18p_labelled folates

Field of Invention »

The present invention is directed towards a new method of syn-
thesis of ‘°F-labeled pteroate or folate radliopharmaceuticals,
wherein fluorine-18 is attached to a pterocate {or folate) or de-
rivative thereof, through direct radiolabeling with
B {p] fluoride, as well as ¥p_folate radiopharmaceuticals ob-
tained by such method of synthesis and their use in diagnosis

and monitoring of cancer therapy and therapy of inflammatory and

autoimmune disease.

Background

Cell-specific targeting for delivery of effector moieties such
as diagnostic or therapeutic agents is a widely researched field
and has led to the development of nomn-invasive diagnostic and/or
therapeutic medical applications. In particular in the field of
nuclear medicine procedures and treatments, which employ radio-
active materials emitting electromagnetic radiations as y-rays or
photons or particle emitting radiation, selective localization
of these radioactive materials in targeted cells or tissues is
required to achieve either high signal intensity for visualiza-
tion of specific tissues, assessing a disease and/or monitoring
effects of therapeutic treatments, or high radiation dose, for
delivering adequate doses of ionizing radiation to a specified
diseased site, without the risk of radiation injury in other
e.g. healthy tissues. It i thus of crucial interest to deter-
mine and assess cell-specific structures and in particulax

structures that are present in case of tumors (i.e. cancer) or
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inflammatory and autoimmune diseases, such as receptors, anti-
gens, haptens and the like which can be specifically targeted by

the respective biological vehicles.

The folate receptor (FR) has been identified as one of these
structures. In normal tissues and organs FR-expression is highly
restricted to only a few organs (e.g. kidney, lungs, choroids
plexus, and placenta). Yet, the FR-alpha is frequently overex-
pressed on a wide variety of specific cell types, such as
epithelial tumours (e.g. ovarian, cervical, endometrial, breast,
colorectal, kidney, lung, nasopharyngeal), and the FR-beta is
frequently overexpressed in leukaemia cells (approx. 70 % of
acute myelogenous leukaemia (AML) are FR-beta positive). Both
may therefore be used as a valuable tumour marker for selective
tumour-targeting (Elnakat and Ratnam, Adv. Drug Deliv. Rev.
2004; 56:1067-84). In addition it has recently been discovered
that activated (but not resting) synovial macrophages in pa-
tients diagnosed with rheumatoid arthritis possess a £function-
ally active FR-beta (Nakashima-Matsushita et al, Arthritis &
Rheumatism, 1999, 42(8): 1609-16). Therefore activated macro-
phages can be selectively targeted with folate conjugates in ar-
thritic joints, a capability that opens possibilities for the
diagnosis and treatment of rheumatoid arthritis (Paulos et al,

Adv. Drug Deliv. Rev. 2004; 56:1205-17).

Various folic acid derivatives and conjugates are known and have
been (pre)clinically evaluated. In particular, folate radiophax-
maceuticals have increasingly gained importance in the field of
nuclear medicine and can be very useful for an improved diagno-
sis and evaluation of the effectiveness of therapy of cancer and
inflammatory and autoimmune diseases, such as assessment and/or
prediction of a treatment response and consequently improvement
of radiation dosimetry. A typical visualization technique which
is suitable for radioimaging is PET. PET uses isotopes with

short half lives, which are either covalently linked to its carx-
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rier or via a chelating moiety. Suitable isotopes include fox
example ¢ (ca. 20 min), N (ca. 10 min), **0 (ca. 2 min), and
BF (ca. 110 min) as covalently bound nuclides and for example

%aa (ca. 68 min) which is usually linked by a chelating system.

Clearly a folate radiopharmaceutical having a covalently linked
isotope would be of great interest. In particular a ¥p.labeled
folate radiopharmaceutical would be most suitable for PET Imag-
ing because of its excellent imaging characteristics which would
fulfil all of the above considerations. Compared with other
suitable radionuclides (*c¢, BN, %0), *®F is very useful because
of its long half-life of approximately 110 minutes and bhecause
it decays be emitting positrons having the lowest positron en-
ergy, which allows for the sharpest images with a high-
resolution PET. Furthermore, the longer half-life of g also al-

lows for syntheses that are more complex and satellite distribu-

tion to PET centers with no radiochemistry facilities.

Yet, the structure of folic acid does not lend itself to direct
radiolabeling with ¥F. Thus, to date, mainly chelate-based
folate radiopharmaceuticals have been synthesized and success-
fully evaluated as diagnostic agents for imaging folate recep-
tor-positive tumors. The most widely studied derivatives were
labeled either with *'In and **"Tc for SPECT (Siegel et al., J.
Nucl. Med. 2003, 44:700; Millexr et al., J. Organomet. Chem.
2004, 689:4712) or with °%Ga for PET (Mathias et al., Nucl. Med.
Biol. 2003, 30(7):725). Ian contrast, only very few folic acid
derivatives have been reported in the literature which have been
labelled with **F (Bettio et al., J. Nucl. Med., 2006, 47(7),
1153; WO 2006/071754). Typically, an intermediate of choice was
radiofluorinated to obtain an 18F—labe11ing intermediate, which
is subsequently activated and purified in order to be subjected
to coupling to a functional group within folic acid, such as the

carboxylic acid group within the glutamate part of folic acid.
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Clearly, such a multi-step radiosynthesis is time-consuming and
in fact gave typically only low radiochemical vyields of less
than 5% (Bettio et al., J. Nucl. Med., 2006, 47(7), 1153} .

Thus, there is still a great need for an efficient and versatile
approach for preparing directly radiolabeled '°F-folates or de-
rivatives thereof, which addresses one or more of the above dis-

cussed drawbacks.

applicants have now found an efficient and versatile method of
synthesis of new 18p_labeled folate radiopharmaceuticals overcom-
ing the drawbacks of conventional labelling methods, wherein
fluorine-18 is attached to a folic acid or derivative therxreof

through direct radiolabeling with *8 [F] fluoride.

Thus the present method is a time-saving and convenient direct
*F-labelling method, wherein no prosthetic groups are necessary
and suitable precursors which carry only amide bounded activated

groups as moieties for direct '®F-labelling are easy accessible.

In addition the present method allows regioselective preparation

and labelling of the a- or y- isomer with no need for separation,

which is known to be difficult and time-consuming.

Summary of the Invention

Thus, the present invention is in a first aspect directed to a

new method of synthesis of “®F-labeled pteroate or folate radio-

pharmaceunticals (hereinafter also called method of the inven-
tion), wherein fluorine-18 1is attached to a pteroate (or
folate) or derivative thereof through direct radiolabeling with

18 17] fluoride.

In one specific embodiment, there is provided a method of syn-

thesis of an *F-labeled compound of general formula I
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N—S 1"'18F
H

I
wherein P ig a pteroate and S; is a spacer,

comprising the steps of (a) providing a precursor of formula II,

P N—S4Z
H
IT
wherein Z is a leaving group, and P and S; are defined as herein-

above, and (b) subjecting said precursor to direct radiclabeling

with *®[F]fluoride to obtain a compound of formula I.

More specifically the present invention is directed towards a
method of synthesis of an *¥p_labeled compound of general formula

I having the formula III

IIT

wherein
X1 to ¥s are independently of each other C or N,

Ry, Ry are independently of each other H, Hal, -OR’, -NHR‘, Ci-

Cl2 alkyl, C1-Cl2 alkoxy, C1-C12 alkanoyl, C2-C12 al-
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kenyl, C2-C12 alkynyl, (Ci-Cl12 alkoxy)carbonyl, ox {Cc1-
C12 alkylamino)carbonyl, wherein R’ is H ox C1-C6 alkyl,

are independently of each other H, formyl, iminomethyl,
nitroso, Ci-Ci2 alkyl, C1-C12 alkoxy, Ci-Cl2 alkanoyl,
halosubstituted C1-Cl2 alkanoyl ,

is H, CN, Hal, NO,, C1-C12 alkyl, C1-Cl2 alkoxy, C1-Cl2
alkanoyl, (€2-Cl2 alkenyl, <C€2-C12 alkynyl, (Ci-c12
alkoxy) carbonyl, (Ci-Cl2 alkylamino)carbonyl,

is a straight-chain or branched C1-C12 alkyl, which is
unsubstituted or substituted by at least one CN, Hal, ox
NO;, and wherein one or more of the non-adjacent CHp
groups may independently be replaced by -0-, -CO-, -CO-O-
, -0-CcO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-O-, -O-
CO-NR'~-, -NR’-CO-NR'-,-CH=CH-, -C=C-, -S8-, -8SO3R’-, -PR'-~
» or a five- or six-membered aromatic ring having 0, 1 or
2 heteroatoms, which is unsubstituted or substituted with
CN, Hal, NO,, COR’, or COOR’, wherein R' represents H or

Cl-C6 alkyl, or a combination thereof,
is 0 or 1,
is 0, 1 or 2, and

has a value of 1 to 7,

comprising the steps of (a) providing a precursor of formula IV,

Rz (Rs S Z

R X4

v

wherein 7z is a leaving group, and X, to Xs, R; to Rs, 8, p, and q



7

are defined as hereinabove, and (b) subjecting sald precursor to

direct radiolabeling with 18 1p] fluoride.

In a preferred embodiment, el fluoride in step (b} is activated
by phase transfer catalysts such as tetrabutylamonium carbonate
or aminopolyethers (e.g. Kryptofix° 2.2.2) in combination with

potassium carbonate or oxalate.

preferably, Z is a leaving group such as Hal, NO;, diazonium
salts, sulfonate esters, including mesylate CHyS0,0-, tosylate
CH3CgHS020-~, pentafluorobenzoate, triflateCF:80,0-, iodonium
salts -I'R’’’,, dialkyl/-aryl silanes -SiOHR'’‘;, and silanols -
SiHR’*‘,, wherxein R’’’ is independently a straight-chain or
branched Ci;.,4) alkyl group or an optionally substituted carbo-
cyclic and heterocyclic group comprising five-, six- or ten-

membered ring systems and the like.

Preferably, 8; is a straight-chain or branched Ci1-Cl2 alkyl,
which is unsubstituted or substituted by at least one CN, Hal,
or .NO,, and wherein one or more of the non-adjacent CH, groups
may independently be replaced by -0-, -CO-, -C0-0-, -0-CO~, =-NR'-
, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0-CO-NR'~, -NR'-CO-NR'-,-
CH=CH-, -C=C-, -8-, =-803R’~-, -PR'-, or a five- or six-membered
aromatic ring having 0, 1 or 2 heteroatoms, which is unsubsti-
tuted or substituted with CN, Hal, NO,, COR’, or COOR’, wherein

R’ represents H or Cl-Cé alkyl, or a combination thereof.

In a further specific embodiment the present invention contem-

plates a method of synthesis wherein the obtained compound of

general formula I has the formula V



wherein

XSt

RSI

X7

R

Ry (Ffs)p

X7—R
o o 77
= l N XB_RG
: H
SN o
bl Xgyr ™ 5 \R

—(H)
N I

Ry X4 Xg )m

are independently of each other N oxr O,

are independently of each other a group Rs or a group -
S,-'°F, wherein S, is straight-chain or branched C1-Ci2
alkyl, which is unsubstituted or substituted by at least
one CN, Hal, or NO,, and wherein one or more of the non-

adjacent CH; groups may independently be replaced by -0-,

-co-, -C0-0-, ~0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -
NR'-CO-0-, -0-CO-NR'~, -NR'-CO-NR'-,-CH=CH-, -C=C-, -8-,
-803R’~, -PR’~, or a five~ or six-membered aromatic ring

having 0, 1 or 2 heteroatoms, which is unsubstituted or
substituted with CN, Hal, NO,, COR’, or COOR’, wherein R’

represents H or C1-Cé alkyl, or a combination thereof,

with the proviso that one of Rg and R; is a group "Sg“leF,

and

Xy to X5, R; to Rg, m, p and ¢, are as defined hereinabove.

In a further aspect the present invention is directed to new “°F-

folate radiopharmaceuticals (hereinafter also called compounds

of the invention), such as compounds of formulae I through V,

obtained by the new method of direct radiofluorination of the
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invention, as well as pharmaceutical compositions and uses
thereof, in particular uses in diagnosis and monitoring of can-
cer therapy and therapy of inflammatory and autoimmune diseases

in vitro or in vivo.

In a specific embodiment, the present invention is directed to-
waxrds uses of the compounds of the invention for diagnostic im-
aging of a cell or population of cells expressing a folate-

receptor.

More specifically the present invention includes methods for di-
agnostic imaging of a cell or population of cells expressing a
folate-receptor, which includes for example methods for in vitro
detection of a cell expressing the folate receptor, for example

a tumor cell, in a tissue sample. Such methods may also be per-

formed in vivo.

Thus, in a further embodiment the present invention is directed
towards uses of the compounds of the invention for convenient
and effective administration to a subject in need for diagnostic
imaging and/or monitoring of cancer therapy and therapy of in-
flammatory and autoimmune diseases. The subject of the methods
of the present invention is preferably a mammal, such as an ani-

mal or a human, preferably a human.

Such methods may be performed in combination with any other
methods of diagnosis or therapy of cancer and inflammatory and
autoimmune diseases including methods using other already devel-
oped diagnostic and/or therapeutic agents and utilizing x-ray
computed tomography (CT), magnetic resonance imaging (MRI),
functional magnetic resonance imaging (fMRI), single photon

emission computed tomography (SPECT), optical imaging, and ul-
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trasound.

Other features and advantages of the invention will be apparent
from the following detailed description thereof and from the

claims.

Detailed Description of the Invention

The present invention is in a first aspect directed to a new
method of synthesis of 18r-labeled pteroate or folate radiophar-
maceuticals (hereinafter also called method of the invention),

wherein fluorine-18 is attached through dJdirect radiolabeling

with ®[F]fluoride (hereinafter also abbreviated by “mF”) .

In one specific embodiment, there is provided a method of syn-

thesis of an °F-labeled compound of general formula I

X

P” TN-S—®F
H 1

I

wherein P is a ptercate and 8; is a spacer,

comprising the steps of (a) providing a precursor of formula II,

X

P N-S—Z
H
LI
wherein Z is a leaving group, and P and S, are defined as herein-

above, and (b) subjecting said precursor to direct radiolabeling

with °F to obtain a compound of formula I.

The term “pteroate” as used herein, comprises compounds based on
a condensed pyrimidine heterocycle, which is linked to an amino-

benzoyl moiety, which is then further derivatized in the para-

position with a covalently linked S;-group as defined hereinaf-
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tar. As used herein a “condensed pyrimidine heterocycle” in-
cludes a pyrimidine fused with a further 5- or 6é-membered het-

erocycle, such as a pteridine or a pyrrolopyrimidine bicycle.

In a specific embodiment the term ‘“pteroate”’ also includes
folates, which as used herein are compounds based on a folate
skeleton (i.e. based on pteroyl-glutamic acid or N-[4(pteridin-
6-ylmethylamino)benzoyl] ~glutamic acid), and derivatives
thereof. These include optionally substituted £oli¢ acid, fo-
linic acid, pteropolyglutamic acid, and folate receptor-binding
pteridines such as tetrahydropterins, dihydrofolates, tetrahy-
drofolates, and their deaza and dideaza analogs. The terms
"deaza” and "dideaza’ analogs refers to the art recognized ana-
logs having a carbon atom substituted for one or two nitrogen
atoms in the naturally occurring folic acid structure. For exam-
ple, the deaza analogs include the 1-deaza, 3-deaza, 5-deaza, 8-
deaza, and 10-deaza analogs. The dideaza analogs include, for
example, 1,5-~dideaza, 5,10-dideaza, 8,10-dideaza, and 5,8-

dideaza analogs.

More specifically the present invention is directed towards a

method of synthesis depicted in Scheme 1, wherein a precursor
1v, having a leaving group Z is directly radiolabeled with *°F to

obtain a compound of general formula I having formula III
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8]
Ry (Rd), QAR
X3 ng;:\\ 5 \b\h
SN
Ry X7 xf’'m R4
v
Ry (Ra, : l Q—Sr("alﬁ)n
X
R{” X7 X{ b Ry

Scheme 1. Synthesis scheme

It was found that a pteroic (or folic} acid moiety of general
formulae I or IV, respectively, may be *8p.radiolabeled easily
and efficiently in a direct mamnmer and thus with no need for
synthesis and purification of an intermediate *®rF-labelling

agent.

Preferably, the direct radiolabeling of precursor IV 1is pex-
formed with *°F activated by phase transfer catalysts such as
tetrabutylamonium carbonate or aminopolyethers (e.g. Kryptofix°
2.2.2) in combination with potassium carbonate or oxalate. In a
specific embiodiment, ®p is activated with Kryptofix, in a polar
aprotic solvent selected £rom acetonitrile, acetone, 1 ,4-
dioxane, tetrahydrofuran {(THF), N-methylpyrrolidinone (NMP), di-
methoxyethane {DME) , dimethylacetamide (DMa) , N, N-
dimethylformamide (DMF), dimethytsulfoxide (DMSO} and hexa-
methylphosphoramide (HMPA) and mixtures thereof.
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The leaving group % may be any common leaving group known in the
art and includes for example Hal, NO,, diazonium salts, sulfonate
esters, including mesylate CH3S0,0-, tosylate CH3CeHy80;0-, penta-
fluorobenzoate, triflateCF;80,0-, iodonium salts -I'R'’‘;, dial-
kyl/-aryl silanes -SiOHR’’’,, and silanols -SiHR''’;, wherein
R’’* is independently a straight-chain or branched Ci.z4) alkyl
group or an optionally substituted carbocyclic and heterocyclic
group comprising five-~, six- or ten-membered ring systems and
the like.

S, is preferably a straight-chain or branched Ci-Ci2 alkyl, which

is unsubstituted ox substituted by at least one CN, Hal, oxr NOj,

and wherein one or more of the non-adjacent CHy; groups may inde-

pendently be replaced by -0-, -CO-, -C0O-0-, -0-CO-, -NR'-~, -N=, -
NR'~-CO-, -CO-NR’-, -NR'-CO-0-, -0-CO-NR'-, -NR'-CO-NR'-,-CH=CH-,
-C=C-, -8-, -803R’-, -PR'-, or a five- or six-membered aromatic

ring having 0, 1 or 2 heterocatoms, which ig unsubstituted or
substituted with CN, Hal, NO;, COR’, or COOR’, wherein R’ repre-

sentg H or Cl1-C6 alkyl, or a combination thereof.

More preferably, S; is straight-chain or branched C1-C8 alkyl,
which is unsubstituted or substituted by at least one CN, Hal,
or NO;z, or a five- or six-membered aromatic ring having 0, 1 or 2
heterocatoms, which is unsubstituted or substituted with CN, Hal,
NO,, COR’, or COOR’, wherein R’ represents H or Ci-C6 alkyl, or a

combination thereof.

As indicated hereinabove, S; may specifically include amino ac-
ids, which as used herein are compounds with both an amino group

(e.g., NHp or NH;") and a carboxylic acid group (e.g., COOH or
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Co0) . In a specific embodiment, the amino acid may be an a-amino
acid, a @-amino acid, a D-amino acid or an L-amino acid. The
amino acid may be a naturally occurring amino acid {e.g.,
alanine, valine, leucine, isoleucine, proline, phenylalanine,
tryptophan, methionine, glycine, serine, threonine, cysteine,
tyrosine, asparagine, glutamine, aspartic acid, glutamic acid,
lysine, arginine, or histidine, etc.) or it may be a derivative
thereof. Examples of derivatives include optionally substituted
amino acids, e.g. having one or more substituents selected from
CN, Hal, and/or NO,. The amino acid may also include any other
non-naturally occurring amino acids, such as e.g. norleucine,
norvaline, IL- or D~ naphthalanine, oxnithine, homoarginine and
others well known in the peptide art (see for for example in M.
Bodanzsky, "Principles of Peptide Synthesis," 1st and 2nd re-
vised ed., Springer- Verlag, New York, NY, 1984 and 1993, and
Stewart and Young, "Solid Phase Peptide Synthesis," 2nd ed., .
Pievce Chemical Co., Rockford, IL, 1984, both of which are in-
corporated herein by reference). Amino acids and amino acid ana-
logs/derivatives can be purchased commercially (Sigma Chemical
Co.; Advanced Chemtech) or synthesized using methods known in
the art. In another specific embodiment, the amino acid may also
be part of a polyamino acid (also termed polypeptide), wherein a
plurality of same or different amino acids as defined herein-
above are covalently linked, i.e. linked through conventional
peptide oxr other bonds. Preferred amino acids include for exam-
ple glutamic acid, aspartic acid, glutamine, aspartine, lysine,
arginine, cystein, and derivatives thereof and preferred poly-
amino acids include homopolymers the respective homopolymers
thereof (i.e. polyglutamic acid, polyaspartic acid, etec). Most

preferred are optionally substituted aspartic and glutamic acid.

Groups X; to X5, Ry to Rs, p and g are defining the nature of
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group P in more detailed manner. A person skilled in the art
would though know the range of these groups within the pteroic

and/or folic acid skeleton.

Thus, X, to Xs as used herein are independently of each other C

or N.

In a preferred embodiment, R, and R, are independently of each
other represent H, alkyl, -OR’, -NHR’, more preferably -OR’, -
NHR' .
In a preferred embodiment, R; is H, C1-Cl12 alkyl or C1-CiZ alka-
noyl.

In another preferred embodiment, R, is H, nitroso, C1-Cl2 alkoxy,

or Cl-C12 alkanoyl.

In another preferred embodiment, Rs is H, CN, Hal, NO,, C1-Cl2
alkyl, C1-Cl2 alkoxy, Cl-Cl2 alkanoyl, (2-Ci2 alkenyl, C2-Cil2
alkynyl, (Ci-Ci2 alkoxy)carbonyl, (Cl-Ci2 alkylamino)carbonyl.
More preferably, Rs is H, C1-Cl2 alkyl, Cl-Cl2 alkoxy, C1-Cl1l2 al-

kanoyl, (C1-C12 alkoxy) carbonyl, and {Ci~Ca2 al-
kylamino) carbonyl, .

It is understood, that (H)q represents all H substituents on the
indicated ring (i.e. on X3, C6, C7 and X4), thus g may have a
value of 1 to 7. For example q = 7 stands for a fully saturated
5,8-dideaza analog (¥3 = X4 = C}) and g = 1 for a fully unsatu-
rated analog with X3 = X4 = N.

It is also understood, that p depends on the nature of X and the
aromaticity of the ring and thus may be 0, 1 or 2.

It ig further understood, that the abbreviations “N” and *C” are
representative for all possible degrees of saturation, i.e. N
includes -NH- and -N= linkages and C includes -CH,- and -CH=
linkages.
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In another preferred embodiment, the present invention is di-
rected towards a method of synthesis in accordance with scheme

1, wherein the glutamate moiety of a folic acid or derivative
thereof is directly radiolabeled with ®p and the obtained com-

pound has thus the formula V

OO X77R?
Xs—R
Rz (Re), “T N :
Xa/\ X c
HXgE
Ry X )Q)m Ry
v

wherein
Xs: X9 are independently of each other C, N or O,

Rg, Ry are independently of each other H, straight chain or
branched C,-Cjo alkyl, which is unsubstituted or substituted by
at least one CN, Hal, or NO, or a group -S2-18F, wherein 8, is
straight chain or branched C1-C12 alkyl, which is unsubstituted
or substituted by at least one CN, Hal, or NO,, and wherein one

or more of the non-adjacent CHy groups may independently be re-

placed by -0-, -CO-, -CO-0-, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-
NR'-, -NR'-CO-O-, -O-CO-NR'-, -NR'-CO-NR’-,-CH=CH-, -C=C-, ~-S-, -
SO3R'-~, -PR’-, or a five- or six-membered aromatic ring having O,

1 or 2 heteroatoms, which is unsubstituted or substituted with
CN, Hal, NO,, COR’, or COOR’, wherein R’ represents H or Cl-C§

alkyl, or a combination thereof,

with the provisc that at least one of Rg and R; is a group -S,-

laF‘, and

Xy to X5, Ry to Rg, m, p and g, and preferred embodiments thereof
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are as defined hereinabove.

Thus more specifically, the obtained compound of formula V may

be represented by compounds having the formulae VI or VIa,

o Q X7 Rz
X5—82“1BF
Ra (e, A
Y7 Xﬁ_«/\ . [xn 0]
/[i | ())(H)Q 1 Rg
Ry Xy x5‘'m  Ra
VI
Oxy- Xr—S2—%F
X Rg
Ro (F‘{a)p Z | ﬁI/Y
N \\ 0
LI Gl e
X, ) Ry
R Xy Xg'm
VIa

wherein X; to ¥Xs, Ry to Ry, m, p and g, and preferred embodiments

thereof are as defined hereinabove.

Thus, the present invention contemplates in a specific embodi-
ment & method of synthesis of an Bp_labeled compound of general

formulae VI or VIa in accordance with scheme 1,
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O X7"R7
X6—82"18F
Re (Ra), AR
ped | Xs—\‘(/H)\ 5 h °
R
A AN ) T kT

VI
—S _18F
o O X752
XsRg
Rz (Ra), z r N
X5 l X%q\ls = Rs ©
R)\\x xy)m Rq
1 1 4
VIa

wherein
X; to X5 are independently of each other C or N,
Xg, X7 are independently of each other C, O or N,

Ri, Ry are independently of each other H, Hal, -OR’, -NHR’, Cl-
Cci2 alkyl, <Ci1-C12 alkoxy, Cl-Cl12 alkanoyl, €2-Ci2 alkenyl, C2-
ciz alkynyl, {C1-C12 alkoxy)carbonyl, or {C1-C12 al-
kylamino)carbonyl, wherein R’ is H or C1-Cé alkyl,

Rz, Ry are independently of each other H, formyl, iminomethyl,

nitroso, CL-Cl2 alkyl, C1l-Cl2 alkoxy, Cl-Ci2 alkanoyl, halosub-
stituted C1-C1l2 alkanoyl,

Rg is H, CN, Hal, NG;, C1L-Cl2 alkyl, cCi-ci2 alkoxy, Cl1-Ci2
alkanoyl, c2-C12 alkenyl, c2-C12 alkynyl, (C1-C12
alkoxy) carbonyl, and (Cl-Ci2 alkylamino)carxbonyl,

Rg: R; are independently of each other H or straight chain or

branched C;-Ci» alkyl, which is unsubstituted or substituted by
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at least one CN, Hal, ox NO,,

S, is straight-chain or branched C1-C12 alkyl, which is un-
substituted or substituted by at least one CN, Hal, or NO;, and

wherein one oxr more of the non-adjacent CH, groups may independ-

ently be replaced by -0-, -CO-, -CO-0-, ~0-CO-, -NR'-, -N=, -NR'-
co-, -CO-NR'-, -NR'-CO-0-, -0-CO-NR'-, -NR'~-CO-NR'~-,-CH=CH-, -
¢=C-, =~-S-, -SO3R’-, ~-PR’'-, or a five- or six-membered aromatic

ring having 0, 1 or 2 heterocatoms, which is unsubstituted or
substituted with CN, Hal, NO,, COR’, or COOR‘, wherein R’ repre-

sents H or C1-C6 alkyl, or a combination thereof,

m is 0 oxr 1,
P is 0, 1 or 2, and
q has a value of 1 to 7,

comprising the steps of (a) providing a precursor of formulae
VII oxr VIIa,

o Ox - X7"R7
X —_— —
R: ®a, Al A
X A \\R (0]
5

1)\\ gy ek

m 4

VII
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(e) K78, —Z
X Rs
2 \V}¥p \\l H o
5

pod iﬂH) 5
AL P L

N
Ry X7 Xy

VIiia

wherein Z is a leaving group, and X; to Xy, Ry to Ry, Sz, m, p,
and g are defined as hereinabove, and (b) subjecting said pre-

cursor to direct radiolabeling with .

S; is preferably straight chain or branched C1-C8 alkyl, which is
unsubstituted or substituted by at least one CN, Hal, or NO;, or
a five- or six-membered aromatic ring, which is unsubstituted or
substituted with CN, Hal, NO,, COR’, oxr COOR’, wherein R' repre-

sents H or Cl1-Cé alkyl, or a combination thereof, more prefera-

bly straight-chain or branched (C1-C6 alkyl, which is unsubsti-
tuted or substituted by at least one CN, Hal, or NO,.

A further specific embodiment of the compounds of the invention

includes for example compounds wherein X; to Xs are N, R; is

NY, Y5, R, is O, Rg isg Ya, p is 0 and ¢ is 1.

Thus, in a further specific embodiment the present invention is

directed to a compounds of formulae VIII or VIIIa,



21

OsX7"R7
Xe—S,~®F
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TZ
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32_1a;:
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Y,VaN

VIiia

Xg, X7 are independently of each other C, N or O,

Y., ¥, are independently of each other selected from H, for-
myl, straight chain or branched C;-C;; alkyl, which is unsubsti-

tuted or substituted by at least one CN, Hal, or NO,,

Y3 is selected from H, formyl, nitroso, straight chain or
branched C;-C;z; alkyl, which is unsubstituted or substituted by

at least one CN, Hal, or NO,,

Rg, Ry are independently of each other H or straight chain or
branched C;-C;; alkyl, which is unsubstituted or substituted by

at least one CN, Hal, or NO,;, and

S, is straight-chain or branched C1L-Cl2 alkyl, which is unsubsti-
tuted or substituted by at least one CN, Hal, or NO,, and wherein

one or more of the non-adjacent CHz; groups may independently be
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replaced by -0-, -CO-, -C0-0-, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-
NR'-, -NR'-CO-O-, -O-CO-NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -S-, -
SOsR’ -, -PR’-, or a five- or six-membered aromatic ring having o0,
1 or 2 heteroatoms, which is unsubstituted or substituted with
CN, Hal, NO,, COR‘, or COOR’, wherein R’ xepresents H or Cl-Cé

alkyl, or a combination thereof.

The term “alkyl”, when used singly or in combination, refers to
straight chain or branched alkyl groups containing 1 to 12 car-
bon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, sec-
butyl, isobutyl, t-butyl, pentyl isopentyl, neocpentyl, hexyl and
the like. The preferred alkyl groups contain 1 to 8, more pref-

erably 1 to 4 carbon atoms.

As used herein, the term “alkenyl”, singly or imn combination
with other groups, refers to straight chain or branched alkyl
groups containing 2 to 12 carbon atoms, such as methylene, eth-
vlene, propylene, isopropylene, butylene, t-butylene, sec-
butylene, iscbutylene, amylene, iscamylene, pentylene, isopenty-
lene, hexylene and the like. The preferred alkenyl groups con-

tain 2 to 6 carbon atons.

The term "alkynyl* as used herein refers to a linear or branched
chain of carbon atoms with one or more carbon-carbon triple
bonds. The preferred alkynyl groups contain 2 to 12, more pref-
erably 2 to 6 carbon atoms.

The term "alkoxy" as used herein refers to alkyl, as defined
above, substituted with oxygen, such as methoxy, ethoxy, pro-

poxy, isopropoxy, butoxy, tert-butoxy and the like.
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The term %alkanoyl" as used herein refers to formyl, or alkyl,
as defined above, terminally-substituted with a carbonyl such as

acetyl, pPropanoyl, butanoyl, pentanoyl and the like.

The term "alkylamino" as used herein refers to alkyl, as defined
above, substituted with nitrogen, including both monoalkylamino
such as methylamino, ethylamino, propylamino, tert-butylamino,
and the like, and dialkylamino such as dimethylamino, diethyl-

amino, methylpropylamino, and the like.

The term "haloY as used herein refers to any Group 7 element and

includes fluoro, chloro, bromo, iodo, and astatine(o).

In a further aspect the present invention is directed towards
compounds obtained by the methods of the invention, such as com-

pounds of formulae I to VIII.

In yet a further aspect the present invention provides uses of
the new folate radiopharmaceuticals obtained by the method of
the invention for convenient and effective administration to a

subject in need for diagnostic imaging.

Thus the present invention provides a method for diagnostic im-
aging of a cell or population of cells expressing a folate-
receptor, said method comprising the steps of administering at
least one folate radiopharmaceutical of the invention in a diag-
nostic imaging amount, and obtaining a diagnostic image of said

cell or population of cells.

Such imaging may be performed on a cell or population of cells

expressing a folate-receptoxr in wvitro or in wvivo.

Thus, the present invention provides a method for in vitro de-

tection of a cell expressing the folate receptor in a tissue
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sample which includes contacting said tissue sample with at
least one folate radiopharmaceutical of the invention in effec-
tive amounts and for sufficient time and conditions to allow

binding to occur and detecting such binding by PET imaging.

In a further aspect the present invention provides uses of
folate radiopharmaceuticals of the present invention for conven-
ient and effective administration to a subject in need for diag-
nostic imaging or monitoring of cancer therapy and therapy of

inflammatory and autoimmune diseases.

In another aspect the present invention provides a method for
simultaneous diagnosis and therapy, comprising the steps of ad-
ministering to a subject in need thereof at least one folate ra-
diopharmaceutical of the present invention in a diagnostically
effective amount in combination with a therapeutically active,
and obtaining a diagnostic image of said tissues to follow the

course of treatment.

The subject of the methods of the present invention is prefera-

bly a mammal, such as an animal or a human, preferably a human.

The dosage depends on the nature of the effect desired, such as
the form of diagnosis oxr therapy, on the kind and frequency of
treatment, on the diagnostic instrumentation, on the form of ap-
plication of the preparation, and on the age, weight, nutrition
and condition of the recipient, kind of concurrent treatment, if

any.

However, the most preferred dosage can be tailored to the indi-
vidual subject, as is understood and determinable by one of
skill in the art, without undue experimentation. This typically
involves adjustment of a standard dose, e.g., reduction of the

dose if the patient has a low body weight.

Treatment can commence with a smaller amount, below the optimum
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amount, which can be increased in order to achieve the optimum
effect. The imaging procedure in the PET scanner takes place
from within minutes to 2-4 hours after administration of the
radiotracer. The schedule depends on the imaging target and ki-
netics of the radiotracer as well as the desired information.

The preferred route of administration of the folate radiopharma-

ceuticals of the present invention is by intraveneous injection.

The suitable forms for injection include sterile aqueous solu-
tions or dispersions of the above mentioned folate radiopharma-
ceuticals of the present invention. Typically the radiopharma-

ceutical will be formulated in physiological buffer solutions.

The folate radiopharmaceuticals undergo sterilization by any art
recognized technique, including but not limited to, addition of
antibacterial of antifungal agents, for example, paraben,
chlorobutanol, phenol, sorbic acid, thimerosal, and the 1like.
Preferably they undergo a sterile filtration before administra-

tion eliminating the need of additiomnal sterilisation agents.

For a solution to be injected a preferred unit dosage is from
about 0.01 ml: to about 10 mL. After intravenous administration,
imaging of the organ or tumor in vivo can take place, if de-
sired, from within minutes to 2 to 4 hours after the radio-
labeled reagent has been administered to a subject to allow a
sufficient amount of the administered dose to accumulate in the

targeted area of choice.

The folate radiopharmaceuticals of the invention may also be
used for in vitro detection of a cell expressing the folate re-
ceptor in a tissue biopsy taken from a subject. Thus in a fur-
ther embodiment the present invention provides a method for in
vitro detection of a cell expressing the folate receptor, e.g. a

tumor cell, in a tissue sample which includes contacting said
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tissue sample with a folate radiopharmaceutical of the present
invention in effective amounts and for sufficient time and con-
ditions to allow binding to occur and detecting such binding by

imaging techniques.

Samples can be collected by procedures known to the skilled perx-
gon, e.g., by collecting a tissue biopsy or a body £luid, by as-

pirating for tracheal or pulmonary samples and the like.

Tissue samples to be tested include any tissue suspected to con-
tain a cell expressing a folate receptor, such as tumor cells,
epithelial ¢ells, kidneys, gastrointestinal ox the hepatobiliary
system, and others. Samples can be sectioned, e.g., with a mi-
crotome, to facilitate microscopic examination and observatiom.
Samples can also be fixed with an appropriate fixative either
before or after incubation with one of the folate radiopharma-
ceuticals of the present invention to improve the histological

quality of sample tissues.

Time and conditions sufficient for binding of a folate radio-
pharmaceutical of the present invention to a folate receptor on
the cell include standard tissue culture conditions, i.e. sgam-
ples can be cultured in vitro and incubated with one of the com-
plexes or compositions of the present invention in physiological
media. Such conditions are well known to the skilled person. Al-
ternatively, samples can be fixed and then incubated with a
folate radiopharmaceutical of the present invention in an iso-

tonic or physiological buffer.

For all applications it is convenient to prepare the compounds

of the present invention at, or near, the site where they are to

be used.

All of the compounds and/or methods disclosed and claimed herein
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can be made and executed without undue experimentation in light
of the present disclosure. It will be apparent to those of skill
in the art that variations may be applied to the present inven-
tion without departing from the scope of the invention. The Ex-
amples provided herein are intended to be illustrative and are
not exhaustive; therefore the illustrated Examples should not be

viewed as limiting the invention in any way.

Examples

Materials and Methods

Infrared spectra were recorded on a Jasco FT/IR-6200 ATR-IR. Nu-
clear magnetic resonance spectra were recorded with a Bruker 400
MHz or 500 MHz spectrometer with the corresponding solvent sig-
nals as an internal standard. Chemical shifts are reported in
parts per million (ppm) relative to tetramethylsilane (0.00
ppr) . Values of the coupling constant, J, are given in Hertz
(Hz); the following abbreviations are used in the experimental
section for the description of 'H-NMR spectra: singlet (s), dou-
blet {(4), triplet (t), multiplet (m), doublet of doublets (4d}.
The chemical shifts of complex multiplets are given as the range
of their occurrence. Low resolution mass spectra (LR-MS) were
recorded with a Micromass Quattro micro™ API LC-ESI.

Water sensitive reactions were run under argon in flame-dried
glass ware. Reactions were monitored by thin layer chromatogra-
phy (TLC, performed on EM Science 0.25 mm thick, precoated sil-
ica gel 60 F-254 glass supported plates) or HPLC. HPLC was per-
formed on a Merck-Hitachi L-7000 system equipped with an L-7400
tunable absorption detector. Analytical HPLC was performed with
an XBridge® column (C18, 5pm, 4.6 x 150 mm, Waters) using the
following solvent system (1 mL/min): 0.1 % TFA,; (solvent A),
acetonitril (solvent B), 1 mL/min; 0-1 min, 95 % A; 1-15 min,

9555 % A; 15-20 min, 5 % A; 20-22 min, 5-95 % A; 22425 min, 95 %
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A. Semi-prep HPLC was performed with XBridge® semiprep column
(C18, S5pm, 10 x 150 mm, Waters), 3 mL/min, isochratic NHHCO, (10

mM, 88 %) / CHON(12 %). All chemicals were used as supplied un-

7

like stated otherwise.

Example 1: Synthesis of y-2-fluoroethyl-folic acid

(a) synthesis of y-Glu{fluoroethyl) methyl estexr

In a flame dried flask was added BOC-Glu-OMe (556mg, 2.13mmol),
drxy DMF (10ml) and Et3N (0.9ml, 1.9 e.q.). The reaction mixture
was cooled to 0 °C, and HBTU (808mg, 1 e.q.) was added and the
reaction mixture was stirred for 10mins. A solution of 2-
fluoroethylamine {(212ml, 1 e.qg.) in dry DMF (10ml) and BEt3N
(0.oml, 1.9 e.qg.) was added dropwise to the reaction mixture at
0 °C. The reaction was stirred for 2h, allowed to warm to r.t.
and stirred overnight. Water (10ml) was added to the reaction
mixture, and it was extracted with EtOAc. The combined organic
layers were washed with brine, dried with MgSQO,, and concentrated
in vacuo to give a pale yellow oil. 'H-NMR (300 MHz, DMSO-de)
[ppm] : 7.78 (bs, NH); 6.60 {bs, NH); 4.77 (bs, OH); 4.62 (t,
CH); 3.47 (m, CHy); 3.37 (t, CHy); 3.11 (t, CHy}; 2.89 (t, CHy);
2.73 (t, CHp); 1.39 (s, CHj)

(b} synthesis of y-2-fluoroethyl-folic acid

y-Glu (fluorcethyl) methyl ester (450mg, 1.48mmol) was dissclved
in excess TFA/CH,Cl, (1:1) until complete BOC deprotection oc-
curred as monitored by TLC/HPLC. Excess TFA/CH,Cl, was removed
under vacuo to give the TFA salt of Glu(hydroxyethyl) methyl es-
ter as pale yellow oil, which was directly used in the coupling
reaction with  N2-N,N-dimethylaminomethylene-10-formyl-pteroic
acid according to the procedures outlined in EP A 07 105 987 and
EP A 07 105 984.
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Example 2: Synthesis of y—(2- (p-toluenesulfonyl)ethyl) folic acid

amide

(a) Synthesis of BOC-Glu(hydroxyethyl) methyl ester

In a flame dried flask was added BOC-Glu-OMe (556mg, 2.13mmol),
dry DMF {10ml) and Et3N (0.9ml, 1.9 e.q.). The reacticm mixture
was cooled to 0 °C, and HBTU (808mg, 1 e.g.) was added and the
reaction mixture was stirred for 10mins. A solution of amino al-
cohol (0.13ml, 1 e.qg.) in dxy DMF (10ml) and Et3N {(0.5ml, 1.9
e.qg.) was added dropwise to the reaction mixture at 0 °C. The
reaction was stirred for 2h, allowed to warm to r.t. and stirred
overnight. Water (10ml) was added to the reaction mixture, and
it was extracted with EtOAc. The combined organic layers were
washed with brine, dried with MgS0,, and concentrated in vacuo to
give a pale yellow oil. H-NMR (300 MHz, DMSO-ds) I[ppml: 9.40
{(bs, NH); 7.72 (bs, NH); 4.52 (t, CH); 3.54 (m, CH3); 3.44 (t,
CHz); 3.24 (t, CHp); 2.56 (t, CHp); 2.20 (t, CHp); 1.24 (s, CH,)

{b) Synthesis of y-(2~(p-toluenesulfonyl)ethyl) folic acid amide
BOC-Glu(hydroxyethyl) methyl ester (450mg, 1.48mmol)} was dis-
solved in excess TFA/CH,Cl, (1:1) until complete BOC deprotection
occurred as monitored by TLC/HPLC. Excess TFA/CH,Cl, was removed
under vacuo to give the TFA salt of Glu{hydroxyethyl) methyl es-
ter as pale yellow oil, which was directly used in the coupling
reaction with  N2-N,N-dimethylaminomethylene-10-formyl-pteroic
acid according to the procedures outlined in EP A 07 105 987 and
EP A 07 105 984. y-(2-hydroxyethyl) folic acid amide (26 pmol)
was dissolved in dichloromethane (10 ml) and cooled to 0 °C. Et,N
(10 pl, 1.5 eq.) and TsCl (7 mg, 1.4 eq.) were added and the re-
action mixture was stirred for 2h at 0 °C. Then the mixture was
allowed to warm to room temperature and stirred overnight.

The reaction mixture was poured into water (15 ml), layers were
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separated. The agqueous phase was extracted with dichloromethane
and combined organic phases were dried over MgSO,. The solvents
were removed under wvacuc. The product was purified by column
chromatography using silica gel and an eluent system of pentane

and ethyl acetate to give a yellow oil.

This compound serves then as precursor for a direct aliphatic
nucleophilic *®F-labelling according to literature procedures
(Coenen, H.H. PET Chemistry - The Driving Force in Molecular Im-
aging, Schubiger, P.A.; Lehmann, L.; Friebe, M., Eds.; Springer:
Berlin, 2007, pp. 15-50).
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Claims
1. A method of direct radiolabeling of the glutamate moiety
of a folate compound with g comprising the step of re-
acting a compound of formulae VII or VIIa with g,
OO X7_R7
Xg™8Sy—Z
R (Ro), /@A N .
X X (0]
VII
—S,—Z
OOIX?A;
XB_RG
Rz (Ry) “T7 N
3
LG s
Ry OXT X, Jm Ra
VIIa
wherein

X; to Xz are N,
Xs, X7 are independently of each other O or N,

Ri, Ry are independently of each other H, Hal, -OR‘, -NHR’, Cl-

cl2 alkyl, Cl-Cl2 alkoxy, Cl-Cl2 alkanoyl, c2-C12
alkenyl, C2-Cl2 alkynyl, (Cl1-Cl2 alkoxy)carbonyl, or (Cl-
Cl2 alkylamino)carbonyl, wherein R’ is H or Cl1l-Cé alkyl,

R;, Ry are independently of each other H, formyl, iminomethyl,
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Rs, R7

S2

d

Z

wherein
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nitroso, C1-Cl2 alkyl, Cl-Cl2 alkoxy, C1-Cl2 alkanoyl,
halosubstituted C1-Cl2 alkanoyl,

is H, CN, Hal, NO,, Cl1-Cl12 alkyl, Cl-Cl2 alkoxy, C1-Cil2
alkanoyl, c2-C12 alkenyl, c2-C12 alkynyl, (Ci1-Cc12
alkoxy)carbonyl, and (Cl-Cl2 alkylamino)carbonyl,

are independently of each other H or straight chain or
branched C;-C;; alkyl, which is unsubstituted or substi-

tuted by at least one CN, Hal, or NO,,

is straight-chain or branched C1-Cl2 alkyl, which is un-
substituted or substituted by at least one CN, Hal, or
NO,, and wherein one or more of the non-adjacent CHjp

groups may independently be replaced by -0-; or a five-
or gix-membered aromatic ring having 0, 1 or 2 heteroa-

toms, which is unsubstituted or substituted with CN, Hal,
NO,, COR’, or COOR’, wherein R’ represents H or Cl-C6 al-

kyl, or a combination thereof,
ig 1,

is 0, 1 or 2,

has a value of 1 to 7,

is a leaving group, and

Y¥r is activated by phase transfer catalysts such as tet-

rabutylamonium carbonate or aminopolyethers (e.q. Kryptofix0

2.2.2) in combination with potassium carbonate or oxalate,

to obtain a ‘®F-labeled compound of general formulae VI or VIa,
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X XE‘_/\ . \\ @]
/Ji\ | {))(H)q | Rs
Ry7 X7 Ox$'m Ra
VI

—8 _.18F
o OIX%;
XG_RS
Ro (Rs), AE
X XX
Rs

q |
R1)\\X1 Xg)m R4

Via.

A method according to claim 1, wherein °F is activated

with Kryptofixe 2.2.2 1in a polar solvent selected from

acetonitrile, acetone, 1,4-dioxane, tetrahydrofuran
(THF) , N-methylpyrrolidinone (NMP) , di-methoxyethane
(DME) , dimethylacetamide (DMA) , N,N-dimethylformamide

(DMF) , dimethytsulfoxide (DMS), hexa-methylphosphoramide

(HMPA) and mixtures thereof.

A method according to claims 1 or 2, wherein Z is select-
ed from Hal, NO,, diazonium salts, sulfonate esters, in-

cluding mesylate, tosylate, pentafluorobenzoate, tri-
flate, diodonium salts, dialkyl/-aryl silanes, and si-

lanols.

A method according to any preceding claim, wherein S, is
straight chain or branched Cl-C6é alkyl, which is unsub-

stituted or substituted by at least one CN, Hal, or NO,
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XG! X'?
Yll YZ
Y3

Re¢, Ry
S
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A method according to any preceding claim, wherein the

obtained compound has the formulae VIII or VIIIa,

o O X77R7
Xg—8,~ OF
H 6 2
ﬁ P °

VIII

Y5Y4N

TO)LL\N

VIIIa

Y2Y1N

are independently of each other N or O,

are independently of each other selected from H, straight

chain or branched C;-C, alkyl,

is selected from H, formyl, nitroso, straight chain or

branched C;-C;; alkyl,

are independently of each other H or straight chain or
branched C;-Cy; alkyl, which is unsubstituted or substi-

tuted by at least one CN, Hal, ox NO,, and

is straight-chain or branched C1-Cl12 alkyl, which is un-

substituted or substituted by at least one CN, Hal, or
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NO,, and wherein one or more of the non-adjacent CHj
groups may independently be replaced by -0-; or a five-
or six-membered aromatic ring having 0, 1 or 2 heteroa-

toms, which is unsubstituted or substituted with CN, Hal,
NO,, COR‘’, or COOR’, wherein R’ represents H or Cl-C6 al-

kyl, or a combination thereof.

A method according to claim 5, wherein S, is straight-
chain or branched C1-C6 alkyl, which is unsubstituted or

substituted by at least one CN, Hal, or NO,.



