalelc

thloEetone/enethlo{ N-nitrosofhyroxyazo, and nitro/aci-nitro.

g 2 N N0
—C—C_ == C=C e C=C
i ~ e ™ H* s N
keto enol enolate

Note that specifically included in the term “isomer” are compounds with one or more isotopic
substitutions. For exampie, H may be in any isotopic form, including *H, *H (D), and 4 (T);
C may be in any isotopic form, including **C, **C, and *C; O may be in any isotopic form,
including "0 and *Q: and the ke

Unless otherwise specified, a reference to a particular compound includes all such isomeric
Tforms, including (wholly or partially) racemic and other mixtures thereof. Methods for the
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glutamic, aspartic, benzoic, cinnamic, pyruvic, salicyclic, sulfanilic,
2-acetyoxybenzoic, fumaric, phenylsulfonic, toluenesulfonic,

methanesulfonic, ethanesuifonic, ethane disulfonic, oxalic, &]
W(g e2 (0/108881 1369

Ionic, valeric, lactobionic, and gluconic. Examples of sui
2006/109081 PCF/GB2006/001369 19 polymeric anions mclude, but are
not limited to, those derived from thg following polymeric acids: tannic
acid, carboxymethyl cellulose. It may be convenient or desirable to

prengralivgy & Bt ARHID P REIRNE) AnshTPeaisURiGe s deetiona wriatisainuend
chrecastopcphd. midwnde oistsolisatedris fusedehestirintbercanve alHenatsragyto

obtdiBE8hI d’?@g@@*@%ﬁ%&‘@u@)&e@ﬂv& cRRROHS o5l -Of Wﬁ manner.

compoun d solvent. If the solvent is water, the solvate may be
conveniently referred to as a hydrate, for example, a mono-hydrate, a
Uniensiijieialtise areciigerateefemnceole mraloBar comvnienalep tskirgbliene. satt,
solvpte pareyrpifyd andioottandls, thesastive: contreusskinbaioghemically
protected form. The term "chemically protected form", as used herein,
ertains to & |n which one or more reactive functional gro
f mg)F rotectet $romeﬁﬁ€gbégltr%%r%p ‘ﬁeol%mg%ilarnee{l%'il%%c}l?haaﬁg aﬁ’?@%%%ﬂ%ﬁn
the 6?%(%%%&@%? OP pFSRERIA RIS RIORAIaRE erRais kBoPIRRgking
phagnausu traitytd ockesbar Lleckiagigrosp). iBpptetecting.areactisel5s, 1-19
(1gfnctional group, reactions involving other unprotected reactive functional
groups can be performed, without affecting the protected group; the

protecting group may be removed, usually in a subsequent step, without
For gyipyspiftialile SPEEAHL HISRafaiAtRISH THSIAMIEETHED ViR Msy GRATIPIS

{e.gR FOiROtVe 3 I HISDO DiiganiceSymtyesisoffeGreernaniabe \Adtits,. \Wigypies of
susté@g%rggwﬁga?emr @ %&déofﬂgé%b(ogFRMQJHC?%r@&ﬂ@éﬁ?&%@tﬁ}g@%ﬁ@e&n@
%’5?12% atyl &?’ enyimethy QPRJ}& (t?{ﬁ%ﬁ*%e rﬁ%tm%géﬁ% 2 ”ypims
of Swiﬁ%etlﬁw@m ﬁ?floﬁﬁtw‘c&iﬁ?éwI@M@tﬁ@ﬁe%%ﬁr&%@tyu@gm (-eowzm@Hs,
subs@ie). Amfeaiuexample. gamealeshydmor KereNgoupanayhke preteetedtase
submﬁgﬁéﬂlrm&ﬁalo @é@%ﬁ&!@.’@h@n\%&!‘%ﬁh BEiSARRONYLEMR (2 C=0) is

converted to et er (> actlon with, for éxample, a primary
o SERTRISTHE AL 5 EURAE S e SR e Aoty
d!eth%%ly@i% Wﬁr@%ﬂ%@rg@@k@@wd-’rhﬁm@ﬁfﬁwﬁ@tpﬁegéﬁwdflmimmne. and

tromethamine, as well as amino acids, such as lysine and arginine. An examplie of a
common quaternary ammonium ion is N{CHa).".

If the compound is cationic, or has a functional group which may be cationic (e.g., -NH; may
be -NH;™), then a salt may be formed with a suitable anion. Examples of suitable inorganic
anjons include, but are not limited fo, those derived from the following inorganic acids:
hydrochloric, hydrobromic, hydroiodic, sulphuric, sulphurous, nitric, nitrous, phospharic, and
phaspharous. Exampies of suftable organic anions include, but are not limited 1o, those
derived from the foliowing organic acids: acstic, propionic, succinic, glycolic, stearic, palmiiic,
lactic, malic, pamoic, tartaric, citric, gluconic, ascorbic, maleic, hydroxymaleic, phenyiacetic,
glutamic, aspartic, benzoic, cinnamic, pyruvic, salicydlic, sulfanilic, 2-acetyoxybenzoic,
fumaric, phenylsulfonic, toluenesulfonic, methanesulfonic, ethanesulfonic, ethane disulfonic,

oxalic, pantothenic, isethionic, valeric, lactobionic, and giuconic. Examples of suitabie
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30 For example, an amine group may be protected, for example, as an
amide or a urethane, for example, as: a methyl amide (-NHCO- CH3)' a
benzyloxy amide (-NHCO-OCH2CGHS5, -NH- Cbz); as a t- buto
WPI‘%?—?@@ é@:(CHB)B -NH-Boc); a 2-biphenyl-2-propoxy ami 81{/ B2{)06i0(}1369
NHCO-OC(CH3)2C6H4C6Hs, -NH-Bpoc), as a 9-fluorenyimethoxy amide
(-NH-Fmoc), as a 6 35 nltroveratrylg)é(y amide (-NH-Nvoc), as a
2-trimethylsilylethyloxy amide (-NH-Teoc), as a WO 200611.09081
polyPe T SBRO08I00a. 3692200t Simitaddh| drosaldpitse mde Nilawmpephasedn
acidalWexy sumjdartdtiinadigciemsaa (- phenylsulphonyl)ethyloxy amide
(-NH-Psec); or, in suitable cases, as an N-oxide (>NO$). For example, a
| carboxyllc acid group may be protected as an ester for example, as: an
t MY 0o LB AN AN AR R 8 R A" B s PH A AU BRYS 7 SPeresRPRAdisEIR) Pt
of thesteivegmrp @t 7Tﬂﬁﬁéﬁ§@|k§¢i\@§@et&) ugeHiGTein AkYistighGaipralksansstiorrader
to aacsaﬁ;@%m@nh@le?gaﬂwbe&teﬁ;{e@d asaea@dtast@cﬁn@omﬂcupmwk/@ﬁteﬁ)fh@r
solvBR A\ABIdE. 15 Exam %eac%mé oAl Geeqme ig; @JQJ&L%@UED

M Pfrotected as a thioether (-SR), for example, as: abenzy
mongYRls S BN RbRISER e fer (-S-CH2NHC(=0)CH3). It may be

convenient or desirable to prepare, purify, and/or handle the active
it mep Bypaunehienttbediairaned ® preshiug pdiie teumn: praduigs asuseshieittin a
cheﬂ?cféw'b?ot@c?es‘?énﬂoﬁ‘ﬂg t\é’JMGJEheW'iE% ¥388H§§%(ea§ JEBY Nk '%!Q—%H&eto

desired active compound |cail§/ tllﬁ rodrug 151s Inactive, or less
at

3 COlRRI AN RIGE %’&%%‘E%rr% be&‘}%e Yriue" EB{P&ﬁ?Ef‘GJBQE% undesirabie
chengad rRgticisniiicirarion) terfrebbiorpieliedtie reertiogample(atsrieown as

a mBSREH Y MadareIRNsoQ: th 6l aHBEE ORI RS 1. By PRysiQpicalitive
fun&%%g%ﬁoqg %@éﬁ&%‘!ﬁ@g%gh%bé %ﬁﬁo&‘t‘é&“& 9%’!:?3?@ oEBEeJa rt?e“p

is_20 cleave e active drug Suc estérs may
Fﬂ?@d"‘ﬂf{)oé’éf’éﬁ‘?ﬁi%gﬁ Rei aﬁﬁ%;?émo*ﬁ*sw&%cm@ Qmmkbﬁéﬁifﬁ%ﬁps
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llowed by deprotection if required. Examples of such metabolically labile
esters include those wherein R is C1.7 alkyl (e.g. -Me, -Et); C1.7
aminoalkyl (e.g. aminoethyl; 2-(N,N 25 diethylamino)ethyl;
For2x@wiorphptivesyeropy; aadbeayiorgtd By atksihgs gPBe proxy astthifPC(=O)R),
for aetpRyeth\ 88y Rivelox exyre vk esiqusnaiiatyacetexyethyl;
triﬁséﬂym%%%%%r DEHRNSIEKr 6Lk %%WJQ&M@E?MI’e%épecf%‘?\yé%éé?%@é’

ox -carbonyloxymethyl; 1-isopropoxy-carbonyloxyethyl;
OC&;@D ’ﬁtcérbonyloxymethyl 1-cyclohexyl-

Far example, an aidenyde or kefone group may be protected as an acetal or ketal,
respectively, in which the carbonyl group (>C=0) is converted to a diether (>C{OR);), by
reaction with, for example, a primary alcohol. The aldehyde or ketone group is readily

regenerated by hydrolysis using & large excess of water in the presence of acid.

For example, an amine group may be protected, for example, as an amide or a urethane, for
example, as: a methyl amide {-NHCO-CHa); & benzyioxy amide (-NHCO-OCH;CgHs, -NH-
Cbz); as a t-butoxy amide (-NHCO-OC(CHjz)s, -NH-Boc); a 2-biphenyi-2-propoxy amide (-
NHCO-0C{CHa):CaHaCels, -NH-Bpoc}, as a 9-fluorenyimethoxy amide (-NH-Fmoc), as a 6-
nitroveratryloxy amide (-NH-Nvoc), as a 2-trimethyisiiylethyloxy amide (-NH-Teogc), as a
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carbonyloxyethyl; cyclohexyloxy-carbonyloxymethyl;
1-cyclohexyloxy-carbonyloxyethyl; (4 30 tetrahydropyranyloxy)

W%ai&%r}%%gymethyl 1-(4- tetrahydropyranyloxy)carbonyloxyggy}{;mo% 001369
4-tetrahydropyranyl)carbonyloxymethyl; and

1-(4-tetrahydropyranyl)carbonyloxyethyl). Also, some prodrugs are
activated enzymatically to yield thesactive compound, or a compound
which, upon further chemical reaction, yields the active compound. For

2.2, ?e%’mfﬂ%e Ve A OB PRER SR 6Tk -Hepr8difg may be
rhenysuighrdddiative andtheNgiyeesider donjlilghte caremay betanxamintiQicid
ester derivative. Selective Inhibition 5 'Selective inhibition' means the

For @@W&'@%%%’&%ﬁ@%&’ TiréSpan%wa%r&XE? ¥ 1han %‘SFEE;I{E) PDLoR ofangQr

more other enzymes. IS sele IS measura comp

o ST O i G PR HOSH S e ey

estenf aiCenairlyidgainkytheieromor fration Of thidane (ompdend/resiaired

nitrds iR 50%r ok e ativis(:BAb LI L A]N sRmMNe (see below). The
result is expressed as a ratio. If the ratio is greater 10 than 1, then the
compound tested exhibits some selectivity in its inhibitory action. The

For BXPRRSuAdE YrRERIFEY iR RFETRO AR BT EXRibiPacs@TBRvRS Bfenzy!
thiogffeaten trala®jdb0eRd eihBO(Sg@mdtHDNRIKover Pl 3-kinase. 15 The
compounds of the present invention preferably exhibit a selectivity of

It m%%%t%nkfg}% Rt o deé?%é?e géo;pre%% sg?éré? NASEE: Y Rendie MM A8 refe”eéi

|ues Used to ass ectivity are etermmed usl g
the {0 4L HERGIDERF 1T (3D 40 ARG TS PRIFENT RcHFPBRaEY W'C"‘
wherefeg@hobs 20 Furthev P gidde tive sefR4d ek prefenredrithal RibE QR -Do@bg

is indéhes) @ ;'gssl\elbin@ e tnfaisipsetarabind RN #RBNAolids duiihesfeierred
han{hﬁ {r’& E%ngfl,l%eé%%zgted 1 3 alkylene group, more preferably

_ ptlona y substitute erne group and most preferably a C1.2
aIkerne group. When Q is -O- and X is NRN3RN4, then Y is preferably an

For sptionellpsubstititess @t ksBalkiibaeciB@ grouwpLnidregpaafeysiblysaally
accORtinRalyasdIcHViasicds%alkyleng sk and mostirefellradidr is
clea%léﬁyltg ynslgrfﬂg%ctwe drug. Such esters may be formed by esterification, for exampie,
of any of the carboxylic acid groups (-C(=C)OH} in the parent compound, with, where
appropriate, prior protection of any other reactive groups present in the parent compound,
foliowed by deprotection If required. Examples of such metabolically lablle esters include
those wherein R is Cyyalkyl (e.g. -Me, -Et); Cu7 aminoalky! (e.g. aminosthyt 2-(N,N-
disthylaminojethyl; 2-(4-morpholinciethyl); and acyloxy-Cy.; alkyl {e.g. acyloxymethyl;
acyloxyethyl; e.g. pivaloyvioxymethyl; acetoxymethyi; 1-acetoxysthyl; 1-(1-methoxy-1-
methyethyl-carbonxyloxyethyl; 1-(benzoyloxy)ethyl; isopropoxy-carbonyloxymethy!;
1-isopropoxy-carbonyloxyethyl; cyclohexyl-carbonyloxymethyl: 1-cyclohexyi-
carbonyloxyethyl, cyciohexyioxy-carbonyioxymetnyl; 1-cyclohexyloxy-carbonyloxyethyl; (4-
tetrahydropyranyloxy) carbonylexymethyl; 1-(4-tetrahydrapyranyioxycarbonyioxyathyt;
(4-tetrahydropyranylicarbonyioxymethyl; and 1-{4-tetrahydropyranylicarbonyioxyethyl).

Alsc, some prodrugs are aclivated enzymaiically to yield the active compound, or a

compound which, upon further chemical reaction, vields the active compound. For example,
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In some embodiments, RN3 and RN4 are preferably independently
selected from H and optionally substituted C1_7 alkyl, more preferably H
and optionally substituted C1.4 alkyl and 35 most preferab g“

_ ngztﬁl}(oj%é?ﬁ?sslubstituted C1.3 alkyl (e.g. methyl, ethyl, iso-prog/#/% 06/001369
2006/109081 PCT/GB2006/001369 22 Preferred optional substitutents
include, but are not limited to, hydrexy, methoxy, -NH2, optionally
substituted C6-aryl and optionally substituted C5-6 heterocyclyl. In other

the RIRGHEHITRE REs? RIS A6 VRING 96 ARt e TRN BRI CEBhEBRFTYNO
acidwbfighithiestiaee 5 attached, an optionally substituted nitrogen containing
heterocylic ring having from 4 to 8 ring atoms, Preferably, the heterocyclic
Sefer(i;g‘gei}a}]s; %9 7 ring atoms. Examples of preferred groups include,
morpholino, piperidinyl, piperazinyl, homopiperazinyl and
‘SeleativaryRGI BRIt PR PiANSeRY Pttt AT IrersERaTRSse
inhilgitou psonayr besulistitetegrand Ehipsekictiviy s predenrablgbguprisapiahally
conddHsiibierRiperRzIY feWnerad g BB Ue Bld 2 kiR BERLAR QNethieme
acafisn o950 glom, breferred N-sybstituents include ﬁ%‘%@g‘%%“b?‘#&ﬁteﬁc )
9 &,4 aefky, optlonarh subShitlted &6 ary(achof ac;?l with a C1.4 aﬁk)?l gr\(’)upﬁ0
of thgother ﬁ%ﬁ”@dﬁgﬁ%@ﬁw: Zhesesulip rrapaphy saR el AT Slimg geater
tharwih érendipproprated drdas enobdsreferadbriBiyRINEG amndRNGTbe
preferences for RN5 and RN6 may be the same as for RN3 and RN4
e A o>t (I HE MU Aons (5 RN Ty ran. 1o
20 o5 fpE @98l NARETO Y& g #R8ing from 4 to 8 atoms, this may form part
of a C4-20 heterocyclyl group defined above (except with a minimum of 4

TheB3ehSHORAS hr WU GhoBaks IR Bratleast QAR E QUSRI 3 ¥R tisn 5, 10,

50 (Qr%egﬁ:gegntgﬁbﬁwl@%\geﬁ form, along Wlth the_ 25 nitrogen atom to
which they are attached, a heterocyclic ring having 5, 6 or 7 atoms, more

preferably 6 ring atoms. Single rings having one nitrogen atom include
It is pratidinshazet dine ygyeolisinés detsahyeeopyiycle)d gyprraline gerg. the

metRoRYE0lNR2 A-AiByepysrale)nRRONErole ARl (30 disapyrole,
isoazole), piperidine, dihydropyridine, tetrahydropyridine, and azepine; two
nitrogen atoms include imidazolidine, pyrazolidine (diazolidine),

Furthib B3R S8§razoline (dihydropyrazole), and piperazine; one nitrogen

R* and one oxygen include tetrahydrooxazole,

It is preferred that R* is Q-Y-X.

When Q is -NH-C{=0)-, X is preferably NRVR™, It is further preferred that Y is an optionally
substituted C..; alkylene group, more preferably an opfionally substituted C+.» alkylene group
and most preferably a Cq.; alkylene group.

When Q is -O- and X is NR™R™ then Y is preferably an optionally substituted C; alkyiene

group, more preferably an optionally substituted C,.; atkylene group and most preferably a
Ci.2 alkylene group.

in some embodiments, R™ and R™ are preferably independentiy selacted from H and
optionally substituted Cy; alkyl, more preferably H and optionally substituted C+.4 alkyl and
maost preferabily H and optionally substituted Cy.; alkyl (e.g. methyl, ethyl, iso-propyl).
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dihydrooxazole, tetrahydroisoxazole, dihydroisoxazole, morpholine,
tetrahydrooxazine, dihydrooxazine, and oxazine; one nitrogen and one

sulphur include thiazoline, thiazolidine, 35 and thiomorpholj ,
S PCT/GB2006/1001369 23 Preferred rings are ghmannnses

containing one heteroatom in addition to the nitrogen, and in particular,
the preferred heteroatoms are oxyggn and sulphur. Thus preferred groups
include morpholino, thiomorpholino, thiazolinyl. Preferred groups without a
PrefRiffsert diateFsiBIRTIRdRIIE pyRIORERAS! rritetiashystereridatepsupttire
optionaliplobistusrtCtheormatd bplitre A sutgintien Sd alamresittigse heterocyclic
groups may themselves be substituted; a preferred 10 class of

ubstlt ent IS 157 a roup en the ete ocycli u
In Omoreﬁ\of)ni(g1 th%%ubsr%cl!t%gnqtoé%a%%}}%rrggh %ﬁgr@ %}rgééﬁar%gpq evhhcr\ they are
attaé‘t‘ﬁ?l,aé‘rﬂﬂ*ﬁ@#@ SHERSFRIBR e B .Cﬂﬂ%i%@rh@WWPﬂﬁb’gt&Géﬁﬁ%f%ﬁ’“3 8
ringmtefegatwlgeierath@ hpositianydis wellras the Binglering. gfasipsitistetahone,
grou A, hrig r%r [3Rn HQlk§ BEAISP rbmERyisaded FXaBRES Ohyrrolo,
B G G O oA 5 0BT B0 A0, Y
Pa@@jﬁﬁ%’f&%ﬂ?ﬁ@y@!@[@ 2?1*swtywsmpm@%wlew@wnemsem .
prefaxabh-az tndbicytiej2nZbine pr&eyteancs dbeiXasdia zataieyg tpdly0) iegt-By/,

.,JQI%E??SEN )éﬂ;?Qu@%%@@XM%%M%W@%&?Q@B@%% of freraylp 1,

bW ere R4 is Q-Y-X and Q is -NH-C(=0)- can be represented as Formula
SUbHIYEMK| X 2z RN+ Formula 1 | YN.RN2 &D A O

Z

Z is preferably selected from S and Q, where appropriate, and is more preferably S,

R andg RV

The prefersnces for R™ and R™ may be the same as for R™ and R™ expressed above.

R" and R™?

In compounds of formula |, when RM and RM form, along with the nitrogen atom o which
they are attached, a heterocydlic ring having from 4 to 8 atoms, this may form pari of a Caz
heterocyclyl group defined above (except with a minimum of 4 ring atoms), which must
contain at least one nitrogen ring atom. It is preferred that RM and R™ form, along with the
nitrogen afom to which they are attached, a heterocyclic ring having 5, 6 or 7 atoms, more
preferably 6 ring atoms.

Single rings having one nitrogen atom include azeliding, azetidine, pyrrolidine
(tetrahydrapyrrole), pyrroline {e.g., 3-pyrroline, 2,5-dihydropyrrole), 2H-pyrrole or 3H-pyrrole
(isopyrrole, isoazole), piperiding, dihydropyriding, tetrahydropyridine, and azepine; two
nitrogen atoms include imidazolidine, pyrazolidine (diazolidine), imidazoline, pyrazoline
{dihydropyrazole), and piperazine; one nitrogen and one oxvgen inciude tetrahydrooxazole,
dihydrooxazcle, tefrahydroisoxazole, dihydroisoxazole, morpholine, tetrahydrooxazine,
dihydrooxazine, and oxazine; one nitrogen and one sulphur inciude thiazoline, thiazolidine,
and thieomorphaline
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25 These compounds, where -Y-X is not C,_7 alkyl, can be made from

compounds of formula 2: WO 2006/109081 PCT/GB2006/001369 24 0
N~Y~L Z-RN1Formula2 1B~NRNz AD~ O wherein L is a Ieavmg]

w&a%%?fé'ﬁ]las chloro or bromo, by reacting with the approprlglfr T e

thiol. This reaction can be carried at room temperature, or may be heated,

if necessary. 5 Compounds of formgyla 2 can be synthesised by the

reaction of a compound of formula 3: NHz Z RNi Formula 3 N.RNz it

oYA O with a compound of formula 4: 0 Formula 4 CIl Y L in the

Prefpregsemge afeahoseganiaitiagenddrcaxantptentbiethlamine nitGy&qampoynds
partigtj Qrmglaré%é@@a%e%rage&% Ledd Aod-cany Qetamthﬁasé%%%me&!&ﬁﬁt'on

f a compoun ofform wlt a compoun offormua4a 0 Formula 4a
heing s

o P RARYG P BHERCAT T BFOLIYE DA, Rt SRRt e,

heteroatom include pyrrolidine.
The most preferred groups are morpholing ang thiomorpholine.

As mentioned above, these heterocyclic groups may themselves be substituted; a preferred
ciass of substifuent is a Gy alkyl group. When the heterocyclic group is morpholing, the
substituent group or groups are preferably methyl or ethyl, and more preferably methyl. A
sole methyt substituent is most preferably in the 2 position.

As well as the single ring groups listed above, rings with bridges or cross-links are also
envisaged. Examples of these types of ring where the group contains a nitrogen and an
oxygen aiom are:
18]
i “He
— 0 J
/—\\ﬁ —N% g
! N

|

These are named 8-oxa-3-aza-bicycle[3.2.1Joci-3-vl, 6-oxa-3-aza-bicycio[3.1.0lhex-3-yl, 2-
oxa-5-aza-bicyclo[2.2.1]hept-5-yi, and 7-oxa-3-aza-hicyclo[4.1.0thept-3-yl, respectively.

General Synthesis Methods

Compounds of formula |, where R* is Q-Y-X and Q is ~NH-C(=0)- can be represented as
Farmula 1;

z O Rl Formuia 1

These compounds, where —Y-X is not Cy7 alkyi, can be made from compounds of formuls 2
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15 The compounds of formula 3 may be synthesised by reducing a
compound of formula 5: WO 2006/109081 PCT/GB2006/001369 25 NO02
WMo in acetic acid. Compounds of formula 5 can be aageq
, . ynthesised
by the Suzuki-Miyaura coupling of compounds 5 of formula 6 and 7: NO2
X'RN1 BIN. R N2 Formula7 Fogpula6zD Y A 000 where X'is a
group such as bromo or OR The coupling moieities may be reversed. 10
Compounds of formula 7 mayipe synthesised as follows. Compounds of
formula 7a: Br RN' H 1 NNRN24-Formula 7a 0 may be synthesised from
compounds of fory :

cyclocondensatio

wherein L is a isaving group such as chloro or bromo, by reacting with the appropriate amine

or thiol. This reaction can be carried at room temperature, or may be heated, if necessary.

Compounds of formula 2 can be synthesised by the reaction of a compound of formula 3:

Formula 3

~with @ compound of formula 4:

0
/IJ\ L Formuia 4
o’ Y7

in the presence of an organic base, for example, iriethytamine.

Compounds of formuta 1 where -Y-X is Cy.r alkyl can be synthesised by the reaction of a

compound of formula 3 with a compound of formula 4a:
o

Formula 4a
)‘l\ ~X

Ci Y

in the presence of an organic base, for exampie, triethylamine.

The compounds of formuia 3 may be synthesised by reducing a compound of formula 5:
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WO 2006/109081 PCT/GB2006/001369 26 Br 1 SMe O Formula 9a by
reaction with the appropriate amine of formula HNRN'RN2, in an
appropriate solvent. The compound of formula 9a can be i
Wﬂ&%ﬁ%’ﬁi‘pound of formula 10a: Br Formula 10a NH2 5 %@?&%ﬁ%ﬁ’b‘f@w
a Meldrum's acid derivative of formula 11 a: O 0 MeS 0 Formula 11 a
SMe 0 in an appropriate solvent. Compounds of formula 7b: OTf RNs
I N N.RN2 N Formula 7b 0 may be synthesised by reacting a compound
of formula 8b: OH-RNI 1 /N‘N.RNz N/ Y Formula 8b 0 with triflic
anhydride, in a »@ 1s DCM, in the presence of a base, such as

15 triethylamine. Compo of formula 8b may be synthesised from a
compound of formula 9b: R ormula 5

using an appropriate reducing agent, for exampie, zinc in acetic acid.

Compounds of formula 5 can be synthesised by the Suzuki-Miyaura coupling of compounds
of formuta 6 and 7:

NO, X F!Q
Q B N
P A2 ~ N2
Formula 6 D \ir R Formuta 7
T A
: hig

O’B“o ©

where X' is a group such as bromo or OTf. The coupiing moieities may be reversed.
Compounds of formula 7 may be synthesised as follows.

Compounds of formuia 7a:

Br R
H |
N N\RNE
Formula 7a
o

may be synthesised from compounds of formula 8a:

O Owé
Br
H
N%O
1 Formula Ba

RM/N\RNQO

by cyclocondensation via pyrolysis with decarboxyiation.

The compounds of formula 8a may be synthesised from a compound of formula 8a:
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WO 2006/109081 PCT/GB2006/001369 27 OH N Cl Formula 9b V o by
nuceleophilic substitution of the chloride by an amine of formula HNR'R2.

WTQ(?O%OSQ ound of formula 9b can be synthesised from a ¢
formula Tob: OH &N OH N, Formula 10b 5 0 by chlorination using a
chlorinating agent, e.g. POCI3. The compound of formula lob may be
synthesised from a compound of fegnula 11 b: OH NHz &~_IN Formula
11b by reaction with diethyl malonate, or an equivalent thereof, 10

Compounds of formula §c: OTPN;RIQ‘Iﬁ IT Formula 7c 0 15 Routes to
compounds of formula 7c ar§ desicribgd in WO 03/024949 (Synthesis

Route 6). Compounds i. rmila I,Jivhere R4 is Q-Y-X, Q is -0- and Xis
selected from SRS’ orNRN3RM can be PEPYEsEnted as Formula 13: WO

2006/109081 PCT/GB2006/001369 ZQ&N?(N% RN” Formula, 13 N,RN2
by reaction with the appropriate amine of formula R™, in an appropriate soivent.

The compound of formula 9a can be synthesised from a compound of formula 10a:
Br
NH

2
Formula 10a

by reaction with a Meldrum’s acid derivative of formula 11a:

o) 0

MeS
= Formula 11a

SMe O

in an appropriate solvent.

Compounds of formula 7b:

N N‘R”Z
s N [ Farmula 7b

may be synthesised by reacting a compound of formula 8b:
OH RM

%\f’ R
\\/N Formula 8b

with triflic anhydride, in a solvent such as DCM, in the presence of a base, such as
riethylarnine.

Compounds of formula 8b may be synthesised from a compound of formuia 8b:

Roo1369



Y\DYA O wherein X" represents SRs' or NR"3RN4. These compounds
may be synthesised from compounds of formula 14: O'Y~L R' Formula 14
BN.R2 Y yA O 5 wherein L is a leaving group, for example chloro or
VistoMEIBY Feacting with the appropriate amine or thiol. Thid FSACHN ¥aH 3¢
be carried at room temperature, or may be heated, if necessary.
Compounds of formula 14 may be synthesised by the reaction of a
compound of formula 15: OH z RNI Formula 15 B\~N, N2 D A 10 0 with
a compound of formula $6: Br\Y L Formula 16 wherein, if Y is
non-symmetrical, it is att L is not Br, in the presence of, for
example, potassium carbo atel|15 WO 26664189081
PCT/GB2006/001369 Coppounds of formula 15 can be synthesised
from compounds of formula 3using a diazotisation-hydrolysis procedure.
by nlBAREERTEQDVARR TR AMINGIGraLByRIthRdiRzaRImHgoFeborate salt,
for example, using HBF4 and butyl nitrite, which is then hydrolysed using,

for example, aqueous copper (I) oxide-copper (I) nitrate. 5
The compound of formuia 9b can be synthesised from a compound of formula 10b:

CH

e g
s N t Formula 10b

by chiorination using a chlorinating agent, e.g. POCl;. The compound of formuia 10b may

be synthesised from a compound of formula 11b:

OH
2 NH,

. N Formuia 11b

by reaction with diethy! malonaie, or an equivalent thereof,
10

Compounds of formula 7¢:

oT?
O _NRVRY
[ Formula 7¢

N1

15 Routes o compounds of formula 7¢ are described in WO 03/024949 (Synthesis Route 6).

Compounds of formuta |, where R* is Q-Y-X, Q is -O- and X is selected from SR or
NR™RM can be represented as Formula 13:



Compounds of formula I, where Q is -0- and X is -C(=0)-NR N5RN6 can

be represented as Formula 17: 0 YYX,,, z RNI Formula 17 | 6\ N.RNz 0

A 0 wherein X™ represents NRN5RN6. These compounds #&e :
W&ﬁ‘lﬁﬁé&%@a from compounds of 10 formula 18: 'YYONa z%ﬁf %)Or?f’{ﬁ?all%g

18 I N.RN2 DyA O by reaction with the appropriate amine in the

presence of HBTU and HOST. Coggpounds of formula 18 may be made

from compounds of formula 19: _YYOMe V RNI Formula19 z1 N.RNz

DY A 150 by reaction withsodigm hydroxide in methanol. The

compounds of fo a 19 may be synthesised from compounds of

formula 15 by reattigl w ompound of formula 20: WO 2006/109081
PCT/GB2006/001369';36Bg~YYOvadrormula @enda 13
i

wherein X" represents SR®' or NR™RM, These compounds may be synthesised from

compounds of formula 14;

Formula 14

5 wherein L is a leaving group, for example chioro or broma, by reacting with the appropriate
amine or thiol. This reaction can be carried at room temperature, or may be heated, if

necessary.

Compounds of formuia 14 may be synthesised by the reaction of a compound of formula 15:

Formula 15

10
with a compound of formula 16:

Formula 16

Br L
~y~

wherein, if Y is non-symmetrical, it is preferred that L is not Br, in the presence of, for
example, potassium carbonate.
15



in the presence of, for example, potassium carbonate. Compounds of the
present invention where R4 is H may be made by the coupling of an 5
appropriate boronic acid to a compound of formula 7, in an 8’?

A Wéﬁ&%ﬂg&ibed above. Use of Compounds of the Invention F(lajeﬂ%);deﬁégegr?%g ?
invention provides active compounds, specifically, active
8-aryl-2-amin-4-yl- 10 quinolin-4-ongs, pyridopyrimidine-4-ones, and
chromen-4-ones. The term "active", as used herein, pertains to

CompeHise hisriact a8 bapulieBISARIDTIAYTPNRLPK RETIAS 4Had @
diazstretificallyringisgdescbaite cOmpinshetsveitis therinsicoaptivityndittig sisasniurel|

AuorBERERLHESRESHAR CAMRUBRS aHiR ATRHEI9R.80aY eSS MESE XaIRN
little or no 15 intrinsic ctlvdc%{éOne saﬁ¥a¥yah|ch may be used in order to
ion

for S ﬂ%ﬁﬂﬁfﬁfgﬁem iBoh oReTe ri/ a particular compound is
o described in the examples below. 20 The present invention further
Conpravidesféomelhod-abialabitiog HNK-PKOcDhiNeN ki acaslbe eampeisingas
corfh@atagting said cell with an effective amount of an active compound,
preferably in the form of a pharmageutically acceptable composition.
Such a method may.he pracfisegin vitro or in vivo. 25 For example, a
m@ur) may be grown in vitro and an active
(

- t with said cells in conjunction with agents
that have a known curafiveréffect, and'the enh&figeihent of the curative
effect of the compound on thosescell ‘\ogg,erved. 30 The present invention
further provides active coinpo jrid%v/vﬁi&] inhibit DNA-PK activity as well
as methods of methods of¥shibiting DNA-PK activity comprising
contacting a cell with an effectivg amount of an active compound,
whether in vitro or in.vivo. WO 2006/109081 PCT/GB2006/001369 31
whesgifive ERTRSE0RAY By alS65e UBaaHASS B chR YR ARRARY SO T oRmRGHnds of
16 formDRASPK, for example, in order to sensitize cells to known
chemotherapeutic agents or jonisir@Neadiation treatments in vitro. 5 Active
compounds may alsebe used a part of an in vitro assay, for example, in
order to determing andidate host is likely to benefit from
treatment with the co quesé’hqn. Eormuia 18

by reaction with the appropriate amine in the presence of HBTU and HOBT.

Compounds cf formula 18 may be made from compoinds of formula 19:

Fonmula 19

15
by reaction with sodium hydroxide in methanol. The compounds of formula 19 may be

synthesised from compounds of formula 15 by reaction with a compound of formula 20:
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The invention further provides active compounds for use in a method of
treatment of the 10 human or animal body. Such a method may comprise
administering to such a subject a therapeutically-effective
WQ&‘?%’@B?ﬁbound, preferably in the form of a pharmaceutic%:;?(iz)gﬁf%t|12)E(’))Jg?tblr((])lr?;6 ?
The term "treatment”, as used herein in the context of treating a condition,
pertains generally 15 to treatmentgnd therapy, whether of a human or an
animal (e.g. in veterinary applications), in which some desired therapeutic
effect is achieved, for egga'rﬁ QM2 inhibition of the progress of the
condition, and includes a redtction in the RS 6t progress, a halt in the
~rate of progress, amelioration of the condition, and cure of the condition.
in the RECRATER CH L8 SRBIRIR IBRIAESHB LGB AR, prophylaxis) is also included.
20 The term "therapeutically-effective amount" as used herein, pertains to
ConfhalrREGURE BlBBnARIAISORHGLIRA 0N BraieHRLICOMAeSEINRdasage
appbORBS @PBH%'Q%&Q Q%E}é]%ogﬁ&*b‘%‘?é%ﬂ%a"‘?'?\ﬁ%hsaﬁgﬁ%ﬂ}é‘é 39y E’J%@g\i%wr;m
some desired therapeutic efrect, commensurate with a reasonable
abo¥ganefit/risk ratio. 25 The term "adjunct" as used herein relates to the use
of active compounds in conjunction with known therapeutic means. Such
Use/BEBBMBIHES shidmxieRagimes of drugs and/or ionising radiation as
ed in. f differ r . e lunct
g S S e i e R
qUINplfetiRB RS RUTRRARY BT 48P0 Tl P I s Mifowing: alkylating agents:
nitrogen mustards, mechlorethamine, cyclophosphamide, ifosfamide,
The%ﬂl@lea%kﬂ@r,%Q@mm@ihhmfi&@g@wg%&i;ﬁ?mwm ERCAbbbId @muskiney
)..semustine (methyl- inedn m
DN e B g o
well s RIAEHRY PhEISRFAB PAURAR "a¥te BARATHES Ak M e h AR S B SHIfRR: no
intrifisiazatie’s;. dacarbazine (DTIC): 35 Antimetabolites; folic acid analogs,
methotrexate, trimetrexate, pyrimidine analogs, 5 WO 2006/1.09081

OHePaCsTéGm%%&Or%’ar%%le%sg 38 Jldor o“£%‘§é'$sf'tﬂgfz9ﬂﬁ$i¥ hﬂr‘fﬂéﬂ%n ggmckabine,
cytosine arabirosi e? ra&, cytarabine), 5- azacytidine,
PartE AR PRSE S GBS HRE TE IR RIS §8o¥ mercaptopurine,
6-thioguanine, azathioprine, 2'-deoxycoformycin (pentostatin,
TheShARsRNYROMARNAGRAIRR E HbA dudasrbinenaesoiRaiStion in a cel,
comzﬁr?smg E%g%(% Xg gg‘ng %Semv%itgcg%dé}%&r%e%?%w b?-e?rp g&%Q&%%gu%d praferably in
the form of a pharmaceutically acceptable composition. Such a method may be practised in
vitro or in vive.

For example, a sample of celis {e.g. from a tumour) may be grown in vifro and an active
compound brought into contact with said cells in conjunction with agents that have a known
curstive effect, and the enhancement of the curative effect of the compound on those cells
observed.

The present invention further provides active compounds which inhibit DNA-PK activity as
well as methods of methods of inhibiting DNA-PK activity comprising contacting a oell with

an effective amount of an aclive compound, whether i vitro or in viveo,
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5 inhibitors; camptothecin, topotecan, irinotecan, rubitecan: Natural
products; antimitotic drugs, paclitaxel, vinca alkaloids, vinblastine (VLB),
vincristine, vinorelbine, TaxotereTM (docetaxel), estramustj
Wgﬁgm%sﬁ}t%e phosphate; epipodophylotoxins, etoposide, te%?g(f)%};dzg?smmsm
Antibiotics; actimomycin D, daunomycin (rubidomycin), doxorubicin
(adriamycin), mitoxantrone, idarubjgin, bleomycins, plicamycin
(mithramycin), mitomycin C, dactinomycin: 10 Enzymes; L-asparaginase,
Active R U B THMGRSS PR 4i58h 88 FAbEHIETR arditvRsSHnRiBh NI L exgple,
in or@EViCBhsiiRifferantiatonridentsiretinaitcacidntherivativig: radiation treatments
in vilRadiosensitizers;, metronidazole, misonidazole, desmethylmisonidazole,
pimonidazole, etanidazole, nimorazole, RSU 1069, E09, RB 6145,
SR4233, nicotinamide, 5-bromodeozyuridine, 5- iododeoxyuridine,
Activgy SPHRGEDSS BYRICRIRS: DB IHER T B REE T TRA AT v ¢ 8T its £*eTepifatin oisT to
detecarpoptatin:Anthrdicen edia el it dxaatedinio Qeith-Sobstituitecoreaund in
quedtydroxyurea; Methylhydrazine derivatives, N-methylhydrazine (MIH),
procarbazine; Adrenocortical suppressant, mitotane (0.p'-DDD),
aminoglutethimide: Cytokines; interferon (a, R, y), interleukin; Hormones
The ygninflyoRsterodrs fSEET ROptRYBIdRINES Y8 M StetsreRfiTeRime Bl R the
humequivademshaliyxsindizasethed aminoghptethanideisRriogestng,; a subject a
therﬁ@%?@%ﬁ&@@ﬂ&@p&ﬁﬁ%% d&%ﬂé@ﬁﬂ%@%ﬁ%@i%@@%ﬁé@a
harrlpjeggsﬂtéoll %%?tgt%; gstrogens, diethylstilbestrol, ethynyl
Phatgrsdio equi\gafen%s"; Antiestrogen, tamoxifen; Androgens, testosterone
propionate, fluoxymesterone/equivalents; Antiandrogens, flutamide,
The gemnatetippntele astddbrenmoiie amddegs, tteatmp Adeniiims tentadal generally
to rEANANMLReRS  flyamiger BGRB-BR IR anMRGE g IMhiRERS: 7 ERigRERNS,
in wiAloltors. 22 Cancer. 1 e Bresent Iventon rovides t%‘%t.‘r\’r%b?gme%ds
N WA e gﬁiﬂecancerpagen S or acﬁunc¥s for treatiﬁg cancer. One o
progspgfnipe RANFAtETe 3 iBclededin raBYEtien detaprimiferiiiedrrse of Rbiine rate

of peancidaimenmpaeunditcenisidcanodraus ddanditmdifior aiiyeparticidarcell
prof¥REcRItheLs3Q alonsRhiksembinalinp.Ee@mples of cancers include, but

are not limited to, lung cancer, small cell lung cancer, gastrointestinal
cancer, bowel cancer, colon cancer, breast carinoma, ovarian carcinoma,

Thegrogtdheeaneisaliesiietiyp eRALBr, IR/eTCHIREET ICRIERNA CA M ApraaT-En
acticanc@nopancreas3breaneerpdsidm carncsrys&nco noa poistepsartinga,

| BRaNS met ISk amiAs: MRZ0R6/R084mm
co g@ﬁ%grggg %%‘gigr?& ;%%fgﬂﬁcﬁ’rws e mmensurate

with a reasonabile bene

The term "adjunct” as used herein relates to the use of active compounds in conjunction with
known therapeutic means. Such means include cytotoxic regimes of drugs and/or ionising
radiation as used in the treatment of different cancer types. Examples of adjunct anti-cancer
agents that could be combined with compounds from the invention inciude, but are not
imited to, the following: alkylating agents: nitrogen mustards, mechiorethamine,
cyclophosphamide, ifosfamide, melphalan, chlorambucit: Nitrosoureas: carmustine (BCNU),
lomustine (CCNU), semustine (methyl-CCNU), ethylenimine/methyimelamine,
thristhyienemelamine (TEM), friethylene thiophosphoramide (thiotepa), hexamethyimelamine
(HMM, altretamine): Alkyl sufonates; busulfan; Triazines, dacarbazine (DTIC):

Antimetaboiitas: folic acid analogs, methotrexate, timetrexate, pyrimiding analogs, 5-
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Any type of cell may be treated, including but not limited to, lung,
gastrointestinal (including, e.g., bowel, colon), breast (mammary),
ovarian, prostate liver (hepatic), kidney (renal), bladder, pancreas brain
W%%Pf’ B1The anti cancer treatment defined hereinbefore rﬁagcgzb%mmé@
applied as a sole therapy or may involve, in addition to the compound of
the invention, conventional surgeryor radiotherapy or chemotherapy.
Such chemotherapy may include one or more of the following categories
fluorggrapitifinindapayEnne. seneiesim cairtiprtifabawide Miftopliasaintiuls
azadyDEirROMPinaiiorsitheyeakinas Heatkiandnedi Ganenecplogyirehtdsuanine,

azatﬁx'é%( ﬂH”&QQSPJc%@%W{HM%&%P'@%rB %L%’Bnﬁ%&@ﬁ%a{%m

cyclophosphamide, nitrogen mustard, melphalan, chlorambucil

P P02 A A RS RST Brf A RB RSP dmple
inhitgerpiceiiitenans. Aprifisicardrsgtdvals rikisxspy Meildmeikes Aniorttiadiias,
paclaD@{egrilsalitexed st exatecyiasinactamrabiarsite M aackataxe!),

estr!ﬂ%géf?ﬁ@ L&&Pa\m@& Humed dﬁi%’t‘é'@&%éogﬂyi&éﬁﬂho '&&%@EQ%RIH&%J:“@

adriam Cln cin, doxorubicin, daunomycin, II’U icin, idarubicin,

Antiatisin et H“EPW&'& n‘%ﬁ‘ﬁ%ﬂ%‘hH%ﬂﬂm{ﬁﬁ%ﬂ?"%{HﬂﬁﬂéﬁﬂF%@&ﬂ% (for
mitogRBipke etk aletdydike nligronisimenihriisinenioniiesite dastnomycin:

EnzyingyelkineapihisxoRisike i axabacs tesiaie modhgelolkinasminbiiiars),
G~ c%?—‘dé??fP@@@W@éﬁn‘é{ml&aéﬁt@%m% &hipadonhvliataxing like. 20

etoposide and teniposide, amsacrine, topotecan and camptothecm) (i)

me’”&%éf&{?c @68Hi%aé%hd&%”é%%@&%@éﬁ@e(ﬁPBE&‘Fﬁﬁ@ IS
nimenavelstrBRt) 1OFErRRh &R AI8RifERé2doNlenmidncbibtoxylerryiiding, 5-

iodoRiBH _RAGHNEE BSottexaayatendicrlifamider-dvtantdempibamidsiand
car Meﬁ%ﬂﬁa%ﬁ&% (6 LHREL ARtagoRists QrddRREL %8'1%?&?0@9&@&(;%'6

oserelin, leuprorelin and buserelin), p@%ﬁo togens (for exam

Met K@{@@i"r&%"@&‘éﬁ%‘jﬁ%ﬁ?ﬁ?ﬁ@ ﬁﬁ?ﬁﬁ‘% P@?ﬁ%ﬁ@%&ﬁﬁ&gﬁ%&%ﬁb
supl@mzotewgmﬂepaﬁa@xémwwﬁéwlami#uwﬂ@it@@ offsreedust&seisuch

inteASUliMABIE R {ikhaakHovastioagantsiasexanypasoSre k| naseEumilnd
equwgg?\'{é)r e%%éﬂ@s&bé%%.%@%ru‘{@ﬁ WAS“@%@ MR hydroxyprogesterone

Iino)-7-[2-(4-methylpiperazin-1-yl)ethox tetrahydropyran

GapWBE&HEﬁH%&HW@?ﬁ%’H&%‘@WWté?ﬁ%%W F‘Eﬁfi'f‘é%ﬁ%&‘ﬁ@d%gi‘?w&mbem‘

et/ @4B4dipimad Ml ¢ieolesB0gen, tamoxifen; Androgens, testosterone propionate,
fluoRy ey Beay (@] AriRrnyeseny ativhmipegaaickyli-R-natnyd meimain-
ana?bﬁx %UHP&}EQ‘%&!SQO@ %%&KH ldg-(HagatiniRe BARRRARS Iy Med.

61), and metalloproteinase inhibitors like

‘”h’ﬂﬁtﬁﬁnfa{gfﬁ?sﬁ%%ﬂ@% ‘?5? uroklnase lasminogen activator receptor
p g P

function or antibodies to Heparanase);
Canger
The present invention provides active compounds which are anticancer agenis or adjuncis
for treating cancer. One of ordinary skill in the art is readily able to determine whether or
not a candidaie compound treats a cancerous condition for any particular cell type, either
alone of in combination.

Examples of cancers inciude, but are not limited 10, lung cancer, small cell lung cancer,
gastrointestinal cancar, bowel cancer, colon cancer, breast carinoma, ovarian carcinoma,
prostate cancer, testicular cancer, liver cancer, kidney cancer, bladder cancer, pancreas

cancer, brain cancer, sarcoma, osteosarcoma, Kaposi's sarcoma, melanoma and leukemias
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(iv) inhibitors of growth factor function: for example such inhibitors include
growth factor 35 antibodies and growth factor receptor antibodies (for

example the anti erbB2 antibody WO 2006/109081 PCT/G
Wgéf(f?iifﬁ%ﬂmab [HerceptinT], the anti-EGFR antibody pani%ﬁ%gﬁ%&%%@

anti erbB1 antibody cetuximab [Erbitux, C225] and any growth factor or
growth factor receptor antibodies glisclosed by Stern et al. Critical reviews
in oncology/haematology, 2005, Vol. 54, ppl 1-29); such inhibitors also
include tyrosine kinase inhibitors, for example inhibitors of the epidermal 5
Any graitéactay fnibseriexampledEtebifiemity yrgsiastkinaseniakifktatisg,
uch a - ; o) ki
e'g”sﬁ?%%%ﬁ%?%}:if’-’% T e morphaTnoBTopORY) quinizoli
biadhen RARGHRES G Z51839),
N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine
The @HOtEHEr@ S éA) @dked hereinbefore may be applied as a sole therapy or may
invoﬁlé?ﬁ%m%otﬂ\lﬁgégm Sﬁﬁﬂ'%{ﬂé(?m%ﬁé{ﬁ)ﬁ@d&@ém%mﬁ_QJJ W@p@@@merapy or
quinazolin-4-amine I1033r?#gerbl§2 tyrosine klnaSﬁhIan itors suchoal% :
che fitich iﬁH‘i’BiﬁS‘%’ém%aﬁ% JRSEG R G R e R SRS TS oF
antitienplatskstislerived growth factor family such as imatinib, inhibitors of
() SerbRfitBraprirerkinases(dos exaronis Resitabsigialitgriohibiossdsinch
meo?rnfﬁféﬁ%%t&%@ﬁ%&%ﬁﬁgﬁ%ﬂ%&&éwﬁ\?ﬁ%mﬁ@&%ﬁéﬁﬂ'&%\ﬁrﬂ%a%%@am,

ibitors 0f cell signalling through MEK and/oy AKT kinases, inhibitors of
oy REBAT (8 FGT RLRIEED TETRTR P BTSSR RGP
and|@ifosedepsdraitimwirbiiiegionarr B! saatO RIS aNH AR tidraskinase
fiuolBpiBitBdiokesamptaAZRhd Bl RHERA3R8: 61680 xAH, M36SH; R763,

aVP235, - - ' idoase
a%ﬁﬁ%r%ﬁ%ﬁ%&éﬁ%% g%%@é%i@%%%ﬁ%zv Q%%Eﬁg%a enic agents
a0 QAT O B HIETPHRID AR RSRISE SPURE P BT 3
dacfmetoysiffenexatmplevtie)amiviisnasdn HotiseraRte Higro At Pt dre
vindBtiRO Sk 21 8:hey asiaueamabatAvasiabhaaddMbGiEsr eepial fynDaineckirmse
inhibitors.such -(4- iodo o
oo oI SR it (g, o pposencrelie
etopotifsA IBUBRAISR 3 RRIIFPWAE™ Eg%éﬁ?m"* thecin);
(i) 4-(4flosetcBonpthylittiohBrjsRY PErAEHTGRATR(S PRPYIRIinLIvestrant
toréd%?@l P?&Qwﬁém&r&i{%@%&bm&mgﬁéﬂ@ WQR01418212),

. vatalanib (PTK787.. . AR WSS
T G R i sl
ORISR BSOS HOCSE U7 A0S SIS o PSSR ElRd T B P
me8#83B4tanH sompeandbitiarairiely wines rasiaartn STRPex@ifsRe
andiBRigQaHBNIbitOFRiiRtem VbR Ju sotioasandsangiestatin)]; (vi)

(iii)\éii%g% d%?&ﬁ%g&%@%’?@&.‘dﬁ@ asGomieiasitinAtandcomRaunds 3-
methylenedioxyanilino)-7-[2-(4-methylpiperazin-1-ylethoxy]-5-tetrahydropyran-4-
ylaxygquinazoline (AZD0530; International Patent Application WO 01/24341) and N-(2-chiare-
6-methyiphenyh)-2-{6-{4-(2-hydroxyethyl)piperazin-1-yli-2-methylpyrimidin-4-
ylamino}hiazole-5-carboxamide (dasatinio, BMS-354823; J. Med. Chem., 2004, 47, 8658-
6661), and metalloproteinase inhibitors like marimastat, inhibitors of urokinase plasminogen
activator receptor function or antibodies to Heparanase);

(iv)  inhibitors of growth factor function: for example such inhibitors include growth factor

antibodies and growth factor receptor antibodies (for exampie the anii erbB2 antivody
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International Patent Applications WO 99/02166, WO 00/40529, WO
00/41669, 30 WO 01192224, WO 02/04434 and WO 02/08213; (vii)

antisense theraples for example those which are directed é@%ﬁ@ el 1360
Wﬁ)s%ge 3 9(‘)}\S}e such as ISIS 2503, an anti-ras antisense; (wtjs?gene t%?erapy

approaches, including for example approaches to replace aberrant genes
such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene
directed enzyme 35 pro dru therapy approaches such as those usin

tfasteﬁtt&ahé*aé%m‘as@aﬁg}%&% 8 RiHRSEY FrROTEpms fop Rt erbB1 antibody
cetulQaY(GBRORLIIREREE BY grbattGridmitrpredu dtake engymeaiiiddies
discRBRIGRCHES 19 éﬂ@ﬁ@@@@ﬁ@@@ﬁﬁ@@é@@@ﬁ%rﬁ%m@hﬁ@m@r 54, pp11-29);
SUCh ‘?%% EJ?E‘[ mc&idéats rrcpsli"tl glrna% j‘n%tfa OQ%QE? th@l’%ﬁ%ﬁgg 01(!&% idermal

mmunoth erap tyoac es, INC u {Oi‘ rr]% ex vivo andin'v e.%
9*‘%&5&6&&@@@'%@@@3@@ ﬁ%:*ﬁwfﬁm%é@ﬁi‘&‘?tiﬁﬁﬁ?dﬂ@ﬁt@iﬁﬁ@a‘? glls, such

N-(Zashtreméibotiorheniih-Cyteitines & (Suchraminterendky Rinatelie dkimideor

(gef@FMHOEY1S)! nﬂﬁ@-@ﬁ@ﬁﬂﬁr@ak@w Abmulating ] I@@%%xyﬁpmmhaﬁamme

ecr e I, us ran e cells su
(erlo‘%’ i %j?glqne transfec?ga%%%dﬁﬁ?ccgéis J*gg'ﬁ%gc%@’ss e Ag oyt m%oropoxsg
qu*Wéﬂﬁéﬁ@@ﬂﬂo@ﬁéé|Fm?€s,ty&ﬁ@abﬁﬁéam%ﬁa§ i ia&%vwc inhibitors of
the betilionie oW/ A dmio reitio Imfibi eathieecimotiiherighamhdsautizadily
suck@@&ﬁ@ﬁﬂi@nnﬁmé'émm@tﬁ%\%QQ!EEH%QQ r@@m@%a@ RdminisierRiiie a

lnhtbl ucﬁ)ﬁgpa){n I%rljll Qrtar%%% !9 Irnéicigr%tl ) d% org Be t%ﬁ%/ﬂ{ i?@é(%@ Iy/
era y or a e sité o deswe actlon N ing but not lim ‘oral
mhﬂesogs #heril lssabing ispisl VIRK o A, harsacrilicsPAenaraeatia,
growthCeath rdandiif Sesdtbtinig il ; gukiresanyh(gtgrsbiGh halation(Deifisuiftatronth
facttRErARY-USINGo R i Rh ARS8 NS o IRBHE MU e RS S HreskRl; | vx-680,

wRAL Rerepisral acsxamls, bnissian noluding, subcuiancous,
re

intradermal, inframuscular, infravenous, intra riat, intracar
‘”h‘ﬁ‘Fﬁﬁtﬁl&%‘s fritkspiRAr Wﬁ&ba‘ﬁ%? subcapsular, intraorbital,
(v) intrapenitprenlc ingeatracheals tsudzcuticolanibitieasffeaian’ sabalackmmitelial
gro@mdaiama%a@ahapaé kﬂmm%aaﬁa%tma%axammfaw%mepusly or
bevlaré:trz%rrrq ubS((:A‘.Jv -L? t mag( r%s?n% gte%hﬁgl‘%p%rgx%h %s Eéﬁgr?r%%%% 2-

a mamm aro a gumea pI am

ﬂ““FH%‘PJ%’Eé)) WFH@‘(’e@Ta”ﬁBYJB@F@M”@%%f HegTZRINAGZ R84 ‘o e ple 2
withdg o (8265 horge)yarpimatiayiidnidny(@g-Gmetnkey 48-apedlidirmeonkey
ylpr(%&y?&a%&%@%ﬁki@ﬂb@@}a%%@@@o@%@Wd' BoRRINPANZE Y APEKFEAN,
WO%QE%Q%SP nd QW%S {sunitinib; WO 01/60814), compounds such as those disclosed
in International Patent Applications WOQ7/22596, WO 97/30038, WO 97/32856 and WO
88/13354 and compounds that work by other mechanisms (for exampie linomide, inhibitors
of integrin avb3 function and angiostatin)j;
(vi)  vascular damaging agents such as Combretasiatin A4 and compounds disclosed in
international Patent Applications WO 99/02166, WO 00/40529, WO 00/41669,
WO 01/82224, WO 02/(04434 and WO 02/08213;
(viiy  antisense therapies, for example those which are directed to the targets listed above,
such as [SIS 2503, an anti-ras antisense; \
(viiy  gene therapy approaches, including for exampie approaches to replace aberrant
genes such as aberrant p53 or aberrant BRCA1 or BRCAZ, GDEPT {gens directed enzyme
pro drug therapy) approaches such as those using cytosine deaminase, thymidine kinase or
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Formulations While it is possible for the active compound to be
administered alone, it is preferable to present it as a pharmaceutical
Wcoz%%%%i(}i}?? (e.g. formulation) comprising at least one activgc%%mo%m
ompound, as defined above, together with one or more pharmaceutical
acceptable carriers, adjuvants, excipients, diluents, fillers, buffers,
stabilisers, preservatives, lubricantgg or other materials well known to
those skilled in the art and optionally other therapeutic or Prophylactic
a baghrEAkSINATEs YEeRs SODORA ADE PRI ENOB 10 TCIeP 3B HIL D ROt Esent
chenmieetion durtbetprepidesiphammiiceugicadisempasitotisrgg/ defined above,
(ix) ANGhREHALE R MR RLNATRLYIER RBRDBRSINO BOMRISGroaches to
. adm{ mrﬁ?)at least one Tact{ye Gom Ucr)ugol, as | efinted abgﬁ\ée, tgget? En\évéth
NOTEHE OF 'P@'bciqurﬁ'd’c% ?c‘gny accep?arﬁé carﬁserrs?"g(ecrpian S| BUREPS:
suchgguleRRketRpiTTssiey Ky O SramHReYia 81259 BIRALS BN S FETH 2B T FRStRErm
appfphasnaceticsdly acaeptatle basrussdherenipetamsitonoompetindsch as
oyt A e RMBRSIHL RS AR ARSA0S FO NS MRICE RF S I SPRRS
andoaf SP%@H mgsotlrlzcaélwgogo{menéh. gg}%gle_for use in contact with the tissues of
Rt jec? fe.g. umans)\xm?iouti excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate with a 10
Admedssetiable benefittrisk ratio. Each carrier, excipient, etc. must also be
The SARERIGRIBLI BISHSRRSE OiReRGCANBREBIREIR M QEIGS iRarRie Sy

the formulation., e%%i%table carrier.sh{eg(c Pts etc cognbe fOéi'gg in

0 ipie .
be aéc{rg%sa{%e Bh%?rﬁ%r%eutié'ai‘?éf?srfvﬁ)nr'e‘exgiin% e, | ’rgrﬁiﬂfﬁon S“fglﬁqrmaceutical
sysispiepbl seTBRrallito At Praeie PlEHRIAH§EBMPEHT A BUEREIBATSY 0, 2990.
(e.gT beifioastiskati amsan dyctaingen e htiyduerpre Sentecdda unitidosageif@m and

subMBYRERIRBAERA QY BMwmIsiRAds WelkBovRdme ars of BN Ra6Ys:, e.c.
thods include the step of b{llr) e

e ing int iation the
throggﬁ,'raé% PINESS 'éegtaarl-ﬂ\éarqwﬁ%t%a{%qn%t%"? Into a:?s ciation.the a

}669

example, e N, NG i}g{ﬂ
' utes one or n'i(oré E aQCGSSOR/
subpipeeRehtpdgErR i aRIseHIRuIaTBIR efe Breasaisl b itanmeiiRty Hrmihecal
intrfmtimeiyahgmgiaig si_mbo@ssr_aciaﬂmormmiaoﬁuaecmmumdamﬁdm&afuid
subSAHQLs, aiinaly divided selid.easrig sty apdihen Braecgssary

shaping the product. Formulations may be in the form of liquids, solutions,
exaénbpige Iut eousui{orm ramuscuia

hS, SMUISIons Celxirs, s syrups, tablets, losenges, granules,
powders, capsules, cachets, pills, ampoules, suppositories, pessaries,
TholthReNis\Iels QastestCreamis;Spraysebristsyfoams, tetions, silsdent (e.g. a
guinea pig, a hamsier, & rat, a mouse), murine (e.g. a mouse)}, canine {e.g. a dog), feline
(e.g. a cat), equine (e.g. a horse), a primate, simian (e.g. a monkey or ape), a monkey {e.g.

marmoset, baboon), an ape (e.g. gorilla, chimpanzee, orang-utan, gibbon), or a humar,

Formulations

While it is possibie for the active compound to be administered alone, it is preferable to
present if as a pharmaceutical composition {e.g. formulation) comprising at least one active
compound, as defined above, fogether with one or more pharmaceutically acceptable
carriers, adjuvants, excipients, diluents, fillers, buffers, stabilisers, preservatives, lubricants,
ar other materials well known to these skilled in the art and optionally other therapsutic or
prophyiaciic agents.
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boluses, electuaries, or aerosols. Formulations suitable for oral
administration (e.g. by ingestion) may be presented as discrete 30 units
such as capsules, cachets or tablets, each containing a pre
Wgrﬁ%oﬁﬂf)oqgﬁe active compound; as a powder or granules; ggﬁé%q&}foﬁ 13?9
suspension in an aqueous or non-aqueous liquid; or as an oil-in-water
liquid emulsion or a water-in-oil liquigl emulsion; as a bolus; as an
electuary; or as a paste. WO 2006/109081 PCT/GB2006/001369 37 A
Thugalhrpreearidevantdde Hihes maidrsiiiamesnde Foramiirassrsfiafined above,
and memding! eptiogal yharittcenarcongressiccessqysing eecisnis at least one

ac&n@%@?u%@&%?%é%@ﬁéd@é&v@% &9@]’%%@6@8W&?&EH%%&ME?QL%@@;@@
ne the active cocEEPoun a}free flo,E form uch @ilheror
"a”'e*’s e"%%’@?)pta%% Sy Fiked Witk %%éserf"rﬁb?e ?é'eté 58@&&5 Reeremn
gelatln acacia, sorbitol, 5 tragacanth, hydroxypropylmethyl cellulose);
The filens iadibenis4éyrdagiabe” m crecrystatipertael ulosenmaletsminaterials,

comB¥gRAe %mgﬁ%@ﬁ) rAHREIGARIS 48 GuiMAGNESIPR SHRlAemRICaRlifment,

smtadbﬁe o ra?&%é% (S Hm stareh 9%’00'6“ (S1OSS K \,dw%ov der ive
S IMREG SO Gty carBoxyme?ﬁ ﬁ?}% fVed ossiv

fommp’ésfgtwg G ritegragentsr @iy sadiem CP&GPW P%‘Eﬂf@!é)?%m%surate with a
reagoreder vativisite gtinatbyh panyel exybeng @atempsopigbpdiadeaydiin zo ke,
senddoPBERNE A ouldeth LahiRlS MaYiBRBAfE R-DRHiing in a suitable

machine a mixture of the powdered compound moistened with an inert

liquid diluent. The tablets may optionally be coated or scored and may be
SultRbreriaig. SESRIsp RS GanSte VP EIdD stPoRa rtlaurecotichE etV
exatoiBRenddbercimasinge loce samples, Ngdrexyipropdoratoyicalyttsapimy,
EasY Y39 qREpportions to provide the desired release profile. Tablets may

optionally be provided with 15 an enteric coating, to provide release in

parts of the gut other than the stomach. Formulations suitable for topical
Thefaimiirsieatiowey v aRARHE MBeSAttah BsHl!t Gesrar Brm@nd rapgbe prepared
by @yhtiagioat) wahyrbedonrtid ateds as=an0intMent repans, istispensierplotion,
brin 9\3/91% ’aﬁv%lc':f% tﬂ@%%tgglcég@Mn@%ﬁ§ﬂé (%(rﬁ)élr m@{%@tﬂé’ﬁb{e@one or more

ormulation ma rs ?  or a dre33|ﬂ%gsuch S a an or
oo IR T ARG aibh R AL o BTG LY ARG SR Ere
pringingnigie asveRpEpndrsr aive Sy WistithidseatapRecoingpidiiied so fd
car@ggunisitation tnchie maestinmehigmipsengesicomprising the active

compound in a flavoured basis, usually sucrose and acacia or tragacanth;

astilles 25 com I‘ISI Bg the actlve compound in an inert baS|s sucp
'f %8 Ixirs,

PR SR GRFCEAT BB R aR HRAR S R TROtANABRER ©
Syrmﬁﬁﬁ@ﬁd%@%ﬁn@@@@h’aﬁ)(@ﬂh’dﬁﬁ@%‘?ﬁ%@ﬁ@f‘m@dwﬁeﬁmpomes

suppositories, pessaries, ointments, gels, pasies, creams, sprays, mists, foams, lotions, oils,
boluses, electuaries, or asrosols,

Formulations suitable for oral adminisiration (e.g. by ingestion) may be presenied as discrete
units such as capsules, cachets or tabiets, each containing a predetermined amount of the
active compound; as a powder or granules; as a solution or suspension in an agueous or
non-agueous liguld; or as an oll-in-water liguid emulsion or a water-in-ofi liguld emulsion; as
a bolus; as an eiectuary; or as a paste.
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Formulations suitable for topical administration to the eye also include eye
drops wherein the active compound is dissolved or suspended ina
suitable carrier, especially an aqueous 30 solvent for the agf
Wg ")mop(()uncf Formulations suitable for nasal administration, w e/r%};n20 A

carrier is a solid, include a coarse powder having a particle size, for

example, in the range of about 20 tg,about 500 microns which is

administered in the manner in which snuff is taken, i.e. by rapid inhalation
A teRiFongh SO R4 SANpUESAE ETRERT € CorfTIRERBIh &" HaviiEteh eRf1agewvith
one dpriprthecbasenSuitatinid/ T 20063409 0a1eRCTHER 206613013693 Bessing
ina LQIEQM@%%@&%A’&@%%E&JQ BFABEdS Ao URINERLYR B5uik o

exam sal spray, nasald or by aerosol admi n| stra
SR e R A e R B
tragfesmHu bRy BaRdbI Tdroatispest FlEGP DY i d6ion Ratierl enipeseystaline

celipresaniedasaroget @sokrsptay linen=atpressurisadsnackicaitictngd stdaf,a
d;szrﬁH&%ﬁ & rg%%lm s%él%ﬁ c&é?Q'QFQQﬁkHQé&’WG%mss linked sod:um

trichloro luoromethane ichoro-tetraflugroethane, car OﬂfIOXI

carnG RSN SBI %%‘f%esé”fﬁer?c%%f’a{t Sr???&?a‘iﬂ&’%‘?‘?o?ﬁ%&ﬁs ﬁuﬁ?ﬁ#"é‘ﬁbﬁ‘fm
sultgiie):tRedSRRserHEiinge Gigtrimehty, oredims banePaden Isivhe:Ware Ferrsaiated

sortit agd)inogoédtiaelactivey cempowng maydoptienalltiige emplbyecnwithve of

the 8&1@@5@%@&%@% %@sﬁé’ﬁé@%%%rﬂkﬂ%%h&ﬂs%é el @tms%%a;zy
activ ounds m e formulated in a cream with an 0|I in-wate

be RS Ob SR IFA P HAED 38 RSO I L A Hilsglgsee of

the BréNRIEOTOP IR YiNeakt SatBOYERw BPRY ISyl yhieicdroGhong

prop&rtions Bleahelhhy ingiraraeao e diydroxylats oupsostietasteropylentwith

an SHER BbANes L3wighmannialsohifal. AverLpkandRalyeiayiene glycol

and mixtures thereof. The topical formulations may desirably include a
- compound which enhances absorption or penetration of the active
Forgurafogradittirgdgtiapicas R smindfectaneeras!, PramprLetiausHecal,
andaghsy Reneirationeahancessinchide dimetay) suliaxderantoeateds)

sonﬁm'%g@aev\égﬁas} fgém%ﬁ@%ﬁ‘sxﬂté%ﬁ%@@%ﬁ\%t@?rﬁ’é%%%?%é%%mh

optionally comprise merely an emulsifier (otherwise known a

or %?Fﬁﬁﬂ@%ﬁ““@rﬁ% PR LR 1 B8RSR Y RIER E ST RI TR RRIPD A" gﬁb%ﬁ?&%%d%
andapieraiyoire pwitbrbethizielis andigentil. Preferably, a hydrophilic

emulsifier 25 is included together with a lipophilic emulsifier which acts as

ForthThARINSSldbi fal%gp%fmﬂlst%ﬁaﬁ'Hqﬁe%&tﬁnnah@engs@r@ésEe%m% the
the emulsitier(s) with or without stabil |serge) make
active compound in & flavoured basts, usually sucrose and acacia or fragacanth; pastilies

comprising the active compound in an inert basis such as gelatin and glycerin, or sucrose

and acacia; and mouthwashes comprising the active compound in a suitable liquid carrier.

Formulations suitable for fopical administration fo the eye aiso include eye drops wherein the
active compound is dissolved or suspended in a suitable carrier, especially an aqueous
solvent for the active compound.

Formulations suitable for nasal administration, wherein the carrier is a solid, Include & coarse
powder having a particle size, for example, in the range of about 20 to about 500 microns
which is administered in the manner in which snuff is taken, i.e. by rapid inhalation through

the nasal passage from a container of the powder held close up fo the nose. Sultable
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up the so-called emulsifying wax, and the wax together with the oil and/or
fat make up the so-called emulsifying ointment base which forms the oily
dIS rsed hase of the cream formulations. 30 Suitable eny
%1@ labilisers include Tween 60, Span 80, cetostearyl %%1 9{9{%13(9
myrlstyl alcohol, glyceryl monostearate and sodium lauryl sulphate. The
choice of suitable oils or fats for thg formulation is based on achieving the
desired cosmetic properties, since the solubility of the active compound in
formpyhiansire kRN 16 BRITIRE &R FAPIR PR ASCRINFE AR Bnit S RIPnIGRR SPY:
nasanaypseoveryaensol dsitiseatieary stalildprederzbiy ke nosikgseREyndNO
the AH0OLLARRAEAL CT/GR2006/001369 39 non-staining and washable
product with suitable consistency to avoid leakage from tubes or other
containers. Straight or branched chain, mono- or dibasic alkyl esters such
FormuaiipTs seinplater RepiisTaiRaPatsNBRSEyIBL dybetensterted 8apmgroso!
sprafafiyracioesisoiped ppkwitistaiesd ety solehie nspplopy kpalimitate, butyl

djch%ﬁ%afrm&v%&mmmmm@ﬁeﬂ{a@l@@f%é; pranchad-ahainsstefsxide,
or othe own aalP:LCrodamol CAP may be used, the last three being preferred
Stét FeEEM May be used alone or in combination depending on the
propertles required. Alternatively, high melting point lipids such as white
Forrsaifitipasadfitasin ddotoltpalchgrairadfration i tothadrminiesal avilsneain, besaisetand

emqu?Hﬁ@UWHQH%?MG%@@ fosrerialad %Q'%Eﬁ@%%ﬁﬁ%?&%@%a
z gaaosl 0 g{hwnh a s ta%le l:\)wa§e CQ”J;% ISII’I{% fgrtgxaén o,é:\%? ttgg t?vre

MO A R RIS A AP IR STl RaRSin RS oMy s
Comﬁ%@éﬁféwé@ Bﬁ%@%‘ﬂarﬁ" B@‘ﬁé""tbr%’aﬁﬂg”g@@f 6@@(@?&?&%%@6{&?
aquieumplations toontaimingdn adgiticnds thesastive:, coryzoabel: SOehvaareds
polﬁ?@%@amﬂwq !fsn mﬁaﬁﬂh@ % WH%@reﬁ‘RdeH){ B%ssélu@pé@ [395 ylene

enteral ady l”'StLaF%O”& ecl“é’nr!f INEUAING CUIANCOUS, 20 res
oy o AT L o A ST AR S SR S e
th@raafué%‘%%ﬁ?'ﬁ@m%'e%ﬁ@}{%ﬁ*w HAER A-FAERCsEHN T Setiahces
abseqlitfonsratkithtiotay tenidineantreoudatis;uiuifersiipre stvadifeased areas.
Exafipl SELS P ACHRH AL A S ALES JHUCh d SRFGRREHASRUAEOated

sotonic with the blood of the intended recipient; and aqueous and
i ¢y gqueous sterile suspensions which may include suspending agents
and thickening agents, and liposomes or 25 other microparticulate
Whey stemswhishaueidesignribitotterget theseomapoptthédyhlaarise merely an

emulsifier (otherwise known as an emuigent), or it may comprises a mixture of at least one
smulsifier with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic emulsitier
is inciuded together with a lipophilic emulsifier which acls as a stabiliser. It is also preferrad
to include both an oil and a fat, Together, the emuisifier(s) with or without stabiliser{s} make
up the so-called emuisifying wax, and the wax together with the oil and/or fat make up the

so-callied emuisifying ointment hase which forms the oily dispersed phase of the cream
jormuiations.

Suitable emulgents and emulsion stabilisers include Tween 60, Span 80, cetostearyl aicohol,
myristyl alcohol, glyceryl monostearate and sodium lauryl suiphate. The choice of suitable
oils or fats for the formulation Is based on achieving the desired cosmetic properties, since
the solubility of the active compound in most oils likely to be used in pharmaceutical

emulsion formulations may be very fow. Thus the cream should preferably be a non-greasy,
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components or one or more organs. Examples of suitable isotonic

vehicles for use in such formulations include Sodium Chloride Injection,

Ringer's Solution, or Lactated Ringer's Injection. Typically I;E

' ; ’ ) . A "PCT/GB2006/001369
WEAREASTon of the active compound in the solution is from about 1

ng/ml to about 10 pg/ml, for example from about 10 ng/ml to about 1
pg/ml. The 30 formulations may be,presented in unit-dose or multi-dose
sealed containers, for example, ampoules and vials, and may be stored in

non-giaialag @G RF TRIIP RIRSkE) EBrRetRIe IR SIRRGCOINRRE Bakres T oT tisaes or
otheswﬂteirﬁﬂ'eidamﬁgmmrf(br_@ocaé\_dml@wm@ntebﬁdmwkﬁmediameﬂyamior to
isoa%@taﬁé%%%ﬂﬁ%@%%@%{%ﬂ&%ﬂ@@1?68%!%£{§r%‘ﬁgg%ﬁi9ﬁ@ﬂ§£§d§)f’s}(€_&€pyz
prepared from_sterile powders, granyles, and tablets. Formulations m
SRR e e R e TN
of bigflifEPHTCROLRI R ARG AR ErdaNRIcH araaesRyvied theargelhthe kel e
prefecsdpatng tohbleodagompen entscarr oneob imgien arganginD osaigepodénal
requ@@ppreciated that appropriate dosages of the active compounds, and

compositions comprising the active compounds, can vary from patient to
patient. Determining the optimal dosage will generally involve the
Alte patiistintobrasd mevl ainidt SpeUtR o enftapmist anyondrust rrsrieous
othesichinetiedts afrtbe uweatments of the present invention. The 10 selected
dosage level will depend on a variety of factors including, but not limited
to, the activity of the particular compound, the route of administration, the
o T R A e T BT R R TR S SR D o
suitgleHe tPmRsistn e CERTIGS, corApBUFRISr arvplisyifiterials used in
combination, and the age, sex, weight, condition, general health, and prior

FormRSlis! Bistany &F 1558 RatiaRl-Be A UL SamPRURd ANt raue Of,

admln‘stratig[)n v¥ill ultlmate% Pe aﬁt e discretion of thgtpwsqi%lan i
e ST G SIS AT TR LG S THIAN R RS RIREVS 1B &M O 86D S at
COMPlBReS HTTRRATB AR EeAE eV the HesePREwY\Without causing
substantial harmful or deleterious side-effects. 20 Administration in vivo
FortRRRA LR 1} 0RR A9 SARIERUSIL QT ADtRIIRIANY (8 1D:rbdded
pfoses. oL approprate Inicriels) hioughout fhe couras of feament, o
SUPRHIARERHS d a&ermlnih'g he Tost etfective meéﬁs a %%ﬂ)sgﬁi nen
aqugaRIRREERIAOY REEvERK ABIVA TicaiesECbiaRs MAIth & avtcanE AN ORHR:
bufihre, foeaumnation usest farrdhesapyecdhae puposeted Hiech render the formulation

isotonic with the blood of the intended recipient; and agueous and non-agueous sterile
suspensions which may include suspending agents and {hickening agents, and liposomes or
other microparticuiate systems which are designed to target the compound to blood
components or one ar more organs. Examples of suitable isctonic vehicles for use in such
formulations include Sodium Chloride Injection, Ringer’'s Soiution, or Lactated Ringer's
injection. Typically, the concentration of the active compound in the solution is from about 1
ng/ml to about 10 pg/ml, for example from about 10 ng/ml to about 1 yg/mi. The
formulations may be presented in unit-dose or multi-dose sealed containers, for exampie,
ampoules and vials, and may be stored in a fresze-dried (iyophilised} condition requiring
only the addition of the sterile liquid carrier, for example water for injections, immediately
prior to use. Extemporaneous injection solutions and suspensions may be prepared from

steriie powders, granules, and fablets. Formulations may be in the form of liposomes or
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therapy, the target cell being treated, and the subject being treated. Single
or multiple 25 administrations can be carried out with the dose level and

pattern being selected by the treating physician. In general, a swtgﬂbé/ 5
WGP Y active compound is in the range of about 100 pg(fo SR RS

mg per kilogram body weight of the subject per day. Where the active

compound is a 30 salt, an ester, pggdrug, or the like, the amount

administered is calculated on the basis of the parent compound and so
othefeieraaiceiR) RYTEPe Wyl decifievionse i reasd i Aaies comMARTRD Eigod
comBdredallevangoaracexargates are provided solely to illustrate the present
invention and are not 35 intended to limit the scope of the invention, as
Bos descrlbed herein. WO 2006/109081 PCT/GB2006/001369 41 Acronyms

convenience, many chemical moieties are represented using well

It W*kﬁ%ﬁﬁ%@?@%ﬁbﬁ@@ﬁ@%ﬁ?@%ﬁ ROVBrAREE /e HReERGE (MS)caTivgbitens
comprpirgPyik @iRvl tsewpramyd, (iPr), n-butyl 5 (nBu), tert-butyl (tBu), n-hexyl
can (rah!%n ; g?ﬁ?a%ﬁﬁhle@eﬁhﬁHﬂgéﬁl%)oﬁ%ﬂrﬁé%gg%a@m &%%gn@g%g e
R R G T A ?aa%é%%ﬁffsm
trealfellR SHWYR PERSBRETIXERS, imBfuding but not limited to, methanol (MeOH),

seicethbnekietioH) viseqrapbnoh (k@1 sDEiors etbyliekd\H ketamneniBEd dhe
actANGTH cietfykether (EtZO) acetic acid (AcOH), dichloromethane

ethy ene ( hIo ide, D tr| ugroac amdf% FA)[ dimethylformamide
°°m§15 Siods R (% efei“&.ﬁf R8BS &) ctsihara e
ComE%ﬁ@th%ﬁt&méﬁ@W@M@ﬁ!@%ﬁéﬂpmmgé@ﬁfmﬁ/@h@ﬂﬁnﬁwsed in

comBiheiaicahC o pad)\sck Ancastetobyinthegisdil haath Ao SHor gatics! (et
the éﬁ#&ﬁt'ﬁwé&bm of EmBER ey st e SrumaRediiryheneaPhenons -

and eth anoI were distill dfrom m%gnesmm/lodlne D was

SSCHHIGR B RO GUBP RIS oAt LG54 BF by

congRatiREtBrRbersEttinpioRydiicleadtipso e desivest efsedd Witnediageiyowere

subsitored averuno leasiansiewris-48ct20 3-5 mm beads), under nitrogen.
Anhydrous DMF was obtained from Aldrich in SureSealTM bottles.

Triethylamine was %? }/%lstlllatlon over calcium hydride and stored
Adm*“’Stra RS LVRTR &P SRR RIP RS SR HRY T %y%‘ﬁFMS%tj (Eshy
din%ﬂ@%%&éﬁ@@fﬂﬁfﬁi@WM@m@%%é@@f@ﬁgsmept@%afé@rhods of

determining the most effective means and dosage of administration are well known to those
of skill in the art and will vary with the formulation used for therapy, the purpose of the
therapy, the target cell being treated, and the subject being treated. Single or multiple

administrations can be carried out with the dose level and patiern being seiected by the
treating physician

in general, a suiiable dose of the active compound is in the range of about 100 pg to about
250 mg per kilogram body weight of the subject per day. Where the active compound is a
salt, an ester, prodrug, or the like, the amount administered is calculated on the basis of the
parent compound and so the actual weight to be used is increased proportionately.

EXAMPLES

The following are examples are provided solely o illustrate the present invention and are not
intended fo limit the scope of the invention, as described herein.
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on aluminium sheets which were subsequently dried and visualised using
either short wave 25 (254 nm) ultraviolet light or by treatment with either

nlnh&/drln or sulphuric acid then vanillin. "Flash' column chromat%%
W@RALEAPAY out at medium pressure using Davisil silica gel 7@ %‘3%1369

Melting points were determined using a Stuart Scientific SMP3 apparatus
and are uncorrected. 1H and 13C puclear magnetic resonance (NMR)
spectra were obtained using a 30 Bruker Spectrospin AC 300E
spectrometer ("H 300 MHz or 13C 75 MHz) or a Bruker Spectrospin AC
Acm'ﬁp,aE spectrometer (1H 500 MHz or 13C 125 MHz). Chemical shifts are

For ég ?v R%ﬁ c?n%rmrs@g“%n @e‘esdg‘é’rr‘éb oéteta%l\ﬁsnuﬁ SRR HS I s,
al sol ven peaks as internal standar icities are indicated

'“0‘“891% t(giﬁﬁfémfad(&baﬁﬁw, Meristety, GriGerires) RRriniamseY, (5 Broat or
(nBudckTbintl difis: tTerens] (BAMSCspeterlintfexpiptzind P35 bisimapd (:iPh),

bendigEamasshiRlatieim) INsShERE SN NRe:ID (Easitiveres N EgalINedI ARty (Ac).
electrospray WO 2006/109081 PCT/GB2006/001369 42 mode.
Separation was achieved using a C18 column (50 x 4.6 mm; Supelco

For BRSO A TEFE ST S & TR FRRARE Graeiket SIB¥BN of
abb@ (OB foimleding ddmdtnireitha i InieBiareD Y6k IR spibetel (WEke )réssopded o (i-

ProR)Big=Radinl R:20R0MXdiamend AdiRasReab saseitadldyathesis of
dachlé%&k iﬂ@ﬁ?@&% g %r%%tq %géf%rtlil a%ié\q;r OAI\/I dimethylfor armde

1-nit ro en-4- e dioMe

(Dmﬁ)@%raﬁy@pfu;@r@?% W@“?‘fh@% Ed Ef(é&?i‘.’ﬁﬁt@nzothlophen 4-ol(1)

General Experimental Details

Chamicals were purchased from the Aldrich Chemical Company, Lancaster Synthesis Lid
and Acros Organics (Fisher Scientific UK Ltd), THF was freshiy distilled from
sodium/benzophenone. Methanol and ethanol were distiilled from magnesium/iodine. DCM
was dried by distilfation over phosphorus pentoxide. Acetone was dried by distillation over
calcium hydride. All solvents not used immediately were stored over molecular sieves (4A,
3-5 mm beads), under nitrogen. Anhydrous DMF was obtained from Aldrich in SureSeal ™
bottles. Triethylamine was dried by distiliation over calcium hydride and stored over
potassium hydroxide, under nifrogen.

Thin layer chromatography (TLC), was periormed using Merck silica gel B0F 54 pre-coated
on aluminium sheets which were subsequently dried and visualised using either short wave
(254 nm) ultraviolet light or by treatment with either ninhydrin ar sulphuric acid then vanillin,
‘Flash’ column chromatography was carried out at medium prassure using Davisii sitica gel
(40-63 um).

Melting points were determined using a Stuart Scientific SMP3 apparatus and are
uncorrected. 'H and *C nuclear magnetic resonance (NMR) spectra were obtained using a
Bruker Spectrospin AC 300E spectrometer ("H 300 MHz or “C 75 Miz) or a Bruker
Spectrospin AC 500E spectrometer ('"H 500 MHz or °C 125 MHz). Chemical shifts are
reporied in parts per million (8) downfield of teramethyisuifone using residual solvent peaks
as internal standards. Multiplicities are indicated by s (singlet}, d (doublef), t (triplet), g
{quartet), m (multipiet), br {broad) or combinations thereof. LC/MS spectra were obtained

using a Micromass Platform instrument running in positive or negative ion electrospray
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10 To a cooled (-78C) solution of dibenzothiophene (20.8 g, 113 mmol) in
anhydrous THE (400 ml) was added tert-butyl lithium (1.7 M in pentane;
W;(L)Ozootr?r}]m;oﬂﬁ mmol). The reaction mixture was stirred at - 78%% EE Ol 1369
en allowed to warm to room temperature and stirred |s or 16
hours. The mixture was then cooled to OC and ethylmagnesium bromide
(1 Min THF; 170 ml, 170 mmol) agded to the amber reaction mixture in a
slow stream via 15 cannula. The reaction was again allowed to room
modferSERRERIRE WRTHEIDGH HAES SIBEaIB (Bl fof S nTHBRES, SRR
Wateerijenserwwasiaitae hedito die eobatitim we 8 % éfonic exityen meisanol (10 -
goor?urrbéﬁg&rg%g@ DS seltion doy. AR riruiese iR Al R sdheratirred
ora further 1 hour before carefully pouring onto crushed ice and
3¢ idifying to pH 3 with concentrated HCI. The mixture was then extracted
using ethyl acetate (3 x 80 ml). The organic extracts were 20 then treated
SyntmishiSbf Beditnednyettiaxéde solution until pH 10 was attained. The basic,

() TRAHERMIBNET AR AP aERIeUnad diiRAQmbBR sl AMsHE(syhich caused
an oily solrd to precrprtate Thrs was dissolved in diethylether (150 ml),
e

sam

D1 (256-ml)
2 PCT/GBZOO/OOi369 43 coloured solra tha%?’)rresponded
to the title compound,(21.6g, 96%) and(r@,qurred no further purrﬂ@gtron

miz (LC-MS, ESP), RT>3:64 min, (M+H) 20
4-Methoxy-dibe nepe_(ii). 5> Toa
()(14.29,71.0 igf ac e (50

204, 1 (b)
n of dibenzo h| gn-4-ol
as&.plded powdered

potassium carbonate (14.72 g, 106.5 mmel) and methyl iodidg (8'43 m,
71 mmol). The mixture was heated tocreflux and stirred like this for 16
hours. The mixture was then led and filtered through a CelrteTM pad.
The resulting filtrant was—eon
that was diluted in dichloromethafie (00 ml) and washed with 1M 10
NaOH and saturated brine solution.,Fhg organic layer was dried using
MgSO4, filtered and concentrated in-vacuo to give a buff coloured solid
that corresponded to the title compound and was used without any further

(a) Diifie (9},5420g(,)100 %) mlz (LC-MS, ESP), RT=4.22 min,

To %Mcf\;c')?%m(zxjr?# 21LGL4 ﬁB@R % ﬁffﬂ%ﬁe‘é%%‘&oﬁhoﬁ%%(ﬁ% drous THE (400

enzothro ene mmog? was |sso

i et SR B (B %’Td’?ﬁf%@ollﬁ‘?dﬁ‘vﬁg iRl ﬂ:n%rﬁacﬂ&r ixture
waaeitr€d 877ICi rfpa‘dmoprm@trasmwe@wmgw thavehdeawreiaaredctitrag
likeRhetege gichnat ree aheur 226 thERe MRiow SusBensSioNM@Besium bromide

(1M in THF; 170 mi, 170 mmol) added fo the amber reaction mixture in a siow siream via

cannula. The reaction was again allowed to room temperature whereupon it was stirred fike
this for 30 minutes. A reflux condenser was attached to the reaction vesse! before oxygen
was bubbied through the solution for 40 minutes. The mixiure was then stirred for a furiher 1
hour before carefully pouring onto crushed ice and acidifying to pH 3 with concentrated HCI.
The mixiure was then extracted using ethyl acetate (3 x 80 mi). The organic extracts were
then treated with 3M sodium hydroxide solution until pH 10 was attained. The basic,
agueous iayer was separated, acidified to pH 3 with 2M HCI which caused an oily solid to
precipitate. This was dissolved in disthylether (150 mi), dried using MgS0y, filtered and
concentrated in vacuo and then recrystallised from ethanolwater (1:1) (250 ml} to give a bufi



10

15

20

25

30

35

stirred for a further 45 minutes before being poured carefully into water
(200 ml) and stirred 20 for 15 minutes. The yellow solid was removed by

filtration and washed thoroughly with copious amounts of \’i‘ﬁtﬁﬁﬁ%m@ﬂ@
WREHER " he residue thus obtained was then dried in a vacuurn oven to

give the title compound as a yellow solid which was used without any
further purification. (5.19 g, 97 %) sglz (LC-MS, ESP), RT=4.15 min,
(M+H)=260.1 25 (d) 1-Nitro-dibenzothiophen-4-ol (iv) Solid pyridine
colopgd RRURIBRHER PIRF G iR P RatmetntbE ! fietRdky Ansigguired no furiner
purifitenzothihSheBeHBH(381=E g4 187, (hMtdfyalid! the reaction mixted well
before heating to 165C with continuous stirring. The mixture was
intained like this for 8 hrs, cooled, diluted with water (500 ml) and
(o) %agfgf}d %ﬁgzalbéﬁl%gr%nrﬁﬁ}gane (3 x 200 ml). 3M sodium 30 hydroxide
To agytighahalbageibiPraard -6 it etfad MR H BRGNS PP ddinieRégced
powfoml theassdlutienbFiae:f{itriale gvdsa.6mowdd:andchéielliqdioe &Eklftedtonuhd).
The WSIRGLARSRBITBIAY ik shbadesuliiaaRrighiyriow selidHhattommedon

acidification was then qyed by filtrati shed with water and dried
oo A o Sl LRI (oot R aa et

to giR e ipRRiBAt (55 2k 7T e e BSm) aRereasBeritii, BS
NaQ(Vlatd)s:246t@ tihélyoiRiddn] WORB06/ E09084sRGT GBROVEKID 1 86%cand
conér@at%ﬁﬁw@r&amséh@%%w i@o%@%dls&m’%’rﬁi@Qﬁ@fg&ggﬂ'wﬂ%ﬁh@?ﬁ@nd
0 a cooled (-5C) suspensian of. 1-njtra-dibenzothi s 3’
o e e ey e R e oo e,
ming@to0TiTol) which caused the 5 suspension to solublise completely. To
this mixture was then added trifluoromethanesulfonic anhydride (5.85 ml,

(c) ;ﬁ%fg@ommq{hmcgb@pggmjggh@gyﬁm via syringe. The mixtur(_a was stirred at
M e i
mi) gpfiBitNEPBIHan VAR FERS N HEH CRREH(IMG SO4Y, Fiftcr Sgrigshion ensuring
thatcoacanteabedd pithcnoxdargivie acinite apbeFiCthaeveddOskieditovgh a
sfi rr@@r%P% %g@@rggjﬁﬁwrﬁﬁog gé??\ré%%%@ @ﬁﬁ_@r‘%@uﬁﬁp@%éﬁﬂ%ﬂﬁ?%@;&?md
o (RS S5 LT S B A oLy ves e PO Gf
copRuNiHoarta of WatefapAriiethhrenes- dibk sstitahus Saiisshyatinsprasen a
vac{iirildsh etaprs teytiflasiowas:chasgegivithstfifl uorcs wethare sutfoni@acid ther
pure iR HDRNZ QNG e XhEStE(Bk 250 ein A6 st
bis(pinacolato)diboron (185 mg, 0.73 mmol), potassium
{d) 1-Nitro-dibenzothiophen-4-ol (iv)
Solid pyridine hydrochioride {1 kg, 8.7 mol) was added to 4-methoxy-1-nitro-
dibenzothiophens (iii)}{35.44 g, 187 mmol) and the reaction mixted well before healing to
165°C with continuous stirring. The mixture was maintained like this for 8 hrs, cooled,
diluted with water (500 mi) and extracted info dichloromethane (3 x 200 ml). 3M sodium
hydroxide solution was added to the organic extract until a dark solid precipitated from the
solution. The filirate was removed and the liquor acidified to pH1 using concentrated HCL
The resulting bright yellow solid that formed on acidification was then removed by filtration,
washed with water and dried fo give the fitle compound that was suitably pure 1o be used
without any further purification. (35.44 g, 77%) m/z (LC-MS, ESP), RT=3.69 min,
(M+H)=246.2, (M-H)}=244 .1
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acetate (390 mg, 3.98 mmol), PdCI2(dppf) (27 mg, 0.033 mmol), and dppf
(19 mg, 0.033 mmol) under argon. The flask was evacuated under
vacuum and flushed with argon three times, Dioxane (20

as added
WahH P %P&3iction mixture was stirred at 90C for 12 hours. 20P> THE FEAEHER>
mixture was diluted with DCM (100 ml) and organic layer was washed
successively with water (3 x 30 ml) erne (2 x 30 ml), dried (Na2S04) and
the solvent was evaporated in vacuo to furnish the nitroboronate ester (7)
which was used without further purification. 25 (ii)

(o) Trilibio-Aredthahssspisame thylib did-cionahpefan2ybedipenzofuran (12) N
To a—cgﬁ%léﬂg5% Q M%r? & ‘p 6%‘0%%&0%? [28 (R 9 !;' &ﬁ%ﬁ?g% %ir}%g&l

9081 PCT/GB2006/001369 Dibenzof
S R S06 A ST WS S8 S GO b b mBrlr h'e ’f%@edfé%
suspeiwislY fie saiybifid Bompizic. TRhibisgaition weadslowdydrtibfedratrdd@emiionic

anhgtifeRd 3518, B3 Dhenfraci animpnitaenseealad aié and MeMeBe{l80:d
at fmkeﬁggfm%wf%ﬁ%ﬂ@%gm&ég oﬁt@%&&gg 99%%*} gg?ﬁgxlm&ge&%&

the reaction was stirred at room temperature for 1 hour.

mel PR B IR- P BT A fiftedz Eht0)gen WSS BRIBEIISRR G P Thwere
*hefréia@ﬁidw@@@d) fiteedinnf weichntimled irevesbe tio oiveasnsl o wiyblaeaitdohhv 49

elutéd GoainuiRg budiking«xygen:sid so iﬁ@t@t@&@ﬁt@@@r@&@%&%mgum form
to bR EESRAGHRD \e{ﬁﬁlc%sn%%g L%;Pgtd%{m tg&gf%&%o

mixture into ice. The pH was adjusted to ition o
min  BA{PREY HCI, and the product was extracted into DCM. The residue
was purified by flash chromatography using DCM/EP (6:4) as eluant.
(1) AitebenpposEiRfasRMA-UeariRsh SiReNZofidBshvasHeshisptated (13 g,
A Bl THRPIRAUELA0 9 o é%dg@geég mgz - RPNERES @ex%,%} @Sg'g'g 4.
vl %&M mgebse TE‘P; E&%ﬂi@iﬁw@e@nﬂé %’T@igaéﬂ@@ ) QRERIE
ace{8GJMH2S 15 BDCIS) GELEELTH 28, n@H)-0F0Br (b Hamt] It {HBmg 80H23
mmioh3nde2drddnHril, ihsk GddBvabudfed Uder vacuum and flushed with argon three
times. Dioxane (20 ml) was added and the reaction mixture was stirred at 90°C for 12 hours,
The reaction mixture was diluted with DCM (100 ml) and organic layer was washed
successively with water {3 x 30 mf), brine (1 x 30 ml), dried (Na,S0,) and the solvent was

evaporated in vacuo to furnish the nitroboronate ester (7) which was used without further
purification.

(ii) 1-Nitro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)dibenzofuran (12)
O,N

O OO

B

%—V

OO
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t,J=7Hz), 7.47-7.56 (2H, m), 7.61 (L H, d, J =8 Hz), 7.97 (1 H, d, J = 8
Hz); 13C NMR, (75 MHz, CDCI3) 6 111.84, 112.79, 113.95, 121.00,

122.97, 123 72, 124.63 (Cq), 125.90 (Cq), 127.26, 141.35 44,
WERSHBE% (Cq); MS (EI) m/z 184.0 M'; HRMS calcd for é%g)c%é‘}gﬁ%lm
[M+H]" 184.0519, found 184.0517. 20 (b) 4-Methoxy-dibenzofuran (8)
Potassium carbonate (1.4 g, 10.11 jymol) and methyl iodide (0.42 mL,
6.74 mmol) were added to a solution of dibenzofuran-4-ol (1.24 g, 6.74
(a) rereyiiacé®i® (65 mL). The reaction was heated at reflux and stirred

n-Bd0r(180hmil) po0 eerlingzdhaedepetpsomistusedias2Rusuoee sy al§swaship
o e T
uct
S oy e e
AftefUirghaddhimifivasiopmReted) By r@@é@ﬁtﬂ@ﬁtm@ﬁf mpmgnwr@tymﬁ hour. A
refil(EtONd M 270 plBemvd) B 2283000051638l 4961 d Bk, rebdBS for 4
h, d& wﬂ%ﬁ’%m%%ﬁg ek {Rsh v%%go%lheé%% 2 99 63 5 Heh F&u&%ﬁ%w%n
did poki cI; 34 103 30 3Hosf: Ogé'?%? T }el_!: A a2 I;ls c # r%fgill
'(TH‘f 352 BHP %%(fﬁ ) Sg"wl}% ?Z@%T’?—?"t"ﬂ‘ P S9BH I 1,
pougngihg epqtion GUXUrN, ige= Beipl Foadl #ied i)t e pddter MR, (75
conbahtzateDEIB RAdThe ItoDE W3, k08B, idth DOBs. 1 12:825id 20485, pliAR=8 Gy

ﬂasﬂr%ﬁréﬁat&gﬁépﬁi/? & D%%%Z @ﬁ)aswaatl Aﬁe‘? &% 85 hod A8 (hr8dsted
99 1 M; HRMS ca d for ClBHlO%%sfM+H

bR G A A 18O EA At 90 T BREE R S A DR RS s
Obt%tf)ed-@ﬂéth’b)t?ﬁﬁﬁilt% T hEh FEET O TeR d8RItforef (ETOH)NmM 234, IR (cnv

Y 2ds8) ety atibermpafumm (816, 9345 82ennal, inghdisiacatiosriBEMHz,
CDE?'; SfYging @'tB% 9'65(5‘9 LJH9§35%'@@9)3W%§%99$% djowése ﬂéée(m

ction was kept during the addition and stirred for 33
b J Sohffletidt -l fédction’ fikiliie Was PélRel 3dienty’sritd feed Wi S’ﬁ
MHwaRDadjusted bt 7 Y. 2d ditfopbof 21 M0s o2 em, Hgartexita. am:mewjreat(@q

125 futracted) i RSMche S8 ganislaxRs (WaSHiesh NMagnesisiRa for
C—‘?ﬁh 6r[r§lat%,ge§%0g? Quenn nee 1J(rated The residue was purified by flash

phy using e acetate/EP (1:19) as eluant. The first
compound to come off the column was the 4-methoxy 10

(b) 3-nittbedibebaafokan (&0 mg, 1. 11 mmoI 7%) then the title compound
Pot@s§§ngegrk@% ok AR 9()1 1@&[@%?&9@ ﬁalm%é?’wefe
C%é}(%Ac- P.1 1 %}% % EtOH /nm 2% IB5( Cms ) :T?.Q
ad 31T AT (LA 0y i g (L
reaction was heated at reflux and stirred for 18 h Upon cooling, the reaction mixture was
successively washed with 1 M sodium hydroxide, water and brine. The organic layer was
dried an magnesium suifate, filtered and then concentrated to give the product {1.33 g, 6.74
mmol, 100%) as a white needle that was used without further purification: Ry = 0.37 (AcOEt-
EP 1:19); mp: 49-50 °C; Amax (EtOHYNM 279; IR (cm™) 3054, 283¢, 1900, 1633, 1496, 1451,
1423, 1330, 1309, 1267, 1188, 1088, 931, 893, 782, 737; "H NMR, (300 MHz, CDCl,) & 4.03
(3H, 5, OCHg), 6.84 (1H, d, Juzns = 8 Hz, H-3), 7.26 (1M, t, J = 8 Hz), 7.36 {1H, 1, J = 7 Hz},
7.48 (1H, t, J= 7 Mz), 7.54 (1, d, J= 7 Hz), 7.69 {1H, d, J = 8 Hz), 7.94 (1H, d, J = 8 Hz); ©°C
NMR, (75 MHz, CDCls) 6 56.11 (OCH3), 109.31, 111.98, 112.82, 120.85, 122.86, 123.46,
124.43 (Cq), 125.72 (Cq), 127.21, 145.20 (Cq), 145.63 {Ca), 156.04 (Cq}; MS {El) m/z 198.1
M*; HRMS calcd for Ci3Hi00, [M+H]" 199.0754, found 192.0754.
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1342, 1297, 1274, 1239, 1205, 1159, 1129, 1091, 1002, 938, 888, 831,
812 738, 676; 1H NMR, (300 MHz, CDCI3) 5 4.06 (3H, s, OCH3), 6.92 (1
d, J=8Hz),7.18 (1 H, t, J =8 Hz), 15 7.36 (2H, m)81‘:éS J=
WT%%?G%%“??L H, d, J= 8 Hz): 13C NMR, (75 MHz, CDCI3) 6 Zé %@i’#&f’é’i‘f@i@
107.53, 111.81, 120.50 (Cq), 121.14 (Cq), 122.27, 123.71, 126.32,
129.55, 136.29 (Cq), 145.20 (Cq), 450.53 (Cq), 157.02 (Cq); MS (El) m/z
243.1 M'; FIRMS calrd for C13HgNO4 [M+H]' 243.0526, found 243.0528.
. 20 (d) 1-Nitro-dibenzofuran-4-ot (10) 4-methoxy-I-nitro-dibenzofuran (2 g,
(c) 8 LReimamol)nnesihveatediahyB0 C during 18 h in pyridine hydrochloride (17

To aggoia-i}}% @%%Q@gﬁ?%@%%%‘ﬁ%aw €0 éo‘i%%gg@er%q? %%%}\l:ﬂra?_%ﬁ%%?&&@% mL),

i B B AT S TR €8 SRS A i B B LR e 20
°C dvh@r@gati@fwagrpmr@@ fsy 25 flarencrrarPaiRy tap FRA LN DM eas poured

care@liiaohidibedpvarinaif w88 4 B:22 tmsl a1i0080)ovas ahtainegasalseltathe

procﬁ%lt'%aggﬂrgcgéi (Aeeft- Eﬁ’e%%ﬁnmp& 3/ ns AN Q%Q\@Q{ngﬁﬂe IBiefem
andé% 26, e1&77@%4 7e 144% 1 40, 1 9% szl = r76 1016, 9 3
o9 gopoentrRieR MRS (536 W&S%’B ?35’3’5% SUPTERIBRY 08§ 1, g,

acetpta/BRH3)19), a&ze@wtmﬁf 5t FREYPOPTBEYZRM YT e BTN Wagthegmgfioxy-
3-niBo/@tdnidfdad 8oha); 1.3CNMR7 {9 NHEe GlCH3)p5uBa 145697 522hbk,
wiBE B e s el
R A 355 0 TR TR 555 o 450 as,
13420068/1.080811 LT 1EE2 0 DET 00196 90917 ’(@9'4&%0%%%&%65%@@&1%
N o ibenzafusan: 4o/l psterddy)) Bhitrordibenzefsare460i(3.01 938 Hz),

e T R bt TR e
56.83, @?ﬁhi_ 1%‘4%m16| tind B Farolitise Geh Bttt ﬁmﬁxi&ﬁe?’ fe®-55.
136temniTeyatiuie2of{ g, rescHd (L) MK ((als M8HELmae 2430 @1 ifidBthacd for

c.BdIon-Aftend fsihedaachiondgyyture was washed with a saturated
solution of sodium carbonate (50 ml-) and extracted with DCM (3 x 30

mL). The organic layer was dried over magnesium sulfate and evaporated
(d) fol\fieryBepreiviar sttt (Mhis solid was purified on a silica plug using

4-nBEMIERPH(Bod)ilasetéiant (B fuaismitie) titte boambatnd{4(5861igy 12 /56
pyrmﬁéQly%dﬁ)o?éea{Wtﬂ e ?F?é'%eﬁﬁon QRSa{GME Eodi ) 08 Oanpnd 82rdi0g C;
wa@ X %OH) nm 2043 IR g‘éﬁ43 15)%&%5% T%A'ZZQ 131? rwWas

B 558 1568 1155 é’é 17857 55@@2 667 NMR|
dne(geo mggemja@ ﬁlgged and then concentrated. The residue was purified by
flash chromatography using DCM as eluant. The product (1.88 g, 8.22 mmoi, 100%) was
obtamed as a yeliow solid; Ry = 0.13 (AcOEREP 1:4); mp: 175 °C; Amax (EtOH)/nm 238; IR
(em™) 1626, 1577, 1487, 1442, 1273, 1240, 1197, 1153, 1076, 1016, 983, 912, 817.; 'H
NMR, {300 MMz, CDCi3) 8 8.35 {1H, s, OH), 7.03 (1H, d, J = 8 Hz}, 7.42 (1H, m, J = 8 Hz),
7.56 (2H, m), 8.18 (1H, d, J = 8 Hz), 8.70 (1H, d, J= 8 Hz);, °C NMR, (75 MHz, CDCl3) &
111.68, 112.56, 120.85 (Cqg). 121.56 (Cq), 122.57, 124,00, 126.72, 128.83, 136.30 {Cq),

143.98 (Cq), 146.79 {Ca), 156.99 (Cq); MS (E1) m/z 229.1 M*; HRMS caicd for CioHNO,
[M+H]' 229.0370, found 229.0368.
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(1H, m); 7.55 (1H, d, J= 8 Hz); 7.65 (2H, m); 8.20 (1H, d, J= 8 Hz); 8.51
(1H, d, J= 8 Hz); 13C NMR, (75 MHz, CDCI3) 5 112.35, 117.12 (CF3),

119.49, 120.55 (CF3), 120.75, 121.38 (CF3), 122.81 (CF3
WOSB0660%81 24 137.88 (Cqp), 142.32 (Cq), 148.21 (Cq), 15%’ é'é‘%‘?%@’%“mg

MS (El) m/z 361.1 M'; HRMS caicd for C13H6F3NOBS [M+H]" 360.9862,
found 360.9861. (f)

1-Nitro-4-(4,4,5,5-tetramethyl-1,3, 2 dloxaborolan 2-yl)dibenzofuran (12) in
(e) GiBohenkitabesuli(iineid dkato)diheranyB07s/mge1 211 mmol) and
1-NiPel@ssHIBTAGRIae (26 (- 13 B hthd Gvmrealiowese i pul5echin, disvien® -40

°C a%l%r@%#@ Qiggs,ﬁ 09'9”&5’5399%5 %’g%& w%re %R&&Fa%f 28,
2

6.05 mmol 0.30 ‘'mmol
20 refppy PR A adéfgavmmmé?ac BWIBm%’é% in |Eﬁ€5!?~?éa(“:ﬂf?ﬁflﬂ)‘ea¥‘?8"“°“
mixidegasseeht Thesoitioderive teernijdithtoddtre lintteasetive mdtubewstired

wasﬁé@ﬁ@ﬁé@ﬂi@ﬁalé’eos@zﬁw’n]cﬁ shailtReBsalin gs DLtk e adoied (3 x
30 mi_ Utll% ?Fi&l%a%ecq éﬁé‘&éﬁl% g\:%h(?um ls)d J%g g}z%ne Qa? io Ylel

gnesiu te and evaporate e resiaue was

orowh giia JRFSRG Ve BEMIE P HEAPAG %?M%%Pe%f% \RG Sl dndhisn
the tiwerthDOM /IAT38H,(9B3E) o iver ahe whitzepih RuetSBAKPIGNMEEM:4)

mp:CORIAT “Th&. Qraduchwaseonceriraiedangdwaghedwih sogiumas, 1317,
a 1 t e a e t
RIS e e T BRI o
1Howﬁa?’n%‘%| A8 ybn’omﬁéﬂh&/éﬁa@*m)z 80 1(ACOET-EPZ:A8) d18’5 gHa);
15 NMBX((EIBH)/0DCRAT 1R, (M) 7208GF17 019. 406 2240 .55 97F ) 520, 754 147 .38

(crifudds 98] 520, B 0% 2 S0 I Re A48 04045 954&"@554 s
(coh s [t T DR SRR B Bl O

3609864, 8.19 (1 H, d, J = 9 Hz), 8.66 (11-1, d, J = 9 Hz); 13C NMR, (125
MHz, CDCI3) 5 24.82 (4 x CH3), 84.78 (2 x Cq 35 0), 112.14, 118.07

0 KB 1%%,9% 511%95%99@){ algﬁfé%b%?o? i é;‘r,%%éJ o%?fénﬁ@z 44.81 (Cq),

WO 2006/109081 PCT/GBZ2006/001369 4

57.33 (C 1.39 (C
i o BADS Y36, D TREATS BR Top A A B T PSS 2 d
(1.939.1270 rr(mgiswm@@@ﬂjﬁed in dioxane (10 mbL) and degassed. Concurrently, 4-

hycdSolijfiater3-tmeipbal mrdad-mrao2 alp g rimidifed, eaciidm: @4+ HgOHs00
mm(o)ﬁl)_lawc!l_gp'p}# &)EH' QN@S!H %\4\31)%&:5 S\JMbQRSQdQI dioxane (10 mL) and degassed.
The solutions were mixed together in the Schienk tube, stirred and heated at 110 °C for 18
h. Upon cooling, DCM {20 mL) was added. The solution was washed with water (20 mL},
then dried on magnesium sulfate and evaporated. The residue was purified by flash
chromatography using DCM/EP (6:4) as eluant and realising a gradient toward DCM/AcOH
{88:2) to recover the entire product striking to the column. The product was concentrated,
and washed with sodium carbonate {23x20 ml) to remove the acetic acld. After evaporation,
the product (1.783 mg, 5.26 mmol, 87%) was recrystallised in DCM and obtained as yellow
crystals: Ry = 0.30 (ACOELEP 1:49); mp: 185 °C; Anax (EtOH)nm 347; R (cm™) 2881, 1701,
1624, 1587, 1521, 1474, 1447, 1369, 1329, 1308, 1192, 1172, 1137, 1043, 879, 883, 852,
818, 785, 754, 732, 663; "H NMR, (300 MHz, CDCl3) & 1.48 {12H, s, 4 x CHj,), 7.46 (1H,t, J
=6 Hz), 7.63 (1H, t, J=6 Hz), 7.76 (1H, d, /=9 Hz), 8.01 (1H, d, J =9 Hz), 819 {iH, &, J =
9 Hz), 8.66 (1H, d, J = 9 Hz); C NMR, (125 MHz, CDCls) § 24.82 (4 x CHs), 84.78 (2 x Ca-
0), 112.14, 118.07 (Cq), 118.61, 120.28 (Cq), 123.42, 125.82, 12947, 133.50, 144.81 (Cq),
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93141516 ?TfN.~ >\~15017 (a) 2,

9-dihydroxy-pyrido(2,1-a]pyrimidin-4-one (14) A mixture of malonic acid

bis-(2,4,6-trichloro-phenyl) ester (17.33 g; 37.5 mmol) and 3

Wﬁ&/ﬂ'ﬂ%}’% Amino-pyridine (13)(4.12 g; 37.5 mmol) d|ssoIve(i’fﬁwc“m‘}emﬁ1369

bromobenzene (37 mL) was heated at reflux for 3 hours. Upon cooling,

the reaction mixture was filtered anggthe solid 10 was washed with

ethanol. The solid was solubilised in"1 M NaOH and drops of AcOH were
157 23d6d)td §ir88ifIiat b é5brodudt B2 M palMie Helad Solit:(B:53\§)s Vistd =
33098%6. MuRd 3rDE 7(degradation); Rf = 0.11, MeOH:DCM (3:17); UV: ?max

= 252 nm; IR: (cm-") 2862, 1688, 1564, 1374, 1295, 1102, 783; 'H NMR,

(DMSO, 300 MHz), 3 (ppm): 522 (1H, s, CH-3), 7.12 (1 H, t, JHE-H7 =7
“'W&'”ﬁ%ﬁ?ﬁ? st P PhRIAY P2 pbpeiisistens () JHG-H7

= 7 Hz, 15 Harom-6); 8C NMR, (C 75 MHz), 5 (ppsn): 103@50
116. 1£.05, 119 '7 1485{&57/26 157.5 t)\,,

2- C)@% hydroxy- one7I57I a tound bottom
flask d|hydroxy pyrid [2 1 a]pyrlmld -one (14)(1.07 gj 6.0 mmol)

20 was1dissolved in phpsphorous oxyehloride (7.5 mL). f&his solution was
heated to reflux for 48 hours. Upon cooling, the reaction mixture was
poured carefully into ice cold WaterTgloo IPL.) and adjusted to pH 7 by
addition of a saturated solution of sodjum,carbonate. The aqueous layer
was extracted with dichloremeth neN"I'h organic layer was dried over
magnesium sulphate and evapora yield a brown solid. This solid was
purified by flash 25 chromatography uSing dichloromethane as eluant to

(a) Busrighrdivetitiericof?) paumd agia-ywinte 1gplid (712 mg). Yield = 60%. m.p.:

A ﬁﬁ%mﬁ%é&&é‘écwggﬁ Qg:Mc(ﬂopogrth $seRge7. é%zza’r']@ﬁ'rﬁ gLl (Rt

R, e o o IO de,

heajeda: refuy MR-? (‘@EFE:IS{PBOGQWH@)?@ ([BASHOD Gatprevas tierss) apdihe peld
was, wkdBetl%ith BthimoH alomedh) WaR Soldsel BHTANSGHBahtzditdps oBhcBIB Wéle

addds ¢ JlGdildie tl?e??odﬂi%@@ gé\ %Q!BM% (€33G13yidR Msda), B (PRiy:ic
103.25, 116 46 117.05, 119 43 97 “
(dsgradation; T MaGEEDCM (3°17); UV Ymax = 252 nm; IR: (cm™) 2862, 1688,

1564, 1374, 1295, 1102, 783; 'H NMR, (DMSOQ, 300 MHz), & {ppm): 5.22 (1H, s, CH-3), 7.12
(TH, 4, Jugrr = 7 B2, Harame7), 7.27 (1H, d, Jurass = 8 Mz, Harom=8): 8.43 (1H, d, Jreur = 7 Hz,
Harom-8); °C NMR, (CDCls, 75 MHz), 5 (ppm): 103.25, 116.48, 117.05, 119.03, 143.97,
148.82, 157.26, 157.50.

(b) 2-Chioro-9-hydroxy-pyrido[2, 1-ajpyrimidin-4-one (15)

in a round bottom flask, 2,9-dihvdroxy-pyrido2, 1-aipyrimidin-4-one (14)}1.07 g; 6.0 mmal)
was dissolved in phosphofous oxychioride (7.5 mL). This sclution was heated to reflux for
48 hours. Upon cooling, the reaction mixture was poured carefully into ice cold water (100
mL) and adjusied to pH 7 by addition of a saturated solution of sodium carbonate. The
aqueous layer was extracted with dichloromethane. The organic laver was dried over
magnasium sulphate and evaporated 1o vield a brown solid. This solid was purified by flash
chromatography wusing dichloromethane as eluant to furnish the litle compound as a white
soiid (712 mg). Yield = 60%. m.p.: 162°C; R;= 0.34, MeOH:DCM (1:19); Mass Spec.: (miz)
198.93 [M+11" (Rt = 4.67 min, 12 min gradient}; UV: Amay = 210 nm; IR: (em™) 3103, 1684,
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148.82, 157.26, 157.50. 5 (c) 9-Hydroxy-2-morpholin-4-yi-pyrido[2, | -a)
pyrimidin-4-one (16) Ina round bottom flask,

2-chloro-9-hydroxy-pyrido[2,1-a]pyrimidin-4-one (15)(141.7 %% o309
Wr‘ﬁﬁ%fflg?ﬁlmorpholme (314 ,L; 3.605 mmol) were dissolved e(tii%%g &1

mL). This solution was heated to reflux for 18 hours with vigorous stirring.

Upon cooling, the solvent 10 was eygporated. The yellow raw solid was

recrystallised in ethanol giving 173.8 mg of white crystals. Yield = 97%.
163fh. 121 D 4868, RE 01295: Mé@%@mm -38) Mivka s (Spras. 6 ¢hifz), 248H08), 7.11
(THIM3bL RE R4 192,710, 7125 1180, Graghient)s; HaVH2, e s=s26THIR IR, oms),

Hams%?zaéﬁ% %éééla 17%%%)4%?%? Zg%ﬂ#&éqgﬁqy%g O(E;CP‘IQIE’S 599 MHZ)

&C% 3.56 (é ne), 3.75 (4H
148§2cl354R0tphofine), 5.55 (1 H, s, CH-3), 6.80 (1 H, t, JH6-H7 = 7 Hz, 15
Hamm-7), 7.02 (1H, dd, JH7-Ha = 8 Hz, JH6.Ha = 1.3 Hz, Harom--8), 7.33

( de@xpﬁ%&pﬁzfﬁiﬁy%rﬁHT@TLﬂ?pyn%)fﬁf% By 1.3 Hz, Harom-o)

Z
e e JOXTE
0.7 mmRikers MoRRENR B3 Hyrddpmme) wmﬁimﬁlméﬁee(w)om mla This
scltime edclaralnddiotitdm fiasluwithfaibetmosiates, Upon cooling, the solvent

wasgét?é@f@%@g Zﬁﬁgﬁg&ﬁb@aﬁ/ XEIE’V[\Y)QQ és@]ln?gﬁ'm'g%ﬁ’?g B?f?/d%q)}@ & h@ot white
u
‘"’W%a%th\mam %é“ (23, B B‘{gﬁés 3 ‘Fn%r?\ﬂo addlgg&og 5 GRS FimiE=) 248.08
M+éhr€%n&e92(w=m012rﬁ1n gzdianthnidl) ~semiBAtse itRidaml'bBIPEME0asess,
155a0ded d+rmmse do; meﬂﬁ&fmﬁbcm%u na-RYes BRM)iInUE34MiFaR- @‘ﬂglzt(l)on
o mper (6] tr 1l ure ept unaer
m ,I‘M.Qﬂﬁ% 3h%§‘ tlcggn%,i F3'hours %eg;éér)r;c}x—;dn mlxtﬁ‘?v%% vhv’a{; & with'a

duri ihe a
Horsshn/afad ColEfohsP RAZEOSG it} s oxhdiad (Hinpoh EB0 fhes:
JusTA¥ET birgdinigslayied WadidiieshdveNmageasium 3apRalesdpshevenoratedio
82 Yield adrown golido 5@'5@%‘9 Y‘@%E’Ufgé% bysHagh chromatography using

" dichloromethane as eluant to furnish’ the titie compound as an orange
solid (2.91 g). Yield = 90%. m.p.: 146-147C; Rf = 0.42; 30 MeOH:DCM
(d) &Tﬂ@tﬁ\ﬁﬁ?fw&"i%m@g@ [ix:Y Wm@ncﬁp&e:{ B2 min, 12 min gradient);
in divee-rdidoroudd haton Rskarms b irdbohed4, Q:Efiﬂroﬂ.}lﬁ%&ﬂtﬁxﬁm%ﬁv 769;

oyritRIME pm%lr’u; %QQ (MNEK 159(@%%%5%%&"3&%!\'5%@ cooied

o S0l0 gt ﬁ il s EE A Gl AR

(2.8 gl7d %ﬂma@% JFRLpiEed M9 MIIERAE waskPedHivomiss o e TR,
miEB S, 06riikizp, SV 206AA808 1 TREHaRPA06/00th369a&0n mixture

was kept under -20°C during the addition. After 3 hours, the reaction mixture was washed
with & saturated solution of Na,CO; (50 mL) and extracted with DCM {3x30 ml.). The
organic layer was dried over magnesium sulphate and evaporated 1o yield a brown solid.
This solid was purified by flash chromatography using dichicromethane as eiuant {o furnish
the title compound as an orange solid (2.81 g). Yield = 80%. m.p.: 146-147°C; R = 0.42;
MeOH:DCM (1:18); Mass Spec.: (miz) 380.16 [M+1]" (Rt = 3.34 min, 12 min gradient); UV:
Mrax = 271 nm; IRt {om™) 1705, 1644, 1551, 1188, 1112, 839, 769; "H NMR, (CDCls, 300
MHz), & (ppm): 3.56 (4H, m, N-CHz-morpholine}, 3.71 (4H, m, O-CH.-morpholine), 5.53 (1H,
8, CH-3}, 6.80 {1H, 1, duewrr = 7 HZ, Haron=7), 7.48 (1H, dd, Jurse = 8 Hz, Jugs = 1.3 Hz,
Harom-8), 8.79 (TH, dd, Jpar = 7 HZ, Juews = 1.3 HZ, Harom=8); °C NMR, (CDCls, 75 MHz), &
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(ppm): 45.19, 66.87, 81.76, 110.16, 112.61, 116.85, 121.10, 125.34,
127 86, 128.13, 141.46, 145.79, 158.07, 160.42. (iv) Synthesis of
8-bromo-2-morpholin-4-y[-IH-quinolin-4-one (21) zx- Me (~
W3NS X= NH(C2H,)3 1& Br O O~ Br Ova O~ Br H O N fg &9‘}0136
BHH\SMeNO O Cod5 192021 (a)
5-(Bis-methylsulfanyl-methylene)-2;¢-dimethyl-f1,3Jdioxane-4,6-dione (18)
In a 250 mL two neck flask, a well stirred solution of
(PP AR IHSRPL18 3okt éla B afond {85 (kithulAis 4cith’ (#5035, Pe 141 46,
145.Aanidy.07 DMSR. (14 mL) was formed. Triethylamine (7.92 mL; 56.8 mmol)
and carbon disulfide (1.71 mL; 28.4 mmol) were added to this mixture in
. uick succession, The mixtur then tlrred vigorously for 1 hour at
() %goghqetséfnol#e%g)u?fgo%ze%% rﬁg)lihr‘g%gv?ﬁ n ar? ce-bath, ())domethane (3.54
mL; 56.8 mL) was slgwly.added{o the reaction mixture with cooling
(ice-batk). When thejadditign was comple reactlo mlxture was
alloweg tewarm tg rodm femper nwm&%t Utther.4 hours
befo diluted witR'ic& cold water (25 ratc g of the mixture
precipitated the 15 p odﬂeti(whu: was flltered and washed with petrol.
The product was obtained as a yeIIow solid (2 6 g) and was pure

enough for u bsequent rea ield = 45%H mlsc
, 1668, \ 264, 1199;

(literatuge28; 116-118C); IR
'HNMC%EJOWH@ yI1.52(6H.s, ACHB), 2.58 (6H, s,
3

2CH3-3°3C NMR, (CDCI3, 75 H}) 6 (ppm): 21.86[ 27.22, 103.32,
160.33, 194420 (b)

o EER EE aee T IB%‘T’EG preCon
In 236 Felpielaprk isigmets/itPiTRAaIR IR R Hate m@j@d@rﬁweﬂ% RTERIY
{(12ameZdaremeainiine ¢153(624napin B3MSommotLvese dissalvedeainyiamine (7.92
mi ;58 N AREBARR 3Ly NGRS MASSHITESLBAE this mixture in
guick succession. The mixture was then stirred vigorously for 1 hour at room temperature
bafore being cooled in an ice-bath. lodomethane (3.54 mi.; 56.8 mL) was slowly added to
the reaction mixture with cooling {ice-bath). When the addition was completed the reaction

mixture was aliowed to warm to room temperature and was sfirred for a further 4 hours
before being diluted with ice cold water (25 mL). Scratching of the mixture precipitated the
product which was filiered off and washed with petrol. The product was obtained as a yellow
solid {2.76 g) and was pure enough for use in subsequent reactions. Yield = 45%. m.p.:
118°C (literature™; 116-118°C); IR: (cm™) 3728, 1868, 1373, 1302, 1264, 119¢; 'H NMR,
(CDCls, 300 MHz}, 6 (ppm): 1.54 (8H, s, 2CHg), 2.58 (BH, s, 2CH;-8); *C NMR, (CDCl, 75
MHZ), & {(ppm): 21.86, 27.22, 103.32, 160.33, 194,

(b) 5-f2-Bromoanilino-{methylthio}-methylenej-2, 2-dimethyl-4, 6-dione (19)

In a 10 mk round botiom flask with cooler and nitrogen bubbler, isopropytidene
bismethylihiolidene maionate (18)(80¢ mg; 3.63 mmol) and Z-bromoaniiine {15){624 mg;
3.63 mmol) were dissolved in 2,2, 2-trifluoroethanol (3.6 ml). The mixiure was stirred and
heated to refiux for 22 hours, Upon cooling, the solvent was evaporated. The residue was
recrystaliised from methanol to yield the fitle compound as white crystals {1.192 g). Yieid =
88%. m. 0. 159°C; Ry = 0.31, DCM; IR: (em™) 2890, 1706, 1653, 1535, 1370, 1199; UV: A
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25 heated to reflux for 22 hours. Upon cooling, the solvent was
evaporated. The residue was recrystallised from methanol to yleld the title
compound as white crystals (1.192 g). Yield = 88%. m.p.: 159C

W8 31BERE IR (cm-) 2990, 1706, 1653, 1535, 1370, 1199; W’@??ﬁ%&“‘”“‘}
WO 2006/109081 PCT/GB2006/001369 51 = 313 nm;'H NMR, (CDCI3,

300 MHz), S (ppm): 1.69 (6H, s, 2GH3), 2.15 (3H, s,CH3-S), 7.18 (1 H,
dt, JH4-H5 = 8 Hz, JH4-HS = 2 Hz, Harom-4), 7.35 (2H, m, Harom 5 and
= 31H3WMRG@PPH 398 MiHEB Harm B HH (AHBHBCH 3. 2. Hiz(3Hasdihis33). 7.18

(1A 5L (1 4 BN, LACAMR, (DKM HZ) B dior). 18, 7520480
JHS%%@%}??’ 2 1202302 5 B Ba 0 JeR B RRR (9 s WRR,2L °
(PP (8. B ORI AIGG) PR3N G AEy1 T8 RS- 3 22 Afim BRI £ 3 GrbXERET.

1784®B-dione (20) In a 10 mL round bottom flask with cooler and nitrogen
bubbler, 5-[2- bromoanlhno

{c) érﬁ d%%lthlog 9‘ iN0)x o(rffélf[z?t?l ?lme enég%g gpn?e )éfzg %oxgr’:eo4662 g:oneren (29)

mor oline“1l "were

Inaj @@tﬁﬂh@r?fé%ﬁéﬁ'(l’“ﬁﬁl‘)o%@?ﬁlﬁﬁﬁ@%&%b@ﬁfréd?aﬁ?f@rﬁ%%t@@mo reflux
{mefoylb® hoet's, &hepp, Cootisyiths stlue (1 etareyapamitedo T hel residiotne
(110Nas § %ﬁ%‘%‘&ﬁ%@ %&H\%@Wb@ M@&&Qﬁéﬁ'ﬁ 8%%90#99 AR

(%)124%? eld = 50%. m.p.; 212-213C; Rf = 0.05; DCM; IR: (cm
St‘”‘iﬁyi%‘ﬁ‘? 595 B @SfOiiB@OiﬁzéJp@éﬁOctﬁ\? iﬁ?ﬁéﬁt‘@‘fif’?fﬁe‘iaﬁw& The

resifePEAs rs0G Ry, ftpmeinancs o (Geld HedtiHmaRad 4pwhitstcryslsls(8.124

g). Had 2GiH%-M morphatine); 8,660(d4 poNalR=&Hr 1 28HEQ, meuphatine) o2z,
7 2H,, t,

L A g R

t Jun B3 '(‘f CEN- m?fpi‘@@ﬂm‘é@(fébéléwé K2 e AP 93, B1844H, m.

Ha65 680 84.58), TOR. 84, 12064k =271 5,128, 92091 291081, V34,488 183 M6ys =

1.4 %4@%""]37%@ (20 NGB ramQrimenholin- i H-@yineka-4:08e (2158,

O B e 2518 GRS S P B 8 TP S ioxane-

4,6-dione (20)(103.3 mg; 0.2513 mmol) was dissolved in diphenyl ether
{d} EBfombR-Fhesrmlintese magusttved-ang deated to reflux for 4 hours. Upon

In 8(@&1!:'@19{ %Q%‘%@T&%m@%m @ng ]}ixqeyptwmér%f;é §Q{'Jr%8¥€>q R}@]d;oxane

suctio eS| du ri a romatogra n
TR B b e e,
mixE IS BRMHITE8 SN ﬁ?@}ecﬁélaﬁwaﬁw 'Pwso YmpnviedireeRaipyn ginanyas
addBpethe (2} 1RO Mt by Rictidn. 27henissid 2=rwids gradiarnty; filkn(cm-1)
cmérﬁg%é%ég e %&Wmeléin@rﬁéﬁzm&ﬁels%u%ﬁZ%h&%%uW%

EBLAS  EMPES Rl 75 e 9 B DM Nl

Wﬂ (B8 B i %ﬁ»?o%

(m!z) 3?0 98 M+11" (Rt = 5.24 min, 12 mm gradient Ji AR: (o) 3395, 2059, 2849, 1617,
1577, 1487, 1421, 1384, 1327, 1263, 1229, 1188, 1152, 1111, 1066, 998, 802, 785; UV: hpax
=254 nm; "H NMR, (CDCls, 300 MHz), & (ppm): 3.72 (4H, 1, Jup = 5 Hz, 2CH-N morpholine),
3.75 (4H, t, Jap = 5 Hz, 2CH,-O morpholine}, 5.85 (1H, s, H-3), 7.04 (1H, {, Jusuy = 8 Hz,
Hamm«ﬁ), 7.69 (1H, dd, JHBvH? =8 HZ, JHs.}-g'; =1.3 HZ, Harom“7), 8.08 (1H, d, JHS-HB =8 HZ,
Haon5); °C NMR, (CDCls, 75 MHz), 5 (ppm): 46.35, 66.59, 92.50, 114.53, 123, 123.50,
124.73, 134.45, 138, 156.08, 172.6.
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30 3.75 (4H, t, Jab = 5 Hz, 2CHZ-O morpholine), 5.95 (1 H, s, H-3), 7.04
(1 H, t, JH6-H7 = 8 Hz, Hamm 6), 7.69 (11-1, dd, JHS-H7 = 8 Hz, JH5-H7
1.3 H(zg Harom 7), 8.09 (1 H, d, JN5-H6 = 8 Hz, Harom- 5%@%@%%01369
W(b’ﬂ?f L MHz), 8 (ppm): 46.35, 66.59, 92.50, 114.53, 12 ’
124.73, 134.45, 138, 156.06, 172.6. Wm 2006/109081
PCT/GB2006/001369 52 (v) Synthgsis of
9-(1-Amino-dibenzothiophen-4-yl)-2-morpholin-4-yl-pyrido[2,1-

(v) Sypihasizipf- -G riviberdingppetiiapheg-4 Vi dimargholip-6y0-pyRidai2,07 22
ajp@dnbiif@afi-one (23)

9- (1J\Iltro dlbenzothlophen -4-y))-2-morpholin-4-yl-pyrido[2yt-a]pyrimidin-4-
C/ 2)Ina %@hlen B Q
it A-(4.4, 15 2-y)dhehzathiophege

(7)(9333 mg ol) and ¢ caeS|u (2.705 g;
sed in THE (8 mL). Argon ibbled in to the ion, which
nlcated for 15 minutes. Cgncurtently, o3

9 trlflate 2-morpholin-4-yl-pyrido[Z,1-a] pyrimidin-4-one (6)(1. 154 g; 3.045

10 mmol) and PdCl2dppf (112.7 mg; 0.138 mmol) were solubilized in THE

(a) 08 triliyroAtit emevibisp berbblgit darkoiheisehutiomdel ¢ ke jnasrdoni¢ated fay 15
In sBEMER wBRSSAlLians e @téﬂi&?ﬁ&hwg %tbt%ﬁdﬁla%@c%gtﬂ%&%%ﬁ%ﬁ&e

d at OC or 18 hours. I|n CM (20 m S
(7X %tllgms%lutl & bon er "%g?)% [J~|3-) e sn)lub?se% m ?HF

on W S was esdJWI%ﬁ on magnhesium
(8 ’%lt))rpﬁﬁ%”a“i‘ﬁf é‘yaie}@?atb*a t%@@@@d@%@?ﬁﬁmw fradi mmutes
CoghromtogtafEty-2isingetiykdb meetdtelB GV -asedyayit. Bitay, 3.045
mm%waa%raa@radﬁ BeProduss VM%%@Q%%H‘%%?&%M@MQ% sotid= (& 168 gﬁr Sielhs
bub%%g nio ih o?utlon \ﬁ%;cl;m was sor‘]\ic]é)(éM SSn‘i)lch::tes(m(@ g’oqgt%rls wer §Ead_
togefirar iﬂﬁ% f@isahm|6&5@%%5*332@%&%%&.@54@@&%6{2@ “egpidit
(204nbneH23)c2d INha rolutid bedtopadtaskyith water (20 mL), then dried on magnesium
sul&wége QH%%@Mh'W%t&éf s @ﬁ%@GWhﬁsbﬂcﬂwﬁﬁiﬂ@r&phy us;ng ethyl
ace S 9 aosi:lg E&f‘}g va gr‘a% mrl%o )c V?gsso (r?n ed a yéAT wsoild

RS SR R S

. %ﬁ%cﬁih‘é‘?@acﬁ%%vﬁas gtﬁeﬁCQtE?B&M tbmpdestfesvdmigHeerh@iedctim

4. 6enidtyre was filtered through CaliteTl, washed successively with methanol
(4 x 50 mL) and DCM (4 x 50 mL). The combined organic layers

i

{b) 8-(1-Amino-dibenzothiophen-4-yl)-2-morpholin-4-yi-pyrido[2, 1-alpyrimidin-4-one (23)

In a round bottom flask, 8-(1-nitro-dibenzothiophen-4-y)-2-morpholin-4-yi-pyridof2,1-
a)pyrimidin-4-one (17) (618.8 mg; 1.351 mmol) was suspended in AcOH (10 mlL). Zinc
powder (883.3 mg; 13.51 mmol) was added to this sotution and the reaction was stirred at
room temperature overnight. The reaction mixture was filterad through Celite™, washag
s_uccessivety with methanot (4 x 50 mL) and DCM {4 x 50 mL). The combined organic layers
were evaporated under reduced pressure. The residue was stirred with water (100 mL)y and
aqueous ammonia {25 mL) was added to the solution. The resultant precipitate was
coliected by filiration. The residue was dried and did not require further purification. The
product was obtfained as a veliow solid {(575.3 mg). Yield = 99%. R; = 0.36; AcOELDCM
(1:1); Mass Spec.: (m/z) 429.47 [M+1]" (Rt = 4.17 min)
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25 were evaporated under reduced pressure. The residue was stirred with
water (100 ml-) and agueous ammonia (25 mL) was added to the
solution. The resultant precipitate was collected by filtration).

WR AL ™nd did not require further purification. The produg-'?\:i(/?m%gﬁ%%%ﬁ
obtained as a yellow solid (575.3 mg). Yield = 99%. R, = 0.36;
AcOEt:DCM (1:1); Mass Spec.: (mz) 429.47 [M+1]+ (Rt =4.17 min) 30
WO 2006/109081 PCT/GB2006/001369 53 (vi) Synthesis of

(vi) Bynthasimet diberrdtrieitrarotbiopberrdrghs imariiolipediirdlinudnsiie-4-one
{(25)(25) Noz NHz \/1 Noz +*111o NNOBOO/NNJ2,0 2425 (a)
2-Morpholin-4-y/-8-(1-nitro-dibenzothigphen-4-yl)-1H-quipglin-4«gne (24) 5

hlenk tgb
na en e, amithyl 1

4_;4

) aborolan-2-yl)dibenzethigphene~.
mol) and caesiu cajbqﬁ;t (27705 g; 8. 347§q}/ ol)
We5e8§plublllsed| THE (8 mL). Ar a§ bubbled in to the isolutiol

as sonicate@sfor 15 minutes. Co currently,

8 bromo-2-morpholin-4-yl-1H-quinolin-g; -6ne (21) (941.4 mg; 3. 9545 mmol)
I2d 11 0.138 mmol) were soluybilized in THE (8 mL).
o) RS R S BIG0 1 CPRBE R L (L ST M for 15
In 2rApflRRISIUPRe! JulattIS WebdaimraiodetRal wiabrroBe o hkianetyinarane
(6)(a8tine 2tzesahBOCHa dBhavrsrbipat (poling; RSN (26honwanasciasicied. in
THA mqluzqra,envr@,% washes mnhwae%tl@omH1 {hendiedanmaghesm

nd evaporate ue was purif flas
Cor A PATS LF G R A O 0 40 SR thh 45 mmoD anc
Pdféxﬁ@@f)rh%ﬁ %&ﬂﬁmwa@r@rﬁ@m@%wwl&mw@ (2&5b8hklgy.in to
the ¥otltbr, 20%h RissOnddisAGOEE REMEL: T)cMasscopeers (Miz)ki4oh8ider in the

Scrﬁ%'k]tlrb@tirreé %%Q?egbat 80°C for 18 hours, Upon coaling, DCM {20 ml) was

e i-aming:dhenzotophen; €2 narpholli Vi unoln: 4 ore B

andzerﬁ@rﬁﬁ@q*mﬂp%/regl@mwgmrﬁ@rrz@tﬁﬁ?@r@mwwwhquiﬁwnatnybne 20
acel24)(ROB Myg; 45 2B mebrwaspstsipededrisuAt Qi dhtahdd 2ine nwdesiid
(2562433 7 8. R: = 0.24, ACOELDCM (1:1); Mass Spec.: (miz) 4.58.4 [M+1]" (Rt =
5.33 min)

(b} 8-(1-amino-dibenzothiophen-4-yl}-2-morpholin-4-vi- 1TH-quinolin-4-one (28)

ina round bottom flask, 2-morpholin-4-yi-8-(1-nitro-dibenzothiophen-4-yi}-1H-quinolin-4-one
{24)(365 mg; C.798 mmol) was suspended in AcOH (5 mL). Zinc powder (6223.3 mg; 7.98
mmot) was added {o this sclution and the reaction was stirred at room temperature
overnight. The reaction mixture was filiered through Celite™, washed successively with
methanal (4 x 25 mL) and DCM (4 x 25 mL). The combined organic layers were evaporated
under reduced pressure. The residue was stirred with water (50 mL.) and agueous ammonia
(15 mL} was added to the solution. The resultant precipitate was collected by filtralion. The
residue was dried and did not require further purification. The product was obtained as a
vellow solid (281.3 mg). Yield = 85.4%. Mass Spec.: {m/z) 428.4 [M+1]" (Rt = 3.83 min).
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mmol) was added to this solution and the reaction was stirred at room
temperature overnight. The reaction mixture was filtered through
CeliteTM, washed successively with methanol (4 x 25 ml-) and DC &
W?SZ?HH{’*I% combined organic layers were evaporated und&r fEBHEEEY 3¢
pressure. The residue was stirred with water (50 ml-) and aqueous
ammonia 25 (15 mL) was added to_the solution. The resultant precipitate
was collected by filtration. The residue was dried and did not require
(vil}fEihtbepariffcaticAriteditetzrivreasiatdineel pisclinyelibpydotiR(201.3
alpyNedialere8274%. Mass Spec.: (m/z) 428.4 [M+13' (Rt = 3.83 min). WO
2006/109081 PCT/GBZOOG/00136%054 (vii) Synthesis of

(1 ‘mino-dibeszofur holin-4-yl-pyrdoj
idin-4- NOz f\/y\ 5.J~+ NJrQJ\I,N
o 12 1726 v A

9 ( -Nfitro-dibenzothiophen-4-yl)- \&;h(olln -4-yl-pyrido a yrimidin-4

) In a Schlenk tube,
%ro -4-(4,4,5,5-t ;ramethyl 1,3,2- dloxaborolan 2-yl) dl@nzofuran (12)
(500 mgq, 1.47 mmol) and potassium *Rarbonate (480 mg, 3.69 mmol) were
solubilised in dioxane (10 mL) and degassed. Concurrently,

(a) B-ydtaxyit2mgtpipakn-4-y)-pywidotd/A-ialgyyiraigv-4joneBi0-iilate26) 7)
In a%@iﬁ’g’fﬂ&uﬁﬁ% mFBQﬂ) 204 E%Prfnkb%a e@ﬁ%@_#}%&%@%ﬁme (12
o e R e S e e
dioxgrgctth &1 8t dsgrssedmirpnepttikobtié cRevn@ehRiywhsvadelde-The
alpystition-arasonasifac Wt wedend 2021 knthemd redProR MADMESTINE mmol)

wersWialgiRpg ;ﬁ\é?c%ﬁ%t% JNSAESIdue was Hilaied o vb%%%@%@latﬁ&qn e
the p roduci( 7@ m\'\%\l 0. 85 mmol, 69%) was filtered off E)rown soli b%pon

”’“Ci?‘i"a"%"@is o i%e%ﬁo(‘,hep[““’ PUBBISTR Fgs! |F‘€ & 4y 1o
000&1@7@%3%0 Tswaqsaqedls% spigion wssvaq@@wmea(@gmmlmn dried

on hedEEsLOR 8280 a8F Byio0tdd. NIVER 6300 Wi ZiGRXEd3) BoBdéirAddi, 4d Zhe
proa’ulé{ (%‘752%806%@%%) o { AL ed X:QsCGfMAUBROKNED, BRALSE Sn

262 C /\max?lgt Yhm 288 IR (em™") 1708, 1673, 1631, 1599, 1541, 1511, 1430, 1338,
1306, 1230, 1194, 1116, 1070, 1028, 998, §75, 860; "H NMR, (300 MHz, CDCl3) & 3.26 (4H,
m, 2 x N-CHz-morpholine), 3.47 (4H, m, 2 x O-CHa-morpholine), 5.57 (1H, s, H-3), 7.03 (1H,
t, Jnenr = 7 Mz, H-7), 744 (1M, t, J =7 Hz), 7.58 (2H, m), 7.74 (1H, d, J = 7 Hz), 7.86 {1H, 4,
Jd=7 Hz), 8.24 (1H, d, J = 8 Hz), 8.66 (1M, d, J = 8 Hz), 8.10 (1H, d, J = 8 Hz, H-8); *C
NMR, (125 MHz, CDCl3) 6 44.41 {2 x CHy-N-morpholine), 66.32 (2 x CH:-O-morpholine),
81.09 (C-3), 111.58, 112.05, 119.26, 120.67, 123.89, 126.28, 127.57, 128.32, 128.7¢,
128.95, 130.01, 138.39, 142.88, 143.92, 148.48, 154.66, 157.04 {Cq), 158.67 (Cq), 160.28
(Cq); MS (El) miz 443.35 M™; HRMS calcd for CoaHigNyOs IM+HT™ 443.1350, found
4431352,

(6} 8-(1-Amino-dibenzafuran-4-yl)-2-morpholin-4-yl-pyrido[2, 1-ajpyrimidin-4-one (27)

in a round bottom flask, 8-(i-nifro-dibenzofuran-4-yl)-2-morpholin-4-yi-pyrido[1,2-a]
pyrimidin-4-one (26) (300 mg, €.68 mmol) was suspended in AcOR {5 mL). Zinc powder
{445 mg, 6.8 mmol) was added to this solution and the reaction was stirred at room

temperature overnight. The reaction mixiure was filtered through celite and washed
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t, JH6_H7 = 7 Hz, H-7), 7.44 (1L H, t, J = 7 Hz), 7.58 (2H, m), 7.74 (1 H, d,

J=7Hz),7.86 (1H,d,

J=7Hz) 8.24(1H,d,J=8Hz),8.66(1H,d,J=8Hz),9.10(1H,d,J=8H} %% %?Q%ﬁ@

WOFNRAR) 125 MHZz, CDCI3) 6 44.41 (2 x CH2-N- morphollne ke

CHZ-O-morpholine), 81.09 (C-3),111.58,112,05,119.26,120.67,123.89,

126.28, 127.57, 128.32, 128.76, 1g7§ .95, 130.01, 138.39, 142.88, 143.92,

148.48, 154.66, 157.04 (Cq), 158.67 (Cq), 160.28 (Cq); MS (El) m/z
SUCCRASEHY MthHRIS ehitd 6T 22 I8P 05 bHHDY. 408 t8BDInksLIerdanic layers

werd4aaFaddnde) reduced pressure. The residue was stirred with water (100 mL), and

cauSib AR DETO A Zoperphol Byl o

In a ro n
colgips HY B@nu%lfaFﬁﬁdzfveﬁpzrmahaﬂf-mfypm&%m 4fing AcOEt as
slugpy Hrfiistion B BB0hIHDIBE M ol Walsdblsren e Role B (532
(AcOHE). N eROTHRL, (E4OHDEm G meh: \yassaddeshiodhis sotutiorsanddhe
1637CREHON ¥HaS %!Jée%% oo 3?90?%@%% ?YSE”‘Q% F?ng%g&'%g 909,

mlxtuye was fi tere I’OU ce |te ana was
85556%/@%%66?6%%@ %%Bh%éé’éﬁ\?@lir W%%MP(&“&'@B b2 ™ 2
x ODBMNEthSBeNle 7T litHcorabiffedk DiyeiicHayers TWerp Boaioratsd, undeso

zHrefoluggé pigssure. ﬂhlg regig WAS ML ado i) M%%@Q@pgh t@a@thoEme)
ammonia a e )

68. &qéﬂup ate wrgsr%o &éé@@f |’Itfé%qgu %éﬁ'g ol%o\ﬂt%s? %"'h E’(ﬁ

127 rdrtfafdgrapiy USIRGA S EaBad S B st téﬁ%ﬁ%éﬁ%é&ﬁ@d@ﬁipb’iﬁw@

(Cqf268 BRYCERHI8RMDICYRINE 8B arwehites 3olid’; Rhal AC3Rd (ACOERt ynehp;, 2084, 0;

b s, Lo S SR b b s

w'%%r Czﬁé*f‘g‘ é@@%@gg%&é 058U Kﬁa%? %300 MHz, MeOD) 6 3:36 (4H,
m, 2 X N-CH2-morpholine), 3.52 (4H, m, 2 x O-CH2-morpholine), 6.72 (1

{vilifSehthesid b2 -(6-BthdoHlijiedzafdritzl-yvi) ZriofndE i 47 pi88c18)1(2H, m),

a}pﬁm% 4@@9J(zgy Hz); 13C NMR, (75 MHz, MeOD) 6 46.23 (2 x

CH2-N-morpholine), 68.02 (2 x CH2 O -morpholine), 110.44, 1;H2 78,
114.5%q4, 122.46, 124 53,.125.587¢.q), 1127.53, 128.01,

33.88, 1450 82 (Cq 0 (Cq
(dq) m/zzis’(ng M'ad.(cﬁé

C24h;|20N403 + ll4 mol MeOH: C{69.48; <
69. q—l 4.79, N, 13.38; HRMS 15 calcdyfor C24H21N403 M
313!1608, foun@'413.1609. U (viii) Syntr?ess of

9-(1- Amlno dibenzofuran-4-yl)-2- morpﬁolln 4-yi-pyrido[2,1-
(a) QTW%ﬁybﬁ-éT@@)o dibenzofuran-4-yl)-1H-quinolin-4-one (28)

In a Schienk tube, 1-nitre-4-(4 4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yl) dibenzofuran (12)
(500 mg, 1.47 mmol) and polassium carbonate (480 mg, 3.68 mmol) were sclubilised in

dioxane {10 mL) and degassed. Concurrently, 8-bromo-2-morpholin-d-yl-1H-quinolin-4-one
(21) {380 mg, 1.23 mmot) and Pd{PPhy)s (71 mg, 0.08 mmol) were solubilised In dioxane (10
mL) and degassed. ,The solutions were mixed together in a microwave vessel, which was
placed into the microwave reactor at 180 °C for 3¢ min. Upon cooling, DCM (20 mi) was
added. The solution was washed with water (20 mL)}, then dried on magnesium sulfate and
evaporated. The residue was purified by fiash chromatography using AcOEVEP (8:2) as
eluant to furnish the fitle compound (303 mg, 0.74 mmol, 60%) as a yellow sofid: R; = 0.67
(ACOEL); mp: 247 °C; hnax (EtOHYnm 251; IR (cm™) 3421, 2852, 2360, 2333, 1614, 1573,
1500, 1435, 1429, 1348, 1309, 1233, 11989, 1152, 1124, 1039, 991, 917, 866, 823; "H NMR,
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NOINHz /\/NNJ/O/NNJ 1221 0 28 29 20 (a)
2-Morpholin-4-y1-8-(1-nitro-dibenzofuran-4-yl)-1H-quinolin-4-one (28) Ina
Schlenk tube, 1-nitro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
WEBAEASRIPAN (12) (500 mg, 1.47 mmol) and potassium carggﬁﬁg REH01369

mg, 3.69 mmol) were solubilised in dioxane (10 mL) and degassed.
Concurrently, 8-bromo-2-morpholin-4-yl-1H-quinolin-4-one (21) (380 mg,
1.23 mmol) and Pd(PPh3)4 (71 mg, 0.06 mmol) were solubilised in

(30@bta i) 25.0dL(FEnoch degassedmbipbdioh)tidng weremtixedtpgether in a

mor%@fx%ﬁ’ay@\@ﬁsgl fwéyehwa%},@ﬁeﬂ inta thesgisrp V%EaC%@rzﬂ +30eGa+

20,10

2110 3@6’}] fuponLepgl WFSHQ% caicch% éon SRty

d with \}vater on magnesium sulf af"é
4424\?‘350‘%‘(&564%@?55|due Was purlfled by flash chromatography using
AcOEY/EP (8:2) as eluant to furnish the title compound (303 mg, 0.74

i e g z’ﬁ‘é zﬁ%ﬁgé‘f@ 5, 1500,
: afﬂ%@%ﬁ@%& R Dok e ey pEg-one
(28)350 M, RIFFRIVIRD WeDB/1RRI08Y IPESHiC SO 0ETU01 369 W(@omﬂm 6.58
mME D@1 0 o GnaGHR: Martarphadingyed S ddib-Empe2tr€HZ-O-
ovem@F@h@H@@zaér&Z r%!f:!;r@ Wﬂs?fﬂtefeé%% (2bte M ;hié_lrl Sgah%l@e@édcé@%swely
m/z
i B T A P A B s e ST
@"’aﬂﬁrﬁti‘é%d% erugsd PapRRYGRdiDE TS R HRIWES- SR D MR- BS M), and
aquebgriEmotiond-Oise(20)4a addedndthotiwimdiasikhe resultant precipitate was
coll eRPEpRBRh Y rBs (Aslifie 9&@%@5%99@%#&42. ﬂé#u%wmf%a%ﬁ j’%@
uspended jn acetic aci er
pm%ﬁggz%gmg %8 mmoc% Vévqsga et t?én &1 8 (%?fhe r‘é‘f‘szglon ﬁ\é"‘"‘
(EQthien %ﬁdBrﬁ@éﬂwb@@ﬁtd 24 %d%ﬁ%@nﬂ TPRe rEKetiBATIRI N a8aeréd
74ghmagbscelie anditrenasashed snCeessivelyyith pethamoltdxdime)|9.58

d b
RS DCN, u(g>e¥n§§p;ah%emeg§%g LRL0EB0IG R Vrvﬁgﬁfﬁe‘ffvs,o%ﬁff%nﬁ“

5 5%&6‘566% el (1 it Was BGaetid e & tiont MM A e MeOD)

8 4pPadipitatidiarmorphoiine), 67.44 (2 x CHx-O-morpholine), 111.94, 112.83, 122.96,
125.05, 125.57, 127.63, 127.87, 131.55, 132.68, 135.32, 146.21, 156.79; MS (ED) nv/z
412.25 M*; HRMS calcd for CasHaaNaO [M+H]* 412.1856, found 412.1654,

(ix) Synthesis of 8-(1-Hydroxy-dibenzothiophen-4-y}-Z-morpholin-4-yi-pyridef2,1-
alpyrimidin-4-one (31}

NH,

23 30 31

in a round bottom flask, 8-{1-amino-dibenzothiophen-4-yl)-2-morpholin-4-yi-pyridof2,1-
alpyrimidin-4-one (23)}(137.2 mg; 0.32 mmol) was suspended in sthanol (15 mL}. HBF, (664
uL; 4.81 mmol) was added dropwise af room temperature, After sfirring for 15 minutes, the
reaction mixiure became a clear solution, which was cooled at 0°C and t-butyinitrite {76.1
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collected by filtration. The residue was dried and did not require further
purification. The 15 product (246 mg, 0.60 mmol, 91 %) was obtained as a
brown oil: R1=0.44 (AcOEt); Nmax (EtOH)/nm 315; IR (cm11708 1572,
WOLHO/9%H 1190, 1116, 1049, 1010, 931, 880, 827, 748, 753 BEHEEESS
'H NMR, (300 MHz, CDCI3) 5 3.11 (4H, m, 2 x CH2-N-morpholine), 3.58
(4H, m, 2 x CH2-O-morpholine), 5.98 (1H, s, H-3), 6.85 (1H, d, J = 8 Hz),
7.25-7.51 (3H, m), 7.52-7.68 (3H, m), 8.05 (1 H, t, J = 8 Hz), 8.67 (1H, d,
pb; 0.64 Snbiz); MBCGAIRRAES W HiUe AR eBB A 810R/(@was diluted with ether (25

mL)CHBrd PRI RS &Y o4 (A G P RURE) withl®dr &12563:.) and

22.96 5 05,.125.57, 127.63 27 87 1 135 146
d*‘*@% ST 5 7 D i (L B S B R
mL)Lprtq_xglgg W g)j_lgel(ggj 8(m§g %ﬁg@@g gpd stirred for 1 hour at room
temBe(dtlidy dioxyeddyern zothiop vess- Ayl Daadophe limedsy k@it dGI2 rési2de was

purlﬁ&eﬂmﬁ@%ﬂr@ﬁﬁd&%bmgrwnﬁ%ﬁd@ém 28 NNiDhrnt NN Y- Bro@Ri&Pds
o dga ma?’ cm wa ts&ut% f/m ﬁ/l?? k5225 e] R[%du?t was 0 5\ TEG as a veliow

iDerzothio
soligyf W‘rﬂ]ﬁl nYk?'BrTéi %53)?’%? §pﬁﬁ; (0‘@? dNW&s B8 Sﬁ Biin ethanol
(15 mL). HBF4 (664 L; 4.81 mmol) was added dropwise at room
(x) SmpeLa Wie-Alighisting fRbARMINYILSMBERBINCAGHONTBN G- Besane
(33)a clear solution, which was cooled at OC and t-butyinitrite (76.1 WO
2006/109081 PCT/GBZOOG/001369 57 L; O 64 mmol) was added After 30
minutes, the reaction xture ; A
S rmed af dvyasmIt red off-t eashed with etherZ x 5
This s Ild was addedto a sBIUtidn of qUpfic-nitrate (23.19
mm ) in watel (500 mL) containing€upfo §We%|de (45.78 mg; O
an@_s%ﬂed for 1 hour at room 5 temperature. The agueous solutiofrwas
iiltered to afford a brown solid. The residée was purified by flash ©
chromatography using methanol/DCM2:98) as eluant. The by®product
(a) tidornd diatpirfationitwadtisotatedin' ¥ Y hherd(22:64agy. (BB product was
To QREAINGHAS-Ayelow 4lidhmd o). el adf¥arMagsdireesi(raid)iz,

0. 3@%%E[MT£ égﬁhyg gL% 'EﬂH”L&Q %§§(f§£@%§f§dq}ilfiuoro methanasulfomc acid 2-

-amlno enzofuran-4-yl)- -morPhom- -yi-I-benzopyran-4-on
morphohn»ﬁf—ys—t@-oxontﬁ% 1~ benzopyran~8—yl esier {0.24 nmimol, 0.091g,"see WO 03l024949)

potassiurn carbonate (0.6 mmol, 0.083 g) and tefrakis (triphenyiphosphine} paliadium (0.015
rmmol, 0.018 g). The reaction vessai was sealed and heated under the infiuence of

microwave radiation (140 °C, 10 minutes, low absorpiion setiing}. Upon completion the
reaction mixture was fitered through a thin pad of silica and the cake washed with CH,Cl .
The solvents wers then removed in vacuo to give a light brown solid residue (0.13g, 100%)
which was used without further purification. miz 4434 [M+H]" (Rt=4.78 min)

(b) B-{1-Amino~dibenzofuran-4-yi}-2-morpholin-4-yi-1-benzopyran-4-one (33}

To a solution of 2-morpholin-4-yl-8«{1-nitro-dibenzofuran-4-yt}-1-benzopyran-4-one (32, 2.5
mmol, 1.11g) in acetic acid (580 mi) was added zinc dust {25 mmol, 1.64 g), portionwise over
ten minutes. The mixture was then stirred at room temperature for 2 hrs, whersupon it was
filtered through a Celite™ pad which was washad with methanol (20 mi) and CH,Cl; (20 mi).
Solvents were removed in vacuo {o give a slurry which was then diluted with ammonia

hydroxide (30 ml). and the resulting solid removed by filtration. The residue was purified by
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(33) _NO, _NH, NO, Tf~0\/\/100--1VolOBOp\IO{NJ~ 7210
3233 (a)

2-Morpholin-4-yl-8-(1-nitro-dibenzofuran-4-yi)-1-benzopyran 0
WO gg%f LAt éﬂ)& (‘&5301_369

1-nitro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-dibenzofuran (12,

15 0.30 mmol, 0.10g) in anhydrousggioxane (2 ml) was added

trifluoro-methanesulfonic acid 2-
flasthebrpmainanivdSiRo ueing MRSz Epian 169 pe slep bt givaihel der 0By oded
(75%Y 0 392404 Bhrefotassitim Gl HoRatE (@:-61mmok)0.083 g) and tetrakis

(triphenylphosphine) palladium (0.015 mmol, 0.018 g). The reaction

ve aled and e |an C mlcro ave_radiation
Exa 9?8% aﬁ%s nth %IVSVa soé:p#i%%%e o) %’[C n% cytlrﬁ%”& %i'ltﬁ%%'migm"
“O%éﬁion mlxture was filtered through a thin pad of silica and the cake

washed with,CH2CI2.~Ihe solvents were then re moved | acuo to give
a light brown_solid regidue (0. 139Ar100%) which as,\pse out further
punﬁcaﬂof@f 473, 4\Hil;|] (Ri:4. 76.mm;_(b¢/

8-(1-Amino® ofuran-4-yf)-2- rpholm 4-y pyran-4-one (33)

25 To a solutionof
2-morpho|in-4-y|-8-(1-nitro-d|benzofuran-4-y|)-1-be31azopyran -4-one (32,
2.5 mmol, 1.11§) in acetic acid (50 ml) was added zinc dust (25 mmol,
An dnbdigiatp ordfomwisi (VSeStemn Butestddseimiddtienwea $ 10 sty (eth ad
mmsmmrgemnmwa ftrara?cms%@agu@9&!&%@&%4@%&%@%9la@ CeligrM
aqh Icgra %‘?ﬁ \‘{vassh rg%gh ethan?ﬂ gZQC f)g?% (; é]- g olin-4-vl-
A9 veEntS Were rem in vacuo o give 23y Whi WA eI Eliotad Y

PYTigRER hﬁl%ﬁi%@"ﬁ%%%go(w rﬁu?ﬁa%dwré r@%mrﬁg%h@%mﬁéﬁiwzed
in dftiteatioR. rﬂh@@e%&%ﬁ&@uﬂﬁ@@b@a%ﬂ@ﬁ@ﬂ@%iuhm which was

sonPQché%ﬁ?@%AQ%@Waéﬁrfé@%%}(&)m@é%@ﬁ@(f&&%% QhM&%iadmm
(158m fA% 99 as ellgent to $ es&r% produ gf #% analyticall Y

purg orm: m2ats S'?I\ﬁ‘ﬁg] S 110 =G ] ) [ P%%ne‘"”leéyﬁfﬁ%%s
t”b‘?PoW@WWt@“W%%Wﬁ-@WF%rWQ ,‘f[aﬁ]sﬁmﬁﬁﬁﬁlfi)f 5 ﬁnﬁiﬂ@e@[ﬁ OTefL
each-sQUAET@as mixed together in the carousel tube, stirred and heated at 95°C for 48
hours. Upon cocling, the solution was fillered through a Radleys Discovery Technologie
solid phase exiraction coiumn of 500 mg of silica, which was placed on a stalker paraliel
purification system. The column was washed with ethyl acetate (20 mL), and collected as
Phase 1. The column was then washed with dichloromethane/methanoc! (85:15) (20 mi.) and
collected as Phase 2. Both phases were checked for product via LC/MS. in some cases,
phase 2 contained only impurities, in other cases both phases were combined and

avaporated. Dapending on the produci, the purification was performed by HPLC or by flash
chromatography.

Compound Ar

34a O O

=3
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NNJArNNJYB.Y N\ QQN\ 34 17 An appropriate boronic acid
(0.395 mmol) and potassium carbonate (109.3 mg; 0.7914 mmol) were
introduced in to a carousel tube. The flask was evacuated and urgued with
Wé’fé%ﬂﬁ./lﬁﬂ@ operation was performed 3 times. In a Schienk ﬁ%rZGB 061001369
O-triflate-2-morpholin-4-yl 10 pyrido[2,1-a]pyrimidin-4-one (17)(100 mg;
0.2638 mmol; per carousel tube) wgs solubilized in dioxane (2 mL; per
carousel tube). Argaon was bubbled in to the solution, which was
sonicated for 15 Afiutes. In another SERlenk tube,
terakis-(triphenylphosphine)-palladiy 2 mg; 0.013 Immol; per
carousel tube) was solubilized in digxane iL; per carousel tube).
Argon was bubbled in to the solution, which was sonicated for 15 minutes.
2 mL of 15 each solution was mixed together in the carousel tube, stirred
nvaRd hgated at 95C for 48 hours. Upon cooling, the solution was filtered
4 'th}[é}lﬁj[gh a Radleé/s Discovery Tgchnol%?]ie solid phase extraction column
3420 SO0 WRen R MARS Bh B Sthifktdrpareirinpusifsdfidnm, O-
CHzgystenal ENESEE U swBSHERZHEd With sibylacetate (20mE ) andcaieeted
7.5638.5P @senl. Trecetumn was MienwashesiVino s 23 oH, m); 2.04 (1H, da).
dichloromethane/methanol (85:15) (20 mL) and 20 collected as Phase 2.
.s Both phases were checked for product via LC/MS. in some cases, phase
C-DidBntaiel SRR MdpufitRrmint b Bl ginas s dr (S témbined
morgnalinei@pBFatRid-AD apeadintHen); thel prodeet dshecpiadficadion, wasss: 127.30;
128 ReTIOIINSd D3 P LiG40rbY 45950 GRIIMAIOERARRY o6 OMPPMNG £ 343 WO
(ngggg%o Q81 PCT/GB2006/001369 59 34b 'NMR Result; 34a: 1H NMR,
(CDCI3,"300°'MHz), 8 (ppm): 3.36 (4H, m, N-CH2-morpholine); 3.56 (4H,
m, O- CH2-morpholine); 5.64 (1 H, s, CH-3); 7.01 (1 H, t, JH&H7 = 7 Hz,
34bHEHNWR); (TABH! 3D (RHE)8)phnT- 585747, (2K-0M o HoliR2; 6L, @n); ¢, o-
g SETARABLSAL BABERS QI T 9,08 D). LiC MBS IGRELS

300 MHz), m): 44.83 (CH2-N- morphaline): H
Hamm»ci%enchuran}(,p%?ﬁ‘?)(‘iH, dd, Juyres = 7.6 Hz, Fyg_Hg = 1).3 Hz, Mawm-B); 7.94 {1H, dd, J =

7 Hz, J = 1.6 Hz, Hawm-dibenzofuran); 8.01-8.05 (2H, m, Haem-dibenzofuran); 9.06 (1H, dd,
sy = T HZ, dngae = 1.3 HzZ, Harom-B6).

BC-NMR, (CDCls, 300 MHz}, § {(ppm): 44.80 (CH,-N- morpholine); 66.80 {CH-0-
morpholine); 81.37 (CH-3); 111.98; 112.65, 121.14, 121.75, 122.76; 123.31; 124.38; 124.89:
127.80; 128.03; 129.28; 131.42; 138.06; 156.30; 159.48; 160.89.

21c: "H NMR, (CDCl3, 300 MHz), 5 (ppm): 3.42 (4H, m, N-CHz-morpholine); 3.56 (44, m,
O-GHg-morpholine}; 5.40 (1H, s, CH-3); 8.87 (1H, t, Jusrr = 7 Hz, Hepor7): 7.26-7.83 (10H,
m, Haom-bipheny! and Hawm-8); 8.87 (1H, dd, Juesr = 7.1 HZ, Juews = 1.6 HzZ, Harom-6).
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morpholine);81.37 (CH-3); 112.47 (CH-7); 121.69; 122.10; 122.92;
124.62; 124.85; 127.39; 128.27; 128.91; 132.41; 134.77; 135.88; 136 36;
137.54; 139.60; 140.13; 148.84; 159.38 10 (Cq); 160.54 ( ﬁQR %6—1369
WRIRAEEHEBE 13, 300 MHZ), 8 (ppm): 3.35 (4H, t, N-CH2-morpho
(4H, t, O- CH2-morpholine); 5.66 (1 H, s, CH-3); 7.08 (1 H, t, JH6- H7 7
Hz, H.,., -7); 7.38-7.51 (4H, m, Haggm dibenzofuran); 7.67 (1 H, dd,
JH7-H8 = 7.6 Hz, JH6-H8 = 1.3 Hz, Harom 8); 7.94 (1 H, did, J = 15 7 Hz,
Exampple & Paralief syibasiofteand: enosonqatohn -ty riRgieripfnene (21)
9.06 (1 H, ddy; JHS-H#~% 7 Hz, JHS-H8 = 1.3 Hz, Harom C-NMR,
(CDCI3, 300 MHfz), \()jm) 448&)(CH2 N- morhol{he)NG 0 (CH-O-
morpholin 1.37 (CH-3),111, % 112.65:12 5 22.76; 123.31;
124.38; 1288920 127.80; 12§Eo§°129.28;1  138.06; :
159.48; 160.69.21c: 1H NMR{(CDCI3, 300 MHz), 6ppm): 3.42 (4H, m,
N-CH2-morpholine); 3.56 (4H, m, O-CH2-morphafine); 5.40 (1 H, s,
CH-3); 6.87 (Hil, t, JH6-H7 = 7 Hz, H8rom7); 7.26-7.83 (1 OH, m, Harom
An dpipherigtedntbraroin {8 ) 8. 8vnd) eyt tdstaud Zarbbnatd269126ud 81 846 Gzl

werérlar@em@d We 32@9@6%919{9% REJ1GRAQRALZRA £ FxraBariRLargon,

ParaII nthes rom.8-Bro n-4-yl-I |noI| - -one( )
S TR DR B o G
qwﬂsmﬁn?@%@a wgg@rﬂrﬁ%‘b”@fﬁa’ wra@éﬂhﬁ?idaﬁ%waﬁes%@@ﬁfg doxpng (2
mL.; pencdjoveel &iritodycedvis toubbear ousehdube titheditskwa senatedhied 5

min@Bg NSt WighasdeRbe TQ&@R@(&%NJ]HM@&R%?HE!% §n’i“(ﬁ@$’ H&.016
chlenktubg 8D romo-g-morp olin- 4 qumolln -4- N )}g\loo m
s e SRR Bt bt s AT Mo ek

bub@%ﬂé%F*feB@&J’fm@wﬁf%d&aﬁlﬁ%@é@w@b%@W@ﬁoﬁ Wﬁ&ﬁﬁ%§%%&’%d
mixédnddetmmutes chnoandtiee SthitehdntUmted at 95°C for 48 hours. Upon cooling,

the LBIGIER M@h@%ﬁﬁ%ﬁ?ﬂ@%&%ﬁk%ﬂv@-@ﬂem%i(@g@&l@BP\%L»dD&&ractxon

caro 8 tube) was s lized in dioxane g I car use tu %
ceiumv ﬁ%k;]o(i) a {Ca, WHICH Wi ace er é IEB S M.
ed Into the 261t 10N, Wi was onlca TRties.

Goiumu Wrewerssyiio ﬁ’fWé%C‘ﬁﬂ’S?e@Qc%Jétﬁéﬁ Wiﬂﬁ@%@élﬁ’@ﬁﬁjbe?"aﬁ ﬁ‘é@ﬂéh‘&las
therheaseedat S5 d8atausmdipenC@atiti (20 mL), and collected as Phase 2.

Both phases were checked for product via LC/MS. In some cases, phase 2 contained only

impurities, in other cases both phases wers combined and evaporated. Depending on the
proguct, the purification was performed by HPLC or by flash chromatography.

Compound Ar
35z

AN

Khite O O
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25

the solution was filtered through a Radleys Discovery Technologie solid
phase extraction column of 500 mg of silica, which was placed on a
stalker d:)arallel purification system. The column was Wasr‘%WE‘%z%ﬂ%}ﬂowsg
wa mL), and collected as Phase 1. The column was 15 then
washed with dichloromethane/methanol (85:15) (20 mL), and collected as
Phase 2. Both phases were checkgd for product via LC/MS. In some
cases, phase 2 contained only impurities, in other cases both phases
NMRN%?@”Emelned and evaporated. Depending on the product, the

35a: pUrifigatioTwes. mofwrz@cé mpr!rﬂ)‘:’i;@/aqahytflasm @»/&rczmali@g{a@hmme) 3.57
ompaund-Ar
R e A R ; ‘?ﬁé‘?igﬁkﬁ@? o BT 7=
7743%?%“—’!@% %b?m?b?r?]@)‘ %HE» amiﬁlat?’% d é}ﬁi Cb"fmdrphollne) 5.67
(1 H, s, H-3), 7.34 (t, 1H, J = 8 Hz, Harom), 742 7.74 (m, 8H, Harom),
BV 1 €023, (B0t 3R 8834 e, b MR ! ?I;S:ﬁ G HR:

o443 h% s j o) ?5%3?@31@% NN ey

(CH}.Léé 4% (EH), EELBLOH: 19509 (BB 130 YERH (206 88 @HYH).

- 135.60 7069, (GHRT1ZHI3{CH)(ES1 122 (6 H)H] 32GB4(CH), 15856((E3))178.86

(C,)135.81 (CH), 137.41 (CH), 139.75 (CH), 140.74 (CH), 154.24 (C4=0),
178.86 10 (C2) 35b:'H NMR, (CDCI3, 300 MHz), S (ppm): 2.93 (4H, s,
N-CH2-morpholine); 3.50 (4H, s, 0- CHrmorpholine); 5.69 (1 H, s, CH-3);

35‘??*19“‘?"’45%@[31‘31@0@4'&?@ Sdmizéf%#éﬁkhﬁdf‘iﬁrbrwwwfm (315|O| (4], s, O-

CHhapmiB)e . £69 81, 8 Capm dibenzeiuranhifSaudtomrdiarami) -1f
764 MR, (PGS 320 MHZ). S (Rpoak, 48 854@4(#% N-ymorgholine); 66.27

H-0- morpholine); 92 173 -3):112.10;121.44; 121.80""123.43; 123.92;
124 42;125.82; 126.67; 128.49; 129.11; 133.84; 136,04; 153.32; 154.44;
*SC-‘[EE(EE%?;CE}QQIB.@@ POl Ex@tppte: 36@%@?@5‘@ gforpholine); 66.27 (CH-O-

morgn8imE)Cebl-{#(ropiphatin -k Aroxeotnkwidedd 82, 124.42; 125.82; 126.67;
128 IRIANT 9 1Re B2 O1BIOPhGR: s i8S SIAMIAGS (36)

Example 3: Synthesis of 2-amino-N-{4-{2-morpholin-4d-yi-4woxo-4H-pyridol2,1-
alpyrimidin.-8-yi}dibenzothiophen-i-yil-acetamides (386)

0
NH, HN/U\/R
4 }ﬁ N » )

5 !/\o & (\o
AN N\) R AN N\)
M i S NJ

] 0

in a round bottom fiask, 8-(1-arnino-dibenzothiophen-4-yi}-2-morpholin-4-yl-pyrido2, 1-
alpyrimidin-4-one (8)(152.7 mg; 0.358 mmol) was solubilised in dry DMA (4.5 mL).
Triethylamine (10€.3 pl; 0.784 mmal) and chioroacety! chioride {(31.03 ui.; 0.392 mmol)
were added to inhis solution and the reaction was sfirred at room: temperature for 4 hours.
Aliquots (0.5 mL) of the reaction product were added to each of the 8 fubes containing 2
diffarent amine (3 eq) in a greenhouse workstation. The reaction mixtures were stirred in
parallel at room temperature for 18 hours, Each tube was diiuted with the minimum amount



0 HNk~R NHzCO SO \N\N, 7 O 2343 In around bottom flask,
9-(1-amino-dibenzothiophen-4-yi)-2-morpholin-4-yl-pyrido[2,1-
alpyrimidin-4-one (9)(152.7 mg; 0.356 mmol) was solubilised.|
W?4%)ﬁ/1]|_0)9.0§]5 Triethylamine (109.3 L; 0.784 mmol) and chlo%%@%?og% 369

chloride (31.03 L; 0.392 mmol) were added to this solution and the
reaction was stirred at room tempegature for 4 hours. Aliquots (0.5 mL) of
the reaction product were added to each of the 9 tubes containing a

of mefhrniEnEnainihé (3-e)dirangrseaivnsd-WoRstation! e Féd8tidHsWBttures

subruie fstideckind panéfedmtsoermitehperatifteafanl8 hours. Each tube was
diluted with the minimum amount WO 2006/109081 PCT/G&2006/001369

62 of-methanol(max—1-5-mL)-and-transferred-intea.C/MS-vialAll the
LC/M § %Wé’w&e gubmitted for QC anci%%%—prep;g‘?-ative ME"E’C for
purification. Compound R Purity RT Mas$”{%) (s)|(f#k+H) |38% 94 3.28
556.4 336b rNH 80 3.1 5.4 36¢ 100 36d 3.23613.4 TN NJ 95:3.25
583.4 36e NN 70 3/./ 632.2 36f 94 398 556.4
36b "
/Q 80 3.47 b555.4
36¢ N/\/O\
/N’/\\) 100 3.23 | 613.4
36d N
_/,Q 95 3.25 583.4
36e = |
NN 70 3.36 | 6322
A
3ef (\N/
/N\) 95 3.18 | 569.4
36g ‘/\N/\/OH
‘/N\) 95 313 | 599.4
36h
N(\OH 90 3.14 574.3
A ™G
36i
KL 0 90 347 | 5844
*/N\)\
36] N/\/O\/\OH
/O 85 3.18 643.5
38Kk e
N
*/N\) I T/ 20 3.31 | 654.4
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NJ 95 3.18 569.4 36g N -,,0H NJ 95 3.13 599.4 i 36h ~OH 90 3.14 574.3
'IN---~'OH 36i 90 3.47 584.4 /N 36j N~/ off 85 3.18 643,5 36k /C TNY J
90 3.31 654.4 WO 2006/109081 PCT/GB2006/001.369 63 :

w fr(%? 2812t 3-amino-N-[4-(2-morpholin-4-yl-4-oxo-4H-pyrido[2,1- idhiosos
a]pyrimidin-9-yl)-dibenzothiophen-1-yl]-propionamides (37) 0 NHy _ HN"
V'R N NJ 02337 In around bottgm flask,
9-(1-amino-dibenzothiophen-4-yl)-2-morpholin-4-yl-pyrido[2,1- 5

Exagpigdrmiibesin o3 rioe-thid-6-voerhtioif wiab etoitiestidrigdy DMA
a] py(Eiielb)-9ytietibdaroihé (02:8-1-y1DGoRiomaroldiesn (8 B-bromopropionyl
chloride (32.8 L; 0.326 mmol) were added to thi$ solution and the reaction

£0.5 mL) of the
4pes containing a different
amine (3 eq) irthelgrgenhouse workstatiok, reaction mixtures were
stirred in 10 parallel at rQom;temperature for 18 ho rs.NEaOh tube was
diluted with the minfmdfm @&malnt of methanof ( %gfl. ml-) and

N .
S wWere submitted for QC

transferred into a L vial. All the LC/MS via
and semi preparative gl—"jLC for purification. Compdund R Purity RT Mass
a7

In a round bottom flask, 9-{1-amino-dibenzothiophen-4-yl}-2-morpholin-4-yl-oyridof2,1-
alpyrimidin-4-one (23}127 mg; 0.296 mmol} was solubilised in dry DMA (4 mL).
Triethylamine (80.8 pl; 0.6852 mmol) and 3-bromopropionyt chloride (32.8 ul; 0.326 mmol)
were added to this solution and the reaction was sfirred at room femperature for 4 hours.
Aliquots (0.5 mL) of the reaction product were added to each of the 8 tubes containing 2
different amine {3 eq) in the greenhouse workstation. The reaction mixtures were stirred in
parailel at room temperature for 18 hours. fach tube was diluted with the minimum amount
of methano! {max. 1.5 mL) and transferred into a LC/MS vial. All the L.C/MS vials were
submitted for QC and semi preparative HPLC for purification.

Compound Purity RT Mass
(%) (s} (M+H)
37a (\O
/N\) 85 321 | 570.3
370 -
N
H/\©\ 90 353 | 620.3
O/
37c
\N/\O 90 331 | 584.3
H o
37d RN NN
N N ] 85 293 | 6274
37e N/\
k/NW/ 90 317 611.3
Q




(%n) (s) (M+H) 37a 0N, J853.21570.3 37b N H 90 3.53 620.3 0 37c
903.31584.3 HO0 37d HM\ i85 2.93 627.4 37e NJON 1190 3.17611.3 0
15 WO 2006/109081 PCT/GR2006/001369 64 Example 5: S(% nthesis of
W?—%%?H‘B'?WM -(2-morpholin-4-yl-4-oxo-l,4-dihydro- qumolln- - JGBz0e 01369
yl)-dibenzothiophen-1-yl]-acetamides (38) 0 NH,R HN SONJ--"SHO
\ (1) N'N 2538 O In a round bottgpn flask,
8-(1-amino-dibenzothiophen-4-yl)-2-morpholin-4-yi-1H-quinolin-4- 5 one
Exampmy §53v0thegi 0@ Ainhe)y Noids(Songpiisdia frdri- e 4 Hyerg -auinolin-g-
yi)-diisietbyfsiopnen- 4013 ckiaba@s mapol) and chloroacetyl chloride (31.5 L;
0.396 mmol) were added to this solution and the geaction was stirred at
room tempeyat 4 hours. Aliquots (0.5 mlrg\ld{ﬂ)e reaction product
were addedyo £ 3 the 9 tubes contgining a different amine (3 eq) in a
greenhouse wokkstaton. Thfa/regtctlon ere stirred in parallel at

room temperature 10 fof18Mours. Each tulse wes mlutq@th the
minimum amount ¢f methanol (max 1.5 mL) O

[e]
25 18 ©

fn & round bottom flask, 8-(1-amino-~dibenzothiophen-4-yi}-2-morpholin-4-yl-1k-quinofin-4-
one (25)(153.9 mg; 0.36 mmol) was solubilised in dry DMA (4.5 mL). Triethylamine (110.3
pl; 0.696 mmel) and chloroacety chloride (31.5 ul; 0.386 mmol) were added to this solution
and the reaction was stirred at room temperature for 4 hours, Aliquots (C.5 mL) of the
reaction product were added to each of the 2 tubes containing a different amine (3 eq)ina
greenhouse workstation. The reaction mixiures were stirred in parallel at room temperature
for 18 hours. Each tube was diluted with the minimum amount of methanoi {(max. 1.5 mL}
and transferred into a LC/MS vial. All the LC/MS vials were submitted for QC and semi
preparative HPLC for purification

i)

Compound - Purity RT Mass
(%) {s) (M-+H}
38a N 80 2.99 |4853
38b (\O
*/N\) 95 318 555.4
38¢ l/\NH
H
*/N\) a6 3.08 554.3
384 NS
N 90 313 | 6124

N\

3.1 582.3

38e (\N/\
\) 80

_N
*
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and transferred into a LC/MS vial. All the LC/MS vials were submitted for
QC and semi preparative HPLC for purification. Compound R 7 Purity RT

Mass ;{‘F}/o (s) (M+H) 38a /NH2 80 2.99 485.3 38b 0 /N J 95.3 18,55
Gl s

- Wagkw!

3.06 554.3 38d NJ 90 3.13 612.4 38e NJ 90

2006/109081 PCT/GB2006/001369 65 38f N N 90 3.24 631.3 ,NJ 38g Ni
IN J 90 3.08 568.3 38h NJ 90 3.04598.3 Example 6: Synthesis of
3-amino-N-[4-(2-morpholin-4-yl-4-0x0-1,4,4a,8a-tetrahydro-

quinof&is-yl)-dibenzothiophefi= -yI]-profpionamidés (39) 0 NHz HNR O
pi
H N VTN N 28 399\1 SN 90 3.24 | 6313
AN
38g (\N/
A \) 90 3.08 | 568.3
38h r"N/“\/OH
*/N\) 90 3.07 |598.3

Example &: Synthesis of 3-amino-N-[4-(2-morpholin-4-yl-4-oxc-1.4,4a,8a-tetrahydro-
guineiin-g~yl)-dibenzothiophen-1-yij-propionamides (39}

In a round bottom flask, 8-(1-amine-dibenzothiophen-4-yl)-2-morpholin-4-yl-1H-guinolin-4-
one (25)(79.2 mg; 0.185 mmol) was solubilised in dry DMA (3 mL). Triethylamine (56.8 pl.;
0.407 mmol) and 3-bromopropionyl chloride (20.5 plL; 0.204 mmol) were added to this

solution and the reaction was stirred at room temperature for 4 hours. Aliquots (0.5 mL) of

the reaction product were added to each of the 6 tubes containing a different amine (3 eq) in

a greenhouse workstation. The reaction mixtures were stirred in parallel at room temperature

for 18 hours. Fach tube was dituted with the minimum amount of methano! (max. 1.5 mi)

and transferred inte a LC/MS vial, All the LC/MS vials were submitted for QC and semi
praparaiive HPLC for purification.

Compound R Purity RT Mass
(%) (s) (M+H)
38a .
\N/\O 85 322 | 583.2
H O
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5 In a round bottom flask,
8-(1-amino-dibenzothiophen-4-yl)-2-morpholin-4-yl-1H-quinolin-4- one
25)(79.2 mg; 0.185 mmol) was solubilised in dry DMA (3

w r‘?&ﬁ@f’é’ﬁ%he (56.8 L; 0.407 mmol) and 3-bromopropionyl ¢ I%ﬁ éﬂ?%%%g
L; 0.204 mmol) were added to this solution and the reaction was stirred at
room temperature for 4 hours. Aligggts (0.5 ml-) of the reaction product
were added to each of the 6 tubes containing a different amine (3 eq) in
10 a gP8enhouse|wi ion. The reaction mixtures were| stirred in
parallel at room tempb{z;ture for 18 hour€®Each tuBe was ditited with the
minimum amount of methanol (max. 1.5 mL)_and transferred into 4
LC/MS%4al. All the G vials were supmitted for QC anfd semi
preparative HPLG forlpurification. Compdifhd R PURGRT|NEES (%) (s)
(M+H) 39a ~ 85 3.22 .2 H~WO 2006/109081 PCT/GB2006/0p1369
66 39[3%d 95 3.1 569, c *~90 3.27 581.3 39d{95 3.21,567.3 39e N O
90 3.1 597.3 39f\NT OM,,r 90 3.13 610% 0 Exandpié 7:|Sfithes|s of
2-amino-N-(4-(2-morphdlin-4-yl-4-oxo-4H-pyrido[2} 1-
a]pyrma'uﬁn-9-y|)-dibe'gzefﬁ;mn-l-yl]-acetamides (40)0R NH2 _HN

Kro 90 321 | 597.3

N
K/N\n/ 90 3.13 610.4

Q

39f "

Example 7: Synthesis of 2-amino-N-[4-{2-morpholin-4-yl-4-oxo-4H-pyridof2,1-
alpyrimidin-8-yl)-dibenzcfuran-i-yij-acetamides (40) '

By
i &
[o} O ‘/\ @} O

o]

AN N\)
LY
Q

27

— T 7
XY

o

40

g-(1-Amino-~dibenzofuran-4-yl)-2-morpholin-4-yl-pyrida[ 1, 2-a]pyrimidin-4-one (27} (191 mg,
0.46 mmo!) was solubilised in dry DMA {3.5 mL). Triethylamine (12¢ pL, 0.82 mmol) and
chloroacetyl chloride (40 ul, 0.51 mmol} were added o this solution and the reaction mixiure
was stirred at room temperature for 4 hours. Aliquots (0.5 ml) of the resulting solution were
added to 7 different tubes in & greenhouse workstation. Each tube contained a different
amine (3 eq). The reaction mixtures were stirred in paralie! at room temperature for 18 h.
Each tube was diluted with the minimum amount of methanol {(max. 1.5 mL) and transferred

into a LC-MS vial. All the LC-MS vials were submitted for QC and semi-preparative HPLC

for purification.



ONC-*ON NN7 O0O2740 5
9-(1-Amino-dibenzofuran-4-yl)-2-morpholin-4-yl-pyrido[1,2-a]pyrimidin-4-0
ne (27) (191 mg, 0.46 mmol) was solubilised in dry DMA (3 ,ngjig
W?r?éﬂ?&lé\gr?ﬁﬁe (129 L, 0.92 mmol) and chioroacetyl chloridepé ’28%6(_)01369
mmol) were added to this solution and the reaction mixture was stirred at
room temperature for 4 hours. A|iC]Ié9tS (0.5 mL) of the resulting solution
were added to 7 different tubes in a greenhouse workstation. Each tube
contdiﬁ?@maodifﬂere}gt 10 amine (3 eq). ThEu@ction Mixtureasere stirred
in parallel at room temperature for 18 h.| Each tubg(syas djlpgeeiwith the
minimye-ameuntof-methanoHmax—t-5mbandtransferred-intoa
LC-MS Vial. All the LGMS vials were subggitted for €6 andsgg s
semi-preparative HPL r purification. 15 WO 2006/109081

~ rad DDt DT Moacof04) o) LN
PCT/GRBR2006/061+369 67(XﬂﬂpGUHU|\ ity T viaSSsS \U}\o}uv+FD

40a N 0%a 90 7.4D 540.5740b ON" 78 7 03 553.5 |406:N 0 86;8,32:568.5
40d N ON Ja 2: 7|22 Bl 1 40e *IN~;" N 86 6.96 583.5 OH 40f\N/~0

~N~N Q2.7 L8 £2Q B
T I IO
a0c *

:JN
k/ljo/ 86 8.32 568.5

40d N
Q 92 7.22 587.5

:

\‘\ 86 6.96 583.5

(8]

——
Nl\/rl\i\j\ﬁ Jo e 7.55 | 6385

40e B

A

40f

Exampie 8: Synthesis of 3-amino-N-[4-{(2-morphoiin-4-yi-4-oxo-4H-pyridof2,1-

alpyrimidin-g-ylj-dibenzofuran-1-ylj-propionamides {41)
)

O Q HNJ\/\R
® ®
i AN O —e ) = /N % N(\j

. N
v

41
9-(1-Amino-dibenzefuran-4-yl}-2-morpholin-4-yl-pyridof1,2-alpyrimidin-4-ane (27) (147 mg,

0.36 mmol) was solubilised in dry DMA (3 mL). Triethylamine (89 pl, 0.71 mmol) and 3-

chioropropionyl chioride (37 ul., 0.38 mmol) were added fc this soiution and the reaction

27

mixture was stired at room temperature for 4 hours. Aliquots (0.5 mL) of the resulting
soiution were added to 6 different tubes in a greenhouse workstation. Each tube contained

a different amine (3 eq). The reaction mixtures were stirred in parallel al room temperature
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H Example 8: Synthesis of
3-amino-N-[4-(2-morpholin-4-yl-4-oxo0-4H-pyrido[2,1-
a]pyrimidin-9-yl)-dibenzofuran-1-yl]-propionamides (41) NH
WO SIHH N1 0 © 2741 5 et
9 -(1-Amino-dibenzofuran-4-yl)-2-morpholin-4-yl-pyrido[1,2-a]pyrimidin-4-o0
ne (27) (147 mg, 0.36 mmol) was g@lubilised in dry DMA (3 mL).
Triethylamine (99 L, 0.71 mmol) and 3- chloropropionyl chloride (37 L,
for 18 hoFARRdHPR @RS diiiedi i iR BEIHH ARPH e BatkRoR (HRkture Whkand
transtirredlisibro ogyEperatute far-M$ oials watgaaisii@dion i} odrtbeamssulting
prepafitiionweTeadaeedef different tubes in a greenhouse workstation.
Each tube contained 10 a different amine (3 eq). The reaction mixtures
were stirred in parallel at room temperature WO 2006/109081
PC116EBP006M01369 68 for 18 h. Each T4y was Biluted Withisthe
minimum amount|of methanol (max. 1.51f%) and transferr@d+iHjo a
LC-MSG;yiat-Attthe 1.CiS-viatswere bmm
preparative HPLG for“p Ification. Compogind R PuritysRT|Mass (%) (s)
(M+H) 41a0091.7.0 4.5 41b *.N\ /|94 7.40 552.5 41c :.N'* 1100 91
7.56 5§2:54td1+~ 392746 568:5 5 Example9:-Synthesis of
2-am no-N-[4-(2-mor@7-4-yl-4-oxo-1,4gqlihydro-qy1{@olir-&,2‘5
yl)-dibbenzofuran-1-yl]-aeetamides (42) c

41c *
N/Y
E\]/o 91 756 | 5825

414 )
\N/\Q 92 746 | 5685
H o b

Example 9: Synthesis of 2-amino-N-[4~{2-morpholin-4-yl-4-oxo-1,4-dihydro-quinolin-8-

yi-dibenzofuran-i-ylj-acetamides (42}

8-(1-Amino-dibenzofuran-4-yl}-2-morphoiin-4-yl-1H-quinolin-4-one {28) (126 mg, 0.31 mmaol)
was solubilised in dry DMA (3.5 mL). Triethylamine {85 uL, 0.61 mmol) and chioroacetyl
chloride (27 al., 0.34 mmoi) were added to this soiution and the reaction mixiure was stirred
at room temperature for 4 hours. Aliquots (0.5 mlL) of the resulting solution were added fo 7
different tubes in a greenhouse workstation. Each tube contained a different amine (3 eq).
The reaction mixtures were sfirred in parallel at room temperature for 18 hours. Each tube
was dituted with the minimum amount of methano! (max. 1.5 mL) and {ransferred into a LC-
MS vial. All the LC-MS vials were submitted for QC and semi-preparative HFPLC for
purification,



NH2ZHN HOro NN, ,~/~~\~~\NN 029420
8-(1-Amino-dibenzofuran-4-yl)-2-morpholin-4-yl-1H-quinolin-4-one (29)
126 mg, 0.31 mmol) 10 was solubilised in dry DMA (3.5 mL).

w r?@?ﬁ"ﬁgfﬁ%e (85 pL, 0.61 mmol) and chloroacetyl chloridepéy%ﬁf‘f} (1<
mmol) were added to this solution and the reaction mixture was stirred at
room temperature for 4 hours. AquHQts (0.5 mL) of the resulting solution
were added to 7 different tubes in a greenhouse workstation. Each tube
contained a different amine (3 eq). The reaction mixtures were stirred in
parallet @ Feem emperature for 18 NoUTS EAEN TURETLS Waggiiutad with
the minimum amauht of methanol (max. %;,{% mL) an tran:sfgﬂgﬁl into a
LC- MS vial. All the L C-MS vials were sybriitted for {OC an
semi{ft&parative H r purification., WO 2006/109081
PCT/GB2006/001369. 69cCompound R Plirity RT Md¥s (b87%) (M+H)
42a N~98 7.07 539.4 0 42b ON 94 6.96 596.5 42¢ N iNi90 6.72 552.5
42d IN*B92 7.87 5 ‘ms’*ﬁl 42e \N N 98.6.87 566.5

N

K/ \L 94 6.96 |596.5

C

i

42¢

S

=z
/

90 68,72 552.5

%
/

42d

b

82 7.87 567.5

%

*

S

(

42e
28 6.87 566.5

42§

5

=

/__/

Q
I

100 6.61 582.5

429

S

81 7.20 B637.5

>_

Exampie 19: Synthesis of 3-amino-N-[4-{2-morpholin4-yi-é-oio-1,4,4a,8adetrahydro-
guinolin-8-yi)-dibenzofuran-1-yl}-propionamides (43}
o

O : /U\/\

HN R
® w
SeYe »
N N\) o (\
[\}/ :|§|N\j
C
430

29



42f N ON 100 6.61 582.5 IOH 42g \N'-) o ~NJ~INH 91 7.20 637.5
Example 10: Synthesis of

3-amino-N-[4-(2-morpholin-4-yl-4-o0x0-1,4,4a,Ba-tetrahydro-

W&ﬁ%’éfﬁ‘?ﬂ’é \}I) dibenzofuran-1-yl]-propionamides (43) O NHIPﬁK{(EPZRP?\P\? V"ﬁg
\ININr 529430 WO 2006/109081 PCT/GB2006/001369 70
8-(1-amino-dibenzofuran-4-yi)-2-m%pholin-4-y|-|H-cuinolin-4-one (29)
(115 mg, 0.28 mmol) was solubilised in dry DMA (3 mL). Triethylamine

8-(1{@8ino-GEeavinian - amdt Brobigidprépictyuntdndec(2d48) 6132 munfoPPuenel)
was38gsta thisrsoluion ang. thesmastion Mixiure vamsibiieddatdae@bropiony!
Chlot%m%% “Beafor 4 ﬁ'e'%uoéi'eéo ML) ol ine res! '“”é% Olution were added
5% erent t s IN & greenhouse WOrKStation, Each tube contamed a
at rqﬂwfé?é}waﬁwrﬁéwéq)A*%@%é%Mﬁ phiRess isreckifive vrisrdareioft
5 differesrubemiperattiehiorsd8vhrkEatin tubiwase diutsdewithdtieaminmmn eq).

The@&% ALMENRER dMaY it 2kl ANLHABSIRIFRLG ad4C-Mhen Vigk \@AL«,
dltutedE Llﬁtl\ésm?{'alal%n\évgr%eoﬁgbmltt ﬁ' for 2C a”%ﬁTﬂP&g t'V HPL

puarl |ca ompound ent;a/ Ass % % "§§ 7. s
viai 55&“59 h@ﬁ”@ yg'y \1%' SBLRitEd oxanpns pemERieRfERiyFiPLC for purification.
2-amino-N-[4-(2-morpholin-4-yl-I-benzopyran-4-one)-

dibengpfaisd-yiacetamides(44) Purity RT
R

Mass
(%) (s) (M+H)

43a *\N
Q aB 7.05 551.5

43b *\N/Y

\ro 98 7.48 | 5815

Example 11: Synthesis of 2-amino-N-{4-{Z-morphelin-4-yl-i-benzopyran-4-one)-
dibenzofuran-i-yll-acetamides (44)

10

0
HN’U\/R

33 as °
To a solution of 8-{1-amino-dibenzofuran-4-yi)-2-morpholin-4-yi-1-benzopyran-4-one (1
15 equivalent in chioroform (0.02M) was added sodium carbonate (2 equivalents) then
chloroacety! chioride (1.1 equivalents). The mixture was stirred at room temperature for 4
hours before the addition of the appropriate amine (1.2 equivalenis). The reaction was

heated to 60°C for 24 hours before being concentrated in vacuc and then purified by
preparative HPLC to give the desired product.



5

10

0 NH2 ONJO NC O 3344 To a solution of
8-(1-amino-dibenzofuran-4-yl)-2-morpholin-4-yl-lI-benzopyran-4-one (1 15
W§%|valent in chloroform (0.02M) was added sodium carboq]{;\ésﬁa},é%mw‘m1369

WQI%’I%%) then chloroacetyl chloride (1.1 equivalents).

The mixture was

stirred at room temperature for 4 hours before the addition of the
appropriate amine (1.2 equivalentg)T The reaction was heated to 60C for
24 hours before being concentrated in vacuo and then purified by
preparative HPLC to give the desired product. WO 20061109081
PCT/GB2006/001369 71 Compound Purity RT Mass R (%) (S) (M+H)

44a \IC" H %ﬁ 4-06-554-1+44h-N~00-99 ;é-ugn SAOTETAC NRES00#.47
5685 AA4N 09| 406 567.6 Example 12; Synthesjs of Syninesis pf
3-amino-N-[4-(2-morpholin-4-yl-I-benzo g/l"&n 5 () *
4-oneyaibenzofurang-ys ionamide;§45) 0 NHzHN RvI1/0NJ 33
45 To a solutionjof ™ 8 400 ) 5541
8-(1-amino-dibenzofuran-4-yl)-2-morpholin-4-yl-14henzopyran-4-one (1
equivdEht in chlc ré‘hmmo.OZM) was ad%gd sodidqﬂ ézgrb Dpate, (2
equivalents) then K/o ' ’
440 *\N
Qo/ 100 4.47 568.5
e Y 99 406 | 567.6
K/N\/ |

Example 12: Synthesis of Synthesis of 3-amino-N-{4-(2-morpholin-4-yi-1-benzopyran-

4-one)-dibenzofuran-1-yij-propionamides (45)

To a solution of 8-(1-amino-dibenzofuran-4-yl}-2-morpholin-4-yl-1-benzopyran-4-one (1

equivalent in chioroform (0.02M) was added sodium carbonate (2 equivalents} then

bromopropionyi chloride (1.1 equivalents). The mixture was stirred at room temperature for 4

hours before the addition of the appropriate amine (1.2 equivalents), The reaction was

heated to 80°C for 24 hours before being concentrated in vacuo and then purified by

preparative HPLC to give the desired product.
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15

20

bromopropionyl chloride (1.1 equivalents). The mixture was stirred at

room temperature for 4 10 hours before the addition of the appropriate
Wér&}m&% § equivalents). The reaction was heated to 60C f9E%ﬂ:§%%§0013&9

efore being concentrated in vacuo and then purified by preparative

HPLC to give the desired product. WO 2006/109081

PCT/GB2006/001369 72 Compousd R Purity RT Mass (%) (s) (M+H)

45a 110 99 4.13 582.6 45b NON 99 3.92 581.6 1 45¢c C 99 3.99 554.6

45d H 94 4.1 568.6 O Biological Examples 5 DNA-PK inhibition In order

to agsessghadnhibitory action of the copfpatinds against DessPK |in vitro,

the following as gy was used to determigg 1C50 Valpes. Mamupalian

= s-isolated from-Hel-acell-huclearextract{Gell, D
L
f83ackson! STy

NALTAACL \\
chromatography utiligﬁgoQ-sepharose, §%epharode and, Héphrin

Meic Acids Res, 27:3494-3502 (1999)) following
agarpse. DNA-PK (250 ng) activity was|measured at 30C, in a final

volume-of.40 nI n-buffer centaining 25 mM Hepes—oHZ 125 m

TV TTCPC o,y PT T, La.J T

MgCIZ°80 mM KCT> /M DTT, 10% Glycerol, 0. 1% NP-40 and 1mg of
fused &

the substrate GST- p (the amino t€fminal 663Aing a8lcPresjudes of

- human wild type p53 fused to 15 glutathione S-transferasg) in
po|yF ropviene 96..4ell nl::fnc To-the assav-mix—vanira—eoneentra tions of

vvvvv OtReaSSAY- b VaHR \.uu\,\,lll.l
> 1

inhib té?c(m DMSO ét\lefﬁqal concentratipgof 1 %), weke adgegdgAfter 10
minutes of |ncubc1t|or4\A:IqD was added jo give a fipal con¢entration of 50
| 30mer double-stranded DNA-oh tele(fnal

.§ﬁgfrﬁmitiate the |rgaction. After 1 hawg with
shaking, 150 pl of phosp buffered saline (PBS) was a‘dded to

Biclogical Examples
DNA-PK inhibition
In order {0 assess the inhibitory action of the compounds against DNA-PK in vitro, the

following assay was used to determine 1Cs, values.

Mammalian DNA-PK (500ng/mi) was isolated from Hel.a cell nuciear extract (Gell, D, and
Jackson 8.P., Nucleic Acids Res. 27:3494-3502 (1999)) following chromatograpny utilising
Q-sepharose, S-sepharose and Heparin agarose. DNA-PK (250 ng) activity was measured
at 30°C, in a final volume of 40 u, in buffer containing 25 mM Hepes, pH7 .4, 12.5 mM
MgCla, 50 mM KCI, 1miM DTT, 10% Glycerol, 0. 1% NP-40 and 1mg of the substrate GST-
p53N686 (the amino terminal 66 amino acid resiudes of human wild type p53 fused fo
glutathione S-transferase) in polypropylene 96 weli plates. To the assay mix, varying
concentrations of inhibitor (in DMSO at a final concentration of 1%) were added. After 10
minutes of incubation, ATP was added to give a final concentration of 50 uM along with a
30mer doubie stranded DNA oligonucleotide (finai concentraion of 0.5ng/mi) to initiate the
reaction. After 1 hour with shaking, 150 pi of phosphate buffered saline (PBS) was added fo
the reaction and 5 l then transferred to a 96 well opague white plate containing 45 gt of
PBS per well where the GSTp53N66 substrate was allowed to bind to the wells for thour.
To detect the phosphoryiation event on the serine 15 residue of p53 elicited by DNA-PK a
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15

20

25

30

20 the reaction and 5 pi then transferred to a 96 well opaque white plate
containing 45 pi of PBS per well where the GSTp53N66 substrate was
gll& ﬁ%}g?]pmd to the wells for 1 hour, To detect the phospRep!atig ve1360
event on the serine 15 residue of p53 elicited by DNA-PK a WO
2006/109081 PCT/GB2006/001369 73 p53 phosphoserine-1 5 antibody
(Cell Signaling Technology) was uggd in a basic ELISA procedure. An
anti-rabbit HRP conjugated secondary antibody (Pierce) was then
P83 mb@wnmmn@mm%@w@@a fHestPEY LHBHRGhIR AR tBHEagent
procdNEN Reasisaasice R caetgetdiessigniahestitedy (Fatcsywas then employed
in th&EEfﬁﬂ%st&&mmmmmenﬂ@Maﬁd)ssEheeﬂazyme
actm%o each compoun elsgtl;lr(%{‘]‘ é:s%lgn Gaggn usmg thz%f%"?b rtl\g(.?quatlon
deteqh i igHP dﬁea(?ure aff URKNOWN = mean hegative cpm) (mean
(Paclygrditive cpm - mean negative cpm) The results are discussed below as
IC50 values (the concentration at which 50% of the 10 enzyme activity is

The H?QM@QM bhese-atn dstetminesipyerAdanse R difrenbenncenisasions,
normally from 10 pl\ﬂ down to 0. 001 pM Such IC50 values are l)Jsed 1

5 1EAMPAraivemalyes
Enhancement Ratio. 16w he Semm@ﬂﬁhcerﬁéﬁﬂﬂé%@a(@ﬁﬁ)%%

The Pésm% smgé@%wsg }le | GligitRqthy -ShecRNAsR i nhibiteratene

Grays of irradiation c ared to. unirradiated control
M SN e e R e P O

norertivieredi GoyVhdPaRitedhOd3 b Sypaltm@ st a b Seshis e IreipiRovalues to
idenfiinntedde Sni3@aind sataycistadiation was calculated from the formula: 20
SGR . Cell survival in presence of DNA-PK inhibitor, Cell survival after IR
Cell survival. of control cells Cell survival after IR in presence of DNF-PR
S“”ff’(ﬁ(lﬁfg‘ra‘ﬁ?@’ﬁ'éd?@%oof cell killing was monitored by a standard clonogenlc
Thediunival BrianpeBrifatiadSER talativedteroasrprited flre\lislrtpry
the MitA-Hie Laisriisaatan Gppsapiiaie stancentatio tongiaeidie0 200d okinies

DNREKHEABE RS B %&@%@é@ﬁéﬂm@sd@nmI%m&emg@@m@a.

Four hours later, compound or vehchF %ontrol wa %Zé Ils.

by B RKaNS HaRD RERAR GO ARRPIIPTE Rl |Rrﬁ1ren§8?eesence o |tor€r|or

irrad@inadistionc deteddray bisifRgrarPaxitron 43855D cablnet X ray machine.

st J BRscelis-were-then inoubatedfor: 2 5 ; ik media.—
was reptaced With ffé&ik fiedia in the absence %?‘[ﬁ\iﬁpmem i

The degree of cell killing was mcmtoz’ed by a standard clonogenic survival assay. Briefly,

tio

fissue culture treated 6-well plates were seeded with Hela cells at an appropriate
concentration 1o give 100-200 colonies per well and returned to the incubator in order to
allow the celis fo attach. Four hours later, compound or vehicle control was added to the
cells. The cells were then incubated for 1 hour in the presence of inhibitor prior to irradiation
at 2 Gray using a Faxitron 438550 cabinet X-ray machine. The cells were then incubated for
a further 16 hours before the media was replaced with fresh media in the absence of DNA-
PK inhibitor. After 8 days, colonies formed were fixed and stained with Giemsa (Sigma,
Poole, UK) and scored using an automated colony counter {Oxford Optronics Ltd, Oxdord,
UK). The data was caicutated as described above.

Resulfs

All the compounds showed activity in DNA-PK inhibition, exhibiting an [Cg of jess than about
500 nM,



PK inhibitor. After 8 days, colonies formed were fixed and stained with
Giemsa (Sigma, Poole, UK) and scored using an automated colony
@idord Optronics Ltd, Oxford, 30 UK). The data wa$-gaigul@kar 13
escrl d above. Results All the compounds showed activity in
DNA PK inhibition, exhibiting an IC50 of less than about 500 nM. WO
2006/109081 PCT/GB2006/001368, 74 Compounds which exhibited
particular efficacy in DNA-PK inhibition, having an IC50 of less than about
100 nM include 23, 25, 31, 34b, 35a-b, 36a-d, 36f-k, 37b-e, 38b, 38d-h,
CompSliids villenfedimed, il dfty4d Bih-FBainkibtios, Avihe aoifipolieds
than %B&’d’%"?@o@{&n%ﬁa@fésoééngﬁes@%w Ads.Witkan SER, 063, opmQEd-1
included the foII é 4, 25, 31, 36a-k, 37a-c, 37e, 38a-h, 39a-f.
40a-fy813¢afiAi i.% 8% ha°8t fofnula I: R4 z RNt () YN,RN2 D(A O and
salts and solvates thereof, wherein: A) A, B and D are respectively
All theeleetetdserhthe graumEesfsistimgpaf. : CNEHUNNHYIO 2arER pCHr RIeN;
ol ARG IRESIEREsANs g dgubleands e, eapacantiate locations;
N'and RN2are independently selected from hydrogen, a C1_7 alkyl
group C3.20 heterocyclyl group, or C5-20 aryl group, or may together
form, along with the nitrogen atom to which they are attached, a
heterocyclic ring having from 4 to 8 ring atoms optionally substituted by a
C1- 7 alkyl group; Z is selected from the group consisting of S, 0, C(=0),
CH2 and NH



R4 is Q-Y-X where Q is -NH-C(=0)-vg -0-; Y is a C1.5 alkylene group; X
is selected from SRS' or NRN3RN4, wherein, RS', or RN3 and RN4 are
independently selected from hydrogen, optionally substituted C1.7 alkyl,

Claings 23 aryl, or C3-20 heterocyclyl groups, wherein the optional
substituents are selected from hydroxyl, methoxy, -NH2, C6 aryl and

1. ChaxbeissaaydytoahBNG and RN4 may together form, along with the
nitrogen atom to which they are attached, an optionally substituted
heterocyclic ring having<$rem 4 td'8 ring atoms; if Q is -0-, X may
additionally be select =Q)-NR N5RN6, wherein RN5 and RN6
are independently seletted rogen, optionally substituted C1_7
alkyl, C5-20 aryl, or Ca-20 hetergcyclyl gromis, wherein the optional
substituents are selected from hydroxy me 10XY, -NH2, C6 aryl and C5-6
heterocyclyl, or RN5 and RN6 friay pgé\tm/er fdfm, along with the nitrogen
atom to which 76 they are attached;j.an-éptionally substituted heterocyclic
ring having from 4 to 8 ring atoms and;if Q is -NH-C(=0)-, -Y-X may
additionally selected from C1_7 alkyl; %r wherein: B) A,BandDmayalsobe:

and gHxCdnaQ diviatae dlettad hiesdrppresent two double bonds in the
appropriate locations: RN' and RN2 are independently selected from

A A e SR LS Lt b e gt Cor .20 ary

(i) grdeid, BHayadether form, along with the nitrogen atom to which they

) arqﬁ{’tq\@,h@’d, a heterocyclic ring hav_ing from 4 to 8 ring atoms optio_na_lly
substituted by a C1  alkyl group; Z is selected from the group consisting

the qtigddes Jepree AR RIFP LR RORS!SIdhGHRPE W RIENRFRERS)- or -0-; Y

RY ima T .Sraliglepengentip selected from hydrogen, a C.; alkyl group, Cs.o heterocyciyl

group, or Cs.a; aryl group, or may together form, along with the nitrogen atom to which they

are attached, a heterocyclic ring having from 4 to 8 ring atoms optionally substituted by a C,.
7 alkyi group,

Z is selected from the group consisting of S, O, C(=0), CH, and NH

RYis Q-Y-X ' '

where

Q is -NH-C(=0)- or -O-;

Y is a Cy5 alkylene group;

X is selected from SR or NR¥*R™ wherein,

R, or R™ and R™ are independently selected from hydrogen, optionally substituted C-.;
alkyl, Csqp aryi, or Caie heterocyclyl groups, wherein the optional substituents are selected
from hydroxyl, methoxy, -NH,, Cs aryl and Cs; heterocyclyl, or R" and R™ may together
form, along with the nitrogen atom o which they are aitached, an optionally substituted
heterocyclic ring having from 4 to 8 ring atoms;

if Q is -O-, X may additionally be selected from —C(=0)-NR"RM®, wherein R™ and R™ are
independently sefected from hydrogen, optionally substituted C1.; alkyl, Cs.0 aryl, or Cang
héterocycly! groups, wherein the optional substituents are selected from hydroxy, methoxy,

-NH,, Cs aryl and Cs heterocyclyt, or R™ and R™ may together form, along with the nitrogen
atom to which '



X is selected from SRS' or NRN3RN4,gvherein, RS', or RN3 and RN4 are
independently selected from hydrogen, optionally substituted C1., alkyl,
C5-20 aryl, or C3-20 heterocyclyl groups, wherein.the optional
they sub stitueets, arcopéilmcabyl s fimniitlipd rostermptiioxing- MG aryl @ritirbg-Soms
ang heterocyclyl, or RN3 and RN4 may together form, along with the nitrogen -
atom to which they are attached, an optionally substituted heterocyclic
if Q Enl AhTgrrom 728 ?H"F@“&Rﬂ%sﬁ‘@tﬁd Boxmap'Sdditionally be
selected from -C(=0)-NRNSRNG6, wherein RN5 and RN6 are
or thge endently selected from hydrogen, optionally substituted C1_7 alkyl,
. aryl, or C3-20 heterocyclyl groups, wherein the optional
B) AsBsutidemeyaaseéricted from hydroxy, methoxy, -NH2, C6 aryl and C5-6
iy heterpeyclyl, or RNS and RN6 may together form, along with the nitrogen
atom to which th are ttacgt {Jﬁ rgtﬁ‘ona substltuted heterocyclic
the #ﬁ%&j’%\@ﬁ?d ?Péﬁ? SHERHS Rm‘%*f( 571088 may
awm%m@rwpemmtyme@médamm h@dragema Qunclkgtomting Go.clagtrerocyclyl

groud, WFEI%%%% é%ﬂé’é ﬂé‘?%{ﬂg ‘Fﬁ%ﬂgt‘%‘ﬂm@éé‘r@@ﬁ which they

claim 2, wheréin C O and
are dGApeR fihsieHl trdi‘@f}?éfmé‘iﬁﬁnl"'&fi’&élﬂg StofepeliPeRiy Spibsiitiged by a C..
; alkiNigMaRNa and Y is aCl.3 aIkerne group 5. A compound according to

7 is 80Y Q08 Of clal msr%utoédnvgh i ;t%qi_lfro]m ﬁﬁnd 0, where
appropriate. pouné a CO hg 0 hy Oﬁe of claims 1 to 5,

R* is/fbrafein RN1 and RN2form along with the nitrogen atom to which they
whefd€ attached, a heterocyclic ring having from 4 to 8 atoms. 7. A

mpound according to any one of claims 1 to 5, wherein RN1 and
Q 'SR&W% neﬂal?fn "with the nitrogen atom to which they are attached, a
Y is group @kytmmtedfoom morpholino and thiomorpholino. 8. A composition

X ;g%@[@&@ﬁlﬂgrﬁ §ﬂmWWWWH@e§H any one of claims 1to 7, and a

pharmaceutically acceptable carrier or diluent. 9. A compound according

RS‘=t8r§1y B %f &é%f@?c%”?‘%%%@‘?ﬁ*%%@fﬂdﬂ’?f%dw]o‘i@‘h‘%’é’%%@ Cir
alkyh Counpolinst af anyetreqytliliagnas dsfavidreinehprepiaradici ptAuents are selected

fro %@g‘%ﬂﬁ%&sf RNI @ dRFaRE BMSIQRRI M, BEARMIDINGNGS o\ together
form, along with the nitrogen atom to which they are attached, an opt:onaliy substituted
heterocyclic ring having from 4 to 8 ring atoms;

if Q is -O-, X may additionally be selected from -C(=0)-NRMR"® wherein R™ and RM are
independent!y selected from hydrogen, optionally substituted C._; alkyl, Cs.o0 aryl, or Cspp
heterocyclyl groups, wherein the optional substituents are selected from hydroxy, methoxy,
-NH., Ce aryl and Cs. heterocyctyl, or R™ and R™ may togethe.f form, along with the nitrogen
atom to which they are aitached, an optionally substituted heterocyc!ic.réng having from 4 to
8 ring atoms and

if Qis -NH-C(=0)-, -Y-X may additionally selected from C.; alkyl.

2. A compound according to claim 1, wherein R* is Q-Y-X,

3. A compound according to either claim 1 or claim 2, wherein Q is -NH-C{=0)- and X is
NRNSRN4.



11. The use of a compound of any ony é)f claims 1 to 7 in the preparation
of a medicament for: 77 (a) use as an adjunct in cancer therapy or for

4. POIRRIANG, HIBELEERIS OB FRARAR W LLARISINGHAARUIR A5, X is NRVWRM

q ,emgther?;leutlc agents; or (b) the treatment of retroviral mediated

and i3 a5ee 491N MBBund according to any one of claims 1 to 7 for use in
treating a disease ameliorated by the inhibition of DNA-PK. 13. A

5. CORRRMSLARAALIBRIN AL AGHY RIS 19NN @3 ADANAS 5 ang
in cancer therapy or for potentiating tumour cells for treatment with

O, WBRigiABRAMHAIBN or chemotherapeutic agents; or (b) use in the treatment
of retroviral mediated diseases. 14. A compound of formula I: R4 Z RNI

(y). 1 BIYN.RN2 OYA O .wherein: A; B and D are respectivgly sel d
5. ol TROBSLE ST aRg ST G R, R D (1 IR Nk o gea alon
with|the $iteggesainvio wbithl& by ros dtiablecdpprogaeyiicaiunsa v oot 4 to 8
atoni®N2 are independently selected from hydrogen, an optionally substituted

C1_7 alkyl group, C3-20 heterocyclyl group, or C5-20 aryl group, or may

together form, along with the nitrogen atom to which they are attached,
7. an Aptionadiynsidistituied teteyonyelid cagnaaving, frorrdnt®E rng RtBMsnZalong

ol f t jsti , 0,.C(= - R4

o e oo L Bing S DT M3 TR 7 e Kol anc
thioregrpBliRRI of formula I:

8. A composition comprising a compound according to any one of claims 1to 7, and a
pharmaceutically acceptable carrier or diluent.

9. ‘A compound according o any one of claims 1 to 7 for use in a method of therapy.

10. The use of a compound of any one of claims 1 to 7 in the preparation of a

medicament for treating a disease ameliorated by the inhibition of DNA-PK.

1. The use of a compound of any one of claims 1 {0 7 in the preparation of a
medicament for:



R4 Z RNI (=i YN.RN2 D\ /A whereinyA, B and D are respectively
selected from the group consisting of : (i) CH, NH, C; and (ii) CH, N, N;
(a) theisibtedrindsmepresemantbatepply fonddantitieappropriatditdoatieatnent with

tonisﬁé\lréacf?gtW%@Mﬁ@%@%ﬁg%ﬁ%ﬁ&p from hydrogen, an optionally

substituted C1_7 alkyl grou 20 heterocyclyl group, or C5-20 aryl
gr@?ﬁ)“@?%ﬁ?‘t@d@fﬁ@f"ﬁir%ﬂaﬁiﬁ%‘Wfﬁ??ﬁé nitrogen atom to which they

are attached, an optionally substituted heterocyclic ring having from 4 to 8

12, 1108 20, £ /8 SSRG9I R SOTBTRALS RS HBace

ameliorated by the inhibition of DNA-PK.

13. A compound according to any one of claims 1 to 7 for:

(a}  use as an adjunct in cancer therapy or for potentiating tumour cells for treatment with
jonising radiation or chemotherapeutic agents; or

(b) use in the treatment of retroviral mediated diseases.

14. A compound of formula I

D:\”/:A
O

wherein:

A, B and D are respectively selected from the group consisting of :

(i) CH, NH, C; and

iy CH,N,N;

the dotted lines represent two double bonds in the appropriate locations;

RY and R are independently selected from hydrogen, an optionally substituted C..; alkyl

group, Cs.50 heterocyclyl group, or Cs.z aryl group, or may together form, along with the

nitrogen atom {o which they are attached, an optionally substituted heterocyclic ring having
from 4 to 8 ring atoms,

Z is selected from the group consisting of S, O, C(=0), CH; and NH;
R* is selected from the group consisting of OH, NO,, NH,.
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15. A compound of formula I:

o

“ D:\H/:A

o .
wherein:
A, B and D are respectively selected from the group consisting of :
)  CH, NH,C; and |
(i) CH, N, N; _
the dotted lines represent two double bonds in the appropriate iocations;
R™ and R™ are independently selected from hydrogen, an optionally substituted C..; alkyl
group, C;.o heterocyclyl group, or Cs.qo aryl group, or may together form, atong with the
nitrogen atom to which they are attached, an optionally substituted heterocyclic ring having

from 4 to 8 ring atoms;

Z is selected from the group consisting of S, O, C{=O), CH, and NH;
R*is H.



