Inhibitors of IKK-b Serine-Threonine Protein Kinase

This invention relates to thiophene carboxam des
w@Eb@avasies i sed by the presence in the nol ecul epOf/GBR008/001434

am no acid ester group, to conpositions containing

them to processes for their_preparation and to their

use in nelmhigiters of IKKR $%meoT'?’GP§"\ed’r’°MBKt"r‘%%ﬁ nment of

aut oi nmune and i nfl ammat ory di seases, i ncl uding

ThininyANONJBiSlas fe HHIRNAIRICABIOXATIdss SBaEteriaed Binipe bresence in

the méaﬁ@wbrpérﬁ.hb 'atclkj%sté?ﬁ%dpaﬁj @ompdefubamtalhmbmml to
di sease, Crohn' s |sease ul cerative coliti |'S, Jgrtte‘-e

Prepesses &r dheipraparatien and togheir peg indpgdisiae ag kit Ph%?fé

tré'é?ﬁknﬁdf%ﬁﬁﬁaﬁm uﬁé’ ahé mflﬁm|m5@¢l'§' d@eﬁéé!se ﬂﬁtu@ﬁgschra'd?@obstructlve
onpounds are al so of use in the treatng

ptﬂmenw@rs&@w@sm"?eé%%mﬁt% @Ethrils, PROTS IS, ﬁe@matow bowel

diSEEICRINAG deabbulddrapl doiis, 'ﬁ’ﬂﬁtuﬁé(%l@"éslbodlaﬁtemlc
pro-| nfl ammtor'}/oégenes is regul at ed

dqrmn%%.gra&\r%m fiseaneo PYSiRIRICAURuST %ma%@ ("Ke-cogpunds

aré o lus 8 NSHE ithinteht bRgioMktativa MR chse statids Rl tanLeC e
their discovery to play a pivotal role in chronic and

acute inflamatory di seases. It now seens that

Ba&i@irband of eUhdéntigh of NF-ZcB coul d al so underlie
aut ol nmune di seases and different types of cancer.

T@< Rfonddf ngRiygso-HHRMAERGY geRed Recqubtey aY Ittﬁmtr@fscrlptlonal
I WU T S M T LA L
sﬁ&alhtﬁéir Gl%cmliﬁcr\ﬁw&bliﬁﬁa Eg&@ﬂ RSlé :nrt:hrcbrﬁ& emwﬁédtelirﬂlamaiﬁlml Ion
nol ec - nd vascu n nol ecul e
cipaeiy t fow 35t et ShArb codnaton & M LA e 8o
ammmlmxeeameiﬁémbypas ofNlan&eB nornmal |y resides in
the cytopl asm of unstinul at ed

Examples of genes dependent on the activation of NF-kB include: the cytokines
tumour necrosis factor TNF-a,, interleukin-(IL)-6, IL-8 and IL-1pB; the adhesion
molecules E-selectin, intercellular adhesion molecule (ICAM)-1 and vascular cell
adhesion molecule (VCAM)-1; and the enzymes nitric oxide synthase (NOS) and
cyclooxygenase (COX)-2. NF-kB normally resides in the cytoplasm of unstimulated
cells as an inactive complex with a member of the IkB inhibitory protein family.
However, upon cellular activation, IkB is phosphorylated by the IkB kinase (IKK) and
is subsequently degraded. Free NF-kB then translocates to the nucleus where it

mediates pro-inflammatory gene expression.

There are three classical 1kB’s: 1kBa, 1kBB and 1kBg; all of which require the
phosphorylation of two key serine residues before they can be degraded. Two major
enzymes IKK-o. and IKK-B appear to be responsible for IkB phosphorylation.
Dominant-negative (DN) versions of either of these enzymes (where ATP binding is
disabled by the mutation of a key kinase domain residue) were found to suppress the
activation of NF-kB by TNF-q, IL-1B and LPS. Importantly IKK-8 DN was found to be
a far more potent inhibitor than IKK-a. DN (Zandi, E Cell, 1997, 91, 243).

Furthermore, the generation of IKK-o. and IKK-f3 deficient mice established



cells as an inactive conplex with a nenber of the |kB
inhibitory protein famly. However, upon cellul ar

wW@eanadspn, 1kB i s phosphoryl ated by the | kB RETIGB2008/001434
(IKK) and is subsequently degraded. Free NF ZcB t hen
transl ocates to the nucleus where it nmedia

th‘bFWI’%’F‘P&%K%WOE;%%@an&Fd‘% RY P%&ag‘%t@ryﬁ%’@ and
refrtdiSst théldo t ?bl gé%%d %S}(Eldcgﬁﬁf’oal @th. Iﬁ&eé’i’f‘llt &8s

require the osp ory at| of two serine residues
delpeietrated e |1l voas diergemaldd fonNEJkEraptmatlen by these|skrwuli a

3R PRES % 2 PRBRPHDSS il B

poteritinky atbrbictivbesrgetfor mmdela(wm«a‘nmnﬁﬁ@ flmatidn agd hench thabl ed

cepihonts! e e et AT IRAEIE RebEE o, T 5,

IL-1 b and LPS. Inportantly IKK- b DN was found to be

a far r ot ent id1hi i J
0 seHordBigJn83ieohayFaiint abBiceliof o FETIch AT IoEATE) roifes o
IKKKlikhitatossnsf fordilda BAYIef (IB) end sati, deoxidd, hiptiathedddate thereof:

requi renment of IKK- b for activation of NF-ZfB by

proi nflammatory stinmuli and reinforced the dom nant

rol e of | KK-bosug ,d by biochem cal data. Indeed it

was demnstrat%ﬁﬁg—: | KK-cc was di spensabl &Q\f or

NF- ZcB agtivation by these stimuli (T& . NH
NI 421). Thus, inhibitign of | KkbH:

pgtentially attractive targg
f \rmuneofunctlon ang—te

| muni ty 4999,

drugs for the trg of. _adt 0=Npnune
QJS co- péndi ng | nt 3 Patent
ZApN| i : |_g;BZOO?/O 41 él ates to b

inhibitors of formul& (1A) or (IB), or a saltg NH,
N- oxi de, hydrate or solvate thereof: (1A (IB)

(1A) (IB)

wherein
R; is hydrogen or optionally substituted (C;-Cg)alkyl;

ring A is an optionally substituted ary! or heteroary! ring or ring system of 5-13 ring

atoms;
Z is a radical of formula R-L'-Y'-(CH,),-, wherein:

R is a radical of formula (X) or (Y)

R, R,
> % HN D
RN
H (Y)



wherein R7 is hydrogen or optionally substituted (Cr

C6)al kyl; ring Ais an optionally substituted aryl or
whedoend®esy| ring or ring systemof 5-13 ring apONeB2008/001434

is aradical of formula RL -Y -(CH 2)Z- , wherein: R

i dical of f | a
Laii 3‘13?8{9%%0 ¢ orgrlépp g%&l'?)ep %%%ﬁr Q\HPEH’%IC ?é(y e

hy drgbiehaabre B%bn@rb@ nire MMaGelluliried Gpbdeidriymes tes asoxylic
enzynmes to a carboxylic acid group; R6 is hydrogen; or

opt i858 PYPsubst i tuted G -C 6 al kyl, @-C7 cycl oal kyl ,
aryl or heteroaryl O -(COR 3, (C—O)CRS

Subdtars VGaop 0t ermmepusihted SLCh afk, CRErSbaL apper
2)5( ge’éél?ﬁl VéH-(C ‘hﬁ%‘@)o)emsce%%(cgcfjg§ ’v\lvthtfa( %%Wdrqgen or
- . -, - - or - = -, wherein
R3 %H%WyéFEStlt?fﬁRégé%@ﬁW'y hydrogen or optionally

substituted (CrCeJal kyl, L1 is a divalent radical of

| iRt (G G LB SR BhrfrvAs P e

ﬁUFSNRE(Uﬂl dsooa mbt m@scozw obINRs(C+O)NRar, haeyeih R and R,
eterocyc

T S bepaeble bidthastion shiaraty siogitf (TECPEIYL o of

f or mlliga divalen¥dicahsfferiniulX2AlS ) { Q) (Alk?)S-witgreiNRA-

wherein RA Agﬂ@x%;g&ggpgﬂrdeng bgp?,l ly substituted Cr C3

Q is (i) an optionally substituted divalent mono- or bicyclic carbocyclic
or heterocyclic radical having 5 - 13 ring members, or (ii), in the case
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The compounds (IA) and (IB) above have an alpha amino acid or alpha amino acid
ester motif R, linked through the alpha carbon to the main molecular template via a
linker radical -L'-Y'-(CH,),-. The C-linked amino acid ester motif promotes transport
across cell membranes into the cell, where intracellular esterases hydrolyse the ester
to the parent acid. This charged species is poorly transported back across the cell

membrane, leading to accumulation of IKKp inhibitor activity in the cell.
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R; is the side chain of a natural or non-natural alpha amino acid;
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The compounds (IA1) and (IB1) above also have an alpha amino acid or alpha amino
acid ester motif RyR;CHNH-, this time linked thorough the alpha amino group to the
main molecular template via a linker radical -Y-L'-X"-(CH,),-. The N-linked amino
ester motif, like its C-linked counterpart, also promotes transport across cell
membranes into the cell, where intracellular esterases hydrolyse the ester to the
parent acid. This charged species is poorly transported back across the cell

membrane, leading to accumulation of IKKB inhibitor activity in the cell.

International Patent Application No: PCT/GB2007/004114 also disclosed that many
of the compounds with which it is concerned and which have an alpha amino acid
ester motif selectively accumulate IKK activity in macrophages. Macrophages are
known to play a key role in inflammatory disorders through the release of cytokines in
particular TNFa and IL-1 (van Roon et al, Arthritis and Rheumatism, 2003, 1229-
1238). In rheumatoid arthritis they are major contributors to the maintenance of joint
inflammation and joint destruction. Macrophages are also involved in tumour growth
and development (Naldini and Carraro, Curr Drug Targets Inflamm Allergy, 2005, 3-
8). Hence agents that selectively target macrophage cell proliferation could be of
value in the treatment of cancer and autoimmune disease. Targeting specific cell
types would be expected to lead to reduced side-effects. The way in which the

esterase motif is linked to the main IKKB inhibitor template determines whether it is
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disclosed in those applications, and in particular those falling within the class of
PCT/GB2007/004114 which meet the structural requirements referred to in the

preceding paragraph display the macrophage selectivity property discussed above.

Detailed Description of the invention
According to the invention there is provided a compound selected from the group

consisting of:

*Cyclopentyl (2S,4E)-2-amino-5-(3-[4-carbamoyl-5 (carbamoylamino)-2-
thienyllphenyl}pent-4-enoate;

Cyclopentyl 5-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]phenyl}-L-norvalinate;

Cyclopentyl (2S,4E)-2-amino-5-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-5-
methylphenyl}pent-4-enoate;

Cyclopentyl (2S,4E)-2-amino-5-{5-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-2-
methylphenyl}pent-4-enoate;

*Cyclopentyl O-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]phenyl}-L-homoserinate;
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and pharmaceutically acceptable salts thereof.

As used herein the term “salt” includes base addition, acid addition and quaternary
salts. Compounds of the invention which are acidic can form salts, including
pharmaceutically acceptable salts, with bases such as alkali metal hydroxides, e.g.
sodium and potassium hydroxides; alkaline earth metal hydroxides e.g. calcium,
barium and magnesium hydroxides; with organic bases e.g. N-methyl-D-glucamine,
choline tris(hydroxymethyl)amino-methane, L-arginine, L-lysine, N-ethyl piperidine,
dibenzylamine and the like. Those compounds (l) which are basic can form salts,
including pharmaceutically acceptable salts with inorganic acids, e.g. with hydrohalic
acids such as hydrochloric or hydrobromic acids, sulphuric acid, nitric acid or
phosphoric acid and the like, and with organic acids e.g. with acetic, tartaric, succinic,
fumaric, maleic, malic, salicylic, citric, methanesulphonic, p-toluenesulphonic,
benzoic, benzenesulphonic, glutamic, lactic, and mandelic acids and the like. For a
review on suitable salts, see Handbook of Pharmaceutical Salts: Properties,
Selection, and Use by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002).
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activity in vitro or in vivo.

Pharmaceutical compositions comprising a compound of the invention together with
one or more pharmaceutically acceptable carriers and/or excipients, also form part of

the invention.

As mentioned above, the compounds with which the invention is concerned are
inhibitors of IKK, especially IKK-B kinase activity, and are therefore of use in the
treatment of diseases modulated by IKK activity and the NF-kB cascade. Such
diseases include neoplastic/proliferative, immune and inflammatory disease. In
particular, uses of the compounds include treatment of cancers such as
hepatocellular cancer or melanoma, but including bowel cancer, ovarian cancer,
head and neck and cervical squamous cancers, gastric or lung cancers, anaplastic
oligodendrogliomas, glioblastoma multiforme or medulloblastomas; and treatment of
rheumatoid arthritis, psoriasis, inflammatory bowel disease, Crohn'’s disease,
ulcerative colitis, chronic obstructive pulmonary disease, asthma, multiple sclerosis,

diabetes, atopic dermatitis, graft versus host disease, or systemic lupus
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oM B TGI8 foT raB e PR SUb e MAGeT S CF 1 T o,

phBbpHAtE, saeid @rrglmﬁys pimuueg laBtichng ok éxampld Hagnesidn metahate
tarta

talptﬁfg%tlgylgr%ig éqoi ougﬁléqal g|3|r€e5ger$rbt§ ifqr@xar(pp[erqoéato s?arch or’
acHEétBE@Q@ﬂﬁr@fhyéh&,subh =6 Isu@nesamrpfwmmxe b’tﬁezablets may be
benzenesulphon act i

cogied gorardingda merﬂaqug(v#'éwm"bﬂ%aﬂ' Pa%ﬁnﬁcga 'ﬁaﬂpfagﬁ%e Ordl®
Ilqgﬁlrbﬂ@;fé?&ldﬁs nﬂ}ﬂﬁdeIgéltdémailf] f&aéia&anplé’raqpews @r&mly suspensions,
el ecltl on t a ,
OGP ETHRES, GBS OBIES. P ERaHes AS A Wofagtror
re@chf%mu?brﬁ With vates oewef:tmbtdmldlémefommgedaw Itcfunct he
I nventi on rate

prg@r@%r@dnqyoqcﬁnéam Soyeno ?Fﬁld@p\\ée%{suchl as sXspendlng agents for

example sorbitol, syrup, methyl cellulose, glucose syrup, gelatin hydrogenated edible
fats; emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; non-
aqueous vehicles (which may include edible oils), for example almond oil,
fractionated coconut oil, oily esters such as glycerine, propylene glycol, or ethyl
alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic

acid, and if desired conventional flavouring or colouring agents.

For topical application to the skin, the drug may be made up into a cream, lotion or
ointment. Cream or ointment formulations which may be used for the drug are
conventional formulations well known in the art, for example as described in standard

textbooks of pharmaceutics such as the British Pharmacopoeia.

The compounds of the invention may be administered in inhaled form. Aerosol
generation can be carried out using, for example, pressure-driven jet atomizers or
ultrasonic atomizers, preferably using propellant-driven metered aerosols or
propellant-free administration of micronized active compounds from, for example,
inhalation capsules or other “dry powder” delivery systems. The active compounds
may be dosed as described depending on the inhaler system used. In addition to the



crystal habits, The term'solvate' is used herein to

descri be a nol ecul ar conpl ex conprising the conpound
w@Roovhao4ssrventi on and a stoichionetric anount PET/GB2008/001434

nore pharnaceutically acceptabl e sol vent nol ecul es,

for exanple, ethanal. The term'hydrate' is .enpl.oyed
acfie AOIRFUNS oG eRmImIEaian dorms ey i R e santait RXCipER(R, such
asi: ﬁﬁ:éngmalg, popbiltd (RVE Frigemin thetesesoftrietelredl dbbosuisypsutads-

i sted above,

ngd 1 ncludes their pharnaceuticall
acHR SIS S A Terh, Kbl ecs ARpDE VR JBvo oS, gre (e.9
laStoSEPRUNG Sa?f oftdoRdenvRaIkis) br, iftdpprepriaR! Kewemnadtive@dmpounds.
asterisk in the |ist above are currently preferred. In

anot her broad aspect the invention provides the use of
Fot tRedprpossd o inHaltioh "y RIRGd Munbet of Bystere per aailatsle afithavhich

conposJ ti.on for . inhjbiti the activity .of, | .
ac o APtmRarete 58 ran PO gendraBiiand it b yoing aPhe
inﬁﬁat?h&eaﬁﬁql@dﬁaicﬁ' iReapproppiaterfdstnepatidre. linradehibh e theayselod
use or the inhibition of |KK & especially | KK-
adgB{ers {<PaoqTm, QPRSI AT P shopds S TATasS (¢ § JdBlidtere,
meﬁ@mﬁ@?),t aranautemay deiideg emitingpeuffer spfray (Patohaka®),ifon
toget her with one  or. re pharmaceut, cally acgceptabl e.
me{aFAe) arasolf, iy RATIGHIRT 1 k2SS O PRYOHY PAIS,q bl techmical
solutisR$ bietdvaildide (gt Diskteer@bRutadisk®eT wrboaien®sr the irthalers for
whi ch the i.nv i Op_ | ncerned are inhibitors of
eXFmR,?e %ss?)eesﬂ'g‘?qegﬁﬂ(ﬁ@%&‘%ﬁgase activity, and are
therefore of use in t h_e treat nent of di seases
F AR S8lcBYor KB4 YA ¥y b 65 3 BRERNEn oPueh
suspension in a suitable sterile aqueous or non aqueous vehicle. Additives, for
instance buffers such as sodium metabisulphite or disodium edeate; preservatives
including bactericidal and fungicidal agents such as phenyl mercuric acetate or
nitrate, benzalkonium chloride or chlorhexidine, and thickening agents such as

hypromellose may also be included.

The active ingredient may also be administered parenterally in a sterile medium.
Depending on the vehicle and concentration used, the drug can either be suspended
or dissolved in the vehicle. Advantageously, adjuvants such as a local anaesthetic,

preservative and buffering agent can be dissolved in the vehicle.

The compounds of the invention may be used in conjunction with a number of known
pharmaceutically active substances. For example, the compounds of the invention
may be used with cytotoxics, HDAC inhibitors, kinase inhibitors, aminopeptidase
inhibitors, protease inhibitors, bcl-2 antagonists, inhibitors of mTor and monoclonal
antibodies (for example those directed at growth factor receptors). Preferred
cytotoxics include, for example, taxanes, platins, anti-metabolites such as 5-fluoracil,
topoisomerase inhibitors and the like. The medicaments of the invention comprising
amino acid derivatives of formula (lA), (IB), (IA1) or (1B1), tautomers thereof or
pharmaceutically acceptable salts, N-oxides, hydrates or solvates thereof therefore
typically further comprise a cytotoxic, an HDAC inhibitor, a kinase inhibitor, an

aminopeptidase inhibitor and/or a monoclonal antibody.
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di seases include neoplastic/proliferative, imune and

i nflammatory di sease. In particular, uses of the
w@oopasmss i ncl ude treatment of cancers such aBCT/GB2008/001434

hepat ocel | ul ar cancer or nel anoma, but includi ng bowel

cancer, ovarian cancer, head and neck and cervica

squanpbus cancers, gastric or |lung cancers, anaplastic

Fupthe eehrdEedlinveiaen palided b asbenaceltiddl cbmpositicr comprising:
medul | obl ast onas; ?nd treatnment of rheumatoid
art KA1 t i € CPRRAUNSF e INYENi9hmat ory bowel di sease,
CL 0:(65 st & Wﬁ.ﬁc agértearfHDAE iﬁlﬁibitdr'{ & kinabe mhitbfnorl, an
obstructive pul mpnary, dj sease, ast. mul ti ,
scl er osi sa,m'ag%%ga%%% 'X%'g'(tﬂfi %p@é?%"i%q&gof' @Lgff arﬁgg@@, an
host di segsiitor@f mIyeasdIbca mopodetal bhewatypsnds. O her
i ndi cati ons incl uotl c disor dgﬁu(sﬁnguch as. Type

I t abol |
11 dPhbettRaBAreY EQIWEGﬁFge&@hIP&aH@rga orders such

as Al zhei nmers di sease. The conpounds wi th which the
i nvention is cgncer ned. may be prepared for

AlsgiproMided js2 POFUBCOTIRISIGut e consistent with their
phargpcokld surhpounglod freribvedsion;@ma oral |y admi ni strable

co sitions .may be .in f.or.m of tablet ..capsul es,

BT D RetfRE 0SBy HBEC RPI A kBsE o7 8

pr epar at izptifopeptiddsedinhidita] a ptadgrsedhhibitor, 3 belrd ardagonist, an

parenteral,.solutiqns or suspensions..Tablets and

capsul es '?'85'906P§F‘$§a?ﬁ‘44?%? F‘gf'?%ﬂn%frgi)t'%o Yin unit dose
fothe sepdrate, simultangnusan deaquentialarsedn thectozatraant afitted human or
anf{ﬁ(aﬁlpf%' ents such as binding agents, for exanple syrup,

Y. gelatin, sorbitol, tragacanth, or
pol yvi nyl -pyrrolidone; fillers for exanple |actose,

sugar, mai ze-starch. calgci um phosphat S I.Lol. or
T et SRR neE B Pedentos Pl g 8ot L

stearate, talc, polyethylene glycol or silica;

i si.nt.eqgrants for exanple potato starch, or acceptable
A FY'Phﬁg‘%\gents such as sodium |l auryl sul phate. The

tabl ets nmay be

MeOH = methanol

EtOH = ethanol

IPA = isopropyl alcohol

EtOAc = ethyl acetate

DCM = dichloromethane

DMF = dimethylformamide

DME = 1,2-dimethoxy ethane

DMSO = dimethyl sulfoxide

DMAP = 4-dimethylamino pyridine

TFA = trifluoroacetic acid

THF = tetrahydrofuran

FMOC = 9-fluorenylmethoxycarbonyl

Na,CO; = sodium carbonate

DIPEA = diisopropylethylamine

MP-CNBH; = macroporous triethylammonium methylpolystyrene cyanoborohydride
BEMP = 2-tbutylimino-2-diethylamino-1,3-dimethyl-perhydro-1,3,2-diazaphosphorine
NaH = sodium hydride

11



coated according to nethods well known in nornal

phar maceutical practice. Oal |iquid preparations may
wheoovn3wbe form of, for exanple, aqueous or o0iPFI/GB2008/001434

suspensi ons, sol utions, enulsions, syrups or elixirs,

or may be presented as a dry product for
N?%S@PI%BYQSW'%‘W wat er or other suitable vehicle
NdHEOS £séEem @g@ﬁeh catoHater epar ati ons nmay contai n

conventional additives such as suspendi ng agents, for
Hehsirecnisicacihl , syrup, nethyl cellul ose, gl ucose

PHE=Usallagighmedr carborfir ogenat ed edi bl e fats; enul sifying
agents, for e | e |ecithi sorbi t.an nonoal egte, or
PataAdned) = Hoh'BA%@'EB%@'R)@%PE‘P%@*"’(%‘?P%]@"ﬂ’é?f SpalBALGENE i bl o

EDCI =) -ettyPB-(8anath@adineprupydddrbodiifrdd | onat ed coconut
esters such as glycerine, propylene glycol,

oil, oily.
K%cétpﬁfﬂsg'amc?ﬂ%ﬁ? preservatives, for exanple methyl or
TBAIcPtratiutil aeirBoibanedids e or sorbic acid, and if

desired conventional flavouring or colouring agents.
m'F’oF‘"'ﬂ"gﬁ{ al application to the skin, the drug may be
g #Been(gp into a cream lotion or ointment. Cream or

oi ntpent fornul ations which may be used for the drug
m%ré‘"'@gﬁ’/’gﬁ){i onal fornulations well known in the art,
mblermex)pl e as described in standard textbooks of

harmaceut j ¢cs such as the British Pharnacopoeia. The
m@Bﬁ;pgﬁWHQ'eég the invention may be adni ni stgred in
Sdtrhatedteior m  Aerosol generation can be carried out

Ing, for exanple, .pressure-driven jet atomnzers or

LlYis ighprrone aive leuid P rlo ARy s pectoriety
NIRGPeldiean magheticcresomdreeed aer osol s or propel l ant-free

dministration of mcronized active conpounds from
Rfﬁl”@i%‘?eé?tufehhal ation capsules or other "dry powder

delivery systens. The active conpounds

Commercially available reagents and solvents (HPLC grade) were used without

further purification. Solvents were removed using a Buchi rotary evaporator.
Microwave irradiation was carried out using a CEM Discovery model set at 300W.
Purification of compounds by flash chromatography column was performed using
silica gel, particle size 40-63p um (230-400 mesh) obtained from Fluorochem.
Purification of compounds by preparative HPLC was performed on a Agilent prep
system using reverse phase Agilent prep-C18 columns (5um, 50 x 21.2 mm),
gradient 0-100% B (A = water / 0.1% ammonia or 0.1% formic acid and B =
acetonitrile / 0.1% ammonia or 0.1% formic acid) over 10 min, flow = 28 ml/min, UV

detection at 254 nm.

'H NMR spectra were recorded on a Bruker 400 or 300 MHz AV spectrometer in
deuterated solvents. Chemical shifts (8) are in parts per million. Thin-layer
chromatography (TLC) analysis was performed with Kieselgel 60 F2s4 (Merck) plates
and visualized using UV light.

Analytical HPLC/MS were obtained as follows: Agilent Prep-C18 Scalar column, 5
pm (4.6 x 50 mm, flow rate 2.5 ml/min) eluting with a H,O-MeCN gradient containing
0.1% v/v formic acid over 7 minutes with UV detection at 254 nm. Gradient

12



may be dosed as descri bed depending on the inhaler
systemused. In addition to theactive conpounds, the

wW@eltbns®@s4 ati on forns may additional |y contai nPCT/GB2008/001434
exci pients, such as, for exanple, propellants (e.gqg.

il b0 08 B SRR 85 Rl L BRI Mo

5% IMBON to'eys H,0L99% MeONe 50D — BmﬁmssolumtsmﬁHgmse%dﬂeCN 55—

s B ainet S ER 019 Mechu 2B S nibionP o UG b 6.0

mmunblarat (:[73 Hw‘»gs%wam fmmralteab Beniwhihhe. 8/ 6: 15 ain: Retlira twH5%

HEERNR e B 3R TErar TON (O A o HeREh Yoo

floRrateOR 6 infilntin f 619 —tmnﬁ}ﬁt H-Iﬁﬂfat 95% HyddH% iMeCN flowrateueeucdd to

2.€ dgi%tpio. a\iqsgssgggtgar ‘%’R@o %{p% ﬁlg\g aw%p@%ﬁﬁuit?ﬁ%%?sogﬁ% in either
th@ pbsitiet (APQll e\HS18or epgativer{gPal p&ESI pmoder ay

(Autohal er(r)), for nmetered aerosols, in particular in
the case of powder inhalers, a nunber of technical

E)%ﬂ{pltgds' § r%? I’?h%ﬁtﬂ)ﬁ%%agmas/ tfe)ergplo&dsiwﬂ?%g){ gﬂ;&ssis of compounqs of
geasradiéxmuiadb"d B, AAOB@I%(ZB)) argget qubgiut apt laptsad t@éﬂe @ﬁCWQﬁ\S
shw/ﬁ |r?¥91erﬁ&e1 Sidgray be made up into a solution or
uspension 1 n a suitable sterile agueous or non
aqueous vehicle. Additives, for instance buffers such
Schemeduiilugtiates: the |Q§O¢T§h$)tn§19c§¢ reite Edithenpregaatien of the examples
deRbAbEa e, \(Eﬁg't&ﬁhl‘dﬁ?l%ﬂﬁ%@ﬁﬂ&ﬂﬂ@ho@&g tHeHe@vahtdRronate

agent's such nmercuric acetate or nitrate,

estas (intemadiatm2y mntb rthed@ertmal biopbenesqrailintermadiate ) ckeni ng
agents such as hypronell ose may al so be included. The
active ingredient may al so be adm ni stered
parenterally in a sterile nmedium Depending on the
vehi cl e and concentration used, the drug can either be
suspended
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or dissolved in the vehicle. Advantageously, adjuvants
such as a local anaesthetic, preservative and

whedasi4py agent can be di ssolved in the vehi cPE/GBR@®8/001434
conmpounds of the invention nmay be used in conjunction
wi th a nunber of known pharmaceutically active

substances. For exanple, tHRe conpoundsg of the ] NH
i nveptsigrPHmayyde Jused wi t h /Yot oxi cs,J| HDAC :
inhLEiﬁﬁ?;, ki n&aseNrtqhi rs, am ridpeptfase ¢ \ \H

i mabistors, praggase i nhryl t¥ks, bel g 951tagoni%ts/,x§
i nhibitors of mTor and nonocl onal antiBodi es (fogn” ©
exanpl e those directed at growh factor receptors)}to
Preferred cytotoxics include, for exanple, taxa#gs,
platins, anti-netabolites such as 5-fluoracil

t opoi sonerase inhibitors and the |ike. The nedi tanents
of the invention conprising am no acid derivatiEé@gqﬁ
formula (1A, (1B), (A1) or (1Bl ) , tautomner

t hereof or pharmaceutically acceptable salts, o)

N- oxi des, hydrates or solvateg thereof therefore »-nu,
typically further conprise a toxic, an HD

i nhi bi tor, a kipase inhibit an’ ani nopept i NH

o I\ .
i nhi bji  or ocC I I beety—Furt her, "th

pr esB%_‘% i nyenti on provi déers & phar macettedecal HN%O
conpoBitio conprising: (a) aonpound of the )§o

i nv on; |(b) a cytotoxic agent, an HDAC i nhi bf'for, a
ki pase i nhi|lpéeryp, an ami ndpEP¥P¥dse inhibitor, a
inhibitor, a bcl-2 antagonist, an inhibitor
of ®Tor and/ or a nonocl onal antibody; and (c) a
plaraedice Ut ijcal | y acceptable carrier or diluent. Also

provided is _a product conprising: (a) a cmnpound of
the inventi o, and NH,
NH,
/ \
NH Stage 6 s” NH
(o}
0 HCl/dioxane HN
=z
HN
BocNH
0”0
o~ 0 G Example 1
é Stage 8
. Hydrogenation Stage 7
Intermediate 8 LiOH/water
0}
NH, o)
/ \ NH,
NH
s j& / \
fo) s NH
H,N
HNT O
H,N Z
H,N
0”0 2
O oo
Example 2 Example 6
Scheme 1
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(b) a cytotoxic agent, an HDAC i nhibitor, a kinase
i nhi bitor, an am nopeptidase inhibitor, a protease

WO pivob3wds , a bcl -2 antagoni st, an inhibitor oPCHEBR008/001434
and/ or a nonocl onal anti body, for the separate,

si mul t aneous or uen use,.i.n.the treatnment of the
Sohemer? Bysteate ?SDS ?5'3 ﬁﬂwlé' teymesiateZ on of the conpounds
of the invention will now be descri bed: Abbreviations

MeOH = net hanol Et OH = et hanol | PA = isopr opyl al cohol
Et OAc = ethyl acetate @w di chl oronet h DVF =
di net hyl f or mam fle DVE = 12d|msthoxy eth ne DVBO =

di met hy| sif i de DIVAFET. BMAP- (| rret% i’u 0 pyridine TFA
= trifl {Otacid JHE = tet n@DC
9-f 1l uor enyl nt‘t hoexycar bonyl Na2CC3 = soH| um ¢ onat e

| Br
Stage 2 U

Pd(OAC),

9>§<
B Br

| 0 |
0o Stage 3 0
Aoy e A Lo
H o \O bispinacolatodiboron H 5 D
PdCl,(dppf)
Intermediate 2
Scheme 2

Schemes 3 and 4 illustrate the synthesis to Intermediates 5 and 6

NH 1) Toluene/ EtOH
NH, EtOH, I,, 2 2) conc. H,S0,, NaNO,
—_— -
Ag,SO
Br 92904 Br | Br |

Stage 2

Stage 1
Intermediate 5

Scheme 3

1) CH,l,, 0°C
2) tButyl nitrite !

Stage 1
Br

Intermediate 6

Scheme 4
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DI PEA = dii sopropyl et hyl am ne MP-CNBH3 = macr opor ous
tri et hyl ammoni um net hyl pol ystyrene cyanobor ohydri de
W@ENPY130424 f t >ut yl i m no- 2-di et hyl am no-1 PCT/GB2008/001434
, 3-di et hyl - perhydro-1 , 3, 2 di azaphosphori ne NaH =

SOdI um Hg/drl d@l\la()ﬂ = s? ‘ %’g I de NaHCC3 = sodi um
trle R SYRINRRI O-W‘ﬁfm r| c acid Pd/C =

pal | adi um on carbon PdCl 2(dppf) =

[1, 1' - Bi s(di phenyl phosphi no) f err ocene]

di chl oropal | adi un{l1). EDC =

1-ethyl /i:% di met hyl am noprcoﬂy ) car bodi i m de

pot assi upracet at e TBAI tefrabutyl amroni um i odi
=mllil tr@(s)——g—g—#&n{ - mlligran(s)
nol e( & = niskdeit N0 @4 ngt = sadearat goylk
hi gh perf& mance |iquid chr @t ography/ mass 0
spectronmetry NVMR = nucl ear nmagnetic resonance RT =
roomtenperature

Stage 3

W&
Lol
Br OH (02N
Stege L o
BocNH O\O BocNH O\Q BocNH O
0 o o

Stage 6

Br g)?
0 )
(0]
Stage 7
(0]

BocNH D bispinacolatodiboron BocNH Y \O

0
(0]

PdCl,(dppf)

Intermediate 7

Scheme 5

Scheme 6 illustrates the general synthetic route for the preparation of the Examples
11-13, using traditional Suzuki chemistry to couple the relevant boronate acid
(Intermediates 10a-10b) with the central thiophene core (Intermediate 1).
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Commercially avail abl e reagents and sol vents (HPLC
grade) were used w thout further purification.
W@E009a28M1434 wer e renoved using a Buchi rotary evR@DGBR@B/001434
M crowave irradiation was carried out using a CEM
Di scovery nodel set at 300W Purification of conpounds
y fl a§"h chromatpgr aphy col um was perf &-fedsusing oH
Si ‘@8l , + paRt %R Si ze—46-63—mrm \ (23 SN V-
ob ned from Fl uor ochem Pstagdd cati on of "compo $ by
prepar at i ve \fiRk&idds-oper f ormed on a Agil ent |E’t£rF.Qdiate10a-10b
system usi ng reverse phase Agilent prep-Cl8 colums
(5mm 50 x Ricydoemdiy buyr adi ent 0-1 00% B (A = wader /

0.1% amonia or 0.1%formc acid and B = acet onjtKu,l e
[ 0.1% ammonia or 0.1% formc acid) og(ﬁgz 0 ng flow
=28 mM/mn, W detection at 254 nm 1H N 'sp%ctta

were recorded on a Bruker 400 or 300 MHz AV HN ©
spectroneter in deuterated solvents. Chentcal, shi.f4s
(d) are in parts ger mllion. Thin-Iayer

chr omat ogr aphy ( TL®)-nanal ysis was perforned with Q

Ki eB@l gel 60 F254«( Mertk) plates apd,visualized usyniH,
UV | §7ghy,- [ HIPLG-MS—were- obtyained as OWS:
Agi | ent HPr 185scalar col ygp,,5 Mo (4 O Mgy’ ~NH
flowrate 2.5 nm/RpjNf) @luting wth a H % gradie)aio

containing 0.1%v/v formc acid over 7 minutes w tN UV
detection at 254 nm Gragi en%i nformation: 0.0 - 0.5
mn: 95% H20 5% MeCN;, C°8°™850 nin; Ranp from 95% H2O-
5% MBCN to 5% H2O-95% MeCN, 5.0 - 5.5 mn: Hold at 5%
H2O 95% MeCN;, 5.5 - 5.6 min: Hold at 5% H2O 95% MeCN,
flow rate increased tolntermediates: 5 6 - 6.6 nmin: Hold
at 5% H20O- 95% MeCN, flow rate 3.5 nl/mn; 6.6 - 6.75

InfBrihedi3tb 4¥ 5-BRAMG-K(carbamoylamino)thiophene-3-carboxamide

Q
NH,

/ \
Br—~g” ~NH
o)

H,N

The synthesis of Intermediate 1 described by Stages 1-4 (Scheme 1) is detailed
within WO03104218.

Intermediate 2: Cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-[3-
(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]pent-4-enoate
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H2O- 5% MeCN, flowrate 3.5 m/mn; 6.75 - 6.9 mn:
Hol d at 95% H2O-5% MeCN, flowrate 3.5 mM/mn; 6.9 -

wQ 20931334 Hol d at 95% H2O 5% MeCN, fl ow rate rRCIGBLBO01434
2.5 n1/m'n Mass spectra were obtained using an

Aqgi | rce, i.n EL
rigSvefigsis g Intefiedio Y fdiaig BNRScnbHE PREH) et
detdile Aragidwadselbat may be enpl oyed in the synthesis of
conpounds of general formula (1A), (I1B), (1Al) and
(1Bl) are set out, but not limted to the reactions
Stadw WCydbpSatye (BS3-21( tértibetoxycarSoriydaminb]pdnt-dsinoatees t he
general synthetic route for the preparation of the
exanpl es descri bed bel ow, using traditional Suzuki
Td%f‘é‘c%’lht&irf%f (12§) -2 LRt &th*i?ﬁlfb@hﬂ)ét@ﬁlhcl)]béﬂitweﬁcﬂc 86t €2.00 g, 9.29
nt er nedi at e e centra ene .care
mphiEP RPa D) éoga@ee@de&a rrgprensanel GO "8 Rapl and
DMAR ie1Emd, 0.8 wahdiptrae rﬂi.ktereswau ﬁ&b‘edsfort 15 MinuessTEDICA{ B9 g,
Interanlate stratethe

C n
NS OPA AT TReAFIE0 SIMER o7 T 2481 B R BRI
dllﬁt@ﬂﬁwthl‘ﬂ?@@waMtrﬂHg’m QJrlﬂ:e,E‘dr%gQM@SUJI aﬂdmﬁlﬂcemteatéd in vacuo.

The residue was purified by column chromatography (3-5% EtOAc in Heptane) to
provide the title compound as an oil (2.15g, 82% yield). LCMS: m/z 284 [M+H]".

Stage 2- Cyclopentyl (2S,4E)-5-(3-bromophenyl)-2-{(tert-butoxycarbonyl)amino]pent-

4-enoate

To a mixture of cyclopentyl (2S)-2-[(tert-butoxycarbonyl)amino]pent-4-enoate (2g,
7.06 mmol), 3-bromo-iodobenzene (1.35 ml, 10.59 mmol), NaHCO; (1.78 g, 21.18
mmol), TBAI (2.87 g, 7.77 mmol) in acetonitrile (15 ml) was added Pd(OAc), (159
mg, 0.71 mmol). The mixture was purged with N, and heated for 24 hrs at 77°C.
Further 3-bromo-iodobenzene (800 pl, 5.3 mmol) and Pd(OAc), (159 mg, 0.71 mmol)
were added and the mixture heated for 24 hrs at 77°C. The mixture was cooled,
diluted with EtOAg, filtered through Celite®, washed with H,0, brine, dried (MgSO,)
and concentrated in vacuo. The residue was purified by column chromatography (4-
10% EtOAc in Heptane) to provide an oil (1.38 g) containing the title compound with
minor quantity of cyclopentyl (2S)-2-[(tert-butoxycarbonyl)amino]pent-4-enoate and
an unknown impurity. The crude product was used without further purification. LCMS:
m/z 460. [M+H]".

Stage 3- Cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-[3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]pent-4-enoate

To a mixture of cyclopentyl (2S,4E)-5-(3-bromophenyl)-2-[(tert-
butoxycarbonyl)amino] pent-4-enoate (1.38 g, 3.15 mmol), KOAc (402 mg, 4.10
mmol) and 4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi-1,3,2-dioxaborolane (1.48 g, 6.29
mmol) in DMSO (7.8 ml) was added PdCl,(dppf) (257 mg, 0.32 mmol) and the
mixture purged with N,. The reaction was heated at 65°C under N, for 22 hrs, cooled
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Schenme 3 Internediate 6 Schenme 4Schene 5 illustrates
the synthesis to Internediate 7 Stage 3 Stage 4 BocNH

wo pdoensmed at e 7 Schene 5 Schene 6 il ustrates PEEGB2008/001434
general synthetic route for the preparation of the

oS b A o Rl i

d4Micd Wimshediviith H0e bﬁﬁéltdrléb (Mbsc»pmﬂe;oooereraﬁémtree mesidut was

S R o R, Ao Al b

comiaan@(ﬁoé gtmmrmmtmsﬂmermcn AeNalH]*. 'H NMR (300 MHz,

ORGS0 157 ) ARBA g oHRy R oL, §o7 S5 28T in
m), 84rgB, 4,)J=115.96L), & 226 07 (1H, m), 5.27-5.21 (1H, m), 5.15-5.07 (1H, m),
4.45-4.36 (1H, m), 2.75-2.56 (1H, m), 1.95-1.62 (8H, m), 1.45 (9H, s), 1.37 (12H, s).

Intermediate 3: Cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-[2-
methyl-5-(4.4.5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]pent-4-enoate

Synthesised by analogous methods to Intermediate 2, using Intermediate 6 at
Stage 2 of Scheme 2.

LCMS: m/z 500 [M+H]*. "H NMR (300 MHz, CDCls) &: 7.84 (1H, s), 7.62-7.58 (1H,
m), 7.19-7.12 (1H, m), 6.66 (1H, d, J=16.8Hz), 6.12-5.99 (1H, m), 5.28-5.20 (1H, m),
5.17-5.09 (1H, m), 4.64-4.37 (1H, m), 2.82-2.59 (2H, m), 1.94-1.66 (8H, m), 1.64 (9H,
s), 1.36 (12H, s).

Intermediate 4: Cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-[3-
methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyllpent-4-enoate
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wi thin WO031 0421 8. Internediate 2: Cvclopentyl
f2S, 4E) - 2-r (f e/t - but oxycar bonyl ) am nol- 5- F3-
W@ 2004/150434 t et r anet hyl - 1. 3, 2- di oxabor ol an- 2- y| ) ptIEGBRA®EM01434
t-4-enoateThe synthesis of Internediate 2 is detailed
Syebt e 2@&%3&@@%@23%@?@%&% diite 22Using itermediae 5 at
Sthge>? oPSEHdned p- but oxycar bonyl ) am no] pent - 4-enoate To a
solution o

Loz BpMHIb H DR CROBMF CREIWGT BERCTH. B 352 (1 ) 726

08 46.119. 29= i ;
(11(3,)2/%)[ gf?g r(]zlg,n%rl fm.%i)z), g 70620k 51243, iy, 5.2763.2@%%5 1 Q%bfidm H,

£9 m ., 11.15 nmmpol ) and P

Mg, 44eA-3 (Y 2. 72126 T2kt el -Rérd -8k (BHy B0 .66 (9% ), 1.37 (12H,

symnutes, EDC ( 1.99 g, 10.22 mml) was added and the
reaction stirred for 3 hrs at 00C. The reacti on was
diluted with DCM washed with H2O, brine, dried

InfeMnet¥hte 514-BONEBli6dé-8néthybafbéne The resi due was
puritred by col unm chromat ogr aphy (3-5% Et QAc in
Hept ane) to provide the title conpound as an oil (2.1
59, 82%yield). LCVMS: mz 284 [ M+H] +. Stage 2-
Cycl opent yl
(2S, 4)-5-(3-bronmophenyl) - er f - but oxycar bonyl ) am no
] pent- 4-enoate To a nmi&furé& of!cycl opentyl
(2S)-2-[ (terf-butoxycarbonyl)am no] pent -4-enoate (2g,
7.06 mmol ), 3-brono-iodobenzene (1.35 n, 10.59 mmol),
THeasyiaib8 si6 bf temedidtelBis metdiled WBAISch2m@7 ayd fill experimsntal
in acetonitrile (15 m) was added Pd(OAc)2 (159 ny,
de&ﬁ"?f’%ﬁ%‘?"}“. bell?]v(\é. m xture was purged with N2 and heat ed
for 24 hrs at 77C. Further 3-bronp-i odobenzene (800

SR B RS TR Eea P o B il ot 776 The

m xture was cool ed,
To a solution of 4-bromo-2-methylaniline (1.86 g, 9.97mmol) in EtOH (33 ml) was

added iodine (2.54 g, 10 mmol) and Ag,SO, (3.11 g, 10 mmol). The mixture was
stirred at RT for 3 hours, filtered and the solvent removed under reduced pressure.
The residue was dissolved in DCM, washed with 1M NaOH (5x20 ml) and water. The

organic extracts were combined, dried (MgSQ,), filtered and concentrated in vacuo.

The crude product was purified by column chromatography (5% EtOAc in heptane) to
afford the title product as a beige solid (2.47 g, 79% yield). LCMS: m/z 312 [M+H]".
'H NMR (300 MHz, CDCls) 8: 7.64 (1H, s), 7.16 (1H, s), 4.10 (2H, br s), 2.20 (3H, s).

Stage 2- 1-bromo-3-iodo-5-methylbenzene

To a solution of 4-bromo-2-iodo-6-methylaniline (2.45 g, 7.85 mmol) in a 1:3 mixture
of toluene/EtOH (15 ml) at 0°C was added conc. H,SO, and sodium nitrite (1.16 g,
17.28 mmol). The reaction was stirred at RT for 45 minutes then heated to reflux for
1.5 hours. The reaction was cooled to RT, diluted with water and extracted with Et,0.
The organic layer was separated and washed with water, brine, dried (MgSO,),
filtered and concentrated in vacuo. The crude product was purified by column
chromatography (10% EtOAc in heptane) to afford the desired product as a clear oil

20



diluted with Et CAc, filtered through Celite(r), washed
wth HO, brine, dried (MgSO4) and concentrated in

W@ 20003043he residue was purified by col um PCT/GB2008/001434
chromat ography (4- 10% Et OAc in Heptane) to provi de an

(13}{53”:5510{03%@% E@@BQ;@'}# M S NMR TS0 RHE e8] 5.7 88 (am,
S)(-ﬁﬁ@(ﬂq[s()tye{;{ (1kp.pts? ﬁﬁbpgyl ) am no] pent - 4- enoat e and
an unknown i nmpur i e crude product was used
wi t hout further purlflcatlon LCMS: mz 460. [ MtH| +.

In@rﬁﬁalafie 6%$Wb}ibdo-1 methylbenzene
er -but oxycar bonyl)am no] -5-[3-(4, 4,5, 5-

tetramst hyl -

, 3, 2-di oxaborol an- 2-yl ) phenyl ] pent - 4-enoate To a

m xture of cycl opentyl

(2S, 4E) - 5- ( 3- br onophenyl ) j (t ert but oxycar bonyl)

am no] pent-4-enoate (1.387g, 3.15 mmol ), KOAc (402

ng, 4.10 nmmol) and 4,4,4' B+,5,5,5 ,5 |-octanethyl -2,

| -bi-1, 3, 2-di oxabor ol ane (1 48 g, 6.29 nmol) in DVSO

(7.8 M) was added PdCl 2(dppf) (257 , 032mm%a|nd )
Thergyniierisif intpiiperliatesi & in s i hachedne.d R flexpeimental details
ar@%ﬁbMﬁ‘QSibwm for 22 hrs, cool edand partitioned between

O H2O. The aqueous was extracted w th Et20
corrbl ned organi cs washed with H2O, brine, dried

St(a@@wbr@mizmﬁmew&%zeﬁéﬂe resi due was purified by
col um chr omat ogr aphy (7-10% Et OAc i n Heptane) to

Tcpé emuﬁ@m éfhzemtatﬁyl S—bfdhﬁ@@rhlmb (3 @93 @6 mAddhpinl ideiodd mdt!ﬁMﬁ (3 4

m{ afptoyas souly SRk tat b@tﬂw”@”%& 1, 44 romo Heyi b as

rerhovéd Zn@@lg(rgi;ttloﬁ)uas&tlﬁé’d aiLlRT tlﬁbn Reatdd S0P C f&. WOmbutEd. The

SolySkwAL teEngveR unEeT regUcAg Bbssyte 30 Dirésigugauren by colymn
ch?ém?tibgﬂa%h{( BHOAS) Heptadd) t6 hRbId the titld corapauredi(a6ey, 87% yield).
LSS, 257 M) 1 DR AP0 PG sk A (8Et 3 7.42:7.35 (1H,

m), 7.12 (1H, d, J=8.1Hz), 2.40 (3H, s).

Intermediate 7: Cyclopentyl N-(tert-butoxycarbonyl)-O-[3-(4,4,5,5-tetramethyl-

1,3.2-dioxaborolan-2-yl}phenyl]l-L-homoserinate

The synthesis of Intermediate 7 is detailed within Scheme 5 and full experimental

details are shown below.

Stage 1- O-[tert-Butyl(dimethyl)silyl]-L-homoserine
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met hyl -5-(4.4.5.5-tetranet hyl -1, 3. 2- di oxabor ol an- 2-yl)
phenyl i pent - 4-enoat e Synt hesi sed by anal ogous net hods

wo eoobns@ssedi ate 2, using Internediate 6 at StBQOEGB20B/001434
Schenme 2. LCVS: nfz 500 [ M+H] +. 1H NWR (300 MHz,
CDClI3) d: 7.84 ( 1H, s), 7.62-7.58 (1H, m, 7.19-7.12
(1H, m, 6.66 (1H, d, J=16.8Hz), 6.12-5.99 (1H m,

Tda 3@5 ngitn 6ﬂi:lhoﬁibser51e1(71 80Omnbhlin Sdetortri@d19.rAY a( LI was

adghi 1 %ez%bloz/qo 701%%?@}7?@8.@132 o Byt ook

dlrhaﬁﬁ @I cRlofidé eri3 @LB X \66ly Wasitheh amjéwt)erﬁeng)\ﬁse over 5 minutes
xabor o

anet h
b2 ol [ATEL TV L 3 2ol o a2 b
A Whitd pregip rtaélrﬁa_eor&]eduﬁmagwhmwra@dff ahé wasladd \Bitrageetanltuile
o ey P s 0 Hhbidt SHRGA0 Wi ot 1.0
928} %l@ldzfaH(l\]WlR (400 MF&SDMSI)), 56 a(7ﬂ—ﬁ b@§) BIH1 HYm), 3.35 (4H, bm),
6 n’L I—???é m, 4.44-4.35 (1H

1. %5)(1"2"*7)211 4H.m °9n§9 BBl {6 "ééf)(SH m. 1.46 (9H,

s) 1.37 (12H, s). Internediate 5:

i odo- 5- net of.

Stgat ér N RO cRoruL D GO i Ao Forsardrine |

experimental details are shown bel ow. Stage 1-

4- br onp- 2- | To a so |on
The EBABIN Gide ﬁﬁﬂéﬁ@ﬁ%&ﬁ& Sé@le'g nogosH s KO;EE“GQ”('%
DoM) 10| )ad 0ed was cthea@d(vathaﬁetgylaﬂcmnermnb)mlamsl 4A@raaménd di-thrt-
butyI %lcagbong{mm 77 g, %61 rrnnm)é uJi’he reactlon mixture was stirred at room
temperature for 16 hours for complete reaction. The DCM was removed under
reduced pressure and the mixture was treated with ethyl acetate/brine. The ethyl
acetate layer was dried over magnesium sulphate and evaporated under reduced
pressure. The crude product was taken forward without further purification (2.53 g,
99% yield). '"H NMR (400 MHz, CDCl3), 8: 7.5 (1H, br s), 5.85 (1H, d, J=6.5Hz), 4.3
(1H, m), 3.75 (2H, m), 1.95 (2H, m), 1.40 (9H, s), 0.85 (9H, s), 0.1 (6H, s).

Stage 3- Cyclopentyl N-(tert-butoxycarbonyl)-O-[tert-butyl(dimethyl)silyl]-L-
homoserinate

To a solution of N-(tert-butoxycarbonyl)-O-[tert-butyl(dimethyl)silyl]-L-homoserine
(2.53 g, 7.6 mmol) in DCM (50 ml) at 0°C was added cyclopentanol (1.39 ml, 15.3
ml), EDCI (1.61 g, 8.4 mmol) and DMAP (0.093 g, 0.76 mmol). The reaction mixture
was stirred for 16 hours at room temperature before evaporation under reduced
pressure. The crude residue was dissolved in ethyl acetate (100 ml) and washed with
1M HCI, 1M Na,CO; and brine. The organic layer was then dried over magnesium
sulphate and evaporated under reduced pressure. The product was purified by
column chromatography using ethyl acetate/heptane (1:4) to give 2.24 g, 73% yield
of title compound. LCMS: m/z 402.5 [M+H]*, "H NMR (400 MHz, CDCl,), &: 5.2 (1H,
d, J=6.3Hz), 5.15 (1H, m), 4.2 (1H, m), 3.6 (2H, m), 2.0 (1H, m), 1.95-1.55 (9H, bm),
1.4 (9H, s), 0.85 (9H, s), 0.1 (6H, s).
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stirred at RT for 3 hours, filtered and the sol vent

renoved under reduced pressure. The residue was
wale®nsosat in DCM washed with 1M NaOH (5x20 mPQT/GBR008/001434

vvater The organi c extracts were conbined, dried

(My , filtered and concentrated in vacuo, The
Stegwecmwm (AR4- MWr?eEﬁteﬂgb%weﬂwoeﬂ}aaﬁmlsgfﬁa%ﬁ

(5% Et CAc in heptane) to afford the title product as a
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cool ed ter and extr cte W th

y'@i!)thM‘@h @/%)%% |[M+MlyerH NMB “Gap Mz &P%?d &t i t h
J2ORB5 5. @(M%) d14i e, &W()zH, )i 3.48(R4 ANd.9-1.55 (9H b

concentrated in vacuo. The crude product was puri f
1.43/(%06Blmm chromat ogr aphy (10% Et OAc i n hept ane) to
afford the desired product as a clear oil (1.06g, 45%

- 3
St%é@"j-c&ycld(dléﬁ@ gz;&mﬁ%& ﬂé}'t;b)ut %ﬂ?&e)g)a@rﬂsc%\]blltgﬁ‘%ﬁt‘é ( éH’
s). Int diate 6: 4-B d th T
Tocd Humna ot A-B5eme SyesiBiiecd 28 G 104 TGl DV RaD #as Added
a §th‘onQ9I( Bgﬂhbﬁﬂ rﬂ)h@!;prﬁ’r% @i.865g, 3 & HmhRYIn DEMY. 2 fﬁl)alyﬁe dolution

br ono- met hy | benzene To
wag sfgsg[eﬁﬂr %fugp%{n%mmtqq q{@r Fd itig. slj’yn nez&#in;ﬁh .} 18 fmol) was
addid, fevedasyRecution ot cyclopentyl (2S)-4-hydroxy-2-[(tert-
butoxycarbonyl)amino]butanoate (1.0 g, 3.48 mmol) in DCM (8.8 ml). The solution
was stirred for 18 hrs, concentrated in vacuo and the residual solvent azeotroped
with toluene (3 x 16 ml). The residue was triturated with diethyl ether (10 ml) and
ethyl acetate:heptane (1:9, 2 x 10 ml). The combined ether and heptane solutions
was concentrated onto silica and purified by column chromatography using 10-20%
ethyl acetate in heptane to provide 1.02 g (84% yield) of title compound.
"H NMR (400 MHz, CDCl3), &: 5.3-5.05 (2 H, m), 4.45-4.3 (1H, m), 3.45 (2H, t,
J=7.3Hz), 2.50-2.30 (1H, m), 2.25-2.10 (1H, m), 1.95-1.60 (8H, b m), 1.47 (9H, s).

Stage 6- Cyclopentyl O-(4-bromophenyl)-L-homoserinate

A solution of 3-bromophenol (0.593 g, 3.43 mmol) in DMF (5 ml) was cooled to 0°C
with an ice bath and NaH (0.137 g, 3.43 mmol) was added in a single portion. The
reaction was allowed to warm to RT, sonicated briefly and cooled down again to 0°C.
A solution of cyclopentyl (2S)-4-bromo-2-[(tert-butoxycarbonyl)amino]butanoate (1.2
g, 3.43 mmol) in THF (10 ml) was then added dropwise, and the reaction allowed to
warm to room temperature. After 1 hr the reaction was heated to 50°C and
monitored by TLC for complete reaction. After 4 hrs, the reaction appeared to be

complete and was allowed to cool to room temperature and poured onto a mixture of
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Intermediate 8: Cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-{3-[4-
carbamoyl-5-(carbamoylamino)-2-thienyl]phenyl}pent-4-enoate

o)
NH,
/ \
\}/ HNT O
o\(o .
HN
0”0

The synthesis of Intermediate 8 follows the synthetic route shown in Scheme 1.

Stage 5- Cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-{3-[4-carbamoyl-5-
(carbamoylamino)-2-thienyl]phenyl}pent-4-enoate (Intermediate 8)
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DCM (100 m) at 00C was treated with triethylam ne

(2.15 M, 15.4 mmol) and di-te/fbutyl dicarbonate (
wda.2009/18p438. 1 nmmol ). The reaction m xture was SPCT/GBR0AN01434

roomtenperature for 16 hours for conplete reaction.
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Scheme 7

Stage 1 — (2S)-1-(cyclopentyloxy)-1-oxopropan-2-aminium 4-
methylbenzenesulfonate (Intermediate 9a)

Q\S/P o
SO HN' \O
o)

To a slurry of (S)-alanine (5 g, 55.5 mmol) in cyclohexane (150 ml) was added
cyclopentanol (50 ml, 555 mmol) and p-toluene sulfonic acid (11.5 g, 55.5 mmol).
The reaction was fitted with a Dean-Stark receiver and heated to 135°C for complete
dissolution. After 12 hr, the reaction was cooled to RT leading to the precipitation of a
white solid. The solid was filtered and washed with EtOAc before drying under
reduced pressure to give the required product as a white powder (7.45 g, 85%).
LCMS: m/z 159 [M+H]".
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Cycl opent yl
L/-(tert-butoxycarbonyl)-O[te/t-butyl (dinmethyl)silyl]
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acetic acid : TH Frwater (3:1 :1, 100 ml). The reaction
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ediate : ) bydrokiybonyl)béndy1il Sbanigae

bm, 1 45 (.9H s). Stage 5- C,ycl opent vyl )
(2S)-4-brono-2-[(terf-butoxycarbonyl)am no] but anoat e
To a slurry of L/- brom) &ucci ni m' deOicll 86 g, 10.4

mol ) in DCI\/I(16 ..o tron of
tri phenyl phosphl ( 9 in DCM (7.2
m ). The sol ution-was sctlrred a further 5 m nutes

after addition. Pyridine (338 nt, 4.18 mol ) was
added, followed by a solution of cyclopentyl

Trk%?hthés@lbg rrﬂéarné’d L{et ﬁfatfsmmwé §rrh9éué rbu@ShBwh v Eamaead 6.

in DCM (8 ). The sol ution was
strrred f or 18 hrs concentrated |n vacuo and the

Td & 861G ofﬁﬁt’e\’rﬁ@&a@@@é’(ﬁm@ 1V!’91t rhnfo@'a\rhﬁflg f&r%rylbhéﬁyl%c)ronlc
The residue was triturate ether}ﬁgmg7 9

acig{@8eMmey R-580amal) én ReM @Héﬂ'twa@ad@w 69 c)s (ft

mrﬁ@l{ﬁﬁ BRI dVaF 2@ﬁdnme§tmeee§dﬁb#wae %ﬁrré‘@ﬁt RP rts‘rentrg afted
silica and purified by colum chromato

whid) e 1g- ’28%%&’?&%“"%1&’@? Ao itk %9%(5Paﬂbr%trv§%%isw

with DEMEY hff). the Qfuédus! phas®WBE HBGralised to pH 7 with NaHCO; and

extracted with DCM (2 x 50 ml). The combined organic extracts were dried over

magnesium sulphate and the solvent removed. The product (650 mg, 2.23 mmol,

86% yield) was isolated and used directly.

LCMS: m/z 292 [M+H]".

Intermediate 10b: tert-Butyl N-[3-(dihydroxyboryl)benzyl]-L-alaninate

OH

Intermediate 10b was prepared following the method described in Scheme 6 from

Intermediate 9b.

Example 1: Cyclopentyl (2S,4E)-2-amino-5-{3-[4-carbamoyl-5-

(carbamoylamino)-2-thienyl]phenyl}pent-4-enoate
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1H NMR (400 MHz, CDCI3), d: 5.3-5.05 (2 H m,

4.45-4.3 (1H, m, 3.45 (2H, t , J=7.3Hz), 2.50-2.30
WO 2049/180434 2. 25-2. 10 (1H, m, 1.95-1.60 (8H, b PGT/GB20HE/001434

(9H, s). Stage 6- Cycl opentyl

0- (4- bronophenyl ) - L- honoser i nate A sol ution of

3- bronophenol (0.593 g, 3.43 -1\ in DVF (5 ml) was

cooled to OC with an ice bath and-NigH (0. 137 g, 3.43

mol ) was added in a si ngle ppr{i on. The reacti on was

allowed to warmto RT, s8 & rlefly and cool ed

down again to QOC. A SI on ®f cycl opent yl

(2S)-4-brono-2-[(tert-b¥oxycar bonagﬁoam no] but anoat e (

1.2 g, 3.43 mmol) in THFE (10 m Y:Nwas t hen added

dropw se, and the react¥on allowed to warmto room

t enper at ure. AfteH y the reaction was heated to

500C and moni tored by TLC f or conpl ete reaction. After

4 hrs, the reactiory@ppgeared to be conplete and was

all owed to cool to ro&;enperature and poured onto a

QI

m xture of Et QAc and s at ed NaHCC3. The organic
| ayer was coll ected hed with 3 portions of water,
brine and then dried g filtered and evapor at ed

Thersypthesis of Fxamplest e %‘FF’I"Y' oPehemeeli snal | anounts of

4- br onophenol whi ch was renobved by scavenging wth

MP- car bonat e 2 %in DCMZﬁ?T m%, and t@e filtrate gas
Stagaforerentyh ?gﬁ -4-ARINGr efitércaskamoyir (carbapoy gmine) 2-
thlgnylﬁyﬂ%/ﬁyl}p%hd)f-enéé?ys mz 443 [MrH +. Stage 7-

openty

L/ (te/t-butoxycarbonyl)-0-[4-(4,4,5,5-tetranethyl -1,

A sdlutigh cﬁ@bope:dty?lr(129,4ﬂ-)2{p(ltemphtbx3koammlysamnn}aﬁ<¢3 -P-carkamow-5-

(c%ﬁ)a@%d 9 n{z}’tbieggg@é%fpgﬁgﬁ X%tkéigut nt%?gtr L'89%0.52 §1o.41
miBb8 P THE.¢2 heltved scidotexdcta 0¢C. za\mcg;n Gio¥ehen@ol9h nalndl 78 mmol)
wq?gag&zeg %’%ﬁ {tl%er %cgfét#%sallgWeg tozv?/élrmnImroz)m tem%%r@%th @'ﬁﬁltns fjAfter
10 minutes, a further equivalent of HCI in dioxane (2.2 ml, 8.78 mmol) was added.
The reaction was complete after 2 hours and the solvents were evaporated under
reduced pressure and the residue triturated with THF (10 ml). The solid was
coliected, washed with a large volume of diethyl ether and dried under vacuum
overnight (150 mg, 85% yield). LCMS: m/z 443.0 [M+H]*. '"H NMR (300 MHz, DMSO)
5:11.01 (1H, s), 7.76 (1H, s), 7.71 (1H, br s), 7.50 (1H, s), 7.40-7.30 (3H, m), 7.24
(1H, d, J=7.2Hz), 7.01 (2H, br s), 6.47 (1H, d, J=15.9Hz), 6.37-6.25 (1H, m), 5.10-
5.04 (1H, m), 3.44 (1H, t, J=6.5Hz), 2.48-2.41 (2H, m), 1.85- 1.40 (8H, m).

The synthesis of Example 2 is described in Scheme 1 and the experimental

procedures are shown below.

Example 2: Cyclopentyl 5-{3-[4-carbamoyl-5-(carbamoylamino)-2-
thienyllphenyl}-L-norvalinate
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at nosphere at 65C and nonitored by LCVS for the

formation of the product. After 1 hr the reaction was
w@ovpliziees hence the reaction m xture was cool BCI/GB2008/001434

roomtenperature and poured onto a m xture of EtCAc

and 1M HClI. The | ayers were separated the organic

| ayer washed with water and brifg, dried over

magnesi um sul phate, filtered and Bhor at ed under

reduced pressure. The reS|du- s

chromat ography el uting w OQAc in hexane

(0.65 g, 49%vyield). L m 7S 49 M+H] +.

I nternedi ate 8: Cvcl openyyl )§

(2S, 4EV2-r (tert-butoxyca bonyl)aﬁinol 5-(3-r4-

car banoyl - 5- (car banoyl afi no) - 2-t hi enyl | phenyl ) pent - 4-e

noat e The synt hes'H§Nof Intermedi ate 8 foll ows the

synthetic route sho in Schene 1. Stage 5-

Cycl opent yl o

(2S,4E)-2-[(tert-bu o%ié;rbonyl)anino]-5-{3-[4-carbanD

yl -5- (carbanoyl am no t hi enyl ] phenyl } pent - 4- enoat e

(Internmediate s)To a ture of cycl opentyl

(2S, 4E) - 2- [gterf butoxycarbonyl)anlno%@ %ﬁé io
Stags PoRxaleppniyl 543-H-grr5amB Y ARyl RN Y lohemiy
no?\‘i"ahﬁét@ter medi ate 2) (1.00, 2.06 mmol ), Internediate 1

.09 g, 4.12mmol) in DME (6 M) was added Pd(Ph3P)4
and sat NaHCO3 (3m ). The m xture was purged with N2

A %Qndhe&tc?éioeéntﬂ 55 f%az %fﬁb%—{ﬂﬂ%ﬁaﬁ%&ﬂ@%c&@%@ﬁahﬁm) -2-

th'ﬁaﬂlmpnx'@@%ﬁeﬁ%ﬁ@w Quapi 9-8p mymoliiasls acwctq’f'dﬂpqﬁﬁw‘*s mi)
wdl HyfbdelVEie@bh tAE 6i- a;baqgmgrmwpdm@tarmunad UnredsghitRBIStEse .

The residue was purified by colu r 0
cogeenpaifdanvBeyg o e periteicempgyn ?%ﬁ&&ga o8 @80k 0%
y.éra)ovc% h£445 4 R+APMPNIR @80 ML DMBE Y8 Q 11, (1M885, 7.71
(2?—’| s), 736690(7H m), 5.09-5.01 (1H, m), 3.33-3.25 (1H, m), 2.66-2.53 (2H, m),
1.91 (3H, s), 1.85-1.70 (2H, m), 1.68-1.39 (10H, m).

The following examples were prepared in a similar manner to Example 1, using
Intermediate 1 and the appropriate boronic ester, following the route shown in

Scheme 1.

Q
NH,
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LCMS: mz 565.0 [ MtNa+H] +.

1H NVR (300 MHz, CDCl3) d:

11.16 ( 1H, br s), 7.43 (1H, br s), 7.36-7.30 (1H m,
wWQ2@8A70408 (3H, m), 6.41 (1H d, J=15.9Hz), 6. 2ECBGB2008/001434
(1H m, 5.84-5.60 (2H, m, 5.47 (1H, d, J=8.1Hz),
5 26-5 18 (14 —4.-48-4 37 (IH —m)— 2 77-2 .54 (2H
Exgmple [stermeshategy m), 1.44 (9 s|. | nteggmdi at es:| LCMS
NS@b3P | Schaiged? Sthge 1 % ° purity
(2S)-1-(cycl opent ¥l oxy) - 1- oxopropant 2-am-n-um4
met hyllbenzenesul f vedi at @ ngyqugyla(2§14§,)ry
of (S)-alanine (5 ) in ¢ydnahesqrg4{ 150
m ) was added cyc b0 m , | 555 nmol ) and o .
p-tol Yene sul foni 5 g?S_ 55 C&ORISYY - The 99% purity:
rgactijon wag fitt An- St af kearigfiRdyshinaP2- m/z 457
heated to 135C for setivliti on. After 12 hr M1+
the reaction was tooled to RT|| eadi 18“'?’8” e [M+H]
precipitation of a white solid. The|aRltthybhaag)ddntyer pd
and washed with Ef OAc before drying|under reduced
pressuyre to give the requi red pr oducfN€a white
powder (7. 45 g, 8 z 159 CyclopentYI (2S, 4E)
[ MEH 1. I nt er nedi a rerci al Ly avai g?
I nt er redi at e 10a: 2%minG-5-(5-14-
/ V- rﬁ- (di hv?r oxyb }_;ﬁa: awbmﬁmoﬁt& h 99% purity:
synthesis of Intef -l oys t he nthetjc
ut e [shown3in Sc ?f%lt%,\@}? 'B'Pﬂ)s%’ af e ™z 457
9a (500 ng, 1.51 mmol) and (3itor 1. boronic [M+H]+
acid (387 ng, 2.58 mmol ) in DCM(lom
NaBH(QAc) 3 ( 1.6B ng, 7.69 mol) i "p%r»mfiﬁ?w 2D
m nut ¢s. The reaction was stifred atemdatéor 2 hrs
atter — Cyclopentyl O-(3-14-
© carbamoyl-5- 95% purity
5 7 HN /Q H (carbamoylamino)-2- m/z 474
0o~ o thienyl]lphenyl}-L- [M+H]+
homoserinate

Example 6: (2S,4E)-2-amino-5-{3-[4-carbamoyl-5-(carbamoylamino)-2-

thienyllphenyl}pent-4-enoic acid

o)
NH,
s~ TNH
N O
=
H,N
0”7 0H

The synthetic route to Example 6 is detailed in Scheme 1 using Example 1.
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which tinme the reaction m xture was poured into 1M HCl

(50 M) and was washed with DCM (50 m ). The aqueous
Wphb@sa3sds neutralised to pH 7 with NaHCO3 andPCT/GB2008/001434

extracted with DCM (2 x 50 ml). The conbi ned organic

extracts were dried over magne3| um sul phat e_and t he
Stag (RS 4arovBiRo-STiRdHsatamay!-p4essbamoy! 5ﬂ@§>%no| 86%
th,gmqén%gnﬂ_&gh@ggg,dand used directly. LCVS: mz 292

[ +. I nternediate 10b: fe/t-Butyl

L/ -f 3-(di hvdroxyboryl ) benzyl | -L-al ani nate Internediate

Told oI &;c%a;sémlyl fo8, |4dEV)420QnFan5 @qatb@ebamms l(&ﬁﬂam@ylamlno)
2 t(@g?l%?negylg{ﬁ%?g %%géqﬁgé%gf%‘g}*gﬁ?%% 18 ol CHIPRAS Yided

ntrﬁ&rﬁltrh?émmle P8 ﬁ@) 1 635 mmydnl 1prhanatb} mhetsolfhtuem aat alidweed to stir
syn esl| s

at g%@n@er@y% zgﬂgerﬁfng,l}ored by LgMSa*or t?\e formatlon o? %e produ%:t After

2 Kré thefahctiorawénritGo 5or{1§Ie{|dh cmé trayPovAs fenfovad bﬁwbaﬁum@ 2
aqé9%qhsloqi@/ﬁd]))plltqhefﬂ¥thé ea?tter (2 mI OP‘rflcte ic acng (\)Al/al“sltadded %ropwme until the
pH wWas 4éidic 2hb pFevigitalfornee aad eawbbeam:mmirafbn{awdwama IovathD

moyl am no) - 2-t ny enoa
a3 aiane LIy Bod Dpi SGeF oD A RS g S on
ofﬁ:\mmeegd)na@zs{)@.g eg%/lyldﬁ) i n di oxane (2. 195 m, 8.78 mmol)
was added and the solution allowed to vvarmto room

tenperature with stirring. After 10 m nutes, a further
equi val ent of HCl in dioxane (2.2 m 8 78 mmol ) was
The reacti on was conpl.ete ter hour nd the
Tr o e SRR e drHr e (AL Baas 15 a8t and
the residue triturated with THF (10 m ). The solid was

0
NH,
" 7\
S NH
0~ "NH,
R15
Example | Example -
xamp P R R1s Name LCMS purity
Number used |
5-{3-[4-carbamoyl-5-
(carbamoylamino)-2- 98% purity:
! 2 N H thienyl]phenyl}-L- m/z 377
0” “OH norvaline
(2S,4E)-2-amino-5-
7 {3-[4-carbamoyl-5- _
. 99% purity:
HN (carbamoylamino)-2-
8 3 2-methyl thienvil5 m/z 389
0~ "OH ienyl]-5- Mot
methylphenyl}pent-4-
enoic acid




col l ected, washed with a | arge volunme of diethyl ether
and dried under vacuum overni ght (150 ng, 85%yield).

WO g 1382 443.0 [ MPHl +. 1H NWR (300 MHz, DMSQYCTHGB2008/001434
11.01 ( 1H, s), 7.76 ( 1H, s), 7.71 ( 1H br s), 7.50
(1H, s), 7 40-7.30 (3H nmy 7.24 (1H d__J=7 2Hz)

7.01 (RH br s), i, J=15.|d2SE}g-aming 525

(1H, ny, 5.10- ), 3.44 ({5marbaam9| SHz) | .
2f 48-2. 41 (2H .40 (8H, qarggrggylﬁémo?%s' s 99% purity:
of, Exanpl e IS in

e>?per| ment gl pr gﬁgév}\ﬁw hehiemyl)-Exanpl e 2 m/z 389

Cvcl opent yl 5-{|3- P4- 1 -5-(ccrbam)gl a [M+H]+
t hi eny|l i phenvD-|L- nor val i nat St age §-M nh? oh
5-{3-[}4- car bamgyl - 5- (car banpyl am nc)enarctduoenyl ] phenyl }

-Inorvialinate A solution of!lcyclopgntyl (2S

4E) - 2-jami no- 5- {|3- [ 4- carthanoyl - 5- (ccr%zﬁfﬁwa&hﬁ"ﬁ@ﬂ 5.
t hi eny| ] phenyl }pent - 4- gQoatg ( 110 r(garbgmaﬁaﬁﬁmy))z i [n96% purity:
1% acetic acid/ wa hyc ated on the

(%ube usi hg 1d / m§-|n. THE ]prn%L m/z 379
concentrated in bvi de trmomdsbﬁné:orrpound adM+H]+

a whitle solid ( boyi el d)]. LCMS: niz 445.1
[MeHlH  1H NVRI(300 MHz,  DMSOd: 11.01 (1H s}y 7171

(2H ' s), 7.36-6.90 (7H, n), 5 09-5.01 (1H n),
3.33-3.25 (1H, m), 2.66-2.53 (2H, m) 1.91 (3H, s),

1.85-1.70 (2H, m, 1.68- 139 10H The foll ow ng
exanpl es were prepared i NMR data; Iar rranner to Exanple
1 using Internediate 1 and the

Example ol | ow ng the route hﬁﬁﬁ%sidﬁmem 1. Exanpl e
Number

(2S 4AF)-2-amino-5-13-r4-carbamyl -5-(¢

-t hi envinpHHYR 4R0MHZ, RMSO: delcdicl1.15 (1%1%?%?_2?)7_8%—
(1H, s), 7.65 (1H, s), 7.53-7.35 (4H, m), 7.14 (2H, br s), 6.60 (1H,
d,J=15.9Hz), 6.49-6.40 (1H,m), 5.30-5.20 (1H, m), 3.70-3.50 (1H, m),
2.35-2.10 (2H, br s), 2.00-1.55 (8H,m).

"H NMR (400 MHz, DMSO- dy), & 11.01 (1H, s, 7.71 (2H, 5), 7.36-

2 6.90 (7H, m), 5.09-5.01 (1H, m), 3.33-3.25 (1H, m), 2.66-2.53 (2H,
m), 1.91 (3H, s), 1.85-1.70 (2H, m), 1.68-1.39 (10H, m).

'H NMR (400 MHz, DMSO- dg), §: 11.00 (1H, s), 7.74 (1H, s), 7.70
(1H, brs), 7.33 (1H, br s), 7.30 (1H, s), 7.21 (1H, s), 7.07 (1H, s),

3 7.00 (2H, br s), 6.41 (1H, d,J=15.9Hz), 6.34-6.22 (1H, m), 5.10-5.04
(1H,m), 3.43 (1H, t,J=6.2Hz), 2.47-2.38 (2H, m), 2.32 (3H, s), 1.85-
1.40 (8H, m).

H NMR (400 MHz, DMSO- d¢), 5 10.99 (1H, s), 7.70 (2H, br s), 7.53
(1H, s), 7.5-7.27 (2H, m), 7.18 (1H, d,J=7.8Hz), 6.9 (2H, br s),

1

¢ 6.25-6.12 (1H, m), 5.12-5.02 (1H, m), 3.46 (1H, t, J=6.3Hz), 2.27 (3H,
s), 1.85-1.45 (8H, m).
'H NMR (400 MHz, DMSO- d¢), 8: 11.00 (1H, br s), 7.76 (1H, s), 7.69
5 (1H, brs), 7.38-7.24 (2H, m), 7.11-6.91 (4H, m), 6.84-6.78 (1H, m),

5.13-5.05 (1H, m), 4.20-4.06 (2H, m), 3.50-3.43 (1H, m), 2.10-1.73
(6H, m), 1.69-1.46 (6H, m)
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The synthetic route to Exanple 6 is detailed in Schene
1 using Exanple 1.Stage 7-

W@ 28948132 - am no- 5- { 3- [ 4- car banoyl

- thienyl
cycl opent

- 5- ( car banoyP@niGB2)08/A01434
] phenyl } pent - 4-enoic acid To a sol uti on of
V| (2S, 4)-2-amino-5-{3-T4-carbanpyl-

(carbanD)
(Exanpl e
[itéium |
The sol ut
and nonit
product .

I"HNMB Y 400MHai BMPO- e fy1 ) @i, 8) T TG2H. 5). 752
, 1| d

3 i, 531 953%2500%4 E'ni éTg@@H 'ije,) H%OV@FI ad %JgHz)

6037-03a5 (#1 OUBXD2E (1o, ik 200265 @.Irbanaz Bi+2.50

X? py LCMS for the formati on of the
ter’2 hrs the reaction went to conpletion

The THF
i furt
dr opw se
formed wd

Wb or

\dld NMR1(4@IMHz, DEISES dand: t1h@t Hilieb TB7d7 761t m),
( a [ d

L1 B T S B R 28BS 00 204

1$21d.ah), dc8et 59 i(4H.fm). t r at [ on and vvashed W th

(29_nyg,

preﬁ)ared
dat aExanpl
N-f3-r14-¢

t hi nn\/nh

(IR TN S AR S A

an- o
>Q2/felybr@) d).33 (g s, d.220H0 ), @:08n(PHes), Rexig2H, br s),

6”4{(11?1' E{;Cﬁ‘ésgiaf;é% 49 Fﬁ-?%' § 28: 3R 1H, m),

20 1R2BF I(1H- rﬁ):armw(mnmn)oz 323H, s)

nzvyl ) | al an| ARa Svnit vy arnml ac

11-13 |s
details 4
5-B%onp-2
(I nt er meg

et hanol
mol \ Pg

TR e PR-CBNERE D). B R ek g AERbED. 77
1 H Y. 5’@{1(HNbrT§) mmlzat(manmpﬁ 16 (1H, d, J=8.1Hz),

Foudlo B 10, s 2RE 8. 52 @%?géﬂgm) 3.33-3.18

(4H m), 2481@)72\«&5 rﬂﬂd@i 2@9@1%5@ PU8 (8H5s).

(DDhA 3 (15 m 0013 ol and r~\/r~| obent

L/-[3- ({

(I fger med
vial was

i Hwaxmwﬂw) BM%W]EL ik 1a1| gch (kL PES), 7.37-7.24 (2H,
IRt 2134890 64&7 Y06 88-6348 (TFPH), 4. i@aH@é{QHLmﬂ 2.31-

seal ed and heat'ed at 900C over ni ght

reacti on

watd dH, 8Uei06-3-931h M RT and t he sol vent

renmoved

Example 11: Cyclo

nder Teduced pressure and The residue

entyl N-{3-[4-carbamoyl-5-(carbamoylamino)-2-

thienyllbenzyl}-L-alaninate

@)
OOy -
N I\
O H <7 NH
07 NH,

The synthesis of Examples 11-13 is described in Scheme 6 and full experimental

details are shown below.

To a solution of 5-Bromo-2-(carbamoylamino)thiophene-3-carboxamide
(Intermediate 1) (66 mg, 0.25 mmol) in toluene/ ethanol (1:1, 4 ml) was added KOAc
(50 mg, 0.5 mmol), Pd(PPh,); (15 mg, 0.013 mmol) and cyclopentyl N-[3-
(dihydroxyboryl)benzyl]-L-alaninate (Intermediate 10a) (87 mg, 0.30 mmol). The
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purified by preparative HPLC foll owed by further
purification by SCX 2 resin (NH3ZMeCH) to afford the

W paoba3@dhpound (5 nmg, 5% yield). LCVS: niz 43BCT/BR{]08/001434
+. 1H NWR (300MHz, Cf6-DMSO d: 11.01 (1H s), 7.74
(2H, br S) 7.49 (1H S)1 7. 42 ,

reqct@p _vial was (sgﬂep@and JpeglLtgd (aiﬂp &3 oéauyglgt,_&' Sge re,acE'z 3 ng;lalbq,wed to

waﬁ}n to@ﬁ@ncﬁth@@o(vbhk refoved ulder Jedtell Prbsstile dnd tHE TéBSI?:lbe
uty

oukied BY prebaiaiiss HEYC. el By iRt Heatop By SCX 2 resh
(NHYUMOH) tB i the kitl@tanpolad (8 nig, 8% Yieldgr medi ate 1 and

Lé@%/%”a?efza[&%w[ g oo BRI 18 By 7 o o

s)1714@@1+( ]SZZ 7r| HI£2BHDY 737 7.31 @H, i) H . 18)1H,.#0=1.8Hz), 7.01

@i ?fos)(%ﬂp*r?rdﬁs()m B 3B @l )] 9545 (B mipT £3 18 .

J_5=g1-&&5|—|z) 3.20-3.10 (2H mM, 1.43 (9H S) 1.18 (3H d,
Exanpl e 13:
L/-(3- r4 car banoyl - 5- (car banoyl am no) - 2-t hi enyl | benzyl

Exa haw RErt-BROIEN-33-

y
ion of terf-butyl
L/ -{3-[ 4- car banoyl - 5- (car banoyl am no) - 2-t hi enyl ] benzyl
}-Lal aninate (Exanple 12) (100 ng, Q.24 mmol) in DCM
TFA (1:1, 5 m) was stirred at RT owernight. The
sol vent was r ed ip vacuo to aff NHpe title
conpound (64ng;/ 73 : z 363 [I\/H-H] +. 1H

NVR (300MHz, Cf6- O H: NH 7 -
m, 7.66 (1Hs), 7.60 (1H 7. 9?—&))\7. 45 (1H,
t,J=7.7), 7.37 (1H, br s), T O™ "NH,

From Intermediate 1 and Intermediate 10b in a similar manner to Example 11.

LCMS: m/z 419 [M+H]*. "H NMR (300MHz, ds-DMSO) &: 11.01 (1H, s), 7.73 (2H, br
s), 7.47 (1H, s), 7.40 (1H, d, J=7.8Hz), 7.37-7.30 (2H, m), 7.17 (1H, d, J=7.2Hz), 7.00
(2H, brs), 3.75 (1H, d, J=13.5Hz), 3.60 (1H, d, J=13.5Hz), 3.20-3.10 (2H, m), 1.43
(9H, s), 1.18 (3H, d, J=6.9Hz).

4-carbamoyl-5- -2-thienyllbenzyl
alanine
@)
Ho\”/i NH,
N ]\
0] NH,

Stage 3: N-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]benzyl}-L-alanine

33



(1H, d, J=7.8Hz), 7.24 (1H, d, J=7.2Hz), 7.19-7.10

(1H, m, 7.04 (2H br s), 4.1 1 (2H,s), 3.80-3.69 (1H,
wWorpgooA3edds (3H, d, J=7.2Hz). Measurenent of Bi oPOOGB2a008/001434

Activi ty | KKb Enzyne Assay The ability of conpounds to

i nhib | KK-b ki nase activit

A BN QR BN AL SR M- A Gy iy TR EP O

aléﬂlrﬁhﬁé‘ﬁ&ﬁﬂﬂ:lea&??ﬁo eﬁ@lmz/zsmd)huqumc:(e basmlgiwas stirred at
| ed-enzyne r

d bas di ff
RE gYesmigty T fg salr/efamﬂﬁ@g;?%@@cgﬂﬁ st En‘? &'ﬁi%Fbe)ﬁ?fL@mg»
7398 pkiddles to p:rot elol ytic cl eavage. The Eeptl de
LSt ik MEp obkizr SpaMsi T R T fafg .o
(2H§rﬁ\§t7' 681 Srf E? 7l§dxaﬂedtJﬂrqurﬁ45 (4, 9387, THeTsRRbes)pT.31
serine 0 S
(18 S AR5 g 112 on R Kb Of Bath e 3n 41

(2Rish,&3. 88 B0f(119, MY, at£BSel, decaurizges and cl eaves
non- phosphoryl ated FRET-pepti des. Phosphoryl ati on of

FRET- pepti des suppresses cl eavage by the Devel opnent

Reagent. C eavage disrupts FRET between the donor
MeasusementohBiolegicl Actiyityept or (i.e. fl uorescein)

fl uorophores on the FRET-peptide, whereas uncl eaved,

R&osphoryl ated FRET-peptides maintain FRET. A
IKKBEnzyme Agsayet hod, which calculates the ratio (the

THeMbARY Sftooufds fa‘.nﬁ#em FKK-B'F(In%%é aeum WS GREdsOFedaf iR SisSdYy
after” excitation of donor_ fl uorophore at 400nm | s

perforned by Hyiiegen Q?aésl%éaf)r di ﬁe&é@ﬁ X 'O?h%mpﬁ'r?élsawﬁlp'oys a

quKPJé@échre/a%h%%H' QUpfeAEHzHe & afld & thréGd bKEEaifferékbal
sensitivity of phosphorylated and non-phosphorylated peptides to proteolytic

cleavage. The peptide substrate is labelled with two fluorophores—one at each
end—that make up a FRET pair. In the primary reaction, the kinase transfers the
gamma-phosphate of ATP to a single serine or threonine residue in a synthetic
FRET-peptide. In the secondary reaction, a site-specific protease recognizes and
cleaves non-phosphorylated FRET-peptides. Phosphorylation of FRET-peptides
suppresses cleavage by the Development Reagent. Cleavage disrupts FRET
between the donor (i.e., coumarin) and acceptor (i.e. fluorescein) fluorophores on the
FRET-peptide, whereas uncleaved, phosphorylated FRET-peptides maintain FRET.
A radiometric method, which calculates the ratio (the Emission Ratio) of donor
emission to acceptor emission after excitation of the donor fluorophore at 400nm, is

used to quantitate reaction progress.

The final 10pL Kinase Reaction consists of 0.9-8.0ng IKBKB (IKKB), 2uM Ser/Thr 05
Peptide and ATP in 50mM HEPES pH 7.5, 0.01% BRIJ-35, 10mM MgCl,, 1TmM
EGTA. The assay is performed at an ATP concentration at, or close to the Km. After
the 60 minute Kinase Reaction incubation at room temperature, 5pL of a 1:128
dilution of Development Reagent is added. The assay plate is incubated for a further
60 minutes at room temperature and read on a fluorescence plate reader.

Duplicate data points are generated from a 1/3 log dilution series of a stock solution

of test compound in DMSO. Nine dilutions steps are made from a top concentration
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Peptide and ATP in 50vM HEPES pH 7.5, 0.01% BRI J- 35,
10 MyCl 2, 1nM EGTA. The assay is perfornmed at an ATP
W@ oweassat i on at, or close to the Km After tPer/682008/001434
m' nute Kinase Reaction incubation at room tenperature,
of a 1:128 dilution of Devel opnent Reagent

ofé@u@dandrﬁ enoeampeupd iank is Inchidad a Pate if Gpllegt dr%}a?Yésd

us‘iﬂd’k‘l.ff?%ofﬁkaré%m Fﬁﬂ@%étd%@ re3pEndeCivedi canfel fliRt & Aase
plYate reader. Duplicate data lgm nts are generated from

number 205 Gxgrmpidakdosa-resonse Medel FIpmdRe sYIvE Geperalad, hest

coﬁ@&ﬁ%‘ﬁﬂﬁ’glﬁhgmnhmlt% i§lbbteirhiRBS afd Piportage nade from a
top concentrationof 10mM and a 'no conpound’ blank is

included. Data is collected and anal ysed using XLfit

L@gﬁmm,d‘,{mﬂmgeu;he dose response curve is curve
fitted to nodel nunber (si

THiR Bl WrTeGIRIER i LU0 &t & aensth oEAX 1On e ORRIUR VP BRHcaTed 96

wéli 16508 caftfe okl 'ptdtéﬁ“aﬁcﬁnéiﬂia@édﬁtfﬁft B, (O @hrs 2hrs
LPS-stinmul ati on THP-1 cells THP-1 ce svverq

afier, thecrsiditionof Hﬁed@wgatqryn 4P0u] ok tissyg CE%LF'PQ‘%AJ@ ithg els weie

stu}ﬁ]l}géiéé ?me QPQQEV&%h ktré.h @85%508191?11#) ath flﬁﬁtc@dcéﬂtr%t@ﬁ oﬁﬂﬁ;/ml
I ncubat ed

h 2h t
IR 25570 TohITOgE Misn T MG 6Pl Wefargaastees el
frd@dlipBrnatdiis BRLArkiWIE BLISII (REDS Rtk #OTARBY E col i
strain 005:B5, Signma) at a final concentration of

1mg/ M and incubated at 37Cin 5% CO2 for 6 hrs. TNF-a

L#g&ghﬁ.lagﬂféﬁﬂg&ﬁﬁg&g@toﬁdn%aey free suE(Fa)rSnat antls by
sandwi c - St ti
WhploilAsRRBKen BY BRRUbRALTSI G5 NRRE TERb R AR dton

DiBKiR€dnY BRd unsute@.dmp@quanvaeﬂewaewm mms(@emtw@ media
(Stqngaff}hg&(gmu@an%terﬁelav bcg{tomeda&i wecwtlssue culltjure treate@ pI}/Hes L&?nrs
after the addition of the inhibitor in 100ul of RPMI1640 media, the blood was
stimulated with LPS (E coli strain 005:B5, Sigma) at a final concentration of 100ng/ml
and incubated at 37°C in 5% CO, for 6hrs. TNF-a levels were measured from cell-
free supernatants by sandwich ELISA (R&D Systems #QTA00B)

IC50 values were allocated to one of three ranges as follows:
Range A: IC50 < 500nM

Range B: 500nM < IC50 <1000nM

Range C: IC50 >1000nM

Results Table

. . Inhibitor activity Inhibitor activity
Example Inhibitor activity
versus THP-1 TNFa | versus human whole
Number versus IKKB
release blood TNFa release
1 A A A
2 A A C
3 A A C
4 A A C
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(Sigm).

culture treated pl ates.
WO ndvohstes

100m was plated in V-bottonmed 96 well
2hrs after the addition of the
in 100nm of RPML 1640 nedi a,
stinmulated with LPS (E coli

t he
strain 005 B5,

ti ssue

bl pOOGR2A®S/001434
Sigma) at a

final concentration of 100ng/m
in%%CcoR for 6hf's. TNF- |a Ievel Nhere neagured fr
celg free[Super napants by |Sandwi CINRELT SA ( &/stq\m
#QTAQOOB) |1 C50 val ues were allocated to onelof three
ranges as foll owd Range|A: | c50 NR500nM Range B: NR
—Wﬁu <I0gONMM Range Cr T C{R >1000NV ReSUl't NR
Tabl e"NTt indicates the donpound has not ybet heen
teted i the asbay in qLestl on. NR\R" indi cates "N
Retgvant™ EXdllpiA(:‘b 6- 10 I3 areygie resurfant NR
carboxylic _acid analogues of the amno acifd esters
that are|cl eavedAi nside gells. WBn these parboxyl Bc
acigs—are—contacted—wththe cettg,—they dp ot
perjlgtrat € into the cells|and hence do not | nhibit
TN#3a in|this assay.dairs: 1. ANR)rrpound sel ect edNR
from-t+he SLi uup €OnStHSt 19 of= \./ybl upcul. yl

(2S, 4E) - 2- am no-5-{3-[ 4- carbam)yl
“Nu"t:nadicataseytheammmunﬁ has motystibeph tasied |pelm assagrimauestion.

Riskies

$ ot Releypnt. &

xam e561
A anmoyl’am no)

13 are

InsrosHant pipgpin e

analogues ofthé aatrey addy estersehatydre cleaved inside cells. When these

?épl ﬁ{m%ldo%o ?%?ek?r%f@)i}ﬁ{oat% QQI)S'%d

hence do not inhibit TNF-a in this assay.

ca b[zof%/ld'

g

BepHc Wi tos
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Cycl opent yl
(2S, 4) - 2-am no-5-{5-[ 4- car banoyl - 5- (car banoyl am no) - 2-
wo bioensd4p4 2- et hyl phenyl } pent - 4- enoat e; Cycl openGBRoos/001434
O { 3-[ 4- car banoyl - 5- (car banoyl am no) - 2-t hi enyl ] phenyl }
- L- honoserinate; Cycl opentyl
ClQims. [ 4- car banoyl - 5- (car banoy! ani no) - 2- t hi enyl ] benzyl }
-L-al aninate; fe/t-Butyl
1}L/ L?gp 4p§g}d§ar b?arlgj eld f?ong ?haergrglqg\t/gr?s%tﬂg)ofzz thienyl Jbenzyl
(2S, 4E) - 2- am no- 5- { 3-[ 4- car banoyl - 5- (car banoyl am no) - 2
-t hi enyl ] phenyl } pent - 4- enoi c id; .
xR oA Ao B Ao (4 B (P2 BOV ORI pheny )
thiehyllpherAljene4-enoate;
(2S, 4E) - 2- am no- 5- { 3-[ 4- car banoyl - 5- (car banoyl am no) - 2
-t hi enyl ] - 5- net hyl phenyl } pent -4- enoi ¢ aci d;
Cychipehly) 543-prtarbamoylS-(carbaardyaming -5 thiergl] remylLamirvadina @;
-thi enyl ] -2-net hyl phenyl } pent -4- enoi c aci d;
0-{3-[ 4- car banoyl - 5- (car banoyl am no) - 2-t hi enyl ] phenyl }
Cydopeat &3, 4 F)E2-amino-5-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-5-

/| V- P- A~ car ba | - S- Ccar banoyl am no”-t hi eny”~benzyl J-L-a
m?tQM'PH%'?Y%Bﬁ’Ef"EE'\g?%ceuti cal ly acceptable salts
thereof. 2. A pharnaceutical conposition conprising a

C 0 claimed in claimil together wth . or
ORI S A e e R BpP ey B fie i 2
meétkhelbpeeitpbent-Benddte use of a conpound as claimed in
claim1l in the preparation of a conposition for
inhibiting the activity of an I KK enzyne. 4. The use
Cytopehgi 0e(3-[#carlasioyl-3-(danbarhdndarninb)-Bithiemyl]pbényliidikbomoserinate;
activity, ex vivo or in vivo.

Cyclopentyl N-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]benzyl}-L-alaninate;

tert-Butyl N-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]benzyl}-L-alaninate;

(2S,4E)-2-amino-5-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]phenyl}pent-4-

enoic acid;
5-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]phenyl}-L-norvaline;

(2S,4E)-2-amino-5-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-5-methylphenyl}pent-4-

enoic acid;

(2S,4E)-2-amino-5-{5-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-2-methylphenyl}pent-4-

enoic acid;
O-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyljphenyl}-L-homoserine;
N-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]benzyl}-L-alanine;

and pharmaceutically acceptable salts thereof.
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5. The use of a conpound as clained claim1, in the
manuf acture of a conposition for treatnent of
Woewplismwsd c/ proliferative, imune or inflanmatBCHGB2008/001434
di sease. 6. A nmethod of inhibiting the activity of an
| KK enzyme conprising contacting the enzyme with an
anount of a conpound as clained in claim1l effective

2. f or ,@E}‘?Jiniaeéhtk%bt d:dhﬁbosﬁuon/éoﬁ‘@hélﬁgl a%&n@baﬂ\d@dclbrﬁnéﬂ |alcl”a|rﬁ 1

for the inhibition of I KKb activit ex vivo or
together with ong qféreq{gghpgpaqugcatny 85¢ e grriers and/or exmpnents
neopl astic/proliferative, inmune or i an armatory
di sease, which conpri ses st er.i
3.suf e ysg o geRmeey %g%darmf’dr“ Pé?l?fm\)é" ﬁPafa?
coRfYEBRALN br #thisitirdy the Gictivity @ ah /KK en8melhe use as cl ai ned
inclaim3 or a nethod as claimed in claim8 for the
treatment of cancer cell proliferation. 10. The use as
4.cl aiTRAisks@hBY th Qain?3 FRtoRhiBRIoR bRIKKIBMadLNity leRivivor in
for the treatnent of hepatocellular cancer or
Vivgel anoma. 11. The use as claimed in claim3 or a
met hod as clained in claim8 for the treatnent of
bowel cancer, ovari an cancer, head and neck and

5. cer vieaise st agrppeundat epumedglain 1. &n the mepiaqusalps
coﬁmeﬂnaﬁtdr@realmmeew lb/ﬁlmferatﬁ/b! tha@sd @}rmf_lmmauo_ﬁor me
nmedul | obl ast onmas. 12. The use as clained in claim3
d'ﬁﬂasﬁ met hod as cl ai msd in claim8 for the treatnment of
r heurmat oi d arthriti S, psoriasis, inflamuatory bowel
di sease, Crohn
A method of lnhlbltlng the activity of an IKK enzyme comprising contacting the
enzyme with an amount of a compound as claimed in claim 1 effective for such

inhibition.

7. A method as claimed in claim 6 for the inhibition of IKKB activity, ex vivo or in
vivo.
8. A method for the treatment of neoplastic/proliferative, immune or

inflammatory disease, which comprises administering to a subject suffering such

disease an effective amount of a compound as claimed in claim 1.

9. The use as claimed in claim 3 or a method as claimed in claim 8 for the

treatment of cancer cell proliferation.

10. The use as claimed in claim 3 or a method as claimed in claim 8 for the

treatment of hepatocellular cancer or melanoma.

11. The use as claimed in claim 3 or a method as claimed in claim 8 for the
treatment of bowel cancer, ovarian cancer, head and neck and cervical squamous
cancers, gastric or lung cancers, anaplastic oligodendrogliomas, glioblastoma

multiforme or medulloblastomas.
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di sease, ulcerative colitis, chronic obstructive
pul nonary di sease, asthma, nultiple sclerosis,

wa@le@basmEs4 atopic dermatitis, graft versus hosPCT/GB2008/001434
di sease, or system c |upus erythematosus. 13. The use

as clained in claim3 or a nethod as clainmed.in claim
128 f ofhe e asr<aited i claim #et amatiad & ClaiglRddD sigine ifor the

trédtR 8RS rhekfnatdib @rtHE®s, pSorfdsii MRSmhiatsry Bbweidisdase, Ol‘bhh’@d
as claimed in claimg for the treatmant of T

dighagB AR oiE S ST CA AU AR Gisosse, Sbhma, multipl

sclerosis, diabetes, atopic dermatitis, graft versus host disease, or systemic lupus

erythematosus.

13. The use as claimed in claim 3 or a method as claimed in claim 8 for the

treatment of metabolic or neurological disease.

14. The use as claimed in claim 3 or a method as claimed in claim 8 for the

treatment of Type Il diabetes mellitus or Alzheimers disease.
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