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Chel ant Conpounds : _ The invention relates to novel anphiphilic
ghel ants wodspsiohe chel ates and salts thereof and parti cul BET/GBPS00833
their use as diagnostic inmage contrast enhanci ng agents. It is
wel | accepted in diagnostic imaging qpqujties, such as magnetic
resonance i maging, X-ray i magi ng, scintigraphy, ultrasound and the |ike,
that the use of contrast agents can |ead to inproved i.nmage contrast
and hi gher diagnostic efficacy. A | arge proportion of contrast
agents that have - been devel opedliekantrggupoundsr than of the gut, have
been extracel lul ar agents which after injection |eave t he vascul ar space
and are excreted by the kidneys

by | onerul ar_ filtrat.i
order to obtain’ ?P%gﬁ%%??%%ﬁ¢yr%%ﬁﬁ%# FRIRPYRL | YIPRAP Qﬁi&ﬁkghﬁé t?t i's
desirabl e to deyetloyp ¢cheletespandfsalconthenséofigand spartidularly stei but e

Cufticront 1 orifidisd T dfabfodls ikl fedndfmihldelsy Qiedyl! M

primary internal or¥ants wabllac:@eptpe@ysn diagnosbir niadiegi n the

Processing ancuSEiebelLs] NGudh as niGiebSe PesbigtE! Afagiily mLesp! coul es
as well as being i nvol ved in the sor t|o ckggf f fat
Processed, nate+W%$%n%resF%FE%SEﬂP?Krd% I?%. t ﬁ?%ﬁdt??natly

excret ed. TheddeéeﬁflOﬁnﬂfab@tagentsfcanl1emd tbfimprn*e&enmdgeeases such
as primry an asi at C S I nportance and the
SEL 2844 hEaRRE ] dahSel (e li hEP! TP

devel opnent of °2B %?rast recei ved nuch
attention (see Schuhnd®nd€i prppertion of | egrtrasRagents Phayt3baee (1993)).

To image the |lhuen &é#@ﬂoﬁé&tféﬁtlﬁsgﬂﬁg othéfethan &R théppaeaChasehave
been adopted. The first is i gg et _.the bl pod pass t hr ough
the |iver usingegrextragglip Enﬂg?%§§ Vﬁﬁﬁgnﬁfﬁﬁﬁcﬁﬁﬂ?%g *ﬁgv %1 ood

pool the vascular space and are excreted by the kidneys by
glomerular filtration. However in order to obtain
diagnostically useful information of other organs it is
desirable to develop target specifié contrast agents
which distribute preferentially to the desired target
s1te and remain there for a time sufficient for image
generation to be effected. _

Among the primary internal organs, the liver plays

a leading role in the processing and metabolising of
toxins, particulates and macromolecules as well as being -
involved in the absorption and digestion of fat.
Processed materials are released through the biliary
system and finally excreted. The detection of both -
focal and diffuse liver diseases such as primary and
metastatic cancers is thus of great importance and the
development of contrast agents for the liver has
received much attention (see Schuhmann-Giampieri,
Invest. Radiol. 28:753-761 (1993)).
. To.image the liver using contrast agents, three
main approaches have been adopted. The first is simply
to target the blood passing through the liver using ECF
agents and fast imaging procedures:or MRI blood pool
agents, the second is to target the Kppffer cells of the

Y



agents, the second is to target the Kupffer cells of the WO 95/ 28392
PCT/ GB95/ 00833 _ : - 2- reticul oendot hel i al
system i "'WOI98283%er, and the third is to target the hePSTEIRISNBEBI3t he
cell s whi ch account for over 90% of the liver. The present
invention is concerned with liver  targeting contrast agents. - For
MR | magi ng, paranagnetic nmetal chel ate hepatobiliary agents such as
Gd-ECB—DTPA coned

Sal ut ar

(AG USPTQ) partic have - been g oposed by Adva cedtkhgnetlcs

Besi des t he nor mal oﬁE@Fﬁ?tlﬁnVQP
hepat obi | i ar yasrgetiagt contagsnt agentancti on adequately I's that-

shoul d

systenlln a contrast I nducl

ntfoCONCEERE

I n velo n Sc | a
SR ey o oA B LR B e
al so been pr dFoded tRaget| Fhe ﬁﬁgﬁﬁgY§9S: tReaced anﬁthh account
arablnogalac&%&—@Q@&egoqleagﬁglhlversuperparanagnetlc I ron oxide

OPTA has

ocour ClblrC ot  BaahELRELL ONULLY Pnligee hePaloDILiary

an a

ate period for

i tagi ng to b&epprebiddary agentslﬁuﬁﬁsaﬁdﬁﬁbﬁgﬁ PEBAdard BPBr$§¢ngly

good | iver

unua&ahévaudpaéﬁtoagedcneﬁﬂﬁgbaha AycomedesalgEgption is

hi d wth t t hel at
conj utated  SARSEEATSGYoupThe BAFROFARS LTS kD iragtng ageRe gl TG

exanpl e,

one GARORTahbhsat al6d- DEBA- PEBPosed for liver imaging by

(10- p- CarbOXggggegx&Qﬁpﬁka%lﬂogaigctan-coat d ultrasmall

tetraazacycl
hi gher and mBMPeFPAraNggReEAE MEPRL PERAS n(AG-T

ecane-1

acetic _acid) achreves a significantly

USRTO) \Rareigles daave

Gd- EOB- DTPA peefifprbposednbl’ Advancéd QMdgnat Dég | he acconpanyi ng draw ngs.
Thus vi ewed fron]gne asgeghethe Loy ention_proyides an anphi philic

conpound of fornu
toxicity, a requirement for a hepatoblllary contrast

norma conce s 1n relatlon to

agent to function adequately is that liver uptake should

occur efficiently and that retention within the

hepatobiliary system in a contrast inducing form should

be for an adequate period for imaging to be effected.

It has now been found that sufpriSingly good liver

uptake and prolonged hepatobiliary system retention is

achieved with novel amphiphilic contrast agents
~comprising a chelate conjugated to an acid group
carrying aryl function.

By way of example, one such chelate Gd-DO3A-DOBA
(10-p-carboxyphenoxydecyl-1,4,7,10- -
tetraazacyclododecane-1,4,7-tri-acetic acid) achieves a
significantly higher and more prolonged accumulation in

the liver than does Gd-EOB-DTPA as may be seen from
Figure 2 of the accompanying draw1ngs

Thus viewed from one aspect the invention provides

an amphiphilic compound of formula I

Ch¢ L-Aré AH),), o m

(where Ch is a hydrophilic chelant moiety or a salt or a

chelate thereof;

t¥G%i rement for a
liver uptake
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th[err] L-Ar[err] AH)[err]) [err] (where Ch is a hydrophilic chel ant

noiety or a salt or a chel ate thereof; WO 95/ 28392 '

. BCT/ GB95/ 0 35h8392 3. PCTIGBYSMOSI3 | 5 a4
optionally oxo substituted C[ err] al kyl ene | i'nker wherein at |east one
CH2 noiety is replaced by a group X[grr] (e.g. L may include a chain
sequence, a X[err] (CH[err] CH[err] X[err] )[err] (where u‘is a positive
i nt eger) such ]

X[err]CH err] I.I)e[ aﬁé% % be%tflt’ut:ed C,.a5~alkylene

err
X[ err] CH err] GHrdeay )({hﬁ#ﬂ@-l[#r G@ﬂ[terq!]@(@:r PoipEYT L EHFEPLRREE, PY, @ |
etc), and whergidug- S (%Obi om.ahhy hﬁb:‘.ﬁﬁépheéhb.}lnasequen&@t aol i zabl e group
Mbut with th ent Ch_is CH2 and

that the ter %Bgﬁékﬁ%) ?wgafﬁcgn?sA? PQSXF%V?]lﬁFe%éﬁf—i[%??lj’ 3Foup
adj acent or se{}@HaCBgK', X'CHyCH¥3CECHyXY], XIMOH3CH ¥ CHjCHYXACHICHXtus for

exanpl e the L- i ral, GHerr]-Ar,
L[err]-Xerr] c:e)r'r ]éxﬁér V(F)Hrﬂéaﬁierr ¥ dﬂﬁﬁr}e” Cl—li[rlerégl&dfjeeﬁ PyAr vvhere
L[err] is the neakAfizablg group %M,&’rqfsii -

substi t ut ed b»te:ﬂmnus dEMi ngifdeert tdere Cm anat Baatatné téﬁﬂlnus ofeach

AH is a proti u r ef.gr abl 0Xx ac . a_ carbon

sul phur (F;r ph&mﬁr&%ﬁf 3& grsél ?:ﬁz g ?Qleé%?cent gre %%35@%??] i-s

0, S. NRL or PR emeg Cl-pr éromabl groupni¥! e(thas Sox|exadple therhbths being

present in L; 1:.nka§§ rI_]1 S jgydrgg_@h i&kyhmp@fyhr olry pinand n are
bel"ng

positive inteders exlarrp 4, ecially 1 or 2 and n
bei ng for exarpCH2GH2 A%y vg}ere is theTFi‘éséﬁBPaﬁﬁ H)lrety may be any of

~the chelants eac)Iap e thri razty#le diirlce loptiiioh gt sﬁwttllthtléundﬁ' or .
| ant hani des. Th hel ant et be an_acyclic chelant, in
particul ar an Wﬁ%ﬁ%ﬁ?&fﬁ&&ﬁ %co maflcll1 (‘%&195&% ﬁ'e afeor a phosphor us
oxyaci d anal ogach A e .2 @uptiRTRE1IAT Btup, preifERakdy BRDRxyHoider, it
is preferred thaf, ta{1ecarborf’,h%1.1ﬁ'i§h1ﬂeoa;‘ BHISPRUSC oalcaR! 0rfadsa?BA I N
thereof; |
each X! is 0, S, NR* or PR?!, preferably no more than 3 X?
groups being present in L; | '
each R! is hydrogen, alkyl or aryl;
m and n are positive integers, m being for example 1 to
4, especially 1 or 2 and n being for example 1, 2 or 3).
‘The chelant ‘moiety may be any of the chelants
proposed in the literature t;ha_t tightly-' binds
‘lanthanides.
The chelant moiety may be an acyclic chelant, in
particular an aminopolycarboxylic acid (APCA) chelant or
a phosphorus oxyacid analogue thereof, e.g. DTPA, TTHA,
PLED and DPDP. However, it is prefei‘red that the
. chelant be a macrocyclié chelant, e.g. DO3A. 1In
particular, the chelant.moiety may be any of those
proposed in particular in the Patent applications of
Schéring, Nycomed Imaging, Nycomed Saluta_tr, Bracco,
'Squibb, Mallinckrodt and Guerbet relating to MR contrast
‘agents and preferably is a group of formula

[X2 (CR2,) ;] 4,00 RN (CR?,), [X2(CR?,) ] NR?,



particular, the chelant noiety nay be any of those proposed in

particular in the Patent applications of Schering, Nyconed | ng,
Nyconed SHD95/28392 Br acco, Squi bb, Mal i nckrodt and GueFHECHR ng to -
MR contr ast agents and preferably is a group of formula
_[X[err](CR[err])[err]][err] or :
R[err]N(CR[err])[err][X[err](CR[err])[err]][err]NR[err] - WD 95/28392
PCT/ GB9S/ 0083\v3here each X? is O, S or NR3 pre eraszy Qﬁ?xﬁﬁ”] I's 0,

0 a group L,

S or NRerr], %r:e ezrably each,  bei ng

a hydrogen at® ah PRk -2 l@ylgr&PBUﬁ‘ Br gVQFSSF? QEE’W PERPerr]) [err]
noi ety conhpdmnganqmmmumarpmﬁermwwwe(mmgxp moismh Rlerr] is a

hydr oxyal kyl gég{:lgjrnfné;r&&gngﬂn Jjﬁ%né"‘i g&“c arI .or a bond to a

group L, at |eas

ﬁ&&hef erably all-

except one Rieaeh B} is @&YQKOWP&MABI‘OUP:eécErmplg y R OFFEPURL om or a

bond to a gr OtHARS or =£IPRd ticS al i;ora& 18ksteEqs) ypieferam]ysa,?: to 8,
greéer

f bly 4; t
pR{grre]ra R{er rT“%rpﬁ%*‘F‘}]t'?’gl% &S&Jﬁ’ﬁ?ep% one Rng?ngul are?)s/ one

preferred nmacgooyms i CRAR et ons include [err]
each R4 is a hydrogen atom or a bond to a group L;
~each p is 1, 2, 3 or 4, preferably 2;
q is 3 to 8, preferably 4; ,
v is 0 to 6, preferably 0, 1, 2 or 3, : ' - ‘
and at least one R?, R?® or R? is a bond to a group L.
Particularly preferred macrocycl:.c skeletons

1: Sl :J C”‘}
1 .




Especially [err]
PCT/ GB95/ 00833 WD 95/ 28392

5.
Fspeflallynpﬂmmmnred as chel ant groups Ch are those of PELIGRIPANES3
err '

‘s . . ."5"
Especially preferred as chelant groups Ch are those
of formulae

R4

AH AH AH

n4A/—Nk Nk_\uﬁ

AH AH AH

where R* and AH are as hereinbefore defined, at least one
R* is a bond to a linker group L, preferably with 3 or 4
R* groups being hydrogen and each AH being a group CO.H,
SO,H, PO;H, or PO,H, and each Am group is _en amide, or a
salt or chelate thereof. ' '

Where the aryl group Ar is monocycllc and the
linker group L to which it is attached is a chain
(CH,) X!, optionally attached to Ch via a CH,CONR! group,
then s is preferably at least 6, e.g. 7 to 15,
particularly 8 to 12. Alternative preferred linker
~groups for monocyclic Ar groups include chains
interrupted by metabolizable groups M and groups hav1ng
repeating X!(CH,;). units (where t is 1, 2 or 3,
preferably 2).

For bicyclic Ar groups, i. €. groups hav1ng an aryl
ring bearing a further aryl r1ng as a substituent or



where Rl err] and AH are as herei nbefore defined, at Ieast one R4 is a
bond to a linker group L, preferably with 3 or 4 %&@%_ﬂ

hydr ogenygnggaash AH being a group CJ err]H, Sq err] [err] or~
PJerr]H, and each Amgroup is an am de, or a salt or chel ate thereof.
Wiere the aryl group Ar is nonocyclic and the | i nker group L to which :
“it is attached is a chain (CHerr])[err]Xerr], optionally attached to

Ch via a CH[&HS ﬂﬁg]; EHJSUPused atyerinds, Pcfﬁeé éeaSt 6, e.g.
7 to 15, T cul arly_ 8 to 12. AIternatlve‘_gre erre groups

for monocyclP eg\er FPHUPR 2 neP ity BRfHCularky, rtrQJrﬁltfecF"er“ r@'f‘%?dbl i zabl e
groups M andtegreimatingiag one éz;zpeai‘ummng[ anhd] aCHtever }o):helrr itmi tas (V\/nere
t is 1, 2 or pr r 0 | | r

groups. havi ngf'm#: x1 oiiﬁoq{%lﬁf 1nterr61ptefiub hér Rgrléfs 1&zAai>1% %li%ﬁp
substituent Br e.g. a (CH,) 5 (M), (CH,;) X! chain where a 1s 1 to 9 b is

PCT/ GB95/ 0088 3oM0 95&3&3@215 1 to 10, préferably where a is 1 to 9, -6-

groups havi tvvo fus ar ri ngs, the chain L is preferably a 2 to.
20, particul "[“6‘?1% :‘a%/o}n chai n, termnating at one end with CH2

and at the ot her Erxamp.’ees of tgastmnovi[mb”.l]e gypiupen A thntwdriraiptiedadyy a
nmet abol i zabl
(CH[err])[errT ern]‘?r@iﬁﬂerrcf% errﬁ“ﬁ[d r] AN \ﬁnrebraenate's alcettalg bis

0 or 1, and 1ée¢ dsubf 1de ofegtans afhahwsphorus @nd sulfurp is 0 and ¢
s 1. Jccjyac:r.cféwéﬁ&%aﬂfoﬂgﬁélbm I zabl e groups M vvr th which L may
e

be i nterrupt | ude am de esé‘er carb nkace al, ket al
di sul fi de, esters 48 p??b%’&ﬁc‘jr)cﬁ % SErRCEISShat e. ¢

Thus exanpl esnefudeef erred | i nker chain structures i ncl ude
-(CHerr])[err]Xerr]- wherein d is 1 to 15 where Ar is
bicyclic and?to 15 where Ar is

nmonocyclic = (CHI@K err] CH err] - ( X[ sfheredmed P@-I[-‘ertrcj Wemitiere Arpdre e is

1to6 bicyclic and 7 to 15 where Ar is

monocyclic

-CH,CH,- (XCH,CH,),-  where e is 1 to 6

- (CH,CH X))~ where h is 2 to 7

- (CH,) jCONH (CH,) ¢X*-  where £ is 1 to 12 and g is 1 to
4

- (CH,) gCOONH {CH,) £X!

- (CH,) g-0(CO) O (CH,) ¢X*

- (CH,) 4COO (CH,) ¢X*

- (CH,) gNHCO (CH,) £X*

- (CH,) JNHOCO (CH, ) ¢X*

- (CH,) JOCO (CH,) ¢X*

- (CH,) gOCRHO (CH,) ¢X* * ~
- (CH,) JOCR?,0 (CH,) £X?
-and the analogous groups linked to the chelant Ch by a
CH2C0N12JL moieity, ie. :
-CH,CONR! (CH,) gX*- .
-CH, -CONR!CH,CH, (X*CH,CH,) .~, etc.
" In the above g is preferably 1 or 2 and £ is
preferably 1 to 10, e.g. 2 to 5. :
Attachment of the linker L via a CH—‘,C'ONR1 group (ie.
incorporation of an amide M group at a position P to the



“ (CHerr]CHerr]Xerr])[ rr] : .\A/r\ere_hi52t0'7 :
-(CH CONH( CH X wh - f 1 t lto
0k O R G I
‘Terr]-QCO)QCH[err])[err]X[err] - (CHerr]). [err]COO(CH[err])

[err] X[ err] .- (CHerr]) [err]NHCO(.CI-{e.rr]) [err] X[err]
('CH[err])[err]NHOCO(CH[err])[err]X[err]
(CHerr])[err] ERQgEbhBY r brEers] ﬁti&:ular adv&ﬂ:& e ) [ i rpLER @GO

CH CH X
and the. dnal Lé,ébs [ty EGINERIS pabi EmIRE Ry
CH[ er r] CONR] erwithowbich, Cheis metallifed r$@0nRiRt 11z {1GH the [petal rioferr] -

-CH err] - CONR Aq ( r r [

In the above gﬁilr'lrslépr fe{%g@gﬁ'{ %e%{c‘iéﬁf ﬁm%‘? e%ﬁe?a éhiocti%ﬁéf? e.g.

2 to 5. Hﬁchrrent of the linker L via'a CHerr] CONR err] group

L caoss oba3 ey onh goseft cawoupslp Bbwi up ﬁfa“mt?‘”‘?ﬁ“"w t ages.
up ers par.ticul.ar _advant ages."

In particul ar smtﬁ% a%reoﬁ?d:éq?cé’é%"tcalgg S‘Ertte’i YehhSredthd et al i ons

wi t h which Ch 1etuerataaeednsorg¢m1mg|¢gpt¢ne merel héweroators ndi ng and

|l eading to greééﬁécgé&efi'&aa@d 1 NS DY "@M Laen rﬂ%bbféfé/rably havzbn%_yc_I .

aryl groups, bot i n substituents suc , are car
or heterocycli®, ton7 (Rembers| byt psRectal i RERF XM IRCITIRG deing
heteroatoms  Cg sedtsd®eeiicom O, N P and S, each ring preferabl y havi ng

5 to 7 nenbers but gspgc [ rabl Gach &
car bocycli c. B2 glg-? 5¥%$r :gc VC':ISF %ké g{}gi‘ﬁ% Lﬁfepkb?%nﬁdand
napt hal enyl groapthatepeti groypsl, bew@m‘-yallbmm “biphenynb@ndil2nyl groups.

The protic AH Q& Hﬂél?ﬁﬁfeﬁo@ﬁsthe Ar groups and al so on-Ch groups are
preferably carbo _

Uﬂ

The protlc AH groups present on the Ar groups and
also on Ch groups are preferably carbon, sulphur or
phosphorus oxyaeid groups such as COOH, SO,H, PO,H, and
PO.H. o o

For monocyclic Ar groups, e.g. phenyl Ar groups, _
. one AH group is preferably attached at a position remote

from the point of attachment to linker L (i.e. the 3 or
4 position for phenyl Ar gfoups) with a further AH group.
optionaily being attached at another positien, e.g. to
provide 2, 4, 3, 5 or 3; 4 disubstitution on a phenyl Ar
group. |

For bicyclic Ar groups, e.g. biphenyl and
napthalenyl Ar groups, the AH groups, preferably one,
two or three AH groups, may be attached to either or
both of the rings.

Where the compounds of the invention are to be used
as diagnostic agents, rather than in the preparation of
such agents, the chelant m01ety is metallated with a
diagnostically useful metal ion.

Metal ions for chelation are chosen for their
?ablllty to perform their diagnostic or therapeutlc role. .
- These roles include but are not limited to enhancing _

images in MRI, gamma scintigraphic or CT scanning, or X-



phosphorus oxyacid groups such as COOH, S err]H, PC{err]H[err] and

PJ err]H For nmonocyclic Ar groups, e.g. phenyl one
Péﬁgﬁégﬂe %oint

AH gr oupwiodspsasterably attached at a position renote - of
- attachnment to linker L (i.e. the 3 or 4 position for phenyl Ar groups)
.with a further AH group optional |l y- b&i+qg attached at another position,
"e.g. to provide 2, 4, 3, 5 or 3, 4 disubstitution on a phenyl Ar

gr oup. ray, For bea:yvérﬁ:ngr cgtotpsic eagents pheryilhnthdesiraipldal enyl

Ar groups, tEElfﬂ %ﬁgupgs gﬁeﬁgéﬁpéy one, two or three AH groups, my

be attached to ert of the rings. : Where the
conpounds of the MﬁﬁéhﬁlEhaﬁr@anob%elﬂﬁﬁﬁporat%én(ﬁhﬁﬂﬂﬁhl?ﬁ%&ﬁ#ﬁ%n:rather

than in the phepaaat teansiuon tﬁé'@éi'l aDERE S, 1&&&@&&1@%@'&1& dther
nmet al | at ed mntg g aﬁ ? %lcal Y usef ul t al Metal ions
for chel ati ofihf &ﬂB§en Bty 1SOLORRST | 3% ﬁ?ﬁﬁﬂ%ﬁQﬁ99?§mur di agnosti ¢
or therapeut therebE, suchTassefon|examplbeé Uddybla.arse,ndi,l iBy twd Co,

Coaneag,, vl BAFSchl T CHER, A4 S Ol AL N O

- 8- r ayW, oRedePBvePP nand Bbt oxPartimntiarko paefiensgssirabl e cells
such as in tﬁﬂﬂiélfogopis of Motk Sot ke CFdedifoirny qrz&qrxﬂieedsasdnrgug[lh

chel ati on, i nghude &r.ansi al 3,0 0N aq-hanigdle i ops_and ot her
netal ions, imelrudi Ny é?()pe adndggﬁ'dla(g 30t§oalp mlh 9ﬁ"r‘eof Reuch as, for

exanpl e, My, ¥'¢3n, St“m, 148Rey, 2€@Pb, 21BHM,, 2¥Bi, o&l BN, , aBd; 2#Bi.Ga, Sr. V,

Zr, Tc, Ru, 4fe Ehoice ?W rﬁﬁ??l Pon Pf)oza%%ad:e ?‘f tHI}P glﬁrla\hb%[ e rt%ljéj

rad|0|sotopes of sone o oregoi ng inc
[er]Cu, [err}EﬁenFéPF]E%;18E6kdeT%Fm}nPd[Q%rth qQ§%ﬂ tq§§QHQHP1° [err]Ru,
[err]ln, [erbtﬂﬂzabﬁbéth apsIiddthioderr]Bi, [err]Bi, and [err]Bi. The

deter mi ned by he 561 WRE (it iy SOl o p Bempmahitla 10, |

and preferably non-radioactive, with Dy, Gd, Fe, Mn and
Cr being particuiarly preferred. For X-ray and
ultrasound imaging, heavy metal ions, e.g. with atomic
numbers of at least 37, preferably at least 50, should
be used, again preferably non-radioactive species, with
HE, Ta, Re, Bi, W, Pb, Ba and Mo being especially
preferred. Heavy metal cluster ions, e.g. polyoxocanions
or partial or full sulphur analog may also be used. For
-scintigraphy or radiotherapy the metal ions should of
course be ions of radiocactive isotopes.
However the invention is especially applicable to

MR contrast agents and GA(III) and Dy(III) will
generally be the preferred metal ions. Complexes of
GA(III) may be utilized for T, or T," imaging whereas
complexes of Dy(III) are preferred for T," imaging.'

_ As the aryl groups carry prqtic'acid groups, the
compounds of the invention way be in protonated non-salt
form or in the form of salts with appropriate
counterions. Por use as diagnostic contrast agents, the
~salts will be with physiologically tolerable counterions
and in this regard particular mention may be made of the .
inorganic'and organic counteranions well known for their

-



*For MRI, the netal ions should be pararragnetic - and preferably

non-radi oactive, with Dy, Gd, Fe, M and Cr being partlcul (ms
preferrede)ﬁmmx% ray and ~ultrasound i magi ng, . heavy mef q

With atomc nunbers of &t |east 37, preferably at |east 50, should )
be used, again preferably non-radioactive ¢gspecies, with Hf, Ta, Re, Bi,
W Pb, Ba and Mo being especially preferred. Heavy netal cluster ions,
e.g. - pol yoxoam&x&abnﬁy PaHdniely Whd Wikt R AN 0fhdya 15 Gndxea LS ed.
For -~ scintigr £he/ i ot heraIP the taI I ons s\%ﬁc{ﬁp course be
i ons of radi oad@%els <D 5, ammorium 1amine . EREHARERDR ¢ ol | y

applicable to and tﬁ@hmmtﬂeiﬁs 2OEN asart(heﬁi(ddritjeﬂmhd))c(ﬂ Iﬁﬁlwbuffer

Ily be th '
BT e’ tor Tor by SFbATIAL ofihe BIVLASS oy, e BddddedTY PP,
preferred for Ufimg |convensiinpal chemcalAstezqm:aqgﬁs @mwm&%&s otic
aci d groups, ti&ethef(&ﬂ%wndﬁrﬁéef hé‘ncl %éeéktdéyblr&%' g}-‘&d;fs Ridd onated

For use as di HASTHSTEOH TS o deprotit iy, fidgriopah " o
physi ol ogi cal Ig/rdu;bsarvatnlcm cmuli@rinmidbit thendkomjuddtsior garatedute cul ar
mention may be, ade,pl ddiGrqinad Y SHHE Gk G the HUULSALANS MRl

known for theiT
PCT/ GB95/ 00833!13&9.1:@;5]112@'@ groups on the linker and the pratic acid

tolerability, ety ddemd ‘ﬁé{l HMfhA IGH | nenf-‘agéﬂzefat a'wh:.le | S (e g

Na), anmoni um_ et hanol am_ne et hano am n megl um ne as
the count eri orstife% (Gan (RE reanjugate 'I"ﬁ'&e &ﬁglmﬂﬁ rqqyep}rq] | on may
be prepared grmmgsnmmmemma]ly @mmonéedmtvelquem B4 they ugadeng

T oduci g o s et o $PE Ky A bamoa AR | the

conj ugati on protedgiore the Jinker %MM&TC&? slopiugatien on Eoe
macrocycl e, thehis pulicEw, i 3 Muitoibita 0N {dléed i it§19 pr ot ' c acid.

doni Ugated (o BF %rfvél%‘%&é}%”er%wm'ér&%{‘% 7 AR QRS YS
~consecutively durxngrthecﬂxtst conjugation and deprotected before the
second.

. Metallation of the chelate moiety can be cartied
out before or during, but preferably after the
construction of the chelant-linker-aryl-acid molecule.

Thus viewed from a further aspect the invention
provides a process for the'preparation of compounds
according to the invention said process'comprising at
least one of the follow;ng steps:

(a) metallating a chelant compound of formula I;
and (b) deprotecting a compound of formula I in which

at least one protlc acid or metabollzable
group is protected by a protecting group.

Methods of complexing metal ions with chelants are
known and are within the level of skill in the art.
Each of the metals used can be incorporated into a
chelant. moiety'by one of three general methods:"direct
incorporation, template synthes1s and/or
transmetallation. :

‘Direct incorporation is preferred. Generally the



the linker to aryl conjugation is expediently carried out before the

i nker to macrocycl e conjugation. For this purpose, Hﬂ;ﬂ&%pnal

| i nker MYOA¥ERIR | s preferably used, optionally with one end group
prot ect ed during the first conjugation and deprotected before the
second. Metal | ation of the chel@te noiety can be carried out
*before or duri ng, but preferably after the ~construction of the

chel ant - | i nkeetak yis a't-:f aegdcirem sub- StOJ-Ch'ﬁlmUﬁi@/\B@erfm“@ foar t her
aspect the i AYED!iQ8orpors¥ i Jadnss RGNy e £y on of
conpounds cording.to the jnvention sail d’ rocess corrprl si ng. at

| east one ofd# ?b?l%‘gﬁrﬁ‘%?‘ﬁ?s"e chromatqgraphic Furdfilcgtddhel dm

~ conpound of tlisnthanher s1gmmhc(dﬁt mawmlaaeomqmdo@lf arermula | in

whi ch & Yot abaql_izabl e

.group is pro? echdeddb Aaé%fug - ngorfgrecl?cé %'%Ven%mn ttﬁbtrﬁg&gn&cl&gﬁﬁl exi ng
met al ions With cﬂmlémtlsa%ﬁ'ellves knm/rremd-rer gerafliiatione ofevble of skill in
the art. c@rah@fsﬁm TPURlfols el dhak 160! RALA! filralidedon  Chelant

noi ety by eone.of t ree al nmethods: . direct I ncorporation, tenplate
synt hesi s aﬁ?ﬁ nt‘? %‘[ AimpLe,rapid purifigatien (RegrpgeAtion is

preferred. Ci—zriHmdti:Lorl)ha:o removﬂ)eﬁﬁ!e%&S&&bound radionuclide.

PCT/ GB95/ 00833 is titrated
from sub-stoichi omﬁ [l < ar evale Fe (tIII) ’ CFJIIIIII)I'ICQPLS'O[FAI'I gg‘?&?b]
el i m nati ng Bl Hoed¥ GHI1) al”eﬂ éilh)% |1§n§héne¢§§nsanebehd®n’acbg}'aph| c

purificati omncd@ora}témltﬁtrm@ﬁ[ r@leqahi:bféﬁt t%@Siﬁ%eﬁEwﬁ' byagnd! I ut 't g
are avoi i cation o nvention to radionucli

“short hal f- Iéjqe)‘]g'so"ﬁdgg qag. ﬁ%é'trﬁon B wiher- Sﬂl&hé?aﬁ?@h@ﬁt ly before
admi ni str at itde \meﬁalrretgadﬂaiamJy an iherggnficl sabeqd by sispbivedpid
purificatio at v u

P onael g sbrdtitiage, vdie® o Bh st BN e EURESEQ RRPHEY | | ()
Pb(11), Bi (IThe REheh he Anlmddiode¥iddnbbebgilewcily An agueonporated into
the chel ant solfutiith idoHbHindhgdunt BQuimolar amount of the chelant

is added to the metal solution at ambient temperature
while stirring. The pH of the mixture is raised slowly
by addition of base, typlcally 0.1 M NaOH, until the
donor groups of the polychelant are deprotonated
generally in the PH range of 5 to 9, depending on the
chelant moieties' Perticular care must be taken with
the lanthanide ions to malntaln the pH below 8 to avoid
prec1p1tatlon of the metal hydroxide. Metal
incorporation into DOTA or DO3A derived and related
macrocylic chelant moieties will normally be a elow
process, as deécribed in the references cited below.
Specific examples of the procedure are contained in the
follow1ng references.

Choppin et al, J. Inorg. Nucl. Chem s 33:127
(1971), Margerum, Rec. Chem. Prog., 24:237 (1973) and’
D'Olieslager et al, J. Inorg. Nucl. Chem., 35:4255 _
(1973) deécribe'direct incorporation of the lanthanides
into polyaminopdlycarboxylates. Margerstadt, Mag. Res.
Med., 3:808 (1986):and WO-A-87/06229 describe |
incorporation of GA(III) into DOTA. A method of



“follow ng general procedure. A water-soluble form of t he netal,

generally an inorganic salt, is dissolved in an approprla me of

di stil| edyo@8hsyerzed water, . The pH.of the sol.ution wi ch%éf%yoﬁ%#v 7.. An
*faqueous sol uti on cont ai ni ng an equi nol ar anount of the chel ant S
added to the netal solution at anbient 1eerature while stirring. The
pH of the mixture is raised slowy by addition of base, typi caIIy 0.1 M
NaCH, until thgeparidn®i il 2D Q:fcmlbli%xlé%' weheoaa! i aeée&&aban&s;e
generally in epH range of to 9, epﬁgdlng on t he Ee ﬁg% |et|es
Particul ar caf™RAfseH& 'algen%ef"h So € ' Bridd Alain the

pH bel ow 8 t 0 adoireferenuesc mentioned hereia m‘ealmlcpatpoxa(tted ketralin
i ncor porat i onbh,n %%Q%Dc(g 19(1%%3(1@ |e¥1%qr%r,1§ rel at ed macrocyl i ¢ chel ant
or ma

noieties wll as described in the
references cited béllé'iﬁCt 1ncs;;@@mtc;0@xseﬁpﬁés éx.t He Pooasduda £a8 be

&Onlt ai gﬁd in ?&fgrmefdﬂadwﬁaqn@ew @39S known methgagpp' leéf2 4@%7 '(1199359
ucl . em, er.u em Prog.,

and . DOi&Y éﬁe'etUsfaI:h 4?“#%53 nblelﬁ%nem 35: 4255 (1973)
descri be ‘direct i ndtrammnamainaarh.omhé.sl aselfad Mn ‘thei megal ion needs

pol yam nopol y ﬁ%ﬁ%g g a S 0 986)
and VE>A-87/OE%£% escril d't%p |ﬁ%§%p%%§f%§gla %GSfﬁFFLQ%ﬂ St%6$ %0&1

met hod of  the donor atoms of the chelant moiety to bind For

PCT/ GB95/ 0383% 3 2&393.nc<>::pfc:rate 99“"I'c or 186/188Re, the metil- an I ' :
preparing Bi an conpj exes , 0 ri et .a :
Chem Soc. 9§%15 F?8§A) ﬁﬁp eFBéeHggsogeﬁFPBHéﬂghere|n
are incor por atagdmh‘.sr esurch as ISpCilef erecgsteiné ey rwebl i kméown methods.. Direct
I ncor poration f?ngIe deL p Eﬁsﬁ ordlng to
wel | known net §£hd.?%qﬂgr%9exa§m§§§o £ 2?7%%%% &g
TransnetalIatHHWHL§XUSeﬂUFYWH§ﬁltﬁ§aﬁEﬂ&I1§oﬁhﬁe€G§u°t1°Po°Se P2uced to a
nore appropri atiehosnddn ®hesprieeehee of al Weal2potodr@iBhatingheighakant

moi ety to b'nduéﬁ)as glucoheptonate prior to complexation with
chelants such as DOTA. These methods are well known in
the radiopharmaceutibal art. ¢’Cu utilizes tetraamine
chelates such as tet A or tet B (see Bhardaredj et al.,
JACS, 108:1351 (1986)) to stabilize Cu(II) for reaction
with stronger-binding chelants.

For step (b) protection-and deprotection may be
effected using conventional chemical techniques.
Appropriate protecting groups for different chemical

'groups and the ways in which deprotection may be.
effected are well known. The reader is referred to
"Protective groups in organic synthesis" by Greene and
"Protective groups in organic chemistry" by McOmie,
Plenum, 1973.

' . Thus for example protic acid groups may be
protected as ester groups, e.g. COOCH, or COOtBu groups,

- and deprotected by acid or base hydrolysis.

By way'of example the following synthetic scheme
may be followed from known starting products to products
according to the invention:



exanple, to incorporate [err]Tc or [err]Re, the netal ion must be

reduced to Tc(V) or Re(V) by the use of reducing agents such as

SnCl [ err ] wer9segasRei ne by wel |l known. net hods.. Thi s net RCT/GRASH0833S
formati on of an internedi ate conpl g{ A typical exanple is the
reduction of [err]Tc with Sn in the“presence of a weakly coordinating
l'i gand - such as gl ucoheptonate prior to conplexation with chel ants
such as DOTA. Thes t hods. are well known in . the radi opharmaceuti cal
art. [err]Cu gpi &Sdcagm ne chel ates such as tet A or tet B (see
Bhardaredj et al., JACS, 108: 1351 (1986)) to stabigtxe Cu(ll) for
reaction W t h stronger - bi ne+rg—ehelants. BrCHO QGH;( b)
protection and deprdtecti on nmay-¥MFTF  of f ect ed usi ng venti onal chem cal
t echni ques. ApgoHgRei at e praf 'Wgroups for different chem cal
groups and the ways in which deprotection may be ~ gqffected are well
known. The reader is referred to "Protective groups’in organic

synt hesi s" by Gd&ldedfld "Protective groups in organi %og, em stry" by
McQmi e, Pl enum 1973. - ‘Thus for exanple proti i d groups may

be protected as ester groups, e.g. COOCH err] or groups, and
deprotected by acid &"oﬁz?seuh ft ol ysi s. _ By way xanpl e t he
fol | owi ng synt hgtixc sche Ty -BA 6! |-Bed from kno arting products
to products according i nvention: WO 95/ 8392 :
PCT/ GB95/ 00833 1Bu0,C Co:By. [err] W\ / 28392
PCT/ GB95/ 00833 . | - HOCT | CHa
B [:N N] o - '
Ho,c— || N\—com
| @
' NaOH L
@) + Gd 30, Sodium salt of the GA(I) chelate of (2)
| Synthesis of DOBA snd anslogs -
B oF /X
: 1. NeE/THF X=
s« () Qo
s MsOH - R=CO0Me
: R - orDMF R
_ 2. Sthca gel

1Bu0,C— H,n .

L [N Nj .

Bu0,C— [ —CO0yBu - - go,c— [] VAVAVAVYAVY2A
. - EN N] 0 :

2.TFA N' N

3. Base _ HO,C—-/ L_J\—COQH @

R
R=COOH
GA(0AS) 3 e :
NH 3 o Tris(M) 0.\ [T 1 ANNNNo
e EN N] .
e N N- e
0,c— |_|N—co, :
Gd3+ ' ' R
n-coo?m @

SUBSTITUTE SHEET (RULE 26)



113 - [err] :
PCT/ GB95/ 00833 WD 95/ 28392 - 14 The

petal chel WD9528®2t he chel ants of the |nvent| on may be %‘a'Ff*Pﬁ?%"c"&Ped to
patients for imging in amunts suf_fll_;gl ent to.yield the desired -
contrast with the particul ar imagi ng techni que. Generally dosages of -
ffom 0.001 to 5.0 mMmmol es of chelated i magi ng netal ion per kil ogram -
of patient bodywei ght are ggffaaipkifrid achi @iosapop@dequat e contrast
enhancenments. For nost MR applications preferred dosages of imaging
metal ion wll be in the range fromO0.001 to 1.2, e.g. 0.02to 0.5,

nmol es/ kg bodywei ght while for X-ray appl egati ons dosegas of fromO0.5

to 1.5 nmmol es/ kg are generally .effectjlye to achieve ¥-ray attenuation.
Preferred dosa W app t 0¥ are f 0.8 to 1.2

The
‘Wi th conventi onal

mol es of the |antfhani de or heavy netal /-
conmpounds of the present invention may becooue ,_mul ate

phar maceutical or veterinary aids, for exanple stabiftP%®rs,
antioxidants, . osnolality adjusting agents, buffers, pH adj usti ng
agents, etc., and m;c—b@f—m a.formsuitable for ' parenteral
adm ni stration; fqr exEHp’fB injection or - infusion. Thus the corrpounds
of the present mvaa;d_on_[\-comy c|_Q|-e|o vet nopal Aphar maceut i cal _
adm ni stration forms such ag so oYy, suspensi on di spersions in
physi ol ogi cal | y ae-mpt abl e carri erggl Mq L exanpl e ter for
i njections. 8% The corrpounds according to the inve g TBY
therefore be formul ated for adm nistration using physi ol-ogi cal |y
acceptabl e carriers or excipients in a manner fully within the skill of
the art. For exanpl e, t he conpounds, optionally with the addition of
pharmaceutical |y acesabl e exci pients, pbe suspended
NH 3 or Trie(M) 0L
e I:N N e 3 '
‘,zc_/[_]\__‘;o3 .
_ e
adx CO0
m@
svmmsrswedwm-nom :
EI‘I? —Q—coom
BlCmHzoW g
NCyoHayBr
K 2C0 3/scctone
o 2. NH 2NH2
: NEt3/CHC13 :
NHzCuHaO—O—COOhh —_— cnn,couuc,.n,.o—@—_comn
LINKER

- tBu0,C— H H
) E_N Nj ' |
Be0,C— || —C0,Bu no,c—\ m /\/\/\M

2.TFA ' : : E,N N\j
: . ) C CO,H
3. Base HO, - 2 A-DOBA \

COOH
GA(OAS) 3 ozc""\ 1 W
NH3 ‘e _E, :l e
0,C L__] —cCo0,
. 3+' . .
Gd o th_ COONH,

SUBSTITUTE SHEET (RULE 26)



or dissolved in an aqueous nedium wth the resulting sol ution or

suspension then being sterilized. Suitable addi tives +;P:§§ 3; or
exanpl e webs/msee ogi cal |y bi oconmpati bl e buffers (as 8 g%l

t r omet ham ne hydrochl ori de), additions (e.g., 0.01 to 10 nole
percent) of chelants (such as, for exanpd e; DTPA, " DTPA-

PCT/ GB95/ 00833 WO 95/ 28392 - 15 -

bi sani de or non- cmmlr@m cdmlmﬁemfoff (truwlcmell)anttrs of thal cihmholnate
conpl exes (a PA- BMA, .or cal ci um

ex £ .cal ci um DIPA,
conpl exes of o%p%tﬁigglp tere4 Lﬁ%a&ﬁ ts, |f° Wgﬁgﬁl J BRSNS (e. g.
1to 50 = sufifigienietto }melchltdwame@n.mddmmtmsttsw(uthr tbeanpl e,

cal ci um chl | O £C m
(Bé.zdﬁcﬂ?dx?eﬁaer zﬁ) l:tb'égﬁ"z idue. aﬁ@g@?’é@.‘iﬁ}ahﬁsages b£C oY

| act at e). Pa o, I ntravenous

sol utions, $hdf% & 1'_’s-t°er“l"‘F?s1 ®% chelpted ’-magﬂﬁ'ﬁsf“ﬁlté ¢8R PeBnaccept abl e
agents, and killmdranhaf gavient bofiywedghty are eiffiedti®ei £bi hahtiereor ot her

adver se and us ke nt r ast medi um
shoul d pref &t aéoqq&ttzee | g{}tzaa%rg %n%ta'iﬁ%teh%ﬁts Fto% %?o#?g Sui t abl e vehi cl es
i ncl ude aqu@ﬂﬁllﬂ#ﬁ@f@ Pre-featlxﬁdo@mslagﬁsuﬁd 1ﬂl§gla§nm#tgﬂermnng&ﬂ-ent er al
solutions pe S.Hprttiés reliYdPron @088 kB 9chi, 0@ gR' Ogﬁb ol Bl &Gt on,

- Dext rose I nj ectio ose and ChI orid ection, Lactat-ed
Ri nger's Inj“é‘tcﬁ %DSDQS{ 9% “’S&S‘&t OFs Xs kel SEPénlEa é?EFl bed in

Reni ngton" s dosagemrotadingn ©als So ancGesmoleslikgdareEgeheprallivhck

PUDI 1SN0 e ARyl 405 ANy 140 a8l §85) Blererrdlie Mational

Formul ary Phar maceutrcal Associ a
(1975). The dosaggg lﬁqmms@a#'@@ﬁ’t épﬁlpﬁé&;épﬂ&t presframt PrBcEebial

agents, buf woieal%zarﬁn@maqﬁmlaen&nhbawl {nétbliﬁﬁgf Bbdywei?ﬁf:ent er al

sol utions, excipients and ot ad I tives are COTTB ible with the
chel ates and whi GrS\9qmPOUn 1° i r PEPECRt ANVRBLARRLPAX 1 BPe, storage or
use of fomtmdtated with conventional pharmaceutical or :

veterinary aids, for example stabilizers, antioxidants,
osmolality adjusting agents,.buffers, pH adjusting
agents, etc., and may be in a form suitable for
parenteral administration, for example injéction or
infusion. Thus the compounds of the present invention
may be in conventional pharmaceutical administration
forms such as solutions, suspensions or dispersions in
physiologically acceptable carrier media, for example
water for injections.

_ The compounds according to the invention may
therefore be formulated for administration using
physiologically 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 be suspended
or dissolved in an aqueouS'medium, with the resulting
solution or suspension then being sterilized. Suitable

. additives include, for example, physiologically
biocompatible buffers (as for example, tromethamine
hydrochloride), additions (e.g., 0.01 to 10 mole
percent) of chelants (such as, for example, DTPA, DTPA-



‘Viewed froma further aspect the mventidn provi des - a diagnostic or

t her apeutic conposition comprising a - conpound. of the inven

salt therggfosigiat her with at |east one pharnaceutical® GQP&’P%M#

‘exci pi ent. : Viewed froma still further aspect the invention ]
provides the use of a conpound according {® 1he I nvention or a salt
t'hereof for the manufacture of a - dlagnostlc or therapeutic conposition.
PCT/ GB9S/ 008334 %ﬂ%ﬁez%‘p%o lexed chelant of formulaleh

Vi ewed fron1ano aspect t | vent1 on ‘provi des a - hod of neratlng
an i mage of a RN hﬁi@qmmp exgs fds, fespeeaPle Rk,

whi ch rre]E hod Cammm Sdm ra:laathﬁ;l:m@:oh@lsaade% mdwon@duwﬁfnhangl ngd
amount of a c DOU cordln 0 t L nve eor _an

t hereafter ge% r}Tﬂg i Hetg &P naj.ﬂ, a%tél%iopgya(euﬁt r‘ag‘o&ﬁ’d%r

sci nti graphi cmqilwg@extﬁera:t) of Ic@asu.um pa:rtsoulflu&!alsalm@dy;foesmmllej of the
hepat obi | i ary gl chlor de. Wed ubd ABR t'e' fdnchigm a3Retn

i nvention provi des, a mnet c? therapy o e 'human or ani mal- abody
sai d met hod ccﬂ?prq%%@“hdlﬂ%a&teérl ng to said body a t herapeutical |y

effective anount ofparemyEeilly acadndistdable Torke,i BGNYi Ahtravenous This

I nvention is furt e.r|IIu I b lowi n eci fic but
non-limti ng J‘rﬁl}l chﬁ%e )ét&ﬁ}&FaF&g §r§|ee%§ en in degrees

Cel sius and pMﬂgmald:ys u cnepylab lee agemtsg e andnisbould hame dow
specified) angdisildig Ct‘?imﬁ%i'rdﬂed&@i‘ﬁ%fo% Wi Shher advBh@we 1is a

pl ot of the blodlstrlb tion and excretion characteristics of one

conpound accorffifR§hSH YRR ad“}WP&%°nadm &huse §heo cpnegasing
Fi gure 2 1S ancdinad atorld priefeirably pat iecotodfic or slightly

hypertonic. Suitable vehicles include aqueous vehicles
customarily used for administering parenteral solutions
such as Sodium Chloride Injection, Ringer's Injection,
Dextrose Injection, Dextrose and Sodium Chloride
Injection, Lactated Ringer's Injection and other
solutions such as are described in Remington's
Pharmaceutical Sciences, iSth ed., Baston: Mack
‘Publishing Co., pp. 1405-1412 and 1461-1487 (1975) and
The National Formulary XIV, 14th ed. Washington: .
American Pharmaceutical Association (1975). The
solutions can contain preservatives, antimicrobial
agents, buffers and antioxidants conventionally used for
parenteral solutions, excipients and other additives
which are compatible with the chelates and which will
not interfere with the manufacture, storage or use of
products. '

Viewed from a further aépect the invention provides
a diaghostic or therapeutic composition comprising a
compound of the invention or a salt thereof together
with at least one pharmaceutical carrier or excipient.

Viewed from a still further aspect the 1nvention
provides the use of a compound according to the _
invention or a salt thereof for the manufacture of a
diagnostic or therapeutic composition._ |



di stribution to the nouse liver of a conpound according to the invention
and of GJEOB-DTPA, a prior art liver agent .

PCT/ GB95a3R8392 | “17- Exanpl e 1 BSHERBOMESr (Tris -
H err])Gd- DOBA-DOBA [err] ~i. Synthesis of nethyl

_p- (bronodecyl oxy) benzoate To a suspensi o8 of sodlun1hydr|de (150 ny,

'mi neral oil dispersion washed with THF, 5 mmol ) in THF (25mL), a solution

of p-hydroxynet hyV bewied at £orh 7diotiger Saspedt) the Hﬂﬁre(rﬁ:ﬂﬂﬁ psriadsiech at

?Eaanr)(ra]r gt 3?(3 ‘% élf S{%neﬁiwai %dﬂ%a\'@dé{‘ﬁag h‘éﬁ@{ﬁfl on m&%? or 1 hour.
A sol uti on oinimab, cesp reanmalian, o whigh megthod
comprlses.admlnistering to said body an image enhancing
amount of a compound according to the invention or a
salt thefeof and thereafter generating aﬂ'image-e.g. an
MR, X-ray, ultrasound, or scintigraphic image, of at
least a part of said body, especially of the
hepatobiliary system. . o
Viewed from a still further aspect the invention
provides a method of therapy of the human or animal body
said method comprising administering to said body a _ ‘
therapeutlcally effective amount of a compound accordlng
to the invention. '
This invention is further illustrated by the-
follow;ng spec1f1c but non-limiting examples. (in which
temperatures are given in degrees Celsius and
concentrations as weight percentages unless otherwise
specified) and by'the aecompanYing drawings in which:

Figure 1 is a plot of the biodistribution and excretion
characteristics of one compound according to the
invention, administered to.mice; and

Figure 2 is a comparative plot of the pattern of

' distribution to the mouse liver of a compound according
to the invention and of GAEOB-DTPA, a prior art liver
agent.



#(5nmL) was -added and the m xture was heated at 700C for 5 hours. The
solution was concentrated, .redissolved in chloroform vvasl’%éi{,%gggmgﬁt er and
dri ed ( No@wb@4pssodhe resi due was chromat ographed on silica an
+desired product was eluted with 25% CHCl [err] in petroleumether. Yield:.

1. 779 (48@@ [err]H NMR (CDCl [err]):7.95 (d)~ 6.87 (d), 3.98 (t), 3.40.(t),
¥.80 (m, 1.40 (br) 1.29 (s). [err]C NWR (CDG [err]): 162. 94, 131.55,

114. 04, 68. 15 dmSfe $4.01, 32.79, 29.39, 29.32, 29.27, 29.08, 28.71,

28. 13, 25.94. OK '

PCT/ GB95/ 00833
10- ( p- met hoxycar bonyl ' CyoHeBr _
phenyl oxydecyl )-1.4.7. 10-tetraazacycl o ecane- 4.7-0 tri-t-butyl

acetate BeBASt L - Ja- BAL ester nmo in DMF (25 nl)

was treated w t hMeVrafetty™ gérani'di n g&m&‘.B and net hyl

10- ( p- bronodecyl oxy) benzoate .(1.6 g; 4 r heating at
S50[err]C for 6 hours, the sol vent - ﬂanMHEN|I ed ofcoomger vacuum at
50[err] C. The resggf ~dissolved in CHO [err], washed with water,
dri-ed (hb[err]S andN concentrated to yield the crude product as a
yel | ow oi | .0 g) [eﬂr]H (ed Lerd) A7-RL ALd), (d), 3.94
(1), 3.82 (s)ﬁajbgﬁL éﬁﬁ%ﬁ) LQVQLQT\(ﬁr{(\104i§:§}-COOH 1.39
(s), 1.22 (s). —ferr]C NMR [err] Z? 166. 77, 43, 122.15,
113. 93, 80. 49, 68. 06, 56. 56 56. 51.96, 51.90, 51.69, 50.68,

47.53, 29.47, 29’41"""A 29. 24, 28 99 28. 12 27.83, 27.52, 27.02, 25.87.
b Synthe5|s of. 1®ase- net hoxy carbonyl - phenyloydecyl

1.4.7.10- tetraazacyclododecane 1,4,7-tri-acetic acid The crude
product from above (4.0 ,q/gvpkygg,\_ i chl or omet hane (40 nlL) and
COO" Tris H*

trlfluoroacet|CGaDAdh(4

og;xx_rnco;_'

To a suspension of sodium hydride (150 mg;_mineral'oil
dispersion washed with THF, 5 mmol) in THF (25mL), a
solution of p-hydroxymethylbenzoate (761 mg, 5 mmol) in
THF (5 mL) was added at 0°C under nitrogen. The solution
was then warmed to ambient temperature. Methanol (5 mL)
was added and the solution stirred for 1 hour. A
solution of 1,10-dibromodecane (1.5 g; 5 mmol) in THF
(5mL) was added and the mixture was heated at 70°C for 5
hours. The solution was concentrated, redissolved in
chloroform, washed with water and dried (Na,SO,). The
residue was chromatographed on silica gel and the
desired product was eluted with 25% CHCl,; in petroleum
ether. Yield: 1.77g (48%). H NMR (CDCl,;):7.95 (d), 6.87
(d), 3.98 (t), 3.40 (t), 1.80 (m), 1.40 (bxr), 1.29 (s).
13c NMR (CDCl;):162.94, 131.55, 114.04, 68.15, 51.84,
34.01, 32.79, 29.39, 29.32, 29.27, 29.08, 28.71, 28.13,
25.94. FABMS: 371.1 (MH+).

18 - ii. Synthesis of



was added to the solution. After stirring at anbient tenperature for 1

hour, the solution was concentrated and the process r r nore
times. AYQ2y283%e final-treatnent, the solution was cgﬁﬁ@%%@?é and '
chased with dichloronethane (five tines) and water (four times). The
.residue was treated with water (100 nij Bhd- all owed to stand overnight
‘when the product separat ed as a colourless solid. It was filtered and
dried in vac : L : ‘ Dl\/BOd[err]) 7.50
(br), 6.61 phe 2.48

(br), 0.89 (br \ ) ' ' .64. 49,

131. 36, 114. 5% A gpigiealdy 37, 51. 92 51, 02, 49 01 48. 99, 28.94,
26. 15, 25.51, 22. 13. FABME: 637. 4 (M—I+) WD 95/ 28392

PCT/ (GB95/ 008 n sis of
10- p- car boxyp enyltoﬁlycfec qtyf. fs’/—'efo (2.5 g; 4.14 &&01) in Dm' @‘é‘ B’ES

t et raazacycl othRidrenten 4ﬂ17t-1‘t tietxemetbyic iouapbddneDOBAP g; 4.8 Mmeldr ude
product- from 3 )WW Uge qof ter (20 M)
and net hanol 3?0)1*%'@1 7.\.09- t.reat ed W@%K')Benzoat@ )ﬁ s got g\r/\@heatl ng at
50[err] C for Ileﬁ'é:lé’& &t af ﬁa§°€oﬁc§ﬂf‘F§t e&hﬁné"th@nFem due

was fI oacks @iistnlAGd EE undesx vazogm aess50°C100TRE0reeidne wa;s

. { at .
ot hanol and SATACHYE P CHiS, Pullphla el Pu Ml & Er00a nandog (B
whi ch was susﬂﬁ?ﬂﬁ&ﬁﬁtﬁé kenorield thef crudeepraducsr aédauﬁééAOVa@m&m to '

?Bfal n]fci))cgl )sgs) g NMRi ¢ cnb_‘mlw 59.188@)9. (B9 . (d)errzzl?éﬂ\l 156

err]O.:

(t), 1.07 6528((20( )'F/Zx‘eﬁé 6‘%(’ ?M#)Qb% F}éntg éi’% 75 (‘)“?;al cul at ed

for (err]H er3aN(@)r,] A.e2 |(s)..25 114 MR GADCIZ) ZQ74 . Bi78. ze%m 8. 68%

f ound: C 57. 7g@1 a7 86%. 18 8134%3, s0.49"- 68.08)MsECEES 8. ggdol i nium

2 23, 51.96, 51.90, 51.69, 50.68, 47.53, 29.47, 29. 41,
29.24, 28.99, 28.12, 27.83, 27. 52, 27.02, 25.87.

conpl ex of 1

The crude product from above (4.0g), was ‘dissolved in
dichloromethane (40 mL)_and trifluoroacétic acid (40 mL)
- was added to the solution. After stirring at ambient
temperature for 1 hour, the solution was concentrated
and the process. repeated four more times. After the
final treatment, the solution was concentrated and
chased with dichloromethane (five times) and water (four
times). The residue was treated with water (100 mL) and
allowed to stand overnight when the product separated as
a colourless solid. It was filtered and dried in vacuo.
Yield: 1.37 g (42%). 'H NMR (DMSO-de): 7.50 (br), 6.61
(br), 4.17 (br), 3.60 (br), 3.39 (br), 3.02 (br), 2.48
(br), 0.89 (br). 3C NMR (DMSO-d¢): 172.82, 171.34,
164.49, 131.36, 114.52, 67.96, 54.35, 52.37, 51.92,
51.02, 49.01, 48.99, 28.94, 26.15, 25.51, 22.13. FABMS:
637.4 (MH+). |



‘car boxyphenyl oxydecyl - 1. 4. 7,10-tetraazacycl ododecane- 1.4.7-tri-acetic
acid (GJIDCBA-DOBA) To a solution of gadol.iniumacetate in water (40
nL), whbsps®ar boxyphenyl oxydecyl - 1, 4, 7, 10- PCT/GBIS/00833

't etraazacycl ododecane-1, 4, 7-tri-acetic aci d (500 ny, 0.8 mol ) was
added. The suspension was treated with 1 _ tris buffer (4.3 nL) to aid
t'he conpl ete di ssol ution of the | gan ~The solution was heated at
40[err] C for 4-ours gé‘yielo‘ye.;n%%'ht An
~al i quot was te€ ' ) AT I
gadollnlumac' dadedodecanenl of GredGad LieG 28 £ Ig | enol
orange test was p05|t|ve Then the Ilgand was added in 0.5 m)l e %
i ncrements unt the._ Xy | enol_orange te s _nhegative for cess
gadol § ni um THERS SHAE RECUPER | brah BeovRett 1T el vhe Hepghagd s
gadol i ni um compi:etmfeonfthete:eacw cmlm amdlrteetiyanol (3@ k) famdtion. Yield:
670 ng (89% . ° :
PCT/ GBO5/ 00833 % %3515 KOH (0.47 g). After heating at 50 2% for 9
(MH) : 778,  El ReRFSal t%ﬁa??%‘il%lméa‘?’%%l%‘P%%P*’é?ated and the residue was
fgcg%r]?[er(rj] %&ﬁ%é%%ﬁreb AGI X+ e:%éﬂl(%/ﬁ:lﬂéln %edi®. (£06-200- :ﬁ@é}h Gd

9 . foun Vi,

[err] Gd-1 abel |ﬁf}; té%taef ?WﬂFat Ij'gfheop was e]?uted with a mixture of
car boxyphenyl okytle€y/v] . dtHaﬂ@ltmdammCAmmm&mmentratmm gf ttheacetic

acid ([err] GARCBAs ﬁéu tgei;g,%pé}ﬂ 7 S
carried out ._usin ]écri?;C% &l} b'ﬁ%ﬂ"%‘gO‘P%rh;')I 0 0 % er%&?he
i ncor por ati on B#ledEed @R dnked ¥RGLHVaguum g (gbtain %t‘%ﬁ' ’Eﬂﬁ-’tﬁ‘l c

anpunt of the selildcaryield(ioss2 @A4zy]) H Nmaszoﬁidedslzomo)rrpbevs t he

corpl exat i on wugh Daghpcpe 5 g5 kS| . 851 g 2 PR (4T Igy avoid the

formation of a ;
(br). FABMS:623.4 (MH+). Elemental analys:.s,

calculated for C33H50N;0.1.25 HZO C 57.70%, H 8.20%, N
8.68%; found:C 57.70%, H 7.86%, N 8.57%.

To a solution of gadolinium acetate in water (40 mlL),
10-p-carboxyphenyloxydecyl-1,4,7,10-
tetraazacyclododecane-1,4,7-tri-acetic acid (500 mg, 0.8
mmol) was added. The suspension was treated with 1 M~
tris buffer (4.3 mL) to aid the complete dissolution of
the ligand. The solution was heated at 40°C for 4 hours
and stirred at ambient temperature overnight. An
aliquot was tested for excess gadolinium with xylenol
orange and gadolinium acetate was added in 5 mole %
increments until the xylenol orange test was positive.
Then the ligand was added in 0.5 mole % increments until
the xylenol orange test was negative for excess
gadoiinium. The product was isolated as the tris salt
of the gadolinium complex from the reaction mixture by
centrifugation. Yield: 670 mg (89%). FABMS:778



gel-like precipitate. . The fornmulation (10 mMV) was conpleted after
maki ng the necessary osnolality and pH adj ust nent s. éﬁﬁéﬁ :
f or mul atyworpspess2assayed for purity (TLC 99.8% HPLC %s excess (€0
(negative xyl enol orange test) and specific activity (6.3 [err]C/nl).
~The biodistribution study was perforned 20 Aale Sw ss- Webster nice
*(wei ghing 25-27g) by injecting the | abel ed material at a dose of 0.1
Lmol / kgkagd ey § T8 | heElementaldianfadyradid;y dalduleada Ifoter, spl gen

eart, kidney ut content . gut ,apd.capcasg.at Li e m n,

mn, 15 mn, édcr“ﬁﬁﬁf"Ns hours Eitdozg %3u$q% g ﬁg%’%b {q ge4§? &’ét each t| me
poi nt. Ui ne Bnd6Taeckauntr® 44 9%, B cHlcided -#0% #Ind6e228%urs and
counted for radi oactivity. -
PCT/ GB95/ 00833, WO 93[28392 . ) -21- Exanpl e
2 Syt hiEki-s—ei—EARkalRL ARG L QI AR BA ani de) and its
gadol i ni um cofatle ' ' 4 '

Radiolabeliﬁg of the ligand (97 mg) was carried out
using 53GdCl, and 400 mole % of tris. After the
incorporation of the label (as shown by TLC, HPLC)
stoichiometric émount of the cold carrier (i.e. G4dcl,) ‘
was added to complete the complexation which had to be
carried out at a pH of 5.47 to avoid the formation of a
gel-like precipitate. The formulation (10 mM) was
completed after making the necessary osmolality and pH
adjustments. The final formulation was assayed for
purity (TLC 99.8%, HPLC 99.6%),_exce$s Gd (negative
xylenol orange test) and specific activity'(G.B.uCi/mL).

“The biddistributidn stﬁdy ﬁas performed in male Swiss-
Webster mice (weighing 25-27g) by injeéting the labeled
material at a dose of 0.1 mmol/kg .and measuring the
radioactivity in blood, liver, spleen, heart, kidneys,
gut con;ent, gut and carcass at time points 3 min, 9
min, 15 min, 1 hour, 4 hours and 24 hours, using two
mice at each time point. Urine and faeces were also
collected at 4 and 24 hours and counted for
 radioactivity. '



* Met hyl 10- (p- bronodecyl oxy) benzoate (1.6g9; 4.3 mol) is di ssolved in

~acetonitrile and treated with sodi um azi de (0.65g; 10 h¥9saﬁﬁﬁ

sol ution {ygp gspdegxed for 4 hours under nitrogen, fil tere é
‘concentrated. The crude -azide is purified by colum chronatography on
silica - gel. The crude product is diss@ived in ethanol (10 nl) and
treated with 10% Pd on carbon (10 wei ght % and hydr ogenated using a -
Paar hydr ogenaggamplieazhydr ogen pressure of 50 psi. The solution is
then filtered t hrough celite and concentrated The crude product is

PCT/ GB95/ 00833 WD 95/28392 . . -22- ., purified
by col um chr ofunbhespt SRACDAS4S v - ARG SRl
10- ( p- am nodec X e

o.caoHsaBr | o-cio.HtaNs . O'C’WH’GNH2
Q —TQ - Q =

" COOMe COOMe COOMe |

O.ConwNHz o}—\ N SN r-(o

COONa* Mmenmmm;dummmmquy

cwHle‘; N N ;-auc, caconen
coon COOH COOH T

. COOH _ _ " COOH
- o .0
CrothaN Nk N Nk NCoHig

coo- COO° coo°

- Gdﬁk
COO'Na* - _ : COONa* '

Methyl 10- (p-bromodecyloxy)benzoate (1.6g; 4.3 mmol) is
dissolved in acetonitrile and treated with sodium azide
(0.65g; 10 mmol). The solution is refluxed for 4 hours
under nitrogen, filtered and concentrated. The crude
‘azide is purified by column chromatography on silica
gel. The crude product is dissolved in ethanol (10 mL)
and treated with 10% Pd on carbon (10 weight %) and
hydrogenated using a Paar hydrogenator at a hydrogen
pressure of 50 psi. The solution is then filtered
through celite and concentrated. The crude product is



The product obtained fromabove (1.0 g; 3.3 mmol) is di ssolved in

met hanol (5 nlL) and treated with sodi um hydr oxi de (J}$@yéé? The
sol ut i onwiomsredskuxed for 2 hours and concentrated. The rdue i s
treated with DTPA- bi s(anhydride) (0.59 g; 1.65 mmol) and stirred at
anbi ent tenperature overnight. The desieed-product is ~ isolated by ion
*exchange chromat ography on AGL X-8 ion exchange resin. b,

Synt hesi.s of pgad6liedi byn B6PAmhi shiOmatographpr bnxyphiey| geydecyl am de)
The |igand obtained fromabove (1.0 g; 1.03 mmol) is treated with
gadol i nium acetate (0.34.g; 1.03 mmol) and the mxture is stirred at
anbi ent t enpdiat-SYRENCILS OL hIQATUM LRS- RORNLROGOCY LORY I DEUAQRALE or ed by
xylenol - -~ orange test. After conpletion of netal incorporation, t he

solution is ncentrated and,chased with water fo . enove, acetic-acid
formed in thiBPeREPRORCRACRAESE FXORRRRYe | & o) 8t Ira MLkt
Exanpl e 3 - dissGiPe8AiRCHAthand) s{5ihL}) | amd arreated evicin sodiumA

for mul ot on babeithir} afe! LEChXD ™ PRDA (Rtepat of FFeryuxdioepd) um sal
anal ogously t anpl e using [err] err. err]) was 1 njected into
mal e Swi ss- IBBYFEr aRficeongaptirtedperThe resiugolsttyRdeedHehi zed and
the organs vwereacpisigfhydride] (@ds9ag}iVidy . muidE) bddli Stirked ion and
excretion mgata determned for this conpgﬂ?dtgre.se out IrETabIe R
WD 95/ 28392 & ient temperature overnight. e desired product is

PCT/ GB95/ 00838oclated by ion exchange chromatography on AGl X-8 ion

exchange resin.

The ligand obtained from above (1.0 g; 1.03 mmol) is
treated'with]gadolinium acetate (0.34 g; 1.03 mmol) and
the mixture is stirred at ambient temperature for 2
hours. The gadoiinium titer is monitored by xylenol
orange test. After complétion of metal incorporation,
the solution is concentrated and chased with water to
remove acetic acid formed in the reaction and the
product is dried under vacuum.

Example 3
2dDO3A-DOBA biodistribution and eti

A formulation of 153Gd-labelled DO3A-DOBA (prepared as
the sodium salt analogously to Example 1 using'153Gd203)
was injected into male Swiss-Webster mice. Two mice per
time pdint were euthanized and the organs'were:counted
for radiocactivity. The biodistribution and excretion
data determined for this compound are set out in Table
I. ' ' '



-23 - Jerr]

PCT/ GB95/ 00833
.t is clea
of the | abell ed mat er i

al

WO 95/ 8392 -

WO P83, en at 3 nminutes
to the exteh

agount increases to 54, 58 and 58% over a perlod of 9,
24hours respectively. This

y lavourabl e liver profile
tdjus providing a

post,

24 -

and t-hen decreases to 35
i ndi cates that the coppdg an|ex
with hi gh uptake whi ch rleiri ns qvel a
f avour abl e i magi ng. wi ndow®|T&e upt gke | of atyri al
content increases with tfng #.¢ flrom3
material is virtually cllegreq 1 ¢ n
clearance . which is furthem s bstan‘Iia
activity (57% of the injlectjeg dgse) inp t efdesm| 24
injection. Uptake in the Rldgeyd i 4 r el y
clearance is 13% after Rourjs (urine
(urine + cage wash). |Thg &i stjri qutfon
in graphical formin Figursg Exan
EOB- DTPA - Conparisgn off lilver | ojptifike | gqrance
injections into mal € Swilss{VWg8bstleF|nf¢e® igl
Exanpl e 2, conparatiye rleSul Bs ;,\veﬁ 9
[err]Gd | abel |l ed tgri gl ®f or] bijod| st on
l'iver uptake profil of L Cdl- A = OB1 DTPA.
this Figure that &d A-DPBA u| m| o] © ml o] o
gl el 8
Ol o] H| =] o] m] © e
0 4J . o
0 og o)
2 8 7]
3] Iy
3]
0
. ‘™
of A & &| B 4| 5
nl o N . . . . .
= ™M « N} VW] Nl © Ut
o - o
0 N} ¥t N} ©~] V] o
S B B B B B B
< % ~l o] o] o] of © o
. o
o
o ~ ¢ -t} of ] ¥
o i I e I e B B
m| > ol mf =~ V] ] « 0
o N I} 1N D ™ £
4
r:
R EEEEER:
~l 9 o }n wl o} n) o §
Q ) n
: - Q
m} of in|] o] o] © =3
] i e 1 B
- _5 E ! °
&~ ~
[
3
ord
Y
@
| ] m] <] in] g
a8
*

i nj ecti-on there F’ET&"S’%&QEL :kle

of 30% into the liver. This

15 and 60 m nut- és

in gut and gut

Ijnutles to four hours) and the
Mdfjcating typical biliary
tdje recover of the

hour s post

Iow and the renal

de yash) and 6% after 24 hours
| eqrance data is

present ed

Gd DOBA- DOBA and Gd

Usi ng
ti ssue sanpling as. in

teerl f or Gd- EOB- DTPA using

Figure 2 presents the

It is clear from



accunul ates to a higher extent (58% and persists |onger t hus provi di ng
~a better _ nas?zl ng w ndow. The uptake of Gd- EOB- DTPA i np&l&ﬁis/dﬂﬁisl ess
(<40% anp ear s relatively rapidly. - '

PCT/ GB95/ 00833 WD 95/ 28392 - 25-

. Exanpl e 5 Synt hesi s of GJDOTA- DOBA¢ - (i) Synthesis of nethyl

"p- (10- br onpdecyl oxy) benzoat e - A mxture of 1,10-di bronmpdecane (18.01g,
60 mol ), met RFPMpTable okyibels dateay thaty even @fpl3) WAnNGS®rr] O err]
(8.28g, 60 npoki-injecciometii®fe Mg ¥@ridhiptake aif the Neidedddr 20 hours.

The v te solLdougs, {LLLELET BlLnc "ce ol BRI MN L1 08! Oty cThe {11 trate

_and washi ngs Were and coricen |te
t he desired pnodnttingreases dteddy THland 58% MWWMP%@& I | ca gel

.FZ'rP?Hhﬁi\(/g”eiShaﬁdoé@;ﬂnute§oaﬂ&rﬁh&{ %Ecﬁx‘gaéé%raé:‘ﬂ g @glcgéiee Rrert 3 85 (s)
3. 39 (t)an‘:% %b %‘gﬁ‘rs 1% ‘H%%"%lﬁfz (’éﬂgsar?d‘d]}"?&%ﬁ &%ﬁs 371
l(3 MHH) . c(ampc)un&yn&esazs attrendy ﬂm(ol&alkﬂ@mhmlernmemd edth .
enzoat e

(10. 44g. _28. qbgﬁ%ﬁﬁzéﬂéﬁr é:%é@%% e 2 §§¥E%§%)9?3Q¥§#§?
anhydrous DMvRYQ! g mmg rWJétﬂQﬂ GG[l’@r uptake Oﬁforthmﬁﬁmrg-alnder

ni trogen. Then S@ht ead st FEsmvast increases with time (i.e. from 3’

minutes to four hours) and the material is virtually
cleared in 24 hours indicating typical biliary clearance -
which is further substantiated by the recover of the ‘
activity (57% of the injected dose) in the feces, 24
hours post injection. Uptake in the kidneys is
relatively low, and the renal clearance is 13% after 4
hours (urine + cage wash) and 6% after 24 hours (urine +
cage wash). The dlstrlbutlon and clearance data is
presented in graph;cal form in Figure 1.

Example 4

uptake and clearance

Using injections into male Swiss-Webster mice and animal
tissue sampling as in Example 2, comparative results
were generated for GA-EOB-DTPA using 5%Gd labelled
material for biodistribution. Figure 2 presents the
liver uptake profiles of Gd-DO3A-DOBA and Gd-EOB-DTPA.

. It is clear from this Figure that Gd DO3A-DOBA
accumulates to a higher extent (58%) and persists longer
thus providing a better imaging window. .The uptake of
Gd-EOB-DTPA in liver is less (<40%) and it clears
relatlvely rapldly



‘under vacuum and the residue was dissolved in CHCl [err] and washed with
wat er (4X15 nlL). The aqueous washi ngs were conbi ned an}@%ﬂ%’&act ed
~once withwolgspssez] (100 nl). The conbi ned organic | ayer re dried
wWith MgSq err] and the sol ution was concentrated to yield the crude -
product whi ch was purified by chronat @B aphy on silica.gel using
hexane/ chl or of orm sol vent gradi ent for elution (11.8g, . 96% . [err]H NMWR
(ChCl[err], [eExhmplé §5 (d), 7.81 (m), 7.68 (m, 6.86 (d), 3.97(t),
3.85 (s9), 3.64_(t), 1.76 (m, 1.65 (m, .54 (m., 1.42 (M, 1.29 (M.
FABMS: 438 (M) . WO 95/ 28392 . ' _ S

PCT/ GB95/ 00833S¥nthesis of GADOTA-DOBA - 26 - (iii) Synthesis
of nmethyl p-(10- an1nodecy|oxy)benzoate - Met hyl '

p- (10- N—phthal nhEOoec 8. - 19. bl ) was dissol ved
i n et hanol i BSHE R Aot i - A Py | )
was added and . the solutlon refluxed under n|trogen for 22 hours The
sol ution was cqo aphi ent At era d I htate was
filtered. The gbhggt%%emg? géao -8 ’L,g,uﬁﬁaﬁg Agatﬂlgfese “&b%&é combi ned’
with the preC|EﬁFBVé EnbydrothbéaF@étﬁlﬂﬁ dRber 6PommeL3 08N K2Che

solution was  (g.208hed_ Hmbb_)W&heécéEanhQQWaﬁlh') ndasbagk e agt ed Wi th

hl f 2x10 onbi ned .
CNgs%Z‘)a‘n’&mcénésﬁ?Age? §oro 2, Btizene. TRsdnbice S61id B35 TadsErefoptin R
(CDO [err], [eanf)waghed twdth Gc88oned), The £ilt®atét and3w@Bhiaps wetké (t),

1.78 (m; 1 53ﬁ%ﬂ¥1néd4§nd cgnégbtréféﬁ Qg)a whlte sSiXh §¥B¥h§ﬁi§hpf

met hyl - p- (10-c oacet am do
product fron1(Fhﬁ)d§§é¥§d(9r9990t183841ﬁﬁ6aF35 bY §ﬁ&umhlethylan1ne (2.6

m., 18.7 mol) chebfalbgabh9donNsilica gel using hexane/chloroform
' ' solvent gradient for elution (10.8g, 48.4%). H NMR
(CDC1,, &): 7.95 (d), 6.88 (d), 3.98 (t), 3.85 (s), 3.39
(t), 1.80 (m), 1.52 (m), 1.42 (m) and 1.29 (m). FABMS:
371 (MH+). |

(ii) Synthesis of methyl p-(10-N-phthalimidodecy] oy -
benzoate -

A mixture of methyl p-(10—bromodecyloxYSbenzoate
(10.449;'28.12-mm01) and potassium'phﬁhalimide (5.47g,
29.53 mmol) in anhydrous DMF (175 mL) was stirred at 60°C
for 14 hours under nitrogen;'_The solvent was removed
under vacuum and the residue was dissolved in CHCl, and
washed with water (4x15 mL). The aqueous washings were
combined and back-extracted once with CHCl, (100 mL).
The combined organic layers were dried with MgsO, and the
solution was concentrated to yield the crude product“
which was purified by chromatography on silica gel using
- hexane/chloroform solvent gradient for elution (11.8g,
96%). H NMR (CDCl,, &): 7.95 (d), 7.81 (m), 7.68 (m),
6.86 (d), 3.97(t), 3.85 (s), 3.64 (t), 1.76 (m), 1.65
(m), 1.54 (m), 1.42 (m), 1.29 (m). FABMS: 438 (MH+).



chloroform (90 nL) and cooled in an ice bath. A sol ution of

chl oroacetyl chloride (1.5 nL) in chloroform (40 rrL) RIS
dropwi seWaas28¥i rring. After the conpl eti on of ‘the a ditron, the
solution was stirred in " the ice bath for 15 mnutes and war ned to

. anbi ent terrperature and stirred for2€0-hours. The sol ution was
‘'washed with water (4x80 rrL) Dryi ng (MySAH) and concentratlon yi-el ded
t he product (6ii)y,Swhesis s Sct oy gaitiel cati on.
[err]H NI\/R(CDCi[err] [err]): 7.95 (d), 687(d) 654s br), 4.01
(d), 3.96 (t) 45(n') 1.29

S) 8
(M. [err] CWB(Jcm {3e°r$1‘i P*{fé’raﬂjl)“&@?éﬁcﬂ 9-66°a£§1 (§2 52833 23,
75.37, 67.33,150:9umcll. s Fsbblvad 56, me8naao128767mL) at 28043, 28. 33,

28. 25, 25.94, 3
PCT/ GRO5/ 0083’@51:13 monohMa%g 2(%. % 20.62 mEK;l) was ad{je)d gygt hesl s of

10- ( p- met hoxyhe EAution refinxed sedescpitaogenoforelRy hpurss. 7The

tetraazacycl ofidacasie wast codllda ttbb%ﬁ%EeﬁﬁeE@hﬁerature BRdAche! - t - but yI
ester (9.31g, -15.63 ne.were dissolved in

m.) and the Prec’cﬂﬁ‘i?r’ifaé’@%%’&&efrﬁ&n (utrg‘\?/ SR4VEipB. ¥gs E8n8§nﬁrﬁBF?dwas
added to t he am Wherediidiie was lteabddedt wﬁﬁheth]eCpuad&pltate antir ogen for

19 hours. Th rséu%%év \ﬁf Jh%rg}%ﬂﬁkehn ut | o vaai.ﬂgmsﬁrﬂgtg_gﬁh;vggl due t aken

up in chloroform wat er (3x100
m.), dried washefwildswater). a@ﬂdt@énUéﬁhﬁ-agédbagkyﬁl‘l:aa?hédcwmab product

(10.979) as ahI¥rdoform (2x10808A)= 1Tﬁe7c5ﬁtb§.ﬁé&bei-§aﬁie>’ha§reﬂ was0-
tetraazacycl %joideedcaorlrgr MgSoO, ang>< chcentrar}éd to yield the product l
(5.62g, 97%). H NMR (CDCl,, &): 7.95 (d), 6.88 (d),

3.97 (t), 3.86 (s), 2.64 (), 1.78 (m), 1.53 (m), 1.43

(m), 1.28 (m).

benzoate

The crude product from (iii) above (5.62g, 18.84 mmol)
and triethylamine (2.6 mL, 18.7 mmol) were dissolved in
chloroform. (930 mL) and cooled in an ice bath. A _
solution of chloroécetyl chloride (1.5 mL) in chloroform
(40 mL) was added dropwise with stirring. After the

. completion of the addition, the solution was stirred in
the ice bath for 15 minutes and warmed to ambient
temperature and stir:ed for 20 hours. The solution was
washed with water (4x80 mL). Drying (MgSO,) and
concehtration yielded the product (6.71g, 93%) which was
used without further purification. *H NMR (CDCl;, &):

7.95 (d), 6.87 (d), 6.54 s, br), 4.01 (d), 3.96 (t),
3.86 (s), 3.28 (g), 1.76 (m), 1.55 (m), 1.45 (m), 1.29
(m). 3C NMR (CDCl,, 5): 130.71, 130.66, 121.52, 113.23,
75.37, 67.33, 50.95, 41.85, 39.04, 28.56, 28.53, 28.47,
28.43, 28.33, 28.25, 25.94, 25.11. '



‘Usi ng the following reaction schene, anal ogs of DO3A-
conpound of Exanple I) mere prepared : WO 95/ 28392

DOBA (the

PCTIGSIéIﬁ?;) /00833

- 28 - w9839

- 27 -

DO3A-tri-t-butyl ester (9.31g, 15.63 mmol) and
triethylamine were dissolved in DMF (90 mL) and the
chlo:oacetamide'f:om (iv) above (6.0g, 15.63 mmol) was
added to the solution which was heated at 60°C under
nitrogen for 19 hours. The solvent was removed under
vacuum and the residue taken up in chloroform (200 mL).
The solution was washed with water (3x100 mL), dried
over MgSoO, and concentrated to yield the crude product
(10.97g) as an oil. ' '

(DO3A = 1,4,7-Triscarboxymethyl-1,4,7,10-
tetraazacyclododecane) .

Examples 6-14

Using the following reaction séhéme, analogs of DO3A-
DOBA (the compound of Example I) were prepared



(where R err] is halogen, eg. Br; Xerr] is CHerr] or 0; and pis a

positive | r). WO 95/ 28392
PCT/ GBQS/‘B@%%??&’% | - 29 - PCI/GBOjfS3s ]
synt hesi s of the conpounds of Exanples 6 to 14 was straightforward and
reproducible in all cases. " Exanpte28 N0 -L-Ar(AH)[err] Short
Namne 6 (CH err])[err] O mcarboxyphenyl DO3A- DOTBA
7 (CHerr])[err] O o-carboxyphenyl  DO3A- DCoBA " : -
' COOCH; . 1. NaH/THF
_ _ methanol or DMF
RIl. (CH2X11),CH,CHoRI1 + ofF @ —
' | 2. Silica gel
tBuOOCﬂ f_-l ~—COOtBu
N N
lc )
COOCH; - EN N;J (
- tBuooc—" |_|'H
O(CHX11)pCH,CH,R 11 —>
' 2. TFA '
3. Base
HOOC— [ | /+COOH Gd(OAc)3
| EN N COOH -
HOOC— |__| N—cHyx1 1CH,)p0 NH; or Tris
'OOCﬁﬂ/—-COO'
[ cas Coo

N N _ .
ooc—" || \—cmyx1 lcnz)w-—@

(where R is halogen, eg. Br; X is CH, or 0; and p is a
positive integer).



'8 (CH err])[err] O 3,5-bis carboxy- DO3A-DO A phenyl
9 (CH err])[err]-0O p-carboxyphenyl DO3A- HOBA 10

" (CH[ err]) [worokmé3ep- car boxypheny DO3A- COBA PCT/GBIS/I00833
(CHerr])[err]OQ CH err])[err] -0 p-carboxy- DO3A- 2 (qerr] 11) BA
phenyl 12 (CHerr]) [err]® @BH-err])[err] -0 p- carboxy-
DD3A-2 (Qerr]) BA phenyl 13
(CH err] CH[ er r B[ eynthpsdar bixyhbeopinpoun@834£ 46RaBPles 6 to 14 dds

(ot el ol err LOLLgh} edrablioafl DBKoauchRIE 4h0M Phcaces, ) 14

phenyl roups e conpoun
wer e synt hesi zed using the foI | ow ng scherres WO 95/ 28392
PCT/ GB95/ 00833Exa.mp.le.._ng -L-BR(ARI[] Short Name
PCT/ GB95/ 00833 _ S
6 (CH;) mo-m- carboxyphenyl DO3A-DOmBA
7 - (CH;) 10 0-0-carboxyphenyl DO3A-DOOBA
8 (CH,) 10-0-3,5-bis carboxy- DO3A-DOIA
~ phenyl
9 (CH,) ¢-O-p-carboxyphenyl DO3A-HOBA
10 (CH,)g-0-p-carboxyphenyl DO3A-00BA
11 (CH,) ,0 (CH,) ,-O-p-carboxy- DO3A-2(0*11)BA
phenyl :
12 . (CH,)0(CH,),-O-p-carboxy- DO3A-2 (08-11) BA
phenyl |
13 - (CH,CH,0), p-carboxyphenyl D03A-4(0O)BA
14 (CH,CH,0), 3,5 bis carboxy- DO03A-4(0)IPA

phenyl

The linker groups for the compounds of Examples 11' to 14
were synthesized using the following schemes.



WD 95/ 28392 -31- Exanpl e 15

Pr oduct pa*ﬁkﬁﬁ@ em cal characteristics El enental anal ysis
Quantitative ntal analysis was perforned on the 1B 09833

conpl exes. Satisfactory agreenent betwggn t he observed val ues for
garbon, hydrogen and nitrogen: and the correspondi ng val ues cal cul ated
on the basis of nol ecul es cont ai ni ng associ ated water (approximtely O-
3) was observed. MaSS speCimaomaytepma2o i Sf act ory fast atom
bonmbar dnent mass spectnaﬁmgLQv,\/mpbtuﬁmed faor _the conplgxes and |igands.
The nie val ues for the parent i Omsibie agréed wsl MW th those

cal cul ated. The gadoliniumisotopic distribution pattern was

i ndi cative of the presence of one gadolinium ion in the conpl exes.

NVR spect r oscopy PRI N gards*were~shacaemer i sed by one di nensi onal
[err]H and [err] C NMR*®S®ctroscopy. The results»wmere consistent with

- the structure of the ligands. Apear ance The netal chel ates were

isolated as fine white Ql\fﬁi;\vﬁ\/dﬁﬂéﬁ% P @2 e .
. : TsO'

Synthesis of the linker for DO3A-2(0 ~ 3.11)BA

. KaCO3/acetcne Ny ' :
H,c00C H —— u,cooc—@—o\/\/\/\/on
Be(CH 2708
el _ ' _ 1. HOCH 2CH20Na
—_ n,cooc—@-o\/\/\/\/‘m_ __ HOCH 2CH20H
Pyridine ; .

2.Me0 ©
3.CBr 4/Ph3P
. _ : CH2Cly -
H:COOC\/\N\/o%
. Br
Synthesis of linku' for DOSMO)BA
OB . '
| v (OCH,CH)I
2 S\ /—s
( TsO [+] [+
COOCH; 2
3N COOCH;
Synthesis of linker ﬁtDO3M(0)iPA
OH : .
f 1. NaH/THF CH,CH.
MoOH - (OCH,CH;){I
H,COOC: coocw, * ( Y/ >o . J@\
. 'l K;C00C COOCH,;
_ 3Nl S

SUBSTITUTE SHEET (RULE 26)



‘Thermal stability The thernmal stability of GIDO3A-DO A as the

anmoni um salt was exam ned by neans of thernogravinetric ysi s.
The curvevmugsgmssm that | oss of surface WO 95/ 28392 Pc”Gms'm%

PCT/ GB95/ 00833 . o - 32- associ at ed- and
bound water (6.9 weight % occurred over 31 - the range of 25-175[err]C and
l‘'oss of ammonia (9.3 weight % occurred over the range of

175-325[ err ] CExafipqee 1350[err] C . general deconposition of the conpl ex

- took place. ~Partition.coefficients The partition coefficients
for the distribution of the gadollnlun1chelates I n n-butanol/tris
buffer (pH 7. e DENSTIAY - BShLs sanpl e net hod.
After shaking to effect part|t|on|ng and phase separation, the
-concentration Sf t he chel ate i,n each phase was indirectly determ ned by
measuring &d y | CP/ AES. The | ogP values are given in
Table Il bel ow. Partition coefficients for the distribution

o ang O CoRlStakl vl RILARALEL pRaRYLLS! oER L b BUASER che
rlerr] (mvs)Rdeapds andDrompberas . Sepesfpﬁpgry]agreemepgrbptwegg 3 (W
-0.16 the observed values for carbon, hydrogen and nitrogen

and the corresponding values calculated on the basis of

molecules containing assoczated water (approx1mately 0-
3) was observed.

Mass spectroscopy

Satisfactory fast atom bombardment mass spectra were
obtained for the complexes and ligands. The m/e values
for the parent ion MH+ agreed well with those
calculated. The gadolinium isotopic distribution
pattern was indicative of the presence of one gadolinium
ion in the complexes. | '

NMR_spectroscopy
The ligands were.characterised by one dimensional *H and

13C NMR spectroscopy. The results were consistent with
the structure of the ligands.. '

Annéarange

The metal chelates were 1solated as fine whlte or off-
white powders ' '

ﬂ ] I l'].l ’
The thermal stability of GADO3A-DOIA as the ammonium

salt was examined by means of thermogravimetric
analysis. The curve suggests that loss of surface



(Exampl e 1)

Herr rr
[C[e(ra{]r] ' ]95’283?200 2](8)
DO3A- DOTBA Cerr]Herr] _
9.8 0.1 (9 DO3A- DOoBA
0. 27

10. 2+0.2 (S)

12.30.4 (W -1.1

[err]

C[err.]'HP@rr]

10. 3[err]0.2 (W
Na+ OCC

DO3A- DA A

Pa%swfer r]

7.60.5
DO3A- HOBA

(9)
Cerr]Herr] angﬁ:H;ted apd boung "ia‘%W (q_ % Welght %) occurred owem) 3

DO3A- COBA
PCT/ (B95/ 0083
Cerr]H err]

0.58
5 (W

(S)

tkgerandbest]25-175°q end 1o‘és1Q>f1(aWnomQ 4b.3 weigh®0%95/ 28392

gccl[\rr?? over I\%lit%rﬁmg% % 307? 25°C

DO3A-

%%ove 3? aerr]) BA

OC err] H err]general decqmpQ®itigrs)of the cmmex tOOk Pléc[%-rr] Herr]-

[err]
[err].
[err]
(OC[err]H[err
Cerr]Herr]-
-(OC[err]H[err
Na [err]

Seranorm (S)

Na[ err]

5.1+0.0
.7, 00.2

1)) [err]

(r[err]) nol ar rela

(TLerr]
chel at es

or T[

separation,

¥y

(W

:0.8

Wer e

-0.8

2 (dJerr]) BA OCerr]Herr]

DO3A- 4( O BA Cerr]Herr]

4.20.1 (9

derj ved

DO3A-4(O) | PA
aft:.%%&%f% er?tssch%: (t\ge dlgtl’?lbutlon of the
}injem aqhelageatlmmwmmna fufier wepke7 (A and

paking %t%‘?%ﬁ%t&ﬁ%"‘a‘ﬁ%‘%‘-’olﬂl

the concentration of the chelate in each

phases P@f@mdaéured by cﬂ@mﬁﬂﬁlnaéan(ﬁﬂeeﬁe]t)nowd transverse
from t{ue relaxation tine data

rati ons of the

phase was indirectly determined by measuring Gd

concentration by ICP/AES.
Table II below.

The logP values are given in

Ligand - L ArAH Relaxivity () logP
' rl(l'nh'ls)'l '
DO3A-DOBA CioHzo | -0—{OY-coo Na* | 7.320.3 (W) |-0.16
(Example 1) ' ' 10.2+0.2 (8S)
DO3A-DOIA | CioHao coo Na* {12.3:0.4 (W) |-1.1
-o{o 7.0£0.2 (8)
CO0 Na )
DO3A-DOmMBA | CyoHy, " oo Na* |10.310.2 (W) | 0.58
'-o-_—@S : 9.810.1 (S)
DO3A-DOOBA | CjoHye | Na* o0C 7.6+0.5 (W) | 0.27
- - @ 16.6£0.9 (S)
DO3A-HOBA CeHi, |-040)-coo ma* | 3.320.1 (W) |-1.9
7.7+0.3 (S)
DO3A-00BA | CgHye | -0-{O)-coo Na* 7.1£0.1(W) |-0.71

(



-at 20 Mz and 37[err] C. These neasurenents were carried out both in-

water and Seronorm (an in vitro matrix nodel used to Séﬁ%#@%&mﬁ Vi Vo
condi t'i onW095/28392 Exanple 16 Bi ol ogi cal charact erf
*Bi odistrimnation, Elimnation and Wole Body Aut or adi o graphy (M.e) -
The-distribution of the gadol.inium conpteX®s in selected ti ssues and
organs at various tine points was_eval uated after the intravenous
-adn1n|strat|or 153 d-la 1A + 0 I S ster
m ce. The = . raﬁ‘olabeledmg!rﬁul tldgggabreqﬁ% ke yagcgﬁcenftgt?o¥é _
of either 10 ¢rR @’V BA (depOfdHng lon t he sol ubil %9 3¢0 S)he_chel at es)

G oups of twolmce were i fi .9, m_nuf es andf 24
hours post 2 (O3 9BA2839$ OC,H, | 7 0+0.2 (S)
PCT/ GB95/ 00833 . ey n=32] - hnjgct
Radi oacti vity{wa DOBArréa(g&BAd i) ood, q-@r Foo ne ,a’?t‘,“gp eéﬁ?
brain, kidneyg and ot her or ga&slof

feces were col EPS?AE%A.PBFS% 2, 4 a

and EOB--
and 7 days) were considered
ity neasured

and adninistew%ﬁ3hgtravenouqk%Hat E QQggggcg3§fn) 9 i+aggIQ%g rody gej ght .
ce

2.0

ungs,

i nterest. | ntadéPtLohS)ufine an

N £h age
3"85623° ) |

i n2£0.0p(8)i) e. Based on

i bution was expy essed jas

If

t he radioacti
t he percent oftz

bi odistribution in %%NH nd ki dneys and the e 'm natron In u}ine and

feces for the SREFRAATM UB)conpl exes are listed in Table Il below. The

upt ake i ncreased _ _ ' '
Relaxivi

Longitudinal (r;) and tranéﬁerse (r;) molar relaxivities
were derived from the relaxation time data (T; or T,) of
water protons at various concentrations of the chelates
at 20 MHz and 37°C. These measurements were carried out
both in water and Seronorm (an_in vitro matrix model
used to simulate in vivo conditions).

- Example 16
Eh ] [ J l I » In

Eo -:- I -] Io EJ. -. I- i!n J E i

'The distribution of the gadolinium complexes in selected

' tissues and organs at various time points was evaluated
after the intravenous administration of 153 Gd-labeled
'compounds in young male Swiss-Webster mice. The
radiolabeled formulations were made at a concentration

of either 10 or 5 mM Gd (depending on the solubility of
the chelates) and administered intravenously at a dosage
of 0.1 mmol/kg body weight. Groups of two mice were
sacrificed at 3, 9, 15 and 60 minutes and 24 hours post



steadily during 9 and 15 m nutes (42.85-78.56%, and sl ow y decr eased
over 60 minutes. However, even at 60 m nutes there I}&%@ bl e
| evel of MO#8/2B3ect ed dose remaining in the liver. er Clearance -
occurred .gradully over 4 hours. After 24 hours, only a small

amount (0.89-6.69%1.D.) remained in thd4l ver. As conpared to

*GJEOB- DTPA, the corrpounds | i sted bel ow had much hi gher 1iver uptake,

with a substénjeatignhi gRadioagtbpbtry iwas gheaswred) brtstbafbselegmi ning in
the liver  neRet}egP1deR) ThAYhPoofdif; WiMdFs i Wited BdlE of

wi ndow
PCT/ GB%)S/ 008%}8‘:?@55/ 28§gzadd1tlon, urine and feces were collectegj\;

TIABLE 11l at 2, 4 andBRodhsiuirs butmrthmcbfée ro i a0 3% DFBASCRreD rROBX €S

:" gand DTPII-} aédn.tlonal tfiﬁé‘ points Hd"?&iﬁ!ﬂé&e 2%hc§tif/ser 2 days

(24 h) and 7 days) were considered for extended distribution %i.
d. D03Ap%PfSLe ﬁﬁ’é&] &Eeﬂ’ie radioactivityMidasured,’ &HE3 4.82
Na[ err] g l DO3A- DO1A . errél—rllerr COO

71. 37 t:.sgu istribution was expressed as th e t of the (9

m n) ' administered dose remaining in eaclpcissue. The

4.64
DO3A- DO[ er r | B urime cand Hieges Log[the ]gadq;mlum complexes are 2.73

listed in Table III below. The uptake increased '
steadily during 9 and 15 minutes (42.85-78.56%), and
slowly decreased over 60 minutes. ‘However, even-at 60
mlnutes there is considerable level of the injected dose
remaining in the liver. The liver clearance occurred
gradully over 4 hours. After 24 hours, only a small
- amount (0.89-6.69% I.D.) remained in the liver. As
compared to GAEOB- DTPA the compounds listed below had
much higher liver uptake, with a substantially high
proportion of the injected dose remaining in the liver
between 0-60 minutes (i.e. glv1ng a longer imaging

[err] 0350 E0E £{bdBon il ﬂ&éﬂaﬁ{c{ ]kldneys .'=1nd‘§|5 er%irﬂi%tjijon

window) .



the | ow ki dney upt
the activity was

faeces is hig
I's al so suppo
PCT/ GB95/ 0083
and gut conte
predom nantly
ki dney up
whol e body au
Swi ss- Webst er
m./ kg (equiva
concentration
each nouse wafp
from each nou
~Cco-exposed to

ke and retentlon ower anount of
S : S ered in the
h, |nd|cat|ng t he clearance by hepatob|I|ary route Thi s
L C\f lJ_y L IIC ‘V"\S ﬁ:% 2&392 N
RLigand L ArAH . 3Jehiver uptagptialdivart He gut
nts over 4 hou+s. Thug t hese conppunds were t gk@pRaup
by liver and cledqred by the hegatobiliary rogte with the.
ake and renal| cl earaijce being the secondary routd.2¢ B | The
or adi ogr aphy [ V\BA) wags perforned [ two male|s i.q.
m ce tnat. reCEFLved d ST[ d(]T'ﬂ St ratijon ol 0
BAsA;BORA [erf Fotlerg) - ‘F@rr] 2DoBA (srecﬁ'fq% -
6.3 [err]ci/jl). NEt)ur hours arjd {3a@agim)ost {i nj ectifon
Hrnanrzv"dnd"luzen qu&rar mtfreeze-drijed—secti ons
SBD%FE &posedcmﬁlz% ay filr h 1%We 37 standa
serve as Vi sugl cqnp%mbSon (9 min)
. 1
~ coo
_ Nat
DO3A-D0,BA C10Hz0 coo 65.11 4.64
- Na* (15 min) |
-0
DO3A-DOBA CioHzo |Na* 0OC - 61.97 2.73
f;zt:>- (15 min)
DO3A-HOBA CeHi, --o—-@-coo 42.85 " 2.98
' ' Na* (15 min)
DO3A-00BA CeHys | -0—{O )-coo 65.06 6.69
Na* (15 min)
DO3A- CHy- | -0{o)—coo 75.56 0.91
2(03-11)pBa OC,H,, |Na* (15 min)
DO3A- CrHly- | -0—(0)-coo 68.79 4.74
2(0%-11)BAa OC,H, |wa* {9 min) '

- The high liver uptake of the compounds listed above was
‘reflected in the low kidney uptake and retention.

Correspondingly a lower amount of the activity was
recovered in the urine. The amount recovered in the
faeces is high, indicating the clearance by

hepatobiliary route. This is also supported by the

r]

(15 min) DO3A- HOBA Cerr]Herr] [err] 42. 85

2.98 " Na+ (15 nmin -
DO3A- OOBAWO 957263991 1 | H[ er r ] [err] 65. 06 Pc’l.’GB%-".’%”

‘Na+ (15 mn) DO3A- derr]Herr]-

[err] 75. 56 0.91 2( &5 ])BA OCerr]Herr] Na[er
("15 min) DO3A- ~ (err]Herr] [err] _ 68. 79
4.74 2 (Jerr])BA OCerr] H er rFARLERLBEr] (9 min)

The high liver uptake of the conpounds |isted above was reflected in



The WBA study. showed a strong uptake of the label in liver, gal

bl adder and fecal matter at 4 hours while t he stomach ccgﬁf showed
no upt akwo 9528392 he ki dneys, the coll ecting ducts exhi'oi % | evels =
of activity while the level was lowin the cortex. At 7 days
‘radioactivity was visible at reduced I"e?& s in the liver and peri ost eal
'regi ons of the bone. The liver showed hi ghest retention of the :
radi oact i vi t yphdke dRythasgut apd gk cgOREEREHPVEY sk RRUESch HRUS he

ki dneys, gal these Bbwge8hdandetrat eskénesp ;]Bbe@&@mén@lwm}akﬁw@ SE@N 1IN
braln_parenchxna. giﬁret%ORPOf t%ﬁ. terial through the., .. bile in to the
gut and feceStGAESR\PHchEe WMERATRR L1aTY; TRYR “é’t)%éa'?lﬁd“a@l?}ﬁe second
route of excuptake.and rdhaleclesvance dreing the cemeondarst rovmee .

bi odi stribution studi es, and suggest specific hepatocellular rather

t han RES upt ake_by the liver. _The rapid blood clearance of . t he
conpl ex i s aFRe VRAPRASPPAY cdutoradiogygphys, WER), was performed in

PCT/ GB95/ 0088%0c male Swiss-Webster mice that received a sindl&iibv. 1,
A compound of

f . . L-
AH)[err]) [ er mg{,m%;{m of 10 mL/ k%mh%?‘él\%iﬁ’e‘g L{:%fg{ %}Sﬂ?ﬁ%@ &k ant
noi ety or a ¥3aGADOBAaDOBA. (spéeaifichecomoéntratiemcte 13 igchfmiapti onal |y oxo -

substituted gherrhoGtKYARECT days ipH&E IMFE&{biled @RMolE Wdd err] noiety
is replaced roup X[err] and wherein L_is o tlo.rﬁ}lhéln‘terrupted

by a , 1
by a net%%%h?&éﬁ? FRYUPTRFBt  FTH LYY A 1 CtiOR% nj nus
of L adj acenfré&h eackHhousé were tdxpoddd® derXHrays Mifims, witddjiaent Ar is

Xerr] o a CH garlag" OMP.A 868 o ReSPUE Hhual comparison. - (

- The WBA study showed a strong uptake of the label in
liver, gall bladder and fecal matter at 4 hours while
the stomach contents showed no uptake. For the kidneys,
the collécting ducts exhibited high levels of activity
while the level was low in the cortex. At 7 days

. radioactivity was visible at reduced levels in the liver
and periosteal regions of the bone. The liver showed
highest retention of the radioactivity at 7 days as
éompared.to other tissues such as the kidneys, gall
bladder and intestines. No specific uptake was seen in
brain parenchyma. Excretion of the material through the
bile in to the gut and feces was evident with the
kidneys appearing as the second route of excretion.
These results are in .agreement with the biodistribution
studies, and suggest specific hepatocellular rather than
RES uptake by the liver. The rapid blood clearance of
the complex is also demonstrated. .



‘by one CH err] froma group Xerr]; each Ar is an aryl ring optionally
substituted by or havi ng fused thereto a‘further aryl rJdng, ach AH
is a protiWOasR89%roup or a salt thereof; each X[err] iﬂsag?méfmﬁa[ err]
or PR err]; - each R err] is hydrogen, al kyl or aryl; and mand n are

positive integers). 2. A compound®is” claimed in CIH“I“ mmnﬁm'JH“l
is a group of fornul a _ - _ [X[err]_(.___CR[e_rr])[* VoRER]| IO
Rerr] N(CR[ertql)qJ-@l_ﬁr] [ X[errJ(CRerr])[err][err]NR[ err] ere each
Xerr].is 0,.Sor NRerr]; each R2 is a bond to a group L, a hydrogen
atomor a hydr gxyal kyl QUp; each R err] is a hydroxyal kyl group,
a group CHR erlr'] AH% é:oé'}Pycﬂ}‘ﬁﬁ O%péﬁ[%’l]aAE[ err] or a bond to a group L, at

| east two R3 being . groups CRerr] AH, - each Rerr] is a hydrogen atom
or a bond to-a group L; aghapei ) 2, 3 or 4; 'is 3 to 8; Vv
is 0 to 6; and at Ieathgng grﬁ{?l“)ﬁ[ err] or R[err(]Iqi s a bond to a
group L. WO 95/ 28392 . o _ :
PCT/ GB95/ 00833where Ch is a hydrophili?Schelan® moiét?omoun@aaa: Paiared in

claim1l or 2 vv&er ei.n %ﬁl S _..a macrocyclic polyazacycl oal kane.group having
a skel eton N eé"@ttgd (ﬁﬁof['err] _ -
each L is an optionally oxo substituted C, ,s-alkylene

linker wherein at least one CH, moiety is replaced by a

group X! and wherein L is optionally interrupted by a
metabolizable group M but with the proviéos that the
terminus of L adjacent Ch is CH, and that the terminus of
L adjacent Ar is X! or a CH, group adjacent or separated
by one CH, from a group X!; . o
each Ar is an aryl ring optionally substituted by or
having fused thereto a further aryl ring;
each AH is a protic acid group or a salt thereof;
each X! is 0, S, NR! or PRY;
each R! is hydrogen, alkyl or aryl; and

- m and n are positive integers).

2. A compound as claimed in claim 1 wherein Ch is a
group of formula '

: [X2 (CR?,) ] o or R3,N(CR?;)p[X?(CR?;),) NR?,

where each X2 is 0, .S or NR3;
each R? ig a bond to a group L, a hydrogen atom or a
hydroxyalkyl group; - _
each R? is a hydroxyalkjrl group, a group CHR‘AH, a group
CH,AR* or a bond to a group L, at least two R® being
groups CR%AH; ' ' _
each R?* is a hydrogen atom or a bond to a group L;
" each p is 1, 2, 3 or &;
g is 3 to 8; '
v is 0 to 6; _ _
and at least one R?, R® or R* is a bond to a group L.



4. A compound as clainmed in any one of clains 1 to 3 = wherein Chis a

group of fornul a [err] WO 95/ 28392

PCT/ GB95/¥98528392 - PLLIGBISINGSS  here
Rlerr] and AH are as defined in claims_ ]3@”0' 2, at | east one R4 is a
bond to a Ilnker group L, and each Am group is an amde, or a salt -or

chel ate ther

d i Ch irs
ghetate WDeL i & somaing dn SRR 42 Tty ol 2 uBeTeinloR £5), " 0

group.or-a s& tmatrra:ctwihtce polyaztawmtel@ralkane grofp haxiognposikeélatonl ai ned

in any one of le A wherein Ar is nonocyclic and L is a chain
(CH[err])[err X ertr%i (Wnereln s is an integer having a val ue of at
| east 6) optlonally attached to Ch via a CH[err]CC]\lR[err] group.

EJEJC}

Cnb .md. ‘ gﬂ\/n\}

4. A compbﬁnd as claimed in any one of claims 1 to 3
wherein Ch is a group of formula

AH AH AH

/_—\N/_\N
o kAH kAH'kAHn“

¥



7. A conpound as cl of clains 1 to 5 wherein Ar is
bicyclic and L is fa Tuﬁi mnmﬂm! mglll‘ termnating atp@ﬂ&nﬁdﬂ@%’ th CH2
andso '

and at t h&Woosiag92wi t lonall'y interrupted by a group M

“selected from am de, ester, carbamate, acetal, ketal, disul phide,
carbonate and esters of phosphorus or S‘ul3|a?mJ‘r oxyaC|ds - 8. A
Conpound as claimed in any one of claims 1 to 7 wherein L is sel ected
from - wheppeR! | doiRBraTe 3rdefinedyinrglaims ) and 3, at .

(CH err] CONRl ¢kl baer k“CtEeéfﬂs&l'&erEé]a 12ee ¥ | &Fb@p i Chired réacth eanm] -

- (CHerr CCN err err CH err e

(CI(—|[e£r] C]O\IR[ ]%LEE Lt“eﬂ%er{’f) a][ gf fcéﬂ[Hc%‘ E{E H’%EFPfX[err] -
(CH[err]CCNR[err])[err] (CH err])[err]J]COONH (CH err]) [err] X err]- -
CH err] CON r e eLr

o o1 1T oM e]r%g)g%# publich Ei #n? RSB forprlar R T
(CH[ err] CONR] &r 7} }OF EFRPCAL eirfhﬂEEPCCH[err]) [err]X[err]- -
(CH err] CONR[ eétkhahaeyblo(ieb!éatu 1[ grbbpHEEOa( L er b) cherat&l err] - :

- (CH err] CON errL [err]- (CH err )[err] CH err])[err] X err]-

(CH err] CONR %err] (CHerr]) [err] OCR err]HO (CH err]) [err]X[err]

- (CH[err]CCNR[err]) [err] - (CHerr]) [err]OCRerr]O (CH err]) _
err]Xferr]- ' [ : 1;,,d.] 0,45 r+hSebicyclic

Lerrlxert]- . A E%Et?ﬁha is ElQ:..ﬂéd in ai.1§ dnk B&?%ﬁ@? 03853 sbi cy

- 40 - aliBerein iy &ﬁeW@nﬂFYFélﬁDﬁﬂéyblié aechain ﬂ@HdsXh is 2 to
7, f is 1 to i¥hapdig sSis A 4hteger haPing A ¢AINEUSE &6 Teakfed)in claim

G or 1] CONR ePPFEERRSTY] ?Fé%%er hp]Eh'bia k. cmconm group.

7. A compound as claimed in any one of claims 1 to 5
wherein Ar is bicyclic and L is a 2 to 20 atom chain
terminating at one end with CH, and at the other with X!
and optionally interrupted by a group M selected from
amide, ester, carbamate, acetal, ketal, disulphide,'
carbonate and esters of phosphorus or sulphur oxyacids.

8. - A compound as claimed in any one of claims 1 to 7
"wherein L is selected from

- (CH,CONR?) ,- (CH,) 4X*-

- (CH,CONR?) ,- CH,CH, - (XXCH,CH,) .-

- (CH,CONRY) ,- {CH,CH,X!) -

" - (CH,CONR!) .- (CH,) ;CONH (CH,) ¢X1-

- (CH,CONR?) , - (CH,) ;COONH (CH,) ¢X*~
- (CH,CONR?) .- (CH,) -0 (CO) O (CH,) £X*-
- {CH,CONR?) ;- {CH,) gCOO (CH,) ¢X*-

- (CH,CONR?) ,- (CH,) JNHCO (CH,) ¢X*~

- (CH,CONR?) .- (CH,) gNHOCO (CH,) ¢X*-
- (CH,CONR?) , - (CH,) 4OCO (CH,) £X*-

- (CH,CONR?) , - (CH,) JOCR*HO (CH,) £X*-
- (CH,CONR?) , - (CH,) JOCR?,0 (CH,) ¢X3-

‘(wherein z is 0 or 1, 4 is 1 to 15 where Ar is bicYclic.



10. A conpound, as clained in any one of clains 1 to 9 wherein the Ar

groups in thelsrsggrotonated forms are COOH, SO err]H, ?&Eﬁd E&?};r] or

P err] HWO952 A conpound as claimed in any one of Clalns

wherein Ch is netall ated. 12. A conpound as clained in claim11l
wherein Ch is netallated with a para gnetlc metal ion. 13. A

di agnostic orI%F apeutic _conpqsition co a conEound of formul a
| as defined% fpoor?'e‘; yheze;Afs 18 mopog ciécor e318hé| 5Pebor Bsdft 2t her eof .
t oget her -wi t lecat7, £ ilseasttoone pingr gadeutli cal 4¢arrier or excipient.

14. A process for the preparation of a conmpound as claimed in claim1l
sai d process conprising at |east one of the follow ng steps:

(a) netall atSing @-@ﬁ@@@ﬁﬂdcéﬁpgéﬁémGﬂ ﬂ@rﬁ&ﬂ&mla wheggén(b) is deprotectlng
a conpound of. ey, A loy RHIBDRRA? (CH,) 4 at | east one protic acid or
met abol i zabl e group is protected by a protecting group.

15. The use of a conmpound of fornula | as defined in any one of clains

1 to 12 or alshel a eompomakl asheladfmed ihoanyhenenofif etaime dfte di agnostic
or therapeut yferej O%B@§h&'?§oPpgo nl€ 91? ﬁg&ﬁBgaEEdgfgfﬁétéPg an imge of

“a human or non- uman_ an conprises administering
to sai d body C99H,mEQeHenRadE nt of a compound as clainmed in any
one of claims 1 to 12 or a salt thereof . : :

PCT/GBQS/OOB%% A compound as claimed in any one of claims 1 to 10

whereln Ch is metallated.

12. A compound as claimed in claim 11 wherein Ch is
metallated with a paramagnetic metal ion. '

13. A diagnostic or therapeutic composition'ccmprisihg
a COmpound of formula I as defined in any one of claims
1 to 12 or a chelate or salt thereof together with_at
least one pharmaceutical carrier or excipient.

14. A process for the preparation of a compound as
claimed in claim 1 said process comprising at least one
of the following steps:
(a) metallating a chelant compound of formula I;
and (b) deprotecting a compound of formula I in which
at least one protic acid or metabolizable
group is protected'by a protecting group.

15. The use of a compound of formula I as defined in
any one of claims 1 to 12 or a chelate or salt thereof
for the manufacture of a diagnostic or therapeutic
composition.

16. A method of generating an image of a human or non-
human animal body which method-comprises administering
to said body an image enhancing amount of a compound as
claimed in any one of claims 1 to 12 or a salt thereof



‘WD 95/ 28392 | - 41 - and thereafter

generating an inmage of at |east a part of sai d body. nmet hod
as cl ai neWO %2839 m 16 wherein said i nage is an MR i-nalZJCeTl%¥JsZ%seﬁ_
*hepatobiliary system of said body. 18. A nethod of therapy of the
human or ani mal body sai d met hod cdhﬁﬁi§ing adm ni stering to said body
d t herapeutically effective amunt of a conpound as clainmed in any
one of cl ai ns 3p& Shexreafter generating an image of at least a part of

said body.

17. A method as claimed in claim 16 Whe;ein said image
is an MR image of the hepatobiliary system of said body.

18. A method of therapy of the human or animal body
said method comprising administering to said body a
- therapeutically effective amount of a compouhd as
' claimed in any one of claims 1 to 12.

AR AR



