10

15

20

25

30

Anti-inflammatory Conposition The invention relates to

3-(2',2" -dinetliyl propanoyl am no) -t etrahydropyri di n-2-
Wo@e@9/086300 i t s phar nmaceuti cal conpositions and PCEHGBI@®8/002635

for preparing a nedi canent intended to prevent or

treat inflammtory disorders. Inflammation is an

i nportant conponent of physiol ogi cal host defence.

| ncreasi ngly, Amnticnflamniatosy €lompositian t enporal |y or

spatially inappropriate inflamatory responses play a

art i.n a.wide.,r . of, di seases, .incl udi those with
T b et Ay P ey plind i
andiitS @R&ERceutisiNOBRpOditiedshed as GleabOstsaring WimaliGtehtintended

di seases that have not traditionally been considered

to PEVERhPE g IMATRBUYESOdsith as ost eoporosis or
Al zhei ner' s di sease). The chenokines are a | arge

Infl@finkiforOf af irgftatahi GEhpTRER ©EbBRiIOMdidAl hewrBtege. Ireasingly,
i nter] eukin-8, which have been inplicated in

homveyen HeS e Mt ieapEadly oF srafiplby oARPraRItate ARG LTesRAnEes
plApREh RGLR8 MBS o£ARALds! RPRdinM e WRth &n bHABud Tbdilo¥yte

I"i gands and twenty receptors rnvolved in chenokine
cogipghRit (Suplyas aueimapae disedias atthiaa pegihergiolasosinibut st inon
G MY n R R el E A ek RO B 15
ostekporpsis Piphkzhgimet’hdisedsgck t hr ough secondary | ynphoi d

organs. However, this conplexity of the chenokine

. .Nl .

T R ) bR Bt AR Sl om0
inteHewkuiig B, wiielmbdkicrbeen mupdiotted inbkgdktagdeukiotyth asffiwkmg ddth in

difficult .to.determne. which.chenokine.receptor
bl P Ba PG, A PRAE 4D Bt FESBARE Penp,
regepgiry@nollved inashemblkny sighAlees lﬂlie SMIEIg heeihe fdguisite ﬁlféraﬁfftibly

of. ent s i.ch bl ock signalljn a W de range o
i nies e Poiet il el dumtag st st e e
th€bor@lmarroR, @Che Ferdphery(, 128 BhciSthbugh 3608nda1¢y lyhiiofd drgins.

such agent, a peptide ternmed "Peptide 3", was found to
Hovgyenithis complexity of the chemokine system has at first hindered

pharmacological approaches to modulating inflammatory responses through
chemokine receptor blockade. It has proved difficult to determine which chemokine
receptor(s) should be inhibited to produce therapeutic benefit in a given inflammatory

disease.

More recently, a family of agents which block signalling by a wide range of
chemokines simultaneously has been described: Reckless et al., Biochem J. (1999)
340:803-811. The first such agent, a peptide termed “Peptide 3”, was found to inhibit
leukocyte migration induced by 5 different chemokines, while leaving migration in
response to other chemoattractants (such as fMLP or TGF-beta) unaltered. This
peptide, and its analogs such as NR58-3.14.3 (i.e. Sequence ID No.1 ¢(DCys-DGIn-
DIle-DTrp-DLys-DGIn-DLys-DPro-DAsp-DLeu-DCys)-NHj), are collectively
termed “Broad Spectrum Chemokine Inhibitors” (BSCIs). Grainger et al., Biochem.

Pharm. 65 (2003) 1027-1034 have subsequently shown BSClIs to have potentially
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| eukocyte mgration induced by 5 different chenokines,
while leaving mgration in response to other
W@ b@oai3dr act ants (such as fM.P or TGF-beta) uP@l/GBr@d/002635
This peptide, and its anal ogs such as NR58-3.14.3
(i.e. Sequence ID No.|l c(DCys-DA n-
DI | e- DTr P- DLyS- DA n- DLy S- DPr O- DASp- DLeU- DCyS) - NH2)
usgifubangisinflemmiatosy getividy mpairanBy ofedigy aeadelsof diseasoki ne

ol B 350 Pt C o 8e Bl PoflS sl S 1

askcaweedpmt}eerwteah Icms@ftu:hc]@n tsuggesﬁﬂgahlﬁapmogchanay bheigysefuh a

soR R0 P St TR mliey PR ERiom P e e Bl o

ste:tmﬁablﬁmlthyre@medwendaieﬁ‘éctw th acute or chronic toxicity,
suggesting this approach nmay be a useful strat egy for

d | opi nmat di
HEFHHE 3P B B hB R b B RN T o e Sptima
fostsdén efvbeThsy arb‘lgu‘lﬁa/@d’j\alen@@ﬂb I:'Is-%ﬁ%esﬁﬁ dncpmta @dé)lﬁitlvel}; |
S no e o |
S Wil S T oSl

N§5’8’JB hesiisiot @ﬂﬂily%@dé@aﬂa%leaetn'd\{@&lyaréﬂ"fr&id%Wo@@lé%ma with a half-
har macoki neti ¢ and pharmacodynani c properties. For

life Rerinsh o lesirigp 38 minufesaties intigyenppainjsptigh-oavai | abl e and
is cleared fromblood plasma with a halflife period of

TwEparalldh ddhtHesHaDb &S 2AbHEA tol Bt ﬁmyﬁrewhﬁﬁl% IR retal MO
paral |l el strategies have been adopted to identif

theygeintlamegiarapioperéics plrertida hamd NR] -Bht-B- b hawm%/wlegi
cthaQtEﬁé'tfcls &5 uol a%ﬁh&%mﬁ’baﬁn q?ll%@g% sg’mes]oq' géptld@ léhal?%s

nprove characteristics for e as rrmaceut
bepi developed, gome pf whichhayrdpnged elaamahdgbvwah@ B&H3.14.3 and

BB RAB e e O R ol e BLERD L AV
ofshyerpichBddsas bééa(canmtéﬂ yut ta id;stntif;qtharmacophnresnntoydea ma;bmpm
of. the tlde een.carr.ied . out t identi
P HReR o BT B gL G D S EIE ProRaepeltt di o
orfifalipdptides whi ch m ght retain the beneficial
properties of the original peptide. This second

TIB? :Pe %ﬁi&&aﬁ;&% gc’Xf%rr structcurreLtjl‘I:y cﬂgt%lct %rigé gft clorll'ﬁ)tour?desrtflaets

retained the anti-inflammatory properties of the peptides, including 16-amino and 16-

oo

aminoalkyl derivatives of the alkaloid yohimbine, as well as a range of N-substituted
3-aminoglutarimides. (Reference: Fox et al., J Med Chem 45(2002) 360-370; WO
99/12968 and WO 00/42071). All of these compounds are broad-spectrum
chemokine inhibitors which retain selectivity over non-chemokine chemoattractants,

and a number of them have been shown to block acute inflammation in vivo.

The most potent and selective of these compounds was (S)-3-(undec-10-enoyl)-
aminoglutarimide (NR58,4), which inhibited chemokine-induced migration in vitro
with an EDsp of 5nM. However, further studies revealed that the aminoglutarimide
ring was susceptible to enzymatic ring opening in serum. Consequently, for some

applications (for example, where the inflammation under treatment is chronic, such as
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retained the anti-inflammatory properties of the
peptides, including 16-am no and 16- am noal kyl

waelervvaispves of the al kal oi d yohi nmbi ne, as wel PCEHEB2008/002635

range of N-substituted 3-am noglutarim des.

(Reference: Fox et al., J Med Chem 45(2002) 360-370;

WO 99/ 12968 and WO 00/ 42Q71). of these conpounds
in Prtinprms isspedtheiR T AHRIIRS May P?Prh%‘? PR32l REAPENtiC @ n
mo?E4ERL Edthbdin@¥8th sRIM: G TR RR6) SRRt ek Bl BRESperioNd a

nunber of  them have been shown t0 block acute

i nflammation in vivo. npst pot ent and seI ective of
AspR@RRFORBP EleREEingesych eyble analpgsevaripns derptiyes of (S)-3-
(urﬁl@& n@-ghé’ﬁ)a&rhﬂb giﬁta(ﬂM Rhadd beshhtb&dy foP e 's{aﬁﬂjlty in seru81 Cf)ne

chenoki ne-i nduced n1grat|on invitro wth an

sudbyfivrivatbirethe f-dexpr alog (8)-Brdfpnsisc @@éesrl)et@hﬁhvalronyﬁém@ one,
is c%ﬁlr?'i‘e(?&% WA b Bad deREn Y‘@t RYst oA %8'3%6 Bufig ¥R defably
ring Sone

opening 1 n serum nsequen
redapgl pot@icy omepdrédwitke dermpatental macelet he i nfl ammati on
under treatnent is chronic, such asin autoi nmune

Ond 'sﬁcfflafﬁr?ﬁi ok fI5E b?c?a'&%?é‘&g@qa{)@&oﬂ&‘e b r% 'are ¢ 3-

and a no € cOo oun
amawt qaplroita‘ctaawnwttb R yewpnommlieire@smmﬂacm sSup@ed, dor. exﬂmplan

WS Ao B P BRI 61%0 L 2R ANK G imt RSy
coﬂp@i&hﬂ?’héveamo eed ghnatatedi feben btamg?, -bariblatask eadtl}]lfdaiéferglﬁteiﬂg
.stapi it n erlvatlve t he e0xo
R S (e P e L RSt e
1ncﬂbﬁlll%ﬁﬁb&kﬁbﬂ/oﬁ{e@3%£mh@armﬁ'f%'@loiﬁﬁéﬁﬁfhﬁ@Eystﬁns' 835¥ield
da at 370C, but has considerably reduced potency

COI@B%E’QF wifh RSCH agthtydescetor sxample.¥Q PO/ E3§80%aRch 1 an | y

Wwoborsl@Bh&s). broad spectrum chenokine inhibitors (BSC s)
are the 3- am no caprolactans, with a seven-nenbered
nonol actam ri ng 7se for exanpl e, WOX2005/053702 and
Todetzothe p@;}@@gaglpn 0 {i,@llasseSf ofr a2pelp WU@QSQI activity, and hence

d

L R e s SR

BS(3 eetiviiyr Fexenapipls, MERDO06A13d4885)taught tbetmtmdjwfml@afz dns

dish@s{tﬁtﬂﬁn (%% ﬁhl%l ggki))-{]a?l})olﬁ thg lﬂ {i]l% (%qlél %cﬁ’eﬂn 8% Lacyl 1- 3-

er oat amring sys ield
amirebgreunsd Eadd tola cBGieradt incirdaye ihporncy ora BSGIhotR in Vltro and
in \\//i% 91101%{)9@13108 a%t?te ?ﬁammation, whether the 2,2-disubstituted acyl group was
open chain (see W02005/053702), monocyclic (see W02006/134384) or polycyclic

(see W02006/016152).

However, potency of the desired pharmacological effect is only one factor in
determining whether an agent will make a useful human pharmaceutical, albeit an
important factor. In particular, the pharmacokinetics (or disposition of the agent
within the body) exerts a major effect on the utility of a particular agent.
Pharmacokinetics (defined in its broadest sense, as the study of the effects of the body
on the drug, in contrast to pharmacodynamics, which is the study of the effects of the

drug on the body) depends on a host of complex physiological processes, including
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WO2006/ 085096). To date, the identification of broad
cl asses of agents with BSCl activity, and hence

W@iA163p0 anmat ory properties in vivo, has beePChaBews/002635

on optimsing potency of the BSCl activity. For _
exanpl e, previous disclosures taught that introduction

(bupﬁog%nﬁfed?ﬂ g(%{)/t{x #fg 93111{yh olhe P?%jgt%ﬁuu (a5 bon

min a| n-of acy ani nof actams)

parfi@daigate of amldnmamenmbta@et rissues)s ectaboliotrantymatsora BSCl
acut e

(inGH AeBald koGt b % oS oM PR Dbie iR iyt g oup

ox1Mn,@me1rphmai fme(aBﬁﬁ;rﬂMRE allssﬁﬂ)ﬁ?&o&)d V%Uggtgfdg?gii (5?351? see
006/13438 clic, (se
xRl R FeiaBgl T Rekic SR PR AR S L APt belact

as rbﬁal Gl'éhlﬁnéylﬁtoftﬂﬁlte @hd feBal REhBIAMLA). Mhe¥RbO8es 3Rt ABEN!
ke a useful human pharnmaceutical, albeit an

CO“F?H:YGMIS#‘W@# fcasdhe “ADMBapropeitipne! the seenhHddMEdskignat i cs
acrdr9in Bt ABQhiidr0 DiddHfibuid, lﬁgﬁﬁghsﬁf dolif)cichi6n bOdy) exerts a

maj or effect on the util ity o apartlc[ar agent .
Phar macoki netl cs defined in its broadest sense, as
Anqther IgpREARt Fetor fred ngthemtitiyeofpoagenses  hanatr ug, in

phaf@a¥eli@al iskreBNATARC FINATL65 oﬁi‘{g% Q%lhgte'féaeeél%}t Wl 9%] ost

the effects of the' drug on t epends on

effegts cndhrasly of Wpirhdhadsisizalile phanl@@@é@qgﬂ pifieoitseote mg(abja bnllytat
st CTh Ak RS SBar b BEESHERLSS SRt or

(sidb-mbffocts)tta t@qia’tlelttl Sheesdy ofivatiapobértied (Ffa:ﬁﬁdldkrtﬁﬁlﬁarmﬁlceutlcal

atic t abol i t ochr.o P450
aseiy SlIE DRIl BRE b ey bRl b R ST ot S
classifieh irs tveadybes Cos @f%z‘s@ﬂr&lﬁﬁfr@félﬂ%dl Wnvittedhe desired

t t tabolism such as serum enz
et R AL ) S SRR B POt e 8h FeHbasoesasmse

of a1 B ehehdsdn @ity 'ta{fké'ia?bloé?aampi@h%éﬁs %N%‘hgé & prefnf

often_caollectively referred to as
patholegirst inflammstion may.dg éﬁ?gleﬁmltmemgumsumw@m and ar

11101@:%%@59% 6ﬂﬁfec&§tfﬂlpﬂ%h&ﬂse 1%%@{&%0&#&35@991%% ?(5 @ y on.

i mportant factor 1n ni ng
are bcﬁh gg@ﬁmaldg liakéfUrdlre degree of immune system activity. Asa result all

molecules sharing the identical pharmacological target will, to a greater or lesser
extent, share class effects. In contrast, compound effects are specifically associated
with a particular compound structure, usually as a result of an (often unexpected)
interaction with a target distinct from the intended pharmacological target. In
principle, it 1s possible to find another molecule with the same intended
pharmacological effects but which is completely devoid of the compound-specific
side-effects. Some compound effects are common (such as hERG interaction, which
can result in dangerous prolongation of the QT interval during heart pacing, resulting
potentially fatal cardiac arrythmias), while other compound effects may be apparently

unique to the particular compound.
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pharmaceutical is safety. Many, if not all, conpounds
admnistered elicit nmultiple effects on the body of

wanioghidle desirabl e pharmacol ogi cal effects aP@I/GB2008/002635

usually only a subset. The renmaining effects may
resul t in harm (toxic effects) or inconvenience
(side-effect s& tqg the patient. The study of such
Crygiallyedespise despdes oh aharmeeeubipal drvdeningn gipeHenont thereds still no
geﬁ‘e@él voRodpt Iﬁ&h&gﬂér Bfedﬁzﬁflg Elﬁlepﬁf@ml a8 %Sharhjﬁm e
fécts can be broadl assiftied iInt pes
prqplela@s ofgnfagents oraztséommlpgm@l spfety Id@nuvomw Tttik Eor dgs feagah
[

thapgﬂﬁlgﬁ?egl %fgﬁluis,lg \?Hg Iae g O}(stéegras %L%(E:lglg% JxlpLe%% %cell
Ilncd)ndh@hoaemlamwd”uiauy irt mmgeel clinfeal trighs am'pia& ing eagukltmy

desi nt t ho cal i.nflammation may, to
leqémam%(%) ﬂd}”éés)u ft%e e‘f) ggﬁlo SRRk N i ner eased

risk of infection. This is because inflammtory tissue
Maeadlanin havedeen destelodd fonpradietitppdentainraspdctsi of DME | fromk @dpecton

h f i V] As t., .all
of b Fast G Sl Y Ava R theloubl e BiBar ERrit i et
cheshikts cart 1@ligbly he@b@ MmNy sltr&@tﬁ&ﬁ of FlireRttheostREByr6h@S S An

ef fec rast ound effec are

exag%%?é%u'elai'a P@P?f‘g%é Bt @?fl s A mpre denendablethan Hhag sionld be

LigihdkyGtRuRs ofBial, Ibise@Dnahd @sbivhtid th@indsPifpedved
unexpected) interaction with a target distinct from

phyrpiacquiiednset CHR GHEHR 63rtedio m@lﬁ@%ar weight,grimher pf retatable
bod aR@ ﬁémye §1Hulfa1‘1 G @rgell{el?ﬁ v W ﬁ&%%ha\%ﬁ%‘iﬂé@ Wit TRee,

I nt ended phar rraco ‘ogi Ca fect s but whi
hydoplsibist spypsdesmprg liselytth shayoarpendesirabisiviefaction with the hERG

' ChashlnglhEeffects Sonme conpound effects are common (such

RG i nteraction, which can result in dangerous
prol ongation of the QI interval during heart pacing,
Sueleganbral prydPines wvéravhan dpatied togethati may be ms;cf\ﬂu farasininaiing | e

un@ARRE o RIRRUBA Sl Soh e Ao BRRBLAR W B8 b okl

ar conpou esp eca
stilfo kiqrﬁm@uhe oal Tdéayehopnewbuléd )sqms:tulslgr:comtertalneelr eldcingh dhig

BRATRELIL ACERR AR 00 BLSdiChingel 0,

restlt, 3hé Qi¥dovelyQTY paniduBat@hpound BoMBSEiR @ lasd WhitBhdor this
reason t hat epr|C|t testin first u5|n invitro

pariculany adyapiaggoue S{UME aa iBgiiss bisofngicaband safety

pharmacological properties requires considerable practical experlmentation among
good candidates, and is a novel finding which could not be predicted even by those

skilled in the art.

Here we describe the novel compound 3-(2',2'-dimethylpropanoylamino)-

tetrahydropyridin-2-one (I), which has not previously been reported.

0

ZT
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lines), then in animals and finally in phase I

clinical trials in man, is a regulatory requirenent
waowevgwisee for the devel opnment of a new phar neEREUGBR@B/002635

Met hods have been described for predicting certain

aspects of ADME frominspection of the nolecul ar

structure, and there can little doubt that

experienced nedicinal chenVsts can reliably rule out

many structures on purely theoretical grounds. An
Th@mrﬂpbeﬂ@"é aSpificmermnbiref e bréddrgenerfd &e{ss bf BEEIshiéhe

endahl e than that) ul d_be Lipins Rul es of
begy ‘Eﬁémdb Eﬁgeé@“élﬁ %‘1’5 SX%ﬂﬁgrse%\W%?rQOtSﬁéfB&%sHom\@r ESPW
deﬁbﬁumﬁaﬂwml@ lafl tHEBRb1e6REt IR sk 'h%é BSFelalife c!srﬁpounds
cul.ar wei ght, nunber of rotatable bonds "an
@ 6161; %}gliuﬁgfanﬂxusmqna? Pippetties §08 ugpeasarhamiay phmnaomﬁowﬁ 8 hestlt
of @&&%ﬁa@§n‘§ﬁkﬁ)ﬂi§ ;ﬁﬁgnel%ﬂﬁg@é %%ﬁc%lo%g%y@ Saf %%P%H{ ﬁology

ly to ow an ‘undesira I nt i on
PraperiGs,oiten tenpargl etpegesetaly touthaehdniess ofdheddasshen
applied together, may be useful for elimnating
Th¥ emﬁ a&lﬂ% u i {20
T o PRI Fan OB N E R b gy, e
Comh@@éh aQChEhIr&(D thedemlt inpegtion éavm Ile}hsfste/b ipomﬁﬁlg' individual
C lhegting a dru om a cl ass

forﬁlg?{ﬂ %/tgp 2126 %% unds go APl feal%f/mg hﬁg pé?selé dpveﬁlr’l% Fsmp %ﬁesa
thertws lﬂ:hétnuohiaﬂc tlirsis an@aly cahbinatfpas bf hededorn@OmpRIAEG the om

e 5 LS Bl Y st aRgon
shcﬁhﬂlhﬂﬁ:@ﬂu@@tal &rml) RSR&UI@ Be RIS RATHAULSHVAADIGRa
racti.c experi mentati on anong WgOOd candi dates, and

engngongerig, élP”lS PicHidpin RS RredBRIFYIIEt Shiee praatipmeraqineerain
hadtib dffeeséh BKidy RﬁMEqpﬁ)gﬁ'tl@sr Itespolﬁ@foﬁ f¥he %ﬁblki)lﬁl o?' b

novel conmpound 3- di et hyl propan
corppaung W@raéégwpmﬂydlag o@lw@ striajl effgptionhdpnsenep of ‘y:heevmpmsidy

as @Bganrﬁmelﬁamo&&c g@gﬁgg@ raafndRest [hun sgrfﬁesg‘é’c%c

br oad generic c
em@mé%%ﬂbéUMpHQVHmuSNMWGmetbadmﬁhmgmsﬁé V[2006/134385).
However, we now

Preferably, the compound of formula (I) according fo this invention will be the

H O
N,,’
6]

™)

compound of formula (I%).

The compound (I’), having the (S)-configuration at the stereocentre, is 5-25 fold more

potent as a BSCI than the (R)-enantiomer.
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denonstrate that while all the nol ecules of the class
have BSCl activity, conpounds (lI) has significantly

W@ apeniaro properties for use as a human phar meREUGBR@B/002635

as a result of its conbination of ADME,
phar macoki neti c, toxicology and safety pharmacol ogy
properties, V\,hen conpared experinmentally to other
Alsmmbedsd ob phhmao:dtlmsd comnwlmbmnpmsmm atachesingiedigniza of
tam ri
com R AE R 4Bl S 7 BT P BB AR B sl Mot
andl edsist bm}mﬁﬁemebﬂufally achieptablle @kcipientramd/or batier. s, the " R"
and "S" configurations. The present invention
Bycpg1 asﬁc’c%ﬁ%%pcf%ptiaﬁ% Ssglp %glﬁeﬁgﬁ Iaqu cﬁlﬁ”ﬂ% ?(ﬁgor%allts of
inor %nc avidstsuctess hydtdchloaidy, Ihgdrobmnﬂdmhb/dmlctd}de sityginaten o

ci fi.c canfi ration | n the struct I
oS difhipre S AL e R pedte,
fuinfidicytactthdd, s@nranitd, oitftel Bcth@! fABthandulphciate, fitollittieaspldmeate,

repr esented. Since enantiomeric inver si on. has. no

palpqaiscand sieataife ASS WABVENTCOBR P e RreFES FyAYIoB) Whethey ¢

beIWRE EuleQﬁé da¥ts Rl ErofOSRAUNSh 4s2RdiuRtH dota8diah hydfdarle ORbyY
a snal |l effect on the potency of the compound as a

otlssexa)mplmf whameaeutisatiy seserrtgrerialts gefoygare candepadeto "Salt

sel%%ﬂlf%f‘lh%ﬁ dﬁﬁprﬁﬁ9%@96@9&@%@%@1@%8 whi ch are
materi a erior to th ass 1 n general .
Preferably, the conmpound of fornul a(ém) according to

Thetpharniapgusiel eompapitipn gaa betie thedhipo oiisodifl, fob exagIpde pawders,

o TSR A i B gonpfak g

suppiues chinbe, (R)exemalet ¢abaien phb@batp,rmagndmrnateerate tale, Sugars

i SR EEhe D edAPbaa P Gund RO SRSty
celliiloge, poigvinplpettdlidiad dnd veasc €phabbpropadtt phdimpanticalynd at

| ea one, har ceut. cal ccept apl e ci pi ent and/ or
aCE%Warsbﬁ e %‘B‘ﬁ’@l%g%F 3“%‘?@@3?%5&5@(15%&“%? &pant

in particular the addition salts of inorganic acids
TiWhBmasediica) @eipositibiieaccnii ab theadatiothyamiratioddiptk@ented in

su| phat e, : : . .
liqud I%rm, for example, solutions, emulsions, suspensions or syrups. Appropriate

liquid supports can be, for example, water, organic solvents such as glycerol or

glycols, as well as their mixtures, in varying proportions, in water.

The invention also provides the use of a compound of formula (I) or (I’), or a
pharmaceutically acceptable salt thereof, for the preparation of a medicament

intended to treat inflammatory disorder.

The invention includes compounds, compositions and uses thereof as defined,

wherein the compound is in hydrated or solvated form.

In comparison to the prior art the improvement of the present invention lies in the
unexpected observation that 3-(2',2'-dimethylpropanoylamino)-tetrahydropyridin-2-

one has superior ADME properties compared to the general classes of lactam BSCIs
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phosphat e, di phosphate and nitrate or of organic acids
such as acetate, nmaleate, fumarate, tartrate,

waeemehngde, citrate, |actate, nethanesul phonatBCT/GB2008/002635

p-t ol uenesul phonate, pal noate and stearate. Al so
within the scope of the present invention, when they
can be used, are the salts forned from bases such as

whigljharinibgen geseraledipuenionshit(ssdhce, foreyamplan éhe Intematiomed of
p%a%{ %;é&gc gxl‘éh&]l%cs%gﬂ E@}P%o%ng@v&% e o?tfeg 5selﬁ]alqzﬁner{g?a%§ep?a%le

ction asl c ru S
plﬁhaamdyl(amﬁ@ﬁ)operﬁas @0t is2thigy hven it amtc mﬂllainnmltyory effect in
rmof. a 3§I|d exanple

viEgREpal! uiERsCadbbind P4 Bprite Wbty auSlns®

aolcemﬂﬁ@presmarokﬁmn@ @sd hatck %)MBgﬁbpemiesaﬁ@eﬁﬂéledé d:aekpp orts
can be,

r le, . calciu gnesi
asg%s@a?lﬁpéthe#\d?e@ﬁ@iw&fe SogestbE e Camairihy bapary fimino)-
te@&lyatdpRridigel éﬂé'l@ﬁ&ablﬁﬁﬁ@bﬁ{exfé&ﬂtedw Q@@nors(%enth’é"éxamples

car boxynet hyl cellul ose yvi nyl pyrrolidi ne and wax.
er appropriate pharnaceutlcally accept abl e
exci pients and/or carriers will be known to those

InPéitlchRE wWiilleph&ridd tin vilb8taBhay SBdietihi st ©LHRA thdt ®dtam
according to the invention can al so be presented in

BYGlguieer qoapinprablypedstban the cabipnimidsizSCla mgp.dpiomample,
W@@H@@éﬂ)%%%&teé&’r{ BB Siter ARRIBREL ﬁf \L;b;gwa@' ﬁwﬁe%ﬁ&z. can

be, for "exanple, water, organic solvents suc
2095 ¢E @O 6174 it 1gy g olesy, thatgnany| (br indeedmesist) ofihetlantas clapsof
' t nt1l on S
B%(?{S) él{e[}gl%f%%ﬁg gﬁébﬂ%&f mgfag(g%olgl rY(IZIVOoW fﬂa(}e/ ade :irid) testecP rFPre)
thar a dozeh BSECEthe marldn;mdwapbhbd end alith thche«ceprfqn d‘f Gr(2thhe

.pr ratlo nt en
R EP Rk Sy e BsPRL AT RB I 40k o e el ess Bscrs
teﬂaim@afe(h‘ﬁe sxibiﬁdpt@&hﬂlg tR& rﬁ&ftﬁbﬁﬂiglﬁieltﬁgﬁ E}Q@cfhr(iﬂﬁe 13433;0 ?&Hated
erei.n ound is in hydrated or solvate orm
X@%ﬂﬁ% ‘ﬁ@ﬁ%g%IEH@“ﬁPl%P art the inprovenent of the
present invention lies in the unexpected observation

At 16@t partly as a consequence of the reduced in vivo metabolism, the overall
(2,2 -di ro anoylanlno) tetrahydropyrldln 2-

cleﬁaéwﬁ 4E3-Gipe lrn&ﬁly n@ﬂeﬁm hycsoRyaidyZ-pae tspearkedly

lo@8NBhRfor HeRBRE $acin B@@ISQ%QSQS%V@&LQP tHIRY sgleeefellowmg a
descri bed previously (such as, for exanp

single ephdase rypgre than 10-fold hlgher for 3- (2',2'- dlmethylpropanoylamlno)

tetrahydropyridin-2-one. 3-(2',2'-dimethylpropanoylamino)-tetrahydropyridin-2-one is

therefore more suitable for use as a human pharmaceutical, particularly where chronic

oral exposure is required for efficacy, than most (if not all) of the lactam BSCIs

previously disclosed.

Prior art peptides (such as NR58-3.14.3) have the disadvantages that: (a) they are
expensive and require solid phase synthesis (at least for the longer ones) and (b) they
clear very quickly via the kidneys and (c) they are generally very much less potent

(>25 fold less potent in vitro and >10,000 fold less potent in vivo).
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appl i cations supra). Al though such conpounds were
reported as havi ng accept abl e phar nacodynam c

w@e@petdpes (that is, they have a potent PCT/GB2008/002635

anti-infiammatyory effect in vivo as a result of their
BSCl activity), and it was inferred that they nust
have accept abl e pharmacoki netic, and hence ADVE,

The pegettt AewoglHEvsvdes aredsannpledearekaucdyraa thedfidneeamDVE
mc%% Pgtgl?ttéh ?7%1" ?%ttg’ﬁgﬁgra%é;égiﬁrgnﬂelg unsta le in serum (as a result of an
enznatiglopariopyf thelimidg riogl,eseq:,iommpleyf«‘m alieMpé dihenl 005
{0 t | ar,
48%9#4 ése :% resl?lt arnlnogﬁ(lﬁm& SB%@# s\é\.pch a3 @aga(rg c? Yo ar um
en@dggms)@ﬂamrhalb draetlaast BECHodd W;&)tem iisvidethah lzyz better

i B p st i e ops i 2. fiep &1 Rp g oL aegle

infer@fiRlon (5iRK a8 PQlinduded MAdtoxENRMarRAOR dSeBRANE L, 1t

is now clear that many (or indeed nost) of the |actam
predugien, phepdey isnpastof soipend stabiliinerthd B ByGEs I8 feastn

ap&%&ﬁ We have made and tested nore than a dozen BSCls
%ie acyl am nol actam cl ass, and with the exception

of 3-(2',2" -
AI@F}){%W(WF pf BratieAtly apipted (but émrrcahwlwdwdv dispinglagreempeurds
r ct
Wi e b A IoEl B0 Mo b e Bl
tym@dilwéva@d anytnid d)@ﬂ-altambcreé hahoseriptlasiend dtruntateﬁbmallg wjth a/t

oxL—%?ﬁtsi am ¥§0 exa Onselg%ﬁr% aaﬁ C%ég] $69 l%g (I:IeGm\é Iavo
br@d(r é’ngebf swhmembyﬁmlﬂ)) daresgtiadly, W)ﬁodgﬁtsﬁahddﬁiﬂmﬁrshﬁﬂh[&ez 0
than for the othe ct am BSCl s
B R 1 P ¢ HES BB 6 ePBh b MG il o
ex@ﬁ}ﬂiﬁ@d@%ﬁpb@dﬁﬁﬁtﬂ Habrafial b@toﬁr@luger@kdﬁ%ﬁfes hi8e lactam

- di net hyl propanoyl am_no) -
hegdgqu&)ﬁy dﬁrlbsmc,b FRIPPRUd:) hat partlcularly those with a lactone headgroup

andok £3 -o%oac91 tgﬁ b PAE RAGRY {oaf@ BRYivd1E hhst ALY l%l%ﬁ% Eﬂeﬁj n-2-

one is therefore more suitable for” use as a
applivationscee medisamentpar t i cul arly where chronic oral
exposure is required for efficacy, than nost (if not

The kiproPmdh? BedeAGL AN B S2 REEUD APRp¥ncYiatfihHs €d-
tetrahydropyridin-2-one, is cheap to synthesise (and the method disclosed here allows

straightforward synthesis even on a Kg scale), and shows excellent metabolic stability
not only in isolated serum in vitro (a property shared with the whole lactam class of
BSClIs disclosed previously) but also in vivo. As a result, the compounds of the
present invention is (among those compounds studied extensively to date) uniquely
optimised for the treatment of inflammatory diseases in man in terms of efficacy,
potency and pharmaceutical properties such as ADME, pharmacokinetics, toxicology

and safety pharmacology.

According to this invention, inflammatory disorders intended to be prevented or

treated by the compounds of formula (I) or (I’) or the pharmaceutically acceptable



10

15

20

25

Prior art peptides (such as NR58-3.14.3) have the
di sadvantages that: (a) they are expensive and require

walvdighase synthesis (at |east for the | ongePCDGB2008/002635

and (b) they clear very quickly via the kidneys and
(c) they are generally very nmuch | ess potent (>25 fold
| ess potent in vitro and >10,000 fold | ess. potent in

salty ihespf Jirghapnacovtical connesitions RIAGHGHIEEE cqpamigdam ag ot

.Cl g
actl\\//? {nlgbe

eared qui gk L@,.t he kidneys and nore potent in

d IF%%%%g%gﬁéxtrenely unstable in serum (as a
result of an enzymatic opening of the iniide ring; ..
aewjmifore Gseas) B eRopleiuch ps myltiplgsglerqsiie icumpigis arthritis,
8:867=7 I L BR@Mt arim de BSCl's, such
@mﬁéynﬁﬂ%B%@%g?T%&ﬁéé%gﬁgggﬁofglutarinide, are at
| east 250-fold less potent in vivo than 2',2'-
chsvetan Hsprders amdydiegitreby.-cotmprtArerodsIerd myeeeshid, even
i.n. model s _of, acute inflanmid (<SGRBS 1 peigsad
é?ﬁa’%%é‘ﬂftgblﬁﬂ?%}éadpég& 1‘fssyst eIr)r%C%?QISNF- a pr oclidcts% on, where
tshirbimpagint ofll atemitis,podlynsytaddia {lictpatigad WEDNET p S9pEPIPesIS,

is least a rent). Another seri.es. .
G Srvep S TRt eos Sel T Pl d {oRheaki
dreunds whi ch have been described in the literature
are bacterial autoinducer conpounds typically based

around the 6-nenhered h ser i nel St rHCH ,

ek s PR oA obyE e A0GTOR 18 1o AL eRIFEh DECRMER.

SiRQudHE F@I {ingt hébes S (969 HERswitis shmi]) aiyisnegaloy wed

&%§g$ of such conpounds). Interest Iy, although such
bherasiss vieses el eties s e Bidmg et hat  enconpass

| actans as well as lactones, fewif any of the

exanml, hid RitGaoRaUResdivbrtibrs bahtae allapicabingisndd COPD;

properties have | actam headgroups. AU such conpounds

(but particularly tho with a | act one headgroup
dﬁﬁﬁ@@nﬁsgiﬁ&%ﬁEVPmP§f$m§Féup) are known to be

relatively unstable |imting their applications as
eedicegmAk;s. The inprovenment described here,
3-(2',2" -dinmet hyl propanoyl am no) -

hyd i din-2- i s q
SaaBARR LS LR ) PG EP A RSk desl s ar

transplant patients;

a disorder characterised by an elevated TNF-a level;
psoriasis;

skin wounds and other fibrotic disoders including hypertrophic scarring (keloid
formation), adhesion formations following general or gynaecological surgery,
lung fibrosis, liver fibrosis (including alcoholic liver disease) or kidney fibrosis,
whether idiopathic or as a consequence of an underlying disease such as diabetes

(diabetic nephropathy);

disorders caused by intracellular parasites such as malaria or tuberculosis;

10
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strai ghtforward synthesis even on a Kg scale), and
shows excellent netabolic stability not only in
WO g@batae serumin vitro (a property shared w REI/GB2008/002635
whol e | actam cl ass of BSCls disclosed previously) but
also in vivo. As a result, the conmpounds of the

- BEaRDl YT Mo ARG SRS AT T =

nmeagmenﬁ of i nflammatory di seases in man in terns of
efficacy, potency and pharmaceutical properties such

) phar macoki netics, toxicology and safety
Q@ﬁéggg%logy According to this invention,
inflammatory disorders intended to be prevented or

- Alzbaied sidiseasae conpounds of fornula (1) or (F) or the
phar maceutical ly acceptabl esalts thereof or

AccB Y ERton” AERGSL L AARRY IR S containing

as active rngredients |rc e notabl'y: autoi nmune

dlseases for exanple such as nmultiple scler03|s

- Ah@unat0|d arthritis, lupus, irritable bowel syndrone,
Crohn' s di sease; - vascul ar di sorders i ncl udi ng

- SlHek e duSRI PN YsRhdery di seases, nyocardia
I nfarction, unstabl e angi na pectorls at heroscl erosi s
or vasculltls e. g., Behcet's syndrone, giant cel

- 5@?@@ﬂ?ﬂ§nﬁﬁEPVﬁ?ﬂF@|a rheumati ca, Wegener's
granul omat osi s, Churg-Strauss syndrone vasculitis,

ThekddR6oAt RARANMR I PHePE Bemdl dBNRSRKS inflhBRA §)‘r="y dlsorW:rE al
infection or replication, e.g. infections due to or

or disgyslerschetaeiatiesd byilargied TNFe! ladilng pox virus, her pes
virus (e. g., Herpesvirus sanmri), cytonegalovirus

QMM%, [
tesH e moBAPRL e S oA Bt DB AT SRobdll UG,
of t@@Sﬂ Ib.angliiding Hiergomipguraln dla(mﬁ[her@s,tlempthle dgitsipe §fstm.bone

Con?é&ﬂgﬁt@ gh%ecgh?] }:&, ﬁe fitgyeerg?%ts f%%se%ses sue %a V]}I{%la ft%&boﬁl’n;ng/_ob_

replicationeamdltumour growth (conditions which, of themselves, are not primarily

diseases of the immune system) results from the consequential effects of modulating
the immune system on the infection and/or replication patterns of the virus, or on the
growth and spread of the tumour. Since BSCls, including the compounds claimed
herein, do not (in general) directly affect viral replication or tumour growth, they
would be expected to have no effect at all in an isolated system (for example, in an in
vitro infection of a cultured cell line, or in a tumour cell line proliferation assay)
where an intact and functioning immune system is absent. Consequently, prior
information relating to the effects of any compounds in such isolated systems cannot

inform the development of BSCIs, which act on the immune system.

Where legally permissible, the invention also provides a method of treatment,
amelioration or prophylaxis of the symptoms of an inflammatory disease (including

an adverse inflammatory reaction to any agent) by the administration to a patient of

11
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transpl ant patients; a disorder characterised by an
el evated TNF-a | evel; psoriasis; - skin wounds and

w@rden1dpbr ot i ¢ di soders includi ng hypertrophi BCT/GB2008/002635

scarring (keloid formation), adhesion fornmations
foll owi ng general or gynaecol ogi cal surgery, |ung
fibrosis, liver fibrosis (including alcoholic |iyer
an tisplarematery JeRuRESL 4 ‘i%‘ﬁ’@&é‘% COWH%W%‘roﬁn&ﬁ diRaeR a5 Cgan‘m%\%
herdnconsequence of an underlying di sease such as
di abet es (di abetic nephropathy); - dlsorders caused by

intracel |l ul ar paraS|tes such as malaria o
Admipbdpten of edicamsit afsatdecto faf RVRéige FRtkle cartied out by
topieBS Erap B%reﬁ‘ttefa\/ﬁ)u@" %? bRfndub iR Qﬁlb(ﬂ)onpé?@t her patic

neural gia etc) allergies; zhei ner's di sease.

According to th|s |nvent|on further |nflannatory
Thepdsupigieationidase qryisased foy amedipamegt AccortiRgeiedhs iavention is
corﬁ;ﬁ‘%@@ﬁ%eén@yﬂl &30 %%?erﬁﬁ%%%ﬁeqfo%ulaﬂ-&?éﬁ el gF cal

I'ndi cations fal'l under the general definition of
adnpinfstratiomasset y di sorders or di sorders characterized by

el evated TNFa | evels. It should be noted, for the
Ao&‘f&lh ﬁ‘nﬁ in%:ntﬁw‘ﬁuﬁﬁ"e ’coﬁl{?@\ﬁldg HFge‘ﬁHa!'Mul‘ﬁBhﬁgl

acti Cl's, Tncluding the conpounds clalned
plet’rm(buﬁmg hhs p@ne$¢ﬁedeﬁ¢ﬁh§ﬁ dewggidarem  Consequent |y, the

clai med beneficial effects on diseases such as vira
Pré}ggf‘ﬁggtll' % unt® B} &R (' gr owt h

| ensel ves, are not primarily

di seases of the |nnune %yste, results fromthe _

All desrepmppeundsi of igerardl dernaianD pipd icar Pwyepaied sashnpreording tom
gendfhl H@ﬁmh@]ﬁ&% tQ %eq:@gs/oﬁ skile®ld @bk on patterns of the

virus, or on

Compound (I) is a colourless crystalline compound that can be made from ornithine
and 2,2- dimethylpropionoyl chloride. For the synthesis of (I’) enantiomerically pure
(S)-ornithine would be used. A ring closure starting with either ornithine or its
methyl ester is possible. The amino acid can be esterified in dry methanol by in situ
generation of HCI using trimethylsilyl chloride. Alternatively, isolated ester can be
ring closed, in either case using triethylamine. The crude product can then be acylated

after a solvent exchange.

The acylaminolactam product (I) has significant water solubility and as a result, the
acylation conditions used for related, more hydrophobic, products (see, for example,
W02006/134385) were unsatisfactory. The use of three equivalents of sodium
carbonate as base resulted in the formation of significant precipitation of sodium
hydrogen carbonate by-product unless a large amount of water was used (>4 mL /
mmol ornithine). At these concentrations the extraction of the product into
dichloromethane is not efficient. Therefore the three equivalents of sodium carbonate
were replaced with 2.5 equivalents of potassium hydroxide (which neutralises the 2.5

equivalents of triethylamine hydrochloride generated in the ring closure step). With

12
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growm h and spread of the tunour. Since BSCls,
i ncl udi ng the conpounds cl ai ned herein, do not (in
w@emena3yo directly affect viral replication orP@UGBN08/002635
growt h, they woul d be expected to have no effect at
call in an isolated system(for exanple, in an in vitro

i e i S5 S S 1 LR il

pH B9 G QB bR BEouS e With B1@RS B 2 nffonamalienithiyic) and
prior information relating to the effects of

O S L e b Gk he
m“’\%ﬁé eg aﬁs?éro€§Q3$,g il @h5aCkoR B0 kol oFITAR).SY st em

rmssible, the invention al so provides
a method of treatnent, anelioration_ or pro phyl axi of
Note it ythepld ré the Raugeus ey prasieado Juidis e sork-mm tiep am

qualt Ye% ?ﬁ{éﬂ&{léﬁ%&[)%l&ﬁﬁ%ﬂl%@ ek Pa AWinRIBNE I AWatdre

to a patient ofan anti-inflammatory
Attanpw atwashing tidie BdAnshlutimarpigswateowilloxirag ¢icativepitquantities

of tﬁ%]gmgtlalalldpﬁ gc?utc§ IF 'ﬁloAdvr\T/‘itﬁlt arn%}xé %Ihlo%dgeﬂhé: mtagmded by

nven |0n C e carried out
ra1sir@1h@p1{ of Glealyeopatagat wrial(for exanmle byaddrmcma]fw&@hl}mne

etc. The ad str ti.on,.d eny for
cauiy Heatip LSBT et i A BT TR TB AT AF SRR e
aﬁe@:ﬁftéﬁe 83n Oni HeBNEmIO fge Gagdn ehitrgted alonh evithahematami on

and route of adm nistration ysed. According to the
profyy Ehle Whieh CHHes TEBRTCURAIE ST % FURTa B SRR 1) o

reckvktallisG@n. be prepared using the processes described
ereafter. Preparation of the conpounds of general

formula (T) or (F) Al the co und of gener al
The fllavying e ff%fjrSYPFhe 108%‘??15316b9fg‘%é’?f‘év dasily according

to general nethods known to the person skilled in the
artg Conpound (I is a colourless gyég}all|ne compound

Hl can beciim J.om or ni thi ne an
di fretHiy). psgpi on yl© SEEIthlgﬁ H or the synt h?{m
en ti al | pur-e—'("S) go s. d.

CMIQN cI osureC%t ting with ef er orn|2th| ne

(S)-Ornithine monohydrochloride (50 mmol) is suspended in dry methanol (100 ml)
and trimethylsilyl chloride (75mmol) added. The reaction is heated at reflux for 24
hours. Triethylamine (150 mmol) is then added and the reaction is heated at reflux for
48 hours. The methanol is then removed under reduced pressure (optionally, toluene
may be added in the latter stages to facilitate removal), and the residue is dissolved in

water (20 mL), with KOH (125 mmol) added.

The mixture is cooled to 0°C then 2,2-Dimethylpropionyl chloride (50 mmol) is added
slowly and the reaction stirred for 18 hours, while warming to ambient temperature.
Solid KOH (50 mmol) is then added and once it has dissolved the reaction is extracted
with EtOAc (3 x 100 mL). The combined organic layers are quickly dried over a

combination of K,CO3 and Na,SQ4, and reduced under low pressure. The solid

13
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met hyl ester is possible. The am no acid can be
esterified in dry nmethanol by in situ generation of

woiehovsidny tri met hyl silyl chloride. Alternati vRCT/GB2008/002635
i sol ated ester can be ring closed, in either case

using triethylamne. The crude product can then be

acyl ated after a solvent exchange. The acyl am am
resheguthen NPy s PG OIACARS mhat S L BPGRI Febal 250 &
mLy ®¥etthe BEmAEY Lok LOBARAB ML (@RateraRs shRryige). at ed,

nore hydrophobic, products (see, for exanple,

WO2006/ 134385) were unsati sfactory he yse of e
ThedguriDare s gl S D LAle BRI SR oBIR A B EupR
spe{\l%goc{g)gr(gﬁ AL, €Hen) &ks @fﬁ 243 W{P '6t0qt('.lﬁnor%f NEQ i 20m

arbonat e by-product unl'ess a |arge amount of
(1Hnat &1 1\5as QUBEd), 349-3 HIL2H, myBNH)i 24 (A H) dqu(t13t fhésety),

Lo 7R ot | EHRANET el o, I FRRPAPE S iy ce

CHgqui val ents of SOdI um car bonate were replaced with 2.5
equi val ents of potassi um hydroxi de (which neutralises

Mqui val ents of triethylam ne hydrochloride

in the ring closure step). Wththis base
significantly |l ess water can be used (less than 1nL /

Thenmmh “abonf”tréfersad af friterad] aptdnd 1@)condiserechealic As afed inéhis

perS AP ERIa AP S el Fouhe i Sl T T T E)

1088644 féfepplyrl igtemal HomiX mimmst) of ¥ wdXiphd 58 66X st
crop in 43%vyield (4.25 g from 50 mmol ornithine).
e.that if. the of . the.aqu
i et B B R MR BB k0 bt
withihited feypadh tﬂ@mh@‘rdfo(ﬁ@hhmﬁmdeal \mté derdeitiax lthmn@dand laﬂ (Dhet he

Et OAc | ayer. Atte tls at rj[g {11 E(%{% 0 00
conpipations e igtppgh 40d 1ew et [wf mup W e Hasise Forecotdy % i
ran%,@cﬁé{&,%lo%ﬁfple( ke rdhg2nd 0Winigho tiDe saifiee iedpeecht @rérde.

his can be avoided by raising the pH of th u
aliq)ayedost 6f 192 £ Simed IO Yy BRI GRRS O ased

is 1@@#&6\&% ﬁ'ﬁ,fudgfa 11 §6¥s WedaRed 63REGhd 1 Qs Al 0l blrgeslef each

ore e Et c extraction'is attenpted, then only
cobinstonylf appee ahd eveb awebers vaxtheneteawliard pepligithyior nple
| act am product (I), which can be renoved nore easily

As Q\Xedql\é ﬁ),rtf?é {0R “&fmﬂ'ﬁmgn & to be read as meaning both comprising and
consisting of. Consequently, where the invention relates to a “pharmaceutical
composition comprising as active ingredient” a compound, this terminology is
intended to cover both compositions in which other active ingredients may be present

and also compositions which consist only of one active ingredient as defined.

Unless otherwise defined, all the technical and scientific terms used here have the
same meaning as that usually understood by an ordinary specialist in the field to
which this invention belongs. Similarly, all the publications, patent applications, all
the patents and all other references mentioned here are incorporated by way of

reference (where legally permissible).
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recrystallisation. The follow ng preferred synthetic
route is therefore provided: (>S)-Onithine

woremokygsochl oride (50 nmol) is suspended in dPET/GB2008/002635

met hanol (100 m) and trinethylsilyl chloride (75nmmmol)
added. The reaction is heated at reflux for 24 hours.

Triethylamne (150 mmol) is then added .and the
The UG P R B OO & PTOGR o YU (ooge ppfgures and

shotMB AN Rhy b@anQﬁ@reH RYRGh OIS oftRMcatliopr essure
(optionally, toluene may be added in the latter stages
to facilitate renoval ), and the residue is dissolved
] ter (20 nmL), with KOH (125 mmol ) added. The
m xture is cooled to QOC then 2, 2-Di net hyl pr opi onyl

Flg&B | gpdrdR A B0E)EHBW3 thie Sinaclbacershan gragtizdot the five asipownds
tirred for 18 hours, while marn1ng to, a

(I’)tt%ﬁﬂé?%‘idu fodlowang adgniniegrationof Al 3ne/kelage 5&1’3%@ EMhgia

the Qﬁpl%u{etto tﬂﬁ§ ﬁlestﬁﬁle\flﬁgs foh€ach@8%bbia rbreRit thite tr§flicet h
QAc (3 . The combi ned organic |ayers are
amrq@s c’RlncyY@rqs e@pl Wms can@aw;qna@ g @ﬂ&@@@éﬁ%g DNBRS SeRxis

Wp@ﬁ%ﬁtﬁQyﬁﬁgnypfgﬁmég¥?Qggssure The solidresidue is

recrysta om’Et OAc (25 niL) / 40-60
petrol eum et her (200-250 nL) to give the | actam (F)
Figare grshewathe imagor swsitabglifey F@ﬁtlﬁ?d Dy MRS (i fidh scanrppede) on”
pOOlleqiq{l]]ﬁlli 0 %%ﬂ oRtY i4th¥s m setdl}@ aBing g)%l doesofled8 of
con |rwef proton spe troscopy H (400 MHz,
the ﬁmaﬁlpcﬁlnﬁﬁ(l()ltdﬂwbtestsi atiinist@edin 106 MG at Jng/IH) Noig R0

o ey g longy e (P v iy i B SN,
eluc%daﬁ&i iyl ddmpelelshah, I\ﬁfﬁ%ﬂt}}ﬁon/& eﬁl;angerﬁf;nt ﬁ}@)rns il tH2upBdly s,
svaflRREMHRoLE SR RbHE: cART g fieropdnaetonet Eaim Rty
met@BS1RE WP Rbt deRlin@iRd, théoas bhotn iNR@AISaR dridref YRindiroe i X

m nus 10% of X to X plus 10% of X, and preferably an

urigenwah (g mast Shpustentisprriesmo,the lef of gk W us 5% of X, The
use of a nunerical range in this description is

FighRepaas AUFakiveUAY Slr¥ent Perku’Ginkd&aphs for cells expressing the
hERG gene product, when exposed to either vehicle or to the five compounds (I”) to
(V), each in a separate experiment. In each experiment, replicate cells were exposed
to the positive control compound, which completely blocks hERG-transduced current.
The Y-axis represents current in units of nA; the X-axis represents time in units of
seconds. Panel G shows the hERG tailcurrent (the area under the time versus current
graphs in panels A-F) for replicate cells exposed to each compound or to 0.1% DMSO
vehicle alone (Veh) or to the positive control compound E-4031 (+ve). The Y-axis of
the histogram in panel G represents percentage inhibition of the hERG tail current

relative to unireated cells.

Figure 4 shows a typical binding curve for compound (I’). In this experiment, each
reaction received 10nM labelled BN83250 (a lactam BSCI which binds to the same
receptor as compound (I’)), together with various competitors (100uM-1pM). The
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within the scope of the invention all individual
integers wwthin the range and all the conbi nations of

wappeni@gnd | ower limt nunbers within the broalP&sGB2008/002635

scope of the given range. Hence, for exanple, the
range of O Ing to 1Qg specified in respect of {inter

totaggpfcg}ic %Hﬁalg Was ﬂ;ei aﬁrrlo(%lg Crlli ] ced bﬁ g)lartg% F)fcgﬁwp@.ﬂ\@ %a[ch bir
repragnts cbhéamem&&‘dhmsmpﬁtmdﬁemmmtlbﬂs; Wi?@v}ﬁéldﬁrsd@%g&nﬂﬂg ween
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SN T AR RO Rar eiRRe CORMT R o gesR PR n
unit§ Kﬂiduﬁtstpblymﬁﬁlter(@ﬁm) Ashelippet dasHRlTe rdgd@ehi8 ¥ total binding
nprising” is to be read as neaning both conprising

und%mae %‘H§10§§ pige s¥rerimsAts @&d@mlwerm@wé linpeepresertmthieon
nonfsﬁéc@ﬁce@n&lﬁg,aehe ﬂJ@@i‘E%ﬁﬁﬁﬁg‘ is ?épré%@ﬂfﬁcﬂ? fhb Qﬁtaﬁo{@fftévéélﬂge as

active ingredient" a compound, termnology is
dasheddigerded to cover both conpositions in which other
active ingredients may be present and al so

Fi gtﬁ@ g@ﬁlﬁifst thOPD 1 Y@'Hf‘?:posg 9&%{1@% BPE¥n ‘3% e %gﬁ?&ﬁds @) A

I Ng redi ent as defined. Unl'ess ot herw se

V) fo%éeltAe dHoi Bl ke (¥ D ) #11dcE:1(BY Ve gaiestd phisl of Padidfetehe
receé@@hﬂec% GQE hils %‘Eﬁ?j’ glglzéf ?Aee}/ xBn q%r %5880un%¥ re testegd Qar y

peC|aI| Int 'S |nven
singb:e:logcﬁgman@ (OIS ) apd thad 1hh1bh$n pﬂbindmgt(Y ey, of ﬁacﬂﬂﬁito gram)

t tents a ref erences
ror SR e RSt n® TR BB ittty Ty P b Eregine s
a 2-foldviarealeig dliddyngeting sptifit @pantlie tHeqrdsondend tiexadtpl es are
illustrate the above procedures

dinp order t
Comgirﬁ‘g‘%g ﬂ%ﬁF%FCP?PS%WmV? ed g Pge%t%dmfi éwmafﬁ repesrat Y ope
meaf{nd QEmdaRVEH @flicake! eﬁ‘dRﬁ%hExlvﬂwﬁ %hifyﬁ sé\ bﬁlyEa)SO%
shows the tine-concentration for t

or greivhlibifion (pr stinudatioy) of indiag (1 ewr@mn@w %Eamrbﬂ@wﬂpm on
for tﬁé infersdtiod |o?th%'f&/t gcgnﬁﬁﬁg wiil tﬂeo/ﬁa 1af 'r&e%tlaﬁ g@:{ s3bndi QL

to rats. The three lines tor conpou epresent
statigtipalbp andaplogigeldy signifiednsin tirls ecwelang sssae fioe derfive

confABESIALTLLAP oA Sl AT BRI 5150,
recepﬂqn\markd”ddayrth? arowtehd bopanties) wabeohsiféredipdiyntlaly k@n%al(t; n

althguugh levesnct%ﬂ i%ggt%onoxgas weak (estimated ED50 5-10uM).

Figure 6 (panels A-E) shows representative dose response curves for the inhibition of
chemokine-induced leukocyte migration in vitro, for each of the five compounds (I?)
to (V) in the ChemoTx™ transwell migration assay. In each experiment, THP-1 cells
were induced to migrate using a maximally effective dose of the chemokine MCP-1 in
the presence or absence of various doses (from 10pM to 1pM) of each compound. An
appropriate vehicle control was used in each experiment. The percentage inhibition
of MCP-1 induced migration (calculated as the number of cells migrated in the
presence of MCP-1 minus the number of cells migrated with MCP-1 omitted from the
lower chamber) at each concentration of each test compound is shown as the mean of

triplicate determinations, with whiskers representing SEM. The ED50 was estimated
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a single oral dose of each of the five conpounds (I')
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that a major netabolite of conmpound (IV) has been
identified but its structure was not el uci dated by
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Figurp Ankdves pricjensdtiovmodeliesponierogiiies e tisalishibitior o LRL heiutar
el | s _expressi ng the hERG gene product, when exposed
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expérihent, 826Ds 0P sid niEPREA& ﬁéﬁ%ﬁ&ﬂ@%lﬂl @ ﬁ%@g {)%unds

experinent, replicate cells were exposed

(paq@bé» Dy 8: 8Nt €olV)cBnFoend E: (VD) vemmldeseet xaa bitlee K
rent

RGBS HERA AU S0 (TR 00 28 Sl ERESBS e

chalfwgerhwih LP& el th@l@hp@uﬁonehhohﬁa@dtsatuhcwasmaltaréct faem ar ea

L SR Y O R i S

ELIOA 156dNEE &fﬁﬁﬁlﬁblﬁb@mﬁg\lﬁﬁﬁce@rmpatp%ugﬁﬁi bl\ft?lated as

cont r ol conpound E-403 1 (+ve). The Y-axis o
the mns@wgtlamf BNB@weIml@ t:)@pt@st,e hP§ nprysahe t:calgaltramhn bf TINBn

current ed ce
e it Vi TR R 2 BRERIe R TR SO
axis) eachl gagthfs SheEnRar df R Hnim £ At vAEeek QB ple QmEhy SEM]J OTMz
| abel | ed_BN83250 (a | actam BSC! whi ch binds to the
Con%ea%thnétféat ?° Hagll@dﬁ%‘ﬂli*ﬁjuf%‘)t notRsdtirsatment wps typicklbus

500BaTRhY b o CEI ol TRC 0o R gl Lo

EDﬁ@aVaSree@n@tS@hY bn‘tah mtwealnhmt Ofttllﬁlsfesenemgrapht €The X-axis of
d .0 teh |skers pr.ese |n

g1 BB eR ol BB RSB B Sl

ggmeMpenﬁm@hng(mmOmeMS of counts per mnute (cpm. The
upper dashed |ine represents the total binding under

FlguéQ § ﬁlgoa};]slqh% gt?efcz ofr’) cf,éosntlé%ttemc? {iﬁeornl lgr?gnltnflammlatlgn }nhaerelljrgg\glgative

experiment, as assessed by cell counts in BAL fluid in a rodent model of asthma.

Bars represent mean cell counts, shown on the Y axis in units of 10° cells, for groups
of 5 animals with whiskers representing SEM; * p < 0.01 versus ‘sensitised’ using
Student’s unpaired t-test assuming equal variance, with two tails). The horizontal line
represents the average number of leukocytes present in BAL fluid from the lungs of
unchallenged rats. All rats in the remaining three groups received the same
sensitisation and challenge regimen, but were either treated with vehicle only
(‘Sensitised’), or with compound (I”) at 0.3 mg/kg bodyweight or with monteleukast
(‘Singulair™) at 30mg/kg bodyweight, all administered daily by oral gavage.
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was con ed potentially sighificant, although even
gavagd.s i nteraction was weak (estimated EDS0 5- 10 .
Figure 6 (panels A-E) shows representative dose

Figh %Slﬁqge?ﬁlo{:d)‘fr r% S d}ﬁFf A gc B SEQEs &1 exposure for a range of

yte n1grat|on invitro, for
dlfkmohBSﬁ?I QOmPOflndﬁen wnimwu saseFhe haJf-ifg)wasrestimated using a

[ I\, eqagh
Stalg% ne e m?a ﬂ%q“? + ﬂg&s\%{/g%tghc%ﬁ ucegx% d Orhsgggt 1e’ 2uél 6ng
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CMQ O PMS@ grsatiey Ting Rr feniarest of EQmpunfdp Whish I (16 t he
invBYITRSF chipkfl (18) dHdqE Ribskical o Ny is arkitddaatttf diadpeh he

circle.

EXAMPLES

In each of the following examples 1 through 6, (S)- 3-(2',2'-
dimethylpropanoylamino)-tetrahydropyridin-2-one (compound I”) has been compared
with a range of other lactam BSCIs which were selected to be representative of the
various subclasses. For example, 3-(adamantane-1-carbonylamino)-caprolactam (II)
was selected as typical of the subclass of polycycloacyl lactam BSCIs (such as those
disclosed previously in W02006/016152).
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presented graphs. The Y-axis of each graph represents
the percentage inhibition of MCP-1 induced m gration;
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conmpound present i (0.01-1000). Figure 7
shows represent aj se curves for the
i nhibition of LPS i Bduction in vivo in
a murine nodel of sub-Iefhal {(endopoxenia. In each
experinment, groups of six mc ceived pre-treatnent
with the five conpounds (panel A (I1); B: (Il1l); C
(V); D (V) and E: (1V)) @} various doses, via either
the oral route (circles) or subcutaneous route
triangles). 30~60m ns later, animals were chall enged
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representlng SEMs. The gpncentratliion of TNF-a in mce
recei ving LPS but no BSCI tneat nEnt was typically
5,000 to 6,000 pg/mM on average (conpared to <10pg/ n
i n unchal | enged m ce). The ED50 was estinmated by
| inear interpolation of (B presented graphs. The
X-axi s of each graph represents the dose of each
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15  The final compound selected, 3-(3’-hydroxyadamantyl-1-carbonylamino)-
caprolactam (V) was typical of BSCIs with a substituted acyl side chain (whether

simple linear, branched, mono- or polycyclo in structure).
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Student's unpaired t-test assum ng equal variance,
wWth two tails). The horizontal |ine represents the
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ef fect of conpodﬂ% (1') dn T-thel p cell polarisation
in a representative experinenty assessed by fl ow
cytonetric determ nation of IFN-g (a Thl marker
cytokine) and IL-4 (a Th%vyarker cyt oki ne) production
by CD4+ splenocytes in a rodent nodel of asthma. Bars
represent mean Thl/Th2 ratios, shown on the Y-axi

It istigiporians iprote that gl afthers BSCl ganpreds (sthraveh AY) @ER/Pgéﬂ p
spe§ﬁ9a1%i%?c§§§ﬁr§w§%§?' 4n818 ggver Rl BECPactivity @rvik8 (BBSo

sensrtise 1enged rats, in both cases u3|nﬂ
<1n®{ Gt inkibifippanif MEP-1 indused BB reeh gnigrguien). vakrhazp excellent
M-t h two tail.s). 1r " . group,
satfity dp S’ ot ndlrom {hSerb B ERel M8 arclMt EELEGm 9 210
cand@ais$ for slatdl@imenn s lotnanl phagecewgrivwiith dptitinfivenmeateryt her
treated.with vehicle only (' Sensitised + vehicle'), or
Properies B¥MBound (1') at 0.3 ng/ kg bodywei ght or with
nont el eukast ('Singulair(tm') at 30ng/ kg bodywei ght,
Allalf theatoveniostpenadt (fall, YIIOEV orddV) wav ageed itrthg (¥ )ecohfigurstian
|l ot of plasma half-life (in mnutes) versus ora
af@%%ﬁ@ﬁﬁggﬁﬁpﬁ§'range of different BSCl conpounds in
rat. In each case, the half-life was estimated using a
st andard one-conpartnment nodel of plasna

after a.single iv bol dose of  t conpound at | ng/ kg
X SHvea A HAFKIRECS -ﬁ« T IVISO le‘ﬂ'ge.line. The ora

exposure (AUCO-t in units of mn.ng/mM) was cal cul at ed
Cofpbundwivery ansnisgted app aingialoee @fthdrHmgdgipdywdight in3bg/ kg

| ssolved, i 1% CNLC, . 9% [ [ . dIh .
oo R e SR ) PR s T vi e

oral route) to three adult rats (using different rats for each compound and each route

of administration).

Blood was then sampled at various time points (including just prior to dose
administration) out to 24hrs post dose, and the level of the various compounds was
assessed using a validated LC-MS/MS assay. Briefly, 3-5pl of the deproteinised
sample was applied to a Waters Atlantis (C18 20x2.1mm, 3um bead size) reverse
phase chromatography column equilibrated in 0.1% formic acid in 95 :5

water :actetonitrile. Over 3.5 minutes bound material was gradient eluted reaching
0.1% formic acid in 5 :95 water :acetonitrile, followed by a step gradient back to
0.1% formic acid in 95 :5 water :acetonitrile. The column eluent was then directed to

an Applied Biosystems API 4000 / 3200 QTrap MS/MS mass spectrometer, with a
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Following LC-MS/MS analysis of each collected sample, the pharmacokinetic

disposition of the compound was modelled using Kinetica software, a well known

software package for such applications.
Results

The individual concentration versus time graphs for each rat treated with each
compound via the oral route are shown in Figure 1. It is immediately obvious that of
these five structurally diverse lactam BSClIs only (IV), (V) and (I’) achieve any
appreciable oral exposure, and that of these (I’) is substantially better than the others.

The parameters of a simple one-compartment pharmacokinetic model are shown in
Table 1. Firstly, this demonstrates the superior exposure achieved with (I’) — nearly
20-fold higher than the next best compound, (V). The reason for this superior
exposure (which is calculated as the area under the concentration versus time curve,
in the units of min.ng/ml) is also evident: the clearance of (I”), which is defined as the
theoretical volume of blood which is completely cleared of drug each minute in the

units ml/min/kg, is more than 10-times lower than for the other lactam BSCIs.
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accounting for the clearance of more than 95% of the injected dose; the minor t1/23

was 110mins. In all cases the Cmax was achieved within 30mins, consistent with

optimal absorption.

The clearance of (II) and (IIX) approximates to the liver blood flow of the rat,

strongly suggesting that both these compounds are metabolised almost completely on

first pass through the liver. Similarly the clearances of both (IV) and (V) exceed

renal blood flow in the rat by some 3-4 fold, again suggesting substantial metabolic

clearance presumably also liver mediated. In marked contrast, the clearance of (I’) at

2.6 ml/min/kg is less than half of renal blood flow (typically quoted as 7-9

ml/min/kg), which suggests minimal metabolic clearance. Since (I’) is extremely

water soluble, with a volume of distribution consistent with free equilibration in total
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deproteinization. The lower Iimt of quantitation

(LLOQ for this assay was 2.4ng/m for each conpound
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co E@a Rxgmggs Netn BR1ERARLr A SheTURMRour eoﬁﬁmn@sﬂ Firstly,

nonstrates the superior exposure achieved with
") - nearly 20-fold higher than the next best
Not@BwﬁawrﬁﬁCIe yie obygreed ta harpralgrioavailabiliyiryen Hough plbEve of

the Sk rp%uﬁ@sl Kb Bh & R%hal DG PEiSRHYRIEH a&ft‘@mﬂamrr%atlon

concentration versus tine curve, in the unit
endypointsa gihnd Ykelsredeets thevardé hver-m drléated metpbolism ([ pod@iligh

| s de e I f ichis
i FhIRR Bl Bt TRl o
metaﬂcﬂlmmﬂk@; retagn meeactlmsmals (ees ctamvpde 2% han for the

ot her lactam BSCls. Tabl e 1. Pharnmacoki netic paraneters

Basgc? %% ?/Xal qlflcén%c%{( nXtﬁ::ln\é%sﬁ tlvﬁ%ea@‘)i)’ %lgtg tho%lsgﬂ ed in Fhe art

that(de$pit2 thesimsar, cheinmaf sutdléty (and irmmb ktgblhtyvmlmoﬂm«ecbsferum for
distributi k

thesg Y RIS et g st R e B b bR o st hront

grolfas) rﬂ%&@xﬁi@le@@m Yis mﬂ&ﬂlyfsﬁﬁerfba eaICOEpHRd In pMEcEgSthe
across three rats. * 24mns i s tgﬁedom nq%gt hal f-1ife

cleagagice pighe sempRIdiingustblowen grqbebly reflrcingf radpred RroRERSIEHS,

IlvePReHﬁ%d'nWtﬁ%ﬁlﬁq {Q38ng e 0folAbngdek l%sﬂia WA 1ifd &algost | N
cases e Cmax was achi eved wi t hin 30m ns,

20- %)bhlsqtfst a@nt ex’\npwaie then thegrexidissigopowi examined.

In a separate experiment, (I’) was compared with the second best compound (V) for
pharmacokinetic parameters in a different (non-rodent) species, the dog. Single doses
(Img/kg in 5% DMSO intravenously or 3mg/kg in 1% CMC per os) were
administered to a single dog for each compound in a simple crossover design with 1

week washout between the two routes of administration.
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The clearance of (11) and (111) approximtes to the
l'iver blood flow of the rat, strongly suggesting that
whoiok/o1d3ese conpounds are metabol i sed al nbst cREPGBR@BRP02635
on first pass through the liver. Simlarly the
cl earances of both (1V) and (V) exceed renal bl ood
flowin the rat by sone 3-4 fold, again suggesting
The gegplés mshoym Bdellat i ¢ cl earance presumably also |iver
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conmpounds, (F) has a substantially |Ionger plasma
half-1ife (nore than 3 hours, conpared with |ess than
hal f - an- hour for the other four conpounds). Not all of
the BSCls are observed to have oral bioavailability,
even though all five of the chosen conpounds were

Orak REdmedfave oral bioactivity on acute inflammation
end-points. This likely reflects the rapid

Cothpaped |medbrecied neft absleksm Selilif) Bigavailebify | whAUE ay o
absor bed ef fici ent | §mibsht |comiBst efd on (fi)r st pla@ng/mh
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stabiTity and in vitro stability in isolated serumfor
these five conpounds, as well as their simlar
predi cted properties on thegretical groupds,
Talfle 3o OHPRESED pishe PERTFRRAPUINEHC BAEARSIETS 10 g Hest g lactam
BSECEsN 2t ardddd¥ b pHArRacolkifics IreRigancisroadly tiklat @O UAd
I's much I ower, probably reflecting a reduced

botpsrspienspmporns (1) havingeensierblner stdrarais lprestPirmy hilh
Jife@nd Rordo@bfkate? BASuR | ABT8n Bith hipdlf. n 3Rch AbBE bredominant

half-life (the faster t1/2at) is responsible for clearing more than 95% of the injected

dose.

These observations indicate that the superior pharmacokinetic properties of (I”) are

not species specific and are consequently very likely also to be observed in humans.
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20-fold better oral exposure than the next best
conpound exam ned. In a separate experinent, (I') was

w@orspates wi th the second best compound (V) f oPCT/GB2008/002635

phar macoki netic paraneters in a different (non-rodent)

speci es, the dog. Single doses (I nmg/kg in 5% DVSO
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thepb‘fb ﬂ%ﬁi"%]éf%]te Pﬁ%ﬁholatq %d%%h%ée faster t1/2 a) is

responsible for clearing nore than 95% of the injected
For f0 $@jor @5 1iRhIBE Ns@igh%ﬁrubﬁt@és@ﬂ%@cdﬂﬁhed Bﬁsyﬁﬁ!@:@ﬁ ber
harnacoklnetlc properties of (1') are not species
auth%fﬁ@éampkszaﬁ@gaméhq@é et kneve rlytheeritywmmpge subis® 19 bChe
MS-SRsahKeM u'n@erh%% oA @B s Znd L%efsaﬁl ig@tion of the
primary metabolites Urine was co ed fromrats
exposed to a single oral dose ng/k in 1% CVC) of

Notethptimetehpbsuihtstedies pravide oy aﬁalﬁ@rve@@ﬂmﬁe%fttbwhﬁ@e
amoGR§ §Bthe AiTRrAP RleBBolited ﬁ%se?@ TR iRk %ﬂaﬁ‘ﬁ Qés@%\?ﬂh to
full scan mass spectral analysrs, using the same LC- M5
apprepyiede Wicsra stasdagésseeyld belragnir tamparéltante adsb\nastatiolitet ﬂpecnes
M5- MS anal ysis of the product ions was then perforned,
Residd i kely fragnmentations/re-arrangenents assi gned
fromthe publicly available Metabolite |ID database.
the maj or nmetabolites, the assigned structures

The ﬁ@%@e%@ﬁqamlﬁ% inggns giderfspacestratipgdeionter ereshiaph ésFigure
2 foﬂs'iﬁt) A% %ﬁmgg’s é’l‘ﬁ ylsed( %Mmb@datnlaﬁ) 1id that e ﬁJ%th‘A’ﬁSngy used

ject to
here is not necessanly exhaustlve and further (particularly minor) metabolites may

also be present which were below the detection limits for the methods applied here.
As a general rule, it can be assumed that metabolites representing 10% or more of the
injected dose will be detected (though not necessarily structurally identified) by the

methods used here).

For compounds (II) and (IIT) the major route of metabolism is cytochrome P450-
mediated hydroxylation, consistent with the rapid clearance at a rate approaching liver
blood flow (see example 1 above). The major site of hydroxylation in both
compounds is on the cycloalkyl tail group, with a second (slower) hydroxylation
occurring on the lactam head group. Note that the lactam hydroxylation products
appeared in the MS-MS at -2amu (as opposed to +16amu) because of the instability of

the 7-hydroxy adducts in the electrospray source.
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M5 anal ysis under the sane conditions as the urine

sanples. Note that netabolite I D studies provide only
weeabio1@dl ve estimates of the rel ati ve anpunt sPGF/GBR@8/002635

different netabolites present, and separately

val i dated assays with appropriate i nternal standards
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de‘ce‘ct%&'lf@I tl(eaﬁetﬂ&ﬂ%&ﬁhér@ Adfa %ﬁlp(bﬁdﬁ(lﬁ)eanﬂf(lmﬁ @ small amount

instability of the 7-hydroxy adducts in
of pad@ettlwégoewévdsoam@c@a C%ﬁﬁ%was 3lpq slet%%@ §gain primarily

as a O LINAS 1B&M£§§Zd product was present in sufficient
guantity to be detected in urine, whereas for conpound

For serapand V) (% Mgt g ONGE CBHARL B DB P of

par e‘?@&ﬁn@uﬁ@ (de@ ngﬁg 3?@5@(‘!1’64@1900{1&%@1{‘5 v@fh e tRGbiA oeh t he

[1ed (for exar?) he 3,5 di hydroxy and

unid@®nsfied mptawder 6&9; theard Rbmafyhe mmed dpsad{I\OFwas|rpgovergd

4 1 d
el 00 b PSRBT, B8 S oatitly s st
hnkggeuc isrpdavisithéet, &uk currently unproven, that metabolic cleavage (or other
modification) of the linker was occurring. Once again, a small amount of

hydroxylation at the lactam head group was also observed.

In marked contrast to all the other compounds, no significiant metabolites of (I’) were
detected in urine, consistent with the appearance of the majority of the injected dose
in the urine in unchanged form (see Table 3) and the clearance rates at or below renal
blood flow (see example 1 above). This lack of formation of metabolites is a major,
and unexpected, advantage of (I’) over the other compounds tested here for
development as a human pharmaceutical and is, at least in part, responsible for the

superior pharmacokinetic properties described in example 1 above.
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Table 3. Distribution of compounds into various tissues 24hrs after a single dose

in rat. Only compounds (I’), (V) and (IV) were detectable in urine at 24hrs after a

single oral dose (3mg/kg in 1% CMC). Of these, compound (I’) underwent

significantly less metabolism (more than 60% of the injected dose was recovered in

urine). Furthermore, only compound (I’) could be detected in any of the other tissues

examined 24hrs after a single dose. This likely reflects both the superior distribution

and increased exposure associated with (I”) compared to the other compounds tested

here.
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using the sane validated LC-MS assay described in
exanple 1, using (S)-3-(2',2"-

wa@lewenbpr opanoyl am no) - caprol act am as an i nt BCT&B2008/002635

standard. The results are shown in Table 3. In
addition, the | evel of conpounds in various target
tissues was al so determ ned. nd = not detected; LLOQ =
2.4 n/ Table 3. Distribution of conmpounds into
various tissues 24hrs after a single dose inrat. Only
The ﬁﬁﬁggﬁ%ﬂ%‘[? bf metaﬁdﬂsnﬁclifdl’ﬁ bc\ﬂlpaéxm ® tbhedithﬂtcabﬂpeuﬂds urine
at rs after a_si e ora ose. n 1%
demysia Rt WEBSCAG (L1 My QRRROL g PSR T
BSATBhRPRLAS BsCBRaE 0! iRBloFRAtaE 2 hii@ah ﬁma@mta@dud@s ghieas
recovered in urine). Furthernore, npoun

redugesd mgtabelisqetead henge IAPTAISA %IPM%OERYH%SP ¥1{<<F1¥ agfoynts i%frﬂl% ed
dlargaﬁQE@ruﬁ%Eﬁgr L R8LiRet IR EperddisBow fehimprfil #6te both

trlbutlon and i ncreased exposure
Furthesmcs, amedBﬁEIsrare{ intendedbfop devetppment %@nbtlh’féamlé@iﬁﬁc?@ﬁ@é

targ%tlnﬁbggpggo%%lateqﬁgmo %'{Jechﬂ%{’@e‘ht {n?c; ?wg{ @%%?ﬂééuém (r)

er conpounds trates 't
unexpRencp ﬁnﬂlﬁg lttyat (I( )15 Yound lmdi kssdd:sy)f $hqjmdy (DﬁSteti@4hf$@ftW ale

Iac cIo e
SRR b e T DA S
demdBitaRe|thepariand uiBRad thisneeV esnpAME properties) |ikely

accounts for the dramatically superior pharmacokinetic

properties shown in exanple 1 above. Furthernore,

since BSCls are intended for devel opnent as

anti-inflammatory agents targeting i nappropriate
Exangplk 8CY SafetePhariniglvlgyi Nt 0 a Wi de range of tissues,

t he unexpect ed flndlng t hat (I is found in al
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in thSSibschée ARSBShce bR Mt liver microsomal metabolising system. The

number of revertant colonies was then determined by plating on trace-His minimal

media.

The results (Table 4) show that none of the five compounds significantly increase
revertant colony formation (with or without metabolic activation) in any of the strains

tested.
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S|gn|f|cant nDduIatlon at | Can The results (Flgure
3) show that none of the five conpounds significantly
Table4.eRaedrenht wolohy fdrendtiaR@G ADERES &dst. dWore dDiid compounds

tested caused a significant increase in revertant colony formation at any of the
concentrations tested (data for the top dose only is shown). Note that compound (II)

caused inhibition of bacterial lawn growth at Smg/ml.

In a separate experiment, all five compounds were tested for interaction with the
hERG ion channel. Compounds which interact with hERG are at risk of causing QT
prolongation and potentially fatal cardiac arrhythmia. Compounds which inhibit
hERG tail current by more than 50% at 10pM are generally considered high risk for

development as human pharmaceuticals.

HEK?239 cells stably transfected to express hERG were perfused with bath solution
containing the compounds at 10uM (0.1% DMSO). hERG tail currents from three

cells were then recorded by patch-clamp analysis following depolarisation to +20mV
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We conclude that, froma safety pharnacol ogy
perspective, all five of the conpounds, including (1)
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pharmaceuticals. In particular, the considerably
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bi ndi ng buffer (20vM HEPES, 150nM NaCl, pH 7.4; 106
cells per reaction) at 40C in the presence of 10nM
[SFU BhBSZSO (fron1| nmM st ock in 100% et hanol
Examyte 4.y hpha olpgYconpetitors (1% DVBO maxi mum
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various specific radioligands for other receptors which are well known in the art.

For specific binding the human myelomonocytic cell line was resuspended in binding
buffer (20mM HEPES, 150mM NaCl, pH 7.4; 10° cells per reaction) at 4°C in the
presence of 10nM [*H]-BN83250 (from 1uM stock in 100% ethanol; 30Ci/mmol) and
various competitors (1% DMSO maximum vehicle concentration). Reactions were
incubated for 2 hours on ice, then filtered through GF/C filters pre-soaked in 0.5%
polyethyeneimine. Unbound material was washed away with 5x Sml ice cold
washing buffer (20mM HEPES, 150mM NaCl, pH 7.4) under a slow vacuum. These
conditions have previously been shown to achieve equilibrium binding, with at least

80% of the binding specific (competable with 10uM cold BN83250).
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Table 5. Non-linear modeling of competitive binding curves.

It is important to note that compound (I’), in marked contrast to lactam BSCIs (IT)
and (V), showed ideal and predictable binding to the target receptor. In particular, the
apparent affinity for binding to the receptor was of a similar magnitude to the
functional ED50 value in migration inhibition assays. Similarly, the Hill Slope was
approximately -1.0 (the theoretically expected value for a simple, non-cooperative
competitive binding model), whereas the other lactam BSCIs showed considerably
shallower Hill Slopes. The cause of the departure from ideal binding to the target
receptor for compounds (IX) and (V) is not known, but this difference further

underlines the unexpected superiority of compound (I”).
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The results (Figure 5) denonstrate that all of the

| act am BSCI conpounds tested are devoid of major
wW@e@esiaeact i viti es based on this panel of 75 PEDEBR@BH02635

(no interactions with an estimated Ka < 1mM were

noted). Only one weak (but statistically significant)
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Wh%re Biegalbitian gas 5B0% ukrcks wnsalrepm@; s1pM. | Retkiboof tlee
[ | mted to
reocfloft AR, ufl o Hifonida Iy PP u i e RO RO s,

availphtpedt vagpacearspfini grati on assays and dlrect

vi sual i sati on chanbers such as the Dunn Chanber. For
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controls). 'This assay can be used with a range of
di fferent | eukocyte popul ati ons. For exanple, freshly

prepared human peri pheral bl ood | eukocytes may be
used. Alternatively, |eukocyte subsets may be
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The biological activity of the compounds of the current invention may be
demonstrated using any of a broad range of functional assays of leukocyte migration
in vitro, including but not limited to Boyden chamber and related transwell migration
assays, under-agarose migration assays and direct visualisation chambers such as the

Dunn Chamber.

For example, to demonstrate the inhibition of leukocyte migration in response to
chemokines (but not other chemoattractants) the 96-well format ChemoTx™ micro
transwell assay system from Neuroprobe (Gaithersburg, MD, USA) has been used. In
principle, this assay consists of two chambers separated by a porous membrane. The

chemoattractant is placed in the lower compartment and the cells are placed in the
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| ynphocytes or nonocytes using nethods well known to
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bl ood | eukocytes may be used, including, but not
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I\/Iat | t
teulB QR P PR AR T Bk O SV DS
Iym"p_h@:ytﬂs at ﬁ(ﬁ;)ng%/w u@th nigtiente mn&m)wl\g lcathes s(gﬂleﬁ/nproﬂm @bgch '
n Cl ear ur ro S
as cé T I Do A A S T e

] é8) lines thich AGE Béeheeteas‘i@ely Salmafedhaﬁﬁdelﬁ pORSig e
( Sigma A-8806). MIT

Pefkﬂ’il?fé]t 994 Istlgpsies piay by uszedsma%uéﬁsﬂw p Laisedy tp FRERs 1 Bis 48,
a m'0§e1 %@%H@%@é& o TQRL SR hRledFnatS08a). RPM - 1640

hout red i s purchased fron1S|gna (Slgwa R-
8755) The THP-1 cell line (Europ e

| t
Altmgh@g@rpg@w)f cw@@ﬁedh%@sswaée P‘&?R qqstrate the”
inhfbR l(?Eh&ﬂolaﬁéﬁl@ﬁ&ﬁ%iﬂ%cﬁ@ﬁuﬁr%dn%‘ée@gr SLRHRAUE 8dVise

use or testin he COW?OUH the present invention

profvigied bjrErcatbétial. ﬂ\sfeft Resshrere 24042412 78198 or thwé&wereqmre
to igledidlih %o'lﬁgkagl%g By PR D B Hs%feﬁ%gm&hl

enS|on per conpart nent
prepared The THP | cells are pelleted by

Magzindsr i fugation (770 x g; 4 mins) and washed with Geys
The transwell migration systems are manufactured by Neuroprobe, Gaithersburg,
MD, USA. The plates used are ChemoTx™ plates (Neuroprobe 101-8) and 30 ul
clear plates (Neuroprobe MP30).

Geys’ Balanced Salt Solution is purchased from Sigma (Sigma G-9779). Fatty acid-
free BSA is purchased from Sigma (Sigma A-8806). MTT, i.e. 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide, is purchased from Sigma
(Sigma M-5655). RPMI-1640 without phenol red is purchased from Sigma (Sigma R-
8755).

The THP-1 cell line (European Cell Culture Collection) were used as the leukocyte

cell population.
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Bal anced Salt Solution with Ing/m BSA (GBSS + BSA)
This wash is then repeated, and the cells repelleted

whefoone3bei ng resuspended in a small vol ume of PCGBEB2008/002635

BSA for counting, for exanple using a standard
haenocytoneter. The volunme of GBSS + BSA is then
T adjus{ed dependi ng on the nunber of cells present so
eSLPIQECOt he cells are at final density of 4.45 x 106

cells per mMm of GBSS + BSA. This ensures that there
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‘4_0
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fo act as contr ol Next, the chenpattractant
solution to be Iaced in the Iomer conmpartne

The peleparEEBSPorB¥x nfpereadiatss-depprding nfpe ufPherG%%% S+ BSA
pres%lq 5§ gﬁéfthg céﬂsrh‘?é at(‘fﬂlrel‘p@e%lﬁ%f' 245 £10°21 NS Wl -of BHSS + BSA

nto ts, d@s for the cell suspension.
Thlswnwrpndhat thére aneé@ﬂ Oe@ﬂfﬁauln@ms in eadll @8 ltod therpeludignhaf WH5|

on tratlo d to the cell suspension,
bep&ﬁ?f%nQIH?ﬁ ?%e%ﬁ% %ﬁ equal vol une of GBSS + BSA

plus vehicle as appropriate (e,g. not nore than 1%
To t&"t/B@hg]es:ompdlauﬂ forits @vilitsitte indibyt, chemhlene EHBeRdNIgRE RS he

( SDE- sat
necSf R IOTONTEY (g THe 0 P 15 ey of TP AT 4432 Fo
cells‘(hﬂpid ldatidedrihto tva pe@cTo amget the intgbitanpoddr dest istaddefeatenm ne

in a _separate experinent) .the con
SPRRH BB IS EH LB A PR AT G Sy hE By D ARG
morémﬁh atj DNISY). toehehesRIDot ad gpil vetulioof/GBSH erRBAapiusn
i s maxi mal concentration
vehlékﬁé pPRFERHate (. PRIGROTE fan; %5&?4%9 3&683‘? i‘% 5 cygl
conpounds pf the i nvention. Because chenoki nes
Next ¥R GRho¥itrafeiMGBlution to be placed in the lower compartment is prepared.

For example, MCP-1 is diluted in GBSS + BSA to give a final concentration of

25 ng/ml. This is divided into two pots, as for the cell suspension. To one pot, the
test compound is added to the same final concentration as was added to the cell
suspension, while to the other pot an equal volume of GBSS +BSA plus vehicle as
appropriate (e,g. not more than 1% DMSO) is added. Alternatively, other
chemokines may be used (SDF-1a at 7.5ng/ml; RANTES at 50ng/ml; IL-8 at 10ng/ml
using neutrophils as the target cell population). In each case it is important to
determine (in a separate experiment) the concentration of each chemokine which
causes maximal stimulation of migration of the chosen target leukocyte population.

This maximal concentration must then be used in experiments to test the inhibitory
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| eukocyte mgration with a bell-shaped dose-response
curve, the use of a sub- or supra-nmaxi mal chenoki ne
weomeen3p@mt i on can | ead to artefactual resultsP(T/6B2008/002635
exanpl e, a compound which is a chenokine inhibitor can
yield a paradoxical stinulation of Ieukocyte m gration
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blol%&aﬁ tlgﬁy Pg& tf%gpc];ul al f tglg}']}l‘ézg? r%)r(]a of IF ?T@P f"‘ nfg/rﬁlhe
usin fk!h% s it LA bt d‘eﬁl}iopulaﬂibntdierc}mpem mgmmtsmgmp Dnce
enmpattractant solutions for the |ower wells and
CdB@@ﬂwt§€PU%W6h§mﬂor t he upper chambers have been
prepared, the migration chanber should be assenbl ed.

NoteF%thQﬁe Colutit oplfic%u‘ichﬁa AR bl @B&adﬁﬁﬁmﬁah&d@@ﬁ @Mthe test
solution into | oner well of the chanber. Assays
compshad ngedséo petekest intacpoppun veheniesiablishingithy fipal pencentration of

McE! Etu?r%l@"sglﬁ OPRS tl%ﬁox@?ﬁjlaiq@gl%bﬁt a§ the%?ccﬁ‘ként%ah@n bV

ers have been apply the porous nenbrane
in the oppdneombatbeat. | n accordance with the manufacturer's

instructions. Finally, apply 25 m of the appropriate
Oncg lelch%%e{ﬁtréc Ji‘lhg@ut?cﬁ]g RorYRPR e LRI cesdliBss f6r the Gpded

aced over e entire apparatus to prevent

alﬂweqdmvafobmpreﬁﬁh@ theswigtation clpinzheb ehouldsbe aseamidede dlage 37
29 p?ci’the appcr:oopriate c(:)nemoattr%&gu% sof/'\tl&liI LRI 'l@v@er%ell of the chamber.

Assays should be performed with at least triplicate determinations of each condition.
Once all the lower chambers have been filled, apply the porous membrane to the
chamber in accordance with the manufacturer’s instructions. Finally, apply 25 ul of
the appropriate cell solution to each upper chamber. A plastic lid is placed over the

entire apparatus to prevent evaporation.

The assembled chamber is incubated at 37 °C, 5% CO,, for 2 hours. A suspension of
cells in GBSS + BSA is also incubated under identical conditions in a tube: these cells
will be used to construct a standard curve for determining the number of cells that

have migrated to the lower chamber under each condition.

At the end of the incubation, the liquid cell suspension is gently removed from the

upper chamber, and 20pl of ice-cold 20mM EDTA in PBS is added to the upper
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i pi . . f al.|
A g BLUBES LOTARER AREAS byl gR0s8H ['Suer
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reader. The absorbance of each well is then interpolated to the standard curve to

estimate the number of cells in each lower chamber.

The chemoattractant stimulated migration is determined by subtracting the average
number of cells that reached the lower compartment in wells where no
chemoattractant was added from the average number of cells that reached the lower

compartment where the chemoattatractant was present.

The impact of the test substance is calculated by comparing the chemoattractant-
induced migration which occurred in the presence or absence of various
concentrations of the test substance. Typically, the inhibition of migration is

expressed as a percentage of the total chemoattractant-induced migration which was
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estimate the nunber of cells in each | ower chanber.
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cllemomraqtmge(su@; NP Ir CH99ge defimed 83 Brpd-spirug) Clgomkine] ;

b B CBSGses Ry R K W G5 PRl 3,

Aprel;68Y): 102 7 Geteser e2008inFRby ey €84:i2)2086 Bep,8(9)8h832).
I nternational applications supra). Conpounds which
R i phibit | eukocyte mgration i nduced by nore than one
enoki ne, but not by non-chenoki ne chenpattractants
(such as TG~-b or Cbha) are defined as Broad-spectrum
A tfpieirdédenespbmdvichivedoiscofr 8B &( ) satebiting MG irplduced migngion

Bi ochem Phar macol ... 2003 1.6
of 5T S9N Sponimtg AFENE B ap Aot iR vane e Tobt e
for 58 seBRfed Jakyam BSCIs known to have particularly high (that is, <InM)
potency. The potency of compound (I’) versus various chemokines and non-
chemokine chemoattractants, expressed as ED50 values is shown in Table 6, and is

compared with other lactam BSCls described previously.

It is clear from this data that compound (I’) can be classified as a BSCI (since it
powerfully and potently inhibits leukocyte migration induced by a range of
chemokines, but has no effect on leukocyte migration induced by a non-chemokine
chemoattractant, in this case the C5a anaphylatoxin). Furthermore, it is evident that
compound (I”) is at least as potent and powerful as a BSCI in vitro as the selected
lactam BSCIs which have previously been disclosed (for example, compound (II) in
W02006/016152 or compound (IV) in W02005/053702). All of the lactam BSClIs

examined here are considerably more potent than any of the non-lactam BSCIs which
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Table 6. Effect of selected lactam BSCIs on leukocyte migration in vitro. In each
case the dose of compound (in pM) required to inhibit leukocyte migration in
response to a maximal dose of the stated chemoattractant by 50% (the ED50) is
shown. Unless stated otherwise, the data is reported for the THP-1 cell lines. For
C5a induced migration none of the compounds tested inhibited neutrophil migration

to any degree even at the highest concentration tested (1pM).
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gavage) 60 mins prior to LPS. The mice were then challenged with an intraperitoneal

injection of 750ng of bacterial LPS and sacrificed 3 hours later. Serum was prepared

from a terminal bleed by cardiac puncture, and the concentration of TNF-o is

determined by ELISA (R&D Systems). In each experiment, a group of 6 mice

receive no LPS to act as a negative control, and a second group receive only LPS

(with no candidate inhibitor). The level of TNF-o in serum from these animals,

which received LPS without drug pre-treatment, is arbitrarily set to 100% (and is

typically of the order of 6,000 pg/ml, compared with levels of <10pg/ml among the

negative control group). We have previously shown that the synthetic corticosteroid

dexamethasone (itself a well known anti-inflammatory medicament active in a wide

range of inflammatory diseases) inhibits LPS-induced TNF-o production by at least
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mﬂamm.t':ltrc])ry agent 1n¥zlvo In addition, these findings clearly demonstrate the utility
of (I) as an anti-inflammatory agent in vivo, in a model of inflammation which
indicates utility in a wide variety of inflammatory diseases where increased TNF-o

production is a component of the pathogenic mechanism.

It is important to note that the hyperacute inflammation observed in this model is
particularly insensitive to the ADME and pharmacokinetic properties of the anti-
inflammatory agents tested. Since the LPS stimulation is administered only 30
minutes after the drug, even agents with very short plasma residence times (such as
compounds (II) and (TI1)) remain present in plasma at sufficient concentrations to

elicit a powerful anti-inflammatory effect. While such a test, therefore, does not
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human asthma.

One group of mice (acting as a baseline control) received no ovalbumin challenges,
but were otherwise treated identically. A second group (positive control) received the
challenges but no drug treatment. A third group were treated identically, but received
daily dosage with compound (I’) at a dose of 0.3mg/kg via oral gavage from day 8
until day 21, with dosage being given 1hr prior to any subsequent challenge with
ovalbumin made on the same day. Compound (I’) was administered as a sterile
solution in endotoxin-free phosphate buffered saline. A fourth group received

monteleukast (the active component of the commercially available asthma medication
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Ionomycm and 50ng/ml PMA for 4 hours at 37°C. During the last two hours of this
incubation 10pg/ml Brefeldin A (stock Img/ml in EtOH) was added to one well from
each set. Brefeldin A blocks protein transport to golgi and therefore allows

accumulation of proteins in ER.

The wells without Brefeldin A were incubated for a further 48 hours at 37°C. Atthe
end of the incubation, the cell suspensions were centrifuged (328g; 5 mins) and the
supernatant was subjected to ELISA assays (R&D Systems; performed in accordance
with the manufacturer’s instructions) for murine IL-4 (a marker of Th2 cells) and

murine interferon-y (IFN-y; a marker of Th1 cells).
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IFN-g on the PE channel. The ratio of CD4+ cells staining positive for IFN-g to
CD4+ cells staining positive for I1.-4 was then reported as the Th1/Th2 ratio.
Untreated Brown Norway rats have a Th1/Th2 ratio of approximately 2.7 in the
spleen (that is, approximately 2.7 times more CD4+ cells in the spleen are
synthesising INF-g as IL-4). Following sensitisation and repeated challenge with
ovalbumin, the ratio had fallen to less than 1.5 demonstrating the marked Th2 .
polarisation which accompanies asthmatic changes in both rodents and humans (a
lower Th1/Th2 ratio indicates relative Th2 polarisation, while an increasing Th1/Th2

ratio indicates a relative Thl polarisation).

Daily dosing with both compound (I’) and the positive-control comparator compound
monteleukast significantly reduced the number of leukocytes in the BAL washes

(70% reduction with compound (I"); p <0.01 Student’s unpaired t-test; Figure 8).
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atherosclerosis, are associated with a Thi (as opposed to a Th2) polarisation. In both

types of diseases, the imbalance in the T-helper cell cytokine profile has been
described as a major pathogenic cause of the chronic inflammatory component of the
disease. In models of a disease associated with a Th1 polarisation (such as in
atherosclerosis) we have previously observed a marked shift towards Th2 on
treatment with BSCTs, such as compound (I’) claimed here. Mice with a homozygous
deletion of the gene encoding apoE (apoE-/- mice) develop several vascular lipid
lesions, even on a normal chow diet, and have a Th1/Th?2 ratio of approximately 8
(compared to 3.2 in the background C57B16 wild-type strain). However, following
treatment with BSCIs for a 3 month period (from 12 weeks of age to 24 weeks of age,
the period during which most of the lipid lesion development occurs) normalises the
Th1/Th2 ratio (and even causes a Th2 polarisation at very high doses in this model).

Taken together with the data in the ovalbumin-induced lung inflammation model of
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reversed the Th2 pol arisation (Fi gure 9), which is
consi dered a major driver of asthma pat hogenesi s both
I

(I') even at | ow doses such as 0. 3rrg/ kg Vi a the oral
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such as oval bum n,
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acyboripdantan BISCYs, we rrestsdaﬁipbﬁﬁ hwmea@bv '&Ith BHUhSR sl hiiom
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Slmﬁ%r aéla{toﬁ%\ﬁlg@ﬁﬂg P béeq ﬂ?ql%%‘at ory di seases, such as

at herosclerosis, are associated with a Thl (as opposed
Thet apiginal hatel @Kﬂo&fpoﬁr&isl cofpared il&bipley R8Erofbh ShafRsgs. the

RO ORENT SRR T e G
prevdBusONdiSclbdel la ey a6 Y2 MO €8 mPourtitP) ensured that 6-
membered lactam ‘headgroups’ were included in the panel, although there is no
particular reason to assume they are generally superior (or indeed inferior) to the
compounds with 7-membered lactam rings (see WO2006/134385 for an extensive
comparison of acylaminolactam analogs of different ring sizes in terms of potency as
BSClIs in vitro). Similarly, the panel included a single example of a sulfonamide

linkage (IV) as distinct from the amide linker in the remaining molecules.

With respect to the ‘tailgroups’, the panel included two simple alkyl groups (both
pivoyl) and three cyclic alkyl groups (a methylcyclohexyl group, and two
admantanes, one of which was substituted). All five compounds shared the well-

established 2°2-disubstitution with tetrahedral bond angles at the key carbon (at the 2
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Thus the five compounds examined in examples 1 through 6 had a roughly equal
chance of being suitable for pharmaceutical development. Prior to determining their

ADME properties it was not possible, to predict which would be superior.

Once the testing described in examples 1 through 6 was complete, however, it became
clear than compound (I) was substantially and unexpectedly superior to the other
compounds. Since compound (I) was the only compound in the panel with a 6-
membered ring, it was possible that the superior properties were due to the size of the
lactam ring. To determine whether this was true, we reviewed all the previously
disclosed examples of acylaminolactam compounds with BSCI activity, and selected

the two compounds with greatest structural similarity to (I). Ofall the previously
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The origi nal panel of conpounds conpared in exanples 1
through 6 had been assenbled to be as structurally

waelwenssdas possi ble, within the boundaries of PETI6B2008/002635
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relative tp the carbonyl of the am d¢ ca
carbon atons b ed to this key carbon if a
tetrahedral arrangenent). This 2'2'-disubstitution
feature at the key carbon atom has al ready been
di scl osedVIND2006/ 016152) as conferri ng(BHdi ti onal
potency on BSCls conpared to |inear alkyl
"tailgroups', or other structures |acking four carbon
atons bonded to this key carbon in an essentially
tetrahedral arrangenment. As a result, the 'tailgroups'
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I'n"c ras
example 1. Note that the (S) enantiomer of both (VI) and (VII) was used for these

experiments, since this is expected to be the more active enantiomer in common with

all other acylaminolactam BSCIs described to date.
Results

Unfortunately, (VI) was a waxy solid with a tendency to retain solvent. It was
difficult to obtain a preparation of (VI) which was solvent-free, but this was
eventually achieved after considerable drying over many weeks. However, this
sample was completely insoluble in the 5% DMSO in saline, used as the vehicle for
intravenous dosing of the previous compounds. As a result, it was necessary to use a

wholly different vehicle in order to prepare a solution suitable for intravenous dosing.
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Table 7. Pharmacokinetic parameters for selected 6-ring acylaminolactam

BSClIs. Oral bioavailability (F, %), dominant plasma half-life (11/2, mins) following

infravenous dosing, clearance (ml/min/kg), volume of distribution (Vss, L/kg) and

oral exposure (AUC 0-t, min.ng/ml) from a simple one-compartment pharmacokinetic

model for each compound, averaged across three rats. For (VII), Cmax was achieved

within 15mins, consistent with optimal absorption as for (I’). The hydrophobic (VI)

was absorbed more slowly, however, with Tmax between 60 and 120mins.
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h
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OW ng 1 travenous | nje 1on O
coppdrexd (B\Orsbaenthss greuye imdabmes A9t have the outstanding ADME

characteristics of (I’)). Instead, the surprising and markedly superior ADME

characteristics of (I’) depend on the particular combination of structural features,

which could not be predicted.

Example 8. Attempt to rationally desicn an acylaminolactam BSCI with ADME

properties equivalent to (1)

In the process of identifying the superior ADME properties of compound (I’), we
have analysed the pharmacokinetics of a variety of different acylaminolactams with
sub-nanomolar potency as BSCIs in vitro. As a result, we would expect to have
gained some insight into the factors which modulate ADME properties for molecules

within this structural space. We therefore attempted to use this experience to select a
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The paraneters of a sinple one-conpartnent
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bonds is challenging synthetically, and can increase the cost of goods for the active

pharmaceutical ingredient by an order of magnitude or more.
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Results

The parameters of a simple one-compartment pharmacokinetic model are shown in
Table 8. Data for compound (I’) from Table 1 above is shown for comparison. It is
evident that compound (VIII) is markedly inferior to (I’), with clearance rates more

than 20-fold higher, and no detectable oral bioavailability whatsoever.
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The compound exhibited rapid clearance, resulting in a short plasma half-life and

additionally showed no oral bioavailability whatsoever.

The extent of the superiority of compound (I’) is illustrated in Figure 10. Here, we

have plotted two PK parameters (plasma half-life and oral exposure) for every BSCI
compound for which the pharmacokinetics have been analysed in rat. Compound (I’)
lies far away from the cluster, representing the generally poor ADME properties of
compounds in this structural space (and not untypical of very many entirely unrelated
classes of drug candidates), indicating that compound (I’) is unexpectedly, and

unusually, superior.
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As a result, we conclude that conmpound (VII1) has

simlar in vitro stability and intrinsic clearance to
W@ 200p/016BS, based on theoretical grounds usi nRCT/B82008/002635

experi ence gained fromthe discovery of (P), as well

as general skill in the art of predicting ADME
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| evel of analyte was below the limt of quantitation
arqidopfigali ) at all time-points followi ng oral dosing. In

concl usi on, conpound (VII1I1), which we had sel ected on
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determned, for deVel opment™ as a pharnaceuti
the molecule in vivo (since to be efficacious, the drug molecule must be present at the

intended target site(s) at a sufficient concentration to exert its pharmacological
effects), then a compound that has lower potency but excellent ADME properties may
be more efficacious (or more potent in vivo) than a comparator compound of greater

potency but inferior ADME properties.

The isolated (R)-enantiomer of (I) was therefore synthesised (exactly as described
herein for the isolated (S)-enantiomer, but replacing the (S)-ornithine starting material
with commercially available (R)-ornithine of high stereochemical purity), and the PK
properties of this agent, in rat, was determined using the identical methodology

described above (see Examples 1, 7 and 8).
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The conpound exhi bited rapid clearance, resulting in a
short plasma half-life and additionally showed no ora
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designated (R -(1). As with all other acylaninolactam
BSCl's described to date, the (S)- enantloner of (I) IS
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intravenous dosing, clearance (ml/min/kg), volume of distribution (Vss, L/kg) and

oral exposure (AUC 0-t, min.ng/ml) from a simple one-compartment pharmacokinetic
15 model for each compound, averaged across three rats. In both cases, peak plasma

concentration was typically observed by 30mins, consistent with good absorption.

Although (R)-(I) clearly shares, to a significant extent, the unusually beneficial
ADME properties of (I’), there are nevertheless some statistically significant

20  differences. Most marked is the increased plasma clearance (~3-fold higher for (R)-
(I) compared with (I”)), resulting in a 2-fold shorter plasma half-life following

intravenous dosing as well as a 3-fold lower exposure following the single oral dose.
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Al t hough (R)-(l) clearly shares, to a significant
extent, the unusually beneficial ADVE properties of

W@ poop/o1d3ber e are neverthel ess sone stati sti cal PgT/GB2008/002635
significant differences. Most marked is the increased
pl asma cl earance (~3-fold higher for (R - (lI) conpared
with (I'")), resulting in a 2-fold shorter plasm

Clxigisf -1ife foll owing intravenous dosing as well as a
3-fold | ower exposure followi ng the single ora
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t bed,

B R e e A S R
reabsor ption process is selective for the (9)-
enanti omer over the\(R)- enantl mer. If, as seens
pl ausi bl e, the unex i ghly superior ADME
properties of (1') are '
the nephron via a tran

5 di stingui shing the (S)-enanti r fromthe (R)-
enantiomer then it underlines the unpredictability of
ADME properties, and further illustrates the
non- obvi ousness of the invention described herein.
Nevertheless, (R)-(1) is clearly also a superior
conmpound according to the present invention (as
illustrated by the open circle in Figure 10, which
illustrates that it is closer in ADVE properties to
(I") than to the general class of acylam nolctans. In
concl usion, therefore, both (R-(1) and (1"'), and
hence nore generally conmpound (I) is shown to have
unexpectedly, and nmarkedly, superior ADME properties
10 conpared to other acyl am nol actam BSCl s whi ch have

been di scl osed. Mreover, conpound (I') is slightly,
but significantly, superior to conpound (1) generally,
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preparation of a nmedicanent intended to treat an

inflammatory di sordey; H o
N,
“ NH
o}

@)

15 3. A pharmaceutically acceptable composition comprising, as active ingredient, a
compound of formula (I) or a pharmaceutically acceptable salt thereof, and at least

one pharmaceutically acceptable excipient and/or carrier:
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(1) 2. Use of a conpound of fornula (F) or a
phar maceutically acceptable salt thereof, for the
w@e@patadd on of a nedi canment intended to treatPERGB2008/002635
i nflammatory disorder: ) 3. A pharmaceutically
accept abl e conposition conprising, as active
i ngredient, a conpound of formula (1) or a
pharmaceutical ly accept abHe sgjt thereof, and at | east
one pharmaceuti cal exci pi ent and/ or
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conposi tion conprising,o as ' ingredient, a
compound of forrmula (I") or armaceutically
acceptabl e salt thereof, and at | east one
pharmaceutical ly acceptabgﬁ exci pient and/or carrier:
(D 5. A conpound of gener formula (1): (D 6. A
compound of general fornmula (P): (T) 7. Use of a
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i mrune response suppression, rheunmatoid arthritis,
mul tiple sclerosis, ALS, (fbrosis, and formation of
adhesions. 8. Use of a conpound of formula (1) or (F)

ccordi to claim ere the inflammatory disorder
s RESRETHR behera Ryl i

i'S nitis or chronic obstructive
pul monary
H 0
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o}
10 ®

6. A compound of general formula (I’):

H 0
N,
“ NH
0

)

7. Use of a compound of formula (I) or (I’) according to one of claims 1 or 2 wherein

15  the inflammatory disorder is selected from the group consisting of autoimmune
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di sease. 9. Use of a conpound of fornula (1) or (1")
according to claim?7 where the inflammatory disorder
w0 gowlaes3por mat i on of adhesi ons fol |l owi ng gynaeRGl/6HR@al002635
or general surgery. 10. Use of a conmpound of fornula
(1) or (1'") according to claim?7 where the
. nflammtory dj sorder is nephrogpathy, including
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. di l.aim 12, wherein th
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disefsecl aims 7 to 10.

9. Use of a compound of formula (I) or (I’) according to claim 7 where the
inflammatory disorder is the formation of adhesions following gynaecological or

general surgery.

10. Use of a compound of formula (I) or (I’) according to claim 7 where the

inflammatory disorder is nephropathy, including diabetic nephropathy.

11. A method of treatment, amelioration or prophylaxis of the symptoms of an
inflammatory disease (including an adverse inflammatory reaction to any agent) by
the administration to a patient of an anti-inflammatory amount of a compound,

composition or medicament as defined in any of claims 1 to 10.

12. A pharmaceutically acceptable composition according to claim 3 or 4, for use in

treatment, amelioration or prophylaxis of the symptoms of an inflammatory disorder.

13. A pharmaceutically acceptable composition according to claim 12, wherein the

disorder is selected from the disorders defined in any of claims 7 to 10.
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