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rel ates to segnented chel ati ng pol yners which are useful as inmaging agents
and as cytotoxic agents and to their conpesitions and net hods of use. 10
Magnetic resonance (MR) is a widely used technique for generating spati al

I mges of nmulti-cellular organisns or bodies for clinical diagnosis. A
review of this technique and its clinical applications is provided by D. P

Swanson et al, in Pharmaceuticals in Medical 1 | magi ng, 1990, Macm || an
Publ i shi ng Conpany, pagSEBGME} SHELABINGt POLYMERA A8 o IMAGHNG deri ved
instrunentally as a conposite of tw f mber of parameters

whi ch are anal yzed and conbi ned by ater. ‘nst runent paraneter

controls, ®uch as radio frequency (Rf), pulsation and tining can be

utilized to enhance phigt iadEAESohheelhtiBa! $00kegfitngbd! kael@Rdeg Produci ng
paraneters to theiebg In@£0Vﬁ.lane g#ﬁhlt and Rrovrde_better anat om cal
and functional BBYMErgs ¥Rk 88 18 y 88ad0891ngoAGERL S, 806n3fce i magi ng
has proven to beyeotvekiebhgefltgagandt to thelir compoetibisnsnandamerhdds

di seased tissuecfbdsgirtue of therr possessing different responses to

par anet er val ueS, can'be differentiated in the inmage. 30 I n
magnet i ¢ ¥@sonance iMagnhetiof regonbode dMR) Asnmawidedyr used Mmechmigue in
vivo i mge of af‘oPVQéﬁe?&t&ﬁgsggatiaﬂbiﬁhgég BY RuLAEiDBeabyh@gst the
portion of the body"to be inhged in_a strong external magnetic field,
pul sing with raeFSERegUENEY BRELEF, £oRdCIRTeFRIngiggnosifne & AByiew Qfhe
pul'ses on the negiet téchhogaet had atst b&iﬁ&@h@naF Qhtaciens Asapdovided
sur roundi ng thgborgag gr-tissue This.,is_especia useful {n Jj.naging the
WO 95/ 26754 y D. wanson et al, in ) pealsodn Medics

15 Imaging, 1990, Macmillan Publishing Company, pages 645-

681.

Magnetic resonance images are derived _
instrumentally as a composite of the effects of a number
of parameters which are analyzed and combined by

20 computer. Instrument parameter controls, such as radio
frequency (Rf), pﬁlsation and timing can be utilized to
enhance or. attenuate the signals of any of the image-
producing parameters to thereby improve imagé quality
and provide better anatomical and functional

25 information. In many cases, magnetic resonance imaging
has proven to be a valuable diagnostic tool, inasmuch as
normal and diseased tissue, by virtue of their
possessing different responses to parameter values, can
be differentiated in the image.

30 In magnetic résonance'imaging of the body of a
mammal such as a human, an in xixg image of an organ or
tissue is obtained byzplacinglat least the portion of
the body to be imaged in a strong external magnetic
field, pulsing with radiofrequency energy, and observing

35  the effect of the pulses on the magnétic properties of
the protons contained in and surrounding the organ or
tissue. This is especially useful in imaging the



-2- circulatory vascul ation of the body (i.e. the blood pool). A nunber of
magneti c paraneters can be neasured. In particular, the proton relaxation
times, TPVOI26BM4d T[err], are of primary inportance. T[er PEI/GRI§B0742I | ed
the spin- 5 | attice or longitudinal relaxation tine, and T2, also called
the spin-spin or transverse rel axation tidwe, are functions of the chemi cal
and physical environnent of the organ or tissue water and are neasured

usi ng wel | - esiztilatery Rfagehbition e@ﬁlrﬁl‘cfu@d}ﬂ'h(fs é nforestloodi s - 10

analyzed as g,ddIf! | QMn@hbePabE Fhadtrdd %}@aﬁeege@s&ﬁ@ faserRyt er into

an i mage. Oten the MR Inage roduced | a pproprjate contrast, e.g.,

bet ween nor metn PRE &SRB ‘ElP%sE@t‘?%d‘E%}ﬁ?&‘%%rﬁﬁi‘?%v ef f 886, eness
However, the gd¥e of geHi impéheanc@ger,gersd @A UTRd e ndpinred

introduci ng into the zo es ent "cont t agent") which
affects The sprteRY Inf%r? _ _tingcﬁ:.r& %fae’f‘%g:[‘?%s ’d?e'nu%ﬁ“iaf t ré' rr?agl ng
nucl ei " whi chcajebhed athey spm-pspﬁ.mm;r aamame:np&latammetumeerazé

P;rg;ggsérghbenera edﬁé'lggg anc&{lf" contras%o tal ned“E 'IWn ben Lhe

particul ar or%sotﬁa!#l%%%‘sﬂ‘éﬁ peates rRnd Rxp rf@ﬁ%s‘blr%%rlll%/lw v@tleasi ng or
decreasi ng t hestdBshé® Viet ﬂiléﬂ% %éhr‘:‘i&@és Ot s OinfSrmatibssSys

relative to its su undi ng r wor ds, conIras gent, if taken

up prefl? entl%’i‘?]yyﬁfé)é%e?téf?ﬁb’o?‘?l Ha "a‘rFJor %%‘?t ain type: of

tissue, e.g., trhmsetormed il usompareprinviciam niimg!g.e in contrast or

enhancenent in theof'?éﬁjléﬁgtm Qér&i{?é r%'f]f%i?s r:.é'.’Eel nasnmuch as
ec

magneti c .resonance Thages are- s PEHe-Tn T[err] an
Tlerr], it iscortrasihl etD- hd&etveeemmaml aa}yiwtdmm@ftmmeeuther or

bot h_of -t hese: DAl SR Qi fagrdift @) Offddt MedBiS! | AcwduE boiig Proposed as

MR i magi ng contrast agents achieve a 35 . .contrast effect because they

cont ai tthar arFRIMSEISE MR crhey WWagH | IINFAHANITRY R FRPRCPIRE T[err] and
Tlerr], or Swmmm@eimco NEHET 2o, beiing hirgenes ah yageit t ¢a
. "contrast agent") which affects the spin reequlllbratlon
characteristics of nuclei (the "imaging nuclei" which
'generally are pfbtons and more especially are water
20 protons) which ane respbnsible for the resonance signals
from which the images are generated. The enhanced
contrast thus obtained enables_particular organs or
tissues to be visualised more clearly by increasing or
decreasing the signal level of the particular organ or
25 tissue rela:ive to its suiroundings In other words, a
| contrast agent, if taken up preferentlally by a certain
portlon of an organ or a certain type of tissue, e.g.,
diseased tissue, can provide a change in contrast or
enhancement in the resultant images of that tissue. _
30 ‘Inasmuch as magnetic resonance images are strongly
affected by variations in Tland T,, it is desirable to
have a contrast agent which affects either or both of
theee'parameters. The majority of materials now being
'proposed as MR imaging contrast agents achieve a
35 'contrast effect because they contain paramagnetic
| materials, which generally act to decrease T, and T,, or
superparamagnetic materials, which generally act to
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decrease TWo9Al2675aw concentrations, paramagnetic nmateriadl s eicrasieshbRn’ |
more than T[err]. The use of,.such materials as MR.contrast agents has been
wi del y advocated and broad ranges of suitabge-materials have 5 been
suggested in the literature. Thus, for exanple Lauterbur and others have

suggested the U&éc?éaﬂ@”@%n%@ B | Sordtéh OF DL oS agfseiﬁétﬂégﬁetﬂ@rgam c salts
and conplexes (see Lau& g et al. in Fronpters Bi ol ogi cal
Energetics”, voRahBr1a15a§88e95,Tye0rerEhan T pr # ‘%ﬁﬂer bur in
Phil. Trans. RJnSDerlhmadasBﬁ1890n488548igéﬁ65OhaanﬂeényWQdeﬂyal in J.

omput. ASSi St oTORRM caSLak n78502 08 10LY) ou AT eChatly sHBUC nSUROS! o

t he use of partlcu i Nl um oXa
US- A- 4615899 anbeﬁad33999§t§ﬁ7@8)th¢8@1¢§IaFmQSS)) Scheri ng AG have

suggested the use OfTﬁﬁéa"EBEGEkSmBEEaLaﬁEEEBhﬁsan&obtﬁé§§ph§v@f
am nopol ycarboxylic acids such as nitrilotriacetic acid

)
N, NN NN - ehtyleﬁBHHSﬁFﬁ@tEFFaHEStPE EéPﬁaPEeﬁAfal§§ and gther
N-hydroxyethyl bhhhﬁhgﬁéhxbemﬁdrgahmetéaa@etaﬁdaebﬁPQHEEEAxsee
N, N, N etr| epent gacetic_aci d (RIP % qf
1,4,7, 10 tetra § HSngaﬁgrefPaagEPP 155?d°€ Ri ?& or exanple
EP—A—7156nO EP-mnesgeeapsmE-#pzumeoaz pageBS7824659368radamd c\pPressd
|maging AS 25 (1394) \YEO0RA:DARULA phis, B2uRsSURICERE] LBAGISRRh.

par amagneti c neta éla I 'm nodi acéetic acid

ani nopol ycar box$8Bc482i d3980¢hand DrpPAeBRA add DRDP . ( Semprb- AAFSIBLS,
WO-A- 86/ 02841, E&n69299ﬂ§j_ ERg4-2880Q448ang V\@txﬁgaoéQS&iS) haB@l des

par amagnetic netal s magne stabl e adi_.cal s ve al so been
P rGgested f or | uSUORESERM: EPBoURR PhaBRAGLERIALS.BaBghIrs ot SIS E oo BAR
EP- A- 133678) . CfberenampmagUSPAe4NR5809taadtRagenusgyrggsuggesnea-aml
reviewed in, for | e - A 13681 Pg P--A- 186947,
EP. A 292689, EPAS33089 SCEEFQ?%%&S%?VE : ﬁ@*%%?%?fﬁ%oui 5EFo: 05554,
WO A- 86/ 01112, PEramggnetigimenplAcheleress, fQS-Ax4@DQS69f US- A- 4687659
US- A- 4687658, aminopolycarboxylic acids such as nitrilotriacetic acid

' (NTA), N,N,N'N'-ehtylenediaminetetraacetic acid (EDTA),

20 N-hydroxyethyl-N,N'N'-ethylenediaminetriacetic acid

(HEDTA), N,N,N',N",N"-diethylenetriaminepentaacetic ac1d

(DTPA), and 1,4,7,10-tetraazacyclododecanetetraacetic
acid (DOTA) (see for example EP-A-71564, EP-A-130934,
DE~A-3401052 and US-A-4639365), and Nycomed Imaging AS
25 and Nyeomed Salutar Inc. have suggested the use of
paramagnetic metal chelates of iminodiacetic acids and
other aminopolycarboxylic acids such as DTPA-BMA and
DPDP (see EP-A-165728, WO-A-86/02841, EP-A-299795, EP-A-
290047 and WO-A-90/08138). Besides paramagnetic metals,
30 paramagnetic stable free radicals have also been
' suggested for use as pos1t1ve MR 1maglng contrast agents
(see for example EP-A-133674). B
Other paramagnetic MR contrast agents are suggested
or reviewed in,'for.example, EP-A-136812, EP-A-185899,
35 EP-A-186947, EP- A'292689- EP- A-230893 EP-A- 232751, EP-
A-255471, WO-A-85/05554, WO-A- 86/01112 WO-A-87/01594,
WO-A- 87/02893 us- A-4639365, US-A-4687659, US A-4687658,
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141: 1209-1215 (1983), Sem Nucl. Med. 13: 364 (1983), Radiology 147: 781
(1983), JVORRR47S4 \ed. 25: 506 (1984) and W89/ 00557. SuperRfF/GRIMNIM2Z c MR
contrast agents were disclosed 5 by Schroder and Salford in

WO A- 85/ 02772, by Nyconed AS in WO A--85/-04330, by Wdder in US-A-4675173,
by Schering AG.in DE-A-3443252 and by Advanced Magnetics Inc. in WO

A- 88/ 00060. AAFR ddldr ARAPSCK A K 1HES Jus Senf. dmatlr.adedagdd:s 363 for
magneti ¢ Tesonangs)l, Meadid oy Raly Aly el f@eiezye BOSHARY. MY PIATALE | ©
materials exert toxic effects on Diological systens nmaking them

i nappr opri at e (A884j)n apd, HA8SS 00557 -exanpl e, the free sol ubilized form of

Gd[err] salts are guigedpadanagnEtitaiR Conraade adenPs Werd @ skl osed

et nyl offctri 5k HORERERS. AR, SAVEAHAS IO -PES/13TE, BIOMIROMRA Afbon

- successful i nianWORa-8G /04336, by dddercdn WSgAs 46175350 Byr Aichearichg enal

tunors. Despi is 1S nsAbi_Sfa Y  \l - t hi -
formul ati on hgg %rélvg;ﬁZP_ i%a%g(/%;zntagl?e?y g&‘&%@p?@&%&% II % {lgx\fvwo
nol ecul ar wei §B8/@0BPRPA i s cleared very rapidly fromthe bl ood stream and

‘tissue lesions (tumpk@forT drawda®k ilthe theP@isRd of RepiWradie ayerteyy of
optlnallé enh%nced.rna es that can be obtained after 25 each injection,
and i nct8ases*PFe 1E LEFINARFEIITRIARG s thgh atestfactiviey addition, -

;hf bipdistéihnbbgﬁsohaﬁ&-Bﬂiﬁmﬁgn&mbmphhmékibas bFigkngchﬁdyeﬁﬁnnﬂs%and

i nfections due_taq.i .G .aht . ver r +_hav.e been
Laken i n att oo Dipade e SyERAE, WiRiEY sreRSeRerR b AR T R " ¢
Gd[err] and Cupawr Psehengtésmma)emecﬁmﬁgcghlyb@dnJa@atfm @@ ns
such as al bungh rROLYEY $hiA%e ¥k ildTMHP ?gglth'és ga@b‘i‘ﬁﬁﬁlﬁ i¥n GRYd0LI NG

for éxangle DTPA to_praotein.carriers inc | nappropriate biodistribution
and 35 15 t oxFUALRPLE, IRdUiAH i voalEs . aFlesegrsherss have chelated it

using diethylenetriaminepentaacetic acid (DTPA). This

agent, GADTPA, has been succeszul in enhancing magnetic

resonance images of human brain:and'renal tumors.
Despite its'satisfactory relaxivity and safety,

20 this formulation has several disadvantages. For example,
due to its low m@leéular weight,:Gd-DTRA is cleared very
rapidly from the blood stréam and tissue 1esions
(tumors) . This limits the imaging window, the number of

optimally enhanced images that can be obtained after. _

25 each injéction, and increases the agent's required dose
and its toxic effects. In addition, the biodistribution
of GA-DTPA is suboptimal for imagiﬁg body tumors and
infections due to its low molecular weight. | '

. Several approaches have been taken in attempts to

30 overcome these disadvantagesl_For example, Gd3* and Gd3*
chelates have been chemically'COnjugated'to proteins
such as albumin, polylysines and immunoglobulins.
Drawbacks of conjugating for exémple DTPA to protein
carriers inclﬁde'inappropriate biodiStribﬁtion and

35 toxicity. In addition, available p#oteins are not

'subject'to wide sYnthetié Qariation.'Additionally,
thermal sterilization of protein conjugates tends to be



gubject to wide synthetic variation. Additionally, thermal sterilization of
protein compug2é786 tends to be WO 95/ 26754 PCT/GB95/00742

RCT/ GB95/ 00742 -5- problematic, especially in the case of albumn

conj ugates. Furthernore proteins are nmetabogized by the body, providing an
| magi ng agent whose nol ecul ar wei ght '5 changes uncontrollably. This
causes bl ood pogfoﬁﬁéﬁ.au&e bkpedeaspgCihi eh&ycsﬁ el BE LTB i 2gent 1o
change conti nuou rotelns are I mMmunogeni ¢ subst ances, |ch have
several known d?%ﬂ%ﬁﬁﬁEeFor t herapeutic or diagnostic use. Solutions to

t hese recogni zed prOicﬁneiﬂore pretéiﬁgrhreoﬁetaaeliaéaebge&ﬁéabbuy n the
i maging field. There..s a_need rovide new cl as I C resonance
cont r ast enhanc?ﬁavéaéﬂgsanmﬁwﬁﬁlﬁ e38PREy gﬁ%c??iecugﬁﬁ Wﬁ S emain in

t he bl ood pool ¢bangeagunbontrpilabilly.oThisneaudes bmpodtpoo& hhl&pugfe
targeting has C e y S I ti cancer
drugs, |nasnucE€f§5ﬁﬁ anbifgCie% S?hgég gaéging Qﬁg#ﬁakx I's often
dosage I|n1t|ngCOEFﬁﬁuPﬂﬁthlHﬁoﬁaénﬁeéﬁengmuneggnb9eaubﬁtancgsar@&1C@8|ng

antibodi es to tnabe 366eehdt RACRA! aﬂsﬁsaercsUfbfgtﬁ%éﬁgeﬁe%ebﬁ}s and
saccharides to gy0|d t he randon1d§st[uct|on of t1ssue. Anti bodies

and portions or9tPERAERtS PAGr c3PINEIENBcER FBeBewFaEPgniZed BrEbLemshe;
speci fici1g. Thmré5clearnyreﬂt1ﬂpﬁfﬁ8ﬁb@sgeh§ﬁEYEy iAr ehexpRAging and pose
i mrunogeni city propkens. Furthernmore, not all cancers are susceptible to
drug therapy. Cﬁ ?aln tunors are especially susceptible to treatnment by
radi ati on, such as tHeereoishameedotetprogdde newi glassésr ofxi@Eghetic

| eukeri as and LyeBoagage ebhersed! enheReinySaSEALD! SubochUghel EERLRNt such

as adenocarci nomas of . t he head and ovarian, cervical  or
rect al adenocar%?%%ﬁﬁ%c'Féﬂgvﬁhlc remain in the blood pool for long

15 periods of time.

The importance of drug targeting has been
recognized in recent Years, especially for anticancer
drugs, inasmuch as the toxicity of these drugs to normal
cells is often dosage limiting. Drug targeting has been

20 employed in this area, using antibodies to tumor
associated antigens or using other proteins and
saccharides to avoid the random destruction of healthy
tissue. Antibodies and portions or fragments thereof
have been most widely used due to their specificity. The

25 current approaches, however, are expensive and pose
immunogenicity problems. Furthermore, not all cancers
are susceptlble to drug therapy.

Certain tumors are espec1ally susceptlble to
treatment by radiation, such as those of hematopoietic

30 origin, for example;-leukemias and lymphomas; others are
less susceptible to such treatment such as
adenocarcinomas of the head and neck, or breast,
ovarian, cervical or rectal adenocarcinomas. However,
certain of these cancers cannot be practically treated

35 by externally derived beam radiation because of the
location of the tumor and the effect of such radiation
on Surrounding healthy tissue. Hence, it is advantageous



certain of ‘these cancers cannot be practically treated 35 by externally
derived Wﬁg r.?%i ation because of the location of the tumpr_and the effect
of such 5730 on surroundi ng healthy tissue. Hence, igmﬁgnﬁﬁggﬁgageous
WD 95/ 26754 PCT/ GB95/ 00742 -6- to
deliver a source of radiation such as a’r&dioactive | sotope to the tunor,

whi | st n1n|nlz|n§ ﬁg e to surroundin healthg hssues whi.ch i

conventional FPeSEMNEInfly SPRECENO hEa§&F518P HERHBENR Fﬁd%BGFﬁlﬂg 5
advant ageous tisocdepeved the apmoeprwhtidstadiatmdnidgsdgmadereotly to the
tumor with si r e oundi | her eby

I ncreasi ng thgﬂkkeﬁggéh |égégfﬁg ?}EQuEQ WﬁEE# ggngggv%géiﬁgaﬁunnr di vi ded
by damage to theanmentsmayuﬂnee1neahehpathsgﬁe;helbeam It wpnldubeary, it

woul d begdesi 5a%ﬁch§e8h§p%edé1 %r tﬁle Iagg !héeofﬁaiﬁﬂohhao‘%QPBOW ng

dlsadvantages residence tine ck of
specificity f@#rﬁﬁFQHtée ¥h§sEB§°r4ylFﬁnﬁhS§éﬁFEPF§ Yaﬁ65§)hﬁﬁ@oﬁprolled 15

met abol i sm of thbesaeh.—waalngse\iesaé gheespysihaeyeabéng ghde to provide such -
a pol yner 246 d| ﬁloge | ow nol ecul ar

(o
wei ght paranagﬂEFFBeBﬁéFafgglﬁségﬁﬁ FBFlﬁwﬁ% aﬁ ﬁa RQvi H®Formul a: 20
[err] 25 mheréun1&bd|bdeamng (50 bhecnpsz senpipive heg&thyetahangé
d d kyl th 1..
o) o8gen ot o 1o gRHREYL iyl Y] vRTdeB1 688187 BOptEBR BRIV ) W [
No. 5,137, 711mé§§€#35e§hﬁ§wmﬁﬂﬂ§cQﬂﬁrcﬂﬁﬁgﬁbecgﬁﬁFEWé§gof par amagnetic ions

Wi th deri vatlaggaairaQIaéegr EPTRokgRrieysnesdshvrthB1beampbal ©
035 ‘residence t %Lt 3) lack of specificity for targeted '
 tissues, 4) immunogenicity,'andﬁS) uncontrolled
15 metabolism of the polymer Several attempts have been
made to prov1de such a polymer. .
Felder et al in U.S. Patent No. 4,916, 246 disclose
- low molecular weight paramagnetic chelates useful for
NMR imaging having the formula:
20 o . _ -
' R =— O ——(CHy;s—— CH~— CO0Z | ©<)

N MeS

R! Rz R EM)

25 _
wherein Me is Fe, Mn, Dy or G4, Zis H or a negative
charge, R; and R, are substituted alkyl and R can be
poly(oxy-alkyl) with 1 to 50 oxygen atoms and from 3 to
150 carbon atoms. o ' S

30 ' U.S. Patent No. 5,137,711 describes low molecular
weight complexes of paramagnetic ions with derivatives
of DTPA or EDTA represented by the formula:

0 | .ﬁ
I
35 R—C— CH, y G —C—R
o N N—a—n M
I _ & \ [ |
R—C—Cﬂz CHI_C—R
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wherein Awesipd7sgt ed fromthe group consisting of - CH2CH2- pepok@i7az and
Merr] is a‘paramagnetic ion of an elenment with an 10. at om ¢ nunber of
21-29, 42-44 or 58-70, and a-val ence, Z, -of7 +2 or +3; the Rerr] and R
groups may be the same or different and are selected fromthe group

consi sting of whergia Peﬂﬁ]SEQQEIEG faram ihe Rizoup) ¢ensisting of
(CH[err]CH[errL@ﬁLgﬁgJ -dA®rr], nis 1-10 and Rerr] is H alkyl haV|ng lto
8 carbon atons (i.e. Cerr]) or aryl, unsubstituted or substituted with
hydroxy, and R err] is H Rerr], C[err]-alkyl, h@dr oxy, ([ err]-al koxy,
Cerr]-cycloalkyl or an aryl group which is optioRally substituted wth
hydr oxy, 25 carboxy, halide, C[err]-al koxy(giI @t%rr] al kyl ,.- wherein 2 of
t he R[err% groups are -O and the renai nder o] the Rl.err] groups are groups
[err] International Patent Publication No. WO 91-18630 35 di scl oses
substances for.treating or diagnosi mg-tGHoEE,NGHyCHg at | east one al i phatic
am no group, or at |east one phenollc hydr oxyl and/or amino group and at

| east WD 95/ 26754 PCT/ GB95/ 00742

-ﬁ one ali pha?na M’F’rrt?sgiiop@raﬁéd;?éuﬂét ibﬂt ed aht B1paknet mltchnazgl chol

chai ns, ose ree o a e_termna

hydr oxyl *gr oup g‘gmllﬁ:e Bﬂ%‘eﬁy:%r széb% u"t%ddb geé) fog'al %sY% enge,
Herz, et al. i&,Uoc$. +Raoent+3No.the 889aﬁ67Rdgrohpsemhyv\beoltheuIsame/\mrght

et hyl enedi am ng;letranteti aid ANNHdde A | Ml | faSupSEbb 861 febet i N0

agents
-0- and

iy | ._ | _ /,

20  wherein R? is . (CH,CH,0).-R%, n is 1-10 and R® is H, alkyl
having 1 to 8 carbon atoms (i.e. C,.s) or aryl,
unsubstituted or substituted with hydroxy, and R3? is H,
R?, C,.g-alkyl, hydroxy, C,.¢-alkoxy, C,.,p,-cycloalkyl or an
aryl group which is optionally substituted with hydroxy,

25 carboxy, halide, C,_g-alkoxy or C,_g-alkyl, wherein 2 of
the R! groups are -O- and the remainder of the R! groups
are groups ' '

30 ' . N

International Patent Publication No. WO 91-18630
35  discloses substances for treating or diagnosing tumors,
having at least one aliphatic amino group, or at least
one phenolic hydroxyl and/or amino group and at least



It has now been found that certain netallizable segnented pol ymers when
~associated wth netal ions 10 provi de hi gher nol ecul ar wei ght chel ates
of surpr™AMWESMi | ity as bl ood pool contrast agents for dPSIHRISOBTRmagi ng .
and/ or as cytotoxic agents. Thus vi ewed fgram one aspect, the present

i nvention provides a segnented pol yner having a nol ecul ar wei ght 15 of

at ‘| ?asf_atk)ogné1aiqg>r£§ﬁﬂ(§:' ‘ith @rc%lﬂﬂStalqnl%l{Hg%ﬁM@f% WELPX] dyl Ene) Al
noi ety |inke ia an _am de |inkade to a chel ating agent_residue. Especially
preferred s_e@ﬁé‘ﬂ?&%‘yﬂﬁwcéc TP+ FRIRE [ GRERAS FF are those wherein

sai d chel ati poplygedtizition,r esi dige 5 rcovetsd | attesd, cgymeia b hpdyotyl a

par amagneti c j e . Wit [ i peci PartJ cul arly
preferred se?%‘ﬁ@eg%g§ﬂfn%%l§¥:mclo$ﬁ%$§ Lée(a ib%ecrg’rfP’or?‘(aj'}rye:L %?E)"J'seér'of
Formul a5l : 25 Herz, et al. in U.S. Patqmdr No 33, 8594t adliscloss a
chel ating agqply me@ﬁaﬁwe%@r@%?{g&ng&daﬁhﬂé@ﬂ%é&%%@ moi ety

havi ng. a carbon term nus at - represents an am de |1 nkage; 35

a
E[err] is on@ndydride damir@tises asefWaas shelatins agenssy is an
ipgtT /e%gg 5; (r) 8;”4%’ Sxatnqh_a& now Wé&ﬁlﬂﬁiﬁflf tlnat certain Itetail_.lizable
-9- n - an_integer froml,. 2. a - WJ S, zero or an

I nt eger _fromsf,gmfng,eg i’ﬁ: ygteq\ﬁ ﬁn iasss d@ﬁﬁeﬁ,wﬁ}g‘/i“}?gt%\i c’rﬁﬂ%e of +a; a
i s an LAt egeprowvdsdel highey awmletular weight Chelates mEe@urgrisidg 2 and -
3, with the pkavis ggﬁﬁ n j Of, ' : S&y be the same
or different BE \ii:g:?’t tﬁ%a?)c}ta arggoéir% f&%"f‘??&’%ﬁ%ﬁ‘]’} esl déu)e and is
an integer fABREGNG apgt/om as qytofaxiq @gemts: [err](a.r)= 0; and

Thus viewed from one aspect, the present invention ‘

provides a segmented polymer having a molecular weight
15 of at least about 4,500 comprising at least one
poly (alkylene oxidylene) moiety linked via an amide
linkage to a chela;ing agent residue.
Especially preferred segmented polymers according
to the invention are those wherein said chelating agent
20 residue in metallated, preferably with a paramagnetic
metal specieé or with a radionuclide species.
Particularly preferred segmented polymers according
to the invention are those of Formula I:

@"- IAQ)-R}

]

- )

30 (wherein: .
'Z is a chelating agent residue;
Q is a divalent poly(alkylene oxidylene) moiety having a
carbon terminus at R and at L; '
'L'represents'an amide linkage; _

35 E® is one or more counterions each having a charge of
b;
b is an integer from 1, 2 and 3;



R is a capping noiety selected fromthe group consisting of hydrogen,
hydroxyl , epese§?sal kyl, Clerr]-aryl, Clerr] alkanoyl oxyl and®ciieBospenzkoxy,
ar Ris an inmunoreactive group or cytotoxic drug |inked to group Q by a
chem cal 15 bond or a linking group). The segnented pol yners of the

i nvention have a variety of end uses. In particular they may be used as

di agnosti c agentssj £Gn I é;torglrﬁtl e@a@lé}gi agents in diagnostic
i magi ng techni ques such as ¥ X-ray and 20 . sci nti graphy, as

t her apeutic ageit &5 thﬁroe%ﬁrb inFedar FIRR doy o3 ot AP i very, or as
targetting agenmdtalf ds exagion, nh@m@fgoa hRirgd @ NG ;procedures or in

fl uorescence i magl n The chel re y, be netallated wth netal
speci es useful d‘ (%{ ld%q%’eroag%‘g s%"(erapaé‘{? 4l | y, such as

par amagnet B¢ or Ir déi dacii \an nigttEgemfron e, tarayet t3 ngreh i vike ypryeism

effected by thet?,%%m?:@%%ld v&erY'Eerlss cff‘es | VG Ipp@al %a‘H xgeOLEh?é rﬁé’ or

especi al |y usefu ivery -of specri es” usef ul | agnos
i magi ng of body%&?@r{ﬁr: tissues 30 or as cytotoxic agents.

Accordingly, vieweg fHeMtbddy tdifirgs RafttHd ecHE RSt | Ayt | B8s PARY | 484 a
pharmaceutical composition conpri si nq_ﬁa}t segnent ed pol'yner according to the

invention toget A& 3R AREHITFHO M Yhyd ol ogi cal Iy 35 accept abl e
carrier odOexci d ent (b\w)eoval (a ite= Segreamd ed pol yners according to the

i nvention as welyl . I
IDC\'I/'/ GB|95/ 00?42 hf%sé) %@n%@é@?&ﬁ; Q/(E'I.L'agr('gér){éar cu%ﬁﬁ%‘g) ?gﬂéﬁgélng
chel ation therapf fydnegen, guiduonly, Qasne%llﬁsrl'y %Wrmlalcpgr soni ng and

i n-detecting sughy 1RAGA e dhe 4 @Q 8k 9
remain in the vascul a system5 tor v % a:P%ng perloo % S,e

Certain segnment SFHH ;ﬂﬁarcé"’l%%“tq Sang slp"ééﬁ d}q VTR Qt*ék‘m%ﬂ%‘%%?@ér

specificitg. |ntesd dhea mEmcHprgrsimht of the segnented pol yners may be
tailored to produce P .

géeengtmented polymers of the invention have a
variety of end uses. 1In particular they may be used as
diagnostic agents, eg. image contrast enhancing agents
in diagnostic imaging techniques such as MRI, X-ray and

20 scintigraphy, as therapeutic agents, for example in
radiotherapy or drug delivery, or as targettihg agents,
for example in cytotoxic or imaging procedures or in
fluorescence imaging. The chelating residues may'be
metallated with metal species useful diagnostically or

25 therapeutically, such as paramagnetic or radioactive
metal ions. The targetting delivery system effected by
the segmented polymers of the invention is of course
also especially useful for delivery of metal species
useful in diagnostic imaging of body organs or tissues

30 or as cytotoxic agents. '

Accordingly, viewed from a further aspect the .
presént invention provides a pharmaceutical composition
comprising a segmented polymer according to the
invention together with at least one physiologically

35 acceptable carrier'or'excipient.

: Moreover, the segmented polymers according to the
invention as well as beihg'particularly useful as image



of a desired overall nolecular weight, size, blood pool 10 resi dence
time and tissue specificity. Furthernore, the segnented pol yners according
to the | WOAS26TH nay be useful in detection of flows and PeTIGBISMOMRL eri al s
that contain liquids, and in apparatus used with Iiquids for heating,
cooling, lubrication and the like. 15 - 10 - The segnented polyners of the
i nvention may be prepared by a particularly elegant and sinple reaction of
a poly(al kyl ey di8) adddtss 1Rl Hdr G RA¥OgERAUNIPIcHdRi©edn Thus

viewed froma different aspect the i nvention 2Q rovi des a ocess for
the prepar at i GHR%APY &y, %%Wg's£§?%1@éé§£- |'%§§‘£{react| ng a

pol y(al kyl enepam&a)ngmaxtu a.rciﬁétfﬁduig:gim drorw,ecamarawermfad@ed used

egnent - omEAGARR T AR s b PR, ip AR WRSHRA A O
regi ons Sor " sSEynerenarkatly clm}g ipgamigpds @@pﬁ@@&)r lﬂﬁ%qﬁgéd groneEnted| ene

oxi dyl ene) gy RERAS Dty R0Y. g." thitfcurt G2 Popeeed 30
aggregate omm:}%ﬁ‘er prefer nltt@re terlgal subst ance or organi sm

éﬁ y th
especi al | y arfRafifici Iﬁ"f@ﬁ%jﬂakﬂl'ﬁfa AR1ecuIAr. stedghta P di®ct. As used
herein "cyt Otségnfezmltpol}miﬁ§ sy JY dQtretd o tprdddde el lagentocl udi ng

Chelate of & T ARFATHD CIRE Tl SO M Rl A, RSB Bpeut |
agent s 1uch ases:gde_ncmmtm.mb \egEl dridssue \e@aﬁxﬁ&m Furthermore, the

1t o6 or ool ROSHRS AN B i i Barbe N oL

cyt ot oxi ¢ agareful dnrgdefieqtspm e dlaws am Haaks dfeimateriakethats| due‘
S- Th%c&?&&ﬁ.&ﬂtﬂ#@ﬁg rr%rndaclqpraiip%&atﬂhst hfsdd WEgH %cﬁ.ﬁ.{déﬂaﬂ@r an
i magi ng i on assocj at ed er ew t

eating, cooling, lubrf@atlon and the like. .
15 The segmented polymers of the invention may be
preparéd by a particularly elegant and'simple reaction
of a poly(alkylené'oxide) with a chelating agent or
precursor thereof.
Thus viewed from a dlfferent aspect the invention
20 'prov1des a process for the preparation of a segmented
polymer, said process comprising reaéting a
polY(alkylene oxide)_with a chelating agent or precursor '

thereof. _ :
As used herein _"_segmented" polymer means a polymer
25 having one component or "segment" comprising a chelating

agent residue Z and from one to four regions or
“segmgnts“ each comprising a capped or uncapped
poly (alkylene oxidyiene) moiety.
As used herein the term "body" refers to a bounded
30 aggregate of matter,_preferably the entlre material
- substance or organism, especially an animal, most
preferably an animal or human subject. '_
As used herein "cytotoxlc agent" refers to any
agent able to kill cells, including a radionuclide,
35 whose emissions lead to cell death including a chelate
of a radionuclide that emits cytotoxic radiation,
chemotherapéutic_agents such as cytotoxid drugs and



"imaging ion", it is meant any netal ion useful for enhancing contrast for
exanpl e duvcbmgzmy ay, radioscintigraphic, fluorescence or nEQIEBYSI00742
resonance 10 - " imaging. The . nmaging agent may conveniently be ionically
.associated with the chelating agent residug; Different types of metal ions
may be enpl oyed |n the sarre pol ymer so as to be useful for different types

of i maging S'”% Yntliidlot %Twm't%xlugegxg% faglidd &RffHn 15,

el enents, or eren |sooeso t'he sane t) or the sanme_ion (e.qg.

i ons of the samléllét@ﬁ ot et Whéﬁl'bﬂ@?dﬁ thesddmdadtdhentd) HRrHeeT ed by
di fferent methegddodimented i @iytotiodid gt tis el o 0 20

hexacyclyl aryl, havin f'rom. 6 2 arboxy at oms and be additi onal |y
substituted wi ﬂ?s&?é'a(’i% té’ﬁ %I?CF)?;P ‘?ﬂé/'al kyl. groups.
Such aryl sgroups, wTe lﬁgﬁhentdm@ngm}ezeraanmmglg:a d:hehelmvmwionn are

useful for qu &ﬂ%qu%e qlet%=l %né assc%cn. ésﬂiftﬁ{ habé&ye

represents a po éhe “OX avli ng. a carbon term nus at L
and a carbon t drimagiamtior"s nd-tcdrﬁmntgamam@ﬂ@nel%kl%ﬁemtgoraenpl ary
pol y(al kyl ene ol y(et hyl ene

oxi des), and/or g% rﬂ?ol prop ene om%@g and/or %éu%l ene OX|des)
eﬂé‘ #rdi'%ﬂ

and the |ike.
pol y( et hylgene qma@d@e)rﬁa)u@aagem Rifant mdyy(wmmﬁmmlbbl boricéPEY)

and random and bI ock co of PE PP PE ni rs are
35 particul &3 %‘iregf qsa %ﬁrét for %se%%n%L%oI ymer
to be sol ubl e itypest ef wdtals. iaimsn mntmmmyed]atntm peAme Zpaiyver
oxi-dyl ene) noi estcyiaés o, o v A LY fo diff ren yt(y'agr yIOf imag

PCT/ GB95/ 00742 - can conprise ycero ene_oxl de? triethers,
pol ygl yci dol s, Simwddianaquiy antFm aﬁ’ia‘&kﬁ)-l Vg siens pkydihkessnties with

conpati bhg Corr@rl@mrﬂ;sswar aE fFE e NV SHheE NEE Cth &t Fathe N1 iiedE) | oer
the same ion (e.g. ions of the same element or isotopes
of the same elements) may be imaged by different
methods. _ _
As used herein aryl refers to monocyclyl to

20  hexacyclyl aryl, having from 6 to 24 carboxy atoms and
may be additionally substituted with one or more C,_4-
alkoxy, and/or C14-alkyl'groups Such aryl groups, when
used in the polymer accordlng to the invention are

_ useful for fluorescence detection. _

25 In formula I above, Q represents a poly(alleene
oxidylene) moiety having a carbon terminus at L and a
carbon terminus at R and containing m alkylene oxide
units. Exemplary poly(alkylene oxidylene) moieties
comprise, for example, poly(ethylene oxides), and/or

30 poly (propylene oxides) and/or poly(butylene oxides) and
the like. Preferred poly(alkylene oxidylene) moieties
include poly(ethylene oxidylene) moieties (PEO),
poly (propylene oxidylene) (PPO) and random and block
copolymers of PEO and PPO. PEO containing polymers are

35 particularly preferred when it is desirable for the
segmented polymer to be soluble in water. It is also
cdntemplated that the poly(alkylene oxidylene) moiety



5 pol y(oxazol i ne-co- al kyl eneoxi de) and grafted bl ock copol yners such as
pol y(ret hyl vinyl ether-co-ethylene oxide. For magnetic resonance i nagi ng
appl i cat iWA8526384nment ed pol yners according to the inventi MCHERISN0AM2 y 10
have an average nol ecul ar wei ght greater than about 4,500, nore preferably
about 4,500 to about 40,000. These pol yaeng can be derived from

pol y(al kyl ene oxi dyl ene) noieties which are coomercially available in the

cor r espondi ng @ézcomhpfmm fefbDpo (mﬂ.érfe oxifEOat KidrigdhEf

prepared by { SO AL e Ormssrmreaf”atmfsa?‘%t“e e

of al kyl ene omhqr.‘serlwmx:sdem v@tr.iepmm;mnqm're ]c)omondtirermmm ad L-QR
segnents exte cul wei ght of each
al kyl ene oxi d(ret%{}gtnlwirml e)f?& gg)c? hé{ﬂ%hsl reamz'u&* cuI%’!r: wei ght of the

pol yner; %) tmokbb(@melmew@namyrew@e)a@mblgr@fsteq &dXgckif nis

t th { Ide
difrerent. E éﬁ%ﬁﬁ’s;,% T e L VT L %) + (M

of al kylene o ubunlt x m] + (r x atomc melght .of chelated netal (s))
+ MV of chel ating rest dusgnetind ecsdatants gitiadging appgdiedtidies pol ymer.. Thus

S Bt et et A8 o Mo ISR MG Sl RONIE G 880
pol y(et FbA ene haalan averige mpreubiar daighthgreatex (than -about

CH err]CH err rr. y { r resent
gn E1)e t]hen[the‘i uzpjo@ r?ltc?}n'% fﬁ%é%#]%lr% a'iﬁnlr% 4eﬁqaod@r?g l'ecu 1fla%'?ve‘f‘_og t of 40,000

WO 95/ 26754 polymers can be derlved from polyfgigien®742 - 13- vmll‘.
be obt ai ned widstidyleauimeidtidd whitH eatd Etfon\tﬁﬂ:hlal@fy awdiidisiglephred in

the same typeéﬁe‘%%f&espéndzﬁg JlﬂhﬂBfMéan§e Closfof()or as a

15 monoalkyl ether alcohol, or monoalkyl ether monoamine

| form, or alternatiVely they_can be prepared by
techniques well known to those skilled in the art. The
number of alkylene oxide subunits in Q depends upon 1)
n, the number of L-Q-R segments extendzng from Z; 2)

20 upon the "molecular" weight of each alkylene oxlde
subunlt molety, 3) the desired molecular weight of the
polymer; 4) the molecular weight of R and Z, as ‘well as’

" Mf‘a¥) | If n is greater than 1, each poly(alkylene oxide)
moiety may be the same or dlfferent Expressed

25 mathematlcally this is: n x [(MW of L & R) + (MW of

 alkylene oxide subunit x m)] + (r x atomic weight of
chelated metal(s)) + MW of chelatlng reszdue + molecular
weight of Z = MW of the polymer Thus m is a functlon of
n for a given molecular welght of the polymer. A

30 partlcularly preferred class of poly(alkylene oxide)
moieties derived from poly(ethylene oxides) can be
represented by the .structure:

- (CH,CH,0) CH,CH, -
35 | - | _
If four PEO chains are preseut (n=4) then the upper
' limit of the most preferred molecular weight of 40,000



These pol y(al kyl ene oxide) noieties and their 5 reactive derivatives,
useful inwoepa7meg the segnented pol yner of the invention, Perﬂnmammmzln
the art. For exanple, bis(methyl anino) polyethylene egcoI and its use as
an internmediate is known-in the art, for _exanple; Mitter, Tetrahedron
Letters, 31, 2839-2842 (1978) 10 descri bes a procedure to convert the
term nal hydrOWilﬂrQé'pébE’él ?&y&f&gyﬁﬁn&n@ﬁdgotOxfeachbiecawa&”ﬁry am no

groups as wel | preparation of a nu reagent s bound
pol y( et hyl ene d&?%ﬁ»taﬂf s00Ppisjdegired in QhePﬁﬁyﬁeFYPScP§n891Y?Er

341-352 (1984) ¢pesey i BRerd Sm legerUQ15§§%de6|ggtlves i ncluding for
exanpl e; am no poly(eth | ene. oxi . Rol y(al kyl. ene_oxi derivatives
are prepared by knowh® %n?g}Y gkgeﬁﬂﬁp?ﬁégﬁi.éﬂ% igPed é gﬁ%&éﬂ
previouslys As rsameiﬁek@emmvaalvéslauseguhnincprepaSLagzche segnpmummﬂ

containing el echiARIONgs haRablAL;GRN COUDIREAY1608Rd gke Bpading wiih

a cation to for coor on CO ex or hi's ¢ ass conpounds
i s described i rexampker kbG hmethzhcgm@pbdpalﬁetuméﬁneaglyeeﬂnemslgytts\/o|

5, 339-368. By 2@l 2¢Yani fnt8PmeédiateSLHMRALAH PA! ¥AB' adECOFdn@xamping

I nvention the chelating agent residue i's typicall helatlng lely whi ch
Is a radical or %.ﬁﬁ?tl epl thaﬁ3§ %ﬂﬁ@cdpé @Sna conpound
Ln I3t0 sel fldo The %@t&ﬂﬂses ngoppecetipe tbecehebati npeagerinadi tyerooytld t hus

e escribed as a.che nmer

epresent s a ceraipnoosoaRt | eBiuRend TResarl Eb! HEhKEEvE %3%‘%#@3%
derived and/ or gebdensecasfweblnasethesprkpanationapfi al sumber ddfior atons.
These moi eties fagalf8ehihadydd 81#(&91%1&8% K308) Canl ol eaRhal o

t aphos

such as sodlun1tr| yphosphat € "a exa p oric acl | i near
branched or cyc®les af-nrBoiVBEXyl.£6i68C8s 2 9@%9§ﬁ§613§84) describe

PCT/GB95/§@742 vazflous SHAG éérﬁbﬁﬁieéﬁdhﬁﬁlﬁdiﬁbrQé&ebk&myméj aliro
poly(ethylene oxide). Other poly(alkylene oxide)

derivatives are prepared by known chemistries, examples
of which are described previously.

As is well known, a chelating molecule is a

20 compound containing electron donor atoms that can
combine by coordinate bonding with a cation to form a
coordination complex or chelate. This class of compounds
is described in the Kirk-Othmer Encyclopedia of Chemical
Technology, Vol. 5, 339-368. By analogy, in the '

25 segmented polymer according to the invention the
chelating agent residue is typically a chelating moiety
which is a radical or a multivalent radical, rather than
a molecule or a compound in itself. The polymer |
incorporating the chelating agent residue could thus be
30 described as a chelating polymer.

In structure 1 above, Z represents a chelatlng
agent residue. The chelating agent residue can be '
derived and/or selected from moieties which contain

_ electron donor atoms. These moieties can.bé selected

35 from, for example; polyphosphates, such as sodium
trlpolyphosphate and hexametaphosphoric acid;

linear, branched or cyclic amlnocarboxyllc ac1ds,



hydroxyethyl)ethylenedianinetriacetic acid, nitrilotriacetic acid,

N, N-di ( 25 et hyl ) gl yci ne, ethyleneb|s(hydroxyphenylg cine) and

- di et hyl ene r| ne 5 pent aacetic acid and the N- carbox e FRAA0 T
macrocycl i c pol yazacycl oal kanes such as DOTA and DOBA and the
phosphonoiet hyl at ed anal ogues; 1, 3-di ket drfes, such as acetyl acet one,
trifluoroacetyl acetone, and thlenoyltrlfluoroacetone 10 and

hydr oxycar boxguth agi eshyiepadisminetarraagerdc agile Mdkd, citric acid,

gl uconi ¢ aci dy, %aegxgeﬁﬁyhieea&&gxéasaﬁshecrml:xe&nsamsuch as

et hyl enedi am n enetriamne, trie ¥ enetetran n

trlan1notr|etH?FﬁﬁiﬁérlésetlcaﬁFhGalgoNoﬁé( sHXﬂr8§YFFP¥3m8i¥F&HFne and

SP (2 2- dhy dr 0>éyet:hylénebmsI(nyadbﬁgﬂpnanyagmya&na) hghdr atgehiytehetediamimeh as
Ip riay

phenant h oI|nBéngsacegbhgh%?§0L§§cﬁhgsﬁgé%?§9%¥W8gH§ggtéd %acrocycllc

di sul f opyr ocapetyiazacgaioabkanesr spch aelﬂpTAnandpﬁﬁaalsndsuhn as
8- hydfoxyqu'“ghbBﬁgaﬂggaéh9§§€é&09h516§hds oxi mes, such as ‘di et hyl gl yoxi ne

and salicyl al des coftal hin rOX|naI chel ati ng
functlonal|tylsécﬂ1§§t983§€y§ﬂéhnés BeRyHiLace Pﬁéc pol yaspartic acid,

pol %/gl ut ami ]g: eﬁidluei-oaeéeymabeeaﬁeqf aﬁacEnaahaylaem;uoeaa&ewn\eqm no acid
con alnlng ro

. o Schiff
bases, $fch a@nﬁ E&BFB§V&PH§H§M§3§O§%§SF2p§ﬂsheaﬁ.ﬁ?ﬁggréstﬁsﬁﬁrrg|Es such
as tetraphenyhpoiphanldndcmbrhelacydnlgéucsnhbuacmdnpandds- such -as

t ol uenedi.thio dlnercaptOSUCC|n|c aci d,
d|nercaptopro%%%gﬁgg}%cél}é FIC aci d, potassi um et hyl xanthate sodi um ‘

di et hyl di t hi cp@ipamines, dBt-lﬁl‘lz ascethydenpdiaming, gdiethylenetriamine,
PCT/G595/0074@r1ethylenetetram1ne, and triaminotriethylamine;

15 aminoalcohols, such as triethanolamine and N-(2-
hydroxyethyl)-ethylenediamihe;
aromatic heterocyclic bases, such as 2,2'-dipyridyl,
2,2'-diimidazole, dipicoline amine and 1,10-
phenanthroline; '

20 phenols, such as salicylaldehyde, disulfopyrocatechol,
and chromotropic acid; | |
aminophenols, such as 8- hydroxyqulnollne and
oxinesulfonic acid; '
oximes, such as dimethylglyoxime and salicylaldoxime;

25 peptides containing proximal chelating functionality
.such.as polycystéine, polyhistidine, polyaspartic acid,
polyglutamic acid, or combinations of such amino acids,
each polyamino acid containing from 2 to about 20 amino
acids in the polymer; | |

30 Schiff bases, such as dlsallcylaldehyde 1,2-
propylenedllmlne,
tetrapyrroles, such aS'tetraphenylporphin and
phthalocyanine; . _

- sulfur compounds, such as toluenedithiol, meso-2,3-

35 - dimercaptosuccinic acid, dimercaptopropanol, '
-thioglycdlic acid, pdtassium ethyl xanthate, sodium
diethyldithiocarbamate, dithizone, diethyl



- 15 - dithi ophosphoric acid and thiourea; synthetic macrocylic conpounds,
such as’ dweeesmefsu8] crown-6, (CHerr])[err]-[ 14] -4, 11- di ene-PfREBYS/00242d
(;2.2.2)-cryptate; and 5 phosphoni ¢ aci ds, such as

nitrilotrinethyl enephosphoni.c: aci d, 15
ethylenedlan1netetra(nethylenephosphonlc aC|d) and

hydr oxyet hyl i d 1.R .G aci I ns of two or nore of the
above agents. aqz"?&quﬁoa%‘eqrétl gcqgg%rﬂd:re5|agﬂtes£cont ain one or 10 nor e
car boxylic aci d:ymtmmm@y@rmp@wndﬂbl Bhckelasent s present in:
ethyl enedi-am nersilerldo M 8 Nrowrfild, a3Ga ?5411 ILE@IA)h.eHe N,, NangN'. N'-

di et hyl enet ri am nepent aacetic aci'd
t et raazacycl odddedarfe-1¢I¥YPIRLEN" 'an et raacet i c aC| d 15 ( DOTA) ;

1,4,7-10- tsegr GW&%Qﬂ%Cﬁd s N MNicH\N'ad rnﬁﬂﬁldtﬁnnétlﬁMéphosphonlc
1oxa471 trlazcyc odecane-N N N tlcaC|

trans(1,2) cycl qﬁﬂ%‘?’r%ﬁﬁ%ap@ﬁ ?‘?%P’A%?%‘{”i‘b%&?*dbo [err]
WO 95/ 26754 and hydroxyethyl1dened1phosphon1c acid, or cmrrimgsbnemz -
16 - [err]

PeT) Ghos) 0742 OF FHE e Hor: S5 TR A ounds, including their
preparation and cherﬁnﬁaﬁemﬂ maammr@m|rwm$ nCPREaZRt ONEoPr
exanpl e, 1tohe a% @%ﬁﬁmw%mr&@a Bl P&;péeaﬁamemualely

avai |l abl e. s for arin d rlbed in
U.S. Patent 4, @%@“‘)ef‘its AIRS %l’t’ébl%r&é%ﬁ# T.Pgrr ]gre Nih vvn in the
“art, and are dmrdméﬁm B PIEDTA) ; N, N, N' N" N"-

) diethylenetriaminepentaacetic acid (DTPA); 1,4,7,10-

'3

tetraazacyclododecane-N,N', N", N"'-tetraacetic acid
15 (DOTA) ; 1,4,7-10-tetraazacyclododecane-N,N', N"-triacetic
" acid (DO3A); 1-oxa-4,7,10-triazacyclododecane-N,N',N"-
triacetic acid (OTTA);
trans (1, 2) cyclohexanod:.ethylenetrlamlne pentaacet::.c acid
(CDTPA) ;
20

AYA
(Y ()

. CO,H CO,H . CO,H CO,H
(B4A) ;.



PCT/ US91/ 08253. If .Z is a chelating agent residue made of nultiple 10 _
chelatinay & 7%§s or subunits, each of the subunits can be |inked together
by a lin ﬂgg‘{ p. Thus, nore than one chel ating noiety BTGBV ¢ o
make up the chel ating agent residue. |f. npg e~ t han one chelating noiety is
present in the chel ating agent residue, these 15 = my be the sane or
different. Chelating noieties can be |inked together using known
chem stries and materials:. Thus the chel ating agent residue can be one
noiety or a "core" of chelating noieties. For exanple, a core of DTPA
residues may be prepared by reacting DIPA 20 di anhydride with a di am ne,
such as ethylene diamne, to forma ¢ " of DTPA chel ators. The '
anhydrides react with the amne to fjprm am de bonds. Two DTPA npi eties
l'inked by one ethyl ene di-am ne and TPA noi et:i es |inked by 2 ethyl ene
di ami nes are exanpl es of preferred{25 "tores" containing nultiple DIPA
resi dues, others are contenpl at ed. NCIher | ati ng agent residues, nmade up

no

L

of nultiple chel ating noieties ar in the art ‘and are prepared
by known chem stries. The segnent %qi‘ghy gording to the invention 30
can be capped at the termni mnth r OUj s represented by Rin fornula I
linked to the termni of the poly(alkyl%HQvOX|de) al kyl ene groups by a
chem cal bond or a linking group. These can be independently selected from -
hydrogen, hydroxy, Cerr]-alkyl, aryl asoMereinbefore 35 defi ned,
carboxy, ([err]-al kanoyl oxy, and Cerr]-hl koxy. In preferred enbodlnents,
t he pol yner can be capped by reagents #¢ produce acyl derivatives, for
exanpl e, by WO 95/ 26754
- PCT/ GB95/ 00742 - 18 - nnnoanhydrldes ey
anhydride and iodoacetic acid anhydride
carbonyl oxy internedi ate that can be f
such as a protein.or 5 CytOtOXIC agent . ‘
' N

q

" acetic anhydride or succinic
ich fornms an i odonet hyl
r reacted with an R precursor

1 ]

HOOC  COOHCOOH COOH

(TMT):

Sfe

0,H

(O

HOOC COOH COOH COOH

(DCDTPA) ; and

/N
/ \__/ \
=N N=
N
(PheMT) .

N



Rin fornula | can also be a cytotoxic drug, for exanple, a cytotoxic drug

useful in wheshéAgt ment of cancer. The cytotoxic drug will kperrgHoseé/ag Wi th
reference to factors such as, for exanple, the type of 10 cancer tunor

and the efficacy of a certain chenntherapy ent for treating the cancer
tunor involved. The chenDtherapy agent nay]be sel ected from al kyl ati ng

agents, antinetaboli roducts ful .as ¢ gb
hor nrones and antagon% E Sﬁﬂi ?ﬁg % E £ §§3u8P8¢y&§F§§%§n§b h%g'nds
Exanpl es of aIkprapangtaganasdlnbbmdeaﬂhmannpudgeuonustar@sl@ kaowrhe.n

2- chl oroet hyl anias) rgUCHA3S ax @Pl@xaﬁ'ﬂheacia' ahanshhgaﬁutdgh'%ﬂ?% .

nmel phal an, uranusti ne, nmannonus extranusti ne

mechl or - t ham noRPEA, a8gcPEBRo3BRaFPRBEICA3dAN a¥as ébﬁﬁlfBEFQFﬁ&efor
al kyl ati ngsagenpgeparifig B4AYbSRAt Hhad TR ah:él QesgrIvRAaS li@'xh Uasa fEftent

exanple, tretamn tepa, triazi n1to cin; agent s
of the al kyl su?fgﬁ%tg%?ypegtgﬁfhsgégaggP & ﬁﬁF&n groupﬁh éﬁl%ﬂl%.
hepsul fam and pheoantf{ aandahkgl desegibed Epr- eMambleodaur ea derlvatlves
such as, for ex?8@2§8?%2555§5|ne | onusti ne, senustine or streptozotocine;

aIkyIatlng agent S obroni tol e, dacarbazine and procarbazi ne type;
and pl ati num conpl ex&§ Busk aschedatiog agersnpesidyes piagie 9fampltiple

carbopl ati§ andcpEhgt $ngFhedBLEEsObraBLUbLIRLRRO! eheh 0FChiES ufdhurfi t3€ichn

derivatives such as, for exanple, nethotrexate, am nopterin and

3' - di chl or onet HBEr biBked Epee GFnPYdér#9§5F9659§GHE adhusy, mareyhihan
5-fluorouracil,oné chelheing flbiecyt eaaf bre, uegtiatabimake ugoXMe o ne, and

oot el PUEbREafShi BhhE piHEEY xEoposdr Th, I AR
PCT/ GB96/ 00742 moiéty isdprebent, 1peﬂhesbhenaandgpagem¢cmmswdmanluhese
Exanpl es :f» Patﬁagucﬁreﬂacrsamusskuaﬁ%e%h@ O¥h©1399%S d1Ttids 'n @l e

vi nca al kal oi ds
linked together using known chemistries and materials.

Thus the chelating agent residue can be one moiety or a
"core" of chelating moieties. For example, a core of
DTPA residues may be prepared by reacting DTPA
20 = dianhydride with a diamine, such as ethylene diamine, to
form a "core" of DTPA chelators. The anhydrides react.
with the amine to form amide bonds. Two DTPA moieties
"linked by one ethylene diamine and three DTPA moieties
linked by 2 ethylene diamines are examples of preferred
25 "cores" containing multiple DTPA residues, others are
‘contemplated. Other chelating agent residues, made up of
multiple chelating moieties are well known in the art
and are prepared by known chemistries. |
The segmented polymer according to the invention
30 can be capped at the termini with groups represented by
. R in formula I linked to the termini of the
ﬁoly(alkyléne oxide) alkylene groups by a chemical bond
or a linking group. These can be independently selected
from hydrogen, hydroxy, C,.,-alkyl, aryl'as hereinbefore
35 defihed,'carboxy,'C%3falkanoyloxy, and C,.,-alkoxy. In
préferred embodiments, the polymer can be capped by
reagents that produce ach derivatives, for example, by



vi nbl astine and vincristine; epipodophyl otoxins such as, 5 for exanpl e,

et oposi de, and teniposide; antibiotics such as, for exanple, adrinycin,

daunonyc'R25@4C#i nonycin, daunor ubicin, doxorubicin, nithPEMEBIHOOTR? conycin

and mtonycin;, enzymes such as, for exanple, L-asparagi nase; biol ogical

response nodifiers such as, for exanple, 180- alpha-interferon; .

canpt ot hecin; taxol; and retinoids such as retinoic acid and the Iike.

- Exanpl es of HeenearBYdrides: o8 ohi stacetits lRrhydride cor t $votiBicsuch as, for

exanpl e, predghBPaLide’ 288 SibdSacSHLd é’éidféﬁlgﬁ:l‘@imé SwhiH" PEHRE OGRSt er one

15 acetate gedré)ﬁ%grogesterone acetate and negestrol acetate; estrogens

such as, for ESSAPPERY i ERFRPRYIPREITGE i AL <3P e ofurther

anti estrogensrsactedswich axaPdrecirstiidiedh 280 qeSesncdras, for

exanpl e,gtestost er cpé@glju?nate and fluoxynestrone; 20 ant i andr ogens

such as,” for anpre, f ani de; and gonadotropi n-rel easi ng hornone anal ogs

such as, for. exanpRein|fopmala db. caix s e devfa ket dxie odsuggefics i ncl ude

ant hr acenedi Oéﬁmﬁl@'h ASchPdt SXEETH ﬁ%;ﬂé t{iP e Qt?reatﬁéﬁétbfm ed ureas
agren al

such as, for ‘exanpl e, hydroxyureas; _ a [ ocortic suppressants such
as, for exanpFRRCHT { oTBP CHIREM G HTUL Sfht hike selecked EHEdi nents, Ris
an- i munor eacte FEr@icd Pc6 OFA¢ENEd YsEH e, tFo20 dberIDd), aché Nkypg gEoup. As
used 3%0 herein, _the term'WiHnN%#Pactlve roup” Is, neant to include an
or gani ¢ Lomp o Thi THYE D e THEIRING VoAl S ot e B eR_PYol yner
and which is dgemt for stréating crhmmeamer tumarseintoled heTdeagnosi s,
treatnent or %F%ﬁ?é ' I I terlal | vi-ng 35
or gani sns, an | cﬁgﬁ%a %a%pac.l t}é tfegré%&n e?%t%drlﬂvﬁ%%%%ﬁ r conponent
whi ch may be 3IRMEE i R BIRARRI 1585, RAatirahirredisthausetotiased with
cells to be cyt¥edei@tibigs, hormones and antagonists and other
PCT/ GB9I‘-¥ 007AE2 - 20 - tr.eaéed. such as téjm)r cells.
- ypes of cytotoxic compounds. T
' -Examples of alkylating agents include the nitrogen

mustards (i.e. the 2-chloroethylamines) such as, for

example, chloromethine, chlorambucil, melphalan,

uramustine, mannomustine, extramustine phosphate,

20 mechlor-thaminoxide, cyclophosphamide, ifosamide and
trifosfamide; alkylating agents having a substituted

AR

aziridine group such as, for example, tretamine,
thiotepa, triaziquone and mitomycin; alkylating agents
of the alkyl sulfonate type; such as, for example,

25 busulfan, hepsulfam, and piposulfan; alkylating N-alkyl-

- N-nitrosourea derivatives such as, for example,
carmustine, lomustine, semustine or streptozotocine;
alkylating agents of the mitobronitole, dacarbazine and
procarbazine type; and platinum complexes such as, for

30  example, cisplatin and carboplatin and others.

'~ Examples of antimetabolites include folic acid
derivatives such as, for example, methotrexate,
aminopterin-and'3'—dichloromethotrexate; pyrimidine
derivatives such as, for example, 5-fluorouracil,

35 floxuridine, tegafur, cytarabine, idoxuridine, and
flucytosine; purine derivatives such as, for example,
mercaptopurine, thioguanine, azathioprine, tiamiprine,



If)ependi ng upon the i ntended use, the imunoreactive group can be sel ected

froma w dgowaikmlsy of naturally occurring or synthetically ﬁﬁ@%’sﬁﬂuz
materials, 5 including, but not limted to enzymes, amino aci

pepti des, pol ypeptides, proteins, Irpoproteég gl ycoprot ei ns, hornones,
drugs (for exanple digoxin, phenytoin, phen arbitol, thyrozrne

triiodot hyroni ne,, gentam cin, carbanazepi and theo Il st eroi ds,

10 vi t amins, Vﬁﬂ%@é‘@ﬂ’rﬁ Hﬁ%toﬁﬁq'i}sregn‘quBFSE‘gﬁlnf gﬁé‘ 8‘5% gsi tes,
rickettsia, mol ds, arnscampmecrﬁ matdtﬁraebfprckdmb cxmmmueras cytclsmelend .

or gan conponent ar nac [ n c acids
(i gcl udi g oli g%ﬂ?& esotﬁrtfgs ¢ arﬁr %Te :’trﬁg&en@{igfag %&r?agg

(i ncl udi ng pr ot etimblaat icw bm@/dnatcas@stimedlﬁtpmmﬂmymmdmmstﬂechoas. _
bi ot n and sder i vajl \nd i Unoddidile it &k 1415661 400 Viint o801 K1 Lhed I 1

the art. Preferred i mrunor eact1 ve groups, (sometines referred to in. the art
as |igands) are ahodOTMRETHRre ZHRY Cin o ARHRATY S Rc (FRCEFROFYELN) o t he

l'igand of int eraaunomclaa S BStd b i i) ﬁmﬁmﬁy@mr yDésmyp€ihi gaad, R
and receptor to rmaligand- recept or. corrpetex can_be. used for targetr ng,
and treat ment, gﬁ%q"ﬁ’rcﬁnrm T /YR a5 Rie orbzpgparaginase;

| i gand-r ecept or bclmm‘dg-zxrml Zfesponsmlmmth,fiRts asmchnoasj | fiot eelxawple,

ant i body tige i 5@99% or n ronot er
of oper on?aand sra'lt}'é"‘zﬁréi ﬁ'ern:t‘%yn%%rrp’l exe o'na éf aﬁ?e%ﬁ?éér’y %ucl eic
acids, both nat §ush &% reRineie acikd %ﬂ%d‘-fe%nbﬂé%r ed speci fic binding 30

materials as the ter Byamgisad Jpl’mﬁnoﬁé r'@,gd(‘,&wsgé {he1afave |listed
pai-rs can be useful as a Irqqa,ng e ot h; one I's foupd or attached

to the target sidFengEaTH | RRr R %depfﬁ 289188
subst ance whi ch,pndgssmrrfssermﬁ:h tacs,arfdmmw tleydﬂsm;%prog@ktefeﬁdlt in

Lhe produqyl on oo MEClld b AL RO SRR oL BLOYLAS Moot iaE

subst ance,
PCT/ GB95/ 00742 acetate; estrogens such as, for example,

diethylstilbestrol and ethinyl estradiol; antlestrogens
such as for example, tamoxifen; androgens such as, for
example, testosterone propionate and fluoxymestrone;

20 antiandrogens such as, for example, flutamide; and
gonadotropin-releasing hormone analogs such as, for
example, leuprolide.

Examples of mlscellaneous agents 1nclude
anthracenediones such as for example, mitoxantrone;

25 substituted ureas such as, for example, hydroxyureas;
and adrenocortical suppressants such as, for example,
mitotane and aminoglutethimide.

In some embodiments, R is an immunoreactive group
covalently bonded to Q through a linking group. As used

30 herein, the term "immunoreactive group" is meant to '
include an organic compound which is capable of being
covalentiy bound to the polymer and which is found in a
living organism or is useful in the diagnosis, treatment
or genetic engineering of cellular material or living

35 organisms, and which has a capacity for interaction with
another component which may be found in biological

~ fluids or which may be associated with cells to be



- 21 - the antibody so produced, which participates in an antigen-antibody
reaction. Thus, the inmunoreactive group can be an antigenic material, an
ant i body W@9526754ant i - anti body. Bot h nonocl onal and pol ycl B€IVGBAS0O3di es 5
are useful. The antibodies can be whol e nol ecul es or various fragnents
thereof, as long as they contain at | eastagpne reactive site for reaction

-~ wth the reactive groups on the conpl exing agent or with |Iinking groups as
descri bed her eirgaté@ such as Eam@QrEaumSenbodinents,'the I nmmunor eacti ve
group can be an en éé Q@h reacg ﬁ roug fgb;attachnent Q_the
conpl exi ng agent. REPF éﬁ?aPP ?yﬁﬁ PREPUHER bGP Ca B HEPIEAR S YE t o,
aspartate an1gmbu@nsam:beseelebaadnéramlaondesaarmeSg offanpsuerally
dehydrogenase g t sf erase, al kaline
acid phosphatas%h§%§% ¢ & %§§g§§h9§§i1¥ ?gggag%ﬁsggggp %gﬁlno en actlvator

- hor ser adPsh pénsiudagslahﬂtvapﬁoéémé§?ér§§e§nzYNe§esﬁWé&° fgdds,

'mmnoreactl\/ﬁe@ftaaasca?ohw% tldeEDdbEbeélﬁé chl@ﬁbg&bk-.)émlstered to provide
reactive group

nnunoreact|v§ g g ﬁ g nmer. These
met hods are m@'VCERGWﬁeFHSVh °§WPne§ucﬂrP8§hﬁ 85 e S*PREY-&d lﬁp lék
recogni zed usghehyltiodki, nphenobairbitedd chgrbeihenvdiriicdbthyroniness

described in - 8 9 ar ed to
nodi fication § ntFF§§%§é|§g?g§ zggqagfﬁéng éﬂ?géhygﬁiﬁgb tg%%b%%
4,719, 180. an@amasw@otlwecghwpdem. VinKRERS, t DEOLRREGRGI (Su@gilve group to-

t he pol ymer ?a%h%i%ggd EQcﬁeEEQEﬁ%”moQBE'bQﬁH éBﬁpbh@nkbk%héHdeS 30

called a "profein reactiv rou%Flr 8 referred uses for t he
conposi ti ons BRCPRI SOMRP §m WAEFHERAR SFQPHWEH@PQQGFF§e group are for
the di agnosti phambeutaf:altsurrnaptané t hectaflso! eokdnk,t heeledrt aefidsunors.

mmunor oact | va P TEHARES it BPRUEL8PESaRR  a8EabPaREs - ARRLGOREL Cpac 11 ¢
exanpl ed5i ncl maeeRialsd (including proteins and carbohydrates), avidin
and derivatives thereof, biotin and derivatives thereof,
histones and others known to one skilled in the art.
Preferred immunoreactive groups (sometimes referred
to in the art as ligands) are those which have a

20 receptor molecule specific to the ligand of interest.
Thus, a specific binding reaction involving ligand, R,
and receptor to form a ligand-receptor complex can be
used for targeting, and treatment; and for imaging a
target site. Examples of such ligand-receptor complexes

25 include, but are not limited_to-antibody—antigen,
avidin-biotin, histone-DNA, repressor (inducer),
promqter of operons and sugar-lectin complexes.
Additionally, complementary nucleic acids, both natural

. and antisense are'a;so'considered”sﬁeCific binding

30 materials as the term is used herein. Either component

of the above listed pairs can be useful as a ligand if
" the other componerit is found or attached to the térget
site. o ' | o o '

. Useful immunoreactive groups include (1) any

35 substance which, when presented to an immunocompetent

host, will result in the production of a specific
antibody capable of binding with that substance, or (2)
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anti bodi esva 9gs9%4 bed in U S.:Patent Nos. 4,522,918.and 4, 61131‘12;%3/0% ch
r.ecogni ze col orectal tunors,: "9.2.27 anti nel anoma anti bodi es,

anti bodi es whi ch recogni ze colorectal tur ,_ UJ13A antlbodles mhlch
recogni ze 5 smal |l cell lung carC|nonas RLU—lO ant i bodi es whi ch
recogni ze snal e l. carcino orec

(Pan- car ci nom#:,h%é’lf&g@%m 0o & gréa ¢ é’ﬁr"@&%se J‘t’hrﬁﬂ s, CC49

ant i bodi es whi entﬁ-eeagmbadlyommiomurrﬁ&m,s Tmneanmm::hmmm 10
recogni ze necr gliop! kadlUde aﬁléﬁti@%hq%dhﬁ%e% heh rne“a(i‘ﬂ:'lbzcﬁ

an
carci noma, |ING1 antibodies, whi are described’in nternatlona Pat ent

Publ i cati on WORREiggnEibodY - B?P&haﬁmlﬁ’@dﬂ%]-mﬁm@n Podysdangel affdhadies| |

car ci nomas, B43renuisegdiles Tnei &ht&b@d&@%cbahehd whole moleRfilad) dynphones
and | eukem as and.ot hers _whi ch nﬁéqaﬁo'f particul ar_interest. Such

anti bodi es and "8EnePrs, SEAFERNLS, al aFr 38s Hhe¥e FAHRA A% | ar ge,
conpl ex protei ieasteonecscanrivg miltk }floe: Sielaet iom wajghe nmteg eredct ive 20

have appended DECEpEIbR ¥hED colTRaTus dotn W, WIRH U6 G p <87
protein reactlﬂéngé d hexedn. the termi mmunoreactive group is intended to

i ncl ude gpnunol ogi cal &é&%ﬁinﬁ%%h%ﬂ;ﬁbdﬂ%asEh%ﬂ%ﬁyﬁnoréﬁﬂEE¥Efﬁkdﬁﬁyner

mol ecul e bonded thereto throu st one protein reactlve gr oup.
Addi tional |y, FAR8 ﬁnﬁﬁo@@&@?@V@ng@U§a§aﬁ Feashk 1ye 9GP Fi°F r agnent

t her eof contalatngchm&atbubydheteom@gb&ﬂnghbghntan ﬁ?ééﬁﬂﬁﬂtﬁé)ttfs
ol ynmer throug 0 re s descr.i i n
batont 4, 007, 133-9ied; drcAblRooBUr, A, Y d1pRieh Th, Ehgdrtite |
-descrlbed i n Uasinpsransaminase,6alagsige amﬁagttamsamxnasemxlaanute
4,867, 97 Add A
$5 deh982bbknak@u '&?"eg@;g%ecﬁap%rsgﬁﬁilhg% :ga‘?rﬁ\%cat i dtg]T 3& arrpl .

intracel i ul ar conponents are_a y cont &
actin, myosin, tRREESRE2SENARIBRAISE D@qsﬂhétaﬁﬁes@ﬁﬁﬁﬁﬁﬁﬂQﬁacwﬁ|Ie

useful in phosphatase, tissue plasmlnogen activator, horseradish
peroxidase and various estefases.

If desired, the immunoreactive group can be

20 modified or chemically altered to provide reactive

| groups for linking the immunocreactive group to the
polymer. These methods are well known in the art. Such
technigues include the art recognized use of linking
moieties and chemical modification such as described in

25 WO-A-89/02931 and WofA-89/2932, which are directed to
modification of oligonucleotides, and the disclosure of
U.S. Patent 4,719,182. Where the reactive group for
linking the immunoreactive group to the polymer is
attached_:b a protein, antibody and the like, it is

30 called a "protein reactive group" | _

Two highly preferred uses for the compositions of
this invention where R is an immunoreactive group are
for the diagnostic imaging of, tumors and the
radiological treatment of tumors. Preferred

35 immunoreactive groups therefore include antibodies, or
: immunoreactive fragments thereof, to tumor-associated
antigens. Specific examples include B72.3
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all contenpl ated applications, are preferred for targeting solid tunors and
necr ot i cWE5(26754Specifical |y contenplated in this enbodi nPoT/GBSSMeRa2 use of
a histone linked to the polymer of the invention for inmaging solid 5
tunors. Histones have Iom1innunogeniciry22ﬂ1uitightly to nucl eic acids,
and have difficulty passing through cell and nuclear nmenbranes in intact
living cells.apbabodiesi fderecrdbed LhsVuf. Phtent| Noand4nteRen8namdr anes
no |onger fungties, éaé)aﬁﬁleﬁtEacegﬁgegaksloigctalakhaﬁkgg gnbr p40f foreign
materials, includi hg histones fusion 1nto necrotic tissue can be
used to accun@PhiBesanpRagrREiRAELEE, cPEIRORNEIRGRAESOFRLRNS TREPEMEZEN | N

the V|C|n'tyl?6162@@&&10ehhérs¢sg§§3ﬁ|hMtLBo&Qéédwhﬂﬁﬁr%ecNQ%&Q%'S cag .
occur natura e mte p r..can uced by
cytotox?% agefl %@gg g}aaPﬁgi ﬁrc*ﬂﬁgasthﬁggﬂeiﬁ ﬂxFégﬂgéFﬁl ﬁﬁ gnaglng

and/ or treatneeCOghlzensmallAse&lfmungecazzaanas ahdasealbeecahlached to

Lhe polymer ofuhligs! RHEALLARCEABNRY U9Rd1EE LAEOBLatOR galeq! | on and 20
destructi on, accl I'n cer I Seases, such as
systenic Iupn§eﬁﬁ§né2¢tPEPﬁFﬁﬁ@eF?méﬁase§Cﬁ9dﬂ§§1h9d#§$eWhIﬁbs this pol ymer

can be used t9eas§ﬁ£keDualaﬁeaaahatuﬂarsn fuﬂnsﬁtﬂbeazéglwhiaﬁ destroy it.
25 | munor eacti v e _attache mer by

e .
nethodlenomnr?ﬁogﬁézﬁrPeFBPtagrF%EFPfrnBR%ﬁ§ ?BF&PPéﬁﬁﬁ'gWg&E typically
f ound on proteeoegnbzeocbmonlaanoﬂnematlIucgnoanszbbbﬂeserwhuthrare

f |1 t 30
nonprotern bi SHErEREed. £l rdBbrhafipHEY BAEREE HanTiQBPsREONEFAT ) cpari ng
t he pol yner o$0[%35Saveﬂlvenanpnbodnesuublchosecggnups afgiiamougnceddct with
any b'0|09'caéafELﬁ6H£§ Cﬁ@ﬁahﬁtﬂﬂo&ﬂeé ﬂeﬁeafg ¥§a9F ww@ﬁther O not

the biol ogical nolecule is protein, orn1a g groug bet ween
t he poldrer a@gﬁpabﬂdlyﬁghomas and leukemlas and others whzc e

of particular interest.
Such antibodies and other useful immunological

groups described above are large, complex protein
molecules having multiple sites for appendage of the
20 segmented polymer complexing. Cénseqﬂently,'the '
immunoreactive group can have appended to it additional
complexing agents each via one of the prétein reactive
groups. Thus, the term immunoreactive group is intended
to include 1mmunologlcal groups hav1ng at least one
25 segmented polymer molecule bonded thereto through at
least one protein reactive group. _
Additionally, the immunoreactive group can be an
antibody or fragment thereof containing a carbohydrate
- region which can be attached to the polymer through the
30 carbohydrate reglon such as described in U.S. Patent
~ 4,937,183. Useful methods for attaching an. antibody are
also described in U.S. Patent Nos. 4,671,958; 4,699,784;
4,741,900; and 4,867,973. - |
Additionally, immunoreactive groups that interact
35 = with intracellular components are also specifically
contemplated; for example, actin, myosin, histone, DNA,
DNAase and the like. These molecules, while useful in



i mmunor eactive group. Preferred |inking group precursors can be sel ected
WO 95/ 26744 o512 - . PCT/ GB95/ fiBriéBosiotds2 from
but are not ?Iﬁ]ted to: (1)=A group that will reactsdirectly with the am ne
or sul fhydryl groups on the protein or bloégglcal mol ecul e cont ai ni ng the

| munor eactive group, for 5 exanple actrve hal ogen contai ni ng groups

I ncl udi ng, for exanple, chloronet hen oups and_ chl orogacetyl [Cl-
CH err] CO-] grdifos, CoRkeTRIaED ? %Q’E%p BSY%)SQI}‘% IREXPL RS sul fonyl and

et hyl carbonyl gfzntdgpst Hritg e 6Bi @ - turhd s mtdlm@c&dmlc@xmb Specifically

2- chl or oet hyl car bon [ quo PO X

i socyanat o; i socf?ﬂ%%%%%rr%d iR d%r}ﬁ%/% W‘%ﬁ]r% g%%%w% dﬁxgc%% ton
activated acyl bxmk.ext tsmcthelsp@hnmw:‘f (i:lazlmmttm fmrxmagmgdspaee and
the 11 ke gind dlidrd! s SHOMM . bfovu nodetOEYEP! iBPRE dighely

- phot ogr aphi ¢ ge agents A group t Fat can react read|Iy
with nodified frotmaekede arifsg and %Y%c‘l&%%l‘?}bh‘fiélpﬁ*ﬁﬁl’t‘ﬁet rough

| munor eacti ve. @D Pand - ﬁzcl@é@tt@étﬁﬁr&ﬁeéﬂﬁiom@ﬁt npiemgeeewstal ning the
|nnunoreact|ved9rou nodj fi tp contavg |ve gs such as

t hose menti oned YRy ab%v%ﬁcf?ﬁl%x%hﬁﬁQF' |?FF thE%Pprotein to
an aldehyde or wembridoey nc bonger i fundt bon casd ahe frew cperfonatieyve

group” Cafh be Sfizgé&ﬁ?%‘;éﬁ%%;g”&f‘ofoéégﬂ#%@é) i&d ! aﬂx@gudfégrﬁihegnes

al kyl hydrazi no razino baz sel ¢
t hi ocar bazi do, Thﬁ%mﬁ#ﬁﬁ%ﬁteﬁlu@tos®$¢h9@¢9Itl%ﬁ¢¢h9%mybalR?Pd to

sul fhydryl aryl , s bdxsn@¥de e Ca%h POKY ﬁg\%@&}/&fk&ta@&f@a@éﬁewk tﬂme al kyl

pOI’t i ons of the r ot e| n react I ve gr ou can_contal n fg] 1to abou&
car bon at ons. Vetion 15| the YighaiGy ?ﬁeciﬁﬁﬁﬁlﬁe Sct PFReGrBepYCc iR
contain from ahspdid® tmab@utNéZ@r@aiboeaﬁt@eaur(ﬁatufampuauehab @an be

'g'rgl‘jgd tadhe pfoEelda %1858 SILSR), "B O&dh & M@ AL A %Y NEy L BRHAGLeact I ve
agents or irradiation. Thus, this method is useful in
imaging and/or treatment of tumors. As a further
example, DNAase when attached to the polymer of the
invention can be used to target for detection and

20  destruction, free DNA.

Free DNA accumulates in certain diseases, such as
systemic lupns where it ultimately causes kidney
failure. Thus this polymer can be used to detect DNA

~accumulation in kidney glomeruli and destroy it.
25 The immunoreactive group can be attached to the
' polymer by meehods known in the art for derivatizing any
functional groups typically found on proteins, or other
immunoreactive groups. However, it is specifically
~ contemplated that the immunoreaetive group can be a
30 npnprqteinubiomolecule._Thus,'a_linking group precursor
useful in'preparing'the polymer of the invention will
include those groups which can react w1th any blologlcal
molecule containing an immunoreactive group, whether Or
not the biological molecule is a protein, to form a
35 linking group between the polymer'agent and the
immunoreactive group. _
Preferred linking group precursors can be selected



or to the nodified protein as noted in (1) and (2) above 35 by use of a
crosslinking agent. Certain useful crosslinking agents, such as, for

exanpl e, Wai95/2¢¥54i onal gel ati n hardeners, bisepoxi des and BPCHGBWO0#Nt es
becone WD 95/ 26754 PCT/ GB95/ 00742
- 25 - a part of, i.e., a linking group ba, -the protein- segnented pol ymer
conpl exi ng agent conjugate during the crosslinking reaction. Oher useful

crosslinking ggsmtsut Ngnevese idpitédats: t he crosslinking, for exanple, as -
5 ° consunabl e ca Lysts and are not resentcﬁ&n t he, final érggate

Exanpl es of such c s| f nEF PP bRt Wit *Fﬁ?ﬁ;%ﬁﬂlE%r yl oni um
crosslinking axgméSoﬁSsﬂllsnjrmﬁ groupsS. orPat st prioeiln Sdy nmumgfcdlcat i on

th f U t

gf tetré (r)eact %?fé‘%!g{'% %%I\%Zjéggnﬁlboxyl gr ougreglén%éf‘#r%% an ama%gn > one
al cohol ,5or sexamg&ylagtwp h&h@gemoeemtaﬂmmga@mupsuxmlu@mgs for
Se'eCt'Ve'y d% fﬁ PB%M&eé%f&ﬁPeéfﬁ”biéh 'éﬁd(EﬂléEﬁé£§F§faféiQ” of

the "activate group. exa , -an am ne o0 forman

ami de | i nkageCRt ergqcﬂii’ﬁyr ASivased dt%?"é‘%@é’t?(“!’a fpkgtd S Rfknt ed

. pglynfrlc Cpefah Dgunﬂ@ﬂyl aﬂdSeenymﬁaiﬁé Dagel féﬁFﬁVﬂsnD4FtleS An
advant age o i.ke nol ecules, e.g.,
pr ot ei ns mnthc%*%f%gﬁgyg gx?ﬂ% gdéhiOE&éghéi?ﬁ¥% 6 | exi ng agents is
substanlmalvaampldnHEGNple vingloachonyks egpoxyne isecyamatof difunctional -

crosslinking aﬁ&?é s§i§ LYE, angd: unyant ed crosslinked nol ecul es

can be obt ai ned. ed proteln reactive groups_include ami ng
and- 25 [ SWW%W%@EYCW‘P@Y% hea%'éigmﬂ RGO ﬂ@uﬁ%@#@@st o the

IPantlon i's Q&fﬁékﬁ?ﬂchﬁ?fdﬂ?ﬂli@@%lLm&*ea CEHMRP i s VAhd) tHS r&eéerreg
utrliirtres | - as. a contras en USE I jmagl ng _conposi i ons an
net hods, it a?%% Qpher $Fﬂﬂgsu¥?$V?y ? éhuﬁ?cﬁﬁ ri#&?ilelds

e.g., ass5a tmﬂnamagmaphﬂgeglelaamlmmgamwent an ion
(2) A group that can react readlly with modlfled

proteins or blologlcal molecules contalnlng the -
immunoreactive group, i.e., proteins or biological
molecules containing the immunoreactive group modified

20 to contain reactive groups such as those mentioned in
(1) above, for example, by oxidation of the protein to
an aldehyde or a carboxyllc acid, 1n which case the
“proteln reactlve ‘group" can be selected from amlno,
alkylamino, arylamino, hydra21no, alkylhydrazlno,

25  arylhydrazino, carbazido, semicarbazido, thiocarbazido,
thiosemicarbazido, sulfhydryl sulfhydrylalkyl,
sulfhydrylaryl, hydroxy, carboxy, carboxyalkyl and
carboxyaryl. The alkyl portions of the protein reactive
group can contain from 1 to about 18 carbon atoms. The

30 aryl portions of the protein reactive group can'COntain
from about 6 to about 20 carbon atoms.

(3) A group that can be linked to the protein or
' biological molecule containing the immunoreactive group,
~or to the modified protein as noted in (1) and (2) above

35 by use of a crosslinking agent. Certain useful
crosslinking agents, such as, forueXample,Ldifuncticnal
gelatin hardeners, bisepoxides and biéisocyanates become



aetecting agent and the |ike. The segnented pol yner according to the

i nvent i onwows/%osPri se a therapeutic noiety and/ or a noi et YpcEeRB9s/00742
preferably a nmetal, for enhancing contrast during.imaging, and thus serve

two functions S|nultaneously Thi s attrlbutfgls particularly useful in the
~detection MD 95/ 26754

PCT/ GB95/ 00742 d treatnen .tunors. The s e ol ynmers
according to the §g§gn On c8np?§sgla &ﬁg gFPHE dﬁ%n?gW% dﬁﬁPI\nked to at
| east one pol ygegrentad prilipesnepmpdieting alglegﬂtelcomltmﬁealdtﬁrmg Weeg ht
pol ymers conpri éragsigﬂk&ﬂ 7%@&&5&6%% GBS FoRaAs gﬁa#%gﬁ%y i ood

pool imaging as_they have Ponger pool resi ence i e
may be prepared §BeH§rt ofBSJ-&é-é\aGIe the prgssd iakiagsedon sxampde siad e,

i.e. usefus in ¢GnsumaB2e! chyalyses, damna&bna&hgr@smsq% A £igpd al so

f ul t t th optrLonally in_the sa |s 'S
;zgoﬁpl:gheéegyéﬁﬁavggﬁggegﬁﬁ e§r ok ﬁHFPhCEQﬁSgS 6539 SafF®r usefu

in i maging (e.gcatboditmideceaninmegirbgmol 1Bndom )cra:lsdld.fmd!lngt gedited alsed 15

metal, which c tetox & radi cl,i a na agent usefu
I n radloscmtlggagﬁlasga ih ﬁ uo?gggg#ce g?% ng H% tbi %@#%ﬁ#éﬂ
further aspect, etgérﬁrégeﬁtslnPéﬁﬁn@n4p86Vh63$ awnshh@hesb goasdtinkg ren

enhanced igmge &gehb§, 26ne obuﬁﬁﬁ QEaEQQnEQWEﬂs%nhg%E BOdy @ﬁ%ﬂgﬁ
conpri si ng adnlnléterln to sai d _body a contrast enh anC|n%§yﬁD nt <0

contrast enhanc?® FegcéﬁrGmﬁﬁetoaﬂﬁehpﬁveﬁF'§H1§ HeGX0OURy an
X-ray, MR ultriseuctosslinkiihggagphtc fifrege rehces keaelctd vieait Withs diné

a.still further
aspoct | the preSaRPSRr SaPoBR. YPRER LS BoTEn Bio RuERER SRR S6d S 1 ne
human or non- huh@htamahaﬂ“boayboxylcgrnaphwdthonﬁbrsexam@ﬁenlShe@mmmd<3
sai d bodyig t heggpgeyhcah! ¥mehbetihkiqge between the protein or
cytotoxic agent and the segmented polymeric chelating .
agent, this covalently bonding the two moieties. An
advantage of this approach is that crosslinking of like
molecules, e.g., proteins with proteins or complexing
20 agénts with complexing agents is substantially avoided
' where m'is one, whereas the reaction of'difunctional
crosslinking agents is 1ess'selective and unwanted
crosslinked molecules can be obtained. Especially
preferred protein reactive groups include amino and-
25 isothiocyanato. ]

While the segmented polYmer'according to the
invention is described herein primarily in connection
with its preferred utilities, i.e., as a contrast agent
for use in imaging compositions and methods, it also

30 finds utility in other appiications and'fields, e.g., as
a thefapeutic agent, an ion scavenging agent, an ion
detecting agent and the like.

The segmented polymef according to the invention
may comprise a therapeutic moiety and/or -a moiety,

35  preferably a metal, for enhancing contrast during
iﬁaging, and thus serve two functions simultaneously.
This attribute is particularly useful in the detection



30 pol ymer according to the invention. Viewed froma yet further aspect,
the present invention provides the use of the segnmented pol yners according
to the i WRM2G% for the manufacture of diagnostic or ther BINO0I4nt S
for use in nmethods of 35 | mage generation or therapy practised on the
human or non-human ani mal body. For magre@bc-resonance i nmagi ng
applications, the - WD 95/26754 _ _

PCT/ GB95/ 00742and 2freatiehtt off vehatsi on Merr] represents.a paramagnetic

I h f . 2 44 d
58 1o 70, Tons of thaerSPPRanad polyRésd SLdedbif o Tnd lifyeneEon™ A1
Ni, Cu, Ce, Pr¢omprise a mlmanuagmt mesidye MHonked tanatnleast _
Especi al | y preéﬁérec‘goﬁfz? fxeehé - ofldfiéne) Vﬁ&iéd M‘ﬁféﬁér ¥0i8Eh)a

Fe[err], Fe[err], err [err] and Dylerr err err] are
nost pref%rredweFSthPG%Y@%E%n?°W$Eb$H33a%&@ %%17 *Xﬁ b?%sents a
fl uorescent nﬁﬁﬁitsoﬁrepiféﬁéﬁbéd in "Bledd Gpodl omagﬂ:ﬁ)g as nmbyrhﬁ%eto 71,

nost preferabl% a Eu[ﬁgr i on N%erré can be a radioactive netal ion

i sotope. As su FUIPE 2R %e939% ??F?mﬁﬁﬁe%hd/or an agent useful in

di agnoesti c inagi ng thehpalymerrmdydherptemngdwso1m@ tadbeassefwlnina

| sot ope can bey t tal e for exanpl e,
P @%% Biségeéti tlia_ééé? @Pesﬂ;t% r% é. '\hflﬂ!f&i ﬂn nmp

fronrthe rou ting o Zn, CGe, M,
Tc, Snl ﬂetlgrmsswr Ldiagnosing the R&tswedraem wmﬂo%%so
Preferred 'SOt@Qéﬁqu ﬁaﬂréé@ihi. ﬁ@t@iea it eEhé Ssamé eabkeY.

\a

forr], ferr] rethts TheteRompiLongd by off ‘E’r%“?n‘&b‘? b RoakiBhosal™ ¢

Specifically cbeteypbabxﬂearand;égrr%efhboixyrrhnag@reerg(t he nunber of

metals in the g{\glalLognt S%ﬂysin#;iﬁrfﬁéﬁrf%% £ 3nd éﬂetQ{?%faEé es each

Merr] can 25 repr esen ferent: cation In polrynmer;

for exadfe a metyherwhavhngaymh?ear$y$@#¢§{¢1ﬁ%§¢qqu¢%1@eeem${@§|ay
contenpl ated; ffaging@hent|hserillif" fadibseindiSrdpnp! R¥ap! her

fluorescence ore imaging. _
Viewed from a further aspect, the'present invention
provides a method of generating an enhanced image of the
20 human or non-human animal body, said method comprising
administering to said body a'contrast enhaﬁcing amount
of a contrast enhancing polymer according to the
- invention and genera;ing an X-ray, MR, ultrasound or
scintigraphic image of at least a pa#t_of said body into
25 which said polymer distributes. '

Viewed from a still further aspect, the present
invention prov1des a method of therapy practlsed on the
human or non-human animal body, which method comprises '
administering to said body a therapeutlcally effective

30 polymer according to the invention.

' Viewed from a yet further aspect, the present
invention provides the use of the segménted polymers
according to the invention for the manufacture of
diagnostic or therapéutic agents'for use in methods of

35 image generation or therapy practised on the human or
non-human ‘animal body. '

For magnetic resonance imaging appllcatlons, the



conmbi nations within or between the classes of cations used in the pol ymer.
- Such pol ymeo 9s/zg784 t hus useful for 30 nore than one type BET/GBAS00742 OF
cytotoxic therapy. It is understood that the sum of.-positive charges
([err]r.a) is the sumof net" p03|t|ve charggyfor all cations. Thus for the
| i sted exanpl es above, [err](r.a) is 7 and 10, respectively. For exanple,

f 7, the chel achagatetninetal idH(Sue repteonticn ge&laae?}ghett@.e et a1 - 5)

and one Gd[err] .chelated therein err] = d[err]; a = +3 t hen t he total
charges of count®R S¥SH @Sk G9r A0 iR Of fAtmic MinReD L ¢

PCT/ GB95/ 00742 292842,144b arkl £8 & i7m cmmwmmrtmmdwng fmetaks 2, b
is +1 as in a proton o s i f I) sodi um
or potassium | £IZ R{tg%s rrré%g &ﬁ‘g cHeI lstreGdF:réf ?ﬁ'(ad?‘l %; ' d:c er ion
i s requi rea bufms Sm,t By @8y &bi,sDy,f Hoar B, wTn @nd- ¥h. \Bepediakly _

present, i. g%g fe% RQle 2630, ErIDSE2Pr qablgyad S g0l Ba2E ig2s
especially pref rably a har maceu‘t i cal I'y acceptabl e cdtion or ani'on. The
skilled artisanG#'T1andeY o @??%’@W“rﬁ@él“&ﬁq RFEQFRAS ate 10
counterions. The t ot #HorP Ehidred et Ghadi tlc.fﬂ”ts.‘r.drfgr]l\(* Pepeadahtst he
sum of the total ar eonthe chlatlngae si due us the total
charge on any c&u%’?‘ 9" Fl?st% R%é‘r'r]??a@' (R#JO‘%/\V‘?&PM

can be 0,10, 2, nﬁmbéror575td r‘v:II hmdmstpmsrﬂ‘mblqd a15!u3+ Farbodi ment is 1

and wis 0, a=d+b. Eyjiuf gLiuba a ¢aailke ctive’n %91“'1‘5% g;'és :

exanpl e, E can be one or nore ani ons, SE1aS & osphate
nitrate; and acéughe &ttd came be laecyeqtanx:me agemu)randfrq:@aumﬁu:seml

Na[err], Klerr] inmaqhdmoi®ic?Qmagidiy std}_‘h ldekGn FRIQidEAIMA Hyations,
particularly for di a%nostlc [ |r‘1,g plications, nontoxic physi ol ogi caIIy
tol erabl e anions andt&& TG %Cg'- i '%i?rlsé'-s‘ﬂ'é‘ﬁer &5t baypdt dqn jaf @R he

segnent edipol yndsstapeoidi =g rerals seldded, N\foy iexangslie beE et e group
chel ati on thera@%ntsgsﬁ: %%t of Sc, Fe, Pb, Ga, ¥, Bi, Mn, Cu, Cr, 2Zn, Ge,
Mo, Tc, Ru, In, Sn, Re, Sr, Sm, Lu, Dy, Sb W, Re, Po,
Ta and Tl ions. Preferred isotopes of radiocactive metal
ions include 4Sc, €4'€7cy, 111In, 212ph, 68Ga, 90y, 153gm,
20 212pj , 9“""I‘c and 186, 18%pe for therapeutic and diagnostic
imaging appl:.cat:.ons
Specifically contemplated are segmented polymers
where r (the number of metals in the chelating residue)
is greater than 1, and in those cases each M*2 can
25 represent the same or '_a different cation in the polymer;
for exampie_ a polymer having ([Mn?*],[Gd%**] is specifically
contemp_iated; as is '[Gd3*]2[5"Cu2+]2_-or any other
combinations within or between the classes of cations
used in the polymer. Such polymers are thus useful for
30 more than one type of imaging or cytotoxic therapy. It
' is understood that the sum of positive charges (Zr.a) is
the sum of net positive charge for -all cations. Thus for
the listed examples above, Z(r.a) is 7 and 10, '
respectively. For 'example, if Z, the chelating agent
35 residue, has 5 free carboxylates, (d = -5) and one Gd3+
chelated therein (M3 = G&*; a = +3), then the total
charges of counter jion (w x b) must be +2, thus if w is



~heavy netal poisoning, e.g. |ead poisoning and the |ike. For treatnent of

heavy netal poisoning, the polynmers are adm nistered alo i chel at ed
i ons, oWO $5/26%e applications of netal poisoning treat m%&%ﬁ@%?her 30 o

met aI i ons such as cal cium are chel at ed bg t he pol yner prior
to-adninistration. It is contenplated that®such pol ynmers as non chel at ed
materials, as conpletely chelated or as m xtures of non chel ated and

‘chel ated pol yrier $ ¢k 3k el QpimRFNsHLWMoRkE e alb 35 ions

as Sc, Ti, V, -QI aéVhlnF& pﬂhox?”aﬂm&? idMic @br Gur iﬁu sed i) PU Tc,

Ru, In, Hf, W Os, La, Yb,, Tc,

95/ 26754 formula I), socglum dr pdotassium. fﬁér}@gﬁmr ancég - In a
m xt u're of chetlekatesndsdfon (ahel aBed nol ;w'&nsenf ibhi $si requiired, bherein a
net al sso qmﬂ . agent- residue in sonme of the
segrrente poI ;tl'rrlgéf %‘ thCPure gn)rreta content in the 5 m xture
can vary from aboutWken Elplt’e cp:@mnt.lzn/oeaa.semamw h!es At zexd gl wdst he

pol ymer in thegagdrdiry ¥ 1Mo W e ©f; & UUPEER R IprB¥ Sras Bf &4 abl y
contains the netal in an anmpunt .of from 1%t q, 5% rmre ﬁreferably 1- 4%by

wei ght. Such rRBRTRAREREIFHELY cﬁ‘CFﬁ'sQPtI?;b]tq ERGIRN RF anipgRhFhe &K

W t hbenoughhm:‘atﬁlsm Wil Ilfd\ﬂé &xd afmiedley ol e lectiss th&qpﬁm 1% to
10% by g t

O LT St e U5 P S DA 300

i nasrruch as t &l &) mlactlse csum i ddmdrouﬁlugﬁlangmcﬂmheel I s are a .
primary obsta du | I
ia{‘:ﬁ@ﬁ% !?;SI ra%ﬁfl t()éi tl& e e &H!r:a’t i ssue type‘

cancer cell s. wever geting a certal
finds applicat3®h GoHBfieTions e%spl’é%s%tq I (b)Dr L?B‘eﬁ) r=0, &hpn | "I‘Fgoc

accorrPl i shed by_porwmiuﬂél of 1 hez dlr:ug idh,5 oI NGRD M I;%fér;é’cll ]
degerI[ é%ran%ﬁq‘%&st Irel.tar % mmno eaacc_tdp eygr;nre(r)gps .or mat erial s suc
E in formula I can be one or more counterlons For _
example, E can be one or more anions, such as a halide;
sulfate; phosphate; nitrate;'and acetate_and the like. E
can be one or more cations such as'Na‘ K*, meglumine,
20 and the like. For in vivo appllcatlons, partlcularly for
diagnostic imaging appllcatlons, nontoxlc
phys;ologlcally tolerable anions and catlons are, of
course, desirable. |
Where r is 0 the segmented polymers accordlng to
25 the invention can be used in chelation therapy to treat
heavy metal p01son1ng, e.g. lead p01son1ng and the like.
For treatment of heavy metal polsonlng, the polymers are
administered alone without chelated ;ons, or in some
applications of metal_poisoning treatment, some other
30 metal ions such as calcium are chelated by the polymer
_'prlor to- admznlstratlon It is contemplated that such
‘polymers as non chelated materlals, as completely
chelated or as mixtures of non chelated_and chelated
polymers can be used to treat poisoning from such metal
35 ioms as Sc, Ti, V, Cr, Mn, Fe, Eu, Er, Pb, Co, Ni, Cu,
Ga, Sr, Y, 2r, U, Pu, Tc, Ru, In, Hf, W, Re, Os, Dy, Gd,
HE, La, Yb, Tc, As and the like. |



have been used for such transporters. Antibodi es have 25 been nost
wi del y uswb sEévdaese perhaps due to their target specifici tpCHGBISI005€2
applicability. It is known jn. the art that the size:.and charge of the
pol ymer, as well as potentlal i nteractions ggth bl ood conponents, can
i nfluence the biodistribution of 30 t he pol yner. Thus, judicious polyner

synthesis can result i) PagSiMerd | $6Uehd AL | 48 Word r&é’%&’é@fofﬁers

exanpl e, the hydrodynam ¢ radius of a bum n 1s approxi nmat
mol ecul ar wei ghtoh séi'bl':s KAveRiion s VhRKeiR id “)@ﬁﬂ\'ﬁu ig ta‘-?'%"‘kh%‘?@ﬁmhf-ht he

average half 35 the |dHeldtindpl dyunn ﬁsll‘ﬁ;,tl@tirolrsddié Cb@ftﬁesﬁ?meﬁted "
approxi mately 2 s.. b t.his h | s. 10 I.n_sone tissues an
ot heR L, o Lk T e S gl Cor £t T "ei8

shorter in others
PCT/ GB95/ 06742 miz(ture (ean tvary yindmiabowy st anupdig cahcutesla% Hoasedbenk

into the circul ot r b in
certain tlssuesqzltﬂsé)rtpprecﬁmb’f%qgﬁ%/l n oté;&} é !sg"{u}ﬁasﬂ'l bum n I's” 'r.@éél y

absent al t oget hEHXEHe A |9egmented a’?ctl}é%ﬁr%@r%ﬁ%@ L£oRtgine the

and charge. and erpaat T et R 1Y G et DAL FAB Y 4T
rge, an ct_a a i

‘?’Ee gk?l Iged art |4§aﬁ’}{mvﬁ gﬁ‘}% mixkunes can he fArRe rP36ft¥¢§%HéS will

perturb tA® nor nnicmﬂ;a:eﬂ anlyvier haitH Immﬁﬁéﬁéwsu.dxerttmr@éj:@téatéf I ![Le
d trat ec o] e
Moventton 1ot eroh A0 s e Ak Brefeliahil A 3L 1090 e FE oS s

finds utility irfFhEsmixturey ng and/or treating such i an arred t| 'SSues or
inflaned tissue site T
srhel Roridddd &5k %ﬂé%af%a@t AR AEA! frbdAlah08

absence of a lynphatic system’in a tissue
and increase. thé‘haﬁchq')f/é"?ﬁrszo espemialohib Ifé&llaést:‘tq‘ﬁ@ﬁli ERIecause no

convenlenu5nechamasmubhgastduxﬂQHHﬂﬁﬂlérﬁééﬁsﬁﬁfléhﬁid&hd&%‘dﬁﬁgs to
normal cells are a primary obstacle in cancer
chemotherapy due to lack of selectivity to cancer cells.
However, the deSirability'of targeting a certain tissue
type finds'application in other areas as well. Drug
20 targeting can be accomplished by conjugation of the drug
with, or encapsulation in, a specific transporter ta the
tqrget.'ImmunOreactive groups or materials such as
- o proteins, saccharides, lipids and synthetic polymers
| have been used for such transporters. Antibodies have
25 been most widely used of these perhaps due to their
target specificity and wide applicability.

It is known in the art that the size and charge of
the polymer, as well as potential interactions with
blood components, can influence the biodisttibution of

30 the polymerQ Thus, judicious polymer synthesis can
result in passive tissue targeting by the polymer.
' For example, the hydrodynamic radius of albumin is
approximately 37 A, its molecular weight is 67 Kd, and
its charge is known. It is known that the average half

35 life for albumin circulation through tissue is
approximately 24 hours, but this half life is longer in
'some tissues and shorte: in others. It is also known



t he scavengi ng of such macronol ecules. Such is the case in grow ng tunors.
One can deliver the polymer as a cytotoxic agent, and/or an inmagi ng agent
to the gWVOA5R67545 tunor surface based on size of the p8CYIGBISBIE2 on
vascul ature of the surrounding or targeted tissue. Thus, dosing with the
appropriate nol ecul ar wei ght polymer w Lkl3pesult in accunul ati on of such
polynmer in the growi ng surface of the-tunor. 30 . The conposition

according to tdwat n.i/t@éltl m@esﬁmrﬁtlfbmtﬁs slbihin BasetHito
di spersable forms de e upon the i.nt ended application rmrt[e reqﬁerably

in an injectabt® for N RNFTor ended
to be adm ni staall'mlmmtxmvcsmmixy tﬁ'sues Sig rappremisibie rendrigf ety have a

nol ecul ar vvel t r iy 4()5!%#;5 : he
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PCT/ 6895/500742311:%11 %@%ﬁ%l%@%%l%tammhhﬁQ%My :
conventional NPeis r PrefdcdbBd thk [Hdinet dr%‘dﬁﬁm;@slaa}ﬁds%Vfﬁxfd of ‘the
Ty 5 “gredﬁ}a@e&é‘ t%id BRRG h APLAE LS O AR |
may 5 be v 0 t Qi S
effective to o atissuekesi red therapeutic or di agnosti c response. The . .
sel ected dosage | e t erapeutic or
di agnostic effect .\‘Fﬂe t%g ﬂo%#e %%e]pse%ﬁl nJI%t {Lteq %%ﬁ q:t}#%’ desired duration
10 0flQ r eatinfkammat iom e f feisaues Wiid rErtduninithe dwwana t he corrpounds :
of this i nvent r t

tﬁ}e‘sxféj&}éy 8E£ ?&E& Q Lo dlRs add‘ t"‘thﬁéiJ e;i%ﬁrufis wie s e

I n anmounts, om about pl cono to about 10_m I| es of
cyt ot oxi ¢ agerﬂncbé-?ml‘&?ntr%Jr%r IERS'!EJ- (et RS lRﬁ'Ctt%’é?ﬁ)c%’?t i on!
ma)é cont alhn Ztmhe érl'cﬂf sw@l | ﬁﬂféﬂﬁd fdr! & tﬁﬁf& qeffmer"?ytlt%waﬁrt?
make up the dai 0S t W er owey at,_ 1 spgeific
dose | evel for %ﬁtqﬁﬁ%ﬁ i)]a‘ﬁ en Stlth M%Fpg?rﬁi tr]e]t’;"
15 imaging and/or treating such inflamed tissues or
inflamed tissue sites. ’

The skllled artisan w111 also apprec1ate that the
absence of a lymphatlc system in a tissue will perturb
the concentration and increase the half life of

20 macromclecules in a tissue becauselno convenient

' mechanism (e.g. the lymphatic_system) is provided for
the scavenging of such macromolecules. Such is the case
in grow1ng tumors. One can deliver the polymer as a
CYtOtOXlC agent, and/or an 1mag1ng agent to the growing

25 tumor surface based on size of the polymer and on
vasculature of the surroundlng or targeted tissue. Thus,
dosing with the appropriate molecular weight polymer
will result in accumulation of such polymer in the
growzng ‘surface of the tumor. '

30 ' The comp051tlon accordlng to the invention can be
prepared in water- .soluble or water dlspersable forms
depending upon the_lntended appllcatlon more preferably
in an injectable form for diagnostic imaging or as a
composition intended to be administered intravenously.

35 Such comPCSitions preferahly have a molecular weight of
at least 4,500, more preferably 4, 500 to 40,000. The
preparatlon of water- soluble comp051tlons of at least



20 factors I ncludi ng the body wei ght, general health, sex, diet, tine
and rout eypfesaghiyni stration, rates of absorption and excre®PCarGBIsSOOt2Nat i on
W th other 3rugs and the severity of the particul ar disease being treated.
25 The dosages of the contrast agengjused’ accor di ng to the nethod
of the present invention will vary according to the precise nature of the

contrast agent usasho RS AbbY1 AWOWRYRERE [dh 498 agecatoL énbe ksgpt as | ow

as i s consistent wth achievi ng co rast enhanc& Hragh g 30 and vol unes
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potential is mnimzexctddl desdgertpvels ¢Estitanaetivat ingredjentsihhe
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PCT/ (3B95/ 00742 Crease as e ection_sensitivity 1n | mg
machi nes i ncr eas@sagl}cfs"rlsc VE2SPORESR; The cSelerredidesagayteige EF&EPFPF@ner

inthis field t Qejsdrisli e ¢e Ssiradn cosAaSeh el c a6y a@agnsﬁtae @qaeltl c
resonance 5 cont rast ent E qilg: axlveI%/ rout| ne expﬁE aag v
both in vivo or 9% &€ r5°"grpi)l‘? R Tt IoR: aBeHRE 985IHES: BRAA &Pé‘d
with convam i onadf piveamment i awed @Ehwtﬁacmrs ai ds for exarrpl e

stabilizers, antioxi dﬁgé Qéfoé%ii§yd39+ ug}_lmeaaﬁaéé% | n eckpﬁer S,

adj usting agents, etc. and orm Surt on or
i nfusi on direct |:,nmntaicoxeramts¢md|moa M$Qtibn3wg’hea°p‘h91§fféﬂ@§| cally

accept abl e carrigsdBiiy e oA amd@Aes, fObri Bk@ableN. of hegohhabeaR! RAST
agents may be forpmulated in convenf i onal adm ni stration forns such as

powders, sol uti d?i'scmg‘lps,?)e?%l%‘?%ut A riiiimeleg el FBLRYEX1CSBERPLORET
suspensi ons and ki sgran oS body weight. _Dosage unit compositions may

contain such amounts of such submultiples thereof as may
be used to make up the daily dose. It will be '

understood, however, that the specific dose level for
any particular patient will depend upon a variety of

20 factors including the body weight, genéral health, sex,
diet, time and route of administration; rates of
absorption and excretion, combination with other drugs
and the severity of the particular disease being
treated. o

25 ‘The dosages of the contrast agent used according to
the method of the present invention will vary according
to the precise nature of the contrast agent used.
Preferably however, the dosage should be kept as low as’
is consistent with achieving contrast enhanced imaging

30 and volumes minimized for IV drip or bolus injection. In
this way, the toxicity potential is minimized. For most
magnetic resonance contrast agents the current
appropriate dosage will geﬁerally range from 0.02 to 3
mmol-pafamagnetic metél/kg body weight, especially .

35 0.05 to 1.5 mmol/kg, particularly 0.08 to 0.5, more
especially 0.1 to 0.4 mmol/kg. However, it is
anticipated that the amount of contrast agent needed



physiologically acceptable carrier nedia wll general]y be preferred. 20

The contrast agents nmay be formul ated for adm nistration u3|ng

physi ol 3YQ8%267§4 acceptabl e carriers or excipients in a nBfEEBIMNOT42 within +
the skill of the art. For ‘exanple, the conpounds, optionally with the
addi ti on of pharmaceutically acceptabl e-e%2i pi ents, may 25 be suspended

or dissolved in an aqueous nedium wth the resulting solution or
suspensi on t herilieiderraass |ds elbtdarion @reﬂd:;t:adrﬁwi:sﬂinﬁga.rig)rns e.g.,

i ntravenous s r fr

physi ol ogi cal I'y unacce|o:'tsnzg1Lgé-&aég:;gentcis?}l S;Jge'lh 41av2\aﬂ=J = o(%nstr%? al i ty
to mnimze i BvVerade PIACktaner gt ddris ffel@'-'si s dekpmming the on.  Thus,
the contrast. ’@Uzﬁiﬁﬁ%&%@rﬁiﬁrﬁ@ )bil%:!c‘iﬂ.té!n'nﬁg‘i{et&d Q!‘Eddhihﬁfé?rton' C.

Sui t abl e vehi cl'es i1.ncl ude "aqueous vehj.cl es custonarl used for
adni ni st &r i ng GPRERE: ATH RY FRbakicielas Tuting I@RABAHER mj ect i on,
Ringer's | nj e@oxobotiedld afiard mrecin antdeedpplicaticbriodi um Chl ori de’

Injection, Lactat e%o%ﬂ:%ét agleH & tn’ta(ip baen(%o%&ﬁ te(a l%,};_rﬁ{‘ l%fer}lt:.onal
pharmaceutical or veterinary aids, for example
~ stabilizers, antioxidants, osmolality adjusting agents,

10 buffers, pH adjustiﬁg'agents, etc., and may be in a form
suitable for iﬂjeCtion or infusion directly or after
dispersion in or dilution with a physiologically™ ‘
acceptable carrier medium, e.g., water for injection.
Thus the contrast agents may be formuleted in

15 'conventional'administration forms such as poWde:s,
solutions, suspensions, diSpersiohs, etc. However,
solutions, suspen31ons and dlsperslons in
physiologically acceptable carrler medla will generally
be preferred. _

20 The contrast agents may be formulated for
administration using physlologlcally acceptable carriers
or excipients in a manner fully within the skill of the
art. For example, the compounds, optionally with the
addition of pharmaceutically acceptable excipients, may

25 be suspended or dissolved in an agueous medlum, with the
resultlng ‘solution or suspens1on ‘then be1ng sterilized.

Parenterally admlnlstrable forms, e.g., intravenous
solutions, should of course be sterile and free from
phys1olog1cally unacceptable agents, and should have low

30 osmolality to minimize irritation or other adverse
effects upon administration. Thus,_the contrast medium
should preferably be isotonic or slightly hypertonic.
Suitable vehicles include aqueous vehicles customarily
used for administering parenteral solutions such as

35 Sodium Chloride Injection, Ringer's Injectlon, Dextrose
Injectlon, Dextrose and Sodium Chloride Injection,

Lactated Ringer's Injection and other solutions such as



