I nhibitors of 1KK-B Serine-Threonine Protein Kinase This invention rel ates
to thi ophene carboxam des characterised by the presence in the nol ecul e of
an am no &¢® a00848@B4 gr oup, to conpositions containi ng t hBaT/GB3§A8HEEses
for their preparation and to their use in nedicine as KK inhibitors for
the treatnent of aut i mune i,nd | anmat ory. di ncl udi ng chronic
obstructive pul nonar i}'%ﬁé’gng}é&rgﬁfﬁ‘%ﬁ E ?edﬁﬁ\??stei s, psoriasis,

i nfl ammat o bowe] ase, .Cr.ohn's di sea uIc rative,co Itlple
scl erosi s, ﬁﬁ? qysplian re%f P hiRheRg R xa éfcpa@gfé‘ﬁ%d %g}eé{ % nsc%- mlsyst enic
| upus er ytthémiﬁil@cﬁu@of aﬁ&nlﬁ@ﬁbﬂwsch? gedd, & conmdfsitiose comaining thematonent  of

The. expr esRPERS6T ahaTe) BPBARHIT difhia BrY Cshdaetiars daiaruiigly r g8 e o
transcri ptir@akenesftauitirh@und aad &ﬂamhmid&rqrméeBséd\lﬁhokB)ng dnerse obstautdieg i pti on

factors hav been suspected since th r tal role in
chronic an?i’ QR dfsrer?$ ﬁﬁ%f‘%ﬁr@f’ég@@gh“h %%%r?a een?n%gmﬁ%?r?g%g\ré?ant
regul at i om:géasHFekﬁntscmdedse,l Weerathaardliti® naultipe screnoeisddiseeiss satepicl d| fferent

types of cancer. EX s ,of genes, de 0 i -kB
el ude: ARGy OCE B FREre TRk e YO RaREls He SR X6

| L- 8 and ldre hls®;oftube irettib éekpmentof polileextivE-disebee states. suntherscesinical. ar adhesi on
nol ecule (1CAM -1 and vascul ar cell adhesion nolecule (VCAM-1; and the
enzynmes nitric oxide synthase (NOS) and cycl ooxygenase (COX)-2. NF-kB
normal | y r@ssldgsundof the lnvérdpdrasm of unstinul ated cells as an inactive
conplex with a nenber of the kB inhibitory protein famly. However, upon
cel lul ar arme ao@ﬁ‘éssrmn df Iﬁ&riy?ﬁrcphtﬂapﬂrrmtqﬂya}eeds lsyregiiatet IbB thé ranseriplictd and i s

b I ed i
oor o oe ARRPR i e TR INE-A8), THER, L RUORRTRED bR iR PP B
| kBa, 1/ a%zjc&rtdeiah/%cf ox&h{ toqflawmpmr;t;ﬂ %}E\éﬂ(&meaMQﬁhﬂ@%&;é@géor K}< vvc; :ﬁé
serine resjdues gné)v\rég%e%sgfﬁgfg@%ra ¢ f iPhis -

| KK- 8 appe §eatsgs atl on m nant - negati ve
(DN) ver smmtmrrmfune@s”easesnandmﬁemnemymﬁcdmere ATP bi nding is disabled by
the mutation of a key kinase domain residue) were found to suppress the
activation of NF-kB by TNF-a, IL-113 and LPS. Inportantly IKK-fl DN was
found to Exampiex ofrgenes penmdeniorhihblachvatloharﬁNlFM{B inciDie:(trasetokings Cel |, 1997,

oat an L ah ol R acton IR SRR LS B R B el o M o

proi nf | ammmdletylesEisalglciin, dntdroetilaf adhesbntrhaedda(iCam)- raidvastulbkeell 3

i Spensabi POt e AT, SRS Erblnst R SRRSRARRRE (V8T and T D, 1S

1999, 10, o@é’ld}&axygﬁhal& (COXH-DiNA- BJBnofméilﬁl(psade@mdhenytsplasrpcife!nsuraﬂllaipd

devel opeelore ap ingSiverorsaiet vila tharhbE T MBI AR PRI RER: "5,
co- pendi ndHdwever, nabh geiliarRetieation AlkBl is phospiworyded QﬂHeUBBWGG)H(KJ)‘andeI ates

to | KKp inhihitors K I hydrate or
solvate t Hse§4.3)c§{.aqu7\|qﬁ/ﬂeg ac{%ﬁelfrg%r{@ leg ”.l;é%? r36°§8he§é§m§p’%%°§%fawﬂ$§% l'}bst ituted
( C1- C6) al yddiates pop-iAflaramatorppénoegiregsieubst i tuted aryl or heteroaryl ring
or ring systemof 5-13 ring atons; Z is a radical of fornula
R-1.1-Y4Cl-10c, wherein: Ris a radical of formula (X) or (Y)

There are three classical 1kB's: 1kBa, 1kBf and 1kBe; all of which require the

phosphorylation of two key serine residues before they can be degraded. Two major

enzymes IKK-a and IKK-B appear to be responsible for |kB 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-¢, IL-18 and LPS. Importantly IKK-f DN was found to be
a far more potent inhibitor than IKK-o. DN (Zandi, E Celf, 1997, 81, 243).

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



Rl is a carboxylic acid group (-COCH), or an ester group which is
hydr ol ysabl e by one or nore intracellular esterase enzynes to a carboxylic
aci d gr oupYORBM¥YB04Kdr ogen; or optionally substituted C1PCE/(HI2RY/001434

C3- Crcycl oal kyI aryl or heteroaryl or -(C=0)R3, (C=0)0R3, or -(C=0)NR3

wherein R3,is dr i_ona ituted, (C1- l Yl is a
bond. (o eattignisay ot Ricf B paivaten ofMERE oy i Bhegipae B ey -
-S(02) NR3‘rmnf8J%c$(Momm@rﬂ rolb‘B?B(F@FP)shWested/%}%@d:H&nﬁ@ai anth. R(Be@dﬁ was

i ndependent|y hydrogen or optional substl tuted (CL CGE !%/ﬂmtﬂll_l is a

di val ent réaihengitragsd th@‘r'l’%r%W%AISRﬁf)sraﬁ?e@ f;ﬁlBkaZ?}‘kSat’QWrt and p are

I ndepende ) | ent nono- or
bi cyclic 2@ ﬁo’gayylin%%lks‘tgg?o‘lc@c% |£%g§?®a mﬁpgﬁk@gé&%&gﬁ menbers, or
(ii), in tiodentzdyatifactive tprdet fap| mcz;;lutﬁtlvapémmmrmfm@tloncﬁrndffmnﬁﬁFf@ Ql- X2-
wherein X or optionally

substi t ut (23d V%fp%f’nt ?f d?tjgﬂorgl@giea:ﬁgsgtﬁdfggﬁﬁgdnﬁﬁ@’y g?l tut ed dival ent nono-
or bicyclic carbocyclic or heterocyclic radical haV|ng 5 - 13 ring nenbers,
Alkl and Al Mﬁﬁﬁ\ i lgnt
C3-07cycl oa{ﬁch ra ICaf‘e’ﬂr?étbgpélggét?@t?g}pflglﬁ?ﬁsahﬁﬂ{%ﬁ@ﬁ{%@&ﬁ? r%?fégrtﬁnched
Cl-C6 al kle&aenm@mrs)effafm@ayibﬂéne(IBblor azaiteN-gkig.ipdeate or sefvatatreredfi ch nay
optionally contain or termnate in an ether (-0-), thioether (-S-) or am no
(-NRA-) Tink wherein RAis hydrogen or optionally substituted Cl-C3 al kyl ;
and z is 0 or 1. The con@ K4 A) and (1B) above have.an al pha anino acid
or al pha am no acid ester tlf R, |inked through the a? ha carbon to the
mai n nol ecul ar tenpkate vi g li nker radical -L1Bx1- (CH2Y\z=—pyfhe C-|inked
am no acid ester noti e gnbranés into the
cell, where intracel | Ut-a+{esterases hydrol yse the e to the parent acid.
Thi s charged speeiges |/é poorly tgansported X he cell menbrane,

| eadi ng to acg at-+80 0 KKF3 i nhi bitor theNel .  Qur

co- pendi ng%l 2 onals Pat ent Appl i cati-on . 2007/]004114 rel ates
to I KK3 i i bi , MgJ;Al) or (I1B1)3 , iﬂe’ hydr at e
or solvate thereof: 0 NH ONH2 (IAl)(I B1) O NH,

(1A) | (1B)
wherein
R; is hydrogen or optionally substituted (C,-Cslalkyl,;

ring A is an optionally substituted aryl or heteroaryl 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}
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wherein R7 is hydrogen or optionally substituted (Cl-C6)al kyl; ring Ais an
optionally substituted aryl or heteroaryl ring or ring systemof 5-13 ring
atons; Z w0 eepp/13048adi cal of fornula 12, 122CHNH- Y- C- X1- ( BHPGB0G8HEIEE n: R1
is a carboxylic acid group (-COON), or an ester group which is hydrol ysabl e

by one or nore jntracel |l ul ar. ester [ i c acid group;
R2 1S the side 1H§?r?a§¥°xg'crﬁﬂ rSPPg‘?ﬁ@ﬂfﬁgﬁ@%@?gﬁﬁg@%o acid; Yis a
bond, -C(=0)-, h8fch@aBle,by-dbed )bre intaceliddRSteraseCGirfinehliR3 2 chiR®xgic

-S(=0) 2NR3- wherejn R3 is hydrogen or optionally substituted C1-C6 al kyl; C
is a dival ent raé;ﬁ:{@ﬁi"p’of formula - (Al k1).(0)4A1k2)p- wherein m n and p are
i ndependently 0 or 1, Qis (i) an optionally substituted dival ent nono- or

bi cyclic carbocyclic, or heterocyelic radical \haying 5 - i nbers, or
(e i the cdbde higgher 3 PRRGAR: Sdheyes readin oSy oyl 8y 1"

SUbSt 1 LUt ed Gl a0 e 0ot onal 13 SuBet ] tut o di val e
substitute - a optionally substituted dival ent nono-
or bicyclic capﬁﬁ%’V%gb%E&ﬁ%&Feaé?‘gpic radi cal having 5- 13 ring nenbers,
Al k1 and Alk2 independently represent optionally substituted dival ent

C3- C7cycl oal kyl,4r adi cal s . gr, optiqna ubsi- 14t ed ~StH\RRANt or branched,

G -C6 al kyl ene,"'dfz?88“%'{&‘3?%@%{930?&%@@6 gltquqz/l gr(]::tdr)gg ¢al's which may
optional | y cont-BRgOs0M, eB(0,JNRL, -NR:8(02t heiNRAC=Q)NRAivdereisR;@n8R: or am no

(-NR -) link wherein [ rogen or. i ' bst | ed Cl-C3 al kyl;
X1 is a bond, B E‘H?P%&PEY g{‘ﬂr%%‘-?r O?ﬂﬂﬂﬁﬁb’:%@?{“hﬁéaiéo?kkw - NRAC( =0) - NR5-
, - NRAS(=0) 2-, Ldis a SivahERtal oftienrmeilam—Rak' wiQ) 8k 3s-ewhergiopendent | y hydr ogen
or optionally substi - : is Gar 1. The conpounds (I Al)
and (1B1) above al sﬁﬁ%&d g%regﬁgﬁééﬁ%nggagéﬁd or al pha am no acid ester
notif RLR2ZCHNH-, this tinme |linked thorough the al pha am no group to the
mai n nol ecul ar tenpl A VI | j = Yol ds X1 ( 5 N-1i nked
am no ester notif, I(?{?Z');éb ?p@gﬁ"ﬁ%@éﬁ@@g%? %Eg?@%%@o&%??n%ﬁggaﬁ%nsport
across cell menbr anes hetetarytliveradiebl havidgdr €13 ring aeaibetd, & (lpdn dreeass

hydr ol yse the ester r I i regeds i2S2kS poorly
transported back acr‘%‘%&é Fﬁ’e&%e(ﬁwl?@%&gﬁykﬁggﬁﬁ% go%\g%g%ﬁu iastsi(gr'] of I KKI3
i nhi bitor activity iSa ot N&*cwhérein Rhiséwdegieo wabpiikaeéyn subgtipited 81-Con No:

PCT/ GB2007/ 004114 al Eéﬂ*?sSSr‘?P%t{i@%angun%’gtiﬁfte& BRABRITAGHACS piiybl whi ch it

: a I,% .
is concerned and whiC ave an a acid ester noti ectively

accunul ate | KK act i watbpcygiic onbetepitagissradivachraypigye$3 r@mentp@is.t o pl ay a key
role in inflammatory di sorders through the rel ease of cytokines in
particular TNFa and IL-1 (van Roon eta!, Arthritis and Rheunmatism 2003,
1229- 1238). |n rhedtstariddAllf indeperidentyeapresant apljanally sulistifuted @valepl t he
mai nt enance of joints iAf [ J Qb j iaNBS R RhRges are
al so involved in tu%u@%@% rgﬂ%ﬁ%cejo\;gﬁggﬁn%iﬁ%ﬁ%ﬁgﬁg?(rgnﬂalgnq Carraro, Curr
Drug Targets |nflam@Asladiipne, 2005 alkenylpe, drdhde algenteseradicals shicht i vel y
target macrophage C%éya:%i%éi&%of#dirpgrt%%'ilngtet]ﬁ.a Tetr\’e?gﬂ?-)' fideffer (fsepémment  of
cancer and autoi nmune’di'sease. Targeting specitic cel t ypes woul d be
expected to |ead toammjbwAsﬁiiﬂb%Tergieﬁs.lS mytsogeryon aptighaliPubREUest er ase.
ims)tlf is linked to @_Q:argww’alngKB i nhibitor tenplate determ nes whether it

zisOor 1.

The compounds (1A) and (IB) above have an alpha amino acid or aipha 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 intraceliular 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.



hydr ol ysed, and hence whether or not it accunulates in different cell
types. Specifically, macrophages contain the human carboxyl esterase hCE-1
wher eas otWer0we3P43¢ypes do not. In the fornmulae (1Al) aRET{QBBQ)8/ 081434
PCT/ GB2007/ 004114, when the nitrogen of the esterase nmotif RICH(R2)NH is

not direct | inked to .a garb | (CLZ0),) g | =0),
o=y 0- - oPt e Bege e oriRoal RenicRelidioh g PSR I0d A 18 saRe ey Dhe

i ntracel | uikkp igEbiex pi foahes dige ) bIGES 1), oem calh bt-oxie, higrataoisolydte Steeralis es
hCE-2 and hCE-3. Since only cells of the nonocyte/ macrophage |ineage have
been found to contain hCE-1, the inhibitors of PCT/0B2007/004114 whi ch neet
those structural requiregents N#)!| only accumulate in macrophages. Herein,
unl ess "nonocyte" or "nono es""is specified, the tern¥gacrophage or
macrophages will begused to|denote nmacrophages (Racl udi ng_t ur associ at ed
macr ophages) and/or fpnocytMd. Brief Description ok theAnvehtd on The
present invention rel to a group of specific coppognds falling wthin

t he general di ' PCT/ &B2007/ 00411 7—and. PGI/ GRR007/ 004114, but not
specifically iMent ik exespl i fied the *SeniNHconmpounds have
the utilities{diAsc g )se applicgt' partijcul ar those
falling WiZRAI N G4 0B2007/ 0041 m#l ch neet t structural

requi renments referred to in the precedi ng paragraph di sphdy thel,macr ophage
selectivity property discussed above. Detail ed Description of the Invention
According to the inven@bgr there is provided a conpdiBfd sel ected fromthe
group consisting of: * opentyl (28, 4E)-2-am no-5-{3[ 4-carbanoyl-5

(car banmoyl am no) - 2- thi enyl | phenyl } pent - 4-enoate; Cycl opentyl
54344-car5ﬁ%9&%-5-(carbannylanino)-2-thieny|iphenyl)-L-norvaIinate;

Cycl opent

(2S, 4E) - 2- am no- 54314- car banoy1l- 5- (car banoyl am no) - 2-t hi eny1] - 5-

(25, 45 -2 Kb REBba SOl AOHOBRM QL ol - i o) - 2- i eny1 - 2

met hyl phenyl } pent - 4- enoat e; *Cycl opentyl

O L34 car BRI af ohfARRPSRERI ST G dBaY] ARYGHhY s bechoBrs a5 g o

N- ( 344- carddamsy 1- 5- (car banoyl am no) - 2-t hi enyl i benzyl | - L- al ani nat e;
*tert-Butyl

N- ( 314- car banpbyl- 5- ( car banoyl am no) - 2-t hi en | ] benzyl) - L-al ani nat e;

(2S, 4E) - 2-Ziisi(apa Bad{caliaf foania RaRICBNHOGEbX Zariwhigyein2- t hi enyl | phenyl | Pent - 4
- enoi c aci d;

5-{314- car banoyl- 5- (car banoyl am no) - 2-t hi enyl j pheny1}-L-norval i ne;

(2S, 4E) - 2- ami ndR4Fs a3arboxgicanibgrous {((GREHR DN aateneioLR-WHigheisy | 1- 5- et hyl Phen

(2S, 4E) - 2- ani nohs[gﬁ%%ﬂ'?cbé’r%‘g%ﬂqrg-"Ztcr:aé‘? flular esterase enzymes, o & Cabo e ot hyl phen
yl } pent - 4- enoiacide@pdp;

R; is the side chain of a natural or non-natural alpha amino acid;

Y is a bond, —C(=0)-, -S(=0),~, -C(=0)0-~, -C(=0)NR3-, ~-C(=8)-NRjz, -C(=NH)-
NR; or -S(=0).NR3- wherein R; is hydrogen or optionally substituted C-Cg
alkyl;

L' is a divalent radical of formula —{Alk")(Q)-(Alk?),- wherein
m, n and p are independently O or 1,

Q is (i) an optionally substituted divalent mono- or bicyclic carbocyclic
or heterocyclic radical having 5 - 13 ring members, or (ii), in the case



0-{314- car banoy1l-5- ( car banoyl am no) - 2-t hi enyl i phenyl) - L- honoseri ne;

N- { 344- car banpbyl- 5- ( car banoyl am no) - 2-t hi enyl | benzyl | - L-al ani ne; and

phar maceutW@ae13@dtept abl e salts thereof. As used herei RCT/B20W80H4BE 5| t

i ncl udes base addition, acid addition and quaternary salts. Conpounds of
the i nvention which clL di r | i Ngh el | cgutically
acceptable salts, w heergisgég,é&ﬁﬁf&gé%&[@egﬁfﬁﬁn&l%r@h%rv@%rg@?{”’% g. sodi um
and pot assi um hydr ox$-des¥Ramceréim&” ésainytdnogest cloptgraly shbieiuted §1-Cal ci um
barium and magnesi u hO8S, f | £ - or bicycli

N- net hyl - D- gl ucam ng%l'z%’ﬁ% I neﬁt%Pid?(‘ﬁ%&'?gggﬁg@ﬁ_g?gg%nng@%t%rarilcey,c ICL- ar gi ni ne,
L-1ysine, N-ethyl pigssboaycinegr hditdreenolit radioaéhayinp b hd3IinkaneniSe conpounds
(1) which are basic i IiR2 L o] st Bsht RBAS QUbdiR@LY Yivaerept abl e
salts with inorgani Cﬁgcﬁﬁgfmeﬁrgdetp%n?%ﬂﬁ;%ﬁ%] i ? a@gs such as hydrochloric
or hydrobroni ¢ aci dsCs-Cutystealkycradisals, omdntionallysibatiteiedsiraigoher branéiedd and
the like, and with o5aanhfy@fé s, & dkenbieh8, GSCLECalRidrR licaB UM C
fumaric, maleic, malrc, 2all cylic,” citric, nethanes :'chom'C’

p-t ol uenesul phoni c, haneptianalbesntaines tarpingie ©,angetherdmoc), thiegtherd;S-Ap4d

mandel i ¢ acids and the | i kggnA Wi Lt 8blsionaly SubsB@fgHandbook
of Pharnmaceutical Sa 'gb( r%pZﬁﬁ‘ggﬁgr& eF?ZY%W%’ﬁ’,H and F%‘se b‘{/ St ahl and
Wernuth (W1 ey- VCH, @eCnllsyim Ger many, 2002). As is common in nedicinal
chem stry it is expected that the conpounds of the invention may be
isolated in vary«Q rated, or. solNat egdf 81I%, antwk di fferent crystal
habits, The ter*m'gétﬂ%gt?( ﬁ%'érsgg qgt’eﬁﬁ“?g@e’sg i be a 'nol ecul ar conpl ex
conpri si ng t he -NROGe@UNEE- , -NB.SFOInt droB(FNNB-sthwreniRemed Bs@ranount of one
or nore pharna i =m ] 1 f.QRgexanpl e,

et hanol . The tgrﬁarjédeﬁglé'lrﬁ&t@%%%%?ng g@%ﬁ%ﬂ'@%‘? 15%%\’/kgr'lt Fs water. As used
herein, the term "conpound of the invention" refers to the 13 conpounds

| i sted above, g i ncl udes their pharmaceutically acceptable salts,
hydrates and sol vates. O the conmpounds of the invention, those marked with
an asterisk in the list above are currently preferred. In another broad
aspect thepj [ Vi f ungdninb aE&rarginiae in the
preparati ngHe#ﬁ?oggﬁspﬁé?)[%ﬁﬁ?@:ﬁ}ogﬁgggﬂaﬁagﬁh a(r}g?lv{)tayl ofr alrbKK, especially

| NK-p, as ail ¢stersmolif faRs@YNhindbis dimsd linedi theroNph KT8 alpka-a@ino grep ©dhidounds of
the | nvent 4 G iRBH1e 04 alifier ABLA-LHOBCQEH KKiTng Mfitolnind KK P
activity invitro or in vivo. armaceuti cal conpdsitions conprising a
conpound dstarmeotif,Aike its iColinked geunterpa aliso pramaeles franepostraressce@lt i cal |y

accept abl I el b peention. As
ment i onedqg Oi\;/%b@% é@@gln%g’u\ﬁ%wtﬁw&%?ﬁé%ﬁée%ﬁ?/déﬁ?%eoﬁgiégtb?ct%@\eér ned are

i nhi bi t or Pasdnt BKiK, This shaigat! IspetiekisirRoky traserosiedibark gerognihesied t heref ore of
use in th . ' : : RO Y and the NF-kB
cascade. %J%ﬁgfél}‘gggé%gé fogécﬁ%ﬁg@%ngg%f g{sifhlt ﬁéﬂ '8 ?%()rl %éfﬁg }@f‘iﬂ\}% Félly nmune and

i nflammatory di sease. In particular, uses of the conpounds include

t reat ment ,of I . t L Of . ,

i ncl udi ng '@S@ﬁgﬁazr%éeﬁ%@ﬁ%“gﬁR@’aﬁ@(&?g @@ﬁ?ﬁé@ﬁ'%ﬁ?gﬁi"&ﬁw squanous
cancers, @h8terdoenmmuntismijh ednichdt is coacerpedsnd whishihgvd @ndidgl aroinagcid

gl i obl ast i | o] ' a umat oi d
it s SR o @ERB oGl O AN R madthad s BRIt el g

ul cer at i vé&nowh e play adeysoledn ismmatery disopdarsrtmewgh e gelasse ofepytakinges ifrul ti pl e

scl erosi s, dj t Qpi.C P41 aft v } e, or
system c |p8g‘t?§e?§‘3f"h%9§? 35@%&@%3& gfisﬁgﬁﬁ%t%ngngﬁ%?tgﬁgbgg?’:@%?i C
di sor der s 1268h raheliyaéid briklitalibeyesremedjbi ¢ardritatarsie theoheigierahcelp§ointler s such

as Al zhei ner.s. di,sease.; .. unds Wi i C i i i ncer ned
oy’ be pr ATATEePPEANG it e R oty Bl o Mol BTy poufi

phar macokiandtiecelppropeir(Naktini afil €aoraad, | Gurabnignl arpetabhfianyo ifiergyt 2&s 3may be in
the form l.et ) r | 25, - Lgut d or gel
prepar at i i1 Saaons BRI ol BIOEY Hacr Bl R proREBRAERoua LI O 01 -
suspensi onslue Trathedtestraant of apscaremdiatoivmaine siiheiane stargetingrspeaificoell i n uni t
dose pres [ .0 &on ' I et such as

bi ndi ng agébtﬁg é“?‘m oéeoé)@éarcrzp%osyrdu%%g@f@i%@gﬁ%‘%% vgaf}?rﬁglv?ié , ?ragacant h,
or pol yvi eylergsermotifiiclinked t6 thd maim IKEP irhitzitop templatet desermisemysingtherd! ise- st ar ch,
cal ci um phosphate, sorbitol or glycine; tabletting lubricant, for exanple
magnesi um stearate, talc, polyethylene glycol or silica; disintegrants for
exanpl e potato starch, or acceptable wetting agents such as sodium | auryl
sul phate. The tablets may be coated according to nethods well known in

nor mal pharnmaceutical practice. Oral liquid preparations nay be in the form
of, for exanple, aqueous or oily suspensions, solutions, enulsions, syrups

o M. r e



For the purposes of inhalation, a |arge nunber of systens are avail able
with which aerosols of optinum particle size can be generated and

adm ni st er¥®@,200ii3g4an i nhal ati on techni que whi ch i s appPEFIGRROS/HH34t he
patient. In addition to the use of adaptors (spacers, expanders) and
pear - shape ont aj

devi ces emY rPIEe aﬁg?‘Fé(?é ‘g?ﬁt ?’b%!&?’ﬁgﬁgf%?%?tgs rwﬁ%@“f@"gy ae?gtsglmgtl |Cn

particul ar Spéblfﬁdaﬂy,amopﬁagaﬁ\zxdﬁami thé leas caoxylesternsehCEetwhereab offer ut i ons

xamp! o acodous Bt whosss 19+ 1 Sad B RGP CRABb Moty 14RpbARRL7C

the drug najtoden ﬁfadeesmrasatrmtaFGOHLRg Mird- emosmschmhml@d tom carisonivt @bl e sterile

cucous, of BR PSRN Y B bSO P of ShieTBRL febacuen =

bact eri ci deriy aedycﬁmlygeetbdwe |atgmwelascmbowmspéw$g/h05ﬁr eud not actbeat e or
trat b | k t h
25 hypr omoi T BOY AP 58 R LR R ok AL g Tt sue

admi ni st er krbapahent bee foynd to eonédie hCEe!, tedinbibitorBep E0d7YGG2¢IY/@MHd 1dehi cl e and

concentratj h Rﬁﬂﬂ'& din the
vehi cl e. E%ﬁ}i%ggﬁ%?%"&g u{;/e%ﬁ rg é&gh”g@mgg?oca gﬁrg@'sa? @? Qéélse

preservati Hereemdnlaaé Tmnomgteége‘hﬂommmebels dpecitigds e term mesropiageloe. The
conpounds of the |nv i u I j er of
known pharﬁgsrgﬁﬁ?%eglvﬁgbégp?d\@y%eu ts @%grgéﬁa%omngmnﬁﬁ@?%%gsamg{éggnds of the
i nvent i on magropeagesedndibt moogdytdsoxi cs, HDAC i nhi bitors, kinase inhibitors,
am nopepti dase inhibitors, protease inhibitors, bcl-2 antagonists,

i nhi bitors of nilor and rmnocl onal antibodies (for exanple those directed at
growt h f acBref Pesoription eptipad cyt ot oxi cs include, for exanpl e,

t axanes, rase

i nhibitors anﬁas%mﬁueb“m%h%q% {odaegroﬁggrsﬁe% t oéﬁ?a%%n{alﬂlg %{Pms)@lggl ng an no
acid deri v@nev@silsofostu@swﬁP@T(CBﬁ:;QO?(OQﬂﬂ17@0@EPT@BQQC§’1QO4H1&L@®WFs t her eof
Chercof T ratREAY ¥eRREER} SRrTRBL WerclR. fHE SSent HEBURE Rive ks

i nhi bitor dca;ictaeldasﬁrdsmabbiiqadons andMPngd@tthQ@sf@Yihﬁmltbimfbﬁ Cﬁﬁﬁlﬁf)r a
gﬁg?%ggﬁ{ I@g}dé&%ﬁb‘@gﬁf 14 Mﬁ@ﬁ metepﬁle%rtr%ﬁﬁ%l rédh\{r‘éme'&f}n gfgrt%\d'tﬁgr?tlh%vem Lon: (b)
a cyt ot oxipreeapimg paragr apDA@playhh@ma@mphagwda@mty pIvPBItY giscusiedabioM®pept | dase
inhibitor, a protease inhibitor, a bcl-2 antagonist, an inhibitor of nilor
and/or a rmnocl onal antl body; and (c) a pharnaceuti cal |y acceptable carrier
or di | uentDetailed Deserjptin ednyemiibict conprising: (a) a conmpound of the

| nventi on; A2Bfkiddto fe Wéﬁﬁd??‘thﬁrqugmwde@rb SbounBRERlcieRIrrorf e 1856

i nhi bitor, an am nopeptidase Inhibitor, a protease inhibitor, bcl-

ant agoni stconalntlmgwﬁ bitor of nifor and/or a nonocl onal anti body, for the
separate, sinultaneous or sequential use in the treatnent of the human or

ani mal  bodycpentpr(dB4EXxL amina5-1BH4-cotamnyhascasharnadamingd?t i on will now be
descri bed: met hanol EtOH = et hanol | PA = isopropyl
B@lgﬁf_&g?ﬂbdeﬂf‘ﬁ -eNBaYE, =

al cohol acetate DCM = di chl or omet hane DMF = di net hyl f or mam de
DMVE = 1, 2 di et hoxy et hane

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

Cyclopentyl (28,4E)-2-amino-5-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-5-
methylphenyl}pent-4-enoate;

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

*Cyclopentyl O-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienylphenyl}-L-homoserinate;



DMSO = di net hyl sul f oxi de DVAP = 4-di net hyl am no pyridine TFA =
trifluoroacetic acid THF = tetrahydrofuran FMOC =

9- f | uor enYWO2RE%8484r bonyl Na20O3 = sodi um car bonat e DI PRAIAGB2008/001434

di i sopropyl et hyl am ne MP-CNBH3 = macroporous triethyl anmoni um

met hyl pol ystyrene cyanoborohydri de BEMP =

2-tbutylimno-2-di et hyl am no-1, 3-di net hyl - per hydro-1, 3, 2- di azaphosphori ne
NaH = sodiDyclyetityidé{3-Macrbameyidi-(canbayrayiariits-2Nalkogieergpiih talartinale ogen
carbonate HCI = hydrochloric acid Pd/C = pall adi um on carbon PdCl12(dPPf)
0, 11- Bi s(di phenyl phosphi no) ferrocene] dichloropalladiun(ll). EDCl =

1- et hyl - 3-¢St+HulyevV§{4acarhapopb{crdmanmytining e thicDAdbenzyhilaglgninateacet at e TBAI
= tetrabutyl ammoniumiodide m = mllilitre(s) g = gram(s) ng =

mlligrans)
(28,4E)-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;

(28,4E)-2-amino-5-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-5-methyiphenyl}pent-4-

enoic acid;

(28,4F)-2-amino-5-{5-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]-2-methylphenyl}pent-4-

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

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. caicium,
barium and magnesium hydroxides; with organic bases e.¢. N-methyl-D-glucamine,
choline tris{hydroxymethyl)amino-methane, L-arginine, L-lysine, N-ethyl piperidine,
dibenzylamine and the like. Those compounds (1) 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-toluenesuiphonic,
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).



mol = nmole(s) mol = mllinole(s) Sat = saturated LCMS = hi gh perfornmance

| i qui d chromat ography/ mass spectronetry NVMR = nucl ear nagnetic resonance Rl
= room t enyer2aevimBes3€omerci al |y avail abl e reagents and s&CF&HR2408/09p{3E
grade) were used wi t hout further purifi cation. Solvents were renoved using

i .
K K e
chr omat ogrmpékytlouohamtm mmtqmnfvenmmhyldsatergorssdlvat@d @e'h$ q]‘airsmd(ﬂeeerm ze 40-63p
gm (230- '408 ﬂﬁf@%w%eﬁe s%\% OEs' b’s%ﬂ%%?e‘m E’é’src'nf)é GO0 A cofpouUNds by

preparativ ystem using reverse phase
Agi | ent pr epmEisthectob sompo@ipol théﬁhwenm:m @dm;tmc{;uo&@tmﬁm@urm@@%@r(A = wat er

/ 0.1%a La.or 1 i = t.oni Jri ia or
0. 1% f or i BoRepyaeeafl #ickp@pleCeglef Bop e BrplmE. stodhel BTRE' 2 P
NVR spect r ‘hydvates isremmoybeiowioen saidsolkenrt ist@8teor 300 MHz AV spectroneter in
deuterated solvents. Chemcal shifts (5) are in parts per mllion.

Thi n-1ayer chromatography (TLC) analysis was perfornmed with Kiesel gel 60
F254 ( Mer ch$ updchihersinaine teins leaimpoedd obtha dnviention” gefiers tarthe v BicemipomRISC/ M5 wer e

1 ow rate D R e BpL B, welPRmist S Zaer AT salb, ARLsRnt *0 1o v v

formc acisbheatey. 7 mnutes with UV detection at 254 nm G adi ent
information: 0.0 - 0.5 mn: 95% H20-5% MeCN; 0.5 -5.0 mn; Ranp from 95%
H20- 5% MeCN to 5% H20-95% MeCN; 5.0 - 5.5 nmin: Hold at 5% H20- 95% MeCN,;
5.5 - 5.6 Of the compdurds SdheiroediBy Mosamarkesiwvitngreastatskeiaderylist@bsves nl / mi n;

5.6 - 6.6 H20- 95% MeCN, flowrate 3.5 mMl/mn; 6.6 - 6.75
m n: Retur%]e%grrg@%%'gé flowrate 3.5 mM/nmin; 6.75 - 6.9 nmn: Hold

at 95% H20- 5% MeCN, flowrate35 Mm/mn; 6.9 - 7.0 mn: Hold at 95% H20- 5%

MeCN, fl d
LI o ot SEUGSpRE e PR i s %%%ﬁ*‘@é&é‘%ﬁ?”e nogatve

(APCI + EShventinnirethepeenssatian ¢ffa eamiesitien msdwbltm theegetivly @il oyed in the
synt hesi s ) 161) are
set out, b%tpeﬁfg{g)W’t eg'L?io (ﬁgéérsggﬁcl@é,ﬁgeo(s%m l\li#nﬁ%cﬁéééﬁ@%)g b((al ow?

Scheme 1 iddmmiunds efthe irevegtioremaly beyusedh rities inbibitienfod tKK lesppcialyaiKKt,on of the

exanpl es de el.ow. using traditional Suzuki chem stry to couple the
rel evant b"bciﬁ'h’a’f’gq@s Td? Pt ermediate 2) with the central thiophene core

(I'nternmediate 1). Schene 2 illustrates the synthesis to Internediate 2.
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
hepatoceliular 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



Internediate 2 Schene 2 Schenes 3 and 4 illustrate the synthesis to

Internediates 5 and 6 Stage 1Stage 2 Internediate 5 Schene 3
WO 2009/130434 PCT/GB2008/001434

erythematosus. Other indications include metabolic disorders such as.Type Il
diabetes mellitus and neurological disorders such as Alzheimers disease.

The compounds with which the invention is concerned may be prepared for
administration by any route consistent with their pharmacokinetic properties. The
orally administrable compositions may be in the form of tablets, capsules, powders,
granules, lozenges, liquid or gel preparations, such as oral, topical, or sterile
parenteral solutions or suspensions. Tablets and capsules for oral administration
may be in unit dose presentation form, and may contain conventional excipients such
as binding agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, or
polyvinyl-pyrrolidone; fillers for example lactose, sugar, maize-starch, calcium
phosphate, sorbitol or glycine; tabletting lubricant, for example magnesium stearate,
talc, polyethylene glycol or silica; disintegrants for example potato starch, or
acceptable wetting agents such as sodium laury] sulphate. The tablets may be
coated according to methods well known in normal pharmaceutical practice. Oral
liquid preparations may be in the form of, for example, aqueous or oily suspensions,
solutions, emulsions, syrups or elixirs, or may be presented as a dry product for
reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending 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 propy! 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 propeliant-driven metered aerosols or
propellant-free administration of micronized active compounds from, for example,
inhatation 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



Br Internmediate 6 Schene 4 Schene 5 illustrates the synthesis to
Internmediate 7 Schene 5 Schene 6 illustrates the general synthetic route
for the prEPanidms4of the Exanples 11-13, using traditi 86AIGEHG8/I01434

chem stry to couple the relevant boronate acid (Internmedi ates 10a-10b) with

h . . :
} n'? efﬁgéir :%gélg :cﬁ&ggﬂiqﬁ? g{egao(l'%igits%t%%dfb?n%sem%} addi{ionga‘ﬁyrr ggr?t%%t&cﬂpients, §E£H§ me 6
5- Br onp- 2- &« d¢teaxampieq prope)irts phefriyed e tielvaxani metekdd acrosols), surface-

active substances, emulsifiers, stabilizers, preservatives, flavorings, fillers (e.g.

lactose in the case of powder inhalers) or, if appropriate, further active compounds.

For the purposes of inhalation, a large number of systems are available with which
aerosols of optimum particle size can be generated and administered, using an
inhalation technique which is appropriate for the patient. In addition to the use of
adaptors (spacers, expanders) and pear-shaped containers (e.g. Nebulator®,
Volumatic®), and automatic devices emitting a puffer spray (Autohaler®), for
metered aerosols, in particular in the case of powder inhalers, a number of technical
solutions are available (e.g. Diskhaler®, Rotadisk®, Turbohaler® or the inhalers for
example as described EP-A-0505321).

For topical application to the eye, the drug may be made up into a solution or
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, bel-2 antagonists, inhibitors of mTor and monocional
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 (IA), (IB), (IA1) or (iB1), 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.

10



H2N The synthesis of Internediate 1 described by Stages 1-4 (Scheme 1) is
detailed within WO03104218. Internediate 2: Cyclopentyl (28

4E) - 24( t eMO B9PA}#34r bonyl i ami nol - 5-f 3- PCT/GB2008/601434
(4.4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2-vl ) phenvi | pent - 4- enoat e The
synthesis of Internmediate 2 is detailed within Schenme 2 and full
experinental details are shown bel ow. Stage 1: Cycl opentyl

(2S) - 2- [ ( frurtheh theoprgsent homptigraproridd p e phadnansotica chmpasiiol canpising
(2S)-2-[(tert-hutoxycarbonyl,)am nc nt-4-enoic acid (2.00 g, 9.29 mol) in
DCM (20 m ), a?abc, %@%%8&%&?%%@%@-anol (942 pl, 11.15 mmol) and DVAP
(113 ng, 0.93 ripl ) .a ditetoxit apemteael BASt inhibikat, & &inagd inhibitat, @, EDCI (1.99 g,
10. 22 mmol ) was added_.and t. r. o) i . r . e

reacti on was dil ut ea""\‘/ﬂ‘?%e"ﬁﬁ%e ’ﬁ@gide"dg \?m%%a{%ﬁggh'{)@érl a:’gbl %?f% I\t/g%r&) and
concentrated in vacushifitte of edodand/oees mpoodidna dntiyodyolthm chr onat ogr aphy

§, f"e|5°d/f; _Et Eé(\?/s ' n r(r?ljgptz %Zﬁ.h(}l&lgf?&%%ﬂh’}gcé&gE%icc%hgeé%fg{ﬂ%@d as an oil (2.15g, 82%

(28, 4E) - 5- ( 3- bronophenyl) - 2-[ (tert - but oxycar bonyl ) am no) pent 4- enoate To a
m xture of,,cycla - 2-1 (1ert-butoxycar bonyl ) am no] pent - 4- enoat e
(29, 7_06ﬁﬁ%&ff}’@%@ﬁ%ﬁﬁ%ﬁéﬁg@ﬁ%@ﬁe (1.35 m, 10.59 rmol), NaHOOB (1.78 g,
21.18 mmol ), TR (2 &ngpounddYthermtentiom adetonitrile (15 m) was added

Pd( QAc) 2 (159 0.7 h } I; N2 and heated for
D hre at 770 B ¢ R BRL baerk %”aﬂ?é‘%?éﬁ%“‘?@_%@_“ﬁ%ﬁ?%?"é“’%) ‘and Pd( QAC) 2
(159 ng, 0.71 mmol ) aminepeptidase inhititarhe prateasgriehibielt @ dcFdbantagomngisarat 77C.
The m xture was cooled,. di i kg t hrough CeliteO,
washed wi th H20, bri'ﬁﬂ?’togro“eﬁgs?%gé% ﬁgﬁéﬁc&%ﬂgbﬁﬁ fed i n vacuo. The

resi due wéw theisedarate, biynultehaons o Requentialgisepn he teatment Etiosnbuman Pept ane) to
provi de an, 'eil b%: 38 g) containing the title conpound with m nor quantity
of cycl open{ y ) -2-[ (tert-butoxycarbonyl)am no] pent -4-enoate and an
unknown inpurity. The crude product was used w thout further purification.

LCVS: iz I - : i had:

(28, 45) - 2 TP Brer a1, 8 S Bimelunt bt B0 HIptlion i now be descrives

tetramet hyl- 1, 3, 2- di oxabor ol an- 2- yQphenyl i pent - 4-enoate To a m xture of
cycl opent Wy uidmati g 9" (3-bronophenyl)-2-[(tert- butoxycarbonyl)am no]

pent - 4- enoat e (?L. g, 3.15 mmol), KOAc (402 ngy, 4.10 nmmol) and

4,4, 4" 4 555 5 -octanethyl-2,2'-bi-1, 3, 2-di oxaborolane (1.48 g, 6.29
nmol ) in R (:chfl was added PdCl2(dppf) (257 ng, 0.32 nmol) and the

m xture purged w R . The reaction was heated at 65C under N2 for 22 hrs,
cool ed amtOHarethanadned bet ween Et 20/ H20. The aqueous was extracted with

Et 20, comﬁgw%é@gh&ashed with H20, brine, dried (MgSO4) and

concentr at ed. e ue was purified by colum chromatography (7-10%
Et 0Ac i n Btphareihy ecegiatevi de the title conmpound (1.099, 71%vyield). LCVS:

m z 508. 2 N dﬂjr&.'ﬁel}%éﬁ?(?’oo MHz, CDCI3) 8: 7.80 (1H, s), 7.68 (1H, d,

J=7.5Hz), 7.44 (1H d, J=7.5Hz), 7.36-7.30 (1H, m), 6.47 (1H, d, J=15.9Hz),

6. 20- 6. 07 DMFA diethgiopmamidel (1H, n), 5.15-5.07 (1H, n), 4.45-4.36 (1H m,
)

2.75-2.56 ; A 8H, , 1.45 (9H, , 1.37 (12H, .
DW% :1 @&i/igfect)ﬁo@(x]etﬁa?n(e( ( s) ( s)

I nt er nedi at e _ Fe tyl (2S,4E)-2-11tert-butoxycarbonvflam nol -5-12-
met hyl - 5- PMSQ 5 dinelyrsulfexidg| - 1, 3, 2- di oxabor ol an- 2- v1) phenvl 1pent - 4- enoat e

DMAP = 4-dimethylamino pyridine

TFA = trifluoroacetic acid

THF = tetrahydrofuran

FMOC = 9-fluorenylmethoxycarbonyl

Na,CQO; = 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



Synt hesi sed by anal ogous nethods to Internediate 2, using Internediate 6 at
Stage 2 of Schene 2. LCMs: mz 500 [ MtH[t 1H NMR (300 MHz, CDClI 3) 8: 7.84
(1H, s), WQ200p/18@3¢1H, n), 7.19-7.12 (1H, nm), 6.66 (1H, PEI/CE29E/08142},
6.12-5.99(1H, m), 5.28-5.20 (1H, n), 5.17-5.09 (1H, n), 4.64-4.37 (1H m,
2.82-2.59 r(‘]2(51,21 _n%g?.l. 54-1..36 (8H, m, 1.64 (9H, s), 1.36 (12H, s).

| nt er medi ate~4:~ BB E‘Hf)f}' e(28, 4E) - 2- 11t er f - but oxvcar bonynam nol - 543-

met hvi - 544N4605= sediumteidmgenkatodatdi oxabor ol an- 2- vl i phenyl | pent - 4- enoat e
Synt hesi s Y, apal.ggous .imet hods to Internediate 2, using Internediate 5 at
Stage 2 oﬁg%‘gﬁﬁhcﬁc"ﬂﬁglﬁ@ mz 500 [M+H . 1H NMR (300 MHz, CDCI3) 5: 7.60
(1H, s), 7P&LC «Adladeim orcabog1H, s), 6.45 (1H, d, J=15.9Hz), 6.17-6.05 (1H,

25 2 -l i el Rty 712

1- Br ono- 3-EDd= S-eurgnh»(BbﬁnatGWamin'ﬁweomMo&rbegﬁmdaf Internediate 5 is detailed
W thin ch%gg%:gﬁé)%p?gtsw %%e%tgerl nmental details are shown bel ow. Stage 1-

4- br ono- 2-1 'ne To a solution of 4-brono-2-nethylaniline
(1.86 g, 9rEMmetrabutpl deoibhip@3oditiy was added i odi ne (2.54g. 10 mmol ) and

Ag2SHA (3.11 q.. ). The m xture was stirred at RI for 3 hours,
filtered am'é"gﬂig&%&ﬁmnt renoved under reduced pressure. The residue was

di ssol ved g ngbB@\s) washed with 1M NaCH (5x20 m ) and water. The organic
extracts were conbi , dried (MgSO4), filtered and concentrated in vacuo.
The crude %96551'@?%\%n§fipuri fied by colum chromat ography (5% EtOAc in

hept ane) troolafole(s)t he title product as a beige solid (2.479, 79%yvyield).
LCVMS: m z rh%l%Mﬁli_%\Ble H NVR (300 MHz, CDCI3) 5. 7.64 (1H, s), 7.16 (11-1,
s), 4.10 (2H " br’s), "2°20 (3H, s). Stage 2- 1-brono-3-iodo-5-nethyl benzene
To a sol utSa s saturgteldr ono- 2-i odo-6-nethylaniline (2.45 g, 7.85 mmol) in a

1:3 m xtur _t (]G H2SO4 and sodi um
nitrite (1&1'@%," @@Pgﬂ%ﬁﬁ%ﬁ% ﬁ#ﬁ%%r{ggﬂ%hg%#hﬁ@a%?&%?g gtf[Fy RI for 45 m nutes
t hen heat MR muldanmdgoetidreBonanges. The reacti on was cooled to R, diluted

w th wat erpan ith Et20. The organic | ayer was separated and
washed wi t%ﬁmg?@&éﬁ%rﬁg{rwdri ed (MgS™M), filtered and concentrated in

vacuo. The crude product was purified by columm chronmat ography (10% Et OAc
B A L s ha OO
(1H, s), Turtherpurficatipn. Solganty were renoved uaingadduphirogary evaporator.
4- Br onmo- 2400 Qiale FPRIdtoR&EERFried out using a CEM Discovery mode! set at 300W.
| Purification of compounds by flash chromatography column was performed using

silica gel, particle size 40-63p 1m (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 {5ym, 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 Fs4 (Merck) plates
and visualized using UV light.

Analytical HPLC/MS were obtained as follows: Agilent Prep-C18 Scalar column, 5
Hm (4.6 x 50 mm, flow rate 2.5 mi/min) eluting with a H,0-MeCN gradient containing
0.1% v/v formic acid over 7 minutes with UV detection at 254 nm. Gradient
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The synthesis of Internediates 6 is shown in Schene 4 and full experinental
details are shown bel ow. Stage 1- 4-brono-2-iodo-1-nethyl benzene To a

sol uti on &fO 20048804§4 - 5-brono aniline (1.5 g, 8.06 mmol) PHT/&B20ERBI4Et hane
(3.4 M) at 0OC was slowy added tert-butyl nitrite (1.6 m, 12.1 mmol). The

i bat h t.h i t d t 80C
| ce DA RS 69208 S IS B B S Sl e e 2
resi due pus% Meﬂ{IN {0y5% d1,0r95% Me@M 5D & Shin( Ebmimulﬁ%-ld@«@ﬁ% MeGNab Hor d t he

i 3) o i e PO Mon nep e hcsed gt b Rim{EgM 00" 0 o),

s). Inter rm;dl Hbld af 5%OeDd-06%MNeCN, flow rate 3.5 ml/min; 6.6 — 6.75 min: Return to 95%

- L omos i rapdre oGl n &g S TR hau Sof REEPRILCH, [ Tpnen!

Schenme 5 aimll ritel 3.5 exfoeini G At7a0 miret oIt st 85% HJGLGI Miﬁwlo\n&%@@dyced to

(1 0. 5. 4 ST SR SBERYA Wote ARG AE R AR GHIRARE B8 srhBroseri ne

1, 8-di azabh@padsh){eﬂmmkﬁﬁid@ﬁegatye( (APGR+ /@S )mogemml)
tert Butyl di net hyl silylchloride (1.33 g, 8.8 nmol) was then added
portionwi se over 5 mnutes and the reaction mxture allowed to warmto room

tenperatu ré%(gﬂ@%f S&f's r‘f—‘%ir%s %ﬁat fﬂr{éy be“eﬁﬁ\{fﬂb&&i nﬂrtﬁ@ bwtﬁ@&@om;ﬂ‘o@h@@df whi ch

was filtere acetonitril before q?ltog under vacuum

The titl eg@aﬂﬁ@bfmﬁmumm 66) élﬁéﬂa%(lﬁwﬁfﬁtset %161 b ne lirgit ASACEP) . 1H NWVR
400 Mz, 3.7(1 H, 3.35 (4H bm), 1.95 (1H,
E’r), 1.70 %@)n Sé'e"?e§1 Q%@éo)“pros)l (6H, (s) S{r)age 2- ( " (

N-(tert-But b O-[tert-butyl(d hy h Th
Suspensi o‘écgé%é%ﬁq?ms%m g al AR 94te Lon bR BBRIEn oL PG BT ol i

DCM (100 r@eﬁcrﬂied%ld@@%sinb@%ﬁi@nwSd%ukardhéhi‘léﬂy&mcﬁﬁmé&elﬁlév’ant HdvodateTol ) and
di-tertbutyl dicarbonate % reac%él?é ﬁl xture was
act

stirred ateSF%Gmetrmﬁﬁ'@ta@Wéhﬁfaﬁcemah@wp e %For&ﬂﬂﬁ?@? i on. The DCM was
removed under reduced pressure and the m xture was treated wth ethyl
acetate/brine. The ethyl acetate |ayer was dried over magnesi um sul phate
and evapor ated under reduced pressure. The crude product was taken forward
wi thout further purification (2.53 g, 99%yvyield). 1H NWR (400 MHz, CDCI 3),
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)-0-Vert-butyl (di methyl)silylFLhonoserinate To a

sol ution of

N-(tert-butoxycarbonyl)-01ltert-butyl (di methypsilyli-L-honoserine (2.53 g,
7.6 mol) in DCM (50 m ) at OC was added cycl opentanol (1.39 ml, 15.3 nl),
EDCI (1.61 g, 8.4 nmmol) and DVAP (0.093 g, 0.76 mmol ). The reaction m xture
was stirred for 16 hours at room tenperature before evaporation under
reduced pressure. The crude residue was dissolved in ethyl acetate (100 m)
and washed with 1M HCI, 1M Na2CO3 and brine. The organic |ayer was then

dri ed over magnesi um sul phat e and evaporated under reduced pressure. The
product was purified by colum chromat ography using ethyl acetate/heptane
(1:4) to give 2.24 g, 73%yield of title conpound. LCM5: mz 402.5 [ MtHr,
1H NWR (400 MHz, CDCI3), 8. 5.2 (1H, d, J=6.3Hz), 5.15(1K m, 4.2 (1H m,
3.6 (2H, m, 2.0 (1H, m, 1.95-1.55(9K, bm, 1.4 (9H, s), 0.85(9K, s), 0.1
(6H, s). Stage 4- Cycl opentyl

(2S)-4-hydroxy-2-[(tert-but oxycarbonyl)am no] but anoate Cycl opentyl

N- (tert-butoxycarbonyl)-0-Vert-butyl (dinethyl)silyl)-L-honoserinate (1.57
g, 3.9 mol) was dissolved in acetic acid: THF: water (3:1:1, 100 ml). The
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reaction mxture was stirred at 30C for 16 hours for conplete reaction.

Et hyl acetate (200 mM) was added and washed with 1M Na2CC3, 1M HCl and

bri ne. TheveunWidgedt ate extracts were dried over magnesiPGRIERWIBS4and
evapor at ed under reduced pressure to give the product as a clear oil which
crystallised on standing (1.0 g, 95%y| eI d). LCVs: mz 310. 3 [ MtNa] +, 1H
NVR (400 MHz, CDCI 3), 8: 540 1H, d, 6. 5Hz), 5.3 (1H n, g}H(lH rr)
3.65 (2H, m, 2. ‘?;?H . 9-1. 55 Habp | 1,1&\5 St dge 5-

Cycl opentyl (2S)-4- bro t OX carbon 1 o bu e To a
slurry of N-B¥G¥nos’succi ni mt@e«;(l 86g§ 10M4 ol )StégrgzDCM 18 N(Qj was added
a solution of triphenyl phosphine (2.56 g, 9.74 mol) in DCM The
solution was stirred for a further 5 mnutes after addition. d‘ldl ne (338
pl, 4.18 mvl) was added, followed by a solution of cycl opésityl

(2S) - 4- hydr oxy- 2- Rt er t but oxycar bonyl ) am noi but anoate (1.0 g, 3.48 mmol) in
DCM (8.8 nl). The solution was stirred for 18 hrs, concentrfated in vacuo
and the residual solvent azeotroped with toluene (3 x 16 ¥tagtfhe residue
was triturated with diethyl ether (10 ml) and ethyl acetaté: heptane (1:9, 2
x 10 ml). The conbi ned ether and heptane sol utions was conceptrated onto
silica and purified by colum chromatography using 10-20% et iyNHacetate in
heptane to provide 1.02 g (84%yield) of ¥if,e conpound. \NVR (400 MHz,
CDC13), 8: 5.3-5.05(2 H, glue4 45-4.3 , n), 3.45 (2Hy~Tg-I=A. 3Hz),

2.50-2.30 (1H, D.25.2-10° (1H, m, ,160'E8H—bn') 1. 4% 9H, s).
Stage 6- Cyclopépbyl G- (4- brom)phenyl) I- hggoser Hae e A sol Ut ono(of

3- bronophenol (04593 ¢, 3.43 mmol) in DMEN(5S rﬂ) was cool e o4 ®C with an
ice bath and 0.137g, 3.43 nmol) was added in a single ﬁortlon The
reacti on was | oned t|PdRBmM to RT, SBAMEY¥A%d briefly and cool ed down again
to 0C. A st f qycl opentyl

(2S) - 4-brono- 2P(tert - Qut oxycar bonypam no] but anoate (1.2 g, 3.43 mmol) in
THF (10 m ) maasdisthzn gdded dropwi se, and the reaction allowed to warmto
room tenperature. AfterO 1 hr the reaction was heatedoto 50C and nonitored
by TLC for conplete reagtion. After 4 hrs, the reacti Happeared to be
conpl ete and was al | qued cool to roomtenperatufe&and poured onto a

m xt ure of Et 0Ac afid\ aturated Nadde@B. The ¢ tayer was coll ected,
washed with 3 p ons” of\"wat er—brre—amd th ried SH), filtered and
evaporated i n vagta Thg,‘r’le\'sl due stdibibargont ai ned smal YNamounts of

4- br onophenol ch was’renoved by scavengzl ng[Wi th MP-carbonate (2 g) in
DCM (7 mM)gec@nd)the filtrate was evaporat 0 give the product as a white
solid (1.2 g, [[9%vyield). LCV5: nmlz 443 | Stage 7- Cycl opentyl

N-(tert-butoxycarbonyl) 044-(4,4,5,5-tetramet iyl-1,g.die1

di oxabor ol an- Z@Jhenyl | - L- honoseri nate m re of cycl opentyl

0- (4- bronophen L- honoseri natseagé 4. 2 2.7 mmol ), |KOAc (0.346 g, 3.53
mol ), Bi s[pl na&ol t o] cl i bor ohvdrgesna®73 g, 5. 43 nsmje)7 and PdCLl2(dpPf) (0.198
g, 0.271 mmD O was heat ed der a nitroegemaal nosphere at 65C and
noni t ored by LCIVB for the formatigh of the product. After 1 hr the reaction
was conpl ete, hence the ¥ m xture was cooled to roomtenperature and
poured onto a mxture ef Et0Ac and 1M HCI. The | ayers I e separ at ed, the
organi c | ayer wash i B wat er and brine, dried over’ magnesi um sul phate

i at el u{m\ reduced pressure ¢ SI due was purified by
Aphy ehNfT Rg héxang (0.65 g, 49%

490 [I\/HHr Interrredl ate 8:

col utm chr omat ogr
yield). LCMS: m gz

synt hesi s of Pnt rmediate 8 follows the synthetic route shown in Schene 1.
Stage 5- Cyclo yl 07 "OH

(2S,4E)-2-[(ter ut oxycar bonyl ) am no] - 5- (344- car banoy1l- 5-

(car bamoyl am mampe t hi enyl ) phenyl | pent - 4- enoat e ¥kmdler medi ate 8) To a

m xture of cyclopentyl (2S, 4E)- 2- [Schend 1 but oxycar bonyl ) am no] - 543- (4, 4,5, 5-
tetramet hyl- 1, 3, 2- di oxabor ol an- 2- yQphenyl ] pent - 4-enoate (Internediate 2)
(1.00, 2.06 mol), Internediate 1 (1.09 g, 4.12mmol) in DME (6 m) was
added Pd(Ph3P)4 and sat NaHCO3 (3ml). The m xture was purged with N2 and
heated at 75C for 22 hrs. Reaction was cooled to RT, diluted with EtOAc,
washed with H20, the m xture was filtered through CeliteC), washed with
brine, dried (MgJSO4) and concentrat ed ldnder reduced pressure. The residue
was purified by colum chromatography (2- 3.5% MeOH DCM), then purified by
preparative HPLC to provide the title conpound as a solid (220 ng, 18%

yi el d).



LCVMB: mz 565.0 [ MrNa+H . 1H NVR (300 Mz, CDCI3) 5: 11.16 (1H, br s), 7.43
(1H, br s), 7.36-7.30 (1H n), 7.26-7.08(3H, n), 6.41 (1H d, J=15.9Hz),

6. 24- 6. 05 WARNIAF436. 84-5. 60 (2H, n), 5.47(1H, d, J=8. 1HRGT/CB2UBOBI4IR( 1H,
m, 4.48-4.37(1H, m), 2.77-2.54 (2H, m), 1.93-1.52 (8H, m), 1.44 (9H s).

I d | pTSA, | oh
L0t e e S i L PR oD 200, P v oerane

nmet hyl benzenesul fonate (I nternedi ate 9a) To a slurry of (S)-alanine (5
g, 55.5 mml) in cycl ohexane (150 pl) was added cycl opentanol (50 m, 555
mmol ) and p-tol uene sul fonjc aci d(Cff 59, 55.5 mol). The reaction was

fitted wth a Dean-Stark receiver and heated to 135C for conplete

di ssol uti on. Afte;&bj; the r eBRG PYHIT wa V\gg@% Ieadlngtothe
precipitation of %Hd. Theggesol i d b ger washed with

Et OAc before drying undBr éeduced pressure to give the ui red product as

a white powder (7.45 g, 85%. LCVB: mz 159 [MtHr. Imnternediate 9b is
comercially available. H2Ni | (Ch< | .
Stage 2 O’

Pd(OAC),
o
| B'-O § Br
0O Stage 3
Sl Ao - S o
© Ir:{J o D bispinacolatodiboron 0 ﬁ J \Q
PdCi{dppf}
Intermediate 2
Scheme 2

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

NH 1) Toluene/ EtOH
NH, EtOH, 1,, 2 2)cone. H,50,, NaNO,
mrrr——————————— - .
8r Ag,S0, Br ! ar :

Stage 2

Stage 1
Intermediate 5
Scheme 3
1} CH,l,, 0°C
2} {Butyl nitrite !
Stage 1
Br
Intermediate €
Scheme 4
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O Intermedi ate 10a: Cycl opentyl N 13-(di hydroxyboryl)benzvil-L-al ani nate

cyr OH 8 0H The synthesis of Internediate 10a follows the synthetic route
shown in S¥AEAY/BY43F0 a sol ution of Internedi ate 9a (500PFH/GBROGH0EHM| ) and
(3-fornyl phenyl) boronic acid (387 ng, 2.58 nmol) in DCM (10 m ) was added

NaBH( OAC)S 1.63 rt| er 20 m nutes. The reaction
was stirre f?f‘im pqugyat?sﬂpessygweglsr}aﬁ ?{}gm he reaction m xture was
poured into 1M HCl (50 m) and was vvashed with DCM (50 nl). The aqueous
phase was neutralised to pH 7 with NaHCO3 gnd extracted with DCM (2 x 50
ml). The conbi ned organic extracts were r d over magnesi um syl phate and

t he sol vent rermvel{;;:‘he product (650 ng 223 mmol, 86% yiy eHd\ was

i sol ated and used digectly. LCMS: nk 2 [ MEH] t Internedlaelob
roMybotvitbenzyl |I- Lal aninate—interfredi ate 10b was

tert-Butvl N 134di

prepared fol |l ow met hd#%descri;bed]i n ScHme 6 fg,
Exanpl e 1: Cycl opent y(? (2S, 4E) - 2- ami no-8- (344- car banovl-5- ¢
(car banovl am no) - 2-t hi enyl | phenyl | pent - 4- enoat e 0 0 The synthesis of

Exanple 1 is detailed within Schene 1.

@t medi ate 9b.

Stage 3
&

» 2

Br OH oA

Stage 5 5t39° 4
o 6]
BocNH BocNH D BocNH \O
o) o)
Stage 6

& i

o}
Stage 7
o -
BocNH D bispinacolatodiboron BoCNH O‘( >
0 0

PACI,{dppf)

Intermediate 7

Scheme §

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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Stage 6- Cyclopentyl (2S, 4E)- 2-am no- 5-(344-car banoyl-5-(car banoyl am no) - 2-
t hi enyl i phenyl } pent-4-enoate A solution of cycl opentyl

(2S, 4E) - 20 Q 213034 oxycar bonyl ) am no) - 5- { 344- car banoy 1- BCT/GB2008/001434

(car banoyl am no) - 2-t hi enyl i phenyl } pent -4-enoate (Internediate 8) (0.22 g,
0.41 mol) ion THF (2 m) was cooled to 0OC. 4M HCl in dioxane (2.195 nl,

8.78 mmol) s_adgled and the solution allowed to M—W room t@hperat ure
W t h Stiffiﬁ%@t@ﬁ 10 n;qﬁggé)sR a furttrer—equi val enty’ ofy {fP-gijoxane
(2.2 M, 8.78 |) was added. The reaétaoh was conpl et d! af 2 hours and
t he sol vents were evapodahethasader reduced pressure andadhRdibe fadee
triturated with THF (10 nl). The solid was collected, washed with a | arge
vol une of diethyl ethef>&AtPW %Y under vacuum overnilght (250 ny, 85%
yield). LCVS: mz 443.0 [ MrH . 1H NMR (300 MHz, DMSO 61‘(1%0&2 (1H, s),
7.76 (1H, s), 7.71 (1H, br s), 7.50 (1H, s), 7. 44§agé230 H , 7.24 (1H,
d, J=7.2Hz), 7.01 (2H, br s), 6.47 (1H, d, J=15.9Hz), . 3?-6@05 (1H, m,
5.10- 5.04 (1H, m, 3.44 (1H, t, J=6.5Hz), 2.48-2.41|(2H, Wy, "1.85- 1.40
(8H, m. The synthesis of Exanple 2 is described in EchfiRedhteand t he
experinmental procedures are shown bel ow. Exanple 2: Cycl opentyl

5-{344- car banov]l- 5- (car banoyl grnag) - 2- thi enel | phenyl}-L-norval i r|1_fat e 00
Stage 8- Cycl of8ntyl RO« NH,

5-{3-[ 4- car banoy1- j no)=2-thierw | Breqy

sol ution of cycl opént 2S, s Stage 3 ¢ N
4E) - 2- am no- 5- { 344- car barmylH;'N(c%r banmoyl am no) - 2- (o}
t hi enyl ] phenyl } pent -4-enocate (110 ng, 0.25 nmol) in 1% aceti &MNei d/ MeoH (49
n) was hydrogenated on the H cubg Hglinﬁg 10% Pd/ C at 1nl/ m n. The sol ution
was concentrated in vacua to provi Je the title conpound as a white solid
(110 mg, 90%yield). LCVs: mz 445.1 [ MtH . 1H NWR (300 MHz, DVSO 8: 11.01
(1H, s), 7.71 (2H, s), 7.36-6.90 (7H - 0. 09-5.01 (1H, m, 3.33-3.25 (1H,
nm, 2.66-2.53 (2H, n), 1.91 (3H, b@f—@-—@@ﬁfﬁ?o (2H, m, 1.68-1.39 (10H m.

The foll ow ng exanples were prepared in a simlar manner to Exanple 1,

nogiadli nate A
s~ ~NH

usi ng | nt ghf@Medifte 1: FWrdne-29pAARIVAIIA biger@s3-earboxahlidevi ng the route
shown in SChene 1. 09/ 130434PCT/ GB2008/ 001434 Exanpl e Nunber
I nt er redi at e used 0
NH,
/A
Br S 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-butoxycarbonyllamino]-5-[3-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]pent-4-enoate
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R R15 Name LCNIS purity 3 4 2- nethyl Cyclopentyl (23,4E)- 2-am no-5-(344-
carbanpyl-5- (carbanmoyl am no)-2- thienyl]-5- methyl phenyl}pent-4- enoate
99% pur i t yWOrR099/ B84 MrH] + PCT/GB2008/001434

The synthesis of Intermediate 2 is detailed within Scheme 2 and full experimental

details are shown below.
Stage 1: Cyclopentyl (28)-2-[(fert-butoxycarbonyl)amino]pent-4-enoate

To a solution of (25)-2-{(tert-butoxycarbonyl)amino]pent-4-enoic acid (2.00 g, 9.29
mmol) in DCM (20 mi), at 0°C, was added cyclopentanol (842 i, 11.15 mmol) and
DMAP (113 mg, 0.93 mmol). The mixture was stirred for 15 minutes, EDCI (1.99 g,
10.22 mmol) was added and the reaction stirred for 3 hrs at 0°C. The reaction was
diluted with DCM, washed with H,0, brine, dried (MgSQ,) and concentrated 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 (28,4E)-5-(3-bromophenyi)-2-{(fert-butoxycarbonyl)aminojpent-

4.enoate

To a mixture of cyclopenty! (28)-2-[(terf-butoxycarbonyl)amino]pent-4-enoate (29,
7.06 mmol), 3-bromo-iodobenzene (1.35 mi, 10.59 mmol), NaHCO3 (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 pi, 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.O, brine, dried (MgSQO4)
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 (28)-2-[(fert-butoxycarbonyl)amino]pent-4-enoate and
an unknown impurity. The crude product was used without further purification. L.CMS:
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)phenyllpent-4-enoate

To a mixture of cyclopentyl (28,4E)-5-(3-bromophenyl)-2-[{tert-
butoxycarbonyl)amino] pent-4-enoate (1.38 g, 3.15 mmol), KOA¢ (402 mg, 4.10
mmpol) 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 PdCly(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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% H2N ,p 1:), 00 4 3 3- nethyl Cyclopentyl (2S,4E)- 2-am no-5-{5-[4-
car banoyl-5- (carbanoyl am no)-2- thienyl]-2- nethyl phenyl}pent-4- enoate
99% pur i t WO R$02/14B34 [ M-H] + PCT/GB2008/001434

and partitioned between Et,0/H,0. The agueous was extracted with Et,O, combined
organics washed with H,Q, brine, dried (MgSQ4) and concentrated. The residue was
purified by column chromatography (7-10% EtOAc in Heptane) to provide the title
compound (1.09 g, 71% vield). LCMS: m/z 508.2 [M+Na+H]". 'H NMR (300 MHz,
CDCls) &: 7.80 (1H, s), 7.68 (1H, d, J=7.5Hz), 7.44 (1H, d, J=7.5Hz), 7.36-7.30 (1H,
m), 6.47 (1H, d, J=15.9Hz), 6.20-6.07 (1H, m), 5.27-5.21 (1H, m), 5.15-56.07 (1H, m),
4.45-4.36 (1H, m), 2.75-2.56 (1H, m), 1.95-1.62 (8H, m), 1.45 (8H, s), 1.37 (12H, s).

Intermediate 3: Cyclopentyl {(2S.4E)-2-[({tert-butoxycarbonyllamino]-5-[2-
methyl-5-(4.4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yl}phenyllpent-4-enoate

-
B-o

pLE R
>r° °
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, CDCl3) &: 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 {28 ,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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.7 H2N,.A . 07% O0"- 57 -1-- 0 H2I?k."..-) , 00 H
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Synthesised by analogous methods to Intermediate 2, using Intermediate 5 at

Stage 2 of Scheme 2.

LCMS: m/z 500 [M+H]*. "H NMR (300 MHz, CDCl,) 8: 7.60 (1H, s), 7.52 (1H, s}, 7.26
(1H, s), 6.45 (1H, d, J=15.9Hz), 6.17-6.05 (1H, m), 5.27-5.20 (1H, m), 5.13-5.07 (1H,
m), 4.44-4.35 (1H, m), 2.72-2.61 (2H, m), 1.93-1.64 (8H, m), 1.46 (9H, s}, 1.37 (12H,

s).

Intermediate 5. 1-Bromo-3-iodo-5-methylbenzene

Br |

The synthesis of intermediate 5 is detailed within Scheme 3 and full experimental

details are shown below.

Stage 1- 4-bromo-2-iodo-6-methylaniline

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:S04 {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 mi) and water. The
organic extracts were combined, dried (MgSO,), 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, CDCl3) 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-icdo-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,4 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,O.
The organic layer was separated and washed with water, brine, dried (MgSQy),
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
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Cycl opentyl O {3-[4carbanoyl-5- (carbanoyl am no)-2- thienyl]phenyl}-L-
honoserinate 95% purity nmlz 474 [ MtH + Exanpl e 6:

(25, 4E) - 2-VEQ2#9180488- 14- car banoy1- 5- ( car banoyl ami no) - 2- PCT/GB2008/001434

t hi enyl | phenyl ) pent-4-enoic acid The synthetic route to Exanple 6 is

oL, T L SRS b B g . oo 7 v

t hi enyl ] phegnyud pemts)47.8n0ik; sA.3h (Bbl, 8).sol uti on of cyclopentyl (2S,

4E) - 2- am no- 5- { 3-[ 4- car banoyl1-5 (car banoyl am no) -

2-t hi enyl ] phenyl } pent - 4-enoate (Exanple 1) (0.05g. 0.113 mmol) in THF was
added | i t Nintervieylibte Bt deBfodmo-atlodd-10abthyidnzena 1 nl water. The sol uti on was
allowed to stir at roomtenperature and nonitored by LCMS for the fornmation
of the product. After 2 hrs the reactijon went to conpletion. The THF was
renoved in vacua and the aqueous dilufied with further water (2 m). Acetic
acid was added dropwi se until the pH § acidic, the precipitate fornmed was
collected via filtration and washed with water (3 m), ethanol (5 m) and
diethyl ether (10 m ). The product wag isolated as an off-white solid (29
nmg, 69%vyield). The follow ng exanpl e8rwere prepared in a sinmlar nmanner to
Exanpl e 6. Exanpl e Nunber Exanple

The synthesis of Intermediates 6 is shown in Scheme 4 and full experimental details

are shown below.

Stage 1- 4-bromo-2-icdo-1-methylbenzene

To a solution of 2-methyl-5-bromo aniline (1.5 g, 8.06 mmol) in di-iodo methane (3.4
mi) at 0°C was slowly added tert-butyl nitrite (1.6 ml, 12.1 mmol). The ice bath was
removed and the reaction was stirred at RT then heated at 80°C for 30 minutes. The
solvent was removed under reduced pressure and the residue purified by column
chromatography (EtOAc/ Heptane) to afford the title compound (1.6 g, 67% yieid).
LCMS: m/z 297 [M+H]". *H NMR (300 MHz, CDCl3) &: 7.96 (1H, s), 7.42-7.35 (1H,
m), 7.12 (1H, d, J=8.1Hz), 2.40 (3H, s).

Intermediate 7: Cyclopentyl N-(fert-butoxycarbonyl)-0-{3-(4,4,5.5-tetramethyl-
1.3,2-dioxaborolan-2-yl)phenyl]-L-homoserinate

L3 e

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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To a suspension of L-homoserine (1 g, 8.4 mmol) in acetonitrile (10 ml) at 0 C was
added 1,8-diazabicyclo[5.4.0Jundec-7-ene (1.32 mi, 8.8 mmol). tert-Butyl-
dimethylsityl chioride (1.33 g, 8.8 mmol) was then added portionwise over 5 minutes
and the reaction mixture allowed to warm to room temperature and stirred for 16 hrs.
A white precipitate had formed which was filtered off and washed with acetonitriie
before drying under vacuum. The title compound was isolated as a white solid (1.8 g,
92% yield). '"H NMR (400 MHz, DMSO), &: 7.5 (1H, brs), 3.7 (1 H, m), 3.35 (4H, bm),
1.95 (1H, m}, 1.70 (1H, m), 0.9 (9 H, s), 0.1 (6H, s).

Stage 2- N-(tert-Butoxycarbonyl)-O-{tert-butyl{dimethyl)silyl]-L.-homoserine

The suspension of O-[tert-Butyl{dimethyl)silyl}-L-homoserine (1.8 g, 7.7 mmol}in
DCM (100 ml) at 0°C was treated with triethylamine (2.15 ml, 15.4 mmol) and di-fert-
buty! dicarbonate (1,77 g, 8.1 mmol). The reaction 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 ethyt 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, CDCl), 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-{ferf-butoxycarbonyl)-O-{fert-butyl(dimethyl)silyi}-[.-
homoserinate

To a solution of N-(tert-butoxycarbony!)-O-[tert-butyl(dimethyl)silyl}-L-homoserine
(2.53 g, 7.6 mmol) in DCM (50 m!) 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 ethy] acetate (100 mi) and washed with
1M HCI, 1M NayCO; 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, CDCI3), 8: 5.2 (1H,
d, J=6.3Mz), 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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Stage 4- Cyclopentyl (28)-4-hydroxy-2-[{terf-butoxycarbonyl}amino]butanoate

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

(1.57 ¢, 3.9 mmol) was dissolved in acetic acid: THF:water (3:1:1, 100 ml). The
reaction mixture was stirred at 30°C for 16 hours for complete reaction. Ethyl acetate
(200 m!) was added and washed with 1M Na,CO3, 1M HCl and brine. The ethyt
acetate extracts were dried over magnesium sulphate and evaporated under reduced
pressure to give the product as a clear oil which crystallised on standing (1.0 g, 95%
yield). LCMS: m/z 310.3 [M+Na]*, "H NMR (400 MHz, CDCly), & 5.4 (1H, d,
J=6.5Hz), 5.2 (1H, m), 4.4 (1H, m), 3.65 (2H, m), 2.15 (1H, m), 1.9-1.55 (8H, bm),
1.45 (9H, s).

Stage 5- Cyclopentyl (25)-4-bromo-2-[(tert-butoxycarbonyl)amino]butanoate

To a shurry of N-bromo succinimide (1.86 g, 10.4 mmol) in DCM (16.2 ml) was added
a solution of triphenyl phosphine (2.56 g, 9.74 mmol) in DCM (7.2 ml). The solution
was stirred for a further 5 minutes after addition. Pyridine (338 yl, 4.18 mmol) was
added, followed by a sclution of cyclopentyl (28)-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 friturated with diethyl ether (10 ml) and
ethyl acetate:heptane (1:9, 2 x 10 mi). 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 NaM (0.137 g, 3.43 mmol) was added in a single portion. The
reaction was allowed fo warm to RT, sonicated briefly and cooled down again to 0°C.
A solution of cyclopentyl (2S)-4-bromo-2-[(tert-butoxycarbonyl)aminolbutancate (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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EtOAc and saturated NaHCO;. The organic fayer was collected, washed with 3
portions of water, brine and then dried (MgSQ,), filtered and evaporated in vacuo.
The residue still contained small amounts of 4-bromophenol which was removed by
scavenging with MP-carbonate (2 g) in DCM (7 ml), and the filtrate was evaporated
to give the product as a white solid (1.2 g, 79% yield). LCMS: m/z 443 [M+H]".

Stage 7- Cyclopentyt N-(tert-butoxycarbonyl)-O-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl}-L-homoserinate

A mixture of cyclopentyl O-(4-bromophenyl)-L-homoserinate (1.2 g, 2.71 mmol),
KOAc (0.346 g, 3.53 mmotl), Bis[pinacolato]diboron (1.378 g, 5.43 mmol) and
PdCly{dppf) (0.198 g, 0.271 mmol) in DMSO was heated under a nitrogen
atmosphere at 65°C and monitored by LCMS for the formation of the product. After 1
hr the reaction was complete, hence the reaction mixture was cooled to room
temperature and poured onto a mixture of EtOAc and 1M HCI. The layers were
separated, the organic layer washed with water and brine, dried over magnesium
sulphate, filtered and evaporated under reduced pressure. The residue was purified
by column chromatography eluting with 5-10% EtOAc in hexane (0.65 g, 49% yield).

LCMS: m/z 490 [M+H]".

Intermediate 8: Cyclopentyl (28 4E)-2-[(tert-butoxycarbonyl)amino]-5-{3-[4-

carbamoyl-5-(carbamoylamino)-2-thienyllphenyl}pent-4-enoate
O

NH,

S NH

\l/ HZN)QO

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

Stage 5- Cyclopentyl (28,4E)-2-[(tert-butoxycarbonyl)amino}-5-{3-{4-carbamoyl-5-
{carbamoylamino)-2-thienyl}phenyl}pent-4-enoate (Intermediate 8)
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To a mixture of cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-{3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyllpent-4-enoate (Intermediate 2) (1.00,
2.06 mmol), Intermediate 1 (1.09 g, 4.12mmol) in DME (6 ml) was added Pd(PhsP),
and sat NaHCO; (3ml). The mixture was purged with N2 and heated at 75°C for 22
hrs. Reaction was cooled to RT, diluted with EtOAc, washed with H>O, the mixture
was filtered through Celite®, washed with brine, dried (MgSO,) and concentrated
under reduced pressure. The residue was purified by column chromatography (2-
3.5% MeOQH/DCM), then purified by preparative HPLC to provide the title compound
as a solid (220 mg, 18% vyield).

LCMS: m/z 565.0 [M+Na+H]". "H NMR (300 MHz, CDCl3) & 11.16 (1H, br s), 7.43
(1H, br s), 7.36-7.30 (1H, m), 7.26-7.08 (3H, m}), 6.41 (1H d, J=15.9Hz), 6.24-6.05
(1H, m), 5.84-5.60 (2H, m), 5.47 (1H, d, J=8.1Hz), 5.26-5.18 (1H, m), 4.48-4.37 (1H,
m), 2.77-2.54 (2H, m), 1.93-1.52 (8H, m), 1.44 (9H, s).

Intermediates: 93-9b

0.0
Stage 1. cyclopentanol s
OH - O NN C
H N pTSA, cyclohexane 3 D
o 0

Scheme 7

Stage 1 — (25)-1-(cyclopentyloxy)-1-oxopropan-2-aminium 4-
methylbenzenesulfonate (Intermediate 9a)

To a slurry of (S)-alanine (5 g, 55.5 mmol) in cyclohexane (150 mi} was added
cyclopentanol (50 ml, 555 mmol} and p-toluene suifonic 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/iz 159 [M+H]".
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Intermediate 9b is commercially available.
HQNJY’K
o

Intermediate 10a: Cyclopentyl N-[3-(dihydroxyborylibenzyl]-L-alaninate

The synthesis of Intermediate 10a follows the synthetic route shown in Scheme 6.

To a solution of Intermediate 9a (500 mg, 1.51 mmoi) and (3-formylphenyi) boronic
acid (387 mg, 2.58 mmol) in DCM (10 mi) was added NaBH({OAc); (1.63 mg, 7.69
mmol) in portions over 20 minutes. The reaction was stirred at RT for 2 hrs after
which time the reaction mixture was poured into 1M HC! (50 ml) and was washed
with DCM (50 mi). The aqueous phase was neutralised 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: fert-Butyl N-{3-(dihydroxyboryl)benzyl]-L-alaninate

OH

T

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

R[]

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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The synthesis of Example 1 is detailed within Scheme 1.

Stage 6- Cyclopentyl (28,4E)-2-amino-5-{3-[4-carbamoyl-5-(carbamoylamino)-2-
thienyi]phenyl}pent-4-encate

A solution of cyclopentyl (28,4E)-2-[(tert-butoxycarbonyl)amino}-5-{3-[4-carbamoyl-5-
(carbamoytamino)-2-thienyl]phenyl}pent-4-enoate (Intermediate 8) (0.22 g, 0.41
mmol) in THF (2 ml) was cooled to 0°C. 4M HCI in dioxane (2.195 mi, 8.78 mmol)
was added and the solution allowed to warm to room temperature with stirring. After
10 minutes, a further equivalent of HCl 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
collected, 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)
8 11.01 (1H, s), 7.76 (1H, 8), 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-
thienyl]phenyl}-L-norvalinate

27



Exanpl e Nunber NMR assignnment 1 1F1 NWMR (400 MHz, DMSO- d6),: 11.15(1H, s),
7.90 (1H, s), 7.84 (1H, s), 7.65 (1H, s), 7.53-7.35 (4H, m), 7.14 (2H, br
s), 6.60 (WP2009/13848%. OHz), 6.49-6.40 (1H ), 5.30-5.20 (PAIGH00890%34 3. 50
(1H, m, 2.35-2.10 (2H, br s), 2.00-1.55 (84 mM. 2 1H NWR (400 M1z, DMSO-
d6), fr 11.01 (1H s), 7.71 (2H 's), 7.36- 6.90 (7H m, 5.09-5.01 (1H m,
3.33-3.25 (1H, m, 2.66-2.53(2H, m, 1.91 H s), 1.85-1.70 (2H, m,
1.68-1.39 (10H, m). 3 1F1 NWR (400 Mz, Mi&), a: 11.00 (1H, s), 7.74
(1H, s), 7.70 (1H, br s), 7.33 (1H, br s ,\7.30 (1H, s), 7.21 (1H, s), 7.07
(1H, s), 7.00 (2H, br s), 6.41 (1 J=15,79 % 6.34-6.22 (1H m,
5.10-5.04 (1H, m, 3.43(1H, t,J=6. 2.97-2438(2H, m, 2.32(3H, s), 1.85-
1.40 (8H, m. 4 1H NVR (400 MHz, B8=30.99 (1H, s), 7.70 (2H, br
s), 7.53 (1H, s), 7.5-7.27 (2H, m, i7.18 (}I'IH'\,j d,J=7.8Hz), 6.99 (2H, br s),
6.25-6.12(1H, m, 5.12-5.02 (1H, ny, 3.46 (1H, t, J=6.3Hz), 2.27(3H, s),
1.85-1.45 (8H, m. 5 1hl NVRHMQQsMHz, DMSO- d6), .8: 11.00(1H, br s), 7.76
(1H, s), 7.69 (1H, br s), 7.38-7,24 (2H, m, 7.11-6.91 (4H, n), 6.84-6.78
(1H m, 5.13-5.05(1H m, 4.282PH6 (2H, m, 3.50-3.43 (1H m, 2.10-1.73
m,

(6H, 1.69-1.46 (6H, m 6 é

Stage 8- Cyclopenty! 5-(3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]phenyl}-1.-

norvalinate

A solution of cyclopentyl (2S, 4E)-2-amino-5-{3-[4-carbamoyl-5-(carbamoylamino)-2-
thienyllphenyl}pent-4-enoate (110 mg, 0.25 mmol) in 1% acetic acid/MeOH (49 ml)
was hydrogenated on the H-cube using 10% Pd/C at 1mi/min. The solution was
concentrated in vacuo fo provide the title compound as a white solid (110 mg, 90%
yield). LCMS: m/z 445.1 [M+H]*. "H NMR (300 MHz, DMSO) &: 11.01 (1H, s), 7.71
(2H, s), 7.36-6.90 (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).

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,

s~ ~NH

A

0% NH,
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1H NVR (400 MHz, DMBO- d5), 5: 11.02 (1H, s), 7.77 (2H, s), 7.52 (1H, s),
7.43-7.20 (4H, m, 6.99 (2H, br s), 6.50 (1H, d,J=15.9Hz), 6.37-6.25 (1H,
m, 3.33-3YO2000/p434)  2.80-2.65 (1H, n), 2.61-2.50 (1HPCHGB200840MIR (400
MHz, DMSO- d6), 5: 11.01 (1H, s), 7.87-7.76 m, 7 7.41-7.24 (2H m,

{201 nA. 2.290- 29 12 (11 A e} Lo Y o [0 Y 400 4
o Tha [WRTERY RBTIED [d6). R 11 01 ar] o). TnEme 2H, o, PR |
(2H, br s)Numbds |[(2Husad 7.22 (1H, s), 7.08 (1H, s), 7.01 (2H, |br psyitys
6. 45 ( 1H, —e-3=t5146H2)+—6-—34—622—(FH——329 %y%%pgﬁt?l (2@,45_
= 2-amino-5-{3-[4-
H,N carbamoyl-5- 99% purity:
3 4 o OD mezt;yi (carbamoylamino)-2- miz 457
thienyl]-5- [M+H]+
methylphenyl}pent-4-
enoate
Cyclopentyl (25,4E)-
7 2-amino-5-{5-[4-
HN carbamoyl-5- 99% purity:
4 3 0 QQ > (carbamoylamino)-2- miz 457
methyl ]
thienyl}-2- [M+H]+
methylphenyl}pent-4-
enoate
— Cyclopentyl O-{3-[4-
© carbamoyl-5- 95% purity
5 7 H2Nf/ H (carbamoylamino)-2- m/z 474
0 O’O thienyllphenyl}-L- [M+H]+
homoserinate

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

thienyliphenyl}pent-4-enoic acid

0
NH,
7\
g~ ~NH
HNT O
=
H,N
07 oH

The synthetic route to Example 6 is detailed in Scheme 1 using Example 1.
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2.76-2.65 (1H,
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6),
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.5: 11.00 (1H,
7. 32- TWOR0¢92130434)

(1H, d, J=15.9Hz)

m,
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6.24-6.13 (1H,
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7.71
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H br s), 7.58

(1H, br,

6. 99 ( PQTIGH08Y00143467

(1H

%7%%%2@“01%?%4- beara @‘g&’%m am‘%‘”

m, 2.81-2.72
0- d6),
3-6. 76 (1H,

(1H,

.5: 11.00

m,

To a solution of cyclopentyl (2S, 4E)-2-amino-5-{3-[4-carbamoyl-5 (carbamoylamino)-
2-thienyl]phenyl}pent-4-enoate (Example 1) (0.05 g, 0.113 mmol) in THF was added
lithium hydroxide (25 mg, 1.035 mmol) in 1 ml water, The solution was allowed to stir
at room temperature and monitored by LCMS for the formation of the product. After

2 hrs the reaction went to completion. The THF was removed in vacuo and the

aqueous diluted with further water (2 ml). Acetic acid was added dropwise until the
pH was acidic, the precipitate formed was collected via filtration and washed with
water (3 ml), ethano! (6 ml) and diethyl ether (10 ml). The product was isolated as an
off-white solid (29 mg, 69% yield).

The following examples were prepared in a similar manner to Example 6.

O
NH,
i K-
S
O)\NHE
RIS
Example | Example -
R Ris Name LCMS purity
Number used |
5-{3-[4-carbamoyl-5-
(carbamoylamino)-2- 98% purity:
’ ? kK H thienyljphenyl}-L- mfz 377
i [M+H]*
0~ "OH norvaline
(2S,4E)-2-amino-5-
7 {3-[4-carbamoyl-5- .
. 99% purity:
o (carbamoylamino)-2-
8 3 2-methyl hienvil5 m/z 389
07 "OH ienyl]-5- Mo+
methyiphenyl}pent-4-
enoic acid
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2.16 (1H m, 2.06-1.93 (1H m. Exanple 11: G cl opentyl
N- { 344- car banpbvl- 5- ( car banovl am no) - 2- thienvll benzyl}-L-al ani nate The
synt hesi s Vo9 2¢804aHBes 11-13 is described in Scheme 6 andPELIGB2MEAEI3Hent al
details are shown below. To a solution of
5- Br onp- 2-{carbanpyl-am-nert-h-ophene—3—carboxanide{dnter: 5“" T 6611y,
0.25 mmol|) in tol uene/ ethanol ( 4im) ms@§&%%%@é' g, 05
mmol ), Pq(PPh4)3 (15 ng, 0.013 | ) apd cycl op@Hschrbaaddi-5-
(di hydr oxybor yCbepzy1) - 1. .|-glhanihate (| nter medi é% %Pam(vr% 98 %3eHri¥ol ) .
The readtion vial wag sedl ed and heat ¢ grﬁémgoéa VEr ? The| r eggtdson has
all owed tlo warmtjo RT and |t he | vent fenoved {uhideyl]- Eeduced press and
the resique purifjed by prepz?ratq)'i}e HPLC fol | avedi, Qﬁ"trtt url[x'{iﬂ on
by SCX 2 |resin (NH3/ MeOH) |to afford the title |c %lpg @ g, 5% yi el d)
LCVS: mfZ 431 [MHH]. 1H NM’R (300MHz, dE DVS0) &no]ﬂa@d (lH s) 7. 74(2H, | br
s), 7.49 {iH—s)Frd2—{-h J=7—8Hz 737 O [é 3 K LO\J.I‘I d;
J=7.8Hz),} 7.01 (2H, br s) 5. 16-5*.1‘?6—( LH m, gg % %8 f(@M J6b jt 45
(N-BFB rlrz1 1. §3 (3I—, 5d( J= g 9Hz) . ExBnpl e 12: ter(ta!Blanwlylamnno) 2, '96% purity:

- 14- gar - ar amjno) - 21 thyen al an| n From
I nt er medijat eqqoanld I nt er g?%/t"% Ob)l n|a 2':{ m Iy tb%ﬁg yihi Examfjm@m,9
LCVB: m 4 419 [MHH. 1H NNR (30QMHz, d6- DVSO) 5horrjﬂseﬂme(111 s [s’?“%*(zH,
br s), 7.47 (1H 1s), 7.40 (1M dOH=7.8Hz), 7.37-7.30 (2H, m, 7.17 (1H, |d
J=7. 2Hz) 700211 brs) 3 75(4H e —F=13-FHp 360 HH—t—I=135F) ,
3.20-3.10(2H, m, 1.43 (9H, s), 1.18 (3H, d, J=6.9Hz). Exanple 13:

N- 1344- car banoyl- 5- (car banoyl am no) - 2-t hi enyI i benzyB- Lal ani ne

NMR data

Example

Number

NMR assignment

TH NMR (400 MHz, DMSO- dg), & 11.15 (1H, s), 7.90 (1H, s), 7.84
(1H, s), 7.65 (1H, §), 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).

TH NMR (400 MHz, DMSO- dp), 3: 11.01 (1H, ), 7.71 (2H, s), 7.36-
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).

TH NMR (400 MHz, DMSO- dg), 8: 11.00 (1H, s), 7.74 (1H, s), 7.70
(1H, br ), 7.33 (1H, br s), 7.30 (1H, s), 7.21 (1H, s), 7.07 (1H, s),
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),

TH NMR (400 MHz, DMSO- ds), 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), 6.99 (2H, br s),
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- dg), 8: 11.00 (1H, br s), 7.76 (1H, s), 7.69
(1H, br s), 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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Stage 3: N-{344-carbanoyl-5-(carbanmoyl am no)-2-thi enyl i benzyl}-L-al ani ne
solution of tert-butyl
N- ( 344- carWarBYIL38434 car banoyl ami no) - 2-t hi enyl i benzy1) - LalP&diGR0e8/(0E54npl e
in DCM TFA (1 1, 5 n1) was stlrred at RT
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(50 mg, 0.5 mmol), Pd{PPh,); (15 mg, 0.013 mmol) and cyclopentyl N-{3-
(dihydroxyboryl)benzyl]-L-ataninate (Intermediate 10a) (87 mg, 0.30 mmol}. The
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Range C. |1C50 >1000nM Results Tabl e Exanple Nunber |Inhibitor activity
versus | KKp Inhibitor activity versus THP-1 TNFa rel ease Inhibitor activity
ver sus hurte® 2088B&3bl ood TNFa release 1 A A A 2 PCT/GB2008/001434

reaction vial was sealed and heated at 90°C overnight. The reaction was aliowed to
warm to RT and the solvent removed under reduced pressure and the residue
purified by preparative HPLC followed by further purification by SCX 2 resin
(NHa/MeOH) to afford the title compound (5 mg, 5% yield).

LCMS: m/z 431 [M+H]". '"H NMR (300MHz, dg-DMSO) &: 11.01 (1H, s), 7.74 (2H, br
s), 7.49 (1H, s}, 7.42 (1H, d, J=7.8Hz), 7.37-7.31 (2H, m), 7.18 (1H, d, J=7.8Hz), 7.01
(2H, br s), 5.16-5.06 (1H, m), 3.85-3.60 (2H, m),1.90-1.45 (8H, m), 1.23 (3H, d,
J=6.9Hz).

Example 12: tert-Butyl N-{3-]4-carbamoyl-5-(carbamoylamino)-2-

thienyl]lbenzyl}-L-alaninate

O
N 7\
O H s NH
O™ "NH,

From Intermediate 1 and Intermediate 18b in a similar manner to Example 11.

LCMS: m/z 419 [M+H]". '"H NMR (300MHz, ds-DMSO) 8: 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=13.6Hz), 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-

alanine
o)
Hoﬁ/i NH,
N /R
O NH,

Stage 3: N-{3-[4-carbamoyl-5-(carbamoylamino)-2-thienyl]benzyl}-L-alanine
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A solution of tert-buty! N-{3-{4-carbamoyi-5-(carbamoylamino)-2-thienyl]benzyi}-1.-
alaninate (Example 12) (100 mg, 0.24 mmol) in DCM/ TFA (1.1, 5 mi) was stirred at
RT overnight. The solvent was removed in vacuo to afford the title compound (64mg,
73% yield).

LCMS: m/z 363 [M+H]*. 'H NMR (300MHz, ds-DMSO) &: 11.04 (1H, s}, 7.81-7.70
(2H, m), 7.66 (1H, s}, 7.60 (1H, d, J=7.9Hz), 7.45 (1H, t.J=7.7), 7.37 (1H, br s), 7.31
(1H, d, J=7.8Hz), 7.24 (1H, d, J=7.2Hz), 7.19-7.10 (1H, m), 7.04 (2H, br s), 4.11
(2H,s), 3.80-3.69 (1H, m), 1.43 (3H, d, J=7.2Hz2).

Measurement of Biological Activity

IKKB Enzyme Assay

The ability of compounds to inhibit [KK-B kinase activity was measured in an assay
performed by Invitrogen (Paisley, UK). The Z'-LYTE™ biochemical assay empioys a
fluorescence-based, coupled-enzyme format and is based on the differential
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 03
Peptide and ATP in 50mM HEPES pH 7.5, 0.01% BRIJ-35, 10mM MgClz, 1mM
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, 5yl 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 DMSOQ. Nine dilutions steps are made from a top concentration
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of 10uM, and a 'no compound' blank is included. Data is collected and analysed
using XLfit software from IDBS. The dose response curve is curve fitted to model
number 205 (sigmoidal dose-response model). From the curve generated, the

concentration giving 50% inhibition is determined and reported.

LPS-stimulation of THP-1 cells

THP-1 cells were plated in 1004l at a density of 4 x 10* cells/well in V-bottomed 96
well tissue culture treated plates and incubated at 37'C in 5% CO, for 16 hrs. 2hrs
after the addition of the inhibitor in 100wl of tissue culture media, the cells were

stimulated with LPS (£ coli strain 005:B5, Sigma) at a final concentration of 1ug/ml
and incubated at 37°C in 5% CO. for 6 hrs, TNF- levels were measured from cell-

free supernatants by sandwich ELISA (R&D Systems #QTA00B)

LPS-stimulation of human whole blood

Whole blood was taken by venous puncture using heparinised vacutainers (Becton
Dickinson) and diluted in an equal volume of RPMI1640 tissue culture media
(Sigma). 100ul was plated in V-bottomed 96 well tissue culture treated plates. Zhrs
after the addition of the inhibitor in 100ul of RPMI1640 media, the blood was
stimulated with LPS (£ coli strain 005:B5, Sigma) at a final concentration of 100ng/m!
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)

C50 values were allocated to one of three ranges as foliows:
Range A: IC50 < 500nM

Range B: 500nM < IC50 <1000nM

Range C: IC50 >1000nM

Results Table

s . 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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ANRNR 11 ABB 12 AAA 13 ANRNR "NTI" indicates the conpound has not
yet been tested in the assay in question. "NR' indicates "Not Rel evant".
Exanpl es o¥@QH0913043te the resultant carboxylic acid anal 8§U&EB2088/034am no
acid esters that are cleaved inside cells. Wen these

5 A NT C
6 A NR NR
7 A NR NR
8 A NR NR
9 A NR NR
10 A NR NR
1" A B B
12 A A A
13 A NR NR

“NT” indicates the compound has not yet been tested in the assay in question.

“NR" indicates “Not Relevant’. Examples 6-10, 13 are the resultant carboxylic acid
analogues of the amino acid esters that are cleaved inside cells. When these
carboxylic acids are contacted with the cells, they do not penetrate into the cells and
hence do not inhibit TNF-a in this assay.
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carboxylic acids are contacted with the cells, they do not penetrate into
the cells and hence do not inhibit TNF-a in this assay. Cains: 1. A
conmpound sel ected fromthe group consisting of: Cycl opentyl

(2S, 4E) - 2- am no- 5- { 3[ 4- car banoyl1-5 (car banoyl am no) - 2-

t hi enyl ] phgpay hepent - 4-enoate; Cycl opentyl

5-{ 3[ 4- car banoy1- 5- (car banmoyl am no) - 2-t hi enyl ] Pheny1} - L-norval i nat e;

Cycl opent yl

(2S, 4E) - 2- qm ”%%oﬁw%één&éé@&g@%mﬁﬁé g@fup%eﬁééétﬁc@ldw)-?t hi eny1] - 5-

met hyl phenyl } pent enoat e; cl opentyl

(2S, 4E) - 2- am no- 5-{5- 14-car bam)yl 5- (car banmoyl am no) - 2-t hi enyl] - 2-

net hyl phen | -5 (carbamoylamino)-2-

0- { 344-car ggézm%%%%gg %%9%%{§Jg£%rﬁ%rﬂ%nyﬁ ] Pheng//l} )hormserl nat e;

Cycl opent ythienyl]phenylipent-4-enoate;

N-{ 3-[ 4- car banoyl1- 5- (car banoyl am no) - 2-t hi enyl | benzy1} - L-al ani nat e;
tert-Butyl

N- { 344- car Qamg,ems5({ééﬁ@arh§m<>a(h51ﬁ%rb@n@%$féhﬂ9) Piiprzy] pew‘}alr -RANVALRALe:

(28, 4E) - 2- ami no- 5- { 314- car banpy1- 5- (car banoyl ani no) - 2- t hi enyl | phenyl } Pent - 4
- enoic acid;

5-{3[ 4- car @aﬁ@wﬂﬂ(%%éﬁbamw%rﬁr{%‘}-ﬁqbﬁﬁ%’nir (]aka?é’Pﬂl’ia}m’th%W%ﬂy”f‘f’é

(2S, 4E) - 2- F’H& h@nil%ﬁf—@@n@é@oyl - (car banmoyl am no) - 2-t hi enyl ] - 5- met hyl phen
yl } pent - 4- c acl

(2S, 4E) - 2- am no- 5- { 5- [ 4- car banoyl1- 5- (car banoyl am no) - 2-t hi enyl ] - 2- et hyl phe
nyl } pent - 4 rbamoyl-5-(carbamoylamino)-2-thieny(]-2-

0-{344-car %‘g&&'&érﬁ %%gf gr?nnglm%rsn{?l(% -C% t hi éns%l I phenyyl} ; hOITDSye]I‘I ne;
N-{314-car B@H‘Uhﬁsyil@é}ﬁﬂﬁﬁﬁ?‘leam no) - 2-t hi enyl | benzy1}- L- aI ani ne; and
pharmaceutically acceptable salts thereof. 2. A pharnaceuti cal

conposition conprising a conpound as clainmed . in claim1l et her with one
o hor e ph B iamuie & 6L [heae Bptianloe ey Pa e e Gy i SRfreseerete

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

(28,4E)—2~amino-5-{3—[4-carbamoyl-5-(carbamoylamino)—2—thienyllphenyi}pent-4—

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

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

enoic acid;

(2S,4E)—2—amino—5~{5-[4-carbamoyI-S—(carbamoylamino)~2-thienyl]-2-methylphenyi}pent-4—

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

and pharmaceutically acceptable salts thereof.
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3. The use of a conpound as clained claim1, in the manufacture of a
nmedi canent for treatnent of neoplastic/proliferative, immne or

i nfl ammatory di sease. 4. The use of a conpound as clainmed in claiml in
t he manufacture of a nedicanent for the treatnent of cancer cell
proliferation. 5. The use of a conpound as clainmed in claim1l1 in the
manuf acture of a nedi canent for the treatnent of hepatocellul ar cancer or
mel anoma. 2.6. Thehaseacelticx! comperitith @snisiigne doripotideasneidinied it laim 1
manuf act ur e Ot& a ﬂgdi canment for the.trleat msrtlt of bhowel Zancer., vari an
cancer, heSOCPHAMVHERIE ABCEH PMRAGUlRI% A6EE R S/TE™ YWY S EPEPS ung
cancers, anapl astic oligodendroglionmas, glioblastoma nultifornme or

medul | obl astonas. 7. The use of a conpound as clained in claiml in the
manuf act urg of ehaR@ Famenipclad at brirskdsirentin ofe mbeufasttieid aart hriti s,

psoriasis, inflammatory bowel disease, Crohn's disease, ulcerative colitis,
chroni ¢ obBEYERTER Orﬁ[f?/%ﬁ'\?ﬁ?; ”8?@%§L§§),f°‘%?ﬂ‘f?a}m%?? PhNEereEYsi s,

di abetes, @ts@pec dermatitis, graft versus host di sease, or system c |upus
eryt hematosus. 8. The use of a conpound as clainmed in claim1l1 in the

manuf acture of a medi canent for the treatnent of netabolic or neurol ogical
di sease. 4. Theheus? d¢ifa @nGRIPOUSdizasedihalamd ihnhehahofadiuraofthe manuf acture

of a nedi canent far tne treatmapt of 'I;)(pe .l _diabetes nellitus or
Al zhei mer SN CHTE for the treatment of cancer ceil profiferation.

5. The use of a compound as claimed in claim 1 in the manufacture of a

medicament for the treatment of hepatoceliular cancer or melanoma.

6. The use of a compound as claimed in claim 1 in the manufacture of a
medicament 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.

7. The use of a compound as claimed in claim 1 in the manufacture of a

medicament for the 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 erythematosus.

8. The use of a compound as claimed in claim 1 in the manufacture of a

medicament for the {reaiment of metabolic or neurological disease.

9. The use of a compound as claimed in claim 1 in the manufacture of a

medicament for the treatment of Type Il diabetes mellitus or Alzheimers disease.
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