WD 03/ 062198 PCT/ US03/ 02380 | NTEGRI N TARGETED | MAG NG AGENTS
Cross-Reference to Related Applications [0001] This application clains
benefit uwdas/84H9%). S.C. 119(e) to provisional applicati oPCTN®G03/6238651, 390
filed 24 January 2002. The contents of this application are incorporated
herein by reference. Technical Field [0002] The invention relates to
nanoparticl e- based emyl ﬁﬂ?ﬁlNWRéﬁqﬂpﬁWJGWélﬂGﬁﬁﬁ@et ed to integrins
enpl oyi ng avB3-specific targeting agents. Mdrre specifically, the invention
relates to the use of non-antibody based conpositions for such targeting.
Background Art [0003] The val ue of nanoparticul ate conpositions conposed of

perfl uet, ggé@#&gncgggrmmé&AgélﬁFlg&at ed with a surfactant layer to facilitate
bi ndi n conmpone i mgi ng of various types is well
establis
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whi ch Nay. 60/85113QQ@ﬁreamdamzmmWHe&foﬁfeﬁ&Qﬁ'thﬂ'hﬂslﬁ:ad&ﬁ:alﬂ&&ﬂrtcﬁpcﬂaﬁd helet
enul si ons of perfluorocarbon nanoparticles that are coupled to various

t ar get PM@e 8§Bffts and to desired conponents, such as MRl inmaging agents,
radi onucl i des, and/or bioactive agents. Qther conpositions that have been

used fqrecmagg;% i magi ng include those disclosed in PCT publications WO
99/ 581 5488; WO 00/ 35887, and WD 00/35492. The contents of these

publ i cat f g@, afv\lﬁel 12(*2&@1'0%13%9@5 R)Oﬁﬁltogg'tl@l%rbgkéh QXulEﬁLﬂhﬁp éc@i@c@zﬁg t%ggte?

integrin vitronectin, Is recog n|ze
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and essential ly expressed on mature, quiescent cells. Based on this
char acttlgerqsgpfgon ?’Etrlh‘é‘é!bB%f‘éirF(’&”tpPé‘Hﬁ'f‘%{?rF‘Ef(ﬂkfér@eﬁﬁ'agoni sts to this integrin
as anticancer agents. Kerr, J.S., et al., Anticancer Res. (1999)

19: 959 KBk rgGRCAItbE pepti de ninmetics which were able to decrease
neovasculature formation in a nouse nodel system U. S. patent 6,153, 628

descri b?@tg gh@éa@é@eg%%%&}n&ﬂ%e c&nﬁoﬁh&fs@@@a@m tepﬁgyr&raﬁo d (33

ant agoni t'o use e treat nent o isorders related
t 0 anginagmagiiles,conted mithi mrfantfahtalmtto dae;lithto hindiegyo Exdtairedogmpoments Sor

metastases, | VO 03/ 062198 IF stab&J 0528:388)1' example, U.S. patents 5,690,907;

imaging of various types 1s we
5,780,010; 5,989,520; 5,958,371; and PCT publication WO 02/060524, the contents of which

are incorporated herein by reference. These documents describe emulsions of perfluorocarbon
nanoparticles that are coupled to various targeting agents and to desired components, such as
MRI imaging agents, radionuclides, and/or bioactive agents. Other compositions that have been
used for targeted imaging include those disclosed in PCT publications WO 99/58162;

WO 00/35488; WO 00/35887; and WO 00/35492. The contents of these publications are also
incorporated herein by reference.

[0004] The integrin ayf3, which binds to vitronectin, is recognized as a marker for
neovasculature. It is relatively selective for activated endothelial cells and essentially
unexpressed on mature, quiescent cells. Based on this characteristic, it has been attempted to
use antagonists to this integrin as anticancer agents. Kerr, J.S., et al., Anticancer Res. (1999)
19:959-968 describe peptide mimetics which were able to decrease neovasculature formation in
a mouse model system. U.S. patent 6,153,628 describes 1,3,4-thiadiazoles and
1,3,4-oxadiazoles that are o3 antagonists and are said to useful in the treatment of disorders

related to angiogenesis, including inflammation, bone degradation, tumors, metastases,



t hronbosi s, and cell aggregation related conditions. U S. patents 6,130, 231
and 6,322,770 disclose fused heterocycles that are a43 antagoni sts and
useful fowotldeexmasre pur poses, as does PCT publication WOPQT1$68d8s80 [ 0005]
The WO 01/97848 publication discloses specific conmpounds that can be |inked
to ancillary substances, optionally through Iinker noieties, wherein these
anci | | g ¥mBods aAMEaPadBYeatibNedIAEE coRMEARUT S dR%ontsS8I D3, 2NCAR 61BN 10 1 N
magneti c resonance i magi ng, and X-ray contrast agents. This publication

al so dilisclossfsed mterasyslesithatiaes e fo antagomisis anbugsifid dot the same pimposist asalogsind
contra t t YRl cont ai ni ng gaseous bubbles. [0006] In addition
to i tsigqaég‘g’ggigﬂ ‘yﬁ @Zﬁgéﬁt ed endothelial cells, aAis expressed on

vascul arjpgesjot theWerd 189 sakIpablitdtioh Wkc esdpesiap RamBonrtisithe cwbé Enield tb he
vascul ature. This conplex binds cells to the surrounding matrix and is
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particular the a,, (33 integrin, are recaognized as critical elenents in

t hese PPRIEASSageBishlyPIsaldy FenttigngagapconghBbleh to the extracel lul ar matrix,
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anong enstoiahembaeth noeklesellstinctudiag edicropbageay tleswalk-dfythphascylamss. Thibr obl ast s,
vascul ar s th cle cells and platel ets and hin to.. seyera
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medi ated cel | -matrix i'nteractions within the balloon-stretched vessel

wal | s thehlumien s Ai kefylcampanent pf tastenosie tval vesreasculapsmoesh inmjsgleycel aetavatipni t s

th I [l . | if t.i d m ti d dimnish .
ot e B aFaRon g mighih, dfisBh) ARaRRitad dhatiiss Mit ! Mkl 58 prcgnized
bl ockadg ciical BleR@his W thékd Pro6aeds oy FRAAdRRNI dBh@NinAgIRe SitfacBiai itk ed
neoi nti mal hygg&gga5|a in several animl nodels of restenosis. [0008]

Rest endrdusingsx lanmetpllopenteingse sxpiapsion and faspitating smgash siuscle cell an at t enpt

to expand ..the~vascul aiure. Usi : het -t V. ure is
br oken ,Img?%%‘i E}\ée @“ﬁg I@é%%nu]lsg&rl dggggs%ﬂu?%fu%xﬁ@eg eglgﬁhg!la#gs’rsggﬁ%ﬁ\g fractures
requi r endnbeyts) IelyRiphoftes; Gbtabldstt vaschiar $rhida@n muisble callBarfigilsteletsand $aidstio t he
m gration through the matrix of callagen and fibrin to acconplish this.
' [ h h th [ f | ? d fibri l i sh thi

Accor diSpfra) extaseHular maisprote ligands gicluding osigppantyny VHEONSSER tbnrgnxba?@@fiirs moot h

nmuscl e aﬁghé&tﬁﬁ(@lcoﬁa%milsr_mge restenoses, in particular those associated with
bal | oon angi oplasty,” and to deliver anti-
[0007] Antagonism of integrin mediated cell-matrix interactions within the balloon-stretched

vessel walls inhibits inflammatory cell recruitment to the injury site, limits smooth muscle cell
proliferation and migration, and diminishes extracellular matrix protein synthesis. Selective and
nonselective blockade of integrins with cyclic RGD peptide antagonists have limited neointimal
hyperplasia in several animal models of restenosis.

[0008] Restenosis is associated most often with angioplasty wherein, in an attempt to expand
the vasculature using balloon catheters, the vasculature is broken, exposing the vascular smooth
muscle cells. The resulting fractures require the movement of cells into the lumen; the a3 acts
to assist the migration through the matrix of collagen and fibrin to accomplish this.

Accordingly, compositions that target o,p; may also be used to target smooth muscle cells and

to image restenoses, in particular those associated with balloon angioplasty, and to deliver anti-



2 WD 03/062198 PCT/ US03/ 02380 proliferation agents such as paclitaxel,
rapanycin, and other therapeutic noieties such as radionuclides, small

nol ecul eswopepsitdes and nucl ei ¢ aci ds. 100091 Wil e st ent Poagsds/omsBe very
systens offer the possibility of focal therapeutic drug effects within the
tunica nedia of arteries without incurring the adverse side effects of

syst en%)fblif&ﬁﬁ'&l ?%Hls%'u@ﬁ ﬁs%dcﬁﬁxel‘??h?»aﬂ SRUSRI dthéhhé@sattic nitd®lsuch as
concentrations of drug proximate to fhe stent-strut-arterial wall contact
poi nt sradpwmslidesestnalhinglecualas.ipspoddsfapd ati¢leie adidag concentrations wthin the

intima l r,arteria |1 healing.and ree thelialijzation, which
or onot ed000r THe SeaEPasR fffer st AraePad! oA aRhatR apll, 70,
CONMPOS kffbA§&itAiOthe tin@SBedi P6OMN 2R withB@liBdurtihg dRnARESe Blas bffB@PLT demhiiet i cs
and neutralizing antibody a,, (33 antagonists have short half-lives and

occupy drugeadnanisisetsnm, pest praduqednglblecyl intmakiaagentationhef drng pepximats petief i ¢
nanopartijcles of . i ' can.. | ack: bi nding..

i nt egr Ftﬁgt ietgugggtglaglohﬁalis%gat%béﬂr}rtﬁsﬁgséé%éﬁqﬁéh %;lﬂ)erl&tl %I%I%XF Bgl\geérog érnglfg gﬁrtsl njury as
wel | asvitthél theeiitiraa var inglit attéridlvedBipathg andigend@heldiizaidin, which pea@hbtss t hat
could inhibit_ inf]lammatory. and restenosis processes and. provide for

mol ecult{lammatingy thehumea hning and festenosisg dhg pyenten smpeseions p¥eid these severity
of bal kﬂ)%rpelﬁpj ury to subsequent restenosis. The invention conpositions
avoi d ese problens. [00111 Antibodies that are specific for a,03 integrin
have beg00ti@s cit apyedrsi modtip&ptidoatimetics tdhizliird88ng dibedy arf; dnagpastshave been
used in ta .ed neti c, resonange i I, N MRI) in a_ report.by Sipkins,
o a, short PR T DeRiRy the SSEpT 1o o B RHEL; The UL 1 o | he
sur f ac@andfartl I RSTHE R vitRn @4k Hirfet lahd KRk BIOBiRANG of HIQHAL clhRed 88 sRboth
antibodies directed to a,,(33 as a targeting agent for MRl using

per f | uonsclarcbidnbeartdrial ovesstostely ipjuny ag well as delivgad oriety @fthesapenlicagepsen

descri hed derson,. S, A.,. et _al . . Magn. Reson. Med. (,2000 4:433- 439,
and 1 n oz sl ot e infim Bl HERssrotomes S Ruptinit s fhds t hat
are t ahﬂﬂé@@artiﬂa%iﬂg E&HTichS phyaH6stRl dath RRENg URkSsktd@s andsdvedfifHalodidjuiave been
suggested as a therapeutic strategy for rheumatoid arthritis by Storgard,
C. M, e&ebsgfiuent gestegpsisy, Thenipmestioncogpoyitipnsaverd digse pibleBtpl oyed cyclic

Popt e out i A LR PO ATI AchRUGH AR MO0
al ., Jg,INugiss. Whese dnfiBS&A}s ha40 bd&Hlsed O fardered inugistic ireésaghmmg ilygiag (MIRING 4 he
cyelic repp%?ttliydsei%ki%is,rﬁ%. ,l e>t/ a}.,oNcgtg;(?ei Aolgclic(ll i9éj8ej\s4':62l3r-]62a6r;] in this case coupled to the surface
of liposomes via avidin linker proteins.
[0012] The use of antibodies directed to a3 as a targeting agent for MRI using
perfluorocarbon emulsions carrying chelated gadolinium has also been described by
Anderson, S.A., et al., Magn. Reson. Med. (2000) 44:433-439, and in the above noted PCT
publication WO 02/060524. Peptide ligands that are targeted to integrins have also been used as
antagonists and have been suggested as a therapeutic strategy for rheumatoid arthritis by
Storgard, C.M.,, et al., J. Clin. Invest. (1999) 103:47-53, who employed cyclic peptides
containing the “RGD” type sequence known to interact with integrins.
[0013] Similar cyclic peptides were employed by Haubner, R., et al., J. Nucl. Med. (1999)
40:1061-1071 for tumor imaging by coupling the cyclic peptides directly to radionuclides. In an
additional paper, the use of glycosylated forms of the cyclic peptides both for radiolabeling and

PET is suggested by Haubner, R., et al., J. Nucl. Med. (2001) 42:326-336.



addi ti onal paper, the use of glycosylated forns of the cyclic peptides both
for radiolabeling and PET is suggested by Haubner, R, et al., J. Nucl.
Med. (2000p 04@6A26- 336. 3 WD 03/ 062198 PCT/ US03/ 02380 [ O@TAUSD&02380
applicants' know edge, a"(33-specific noieties other than antibodi es have
not been suggested for use as targeting agents in delivering inage-aiding
nanopar tjogidjat o SPHcEAONGoMedgR, o.BSshaefid MBicBBbtHEOREN RIMoRIE hRe Mt ®RE] | Ve
agents to regions containing activated endothelial cells such as sites of
i nf | ammeggeoad fernse pstargeting egends wrdstiveripg Erpgeidingganopaitienloteesnulprcdrosur e
of the lnvention [0015]. The jnvention is directed to C sitions. .and

et hoade s eRisier s hiai i PR e o el il e RRgh R

a, , ( 33célpegich b sitlRioginfRMmnAtRNUSAbra JtietisgRIdRD I ages aad k&tdhdkdsv er
nanoparticle emnulsions to regions containing high | evels of angi ogenesis,

such as tunors, regions of inflammation, atherosclerotic regions, and
restenMMgﬂéﬂLC%ese agents in the context of imaging nanoparticle
emul sions results in inproved i mage quality and the opportunity for

t ar get edl0812lg Hed inventipn i divecsid tPisgmposiHonsandasgibeds, fox magilrrg/mdtc?/r@mdﬁ:lsvery

directed to a od tosdeliver a.nanopartjculate e Lan.to a target
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a, , (33 em¥isil? toBdisid coMARinSkigh d6Risfahgibpa@sissuah s, reégomy éfSi ng such

ti ssue _an emnul sion of nanoparticles wherein said nanoparticles are coupl ed
to a | iRflammalinse phproselerotig rgzians, gid restepeses.pF s /issof these agatinithgyeaniext of ot her

t han ar I 1 . I :

| nven; 1o 1at0paleld FRANEL ek i nprc 2 phpeq hofty Al B2 BRI ini) 17

i nvent itargetedddigtdelikerys cont ai ni ng conponents of the conpositions that can
be assenjl t performthe inventian nethods. The kits. will typically

pr ovi denﬁ’#ﬁ?lsi D Pree gosch dpevmvestianily elrecg?cgwsm?t af toedmiives %aaqoagﬁnaﬁj& i ng
agent s opf bR, é&@g{g@gawe&ap _ssiha&rga%slmf 9 ¢hiractaifed 'ngggh 1cFHIOBF 8 eS

useful for Inmaging or drug delivery. Brief Descriptio the Draw ngs
[ 0018] wHiigumethdd stropsses hdmpasttiing ® assubgcticanprismg suoh tisfueap efBbiormofyet ed and

N e L
Fi gur e poa&iat RiSHAhQH GRér tAACAL MibodY oVEagnéliMiredtl t h H&E staining (| ow
POWET [0017] In other aspects, the invention is directed to compositions useful in the method of the
invention, and to kits containing components of the compositions that can be assembled to
perform the invention methods. The kits will typically provide emulsions that contain reactive

groups that can bind to targeting agents provided separately, or that can bind to ancillary

substances useful for imaging or drug delivery.

Brief Description of the Drawings

[0018] Figure 1 shows the particle size distribution of o3 targeted and non-targeted
nanoparticles.

[0019] Figure 2 shows an enlarged section of T,-weighted magnetic resonance image of an
implanted Vx-2 tumor.

[0020] Figure 3 shows histological sections of Vx-2 tumor with H&E staining (low power
magnification) and a,f; staining (inset, high-power magnification).

[0021] Figure 4 is a graph showing enhancement in ROI from tumor (top) and muscle

(bottom) in subjects receiving either targeted or non-targeted nanoparticles.
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magni fication) and a,, (33 staining (inset, high-power nmagnification).
100211 Figure 4 is a graph show ng enhancenent in RO fromtunor (top) and
nmuscl e (WOtBoe198 N subj ects receiving either targeted or PABIGSOE023EG ed
nanoparticles. 4 WO 03/062198 PCT/ US03/ 02380 [0022] Figure 5A-5C show
vari ous rragni fication |l evels of histological sections of inflammtion in
t unor 028 HifWE3A-5C 6w vBriGRMEnitdcatBh WVeRGfAREbIdgicMBEAIdhedf MRl of
tunors target ed with a"(33 targeted nanoparticles. %024] Figure 7A shows
a spi nnébﬁmlatmgetmorasélﬁ@sr C sI | ces bef ore and after adm nistration of a"

chol oot aPBr1 Ty e et FRCHE R MR SRRl el B 5717

t r eat eghrgdiky Soparticle. non- target ed errul sions. [0025] Figures 8A and 88 show
t he percent enhancenent of MRl signal in aorta and nmuscle using target ed

and non-0824etigurgds shomsa sp[rn@be]lmﬁg@g@t@@ gisenbefareang afigyrdsanistataen of
caroti f | I (o)

Ca o R ARALRROLEHTES 78 B3 oLkl S B0 FRI bl
I nj ury sutjedts, antreatddsidgeotd, aﬁ‘aﬁfrfghbfbgte@lttrehﬂeé shbgmmtwuhmobaﬁtgé’t]ed ?Eimalsmresent
invention offers an_appr,gach whereby superior inmg

of sites of
act | vat JROBHgGURERT S 2B05P BONABHDRHET SHEEaHoE! SIRH RUA 1 b Blgnuscl
emul si ggﬁ g&%%@n&s&t edl&mdlggagl ng can be enployed. Wen used al one,
e-

t he nanop contain ng enul sions are useful as contrast agents for
ul tr asodﬂﬂm]nﬂggmg 9 dhows aSeDiangivggnesf arotesoteaes ef dmn@tmglgsrfolilqwmgr ay

agent  opay Rt HrERRLh ke S dhati<Goa b ne Refepdh oRireeh s

fluorogagdpn itself is useful in obtaining an image. Radionuclides are

al so useful both as diagnostic and therapeutic agents. |n addition,
reagents for optical imaging, such as fluorophores may al so be associ ated
wi t h t Béodes abbamying|Qud the Iavertigni t i on, or al ternatively, the nanoparticles

in the enul sion may contain one or nore bioactive agents. [0028] Any
nanopar t j002T]at Eheeprasesi mwenteon dféeruareahpréash vebcmhyl seperlRETmpgibg bt sitds of

W95/ 03829
ol ubi Frioated rapihalia o lep R SisPe e o paes: 1 ofipredlopE YRR arepdin
speci f ifadiRg 8dd B elylofRRMWhER uskdlal @R Nhe nbhopartRM-E6Ktaining emulsions are useful

as contrast agents for ultrasound imaging. For use in magnetic resonance imaging or in X-ray

imaging, it may be desirable to employ a transition metal as a contrast agent; if the nanoparticles
comprise fluorocarbons, however, the fluorocarbon itself is useful in obtaining an image.
Radionuclides are also useful both as diagnostic and therapeutic agents. In addition, reagents for
optical imaging, such as fluorophores may also be associated with the nanoparticles. In
addition, or alternatively, the nanoparticles in the emulsion may contain one or more bioactive
agents.

[0028] Any nanoparticulate emulsion may be used. For example, PCT publication
W095/03829 describes oil emulsions where the drug is dispersed or solubilized inside an oil
droplet and the oil droplet is targeted to a specific location by means of a ligand. U.S. patent
5,542,935 describes site-specific drug delivery using gas-filled perfluorocarbon microspheres.
The drug delivery is accomplished by permitting the microspheres to home to the target and then
effecting their rupture. Low boiling perfluoro compounds are used to form the particles so that

the gas bubbles can form.



5,542,935 describes site-specific drug delivery using gas-filled

perfl uorocarbon m crospheres. The drug delivery is acconplished by

perm tti ngotoamermwer ospheres to honme to the target and themrcrafSi®aeissng t heir
rupture. Low boiling perfluoro conpounds are used to formthe particles so
that the gas bubbles can form 5 WO 03/062198 PCT/ US03/ 02380 [ 0029]

However ,rgpio]l SHOW &SRSt RDriRralT RYpISTEAIsRAS WHARSBIHR nbhGhaRRIQRAE bhGhea are
based on high boiling perfluorocarbon |iquids such as those described in

U.S. patgbrivilinssilerocarbireliqndssich aptwee deshebed igui.8. pent §i8,37 bmefarensed

nanoparti cl 0 ised of relatively. high bailj er,f L ugr.ocar bons
S r ouABRG: By UBLET Ao nAP LR B istisdopPred Mp B B Mt ant . The
Sur r ouRgifR@rdeadohs Surtcinaéd By 4 BodtRE M CHlscBfpb¥edioT adiph BirdRsd SAEfadRAEthheOr Can
entrap an internediate conmponent which is covalently coupled to the

t ar get swigounding gpating isiablratlcpuplp diseesly ta athigkbng morety oregan colamingermediate
non-specific cq i.n ent such.as.biotin. Al.ternativgl t he cqati ng may
be" cngrppent SRR SRRy o510 AEne LBk e ity Blonty eoldls 693Y 13, T
aci ds, nay @8n&l @howkpeaafiicadd®@pisng adeft fidhtab biotiar Aleaatibelyatis copg rhay bdre
surface. [0030] In addition to the targeti ng a"li3 ligand, the
nanopaftfieneso thatnegatyedy ghasguljargstingaggnissuch penycleig agigydn general o aplamers,

agent " iﬁ'éﬁibﬂla}. Qad g@&]sgg)ea@g(hgr?% apy a radionuclide, a contrast agent

for magn C résonance | nagi n or for X-ray inmaging, a fluorophore
and/ or a[00B0]ol Imgiddaiohnyto &t thngetiegmfe ligahnd, Theenanapopicles mal esnthinewselareswitlan
serve as.contrast_agents for, ultrasound i ing. [0031] Th referred
el Si SHFiT S SR PR BeaY it f@ma@a}&%ﬁ(ﬁgﬁbﬁ%@p B l%aFlmeengcontrast
perfl ugE&a %m&gxﬁﬁg fesbRdrfee %Qgiﬁ?(lﬁﬂ%r BORLAPInIAAL o ﬂ%o?od_HoPé gHapdrd act ant
m xture whi ch provides a vehicle for binding a mul'tiplicity of copies of
one or brdegcalbsictize cooppude dhs namopatteclestherogedivesican serveaarecontmsttagenss fan  of

t he basLt(g: gardt.i cles and the formati on of enul sions containing them
r egar d"&E8°HC P onponent s bound to the outer surface is described in the

above- Ci f0831] PRASHerercd ehii®idi i€ 28RhopRid Ul £8Bystom bbrﬁainﬁyg@‘?xﬁg@%ﬂiﬂgd
5,780, 010; and patents issued on daughter applications 5,989,520 and

5, 958, detlugratarhends pepe ad an@utar gopingrthitds a hpw/surfactant mirkee mhigh myeyidehy
fl uorochenj cal .l i,qui d i 1 il Nt i ,ghet than that
of bocy el Ay inlifghitfby cOBicy bESHOR e BBt P e 121 1 ve

boi | i ngafsparticie.alhe ¢oddSiictidl Gf dethapic@hticlethnd iy Brkitefnes fabdwsicnsGontdifg
pref erably above 50C, and nost preferably above about 90C. The )
"f | uor Searbrregadless offheicomppngnts bonnd forthe pyfgesHrfage isidesqriped in the above-cited

patents to the present applicants, U.S. 5,690,907 and 5,780,010; and patents issued on daughter
applications 5,989,520 and 5,958,371 and incorporated herein by reference.

[0032] The high boiling fluorochemical liquid is such that the boiling point is higher than
that of body temperature - i.e., 37°C. Thus, fluorochemical liquids which have boiling points at
least 30°C are preferred, more preferably 37°C, more preferably above 50°C, and most
preferably above about 90°C. The “fluorochemical liquids” useful in the invention include
straight and branched chain and cyclic perfluorocarbons including perfluorinated compounds
which have other functional groups. “Perfluorinated compounds” includes compounds that are
not pure perfluorocarbons but rather wherein other halo groups may be present. These include
perfluorooctylbromide, and perfluorodichlorooctane, for example.

[0033] Perfluorinated compounds as thus defined are preferred.

[0034] Useful perfluorocarbon emulsions are disclosed in U.S. Patent Nos. 4,927,623,
5,077,036, 5,114,703, 5,171,755, 5,304,325, 5,350,571, 5,393,524, and 5,403,575, which are
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strai ght and branched chain and cyclic perfluorocarbons including

perfl uorinated conpounds which have other functional groups.

" Per f | uorwoaBee21g®npounds” i ncl udes conpounds that are n®CTIH0802380

per fl uorocarbons but rather wherein other halo groups may be present. These
i ncl ude perfluorooctyl brom de, and perfl uorodi chl orooctane, for exanple.
[ 0033] i{ReKfdrated hérains reeraebd iRduddMssed wHhigrtha berfRibIcarbof €omp Otk
Usef ul perfluorocarbon enul sions are disclosed in U S Patent Nos.

4, 927, pedluorggeetip, pgfuomoqgtane, pedluogdichiorgedane perflaonps-octy] bomide 1,
5,393,524, an 4 75. . Whi ch_ar P 03/ 02380

"neor poFdel iR R ORue sk Bl Grogeclidcnk BES Rty e

per f | upedridrddeprop PlamieN ferflaortpguthlatiiie) gacabiadimgayky¢lonaané, ane,

per fl uorodi chl orooctane, perfluoro-n-octyl brom de, perfluoroheptane,

b
per | upedterdmacthyloyeloherpe rerbrasdinelohsark i, Bl romol-purtetrahydrofuran,
perfl ug&% étlglhg({lﬁg%{ LH;%;C Ija%truaﬁfafllg'%ﬂﬁitl%r'tg Hltegé &{H‘r@ﬁﬁ and ziLrS r[|>artiallg ,or fully

perflu ohexane, © pertluorotri cyc exan

per f | ubnlodéercayw (Dfvdndihg sttlémt sonpeflfidrinersabstitioitsy lot pantiahty dr fufl lyrfRuorinatedid
conpounds fhat are structurally simlar to these conpounds and are

parti at?t g??ﬁﬁ}‘?foa]ﬁféﬂa&&éﬁﬁ]&r IYStRREI10G B1ORE 48T east some fluori ne

substi t uppss) 1@1&/@.&@4&%&0& i FofmfdntRidrRBhEk orl ME hbpaRticles (that will
perfluor@g?gylaf% et her, pof?ethé?mbp qrémn gg%%r. [00§%1mfﬁé o

| i pi d/ sonthmahaedupladdegdnd or éntrap raageotstfer bindiag idagredreontpenerdmtghe surfdcels (t hat
wll contain the coupled.|ligand.or_entr. reagents for. bi nding desired
conpon it SgtPecynosipife Hiarns SSRGS nelin s oL BRery e,
fatty agd e likch@tRain@npidconjy&add folfthyleRiR@RMVatibiscommédial ffodit.ke,
including lipid conjugated pol yethyl ene glycol. Various conmercial anionic,
cat i onicatiomgdnd perionic Suntans earlsy begmplpyasl, islushing Byeens, Spaab. lditers. Megens,
Spans, ,Irit0 i t 1 . f1 uqr i nat ed,
cten adh Ot e e S e ey BB B S0 e e RS c sl
per f | uas petluadbetandi hd, pefftorddetnbitadcild, pdrRybrimdd Okasudenanati \aligehe
quaternary amonium salts and the like. In addition erfluorinated al cohol

phos phatecEEnEBmoRiAM s arbiheyike. Icadditinn eenfiupripied Hephel ehosphale KBt er
1<t BBy CHEpIP s SELISRR ol ISR AR e 1
N-[ 1- ( 2Zig3ndiisotieayiueien) pridpy pariciiaptameret Typieahvationicrlipids araydesluddOT AP,
%: g: g: ﬁ@%?ﬁéli@f?{-a{oﬁ%&R%(:yﬁ)%g)yrﬂ-ﬁzﬁ,w&%}eﬁﬂyl%%hium chloride; DOTAP,
s e e A b e
phos phaaimadnis)eatansyd-ss{glydeddl, 112-diacyl-3-trimethylammonium-propane; 1,2-diacyl-3-
dimethylammonium-propane; 1,2-diacyl-sn-glycerol-3-ethyl phosphocholine; and 3B-[N’,N'-
dimethylaminoethane)-carbamol]cholesterol-HCl.
[0036] In preferred embodiments, included in the lipid/surfactant coating are components
with reactive groups that can be used to couple the a3 ligand and/or the ancillary substance
useful for imaging or therapy. As will be described below, the lipid/surfactant components can
be coupled to these reactive groups through functionalities contained in the lipid/surfactant
component. For example, phosphatidylethanolamine may be coupled through its amino group
directly to a desired moiety, or may be coupled to a linker such as a short peptide which may

provide carboxyl, amino, or sulthydryl groups as described below. Alternatively, standard

linking agents such a maleimides may be used. A variety of methods may be used to associate



di met hyl am noet hane) - car banol ] chol esterol -HCl. 100361 In preferred

enbodi nents, included in the |ipid/surfactant coating are conponents wth
reacti ve woaaps2ibhrat can be used to couple the u, 433 | i gardTarsds/oz3se he
ancillary substance wuseful for imaging or therapy. As will be described
bel ow, the |ipid/surfactant conponents can be coupled to these reactive

gr oups g4 figdhatan@ MRl AdcliRSy SHALRGE thehadnBFarlitBé; Q}‘ne%b' Efrﬁﬁ%x%a ,
conponent. "For~ exanpl e, phosphati dyl et hanol am ne nmay be coupl ed t%rough its
am no gmabeds th@iuseexftspa}cet groapsissshras golysihgiepeglyeol mapepsaies,doptadhple a | i nker

such as ich r de carb am quh dryI
gr oups a@mg@ ’hfeglénp &/B‘érﬁac?&g] tg\?qtgéfﬁa&ogq}ﬁplys a?ﬂé?f&@fyh’“r‘f’ﬂb Fﬂj"rgg%‘ {Zéngs ch a
nal ei Myd@AirdSHthd BuskdeatborlipANIEEN fodins MRE b6l End Y LIPRY/WSREtahOMBRGREOWHE 7 WO
03/ 062198 PCT/ US03/02380 the targeting ligand and the ancillary substances

to the fmmdb@wtﬁrclla}a@ In spEpsBsian mq@gwsmﬁab}m to fremuanecnaions b this pspredure,
groups = pr}d/a ur c?an¥s xﬁ‘ng% Lllega lb\é%gu%l?& td> a?d%%ti nglsl’l% ﬁ %Xr?{ﬂgmggrebéog%ﬁaﬁo-rtﬂg

| i pi d/ sufrfac coa nan par es Are X

m cr of Inuhéid'aztidr@ & may idplecditaih Iﬂ@cﬁba@mp@fda@lﬁbsbqlmndcwpulﬁg Mémutehse ther e
and the |ipi d/surfactant m xture which fornms the outer |ayer in suspension
in aqué@%mﬂﬁ@& tabedrrladsdrin the lanid/suifagtant Jayer mpy sigHly h@jﬁm@bﬂwwg the layer by

l'i pi d/ %,k}'i aogtrtllt?égé ?th?RtX/ c%{a‘ét%ﬂé’ué%%f%%l: erg/ Bat%ﬁg tdA@lioh bAGHAGS ciMAGihet NEY

are coa nanoparti cles, sinmp y contaln reactive groups
for submgchmeacﬂmmdﬂpbbﬂagxad\ispmsmof\lm lypld/tshﬂactmmmdnaqueommddmm ncl uded in

the Iipid/syrfactant lubilized in the layer b

Vit tue GPERS i e of YA S bt e LS ROERP U dRYS S PReEs & et O

Soni catg,ifioRAl PEUPRVhiEE SN Al %bmm@h(e PRt REL E&nﬁ%}feﬁ i &t the SStRRSIRAI @Ry Of
the |ipid/ sur ct ant in the aqueous nedium Typical at | east one of  the

mat er i alrsadyrbetdoapledl o the suatériad mhibe tlmﬁttbc enngg,sgm lepmaleées a |linker or
function mhlc i S us dlt desi red ent
or " ho CRa8 R AL P e AE Y bl B eI ald S Rher R RoRTRSE

emul si @B alcﬁel@tﬁregoa?greﬁﬁfor b PaR8laghétic hewHD Im e cBihpeAdtad enthé Yutet NYéNYaridie

targeting |I8 or other organic noiety (such as a chelating agent for a
par anadyies o€ bends any linking peenis msy e smplayed+ Repisraethodsfer formingsyels  t ypes of

bonds a4 g llnér”‘ﬂ: 1B§s ¥ h%XE? Rf g%9$&%l ,tolP &gnafggﬁ oI' fﬂlepgr such

coupl i ng I? orrrgtﬁlon (0] e use o |am

f or mat ilpRags t}&uhgh e usd oM&thSatémmmgineﬁtb gudhss rmilemﬁ&at Qthai adlpmgmgmmt s
such as nmal ei mide. QG her coupling agents include, far ex

gl ut ar ANty &3 expmplsaglutraldehyde nippaAtedipbor, buzaqeﬁaah8r1mlmtawéanﬁ§lwﬁr@ewpafi? de,
bi f uncity; anal n'f}k OAERRYSHE iRl dE SerERbF bS disti& hiftdyd st &b, il SulmRyber at e,

di succinim
tartrate, blS[2 (succinimidooxycarbonyloxy)ethyl]sulfone, heterobifunctional reagents such as

N-(5-azido-2-nitrobenzoyloxy)succinimide, succinimidyl 4-(N-maleimidomethyl)cyclohexane-
1-carboxylate, and succinimidyl 4-(p-maleimidophenyl)butyrate, homobifunctional reagents
such as 1,5-difluoro-2,4-dinitrobenzene, 4,4’'-difluoro-3,3’-dinitrodiphenylsulfone,
4,4'-diisothiocyano-2,2’-disulfonic acid stilbene, p-phenylenediisothiocyanate, carbonylbis(L-
methionine p-nitrophenyl ester), 4,4'-dithiobisphenylazide, erythritolbiscarbonate and
bifunctional imidoesters such as dimethyl adipimidate hydrochloride, dimethyl suberimidate,
dimethyl 3,3’-dithiobispropionimidate hydrochloride and the like. Linkage can also be
accomplished by acylation, sulfonation, reductive amination, and the like. A multiplicity of
ways to couple, covalently, a desired ligand to one or more components of the outer layer is well

known in the art. The ligand itself may be included in the surfactant layer if its properties are



tartrate, bis[2-(succinimdooxycarbonyl oxy)ethyl]sulfone,

het er obi functi onal reagents such as

N ( 5- azi dwodsnsivObenzoyl oxy) succi ni m de, succi ni m dyl PCT/US03/02380
4- (N-mal ei m donet hyl ) cycl ohexane- 1-carboxyl ate, and succi ni m dyl

4- (p-mal ei m dophenyl ) butyrate, honobifunctional reagents such as

1, 5-di £dithBled-For 4xathple,if HRQIEARA Contdind a hifify hwpmﬁ portiéh, Mirhdyorkepheny | sul f one,

4,4' -diisothi ocyano-2, 2' -disul fonic acid stil bene,

p- phenymbedstediin theripid/suafaatant contingoRytthsrsif the ligapdissapatie pf direat edseeptian to
t 4, 4. digthi obi o | bi_f unct i onal
eot et wSpingih LSRRI Bl e E NNk Bl aRELAGERE AL gl vt on

i m doe ate

suber i ﬁ&gjm,echar@ magd}yhlractﬁy todaﬂi(ﬁm@mmt@m oni m dat e hydrochl ori de and the
l'i ke. Linkage can also be acconplished by acylation, sulfonation,

reduct i V803 riEhe ligand sy binkkdirecti to hemanenagngleii ey thsrligand jsasseriatedpith the

7S ot MQfarn BRI Bl 08, iR Bflind i o€ M CRER A Rgh M Rln !

S ur fac trﬁllytbelempﬁlﬁyedftypléaﬁlyﬁbﬂqhe Itxt,[Bﬁﬁ)eallﬁe ligaiD Ec&/e@ﬁxﬂﬂx%mRﬁHtﬁMSﬂB{nGﬁé{Bﬂed

sui tabl e. For exa if the |i confains a hlghly |.i pophilic rtlon
it oy tAredees th Sé‘vgglfﬂ?@@ Hepupledmgpto tld‘ﬁ Fapisians Betrather coyRtednin blwm%@f Orff ¢ he
Ilganduiﬁwgﬁ. *ﬁﬁﬁg direct adsorption to the coating, this too wll

effect 1ts c I ng. For exanple, nucleic acids, because of their negative
char ge, [QG4@r b/mmliarytaggnts thatmty beicoupded todle aanopartlplaé)ﬂﬁaug'ﬁmtﬂapmamdnmm/ bi nd

directly to.the tlc ssociated.wth.the
nanopa PRABYEE SRR Rl fionus ifesab B SIIeR BRGNS TP oot ed
t hroughj 6§ticriﬁ1§g1h§ Sing er@ah RR1EEHS WBknbWRIafdbY Yark@ingtrAdioR&IRBeR! fi C
ligand. For exanplé, in biotin/favidin nmediated targeting, the a,, (33

| i gand updesed pssselq arﬁhﬁranegtw heneditrirayibgnealizad ag ‘é(@lﬂ}elymdphmostmamoawlw'ﬁ ated
form Jé®9 r @%’[ eld] ! |62§U@4Cl[ @Qﬁlao %mfn eathrtﬁtéera enltcs‘hHEP €S 1nc XdebleGlfeoupl ed

to the"ﬁ%nopa Gcré&s thr h “érit rapient ayer 1 ncl ude
r adi ontféRe d&sm, Fﬁﬁbo'ﬁhml 14&315 %Orﬁy“%fa EPpd)éPpy HEGAapELY, (‘:98A1n diagiBsej c;

di agnoski ¢ Jmagi in ucn nuclidgs is wel | known and by targetin
r adi onﬁ’téVbd‘éggx, ‘dggwﬁ%g?%& J&w@daﬁlrhJhﬁ@&&lﬂde@aaéﬁ@m‘tldeﬁéy ARSSIPERS] zed as

. 2Cu,
bacy SYReting! BRRA S APbORUIE e dREUHAR ARTTEmiRl Hith drichiches JF
153Sm sthﬁﬁdﬁg ch$glﬂhund indSfparat@Divto ma&fonﬂmﬁmepd?noﬁaﬁms Sébhaus 138,§\ut
199A 169Y ., n e nuclide ca e rovi de o]
a prgf SKingts caghﬁﬁgh%hﬂ%foaswquﬁg ewgry%.fJ ditien, commsinially ayg ‘f)E‘f‘J% &that e
may_De fiediMIp AD (BlnRXEARY kR marfdi BRI EREY MGl ARERRRREA Sludel 0 the

preformed emul sion of nanoparticles. Stannous
Means to attach various radioligands to the nanoparticles of the invention are understood in the

art.

[0041] Chelating agents containing paramagnetic metals for use in magnetic resonance
imaging can also be employed as ancillary agents. Typically, a chelating agent containing a
paramagnetic metal is associated with the lipids/surfactants of the coating on the nanoparticles
and incorporated into the initial mixture which is sonicated. The chelating agent can be coupled
directly to one or more of components of the coating layer. Suitable chelating agents include a
variety of multi-dentate compounds including EDTA, DPTA, DOTA, and the like. These
chelating agents can be coupled directly to functional groups contained in, for example,

phosphatidyl ethanolamine, bis-oleate, and the like, or through linking groups.



oxi nate can be substituted for stannous chloride. In addition, comercially
avail able kits, such as the HM PAO (exanetazine) kit marketed as

Cer et ek( rwolmg/obdieoned Anmer sham can be used. Means to att &Ch/usas/H1386

radi ol i gands to the nanoparticles of the invention are understood in the
art. [00411 Chel ati ng agents containing paramagnetic netals for use in
magnet i qop4% 0NBRGRran BB Re @R usefu? f 18 MRPEAVES a8EntaBE hkliAventidd fidllle
Typicall'y, a chel'ating agent containing a paramagnetic netal is associated
wi t h t here Eargi mistabsutybisell primangenesehyterbam, gadabimunheurnphpaandithe bke. lsord
incorporated into the initial mxture which- is sonicated. The chel ating
agent b‘ﬁ’ﬁnbaga&ﬁ})ﬁl‘gfﬁ directly to one or nore of conponents of the coating
layer. ?ob;sa}bl@th_emcatai Seengantiadé NGodpitoras sucBlat Bhyrefdein]dahdyl, dRBAERNE
conpounds includi ng EDTA, DPTA, DOTA, and the |like. These chelating agents
can bedetsgiddhe Hke.ect |y to functional groups contained in, for exanple,

o oups. 00 GRS BIhERerB e M 3harfilh b s e oo en b MMy 3, "
usef ul ategbiblogicMR astioshpass. Hgsebbladicdllyactinyaithisean baof beddd wartygar t h
nmetals, typically, manganese, ytterbium gadolinium europi,um and the

i ke. MchKling patsiemyucsis acide plhamepceptiglsapidihe dike.o hBys, melyded gmiong svitbl de
il - cei . L ke.
[ 0044] PPAFECRE sfarknbHIRSE Sebhes IpfiRbhes, MUARLIT antithtics WbrdRclab ™.

t he i nbhrkéromntimacrebiblsalr agiipahdityc agehisy antagrehdgentsTings erdnsohmigliabatitsy acti ve
agents can be.of a w de varletg, i ncl ulgi@geeprot ei ns, nucleic acids,

phar me@BipItam nes, antifispiyes, prticoacHipnts, andihg Bfed anong suit abl e

phar macejgpisal B A6t tl?é%kéﬁ%ﬁ@b&%s' WheHBIN'the assBELFR MESiety 3O R tAESInG Jigand for
anest hetics, neuronuscul ar | ockers, antimcrobials or anfiparasitic
agent s o Rermriisan aticillge agent, thardefmfed mymiety nzathediontnovalently assaeipted stdrthees,

antitussiyes, ant.icoaqul ants nd the like. [004 |1, 0f. the foregoi ng
cases. TRiERErAR 7@ aHy PAbEer Ra0ubG s CompBRitlef e BaigiRitah AR e 30; "7
an ancigdyafe)oagiedto saideoraifineAR dhroRbieipacemioibReston- coval ent |y associ at ed
with the lipid/surfactant |ayer, may be directly coupled to the conponents
of the lipid/surfactant layer, or may be coupled to said conponents
through spaq@fociiRk Bidafi®s Targeting Ligands [0046] The enul sions of the

present invention enploy targeting agents that are |igands )
[0046] The emulsions of the present invention employ targeting agents that are ligands

specific for the o,f; integrin other than an antibody or fragment thereof. In one embodiment,
the ligand is a non-peptide organic molecule, such as those described in U.S. patents 6,130,231;
6,153,628; 6,322,770; and PCT publication WO 01/97848 referenced above, and incorporated
herein by reference. “Non-peptide” moieties in general are those other than compounds which
are simply polymers of amino acids, either gene encoded or non-gene encoded. Thus, “non-
peptide ligands™ are moieties which are commonly referred to as “small molecules” lacking in
polymeric character and characterized by the requirement for a core structure other than a
polymer of amino acids. The non-peptide ligands useful in the invention may be coupled to
peptides or may include peptides coupled to portions of the ligand which are responsible for
affinity to the 0,3 moiety, but it is the non-peptide regions of this ligand which account for its

binding ability.
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specific for the aVvV 3 integrin other than an anti body or fragnment thereof.
In one enbodinent, the ligand is a non-peptide organic nol ecul e, such as

t hose deswoidbea2ibhr U. S. patents 6, 130,231; 6,153, 628; 6, 222/0s08923and PCT
publication WD-01/97848 referenced above, and incorporated herein by
reference. "Non-peptide" noieties in general are those other than conpounds
which  goaAi MOMeyerb@ ¥NEBS spici i dddadiatls paftidullely (@efeirahe afebddoandon- gene
encoded. Thus, "non- peptide |igands" are noieties which are commonly

r ef er r eampasitipss 'of thelinvenbpe etel addhe fogarla{y):in  pol ymeric character and
characterized by the requirenent fqf a core structure other than a polymer
of am no acids. The non-peptide |igands useful in the invention nay be
coupled to peptides or may include]|peptides coupled to portions of the

| i gand which are responsib af wnity to the 03 noiety, but it is the
non- pepti de regions of thiis |jgand whilch int fam {ts . binding ability.
10 WO 03/ 062198 PCHFUS /qga% 10 md?gﬁ‘gﬂup( 35,1;3(3 Tspecific Iiga%ds
that is particularly usefuhy dge(%ods and conmpositions of the
invention are of the formula™l): He L1 - ABCONRB (CRB2)1.3-M N' IA
R (1) including stereoisoneric for t hereof, or m xtures of

stereoi soneric fornms thereof, or H%arnaceutically acceptabl e salt or
prodrug forns thereof, wherein: He coqgrises guani dyl or conprises a
heterocyclic ring containing NN L' isalinker; Gis Nor CRB;, RAis a
non- i nt er f emchglingeediseraeric HrmetherdedrornixamehofRBré@sdmatspermethetepf,laror a

non-interferin ubstituent: and,M ri.ses.an optionally substituted
car boxy ‘?rﬁl,a_c%’lgf‘@’ﬁ%cﬂ’:t?&(?Fa%ﬂ%ﬁﬂ%%ggg%{hareﬁpdﬂﬁrgg'r an ester or am de
thereof or Hg Bnris& guanidIi&oahrictWhettldey@ichingaohtadfing Npg A and ring B

may optionally further be substituted with non-
L’ 1s a linker;

GisNor CRB;

R” is a non-interfering substituent other than H;

each R® is independently H or a non-interfering substituent; and

M comprises an optionally substituted carboxylic, sulfonylic, or phosphoric acid group
or an ester or amide thereof or is a 4- or 5-membered ring;

wherein each of ring A and ring B may optionally further be substituted with non-

interfering substituents.

[0048] When appropriate, the compounds may be in the form of salts.

[0049] When the compounds of Formula (I) contain one or more chiral centers, the
invention includes optically pure forms as well as mixtures of stereoisomers or enantiomers.

[0050] In the compounds of formula (I), the carboxylic, sulfonylic or phosphoric acid groups
or esters or amides thereof included in M may be positioned in either orientation with respect to
the molecule - i.e., a sulfonamide may be SO,N- or -NSO;-; in addition, multiple carboxylic,
sulfonylic or phosphoric acid groups, esters or amides thereof may be included in tandem.
These residues may further be substituted, and may be coupled to the components of the
nanoparticles through various linking groups, including those which contain PEG and those that

contain peptide linkages.

11



interfering substituents. [00481 When appropriate, the conmpounds may be in
the formof salts. [00491 When the conpounds of Forrmula (1) contain one or
nore chi rab oseeties s, the invention includes optically pureTfusosre23as wel |
as m xtures -of -"stereoi sonmers or enantioners. 100501 In the conpounds of
formula (1), the carboxylic, sulfonylic or phosphoric acid groups or esters
or amd §051']erﬁ@fferxh<ﬂ'€1|nﬁgcﬁﬂleh@ o¥iMIBME @&e&&ﬁﬁbmqn@gmwc&asm@g oPLE@RBat i on

W th respect to the nolecule - i.e., a sulfonamde nay be S2N or -NSQ2-;
i n addiSQgh,-POgH; iGONHOGEI RCH3) -(QONHS%BH)HGQNHSQQ eNHEOLH3d gr oups,
esters or am des thereof maybe included in tandem These_residues may

f ur t herNBEONIBSO1R T+ NHSQuRY, RBOHE, cOSPrHd-RHm SQAWPCRRR: SQMNHEERE,
nanoparticles through variqus Iinkipg groups |nclud| g those which contain
PEG and those that cont ai'n\\ eptllﬂie }a__@% WO £3/ 062198

PCT/ US03/ 02380 100511 Pr bf red ts of e selected fromthe
group consisting of - Npa3H, - CONHN SRCF3, - CONHSO2RB,

- CONHSO2NHRB, - NHCOCF3, - NH@O\IHSOZRBH NHSGRIGBEIO - CP:HZ - OSG3H, - PO3HZ2,

- SO2NHCORB, - SO2NHC02RB, - N KN O\>-3 LIN~NH, H, and HO 0. 0052] A
"non-i nt[@0FHr ik “n@ub@«trfeme substiteeng” is @isybstitursh whighi dors tefalestra the @b it09f t he

o 11 S SRR By, 1) SR SRR
det ect gt the YRIdiE HEARERbEl dereithisle 9sing YRdad niteh st dueh adletbalvl ofisbénBourido a

solid support wherein the solid support is cou led to a433. The essenti al
f eat ur &2 flidyepore Bitpsinths selid suppatt iscqupieddp avibetThe spsentialeatiies pbiheul a, and

I I
ubat astEf s S forhueRtRt kind it iy BBormh, B Eichfly b DT BE sl iy
ski | | edurétet bs amluziadl withadi dvgn astsemsially altermgyth@abitityoafltiae campdd tiarstto bindRB
whet her the bi ndi ch t t t (3
et it B P st st o B SUEe et
Thus,  ERidBYsRS B &/p354d ARAGRERabIRAHHTE Warraht th b AnShraidtnffihoRiar d_mat ter

to determ ne whet her "t he substltuent Interferes or does not interfere.
[ 0053] effibadimenhtested.s &hus, &ir ahgathmmly@hosteh@mmrlmﬂt,et mrctmightfoiward efattaed.

The 03| i ons
P éetermme whetﬂer the substituent interferes or does not interfere.

[0053] Thus, the essential features of the molecule are tightly defined. The positions which
are occupied by “noninterfering substituents” can be substituted by conventional inorganic or
organic moieties as is understood in the art. It is irrelevant to the present invention to test the
outer limits of such substitutions. The essential features of the compounds are those set forth
with particularity herein.

[0054] In addition, L' is described herein as a linker. The nature of such a linker is less
important that the distance it imparts between the portions of the molecule. Typical linkers
include alkylene, i.e. (CH;),; alkenylene - i.e., an alkylene moiety which contains a double bond,
including a double bond at one terminus. Other suitable linkers include, for example, substituted
alkylenes or alkenylenes, carbonyl moieties, and the like.

[0055] ““Hydrocarbyl residue” refers to a residue which contains only carbon and hydrogen.
The residue may be aliphatic or aromatic, straight-chain, cyclic, branched, saturated or
unsaturated. The hydrocarbyl residue, when so stated however, may contain heteroatoms over
and above, or substituted for, the carbon and hydrogen members of the substituent residue.

Thus, when specifically noted as containing such heteroatoms, the hydrocarbyl residue may also
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are occupi ed by "noninterfering substituents” can be substituted by
conventional inorganic or organic noieties as is understood in the art. It
is irrel ewarB/otm9t he present invention to test the outer PCTMisSt®080 such
substitutions. The essential features of the conpounds are those set forth
with particularity herein. [0054] In addition, LI is described herein as a

li nker ¢odihi c@ﬁioﬁ?legr@ﬁpss h&ﬁmoagrbaﬂskﬁydrbﬁyl |g?<§§)s ahd BRI @Nbr dodin hdiGoflofisance it

i nparts between ortions of the nolecule. Typical linkers include
al kyl emathin the “bfckbpna Oﬂmd&WQW%whﬂlfﬁm@ an al kyl ene nDiety whi ch cont ai ns

a doubl e d,. 4, pgludin ] ond, a nus her suitable
| i nkers Loﬁgﬂ é(\lﬁ'fl QSF%X% 8 gﬂkﬁ%’? fnctludt& s fgilgyl enes nSPe lf?é‘h?ﬂd cgg@
car bonylondvaledtisabstitenes. tm&p]&ﬁnclbﬁwﬁéﬂlgl , ML, aeodib) | cyeRBbge” refers to a
resi due whi ch contains onlé carbon and hydrogen. The residue nmay be
r

al i phatydopintyetbngiptopesyl tgmnyér@ariﬁhelégﬁcﬁwwaﬂb'dh@ Rkyl, aB@nﬂraafi@Hcy@vl
unsat ut ?ﬁs?%enﬂé'l%nﬂ%df ?6§ 5!91)&1) 8?%&?3??‘%%& %@cg}ihﬁ ﬁ%f&?ﬁl’g‘(ﬁy coﬁﬁﬁ‘lyf gptain

het er 04t Ofs OVer " and e car drogen

nmenber galRyl) bhB-66Uhkenylwe laIkyh?B i Buch moittiesscontdiring hipreedatdnaedre ymﬂbfrl@dleﬁﬁed
cont ai ni ng such het eroatons, the hydrocarbyl residue nmay .als

12
03/ 062 Pgsm@mvme 3rH380P15¢ %Nd]ewr%aé?%ﬂw%l}%ws thergod &1@%@5 §aCWa? oxy|

groups ol he like, or contain heteroatons wthin the "backbone" of the
hydr ocar byl residue. [0056] "Al kyl," "al kenyl" and "al kynyl ™ incl ude
st rai ght 00&Hd ‘Hratitdredmphsenthandfioyiohs ef alkynadkedyd rlksiybatd the esldted héirmrpl es

L5 i g S SRR HRSRTL 5 ™ OP
subst i t ugpss) CatbRlaliclodQE10 ﬂ{o‘fé{%' YefBrs tda %Qﬁoéa%h'é%‘i‘)ﬁhse@ bictkyM¥lely such as
Preferably they contain 1-6C kyl) or 2-6C (al kenyl or al kynyl). Such

moi et i @bem:sdnt naphing; }heteeqam@n@tm aéﬁogehsﬁoumnoyy@l@wrrfewd theclipnps exteras n 1- 2
0, S P1 or N hetero t.ons. or mnthln h bone
Fesi audom e AN REGTE R ERERUIE OF S st R e oAkl ot MfeepR

al kyny lpeatits lhaasmﬁbﬁs@adenlﬂﬁramngsfa@wml 18- @bmbered ¢iags | Biss] Q/pﬁ:ﬁl z&dﬂhatm onal
reS|due t hrough a carbonyl group. [0058] "Aromatic" or "aryl" noiety refers

to a mengepeinclidepyrdyeaysn bpmd@lﬁobeé\@yméw%yla%enzsﬁ@mlvl eﬁoqwagm hyI
et SRR 0y B LRTRRASY AL S S RNEL B R AT o
of a heahé n}maﬂ@mA@enmdcyclwmi fusad(rmgdﬁc)&hrmysheheﬂmsh Ing3hachaneltdrisiss of
- rrerrb%oergaurcw g1Jns t'en-ln_? gfs electron cﬁsmbgtgc? rTﬁroughout the ring system is included in this
definition. Typically, the ring systems contain 5-12 ring member atoms.

[0059] The “non-interfering substituents” are typically halo, OH, SH, NH,, NO, or other
inorganic substituents or are hydrocarbyl residues (1-20C) containing 0-6 heteroatoms selected
from O, S, P, Si, and N. Preferably the heteroatoms are O, S and/or N. For example, the
hydrocarbyl residue may be alkyl, alkenyl, alkynyl, aryl, arylalkyl, which substituents may
contain the above mentioned heteroatoms and/or may themselves be substituted with 1-6
substituents. The substituents on aryl moieties or on suitable heteroatoms include alkyl, alkenyl,
alkynyl, additional aryl, or arylalkyl, arylalkenyl, and arylalkynyl. Substituents which may
occur on non-cyclic carbon chains, including appropriate heteroatoms, include substituted forms
of these moieties and/or heteroatom-containing forms thereof as well as halo, OR, NR;, SR,
SOR, SO;R, OCOR, NRCOR, NRCONR;, NRCOOR, OCONR;, RCO, COOR, SO3;R, CONR;,
SO,NR;, NRSO;NR;, CN, CF3, R3S1, and NO; where each R is independently alkyl, alkenyl,

aryl, etc., or heteroforms thereof. Two substituents may form a ring or =O.
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systens include pyridyl, pyrimdyl, indolyl, benzimdazolyl,

benzotriazolyl, isoquinolyl, quinolyl, benzothiazolyl, benzofuranyl,

t hi enyl , Wworoglog2ipgrrol yl, thiazolyl, oxazolyl, imdazolyl pcandoshmssdi ke.
Any monocyclic or fused ring bicyclic systemwhich has the characteristics
of aromaticity in ternms of electron distribution throughout the ring

syst em i 5od)Cl HASRPlon ahjycém g@%ﬁibﬁ@ dri i the SR N/ canlBeGolnkl b RYRLEIBqCONt ai n
5-12 ri ng menber at ons. 059] The "non-interfering substituents" areé

t ypi calobtyodaay eubmtecsﬂonmm or hgromaticoatigated pramsgtmited g whichwentamsdr8 ar e

N S L e
the ydioo6R" blont 88 i flémbaBimdaes, & thy kom@b&iﬁl@ﬂf forﬁiuﬁ’gy IHc i8hY bpu@}ranyal kyl',

whi ch substituents may contain the above nentioned heteroatons and/ or nmay
t herrs elswhistitubes $obG membeead g dontigng subeittvoueimegens. TResfertadsubstifesnts on aryl
noi eti es or. .an sw tabl e heteroatons include al kyl, al kenyl, alkynyl,

addi ti (5'?%3 eﬁnwl or arylal kyl, arylal kenyl, and aryI al kynyl Substituents

whi ch meo6xC oUfie wﬂoﬂ@ﬂbwmlem@ ot at bﬁlhd@!ﬂ@lki}héne tEhdish 1ng ntBibePROMI E

het eroat ons, include substituted forns of these noieties and/or

het er oathih Qnsor avenarrafiseent memhesonake hgteroatgmsyaheh ateR, SWd), peeferabbg

Sconko DR R G e B N IR er'e each R 15 1 ndependentl y

al kyl', a[0B63]y | Prefeaey lembetignentsosf Rfdheludé Hr atkyl (1er0en)f alkewy] §+H8E), t uent s may
forma rin 3. WO 03/ Q6 198 P {USO3/{)2380 100601 Two, RB on

adj aceﬁ?ylrggépf:? &ﬁ!é‘a]i‘b’l orery eyl pdacy! #rg deBingdeas apgve HidATY ontaing
optional ﬂﬂn@ﬁéﬁ]béﬂé%‘&ucﬁﬁgr@hbﬁal@r h&%éﬁoﬁﬁ%le&eé%‘d{ Rt &hnd’s. UpA&! RP & ed
ring which contains 3- rs-or two may be =0 or an oxine, Oxine
et her, substittedegiiten calboheRahlaMbel(@ﬁR (WbﬁSKISIPhomibyls(éﬂO@D mﬁﬁi‘dkmhcmm in

D TR Rheb GG A0t PR RN bup BB e

i ncl udepeaRenes. [ 00621 One set of enbodi ments of L' includes al kyl ene
chains of 1-4 menber atons of which one or two non-adjacent nenbers may be
het er oat @4 wHDehgrerp okio.3-specific ligansls éhagiproembodirperds ef osgulakbogeimbitbef or G
i ncl ude Ig nd 96'0 180 Oflﬁgeeoer rl%q Srrbodl ments of RB include H alkyl

(1- 10C)H,lv 8 %Iézﬁr ](nf &?f%) H aryl al kyl or arylacyl wherein alkyl
and acyl are defl ned as abov d aryl aqOntains 5-12 ring nenbers

(1)

including stereoisomeric forms thereof, or mixtures of stereoisomeric forms thereof, or

pharmaceutically acceptable salt or prodrug forms thereof,
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substituted onto a carbon, RB may be COOR (where Ris H or alkyl (1-10Q)),
or CONR2 wherein R is as previously defined, OOCR or NROCR where R is as
previ ouslwodafsriesl, hal o, CF3, and the |ike. [00641 One @CaU[S0862380

u,, (33-specific ligands that are enbodi nents of fornula (1) useful in the
invention are conpounds of the formula (I1): R19e O Rle-Ue r/ | W Ye 1J
19e/ Ge 196 1AL 8aEcted frbhh: | Ncl uding stereoi someric forms thereof, or

m xtures of stereolsoneric forns thereof, or pharnmaceutically acceptable
salt or prodrug forns thereof, 14 WO 03/ 062198HRCT7 US03/ 02380  wherein R e
is selected from Nﬁﬁieé(e NR2aenMNv*Me N, Fe |2 NDe 1 e K.PeR2ae_ HN-R ae
ee, E =K-NNN- e e Aje eNelre $B g O NH_% e NRRe NRte
N rere R 3R%3_N{N>|4Alrﬁ2ahe Rt Je_Kf De-Eg

—-</N _‘</N’\ _—</N\ ale
A;>) £ Be Ale Be —& 0
)
NH NH
Rl ve . - RZ e I\{ R2 e N\
r° re R:JI §>— R?I I§>—
2e 2e

R R

N N
e T
R3e D° r3e D°
® S
) ®
N g R and H2N N

A€ is -CHj- or -N(R10¢).;

b

Ale and B¢ are independently -CH»- or -N(R10¢)-;

De is -N(R10¢)- or -S-;

Ec-F¢ is -C(R2€)=C(R3¢)- or -C(R2¢€),C(R3¢),-;

Je is -C(R2¢)- or -N-;

Ke, L¢ and Me are independently -C(R2¢)- or -C(R3¢)-;
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NN 12e ( \~ NHR Rae De RBe De | N Hand HZN N Ae is -CH2- or
-N(R10e) ; Ale and Be are independently -CH2- or -N(Rloe) ; Deis

- N(R10e) _woro3n&198 Ee- Fe is - C(R2e) =C(R3e) - or -C(R2e) 2C( Rp€)rassp3/03360 i s
-C(R2e)- or -N-; Ke, Le and Me are independently -C(R2e)- or -C(R3e) ; 15
WO 03/ 062198 PCT/ US03/ 02380 We and We are independently selected from H,

Cl- 4 al kox Ig}g deéﬁﬁ %%1%%‘# CF3, Cl1-C6 al kyl, C3-C6 al kenyl,
C3-C7 cycloa C3 Cr7 cycl oa al kyl), aryl (C1-C6 al kyl) -,
(C1-C6 al kyH) chr(b,cuwdxy NMI%Zalhmgyﬁ NOR AN, ICF:aCyGpaiiodng1-Co atkengd! v
substituted with 0-4 R7e, alternatively, when We and W are substituents on

adj acent atons, Chdy walealkal, t(ésk@ncyoﬂ@élesﬂ@rcwlkhl),t%é‘(@&QB@H(Yé)t ons to which

they are attache 5-7 ed carbocycl.ic_ or nber ed
het erocyclic ar og%k &é a@b’ h‘é‘%n‘é{m (gbal[‘?’f'yécaz‘ffﬁyi Y‘g%{PanﬂaM n{acl ic or
het erocyclic rin bstit#ted with 0-2 groups selected from Cl-C4
al kyl, Ci1-C4 al kg‘%?ﬂ"ﬁ&l%llgh 4! 0; amno, CF3 and NO2; R2ae is selected

from H Clafdf atﬁjelsy I\Mheﬁ:&zeﬁn(ﬁkk‘eﬁ¥ Isubsg?u'ef;tls1&)n _fa'c@ﬁ'alﬁfﬁs tife3-chrl be taken
cycl oal kyl (Cl al’kyl), aryl, aryl(Cl-C4 alk C7 "al kyl ) car bonyl

aryl car bonyl , (@g&@rwahkmymajmnyto wmhmy@y@at@&hkd)wfeanbénm C7-Cl1
bi cycl oal koxycar bon carb. 0 al koxy) car bon |, Cl-C6
al kyl car bonyl oxy ('€~ °§T %jilcéébgﬂ'émbe car%’o ?%’WF&%} ?ﬁ’ammé’t‘c

al koxy) car bonyl , riag@ystem, said carbocyclic or heterocychc ring being substituted with 0-2

groups selected from C1-Cy4 alkyl, C1-C4 alkoxy, halo, cyano, amino, CF3 and
NO3y;

R2a¢ s selected from:

H, C;-Cyg alkyl, C2-Cg alkenyl, C3-Cy cycloalkyl, C3-C7 cycloalkyl(Cy-C4 alkyl), aryl,
aryl(C1-C4 alkyl)-, (C»-C7 alkyl)carbonyl, arylcarbonyl, (C2-Cyo
alkoxy)carbonyl, C3-C7 cycloalkoxycarbonyl, C7-C11 bicycloalkoxycarbonyl,
aryloxycarbonyl, aryl(Cy-Cyg alkoxy)carbonyl, C1-Cg alkylcarbonyloxy(Ci-C4
alkoxy)carbonyl, arylcarbonyloxy(C;-C4 alkoxy)carbonyl, and
C3-C7 cycloalkylcarbonyloxy(C-Cy4 alkoxy)carbonyl;

R¢ is selected from:
H, hydroxy, C1-C4 alkyl, C1-C4 alkoxy, aryl, aryl(C1-C4 alkyl)-, (C1-C4 alkyl)carbonyl,
CO,R182¢ SO,R1le SO,NR10eR1e, OR10e, and N(R11€)R12¢;

wherein U€ is selected from:
-(CH2)n®-, -(CH2)n*O(CH2)m®-, -(CH2)neN(R12)(CH2)m®-, -NH(CH2)y",
-(CH2)n*C(=0)(CH2)m®-, -(CH2)nS(0)p*(CH2)m®-, -(CH2)n"NHNH(CH)m*®-,
-N(R10€)C(=0)-, -NHC(=0)(CH2)n-, -C(=O)N(R10¢)-, and -N(R10€)S(O)°-;

wherein G®is N or Cnge;

16



C3- C7 cycl oal kyl carbonyl oxy(C 1-C4 al koxy) carbonyl; R7e is selected from
H, hydroxy, C 1-C4 alkyl, C 1-C4 al koxy, aryl, aryl(C 1-&4 alkyl)-, (C1-C4
al kyl ) carwormlog219C02R18ae, SO02R1l e, SO02NRI 0eRl | e, OR10e, pamdshif/iRi3sé e) R12e
wherein Ue is selected from '-(CH2)ne-, -(CH2)neQ CH2) ne-,

-(CH2) neN(R12) (CH2) me-, -NH(CH2)ne-, -(CH2)neC(=0 (CH2)me-,

-(CH2) n ) 106, Gi2)

- NHC( Bf’fr%lfgz%é‘gﬁ% (ngg{ N()ggg (??“kgwgg_ﬁf% g%bceh)tgf %?‘Bﬂ” %%r%\{/lvﬁ?} Seulbﬁtlt&eedl s N or
CR19e; 16 9¢PCT/ US03/ 02380 wherein is-C(=0-N(R 10e )-(C 1
-C3 al kyl ene -, I'n ich the al kyl ene group is substltuted by R8e and by
ROe: R$e anfdRael Ricard nﬂe;mﬂdﬂlytdelec&alf&ﬁﬁed from H CX2R18be, C(=0) Rl18be,
CONR17R18be, Cl1-Clq al kyl substi tut -1 R6e, (C2-C10 al kenyl
Subst 1 tut eaHUCCHREE, FEDIRED ONRI B 101, Cacfbmraliogeuttigiedvgh 0.1 REw. 3.

| oal kyl bstituted th 0-1 | k btt th
01 Ree,  (Cl-C1oC mdd&ay%”ayl@ammt%@%@ et iy uf%?ﬂwsééwu%divyl 83he\rl1myl
bstituted with it ut
menbered het \glr ocggl éFai %P"@@Wﬁ 3%‘? FS%JS %ﬁ ﬁl'le}g&mgs' éoﬁgylgﬁésn%ﬂlf\ﬁ%r ein
d het I
insat urat od. —sai o nitsl R P, IRHERNGH, CACH Bl IHCHC A RN O 1o
al koxy substitut @&bsmu&éa @ﬁl?OBﬁ@ﬁe M&sg:wubsﬂhﬁé@wnh U@Fikﬁe) Rll e,

-N(RI6e)RI 7e, aryl (CO C6 al kyl)carbonyl aryl (C3-C6 kyl) het eroaryl (C
1-C6 al kyl ) a5- IOanRnBereRheeroc Bl Rirg N taandg $€$2NtF@8@re‘Hz¢ler0atpm§vwb¢rnglqa t any

of the above al kié%t rggyﬁc‘ﬁ{@d}(%%eer%urafe%g ar&zﬁ{){)sra%{%litﬁgr 0%?%@%@2&%%'%1

unsubstituted or pen ected

from H Cl-ClO0 gbikpseyclivsHeben s@iast%@d&h&mty,wﬂl tro, Cl-C10 al kyl carbonyl,
-N(R |l e)R12e, cyano, hal o, 3, CHO (C02R18be, C(=0 R18be, CONR17eR18be,

OC(=0) Rl Ce, C)@Rb0Eox@OibsONRIGER0-2 B, NRirorg(nie), RNGR! 0081 Qe (RAGH B, e,
aryl(Co-Cg alkyl)carbonyl, aryl(C3-Cg alkyl), heteroaryl(C;-Cg alkyl),
CONR182eR20e SO,R182¢ and SO,NR 18acR20e,
providing that any of the above alkyl, cycloalkyl, aryl or heteroaryl groups may be

unsubstituted or substituted independently with 1-2 R7¢;

R is selected from:

H, C1-Cyp alkyl, hydroxy, C1-Cjg alkoxy, nitro, C1-Cjg alkylcarbonyl, -N(R11€)R 12,
cyano, halo, CF3, CHO, CO,R18be, C(=O)R18be, CONR17eR18be, OC(=O)R10¢,
OR!10e, OC(=0)NR10eR1le, NR10eC(=0)R 10, NR!0eC(=0)OR21e,
NR10eC(=0)NR10eR 11e, NR10eSO,NR10eR 1le, NR10e§O,R21e, S(O)pR“e,
SO,NR10eR e,

aryl substituted with 0-3 groups selected from halogen, C;-Cg alkoxy, C1-Cg alkyl, CF3,
S(O)mMe, and -NMey,

aryl(C;-Cy alkyl)-, said aryl being substituted with 0-3 groups selected from halogen,
C1-Cs alkoxy, C1-Cg alkyl, CF3, S(0)pcMe, and -NMe3, and
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NR10eC(_O) NR10eRlle, NR10eSO2NR10eR |e, NR10eSO2R21le, S(OpR le, SO2NR
10eR1 | e, aryl substituted with 0-3 groups sel ected from hal ogen, Cl-C6
al koxy, Ovo@8/edikyl, CF3, S(O nmeMe, and - NMe2, aryl (Cl- Cecalusopsd23go sai d
aryl being substituted with 0-3 groups sel ected from hal ogen, Cl1-C6

al koxy, Cl-C6 al kyl, CF3, S(O peMe, and -Nwe2, and 17 WO 03/062198

PCT/ US03/ 023801 (Bmemb &I BEREI O i et LEREAFIhE -3 NNO, §09h@EdhtdehslwBeldin Qid OF S
het er oat ons, wherein said heterocyclic ring may be saturated, partially

saturated, or fubgtgrogrelat nimgmeyibe sanratednparbalbesadirated rardigllbensaprated seidt ut ed

with 0-2 R7e; RlQe is selected from., H. CE3 - C6 al kenyl, C3-Cil1

cycl oal kyl , aryl,e%ﬁ§yéﬁﬁp?%RWQﬁﬂ4§§W¥E@PWQ?QQ§$§1(Cl-C4 al kyl), and C1-C10
al kyl substituted with 0-2 R6e; Rl le is selected from H, hydroxy, Cl-Cg
al kyl, C3-C6 ﬁLkenyI, C3-Cl11 cycl oal kyl, (C3-Cl1l1 cycloal kyl)nethyl, Ci1-C6
al koxy, benR)VGgyeleerd fromhet eroaryl, heteroaryl (Cl-C4 al kyl)-, aryl (Cl-C4

Cel Lot ba 1 i Cerogenff G Erasteo Rl o e ARkl lif s CR] 1 °
alkyl) -, (CL CLoaighkyd CRCHPRKY subithucd N9 ar vl (CL-06 al kyl) - and

het eroaryl (Cl1-C6 alkyl)-, erein said aryl or heteroaryl groups are
substituted with 0-2 substituents independently selected fromthe group

consi sting of;£_ 1-CA kyl, C1-C4 al koxy, F, d, Br, CF3, and NQO2,
aIternative?&, ﬁﬁgﬁmﬁinghnd RL e are both substituents on the sane

ni trogen at ¢IMhia®xyCi-CRRIKINERIGLIkENRYCIEY; &gldaﬂ&sﬂﬂcgmqtc'wbamnﬁeﬂm

nitrogen atomto ich they are attached to forma heterocycle sel ected
from 3-azabi cyclaronslkoxyl benz3lokyt ayl htethaoyl) hetepaany§Ci 1034l alkyl)-, aryl(C-Cq
1,2,3,4-tetrahydro-2-isoquinolinyl, | - pi peridinyl, 1-nnrphq[iny|,
1-pyrrolidinyl, ehyhnedasretimgthylapd Sadtodiky) pubsiftediwith BrB7i nyl ;  said
het erocycl e being substituted with 0-3 groups selected from Cl-C6 al kyl,
aryl, heteroaryl, aryl (Cl-C4 alkyl)-, (Cl-C6 al kyl)carbonyl, (C3-C7

R4e is selected from:

H, C;-C alkyl, C5-C, cycloalkyl, C5-C; cycloalkyl(C,-C, alkyl)-, (C1-Cyo
alkyl)carbonyl, aryl, heteroaryl, aryl(C,-C alkyl)-, and heteroaryl(C,-C alkyl)-,
wherein said aryl or heteroaryl groups are substituted with 0-2 substituents
independently selected from the group consisting of C1-C4 alkyl, C1-C4 alkoxy,
F, Cl, Br, CF3, and NO»,

alternatively, when R10¢ and R1!€ are both substituents on the same nitrogen atom (as in
-NR10eR 1€} they may be taken together with the nitrogen atom to which they are
attached to form a heterocycle selected from: 3-azabicyclononyl, 1,2,3,4-
tetrahydro-1-quinolinyl, 1,2,3,4-tetrahydro-2-isoquinolinyl, 1-piperidinyl,
1-morpholinyl, 1-pyrrolidinyl, thiamorpholinyl, thiazolidinyl, and 1-piperazinyl,

said heterocycle being substituted with 0-3 groups selected from: C1-Cg alkyl, aryl,
heteroaryl, aryl(C1-C4 alkyl)-, (C;-Cg alkyl)carbonyl, (C3-C7
cycloalkyl)carbonyl, (C1-Cg alkoxy)carbonyl, aryl(C;-C4 alkoxy)carbonyl,
C1-Cg alkylsulfonyl, and arylsulfonyl; |
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cycl oal kyl ) carbonyl, (Cl-C6 al koxy)carbonyl, aryl (Cl-C4 al koxy) carbonyl
Cl-C6 al kyl sul fonyl, and aryl sul fonyl; 18 WO 03/062198 PCT/ US03/ 02380 Rl12e
i s sel ectwo oBioearos H, C1- C6 al kyl, triphenyl methyl, net hoxpoettisys/g2380

met hoxyphenyl di phenyl nethyl, trinmethylsilylethoxymethyl, (Cl-C6

al kyl ) car bonyl (C1-C6 al koxy) carbonyl, (G- C6 al kyl)am nocarbonyl, C3-C6

al kenyl , @ieéggéi% &1 -C7 cycloal kyl (C1- &4 al kyl)-, aryl,
het eroaryl ( « car bonyI het er oaryl carbonyl, aryl (Cl-C6 al kyl)-

(Cl-C6 al kyH) Ca@mhlyjl mphgﬂmeﬂhpnyﬂexhc@m@ﬂlyaIrkgxhwphmwdhpharyyh&hylf onyl ,
aryl (G -C6 al kyl)sul fon het er oaryl sul f on het er oar yl (
al kyl ) sul fonyl , trémsthysi )d%!hb?@ﬁwthyla -@6 911%/6‘1%@1}’& (%M@WWWOHYMQIE n

id aryl bst d_with 0-2 substituent th
r oup cons! st i“ﬁécéeﬁ@?%w%cér T, CECseH AT bt el B CaRE eI Rige

ISC( sgl) ﬁlﬁts %g R]l ' gg’a aﬁ}gp ?ﬁl'ﬁ&&&% &%ﬁfba bo%@k@ﬂ%@ﬁ%&;yl aryl(C1-Cs

- C(=0) NHSO2NHR18bigy1)- (Sp@ghaqe)carbml\&r@ﬂcahﬁh% Car} aliSERNFGYE QHIRIBAGL, Rl7e
is selected from H, 'C1-C6 al'kyl, C3-C7 cycloal kyl, C3-C7 cycloal kyl (C1-C4

al kyl)-, aryl, aalwl(C(i}C({IkaléﬂURfyhyl betanelrytsgtfenyiahqwrp@:wl@a -Gd digylsulfpeylei n
R18ae |s sel ected om  Cl-C8 aI gption%lél ulbs ituted with a bond to
Ln, C3-CL1 cycl o&M YC‘HB?‘ilﬁénaé}dl ubselkeEvsartaRThwheKEHad BRI (C

| -C6 al kyl)- opt t ,C1- C6
al kyl')- opti onal lﬁ)rgmubé/dtéthgﬁejtftuﬂEtﬁﬁeﬁ% %ehec %%é&f@? %E%%lﬁggrtht Aer oar yl
optionally subst hikyt €4-@y 41ko:ay, RIBICFQ ahmmthj aryl (C1-C6 al kyl ) optionally
substituted with a bond to Ln, heteroaryl optlonally substituted with a
bond to Ln, phenyl substi tut ed with 3-4 R19e and optionally substituted
with a bonthI@e %ﬁelea%pﬁ substituted with 0-4 R19e and optionally
substituted w 0 to Ln, and a bond to Ln, wherein said aryl or

het eroaryl grceunoRabe, -@p@qmrsad:,l C(=0NpERI ey, ea- (WOYNHBOJR kO ;
C(=0)NHC(=0O)R18be, _.C(=O)NHC(=0)OR182¢, .C(=O)NHSO,NHR !8be -
SO,R182¢ _SO,N(R18be), and -SO;NHC(=0)OR 18be;

R17¢ is selected from:
H, C1-Cg alkyl, C3-C7 cycloalkyl, C3-C7 cycloalkyl(C1-C4 alkyl)-, aryl, aryl(C;-Ceg
alkyl)-, and heteroaryl(C1-Cg 21k¥1);

R18ae

wherein is selected from:

C1-Cg alky! optionally substituted with a bond to Ly, C3-Cq; cycloalkyl optionally

substituted with a bond to L, aryl(C1-Cg alkyl)- optionally substituted with a
bond to L, heteroaryl(Cy-Cg alkyl)- optionally substituted with a bond to L,
(C1-Cg alkyh)heteroaryl optionally substituted with a bond to Ly, biaryl(C1-Cg
alkyl) optionally substituted with a bond to Ly, heteroaryl optionally substituted
with a bond to Ly, phenyl substituted with 3-4 R19¢ and optionally substituted
with a bond to Ly, naphthyl substituted with 0-4 R19¢ and optionally substituted
with a bond to L, and a bond to L, wherein said aryl or heteroaryl groups are

optionally substituted with 0-4 R19;
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19 WO 03/062198 PCT/ US03/ 02380 R18be is H or Rl8ae; wherein Rl9e is
selected from H, halogen, CF3, CO2H, CN, N2, -NR 1lleRl2e, OCF3, Cl-C8

al kyl , CowGd3abkesnyl , C2- C6 al kynyl, C3-Cl1l cycl oal kyl, @81@803/02380

cycl oal kyl (C1-C4 al kyl)-, aryl (Cl-C6 alkyl)-, Cl-C6 al koxy, Cl-C4

al koxycarbonyl, aryl, aryl-O, aryl-S02-, heteroaryl, and heteroaryl-S02-,
wherein sai giskyd gapgibet eroaryl groups are substituted with 0-4 groups
sel ected from hydrogen, hal ogen, CF3, C1-C3 alkyl, and Cl-C3 al koxy; R20e
is selected from hydroxy, C 1-C 10 al kyl oxy, C3-C 11 cycl oal kyl oxy,

aryl oxy, ar 1- | kyl )oxy, C2-Cl10 al kyl carbonyl oxy(C -C2 al kyl ) oxy-,
C2- Clowﬁﬁﬂiégfﬁ%ﬁ%FWI@)l- Cg al kyl ) oxy-, >C/:2 C10 a%lkoxgt(:ar bonyl (Ciy- )CZ Y
al kyl ) oxy-, - C ORY# Q¥ (2€ K - -
cycl oal koxyg:{é?%g%r{?g% ’(d‘C??ﬂ({,;&éII’CW) %- ,I¥ ZCBJO%{)@CIS%% %)lgﬂg%@gl%‘%lc@a -2
al kyl ) oxy-, aryl oxunanboayld Geysidairlk D )Oxsycloatkiy( 0T Lak PNty iy (Gl - C2
al kyl )oxy-, aryl carbonyl oxy(Cl-C2 al kyl )oxy-, Cl1-C5 al koxy(G -C5
3! kyl ) car Ibonyl oxy&gzzi)-,Q-@(f gdkb?))ﬁﬁy;cz( akgma@?}dl klgl,éa_szﬂ:@s aryl-SO2-, ,

i oxa- cycl opent en- 2- one-yl ) net hyl oxy, -aryl - 1, 3- di gxa- cyc] opent en- 2- one-
yl ) met hyl oxy, anHetG‘i‘?ﬁ@i’)"’Q‘ﬂlhe@‘W]ﬁéD W%%EFWVBI aryl ‘F@i}@tqrgz@grgﬁﬁsé’&ef rom
Cl-C8 al kyl, C2- G3- - opl kyl t hyl,
aryl, aryl (G- Cg.{ﬁ) asﬁ{?g?e(gwm gﬁz‘t?’dgr g%ﬁé%%%g:ﬁ%’qwéﬁcgé% glfﬂgée W)ctﬁﬁ g! ;% .’ R22e

is selected fromygd @{_ﬁgzaj be, -C(=0 N(R18be)2, -C(=0) NHSO2R18ae,
- C(=0) NHC( =0) R18be, - C(=O) NHC(=0) OR18ae, and - C(=0) NHSC2NHR18be; 20 WO
03/ 062198 PCT/ US03/ 02380 wherein Ye is selected from

R20e g selected from:

hydroxy, C1-Cig alkyloxy, C3-Cj; cycloalkyloxy, aryloxy, aryl(C;-C4 alkyl)oxy,
C»-Cyg alkylcarbonyloxy(C;-Cj alkyl)oxy-, C2-Cio
alkoxycarbonyloxy(C1-C; alkyl)oxy-, C-C1g alkoxycarbonyl(Ci-C; alkyl)oxy-,
C3-Cyg cycloalkylcarbonyloxy(C;-C; alkyl)oxy-,
C3-Cyp cycloalkoxycarbonyloxy(Ci-Cy alkyl)oxy-,
C3-Cg cycloalkoxycarbonyl(C1-Cy alkyl)oxy-,
aryloxycarbonyl(C1-Cy alkyl)oxy-, aryloxycarbonyloxy(C1-C; alkyl)oxy-,
arylcarbonyloxy(C1-C; alkyl)oxy-,
C1-Cs alkoxy(C1-Cs alkyl)carbonyloxy(C1-Cy alkyl)oxy, (5-(Cy-Cs alkyl)-1,3-
dioxa-cyclopenten-2-one-yl)methyloxy, (5-aryl-1,3-dioxa-cyclopenten-2-one-

yl)methyloxy, and (R10¢)(R11€)N-(C;-Cyg alkoxy)-;

R21¢e is selected from:
C1-Cg alkyl, C»-Cg alkenyl, C3-Cy cycloalkyl, (C3-Cy1 cycloalkyl)methyl, aryl,
aryl(C;-C4 alkyl)-, and C1-Cqg alkyl substituted with 0-2 R7¢;

R22e s selected from:
_C(=0)-R18b%, _C(=0)N(R!8b¢),, -C(=0)NHSO,R!8a¢, -C(=O)NHC(=O)R8be,
_C(=0)NHC(=0)OR!82¢, and -C(=O)NHSO,NHR 18b¢;
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- COR20e, -SO8H, -PO3H, - CONHNHSO2CF3, - CONHSO02R18ae, - CONHSO2NHR18be,

- NHCOCF3, - NHCONHSO2R18ae, - NI HSO2R18ae, - OPO3H2, - OSQ3H, -PO3H2,

- SO2NHCORAYBa8/0621 2 NHCO2R18ae, -N ~N O "\N CF3 N N H H , pamashn38@ 00651
The ligand set forth above may be coupled through a linker to the materials
contained in the |lipid/surfactant coating of the particles. In one

enbodi nent be S are of the formula: ((Wh-(CR6R7) Q)X

(2) k- ((V ag Sgselefé\? ro)n}( ; Wis independently selected at each occurrence
fromthe grw@Rz@ B3 ENPONICCERIINHSCS O HC NGRSO 7D, CLORNGENHIRISE)
C(=0)0, OX(=0), NH=S)NH,~ NHE(=O NH, " SO2NH, ~ ( OCFRCHR) 20-200,
(CH2CH20) 20- 200 I@HEBZIHngiBHQ(IQ@UHBI@;RIS{CCHM%QM@ZOP@@HQ, -03d3HaDd3Hy, as i s
i ndependently at each occurrence an amino acid; Zis selected fromthe
group: aryl substS@®NIEAORI¥%, SBNRICO,R¥210 cycl oal kyl substituted with
0-3 R10, and a 5-10 nenbered heterocyclic ring systemcontaining 1-4

het eroatons i ndependently selected fromN, S, and 0 and substituted with
0-3 R10; R6, R6a, R7, ﬂ:nd R8,.aNe |ndepende tIy;@I ected at each

occurrence fromthe grou CF$O3H PSBH¢ C1- C5 al kyl
substituted wth 0-3 R10Q ituted with 013~R10, benzyl
substituted with 0-3 RlO a Rﬁl koxy subﬁ(r) tufsd with 0-3 R10,
NHC(=O Rl 1, C(=0 NHRI ’—O) NH NHRETT“RI 1, ®and a bond to an
addi ti onal conponent; 21 V\D 03/ 062198 PCT/ US03/ 02380 R10 is i ndependent |y
sel ecte e

o0 NHQ??{?SIN@ 1 %%&t%ﬁa%_\glﬂlléi‘% LB tm%ugpmnf(& (othe &99341, g—g?n;?lned
subst i inuthedipidisurfacGanBeorlifg ofahe pastickesl Imum¢mbqshmdnwlmﬂln®er_s arRIGf th€1- 5 al koxy
substlhute vvith 0-1 R12, and a 5-10 nmenbered heterocyclic ring system
cont ai %-4 heteroatons independently selected fromN, S, and 0 and
substi t ut ed with 0-3 EJ(‘% ﬂéRﬁﬁ)g)‘}(gZﬂ(e&éRﬂiﬂy)gs?\W%) ed at each occurrence

fromthe group: H, al substitu

W is independently selected at each occurrence from the group: O, S, NH, NHC(=0),
C(=0)NH, NR&C(=0), C(=O)N R8, C(=0), C(=0)0, OC(=0), NHC(=S)NH, NHC(=0O)NH,
SO2, SO2NH, (OCH2CHz2)20-200, (CH2CH20)20-200, (OCH2CH2CH2)20-200,
(CH2CH2CH20)20-200, and (aa)y;

aa is independently at each occurrence an amino acid,;

Z is selected from the group: aryl substituted with 0-3 R10, C3_;¢ cycloalkyl substituted
with 0-3 R10, and a 5-10 membered heterocyclic ring system containing 1-4 heteroatoms

independently selected from N, S, and O and substituted with 0-3 R10;

R6, R62 R7 R72 and R8 are independently selected at each occurrence from the group:
H, =0, COOH, SOsH, PO3H, C;-Cs alkyl substituted with 0-3 R10, aryl substituted with 0-3
R10, benzyl substituted with 0-3 R10, and C;-Cs alkoxy substituted with 0-3 R10, NHC(=O)R!!,
C(=0)NHR!!, NHC(=O)NHR!!, NHR!!, R!! and a bond to an additional component;
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with 0-1 R12, aryl substituted with 0-1 R12, a 5-10 nenbered heterocyclic
ring system containing 1-4 heteroatons independently selected fromN, S,
and 0 andweuwbséitpaited with 0-1 R12, C3-10 cycl oal kyl sub®Cirtuso®e23ss t h 0- 1
R12, pol yal kylene glycol substituted with 0-1 R12, carbohydrate
substituted with 0-1 R12, cyclodextrin substituted with 0-1 R12, am no acid

subst i t ut edRM {Nneptnd®hdy sPIRLYE B LeX BadukdehcS HbRlthd %1‘0@9: AHdra 981 dIGR1!
pol yazaal kyl substituted” with 0-1 R12, peptide suBstituted with 0-1 R12,

wher ei @EEONIR P, NIEC(=©)RONOH, 3adR bY, SD;HOPORHNOP@H YSOSO3H, aryl substituted

3, 6- O-di sul f o- B- D-gal act opyranosyl, bi s(phosphononet hyl)glycine, and a bond
to an watid-3 ROhaT,.cakpoubstitute®uvathi i1 R1Bdids slboansubstitinted ontd 0-¢ Ripomdnrt ;  k
is selected fromO, 1, and 2; h is selected fromO, 1, and 2; h' is

sel ect &d Orpepbered hetergqyclis: ring systemenoatainipe f dhateroatems mdegendgntlyselegted; g g,
and 10, g &S [ 2 A1.3, 4, 5 6, 7, 8 9, and 10; t' is
sel ect grgngyb%a&aﬂ%é&%éﬁm%m%h%3lgl8 9, and 10; x is selected fromO,
1, 2, 3, 4, and 5; x' is selected fromO, 1, 2, 3, 4, and 5; 22 WO

03/ 062198 P US03/ 02380 00661 | n some enbodi nents, t ddi ti onal
Subotrt uant Rub i AReReAY SHE R A BT sace P iy el ibsmared,

radi onyedigle e Wit 0. AR 12l STRORGHIMErERRARIER. HfRjshty  Such

chel at gﬁdg (?ﬁc u’dﬁéylgﬁggiem%? tltﬁed?orrﬁ?l as: E A2rE Ar ~ A{,E?gy&% /A E

YE- - - Acéntdinifig 1A% heetoaRnsAnilefendéhtlyrsdleEted3rotn N, ) ahd infd subBtittEedATithD-1 A2,
A3, A4 A6, A7

R ol M R L R
renai nggr%oggfdrgttc]%ulg:s?i%!ﬂ? Fith 0-1 R12, cyclodextrin substituted with 0-1 R12, amino acid

substituted with 0-1 R12, polycarboxyalkyl substituted with 0-1 R12, polyazaalkyl substituted

with 0-1 R12, peptide substituted with 0-1 R12, wherein the peptide is comprised of 2-10 amino
acids, 3,6-O-disulfo-B-D-galactopyranosyl, bis(phosphonomethyl)glycine, and a bond to an

additional component;
R12 is a bond to an additional component;

k 1s selected from 0, 1, and 2;

h is selected from 0, 1, and 2;

h' is selected from 0, 1, and 2;

g is selected from 0, 1,2, 3,4, 5,6, 7, 8,9, and 10;
g'is selected from 0, 1, 2, 3,4, 5,6, 7, 8,9, and 10;
t” is selected from 0, 1, 2, 3,4, 5,6, 7, 8, 9, and 10;
x is selected from 0, 1, 2, 3, 4, and 5;

x’ 1s selected from 0, 1, 2, 3, 4, and 5;

22



E is a bond, CH or a spacer group independently selected at each
occurrence fromthe group: Cl-Cl0 al kyl ene substituted with 0-3 R17,

aryl ene swbssisuded with 0-3 RL7, C3-10 cycl oal kyl ene sulpstritusoy/exdsomi t h 0- 3
R17, heterocycl o-Cl1-10 al kyl ene substituted with 0-3 R1l7, wherein the

het erocycl o group is a 5-10 menbered heterocyclic ring system contai ning
1-4 het @09 Gt OB ABRRAHREH: Yhesﬁklﬁfbhﬁldsubf»tﬁﬁéﬂ\t"cox%alré&@n@he fefopdidey| - A - 1o
al kyl stituted with 0-3 RL7, C1-10 al kyl - C6-10 aryl - substituted with
0-3 R1 mcllmd aa;hsatp@ fcrrmbénoeulcltd@toepmﬁ}@f@rcx TRY aymegnstie msoomcaumaglgg 1Such

het eroahqms |n ﬁ%denté% iel e¢ ted fromN, S, and 0 and substituted wth
0-3 RLFI® 13?1 S PLIg IMU4iqenendent |y sel ected fromthe group: a bond
to Ln', hydrogen Cl- C10 al kyl substitut eq-_:vvlth 0 R17, substituted
with 0-3 R17, CLETDATtycl oal kyl substitut Wit &R%;/he mocycl o- C1_10
al kyl substltLAed with 0-3 R17, whereimMthe hef"erocycl group 1s a 5-10
menber ed heterocyclic ring syst em contai ning 1-4 heteroatons independently
sel ected 23 WD 03/062198 PCT/ US03/ 02380 fromN, S, an(g 0, C6-10 aryl-Cil-10
al kyl substituted with 0-3 R17, Cl-10 al kyl -C6-10 ary)A substituted with
0-3 R17, a 5-10 nmenbered heterocyclic ring systemcoptaining 1-4

het eroatons i ndependently selected fromN, S, and O\and_substituted with
0-3 R17, and an electron, provided that when one of %BEQ is an

el ectron, then the other is also an el ectron; aI teEnatl vel y‘z/ @nd R14
conbine to form =C(R20) (R21); R15 and R16 ar hli ndependent| y'sel ect ed
fromthe group: a bond to Ln> -OH,  Cl- c10 A bstltu d wth 0-3 R17,
Cl- C10 al kyl substzl__ 0z 3 317 aryl sub it th 0-3 R17,
C3-10 cycl oal k dk R-3 g, heter ocycl ('91 10 al kyl
substituted path EO 3 Iﬁ? wh |n t he heterocyclo gr oup |§ a 5-10 nmenbered
het erocyclic ri gg syste conta gng 1-4 heteroatons independently sel ected
fromN, S, and C6- 1M aryl -Cl-10 al kyl substituted wPh 0-3 R17, Cl-1o0
al kyl - C6-10 aryl - substltuted with 0-3 R17, and a 5-10 nenbered

oA DR ol G bR RN S ol e E‘S‘“ =
R LA S %@*‘*‘%“ AP Rbdy SR el i ol gmote - B

-OC(=O R18, -0OC(=0) CR18a, - - —ONR182 - NR19C(=0O) R18,

- NRLOC( =0) %%gbon&\!%ﬁ%r a%)p’\!ﬁemg%u% lndéﬂc?e%%’é'&%%& a eac{}'R%&%Q%E%lﬁ&n theBH

- SCPR18a,
group: C1-Cyo alkylene substituted with 0-3 R17, arylene substituted with 0-3 R17, C3_1

cycloalkylene substituted with 0-3 R17, heterocyclo-Cj.¢ alkylene substituted with 0-3 R17,

wherein the heterocyclo group is a 5-10 membered heterocyclic ring system containing 1-4

heteroatoms independently selected from N, S, and O, Cg.1¢ aryl-Cj.19 alkyl substituted with
0-3 R17, Cy.1¢ alkyl-Cg.1¢ aryl- substituted with 0-3 R17, and a 5-10 membered heterocyclic
ring system containing 1-4 heteroatoms independently selected from N, S, and O and substituted

with 0-3 R17;

R13 and R4 are each independently selected from the group: a bond to Ly, hydrogen,
Cy-C1p alkyl substituted with 0-3 R17, aryl substituted with 0-3 R17, Cy.19 cycloalkyl substituted
with 0-3 R17, heterocyclo-Cj_1¢ alkyl substituted with 0-3 R17, wherein the heterocyclo group is

a 5-10 membered heterocyclic ring system containing 1-4 heteroatoms independently selected
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-S(=O) R18a, -SO2N(R18)2, -N(R18)2, -NHC(=S)NHR18, =NOR18, N2,

-C(=0O NHOR18, -C(=0 NHNR18R18a, -OCH2CO2H, 2-(1-norpholino)ethoxy, Cl-C5

al kyl , Cowodh3ambkesyl, C3-C6 cycl oal kyl, C3-C6 cycl oal kyl metrhydo3/0138 C6

al koxyal kyl, aryl substituted with 0-2 R18, and a 5-10 nmenbered
heterocyclic ring systemcontaining 1-4 heteroatons independently selected

fromN ; 8, 8a, . [ f get | ect t each
occurrgﬁ%eNzﬁérlg%gﬂﬁ?%dng%%ém%ng t%d mﬂ{%p%% Cgflall I?Wl %(éﬂg%ﬁ benzyl ,
Cl- C6 alipstved Wath DASR 1Nh 5110 mEMBERd h@BRcydild Al 5 RAEdIMining 4- ARt Q341884198
PCT/ US03/ 02380 Pg is a thiol protecting group;, 'R0 and R21 are

i ndepe idiepdridgnthesebertaidirdm dnS, hed Grand pubddiutél 416 01D RAT, layd an €lebtron, pO2dRAS,
-C(=0 R25, - C(:O).I\}lé1§25)l‘21, .C2-C 10 1-al kene substituted with 0-3 R23, C2-CI O
1- al kythet whersone Qfs'd QRiR'A ipamelgesron, they thesothartis plse ap elgeren:o- 3 R23,
unsaturated 5-10 nmenbered heterocyclic ring systemcontaining 1-4

het er oat ons i ndependently selected fromN, S _and O and substituted with
0-3 R23, andltamatavely, & dandBI4 @mbinbtectponeGRAY(REM ed with 0-3 R23:
alternatively, R20 and R21, taken together with the dival ent carbon radical
to which they are attached form R22 R22 :a b R23 R23 n R22 and R23 are
i ndependent Ry> sl Rt &d efischamidpeadgniysplected fidvithe Gtoupl (i tainkiytd LguIHQH] t ut ed

w th 0-3 R24, C2-Cl10 al kenyl substituted with 0-3 R24, C2-C10 al kynyl

subst i Cut@d altiyl utgtigitgwith 0z Bl 7, Sugpiatkyl substituted witls 0fR 17, arybsubstitwadber ed
het er ocycl i system contai ning 1-4 er oat ons | nde{)endent,l édse_l ect ed

/ c rin ) t
' om N B.0-GRY G ek SaBYT TrRUatsHtiH &3 bR 30 S hGBEyIaavith
subst i with.0-3 4. alternative 2, .R23 taken.together forma
Pused bRk Mo G poE oy hEs el dinstptien Beitrorg e B ubeRRleRt for il ™1 4
het er 03t PRGerbNERR E‘ﬁde)ﬂtl? stleéLHomnOB, Mnd B, (RNE aBil-C 13 piel1 Bubistielitéat e t he
positions of optional double bonds and nis O or 1, R24 is independently
sel ect edthat-3 ®A¢Coglkyl €hcR drylosatistimteglroitip 0-3-R)17, knd £5-10Biembered CF3,

heterocyclic ring system containing 1-4 heteroatoms independently selected from N, S, and O

and substituted with 0-3 R17;

R17 is independently selected at each occurrence from the group: a bond to Ly, =0, F,
Cl, Br, 1, -CF3, -CN, -CO2R 18, -C(=0)R 8, -C(=O)N(R8),, -CHO, -CH,0R 8, -OC(=O)R 8,
-OC(=0)OR182, .OR 18, -.OC(=0O)N(R!8),, -NR!9C(=0O)R18, -NR19C(=0)OR182,
-NRI9C(=O)N(R18),, -NRI9SO,N(R18),, -NRI19SO,R 182, _SO3H, -SO,R 182, .SR18,
-S(=0)R182, -SO,N(R18),, -N(R!8),, -NHC(=S)NHR 8, =NOR 18, NO;, -C(=O)NHOR18,
-C(=0)NHNR!8R 182 _OCH,CO;H, 2-(1-morpholino)ethoxy, C1-Cs alkyl, C3-C4 alkenyl,
C3-Cg cycloalkyl, C3-Cg cycloalkylmethyl, Cp-Cg alkoxyalkyl, aryl substituted with 0-2 R18,

and a 5-10 membered heterocyclic ring system containing 1-4 heteroatoms independently

selected from N, S, and O;
R18 R18a and R19 are independently selected at each occurrence from the group: a

bond to Ly, H, C1-Cg alkyl, phenyl, benzyl, C{-Cg alkoxy, halide, nitro, cyano, and

trifluoromethyl;
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-CN, -Q02R25, -C(=0O R25, -C(=0O N(R25)2, -N(R25)3+, -CH20R25, -0OC(=0 R25,
-OC(=0) OR25a, -OR25, -0OC(=0O N(R25)2, -NR26C(=0) R25, -NR26C(=0) OR25a,

- NR26C( =OVB(0BD62128 - NR26SO2N( R25) 2, - NR26SO2R25a, - SO3H, PE0ARAYM2380 SR25,
25 WD 03/ 062198 PCT/ US03/ 02380 -S(=0) R25a, -SO2N(R25)2, -N(R25)2, =NOR25,
- C(=0) NHOR25, -0OCH2C2H, and 2-(1-norpholino)ethoxy; and, R25, R25a, and

R26 are eachpg knﬂ@mﬂ@ﬂﬁahhﬁgg@kgcted at each occurrence fronlthe group:
hydr ogen and Cl-C6 al kyl; "and a pharmaceutically acceptable salt thereof.
100671 In embodi ment of the invention the a43 targetlng nnlety may be:

3-[7-[(im dRZ@LdJ‘Rﬁ'a}ng{HgP @ﬁtfé’élelc‘te]cr%*ﬂﬁé %r@ull&fony B |06l ne-4-one- 3-

yl car bonyl am no] - 2 | 1 soxazol no ﬁropl oni ¢ aci d,
3-[7- [((EG%I@E,ZQT har%ﬂ?-%d@(momxmmdzlc F BB subsBrudd fWitPr-9quB noJ-thg- 4- one- 3-
yl car bo am noj - (benzyl oxycar bonyl am no) pr opi oni ¢ aci d,

3-[7- [Qmﬂhy@lazwsiumté’d withmmﬂ?hatyhyﬂlﬂsﬂﬂmerbt\'hyK)-35R31 dnialtumuecbqulimﬁémmf:dl one-3
yl car bonyl am no] - 2- ( n- but oxycar bonyl am no) pr opi oni ¢ acj

3-[7- [bi:tﬁﬁoaa%tﬂrrrfgszfsgﬁ K%‘) heteroataps pRdepen nay'ﬁffl%%&am%ﬁ Red £ one- 3-

yl car b?ﬁ‘&’ {u% L@ 6‘3%‘33’ ns{ﬁﬂ%’ k@d@%w%‘}@&#@@'sﬁ?&%ﬁtgd with 0-3 R2.

3-[7-[(1 ropyr|n1 anlno uor odui nol i ne-4
- one- 3- ylcarbonylanlno] 2 (benzyloxycarbonylanlno)proplonlc aci d,

3-[7- [(tetrahydrop ringd- a no) met hyl. nmet hyl - 6 dlfluorqu|noI|ne 4
- one- 3 yl caf¥BR3INg q}) @dz Byamr?@ms@%a %ﬁ’g}? éwa%t)fﬁfmraﬁiﬂpé tg &yhyeh they

3-[7- [the%tttﬁéﬁ&ﬁ%ﬂﬁ?yr! m d- 2-yl am no) met hyl | - 1- et hyl - 6, 8- di f | uor oqui nol i ne- 4
- one- car bonyl am no] - 2- ( phenyl sul f onyl am no) propi oni ¢ aci d,

3-[7- [(tetrahydropyri m d- 2- yl am no) nmeflhyl ] - 1- net hyl - 6, 8-di f | uor oqui nol i ne- 4
-one- 3- yl carbonyl am noj - 2- ( n- buyg sl sul fonyl&@m nopr opi oni ¢ aci d,
3-[7-[(2-am not hi azol - 4- yI)rreth;# byt~ 6, 8-di f | uor oqui nol i ne- 4- one- 3
yl car bonyl am no] - 2- (benzyl oxycar bo yéarB: 0) propi oni ¢ aci d,

3-[7-[ (i mdazol in-2-yl am no) nmet hyl ] edhyl - 6, 8-di f | uor oqui nol i ne- 4- one- 3-
yl carbonyl am no] - 2- ((2, 4, 6-tri mggdyl pkenyl )l f onyl am no) pr opi oni ¢ aci d,

R?22 and R23 are independently selected from the group: H, R24, C1-C ¢ alkyl substituted
with 0-3 R24, C,-C1 alkenyl substituted with 0-3 R24, C5-C¢ alkynyl substituted with 0-3 R24,

aryl substituted with 0-3 R24, a 5-10 membered heterocyclic ring system containing 1-4
heteroatoms independently selected from N, S, and O and substituted with 0-3 R24, and C3_1¢

carbocycle substituted with 0-3 R24;

alternatively, R22, R23 taken together form a fused aromatic or a 5-10 membered

heterocyclic ring system containing 1-4 heteroatoms independently selected from N, S, and O;

a and b indicate the positions of optional double bonds and n is O or 1;

R24 is independently selected at each occurrence from the group: =0, F, Cl, Br, I, -CF3,
-CN, -CO2R25, -C(=0)R25, -C(=0)N(R2%),, -N(R25)3*, -CH,0R25, -OC(=O)R25,
-OC(=0)OR?52  -OR25, -OC(=0)N(R23);, -NR26C(=0)R23, -NR26C(=0)OR252,
-NR26C(=0)N(R25),, -NR26SO,N(R25),, -NR26SO,R253, -SO3H, -SO,R252, -SR25,

25



3-[7-[(tetrahydropyrimd-2-ylam no)nethyl]- |

- et hyl - 6, 8-di fl uor oqui nol i ne- 4- one- 3-

yl car bonywarmned192- ( (2, 4, 6-tri net hyl phenyl ) sul f onyl am no) pcagisosrzssaci d, 26

WO 03/ 062198 PCT/ US03/ 02380

3-[7-[ (i mdazol - 2-yl am no) met hyl ] - 1- rrethyl 6, 8- di fl uor oqui nol i ne- 4-one- 3

yl car bCH’{éébﬁimaO]SO%N(ﬁzﬁz,dN@iQﬁzﬁfl e qlh MESIR 2B ottt G Rh@pi oni ¢ aci d,
1- net

3-[7-[ (1'm dazol - 2yl ani' fio) net 26, 8-difl uoroqui nol | ne- 4- one- 3-
yl car begynanpldinofetiidxsnayd,oxycar bonyl am no) propi oni ¢ aci d,

3-[7-[(i mdazol -2-yl am no) et hyl ] - 1- net hyl - 6, 8-di f | uor oqui nol i ne- 4- one- 3-

yl carbonyl am no] - 2- ((2, 4, 6-tri met hyl phenyl) sul f onyl am no) propi oni ¢ aci d,
3-[7-[ (i m dr2BIR22a nh@mm@aerea&mﬂdkpelmeﬁlywec@d&t didhl deehRstee Tl e pfoupe- 3

yl car bonyl ani no] - 2- (( 4- bi phenyl ) sul f onyl ami no) pr opi oni ¢ aci d,

3- [ 7- [ hydrpgrarasid-Cr-Gb alkivho) net hyl | - 1- met hyl - 6, 8- di f | uor oqui nol i ne- 4- one- 3-
yl car bonyl am no] - 2- ( 1- napht hyl sul f onyl am no) propi onic acid, 3- |

7-[ (benzi m dazol - 2-yl am no) net hyl ] - 1-met hyl - 6, 8-di fl uor oqui nol i ne- 4- one- 3-
yl car bony!| amid@phatmaleitidaldy docepiableghlptiersolf) sul f onyl ani no) pr opi oni ¢ aci d,
3-[7-[(4-met hyl i m dazol - 2-yl am no) net hyl ] - 1- met hyl - 6, 8-di f| uor oqui nol i ne- 4-
one-3 yl carbonyl am no] -2-((2, 4, 6-trinethyl phenyl ) sul f onyl am no) pr opi oni c
acid, [0067] In embodiment of the invention the a3 targetmg moiety may be:

3[7[(45d|rrethyllmdazol | am no) et h 131n'ethI-68d|fluorqu|noI|n
- one- 3-[7-[(im1dazolin-2- ylammo;/methyl] 1-methyl-6,8-difluoroquinoline-4-one-3-
C

R e e SR R

uor oqui B{[W[Oﬁndazohﬂ—zaylaryimamhhmmlam:uhgalj-é R-diflihrdqiGnalireredinBp he n-

f
u[ Q’B‘@%}O lﬁ“‘?‘z‘ﬁ eﬁ%lﬁ:@f%ﬁého?ylfm%)mplogmgacbq »f | uor oqui nol i ne- 4- one- 3-
rbonyl agi ﬁqlmﬁa&sﬁné gﬁ{ﬂfﬁﬁrr&etﬁlgﬁt&%@r}ﬁyllé,ﬂlcﬁf?ﬁafb@ﬁh&ﬁ)epd _gRd-9nic acid, 3

7-(2-am no
8- dlyfclatbony)lqmnmjlrz ﬁebmmwecazquy@amibo)pwmimqid 2-

, 4, 6-t | f I '
7-1(7- ;'zgﬁznéffﬁ& ﬁ%%zsﬁafy%l’ %ﬁyﬁ @ﬁg ﬁ'gT(f:% (go%lihfl?lm?r%aﬁ‘? Aol i ne- 4- one-
V! cashanshomhel-2tbdyuflotimRbibabagutiisul fonyl am no)proptoni ¢ aci d
[ (benzi m dazol | am no) nmet hyl'] hen?/I6et hHuor_ 6, 8-di f| uor oqui noI i
4-

one- | 33y déeteyiramyrimiggrdapineNnehatilgnethyl-6 8-difluoroguinoline-4-onc-3-

ylcarbonylamino]-2-(benzyloxycarbonylamino)propionic acid,

N0 TN

3-[7-[(tetrahydropyrimid-2-ylamino)methyl]-1-methyl-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-(n-butyloxycarbonylamino)propionic acid,
3-[7-[(tetrahydropyrimid-2-ylamino)methyl]-1-methyl-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-(phenylsulfonylamino)propionic acid,
3-[7-[(tetrahydropyrimid-2-ylamino)methyl]-1-methyl-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-(n-butylsulfonyl)aminopropionic acid,
3-[7-[(2-aminothiazol-4-yl)methyl]-1-methyl-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-(benzyloxycarbonylamino)propionic acid,
3-[7-[(imidazolin-2-ylamino)methyl]-1-methyl-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-((2,4,6-trimethylphenyl)sulfonylamino)propionic acid,
3-[7-[(tetrahydropyrimid-2-ylamino)methyl}-1-methyl-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-((2,4,6-trimethylphenyl)sulfonylamino)propionic acid,
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3-[7-[(pyridin-2-yl am no) net hyl ] - 1- (2- phenyl et hyl ) - 6, 8-di f| uor oqui nol i ne- 4-
one- 3- yl car bonyl am no] propi oni ¢ aci d,

3-[7-[ (i nwoaBmbiins 2- yl am no) met hyl ] - 1- ( 2- phenyl et hyl ) - 6, 8pdiTfuS0anz3qui nol i ne
-4-one-3- yl carbonyl am no] propi onic acid, 27 WO 03/062198 PCT/ US03/ 02380
3-[7-[ (i m dazol - 2-yl am no) met hyl ] - 1- (2- phenyl et hyl ) - 6, 8- di f | uor oqui nol i ne- 4

-one- 3- yl carrbgnii @rbNeRnfRG IRFinfbthyl-6,8-dif] line-4-one-3-
3-[7-[(im dazo‘l(?PnIZ yl aJr>r'1 no) n)g{yﬂf/y? 2/ phenly ug'fohqyllrio-IgGS %ﬂeﬂ uor oqui nol i ne

- 4- oneyBarbphyglamixu]y-Enl - dm}eﬂ?}tl(sbmwfﬂwabfanﬂemm@mmmﬁma@m onic acid,

L et
3-[7- [SfchiHéﬁ)Zl@er{b]zz QUeﬁi?l&%)c%bﬂMhﬂmlge‘)llﬁr%p%ﬁm&@t hyl') - 6, 8-di fl uoroqui nol i ne

-4-one-3- yl carbonyl am no] - 2- | su %I ani no) pr op| oni ¢ acid,

3-[7-[(im déi{a’r[(lnml’dzyl &Tﬂmpmdﬂwl -1 matylgh@difluerdguinelied-eiiefI-uor oqui nol i ne

3] 7 CreaP PSR ST b AR R80T 8751 11 wor oqu

l'ine-4 oaqﬁaﬂm@w@mmﬁ@ dbmﬂyu@wqarohmwﬁom&mmmpi oni ¢ acid,
[(tetrawé ropyrimd-2-ylam nolg met hyI ]-1-(2-phenyl et hyl )-6, 8-di fl uoroqu
nalearboplanmnali - Hhiphenshsubenyamine) prepipnixasihr bony!| ani no) pr opi oni ¢

[(tetr ah[ pf)nﬁ?/arzimrhza'-laér-"n?)meth % eﬁ‘;}(l 6§Ld t %qeul ycihg'? ﬁty?]}e % 6, 8-di fl uoroqu

ng}cérboﬁyﬂarrﬁnqﬂu;elr hnqmwyaamifnm}laﬂn(opﬂnepmhmﬂcfcbnyl am no) pr opi on| c acid,
tetrah -yl am I 8-difl

ne- 4 L‘é‘ﬁ%rt%pn%%% ) P O T L Ot PP AR i e aci 0,

[ (& nﬁﬁ(ﬂzﬁ A0 r)ﬂé?ﬁﬂﬂlényﬁsﬁl%n@ﬁ%ﬂﬂ&ﬁ%}ﬂ&hc £i8; di f | uoroqui nol i ne-

g yl car bonyl am no] - 2- ( phenyl sul | am no) propi oni ¢ aci d,

[ (2- arrBf[GE h4 mﬁiyhmlqrazplfé{yﬂwﬂu]mltnqtl.?ylbhenglhydtd;&-ld)ﬂl@r@mldlmadf@mﬁ nol i ne-

| d,
D FicataR e 2 e A iR D 3D N PRSI 5885 01 §1 ot oqui nol i ne
4- gne 3yl ggrhenyldantiighmriatdl2-Aakritd)ymeRi Yl -plReRYb)ssanhedyLiasiing)phepi oni c
C

i
3- [ 7- [ Btxdearbonpdanoingl-2 1% O-tyymathy ipbyridishifopylamimp)pspingicaetdy| ) - 6, 8- di f | uor oqu
noline-4- 3 17 14 5.6,7-tetrahydrobenzimidazol-2-ylamino)methyl]-1-methyl-6,8-

no
[7-
nol i
cid,
[7-
nol i
[ 7-
nol i
[7-
one
[ 7-
on
[

3
3
in

ac
3
3
3
4-
3-
4-
3-
a
3-
i

difluoroquinoline-4-one-3-ylcarbonylamino]-2-((2,4,6-trimethylphen-
yl)sulfonylamino)propionic acid,
3-[7-[(pyridin-2-ylamino)methyl]-1-methyl-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-((2,4,6-trimethylphenyl)sulfonylamino)propionic acid,
3-[7-(2-aminopyridin-6-yl)-1-methyl-6,8-difluoroquinoline-4-one-3-ylcarbonylamino]-2-
((2,4,6-trimethylphenyl)sulfonylamino)propionic acid,
3-[7-[(7-azabenzimidazol-2-yl)methyl]-1-methyl-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-((2,4,6-trimethylphenyl)sulfonylamino)propionic acid,
3-[7-[(benzimidazol-2-ylamino)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-
3-ylcarbonylamino]pro-pionic acid,
3-[7-[(pyridin-2-ylamino)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]propionic acid,
3-[7-[(imidazolin-2-ylamino)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-3-

ylcarbonylamino]propionic acid,
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one- 3-yl car bonyl am no] - 2- ((2, 4, 6-tri net hyl phenyl ) sul f on-yl am no) pr opi oni c
aci d,

3-[7-[ (i nwoaBmb2128 yl am no) et hyl ] - 1- ( 2- phenyl et hyl ) - 6, 8- dipidTuIs0s/ozs8MmoOl | ne- 4
-one- 3- yl carbonyl am no] - 2- (benzyl oxycar bonyl am no) pr opi oni ¢ acid,

3-[7- [(i m dazol - 2-yl am no) net hyl ] - 1- (2- phenyl et hyl ) - 6, 8-di f| uor oqui nol i ne-4

- one- 3 yl caplyonmyiindddzoP}- ?an(%!)@d% DRKERRAP)BIOMNABIoGu RS |ife-4-one-3-
3-[7-[(im dagoJIWZ ylzam no) rrlet hyl ] ﬁ ((ZJaphIggéylg%hyl) 6, é)alél f Iluor&rqlﬁl nol i ne- 4

- one- 3¥1091Ib@a)’119@ﬁ}ﬁ1 piepIwjc &id,( 2, 6, di chl or ophenyl ) sul f onyl ani no) pr opi oni ¢

gm[(; [(Z?mvgag %‘2&21%]“? o‘ﬁ‘?f‘%ﬁ@ﬂli%gﬁ izﬁkgﬂ\}llet&'nﬁ § dglugrod}ufr}o&lgpoqcmegol i ne-4

- ong 3y1cxﬂb@ﬁy1a@1md am(uaﬁ:]cyl&q(céx%oéylﬁmiﬂd)}smbm creq)y! ) sul fonyl am no) propi oni ¢
acl

3-[7-[(im dai&[(@@'clzahvﬁos)lmmﬁmthm(12(2mi@nyl|e@t\/ﬁy& §-dglgragivinalisedepriendl i ne- 4
- 3- d,
2017 LIS BRI o oy Rt BB et 1 - 6 6 11 or oqui nol

ne- 4-one 3-[7-[(imidazolin-2-ylamino)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-3-
3-yl car bonyl am no]. - 2@%\(2 4, 6-trimethyl phenyl%sul fonyI am no) propi oni ¢ acid,
3- [ 7- [ viearhepKpminglda F’nﬁsﬂ}foé‘bﬂa%l)“ﬁﬁfoﬁiﬂ]n}‘i‘i“ 2- phenyl et hyl ) - 6, 8-di f | uor oqui

nol i ne-4- 7- thyl]-1-(2: thy]):6,8-difl line-4-one-3-
one- 3-yl car 84 Jlgnrlﬁiar%g m (l 2m2)néet¥1 rre(t tPhle gm}/lp) sul our?yr/ “#ﬁ"’n‘oepr%“& oni c

aci d, Slkpibopyldmbnddidvet h;ty]smhfma/ianﬂlmd)pycbmmmaéldet hyl ] -1-(2-phenyl et hyl ) -6, 8-

e R D
35, 6, 7- HRs- Bm&%ﬁlhm Qiggéalzylaxydamnw}rnﬁ&)h}vdﬂmﬁc bddaphenyl ethyl)-6, 8-
di fl uoroqui'nol i né-4

-yl car bonyl éfﬁ71{6]3trﬂ1>’@(®ymnﬁd12r)ilmmhimfpthhlﬂn)I-()'Zsr!heflbanBrﬁ Hrd)fooqsiugnsilioe-4aci d,
h | h di fl | -
gn[e73[ ()H%(éa?'ﬁl%ag%yqygarwm ?9%$F901k%arP yrlr%[' ﬁ{(} pﬁﬁé‘ﬁy’lc)ag ? on;/l a%oﬁlggglr gg. |02Iec4

aci d, -[7- [(tetrahydropyrlmld 2- ylammo)methyl% S -phenylethyl)-6,8-difluoroquinoline-4-
3-[7-(2-am nop%qudln 6- phenyl et hyl ) - 6, 8- di Iuoroqw nol i ne-4-one-3

y| car b&R§Pafksannylanino]- -(@@MSH’&W@M})I@WHWHW ani no) propi oni ¢ acid, or
3-[7-[(7- a_Z @-tﬁf[&leﬂll%ﬁ%yn%ﬁ-ﬁ%ﬂ%Hletijrylﬁ—%—@tﬁ{%}@l%ﬁl@}ﬁl-é,g—glfﬁlo%cfu I%?lqlg-qgl n0| :

ne- 4-one-3
yl car bong-Bayitanednylangiad]- ﬁ—(ﬁ-bumlsuﬁbinyl)anhﬁombbmuicfamrﬁgl am no) propi oni ¢ aci d.

E ﬁnej |p§|r g'ﬁlis Ogﬁ IYEJ;{EZO gﬁy@?}g g@i 4- )H}{]getﬁ}ylﬁ) 1 C(%—phgrrlyletigﬂ r66\8 Ih(%lruopoqumohkg Jnré%-
ylcarbonylamino]-2-(phenylsulfonylamino)propionic acid,
3-[7-[(2-aminothiazol-4-yl)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-(benzyloxycarbonylamino)propionic acid,
3-[7-[(imidazolin-2-ylamino)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-((2,4,6-trimethylphenyl)sulfonylamino)propionic acid,
3-[7-[(tetrahydropyrimid-2-ylamino)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-
one-3-ylcarbonylamino]-2-((2,4,6-trimethylphenyl)sulfon-ylamino)propionic acid,
3-[7-[(imidazol-2-ylamino)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-(benzyloxycarbonylamino)propionic acid,
3-[7-[(imidazol-2-ylamino)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-(phenylsulfonylamino)propionic acid,
3-[7-[(imidazol-2-ylamino)methyl]-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-((2,6,dichlorophenyl)sulfonylamino)propionic acid,
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fluorochem cal liquid and the conponents of the |ipid/surfactant coating
are fluidized in agqueous nediumto form an enul sion. The functi onal
conponentwoaB/obties surf ace | ayer may be included in the omcgiusab/omssul sion,
or may later be covalently coupled to the surface | ayer subsequent to the
formati on of the nanoparticle enmulsion. In one particular instance, for

exanpl e, whgie. ﬁmldﬂiﬁi @Jypanﬂﬁé)%e&wlpexz?ﬂe@gaﬂyl) BI8-@iflusroy SinbAnd28-ohBGL uded,
t he coating cationi ¢ ~surfactant and the nucleic acid adsorbed

to the ybarbDaEI@HMQ]e?r((éHé @meﬁh)dm}@nb’kisﬁlfﬂnmm@@mmqm appropriately

prepared, es _tha i agent s optain a
multiplicit 9%8%"[? f'%'ﬁljﬂm]g tﬁ&éﬁﬂ}& pﬁ?nﬁﬂg}/l:) 625{1 'gru gs 8}1%“8%%6 toll?gr?3
nanopal’ytdaﬂioﬁijlafm{rm CB{(héblph%ﬁyl)wlfaﬁ 1amaidSroPGhiAISRE/ 02380 contai n hundr eds
or thousands of rml ecul es of the biol ogl cally active agent, targeting

ligand, r adildr(henzigudagali2otaming)eeshyl]-d2-nhaevethybds8-tuorgsnoliBe-4-q56nt s,
the ”“méaﬂ% EORLEE2 ?{2 ﬁg.gglﬁgﬁgg@ﬁ%yﬁsﬂlfé) r?ﬂ&ﬁ@%mc%&% nanoparticle is

typi call gxcess 6 es -per nore pfeferably 10, 000
copi es per Bé[Wt[(4}irEthyiitmdldzohD4yB1rrnhe)‘nfﬁtl@b]-‘1 (3PhEDQethgld, Sdiflubrogoineline-4-

pr ef erabl% 50, 000- 100, 000 o e _copi es per article. The nunber of

t ar get ORgr é’é‘@r‘i‘?@yﬂﬂﬁmob%n(@r‘b@ énmgtht/lyg?wé)spkfo %‘EIHOBFORIH%‘C@F‘Her of several
hundr ed whi gl ides, and

bi ol ogi cal | gqgggﬁgﬁg%gﬂ%ﬁ%&g g%m;i/dgj @I@Qq ?8%11760 R € nanopartl cl es need
not coudifhionoqumadineid-orer 3+ ykgbdohylatamodSn@? 4l6- trMMh)tl]ahaygt)adfonphnnmajpw;omc
directly coupled to a a, (33-specific |igand, are useful thenselves as
uItrasBéf}d contrast agents. Further, because the particles have a

f1 uorocarbon. [¢q(<e5 6]¥9teFaH%%b%hhﬁmﬂa%§PQ%'ﬁﬁﬁmo)rﬁ@Hyl g- (Q%ﬂe%ﬂetﬁ?ﬁ-@ g-o track

the location of the particles concom tant with their additional

f unct i drtnodependlined-ervolylcationglemino] t%@Zﬂrﬁ%ﬂrm@tbﬁphﬁrwbm&nm@mnmgﬂm n
mul ti pI e..copies renders themuseful in other respects. For instance, the
i ncl usi SH of a chelating agent containing a paramagnetic ion makes the

enul si on ussf[yl[(Hgiden-0BYMeho EndtIBAPNIDGRenyTRE Y NG, & Qiflub RYLIndYRE Y-one-BR e

i ncl usi on of biol ogical I% active materials makes them useful as drug
del i vewiﬁamf/@ﬁﬁnoh%é(% Hinehdphewpdfimytamine pepiopkaddt hem usef ul ei t her

gshte?erapeu%gﬁage s 1°nc d'g'g )f{ P Eeﬂgﬁ) 8% d]}{ilhasalgﬁ&lllrﬁ%s4 b3l 70! 19,

i magin suc uorescein or dansyl.

Bi ol oglydxakﬁoylyaaﬁhnoﬂa §Qeg- mmm]yylbleenyl)clhlﬂﬂ@thmlﬁo)ﬁsuiﬂid)rﬁ& acidtor of such
act|V|t|esna incl.ud s, .images can be obtajped of targeted
fPesube ot ORI-Chmaberimidest oD anCap e Bt E FRGtoRgne is-On 037 1]

Tpet ﬁm&lc’%&%ﬁ\?laﬁﬂﬂo]bﬁ((ﬁr4%%£&hylﬂh&y[)§ﬂ%yﬁm1ﬁ?fp%ﬁ&x idgqgndi ng on the nature

Preparation Methods

[0068] In a typical procedure for preparing the emulsions of the invention, the
fluorochemical liquid and the components of the lipid/surfactant coating are fluidized in aqueous
medium to form an emulsion. The functional components of the surface layer may be included
in the original emulsion, or may later be covalently coupled to the surface layer subsequent to
the formation of the nanoparticle emulsion. In one particular instance, for example, where a
nucleic acid targeting agent or drug is to be included, the coating may employ a cationic
surfactant and the nucleic acid adsorbed to the surface after the particle 1s formed.

[0069] When appropriately prepared, the nanoparticles that comprise ancillary agents

contain a multiplicity of functional such agents at their outer surface, the nanoparticles typically
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conponents to be included in the coating. In a typical procedure, used for
illustrative purposes only, the follow ng procedure is set forth:

Per f | uor owotoglotriesi de (40% w v, PFOB, 3M, and a surfact 20T/US03/M3%¢ ur e
(2.0% wv) and glycerin (1.7% wv) is prepared where the surfactant co-
m xture includes 64 nole% |l ecithin (Pharmacia Inc), 35 nol e% chol esterol

( Si gma cGheim Hudlired$6x tho@afdsloMMbRéles of the biologically active a%ent, targeting ligand,
di pal m t oyl - L- al pha- phosphat i dyl - et hanol am ne, Pierce Inc.) dissolved in

chl or ofratienuchdeiangieriRE carpeasoregsnt. nFardd Rberaitragt-agsntg, the npmberref capigedf 4 n
titrated .01 ; ] 9 0 factant | ,
br ef or SEFPOREY tesEPHE IR s o ffags AR R e e 8 S P Se b s <

evapor aideél ptefieetly 10000 edpips pgyaftitle, diill @tbré preferfC30800UiNd seM@forever ni ght
and di spersed into water by sonication. The suspension is transferred into

a bl emederablyp0080nIHRi008 ochiose penriesoner rrtialee rlihe APMRERE ¢f tgegetingagB&RY| br oni de

A R A W e L e S R
M cr of lradichucHdesandsbiblogicallvactivefdgantdiscsocGaarjabend cont i nuously processed at

20,000 PSI _for _three mnutes. The conpl et.ed enul si.on is vial ed, bl anketed
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[0071] The emulsions can be prepared in a range of methods depending on the nature of the

components to be included in the coating. In a typical procedure, used for illustrative purposes
only, the following procedure is set forth: Perfluorooctylbromide (40% w/v, PFOB, 3M), and a
surfactant co-mixture (2.0%, w/v) and glycerin (1.7%, w/v) is prepared where the surfactant co-
mixture includes 64 mole% lecithin (Pharmacia Inc), 35 mole% cholesterol (Sigma Chemical
Co.) and 1 mole% dipalmitoyl-L-alpha-phosphatidyl-ethanolamine, Pierce Inc.) dissolved in
chloroform. A drug is suspended in methanol (~25 pg/20 ul) and added in titrated amounts
between 0.01 and 5.0 mole% of the 2% surfactant layer, preferably between 0.2 and 2.0 mole%.
The chloroform-lipid mixture is evaporated under reduced pressure, dried in a 50°C vacuum
oven overnight and dispersed into water by sonication. The suspension is transferred into a
blender cup (Dynamics Corporation of America) with perfluorooctylbromide in distilled or

deionized water and emulsified for 30 to 60 seconds. The emulsified mixture is transferred to a
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the coupling. Alternatively, the enulsion may contain reactive groups which
bind to linkers coupled to the desired conponent to be supplied separately
whi ch it swlofo3menivai ns a reactive group. A wi de variety offcapmosezsses to
constructing an appropriate kit nmay be envisioned. Individual conponents
whi ch make up the ultimte enul sion may thus be supplied in separate
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ot her materials whi are provided separately fromthe kit itself. [0073]
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the a, s(8RthEARihNGrea®Panticle N wOMGHERIRefiSlidabeat 397UhshQades ligRup! ed to
targeting agent and contains reactive groups for coupling to an ancillary

mat er i sdafteprgsubmoeron paiticle semanalyaebidalvera Zgtasizagd. ddelverndngtrunentelghi ng
¢ but . . e SRy’ o ‘i t
or 1 naSpunBRhe, b ESmidEinglsatotighE abN LAl Rbubauchbk se SRR Sy bBe o

conpr i giaR@tdrdRsSthah a00 amt Urindodipdrage drudvanderifova tar digllysis onultdaditSdiol\O
03/ 062198 PCT/ US03/ 02380 Iigid,layer contain different reactive groups,
one setechriapesadio Rravige hajareebing Hgand( amoyBs figand 15 saupledervatsntly &9 ther "1 eact i ve

. . 1 < i . f
gr oups P%%@ﬁ{hﬁ@%%d&%@ﬁ&%ﬁ aBl fﬁﬁég{oﬁﬁﬂ 1RfkePhn tﬁ‘?’g}o%édlﬂé d@sQHBQq %Bé’gg'b any o

the fo I'ng-co I ons eret reactive groups are supp y a

| i nki ng agent. Applications [0074] The emul sions and kits for their
preparation Le useful in the nmethods of the invention which include

i magi ng of sues containing high expression |evels of a,,P3 integrin,
and wher[@072]s sirsemiléibnsefthe wpittashanbd preparsd ancused diesttlyinl the nietheds oBnt .

H gh expression levels of a"P3 are typical of activated endgtheljal cells
and ar d1edBYRITIgRrAdhgisorppRISHs Of fhsremuyleignsaey batyppéicd {fﬁ'@??gqmwélﬁi é(j&ﬁ&‘?i c
radi op i gal s._ 1, Dd i inj j : ually in
L2, pOVBRTREpHL 2, i) S on iR LB ORI

pr ef er atateriabstin duffehosan dyophilized 3@ Ohlterhatagl i ¢he latspeay ochdd a deimaef theown
procedur e

"t T o EROE Rk e he duG Y LA TG SPRAFER. (Ben PR RgPBhtE {0 5
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cl i ni c#he gordaion senixed svithdbatpegatinggeents eftnetsghgbinding. of theCiardeting agenyeo/iei nTM
to 1-2 equ%s/io%l%sfeﬁ{ A separate container may also provide additional reagents useful in effecting
the coupling. Alternatively, the emulsion may contain reactive groups which bind to linkers
coupled to the desired component to be supplied separately which itself contains a reactive
group. A wide variety of approaches to constructing an appropriate kit may be envisioned.
Individual components which make up the ultimate emulsion may thus be supplied in separate
containers, or the kit may simply contain reagents for combination with other materials which
are provided separately from the kit itself.

[0073] A non-exhaustive list of combinations might include: emulsion preparations that
contain, in their lipid-surfactant layer, an ancillary component such as a fluorophore or chelating
agent and reactive moieties for coupling to the o, targeting agent; the converse where the
emulsion is coupled to targeting agent and contains reactive groups for coupling to an ancillary
material; emulsions which contain both targeting agent and a chelating agent but wherein the
metal to be chelated is either supplied in the kit or independently provided by the user;

preparations of the nanoparticles comprising the surfactant/lipid layer where the materials in the
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OctreoTher TM a | abel ed somatostatin peptide. For such therapeutic

radi ophar maceuticals, there is a balance between tunor cell kill vs.

nor mal orwer3bexpgEity, especially radiation nephritis. At pCrhssgoizsvel s,

t he bal ance generally favors the tunor cell effect. These dosages are

hi gher than corresponding i magi ng i sotopes. [0077] The nmagneti c resonance
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these levels, the balance generally favors the tumor cell effect. These dosages are higher than

corresponding imaging isotopes.

[0077] The magnetic resonance imaging contrast agents of the present invention may be
used in a similar manner as other MRI agents as described in U.S. patent 5,155,215; U.S. patent
5,087,440, Margerstadt, et al., Magn. Reson. Med. (1986) 3:808; Runge, et al., Radiology (1988)
166:835; and Bousquet, et al., Radiology (1988) 166:693. Other agents that may be employed
are those set forth in U.S. patent publication 2002/0127182 which are pH sensitive and can
change the contrast properties dependent on pulse. Generally, sterile aqueous solutions of the
contrast agents are administered to a patient intravenously in dosages ranging from 0.01 to
1.0 mmoles per kg body weight.

[0078] A particularly preferred set of MRI chelating agents includes
1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA) and its derivatives, in

particular, a methoxybenzyl derivative (DOTA-NCS) comprising an isothiocyanate functional
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| sol ated by renoving the solvent, followed by rinsing the renmaining solid
W th excess water, to renove excess solvent and any un-reacted or

hydr ol yzeaoDamee1bCS. 33 WO 03/ 062198 PCT/ US03/ 02380 fN: s POT@SoB/m3® |11 H N
Il /N\n/ N NvNO \II N PO=-CHON~HOHOO HOOODO

Di i sopropyl carbodiimde N hydroxy succinimde O=P-OH 2 | O-(CHZ)CHI

Et SN Celg,y ?/w[mﬁl éathepr@c&ipféon Qe arhih&Broup- o@ﬁhosp@aﬁﬂbﬂ@tﬁahbﬁmlr{e%%a CH3 step

O O PE™O ~ Trifluoroacetic acid H/N/ Ow
HOR2C~J pblmdeﬁeﬂvatlﬂeﬂ Ifbrm—rbp@ot“\h Dirmﬁtlvms of thisypeH@E descripedsin IIJISI—IP@G)ZH 0 00O
5,573,752, incorporated herein by reference. Other suitable chelating agents are disclosed in
U.S. patent 6,056,939, also incorporated herein by reference.
[0079] The DOTA isocyanate derivative can also be coupled to the lipid/surfactant directly
or through a peptide spacer. The use of gly-gly-gly as a spacer is illustrated in the reaction
scheme below. For direct coupling, the DOTA-NCS is simply reacted with PE to obtain the
coupled product. When a peptide is employed, for example a triglycyl link,
phosphoethanolamine (PE) is first coupled to t-boc protected triglycine. Standard coupling
techniques, such as forming the activated ester of the free acid of the t-boc-triglycine using
diisopropyl carbodiimide (or an equivalent thereof) with either N-hydroxy succinimide (NHS) or
hydroxybenzotriazole (HBT) are employed and the t-boc-triglycine-PE is purified.
[0080] Treatment of the t-boc-triglycine-PE with trifluoroacetic acid yields triglycine-PE,
which is then reacted with excess DOTA-NCS in DMF/CHCI; at 50°C. The final product is
isolated by removing the solvent, followed by rinsing the remaining solid with excess water, to

remove excess solvent and any un-reacted or hydrolyzed DOTA-NCS.
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For use as X-ray contrast agents, the conpositions of the present invention
should generally have a heavy atom concentration of 1 nMto 5 M
preferably ~ Mto 2 M Dosages adm ni st ered by i nt ravenous |3j\8c}<on

will typi Iy rangef om.05 o 1.5 reﬂer
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i ncl udi ng r heunat oi dHoqrt hritis, areas of irritation such as those.affected
by angi opl asty resultlﬁg in restenosis, tunors, and areas affected by
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[0081] For use as X-ray contrast agents, the compositions of the present invention should
generally have a heavy atom concentration of 1 mM to 5 M, preferably 0.1 M to 2 M. Dosages,
administered by intravenous injection, will typically range from 0.5 mmol/kg to 1.5 mmol/kg,
preferably 0.8 mmol/kg to 1.2 mmol/kg. Imaging is performed using known techniques,
preferably X-ray computed tomography.

[0082] The ultrasound contrast agents of the present invention are administered by
intravenous injection in an amount of 10 to 30 uL of the echogenic gas per kg body weight or by
infusion at a rate of approximately 3 pL/kg/min. Imaging is performed using known techniques
of sonography.

[0083] The methods of employing the nanoparticulate emulsions of the invention are well
known to those in the art. Typically, the tissues of interest to be imaged or treated include areas
of inflammation, which may characterize a variety of disorders including rheumatoid arthritis,
areas of irritation such as those affected by angioplasty resulting in restenosis, tumors, and areas

affected by atherosclerosis.

34



100841 The follow ng exanples are offered to illustrate but not to limt
the invention. Preparation A Part A -

DSPE- PEG(w00B)babei m de- Mer capt oacetic Acid Adduct 0 H HPCH@S03/02386
N,/-YN( "ON-OO0 O 0O " 45101 C-P-ONa 0 O OO0 [0085]

1, 2- Di st ear oyl -sn-d ycer o- 3- Phosphoet hanol am ne- N- [ Mal ei m de( Pol yet hyl ene
A ycol )2000] is dissolved in DM and degassed by sparging with nitrogen or
argon.  Tiifisq OMRGBNOGRS KAhiich AR diferdfiotfibidid Buehlbl & 1ini BN kA and
treated mer capt oaceti c acl Stirring 1s contlnue

tenperatures until analysis indicates corrpl ete consunption of starti ng
materials. The solution is used dlﬂslg dhdord R the follow ng reaction. Part B
- Conjugation of the DSPE- PEG( 2000y tvaier i de- Mer capt oacetic Aci d Adduct
Wth 2-[({45f t? R) -2 BRiogec , 1) - 3-

sul f opropyl i€ Jmeviep o= at et iyt
sul fonyl)am noI(ZS) 3 (7 [(| ol -2- yI am no)rrethyl] 1- met hyl - 4- oxo( 3-
hydr oqui nol yl ) car bonyl ﬁ )g;(ﬁnm Aciqg O 0O HHNOH NNNHNHLN
~ 0=S=OH®S, OO0 H-= gﬁ/f T YN® N~O HOH 0fOO0 4
SO O=P-ONa H®BS 0 0 0~ © O  O=P-ONa

[0085] 1,2-Distearoyl-sn-Glycero-3-Phosphoethanolamine-N-[Maleimide(Polyethylene
Glycol)2000] is dissolved in DMF and degassed by sparging with nitrogen or argon. The
oxygen-free solution is adjusted to pH 7-8 using DIEA, and treated with mercaptoacetic acid.
Stirring is continued at ambient temperatures until analysis indicates complete consumption of

starting materials. The solution is used directly in the following reaction.

Part B — Conjugation of the DSPE-PEG(2000)Maleimide-Mercaptoacetic Acid Adduct
With 2-[({4-[3-(N-{2-[(2R)-2-((2R)-2-Amino-3-sulfopropyl)-3-

sulfopropyllethyl}carbamoylpropoxyl-2.6-dimethylphenyl}sulfonyl)amino](2S)-

3-({7-[(imidazol-2-ylamino)methyl]-1-methyl-4-oxo(3-

hydroquinolyl)}carbonylamino)propanoic Acid

H HMN\‘)\OH
N_N H NH
e N os0
HO3S . o)
H X o H H
O\/\/U\N’\/NTK\N Y\S N\/\[(NVO NJ\Q
H o) o) o) 450  0:=P-ONa
o)
o)
o)




O 0 35 WD 03/062198 PCT/ US03/ 02380 [00861 The product solution of Part
A, above, is pre-activated by the addition of HBTU and sufficient DIEA to
mai nt ai n WA B/621980 the solution is added 2-[ ({4-[3- (N {2dr{ise)/es8¢ ( 2R) - 2-
am no- 3-sul fopropyl )-3 -sul fopropyl] ethyl } carbanoyl)propoxy]-2,6

di met hyl phenyl } sul f onyl ) am no] (2S)-3-({7-[ (i m dazol - 2-yl am no) net hyl ] - 1- met
hyl - 4- ox@ gﬁa | e peuicaebivlidn SAPRORYARNE, H@b&t&ﬁ@%a%I% g}dlm%ftﬁﬁer@%aﬂ' on
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Part B ti.t]l T Mbdel and
Pr cpar 43R ORI God e e TRESREER Snd Whi ¢ o Rabbi ts (-2. 0
kg) V\Bﬁﬁnaﬁﬂﬁﬁ&@l}lsﬁﬂ&l hhna) ?ZtS)aﬁ(J{S’%hﬁﬁazoKQIﬂé’ﬂﬁﬁS)rﬁ&ﬂyﬂﬁﬁLrﬁ&hﬂﬁﬁ bf§3and 13

nmg/ kg, respectivel yg hind 1eg of each ani nal” was aved, sterile
pr eppedt}'éﬂ@dumﬂ]f}’ﬂ)l}car Q@damm@mrowmqaqldvamb@ﬁ rselwpma suret gt moat:@mpnrtatm a
smal | _incision ? tB Qp 2 carci noma

Cunor PPAGATGEendD 40 BEPb TR iy AR ng Ind e fradicts BGA S, 2375 "D

dept h @iepafam@ﬂpmtaloybt@nﬁ]mg\ﬂaéemp@jnd pl anes were reapproxi mated and
secured with a single absorbable suture. Finally, the skin incision was
seal ed with Dermabond skin glue. Followi ng the tunor inplantation
procedure, the effects of xylazi negxgrsleneversed w th yohi nbi ne and
animals were allowed to recover. [r 81 Twel ve days after Vx-2 inplantation
rabbits were anesthetized with 1%Mumopdmagingf| uraneTM i ntubat ed,

ventil ated and positioned within the bore of the MR scanner for study.

I ntravenous sand RAREdLT b ps 4rQ§5rF§ﬁ*ﬂaxBlg?r_%@Qs’ n opposite ears of each
rabbit, were usegﬂfl{)'r—sys%erm—cg i oparticles and arteri al

bl ood sa[OpB’V]ngMaE: Nies Zealbad Wiete Rabbitn(~2d lez) weee enasthetizal eih pinysiuedudgi cal | y

byt he MRiE Syl '@53&55?‘“ S PRSI ABR OO Rd [ i na Svs%ﬁﬁéf’ved
[ 00891 Mved %t%% i&éﬁ?&ﬁ andM dﬁ%%%ﬂoe%g \%T/% g’[a&‘éﬁ%“ Hbf%‘iﬁ d,@;neﬁm

recei ving the argete non- ar geted nanoparti c es (148
36 ) inedgien dtsive the popliteal fossa. A2 by 2 by 2 mm’ Vx-2 carcinoma tumor fragment, freshly

obtained from a donor animal, was implanted at a depth of approximately 0.5 cm. Anatomical
planes were reapproximated and secured with a single absorbable suture. Finally, the skin
incision was sealed with Dermabond skin glue. Following the tumor implantation procedure,
the effects of xylazine were reversed with yohimbine and animals were allowed to recover.

[0088] Twelve days after Vx-2 implantation rabbits were anesthetized with 1% to 2%
Isoflurane™, intubated, ventilated and positioned within the bore of the MRI scanner for study.
Intravenous and intraarterial catheters, placed in opposite ears of each rabbit, were used for
systemic injection of nanoparticles and arterial blood sampling as described below. Animals
were monitored physiologically throughout the study in accordance with a protocol and
procedures approved by the Animal Studies Committee at Washington University Medical
School.

[0089] At 12 days post-implantation, Vx-2 tumor volumes of animals receiving the
o, B3-targeted (130 = 39 mm?) or non-targeted nanoparticles (148 + 36 mm’) were not
different (p > 0.05).
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different (p > 0.05). 36 WO 03/062198 PCT/ US03/ 02380 [0090] Twel ve New
Zeal and rabbits inplanted with Vx-2 tunors, as described above, were
random zewoiostoe21v$ir ee treat nent regi mens and recei ved eit Pemrush}/o13x6
(33-integrin-targeted paramagnetic nanoparticles (a,,(33-targeted, n=4),
2) non-targeted paranmagneti c nanoparticles (i.e., control group, n=4), or

3) a" (38090t eondie Neworlahild RAbith AhARREA Yifhov A2NeRBF! AcdLsridaldboved by a”
(33-integrin targeted paramagnetic nanoparticles (i.e., conpetition group,
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par amagnet i 8) nanop@rniagriegargBed ann-pafeRagnetgamnogaraclebicdliowed ba b, Brinesgrinon
and every 30 mnutes for each aninmal over two hours to nonitor initial

change A EFeEPYABRPESHR RABNREHLES; (he-t FRIMREATOR SEH®- RT¥cl e regions. Al tunors
4 ot _ . .
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results. e pa gneti ¢’ nanoparti cl és were produc escri bed
i n Fl ackstrol Parandignétic. nanofirticles folloving tAO@dqQuisiOdn d8ReliizAER iBapeaf [Iy, t he
nanoparti cul ate enul si ons were conprised of 40% (v/v .

per f | udiedBenlgnopp di ybrappitsyspeived .6 il{ke o s-antegnn-targeiert n@oRasmegietc 1. 7%
(W v) I rkn.an t [ nt | |l an 0: Tl fact ant
of congristaricid (¥ ghRiSort RRE TAERM Ritchaf o ¥ ERFRe s A s ™0 "Mt 06

| eci t hiprafnA¥aéiici nahepaaticlkd. D it MR im#A¥cabasd 66taindd it inchid afb&bpl Jst er ol
(Si grnalIp éheﬁalnacg‘.b, 1cSt. Lgﬁin}sl, I\/D;n,u% mol e% o inftc 9

di pal mintisytes for sagranimal,avet smbeumiorraoritopmmfial chaagesiin mignalenhanserasnt infe |
A st ko R0oIPEIOTEARN I MR AR PP
The  pmepeudiinagiof résdtOTPA- BOA i s described by Cacheris, WP., et al.,
tJefS er 2?2@3_5%186%1138;%%3%5%3% gﬁg@%&@%%%ﬂg&qﬁﬁa%ﬁ%@é&?q %gé‘? ge%alpr epar ed
0. 05 el D A e e Ry P
gl ycol poue]v) betfhuratcadbroylides@®FGIB)c2dwav) of a surfactant co-mixture, 1.7% (w/v)

glycerin and water representing the balance.

[0093] The surfactant of control, i.e., non-targeted, paramagnetic emulsions included
60 mole% lecithin (Avanti Polar Lipids, Inc., Alabaster, AL), 8 mole% cholesterol (Sigma
Chemical Co., St. Louis, MO), 2 mole% dipalmitoyl-phosphatidylethanolamine (DPPE) (Avanti
Polar Lipids, Inc., Alabaster, AL) and 30 mole% gadolinium diethylenetriaminepentaacetic
acid-bisoleate (Gd-DTPA-BOA, Gateway Chemical Technologies, St. Louis, MO). The
preparation of Gd-DTPA-BOA is described by Cacheris, W.P., et al., U.S. patent 5,571,498 and
5,614,170, both incorporated herein by reference.

[0094] o, B;s-targeted paramagnetic nanoparticles were prepared as above with a surfactant
co-mixture that included: 60 mole% lecithin, 0.05 mole% N-[{w-[4-(p-
maleimidophenyl)butanoyl]lamino} poly(ethylene glycol)2000]1,2-distearoyl-sn-glycero-3-
phosphoethanolamine (MPB-PEG-DSPE) covalently coupled to the o, f33-integrin
peptidomimetic antagonist (Bristol-Myers Squibb Medical Imaging, Inc., North Billerica, MA),

8 mole% cholesterol, 30 mole% Gd-DTPA-BOA and 1.95 mole% DPPE.
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phosphoet hanol am ne ( MPB- PEG DSPE) coval ently coupled to the a"
(33-integrin peptidom netic antagonist (Bristol-Mers Squi bb Medi cal

| magi ng, woas/oeNesth Billerica, MA), 8 nole% chol esterol pC3USNBHBB6

Gd- DTPA- BOA and 1. 95 nol e% DPPE. 37 WD 03/062198 PCT/ US03/ 02380 [ 0095]
a43-targeted non-paranmagneti c nanoparticles were prepared in an identical
fashi on h ' i jqt:hap ;o cale ilic
Ga3r chel B BB o PR R e P Beared 1 it AR

i ncr easetheltageted formukdionekelding e atditioastferlglophili2 &Gdtbtielgte, WIAEOGhs The
conponents. for. each panoparticle forpul ati on were enmul sified in a ML10S

M cr of ISHIPS&F‘E%‘{‘Q %‘ir?%‘:@PP%WtBTGI ‘ﬁ‘it}éilné’ée?sqm’\ﬁﬁ‘?? 0%%)2986@6‘3%131 for four
m nut eg;g FRRe,)conpl eted emul sions were placed in crinp-sealed vials and

bl anketed with ni trogen. [0097] Particle sizes were determned at 37C with
a |l aser 0086t Boatormponenss furteaticnawppdickei foineulatsireemrainsifed MEVIY EO$

I nstrunent s, . Mal ver,n rcesjershire, U nd, t centration
nanopaﬁﬁcfﬂm@%n‘éﬁﬁﬁm’F@“F‘518%HWéo%mﬁ?{&op t@lr}gr @Pﬁ@llt‘lit‘?seﬁfhepart icle
vol uweceﬁlﬁ&tea%ﬂnmnswa%meam Glrfp-SéA& HhBlahd BlAhk&BA Withsieyeni n Figure 1 -
nost of the particles had dianeters |less than 400 nm [009

Per f | uor B99tlbotariddasiees vereidsrernunsd @ed Brvite d laaen lghy aeatichng sebngroaphastidlsi ng

flame _ianizati etectjon | 68 i l,ent chngl ogi es, Inc,

w i ngPRandRies Mg pReA R ok Wit VRSN B g oh&imaligFof oo,
pot ass ingAdpaptible i Meaichlatidnfsia thewtihidalparticl®fize (iR, panile wilame af gsfHerel). %
octane in Freori) was vigorously vortexed then conti nuouslég a%i tated on a
shaker Thepaniglesize diggbutipias shewst indsigurgdi-dBost 8F the Raticlesi had shaseeterp fass lana
silica,ggl,,col um and stored at 4-6C until analysis. Initial colum
tenperature was 30C and ranped upward at 10C/ mn to 145C. [0099] The
gadol i ni [0898]onRezfiborotarbérecermhtsition svas@stedeined mitheghs bhronetd graghyasing\fiameon

anal ysi.s .in. a 300, k u react Landsbergey,.. S., ical Apalysis by
Nucl ear®NEARBgstect Mo 580 Aglénigfec ﬁagg?,%gd%{@lwcgﬁﬂ&wmgy%
(1994) herflidfocatdhR emubfiof bt ARItR 165, ssiuRPIRRPGHE G ShiR$ arﬁlﬁiﬁg ?nga;f ed from

t he ratio of the concentrations o®f d + and thHe esti mated. nu _
nanopanttemkbstardard (9l % ootasé onEredom’) addivigoooysly hataxed thenepnfimwugf agathd on

par amagnet.i ¢ noparticle, formul ati on were asured at Q.47 Tesla and 40C
N th RS S OARER o n€ (s R ey RS gheRia s el Shucin B0
stored at 4-6°C until analysis. Initial column temperature was 30°C and ramped upward at
10°C/min to 145°C.
[0099] The gadolinium content of the emulsions was determined by neutron activation

analysis in a 300 kW nuclear reactor (Landsberger, S., Chemical Analysis by Nuclear Methods,
pp. 122-140, Z. B. Alfassi (ed.), New York: Wiley (1994)). The number of Gd** complexes per

nanoparticle was calculated from the ratio of the concentrations of Gd>* and the estimated
number of nanoparticles in the emulsion. In addition, the relaxivities of each paramagnetic
nanoparticle formulation were measured at 0.47 Tesla and 40°C with a Minispec Analyzer
(Bruker, Inc., Milton, ON, Canada).

[0100] The characteristics of the particles are shown in Table 1.

[0101] Concentrations are reported relative to the total emulsion volume in liters. Relaxivity
values (r; and r,) were determined at 0.47 Tesla and calculated relative to [Gd**] or

[nanoparticles] as indicated.
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[ 0100] The characteristics of the particles are shown in Table 1. |

Concentrations are reported relative to the total
values (rl1 and r2) were determ ned at POTABOYesB@ and

[ nanoparticles] as indicated. 38 WO
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liters.
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calculated relative to
03/ 062198 PCT/ US03/ 02380 Table 1 Physi cal
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a,.[13-Targeted and Non-Target ed Nanpgaeti cl es

Non-t ar
[ Gd3+]

PRNfALaRE
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enul si on vol ume i

Chem cal
a,,[33-targeted

0101]
n

P GBI IR RO Db Nallodfing’

Gd3+ lons |/ Particle 94,400|92, 400, M) - [ Gl L9 1 r2|(s*nmV-1

[Gd] 22.924.6 rl (s*mM-' Part?&%%'lgf,{%%o,ooo 1, 9%&[)5%&%5 (s*nmW -

[Particl e] 160,000 2,270, 000 B. netic Resonance | i ng and Hi st ol ogy

Pr ocedur es l%aﬁti %f'z?&%rp?/e days after |¥?grmr i mpl lant at i on, “the ani nal §

under went | scannj on a|1.5 Tegl.a clinical scanner Interajwith

Mast er Gaﬁ’é’ﬁﬁ?erw{}ﬁgﬁs Medi cal S slgems, Begt, Net heQ'é nds). Ea¢h ani nal

was pl aced inside guadrat @ire head/q ck birdcjage coil with an 11 ¢m

di anet er dilFdul&m™Mhr f ace coi | posi bi gned against the h?Adl i mb neard the

tunor. Theg 19iluadrature body[coi I was _used for [alT radi o-irequency

transni ssi|dn¥1{M& birdcage ¢oi| was288ed for [detecti on®fring scouyt

i magi ng; gnd the surface colt was used for detjection during migh-

resol uti on [Padigleab(MM) 10 m |syringe®fidl 1 ed with gadol i nflisn

di et hyl engtrmammepentaaceticacrd (Gi-DTPA) goped-water—was ptacgd w t hin

the hi gh- r|eSdT derisdPafticdé d of view OR@0P and sefved as92480gnal intensity

st andard. [[f61631t—TFumors—were¢initiatty tocatized—at—the—st+te—of

i npl ant at i an (stintM) 2[GA- wei ghted turB8.1 spin-echo scan (4Rl 2000 ns,| TE: 100
O H hi

s, FOV: 150-mm

[0102]

stHee—thteknress—3—m—mat+i¢—128by
r; (s*mM)” [Gd] 22.9 24.6
r (s*mM)'] [Particle] 1,800,000 1,950,000
r; (s*mM)” [Particle] 2,160,000 2,270,000

B.

Magnetic Resonance Imaging and Histology Procedures

Tesla clinical scanner (NT Intera with Master Gradients, Philips Medical Systems, Best,

Twelve days after tumor implantation, the animals underwent MRI scanning on a 1.5

Netherlands). Each animal was placed inside a quadrature head/neck birdcage coil with an

11 cm diameter circular surface coil positioned against the hindlimb near the tumor. The

quadrature body coil was used for all radio-frequency transmission; the birdcage coil was used

for detection during scout imaging; and the surface coil was used for detection during high-

resolution imaging. A 10 ml syringe filled with gadolinium diethylenetriaminepentaacetic acid

(Gd-DTPA) doped water was placed within the high-resolution field of view (FOV) and served

as a signal intensity standard.

[0103] Tumors were initially localized at the site of implantation with a T,-weighted turbo

spin-echo scan (TR: 2000 ms, TE: 100 ms, FOV: 150 mm, slice thickness: 3 mm, matrix: 128 by

256, signal averages: 2, turbo factor: 3, scan time: 3 min). A high-resolution, T|-weighted, fat

suppressed, three-dimensional, gradient echo scan (TR: 40 ms, TE: 5.6 ms, FOV: 64 mm, slice

thickness: 0.5 mm, contiguous slices: 30, in-plane resolution: 250um, signal averages: 2, flip
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256, signal averages: 2, turbo factor: 3, scan tine: 3 mn). A

hi gh-resol ution, Tl-weighted, fat suppressed, three-dinensional, gradient
echo scanwQbBR062488 N5, TE: 5.6 ns, FOV: 64 mm slice thiclpaadgasso3/02380 mm
contiguous slices: 30, in-plane resolution: 250m signal averages: 2, flip
39 WD 03/062198 PCT/ US03/ 02380 angle: 65, scan tinme: 15 mn) of the tunor
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pi xel - by- pi xel %nal enhancenent .in g tlhe RO was c {?cul ate at each
ti nepo.uﬁtsnsnxag%a&a nareint yes npemalized {0 e Jowsliae usss ip e relgraee gMplinhn

st andargl,dgy| §Et‘129 an est»t;@e ShuiRhy %bg%?éteﬂé’a%n@ %ﬁﬁs%rﬁ%ée&%h@a?@é%ﬁlﬂ& i mage

for eacﬁ ani mal el s were consi ed enhanced when signal intensity was
i ncr eaf«acbablypgeb%ateecrh sthanthimneenetpOIm;sAnﬂﬁ)lswm.mmmlldeivavm aronndbé pottien ofinor
si gnal .baseline (i.e., enhancenent  greater 99% of the varl atl on
Seon et BB EitSel i e beS AR dad e Gee PHOLDY Pt

sur r ouRglididthé ROIvAR RalRh KM%t Bhdh tHRépoBNh ANERBond ROE was FRMES 1 dr@wh taﬂﬁxnd the

cal cul ations as noise. The renalnlng enhanci n i xel clusters were nmapped

back t@lmbreandﬁma@taed d@tnatloa@féhﬂjtuwr AigNYtveas oa iake bmhwmaagéorm gnal
i ncrease atn ealga) esw TE C I’lwg T et earnm g I’lSSt aé[ I1 n51t wam% (? al
perforr?%%!‘%’%‘ sl et Sonered Eafrnchdighen R A E’é&‘s" Ens

I nstit whd, thre@@ames t}N@tandIf@@etvrfmmh dmmamwglgmﬁapaésahﬂd(z leSieABarcBBent Yekater
procedur e 9&9 [0106] After |mag tunors were resected for

hi st ol dlgn Rrrelof nhﬁﬂﬁrw@tse%m@trhag@w)t%ﬂ Wreinh@mﬂwml&ébwubwwélrﬁ&l assess
associ af 6 MARGH! A depix A0 dHIIEQRRLE NWete rehtHTRE FMPIE chicBBGBns as noise. The

remaining enhancing pixel clusters were mapped back to the immediate, 30, 60 and 90 minute
images and the average signal increase at each interval was determined. Statistical comparisons
were performed for tumor and muscle for each timepoint using ANOVA (SAS, SAS Institute,
Cary, NC). Treatment means were separated using the LSD procedure (p < 0.05).

[0106] After imaging, tumors were resected for histology and immunohistochemistry to
verify tumor pathology and assess associated vascularity and angiogenesis. Tumors were frozen
(-78°C) in OCT medium with known orientation relative to original anatomical position and the
MRI image planes. Four micron frozen sections (Leica Microsystems, Inc., Bannockbum, IL),
fixed in acetone at -20°C for 15 minutes and air dried overnight (4°C), were stained with
hematoxylin-eosin, murine anti-human/rabbit endothelium antibody (QBEND/40, 1:10 dilution,
Research Diagnostics, Inc., Flanders, NJ), or a murine anti-human o, 33-integrin (LM-609, 1:200

dilution, Chemicon International, Temecula, CA). Immunohistochemistry was performed using
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(-78C) in OCT mediumw th known orientation relative to original anatom cal
position and the MR imge planes. Four mcron frozen sections (Leica

M crosystwo3/ob118 , Bannockburn, IL), fixed in acetone atrCTAGa3/61380 15

m nutes and air dried overnight (4C), were stained with hematoxylin-eosin,
murine anti-human/rabbit endothelium anti body (QBEND/ 40, 1:10 dilution,
Resear 1 LGS, 4 i ha :
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CA) . | mavekirStaehentedmatstaied pemioscmed mshylgreed QuMBrQ3iM62%A8 Slides were
PCT/ US03/ 02380 the Vect ast ai &ér) Elite ABC kit (Vector Laboratories,
Bur | i ngevissvedonitiya dakon Edlipse Ep@epsearethmigrascone Yikpp WS AyMelkille, NY) equipped

count rwgt‘h%i 1@%93 ‘%‘1@% %é?ﬁég? ?I%Iééel@%lglyf RN %Bﬁlrg@cvitﬁ%%rf&?&gin qug%rie.d es were

reviewed wit research"m cr oscope
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captured w Ni kon -1 soft e Results of Inmagi ng and Hi st ol ogy
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a" (133-t qoyet|e T, -RaiRIFE MR iinGeRVTARNV D Gh@6T faB¥RAIEEviRg B Kadodidirr ease in MR
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t he tupaemagnétisimangparaclegeyealedymarked ncaease meMR eerdrast yphady) ajtheegnnitn a
pat chy distribytion, adjacent .to.bl god, vessel.s, and ang t.i ssue fasci al

ot or 1 SEUETRp Joed5h ity e A mies sptondtens dhr nikett SHBREEST oo e
VX- 2t yiRdafly s6Q inQbRkalyRfstiiBRion3afc8 80 8Riod WERIsRalaldn3ltRARShicigl stri but ed
within a few i ndependent regions ~along the tunor periphery and found | ess

ext ensinverfacesKigi 3. ithstologyand dhmy pmigal assesgmentsaf the Vi-Athemerser sed

o harc S SENed lah an RS 56 thostShiendtd BRI RGN W Mo BRI @8lons

det ect @R‘)\I}\E the tagio® PerigHerp gl RUAMRSE Sxt&oREWithin ihfthtafiotd odfectial @dsuy/ghots | ow
| evel s, i ch was presumabl ﬁ attributed to a | ocal extravasation of
nanopartfrepesed betwerpumor eelhlobulen g Heovascul ature at 30 minutes (Fig. 4).

o L Py Py AP0y 5 A

rabbi t saddpanices wistdetdcha iﬂe}iérﬁwaﬁgdgmm@@dﬂ 4 fEdr @5 edtivil 2 g atle(yolo%)
relative to the non-targete nanoparticle effect (p < 0.05). Bl ockage of

a43- i nteglsi whightwas pigsumaplyattabyied 6eia insal exgepvasetion ef nanogarticleg thiawglar ti cl es
ST S P _ ' . N :

reduced B ShGeRyRil A B il e BfE ) SEEERR MM IpLoaRh LS |
si gnal waf tetettablelaifigh3® snimedsovA ftdrako abiis) the hegnitadd cfGadnal @thaneencas sibad

| eakage, confirmng the specificity of the )
rabbits treated with the o, 3-targeted nanoparticles increased (56%) relative to the non-targeted
nanoparticle effect (p < 0.05). Blockage of o, B3-integrin sites with pretargeted non-
paramagnetic o.,B3-nanoparticles two hours before injection of the a,3;-targeted paramagnetic
particles reduced the targeted contrast signal enhancement in half (p < 0.05), to a signal effect
slightly below that attributed to localized neovascular leakage, confirming the specificity of the
targeted nanoparticles.

[0109] In addition to the tumor capsule, contrast enhancement was shown in a patchy
distribution among many of the vessels within the fossa and in particular, within the wall of
larger veins located only a few millimeters from capsular regions of angiogenesis. In one
example, the magnitude of contrast signal enhancement determined for a venous angiogenic
signal in close proximity to the tumor capsular signal increased in parallel over time, suggesting

a source and target (data not shown). In many instances, angiogenesis stimulated in nearby
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targeted nanoparticles. 101091 In addition to the tunor capsule, contrast
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and i iR cYrsrtiare Hﬁﬁyﬂnﬁeﬂk Ctsfﬁ_hgnP‘g‘?ﬂi?a?ﬁe“ﬁ%%iﬁ%“éatE% mﬂgvrar@a“ af
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negligible staining for the a 433-integrin. These %I ndings illustrate the

speci f iobtained @i amolabsowitiahistolegicatly veofibetumati Higology iand enmipdtigodenicaasses

;LgmN;ﬁB r&l% g ggénsmanlt;ﬁgsrﬂeg gon%innlecrir%%laﬁlcqtyooff végcr?l art ? ?nl fhe Ainor peéphé\lé?/%relh System
adjacent tissues with negligible staining for the o, B3-integrin. These findings illustrate the

specificity of molecular imaging to help differentiate viable Vx-2 masses from tumor remnants.

Example 2

Imaging of Atherosclerosis

A. Model System and Nanoparticles

[0112] Both targeted and non-targeted nanoparticles were prepared as described in
paragraph A of Example 1. The characteristics obtained were similar - the particles contained
6.17 mM Gd, or about 94,200 Gd atoms/particle. The nominal particle size measured by elastic
light scattering (Malvern Instruments, Worchestershire, UK) was 273 nm with a “polydispersity
index” (or distribution bandwidth) of 0.15.

[0113] The actual T1 and T2 relaxivities (rl and r2, respectively) of the particle formulations
were determined with the use of standard inversion recovery pulse sequences and multiecho

sequences applied to pure samples (nanoparticles present at 59 nM) placed in a quadrature
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[01121 Both targeted and non-targeted nanoparticles were prepared as
described in paragraph A of Exanple 1. The characteristics obtained were
simlar -wols/opapsicles contained 6.17 nM Gd, or about 94C200802380
atons/ particle.- The nom nal particle size measured by elastic |ight
scattering (Malvern Instrunments, Wirchestershire, UK) was 273 nmwith a

" pol ydbg@&ies chi¥ and REEEd vl a dinidal I BUtdysemb@Anis dThintdh C¥, Philipk @ckiddal The
actual Ti and T2 relaxivities (rl and r2, respectively) of the particle

f or nul 8ystemns, Bagk Nethpslandsyi dbel “whickbased’ il gad 62 valnemigapearainagnstis ingnopasiiddeser y

pul se seqguen a | ti e ljed 1O pure s I ”»
(nanop&’f‘fqlescsfg(ggérprplgfsjge;[r?;l R\ Fggg%@mggggggéi@fggn o] a&ersg?cglrv 81y429%0%§766%dzl98
PCT/ US@34:3vi8i89are i, 67dq0n0e 160030 a3 30eai0e 120,000 gechiMpaiicle)! BF r$yed &M
(Philips NT Inters CV, Phil igs Medi cal _ Systens, Best, Netherlands). The
"i oni cThessaetaxivitiogaee morathan e srdeesrofyaacaitadmatcater handiose farcomenergalhy essed
per i 0.6 (secnmV)-1 respectively.
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(secnM pat14d)cl Hye targetd nahopantclés2ach dhresiacd appaxxiviatal @30GE@0 capies dfltlen 5
orders of magnitude greater than those for comercially availab]e
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phar maé’&‘i?%’io?{ea‘fﬂﬂ?ﬁéﬁ‘g@ ,mgﬁgn%ﬁﬁﬁg{%ﬁbﬁé?ﬁw%%ﬁp%ﬁ?roI particles

exhi bi t g@114)di Bd indged fESBSRerb s, anBHA1E Net DEDRRANWHRS rabblid ok 3@ citird ugp

at heroscl erosis, 13 nmale New Zeal and White rabbits were fed either 1 %

chol estcholesterohtaP) ok standardiegbbit elayp (n=40 e §0rdazy. The cong@stdigprts WErReinisstedr ast
agents.were |nject Lnirayven j r.velin. in e _of : [ kg
oy wilgninduRhERh T e AT XA B B ondBlelhel .

gr oups dv&y. ETHisEskpediineangiotps Weretusédi mal s adm ni stered a43-targeted
paramagneti c. nanoparticles (n=4); 2) Hi gh-chol esterol rabbits adm ni stered
(1,,(33-tar det ed Gentshdietqningls adusstergd a%}s-tﬂgswdmtﬂrr@@p@m rabbits

adm ni %n’?J %ﬂ'c‘i‘é%QhL .geted control nanoparticles (n=4). [01161 Fol | ow ng
MR, a ortas ‘extracted for histol ogi cal assessnent. Routine

hemat oxyl i nRposi iigh-ahdlestgrolnabbiperdindnizrekdoom, Bi-tarpetbd narfopareidles @ bf i n

enbedded sections ?
%) High-cholesterol rabbits administered non-targeted control nanoparticles (n=4).

[0116] Following MRI, all aortas extracted for histological assessment. Routine
hematoxylin/eosin staining was performed on formalin-fixed, paraffin embedded sections (47m)
of aorta. Expression of a,; integrin in the aortic wall was confirmed by immunohistochemistry
of formalin-fixed sections with use of a specific primary antibody (LM609: Chemicon
International, Inc., Temecula, CA), and secondary antibody developed with VIP substrate Kit.
PECAM was stained similarly with CD31 primary antibody (Chemicon International, Inc.,
Temecula, CA). Images of neovasculature were digitized under high power (600x) with a Nikon
microscope and Nikon DXM1200 camera.

[0117] The experimental protocol was approved by the Animal Studies Committee of the
Washington University School of Medicine.
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of aorta. Expression of a43 integrin in the aortic wall was confirmed by
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acqui s f

| magi nlgtfya(%gv %Qgt ocC %%Xisﬁtﬁr]?n{i gil%taé J%'lﬁgégg(ssheb of grg%ﬂlgg&}\gngorggﬁ%ﬁg@tshgs howed
enhanceetected mfiagideplennt rast i mage in |locations verified as associated with
at heroscl erosis. [0120] Figure 7A (top) shows the inaged portion of the
aorta in longitudinal profile for a selected aninmal and tranverse slices
(bottom before Results2d Inagiug @sd Hﬁstmhemrismazt ment with targeted

nanopartioﬁl es,_and al so an exa | e of outp e@‘ﬁ‘? from a stom de.siagned i mge

segnent atdl&H aleeO‘PSFtoﬁFﬁrﬁ%?d%‘Q ticles phowed aqlcegwat %CWUHF‘HB? £ fual

aortic lééalx&?ssvenFe@ a§h&8é§hteh%t}$4§ﬁer@s@[érbsqs wal | is increased after contrast
injection (mddle panel), indicating the presence of

[0120] Figure 7A (top) shows the imaged portion of the aorta in longitudinal profile for a

selected animal and tranverse slices (bottom) before and 120 minutes after treatment with
targeted nanoparticles, and also an example of output from a custom-designed image
segmentation algorithm for quantitative signal analysis of individual aortic slices. The signal in
the aortic wall is increased after contrast injection (middle panel), indicating the presence of
targeted nanoparticles that have bound to the a3 integrin epitopes. Furthermore, the aortic
blood pool background is not confounding (note: low blood signal in lumen) in view of the
small doses of nanoparticles used and the “black blood” signal nulling procedure, which enables
immediate detection of contrast enhancement in the aortic wall without requiring a waiting
period for blood pool clearance of contrast agent.

[0121] Figure 7B shows the variation of contrast enhancement longitudinally along the aorta
for three selected rabbits. Overall, greater signal enhancement was observed in the high-
cholesterol targeted rabbits at practically all aortic segments. As shown, the percent
enhancement with targeted particles in the rabbit fed a high cholesterol diet was markedly higher

than either the enhancement of image using non-targeted nanoparticles in a rabbit fed a high
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target ed nanoparticles that have bound to the a,, 133 integrin epitopes.
Furthernore, the aortic blood pool background is not confounding (note:
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Var i abi |[0133]ofHisogics Hetefianimeeoh finmddtheicélbealiaatidn of ther)B; isgrite¢mtopened
for three rabbits 120 mnutes after treatnent and showed signjficant

si gnal WHEtRY wgewar enlothelinmgitA B saininggioryed thatfare wasreldingRaldhiskedpgr of
rabbi t ,adragy L6l @ ch@EIELEANANRRYNTY. nfRud R yR_AHETH d’i‘xﬁlysé?%@b«fa?é‘“dt s the

greater overall enhancenent, but "hot” spots re present “in all three
sanpl epronjifd? 3thirtihg farloogy at dhe divtwtitia-madin omsrfacenh ithendhdlasteen]l dfed mbhits aat | on of

the a, i nt egnn .epi t ope Wth t ascul ar endothel i um .H&E. st aj ni ng
showed PERAM BTG BGCHEGT VAEH R FAoHURER FRIGCal 2P BHOgHE thip 4MFFT Halopes
chol est@hehafeadrih-aiid BtcPfAky - THIEWAD 0636hRANRINICAbredRGhHR BTy [rEneBhSEsterol-
prom nent staining for a,,[33 at the adventitia-nedia interface in the

chol es fagrrabbifsedonfutyivig the arasenceCanexpanided mapa viasadimassogitast wila gdlamanatory
endot hel i.u colocalized with the a"(33 integnn epitopes at the
advent M8 redi a i nterface. This was observed much nore prom nently in the

chol est qoei4] f&drergaﬂbgrb&ingc@eéxhémtm 1B RMSBLHE -toriilcARANNST siaan
vasorum associated with inflammatory narkers. [01241 A "regi on-grow ng"
segnenineissies ayior therarticoralbiaages (pr A impgadh alisesyas dsvelapesh aﬂ‘e JoRcNgIen| es
within th icC | i ' Sl S » The
aorti c“%aﬂ(rrarsé%%%lseal&gio oé{hg%q gﬁnielg@ﬁgﬁqdﬁmngﬁgsleodr%ﬁg?d’ﬁgggé%?%r?gﬁgﬁ he use of
a seedalorittegimntgaovély dicreasddrbe sédniernitdibdred by evlluatial yhd sueioandiag pixets for
segnent ed area by evaluating the surrounding pixels for their E‘PI(Sm larity

to t hethsireiindadtyjo tegnavewdy srerented nixpde Qnosreprglietsmingd dhrethodtios d 1 or

similarity was reached, growth terminated. By increasing the width of this segmentation to
include the wall and subtracting the previously segmented lumen, only a binary mask of the
aortic wall and some additional background pixels remained. Further thresholding was used to
remove the background pixels so that only the aortic wall was segmented. After segmentation,
the mean intensity of the wall in each slice and time point was subtracted from the mean
intensity in the same slice at baseline. The algorithm kernel was adapted from a procedure
developed by Dr. Michael Brown at the Hong Kong University of Science and Technology
available at a www address of cs.ust.hk/~brown/.

[0125] This procedure was applied uniformly to all aortic data sets and produces a
circumferential region of interest for the entire aortic wall as illustrated in Figure 7A. MRI
signal intensity before and after nanoparticle injection was quantified within the entire
segmented aortic region at each level, and in adjacent skeletal muscle regions of interest that

were selected at random. Signal intensity was normalized to the signal from a fiduciary marker
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ent i r e sp&ifidally tabéted\@ishagbdnaéte.ed by 263 8%for aII rabbits. By 120 m nutes,
the signal fromthe entire aortic wall was enhanced further by 475.4% over
basel i nel013He larthe santrabflict cabhiis.|sigificant acstie Mal eahaicemert wassiperyed hat

receiv h hin 15

i mat e el G U AR ARRED RtRafloRR R IARE SR e Dl 1 D oot
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target ed enhancenent . %0127 t he fo trol -di et rabbi tsmcwgp%fl cant

aortic méq mcr@mgﬁ%%ﬁ:g}] %\)\;ag}"bs{a ancement in the entire ao

cholesterol-fed animals approximately doubled that for control-diet animals by 120 minutes.

[0128] The signal enhancement observed in the adjacent skeletal muscle (Figure 8B) for any
group at any time period was far less than that for any of the aorta groups, and just bordered
statistical significance (p<0.051). This trend was not related statistically to nanoparticle type or
to feeding regimen by ANOVA.

[0129] The data indicate that specific identification of 33 epitopes in vascular
inflammation is possible with high resolution MRI in vivo.

[0130] | Previous pharmacokinetic analyses indicate that particle clearance is biexponential
with a B-elimination rate of 1-1.5 hours. These properties are not affected by addition of the
ligand or the gadolinium chelate. Accordingly, the concentration gradient driving nonspecific
accumulation of molecularly-targeted nanoparticles in aorta or muscle should be diminishing by
120 minutes (which is consistent with the present data showing a plateau for nonspecific signal

enhancement in aorta: see Figure 8). On the contrary, the process of specific binding to a3
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i mredi ately after injection of targeted nanoparticles to a | evel equival ent
to that of the cholesterol-fed rabbits at that tine point (14.52.29%.
However, wbDtsmeAIours, the signal was little increased (28TA%03039380 Thus,

t he signal enhancement in the entire aortic wall for cholesterol-fed

ani mal s approxi mately doubled that for control-diet animals by 120 m nutes.
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nonspeci fic enhancenment” in aortic wall versus that for nuscle [Iikely

r el at et el stageathsaosslesesiof t he sinusoid-1ike vasa vasorum that provides
both a |arger distribution volunme, and sinultaneously a greater |ocal
concentration of paramagnetic nanoparticles that are | ess subject to
signal nulling by our particul ar "bEgakplbBood" imaging method. Because
inflow outflowin the vasa vasortgecf s l.ikely. to be nmuch slower than that in
the aortic lunen, signal nulling S re effective for the aortic

| bl 9od. pogl than f f. th 0131] Targeted .
par aagr13 rappHE 5, Beal i RS, BOOPE R ARkt oS Fockilos
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and/ or ang I n ear st age at her oscl erosi s.
blood gases and arterial blood pressure are monitored. Lidocaine, diltiazem, and/or

nitroglycerin are used to treat vasospasm.

[0133] Following peripheral arterial access and sheath placement, an appropriate sized
angioplasty balloon, e.g., 8 mm x 2 cm balloon catheter; Proflex, Mallinckrodt Inc., St. Louis),
is positioned at a cervical vertebral level (C-3 to C-5) and inflated multiple times (usually 3
times) to a pressure of 6 atmospheres for 30 seconds with 60 second pauses between inflations.
A balloon-to-artery ratio of approximately 1.5 is typically employed. This procedure produces a
consistent rupture of the internal elastic lamina and injury to the media.

[0134] Following the above carotid overstretch balloon-injury, an emulsion comprising
nanoparticles, as described in Example 1, is administered via a local delivery catheter system.
The delivery system is a paired balloon catheter or an mechanical perfusion delivery / vacuum

extraction system. Targeted- or control nanoparticles, or saline alone are delivered locally and
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Exanple 3 Restenosis Mddel [0132] Donestic pigs, healthy, diabetic, or
hyperli pidem c, are sedated with telazol cocktail (1 m/23 kg IM followed
by i nt ubawbDms/oexids 1- 2% i sof | urane anest hesia in oxygen. TireTESE/02380 ood
gases and arterial blood pressure are nonitored. Lidocaine, diltiazem
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with routine X-ray angi ography, can provide quantitative assessnments of
wal | injury that have prognostic inportance to subsequent

revascul awpaansam conpl i cations, including restenosis. [0P8T]USbsI02a8Wi ti on
to conprising the a,, (33 targeting noiety, the nanoparticles are supplied
with antiproliferative agents such as radionuclides, paclitaxel or
rapanmycin. 48 WO 03/062198 PCT/ USO3/ 92389 Cains 1. A nethod to deliver an
enul si on conprising nanoparticles to a target tissue, wherein said target
tissue is characterized by high levels of a,,(33 integrin, which nethod
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NIA R (l), inc i t | SoRL ¢ t _ 1 res of

st er eoi somarzi c flgl}%rgns t OZdrO%fa?fh?r %Bﬁg}%g%ggﬁdgg%ﬁgﬂgg@{edﬁmﬁbg salt or
prodrug fornms thereof, wherein: He conprises guanidyl or conprises a

heterocycl | S. M NgnE ok }?oldnolfncgainl\ll;Z, w'l’llereLmS thd lilglaﬁl & co%p'oxsmci\l of fonncﬁ%;(l) as set
forth in U.S. 6,130,231, or a compound as set forth in claim 1 of U.S. patent 6,153,628 or U.S.
patent 6,322,770;

all incorporated herein by reference.

4. The method of claim 1, wherein said ligand is a compound of the formula

O

= |

He—L'—/— A B CONRB—(CR®)), ;—M
N
G N
L
@)

including stereoisomeric forms thereof, or mixtures of stereoisomeric forms thereof, or
pharmaceutically acceptable salt or prodrug forms thereof, wherein:

Hc comprises guanidyl or comprises a heterocyclic ring containing N;

L' is a linker;

G is N or CR®;

R” is a non-interfering substituent other than H;

each R® is independently H or a non-interfering substituent; and
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RAis a non-interfering substituent other than H, each RB is independently
H or a non-interfering substituent; and 49 WO 03/062198 PCT/ US03/02380 M
conpri seswarn3optibonal | y substituted carboxylic, sulfonyli ectarsopbmsphori c
acid group or--an ester or amde thereof or is a 4- or 5-nenbered ring;
wherein each of ring A and ring B may optionally further be substituted

Wi th non- i § edrh@ideddn Sptisifally YEBtiSutedPeardd¥g lioRsuley1Rf, opb@dcsgh&ica@ﬂe up Mis
sel ected fromthe group consisting of: -CORB, -SQ3H, -PG3H, - NHSO2 CF3,
- CO\IHSO]ZRB?Ster@mHS%ZhHRBfOY is NHOOCEB1embgrRdaMISSC2RB, - NHSCR2RB, - OPO3H2,

- OSG3H, -PO3H2, . - N o S0 2NH N =) H and HO
O 6. The m‘%v'ltl_1| ﬁlggl %ggc? F{%%la}ndv%%gr%lim%}égﬁ 8n%§nf8gg%qecﬁu?é§%§t? %\J#lhg 8boi | | ng

| i qui dinteesfnewabaiannon- based nanoparticles that further conprise a coating
of i pi d/surfgact ant. 7. The nethod of claim®6, wherein said a,,R3-specific
ligand is coupled covalently optionally through a spacer to a conponent of

the |ipid/sygrfactradnetRAldfRbima, whRin®tibecle®éd fbmi the Srouphehsitimgd® d
nanoparticles further include at | east one nagnetic resonance | nagi ng

(MRI) cont r 8SORBg&813H, SPOFHhe GEVHNH SO, CEL aCONIS QpRP e CONBSQNERB ont r ast
agent is a chel ated aranBBgnetic iggn. 10. _The nmethod of claim9 }Q,herei n
sai d ch¥H&QGEs, LGP RS N HS@LRP RO r Q80 pd 3B e X0 HEPR o
1,4,7, gl)g tﬁ%{:ﬁaﬁgcycl ododecane-1, 4,7, 10-tetraacetic acid and the

par amag @zh 8h is gadoliniumion. 11. The nethod of claim®6, wherein said
nanoparticles further incluge at | eqast one biologically active agent. 50

WO 03/ 062198 PCT/ US03/ 02 0\‘,N N| \>-—CF3 V4
v Ay |
\ \
H H

N

0. The method of claim 1, wherein said nanoparticles are high-boiling liquid

perfluorocarbon-based nanoparticles that further comprise a coating of lipid/surfactant.

7. The method of claim 6, wherein said o, 3-specific ligand is coupled covalently

optionally through a spacer to a component of the lipid/surfactant coating.

8. The method of claim 6, wherein said nanoparticles further include at least one

magnetic resonance imaging (MRI) contrast agent.

9. The method of claim 8, wherein said MRI contrast agent is a chelated

paramagnetic ion.

10.  The method of claim 9, wherein said chelating agent comprises
diethylenetriaminepentaacetic acid or 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid

and the paramagnetic ion is gadolinium ion.

11.  The method of claim 6, wherein said nanoparticles further include at least one

biologically active agent.
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12. The method of claim 11, wherein said biologically active agent is a

hor none or pharmaceutical. 13. The nethod of claim®6, wherein said
nanopart i wioas/o62198 her contain at | east one radi onuclide. pcA/USOl@238®t hod of
claim 13, wherein said radionuclide is 99niTc. 15. The nethod of claim®6,
wherein said nanoparticles further include at |east one fluorophore. 16.

The method of cl @hdniihod WrekEh 11 Shdleih siAMRPBEICEIY Sctfvk UPER $CEhdImohé or The
met hod of claim 1, which further includes allowi ng the a,,03-specific

| i gandpharmagdutidali 0 t he targeted tissue; and obtaining an ul trasound i mage
of said targeted tissue. 18. The nethod of claim8, which further includes
allowing the a"(33-specific ligand to bind to the targeted tissue; and
obt ai ni ng allmgn®h¢ nethed ofialate 6] whereinghidszandparticlge furthet ¢asaie at 188t oibie

met hod of claim 13, which further includes allowing the a" X33-specific
Iigand“mfﬁmﬁ? to the targeted tissue; and obtaining an i mage of said
targeted tissue bound to the radionuclide. 20. The nethod of claim 11,

which further includeg permtting the a,,(33-specifig,.ligand to locate in
said desire -tar@é??waﬁgPéS “Eé?dwﬁﬁﬁpéﬁFHQ&P9a§ iiYe Lgent is delivered to
said target. 21. The nmethod of claim 20, which further includes verifying
the location_ of said nangparticles by detecting a_.19 F. netic resonance
signal. 51 WD o3Tb@21f§@dpé?hméswbqswaldz@nomc%mﬁver el & lspstsnewhi ch
furthehagg@hMges allowing the a,,P3-specific ligand to bind to the

t

targete ssue; and obtaining an inmage of the targeted tissue bound to the
fl uorophore. 23. A conposition conprising an emnul sion of nanoparticles

wher i n_sai deNaGAPALIG TR 1 sCoHBLEdaALIRAIA MRRGLGRC Tor a., (33

with the proviso that sai Igand 1's other than an anti 'y or fragnent
t hereof. 24. The conposition of claim23, wherein said ligand is a

non- pepti de 117.i ga%ﬂe method of claim 1, which further includes allowing the a,;-specific ligand
to bind to the targeted tissue; and

obtaining an ultrasound image of said targeted tissue.

18.  The method of claim 8, which further includes allowing the a, ;-specific ligand
to bind to the targeted tissue; and

obtaining a magnetic resonance image of said targeted tissue.

19.  The method of claim 13, which further includes allowing the a,B3-specific ligand
to bind to the targeted tissue; and

obtaining an image of said targeted tissue bound to the radionuclide.

20.  The method of claim 11, which further includes permitting the a,B3-specific
ligand to locate in said desired target,

whereby said biologically active agent is delivered to said target.

21.  The method of claim 20, which further includes verifying the location of said

nanoparticles by detecting a ' F magnetic resonance signal.
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25. The conposition of claim?24, wherein said ligand is a conpound of the
formula O He L1- A B CONRB (CRB2)1-3-M N 1A R (I) including

st er eoi soweroismef188 ns t hereof, or m xtures of stereoi soneripCTfsosrB238her eof ,
or pharmaceuti-cally acceptable salt or prodrug forns thereof, wherein: He
conpri ses guani dyl or conprises a heterocyclic ring containing Ny L' is a
linker; GigN orh&RBhoRAftRirR 1FORhitR filiHee cR@les WG ink RN, pOLRRIfd gRd H,
each RB is i ndependently H or a non-interfering substituent; and M

conpr i teelindite thptargaied tissugandt i t ut ed car boxyl ic, sulfonylic, or phosphoric
acid group [ a " rrenbered ring;
wher ei n eac%ﬁgﬁn %%iaﬁlghﬁg%%thre i’{!‘%rgagé ﬁ%sii/lg r?({)tr?atﬁ? ﬁu?ropg e€r be substitut gd
with non- interfering substituents. 52 V\D 03/ 062198 PCT/ US03/ 02380 26. The

corrp05|t|on f cla|m25 wherei.n Mis selected fromth r.ou conS|st|ng
of - - OORB, 22 s0afh o sBaton SerRiiRpen Erifioh QipRersr s Wtk eB e

| COCF3 biGeNd MNSEIP @3&2(1 GaBite prddstiifiat safOZHEIRRK
-SOZNH%HZOE ¥ ledwggégFﬁlSSpﬁgﬁ 37, andeI}-)IO 0. Z%t SaThgéﬁcorrposclﬂtl on

of cl athﬁlzsmwmarrﬁragmeattharﬁgﬁartu cles are high-boili ng |iquid
per fl uorocarbon-based nanoparticles, that further conprise a coating of
I i pid/surfactant. 28. The conposition of claim27, wherein said

a, , (33- spec?4.i ¢ Thygeemipasitianofsladap 23, wherein said ligand 1sanon-pept1de ligand.

25.  The composition of claim 24, wherein said ligand is a compound of the formula
O
/ |
Hc—L'—|/— A B CONRB—(CRB,), ,—M
N,
G N
IR
@)

including stereoisomeric forms thereof, or mixtures of stereoisomeric forms thereof, or
pharmaceutically acceptable salt or prodrug forms thereof, wherein:

Hc comprises guanidyl or comprises a heterocyclic ring containing N;

L' is a linker;

GisNor CRB;

R” is a non-interfering substituent other than H;

each R® is independently H or a non-interfering substituent; and

M comprises an optionally substituted carboxylic, sulfonylic, or phosphoric acid group
or an ester or amide thereof or is a 4- or 5-membered ring;

wherein each of ring A and ring B may optionally further be substituted with non-

interfering substituents.
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covalently to a conponent of the lipid/surfactant coating. 29. The
conposition of claim27, wherein said nanoparticles further include at

| east orwoOrmageEbPs C resonance i magi ng (MRI) contrast agentCTAGO3/113680
conposition of claim?29, wherein said MR contrast agent is a chel ated
paramagnetic ion. 31. The conposition of claim 30, wherein said chelating

agent is dpgt hylrRaedhpAMNTRMiASEwhereaCtMts 8816cttNRoRALA BRAP A stin@bfl S
gadoliniumion. 32. The conposition of claim27, wherein said nanoparticles

further inclCORBaiSO:ekaskO:IbREONIBNEGOREF .y CANH Y@ R e CONIBS0,NHBE,

conposition of claim 32, wherein sahd biologically active agent is_a

hor noneVHEPGharHEEODHSIR P, SHHS OB Mt FORODH. #aHim SPNHIWEPn sai d
nanoparticles further contain at | east one radionuclide. 53 WD 03/062198
PCT/US@%?@§§§@2R55. The conposition of claim 34, wherein said radionuclide
is 99mfc. 36. The conpositiypn of clgim 27, wherein sajd nanoparticles
further include at |east X oﬁ/s fl rogm(:p 37. e_gpnposition of claim 36,
wherein said fl uorophor4e/u\s | uorkbscéin. 38. A kilf for the preparation of
an enul si on of nanopart'cle§ targetad to tissue essing a,, (33 which

kit conprises at | east one dontai nerHt hat cadtB@®ns na®@oparticl es
conprising a ligand specific for a,,(33 and a linking noiety for coupling

to an ancillary ent. 39. The kit of claim 38, which further contains at

| eact one cOh ai MOF ORGSR RGNS 20 XPErelEAd PP Bnte NgToRTREIGHEY | he
pr epar ?&ﬂﬂ%roeﬁrbaﬂ-b%geal rhOFhr@¢1ed) M0 PHet 6bRFridcd GfaliRgof BpilisifMBant€XPr €SSi ng
a03 which kit conprises at | east one contal ner that contains nanoparticles
conprising a linking noiety for coupling to a ligand specific for a,,1i3
and at 'ea%g.onegﬁee&f}g&%n SREMCON WAL &id b Q?eéﬂ@%iﬂd%ﬁ&fpl@:” 41. A
conpound of the fornu 0O He L1- A'B CONRB ( 2)1 3-

covalently to a component of the lipid/surfactant coating.

29.  The composition of claim 27, wherein said nanoparticles further include at least

one magnetic resonance imaging (MRI) contrast agent.

30.  The composition of claim 29, wherein said MRI contrast agent is a chelated

paramagnetic ion.

31.  The composition of claim 30, wherein said chelating agent 1s

diethylenetriaminepentaacetic acid and the paramagnetic ion is gadolinium ion.

32.  The composition of claim 27, wherein said nanoparticles further include at least

one biologically active agent.

33.  The composition of claim 32, wherein said biologically active agent is a hormone

or pharmaceutical.

34.  The composition of claim 27, wherein said nanoparticles further contain at least

one radionuclide.
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~GN IA R (l) including stereoisoneric forns thereof, or m xtures of
stereoi soneric forns thereof, or pharnmaceutically acceptable salt thereof,
wher ei n: We donpps ses guani dyl or conprises a heterocycl i ®@CTiusg3/emst ai ni ng
N, L is alinker; Gis Nor CRB, 54 W 03/062198 PCT/ US03/02380 RAis a
non-interfering substituent other than H, each RB is independently Hor a

non-interfessng FHOSEpOBRIY ofMImM4C MIBFehS&%d ARIREHANRPI™rcsubsti t ut ed
carboxylic, sulfonylic, or phosphoric acid group or an ester or am de

thereof or is a 4- or 5-menbered ring; and wherein each of ring A and ring
B may optiongl |y TheEsMssitsh St XU WaEreM $did RARpaltiele Filer Z}gu&f%bﬂéawent S

coupled to a lipid/surfactant optionally through a |inker. . The conpound
of cl aione Adgroph@eei n the |ipid/surfactant is a phospholipid. 43. The
compound of claim 41, wherein the |inker conprises a polyal kyl ene gl ycol
and/ or a peptide. 55

37.  The composition of claim 36, wherein said fluorophore is fluorescein.

38. A Kkit for the preparation of an emulsion of nanoparticles targeted to tissue
expressing o, P3 which kit comprises at least one container that contains nanoparticles

comprising a ligand specific for a,f; and a linking moiety for coupling to an ancillary agent.

39. The kit of claim 38, which further contains at least one container that contains

said ancillary agent.

40. A Kkit for the preparation of an emulsion of nanoparticles targeted to tissue
expressing o, 3 which kit comprises at least one container that contains nanoparticles
comprising a linking moiety for coupling to a ligand specific for a,f3 and at least one container

that contains a ligand specific for a,f3;.

41. A compound of the formula

O

He—L'—&— A B )—l'—CONRB——(CRBz)H——M
G N
La
@

including stereoisomeric forms thereof, or mixtures of stereoisomeric forms thereof, or
pharmaceutically acceptable salt thereof, wherein:

Hc comprises guanidyl or comprises a heterocyclic ring containing N;

L' is a linker;

G is N or CRB;
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R” is a non-interfering substituent other than H;

each R® is independently H or a non-interfering substituent; and

M comprises an optionally substituted carboxylic, sulfonylic, or phosphoric acid group
or an ester or amide thereof or is a 4- or 5-membered ring; and

wherein each of ring A and ring B may optionally further be substituted with non-

interfering substituents
coupled to a lipid/surfactant optionally through a linker.
42.  The compound of claim 41, wherein the lipid/surfactant is a phospholipid.

43.  The compound of claim 41, wherein the linker comprises a polyalkylene glycol

and/or a peptide.
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