;e3et | b6 Tt$ WD 99161421 - 1 A NOVEL VLA-41NHI B1TOR: oMePUPA-V

PET/ US99/ 11974 The present ‘ tes to novel conpounds that are
useful for 5 inhibition, al tmmm““lwmmmngr evention of cell adlggsiNon zamd
cel I adhesi on-medi at ed pathol ogi gg;Jhi s invention also relates to

phar maceuti cgj, 99({] pylations corrprl 5| ng these conpounds) ang-ff yagfgg of
usi ng themfor I'nhi bition and prevention of cell adhesion and cel

adhesi on-nedi at ed pat hol ogi es. The conpounds and pharnaceuti cal _
conpositions of this invention can be used as therapeutic or prophylactic
agents. They are particularly well t o suited for the treatnment of many

i nflammat ory and aut oi mmune di seases BACKGRClJND OF THE | NVENTI ON Cel |
adhesion is a process A Yided INHEHEOR ol AfY each other) m grate
towards a specific target t matri x. As
such, cell adhesion 15ﬂ§ rgfgrlltt“ﬁt%géédnorglg&%# h&toﬂd P)%Rgé}ds ag& nec aft%i snms
under | yi B? n]lcmbbmus Mrﬁimgorqm\;epm@mh mihadhesfmr arldxallrpdle}mm-eigﬂi:tﬁdlhesi on : Is
responsi ble fo esi on of. he letic ¢ ndot hel. | cells
and the subséqu 3 f° i JralVERoB Alse e %s‘%ﬁg 3P “‘4 BF?“% “ouP e BfGod
vessel s and tumniphmds,lahérmmodsmfunsmg tham feumhxbltmalahd pudimmomnfqalla&lmmnmde in

nunmer ous pat hg es su myat i on .and i ne

enct ons' | n Fhathere-BaRed bundgat ) B oRne ml HauEER bR of cel
adhesi on havethis énwestiondan hamsed/wthauﬁsudebﬂ prephytaaﬁeagmcr Thayl ecpiricilarly well
coIIectlv? kqw %ﬁ F’E ‘ ?hes on nolecul es or receptors -- nediate

cel | -cel | “and™ & PRatpeRt of BRRY ﬁrﬂglatoﬁ'o‘?'“ SURHPPEC Bi8Y%&i ns of t he
super f am | y called "integr |B1®CKGR®MOEHGIE&INYH\ITI®MdheS| ve interactions
bet ween hemat opoi etic cells and their mcroenvironment (ME Hemler, "VLA
Proteins in the 25 Integrin Famly: Structures, Functions, and Their Role

on Leukocytes." Angsll afte¥ion ﬁsrﬂ"pm&lss by \B}uctpcellgﬁéio&mt&gﬂlﬁ)eich ditiek,@gipiaiks ar e
non- coval ent het rod| two suburuts_called a

Xes , consi stin
o BV Shere Bl el st STRE IS Biiiaaoe.hzaas Do o, o4 sugh oSt SckiSs

a- X, a-l1 B acodstames de bf thaMshdainedtBafdchshishshin@éBidg @n{eﬁslus BRlogsddbuni ts whi ch
have been identified o date. Based on ,the type _of its OEd B subunit

conponent s) 3PPCROMHa; Hersamplerfish adhpsion b‘efFFPB%S’Ql&foé&EﬁﬁdE%‘tP“ pemaoRaigiicani | y.
|1 ~1 ~~AV~YNL cell2 to@nbibtRelidl 200 2ndAk Afbsuént hnifiatiéd £390ds¢ h&rtopoietic cells out of

blood vessels and to the site of injury. As such, cell adhesion plays a role in numerous

LY

2.

pathologies such as, for example, inflammation and immune reactions in mammals.

20 Investigations into the molecular basis for cell adhesion have revealed that various
cell-surface macromolecules -- collectively known as cell adhesion molecules or
receptors -- mediate cell-cell and cell-matrix interactions. For example, proteins of the
superfamily called "integrins" are key mediators in adhesive interactions between
hematopoietic cells and their microenvironment (M.E. Hemler, "VLA Proteins in the

25  Integrin Family: Structures, Functions, and Their Role on Leukocytes." Ann. Rev.
Immunol., 8, p. 365 (1990)). Integrins are non-covalent heterodimeric complexes
consisting of two subunits called a and B. There are at least 17 different o subunits (a1-
al0, a-L, o-M, o-D, a-X, o-IIB, o-V and o-E) and at least 9 different 8 (81-89) subunits
which have been identified to date. Based on the type of its o and B subunit components,

30  each integrin molecule can be categorized into a subfamily.
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- 2 Int egrin oc4~il, also known as very late antigen-4 ("VLA-4") or

.CD49dl CD29, is a |leukocyte cell surface receptor that partici pa?gs d\pm
wi de variety of both cell-cell and cellmatriz adhesive interact @

Hem er, Ann. Rev. Imunol., 8, p. 365 ( 1990)). It serves as a receptor for
t he cytoki ne-wgdygihll € endothelial cell surface protein, vagehkaii68!!
adhesi on nol ecul e-1 ( VCAMl "), as well as for the extracellul ar matrix
protein fibronectin r} (Ruegg et al. Cell Biol., 177) 179
(1991); Wayner etln%nnaeﬁ @épknng vermlets)ampgenfaﬁ%féw)cw 6 al .,
J. Biol. mer@ukoc%ﬁ:@:ll&l %@&%@t&%ﬁ%ﬁ@@%{ﬁ% V@tde ?%nehtysgflb% c%ll-cgl andg.:'ell-:l'228 (

1988)). Anti-VLA4 m)noc onal™ ant1 ave been s own to

i nhi bit VLA- magfixpdhesivetinterdptions (M.E. iitegleacAnm Rev.Hmmivnoly 8yp1365 (19800 B vi vo to
(Fer guson et et

3 Tt Bep oL s Bl e g sl G Rn, R,
suggest t Hat aghpsion mt?ielgillﬁlc(nVGﬁMo’LAramﬁ@ﬁﬂémc exghtelluldhrelris prokdy prevent )

Lobb et a1 - et BN ity IR Sl AL 194 O TRAOEPRARI QL el ™ |
Invest., 94, Biel. 1057221878 (1989p &rymeriesall, &, Biph 6hem o 2641 prr 81989 Gehlasnrsi m
active am no PG 1gnc§%u§?ﬁ§83%§§5%¥1 B! qoc\:{%ﬁaé] indubo%?{]h%%s%tha@é been

ov ase on

synt hesi zed a pi ng peptl e amne acid
sequence of tshewrG8-idhibicYLA- ogdphmichﬂ_d&hdsnblmmdran@rdd)m@mfan@mtl cul ar

Tope- Spect’ri (PAERET s Paps. MO Lol 5 o6 2 Bos B RERGG 9 LRl o2 11

Connecting Selgfpnt I'ghE3)). Resids odemmémmedtssdggestthaﬂhAmpﬂmton(of VLA-4-

Aci d- Val i se 3 75-17 8 They
identified andeéeng%%cy%ig]s "mfng %ﬂg&ﬁbl aEcrsgﬁsral"%l er Thr, as well
as two snal | eautoimrenrdegpihologiep.aRt hdagbbiedss |'THd Ra&ibehjm@]eg&shelb’af oualmdagnnsln

Leu- Asp- Val Pr.o- S at posses tory activity agai nst

FN- dependent %e?r—gﬂe&—%ﬁ& &Sr s@%@gﬂﬂl%g)suggested that the tripeptide

:_eu-Asp;] Ve was t keortiérid mdﬂﬁfggwﬁmd ﬁﬁur{l%uvﬁ@ilnino&'ﬁld&dﬁ&ﬁtmwsﬁy Wwitind 1t was
ater shown t inds only to ocytes t ex ess an

acti vat ed forﬂf’%‘ﬁl-!g‘?_‘w u%)’“@&%‘f“?%"% %ﬁﬁaPWBgB?H“P?St egpn

ﬂgptl de in vnaemé &cedﬁaw@1eéguaxl(theVmc—hlbmtdg@@nmpeﬂdpmcuﬁemas &f on by
mat opoi et i Cq

the LDV _Se nce in t F nectin' )
Cell. Biol. 1@%’(3%“ 8&13 B‘glahgsf""( §?§1*2‘/")°° @8? Sgltﬁm a{pﬁm{.‘ g@?‘oﬁeptl des
cont ai ni ng thﬁtel(m)wmuﬁﬂiéauw&vag)s K28 (tUnnEhﬁiﬁfSegﬂethoﬁﬁinloYe in vivo
(T. A Ferguson et al 'Two I ntegrin Bi nd Etldes Abr ogat e
T-cel |- Me at%‘E“’P‘ﬁHﬁFﬁé—‘R@é‘ﬁ‘éﬁ?’é‘%C Fidyy alige”, 1 ’—lﬁ@e—%?“ AYaP- 12579 2 3 Nov

2002 Arty. Dogbsih). Naoy idéNeBed sl 8- aﬁlmucﬁéeptﬁﬁ; GILT-LeB R VAPre-$89THr; asand S.
M ahl ct al., "Synthetjic Fibraoncctin Peptides Suppress Arthritis in Rats

by I nterrupt i Wl 3&uR sRYHes oyeaigpring Rentapeptides Qlv-igd fp-AspyVal gadlgu-Aspialy |

pp. 65S-62 (15344, thaéﬁild‘syéé&éd%lﬁﬁfﬂ@m&y iR i fétient Bl RitbsidO tThesd A- 4 and
VLA-5 adhesion to FN has al so been described. (See, e.g.) DM Nowin et
al . "A Novel Tesulis pugesstackthsdhs tripeptide hewsAses Valieas thennimp seqvercg £orcglmedi at ed
Cel | “Adhegi onzghdsionBic@¥it %ﬂlate?ﬁ@%mat LﬂpAsgogﬁgﬁ&%nIy:l@@ﬁﬂpho@m e T

publ i cation PCT/ U891101$ Thi s pentapeptide was based on the tripeptide
sequence Arg- GWS%‘&‘SFY% AhYEA-h Hs pastng davbhen Gs uglity ohsisha petide 10 n t he

recognition s r < I of
ot her VLA-4 |ﬁh£ ga:‘{?ovrvg gétg"h beﬁ@%o?é#%“m&gm “mg;ﬁmé"p"%@@h@&

éﬂ&% in copending |0
Uni ted St at esthpaP¥niequgapt indhe Vdegeslog Fdragectin® 1,046@3 PR #8214PT cal | y
i ncor por at ed f ﬁ{ﬁﬁ{, iyagar peptidyl
conpounds conp)aé?ir%fn%&%@gﬁlc%%gﬁ%%gr&iﬁ&éﬁzﬁg@%@c 3%@%{!&& Feﬁhl bitory
activi ty. 30 nt eubsrquéntisi ahovratodn actiysih viva (T.dndergls@uvet 3595 odnegrin®inding 0995)
specifically P i 286
oeoti dom et i g&;@g& &’Jr%‘?edr Q%ihﬂﬁﬁ‘% eﬂﬂ%%gﬁgﬁsﬁ% EEPG\Y&L PrRERk, ACa

I nternational patent applications WO 93108823 and WD 92J08464 (speC| fically
i ncorporated by reference herein) describe guanidinyl-, urea- and

t hi our ea-cont ai ni ng cell adhesi on nodul ati ng conpounds. United States
Pat ent No. 5,260,277 descri bes guani di nyl




cell adhesi on nodul ati on compounds) and is al so specifically incorporated
.herein. Despite these advances) there remains a need for |ow ingj ?CN!)'Va 002
wei ght, specific 20 inhibitors of VLA-4. dependent cell adhesion that have
i mpr oy gdpRhandBaedseaet i ¢ and phaz- macodynani ¢ properties such as oral

bi oavail ability and significant dufatEOn of action. Such conpounds woul d
provide useful agents for treatnent, alteration, prevention or suppression
of various pathol ogi es nedi ated by cel | adhe5| on and VLA-4 binding. 25
SUMVARY COF T' 1~ 1INVENT' | 9N The corr‘pounds af the present invention are

i nhi bi t or sUBHA. BhervBAT2-70 ki W01 2R S-tel¥ebi ctalo %Y"Iﬁ'g‘“t%‘:ebfﬂﬁiél‘i’mﬁwﬂd“!/LA- 4to

its variou j hese
compounds. SHBred it R R e p Y Hiiidn GRLARBL AR AL bh R REEM hend 1 I
cel l acéI i v&tvlean)94]£rp;|gr6]:e§5|-m1ﬁ94bl qumtlpemapepdxddnﬂﬁeh eatt inkibioboth 'V[beeSQnd
conpounds u or__i_nhi on, ,preve n an essi on .0

”2-4 rod Vafed dagsion 10 FN éa%aﬁp cag gaserh /354%%%%\'&5@@1 "fodigvel 4
dh i "
adhesi og agﬁclﬁ’@f’&ﬁéﬁhﬁé xm&%@s%dm]‘m dlfn@'lfnaﬂgﬁﬁﬂeﬁr(fellsﬂﬁﬁﬁs?cﬁl 1 Biol.

i nfl ammat i and 1 ne reactions, i1nclu or exanple
scl erosi s, Chsint\r288 () . @0852-5 019939; ardl RET gulslicadon @WUSDI/O&%J)anharrrrat ory

| ung dlseases rheumatoid arthritis,, septic arthrjtis pe g bet es)
organ tranSpMEPRPHEE 81 bagad e bsitapenside 6%&8&’5 bﬁjﬁ;ey MPrf%‘ ‘ﬁﬁ&ﬁ@ Qﬁnon
i nf | ammat 05(0@{'?‘39@'(:?&@% Mbfifin th@f'énc%%hl@i@ﬁ ’snm?'d?%@{;&lhltéﬁpacélmlh‘amtx rb!tc#?x?we'

di sease including ulcerative colitis and Crohn's disease, certaln types of
toxic and i nmundxpapbs ofepier MILAY iobivitasthave beed repyped, §en®tadmph tiyyopending

psori aS| s) ast asi.s,. mult el o her ascl.erosi s
Conpountle. SRR Sl SRt HsR Al BT S S e AR RS R e
t her apeut i eﬁf%fcern@@ R¥fet: t USSROBLIT 2t e séritdls Binkar RDEEY] coRIREH cMaihifg P-
suppress ce adhesion. This invention al so provides pharnaceuti cal

f or mul at i orsivoatids whith Halvesell Vdmsmnneblubanachoueity e[dhamtmnah pah&ribappircetxmd

met hods of i d co itions o vent

hi bi i on P S} #ﬁgd’ﬂg @?#’«’9 FRSSRLAN %ﬂ%‘?‘t‘ﬁ%h ?—*Ib(jlfryéhcl
reports t h%cﬁh&d’\@fw Wﬁgﬁﬁm&@@&ﬁ{mﬁdﬁ ReeceRlddREsidn ﬁ@ﬁmﬂhg%tmt 15
oMePUPA-V. Sheep, naturally sensitive to Ascaris suum were chal I enged with

an aer dSol lafernadiensli patesy gppliaatiepgy B 53/08823 and WY 8%/834%fﬁpﬁ¢1§tﬁ¢lbt i on of
Me PUPA- V
Pul monary iR G AR e B AT e niBlrd SO Al el
as the charsglhcswn spdalating camposryds. rtbstedt&ﬂeePdtemrNcb FPe2 66, ZER dadyntbmsgehmdmyl
I | ef t Al t R h I bachol det d
%0 pri or -t FeLAMET ORISR Oh caRao SR HS Sbe Pefi i GO CRAT TR Er 1 ght

panel s). Al rvaySpERHR Wtk UBNARSs, tRerk 30RLHSH n8&1 foh oW B 1EMRUM; gif speaifachol
required to increase resistance by 400% ratio by conparison o%

pr e- cha?d enighibitats qf0SkAehddrcadend cold adhssioni tharhave impiayed pharmagokingtic and

of ovopUpa PRSI opt e sl R3S A0 R RN bf R

Changes i n Suchw@yrpouasdd wbaligrovide asdfebsgenadof abdtmehnglreratios glrewndbh enge and
peak specific | ungn[rgisi stance (cm HzZQ sec) af er, challe corrpar ed to

basel i ne vaiYRBESSSIoR QLNamRIsRIMPALPRIES M5dinisd by se lr@h"’“%%”%%il

vari ance, followed by Dunnett's

25 SUMMARY OF THE INVENTION

The compounds of the present invention are inhibitors of the VLA 4 integrin,
thereby blocking the binding of VLA-4 to its various Iigand:s, such as VCAM-1 and
regions of fibronectin. Thus these compounds are useful in inhibiting cell adhesion

30  processes including eell activation, migration, proliferation and differentiation. These

compounds are useful for inhibition, prevention and suppression of VLA-4-mediated cell ™



test for multiple comparison to a control group. Indicates a statistically
.Significant increase in peak specific lung resistance conpared 28 BB 2002
control group. 30 Figure 3 Sheep) naturally sensitive to Ascaris suun were
chal  enged with an aerosol of Ascaris swumallergen 24 h after the fourth
dai | y aer osolygeby st ration of 2 8 NOV 2002 WO 99/61421, ég;%?g% 11924 -
5 oMePUPA-V (0 03 ng) or an equival ent anobunt of vehicle (et anol nor mal
saline, 1:2, upper panel; Tris:normal sal4 ne, 1:499, |ower panel).

Pul ronary neddhesiorcand pathelogisnasseciatedavith that adhesiopasush af inflagmatinn aalﬁiemmep@r t ed
as the changﬁaaulansSmmdidgcfo@exma»ésmmﬁﬁfc§&m9.@ afsﬂhﬁﬁl ili%?gxdjxrhﬁutﬁtéiﬁh‘ ,pasel i ne
value (left panel s) Al rways resistance to I nhaled 5 carbach

det erm ned p¢qnnmctmuwmymam luag ﬂ’éﬁs%m@c%a@@ athF s sephF P-'éhfg’éntyehhl | enge
(right panel é&wﬁl&pﬁmm&ﬁw&m XRORSS, auﬁ,wg%apwn%qnﬁ%wtm?? HohAmount - of
car bachol required I ncrease resi stance % ratio conpari son of
pr e- chal | £ngwnflamaaienssearnieiof wgal infagtigas; mMDPgG#Ué- mﬂargaqttgr/y@owel@gseam evi ously
sensitized t nEEsh

dor sal surfa@cmﬁguﬁwpg%%hg%ﬁand vst%é'? to t%%%gﬁgwr‘?&%%%dqt he

ri ght ear. Togphtiyis, onsact Hermabhypatsensitivine pmﬁaéisn@msr wetastasis, maltiplemyelemasur ed

wth a mcro PUP, kR S: I d doses 4
hours after %ﬁtaﬂf é‘h“%‘gp" \?\#Jt ﬁhﬁ\(ﬁﬁ%%u@%g? EHIJ S\S/ﬁeﬁ{:ngg?rﬂ%rbgg%k}%@&g%ﬁpound was
gi ven at a nexnbizdtiop withfoghet fherapentic ermpmc agealsite inhibitealten preventsdrandar d
e”or.og 16E§\sl\§§égséeﬂrad§ si%ﬂ' ‘ﬁ‘%s?nve k%ﬁﬂ@éﬁﬁcaﬁ‘? hidfiSnsCar

swellin anel S ercen ear svve |ng corrpar ed to
vehicl e (VEH}com:mng theese Wgﬂrm@tthhﬁmswnmbM|m¢ms tfersingahe OVe PUPA- V

(15 x 106/ migthohdblaa spAESteRt bilins B 1ol B (BB, VTG R
pl us 10 nM My2+) BRIBRDESCRIPTION OF THE NRAWINGSs IOug/m TS2J16 were treat ed

Wth 5 nM3H knOV\ﬁgh{Lh]! rtggm tt}ée LR& 5 i)ox%x\l%ﬁésg%%ggsﬁ/\ﬁtcﬁ‘{}q:ﬂénk%mpl us 10 nM

Bl 01591 for 30 m'n®a wer e el l eted by
centrifugati oNMePUBAUS p‘imdguhauurally@&smlve of AsE@®$s plums wirte Zhglleaged “aﬂnadnymadolby

L AN Attty arotad o lad g d M
hesi on by TS IHG SHHE BPAGIATS oeArAS A RS Pa Py Bpe diae °°

E ; reL g ;1 ; Ie ij ?n o] ﬁ@gdﬂlﬁgemm viahdp (Idft pérbls).[ Aﬁwmtrqume W‘hhmdm)bacmé“fgi Zeztirmined

PCT/ US9 9/2?192’21”]0‘ R‘é 1?2‘&%% 5"1"(33 24h 8?# ﬁge‘g?‘}s‘g‘e“hp‘é& H%V\‘gé? 355 e PUPA- V')

represent ed yspoisivefieasb isaepontgd atherPCao (amobht©@fcidbachol reqdi:cd to incred8e~ CH3 CH3

resistance by 400%) ratio by comparison of pre-challenge and post-challenge values

Figure 2: Sheep, naturally sensitive to Ascaris suum, were challenged with an

aerosol administration of oMePUPA-V at the doses indicated or an aerosol of Ascaris

25  suum. Changes in airways resistance were measured following aerosol challenge and peak
specific lung resistance (cm H;O/sec) after challenge was compared to baseline values.
*=p<0.05 compared to PBS control, one-way analysis of variance, followed by Dunnett’s
test for multiple comparison to a control group. Indicates a statistically significant increase
in peak specific lung resistance compared to PBS control group.

30 Figure 3 Sheep, naturally sensitive to Ascaris suum, were challenged with an

aerosol of Ascaris suum allergen 24 h after the fourth daily aerosol administration of



oMePUPA-V and is referred to herein as "oMePUPA-V'. The invention,i,s SO
intended to enconpass pharnaceutically acceptabl e derivatives) sa?psN A rep2
esters of oMePUPA-V. Conpounds of Forrmula | contain one or nore asynmetric
centers and thus can to occur as racem c m xtures) single enantioners,

di ast er eoner iwoldqlsir €s and individual diastereoners. The QE@@@gﬁu'gvention
is meant to conprehend all such isoneric fornms of the conpound o ornmul a

|. The clained invention is also intended5to enconpass pharnmaceutically
accept abl e sa@MePUPA-¥(0.03img) ¢r. anBheivalent amopitof nehdcle(ethandlinprroad sdipealbl.e sal ts”
refers to sal ' f 5 n-toxic
bases or aci d@ﬁ?@éﬁﬁrﬁg‘oﬁ%rs gg{r?l g@}:” mg}réggme@ Egégg%gﬁ%%%?gwg% c or

organi ¢ aci dyncaSatd & thkeindiczell timesmnd awrepontied apths dmngaiolspebificairmaysnum
amoni um cal gJ. [, fenri f | ]t hRi i . ngani ¢
salts, rranganrggd%fmc%grtg %Egel Elrﬁ)“%g%h’lgsﬁlr'ﬁ‘eq';alfu%gl:%&é)%%’oftlst)'hg{ﬂ"lai%gggarc ?gpclﬂﬁq%r y

pr ef er r ed sar ecatbachohwaodetermjned pticr to sudyvmgiagion and at B h pegiallergannialiange um sal t s.

20 Salts deriy ; i.cal s r ' Nyt gxi c bases
Tnci ude: sal ¢ SAEf Pl RiVaREGRhiGA01: ABGER ARG SRR ¢ g

am nes i ncl udequred &t incradse yesstoor by 40§%3 ndiistbytaotnpatisaniofrs-chdlengei and pnitnes, and
basic ion exc&?lﬂeggecﬁéisns, such as arginine, betaine, caffeine, choline,

N, N - di benzyl ethyFénedi am ne, diethylam ne, 2 diethyl am noet hanol

2- di met hyl am noet Figuré 4. Babamika ipravivusly sénsitizadodiRNEB) everd\ehelldngéd A6

nyar abani e, PRBERERPARD R porfh R0 B s et GG VeEl g b e

pi perazi ne, pofplerright ewe, Tpehty-dotrhours later BreNRMkRHIOGE N 2RO & IdeAurdACF R 509/ 11924

7 resins, procaine i t heohrom.,ne, triethylam:.pne, tri hyl am ne
Er1 5t ooyl ar Bt omBHIB RSP kol AERRNCTY B e biic o BTh R ooy FRig. 2™ ")
present i nvenwitloDNFB. Pasitics cos@bli(SCTRE) dompptepwasesiveh ronmpximalipertsdtivecal | y

accept abl e non-tqgxi c ds, including inorgapjc and. ofgani ids. Such
i b ot udeHisa gt YabieS st SmitardiRied 5 S mRBioh B AL o HPRST Hapdl e
et hanesul foni ghowk b¥BIuteCoar GhdNaRN Il GweDparblanb®s pdiest BRIbATGh of e YwlEIRAA | Or i C)
isethionic, lactic, malefic, malic) mandelic) nethanesul fonic) mnucic,

nitric) panoi ?ﬂm%Hf%YW@{E}BWSWOri c, succinic, sulfuric, tartaric)

p-tol uenesul fonic acid, and the like. Particularly preferred are citric,
hydr obrom c, hydrochloric) malefic, phosphoric) sulfuric and tartaric

acids. to Additi oty 5. #alvels of cempetitiapdictyesn &H9a¥ 2rd 2 khaseiphybitor

speci fi cal | y) ufel @iol QBSSs JMAEaLish. ifkab&NBOXY L 167AY I 'PBS plus 2 mM Mn®,
(R-N-[[4-][(2-net hyl he%amppo) car anYI ].am no] ghenyl ] acet yl LQE@H oLyl -3-m
ethyl)-~ AP ani A C3" s dpiM Mad » Wt Canplust 10 Ma cdRord Mepr. &f Mé& cohol s
are met hanol , pigd 1GAh1 TSP I RPRERE w8 RACH-kidtvn HiHitiof Mondér SHMEPIERREWE NI N

al kyl C 1-10 al cohols. The ability of the conmpounds of Formula | to
ant agoni ze t hishiRites Rligssl oM BIQLP 1 fendO4nip gipomdemparatpisy The esbleweredlen ¢ r eat i ng,

Or reversing piea yelfitfoeaihatidfidedh 180 RPEORIS G atiindipdltyndi ng of

VLA-4 to its [igands. ThusS these antagonists will inhibit cel esi on

processes i nchaniilladonceonntinge Gopats bermd undeythase enmflitioppmpasuiesintegrin Hiskis 2ot
differentigti Q%gpiftg?yofhg kd30LonpoRfPAnd§Y thERREE fredb birdEhd PHERRMN ifHRIGR! | ON

provi des net ho
DETAILED DESCRIPTION
The present invention provides compounds which are capable of inhibiting VLA-4

30 mediated cell adhesion by inhibiting the binding of ligands to that receptor. The preferred
compound is (R)-N-[{4-[[(2-methylphenylamino) carbonylJamino]phenyl]acetyl]-L-prolyl-



the' treatnent, prevention, alleviation, or suppression of di seasgsﬂ KXoV 2002
.disorders nedi ated by the VLA-4 pathway. Such di seases and di sorders
include) for exanple) asthma, nmultiple sclerosis) allergic rhinitis,
allergic conjunctivitis, inflammtory |ung di seases, rheumatoid arthritis,
mul tipl e nyelyss, ptic arthritis, type | diabetes, organ t
rejection, 25 i m! 1ilﬁrratory bowel di sease, and others. Conpg%’lrc]/ggbgg*ﬁ?hi S

i nvention may be synt hesized using any cefventi onal techni que, several of
whi ch are exénlp‘Fth!rlgiﬁd\lﬁéﬁeetefﬁmF‘rt@g@?iabﬁ \pMePhiPdeV Gotepisiantpd bithe fellmving al | y
synt hesi zed $gmfadily available starting materials) such as a-amno acids
and their functional equival ents. Mdular and convergent nethods for the
synt hesis of these 30 conpounds are also preferred. In a convergent
approach) for exanple) |arge secti of the final product are brought
together in the | ast stages of theNsy the%&d rat her than by increnental
addi tion of sgf@ pi eces " . ecC Ii"ar chai n. 2 8 NOV 2002 WO
991 61421 PCT// 11‘9340 L%m‘of this invention may al so be
nodi fied by app Nig Epriate OUNNT OCH,i ti es to enhance sel ective

bi ol ogi cal progggties. "Such nodificati'bns are known in the art and include
t hose which increase biological penetration into a given biological system
(e.g., blood) lynphaticg¥s yvcentral nervous system, increase oral

avai lability, increase solubility to allow adm nistration by injection,
alter metabolismand alter rate of excretion. Exanpl es of these

nodi fi cations include, but are not limted to) esterification with

pol yet hyl ene gl ycols, derivatization with pivolates or fatty acid

subst i t uent s, EETHEFE] Grietein asaPMeREPAY™ HpainyRyion s alie Brendsddparcomppisngs)

and het er oat OpfagtHesticAIlf dcptabl RHOSRES, Galfs! 42 Ssters Of O PELAL V. hr oughout t hi s
application, the term“patient" refers to mammual s) includi ng humans. And
the term"cell" r&o@pgunds obkgrmula licpntpip opeprmery aimmmelrc egateseinf useare| udi ng
human cel h§. &6 sabhitemikiRd, siddiCerdftidmithd, iRSter2Dleri MixfuresSRE fldfvidulaf | €S Of

t he conpounds_accordi ngr to this Tnvention may be determned using in vitro
and in vivo adiasgpepmerss Thg pressod ifyertiondsyaeangio cogarehiendysll supthisemerisformscafi vi t y
of these conpgy HEY ofiormagur ed by determ ning the concentration of
inhibitor required to block the binding of VLA-4-expressing cells to
fibronectin- or C3heclaiseedduveption is also intended to epsommaps phasrassticyacesptabler wel | s
are coated Wi {6 HoRfila i PeBEE e QitlcAly Y QOMRIGR Cs-1.
If CS-i is used? it rrugt_ e conjdugﬁaeﬁ;&toygcg]%ﬁ%li%raﬁ%g%ﬁeg n%ﬁ?ggchara% bovi ne
serum al bifri nfrogharmacsntiesily resepiabld nerotogisdases of acidsdndedingiaoigeni¢ er ciganicoat ed)
varyi ng Conce%ésaaﬁxh%%aﬂfc ok aﬁi@%&id&qmp&Me@'ﬁﬁfltimﬁ%mm idc@et her with
appropriately | abel ed VLA-4-¢expressing cells. terhatively, the test
conpound nay #emiadgetmmpnism, catniura|coppsb derrio, femengblithivmyjmapnesing, wergasid wel | s
prior to the (g . cel e | 4 Syaar i te in
the wells for ?z%? uﬁdggés}lto %B&rénmlrlu?f?’gé@m&%hbg\xnﬁ ntgéy%égjl%g‘lc}l%ﬁ?gﬁeﬁegmge&ﬂﬂ%aar e
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vari ous cgﬁcent r at ?%{%29{5‘%@? lteogf f’%}énrr%gdt}{r%gg; %géd\?\g’ﬁo&géﬁ? Iéé%'tgg%t% %}’Sé)lfgc%gﬁt ai ni ng
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i ncl ude Ranps cel | s . I C s human
peri pheral bl S%EHng}T%Béﬁt(rl)l(@%Igg&éﬁ%lﬁ@%é%s%gbgggﬁns&h%g%ﬁ Lfé%ns)flﬁcé agssay may
be | abel ed i nagimnealprimpcaffeine, choting N,N'fdibenzylavipleacdidmior, dtigtunine, 21

radi oacti vel yd!e%?ﬁln?n%bthano% 2$diMy%%?n%emgno?,%éh%é%%ﬁng%{lylljesnge {m]mjhge,zlé-ethyl-

25 morpholine, N- ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine,

isopropyulamine, lysine, methylglucamine, morpholine, piperazine, piperidine, polyamine



. g_ Adirect binding assay may al so be enployed to quantitate tg
.inhibitory activity of the conpounds of this invention. In this @J&QV 4002
VCAM | gG fusion protein containing the first two i mmunogl obulin domains of
VCAM (D1D2) attached above the hinge region of an IgG 1 nol ecule ("VCAM
2D-19G"), iswieygpt ed to a marker enzyme, such as al kalige ,@%%?)gp@t ase
("AP"). The synthesis of this VCAMIgG fusion is described in

publication WD 901 13300, the disclosure 0f which is herein incorporated by
ref erence. ffémwrﬂcergamuanes()ﬂle@hh@mnqi tdthlamise Arimgthylaminentriprppylamingc hi eved by
cross- | i nki ngoBhiRds Helde1ikgowWn in the art. The VCAM I gG enzyne conj ugate
is then placed in the wells of a nulti-well 10 filtration plate) such as
that contai ned i n"Whetdhafompaysd ef%prﬁegbmwwomwcsylﬁl@w benargpared dioen Cor p. )

Bedf ord, MA ; are
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VLCA- 4- expressin s. The
cel I's) cofmpobtie xa%@e\am |bg@eew29¢mc benipiggermphenselfonio eigriq, ehene m&nd
al lowed to i REAYD e I i e wells
are vacuum dr al ne C?Ieugvggmngceﬂ?&%% 2 h%%?%&%ﬁdggﬁ#&gﬁoﬁﬁgbﬁ&g%aﬁéq

Quantitati onnmdebeummamAAfpms. xa@qxtemwm@n@y Patathenicphosphorio pudcimice
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determ ni ng t glggr%%ﬁa%? %?dﬁm;egg%%t?@%%gﬁ@me%g }g%el%@aél realjéialc%éﬁgprodu t

i ndi cat es i nbydelyerlichhydgpahtpriciialpicipbesphere, swifuriz and keetagie asidscol for certain

d b I t
ST S A e b

groups of in egrl ns as well as other Bl integrins) such

as VLA-5, VL 4 rfg RY $l rato the
adhesi on i nhi ?@'ﬁ[@ "ﬁh h%n?lg%lf grﬁg"”é agﬁrf/oiph%éi@é?% %‘Jé@l “{ah’gs‘% ituting
t he appropri aﬂlauncrn e@nﬁndempraﬁyssﬁ thgalashbls. a'mﬂcrmdranaehqﬂoadima@ahcblgahmbl For
exanpl e, ml%nrg?rbgro ucI ?r 0erlblrs I\C/h% a&rpéle%eag}}%lsl ntegrins on their

surface and [ AtEd nvol'v n pl atel et
aggregation and |'ﬂlituabnlttyoﬁthaaymﬂmndmﬁﬁumdalmaatagolamihe gbtiphsadf MLat-4

R o e
whi ch al so bidiseises inthiced by the birmiivg of CAN-4 \SrifsdlgﬁndSl Thusthesh antegqnfscsthﬂo ad(37 is
VAN 1 g enz g HEH BB AT aRe et el P B ST SR8 ae7, but
not VLA- ~o, slifﬁelfen&amRPMcc&aﬁ@wanom\ér pdt 5f the pi2sent bdventibn@rovilies aﬁﬂhSdsqui

PCT/ US99/ 11924 - | ecific inhibitors are.identifi

may be furt hé‘i’ %ﬂ’?"&b?&"r"F%’B ‘i“l?"‘iaﬁ°‘\/?‘\ﬁ8?%f§§*éﬁ95°f dREes °5‘§‘§é§/°dlag ! the

i nhi bi tion ofthecibA-dpathiapeBsehntisehdey arid\disogdedsineadeayédr x Bnysé) aabmdemxtmplbed by
P.L. Chishol met .al Antibodies to t bunl t
i bi £ ho. REFPHE ASBee fy e AT by bt it s i)
51, 5 S, bty St o v, <
(1991)) the d?@%}rﬁfé‘iﬂggw ‘H%éé’%érsherel n i ncorporated by reference. In
this assay) the skbip&inds BEthanhveRlion faySRNFhthésiRd ubiig &3RaEhGoHaD

technique, several of which are exemplified herein. Preferably, these compounds are

chemically synthesized from readily available starting materials, such as a-amino acids and
their functional equivalents. Modular and convergent methods for the synthesis of these

30  compounds are also preferred. In a convergent approach, for example, large sections of the
final product are brought together in the last stages of the synthesis, rather than by

incremental addition of small pieces to a growing molecular chain.



an irntant, such as dinitrofluorobenzene) followed by |ight physical
dirntation, such as scratching the skin lightly with a sharp edg@.§ Nol! sgd ng
a recovery period) the aninmals are to re-sensitized follow ng the sane
procedure. Several days after sensitization) one ear of the animal is
exposed to the phegjcal irritant, while the other ear is tyealgshyidh a
non-irritant control solution. Shortly after treating the ears, the aninals
are given various doses of the VLA-4 inhigbitor by subcutaneous injection.

I n vivo inhibiti Ghe cdmpahds cd cieinvanion smy alsabeohodifitd byrappendimg appropsistessed by

measuring t r.aswel | re nse of. t.he ani LN 15 treated.versus
inroat od A Baielo ool SRR Riick Fordfiechuch frobadts bERRLER

i nstrunment ttoe areasgiindudeahost hihick esense biologiealpenarntiar intocngvenehologleatt i fy t hose
i nhibitors of this i&ve(ﬂtli on which are hest suited, for i nhigpi t] r%%{

i nf | ammat i or’YS'EAGTBeP P PRPBIGEAT: (HUR TRRPUHYSERy TS 018! 1AL %he

i nhi bitors oifhcredse Solubiligné Aliw ddnihibteatidh B fnjectibi Fherat@abplisnl BhdSal@S Bbd/ofi S

f d .1 al d ib in W, Ab ret al. . .
P |t agr | rECR BRI PE e AR ARty O B LR prRsietfeargn
Prol onged A wmmlwln?mg?/paaﬁeﬁﬁmaﬁnim@aﬁms quatt_yGlcidrsubsltimeegl A 93, pp.
776-87 1994 t.he di scl osure, o Ich Is hereln i.ncorporat . .
ref er enE:e. ﬁ??ngcr%{g%%?f §[ﬁ?«i’§drf’m?‘l?ﬂ’t°? BIYTBHC rags 3 °§F¥Ei°§5ﬂ§’f“ﬁa%%ﬂe‘a | ate

phase ai r wayarblstpairges and ai rway hyperresponsiveness in allergic sheep.

The conpounds of this inventiqgn al so be tested ip a platelet 25
aggr egat i'dn assay’s UFfthipughont &‘l‘ﬁﬁggﬁ‘iaﬂ?% Uy ter}, afiehy erﬁ{;'fsc}ﬂ $hown
sur pri si ngl yintla¥iag Bhghsaahi Weltdtmaoell"sefefb ta.%l dell, préfenBlyahdnymalish@a®, conpounds
are selective for VLA-4e££1000-fol d vesus a4(37 and a5 ~ 1) ) negative in
routine PanLBF¥diaalumecedsP Anes assays, clean in standard ancillary

phar macol ogy t estenceRghtRsi&s tHe\uBtiviflestane VIRELBebiigifibs fQhd ipaanRnce-a 30 day
dosing at a predicted use level in man of 1 ng/day or |ess. Z 8 NOV 2002

WO 99/ 61421 #eingdohisiigysation may berdgterming ypipe MAEOMGR YING#8a¥Sur pri si ngl y

superior 1pot ency Rs el iR@ell Adnebibh fhibitely Ativiel AtiRge Mafiotndshiybet Or s.  For
exanpl e, in Ascaris-sensitive sheep treated once daily for four days with

nebul i zed dr fgesHEedBy fetsppipige dhegorasaisation of inbibygerreqiited W blpsi b bindinggliy s after

the |ast doserAM-e\r&sis} Yells eSHREnAARE €3] ofbdPpibd) t Indhib Wpabt aqupt ed the
early reponse and bl ocked | ate phase bronchoconstriction and the

devel opnent  BHECTOBA-wglls @rercprtedhyyle pithes Bbraardlia moatiningtbe i rigegneaed af Fatlence in
man, a total ydeseisQked itBhst S tofjubfed BAthfrRHploRi sveH ak Bovde SRIM albithinher nor e)
drug was adm nistered to the sheep through an endotracheal tube at

deposi ti G r i @deréabingin theiwells. Kncothesieds giespated: viniing cprcertyasiopsef| e g¥hi eved
in man W th eralouhRRlich HeN GReer AR IOl Yiabdidd VA l4ldiBle¥sind\@lls.
excipients will 10 need to be added to'the fi'nal solid fornulation to

optim ze devifdtampgively, g teshepmenourd @ay beaddgd fiptandallpwed tgircubaigWiththea possi bl e

dose requi r epgdy Jléilsggﬂrdtgfthejaﬁdi% Of thiRHIS. 'Whe &l B QRGP b RubfEheal imt

of 1-5 ng, that can Ivered 1 n one actuation through a dry powder

i nhal er (DPI wgBsfor at leagh3Q minutee Frdlowingdngubaiinnethe sigllsiarp emgtiqd; apd waghegy

mul tipl e Act yak; indi i 6 §dheetor GRIAEEVily B6Gnd ¢

di sadvant age% l?ﬂgoﬁg%d%%gs Jr;rgmg)érsﬁrgtlB g%@kﬂi ggh%{“cafl&%nhé eél stelllyloi dgses
are 0.2-1.0 g plasdfoPeirh-of/thatvarouy somsdntrdtionsefit¢sy comepopnth 9e welh polok eahtiolst e- phase
br onchoconstrj ¢i.| i zed hyperresponsi veness at a m ni num dose of
0. 003 ny/ kg %@%h@g&én&g%@g@g@dx a single nebulized dose 2 hours before
anti gen chal | engeVLi4-exprassing celld dial maylbsetilztd . 166 assayinklgds Bamds agllsss wi t h
antigen chall e.r4d rs,.after.the 20 | ast do i j response.
Thus  ovepupATORces 4378 BRI Ele 4 el an Pl A VESa RlBBboch LSS POl T
dose | evelts i(ABLHeThacelieuset i this aksng magbe kabtled in anlp apmropritemannds foro Ve PUPA- V,

?ge\é\e::! gﬁ?et régjfgﬁlgﬂlf‘%’l“%g%‘ﬁ’ 0§¥aratmggtt“}ei:ylwe§f_rredl ate, is highly crystalline.



Addi tional ly) oMePUPA-V has an inproved netabolic profile as conpared to 25
. known VLA-4 inhibitor conpounds. For exanple, follow ng aerosol 2g Nov 2002
adm nj stration, the clainmed conpounds were rapidly converted to a |ess
active nmetabolite, which was the predom nant product recovered from
bronchoal veolwas solspagage fluid (BALF) and was al so the predopifaqhb,pepduct
observed in the systemc circulation where it exhibited a | onger plasm

hal f-1ife than the parent. conpound. Whilé@ rapid netabolic conversion to

|l ess 30 active coifberhbiading agaymay ypo e smpleysd tq Grantithie dhrdnhibitery adivity of eni ¢
expoSUr &) CoifReuAnds ot tlls Mien@AO I MO 0), SVCANVEEH MFSPbARAninke 11 Ch

are netabolized to by-products with |little or nointrinsjc activity present

fewer conpl e¥fst redmniineglobulig demaips of YCAMADIPE) aitacked abp e higgr-tegipn of

perspective. ap] QGlﬁﬂﬁl&ﬂtei(WCMEI%G/";,!i@chEL@&&@IoSa Rhrk R EHATIENAE BkhIRCE | ve
in VLA-4 bindi ngIF assays so proteolysis would generate inactive products
regardl es$. RegsBhaase("'dL9). Tig synthesis ofitisafofMlgbdusion s desggbeteinPCs in vivo PK
studies in rgabucgm W‘C@Oﬁibmtﬂa@é@loﬁ?@W\vl%lﬁg)ygxéin\{néo%robﬁeﬂyoﬁﬁgnﬁ.' cally
stabl e. 2 8 Wo~r 2~ "WO 99/ 61421PCT/ US99/11924- 13- TABLE 1. Properties of
oMePUPA- V cofparaingatipnnf that fision o kmarker anaymais eelrieveppy prosslinking methods

Cm~-doMe PUPA- Yl i2Q0@9Rithsdt. VLA- 4- VCAM- | g bi ndi ngl. 5 nM2. 7 nM C50 agai nst
a47-VCAM 1 g binding2. 7 Et M-100 )t M C50 agai nst a51-FN adhesi on>100 Et M>100
| 1MM ni num ef f ect TheeV @M dgGrengyeagonivgate is thesiplaged indbe wellsiof ugnulgeel03 g/ kg-
repeat - dgge0 ﬁ%ugwamum&- Lﬂgﬂcoﬁlaﬁgcgﬂwém@owmm@eaﬁéwsyétén{ o pharma
screen 85 testsl weak hitcleanACE activityACE o

substrat ecl e MilippseiCommi. Bedforh Mo Vit ssqoneenisatipaaebthe testinhibitory compound

(mut ageni ci t A I Ldes.ef S System ¢
Eposr o, 100 o R of 9L AP e e St MG S

profil eacti veompauahend YEe&MalgGoaraymedninjugatp acgeixed-Rasther apd plidwedyo inawpa® 7570
| ZFi ) "unst ablg” >4 wkForrmnul ated stability (40 C) 0. 290

degr adat i on/ égry?g{ng%k%mﬁe'v\k 2 8 ~4~ 2002 WD 99! 61421 PCT/ US99/ 11924 - 14
The conpoliinds of Féllowingdaabatiomthe nellpare nagruinalrfingdpighvingbehing the cells and

phar maceuti c yotelayel b\ O ; Pe] QFSE . a .erally)
by inhal ati O%L)épray?,ﬁ%'i (@1#%‘% regg%é% %y naggﬁty, S?gg%"#‘ggg an\?@%%‘é’?{ey or
vi a an i npl astletdmetgs subswate forTheeenzygnagdhjygrtedtocY GAM-Ig6 and deteteiniag thei ncl udes
subcut aneous), _j.nt.r i nir [ -kt | ' asynovi al ,

i ntrasternal ,an{loﬁtroa{eﬁg%gﬁ%o#% rl%%%gg }‘%Egc}nr?? Jr(gl elgélgdr%%ﬁhgt%%ieé ir;ﬁlélg%r ani al
injection or imhiffitesy stivitye (Fheipete®! fof hetaghassayaisaigsdribed badowposi tions of this
phar macout’ ol |y SR Shrts RerrR o skl G TRTonbBNE LI AL
phar maceut i canhvepticn; assgyts fidrl other anajor groupsidfantegrinm i'eq #2 a3, anwell geathdidl ei n
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carriers thatEal na s aAT: Pha e B e pfitormelio THRE Fshis vt oRERS

i nvention i naheudiBgsidnlinhibition afd ditettBiddith dssrys de3crizdabavegsubstitutidgthe na)

al um num stearate) lecithin, seru rotei ns#érf ch as_human serum al bum n)
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; ) ). 15 such as protamne sulfate) disodium
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pol yet hy! ene-faQlu K YBFaeth SRE VRARE KSREIRUIPH fn AUV B'cigh & iRudhik@ln 2nd wool

30  binding assay that utilizes the above-described VCAM-IgG-enzyme marker conjugate and
a cell line that expresses 0487, but not VLA-4, such as RPMI-8866 or JY cells.



20 According to this invention, the pharmaceutical conpositions may be in
,the formof a sterile injectable preparation, for exanple a steril28 Nov 2002
i nj ectabl e aqueous or ol eagi nous suspension. This suspension may be

formul ated according to techni ques known in the art using suitable

di spersi ng owawidis2dg agents and suspending agents. The stpgtibgomhnpect abl e
preparati on may also be a sterile |njectable sol ution or suspension in a

non-toxic 25 pare y-acc | e di 5:‘8‘ or solv exa Ie as a
solution in 1,3-b 'Eczin TSWCREFFE Hqfaarg Bﬂ%“é‘b‘héy%ﬁg%}“é@ fragiest gt’ﬂs t hat
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30 oleic acid and its glyceride derivatives are useful in the p %deparatlon
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prepared for PrabhgedfAitweyItyparresponsbiends gmﬁ)p"mmlmamvagma plaﬂﬂm7t1®94l, he

| ower intestipal. tract .can, be, ef.fected cta ositor | ation
(6o above) - ofRe PG gt aieds hih Fep@P 49 isfrohceo THERRTY mtePontis P
patches nay abfycdry anigei-indivedHate phagiakahy &p;}idnsesahd aifsay Hyperrqapaisivenasiin cal
conposi tions forgul ated i.n sultab e oint ont ng the active
conponent susgggﬁfe%" ﬂr%’BPQP@ﬁs? Bﬁ’éfc‘ﬁfonr%a}yéﬁ]s@geﬂs&ﬁé“a@ﬁﬁ"fers f or

topi cal adm nigtdpmion@ssagf the conpounds of this invention include, but

The VLA-4 inhibitors of the invention have shown surprisingly favorable activity
and selectivity. Generally, these compounds are selective for VI.A-4 (>1000-fold vesus
04B7 and a5B1), negative in routine PanLabs and non-GLP Ames assays, clean in
standard ancillary pharmacology tests and effective in the sheep model following once-a-

30 day dosing at a predicted use level in man of 1 mg/day or less.



are not limted to) mneral oil) liquid petrolatum white petrolatumn
,propyl ene glycol, polyoxyethylene, polyoxypropylene conpound, emul f WUVgZUOZ
wax and water. Alternativel y) 30 the pharmaceutical conpositions can be
formulated in a suitable | otion or creamcontaining the active conponents
suspended or wib s#@sred in one or nore pharnaceutically accpPiagofise 2 8 NOV
2002 WO 991 61421 PCT1US99/11924 - 16 carrl ers. Suitable carriers include,
but are not limted t m ner al sQr.bi't an nonost ear at e, | ysor bat e 60)
e i bR Eh B Bl B bl BRI BRI S or P

wat er. For ogthallyrdated VLALN@iPIGHE NRGeMihpla in Aerpistdsitiva Shcaﬁ.;teab&i once
f or mul at ed as .nm_cr.oni zed sus ns ipn.isotonic dj ter
sal i ne, %{’%f‘grf%‘lﬂ ys with %%f" flg ﬁ "&?‘f%‘?ﬂd(fhe"pﬁgalgak s“f’ H

sal i ne) el t Niggurs/iflehthe Wst dsé Wouayrws&aebmp&unueswmmy aftennayd ek kmy um

chloride. Alternatiyv t hal m c yses) rmaceyti cal

conposi ti anfePr%[V° tﬁ%‘ﬁ%‘rﬁ] ong °°8Pﬁf‘?f§ﬂta“é M £°¥Z§P'r‘§l“8{‘ Hfcifithe

phar maceut i CRYpeRQPBMRSIchéss. nﬁsﬁhnﬂgml&qmmmemeu@ﬁxaﬂwml &ose b7 a@rwmcsseer ed by o
nasal aerosol aqr . nhal gtl on through thﬁ_uuse of a, nebulizer) powder

i nhal er or areAwrdiRg7Q %8“?%5“@?"““3’{90 8 Bip pminjstrrrd to the SlﬁFF%HH? 3ccordi ng

t o techni quegndo@idnedt BHaRAt ddpositish xatrc§ esfﬁfna&ﬁ% BRZ-LHIH ipfeater tha StpRlailpn and may
be prepared as, solutions in saline) él:‘ng benzyl| al cohol ,or ot her

suitabl e pre&dieysd W%@)ngb%re‘rlm%ﬁe‘ﬂ?eénefi ignatly, it ii{tkply dhapexsipienty Willi | i t y)

f1 uor ocaripongsed 2516 QAdePloRBY fiked Bolid Fériilifion SPdptilikd devied filing dAdHEE 8diveryagent s.
15 Additionally, the conpositions of the invention may include any

phar maceut i c AR4sy fastoresyegast apessibleidasedsquirgmrnts man of 14mg Apmere w*afe%s%edf or dry

powder for nuiiatdcaigal n}liﬁeofa@hkgtthmmﬁ&tdeneerbmr&@Iaaﬂ&uoh lﬂa&ug w*ﬁgow&frbl ned
with the carrier materials to produce a single dosage formw |1 var

dependi ng up#aleHOPhdeyice.r While the nggessapydosp geuld bmeéwerﬁwembmplmﬁmm%r ation.
It should beoﬁﬂdsﬁﬁmmoum&ﬁaeeﬁpa cBllﬁﬁéntﬁe afaswaaeage HoRAENA RhnePwhgat ment

regimen for any particular patient wll depend upon a variety of factors,
i ncl udi ngst hé’P lpwqd;ﬁtqsﬂldtdh%ﬂsw@ezipéflgeorrpound enpl oyed, the age, body

wei aht, general  heRkblpPaSPlenliet e bl Bonacibllcalsiaiagn) rate of

excretion) drug conbi nati on ud ment of the treating E((%Si cian and
the severity @ncmﬁ@smﬂ@m wm@hzsféb:@@rrmﬁsgvem%&f eainingpe dese @i AOVBT acti ve

i ngredi ent ngynalyien dEREMEPRN siiif xkaﬁfze@eawzqmq;s b@fog%ugemm&ngé agent,

if any, with which the i1ngredient Is co-adm nistered dosage and dose

rate of the &mRyemadaibyf doshof0.00Hestks fond éﬂrsé@th WngtPhpueéﬁ%?ﬂ‘)wéi&fW FHes or
inhibit cgll 1@%@?%@& N lﬁq ?s?gnsgnTﬁ\ﬁY@MEﬂIyAqgls%@?J Rmsf%)ldﬁ#’&gﬁﬁéntt he
e t

nature of the 1 nhibitor, e of t atien the
treatnent, t Menpevisnecerhpauhds, pith ﬁcﬂcd@rylsmtm@aqgﬁ@éthe@est me@@)e@r&lﬁd c

B s T e R
wei ght per  crystalline. (See Fxgure 1, Table 1)
Additionally, oMePUPA-V has an improved metabolic profile as compared to
25 known VLA-4 inhibitor compounds. For example, following aerosol administration, the
claimed compounds were rapidly converted to a less active metabolite, which was the
predominant product recovered from bronchoalveolar lavage fluid (BALF) and was also
the predominant product observed in the systemic circulation where it exhibited a longer
plasma half-life than the parent compound. While rapid metabolic conversion to less

30  active compounds is a useful strategy to achieve reduced systemic exposure, compounds



2 8 NOV 20U2 WD 99/ 61421 PCT1US99/11924 - 17 day) preferably between about
.0.01 to about 50 ngy/kg and nore preferably about 10 ng/ kg body weigﬁ;Nasr
day of the active ingredient conmpound are useful. For use where a 2002
conposition for intravenous adm nistration is enployed, a suitable dosage
range i s frowoxhgiks; 0- 001 ng to about 25 ng/ kg, nore pref aicgRlsyonighout 0. 01
ng to about 1 ng/kg. According to another enbodlnent conmposi tions

contai ning a compound of this inyenti |.s0, cO rlse an addi ti ona
agent sel act Blioh RE ezt py-BOHERSTRNIR o b eGP FRti ey Precs fover

br O!’I_Ch?:jl | at entplexitids h@&v&ﬁﬁhbrﬁ&ndﬁaﬁx&feﬁeh FromtafatiupiRispective. ]
antiinflammatories, antirheumatics sants abalites
|nnunonodulatorseﬁﬁﬁ?FﬂgﬁPF’ E€“§§§Paﬁéﬁ@55beFFE§“‘§ﬂ%&ﬁ3§%b8§ﬂ§ounds
vvnht hin each gkays hepmdalﬁ@;s gﬁaldrgayerhenﬁam@rr]&ﬂcti rdgmdwNef/edhhlasseml vitgé ed under
t he appropriate eadi ngs in ensi ve ICI mstry")

Per ganon gr eT¢! ab‘%)@f"(ﬁgﬁhes E‘ﬁﬁF A VHB%@E@S’B“’( f@é@ﬁ‘ gjqwé‘sur e of
which is her gMEPUPAN 18Dk plotsblfiallyatdleence. Al so incl uded WI thin this group
are conpounds such as theophylline, sulfasalazine and ami nosalicylates
(antiinflammatories); cyclosporin, 15 FK-506) and rapanycin

(i mmunosuppressants); cycl ophospham de and nethotrexate (antinetabolites);
steroids (inhaled , oral or topical) and interferons (imunonodul ators).
Furthernore, the conmpounds of the invention nay be adm nistered in
conjunction wth additional cell adhesion inhibitors. Wien adm ni stering
one or nore additional agents in conbination with the claimed VLA-4
inhibitor, the active ingredients may be fornul ated 20 t ogether, or)
alternatively may be adm nistered in conbination. Adm nistration of one or
nore active agents in conbination with the VLA-4 inhibitors of the clained
i nvention may be substantially simultaneous, or sequential. Those skilled
in the art can easily determ ne the nost appropriate application depending
upon the agents to be delivered, the desired results, and the patient) and
condition being treated. 25 According to other enbodi nents, the invention
provi des nethods for preventing, inhibiting or suppressing cel

adhesi on-associ ated inflanmati on and cell adhesi on associ ated i mmune or
aut oi nmmune responses in a patient. VLA-4-associated cell adhesion plays a
central role in a variety of inflammtion, inmmune and autoi mune di seases.
Thus, inhibition of cell adhesion by the conpounds of this invention may be
utilized in methods 30 of treating or preventing inflammatory, inmune and
aut oi nmmune di seases. Preferably the diseases to be treated with the nethods
of this invention are selected fromasthma) arthritis, 2 8 NOV ZzQQz WO
99/ 61421



PCT/ US99/ 11924 - 18 psoriasis, transplantation rejection) nultiple
.sclerosis, diabetes and inflammatory bowel disease. These nethods TRy 2082
enpl oy t he conmpounds of this invention in a nonotherapy or in conbination
with an anti-inflamratory or imunosuppressive agent. Such conbi nation

t her api es i ngdgdgigfm ni stration of the agents in a singl epEosageedOr m or
in multiple dosage forns adm nistered at the sane tine or at different

-F3
(RN A Wf@ﬁ%&%@ﬁ B8 T S RSP IBABI et 1| L- pr ol yI-3-me

thyl)-~i-Alanine, was prepared in a convergent synthesis fromcomercially
manuf act ur edpsgg®ci ni m dyl Boc- (L) - prol i ne §Bope-dipe- OSu; Bachenepurads

(R) - benzyl - 3am nobutyrate hem sul fate (Cel gene Corp.). Coupling of the
starting materjal.s j in the prese of Et3N, followed by

hydrol ysi s oft #E"BIAGrs &'IW‘{"HM N HCl ﬂéﬂ& oxane af for ded\,\zl%rﬁ'g1 HO salt
whi ch was recrystallized from CH2Cl zI Bt 20. Coupling of the HO salt with
succi ni ni dyl rce {géinst 24pf-veriryd ey | anmi nocarpmoyl ) ] ani no phenyl>i1agef at e

( MPUPA- C8u) ) , e, t he correspondi fy | d, MPUPA-CH ( ca,
Inc.}, provi égél’ CFSI%% H(YI r}ieeswolvbPUPA- V- benzy?o ester whi ch was (@éoﬁla ytically
hydr ogenated ( 10 %Pd/ C in THF/ H20 (9:1) to provide oMePUPA-V. The final
product was sfindinteetiasiodindlebddoddol id after recrystallization from20 %
aqueous acet oneg,augnary of Physical Charagfghi,stics Chem calganme
(R-NT[[4-[[(2-nethyl phenyl am no)carbonyl] m no henyl |

acetyl ] - L-prol y[*P8-%®&t hyl ) - b- Al anine, 5 to 5 Enpi ri cal®BLPHE a:
CuH30N405 Mbl ecul ar Wei ght: Appear ance: Mel t| ng Point: 466.53 Cl ean white
powder 153. 6Crysditiily4 C 2 a Nov 2002 WD 9R661421 Scherre 1. -YEK9

Preparation of NPUPA— OSu (2) from MPUPA-CH (1) PCT/US99I 11924 O ~ |1 OH 1.
SOCl z, CH-CN OSu\N~N\OO\N~N\OHH2 HOSu TEA, .-60
05 h H 1 BB o b o o vk

ACE activity ACE substrate clean

Glucuronidation low levels planned

Ames test (mutagenicity) clean clean

Ancillary pharmacology (side-effects) clean

Systemic exposure, 10 mg aerosol dose (sheep) 40 ng/ml x hr finished

Metabolic profile active metabolite

Oral availability <1% <1%

Bulk stability (40 °C, 75% RH) “unstable” stable >4 wk

Formulated stability (40 °C) 0.2% degradation/day stable >4 wk



| 0 *Schene 2. Synt hesis of oMePUPA-V (8) from Boc-(L)-Pro-OSu (3) and
. benzyl - (R)-3-am nobutyrate hemsulfate (4). COBn 4 NHCl / D Oﬁmngmz\l +
(2 steps)

~ z CH2C z,

TFA BcN COzBn r.t., 2 h ZNCH3 r.t., 2 h ON'CH3 9

O OSu ~H2S04)mH 3 4 5 HO N ~C02Bn HN ~C02Bn 2, DWF, TEA, r.t., 3.5 h ~ |

O OHCH3 88¥nGblstdri\ OOHL,H3 6 37 1. Ho / 10% Pd,
'CO H 55 psi,

1Gf6rasooiibla O / N~
r.t., 25 h, 87%/ | z 2. RecrystaAi zed from~ HH\ OOH CH3

20% aqg. acetone, 84% CH3 15 8 2 8 NOf‘?pZ WO 99161421 - 20 Synthesis of
oMePUPA-V PC TNS99/ 11924 The synthetic chem stry that was enpl oyed to

prepare oMePUPA- Yhé so;ﬂpdmmstcﬁfdlapfesaﬁhwmn]mm fanmﬁhed mtcphhini@edibler i al s
were obtained from comrerc sourcgamﬂnd S contr {Ianuf acturers (1) was

prepared in ‘1°51Pg%“‘a’aéffﬁlmay ‘b Jmppisiare

prRargt \Yn tion spgay. tepisallyn o

obt ai ned frag:BBS hﬁam)BIbQ&ﬁllﬁ RegnallyR€ via aifglaiéd Bgm@t FhefAmapakektdoal'f r om

Cel gene Corp.) Warre NJ. Pre%%r atioon of oMePUPA-V: GCeneral_ anal ytical
@“HP\‘_‘{’B)""‘EL‘B‘S' AU Ry BURGHICWRE i on a
OfnéMial Aintykdrad), iRPheRsl, iBtrMRpAtRNinENOsiordS b diNRAran®il hi&abPLES Wer e

met hods (' H By @G“P\m“d%“bqu

Br oker AG 3
run either i

DVBO- d6 and

ppm
ref erenced t%f eRrasgnyigvention oba*rﬁma%scgl S?fééltt?béc ‘3&%?"@“\‘66 meqf é°8=$h§fo‘f'i§h VG
M phEBSRicaRReLdpOBR ceirie oY He 8 mMchBie® abiaWiBtieiniaGiREd Model

rocessed using a Fisons VG MassLynx Mass

Pl atf orm LG

1500 Autos anpler _and the data

Spect romd? er

15

20

25

30

n_DVSO d6 and referenced to DVBO db (d 2.49 ppm or in CDO 3
and r ef er enci8fysiop tschf¥sal CHCL3 (d 7.24 ppn). '3C NVR were run either

Varian 500 or a ‘fae bﬁﬂnﬁ@@uédﬁ%&rfg&&ﬁﬁ@ﬁs é’f’ﬁlﬂs ﬁﬁ@ﬂiioﬁ%oﬁ\ﬁﬁ.@ Bf tﬁé& ouhd‘s

referenced to

aogptabls Y VaRLs %@M&WW%W ly agseptpblgparriers that may be used

in the pharmaceutical compositions of this invention include, but are not limited to, ion
exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as human serum
albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes,
such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone,
cellulose-based substances, polyethylene glycol, sodium carboxymethylcellulose,
polyacrylates, waxes, polyethylene-polyoxypropylene-block polymers, polyethylene glycol
and wool fat.

According to this invention, the pharmaceutical compositions may be in the form of
a sterile injectable preparation, for example a sterile injectable aqueous or oleaginous
suspension. This suspension may be formulated according to techniques known in the art
using suitable dispersing or wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer’s
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose, any bland
fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids, such as

oleic acid and its glyceride derivatives are useful in the preparation of injectables, as do

on a



Scan (PA) using Fast Atom Bonbardnent on a VG Anal ytical ZAB 2SE high field
.mass 20 spectroneter with reference to SOP# MsS-002, Ms- 006, Ms- 0%? w
MS-023. A cesiumion gun was used to generate ions for the acquirléed 2002
spectra which were recorded using a PDP-11-250J data system IR spectra

wer e perfor Perkin El mer 1600 Series FTIIt. Analyti P
chr onmat ogragﬁg \%asazﬁerformed as follows: 25 1. Chronat ograké%)ﬂgéjﬁg&ﬁ’rogram

1 (Equilibrate @20% B, inject sanple) 20% B (I nmn.)) 20%- 70% B (24
mn.)) 70% - nagabphBrniatFutivaliy-jccepsatde qibst stich eslolinsiotigr casfee piki espeBlalp in Beir i es 200

o and an ARRT B Welols Al il QoS bR it SR S e 7
(I\:lhel son 1020 phmreg¢qi1pb¢xlueMryllsp¢1@nar ea percent values were reported. 30 2.
15% B (|
i) 285 aons BYem koAl capioda? bR iflehtdd ey dlh A aahiBb R °70 B
Applied 52 8nyordipacoaumblawoses fatindlufios,/pes limeen, capalesiablsissiqerms400

Sol vent Del i }[&wns%ggr&qu\ﬁoﬁp R b SR o é?eks%%xjéh %&ﬁ&f&%ﬁ ééo ters

717 aut osanpl e processed usin Series
I I i ntegrat onsediimdudeidcarye amdmnmaactse!buhmatmgtahmts‘ ahm@smglepamamaer are

At t enuati on TIh gld_= 5 ej ection =.1000 Reak W 0. 04,
Chart Speed Elsgtyﬂc %afd'crjh’&’ a\}N%r nlsu§ Ane"rl orpsulcel f<ﬂnsnl’ lrllsc}“l dﬁ}‘%““ %“#8 col um
(5 m pore si tae;osdlaxﬂdnindxoxﬂ&a:cm Wieh athoﬁslﬁ?;l%d:)ms aﬁoﬂcqtercﬂ féx o@-admeethe+ 0.1 %

TFA Solv nt acet tri % TEA) Flow rate = 1 m.n .t o _The

o i ont 1B bk B I corBing Biek etiiliFahe pidiodefif dpeds sl Sreffc.
sanpl e, 20% Bv(el’enmmﬂévorﬁ@%eolo?&%’oa@en@ﬂﬁaﬂﬁht)e)ada@D% B (5 mn.). Physical
data for f4-f f f | ) am.nol car bonyl | am nol phen acetic acid

1. MPUPA-OH: mat e’r"u“%‘f‘gﬁ’ﬁﬂ {31 {‘]%P%‘Zf%ﬁi’?ﬁﬁ“ﬁ%ﬂs@‘gx 40§ 1nvg H~5‘¥a§ % 215 C (
(dec.): | R (b@Binjst3@YH tehformbafstipposBaDs frhrectilanmn)strad@7 ThiG3dn bé.ﬁr@ﬁhrecﬂ.SSl
1516, 1457 414 1 DVSO-d6) d

' , 02
12,28 (bs) 1 iid’“* B %‘3“3‘ T’“f&%’ Smeﬁggf%‘ é“éﬁ“nﬁf“‘f’)‘e'éé"htc& i RS b W0y 1 H),
7.43 (d, = tdinpératitte bit liujd ar' thd Qeddli)emberanﬁe dndHRcrefdretWill meltlif the Mctutn l-d) ) 6.94

M 220 asflta P o, Sph kil BpS st Bherpecsyh g vieap iy

1 29. 8 ( CH) 128 3ThéHtlarmdcéittichl dospbditidnd®f thif iovBntion By dsd Kd-Hdmidistdred ( CH)
i‘ %g 1 109 16 8. o %g f@%%:xagz whsn;tSw target of treagmgr?t mrgu%leszgeSas r orgzm rea%h%):/)’ ) 152, 134,
accessible by topical application, including, for example, diseases of the eye, the skin, or

20  the lower intestinal tract. Suitable topical formulations are readily prepared for each of
these areas or organs.

Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically-
transdermal patches may also be used.

25 For topical applications, the pharmaceutical compositions may be formulated in a
suitable ointment containing the active component suspended or dissolved in one or more
carriers. Carriers for topical administration of the compounds of this invention include, but
are not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying wax and water. Alternatively,

30  the pharmaceutical compositions can be formulated in a suitable lotion or cream containing

the active components suspended or dissolved in one or more pharmaceutically acceptable



25 ‘Anal . Calcd for Cl6HI6N2~3 C, 67.509; H 5.67; N, 9.8S; Found: C, 67.60;
.H 5.70; N, 10.01. Preparation of Succinim dyl fa-f f f (2- met hy-ZI‘&BINQV)ZUUZ
am no| carbonyl | am nol phen~l Lacetate (2. MPUPA-GSu) To a refluxing
suspensi on of o-nethyl phenyl urea phenyl acetic acid (1, MPUPA30 OH 150 Q)
0.501 nol; fregmogiegrca, Inc.) in acetonitrile (600 nl) wapcpgésgiskhii onyl
chloride (41 nmL, 0.558 nol) over 10 mn. with vigorous stirring. Large
amounts of HC . 2 8 NOV 2002 WO 99/ 6142115PCTNS99/ 11924 - 22 evol ved. The
reaction m xteaFEsyRyitablsagisry igclpdio hytaehins Haited © Riner eiddebiebus stirring
for 1.5 h. Thgb@ashts PBlydbht 66, cbiyl &’%‘éﬂs WB@ @et@arﬁ'all’éhél' ZlBét?‘ldB&ch Bn2)RS
added solid Nhydroxysucci ni m de ( HOSu: in one poftion.
To this nixtlehelanewaer. ami ne (174 m_) vvas added dropW| se over 30 min while
the temperature OfoldfinRnkieRE! in0 B Hrildifity Weipotioh! AbnELthRIGU R0 C with a
wat er bat h. Stlrrlhr)l watas contlnugiﬂ:}ﬁg ) and then di st Pﬁjﬁ w%ter (500
m.) was eddemicropizehanspensions ipisotania, BHedjustpdsterde salinowps, preferably ead seldonsas hed
with 2 L of r WithloBr Wifhott 20Qseiaki ried, and
further dr|eghg&{gbicg‘g{maﬂesrtégg%aggfnte?ﬁy i oar ?h ¢ 8‘?’% c?’% e S‘?oduct (
175 g, 97% yitepzylalkaninmyclieridge A@@m@@vely,m@pbthda@ tppwmnha:(mammcg) was
recrystallizeg b \5\111 pal {10 g)

decol ori zat i onm%%&galr%e %%k&ﬁh‘a&%ﬁg&gﬁ@e Vi %ssgb"?%g%f“g d) as a white powder
(purity > 99%. rrﬂ‘hgmmaceumcwosmm%q{m; lnvmsnw@l;opbadrmam;ed by816,

slor’ (5, il eeenidiffp dbiog R ddfoytindon e, 720

7.24 (d, J = @etbre¢idgse nhipfer. SuchSoraipgsitnfrp pEp@ed écutdtdmg te teghuiqueg wellHz )

1H,
£ ) i o g B Y R 4 L

3; material od:nlpiwmbehzsd aicBha heoth8i saszhleprw)vau@@, alporp@sh promm@Ge&iSto ¢nRafdéBr )

1118) 1060 coiiriiubBendy Syl dopvfife sdiBtgnd Sedpel o)

3.56 (m 15 H) Addtiehilly,the cbnifpsitiGhs®P thesnvedtidd) mayAin@@de(amy pharifaceufically (m 1 H),

1.94 (m 2 H) 33 Vi 213, 138,

114, 86; HPLC,A cﬁeﬁ)ta%’?%}mﬁﬁ?g%gf Zt%aetxam;’ Fnlagé fos a?’&)owggam no%‘%%'yr ate

hem sul fate (4; ndihermnatntobadive argre‘duanmhé]aharyhecenmbﬁed pith thercprrizd@atdrials @49. 8C,
produce a single dosage form will vary depending upon the host treated, and the particular

mode of administration. It should be understood, however, that a specific dosage and

20 treatment regimen for any particular patient will depend upon a variety of factors,
including the activity of the specific compound employed, the age, body weight, general
health, sex, diet, time of administration, rate of excretion, drug combination, and the
judgment of the treating physician and the severity of the particular disease being treated.
The amount of active ingredient may also depend upon the therapeutic or prophylactic

25  agent, if any, with which the ingredient is co-administered.

The dosage and dose rate of the compounds of this invention effective to prevent,
suppress or inhibit cell adhesion will depend on a variety of factors, such as the nature of
the inhibitor, the size of the patient, the goal of the treatment, the nature of the pathology to
be treated, the specific pharmaceutical composition used, and the judgment of the treating

30  physician. Dosage levels of between about 0.001 and about 100 mg/kg body weight per



30 IR (KBr) 3515, 3383, 2989, 2945, 2880, 182|, 1788, 1744, 1701, 1476,

. 1454, 1421, 1394) 1368, 1260) 124L 1202, 1189) 1077 cm 1, 2 8 NOV 2U02
"WD 99/ 61421 PCTNS99/ 11 924 - 23 ' H NVR (300 MHz) CDC13} d 7.85 (bd8 &0\14)2002
7.26 (s) 5 H, S.06 (ABg, J =12.3 Hz, 2 H)) 4.35 (m 2 H, 3.73 (m 1 H)
2.92 (dd, J Fyehuaal?-1 Hz, 1 H)) 2.66 (dd, J = 6.4, 17.0 biZprdsofidoss 1. 35
(d, J =6.5 Hz) 3 H); I\/B(EI) mz 195 (M3)+) 194 (|v|+2)'") 106,02, 91; 5
HPLC 99. 0% Preparatlo (tert-but oxgéar bonvl) E %)I - met hyI (R

) - ~i - al ani ne 9B¥R? ?fa‘agpwewfw&%l tRapqut 39 d’é‘ﬁ& ge?fcs lygbout

benzyl - R- 3- amm@wﬁmxgheﬁ&awmh@acﬁ% m§1@d13nt§:om%&@ndﬁi@hs)eﬁﬂn CHzA 2 (200
m.) were added Bocg- ("}I:?% Pro- OSu X 9 222 nmol ) .and Et 3N (95 n1_ 681
mol ). The reacti 5% YPWF@W\?&B"%FQ“&WE‘B"”("S“%’P P?““&{S“PB%‘\SF@HH?W&% fhigdbleo for
2 h. The reacobB rdilgXfs ot RS NEU1thg 10RBEH 25 &igNgemole Arablly, okt 0.8NehgH20
(250 m.) and the organlc | ayer was washed with 10%citric acid (3 x 250
nL), H20 (250 Aot 1 8gkgr at ed sodi um bi carbonate (250 nl), H20 (250 nl), and
brine (3 x 250 nmlaccdldih@eh MY@Er &%ﬁ?ﬁen%p@ﬁﬂ&%r&ﬁ@h%zfdoﬁp%u&%fmﬁ rot avap
(40 C ~80 mmHg) .and then under g vacuum sroomterrperature

mHg) to pr oViHBUHIg: dRaRempEsernadditions] agegtise FeFlﬁE‘S‘"(hSST"Epﬁ‘)“stSWzﬁOfcont ai ned
resi dual  Et OReniBflertid? Gichchdiyiath AntAREmED (RAst 841 Railide)s), 2B 4iRAGies, Thi S

material was used, without further purification in the reaction below. ' H
NVR ( 300 NHANtTheRmasics, qmmungsuppressantpptimgetaholifepdmmpnpgodulgtory agtipsoriaics 12, 3,
é411HZHZ ﬁ)l_DH}azndﬂnt%ab(et'igs %éaf}c c‘!)nib%ur(dﬂmt%m'&c:h @ftﬁ)lﬁ% (:ﬁ§s)es %aﬂaé sel%cté% ft@ﬂ‘l J 8 0
H) 3 H; 20 WBof tpse llswfndngﬂe[wayate ;rom admgaln)"qomiehynswmdm 91 '
Preparation Qf:hehs(ﬁg@h%% aﬁxoﬁfﬁebydiférah graﬂ& gg' $0-9R817840), Qﬁ'etcﬁ{cldi‘b(rg'i)?cm oride
(6) To internedi romt previ ous reaction was gradua y added

sol ution of MWh—!@IhefFlﬁ lﬁﬂom Byxafprasey.  Alpo ipplydedowishia (hys grovmoare @ﬁmmsdsens ued
(caution: t&ﬁ?ﬁh&hhyﬂ&eswﬁ M&%&"aﬁn%aﬁc Z%L@ﬁ%quaenés | c18dpokROM

terrperature (2 en concentrat rst on t 'e” r ot avap
(45C, --80 mifigP0&and ltanmoenmumsgpprmmmyelwehqsp@awdq mglomathoiepate at ure, 14

chystalt] zoa ¢ ol EPUE EhhaTF Yy BRRLY plIPREE s U godhistor),

overal |l vyiel othprmom thetceppyunds of the inmeitiog alay be a@smsstcml ingoxjwiction WL C

V736, 1001, 1ugsfR e Resgatll vighkibhihie oo iRion il 5700

~~~ W O 99/ 6leppibination with the claimed VLA-4 inhibitor, the active ingredients may be formulated

20  together, or, alternatively may be administered in combination. Administration of one or
more active agents in combination with the VLA-4 inhibitors of the claimed invention may
be substantially simultaneous, or sequential. Those skilled in the art can easily determine
the most appropriate application depending upon the agents to be delivered, the desired
results, and the patient, and condition being treated.

25 According to other embodiments, the invention provides methods for preventing,
inhibiting or suppressing cell adhesion-associated inflammation and cell adhesion-
associated immune or autoimmune responses in a patient. VLA-4-associated cell adhesion
plays a central role in a variety of inflammation, immune and autoimmune diseases. Thus,
inhibition of cell adhesion by the compounds of this invention may be utilized in methods

30  of treating or preventing inflammatory, immune and autoimmune diseases. Preferably the

diseases to be treated with the methods of this invention are selected from asthma, arthritis,



PCT/ US99/ 11924 - 24 tH NMR (500 MHz, CDC13) d 10.21 (bs, 1 H), 8.71 (d) J=
8.0 Hz, 1 H) 7.77 (bs) 1 H, 7.24 (m 5 H), 5.00 (s, 2 H), 4522@bﬁ%vlzq@))
422_(apparent t) J =6.5Hz, 1 H, 3.33 (bs) 2 H, 267(dd J =5

Hz, 1 H) 2.44 (mM 2 H) 1.89 (m 3 H) 1.15 (d, J 6.5 Hz, 3 H); ~3C NWR

(125 Mz) CDGd3efdl71. 03 (C=O), 167.67 (C=0), 135, 58 () pckABoddsaCH) . 5
128.13 (CH), 128.06 (CH)) b6.34 (CHzZ), 59.71 (CH)) 46.55 (CHZ)) 43.34 (CH))

40.42 (CH), 30.50 {CH2)).?24.23 (CH E 291 [M Cl
i 99) 1(94)I 16t§°""f§9‘fa§1§§af?‘)§&mf ’PSx 'Eﬁglk}ascl?fe%‘s'éfggfs—ﬁ%‘ﬂgs&‘&f{f]“a@fy B%W%io[ H, 1

7.094; N, 8.&seasefound: C, 58.95; H 6.99; N, 8.46. to Preparatlon of N-f
f4-ff(2-nmethyl phenyl anunag) car bon)rl | am no gneg%ll | acet yl.l - L- prol
r~I - 3net hyl | - (R) Th&e Rehadn@apemploy thegpapoyn Sé”vg?)tl"ﬂt’? BFPOB?thfffw ¥ salt

6 (61.77 g, i#3SmbhRioh “hﬁ‘i a@lﬁfﬁn-{mﬁm&y Eﬁﬁuﬁﬂd IERARERRUS KR coRBindfford .
181.9 mmol ) foll owed Et 3N (90 pH --10) II)'he reaction m xture was

H T owed b Shiripies B lwiesdnirayamot diepoeets idt ShEle A RELomRE! ip multiple dosage

extract ed 15pWhd AmiiRRere atth@heimle or Al ditthiet (iisNt ) the product began to
precipitate. A 10% solution of citric acid (250 nL) was added to the

or gani ¢ | ay BXAMELES o exot hernic!), and upon shaking) a copi ous
preci pitate ggiipRd. Pk aﬁg{,bpomyvtered on a sintered-glass funnel (2 L)
M. The solid was was citfric acid (.10% 2 x 250 nlL)) 250 m.),

satd. sodi um bi cé?P’EBHEtAeV’((B)'N %ﬂ@mxythylpmytazs@)mon&%mbvlp%r@ykl@csy 1250 n)
and al | oygd { Qr2a- 3%% \Aﬁ,’ﬂplﬁhﬁuﬁéj Wﬂ?mklreié\irw\n%%m %}ggsayﬁfﬂe cHMBERLAHt (~ 14

h) to provide an of e solid was recr I'tzed from THF/ Et 20 (1
L/1.4 L) to pmxiacdmemmmgudyﬂ Boofipeprolthe 1B ¢¢-PtocO$im Biachem) ando@R)-baszyk3whi t e

lid. The f] 50 m
L20 (250 ) Bla Rl cIgefe e‘ﬁﬁ%%%lﬁ‘gﬁ’&{?gf%kig mLfeggﬁof‘ ot (3 X )
250 m). Wtin tbeaprbﬁeﬂd's of Ebdefpliewtd bygkicioiysisvefthe Bednioupi withed N dihwdingane

tat ed t t
prect b Lat oo OHELEL BV AL IRSBRA RSO FRIG, ORRIG bEPRCIOt o
solid. The f sdltwithtsecomemidyl-Ad4-[2-(methylphtcaylaminobarbanD]agnito nh):x)ylfacdtater ed, and
th lid j d I
e SoL1 3 v Rh A okl o1, EGHA S LA oL P
153 - 153.5 @;ovxdechrﬁstNiM mamvgﬁhmagermwgmanynww hyd@8eriafRd ( KBr )
3342, 3307 7 702 14 414
1308, 1238) %%@%m%?% T %&é&‘%%ﬁﬂz’%ﬁl—ﬁgj’éﬁégo{)}ﬁe%ﬁ% o hfbiny pd it 1)
rotaners, (pedkssolionfierapmystatibnation frahi20%) aqudod.ad@ofebs) 1 H)) 7.91 (bs, 1 H),
7.84 (d, 2@ =83 H, 1 H, 7.68(d, J =8.35H) 1H) 7.40 - 7.28 (nm) 7

H, 7.13 (3 H) 7.06 (d, J =88 H, 1 H) 6.92 (t, J =7.3 Hz) 1
Summary of Physical Characteristics

Chemical Name: (R)-N-{[4-[[(2-methylphenylamino)carbonyl]amino]phenyl]
acetyl]-L-prolyl-3-methyl)-b-Alanine,
25  Empirical Formula: Cys5H3oN4Os
Molecular Weight:  466.53
Appearance: Clean white powder
Melting Point: 153.6 - 154.4 °C



H, 5.06 (ABq, J = 12.2 Hz, Dn = 8.9 Hz, 2 H), 4.18 (dd, J = 3.4, 8.8 Hz) 1
H)) 4.10 (quintet) J =6.8 Hz, 1 H) 3.57 (m 2 H) 3.50 - 3.22 ( 8?0*70
2.62 - 2.37 (m 2 H, 2.23 (s, 3 H, 2.18 - 1.68 (m 3 H)) 1.05 (31, :62(%2
Hz, 3 H and (peaks for mnor conformation): d 9.00 (bs, 1 H) 7.91 (bs) 1
H, 7.84 (d)wbogebpd Hz, 1 H) 8.15 (d) J =8.3 Hz, 1 H), perAfkeyili924/- 28 (m)
7H, 7.13 (3 H) 7.06 (d, J =8.8 Hz, 1 H, 6.92 (t) J =7.3 Hz, 1 H))
5.01 (ABg, J = 12.2 Hz, Dn = 19.0 Hz, 22¥, 4.32 (dd) J = 2.4, 8.8 Hz) 1
H, 4.22 (qoehe®l 3 ='6.8 Hz) 1 H), 3.57 () 2 H), 3.50 - 3.22 (m 3 H),
2.62 - 2. 37 PréBaragotbf MBURA- dﬁ,(z)?fr&ﬂleiUﬁ&OH(l) 68 (m 3 H, 1.10 (d) J =6.8
Hz) 3 H); ~3C NMR (125 MHz) DMSO-db): a m xture of rotanmers, (peaks for the

maj or 15 conformation): d 170.80 (C=0O, 170.52 (C=O0, 169.18 (C=0) 152.61
(C=0, 138.10 (CO)) 137.38 (©)) 136.04 (C)) 130.05 (CH), 129.63 (CH), 129.47

(CH), 128.58 (C), 128.28 (CH)) 127.89 (CH), 127.85 (C)) 126.02 (CH)) 122.50
(CH), 117.90 @3 017, 65064, dGtRR), 52761 (©CH) CH2)) 41.75
(CH), 40.41 (

‘—?9—?9—(‘61#2:“ 19088 (CH3))
17.78 (CH3) an peal«; for the? mpﬁp'f”i’kcﬁ? at i H dH170.94 20 (C=0,
170.52 (G=0), 169.31 (C=O, 152. ('EZ—O) 138.1 %C) 13%. 38 (O, 136.04
(O, 130.05 (CH)) 129.63 (CH), 129.47 (CH), 128.65 (C), 128.28 (CH), 127.89
(CH), 127.85 (O, 126.02 (CH), 120.940 (CH), 117.90 (CH)) 117.81 (CH))
65.44 (CHz)) 59.91 (CH)) 46.51 (CH2), 42.01 (CH), 40.13 (CH2), 39.84 (CHz),
31.75 (CHz), 22.11 (CHx), 20.05 (CH3), 17.78 (CH3); 25 M5 (En: mlz 579

[ MkNa] +) 557, 454, 426) 357, 336) 293, 267, 201; Anal. Calcd. for
C32HssNaCS: C) 69.05; H) 6.52; N 10.07; found: C 68.87; H, 6.52; N, 9.93.
Prepar at ypn QkedEdf 4-ff (2-nmetl ~l phenyl am no) car bonXl | am nol ~henyl | acet

| ~-L-prolyl-3methy IB%M&@) (3- Al ani ne g : _0MePUPA-V) 30 A solution of
OVePUPA- V- OEﬁvn(hFSIS UPA-V 8 Beo(IpePre-O%u(8) and pengak(MyPrmygehwrag at
--55 psi in gehesulth g3Hnce of Pd/C ( 10% 2.44 g). After 25 h, the reaction
2 8 NOV 2002 WO 99/ 1421 PCTNS99/ 11924 - 26 m xture was flltered t hr ough
Sol ka Floc ( 144 g; Fiber Sales & Devel opnment Corp.) on a sintered-glass
funnel. The filtrate was then refiltered through another pad of Sol ka Fl oc
( 115 g), concentrated to 250 nL and gradually poured into vigorously
stirring tol uene L). The _sogmensi on vasyal)y ovwed t o stHCl/ Dotand, filtered

(2 L sintered BficH fu*'nnel) and t:l‘tg§>l25!'ﬁf*«esu11 an PP e powde?hwas_al | owed to
dry, first on the unnel WM TICHgUCT rQ@K( - - 8 " 0 5 hgzo,ga@gke,gsyen in the

vacuum oven ( 14%h; 9% Gsopressure adj usted t 25°i nHg vacuum with N2
flow). The white |ynps were c¢yushed (nortar agd pestie) into a fine powder
to provide 58.3 g (yield 87% of oMePUPA-V as a white solid. The product
was recrystallized from acetone/H20 (320 nL175 ni). The cr stal S were
col | ected anduygliH dtoflrst on the sintered glass funnel c:gautlon (1
h) 80 nmHg) ankdN oaBﬁfmowctthvsm (h 045 e/L PuSted to
25 i nHg- vacuum vi a ecov,

recr ystal i zat i@n)N CHaIVbPUPA— /as a whlt cﬁ HI dH(HPLC puri tHy 31 9

153.6 -154.4 C Fsl(sKBr) 3354, 3307, 1719, 1543, 1590, 71543) 1514 1449)
1414, 1308, 1237 cm ~; 15 1H NMWR (600 MHz) DMSO-d6): 3:2 mxture of
rotamers (peaks for the major conformation): b 12.21 (b 8.99 (s, 1
H) 7.9 (s, 1 H) Ho \@Z P§,do% ay. THIB. 2 Hz, 1 H), 7.68 d)NJ = 2H|—|z 1 H
7.40 (d, J = I—§;5)Psl2ftlv-35h877°/17 (d, J 9 ®iz) aﬁd J =176
1 H) 7.12 (dd 3. RechslizeSnom Hz, 1 H) )

4,22 (dd, J =3 2Q%&.&ebfzea4%H), 4.06 HJH—66Hz 1H ’3.
H), 3.44 /(d, J:15.0Hz, 1 H, 3.37 20 (dd, 1 H), 5329(d J:
H)) 2.46 %dd) 1
H, 1.78 (m 1
he m nor con

r

5:;

1.76 (m 1 .07 (d, J =6.6 Hz, 3 H and
i o b 12.
8.
2

21
1
, 2,27 (m 1H, 2.25 (s, 3 H, 1.99 (m1 H, 1.
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170.9 (C=0, 169.3 (C0, 152.6 (C=O, 138.2 (O, 137.5 (C), 130.2 (CH))
.129.8 (CH), 30 129.6 (CH), 128.7 (Q) 12?7.4 (C), 126.1 (CH), 122. @ § Qdv. o
120.9. (CH), 118.0 (CH), 117.9 (CH)) 59.7 (CH)) 46.6 (CHZ)) 41.7 (CH2)) 48%
(CHz), 40.2 (CH2), 29.4 (CH2)) 22.2 (CH?), 2 8 NOV 2002 V\099/61421

PCT/ US99/ 1193 eg/f4by. 19.9 (CH3)) 17.9 (CH3) and peaks for gdeudshNe:
conformation): 8 172.5 (C=0) 171.0 (C=0O, 160.5 (C=0) 152.7 (C-O) 138. 19
(©, 137.5 (O, 130.2 (CH)) 129.8 (CH), -1%9. 6 (CH, 128.8 (Q) 127.4 (O)
126.1 (CH)) 122.6 (CH)) 120.9 (CH)) 118 0 (CH, 117.9 (CH), 59.9 (CH, 47.1
(CHz), 42.0 $%)1so§&/[&>tﬂm) 40.3 (CHz), 31.8 (CHz), 24.2 (CH2), 20.2 5
(CH3), 17.9 (CH3): M5 ( EI%}IMZ 4681_r1piO Hl 336, 267). 137; Anal. Calcd. for
CZSH30NaCs: Ehe syathetis chemisiry gt wag empjoygd o prepasgioMeP URSr Vs depigfedgng o N,

11.85. to EX@&H&Jn@s 12and/§;CtTh\é'sltaM1ng'ﬁ1a?é?1a@(¢d9@oﬂVQH§i fré c@ﬂrﬂn@fegﬂ Soukddk BRDAr Y

I nflammation Allergic sheep weighing between 27-50 kg were used. Al sheep
had previ dusaptrae srnafacsrsrs: d) wayprepasedialarseguantty hy ditergaclng,y mqwlélp,
responses t oQHAMadoRaRM ff BadRAAib &1 MY GrRussi¥os SRAPE:

conscious and wefe restrained In a nodif 15 shopping cart in 't e prone
posi tion wi tfGelgensiGormeWamen, Mobi | i zed. After topical anesthesia of the
nasal passagp& MMJB&?{MePQPRGV ne, a balloon catheter was advanced through
one nostril into | ower esop hagwﬁ1 The aninmals were intubated with a

cuffed endot Gaw@analmwn@tmdélﬁgw GNMR, NS IR & HRISng a fI eX| bl e
fiberoptig br O”Ch@ﬁQMR%éi‘énﬁNggEr@ﬁ aBélé erﬁ@idé%?k%ﬁéﬁﬂ)o'o?a Ghoudy were

approved by the Munt Sinal nter Aninmal 20 Researc Comnttee)
which is resp’@ﬁ@ﬁl?ﬂt @Q‘S@mphtss’memgeltm:emtﬁl?iﬁﬂeis@mr@feaﬁnaedﬁg@l\é‘.ioéx@ezﬁnent al

ani mal s. Pl eyra eHTYr ﬁg] hageal bal |l oon
catheter (fi P‘Sedor\il,\}lgl E@T aﬁg\t@%c@?%c{mg ?ﬁ%gdggs? 1%ned 5to 10 cmfrom
t he gastroesophag@@NMR werstrimeithet on 2 Maman %8 ot # Yarian 00 instrdment ghd mgs
pleural pres gm@@
pl aced, it vvaws&e?g%gigggq ﬂ@?ﬁ%q%}’%%g?dﬁtg I'n tdﬂ@] Wé)pom I’on for t he
duration 16f rdfgemeptrCREnld 71.Gpmmlal pressure in the trachea was neasured
w th a sidehol e i %9 and
positioned di stal %ﬁ%#)ﬁ&!tra ew%?“’ﬁﬁg{%h%g rlﬁactﬁ’eal ﬁg\éﬁg] e %p?é%%g?r and
pl eur al pr essSystan withladteaeatt Rmekaed Modeld50@ dutoS amplehi dnfl dhreatata padcegsed vsing &
transducer ( h wsa fir 30
t ranspul m)naﬁé%z\éc\s{%arsg&%&a%\p%c{réﬂg%ryggf%%&% ﬁlg er %ﬁ%@&g% 8M
tracheal and Spirg@Anbsing BessAtom Bolbratdnant was VOesusalytiod ZAB ZSEmgbﬁcldgnashe
pr oxi mal z%nd sgectr})m&ere&l o e?e%@ee & sd##ti\ﬁs 00% I\E)S HSCY N%SDB?Z d%?—%ﬁ?lﬁ %éSlum

ion gun was used to generate ions for the acquired mass spectra which were recorded using

a PDP-11-250J data system.

IR spectra were performed on a Perkin Elmer 1600 Series FTIR.

Analytical HPLC chromatography was performed as follows:

25 1. Chromatograms using Program 1 (Equilibrate @ 20% B, inject sample, 20% B (1
min.), 20% - 70% B (24 min.), 70% - 100% B (17 min.) were obtained using a Perkin
Elmer Series 200 HPLC autosampler system with a Perkin Elmer 785A UV detector
(set at 214 nm) and an Applied Biosystems 783A UV detector (set at 254 nm) with a
PE Nelson 1020 integrator. Only the area percent values were reported.

30 2. Chromatograms using Program 8 (Equilibrate @ 15% B, inject sample, 15% B (1
min.), 15% - 40% B (25 min.), 40 % B (10 min.) were obtained using an Applied



PCT/ US99/ 11924 - 28 to a pneunot achograph (Fleisch) Dyna Sciences, Inc.)
.Blue Bell, PA). The signals of transpul nonary pressure and fl ow Wer2e8 NOV 2002
recorded on a multichannel physiol ogical recorder which was linked to a
80-386 DOS Personal Conputer for on-line calculation of mean pul nonary flow
resi stance ( ividing the change in transpul rmnary p t he
change in fI?&vé)?t?Mﬁjd tidal volunme (obtained by digital E’gg’?’g%ﬁé% The
nmean of at |east five breaths) free of swa&l | ow ng artlfact) was used to
obtain RL in cripysterned00 SolventiDalivety/Syafemewitht he83dewavstcogt iV détecrirpsinger aci ¢

gas volune (V~) to
obt ai n specifi cw ngﬁggﬁaﬁgﬁtgr%éﬁﬁawgswces\é%l%m%yleﬁb%%%ggsée%@t o All
| i qui d- dose aerlbintsigeatare The iptageatertvend setnwthghaafoumsxpgpabtnetcmedttmatxcm=r8,1 et

nebul i zer (Rai P t an aer osol
wWith a mass ne aér%R%lgr %%%%C%%Q?ingwe@g% tlﬁ@n(t)%g@dm?g i ne by an
Ander sen &as daHéPhGTwamtwns peiforened @biong & ¥gdac(ext8 cniume(ﬁ moteziza, 4Hmmeler
systen) conS|cr<ht{: ﬂfg ?54§0| enoi d val ve and a source of conpressed air (20
psi). The outpl tﬁ ebulizer was directed into a plastic T-piece, 15
one end of mt&obmtvea(swamnmﬁet%a‘aAbo t he inspi rat ory port of a piston
respirator I tick, The sol enoi d val ve was
activated forlé%%%@lg con S{JF i nni ng of t he inspiratory cycle of the
respirator. A&womzdslwtmndel i vered at a tidal volune of 500 nL and a rate
of 20 breath monute, TO assass .bronchi al responsiveness, cunul ative
concentr @I oﬁrh}gg‘égﬁﬂt e %?ﬁl?/%rgaigﬁg‘g?'bachol were performed by 20 neasuring
SRL i nmredi at d#Hrograi uﬂqutilxhﬂaa:l @0eB,dhjedy wirhple, 20010B &F i), 269 R 76% BS@6 utin.y e

adm ni strati 93 ‘?fBZ(JS eat hs of increasing concentrations of carbachol
(0.25, 0.5) 1. 8 d 4. 0%vv/v in buffered sal i ne). The provocatlon t est
was di scont i rRhegcahiisnfobR dshEny X4 e le val ue or

responsi veness —wes S et Dy 29 tetre
concent r atsi om;(zm-ﬂlSeaK&cgnl ts) that i ncr eased SRS by 400% over the

ne. br et Eeumﬂ?abﬁéﬁadtiq@%?ﬁa%%'7 Fagbh bt 5803818 FPOaPOcFe

nebul i zed sol1g1i,qmgg, mpmgnbf oMePUPA—V wer e d| ssol ved | n ei t her
et hanol : nor ma,l saline 1: mVl sodi um phosphate _1:5 or Tris

buf fer. Wen 5‘?‘?‘1@{2&3’3\?59@.‘&&# F%@ls@é ’dm ato(ﬁwl Bad- 95&*#697173?? @sT ng

| | { | 2002
00 90/ 61421 n?&%ﬁ?@/ T8, DERRERED M 0 R T S 2 P, 2 HE 604t/
responsi v¥hess’$i84tz, lﬁmiﬁlﬁﬁagfﬁé@(ﬁi%ﬂd three to four days before

initiating a ‘%Nﬂﬁt(lwwﬁw%@s@@a@ 1@3@(&5 39217@@} 1%9(&)6153755@2 1903 (cfﬁysured

and ani mal s were or

ereasur ed 2 HOGHAAPES CHbAZHAGEIEY o2 (5 A (Y TEHDFDeHE LG  he
ani mal s were gy N9 ( @H{. y al I ergen. In nultiple-dose studies, beginning
4 days before al agen cha ani mal s were treated once-dai I y for 4

days and chalM&fgR W&MMA’IW@! 45224341 132,189,105 d06. 83t 94dde. SRL was

measured hef oxgy, md%xt@lmtﬁhm @Sk7. 40 e 5 81, I@Wﬂaﬂtdoé yE, B, §74;ngat ment .
In all studies, was femeasured 1rmedi atel’y after allergen chal'l enge,
hourly from 1106)1h0urs after challenge) and half hourly from6.5-8 hours

after aller geﬂex%g%lghﬁf‘ﬁﬁcmﬁ%gl ﬁ'lgl[ kf—ﬁgfﬁyfg end B 6ifB] dadbb o1 &1 T Way
responsi veness = gen C enge. Val ues

are expr essedparylleeetate 2. MBIiRFROSukr ror of the nean. Change in SRL was

SRS Post chal | engd Aaauu efetlpf bt B pBRon LA BERIEDR. LATARBRER.

were C eri-zed by an eaf al rway
response BEARPHWHOEHO 561 mob froscRioceres, Itchan agepnisiert@lbni,) ®a54add¢dotbtonﬂer i od.

This was foll &W lelYl rﬂLl(?gSPS lf J@Y 10 min. with vigorous stirring. Large amounts of HCI




response (LAR) that evol ved over the approxi mately 4-8-hour period after
.all'ergen challenge. Areas under the EAR and LAR curves were conpuj GONd‘vorzmz
each animal using the trapezoidal rule. Significant reductions in area
under the EAR or LAR curves conpared to placebo control were taken to be

t herapeutic on all ergen-induced 20 changes in SRS. , Al
responS|venegiéggg&?:larbachol (PC~0) assessed before, and at é‘lﬁ é*gtz?ar

al l ergen chal | enge, was expressed as a P& ratio (post/prechall enge PC4~
val ues) for ewolvedhBegreachosnguiré Weserolddie reoagiemparattfeavifbotnuoas stigrinpar ed

to placebo cotigh, WAShAltEhkSriimd: HICLARPULE SR o SRIRBIA ROTS (O

pl acebo control were nmade usli ng one-wa SIS vari ance wed by
Dunnett's t eshydfoxysuceininddg (HQﬁu 7ﬁ;5 gi Qﬁ3é mmihlpa)m: p@tion. cT'athR5migture r ol .

Conpari sons th, raﬁﬁgl ﬁﬂ i [ I
significant. tI?llgltgl}ﬁlre oWs aer os qré‘%ﬁgeo%w}gﬁt %P%&h&%
dose-respans qehWoAsﬁmlcsvas maintared belomad *Cheithpa eiterd Yatn dhtiiridy Wasabntmueotlos i ng.
b PaneL . P Bl ARG BRRER UAT h3RE B TR
ratio) pre/ poSerahmidivesipd)witiet leofidinitied whteﬂdnmawfohmilcchaaommgg airalde®UPA30 V
at doses of 0 not i bit rly. or late.a fgponse
or alter hypergjefus%leﬁgflﬁfﬂgéé%t‘ Cgeé%cé{g'ﬂgpé'gfmg%%ﬁo ?‘értud%ﬁ”%"}’:b@\r%@éh It enge.
Doses of O. 1) yigldaasla Beige gwilleNNie cRIQE pddud 9178 1) 3/hs fRCTistaliaed farf aektonitdle Ny

i nhibited, |y..alrwa oneadmaX| | Bhi i { | at.e airwa
response. heg%alra’o%‘éhsma ([cﬁ@%ﬁ? %mr%g?é éﬁ&%ﬁ’g"\?‘eﬁg (52 ?gchﬁ?l chol g

at 24 h afterasedWlaregﬁwdaﬂpxhrltgﬁge%).The statistical analysis of this data is
shown in Tabl e 2 ‘B OV 2002 WD 99/ 61421 PCTNS99/ 11924 - 31 Table 2
Tr eat ment Dosemf’ 2éh % NEAR (SLR x h)LAR (SLR x h)PC4~ (Post/ Pre) Dosed

2 Hours pri ormmlaeogszna@xadah&angaBBﬁk351@5 1t36é> 1@64 1&54 1@1@9@214:%t
0. 030MePUPA- 0, 01Et O NS26. 87 055, 03Et OH:; NS210. 62

t 3.913.98 t 6‘&‘%’8‘@@01"8{@@@%@@%@21&%92& 7144)@763'(4 1(3'1)'177*4"1( dy g=¢

0.11*1. 00kt OHg BBR22 Hi 4. 24Qd710£)8 Bixztzﬁ) ?141’33(m0§Ht) do3lde, 1W0FL G BBI43), 4621
0.620.68 f 0.07*1.07 0. natural |y sensitive to Ascaris suum
wer e chal | eng@d W'tzrﬁoa(ﬁ'%}’gg%ﬁs’% YAscaris suum al | ergen 2 h after aerosol

adm ni strati oMkl HEPH s [+ 1)Me230$6s 104di cated or 24

Physical Data for succinimidyl Boc-(L)-proline (Boc-Pro-OSu, 3; material obtained from
Bachem Bioscience):

20 mp 132-136°C;
IR (KBr) 3456, 2940, 1731, 1619, 1561, 1541, 1497, 1454, 1395, 1337, 1259, 1202, 1118,
1060 cm™;
'H NMR (300 MHz, CDCl) d 4.51 (dd, J = 3.8,8.7 Hz, 1 H), 3.56 (m, 1 H), 3.44 (m, 1 H),
2.80 (s, 4 H), 2.32 (m, 1 H), 2.27 (m, 1 H), 1.94 (m, 2 H), 1.43 (s, 9 H);

25 MS (EI) m/z 335 (M+Ny)*, 279, 213, 138, 114, 86;
HPLC 97.1 %.

Physical Data for Benzyl-(R)-3-aminobutyrate hemisulfate (4; material obtained from
Celgene Corp.):
mp 249.4 - 249.8°C;

30 IR (KBr) 3515, 3383, 2989, 2945, 2880, 1821, 1788, 1744, 1701, 1476, 1454, 1421, 1394,
1368, 1260, 1241, 1202, 1159, 1077 cm’’;




h after the |ast dose of repeated daily administration for 4 days of a
.subt hreshol d dose of oMePUPA-V or the equival ent amount of PBS. Pglgmoaradar
mechani cs, reported as the change in specific airways resistance fromthe
pre- study basel i ne val ue, were neasured for to 8 hours post-all er gen

chal | enge. Egyd shefipf Way Response (0-4 h, EAR) and Late Airyeyy %rgpse (4-8
h, LAR) are expressed as the nmean area under the D Specific Lung esi st ance
curve verses, tine rways resist-@hce to inhal ed carbachol was

det er mi ned pri MR (330911"%5/ quqlzt)ﬂdtQSdPP 2k 826 645 H). 3t (ABR) 7 dedh HehaH)enge.

Al rways r esDQ@%'(Mef‘ﬁ)?% 7B%mr Pﬁg’b@%@% —Id"'@ P41z, § 2IY0L6Y (afy Lk PATaL, 1
required to increase resi stance /() rati o by conparison of

pre-chal | engél)alnﬁ(ﬂols'fﬁéﬂéﬁghge val ues. *=p<0.05 conpared to PBS control,

one-way anal g @iah/z\es paese, 19&@14Lgue1@6bga punnett's test for nultiple
conmparison to a control group. Indicates a statistically significant

decrease fn BRRCH.OPAR or a si gnificant increase in PCa~ ratio conpared to
PBS control g N-(1ért- MO39 1@ \(PkERo5E cy - 32
PCTNS99/ 1192 h*ﬁteorg& it gt(l)tses of o MQ{JOE"(}?\-%&%%&J |)nr'[g he aDO\Z/‘Le1 é‘ﬁﬁ@ had an
irritant effect) Esa welﬂ-lstamdstpbysmtmf bemayk-Ref-arsinabuyerate hemisulfey/@; 6@3 igst ance
conpared to | t RY. §R3). 1 N\ [ um

a1 ergon. - Tniss Pl CRRRUBORE) o' il B8 (o 8RR T tad 22000 o

il lustrates Epdt(95anl, 683 mlyololo'fbe refctioh/XiBr-was alldwezito siirsat sioovvamperatoe:

orot cet i Va1 folg bR Badin duRh S P A B G R BROACR R S BB B0 R G ven
24 h after thedthastgagiobger \irdrsevasqudevxtlalrm% d:mmmdl(éictzmmm He@n@5Gmihow t hat

this effect .

Hyperres pons?@grﬁgcggo%ﬁﬁk %B%V@ @Séf‘f‘;ﬁ'ﬁg\) @Sé 't"?fgu an%, xzsgrn%_&, df‘r’r%(i °NEl | y

i nhi bi t ed as NeiROyand voricérerated iest onarick rbuawq;r(40 P@,h{SOImaan)padﬁieﬂ under hightir e 3.
The protective effect of oMeP agai nst EAR and LAR and
Rai hst hy per SRS teo LB AAERER) SARICVAEM SRR 31 S USRS & | &
shown i n Fabl(gs.Bg) tdtRont@fied residid EIGU SanSICHICL,i (BENSA)@nd b;aﬁbxedpuxﬁrglw:;%
pretreat ment w tﬁ a small polecule 15 inhjbitqor of VL PUPA- by

aerosol , can HFB@%&M%%?%W%‘FSP@“QQW“Q fHH-%@H"@%?FP‘}/‘“éQ%ImP%‘Pg%QPWV\/ays

r eSp?nstes ?PGHMR(QM MIHzeOPCRfe ¢80 (rAHfrgy r64r4r(esf alﬂﬁes g)@d,SJhEBZ)B rINgderlgA, 2No
irritant e n airways_ was seen w S -
given as a si g‘f’gzﬂ‘étlf) %Iul?rg?rtl H)Rd 3t (Bss2 565%4 0%/\)@3 !'?Fa?i{) g’P Qe]g?'l ve dose
of oMePUPA-V 1cBUbgl 2188, rﬁd@ogag),mmdmdsog{ze;; tmeatnents. Collectively these

data provide strong evidenc A-4 adhesi on pat hway plays a

critical 2ol MP ER:hw/z4a8 Mﬁﬂ?kr%?o@lclqlnd?"c%%% (LAR and AHR) of the

prol onged i nfgy bPHL-BRIMB SméthA R 3/BCaldrihel HeAs ¥ Estérhylidoehlaiiden@y s of al lergic
sheep follow ng alTergen provocation.
To intermediate 5 from the previous reaction was gradually added a solution of 4 N HCl in

dioxane (240 mL). A vigorous evolution of gas ensued (caution: exothermic). The
reaction mixture was allowed to stir at room temperature (2 h) and it was then concentrated
25 first on the rotavap (45°C, ~80 mmHg) and then under high-vacuum ovemight (room
temperature, 14 h, ~0.2 mmHg) to provide an extremely viscous material which was
crystallized from CH,Cl/Et,0 (600 mL/700mL) to provide 64.0 g (92 % overall yield for
two steps) of the HCIl salt 6 as a white solid (HPLC purity 99.6 %).
mp 119.8 - 120.5 °C;
30 IR (KBr): 3217, 3072, 2904, 2756, 1736, 1681, 1560, 1446, 1387, 1352, 1295, 1244,
1178, 1096 cm’™';



2 8 NOV 2002 WD 99/61421 Table 3 - 33 PCT/US99/ 11924 Treat ment Dose (ng)
.Vehicl e nEAR (D, SLR x h)LAR (d. SLR x h) PCaoo (Post/Pre)Dosed Once Daily for
4 Days) Challenge Gven 24 h after Last €8 Nov 2002
DosePBS84. 33t 0. 814. 96t 0. 400. 380. 030MePUPA- 0. O3Et OH: NS41 . 53 0. 34*0. 59
0.16*1.06 t QudPsh/sM42; 03Tris: NS41.40 t 0.35*0.02 0.06*1. 04 p®r/Gbt/1dheep)
naturally sensitive to Ascarl S suum vvere chal I enged with an aerosol of
Ascaris 5 suym al | e%%en 24 h after the repeat ed dai | %/I

admi ni strati ot F¥R GP0MEe, pCly) %Eﬂﬁhﬁbééﬂ'&b %t%éﬁsé‘cﬁogﬁfbllﬂﬂpwutﬁrl he

equi val ent anpaytn, sh)FsEtﬁusmemr(us mm@ arénepqu@sinaa m)hgsgmrme in
SpeCI fic ai r\AIg.))/S resi| st ance

measured for B B8 hoees bﬁglzg]eﬁ) 8Hél(me%§é1@e(m'§% H/ﬁa@ 4‘«%@66#5%1’1()0 4 h,
EAR) and Lat e’?’é\NM@aMzRﬁﬁpp@mh()al&lbi (d-!éB} 1@@(e&©5q%§s9l(c63812tsh@ (a‘ﬁ@n to
area under the Specific ance curyv rways
resi stance® t ol284 é‘l:lé)(zll%ga?%(&gﬂo@%ﬁa Pﬁb?%—?h@@d“@ﬁ EﬁHﬂt)(ﬁéf‘lﬁ@@)’ f‘ﬂi"'%l at i on

d at 24 h I ted
the PCA- (am"%”n’%’ﬂ*i@if?ﬁ;ﬁgﬁ;ﬁ%ﬁ@%&EZEE“?QX?Q?ZR&LGBSBJ

rati o by conp¥PiERM1IM:CY Bel68nd9pPsPlichal | enge val ues. 15 *=p<0. 05

conpared to PR QaRl 8t €, AR, )38 ¥S 1S 7904 M18. S 6Rmnd ] €] IsVECH, H¥0; N,
Dunnett's test for multiple conparison to a control group. i'ndicates a

statistically 8.44. gni ficant decrease in EAR or LAR, or a significant increase
in PCAo0 p@ t'ﬁe&ﬁ%@{ﬁ%ﬁﬁ [E@[[@%tﬁﬂ?ﬁéﬁ%gﬂ %%ogylfgﬁ QEY ﬁﬁ&@tgﬁ%‘@ éﬁig&%‘ml
PCT/ US99/ 1192 arrp € ctivity In el's o aye ~Tp

Hyper sensi t i ving Bl e pen3 £ St udi es Specific pathogen-free femal e

Bal b/ c m ce, agd - {—l ‘ I & f | I

experinments. The gﬁ’ a#?x uggﬁegfr%ée E'%lt l\lﬁg?%?%ﬁe?#ﬁ? 3"9") addefled
MPUPA-OSu (2; 69.39 g, 181.9 mmol) followed by EtsN (90 mL; pH ~10). The reaction
mixture was allowed to stir 3.5 h and it was then diluted with EtOAc (1 L) and extracted

15  with HyO (3 x 250 mL). At this point, the product began to precipitate. A 10% solution of

citric acid (250 mL) was added to the organic layer (caution: exothermic!), and upon
shaking, a copious precipitate formed. The solid was filtered on a sintered-glass funnel (2
L, M). The solid was washed with citric acid (10%, 2 x 250 mL), H,O (250 mL), satd.
sodium bicarbonate (2 x 250 mL), H,O (250 mL) and brine (3 x 250 mL) and allowed to

20  dry on the funnel with suction (~80 mmHg) overnight (~14 h) to provide an off-white solid
which was recrystallized from THF/Et;0 (1 L/1.4 L) to provide 83.3 g of compound 7
(HPLC purity 99.6%) as a white solid.

The filtrate was further washed with citric acid (10%, 3 x 250 ml), H;0 (250 mL),

satd. bicarbonate (2 x 250 mL), H,0 (250 mL) and brine (3 x 250 mL). With each

25  subsequent aqueous wash, additional compound precipitated out; however washing was
continued, care being taken not to lose the precipitate. Filtration provided 4.02 g of the
product as a white solid. The filtrate was finally diluted with Et,0 (1 L), filtered, and the
solid was washed with Et,O (3 x 100 mL) to provide an additional crop of 1.67 g of the
white solid. Total yield for this reaction was 88 %.

30 mpl153-153.5°C;



5 blood cells (sRBC) in Alsever's solution fromthe same sheep were

.obt ai ned weekly from Charles River Pharm Services (Southbridge, g@d \T
SRBC were pelleted by centrifugation at 1000g for 10 m nutes at 4 #8 any
visible buffy coat renoved. The cells were then washed in saline. The cell
pell et was resospapded in saline and counted using a henocytpuoedarsd The
cells were diluted in phosphate buffered I|ne (PBS) to I 0 2x108 sRBC per

T pason BRJKED M R0 885 1. Tao %46'%“59@315431\ b IEd L 1

final concentt238,1d@9 oh'4x109 sRBC per m. O this preparation, 25 p.L was

et e S s SRPR O RS o F2hA of Aol il A St 2L o o

PEG 400 in 0. @afmmRics):t ®9.80€sot K), don demil #017.8h(dod =33, tH), Pedoprisa e

in a volure o300 10 THREhTRE T P B e B B T B T Y

saline at a cHRGOA(ABY.iIJonl2E He, In w8y, AHK), 4tfniddi ¢ 348 Hat I H)p 1Dt oneal |y

chal Lenge wi (§iBkba > o8 PesL My R B Sl Bap St fL2 Pl bR

chal | enged (r3 Hht2)18r-da68 (frp 3tH)AHGS M@E:ﬁr&ﬂu&ﬁ)jands(pwgs for tréms icanfomatioped from

chal | enge.  ThaoRliea) B 25BRed OUARE TRES A £ Bort Bl PGS P

det er ni nedo by7. smon,rm), 7118 (3 H, 71084, Jhi $18 HaglH), ksml(nasg 3 Horh H)8.0t (48B4, Jhi nd

Poo-ai lod s deATeent =100 %% 230 U P58 54, (AR sl 2 B e o

4.3 ng/ kg int Hapéﬂl(momﬁa,lﬂgm:nimbi B &Y, z6E®! 1.37an, RyHRPPS Gx B B8 BE¥tmher eas
oMePUPA-V ad red, e at a dose of 20 ng/kg was w thout effect
™ By Gor Lk B b

in this node 'The efficacy of oMePUPA-V adm nistered at a
dose of 20 ngPRNMR (115eMBB! BMSD-d,P dngxture dof harBdR(péakeifse €@ ntdfdd nodel in mice

peT/ usos) Ttoomngateni it sl PBbgera auuf otz EathyaR 016"
e B g e o B TR S SO ou
to a cage in ﬁygégo@géi %7%15 @?;td%%o% ?ﬁ ﬁ"&é‘?@% 1?3@&&&%%“‘:‘&@)1‘%0 ity and
recei ving ad (CH),159(61 TOHS,&70AQ0HH M . 153CH) 0N (@Ha)ewe@d:m@,rzmbl(cm)udl es.

M A 3 2
S oh ot C ando s REtCER T e et R @it e Bbicrot Be staer Pyroanaioal ' 12a Qe e "
g [r Gme « Me=OKIT0. =00/ 1650 (O30, TOAEIYCEORABEILO (B, 27,38 (s een! 0. 5%
bar o andom nat @ Cnhate R aab el Oy 143k a3 (Gl FRRh fat .
R i
Lhe To08, a1 dnal Gy O o 1t 584 Cloha1 75 somuaa i o035 20! £ o

DNFB i n vehi cl(@f{gtl'ﬁ—mc;;@jre abdom nal skin |ocation, again followed by

light scratching with theé pefte tﬁg The 1S second sensitization was
per f or med 3thi IMS (Bl aVa5 79 Pﬂaﬂeﬁﬂié 46357386 3503 28h Day 5

(approxi mat el Anlﬁ@alt!@tféﬁcg@ﬁ Nbr\ft Ite 60, 05 11 &) 528 RNF0.67, 26l 00) 68.87; B/ Bispnfvant
dose of the sensitizes ) FB'in 4:1 v/v acetone:olive oil vehicl e) was
used to chal | &%8e t he |mmne response M ce were anesthetized with 90: 10
mgl kg ket am ng;, | SYN-{ (- R drhi 0 A 8flolypat he
dorsal surface :

appl i cati on ofmethyh-(&)-{ e oi | vehi cI e. Q/er t he subsequent

24 hour peyiod, a f suc

Figure 4. Twenty fg‘uBﬁﬁ%?fssg‘%?@%é}hgﬁﬁ%%@eg#? ggal n anZSt ﬁetl zed
with ket am ne:hyyrogenated aprfih gshim tmqnesbxlrncmline'cs(m% 214»4 Q) ec257’e,aburee¢ctlmu th an
engi neer's mcronmeter to an accuracy of 10'i inches.




Corrpounds ( 100 p.L) or appropriate vehicle (D nethylsulfoxide [DMSQ in 25
.1 sotoni c phosphate buffered saline [PBS], 100 ~tL) were adm ni st e2 gdNowr adoby
by gavage 4 hours after challenging the i mune response on Day 5. G oups of
8 mce were used for each treatnment tested. oMePUPA-V (Batch Nunber
2044-076) wasyelvsra@ived in distilled water by the additi onpofushshtdesodi um
phosphate buffer, pH 8.8, and 3% DVSO. The ear swelli ng response for each

nouse was cal cul ated gs the diff | e-

DNFB- chal | end’é‘dt“é"‘a‘?astfﬁfeéqgﬁggggha‘{ﬁ?? Lﬁf‘gp\,\%ﬁ’éfé éﬁ %Pm“'Pngl@iP“ a
DNFB- i nduced s@dred sl fiftd1. wﬁﬁf@éaté’@as&héﬂemtérem V\éh hmmeb id FSofkda Hidt® ear
swel ling response was determ ned 2 99/ 61421 PCT/ US99/ 11924

g
- 36 by conpa(ﬂl%@ncqypemqa@éﬁwsgmuw gmdpﬁlstmreﬂ inte yigorausly stirring tolypane (b .
Statistical gl §1ﬁ€gﬁ§mqjaf Eﬁb?neﬁ'@ Jtﬁb%ﬂ?ﬁlt@rg?alqr E:B@%Hgﬁ@ fulhdP} A S
owe

eval uat ed u5| ng one- anal ysis of variance Dunnett's test for

mul tiple éongawilt%n*ém@@oad@m plisiwed tadsy, t@rswttbﬁ @n@sshlsmiloy (B mygHgi<0. 05.
Val ues are expg ﬁ)%ﬁxﬁ%eﬁ%n % 30Gun- &E@quﬁ[ ssmﬁg ac?g?ﬁ ed1525 n‘)(l-éEhﬂ:\H el gure 4

compares ear swel responses nea ure ours ter DNFB nge in
m ce that rec&wthllédﬂme)hl'lthleevh(tahﬁ@s w@BS)qshq:Jb(momawadqmsﬁeb ko T hweymwddr togi ven at

0.03 p, g/kqg)) e r I 4 hours after
DNFB chal | engpr {l%ep?)ée)fg é‘ﬁlgﬁ% reafﬂgﬁg ucegggedgclgﬁttpgoﬁlﬁhl%l tion are

shown in the feoysalipdfeim addohéyHgO (20 exs /O thb’Hldl%ﬁys\élsswgacdllecmdmth/dnadhl bi t ed
the ear syelling r ons 0 an extent .si tha sho

posi tive cont rf)‘lgtmctg?fg%tﬁﬁg {a§ ﬁwe W&ﬁf‘é"}‘g‘l‘{?d‘ 8@“5&{ H}ﬁ? Ry %B%S%m'qfvcn
oMePUPA- V gi v@h hdd ity peesaiird ﬁrusEaNEthﬂitHgl\eag@ ﬁaNz-ﬂogmtofpra\amMyOg(ﬁm% t t he
ear swelling response in a podel ontact hype SI'[,IVIty

Exanpl e 5. BI'CEHEM SGFR‘FCSJS‘EH%‘&QMQHM”%#&W%’@W’ ‘6@%@5&‘? Pyd Yr?@és@ed

usi ng VCAM | gmplik®b6 L psy.Phosphat ase Conj ugat e | n VCAM g Direct Binding
Assay ( DBA) CAMIg was constructed as published (qakubovvskl

N Te PP bl IR GBeradder i 0, 6ot 450 abis 14451 T4l 1308588) chidrs omt i o
to calf insestiRMR ?MWQM&Q@Q ﬁﬁo&uret)pfotmgo@sﬁé S pindhga | 19

chronogeni ¢ substra erfornmed as et al. Cell

Adhesi on and @sfarmationitd wubssg)wm,lldgsym B héi)n'@mt@ J/e R 2HpddDad 68 ssed

on the human 1 gel t, ( I 5 gonpet ed
for binding t@ a4(%§li%ge¥%zuétl§$frac§élg?]%%)é élj%sf?ﬁr%{})zgggfgsenge of 1
mV Mh+z | n t hBzMGAM7I1Q (i, de=c19 Bi2ridi, rlgi)ﬁé;%gdd HNERBUPAIZ, l:HDsﬁe?(i’e(dd\phm .
VCAM | gAP forg

concentration- gepén (?6(9:1” ﬁgl :%56% %1@1&933%‘@218;156@ WS are shown

in Tabl e 20 3@id5]1 H), Rél%(ydt.b# laﬁﬁiznl Hy, 26 (ddvE POPA2T/(masl ke 326(«d Hsi-$Ry(muCAM | g
Al kaline Phospat@RfnCa P28 . 1 156 GHI 1 ), 307 Y&/ H6 B SHNakd BLat Bor/'SSQY
the minor conformation): & 12.21 (bs, 1 H), 8.99 (s, 1 H), 7.90 (s, 1 H), 7.87 (d, J = 8.2 Hz,
1H),8.12(d, J = 8.2 Hz, 1 H), 7.40 (d, J = 8.6 Hz, 2 H), 7.16 (d, = 5.9 Hz, 2 H), 7.15 (d,
J =7.6 Hz, 1 H), 7.12 (dd, J = 7.9, 8.2 Hz, 1 H), 6.94 (dd, J = 7.3, 7.3 Hz, 1 H), 4.34 (dd,
25 J=18,84Hz, 1H),4.18 (m, J = 6.6 Hz, 1 H), 3.60 (m, 2 H), 3.59 (m, 1 H), 3.48 (m,
1H), 2.47 (dd, J = 6.6, 15.4 Hz, 1 H), 2.40 (dd, J = 6.6, 15.4 Hz, | H), 2.25 (s,3 H), 2.15
(m, 1 H), 1.83 (m, 1 H), 1.91 (m, 1 H), 1.77 (m, 1 H), 1.12 (d, J = 6.6 Hz, 3 H);
13C NMR ( 150 MHz, DMSO-ds) (peaks for the major conformation): § 172.4 (C=0),
170.9 (C=0), 169.3 (C=0), 152.6 (C=0), 138.2 (C), 137.5 (C), 130.2 (CH), 129.8 (CH),
30 129.6 (CH), 128.7 (C), 127.4 (C), 126.1 (CH), 122.6 (CH), 120.9 (CH), 118.0 (CH), 117.9
(CH), 59.7 (CH), 46.6 (CH,), 41.7 (CH,), 40.6 (CHy), 40.2 (CH3), 29.4 (CHy), 22.2 (CHy),




2 8 NOV 2002 WO 99161421 PCT/ US99111924 - 37 VLA-4 was purified fr
.detergent extract of a high expressing subclone of a4 transfected ﬁﬁdﬁw 2002
cells by antibody affinity chromatography and i nmobilized on mcrotiter
wells to establish a protein/protein conpetitive binding assay. VCAM I g- AP
was bound towvidedsii fied VLA-4-coated plate in the absencgepisophgsence of
oMePUPA-V (Lot #2) and 1 nM I\/hCI z. Plates were read at 405 nm and the data
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of 1 ug/m. The next day the wells were blocked with BSA in PBS for one
hour and then washed three 20 tinmes. The human T cell line, Jurkat) was

| abel ed wjqt h B?xalBRIMZB Gt 6v{nls P& erfY Pul [nfiammation
bi s-( 2- car boxyet |)-%EMHUU&F_#%_M n-acetoxynethyl ester

(Mol ecul ar Probes Inc., Eugene) Oregon; catal og #B-1150) that is

internalized and i

Jurkat cells (1 )S}‘ﬂ %%&%éﬁfp e En}t@t&ereggz SE%FH%% lg%‘ﬁt/lgrﬁ h%th p\éﬁ ']%ﬁljz wer e

added t o t he beerashewn i develop b@thbﬂb' uddgehoaclodl r@Shmsestb@tﬂmleslepbléizeﬁl | utions

of inhibitor. : i 30 m nutes

at 1 oom t emp EPERARERNT Th B4 GR AR bWl R R A Bl
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cel |l s adheri ﬁlté&%&@ﬁ&e ﬁ%‘gmg@?‘\}%% g&ﬂﬂg ﬁ&%g%%l@r% %Eés? J>F%)enagcg: %Q | C50' s
protocols used in this study were approved by the Mount Sinai Medical Center Ammal

20  Research Committee, which is responsible for assuring the humane care and use of
experimental animals. Pleural pressure was estimated using an esophageal balloon catheter
(filled with 1 mL of air), which was positioned 5 to 10 cm from the gastroesophageal -
junction. In this position, the end expiratory pleural pressure ranged between -2 to -5-
cmH,0. Once the balloon was placed, it was secured so that it remained in the same

25  position for the duration of the experiment. Lateral pressure in the trachea was measured
with a sidehole catheter (inner diameter, 2.5 mm) advanced through and positioned distal
to the tip of the endotracheal tube.

The tracheal and pleural pressure catheters were connected to a differential
pressure transducer (MP45, Validyne, Northridge, CA) for the measurement of

30  transpulmonary pressure which was defined as the difference between tracheal and pleural

pressure. Airflow was measured by connecting the proximal end of the endotracheal tube



wer e cal cul ated using Del tagraph software, version 5. Adhesion of. |abeled
.Jurkat cells in the presence of M+2 was bl ocked conpletely 5 by 2ZBOR8Vagy
the neutralizing anti-a4~i 1 mAb) HPI /2, indicating that binding was
specific. Table 4 gives the activity of oMePUPA-V in the CS 1BSA adhesi on
assay) as wemlo®agsis2he bindi ng assay results. oMePUPA-V i s pcracdoenioz4VLA- 4
antagoni st in buffers containi ng Mh+Z. It |s 80fol d nore potent when
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PCT/ US99/ 11924 - 39 6.4 Specificity of oMePUPA-V inhibition a. Specificity
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bi nding to a4(P3“PdEPrP JRurid) Bepnett; “@‘éo¥$)dhat@f°1’1dfd%ﬁef%s§§‘é{9h pRBESIREEN. | n the
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Resul ts arlé t aepandoéwhich wisesngedted th thedpspiratoryqiortyof @ pistomirpppaton(Hasvags sessed

usi ng adhesi o 2 I o d 96 well

pol ystyrene f%ggirglgt@ o%& altéheA‘ '\%\éﬁ%ﬁ%g%%@@%&%atﬁ'fo}éﬁ yﬁ&n;(.igaggh%

over ni ght at h@lmmks@flﬂh@nwam@cm thedespititore Adrose spvmﬁlﬁha@red prgftidel ed

saline (PBS for 1 hour at
(PBS)  30EmBLES grﬂLpﬁ& Trate of 30 BT Bor BRHMEY b RIEEL Bronbisd)

roomt enperat ure. es were was V\A ce wt er containi ng 1
mM Mhd 2 ( assaspdnsivensssy, cut@6tive concentration response curves to carbachol were performed by

20  measuring SRy immediately after inhalation of buffer and after each consecutive
administration of 10 breaths of increasing concentrations of carbachol (0.25, 0.5, 1.0, 2.0
and 4.0% w/v in buffered saline). The provocation test was discontinued when SRL
increased over 400% from the post-saline value or after the highest carbachol
concentration had been administered. Bronchial responsiveness was assessed by

25  determining the cumulative carbachol concentration (in breath units) that increased SR by
400% over the post-saline value (PCypo) by interpolation from the dose response curve.
One breath unit (BU) was defined as one breath of a 1% w/v carbachol nebulized solution.

Doses of oMePUPA-V were dissolved in either ethanol:normal saline 1:2,
ethanol:200 mM sodium phosphate 1:5 or Tris buffer. When using Tris, any required

30  dilution was performed using normal saline. Doses were prepared in 3-5 mL total volume.



cel'ls were labeled with 2 p,Mof the fluorescent dye, BCECF-AM (see section
.4.1.3), and bound to the plate for 30 m nutes at roomterrperature.%\ghrgo

pl ates were inverted and 20 washed three tinmes and adherent cells V2002
gquantitated in a Cytofluor fluorescent platereader using an excitation
wavel engt h ofwdl@miaamn and an eni ssi on wavel ength of 530 Adhgstoemfsz&562 t o
Fn-120 was conpl etely bl ocked by the neut aI i zi ng anti-a5 anti body, 1Al
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i nhi bi ti onnCSI | BSAMhez & ¢ eﬁéd\dsaﬂeahﬂadxmsd&f&afthérﬂem CHahgdih SRRKE62
, Fn-120Mh+zQ 100 uM VL, A-5) adhesi on(n 3)n
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Exanpl e 6. géc Vw&erchzlf&&%zwsly&;éags} aﬁwl rewoa&l{e Rhhicgn Jur kat
using LIBS antibo LI'BS i nduction ¥ anta oni sts’  was assayed

invitro by Fs«else%\éﬂr%.agproawr&éx%@pv@epzdx f&esﬁs/\f@llwe radatp pEVAE ubat ed at
37C for 20 m pyfose (MAR ?th-gfﬂv%l\@&i'we‘?'ﬁ%@gﬁ@kinﬁfcly4-% -H3ufYieMod D2 alfip 9! 61421
PCTNS99/ 11924 - 41 contai ni ng +2- TBS) al one or h seri al

di | utions of ¢hallange.ofsativngsr thyFARss “\W@F werercamprted F%aa%nwl PERe bat h
and suppl eWen&,@éa;y&&tiallrmgssgmbmmc&ﬁ“% ar@lunferthdBAR @PDARRUAES | on of 10

p.g/mM. The cells were wash twce wth My+2-TBS and resuspended in a |:

200 di | uti on esmparedtoptacebn conyl were dakan todsttherapgntic eftscis on plergenvipdicadh d
i ncubat ed,f or rgé%e%{‘s@t /ﬂgva 1" oﬁsﬂehéss%r_a?na\@m I@P@Ho&e ‘ﬁés@ﬁe@%@oré %ﬁ&'%ﬂoﬂﬁﬂed in

My+2- TBS. Mea uor escence %R ensity rm ned \P/ ACS anal ysi s
(Bect on Di cki #tepallergen challenge, was expressed as a PCyoo ratio (post/prechallenge PCaoo values)

for each sheep. A significant increase in the PCyqp ratio compared to placebo control was
taken to be a therapeutic effect. Comparisons to placebo control were made using one-way
analysis of variance followed by Dunnett’s test (1-tailed) for multiple comparison to a

25 control. Comparisons that resulted in p<0.05 were taken to be statistically significant.

Figure 1 shows aerosolized oMePUPA-V’s inhibitory dose-response in Ascaris

suum-sensitive sheep challenged 2 h after dosing. Left panels display change in specific
lung resistance SR, cm H,O/sec. Right panels display airway responsiveness to inhaled
carbachol (PC, ratio, pre/post-challenge) determined at 24 h after challenge. oMePUPA-

30 Vatdoses of 0.01 and a 0.03mg did not inhibit early or late airway response or alter

hyperresponsiveness to carbachol at 24 h after allergen challenge. Doses of 0.1, 1 and 3



FACScan). Results are expressed as MFl. Data were anal yzed by M crosoft
Excel v5.0 and Deltagraph v4.0 software. i0 Fig. 5 shows that oNbEg ﬁpv’ﬂmz
i nduced the exposure of the LIBS epitope as conpared to 2 nM My+'

(Panel B). The induction was concentration dependent and simlar |n
magni t ude t owhgeispducti on observed with 1 mM Mh+Z (Panel pgrmussdmisai on of
the LIBS anti body and detecting antlbody or om ssion of the detecting

anti body al one, nat | abel in t he response was
R BT T LN R B G i
conf or mat i OMEtles€MBEOAsA iBhibited-the Inperdddpaisirenksiiotdarbactiol se24lh dianalergeihe LI BS
val ues gener Wi I hi e, defi,ned .by t.he bi ndi ng and adhesi on
assays whi chq‘ﬁjfl%‘ %a'h‘i\ﬁ%‘ﬁ'd“?g“ﬁ&“sf’ edéﬁ%*} B R pUPA. V. 20 6 2 The
Miul ti-species Receptor Screen a. Receptor afflnlty of oMePUPA-V as measured
in VCAMIg Direct Binding Assay using VCAMIg Al kal i ne Phosphat ase

Conj ugat e and peripheral blood | ynphocytes or spleen cells fromvarious
species. PBLs, were isolated from peripheral blood of hunans, sheep and
dogs using 25 nethods described for sheep PBL (Abraham W M et al. J.
Cin. Invest. 93:776-787, 1994). The VCAM I g- AP Conpetitive Bi ndi ng Assay
was used to conpare the binding of oMePUPA-V to these different cell types.
The 1 C50' s obtained for oMePUPA-V on peripheral bl ood | ynphocytes or spl een
cells fromvarious species in the presence of Mi+2 are shown in Table 6. In
the presence of 30 Wh+' -, OMePUPA-V inhibits with a simlar 1Cso the

bi nding of VCAMIg to | ynphocytes obtained from humans, rats, dogs, sheep)
and mce. There is no evidence for species 2 a Nay 2002 WD 99/ 61421

PCT/ US99/ 11924 - 42 specificity. This is consistent with the high degree of
sequence conservation observed anong species for VLA-4 and its natural

| igands) CS-1 and VCAM 5 Table 6: Receptor affinity of oMePUPA-V as
measured in VCAM | e Conpetitive Binding Assay usin;~ VCAMIg- Al kal i ne
Phosphat ase Conju atg a and peripheral blood |ynphocytes or spleen cells
from various speci es Speci esSourceDi val ent Cationl C50 (nM HumanPBLsWvn+ 6 1
(n=3) SheepPBLsMWh' "3 1 (n=3)Cani nePBLsWMh+l 13 t 2

(n=3) Mbusespl enocytesWh+ 4 2 (n=4)ratsplenocytesvn'”" 5t 1 (n=3) 10
Exanpl e 7: Receptor Kinetics of oMePUPA-V 7.1 Conpetition Assay using a

3H known i nhibitor as a probe Jurkat cells were nmaintained in RPM - 1640
medi um plus 10% fetal bovine serumat 37Cin a tissue culture incubator.

For binding studies, the cells were pelleted by 15 centrifugati on, washed
two times with TBS (50 mM Tris HClI, 150 nmM NaCl, 0.1 % bovi ne



serum al bumin, 2 nM gl ucose, 10 nM HEPES pH 7.4), suspended at
.approximately 2 x 106 cells/m in TBS, and counted using a NeubaZi@rNOV 2002
henocyt onmeter. The cells were further diluted to 1.5 x 106/ nl in the
buffers indicated and subjected to the specific treatnents defined for each
experiment. Wgogsedis were then pelleted by centrifugati onpcyesygnended 20
in 100 ~tl of assay buffer) and transferred to a scintillation vial
containing 2.9 ml of ScintiVerse Il (FisBbr Scientific). Cell-associated
radi oactivity was quantified by scintillation counting. Counts bound under
these conditions neasures integrin thafakhig2not occupied by the test
conpound and is therefore free to bind the 3H known inhibitor. All studies
were perforned in siliconized 1.5 m eppendorf tubes with a standard 1 mil

sanmpl e 25 vo“ ume. No -m@rlflc w{ln‘ ARt he SH KARWN | nhijlpgQr to CEHS

(background)| was defifned 2402 WO 991 61421 PCTNS99/1 1924 - K3 by
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result 20 of tHiage fusppatic fiyays Hlanes U eRFT SHORIPInP Lefue Herq EpsUIS ing of
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that it exhibits the sane selectivity for activatjon geen h the known

i nhi bitor. ALeRone (ridn LAR) piesxpEssed A the meprhres underspe §3p =4&di ssoci ati on
from My+Z- actie¥igtafd Mlvevérsd@find £8Sni h@ﬂ:va;;@ rems&néehg nﬁlglgﬁtzﬁ'ﬁichgﬁvés' me_poi nt
that can be assessed in the conpetition fornmat. the other hand, in the
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prol onged (2 not been
assessed in eégb&l)mn%s i ornteggsstllﬂ‘g‘)ﬁfE L@o@ﬁ%&f&%&bcﬁ@l\ﬂﬁé@gﬂ%@?ﬂé %an rapidly
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abnormal |y hi*gh<@0s J:mpa&fdftb PBS yorfti, oxe-Avag andhwsisvud whribnde fatviwet] by Hubnett he

di fference i WD, 99/ 6 1 PCT/ 99 1192 anmount
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bound under different activation conditions approxi mate what woul d be
. predicted based on the known properties of the inhibitor. The bi rgg 'T@V 2002
studies verify that oMePUPA-V conpetes with the known inhibitor for

binding to VLA-4 at concentrations consistent with its affinity and
dermonstrate wipdysidde tWwo conpounds conpete for the sane sik@rngmoing
integrin. The sim I arl ty of oMePUPA-V and the known inhibitor binding under
vari ous st at %s i;:f -4 activation, suggé%’t t hat the mechani sm of bi nding
is simlar. C%f oMePUPA-V in Panl abs and Cerep screens
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30 nebul i zat ityRsrEsEPARsixEResTo SRbaghpkand dhaguanijfative apalgsineshargoin Taple 89/ 61421

PCT/ US99/ 11924 - 4§, RLARJ%E ﬁumyméa&@&xkt DS reéé&l;rh@nt Qhth a%&%bexm 1.
Wi gh 0.286 g of Tromethamne, USP into a swta | e contai ner. h

. g
1.676 g of5 SoahibitarohVbArHeMePKPAT iy @W@lmr%@hemwlergsn-lwﬂepdmy nL of
Vater for Inj£aiddRrwdyShesponsddatid P8k bllerAATRARBL UHIR in the allergic sheep model. No

irritant effect on airways was seen with any of the doses of oMePUPA-V given as a single
pretreatment. Results also showed that the effective dose of oMePUPA-V could be
reduced with multiple treatments. Collectively these data provide strong evidence that the
20  VLA-4 adhesion pathway plays a critical role in the pathophysiologic indicators (LAR and
AHR) of the prolonged inflammatory events that are initiated in the airways of allergic

sheep following allergen provocation.



1. "Wigh 0.500 g of oMePUPA-V into a suitable containe 2. Add 100 ni of
.buffer prepared in step 1. 15 20 25 3. Mx until honogeneous. 4 Sterlle
filter into a suitable container. 5. Seal with a suitable cl osufé.

formul ation properties: pH 7.4, Gsnolality: 290 nOsm EXAVPLE 9: Stablllty
I ndi cation HRldeoRiagedure Colum : Zorbax SB-Cl18, 3 ~, m pa,rct,llngggmflq 6 x 150
mm GQuard Colum : Zorbax SB-C18) 5 p,mparticle, 4.6 x 12.5 mm Fl ow Rate :
1 nmb/mn Columm Tenperature : 40 C Aut os3npl er Terrperature . 4 C Mobile
Phase A : 0.Hablg3w/ v) trifluoroacetic acid (TFA) in water B : 0.1 % (w V)
TFA in 90 %(v/v) acetonitrile) 10 % (v/v) water Gadient Tinme mn)%
BO-3153-1815 tao 10018 - 2110021-2815 |njection - 10O 1tl of 0. 2 ng/m.
solutions in Tris/ NaCPostafer (bulk 30 EABermadi tIe‘)Ror in PPGswsb TFA 45 %

acetonitri| o sebimaby PraglPdniaPe G5 PRsrt? 54 BELARI™] posdih 219 nm

Control : oNePUPA-V 1 n
met hod qual i ﬂ)osmﬂ)mnmls fmdrmdye,t@dller{gscmveng4wtsmncbo§t ability No
degradati on 8B Seiv-ea—f-A—t-he—bitk—r —at "*G“‘" or—Hwo—weeks
under the fq-\ﬁ@ ng $torape condi t|i%on$ 413% 9 Ic e?%?v%%e

QIEE00%; 150 ¢

in a closed |\dvdpupal | 8930 EIIHRE %04 a1d1.§ii6%4€, '@7597150.%* At 1 60U, 04eEKS,
one or two 2 8 NOV|[2002f WD 99/ 61421 | PCT/ US99/ 111924 - 46 {legradati on peaks

becane detedt‘abl e at {40 (J and 50 4, byt the level of each {mpurity pdak was
still less tlhan 0.02|%®3 Peliukson |G abi § ud ¥ o35+ Nelydi 2@béon { o4 walgakijon, 5
mg/mL in Trils/NaCl, dtorefl at roomtenperature flor two nonths showed learly
eluting degradation peaks at a total level of 1 % (at 254 nm) and 2-3 % (at

215 nm . b) ' ; | aLJ i 20 mn
docr oased 1 roreeh Gl SHis B Elag/ G, B CigRect Ul MIOBNGE Al T T
93.6 % ats Zlﬁtumrﬂlengyn Zzhbam:rmed@t ddse obtepedtasidaily administrhtiodl fosvbdays ofba  neut r al
pH is stable I [ nt to those
skilled in t%ugﬁléer%{’ég g o\;ggil%gfdgﬂ(%%qp c§'f |alocr;{§m}é‘§1 Y\Q\)/éaﬂrl?sgﬁu gﬁogl an be nmade in
t he cl ai ned mmhemts,mpomed #abe chelrgedn spenificfaironyd tegstanee fiot the prestoge of t he
invention. T i nt ended t, the sent i vent i.on cover the

nodi fi cati ongagghn ajgl’l ity glﬁ%sureldtf?r%hé’ufs \9(%' cr&ﬁn 3?%eg‘artl Rirw%hey cone

wi thin the sReypensef{0-# heEARpaddact Ahedyespoide (m&h,ruagure/adpmsstedas the mean

10 area under the Specific Lung Resistance curve verses time = s.e.m. Airways resistance to

)

inhaled carbachol was determined prior to study initiation and at 24 h post-allergen

challenge. Airways responsiveness is reported as the PCy00 (amount of carbachol required

to increase resistance by 400%) ratio by comparison of pre-challenge and post-challenge

values.

15

*=p<0.05 compared to PBS control, one-way analysis of variance, followed by Dunnett’s
test for multiple comparison to a control group. Indicates a statistically significant
decrease in EAR or LAR, or a significant increase in PCyqo ratio compared to PBS

control group



2 8 Hov 200a 47 What is clainmed is: 1. A cell adhesion inhibitory conmpound
NGHOS5\ HHOHCH CH3 BIO 159X or a pharmaceutically acceptable
ester, salt or isomer, thereof. 2. A pharnmaceutical conpositiQ Wﬁﬁmm ng
a corrpound accordi ng to claiml1l and a pharmaceutically accept@ e carrier.
3. The phar n@ggadfsigpl conposition according to claim2 addicrinaasd o
conprising a second agent selected fromthe group consisting of
corticosterojds, bronchodil at ors, 15 ant |3ast hrrat ics, antiinflammtories,
anti r heumat i B%AMRlG P \ hefDelayed Typs U4Vityj nmunonodul at or s,

antipsoriatics argi,e% éd:hgﬁ@@bbﬂ:&udés phar maceut i cal conposition
conprising the inhi g conpound of claim1 and one or nore cell adhesion
i nhi bi t or conpourkpscifiogatBogertiese frmaleBaliamicsapged Srifoudeks. amdrckspml-#hss

wher ei n sai dyeRs& fof R é&ggﬁrlngnt@dﬂﬁ%ﬁﬂ%s' J@(ﬁé Rddtfead 4nQ WRRY B&iﬁbm 3nobped

I nhi bitor. ~ a r~ov har maceut 1 cal conposition of

claim2 if thleodesls(RBCQivAbevey Sﬁ@‘dtl@fdmthefs@m theep yerewbiainEd weeklnfiPii t i on
or suppr essi eRaRf RGRE PhARNSSRL (S&tﬁbﬂﬁgWJ\ ﬁ,e s%mm&ry?mﬁfaa gg;l aim6 for

the prevention, inhibition, or suppresSion of | ammat Use of the

conpound of edi@ifipatioh at ldobgfd?ﬁﬁ%ﬁﬁés% @@sndamsremb@@mﬁ@tcomémmg reat ment
of asthma, allergic rhinitis, nultiple scleroSis, athérosclerosis,

i nf | ammat or y Collsesre e washed inrsabingt {Thprell pejlet wasdesuspendedampaline and counted
using a hemocytometer. The cells were diluted in phosphate buffered saline (PBS) to

10 2x108 sRBC per mL. On Day 0, mice were sensitized by a s.c. injection of 2x107 sRBC in
100 UL PBS. On Day 5, sSRBC were prepared as above, but diluted in PBS to a final

concentration of 4x10° SRBC per ml. Of this preparation, 25 UL was injected s.c. into the
right rear footpad.
For enteral administration of compound, oMePUPA-V (Lot# 2770-029) was

15 formulated in a vehicle of 60% PEG 400 in 0.02M TRIS to a stock concentration of 5
mg/mL. Appropriate dilutions were prepared in the PEG/TRIS vehicle and administered
enterally in a volume of 100 pL. The anti-VLA-4 antibody (PS/2) was diluted in saline at
a concentration of 4.3 mg/kg and administered intraperitoneally in 100 pL. All treatments
were administered immediately following challenge with sSRBC.

20 Swelling of unchallenged control (left) and challenged (right) rear footpads was
measured using a tension caliper from Mitutoyo (Model # 304-196, Dyer, Lancaster, PA)
at 20 hours post-footpad challenge. The data are presented as the change in footpad
thickness, determined by subtracting the left hind paw thickness from the right hind paw
thickness. Changes in footpad thickness were compared using a two-tailed Student’s t-test.

25 The anti-VLA-4 antibody PS/2 at a dose of 4.3 mg/kg intraperitoneally inhibited
swelling by approximately 30% whereas oMePUPA-V administered enterally at a dose of
20 mg/kg was without effect in this model (data not shown). The efficacy of oMePUPA-V
administered at a dose of 20 mg/kg by the enteral route in the sSRBC-induced DTH model

in mice was studied and no efficacy was observed.
30



10°9. Use of the conmpound of claim1 for the manufacture of a nedi cament
.for the treatnment of nmultiple sclerosis in a manmal. 10. Use of the
conpound of claim1 for the manufacture of a medicanent for the A8 Nov 2002
treatnment of inflammtory bowel disorders in a mammual. 11. A pharnaceuti cal
conposition e@dfeissi Ng an ester of the conpound of cl ai m lpcrhisoo 108y
conposition of claim1l wherein the ester is selected from nethanol,

et hanol , 20 propanpl, ,but.anol, and rai aft oy, branched chain alkyl C 1-C 10
al cohol's. 1 .xafﬁg"gf éﬁ!éﬂ%%%éi of el °?JF Hypereepyivi nufactureyof a

medi cament for tlGanfatiidpeRedsitivity ®eiel i on or anelioration of the synptons of
ast hma. 2 8 NOV 2pp2 49 14. The conpound according to claiml, wherein
the ester is prepared by reacting the conpound BI O 1591 with a straight or
branched C, _, 0 agmghglgmﬂfemarmmmh Buibrt %ﬁ&@%ﬂis&ngb@raﬁdﬁﬁh,l‘BalHaMﬁr ein the
ester is pre reacting the conpound B 591, wi a. straight or

br anched 5 HELQSHLION 106 cogfin TGRS OARC e RIPERE SUUE S Ssal Ty ard: ¢ he

ester is of jebevih@bd EBHuRNORE BhweindQay wielettRused ForMil\studies? Mickavete CHs CHs H

HHwherein Ris a strajght, or branched C_ 10 al kyl. ) .
et Ay Ao in SRy Rt (P10 mekebp f 1A Asis” peichof ghdompgal gkin,

S, ASS. A AA. Afhoil B pifis was Hpolda by ol Bhav Ao 000 the Al Al il AY
. AFaS. Ay. A" .

75. A A A9 As9. A $. A A9 CAY"  4C?RUR . . L
Voo G calFR gl A5 WL vetbime kP STaPNER il pions-elive cilvelirle ) ca] ca) chal
ca] ca] cah§a] eiforAlyappicd ¥ e bR\ IhdMifA ki The skin was lightly scratched with the

applying pipette tip to encourage mild inflammation. The mouse was laid supine in its

cage and allowed to recover from anesthesia. Twenty four hours after the initial
sensitization, mice were again sensitized with 25 pL of 0.5% DNFB in vehicle at the same
abdominal skin location, again followed by light scratching with the pipette tip. The

15  second sensitization was performed while restraining the unanesthetized mouse. On Day 5
(approximately 120 hours after the initial sensitization), a subirritant dose of the sensitizer
(0.2% DNEB in 4:1 v/v acetone:olive oil vehicle) was used to challenge the immune
response. Mice were anesthetized with 90:10 mg/kg ketamine:xylazine, i.p. and 10 pL of
0.2% DNFB was applied to the dorsal surface of the left ear. The right ear received a

20  similar application of the 4:1 v/v acetone:olive oil vehicle. Over the subsequent 24 hour
period, a biphasic ear swelling response evolved, as shown in Figure 4. Twenty four hours
after challenge, mice were again anesthetized with ketamine:xylazine and the ear thickness
of both ears measured with an engineer’s micrometer to an accuracy of 10" inches.

Compounds (100 pL) or appropriate vehicle (Dimethylsulfoxide [DMSO] in

25  isotonic phosphate buffered saline [PBS], 100 pL) were administered orally by gavage 4
hours after challenging the immune response on Day 5. Groups of 8 mice were used for
each treatment tested. oMePUPA-V (Batch Number 2044-076) was dissolved in distilled
water by the addition of 0.5% sodium phosphate buffer, pH 8.8, and 3% DMSO. The ear
swelling response for each mouse was calculated as the difference between its vehicle- and

30 DNFB-challenged ear thickness at 24 hours after challenge. Typical DNFB-induced ear

swelling was 65-75 x 10 inches. Inhibition of the ear swelling response was determined
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oMePUPA-V in the VLLA-4 Protein/Protein Assay are tabulated in Table 4 as are the

10 IC50’s obtained on Jurkat cells from the VCAM-Ig-AP Competitive Binding Assay and
CS1 Cell Adhesion Assay.

5.3 Receptor affinity of oMePUPA-V as assessed in the CS1 cell adhesion assay
a. Adhesion of Jurkat cells to CS1/BSA conjugate
15 The peptide NH;-cysteine-tyrosine-CS-1 was synthesized and coupled to BSA-
SMCC (SMCC is a heterobifunctional crosslinker which reacts with free amino groups on
BSA and the sole cysteine of the synthetic peptide) at a CS1/BSA ratio of 10:1. Wells
were coated overnight with 100 puL of conjugate diluted to a final concentration of 1 ug/ml.
The next day the wells were blocked with BSA in PBS for one hour and then washed three
20 times.

The human T cell line, Jurkat, was labeled with 2 uM BCECF-AM, a fluorescent
dye (2, 7°, bis-(2-carboxyethyl)-5 and -6) carboxy fluorescein acetoxymethyl estcf
(Molecular Probes Inc., Eugene, Oregon; catalog #B-1150) that is internalized and
deesterified thus trapping the dye within live cells. Jurkat cells (1 x 10° cells/well) in

25  buffer containing 1 mM Mn*? were added to the coated plates in the presence of three-fold
serial dilutions of inhibitor. Each concentration was assayed in duplicate. After 30 minutes
at room temperature, the plates were inverted and washed three times or until no cells were
adherent to control wells coated with BSA alone. CS1-adherent cells were quantitated in a
Cytofluor fluorescent platereader using an excitation wavelength of 485 nm and an

30 emission wavelength of 530 nm.
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IC50 £ SD [nM]
Assay oMePUPA-V
Jurkat cell 8+ 1 (n=9)
VCAM-Ig Binding
Jurkat cell 22 4+ 2 (n=4)
CS1 adhesion
Purified VLA 0.1 (n=2)
VCAM-Ig binding 0.1,0.1)
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blocked with 1% Bovine Serum Albumin (BSA) for 1 hour at room temperature. The
plates were washed twice with TBS buffer containing 1 mM MnCl, (assay buffer). K562
cells were labeled with 2 UM of the fluorescent dye, BCECF-AM (see section 4.1.3), and
bound to the plate for 30 minutes at room temperature. The plates were inverted and

20  washed three times and adherent cells were quantitated in a Cytofluor fluorescent
platereader using an excitation wavelength of 485 nm and an emission wavelength of 530
nm

Adhesion of K562 to Fn-120 was completely blocked by the neutralizing anti-o.5
antibody, IIA1 (Pharmingen), indicating specific binding through VLA-5. There was no

25  inhibition of K562 cell binding to the Fn120K fragment by oMePUPA-V in doses as high
as 100 pM. See Table 5 below.

c. Aggregation assays performed to assess the specificity of oMePUPA-V
Methods
Activity against gpIIbllla was assessed by means of standard platelet aggregometry

30  using platelet rich plasma. ADP was used to initiate aggregation in the presence of plasma
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15 Example 6.  Assay of oMePUPA-V for LIBS Induction
6.1. Measurement on Jurkat using LIBS antibody 9EG7
a. LIBS induction by a4P1 antagonists was assayed in vitro by FACS analysis. Jurkat
cells (2 x 10°/well) were preincubated at 37°C for 20 minutes with TRIS-buffered saline
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VLA-4 as observed with native ligands. The LIBS values generally fall within the range
defined by the binding and adhesion assays which are 8 nM and 22 nM, respectively, for
oMePUPA-V.
20 6.2  The Multi-species Receptor Screen
a. Receptor affinity of oMePUPA-V as measured in VCAM-Ig Direct Binding Assay
using VCAM-Ig Alkaline Phosphatase Conjugate and peripheral blood lymphocytes or
spleen cells from various species.
PBLs, were isolated from peripheral blood of humans, sheep and dogs using
25  methods described for sheep PBL (Abraham, W. M. et al. J. Clin. Invest. 93:776-787,
1994). The VCAM-Ig-AP Competitive Binding Assay was used to compare the binding of
oMePUPA-V to these different cell types.
The IC50’s obtained for oMePUPA-V on peripheral blood lymphocytes or spleen
cells from various species in the presence of Mn** are shown in Table 6. In the presence of
30 Mn*?, oMePUPA-V inhibits with a similar ICsg the binding of VCAM-Ig to lymphocytes

obtained from humans, rats, dogs, sheep, and mice. There is no evidence for species
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serum albumin, 2 mM glucose, 10 mM HEPES pH 7.4), suspended at approximately 2 x

10 cells/ml in TBS, and counted using a Neubauer hemocytometer. The cells were further

diluted to 1.5 x 10%/ml in the buffers indicated and subjected to the specific treatments
defined for each experiment. The cells were then pelleted by centrifugation, resuspended
20 in 100 ul of assay buffer, and transferred to a scintillation vial containing 2.9 ml of
ScintiVerse II (Fisher Scientific). Cell-associated radioactivity was quantified by
scintillation counting. Counts bound under these conditions measures integrin that is not
occupied by the test compound and is therefore free to bind the 3H-known inhibitor. All
studies were performed in siliconized 1.5 ml eppendorf tubes with a standard 1 mi sample

25  volume. Non-specific binding of the *H-known inhibitor to cells (background) was defined
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by measuring the inhibitor bound in the absence of metal ion. Specific counts bound were

calculated by subtracting non-specific counts from total counts bound.

A series of competition studies were performed to verify that oMePUPA-V and the

known inhibitor compete for the same site on VLA-4. First, the *H-known inhibitor was
5  mixed with an equimolar amount of oMePUPA-V, a 10-fold excess, and a 100-fold excess,

incubated with Jurkat cells .and the ability of the cold inhibitor to compete for binding of
the known inhibitor assessed. oMePUPA-V treatment produced a dose-dependent
inhibition of *H-known inhibitor binding. The concentration of oMePUPA-V that was
needed to compete 3H-l'cnown inhibitor binding was 10-fold greater than was needed when

10  cold was used as a competitor, consistent with its lower affinity for Mn*?-activated VLA-4.
Second, Mn*?-activated Jurkat cells were treated with *H-known inhibitor in order to first
occupy VLA-4 with the radioactive probe and then excess cold 0MePUPA-V was added.
Subsequent treatments with excess cold oMePUPA-V or known inhibitor were
indistinguishable in their ability to displace the radioactive probe. Third, Mn*2-activated

15 Jurkat cells were treated with saturating amounts of ocMePUPA-V, and the rate at which
the oMePUPA-V dissociated was measured. Unlike the prolonged half life of the known
inhibitor for Mn*2-activated VLA-4, oMePUPA-V is rapidly released from the oMePUPA-
V-VLA-4 with a ty; of less than 10 min. The large difference in t;;; for ocMePUPA-V and
the known inhibitor suggests that the lower affinity of oMePUPA-V for VLA-4 is a result

20  ofits faster off rate.

Dissociation data reveals that binding of oMePUPA-V to VLA-4 is highly
dependent on the activation state of VLA-4 and that it exhibits the same selectivity for
activation seen with the known inhibitor. As with Mn*?-activated VLA-4, the t;, of
oMePUPA-V dissociation from Mg*?-activated VLA-4 was less than 10 min the shortest

25  time point that can be assessed in the competition format. On the other hand, in the
presence of Mg*?plus the activating antibody, TS2/16, the t)/; was prolonged (20 min). All
of the possible activation states have not been assessed in detail, however a simple screen
was devised that can rapidly highlight differences. In this assay, a fixed concentration of
oMePUPA-V (10 nM) was mixed with 5 nM 3H-known inhibitor and binding was

30 performed under these conditions at various states of activation. If oMePUPA-V had an

abnormally high or low affinity for VLA-4 one would detect this by the difference in the
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amount of *H-known inhibitor. The differences in percentage of *H-known inhibitor

bound under different activation conditions approximate what would be predicted based on
the known properties of the inhibitor.
The binding studies verify that oMePUPA-V competes with the known inhibitor for
5  binding to VLA-4 at concentrations consistent with its affinity and demonstrate that the
two compounds compete for the same site on the integrin. The similarity of oMePUPA-V
and the known inhibitor binding under various states of VILA-4 activation, suggest that the
mechanism of binding is similar.

10 7.2  Assay of oMePUPA-V in Panlabs and Cerep screens

oMePUPA-V was tested in the Panlabs ProfilingScreen, DiscoveryScreen, and
Immunoscreen panel of radioligand, cnzymc,‘and functional assays and in the Cerep
membrane receptor panel. No significant activity was observed for oMePUPA-V at 10 pM
in any assay including the NK1 receptor assay, against which known inhibitors showed

15  some activity.

Cerep also reported oMePUPA-V showed no inhibition against human ACE
protease activity. The source of ACE proteases was human endothelial cells (HUVEC).
*H-HGG, added to HUVEC, was converted to 3H-hippuric acid and glycylglycine by ACE.
Captopril, a potent ACE inhibitor, blocked the conversion with an ICsy of 990 pM, while,

20 oMePUPA-V at 10 uM, did not.
Pharmaceutical Properties:

oMePUPA-V is a white to off-white crystalline powder. It is soluble in DMSO and
has an aqueous solubility of 0.120 mg/ml.. The thermal behavior of oMePUPA-V studied
by DSC, TGA and hot stage microscopy indicates that the material melts at approximately

25  160°C. At approximately 136°C the DSC and TGA analyses suggest that o MePUPA-V

loses a volatile impurity which maybe consistent with the dehydration of a monohydrate.

Formulation

Nebulization Formulation

The manufacturing directions for 100 mL of a 5 mg/ml. oMePUPA-V

30 nebulizationformulation are listed below.
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2. Weigh 1.676 g of Sodium Chloride, USP into the same container.

3. Add 200 mL of Water for Injection, USP.

5  Mix until homogenous.

1. Weigh 0.500 g of oMePUPA-V into a suitable container.
. Add 100 mL of buffer prepared in step 1.
. Mix until homogeneous.

2
3
4. Sterile filter into a suitable container.
5

10 . Seal with a suitable closure.

Typical formulation properties:
pH: 7.4, Osmolality: 290 mOsm
EXAMPLE 9: Stability Indication HPLC Procedure

15 Column:  Zorbax® SB-C18, 3 um particle, 4.6 x 150 mm
Guard Column : Zorbax® SB-C18, 5 pm particle, 4.6 x 12.5 mm
FlowRate: 1 mI/min
Column Temperature : 40°C
Autosampler Temperature : 4 °C
20 Mobile Phase A: 0.1 % (w/v) trifluoroacetic acid (TFA) in water
B: 0.1 % (w/v) TFA in 90 % (v/v) acetonitrile, 10 % (v/v) water
Gradient :
Time (min) %B
0-3 15
25 3-18 15 to 100
18-21 100
21-28 15

Injection : 10 pL of 0.2 mg/mL solutions in Tris/NaCl/water (bulk

30 intermediate) or in 0.1 % TFA/45 % acetonitrile (final product).
Detection: UV 254 nm (primary) and 215 nm
Control : oMePUPA-V, heated in boiling water for 20 min.

The preliminary method qualification was completed.
35

Drug Substance Stability

No degradation was observed in the bulk intermediate stored for two weeks under
the following storage conditions: at 40 °C in a closed vial; at 50 °C in a closed
vial; at 25 °C, RH 60 %; and at 40 °C, RH 75 %. At four weeks, one or two
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second agent selected from the group consisting of corticosteroids, bronchodilators,

- s 109%8& () -
‘ e () -

15 antiasthmatics, antiinflammatories, antirheumatics, immunosuppressants,

antimetabolites, immunomodulators, antipsoriatics and antidiabetics.

4. A pharmaceutical composition comprising the inhibitory compound of claim 1 and
one or more cell adhesion inhibitor compounds.
20
5. The pharmaceutical composition of claim 5 wherein said one or more cell adhesion

inhibitor compounds is a VLA-4 inhibitor.
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inflammatory bowel disease or multiple myeloma in a mammal.
10
9. Use of the compound of claim 1 for the manufacture of a medicament for the

treatment of multiple sclerosis in a mammal.

10. Use of the compound of claim 1 for the manufacture of a medicament for the

15 treatment of inflammatory bowel disorders in a mammal.
11. A pharmaceutical composition comprising an ester of the compound of claim 1.

12. The composition of claim 11 wherein the ester is selected from methanol, ethanol,

20 propanol, butanol and straight or branched chain alkyl C1-C10 alcohols.

13. Use of the compound of claim 1 for the manufacture of a medicament for the

treatment, prevention or amelioration of the symptoms of asthma.



"IN $9% )+, . 30v3568' ;

. <Wk<X=? ACDUGGGGGHOHI HhHHHHI L} N>QR* TZT| TTTTVYE[ ~cJdf hi vkDl xrmoopr?tﬂvnqv(‘gydzz{
}s~ 1"#$9& ()*+, -./0123456789: ;

<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ] " _~ abcgpef ghi j kI mopqr st uvwxyz{| } ~6Ti nes

New RomanAri al Courier New'h Root EntryWrdDocunentt

| " H#SUR () *+, -./0123456789:; ) . . )

<=>? @\B@Epaﬁuﬁ}emmme IO f glaim Liydheaeigthy sstsrivpgPaed bxgastipg the

" H#SUR () *+,-./0123456789:; '

<=>? @GA\BCDEFGHI PRIpoNGPBES o9\ witha straighs prbraneftedjGahorpleplpis t uvwxyz{ |} ~

15. The compound according to claim 1, wherein the ester is prepared by reacting the

5 compound BIO 1591 with a straight or branched C,.4 alcohol.

16. The compound according to claim 1, wherein the ester is of the following formula:

o /O/\U/N /ECOZR
LT T XL
H

10 N CH,

wherein R is a straight or branched Cj.j9 alkyl.



