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invention. 10 FIELD OF THE | NVENTI ON The present invention relates
to nmethods of optically imaging tissues or cells using inaging agents
havi ng desirable in vivo properties that result in inproved

si gnal -t o- background ratio. 15 BACKGROUND OF THE | NVENTI ON Near infrared
(NIR) fluorescence has potential inportance in the nedical field,
particularly in diagnostics and i mage-gui ded surgery. However, the

avai lability of suitabl & HARGTGIOBNI LN CED IMAGING 2agePNTShas been a primary
hi ndrance. To be clinically viable, the ideal NIR fluorophore should have
bot h good optical properties and superior in vivo properties wth respect
to splubility, biodistribution, and clearance. Mst current fluorophores
contenpl ated for use as inaging agents fail in connection with their in
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in alow si t o- background ratio. Accordingly, there is a current need

for nemﬂaﬂdﬂmnproved NIR fluorescent imaging agents, particularly those
that,can equilibrate rapidly between the intravascul ar and extravascul ar
spaces and are cleared efficiently by renal filtration. The imagi ng agents

of the invention are directedrFiIEIVRIOF THESENVENTAONr needs. 30 WO
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| ead t orasioperi or cllnlcal i magi ng characterlstlcs 5In one aspect, the
present invention provides nmethods of imaging tissue or cells, the nethods
|chLd|ng (a) contacting the tissue or cells with an inagi ng agent

conprising a dye or conjuggkggg@gﬂgqb()phgggqﬂﬁqgafﬂ)ﬁonpr|S|ng a targeting

| igand attached to the dye, wherein the dye or conjugate has a net charge
of +1, O, orNéawaHQEdéﬁﬁR)&@s&mnmmdmspo@eﬁﬂommongnmmmﬁmrﬁ@&aﬂﬁﬁhﬁlatlng t he
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fluorophores as imaging agents has been a primary hindrance. To be clinically viable, the ideal

20 NIR fluorophore should have both good optical properties and superior in vivo properties with
respect to solubility, biodistribution, and clearance. Most current fluorophores contemplated for
use as imaging agents fail in connection with their in vivo properties. For example, known
fluorophores tend to clear through the liver, which results in undesirable fluorescence throughout
the gastrointestinal tract. And in some cases, known fluorophores suffer from significant non-

25  specific background uptake in normal tissues, resulting in a low signal-to-background ratio.
Accordingly, there is a current need for new and improved NIR fluorescent imaging agents,
particularly those that can equilibrate rapidly between the intravascular and extravascular spaces
and are cleared efficiently by renal filtration. The imaging agents of the invention are directed
toward these and other needs.
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10optical signal fromthe irradiated tissue or cells, wherein the

signal -t o- background ratio of the detected optical signal is at |east about
1.1, therwbyoiomagisag the tissue or cells. The pr e®emtuszovaz33NHN
further provides nethods of preparing a dye for imaging tissue or cells,
the nethod including (a) selecting a dye having peak absorption at about
500 nmto about 850 nm and peak fluorescent em ssion at about 550 nmto

about 875 nm (b) optionall WA i ncl ude a |inking
group; and (c) nodifying théUquﬁﬁ'ggﬁ'gﬁﬁfJ@ﬁlﬁ)é!inki ng group, to

i ncl ude one Qe MBeBtibIORIHasEl, AURSst 1i10pAE DhaNEdBc SRR ifbMe Bilatdrs, H¥enmed at
| east about 10 1.t.Min 10 nmM HEPES solution at pH 7.4; wherein the one or
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f. f.l.uorescent eni.ssi on
n

or -1, I h i gnal -t 0-background ratio l.uo .
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a conjugate for imging tissue or cells, wherein the con{ ugat e includes a

dye andsthogds galyding (9) Ganfactingibe Hssya Ohedlls Wit prueaging agsal eBRpTHiRgR dyeeor

havi n i . i . , .
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25nmodi f gyegr ¢cdngigdiechas @ nencllangkeofar 1l, Onda gnd comprisdsene wodioky iong: grbepsiye ﬁnd
optionally.the linkin roup to include one or more ionic groups to achieve
2P of upi T gehe e s FEREEat v Rekipr s BrRepes SOV R AR ep S,
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one or #yeded opticel gjevalpsatdeast slalue dtlethesabytimaging lee tstie oheallge of t he f
conjugate is+l, O, .or - ngd wherei n 30t he signal-to-background.ratio o
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invention includes imging agents for imaging tissue or cells, wherein the
i magi ngSHyentasd pa auceccpionpisgen & AP U mn éhalreat 8E} nmeth) estipralivng

det ect apl &:f - e > AL 8 S | rati t about
1 1 P ARIOIEAN D ik 8O e CROSHGHD tg BF BBl TR, ot
var i abl Eskiag grodef toriecudese or.mdaéorpic go@ps td ahent acolubllity betheplyo vt gidsasa dye

conprising a nolecule or ion of Formula _ o
about 10 pM in 10 mM HEPES solution at pH 7.4; wherein the one or more ionic groups are

selected so that the net charge of the dye is +1, 0, or -1, and wherein the signal-to-background
ratio of fluorescent emission detected from the dye compound while imaging is at least about
20 1.1
In another aspect, the present invention further provides methods of preparing a
conjugate for imaging tissue or cells, wherein the conjugate includes a dye and a targeting
ligand. These methods include (a) selecting a dye having peak absorption at about 500 nm to
about 850 nm and peak fluorescent emission at about 550 nm to about 875 nm; (b) optionally
25  modifying the dye to include a linking group; (¢) modifying the dye and optionally the linking
group to include one or more ionic groups to achieve a solubility of at least about 10 uM in 10
mM HEPES solution at pH 7.4; and (d) conjugating the targeting ligand to the dye optionally
through the linking group to form the conjugate, wherein the targeting ligand and the one or
more ionic groups are selected so that the net charge of the conjugate is +1, 0, or -1, and wherein
30  the signal-to-background ratio of fluorescent emission detected from the conjugate while

imaging is at least about 1.1.



VIII: 10 VIl wherein constituent variables are defined herein. The
char ge- bal anced i nagi ng agents of the invention are particularly

advant agewootvemaase their behavior in vivo is believedpco/useomwmneisote to
superior optical imaging properties. 15More specifically, the

charge-bal ancing is believed to inpart good biodistribution and cl earance
properties to the agents, and reduce undesirabl e non-specific binding.

These in viv operties hel nprove the signal -to-background ratiqQ of
i maged ti ssugkggql bl|t}FFgPrF%?“h!O“dﬁ’éfionr@%l&fi‘i&‘%‘ﬁlqgrﬁe%@i“ﬁ ”magmg tissue onghtlgss

ot herw §eA8{ ihRetlagidk helREhRIRL BR/eaEVaNRLH fs'cﬁa&%ﬁﬁed%%vﬁ%r&iéeta@ﬁeve the
sane 20 neaning as commonly underst’ood by one of ordinary skill in the art
t o whi cRueleseenteweh taisegnalAD-Pakeionad 24 BREEt UBR0DOLORB30E Watrandgis: coajugdatugh
rrethodsh zp Ee&Lals simlar or equivalent to those described herein can
be used’3 %Wﬂgéb ctice or testing of the present invention, suitable

nmet hods and naterials are described bel ow. All publlcatlons pat ent
appl i cations, patem®, ar@'other references nentione®’® hereRA ar

i ncorporated by refekence in their enthLety I n c‘se of cgnflict, the
present 5specitficatig di ng definrtions, I njaddition

the materials, X1 es aqp illu : B’hot i ntended
to be limting ¢ ‘ 2 inve tion will
be apparent frpmthe/fol 124 S 3 e clains.
10BRI EF DESCRI PTI OR*0F THE DRAW tatlo ye

nol ecul es havi pg a rangego G Elds. 2 is Rﬁmhenatlc f the
synthesis of dye nolecule ZW1 (MM 19). FI'G 3 is a schematic of the
synt’hesi s of dye nol ecul e ZW+5. FIG 4 is a representation of
five dye nol ecules, the properties of WAl ch were conpared

wherein constituent variables are defined herein.
The present invention further provides a dye comprising a molecule or ion of Formula

VIII:

10 — =
VIII

wherein constituent variables are defined herein.

The charge-balanced imaging agents of the invention are particularly advantageous
because their behavior in vivo is believed to contribute to superior optical imaging properties.

15  More specifically, the charge-balancing is believed to impart good biodistribution and clearance

properties to the agents, and reduce undesirable non-specific binding. These in vivo properties
help improve the signal-to-background ratio of imaged tissues, leading to higher resolution
imaging.

Unless otherwise defined, all technical and scientific terms used herein have the same

20  meaning as commonly understood by one of ordinary skill in the art to which this invention



15in vitro and in vivo. FIG 5 is a representation of experinental
results relating to in vivo biodistribution and cl earance of the dye

nol ecul eswof20f0/0@1244 i n a rat nodel . FIG 6 is a reprssanbaisodn of
experinmental results relating to in vivo biodistribution and cl earance of
the dye nolecules of FIG 4 in a pig nodel. 20FIG 7 is a representation of
two different dyes conjugated to the targeting |igand cRGD. FIG 8 is

a representati of in vivo experinental results in rat tunopr del s for
The Do DEOREL gl ods pd e oo Qs 1 gL o o SR BT 88 | on

of an exaphenasarRU ARGLRRSE thel REQRL i0&htion, suilabRaREh &AM (BghI@ftel ONi C
group for charge-bal ancing and noieties that selectively bind to 25 PSMA

DETAI LEBeDEBERb &#TWOM ITheblisriessnpatditspplositines, peleatsemd dthergefeadnices mentidnedgi ng
agents that are co ) of. a dye , . mol ecul e optional l,y conjugated to a
eorger o SR RSTRPERER Bl Rai e suBh TR Rl Eh S MafPehtacr | beq
heres n apRifusabnllinélfding aefigxanRmell cobfeoldet egdiiien 1ef maknek mbtheds, dheased

bi ol ogi cal tissues and cells. The conjugates are particularly useful for

i magi ngCyieRles ¥E dhtatre onlwand paionsodaebetinigre10/ 023305 because they have

| mproved in Wy doghayh el adv%H&ge th@)’é{vpﬂgb'nsxi?&ﬁ}(efai @ml%h{‘ﬁ&@.g{hé QA4 ar get ed
tissues, resulting 1n an 1 nproved signal-to-bac grp und ratio I n corhection
Wi t h t hdetdid¢deddsedptopt, mxbfromithnalkimd.t is believed that these inproved in
vivo properties result fromthe bal ancing of formal charges on the

conjugate, rendering a "charge-bal anced" nol ecul e having a net charge 5t hat
is ngutral or close to BR‘PEF%E?(':ﬁPﬁf W'T‘PF@DRWI?@@ met hods of i nmaging
a

tissue or cells include the follow ng basic steps: ( contacting the
ti ssue or ceFIG Wi tdprezenthtiegdindycagantulesdnpinigsi mggaothyee clargeonj ugat e

LoLner ool R RTGRE COR SR, 8 3L SSLN AR 10 e dye,
one or nore FERiLis@rsebdSatic(dhd syhadkalif age bechicsswesor cells at a
vavel ength allg Is(gr4bi§?1 r?lg/re;e?lteatigzeof (f)'lrve (czigen in%?eaczllec;s, the properties of which were compared
15 invitro and in vivo.
FIG. 5 is a representation of experimental results relating to in vivo biodistribution and
clearance of the dye molecules of FIG. 4 in a rat model.
FIG. 6 is a representation of experimental results relating to in vivo biodistribution and
clearance of the dye molecules of FIG. 4 in a pig model.
20 FIG. 7 is a representation of two different dyes conjugated to the targeting ligand cRGD.
FIG. 8 is a representation of in vivo experimental results in rat tumor models for the two
conjugates of FI1G. 7.
FIG. 9 is a representation of the preparation of an example adamantane-based targeting

ligand containing an ionic group for charge-balancing and moieties that selectively bind to

25 PSMA.

DETAILED DESCRIPTION
The present disclosure relates, inter alia, to imaging agents that are composed of a dye
molecule optionally conjugated to a targeting ligand through a linking group. The imaging
30  agents described herein are useful in, for example, the detection of abnormal or diseased

biological tissues and cells. The conjugates are particularly useful for imaging whole organisms,



(c) detecting an optical signal fromthe irradiated tissue or cells,
wherein the signal -to-background ratio of the detected optical signal is at
| east abowO 20101091148er eby 15i magi ng the tissue or cells. PChaS2om®Izgs agent s
descri bed herein are substances or nol ecul es that can be used to inmage
tissues or cells, such as those of a living organism for purposes of

di agnosi s, therapy, image-guided surgery and the like. In sone

enmbodi nents, the or ganismis a ch . as a huma 20The i ma
agents JEREFGIFY A lay@@{@ v ?r %fi 4P ngR-SREa B prdig tgpon- rgbled

el ect r onggRE Lk h%memvw@rgﬁ@tdoybauagﬁoﬁﬁd ralnbn@%xme@ﬁm{w\&,theVde%écbéoe or
near infrared (N I'R range. Th€ inmging agent can al so be capabl e

f | uor escoptxal sighdsilion bekarst tlag thase irhprovedinphier propitieRresalhom thhbalepting af
signal detected from.the.d njugate ¢ be,...for e l e, absporption
or °1  uof CrEENE e DT e St B S rERT ey il Tl B R B m ¢ ne
dye §s tHeispeuiFaror cRieps h&atal. Si gnal detected for i maging purposes. In sone
enbodi ments, the dye has a peak absorbance at about 525 nmto about 850 nm

at about 550 nmto about 825 nm about 600 nmto about 825 nm about 700 nm
to aboui § A ehQls at about 750 nmto about 825 nm In sone enbodi nents,
the dye | uorescent em ssion at about 700 nmto 875 nm about
725 to about TBSfew uiethalbotliimdhig tissuaboudlis8bQudnmhe doll@bagbasid Stepo about 850

nm 30Sui tabl e dyes for inag |n% b%aflu rescent em ssion jnclu ge t he cl ass
of cyanine difds WHITEHTERANCRISIHAT coloyIBeal) BRSReent SRNREES & @%&syuarts

L nked 1arQeghe @oxgﬁéaé &ﬁnﬁﬁsmé@a?&%ﬂ’g@%&%%?@?f;&@%ﬁ%% Zinten BR) KRS hi ne

bridge. See the f ow ng references for exanples o arious cyani ne dye
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o, No. 2, po TS (HRAREE Sy bR o b elereiy b SeGRb ectibis f ons

(1992), 22( 170) 25&3&3&%%% op§¥:z{1%@r‘é@i¥bm the irfldizdd tisbue QQ&HS Chem 5(1992) 57,
4578- 4580; hbra anan et al . Org. Chem (1995), 60(8), 2391-2395;

Maki n, maemetbaElgrl@lderhﬂargrgrncb’aga@if theeeaetosinptiof! signal isssRagtEdR) 1. 1306 rby

part 1 et al. J. Og. Chem (2006) 71, 7862-7865, WD
200 /00 g@%?g%g)?gi%ﬁl5 WO 2007/ 136996, WD 2007/ 005222, WO
2003/ 082988, TMOnZHd AR MBscrideShear are NobstahbSdomardul S ﬂh‘aﬁ@1%bfsbtﬁfoy 3,

2009), and U. S. Ser. No. 12/376,225 (filed February 3, 2009), each 10of
whi ch i §ags&istyse PREDY. Hishas thasy of afixingmesanism.ifpspwheses of Jiagiosimiicantyes and

their C%g@%@ﬁcﬁsﬁ sﬁfgePﬁQh@h eQkeU$€ sdifle LRGSO ARRAR&Mhe! OF%agﬁs'ﬁgls%glﬁgﬁl %(\%n?sc

describ e I magi ng agents can I nc conjugateé
refers hmmaadye which is conjugated to a targetrng | igand. The "targeting

i's noi ety that binds . wt S city.or selectlvrty to a
|cular ?T@%@%l %?B@éﬁpﬁﬁmyF%Fﬂ@?qﬁ?ﬂ@“fq?@@@ermﬁPH?H@ﬁg target can
i nC' udee] d3RRTaEabtid fa8RHBR, 3SiciIB) in tAS uRRVRIARLVIIvidbRe&SRA, Mﬁsa?é@(?ﬂRT?Jn%@t ing
l'igands can be sel ected fromspecific proteins, protein fragments
pept i deBhe lamgmgmetscan@éQOMrwmbé@ ésorementamrsgemudles@m thedisibde gt NIR renge.

AL NPT e N NN e O
6, 875, 8B@kescent emission. In some embodiments, fluorescent emission from the dye is the primary
25  optical signal detected for imaging purposes. In some embodiments, the dye has a peak
absorbance at about 525 nm to about 850 nm, at about 550 nm to about 825 nm, about 600 nm to
about 825 nm, about 700 nm to about 825 nm, or at about 750 nm to about 825 nm. In some
embodiments, the dye has a peak fluorescent emission at about 700 nm to 875 nm, about 725 to
about 850 nm, about 750 to about 850 nm, or about 775 to about 850 nm.
30 Suitable dyes for imaging by fluorescent emission include the class of cyanine dyes

which are cationic molecules where two cyclic groups are linked through a methine or



An exanple targeting ligand is the cRGD peptide, which selectively binds to
the 20biological target avi33 integrin. It is known that this integrinis
over expr eseadiopiaari ous tunors, and thus, these RGD targetisagopeisvs des
enable the dyes to preferentially |abel tunors that overexpress these
integrins. OQther targeting |ligands include nelanocyte stinulating hornone
(MsH), which binds to nel anoma cells; or bonbesi n, somatostatin, or
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£ 1 ooeapTers7RaSS0; RAAFnardN 3036 ﬂ@;g FOgs. (595), e@ts)at?,c)tcba% Méfkm:er
Res 2 05 3011: 4022- 8 each of which is incorporated herein ééreference

inits Snietel. yl)vw@kaﬁﬁt@@ub@wwwa@f féetléﬂSéétlQ glﬁt@amtsla.w@3d@ rlidgsed- et
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Char ge- bal anci n s when negat| veI charged substituents on the inmaging

agent al#3ébami gf’ﬂé%lFBlmwé BPEYetel oF P TratbEred Bpdrgpiyste 2P@)apnch
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vi ce versa. n SO odi nmen net c arg I's Oor "+1. In
enbodi neuitable ﬁ)hesmetthenbmsagxelmgtﬁ)g methogpare desdyihatil trereirs, the net char ge is

1. In furth nbodi t ch
for mil ae - pr o0 P B°AEH GRS 2By BQtR SR =G BB FETPRAS F kg Mg g s Besieto

descri b@@hr@&fr%‘ HyaB@NehaltadpehAY B gAdUPHOY 8tdict HHANBIndS anth@@&grs?emﬂm%ooﬁ atio"
(SBR) conpare presently known fluorescent inmaging agen

i npr ov erdertivity tcSBRaftlgull@emS@v edbtotpgyéﬂ targassdhe tl@fueuonbm@@hl itavgetioan include
properties C|n f_the iintensity of
Phel | bRt i g RaF R S mes TR e r R AR R erd PSP
measur espetifichgotelis e;ﬁr&tdilyfr@éméﬁl@, peptidysegtidolics, @itdhydhates) dregdtipanrdeycrivee,

t ar get (backﬁround si gnal t he target being the tissues or cells targeted
by the ¢&adi hignaigenet.al.ag HedrieMhtldzas ab@Um%%lateWhémca N\%O?-t%g&ﬁﬂ

routi neg %%qfeg{sq?g} q@?gﬁé&{é ne ?%rUfSI BRL (f;rgtWSr@% ng syst ens, and ot her

opti cal - ype sy I mages recording’optic signals of the

target facil AhakemfBRangedsiligmdnd thedRgHR perBHR whﬂcheslearx&lymnés weke r abl e,
resultl ng i c&greater resolution of the imged tissues. In sone enbodi nents,

t he? BREe calsHnegEnal 1sispover that thp%lat@&ta%@ﬁerqxpt%étd By varjwa W@?r@nm
is at I [ t

agents %gjsthﬁ%g}\%gg?%%?g&%giwﬁeegsetlgbl c%et(lﬁg 15113&9 ﬂggist §%§ou%diggl,g at | east
about lovkrexgiesk elase uﬁd&muts Other ta’gem@lsganabnmtudaz nﬁalmtydeeaﬂmlamhgﬂnbnﬂoﬂe at

| east about 1.8, at |east about or, at |east about further
enbodi néftd): YHE Padyiongelagunt sl 5 RS SR 1D GO agiaa@ets‘é
about 1w§1chQar%&%%ha?&taﬂﬁ@@d&bto@s Ootier ﬁpéklﬁhg%%anc%QQ&Edcz I@UEO aRPOWEr Snfly OF
about 5. bout . The imagi ng agents generally include one or nore
i orll5c gmolgpsles, whigosmectivblydiimbtottie biological target prostate-specific membrane antigen
(PSMA) (See, Humblet, V. et al. Mol. Imaging, 2005, 4: 448-62; Misra P. et al. J. Nucl. Med.
2007, 48: 1379-89; Chen, Y., et al. J. Med. Chem, 2008, 51: 7933-43; Chandran, S.S., et al.
Cancer Biol. Ther., 2008, 7:974-82; Banerjee, S.R., J. Med. Chem. 2008, 51: 4504-17; Mease,
R.C., etal. Clin. Cancer Res., 2008, 14:3036-43; Foss, C.A. et al. Clin. Cancer. Res., 2005,
30 11:4022-8, each of which is incorporated herein by reference in its entirety). Examples of

suitable targeting ligands are described elsewhere herein.



25t he i magi ng agents include two or nore, three or nore, four or nore, or
five or nore ionic groups. lonic groups serve to increase solubility of the
gener al | ywbydroapizabi ¢ dye portions of the inmgi ng agent pCrhissgioiongzodvi ng

bi odi stribution. The ionic groups can be |ocated on any portion of the

i magi ng agent, such as the dye portion, the targeting |igand, or both. The
term"ionic group” refers to a noiety conprising one or nore charged

substituents, 30The "charged substituent” is a functional group _that is
gener al |y anil8RIBaERE BRRTOHE €ensialbysdrtgsthalancyd. neterothedigonsc 8shartirlons
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the chapgeduRUBSE Vitdoakal b s%mef&xmﬁhﬂnerﬁxamlae&apge igbarged (g adhoni ¢
substituents include quaternary am nes 5(-NR3+), where R is independently

sel ect edmbﬁdqmeu:ns, ﬁlealbkghargeaﬁ;@l In agrde ampodniepts, th@lﬂﬁ@?haégﬁa}ﬁ gréd lig &triheni ¢
substit Fmgéamen ncp charg nat Fdﬂ% nagger Yy iR T o?rﬁgl%g an v1d %g é/ptrgs%]n

and wel guani AU § N some enbodi ment’s, ar e uen

- N( CH3) SHfargdur t her exanpl es of ionic groups are descri bed |nfra The

i magi ng agents descri bed hereln enerally have good solubility in

subst anti al | yha opuging agengiflre ??é&ﬁnagelwily hpvpappioyed a%lgnaéﬁ%gackaﬁama ood

ser I
rerhs shffgr PR W&f“ﬁmﬁh e S ST g O g
i magi ngSBgembelkmzeda)b@di ee3inlt ot ynpmvéchand—jE@ESmsmwtbdnhargd:#bz?laﬂqm@f’ SBRligast

about 15 tM at .l east abo 1.1. M at out 25 1 | east
about 3BMFEANAC Af thleé%tE’PS“é(tPg e Jyoreseppt sgn P ﬁaeg ?mgb%t?fg%éa s% K& B gi ng

agents %%@@OMHRI&@ASI ?QJf QU R eREntSHaBobthRkd BXAIPHR targbt Hh& #&ﬁd‘%’i grQY)e
Conj ugate 1s char e he I magl ng agent can be or contain a sa or acid

(or conﬁleria‘er:tdwrtgwteﬁ eefu)es of cetlheareyte by tldyigagory aggatt eSBIFmeamen@ntwearybe
h d d t abl h
C oL R pB RS Do R 5in Mot s Rer D Rirel. o83 hieul MGl Sy S0 o

l'i ke. Fethen@grhl-tok ¥ystdias, dedtal esed Feco Rt HGRIRBsigsdlé bRk @argélliﬁﬁlﬁtfatdﬂﬁf{
i ncl ude cations such as 20 Na+, K+, and quaternary am nes.

i magi ngmagwremenss Higher SRRevalues AremATesiesHAne ey @idia %W%rrrys@‘enqnapmthe
t ech t |
echni qHﬁquseh '&g%%l‘ég' [0 oRRE &y gt Eﬁ& tﬁ‘é‘ﬂu&?ﬂﬁ%ﬁ&%gl %&g§§ %t R bou

enbodi magl ng agen S Ccan ate arnaceutlca Hy
accept afileg ptalt siphaAtd ansasan@oadn ickpeuad). ilnturdwe embsliyndne, dre iongapiagent§ or

HE R AT RN T O
i ntr ?‘Opl%ﬁﬁtab&ﬁ '6@9!6&1& a%)f?tf 1e17natt at dg%uPﬁlﬁ’aé?h&sPafboﬁt Wl éxaa'?‘?é?ﬂs'%bo(ﬁ?b i e

acqui sition an di splay of color vi .e., surgical anatomy) and two
channel get dfirthenembpdinenid, Fheflmagmgsagems ao{h‘i@@ anrf Bihdf 8gmt mhto IabqhtSO Jart 1.5

i magi ng_syst e ate the d sm dlat absor bed by
the i maldi Qu%@eﬁ OUtgm% cf‘%’f"ét 10, aﬁmt?z} ﬁgﬁ‘g{g‘@ or ﬁ”%‘ﬁ@a@ 4‘ fdjor escence,
em nating froRe il c?ad Retedn&any iRNRleQhe bh&o%oﬁfc@@ﬁﬁmlﬁ@&h@bﬁbwn{eﬁé
|nag|ng agent. The tected signals can be recorded and anal yzed by

thc 1maging agents include two or more, three or more, four or more, or five or more ionic

groups. lonic groups serve to increase solubility of the generally hydrophobic dye portions of

the imaging agent, thus, improving biodistribution. The ionic groups can be located on any

portion of the imaging agent, such as the dye portion, the targeting ligand, or both.

The term “ionic group” refers to a moiety comprising one or more charged substituents.

30  The “charged substituent” is a functional group that is generally anionic or cationic in

substantially neutral aqueous conditions (e.g. a pH of about 6.5 to 8.0, or preferably about



WO 2010/ 091243PCT/ US2010/ 023305 obtai ning digital inmges or video of the
subj ect organism thereby facilitating diagnostic procedures and

i mge- guiwedomedizal techni ques. Dyes and Conjugates 5PaoTAS2E0AN308I nent s,
t he dyes or conjugates of the invention can have Formula I: (RB)y
wherein: nis +1, 0, or-1; 10Wis a ClL nethine or a C2.13pol ynet hi ne group
optional Iy substituted with 1, 2, 3, or 4 substituents independently
selected fromG _6 alkyl, a reactive linking group, or a noiety conprising
a |inki pgywlogqgalar’rﬂ(h4)t)aﬁg@1mp}¢g0f tlypagad, aniinee aibatituaots sndbedtel anirewtos indrgaet her

th th t t 0. whi r t.ac dando nal | n
Vr;net hi neelé(?8%g§wc?%d\7\fu§b?s S&ﬁféP% ?fsg)i ?SQI Bate, %’rbcpghaqﬁpﬁﬁ%% ?ag%i P@gﬁ%g@}& e or
a 5-, 6phogphaté; ifﬂ@%ﬁﬁuﬂﬁ&ﬁl@ﬂ)&@ﬂe&) tVAGITe TR s i @lnﬂ&ﬁal%b@cms l-Bar@éd
het erocycl e is optionally substituted with 1, 2, or 6 substituents

i ndepena@ﬂwn“s@sw@w f Permples ofohpieed ﬂ@tm;nc alhﬁ@fmwmé mqkudﬂ qugtsivary émmes

it A Sdoey dcts et BlePed i -l B ma BNGTSE OB araca

a bicyc batmrﬂneilmsmymls enchaletprotoyatbd pnimetﬁs@myddrg, ardl teminoCytaines aad mﬂlb@cycl e,
a bicyclic, arboc cle, and a 20trjc Iic bocycl e, _wherein one of Rings A
and B | SUBRHNBRAI TyoBirrgediments. the fargd pRei ar 13 MUCHERTCRETerserepioaaT

fromH, ;am 580 §a1‘3rd@§b?1b @Iﬁp‘\n ionic ol | gorrerl c or polyneric sol ubilizing
group, ha ng‘acfi ¢ éryl and het eroaryl wherein said al kyl, aryl,

and het er oar Yhe ¢ gnag]pg agm@ ctqsmlmdahetqm seresil ly[luatve@ovd sdiuldi]ity2ip ststahtlaﬁy 5

gr opyp endentl sele ted fr nitro, and 4ha) oal kyl ;
Tt nanGHER Bt e et § Toul LB ulCed i RB0Gserh’ 3 sopfe gmbgiimpitsglieg” 1
and 11; m\i\%ﬁi éékn@ﬁas'ae@ﬂ?&bﬂ?@%%nﬁﬂq{ﬁ%S §ol@tﬁ&i§%ﬂt7 angt at i%aékrhbbﬁ‘t”!(ﬁmqr QHp-
In sone odinents, at |least two of RA and are present and are ionic

gr oups. furthef mb@meatrsbmd iimeging agai hheasﬂulmht}ee 16fmRAHBRES RButioe pbt edeottatand
are | Onieastgali) tp 15 uM atyleast about}’]S 1M, at least about 25 1M, at least about 30 uM, at least
about 40 uM, or at least about 50 pM.

15 The imaging agents can be neutral molecules or salts. For example, if the dye or dye
conjugate is charged, the imaging agent can be or contain a salt or acid (or combination thereof)
of the dye or dye conjugate. For positively charged dyes or conjugates, suitable counter ions
include anions such as fluoride, chloride, bromide, iodide, acetate, perchlorate, PF, ", and the
like. For negatively charged dyes or conjugates, suitable counterions include cations such as

20  Na", K’ and quaternary amines.

The imaging agents of the invention can be administered by any suitable technique,
including both enteral and parenteral methods. In some embodiments, the imaging agents can be
formulated into pharmaceutically acceptable formulations and administered intravenously to an
organism for imaging. The dosed organism can be imaged using, for example, a FLARE™

25  Image-Guided Surgery System, which is a continuous-wave (CW) intraoperative imaging system
that is capable of simultaneous, real-time acquisition and display of color video (i.e., surgical
anatomy) and two channels of invisible NIR fluorescent (700 nm and 800 nm) light. The
imaging system can irradiate the dosed organism with radiation absorbed by the imaging agent,
and detect optical signals, such as NIR fluorescence, eminating from the targeted portions of the

30  organism containing the imaging agent. The detected signals can be recorded and analyzed by



WO 2010/ 091243PCT/ US2010/ 023305 enbodi nents, at |east four of RA and RB are
present and are ionic groups. In sone enbodi nents, at | east one ionic group
is a catiwoietogooap. I n further enbodi nents, at |east tROTIUSRO10/0g3308IPS are

cationic groups. In sonme enbodi ments, Ring Ais selected froma
nonocyclic heterocycle, a bicyclic 5heterocycle, and a tricyclic
het er ocycl e. In sonme enbodi nents, Ring Ais selected froma bicyclic

heterocycle and a tricyclic heterocycle, wherein Ring A has a foinial

char ge obtawing qigitelgmegesyoddaveritte swwgomah@st theecbipgrerlitaging (RapestitOwher ei n:
Ring A C cycl e; RAis H an ionic
group, g&ﬁ%ﬁgas%K“h%ﬁgéu&&d%%%uk?ugﬁgﬁeglc sol ubilizing group, halo, Cl1_ 6
al kyl, aryl, and heteroaryl, wherein said alkyl, aryl, and heteroaryl
groups are optionally substituted with 1, 2, 3, 4, or 5 groups

i ndepen from hal o, cyano, nitro, and Cl_4 15hal oal kyl ;
RA" {s anio ! zing
o 6 M ol i AcRGn 80 r b SOUEL b Do BOLYTER 2Pl

heteroaryl groups are optfonally substituted with 1, 7 3, 4, or 5 groups

i ndependent |y sel ected frptRNal o,__cyano, nit JRBN 1.4 hal oal kyl ; and 20t
is 0 1, 2, 3, 4, 5 6, 7, 8, 8 % enbodj nents, the dye or
conjugate has Forrmula I1:|-(RA PCT/ US2010/ 023305 |
wherein: nis +1, 0, or -{I; W 3 i
optionally substituted with 1, 273, or 4 5substituents independently
selected fromCl.6 al kyl, a reactive Ii?king group, or a noiety

wherein:

nis+1, 0, or-1;

10 W is a C; methine or a C,.;3 polymethine group optionally substituted with 1, 2, 3, or 4
substituents independently selected from C ¢ alkyl, a reactive linking group, or a moiety
comprising a linking group and a targeting ligand, wherein two substituents, together with the
atoms to which they are attached and optionally one or more methine groups of W, optionally
form a 5-, 6-, or 7-membered carbocycle or a 5-, 6-, or 7-membered heterocycle, wherein said

15 carbocycle or heterocycle is optionally substituted with 1, 2, 3, 4, 5, or 6 substituents
independently selected from an ionic group, a non-ionic oligomeric or polymeric solubilizing
group, halo, C)¢ alkyl, aryl, and heteroaryl;

Ring A and Ring B are independently selected from a monocyclic heterocycle, a bicyclic
heterocycle, a tricyclic heterocycle, a monocyclic a carbocycle, a bicyclic carbocycle, and a

20 tricylic carbocycle, wherein one of Rings A and B is optionally charged;

R* and R are independently selected from H, an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, halo, C,.¢ alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected
from halo, cyano, nitro, and C,_4 haloalkyl,

25 x and y are independently selected from 0, 1,2, 3,4, 5,6,7,8,9, 10, and 11;
wherein at least one R* and R® is present and is an ionic group.

In some embodiments, at least two of R* and R® are present and are ionic groups. In

further embodiments, at least three of R* and R® are present and are ionic groups. In yet further



conprising a linking group and a targeting |igand, wherein two
substituents, together with the atons to which they are attached and

opt i onal lwoanm/i24a0r e net hi ne groups of W optionally fPormsaoi$/023365, or

7- menbered carbocycle or a 5-, 6-, or 7-nenbered heterocycle, wherein said
carbocycl e or heterocycle is optionally substituted with 1, 2, 3, 4, 5, or
6 substituents 10i ndependently selected froman ionic group, a non-ionic
oligoneric or polyneric soluhilizing group, halo, CL..6 alkyl, , and
het er oarypbpdiments, atnpznsg fonurgh & Fannﬂé( Btrap@smﬁd@@)md@m Igyp@él b ik ¢m%crﬁlments,
nDnocycI c hetero b I te a | e;. RA
and RB aErlgaslt rc]) g boen?% ﬁb Ag%(% {c e%ld'\ﬁp Irlqﬁﬁl%r e’mboa ménté %yl% tqwnon-%%ﬁ%{lﬁs gfe
O|IgOﬂEtmﬁn@fgﬁ5p9|ynErIC solub|I|2|ng group, han Cl 6 al kyl, aryl, and
het eroaryl, wherein sa|d al and het eroaryl groups are optlonally

substituted W sdneembodiments, %@g /’sngstﬁﬁsé fomye pmgentic e ceieetbicydif hal o,
cyanp, RidfR dQQQdQ%ncﬂﬂnﬂkﬂﬁdéﬁ . RA" and RB' are independently selected
from an fonit group, a non-ionic ollgonerlc or polymeric solubilizing
group, Cl_6 &l somhe erabgdimeatnoRingtleiscaleyled fwnen dicyclsalaeratyoyd andar yricycland

20het er par s are optionall bst i ed with 1, 2, 3, 4, or 5 groups
indepeng‘étﬁof' &e‘%’llgfif?lé‘d{‘f‘gg\rﬂ aij“X‘%fg?f@e Ot ﬁro and Cl.4 hal oal kyl: and u
and t are 'nﬂﬁﬂﬁxﬁ@&ﬁﬁd&méﬁtls%ﬁlgd\ﬁz{&ﬁé Pornfula:2, 3, 4, 5 6, 7, 8, 9, and 10;
A B R, RB, an wherein at |east one RA, Ra Rwis present and is an ionic
group, and any ot her substituents(Rfhe as_defined infra and supra. 25In sone
enbodi nents, at least two RA RB, RA, ",\and Rw are present and are ionic
" groups. In further enbodi nents, at e RA, BRA, R-', and Rw are
present and are ionic BR, groups. In r enbodi nents, at |east four
RA, K R8, and Rw are present and are ioni'¢ groups. In sone enbodi nents, at

| east one RA, RB,en, and Rwis a cati oning'group. I n

10 wherein:

Ring A is a bicyclic or tricyclic heterocycle;

R* is H, an ionic group, a non-ionic oligomeric or polymeric solubilizing group, halo, C.
¢ alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and heteroaryl groups are optionally
substituted with 1, 2, 3, 4, or 5 groups independently selected from halo, cyano, nitro, and C,.4

15  haloalkyl;

R* is an ionic group, a non-ionic oligomeric or polymeric solubilizing group, Cj. alkyl,
aryl, and heteroaryl, wherein said alkyl, aryl, and heteroaryl groups are optionally substituted
with 1, 2, 3, 4, or 5 groups independently selected from halo, cyano, nitro, and C\.4 haloalkyl;
and

20 tis0,1,2,3,4,5,6,7,8,9,0r 10.

In some embodiments, the dye or conjugate has Formula II:

n

(RB),
A B
) w
,}' 72
R

[(RA),

\
A RB'

10



sonme enbodi nents, at least two RA, RB, RA', RB', and Rw are cationic
groups. 30l n sone enbodi nents, the dye or conjugate has Fornmula II1l: WD
2010/ 091 2%6RaIVIIBAB10/ 023305 YG I | wherein: Eciraseondapsngient | y
selected fromH, Cl.6 alkyl, a nmoiety conprising a |inking group, and 5a
noi ety conprising a targeting ligand; Yis 0, S, CR11R12, NR -CR11=CR12-,
or Rl, R2, R3, R4, R5, R6, R7, and R8 are independently selected fromH, an
ionic group, a non-ionic oligonmeric or polyneric solubilizing group, halo,
Cl1_6 alkyl, aryl, and heteroaryl, whereiln said alkyl, aryl, and heteroaryl
groups ap geoptlonally substltuted with 1, 2, 3, 4, or 5 10groups
|ndepen8% Efy sel ected from hal o, cyano, nltro and Cl_4 hal oal kyl ;

or two adjacem+RD, oRA;, R3, R4, R5, R6, R7, and R8 groups, together W th
the atons to_which they are attached, forn1a fused 5-7 nmenbered ar

I
heteroaryl, &iladal Rgthinegy arf”@uep@w@rw &pHp @Pm}}ﬁﬂlYéa‘a@ﬁl“BE@ Wéshdl By3, or 4
subsgit I ted f
hal ? c%‘%ﬁgm\é%%ﬁ%epel%edé%iéeaﬁ& froal yﬁsdtll&}li‘tsld%%%&wqu&ﬂ‘%?gﬂﬁ e(# éﬁll%r%gt p:nde:n(:) Imy
sel ect ecbrhprinin@anlinkaing (grcgnpcmnp a targnomz §i gmidcwbéregamersubstonenpo kyguerer evith the

solubilizin p al k | , .and heteroaryl, wherein sai
oo LiGiade BhERRon Hr Susne e ShdonsE Pl CEhEERL ittt p Y aogtly o,

S5 gr OUpﬁym@ﬁP@n@Fﬁ%&n&%@%&% tremaal @, oﬁy%ﬁlbewdt}fe%ro%)@ﬂ: %e&m said
hal oal kyl ; R' and R12 are i ndependent 'y selected from Cl.4 alkyl optionally

subst i tcﬁrb@byﬂletdn h@tercxycl@ns Qﬂ@mayaubsme@‘wdh R;LE 3a|4e5,| ardegpbstiteetts y sel ect ed
fro Hag g‘%‘ ) EQ/LG, 1 et.her with .the1 gtlom;

whi 8“%%6 ¢ éloﬁ%&“b"d?? %Wé%ﬁ %x“%h@“bco‘r%? HE GHEOWBICEE 8  dkem a
6- rrenbegl@dpqhyd QY alkyE la0a| il he@roapl; each optionally substituted with 1, 2,
3, 4, 5 6 substituents i ndep endentlt; sel ected froman ionic group, a

non-i oni ¢ ZSEmgg%ﬁ%(i Réngd? agsgngensndentlyseleier ifonngogpashs hﬁtﬁT%)’Clelbleycézlckyl
aryl, ai?eQelja@}gc%,%ﬁa ¥1J1cycﬁg'get\éroc§clg, 1, 2, 3, 4, or 5,

R* and R® are independently selected from H, an ionic group, a non-ionic oligomeric or

15  polymeric solubilizing group, halo, C.¢ alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected
from halo, cyano, nitro, and C,_4 haloalkyl;

R* and R® are independently selected from an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, C, alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and

20  heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected
from halo, cyano, nitro, and C,4 haloalkyl; and

u and t are independently selected from 0, 1, 2, 3,4, 5,6, 7, 8,9, and 10;
wherein at least one R*, R®, R*, REB ’, and RY is present and is an ionic group, and any other
substituents are as defined infra and supra.

25 In some embodiments, at least two RA, RB, R, RB,, and RY are present and are ionic
groups. In further embodiments, at least three R*, R®, R* R®, and RY are present and are ionic
groups. In yet further embodiments, at least four R*, RE RY R?, and RY are present and are
ionic groups. In some embodiments, at least one R*, R® R™ RP, and RY is a cationic group. In
some embodiments, at least two R*, RE, R*, R®', and RY are cationic groups.

30 In some embodiments, the dye or conjugate has Formula I11:

11



WO 2010/ 091243PCT/ US2010/ 023305 4, R5, R6, - K7, wherein at |east one of
R, R2, R3, RR8, RO, and R is an ionic group, and any other substituents
are as deWpnreth/domf4sa and supra. In sonme enbodi merCT/USR@oMRI3ES t han
one Gis a noiety conprising a linking group or a noiety conprising a
targeting ligand. In sone enbodi nents, least two of R, R2, R3, R4, Rs, R6,
5R7, R8, R9, and Rl are ionic groups. In further enbodi nents, |east three
of R, RZ, R3, R4, Rs, R6, R7, R8, RO, and Rl are ionic groups. In yet
further enbodinents|f least four of R, R2, R3, R4, R5, RG, , R8, R9, and
Rl are ionic groups. |nRone evbodi ments, at | &8st orR® of , R2, R3, R4,
R5, R6, R7, R8, R9,| and a cationic group. rther pnbodi nents, at

| east two of RI, R2;T15§3 el cationic
groups. 10l n sone € di orfula 1V: 1V
wherein R13 and R 4 areindetly del ect 1_4 alkyl optionally
substituted with 1,| 2, ki fuents are as defined
infra and supra 15Ipn sor'ﬁa enbo , no m)re[\lt han dhe Gifs a noiety
conprising a linking group or g& noi g cofqmlsw‘g) a targetipg ligand. In
some enbodi nents, lleast two of RI,

, R3, R4, Rs, R6, R7, , R9, and R
are ionic groups. In further enbodi rrentﬁ Ieast three of RI R2, R3, R4,
Rs, R6, R7, R8, R9, and RI are ionic gr {Jp In yet further enbodi nents,
| east fQueregf R, R2, R3, R4, R5, R6, R7, R8, R9, and Rl are ionic
groups. In sone enbodi nents, at |east one of R, RR, R3, R4, R5, 20R6, R7,
R8, R9, and Qlls ursieaeanilbmlcctgi oo, H,| Gy -sfaliew) Hemostihouinritesa linking gwep, 1o of

and Rl are cationic groups. In sone

bt e EabRgatgrEialind has For mia v
Y is O, S, CR''R'?, NR", -CR"'=CR'*-, or -CR'!'=N-;

R, R* R, R R’ R® R, and R® are independently selected from H, an ionic group, a

non-ionic oligomeric or polymeric solubilizing group, halo, C,¢ alkyl, aryl, and heteroaryl,
wherein said alkyl, aryl, and heteroaryl groups are optionally substituted with 1,2, 3,4, or 5
10 groups independently selected from halo, cyano, nitro, and Cy.4 haloalkyl;
or two adjacent R!, Rz, R3, R4, RS s Ré, R7, and R® groups, together with the atoms to
which they are attached, form a fused 5-7 membered aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl group, each optionally substituted with 1, 2, 3, 4, or 5 substituents
independently selected from halo, cyano, nitro, and C,4 haloalkyl;

15 R’, R", and R" are independently selected from an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, C,.s alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected
from halo, cyano, nitro, and C,.4 haloalkyl;

R'' and R" are independently selected from C.4 alkyl optionally substituted with 1, 2, or

20 3 halo;

R'? and R'® are independently selected from H and C,.¢ alkyl;

or R and R'®, together with the atoms to which they are attached and optionally one or
more —-CH= moieties, form a 6-membered aryl or cycloalkyl group, each optionally substituted
with 1, 2, 3, 4, 5, or 6 substituents independently selected from an ionic group, a non-ionic

25  oligomeric or polymeric solubilizing group, halo, C,.alkyl, aryl, and heteroaryl; and

vis(,1,2, 3,4, 0r5,



WD 2010/ 091243PCT/ US2010/ 023305 V wherein R22, R23, R24, R25, R26, and

K- 27 are independently selected from an

i oni c growp,20\/m0Boni ¢ ol i goneric or pol yneric sol ubi | iperrus2gaopizohal o, Cl
al kyl, aryl, and heteroaryl, and any 5ot her substituents are as defined
infra and supra. I n sone enbodi nents, no nore than one Gis a noiety
conprising a linking group or a noiety conprising a targeting ligand. In
sone enbodi ments, least twg of BRI, R2, R3, R4, R5 R6, R7, R8, R9, and R
are i onmwhergimaigsast ppe pUR Rer Rampoldi, REnk s R°| Bagnd Ritisen dfniRErouRr2andReyy oftter
R5, R6, R7,. R9 R. _are jonic groups. In yet further enbodi nents,

| east fggﬁhgggﬁﬁﬁaﬁfﬁggggll ,mﬁg?mwﬁo R6, R7, R8, R9, and Rl are ionic
groups. In soeeababbdRRhS, n@iotedst 0N 104 nfdisty RempiRing BinkiRg, gr&tp orR7

R8, R9, and Rl is a cationic group. In further enbodi nents, at |east.two of
R, R2, MRECtY RaMpRsing paarggime lpgnd pén sogpgienmpodiments degspiive ogRodpsR . donRudat es

15Sut t abl ey c@nj e Cr 1 J y 30 sapWl :
W her o1 - N30 0735 3R B TR { RALH R A, R TR
conpr i sRAGRER’) wdt'® ana obicpdiupy. Inpjiceturthichanbddimdstst loasa fhiralf&di RAIR't R, @St ; L
is a linki roiety, R, R2, R3, R4, RS, , .R7, and R8 are_jndependently
ol oct ol 1Xof R4 o't <Gio8BPS SOR5TBRTES: AGRRANE C6R or Jess B

sol ubi | RZi Y RArURnd R# 9 a chtlaufic BlolsY! In BFNer enfOdi G S PRAN two WPR" SR RS AR

al kyl , agyh§ gn% hgteroqul groups are optionally substituted wth 1, 2, 3,
4, or S5RgrRups, Rnepaddentiecageniegragsf r om hal o, cyano, nitro, and Cl. 4

hal pal kyl ; or t adj acent Rl, R2 , R4, RS R6, R7, and R8 groups,
t ogg(?her W t H] TR %{P%C\Fﬁmfl t's\?t\ﬁ? gﬁe ?rh@yj‘%%ag%fggﬂglaivf orma fused 5-7
menbered aryl, rheteroaryl, cycloal kyl, or 10heterocycl oal kyl grpyp, each
optionally substit®®ed wiRh 1, 2, 3, 4, or 5 substitRents R

v

wherein R and R' are independently selected from C,4 alkyl optionally substituted with 1, 2,
or 3 halo, and any other substituents are as defined infra and supra

15 In some embodiments, no more than one G is a moiety comprising a linking group or a
moiety comprising a targeting ligand. In some embodiments, least two of R', R?, R®, R*, R*, R®,
R’, R R’ and R are ionic groups. In further embodiments, least three of R’, R* R® R* R° RS,
R7, RS, R’ and R' are ionic groups. In yet further embodiments, least four of R!, R R’ R* R’,
Ré, R, RS, Rg, and R'? are ionic groups. In some embodiments, at least one of R, Rz, R*, R R,

20 R®R7, R} R’ and R" is a cationic group. In further embodiments, at least two of R', R?, R, RY,
R’ R® R’ R% R’ and R' are cationic groups.

In some embodiments, the dye or conjugate has Formula V:

13



i ndependent|y selected fromhal o, cyano, nitro, and C 1_4 hal oal kyl; RO and
R1 are independently selected froman ionic group, a non-ionic oligoneric
or pol ymewpeomaloudaBdl i zi ng group, G _6 al kyl, aryl, and Rerarseaopkizosherein
said al kyl, aryl, and heteroaryl groups are optionally substituted with 1,
2, 3, 4, or 5 groups independently selected 15from hal o, cyano, nitro, and
Cl-4 hal oal kyl; R11, R12, K-13, and R14 are independently
selected fromCl_4 al kyl optionally substituted with 1, 2, or 3 halo; R15
and R16 are independently_selected fromH and Cl1.6 q%gyl; E@ Ri% rand R16
together with fhe -"CH=CH noi ety which they span TQrm 20 nenbered

aryl or cycl oal kyl eaghtioptional l'y substiﬁuﬁed o=t 1, 2| 3, or 4
sgl ected froman ionic grono —ifoni c
24 Q -/

substituents i g%:pe

ol i goneric or y |, "anyl, and
heteroaryl; and n is b | eastl one of RI1,
R2, R3, R4, R5| R6, K7, REZZH K 4p. In further
embodi nments, a Iea@t t wo 10f Rl R2
KR8, RO, and Ric' are i &fi c gr omga—
three of RI, - R3, R4, R5, -6, , and Rl are ionie'groups. In
yet further enbodi nents, at |east To R9, and RI are ionic groups.
In some enbodi ments, nis 0. In further enbodi nents, nis +1. In yet
further 30enmbodi ments, nis -1. In somevenbodi nents, the ionic group is

i ndependent | elected fsro 010/ 091243PCT/ US2010/ 023305 a) a
char gedwélﬁlﬁél‘%/ R?UB%E Re"a}?rfgjSr RIZIa and R“72 are independently selected from an ionic group, a noé— )

ionic oligomeric or polymeric solubilizing group, halo, C.¢ alkyl, aryl, and heteroaryl, and any

RdF t her éﬁBodl nments, at | east

5  other substituents are as defined infra and supra.
In some embodiments, no more than one G is a moiety comprising a linking group or a

moiety comprising a targeting ligand. In some embodiments, least two of R, R, R’ R* R’ RS,
R, RS, R9, and R' are ionic groups. In further embodiments, least three of R, Rz, R3, R4, RS, RS,
R’, R*, R’, and R" are ionic groups. In yet further embodiments, least four of R, R* R} RY RO,

10 RO R, RS, Rg, and R'? are ionic groups. In some embodiments, at least one of R Rz, R, RY R,
R® R, Rg, R’, and R'%is a cationic group. In further embodiments, at least two of R', R R3 RY,
R’ , RG, R7, Rg, Rg, and R'" are cationic groups.

Conjugates
15 Suitable conjugates described herein can be characterized by Formula VI:

wherein:

14



(b) a C120 al kyl group substituted with one or nore charged substituents,
and optionally substituted with 1, 2, 3, 4, 5 or 6 substituents

i ndependewbl2g91em@i®dt ed from hal o, cyano nitro, and Cl. 4lrairamsbkplo233dsnher ei n
0, 1, 2, 3, 4, 5 or 6 carbon atons of the alkyl group are individually
replaced with 0, S, C(0), C(0)0, NR, C(O)NR, SO SO, S2NR , wherein R
is Hor C1_6 alkyl, with the provi so that the repl acerrent does not result
in an unstable noiety somne errbodl , the ¢ ge&j su stltuent

i s sel ected f#dﬁ?éﬁig?tﬁ}gétgém%ﬁoﬁp’dﬂag &rlgaytyng “ﬁ@ngOlFWrt |eindsNga-biolgstlei n
Ris i ngag%egndently selected fromCl_6 al kyl, aryl, and arylal kyl. 10l n sone
enbodi nmen the Cl.20 al kyl group substltut ed with one or mor e char ged
subst i t uent sLhas lihhieghorietyl a: 0 O y 0 Or sss HSC CH/ 3 N, 20 CHB wher ei n

! "Some onboli Henen <t he 1 30 iRy or POREndHAT e Hh S BT B e

igagﬂggzﬁsﬁiﬁ%&lhg&%‘k%r ipSlymERRERBANA Yo 8p afaled L hAM, oyl QidtheadarkBC /"
wherein said alkyl, aryl, and heteroaryl groups are optionally substituted with 1,2, 3,4, or 5
groups independently selected from halo, cyano, nitro, and C,.4 haloalkyl;

or two adjacent R, R% R® , R4, R, R, R7, and R® groups, together with the atoms to
which they are attached, form a fused 5-7 membered aryl, heteroaryl, cycloalkyl, or

10 heterocycloalkyl group, each optionally substituted with 1, 2, 3, 4, or 5 substituents
independently selected from halo, cyano, nitro, and C) .4 haloalkyl;

R’ and R'? are independently selected from an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, C| alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected

15  from halo, cyano, nitro, and C,.4 haloalkyl;

R'", R'* R", and R" are independently selected from C,.4 alkyl optionally substituted
with 1, 2, or 3 halo;

R'® and R'® are independently selected from H and C,.¢ alkyl;

or R and R'® together with the -CH=CH-CH= moiety which they span form a 6-

20  membered aryl or cycloalkyl group, each optionally substituted with 1, 2, 3, or 4 substituents
independently selected from an ionic group, a non-ionic oligomeric or polymeric solubilizing
group, halo, C.¢ alkyl, aryl, and heteroaryl; and

nis+1, 0, or -1.

In some embodiments, at least one of R, R R R, R RO R, RE R, and R is an

25  ionic group. In further embodiments, at least two of R', Rz, R3, R4, R5, RS, R7, R8, Rg, and R'® are
ionic groups. In yet further embodiments, at least three of R', R* R, R RS, RS, R’, R% R’ and
R'® are jonic groups. In yet further embodiments, at least four of R', R?, R’, R* R, R® R, R,
R’, and R'? are ionic groups.

In some embodiments, n is 0. In further embodiments, n is +1. In yet further

30  embodiments, nis -1.

In some embodiments, the ionic group is independently selected from:

15



In sone enbodi nents, the Cl2() al kyl group substituted with one or nore
charged substituents is a Zwitterionic group. For exanple, the Zwitterionic
group carwoanmvissm3a sul fonate group and a quaternary amrcmasediofnessntl a
-NR3+, wherein R is independently selected 20from C16 al kyl, aryl, and
arylalkyl. In sone enbodi nents, R', RI2, R 3, and R14 are each nethyl.

In sone enbodi nents, R15 and R16 together with the -C=C-C npi ety which

t hey span faun a 6- menber ed aryl or cycloal kyl group, each optionally
substituted Wth &chagedsubstituensapdtituents i ndependently sel ected from an

ionic gr OUD ”OQC (Pélﬁyl%blﬂf’%gﬁtﬁteg &Hé@r&&e%gﬁk&'mﬂsh&fe Q{dC’“p’

hal o, Cl-6 a yl et eroaryl n sone e I nments nd R16
t oget hebptﬁ@mﬁysmmﬂbd?w@hiz 2,3 WZ@WL@%Q@SP&B&W@W &Z&MEfrommaB)one
enbodi nents, L has rl Jﬂﬁ# I a: R17R18 R19R20 wherein: 5E is absent, O
or S QCYag‘O(@ﬁ?) %Pdo “3‘ Yonic oligomeric or polyneric solubilizing

noiegy; J i S“@@@n 0,4(9) 9 4,8r ol& BrDbH atoms oftle Mgﬁﬁﬂp&are ijdsi’vui@@ BRladd e

i ndependent|y selected fromH, an ionic ig , non-ioni c ol | orrerl c or
pol ymer wethgaluli(0).ZG (YOndiRét Y(O)AR’ oSOc§r@nc$OvN|Rt r‘@her@ﬂ R ialbkgr C1-6@1kyd, itk oxy,

and Cl- %e proviso that the replacement does not result in an unstable moiety.
In some embodiments, the charged substituent is selected from sulfonate or a quaternary
amine of formula -NR;", wherein R is independently selected from C).¢ alkyl, aryl, and arylalkyl.
10 In some embodiments, the C,.,o alkyl group substituted with one or more charged

substituents has the Formula:
o@ HsC cH;
éﬁ O éﬁ\f/fc) “CH,

wherein y and z are independently selected from 1, 2, 3, 4, 5, 6, 7, and 8.
In some embodiments, the C,.5q alkyl group substituted with one or more charged

15  substituents is independently selected from:

O
= o® 5 HsC cH,
/\/\/ N
‘71 \\ and \/\/@\CHg

In some embodiments, the C;.oo alkyl group substituted with one or more charged
substituents is a Zwitterionic group. For example, the Zwitterionic group can comprise a
sulfonate group and a quaternary amine of formula ~-NR;", wherein R is independently selected
20 from Cj.¢alkyl, aryl, and arylalkyl.
In some embodiments, R'', R'?, R”, and R" are each methyl.
In some embodiments, R'® and R'® together with the -C=C-C- moiety which they span
form a 6-membered aryl or cycloalkyl group, each optionally substituted with 1, 2, 3, or 4
substituents independently selected from an ionic group, a non-ionic oligomeric or polymeric
25  solubilizing group, halo, C,. alkyl, aryl, and heteroaryl.
In some embodiments, R'® and R'® together form -CH,-CH,-CH,-.
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10hal oal kyl; and q is 0, 1, 2, 3, 4, 5, 6, 7, or 8. In sone enbodi nents,
the conjugate has Foiniula VII: 15VI1 wherein the substituents are

defi ned swpraileem43nfra, and wherein at | east one of R2PCRAIS2039/02808 R1 is
an ionic group. In some enbodiments, nis +1. In further enbodi ments, two
of R2, R6, RO, and Rl are cationic groups. In yet further enbodi nents, two
of R2, R6, R9, and Rl are cationic groups and two of R2, R6, RO, and Rl are
ani oni ¢ groups. 20l n sgne enbodi nents, the conjugate has the Foiniula VIII:
WO 2010/ 0912431 tDoRBID35685 Ty iulfier e n: n i s 0, +1, or -1; and 5TL
is atargeting |ligand. Dyes SuitaEEQ7dye§3Qﬁscribed herein include a

nol ecul e or ion of Fornula VIII: R6 OVII'l wherein:

s—E Q—J—;

wherein:
5 E is absent, O or S;
Q is (CH,), or a non-ionic oligomeric or polymeric solubilizing moiety;
I 1s C(0), C(0)O, or C(O)NH;
R'7, R'8, R", and R* are independently selected from H, an ionic group, a non-ionic
oligomeric or polymeric solubilizing moiety, halo, cyano, nitro, C,.4alkyl, Cy.4 alkoxy, and C; 4
10 haloalkyl; and
qis0,1,2,3,4,5,6,7,0r8.

In some embodiments, the conjugate has Formula VII:

R2 R6

15 vl
wherein the substituents are defined supra and infra, and wherein at least one of R, R(’, R9, and
R'" is an ionic group. In some embodiments, n is +1. In further embodiments, two of R* RS R,
and R" are cationic groups. In yet further embodiments, two of R%, R, R®, and R are cationic
groups and two of R, R®, R, and R'” are anionic groups.

20 In some embodiments, the conjugate has the Formula VIII:
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LI

is a reactive |inking group;

R,

R2, R3, R4, R5, R6, R7, and RS

are independently selected fromH, an ionic group, a non-ionic oligoneric

or pol ymewpeomaloudaB! i zi ng group,
WO 2010/ 091243PCT/ US2010/ 023305 wherein said al kyl,
groups are optionally substituted with 1, 2, 3, 4,
i ndependently sel ected from hal o,
two adjacent 121, R2, R3, R4, R5, R6, R,

they are attached, fogn a ﬁqfed 5-7 menbered aryll
het er ocycl 0

atons to which
het eroaryl, cy

hal o, cyano, n
selected from
solubilizing g
aryl, and hete
5 groups indep
hal oal kyl ;

from Cl4 al kyl
i ndependent |y
the -CCCGC nmo
group, each op
i ndependent |y
pol yneric solu
is -6, -5 -4,
enbodi nent s,
an 20ionic gro
enbodi nents, L
enbodi nents, L

wherein:

al

oup,

c| oal kyl
substituted with 1, 2, 3, 4,

ionally sub¢titn
sel ected froman ionic

pi i zi ng s hal o,

3, -2,

Lp. conpri sing at

hal o,

or

aryl,

ubsti.tuted

-1,10, +1, +2,

cyano,

or 5 substituents independently sel
tro, and Cl-4 hal oal ky(GH2)2
AN i oni ¢ group,

Cl-6 al kyl,
Lk groups are optic
tA\y sel ected 10fr oq
,CRE2, RI3,Tand Rlinace i

a non-ionjc oligoneric or polyneri

+3,

6.
| east on@ N(CHRY; R2, R3, R4, RS, %1N§H )|3?8, RO,
| east one cationic sub ti?uent._i

Cl.6 al kyl,
aryl,
or 5 groups
nitro,
or R8 groups, together

K each opti or

yl 5group,
RO and R11/ are in

het eroaryl, wherein s3
substituted wthd,o 2
ab’o, cyano, nitro, and
gepandent |
jth 1,
H

A6 todg
or
, 37 or M substituern
, a non-iohic oligoner
dl kyl , ar{@h)and het er ¢
+4, +5, or

and Cl. 4 hal oal kyl ;

conpri ses a - COCH groug,Pr a -C(0)0-NHS group. |
has the formul a: RI7RI&I

nis 0, +1, or-1; and

5 TL is a targeting ligand.

Dyes

Suitable dyes described herein include a molecule or ion of Formula VIII:

10

wherein:

R2

R1

L’ is a reactive linking group;

aryl pcanis2¢ietessonr yl ,
and heteroaryl

or

with the
n

ally

ected from
dependent |y
C

id al kyl,

, 3, 4, or

¢1-4

y sel ected

and R16 are

ether with
cycl oal kyl

ts

ic or

aryl; and p

I n sone

and Rl is
n sone

n some

R R% R, RY, RS, R®, R’, and RS are ihdependently selected from H, an ionic group, a

non-ionic oligomeric or polymeric solubilizing group, halo, C\.¢ alkyl, aryl, and heteroaryl,
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R19R20 L' 25wherein: E is absent, O or S; Qis (CH)qg or a non-ionic
oligoneric or polyneric solubilizing nmoiety;, WO

2010/ 091 2%8RaIV19BRAG10/ 023305 R17, R18, R19, andPR2/isr@0/023305

i ndependently selected fromH, an ionic group, a non-ionic oligoneric or
pol yneric solubilizing noiety, halo, cyano, nitro, C -4 alkyl, Cl1_4 al koxy,
and Cl -4 haloalkyl R21 is Hor Nsuccinimdyl; and 59 is 0, 1, 2, 3, 4, 5,
6, 7, or 8. In some enbodi ments, the dye conprises a nolecule or ion_of

For mul awlwenmalqbel yh Ryl oveetsr oy heodpiase PPy saIPSéma@@ PHEd - Subrtaand
infra, g{r;bcg!l o élﬂleﬁttly L&astq 205 lﬁfo BéanoRﬁl’troRgnq 3 Shz&alk .an ionic group

conpri s ast ohe cat] oni c "substit uent one enmbodi nents, p is 0
or +1. In fuptheradadadRieRTt B, B, RS REIR, or R® grdupsstogﬁhen&bﬂdﬂm[ﬂms toathitleast

cat i oni B EBHTENEh (O 8T oL SR ERBGU AN B HaL 6y SOLsHp B AT REE FIAI 2
X K group, each optionally substituted with 1, 2, 3, 4, or 5 substituents independently selected from
halo, cyano, nitro, and C;_4 haloalkyl;

R’ and R'? are independently selected from an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, C, alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected

10 from halo, cyano, nitro, and C,4 haloalkyl;
R'", RZ R", and R' are independently selected from C_4 alkyl optionally substituted
with 1, 2, or 3 halo;
'3 and R'® are independently selected from H and C\ alkyl;
or R and R'® together with the -C=C-C- moiety which they span form a 6-membered
15 aryl or cycloalkyl group, each optionally substituted with 1, 2, 3, or 4 substituents independently
selected from an ionic group, a non-ionic oligomeric or polymeric solubilizing group, halo, C;.4
alkyl, aryl, and heteroaryl; and
pis-6,-5,-4,-3,-2,-1,0, +1, +2, +3, +4, +5, or +6.
In some embodiments, at least one of Rl, R%, R, R4, R , R6, R’, R, R9, and R' is an
20 ionic group comprising at least one cationic substituent.
In some embodiments, L’ comprises a -COOH group or a —C(O)O-NHS group.

In some embodiments, L.’ has the formula:

R17 R18
é‘—E Q—C(0)0-R?"
R19 RZO
L?

25  wherein:
E is absent, O or S;

Q 1s (CH»), or a non-ionic oligomeric or polymeric solubilizing moiety;
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WO 2010/ 091243PCT/ US2010/ 023305 Definitions and Additional Enbodi nents

As used herein, -targeting ligand" (TL) refers to any nolecular entity that
cont ai ns wokwrdiony3noi ety that binds with some specifi cipCy/useoismebisosi vity
to a biological target, and is the Sprinmary neans for the conjugates of the
invention to bind to specific tissues in an organi smor sanple. Targeting

| i gands can further include charged functional groups that woul d bal ance
charge on a conjugated dye nolecule. Cenerally, it is desired that the
charge on th&'t & §&'T, ngd RFyandndepbstcany sebdtyd fremtH adni izeis ganup, e hangenion t he
dye conppund such that the total net charge of the conjugate |s -1, 0, or
+1. | n SORENEHLYdIOWERT'Y S %W‘B%&P“?%t“a@hg?’ﬁ@’ PErop Crq K Coar GeXy 399 Crgand
can be gouakently attached to the reactive linking group of a dye conpound
of the inven ijlon t hrough standard coupling procedures. For exanple, the
carboxyl or Bctisvherd-soegiiongyl; grdoup of the reactive |inking group can
react with a nucl.eqgphi)ic functionality on the targeting |igand, such as an
am nge or al k8>1<§/8’d1egi gait’ isv%’,}’]to{)gf orm an am de or ester |linkage. Additional
details for the conjugation of dyes can be found in W 2008/ 017074 and in
Frangi oni 15et al. Mol ecular Imaging, Vol. 1(4), 354-364 (2002), each of
whi ch is i ncHr poratebpdyaeapthedye efpprase a majequisordae pf Beynula IX:  The
targeting |igapd can further include a nolecular scaffold noiety to which

t he bi nding nojetyg@nd ot her groups can attach. For exanpl gf t he Prol ecul e
scaffold can bear one or nore of the following: (1) a noigty designed to
react with the|reactyve \inkiGids group of the dye,go fo 8 20coyal ent bond,

(2) a charge bal ancing ryy @HCh as . a he\i on pups descri bed
that brias tolt

herein, and (3) a nof\et et. An exanpl e of
a nol ecular scaffold 1S s : A as described in U S.
Pat. App. Pub.]| No. 2006/ 0063 T Fhcorpor athed herein by reference

inits entirety, and ill étrates t he aration of gqfargeting|ligand that
i ncorporates ap adarnantane scaffol d~Spetifically, the adamantane core

hol ds (1) an 25am no group capable of reacting with the dye conpounds, (2)

a charge-balancing noiety that will neutxralize a negative charge on the dye

mol ecul e, and (3) two noieties that bind to the biological target RSVA. For
a ddscr Wherrprheaihstiusatsprndelticd qunta apENKEa, srdwhessHtdeast gne QiR R, Rppnd

| magi ngg 10 .4 - B2 . - Med. 2007, 48: 1379-89;
Chen, J{ %gf%s é‘im%c%r.éﬁﬁ%/%@%p‘b%%ﬁﬂ%&%ﬁé %%Omﬁsgg%{gg?m'mandr an, S.S., et al.
Cancer Bi ol . InTdoere.embidd@Bentd, . pA7 4-082;1. 30 Bather prabodiSieRs, p k. +IMed. Chem 2008,
51: 4504-17; Mease, R C., et al. din.» ar 0, 2008, WO

2010/ 091243 PP USIOYOH G0t Basts586T Ri: R FRostndck Abrepmalerondi hch Cancer
Res. ., 2Qf%orislds A924r &e @A6McQfbieh 1s i ncorporated herein by reference in
its entirety. As used herein, the telin "contacting” refers to the

brildgi ng t ogletskare enfboduhettanedyd qonpoysd bel FoomiaXt such that the
o

substances can interact with each other, Fog.exanple, when an

ch/ \ / \CH
CHs H,C 3

20



5i magi ng agent is "contacted" with tissue or cells, the tissue or cells can
interact wwth the inmaging agent, for exanple, allow ng the possibility of
bi ndi ng iwbermowizkas bet ween t he agent and nol ecul ar comrporEsaae/0es30: he
tissue or cells. "Contacting” is neant to include the adm nistration of a
substance such as an inmagi ng agent of the invention to an organism

Adm ni stration can be, for exanple, oral or parenteral. 10As used herein,
the term"ionic group” refers to a noiety conprising one or nore charged
substituents. The -charged substituent” is a functional group that is

general | ni.oni ¢ 0 tionc en in substantially neutral aqueous
conditié%%ﬁ%%Q§¥§%Lég§§¥2%ggﬁ@£@¥%g¥% 8.0 or about physiological pH (7.4)).
As recited abowged Bxeipt@gedhe GhalUlLaRaRIE asRslcclideaitRy tHetodanani ons

of inorganic and organi c acids such as sul fonate (-S031), sulfinate,

car boxy badéng msishodiphbinat with serse prrsHidiey, or splsetphtie a biglagiealttaiest, padistihas

al k est. r o n: i . I i £ i

aul T onad iriegy me 6P e ot FRBREICRY &y bl SRR T kR bl 3,

am nes a3+ Targebieg 8ghhdssan Adere ndaniklciaged Ecicaonfl perapCittit alokid balarcy! , and

arylalky]. Q- her char catjonjc substituents include protonated primary,

secondaf 4R at@@wﬂlg%tg@gé?ﬁnﬁ f,ﬂ'ear?tfnweflv- By %a'é?fr rtineahoren s Birgurdoing

enbodi mﬁg&ﬁd S%Qﬁnﬁﬁﬁf&%gaﬁi@ Shi tRERE oh ﬁle‘clé‘(s %%gifnd such that ti{t SQMBet charge of
ts i ly o

enbodi e , the r1onic group consists sol a charged substituent.
Exanpl e tlehangedtessbs t0i beht d$n soret edeodimgnisf the haslenemelmtrgoséd above,

i ncl udi ng sulfonate. and - N 3+, In.further .e di ments, the ionic
or o) cor r esponagEt el Ead 5 b syeiogitsaeLned Tre iR T BB Bro i

char ged csMpPsird dfend verhR tBidlgh BRn&akd 20uiero AOKB. F&r ORbipIahd darbdkit Ber
25substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected

f r om hak&ivagsgdaaehoxil giosp ohthg rexctige HakipalgkaHp, cantieace with @, hugleophilig fungtiomlityr 6

car bon : | k roup.are indivi v repl.ac ith Q 0),

G0y0. R ieqlshete g tdcads Mgy Y SRl [ RGeS g

t he pr ovidgnichbiadetdiReor plcagiapmivh dagss ctberfosntd in WO 2008UN1F0abhe] i reddioni
Exanpl e i oni ¢ groups_include groups of

(e.ﬂ%, -0-0-, - 0-S-, etc.). 30 g S . ﬁ ]

For hul a®t alvidpgnlar 9a9usPil LdrGh6r36233¢5) Fack pimbichis ingpropugted hergingsgc ¢S5
"e CH3 i,y and z are independently selected fromO, 1, 2, 3,
4, 5, 6¥ﬁ§?ﬁ§ﬂ3wgéhﬁﬁﬁéone enbodi nents, y and z are independently sel ected

from1l, 2, 3Thdtargstingligdnd eandfughed inclsdere neddpotir verftodd mpicant whiah ¢he binding
| ndepen%%?ét}ll Ynd gthgrcérggpsf cra%rgtt%éh. ZForse’xm%BI%, fﬁ'e nlorfecsu?ensl?cas 0 doccellin %%zrl]rtosde o more of
the following: (1) a moiety designed to react with the reactive linking group of the dye to form a
20  covalent bond, (2) a charge balancing moiety, such as any of the ionic groups described herein,
and (3) a moiety that binds to the biological target. An example of a molecular scaffold is an
adamantane derivative, such as described in U.S. Pat. App. Pub. No. 2006/0063834, which is
incorporated herein by reference in its entirety, and illustrates the preparation of a targeting
ligand that incorporates an adamantane scaffold. Specifically, the adamantane core holds (1) an
25 amino group capable of reacting with the dye compounds, (2) a charge-balancing moiety that
will neutralize a negative charge on the dye molecule, and (3) two moieties that bind to the
biological target PSMA. For a description moieties that bind to PSMA, see, Humblet, V. et al.
Mol. Imaging, 2005, 4: 448-62; Misra P. et al. J. Nucl. Med. 2007, 48: 1379-89; Chen, Y., et al.
J. Med. Chem, 2008, 51: 7933-43; Chandran, S.S., et al. Cancer Biol. Ther., 2008, 7:974-82;
30  Banerjee, S.R., J. Med. Chem. 2008, 51: 4504-17; Mease, R.C., et al. Clin. Cancer Res., 2008,
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5and z are 0. Further exanple ionic groups include groups of Formula: O
and HBC oFi 1/ 3 ENE|) CH 3 In sonme enbodi nents, the ionic group can
cont ai n two 20r0/090248 char ged substituents. For exanpl e, trhe/usenoo2330dUP can
i ncl ude both an anionic and a cationic substituent, follning a

10"Zwi tterionic group” (or "Zwitterion"). Zwitterionic groups can be
particularly useful as substituents in the present invention because they

i ncorporate additional formal charges in the conjugate yet do not i npact
net t ot dk:30Raridelossherelsyalf 86 Caratei. Mys ¢ AP BAPL 248c eachlot weuehes endogelirmedt s,
a Zwtt rionéc grou .cqrrqugnds to a C120 al kyl group substituted with at
| east on& oYY FVETY 'RAAFBEE Y cati onic) substituent and at |east one

negatively changedhéramni ORiten WoatRind5easeHtd Rabrihfigs @WRHRY bf Gihdlgesqh t he
ZMtterionic group is zero, and wherein the C120 al ﬁyl roup is optionally
f ur t her PBYie confaegucii thiat the sghstaceycangntegict gith ghelt ¢there rftos ekﬁﬁ@ﬁe‘ﬁﬁ@mﬂ y

sel egte . s kLT 4 | 0 n . : .3,
3 &5 ongfRThIAN R BNANG Rl Rt MBS P B o ey
wi th 0, agent,GoOxan(p(€)allowig the COGIHNRY, of S diHORterGURNRbetwobe tHi agelt ands H or
Cl_6 alkyl, with the provisq that the repl acenent does not result in an
unst abl BOXSHEY &pgPeRenés of thetigsue or gelis. “Caplacng s Biepntdo mglydedhe admigihigpen

wher el oK Fa Y BeE e P By B¢ e AT OB iy SRS D A Mo AR

For exahplesampleeodbt pageritemi.c group has Foi ni ul a: WO

201% 091243Pg1s_/ulsJeS Oe]fgiépt%%%gn?l “ionic group” refers to a moiety comprising one or more charged
substituents. The “charged substituent” is a functional group that is generally anionic or cationic
when in substantially neutral aqueous conditions (e.g. a pH of about 6.5 to 8.0 or about
physiological pH (7.4)). As recited above, examples of charged anionic substituents include
anions of inorganic and organic acids such as sulfonate (-SO;"), sulfinate, carboxylate,

15  phosphinate, phosphonate, phosphate, and esters (such as alkyl esters) thereof. In some
embodiments, the charged substituent is sulfonate. Examples of charged cationic substituents
include quaternary amines (-NR3"), where R is independently selected from C,.¢alkyl, aryl, and
arylalkyl. Other charged cationic substituents include protonated primary, secondary, and
tertiary amines, and well as guanidinium. In some embodiments, the charged substituent is

20 -N(CHs);".

In some embodiments, the ionic group consists solely of a charged substituent. Example
charged substituents include any of those mentioned above, including sulfonate and ~N(CH3)".

In further embodiments, the ionic group corresponds to a C; .5 alkyl group substituted
with one or more charged substituents, wherein the C, .5 alkyl group is optionally further

25  substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from halo, cyano, nitro, and
Ci.4haloalkyl, wherein 0, 1, 2, 3, 4, 5, or 6 carbon atoms of the alkyl group are individually
replaced with O, S, C(O), C(0)O, NR’, C(O)NR’, SO, SO,, SO.NR’, wherein R’ is H or C ¢
alkyl, with the proviso that the replacement does not result in an unstable moiety (e.g., -O-O-, -
0O-S-, etc.).

30 Example ionic groups include groups of Formula:
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wherein wis 1, 2, 3, 4, 5, 6, 7, or 8. 1In sone enbodinents, the

W tterionic group has the Fornula: 5As used herein, the phrase "non-ionic
ol i goner iwoaniopolizseri c sol ubilizing groups” refers to ®oraisk@opedsgier s
such as, for exanple, polyethylene glycol, polypropylene glycol,

pol yet hyl ene oxi de and propyl ene oxi de copol yner, a carbohydrate, a
dextran, polyacrylam de, and the like. The solubilizing group can be
attached by any desired node. The point of attachment can be, e.g., a

car bon-carbon bond, a car bon-oxﬁl\gen dond, or a-lgﬁitbg%en-car bon bond. 10
The attachnment group can bes e.g ~@n ester groupy avcarbonate group, a
et her group, a sulfide gro¢p; | no groc?{), &ldﬂl ene group, an am de
group, a carbonyl group, or a‘phosPhat engyroup’ ’z Bone exanpl es of

sol ubi l'i zi ng groups include pol yet hyl ene gl )écol s, such as -(CH2CH20),,-H,
- 0C( =0) thexapoyped apfe indaendgdlycrizeisd doacial 2. d(errorRend éHb somsand

-S(CHz . —an ] J tfyggg Aakout o] 0. In
sone e%%g%ﬁegr@tss,’ Y%%q Qi%sélgd%%n%%{tggggcgg 1 .E]’I “ﬁgf ﬁrst %é?’n%gb%gd?}nseoﬁtﬁes, "a" is
6, 7, oem8odi@ehsr yexdmpieasdgfendoitiylelecd dgngt cypsandiel lideordexibadisiessch as
- 0C(=0) %Cflext :ﬂan). The solubilizing noiety can have an absol ute nol ecul ar
wei ght f #6m-about 500 anu to about 100, 000 amu, e.g., from about

1,000 amu t orahRdtex@BpRAOni2 TIPS ifd @M 2b@itorForA@at 0 20 about 25,000 anu.
In sonme enbodi nents, E29 and Rl are non-ionic oligoneric or polyneric

sol ubi l'i zi ng groups. Fur ther_@xanpl es of solHifi | }-zj ng gr oups

i nclude: -(CH2), - (0OCH2CH2) d- ORa, ein "c'Sis 0to 6, d%is 1 to 200,

and Ra is Hor Cl6 1™ Q&bodim& SN s \t&_l:ff "d" is 1 25to
ts) .

10, and le is H In Sonme enbodi nen "gitd is 6 or 7.
2010/ 091243PCT/ US2010/ 02330 .. See WD 2008/ 017074 LS. Ser,.. No.
121376, 243 ( P10 PRBIR) 3o M5 SO Al Toret &8 O Mgte g STbssts. Fag
Febr uar yxagapl 238 )oniC@6lp 6dn WolueObbth anRENROIRIL LehtiBRICRUPStYent Eb@iapGe in its
entirety, for a further description of suitable non-ionic oligoneric or
pol Yhrer 1 £WBEHabicIZrodm ¢ ol rovisisriomnd ZietaTsai ¢ gpupnesrsdegtaurglytuse Pht o dyes.
5As use L, T YA j.nkKi ' [ ul
onti by ReoEh G in HeTREh Ryt bR GL 1D oo SUEESnd1 TaBBY dlREREN S
capabl ec@afjugatnyedt gatnongnpict Retaothlaehgetel thgrdbygadidtalidg fhargabglandel dukane t he
reactive Jinking group includes at | east one reactive group selected froma
car boxy?m{%w[;@ieatsgﬂr %W&Peeilpn&rﬁmn fEesppndsde 8 Crp k}é@f?upa%lb%émeda@t%?em
i sothio I i , : i.nki ng:
| sothi ngxyiﬁgggvggrx%?ggd é@?@ggﬁgup_ ARLIRRE & ledshéhd RBEE Y P clldr @ QS0P YR up,

15  such that the overall charge of the Zwitterionic group is zero, and wherein the C|.5 alkyl group is

optionally further substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from
halo, cyano, nitro, and C;_4 haloalkyl, wherein 0, 1, 2, 3, 4, 5, or 6 carbon atoms of the C;.59 alkyl
group are individually replaced with O, S, C(O), C(O)O, NR’, C(O)NR’, SO, SO,, SO-NR’,
wherein R’ is H or C,4 alkyl, with the proviso that the replacement does not result in an unstable
20  moiety (e.g., -O-O-, -O-S-, etc.).
Example Zwitterion groups comprise both a sulfonate group and a quaternary amine of
formula -NR4", wherein R is independently selected from C,.4 alkyl, aryl, and arylalkyl. For

example, the Zwitterionic group has Formula:



10l n sone enbodi nents, L' has the Fornula: R17R18 R19R20 L' wherein: E
is absent, 0 or S; 15Qis (CH )gq or a non-ionic oligoneric or polyneric

sol ubi | i 2vOQ0TOI9EL4Y ; R17, R18, R19, and R2 are i rdepsoadentisgs
selected fromH, an ionic group, a non-ionic oligoneric or polyneric

sol ubilizing noiety, halo, cyano, nitro, Cl4 alkyl, C 1-4 al koxy, and Cl-4
hal oal kyl ; R21 is H or N-succinimdyl; and 20 is O, 1, 2, 3, 4, 5, 6, 7,

or 8. In various enbodi nents, all or sone of the follow ng, or any
conbi natwihereimﬁvi‘s ﬂuaz 3ok D, ﬁgoramy be true: Eis absent or 0; Qis (CH2)q; Q
is CH2CHZ; é 311 % 22 e each H - R21 is

N-succinimid On%?fm&" gle’@)ts BhHéY ?Wgr@t’?ﬁw fOF”é fesents the reactive
noi ety of the reactive linking gro hat 25i s capable of covalently
attaching to a targeting |igand. Acqordingly, R21 can be H, to formthe
carboxy group which is reactive w th.am nes or other nucl eophiles. R21 can
al so represent carboxyl activating subytituents such as N succidi m dyl

(NHS) which can facilitate conjugation WO 2010/ 091243PCT/ US2010/ 023305
Simlarly, the -linking group” (L) is a~dival ent derivative of L' in the
conj ugates of the invention and hag,the %?:ab@t eristics identified
above except that the reactimgCqrp i
conjugated targeting ligand. | n/ﬂ‘%me €

5 As used herein, the phrase “non-ionic oligomeric or polymeric solubilizing groups” refers
to soluble polymers such as, for example, polyethylene glycol, polypropylene glycol,
polyethylene oxide and propylene oxide copolymer, a carbohydrate, a dextran, polyacrylamide,
and the like. The solubilizing group can be attached by any desired mode. The point of
attachment can be, e.g., a carbon-carbon bond, a carbon-oxygen bond, or a nitrogen-carbon bond.

10 The attachment group can be, e.g., an ester group, a carbonate group, a ether group, a sulfide
group, an amino group, an alkylene group, an amide group, a carbonyl group, or a phosphate
group.

Some examples of solubilizing groups include polyethylene glycols, such as
—(CH,CH,0),-H, -OC(=0)O(CH,CH,0),H, -OC(=0)O(CH,CH,0),CHj3, -O(CH,CH,0),CHs,

15  and-S(CH»CH»0),CHj3, “a” being an integer between about 2 and about 250. In some
embodiments, “a” is 4 to 12 or 5 to 10. In further embodiments, “a” is 6, 7, or 8. Other
examples of solubilizing groups include dextrans such as -OC(=0)O(dextran).

The solubilizing moiety can have an absolute molecular weight of from about 500 amu to
about 100,000 amu, e.g., from about 1,000 amu to about 50,000 amu or from about 1,500 to

20  about 25,000 amu.

In some embodiments, R® and R'" are non-ionic oligomeric or polymeric solubilizing
groups.

Further examples of solubilizing groups include: -(CHa).-(OCH,CH,)4-OR?, wherein “c”
is 0 to 6, “d” is 1 to 200, and R* is H or Cy_galkyl. In some embodiments, “c”is 1 to 4, “d” is 1

25  to 10, and R* is H. In some embodiments, “d” is 6 or 7.



R17R- 18 R19R20 wherein: E is absent, O or S; Qis (CFl2)q or a
non-ionic oligoneric or polyneric solubilizing noiety; 10J is C(0), C(0)O,
or C(0) NHyvO 2010/09124R17, R18, R19, and R2 are i ndependent lpgTamsb@oessos rom H,
an ionic group, a non-ionic oligoneric or polyneric solubilizing noiety,

hal o, cyano, nitro, Cl-4 alkyl, Cl-4 al koxy, and Cl-4 hal oal kyl; and q is
o, 1, 2, 3, 4, 5, 6, 7, or 8 15In various enbodi nents, all or sone of the
foll owi ng, or any conbination of the follow ng, my be true: E is absent or
0; Qis (CH2Xge WDI280LHPTHZ, URL Ber. RNd 8 2/3R6243 afildd R2bamey 2009 HandUis 8+, and

Jis C(Q). di ment s, has_ t he Fqrmul a: | n, sone o
erbod ot 423753%% (tﬁ%&ifmm £ 20b0) & J%S%& Beptgrad gsﬂem by redsrgneedhdin
(2006) E36iRB), for BRANIBRReripmARA M EFoNRINA! Hli¥nerRIB HERR i RoIubIiAY i rety.
groups, and method for incorporating them into dyes.
S As used herein, “reactive linking group” (L) refers to any molecular entity having a
8
molecular weight from about 50 to about 500 Da that is capable of conjugating with a targeting
ligand (TL). In particular, the reactive linking group includes at least one reactive group selected
from a carboxylic acid group or anhydride or ester thereof, as well as an isothiocyanate group.

In some embodiments, the reactive linking group contains a carboxylic acid group.

10 In some embodiments, L’ has the Formula:
R17 R18
g——E Q—C(0)0-R?"!
R19 RZO
L’
wherein:

E is absent, O or S;
15 Q 1s (CHaz)q or a non-ionic oligomeric or polymeric solubilizing moiety;
RY, R¥ R', and R* are independently selected from H, an ionic group, a non-ionic
oligomeric or polymeric solubilizing moiety, halo, cyano, nitro, C, 4 alkyl, C.salkoxy, and C) 4
haloalkyl,
R*'is H or N-succinimidyl; and
20 qis0,1,2,3,4,5,6,7, or 8.
In various embodiments, all or some of the following, or any combination of the
following, may be true: E is absent or O; Q is (CHy)g; Q is CH,CHa; R, R"™ R" and R* are
each H; R*' is H; R*' is N-succinimidyl; and q is 0.
The moiety —C(O)O-R*' represents the reactive moiety of the reactive linking group that
25 is capable of covalently attaching to a targeting ligand. Accordingly, R*' can be H, to form the
carboxy group which is reactive with amines or other nucleophiles. R*! can also represent

carboxyl activating substituents such as N-succidimidyl (NHS) which can facilitate conjugation.

25



WO 2010/ 091243PCT/ US2010/ 023305 As used herein, the term "nethine"
refers to a -CH= group. Simlarly, the term-polynethine" refers to a chain
of - CH= grwopsicoom4ai ni ng, for exanple, 2 to 20 carbon aromaIS2010/03330E

enbodi ments, the pol ynethine group has 3 to 13 carbon atons. In further
enbodi nents, the pol ynethine group has 3, 5, 7, 9, 11, or 13 carbon atons.
In yet further 5enbodinents the pol yrnethine group is a heptanethine

having 7 carbon_ato used herein, the term"alkyl" is neant to
refer to a s§f%#§ﬂ>@éﬁ%3}ﬂ’#‘&%ﬂfﬁ% (é?biﬁpdl\xhlle&wq”éa%‘fer%fIghtlimnﬂé’éteéto the

br anched,, Exa h l yl
Ceane! nWSrop{QP :{%&ﬁ%g@énbﬁésqqs tnffeh%vé %@e@ﬁ tﬁgtlhgéé E)e(atgtgll‘?e: erBLORY! |
t- butyI)owﬁemhymmdﬁﬁgoﬂmnmnp@ﬁ&yhmgquﬁagmﬁl sec- pentyl, neopentyl), and
the |ike. a on aln from1l to 10about 20 from2 to about
20, from1 tg ﬁﬁ%ﬁ?%%ﬁyg??%2¥§ ¢ SBBhtas, fron11 to about 6, from1l to
about 4, or from1l to about 3 car h7ato As used herein

| ialoalkyl" refers to an al kyl group hav ng one or nore hal ogen
substituents. Exanpl e hal oal kyl gr ocI ude CF3, C F5, CHF,, CC13,
,l

CHCO i, C Cl15, and the I|ike. eimy.—qryt" refers to nonocyclic
or polycyclic (e.g., having or ed ri ngs)aromati c hydrocarbons
such as, for exanple, phenyl, naphth, ant hracenyl, phenant hrenyl

|ndqpyl indenyl, and the like. |Ingsone ggvodi ments, aryl groups have from
6 to about 20 carbon atoms. In sone enbodi nent s, t he aryl group is phenyl.
As used herein, -cycloalkyl" refers to bon-aromatic cyclic hydrocarbon
optlonal 20|nclud|ng on or nore unsaturations. Cycloal kyl groups can

i ncl ude™BHBY or polycyclic (e.g., having 2, 3 or 4 fused rings) groups and
spirocycl es. g agehoOMYg carbon atons of a cycloal kyl group can be
optionally substituted by oxo or sulfido. Cycloal kyl groups also include
cycl oal kyl i derie §CHBx arphen-toypit dagoraricgr papmearivsblibdizongnostopyl |,

cyc|pbutyl e xyl, cycl oheptyl, cyclopentenyl,
cyc*ghexenylfyq&gﬁ ?gighpgﬁgbﬁmgycloheptatrlenyl 25nor bonyl , norplnyl

nor camyl , adRh"angleg andtR ’hee IridkgendAtbosdlqredduded H, antidiac g@mpna hoRpnaf

cycl oal yI are noi eties that have one or nore ar romatic rings fused (i

havi ng H1FHILSI PRSI SUUPHIZIRGMERE. bglor e¥RyNitrp; gt alkxdr Cesclkgive ander nzo or
thlenylmg&ﬂkﬂa&tyes of cycl opentane, cycl opentene, cycl ohexane, and the

li ke. A cycloal group containing a fused aromatic ring can be attached
through any qwd@thﬁiMl&ng7amdh1including a ring-formng atomof the fused

tic 30ry In s enbo ments, the.cycloal kyl graup is 5-7
ered sat fdr‘%‘f‘é?ﬂs Wﬁﬁ‘&fsﬂ? l;?rdﬁﬁ‘e OA@%@@HWH& &t %“y m@ﬁ’r g% cﬂ%éhe or
Car bocghiveg, iak BE$rukO FAR aBdeht 00D; GYE( @R ld isAF @M, ; RYOR'® R' and R* are

2010/ 091243PCT/ US2010/ 023305 use herein, "netéroaryl’ refers to
an ar orech & lads 8raehdck €(Rhvi ng at | east one heteroatonlrlng menber such as

sul fur, oxy |tro r groups include nonocyclic and
polycycllc %gsanmchh Léugﬁh ﬁhﬁﬁ?&ﬁ rings) systens. Exanples of

het eroaryl groups !nclude hnthq/ \‘nltatlon, pyridyl, pyrimdinyl,
pyrazi nyl, pyridazinyl, ét_u @ (!GHZ)Z—C(O)O—-—

20 In some embodiments, L has the Formula:
: O;
See, Lee, H. et al. J. Org. Chem. (2006) 71(20), 7862-7865, incorporated herein by

reference in its entirety.
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5qui nolyl, isoquinolyl, thienyl, imdazolyl, thiazolyl, indolyl, pyrryl,

oxazol yl, benzofuryl, benzothienyl, benzthiazolyl, isoxazolyl, pyrazolyl,
triazol ylwotetwernByl , i ndazolyl, 1,2,4- thiadiazolyl, Psotusc@nokishs
benzot hi enyl, purinyl, carbazolyl, benzim dazolyl, indolinyl, and the Ilike.

In sonme enbodi ments, any ring-formng Nin a heteroaryl noiety can be
substituted by oxo. In sone enbodi nents, the heteroaryl group has from1l to

about 20 carbon atons, and in further 10 enbodjnents from about 3 to about
20 carbon atéﬁﬁ”eé erg 'wéﬁﬁbdpﬁéHF%re Wéoﬁeggio%PVP W@ﬁﬁgbgﬁﬁﬁﬂhs 3 to

about 14,04 ethiRPWerslid a Rafndralkqut gx%up@éon@alﬁﬁgﬁfo? b%;ﬁl@rmo% @a?%?isatorhg

sone enbodlnents the heteroaryl group has 1 to about 1 to about 3, or
to 2 hefesont em’sodlmwngo&he pelvbeetfiine ptosip hieh@ thél earbanr yﬂomgr dmuﬁmtsr a 5- or
6- menber e%ohetg ryl

non- ar o meREss ISR DM %HWS %@ hgnﬁfSHbe er&cggcwp QXHBEQW%g{Enéo

suchs as eaMo@imds, ch p$13aﬁamne gea@n@@yl@;bt@@le{me IR HgPBcdrhG] Me@smonocyclic and
polycyclic (e.g., havin or 4 fused rings) systens as well as

spi rocycl es. Aswashh@emp é@r@tyﬁmapwpaﬂt g B0 p et il grtadianrgapup which
2, 5 di nydreREshRhBe AR ey LR RO LR gl RTYAER LI BB bropt

pynol i d(eng'l n- pr@gf)l(arzd)isbphopyﬂ) butgdb.fgi, aZb)JtyldisDtytbtyl pac-lazol, t-dutyy)l permyde(zgl Indl nyI
20t hi azol i dj nyl |n1dazoI|d|n I 6 g ke. Ring-form ng carbon atons
and het BF5%b &ﬁgerw aecrﬁé@@@flowerﬂaa Kkapd t T’B\ﬁi‘o f’é‘aﬂkb‘egr@ﬁ{ ?WPW“ gawst 1ot ut ed

by ax0 @bowdbf #6882 tHlaBOuti ¢ kydedt ol ), $&ki m& LRt Q’fﬁ&ﬁtl%%é’\ﬁléo%lﬁ% are

noi eti es that have one or nore aromatic rings fused (i.e., having a
conmon whdauh}, Qmﬁ@hétn@handnmﬂmn1MQmerocycl|c ring, for exanpl e

phthallnldyl (gﬁhal ' an nzo rivat ves of heter ¢ cles The
het erocycl oaf® Bep g}ﬁﬂ%b@'l ’Ee?%fﬁﬁe?il ?lﬁﬁd’ﬁ%‘ﬁj’ S 01O L e [t e Topa §F%on atom
or ari g\g:sﬁ@lremsngxﬁ%@hgamm Hhes netes oy &t ealdyr,, group HaNt@ON Rgl def used
aromatic ring can be attachedg}hrough any ring-formng atom’i ncluding a

ri ng-folké-ng atom of the fused aromatic ring. In sone enbodi nents, the

het g1 ocycl oal » n_atons i,n further
enbgélnents F%%? fQ&B 2&? r&%%h%n%% g@ oﬁ%§¥% wqfﬁ sawngzhg aﬁ%é s, the
het er ocsiagatdsydticdiydtivatons aichsas3fol exabsletphtdyl, daghthy3Qatotéenid, 3 to about

7, or 5to 6 ring formng atonms, In sone enbodi nents, the heterocycl oal kyl
group halsengnthgenyh digany!, infleny, sl like. Tgsomeegbpdineanss aatl grAIPs havesigon O to

enbod|n§Q% 040 g%;%ﬂ rocycl oal kyl group
contain Faok géﬁg e %V!tr|p4§%§;é3§%ﬁ% %% H%E% nents t he
heterocycloaAkythﬂmmm mgdbdkygr@&ﬂﬂoZmﬁmehmﬁocydmﬂpﬁam&@md&pubmﬂsone

enb di nen t he heterocycl oal k is a 5- or red ring.
e RRIE AP oragiE By R Bomo Yokl Hoet g KInEhe ¢ £OREY Sh sy

gr oup Ofavakes, %rawﬁ]!s&ﬁhxlfgsb ggfugyand ﬁﬁm‘é?@gs IRﬁ"xﬁgefd?mmg%‘@alﬂSbn dtBiak e@lgéyaw@,f
chl oro, bromo, and iod her ei n arylal kyl"™ refers” to al kyl

subst i t goep cmbmgﬂonal&m smamdebmm @I SKWdOQCM@lpalksl prewpsydlso iasludsed her ei n,
“al koxycycfoaikyh%ene% @xam&e cycligalk% uleS nl}E)ﬁ cy%lo%lr(%(po y%fo%H%i cy%pexgﬁ,

cyclohexyl, cycloheptyl, cyclopentenyl, cyclohexenyl, cyclohexadienyl, cycloheptatrienyl,

25  norbornyl, norpinyl, norcarnyl, adamantyl, and the like. Also included in the definition of
cycloalkyl are moieties that have one or more aromatic rings fused (i.e., having a bond in
common with) to the cycloalkyl ring, for example, benzo or thienyl derivatives of cyclopentane,
cyclopentene, cyclohexane, and the like. A cycloalkyl group containing a fused aromatic ring can
be attached through any ring-forming atom including a ring-forming atom of the fused aromatic

30 ring. In some embodiments, the cycloalkyl group is a 5-7 membered saturated cycloalkyl group.

As used herein, “carbocycle” or “carbocyclic” refers to an aryl or cycloalkyl group.
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10net hoxy, ethoxy, propoxy (e.g., n-propoxy and isopropoxy), t-butoxy, and
the like. At various places in the present specification, substituents are
di scl osedwprrogrvoouzas or in ranges. It is specifically intemasdomwhai3os he

i nvention include each and every individual subconbination of the nenbers
of such groups and ranges. For exanple, the term"Cl, 6 al kyl" is
specifically intended to individually di scl ose nethyl, ethyl, C3 alkyl, C4
al kyl, C5 al kyl d C6 al kyl §¥ is further appreC|ated that certain
features of tAﬁélsF%Q"éﬁ‘t“r oltPterWl:He Blo @&FOIBP%WWOC%%EW%%} Fast PHe cont ext

of sepanalf &M AdL FRAMRr sE@ hsLEG:, BeyRHOY rqgtg%ém}l%%&ir a%{b%;hl ihBude St ngl e

enbodi ment. Conversely, various features of e |nvent are, for
brevity mqmesminctaadl phlycydie (e@nthexingdf 3 ar ¢ |fuuytiengnlﬂydtemnﬂam1aes afl tmerbaaryl

provided se sui.tabl e. su nmbi nat i.on ound f the
Phvent ; g e aGovinmi et S fopaumir Rl buc i faa moe . S

i nt es neduabBg, 1§Hquﬁﬂdl‘ﬂ| thEeH gp%mt%olyl $lﬂh£tﬂ93131rid68h lt:t%yt hﬁ%?o «;:Ilt eaﬁzottayt ng the
sane atom c number but different mass nunbers.” For “exanpl e, i sotopes of
hydr ogeheizedliengd henzttua@ﬂtyénwx@éwbpmmlytrﬁeazahérfm@ao )éulbé@@dﬁdeé’ﬂepr esent ed

her el n o 13Fy1 SORMLGRY HRLIMMLA, Bl SATELYESL BLE, IEANNI) Sd i .
S

stere0|soners geonetr I Soners, dners ésonance FUC

25i sot ofiks Inkorhb embadinents) hl@}SSng)fchﬁﬁNg Nén ame&t(fdrﬂdnmety can bII'SﬁbSﬁllﬂﬁBd B}’zibxo.
substances descrlbed herein may be cha g@p or include substituents with

fol i nal itipaRg@at 0%@%%&1%6@%@@5@@% Hht E5abee 29 elpes atersdangsindwahded,
It g uFﬂ%cﬁH&H@ ffdé‘@%bo% @ltgﬁﬁoﬁtZB%ﬁmoﬁ%ttﬁtpse% gdlﬁ@emﬁ%ﬁm%%rtgg et%to%f?fl .
y 0 chem cal

gener al counter an appropriate counterion r exa
substangewp@onmhmdnoabah1@réﬂpdxhﬁ%ﬂmgoabohat@eSMB6ﬂhgabnnﬁ@uaﬂmrﬁtﬁmd:to

b t th ave C Sui t abl.e co rions h +1
cﬁafggnPﬁEWﬂHE%ﬁb¢%%R¢RQ¥ ﬁ¥% %%V% Hﬁsﬂgun1ﬂgh@““§n@'tué£ t%@?”@%%b%?@@?y
cheni ca!:msahﬁtea@caé h@tema\/@g&%ﬁ/sg%l%ﬂéagﬁwg@ﬂ&é&e@&%?f unctional groups

having a charge of +1 are understood to be counter h an ion haV|ng a
-1 charge. SArStla@ ergpuihctarealpalkivt’ hreters whanegasoinagé hu@erosyclexhavmm or| -

perchl orate cet at trlfluor acet

Preggrlngr%Q%% 5%%%? a%pgsuc q5$q Q?@Q%hfﬂ‘%%%ﬁgmgﬁ Pﬁ??%g?hgfovides
met hOdSmfoﬁdScylaheBﬁi pcﬁlgcydﬂ’lefie andadngp uyat £5ssd Hhﬁéﬂs?st&ﬁﬁ ad Well hemgiodgcleet hods
descrlbed herein. I n _sonme_enbodi ments, the nethods include: (a) selecting a
dye havEnypleaketaiossiipalkdn equps irsiitdesnerhokints tiemarheBo. pinerazgey peak

f1 uor eseanhy 5Pl P Ry AROMEN 2D 1M o 99(}&13@7153 gttgzo)dm% pLdAnail v

nmodi fying t ye'to I n 17 nki 10grou ying’the dye,
and optmomahtymbhenyiphhmgﬁgﬂoupxmmbdmybhmMawmmduqtpwﬁ&ehmﬁ910x@mhdp@1to

achj eve a s | ubji lity e t about 10 'AM jn 10 mM HEPES
sol 4t i ofhiaze ?}Hyl? Hal—dawi ?r@ﬁ ke ﬁlﬁ%%g-?ﬁﬂn@% Ghben Yrwapad Bsterogmsctidd so
that the.styharde:af Jaﬂ%eg)}ﬁﬁoﬁaﬁlgrsﬁbs&ute@ by odeo oRRAFUEEL16) hehfdRd in %1& dye

si gnal -t o- background at|o escent efm ssion detected fromt
conpoundtfisitidreofihetrgoaygloiatk yharel reasticsabgiavd ode ori5Tteergmagenngsifnsedr(t.&.0n

furt herhemnogvA gc?nsd nqecgrrr]l%josn V%fth)qo %Pear{olngg)matw%nt cgcyclec Lgé, fo xgamp% phthalimidyl,

naphthalimidyl, and benzo derivatives of heterocycles. The heterocycloalkyl group can be

25  attached through a ring-forming carbon atom or a ring-forming heteroatom. The heterocycloalkyl
group containing a fused aromatic ring can be attached through any ring-forming atom including
a ring-forming atom of the fused aromatic ring. In some embodiments, the heterocycloalkyl
group has from [ to about 20 carbon atoms, and in further embodiments from about 3 to about 20
carbon atoms. In some embodiments, the heterocycloalkyl group contains 3 to about 14, 4 to

30  about 14, 3 to about 7, or 5 to 6 ring-forming atoms. In some embodiments, the heterocycloalkyl

group has 1 to about 4, 1 to about 3, or | to 2 heteroatoms. In some embodiments, the
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tissue or cells, wherein the conjugate includes a dye and a targeting

| i gand. These nethods include: (a) selecting a dye having peak absorption
at about wWO0Qouvae1246 about 850 urn and peak fluorescent egiras2an/o23308bout
550 urn to about 875 nm (b) optionally nodifying the dye to include a

| i nki ng group; (c) nodifying the dye and optionally the |inking group to
i ncl ude one or 20nore ionic groups to achieve a solubility of at |east
about 10g tMin 10 mM HEPES sol ution a and (d) conju atlng t he
targeti A§ emcg@ﬁalkt/bgrpﬂecwen&[%ﬁ? éﬁavlvlﬁ of mréeewiSh@ JopeERy dyRep the f or m
the Conh%ﬂkgfl B LRah 8D 965 1Bk b0 Qiht I?r?s&ﬁ@erﬂf)om%ﬁts' @1@' ¢
groups are s ecte so that the net charg o e conjugate I's +1,

-1, andhwhemednwkybgsu@nﬁd5{0—ba@hgmmbnddmagio of fluorescent en135|on

detected fro the on ate whi |, about 1.1 25The dyes
described he ﬂe qu?ﬁPﬂ@%?iEdH%g gﬂi d%F§t§@ H%?ﬁub?Bﬁ%ahres known
in the aé&ﬂg§cgmgaqhgdghenlstry Numer ous preparation of cyani ne dyes have

been published. Accordingly, the dyes of the invention can be prepared
accor di ng toﬁen§ﬁbmﬂ@he1WMﬁwndﬂd@ wrgrclorettons, argdedof or exanpl e,

Moj zych, nth ni er oc
(2008) 14: "L & g%/ds}rl%%ﬂouﬁ i ey ”i‘onz[a%%?%gg?“y@e e a‘%Ri) aﬁth%é’ 185
(appendpoup iSBdizyekowski | L. et aI Synthetlc Conmuni cati ons (1992),

22(17), 2593-2598; Streko Chem (1992) 57, 4578-4580;
Nar ayanan, NASdgedjpereip, lgoxyc:ﬁ%fﬁﬁst i@g@;alké reyD- ggiple algpxy groups include

20104 09 e I of Organic.
Che st 13 BRI DSRNY 18075 TR s %091%1%33* *Toos WAL o0 3T 5
O g. ChaAmvar{dB@bjcey iy, the B&Eemgﬁ&lﬁMoﬁﬂﬂﬁétﬁm&ﬂdane Aol xed &l Qrbﬁﬁsl&r in\Mdges. It
121376, B8 FHIBANEBIRLIRy T8 In5060) Meliia ctyTnISaFy RG] SPEOTBBEeT Yo
IFte tSJr gﬁ[ ?hreg?ergw%f sxee%#bu?@fanmn%@s iFr LRGBS “0eL 8ikGIY sﬁaif%aﬁpce in

conj ugat es, and I magi ng agents can
i sol at emtmeém ltnélvuamHMShSClms eEthYd)ret@dn@ wkyli Gmslktyh&s@&fyl aﬁdrCseﬂcafhpl e,
dye conj ugat.e and i nma ving.ultiple c ed su stltuents
canbe ol atdatisy e v Sades Ml ST ROt RirbrRisRof B0 S0 A7 SRt to

count er désbEbéiarigesonddxt b gepdaité @Bodikisfs| daneosheiRbakd i gonaseffoniinaneut r al
pH so that the dye, 10conjugate, or_ inmagi % agent can be isolated, for

exanple$n§§eﬁ“@éﬁmﬂ“éﬁﬁ%@@ﬁb@Vm¥®@ﬁ¢%@ﬁ$@ﬁ ¢ ipieatien Whish areder teYIBOSI ti ons
The Con&%gl% nqgengx1'tQ(? gf Q?ﬁlgfgrkn%'a ht ucsa?ldalsfo%e Ingged %eﬁgxta'te(ffor m n;ggr aphi c,

endoscopi C, otoaco Sonot | uor escent catrons
detectlﬂmmbkmagumgnnanﬂ,treatnent of 15tunDrs and ot her abnornalltles The
con'ugates cgn al so, be used for localiz %ﬂerapy This can be

i shedS Oep@undS@t%ltléWHg%a o IO 08 RIOBRACS TG Ehet her apy

agent t QtRmE@Ricy 9akRal B, %ﬁﬁdsngaowﬂ:@s ﬁl@ﬂid@%s@%totn% H%vgl%ﬁthé &nd ABARL mithb&: OF

al 'owi ng the conjugates to accunul ate selectively e target site;

shi ni ng)uud@ﬁfﬂmmmaa naplpcxopfcpraaxemp@veb@rpgx of h}@lrwuwdu@ trihemagententefioms, t he
new conj ugat d to detect and treat a section of tissue,
06, o o b HMCE sHNoH rePR iR ts Bl i S s
presencgedt: td HIRIAS aﬁ@f&r&ﬁ@%er@%@%%'chﬁdn@&s hyuto@Bist REdREcd fitudhleQdnd
clearance profile of the conjugates, for | aser assi sted gui ded surgery for

th@SdeU@@PW@nﬁehegmﬁ1PHMW%mbﬁﬁﬂﬁswagﬁsdof e.g., somatostatin subtype 2

f)lsg-cl)- d22:I g?g' "f‘ ehn iRt ﬁQ‘Ustancgs Je%énbcgdque?g %“nsay%fe C ztirgee& s 1%'0 48 gﬁbsti&!eﬁ%%al and

formal charges. When such chemical substances are represented as charged, it is understood

that, unless otherwise specified, the charges are generally countered with an appropriate

counterion. For example, chemical substances or functional groups having a charge of -1 are
30 understood to be countered with an ion have a +1 charge. Suitable counterions with +1 charge

include Na+, K+, tetraalkylammonium ions, and the like. Conversely chemical substances or
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25The conjugates can be foiniulated into diagnostic and therapeutic
conpositions for enteral or parenteral admnistration. Generally, these
conposi t iwoomamABn an effective amount of the conj ugatrel/tskang23sns h
conventi onal pharmaceutical carriers and excipients appropriate for the
type of admi nistration contenplated. For exanple, parenteral formulations
i ncl ude the dye or dye conjugate in a sterile aqueous solution or

suspensi_on. zgrent er al ml))03| tions can be 30injected directly into a
subj ect fctign &wpéalagmgé hee féarwﬂqr%oqdép@@ coBtEivE WHY Bhiva haying pel

2010/ 99%%g@%&%?&é&&%%ﬁ%ltﬁomﬂag& mmdfecrf @u%en?bcpe@g@rgtesaée@&e on. Such
sol utions can al so contain pharnacetlitica accept abl ef s and,
opt i onalrifjyoredcetts, ohgthedikesuch as sodi um chI ori de. Formul ati ons for

enteral adm nistration, in general, can contain |iquids, which include an
effective anount of the desired dye or dye conjugate in agueous solution or
SUSpEeNS Vdtho RUSHIPIRBREIRL Bye ANV TN SRS can optional Iy include buffers,
surfactants, and thi xotropli c agents. Conpositions for oral administration
can al so conflhE nrqsﬁla\r@\relnﬁgnégﬂwwrovm nisthsls forpyeradingntyss frot coafigatesi ng

their Orl%%%f f%p{ elm%.glaﬁl 'nt’létﬁ cnbed herel erl%lso ‘e eﬁrg)%gdl %&egﬁélbgﬁgﬁn&@é%bﬁﬂs

are admni's ere &6% e PPVEC 8 At hi eVE t

to enab{® sdetwgtd @ye hasu(gf'pedbﬁﬁﬁ)rpt&m atabyut 506 pendi bgutgsomrh Aed pedkt fluedsaént
10dye or dye conjugate enp the organs or tissues to be | ed, and
the i ma§MHGIoBGLATEAPO B tﬁ ba%tegd5 “Pbr(bb%iWﬁP]éY mpdipag thg dygto mqheegqpf lanking

Bi O?@Chpl%luBg%d %gm&!ﬁﬁm% %1?64?(6053}13 t gﬁy Qle]kmlkﬁgoggétﬁg téaﬁw dg%ﬁg of b dé 8@6:78

conjugatres I n V npositio m ni stere

pati ent geyipt erdchidvk w solubling af hy dye ot hlﬁezﬁ;lt glsdut 90 piM SﬁL(EmIM) HtE’HS%gﬁﬂlm a@nd
t hen the pat| ent is subjected to the inmagi n ) Erocedure 15CGeneral ly, the
F

conj ugaPEs’ HrvhfyEn i dROTa BRE groamaréﬁﬁtec gfhthat emgechprag ofithe dyrdis +1,
infrareg fegion »Q{erélp%eeélg&tl k& dn r&P@%ﬁF tgzm ﬁﬁsh?aetgééh £OIt, QT een,
g t . I'n sone

yel l ow, orange, red [ight,; or near infrare
enbodi méyd eympidued dwhels ieaging anad/lenst edesot b. r adi ati on havi ng a wavel ength from

abo 300 n o about 1000 fro bout 400 nmto about 900 nm or
POk about 4EBS s inenne, fthsSaiies methods phpreRIn S S I EnE

co rIJ ugafi@se @f‘QelQ)/@h&‘éHﬂﬁé' e&ﬁ I-%ﬁ‘é/ ficfdgax H%‘&H&%é&%ée%g ﬂga@d‘ dfiRke fhelgE MUM
em ssion, neasured in 10 M PES sol uti from about 525 tun

to aboulncB7s: mhselectglgacﬁyedmvmksmrmm@ ahmljtoomtombpub&wfmnmmp@kt 550
nmto ahout 800 nm. 25The entl 0

d |
hay of OB PR TebSen R I a7 R S8haPE o PuFaaE e ®

i 11 ustriatinde a PrakRRSESup; @@dn@dl@nﬁg)ﬂleld@é endestidnally tHE iinkidearb iy &t RBe Bfie or
clainms in any manner. A variety of noncritical paranmeters in these exanples

carttbe @h@mgel@ goeupstel peliiens a wlyhiklydt esksesitabeut ) 1tien $QmMAESRAS solutBm at\WO
2010/ 09]1%473413 and %%{%%gl%%{gz?tlzn?’g?’ targetmgl‘hgand to the dye optionally through the linking group
to form the conjugate, wherein the targeting ligand and the one or more ionic groups are selected
so that the net charge of the conjugate is +1, 0, or -1, and wherein the signal-to-background ratio
of fluorescent emission detected from the conjugate while imaging is at least about 1.1
25 The dyes described herein can be synthesized according to standard procedures known in
the art of organic chemistry. Numerous preparation of cyanine dyes have been published.
Accordingly, the dyes of the invention can be prepared according to any of the known literature
methods. See, for example, Mojzych, M. et al. “Synthesis of Cyanine Dyes” Top. Heterocycl.
Chem. (2008) 14:1-9; Sysmex Journal International (1999), Vol. 9, No.2, pg 185 (appendix);
30  Strekowski, L. et al. Synthetic Communications (1992), 22(17), 2593-2598; Strekowski, L. et al.
J. Org. Chem. (1992) 57, 4578-4580; Narayanan, N. et al. J. Org. Chem. (1995), 60(8), 2391-
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Exanpl e 1: Dyes Figure 1 depicts certain dyes that can be used in
the i magi ng net hods of the invention. Note that for nolecules ZW3, ZW1,
Z\W1, Z\WABO 2a1ch97M85, a targeting |igand woul d have 5t oPoe/tisaenooeksoed
having a +3, +1, -1, -3, and -5 charge, respectively, to achieve
neutrality. Exanple 2: Preparation of Dye ZW1 Dye ZW1 (see Figure
1) was made according to the synthetic procedure deplcted in Figure 2.

Sodi um4 hydr azi nyl benzenesul f onate ( 16) was reacted
3- met hy B %{ aMakzno%M ebal1 drreh A Klges, éffﬁ’fﬁf’ﬁféthlU@W(%ia} B (@bppgds | 98-( 2) .

The ind‘?mﬁr\ﬁ%{ﬁ%% 1ae, *ﬁ’%ﬁ%ﬁ? Py78r66af%t650@10"‘7(5d§/00hé443 WO 2008/0) 5415,

3-brono ri methylp ni um broni de
r eact ed W2601/h86996, WO 2007/005222, WO 2003/082988, WO 7001/090253 U.S. Ser. No.

A L el e A R G AT b el

reacs | 08¢ hich) inthichraed Abikdraxnahiony] osapagoic acid to form the ZWk1 dye

(6). See also Myjzych, M al . 15"Synt hesi s”of Cyani ne Dyes" Top.

Het er ocycl . Cherdyes Q@Oggatqmalld @naga&ftgcret;s ca@bc rsalat¢d1ase’ahatapldadias¢slge9) Vol .
9, No.2 185 ( e St ekowsKki nth C.COo ni,cati ons
(1909 coBiphfonssRBBED Lt biagpl R Shygitegying g UL, bufE NGNS &7

4578- 458@kirgangibMdserits cin B4 is6latedlby id@suralg @hn@n@ﬁéﬁmﬁ/ﬁiﬁ@%% §L)zfﬁ@ffenfttbe USSR
(1977) 13(6) part 1, 1093-1096, each of which is incorporated herein by

r ef er ene@UItE th% ghasgrsiof 8he/vareka RISEUNts poEpalbapewmt B nepyal e that the dyepye
Z\WH5, (s r pgle r procedure
dep?oct eg(ﬁlJﬁé%y 0?11{'1?1%85%‘%&1‘?& rstlsglgfeég ﬁh@gﬁ“{’/@s %kﬁgislt}%#n% i ndol eni ne 7.
The resultant quaternary salt 8 can be allowed to react with

3-am noproanoyl ﬁhl ori de |n t he formof an ammonium salt to protect 25
t he am &4 pekties, and Compositions; o group can be quaternized with
excess of ”E’frhé’k dj @k Qiti e eﬁrh@anbdéu gyaler pabySakd e el gent
steps 9-->10-11 C};lrjeégdfglnaeogous 1t{) t he synst esrl sgdegérl m@gr%p e (?%SI%
above. plotosxostangel mﬂberee@edanp@cmmefmethé detattiquy, odagngs awittfnatale&t ol e

cou ani on h as chl.qride, or brom ese of

uaber S Ee PRafrylict e vl B alaleassd G Ay HrgPS. Ths can
30f or mabé aroplithig, £inal aﬁé(&nng%ﬁ&bﬂhﬂgbﬁ/oth@f Iﬁmfdtyn@ﬁ@q%apﬁ&g&% 4 he
aromatic ring and the anmmoni um group of ZW5 can be introduced

2010/ 099TIBRET AUSHOEChe 9@BRGIes (0 a desipyk afget sifd, enaliawing ghemonbigptes §Ched

t hr ough Vi r
bot b i SR S PO ARG ARRE Ml e R SRR B Ay
al so bethaagérul Thﬁs Iﬂxﬁamw eorjugdtdanadt esddzatdensnt, dhagdy @8d treat a section of tissue,

20  e.g., atumor.

In addition, the conjugates can be used to detect the presence of tumors and other
abnormalities by monitoring the blood clearance profile of the conjugates, for laser assisted
guided surgery for the detection of small micrometastases of, e.g., somatostatin subtype 2 (SST-
2) positive tumors, and for diagnosis of atherosclerotic plaques and blood clots.

25 The conjugates can be formulated into diagnostic and therapeutic compositions for
enteral or parenteral administration. Generally, these compositions contain an effective amount
of the conjugate, along with conventional pharmaceutical carriers and excipients appropriate for
the type of administration contemplated. For example, parenteral formulations include the dye
or dye conjugate in a sterile aqueous solution or suspension. Parenteral compositions can be

30  injected directly into a subject at a desired site, or mixed with a large volume parenteral
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After purification to honogeneity, optical properties of the dyes can be
nmeasured in 100% cal f serum Absorbance spectronetry (200 to 870 tun) can
be perforwedoumionyia USB2000 fi ber optic spectroneter ardTTENBOSE3IV- VI S
|l ight source with cuvette holder (Ccean Optics, Dunedin, FL). Fluorescence
spectronmetry (200 to 1100 nn) can be perforned using a 10 HR2000 fi ber
optic spectroneter, CUV-ALL-UV 4-way cuvette hol der (Ccean Optics), and a
250 MV 770 nm | aser diode (Electro Optical Conponents, Santa Rosa, CA).
Quant uncyinpddticafor Bestere@asuimedsuatdar Seohdoltiiansaofalsorbofastheahaardododly and

770 nm | aser citation, usi | CG i n DVS Y = 13% .as the calibration

<t andar Becneo B ware: op G B Ch MM o] gates
Prior to in yhMRubk&Ss iBfentSYBRINAMRIEQNY 8 b&rd N coRRAY GRnaLANGESHcIuIERYI NT
agents with net charge = 0, so that they recapitulate the net charge after
conj ugatifesiiveammunaeighe dergretl idyanudyeremglgateaniagnéasts solutien posispershar geickan be
introduced through.a free carhoxylic acid on_.the |inkin roup of the dyes
uai g, Farrab S itlitheshf So SRR RAE B SPrllEe bBELPREN Reclls o

20pr evi ouspysitivad ©908ral WmindstMtiofrcan@s® Bbntaia ABvH:in PadeRtseind SyatingstiRndffor
rigid nmultival ent scaffol ds based on adamantane. Org Lett, 2004. 6: 4567-09;
Nasr, Kenhageinpahay @igangjenyic qakifigfi oni, and W Mai son, Rigid Ml tival ent
Scaf f ol ds Ba 1 g ; : .
No. 2006/ 006%@3{?%@%%&3?%&??%@%%%@% %éer‘%‘%‘gsg‘gﬁ%rﬁg‘ﬂﬁ!’én‘iffercé? ¢ Foe%@gefve i

Bri ef | ydedired sighnlodeagthcaenaié detthmhanocingdsegcaupsay, dependihgpopa@r the paereuf t he
avaj | abl. e 25pri dgehead carbaoxylic acid.groupiwof . , .

am Hb- t f72 UAPBERYIVEHEFEN Qffe: PATEIS PS BB IR Glrrdmeged apd Bk ivgainggariencpo

ei t her &&ﬁ%méaﬁ)%méh)lﬁﬁlh,@éh@w QATORLMIR BRELIISAB2019, 1148-1154 (2001) uses 0.1
2,2t-imnobi s(N, N, Nt ri'nmet hyl et hanam ni um chl oride), and any renai ni ng

car boxyhinel/kg itis ddredek D w78 lkorubatnoinaniime T he diagnostit eomposeicaisesn it h +1,

+2, +3, #4..+5 nd +6 charge. .S m.l ar|l to create bal ancin roups with
T 15 adigmistes B pdRaC R A G ol i e R Bt bR f e e M o
30ATCA pitlcht ReuBjettagto ﬂh@@lﬁ@@ﬁ% {dce@ure. r emai ni ng carboxylic acids), capped
wi th ethanol am ne, or WO 201 F091243PCT/U82010/023305 conj ugated to

gl utamat e. THeEnEplbY: dprdoatugatsalonfrs erinruedpaksard b wohjighyan 8 deblslaadt 1y to

each dy r i i i net cl = i in
cach OOSyARAEINGE R ALl SORLRR Y, 90 DBLERBELE B RGP

| mage- Qugldest riour @@myedIydt 6INIRS).a cont i nuous-wave (CW intraoperative

i mgi ng systemthat is capabl e of sinmultaneous, real-tipe acquisition and
di spl ay of cligmesnghadimentg the dyps gmitandgy ape] yadigtpnpgingriawmet eggs from

i nvi si by, Ne &y x?}:hLﬂQ LEAR 8060 fri00 F","ﬁloﬂpgoo%@@od‘fﬁ}x th h&ﬂ% gog)glérﬁio{ Folf abbE4JONRRT Y

engi neering, a operation of tThe Inmaging system described iIn
det2di | torabvitcifdlnm. See, Tanaka, E., H. S. Choi, H Fujii, MG Bawendi, and

J.V. Frangioni, 10 | e- quj.ded oncol ogj rger ing invisible light:
coml et ed- pr B-LMEAmERATHEY o1 SRR PO MO NI A RABEREERnn
Surg Ongflor a2088muddemibidd,-Bdasuled 1S @RM HEMS @Mstioh, ¥H 74 3 GloBNiboufh 5

operational near-infrared fluorescence inmagi ng system prototype for |arge
ani mal wotgeropt STeomneolk., Gancdroures0 MndapborGAS N or §53-HORt S When Makyéama,

A, F | Monte, R J. Hajjar, and J.V. Frangioni, Functional near-infrared
f1 uor escente i magi ng for cardiac surgery
25 The invention will be described in greater detail by way of specific examples. The

following examples are offered for illustrative purposes, and are not intended to limit the
invention or claims in any manner. A variety of noncritical parameters in these examples can be

changed or modified to yield essentially the same results.
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15and targeted gene therapy. Ml ecular |Inmaging, 2002. 1: 365-377, each of
which is incorporated herein by reference. Specifications for the FLARETM

| mage- Guiwedotumgrasy Systemis provided in Table 1 bel orCT/I®b16/023305 FLARETM
NI R Fl uorescence I magi ng System Specifications Category Specification
Description Physical Size Mdbile Cart: 32" Wx 32" D x 41.4" H WMast

Hei ght: 82" Wight 675 I bs, including all electronics Arm

6- degr ee- of -freedom Reach: 43" - 70" fromfloor, 50.7" fromcart

El ectrical Voltage and Plug 120 V AEXAYPHES single NEMA 5-15 120 V/ 15 A AC

Plug  GLh&Me 1: Dyes
Figure 1 depicts certain dyes that can be used in the imaging methods of the invention.
Note that for molecules ZW-3, ZW-1, ZW+1, ZW+3, and ZW+5, a targeting ligand would have

S to beintroduced having a +3, +1, -1, -3, and -5 charge, respectively, to achieve neutrality.

Example 2: Preparation of Dye ZW+1
Dye ZW+1 (see Figure 1) was made according to the synthetic procedure depicted in
Figure 2. Sodium 4-hydrazinylbenzenesulfonate (1) was reacted with 3-methylbutan-2-one to

10 form the 2,3,3-trimethyl-3H-indole derivative (2). The indole nitrogen was then capped by
reaction with 3-bromo-N,N,N-trimethylpropan- I -aminium bromide, and the product (3) reacted
with the 2-chloro-3-((phenylamino)methylene)cyclohex- 1 -enyl)methylene)benzenaminium
compound (4) to yield the cyanine dye (5). A linking group was attached by reaction of (5) with
3-(4-hydroxyphenyl)propanoic acid to form the ZW+1 dye (6). See also Mojzych, M. et al.

15 “Synthesis of Cyanine Dyes” Top. Heterocycl. Chem. (2008) 14:1-9; Sysmex Journal
International (1999), Vol. 9, No.2, pg 185 (appendix); Strekowski, L. et al. Synthetic
Communications (1992), 22(17), 2593-2598; Strekowski, L. et al. J. Org. Chem. (1992) 57,
4578-4580; and Makin, S.M. et al. Journal of Organic Chemistry of the USSR (1977) 13(6), part

1, 1093-1096, each of which is incorporated herein by reference in its entirety.

Example 3: Preparation of Dye ZW+5
Dye ZW+5 (see Figure 1) can be made according to the synthetic procedure depicted in
Figure 3. The first step involves alkylation of indolenine 7. The resultant quaternary salt 8 can
be allowed to react with 3-aminopropanoyl chloride (in the form of an ammonium salt to protect
25  the amino group). Then the terminal amino group can be quaternized with excess of methyl
iodide to give the bis-quaternary salt 9. The subsequent steps 9—10—11 are analogous to the
synthesis described in Example 2 above. lon exchange can be used to prepare final products with
a single counter anion such as chloride or bromide.
The presence of a quaternary ammonium cation close to the aromatic ring may inhibit
30  formation of the final dye. Accordingly, a short spacer between the aromatic ring and the

ammonium group of ZW+5 can be introduced.

33



15 A max Gounding Isolation transformer for all conmponents; redundant
chassi s grounding Leakage Current <300 p. A (per AAM/I| EC #60601) Sterility
Shi el d Diwpasmnlve24acrylic shield with >95% transm ssi onpPCDaspaobespdsabl e,
customfit plastic drape bonded to shield Light Source Housing Anodi zed
alum numw th secondary 400 Wcooling plate Elenents Custom 25 nmm circul ar
LED arrays w integrated |linear WD 2010/091243PCT/ US2010/ 023305

Purification can be accomplished through silica gel chromatography or reverse-phase
chromatography under both high and low-pressure conditions. Size exclusion chromatography

may also be useful.

5  Example 4: Characterization of Dyes
After purification to homogeneity, optical properties of the dyes can be measured in

100% calf serum. Absorbance spectrometry (200 to 870 nm) can be performed using a USB2000
fiber optic spectrometer and CHEM2000-UV-VIS light source with cuvette holder (Ocean
Optics, Dunedin, FL). Fluorescence spectrometry (200 to 1100 nm) can be performed using a

10 HR2000 fiber optic spectrometer, CUV-ALL-UV 4-way cuvette holder (Ocean Optics), and a
250 mW 770 nm laser diode (Electro Optical Components, Santa Rosa, CA). Quantum yield can
be measured under conditions of matched absorbance and 770 nm laser excitation, using ICG in

DMSO (QY = 13%) as the calibration standard.

15 Example 5: Preparation of Charge-Balanced Conjugates
Prior to in vivo testing, dyes are converted into “charge-balanced” imaging agents with
net charge = 0, so that they recapitulate the net charge after conjugation to a targeting ligand.
Purely anionic or cationic charge can be introduced through a free carboxylic acid on the linking
group of the dyes using, for example, amino-adamantane derivatives, described in detail
20  previously (Maison, W., J.V. Frangioni, and N. Pannier, Synthesis of rigid multivalent scaffolds
based on adamantane. Org Lett, 2004. 6: 4567-9; Nasr, K., N. Pannier, J.V. Frangioni, and W.
Maison, Rigid Multivalent Scaffolds Based on Adamantane. J Org Chem, 2008; and U.S. Pat.
App. Pub. No. 2006/0063834, each of which is incorporated herein by reference.
Briefly, to introduce cationic “‘balancing” groups, one, two or three of the available
25  bridgehead carboxylic acid groups of amino-tri-carboxy-adamantane (ATCA) (see Figure 9) can
be conjugated to either (2-aminoethyl)trimethylammonium chloride or 2,2'-iminobis(N,N,N-
trimethylethanaminium chloride), and any remaining carboxylic acids blocked with
ethanolamine, to create molecules with +1, +2, +3, +4, +5, and +6 charge. Similarly, to create
balancing groups with -1, -2, -3, -4, -5, and -6 charge, the three bridgehead carboxylic acids of

30 ATCA will be either uncapped (i.e., remaining carboxylic acids), capped with ethanolamine, or
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drivers Electronics Custom passive and active boards w th enbedded
controller Fluence Rates 40,000 Ix white light (400-650 nnm), 4 nWcnR of
700 nm ( 6562603928 excitation light, 14 mWcn2 of 800 ROT(URAEGO/NDHZHBONM)
excitation light Optics Wirking D stance 18" from surface of patient
Field-of-View 2.2 Wx 1.7 Hcmto 15 Wx 11.3 cm (adj ustabl e zoom

Em ssi on/ Ref| ect ance Channel s Col or Video (400-650 nm, 700 nm fl uorescence
(689- 725 nm), 800 inn fluorescence (800-848 nm, all with sinultaneous
acqui si torgngatf@l eallutRegtsl Uh¢ eppreprutxbadderifipgroepctn banpyegat@ysivelnResotaghi on

dye to produce a final conjugate, having net charge = 0, prior to in vivo characterization.

Example 6: Imaging of Organisms

5 The FLARE™ Image-Guided Surgery System is a continuous-wave (CW) intraoperative
imaging system that is capable of simultaneous, real-time acquisition and display of color video
(i.e., surgical anatomy) and two channels of invisible NIR fluorescent (700 nm and 800 nm)
light. Details of the theory, engineering, and operation of the imaging system has been described
in detail previously. See, Tanaka, E., H.S. Choi, H. Fujii, M.G. Bawendi, and J.V. Frangioni,

10 Image-guided oncologic surgery using invisible light: completed pre-clinical development for
sentinel lymph node mapping. Ann Surg Oncol, 2006. 13: 1671-81; De Grand, A.M. and J.V.
Frangioni, An operational near-infrared fluorescence imaging system prototype for large animal
surgery. Technol Cancer Res Treat, 2003. 2: 553-562; and Nakayama, A., F. del Monte, R.J.
Hajjar, and J.V. Frangioni, Functional near-infrared fluorescence imaging for cardiac surgery

15  and targeted gene therapy. Molecular Imaging, 2002. 1: 365-377, each of which is incorporated

herein by reference.

Specifications for the FLARE™ Image-Guided Surgery System is provided in Table 1

below.
Table 1 - FLARE™ NIR Fluorescence Imaging System Specifications
Category Specification Description
Physical Size Mobile Cart: 32" W x 327 D x 41.4” H; Mast Height:
82"
Weight 675 1bs, including all electronics
Arm 6-degree-of-freedom; Reach: 43” - 70” from floor, 50.7"
from cart
Electrical Voltage and Plug 120 V AC, 60 Hz; single NEMA 5-15 120 V/15 A AC
plug
Current 15 A max
Grounding Isolation transformer for all components; redundant
chassis grounding
Leakage Current <300 pA (per AAMUIEC #60601)
Sterility Shield Disposable acrylic shield with >95% transmission
Drape Disposable, custom-fit plastic drape bonded to shield
Light Housing Anodized aluminum with secondary 400 W cooling plate
Source Elements Custom 25 mm circular LED arrays w/ integrated linear
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Example 7: In vivo Characterization of Dyes and Conjugates

For in vivo characterization, 40 pmol/g (average 10 nmol) of each dye or conjugate can
5 beinjected IV into 250 g Sprague-Dawley rats whose major viscera are surgically exposed. The
FLARE™ imaging system can be set to a 760 nm excitation fluence rate of 5 mW/cm?2.
Simultaneous color video and NIR fluorescence (800 nm) images can be acquired pre-injection,
every 1 sec for the first 20 sec then every 1 min for 2 h. Camera acquisition can be held constant
(typically 100 msec) and chosen to ensure that all intensity measurements are within the linear
10 range of the 12-bit Orca-AG (Hamamatsu) NIR camera. Blood can be sampled at 0, 1, 2, 5, 10,
15, 30, 60, and 120 min via tail vein. Intensity-time curves for all major organs and tissues can
be quantified. The peak fluorescence intensity and time can be determined for each tissue/organ,
along with the intensity in each at 1 h post-injection. The experiment can then be repeated in
pigs, with measurement of NIR fluorescent intensity of skin and all internal tissues and organs. A

15  statistical justification for rat and pig usage can be found in Vertebrate Animals.
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15, 30, 60, and 120 min via tail vein. Intensity-tine curves for all mjor
organs and tissues can be quantified. The peak fluorescence intensity and
time can we 2dmimimBned for each tissue/organ, along wtRCrhis20m0023385ty in
each at 1 h post-injection. The experinment can then be repeated in pigs,

wi th neasurenent of NIR fluorescent intensity of skin and all internal

ti ssues and organs. A 1bstatistical justification for rat and pig usage can
be found in Vertebrate Animals. WD 2010/ 091243PCT/ US2010/ 023305 Exanpl e 8:
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10 Table 2 below summarizes the optical and stability properties of each of these dyes in

100% calf serum (supplemented with 50 mM HEPES, pH 7.4).

Table 2 — Optical Properties of Variously Charged NIR Fluorophores in 100% serum.

Net
Charge Extinction Stability
NIR (Individual Peak Coefficient Peak at4 h,

Fluorophore . MW | charges) | Absorbance M'em") | Emission | QY 37°C
CW-800 1,069 | -4 (-5,+1) 786 nm 237,000 801 nm | 14.2% 95%
RS-800 865 | -2(-3,+1) 784 nm 240,000 800nm | 16.9% 97%

ICG 774 | -1(-2,+1) 807 nm 121,000 822nm | 9.3% 96%
MM-19 1,230 | 0 (-3,+3) 773 nm 249,000 790 nm | 13.7% 95%
MM-25 1,026 | +2 (+3,-1) 772 nm 309,000 790 nm | 16.1% 97%

Example 9: Comparative in Vivo Behavior of Dyes

15 While the in vitro optical and stability properties for the five tested dyes in Example 8
were similar, the in vivo behavior of these dyes was shown to be dramatically different. Results
are shown in Figure 5. The dyes were injected IV into rats at a dose of 40 pmol/g (10 nmol).
Shown in Figure 5 are the color video (top row) and 800 nm NIR fluorescence (bottom row)
images of all major organs and tissues, surgically exposed. Excitation fluence rate was 5

20 mW/cm2. Camera integration time was 200 msec. All NIR fluorescence images have identical
normalizations. Bl = bladder. Li = Liver. In = Intestines.

As can be seen in Figure 5, the dye with net charge of 0 (MM-19) outperformed the other

dyes. The dyes with -1 (ICG) or -2 (RS-800) net charge and having a high “hydrophobic
moment” (i.e., one half of molecule is highly hydrophobic and the other half is hydrophilic),
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(I'ndi vidual Peak Coefficient Peak at 4 h, Fluorophore MV charges)
Absor bance (Wcm 1) Em ssion QY 37C CW800 1,069 -4 (-5,+1) 786 nm 237, 000
801 nm WO 2010/091243 PCT/US2010/023305

resulted in undesirable rapid uptake by the liver (i.e., short blood half-life) and eventual
excretion into bile. The dye with -4 net charge (CW-800) was cleared equally by liver and
kidneys, resulting in high intestinal signal, but also demonstrated relatively high retention in skin
and other major tissues and organs. The dye with +2 net charge (MM-25) was cleared by kidney
5  more than liver, however, non-specific uptake in organs and tissue was relatively high. Finally,
MM-19, which has a net charge of zero, demonstrated rapid equilibration between intravascular
and extravascular spaces, no measurable liver uptake, rapid renal excretion into urine, and
extremely low background retention in normal tissues and organs.
These results were confirmed in pig (Figure 6). All dyes were injected [V into pigs at a
10 dose of 40 pmol/g (1.6 pmol). Shown in Figure 6 are the color video and NIR fluorescence (800
nm) images of skin, along with the measured SBR of skin 1 h post-injection. Excitation fluence
rate was 5 mW/cm2. Camera integration time was 200 msec. All NIR fluorescence images had
identical normalizations. Even after only 1 h of clearance, MM-19 signal in skin was only 11%
of peak fluorescence (Figure 6), and no non-specific uptake was seen in any other tissues and
15  organs. This is in contrast to ICG, RS-800, and CW-800, which resulted in very high uptake in
pig liver and intestines. Blood half-lives of CW-800, RS-800, ICG, MM-19, and MM-25 were
30.6, 6.5, 4.6, 13.4, and 44.0 min, respectively.

Example 10: Comparative in Vivo Behavior of Conjugates
20 Dyes CW-800 (see Figure 4) with net charge -4 and MM-19 (see Figure 4) with net
charge of 0 were conjugated with cRGD, a specific binder to o, p3 integrin. See Figure 7 for
structures of the conjugates.
Athymic nu/nu mice with integrin a,B3-expressing tumors on the left flank (T+; arrows)
and integrin o,B3-negative tumors (T-; arrowheads) on the right flank were used in this
25  experiment. Shown are color video (top row) and 800 NIR fluorescence images (bottom row) at
0 and 4 h after IV injection of 40 pmol/g (1 nmol) of cRGD-CW-800 (left) and cRGD-MM-19
(right)
Even though net charge on the cRGD-MM-19 conjugate was +1 due to the indole
nitrogen, the results were clear that this conjugate had superior imaging properties. After IV
30  injection of identical doses of cRGD-MM-19 and cRGD-CW-800, the MM-19 based conjugate
had a much higher tumor-to-background ratio (TBR) at all time points and exhibited rapid renal
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14. 2% 95% RS- 800 865 -2 (-3,+1) 784 rim 240,000 800 nm 16.9% 97% |1 CG 774 -1

(-2,+1) 807 tun 121,000 822 tun 9.3% 96% MM 19 1, 230
WO 2010/091243 PCT/US2010/023305

clearance (see Figure 8). The CW-800 based conjugate (net charge -3) had very high non-
specific uptake in skin, muscle, and bone (Figure 8). At 4 h post-injection, cRGD-CW-800 had a
TBR of 5.0 and cRGD-MM-19 had a TBR of 17.2, corresponding to a 3.4-fold improvement in
TBR.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction with the
detailed description thereof, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.
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0 (-3,+3) 773 nm 249,000 790 nm 13. 7% 95% MW 25 1,026 +2 (+3,-1) 772 run
309,000 790 nm 16. 1% 97% Exanple 9: Conparative in Vivo Behavior of Dyes
15Whi | e twe 20m/09i1480 optical and stability properties f@CTiuseomiorssos est ed
dyes in Exanple 8 were simlar, the in vivo behavior of these dyes was
shown to be dramatically different. Results are shown in Figure 5. The dyes
were injected IVinto rats at a dose of 40 pnol/g (10 nnol). Shown in
Figure 5 are the color video (top row and 800 nm NI R fl uorescence (bottom
row) i m¥YRA ipfFlalmed isaj or organs and tissues, surgically exposed. Excitation
fluence;rat e \Washad 8Pinh i RssuCOMBIR, thBLRMAL doMprsinge was 200 msec. All NIR

fluorescence 1 nages have identical normalizations. Bl = bladder. Li -
Liver. In - (&t estoémeging the tissue or cells with an imaging agent comprising a dye or conjugate

thereof, the conjugate comprising a targeting ligand attached to the dye, wherein the dye or
conjugate has a net charge of +1, 0, or -1 and comprises one or more ionic groups;
(b) irradiating the tissue or cells at a wavelength absorbed by the dye or conjugate;
(c) detecting an optical signal from the irradiated tissue or cells,
wherein the signal-to-background ratio of the detected optical signal is at least about 1.1, thereby

imaging the tissue or cells.

2. The method of claim 1, wherein the signal-to-background ratio is at least about 1.2.
3. The method of claim 1, wherein the signal-to-background ratio is at least about 1.3.
4. The method of claim 1, wherein the signal-to-background ratio is at least about 1.4.
5. The method of claim 1, wherein the net charge is 0.

6. The method of claim 1, wherein the net charge is +1.

7. The method of claim 1, wherein the net charge is -1.

8. The method of claim 1, wherein the dye or conjugate comprises two or more ionic
groups.

9. The method of claim 1, wherein the dye or conjugate comprises three or more ionic
groups.

10. The method of claim 1, wherein the dye or conjugate comprises four or more ionic

groups.
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As can be seen in Figure 5 the dye with net charge of 0 (M 19)
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respectively. Exanple 10: Conparative in Vivo Behavior of Conjugates 20Dyes
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charge of 0 were conjugated with cRGD, a specific binder to (1,133 integin.
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integrin avf33-expressing tunors on the left flank (T+;, arrows) and
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fl uorescence i mages (bottomrow) at O and 4 h after 1V injection of 40
pnol / g ©12bakoddS R cRGD- CW 800 (left) and cRGD- MM 19 (right) Even though
net charge on the cRG- MVt 19 conjugate was +1 due to the indole nitrogen,
the results were clear that this conjugate had superior inmaging properties.
After |V.30 Th¢ methodnf ofairh dewheeal thd asegn@hgaiRER- vk TRosnckne RGBsOWB6Ihutt he
MW 19 based conéoggate had a nmuch hi gher tunor-to-background ratio (TBR) at

al | ti me/pEnie BdURE LMW bited rapid renal
18.  The method of claim 1, wherein the tissue or cells are abnormal or diseased.
19.  The method of claim 1, wherein the imaging agent is administered to an organism

comprising the tissue or cells.

20.  The method of claim 19, wherein the organism is human.

21. The method of claim |, wherein the targeting ligand binds to selectively to prostate

tissue.
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WO 2010/ 091243PCT/ US2010/ 023305 cl earance (see Figure 8). The CW800 based
conjugate (net charge -3) had very high nonspecific uptake in skin, nuscle,
and bone Wbi2gurm18B3. At 4 h post-injection, cRGD CW800prhaasarioBes3ed 5.0
and cRGD- MW 19 had a TBR of 17.2, corresponding to a 3.4-fold inprovenent
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1.1, thereby imaging the tissue or cells. 2. The nethod of claim1l1l, wherein
t he signal -to-background ratio is at |east about 1.2. 3. The nethod of claim
1, wher &fn t Kbe gicthedlof chribde Mewimdedae pbcorgugate hasdgrmglsdut 1. 3. 4. The
met hod of claim 1, whereip the signal-to-background ratio is at |east about
1.4. 5.The nethod of cl ai QA)mherein t he net Ch&ﬁgf i's O 6. The nethod of
' od

claim1l, wherein the net arge +1. 7. The et Yof claim 1, wherein the
net charge is -1. 8. The t hod/ o aim 1, ergin the dye or conjugate
conprises two or nore ionjc gryg 9. The \method of claim1, wherein the

dye or conjugate conprises three—oet” nore io0Rn gr oups|.

[
wherein:

nis+1, 0, or -1;

W is a C, methine or a C,.;3 polymethine group optionally substituted with 1, 2, 3, or 4
substituents independently selected from C alkyl, a reactive linking group, or a moiety
comprising a linking group and a targeting ligand, wherein two substituents, together with the
atoms to which they are attached and optionally one or more methine groups of W, optionally
form a 5-, 6-, or 7-membered carbocycle or a 5-, 6-, or 7-membered heterocycle, wherein said
carbocycle or heterocycle is optionally substituted with 1, 2, 3, 4, 5, or 6 substituents
independently selected from an ionic group, a non-ionic oligomeric or polymeric solubilizing
group, halo, C.alkyl, aryl, and heteroaryl;

Ring A and Ring B are independently selected from a monocyclic heterocycle, a bicyclic
heterocycle, a tricyclic heterocycle, a monocyclic a carbocycle, a bicyclic carbocycle, and a
tricylic carbocycle, wherein one of Rings A and B is optionally charged;

R* and R® are independently selected from H, an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, halo, C;.¢ alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected

from halo, cyano, nitro, and C,.4 haloalkyl;



10. The nethod of claim 1, wherein the dye or conjugate conprises four or
nore ionic groups. WO 2010/091243PCT/ US2010/ 023305 11. The net hod of
claiml, wbersmidbe i magi ng agent is a conjugate of thecuys2010h23305he

nmet hod of claim1l1l, wherein the dye portion of the conjugate conprises one
or nore ionic groups. 13. The method of claim 11, wherein both the dye and
the targeting |igand portions of the conjugate each conprise one or nore
ionic groups. 14. The nethod of claim 13 wherein the tot al forrral char ge
of the one oﬁaﬁ%ﬁém?@ﬁﬁémﬁﬁﬁbﬁ§ﬁﬁ@%ﬁﬁm{%.ge@ e % gathd: WhaPfy Tor partially
cancel s t ar e ionic groups of the dye.
15. Thewtlr%gl'féf'ﬁ%légfSt 69{1??15%&11 %e%t%&gm%ﬂggﬁﬁéﬁgént has a solubility in 10
nmM HEPES sol ution, pH 7.4, of at |east about 10 uM 16. The method of

laim1, wh the inmpgi t k absorb bout 750 t
cbout 836 nmtne AR TR B Ao eI e T g ng agent has

peak quorescent eni ssi on-a about 775 urn to about Q urn. 18. The
met hod of claim 1, whereilfRthe sue or orot ni al or di seased.
19. The method of claim11, wh i he i magf
or gani sm conpri sing the ti ssu
wherein the organismis human. e ‘met ﬂ
targeting ligand binds t¢ selectijvely to prostate tissue. WO

2010/ 091243PCT/ US2010/ 023305 22y\The met hodg®f claim1l, wherein the
targeting ligand binds selectively to prostate-specific nenbrane anti gen
(PSMA). 23. The nethod of claim1l, wherein the targeting |igand binds
selectively to tissue expressing avl33 Hntegrin. 24. The nethod of clalm

1, mherthfhpe targeting |igand conprises an RCGD pepti de.

nis+1, 0, or -1;

W is a C; methine or a C».j3 polymethine group optionally substituted with 1, 2, 3, or 4
substituents independently selected from C. alkyl, a reactive linking group, or a moiety
comprising a linking group and a targeting ligand, wherein two substituents, together with the
atoms to which they are attached and optionally one or more methine groups of W, optionally
form a 5-, 6-, or 7-membered carbocycle or a 5-, 6-, or 7-membered heterocycle, wherein said
carbocycle or heterocycle is optionally substituted with 1, 2, 3, 4, 5, or 6 substituents
independently selected from an ionic group, a non-ionic oligomeric or polymeric solubilizing
group, halo, Calkyl, aryl, and heteroaryl;

Ring A and Ring B are independently selected from monocyclic heterocycle, bicyclic
heterocycle, and tricyclic heterocycle;

R* and R® are independently selected from H, an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, halo, C, alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected
trom halo, cyano, nitro, and C,.4 haloalkyl;

R* and R® are independently selected from an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, C,. alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected
from halo, cyano, nitro, and C4 haloalkyl; and

u and t are independently selected from 0, 1, 2, 3,4, 5,6, 7, 8,9, and 10;
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25. The nethod of claim 1, wherein the dye or conjugate has Fornula I:
wherein: nis +1,0, or -1; Wis a ClL nethine or a Cl.13 pol ynet hi ne
group optworaldopimmabstituted with 1, 2, 3, or 4 substit eemus2omadeisehdent |y
selected fromCl_6 alkyl, a reactive Iinking group, or a noiety conprising
a linking group and a targeting |igand, wherein two substituents, together
with the atons to which they are attached and optionally one or nore

met hi ne groups of W 087“19“6}“ p.forma 5-, 6-, or 7-menbered carbocycle or
a 5-, 6whegsin qtlpgshbet Bd Retfer.deydnd R wharesent adiigae mno&gePe or heterocycl e
is optionally substituted wwth 1, 2, 3, 4, 5, or 6 substituents

i ndependently selected froman ionic group, a non-ionic oligoneric or

pol yner 2. solfubinletlmidng cgiiapp, whalet th€lly6 oatdayhgatealiaglForranid [Het er oar yl ;

Ring A and Ring B are independently selected froma nonocyclic heterocycl e,
a bicyclic heterocycle, 3 tri%¥plic heterocycle, a nonocyclje a carbocycle,
a bicyclic carbocyc| e, a I cylic carbocycl’e, whgrein one of Rings A

and B is optionallyl chargésd: RA and RB are)independently sel ected
fromH, an ionic grjo 2 ionic oligoneric ¢ ymjgic sol ubi l'i zi ng
group, halo, Cl1.6 4| M het & oar Y7 W id alkyl, aryl,
and heteroaryl groups are ot qna |y substi tjut Py 2,13, 4, or 5
groups i ndependentlly selgcted 0, N g and [Cl -4 hal oal kyl ;
WO 2010/ 091243PCT/ US20107 023305 x'apd y a pendently sel ected

fromoO, 1, 2, 3, 4,/ 5, 6, 7, B? 9, 5 arm@'®ll; Rlerein at Ileast one RA and
RB is present and is an ionic group. 26.The nethod of claim 25, wherein the
dye or conjugate has Formula Il: ED)A RA" RE3' -n (RE3)u I
wher ei n:

wherein:

G is independently selected from H, C,.¢ alkyl, a moiety comprising a linking group, and
a moiety comprising a targeting ligand,

Yis O, S, CR''R'?, NR", -CR"'=CR"*-, or -CR"'=N-;

R, Rz, R? , R*, R’ R®, R’ and R® are independently selected from H, an ionic group, a
non-ionic oligomeric or polymeric solubilizing group, halo, C.¢ alkyl, aryl, and heteroaryl,
wherein said alkyl, aryl, and heteroaryl groups are optionally substituted with 1,2, 3,4, or 5
groups independently selected from halo, cyano, nitro, and C,.4 haloalkyl;

or two adjacent R, Rz, R ,RY R°,R® R, and R® groups, together with the atoms to
which they are attached, form a fused 5-7 membered aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl group, each optionally substituted with 1, 2, 3, 4, or 5 substituents
independently selected from halo, cyano, nitro, and C,.4 haloalkyl;

R’ R, and R" are independently selected from an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, C,.s alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected
from halo, cyano, nitro, and C,.4 haloalkyl;

R'" and R'? are independently selected from C, .4 alkyl optionally substituted with 1, 2, or
3 halo;

R'> and R*® are independently selected from H and C, 4 alkyl;

or R"” and R'® | together with the atoms to which they are attached and optionally one or

more —CH= moieties, form a 6-membered aryl or cycloalkyl group, each optionally substituted
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nis +1,0, or-1; Wis a ClL nethine or a C1_13 pol ynet hi ne group
optionally substituted with 1, 2, 3, or 4 substituents independently

sel ect ed woamo@b624al kyl , a reactive |inking group, or aPODIUSRY100233pFi Sing a
i nking group and a targeting |ligand, wherein two substituents, together
with the atons to which they are attached and optionally one or nore
nethine groups of VV optionally forma 5-, 6-, or 7-nmenbered carbocycle or
a 5- ered heterocycl e, wherei n sai d carbocycl e or heterocycle
is opti wa 1|» ¥ %&bét PR QsubatiNERtH nldepgndeeﬂy aeleated Gpmaind amé tgrqype pngn-ionic

e B R RS R M AT B e

Ring A and Rvig0.B,ar 4,ndépendent |y sel ect ed fron1nonocycllc het er ocycl e,
bi cyclic_ heter cle, ﬂ bricygl er.ecycl and RB are
i ndepend® ﬁ?ﬁymgg¥E8T IL %aﬂi %% 3r3% ?n% dﬁdPHHF%gBPPgonerlc or

pol ymeric sol ubilizing group hal o, C1 6 al kyl, aryl, and heteroaryl,
wherein said alkyl, aryl, and heteroaryl groups are optlonally substi t ut ed
with |, 2®, 3Thelmedwod5>fgka@n|@§ wh@regermremdt arselegtied Mordyrcoraposing g dinking
nitro, a%g %%4nga&palm%nln a targetab 1 H RB' are independently selected from
an |on|%r6Pou6 AMon ﬁ g ?588#%9 or polyneric solubilizing group,
Cl,6 alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and heteroaryl
groups are o tlonally substltuted with 1, 2, 3, 4, or 5 groups

i ndepend®nt | yhe sledoded clays A7 hahereindhadie orgonjugatedisa Fermulapyf oal kyl ; and u
and t are independently selected fromO, 1, 2, 3, 4, 5, 6, 7, & 9, and 10;
WO 2010/ 091243pPCT/ H82010/RQR3305 wherein at | east ongxRRA, RRBS, ahd Rwis
present and is|fan io |c aroup 27. The net hod of cl ai m\26, /wherel{n the dye
or conjugate has Foi LTR™ T wherein: M G depengent |y

sel ected from HR3 a ety 9 Li RUp, and a

noi ety conpris|ng a I'T gand,; , tCR11=CR12-,
or -CR11=N-; '1, ws//x R4 and B8 ar® i ndependently
sel ected fromH, aR4|on|chbrou-(/a ) 1 goné¢|c orrpol yperic

sol ubi l'i zi ng gfoup, halo §C1_6 al kyl \ zaryl .. and hetetearyl, whefein said

al kyl, aryl, apd heteroaryl groups e odglonally suBstituted wth 1, 2, 3,
4, or 5 groups independently selected fromhalo, cyano, nitro, and Cl4
hal oal kyl ; or tmo adjacent Rl1, R2, R3, IR, R5, R6 , -7 I ( and RB groups,

t oget her mnth onms to which they are attac orma fu

menber eWhee R k" ﬁe@ Br oHF wdepey*@ma\éﬁq&ﬂted 1‘6?@?&4@%@& 9eq1<25ailmbsaﬂaefbwnéde%

opt i ona) dyymﬁgbstltuted with 1, 2, 3, 4, or 5 substituents independently

sel ected from hal o, cyano, nltro, and Cl4 hal oal kyl ; R9, R, and Rn
are independently selected froman ionic group a non-ionic oligoneric or

pol ymerjc solubiljizin , {%& nd_het ryl, wherein
ot A e 41 et AP P D e it drelhishee BRRFPRELRE Tt e edow th 1,
2, 3, 4, or 5 groups independently selected from hal o, cyano, nitro, and
C 4 haloal kyl; R11 and R12 are independently sel ected fron1C1 4 al kyl

optionally substltuged m&{h 1, 2, or 3 halo; n
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R15 and R16 are independently selected fromH and C6 al kyl ; or R15
and R16 , together with the atons to which they are attached and optionally
one or nowe 0k912mi eti es, forma 6-nenbered aryl or cyekcoalskyio/ogssoup, each
optionally substituted W) 2010/091243PCT/US2010/023305 with 1, 2, 3, 4, 5,
or 6 substituents independently selected froman ionic group, a non-ionic
oligoneric or polyneric solubilizing group, halo, Cl.6 al kyl, aryl, and
heteroa;&l; and v is, or 5, wherein at |least one of R, R2,

01 o] 1. ] 3 q41 - N .
R3, R4, wrereir®. , RY, Ri'e R“%e@,“‘%aﬂ@ikrgl arg indgpendgnil e sgeweshiromandapendeptly ga igric
claim?2 i_Nn..no { ' . mj i Si i nking group
or "a morsl AR R 8 3o BARR LufiAg) Sh SAIPIC SHAP. Bty 46
wher ei nhé¢te®aglye or conjugate has Fornula IV: 1V wherein R13 and R14 are
i ndependently selected fromCl.4 al kyl optionally substituted with 1, 2, or
3 halo. 30.The nethod of claim 29, wherein the dye or conjugate has Fornul a

V. VI 2010/ A4ZAGRET)LSEOA0! 923005 NRE B0 B221RA3 mRAf o R4 R20, and

R27i ndependent | y ndependently sel ected Tromindependently an ionic group,
a non-ionic )i gordedtingardyediaymeamieek shsbuiohia gt §0G o, tolbid e, 85C16 aldqydak

aryl, apd heteroaryl. A hod of preparing a dye for inmaging tissue or

cel I's, EH@fﬁﬁ?Lgﬂw§8ﬂﬁE%§Wﬁg§£mnqoabm§§?9§8¥ecting a dye having peak

absorpti on ath)abouyptidraly nivdiHirdlae lySkUnamiandnpagkdiptigiescent em ssion at
y ! g iS¢

about 550 nMm to about 875 tun; b) optionally npdliylng the dye to

&

i ncl ude a |i i ngmgdduing tgdye, and optiquedly thedinfjigngorndo dipdideng opproroivald y
the I'inkin ro to i nclude.one o re . oni ou ieve a
sol ubi 1 ECyPoR LB ) SolPiiy SFuldFe TP Tab Rty fn M b s i foctn o
PH 7. 4; pH 7.4;
wherein the one or more ionic groups are selected so that the net charge of the dye is +1,
0, or -1, and wherein the signal-to-background ratio of fluorescent emission detected from the

dye compound while imaging is at least about 1.1.

32. A method of preparing a conjugate for imaging tissue or cells, wherein the conjugate
comprises a dye and a targeting ligand, the method comprising:

(a) selecting a dye having peak absorption at about 500 nm to about 850 nm and peak
fluorescent emission at about 550 nm to about 875 nm;

(b) optionally modifying the dye to include a linking group;

(©) modifying the dye and optionally the linking group to include one or more ionic
groups to achieve a solubility of at least about 10 pM in 10 mM HEPES solution at pH 7.4; and

(d) conjugating the targeting ligand to the dye optionally through the linking group to
form the conjugate, wherein the targeting ligand and the one or more ionic groups are selected so
that the net charge of the conjugate is +1, 0, or -1, and wherein the signal-to-background ratio of

fluorescent emission detected from the conjugate while imaging is at least about 1.1.
33.  Animaging agent for imaging tissue or cells, wherein the imaging agent comprises a

conjugate which is characterized as having detectable fluorescence with a signal-to-background

ratio of at least about 1.1, and wherein the conjugate has Formula VI
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wherein the one or nore ionic groups are selected so that the net charge of
the dye is +1, 0, or -1, and wherein the signal-to-background ratio of

fl uor escew0 28rv®$i4dn det ected from the dye conpound whi lPeTiUsa@iongs3Ds at

| east about 1.1. 32. A nethod of preparing a conjugate for inmaging tissue or
cells, wherein the conjugate conprises a dye and a targeting ligand, the
nmet hod conpri si ng: (a) selecting a dye having peak absorption at
about 500 nmto about 850 nm and peak fluorescent em ssion at about 550 rim
to about 875 n R2 (B) optionally nodifying the_gdye tg$|n6Tude a

| i nki ng group; (c) nodi fying the dye and optioRal |yt he Ifi nking
group to include one =5 ubi ity of at

&t\/e

| east about 10 e% 71 (d)
conj ugating the 'tar og a4 ¢ dugh the 1inking
group to foimthe co arte and t he one or

nore ionic groups g« sel. @ comjugate is
+1, 0, or -1, and ereinithe signal {to- b.ckground ratlo of* flugrescent
eni ssi on detec{ed from t R conjugat erR¥hi | g'¢ nagi ng i 84t |east about 1.1.
33. An i magi ng ent for imaging tissue or cells, wherein the imagi ng agent
conpri ses a conjugate which is charact 1zed as havi ng detectable
fluorescence with a signal -to-background ratio of at |east about 1.1, and
wher ei nwhbeiizonj ugat e has Fornula VI: WD 2010/ 091243PCT/ US2010/ 023305

wherein: TL IS a tar%etln gand conprising at |east one blndln% noi ety
t hat b| nds t 6Lds BidE @gdsaan@a?ra@ﬂsm&aﬁ 1§asa0n¢ pierlifg ppisiyghatiindspo a F@logwi
R5, -6, K d7, and R8 are independently selected fromH, an ionic group, a

non- |on|c o1|goner|c or polymeric solubilizing group, halo, Cl-6 alkyl,
aryl, and heLe$mhnyhggwh@:e|n said aIkyI aryI and heteroaryl groups are
optionally s ndently sel ected

bstal t et ed h 1,
from hal o, c{a | ku BW ;) @Taj{gﬁéef ‘SQFWFiem s eCtegrp‘%I\?\g{e&Elj‘%% YR R2,
R3, R4, n&ﬁlonﬁ%hg%ﬁien@%g p%"n%@@@ﬁlblﬂ %Eé'rb@ﬁ Wt %Qﬁ(}/ﬁtagﬁsaﬁd%em&é‘r?l t hey

are attached, forma fuse menber aryl, heteroary ,_ cycloal kyl', or
het er ocybérstl Sl@yd albylo@rwl aééd‘,lhtetmﬂlmnsWfsqrbmalﬂmlédtlmtddhmlh 120,334, 45,5 or 5

ﬁglbggi L%r?)%ssmd 6%8 ntly se}ec}/edsr%nef %al%dc;:aglg it 1O, and CC ya}l AfGaldy llt ro, and Cl-4

or two adjacent R', R*, R>, R*, R®, R®, R’, and R® groups, together with the atoms to
which they are attached, form a fused 5-7 membered aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl group, each optionally substituted with 1, 2, 3, 4, or 5 substituents
independently selected from halo, cyano, nitro, and C;.4 haloalkyl;

R’ and R" are independently selected from an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, C, . alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected
from halo, cyano, nitro, and C|_4 haloalkyl,

R'",R'%, R" and R' are independently selected from C|4 alkyl optionally substituted
with 1, 2, or 3 halo;

"> and R'® are independently selected from H and C, ¢ alkyl;

or R and R'® together with the -CH=CH-CH= moiety which they span form a 6-
membered aryl or cycloalkyl group, each optionally substituted with 1, 2, 3, or 4 substituents
independently selected from an ionic group, a non-ionic oligomeric or polymeric solubilizing
group, halo, C, alkyl, aryl, and heteroaryl;

nis+1,0, or-1;
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R9 and Rl are independently selected froman ionic group, a non-ionic
oligoneric or polyneric solubilizing group, G 6 alkyl, aryl, and

het er oar yWWo 2odvaveisd sai d al kyl, aryl, and heteroaryl gregpasasie/oegss onal |y
substituted with 1, 2, 3, 4, or 5 groups independently selected from hal o,
cyano, nitro, and Cl.4 hal oal kyl; R11, R12,, -13 X and R14 are
i ndependently selected fromCl 4 al kyI optionally substituted with 1, 2, or
3 hal o; R15 and R16 are independently selected fromH and Cl-6 al kyl ;

or R15 and R16 together with the -CH=CH CH= npi ety which they span form a
6- nmenbered . 0 | greou ach optisopal S stltutdvvlthl
2, 3, or 4 s%é %Jté%%’sﬁox?eﬁ epéﬁdelgt %y }gé ecl'?étg ?IEOm %ﬁ |0|§n lom?%ﬁ)ﬁp
non-ionic ollgonerlc or polynerlc solub|I|2|ng group, halo, CL 6 aIkyI

aryl, and heteroaryl; nis +1 1; . WO 2010/ 091243PCT/ US2010/ 023305
wher ei n3%t I&%tm%ﬁﬁ’égégenRPfdP@“3?%Wh€F@nnR5 R6, R7, R8, R9, and RR is an
ionic group. 34.The imagi ng agent of claim 33, wherei nnis 0. 35 The

i mgi ng agent of claim 33, wherein n is +1. 36.The imgi ng agent of claim
33, wheB&i n ihe snaging 8gnThiclaimad?, nmgheagentis 6f. cl ai m 33, wherein at |east two
of RI, R, R3, R4, R5, R6, R7, R8, RO, and Rl are ionic groups. 38.The

i magi ng agent of claim33, wherein at least three of R, R2, R3, R4, R5,

R6, R7,388, RAe irdiEnthgeRt 6f LD 83 GRS n 189 The i magi ng agent of claim 33,
wherein at |east four of R, R2, R3, R4, Rs, R6, R7, R8, RO, and R are
ionic groups. 40.The inmagi ng agent of claim 33, wherein the ionic group is
i ndependent | selectedf . a char ged,s &, ead

() 5 Cir20 ARGl BB m b i PR N ST e ke e Rin R R B s,
and opt iahRI’laye Bubsdrbpst ed with 1, 2, 3, 4, 5, or 6 substituents

i ndependently sel ected from hal o, cyano, nitro, and C 1 .4 hal oal kyl,
wherein 0, 1, 2, 3, 4, 5, or 6 carbon atons of the alkyl group are

di vi dyal | 0 i 0 4 SO,
ISnoz:\I\Ig yg&he@?ﬁ%?g?% ‘%gn %i%%ﬁ %%}em gl@%s? ﬁ}gg%%%lcs@o)lgﬁgt ?ﬁg Gf’% acerhsnt

does notndRYuld ionit goupsnst abl e noi et y.

390, The imaging agent of claim 33, wherein at least four of R', R*, R* R*, R°,R®, R", R®, R’,

and R are ionic groups.

40.  The imaging agent of claim 33, wherein the ionic group is independently selected from:

(a) a charged substituent; and

(b) a C|.0 alkyl group substituted with one or more charged substituents, and
optionally substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from halo,
cyano, nitro, and Cy.4 haloalkyl,

wherein 0, 1, 2, 3, 4, 5, or 6 carbon atoms of the alkyl group are individually replaced
with O, S, C(O), C(O)O, NR’, C(O)NR’, SO, SO,, SO;NR’, wherein R’ is H or C}_¢ alkyl, with

the proviso that the replacement does not result in an unstable moiety.
41. The imaging agent of claim 40, wherein the charged substituent is selected from sulfonate

or a quaternary amine of formula -NR,", wherein R is independently selected from C ¢ alkyl,

aryl, and arylalkyl.
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41. The i magi ng agent of claim 40, wherein the charged substituent is

sel ected fromsulfonate or a quaternary amne of foitnula -NR4+, wherein R
i s i ndepemdentdopiziel ected from C16 al kyl, aryl, and ar ylpalrkgko10/0%¥305

2010/ 091243PCT/ US2010/ 023305 42. The imagi ng agent of claim40, wherein the
C _mal kyl group substituted with one or nore charged substituents has the
Formula: o eH3C \\r'u 455,C1 S\ /""" 3 CSC 1 sr-1ECH3 y Oor wherein y and
z are independently selected from1l, 2, 3, 4, 5, 6, 7, and 8. 43. The

i magi ng4agentlhefmegiag aretd of When é0whdreindie ©0:0alkyy Brogp culpstisuibd withwnedr wi t h
one or nore charged substituen IS I ndependently selected from 0 H3C rsu
["-'"3 ﬁ?rﬁ)cz%%ap%g.smfﬁ%g ;]%Pgtgﬁe% mé@%‘nt of claim40, wherein the C120 al kyl
group substituted with one or mge cgarged subsCi taﬁnts is a Zwmtterionic
group. 45. The imagi ng agert of \cl@m 44, erein‘the Zwitterioni c group
conprises a sulfonate groupsg §§guat ern y?j(@za' 1<} ?_[ formul a - NR4+,
wherein R is independently selecte® frogp Cl- 4 yp, Jaryl, and aryl al kyl .
46. The imaging agent of claim33, wherein RH R12, R13, and R14 are each
met hyl . wherein y and z are independently selected from 1, 2, 3,4, 5,6, 7, and 8.

43. The imaging agent of claim 40, wherein the C,.oo alkyl group substituted with one or

more charged substituents is independently selected from:

o) H3C
SN
s No g ¢ e cH,

44,  The imaging agent of claim 40, wherein the C,.5 alkyl group substituted with one or

more charged substituents is a Zwitterionic group.

45.  The imaging agent of claim 44, wherein the Zwitterionic group comprises a sulfonate
group and a quaternary amine of formula -NR4", wherein R is independently selected from C)

alkyl, aryl, and arylalkyl.

46.  The imaging agent of claim 33, wherein R'', R'% R"*, and R' are each methyl.

47.  The imaging agent of claim 33, wherein R and R'® together with the -C=C-C- moiety
which they span form a 6-membered aryl or cycloalkyl group, each optionally substituted with 1,
2, 3, or 4 substituents independently selected from an ionic group, a non-ionic oligomeric or
polymeric solubilizing group, halo, C,¢alkyl, aryl, and heteroaryl.

48.  The imaging agent of claim 1, wherein R" and R'® together form -CH,-CH-CHa-.

49.  The conjugate of claim 1, wherein L has the formula:
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47. The imagi ng agent of claim 33, wherein R15 and R16 together with the
-C=C-C noiety which they span forma 6-nenbered aryl or cycloal kyl group,
each optiwoablyoosubstituted with 1, 2, 3, or 4 substituencrascodepsnsent |y
selected froman ionic group, a non-ionic oligonmeric or polyneric
solubilizing group, halo, Cl1.6 alkyl, aryl, and heteroaryl. 48. The inmaging
agent of claim1, wherein R15 and R16 together foini 49. The conjugate of
claiml, wherein L has the formula: WD 2010/ 091243PCT/ US2010/ 023305
wherein: E is absent, 0 or S; Q isR{THAI R a non-ionic oligomeric or
polymeric solubilizing noiety; J is 0 C(0)0, or C(0)NH; R17,
R18, R19, and R29 are independently/; xted fromH, an ionic group, a
non-ionic oligoneric or poly i Q Fzt@Qog-dotety, halo, cyano, nitro,
Cl_4 alkyl, C 1-4 al koxy, and Cl-4 hgloaf kyl; and is 0, 1, 2, 3, 4, 5, 6,
7, or 8. VII. wherein at |least one of R2\ R6, R9, and Rl is an ionic group.
51. The inmagi ng agent of cl ai m 50, RivhereiR*n is +1. 52. The i magi ng agent
of claimb50, wherein two of R2, R6, R9, ,and Rl are cationic groups. 53.
The i magi ng agent of claim50, wherein two of R2, R6, R9, and R are
cationi ghefequps and two of R2, R6, R9, and Rl are anionic groups. WO
2010/ 091243PCT/ US2010/ 023305 54. The i magi ng agent of claim 50, wherein the
conj ugat e hab 18 fseroRiE VI | |

Q is (CH»)q or a non-ionic oligomeric or polymeric solubilizing moiety;
T is C(0), C(0)O, or C(O)NH;

p ' . N N N
R”, ng, ng, and R*" are independently selected from H, an ionic group, a non-ionic

&

oligomeric or polymeric solubilizing moiety, halo, cyano, nitro, C,_4 alkyl, C,.4 alkoxy, and C,.4
haloalkyl; and
qis0,1,2,3,4,5,6,7,0r8.

50.  The imaging agent of claim 33, wherein the conjugate has Formula VII:

R R |"
i VIIL. )
wherein at least one of R?, R®, R, and R' is an ionic group.
S1. The imaging agent of claim 50, wherein n is +1.
52. The imaging agent of claim 50, wherein two of R, R®, R®, and R are cationic groups.
53. The imaging agent of claim 50, wherein two of R%, R®, R®, and R'? are cationic groups

and two of R?, R®, R®, and R'? are anionic groups.
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VIl wherein: nis O, +1, or -1; and TL is a targeting ligand. 55.A dye
conprising a nolecule or ion of Foimula VII1: VIII wherein: L' is a
reacti ve wWonrkiomgimsoup; R, R, R3, R4, R5, R6, RPCTAIsd0iR®230%

i ndependently selected fromH, an ionic group, a non-ionic oligoneric or
pol ynmeric solubilizing group, halo, Cl-6 alkyl, aryl, and heteroaryl, WO
2010/ 091243PCT/ US2010/ 023305 wherein said alkyl, aryl, and heteroaryl
groups are optionally substituted with 1, 2, 3, 4, or 5 groups

i ndependently selected fromhal o, cyano, nitro, and Cl-4 hal oal kyl; or two

adj acentg4Rt, %’irﬁg@ngﬁent Bﬁclaﬁgg,(),m%emQE? Eﬁglé\%agggﬁﬁ%%g&% gy th the

atons to which 't attac forma ered aryl,
het eroaryl, cy¢toal kyl, or heterocyclocal kyl group, each optiomaldy
substituted wgh 1, 2, 3, 4, or 5 su i ts independently sellected from
hal o, cyano, nijitro, and Cl_4 hal oal kyl ; RO and Rl are indegpendently
sel ected froman ionic group, a non-i@@Hg),o0ligomeric or polynerijc
sol ubi l'i zi ng gyoup, Cl-6 alkyl, aryl, a het eroaryl, wherein sgid al kyl,
aryl, and hetefoaryl groups are optiopatdy substituted with 1, 2, 3, 4, or
5 groups indepe%&l y sel ected from cyano, nitro, and_ Cl-i4
hal oal kyl ; Rl11 AR 3, and R14 are gpendent | y sel ect gP$9dm C1, 4

al kyl optional | i A

VI
wherein:
nis 0, +1, or-1; and
TL is a targeting ligand.
55. A dye comprising a molecule or ion of Formula VIII:
R? R RS ro|°

wherein:
L’ is a reactive linking group;
R, R R, RY, R’ , RS, R, and R® are independently selected from H, an ionic group, a

non-ionic oligomeric or polymeric solubilizing group, halo, C | alkyl, aryl, and heteroaryl,
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R15 and R16 are independently selected fromH and C16 al kyl; or R15
and R16 together with the -C=C-C npi ety which they span foini a 6-nenbered
aryl or coyol2onldeyi43gr oup, each optionally substituted wpCh/Us2018/02805 or 4
substituents independently selected froman ionic group, a non-ionic

ol igoneric or polyneric solubilizing group, halo, Cl-6 alkyl, aryl, and
heteroaryl; and p is -6, -5, -4, -3, -2, -1, 0O, +1 +2 +3, +4, +5, or +6;
wherein at | east one , R4, R5, R6, R9, and Rl is an

i oni ¢ gMOGFIEsHpRIKY] ﬁ@’l ‘%“dl I@é@?arajh@%}a%4r6ﬁpeowf5§pb%ta§@ﬁ<ﬂ withgg 2, FHeonge

Corrpoun%r&lfps‘ﬁ{d%b c{éﬁtlyw&rt@dﬁm ha Sﬁﬁro an 4590 or a - (0)0-NHS
il Rt T Lo

group. “57. The dye conpound the formul a:
RL7R18 R1ORBQ &dij(M[RZO{LOREIQ{L 2RémRu$2M@f@aﬂ3@§etmem tite dforhstoabisient |,
rlc sol ubi li zi ng

o oty 158 afe (il et Tl 3L RinRe R B el BN e e rsienai an

i oni ¢ gpRKP, e&%h@@ﬂoﬁﬂﬂ" s%b§t th@QWBIN [C 208, @@km’@w@ué&l 1H@édeh§é ngméwmnha' o,
cyano, nitro, Cl.4 alkyl, Cl 4 al koxy, and Cl-4 hal oal

N- succi helri eypne, rifie, @dl% 4Chaloplkyd, 3,74, 5, 6, 7, or S 58 The dye of claim
55, conprisipg afid o ate ll'lncfeepgndenﬁy se%cté:ao from an 1or§c group, a non-ionic oligomeric or

polymeric solubilizing group, C,.¢ alkyl, aryl, and heteroaryl, wherein said alkyl, aryl, and
heteroaryl groups are optionally substituted with 1, 2, 3, 4, or 5 groups independently selected
from halo, cyano, nitro, and C,.4 haloalkyl;

R'", R R” and R are independently selected from C,_4 alkyl optionally substituted
with 1, 2, or 3 halo;

"> and R'® are independently selected from H and C) alkyl;

or R and R'® together with the -C=C-C- moiety which they span form a 6-membered
aryl or cycloalkyl group, each optionally substituted with 1, 2, 3, or 4 substituents independently
selected from an ionic group, a non-ionic oligomeric or polymeric solubilizing group, halo, C.e
alkyl, aryl, and heteroaryl; and

pis-6,-5,-4,-3,-2,-1,0, +1, +2, +3, +4, +5, or +6;

wherein at least one of Rl, Rz, R?, R* R° R, R7, R®, Rg, and R'? is an ionic group

comprising at least one cationic substituent.

56.  The dye compound of claim 55, wherein L’ comprises a ~COOH group or a
—-C(O)O-NHS group.

57.  The dye compound of claim 55, wherein L’ has the formula:

R17 R18
g——E Q—C(0)0-R?
R19 R20
L'I
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| X wherein at | east one of R2, R6, R9, and R11 is an ionic group conprising
at | east one cationic substituent. 59. The dye of claim58, wherein p is
O 60. TWe awaof43cl ai m 59, wherein at | east two of R2pPCRGS289/023n8l Rl are
ionic groups each conprising at | east one cationic substituent. 61. A dye
having Formula X: WD 2010/ 091243PCT/ US2010/ 023305 X. 62. A conjugate
conprising the dye of claim®6l conjugated to a targeting |ligand, wherein
the total net charge of said conjugate is -1, 0, or +1. 63. An inaging
agent coWiSF§8i ng the conjugate of claim62. 64. The dye of claim 61,

i solated as g §@ldent @Fhdg, Or conbination thereof.

Q 1s (CHz), or a non-ionic oligomeric or polymeric solubilizing moiety;

RY RY™ R", and R* are independently selected from H, an ionic group, a non-ionic
oligomeric or polymeric solubilizing moiety, halo, cyano, nitro, C;4 alkyl, C; 4 alkoxy, and C |4
haloalkyl;

R*'is Hor N-succinimidyl; and

qis0,1,2,3,4,5,6,7,0r8.

58. The dye of claim 55, comprising a molecule or ion of Formula IX;

R2 R6

IX

. ] 6 9 0. .. .. .
wherein at least one of R?, R®, R®, and R is an ionic group comprising at least one cationic

substituent.
59.  The dye of claim 58, wherein p is 0.

60. The dye of claim 59, wherein at least two of Rz, R, R9, and R are ionic groups each

comprising at least one cationic substituent.

61. A dye having Formula X:
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62. A conjugate comprising the dye of claim 61 conjugated to a targeting ligand, wherein the

total net charge of said conjugate is -1, 0, or +1.

63. An imaging agent comprising the conjugate of claim 62.

64. The dye of claim 61, isolated as a salt, acid, or combination thereof.
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