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INTRAVASCULAR CONTRAST AGENTS

FIELD OF THE INVENTION
The present invention is concerned with compounds that are suitable for use as
contrast agents for magnetic resonance imaging (MRI} and in particular for contrast

agents comprising Gadolinium chelates.

BACKGROUND

MR has become one of the most important and prominent techniques in d\iagnostic
clinical medicine. The most commonly used conirast agents (CAs) nowadays are
thermodynamically and kinetically stable low molecular weight gadolinium
complexes, However, current clinically avallable 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

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 poo! at low doses, large polymeric
Gd complexes are associated with 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

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
particular parts of a patient’s body or specific tissugs. Embodiments of the present
invention preferably provide efficient confrast agents, for example contrast agents
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 agenis whereby an amino acid functionality is incorporated
Into the molecule via a linker group to a metal chelate, suitably 2 Gd-chelate.
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in embodiments, as discussed below, these amino acid-containing contrast agents

exhibit excellent characteristics when tested in rat MR studies.

The present inventors have also underiaken the development of a new class of
oligomer-based contrast agents by incorporating gadolinium complexes and in
particular multiple-gadolinium complexes into peptides of controlled length and
structure.

The present inventors have found that this allows synthesis of large libraries of Gd-
peptides with different sequences, peptide length 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
agenis.

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
as an oligopeplide), 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
exarmple 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
cantrolling one or both of the compoéition 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 patlent's body andfor exhibits better
relaxivity and/or signal enhancement.

It is o be noted that in the case where a contrast agent of the present invention
comprises a linker group, the linker group can be any sultable linker group, which
groups the skilled reader would be able to identify from their common general
knowledge in the light of the teaching of the present invention, In particular, the finker
group suitably provides attachiment of the amino acid unit or peptide to the mefal
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chelate without interfering with the chelation of the metal of the metal chelate. Thus,
the spedific types of linker group set out in the claims are preferred examples only.

In a first aspect, the present invention provides a compound according to the

5 following forrnula and pharmaceutically acceptable salts, hydrates, and solvates

thereof

w
wherein

@ is a paramagnetic metal chelate,

10
) |
is a linker group selected independently from C,salkylens
and Casalkynylene 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 fo the
following formula and pharmaceutically acceptable salts, hydrates, and solvates
thereof
20 . wherein
@ is a paramagnetic metal chelate,
is a linker group selected independantly from Csalkylene
and Cysalkynylene and is optionally substituted, and
25

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

an amino acid derivative.
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In a further aspect, the present invention provides a compound according fo the
following formufa and pharmaceutically acceptable salts, hydrates, and solvates
thereof

wherein

@ is a paramagnetic metal chelate,

is a linker group selected independently from Cygalkylene
and Cpgalkynylene and is optionally substituted, '
each of A' to A" is sslected independently from an amino acid and an
amino acid derivative, and
nis in the range 2 to 20,

Preferably @ is & Gd chelate.

Suitably the metal chelate comprises a nifrogen atom-containing ligand, suitably a
ligand comprising at least 2 nitrogen atoms, preferably at jeast 3 nitrogen atoms and
most preferably at least 4 nifrogen atoms,

Suitably the metal chelate comprises a nifrogen 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 ligandimacrocycle such
that they coordinate to the metal when the metal chelate comprises a metal,

In embodiments the metal chelate comprises a nitrogen atom-contalning ligand and
the metal chelate is coupled io the amino acid portion via a nitrogen atom of the
ligend.
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Suitably the metal chelate comprises DOTA. More preferably the metal chelate is a

Gd-DOTA,

Preferably the linker group is selected from Cz4alkytene and Cysalkynylene and is
optionally substituted. Most prefarably the linker group is selected from Cyalkyiene
and Calkynylene and is optionally substituied.

Preferred substituenis are described below. An oxo-substituent (=0) is particularly

preferred, especially when the linker is alkkylene.

In embodiments, the linker group is unsubstituted, especially when the linker group is
alkynylene.

In particularly preferred embodiments the linker group is selected from:
™~ o)
3

s
e
~ and ™

Preferably each of A' and A?, 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
a lysine derivative.

Preferably A' Is selected independently from:

H 0O R4— (@]
R4 .~ N .
FKRS /7—{ R?
0
/ O v N
- and H

wherein R® is selected independently from AZ as disclosed herein and

1

~OMe, and
R*Is selected independently from A? as disclosed herein and ~C(O)-
Ph.
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Preferably A' is selected independently from
PhOCHN

and

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

P
hOCHN co,Me

-
and 5
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 —-—\/ \ /-"COZ o

0.C e \__/ NHCOPh
2 and
16



0,C “‘\/ \/"CO:z

Tow]

COMe
0,C gz \_J

O NHCOPh

wherein M is a paramagnetic metal as described herein, preferably Gd.

Thus, particularly preferred compounds are as follows:

[ Gd' 9/\ /UVYCOZMQ
0.C T \___/ NHCOPh
2 and
0, — /*‘\ /0,
E o]
COo,Me
0,e T \_._/
0 NHCOPh

The compound may optionally include one or more water or other molecules {e.g.
solvent molecules) coordinated to the metal.

in a particularly preferred embodiment, the compound is selected from compounds 1
and 2 pharmaceutically acceptable salts, hydrates, and solvaies thereof:

PhOCHN, _COzMe
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Whilst the above compounds are iilustrateg for convenience with a coordinating
water molecule, the present invention also includes each compound in the absence
of such a water molecule or more than one water molecule. Indeed, the present
invention includes such compounds with other molecules, for example solvent

molecules, coordinating to the Gd.

Furthermore, in a vet further aspect, the present invention provides a compound as
defined herein in the absence of a metal, That is, the compound is a ligand to which
a suitable mefal. for example Gd, can be chelated. The struciure of the ligand can be
the same as that disclosed herein for the metal-containing (e.g. Gd-containing)
compound.

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

HOZC—-—\N/"‘"\N ,—COH 4
E ] CO,Me
\ N\/ ?
Hoc—  \__/ NHCOPh

HO,C— [\ ,~COH

[N N] §

N
Ho,c— \__J

and

CO,Me

0 NHCOPhH

In a further aspect, the present invention provides a compound according io the
previous aspects, which compound is a confrast agent for agent for magnetic
resonance imaging (MRI), suitably an intravascular contrast agent.

Fedeioicde
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In a further aspect, the present invention provides a contrast agent for magnetic

resonance imaging (MRI) comprising a peptide and at least one paramagnetic metal
chelate coupled to the peptide.

Preferably at least two paramagnetic metal chelates are coupled fo the peptide.

Suitably the paramagnetic metal chelate Is 2 Gd chelate. Preferably the
paramagnetic metal chelate is Gd-DOTA.

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

Suitably the conirast agent comprises a paramagnetic metal chelate associated with
at least 50% of the amino acid uniis 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 (MR!) comprising a paramagnetic metal chelate portion coupled
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
comprises 2 to 10 amino acid unifs.

Suitably the paramagnelic metal chelate portion is a Gd chelate portion.

Preferably the conirast agent comprises at least two paramagnetic metal chetate

. portions coupled to the said amino acid portion.

Suitably at least 50% of the amino acid units in the amino acid porticn have a
paramagnetic metal chelate portion coupled therefo, preferably at least 75%, more
preferably at least 80%, more preferably substantially all and most preferably a
paramagnetic metal chelate portion is coupled to each of the amino acid unils in the
amino acid porfion.



Suitably the contrast agent comprises 2 to 20 paramagnetic metal chelate portions

coupled to the said amino acid portion. Preferably the contrast agent comprises 2 fo
10 paramagnetic metal chelate portions coupled to the said amino acid portion.

5  Suitably the or each amino acid unit in the amino acid portion is selected from
glutamic acid, a glutamic acid derivative, lysine and a lysine derivative, more
preferably the or each amino acid unit in the amino acid poriion is selected from a
glutamic acid derivative and a lysine derivative.

10 Preferably the or each amino acid unit in the amine acid portion is selected

independently from
PR RN 0
R¢—N
R3 R3
0
[ © 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 unif in the amino acid portion is selected

H
—N_ 0
PhOCHN Cone
O
N 0
N /

1 ki

PhOCHN

from:

H O
s N
/</7)k_;'
7 o

v

CO,Me

20 and
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Preferably the chelate portion comprises a nitrogen afom-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.

Suitably the chelate portion comprises a nitrogen atom-containing macrocycle.
Preferably the chelate portion comprises DOTA.

Preferably the metal chelate portion is coupled to the amino acid portion via a linker
group, the linker group being selecied from Cysalkylene and Casalkynylene and is
optionally substituted. Suitably the linker group is selectad from C,.alkylene and Cy
salkynylene and is optionally substituted. Most preferably the linker group being
selected from Cyaalkylene and Caalkynylene and is optionally substituted.

In particularly preferred embodiments the linker group is selected from
™~ 0
3

e
e
- 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
nitrogen atom of the ligand.

In a further aspect, the present invention provides a confrast agent for magnetic
resocnance imaging (MRI) according to the following formula and pharmaceutically
acceptable salts, hydrates, and solvates thereof

wherein

@ is & paramagnetic metal chelats,



, 12
is a linker group selected independently from Cysalkylene

and Cygalkynylene and is optionally substituted,

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

peptide is in the range 2 to 20, and
5 n is independently 2 to 20.

In a further aspect, the bresent invantion provides a contrast agent for magnetic
resonance imaging (MRI) according to the following formula and pharmaceutically
acceptable salts, hydrates, and solvates thereof

RS —|- A’-];— RE
10 )
wherein

@ is a paramagnetic metal chelate,

L
Is a linker group selected independently from Cygalkylene

15  and Cysalkynylene and is oplicnally substituted,
each of R® and R is selected independently from H, —-OMe, ~C(0)-Ph,
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—Al
! and -A',

gach Al is selected independently from an amino acid and amino acid
derivative, and
n is independently 2 {o 20.

5
In a further aspect, the present invention provides a contrast agent for magnetic
resonance imaging (MRI) according 1o the following formula and pharmaceutically
acceptable salis, hydrates, and solvates thereof
5, 6
fad
10 wherein

each A is selected independently from

——{_'Aq— and e ,



14
each of R® and R’ is selected independently from H, -

; —A 1
OMe, -C{0)-Ph, and -A',

whetrein
5
@ is a paramagnetic metal chelate,
.
is a linker group selected independently from Cs.
salkylene and Cysalkynylene 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.

is a linker group selected independently from Casalkylene and

Preferably

20 Casalkynylene and is optionally substituted. In efnbodiments.
group selected independently from

is a linker
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Preferably the peptide is selected independently from a linear peptide and a
branched peptide.

Suitably 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
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 {o any one of the preceding claims.

Preferably each of the said plurality of contrast agents is different, Preferably each of
the sald plurality of contrast agents comprises a different amino acid portion or
oligopepiide.

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

defined herain,

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

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 monormeric amino acid metal chelate by attaching an amino acid unit
to a paramagnetic metal chelaie, and (2) forming an oligopeptide metal chelate by
combining at ieast two monomeric amino acid metal chelales via their respective
amino acid groups.
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A further aspect of the present invention provides a method of modifying a

paramagnetic metal chelate comprising a nifrogen atom-containing ligand, the
method comprising the step of effecting conjugate addition of a nitrogen of the
nitrogen atom-containing ligand to an acrylate ester.

Sultably the acrylate ester is selected so as to provide the metal chelate with a
propionate group after conjugate addition.

Preferably the method includes the step of attachihg an amino acid or pepfide to the
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.

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 pepfide.

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

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,

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, whersin the confrast agentis a
compound/contrast agent as disclosed herein.
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A further aspect of the present invention provides a contrast agent for magnstic

resonance imaging practised on the human or animal body, wherein the contrast
agent is & compound/contrast agent as disclosed herein.

A further aspect of the present invention provides use of a compound/contrast agent
as disclosed herein as a contrast agent, suitably as an intravascular conirast agent
for MRI,

A further aspect of the present inveniion provides a compound having the structure of
the contrast agent as defined herein.

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

Confrast agents of the present invention comprising two or more aminoe 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 opficnally coupled to a
paramagnetic metal chelate. Thus, the terminal amino acid unit can be with or
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 fo a
method or use may apply to a compound, conirast agent or composition, and vice
versa.

DEFINITIONS

The term *paramagnetic metal” as used hersin will be familiar to the skilled reader
but for the avoidance of doubt it Is infended o 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 hereinfo a
paramagnetic metal is also a reference to Gadolinium.

The term “amino acld unit” as used hereln 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 c-amino acids, or an amine acid derivative, wherein the amino
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acid or amino acid derivative is a mono-, bi- or iri-valent radical. In this connection
the term "a-amino acid" as used herein perfains to compounds of the following

formula;
CQOH

e

NH,

and the corresponding radicals, for example

\
=0

R——<ot
NH
/

Patata e Vel

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

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, Alg, A; isoleucine, llg, |; leucine, Leu, L; methionine, Met, M; phenylalanine,
Phe, F; proline, Pro, P; tryptophan, Trp, W; and valine, Val, V; those with polar but
uncharged R groups: asparagine, Asn, N; cysteine, Cys, C; glutamine, Gin, Q;.
glycine, Gly, G; serine, Ser, 8; 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.

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: A-(napth-2-yl)alanine,
B-{2-cyanophenyl) alanine, f-(ethinyl)alanine, p-(furan-2-yl)alanine, g-(thien-2-
yljalanine, and g-(4-pyridinyljalanine.

As discussed hersin, preferred amino asid units are glutamic acid and lysine, as well
as derivatives thereof. Indeed, any reference herein to an amino acid unitis also a
reference to one or more of glutamic acid, lysine, and derivatives thereof.
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The term “amino acid derivatives” as used herein pertains to amino acid units that
have been modified, for example to remove or substitute one or more atoms or
functional groups. An example would be the substitution of a hydrogen for another
monovalent atom or for a further group or compound. For example, the amino acid
may be modified so that it comprises a biological ligand or lipophilic group as
discussed herein, or one or more other amino acid units, for example joined via
pepiide bonds.

The term “peptide” as used herein will be familiar to the skilled reader but for the
avoidance of doubt pertains to oligomeric or polymeric species formed from amino
acid units, which units are linked together by an amide bond {alsc known as a
peptide bond). As discussed herein a preferred number of amino acid uniis in a
peptide is belween 2 and 20, aithough a greater number of amino acid units Iis
possible, for example up tc 25, up fo 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

In one preferred embodiment, the substitueni(s), ofien referred to herein as R, are
independently selected from: oxo; halo; hydroxy; ether (e.g., Cizalkoxy); formyl; acyl
(e.g., Ciqalkylacyl , Cspearviacyl); acylhalide; carboxy; ester; acyloxy; amido;
acylamido; thioamido; tetrazolyl; amino; nitro; nitrose; azido; cyano; isocyano;
cyanato; isocyanato; thiocyano; isothiocyano; sulfhydryl; thioether (e.g., C.7alkyithio);
sulfonic acid; sulfonate; sulfone; sulfonyloxy; sulfinyloxy; sulfamino; sulfonamino;
sulfinamino; sulfamyl; sulfonamido; Cizalkyl (including, e.g., unsubstituted Cq.7alkyl,
Ci.shaloalkyl, Cy.shydroxyalkyl, Cizcarboxyalkyl, Cysaminoalkyl, Cs.oaryl-Cozalkyl);
Csacheterocyelyl; or Cs.zaryl (including, e.g., Csagcarboaryl, Csaheteroaryl, Cyqalkyl-
Csanaryl and Csaghaloaryl)).

In one preferred embodiment, the substitueni(s), often referred io herein as R; are
independently selected from:
-F,-Cl,-Br, and -I;

-OMe, -OEt, -O(iBu), and -OCHPh;
-SH;
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-SMe, -8Et, -S(tBu), and -SCH,Ph;

-C(=0)H;

-C{=0)Me, -C(=0)Et, -C(=0)(1Bu), and -C(=0O)Ph;

-C(=0)OH;

-C(=0)0OMe, -C(=0)OEt, and -C(=0)O(iBu);

-C(=0)NH,, -C{(=O)NHMe, -C(=0)NMe,, and -C(=0)NHEY;

-NHC(=0)Me, -NHC(=0)Et, -NHC(=0)Ph, succinimidyl, and maleimidyl;

-NHg, -NHMe, -NHEL, ~-NH(iPr), -NH(nPr), -NMe;, -NEf;, -N(iPr)z, -N(nPr)z, -N(nBu),,
and -N(tBu)z:

-CN;

-NO2;

-Me, -Ei, -nPr, -iPr, -nBu, -Bu;

~CF3, ~CHFg, -CHzF, ~CCls, -CBrs, -CHaCHoF, -CH,CHF;, and -CH,CFs;

-QCF3, “-OCHF3, -OCH,F, -OCCly, «OCBry, -OCH.CH,F, -OCH,CHF,, and -OCH,CF;
~CHo0H, ~CH,CH,OH, and -CH(OH)CH,OH;

~CHoNH2,-CHCHaNH,, and -CH;CH;NMey; and,

optionally substituted phenyl.

In one preferred smbodiment, the substitueni(s), often referred to herein as R, are
independently selected from: =0, -F, -Cl, -Br, -|, -OH, -OMe, -OEt, -SH, -SMe, -SEt,
-C(=0Me, -C(=O)OH, -C(=0)OMe, ~CONH;, -CONHMe, -NHz, -NMes, -NEf,
-N(nPr)z, -N(iPr)z, ~CN, -NOQ3, -Me, -Et, -CFa, -OCF;, -CH;OH, ~CH,CH,0H, ~-CHaNH;,
~CHaCHNH;, and -Ph.

In one preferred embodiment, the substitueni(s), often referred to herein as R, are
independently selected from: =0; hydroxy; ether {e.g., Cizalkoxy); ester; amido;
amino; and, Cizalkyl (including, e.g., unsubstituted Cyzalkyl, Cizhaloalkyl,
Cishydroxyalkyl, Cyiscarboxyalkyl, Cizaminoalkyl, Cs.eearyl-Cozalkyl).

In one preferred embodiment, the substifuent(s), often referred to herein as R, are
independently selected from:

-OMe, -OEt, -O(iBu}, and -OCH,Ph;
-C{=0)OMe, -C(=0)OEt, and -C(=0)0(tBu);
-C(=0)NH,, -C(=O)NHMe, -C(=O)}NMey, and -C(=O)NHEL;
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-NHs, -NHMe, NHEL, NH(Pr), -NH(nPr), -NMey, -NEts, -N(iPr)z, -N(nPr)z, -N(nBu),

and -N{Bu),;

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

~CF3, -CHF;, -CHF, -CCls, -CBra, ~-CHCH,F, -CHoCHF 2, and -CH,CF3;
-CH;0OH, -CH,CH:OH, and -CH(OH)CH,OH; and,
-CHyNH,,-CH.CH.NH,, and -CH,CHNMes,.

EXPERIMENTS AND EMBODIMENTS

Embodiments of the invention are described below, by way of example only, with
respect to the accompanying drawings, in which:

Figures 1 and 2 show the resuilts of a time course of signal intensity (up to 48
min post injection in brain artery during MRI experiments in Wistar male rat with
compounds 1, 2 and Dotarem (dose 0.04 mmol Gd /kg of BW)).

Synthesis of Monomers

Two amino acid monomers derived from glutamic acid, 1 and lysine, 2 were
synthesised
PHOCHN._COMe

[o] Oy, NH

/%*;? o / G(;? g j
(e, SRS
IS A L Q

N

The following experimental procedures were used to synthesis the monomeric amino

‘acid-containing ligands and the subsequent complex formation with GdCls.

1. Preparation of Cornpound 1 (Scheme 1)
Intermediate a

A solution of alkyne in dry CH3;CN was added to a stirred mixture of starting material
and K,COj3 in dry CH;CN. The reaction mixture was stirred at 60°C for 1day then
filtered and evaporated to dryness to give the crude product which was purified by
column chromatography over silica gel (10% MeOH:DCM).
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Intermediate b

A suspension of intermediate a in THF was added TBAF and stirred for 18h. The
reaction was diluted with DCM and washed with water (3x), brine then dried over
MgS04, evaporated to dryness to get product.

Intermediate ¢

A stirred solution of DCC, DMAP in DCM at -5°C was added a solution of
intermediate b in DCM, then solution of glutamic acid derivative in DCM was added
dropwise and the reaction mixiure was stirred at -5°C for 18 hours. After thaf the
reaction was filtered and evaporated to dryness. The crude product was purified by
column chromatography over silica gel (10% methanol / DCM)

Ligand 1

To a stirred soiution of intermediate ¢ 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 diethyt ether (2x10 mL) then lyphilized to give a product.

Compound 1
GdCl; was added to the solution of 1 equiv of Ligand 1 in 0.5 M ammonium acetate

buffer (pH 6). Heating for 2 h is nesded fo complete the reaction. The pure
Compound 1 was obiained after HPLC purified.
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Schems 1. Preparation of Compound 1
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2. Preparation of Compound 1 {(Scheme 2}
intermediate d

To a stirred solution of starting material and metiwyl acrylate in CHaCN was added
DBU at r.t. After 20h, the reaction mixture was concenirated and diluted with DCM
then washed with aq.NH4C!, water and brine, dried over MgSO, and evaporated to
dryness then purified by column chromatography over silica gel (10% MeOH:DCM)
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Intermediate e

A stirred solution of Intermediate d in MeOH/H20 (3:1) was added LiOH and stirred
for 16h. The solvent was evaporated to get product.

Intermediate

A stirred solution of DCC, HOBt in DCM at 0°C was added a solution of Intermediate
e and DIPEA in DCM, then a solution of lysine detivative in DCM was added
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
chromatogfaphy over sllica gel (10% MeOH:DCM)

Ligand 2

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.

Compound 2
GdCly was added to the solution of 1 equiv of Ligand 2 in 0.5 M ammonium acelate

buffer (pH 6). Heating for 2 h is needed to complete the reaction. After HPLC
purification, Compound 2 was obtained.
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Scheme 2. Preparation of Compournd 2
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Compound 2

Using the monomeric building blocks discussed above, an oligomeric structure

represented schematically below may be synthesised
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‘As-illustrated in the schematic, control of the number of monomeric units can be used

o adjust the properties of the contrast agent. In particular, preferably the number and
nature of the monoemeric 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.

Suitably the amino acid units can be modifted or derivatised so as to permit
attachment of a biologicat 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.

Suitably the amino acid units can be modified to provide for incorporation of a
lipophilic group so as 1o increase the lipophilicity of the contrast agent. The present
invention therefore includes a contrast agent as described herein comprising at least
one lipophilic groups.

Typically, the contrast agent comprises between 2 and 10 amino acid units as
illustrated above. Suitably each amino acid unlt 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.

As discussed herein, a particularly preferred Gd chelate is Gd-DOTA and suitably the
amine acid unit is coupled to the Gd chelate via a nitrogen in the complexing ligand.
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In embodiments, peptide oligomers of specific length containing pre-determined
numbers of lysine and glutamate residues with are attached to Gd(l11} complexes.
Hence, the tolal amount of Gd is controfled.

A particularly preferred method of attachment of Gd chelate to peptide oligomers is
via propionate units incorporated by conjugate addition of a nitrogen atom of the Gd
coordinating group fo an actylate ester, followed by attachment to a peplide.

MRI Experiments

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

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).

The study of their relaxivity showed the r; 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 8.4 T, 25 °C, in H,0). Imaging siudies of these two complexes
demonstrated that contrast enhancement in the brain artery right after i.v. tail vein
post injection at 60 seconds {Fig.1). Time course of signai intensity {up fo 15 min
post injection) in brain artery during MRI experiments in Wistar male rat showed
considerabie signal enhancement was found and the contrast agenis remained

infravascular for at 1 hours.
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CLAIMS

1. A compound according to the following formula and pharmaceutically acceptable

salts, hydrates, and solvates thereof

)

wherein

@ is a paramagnetic Gd-DOTA,

is a linker group selected independently from

~ o
A
=

and T
and

Al is an amino acid or amino acid derivative.

2. A compound according claim 1, wherein A’ is selected independently from
glutamic acid, a glutamic acid derivative, lysine and a lysine derivative,

3. A compound according to claim 1 or claim 2, wherein A'is selected independently
from a glutamic acid derivative and a lysine derivative.

4. A compound according to any one of claims 1 to 3, wherein A is selected
independently from:
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. o) R—N 0
R4—
R3 R3
O
/ O N
-~ and H .
wherein

R?is selected independently from A? and —OMe, and wherein
A%, if present, is selected independently from glutamic acid, a
5 glutamic acid derivative, lysine and a lysine derivative,

and
R*is selected independently from A2 as defined above and ~C{O)-Ph.

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

independently from:
PhOCHN
PhOCHN co,Me CO,Me
O
[ © N
and H

15

6. A compound according to any one of claims 1 to 5 selected from compounds 1
and 2 and pharmaceutically acceptable salts, hydrates, and solvates thereof:
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E_,Gd \j/\ J-k/YCOZMe
0, — \_/ NHCOPh (compound 1) and
0C o /—\ ~C0,
:::Gd j
02(’-;"—':-/ L CO,Me
0 NHCOPh

(compound 2)

7. A ligand for a contrast agent, wherein the ligand comprises the compound
according to any one of claims 1 to 6 without the paramagnetic metal.

8. A ligand according to claim 7, selected from the following compounds and
pharmaceutically acceptable salts, hydrates, and solvates thereof.

Hozcﬁ /"\ ,—COMH 4

HOZC*—E J g/\ )Wcozme

NHCOPhHh
and

HOC—\ | M\ /—002H

.
e \..Jw oy

NHCOPh

9. A method of performing magnetic resonance imaging (MRI)} using a contrast

agent, wherein the conirast agent is a compound as defined in any one of claims 1 to
6.
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10. A method of administering a contrast agent to a patient, wherein the conirast
agent is a compound as defined in any one of claims 1 {0 6.

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

claims 1 to 6.

12, A contrast agent for magnetic resonance imaging {MRI) according to the
following formula and pharmaceutically acceptable salts, hydrates, and solvates

10 thereof

wherein

@ is a paramagnetic Gd-DOTA,

‘ L
15 is a finker group selected independently from
Pan @)
!

==
- and

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

peptide is in the range 2 to 20, and
20 n is independently 2 to 20.

Yeddededr
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