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*166166* Cross-Reference to Related Applications [0001] }'fy g éiwsl cation
clainms benefit under 35 U.S.C. 119(e) to provisional appki% \q No.

60/ 351, 39Gvo bd/@d1984 January 2002. The contents of this apghiusesens are

i ncorporated herein by reference. Technical Field [0002] The invention
rel ates to nanoparticl e-based enmul sions that are specifically targeted to

i ntegrins enploying a"y+4 o D9V re spemif
the invention rel ates %%Té?ﬁgﬁiptengﬁ%on- a%p?ﬁéegdls&@s’regc\i/b corrpoﬁmmwmmmmmm
such targeting. Background Art [0003] The val ue of nanoparti cul atg .
conposi tions conposed of perfluorocarbon nanoparticles coated w t '

surfact @pgssjkgmncgg)ﬁg%aiAb?ﬁceatiQ,iﬁpdi ng of desired conponents for inmaging
of various typeés 1s well éstablished. See, for exanple, U S. patents

5, 690, 907 : , sati : , ' i j

02/ 06052190({@;[%%5’?%%33 O Plithetilefitn gé?”r?gg?i%?g? 9o et %‘*’ﬁ@“‘?@?@‘?‘@nce.
These ddoubititls3Mdied 2hkaneary 280D nkheabnisats of iy appicdtion areriacopaated bérem t hat
are coupled to various targeting agents and to desired conmponents, such as
MRI irnag?’ﬁ “8%&nt s, radionuclides, and/or bioactive agents. O her
conpositions that have been wused for targeted inmaging include those

di scl osqdctinitaPkiEldoubl i cati ons WO 99/58162; WO 00/ 35488; WO 00/ 35887; and WD
00/ 35492. The contents of these publications are also incorporated herein

by referepom) [10QMentldierelatts @ghindpaticit-bdsedWuldionithd Srelspedifidall9 R gétedito | S
recogni zed as a marker for __neovasculature. It is relatively selective for
act i vat arfegsing smploying o Bxsnesifig trseug aptnts) Yigre sperificallysthe mveriondelates to

qui esceng Gebf Son BRBEE BRed MinpSHRRAGT Slchirk&ing t has been attenpted to use

antagonists to this integrin as anticancer dgents. Kerr, J.S., et al.,
Anticancer Res. (1999) 19:959-968 describe peptide mnetics which were
abl e t o BhekgreundeAmheovascul ature formation in a nouse nodel system U.S.
patent 6, 153,628 describes 1, 3, 4-thi adi azol es and 1, 3, 4- oxadi azol es t hat
are (43 afedjoritetvaluanfnamopartiailatetcompaesatians compdske of parfluorecrbanf di sor ders

rng![ :tsf gg)%g?p%ggileg %&'&85 %vﬁh a is&‘r?zlcya% pageri t(r)] ]cfelc?lmi]{ea Hn%qug ot%%re]sexre % rlilggn%;lés(%gf tunors,
imaging of various types is well established. See, for example, U.S. patents 5,690,907,
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 a, B3, 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 a,; antagonists and are said to useful in the treatment of disorders

related to angiogenesis, including inflammation, bone degradation, tumors, metastases,
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§0300002* 2 3 AUG 2006 WO 03/062198 PCT/ US03/ 02380 t hronbosis, and cel

. aggregation related conditions. U S. patents 6,130,231 annaamgzgpy7o .
di scl ose fused heterocycles that are cL, P3 antagoni sts and useful for the
same pur pyeEes/062198 does PCT publicati on WD 01/ 97848. [ 00F6T/UPAHINYY 01/ 97848
publ i cation discloses specific conpounds that can be linked to ancillary
subst ances, optionally through |Iinker noieties, wherein these ancillary
subst angRsmyBeY, and Bell tigheegation mtited éahditions. Ul patents 61138281 and6, 332618t i c

(i Sl osbscietsdiied ey ot o e AUE T PR 1 s AP Oh PR UAASS

contra . | igqgcont ai ni ng gaseous bubbl es. [00061 In addition
to i ts%&ﬁ%ﬁ@gﬁ%%%gw &alz%i vated endothelial cells, aA is expressed on

vascul ar (6005t Therbs0E9e848Ipmblicatioh disclosesrsnedi Bp priprounds thptecaphe ligkedito t he
| ature. Thi | i nd I ls to. i ' i
! hus. enieufpus s opuppaty gy e ol et dtherdth MR blibet By °

rol e i NifRab paRTuEidey, sabdinstd Mehll hembgneticesbnaice imiding, and ¥-ray bentiastnen. A
key conponent of restenosis, involves vascul ar snooth nEﬁcl e cel Ilt d

act i vat agents. Thisqrubkicatian plse diselgsesiths useiob Hhesq SRTERAUAGS Gouplef SyFeragitrgsqun
particul ar P31 L eeRHitzed as critical elenments in these
process%%mba%}m%rc@%it |1%ag&§g§*ﬁén£éea§?%ln to the extracellular matrix, inducing
extracel |[gb@6] N bdditicwtoits ekprasseonsin petbmtidendothelipl celts, wifb & XPESPA®Bt h nuscl e

cell magration. The Adntegrin is wdel.y .di st ot hel i al
cel |'s, ¥aschiar sipeath "‘Hﬂ’%&e&lﬁ’e@aﬁ*pgm’f?ﬁﬁﬁe&g fhef\?'%gsoqngf%g%‘ggbﬁpgr snoot h
nuscl e gghbRx 8ids MBI serraudiny Malfix bad issRwaingloydbyaekd inuberoursabf i
protein Iigands including osteopontin, vitronectin, thr orrbos(g d and

| n
denat ur edgttn. atesaslingl PP AR BIQHHIN SFHBPSIP RY AFHISHRS thednoyeayn |°Ff-‘sr?‘8{°r i X
I nteractj ons w thi 5 Sk 1k Béll &hib &tion,
i nfl amgtfegwe}é\'ﬁef\l%gg%ﬁﬁ?r{eﬁdednftq Qgt?%‘ﬁ’%‘ﬁg‘{@%gr@s\ég.ﬁfg'{”%ﬁ“?% srmotlh W\I}sgl e cell
prol i f eradliferatieahdmigrasibi.ofegainchettrodimers)ie padicutan thel oo integrimtars secqgnizedi n

synthesis. Selective, and nonsel ecti .bl ockade..of, int ' i.1.h [
R>CIBD pep!taF GE“%FIS’Q‘IB‘}/*FQ e%?mefﬁeﬁFY Bt?xﬁlé‘bg Cf?ﬁi aﬁgfsmhvlﬁléer%é%@]%agl ex\c’/g(r:a: :

ani mal  qRalRim QlradeRSkPReSiSprolBARSHpRRSIbERAE ifscilitatigsanoiininastlodlt of t en
wi th angi opl asty wherein, in an attenpt to expand . the vascu] ature using

bal | oon wigrdtienehs o-fhinteeaindswidely distrigutsd apeng endothslipl glls, simplated | o snoot h
ThoC) & Shonddies Aoy Rbyids brbbREE Vahid Slbblhndsife Y & HHcIRk afEbinds ton ©
several extracellular matrix protein ligands including osteopontin, vitronectin, thrombospondin,
and denatured collagens.

[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 0,B; may also be used to target smooth muscle cells and

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




§o0 ' 'assist the migration through the matrix of collagen and fibrin to

. acconplish this. Accordingly, conpositions that target al 2?3 Hﬁ% 2gigso be
used to target snooth nuscle cells and to inage restenoseEs, rticul ar

t hose assw @&toeziosv t h bal | oon angi opl asty, and to del i vePCEEIB03/02802 3 AUG

2M WD 03/ 062198 PCT/ US03/ 02380 proliferation agents such as paclitaxel

rapanycin, and other therapeutic noieties such as radionuclides, small

nol ecul {§lifeREoh hEbat sactlasaeltei e, ragdnthin, hAQ B Whrapetis hidiebarads del i very

systens offer the possibility of focal therapeutic drug effects within the

t uni ca Tagignycliges, gplbmolesuleg, periides andonnclsiqifidshe adver se side effects of

systenm c g s : o 2 ‘

concent r AGIBEOWRREahEbdsalHery Bile} R, BB SRoch MertBluicme ooy oy

poi nt s, effeetssvigiretht inigmaliv offartehesf witlatut weudingghcaiversea sidaéffenssof sydtérhicn t he

intima can Lnpair .arterial I, healing.and reendothelialization, which

r omot ¢GUE PP 37 BPdcR @i ea) inirpal SEnoeRERARE DIAUE Proxis a the ant | o

CoNpPOsi térR3futdarRligh wiPSitacyoMh, PeFsistdn?® Bigh antiproBRRfIRE rufRohcaRfidndOr Ni Neti CS

and neutralizing antibody a, 03 antagoni sts have short "half-lives and

occupy  Vilkin B pa iad prciskmall healing asdreapdothislizationgwhich BRS¢

NanoPaI gl of RELUK BAlE U £2AnEAL OPfe ADGhBh OkpdsNGRREAM B

i ntegrins exposed on snDO nmuscle cells by ar erial Overstreteh injury as

wel | aspdblemser a variety of therapeutic agents directly to cells that

could inhpbit inflanmator nd.restenpsi s processes a rovi.de for

ol ecul at0Rifh ol PG PR REP P BR e 6S aeitarBE aRTURgY B BIREUHES BHA sever i ty
of bal |%&Haﬁll%§/aﬁdbcc§%ybﬁ€% r foP&JB5 BAR thansithty. ITHESRbrIspeOifROSI tions
avoi d these problens, 100111 Anti bodies that are specific for a,03 integrin

have beBnogiteles ofthe inyention camiarashend oaksthe bg@ing ph intesrima expssel] exsmepile been

used in ' : ' ' . 0 y Si pkins,
oA, ornENOEAREy Rl ERINRE PR i atiely St herarkBRYetn®Y = e

sur f acediratlylto (ubis tirae sould mhibitiinfilamrhatokeandpesiériis processdddhliptovideeforise of

ant i bodi efeﬁd]i rected to avP3 as .a taraeti ntg agent éor VRI sli n%, )

per f | uoPOlESPIBLITA8HISIfLS M5 POSRISF Hefa cHaving g efispiond sevarhy ofellophaniupeian
descri bgghs&jhent?Bigio8i8N Thédnfentiof o cpsitié‘ﬁ%%id'ﬂ?e%@@robm: (2000) 44:433-439,
and in the above noted PCT publication WO 02/060524. Peptide |igands that
are tar gdf@dlt dntihedigfthyareasmoeifie foyeBeiatestis baveheen desembpdrin $1S paisat have been

I e T

pept i deseport by Sipkins, D.A., et al., Nature Med. (1998) 4:623-626; 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.




g¢oNnt ai ning the "RAD' type sequence known to interact with integrins. 100131
. Simlar cyclic peptides were enployed byHaubner, R, etal ,,, J. . Med.
(1999) 40:1061-1071 for tunor imging by coupling the cyZIsi 6U%§ﬁl%i des
directly mozmmemuclides. In an additional paper, the usE/EE03/d39cosyl at ed
forms of the cyclic peptides both for radiolabeling and PET is suggested
by Haubner, R, et al., J Nucl. Med. (2001) 42:326-336. 3 2 3 AUG 2006 WO
03/ 0621930 ¢34]/ WoRBHIRAREOcrdoWektbd, d.B,-RRificnGeREs Jitd Waf dffhodies Mave R bkén C

nmoi eti es other than antibodies have not been  suggested for use as |

t ar get i suggesyeshios userpsdasgéting agends inrdeljueringdmage-admgpanenagtiquiatecrawlsipss 98 or in
del i veri e J.1Q . aj Ny j I : i LI Ng

act i vat S eBbpRLRRTy CHRRhEbHeagelt e oRing KR of MRl

at her os¢edirrsaéh @ sptkacflirBammatibnl @wioes) agesosclBratic phguescarsifrestbsésnavent i on [ 00151
The invention is directed to conpositions and nethods for imgi ng and drug

delivery. ereit on- anti body, a, 03-specific noieties are used as
targetié&—%ﬁﬁf—gﬂt—gﬂw S W er nanoparticle enulsions to regions containing
hi gh | evel s of _angi ogenesi.s, such as tunors, regi,ons.of _inf tion,

ot Rer oscl BT e Sl = drtrietiompetitons i miibos forimagint FsbOuE orhyethe
cont ext @t reid MRAUNMBoMABINAPLdif¢ MoRHbE SeABK! ds8arpdting abnts IRV hah le
qual ity anrénthe oppgﬁiuﬁ?t?/ fl_or 0t ar get ed drqg%en?i \gery. 100161 Thus, in
one aspemulsiank éo fegipenecantaning highdexslsad angiogenssis,isueh asduniets; regiongof

nanoparticul ate | sion. to.a tar i L0 .said.tar i ssue is
char act é‘}ff%‘&atw ﬁﬁ%ﬂscieé?r}lé:lrgg@?s’ g?fg%tsmﬁ%s?%ﬁﬁr%% %E%%n@&? llng é&s@lgg%lh?\%tso ering
to a subhfgihg faopirticle RoBLAE rdsuBsSindmprovedithsde@alitly and dr@ppotinitydsr wher ei n
sai d nanoparticles are coupled to a |igand specific for (XA, wth the

provi so taragted dyedeliysiand is other than an antibody or fragment thereof
[00171 | n|to@1 erTlﬂéﬂﬁ%& aspbA1Stht IXRRGAIAR dirsctél foeGh&tRod B deRVRAlahdARFulkEef Ul

in the nethod of the invention, and to kits containing conponents of the
conposi teimuirort thattargetiskus, wherewshiddanget tigses isgharaatérized hy giahi levelanfithds. The

Ki i1l .typi | ' | si h i ' . h
can’ bi navig ReER el R e SEnE LSS boriied of BRRL ot EppgRES, "
anci | | apygnoparitddsanizedin s®hdnopirtitics ARGbOGle®to Mligafd sirkificaoya, PRIwitH the

Description of the Draw ng; 100181 Figure | shows the particle size
di st ri bpredep et saiddmsandiis giher than 38 antihedy oF fagwent thessodpar ti cl es.

[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 a,f; 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,B; 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 nanoparticies.
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[[00191 Figure 2 shows an enl arged section of TI-weighted magnetic resonance

. image of an inplanted Vx-2 tunor. [00201 Figure 3 showsjhy ﬁ@gl i cal
sections of Vx-2 tunor with H&E staining (|l ow power magnificatron) and

avP3 st ai Whep/a6218et , hi gh- power magnification). [00211 PCgywses/e238s a graph

show ng enhancenent in RO fromtunor (top) and nuscle (bottom in

subj ects receiving either targeted or non-targeted nanoparticles. 4 2 3 AUG

2006 WO|0BR2PEPRiEeR FACTC SBH3 1 AZRS thaghifid AdonAbwly 6f Hiddoloficsiiesonasd ous
magni fication. |l evels of. histological sections of inflanmmation in tunor
sl i ces. INAYPBHOBHRIYPY FCehows T2- wei ghted and T, -wei ghted MRL of tunors

targeted &Miz%ﬁ flzufd shb@k %—W%%%H%Me@%ﬁe? I\gg?gg&@gﬁ H¥efed %h%la@;gf a

spi n-echo i nmage of aortic slices before nistrati on a, 03
| abel edtargatetlinahapsrtickisgur e 7B shows t he enhancenment of image in aorta of

chol est er, reate ubjects, untreated subj.ects, and i.n chal ester ol

treat ed é@&f‘fecF@“Eﬁd’{‘hg'ﬁé"ﬁ-“tsgw%ﬁg8"%%%?&?‘3‘8&”% GE 21é afigr HMBIATalOR of g show
the per g@plabeled parteler figre 78¥how gie@hhdrReraent ol irddld iMUGEd &f cholgétérgl frentaget ed
and non-target ed particles. [00261 Fi ?ure 9 shows a 3-D angi ogram of

car ot i dSURIeCEr yEatsd subienls pndinghglestergl freatpchaybiestigiBionsiesgelrl emulsions.t ar get ed
par amagn n Al 11 at

ot tor o (23 I PRARSEM AUSH bR fellend thHaR A oOMRI bl orlaWniirbscte
of f er s wsingiprgetsd ahd noretaegpiedpapgeldsor i nagi ng of sites of activated

endot hel i ell c entratjions can oht ai.ned. ari qus.e si.ons whi ch
are usef l@hi‘sﬁ ; f%?%ﬁwégﬁ'%@@ﬂ%ﬁ &?m{'t/)\héﬁerﬂﬁé’é 3’?18%‘(3}”35@50‘”‘“3
nanopar hrigidpaseonitiniyB; M g@edipahfiineft farlép@tibles ilRStrAM3baRsdn AeRRbEh ffiry

ul trasound i magi ng. For use in magnetic resonance inaging or in X-tay

i magi ngPatieM-nay be desirable to enploy a transition netal as a contrast
agent; if the nanoparticles conprise fluorocarbons, however, the

fl uor ocg{ogggbﬂéﬁéﬁg s tiMSBbetiohn obtai ning an image. Radionuclides are
al so usefu 0 as dragnostic and therapeutic agents. In addition,
(£ERETL e 99 ARyl RSO b P o soct o
i n the ectivhtsd endatize)iabezhitcangentratéons camiy ebtiinesh cVarios emykivhs which are useful in
imaging can be employed. When used alone, the nanoparticle-containing 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.



100281 Any nanoparticul ate enul sion may be used. For exanple, PCT
publication W95/03829 describes oil emul sions where the adé% i s di spersed
or solubilized inside an oil droplet and the oil droplet Qr@gﬁ ed to a
speci fic h@gaddeedgby neans of a ligand. U. S. patent 5, 54t1ades08seri bes
site-specific drug delivery using gas-filled perfluorocarbon m crospheres.
The drug delivery is acconplished by permtting the mcrospheres to hone to
the targ d ' t hei L] ;

compoundd? 2L HolVer, B tleh el Ay EHBMAE Wb Rl b DR BEL T 880 form
5 2 3 Ahigh d6ilifig pthubRcAbad BeuiRGTIch/S0BROO2EBCrilddGR V1S, Inatent\56958,371 referepeasf er r ed

to enploy e sj.ons wherein the nanoparticles ar sed .0 hi.gh boiling
bor {1 aomr BB G PGB LS TERBS CI SOTPDEE Al el i bkt oog. 375
refer e”gﬁguoﬁgﬁlfﬁxs_s;m&n{dieg B, 8 cOAfHgSIHIEh BRBIPbRA o@amgmha/bfaémcﬁmﬂes ed of

relativ hi gh boiling perfluorocarbons surrounded by a coating which is
conpos esurpfunding icpatihganable to couple directht to athrgeting mpistydicamentgaen igermedad e t o

couple directl . ' L& r i Lal.e
corrponeﬁ?mmegﬁwﬁlgh %ocbg{]en[ |°9g%‘§}3%‘1 ttgé ta?getfr%gn (ﬁg&g‘%{ﬁf)ﬁ%lyrﬁ# EW‘? ﬂ%‘géﬁ Bnal | y

t hr ough naylcoftii®ira nodrspedifiy caplih@agenasuchnas bjpeiai Alernativaby, itheccoatienmagbeh as
biotin. Alternatively, the coating may be cationic sp that negatjvel

char ged cateto thy ngedtely cg‘ﬁ'@ E&eﬁﬂ%f“é’r“és sich gy nugleie gridsein-gengral ‘gﬁpﬁ?ﬁﬁf%’ in
particuli@f,a S8 e RIS BER R dubBcsur face. 100301 In addition to the
targeting (%03 [igand, the nanoparticles may contain associated with their
surface al903@indnlafiditign tegbetargeting fufs ligand, teemangpaitieltsonay ¢pataipsseciated with

radi onucgl i.de, . a cantr.ast agent f,Qr. etic I | Rq] ) or for
ey i et et G aAsP e e ah wRRARE bl aRRON A IR A T
nanopar tagéntdsr hippeticteyanceimagmg\(MRIp oconK-ag imageg) alubmphoralahd/asound

I magi ng. 100311 The preferred emnul si o‘g i% aéegano articulate s ster?

cont ai nibijogiclygstivrsamueynd. nErernanepaiclphBrmselves cap feveas FoRFashgeBIs 18hat i ng
that is @ukbmgﬁﬁgﬁgact ant m xture which provides a vehicle for binding a
mul tiplicity of copres of one or nore desired conponents to the

nanopart i [1031] THe wofestd emulsion isd nankpartioulats spsiem icenteigingadughtiwiling nat i on of
emul si ons_cont ai,ni n t he regar dl gss..of. t he. nent. 3 out er
surface Hegﬁlﬁ’é%cgrbloﬂ ég 3N he a'é%‘%{clrec-oé |"t1%g‘g{ B 5{] %’h‘?%gtaﬁﬁité&g?ée)ggﬁp EJQCB'}D ?ga nts,
U. S, ~, GRAicRP%r Bindink a aBtilikbty ofespigaifont sr mdfeLixdiral votmogdiitew thaappl i cati ons

5,989, 520 and 5,958,371 and ipcorporated herein by reference. 100321 The
hi gh boinapaRarigle oFhscgeastrictign of the hpge Pag“glﬁ%ﬁ*dtt %fO"{"ﬁ@“dtfiem“EFg""ﬁﬁP?ﬁ““f”@

hi gher tth@rﬂ, regardless of the components bound to the outer surface is described 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 disclo-sed 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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that of body tenperature - i.e., 37T. Thus, fluorochenical |iquids which

. have boiling points at- least 30*C are preferred, nore pr &frably 37T, nore
preferably above 50T, and nost preferably above -about 90' AUR e2006

"1 uor ochavf e362198 qui ds" useful in the invention includepcCswseasigbdo and
branched chainand cyclic perfluorocarbons including perfluorinated
conmpounds  whi ch have other functional groups. 'Terfluorinated conpounds”

i ncl udemc&pmwhd%mtlhaéfe&ihee af@incRide ¢hase irf Whioli (e pelRBfochbbn Eé}ﬁﬂtﬁﬁhdwer ein
ot her hal 9 groups nm present. These i ncl ude _perfl uorooc él brom de, and

per f | uoPesARQEpdegs iy BET ﬁH%‘OO‘ft@#e psrHnpRodichiorogtame, FPé’rﬂ“P[Rﬂ'ioﬁéd amidsnpounds as
thus d emul si ons are

di scl og‘;één%(’%b%"pﬁgﬁfgﬁgm%as"lq%%&%%%“@gogfbﬂ%g‘%ﬁ%@%ﬁ 703, 5,171, 755,
5, 304, BﬁﬂucﬁotBEtbpsmmmeSp@gﬁotﬁﬂnwylannhemmﬂl&r&ﬂﬁapthyhydbheeuame 6 2 3 AUG 2006
WO 03/062198 PCT/,USO 2380 herein ref rence nd i ncl ude
Vhose | REDRTRRE R 2 AR, pe R ol et Bk Pertloror y o 5 by

per f | uosIaLpoEnds et bleyatiQtial} biafiRO & AR coMPbiildy @hdard patiiy oy de,

per fl uor oghept ape, perfl uorodecane, perfl uorocycl ohexane,

per f | uohaegspedincieding adsast spmedivoripe é‘ﬁ’ﬂ"&ﬁmﬁb’r paaiaHy apfully fisornatedni ne,
per 11 o eRie pEph6MG R F%)gefﬁe} BOGBWA kil Y1 cycl ohexane,

per fl uorodi cy exyl “et he uor o- n-butyltetrahydrofuran, and
conpound40635ht The bp]dztsunﬁantantsaisbq/tosfonn @ nutbncdaheg;en the mpranpardizica (thatawitl

partially or ful cl.uding a st sone fluori

Dot © o bARL e gponfed nf B BRtaR rerr gl rofkneltestied oimpRiRn g he sartace)

per f | uoimeRIK rarabet s%themc pm%rwﬂpiaerfa@y adids) ¥hbI&RGIS, | slaﬂQx%Eﬂs Higomyelins,

L'i pi d/surfact ants used. to forman outer coatin he nano&nrtlcl es (that

wi |l centiar Hke meludingdinidicqnyupated pe}ye@arlenaslyﬁ@lagfeﬁpgs omrmaspiakaiggiciesi r ed
d
conponeg nfcocnﬁl?\%nﬁ)ﬂfcf ar1t§ %'a%% ﬂipwagh 18£1ucﬁ§{$‘?§§édscsaf&g?%ﬁ%| agfd S,

fatty aC| estero ysol |p| I’ngonye
i ncl udi thg like, p$01n@8mfam§allset¢ thohsebies fluenreital, yunblas paflinorinatedaiianeib ecids aich

et uo Apeiesst g SR PP anSi B8 e R SaGulparie Akplene

t herms el y@serhiry enioaiuadisalts uedithd sk elnf ddaidioh Rk Msbriabé@ BIRbIKo] ?,ﬁd,sgﬁaté Bidts as
perfl uorohexanoi c and perfl uorooctanoic acids, perfluorinated alkyl

sul f onafindke, "&I‘Wﬂeﬁém%léﬂ‘éfr ingludedsimienouien laver may hp advaniagequk én entrappigli t i on,
Per {1 UoNefah S 10k pOSPRRAIESHBl s S AL AR | D105
as nucl @Qil” MsjM41-(2, &dmwlm)mpyé]pNMFtameﬁprmmmblhlondc:; DOTARs may
LEFLE?S& 2%%}9xy- ktnmgal’yfﬁmmomo p%pgﬁ(ey M’[%D)i J dloNe '}1_3 { I-g'neéleq )lflfJl mroni um

ammonio)butanoyl-sn-glycerol,1,2-diacyl-3-trimethylammonium-propane; 1,2-diacyl-3-

dimethylammonium-propane; 1,2-diacyl-sn-glycerol-3-ethyl phosphocholine; and 3p-[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 a,8; 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 sulfhydryl groups as described below. Altemnatively, standard

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



1, 2- di ol eoyl oxy- 3- (tri nei hyl anmoni o) propane; DOTB,

. 1,2-diol eoyl-3-(4"-trinmethyl -

anmoni o) but anoyl - sn-gl ycerol, 1, 2-di acyl - 3-tri met hyl ammoni L?n%

1, 2- di acyW@03/g2th8t hyl anmoni um pr opane; 1, 2-di acyl - sn- gl ylt%'lff(ﬁ% 233%t hyl
phosphochol i ne; and 30-[N , N -

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

enbodi npRttsrgetingdigantbshd the arvdlldry pihﬂlaﬁwsftadie&mhomtéalésn@ews&ratng'repmgnt s wth

reactive ?roupstht can be used to, c Pleth avP d/or the
anci | 1 gl eCate dras s ayEyeorelisn papphass BRRRRRBE deser s bed
bel ow, nﬁoi %%Hfdf’sﬁﬁﬁ&%t cOREPARBPASicR Bre t cﬂg/tmhﬂdl ByamicRERRliziggst i ve

groups t rou nctionalities contained in i pi d/ surfact ant

conpone ntxxtuﬁmf thex@uepdoarbop Ripishwbich dyrine thesoeed end thellnﬁfﬁ“ﬁ@ct% gpxtaes W*H?}bug hits
am no_ gt %‘dﬁgﬁ% dclturt%gz&e? Hlt s%w?elngxﬁﬁ rn%rhgeﬂ%eglfs dﬁédéum % £ %yanbe?nu?s%{p I‘E‘i&n& f))ro@m dker

such as carboxyl-, 1ydry|

groups @f [GREaIrfRRAs hedyQlveady Becjonpled uﬁddﬁltlcﬁlhlalﬁgiaddwhén thky dilg c&gﬁmmo tech a
mal ei m des may be used. A variety of net hog)F may be used to, associate 7 2 3

AUG 2\\6 namat)@lee@zm siuly GepaingSashive SiuPY a'é%SPﬁ%jﬂ} soyRine. Aternativelytbe | oy y
subst a”%&?n B&n&ﬁ@ I tﬁ%}ﬁﬁnd/sbh&‘c?ﬁat $dyePingy kn%ﬁ) soldHBHéeuqi@thE h@eﬂ%sn

spacer gro ps suc as p yet hyl enegl ycol “or peptides, for exanple
The | i pivithenfitecohibility derateristicogfahe ancilbsy metsrisly &oaamm;n oronthes techyiques

f1uidi f h
and ¢ he TOEIPES STV Frseniia of pe RP SRR BB AR e Fon

i N aqueopidaByliat adt @né 6f it afatepialslif teNipid/surfabiagt qitardsybd bﬁnpmieklehnker or
i pid/ surfactants may al readP[/tpbe coupl ed to additional qgnds when t hey

are coatfeectiontlgraupevhiphuis apefik to dindsthe %ﬁd“r‘l‘ﬁkﬁl despd 9°'EP.9¥F5'1 W ThQEPeDRN fP¥ups
for SUbsgﬁgf}r‘#e C%g Q& {G{}ae néleli'lgrﬁﬁé tYrﬁ ﬁlg em%lorpig %Ht s to be included in

the |ipi act yer may sinply be solubilized in the |ayer by
vi rtue of [a038] sEdrwbupbllrlg)bycchaalatttydnnémg the taygetingdigand pi ¢th¢x§prgmtcen¢laﬂy (such

S t ther tech f
The | oAt St B Pt ERput e Sar kA Ao p Pt Bl Ryt RERST OF O
mat eri alg §?ésfbfbbnﬂis|ah@hdl(xﬁgl hfentd Ay b@enﬁ;ﬂoyddayl@pmnﬂpmomsr foringlsech or

a

function roup wh |s useful to bind the additjonal desire onent
or the ceupbrheluidaiprmationedairidss Vet bs of Garlbﬂg‘ Wh‘{eé’rqré‘?m&‘l‘m’f ﬂgs"ffo t he

emul si ony, é&ﬁﬁ@ﬂ%@fﬁe u%@&%%&adfﬁ{ed%%p&ﬁém R¥h Mﬁﬂeﬁﬁ!ﬁé yomepsuuaﬁné dnts

targeting er organic no (such as a chelating agent for a
par anag nmt:iude ifert exkinpleogltitacmldehyiie pmpmedaﬂ ot betamadiad, 2-inaigethiolana hydrgehloridgpes  of

coupl | ngPER R RRR PSR S e T Ha R b AR SubRbh i 10, oo

formati Oﬁrtﬁfte, $i4[4-{sdecinimidooxycarbonyloxy)ethyl}sulfone, heterobifunctional reagents such as

-
-

N-(5-azido-2-nitrobenzoyloxy)succinimide, succinimidyl 4-(N-maleimidomethyl)cyclohexane-
1-carboxylate, and succinimidy! 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



| i nkages through the use of unsaturated conponents such as mal ei m de. O her
. coupling agents include, for exanple, glutaral dehyde, propanedial or

but anedi al , 2-im nothi ol ane hydrochl oride, bifunctional 23 AUG 2006

N- hydr oxy VR 8¥¥2¥8de esters such as disuccini mi dyl suber &C®/Useli/@ssoci ni mi dyl
tartrate, bis[2-(succinimdooxycarbonyl oxy)ethyl)sulfone, heterobi
functional reagents such as N-(5-azido-2-nitrobenzoyl oxy) succi ni m de,

succi ni suitalyle. Bor(ekample ST the diganst dopkaiiosy:chigitiglipoghilid portied, ixauayl iakl be and

cci ni mdvl, 4-(p-.nmal.ei g dophenyl r , ..honobi functignal reagent ch
Zg 1', 5I-?i‘i‘tf*i\éﬁ%dr‘8{“% 1}?}%?‘%{%?8‘8@{1@%51) ,ulil‘ttl%r,?fttge hganrcﬁs éaplélble olf direct adsorption tos- >t
4, 4" - di tht yedtig3hi8 todtk il ffe@disBBMI S Wot BXtaple, nucleic acids, because of their

4,4' -diisothiocyano-2,2'-disulfonic acid sti'l bene,
p- phenyR<ARYS qhé@?ﬁdwbdﬁ%’cﬂé’,to edioptrspriaetants.- et hi oni ne p- ni trophenyl

ester), o1 dirt b 0D | az] | t-0l bi scarbonate and, bifunctional
i doest SBOL L EhH@RYRATEING Ao (G indbiBlec o TBH A aefiblagaivits e
suber i natapaticle isalfe tAiemalydy idditdet bipdingsagh anhdretadi&l thitdbp etigaide and t he
| i ke. Link ége clan al so bg. cconpl i shed by acyl ation, sulfonation,

r educt | P8 BEFTP Ayrditymcally for the, @ Hatepestfixligantl el pample, prbiotipigridin meduted e,

coval enfatgbting QRS 1Eg1ndi is%nﬁ%«ﬁéé Rot2 rcimiHoE fbﬁpnggx%ﬂg&ﬁ:&d% gﬁédgﬁyfr%@ﬁ{énﬁ ayer

is well nown in the art. l'igand 1tse nclu
sur f act @rthe faeggted tissuej t s properties are 8 2 3 AUG 2006 WD 03/ 062198

PCT/ US03/, 0 ' " r i f.the |igand contains a highly
| i pophi | i‘@%?ﬁr @?%‘H&??&F%ﬁg‘. o Bnfrea 14 ok WEnopafiffes HH°‘|‘5thp‘1“H?f§E"r"F e
coat i ngcoafing tagerrinclide radienuclidasn Raidionaelitiebiay bt eitticr GetapastrUrRideasitico t he
coating, this too. wll effect | tzsvgglg ling. For exanple, nucleic acids,

becaus elI3§nosticinaging ysing surh Y adrbydugestinggadiomycligesdo sur f act ant s.
[ 00391 dresitdddnéifd altRerageificibdiefiemby Ve Feﬁliié&f‘afs %%pfm%%ﬁ%.o&ic?%dao&uﬂﬁgési gand

is associated w th the Jranopar L i cle ifse y Irect binding
such asinehde “ef¢.edced In N BugiCubi Gai amdaVGaliand thempeie naniidesyrethde VfReal | y f or

the a, 0B &cd. £ 16yl duse0rs0exanp ey 4 i 1,01 B4 NiaVi Ghs i afs

targeti n;l,&?t ﬁgeril’a 5{5 ?fﬁganc}%?’s ‘g’oup ’edPrd'n’ot P?O% AZIrﬁJI s&é%ut%t her

coupl edYip '$Dut 'y 4ced®Ray MAg, and War.t Brgaictde ¢anDe PpeovidedQd O prefSifidel | ary
agents thlglt. mar?/ be. COI}IBJ edo]ft‘ffi t he naga,g{garti cl es through entrapnent in the
coat i ng" AP T HEANGRLT M ays FrICKamRS.  ReaBsTisvats may bemmixed avithian gspess of

L her apettiirdudelHABGAPRbiporat diABIRSH eforiBREHRRIOH St Athodi el Wikdrlgs |15 ve' I
known and by targeting radionuclides to undesired tiSsue a therapeutic
benef i t O¥Haate pr8 hesubstituiad fagstepsions chitgridec dh additiom cemineraizllyi available kitsssuch ncl ude

99nilc, | I Y/ Ga nd therapeutic

nucl i de%ai[?ﬁgﬁ lijﬁg (%iaggéeg&e &gg%gfe?efgggﬁ e?%t?ﬁg?’c ?IQTEQ%" c “9?%7,

212Bi , MeansPRd attabd 9fuqus t4sikbzandsAo0 It nahSiticlesl XN Invdftidn Bre 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,

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



175,n, 165Dy, 166 Dy, 67CU, 105Rh, "'Ag, and 1921r. The nuclide can be
. provided to a preforned enulsion in a variety of ways. For exanple,
99Tc- pertechnate may be m xed with an excess of stannous chllA%Eig@%and
incorporated into the prefornmed emul sion of nanoparticles. Stann
oxi nate can be substituted for stannous chloride. In addition, comercially

avai |l abl e h‘ %@ ﬁﬁ:h as the HI\/EPAO exanet azi ne) kit marketed as CeretekO
by Nycomed AR sFhsrramsgngiic metals useliyburibe MR nontrash agents ofike maentishi gands to

t he nanopadlidechRSafth nidhgs, ipiemyi am u 1R 411
Chel ati ng_agents cont ai ni rtl}gﬂpa?hrra netgslei:wrfcg?%flgg?%&rhgh%%%}ur?%%ﬁé&%
r esonancdikei Fapiong mayelwibsaisee enpl oyed as ancillary agents. Typically, a

chel ati ng gggmt i Al paramegneti.c metal i S associated with the
|'i pi ds/ sur %%an?@g{) cp klg}g ac%&silﬁcéuagegﬁf%gpl}%‘?fosﬂgb ﬁ@‘?"é%scela cor por at ed
i nt o t he quanthmadotsirand the éksvhi ch-i s soni cated. The chel ati ng agent can be

coupled djrectly t ne or nore_ of conponents of the coating |ayer.
Sui t abl e c‘%? tilﬁ@ugﬁﬁﬁﬁg@ suskare efthe nangpertisiey infomm dmboditesntsiofahe onpounds

i ncl udi ngnyebtiéh, afdbifio oSl B . Thes chel atin ent s gan be
coupl ed di r.ect.l)al1 to r ﬁnctf%%@?g%%n%ﬁptﬂeg% Og’lgﬁcg Y PRIVeragpnty, awide
phosphat ivasity cn¢ludiog ariteins, nbelsicatidatpharrandutiduts, bideie 1iR6, TRisOH#@dkd NKi ng

groups. 2006 0042] The, parampgnetic nmetals useful in the MR
cont r ast %gi%agﬁéls éigfp%flﬂ'%acl[sﬁ%ﬂﬁr%quﬁ@i’lﬁﬂé’ 3gshts, hosmepespanalgesics.t ypi cal | y,

manganes enesyteties, hewromugato b gtk ets) anBHE B b oraf ic d0ek8 anki | may
al so be used. %00434. Ct.her anci |-.|agry1agen_t T n@‘f&u%glﬁghﬁtrg’o%’hhg?@saggrﬁ%h v
I uor esc &RFFICrRas, aytfdiabetics Antihistarines, antithssives, hiticoagylOfe}4dd thedikaded i n t he
surface ofjobgy NaRARREHE o nmbodi ment. f the invention, are

bi ol ogi calﬂ ykﬁct'i ve gg%nfgtegmflhg%%g%ﬁ?%eé?%eaﬁsfgfli?:‘fwgtyaﬁé‘r‘ﬁrget%‘%‘@d of a
‘wi de vaferehf; oriineh entiiltayy pgett, ahadefined uediety enayteGon-cBRAEITRCRMIAA With an d

the likey T kncl uded anpng. sui tabl e, pharmaceutical s are antineopl astic
agents, r%er%‘?{%“sr?“gﬂgﬁégs?‘é@e g,é t°REPled Lo the compprestsafahe linid/swactant

anti ni cr tdyeglos may baosirél BShidicemBeRdtSthrighispideAlnoR@eNt s, interferons,
anti di abetics, antihistam nes, antitussives, anticoagulants, and the |iKke.

[00451 In all of the foregoing cases, whether the associated noiety is a

targeting |igdmgetideobigandd3 or is an ancillary agent, the defined noiety may
be non- CO\C/@h tly associated with the |ipid/surfactant |ayer, may be
directly %q[]e SMusons ¢ReRt ipvention emnb@}dbaaﬁﬁﬁgmgeatstt‘hatlamﬂégand@r may

be coupl ggkclR BRind oSERRBERN bihef AL b&glﬁnt?b%%% Bt frglg)ringrgtlt}?esréof. In one
embodiment, the ligand is a non-peptide organic molecule, such as _fhosedescribed 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. Specifically, the ligand is that set forth in
claim 1 of U.S. patent 6,153,628, in claim 1 of U.S. 6,322,770, or the compound of .
formula 1 as described in U.S. 6,130,231. “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 anid characfe_rized by the |
_ requirément,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 a,B; moiety, but it is the

non-peptide regions of this ligand which account for its binding ability.
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Targeting Ligands [0046] The erul sions of the presentinvention enpl oy
targeting agents that are |ligands specific for the a, Pi%@‘-‘ﬁ ot her
than an anti body or fragnment thereof In one enbodi nment md is a
non- pept i WO &§a148 ¢ nol ecul e, such as those descri bed i nPOI®S03/q3380ent s 6, 13
0,23 1; 6,15-3,628; 6,322,770; and PCT publication WO 0 1/97848 referenced
above, and incorporated herein by reference. Specifically, the lig pd is
that set[004T]t I"Ohengron;b af aypi- spntiﬁbl]iganclsaharist p&tidia]yareful inthe nethodd andf U. S.
6, 322, 770, ar. th nd of for as described in U S. 6,13 0,23 1.
" Non- p&pIPARLOonSH gf‘i‘@ "?ﬂ"@rér‘?gfhﬁlfo nlg mos ot her than conmpounds which are
sinply polyners. of am no, acids, € ther gene encoded or non-gene encoded.
Thus, "non-peptide |igands" are moillet i es whi ch are commonly referred to as
"smal | nol ecul es™ lacking in ic character and characterized by the
requir enmentfor a core str, than a polynmer of am no acids. The
non- peptide |igangg-usgX Bmay(c]t;gi u.pMad to peptides or
may i nclude peptides coupl portﬂ ns o t he 6 iMd whi ch are
responsible for affinity to iety, but it is the non-peptide
regions of this |igand which account for its bindi ng ability. 10 2 3 AUG WD
03/ 062198 PCT/ US03/ 02380 100471 group O a, Vspecific ligands that is
particularly useful in the nethods and conpositions of the invention are
of the formula (1): 0 Hc-L AB CONO(RB') 1-3-M NI A R including
stere0|soner| f r er eof
@Pcfggg ﬁ%rem%&?a%ﬁsf m@%} %%f U ‘BﬁxtBI : %% &grg&o%ﬁ’{éﬁ f'oﬁn{ t%r@ﬁf b

or pharrraceu y acce érein: Hc

conpr i sgfangateoiiclly acdeprablepalt smomgﬁrﬁfsabgtedﬂ wherremg containing N, L' is a
i nker; GIS N or CR13; ﬁP s a.non-interfering substituent other than H,
each RB is |%F§¥Réﬁ8%$ﬁap Yy r&PmB“%ﬁ‘}eF&r%‘iYFB?F%C%‘E%‘E% eent ; and

L' is a linker,;
Gis Nor CR,

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

iAn tthe g
d t

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 S-membered ring;

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

interfering substituents.

[0048] When appropnate, 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



M conprises an optionally substituted carboxylic, sul fonyl ic, or phosphoric
acid group or an ester or am de thereof or is a 4- or n@@rm ring;
wherein each of ring A and ring B may optionally further be substituted

Wi th non- WO032WBi ng substituents. 100481 When appr opri RE@UNHEIbpounds
may be in the formof salts. [00491 When the conpounds of Formula (1)
contain one or nore chiral centers, the invention includes optically pure

f or ne a; oﬂsllcllfafefdiTe&tembe&mEtssifM gml sdnmdsfrmT ]E}termoun comeisting of 100BB1 | n Ei he
1
S?ggggn&sﬁstpéfé%g ey SN SORRRCEY OﬁéwﬁRﬁeB@ﬂ?@&éﬁ ool
t
b coonCONREsRRe) Wk GFR GhosR, r@?ﬁ’ﬁ?%?@ﬁ%@ oNHCORIE SUMHEBIRE MY

phosphoric acid groups, esters or_awi des thereof may de included in tandem

These residues may furth e subyt i ed, and y coupled to the
conponents of the nanop icl es ugh various || i pki ng groups, including
t hose which contain PEG and \those that contain pepN de |inkages. 2 3 AUG

2006 WO 031062198 PCT/ US03/%2380 108511 P,r?élﬂe‘?cPed erfbodi ments of M are

e SELo b, R IR Wy ST T AR

- OSOSH ngol?:g gunds$@?dﬂ|ﬂm3o blr}dS@&Mdmgls@)stltueN miy 4lter MeNtrength of\bikifig, N N H
H an 100521 A."non-interfering substituent™ is a, subs ue
does nobu@bebméylgwt %’é‘i hejdetecishle using S@&ﬁﬁéﬂfﬂ@dﬁf“%?ﬂﬁt%?t‘("l?} IPBG%P% to

a, P3. T:&fe? %stggé Aty a Yheaslotl& Suppdf i$ Eélﬁﬂ]&ttb of;. Aine disRstial fditlirestdTehedi Ndi Ng

nmust st usi ng standard net S, such as detection of |abel
bound tcompomdls pfifosmplp ()}) aresatiogthrin tméosmla,dmé alspdy & varety of gwbatifuans a3, The

t at h
For mul a totieh Ot IiRed Wb eyer BT 3o LY aBti o ¥ piRhnd 802 8 ifly e
Wi t hout TeMeRilIsd ik dah dadily stb@[ fon@ny partietiand arﬂbpdnﬁem béRE ofiptherrtbe bihdisg t o

bind. The skilled artisan_can readi Ig/ assess, for any g)art | %ul a
enbodi meharagierisgicgto B e puffipiently pﬂgqs ory to warrant the incorporation of

embodiment tested. Thus, for any arbitrarily chosen embodiment, it is a straightforward matter

to determine whether 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. Typicai linkers
include alkylene, i.e. (CH,)y; 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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characteristics to aA are sufficiently satisfactory to warrant the

I ncorporation of the RB enbodi nent tested. Thus, for anyp Bh iy
chosen enbodinent, it is a straightforward matter to deterlﬁ e et her the
substi t uewto @3ro61p€ eres or does not interfere. [00531 Thuscruk®ss/esssenti al
features of the' nol ecul e are tightly defined. The positions which are
occupi ed by "noninterfering substituents” can be substituted by
conventdoafas catidayigaaips, aﬁmocghg@@lr@dfmyegrbﬁﬁsmth&lxun&edoﬁ{aﬁﬂétér&tér% art. It
is irrelevant to the_present invention to test the outer limts of such
substlt\mthloﬂ@“bqq]ibo@s%melhé{ﬂché@b’hﬁ@gu%f the conpounds are those set forth
w th par ak g 0 u ribed herein as a
l'i nker. %&Htatﬁg%%i o uch écpliﬁ%gkqnaqﬁe%@?&t And a%cﬁf%s a’tnat"ﬁcyc I%tance it
i npar t smbdvalertrsubstitueptsr fHxamples include nrathydoathy, 1sdmwlp@clohéxymker s include

2 Cubl SelsB ey Eheinsey RN Eawbha Tt Dhutaly iealial Sbendandakynile -

|'i nker ssubithdhtiCoontal 1- 0@ A1k ) orszlb@(tjg n9Tor Akyl)e PRFerMly ﬁleg%&%lﬁﬁe@
carbonyl noieties, and the 11ike 551 " Hydrocar byl reS| refers to a

resi duelality)en266r{atkemd opalkynyiarSnsh meirticn qutelgm heteTyatomsse dmelamas*efbsd
al I phat ll)q?. ggﬁ' %Sﬁ!ﬁti 6:s.3P, gfi(%uqlﬁlet(é\%%fogrs ¥,81]nbl%at1($ns % %ﬁmg@ﬁ “&ﬁ;&@ heor

unsat ur drocar resi en SO S "ont ai n
het er oaiegidse. over and above or substituted for, the carbon and hydrogen

mb tit t d f | | t ed
St AR AT R R
2006 VGrAIURER ARoRTH LIBUNABAN rEONIAh GRS ARGy PP, 2T 10 gr oups.

hydr oxyl oups and the like, or contain heteroatons wthin the "backbone"
of the hy®058Larpmatiesordigel” m@@%@fersouownonocyalu«rarfysed bisyelic'moiktysyeh asi ncl ude
straigh Qg: R bst tuents. Exanpl es
i ncl ude{)l}ree?%q n?ﬂh?tgﬁ %gteg rﬂ%ﬁ% qmw&%%ﬁ%x yC?c c]i %f)eéj g‘f ﬂ'@ﬁ Sysranr openyl ,

3-buty ngdntanmﬁgiorteh& rﬂdrkhetefﬁytomahllewted from O,l S<Bldd Nairkeimﬂusxaﬂ df athdtaroatbm
substituents, co nt ai C (al kenyl or alkynyl). Preferably

1
t hey coRf “ﬁ“‘f ugien °?§‘I“R"§’Flber "i"ﬁtwf’]iP"kgﬁiﬁlm@FeddTWnW‘)s tYBi%IWW Kties
cont ai NiRgEnReIRIRPYRIR, ﬁ’}‘rﬁm%ylmdd@fyll meldﬁﬁal.crﬁélyl l%uﬁzowo@p% ifoy; 2 0, S, P I

Si or N'beteroatonms or conbi nations thereof within the one residue.
10057] qwaglyl; bavebirpelyl benzofiranidsthisnyli find, pyralylkthiazolyl, hmplyl imidagelyl and

the rel %cﬁq ﬁ% Arﬁ'm&%rcg@hcvm'fﬁgéd?{ng b&%'lﬁ)é f}gteﬁn whidh ﬁasqh h%pa%lengtlecss gy

t hrougha car
aromaticity in terms of electron distribution throughout 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, SO;R, CONR;,
SO,NR;,, NRSO;NR;, CN, CF3, R3Si, and NO, where each R is independently alkyl, alkenyl,

aryl, etc., or heteroforms thereof. Two substituents may form a ring or =0.
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100581 "Aromatic" or "aryl" noiety refers to a nonocyclic or fused bicyclic
noi ety such as phenyl or naphthyl; "heteroaromatic" al SOZSieTAﬁ%‘:?gdBO
nonocyclic or fused bicyclic ring systens containing one

het er oat oN¥0 &3168¥8ed from 0, S and N. The inclusion of a Ma/EWHEI38¢ n
permts inclusion of 5-nenbered rings as well as 6-nenbered rings. Thus,
typical aromatic systens include pyridyl, pyrimdyl, indolyl,

benzi mi dggusby | Twb&Fzet ardjz&zmlppbmomm@mtlméayﬂe C oquclmbeyjomeHemmmru foagedl v |
benzof uranyl; thie uryl %/ rrol thlcﬁzol yl, lé% im daéoé

and. t heontiorgly SAHWH%H@%“WB af SFﬁ“FPée regreqltprete y@s IGHROBIINSFSS t he
char act apl 64 GStwf R® faf BB EOrta okl'ihet 8Kt éﬂieredﬁﬁk EQ& o ikBthl thbidbf, On

t hr oughout t%erln systemis i ncluded this definition. Typically, the
ring sysﬂ@ﬂ(ﬂ] clmbrm mtsﬁquum@tmbeﬂorapwnds Of foosolp (Thc isroeptionallyf er i ng

substitu nt S t cal haI SH,. N1 por gani c
substit ﬁtftgt Péxﬁ'ﬁ} cé’? né%gf%lh Qtyp nlt?@&?s ?6?1@53 “r‘i’g“tae

het er oajnenle agiest ed from O, S, P, Si, and N. Preferably the heteroatons
are 0, S and/or N. For exanple, the hydr ocar byl ~resi due may be al kyl,

al kenyl , 18062} n{ine sg.rgﬂembgﬁxy}eg}s@L IWEﬁaIEHB%‘t ¢hains of &-4rragmb "(EGWE%Sﬂf t he
above ”Eﬂfcb%ﬂggrh r?u[) &%&@ﬁt A m eﬁéi@rﬂ&ﬁln‘é%x&earétlb%% g%ﬁgerawl}ﬂ 1-6
substi tuen

tuents on aryl noieties or on slita et er oat ons
i ncl udePeffdeyed enﬂblharqrﬂs,forﬁhkglu@clN ambdHt i onal aryl, or arylalkyl,

| al k k tityent ' - | i
o ban- ciliben Mo et gD éuﬁ%ﬂe%s%-ﬁa@c@%sanﬁfé@fﬁ@&%?t tuted forns
ﬁ; | E) heSO%cyITRII Rg@cn)g gymﬂjm adgmyrm@mmﬁnm deiyngre definea a*sN Biesveahd asl umtdmsas
COOR  SO9R ringmpgbers wohiling Memmmseﬁscteﬁ@gnNaﬁ’ianq@z“%gi\l‘e ‘%ach R

is inde I B . TWO
ISR o . 3 ot SN e
PCT/ USO®/i® BBﬁﬁviﬂaﬂﬂﬁﬁ&ﬂﬂ'edoOBCR @ NROFCR vdrere Rdsastprevieushyr defined daloaGEs, @dr N can

bej oi neg&t forma fused, optionally substituted aromatic or nonaromatic
sat ur at unsaturated ring which contains 3-8 nenbers or two R B may be

=0 or an [@§é4Je. o&xgraa) &t dBl-sp e@?ﬁ'cllﬁgarftl%ttﬁz{t afy enf®idathertd\$ fe@iuld QP hsehulimiene set

of enbodi ments, in unsof formula (1), Hc is an optionally

subst i tun\@at@%fscwnwmﬁ‘épgaeﬁm ladH¥t ai ni ng one or two nitrogens. Preferred
substituents include am nes. 100621 Onepset of enbodi ments of L' includes
al kyl ene chains of 1-4 nenbeR'&88ons of ich one or two non-adjacent
menbers may be het eroatons which or O, pref erably N.

Rle—ye
N\

Rlaae

(11)

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

R19e

pharmaceutically acceptable salt or prodrug forms thereof,
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Preferred enbodi ments for Ginclude N and CH [00631 Preferred enbodi nents
of RB include H alkyl (1-10C), alkenyl (2-10C), acyl (1 -1 OC), arylalkyl
or arylacyl wherein alkyl and acyl are defined as above ahd AUGyRoogont ai ns
5-12 ri ngWeMes28i ncl udi ng, optionally, heteroatons sel @Ta80F28s0 N, 0 and
S. When RBis substituted onto a carbon, R B nay be COOR (where Ris H or
al kyl (1 -1 OC), or CONR2 wherein R is as previously defined, OOCR or
NROCR WpgdreinR Ik & sakected @gimous! y defined, halo, CF3, and the |ike. [00641
One group O a, P3-specific ligands that are enbgdinments of formula (1)
useful in the inventjon are conpounds of thé®rnula (11): Ri9 0 R e-Ue-
W-ye J J 1J | IéRX-C;e N\ %—MﬁlQ | R1J R Bae inclupd

stereoi soneric forns reof, o mi%teures af“stEr eoi seﬂ%{’l ciforns thereof,
or pharmaceugi€al kyf actept abl eXgml or pro forms thepesf, 14 2 3 AUG
2006 WD 03/ 062198 PCTI US03/ 02380 wherein Rk is selected from NHR Lee NR
2ae N-Me, N, Fe 2ae ~-N2ae \\ L e Nk' De ---</ | e - NRee ERH

\AJ D NNN, Alelbe Ae))reNeABeO
~ N\Ale

_</e \Ale _< .g

RN @ \>_ \J: \>__

2e 2e
R

RE)E L3
m »

and HANT N
Ae is -CHj- or -N(R10¢).;
Al€ and B¢ are independently -CHj- or -N(R10¢)-;
De is -N(R10¢)- or -S-;
Ee-Fe is -C(R26)=C(R3¢)- or ~C(R2),C(R3¢),-;

Je is -C(R2¢)-or -N-;

K¢, L¢ and Me are independently -C(R2¢)- or ~-C(R3¢)-;
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O NHNHR12e ~ R2e NR2e Ne|l ~- -:C~ ee N3N  rr RHRH R2e
R 2e NHR12e3eD6 R 31 e DR NN )T-- and H2N N Ae2|

“N(Rl Ce)-
-N(RI Ce) -
_C(RZe)_
2 3 AUG

sel ected fr ogle ohlj RE dre m@@pe’hﬂ&ﬁ?’
-C6 al kyl, C3-C6 al kenyl 7 cycl oal k C3- C7 _cycl oal Cl-C4 al kyl),
N, <57

aryl (Ol - 06 aHk§{-L4 alk@@, NRIR 13, Ihyllog@aNan
aryl earbonyl, and. ary ted 0-4 R7 r ely, when W
and W are subst i3 'h‘fy§199ﬁ‘y§(§3a 13%‘8’ Q“l"f‘ﬁﬁ)%cﬁwll(g:e (‘?%ﬁif@ﬁ)

system said carhggslttEwith QLER B ocycl | c ring being substituted with 0-2

or
Al e and Be are independently - CHZ or -N(RI Ce) - A%e 'S
Vm03/($21;98Ee Fe is -C(R2e)=C(R3e) - - C(R2e) 2C( F?@é‘}@mm%?(\e i's
-N-; Ke, L" and Me are independently -C(R2e)- or -C(R3c)-;
2006 WD 03/062198 PCT/ US03/ 02380 W and We are independently
seledRd rolm: €Rl  2e, hal ogen, N02, CN, CF3,

CFg Gi- kaﬂt < pHonyl

15

Cl

> together with

LD carbon 240 R CMERIB S CLIRIRAMRY SR mlBPPT !

groups selected fromC 1l -C4 alkyl, C1 -C4 al koxy, hal o, cyano, am no,

and

alternatively, when R2¢ and R3¢ are substituents on adjacent atoms, they ¢an be taken
together with the carbon atoms to which they are attached to form a 5-7
membered carbocyclic or 5-7 membered heterocyclic aromatic or nonaromatic
ring system, said carbocyclic or heterocyclic ring being substituted with 0-2
groups selected from C;-Cy alkyl, C1-Cj4 alkoxy, halo, cyano, amino, CF3 and
NO»;

R22¢ is selected from:

H, C;-Cyg alkyl, C2-Cg alkenyl, C3-Cy; cycloalkyl, C3-C7 cycloalkyl(C;-Cy alkyl), aryl,
aryl(C,-Cj4 alkyl)-, (C2-C7 alkyl)carbonyl, arylcarbonyl, (C2-Cio
alkoxy)carbonyl, C3-C7 cycloalkoxycarboﬁyl, C7-Cq1 bicycloalkoxycarbonyl,
aryloxycarbonyl, aryl(C;-Cyp alkoxy)carbonyl, C1-Cg alkyicarbonyloxy(C1-C4
alkoxy)carbonyl, arylcarbonyloxy(C-C4 alkoxy)carbonyl, and
C3-C7 cycloalkylcarbonyloxy(C1-Cj4 alkoxy)carbonyl;

R7¢ is selected from:
H, hydroxy, C1-C4 alkyl, C1-C4 alkoxy, aryl, aryl(C1-Cy alkyl)-, (C1-C4 alkyl)carbonyl,
CO,R18a¢, SO,R11e, SO)NR10eR i€, OR!0¢ and N(R11¢)R12¢;

wherein U is selected from:
-(CHa)yt-, -(CH2)sfO(CH2)m-, -(CH2)neN(R12)(CH2)me-, -NH(CH2),"-,
-(CH2)s*C(=O)}(CH2)m®-, -(CH2)n®S(0)p*(CH2)m®-, -(CH2)nNHNH(CH2)m®-,
-N(R!0¢)C(=0)-, -NHC(=0)(CH2)nS-, -C(=O)N(R19€)-, and -N(R10¢)S(O)p°-;

wherein G¢ is N or CR1%¢;

16
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NO2; R2ae is selected from H Cl-ClOalkyl, C2-C6 al kenyl, CYCl |

cycl oal kyl, C3-C7 cycloal kyl (Cl-C4 al kyl), aryl, arYl(Cl gA %I %)

(C2-C7 al kyl)carbonyl, aryl carbonyl, (C2-CIO al koxy)car yﬂU

cycl oal ko ORS | C7-C | bi cycl oal koxycar bonyl ,  ar yPORASesdassoy| ,

aryl (Cl-Cl O al koxy) carbonyl, Cl-C6 al kyl carbonyl OXY(C -C4 al koxy) car bonyl ,
aryl carbonyl oxy(Cl - C4 al koxy) carbonyl, and CYC7 cycl oal kyl car bonyl oxy( -4

al koxy harfdapmtlis-C(FNEN{TS '9gCe e atkyfeney] intwhi -C4
al koxy, aryl, aryI((C I®C§qal kyl )-y, (ml Cﬁh’g‘k&y geggrgﬂgg?l%}@d(% RI 8 ae,
SO2R 1 | e, bysaéermablylz?é | e, ORIl Oe, and N(RI | e)R | 2e; wherein Ue is
sel ected frorg1 ) ne-, CH2) neQ( CH2) me-, -(CH2) neN(RI 2) (CH2) ne-,

- NE( CH2) ne- R** @ ?F@e@m‘ie@ﬂmyﬁ@ie frep) nes( O) Pe( CH2) Me-

(SO PeN L Brpiotn, R BbOR PR HEL R SRl i TR RS
03/ 062198 PCT/ USO3/C3 i BnyrasifiuledV XM ipmha 66l it ene) in

whi ch the al kyl ene group “i's substituted and R9e

are i ndependent | R6¢ €ty Belohlk gIsubstituted ARhIPEROCC D RyBlosikerdyPNRbH t@be,
Cl-Co alkyl substituted with 0-1 Rée, C2-CGO aI kenyl substituted with 0-1

Rée, C2-G 0 al kyWjth OsuB&: (G1o€ mehlipil)carbonyl, CREag cYe3ealigyl(€y «Tacuiityly) phsnyist i t ut ed
with 0-1 Ré6e, C5€§6 cloalke% substituted with 0-1 R6e, (Cl-do
al kyl ) car bonyl S dd‘f}HlQJé %lﬂé@thmubﬂtmﬁpqwnhﬁﬁe& }  substituted with

0- 3 Rée, narafstiw&]erﬁyé;éahét%@él wﬁhgc&hﬁn 93 R 6 &%H&%@Bﬁg‘{\%ﬁﬁ?q clic

ring containing 1-3 eroato whert el n sal ocyclic ring
may be saturat edhetplmthaldng I@e[tbﬁrsatumhd pnmﬁlldr $apurated,adr dulht undsturaseidgsaid

het erocyclic rlng bei n sub tituted Wfféi" ?2 Rre, Cl-Cdo al koxy substituted
with 0-2 RTe, ?t85?§ry igirng being RNSHISAWIth 02 R R 6e) R 7e.  ary] (CO O

al kyl ) car borulcmaamb&& Gobstiitcdlvii 0-2 RTEHSHRAY YhikE NR @orah & Widr16e)R17¢.
aryl(Co-Ce alkyl)carbonyl, ary}(C3-Cg alkyl), heteroaryl(Cy-Cg alkyl),
CONRI182eR20e, SO,R182¢, and SO, NR 182¢R20¢e,
providing that any of the above alkyl, cycloalkyl, aryl or heteroaryl groups may be

unsubstituted or substituted independently with 1-2 R7¢;

Re is selected from:

H, C;-Cjp alkyl, hydroxy, C;-Cjg alkoxy, nitro, C;-Cjg alkylcarbonyl, -N(R!1€)R12¢,
cyano, halo, CF3, CHO, CO;R8be, C(=0)R18be, CONRI7¢R18b¢, OC(=O)R 10,
OR10e, OC(=0)NR10eR Hle, NR10eC(=0)R10¢, NR‘OCC(=O)OR2‘C,
NR!10eC(=0O)NR10eR 11e NR10eSO,NR10eR Ile NR10eS0O,R21e, S(O)pRl le,
SO;NR10eR1ile

aryl substituted with 0-3 groups selected from halogen, C1-Cg alkoxy, C;-Cg alkyl, CF3,
S(O)m*Me, and -NMe3,

aryl(C;-Cy4 alkyl)-, said aryl being substitutéd with 0-3 groups selected from halogen,
C1-Cg alkoxy, C}-C alkyl, CF3, S(O)p¢Me, and -NMej, and
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CONR18aeR20e, SO02RI 8ae, and S02NR18aeR20e, provi ding that any of the above
al kyl, cycloalkyl, aryl or heteroaryl groups may be unsubt hﬂ(ﬂtzﬂfé
substituted i ndependently with 1-2 R7e; R6e is selected from | -

al kyl , hyvoosys2168 - Cl o al koxy, nitro, C-d o al kylcar bon;ﬂCTﬂlSR[(/Mf‘?Oe) RI 2e
cyano, halo, CF3, CHO CO2RI 8be, C(=O) R 8be, CONR17eRl 8be, OC(=0O Rl Ce,
OR10e, OC(=O)NRI CeR le, NRICeC(=O RI Ce, NRICeC(=0 OR21e,

NRI 0eC( =O) NR ﬁﬂﬂnbﬁbthaeﬁQ?d\RrﬁgRbhminiﬂgRBoew S reteBa@OnmeRvhergin said

SO02NR10eRI | e, aryl substitut ed with roups sel ect fro

-C6 al koxy, C | -hegrogygiringipay ess("@}tP? wﬁia?laﬁeruramw f?‘ﬂ}’ws(a@rgéz S%ﬁkyl
said aryl being e€cted from hal ogen,

al koxy, C 1 - %#{%ﬁc%‘&fi*‘f‘ﬁ@zfgﬁsgi@“@aﬁﬁm@z and 17 2 3 AUG 2006 V\o
03/062198 PCT/ US03/ 02380 a 5-10 nenbered heterocyclic ring containing 1-3 -

N, O, or togroa 0 wherein said heterocyclic ring may be saturated,
partially s | éf’tsgt'fm”gﬁ °Mil 1y unsaturated, said heterocyclic ring being

substi t ut ed Mn(clh_; @32:6F§TlaanyRU§&31I1 sydledlkeyil ﬁ§}l {Cp0n tycloaE3 et Glylehkenyl ,

CyCl I cycl oal kyI arYl, (C3-C1 | cycloal kyl) net hyl, ar yl(C1 -C4
al kyl), and Cl- Clikyd), hlydeﬂ)salkyLWbttltwedmm 2R8%; R | e is selected from
H hydroxy, C1 -C8 alkyl, C3-C6 alkenyl, C3-C 1| | cycl oal kyl, (C3-C 11

cycl oal kyl )met hyl, Cl-C6 al koxy, benzyl oxy, aryl, heteroaryl,
het er oar yl ( GRi1€4s @ldedeld from:ar y) (C-C4 alkyl), adamantylnmethyl, and C I -C
10 al kyl . substituted with 0-2 Rde; R4e is selected from kyl ,

H I
CYC7 cycl oal Ryhydr@g, CT-%;P&‘FMR?G alieenybCrCry gyl °alk(ybl(ctpcb1 CEF%&YP&?F]B' nyl ,

aryl, heteroaryl

wherein said ar ylcbhﬁ é¥’%§P§aﬁllé< forabg%%&eap@utg %&% gb\ﬁn%ﬁl %@CILC“

substituents ind t [ omiteg O C 1 -ca
alkyl, C1 -C4 al ‘i@g%%%&ﬁgﬁ%@ REC @‘awﬁgmnﬁlgfswgd%m 2R4AY

R4e is selected from:

H, C,-C; alkyl, C;-C; cycloalkyl, C3-C5 cycloalkyl(C,-C, alkyl)-, (C1-Cio
alkyl)carbonyl, aryl, heteroaryl, aryl(C,-Cg alkyl)-, and heteroaryl(C,-Cg alkyl)-,
wherein said aryl or heteroaryl groups are substituted with 0-2 substituents
independently selected from the group consisting of C1-Cj alkyl, C1-C4 alkoxy,
F, Cl, Br, CF3, and NO3,

alternatively, when R10¢ and R11¢ 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-C5
cycloalkyl)carbonyl, (C1-Cs aik_oxy)carbonyl, aryl(C;-Cy alkoxy)carbony?,
C;-Cg alkylsulfonyl, and arylsulfonyl;
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alternatively, when R oe and RI | e are both substituents on -the sane
nitrogen atom(as in -NRIOeRl le) they may be taken togeé er with the
nitrogen atomto which-they are attached to forma heter UG 208| ect ed
from 3-a®biddyzd®nonyl, 1,2, 3,4 tetrahydro-I-quinolinyl PCT/US03/02380

1, 2, 3, 4-tetrahydro-2-isoquinolinyl, |-piperidinyl, 1-norpbolinyl, I
-pyrrolidinyl, thianorpholinyl, thiazolidinyl, and | -piperazinyl; said
het er ocycl emeé,ggelgdmﬁ{cr&hut ed with 0-3 groups selected from C 1 -C6 alkyl,
aryl, heteroaryl, yl (C-C4 alkyl)-, (C-C6 al kyl)carbonyl, (C3-C7

cycl oal kyl ) dh &walkyl(teph@almtmdxw@axmw methg3 yphenyBlipbdrytmeihytar bony! |,

R VTR TR S L
th t hyl h I
Encsjl - (()Z)E;ygF ky?/) ca[r%{l:)éS %ﬂﬁ%&?@l&%gb@h%%g@kwg) n(§/3| & %}gféﬂé)é%a}l %F’g’cm r )l;o nyl ,
C3-C6 al kenyl , C334@ﬂ<yt)y,cal’ﬁﬂlhd(¢tbarymr-cz alk}{ll)l:ﬁbd)dw |t(e£§roarﬁéarabdy}’ lapyl(C 8@3&' |,
het eroary] (Cl - C6 al kyl &car boni/ het eroaaq%cl) carbonyl, aryl (Cl-C6 aI Kyl )
(Cl- 06 al kyl) car B, ( aﬁwa )%h«;nyl agylc ranl@r@mlkmyfonyhnwlsgmmny|

aryl (C1 -C6 alk % r F}on het

al kyl ) sul fonyl , %9%‘31“ 2‘&’{1}?8 ny ﬁeégaéfl 1 &P’yé%’ E@%ﬂ%&ﬁéfm erein
sai d aryl groups aaiékycs¥Bisl dnd ¢ 190 YRR, SRR S saRPar feom t he
group consi sti ngagl C\{c b@ taﬁqwé]a al kgxy, halso ngéT&gbrslc? nitro;
Rl16e is sel ected sﬁbsumtedﬂﬂ:@)zmmmpts-ﬂeaa) Roslxbe groip c)shdfiRg 8HE)-C4

- C(=0) NHSO2RI 8ae, O NHC( =0 RI 8be, -C(=0) NHC(=0) OR18ae,

- O)NHSOZNHR18B‘3‘Y1 %MW haley (i pap dGB B92, and - SO2NHC(=0) OR18be; Rl17e
is selected from H, d-C6 al kyl, C3-C7 cycloal kyl, C3-C7 cycloal kyl (Cl -C4
alkyl)-, aryl, aryl(C-C6 al kyI) and heteroaryI(CI-C6 al ky); wherein Rl
8ae is sel echéEhsfscbmed&meS al kyl opt| onally substituted with a bond to LI,

C3-C | | t L I(C1l -Cb
Gkyl)e on i SREs ORI EBR K, SRR, R ferdse 1 AT
C(=O)NHC(=O)R 18be, .C(=0)NHC(=0)OR !82¢, -C(=0)NHSO,NHR8be, -
SO,R182¢, _SO,N(R18b€), and -SO,NHC(=0)OR !8be;

R17¢ is selected from:
H, C1-Cg alkyl, C3-C7 cycloalkyl, C3-C7 cycloalkyl(C;-C4 alkyl)-, aryl, aryl(C;-Cg
alkyl)-, and heteroaryl(C-Cg 2lkyl);

wherein R!32€ is selected from:

C1-Cg alky! optionally substituted with a bond to L,, C3-Cy cycloalkyl optionally

substituted with a bond to Ly, aryl(C1-Cg alkyl)- optionally substituted with a
bond to Ly, heteroaryl(Cy-Cg alkyl)- optionally substituted with a bond to L,
(C1-Cs alkyDheteroaryl optionally substituted with a bond to L, biaryl(C;-C¢
alkyl) optionally substituted with a bond to Ly, heteroaryl optionaily substituted
with a bond to Ly, phenyl substituted with 3-4 R19¢ and optionally substituted
with a bond to Ly, naphthy! substituted with 0-4 R19¢ and optionally substituted
with a bond to Ly, and a bond to L,,, wherein said aryl or heteroaryl groups are

optionally substituted with 0-4 R19;

19



bond to L, heteroary](Cl-C6 alkyl)- optionally substituted with a bond to
Ln, (C 1 -C6 alkyl)heteroaryl optionally substituted vm't Aﬁﬁ fo Ln7
biary](C1 -C6 alkyl) optionally substituted with a bond et er oaryl
optional | woesnseivsuted with a bond to Ln, phenyl substi tP@ﬂ‘@bﬁOW?@Bﬂ 3-4 Rl19e
and optionally substituted wth a bond to LI, naphthyl substituted with
0-4 R1 9e and optionally substituted with a bond to Ln, and a bond to Ln,
wherei n sai Gyiabeyk yoir g1&eeroaryl groups are optionally substituted with 0-4
R19e; 19 2 3 AUG 2006 WD 03/062198 PCT/US03/02380 R 8be is Hor R 1 8ae;
wherein R 19C is selected from H, halogen, CF3, CO2H, CN, NO2, -NR

| eRI 2e C2-C6 al kenyl, C2- C6 al kynyl, C3-CH cycl oal kyl ,
C3- C7 cVE?rS‘QIPkyI'fEfe%fF%‘%"Ey aryl (C1-C6 alkyl)-, C-C6 al koxy, C-C4

al koxycar borH'halo%EN'GFg,aCDEHQIN ROy NEOZeR 1 2¢, DR G?eﬂélalkyaf@i mlmrrth S02-,

wherein said aryl and heteroar yI groups are substituted with 0-4 groups
sel ected from hydZgaiomyl, Iﬁ‘ak(bge:;yg:loﬂﬁﬁ, Cety cyﬂealh}'lk@i-Q alkiyb-, @D’J@ (éﬂ Koxy;
R20e is selected from h&drox Cl-do alk 3 g % oal kyl oxy,
aryl oxy, aryl (Cl adw)a,ﬂ"ky 5 BlkpxY, {ﬂl@w bey TWn%Y'by("ér “al kyl )oxy-,

C2-Cl O al koxycar QXY 0 I{P il KOXMEAN By &6 -
al kyl ) oxy-, % ré“g }ke%% ﬁ&ﬁ%dr)%ﬂ 36’Kerfﬂ& -18% E F% ]aﬁBC?}‘CI
cycl oal koxycar bo rmbmfméwt% AlreMps Rleyted fro%h)‘alr@eﬁyhdlmhKGRy@le»( Cl -
al kyl ) oxy-, aryl oxycarbonyl (Cl-C2 al kyl)oxy-, aryl oxycarbonyl oxy( Cl -
al kyl ) oxy-, aryladrhe@yalboxpy; Cl - C2 al kyl ) oxy-, Cl-C5 al koxy(Cl -
al kyl ) carbonyl oxy(Cl - C2 al kyl )oxy, (5-(C-C5 al kyl)-1, 3-
di oxa- cycl opent en- 2- one-yl ) net hyl oxy, (5-aryl-1, 3-di oxa- cycl opent en- 2- one-
yl) met hyl oxyRr2@ngsefddtcd@mi:RI | e)N-(C | -C 1 o al koxy)-; R2le is selected
from C-C8 al kyl, C2-C6 al kenyl, C3-Cl cIoIkI éCéCilk{
cycl oaI kyl ) nhYCHWY’ CarGap alkyloxy, 3-C11 cycloalkylo VA ary OXY, aryl( 4 alkyloxy,
C»-Cy0 alkylcarbonyloxy(C;-Cs alkyl)oxy-, C2-Cio
alkoxycarbonyloxy(C-C; alkyl)oxy-, C2-C1p alkoxycarbonyl(C1-C2 alkyl)oxy-,
C3-C)p cycloalkylcarbonyloxy(Cy-Cz alkyloxy-,
Cs3-Cjg cycloalkoxycarbonyloxy(Ci-Ca alkyl)oxy-,
C3-Cyo cycloalkoxycarbonyl(C1-C; alkyl)oxy-,
aryloxycarbonyl(C;-C alkyl)oxy-, aryloxycarbonyloxy(Cy-C; alkyl)oxy-,
arylcarbonyloxy(Cy-C3 alkyl)oxy-,
C1-Cs alkoxy(C1-Cs alkyl)carbonyloxy(C1-C; alkyl)oxy, (5-(Ci-Cs alkyl)-1,3-
dioxa-cyclopenten-2-one-yl)methyloxy, (5-aryl-1,3-dioxa-cyclopenten-2-one-

y)methyloxy, and (R10€)(R11€)N-(C;-C1o alkoxy)-;

R21e is selected from:
C1-Cg alkyl, C-Cg alkenyl, C3-Cy; cycloalkyl, (C3-C11 cycloalkyl)methyl, aryl,
aryl(C1-Cs alkyl)-, and C;-Cjg alky! substituted with 0-2 R7¢;

R22¢ is selected from:
-C(=0)-R18be, -C(=O)N(R! 8bey,, -C(=O)NHSOzR1835, —C(=O)NHC(=O)R18be,
-C(=0)NHC(=0)OR 82€, and -C(=0)NHSO,NHR 18be; -
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aryl (Cl-C4 alkyl)-, and CI-Cl O al kyl substituted with 0-2 R7e, R22e is
selected from -C(=0-R 8be, -C(=O N(R 8be)2, -C(=0 NHSO@%@B, ?0]6
-C(=0 NHC&\;}O%}?I}ESbe, -C(=O NHC(=O OR | 8ae, and -C(=0O) NH 8be; 20 2
3 AUG WD 398 PCT/ US03/ 02380 wherein Y' is sel ect ed#Criusea/o23$80R20e,
- SO3H, -PO3H, - CONHNHS02CF3, - CONHSO2R] gae, - CONHSO2NHR] 8be, - NHCOCF3,
- NHCONHSO2R18ae, - N171 SO2RI 8ae, - OP03H2, -0S03H, -P031-12, - S02NHCOR18ae,
- SO2NHGRIRGB &S is sebchedTromN Y0 N~ IN 1 \~- CF3 N N H H and HO 0. [0065] The
ligand set forth above may be coupled through a Iinker to the materials
contai ned i-AORAE:, 1SQHH -BUsH.2EONHNESA, CRy -OONHSO, R Ha¢. -COBBIS O, NHR(18be
enbodi nent, the ljnkers are of the fornul a:
((W h- (CR6RY7) g) x-WQF@WW,S%W%F,)-NHSOzW§a§ -OROeHERO0808Hy-POaHect ed at
each occurrence f uR; NHC(=O),  C(=O NH, NRI C(=0,
C(=O N RL, (=0 ,‘é@%wgﬁg%%('g@gﬂﬁzb&"\gﬁm NHC(=O) NH,  S02, SO2NH,
(OCH2CH2) 20- 200, (CH2CH20) 20-200, (0OCH2CH2CH2) 20200, (CH2CH2CH20) 20- 200,
and (aa)t-; aa is independently at each occurrence an amno acid; Zis
selected fromthe group: ¥l substituted with\Q-3 RO C3-10 cycl oal kyl
substituted wth 0-3 RL)QL ald a Jb- rfeiber ed hIt ,{ocycl ic ring system
contai ning 1-4 heteroatefs Nind emflent|y selectpdlfromN, S, and 0 and
substituted with 0-3 RIQ Ré-x ,R6a, R¥, R7a,,ppd RS %@e i ndependent |y
sel ected at each occurrence fromthe group: H, =0, COOH, S03H, PO3H, Cl-C5
al kyl substituted with 0-3 RIQ, aryl substituted with 0-3 R O benzyl
subst i t ul®§5hi The ligand sgtdpriyehovemayive spwndsd thenuigh & linkerdal theimdterisToflaiied
gggl( ;%ﬁgﬁleﬁ?é%%ﬁa%ﬂﬂau&g oNh%zTr@:leih o%e erl}lllr;'(lizciim]éht, !}Qlle li%ikerggr% o(’flthbeond to an
formula:

(Wh~(CROR)g)x~(Z)~((CRE*R72)g-(W)p-);

W is independently selected at each occurrence from the group: O, S, NH, NHC(=0),
C(=O)NH, NR8C(=0), C(=O)N R8, C(=0), C(=0)0, OC(=0), NHC(=S)NH, NHC(=O)NH,
SOz, SO2NH, (OCH2CH2)20-200, (CH2CH20)20-200, (OCH2CH2CHa)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, Cs.10 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, R6a, R7, R72, and R8 are independently selected at each occurrence from the group:
H, =0, COOH, SO3H, 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 R0, NHC(=O)R1],
C(=O)NHR!1, NHC(=O)NHR!!, NHR!!, R!! and a bond to an additional component;

21



21 2 3 AUG M WO 03/062198 PCT/ US03/02380 RIO is independently sel ected at
each occurrence fromthe group: a bond to Sf, COORI 1, ?(azgﬂN 1,
NHC(=O Rl 1, OH, NHRI 1, S03H, PO3H, -O0OP03H2, -(QS03H, ar ¥l ® ut ed
with 0-3 WO W/06a1985 al kyl substituted with 0- 1 R 2, C IPE/EH0kRIZ0
substituted wth 0-1 R12, and a 5-10 nenbered heterocyclic ring system
containing 1-4 heteroatons i ndependently selected fromN, S, and 0 and

substitut ed pitti§iddepenBéntll;selkted ati cach oectapendarin thesed e h BEndo SLACTBOR1!,

occurrence fromthe group: H alkyl substituted wth 0-1 R12, aryl
subst i t EEINHR!, WHC(F)R 1, OH-NHR he #0eH POt -OPEsHe) H0SOnHh gryb substénted
contai ning 1-4 heteroatons independen iy sel ected from N, d 0 and

. . S,
subst i t witk@-3R ' Co-s plkylraupstitatad woth &y b R%1Gays alkoxy isabstifusedswti Ol rf‘gﬂfdmz,

pol yal kyl.ene gl ycql ,substituted w-th O-1 ,._carbohydrate substifuted
e o- $ 1B menthali hsue ik SSeR dopialrite [ Mot ndHeRiFy R R eed
Subst | ¢ #hady W ufld Brahd BlZinRl Wieps hmeyal kyl substituted with 0-1 R12,

pol yazaal kyl” substituted wth 0-1 R12, peptide substituted with 0-1 R12,

wherein the peptide is conprised of 2-10 am no acids,

3, 6- 0-di sul T g1 %@g&@gﬁgﬁ*{&g@gﬂm QE&%H@&E&RM&W!QQAH}@Q kitRiidd a bond

to an additional I's a bond to an additional” conponent; k

i s sel esttad-f R&afy] substitared vdth (h1 R32, 969- 8@ metbéred heterociclicaing sgstemh’ i s
selected fromQ, 1, and 2; is selected fr , 2,. 3, .4 .6, .7, 8, 9,
and L0; conguning e PiaepBamE jofpesderty s3eciza g, S.gnd b ing ssutyeivigh0-1 ;- ©; o
sel ectegiif 18alkd-subbtinfled With 81 R12, folyalkylabiJ@i subbtitufedSAtaret a2 from 0,
1 2, 3?‘ 4,@ér?r9§y%;axﬁsius Sefected fromo o9, %& 2oana 5 22 2 AUG 2006

WO 03/ 0@2ZH8Rydrstd suSaied2AH0-1 RODGOdoddxrbmsudstitaiea hitie0al R12 tlhénosatidi t i onal
substituent contained gn the nanoparticles incl udﬁs a chelator for a

r adi onusttistitntestwith fratRIF, sodycatkoxyalkyd substisried with 04 Forepriyazestisyisulstitugide h
chel at it 0°f E{qg%egtri]fess%bs?iftutg \gitﬁ 8—rl%|293 herein 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 O, 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’ is selected from 0, 1, 2, 3, 4, and 5;
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All EEA2 A~M /A5 /A2--E AAE-\ 1 5 E4-- 6- 7 EEA3/ EA -~ EA
and A EE8E A3 15\A7 AA A, A2, A3, A4, A5, A6,2§\7UG A8 are
i ndependently selected ftom NRL3" NRLI3RI 4, S, SH, S(Pg), (‘9 . PR13,
PR13RI 4, W@)3RA6BM 6, and a bond to the remai nder of the ®amuiSex23ds is a
bond, CH, or a spacer group independently selected at each occurrence from
the group: C-do al kylene substituted with 0-3 R1l7, arylene substituted
Wi th O- 3 [666) GBsohid enfhodingals Heidditiond) StibstitiieftcotdifeddnInéHahoparticles
het erocyc| 0- Cl - 10 al kyl ene substituted with 0-3 R17, wherein the
het er ocipeludesg @igl3tqr forzp iadippughdapes Bgtah Er & Hy\AE magneticrgsonpree dmpgingit Sichi ng
1-4 he L elected fromN, S, and 0, C6_10 aryl-Cl-10
al kyl s% sa??‘%g@ghﬁﬁmgg&%ﬁ Cl-10 al kyl -C6-10 aryl- substituted with
0-3 R17, and a 5-A0,senbered heterocyclic ing s ede))Eingi ng 1-4
het er oat ons ing n’aently selected fro subspptuted wth
0-3 R17; R13 and R14 are each independéntly selected fromthe group: a bond
to Ln,, hydrogen, C -Co alkyl substituted with 0-3 R1l7, aryl substituted
with 0-3 R17, Cl-10 cycloal kyl substituted wth 0-3 7, heterocyclo-Cl-10
al kyl substituted with 0-3 R17, wherein the heteroc o group is a 5-10
nmenbered heterocyclic ring systemcontaining 1-4 he%roat ons i ndependently
selected 23 2 3 AUG 20 WD 03/062198 PCT/ US03/ 02380 Yrom N, S, and 0, C6-10
aryl-Cl-10 al kyl substituted with 0-3 R17, Cl-10 aI,fYI- <10gar vl -
substituted wth 0-3 R17, a 5-10 nenbered heterocyelic ri sysptem
containing 1-4 heteroatoms independently sg@bected fromN,| S, and 0 and
substituted with 0-3 R17, and an el ectron, prowé t hat en one of R13
3( alternatively,

or Rl4 is an el ech%oP heceiffer J g al so an el egtrgH;
R13 and R14 (/:xgn%ige to for m‘;&RZO)(RZl); \E
j 8
A /‘\5 A A

>

Al A2 A3 A% A5, AS, A7, and A8 are independently selected from: NR!3, NRI3R14, S,
SH, S(Pg), O, OH, PR!3, PRI3R14, P(O)RI5R!6, and a bond to the remainder of the complex;

E is abond, CH, or a spacer group independently selected at each occurrence from the
group: C1-Cyp alkylene substituted with 0-3 R17, arylene substituted with 0-3 R17, C3.10
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.1¢ alkyl substituted with
0-3 R17, Cy.19 alkyl-Cg.10 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 R14 are each independently selected from the group: abond to Ly, hydrogen,
C)-Cjp alkyl substituted with 0-3 R17, aryl substituted with 0-3 R17, Cy_;o cycloalky! substituted
with 0-3 R17, heterocyclo-C).1g alky! substituted with 0-3 R17, wherein the heterocyélo group is

a 5-10 membered heterocyclic ring system containing 1-4 heteroatoms independently selected
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R15 and R16 are each independently selected fromthe group: a bond to Ln,,
-OH, Cd-do alkyl substituted wwth 0-3 R17, C-d o al kyl zszﬂgﬁﬁiwed wth .
0-3 R17, aryl substituted wth 0-3 R17, C3-10 cycl oal kyl i ed with
0-3 R17, hai@verwel o-Cl-10 al kyl substituted with 0-3 RPCT/USobIe380 N t he
het erocycl o group is a 5-10 menbered heterocyclic ring system contai ning
1-4 heteroatorns independently selected fromN, S, and 0, C6- 10 aryl-C 1| -

10 al k t | 7 1G6 tituted
Wi tﬁ Oy%mﬁ%}lhgg ;16111%135 %%Slowlrtlrﬂ?engézu%&{ éérdg\ggl(kzpl\gcer%é%s@E e ? ta: niung 1-4
hEt er Ogsﬂxgﬁﬁutb({@ﬁﬁ@fﬁﬁm h¥-9ah&ab&EEd fidt @Bt PNlic ingdPded cottlinguphdiérdhtemswi t h

i's i ndependently selected at each occurrence fromthe group:
: a bond |hdeplendeptlyt®qled¥¢d fr@h N,B;, andlO anCRgbstituGd w;th:DZFRlé and@p-eRp 18 provided

8 )2, 20R O?l8a - OR18
‘&letRY@“)OEe of qH %“‘“ﬂ%%@‘t{hﬁ(??‘&i%% ANPEYEL-0) N(RI 8) 2,
- NR19802N( R 8)2, - NR19802R| 8a, -SMBH, -SO2RI8i' -SR18, - S( =O R 8a,
- SO2N( RI 8) 2, N( R18 ) NHR 18, = C(=O NHORI 8,
_ C( =0) NHNR1 gitemativel D@ﬁ%@@éﬁ‘ f(ﬂ%’m‘?ﬁ?rfﬁﬁ?fﬁ% é@%}}(y, a-c al kyl, C2-C4
al kenyl, C3-C6 cycl oal kyl, C3-C6 cycl oal kyl net hyl, C2-C6 al koxyal kyl, aryl

substltut ed with 0-2 R18, and a 5-10 nenbered heterocycl ic ring system
cont ai ni ng 1RRY ahétRé? @@t%ﬁtlnﬂmﬁ@ﬁ]déhlﬂtyd from the gept popRd\L Ly, @ 0; R18,

b o % SASERSIATI 8Lt 2D SRSSELSE R, 91007
IR P T
' ndepe @?’ﬁ 1'“&4?&&%%&%&6%6 Q@uﬂ{scﬁpi 0 Hem@eﬂed 'h@teﬂ&y@iclﬁﬂg, syst@N,conta 3,

-al kene substifuted wth 0-3 R2 C2-C
10 1 a|1wmrms mdcneadenﬂytsnlegtcéﬁmm Srapd Os (ssv iavirCado alikvhsut)stsums

ot or oareds REpanabHE Ly 1aay et oMhO SRl o TEEERe | ut ed wi th
0-3 R23
al tor naPrOBFyERDh WAk gtttk CRRARENERT IUEMCHY St ol O ST

radi cal ah@subbtitalad Wigyo-3 1€ attached form R 22 R 22

R17 is independently selected at each occurrence from the group: a bondto Ly, =0, F,
Cl, Br, 1, -CF3, -CN, -CO2R 18, -C(=0)R18, -C(=0)N(R18),, -CHO, -CH,0R 8, -OC(=O)R 8,
-OC(=0)OR!82, -OR 18, -OC(=O)N(R!8),, -NR19C(=O)R18, -NR!?C(=0)OR 183,
-NRI9C(=O)N(R18),, -NR19SO;N(R 18),, -NR19SO,R 182, .SO3H, -SO,R 82, -SR18,
-S(=0)R!82, -SO,N(R!8),, -N(R18),, -NHC(=S)NHR !8, =NOR 8, NO3, -C(=O)NHOR 13,
-C(=0)NHNR 18R 182, .OCH,CO,H, 2-(1-morpholino)ethoxy, Ci-Cs alkyl, C»-C4 alkenyl,
C3-C; cycloalkyl, C3-Cg cycloalkylmethyl, C,-Cg alkoxyalkyl, aryl substituted with 0-2 RIS,
and a 5-10 membered heterocyclic ring system containing 1-4 heteroatoms independently

selected from N, S, and O;
R18 R!8a 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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:a b RR3 RR3 n R22 and R23 are independently selected fromthe group: H,
R24, CI-ClO alkyl substituted with 0-3 R24, C2-d O al kenyl substituted with
0-3 R24, C2-C 10 al kynyl substituted with 0-3 R249 aryl 230846 BPed with
0-3 R24, wmes@219enbered heterocyclic ri ng system cont aiPoirnge62430

het er oat ons i ndependently selected fromN, S, and 0 and substituted with
0-3 R24, and C3-10 carbocycle substituted with 0-3 R24; alternatively,
R22, R23 t alpgns & dgéltpiatectingrgiaug; ftised aromatic or a 5- 10 nenbered

het erocyclic ring systemcontaining 1-4 heteroatons'independently sel ected
ftomN, S, and O0; a and b indicate the positions of optional double bonds
and n is 0 q20%ad R2¥are SndepslRRPRRARREY fioel @6 afy, cegnce fromthe
group: =0, F, d, Br, 1, BCF3 WCN CI)ZRZ?ﬁﬂlp @?%\g ﬁ&p @g ) N( R25) 2,
“N(R25 )cw@i GERARRES, -C@I)N@%Cz Clm(zﬂah%atuted@ﬁﬁo 3 m;(c;;;ozm( R25) 2,

- NR26C( N)Z - NR26C( OR25a, -NR26C(=0) N( R25)2 - NR26 SO2N( R25) 2,

- NR26 SO #bimes substieted “uts 2R&5 aryl siketntegsvith B3 RYS RG0S aten\d- 03nOBRISE

" ccrocpioct il gt i PN B iR S bRy b o

i ndepeng@anrubsinfed with e R23, amqmsmﬁtéarcgry@@aﬂbbwaésmsstaﬁtewmm obygraogen and C |
-C6 al kyl; and a pharmaceutically acceptable salt thereof 100671 In

enbodi ment of the invention the MN targeting noiety may be:
?m[et7hgll(l 21 gaaétlgﬁaﬂ\é%)é 3&?% %‘g?a&% k)g?tkr with the divalent carbon radical to which they
yl car boary httavhedblon®: ( 3, 5- di met hyl i soxazol - 4-yl sul f onyl am no) propi oni ¢ aci d,
3-[7-[ (i mdazolin-2-ylam no) et hyl ]-1I-nethyl -6, 8-di fl uoroqui nol i ne-4-one- 3-
yl car bonyl am no] - 2- (benzyl oxycar bonyl gm no) pr opi oni ¢ aci d,
3-[7-[ (i m dazol i n-2-yl am no) net IRZF] - LAget hr226, 8- di f | uor oqui nol i ne- 4- one- 3
yI car bonyl am no] - 2- (n- but yl oxycar bafiyl anyno) pr opi oni ¢ aci d,

3-[7-[ (i mdazolin-2-yl arni no)methylial b
- et hyl - 6, 8-di f1 uor oqui nol i ne- 4- 2
yl car bonyl ani nol - 2- (n- but yl sul f &yl ak 'g)) pFopi oni ¢ aci d,

R22 and R?3 are independently selected from the group: H, R24, C{-Cg alkyl substituted
with 0-3 R24, C»-Cj¢ alkeny! substituted with 0-3 R24, C,-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 C3.19

carbocycle substituted with 0-3 R24,

alternatively, R22, R?3 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 0 or 1;

R24 is independently selected at each occurrence from the group: =0, F, Cl, Br, ], -CF3,
-CN, -CO2R25, -C(=0)R25, -C(=0)N(R25),, -N(R25)3*, -CH,0R?25, -OC(=O)R2S,
-OC(=0)OR252, -QR25, -OC(=0)N(R25);, -NR26C(=0)R25, -NR26C(=0)OR252,
-NR26C(=0)N(R25),, -NR26S0,;N(R25),, -NR26S0,R252, -SO3H, -SO,R2%3, -SR25,
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3-‘[7-[(tetrahydropyri m d- 2-yl am no) met hyl | -1 - et hyl - 6, 8- di f1 uor oqui nol i ne- 4

-one-3- yi car bonyl am no] - 2- (benzyl oxycar bonyl am no) prop| 03?? %I 2‘& :

.3-[7-[(tetrahydropyri m d-2-ylam no) met hyl ] -1 -net hyl - Eu nol i ne-

4- one- 3 yMQPIsEPB ani no] - 2- (n- but yl oxycar bonyl am no) pr OpIWI/Q,SOéléz:’GO

3-[7-[(tetrahydropyri m d-2-ylam no) net hyl | -1 -nethyl -6, 8-di fl uoroqui noline-4

-one- 3- yl carbonyl am nol - 2- (phenyl sul f onyl am no) pr opi oni ¢ aci d,

3- [ 7- [ (SSet0yRASSOuN(RAT)5l--R{(BA3T=NORAE] IG(-D)NHOR25, -OCH,CO,H, and

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

y| car boh(i-matphelingethexyyangl sul f onyl ) ani nopr opi oni ¢ aci d,

[ 7-[ (2-am not hi azol -4-yl )nmethyl ] -1 -nmethyl -6, 8-difl uoroqui nol i ne-4-one-3

ar bonyl am no] - 2- (benzyl oxycar bonyl am no) pr opi oni ¢ acid, |

[(. m da0) R#2 2and|R2frarecpote inldgpendentlysselepted 64 @cuptduu@nmﬁpmmq greup4- one- 3-

b I am n ﬁ? , 6-trimet hyl phenyl ) sul f onyl am no) pr opi oni ¢ aci d,

[( ?g(fﬂ)? Sbé" i -2-ylam no)net hyl ] - I - net hyl - 6, 8-di f| uoroqui nol i ne-4
3 vl car bonyI am no]-2-((2,4,6-trimetbyl phenyl ) sul fonyl am no) propi oni c
26 2006 V\? 03/ 06 198 PCT/ US03/ 02380
| m daai‘éla atmagenticallagaspiable splt thegrohy| 6. 8- di f 1 uor oqui nol i ne- 4- one- 3
nyl am nol - 2- (3, 5-di met hyl i soxazol - 4-yi stil fonyl am no) propi oni ¢ aci d,

(
(0]
o DU 1 coobobBEL Y By BLOR P dpr RSB TBISTRE P,

(i mda m?ﬁi }(ﬁgm%%ﬂh-@@ 1%&4&;&1&1@-'1%9% ésﬁfﬂioid Hﬁ{oﬁﬂyh%ﬂb igne- 4- one- 3-

[
rb
[
b
[
rbonyl a trifeth pheny ony ani no) propi oni ¢ acid,
[
b
[
rb
[
o
[

3-
yl c
3-[
yIcr
3-[
on
o
I
| car

(ymr@amdmmoyﬂéhﬁm%ﬂrﬂpkiw-4fvé&u}hf9hy16rn8wbhﬂb}hgmp ecidi nol i ne- 4- one- 3

| am o i N . o .
rCi i aao tGrRpd: MRS A SO BB af R e - 4. one- 3-
nghmrmymhma} Ql(bemglphydayﬁcﬁxylaﬁmo)pamom)mrdop| oni ¢ acid,
(benzi m dazo] - 2-yl am nQ) ne 8-difl uoro UI nol i ne- 4- one-

| car bony?'&H%]dﬁéol’("(zzyl&m@“{)’r“F% ﬂy@ﬁﬁl?éh?pg)dé(ﬁ-lofwoélﬁf’ (Jf ¥opi oni ¢ aci d,

i
[
c
[
c
[

| c
[
c
[

| c
[

7-
a
7-
e-
d,
7-
a
7-
a
7-
a
7-
a
7
a
7-
y
7-

( rc%w?‘]lhrrmoﬂ?”(ﬁlbu%ld&' cTeatepRest %‘) ,J,mggglaﬂyl 6, 8- di f | uor oqui nol i ne- 4-

[
ne-3 vy carb - 2- ,4,76-tr phenyl ) sul f onyl ami no) propi oni ¢
cid, 3-[7- ﬁ{%{@nlﬂaﬂdh}lﬁ%ﬁb’]wm@mth—yg lyinaﬁwh@,ﬁﬂmttwttv(]umohne-4 -one-3-
met

a
3-
y
3-
y
3-
y
3-
y
3
y
3-
3-
3-
(0}
a - -
) hyl yﬁ:ar%og;lll;mll'rll%ﬁ thlil-lbgpyllsluﬁgﬁ)ﬁir%Pn%ipropionic acid,
3-[7-[(tetrahydropyrimid-2-ylamino)methyl}-1-methyl-6,8-difluoroquinoline-4-one-3-
ylcarbonylamino]-2-(benzyloxycarbonylamino)propionic acid,
.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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| car bonyl am no] - 2-((2, 4, 6-trimet hyl phenyl ) sul f onyl am no) pr opi oni ¢ aci d,
7-1(4,5, 6, 7-tetrahydrobenzi m dazol - 2-yl am no) net hyl ] - 6 8-

| uor oqui nol i ne- 4- one- 3- yI carbonyl am no]-2-((2,4, 6-tri r‘?eq@

sul f onwMoaosioazppr opi oni ¢ "acid, 3-[7-[(pyridin-2-ylam mo)“msoahykqo- I
thyl -6, 8-di fl uoroqui nol i ne- 4- one- 3-
a
7-

S ewe

-y
-[
f
1)
me
| car bonyl am no] -2-((2, 4, 6-trimethyl phenyl ) sul f onyl am no) pr opi oni ¢ aci d,

[7-(2-am rzgpz{(mma@oﬁz _y/Ia}mlIc)ﬂﬁth»nh &et&ylds BlaROYHiihé-A8mé-30ne- 3- yl car bony

6-trimet hyl ) sul fonyl am no) propi oni ¢ aci d,

71 (yrcamw@nmm@z%dm@t@mhymw }'lswlfonylammO)proplomc acid,

3-
[
nmet hyl - I i. n
| car bonyI ar%ld[lr?oq a%?gig S méth?’ﬂyl pﬁthw?)& uﬁhfo(g?ﬂ}'l"g)rlrllnﬁgﬁoﬁr'egpl oni ¢ acid,

[ 7- [ (yoeuBdniactads]l 2-Ge yimnyaﬂbﬁmm,hb)pko;ﬁ&n@mmyl et hyl) -6, 8-di fl uor oqui nol i
ne-4-one- 3-yl carhonyl Q] pro-pioni c ac
I
I

3-
3-
3-[7- [(pyr| Jrld- &‘Wﬂ%'ﬁ‘é’ Jamipdneshyl- k?e@HbWT%ﬂW?SU‘@IIBG 4r9€or oqui nol i ne- 4-
o)
3

y
| am noj - 2

y

ne- 3- JI‘ H B PRhG- e RirQﬂl&m&xeﬁ??]ﬂlfogylﬁxﬁmuﬂr@ﬂﬂé Beid,

- 2-yl am no) et hyl g hen di’f I'uor oqui 'nol i ne- 4-one-3- y

bonyI ani’n [Iﬁmupaz@h?-w mn@meﬂwllzl-mem,zabﬁuormx ed208683- PCT/ US03/ 02380

r

-[7- [

-(2- ph g(f"IYy"I n%]ng?(gI bf'rﬁ'?emﬁ)aﬁH?Wo?Tlﬁg)pﬁo%%nem @md’yl car bonyl am no] propi oni c
7-[3- [M(draaﬁol B-fy?anyihﬁfﬂeﬂgl)]mhhﬁiyl 6,8-difluoroquinoline-4-one-3-

[
e-
n
a
[
2
acid, 3-]
2- ph l eth 6, 8-di fl | 3-

I(c Pb%%‘?g‘fﬁy m?l%%Mﬁ@i@i@?ﬁ%ﬁ@gg’ﬁ?moqg?%& oni ¢ acid,

[7-1

y

c

[

|
Cc

- ' gfb}ff} loﬁ'en%m\ﬁh%-ﬁ d]ﬁhgn')gr!%h)h]'f £icBY28Y%l & fluoroquinoline-4-one-3-

roqui noline-4

(im

gﬁ%ﬁm%ﬁlﬂ@% (2 u-trinestiypdpirenphisnl fanylawino)psppionic ecidci d, . |

E' " o B APPSR £ glaggeacut ot me
(

(

n

n

[ ViBarteQarhino 222406~ fi‘ﬁhﬂﬁﬁlﬂ)ﬁn}'})du{ﬂoﬁylﬁlhﬁmyﬂreﬁlbﬁb)amﬂ 8-di fl uor oqui nol i ne

3-
3- vl b I | sul f d,
t et %la}?rff%f(ggyﬂli?‘ﬁ’ihbﬂ"?‘%?%{r% Y\‘G‘)‘}II’@IS‘%VI‘}%? a&ﬁ%@&@bﬁ;ﬁw@%‘ %1 uor oqu

€34 chb%n?Fa%IrFoﬁUztt@iW kﬁmn%brpgeﬂ%@&?éﬁy%ﬁﬁé)[}m}MI%d“0) pr OIOI oni ¢ acid,

t trahydro fimd | at hi no)' met hyl'l - henyl ef hyl ) - 8d|fluoroq
e-4- 3-[7-[(4, 5 6 7-tetrahydrobenzxm1dazol 2- ylammo)methyl] l-methy] 6,8-

.
4-
i

a
7-
I
a
7-

4-0
7-
o]
7-
I
7-

y
3-
t
y b
3-17-1
- e
3-17-1
- e-
3-[7-1
inolin
3-17-1
ui nol i
difluoroquinoline-4-one-3-ylcarbonylamino]-2-((2,4,6-trimethylphen-
ylsulfonylamino)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)methy!}-1-(2-phenylethyl)-6,8-difluoroquinoline-4-one-3-

ylcarbonylamino]propionic acid,
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one- 3-yl car bonyl ani no] - 2- (n- but yl oxycar bonyl ani no) pr opi oni ¢ aci d,
3-[7-[(tetrahydropyrimd-2-yiam no)nethyl]-I-(2-phenyl et #)-6, 8-di f | uor ogu.
i noti ne-4- one-3-ytcarbonyl am no] - 2- (phenyl sul f onyl am no) (fﬂﬁomsc aci d,
3-[7-[(t ewabsya@deopyri m d- 2-yl am no) met hyl ] -1 - (2- phenyl et RATYUSHI/B238¢ f | uor oqu
i nol i ne-4 one- 3-yl carbonyl am no] - 2- (n- but yl sul f onyl ) am nopr opi oni ¢ aci d,
3-[7-[(2-am not hi azol - 4-yl ) net hyI]-I-(2 phenyl et hyl ) - 6, 8-di f1 uor oqui nol i ne-
4-one- 3- yl capbpimit#sl-20landiné)aleaiy] E Ryl cBiy] 6 B i v @i liae- 4 dbne-3-
3-[7-[(2-am not hi azol - 4- yI)n'ethyI I -I-( phenyl et hyl) - 6, 8- di f1 uoroqui nol i ne-
4- one- 3ylcarbenlasingIPEAR¢IBG @934, ( benzyi oxycar bony! ani no) pr opi oni ¢ aci d,

2 L oL DM TRl - O BRSEN MG feboean nol | ne

aci d, ylcarbonylamino]-2- (benzyloxycarbonylammo)proplomc acid,

371 (t etr ah¥7d{ r@cllaéorlrl]n —}%la%lno%etggrl henylet% 1) %f‘kggl %L&%Q&’ilxgﬁ ~orie- ; | uoroqu

i nol i ne-4-

one- 3- y| L ALBOMhAB]- Q-Qﬁ-b@ry(&x@c;ﬂb&ryl:ﬁﬁ:ﬁ@)bmﬂl&f@mdl)SU' f on-yl ani no) pr opi oni c

acid,

3-[7- g (i m da?z«b? {(zngdnmhnnlaymw}mfthyll(12(2mi@nxlp@vhﬁ %;dl@umawmlm%glaﬁ #rol i ne-4
- one- 3- am no) propi oni ¢ aci

3-[7- [(’ry 1111'1 ;?‘éﬁ@%% %{@%@enﬂ et hyl )PG, g di f | uoroqui nol i ne-4
-one-3 vyl cgr M‘lﬂ-YdlMMaﬂﬂ]n-Q y(aﬂh&i)mh&yl]fleﬂlyﬂrtﬁﬂylleth)'ﬁr(lgﬁ)dmﬁhbmgm??m}e -4-one-3- |
3-[7-[(Im m_n n t 6,8 r n ne-4
- oLe [(ymagﬁéfﬁwo a(ﬁtﬂ“gésr@%’ IGLH‘P)HSWIBg ‘gﬁ Qﬁyl )ysL| f onyl :am gg) B(r:]glpl gn: ce
acid, 28 @?"kﬁz %ﬂ?dr%/d%%ﬂ%oiﬂﬁm%wgﬂethyl) -6,8-difluoroquinoline-4-

3[7[(|mdaz am ho) nmet h

-(2- phenyé-étmt)onﬁlaﬁnmlfﬂ (bowépxwmbcrwéarmn@}weopsomc acid,

| car bonyl a : i d,
ST L daaar eai Rkl RO BRI ORI P bR bt
- one- 3- oyikB &ﬂmnly&m:mLZ—&&(tﬂo@cai%nylhmaw);ﬁropmhmrmcmp) propi oni ¢ aci d,
ﬁe[zl E)ggenﬂ m[9at(ztgtlrahydrolp%mmPd—%-@arnﬁ%)%ethyf] 1 &-ghr%lyl% }sl6) 8- glﬂuoroq{clmglorq tgw nol i
3-yl car I 2 nyl am no) pr opi oni ¢ aci d,
3- {7- [ (3)?'@)3 ﬂ%r%ﬁﬁ{] 22(ap;/]@[<';1)tr¥1£drlligﬁsr’rlet'i%flk ?{&&%icdgnyl eth Ié IO6 g di f1 uoroqui
nol i ne- 4- 3- [7 [(tetrahydropyrimid-2- ylammo)methy] 1 (2-phenylethy]) -6,8- d1 uoroquinoline-4-
gg?d?’ ?llo%% qnz}{'!)onnﬁamllxo]g}gri-gutylsa n@\)%}n%l'o%%%ncy &{? ul fonyl am no) propi oni c
3-[7-[(4, 5- d|3n[et[Mkmfﬂodﬁﬁbl-#@d)yk&tﬁ]FllGQmﬁtdnyle}hyﬂ)—(( Qdmlmrqqhabhlyé }-of¢-8-
di f1 uoroqui nol | ne-éﬁ- % 3/ gar onr}lgam .NO. ((2,4,6-trinmethyl phenyl)sul fon
yl ami no) ?%?ﬂ"d 2-(phenylsulfonylamirno)propion amd

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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acid,

3-[7-1(4,5, 6, 7-tetrahydrobenzi m dazol - 2-yl am no) net hyl | -1 29 U%h‘é‘dﬁéf' ethyl)-6
, 8- difluoroqu inoline-4-one-3 -yl carbonyl am no]

-2-((2, 4, sraosioseddy| phenyi ) sul f onyl am no) propi oni ¢ aci @CT/US03/02380
3-[7-[(pyridin-2-ylam no) met hyl ] -1-(2-phenyl et hyl) -6, 8-difl uoroquinoline-4-
one- 3- yl carbonyl am no]-2-((2, 4, 6-trinethyl phenyl ) sul fonyl am no) propi oni c
acid, 3-[7-[(imidazol-2- ylammo)methyl] 1- (2-phenylethyg -6,8- d1ﬂuoroqumo]me-4-one 3-
3-[7-(2-am nopyr.idin-6-yl)-1-(2-phenyl et hyl) f1 uoroqui nol i ne- 4-one-3
yl car bdﬂgﬂfwrﬁalmoj 7((@4& tBﬂFHIYI?é\FW)SBH@WWmmmmwﬂammo) propi oni c acid, or
3-[7-[(7-az

(5 ohenyt et mREBES Tt Y-{z-henyiciny-6. 5 iuorggippling--gas >

-2-((2, ﬂcﬁbmylarmndsiya ((Mrghlex))d)shlféxwhthmmpmmmiop&i@ni c acid. Preparation
Met hods 100 8 n a t, r pre t he emu] sj.ons of the
i nventi on, a??“ﬁ'('ﬂ%%ﬂﬁ%"k’g} ﬂﬁyﬁ'%&dﬂ?%‘é Hﬁg&ié‘rﬂugro@f’mf’h@“* -one-

i pi df Sﬂ&&%&@l&mﬁ@?ﬂ(@?& @trﬁnéthﬂbmnygmfoﬂyﬁ brop .onﬁ%%um to forman

enul sion. The function rg)onents of the surface |ayer nmay be included

in the ori gu%Hr[(@mﬂmhmaZ@l -Miggnincmethylel -Cophenwlathyl)-6fodifiuerdquinolineed-sur f ace

| ayer s icle.emul.sion. In one.
parti Cuﬁﬂ%ﬂt!ﬁ?&@ﬁnmmi(é WW gﬁ&l%ﬁglo eqoépr%owctagfjgeu ng agent or
drug is to I3e[# [IMBuhiﬁdhylidmdamatylzﬂﬁmﬁ’)metbﬁph-Qy-pﬁer{:th}(p)ﬂ@; g- surfactant and
t he nucleic amo‘adsorbedt the surface aft particle is formed.
100691 YHRNOGHPBP HI5H-2eat-ylc g%fﬁé%’aw 124 ‘héﬁ%fﬁathylpb?néb)wlfwvlmwpg@mc

anci | | agyygagents contain a multiplicity of functional such agents at their
outer surface, the nanoparticles typically 29 2 3 AUG 2006 WD 03/062198
PCT/ US03/ 023817-KbA G- wtrﬁmdmbemsmmaml%mbmmmmyﬁﬂF(éfnhbmsdetbfl)ﬂ%e

cont r gs e RibiKE BRERlcabBh kIRl 2 LA Bitime b ROYR R plop e

conponemiid,t o be coupl ed to the nanoparticle is typically in excess of 5,000

copi es per p referably 10,000 copies per particle, still
more pr ef eraag -{Zkgﬁ'(@'ﬁé 8§’c"ﬂ1y|l] Bhe“p!}e&y&'%g d}ﬂ"BU)qGU@h&@@‘OGBQ or nore

copi es gearbwgmﬁbpz ((?z'hes ﬁmm?)npmlylt)ﬁmﬁ thfdthoGA6Rbec RER, Particle is

typi cal | ess order of several hundréd ile the concentration of
f1 uor ophor es3- [7-(2adnmnmmdnrdés'l) la@eplisnpletiyl)em8-tifluaniguinelimgéons3i s al so

vari abl ot.contain an.ancillary agent. In

gener al %c?régr%g%%%]@?(@ qtrgfrﬁﬁ i}fyg% en&f)]srui@py OIBPRIGME ACi. QIp3_ speci fi c

i gand, are Z}E'B[(ﬂlaziﬂeﬁirﬁﬁadaiﬂ& g3methiy )] as@uihdngiehl ) &gt difluoroquinoline-4-one-3-
ylcarbonylamino]-2-((2,4,6-trimethylphenyl)sulfonylamino)propionic acid.

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 is formed.

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

contain a multiplicity of functional such agents at their outer surface, the hanoparticles typically
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agents. Further, because the particles have a fluorocarbon core, 19 F
magneti c resonance inaging can be used to track the locatjon of the
particles conconmtantly with their additional functions 24866 i BBd above.
However, <{stfoslogfibg!isi on of ot her conponents in nmultiple ceprasoysssders them
useful in other respects. For instance, the inclusion of a chelating agent
containing a paramagnetic ion nakes the enul sion useful as a nmagnetic

r esonafk]fo‘ﬁtaii laRds 60MbhsaRds ST9RSIEcules UTehd Bisbgichif acale Ricl atbaalsagEt i ve
mat eri al s makes them useful as drug delivery systens. The "incl usion of
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2" bl enERCE B Yy L GRerGHPBG ot POFEIBHeCARE LRGN £ AR AHORGEREPI T o do
in di st ipbh@ehaPhetic i AR Bk hlIfbn 8528 Y hfblshétRAedoRlincdQmb ng@mﬁﬁ es. The
emul sified m Xture is transferred to a 30 2 3 AUG 2006 V% 3/ 062198

PCT[ US03he igBwion of bioksgiag| p petiveanaterals makes than psefyl g5 drugglelivery sysigamns. The
continu ; d. Ut . c ed
il 51 ooy PERERE ekl AR et i he\hBpo B M AR R fARLERSC |
seal uniidgnessies foAimapiig. ddthanntagingragerts inokdp flemaplates, deihtas dabieycexal udi ng
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MA), which indicate tight and highly reproducible size distribution wth
aver age delivered to them. ’

[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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di anmeters | ess than 400 run. Unincorporated drug can be renoved by dialysis
or ultrafiltration techniques. To provide the targeting Qiﬂﬁﬂgm an a, P3
ligand is coupled covalently to the phosphati dyl ethano? r Phrough a
bi functi oNeQ 0JG6p1¥®r in the procedure described above. Ki PST/UBGRR2W The

enul sions of the invention nmay be prepared and used directly in the nethods
of the invention, or the conponen ts of the emul sions may be supplied in

t he f orpcedavidiéssemuldifieriMisroflaRlycs CRNE 86ntin6usly Sropéseqbdt 20 00@PSELoe three
conposition containing all of the desired ancillary materials in buffer or
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group, swiétarsommietie Padelagyizaspre deterroined whisiplicathat 390 wdtharlaseslighitxed wi t h
the targetin ent, effects the bindin f the targeting agent to the
enul si o a'tetné‘g Sy ‘CEOBFE’QF&?%S‘%E&W‘S’F?M&%M& g‘ftgsézeb f 0@?8’8"‘&8%?’("?68%&‘57 eagent s
usef ul  gduipbigh MA), itieh maltpleitight andihighlyetbiodativle siZ2@iRMBiish With F¥ragdNt ai n
reactive groups which bind to linkers coupled to the desired conponent to
be suppiirmetersdgss than 40Q npWnnqorposated drug can besremonedilen diokysis gr Wirpfiltration de

vari ety . r ST ! ' ' envi si oned.
(et vi GeSp BER POEATRe i GRRAME bl 18 AP, AR ARGl e Slden T 86, TS b

suppl i ephdsphatidylztiahelamaerth@ugles bifuretiondhéinkertin thepreedrk desedbdédodbove.eagent s
for conmbination with other materials which are provided separately from

the kit itself 100731 A non-exhaustive list of conbinations m ght include:
ermul sion prdfigs ations that contain, in their |ipid-surfactant |ayer, an

ancillary ent such a fluorophore or chel atj agent and,reactive
moi et os WGP Cabp g orsot e Mysmon b bermgenstsand upd dicigiy Bribe mafReds o o
emul Sl Ome'i@eﬁwﬂbﬂﬂek&nb&{eﬁ@df e eﬂﬁx@sﬁﬁns%ﬁ@ HeQiprted $n e For ofSki@!r FHORitS or
coupling to an ancillary nmaterial; enulsions which contain both targeting

agent apwy aorepiisedhd nierpegpered tayaetedpasmnosition kentaimingall of theislssirddaingillary i s ei t her
suppl i ed. i : ' ' I ' . : ations of
t he nanglﬁgp?llg (@f%dgfekgn%rl#%ﬁgﬁ '? ﬁ(g-ms' u‘%egl?:at%\g%lg ?ﬂ? g?‘sdﬁ‘Pginﬁ‘% é?rg{c?ﬁgé materi al s
i n the 8hulkiod whidh 1&ks tha,f3hfima WechRCIIppPBEBiep A tely. | Uinled these/drcumetahes,n

different . .reactive grou ne set. .of reactive groups.for a A | jgand and
St her NeiselTe e Suflog AT o « FEite e SHahgs § THAIGRRGE PR, SRt
emul si O effAlticH iB imbedaiivh ME tarkdig AR IPfcBS teWHiRASH RO BardMIRE SednhR theact i ve

groups are supplied by a Iinking agent. Mications ) )
emulsion itself. 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 1s 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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A’ 100741 The enul sions and kits for their preparation are useful in the
net hods of the invention which include inmaging of ti'ssuef mwl ng high -
expression levels of a.,P3 integrin, and where tissues w f"

expressi oWQ ewe? 98 are undesirable, treatnment. H gh exprePETOH0YER s O
(1103 are typical of activated endothelial cells and are considered

di agnostic for neovascul ature. 100751 The di agnosti c radi opharnmaceutical s
are adnffi flyer BftaliydiforehBréRitior groupk, o8k sEdf readtiviagropsi for S@lf; figarkiaindt i on,  at
a dose of 1°to 100 nCi per 70 kg body weight, or preferably at. a do§e of 5
to 50 nadiother sehof T§8Ctive SHRWS SR ANCIHATY GERHoNRPARYRNR Grwlsions GOmBINEBY ©

t her apeuti.c ' | . g,q,;;;b' ' I us i njection,
usual | ytlI’I’le ﬁorg%ﬂf@n%m}ﬁaﬁ?ﬁﬁﬁﬁérg?{ ezre%?)lgee of %%%tfﬁé]ﬁgggl%&m%@g\éggﬁbody wei ght ,
or preferably at a dose of 0. 1 to 4 nC per kg body weight. For

conpar abl e ther, I ¢ radi opharmaceuticals, current clinical practice
sets dosage -'?—%F#%%% romO0.3 to 0.4 nC/kg for ZevalinTmto 1-2 nCi/kg for
CctreoThqbe7d] The ahelksieds aaikdtsdst thtir prepaptiondare ubefnl is tiehmethedsayiéhet | ¢

radi ophannaceuticals, .there is a balance between tunpr cell kill vs.
normal  BVERIPRIENGIIpElyde iagmg; of tisspes %%ﬂPﬁngg"MﬂFqsil?@vﬂf 8t ERa gDy e s,
the bal Q:?}F@hé?@ﬁ&ﬁé’s' With §iRK Rk Sredsith 1bwHAre aRUdsirIE Afdatmehh EHRhANPrRERS I8Vl

hi gher than correspondi ng 1 magi ng i sotopes. (00771 The magneti c resonance

i magi ngofaufs arasypiced efactivaied endethelialashs andare gensisterededjiagnestiafeed in a sim | ar
manner as ot hFEtl VRl agents as described in U S. patent 5,155,215; U.S.
pat ent PEO@¥FIMUD; Margerstadt, et al., Magn. Reson. Med. (1986) 3:808:
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t he Comdb?%&{ﬁ%g@ﬁl?é.' ﬁ.ﬁaéjﬁé)ﬁrﬁgﬁ%&msﬂgg&gwn%&‘ggiy, steril e aqueous

sol utions ntrast” agents are admnistered to a patient
i nt ravenol@876] iThe thesangutc radiogharmaequdinale agladminigteryd bydnteayepls IMeFtioBdy

wei ght. 100781 anticul ar r l.,.chel ati

i ncl udedsuafly s/aﬁfgg‘(f]%'fcfnagtzaaé:&)é% Bf)@égéociﬁe@ ?%ﬁ?#%—qeg@?’aogiﬁ@gagg%a?SISOTA)
and its oterity amciesr kg Bodypedighitc Bbacomparabid thevap@eiezydiogharmacattioats, QDEHA- NCS)
conprising an isothiocyanate fynctjonal 32 2 3 0 062198

PCT/ USO3ADizalgachiF et dispacapsss %OHEQQHEJ’-&&B%{&M e‘taﬁ‘a‘qg'ﬁi ‘\rﬁf"@%ﬁ CTof

phosphatd dyl riel 20 @lpafEh R6mNosthtth feptide. For such therapeutic radiopharmaceuticals, there

is a balance between tumor cell kill vs. normal organ toxicity, especially radiation nephritis. At

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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peptide derivatized formthereof. Derivatives of this type are described in
U S patent 5,573,752, incorporated herein by reference. 9 g Bg ﬁﬁgl tabl e
chel ating agents are disclosed in U S. patent 6,056,939, A or por at ed
her ei n bywaesszrege. [ 00791 The DOTA isocyanate deri vati peTo®03/edss0 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 schene
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car bodi Ussi pater(t61056/932 calsovintapdratet herenf By referdncei t her N hydr oXy succi ni m de

NHS) or o b triazole (HBT) are e ed and t
'E - boZ:- tr |[‘81\9§ ﬁé gé%:zs‘séﬁ}'s??t? @?(f“’aﬁé?)%lalsﬁr@ ﬁ‘l‘ toghe {lﬂé/smfacmm directly
t-boc-t & tHef [ l; whi ch
st hen““#g"g‘c‘?‘ﬁsd? e hded, e OF QR 15 S fat § BBl MEAgedE,
pr oduct scheme below aFerdirspt ¢@pbvg,m!gp POEASHCS aswimplyakeictedewittoDE td otsainthet he

remai ni I it ter r enpve excess | vent and any
un-reac 3]%8%}% gﬂr ﬁlfléz?e(ad& lslﬁ&?,loyﬁ er NB% ?é@gy \/%?‘03/ 062198
PCT[ USOﬁio@ﬁﬂ)SﬂlanolErNﬂp (BEﬂs (ﬁrslﬂcbixpléll 't lvoc prctec(édQanych.r PS@ndaé®cdhpling
Diisop kawbodflhm dfe h SWCI m dc O~-P_(CH 1 1~ 1CHZ).CH3
Et 3N/ o&‘?)@%& syeh 3 PﬂW&F et V?‘?‘é’“?ﬁ freg agyd|of the tcbovtl(l@wwe S8 step PE O
(CH). c1ﬂ~sopxgpyl carbodiimide (or an equivalent thereof) thh 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/CHCl; 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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[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 mmolkg,
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 L 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.
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known to those in the art. Typically, the tissues of interest to be inmged
or treated include areas of inflammation, which nmay charag u'ngm@ variety
of disorders including rheunatoid arthritis, areas of irritation such as
t hose af f ¥@ 8H6BY8angi opl asty resulting in restenosis, t®PEIESLI/A3I® ar eas
affected by atherosclerosis. 34 2 3 AUG 2006 WD 03/062198. PCT/ US03/ 02380
100841 The followi ng exanples are offered to illustrate but not to limt
the invention. Preparation A Part A -

DSPE- PEG(@6¥30) hé pilloiviler dampiRhrdERiddo Alistatddatiedt to Bmitiie invéalonS
_~'"N,-YN~~0)4, 5yNO O OO COONa 00O OO [00851

1, 2-Di stearoyl -sn-d ycer o- 3- Phosphoet hanol am ne- N-[ Mal ei m de( Pol yet hyl ene
A ycol ) 2000] is dissolved in DW argegheginyed by sparging with nitrogen or
argon. The oxygen-free solution is adjusted to pH 7-8 using DI EA, and

treated w t hpj¥ek C pistPEARRG(2000)Rfildmide Mbrkchitdmelis AGRM ddaped at anbi ent
tenperatures unfil analysis indicates conplete consunption of starting
materials. The solution is use regjly in the follow ng reaction. Part B
- Conjugation of the DSHEr\FE 0 ﬁ]l/qh - Mercgpt oacetic Acid Adduct

27 ((2R) - & Ami nou8 E

Wth 2-r(f4-f3-(N-f2-[ (2R sul 4. analpyl)-B sul f
oropyl | et hyl | ear banoyl ) pr opoxyl™- 2, 6- di net hyl phenygl sul f onyl ) am nol (2S) -

3-(f 746m dazol -2-viam no)rnethyll- | -nmethyl O4-%%(0(3
hydr oqui nol vl ) | car bonyl ammmm ) HHNY OH NNH
M
[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} carbamoyl)propoxy]-2,6-dimethylphenyl} sulfonyl)amino](2S)-

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

hydroquinolyl)}carbonylamino)propanoic Acid

0 0 0
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\ 0 35 2 3 AUG 2006 WD 03/062198 PCT/ US03/ 02380 100861 Th
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N,-YN(,,,9,,~N,-"--O jNNHO HO 450 O=P-ONa - H03S. 0 0 0~ O
g%pﬁ%m sol ution

of Part AWOAEEHI8|s pre-activated by the addition of HBPOTARE3/0258F fi ci ent

DIEA to maintain pH 8-9. To the solution is added

2-1((4-[3-(N-f2-[(2R)-2-((2R)-2- am no- 3-sul fopropyl)-3 -sul fopropyl)

et hyl } cﬁmba]rm’yli@ mo(b.m@xcyl]xt—i&x of Pditgtabovep isemy-la&tlvated by the addition of HBTU and

sul f ony I { - et 4- oxo( 3-
hydroqLﬁu tﬂ‘?? ﬂ}(éér‘%)ﬁ‘ﬁ?’lg hg‘}g -g‘bé’ﬁé?lé“‘ Ps&dggg‘i@{ﬁﬁﬁﬂt{@t[ﬁw'%gz& ?rred at
room t egnRs %Hff@prob‘ﬂ}igfsuﬂbﬁrf)ﬂg}%ﬂ:yi}%rb&:%o?l)p ﬂ%d enoved in vacuo and the
crude product is purif by réparative HPLC'to obtain the Part B title

conpourdimetayiphpnyd; Sylfomd)@mdnd r{ { Al(irmidegel-vpldwinamethip) d praethyl-boxafs-

ancst natogsimg ISt BobASE a0l bolhd SutES ey f sbrt oS5y v

r espectindet pijrogehifor 1&1.t DM rdr@ye@iin €0b aﬁ@thmmd@qmdu%h@wﬂﬁe(ﬁsﬁr ile
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A. Tumor Model and Preparation of Nanoparticles:
[0087] Male New Zealand White Rabbits (~2.0 kg) were anesthetized with intramuscular

ketamine and xylazine (65 and 13 mg/kg, respectively). The left hind leg of each animal was
shaved, sterile prepped and infiltrated locally with Marcaine™ prior to placement of a small
incision above the popliteal fossa. A 2 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
oP3-targeted (130 + 39 mm3) or non-targeted nanoparticles (148 + 36 mm?®) were not
different (p > 0.05). '
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Ot vP3-integrin-targeted non-pararnagnetic nanop artlc es two Rours before

MR i magPHEMElbIREPHTcles. D yRamigMRdmages werég’btameﬁ at igiscden andvenyddfnet i ¢
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m nutes for each animal over two ours to non anges 1n signal
enhancetmnor andhmuspde tegions. Alh thnmars were resegicd asd fréden forhistolbgyer @robsreetMRE and
frozen fg\%&ﬁi st ol ogy. tﬁ corroborate MR nolecular inmaging results. 100921
The par TNEGHE: PEHEASYET i cl es were produced as described in Flacke, S., et

aL, Cirqoi9zyi qhe pZ@Ainelidfanbydliciks Rere JRoAREA X debdifbed PR S CL AL €
enul si ons were CO{)TBH sed of 40%e§] /'v) ‘perfluorooctyl brom de (PFCB) 2%

(w' v) ofirgulatien GO0 RIH04d 380 385y Rriefly, themanaperticulgt sions aveee compsised of
repr esepgd, r@\g’v} &ﬁﬂ@cﬁ’h@c@ﬂﬁomlde (PFOB), 2% (w/v) 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% cholestero}l (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, Ba-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]amino} poly(ethylene glycol)2000]1,2-distearoyl-sn-glycero-3-
phosphoethanolamine (MPB-PEG-DSPE) covalently coupled to the a,B3-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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excludin on of a.lipe | + tuted
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enul si o g'fhr ?ﬁﬁ%lemz@Qﬁq—lﬂuﬂoﬁ i wﬁ “ﬁ‘f"f‘%@re\’l' axjnést Gl %etﬂaﬁﬁ:ﬁ thed dxﬁn@ﬁrsﬂbs?s HREEN.

100971 '€ sizes were determ n Cwth a laser light scattering
subm cra@Ompar.ticle size anal yzer (Ml ver n I nstrunments, Ml vern,

por et A oA S USRI e PRl Tt 2 o

parti cl gofizRndettionqMdder689e, SEisnTechnblogiss,and., WikitisgtonDE)h©npadltofcl es had
di aneters |l ess than 400 nm  [Q0981 Perfl uorocar ban concent t| on &s
&l o (vodel

det er mi rrsaflugrocarbgn smulsioncambiied prth 1024 pRiassiugHRydrogds pthagal
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vort exedst(t)rgg tﬁ&&t nm’l ?ys%. %%klgl%'[o?d 0t(c]mperature 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 (1 and r;) were determined at 0.47 Tesla and calculated relative to [Gd**] or

[nanoparticles] as indicated.

38




a shaker for

silica gel

tenperature was 30C and ranped upward at

30 m nutes.

colum and stor

ed at 4-6C until

Initial

The | ower extracted |layer was filtered through a
anal ysi s.
10C/ min to 145Q 3[AGO%e The

col um

gadol i ni uwa@aneerys of the enul sions was determ ned by neuiorausosigizsyvati on

analysis in a 300 kW nucl ear

Nucl ear Met
(1994)).
the ratipg,

nanoparti gl

hods,

es in the emilsi

pp. 122-140, Z. B. Alfassi
The nunber of Gd3+ conpl exesmet

Gkaltdne @ﬁ'ﬁﬁ@ﬂtéﬁrh&@ﬁs&fs ofl:-

react or (Landsber

(

naddt

ger, S., Chenica

ed.),

e TR e

8£rtl%

eac

Anal ysi s by
New York: W/ ey
nanoparticle was cal cul ated from

'Pé}‘éetteﬁ ani N

e

par amagnet i
with a Mni

c
spec Analyzer

nanoparticl e f

or mup at i re I
ruke!r"v ﬁ%e%M | t

esl
101

asuro\lg! E[ata%éfi. T

and 40C
D01 The

characteri s
Concentrati

ti’?\r%%le(glzet @ﬁgpar t

are r

cles ar hown in
relative To the td

Tabl e 1. % 1011
t al enulgl n vol une

liters. Rel

cal cul ated|r

R )

ri and wer e dd
-] or [nanoparti cl

term ned 0.47 Teq
es] as ilqéitlcated. 34

2= WD 03/ (
Characteri s

? é‘(}:ﬂﬁaﬁ\ﬁZS Tar

| USO3/ 02

380 TaENg 1 Physi
n-

cal and m cal
ed Nanopdrticl es

cf,p3-targe

| ndex 0. 15

%@%&Bn targeted

[Gd' +] (V)

¢t ed and Tar get
2£9

j 273 26%§PO| ydi spef

sity
articl es]

(W 65.5 73

21.1 r2 (4

ons /
22.9

Partic Si ze (nn

4,400 97,
24.6 r g?-g*mvy-|
000 2

628. 6 [ Pé
400 r, g% "
Part I cl e] 800, 000

| &

] 19.1
1, 950, 000

r2 (s*mv-|I

and Hi st ol ¢

S ol et

2160,
& 101

6.19 6 [ 917]
000 B
021 Twé’r?‘xf‘go

Mal met1 ¢ Resonance

ter tuno4fpl ant ati

| magi ng
on, the

ani mal s ung

er]rels\n;nr{h)m[?éd]scanm

Parti cl
days af
ng on al&JB

21.1

1, (s*mM)”' [Gd]

229

24.6

r (s*mM)" [Particle]

1,800,000

1,950,000

r; (s*mM)™ [Particle]

2,270,000

2,160,000

B.

Magnetic Resonance Imaging and Histology Procedures

[0102] Twelve days after tumor implantation, the animals underwent MRI scanning on a 1.5

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

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

asas

ignal intensity standard.

[0103] Tumors were initially localized at the site of impiantation with a Ty-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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For surrounding in-plane pixels did not enhance, were removed from the calculations 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., Bannockburmn, 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.,B3-integrin (LM-609, 1:200

dilution, Chemicon International, Temecula, CA). Immunohistochemistry was performed using
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rabbits treated with the ,3;-targeted nanoparticles increased (56%) relative to the non-targeted

nanoparticle effect (p < 0.05). Blockage of o, B;-integrin sites with pretargeted non-
paramagnetic o.,B3-nanoparticles two hours before injection of the o, B;-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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[01081 Tenporally, MRl contrast enhancenent provided by a, p3-targeted
paramagneti ¢ nanoparticles was detected in regions of azg'o n;@s soon
after injection at relatively low levels, which was pre ?mfgﬁ%y tributed
to a | ocalwestesawasati on of nanoparticles through a fend¥il/e%08@2380
neovascul ature at 30 mnutes (Fig. 4). No intravascul ar bl ood pool contrast
effect was detectable after 30 mnutes. After two hours, the magnitude of
si gnal enbanueBctenehyoratadfhinh thettiraar, eklanl\j' hadl 0t drifigEd3e theertgmoeky 12

I h I
T oot (s ot B AnaRRD R ONOK s sro B UL Riec 0o BPARGLEGE non-
par a”agne% Ed %wﬁ%]%ﬁﬂamgés' fsnsémgmemH htHogfher &vmluugaea 8monltarlgbd

aA—targete paramaghetic “particles’reduced the targeted contrast signal
enhancepaainagmetitiadopdiicles.0. 05), to a signal effect slightly bel ow that

attributed_ i neovas | e onf| t.he .s icity of
the targottlh AIRBparaR ERtRes Rt St i G F B R IR MR e ALt o
contras im@wxhaﬁfo?%@&ry\e@ﬁoﬁMmbﬁatazraammét irfiplahtatié) T @6ma Fabbigs, B M@ t he
vessels wthin the fossa and in particul ar W|th|n t he wal | of Iar%g

nesi s.

veins | mﬂe:dctedml sq tiesowetd qxph@@cbﬁ@mﬁh%s{wdsaﬂgm 8y ofheg primalses massgyy
]lcgr ogev é\%%g gﬁ%rog e Qfs%@hﬁ&hdg Sée AR rlﬁﬁ e Shad nsﬁ?m&hegg%d gatiglem ned

genrc gnat “ThCl r oxI m tundr capsul ar
si gnal Ihisedw@,&edaaleﬂ motarbalaltahomamaﬁtlmm hemag glﬁsltlratmgof inflawnatory cail(FigrSget

(data not shown |nst nce sis stimulated in.nearby 41 2
3 AUG 2(hmse appa Weﬁ%?‘gg'giy cpfrp 852 al/qgtbq}f@?ﬂ?tén%)?p?%at%?g Lrabor at ed
fromth%féx rMR?is%ékd'ed%ﬁﬁdammaberdl\ﬂmﬂm:ﬁahentumor by 12 days

post - i tation. Exam nation of the vasculature within the contral ateral

popl it eal [0ndYs aAmoreg/tbal subisehof avimals.cowme radende seceived evibsriersptaq Baramagnelif t h

th 33-t t t ed 0
Ao Fancispiid e R Pt ab ey RRE R Sitp RE RERR e s B
the  knQyihis hdabyofasGilitGRI(Figt 6). | Rislatizéf sﬁgmbmahce‘tﬂendass&medswtth apbpliteat i on.

In sone rabbits, no tunor was detected and so these were excl uded fromthe
study. Imassof adiacaniapoudainrgayas distingtfeom (s maleculas imaging feapesapptingde based

upon on &g gn &%&Wﬁﬁ%gﬁ%ﬂ%&@ﬁ& SRl tiR o\ aFis RS 8 fmihShidtéthEhical

hi st ol ogy revea remmant wt eavy Infiltrates of
I nf | anmrednalyyis 0£tht senfrfangtissbys, conﬁi‘meﬁea rncitno Svaseularityyie thgdedorfpeopharnandt udy as

wel | . The_ hyperintense arance n T2- wei ght e .S derra
associ at¥HRCRRtEESUERHMIL gﬂﬁéfép @F\ stajrgng) I the QB A FHD- gl'&sgeef%nd&gs §ﬁ1 {‘5&  sone
random ysp'é&ﬁab)’&%&é’c%lér%gﬁh@ ﬂ) A @PRAARAE Yiable Vx-2 masses from tumor remnants.

Example 2
Imaging of Atherosclerosis

A. Mode] 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 (r1 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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nanoparticles and no MR contrast enhancenent was shown within the periphery
of the mass nor wthin nearby vasculature (Fig. 6). Thi ?%3@% @55 si gnal
enhancenent associated with a popliteal mass or adjacen ul'ature was
di stinct MWOWHES nol ecul ar i magi ng features routinely olrCaiuseso2ssy ani mal s
with histologically verified tunor. Hi stol ogy and i munohi st ochem cal

anal ysis of the remant tissues confirned a paucity of vascularity in the

t unor perdcgdeanil and tnagad jwatherdinichlSSIE systénh (Phikgs N'D inedre CM, 2hilbeMeliRal t he

"R3-i i These findi ollustrate t ecificity of nolecular
gl ng RSO dTieeeat LHE OmeBREIVH 24i abes o orRmERSHC peTPRARESS
Exanpl eexgresdedpert M1 G Ard'B7 B2) £1d0813%0.6 sedREH! r%é&tﬁgl‘ygnﬁarmggfgg bl cles

[0112] Both targeted and non-targeted nanopart’c we repared as
descr i belaxiviies gegr la@yt0s198+1004300mrd 21386,000+ 120000 Iisec ard paitisie) C for obamli Bed wer e

2t o pleh PR 5 SR SRR of el stcnssan T b emereinig

scat t eravafat]dpdrarrignetiedntidstages. Wor chestershire, UK) was 273 nmwith a
"pol ydi s?erg' t¥12ei ndex" (or distribution bandw dth) of 0.15. [0113] The
actual THOM b teegeleginpiepagisles epchgontained appropieately 204 §00sopiesof Par ti cl e
for mul agdn@Bemini¥BE Sink&d 18 kB faRtITidi ﬂeﬂﬁ)rﬁﬁQhﬁtﬁlﬁg\@@M&l ﬂh@!a:?g‘)igg recovery

pul se sequences_and nul tiecho sequences appl to pure
( nanopagestritied ¢ Preparation At pagB.nil)ysishlaherhciemsticsopd dumahopaeticled werSunafisc2®06 WO

03/ 062 Q2 bi r.d i. 1 d i ith. l{phical 1.5T
syst emll?)%ﬁ'?ﬁuﬁlsl %%fﬁ]ﬁt% gr%?amg}fg%a ie‘e‘i‘°ﬁ‘gd§“%a‘gﬂfﬁ"agﬁ‘%§§§¥“@t ,’g%gg‘i l?‘l’tﬁlgﬁrﬁeé?annds) .

The "i omidwohesigditictds eatiblitédindistingaihile pmfr@%iwae tdpertigganoparticl es
expresse + are 17.70.2 and 25.30.6 _(sec-mM "' respectively.

er otM.&d 3 S€C- 1M )
"Particl g‘-’ﬁé_ls edi® mdugg gfherpsciqresis, 4 make Mew Zselend Wiite pbbunwerz fabathent20, 000
( see- MViidstetdt (1£59) of Rhndatd ﬁﬂghéh%w nLAPRE ~BEUAS! it E(ﬁ'ﬁaﬁrageﬂ@{vﬁreti&%&ec?
orders of magnitude greater than those Tor comercrally “avallabl’e
par amagitreyenoesiy\vie gat veirgioratdose a1l mi/kghedy weigbt; éd, stmnolEt binopaticlespd
contain a i e - 3 opies of the peptidomnetic Iinked to the
particl géjsﬁ E%Q%%nghél é%?%su‘g‘%e ﬁ?‘ueg' coupl ed phospholipid, described in

Preparation B, paldntBl diffwithasidnshBierel & Bi-Sdrpdad pfaridp@etianoparticles were
unaffected b tGe inclusion of the targeting |ligand, including
F

phar rryacB‘moH@T‘:lES : _%erti es, and both targeted and control particles
exhi bi ted ingi stimghicRsladd:6! MR TBAEL LR R, BOG gbled Sanoparticles (n=5) or

3) 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 (4?m)
of aorta. Expression of o, 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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101151 To i nduce atherosclerosis, 13 male New Zeal and Wiite rabbits were
fed either 1% cholesterol (n=9) or standard rabbit chow, gn:@r Z@J@r -80"
days. The contrast agents were injected intravenously v? Al inin a
dose of OMB PAQ6RY8body wei ght; i.e., about 1014 nanopart i ROES0PE2380 dose.
Three experinmental groups were used: 1) Control diet aninmals adm ni stered
CtvP3-targeted paranmagnetic nanoparticles (n=4); 2) Hi gh-chol esterol
rabbits admmi stqmging,aﬁéﬁmsw]g@ ed nanoparticles (n=5) or 3)

Hi gh-chol esterol rabbits adm ni stered non-{argeted control nanoparticles
(n=4). [[ou851 MR magss graaRiained)in amanpefsiraular ta thag st forth iipsragraph Beaf]
assess Utai N L/ 0 Shal 3l

Formai | BemeiSh AT pRERR (ST EER TSIy HaD, Bl R was o)
Q03 i nt egdialng withreequadratire binddage RE secenrefcbil hietndgy theavmndhiisd befbeerand aftery  of
formalin-fixed .sections with use of cific i mary antipod LM509:
Cheni coﬁeatwmtalﬁmfmﬁn,eth fﬂf*@?}?éﬂr@ﬁ%é@}lﬁf?ﬁ@ P %&teggearmﬁ? ataﬁ%@?é&ﬁfge

devel opggcmbiobd ¥haisgbsthé A Wiislperfolida Wi rehdiaA&sks$o lmelcﬁer agi (TR CD31

primary antibody (Chemicon International, Inc., Tenecula, ) . I mages of
neovasca$CmuilE Merse2 by 250zl inupldeg resalytiong 5wwm sli@0bicknass;tNS A= Kdthough

m croscgpe ' ra. ; experi ment al. ocql was
ppr oveleasrnER Rt SRS opr Ol PR RERE bl ST SloBbRE R,
School pfovidediaprateical 4itcans (3 abitreA0O Gata W §idttGRridd 8f Mad. TOSHEPBLgnaB.

| magi ng. and. H st ol 101181 MR i nages.were obtained in a manner simlar to
that sefntfiSiy 1 hept 1ﬁ§%{f}i§ﬁ o PRSPy fouble thespnopzgiie CANTAHERKS OV,
Phi | i ps o0 60 dplﬁyﬁf- Kifeve BENR=51 38T N ihe' BB od Hged, ‘@liging riVishilraBon

guadrature birdcage RF receive coil to inmage the adorta in vivo before and
after bamdstwesgplagtdiproxmeband gistalite theaegipmet image acquidition apdinaayed withdbieght ed
spi n-echq cfaa.t -asaturat ed, black-blood imging of the aorta was perforned
from t h&FEHE™ §ng°tl=fl}§s to the diaphragm (TR 380nms; TE I I1nms; 250 by 250
fLmin-plane resolution, 5 mmslice thickness; NSA=8). Although the actual

TR used for [Jmgi W0 Vi VOo. wa ti.gal, according to our signal
si nul ati ons, t:l‘t Resulid o tatain a%d@ﬂ‘gm%mﬂp to acquire the data in a short
peri od of [0l 197e.ThEhse of fafeted BAncpafivids showédnhhhaemiesit dfalsd contrast smigetied as

havi ng to approxi_mately doubl e t he nanoparticle concentration (to around
100 pM locgUeSHeBES &5 Rgemelyith aBrOSTON| | ¢ he bl 0od i gnal, "sliding rf"

saturati O120] 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 prescncé of
targeted nanoparticles that have bound to the o, B3 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 particies 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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bands were placed proxinmal and distal to the region of inmage acquisition
and noved with the selected imaging plane. C. Results of | mqi and

Hi stochem str 101191 The use of targeted nanoparticles sh%@eﬁﬂ% ancemnment
of the coW@a¥e6219%nge in |ocations verified as associ at RCTVISN302380

at heroscl erosis. [01201 Figure 7A (top) shows the inmaged portion of the
aorta in longitudinal profile for a selected aninmal and tranverse slices

( bot t ongholefets] dict (Shed Ehatdsatiddfighiet tiah the @RhRRMentMstd tagBtedpirfbles ina
nanoparti cl es, so an exanpl e of output from a custom designed i nmage

] and al. |
segment @bbib Pl ngsmaldish{obd tianglfe)- t ati ve signal analysis of individual
aorti . SlbEp. VERGiRlydRBbnta cohliftcAAldithild aolth JAIFHEARRAm Al B Q0T T3St
injection (mddle panel), i1ndicating the presence o targete
nanopar tabbiteR20trhiattel afiex tloatment and shomed shgnificany signal dypietogpeesty aFindividmahor e, t he

aortic bl.opd po round i.s.nat .conf gundin note: |ow blopd signal in
Mareny 19706 FasiEon s REF RGPS CpiiRRied foee b8 rir PGk BrRaRHE bl ack

bl 00d"  fasiffétts thelprehtBboverMGRBAHcEment Bt ThNpBlise are prd¥Mmdh Al Brébab@pleson of
contrast enhancenment in the aortic wall wthout requiring a walting period

for bl ood03bI HistelagisH detepningiinns corfirmed dhe colowlization pf the veB: iBegriremitopese

vari ati - | ' ang, L he a. for three
sel ect egmr’g{)eb‘i&? (['smz{r%ﬁ/&eortg ﬂpg?‘gg?’ {ea}rh gr?g)léggﬁyﬁgee%nr?gdm}gg’mg@@{gh%ﬁgi n the
hi gh- chitdrétdeysin theaehglebterblfatxablis oaty. dnmnirocgbthentiddl ayses kvabgiment s. As

shown, the .percent nhancepent with targeted particles in the rabbjit fed a
hi gh  nBICBURER! SRIRaPT s oty i’éféf&P‘gPaﬂP fterfgogin e ChIP AR FABRIE Btent  of

| mge UPECAM SEmiri! BEicashenANeRall biidoBielil, SolbeHbid wite the &, iR epiiopes UG
2006 WD 03/062198 PCT/USQ3/ 02380 chol esterol diet (open squares) and

hi gher 8tihpadvsatitinmadia iverface.u Shin oyvas absgeted anyshmdre prosinently in thg khalestdreld a
normal ¢l .50l | ' | abl] i n L 1l ment
Wi t hin dgr‘é%tgtr%t él&gﬂmn/ﬁlk ﬁ\%&g&éﬁe&%ﬁ%@nﬁ% bi{ggklégeo%? a{?gﬁé}g& @ggnmfﬁ nutes’ af t er
t r eat mentarkend showed significant signal heterogeneity at individual aortic

| evels. T I gh,.chol esterql rabbit adm nj stered. targeted nanoparticles in
parti cul éafz‘ﬁmrﬁ frgg’f)g'gf%"%rsé’ﬁ‘f"%‘?ta‘&}‘é’?%qr}d’@rf?Faﬁ?E’é‘ﬁBtﬁf“?teB&Palymf syt s" are
present jrtéhsaleb withinaRe SHIPWER imabldd fo? badtl ifdaBbPEicE Has E¥efpdl.Nhd A% WARAT r Med
t he colocalization of the avP3 integrin epitopes wth the vascul ar

endot heMagiifolalgdin sackitwp-dimensioneldmaaathroughithe e of aisaded fregiowigraving'keni ng
ZL ;F; S ggl ggg%/ﬁgmaihgtdiw?ﬁivgﬂ%ﬁéz{s% fhle st ﬁgen[eq}bﬁéat by miu\étiné iﬁ%&‘r‘r’&%&ﬁ% %&ras%rl
their similarity to the previously segmented pixels. Once a pre-determined threshold for

)

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. Afier 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 injéction was quantified within the entire
ségmcnted 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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prom nent staining for a, P3 at the adventitia-nmedia interface in the

chol esterol -fed rabbits and PECAM staining, indicative of2 ?aﬁﬁ%

endot helium colocalized with the a,P3 integrin epitopes a e

adventiti AVOrg6a19nt er f ace. This was observed much nore prEEWNSHIBY in t he
chol esterol - fed rabbits, confirm ng the presence of an expanded vasa
vasorum associ ated wth inflanmatory markers. 101241 A "regi on-grow ng"
segment @tG&NDIPAdealihdisoliition is anést aibk phaited) thankyspiaced fwithigmalieldiofiviznsi ti es
within the aortic wall .i rrg%es for_each inﬁgﬁd. sl.ice was devel oped. The
aortic Themsicentehangs iy signaginfensigeadier papoparticiaraieghen wassalrylated o greend use of
a seedegs "¢0eg14q90 it Eiter i@é Bh! GaRRrAliiear MEad (RINDLRET EARRMIERge
segnent ed area by evaluating the surrounding pix&l's for their simFarity
to the festing digsdup difdermeaes (BADiIng) Cary,Mderth Ganolina)dedsaised toaldtetrhine thivol d f or

simlarity_was r ed [ h.term d. By increasing the wwdth of this
segnent ﬂd‘gﬁa'}cgf’{e&ﬁ%eﬂ‘&eéq?mqa SE '%féﬁbt racting the previously segnented
| umen, onpy2er QYuakificaties bf thé adrie sigdllehhancmbht 3G ofi@ittedadfichia@vay by
background pi xel s remai ned. Further thresholding was used to renove the

backgr otdlerlgingdheaveree pagtic sphapcerpent f5ra sipgloeabpit igrossalhrastig levels that had
segnent gt i t L AYE ' { e J ' poi nt
vas subpreahagd a1 ER kR Blckintle O Wilde SoParb iy Spcfifefieddd™™ PO
al gor i t RigukefAasHowsdkat aienediett! f aftemirgection of thngeted vhmopirtiplesi(MathirDr . M chael

Brown at the on ilversity of | ence and Technol 3 L.abl.e at a
o adqPRESIBPEE S Byae] i) h Bt e SE Al buab iR ) Al

uni f or mrabbit® By 12080k, HatignsA o Mo Entire QdHicaSal PwasdnhentEh Rirthef bypd 7508, on of
interest for the entire aortic wall as illustrated in Figure 7A. M

si gnal iMerdasaling Bas entiee agric well ef alhehelgsterelifed sabbiis thet tessivedaondergaterd i ed

wi thin £ 4 QO rebj Gid:2GcQN: I ' j acent
skel et aﬁlgﬁn?fgg{cieeg ?lg%?ons %l#lﬁ?lr% g?se/lté?lt@ﬁgts(}ﬂl\f\leﬂ{reg’ecg]gﬁe"kzat?% Séatb?e;%r?lagomﬁ i gnal

i nt ensi minwes(26:6v% R Mhzdhdeprosentseonty apoal hdlf afithasifnal aogmentatioarak for the5 2 3 AUG
2006 WO Ogﬁ@ﬁZ%&S PCT/hUSOSI 02380 (a &d 3"-DTPA/saline solution in a test
tube phaRTHHRIY REECISHRONEICSOEH- within the field of view The percent change
i N si gnal [o127]ens tHeYcoRfrbEdiet AR adi frlifidanit hdti€ Glall @AhMMREMER Ivad bBep@df Or | mages
at 15, 60, and 120 mnutes after injection. General linear nodeling with

Duncan' smmgfiate}y after Hyrsaion pElargetng nanorgrtislgs taaflevst eqtivalent wtbat of the. | Cary,
or b ¥ = ! R L !
VR o oL GRS Ay st i SOl Ae 2 b gt

enhanceriti¢ invvassed 230143t 24). Clins,ghe signal ehlyanbgment in the entire aortic wall for

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 a,[3; epitopes in vascular
inflammation is possible with high resolution MRI iz 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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cal cul ating the average aortic enhancerment for a si ngle rabbit across all
aortic levels that had been imged, and then averagi ng thsse S|2mee rabbi t
values for an entire experinmental group. Figure 8A shows? diately
after inj dXQPYMW2EB t ar get ed nanoparticles (W thin approxiBGI/é80§/02880

m nutes), the signal in the entire aortic wall was enhanced by 263.8% f or
all rabbits. By 120 mnutes, the signal fromthe entire aortic wall was
enhanc empitbwstshenld ycre®s fot WnumberofthakdivengnceThe namntystem Bexpéctedtalekisoh al |
chol est er ol,- r abhi Es t hat .recei ved t eted nanoparticles also
enhancelarg&; f GBS rfﬁcﬁrci tigp %&pg@aregmltqtgﬁ&%gavgqrgsp mo W‘%@P‘@E@

M Nut eSor{ A6 h8vasoumitere, %19@ftﬁ§QB§r%x9ﬁdtMyQb@tﬁlh&@hfino?ﬂmélgéawéﬂegiﬁ@éte@fﬁ%ent ation

as for the specifi cal t arget ed enhancenent In the control -diet
r abbi t savesie§ hqu¢Q§anifheasfﬁ@tptnqmeplf@rmhﬁ@emnftmmcmﬂewwthat formiscie el y

after i I t to t hat of
Phe " chifECAAE Blnd APARIFARIANIOINKeasd tholult U S MR rds? "5 O]
2 hour sdistribetiai grlahe \and sxhnmthﬂleeuslylarge@sadodaﬂaonlamﬁ%n ofifarEmagnbgc Si gnal
enhancenent | e enil re aortic wall .for <cholesterol-fed animls

n t
appr oxi PPé‘PB‘?rlﬁfaﬂ% | &g loshsbiecte sbgé‘ﬁlc 'F‘B]Imﬁj‘?)é‘?“rei’ﬁmﬁﬁ\aé“%%ﬁ’ Plepdriimaging. [ 01281
The si gpgiho@NBankeRAbwRRERMiAGhd Vhsh bssoﬂﬁh RARRLy r%%@hﬁ]gltﬁlblfomﬁﬁlhﬁﬂ{aﬁnguf e 8B)

for any group at any tine period was far |ess than any o
aorta gtheapsic lunen, jsigoal nslingshaudd be mard effsctiug fos ihgraofticdumeneblopd pod Blian. forThi s

trend V\ﬁ%y&%{bﬁm% tatistically to nanoparticle type or to feeding

regi men 1 The data indicate that specific identification O
aA epi t of@831j n Taggsted|paramapgndtic ammapiattiziesi can fos k hied with MRDirgémdlEisodudes on VR
in vivo..101301 Pr.evi.ous gharrra ok| etl C anal%zﬁes i ndi cate that particle

cl ear an¥¥NFEBing ¢iRARl IMALIPS aRpreaghes to ﬁlll?et‘ﬂen‘ﬁ’?‘? ipflammaiion ang/orangiggenesisThes e

propert {iesrigR @%e,@gd‘]ggglgd by addition of the ligand or the gadoliniurn
chel at e. ACCOI’gl ngly, the concentration gradient driving nonspecific

accurul ati on of nolecul arly-targeted nanoparticles in aorta or nuscle

shoul d be di m nishing by 120 m nutggpibch is consistent with the present
data showi ng a plateau for nonspecitic signal enhancenent in aorta: see
Figure 8). On the contrary, the [lestenesis Modelpecific binding to aA 46 2 3
AUG 2006 WD 03/062198 PCT/ US03/ 02380 epitopes should increase for a nunber
of hal f 110133 Hamsstic pigs.harthyydirkatici er Hypedipaldmic amsedated with tedazglecdcktgiind

crcess LT TSRS RRSATPAICER Nl Bl BAL B Bs T B oo
nanopar bloot gaseseicartanjabtibedpressu@rare 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),
18 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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average i.v. dose. The greater nonspecific enhancenent in aortic wall
versus that for nuscle likely relates to the expansion og k‘fﬁ

si nusoi d-1i ke vasa vasorurn that provides both a | arger i s 8??& on

vol une, aNtP Y¥&%8aneously a greater |ocal concentrati on BYVPHP4%8Ynet i ¢
nanoparti cles that are |ess subject to signal nulling by our particular

“bl ack bl ood" i magi nfg met hod. Because inflow outflow in the vasa vasorum
is |iketliowed t%’élc\ﬂhﬁéfh o5 befwsen {1 lanch 1% manutesn At MR angiogram isineefarmedingioato nul | i ng
shoul d be f e aortic lurnen blood pool than for that of
t he vas%f‘r(\)/tggs)‘ea(rgﬂuﬁrVgag]tlé%gm’%%[mﬁ%ed par amagneti ¢ nanoparticles can thus be
used wi t hoNsR| MRIsminImg’ lsperfdmaﬂsbna\/\‘n'iﬂl‘esimclirimﬂ;s@hhﬂiMIniem@Vn@iﬁpmroaches

to delipe ascul fla ion and/ enesis__in rly stage

at her os& 3% yst e"‘éxlg t@’%t"éﬁ%ﬁ’%“‘%ﬁ‘é‘}'g"l stom At ig 7§%p| gs, healthy,
di abeti &ppRpridty BAId 1hélh&¥3&”flp.€adra3ﬁ1€ heRIMCR Birdédeb cbif e Qlar siRfaké &dils, pHabeddl / 23 kg
IM followed by intubation and 1-2% i sofl urane anest hesia in oxygen The

ECG, bmd(sgae'eﬁ catel Eorresepmh apalysss, gadelinjuindigthdenetiiminensrtaagetigaeidi ne,

dilti az

Fol | owi per éﬁse’?ed%%%r% girnlﬁgﬁg all%cpescgd g’?ﬁg’ thgg@h%% a%%ngﬁfoagmlev}&%f) iate
Si zed gdrgé sHndmbye ﬁgidl mnsntystgndar& thigisno? réqmrbdiferﬁﬂlcﬁ?l&bbﬁdaﬁbn HRof | ex,

Mal |'i nckrodt I ng. 3 positi.oned_at a cervical vertebral | evel
(C-3 t olmagsnalygs i iSIPFT amﬂl Qfﬁ ipg wrte ap ﬁﬁ@é’ igipR Y& Wprkstation (Rlyjips Mediclr essur e

of 6 at gg&ahﬁa%a ﬁ%eﬁgl@e&emmwnaguﬁgmﬁam yeRpses between inflations.

A bal |l ooh-to-artery ratio of approximately 1.5°is typically enployed. This
pr ocedur elolﬁﬁidtfaﬁ!lse % shayesras3- dmnsnonalpcmnetmymn hEthe gputrastrenhahepdtbalodnani na and

ba 1 oon DMy il il BialitRs vaforBRIS, TR e MERRNITLcd
Exanpl edilsmbuaoxadmn'rcﬁ’faerm mdha:eavd]mtrahe dmida\tmdya CHtebeaz&a impedsidie to deteet

delivery systemjs a paired balloon catheter or an nmechani cal perfusion
del i ver Y Touiing ayekgwgepﬁwag9@&1%#%%@@@6565%%@%1 injy BgEhavE cl es,

or sali 62198
e Usob 305 TP Bk Bl 3o qularllon et o e VR
angi ogr ani0137]pdn ﬁdﬂmﬂdtomonmnsmg thec‘a,ﬁotargbtmgsmtwthwdnbpartralgs arg suqiplidd es

|123 2?; S‘@h qgﬁprome atqlve aggn?s sucfl rzllﬁ'ssgadlonuci:ahd%s pacletaxeﬁ1 or raphrrr]lg'c%%.l scanner (NT
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Medi cal Systens, Best, Netherlands) or conparable clinical systemat LOT to
7.0T. Appropriate coils include a quadrature head/ neck birdcage coil,
circular surface coils, phased- array (Synergy) coils. For Qqsgggqhng

anal yses, gadoliniumdiethyl enetriam nepentaacetic acid (Gd-DIPA) doped
wat er standards are placed within the high-resolution field of view (FOV)
to serve as an inage signal intensity standard; this is not required for
clinical application. MR inage anal 1818j s perforned off-line with an
EasyVision v5.1 workstation (Philips Medical Systens, Best, Netherlands)

or simlar ilmage Aneampnsitionicompsiyisg@menfulsi®sdf mangparticles,shows a 3- di nensi onal
reconstructign of the contrast-enhanced. balloon injur atter.n using

rPa- ¢ ar got SO R GREPRIeRS RN AT TAR R e aatblatesh et St o

di stri biyid/ifactantyi crof ractures induced within the tunica nedia. These data,
i npossible to detect wth routine X-ray angi ogrg_phfy, can provide

quantit at i vavhseednsadraropagiclasarg cqupleditg adigard snegidic foy edmasdi ¢ i nportance to

b t L.ari ' i ' i ' ' 1371 |
ddi t1lon 0 el A1 GIMRLAERLLO e BEE PR SEPLRARG R 200 1
suppl i ddougti 4 $paaert topr admpeieat sfitke Apjdnusagaditoaing; adi onucl i des, pacl it axel

or rapanycin. 48 2 3, AUG 20Q6. ainse 1. A conposition conprising an
emul si on of “ﬂ'éﬁg?)awisef@,sa'aﬁ@@%ﬁ %%ﬁrgﬁ.l‘W&?gB? %?refga et 1i qui d

perfl uorocarbon cores coated with |[|ipid/surfactant, wherein said
nanoparticles are coupled to l.igand specific for a,03, and wherein the
coupl i ng of 3sai derh‘éﬁ B fclaig L. pyehersip thedigand comptisps the ©amElacnt | i nkage,

t hrough a spacer, to a conponent of the lipid/surfactant coating, with the

proviso that said ligand is other tHan n anttbody or fragnent thereof. 2.
The conposition of cIaimIJ[, er et e nprises the formula 0 0 O
HHNT-1-OH NNHNH Y/ NI-N 3 copasition of claim1 or 2, wherein
sai d conmponent of the Ii@lﬂf@ f coat|'ng is a phosphatidyl |ipid.
N

3. The composition of claim 1 or 2, wherein said component of the lipid/surfactant

coating is a phosphatidyl lipid.

4. The composition of claim 3, wherein the ligand coupled to the component of the

lipid/surfactant coating is of the formula

0 0 0
N__N H NH
I N 0=5=0
HO3S 0
0 H : O H H H
o) N - ]
H O H 0 o) 0 450  0=P-ONa
HO4S :
3 o 0
0
\/\/\/\/\/\/\/\/\“/O
0
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4. The conposition of claim3, wherein the ligand coupled to the conponent
of the lipid/surfactant coating is of the formrula 0 0 O HHN--Y-1-CH NH
NNaYHN -NOS=OHO3S-, 0 H~OHHH N- N"IfN NIr~ if@ﬁ'~ OHOH
1 0001t~50 04-ONa HO3S OO O~ 0 O 49 23 AUG 2006 5. T tion
of any of clainms 1-4, wherein said nanoparticles further include at |east
one nmagnetic resonance imaging (M) contrast agent. 6. The conposition of
claim5, whérei nT8arempmitionoeftgnaf cigani -4 hareghwidnagparbigles fagresincdudeon.
7. The Lt f |10 ' gnetic ion is gadoliniurn
ion. §EB%ﬁ§ﬁ%gﬁgﬁgﬁﬁf%%ﬁgghgﬁﬁﬁgﬁé?RQﬁ%@%?ﬁaéggg chel ati ng agent conpri ses
di et hyl enetri am nepentaacetic acid (DPTA) or 1,4,7, 1

O-tetraazacycl od -1, 4 .10, et I i i (BQI e
conpositi on%'of aﬁgg@{lﬁ?séﬁ}%‘”q‘?%%‘ ?Kh“se}}eglﬁgeggg\gﬁn%ﬁ%%gr |%1ﬁ;e% C??Jl?ttlﬁer

i ncl udearaataghetgdbn.one bi ol ogi cally active agent. 10. The conposition of
claim9, wherein said biologically active agent is a hornone or

pharmaceutical. 11. The conposition of claim 10, wherein the pharnmaceuti cal

compound is7an  aht copiaGt oftclAHes) twhedin i@ gheti@idnd s addiRiung iond
neur omuscul ar bl ocker, an anti ni crobi al

8. The composition of claim 6, wherein said chelating agent comprises
diethylenetriaminepentaacetic acid (DPTA) or 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid (DOTA).

9. The composition of any of claims 1-8, wherein said nanoparticles further include

at least one biologically active agent.

10.  The composition of claim 9, wherein said biologically active agent is a hormone

or pharmaceutical.

11.  The composition of claim 10, wherein the pharmaceutical compound is an
antineoplastic agent, an analgesic, an anesthetic, a neuromuscular blocker, an antimicrobial
agent, an antiparasitic agent, an antiviral agent, an interferon, an antidiabetic, an antihistamine,

an antitussive, or an anticoagulant, or an antiproliferative.

12. The composition of claim 11, wherein the pharmaceutical compound is an
antiproliferative.
13. The composition of claim 11, wherein the pharmaceutical compound is paclitaxel

or rapamycin.

14. A kit for the preparation of an emulsion of nanoparticles targeted to tissue
expressing o33 which kit comprises at least one container that contains nanoparticles
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agent, an antiparasitic agent, an antiviral agent, an interferon, an
antidi abetic, an antihistamne, an antitussive, or an anticoagulant, or an
antiproliferative. 12. The conposition of claim 11, wherein 28eug 2006
pharmaceutical conpound is an antiproliferative. 13. The conposition of
claim11l, wherein the pharmaceutical conpound is paclitaxel or rapanycin.
14. A kit for the preparation of an emul sion of nanoparticles targeted to
ti ssue comppsiag s linkigg@owity foin ckvalenslynqouphiegstoat ligand speasiiefor onpaindeat l¢aagne
cont ai ns_nano a{ti l.es 5(9.2 AUG 20M conprising a linking noiety for
coval effPTHIELTA YPF RS2 ‘lgad‘gnd specific for UA and at |east one container
that cont ai Rghefcih Shill haRIPArticIMIRDALIH oFHGHidRPPRAOSABdrESorésidatedtwif |1 quid
perfl uorocarbon cores coated with |[|ipid/surfactant, wherein the
nanopatipidsusiacent.t he | i gand conprise a spacer, and with the proviso that
said ligand | r . ] r f t. thereof. 15. The kit of
claim 14 for“;h\%\ﬁegé E“?##ﬁ%ﬁ‘?ﬁ%‘ﬂﬁ%@%@%ﬁ%@n dspdperats 0°0 0 v H N Yo+
NJO Y~H NH WithNhe prdvisoltbat séiddpandi ggadtkerwhar @i dntidodly gefishnadnt theeedfor mula 0 0 O
*HN--~CH * N- HNH ~ Y NNI is coupled to a |ipid/surfactant
t hrough a spacer. 17. The conjugate of claim 16, wherein the
|'i pi d/ surfadtant Ths kit afloléfnnalfopwbereihhe I, d%m}p#i@@ét‘he@dmﬁilaai m 16, wherein
t he spacer conprises a polyal kyl ene gl yco and/or a peptide.

O O O

Foesen
H
N N NH

H
N
e | e

16. A conjugate wherein a ligand of the formula

O O )
Peag R
N__N H NH

W N e

is coupled to a lipid/surfactant through a spacer.

17.  The conjugate of claim 16, wherein the lipid/surfactant is a phospholipid.

18.  The conjugate of claim 16, wherein the spacer comprises a polyalkylene glycol

and/or a peptide.

19. A method to deliver the composition of any of claims 1-13 to a target tissue
wherein the target tissue is characterized by high levels of o, B3, comprising

administering the composition to a subject comprising the tissue.
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19. A nmethod to deliver the conposition of any of clains 1- 13 to a target
tissue wherein the target tissue is characterized by high | evels of cc, P3,
conprising adm nistering the conposition to a subject conppizsj Me
tissue. 51 2 3 AUG 2M 20. The net hod of claim 19 further conprising

al l owi ng the 043-VeG & Iigand to bind the target tissue, and obtaining a
magneti c resonance image of said targ issue. 21. The nethod of claim19
or 20 vvhere?-@r t héh %ﬁﬁ%’érotflc@ﬂ@swffwlmépmipﬁélp&de a biol ogically active

agent . h o) t has been di agnosed
as at ri sk “ qgtéﬁs}:t(g Pgélﬁégé@t%ﬁ{dqhgﬁg# ?ﬁ}é rﬁgl wherei n said subject
has been di agamfgchm%ﬁm@rregoaaﬁe ifmiag&of $alf tagiche@scl erosis. 24. The net hod

of claim 21 wherein the subject has been diagnosed with or is at risk for
mal i gnancy. 52

21. The method of claim 19 or 20 wherein

the nanoparticles further include a biologically active agent.

22.  The method of claim 21 wherein said subject has been diagnosed as at risk for

restenosis.

23.  The method of claim 21 wherein said subject has been diagnosed with or is at risk

for atherosclerosis.

24.  The method of claim 21 wherein the subject has been diagnosed with or is at risk

for malignancy.
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