10

15

20

25

30

WO 2006/032869 PCT/GB2005/003621 1 DNA-PK INHIBITORS The
present invention relates to compounds which act as DNA-PK inhibitors,
their use and synthesis. 5 The DNA-dependent protein kinase (DNA-PK)
Bazxedéserine/threonine protein kinase that is activate Up@GiB2005/003621
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 theNAEMNKHIBIIRSsStrand break (DSB) repair
machinery and the V(D)J recombination apparatus. In addition, recent

ork has.implicated DNA- PK com ents in a ‘g\g ther processes
g S Lt A s B T S,
TB\‘H&?ISG 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
mﬁﬂ%pgr@éi@m@@ﬂk\ﬁaWﬁhf@é&@&%@%&%@%@tem kinase
’t‘ﬁ%@%‘w%&?dgr e &8 X@AK%#%BW‘EI m&%@%&gﬁ 3 égngpt? <J|?1 t%ame Eyeaied

repair. In aryotes, the p omlnanto ese mechanisms Is

‘Pﬂﬁi&”ﬁ?&ﬁo 8%&5’5&%"&?‘&fﬁ)ﬁrﬁ?{a’mﬁ%j“‘aﬁ%ﬂ?ﬂ&m RS el aaatory
peippnBit datoed SN AP S lbassbadesheole tinbiiscpaipwelpronentalSedh the
DINAHRIKI aetinify hesk s dearonstrated bathhinZ0 Witkeoamehinon uppants.
ﬁ%?kﬁ&ﬁ%&‘!&m hges %ﬁ&aﬁi‘a;d%‘ 9%89”:%.'1321%09 ﬂ%&’f'&’?ﬂer %ré)g%sses,
S e S e T
@NIAWR%C%\WW%%%@@EYO&%@'% @¥8MWilar and tumour resistance
mechanism. Hence, inhibition of DNA-PK with a small molecule inhibitor
Blay tﬁ%'}@é{%r@f}fé%%@é‘és'&é%%%ﬂ@@n%%%ﬂ%éﬁ@é@%ﬁ f%%ﬁ%@'tﬁé a
ggk%§§;§glgﬁ%ﬁg§r &?g%gégkg%%t%e FFH e\r\elal%\l?l ﬁ\)éé%%gg'a mec aen;Is:;)rLs fo
mediate their repair. In higher eukaryotes, the predominant of these mechanisms is DNA
non-haemologous end-foining (NHEJ), also known as illegitimate recombination. DNA-PK
plays a key role in this pathway. Increased DNA-PK activity has been demonstrated both in
vitro and in vivo and correlates with the resistance of tumour cells IR and bifunctional
alkylating agents (Muller C., et al,, Blood, 92, 2213-2219 (1998), Sirzen F., ef al,, Eur. J.
Cancer, 35, 111-116 (1988)). Therefore, increased DNA-PK activity has been proposed as
a cellular and tumour resistance mechanism. Hence, inhibition of DNA-PK with a small
molecule inhibitor may prove efficacious in tumours where over-expression is regarded as a
resfstance mechanism.

It also has been previously found that the Pl 3-kinase inhibitor LY294002:

Ph (\o
o A
1
&
is able to Inhibit DNA-PK function in vitro (izzard, R.A., et al., Cancer Res. 59; 2581-2586
{1899)). The ICsp (conceniration at which 50% of enzyme activity Is lost) for L.Y294002

towards DNA-PK is, at ~1uM, the same as that for Pl 3-kinase. Furthermore it has been
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is able to inhibit DNA-PK function in vitro (Izzard, R.A., et at, Cancer Res.
59: 2581-2586 30 (1999)). The IC50 (concentration at which 50% of
enzyme activity is lost) for LY294002 towards DNA-PK is, at -1 pM, the
BaAES e for Pl 3-kinase. Furthermore it has been WO 2006/83R8693621
PCT/GB2005/003621 2 shown that LY294002 is also able to weakly
sensitise cells to the effects of IR (Rosenzweig, K.E., et aL, Clin. Cancer
Res. 3: 1149-1156 (1999)). WO 031024949 describes a number of
elmaseibabl-¥8Pipolisdiso st foas B AcPydisehiblltarsheeifetu ding (Rosenzweig,
R-amingr-chrenvencérenesof theigsnerogiructure: R O RIR2 O of which:
O NJ was one example. This compound exhibited an IC50 of 10-12 nM

@%W&Rg%f 1.3b see 10 below for methods). Other examples of a
BRI FE eIt oh§IaRass ChCRTORp st el 12K inhibitors,
Efdtiome Trigsiderasn-Aones at hvsneatiaichrer, 2, 1257-1264 (2003))):
N)I?y 15 OH 0 and SU11752 (Rmail,d. Hyokat, Oncogene, 23, 873-882
(2004)) 0 1? off HN.3NH O N H 3 Given the involvement of
DNA-PK in DNA repair processes; hat small molecule inhibitors
have been shown to radio- and chem®- sensitise mammalian cells in

SHIHIS:

was one example. This compound exhibited an ICs of 10-12 nM and an SER of 1.3 (see
below for methods).

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

)

K/N\@(
OH O
and SU11752 (Ismail, |. H., of al., Oncogene, 23, 873-882 (2004))

Q
OH



an application of specific DNA-PK inhibitory drugs would be to act as

agents that will enhance the efficacy of both cancer chemotherapy and

radiotherapy. DNA-PK inhibitors may also prove useful in the treatment of

retroviral mediated diseases. For example it has been demonstrated that

loss of DNA-PK activity severely represses the process of retroviral
Ghigneeaiiomw!@aeii| 6, RNAIRIS iR, pai6 o7€9880 Bnd eapsssehmolecule
inhiBY@r@tﬁé%@%@rﬂ%\ﬂiﬁ‘&Vﬁﬁd SRiPERERBMRAKRALS \Mﬁiﬁhﬁ?ﬁﬂt&éﬁémﬂ%mﬁﬁe

ovedl els of D bltlon hllst possessing other use
a0 STRGRIEE R 8 B oA e VR fE P Ry that wil
entzgiobility eRiceoydihiith thrnciks clognntnprapideyiaabetpsand d@Srmilaibitors
ma?éfs%prlg\/@ N&RE iR MRASAMERS oﬁ?é'i%\ﬁﬂyﬁ{@&a?&?mé‘é@%é)rﬁ&cﬁgmple it

rms dru thereof re nd R2 a e independentl
e BTG Ao A8 B eI B REAF oD e Gt beosss of
reth@t@iocwmt@m@ﬁmi&s epgl.abpieren Xty td§efikr form, along with
the nitrogen atom to which they are attached, an optionally substituted

heterocyclic ring having from 4 to 8 r| atoms,
Th R EAR B BT CLDRIRLAEN B38BT e G GRS Co O A SEer o
MR’ REeiw e FiN-RE, iohi Rtiem RIS hpedpeisien dtetyseld greepadas for use
as BYAFO9RBrRRIQRRNY SWasEHIses: trprovalkgbiGmgp aryl, or C3.20
heterocyclyl groups, or R4 and R5 may together form, along with the
nitrogen atom to which they are attached, an optionally substituted
Ackrrtbrgly dhie dingobaremepfridas 4 torBptigaedrenifidlis -0-, X is additionally
selected from -C(=0)-NR 6R7, wherein R6 and R7 are independently
selected from hydrogen, optionally_substituted C1.7 alkyl, C5-20 aryl, or
C3-20 4 heterocyclyl g ups oroRg\and R7 may together form, along with
the nitrogen atom to
heterocyclic ring having.fr,

and isomers, salts, solvates, chemically protected forms, and prodrugs thereof, wherein:
R’ and R? are independently selected from hydrogen, an optionally substituted C.; alkyl
group, Caz heterocyclyl group, or Cs.p aryl group, or 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;

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

Y is an optionally substituted C,_; alkylene group;

X is selected from SR°® or NR*R®, wherein,

R® or R* and R® are independently selected from hydrogen, opfionally substituted C;.
alkyl, Cs.o0 aryl, or Cy.p heterocyclyl groups, or R* and R® may together form, along with
the nitrogen atom to which they are attached, an optionally substifuied heterocyclic ring
having from 4 {o 8 ring atoms;

if Q is —-O-, X is additionally selected from -C(=0)-NR°R’, wherein R® and R’ are

independently selected from hydrogen, optionally substituted C,.; alkyl, Cs..o aryl, or Cs.z¢



ring atoms; and if Q is -NH-C(=0)-, -Y-X may additionally selected from
C,_, alkyl. In a first aspect provides a compound of formula I: R" 1 O N,R2
0 and isomers, salts, solvates, chemically protected forms, and prodrugs
thereof, wherein: R'and R2 are independently selected from hydrogen,
an optionally substituted Cl 7 alkyl group, C3_20 heterocyclyl group, or
het@®cg0lvrgtayiorLroR hang tBg e Adestherliony vatenthaititiey siregematem to
whithiFR NG AtREHRCHRCo R RBNCARYIRHES HAGE YBierARY S/ MG EIAANG 8
from 4 to 8 ring atoms; Q is -NH-C(=0)-; Y is an optionally substituted
ﬂnQﬂtO%"%IEWene group; X is selected from NRR5, wherein, R4 and R5 are
if QrieleNERdEtly. s¥t&omway dditingaingelaciegtivmalfy:sabistituted C,_, alkyl,
C5_ 20 aryl, or C3_20 heterocyclyl groups, or R4 and R5 may together
form, along with the nitrogen atom to which they are attached, an
In 3RS AANGS QHAtiHeRa FRTOVBEAALMY Adving from 4 to 8 ring atoms. A
second aspect provides a composition comprising a compound of the first
aspect and a pharmaceutically thabIe carrier or diluent. A third
aspect provides a megheehof inhjbiting DNA-PK in a cell, in vitro
ISi ing an effective amount of a compound as
defined above. 4a A fourth as prowdes a method of potentiating the
death of a tumor cell in Vltl’8, co prlsmg @bntactlnglthe tumor ceII with an

use of a compound of the first o

and isomers, salts, solvates, chemically protected forms, and prodrugs thereof, wherein:
R' and R? are independently selected from hydrogen, an optionally substituted C,_; alkyl
group, Ca 5 heterocyclyl group, or Cso aryl group, or 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;

Q is ~NH-C(=0)-;

Y is an optionally substituted C..; alkylene group;

X is selected from NR*R®, wherein,

R* and R® are independently selected from hydrogen, optionally substituted C._; alkyl, Cs.
20 aryl, or Cypo heterocyclyl groups, or R* and R® 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.

A second aspect provides a composition comprising a compound of the first aspect and
a pharmaceutically acceptable carrier or diluent.

A third aspect provides a method of inhibiting DNA-PK in a cell, in vitro comprising
contacting the cell with an effective amount of a compound as defined above.



aspect in the preparation of a medicament for treating a disease
ameliorated by the inhibition of DNA-PK. It is preferred that the
medicament disclosed above selectivity inhibits the activity of DNA-PK
compared to Pl 3-kinase and/or ATM. Selectivity is an important issue as
inhibition of other Pl 3-kinase family4members may lead to unwanted

A Reelipels BesrEstadwibiheretrlifunslioe QHIASS eNBUMRSdN in vitro,
coxﬁ?{eigﬁﬁ%[in@%ﬁ r%’(ggé"%ﬂ:%? MANARE Y5 RdD %ea%%ﬁg’cr%yg%gﬁwoéound as defined

ment for”(a) use as an adjunct in cancer therapy or Tor potentiating

abQUfnour cells for treatment with ionising radiation or chemotherapeutic

agents; or (b) the treatment of retroviral mediated diseases. A further
Anesmbadimantdisniese thaereiprpvRidsescampasting 6pMpaustdeasadessribssin a
meﬂg@g{g&%& in a method of treatment_of the huma_tr_l or animal body,

preferably inthe form of a pharmaceutical composition. Another

embodiment disclosed herein provides a method of inhibiting DNA-PK in
Angthiey @mhe et SipprERtghesRita B ascEr With ¢ SfecROBRRHBY R dheudrst
aszgtivie teenpepactis déscrizeichereinfddefedtions Gikehdsdkyindilveatethby the
inhibon/cRtsMA. B8 used herein, pertains to a monovalent moiety obtained

by removing a hydrogen atom from a C1_7 hydrocarbon compound

having from 1 to 7 carbon WO 2006/032869 PCT/GB2005/003621 5
It i5tBrRE RHichRRikg PeedifRait Sissirsrdicbovs eelrmiatis s dot, arftyity of
DNAHRE enapdred satuthelinpaetiahg/onddivrat&e|estiviillysiasatmendant issue as
inhEBkER e Sobfepatu ratephie aafily /nAdiOB GEOURS INcHdl e Nivaneatptdidaltstbcts
as{BciMENWhrGHWos2 O RIRMN Byl ang,entyl (amyl). Examples of

saturated branched C1.7 alkyl groups inClude, but are not limited to,
Iso-propyl, iso-butyl, sec-butyl, tert-butyl, and neo-pentyl. 10 Examples of
In Bamifdasdtgiepameands IRy o6p% iHike HERAFaticn U TeBiTapesamky"
(a)gresps arinciude; buzarenoktlpited io, grenpstiegahrasue yelixpfapygatment with
iorfRlPRIKKFYSIQPERIMIn&R eutic agents; or

(b) the treatment of retroviral mediated diseases.

A further embodiment disciosed herein pfovides an active compound as described
herein for use in a method of treatment of the human or animal body, preferably in the
form of a pharmaceutical composition.

Another embodiment disclosed herein provides a method of inhibiting DNA-PK in vitro or
in vivo, comprising contacting a cell with an effective amount of an active compound as
described herein.

Definitions
Ci7 alkyl:  The term “Cy; alkyl”, as used herein, pertains fo a monovalent moiety

obtained by removing a hydrogen atom from a C._; hydrocarbon compound having from
110 7 carbon
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cyclohexyl, as well as substituted groups (e.g., groups which comprise
such groups), such as methylcyclopropyl, dimethylcyclopropyl,
methylcyclobutyl, dimethylcyclobutyl, methylcyclopentyl,
wonethyhzgetopentyl, methylcyclohexyl, dimethylcyclohexyl, 461/GB2065/003621
cyclopropylmethyl and cyclohexylmethyl. Examples of unsaturated CI-7
alkyl groups which have one or more carbon-carbon double bonds (also
referred to as "C2.7alkenyl" groups) in¢lude, but are not limited to, ethenyl
(atiomy$, WISHFGIHE) aBpREGPENYIctally] or @ EbibitzEdn e ISOPEARSAYR may be
(HRES)FEHR) RUBIYL PSR 20208 hexenyl. Examples of

unsaturated C1-7 alkyl groups which have one or more carbon-carbon
triple bonds (also referred to as "C2.7 alkynyl" groups) include, but are

o TRIRRE fStsttRineqethiriy katerpsrepdeisispmtdyitee S Bxelhybletsyl,
ofpedtaratytl alioyoketgcarbgryclic) C1.7 alkyl groups which have one or,
more carbon-carbon double bonds (also referred to as "C3.7cycloalkenyl"

i are, not.limited to, unsubstituted groups such as
SR ot AT HCL R el e o
é%/?f) 'Igﬁljt S5 EYot etbuy!, 8RB ISRk comprise such groups) such 30 as
cyclopropenylmethyl and cyclohexenylmethyl. C3.20 heterocyclyl: The
tmﬁmbﬁaﬁgalﬂﬁéﬁ@ﬁﬁ’@]w&_@é HRAGDEFERIBeERIRG 19 & F@QED@JQ%I groups)
ROl PRAINRS BYEAMOYg:2 Qydroden atom from 3, fng atom of a
¢3;20 heterocyclic compound, said'co pound naving oné’fing: or 1 or
Hore fingé ‘e(&% A5 HIRSItIed 8roYB Y RGg QP RSN ISR FRTBPHRT B rPBPAh guch
SfoRRdhRETRE BT iR iirevalaPer 1O ea b inyg Ab@Y200810BABEB ULy,
RETIGRROOE/0ABGAAYIE ieterontombyiandharaimakiragbaagiof said
r&pg&g)&@@lgg;egggwgmggfmg{@@rably, each ring has from 3 to 7 ring

atoms, of which from 1 to 4 are ring heteroatoms. "C3.20" denotes ring
atoms, whether carbon atoms or heteroatoms. 5 Examples of C3.20
RIS CRINGRBLBS haviRUd B vRE whiEh #ivg enenr eleidebbutatemdtuble
heritisdtes thivseddeaved-frakarayindins) azetid)ne; NyHOliGines to, etheny! (vinyl,

(EEatyAropETeNe) (Y IS Heco,) JBoling - 3 @RI RNIRIR) penteny:
%hhl%;@%i or 3H-pyrrole (isopyrrole, isoazole), piperidine,
dihydropyridine, tetrahydropyridine, and azepine.

Examp!es of ungaturated C,; alkyl groups which have one or more carbon-carbon triple
bonds (also referred to as “C,. alkynyl” groups) include, but are not limited to, ethynyl
(ethinyl) and 2-propyny! (propargyl).

Examples of unsaturated alicyclic {carbocydlic) C. alkyl groups which have one or more
carbon-carbon double bonds (also referred to as “Caycycloalkenyl” groups) include, but are
not limited to, unsubstituted groups such as cyclopropenyl, cyclobutenyl, cyclopentenyl, and
cyclohexenyl, as well as substituted groups (e.g., groups which comprise such groups) such
as cyclopropenylmethyl and cyclohexenylmethyl.

Cazo heterocyelyl: The term "Ca.g heterocyclyl”, as used herein, pertains to a monovalent
moiety obtained by removing a hydrogen atom from a ring atom of a Ca.pp heterocyclic
compound, said comgound having one ring, or two or more rings (e.g., spiro, fused,
bridged), and having from 3 to 20 ring atoms, atoms, of which from 1 to 10 are ting
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10 Examples of C3-20heterocyclyl groups having one oxygen ring atom
include, but are not limited to, those derived from oxirane, oxetane,
oxolane (tetrahydrofuran), oxole (dihydrofuran), oxane (tetrahydropyran),
vdiniedlag¥eth, pyran (C6), and oxepin. Examples of substitB{S@GBa0F063621
heterocyclyl groups include sugars, in cyclic form, for example, furanoses
and pyranoses, including, for examplg, ribose, lyxose, xylose, galactose,
sucrose, fructose, 15 and arabinose.” Examples of C3-20 heterocyclyl
rgieupeha\ing wieesubplasting dtesd iinglabie, ovstereyniit rfimifdiesmiiossh
Aetiveddrndiiragghicnaicihielanadieirahygakiopbrre ycthiaenotes
(it oiopapl, SO iPRgB. g Examples of C3.20 heteracycly

ups Having two oxygen ring atoms include, but are not limited to, those
derived from dioxopane, dioxane, and dioxepane. Examples of

B3rA0etefoeyutitrgrp Shsrd Mgt R dEegerifep alemBshdiidet Batgte
ol limiteddndingse aearnivies frenaiimidazalitine (pyrarbliginele), pyrroline
ggﬁ@. gﬁ%.ﬁae'%dé\ﬂgévasyn%s%@.mﬁo@%}w%x@éaé@zya&g, Ripsragine.

-Xamples, of C3.20 heteroc Ig/l roups féavm one nitrogen ring atom and
@H@’@Qﬁg‘@W?fﬁﬁyrﬁBﬁwtﬁ%@t‘ﬁé,pb%??rér’eaﬁo? fifhited to, those derived from
tetrahydrooxazole, dihydrooxazole, 30 tetrahydroisoxazole,
dibyaiieisexazaleternemi glines teivilgyairooyazieriti yanomiaknet arot
Qﬁ@g&ﬁ&-éj@é@w}féj%Q%ﬁ@ﬁ&%ﬁa@ﬁf@g&@%&mﬁ _ f@a@),qawt n ring

0 ne su r ring_atom inc , I imi
i N R s
POYEEDBes I Y IRVER PN G E% = B A ST GYBTBE HudRmy s
enepyitnages, nngdronfoandopie, sbhshuyxiag >atorn sRidaides BUEEEe. Higetose,
hmitadiin.dbose derived from thiazoline, thiazolidine, and thiomorpholine.

5 Other examples of C3.2oheterocyclyl groups include, but are not limited
to, oxadiazine and oxathiazine. . .
Examples of Ca.pg heterocyclyl groups having one sulphur ring atom include, but are not

limited to, those detived from thiirane, thietane, thiolane (tetrahydrothiophene), thiane
{tetrahydrothiopyran), and thiepane.

Examples of Ca.z heterocyclyl groups having two oxygen ring atoms include, but are not

limited to, those detived from dioxolane, dioxane, and dioxepane.

Examples of Caz heterocyclyl groups having two nitrogen ring atoms include, but are not
limited to, those derived from imidazolidine, pyrazolidine (diazolidine), imidazoline,
pyrazoline (dihydropyrazole), and piperazine.

Examples of Ca.g heterocyclyl groups having one nitrogen ring atom and one oxygen ring
atom include, but are not fimited to, those detived from tetrahydrooxazole, dihydrooxazole,
tetrahydroisoxazole, dihydroisoxazole, morpholine, tetrahydrooxazine, dihydrooxazine, and
oxazine,

Examples of Ca.0 heterocyclyt groups having one oxygen ring atom and one sulphur ring
atom include, but are not limited to, those derived from oxathiolane and oxathiane
(thioxane),
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Examples of heterocyclyl groups which additionally bear one or more oxo
(=0) groups, 10 include, but are not limited to, those derived from: C5
heterocyclics, such as furanone, pyrone, pyrrolidone (pyrrolidinone),
WOrLeHARs(pyrazolinone), imidazolidone, thiazolone, and KGR 2H1HE 621
C5 heterocyclics, such as piperidinone (piperidone), piperidinedione,
piperazinone, piperazinedione, pyridazinone, and pyrimidinone (e.g.,
cytosine, thymine, uracil), and 15 batbituric acid; fused heterocyclics,
such as oxindole, purinone (e.g., guanine), benzoxazolinone,
BEHFRRIARS, (R roERMASINS SX5HE ARMEHIdasIK TP SAEIbhin fng
S nata RO IIE R MRIRIG VRS, SUrElfRANRrde.
an gful{aric anhydride; 5 cygllc carbonates (-O-C(=0)-O- in a ring), such
{BieBHRIERE carbonate and 1,2-propylene carbonate; imides
(-C(=0)-NR-C(=0)- in a ring), including but not limited to, succinimide,
caalebnidgleRhtbalinidecand ghigrinides lnateres{tyalic estersiazine and
692%?&9 - in a ring), including, but not limited to, p-propiolactone, 25
y-?)utyro actone, b-valerolactone (2-piperidone), and e-caprolactone;
lactams (cyclic amides, -NR-C(=0)- in a ring), including, but not limited to,
E3apopsolbiaiamoy b asretartis R RS O ARSI, SRS
RohaR Glacianm;icyolia earthasmates«E®@=@(=0)-NR- in a ring), such as
L v, rach, C5.20

-imidazolidong, an rimiding-2,4-djone . .g., thymine, uracil). C5.
PSRk "i?’é‘.’g‘bgg?y piage %ns?éanéésr%ﬁ]ﬁ?zglegr%tggins to a monovalent

FroTegiesyHianed By s BRTIdinR 2 (Rpare g BigReHPAH BRSHATIE Fing
atoiaiGh; 29rammatic compouididesalel s comgoumihaivmgent. 6ng), or
R ALE: rings (e.g., fused), and having from 5 to 20 ring WO

R lE8 e R IR BN BSE Ao S AN REREBLIRaSL, one of
said ring sfls ari aromatic ring. Preferably, each ring has from 5 to 7 ring
SEHETEYPHE Fiflg SRYAE May be all carbon atoms, as in "carboaryl groups”,
ieystibimihchigesthB{gidup C(=0)- in a ring), including but not limited to maleic anhydride,
succinic anhydride, and glutaric anhydride;

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

imides (-C(=0}NR-C{=0)- in a ring), including but not limited to, succinimide, maleimide,
phthalimide, and glutarimide;

lactones (cyclic esters, -O-C(=0)- in a ring), inciuding, but not limited to, B-propiclactone,
y-butyrolactone, 3-valerolactone (2-piperidone}, and e-caprolactone;

lactams {cyclic amides, -NR-C(=0)- in a ring), including, but not limited to, B-propiotaciam,
y-butyrolactam (2-pyrrolidone), 8-valerolactam, and e~caprolactam;

cyclic carbamates (-O-C(=0)-NR- in a ring), such as 2-oxazolidone;

cyclic ureas (-NR-C(=0)-NR- in a ring), such as 2-imidazolidone and pyrimidine-2,4-dione
(e.g., thymine, uracil).

Csz0 aryl: The term “Cgpo aryl”, as used hetein, pertains to a monovalent moiety obtained by
removing a hydrogen atom from an aromatic ring atom of a Cs.z aromatic compotnd, said

compound having ane ring, or two or more rings (e.g., fused), and having from 5 to 20 ring
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5 may conveniently be referred to as a "C5.20 carboaryl" group. Examples
of Cs.2oaryl groups which do not have ring heteroatoms (i.e. C5-20
carboaryl groups) include, but are not limited to, those derived from

WeRMERL. phenyl) (C6), naphthalene (C10), anthracene (G1&p2005/003621

phenanthrene (C14), naphthacene (C18), and pyrene 10 (C16).

Examples of aryl groups which comprise fused rings, one of which is not

an aromatic ring, include, but are not limited to, groups derived from
iMEERe 8 WiRIBFerideatbondtel pritivielfs tisesn npatdnringn &y dhchiyecanie bl has
mond e tetapitins, including but not limited to oxygen, nitrogen, and
sulphur, as in "heteroaryl groups”. In this case, the group may

nvenlent be referred to as a "C5.20, heteroaryl" group, wherein
R B0 5 BBl CEIRen e e B A Or RetgRB RS e oroup

F’l‘@f@?ﬁbﬁ?}e@%ﬁeﬁﬁ@%‘mﬁﬁ e Po¥iiegrdicrespof which from O to 4 are
ring heteroatoms. 20 Examples of C5.2oheteroaryl groups include, but are
SRS O, Gl %F%{}QQMQ{@H Pt ﬁ’ﬁ/@\fﬁg ﬁé?é?o%@;@ 6%@ e% cﬁﬂb%%”e
SRIOUS) RGeS IERED ke B3 S BXIEEOE (L,2-diazo

tfiazole, oxazole, isoxazole. thiazole, jsot |azoe oxg'&f?ék%lgh%{wa(
SRRHRIRIB (Cab B BRSO Ky BRSTIBATHEIR K drapiiorans S pyridingene

(&zihe), pyridazine 25 (1,2-diazine), pyrimidine (1,3-diazine; e.qg., cytosine,
thymine uracil), pyrazine (1,4-diazine), triazine, tetrazole, and oxadiazole

o%%!}?& \9}2,%, Ao 8ﬂgé§ug gtl;ll group§ Vgﬁome of which are

heteroaryl grou COMprise fused rings. menide b "?%Fé'ﬂ%t

ﬁ?ﬁ% 08 1 218 FrbALh TR BT VR Ao S0 R

isobenzofuran, indole, isoindole, purine (e.g., adenine, guanine),
bétnzathiop ienindenaimidareles e iR Aol BN $H88NS 8 i A5imited
@ AOLBE wiRRRHIBAIAG RENZOR R Y qﬁoca%x“qw& %U'“%a"g}%a&%ay

etero e)égll% eq 811 erlve carbazo enzot
nvemo as =]

ro

enz erocyd?@ it dg'i?\'fé’d“FPSWf'h&ﬂ‘in%e“%ﬁﬁfﬁ’é‘ﬂé"ms
M@%ka?mﬁﬁ‘ %%ﬁ%&hﬁ?r?ﬂﬁ%ﬂ%xﬁﬁﬁéabﬂn@mﬂﬁ@zhﬁéﬁgﬁ PMQY ring atoms, of
2006/002860 POIMGBREOSR03621 9 The above C7_7 alkyl, C3-20
heterocyclyl and C5_20 aryl groups whether alone or part of another
Examples of Cs.phetercaryl groups include, but are not fimited to, Cs heteroaryl groups
derived from furan (oxole), thicphene (thiole), pyrrole (azale), imidazole (1,3-diazole),
pyrazole (1,2-diazole), triazole, oxazole, isoxazole, thiazole, jsothiazole, oxadlazole, and
oxatriazole; and Cg heteroaryl groups derived from isoxazine, pyridine (azine), pyridazine
(1,2-diazine), pyrimidine (1,3-diazine; e.g., cylosine, thymine, uracil), pyrazine (1,4-diazine),
triazine, tetrazole, and oxadiazole (furazan).

Examples of Cso heterocyclic groups (some of which are Cs. heteroaryl groups) which
comprise fused rings, include, but are not limited to, Cg heterocyclic groups derived from
benzofuran, isobenzofuran, indole, isoindole, purine {e.g., adenine, guanine),
benzothiophene, benzimidazole; G4 heterocydlic groups derived from guinoline,
isoquinoline, benzodiazine, pyridopyridine, quinoxaline; Gys heterocyclic groups derived from
carbazole, dibenzothiophene, dibenzofuran; C.4 heterocyclic groups derived from acridine,
xanthene, phenoxathiin, phenazine, phenoxazine, phenothiazine.
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substituent, may themselves optionally be substituted with one or more
groups selected from themselves and the additional substituents listed
below. 5 Halo: -F, -Cl, -Br, and -t. Hydroxy: -OH. Ether: -OR, wherein R is
W ethedgadstituent, for example, a C1_7 alkyl group (also rEfé8aE0RE21
as a C i-7 alkoxy group, discussed below), a C3.20 heterocyclyl group

(also referred to as a C3-20 heterocyclyloxy group), or a C5-20 aryl group
(also referred to as a C5.20 aryloxy gr@up), preferably a C,., alkyl group,

Ghclabite Xy 4R, QhSieisrdgyis/ahdlcl Al GEapPwESBRP ISR of Sakt-&f another
ala.ero '!ﬂgmge%eg%btlaéa %@QM&%‘S&I Wi RS %té(@etrggé(y ! 1ect6d from

oxy).and -O tert-butoxy).
é?(%mrﬁéll\éess 8(%3?0 ic gj 'ﬁﬂ@bﬂ’ﬁaé“éﬁ i)(l% (gu'Bg’ having, as a substituent, an

oxo group (=0) include, but are not limited to, carbocyclics such as
dydlfopentidnénesame. cyclohexanone; heterocyclics, such as pyrone,
pyrrolidone, pyrazolone, 20 pyrazolinone, piperidone, piperidinedione,
mg&r inggione, and imidazolidone; cyclic anhydrides, including but not
limited'to maleic anhydride and succinic anhydride; cyclic carbonates,
such as propylene carbonate; imides, including but not limited to,
deleeiniRfideharsth A einvitie; dalctiines, (oy ekerasie i -HIG (50 iRISolieEKed
iChding, BubyairtitpiteddesdBrRiopialasty ﬂstech&létW@l&ﬁ}% referred to as a

3mkﬁ‘g@t@@w@x@ag@)cg}pg@ggg%mqmaeg Smne 6%%?% gaa?ﬂoxygmm

I—fl 5 rn 527 including, but'not limit

f oYach § H%Ildone) 6-valerolactam, and E-caprolactam. Imino
('mlne) =NR, Whereln R is an imino substituent, for example, hydrogen,
Cl7Aladky! -QRoupeeE 8 BeheleseoyelyligraxusnpeadEd: ZQkaﬁylg%%mncaude but

RgfRsaidYEr08eR Qhaifoky/f, atkvls, 3R.9E K?Egta nz%;gméﬁtg by Lgps

include, but are not limited to, =NH, =NMe, =
(carbaldehyde, carboxaldehyde): C( O)H. WO 2006/032869
Ve festop )03 6 Sxarples &) FRIAEYMRRIEES) RiVohereips Radranaacy |

subsiiftisoharfoxe garmpleQpiChdRatiy g oopitaladto eieptroiosasdh bs/
&U@&@@Mie@b@]aRd&i%@&!@xls)mcﬁq&ﬁé?é?o@f‘éﬁﬁoQMQMQﬁﬂ‘dﬁe@kﬁ%ﬁ@éﬁér‘é%%%ﬁe
gﬁ&gimgﬂsrreg%% SO GRA0 ALYl group. (also eferred fo as Co-20

%y I}{des including %ut not limited to maleic anhydride and succinic anhydride; cyclic
carbonates, such as propylene carbonate; imides, Including but not imited to, succinimide
and maleimide; lactones {cyclic esters, -O-C(=0)- in a ring), including, but not fimited 1o,
B-propiolactone, y-butyrolactone, 5-valerolactone, and e-caprolactone; and lactams {cyclic
amides, -NH-C(=0}- in a ring), including, but not limited to, B-propiolactam, y-butyrolactam
(2-pyrrolidone), B-valerolactam, and e-caprolactam.

fmino (imine): =NR, wherein R is an imino substituent, for example, hydrogen, Cy.r alkyl

group, a Cy.pgheterocyclyl group, or a Cspo aryl group, preferably hydrogen or a Cy.; alkyl
group. Examples of ester groups include, but are not limited to, =NH, =NMe, =NEt, and
=NPh.

Formyl (carbaldehyde, carboxaldshyde): -G(=O)H.
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C1-7 alkyl group. Examples of acyl groups include, but are not limited to,
-C(=0O)CHa3 (acetyl), 5 -C(=O)CH2CH3 (propionyl), -C(=O)C(CH3)3
(butyryl), and -C(=0)Ph (benzoyl, phenone). Carboxy (carboxylic acid):
WCOBN3IB&ter (carboxylate, carboxylic acid ester, oxycarbdfylyGB2005/003621
-C(=0O)OR, wherein R is an ester 10 substituent, for example, a C1-7 alkyl
group, a C3-20 heterocyclyl group, or a C5.20 aryl group, preferably a
C1.7alkyl group. Examples of ester dPoups include, but are not limited to,

ME(EREDP S HE (RRANTHR EHBY-LE=D)DEC (G143 Biplnd ECEHD) DRI (also
ALy é&%e?raﬁ{%%fﬁ@rc )Gkl D\, m@gama?g@mgmqmmmm

for exam rou 20 het clyl ar.
oD ey Fal PP O B -
A et A A RIS O e,
-GPO(ED)TH 2EHBOCLED)C(THB)BY YO @) RIr AR Q@Q?{ly@l)bﬁq@]ﬁh
Amido (carbamoyl carbamyl, aminocarbonyl, carboxamide):

Caré )J\Ieﬁb m |ec§)lﬂand 20 R2 are independently amino
tituents, asa ed for amino groups. Examples of amido groups

include, but are not limited to, -C(=O)NH2, -C(=O)NHCHS3,
E@Qt@:}tﬂ@@ﬁﬁ%&“@é@@)@@ﬁ@%@@F@?ﬁ’ﬁﬂv%(&mBH@@ﬁ‘B)@,‘%‘%ﬁfas
AEIeeaf TUPS MBI ChoR lamnaR, 1agethaewittihgroirogerCaiomyitgroup,
el i e o
[o]] \'A | y
ggr)gzqﬁé’cgr({ig PW& §%3§§$gﬂ?ho3g%%%a§g%)R2 wherein R1 is
an amide substituent, for example, hydrogen, a C1.7 alkyl group, a C3.20
hetexp Gyobikgkat):c0a|SHR OarykgrBipapreitratiybsijdnigenaamapB 15y
Q%Yb&ﬁfg#%%%t &%&%ﬁ@:@%&%%m@a@f@wﬁm&m@@@ngmp,
- eroc ro roup,. rogen
SATEE Aot Xuvéﬁ’arﬁe“@ dst i e rr

acylami ou
f%ie‘a)fa*z%c‘@%@ﬁ@‘*‘a r%‘gb ag Ffe(=0)Ph. R1 and

R2 may together form a cyclic structure as in, for example, succinimidyl,

. MalRinidyhang, REthalimigyiWEA006HBRIEAPC TIEBRBOZ 008624 Rl dnd

Q‘ra?\chdce)geXQerngm?nB%ubstituents, as defined for amino groups. Examples of amido
groups include, but are not limited 1o, -CG{=0)NHy, -C(=O)NHCH;, -C(=0)N(CHa).,
-C{=0)NHCH,CHa, and -C(=0)N(CH,CHa), as well as amido groups in which R and R?,
together with the nitrogen atom to which they are altached, form a heterocyclic structure as
in, for example, piperidinocarbonyl, morpholinocarbonyl, thiomorpholinacarbonyl, and
piperazinocarbonyl.

Acylamido (acylamino}: -NR'C{=0)R?, wherein R' is an amide substituent, for example,
hydrogen, a Cq.y alkyl group, a Capo heterocyclyl group, or a Cs.ag aryl group, preferably
hydrbgen ar a Cy.7 alkyl group, and R?is an acyl substituent, for example, a Gy.7aikyl group,
a Cy.z0 heterocycltyl group, or a Cs.zg aryl group, preferably hydrogen or a Cq.7 alkyl group.
Examples of acylamide groups include, but are not limited 1o, -NHC{=0)CH; ,
-NHC(=0)CH,CHjs, and -NHC(=0)Ph. R' and R? may together form a cyclic structure, as in,
for example, succinimidyl, maleimidyl and phthalimidyl:
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succinimidyl maleimidyl phthalimidyl Acylureido: -N(R")C(O)NR2C(O)R3

wherein R1 and R2 are independently ureido substituents, for example,

hydrogen, a C3-7 alkyl group, a C3.20 heterocyclyl group, or a C5-20 5

woytgeaspsespreferably hydrogen or a C1.7 alkyl group. R3 ispan/asgheioesozi

as defined for acyl groups. Examples of acylureido groups include, but

are not limited to, -NHCONHC(O)H, - NHCONMeC(O)H,

-NHCONEtC(O)H, -NHCONMeC(O)M¥E, -NHCONEtC(O)Et, -

NMeCONHC(O)Et, -NMeCONHC(O)Me, -NMeCONHC(O)Et,

-NMeCi%)NMeC(O)Me, - NMeC(;glEtC(O)Et, and -NM%CONHC(O)Ph. 10
fittlent as defined

WR'—C(O)-OWQ is an aniRresu

for aming/groups and R2 is a er group as defingd fgr ester groups.
Examples of carbamate groups include, but are ng ed to,
-NH-C(0)-O-Me, -NMe-C(0O)-O-Me, -NH-C(0)-O-Et e- C(0)-O-t-butyl,
ansduél\gH-C]:éC?)-O-Ph. 15 Thi%%%%?dghiocarbamy%th% .:§ R'R2, wherein
R &hd K2 afe independently amino “substituents; as efifhéd for amino

groups. Examples of amido groups include, but are not limited to,
-@&ﬁﬁ&&b!Zw(ﬁ(m}wﬂﬁdB;RG%&éNG@%&)kZW1?%@H8M9M&%3. 20
T, .afi omatic,fi ving. four ni
o AT B R e e R P e
iR BHArtERT 2 R T LOBRRL 8t F5Y SR, RigBASHLHOUPEY SRy for acy
qreups(afxerieiesr p daduseide BBtk Nt orrdind iimitadkiplaHitGNHERR O
25HusiRayEyH graupoREa CHH NaberaapOveferatity ke (@)Ei- 7alkyl
HRHRNHE S CRARBERIHEYSIR, AMIBSCAIRURY B AR iakerspether
I ato | are attached, form a heterocyclic
V\ﬂm%@@}[#écz%%l f?gr%ﬂtleié%% né@%éh

ring ha ring atoms: ExXamples of amino groups include,
but are not limited to, -NH2, -NHCH3, -NHC(CH3)2, -N(CH3)2,
-N6DRIRGEH PR aDED WB20664037 869 RCTHGBRA0608368hed Rr amino groups

and R? Is an ester group as defined for ester groups. Examples of carbamate groups
include, but are not limited to, -NH-C{0}-0-Me, -NMe-C{O}-0O-Me, -NH-C{O)-0-Et, -NMe-
C({O)}-0O-t-butyl, and -NH-C{O)-O-Ph.

Thicamido (thiocarbamyl): -C(=S)NR'R?, wherein R' and R? are independently amino
substituents, as defined for amino groups, Examples of amido groups include, but are not
limited to, ~-C(=S)NH,, ~-C(=8)NHCH,, -C(=S)N{CHs),, and -C{=S)NHCH,CH,.

Tetrazolyk a five membered aromatic ring having four nifrogen atoms and one carbon atom,

N~y
...<\ I!\E

N/

Amino: -NR'R?, wherein R* and R? are independently amino substituents, for exampie,
hydrogen, a Cs.7 alkyl group (also referred to as Gy alkylamino or di-Cy; altkylamino), a8 Ca.zo
heterocyclyl group, or a Cs.aparyl group, preferably H or a Cy.zalkyl group, or, in the case of a
“syelic” amino group, R’ and R?, taken together with the nitrogen atom to which they are
attachied, form a heterocyclic ring having from 4 to 8 ring atoms. Examples of amino groups
include, but are not imited to, -NH;, -NHCH3, -NHC{CHa)y, -N{CHa)y, -N(CH;CHs)s, and
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-NHPh. Examples of cyclic amino groups include, but are not limited to,
aziridino, azetidino, pyrrolidino, piperadino, piperazino, morpholino, and
thiomorpholino. Imino: =NR, wherein R is an imino substituent, for
veampiazder example, hydrogen, a C1-7 5 alkyl group, a CB(A0GB2005/603621
heterocyclyl group, or a Cs.20 aryl group, preferably H or a C17 alkyl
group. Amidine: -C(=NR)NR2, wherein each R is an amidine substituent,
for example, hydrogen, a Ci-i alkyl g%up, a C3.20 heterocyclyl group, or
-AHPS: 2exaniey oLgcpt aferablyotbohaGd, FubyIngnonipdAn exddimpleasfidino,
ARG, &r%ae.% -GisENN He eIk haZash by HkRzinocarbonyl).

-C(O)-N wherein Rl is an amino substituent as defined for amino
groups. Examples of azino groups include, but are not limited to,

Iy TN e St (T RINDNIE, SUSEBY NG EXar ). IRPASIPign gydrogen, a Ci
A @)eMINaCr HeterdSdyitoomN @ 2. Chiteas oropOnrefezidily. HINBa @0 @ybgroup.
(nitrile carbonitrile): -CN. Isocyano: -NC. 25 Cyanato: -OCN. Isocyanato:

AN oeuane (hgexeoaion 56Ny SollioRiess (omibiosaRaia) s

oI merca 2006/0328
%@ﬁ%@%%ﬁ&@ ergayefy]; BH’?ePr(éﬁ?FaEV' wwafﬁéﬁl?'hﬂ@ Piisather

gabstiesafvleoiampiidineiorrdik@(gibip4also referred to as a C1.7
alkylthio group), a C3.20 heterocyclyl group, or a C5-20 aryl group,

BLAIELARY, rgﬂnzca BXL%} L@C"}W@ﬁe@ﬂﬂ@éhﬂm%gmgﬁ%ﬂl%@éﬁned
f%lrjgi%trr% ggoué;nlﬁgxamples o?azmo aroups mHlugé Dt are not limited to, ~C(O)-NN-H, -

C(O)-NN-Me, ~C(O}-NN-Et, -C(O}-NN-Ph, and -C{O}-NN-CH-Ph.
NHro: -NO,.

Niroso: -NO.

Azidor -Na.

Cyano (nitrile, carbonitrile): -CN.

Isocyano: -NC.

Cyanato: -OCN,

lsocyanato: -NCO.

Thiocyano (thipcyanato): -SCN.

Isothiocyano (isothiocyanate): -NCS.

Suifhydryl (thiol, mercapto): -SH.
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Disulfide: -SS-R, wherein R is a disulfide substituent, for example, a C1-7
alkyl group, a C3-20 heterocyclyl group, or a C5-20 aryl group, preferably
a C1.7 alkyl group (also referred to herein as C1-7 alkyl disulfide).
FRIAWB? C1-7 alkyl disulfide groups include, but are notPifhitaErqes/003621
-SSCH3 and -SSCH2CH3. 10 Sulfone (sulfonyl): -S(=0)2R, wherein R is a
sulfone substituent, for example, a C1.7 alkyl group, a C3-20 heterocyclyl
group, or a Cs-20 aryl group, preferablVa C1-7 alkyl group. Examples of
sliforgey (et indlBdehduindtés mabiliatitad tbstB{FR SHBiple, a Ciralkyl group

(raethanesdionyls m%xbhm&@@;}?@@agﬂglxlbcy%r@ 'alzacd;'%aryi group,

(SN 4R. (k) e CER (I
%&qy s@lfg é)%{]m‘%d%u F%{?ggr%i fonﬁl Y ‘?o'rr]ﬁop e%rlfyf"srfaiI?mt I'T'ted fo,
(bros %I Ophenyl (nosyl). Sulfine (sulflnyl sulfoxide): -S(=O)R,
wherein R is a sulfine substituent, for example, a C1.7 alkyl group, a

OBsRHetetSeR oW gEnLR jsOr @s@ﬁ&@@wyﬁig&ﬁlé RorREGFRSRDY . lkd AU, a Cozg
gﬁ@!éﬁacy%@i%wm@g skiff %9503@1%;’ e P&M&go[%%l ied 194 1 herein

ereln IS a
%on 0 )?/,dlssu ?ueEg re% )(zfa rﬁf)la dgi?n?éﬁzwpé'zg bc’jeabut are not limited to,

ﬁ@m%ﬁup, or a G5-20aryl group, preferably a C1.7 alkyl
group Examples of sulfonyloxy groups include, but are not limited to,

-Q8HEFO) a%@narg{&ﬁﬁ%@ fa&%gn\sgwm r@é@@@%ﬂ 5&&?
ituent, for example, a ou
F%e}t%u%)%% i}%gr%c}%yg% ey %ry‘f@r rbuPéPeraeb?u?gagf(l ’7’%%%
EXAMHBIEECH ?“Eﬂ?ﬁ%ﬁfr *@?Hﬂﬁsbmaﬁd@ b Sowih f@ethanesuifonyi
-@@(ﬁb}ﬁ*@z@ﬁd OBY=8FOMLEIA8., 3B(S)HauF toundliR.S GeEDROBLCF; (fresyl),
VV-BG‘B’EPR@DH}@%W?‘@ suhstieshyRI el '@f%gyfpﬁ%%lﬂ@pgé%lmfony! (brosyl),
Examplgs EF\‘W 0 groups include, but are not limited to,
_NHS(=0)20H and -N(CH3)S(=0)20H. WO 2006/032869
PCT/GB2005/003621 14 Sulfonamino: -NR'S(=0)2R, wherein R' is an
antee et BRIOdHS U eHrEorenin g igrosiieandsRtisra Sukbsmapino Gy,
sulbgtifwenty ofehetmplpsia G, alley/tgronp groGs3ieeRBIPECYCIMyBFRIP,
OF: 2 3 QPLU A OB OFRIEER DN EhdalLE IO UR (FRMPIRS F=0)cH,cHs.

Sulfonyloxy: -O8(=0),R, wherein R is a sulfonyloxy substituent, for example, a Cy_7 alkyl
group, a Cs.q0 heterocyclyl group, or a Cs.aearyl group, preferably a Cq.alkyl group.
Examples of sulfonyloxy groups include, but are not limited to, -0S{=0),CH; and

" -0S8{=0),CH,CHs.

Sulfinyloxy: -O8(=0)R, wherein R is a sulfinyloxy substituent, for example, a C..; alkyl group,
a Caz0 heterocyclyl group, or a Cszoaryl group, preferably a Cy.yalkyl group. Examples of
sulfinyloxy groups include, but are not limited to, -OS(=0)CH; and -OS(=0)CH,CHa.

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),OH and
-N{CH3)3(=0),0OH.
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sulfonamino groups include, but are not limited to, -NHS(=0)2CH3 and
-N(CH3)S(=0)2C6H5. 5 Sulfinamino: -NR'S(=0)R, wherein R' is an amino
substituent, as defined for amino groups, and R is a sulfinamino

VEUBetr e for example, a C}_7 alkyl group, a C3-20 heterBEYERAXI&5 621

or a C5-20 aryl group, preferably a C1-7 alkyl group. Examples of
sulfinamino groups include, but are no limited to, -NHS(=O)CH3 and
-N(CH3)S(= O)C6H5 10 Sulfamyl -S(=O)NR'R2, wherein R1 and R2 are
| FeEgReRRe tRAAiTD BulbbtteleMbisas aefimedibitiuanino dpfoepér amino
Egraupplesiot isulfamyl-graupstisitlaedoukanpin gt Emised ipons GEUNH2,

%9&%(%@@%@ 2},@!@@ g\) é&ar%)\/l\g_t(a Iér%g fo ﬁﬁx 2965
§IEumrre rl?l ﬁq A Sjrrzr%{ﬁg Su%sﬁl?uegd} nmfm!gi(]‘(‘g.flr(T?(-{T&é fgpéﬁﬁﬁ%"%rﬁ B)Fg‘i*é’s'

a sulfonamino substituent, for example, a C1_7 alkyl group, a C3 20
heureoyuty ROBEOR avB5eR0RT A groumnoprefanably, asQafifcalkylaiRyBroups,
ExammmessofinaHianaminR SroPsingide duta d?&}p“@&a 70 Ijigferooyclyl group,

2C6 H A If
%‘%‘g ettt R

Li'gaée@% b5 eIt &%i“é’ﬁﬁf'ﬁﬁéﬁ%ﬁ{ﬁﬁsﬁthe other of R"and R is a

bidentate group which links to the C5.20 aryl group, such as a bidentate

geopngliers(ed)BiRa wherelnakihg FEUR: RIBMRSHO et arouRs: IR CludBaned

%%@%@Fﬁtﬁﬁ%s%ﬁ gzsgilfg%:llx_yllggups dnchéde b8‘. are not limited to, -S{=0}NH,,
T bt ot 319 it o-51 R G B zAsgS(-ONHPh

PCTIGB2005/003621 15 0S~O

Ssdiditaydno- AR ISerzpie ibaihinLzines bahndiexisaniey Riesnhoraygite:

DRI NRZ R RN RR A abrsphaemilie shsuents. for

xam e H’,a OJZ)'[IO substltutqu roup, aCS
Ha g;ocg 8? up. 1 é%/ %raup, pretéra iy a Cﬂa y! group. Examples of

sulfonarnmo groups mc!ude but are not limited to, -NHS(=0),CH; and -N{CHZ)3(=0),CgHs.
A special class of sulfonamino groups are those derived from sultams ~ in these groups one
of R* and R is a Cs. aryl group, preferably phenyl, whilst the other of R’ and Ris a
bidentate group which finks to the Cs.z aryl group, such as a bidentate group derived from a
Cy7 alkyl group. Examples of such groups include, but are not limited to:

O\\S //O

/
=N

2,3-dihydro-tenzofdfisothizzote-1,1-dioxide-2-yl
—N
&
07\

O
1,3-dihydro-benzo[clisothiazole-2,2-dioxide-1-yi
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5 aryl group, preferably -H, a C1.7 alkyl group, or a C5.20 aryl group.
Examples of phosphoramidite groups include, but are not limited to,
-OP(OCH2CH3)-N(CH3)2, -OP(OCH2CH3)-N(i-Pr)2, and
WOMBERBEH2CN)-N(i-Pr)2. Phosphoramidate: -OP(=0)(GRYMHREZ/003621
where R' and R2 are phosphoramidate substituents, 10 for example, -H, a
(optionally substituted) C1.7 alkyl group, a C3.20 heterocyclyl group, or a
C5-20 aryl group, preferably -H, a C1.7alkyl group, or a C5.20 aryl group.
Examples of phosphoramidate gr@qpsdnclude but are not limited to,
-OP(=0)(OCH2CH3)-N(CH3)2, O}E(-O QCH2CH3)-N(i-Pr)2, and
-OP(=0)(OCH2CH2CN)-N(i- PTZ 15 In| )} cases, substituents may
themselves be substituted. For exa S J _7 alkoxy group may be
substituted with, for example, a C1.7 aIkyI (also referred to as a C1.7

alkyl-C,_ 7alkoxy greup)atosiexamplp, sueiahexylmeihoxy, a C3.20
heterocyclyl group (also referred to as a C5.20 aryl-C1.7 alkoxy group),

rexam le phthalimidoethoxy, or a,C5.2Q oup (also referred to as
%%FW I%@éﬁ( néuﬁ‘)‘efﬁﬁe%% @re(ﬂ,?ﬁf?rwnﬁﬁe@?_bgtmmnts for

AW&Qe‘WHé%W‘*@&UQS&WI% Ayl gseb hefain hpertainsyitoraup, or a Csa
bigleantate pruedylyohiainedyreBiRyHng Yo Rydsaapn Blamsesdher both
f%meaﬁam@gqaapgma&g@be{a%ﬁotfm&?ocw8&% mrﬁgﬁﬁrjrbon

ic I|ne om ound hav " t05
car g orﬁﬁ&ﬁp h ise é%@%g&r}ig kich may be saturated, 25

partially unsaturated or fully unsaturated. Thus, the term "alkylene"
ichapies ik geb-OflEsHEsRkeR | ene ralk o e eretaosgissharRe: hetewents,
Ea@ms@ Ohsél'(ab%%gn%ﬁaélkh{é%?@ gmp?ms'léd@s %t@&j&%ﬁ LS a e,

S
Srerl P BN Sl R e 5 o o
A mariay bR hesic it KR

18HE@NEIEsCHT:phittittly, andebifa@iDCitGiHeyIBRS(gPoMps include, but is
not limited to, -CH=CH- (vinylene), -CH=CH-CH2-, -CHZ-CH=CH2-,

CH-CH=C
e e e

SBSHTRMR Séﬁﬂswgh&’ PSR i aBLER TG 1o =5 3 Crrallh .

ralkoxy group), for example, cyclohexylmethoxy, a Ca. heterocyclyl group {also referred to
as a Cs.pp aryl-Cy.7 alkoxy group), for example phthalimidoethoxy, or a Cs.ag aryl group (also
referred to as a Csyearyl-Cy.7atkoxy group), for example, benzyloxy.

Ci5 Alkylene: The term "Cy.5 alkylene”, as used herein, pertains to a bidentate moiety
obtained by removing two hydrogen atoms, either both from the same carbon atom, or one
from each of two different carbon atoms, of an aliphatic linear hydrocarbon compound
having from 1 to b carbon atoms (unless otherwise specified), which may be saturated,
partiaily unsaturated, or fully unsaturated. Thus, the term “alkylene” includes the sub-
classes alkenylene, alkynylene, etc., discussed below, |

Examples of saturated C4.s alkylene groups include, but are not limited to, -(CH)» where n is
an integer from 1 to 5, for example, -CH,- (methylene), -CH,CHa- (ethylene), -CH,CH,CH,-
{propylene}, and -CH,CH,CH,CH,- (butylene).
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Included 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 includes the anionic 10 (carboxylate) form (-COO-), a salt
Vob gellvasestiereof, as well as conventional protected forms. ESiFiiaRApS@03621
reference to an amino group includes the protonated form (-N'HR'R2), a

salt or solvate of the amino group, for example, a hydrochloride salt, as

well as conventional protected forms Of an amino group. Similarly, a
iefergicecfoatiairaxyligled §-alsbviactugtesp dhelacdomic iforon kg 16, Sali-CH-
isabvaie theweaicas, el asicopyendionalipiastsd forms kA, &R, chy-,
Aoyl -grouR: Jaﬁ(?'ﬂ?f%é@lﬁ?vcﬁ%\ﬂ??s’ Protected Forms, and Prodrugs

Certain compounds may.exist ih one or more particular geometric, optical,
enantiomeric, diasteriomeric, epimeric, stereoisomeric, tautomeric,
doafapREtenarupsirtd etieyfonasbe20hng it gbat AbYtneiEduto, cis-
and trans-forms; E- and Z-forms; c-, t-, and r- forms; endo and exo-forms;
RionRed8fdnesqdorms; D- and L-forms; d- and I-forms; (+) and (-) forms;

etp-, enol-, and enolate-forms; syn- and anti-forms; synclinal- and ‘
e 3 e R L7k 1 S orel R Aot s e

tiistiushive bR amrdehaRipancoihws iedicasid i BfbHonenebfies the anionic
Hendinagfte:) ote ctivel), refatredsttvate theamio s War sisamesisdenpsibcab
Nk thakisngeplias Siscusapsh QM ipniaMiemAds M ARRRfiRaM =%, o
e fiom e, Lo, semers., aguised, herein, are iuctial (or
CONStUtioNaN ISomars ie Heoniare which difer Ttk ealomelighgonventional
HERGEEH B ARRBINHIRYM eTETY B tRE[5ERNE8 I Gt b rml igroup alse jnehestes
dimemiaic dorefefEhesdt @ misthoegrius, wOIGHS rientdrta hetechs e of a
agHo3P frfgpence to its structural isomer, a hydroxymethyl group,

-CH20H. Similarly, a reference to ortho-chlorophenyl is not to be

construed as a reference to its structural isomer, meta- chlorophenyl.

1§ s avalose i igsisd foms: R Ripdaug ay well include structurally
iSerrdticoforprsdaltingaithinonatretass feigy @ leZcalkyldngitckb Srepiopstc,
andtisopsanydpingid, inchademerc istiosefc, antbiaitbulylomethmndbeny!
IRclusles RRNGHMEdds, ARLRRISAIIRANEXYRNERYR WO, 2006{032869 4,
F;g:Té%I?f{Z)rO%/ )0 6%% g1l I grab'ov_e exgysmn gpesd ?_]gt ertain tg _
A e s 6T DA d- 2 BT g]g - and Horips; {¥) and {-) forms;
keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal- and anticlinal-forms; a- and g-

forms; axial and equatorial forms; boat-, chair-, twist-, envelope-, and halfchair-forms; and
combinations thereof, hereinafter collectively referred to as “isomers” (or “isomeric forms”).

Note that, excepl as discussed below for tautomeric forms, specifically excluded from the
term “isomers”, as used herein, are structural (or constitutional) isomers (i.e. isomers which
differ in the connections between atoms rather than merely by the position of atoms in
space). For example, a reference to a methoxy group, -OCHa, s not to be construed as a
reference to its structural isomer, a hydroxymethyl group, -CHOH. Similarly, a reference to
ortho-chlorophenyl is not to be construed as a reference to its structural isomer, meta-
chlorophenyl. However, a reference to a class of structures may well include structurally
isomeric forms falling within that class (e.g., Ci alkyl includes n-propy! and isc-propyt; butyl
includes n-, iso-, sec-, and tert-butyl; methoxyphenyl includes ortho-, meta-, and para-
methoxyphenyl).
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enolate-forms, as in, for example, the following tautomeric pairs: keto/enol
(illustrated below), imine/enamine, amide/imino alcohol, amidine/amidine,
nitroso/oxime, 5 thioketone/enethiol, N-nitroso/hyroxyazo, and
WikPgfadBritto. H ,O OH H 0' ' -C-C' C=C C=C keto enol erntffatemnstat!
specifically included in the term "isomer" are compounds with one or more
isotopic substitutions. For example, H7may be in any isotopic form,
including 'H, 2H (D), and 3H (T); 10 (13 may be in any isotopic form,
including 12C, 13C, and 14C; 0 may be in any isotopic form, including
T60=tneb 230 snaldhs Hkepddatessnibpinise SRe et IS RIBNCRJIQ 8nd
sRsiRignRoBARIBLIBGIHISRALRUAR, RBBRE [T Ak ipguholly o
pe (r}%zll i ;ggeegnﬂl](i:ngnd otr]_er_ mngtures ereof. Methods for t'ﬁ_e _
preparation (&0, SsyMASETe SrArEy AR PPl M ractional
Bgseiane/snathianti-slirsaiatoyregshrieEriayiofittuch isomeric forms are
either known in th@art ¢y are rea\dily o@gineqﬁy adapting the methods
taught herein, or-kgow mgmods,dﬁ:@known@anne?rcg@lé)ss otherwise
specified, a refererice to a particdlar compound‘also includss ionic, sal,
20 solvate, and protected forms of thereof, for example, as discussed
below. It may be coffvenient or de$i?8ble to prepare, fiK/€and/or handle
a corresponding salt of the active compound, for example, a
ﬁhamgiﬂmﬁwamgmabims% Exarap @&%n@hﬁﬁﬂﬁﬁ%%more Iisotopic
anceRiahle seltearRistHRIeR IN BETe8dBlabmt Hdudhl 3Imacs ) :
Aiiepiebe Al o o o be i (6 £ Sl Iyt
,com?)gugdl aniohic, or has a tdnctionl rous Whi f5dl) B SRigRirform.
PEYIINE SIS B tesds-), then a salt may be formed with a suitable
cation. Examples of suitable inorganic cations include, but are not limited
tnakaihsnetal dpnsmsuchraside a0d ARiKiRkAH DS AR RIS RHGR AR ic
ARG MERANGAIBRBEAIANS JuRh ARARs amBics: Qhshiiabie
organi¢ cations include, but are not limited to, ammoniun on ?l.e., l\ﬁ-lH'ja
%*’r%afefi RS EIFIE AR SIS A0 serkiatire (- Sriongl prystalfigrtion. and
BraRfnes Ui oierREsAtane ississtitioes amaibailnmions hreathosederivigd
Stosivedthytanting tiethylani pagWR 3RO/ R3AFENINT{GB2 RRNAN36R4:.

Unless otherwise specified, a reference to a particular compound also inchudes ionic, salt,
solvate, and protected forms of thereof, for example, as discussed beiow,

It may be convenient or desirable to prepare, purify, and/or handle a corresponding salt of
the active compound, for example, a pharmaceutically-acceptable salt. Examples of
pharmaceutically acceptable salts are discussed in Berge et al., 1977, “Pharmaceutically
Acceptable Salts”, J. Pharm. Sef., Vol. 66, pp. 1-19.

For example, if the compound is anionic, or has a functional group which may be anionic
(e.g., ~COOH may be -COO"), then a salt may be formed with a suitable cation. Examples of
suitable inorganic cations include, but are not limited {o, alkali metal jons such as Na* and
K, alkaline earth cations such as Ca®* and Mg?, and other cations such as AP®. Examples
of suitable organic cations include, but are not limited to, ammonium ion (l.e., NH,") and
substituted ammonium ions {e.g., NH;R", NH;R,", NHR;", NR,*). Examples of some suitable
substituted ammonium ions are those derived from: ethylamine, diethylamine,
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18 dicyclohexylamine, triethylamine, butylamine, ethylenediamine,
ethanolamine, diethanolamine, piperazine, benzylamine,
phenylbenzylamine, choline, meglumine, and tromethamine, as well as
VEPIPRS/B8EIS, such as lysine and arginine. An example of a REHEBRS/003621
quaternary ammonium ion is N(CH3)4'. 5 If the compound is cationic, or
has a functional group which may be cationic (e.g., -NH2 may be -NH3),
then a salt may be formed with a suitalle anion. Examples of suitable
inBygRhizyanioastintiydeineutdyamiot. kthiveaddiathiossstharvedifikom the
fal@wmm&@g@ﬁ&ﬁéﬁg%eﬁﬂ@iﬁﬁ@|9H&1Mf£ﬁﬁmﬁccmﬂ60¥99éﬁtmme and
SRl DONERUS S A0 R B e.ha;a 4O S0 RN SBASN

Exam les of suitable organic anions in Lt are not fimied mPo dse
JEIVRY AP IR S IMSANE D IRyHR Y Q‘éi’?i‘s acetic, propionic, succinic,

glycolic, stearic, palmitic, lactic, malic, pamoic, tartaric, citric, gluconic,

astertiepnaleis chyshioxymalelgricheny Reasichig\uamie, A8RANUS.g., -NH, may

henzpig) Ginanaig, rﬂé{i}%\é'%r%lﬂqyﬁl'g’sﬁhﬂtﬁ@%o@ %‘%Sﬁxaxygﬁs%gﬁ?e organic

fumarlc (%ngﬁlélfom?h UéetrgJ %w 025'3%\, et anesu fonic, ethanesuffonic,

A H T A R TN e A v%‘i"éﬂ?c*“f’éﬁ[ﬂ’ﬁl%%‘fé
d?i’éf@ﬁ’]@&ﬁ@y@?arﬂfﬂreé‘%@eﬁ’ﬂstﬂ@ pfmwrﬁéﬂfaumm@dﬁmﬁms mipereotiptand
liphiteghtoguth oSeadelieed fudahi¢hegfoltowlog pelvtetic: aeiaks: tanm o agishe
cahRPIRLI BRiMIQsSgH-P a¥idaccony %Wﬁ@hi@r éﬂﬁéﬁ%@bﬁé&;@f&@éﬁ@ palmsttc,
ﬁéifey l’qulor hg'@dilae{‘tg'ri%or{esp Brg:g}‘lr}l Eiss%l'}{“ 183 m e1C f] SraCtIV pr L1 CetIC
The term so vate" Is use& %ln In the convéentiona e ﬁs)én}% rerRICTY %
IS BregitnBerEde: &&W@Eow&'ﬁn%f,“%wa&w GRPYRRETRAE:
sverit. thendsysivientisensstdioniherstivateniivaic ehaoeudinidn dyheafediatonic,

t@xascapaybiniaicosceranplalcac Rensis ENe gadhly drajeprddr bydiate,
e,sery?r@A& QE%P%&Q&V%G{%% (ol %mgl%%e%g@ fsf@% tfa%%m h chag?ac

the active compound in a_chemically protected form erm
pPOESCIR AR %bﬁ’éfﬂﬂeﬂ'a’}@ﬁq“!%‘halns to a compound in which one or

more reactive functional groups are protected from undesirable chemical
réaciionscdhatnispesedis tasidosmpha raigcted/or RiaRCling gisHitaISvate
kBN LER R SRRRKRE OB RAKIGHIROUR m%mmgmm&g@%@é 1 H¥fer

protectln a [Fa(]‘,t]‘ ctions |nvoIV|ng oth

30 fupctlonal group, re
UNProtacied Teac IVZ °finctional groups Carn ‘t?a“’“"%ﬁ%'}?ﬁ?é'a Wi?ﬂ(?ﬁ?’em It the
atfbEh W?é%r%%a’f@ FE‘ﬁ)’d’etﬁ@’b%i?é‘éY mj@gmte RS i enienexample, a

rmono-hydrate, a di-hydrate, & tri-hydrate, efc.

it may be convenient or desirable to prepare, purify, and/or handle the active compound in a
chemically protected form. The term “chemically protected form”, as used herein, pertains to
a compound in which one or more reactive functional groups are protected from undesirable
chemical reactions, that is, are in the form of a protected or protecting group {also known as
a masked or masking group or a blocked or blocking group). By protecting a reactive
functional 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 substantially affecting the remainder of the molecule.
See, for example, Protective Groups in Organic Synthesis (T. Green and P. Wuts, Wiley,
1999).
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usually in a subsequent step, without substantially affecting the remainder
of the molecule. See, for example, Protective Groups in Organic
Svnthesls IT. Green and P. Wuts, Wiley, 1999). 35 WO 2006/032869
WEPSE2605/003621 19 For example, a hydroxy group m&§ HERAEfEsd1
as an ether (-OR) or an ester (-OC(=O)R), for example, as: a t-butyl

ether; a benzyl, benzhydryl (diphenylmethyl), or trityt (triphenylmethyl)
ether; a trimethylsilyl or t- butyldimeth)?’lgilyl ether; or an acetyl ester (-
TFE(=@)PH 3 HRIABRY. @dﬁpm@xmmﬁeamaidemyd@rqrcﬁe}@ﬂﬁww oY OR),
ﬁw@@ﬁa@%agm@%t%#mnzmeﬁﬁ% thah C&ﬁh@ﬂy' group

( T ted t Sﬁ@ reaction with

i% P S 8 B LS b‘g'*eféﬁ@araamg%%wf
Fc{féd%y’hydrolyas usmg a large excess of water in the presence of

aC|d. 10 For example, an amine group may be protected, for example, as

amwﬁd@]@raa HERABE IRfoa*gap Rafse 3rBisdhvY Aids. LN HGQ;CH3);
Q&wggxn%mime b 935%%%2&8 b ﬁogv&%éko%sd%&grué%%ﬁw lige

a 2-bi
N?-?EH‘ &@(&%’55&%&@% %PP%pHE) a%%@m&%@m&%m%m
(FRIEREReEYY A¥dol isusingw Eratrylosss afmide(INRb Neselcasfacid.
2-trimethylsifylethyloxy amide (-NH-Teoc), as a 2,2,2-trichloroethyloxy

i dRrNE Q@n@@r@xﬁb%%%@ﬁ%@éﬁ% (N E&(M&g) 28 % A2l or a urethane, for

phe%sul hon ?1e oxy é‘é - se@ or, in swtabale cases, as an

NCoI !\f’(ﬂ% or ‘éj)% B %lﬁ"ﬁ%dﬁ]h‘%? 8@’&%&55

dsPah %sftéwb?éﬁxéﬁﬁ]ﬁﬁIENH§0aﬁQ@Ha7a)ZG%W)e%ﬁéb'{é!@yhammyme a

tNE-OstiEN: 0CH . Fettha lodd i cestey deﬁuﬁ&@hgtlﬂtih@mﬂ@/@ NeSeRkcR as a 6-

tﬁ@mﬂ%@”@(&mﬂﬁ%_ﬂhﬂ lﬂdo@ft&ra@rt%ﬁ d)gt}lzg el o1 ﬁ@fﬁfégcg afla
ami

[ r;.a ,nitr r I

R T

(@W%P%@Pﬁﬁl@%@&*%ﬁk}rp rﬂbétﬁé\‘a%lﬂ fé@éﬁaﬁﬁaaﬁ!r@wﬂﬁ &ivesp).

(-S-CH2NHC(=0)CH3). It may be convenient or desirable to prepare,

PEdikaan/or Aanigidheiasiive SaMRQYRECHRd as an ester for example, as: an G
alkyl ester (e.g. a methyl ester; a t-butyl ester); a Cy haloalkyl ester (e.g., a Cy.7 trihaloalkyl
ester); a riC,.7 alkylsilyl-Cy.; alkyl ester; or a Cypparyl-Cy; alkyl ester (e.g. a benzyl ester; a
nitrobenzyl ester); or as an amide, jor example, as a methyl amide.

For example, a thiol group may be protected as a thioether (-SR), for example, as: a benzyl
thioether; an acetamidomethyl ether (-S-CHNHC(=0)CH;).

It may be convenient or desirable fo prepare, purify, andfor handle the active compound in
the form of a prodrug. The term "prodrug”, as used herein, pertains to a compound which,
when metabotised (e.g. in vivo), yields the desired active compound. Typically, the prodrug
is inactive, or less active than the active compound, but may provide advantageous
handling, administration, or metabolic properties.

For example, some prodrugs are esters of the active compound (e.g. a physiclogically
acceptable metabolically labile ester). During metabolism, the ester group (-C(=0)OR) is
cleaved to yield the aclive drug. Such esters may be formed by esterification, for example,
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the form of a prodrug. The term "prodrug"”, as used herein, pertains to a
compound which, when metabolised (e.g. in vivo), yields the desired
active compound. Typically, the prodrug 30 is inactive, or less active than
Weaetk@ssdmpound, but may provide advantageous handhfgyGB2605/063621
administration, or metabolic properties. For example, some prodrugs are
esters of the active compound (e.g. a ghysmloglcally acceptable
metabolically labile ester). During met Bolism, the ester group (-C(=0O)OR)
iof 38y citihv edrboxylel deth gragiviedd=0y0 Suc khe sterstiraaypbent e dvbyre
e@&g{éﬁﬁ@ﬁ@ﬁhé@;ﬁ@@é@ml@@,3\4\4@{;2&0@4&%%%&%Td&ﬁ%@@é/%ﬁ%én%%&
AL Saholc %%d SRS bt A R R bR TRON e
Sppr propriate, prior protection of a her reé(c?
B e R O e
Ei(@th?ﬁﬂ@@@eﬁubﬁmenambmwtmmI@é@m@m@mwytkmgmwmvmﬁml,ls

Giyiéalirviesq. tMBoyli)inteihy papianatath (e gaeélaaim@{hy’qpa ﬁﬁ&tﬁb@ 1-
gh‘?éw?éﬁl&!‘Q%%Mya%x%g&\oﬁp('ﬂ%%} X%y@%@;ﬁ&é(éﬁxxa% ?ﬂl ﬁyp

loxymeth I(i:] | oxymeth acetox m
RE I e e o e ]
1%@w@ym&we@ﬁ?phswﬁnwyowmﬁnwymwexwoxywrbonyloxyethyi; (-
luésapyappyergarydpylaatyliseycloheiteatapydaxymetivbingloxyethyl
1<$y&vawyﬁy%%e&xmmwa@ymewk@e%na}ams}mﬂamsm&yethyn

1-cyclohexyloxy-carbonyloxyethyl; (4 10 tetrahydropyranyloxy)

carbonyloxymethyl; 1-(4-tetrahydropyranyloxy)carbonyloxyethyl;
(ﬁl@mpmygﬁﬁwéumggwﬁ@ﬂqﬂy ihgeld the active compound, or a

1pintetrahyticpypanydjterisberpicatyedbydp, v tisomévprodiigedreor example,

aﬁi&\/&%ﬂ@ A Ba UM 18ViRISLENS ArEvG,6EIBRURg AL B G BOYAEMmIno
wh| ﬁyelg%%‘(y;@er chemical reaction, yields the active compound. For
ple

exam he p prodrug may be a sugar derivative or other glycoside
conjugate or may be an amino acid ester derivative. Selective Inhibition
n' means the inhibition of one enzyme to a greater

exgentthanibrcOnirbiRitien-oine aroReasiepilab anzymesxithitaeiastivity
isRERSKIABIR BYSQTRALING, egwsggr@éa%@é ALRIRURI ISR R
inhibit 50"{9 of}h%oactlw'%/ ‘IC e) ) %glfgé%mfe a a%mst the caoncentration

oF Fhee LA B A BTy T GRAvEEr s iH‘H S DpRe Aty (BB 6 e

oftfinerag Re EEiRe 6ie TRES 6ANRIY & @resskle Bkt fte ofthnadtiyiin (6=

gréétepther enzyme (see below). The result is expressed as a ratio. If the ratio is greater
than 1, then the compound tested exhibits some selectivity in its inhibitory action.

The compounds of the present invention preferably exhibit a selectivity of greater than 3, 10,
20 or 50 against DNA-PK over Pl 3-kinase,

The compounds of the present invention preferably exhibit a selectivity of greater than 5, 10,
50 or 100 against DNA-PK over ATM.

it is preferred that the 1C5s used to determine selectivity are determined using the methods
described in WO 03/024949, which is herein incorporated by reference.
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than 1, then the compound tested exhibits some selectivity in its inhibitory
action. 25 The compounds of the present invention preferably exhibit a
selectivity of greater than 3, 10, 20 or 50 against DNA-PK over PI

W8-KipEEBsPhe compounds of the present invention preferaBiyTesadasa03621

selectivity of greater than 5, 10, 30 50 or 100 against DNA-PK over ATM.
It is preferred that the IC50s used to determine selectivity are determined
usmg the methods described in WO %5‘3/024949 which is herein

i ehbssreference. WO 2006/032869 PCT/GB2005/003621 21

ﬁuéthermmﬁswtﬁ&é%mWRﬁ(nQ)mrPﬁéﬁp%@%@m&N@%ﬁ‘éml&&%ny

ferr, that Y is an opt| nally su stt
R TN e R T AT
%}%f@?ﬁttﬂg?fﬁr@%’ %%’rkﬁfﬁﬂ%”@%ﬁ‘ﬁ? 5 When Q is O and X is NR4RS5, then
Y is preferably an optionally substituted C1.3 alkylene group, more

Wf@fe(ﬁi@Wﬁm%ﬁm%&ﬂw@gr%@@w&f&rﬁ@%Qiﬁﬂgtée@%ta alkyiene

di R4 a
ar @fg?ﬁg%t%ﬁt%”éﬁh?ﬁt&r%%éﬁs eonganRedmens Kb and S

‘f(ﬁ %ot’e preferably H and optionally substltuted C14 alkyl and
most preferably H and optionally substituted C1.2 alkyl. Preferred optional

isusiostitetantdninak)de sbu FAteanntliraitg thte pbyskiaryssmathaam tNie,
@%ﬁél@l%&mﬁél&ttﬁ?ga@@%f =1 Toelo) Waﬂx 5&%%%%&&9&@6%@/&%‘-

|men together'with the NItro|
BRI b e T oes gt G
'eaHtS.rttﬁg*fﬁét@H&mtﬁ Y HEOING Y 4N B orfirgaiorwestipteddiabiy atte
orsievaiypolictitinepiias Beterdtyihg atoms. Examples of preferred groups
include, morpholino, piperidinyl piperazinyl, homopiperazinyl and

Y, e, substituted, and ap ularly
g%ﬁgregﬂggfr};ﬁa%% E{Qtlon%%% lfl%?ﬁ%h%gt ﬂé?g'zfﬁ%n\ﬁ}?&éoth% h%%lf’u%nt

SUbS
435St Féb‘iﬁ*‘éiﬂat}é{é‘pb&t%l“tﬁ%/ tjétt%lfeﬁta'wgfa%ra%w ring having from 4 10 8

ring atoms. Preferably, the heterocyclic ring has 5 to 7 ring atoms. Examples of preferraed

groups include, morpholino, piperidinyl, piperazinyl, homopiperazinyl and tetrahydropyrrolo.
These groups may be substituted, and a particularly preferred group is optionally substituted
piperazinyl, where the substituent is preferably on the para-nitrogen atom. Preferred N-
substituents include optionally substituted C4.4 alkyl, optionally substituted Cq aryl and acyl
(with a C44 alkyl group as the acyl substituent).

Some preferred compounds of the present invention can be representad by formuia Il

W N/\[
U\Ra

{11)
O

s O

wherein:
R', R? and Q are as defined for formula I;

nis 1 to 7, preferably 1-4 and most preferably 1 or 2; and
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substituents include optionally substituted C14 alkyl, optionally substituted
C6 aryl and acyl (with a C14 4 alkyl group as the acyl substituent). 25
Some preferred compounds of the present invention can be represented
WO pepatiedt: ON, RaR1 1 (11) o N,R2 11 0 wherein: R1PRRGHIGIAPE2T
as defined for formula 1; nis 1 to 7, preferably 1-4 and most preferably 1
or 2; and WO 2006/032869 PCT/GB2005/003621. 22 RB is selected from
hydrogen, optionally substituted C1.7 5¥kyl (preferably optionally
sBbistiteite CibhaliygentiptelbnsslostiuttacoCsaRo anddriafeiaibhaty
omﬁ,ma bﬁ@4@a%ﬁ%&;ﬁaz@ryubsam@eygo(xvrrgrﬁerae L&HPEJ%{h fiRed co
%&f dI%CCl2§4 alr eyt . p ncesfforo s.and R7 may e same
, Vﬁg & acyl S(l‘j uen g bigfera

R4 ah expre oVe. ormu'l%ﬁ‘(‘aﬂl&"l)c)rmula 1), when R'
and R2 form, along Wrth the nitrogen atom to which they are attached, a
hEhe isefpeticeinigriidng R onaviotole: atormss thisinay foreypastaf ada-20
heterocyclyl group defined above (except with a minimum of 4 ring

aﬁ‘?mﬁ)ulg\’m %Hr?‘&i 1&)0%5}&?1'&’ lt?ﬂﬂo?rﬂ eapltro\g%wntr?eng traor%)em atoH\ é%wmfgh

preferred that R' and. rm aon with the nﬁrtro en ato

S hAEANa oS Rdielseple Wﬁﬂw@@ P ?%nr@smeréormerétrmwu
6hﬁr?g09x6rh@r0$m@r@r»mglsorre(ﬁwgei@iwetmﬁmgmzuttom iingl atbensiz efitineyst

azetigling leytiolidinedd (ajrabydropyiaiek PHEOENIRE o PN the
Zﬁrﬁmgfﬁpwmﬁ (%%IBYJ@F@CQJ@E‘EB%%@%E;&@Q&XE ’ ISé)ngpa(?g s, more

eerag?e grhero 3yr ne, tetrahydropyridine, and azeping; two  ni rogen
atoms nclude im zolidine, pyrazolidine (diazolidine), imidazoline,
pyrazoline (dihydropyrazole), and piperazine; one nitrogen and one
oRipglertingelurién getnamiidrgoxatzol eciotibydeoginazolaiday alydroisoxazole,
ddféﬁg F@&S}Bﬁ%@? pYrRNRB %‘ e 1318%%1.’3{9 o 9%&%9%90%W¥gr )Qr?@%rz é}%ﬂapygrole
RS DBISDANRS OF B ADGlde ihiazalite, thiazoldirie, |
nitrogen atoms include imidazolidine, pyrazolidine (diazolidine), imidazoline, pyrazoline
{dihydropyrazole), and piperazine; one nitrogen and one oxygen include tetrahydrooxazole,
dihydrooxazole, tetrahydroisoxazole, dihydroisoxazole, morpholine, tetrahydrooxazine,
dihydrooxazine, and oxazine; one nitrogen and one sulphur include thiazofine, thiazolidine,
and thiomorpholine.

Preferred rings are those containing one heteroatom in addition to the nitrogen, and in
particular, the preferred heteroatoms are oxygen and sulphur. Thus preferred groups
include morpholino, thiomorpholino, thiazolinyl. Preferred groups without a further
heteroaiom include pyrrolidine.

The most preferred groups are morpholino and thismorpholino.

As mentioned above, these heterocyclic groups may themselves be substituted: a preferred
class of substituent is a C4.7 alkyl group. When the heterocyclic group is morpholino, the
substituent group or groups are preferably methyl or ethyl, and more preferably methyl. A
sole methyl substituent is most preferably In the 2 position.



Preferred rings are those containing one heteroatom in addition to the
nitrogen, and in particular, the preferred heteroatoms are oxygen and
sulphur. Thus preferred groups 25 include morpholino, thiomorpholino,

YRi29IgesPreferred groups without a further heteroatom RfElife@2005/063621
pyrrolidino. The most preferred groups are morpholino and
thiomorpholino. 30 As mentioned above, these heterocyclic groups may
themselves be substituted; a preferre%l3 class of substituent is a C1_7 alkyl
grou. Mthesithe helgroaycligagrebpdsringsrptiotindycher sodbsiitkereglaup
RG4S é&&%ﬁ@é@!ﬁh&éﬁﬁ%@%@tﬂ%@ﬂe GRS BrefRsabhtaRHMdAN
sole methyl substituent is most preferably in the 2 position. WO
%@838?5%%’3‘PCT/G|32005/003621 23 As well as the single ring groups
listed above, rings with bridges or cross-links are also envisaged.

Examples of these types of ring wheaye the grou ntains a nitrogen and

an atom are; Q NgN~Oii Thesejare pamed

6-6%a-3 Hza-bicyclofg-2H6ct-3-yl, a—3-az£—bi§clo[3.1.thex-3-yl, 2

oxa-5-aza-bicyclo[2.2.1]hept-5-yl, and 7-oxa-3-a'%a-bicyclo[4.1.0]hept-3-yl,
5 respectively. 10 General Synthesis Methods Compounds of formula 1,

where Q is -NH-C(=0)- can be represented as Formula 1: OHN x S -
Frasgime hafNRIR 2 04 brgaotampeisds, sadxars aXa-Xidgcil. Olihak-algy2-
%QQ-?-%le&Q&tU@FQﬁﬁéﬂ%’%}{)QﬁdOﬁB%LHLé@a-%ic&ﬂa?[!«b!%fozhept-&yi, respectively.

10  General Synthesis Methods
Compounds of formula 1, where Q is ~NH-C(=Q)- can be represented as Formula 1

Formula 1

5 ‘ Formula 2

15 whereih L is 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:



10

15

S-Formula2 O NR'R2 0 15 wherein L is 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
vamoassyrddvesised by the reaction of a compound of formulec3rdEdos/03621
20061032869 PCT/GB2005/003621 24 NI-12 S - Formula 3 O NRIR2 O
with a compound of formula 4: 0 Formula 4 CI Y L in the presence of an
organic base, for example, triethylamfife. 5 Compounds of formula 1
where -Y-X is C7_7 alkyl can peisynthesised by the reaction of a
compound of formul A\ th a-compound of formula 4a: 0 X Formula 4a
Cl ~ in the presence 62 base, for example, triethylamine. 10
The compounds of formukt3™ wfady be synthesisedrbyweducing a
compound of formula 5: N02 % FotmuladrO NR'R2 O

with a compound of formuia 4:

o)
/{L L Formula 4
cl ol

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

GCompounds of formula 1 where —~Y-X is Cy7 alkyl can be synthesised by the reaction of a
compound of formuta 3 with a compound of formula 4a:

Formula 4a
X
C;)J\(’

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

The compounds of formula 3 may be synthesised by reducing a compound of formula 5:

Formula 5

using an appropriate reducing agent, for example, zing In acetic acid.

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



using an appropriate reducing agent, for example, zinc in acetic acid. 15
Compounds of formula 5 can be synthesised by the Suzuki-Miyaura
coupling of compounds of formula 6 and 7: WO 2006/032869
VRCPIEBR2805/003621 25 N02 OTf NR'RZ 11 Formula 6 FRFEAGRROPSOG3H21
S O BOO O This method is described in WO 03/024949 (Synthesis route
7c¢) - the boronic ester used can be replaced by equivalent boron groups.
5 Routes to compounds of formula #3re described in WO 03/024949
(Synthesis Route,@,é Compounds of formygiafl where -Y-X is CI-7 alkyl can
also be gyntResisgd by the Suzuki- Miyaysa.cooplingréeinpoun ds of

mhay be synthesised from a
] Tf by reaction with the
appropriate aci®aniydride in , for example, pyridine.

T

This method is described in WO 03/024949 (Synthesis route 7¢) — the boronic ester used
can be replaced by equivalent boron groups.

Routes to compounds of formula 7 are deseribed in WO 03/024949 (Synthesis Route 6).

Compounds of formula 1 where ~Y-X is Gy alkyl can also be synthesised by the Suzuki-
Miyaura coupling compounds of formula 8 and 9:

1 H
X
HNT Y7 -
Q B
142
O Formula 8 0 NR'R

S

Formula 9

OTf

Compounds of formula 8 may be synthesised from a compound of formula 10:
NH,

O O Formuta 10

3
oTf

by reaction with the appropriate acid anhydride in , for example, pyridine.

Compounds of formula 9 may be synthesised from compoeunds of formula 8 by reactioty with
the appropriate boron reagent.

Compounds of formula 1, where Q is —O- and X is selected from SR® or NR*R® can be

represented as Formula 11:
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15

Compounds of formula 9 may be synthesised from compounds of formula
8 by reaction with 15 the appropriate boron reagent. Compounds of
formula 1, where Q is -0- and X is selected from SR3 or NR4R5 can be
vapresassdas Formula 11: WO 2006/032869 PCT/GB2005(00G8 21528621
Oly,X' S Formula 11 0 NR1R2 0 wherein X represents SR3 or NRR5.
These compounds can be synthesised from compounds of formula 12: S

- Formula 12 O NR1R2 0 5 whereirf is chloro or bromo, by reacting with
the appropriate amine or thiolo/'l?hj)% reaction can be carried at room
temperature, or may/Bsesheated, if hecessary. Compounds of formula 12

af, for example, potassium carbonate.
seSypthiRSised from compounds of formula
si procedure. This first converts the

Formula 14 in the presence
Compounds of formula 13 gz
3 using a 15 diazotisation-
amino group into the diazonium
27 fluoroborate salt, for example, Hsing HBF4 and butyl nitrite, which is
therehydropyseshia SRYor NR'R®. These compounds can be synihesised from

compounds of formula 12:

5 O Formula 12

wherein L is chloro or bromo, by reacting with the appropriate amine or thicl. This reaction
can be carried at room temperature, or may be heated, if necessary.

Compounds of formula 12 can be synthesised by the reaction of a compound of formuta 13:

OH
g O Formula 13

O NR'R?
0
with & compound of formuia 14:

BF\Y/L Formula 14

in the presence of, for exampile, potassium carbonate.

Compounds of formula 13 can be synthesised from compounds of formula 3 using a

diazotisation-hydrolysis procedure. This first converts the amino group into the diazonium



for example, aqueous copper (l) oxide-copper (Il) nitrate. Compounds of
formula I, where Q is -0- and X is -C(=0)-NR6RT can be represented as
5 Formula 15: O'YYX., 0 S Formula 15 0 NR'R2 0 wherein X" represents
WOERERY3ZPéfese compounds can be synthesised from compBURGSHR5/003621
formula 16: OlyYONa O S Formula 16 0 NR1R2 0 10 by reaction with
the appropriate amine in the presenge of HBTU and HOST. Compounds
of formula 16 can be made from compounds of formula 17: 00_YYOMe S
yqrehreraitesal? fQ BiRIRER Qishng Hifatiod it soigiuwhibly tr dicid Bytirapett asiod,
fof beac@mRRUBSlS ebipemulaxtié-campasnlisysthesised from compounds of
formula 10 by reaction with a compound of formula 18: WO 2006/032869
CPCT/G 20%5/0013 21 28 BrY(\)(OMg)(Formgla 18 0.in the presence of, for
SRERPRE, PRI P EaB SHAR - BYEdt CHRpOUREs Bt RRETRIST @

mple,
5 Formula 15:

Formula 15

wherein X" represents NR°R”. These compounds can be synthesised from compounds of
formula 16;

Formula 16

10 by reaction with the appropriate amine in the presence of HBTU and H'OBT.

Compounds of formula 16 can be made from compounds of formula 17:

Formula 17

by reaction with sodium hydroxide in methanol. The compounds of formula 17 can be
15 synthesised from compounds of formula 10 by reaction with a compound of formula 18:
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5 The present invention provides active compounds, specifically, active
8-[1-substituted- d i b e n zoth i 0 p h e n-4-yl]-2-m o rp hol i n-4-yl-c h ro
m e n-4-0 n es. The term "active", as used herein, pertains to compounds
WARMGB®apable of inhibiting DNA-PK activity, and specifiREiisBrohidess21
both compounds with intrinsic activity (drugs) as 10 well as prodrugs of
such compounds, which prodrugs may themselves exhibit little or no
intrinsic activity. One assay which m&¥ be used in order to assess the
DNA-PK inhibition offere icular compound is described in the
examples below. 15 The presefit inventioh“f@ttaé# provides a method of
inhibiting DNA-PK inhibition in a cell, comprising contacting said cell with
BB ASERTES o AATRR BRACHUDFABOLME, preferably in the form of a
pharmaceutically acceptable composition. Such a method may be
psactisRthifbudlio Atia MySwRi For example, a sample of cells (e.g. from a
own,in VI ro and an ctlve d r ht into
RS £ il AR bRl

ERRRIRhEr - Ehe- rerbAlny E%?WQHFBﬁﬁ@%uratlve effect of the

compound on those cells observed. 25 The present invention further
OV L aRiive S QBAGURSHS Whichs im&ap&wﬁs%@p&i@%a&:mlimmng
SRR A1l LD IRNING VA B Aty MRS capiacin

e with an’effective amount of an active comp ound, whether |n |tr r|n
VRIGS B PHas AL SRR RS p\wawa&gdée%w%mm\'&é FSPIRL At of no

IRf8Bachfitteatment of the human or animal body. Such a method may
comprise administering to such a subject a therapeutically-effective

@ﬁ@%g‘gm% "?\%Wﬁe(i%g&ﬂf? WA, RrefecablyiBinedtmifliah offered b
%ﬁhc aceutlcal gos tion. WO 2006/032869 PCT/682005/003651 29
n

B ORRSAR P HO TR REMMPIERY Wntext of treating a condition,

pertains generally to treatment and therapy, whether of a human or an
‘Bninrabdet g anticet@nitharprappicatienis)d of inhibiting DNA-PK inhibition in a cell,
comprising contacting said cell with an effective amount of an active compound, preferably in

the form of a pharmaceutically acceptable composition. Such a method may be practised in
vitro or in vivo.

For example, a sample of cells (e.g. from a tumour) may be grown in vitro and an active
compound brought into contact with said cells in conjunction with agents that have a known
curative 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 cell with

an effective amount of an active compound, whether in vifro or in vivo.

The invention further provides active compounds for use in a2 method of treatment of the
human or animal body. Such a method may comprise administering to such a subject a
therapeutically-effective amount of an active compound, preferably in the form of a
pharmaceutical composition.
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in which some desired therapeutic effect is achieved, for example, the
inhibition of the progress of the condition, and includes a reduction in the
rate of progress, a halt in the rate 5 of progress, amelioration of the
¥Or8M6A28aNd cure of the condition. Treatment as a prophylaEeSAtEAYHa!
(i.e. prophylaxis) is also included. The term "therapeutically-effective
amount" as used herein, pertains to that amount of an active compound,
or a material, composition or dosage from comprising an active 10
doeripouiiawivich s effettiveiion rocduting sbeating @sitediibe apatkigenerally
effiectincommensusio. Mtk foreasrizabieRensfilyisk. fateANY Qbﬁfé&‘iﬁ%&)
1%@:9@6%@95@@?&1 {‘Ilw%rgé&%g re%le%? Utl :elvg r0e§m0 %mpgw%;ti of the

active COIE%OUH e ad mlnlstere tO a SU convenient

RS A AR et §y§‘?€?ﬁ?@dﬂ97‘%%ﬁ‘éﬁ’ﬁ1%? alplbiie ofe
ab¥ReEHcHOA ArRitRlnighb gemtichinsitd duw, Bithk ¢enditiby. ingestien ktapical
(inphudhint: enepdiisnGdeprostytnisaRatal ieaidiey, buccal, and sublingual);
pulmonary (e.g. by inhalation or insufflation therapy using, e.g. an aerosol,
eq. tthrqt%gh mout ef% ?S" arecta], vaginal; parenteral, for example, b

y
injection, IRAbdING B GRS S s 7 PR 9dag gprount of an
ﬁ‘ﬂ%ﬁ/‘é‘ﬁ&?ﬁ'”ﬁ]ﬁéﬁﬁé}‘iﬁla‘rrﬂ%@%@%fmﬁaﬂﬁ’e‘m choRaisiIin af active
rrrRoapS A sa leTagtsiel &, iridacnh ke desiper tonaahio W B8R ensurate
sitheutistiasnibaasigidargubarachnoid, and intrasternal; by implant of a
depot, for example, subcutaneously or intramuscularly. 25 The subject
may be a eukaryote, an animal, a vertebrate animal, a mammal, a rodent

ginsialighea pig, a hamster, a rat, a mouse), murine (e.g. a mouse),
cappriesgmaaiod nriehimeateugica cathostjcineiterisia tersayecprinaaie, may
sm@mn(etgeazm@@k@wa)am)c@m@akemg&amga@%sﬁ habagn), an
%&%(&QHQQQ &Qﬁ%ﬁeﬁﬁ% ;t%r%rc]i%s bb%@l)!d gnnﬁ‘ 516(9 to, oral

ormulations \While it IS possible tor the actlve comp O

St Qevaieaiorrcs! @%?Q‘f@rSBIér?BS%fé?éd?tfﬁﬁésa' el Reestican
é@?h%@#ﬂm'(@gam!a/tiohﬁ)l@m«yri@n@aapte@stapmem:w @O ERoshch,g.
#sciefinetiabovesdpgethevyyithionecalrare. BRAPMacsUsalbn aseentable
CabEREPeai UNRRISIRXCIRG RIS il entsydillets m%féﬁéﬁaﬁiﬁt%l%%ﬁ! 3¢, :§ 6a’fhecal
RIRREIVATNES. RHSANIR WO, 2006/032860 PCTIGBZ005/003621
subcuticular, intraarticular, subarachnoid, and intrasternal; by implant of a depoit, for

example, subcutaneously or intramuscutarly.

The subject may be a eukaryote, an animal, a vertebrate animal, a mammal, a rodent (e.g.a
guinea pig, a hamster, a rat, a mouse), mutine (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 human.

Formulations

While it is possible for the active compound to be administered alone, it is preferable to
present it as a pharmaceutical composition {e.g. formulation) comprising at least one active
compound, as defined above, together with one or more pharmaceutically acceptable
carriers, adjuvants, excipients, diluents, fillers, buffers, stabilisers, preservatives, lubricants,
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or other materials well known to those skilled in the art and optionally
other therapeutic or prophylactic agents. Thus, the present invention
further provides pharmaceutical compositions, as defined above, 5 and
Wiettodesgiotnaking a pharmaceutical composition comprisirRy adiiriagosc2:
least one active compound, as defined above, together with one or more
pharmaceutically acceptable carriers, excipients, buffers, adjuvants,
stabilisers, or other materials, as deggrlbed herein. The term
dipttteammateiaticadly kaceaptabiet akliad dtieent mp ertingdyo-temipouyeasc or
JlapkoHals adbheompositions, and/or dosage forms which are, within the
scope of sound medical judgement, suitable for use in contact with the
tissues of a subject (e.g. human) without excessive toxicity, irritation,
RUERNE ?@&5%%‘@"8%@{ P6‘b‘1l§’ﬁ? BreBrptiteri GAmRBRHRfnet atasH AhoRe:
asbsehabieierétitriskaaiseRiselronprsice xeipidancidminog balesivee

aaieeepiableidindhefsanseof, hejageompatbienith theatberingrediepisois
afthe ormprlationsgla %HHB@QAK%%&Q%&&W@P%@% a0 De fdRddRn,

standard pharmaceutical texts, for example, Remington's Pharmaceutical
Sciences, 18th edition, Mack Publishing Company, Easton, Pa., 1990. 20
Fﬁﬁé@fﬁﬁﬁhﬁaﬁ%%v e@m@w@mﬁw@dmgem@@w emnoawgag@sfmrﬂﬁa
aqragebidopsepareddd@panipme todsaweltikinathmsito e efad olphalitabioygement,
sﬁh&fb%ﬁﬂ%@@ﬁcm&ﬂﬁlﬁh%&%ﬁu@g PHRONGHINY, aﬁﬁ%%faﬁbﬂa%@é&«%

son p(ii with, the carrier whic cons liutes Qne 9 ore accessory
toxic zm ) on a e cTe chtsef or o em or ccm comtfnens rafe \aath a
ingrédients. | era

ormulations are prepare ni
e S &%%%%e\ﬁﬁﬂﬁ%ﬁhlﬁ in the
camialdendipahpdivideiitsbic e damidesiopbibthoandativen if necessary
shaping the product. Formulations may be in the form of liquids, solutions,

&HEBEQ:%!%Q% &EEHJ&?J‘ SN % f%%‘é‘?és@%'ﬁ?ph%?rﬁé‘&%ﬁg AINIGS

powders, capsu es, cac ets p| s ampou es, suppositories, pessarie
SRRt e S e BIEsH ﬁ*ﬁs?ﬂ't‘%‘aPﬁ%CWHBPﬁ“r&|§°”§@”V'
Ersfaada. ef@@@uarles or aerosols Formulatlons suitable for oral
administration (e.g. by ingestion) may be presented as discrete units such

e e
gu%ngerﬁ%%on In §r{1ﬂ Eaﬁ%g’utg or W 875328 %{ﬂg cﬁ ib%s%@%ﬁf

bringing into association the active compound with the carrier which constitutes one or more

accessory ingredients. In general, the formulations are prepared by uniformly and intimately
bringing into association the active compound with liquid carriers or finely divided solid
carriers or both, and then if necessary shaping the product.

Formulations may be in the form of liquids, solutions, suspensions, emulsions, elixirs,
syrups, tableis, losenges, granules, powders, capsules, cachets, pills, ampoules,
suppositories, pessaries, olntments, gels, pastes, creams, sprays, mists, foams, lotions, oils,
boluses, electuaries, or aerosols.

Formulations suitable for oral administration {e.g. by ingestion) may be presented as discrete
units such as capsules, cachets or tablets, each containing a predetermined amount of the

aclive compound; as a powder or granules; as a solution or suspension In an aqueous or
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31 non-aqueous liquid; or as an oil-in-water liquid emulsion or a
water-in-oil liquid emulsion; as a bolus; as an electuary; or as a paste, A
tablet may be made by conventional means, e.g., compression or
woastdiogseptionally with 5 one or more accessory ingredi@agGB2005/603621
Compressed tablets may be prepared by compressing in a suitable
machine the active compound in a free-flowing form such as a powder or
granules, optionally mixed with one 8% more binders (e.g. povidone,
ngeRtiecacinib; sorbHobiliragaiealibid rydissy prapyimeihyl tedidleselydilfess
a@bUieNts Rduinslase piarecrystalline cellulose, calcium hydrogen
phosphate) lubricants (e.g. magnesium stearate, talc, silica); 10
§nte rants (e.g, sodium starch glycolate, cross-linked povidone

I TRk 82 CB I CR B RYFH BRI cB o (GLBY Higa ceraRyiiagy pplionally with
osParsinGGeTTettiingradienits (grsseigratiatymagbifateparaddy compressing
irprestavativasie. thapathy tarbydioxy beszaake;orop)dueHysiosyhengoate,
g%rm& %ﬁ%é}ﬂgﬁmg&%w@ﬁn@@% Bypmrur,'r#éngergnﬁ SulaDICoroitol,
tragac n er‘?‘ mcrjxture %e[YV%s slﬁ% Eg"j entnlgoISt%n%d Wltl‘g;rg.tr;l mter
rﬁaur UEREPRS %B] YiRay o B RSP ER PN
C@J@'R?ﬁn?ﬁﬁr% '@tﬁ'fag%r?ﬁ%vméebrb\wr@ﬁ%ﬁﬁt% Negtebasessratndacglisak
dednegautd dhye seifiuusitaggglyeslatmpleshijideakypiomd neattydidetilogienin
cuﬁmrrgeﬂappmm@s; forrQuide.the @1@&@%@#%&%@5@% EP QISR ry!

og%r‘lg ) S;gro Nes wrt[qm n errgc (9”t|2n Oro ide releabse in parts
'?L Uit Other than the stoma % l%rmu %’uﬁa{gﬁéof( ?o icar

Sarﬁrﬁﬁﬁ&rarrawd(%’ éatr%geérrﬁaraﬂ%ﬁ&%%ﬂr@cﬁ Parwfﬁ?&mac%ma it of
thblimdrrad) arrage el fopiniglze vitisaaineiiiavid ntjuers aiive Seispemsig nplotigly,

b@@d&*@&o%@@@n@ﬁﬁb Wﬂl’ﬁﬂﬂ@ﬁéﬁ%@@ﬁ@'p%@ﬂ ﬁmf@jﬂr%héd@elease of
s VMQE&GM &%’Féﬁrlﬁs‘ﬁw? g;%%% ?ﬁ%p@%@“ﬁ&@?c DAnda %r%g

adhesive plaster impregnate actrve com op trona y one

pa%rrr&ra%&er&&%@sr’aﬁrf&r%% PEHf u@t‘?!ﬁ’i%f%%ﬁt%%@‘f’&r Rﬁ’p‘i@drded with
asdiviisgeaion fa weigeoarasdiuekstisoddigs dbensiing tenamitive
compound in a flavoured basis, usually sucrose and acacia or tragacanth;

Fraaﬁuuﬁ&n&m&r&g&&eaa&ém@mm@@dtmeewt HRssSHCR a5 griatn
and dveerin, o sustose. and acagia; and molihwashes comprisin the
actrvec m H In a suita ﬁ-:-quur carrier “33b LoPmuIations SUitAbiE for

SRiHE RS RIS AKS T Bl ANTTAIEP Sy HASRR TGPl Pateh

or a dressing such as a bandage or adhesive plaster impregnated with aciive compounds
and optionally one or more exclplents or diluents.

Formulations suitable for topical administration in the mouth include losenges comprising the
active compound in & flavoured basis, usually sucrose and acacia or tragacanth; 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 sultable liquid carrier.

Formulations suitable for topical administration to the eye also include eye drops wherein the

active compound is dissolved or suspended in a suitable carrier, especially an agueous
solvent for the active compound.
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active compound is dissolved or suspended in a suitable carrier,

especially an agueous solvent for the active compound. WO

2006/032869 PCT/GB2005/003621 32 Formulations suitable for nasal

WOAMEAREN, wherein the carrier is a solid, include a coar& TioRAdeF003621

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 nasa%assage from a container of the

Fpowdiichefdiitsdou paaithdniisdetiBuitdished fermulationssvihgrelndthecoarse

pemehiﬁaadi&wmtm ASHTNSLERIOE, RsnEQaRBRRIBuNASRl SRIRB00NARRNs
%P& a%’rrﬁ’éfs?e%%%ﬁ’h%d”yﬁhé "R .CPM%W&%R !%de%p,rg% gk&?pé?ih?oa’ Gh

tions of the active compound. Formulations’ sw ministration

%?Wﬁ??éf%ﬁ?fﬁ?@ﬁm@ﬂ%l@ ‘EHH@%Q% (A PR ARE NI RSt 1 e prsS 1rOHT
oresstivrsarhprtkihwichiaeiss bagiddus giablistmispeltar, swotpiasnasal spray,
rekeh oepd) v eyometinnenitithieno iy acomeil) affide aqueous or oily solutions of
ichara-istialiygroethane, carbon dioxide, or other suitable gases.
Formulations suitable for topical administration via the skin include
ointments, creams, and 15 emulsions. When formulated in an ointment,
fiﬁ@a’eﬁ%ﬁ@@H@ﬁ@dﬁ@ﬁﬁ*&%ﬁ%ﬁb}niﬁwt@mmw*w rergrofed papaffieirso!
spray vaber mesaibide dopativ ent iesescAdtamdtivil yrdbaiadtiveheempounds

dﬂﬁ%r@&ﬁ@%!ﬁﬁ%ﬁ’ei NrRHsRARMHBIRR QiR NAlarARABRASCdf AR SR e,
dr gh {%6‘ ays pl hase of the cream base may include, for example, at least

abou bwih of a polyhydric alcohol, i.e., an alcohol having two or

more hydroxyl groups such as propylene 20 glycol, butane-1,3-diol,
rnaryiitisl serttitdd, fgtyegrel ainindistathnyiethe ghycotlade anixtenescrdzerechd
ehhgstoni CalieruMaliags IMaydieskabiid BeivE @ AEOmP A dprbiely be
?@%ﬁt@&&%@&ﬁaﬁ(ﬁ%’? %%Q&%‘?Jc hE &ﬁ%ﬁ(%?@é@&%@%ﬁ%%é%we

In or other affected areas. Examples of such dermal enetration

EHIEH E%?é“ﬁ?’cﬁ?é‘é’ﬂﬂ‘ﬁ&%&ﬂ&ﬁ?%%‘é%ﬁ& P&E‘f&’a"eéﬁ*é?%& hawe- 25 dgeh the
dovanyfapbasa oiihe piealh daraIsionintiaeifor shaselenaljcopticivalyBo wiprise
pogrelrianceraisifian cibienisen novn asrarmmujg@ﬁn}qswu'mmaympyzene

%969%‘&%?«@1 @%’E&I‘%QT&BI‘%%@P%}EM LSAfeToN F@eﬁ@bﬂfc@%&'rﬁ%hﬂ%@

8}@0 Qg'uc%ipft())rlrlnuﬁ)artg%r?nbal Heswglig %’:Vud% g Erg)lrjnpglli%é which enhances

absorption or penetration of the active compound through the skin or other affected areas.
Examples of such dermal penetration enhancers include dimethylsulfoxide and related
analogues.

When formulated as a topical emulsion, the oily phase may optionally comprise merely an
emulsifier (otherwise known as an emuigent), or it may comprises a mixture of at least one
emulsifier with a fat or an ol or with both a fat and an oil. Preferably, a hydrophilic emulsifier
is included together with a lipophilic emulsifier which acts as a stabiliser. It is also preferred
to include both an oil and a fat. Together, the emulsifier(s) with or without stabiliser(s) make
up the so-called emulsifying wax, and the wax together with the ol and/or fal make up the
so-called emulsifying ointment base which forms the oily dispersed phase of the cream
formutations.
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is included together with a lipophilic emulsifier which acts as a stabiliser. It
is also preferred 30 to include both an oil and a fat. Together, the
emulsifier(s) with or without stabiliser(s) make up the so-called
Wehdee#mesvax, and the wax together with the oil and/or faPFE&BAIPS 21
so-called emulsifying ointment base which forms the oily dispersed phase
of the cream formulations. WO 2002/032869 PCT/GB2005/003621 33
Suitable emulgents and emulsion st Bilisers include Tween 60, Span 80,
Svitbteanybeitoimal emugiistylabieie InghdeciylerTdi b Sterar abe catvd saslialrphol,
gyl sulpbeataycERe shiRiagrlisuitabiRimlnonfatsleidhedosnkatipritbie
HesedenARNRMNGLING desiar fasmen MoReriss Blnes. s salubilivef
the active compound in most oils |Ike|¥ to be used In pharmaceutical 5
RGN RSP ARDHE TR B VRS 810 MRS e SR BRI Wieferably
epwgandarg Hstiops manbstesni iRy an HUR HSHRBRe sFoeido witaldy halglaon-greasy,
nofnReisiag ayidovasraisld padcagenino snitalbe scosiaEney wantainestadetiaig hites or
JraneheshehaiBy MPRor REHRASIG MM RBIRTSBNGD AT Usisoadinalty.
_iso eEtE){I steaé Eet ropylene [g%cql (.gledslt%l;e(?f FQC%R“tt ffa%tty %ldsblsg rtopyl
’Srﬁ?/ﬁ% ate; decyI°IaAte; ‘?é%)ﬁropﬁ )f)é)I'ml?a e, uf)ycl Steat &° -Sehgq)ﬁrh Xyl
HaRiHREcsY 8'pih iparosyiirimire e aSiEr < RBAY e Bigis AL
aitaynbieed sbeinttcladintiwe eslibing ol SfaPrec estersdl treseshiayeiwinged
RINR PEIR COTRINATRY HeRRdiBER I PISRAIIESFERMHERSh the properties
Alternatively, high melting point lipids such as white soft paraffin and/or
figuid paraffin or 15 other mineral oils can be used. Formulations suitable
for rectal administration may be presented as a suppository with a
Altsitaiieety yshooaitjoggieigt iodesampiayideced beratin endladitioid ateafp@or
dnrmsatinagssaiallastar vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations
containing in addition to the active compqund, such carriers as are known
Rl W Yo rate RIIHRTANSIY BEiRARENEY phrahargiory with a
aidiabiaibrestiompesdoipimEstn, dersladingrcutangisiste 25 subcutaneous,
intramuscular, intravenous and intradermal), include aqueous and non-
PHERHSSAIRAG fBWQ%ﬁé\'&Eﬁﬁméﬁ%%% ISR QLGRS WRIGRT Bnpons,

contain nti-oxtiéjapt uffers reggivatives stabilisergmgr?%(ajrios ts
a

S )
T SoHR en TE08 TR KU Conmd I scanch o T seve

compound, such carriers as are known in the arf to be appropiiate.

Formulations suitable for parenteral administration {e.g. by injection, including cutansous,
subcutaneous, intramuscular, intravenous and intradermat), include aqueous and non-
aqueous isclonic, pyrogen-free, sterile injection solutions which may contaln anti-oxidants,
buffers, preservatives, stabilisers, bacteriostats, and solutes which ren‘der the formulation
isotonic with the blood of the intended recipient; and agueous and non-aquecus sterile
suspensions which may include suspending agents and thickening agents, and liposomes or
other microparticulate systems which are designed to target the compound to blood
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, the concentration of the active compound in the solution is from about 1
ng/mi to about 10 pgiml, for example from about 10 ng/ml to about 1 pg/ml. The

formulations may be presented in unit-dose or multi-dose sealed containers, for example,
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isotonic with the blood of the intended recipient; and aqueous and
non-aqueous sterile suspensions which may include suspending agents
and thickening agents, and liposomes or 30 other microparticulate
Wistedeasadaich are designed to target the compound to blod T/GB2005/003621
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 Ringe?“é Injection. Typically, the
aoqrokntsati oklef dheragtive tomipo ahddreitrtea ghudibnidsdy omditiaa utdliring
clmg/mélagxr@mmh Sf%r%eg,ﬂﬂ?,zxtﬁrd%ﬁf&p#@rfé%a@gﬂakel%? Eeléﬂsami#&ately
ormulations ma resented in unit-dose,or multi
e S e e S dsador
sigf aﬁmésgmf%@dafﬁwa%@%?@a Tk pde e e RopIRse)
atemichitrradigdiviagyeniystibiciduitidasiofah i stegtitthinaitiveaxmerefort to biood
RxpaRItsvateE feredigns. immediately prior to use. Extemporaneous
injection solutions and suspensions may be prepared from sterile
owders, granules, and tablets. Formulations may be in the form of
Be6mes or 5 other microparticulate systems which are designed to
ltafit be Breragiains EHROIMNIAG Biceirscdp apdrtsosronedsraribremesiions
doasagey fianitlibe @pprecidded that appropriate dosages of the active
&w&mﬂmeﬁl PPRRGRItONEmhRARARNYISING S RACIMR FOmaRH meqaa
yancliam paten Lo patient, Deterining (e opimal gosege wil generally
TAVOR/e ﬁ1e alancing o the 1eve ??ﬁerap fR SERefted :Tr?éqe %(ﬁ%ﬁ
t&f‘éf@"t@ﬂ%f]fsﬂﬁdﬁeéﬁ@d‘fg%“?ﬁeTﬁ‘éatments of the present invention. The
sileictbdbeapdge| aviblispidhd ependraty afVarlietyiof daioto taimotuiding) toLhaot
Mt@q,ftg,etggﬂ(;@aactivity of the particular compound, the route of
ministr t|on th admi tio rate of xcretio of th
R AR e R AL S Bl T B S8 Cen e

?ﬂﬁ?&H&?stB%éﬁ?ﬂo%BFﬂlﬁ Lo s el i Qr‘é@e C%’@ROWSRJ ﬁf’d(f&fﬁ%ﬁff’éﬁ's used in
gardraicneanththandpror, meghb abhiitorysefeabhpaltie andiineramdigsitifory of
©ompenndanshiousapiacininisirationsit ddtmatieloh eatiratd) be at the
sg%%m&fa@%mx&'gmu@u Mmaa& dsidesads il Redo

a%@'e% retjocal e ”s%e” aé{%ﬂscn.r the site gf aclion which achieve the
Ngeniratiaas al Ine site of action whic ef e esired effect without causing

substandial harmiful or de!etersous ssde-effects.

Administration i vivo can be effected in one dose, continuously or intermiitently (e.g. in
divided doses at appropiiate intervals) throughout the course of treatment. Methods of
determining the most effective means and dosage of adminisiration are well known to those
of skilf 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-selected by the
treating physician.

In general, a suitable dose of the active compound is in the range of about 100 pg to about
250 g 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.
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substantial harmful or deleterious side-effects. Administration in vivo can
be effected in one dose, continuously or intermittently (e.g. in 25 divided
doses at appropriate intervals) throughout the course of treatment.
Wiethhods e determining the most effective means and dosRge@#2005/003621
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 b%%g treated. Single or multiple
EA4MINER ations can be carried out with the dose level and pattern being

m@m@m@ré@%%@atpw@m @tfaééa lﬂfﬂgfé{hf;ﬁ‘%@% kﬁg%%&% O R not

8 g und is in the range of a 0 abou mg per

tr;kl(r‘oé]ararr? 'g'ogf/ev?/%{@%f) ¢ igvgﬁiﬁgc%spéaﬁ G ay. &re the active compound
is a salt, an ester, prodrug or the like, the amount administered is

Aerginigted on the basis of the 35 parent compound and so the actual
FoveightidRe, Unad hinaranacRREQNe FiRRadRlY: WRG2RARARLBEreviations,
,nc&TAg&}géﬁ{rQ%%%éfﬁ FtMPLES) 63 QP( AN rppées R8Ik

'f) to |Ilustrate the present |nvent| SoeP r08¥
RS IS Bt B SR (S SR

begmi ik e hgrihensibannirticstmey (EEPb Sented (Rihgnaalidtyidhe
abbreviations, mcludlng but not limited to, methyl (Me), ethyl (Et), n-propyl

F@E&ﬁv&%z&@% F\)erﬁﬁ'cg%wnsg&md)s Jer F F&@rﬁ%@s; SR REx),

h Ph I hth
B e T
PEYY esﬁ%h?é%ée ﬁﬁ*ﬁrﬁ%ﬂ%'ﬁbﬁﬁh%%@m%aﬁegtﬁt@}eﬁﬁw@&\e@m@ well
dikhowmetibbedvietipless icidtuden O}, hihrdeddacic@ihanoh{dte@irh)amide

(BiraNel-ARIGSr I8 erRroPaRalit=fyRlnaaihvke1yl ketone (MEK), ether
or diethyl ether (Et20), acetic acid (AcOH), dichloromethane (methylene

chloride, DCM), trifluoroacetic acid (TFA), dimethylformamide 15 (DMF),
=and dimethylsulfoxide (DMSO). General
THgfrevenvarbvetrbd v i fiejeuthiontdtoty KighsioveBD dasrigidse bsaksing
pitesck i paigeldpdvisdakbalagsHaackesa UV lamp (254 nm). Silica gel 60 (particle
sizes 40-631) supplied by E.M.Merck was employed for flash chromatography. 'H NMR
spectra were recorded at 300 MHz on a Bruker DPX-300 instrument. Chemical shifts were
referenced fo tetramethylisifane.

Purificatfon and identification of library samples

The samples were purified on Gilson LG units. Mobile phase A ~ 0.1% aqueous TFA,
Mobile phase B — Acetonitrile, Flow rate 6 mi/min., Gradient — typically starting at 90%
AM0% B for one minute, rising td 97% B after 15 minutes, holding there for 2 minutes, then
back to the starting conditions. Column: Jones Chromatography Genesis 4j1 C18 column,
10 mm x 250 mm. Peak acquisition based on UV detection at 254 nm.

Mass speclra were recorded on a Finnegan LCQ instrument in positive ion mode.

Mobile phase A — 0.1% agueous formic acid, Mobile phase B — Acetonitrile, Flow rate 2
mifmin., Gradient — starting at 95% A/5% B for one minute, rising to 98% B afler 5 minutes,
holding there for 3 minutes, then back to the starting conditions. Column: Phenomenex 5y
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plates. The plates were visualised by the use of a UV lamp (254 nm).
Silica gel 60 (particle 20 sizes 40-63p) supplied by E.M.Merck was
employed for flash chromatography. '"H NMR spectra were recorded at
VOGN a Bruker DPX-300 instrument. Chemical shiftshi/&ieB2005/003621
referenced to tetramethylsilane. Purification and identification of library
samples 25 The samples were purified on Gilson LC units. Mobile phase
A - 0.1 % aqueous TFA, Mobile pha§% B - Acetonitrile, Flow rate 6
mifaring Srachens-niypicaliystantingtait®0% BAGKHD AaR8dMiteEing from
5iRiRgdeu R4 B after 15 minutes, holding there for 2 minutes, then back to
the starting conditions. Column: Jones Chromatography Genesis 4p C18
column, 10 mm x 250 mm. Peak acquisition based on UV detection at
%ﬁﬁﬁ"@@%@%@ﬁé@ﬁ%ﬁ%re recorded on a Finnegan LCQ instrument in
esithrediomafmoddibrviobitepphradseaid ik ifédimeeous focmiedcich Mabitass

phase B eaigRitilRIIoN teatndilBBroGiagisRtaRirRiRg) 2694
R &%ﬁ@muggﬂ 199,10,98% B after 5 minutes, holding there for

3 mlnutes hen back to the starting condltlons Column: Phenomenex 5p
e B 8B e eSS BT Moo et O T B mim
BB A Nierie fdhrat @B 4G iePDICBdectiion seasniingfarhol2ing teeds
Bminlas Cepectr ¥ pkotber Mapmourdsi MasssRect@eafyoanibEafy, Jones

eRmIRLBESANBicImediReR e s cded QR aMligiomass ZQ

instrument (single quadrupole, operating in electrospray ionisation mode),
using a Waters 600 HPLC pump and 2700 Autosampler. Mobile phase A
S opistiRy deermedizies, Mobile phase B - 0.1 % formic acid in
60 dtorpibilien-Fiyve-( Hteil dlibdimithiofradityt) Giebh éa-92aBawer 3

minutes, holding th e for 10 3 m|n . Column: Varies, but always C18
50 mm x 4.6.r rently Gengsig s ;
detection: 6, Scan réa

intermediates (a) s
Morpholin-4-yl-8-(1'-nitro
OH S OMe

vil

viil

Dibenzothiophen-4-of (i)
To a cooled (-78°C) solution of dibenzothiophene {20.8 g, 113 mmol) in anhydrous THF (400
mi) was added fert-butyl lithium (1.7 M in pentane; 100 ml, 170 mmol). The reaction mixture
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it O2N ON 000 SOMe SH jr,iv_NO2 NO, +JoB-B'OJS/ OTfviB
V NO2 OTfCo ONJSJO O 15 viiviii Dibenzothiophen-4-ot (i) To a
cooled (-78C) solution of dibenzothiophene (20.8 g, 113 mmol) in

VHRYEHSTHE (400 ml) was added tert-butyl lithium (1.7 REHQEREARE3621
100 ml, 170 mmol). The reaction mixture WO 2006/032869
PCT/GB2005/003621 . 37 was stirred at -78 C for 1 hour and then
allowed to warm to room temperature and stirred like this for 16 hours.
Warcstidate’ W &S fthidrh couledtherOGoand tethyim sonesi temisratid end Biikdd
TKERIs¥E0 e Hodrg0 Thenehiaedee tathnRaRes e ant QITHSENE (PndeiWe
GHRRTHEA RANNIB TS EREt AR AGALBISYRG IR fea T RS Al

whereugﬂn it was stirred I|ke 5th és for 30 minutes. A reflux condenser was

RACRed 10 RS aNE AdoR AR B FAoBLTGRRT R4S WhBBYRAT PSR ke
BisiioN RiPuer mivigtes cometrkwre e d Beireadtior vedenithefpre trogen
ot brd ited dfuligpheriogtontiorciisivedk ic e chintici fyiaghian phitr&i\etA further 1

KANGRRHABRIF boutRg SIS MR IIRN RIIFAIEE HSIRYBIRYACEIALS (B
i‘h%%murenv %Eg]an racz( %’%gntnsgvc\elﬁy?acetate {3 x 80 ml). The organic extracts were

then treated with 3M sodium hydroxide solution untit pH 10 was attained. The basic,
agueous layer was separated, acidified to pH 3 with 2M HCI which caused an olly solid to
precipitate. This was dissolved in diethylether {150 mi), dried using MgSQ,, filtered and
concentrated /n vacuo and then recrystallised from ethanolwater (1:1) {250 mi) to give a buff
coloured solid that corresponded to the title compound (21.8g, 98%) and required no further
purification. m/z (LC-MS, ESP), RT=3.64 min, (M+H)}=201 .1

4-Methoxy-dibenzothiophene (i)

To a solution of dibenzothiophen-4-ol (i){14.2 g, 71.0 mmol) in acetone (500 ml) was added )
powdered potassium carbonate (14.72 g, 106.5 mmol) and methyl iodide (4.43 ml, 71 mmoi).
The mixture was heated to reflux and stirred like this for 16 hours. The mixture was then
cooled and filtered through a Celite™ pad. The resulting filtrant was concentrated in vacuo
to give an oily residue that was diluted in dichloromethane (100 ml) and washed with 1M
NaQH and saturated brine solution. The organic layer was dried using MgSQ,, filtered and
concentrated in vacuo to give a buff coloured solid that corresponded 1o the title compound
and was used without any further purification.(15.2 g, 100 %) m/z (LC-MS, ESP), RT=4.22
min, (M+H)=215.1

4-Methoxy-1-nitro-dibenzothiophene (iij)

4-Methoxy-dibenzothiophene (ii){4.3 g, 20.0 mmol) was dissolved in glacial acetic acid (60
mil) and to this solution was added fuming nitric acid (3.37 ml) in & dropwise fashion ensuring
that the temperature of the mixture did not rise above 25°C. The vellow suspension was
stirred for a further 45 minutes before being poured carefully into water (200 mi) and stirred
for 15 minutes. The yellow solid was removed by filtration and washed thoroughly with
copious amounts of water and then hexanes. The residue thus obtained was then dried in a
vacuum oven to give the title compound as a yellow solid which was used without any further
purification. (6.19 g, 97 %) m/z (LC-MS, ESP), RT=4.15 min, (M+H)=260.1
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then treated with 3M sodium hydroxide solution until pH 10 was attained.
The basic, 10 aqueous layer was separated, acidified to pH 3 with 2M HCI
which caused an oily solid to precipitate. This was dissolved in

Ve 29943849150 ml), dried using MgSO4, filtered and cond&ptfaf2eriPo3et
vacuo and then recrystallised from ethanol:water (1:1) (250 ml) to give a
buff coloured solid that correspondeg to the title compound (21.6g, 96%)
and required no further purification. m/z (LC-MS, ESP), RT=3.64 min,
(M+H)=201.1 15 4-Methoxy-dibenzothiophene (ii) To a solution of
diliesaineghepnénol-6Lid4.2 g, 71.0 mmol) in acetone (500 ml) was

a6id n@%\{%@&ﬂﬁéﬂi?'kﬁnﬁmgﬂnﬁ & anJrQ[?& ?3 and methyl

xture was heated to re qu and stirred

?%e“ﬁi“?giﬁﬁ'ﬁ ﬁ‘“ljf?é e H%&HP& 8% SeREScRSBR Ar Rrfer Aerinsdgh
G Mdreoplilovh atireag | idg Mk Wadrebrieeprite thinfvativs. toolsie an
dilyerbsithrexthasoasidilutestinceit ordeiethare 440 & boand waskeduwith

W dNROaRe satualed BIReSQIHHIQRIDE R Q%QPR @M%Fﬂé&t%@%ﬁ? 18]
M- Usiesand camcetalst aaa o e U oo
that corres onded to the title comp oﬂ 4 “5hd Was R eEERARRNRE Ksr
Bhlﬁrﬁéa‘ﬂ% Rf@tzfﬁ*ow%shﬁ%iffm@ mgméfgaaswpwa%@ rOmGYRA, bv filtration,
Hebhiet) wah Brdted vk fhiex o loimét thedifrermmathiop teh @4siuitably pure to be used
WiMethexyuaiepaaibioshensidiy 439 D CoMBOPIMARFSSOIMAR, IN
g}gg agst Wd (60, ml) and to this solution was added fuming nitric
acid (3.37 ml) in a dropwise fashion ensuring 30 that the temperature of
the mixture did not rise above 25C. The yellow suspension was stirred for
Aflyerecrabentniiiesciseld feiaing puaidebberetullystatdvvater (200 ml) and
stiredottar BSoninsiessidher yellemehitbwapHE 0N R iy S1Y atQnaRg in

wmqmgﬁgiw%vwga a%taeaom@t@gmt@ ohwatss. a@mﬂm%ﬁ%”&eﬁ

residue thUS ined W e?e [il0 ied n a vacuum oven to give the title

compoun BTl I S S D S HUHHapaiencsuroni

oun as a
ﬁ“JﬁrF? %&1@%5}&93@?@?%9 m&@ww@@wymmqsﬁlﬂmﬂwwmﬁ
WIHO06/080866 PEIIGB2065 /0B 3G uinblitie-dibenzothiophesdd.of

the) SdighoyrsineRvderahiongetlds 8 0mel) YRS GHCRL G ganic layers were
ﬁ\éﬁ@@g)f%g%alsr?ltered and concentrated in vacuo to give a mild amber oil that was
eluted though a pad of silica (neat CHzCl,) fo give the title compound in a suitably pure form
to be used without any further purification. (8.30 g, 99%) %) m/z (LC-MS, ESP), RT=4.40
min, did not ionize.

Morpholin-4-yl-8-(1"-nitrodibenzothiophen-4"-yljchromen-4-one (viii)

A clean, dry flask was charged with trifluoro-methanesulfonic acid 1-nitro-dibenzothiophen-4-
yl ester (v) (250 mg, 0.66 mmol), bis(pinacolato}diboron (185 mg, 0.73 mmol), potassium
acetate (390 mg, 3.98 mmol), PdCl{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 (25 mi} 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 ml), brine (1 x 30 ml), dried (Na;S0O,) and the solvent was
evaporated in vacuo to furnish the nitroboronate ester (vi} which was used without further
purification. A mixture of vi (280 mg, 0.79 mmol), chromenone-8-triflate (vii) (298 mg, 0.79
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dibenzothiophene (iii)(35.44 g, 187 mmol) and the reaction mixted well
before heating to 5 165C with continuous stirring. The mixture was
maintained like this for 8 hrs, cooled, diluted with water (500 ml) and
VER B4Rt dichloromethane (3 x 200 ml). 3M sodium  hyRfrb¥e005/003621
solution was added to the organic extract until a dark solid precipitated
from the solution. The filtrate was refpoved and the liquor acidified to pH1
using concentrated HCI. The resulting bright yellow solid that formed on
el gt RSl e machiBded o) flndifest Q0 (Washe® witmmvellevaaridshed
tohdedrtegiih shpiitiecormpeond)thas seasdauitablapite iadass s d imdthaldsr
ramk FHFWoQ%r'ff'ﬁé‘EQ&Oel(@@véé‘erZJé’é’)n’Ué&Q-%MI% E&B@ RERERAR
rhepineiscist beometaceliont sotl
TR dibens SHSOBRRN ] 25t 1 T f?—ﬂﬁ %") Qispuhiidreyent

V&a%ﬁvapaiﬁféﬂfbfﬁwaFféwralﬁbﬁuw(@ 37EP2d (i dlhareretie RloryRh BBameied
b7 Snthwasraatdedtiethiptarriienisizdanih B6:00 mmol) which caused the
mipspensionip=sellisamastrletely) Te wgmeweuw '{‘%ﬁdqgﬂa 1559,

b h . 33 d
55%“1?533’3!58%‘?% s L R 8 et e 1 it
& e polired %Hni’&%r@sﬁe& RBzTHE ité8ge/abWHE B ROTHRICANLFhE

ik reHEarReted (1s)rgCHEO 113))320-81y, (hha i minresbenganc ToyrMR
(V\&lcmzﬂ@ﬁt;%l%?‘ KWS@‘Ba 1; Htﬁéﬁ%@ﬁ%ﬁ@ﬁ%@ﬂ?@f%'@ Y@%%Oﬁ%ﬁc@lg’ﬁ@o

I al Slli ea 0
uld. 19]}34{3 1 dhata ﬂa“ %%f(%#% %%r rg? ézé SEPintthut any

give'the title compouh in a suitdbly purétot S

further purification. (8.30 g, 99%) %) m/z (LC-MS, ESP), RT=4.40 min,
(dld nd-itrpdn@dbenzothiophen-4'-yl)-2-morpholin-4-yl-chromen-4-one {ix)
Morpholin-4-yi-8-(1kmitrodibenzothiophen-4'-yl)chrogaen-4-one (viii) A

reaction mixture Wasstlrred at 900 for 12 hours. The reactlon mixture
was diluted with DCM (100 m% and organic layer was ‘Washed

T&%&aggﬂ%?&*w.m%?spﬁw CRABHAE LA HRINSndd Rektaspind
afie SOIrdrivay addes dpoparaty it vidaud T Gumnish anétnitredsdirorpiduesters (vi)
spndchavesLisegenatite st Butiier The reaction mixture was filttered through celite,

washed successively with methanol (4 x 50 mi) and DCM (2 x 50 ml} and the combined
filtrates were evaporated under reduced pressure. The residual sofid was stirred with water
{100 ml) and aqueous ammonia (25 ml) was added. The resultant precipitated solid was
collected by filtration, and purified by chromatography on silica employing 2-5% methanol in
DCM as eluent.

= 0.28 (DCM/MeOH 95/5); IR (film): 3326, 3211, 2062, 2002, 2851, 1729, 1615, 1555. 'H
NMR (300 MHz, CDCly): 58.14-8.20 (m, 2H); 7.74 (dd, J= 7.7 ; 1.1 Hz, 1H) ; 7.67 (dd, J =
7.4 1.7 Hz, 1H); 7.34-7.49 (m, 4H); 7.22 (d, J = 7.8 Hz, 1H); 6.82 (d, J= 7.8 Hz, 1H); 5.48
(s, 1H, =CH); 4.55 (br, -NH, 2H); 3.42-3.46 (m, 4H); 3.03-3.06 (m, 4H). ¥C NMR (75 MHz,
CDCls): 5177.6;162.5; 151.7; 1442 ; 1416 ;138.9 ; 135.8 ; 134.1 ; 132.8;: 129.1 ;
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15

35 purification. A mixture of vi (280 mg, 0.79 mmol), chromenone-8-triflate
(vii) (298 mg, 0.79 WO 2006/032869 PCT/GB2005/003621 39 mmol),
PdC12(dppf) (19.3 mg, 0.024 mmol), and Cs2CO3 (770 mg, 2.36 mmol)
wasdashmds three times with argon, and THE (20 ml) was aduiedsFoe003621
reaction mixture was stirred under reflux for 12 hours. The solvents was
removed in vacuo and the residue was dissolved in DCM, (100 ml)

washed with water (2x30 ml), brine (13830 ml), dried (Na2S04) and the
sobent Bwassvapamied s, vaceedo feeishihe tithe sompaund\diih Bhe
ghude gyadustyvas purified by column chromatography using 2-5%
methanol in DCM. m.p = 179 C; Rr= 0.28 (DCM/MeOH 9515); LC-MS ES'
460. IR (film): 1681, 1619, 1559, 1404 cm'; UVA, = 240 rim. 'H NMR (300
(tHz, EBblesy g2 maphgin-4d-41089-fH-shpmeIedytrdiberzatiephenyil-
A@&(aidd B O Hz, 1 H); 7.78 (d, J =7.1 Hz, 1 H); 7.66 (dd, J =7.5; 10

1.6 Hz, 1H); 7.42-7.52 (m, 4H); 5.45 (s, 1H); 3.40-3.47¢(m, 4H); 3.00-3.03
(m, 4H). "C NMR (7 MHz, CDCI3): 5176.9; 162.5;%’5‘@,\&0&51.7; 143.4;
140.5; 135.9 3 .5;1131.6; 129.0; 127.5; 127°4,127.0; 125.8; 125.6;
125.4; 124.17-123. @

8-(1'-Aminodibefizo |ophenﬁ1'\- [)-2-morpholin-43yl-

omenrﬂ-tme (ix)
NO2 NH2 3 ~O 3 Qp-o

NJ OU715 vi"ix Eoa-Sa|ut f the
nitrodibenzothioph

(30 ml) was added zinc gowder (1.16 g, 17.70 mmol) an the reaction
mixture was stirred at room temperature overnight. The reaction mixture
was filtered through celite, washed successively with fhethanol (4 x 50

) 2caet DC M {2 rriGonibparnthibrewendbieih @ 0iltreks sowérd ievapoksteét mi)
wadered uree RRassure nidledesitual solidauas e Wth WatehulL08nd e
%QM@%M@W&%&%%HQ%%_ g d,,[ae resultant precipitated
solid was collected by filtration, and puritied by c?womatography on silica
employing 2-5% methanol in DCM as eluent. Rf = 0.28 (DCM/MeOH

9901 5); IR EIRMN IS LoRalipgER, LovP 4 B APee S BiheEBtHipphen-1-yi]-

propionamide (B)

To a solution of the aminodibenzothiophene derivative (ix; 1 mol. equiv.) in dry DMA, was
added triethylamine (2.2 mol. equiv.) and 3-bromopropiony! chioride (1.1 mol. equiv.), and
the reaction mixture was stirred at room temperature for 4 hours.
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25 NMR (300 MHz, CDC13): 58.14-8.20 (m, 2H) ; 7.74 (dd, J=7.7; 1.1
Hz, 1 H); 7.67 (dd, J = 7.4; 1.7 Hz, 1 H); 7.34-7.49 (m, 4H); 7.22 (d, J =
7.8 Hz, 1H); 6.82 (d, J = 7.8 Hz, 1 H); 5.48 (s, 1H, =CH); 4.55 (br, -NH
RbipnEsAR@&916 (M, 4H); 3.03-3.06 (M, 4H). 13C NMR (75 Mitzy/cRRi@isyse21
5177.6;162.5:151.7;144.2;141.6;138.9;135.8;134.1;132.8;129.1; WO
2006/032869 PCT/GB2005/003621 40 128.9;126.0;125.7;125.3;125.1;
125.0;123.8;123.7;123.1;123.0;122.0°113.1 87.18; 66.4 ; 45A. (C)

@)ChlosgdMNidirymnrphaithidhiibdonpdin-chremenyBul)shlernazeibigphen-
1-yl]- 5 acetamide (A,NH2 HN"v Cl 5/1r-00 ONJONJ OixAToa
solution of the aming |benzoth|0phene deri @ (ixl.1 mol. equiv.) in dry
DMA (12 ml)~was

chloride (1.1 moEi, euwg

temperature for 4 pBUFS.

3-Bromo-N-[4-(2-nmwarph 0 -4-yl-4-oxo0-4H-chrome @ -|benzoth|ophen-
1-yl]- propionamide (B) & D NH2 HN 'Br s0O O O ix B Tp a solution of the
aminodibenzothiophene derivative (ix; 1 mol, equiv.) in dry DMA, was 15
added triethylamine (’2.2 mol. equiv.) and 3-bromoprof§ionyl chloride (1.1
ﬁl,‘@@@[ﬁrgf{}l?ﬁngﬁtaiophene derivative (ix) (1mmol} was suspended in ethanof {40 ml) and
HBF, (15 mmol) was added dropwise at room temperature. After stirring for 15 minutes the
reaction mixture became a clear solution, which was cooled to 0°C and +butynitrite (2
mmol) was added. After 30 minutes the reaction mixture was diluted with ether (80 ml). The
precipitated solid was filtered, washed with ether {2 x 20 m}) and dried. This solid was added
to a solution of cupric nitrate (300 mmol) in 1 L of water containing cuprous oxide {1 mmol)

and stirred for 1 hour at room temperature. The aqueous solution was filtered to afford the

product as brown solid, which was purified by column chromatography on silica using 2-5%
methanol/DCM.

{n 8-[1-(2-Bromo-ethoxy)}-dibenzothiophen-4-y§l-2-morpholin-4-yl-chromen-4-one
(C}
0/\/Br

To a solution of the 1-hydroxydibenzothiophene (x; 1 mol. equiv.) in dry DMF (20 ml) was
added potassium carbonate (1.1 mol. equiv.) and dibromoethane (1.1 mol, equiv.), and the
reaction mixture was stirred at room temperature for 12 hours.
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the reaction mixture was stirred at room temperature for 4 hours. WO
2006/032869 PCT/GB2005/003621 41 (e)
8-(1-Hydroxy-dibenzothiophen-4-yl)-2-morpholin-4-yi-chromen-4-one (x)
WONHZ/BH® S O O NJ O J O O ix x The aminodibenzothR#i6Rz005/003621
derivative (ix) (1 mmol) was suspended in ethanol (40 ml) and HBF4 (15
mmol) was added dropwise at room temperature. After stirring for 15
minutes the 5 reaction mixture becaffie a clear solution, which was cooled
{) 0C Sniibjdtiditoitgh@imindy-wasibiddecinafie g0 henubtaisi dpBere & gtiony -
Jeddwepyvas diluted with ether (80 ml). The precipitated solid was filtered,

) erperatiire. The aqueous
ilteregAo affor[d’the 10 product as'brown solid, which was
purified by column_ghromatography en-sHica using 2-5%_m gpinollDCM.

8-[1-(2-Bromo-ethoXy)-{libenzothiophen-4-yl]-2-morpholjn-4-yl-chromen-4-
one (C) OHOIl/Br S r20 O NJ pr 015x C To a solufion of the
1-hydroxydibenzothiophene (x; 1 mol. equiv.) in dry DMF (20 ml) was

Rdse-DIRSHHE A ARG élehddinh 0 uN 3RG LFRARINADG 4L Lo,

uiv.), and the reaction mixtyre was stirred at room temperature for 12
R B D05 o B B0 95 et o €O C overiit

After completion of the reaction, the reaction mixture was poured into water and extracted
with ethyl acetate. The organic layer was washed with water, brine, dried and concentrated
to give the methyl ester as a yellow solid. The progress of the reaction was monitored by
HPLG and LC-MS. The ester was dissolved in methano! and agueous NaOH was added.
The reaction mixture was stirred at 60°C for 1 hour, when HPLC and LG-MS showed the

absence of the methyl ester, The reaction mixture was evaporated to dryness in vacuo io
afford the sodium salt (D).

Exampie 1

Aliguots (D.S‘ml) of 2-Chlore-N-[4-{2-morpholin-4-yl-4-oxo-4H-chromen-8-yl)-
dibenzothiophen-1-yl}-acetamide (A) were added to each of the vials containing the various
amines for the synthesis. The reaction mixtures were stirred in parallel at room temperature

for 12 hours, diluted with a minimum volume of methanol, and the resulting compounds were
then purified.



42 (g) Sodium
[4-(2-Morpholin-4-yl-4-oxo0-4H-chromen-8-yl)-dibenzothiophen-1-yloxy]-
acetate (D)OH-O"YONa /O OS/00"NJ/OY,NJ--110 XD The
Wiydrendgdsompound (x) was suspended in dry DMF, potasshéify€Bitreaiet
was added 5 followed by methyl bromoacetate, and the reaction mixture
was stirred at 60C overnight. After completion of the reaction, the reaction
mixture was poured into water and ekiracted with ethyl acetate. The
organic layer was washed with water@brine, dried and concentrated to
give the methyl ester as a yellow sod%g.\JFﬁe progress of the reaction was
monitored by HPLC and L¢ ._Jhe ester was dissolved in methanol
and aqueous NaOH was addeq. ]
60C for 1 hour, when HPLC and LOFMS sh
methyl ester. The reaction mixturesivg “eydberated to dryness in vacuo to
afford the sodium salt (D). 15 Exam JC[HN"NWR HNssrD O NJ
O NJ O A Aliquots (0.5 ml) of

2-CW—merhehﬂ-§yl 4-oxe-4H-ehromen-S-yh T
dibe ?Pﬁ%p i"en-l—yl]-ace'[amide (A) were Mée %t'gné{% f!?ﬁgt fa‘ﬂs
containing the various aminestpr the syntPrésts | Thé-Peaction ritxtures
were| stirred in parallel at rp@qyﬂﬁ:mperau re 20 for 12 hours, diluted with a
minimum volume& of methanol, and the resulting compoungs were then
purified. 2 O 5545 |  3.38 95
ir/N
3 5554 3.25 a5
NH
o
4 N 569.4 | 3.28 95
A
5 HOH 574.4 3.2 95
B ~q 6024 | 3.66 90
*/N\/\O
E
7 H 530.4 3.21 95
R T
8 ',;} 529.4 2.99 a5
e \/\NH
2
9 5835 | 3.6 50
(e
-/N\/{
10 O 568.5 349 95
N




WO 2006/032869 PCT/GB2005/003621 43 OHN"R8O 0 \IIO
Compound R M(z Rt (min) Purity (%) 1r0 556.4 3.595 'NJ 2 554.5 3.38
95 N3 NH555.4"'3.2595'N 4 rNi569.4 3.2895 *N.J5 OH 574.4 3.2
V95 2:06632%69602.4 3.66 90 07 H *N ~ 530.4 3.21 95 ~~OB@IB2A2W206321
95 NH2 9583.53.26 90 10 568.5 3.49 95 ND WO 2006/032869
PCT/GB2005/003621 44

44
11 \/@/0\ 6064 357 a5
H
i/N
12 5425 3.38 95
*”I\(\/
13 N, 4864 | 3.9 g5
14 H 5994 3.16 95

15 “ﬁ 5704 | 3.36 95
e N G

16 R]' 5975 | 3.41 95

17 5714 3.28 95

18 (L 5845 | 365 90
o]

14 ( AN 605.5 3.48 85
N SN !
-~
20 H\/\ /} H08.5 3.23 a0
« N !
N
21 ! / 5975 3 95
H
22 *"N\/\‘o/ 544 4 3.32 a5
23 G 597.6 3.39 g5




11 0606.4 3.5795 H121542.53.3895 13 ,.NH2 486.4 3.19 95 14 NH
~\599.43.16 95 0 15H 570.4 3.36 95 O 16 N~-597.53.1195 N 17 |
571.43.28 95 18584.53.6590 IN 19/605.53.48 85 N 20 H~\ 598.5
B3GR H 21 HN 597.5 3 95 22 H~~ 544A 3.32 95 2B(0/6BZ0658B821
95 JN .'N~/ WO 2006/032869 PCT/GB2005/003621 45 24 JN~iO~ 613.6
3.34 85 p~NJ 25 643.6 3.25 955 *~,ij 26 /~N”~ 583.6 3.29 95

24 !/\N/\/O\ 613.6 | 334 85
*/N
25 (\NA“/O\/\OH 643.6 3.25 95
#/N
2% (\N/\ 5836 | 3.0 95
*/N\)
27 ~ 6326 | 344 a5
(\N S
N
28 /O/F 68496 | 4.08 90
Yy
A ‘
29 L 8545 | 3.49 90
ShR
NS o
30 | 6264 | 3.02 a5
N
31 Hﬁ 5974 | 3.23 a5
*/N N
32 I/\N/\/OH 509.4 | 3.4 95
N
33 613.4 | 3.22 95
N
*/G —_\"OH
3 ' 6134 | 2.98 5
(o]
H &
*/N\/\/N\)
35 5694 | 318 85
(jNH
*/N\//
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*~NJ 27 632.6 3.44 95 IJN N 28 ~F 649.6 4.06 90 JN zr NJ 29 654.5
3.3990 .,NJOH 30626.43.0295 rN~\iN\.,NV 31 HJ597.43.2395 'N
N 32 rNOH 599.4 3.24 95 'NJ 33 J N 613.4 3.22 95 NJ N-\-OH 34 JO

WeLBW/23FBDO5 35 569.4 3.18 95 NH WO 2006/032869  PCT/GB2005/003621
PCT/GB2005/003621 46 36 1 514.4 3.28 95 37N 577.43.2290 _N 381
597.4 3.36 90 ~Aj39sH 570.4 3.6%695 Y IN Representative analytical
data

36 ; , 5144 | 3.8 95
AN
37 2N 5774 | 3.22 90
38 /'\ 597.4 3.36 90
)
’ */N\)
39 SR 5704 | 3.8 95
W 1 N
N

Representative analytical data

Compound 1: 'H NMR (300 MHz, CDCly): 6 10.27 (1H, s, -NH), 8.44 (1H, m, Ar), 8.29 (1H,
d, J =7.85 Hz, Ar), 8.04 (1H, d, J = 8.04 Hz, Ar), 7.86 (2H, m, Ar), 7.55 (4H, m, Ar), 6.59
{1H, s, =CH-}, 4.01 {(4H, m, -NCH,CH,-), 3.82 (2H, s, -NCH_), 3.53 (4H, m, -NCH,CHy-), 3.26
(4H, m, -NCH,CH,-), 3.18 (4H, m, -NCH,CH,-). M.p.: 185°C.

Compound 2: "H NMR (300 MHz, CDGl): § 10.80 (1H, s, -NH), 8.26 {1H, m, Ar), 8.19 (1H,
dd, J = 1.6Hz, Ar), 7.70 (2H, m, Ar), 7.48 (2H, m, Ar), 7.38 (3H, m, Ar), 6.15 (1H, s, =CH-),
4.10 (2H, s, -NCHy), 3.42 (6H, m, -NCH,CH,-), 3.09 (7H, m, -NCH,CH,-), 1.95 (5H, m, -
CH,CHz-). M.p.; 188°C.

Compound 17(oli): *H NMR (300 MHz, CDCls): § 10.15 (1H, s, -NH), 8.22 (2H, t, J = 7.93Hz,
Ar), 7.74 (2H, t, J = 7.64Hz, Ar), 7.58 (1H, d, J = 7.95Hz, Ar), 7.50 (1H, d, J = 7.67Hz, Ar),
7.36 (3H, m, Ar), 6.58 (1H, s, =CH-), 3.83 (2H, s, -NCH,), 3.45 (4H, m, -NCH,CH,-), 3.20
(6H, m, “NCHCHa-}, 3.03 {(2H, m, -NCH,), 2.91 (6H, s, -NCHy), 2.56 (3H, s, -NCH3).

Compound 18: *H NMR (300 MHz, CDCL): § 10.26 (1H, s, -NH), 8.32 (1H, d, J = 6.42 Hz,
Ar), 8.20, (1H, d, J = 6.36 Hz, Ar), 7.90 (1H, m, As), 7.74 (2H, m, Ar), 7.47 {4H, m, Ar), 6.40
(1H, s, =CH-), 3.96 (2H, m, -NCH,}, 3.77 (2H, s, -OCHz), 3.44 (4H, m, -NCH,CHy-), 3.27 (2H,
d,J= 11.57 Hz, -NCH;), 3.15 (4H, 5, -NCH:CHg-), 2.50 {2H, m, -NCH,). M.p.: 152 °C.

Compound 27: *H NMR (300 MHz, CDCl): & 9.90 (1H, s, -NH), 8.38 (1H, m, Ar), 8.22 (3H,
m, Ar), 7.77 (3H, m, Ar), 7.45 (4H, m, Ar), 6.89 (2H, m, Ar), 6.32 (1H, S, =CH-), 3.89 (2H, bs,



Compound 1: 1H NMR (300 MHz, CDCI3): 8 10.27 (1H, s, -NH), 8.44 (1H,
m, Ar), 8.29 (1H, d, J=7.85 Hz, Ar), 8.04 (1 H, d, J=8.04 Hz, Ar), 7.86
(2H, m, Ar), 7.55 (4H, m, Ar), 6.59 5 (1 H, s, =CH-), 4.01 (4H, m,
WRQEHPBR?), 3.82 (2H, s, -NCH2), 3.53 (4H, m, -NCH2CHP2ST/$BR05Apps21
m, -NCH2CH2-), 3.18 (4H, m, -NCH2CH2-). M.p.: 165C. Compound 2: 'H
NMR (300 MHz, CDCI3): 8 10.80 (1k, s, -NH), 8.26 (1H, m, Ar), 8.19 (1H,
dd, J = 1.6Hz, Ar), 7.70 (2H, m, Ar), 7.48 (2H, m, Ar), 7.38 (3H, m, Ar),
WOt (3.5, MG FGHLOMA 1D UHs M NNEHES HB M. (B4 M. M@HZE@HE%%
(B0, (NdrTHNGIHR CH2<5.1.95 (5H, m, - CH2CH2-). M.p.: 188C.
Compound 17(oil):'"H NMR (300 MHz, CDCI3): 3 10.15 (1H, s, -NH), 8.22
(2H, t, 3 =7.93Hz, Ar), 7.74 (2H,t, J =7.64Hz, Ar), 758 (1 H,d, J =
7.95Hz, Ar), 7.50 (1 H, d, J = 7.67Hz, Ar), 15 7.36 (3H, m, Ar), 6.58 (1H,
S s, =CH-), 3.53 (2H, s, -NCH2)03.45 (4H, m, -NCH2CH2-), 3.20 (6H, m,
EdM@bi2EZH2-), 3.03 (2H, m, -NCH2), 2.91 (6H, s, -NCH3), 2.56 (3H, s,
-NCH3). Compound 1% 'H NMR (300 MHz, CDC13): 310.26 (1 H, s,
-NH), 8.32 (1 H, d, J = 6.42 Hz, Ar), 8.20, (1 H, . z, Ar), 7.90
(1 H, m, Ar), 75 (2 ﬁrﬁ\%ﬁ‘* '7.47 (4H, @ g.o 20 (1 I—Jﬁls, =CH-),
3.96 (2H, m, 3 , m, NCH2CH2)

3.27 (2H, d,J=1% 250(2H
m, -NCH2). M.p.: 15 C. pound277'H NM z/é:DCIS) 3
9.90 (1 H, s, -NH), , m, Ar), 8.22 (3H, ¥.77 (3H m, Ar)

2006/032869 PCT/GBZO@5/003621 47 NCH2) 3 51(4H S,

-NCH2CH2-), 146 (4H,8n, -NCH2CH2-), 3,17 (4H, m, -NCH2CH2-), 3.03

Aﬂdﬁﬁoﬁé‘(ob‘QH?@%%MQ‘I»@J‘&O@h&Ex@mpéﬁoleM'r&ﬁdﬂN VINR'R s ~Q
benz%tmoghen 1= ??;J\LSO'%AHQQB %vé@e%&@éh% each of the vials containing the

mo-N-[4-( mor holin-4- gl 4 -0X0-4H-chromen- 3’9
10 vanous amines far fhe synihesis. The reaction mixtures were stirred in parallel at room

temperature for 12 hours, diluted with a minimum volume of methanol, and the resulting

compounds were then purified.

&
N\./l
Compound R Miz Rt {min} | Purily (%)
40 o 570.5 3.29 95
PN
41 568.4 3.39 95
42 1/\NH 589.4 3.15 95
/N\)




dibenzothiophen-1-yl]-propionamlde (B) were added to each of the vials
containing the 10 various amines for the synthesis. The reaction mixtures
were stirred in parallel at room temperature for 12 hours, diluted with a
wirimeni2satume of methanol, and the resulting compoundBG&FB2H&H03621
purified. 0 HN}"v R \/I\s O Compound R M/z Rt (min) Purity (%) 40 (o
570.53.29 95 NJ410568.43.3995 N 42 rNH 569.4 3.1595 N WO
2006/032869 PCT/GB2005/003621 43 43 (Ni 583.4 3.22 95 *~N J 44 OH

588.4|13.23485 OH 45 H 54 395 *"1-583H 46 H G430 229895 N *
NHz 47 597.4 3.08 85 IN ﬂ- \5/82.5 3.44 9
44 OH 588.4 3.23 95
*/N\/\OH
45 H
*/N\/\OH 5444 3.23 o5
AB H 5434 2.98 25
*/N\'//\\NHZ
47 5974 3.03 85
at
*/N\//
48 582.5 3.44 a5
49 O 620.5 3.58 95
5( 556.5 3.38 95
*/C/\
51 A, 500.3 3.26 95
h2 H 613.5 3.13 95
AN
, N
@
53 H 584.4 3.43 95
*"'N 8]
54 H
;’N\/\[\O 611.5 3.03 a5
55 | 585.4 3.08 95
*/N\/\N/
|
56 598.4 3.38 90
S
/N\)\




IN J) 490 620.5 3.58 95 H 50 556.5 3.38 95 51 _NH2 500.3 3.26 95 52

H 613.53.13 95 *IN_\N~ 00 53 H~584.43.4395 INO 54 N ~611.5
3.0395 N 55(585.43.0895 N1, 56 598.4 3.38 90 ~N~ WO
WOO816828369 PCT/GB2005/003621 49 57 (N 619.4 3.33 9BCNGBB8 03621
612.4 3.2595 -N~\NJO~N 59 H/611.4 3.01 95 60 H~~ 558.3 3.35 90
061J611.43.2590 N .-NJ 62 627.4&3.24 95

57 P 6194 | 333 9% |
*/N \é
5 3!
8 *’N\/\Nﬁ 612.4 3.25 95
N
59 H | 6114 3.01 95
*/N\/\‘,\N>
. .
B0 N 558.3 3.35 50
61 0 811.4 3.25 90
'/\NJJ\
,/N\)
62 NN 627.4 3.24 95
N
e
63 I/\N/\/O\/\OH 6574 3.2 95
i-/N
64 (\”/\ 597.4 3.23 95
N
65 /l 646 4 3.33 95
(\N Sy
/“\/‘
66 /Q/F 663.4 3.73 95
™y
A
67 ij 8475 | 3.45 85
(\N Y,
A
68 J\ 668.5 3.37 85
(\N/\n/\H
PR
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*~N J 63 657.43.295 64 /N"597.43.2395 65V 1646.43.3395 N

*NJ 66 JF 663.4 3.7395 N *NJ J647.53.4585 67 N 1"N -NJ 68

668.5 3.37 85 WO 2006/032869 PCT/GB2005/003621 50 69 640.1 3.03
wWaD2006MP40 H 611.4 3.02 85 N N 71 rNOH 613.5 3.18 85 peiRGE2GRE3521

29995 * NJ-OH 73 Hro 627.53.0295 74N 591.33.1395 75611.3

3.27 95 NI/N+/ 76 s H 584.5 3.73 95% YEN

69 640.1 3.03 90

|
(\N/‘\/N\
AN
70 . \/{\/> 611.4 3.02 85
.

71 (\N/\/OH 613.5 3.18 B5
*/N
72 627.5 2.99 95
N
A e
73 (\0 627.5 3.02 95
H
,/N\/\/N\)
74 2N 581.3 3.13 95
N

75 /l\ 611.3 3.27 95
%

78 8 i 584.5 3.73 95

Representative analytical data

Compound 48; "H NMR (300 MHz, CDCL): 8 9.32 (1H, s, -NH), 8.22 (2H, m, Ar), 7.73 (2H,
m, Ar), 7.58 (1H, d, J = 7.82Hz, Ar), 7.40 (4H, m, Ar}, 6.12 (1H, s, =CH-) 3.54 (4H, m), 3.44
(4H, m), 3.29 (2H, m), 3.11 (6H, m), 2.37 (bs), 1.76 (m). ‘

Gompound 53: *H NMR (300 MHz, CDCL): § 8.19 (1h, s, -NH), 8.20 (2H, m, Ar), 7.69 (2H,
m, Ar), 7.53 (1H, m, Ar), 7.41 (1H, m, Ar), 6.00 (1H, s, =CH-), 4.16 (1H, m), 3.68 (2H, m),
3.42 (8H, m), 3.06 (4H, m), 2.62 (8H, m). M.p.: 148 °C,



Representative analytical data Compound 48: 1H NMR (300 MHz, CDC3):
69.32 (1 H, s, -NH), 8.22 (2H, m, Ar), 7.73 (2H, m, Ar), 7.58 (1 H, d, J =
7.82Hz, Ar), 7.40 (4H, m, Ar), 6.12 (1 H, s, =CH-) 3.54 (4H, m), 3.44 5
WHom)3sE0 (2H, m), 3.11 (6H, m), 2.37 (bs), 1.76 (m). CoripuaBuGa03621
1H NMR (300 MHz, CDCI3): 6 9.19 (1 h, s, -NH), 8.20 (2H, m, Ar), 7.69
(2H, m, Ar), 7.53 (1 H, m, Ar), 7.41 (1 H, m, Ar), 6.00 (1 H, s, =CH-), 4.16
(2 H, m), 3.68 (2H, m), 10 3.42 (8H, FH), 3.06 (4H, m), 2.62 (8H, m). M.p.:
EddhpleVWO 2006/032869 PCT/GB2005/003621 51 Example 3 O%i8r O 3

O ONJO NJ O Aliquots (0.5 ml) of R

8-[1-(2-brom -dibenzothiophen-4-yl olin-4-yl-chromen-
4-one (C) w o each of the vials canta e various amines
for the synthesiss e reaclionnixtures were 'sti atte) at room
temperature for 12 » dilited witha~minimum yluee of methanol,

541.4 3.67 95 N 80 N/ 5%6.4 3.65 95 N 81 H 586.4 3.32 90
c

Aliguots (0.5 ml) of 8-[1-(2-bromo-ethoxy)-dibenzothiophen-4-yl}-2-morpholin-4-yi-chromen-
4-one (C) were added to each of the vials containing the various amines for the synthesis.
The reaction mixtures were stirred in paraliel at room temperature for 12 hours, diluted with a
minimum veolume of methanol, and the resulfing compounds were then purified.

Compound R Miz | Rt(min) | Purity (%)
77 0 543.6 3.85 80

78 % 571.4 3.72 85
Q

79 O 5414 | 3.67 95
’A/N l

80 | sA| 3 95

81 i’j 586.4 3.32 80




0 WO 2006/032869 PCT/GB2005/003621 52 82 H O 575.4 3.52 95 IN Oi
HO 831584.5 3.6595 N/A,NJ 84 584.53.46 95 N .-NJ 85 ~ 564.4 3.38
90 86 H550.43.5695 >IN 7 N I~ 87529.4 3.6595 83501.4 3.595
WINZ0890BEE93 3.39 95 N' 90 (--\N- 570.4 3.29 95 ,N 91 H' &&F/&B0MS8B81
90 .IN v NH2 Representative analytical data Compound 78: 'H NMR (300
8 (1H, d, J = 7.85 Hz, Ar), 7.76
,d,J=8.22Hz, Ar),7.11 (1H,d, J

MHz, CDC13): 8 8.84 (1H, m, ArO,
(2H, m, Ar), 7.50 (3H, m, Ar), 7.35 (

dH2),

NCH2),

= 8.45 Hz, 5 A#), 5.95 (1H, S,Q'CH), 5.0375(-2H, d3k2 9.50 H?S -O
4.47 (1H, d, -OCH(GHS.))?‘T GtH, d, -CH(ﬁDH3)), 3.51 (8H, m, -
3.16 (4H, m, -NCH2), 1.%% H, d, J = 6.20 Hg, -CH3),
83 584.5 3.65 g5
(\N/l\
: */N\)
84 0 584.5 3.46 05
(‘\Nk
*/N
85 P 564.4 3,38 90
*/ﬁ Xy %
86 }j 550.4 3.56 95
e =
P
87 529.4 3.65 95
*/N\/
88 i 501.4 3.5 95
LN
29 ! 558.3 3.39 95
*/N\/\N/
!
a0 (ﬂ 570.4 3.29 95
o)
91 H Q 530.4 3.38 g0
,/N\/“\NH2

Reprasentative analytical data

Compound 78: 'H NMR (300 MHz, CDCL): 6 8.84 (1H, m, Ar0, 8.28 (1H, d, J = 7.85 Hz, Ar),
7.76 (2H, m, Ar), 7.50 (3H, m, Ar), 7.35 (1H, d, J = 8.22 Hz, Ar), 7.11 (1H, d, J = 8.45 Hz,
A, 5.95 (1H, s, =CH), 5.07 (2H, d, J = 9.50 Hz, -OCHy), 4.47 (1H, d, -OCH(CHs)), 3.96 (1H,
d, -CH(CHy)), 3.51 (8H, m, -NCHy), 3.16 (4H, m, -NCH,), 1.22 (3M, d, J = 6.20 Hz, -CHa),

1.12 (3H, d, J = 6.24 Hz, -CHs). M.p.: 240°C.
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1.12 (3H, d, J = 6.24 Hz, -CH3). M.p.: 240C. WO 2006/032869
PCT/GB20051003621 53 Compound 80: 'H NMR (300 MHz, CDCI3): 8
8.73 (1H, dd, J =5.12 Hz, Ar), 8.01 (1H, dd, J = 7.85 Hz, Ar), 7.81 (1 H,
Wd 200e28& Hz, Ar), 7.73 (L H, dd, J = 7.42 Hz, ar), 7.51 (1HdFE;Re0s5802821
Hz, Ar), 7.42 (3H, m, Ar), 7.19 (1 H, d, J = 8.35 Hz, Ar), 4.54 (2H, m,
-OCH2), 3.39 (8H, t, J = 4.64 Hz, N-CH2), 3.34 (2H, m, - N-CH2), 3.10
(8H, t, J = 4.81 Hz, N-CH2), 2.81 (3FI, s, - 5 N-CH3). M.p.: 100C.
coapppeust BLNMANDIR MBROAEIZ): €B.C13)1.318.66 (L1, Hid A9, B 939HH g, J
ﬁ@sgr?%()l'f'sﬂ + da §-19 &iﬁﬂf\l@)ﬁ) 778 (ArHadld =) B 9 dgrAn) (11{732 (6
o (LI Rl ﬁ%ﬁéﬁ % GEAE AL, ) 3T
t (iﬁﬁeﬁﬁzwt@#ﬁ)&ﬁ@@tfzw 3L ﬁ? @N’c’i»réy BigTaN G 2 818N -

N-NIEH2)@3.2@°CL H, s, -NH), 3.09 (2H, t, J = 4.89 Hz, -NCH2). M.p.: 70C.
Compound 83: 'H NMR (300 MHz, CDCI3): 8 8.55 (1 H, d, J = 6.67 Hz,

99 (1 H, 4 ) m, Ar )
Cé’(%@‘) ‘%’(‘d %S“%%Pﬁa r?éé:@ %égé Lgte ?3% gﬁ?:l" S AW,
“@@HZ) AR.SATEI A, m@ﬁ@w@ N, $abT1A Ha, rmc’éﬁt g =
T4 HMAINCIAZIHL BB 208 -5 .67 &, HEHB) 2TBI (M. .= ;E%Gj{z ~OCH),
3%megu§ag ﬁ&/{%%ﬁ 308k %Hzmcg@;@) :fs@ B, 21 ),H:7 5711326‘2{}?' 8&2%2614{;-!20
y4 r m r =
&5 A IHIEEY fci’H Sg@%%gﬁ% ?’&ﬁ]@oﬁm -OCH2), 3.78 (2H, m,
-NCH2), 3.54 (4H, m, -OCH2), 3.47 (4H, m, -NCH2), 3.28 (4H, m, -
MNGRERhdlsd 7 HOMAR, (308 MBS CLGILC H B)saW Pl 4 472G Zoimpol e gtitdd, J =
ép\\ﬂﬁf'ﬁ?z%%oﬂv}'é'érﬂ?cﬁc&;? @ssﬁfﬁ (al Kb @9?4)1 B3 Lloly dd, A é(383H7zs,
r
)5 A Sy TR il £
(@mzm@igm@%fmd Neﬁ@‘; @39'@&4?% MECH8)C3.11 (8H, m,
-NCH2), 3.05 (6H, s, (CH3)2N-). M.p.: 166C. WO 2006/032869
EGHGRAA0NANF Lot ExBBRIEAQL7 (1IN Ry 21 Q A S T8 bz, Ar),
7.82 (2H, m, Ar), 7.51 (4H, m, Ar), 7.12 (1H, d, J = 8.23 Hz, Ar), 6.59 {1H, s, =CH), 4.85 (2H,
m, -OCHy), 3.78 (2H, m, -NCHy), 3.54 (4H, m, -OCH,), 3.47 (4H, m, -NCHy), 3.28 {4H, m, -
NCHz), 1.47 {6H, t, J = 7.38 Hz, -CH3). M.p.. 147°C.

Compound 88: "H NMR (300 MHz, GDCls): & 8.68 (1H, m, Ar), 8.02 (1H, dd, J = 7.83 Hz,
A¥), 7.82 (1H, m, Ar), 7.76 (11, dd, J = 7.34 Hz, Ar), 7.45 (1H, d, J = 7.52 Hz, Ar), 740 (2H,
m, Ar). 7.25 (1H, d, J = 8.42 Hz, Ar), 4.84 (2H, m, -OCHj), 3.92 (2H, m, -NCH;), 3.39 (8H, m,
-OCHy), 3.11 (8H, m, -NGHy), 3.05 (6H, s, (CHa)aN-). M.p.: 166°C.



OrONJ O D Sodium
[4-(2-Morpholin-4-yl-4-oxo0-4H-chromen-8-yl)-dibenzothiophen-I-yloxyl-ace
tate (D) was dissolved in DMF, and aliquoted in 15 equal portions into
wEnuteiisasbes containing the 5 appropriate amines. A solUBGHGBHEST0B621
and HOBT in dry DMF was added to each tube, and the reaction mixtures
were stirred at room temperature overnight. The resulting products were
then purified. OR O STOO0NJ \( K¢ Compound R M/z Rt (min) Purity
emd2 $85.4 4.67 95 N 93555.4 4.78 95 94 (N~ 570.4 3.4995 .,NJ 95
0589.4 4.04 95 H .IN _.iLOHO WO 2006/032869 PCITIGRB2005/003621

55 96 598.5 3:6-95 .N}[OW J 598.5 3.99 9.-N Y, N0578.5 3.6 95

5

Sodium [4-(2-Morpholin-4-yl-4-oxo-4H-chromen-8-yh)-dibenzothiophen-1-yloxyl-acetate {D)
was dissolved in DMF, and aliquoted in 15 equal portions into reaction tubes containing the
appropriate amines. A solution of HBTU and HOBT in dry DMF was added to each tube,
and the reaction mixtures were stirred at room temperature overnight, The resulting products
were then purified.

Compound R Mz Rt (min) | Purity (%)
92 585.4 4.67 95
0
/N\/[\
93 O 5b5.4 478 95
*/N
94 (\N/ 570.4 3.49 95
/N\)
95 ) 589.4 | 4.04 95
LS
e j“. 0/
HO




98 IN 199 ~572.4 3.54 95 .,N~ Ni 100 584.5 3.53 95 101 H 544.4 3.75
95 N NHZ 102 ._OH 488.4 4.26 95 WO 2006/032869
PCT/GB2005/003621 56 Example 5 -
v8o(edmetyéaminodibenzothiophen-4'-yl)-2-morpholin-4-yi-clrmsob sanss 2 1
(103) _ NOi OTfOTtON) NHX!I\NO OTfYOHN" "t" (0 + O NJ xiii
OTfO _HN"\O ONJ O 1035 (a)
A-Trifluoromethanesulfonyl-dibenzotm®phen-1-ylamine (xi) A solution of

glacial aceftic’ad@ (80ml-) contTng Z&eHeWder(g. 1770, 1896
A
97 O [ 5985 | 3.9 95
A
,./N\/[
98 F~y | 5785 | 36 95
i/n N i
99 | 5724 | 354 95
/N\/\N/
]
100 584.5 3.53 95
Nk
*/N\//
101 0 544.4 3.75 85
H
102 ~OH 488.4 4.26 95

mol) and
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compound trifluoro-methanesulfonic acid 1-nitro-dibenzothiophen-4-yl

ester (v)(1.13 g, 2.99 mmol, 1 equiv.) was stirred at room temperature

overnight. Upon completion the solution was filtered through a Celite™
wiachod/heselite'M cake was then washed with 10 dichloronretivameoasichthe

organic phase was concentrated in vacuo. The crude product was

purified by flash chromatography (Si02) (DCM/ petrol 4/6 then 6/4) leading

to the desired compound as a white®€olid (0.84 g, 80% yield). m.p =
EkaRGIeR—Q B LREMMRA N EdmibedAI LS8 il WP chromen-4-one
(?{9_,96/032869 PCT/GB2005/003621 57 'H NMR (300 MHz, CDC13):

88.06-8.09 (m, 1 H) ; 7.77-7.81 (m, L H) ; 7.36-7.44 (m, 2H) ; 7.14 (d, J =

8.6 Hz, 1 H) ; 6.63 (d, J = 8.6 Hz, 1H) ; 3.94 (s, NH2). t3C NMR (75 MHz,

; : 6@32354134112661254124812361233

Hz, ©F3) ; 113.0. 5 (b)
phene triflate (xii) To a solution of the
amlnodlbenzothlophene trlflie (200 mg, 0, 58 mmol}jn pyridine (4.0 ml),
was added acetic anhydiide (0.29 ml, 2 8gr rogwise. The reaction
mixture was stirred ‘ , dilited Wlth water
(20 ml), and extractg
organic layers were Washé ccessively Withcwater (2x20 ml), saturated
agueous sodium bicarb&natg solution (1x20 ml) and brine (1x20 ml), dried
(Na2S04) and evaporatT'g ipTvacuo. The residial solid was triturated with

petrol to give the title compound (xii). LC/MS (in MeOH): Tr = 3.15 min. 'H
NMR (300 MHz, CDCI3)' S 9/51 (1H, s, NH), 8.48 (1H, 15d, J = 8.1 Hz),
8.25(1H,d,J=7.42.Hz), HW%LI\ 7.53 (4H M), 2.33 (3H, s, -CH3). 13C
NMR (75 MHz, €OCiZ)-8289.81, 135. 347859, 05,1¢6. 5,124.19, 120.00,
24.09. (c) 2-morpholin4
yl-8-(4,4,5,5,-tetramethyl- [10§,2dioxabor
chromen-4-one (xiii) 20 A suspension of
2-morpholin-4-yl-8-trifluoromethanesuffonyl- chromen 4-one (vii)(1.0 g,
2.637 mmol), bls(plnacolato)dlboron Q@\SOS g, 3.165 mmol) and potassium
acetate (0.776 g, 7.911 m 1,4%

bubbling nitrogen through the

103

(a) 4-Trifluoromethanesulfonyl-dibenzothiophen-1-ylamine {(xi)

A solution of glacial acetic acid (80 mL) containing Zn powder (1.17 g, 17.96 mmol) and
compound trifluoro-methanesulfonic acid 1-nitro-dibenzothiophen-4-yi ester (v)(1.13 g, 2.99
mmol, 1 equiv.) was stirred at room temperature overnight. Upon completion the solution
was filtered through a Celite™ pad. The Celite™ cake was then washed with
dichloromethane and the organic phase was concentrated in vacuo, The crude product was
purified by flash chromatography {Si0;) (DCM/ petrol 4/6 then 8/4) leading to the desired
compound as a white solid (0.84 g, 80% yield).

m.p = 108°C; Ry = 0.34 (DCM/petrol 6/4); LC-MS m/z 348 [M+1]
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35

while sonicating for 15 min. To the reaction mixture was than added (1,1'-
Bis(diphenylphosphino)ferrocene-dichloropalladium(ll), (107 mg, 0.132
mmol) and 1,1 25 Bis(diphenylphosphino)ferrocene (73 mg, 0.132 mmol).
Wheowastsn was heated at 90C under N2 for 16 hours. Ore€araBistioms621
the solution was diluted in ether and the organic layer was washed with a
saturated NacCl solution, dried over MgSO4 and concentrated in vacuum

to give the title compound as a black%olid (0.80 g, 85% vyield) which was

wsmmvéﬁaomH@Lmirﬁcmim mmmmﬁa&wsmmm MRsE300 MHZwy .

)i H ., ( 27 (t J
R e T
%9%494%&;1@% ?@fm $EOeAd): BB 02242 1133 84428, 129 %T |
1184 74.86:818418,E3)5;1685,; 45.1; 25.4; 24.9. (d)
8-(1-Acetylaminodibenzothiophen-4'-yi)-2-morpholin-4-yi-chromen-4-one

03) A %WT %B?Blér(}g&g]i%ng %ﬁa@'& ), Xiii (100 mg, 0.28 mmol),

d(PPh3)4°(14.5 mmo otassium carbonate (106 mg,
607”6%"H%'ﬁ{b?§ e AR YRGB A e S200BI B 28 ¢ O ),
PEREBLOOSIGOREY eS8 2A whefis, ramd diorariie (T diersreititedyaptsired
reactiormpiiieswms Btivies atBRGIonGRr (Eig), The snbstie waseiieslte
Withy %}Wé@om@r@@% .emm@y%w@é x{a@é&@% GERSEXSA T,

?tl%Ee Xzoegt}gsog: lca O()ﬂrglg dl}ed % (ﬁl'%? It eSO|Ven was
i PR A R IR s%ci’%l (a8 plAand &y hrehitodivtbny
%ﬁ%hﬁ@ﬁm@wﬁ‘@%%wﬁwﬁwmm weselifuitetordfroriaHe gvethe
ténepopnth¢I8). Rt = 3.73 min; m/z = 471.4; purity = 95% Biological
tmcgm‘%@“"“’”f’ﬂ@'%%?* *ﬂ“*ﬂ‘g"wﬁ‘ﬁe@?’?ﬁésﬁeﬁa“;@ e

ins in_vitr Wi was,u

Sl mreiaan (RS e A DR R Bban i s bt
M@Ee@@é]hh@él%ﬁb%ﬁé@ﬂ(@&l@ﬁmW Jatk8oi?8 1, 2448leic Acids Res.
27:3494-3502 (1999)) following chromatography utilising 15

(AroaRhBreRR4SraqR) W@S%z%%!#ﬁ?ﬁ@' B-BRRLOSRANANEK, £320N8).

aﬁtlw%\gas & ured at 30C, in a final volume of 40 pl, in buffer
containing il Hopes, pH7.4,12.5 mM MgC12, 50 mM KCI, 1mM
B 4P R SR ZEISP deNi i smpthanrp Wiom- pEaafeons YN 1.0 o,

2.637 mmol), bis{pinacolato)diboron (0.803 g, 3.165 mmol) and potassium acelate {0,776 g,
7.911 mmal), 1,4-dioxane (30 mL) was degassed by bubbling nitrogen through the solution
white sonicating for 15 min. To the reaction mixture was than added (1,1'-
Bis(diphenylphosphino)ferrocene-dichloropaliadium{ii}, (107 mg, 0.132 mmol} and 1,1-
Bis{diphenylphosphino)ferrocene (73 mg, 0.132 mmol). The reaction was heated at 90°C
under N, for 16 hours. On completion the solution was diluted in ether and the organic layer
was washed with a saturated NaCl solution, dried over MgSQ, and concentrated in vacuum
to give the title compound as a black solid (0.80 g, 85% vield) which was used without
purification. LC-MS m/fz 358 [M+1]; 'H NMR {300 Mz, CDCly): §8.20 (d, J= 6.3 Hz, 1H) ;
794 (d, J=7.2 Hz, 1H), 7.27 (t, J = 7.5 Mz, 1H); 6.51 (s, 3H); 3.74-3.78 (m, 4H); 3.61-3.64
(m, 4H): 1.19 (s, 12H); *C NMR (75 MHz, CDCls): 5178.0; 162.0; 158.1; 140.8; 120.6;
124.7, 86.8; 84.3; 83.5; 66.5, 45.1; 25.4; 24.9,

(<} 8-(1"-Acetylaminodibenzothiophen-4-yl)-2-morpholin-4-yi-chromen-4-one (103)

A mixture of xii (100 mg, 0.26 mmol), xiii (100 mg, 0.28 mmol), Pd(PPh,), (14.5 mg, 0.013
mmol) and potassium carbonate (106 mg, 0.768 mmol) was flushed with argon three times



10

15

20

25

30

p53N66 (the amino terminal 66 amino acid resiudes of human wild type
p53 fused to glutathione S-transferase) in polypropylene 96 well plates.
To the assay mix, varying 20 concentrations of inhibitor (in DMSO at a
sioabosrmeestration of 1%) were added. After 10 minutes of icubations; 03621
ATP was added to give a final concentration of 50 pM along with a 3omer
double stranded DNA oligonucleotide (final concentraion of 0.5ng/ml) to
initiate the reaction. After 1 hour witi¥&haking, 150 pi of phosphate

?Hﬁ%ﬁ@,%&ﬁﬂﬂﬁa@@@ Wﬁ@?@&ht%&@émiﬂ&%ﬁéﬁe@bf@%ﬁwﬂ
0a we ague In 6] er we ere
R LRSS MBS AR e it Bl e
HerseEvsl pidYBHBAIATIR e bif Cretha s diprb NPl e saeativred
bR Kvacys Jiphesidhoselitheat Brairedindy@ellc8igptalimgsilica, employing
Jpchamiegy) nem seddntadarif ilfi8 cprecafiresAn anti-rabbit HRP
gPDpigated. secandary. q;{pg%%Pierce) was then employed in the ELISA

before the addition of chemiluminescence reagent (NEN Renaissance) to
30 detect the signal as measured by chemiluminescent counting via a
BopisahExeplgPackard). The enzyme activity for each compound is
thenrraleriated using the following equation: % Inhibition =100 - ((cpm of

M%@é}%‘aéé@%azﬂé}ﬁ%wg SRENSION ¢ %@%QQ?E&Y& SRRPKdEG 0, the
P‘ﬁ&ﬁ‘t"’e cpm) ) WO 2006/0328 8PCT/ B2005/003621 59 The results
s) dn ass 5 yged odl egmme |

are discussed vetow as B0 Values tthe concentration at which 50% of
the enzyme activity is inhibited). These are determined over a range of
blifferetibc OhidePir &iidng/mi) orm ddbjefec it CHeM: devuded StrahG8IUCh and

1&5@&@&&@%{@%@&0@2@9 @ﬂ@f@éﬁgo\zqh@%);%tigaﬂgyiaﬁwgﬁny utilising
e S N e P
Bl e BRABKIHADRGI thd? BHE R B IrEiait T eBrpied th#-> mM
Moittadlatedd i€ troMcBITS, DN AiRKdhBibitoN werendded af thefistddirate GST-
gomeeniralianaf toRmMsoRastiation wasddelyaintdWibYyadsitiesd o
detanideachiogald ﬂ%ﬁf’yﬁ%‘%@ﬁég@%ﬂ&&@&% HBeRER& eGiay
O RS DB A e A T, tration of 19%) were added. After 10
minutes of incubation, ATP was added to give a final concentration of 50 pM along with a
30mer double stranded DNA oligonucleotide {final concentraion of 0.5ng/ml) to initiate the
reaction. After 1 hour with shaking, 150 yi of phosphate buffered saline (PBS) was added fo
the reaction and 5 pl then transferred to a 96 well opague white plate containing 45 pl of
PBS per well where the GSTp53N66 substrate was allowed to bind to the wells for thour.
To detect the phosphorylation event on the serine 15 residue of p53 elicited by DNA-PK a
p53 phosphoserine-15 aniibody (Cell Signaling Technology) was used in a basic ELISA
procedure, An anti-rabbit HRP conjugated secondary antibody (Pierce) was then émployed
in the ELISA before the addition of chemiluminescence reagent (NEN Renaissance) to
detect the signal as measured by chemiluminescent counting via a TopCount NXT
{Packard),

The enzyme activity for each compound is then calculated using the following equation:

% Inhibition = 100 — {cpm of unkr}?wn - mean negative f;pm)x1 00
{mean positive cpm - mean negative cpm)
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SER = Cell survival in presence of DNA - PK inhibitor Cell survival after IR
Cell survival of control cells Cell survival after IR In presence of DNA -PK
inhibitor The degree of cell killing was monitored by a standard
slormogesaseurvival assay. Briefly, tissue culture treated 6-veelirfgiatess/ 063621
were seeded with HelLa cells at an appropriate 15 concentration to give
100-200 colonies per well and returned to the incubator in order to allow
the cells to attach. Four hours later, cBPpound or vehicle control was

agddediesthe msamw I wWeredhesineHOAad- a0 LR RHILI B of the

Rresence of |nh| to |rrad ion al 2.Gra USI éaffaxnron 4 8§
me tiVIt K] En €56 ‘& ermme overa ) efn ?ﬁnceﬂ 10NS,
capinet mac |ne ece Were then incub or afur

ORI RSP R R A rlé\@)|§86*a'ﬁmﬂaﬁe§ﬁfﬁe%ﬁaﬁﬁ tHeRgRAYE!S ©
BT DPadadhitstarouniterBngiggs, colonies formed were fixed and stained
with Giemsa (Sigma, Poole, UK) and scored using an automated colony

%q\;g[é%g%qng;p;ﬁgmcs Ltd, Oxford, UK). The data was calculated as
crlbed a%) ve. All th com nds show d ac V|t(¥j|n DNA-PK |nh|b|t|é)by

%??'8?% ‘fﬂé SR8 ¢ BEimssLA e higkrte
é%%%zﬁ’*b%@tﬂ&@@f%&é@wammwmm@ﬁ iwirmsialed cotrdoRlss
thiin-BK oo Metaclsmints 1828t 2Em2a, 120 182, FEikidiBn 60s 8ed

&3 oFbxRn 888D ndnRd P2 o35k AlldBE1e9BRAHAGE Shueekan SER/,of 1

e, The und had an SER of 2 or more: 1, 4, 13, 24,
é%ar% '“@X’%?ﬁ@wﬂq '%%9 0 82,84, 88, 89. 60 CLAIMS 1. A

solvates cheer‘rﬁé:ng ilopcr%}{remcted forms and % 5?‘ﬂgs t reesﬁg%efc WT“lereln 6r
The degree of cell killing was monitored by a standard clonogenic survival assay. Briefly,
tissue culture treated 6-well plates were seeded with Hel.a cells at an appropriate
concentration to give 100-200 colonies per well and returned 1o the incubator in order fo
allow the cells to attach. Four hours later, compound or vehicle control was added io the
calls. The cells were then incubated for 1 hour in the presence of inhibitor prior to irradiation
at 2 Gray using a Faxitron 43855D 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,
Poale, UK) and scored using an automated colony counter (Oxford Gptronics Lid, Oxford,
UK). The data was calculated as described above.

All the compounds showed activity in DNA-PIC inhibition, exhibiting an 1Cs of less than about
100 nM.

Compounds which exhibited particular efficacy in DNA-PK inhibition, having an 1Cs of less
than about 10 nM include 5, 18, 23, 24, 25, 26, 29, 32, 51, 53, 60, 81, 82, 83, 84, 85, 86, 88,
90, 91, 95.

All the compounds showed an SER of 1 or more. The following compounds had an SER of
2ormore: 1,4, 13, 24, 26, 32, 34, 38, 40, 41, 48, 53, 56, 80, 82, 84, 88, 88.



R'and R2 are independently selected from hydrogen, an optionally
substituted Ci_7 alkyl group, C3.20 heterocyclyl group, or C5_20 aryl
group, or may together form, along with the 10 nitrogen atom to which
they are attached, an optionally substituted heterocyclic ring having from
4 to 8 ring atoms; Q is -NH-C(=0)-; Y&8 an optionally substituted C1.5
alkylene group; X is selected from NR4R5, wherein, 15 R4 and R5 are
independently selected from hydrogen, optionally substituted C1_, alkyl,
CLAMS20 aryl, or C3-20 heterocyclyl groups, or R4 and R5 may together
form, along with the nitrogen atom to which they are attached, an
op&'gcncgll su%stlft%lted het!erocycllc ring having from 4 to 8 ring atoms. 20
.ACom ounJaccordlng to claim 1, wherein Y is an optionally
substituted C1_3 alkylene group. 3. A compound according to claim 2,
wherein Y isaCl.2 alkylene group,YS 4. A compound according to any

formulall: ON,RR'(I) Q N~
for formula I;

and isomers, salts, solvates, chemicalily protected forms, and prodrugs thereof, wherein:
R" and R? are independently selected from hydrogen, an optionally substituted C,.; alkyl
group, Cs. heterocyclyl group, or Cs.5¢ aryl group, or may together form, along with the
nitrogen atom ic which they are attached, an opiionally substituted heterocyclic ring having
from 4 to 8 ring atoms;

Q is =NH-C(=0)-;

Y is an optionally substituted C4.5 alkyiene group;

X is selected from NR'R®, wherein,

R* and R® are independently selected from hydrogen, optionally substituted Ci.; alkyl, Cs.20
aryl, or Cs0 heterocyclyl groups, or R* and R° may together form, along with the nitrogen
atom to which they are attached, an optionally substituted heterocyciic ring having from 4 to

8 ring atoms.
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15 nislto7;and R8 is selected from hydrogen, optionally substituted CI-7
alkyl, optionally substituted C5 20 aryl, and acyl. 6. A compound
according to any one of claims 1 to 5, wherein R' and R2 form, along 20
with the nitrogen atom to which they are attached, a heterocyclic ring
having from 4 to 8 atoms. 7. A comp6iind according to claim 6, wherein
R' and R2 form., al ith the nitr at ' . d,

2 R e e i

grouglaim 6, wherein R1 and R2 form, along with the nitrogen atom to which
they are attached, morpholino or thiomorpholino. 62 9. A pharmaceutical

composition comprising a compaqund accordin any one of claims 1 to
5 g, BN BRI ACHEA) SE bt er o i B Ao of

inhibiting DNA-PK in a cell, in vitro comprising contacting the cell with an

4. 5 sifegtive,amointafidaemReund aceeifing 8 anynerkelaRl da&ither
11. A method ofé)otentlatl%? he death of a tumor cell in vitro, com rlglng
i Hﬁé)d +r alkyt or

indepepisRlin§aRE ' aFor R RUIGHRPIR B SRS UHIBL APBP 2R Lo fS]
R* gt 6Ortting, togetircona:otickaiitsdetoBorbQd @hAmieth edeatartin 4o ofdinmally

subs?ii'ut&&’%%@%@9&%@%?9%%%}%%{ Wil A GPSRPRYDE ARCOIOING to any

one of claims 1 to 8 in ombination with 1onizing radiation or a
chemotherapeutic agent.

5. A compound according fo claim 1 or formula H:

Q/Hﬂ\N/\L

=3 N\Ra

i {IT)

wherein:

R', R? and Q are as defined for formula |;

nis 1to7; and

R® is selected from hydrogen, optionally substituted C,; alkyl, optionally substituted Css
aryt, and acyl.

6. A compound according o any one of claims 1 to 5, wherein R' and R* form, along
with the nifrogen atom to which they are attached, a heterocyclic ring having from 4 {0 8

atoms.

7. A compound according to claim 6, wherein R' and R? form, aiong with the nitrogen

atom to which they are atiached, a heterocyclic ring having 6 ring atoms.

8. A compound according to claim 6, wherein R" and R* form, along with the nitrogen

atom to which they are attached, morpholine or thiomarpholino.
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9. A pharmaceutical composition comprising a compound according to any one of

claims 1 to 8, and a pharmaceutically acceptable carrier or diluent.

10. A method of inhibiting DNA-PK in a cell, in vitro comprising contacting the cell with an

effective amount of a compound according to any one of claims 1 to 8.

11. A method of potentiating the death of a tumor cell in vitro, comprising confacting the

fumor cell with an effective amount of a compound according 1o any one of claims 1 to 8.

12. A method according to claim 11, comprising contacting a tumor cell with a compound
according to any one of claims 1 to 8 in combination with ionizing radiation or a

chemotherapeutic agent.



