| NTRAVASCULAR CONTRAST AGENTS FI ELD OF THE | NVENTI ON The present invention
i s concerned with conpounds that are suitable for use as contrast agents
for magneypGof@sesance imaging (M) and in particul ar behse9hofodslis 2agent s
conpri sing Gadol i ni um chel ates. BACKGROUND MRI has becone one of the nost

| nportant and prom nent technloues |n1d|aonost|c clinical nmedicine. The
most comonly used cont ANERANAS TRAE yENEP e t her nodynamical ly and
kinetically stable Iom/nDIecuIar melght gadol i ni um conpl exes. However,
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and i nef f EELBAF THRANWENTIONr ent clinical ly availabl e Gd-based contrast
agent s maySkklert iybRfiis RasHSy i k%baéqusqmt%rééa{aﬁté BRugngs transi ent
tissue reten st nacrono ecul ar | exes have been devel oped as
i nt r a\Pas ceArdastEentsder ma@aﬁilcp@mnaaﬁ@llmaqm(Wga@@@rr@gﬁl@la@é@mgéasthey may
provi de i ﬁgﬁﬁﬂ) rast enhancenent within the bl ood poo
at Iom/doggi ardgm (%§ﬁgﬁpg TE@%;rrplexes are associated with limtations,
such as poorly defined architectures, unpredictable pharnacokinetics, and

an increaggekepetiNp ity of &d Ieakage fromthe

MRI has become one of the most important and prominent techniques in diagnostic

10 clinical medicine. The most commonly used contrast agents (CAs) nowadays are
thermodynamically and kinetically stable low molecular weight gadolinium
complexes. However, current clinically available Gd-based contrast agents can be
non-specific and inefficient. Indeed, current clinically available Gd-based contrast
agents may suffer from drawbacks including rapid excretion and transient tissue

15 retention.

Whilst macromolecular Gd complexes have been developed as intravascular CAs for
blood pool and tumor angiogenesis because they may provide increased and
prolonged contrast enhancement within the blood pool at low doses, large polymeric
20 Gd complexes are associated wwith limitations, such as poorly defined architectures,
unpredictable pharmacokinetics, and an increased possibility of Gd leakage from the

Gd complex due to prolonged tissue retention.

SUMMARY OF THE INVENTION

25  The present invention seeks to provide alternative and/or improved contrast agents

as compared to known contrast agents. Embodiments of the present invention

suitably provide contrast agents that are specific in terms of their targeting of

partichlar parts of a patient’s body or specific tissues. Embodiments of the present

invention preferably provide efficient contrast agents, for example contrast agents
30 having one or more of excellent relaxivity, signal enhancement, low toxicity,

appropriate excretion rate and appropriate tissue retention.

The present inventors have undertaken the development of a new class of amino
acid-containing contrast agents whereby an amino acid functionality is incorporated

35 into the molecule via a linker group to a metal chelate, suitably a Gd-chelate.



Gd conpl ex due to prolonged tissue retention. SUMVARY OF THE | NVENTI ON The
present invention seeks to provide alternative and/or inproved contrast

agent s aswpoiRaisefst 0 known contrast agents. Enbodi ment $c@fschii®ops4sent
I nvention suitably provide contrast a%ents that are specific in terns of

their targeting of particular parts of¢ a patient's body or specific
ti ssues. %’rﬂiﬂ%‘?qﬁ'ﬁﬂ'ﬁt& ¥ digqyssest kelawi thess ARIPASIdPURARIAG CONtFRSHIRUS ef f i ci ent

contrast agmi Sxceflléit cR¥RALRISIS WHehaASdte@BFAE MRIBNIRG, one or nore of
excellent relaxivity, signal enhancenent, |ow toxicity, appropriate

excretion rate and appropriate tissue retention. The present inventors have

under t akefpd En%s%t%xl&%@ﬂéy&&ls@uﬁ@éﬁa‘kbﬁ% QdveRPhidat 8Cd few eBESQHMI NG contr ast
agents whereby an amno acid functionality is incorporated into the

nol ect e QigeMmeribaprEeoniiastaoants by inearaprating padaliniugycqraplexesanddt chel at e. | n

embodi MeNpgric@sr rﬂhlﬁ?llé%%@glirhl% e¥nplekesptAPitiaessf cbrt@AiRgti@ngont r ast
agents exhibit excellent characteristics when tested in rat MR studies.

The preseftfUdi@ent ors have al so undertaken the devel opment of a new cl ass
of oligoner-based contrast agents by incorporating gadolinium conpl exes and
in particular nultiple-gadoliniumconplexes into peptides of caontrolled

| engt h anfihapiegertipventorsbays foyanhthat HiseallowssyRkiesisoh irariest G- al | ows
synt hgpi sp&itidb@WatR diffeRicbQienets, GAPERL IkASH and number of Gd-chelates.
Furthermore, screening of such contrast agents and in particular of libraries of such
compounds will suitably enable selection of oligomers with the properties desired. In
embodiments, such screening will identify novel, efficient and selective MRI contrast
agents.
15
At its broadest, the present invention proposes that (1) a paramagnetic metal chelate
be provided with an amino acid unit via a linker group and that such a compound be
used as an intravascular contrast agent for MRI; and that (2) a peptide, suitably a
comparatively short peptide, e.g. having 2 to 20 amino acid units (referred to herein
20  as an oligopeptide), can be provided with one, preferably at least two, paramagnetic

metal chelates.

The present invention proposes that (1) by controlling one or more of the metal
chelate, the linker and the amino acid unit, the contrast agent can be tailored, for
25 example so that it becomes more specific for a particular location in the patient’s
body and/or exhibits better relaxitivity and/or signal enhancement, and that (2) by
controlling one or both of the composition of the (oligo)peptide and the number of
paramagnetic metal chelates, the contrast agent can be tailored so that it becomes
more specific for a particular location in the patient’s body and/or exhibits better

30 relaxivity and/or signal enhancement.

It is to be noted that in the case where a contrast agent of the pre.sent invention
comprises a linker group, the linker group can be any suitable linker group, which
groups the skilled reader would be able to identify from their common general

35 knowledge in the light of the teaching of the present invention. In particular, the linker

group suitably provides attachment of the amino acid unit or peptide to the metal



with different sequences, peptide |Iength and nunber of Gd-chel ates.

Furt hernore, screening of such contrast agents and in particul ar of

l'i brari eswgffupshosonpounds will suitably enable sel ect ippiy/sehodlob@Qqger s
with the properties desired. In enbodi nents, such screening wll identify
novel , efficient and selective MRl comtrast agents. At its broadest, the
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acid uni tﬁ14f.r%tsgp’eefitﬁ&prlaeérﬁ'.ﬁteﬁﬁorﬁ&o%ég@esmt;bgﬁa% cceRlin®® ik OVi ded wi th
one, preferably at |east two, paranmagnetic ne el ates. e present

i nvent? onfolewips dergulznand pharmapguticalit 2asEPiehlg seite hydraies, @nétsotvn@s met al

chel ate, {fagdfi nker and the amno acid unit, the contrast agent can be
tailored, for exanple so that it becones nore specific for a particular

| ocation in the patient's body exhibits better relaxitivity and/or

si gnal enhancenent, and th#&t (2 one or both of the
conposition of the (oligo) T‘Dﬁ\paranagnetic met al

chel ates, the contrast age 7 0 that it becones nore
specific for a particular in the patient's body and/or exhibits
better

wherein

@ is a paramagnetic metal chelate,

10
is a linker group selected independently from C,galkylene
and C,galkynylene and is optionally substituted, and
A' is an amino acid or amino acid derivative.
15
In a further aspect, the present invention provides a compound according to the
following formula and pharmaceutically acceptable salts, hydrates, and solvates
thereof
20 wherein
@ is a paramagnetic metal chelate,
|
is a linker group selected independently from C, salkylene
and C,ealkynylene and is optionally substituted, and
25

each of A’ and A? is selected independently from an amino acid and

an amino acid derivative.



rel axivity and/or signal enhancenent. It is to be noted that in the case
where a contrast agent of the present invention conprises a |inker group,
t he |i nkewogooupeman be any suitable |inker group, whiclecgrsoups/obduas skilled
reader would be able to identify fronhtheir common general know edge in the
i ght of the teaching of the present i'nvention. In particular, the |inker
group suitably provides attachment of the amino acid unit or peptide to the

met al Chel Iataefumhérfuspécti ﬂhb@lréseh't ifhgervﬂohfprcb\h@eﬁed;rﬁ;bdtmﬂ a@f:orﬁh\@ totieal of the
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|nvent|onha@00|des a conpound according to the follow ng fornula and
pharmaceutical ly accept abl alts, hydrates, and sol vates thereof wherein
is a paramagnetic netal LLJ is a linker group selected

i ndependently from Cl- 64 . Igpg ggg is optionally
substituted, and Al is § ivative. In a further
aspect, the present invextion provides a conpound according to the
foll oW ng fornmula and phar utically acceptable salts, hydrates, and

sol vates thereof  \herein

@ is a paramagnetic metal chelate,

10 and C,salkynylene and is optionally substituted,

is a linker group selected independently from C,salkylene

each of A’ to A" is selected independently from an amino acid and an
amino acid derivative, and

n is in the range 2 to 20.

15  Preferably @is a Gd chelate.

Suitably the metal chelate comprises a nitrogen atom-containing ligand, suitably a
ligand comprising at least 2 nitrogen atoms, preferably at least 3 nitrogen atoms and

most preferably at least 4 nitrogen atoms.

20
Suitably the metal chelate comprises a nitrogen atom-containing macrocycle,
preferably having at least 2, more preferably at least 3 and most preferably at least 4
nitrogen atoms (that is, the nitrogen atoms form part of the ligand/macrocycle such
that they coordinate to the metal when the metal chelate comprises a metal.

25

In embodiments the metal chelate comprises a nitrogen atom-containing ligand and
the metal chelate is coupled to the amino acid portion via a nitrogen atom of the

ligand.



wherein is a paramagnetic netal chelate, is a |linker group selected

I ndependently from G _6al kyl ene and C2”al kynyl ene and is optionally

substi t utwe.2ofNdeR3Ch “of Al and A2 is sel ected i ndependgpileahdonidas am no
acid and an amno acid derivative.In a further aspect, the present

I nvention B_row es a corr%ound accordi ﬁ to the follow ng fornula and

phar maceutHiaply e pelaiahsistecumprises %Tcﬁ Mazs prefai@blydhe chlaied®He wher ei n
is a paragagyetAc netal chelate, L LJ is a linker group selected

I ndependent|ly from Cral kyl ene and C2-6al kynyl ene and is optionally
substituted, each of Al to An is selected independently froman am no acid

and an arTPfHPerﬁSlWhéjlﬂfkbvgﬁoUM% s@élﬁe@frd)rﬁ G,Nalkyiéné aRDIE; AlkyRyldRe afd Rf erably is
a &d chelate. Suitab I\éathe nmetal chel ate conprises a nitraogen

at om cdnt %‘Ptfﬂ”ﬁ@/ $ybghityted- Most risfeyably fhedinker QfB'i‘ﬂ)}sl ssfgetpdffom é:as?c'kyier}‘?l trogen
at onms, prgheCaMyyBhe hR& R oplioRkllysR8sfuBHONS and

Preferred substituents are described below. An oxo-substituent (=O) is particularly

preferred, especially when the linker is alkylene.

10
In embodiments, the linker group is unsubstituted, especially when the linker group is
alkynylene.
In particularly preferred embodiments the linker group is selected from:
— @)
3
/
/
15 - | and

Preferably each of A' and A2, if present, is selected independently from glutamic
acid, a glutamic acid derivative, lysine and a lysine derivative. More preferably, each
of A’ and A?, if present, is selected independently from a glutamic acid derivative and

20 alysine derivative.

Preferably A' is selected independently from:

R4~

Kj/km f/)_< a
0
I =

and
wherein R? is selected independently from A? as disclosed herein and
25 —-OMe, and
R* is selected independently from A? as disclosed herein and —C(O)-
Ph.



nost preferably at |l east 4 nitrogen atons. Suitably the netal chelate
conprises a nitrogen atom containi ng nmacrocycle, preferably having at | east
2, nore pyeheldRkisat | east 3 and nost preferably at | eagt/séamiolbf@gn atons
(that is, the nitrogen atons formpart of the |igand/ macrocycle such that
they coordinate to the metal when thefnetal chelate conprises a metal. In
enbodi ments the netal chelate conprises a nitrogen atomcontaining |igand
and the neegrafial %ts%@dﬁeoc,ggéﬁee,qeﬁ@fpm amno acid portion via a nitrogen
atomof the ligand. Suitably the netal chelate conprises DOTA. More
preferably the netalp W(P@HNE'S a Gd- DOTA. bl yo d inker group is
sel ected from C2-4al kyl ene O3Meal kynyl ene and iIS optional ly
substituted. Most preferabl the linker group is selected from C2-3al kyl ene
and C4al kynyl ene and is 1onally substituted./Preferred substituents are
descri bed bel ow. An oxo-/substituent (=0) is pavticularly preferred,

especi ally when the Ig r is alkylene. In ¢nbodinents, the linker group is
unsubsti t ut ed, especyal | yOwhen the i nker/gq oup is al kynyl ene. In
particularly preferﬁed enbodi nment s tggdl nkér group is selected from and

5  Preferably each of A to A", if present, is selected independently from

PhOCHN
/g* ///)__< (ig/co Me

PhOCHN
COZMe

N
—
and K

Preferably n, where present, is independently 2 to 10.

10
In a preferred embodiment and a further aspect, the present invention provides a
compound selected from the following compounds and pharmaceutically acceptable

salts, hydrates, and solvates thereof:

0,C j/ \/——CO

0,C ——/ \_/ NHCOPh

15



Preferably each of Al and A2, if present, is selected independently from
glutamc acid, a glutamc acid derivative, lysine and a |ysine derivative.
More pref¥PIBINPS6WECh of AL and A2, if present, is sel e®RCEFG2HIOPUARent |y
froma glutamc acid derivative and a lysine derivative. Preferably Al is
sel ected independently from wherein R3 is selected independently from A2
as disclosed herein and -Ove, and R4 is 7sel ected i ndependent|y from A2 as
di scl osed herngCaﬁd\m /PBOE’r eferably Al is sel ected independently from
Preferably each of-- N AN-—iT "present, is selected independently from and
Preferably n, where pr"esMn‘t lis mcﬁapendently 2 to 10. In a preferred
enbodi nent and a__fur t prese | nveagLiwen provi des a conmpound
sel ected from dg@ | phaffmaceutical |y acceptabl e
salts, hydrates, and solvates the eof: andwhe ﬁ'dqpm is a paramagnetic netal
as described herein, preferably Gd. Thus, particularly preferred conpounds
are as foll omsWheFﬁéNbéﬁ’ﬁB'@mgﬁﬁﬂﬁ/m%’th@ﬁwﬂpgﬂ hergin, preferdtheCodr nore water or

ot her nol ecul es (e.g.

Thus, particularly preferred compounds are as follows:

R o

OzC _-\/ \/—C02

--------- ;]/\ /U\/Ycozlv:e

o,c —7 NHCOPh

CO,Me

o NHCOPh

The compound may optlonally include one or more water or other molecules (e. g
10 solvent molecules) coordinated to the- metal,

. in a particutarly preferred_ embodiment, the corﬁpound is selected from compounds 1
and 2 pharmaceutically acceptable salts, hydrates, and solvates thereof:

- PHOCHN._CO;Me
PHOCHN

’ H‘O;Me
- O

. Q Qs NH
O'H.?.Ho / . (QOH.?‘HD j’
Sarh
| st Pt
15 : 2

RECTIFIED SHEET (RULE 91) ISA/AU



sol vent nol ecul es) coordinated to the netal. In a particularly preferred
enbodi nent, the conpound is selected from conpounds 1 and 2

phar macewyoaildpscmscept abl e salts, hydrates, and sol vat eeTisices@mboi¥i | st
t he above corrpounds are illustrated f%r conveni ence with a coordi nating

wat er the present inventjon®al so i ncludes each ound in the
absence ‘%ﬁﬁi’he W&CQF”F’RH”%%IPJHJSFE‘WH?%T GoR¥FNIRRRE Wit %F“Pfg'l”g@rtﬂ | ndeed,
t he presenatet m‘omtjles)fhel pm@eleudmerammsmﬁmwwéadm dohpRURe in elapsaces, for
exanpl e saql vent | ec

coord natln urthernore, in a yet
further aSpdchaw %”B&E ‘T’l?rmﬂ%t ?n8ﬂe "Hﬂ%"”gj&f;ﬁﬂuw& Piesedbt i ned herein
in the abiagsiiondicid@edBlen compriinds withtoffer GedEIEY] fdr ex@mblegaidnt 0 whi ch a
swta%l e nmetal , for can be chel ated. The structure of the

xanpl e
| i gan caWoﬁEU'Fﬁ€°§%t'gEtQW§(t£qji scl osed herein for the netal-containing

(e.g. &d-containing) conmpound. Preferred conpounds (ligands) are selected
fromthe lf—'0| | om ng. co tgu ds and Ibar maceuti cal | 5 accept abl e I ts,

hydr at es, P YHE™a8TEy Iy ¥ egsrect. i %P'FE&FWBYe“&% E‘{V'deﬁﬁec"ﬁﬂé’é'aaﬁsi nventi on
provi des d@efiaedpersitlinats ab<tinbg of & nidhe. THA W, BuScarsRROH S a%ur@howrahound is a

contrast age for ent fo gnetic resopance. inma itably an
i ntravas c%g‘éi E’o’ﬁ?ﬁagg?' eé@@ﬁ{e (LFE %”ﬂ?r‘?’ﬁ@ﬁe‘ggg@éfrUCt’t‘%epr}grPee@ﬁfj Ciaﬁllj?ént i on
proviiges the camelaahataiised BereifoOn tHel rietaPSSMAINGE (&.58GHntaMRlg) conprising a
pepti de ac%gn%unheast one paranmagnetic netal

Preferred compounds (ligands) are selected from the following compounds and
pharmaceutically acceptable salts, hydrates, and solvates thereof:
15

HOCj/ \/—COH

\j/ J\/YCOZMe

HO C—/ \_/ NHCOPh

HOC—\/ /—\ /—CO H

C
Ho,c— \_/N\/\ﬂ/ M/COZMG

NHCOPhH

20 In afurther aspect, the present invention provides a compound according to the
previous aspects, which compound is a contrast agent for agent for magnetic

resonance imaging (MRI), suitably an intravascular contrast agent.

25 gk ok



chel ate coupled to the peptide. Preferably at |east two paramagnetic netal
chel ates are coupled to the peptide. Suitably the paramagnetic netal

chel at e iyyoaofdhselg! ate. Preferably the paramagnetic nmepglyseRfloabsiis s
Gd- DOTA. Preferably the peptide conprises 2 to 20 anmino acid units.

Preferably the peptide conprises am n8 acid units sel ected fromglutamc
acid, a dhafusiher asepet temrespnt wentioprerddesrriceptiagtagant fsmagretive. Suitably

the cont raginsA8€ hadiRgIVIRBESmBrifiAg 8 PP 4rfd ABEAl oREBhAhfagREROMLAI ed Wi th

ri
at least 50% of the amno acid units of the peptide, preférably at |east
75% and hsiate peunled leghe paptideeast 90% I n a further aspect, the present
I nvention provides a contrast agent for magnetic resonance inaging (M)
conprising a paranmagnetic netal chelate portion coupled to an am no acid
porti &n, RiBErahinatigastiwp paramaanefpmetabphaiaiapareseayiplad tpdagspenrtide. anmi no aci d
units. Suitably the am no acid portion conprises an oligopeptide.
Preferably the oligopeptide conprises 2 to 20 amino acid units. Preferably

t he ol i gopétgblydee peirpiadsetic metahchelaty if HEdLopta nfreteraytheabl y t he
par amagN&idrsmagiatt ntdigl AkRitdR'Gd-8BTAS @ Gd chel ate portion.

10  Preferably the peptide comprises 2 to 20 amino acid units. Preferably the peptide
comprises amino acid units selected from glutamic acid, a glutamic acid derivative,

lysine and a lysine derivative.

Suitably the contrast agent comprises a paramagnetic metal chelate associated with
15  atleast 50% of the amino acid units of the peptide, preferably at least 75%), and most

preferably at least 90%.

In a further aspect, the present invention provides a contrast agent for magnetic
resonance imaging (MRI) comprising a paramagnetic metal chelate portion coupled
20 to an amino acid portion, wherein the amino acid portion comprises at least two

amino acid units.

Suitably the amino acid portion comprises an oligopeptide. Preferably the
oligopeptide comprises 2 to 20 amino acid units. Preferably the oligopeptide

25 comprises 2 to 10 amino acid units.
Suitably the paramagnetic metal chelate portion is a Gd chelate portion.

Preferably the contrast agent comprises at least two paramagnetic metal chelate

30  portions coupled to the said amino acid portion.

Suitably at least 50% of the amino acid units in the amino acid portion have a
paramagnetic metal chelate portion coupled thereto, preferably at least 75%, more
preferably at least 90%, more preferably substantially all and most preferably a

35 paramagnetic metal chelate portion is coupled to each of the amino acid units in the

amino acid portion.



Preferably the contrast agent conprises at |east two paranagnetic netal
chel ate portions coupled to the said amno acid portion. Suitably at |east

50% of thgoafidiReasi d units in the am no acid portion hayesg2n@fesmgnetic
netal chelate portion coupled thereto, preferably at |east 75% nore

preferably at |east 90% nore pref erai)%}/ substantially all and nost

pr ef er abl JUittblyAhe reRjiast peentePaPieste? i 40 prirMAgheticdnetal fhetade PYtiedth of the

ani no_aci gbupiidits thesdid8maidi 4t Gértich. FRefetably tAdichAAst abbR coRprisas? tgent
conprises 2 to 20 paramagnetic nmetal chel ate portions coupled to the said
am no aci i pyriegreticppelpkgheifts Peians eenRlekte theeaid apwipRGidRAtiont o 10
paramagnetic netal chelate portions coupled to the said am no acid portion.
Suitably the or each amno acid unit in the amno acid portion is selected
from & ut awfablydee ar ea&“gﬁ"ﬂff‘&ﬁ‘?'&' L&'Bi”&i“’tﬂ’é’l“i"\?%t??’(?@,‘mlo?ﬁ priedind framy ysi ne

deri vat i VQutafii ScidlEdISamit ¥cid Berivitive agdnednd'® ly3k eHitivel Mofdhe am no acid
portion is selected tfroma glutam.c acid derivative and a |ysine

der i vat i viwrefesphly @Pé’éle?c'l Avingracichiwt indheramieiagidpartion iy selsetedfiombaaci d
portion igugaliesdi®denatiedsndls Nsine darvativeherein R3 is sel ected independently
froman amno acid unit and - Owe, and R4 is selected independently from an

am no acid unit and -C(O) - Ph.
10  Preferably the or each amino acid unit in the amino acid portion is selected

independently from

R4 —
/HJ\ : ////7_< R3
0]
[/ O —N
-~ and H

wherein R® is selected independently from an amino acid unit and —
OMe, and

15 R* is selected independently from an amino acid unit and —C(O)-Ph.

More preferably the or each amino acid unit in the amino acid portion is selected

H
NP
PhOCHN
CO,Me
3 /(7/

0O

N 0]
N !

PhOCHN

from:

H O
\//P)K
s
P o

H'/

CO,Me

20 and



More preferably the or each amno acid unit in the amno acid portion is
selected from andPreferably the chelate portion conprises a nitrogen

at om contwgphiighskiogand, suitably a |igand conprising at pl-@asborddésdig 00€N
atons, preferably at |least 3 nitrogen atons and nost preferably at |east 4

nitrogen atons. Suitably the chelate 1ﬂorti on conprises a nitrogen
atom contai ning macrocycle. Preferably the chel ate portion conprises DOTA

Pref er abl B’refé?@olﬁﬂfeadhe@?@{aéﬁl&w B&Hhpries o rﬁtr@d@%t@:‘i‘l doptdinifg AJENAOs @bl Portion

via a |linker group, the |linker group %g sel ected from C1-6al kyI ene and
C2- 6al kydg@?@%éma%ﬁm%aUsﬁt@rmtrcrgan%.Ftr eebly @d?@%@l’&'ﬂqgﬁé atqrpk@nd group i s

sel ected &,5Qr§r§graﬂ,@lé{yéa%pgn% e@gton@al kynyl ene and is optionally
substi tut ed. Most preferably | i nker group being selected from

C2- 3aP kyl ene and C4al kynyl ene and is optionally substituted. In

particul aglivabRriré ehdise p%mbﬂ%%ﬂ&és 4 RtrobeM K RIm-86RHRiIngmad&elked from In
enbodi ments_the netal chelate portion conprises a nitrogen atom containing

| i gand arPdefeIﬁ%b'hﬁleeﬂhe@FéP%"én psrrises DOQTAoupl ed to the amino acid portion
via a nitrogen atomof the ligand. In a further aspect, the present

i nvention provides a contrast agent for netic resonance imagi ng (MRl)
accor di ng’reteralethednetalighelpte pertion is wyaled ﬁ% inpiaciq| pogtion via a linker

10 group, the linker group being selected from C,¢alkylene and C,salkynylene and is
optionally substituted. Suitably the linker group is selected from C,_salkylene and Cs.
salkynylene and is optionally substituted. Most preferably the linker group being

selected from C,.;alkylene and Cjalkynylene and is optionally substituted.

15 In particularly preferred embodiments the linker group is selected from
— 0]
3
/
/

-

and

In embodiments the metal chelate portion comprises a nitrogen atom-containing
ligand and the metal chelate portion is coupled to the amino acid portion via a

20 nitrogen atom of the ligand.

In a further aspect, the present invention provides a contrast agent for magnetic
resonance imaging (MRI) according to the following formula and pharmaceutically

acceptable salts, hydrates, and solvates thereof

wherein

@ is a paramagnetic metal chelate,



acceptabl e salts, hydrates, and sol vates thereof wherein is a paramagnetic
netal chelate,is a |linker group selected i ndependently from and

C2- 6al kynybepf/@pssi s optional ly substituted, [ P ] is achRRlb@Royigrein
t he nunber of amino acid units in the}ieptide isin the range 2 to 20, and

n is independently 2 to 20. In a furtirer aspect, the present invention

provi des a contrast or magnetic resonance i maging (MRI) according to
the follow ng formla—anrt—pbarimeecsbis sdibsted tiepérddngy fraht G, qalkydnat es, and

sol vates there er ei rarra c netal chelate, is a linker group
sel ect ed ?Wﬁ’a‘éﬁi@ﬁﬂﬂ'\gﬂ W%/a’?dr'ar?rogﬂga?] Lﬁ?A\W ene and is optionally
substituted, each omnd R6 is seI ected i ndependently fromH -QOw,
-C(O)-Ph,each Al is t %g At am no
acid derivative, and n is E(rjladb en entﬁ“g%t % af]%’ﬁgb%%# e'{r; "g{s?%ect t he
present ipepdde isdn the rengel@do 20cantt r ast agent for magnetic

5 n is independently 2 to 20.

In a further aspect, the present invention provides a contrast agent for magnetic
resonance imaging (MRI) according to the following formula and pharmaceutically

acceptable salts, hydrates, and solvates thereof

Rs—f-At{—Rs

10
wherein

@ is a paramagnetic metal chelate,

15 and C,salkynylene and is optionally substituted,
each of R® and R® is selected independently from H, -OMe, —C(O)-Ph,

is a linker group selected independently from C,galkylene



resonance imaging (M) according to the follow ng fornula and
pharmaceutically acceptable salts, hydrates, and solvates thereof R5- A |
- R6 wher ajp 8afd3cAsi S sel ected |ndependently fromeach opciRac3MA0RR1S S

sel ected i ndependently fromHL wherein is a paramagnetic netal chelate, LLJ
is alinker group selected independent3y from Cl- 6al kyl ene and

C2- 6al kynyl eng”and™\s optionally substituted, each Al is selected

[ N anino acid and anino acid derivati ve, and wherein: n

C2- 4a| kyl ene and C3. 5al kynyl ene and is optionally substituted. In
§ a linker group selected i ndependently fronPreferably

t he pepti de i s|sel gcted i ndependently froma |linear peptide and a

Al
f—A and -A',

each A’ is selected independently from an amino acid and amino acid
derivative, and

n is independently 2 to 20.

5
In a further aspect, the present invention provides a contrast agent for magnetic
resonance imaging (MRI) according to the following formula and pharmaceutically
acceptable salts, hydrates, and solvates thereof
Re—fA-—re
. n
10 wherein

each A is selected independently from

1] [ a1l
A A
and ,



branched peptide. Suitably the contrast agent is an intravascul ar contrast
agent. The present invention also includes the conpounds in the absence of
the Gd, iwe.2otondelosgand. In a further aspect, the presemthnnammbmns
provides a ligand for a contrast agen wherein the ligand conprises the
contrast agent as defln rejgh mnth t th arapagnetic netal. In a
further aspect, theS# égg% Fﬁtéﬁf@%ﬁe [Ngep “ﬁyﬂP%qiry conprising a
plurality of contrast agen cording to any one of the preceding clains.
Preferably each of the said plukality of contrast agents is different.
Preferably each of the gaidyplurjality of contrast agents conprises a
different am no acid pontion or /oligopeptide. In a further aspect, the
present invention provide 2t hod of screening a library as defined
herein. Suitably the nethodf{is a nethod of screening to identify contrast
agents that exhibit high re itivity and/or high signal enhancenent. A

i nvention provides a nethod of synthesising a
contrast agent for nmagnetijc rgsonance inmaging (MRl), the nethod including
the steps of ( 1) formng|a ngnoneric am no acid nmetal chelate by attaching
an am no acid unit

—A"
OMe, —C(O)-Ph, } and -A',
wherein
5
@ is a paramagnetic metal chelate,
is a linker group selected independently from C,4_
salkylene and C,salkynylene and is optionally substituted,
10

each A' is selected independently from an amino acid and
amino acid derivative, and wherein: '

n is independently 2 to 20.

15  Suitably the peptide comprises amino acids units independently as hereindefined.

Preferably ®is a Gd chelate, more preferably a Gd-DOTA.

Preferably is a linker group selected independently from C,_4alkylene and

20 Cjsalkynylene and is optionally substituted. In embodiments, is a linker

group selected independently from



to a paramagnetic netal chelate, and (2) form ng an ol igopeptide netal

chel ate by conbining at |east two nononeric amno acid netal chelates via
their respashio/Bemyi No acid groups. A further aspect of bHog/RLEPRI 418
invention provides a nethod of nodifying a paranmagnetic netal chel ate
conprising a nitrogen atom containi ng'?igand, the nmethod conprising the
step of effecting conjugate additionef a nitOggen.of the nitrogen
atomcontaining ligand to an acryl ate ester. S I‘1y the acrylate ester is
sel ected so as to provide the chelate with a propionate group after
conjugate addition. Prefera y’fﬁé met hod i netudes the step of attaching an
am no acid or peptide to the nodified netal /chelate. In the case of a netal
chel ate that conprises a propionate groggq Suitably the am no acid or
peptide is attached via the propionate group. A further aspect of the
present invention provides a nethod of synthesising a contrast agent as

di scl osedpiedrabip thd peptigeishibdtairingéherdehiefréth @RinGAr fapiii®and i Ng a pepti de
and t hen cougl ing at | east one paramagnetic netal chelate to the peptide.
Sui t abl y RTRBCHAStARRHI$ ncl udes coupling at |east two paramagnetic neta

chel atses to the peptide. A further aspect of the present invention provides

a net hod §’f- perform ng, magneti c
uitably the contrast agent is an intravascular contrast agent.

The present invention also includes the compounds in the absence of the Gd, i.e. the
ligand. In a further aspect, the present invention provides a ligand for a contrast
10  agent, wherein the ligand comprises the contrast agent as defined herein without the

paramagnetic metal.

In a further aspect, the present invention provides a library comprising a plurality of
contrast agents according to any one of the preceding claims.

15 _
Preferably each of the said plurality of contrast agents is different. Preferably each of
the said plurality of contrast agents comprises a different amino acid portion or

oligopeptide.

20 In afurther aspect, the present invention provides a method of screening a library as

defined herein.

Suitably the method is a method of screening to identify contrast agents that exhibit
high relaxitivity and/or high signal enhancement.

25 '
A further aspect of the present invention provides a method of synthesising a
contrast agent for magnetic resonance imaging (MRI), the method including the steps
of (1) forming a monomeric amino acid metal chelate by attaching an amino acid unit
to a paramagnetic metal chelate, and (2) forming an oligopeptide metal chelate by

30 combining at least two monomeric amino acid metal chelates via their respective

amino acid groups.



resonance imaging (MRI), wherein the contrast agent is a conpound/contrast
agent as disclosed herein. Preferably the nethod includes obtaining an

i mage. AwBhbhhiseaspect of the present invention provi degrR&cBHioM019T
adm nistering a contrast agent to a patient, wherein the contrast agent is

a conpound/ contrast agent as di scl,ose?ﬁ herein. Suitably the step of
adni ni st efifyiter perechatthe gresandAventiap PrrKdes; nethor ehmopieying@i ent . A furt her

aspect of pdhRaghaReRdtal dRSRIE EQRpMRIMRYA Flﬁr%g@n SRM-EGHAiniAG G nd, @e @ diagnostic
met hod practised on the human or ani mal body, wherein"the contrast agent is

a conpound@etedcempfisiag thetstepofrficsting eanivaate pdditiorf of @ Hepgeaiéha  of t he

present | RitEEEH KBmRIAiISS lighne 9 bhaekylA@88er.f Or Magnetic resonance i maging
practi sed on the human or™ ani nal body, wherein the contrast agent is a

corrpo@nd{contrast agent as disclosed herein. A further aspect of the
present i SyigRly RO ablyRYd 886r i¥3681e0bd0GRTH BHIVHRE Hehs hagfitAs di scl osed

herein as a contrast agent, suitably as an intravascul ar contrast agent for
MR . A fuRrepiepatggheup afier cenjugaie additien.i nventi on provi des a conpound havi ng

the structure of the contrast agent as defined herein. A further aspect of
the present invention provides a contrast agent conposition conprising the

conpound Befarakly glegvetbod ingiides theasier af gtaghing@aamieapeig oppertiseds the

10 modified metal chelate.

In the case of a metal chelate that comprises a propionate group, suitably the amino

acid or peptide is attached via the propionate group.

15 A further aspect of the present invention provides a method of synthesising a
contrast agent as disclosed herein, the method including the step of synthesising a

peptide and then coupling at least one paramagnetic metal chelate to the peptide.

Suitably the method includes coupling at least two paramagnetic metal chelates to
20 the peptide.

A further aspect of the present invention provides a method of performing magnetic
resonance imaging (MRI), wherein the contrast agent is a compound/contrast agent
as disclosed herein. Preferably the method includes obtaining an image.

25
A further aspect of the present invention provides a method of administering a
contrast agent to a patient, wherein the contrast agent is a compound/contrast agent

as disclosed herein.
30  Suitably the step of administering the contrast agent includes injecting the patient.

A further aspect of the present invention provides a contrast agent for a diagnostic
method practised on the human or animal body, wherein the contrast agent is a
compound/contrast agent as disclosed herein.

35



carrier or diluent. Contrast agents of the present invention conprising two
or nore amno acid units (e.g. 2 to 20 such units, i.e. a peptide)

pref er ablyohaumsgmst heir end or term nal groups, an am perRehshokbdsdis Whi ch
amno acid unit can be optionally coupled to a paramagnetic netal chel ate.

Thus, the term nal am no acid unit cah’ be with or without a netal chel ate.
Any one of further asprat pkthawyessat inverlion SEpvidasta eanyrashagest forBlagnelic t he ot her

aspects. r%%ﬁéh%ﬁiﬂé@n? BraetiSdfortthe MRRANYr ahlital 8BkY, Wtreif itk RInfrhsy r ed
features of any one of the aspects may apply to any of the other aspects.

I n particgeat is § eprauRg/copiragtiapgntias disqiRseHbBred- use may apply to a

conpound, contrast agent or conposition, and vice versa. DEFIN TIONS The
term "paranmagnetic netal" as used herein will be famliar to the skilled
reader® bub fyrier asrechobihe frrsenbinveniap Providesdise i asaepord/aediastaghst al  t hat

exhi bi t's RagisdIBHIRdr6iMas WiddbnirB@taghbht, bSitabW AP Rtrb@dscUBP cAftradNaddik contrast
agent. Gadoliniumis the nost preferred paranmagnetic netal and any

referenceforMRdin to a paranmgnetic netal is also a reference to Gadolini um
The term"am no acid unit” as used herein will be famliar to the skilled

reader but for . _ _ _
A further aspect of the present invention provides a compound having the structure of

10  the contrast agent as defined herein.

A further aspect of the present invention provides a contrast agent composition
comprising the compound of the previous aspect and a pharmaceutically acceptable
carrier or diluent.

15
Contrast agents of the present invention comprising two or more amino acid units
(e.g. 2 to 20 such units, i.e. a peptide) preferably have as their end or terminal
groups, an amino acid unit, which amino acid unit can be optionally coupled to a
paramagnetic metal chelate. Thus, the terminal amino acid unit can be with or

20  without a metal chelate.

Any one of the aspects may be combined with any one or more of the other aspects.

Furthermore, any one or more of the optional and preferred features of any one of

the aspects may apply to any of the other aspects. In particular, features relating to a
25 method or use may apply to a compound, contrast agent or composition, and vice

versa.

DEFINITIONS

The term “paramagnetic metal” as used herein will be familiar to the skilled reader
30  but for the avoidance of doubt it is intended to mean a metal that exhibits

paramagnetism such that it is suitable for use as an MRI contrast agent. Gadolinium

is the most preferred paramagnetic metal and any reference herein to a

paramagnetic metal is also a reference to Gadolinium.

35 The term “amino acid unit” as used herein will be familiar to the skilled reader but for
the avoidance of doubt it is intended to mean an amino acid, natural and non-natural,

including in particular a-amino acids, or an amino acid derivative, wherein the amino



t he avoi dance of doubt it is intended to nean an anmi no acid, natural and

non-natural, including in particular a-amno acids, or an amno acid
derivati wgo 2M1ﬁf5@io§ the ami noacid or amino acid deri vat P eGS0 /0pRe- . bi -
or tri-valent radical. In this connection the term"a-amno acid" as used

herein pertains to conpounds of the fH1owing formula: and the

cor r esporRfithey 3raiap @aidderivafiveds amane-. bkorid-veleat riical. ihBiscionnestiengroup R i's
an am no @eidmSshinb 48Rt as 886k K&BinGRrtainStio easﬁaalrfas o tHeblidWahg @M no aci d.
Exanpl es of s-amino acids include both natural” amno acids and non- nat ur al
ani no acif@gulgdhe natural ami no aC| ds i ncl ude: those w th nonpol ar

(hydr ophobi ¢c) R groups: al ani ne, ofoHsol eucine, He, |; leucine, Leu,
L; nethionine, Met, M phenylal anR‘_|< Phe F, proline, Pro, P; tryptophan,
Trp, W and valine, Val V, those %pol ar but uncharged R groups:
asparagi ne, Asn, N, cysteine, Cys, C Nylutamine, Gn, Q glycine, Gy, G
serine, Ser, S; threonine, Thr, T; and tyrosine, Tyr, Y; those with

(pot eldt i ardythe posedponding radicalgdor dXagmpteups: argi ni ne, Arg, R, histidine,
H's, H and

\
c=0

e
/

wherein the group R is an amino acid substituent, and can be, for example, a further
amino acid.

10
Examples of a-amino acids include both natural amino acids and non-natural amino
acids. The natural amino acids include: those with nonpolar (hydrophobic) R groups:
alanine, Ala, A, isoleucine, lle, I; leucine, Leu, L; methionine, Met, M; phenylalanine,
Phe, F; proline, Pro, P; tryptophan, Trp, W, and valine, Val, V; those with polar but

15 uncharged R groups: asparagine, Asn, N; cysteine, Cys, C; glutamine, Gin, Q;
glycine, Gly, G; serine, Ser, S; threonine, Thr, T; and tyrosine, Tyr, Y; those with
(potentially) positively charged R groups: arginine, Arg, R; histidine, His, H; and
lysine, Lys, K; and those with (potentially) negatively charged R groups: aspartic
acid, Asp, D; glutamic acid, Glu, E.

20
Examples of modified natural amino acids include, but are not limited to,

hydroxyproline, y-carboxyglutamate, and O-phosphoserine.

Examples of non-natural a-amino acids include: B-(napth-2-yl)alanine,
25  B-(2-cyanophenyl) alanine, S-(ethinyl)alanine, B-(furan-2-yl)alanine, B-(thien-2-
ylhalanine, and B-(4-pyridinyl)alanine.

As discussed herein, preferred amino acid units are glutamic acid and lysine, as well
as derivatives thereof. Indeed, any reference herein to an amino acid unit is also a

30 reference to one or more of glutamic acid, lysine, and derivatives thereof.



| ysine, Lys, K, and those with (potentially) negatively charged R groups:
aspartic acid, Asp, D, glutamc acid, GQu, E Exanples of nodified natural
am no aciwe 20tlsse, but are not limted to, hydroxyprolpcesG2009/000418

g- carboxygl utamate, and O phosphoseri ne Exanpl es of non-natural s-am no
aci ds include: /?-(napth-2-yl)alani nel9 /- (2-cyanophenyl ) al ani ne,

[ ?-(ethinyl)alanine, /?-(furan-2-yl)alanine, /?-(thien-2- yl)alanine, and

I?-(4-pyrTxy t@wh)amalaa@ defifatilie§ CAS SR HER&iRipBrtaiRs & SHinBGcRINTNRS tRgti d uni ts
are glutamc acid sine, as well as derjvatives thereof. |Indeed, any

r ef er ence3Y8PEER "l%“fﬁﬁ Péﬁ?*ﬂi“@%f‘%lr%"m“le qr SuBstifefe gne oF BYEHRIMS® one or nor e

of gl ut anﬂJﬁct@ﬁbF’groudsS V\H%xan%BFé weUld B@Ttﬁé/éiﬁ)sﬁtlﬂﬁér?@ﬂca H'ﬁﬁo S 1B amdthélo aci d
derlvatlves as used herein pertains to amno_acid units that have been

modi f P%ed, MeRRvalephatomeorier # BRBELIGHP &1 FITPRUNCe Fewamp'?réh%a'atne@dor
f unct i onahaghe HeRlifiedRo @A TRbMpHEEY & bmgné‘aﬁ.ww.wmrgr 6lp & hydr ogen for

anot her npnoval ent atomor for a further group npoun For exanpl e,

t he am n(ﬁ'%ﬁﬂeqrﬁ%‘feﬁeorn‘iﬂﬁ qrireRreShar Rating ?C'ﬁHﬁ‘fﬁr f%'@é‘a@plﬁlﬁ'ﬂﬁ‘éﬂ"@al l'igand or
|'i pophi | i gepi®bYbndts di scussed herein, or one or nore other am no acid
units, for exanple joined via peptlde bonds. The term "peptide" as used
hereln will be famliar to the skilled reader but for the avoi dance of

doubtigpertid taim teplié Rl heRdin WM BEMRHilfar &PPEiskfied RIZBED (O tham no
-avoidance of doubt pertains to oligomeric or polymeric species formed from amino
acid units, which units are linked together by an amide bond (also known as a
peptide bond). As discussed herein a preferred number of amino acid units in a
peptide is between 2 and 20, although a greater number of amino acid units is
156  possible, for example up to 25, up to 30, up to 35 or even up to 40. Comparatively

short chain peptides of this sort are also referred to herein as oligopeptides.

Certain Preferred Substituents

20 In one preferred embodiment, the substituent(s), often referred to herein as R, are
independently selected from: oxo; halo; hydroxy; ether (e.g., Cy;alkoxy); formyl; acyl
(e.g., Ciralkylacyl , Cs.xparylacyl); acylhalide; carboxy; ester; acyloxy; amido;
acylamido; thioamido; tetrazolyl; amino; nitro; nitroso; azido; cyano; isocyano;
cyanato; isocyanato; thiocyano; isothiocyano; sulfhydryl; thioether (e.g., C1_7alkylfhio);

25  sulfonic acid; sulfonate; sulfone; sulfonyloxy; sulfinyloxy; sulfamino; sulfonamino;
sulfinamino; sulfamyl; sulfonamido; Ci.7alkyl! (including, e.g., unsubstituted C,.;alkyl,
C,.7haloalkyl, C4.7hydroxyalkyl, C,_;carboxyalkyl, C,;aminoalkyl, Cs_aryl-C4_7alkyl);
Cs.oheterocyclyl; or Cs.xaryl (including, e.g., Cs.pcarboaryl, Cs.oheteroaryl, Cq7alkyl-
Cs.gparyl and Cs.yghaloaryl)).

30
In one preferred embodiment, the substituent(s), often referred to herein as R, are
independently selected from:
-F, -Cl, -Br, and -I;
-OH;
35 =0

-OMe, -OEt, -O(tBu), and -OCH,Ph;
-SH;



acid units, which units are linked together by an am de bond (al so known as
a peptide bond). As discussed herein a preferred nunber of amno acid units
in a peptwdeoicsbmsween 2 and 20, although a greater nuwberscabosanang acid
units is possible, for exanple up to 25 up to 30, up to 35 or even up to
40. Conparati vel hort chain eptlde of this sort are also referred to
herei n as I¢.gsp £p§ %‘é)sa”‘béq R Preferred Substituents In one preferred
enbodi mentg=biye; substltuent(s) often referred to herein as R, are

i ndependent I X) selected from oxo; 5%dr oxy; ether (e.g., Cl-7al koxy);
fornyl; atyFOMegCERQELTER)) @é‘?ﬁla“d @(3‘@ iyl acyl); acyl halide; carboxy;
ester; acyd e@yOHam do; acylam do; thioam do; tetrazolyl; amno; nitro;
nitroso; azi do; i socyano; ééanat 0; 1socyanato; t hi ocyano;

i sot hidcy#rO )QMP ﬂﬂ@WEt b SEERP(BY; 9., C1-7al kyl thio): sul fonic acid:

sul f onat e;cephfiRNec=NARRY Lop<p)NmL, dnayEexonNHRY fam no;  sul f onam no;
sulflnamno( ) ? (-@3 &)/l'é%lo(ﬁ(am)oL X fﬁm (|nclud|n e.g.

hsuber 1t GOV aNEG COME. N GRIRY Sucant s FEMpaRI: O

- 7car boxyaltey INHS - Mtﬂ&ﬂ(ﬁ&w%ﬂpaﬂmb C‘NrEtZaJN(iPlr)\y-r\@aBr%ObﬁthgCyclyl or
C5- 2oaryl (including, e. 2ocar boaryﬁ C5. 2o0het er oar yI al kyl
C5- 20ar y| aRghdN(EB3)20hal oaryl)) In one preferred enbodi nent, the
substig uentN:s), often referred to herein as R are independently sel ected
from

-NO;

-Me, -Et, -nPr, -iPr, -nBu, -tBu;

-CF3, -CHF,, -CHF, -CCl;, -CBr3, -CH,CH,F, -CH,CHF,, and -CH,CF;;

-OCF;3, -OCHF,, -OCH,F, -OCCl;, -OCBr;, -OCH,CH,F, -OCH,CHF;, and -OCH,CF;;
15 -CH,OH, -CH,CH,0OH, and -CH(OH)CH,OH;

-CH;NH,,-CH,CH;NH,, and -CH,CH,NMe,; and,

optionally substituted phenyl.

In one preferred embodiment, the substituent(s), often referred to herein as R, are

20 independently selected from: =0, -F, -Cl, -Br, -i, -OH, -OMe, -OEt, -SH, -SMe, -SEt,
-C(=0O)Me, -C(=0)OH, -C(=0)OMe, -CONH,, -CONHMe, -NH,, -NMe,, -NEt,,
-N(nPr),, -N(iPr),, -CN, -NO,, -Me, -Et, -CF;, -OCF;, -CH,OH, -CH,CH,0H, -CH,NH,,
-CH,CH,NH,, and -Ph.

25 In one preferred embodiment, the substituent(s), often referred to herein as R, are
independently selected from: =O; hydroxy; ether (e.g., Ci.7alkoxy); ester; amido;
amino; and, C,.zalkyl (including, e.g., unsubstituted C,.;alkyl, C,_;haloalkyl,
Ci.7hydroxyalkyl, C,.;carboxyalkyl, Cszaminoalkyl, Cs.aryl-C4.zalkyl).

30 In one preferred embodiment, the substituent(s), often referred to herein as R, are

independently selected from:

-OMe, -OEt, -O(tBu), and -OCH,Ph;
35  -C(=0)OMe, -C(=0)OEt, and -C(=0)O(tBu);
-C(=0)NH,, -C(=0)NHMe, -C(=0)NMe,, and -C(=O)NHEH;



-F, -d, -Br, and -1; -O4 =0; -Owe, -OEt, -QtBu), and - OCHZPh - SH; - SMe,
-SEt, -S(tBu), and -SCH2Ph; -C(=OH, - O)I\/e -C(=O Et, - ggtBu) and

- (=0 Ph; WORPHPEIS - (=0 Owve, -C(=0) CEt, and - C( C»CXtBGT‘SGZ@P
(=0 NH\Ve, - C(=O) NMe2, and - C(=O) NHEt:; - NHC(=O) Me, - NHC(=O)Et, - NHX( O)Ph,
succi nimdyl, and mal eimdyl; -NH2, -NHMe, -NHEt, -NH(iPr), -NH(nPr),

S e e S AL TR e
- CH2CHF2, andaﬂmb - OCF3, G:HFZ - OCH2F, -0OCCl 3, -QCBr3, -OCH2CH2F,
- OCH2CHF2, anGMe QHACE 3Py, -nBu, tBu;
-CFs, -CHF, -CHgF, -CCls, -CBrs, -CHchzF -CHzCHFz. and -CH,CFy;
5 -CHyOH, -CH,CH,0OH, and -CH(OH)CH,OH: and,
) 'CHzNHz,'C‘H2CH2NH2, and -CH,CHoNMe,.

EXPERIMENTS AND EMBODIMENTS
Emquiments of the invention are described below, by way of example only, with
10 respect to the accompanying drawings, in which:

_ Figures 1 and 2 show the-resuits of a time course o_f Signal_intensity (upto 48
- min post Injection in brain artery during MR! experiments in Wistar male rat with
_ campounds 1, 2 and Dotarem (dose 0.04 mmol Gd /kg of BW)).

16
Synthesis of Monomers
~ Two amino acid monomers derived from glutamic acid, 1 and lysine, 2 were
syhthesised} ’ ) .
PROCHN ,_.COMe
'Oj,NH
il
1 2
20
The following experimental procedures were used to synthesis the monomeric amino
acid-containing ligande and the subsequent complex formation with GdCls.
-1. Preparation of Compound 1 (Scheme 1)
25

Intermediate a

~ Asolution of alkyne in dry CH,CN was added to a stimed mixture of starting material
. and KzCO, in dry CH3CN., The reaction mixture wass stirred at 60°C for 1day then
30 filtered and evaporated to dryness to give the crude product which was purified by
column chromatography over silica gel (10% MeOH:DCM),

RECTIFIED SHEET (RULE 91) ISA/AU



-CH20H, - CH2CH2OH, and - CH(OH) CH20H, - CH2NH2 - CH2CH2NH2, a
and, optionally substituted phenyl. In one preferred enbod

nd - CH2CH2Nwe2;
i ment, the

substltuqﬁ}b(zgiﬁ/osgjogen referred to herein as R are mdemgﬁr@@@gd%o@ﬁgect ed
from =0, -F, -, -Br, -1, -OH, -Ow, -OEt, -SH, -SMe, -SEt, -C(=0) M,

SO(=0 O - C(=0)OMe, - CONH2, - CONHVE, 22 N2, - NMB2, - NEt 2,

-N(nPr)2

-N(iPr)2, -CN, -NO2, -Me, -Et, -CF3, -OCF3, -CH20H, -CH2CH20H, - CH2NH2,
- CHZCHZNHgte,.mmg’B. I n one pref erred enbodi ment, the substituent(s), often

referred to herein as R are independently selected from
ether (e.g., Cl-7al koxy); ester; am do; am no; and, C alky

=0; hydroxy;
| (including,

€.g., Unsy Qéédehk'ibﬁ@f Eien?@lﬁé)’é a mC11H|? bb%% %abéd’*rBAﬁ%nJ Qbﬁ‘#éc%y 3Bk Yihe

a - 7carboxya kyl, Cl-7am noal kyl , Cb5- yl). |1

enbodidmerfeactionevas diytedwitnP ) anddﬂsé'ﬁd W@héﬁ‘ﬁ*@’d%b bﬂ'éf? ten dg

' g?egﬁgdemgém Sé)a%zrta‘?éﬁ t%(rjd?\'{"ﬂesi %t{p%ﬂc)h{cgve -CEt, -Q(tBu),

Intermediate ¢

10 A stirred solution of DCC, DMAP in DCM at -5°C was added a solution of

n one preferred
gdpvergr e
and - OCH2Ph;

intermediate b in DCM, then solution of glutamic acid derivative in DCM was added

dropwise and the reaction mixture was stirred at -5°C for 18 hours. After that the

reaction was filtered and evaporated to dryness. The crude product was
column chromatography over silica gel (10% methanol / DCM)

15
Ligand 1

purified by

To a stirred solution of intermediate ¢ in DCM, TFA was added. The reaction mixture

was stirred for 20h. The solvent was removed under reduced pressure and acid

20 chased off by the addition and evaporation of successive portion of DCM

2x10 mL),

MeOH (2x10 mL) and diethyl ether (2x10 mL) then lyphilized to give a product.

Compound 1

25 GdCl; was added to the solution of 1 equiv of Ligand 1 in 0.5 M ammoniu

m acetate

buffer (pH 6). Heating for 2 h is needed to complete the reaction. The pure

Compound 1 was obtained after HPLC purified.



-C(=O NH 2, -C(=0)NHMe, -C(=0)NMe 2, and -C(=0) NHEt ;- NH2, -NHWe, - NHEt
1-NH(i Pr), -NH(nPr). -Nwme2, -NEt2, -N(JPr)2, -N(nPr) , -N(nBu) . and

- N(t Bu) 2:woMe10/056d0s - pPr, -iPr, -nBu, -tBu; -CF3, -CHF2pcTSd2609/006308 3,
-CBr3, -CH2CH F, -CH2CHF2, and -CH2CF3; -CH2COH, -CH2CH2COHland - CH( OH) CH20H;
and, - CH2NH2 PERI MENTS AND EMBODI MENTS
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2. Preparation of Compound 1 (Scheme 2)
Intermediate d
10

15

To a stirred solution of starting material and methyl acrylate in CH;CN was added
DBU at r.t. After 20h, the reaction mixture was concentrated and diluted with DCM
then washed with aq.NH4Cl, water and brine, dried over MgSQO, and evaporated to

dryness then purified by column chromatography over silica gel (10% MeOH:DCM)



1. Preparation of Conpound 1 (Schene 1) Internediate a A solution of alkyne
in dry CH3CN was added to a stirred m xture of starting material and K2CCO3
in dry CRgeMNotolfdgoseaction mxture was stirred at 60C f gprAdayoolobi@iis
filtered and evaporated to dryness togl ve the crude product which was
pur| f| ed b}/ col utmm chr omat ogr aphy ove#4silica gel (10%

madigigieate b A suspension of internediate a in THF was added
TBAF and stirred for 18h. The reactlon was diluted with DCM and washed w th
wat er (3x brine then dried over evaporated to dryness to get

product . A tiedreelutianeof dntaragdiate ddn QJH/HBQ (8ﬂ)w@€admm amired - 5C was
added a sg| W, %e%fol\)em\ﬁégtg\;ygg;age@tol det PidMuct hen solution of glutamc acid

derivative in DCM was ad ropw s€ and the reaction mxture was stirred
at -5@ for 18 hours. After that the reaction was filtered and evaporated to
dryness. |h&nfddigig ¢pr oduct was purified by colum chromat ography over
silica gel (10% nethanol / DCM Ligand 1 To a stirred solution of
intermediate ¢ in DCM TFA was added. The reaction m xture was stirred for

2Cn. The gali¥&niolifsh Sreitey &fbsind BIcM SeaRaPE&RIY SolGih Athtémediate
e and DIPEA in DCM, then a solution of lysine derivative in DCM was added

10  dropwise and the reaction mixture was stirred at rt for 2days. After that the mixture
was filtered and evaporated to dryness. The crude product was purified by column

chromatography over silica gel (10% MeOH:DCM)

Ligand 2

15
To a stirred solution of Intermediate f in DCM. TFA was added. The reaction mixture
was stirred for 20h. The solvent was removed under reduced pressure and acid
chased off by the addition and evaporation of successive portion of DCM 2x10 mL),
MeOH (2x10 mL) and diethyl ether (2x10 mL) then lyphilized to give a product.

20

Compound 2

GdCl; was added to the solution of 1 equiv of Ligand 2 in 0.5 M ammonium acetate
buffer (pH 6). Heating for 2 h is needed to complete the reaction. After HPLC

25 purification, Compound 2 was obtained.



chased of f by the addition and evaporation of successive portion of DCM

2x10 m ),

MeCH (2x10 m.) and di et hyl

et her

(2x10 m.) then lyphilized to

give a prgaugieposegpound 1 GJICI 3 was added to the sol ut b@'i'/s@fzoob/oﬁﬂﬂkV of

Ligand 1 in 0.5 M amoni um acetate buffer (pH 6).
to conplete the reaction.
purified. Schene 1. PrepaSeheor 2oPrepgrationefiCemgpand 2ng Mat eri al
Internmediate d To a stl rred sol ution

Preparation of Conmpound 1 (Schene 2)
of starting naB®efal and $RBhyl acrylate in
After
washed w . and broesneH,alr i ed over
dryness then pguo,d-ie
MeOH: DCM | nt er W@taﬂiﬁ‘g
(3:1) was added Li OH and stirred for 16h.
product. Internediate f
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The pure

Synthesis of Oligomers

Heating fo h is needed
Cotpound 1 was obt ai ned after HPLC
la Ib lc 2

S\ Ad6BUDBU at r.t.

SQ4’ and evaporated to

2Ch, the reaEfqlo xture was E%ZN&Qntrated Ad dN uted with DCM t hen
th ag. NH4 ﬁ_ﬁ;@jﬂer

y columm chromat ogr aphy,cquyef \-st \l/\ac%%ﬁt (10%
Retdrisit i rred solution of Interngdiate d in MeOH H20

The sol vent was evaporated to get
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Compound 2

Using the monomeric building blocks discussed above, an oligomeric structure

represented schematically below may be synthesised



A stirred solution of DCC, HOBt in DCM at OOC was added a sol ution of
Internediate e and DIPEA in DCM then a solution of |lysine derivative in
DCM was asldediodisemsi se and the reaction m xture was sti ipcegcadoorobofior
2days. After that the m xture was filtered and evaporated to dryness. The
crude product was purified by colunn romat ogr aphy over silica gel (10%
MeOH DCM Ligand 2 To a stir splution of Internmediate f in DCM TFA was
added. The reaction m xture vvas $ rred for 2Ch. The sol vent was renoved
under reduced pressure and a ed pff by the addition and evaporation
of successive portion of o) /nMe(H4x10 L) and diethyl ether
(2x10 nmL) then lyphilized to g| ve a product. Conpound 2 GdCI3 was added to

the solution of 1 e:]'ddte\ltlal@ifeofl_l gand 2 in 0.5 M amoni um aclet ate buffer (pH
6). Heating for 2 h §§ HEdded t co Iete the reaction. |[After HPLC
purification, Conpound was ob herre 2. Preparatifion of Conpound 2
Starting neterial Id Ie rrpomn Lhesns of H\I goner|s

Either

additional

Gd‘binding

Flexible, longer or shorter ' ﬁLODhi"CiW

As illustrated in the schematic, control of the number of monomeric units can be used
to adjust the properties of the contrast agent. In particular, preferably the number and
5 nature of the monomeric units can be selected so as to adjust the flexibility of the
contrast agent and/or adjust its affinity for a particular site in the patient’s body. For
example, the length of the contrast agent, and in particular the peptide portion, can

suitably be adjusted to modify the properties of the contrast agent.

10  Suitably the amino acid units can be modified or derivatised so as to permit
attachment of a biological ligand, suitably a ligand that selectively binds to a binding
site in the patient’s body. Indeed, in embodiments, the contrast agent includes such a

biological ligand.

15  Suitably the amino acid units can be modified to provide for incorporation of a
lipophilic group so as to increase the lipophilicity of the contrast agent. The present
invention therefore includes a contrast agent as described herein comprising at least

one lipophilic groups.

20 Typically, the contrast agent comprises between 2 and 10 amino acid units as
illustrated above. Suitably each amino acid unit is associated with a Gd chelate, but
in embodiments only some (preferably at least 50%) of the amino acid units are

coupled to a Gd chelate.

25 As discussed herein, a particularly preferred Gd chelate is Gd-DOTA and suitably the

amino acid unit is coupled to the Gd chelate via a nitrogen in the complexing ligand.



Usi ng the nononeric building bl ocks di scussed above, an oligoneric
structure represented schematically bel ow may be synthesisedAs illustrated

in the sohgmBid@eosontrol of the nunber of nonomeric unippg/seapoGosged to
adj ust the properties of the contrast agent. In particular, preferably the

number and nature of the nonomeric unf{s can be selected so as to adj ust
the flexibility of the contrast agent and/or adjust its affinity for a

particul ap, érﬁﬁd%hméhté Nephad bﬁ‘d?)tme?s Bpﬂaec.f.E%n .ﬁm%tpr@dét%n%ad of the

contrast agent, and in particular t eptide porti can suitably be
adj ust ed P bRsaof 'ysnﬂﬁénﬁsbﬁ@mtraégs@wesm& Qf@ﬁﬁﬁ@”&ﬁd tagsiit!) complesgs.y t he anino

aci d uni tﬁe,q&ntﬁéqogpg,lngh,%f@d ,g%,n,t (g,gased so as to permt attachnment of a
bi ol ogi cal l'igand, suitably a [igand that selectively binds to a binding

site ith the patient's body. |ndeed, in enbodinents, the contrast agent
i ncludes augGhicaialy BJe‘P&Fé‘darheﬂhbe%f‘Qﬁaé\vHetn%‘Qﬂ dd Eﬁéat@% Bthﬁ:fé' cﬁgUu’ﬁbFsﬁs can be

modi fied to provide f mcorPoratlon of p%F group so as to

i ncrease wﬁ@rqw%@tﬁwmﬁscnwp%ﬁ edry C@amat@sﬁddé@e a mtwsepﬁmmtheﬁﬁént i on
t her ef or ecdaGhMAgréus YA é’cwla@%ﬂér RoSESY ARRAMARI B p&ptiger | Si ng at | east

one |ipophilic groups. Typically, the contrast agent conprises between 2
and 10 amno acid units as il Iustrat ed above. Suitably each am no acid unit
i's asfpci pfpdxVirdnikes Gd chelate, but in enbodi ments only some (preferably

at | east 50% of the amino acid units are
Relaxivity measurement and MRI were conducted on a Varian 9.4T MRI system

(Palo Alto, CA, USA). T1 was measured by inversion recovery spin echo in aqueous
phantoms with concentrations 0.4, 0.2 0.1, 0.05, 0.025, 0.0125 and 0.00625 mM Gd.
In vivo study was conducted on Wistar rats (male, weight 320-340

15 g)under 2% isoflurane anesthesia. CAs were injected (dosage: 0.04 mmol Gd/kg
body weight) through tail vein. T1-weighted images were acquired every 6.4 s for 48
min with T1-weighted gradient echo sequence (TR/TE=50/3 ms, flip-angle = 20

degree, resolution=230 mm, thickness=2 mm).

20  The study of their relaxivity showed the ry of two monomeric complexes (6.81 and
4.84 mM's™ for 1 and 2 respectively at 9.4 T, 25 °C, in H,0) are both higher than
that of the clinical used ones (3.9 and 4.1 mM's™ for Gd-DOTA and Gd-DTPA
respectively at 9.4 T, 25 °C, in H,0). Imaging studies of these two complexes
demonstrated that contrast enhancement in the brain artery right after i.v. tail vein

25  post injection at 60 seconds (Fig.1). Time course of signal intensity (up to 15 min
post injection) in brain artery during MRI experiments in Wistar male rat showed
considerable signal enhancement was found and the contrast agents remained

intravascular for at 1 hours.

30



coupled to a &d chel ate. As discussed herein, a particularly preferred &
chelate is Gd-DOTA and suitably the amno acid unit is coupled to the Gd
chel at e Wyd 2810Wiskf099en i n the conpl exing l'igand. I n enbogdi-FRebL60006RE 1 de

ol i goners of specific |Iength containing pre-determ ned nunbers of |ysine
and glutamate residues with are attacded to Gd(I111) conpl exes. Hence, the
total anduAMS Gd is controlled. A particularly preferred nethod of
attachnment of Gd chelate to peptide oligoners is via propionate units
|ncorporated by conjugate addition of a nitrogen atomof the &

coor di nat1-fgcagpraurdiasceiding éo {hedokovwdrg tarmulagndahacmaseuticalls @eeeniableo a

pepti de. ty nmeasurenent and MRl were conducted on a
Varian 9. %‘l‘lﬁg P%é%{é@ﬁ}%?lvéﬁ%gmﬁr%f CA, USA). T 1 was neasured by inversion
recovery spin echo i N agueox antons with concentrations 0.4, 0.2 0.1,
0.05, 0.025, 0.0125 and O. study was conducted on
Wstar rats (male, weight (32040 gy—tuinderL 2% i Alr ane anesthesia. CAs
were injected (dosage: 0. 0X ;:;:;;i;:;ght) through tail vein. T
1-wei ght ed i mages were acqul y 6.4 s for 48 min with T 1-weighted
gradi ent echo sequeqﬁ ﬁTR/TE 50/3 ms, flip-angle = 20 degree,

resol uti on=230 nn]‘yeﬂ% ness=2 . The study of their relaxivity showed
the 1 of two nonone conpl exes (6.81 and

is a paramagnetic metal chelate,

10 and C,salkynylene and is optionally substituted, and

is a linker group selected independently from Cysalkylene

A' is an amino acid or amino acid derivative.
2. A compound according to claim '1, wherein @ is a Gd chelate.

15 3. A cdmpound according to claim 1 or claim 2, wherein @ is a Gd-DOTA.

independently from C,alkylene and C; salkynylene and is optionally substituted.

4. A compound according to any one of claims 1 to 3, wherein is selected

20 5. A compound according to any one of claims 1 to 4, wherein is a linker

group selected independently from

—
—

-~

and



4.84 MV 1 for 1 and 2 respectively at 9.4 T, 25 0C, in H20) are both

hi gher than that of the clinical used ones (3.9 and 4.1 MMV for Gd- DOTA
and Gd- DRRHhasReski vely at 9.4 T, 25 0C, in H2O . | magippgsehiRioss9f these
two conpl exes denonstrated that contrast enhancenent in the brain artery
right after i.v. tail vein post injecdon at 60 seconds ?Fig.l). Ti me

cour se of6.d} gprapoynsrasaerding tp apy pee obclaims ledt, wheraie & sreeleciedor ai n artery
during gﬁgp,gm i LSt.ar rat . C i i gnal
enhance@hg vvasé?oundrﬁg‘rlljga%%%@b%piri}éég?k%ggﬁ{égw?@ﬁé%@g%g?ﬁgﬁnﬁcuI ar for at
1 hours. GlesivR®el. A conpound according to the follow ng formula and

phar maceutical |y acceptable salts, hydrates, and sol vates thereof wherein
is a paramagnetic metal chelate, is a linker group selected independently

f r om @1- 6alAkgereprundragcadingdp R oneakclaing 1 to G wheeaiaAl ip selgstedi t ut ed, and Al
is an am; I 1 i [N afJeaV. p d according to claim
1, wher eilﬁ@?@ggrg%ﬁg}aa é%':)?%%e‘f:ééﬁg@l?nﬁ‘daﬂgﬁﬁﬁﬁg% ,gg'cl aim1l or claim 2,
wherein is a Gd-DOTA. 4. A conpound according to any one of claims 1 to 3,

wherein L ésinS&In@Hc8Eding to any one of claims 1 to 7, wherein A’ is selected

independently from:

10
Ho O Ri—N O
R4—N
v R3 RS
/o ° v
and '
wherein
R?is selected independently from A% and —OMe, and wherein
AZ if present, is selected independently from glutamic acid, a
15 glutamic acid derivative, lysine and a lysine derivative,

and

R*is selected independently from A? as defined above and —C(O)-Ph.

20 9. A compound according to any one of claims 1 to 8, wherein A’ is selected

independently from:

PhOCHN

PROCHN, 6 1o CO,Me
0O
[/ © —N

—~ and H

25  10. A compound according to any one of claims 1 to 7, wherein each A', if present, is

selected independently from:



I ndependent |y from C2-4al kyl ene and C3-5al kynyl ene and is optionally
substituted. 5. A conpound according to any one of clains 1 to 4, wherein |
J .is a l\wpkelo@ERyp sel ected independently from and6. Ac¢REBAMBGAECOr di Nng
to any one of clainms 1 to 5 wherein Al is selected independently from
glutamc acid, a glutamic acid deriva®@ve, |ysine and a |lysine derivative.
7. A conpound according to any one of clains 1 to 6, wherein Al is selected
i ndependently froma glutanmic acid denjvative and a Iysine derivative. 8. A
conpound accordi ngyto ahy one of cl§a4'—rms 1 tdOD7, wherein Al is selected

i ndependent |y froN. whefein RS is selec ndep EMRAT fr@@,@é and - O\k,
and wherein A2,'if prese Is selected ndently frpomgrétam c acid, a
glutam c acid derivdtive, |ysine and ysine€ derivative, and R4 is

sel ected i ndependently from A2 as defined above and -C(O-Ph. 9. A conpound

according to Sn one of clains 1 8, wherein Al js{sel ected independently
from / 0O N /O o)
< v H L
PhOCHN
CO,Me
N
—
and NOH

5 11. A compound according to any one of claims 1 to 10 selected from compounds 1

and 2 and pharmaceutically acceptable salts, hydrates, and solvates thereof:

10  12. Aligand for a contrast agent, wherein the ligand comprises the compound

according to any one of claims 1 to 11 without the paramagnetic metal.

13. A ligand accofding to claim 12, selected from the following compounds and
pharmaceutically acceptable salts, hydrates, and solvates thereof:
15

HO,C—_ [\ ,—COH

N N 0
[N N?/O/H\/YCOZMe

Ho.c—  \__/ NHCOPh
2 and



10. A compound according to any one of clains 1 to 7, wherein each Al, if
present, is selected independently fromand 11. A conpound according to any
one of cl\wo®®iokstRs10 sel ected from conpounds 1 and 2 apgrrRiasidreeysi cally
acceptabl e salts, hydrates, and solvates thereof: 12. Aligand for a
contrast agent, wherein the |igand co¥brises the conpound according to any
one of clains 1 to 11 without the paramagnetic netal. 13. A ligand
according to claim sel E} d fromthe foll ow ng conpounds and
pharnaceuHFbQFFV\a ce taﬁﬂg sﬁlts, hydrat es, and sol vates thereof: andl4. A
met hod of performMg Migretic resonance i maging (MRI) using a contrast
agent, wherein 4he contrast age is a conpound as defined in any one of
claims 1 to 11. A of pdm pi st eri ng ggnk;ast agent to a

pati ent, P@f i he gon geﬁP/?é\ﬂ/ﬁghP6ﬁ%d as defined in any one of
clains 1 to?I1. 16. contrast! agent for nmagnetic resonance imagi ng

practi sed on the human or aniral body, wher NHCORNh contrast agent is a
conpound as defined in any one of clains 1 to 11. 17. A contrast agent for
magneti c resonance inmaging (MRI) according to the follow ng fornula and
phar maceut4. eahkihod o€ petfahlirgy magieaic régomaateitagiiyd MRI) usihga contrast

5 agent, wherein the contrast agent is a compound as defined in any one of claims 1 to
11.

15. A method of administering a contrast agent to a patient, wherein the contrast
agent is a compound as defined in any one of claims 1 to 11.

10
16. A contrast agent for magnetic resonance imaging practised on the human or
animal body, wherein the contrast agent is a compound as defined in any one of

claims 1 to 11.

15  17. A contrast agent for magnetic resonance imaging (MRI!) according to the
following formula and pharmaceutically acceptable salts, hydrates, and solvates

thereof

wherein

20 ®is a paramagnetic Gd chelate,

and C,.salkynylene and is optionally substituted,

Cr )

25 peptide is in the range 2 to 20, and

is a linker group selected independently from Cqsalkylene

is a peptide wherein the number of amino acid units in the



t hereof wherein is a paramagnetic Gd chelate, L ) is a linker group

sel ected i ndependently from Cral kyl ene and C2-6al kynyl ene and is optionally
substi t utwod,20icsaopept i de wherei n the nunber of am no aeid/sgnodomossast he
peptide is in the range 2 to 20, andn32i s independently 2 to 20.

n is independently 2 to 20.

dedededede



