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I nvention The present invention is directed towards new 18F-fol ate
radi o- pharmaceuticals, wherein fluorine-18 is covalently linked to

t he am no¥P2W§125H et y, whi ch connects the condensed [B{IERPE/A408
heterocycle to the amno acid portion within folate structures, 10 as
wel |l as their precursors, a nethod of their preparation, as well as
their use in diagnosis of a cell or pdpulation of cells expressing a
fol ate-receptor and nonitoring of cancer and inflammtory and
aut oi mune di seases and therapy thereof. 15 Background Cell-specific
targeting for delivery of effector noieties such as diagnostic or
therapeutic agents is a widely researched field and has led to the
devel opnment of non-invasive diagnostic and/or therapeutic nedical
applications. In particul ar ifirthsebdirid mfla?@snucl ear nedicine
procedures and treatnents, which enploy radio- active materials
emtting electromagnetic radiations as y-rays or particle emtting
radi ation, selective |localization of these ra- dioactive materials in
t ar get i el loF ThvenssbRs IS required to achieve either high signal
intensity for visualization of spe- 25 cific tissues, assessing a

di seaseripndialsdmni {05 &f f 80t g1 Alcddier apeitdSL ddpat®rerbsacer rAkgh-
radi ation dose, for delivering adequate doses of ionizing radiation
to a spduircegutiicedsedwbereinwkthouing Hes riskcofaleadilat lonkedj Gpy tha
ot her E%ﬁ&néﬂ%ﬂz%@% moiety, which connects the condensed pyrimidine
heterocycle to the amino acid portion within folate structures,
10 as well as their precursors, a method of their preparation, as
well as their use in diagnosis of a cell ox population of cells
expressing a folate-receptor and monitoring of cancer and in-

flammatory and autoimmune diseases and therapy thereof.

15 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 non-invasive diagnostic and/ox
therapeutic medical applications. In particular in the field of

20 nuclear medicine procedures and treatments, which employ radio-

active materials emitting electromagnetic radiations as y-rays or
particle emitting radiation, selective localization of these ra-
diocactive materials in targeted cells or tissues is required to
achieve either high signal intensity for visualization of spe-
25 cific 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 is thus of crucial interest to determine and assess
30 cell-specific structures and in particular structures that are

present 1in case of cancer (i.e. tumors) or inflammatory and



tissues. It is thus of crucial interest to determ ne and assess 30
cell-specific structures and in particular structures that are
present in case of cancer (i.e. tunors) or inflamatory and WO
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receptors, antigens, haptens and the |like which can be specifically
targeted by the respective biological vehicles. The fol ate receptor
(FR) has been identified as one of thése 5 structures. The FRis a
high-affinity (1CD < 10-9 M nenbrane-associ ated protein. In nornal
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t hyl ene %Fou at_the C-6 position to (ii) a p-am nobenzoic acid unit,
whi ch i i horq ik )usitk 33 Foveluahlfo QEIQrrumakerpdor 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-
20 tients diagnosed with rheumatoid arthritis possess a function-
ally active FR-beta (Nakashima-Matsushita et al, Arthritis &
Rheumatism, 19992, 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
25 diagnosis and treatment of rheumatoid arthritis (Paulos et al,

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

Folates is used herein as a generic term for a family of chemi-
cally-gimilar compounds involved in a range of biosynthetic
pathways. Fclates consist of three units, which include (i) a
30 condensed pyrimidine heterocycle unit, which is linked via a me-
thylene group at the C-6 position to (ii) a p-aminobenzoic acid
unit, which is linked to (iii) one or more amino acid units. For

example, in the case of folic acid derivatives, a pteridine het-



exanple, in the case of folic acid derivatives, a pteridine het- W
2008/ 125617PCT/ EP2008/ 054408 3 erocycle unit is linked via a

net hyl ene group at the C-6 position to a p-am nobenzoic acid unit,
which is WHRWY 1362 vari abl e nunber of glutamc acid (G D 20088341408
those three units may be subjected to variation to create a library
of various 5 folate structures. Such variations may include fol ates,
that differ in the oxidation state of 2he pteridine ring, the type of
t he one carbon substituent at N5 and/or N1O positions, the type and
nunber efosanjeigaiiad hai Donked dvtesiaduleshyaeﬂet bﬁoﬁplbati thki gR6 posi-

attern of the various units.,Folic_acid itse syn- .10 thetic
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t her apeuti ¢ "'and/ or diagnostic agents 1n suc celf Aorfra
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J. Lab@rWMmemr&ﬂﬂﬁed4ﬁoiﬂ5 dB?ﬁolziEﬂSit s cyitgad=as ahdi-

chenot her utic agents (Leanon and Reddy, Adv. Drug Deliv. Rev.
2004, 7-41; Leanon et al, Bioconjugate 30 Chem 2005

16: 8038&%%\30t ei ng ang g(iot ei tht oXli nsél(ﬁV\ard et_ al, . Drug Target.
2000; &% *TeanBioetal 1My "8 dianehem fods:C skt gy Syn
Leason @it iloWathwaysU®fTdigemold88%és such as methionine, purine, and
pyrimidine biosynthesis. Additionally, they play an important

role in the interconversion of serine and glycine, and in his-
tidine catabolism. Folates and its dexivatives have thus been
intensively studied over the past 15 years as targeting agents

20 for the delivery of therapeutic and/or diagnostic agents to cell
populations bearing folate receptors in order to achieve a se-
lective concentration of therapeutic and/or diagnostic agents in

such cells relative to normal cells.

Various probes have Dbeen conjugated to folic acid and
25 (pre)clinically evaluated, including folate radiopharmaceuticals
(Leamon and Low, Drug Discov. Today 2001; 6:44-51 and Jammaz et
al, J. Label Compd Radiopharm 2006; 49:125-137), folate-
conjugates of chemotherapeutic agents (Leamon and Reddy, Aadv.
Drug Deliv. Rev. 2004; 56:1127-41; Leamon et al, Bioconjugate
30 Chem. 2005; 16:803-11), proteins and protein toxins (Ward et
al,. J. Drug Target. 2000; 8:119-23; Leamcn et al, J. Biol.
Chem. 1993; 268:24847-54; Leamon and Low, J. Drug Target. 1994;

2:101-12), antisense oliconucleotides (Li et al, Pharm. Res.



2:101-12), antisense oliconucleotides (Li et al, Pharm Res. W)
2008/ 125617PCT/ EP2008/ 054408 4 1998; 15:1540-45; Zhao and Lee, Adv.
Drug Deliv. Rev. 2004; 56:1193-204), |iposones (Lee and Low, Biochim
Bi ophys. A¥Q@3WBA#EéKbr. 1995; 1233: 134-44; Gabi zon et alPCTARGO0Sp4ep
Deliv. Rev. 2004; 56:1177-92), hapten nol ecules (Paulos et al, Adv. 5
Drug Deliv. Rev. 2004; 56:1205-17), MRl contrast agents (Ronda et al,
Magn. Reson. Mat. Phys. Biol. Med. 200M; 12:104-13) etc. Typically
all of these probes are conjugated to folic acid through its
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such as cyclotrons or reactors and thus nore conveni ent. wever
SPECT m@oviigpsoveds dawiasivi t§nd havaPEgtieon lodsi thes effewtipeness of
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wel | - elabbrasbenguanesproaei endnetdhegsuebi goveproPeient of radiation
dosimetry. Typical visualization techniques suitable for radio-
15 imaging are known in the art and include positron emission tomo-
graphy (PET), planar or single photon emission computerized to-
mography (SPECT) imaging, gamma cameras, scintillation, and the

like.

Both PET and SPECT use radiotracers to image, map and measure
20 activities of target sites of choice. Yet, while PET uses posi-
tron emitting nuclides which require a nearby cyclotron due to
the short half-lives of the positron emitters, SPECT uses single
photon emitting nuclides which are available by generator sys-
tems, which may make its use independent of nearby facilities
25 such as cyclotrons oxr reactors and thus more convenient. However
SPECT provides less sensitivity than PET and besides a few ap-
proaches quantification methods are lacking. In contxast, PET
PET shows a higher sensitivity (more than 100-fold of SPECT) and
provides well-elaborated quantification methods. Moreover, PET
30 is one of the most sophisticated functional imaging technologies
to assess regional uptake and affinity of ligands or metabolic
substrates in brain and other organs and thus provides measures

of imaging based on metabolic activity. This is for example



30 is one of the nobst sophisticated functional imaging technol ogies
to assess regional uptake and affinity of |ligands or netabolic
substrates in brain and ot her organs and thus provi des neasures of

i magi ng bXSRH¥MAEL abolic activity. This is for exanpPET/BH§08/054408
2008/ 125617PCT1EP2008/ 054408 5 achi eved by admi nistering a positron
emtting nuclide to a subject, and as it undergoes radi oactive decay
the gamma rays resulting fromthe posifron annihilation are detected
in the PET scanner by a ring of detectors which are coincidently
connectathfvet o radmfaiteng dghal pead ron laali%@mﬁir;d@ﬁe@iaa tBea sub-
selectipn of a uitab%e i%%tope usef yl for PET include sufficient

hal f-1i¥&%f e PBsiFr SRIEREPERFn G2 16REPEVE 0dBERY Ehpr pBIaL FaWSofea

di agnoséu Xt @TPOsd | OHe 0Bbb0BAbA Y ahfliBi PhGTSRCEM | Gakbye asCept alke ppr
carrier 12H§{|%¥ to administration to the patient, and sufficient

r emai ni 4 By 12 ¥5ngi ef disteererenhbd | 3xe yeergigianitly connected
ext sa- ciaf parigal . measurenment by a PET scan. Furthernore, a suitable
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gallium or copper. These two require however a chelator for en-
trapment of the metal, which may have an effect on steric and
chemical properties. Alternatively a radiopharmaceutical may be
based on a covalently 1linked isotope which provides minimal
20 structural alteration. Radionuclides used for covalent attach-
ment and suitable for PET scanning are typically positron emit-

ting isotopes with short half lives such as *C (ca. 20 min), N

(ca. 10 min), **0 (ca. 2 min) and °F (ca. 110 min).

To date, a number of chelate-based folate radiopharmaceuticals
25 have been synthesized and successfully evaluated as diagnostic
agents for imaging folate receptor-positive tumors. The most
widely studied derivatives were labeled either with *'In and
*"Pc (Siegel et al., J. Nucl. Med. 2003, 44:700; Miller et al.,
J. Organomet. Chem. 2004, 689:4712) or with °®Ga (Mathias et al.,
30 Nucl. Med. Biol. 2003, 30(7):725). Yet only the latter one is a
positron emitter and is suitable for PET imaging while the two
former ones are single photon emitters and used for SPECT. Also

all of the above need a suitable chelating agent, which is typi-



30 Nucl. Med. Biol. 2003, 30(7):725). Yet only the latter one is a
positron emtter and is suitable for PET inmaging while the two forner

ones are single photon emtters and used for SPECT. Also all of the
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of the ligand to the receptor. Only the high electronegativity
of fluorine may influence the biochemical properties of a

20 fluorinated ligand compared to the unsubstituted analogue.

Yet, the structure of folates does not lend itself to direct ra-
diclabeling with *F. Thus to date, there have been only very few
**F-labeled folates reported in the literature (Bettio et al., J.
Nucl. Med., 2006, 47(7), 1153; WO 2006/071754). Moreover, these
25 suggest '®F-labeling through conjugation at the glutamate portion
of folates. To date there is no known °F-labeled folate or de-
rivative thereof, wherein the fluorine-18 is linked within the
folate skeleton, such as to the benzoylamine moiety. In addi-
tion, the currently reported radiosynthesis was time-consuming
30 and gave only low radiochemical yields of less than 5% (Bettio
et al., J. Nucl. Med., 2006, 47(7), 1153) and thus is unsuitable

for routine clinical applications.



7 Thus currently known 18F-1abel ed fol ates or derivatives thereof are
not able to fill the need for specific radi opharmaceuticals suitable
for metabolic imging of tunors to inprove diagnosis and treatnent of
cancer andvQatpAAeEt ory and aut oi mmune dis- 5 eases. ABSTERZNEASHBy e
now found that 18F-1abel ed fol ate radi opharmaceu- ticals wherein the
fluorine-18 is linked to the am nobenzoyl noiety within the folate
skel eton may be obtai ned through for ®xanple direct radiol abeling.
10 Thus, the present invention is directed pharmaceuticals, wherein
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[18F] fluoride. Alternatively, the gl Ie;r%tc oﬁie%& ect’r onﬁ?\l;mk Pakiafg©
group rehemectcariamlact whetetnaikdenglubeisebsd i idité@miwntdlv8Rlinked to

fluori ciceh Preferred el ectr.on-w hhdﬁa\fﬁ' ng groups may_include for
exanpl e e aminobenzoyl moiety whic inkKs "the pteridine heterocycle to
the amino acid portion within folate structures, as well as
their precursors, a method of their preparation, preferably
15 through direct radiolabeling, as well as their use in diagnosis
and monitoring of cancer or inflammatory and autoimmune disease

therapy.

Summary of the Invention

20 The present invention is in a first aspect directed to new °F-
folate radiopharmaceuticals and precursors thereof (hereinafter
also called compounds of the invention), wherein the fluorine-18
and/or at least one electron-withdrawing group is covalently

linked to the aminobenzoyl moiety.

25 1In one specific embodiment, the new folate radiopharmaceuticals
are substituted with the fluorine-18 in the 2'- and/or 6’'-
position of the aminobenzoyl-moiety, optionally comprising at
least one further electron-withdrawing group.

In a preferred embodiment the present invention is also directed

30 towards 2/- and 6'-"°F-folate radiopharmaceuticals, optionally

comprising at least one further electron-withdrawing group.



10 nitro, cyano, (trinethyl)amonium sulfonates, esters, ketones,
chloro, brono, fluoro, iodoniumsalts, dialkyl/-aryl silanes,

silanols and the like. In a further aspect the present invention is
directed t¥O39E2KH of their preparation. In a prefer PEAFERYEEF N
the 18F- 15 fol ate radi opharmaceuticals of the invention are obtained
t hrough direct 18F-radi ol abeling of suitable precursors. In another
aspect the present invention is direct®d to the use in diagnosis of a
cell or population of cells expressing a fol ate-receptor and

noni t or ing agfott@mc espedtct tanesbotiheempy kthe?2prdddn® Ofn¥dhtbdtd 0 di-

nonitoring of jnfla ry and aut oi ne di seases_such rheumatoid
rthe 1 Fe%ety HierEl HREY BoPCufsothObntti BNt TOLALS pF S bpRATmACe-
i nvent i eficabs di TResedinenadds ¥seS «¥amp3E; f dopbeunadi @RARN TRGEUiA! S
of the jnvention for di- agnaostic ,imaging of a cell or popul ation of

cel I's eXpFredsidy B8 iRIMAVUY edPbY, WBEER spbci LpR8F| yoRte Pragfenn-

inVQﬂti@ﬂtﬁﬁﬁéWﬂﬁf FROwdshien dh@agnesths LMGLRGNGT o8c68! anll is able
popul ation of cells expressing a Tolate-receptor, which Tncludes for
exanpl etaethdgsgpomuca egbhididereomabhc ofubstétiit oopr bysiiiF1 timoride .

fol ate e r.. for exanpl 0 a _tunmor cell or an tivated

macr op h“{éggéjpli%‘% Wilss uéﬁl% aﬁ’gl j‘.ea§|5c [Pt FoE TRR AHEEE T BELRE r S5PHBd MY

vivo. X6t 20@8/d25a¢ZPCIEER2QQ%: 054408 OsUBYS; it ngtert@"@ fluoride.
usSes

enbodi nent the cgr esent invention is directed towards o)
18F- f ol Brefexerdprarsbrent wibhdrafinthegrowent imary fiorclholwefibentexanghle

ef fiecti m pi ati . ject..in ne for diagngstic i.nagin
oo AEEEOT BRahERt (bR P Rl e o nrandictones,
di seasechherapy brohe, subjwmto ,of 1bfenimt haditef tdiaipregentyl nwantdnes,

is preferabl na. |, .such as an animal or a human, preferably a
human. uf:l n%rle haélé{;@TE tlﬁz(ei‘nventi on may be performed in conbination

i he hods of di aghosis or thera f capcer_.or in-
with anyh(na %uggﬁer aspec% e present in né%on {g directed to a

method of their preparation. In a preferred embodiment the *°

-
15 folate radiopharmaceuticals of the invention are obtained

through direct 18F-radiolabeling of suitable precursors.

In another aspect the present invention is directed to the use
in diagnosis of a cell or population of cells expressing a
folate-receptor and monitoring of cancer and cancer therapy in
20 witro or in vivo or monitoring of inflammatory and autoimmune

diseases such rheumatoid arthritis and therapy thereof.

In one embodiment, the present invention is directed towards
18 . .
uses of "TF-folate radiopharmaceuticals of the invention for di-

agnostic imaging of a cell or population of cells expressing a

25 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
30 a tumor cell or an activated macrophage, in a tissue sample.

Such methods may also be performed in vivo.



10 flammatory and aut oi mune di seases includi ng net hods using ot her
al ready devel oped di agnostic and/or therapeutic agents and utilizing
X-ray conputed tonography (CT), nagnetic resonance inmaging (M),
funct i onalWHBYEE2IE” r esonance imaging (fMRl), singl e pRETER2WRDEI%N
conput ed t onogr aphy (SPECT), optical imaging, and 15 ul trasound.

O her features and advantages of the invention will be apparent from
the followi ng detail ed description theteof and fromthe clains. 20
Brief Description of Figures Figure 1. Data fromex vivo

bi odi stThixf | &0 &t fdireBeuSemBodimeht FEhé UBFOsél | tndditdiorSpaCidikected
uptake in folate receptor-positive tissues. 25 Figure 2. PET inmages
usi ng 2EQTAEGS f $RF o°f ol T fading o( radisphavsateitt cals tdfe osi tnommifon

t he KB o] . Hiagure 3. PET.I es usjin . .

o LB b Ry S e ade i ERE SR ot R R gdect in neea
Fi gure fZor BlizgrosPH imagisg odndKBox emagtadtisigt WHr&GAsMbR2' inflamma-
30[ 3 Sr%A fl uoﬁﬁo-fgl ic_aci dd' WD 2008/ 125617PCT/ EP2008/ 0544Q08 10

Det ai | ed” DesTrT pProRtBFEhe  t 7vaHt | BETARY pridéeifiqifrénQfofhes netheds
first aspethe dpresded 10918 oh8RfsOlpale® ei-ali PPh ok aReLUl | KRS ANt ani-
precursors thereof (hereinafter 5 also called conmpounds of the
inventi”%f, Y hETPLESAPAE- 28R W R or at | east one

el ectrop-w thdrawi.ng aro is covalently linked to the am nobenzoyl

noi ety.g‘i‘\gﬁ F@Eﬁeﬁa P% af:}g% | HBY RGO BRY r BBhiPeré o sl B sgrinkigiation

gener aldyt Histly hetRéN, m@Shdwie | SOPI ddifodi 18- | Qii-ge. ollfn Ja%.rc@rOforJ'Q.n—
n

[ 18F fl)ﬁlori de fluorine-18 is producible nore efficiéntly. _

addi% | O AWML AHe BRSPS BiiErages ol npleptng mpthodsanding atded

radi ot racessays WddLiild Viadghoareehahyss enbedidmnt. & i 8ng weii-

(structure) or derivative thereof, also hereinafter si ﬁy referre

to as "WE¥Y Ferayprcomputed tomography (CT), magnetic resonance imaging
(MRI), functional magnetic resonance imaging (fMRI), single pho-
ton emission computed tomography (SPECT), optical imaging, and

15 ultrasound.

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

claims.
20
Brief Description of Figures

Figure 1. Data from ex vivo biodistribution studies using 2-
[**F]l £luoro-folic acid: specific uptake in folate re-

ceptor-positive tissues.

25 Figure 2. PET images using 2~ ['®F] fluoro-folic acid (the arrows
indicate the position of the KB xenografts tumors).

Figure 3. PET images using 2’'-['®F]fluoro-folic acid (the arrows

indicate the kidneys).

Figure 4. Ex vivo PET images of KB xenografts tumors using 2'-

30 [*®*F] fluoro-folic acid.



15 "folates”, for use in the present invention conprises conpounds
based on a condensed pyrimdine heterocycle, which is linked to an
am nobenzo noi ety carrying in para-position an anlno aci d portion.
As used h ‘é?‘i‘?s’ézsﬁ%bndensed pyrim di ne heterocycle" i nPCI(Efgye/ozii08
pyrimdine fused with a further 5- or 6-nmenbered het- 20 erocycle,
such as a pteridine or a pyrrol opyrimdine bicycle. As used herein
the term"am no acid" includes conpoudds with both an am no group
(e.g., NH2 or NH21-) and a carboxylic acid group (e.g., COOH or
C00-). In a specific enbodinent, the am no acid may be an a-am no
acid, a P-amno acid, a D-amno acid or an L- 25 am no acid. The
am no deeidaiteyd e semigitiioal bf eheurnvewtion no acid (e.g., alanine,
val i ne, |eucine, isoleucine, proline, phenylalanine, tryptophan,

et hi ontie, pgéyEhine; nS&ht Ish i@rmnaneugusw@@@t §YFOSLAE to new ®m-
asparagi ne, glutamne, aspartic acid, glutamc acid, |ysine,
argln|n%°1%#eh?é@%@@h@rm%ﬁQPQlQﬂlatanﬁ)Emﬁcmnsqxakﬁha&ﬁqﬂuﬂhéuﬁxnﬁfter

Exampl e t S m aC|ds
P el Celiodt ol W AR SRERIP AR A ELREGR- 16
NCJZ (e.gndfodwoprdgl Leant c ondD QD@:&ﬁcﬁﬁﬁﬂlﬁ?ﬁﬂaﬁﬁfﬁgo&hﬂﬁ@%slkmﬁhtly

The amin fﬁﬁgﬂ(%Jﬁ@ﬁéﬂéﬂ{no%%k%ggu2P%%oé£g;Vnon-naturalIy occurring

am no acl such™as 'e."g. nor aline, L-

napht hals n pe hj ar n t hers own in th

pepti de gr (gggé?iﬁ ex%il h% § er}f:? 2%8?2‘%31"" I£’r %£ ag gfenera iy

Pept i deuSytht hasireih, 1Stasandnﬁﬁlﬂed3pNiB:Btd e(!“,F]SQUbﬂg@é Vet agfoPRW of

Yor.k, 4 apd 1993, and Stewart and Young, "Solid Phase Peptide
Sydthest o P8R e "I Diur BE AR 1S e o B o e A5 16083y bden 26

vm| ch adetigicor ppidt ¢ heteei dnby pekeisicsly f@ingréﬁagm@nﬁoa@a%ler

acid an /derivatives can_be 10 purchased commercially (Sigma
Chenlcaﬁéégﬁ; %éiﬁ%ﬁﬁﬁ@réh§Hf£&ﬁ}e%?£%yntheS|zed usi ng nethods known
the am no acid may al so

in the I n ot speci.fi ¢ enbodi ment,
be part %f a %ﬁ’%ﬁ?ﬁ% SHPRALEFRy Per FRERGSDI YPEPIFHEIE) wWAESr dleriyative

pl ural i ¢yerdosaneles dekbenspteANsARpasi derasrdef 'teefwe#@' Eé?&t\!&u aLe
covalently 15 linked, i.e. linked through conventional peptide or

ot A& boretast'ef hedusti Ho BRe dBT PR dENYRL iparfmprgisesadospaind s
aspart igased don 04 Ub8AEORse &SPRF {rh 11€ind Wﬁa‘t‘.’?—:@t’oc?'rcglam Qﬁfcgyifseﬂnkéﬁd to

derivatives thereof and preferred polyam no a s'inc
honopol $hefdipekensape ciPyet hofdpoYimEr §nt berecpofition pah yghimo2@cid

tam ¢ geddh; 0l YasRAdd Gudilith 2bnalhskaPhel B SR BN 10

substituted aspartic and glutamc ac
cludes a pyrimidine fused with a further 5- or 6-membered het-

20 erocycle, such as a pteridine or a pyrrolopyrimidine bicycle. As
used herein the term "amino acid” includes compounds with both
an amino group (e.g., NH, or NH;') and a carboxylic acid group
(e.g., COOH or COO ). In a specific embodiment, the amino acid
may be an a-amino acid, a B-amino acid, a D-amino acid or an L-

25 amino acid. The amino acid may be a naturally occurring amino
acid (e.g., alanine, wvaline, leucine, isoleucine, proline,
phenylalanine, tryptophan, methionine, glycine, serine,
threonine, cysteine, tyrosine, asparagine, glutamine, aspartic
acid, glutamic acid, lysine, arginine, or histidine, ete.) or it

30 may be a derivative thereof. Examples of derivatives include op-

tionally substituted amino acids, e.g. having one or more sub-

stituents selected from CN, Hal, and/or NO, (e.g. fluoroglutamic



Preferred representatives of folates as used herein are based on a
folate skeleton, i.e. pteroyl-glutamc aci ddo(r:I N-[4(pteri dihn- -

6- yl met hyl am no) benzoyl ] -glutam c acid), an erivatives thereo

ané i ncl ﬁd@%”@ﬁ%@%ﬁ’al I>/y] sgbst ituted folic acid, folini &CAEF08/054408
pteropol yglutam ¢ acid, and folate receptor-binding pteridines such
as tetrahydropterins, dihydrofolates, tetrahydrofol ates, and their
deaza and di deaza anal ogs. Folic acidlils the preferred basic
structure used for the conpounds of this invention. The 30 terns
"deaza"aand) .’ dileazminanakags magf elsd diddlade tadye COdEZ oA Q8% 11y

havi ng a carbon atom subs,tdft uted for one or two nitrogen atons in the

nat ur al P§CEECHT iHY FDI3T i FUSHr 88t 6r 8 BOFLeYEHRS pIOTEHd Neata ©F

anal ogsp+ nahpiehd Ten {ndleagpni t3ridRAZ ho #3ne8andVBthers well known
2008/ 125617PCT/ EP2008/ 054408 12 deaza, and 10-deaza anal ogs. The
di deazatAnBFORERHIIRET f Gieteafplegampls. dnglazBodanaskyy dBrdaiciples

8, 1G- di geapapt sae ﬁgﬁthggﬂ§§’zaléﬂalaﬁgs-2n8r elehibed d8azanahgas. ver-
conmpounds i ncl ude [ 4- _ .
[ 2- [ (6R22- dfghotark, 5N, 7188ty A-andpitrdwiolt2 @d Foung, "Solid
d] pyri gl Opubt 230V Iskhiengayd] » Loghutan o @féxdﬁ LBHEM:%‘P' £o20d poc -
N-[4-[1-[(2, 4-di am no-6-pteridi nyl)nethyl’] propyl]benzoyl)-Lgrutam<cC
aci d (EREGFexEe)l284, abmtﬁzuﬂﬂaiclemmjiirﬁmrpdﬂweﬂg\he&eﬁﬁt b%; refer-
di ceukl cals arela e L.t.h I he Ln in the 2'-
g'a- I ng}?ﬁ%@? '6'u%ﬂn%3!)poegcirlt%%gong%%1 tgfr{'\g%%m%\Jc}bden%{é%g%%i%?rﬁvaﬁrlgfgr 3 PR
t hd 02' -pwrcleisqsos¢onner ciisty plefana edhemic?l - Cand @dviaBEefolMismtech)

o oo eossal sy SISy (ol orler TR o
cific embodiment, the amino acid may also be part of a polyamino
acid (alsc termed polypeptide}, wherein a plurality of same ox
different amino acids as defined hereinabove are covalently

15 linked, i.e. linked through conventional peptide or other bonds.
Preferred amino acids include for example glutamic acid, aspar-
tic acid, glutamine, aspartine, lysine, arginine, cystein, and
derivatives thereof and preferred polyamino acids include ho-
mopolymers the respective homopolymers thereof (i.e. polyglu-

20 tamic acid, polyaspartic acid, etc). Most preferred are option-

ally substituted aspartic and glutamic acid.

Preferred representatives of folates as used herein are based on
a folate skeleton, i.e. pteroyl-glutamic acid or N-[4(pteridin-
6-ylmethylamino)benzoyl] -glutamic acid), and derivatives thereof
25 and includes optionally substituted folic acid, folinic acid,
pteropolyglutamic acid, and folate receptor-binding pteridines
such as tetrahydropterins, dihydrofolates, tetrahydrofolates,
and their deaza and dideaza analogs. Folic acid is the preferred
basic struclture used for the compounds of this invention. The
30 terms "deaza" and "dideaza" analogs refers to the art recognized
analogs 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-



I n anot her particul ar enbodi nent the present invention is di- 15
rected towards the precursors of these new fol ate

radi ophar naceuti cal s, wherein the am nobenzoyl noiety is substituted
with at | d4QR0BAT6E ectron-wi t hdrawi ng group, pref er abP§TERPER/ P08
from-NO2, -CN, -WCH3)3, -803R1, -COOR, -COR, -d, -Br, -F,

I odoni um sal ts -14(R )2, dialkyl/-aryl silanes -Si OH(121) 2 and 20
silanols -Si H(121)2, wherein R is indegpendently a strai ght-chai n or
branched C(1-12) alkyl group or an optionally substituted carbocyclic
and hetciaerama/cl afd gnovdeaaaprdrilrgsl.i Vit Sideaxy basioRFLEeneUudéNY for

syst ens_nos refer one or twoe ctron-w t hdraw_ng groups |nthe
'y an ’Eﬁm posjrtfo‘#f?/dcﬁa%%e avi G- %@aﬁénzofl 1%ﬁég9gz¢husa¥lﬂ a>

speC| f I@lﬁﬁ]&dla[fﬁﬂtog@'le HYcgeetbd A¥aRA| BRalSqdl el ethd oWl A% de N- [4-
conmpoun formula | WO 2008/ 125617PCT/ EP2008/ 054408 13 Mu, 0 R2
(R A BB 0a s b %47 r A bepieER Ar SRRRYBHIRE ati o X1t 0

X5 are dmfmmﬁmlusyyqf] c€AGN] BERSSy I @Lg@ut%ma(@ 288 e(ﬂo%%ﬂegsfﬁt b¥a

of each ot'her C O, i5 an electron-w thdrawi ng group preferably

sel ect @4 F4ol®~ [N@Z4“d@Hmlan'F@{S?Bldlrs@Rleth—Y@@ROplemzoyldi L-- Br,

-F, io0 I al kyl /-aryl silanes -Si OH(R1) 2, and
sil a:]o?ésdq%[ﬂl—%?'g;c%d_ Vﬁﬁ%@l—éﬁﬁ:gi I S independently a

In a particular embodiment, the new folate radiopharmaceuticals

are labeled with the fluorine-18 in the 2¢-, 3'-, 5/- or 6'-

10 position of the amincbenzoyl-moiety, preferably in the 2/- or
-position. Most preferred are 2’- and 6’-'®F-folate radiophar-
maceuticals. Optionally the new folate radiopharmaceuticals fur-

ther comprise at least one electron-withdrawing group.

In another particular embodiment the present invention ig di-
15 rected towards the precursors of these new folate radiopharma-
ceuticals, wherein the aminobenzoyl moiety is substituted with
at least one electron-withdrawing group, preferably selected
from -NO,, -CN, -N'(CH;)s, -SOsR', -COOR’, -COR‘, -Cl, -Br, -F,
iodonium salts -I*(R’),, dialkyl/-aryl silanes -SiOH(R'),, and
20 silanols -SiH(R')., wherein R’ is independently a straight-chain
or branched C(.1zy alkyl group or an optionally substituted car-
bocyclic and heterocyclic group comprising five-, six- or ten-
membered ring systems most preferably omne or two electron-
withdrawing groups in the 2'- and/or 6'-position of the amino-

25 Dbenzoyl moiety.

Thus in a specific embodiment the present invention is directed

towards compounds of formula I,



10 straight-chain or branched C(1_12) al kyl group or an optionally
substituted carbocyclic and heterocyclic group conprising five-, six-
or ten-nenbered ring systens, Rl, R2 are independently of each ot her
H Hal, -CEO2008f@17 C -Cl12 al kyl, O -Cl2 al koxy, Cl- CPETHIPRUKESH08
C2-C12 al - 15kenyl, C2-Cl12 al kynyl, (Cl-Cl2 al koxy)carbonyl, and (C1l-
Cl12 al kyl am no) carbonyl, wherein R" is Hor C-C6 alkyl, R3, R4 are
i ndependently of each other H, fornyl 13i m nonethyl, nitroso, Cl-Cl2
al kyl, Cl1-Cl2 al koxy, d -Cl2 al kanoyl, hal osubstituted Cl-Cl2
al kanoyl, 20 R5, R6 are independently of each other H or straight
chain or branched Cl1-Cl12 al kyl, which is unsubstituted or substi-
tuted by at |least one CN, Hal, or NQZ, d \M‘@rei n one or nore of
enbedded, non-adjacent CH2 groups nay ing@épeng- WO
2008/ 125617PCT/ EP2008/ 054408 Ri 4 (Raipt | y b%f aced by -0-, -CO,
-00-0-, -CO-NR -, -CH=CH, - s Xd S8, I or 3, is O0or 1, 5 pis O,
1 or 2, has a value of 1 t3727,{angi 5 orpy, In a specific
enbodi rent A is an am nomgi\dqs 4 grted:qfrom glu- 10 tam c acid,
aspartic acid, glutam ne, aspartine, Iysilne, argi ni ne, cystein, and
derivatives thereof or a polyam no acid selected fromthe respective
honmopol yners. In a preferred enbodinent Ais optionally substituted
aspartic acid, glutam c acid, polyaspartic acid or polyglutamc acid.
wherein

A ig an amino acid,

Xito X5 are independently of each other N or C,

5 X5, X5 are independently of each other C, N or O,

Z is an electron-withdrawing group preferably selected from
-NO,, -CN, -N'(CH3;)}s;, -SOsR’, -COOR’, -COR', -Cl, -Br, -F,
iodonium salts -I*(R’),, dialkyl/-aryl silanes -SiOH(R’),,
and silanols -SiHR(‘’},, wherein R‘ 1is independently a

10 straight-chain or branched C(.12y alkyl group or an op-
tionally substituted carbocyclic and heterocyclic group
comprising five-, six- or ten-membered ring systems,

R;, R; are independently of each other H, Hal, -OR'’, -NHR' ',
Cl-Cl12 alkyl, Cl-Ci12 alkoxy, C1-Cl2 alkanoyl, C2-Cl2 al-

15 kenyl, €2-Cl2 alkynyl, {(Cl-Cl2 alkoxy)carbonyl, and (C1-
Cl2 alkylamino)carbonyl, wherein R/’ is H or C1-C6 alkyl,

R3, Ry are independently of each other H, formyl, iminomethyl,

nitroso, C1-C12 alkyl, C1-C12 alkoxy, Cl-Ci2 alkancoyl,
halosubstituted C1-C12 alkanoyl,

20 Rs, R¢ 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,, and wherein one or

more of embedded, non-adjacent CH2 groups may independ-



15 Thus the present invention is further directed towards conmpounds
of formula | wherein Ais e.g. a glutamc acid residue, having
formula 11 &ZG R2 (1R3) DANi x7R6 v5<3*\ vH /\0 )1, 2","3}&_!{3c|
15(18F) 0 PYKRO0A236k || 20 wherein Xito X5 are i ndepend&A{EPFO08PS440%
other N or C, are independently of each other C, N or O,
W2008/ 125617PCT/ EP2008/ 054408 15 - N2, -CN, -WCH2)2, -SO2R1,
-COoP!, -COP!, -d, -Br, -F, iodonium*alts -1(R )2, dialkyl/-aryl
silanes -S1COH(R1)2, and silanols -S1IHR(")2, wherein R is
i ndependent | y #&ndflivabghtrepharadoby br@nchdi®-C( 2C22P-al kgd-NR Oup -CrH=am -
op- Stionally substituted carbocyclic and heterocyclic group
conprising fivé-, six’ or ten-nmenbered ring systenms, Rl, R2 are
i ndepengent|y qf %acri ofzh% g Hal, -OR', -NHR', Cl1-Cl12 al kyl, Cl-Ci12
al koxy, Cl- Cl2 ‘&l kdnoyl - C2-Tl2 al kenyl, C2-Cl2 al kynyl, (Cl-Cl12
al koxy)égar bonyl,,, and (¢1- 10Cl2 al kyl am no) carbonyl, wherein R' is H
or Cil- al kyl !

p

5 is 0, 1 or 2,
g has a value of 1 to 7, and
r is 0 or 1.

In a specific embodiment A is an amino acid selected from glu-
160 tamic acid, aspartic acid, glutamine, agpartine, lysine, argin-
ine, cystein, and derivatives thereof or a polyamino acid se-
lected from the respective homopolymers. In a preferred embodi-
ment A is optionally substituted aspartic acid, glutamic acid,

polyaspartic acid or polyglutamic acid.

i5

Thus the present invention is further directed towards compounds
of formula I wherein A is e.g. a glutamic acid residue, having

formula II,

2 Qs -XgR5
5 (0, ,\’mjﬁLWX7RS
/X'j\/'[ Ok N ’

!

20 wherein
Xi;to X5 are independently of each other N or C,

Xs, X5 are independently of each other C, N or O,

2 is an electron-withdrawing group preferably selected from



R3, R4 are independently of each other H, fornyl, imnonethyl,
nitroso, d-Cl2 alkyl, d-Cl2 al koxy, Cl-Cl2 ahkanogl I f ]

hal osubstituted C1- C12 al kanoyl, R6, R6 are independently of eac

ot her H orWQ2P%{1g¥17 chai n or 15 branched Cl-Cl2 al kyl , R&H/EPRO0B4GS4408
unsubstituted or substituted by at | east one CN, Hal, or NO2, and
wherein one or nore of enbedded, non-adjacent CH2 groups may

i ndependently be replaced by -0-, -COl5 -00-0-, -CONR -, -CH=CH, 20
ms O, 1, 2 or 3, isOor 1, is O, 1 or 2, has a value of 1 to 7, and

is 0 or 1. 25 |+, prefer LRt @m@gﬁrn@@gythecbbgerrn@oﬂ8|s at, th§:2' F,
or 6'- position. In another preferred enbodi nment
2008/ 125617 PCT/Erppdgynsadtg 18" (R7) 2, dialkyl/- aryl silanes —SiOH(R'),,

| k I C SiKYh A o)c bo
?ﬁrfﬁgr %ngerﬁ%g§§%%%§&ai§arg9ﬁﬁ Eiéaﬁﬁggﬁdégé%dg%? %% egﬁﬁngﬂﬁeﬁ
H fornyl, im rﬁjﬁ%ﬂ; t chiatiposy;, l@tarCh@dal dyli,y GALMGAR @i-cquxyorC&nC]:Q)-

al kapoyl , halo .and Rb,
, eac L%éggéi%ﬁg%%trargﬁF%gﬁ aFn heterocYCIlc group

|ndependently
comprising five-, six- or ten-membered ring systems,

Ri, Ry are independently of each other H, Hal, -OR’’, -NHR'!‘,
Cl1-Cl2 alkyl, C1-C12 alkoxy, Cl-C12 alkanoyl, C2-Clz al-
kenyl, C€2-Cl12 alkynyl, (C1-Cl2 alkoxy)carbonyl, and (Ci-

10 Cl1l2 alkylamino)carbonyl, wherein R'’ is H or C1-Cé alkyl,

Rz, R4 are independently of each other H, formyl, iminomethyl,

nitroso, C1-C12 alkyl, C1-C12 alkoxy, C1-Cl2 alkanoyl,
halosubstituted C1-C12 alkanoyl,

Rs, Rg are independently of each other H or straight chain or
15 branched C;-C;; alkyl, which is unsubstituted or substi-
tuted by at least one CN, Hal, or NO,, and wherein one or

more of embedded, non-adjacent CH2 groups may independ-

ently be replaced by -0-, -CO-, -CO-O-, -CO-NR'-, -CH=CH-
, =C=C-,
20 nm is 0, 1, 2 or 3,
pel is 0 or 1,
P is 0, 1 or 2,
q has a value of 1 to 7, and
r is 0 or 1.

25 In a preferred embodiment the fluorine-18 is at the 2'- or 6'-

position.

In another preferred embodiment

R’ is H, C1-C¢ alkyl, C;-Cg alkoxy, Ci;-Cg alkanoyl, C;~C¢ alkenyl,



branched Cl1-Cl12 al kyl, which is unsubstituted or substituted by 10 at
| east one CN, Hal, or NO2, and wherein one or nD{e o; Enbedged, o
-adj acent CH2 groups may i ndependently be repl ace y - 0-, - ,
ngg O-J, - &9?@8‘9?5%1704?0—# , Y. GEC- p In an even nor e PETEFIUB/RT408
enbodinent 15 Ris H nethyl- or ethyl-, R3, R4 are independently of
each other H, nethyl- or fornyl-, and R5, R6 are independently of
each other H, nethyl-, ethyl- or tert.l8butyl-. 20 More preferred are
t hus conmpounds of fornmulae 111 or 1V, W2008/125617PCT/ EP2008/ 054408

17 R2 ¢13p X2 Teynrdd), >G5 (&3 @ R1X1a ot Rtarbbhyh Y or (C1-¢ al-

kylamino) carbonyl.

In a further preferred embodiment

5 R3, R, are independently of each other H, formyl, iminomethyl,

nitroso, C1-Cl2 alkyl, C1-Ci2 alkoxy, C1-C12 alkanoyl, halosub-
stituted C1-C12 alkanoyl, and

Rs, Rg are independently of each other H or straight chain or
branched C;-Ci» alkyl, which is unsubstituted or substituted by
10 at least one CN, Hal, or NO;, and wherein one or more of embed-

ded, non-adjacent CH2 groups may independently be replaced by -
0-, -CO-, -CO-0-, -CO-NR’-, -CH=CH-, -C=C-.

In an even more preferred embodiment
15 R¢ is H, methyl- or ethyl-,

R3, Ry are independently of each other H, methyl- or formyl-,

and

R;, Rg are independently of each other H, methyl-, ethyl- or
tert.-butyl-.

20

More preferred are thus compounds of formulae ITI or Iv,



wherein Z1 to X5 are independently of each other Nor C, 5 X6, X7are
i ndependently of each other C, Nor 0O, is an electron-w thdraw ng
group preferably selected from-N®2, -CN, -NF(CH3)3, -503R, -COOR ,
-COR , -CIWO2@81236F7 | odoni um salts -1*(121)2, dial kyl /P-CS.'WPO“@N%%S
-SiIOH(R )2, and silanols -Si H(121)2, wherein R is independently a 10
straight-chain or branched C(1_12) al kyl group or an optionally
substituted carbocyclic and heterocyclli7c group conprising five-, six-
or ten-nmenbered ring systens, Rl, R2 are independently of each other
H Hal, -OR', -NHR', G -Cl12 al kyl, Ci1-Cl12 al koxy, O -C12
al kanoyl, C2-Cl12 al - 15kenyl, C2-Cl12 al kynyl, (C1-Cl12 al koxy) car bonyl,
and (Cl1- Cl12 al kyl am no) car bonyl , mherﬁln 'O s XMRsor Cl1- C6 al kyl , MD
2008/ 125617PCT/ EP2008/ 054408 18 ni trosol, & a-C12 alkoxy,
d - Cl12 al kanoyl, hal osubstR# u(lF’e Cl C 7 are
i ndependent |y of each otp( chdin or ranched Cl-C12
al kyl, which is unsubsti atd U@ BStlSQgRed by at |east one CN,
Hal , or NO2, and wherer " mnrezof enbedded, non-adjacent CH2
groups nay independentl|y be repl aced by -0-, -CO, -00-0-, -CONR -
-CH=CH, is 0, 1, 2, or 3, 10 pis O, 1 or'"2 has a val ue of l1to 7,
and is 0 or 1. Preferred enbodi nents of conpounds of fornmula I
al so apply to 15 conpounds of formulae |1l and IV. Further preferred
conpounds are conpounds of forrmulae I, 11, I1I

0 O XeRs
N TG
R2 (33)’) JLN

Cl- C12 al ky

X x 0
R{7T Xy X3 7T Ry
v

wherein
X1 to X3 are independently of each other N or C,
5 X5, Xy are independently of each other C, N or O,

pA is an electron-withdrawing group preferably selected from
-NO;, -CN, -N"(CHs);, -SOsR’, -COOR’, -COR’, -Cl, -Br, -F,

iodonium salts -I'(R') 3, dialkyl/-aryl silanes -SiOH(R’),,

and silanols -SiH(R’),, wherein R’ is independently a

10 straight-chain or branched C;.;3 alkyl group or an op-
tionally substituted carbocyclic and heterocyclic group

comprising five-, gix- or ten-membered ring systems,

Ri, R; are independently of each other H, Hal, -OR’’, -NHR’',

Ci-C12 alkyl, C1-C12 alkoxy, CLl-Cl2 alkanoyl, C2-C12 al-
15 kenyl, C2-Cl2 alkynyl, (C1-C12 alkoxy)carbonyl, and (Cl-
C12 alkylamino)carbonyl, wherein R‘’ is H or C1-C6 alkyl,

R3, Ry are independently of each other H, formyl, iminomethyl,



or 1V, wherein m= 0. Thus, in another preferred enbodi nent, the
present invention is directed towards conpounds of forrrul ae V 20 and
VI. "FOR (1,3)p Si N(X7TR6 0 A2X5 Aq 0.1 Rix1 "4 rM

2008/ 1256 WSO8/ 054408 19 (c(3)p X2=.(H) XQTMP?Q?WPMI@M
X4 rR4 X7R6 0

18

nitroso, C1-Ci2 alkyl, C1-Ci2 alkoxy, C1-C12 alkanoyl,
halosubstituted Cl1-Ci2 alkanoyl,

Rs, Rg are independently of each other H or straight chain or
branched C;-C;; alkyl, which is unsubstituted or substi-
5 tuted by at least one CN, Hal, or NO,, and wherein one or

more of embedded, non-adjacent CH2 groups may independ-

ently be replaced by -0-, -CO-, -CO-0-, -CO-NR’'-, -CH=CH-
 ~C=C-,
m is 0, 1, 2, or 3,
io p is 0, 1 or 2,
g has a value of 1 to 7, and
r is 0 or 1,

Preferred embodiments of compounds of formula I also apply to

15 compounds of formulae III and IV.

Further preferred compounds are compounds of formulae I, IT, III
or IV, wherein m = 0. Thus, in another preferred embodiment, the
present invention is directed towards compounds of formulae V

20 and VI



|8F VI wherein X1 to X5 are independently of each other N or C, X6,
X7are independently of each other C, Nor 0, 5 Rl, R2 are

i ndependently of each other H Hal, -OR', -NHR', Cl1-Cl12 al kyl, Cl-C12
al koxy, CWeIs4pIkhoyl, C2-Cl2 al kenyl, C2-Cl2 al kyny[PCT{EEFQ08H408
al koxy) car bonyl, and (Cl Cl12 al kyl am no) carbonyl, wherein R" is H or
a-C6 al kyl, R3, R4 are independently of each other H, fornyl,

i m nomet hyl, 10nitroso, C-Cl12 al kyl, 1@1-Cl12 al koxy, d -Cl12 al kanoyl,
hal osubstituted O -Cl2 al kanoyl, R5, 116 are independently of each
other H or straight chain or branched Cl-Cl2 al kyl, which is
unsubstituted or substituted by at | east one CN, Hal, or NO2, and
wherei n one or 15nore of enbedded, non- adj g X2 groups nay

i ndepend- ently be replaced b H 0040- CONR - CH=CH ,
is 0, 1 or 2, R2Ha;)aval to7 arf5320r|300r 1.
YD 2008/ 125617PCT/ EP20084 & 6&/20\| apbt hét specofic enmbodi nent,
the present invention |)\ r%ﬁ*@qﬂ.owarﬁ% conpounds of formula I
wherein mis 1 or 2, SRth R4

Vi

wherein
X1 to Xy are independently of each other N or ¢,
Xg, Xq are independently of each other C, N or 0,

5 Ry, Ry are independently of each other H, Hal, -OR'*, -NHR‘‘,

Ci-Cl2 alkyl, C1-Cl2 alkoxy, C1-C12 alkanoyl, C2-C12 al-
kenyl, C2-C12 alkynyl, (C1-C12 alkoxy)carbonyl, and (Cl-
Cl2 alkylamino)carbonyl, wherein R’'’ is H or C1-C6 alkyl,

R3, Ry are independently of each other H, formyl, iminomethyl,

10 nitrogo, C1l-C12 alkyl, C1-C12 alkoxy, Cl1-Ci2 alkanoyl,
halosubstituted C1-Cl12 alkanoyl,

Rs, Rg 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,, and wherein one or

15 more of embedded, non-adjacent CH2 groups may independ-
ently be replaced by -0-, -C0O-, -CO-0-, -CO-NR'-, -CH=CH-
' _CEC_!
o) is 0, 1 or 2,
q has a value of 1 to 7, and
20 «x is 0 or 1.

Preferred embodiments of compounds of formulae I to IV also ap-

ply to compounds of formulae V and VI.



that nore preferably the electron-withdrawing group(s) Zis at 5 the
2'- and/or 6'-position. Mdxre preferred are thus conpounds of formnul ae

VI, VITI, IX Xand X, 172 (1.(3)p 1IT)(Hci RIx1 X4 rR4 VI |
RZ....... WO200825617 ), Th,x7R6 (FS x- x3r-0 ...... FCT/EPR00F/B54408
(189n Rixl X4 rP4 VI11 Ckz," X6R5 0 WD 2008/ 125617PCT/ EP2008/ 054408
21

20

In another specific embodiment, the present invention is di-
rected towards compounds of formula I wherein m is 1 or 2, such

that more preferably the electron-withdrawing group(s) 2 is at

5 the 2'- and/or 6’-position.

More preferred are thus compounds of formulae VII, VIII, IX, X

and ¥I,
o Ox - XsR5
Ry (Rs), N xR
H
7 Fl °

Vil

10

IX



0 (18F),, R2 (R2 )1DI 1111 x2j(H A) 15 RIx1 X4 rR4 (18F)n Z R2 (R3)p
x2 I-ro-D5 A 1.0) gl RIXi X4 rRA Xl wherein X1 E:IO Xsdar;aI f .
I ndependently of each other N or C 5 X6, X7are independently of eac
ot heE C N"Bzﬂf'@mﬁ‘%" a el ectron-withdrawi ng group prefeP&BEP2HEPE48d
from-NO2, -CN, -N(CH3)3, -S®BBR, -COOR, -COR, -d, -Br, -F,
|odon|umsalts -r(R )2, dialkyl/-aryl silanes -SlO-l(R')Z and
silanols -SiH(R )2, wherein R is inde&jendently a

wherein
X1 to X5 are independently of each other N or ¢,
5 Xz, %4 are independently of each other C, N or O,

Z is a electron-withdrawing group preferably selected from
-NOp, -CN, -N"(CH3);, -8OsR’, -COOR’, -COR’, -Cl, -Br, -F,
icdonium salts -I*(R'),, dialkyl/-aryl silanes -S10H (R’ ),,
and silanols -SiH(R’),, wherein R’ is independently a

10 straight-chain or branched C(;.isy alkyl group or an op-
tionally substituted carbocyclic and heterocyclic group

comprising five-, six- or ten-membered ring systems,

Ri, R; are independently of each other H, Hal, -OR'’, -NHR' *,
Cl-Ci12 alkyl, Cl1-Cl2 alkoxy, Cl-Cl2 alkanoyl, C2-Cl2 al-

i5 kenyl, C2-Cl2 alkynyl, (C1l-C12 alkoxy)carbonyl, and (Ci1-
Cl2 alkylamino}carbonyl, wherein R'’ is H or C1-Cs6 alkyl,

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



10 straight-chain or branched C(1.42) al kyl group or an optionally
substituted carbocyclic and heterocyclic group conprising five-, six-
or ten-nenbered ring systens, Rl, R2 are independently of each other
H Hal, -&®2003433R7 C1-Cl12 al kyl, d-Cl2 al koxy, O - CRSTEPIOARG#08
C2-C12 al - 15kenyl, C2-Cl12 al kynyl, (Cl-Cl2 al koxy)carbonyl, and (C1l-
C12 al kyl am no) carbonyl, wherein R" is Hor Cl1-C6 al kyl, WD

2008/ 125617PCT/ EP2008/ 054408 22 nitrog®, Cl-Cl2 al kyl, d-Cl12 al koxy,
Cl -Cl2 al kanoyl, hal osubstituted Cl-Cl2 al kanoyl, R5, RG are

i ndependent | y ofiteash,otdiercild oallstr ai ghtcrhabbkeky pranched GlkGhayl,
al kyl , which i nsubstifute ubsti- 5 tuted by at |east one CN,
Hal?/ or NO, ai’ﬁﬁmélggp:#'dﬁ% o‘?{'rﬁi]r?e atLJLfka@f?ﬁgdded, non- adj acent CH2
groups may _i ndependently be replaced by -0-, -CO, -00-0-, -CONR -,

-CH=CH,Rirs Rg oRTE ifiepieaidgnglyl ofc; Phhgrud! opr 1stvafghtnghasn gor
or 1. Pre di ment f unds _of |ae,l to VI .
al so apl5 ply Ibgraégfr}sgzﬁo sblﬁf %f%y %’JI gvglg%ﬁl ,qg'\/lj'll(%lls,u fb%(ﬂ?(g%%doﬁl .SuL)Stl"

Fur Bher pref er tetedobpoandiease Nz l1of okonoy) atd .widdeinVbhb, or
I X, X or XI, wherein n = 0. Thus, in another preferred em bodi nent,

the present inVERE OF i¥RAGEE: e RAORED d5eBBNEBANGEOBPS 20akorimdepend -

Xl XTIl and ¥h¥1y be replaced by -0-, -CO-~, -CO-O-, -CO-NR’-, -CH=CH-
» ~C=C-,
n is 0 or 1,
i0 p is 0 or 1,
q has a value of 1 to 7, and
r is 0 or 1.

Preferred embodiments of compounds of formulae I to VI also ap-

15 ply to compounds of formulae VII, VIII, IX, X and XI.

Further preferred compounds are compounds of formulae I, VII,
VIII, IX, X or XI, wherein n = 0. Thus, in another preferred em-
bodiment, the present invention is directed towards compounds of

20 formulae XII, XIII and XIV

o @] XeRs
7R
R, (Ra)p N e
1 H O

X7 K3
S K

R{ Xy Xy T Ry
Xt



R2 (R3) XI--(1-) -0)q | Rixl )(4 rR4 WD 2008/ 125617PCT/ EP2008/ 054408
R2 (R3) v*3 n2m(H q Rlx1 x4 rR4 XIIl R2 (3)1D ani R1x1 x4 rR4 o
0.7.. X6R5 wl\g ZoRoguzsm PCT/EP2008/054408
23
XgR5
R, (Ra) {(jf‘\ MXTRB
Xz —(H)
R1/,%
X
0 Da - XeRs
Ry (Ra) N %R
Dl H
2~ X3 0
X 7 =FH) z
As, A )y el

wherein

X; to X5 are independently of each other N or C,

5 X;, X, are independently of each other €, N or O,

Z is an electron-withdrawing group preferably selected from
-NO;, -CN, -N"(CH3);, -SOsR’, -COOR’, -COR’, -Cl, -Br, -F,
icdonium salts -I*(R'),, dialkyl/~aryl silanes -SiOH(R’).,
and silanols -SiH(R');, wherein R’ is independently a

10 straight-chain or branched Ci1-12y alkyl group or an op-
tionally substituted carbocyclic and heterocyclic group

comprising five-, six- or ten-membered ring systemsg,

Ri, Rz are independently of each other H, Hal, -OR'’, -NHR'’,
C1-C12 alkyl, C1-Cl2 alkoxy, Cl-C12 alkanoyl, C2-C12 al-

15 kenyl, C2-C12 alkynyl, (C1-Cl2 alkoxy)carbonyl, and (C1-
C12 alkylamino)carbonyl, wherein R'’ ig H or C1-C6 alkyl,

R3, Ry are independently of each other H, formyl, iminomethyl,



0 XV wherein X1 to Xg are independently of each other Nor C 5

Xg, X7are independently of each other C, Nor 0, is an

el ectron-wi thdrawi ng group preferably selected from-NO2, -CN,

- N1- (CH2) YO 2098/33617 _.COOR , -COR', -d, -Br, -F, iodoniPGRESH08/854408

-1(R )2, dialkyl/-aryl silanes -Si OH121)2, and silanols -SiH(121) 2,

wherein R is independently a 10 straight-chain or branched C(212)

al kyl group or an op-tionally substit@®ed carbocyclic and

het erocyclic group conprising five-, six- or ten-nenbered ring

Sz Al kyl . oCLralkoxy. OLs Lo Al Kanoyl. Cotls ol ek riorL,
-C12 al kyl, - Cl2. al koxy, -Cl2 al kanoyl_, -Cl2 al - 15kenyl,

C2-C12 al kynyl,leI %fPéf§l§P§8Qy?%a?%r®]1%a%¥&:(01- Cl12

al kyl am no) car bonyl, wherein R" is Hor C-C6 al kyl, WD

2008/ 12%%1 7RCTFEL 02008P63290BL 240K 08680, 0thEXCE ot kgkratphClzhain ox

al koxy, d-Cl12 | .~ hal o it d.d.-C12 al kanoyl, .R5, R6_are

i ndependent |y o aé%&ot%egmH%gﬁaét‘rg%hgﬁ clﬁailhn%llbsg:rlg}n%ﬁgd C1 -FEPFtL-

al kye , which i sutesubst btuledser osebat) Hait,edid¥od! L€ASIORE Cne or

Hal , or NC2, and wherein one or nore of enbedded, non-adjacent 012

groups nay i nd@PERdetht | SMRRAGsh| e asljacent CHR grogPsOmay- GRdYRend-

-CHECH, is 0, Erefy2bel@eflased @l 0f.cb 1060 804 _co_nr’-, -cH=CH-

. —C=C-,
P is 0, 1 or 2,
10 g has a value of 1 to 7, and
r is 0 or 1.

Preferred embodiments of compounds of formulae I to XI also ap-

Ply to compounds of formulae XII, XIII and XIV.

15
It is understood, that the abbreviations "N* and "C" are repre-
sentative for all possible degrees of saturation, i.e. N in-
c¢ludes -NH- and -N= linkages and ¢ includes -CH;- and -CH= link-
ages.

20

It is further understood, that (H) g represents all H substituents
on the indicated ring (i.e. on X;, €6, C7 and X,). For example (g
= 5 for a fully saturated unsubstituted analog (X; = X, = N, p =
0) or ¢ = 7 for a fully saturated unsubstituted 5,8-dideaza ana-
25 log (X3 =X, =C, p=20) and g = 1 for a fully unsaturated analog

WithX3=X4=N,P=O.

A preferred embodiment of compounds of formulae I to XIV in-

cludes for example wherein X; to Xs are N, R; is NY.Ys, R, is O, P



is O or

under st ood,

under st ood,
. e.

ring (i

= 0) and q

further
conpoun
5 wherein
4
10
RS 14 RS '
15

20

25

1. Preferred enbodi ments of conpounds of fornulae |I to Xl

al so apply to conpounds of formulae XII, X1l and XIV. 15 It is

that the abbreviations "N' and "C' are representative for
al | possi BY@208GP%¥s of saturation, i.e. N includes - NBCTARHOS/RES08

l'i nkages and C includes -CH2- and -CH= linkages. 20 It is further
that (H)q represents all H substituents on the indicated
on X3, C6, C7 and X4). For 286xanple q = 5 for a fully
saturated unsubstituted analog (X3 = X4 =N, P=0) or q =7 for a
fully sasubatmedl qnisulistituted 5, 8-dideaza ana- 25 log (X3 = X4 = C, p
=1 for a fully unsaturated analog with X3 = X4 = N, P =
0- WO 2088/ 125647PCTLERP2088£058408erbod Smdhtanthd] preskntlNYSrerdtiod is

i fi nbodi t th t o tion is directed to a
PEFCYS i £ SRR OEoYaRRNE 285 n (%), N O R

Ox-ORs
(Z@ iI;/“WrORG
i /'\U H

N XN 0
N R
YoYaNT N7 N 4
XV

is an electron-withdrawing group preferably selected from
~NO;, -CN, -N'(CH3);, -SOsR’, -COOR’, -COR’, -Cl, -Br, -F,
iodonium salts -I*(R’),, dialkyl/-aryl silanes ~SiOH(R') s,
and silanols -SiH(R'),, wherein R’ isg independently a
straight-chain or branched C(;.12 alkyl group or an op-
tionally substituted carbocyclic and heterocyclic group

comprising five-, six- or ten-membered ring systems,

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,, and wherein one or
more of embedded, non-adjacent CH2 groups may independ-
ently be replaced by -0-, -CO-, -C0-0-, -CO-NR’-, -CH=CH-
: —C=C-,

Y1, Y, are independently of each other selected from H, formyl,

straight chain or branched C;-Ci; alkyl, which is unsub-
stituted or substituted by at least one CN, Hal, or NO,,

and wherein one or more of embedded, non-adjacent CH2
groups may independently be replaced by -0-, -CO-, -CO-O-
;, -CO-NR‘-, -CH=CH-, -C=C-,

is selected from H, nitroso, C;-Ci; alkyl, C;-Cis alkoxy,



XV 5 wherein is an el ectron-wi thdrawi ng group preferably sel ected
from-NO2, -ON, -N+(CH3)3, -SO3R, -COOR, -COR, -d, -Br, -F,
iodoniumsalts -r(121)2, dialkyl/-aryl silanes -SiOH(R )2, and

sil anol s V4 PMOR135817 wherein R is independently a 10 sPEHEFHOS/BHH8N
or branched C(112) al kyl group or an optionally substituted

car bocyclic and heterocyclic group conprising five-, six- or
ten-nmenbered ring systens, 126, R6, areé i ndependently of each other H
or straight chain or branched Cl1-Cl2 al kyl, which is unsubstituted or

substi- 15 tut d-by, alieagh , ORE1 Gin s culla MeBe, And cbgpel n one of

nore of enbedd Hon- adj acent CHD. groups ay Fndpendentty’ be
repl acegd by -0-44 9COy, 50Q;.05, ;CONR -, -CHCH , Y1, Y2 are

s

i ndependent |y of each’ot her 3&l@acted from H, formyl, 20 straight
chain of branched ;CL;C12 al kyl, which is unsubstituted or substituted
by at least one CN, Hal, or NO2, and wherein one or nore of enbedded,
non- adj acent CH2 groups nay independently be replaced by -0-, -CO,
-00-0- , -COONR -, -CH=CH, -CEC, WD 2008/125617PCT/ EP2008/ 054408

26 Gl- G-l kanp Stilet kanews 4 3.0 or _3,
and is 0 or 1. SE&bg‘ag?%ggge%og%ﬁg%%d%ﬁ?npoun(?s?,dﬂf%foo?%&ri gisfj 8"
X'V al sblappt wawwawessoafidfoohulardil a XV. Thus, in a further

speci fic enbodi ment the present invention is directed to a conpound
of formula XVI, wherein is an el ectron-w thdrawi ng group preferably
selected from-N®2, -CN, -N(CH3)3, -SGBR, -COOP!, -COR, -CO, -Br,
-F, i odBisum Bal & sturiy 2speiibf doy | ¢mkandiimesit] aibes pr8isHE RihZent Soands

si | anol&ifeﬂggd?tgozg] \é}gﬁﬁg{lﬂdl?ofi éoér&qeao?&gent |y a straight-chain or

branched C(1..12 group or an op- nal |y substituted
carbocyclic and heterocyclic group conprising five-, six- or

ten-menbered ring systens,
Ox,-ORs
{(L)m
o R ﬁ, N ORg
HN&N]/\H\I \}3 @]
Js g R, ¢

Ya¥aNT N

XVl
10

wherein

Z is an electron-withdrawing group preferably selected from
-NOz, -CN, -N'"(CH3);, -SOsR’, -COOR’, -COR‘, -Cl, -Br, -F,
icdonium salts -I*(R’),, dialkyl/-aryl silanes -SiOH(R’},,

15 and silanols =-SiH(R’);, wherein R’ is independently a
straight-chain or branched Cg.12 alkyl group OF an op-
tionally substituted carbocyclic and heterocyclic group

comprising five-, six- or ten-membered ring systems,

R3, Ry are independently of each other H, formyl, iminomethyl,

20 nitroso, C1-Cl2 alkyl, C1-C12 alkoxy, C1-C12 alkanoyl,
halosubstituted C1-C12 alkanoyl,

Rs, Rg 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,, and wherein one or



R3, R4 are independently of each other H, fornyl, imnonethyl,
20nitroso, C-Cl12 alkyl, d-Cl2 al koxy, Cl1-Cl2 al kanoyl,

hal osubstituted O -Cl2 al kanoyl, Rs, R6 are independently of each

ot her H orW@geg{1giel7 chai n or branched Cl1-Cl12 al kyl, whiPER/EP2008/054408
unsubstituted or substituted by at | east one CN, Hal, or NO2, and
wherein one or WO 2008/ 125617PCT/ EP2008/ 054408 27 nore of enbedded,
non- adj acent CH2 groups nmay independentzly be replaced by -0-, -CO,
-00-0-, -CONR -, -CH=CH, YlI, Y2 are independently of each other

sel ected from khoreorsw! embsddai 9hihoread 43 R tb e -
which is unsub- stituted or substitut eciJ by at Iears?atel%g%s Gq%aiﬂaépend
NO2, and wher eiShtdie b§r replacsd ]élﬁbeQidedCQTon -£8 8cent COHIR gt o sy
i ndependent |y be replaced by -0-, -CO, -00-0- , -CONR -, -CHCH,
-C=C, 10 mis 0, 1, 2'or 3, and is 0 or 1. Preferred enbodi ment s of

corrpoungs f oramu |y .o _conpound f or mu
15 O her enbodé!lr n%lg&%é%ﬁ%g?ﬁ%ﬁn%g e(a)%)&} T %Ir\m‘eﬁel rFa%I“Y o
X5 and Rl and RErarighl, dR&in Rr bf¥hdhedHc, R4, 21&K8, AHish0 iandrGulks

1. Thus, in a further rﬁi‘%em fic enmbodi nent the present invention
i s 20 directed 3 A tEIMSEURILSE1EBERG] BY Yok | ledst)  onekeN 2R\ SR,

R6 and wherein one or more of embedded, non-adjacent CH2
groups may independently be replaced by -0-, -CO-, -CO-O-
, -CO-NR'-, ~CH=CH-, -C=C-,
10 m ig 0, 1, 2 or 3, and
n is 0 or 1,
Preferred embodiments of compounds of formulae I to XV also ap-
ply to compounds of formula XVI.
15

Other embodiments are compounds of formulae I to XIV wherein .4

to X5 and R; and R; are N, R; = Rg = Rg is H, R, is CH;, p is 0 and

g is 1.

Thus, in a further specific embodiment the present invention is

20 directed to a compound of formula XVII,

@) o O ORs
NH, \'\J)k jv\/\WORs
B S

Xvii

wherein

Z is an electron-withdrawing group preferably selected from



|HO N1% .N A 1(189n H2ZN N XVI1 wherein WO

2008/ 125617PCT/ EP2008/ 054408 28 -NO2, -CN, -N(CH3)3, -803R, -COCOR
-COR, -d, -Br, -F, iodoniumsalts -1(11)2, dial kyl/-aryl silanes
-Si OH( R ) WO aWg125617anol s -8111(R )2, wherein R is ind@p&Agaasptg
straight-chain or branched C(1_12) al kyl group or an op- Stionally
substituted carbocyclic and heterocyclic group conprising five-, six-
or ten-nenbered ring systens, R5, R6 age independently of each ot her
H or straight chain or branched Cl-C22 al kyl, which is unsubstituted
or substituted ygs,at _fgasiyo ROl _ »ang erein ong. or 10
nore of enbedded, 2non-adj acegjti{agz g!r?%&pé rrawggﬁnblegce(\rj\%e’ntlc;i'be%r’ ]F’
repl aced by -0-diedogdum s80Le- ;I™BOINR diallGH G rvils sGlahes2-9108B(R ANJ

is 0or 1. 15 er i rens g, conpounds of ,fornul,ag | to XV
wherein X1 to %‘ ansd%?%%el?%ig?{é NG g‘gﬁgr??g‘ =ERg 3 H,ngﬂgePge‘ﬁ%Y of*
fornyl, p is 1skmdightschain or Hwmched & fujt akyIpesidit or an op-

enbq@di nent the _present i nvyent.ion i.s 20.directed t conpound of
for%ula XVIII,t%ﬁn?iiyo stituted carbocycigc ang %mweg%cyclic group

comprising five-, six- or ten-membered ring systems,
Rs, R¢ 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,, and wherein one or

10 more of embedded, non-adjacent CH2 groups may independ-
ently be replaced by -0-, -CO-, -CO-0-, -CO-NR/-, -CH=CH-
, —C=C- ]
m ig 0, 1, 2 or 3, and
n is 0 or 1.
15

Other embodiments are compounds of formulae I to XIV wherein X4

Lo X5 and R; and R; are N, R = R = Rg is H, R; is CH; or formyl,

p is 1 and q is 4.

Thus, in a further specific embodiment the present invention is

20 directed to a compound of formula XVIII,

wherein

Z is an electron-withdrawing group preferably selected from



(z)", NH2 13 -N O Nr- Hn A | H2NNN. 7(18F) XVIII wherein WO

2008/ 125617PCT/ EP2008/ 054408 29 -N2, -CN, -1e(CH2)3, -SXRR, -COOR ,
-COR, -d, -Br, -F, iodoniumsalts -1+(R )2, dialkyl/-aryl silanes
-Si OH(R ) Y0 a¢8/1361%anol s -Si H(R )2, wherein R is i ndeBEREFEA0BAS51408
strai ght-chain or branched C(2_12) alkyl group or an op- Stionally
substituted carbocyclic and heterocyclic group conprising five-, six-
or ten-nmenbered ring systenms, Rsis H, 2aethyl- or fornyl-, Rs, R6 are
i ndependently of each other H or straight ghai n grbbranclhed tCl- 0120}1
al kyl , which i sasubsii t ke su o 1 ed L east CN,
Hal?/ or NC2, anc]imB er%iﬁh glﬁle&ggﬁ?rbrre)é%sfgénbggggdf n%%l?la'dj g@e’nt%e-’lz '
groups may i nddpsiedédnm gabesr epl @ded, bgialkyl f-G@v]l sQQafles ~CIDERLS),,,

- CH. CH, and silanols -SiH(R’);, wherein R’ is independently a

straight-chain or branched C(.:2y alkyl group or an op-
5 tionally substituted carbocyclic and heterocyclic group

compriging five-, six- or ten-membered ring systems,
R3 is H, methyl- or formyl-,

Rs, Rg are independently of each other H or straight chain or
branched C;-C;; alkyl, which is unsubstituted or substi-
10 tuted by at least one CN, Hal, or NO,, and wherein one or

more of embedded, non-adjacent CH2 groups may independ-

ently be replaced by -0-, -CO-, -CO-0-, -CO-NR’-, -CH=CH-

' —CEC"I
m is 0, 1, 2 or 3, and
15 n is 0 or 1.

The term "alkyl", when used singly or in combination, refers to
straight chain or branched alkyl groups typically containing 1
to 12, preferably 1 to 8 more preferably 1 to 4 carbon atoms,
20 such as methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, iso-
butyl, t-butyl, pentyl isopentyl, neopentyl, hexyl and the like.

As used herein, the term "alkenyl" (i.e. an alkyl group as de-
fined above having at least one double bond), singly or in com-
bination with other groups, refers to straight chain or branched
25 alkylene groups containing 2 to 12 carbon atoms, such as methyl-
ene, ethylene, propylene, isopropylene, butylene, t-butylene,
sec-butylene, isobutylene, amylene, isoamylene, pentylene,
isopentylene, hexylene and the like. The preferred alkenyl

groups contain 2 to 8 carbon atoms.

30



is 0, 1, 2 or 3, and 15 nis 0 or 1. The term"al kyl", when used
singly or in conbination, refers to straight chain or branched al kyl
groups typically containing 1 to 12, preferably 1 to 8 nore

pr ef er abl YWQ2808/1266E7ar bon at ons, 20 such as net hyl, et hPCT/EB2I§R)34408
i sopropyl, butyl, sec-butyl, isobutyl, t-butyl, pentyl isopentyl,
neopentyl, hexyl and the like. As used herein, the term"al kenyl"
(i.e. an al kyl group as de- fined aboge having at |east one double
bond), singly or in com bination with other groups, refers to

strai ghthe heéfin ora Dieggived( 2% Al dey | £118, 10T PP Nt NG 2P Rrel having
such as net hyl ene, ethyl ene opyl ene, isopropyl ene,

car bon at oins, 1 pr /
butyl ere> tEdTtyPRReETiBEEHRPPRENES NEEHUNPKEAB, TafipFente RsdampRENEr
pent yl emeandisapeshyignes hexyoanengd thecd i kg The f Al
groups co,nl% ain 2 to 8 carbon atons. WO 2008/ 1%5%17%%E%%r%g)fgé}%h
30 The tetd® DWAR 'The rrefgrragik plkyrpl pIueurpief ¢anddiab ey ¢ chdei ngoae

| east fd 418, BoRd) gasuBeH HeLfin refers to a linear or branched
chain of carbon atons with one or nore carbon-carbon triple bonds.

The preferred al kynyl groups contain 2 to 12, nore 5 preferably 2 to
8 carbon atons. The term "al koxy" as used herein refers to an al kyl,

as defifgd @bgyes ﬁ&f,}é}d tat ed, v t : ch_a t-hoxy, _et ho
pr opoxy, isopropoiy, ut oxy, tert%ﬁ%ﬁ%&fﬁ t%g Isdl'nrllga.ﬂi’é’Tﬁes téa)ré\%md
"al kanfovens avkdthHeriedh withr oxygehor mpich s amethdoyy, ashde§j nedo-

o opandyT Y by P BeneReyY ok TRAT e fnd YR BT 1 oyl arm nor

asqgsed herein refers to an al kyl, as defined above, substituted with
ni trogen, including both nonoal kyl am no such as net hyl am no,

et hyl aryo, + PEHPYL Ry if ayi e like, a
di al kyl am n% srﬁchégﬂgg%t ﬁ{ﬁ gyn”%é(n%, H%?%%%;?%fn"%lhnso,tonef%wgﬁbp% a?r’ilnS‘iL'
and t hésdi keas2@ieiiaederadveal ot ensinskly tmbeiti tueédr svitthh any c@rbuoayl

17 el [ d hl b i , [ :
The oxpr g o Font onarPo-EoRk T2 BRFaBrYL i A (is ahe

15 The term "alkylamino" as used herein refers to an alkyl, as de-
fined above, substituted with nitrogen, including both monoal-
kylamino such as methylamino, ethylamino, propylamino, tert-
butylamino, and the like, and dialkylamino such as dimethyl-

amino, diethylamino, methylpropylamino, and the like.

20

The term "halo" as used herein refers to any Group 17 element

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

The expression “opticnally substituted” preferably includes sub-

25 stitution with bhydroxy, alkoxy, (di)alkylamino, alkylsulfonyl,
alkylearbonyl, alkylcarbonyloxy, alkoxycarbonyl, carboxyl, Hal,
CN, NO,.

The expression “carbocyclic and heterocyclic group comprising
five-, six- or ten-membered ring systems and the like” prefera-

30 bly includes phenyl, naphthyl, azetidinyl, pyrrolidinyl, imida-



25 stitution with hydroxy, al koxy, (di)alkylam no, alkylsulfonyl,

al kyl car bonyl , al kyl carbonyl oxy, al koxycarbonyl, carboxyl, Hal, CN,
NO2. The expression "carbocyclic and heterocyclic group conprising
five-, siWOap8figielhrenbered ring systens and the |ike" PETERPL08/054368
bly includes phenyl, naphthyl, azetidinyl, pyrrolidinyl, imda- WO
2008/ 125617PCT/ EP2008/ 054408 31 zol yl, indolyl, oxadi azolyl,

t hi adi azolyl, triazolyl, tetrazolyl, axatriazolyl, thiatriazolyl,
pyridazi nyl, norpholinyl, pyrimdinyl, pyrazinyl, pyridyl,

qui nol i Bylyl | sotidIkli NYloxapiiRebl gl NY| gh iRz, | 8L8229Py | d'x{@ém-
and piperazinyl, nmore 5 preferably phenyl, naphthyl, pyrrolidinyl,

i mi dazoFf}f,lt r i AR 2P i HFH#P flsakm , pyirpeezdnyyl , menpholinyl,
pyr azol ¥yrifinsinpr ef bl yi ny| Pyl ggﬂﬂ;hyl.- ie
"electr%%-mjtrmkgim ngﬁgrou.#ﬁgr_"g¥€%%kg" agag%e éﬁbinlgéﬁﬁﬁ%§#g?¥%'
functioﬂéP?%@@l%WﬁchPﬁﬁﬁzangas1@lﬁéavpﬂghibudroapdamdthasingh,bamre

ot uater T R oRT SR Phe TA TG tae, LA eria-

el ect r ofPW hdPawilAgdgnelps Hyeidyde -INaRridiNyl, 1ef@H3p§raz8DFR , most
i anes TSGR PR < PEAEPE PR o nbrein R s

e SherAES o EaeRRLaRlaley B HATCRER, 6L 0 UL 910 e

conpri shexefn veefesextoorat énnctionality, which can act as a leaving

10 group and thus can be exchanged by an incoming [**F] fluoride or

else can act as an activator for the introduction of the

[*®F] fluoride. Suitable electron-withdrawing groups include -NO,,

-CN, -N"(CH3);, =-SOsR', -COOR’, -COR‘, -Cl, -Br, -F, iodonium

salts -I'(R’),, dialkyl/-aryl silanes —8iOH(R’)},, and silancls -

15 B8iH(R’),, wherein R’ is independently a straight-chain or

branched C(:.12; alkyl group or an optionally substituted carbo-

cyclic and heterocyclic group comprising five-, six- or ten-

membered ring systems and the 1like, preferably -NO,, -CN, -

N"(CH3;)3, -SOsR’, -COOR’, -COR’, -Cl, -Br, -F, more preferably -

20 NO;, -CN, -N"(CH;)s.

In a preferred embodiment R; and R, are independently of each
other H, -OR’‘’, -NHR'’ wherein R‘’ is H, C1-Cg alkyl, C;-C,
alkoxy, ©,-C4 alkanoyl, (Ci-C; alkoxy) carbonyl, and (Ci-Cg al-
25 kylamino)carbonyl, more preferably R; and R, are independently of

each other -OH, NH,.

In a preferred embodiment R; and R, are independently of each

other H, methyl or formyl.

30



menbered ring systens and the like, preferably -NO2, -CN, -
N(CH3)3, -SABR, -COOR, -COR, -d, -Br, -F, nore preferably -

20NO2,

-CN, -Nf(CH3)3. In a preferred enbodinent RL and R2 are

i ndependeWPy008f256tch other H, -OR', -NHR' wherein R' PETEP2008/03408

al kyl ,
(Cl-C6

Cl-C4 al koxy, Cl-C4 al kanoyl, (Cl-C4 al koxy) carbonyl, and
al - 25 kyl am no) carbonyl, nore preferably RI and R2 are

i ndependently of each other -OH, NH2.3En a preferred enbodi nent R3

and R4

are independently of each other H methyl or fornyl. WO

2008/ 126614 PeHER2048/ QodARE mdat! kA é}{@fl@ﬁr refe erhadhb ki, age Bich

are independently of each other H, nethyl, ethyl or tert.-butyl. In a
pr ef er rethenfbdimedtylR etbyH, onetdmwt . dutatlhyl . 5 In a preferred
enbodiment R' is H methyl or ethyl. In a further aspect the present

i nvention provides a nethod of synthesizing a conpound of the

i nvention. Applicants have found 10 that the folate

r adi oph&t readetfiegalesl efmbpiémeny ekt | on Hyaypeltdydboai eyt hr ough direct
radi ol abeling with [1F]fluoride. Mre specifically, a method of
production of the invention com prises the steps of providing a
precursor having fornmula I 15 wherein n = 0 and reacting said

precur sBt anvintefergrlf cabriidwentct R Vatisl oy meghhgd oraestixlr. cat al ysts
such as tetrabutyl amoni um carbonate or am nopol yethers (e.g.
Kryptofix(c) 2.2.2) in conbination wi th potassium carbonate or
oxalate to forma conmpound having forrmula | including a (18F1fl uoro

gr oup.

¥ a pretberedspart20hpopirrenutt hovéotite paovidémr anneuhodabs

wor o ORARLING &Gk daRe!dN AP R RARR
fluoro-for-nltro g&c G AE {H¥%A%1on %pp%lcants have found
10 that the folate radlopharmaceutlcals of the invention may be ob-

15

20

25

30

tained through direct radiolabeling with [*°F] fluoride.

More specifically, a method of production of the invention com-
prises the steps of providing a precursor having formula I
wherein n = 0 and reacting said precursor with [‘°F]fluoride ac-
tivated by phase transfer catalysts such asg tetrabutylammonium
carbonate or aminopolyethers (e.g. Kryptofixg 2.2.2) in combina-
tion with potassium carbonate or oxalate to form a compound hav-
ing formula I including a [F]fluoro group. In a preferred em-
bodiment the folate radiopharmaceuticals were cbtained in a di-

rect labeling method based on a fluoro-for-nitro-exchange.

In a typical reaction, a suitable organic solvent was added to
dry 18F—Fluoride—cryptate and the resulting solution was added to
a suitably protected precursor, which was provided in a sealed
reaction vessel with a base such as DIEA, TEA or pyridine. The
resulting mixture was heated to 140 - 145 °C for 20 - 25 min.
After short cartridge purification, deprotection was carried out
under basic or acidic conditions and a gentle heating for 5 — 10

min. Crude product solution was neutralized and injected to



I'n a typical reaction, a suitable organic solvent was added to dry
"F-Fluoride-cryptate and the resulting solution was added to 25 a
suitably protected precursor, which was provided in a seal ed reaction
vessel w tWMO30U843¥15uch as DI EA, TEA or pyridi ne. The rRESHPRIORLS4408

m xture was heated to 140 - 145 C for 20 - 25 min. After short
cartridge purification, deprotection was carried out under basic or
acidic conditions and a gentle heating®for 5 - 10 30 mn. Crude
product solution was neutralized and injected to WO

2008/ 12667 P& EPEROG/ 654488, 3pne %ﬁfﬂ&&vépégoﬁﬁéEe%s nglle%t%c%/ and

radi oactj ve product. was col |l ected and the HPLC sol vents renobved
st ream B%en' L&y eiP L ARG S Uk AV fe Y e2hS4ERAY. Ofomittreglesy, mutaatuiuon, and

the drygpreddchedBsng edipssobued sWihi REYSH 0 ag ¢ d@nand o giq-
transfggfed to gt erli-lglge 5 vial using a steri I%lﬁ%fﬂﬁ a furt hero >
aspect FREVETedEit | PREHGITinEdyi dekutisus afdf olraheferred to sterile

r adigpph Ceiih e d; ption for convenient and effective
adm ni s?!riit?i on t%a%asssﬁrjletcéf ﬂiqu\é%eed for diagnostic im 10 aging. Thus

the present invention provides a method for diagnostic inmaging of a
cell or population of cells expressing a fol atereceptor, said nmethod

conpris¥fpg 4 h o 1 ni_gt.er] | east_one folate .
ragP ophgirina%egtu i%%glle]?ofé? e |n\f/:21%ti%ﬁg?eﬁ£ta glgga{lgi%n n(?srtqv&dIeﬁag?%@s of
anmount , fektebrad heplperatewjriostlisc dirage ofnsaitd ctel fororcqaspimiatitontind

of cell ' : perfQr .qn, a,cel | or popylation of
cells e;é{fpfgdggﬁ% a #%Pla%%}érééggpﬁ 8r%'| ng%\gp??g oP Fﬂe‘&@% logh4s 1m
pr ddentagiv@nt i on provides a nethod for in vitro de-

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-
15 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-receptor in vitro or in vivo.

Thus, the present invention provides a method for in vitro de-
20 tection of a cell expressing the folate receptor in a tissue
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 imaging tech-

25 niques such as autoradiography and the like.

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 or inflammatory and auto-

30  immune disease therapy.

In another aspect the present invention provides a method for



20 tection of a cell expressing the folate receptor in a tissue
sanpl e which includes contacting said tissue sanple with at | east one
fol ate radi opharmaceutical of the invention in effective anmounts and
for suffi Y@MUSAIAE and conditions to allow bindi ng toPEEER0FPTH408
detecting such binding by inmaging tech- 25 ni ques such as

aut or adi ography and the like. In a further aspect the present

i nvention provides uses of folate radsapharmaceuticals of the present
invention for convenient and effective admnistration to a subject in
need f osimliBgREEIIL AdTERFIIRE =0lan®D iHH OEhkN MYad-
and auto: 30 immune di sease therapy. g@?zg%g%?ggg%gPE%%E%%%%%?%%4%€8
34 si mMMRAERKY dghGsiPIREt Rer 8599 EbAPRPS| 3y terststaps fsflate ra-
adm ni sd eSS WRI18Cs | PndepdeLBRE €Q9hvRh 62511008 d M & tically
radi ophar maceutical of the present invention in a diagnostically

ef f ect | Vefafidiift #ROERFbiRaGCBRiRREROR whshapethaxsidepticrilly, &5 tdve,
obt & ni i I g ke ; Sal i sSsHes .t t se
Creat Mot TR oubrbor of Re et NSt Of neebleSar IFh 5 TR TE The
pref er a¥A¥rse mfmigleatowok.as an animal or a human, preferably a
human. 10 The dosage depends on the nature of the effect desired,
such asThhesykientofolli blegmoseishals tdfer bipy , proesartie kivehtdnd fisegueteya-

of treatyent, the di.agngstic,_ i tation, on the.form of

app! i cat]ip%n of 't hael’prsglgglr g?i %%,a%%ﬁdéfo%h%e%gjggy’mgfﬁﬁﬁaw A %%ﬁnand
condition of the recipient, kind of concurrent treatnent, if 15 any.
However, the nost preferred dosage can be tailored to the individua

sujeectsnaS9hSs Molsly t .na one of skil.l i.n the
art, wthout uﬁ#ﬂgﬁé%%erléggﬁg%?on. iElghff%¥%5¥ﬁ§cfnégﬁ&5§d’ such as
adj ust gt Bfrm of addagdosbsepretherapeduchi dheokihtiear@ desquehcyher

pati ent ow ho I . Jreatrent ca ammence Wi th_a smal_l er
anount ,© tt}ei g\% THe O%p&%ﬁﬁl%%ﬁﬁﬁcvﬁpﬁ CER R e r &8s EBS AosMdRE 8B~
achi eveptiveatopti mfin efd eutepdatihn,f endt @ aticophay, MTeeYhicG ahs +f +i b
present_inventj.Qn may adm ni,stered either_as a repeated dose or |
preferaabrfc{; Caosndé&élioﬁ]gloefb % e TOEGPIEREnpi A  BE FRtrgent treatment, if
radisopharymaceuti cal s of this invention nmay be adnministered to a

subj ect by intravenous bolus injection. The suitable forns for

i nj ect iHoweivenl,udthes tneyd @rIF ca@e@OEDsagEULRANSeOE a6l SPEH StONELEf 1LAS-
above nentianed fol ate radi ppharmaceuticals of _the present invention.
WO 20087 78R e 008F05u ognderstood and determinable by one of

gkill in the art, without undue experimentation. This typically
involves adjustment of a standard dose, e.g., reduction of the

20 dose if the patient has a low body weight.

Treatment can commence with a smaller amount, below the optimum
amount, which can be increased in order to achieve the optimum

effect.

25 The folate radiopharmaceuticals of the present invention may be
administered either as a repeated dose or preferably as a single
dose. For example, the folate radiopharmaceuticals of this in-
vention may be administered to a subject by intravenous bolus
injection. The suitable forms for injection include sterile

30 aqueous sclutions or dispersions of the above mentioned folate

radiopharmaceuticals of the present inventiom.



35 For a solution to be injected a preferred unit dosage is from
about 0.01 nL to about 10 nL. After e.g. intravenous adm nistration,
i magi ng of the organ or tunor in vivo can take place, if desired,
from 30 mwWOoeYsA2¢blrs, after the radi ol abel ed reagent PETHRZ00B/BHH0S
adm nistered to a subject. Typically, a sufficient anount of the
adm ni stered dose will accunulate in the targeted area. The folate
radi opharmaceuticals are preferably puasified by HPLC. After renoving
the solvents of the HPLC purification the prod- 10 ucts were

preferabby solagditiiBnpesigd ogh $akt S9! it in@?eﬂ'?@ agiP- gggﬁggdisorfmm
0. 15M phosphat e buffer solution, before the application, t o
f or mul aBRA alli QpHEr neR etRPeal 1Q gt Afdfear ced .t dnarstencle administoraa

sterilecfbhles fakatger adkoph igal s..of t inyenti.on may,
al 50 be. 18 used {o!l?giﬁ vi tl?oagglggct@’%gﬁﬁg@&a&%eﬁl%gxﬁrgessﬁaxcge ghgeer 1if
fol ate feebprdr from 39ssie bPopshonakenaftem theuba@tdlabBlesi iveagrent

f ur tsher iJren . t nvent ] roviges. a thod for_in,
Vi tﬁsg d%%ggﬁgoeﬁeo%dgbﬁ% '%&Z%gré:gsi%g %"ﬁ)ge%&'atﬁmeccael@dr , ae.s_tj%f clent
tunor caEhdunt ef Bbei adnéuiseerabhhges Wwilla décsud atanhe thd chirdlted
includeg .gontacting said tissue sanple with a folate

r adi ophar maceutical of the present invention in effective anpunts and

for suffici i C itions to allow bindi to gccur. and
ot eori ThE Ftats AN 00 L8, At beet S S e By HeLc.
col | ect&ttdy pewmcedhy esh&neohvénts hefskhkl ebrgenu2d £50Ati6a JthePhrod-

col.l.ect | a tissue hio or body fluid, by aspirating, for

trachea &%Sr pu %Dﬁg'rayegg%e§ogﬁ‘agt ﬁﬂ P?’W@F%Pgéﬁ%lsé%PE%OQ% pach as
tested ¢ ne% vtClanyr t O sEie §]hk$$};ﬁféttﬁi Bxcrmnhsdllait:ioa,ﬁ@,lekfogégq:ggsb@)g,ﬁ_
folate receptor,., such _as_tunpr cells, epithelial cells, kidneys,

gast roi%?etejscg 'na?h%r%f’ﬁ@uﬁ%b%?oﬁﬁ ?“é??a]?fga%%}g:tlé’rﬁl det i Veargferred to a
nmacr ophatgesi lemnedy veés, aaBdesiNersiltanpl es can be sectioned, e.g.,
with a mcrotone, to facilitate mcro- scopic exam nation and

observarhonfobatpl emdiapmahiacbacitxpd o0 the invention may also be
209@/1%E£§JFE§ZE5308§é2§4ggfzé¥10n 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.qg. a

tumor cell or an activated macrophage, in a tissue sample which

20 includes contacting said tissue sample with a folate radiophar-
maceutical of the present invention in effective amounts and for
sufficient time and conditions to allow binding to occur and de-

tecting such binding by imaging techniques.

Samples can be collected by procedures known to the skilled per-
25 son, e.g., by collecting a tissue biopsy or a body fluid, 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 cells, kidneys, gastrointestinal or the hepatobiliary
30 system, activated macrophages, monocytes, and others. Samples
can be sectioned, e.g., with a microtome, to facilitate micro-

scopic examination and observation. Samples can also be fixed



Wi th an appropriate fixative either before or after incubation with
one of the fol ate radi opharmaceuticals of the present invention to

i nprove the histological quality of sanple tissues. Tine and

condi ti onVQABNE6ENt for binding of a folate radi o- 5PEREPPAIS/EUHISCal
of the present invention to a folate receptor on the cell include
standard tissue culture conditions, i.e. sanples can be cultured in
vitro and incubated wth one of the cespounds or conpositions of the
present invention in physiological nmedia. Such conditions are well

known twitiheaskidppbedppensansidhtidl betnati valrbreSapP! 85 &an hadivied
and then,incubated wth a fol ate radi opharmaceutical of the present

i nvent i Bh-} n®BA PEotifl Uy BrearcBuFierls ofoichgl present in-
appl | CayeMifon led SffA@N:eRl nt O BISPALA (21RYPBYNDSmIRe Ui cones.

conpositions of the present invention at, or near, t rte ere

they arei® Baqusemdifibnel JUeicoRROURGS %Q{ﬁﬁlggféf‘uggz g@héﬁleosi%%io-

and clai med herein can be made and executed wth
exper i RMRAEIIHIGIFaL At Hie thresands dmvegitdonoser @ Adlatel [relseptor on

apparenﬁhéocEﬂQSﬁn%ﬁuagiQta%ﬁa&@ Eﬁ%ﬁgétcﬁgéhrgakk%?EQEé?ggy'bS. Sgp-

applied to the present invention wt t parting Tiom %Cop
t he i nvRkes ofAn TR Euddiiast ipr onitded ahdr éhnubaeed ntirtdethd @fhehe com-

illustrati t_.exha ive; therefore the illustrated X
Eampl o s IO AR o BRERE LSyt i off it ngcal
W02008/media 7 FURIER20GBM(5440 887 wek Ankhesn. Mt €id adisi ARG Meideds al-
Pr ctJ . 1 fluoride n.c.a. [..8F1 flupridewas produced vja
thcei%Llj80 %’?}%ﬁﬂgfs ucl %%‘F‘P;ee%cﬁaé’n R§ %%? | (ﬁf\éé) 18P cy/OHPRERY( 1'EAR 5
Bel gi urriolalisl;sat D@cﬂj:qb}ha)n:nﬂagéémﬂdalaheiﬁ (inﬂ{é] vpi@éemﬁsﬂ[wéﬁfﬂ@; eth bynaile-
Hey proton beamusing.a 2.1 Lquid target. The ['Be
fIuoH(ﬁﬁ?ﬁ%ﬂ%ﬁJ%P@?QQSE&FF62LH5§g¥Tansferred fromthe target to a
mani pul at or equi pped synt heses hotcell using a helium stream
[18F]fluoride (-20 - 30 GBqg) was trapped on an anion ex- 10 change

cartri %r(ggg-Pak Lig?t Accel | Pl us §WA, Waters AG), preconditioned
with 5 0751 4°BBASEF 1R af bohSt E°5SPEEERN EAdPESRArfatbe, cRRPPEnds
tha s i 88} wabeposbisiorec ver elle f pref@ey Clhvdht idd NVR- SPECLER- . the site
1H—NNR}%£ectr%E£pre recorded on a Varian Mercury Plus 200 (200 MHz)

spect r ot st .M e A€alFOshPt ¥€edere reported 15 using TV
an inteénal standard. The el ectron spray

(Tetranethylsilan) as . . .
ionisa?ﬁghCﬂiggm%ﬁﬁﬁpfﬁnﬁﬁr%n £% MHREdogs ahsagPeehtandrlaiaed basedn.
HPLC: Rein MY Gagieakyidl sxebut&@ WIOMHS 0h8uanNdxboei vendd UYnohial h§gnt
of the present disclosure. It will be apparent to those of skill
20 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.



acid the following HPLC method was used: eluent A was ag. 0.05 M 20
NaH2PO4 whi ch was adjusted to pH 7.0 by addition of 32% aq. so- dium
hydr oxi de solution. Eluent B was a 1:1 m xture of solvent A and

met hanol . WR&08dR¥AhHh used was RP 18, Nucel osil, the gr XTERR0FASI4$% om
100% el uent A to 100% eluent B within 30 mn., 20 ng of the sanple
were dissolved in a buffer consisting of 20 g NaHCO3 25 and 20 g
KHCO3 in 1000 m of water. For all other internediates the follow ng
HPLC net hod was used: Sanme nethod as descri bed above, but eluent B
was CO”@{;Q‘; 800 m nethanol and 200 m 0.05 M NaH2PO4. For _
sem -preparative HPLC purification of the 2'[18F]fluorofolic 30 acid

was car i esh-Pit g cgh@l\.@%hgéscol um, Gemni 5p C18, 250 x 10 mm using

a gradient as fo ovvg / nt A—OOShM Lt
af . 850 = .
ot hanol, 0, 30 i PoIFEI8E. 39 phcsenne AL, G0N YRz g

mn: A tlzfec% (Doud ““Exanplear: reyatimsiat @f Cyeloner 084bi cyalmtrorb (TER,
Sy mihesha oty (Leste e ANIR OIS 1R by
a 16 MeV proton beam wusing a 2.1 ml liquid target. The

[**F] fluoride/ [*®*0lwater solution was transferred from the target

to a manipulator equipped syntheses hotcell using a helium
stream. ['*F]fluoride (~20 - 30 GBg) was trapped on an anion ex-

10 change cartridge (Sep-PakQ Light Accell Plus CMA, Waters AGQ),
preconditioned with 5 ml 0.5M potassium carbonate solution and

5 ml water, while the ['®O]water was recovered for recycling.

'H-NMR-spectra: H-NMR-spectra were recorded on a Varian Mercury
Plus 200 (200 MHz) spectrometer. Chemical shifts were reported
15 using TMS (Tetramethylsilan) as an internal standard. The elec-
tron spray icnisation mass spectra were recorded on an Agilent

XCT spectrometer.

HPLC: For HPLC analysis of the precursors and the 2'-fluorofolic
acid the following HPLC method was used: eluent A was ag. 0.05 M

20 NaHPO, which was adjusted to pH 7.0 by addition of 32% ag. so-

dium hydroxide solution. Eluent B was a 1:1 mixture of solvent A
and methancl. The column used was RP 18, Nucelosil, the gradient

was from 100% eluent A to 100% eluent B within 3@ min., 20 mg of
the sample were dissolved in a buffer consisting of 20 g NaHCO,

25 and 20 g KHCO; in 1000 ml of water.

For all other intermediates the following HPLC method was used:

Same method as described above, but eluent B was composed of 800

ml methancl and 200 ml 0.05 M NaH,PO,.

For semi-preparative HPLC purification of the 2’ ['®F]fluorofolic
30 acid was carried out on a RP 18 column, Gemini 5u (Cls8,

250 ®x 10 mm, using a gradient as follows. Solvent A = 0.05M



of water 0.69 g of aqueous sodi um hydroxi de solution (32% were added
followed by a solution of 1.2 g di-tert.-butyl-dicarbonate 10 in 12

m of dioxane. After 29 hours at roomtenperature additional 0.24 g
of di-tertWOpRWsAHE6H! car bonat e were added and t he m xt urP€TERZ00803498ed
for further 2 hours at roomtenperature. The reaction m xture was
washed three tines with nethyl-tert.- butylether. The aqueous | ayer
was treated with a 10% aqueous so- 153gution of citric acid until

pH=3 was obtai ned. The resulting suspension was cooled to 0OC. The

pr oduct pMespisatek ethu@irbr Vashed yi t hgnat erme%%ngfu, edyat APG.undes. gqs
vacuumto give 0.72 g of 4- (tert-butoxycarbonyl am no)-2-nitrobenzoic
acid. 20 (@%.Splt hedPsmpf: A:40% > 10%, 40 - 45 min: A: 40% > 99%.
di-tert-butyl-N(4-(tert.-butoxycarbonylam no) -

2-ni trobenzam do)-L-glutamate To a m xture of

4- (t er t Evampbe clar omthesisopf22ni-hibbefabic adidd in 60 m  of

di chd or th re.added 4.8 of NN, N NI1- , ) .
tet?%ne?%gl-g§?fg§§gﬁzot?€az3ri%?§g5b?ﬁ?ﬁ¥qﬁﬁh9€¥&FW66be22@?tr0b3n201c
phosphateid After stirring for 15 mn, a mxture of 3.8 g of Lglutamc
acid-ditert _-butylester_hydrochloride in_60 m dichloronmethane and 3
m trieffyFaffRPHAS R4dRE dr SpRiEs - 2RmEner2 Sitrqhgrredcoechduia 40 ml
room t enpewatet €0 . shHegnbkt ubewas bbliiakeBydrskide ddiddidle ¥W8S) were
washed five t'r@;}%h 10%a(gj;1equs 30 citric acid, four times with 5%
aqueousa%%ea‘?u#ﬁ Re ZAWH PR twd € Fés tRFEh-Wak sk - difterbonate
or gani cih ayer miasr & ke ABLOLShyMhsyulbphatke Qg GRGRALEAed Jad; -
vacuumtpo give 6.3 g of di-tert-butyl '

N (4- (teteBlut Bx5t aBbSHy| S it ohwitylobéazupenatle way® added and the
2008/ 1266ARET a2 QA8A Q344 88 - 38ub e b M ATRLE- A5 +2- Y8 LS QAP NI S
was directly used in exanple 3. (c)

N (4- anfifd- PeRFE I obeRiEREe) WRsgWashsidc thakee St imesf lwidio avsthtli-¢eati.d
salt Toymg Wy J o ) | = N (4 - but, 0% Jbonyl am no) -
2-nitr obeni%rﬁ%égf - I:l?{jel gqltc{gengutg' }%y{% g&d?ﬁ%%%n@%#han%cl\?\%r %I&?élﬁ g?"
m 15 t¥FiQuor ofcatityigci ackd OCthhdeH=3r g Abtaindd hoUhe atrgsn0fing
t enper i xtur ncent r d_to.dryness 10.t ive 3.54
o N (4 e B £ SRl BhanPEoAi U S £ DR Foatrsned
(d) Syrthidsiwatdr 2andi drédl &t 40Pd Toder schetiwntofgdd 9.7 g of 4-

N'(4'an]{Efé%HH€3£%%%Q %g§gg%i£6)—2—nitrobenzoic acid.

20 (b) Synthesis of di-tert-butyl-N- (4- (tert. -butoxycarbonylamino) -
2-nitrobenzamido) -L-glutamate
To a mixture of 4-(tert-butoxycarbonylamino)-2-nitrobenzoic acid
in 60 ml of dichloromethane were added 4.8 g of N,N,N',N'-
tetramethyl-0O- (1H-benzotriazol-1-yl) -uronium-hexafluocro-

25 phosphate. After stirring for 15 min. a mixture of 3.8 g of L-
glutamic acid-di tert.-butylester hydrochloride in 60 ml di-
chloromethane and 3 ml triethylamin was added dropwise. After
stirring for 20 hours at room temperature, the mixture was f£il-
tered and the filtrate was washed five times with 10% aqueous

30 citric acid, four times with 5% agqueous sodium carbonate solu-
tion and two times with water. The organic layer was dried over
magnesium sulphate and concentrated in vacuum to give 6.3 g of

di-tert-butyl N-(4-(tert-butoxycarbonylamino)-2-nitrobenzamido) -



15 glutamc acid x trifluoroacetic acid salt in 50 m of
di met hyl acetam de 2,31 g of 2-am no-4-o0x0-6-bromethyl -pteridine
hydr o- brom de were added under nitrogen atnosphere. The suspension
was stirred03e08ge%1Tor 5 hours and then for 20 hours atPCTEEPRI08/054408
tenperature. Solids were renoved by filtration and washed with di- 20
met hyl acetam de. The filtrate was added dropwise within 10 mn. to
321 m of 0.1 M aqueous hydrochloric aeid at roomtenperature. The
resul ting suspension was stirred for 2 hours at roomtenperature The
pr oducty, Ve, Sitded fa 2 ~
hydr ochl or| c acid, 52)%1 \%‘irl\;\%g]t\gréa{?ndr?ﬂgq i%c&ﬁgéun r v%cu&% g
gi ve 1.5 B of crude 2' -nltrofol ic acid V\/m ch was purified by
recrystallization fromwater to give 1.04 g of pure 2'-nitrofolic
aci d. (HPLC purity: 98.1%area, mz = 487 [ Mrl]+, 1H NVR (200 MHz,
DVBO- dO{¢hphit (4 gamsEnq-<3 - TQ(Q)OHQDZE.H)@OY B5glutan(B' Jeid, A H rifluorcace-
exchlange. ﬁ@'&c tdy 20); 7.51 (t, C(3'H), 301H); 7.20 (t, N(10)-H,
111, exchangea Ie wth D20) ; 7.03 (bs, NH2, 2H, exchangeable wth
g(zog : Harfso? ]g ﬂplg:crzsor) B @o:eeart H,-Zblitki)li-bg—fs(déﬂ «t@xtg)amycmonﬁaaam
a)-H, a2 . - 1. m
W02008/ ﬁ%ﬁ%ﬁ%/‘%ﬁ%gaﬂﬁ% ahi| eSé t‘%%%%*ﬁ@%ﬂt‘?ethane were
2' -ni tredddd csacmll df rerbyluesdetethienzeies W cm&ti QunderEsl@onf. | agkiben
of 2'nitrofolic_acid was achi eve(ij]lln anal ogy to the nethod descri bed

for est&V¥ |a&:%t o o?eq%qqactug& Fhen mhE 350 1788 1 9AnCeEEAASES Loy siesiss

of 1I2IN;d g‘uﬂ‘et hyylsam goeet hyl @nemdno-2101 bkéb AlniaACdgdhehRiL - acid
but yl est er Synt hesi s of

4- (((9HY I‘ho‘f thoxy) car bonyl am no)-2- nitrobenzoic acid To
a solution of 11 4 g 4-am no-2-nitro-benzoic acid in 228 mM of water
containing 6.63 of sodi um carbonate were added 17.0 g 15 of

9-f uor%l%ﬂiﬂw@hp@r 8f oritaeEohie aftishwi se 20 m of di oxane. After

stirring,fof 20-NaWa, unger Nidrogen,s t _ Itered _
the filtrate was vvashedflvetlm%g v%thlﬂﬁrre(?hy ertiﬂe}g‘{ Zaml L
RedPdusdl Heartiyg -agkd | Xburyfbmmamq eamﬁadsaﬂrtomnhEOaxq]JeOtﬂs dﬁhl&shy-

by eva ¢ T ous se wer.e.added 456
g of Oép%cgélﬂdﬁ\{}/adtég?ze S'F’hggc%%ragmv\%s a us e r?m%% %frégd glﬁdBf"
31 m  GranN ey rEnEs ald)dﬂidocmwm ulacpgenTaanm;amqm t ate \m&p&ueslieﬁ was

o SIS UL S ol woheles b0 le 0GBy vaCUT Lo BLYE 1O
as of f -pehigter25 Jolsids svere removed by filtration and washed with di-
20 methylacetamide. The filtrate was added dropwise within 10 min.
to 321 ml of 0.1 M aqueous hydrochloric acid at room tempera-

ture. The resulting suspension was stirred for 2 hours at room
temperature. The product was sucked off, washed with 24 ml of

0.1 M aqueous hydrochloric acid, 24 ml of water, dried at 40°C

25 under vacuum to give 1.54 g of crude 2'-nitrofolic acid which
was purified by recrystallization from water to give 1.04 g of

pure 2’-nitrofolic acid. (HPLC purity: 98.1% area, m/z = 487
[M+1]*, 'H-NMR (200 MHz, DMSO-dg) [ppm]: 8.65 (s, C(7)-H, 1H);

7.75 {t, N(8'}-H, 1H, exchangeable with D,;0); 7.51 (t, C(3’'H},

30 1H); 7.20 (t, N(10)-H, 1H, exchangeable with Ds0); 7.03 (bs, NHa,
2H, exchangeable with D;0); 6.50 (m, C(5’)~H, (C(6’)-H, 2H); 4.48

(d, C(6)H,, 2H); 4.29 (m, C(a)~H, 1H); 2.28 (m, C(B)-H., 2H);

1.96 (m, C(y)-H,, 2H).



(b) Synthesisofdi-tert-butyl-N(4-M11-fl uorene-9-

y1) met hoxy) car bonyl am no) - 2- ni t robenzam do) - L- gl ut amat e

Toasuspensi onof 17, 2g4- (((9H-f | uorene-9- 30

yl ) met hoxyWeastsdeplam no) - 2-ni trobenzoi c acid in 222 nPCI/EP2008/054408
di chl or onet hane were added 17.7 g of

N, N, N1, N1-t etranet hyl - 0- (1Hbenzotri azol - 1- y1) - ur oni um hexaf | uor o- phos
phate. After stirring for 15 mn. at woomtenperature a sol ution of
13.8 g of L- WD 2008/ 125617PCT/ EP2008/ 054408 41 glutam c acid
-di-tert.butylester hydrochloride in 172 m dichl oronet hane and 12.9
m triethylam ne were added dropwi se within 30 mn.. The m xture was
stirred under nitrogen at roomtenperature for 20 hours Af ter

addi ti opxgh ﬁ@oz tﬁ@%gy of° é'ernt:r.trg'fbik t Igl% meth ster
aqueouqzﬁlilﬁlﬂsf%rﬁ@ (5% and two tines vvrth br| ne. The organic |ayer

was oIr i ABINESI 1] 0 o_dryness _under
vacu%m%%tgil/%fel 27. g% bl]ﬁn %r%gg%drg flgt? tg%%?y{’gégﬁh%a’% Hlugpggié’gg- to
10 yl) nbhﬁoxl}??@&@%or@&miﬁm)d 2-fivirt r elseérrafidalidn gl off ankild @S axid  in
yel l ow § W %ude product was purified by flash chromatography
usi ng sr ica ‘and et hyl acet at e/ n-heptane / 45:55 as el uent.
After evaporation of product fractions 23.8 g of
ditert- Quatuxl )
ni t r oberza ©
purlity: n:BQré)%hi"ceaa)c:lc"(-@)l S}élﬁtheBuSyDéster _
N-(4 a é ﬁtlrobenz? 3:tjﬁlamc acid di-tert,-butylester 20
To a m Y899ty 8 F-té?]E[ btitsreng Payéérngﬁhfwb%‘ﬁ@@lammo) -2-
yl ) met rnﬁ)idy:)dl&rfmmd &yimo) - 2- ni trobenzam do) - L-glutamate in 200 m of
N, N- di th Ifo mam de 34 m pyrrolidine were added. The m xture was
sti rred HFnonaP r dom?t SmATRiRs 2aRdtEAcheRTaloragil i 228 ml
dr ynes%ﬂnﬁ@ﬁeﬂa@&walﬂr{gefs &ddigt ib@n 5813 @0 b a % vﬂa'fk Ay &? Beh

and strrrrng for 15 mn., the resulting suspension was
over night 9 %'éommthyals%@@k’@aommt%@m@ddmpwm m ml of diox-~

di i SOPr&E’é” et fred - aé\fjn.xtﬂ% @dﬁ%ouﬂéﬁEsVéﬁaQPn?éi@{%%ﬁ, blﬁlt &egctture was

N- (4-am no- 2-ni trobenzam'do) -L-gl utamc acrd er as
yel | ow Fekgraa (#picCthes sk 1‘993tE3A)Q®SaWQa)Ied \ive times Wlth methyl-

2008/ 1 0 ac tert ut.yl.e in 100 ml of
di met hyl acet am%ﬁ%%glr%/g agg g Y }"QFH{& Ehde "B 182heL 'Whe VTeliovea
2- ami nof zomp XK -dpenvet rBHaspt e dwapohydimbrmmeie.va'ﬂiﬁmm XoutBeWague -

sti Je tr oC_f or h S. ter cooling to room
ter%rperat%‘ér]gﬁﬁ?%e %gg uf ga\?\gsg 50% &J{d Gt t RRteY | tTIégem\]néEu’éﬂdéfaS
dr opwi %ijust?em) trd mI_W\BIyeraddIheoﬁrystaiSmy\edsﬁ mc&gﬁdﬁfsf hfﬂ&%@ﬁdorlc

il’l am no)-2- 15
Ay iams e-2'-

with 70 of _.wat er and drr ed at 35 Hn r vacuumto
L ¢ T e SRR e s washed vith 513 al 3r wa-
ter, drled at 40°C in vacuum to give 17.0 g of 4-(((9H-fluorene-

9-yl)methoxy) carbonylamino)} -2-nitrobenzoic acid as off-white

25 crystals.

(b} Synthesis of di-tert-butyl-N- (4-(((9H-fluorene-9-

yl)}methoxy) carbonylamino) -2-nitrobenzamido) -L-glutamate

To a suspension of 17,2 g 4-(((9H~-flucrene-9-
30 yl)methoxy)carbonylamino)-2-nitrobenzoic acid in 222 ml di-

chloromethane were added 17.7 g of N,N,N’',N’ -tetramethyl-0- (1H-

benzotriazol-1-yl)-uronium-hexafluoro-phosphate. After stirring

for 15 min. at room temperature a solution of 13.8 g of IL-



10 (e)Synthesis of N2, N, N-di net hyl am nonet hyl ene-2'-nitrofolic
acid-di-tert.-butylester To a solution of 1 g of 2'-nitrofolic
acid-di-tert.-butylester in 150 ml dry dinethylfornmam de were added
3.5 m of VQRrH8A?617 pyl di net hyl acetal . The m xt ure was PETIEPRAIBO ke r
nitrogen for 20 15 hours at roomtenperature and was then evaporated
to dryness. The residue was purified by flash chromatography using
silica gel 60 and dichl oronethane / nethanol / 95:5 as eluent to give
0.62 g of N2, N, N-di net hyl am nonet hyl ene-2'-nitrofolic

aci d- di gRidamhut ¥!:§§terd1-%%rﬁxﬁﬂ9§feéte%’ nhP&?béhP%rldd LT85 k

N21N, N-di met hyl am nonet hyl ene-2'-" nitrofolic aci ester a)
Synt hesTRLeIoRftRamsy | aRA( 412 t Br ML borasyerkaonye avene) - ezdded dropwise

ni trobepzafl o) o Lyngh Ut a'TflEem§§tIp§_ gr)églt %gt%k%?est nrégg g‘i@gﬁlpgna“%" ?Pm

to exanple 2 by using Lglutamc aci e FGcRPoOri d
i nst ead-etpatREURg uf e aoa@bdrdi tBdter- lagidyltasnerefhy&m:)cml obif deethydm

14. & ¢ 4- ( rohenzoi ¢ aci d .4 of
cru%e dt?én:%% hyI ﬁl{%%%%x% r%)l?%?ar onsﬂa%?r]leno)%ey nlttlrmgﬁeﬁ’z%ﬁi &5@?@15
30 gl utsortitum vigr eavbenaned (9h) phsmmepuwnthedqwbae bytfliashcid (5%)
chr omat LN il nd et acet at e/ n- heptane / 65: 35
as el ue é%g{a‘%?%erlrﬁeus?l‘?}%%ﬁ? %ﬁlel? %‘l . o4 Silgh over mag-
but oxy caediomy | sul gl =2 - mdrebepaﬂnéh))ti Qi:ylﬁ@é@tﬁn&@f evaboum W give

2008/ l%’ﬁpéJPC\/EPZOO 054408_43 t (1&%}} Synt hesi s of
N-(4-a 2-nft r of¥nzanfd§e L- g t’:lf‘é?ﬁ"{: ddi neth{t ekt €H~Eluorene-9-

tr izfol uqrmcmihcﬁcya@a&bs;@waﬁlﬁ@puﬁ%mme%zwaidaﬁhtegf&aln&@a' oy tog
exanp From 17 of

di met hyif Mu-%a% 1 %t%’fdﬁ% RRASHCENI W) Drdifiledh &z fitiagd) chgbmesaat
e 19.5 Jgap}{y Méﬂrgar%m&{ Mid T ofe N étﬂ')yllac%lt'étt%%che tane / 45:55 as

acid-dinethylester x trifluoroacetic acid salt were o t al ned
wer e us‘aéldle(ﬂqec%f?e?neé@Qﬁ’ﬁF‘El@(‘cPf myoduct fractions 23.8 g of di-

tert-butyl-N- {4- (((9H-fluorene-9-yl)methoxy) carbonylamino) -2~
15 nitrobenzamido)-L-glutamate were obtained as a vellow foam

(HPLC, purity: 99.9% area).

(¢) sSynthesis of N-(4-amino-2-nitrobenzamido)-L-glutamic acid
di-tert.-butylester

20 To a mixture of 10 g of di-tert-butyl N-(4-{{{(9H-fluorene-9-
yl)methoxy) carbonylamino) -2-nitrobenzamido) -L-glutamate in 200
ml of N,N-dimethylformamide 1.34 ml pyrrolidine were added. The
mixture was stirred for 30 min. at room temperature and then
evaporated to drymess under vacuum. After addition of 200 ml of

25 diisopropylether and stirring for 15 min., the resulting suspen-
sion was kept at 0°C over night. The product was sucked-off,
washed with 60 ml of diisopropylether and then dried under vac-
cum to give 4.3 g of N-(4-amino-2-nitrobenzamido)-L-glutamic
acid di-tert.-butylester as yellow needles (HPLC, assay 99.7%

30 areal .

{(d) Synthesis of 2’-nitrofolic acid-di-tert.-butylester

To a solution of 1 g of N-(4-amino-2-nitrobenzamido)-L-glutamic



(c) Synthesis of 2'-nitrofolic acid dinethylester The synthesis was
performed in analogy to exanple 8 starting from5 g of

N- (4- am no- 2- ni trobenzam do) - L-gl utam c aci d- di nethyl ester x
trifluoro¥@e¥E18¥1Y salt. The work-up was nodi- 15 fi EETAP200805440s.
After filtration of the reaction mxture the filtrate was added
dropwise to 3.5 1 of 0.1 Maqueous hydrochloric acid. The m xture was
kept at OC over night and the product 4eas sucked-off, washed with 50
m of 0.1 M aqueous hydrochloric acid, 300 m of water and then dried

at 40C apiyaclilbe@ .gbviey2@s2edd ﬂlOflo@r we &f - 'H:Ltmre‘%ﬁ'x hge@%ﬂnfide were
di nret hyl ester. Fromthe nother |iquor further O. cru

2' - ni t r 3¢9 ¢ 2adi d9di Akt RaEEmer 4neke- 6&%@Wh}ﬁ--®tgreﬂlnﬁudwdrobro-
2 -nitrgfedic mael dngiemidylgst eidREl NAGINS ﬁi éinf Lgm GW%C EQr 13

give 2.28 g of pure 2'-nitro folic aci
Synt hesheuds- N2 FFF+§pﬁﬁﬁﬁ9I§ﬁlﬁ@@@tHym@ﬂgaZUrﬁitthéohuxture was fil-

aci @& di I t T 4 anal anp 3
Exa?rkpl eE@E;IF&YSy%Itpl eglhse Eﬂflﬁf%?l ugfdgsfo IC accl? "&Ijhe )s(tyntJFu(g% é‘f § &&F&r
in anal '6@? toyehalsymelesi suaifed®' of i t wadlodd cwathd 7holnlovwbhgweaxanplgd

1to 4.4 xgp’pg lL.uor 0- benzopjc acid_was, us I.nst ea
of 4-ant no -hit r%—cl I&B?%QOQP %HP&T)’EPSOS%/@SQ%O% Py ‘?gt}ﬁ? zi‘(ﬁlg
(HPLC pdiritsrt 0o Blaster.mz = 460 [ Mr1]+, 1H NVR (200 MHz, DMSO-dO
[ppm: 8.65 (s, C(7)-H 1H); 7. 75 (t, N(8')-H 1H exchangeable with
D20) ; 7.51 (t, C(3'H, 1H; 7.20 (t, N(IO)H 1H, exchangeable wth
D2@)0, 7{€8 (EyntNeBis2H, ofxchingembd enditivilanBaohe t ByDénd M+ GiF ot ic

(CC67)-khs 2Hs - ¢bo®® e TLOLER: 2HD:

To a solution of 1 g of 2’-nitrofolic acid-di-tert.-butylester
in 150 ml dry dimethylformamide were added 3.5 ml of diisopro-
pyldimethylacetal. The mixture was stirred under nitrogen for 20

15 hours at room temperature and was then evaporated to dryness.
The residue was purified by flash chromatography using silica
gel 60 and dichloromethane / methanol / 95:5 as eluent to give
0.62 g of Nz,N,N—dimethylaminomethylene—2’~nitrofolic acid-di-
tert.-butylester.

20

Example 4: Synthesis of NZ;N,N-dimethylaminomethylene-2'-

nitrofolic acid-dimethyl ester

(a) Synthesis of dimethyl-N-(4- (tert.-butoxycarbonylamino)-2-
nitrobenzamido)} -L-glutamate

25 The synthesis was achieved in analogy to example 2 by using L-
glutamic acid-dimethylester-hydrochloride instead of the L-
glutamic acid-di-tert.-butylester-hydrochloride. From 14.8 g of
4- (tert-butoxycarbonylamino) -2-nitrobenzoic acid 27.4 g of crude
dimethyl-N- (4- (tert.-butoxycarbonylamino) -2-nitrobenzamido) -L-

30 glutamate were obtained which were purified twice by flash chro-
matography using silicagel 60 and ethylacetate/n-heptane / 65:35
as eluent. After purification 17.38 g of dimethyl-N-{4- (tert.-

butoxycarbonylamino) -2-nitrobenzamido) ~L.-glutamate were ob-



4.31 (m C(a)-H, 1H; 2.28 (m C() -H2, 2H); 1.96 (m (C(y)211).
Example 6: 2'-[ne] fluoro-folic acid using 2'-nitrofolic acid: 10 The
[ nej fluoride which was trapped on an ani on exchange cartridge, was
directly e¥Qe¥8/1256i a 10 nl seal ed reacti on vessel usiPEFER26080IHI%0N
of potassium carbonate (1 ng) and Kryptofix” 2.2.2 (5 ng) in 1.5 nm
acetonitrile/water (4:1). At 85 - 90 C the solvents were renoved by
vacuum and a stream of nitrogen. 15 Subsequently, 1 m of dry
acetonitrile was added three times and evaporated to dryness. To the

dry [ 18K fldwride-cryptate conpl ex the precursor
N21N, Ndi et hyl am nonet hyl ene-2' -nitrofolic acid di-tert.-butylester
(5.2 ng) in 0.2 M DV were added. The m xture is heated to 20 140

200,081, B or Sl L ol 2960, SI0LA0E e

m xture was passed though a reverse
pI us \/@;r@tﬁlﬂ@)stethec mtﬁﬂudgeamaslmmneﬂ gafltee times with 8 m  of

f Th 8F- | abel | ed
prot ec?ﬂgaczj%%n%sol{?n absysaac etrvegmo ﬁm§ %eg%fe}é?efﬁq |3t?|ﬁ%'é’rrleﬂ't g of

anot herdﬂrﬁbtrhyls-ew (@d (teatt, I—but&tﬁyeaci:boﬁli}‘ﬁ&m&@id)ﬁe ﬁthﬁ@Bél@i&rhidd)e-ﬂAﬁS
reduced iot 3]: f%dg r educ fssure nitrogen streamand slig
var m ng BEAES FoB” hyth of §5 - Hioh- nGf LaRePeRh I s i c
added amhdhﬂn{ét)hyl%@ttehtr exm/atsriﬂaic&@abétﬁg Caém 2alt10w8ia. d%-ftfa%'hed
coollngh]}ﬁthemx- ture .i.s negtrallzed by 0 m 4M NaCOH sol ution. O.
m of O REeE BAFrEFL¥ ol it $¥AT AR ‘%(d’éled and the mixture was
fi lloed W)2008/ 125617PCT/ EP2008/ 054408 45 up with HPLC solvent Ato a
vol une Pf S.m. Sem-preparative HPLC purification was carried out on

a RP 180l TR HEsHEn Serex REERPRPLEY qit dimgthykesberm) using a

r adi engthas Lhewss S[Klsv 0 t I
et hanol goYaLheuss wals 8‘5@5%%%@ 2l BHASBAG &P RLHpIR0) g%&%&n&

45 ni n:EHO™ 4086 3 DoYRE ThAHECeMdsPyanpibrokenzanidelcl-platanbn wasid-
evapor ai Ak tiid@lster x trifluorcacetic acid salt. The work-up was modi-

15 fied as follows. After filtration of the reaction mixture the
filtrate was added dropwise to 3.5 1 of 0.1 M agueous hydrochlo-
ric acid. The mixture was kept at 0°C over night and the product
was sucked-off, washed with 50 ml of 0.1 M aqueous hydrochloric
acid, 300 ml of water and then dried at 40°C in vacuum to give

20 2.14 g of crude 2'-nitrofolic acid dimethylester. From the
mother liquor further 0.82 g of crude 2'-nitrofolic acid di-
methylester were obtained. 2.9 g of crude 2/-nitrofolic acid di-
methylester were recrystallized from DMAC to give 2.28 g of pure
2/ -nitro folic acid dimethylester.

25
(d) Synthesis of N*?,N,N-dimethylaminomethylene-2’-nitrofolic
acid-dimethyl ester

This was done in analogy to example 3{e).

30 Example 5: Synthesis of 2’-fluorofolic acid

The synthesis was dome in analogy to the synthesis of 27-
nitrofolic acid following examples 1 to 4. In example 1 4-amino-

2-fluoro-benzoic acid was wused instead of 4-amino-2-nitro-



reduced pressure and a streamof nitrogen at 100 C. For formu- |ation
water and 0. 15M phosphate buffer solution were added to 10 the dry
product and the m xture was sterile filtrated. Exanple 7: In vivo and

ex vivo stwaizeds1ggihg 2' -[ 18F] fluoro-folic acid 15 PCT/EP2008/054408

2' 118F] fluoro-folic acid was applied in ex vivo biodistribution

studi es using eight nude mce bearing KB xenografts tunors. -2 MBq
of the radiotracer were injected intogaach aninmal. In a bl ockade
group 200 gg natural folic acid was injected 10 mn 20 prior to the
radi ot rggss | By ri e >
fol ate rece%%%?%o%&sll ti ve K %éﬁ J'sﬁ}hgj\% gaqﬁ (jhmggem félry((:) up aEe tIWR

radi ot r 682@9 Mz h BMSGtdsd (BPPGB 68 %6 S pei fG((?)blHocRHOje 7F'E|5t ber rl*gkaa‘ YaH,
hi gh s i f %(a% Sp ppegi c a al n B
thg Ki gﬁfgysé)g\/\lﬁ?ﬂ’I Y kﬁ%\}\lﬂ g&egxipre ﬁ ﬁ?‘o\’\gﬁg Zc% Q:r 1\’1&0)
Fi gure H, sh8ws eéthvélangghbépemﬁ:mc i F ) akg @13 t {ies,2' NH,18HEH | uatcﬂfacﬂgeable
aci g i r.ecept.or iye t| S . .
200%’/ 19%16%356%) %0%@ dER Ség IS Mo }hv%l’m' ée4Bedfti nG (R, 2H);

xenogr ad 131 t YADr & (ofan,10¥Bg »fa4 h@mr adl(gj r@cerzmerellgge%edcv\g)tq{
each anjmal. I'n the bl ockade gr oup 200 ug natural’ folic acid
i nj ect e%mlo mn prior to the radiotracer. The PET scans were acquired
from30 minto 90 mn 5 post injection. PET studies using

-[18F] fluoro-folic acid provided excellent inmages of the KB tunors.

Furt her 1d he: @t—qkef]iﬁldﬂxgiﬂfm%l%esbiécu Bj.ocked oy, pat KL

folic aci igh Speci und

i n 1ighe i%é.d NV R @1 :8X%4 qwhi \hﬁ dip H9su Egcégge&\’a%nf an da%{'g[)ﬁ h %xékgﬁﬁg car-

medul la. This pattern is consistent the distri fon o
fol at e ¥ekdgR orvahdd pereltky oetutdre ditgh spekinl cigaleagf ractiion vessel

[fluorosdold CaddAution of potassium carbonmate (1 mg) and Kryptofix
2.2.2 (5mg) in 1.5 ml acetonitrile/water (4:1). At 85 — 90 °C
the solvents were removed by wvacuum and a stream of nitrogen.

15 Subsequently, 1 ml of dry acetonitrile was added three times and

evaporated tco dryness.

To the dry ['®*Flfluoride-cryptate complex the precursor N2,N,N-

dimethylaminomethylene-2’-nitrofolic acid di-tert.-butylester

(5.2 mg) in 0.2 ml DMF were added. The mixture is heated to
20 140 -145 °C for 20 min.

After cooling, 8 ml water were added and the mixture was passed
though a reversed phase cartridge (Sep-Pak @ "C18 plus, Waters
AG}. The cartridge was washed three times with 8 ml of water and
dried 2 min by a stream of nitrogen. The '®F-labelled protected
25 compound was eluted with 2.5 ml of acetonitrile intoc another
10 ml sealed reaction vessel. The volume of acetonitrile was re-
duced to 0.3 ml under reduced pressure, nitrogen stream and

slight warming of 80 - 90 @C.

For hydrolysis, 0.5 ml of 4M HCl solution was added and the mix-
30 ture was heated to 60 °C for 5 - 10 min. After cooling, the mix-
ture is neutralized by 0.5 ml 4M NaOH solution. 0.5 ml of 0.15M

phosphate buffer solution was added and the mixture was filled



Figure 2 show PET images using 2'-[18F]fluoro-folic acid, the arl5
rows indicate the position of the KB xenografts tunors. Figure 3
shows PET inmages using 2'-[18F]fluoro-folic acid, the arrows indicate
t he ki dneys0 2@@/1Eé6éffure 4 shows ex vivo PET i mages of KBCIHRoWR/aI4Hes
tumors using 2'-[18F]fluoro-folic acid. 47 Clainms 1. A conpound
conprising a folate having an am nobenzoyl nviety, wherein the

am nobenzoyl moiety is substituted w8 a fluorine-18. 5 2. The
conpound of claim1l1, wherein the am nobenzoyl noiety is substituted

with fl ]H?PLd"lstJl‘%e £ %{?Ebt 509 mé Qjef gbnao& tion. 3. The

conpoun a| s erern e am no enzoyl noi ety |s further

substi té'élﬁi ﬂ#éghﬁ%tllﬁ%m?@e ﬁ%‘fg# Q{Hroo%é am ngs arg on aTEs 18

conpound of erelrn draw ng group
sel ect ego¥yram (N@nome(mx GEGHB) 35 COBR 25900‘«’10 1)l us:Brg, a:E]radlent

i odoni um, s ( ial kyl /- A 5|Ian ()#(RI

si | anol gé gl E?&T%Z@fév\%gr eZ%‘(n RY |0>séh| E’&&ﬁ LA eé% %‘?ﬁh‘il%m R =
or & anodigthrfll- 12)- & Kyhigr up 99% am oma orwd |y spubshi:t w:eds > 10%
carbocyclic and heter ocycl iIc ggr oup conprising five-, six- or

t en- menbr e045f'|rWtj" syst éNe Hfre conpound of claim 1 having fornula
I,

Z)rn 110

(2) {he HPLC %Ri%%nt of the product fraction was evaporated under
reduced pressure and a stream of nitrogen at 100 °C. For formu-
lation water and 0.15M phosphate buffer solution were added to

10 the dry product and the mixture was sterile filtrated.

Example 7: In vivo and ex vivo studies using 2'-[*®°F] fluoro-folic

acid

15

2/ - [**F] fluoro-folic acid was applied in ex wvivo biodistribution
studies wusing eight nude mice bearing KB =xenografts tumors.

~2 MBg of the radiotracer were injected into each animal. In a

blockade group 200 pg natural folic acid was injected 10 min
20 prior to the radiotracer. The animals were scarified %0 min post
injection. The folate receptor-positive KB tumors show a high
specific uptake of the radiotracer with a ratio of 86.6 % spe-
cific blockade. Furthermore a high specific uptake of 95.5 %
specific blockade was also found in the kidneys, which are known

25 to express the folate receptor.

Figure 1 shows the high specific uptake of the 2'-[*®F]fluoro-

folic acid in folate receptor-positive tissues.

30 In vivo PET imaging using the 2’-[**F]fluoro-folic acid was per-



1 (H X5 p)g (18 F)n RIX1 X4 rR4 20 wherein Ais an amno acid, X1tO
X5 are independently of each other Nor C, 48 is an

el ectron-wi thdrawi ng group preferably selected from-NG2, -CN,

- 1le(CHB) 3, Wo3@8mase17 COOR , -COR, -d, -Br, -F, iodoni (PET&ERLA0S/054408
-r(R )2, dialkyl/-aryl silanes -Si OH(12.1)2( and silanols -Si HR(") 2,
wherein R is independently a 5 straight-chain or branched C(1_12)
al kyl group or an optionally substitutggd carbocyclic and heterocyclic
group conpri sing five- si x- or ten-nenbered ring systens, RlL, R2 are

[ Ccl2 k |
;Fﬂﬁii?ﬁ%ﬁ%%z al fam%zbgﬁ’éﬁ‘?é K’i% y‘?A% 6%1°§|Skyn§?1 Y 18093815%
al koxy) ehe bms’tiotmrdel( Oter<€]1 Pnpdtydcanimo) ozadionytimaiheris TR blodiade

C-C6 alk R4 are i de ndently of each other H, fornyl,
i i none%%@ fJ?S? 09 (48 PR Oi'IlIFyIaClélWé?Zl%DR%??d 9 gy @H@ahcsﬂ the

hal osubsidist etk - Cide abk@N@¥hns 138k8 QeghirddO%rdm 1% hinl £ ’9011&151

5 post injection.

PET studies using 2'-[*®F]fluoro-folic acid provided excellent
images of the KB tumors. Furthermore, the uptake is highly spe-
cific and blocked by natural folic acid. A high specific uptake
of the radiotracer was also found in the kidney cortex, while no
10 uptake was found in the kidney medulla. This pattern is consis-
tent with the distribution of the folate receptor and points out

the high specificity of 2/-['F]fluoro-folic acid.

Figure 2 show PET images using 2’-['*F]fluoro-folic acid, the ar-

15 rows indicate the position of the KB xenografts tumors.

Figure 3 shows PET images using 2’-[*®F]fluoro-folic acid, the

arrows indicate the kidneys.

20 Figure 4 shows ex vivo PET images of KB xenografts tumors using

2/ - [*®F] fluoro-folic acid.



has a value of 1 to 7, and is O or 1. 20 6. The conpound according to
claim5, wherein Ais an amno acid selected fromglutamc acid,
aspartic acid, glutam ne, aspartine, lysine, arginine, cystein, and

derivatives t

hereof or a polyam no acid selected fromthe re-

25specti ve honnpolyners. 7. The conpowrd of claim5 wherein mis 1 or

2. 49 the 2'-

f or mul 1! (
%3 to Glaims

or -position. 9.The conpound of claim1 having
7L R2 (RDp \LN x0 )1(5(18F), Rcx, X4 r R4 Il 5 wherein
i ndependently of each other N or C, X6, X7 are

indepegdently gf each ot

pourl comprwsgngp a folate having an aminobenzoyl
moiety, wherein the aminobenzoyl moiety is substituted

with a fluorine-1i8.

5 2 The compound of claim 1, wherein the aminobenzoyl moiety
is substituted with fluorine-18 in the 2’'-position or the
-position.
3. The compound of claims 1 or 2, wherein the aminobenzoyl
moiety is further substituted with at least one electron-
10 withdrawing group.
4. The compound of claim 3, wherein the electron-withdrawing
group is selected from -NO,, -CN, -N'(CH;);, -SOsR’, -
COOR’, -COR', -Cl, -Br, -F, iodonium salts -I'(R'),,
dialkyl/-aryl silanes -SiOH(R'};, and silanols -SiH(R’),
15 wherein R’ is independently a straight-chain or branched
Ci1-12y alkyl group or an optionally substituted carbocyc-
lic and heterocyclic group comprising five-, six- or ten-
membered ring systems.
5. The compound of claim 1 having formula I,
i \«H\
Xz H
1J) q ("‘F)n
R1
1
20
wherein
A ig an amino acid,
X.to X5 are independently of each other N or C,



is a electron-wi thdrawi ng group selected from-NO2, -CN, -N1-(CH2)?2,
-502R, -COOP', -COR, -d, -Br, -F, iodonium10 salts -11-(R )2,
dial kyl/-aryl silanes -SIOH(R )2, and silanols -SIHR )2, wherein R
is independently a straight-chain or branched C(1 _12) al kyl group or
an optionally substituted carbocyclic agd heterocyclic group
conprising five-, six- or ten-nenbered ring systens 15 R1l, R2 are

| dependent Ly 9 SRRy larar R IS malir iy 'lef?e'd“f%om
aIkoxyjcarbonyLNognd cRl- ﬁi@cggkyla@kgg)catag@ﬁh w@@@eln @1 I sghl orp

C-C6 al kyl, R3, R4 are independently of each other H, formyl,
i m nonet hyl , Zﬁndpnogm S@ltelzléKRybz,(dldﬂﬁykﬂ+am®a éiliﬂ§5a4$ﬂmowm,

halosubstituted - al kanoy|. tute at | east one_ CN, I

o N hnt whEPS el i O i e e B S ierpenisably =
mays i ndependentsltrab_ghn:e@ha@_ﬁd &y beancn@@ ,chQ, Oalkyi?OgMBup, o HeRHop-
5ms 0, 1, 2 or 3, is 1, is Oor 1, is O, has a val ue of

1to 7. 10 10. FAENaSApoLrHP 1 et etn gaﬁbwmglf-@r’rﬁndaeheterwwl/lc ¥roup

I X5 comprising five-, six- or ten-membered ring systems,

Ri, Ry are independently of each other H, Hal, -OR’‘, -NHR'’,
Cl-Cl2 alkyl, Cl1-Cl2 alkoxy, Cl-Cl12 alkanoyl, C2-Cl2 al-

10 kenyl, C2-Cl2 alkynyl, (Cl1-Cl12 alkoxy)carbonyl, and (Cl-
Cl2 alkylamino)carbonyl, wherein R’‘’ is H or Cl-Cé6 alkyl,

R3, Ry are independently of each other H, formyl, iminomethyl,
nitroso, C1-C12 alkyl, Ci1-Cl2 alkoxy, Cl1-Cl2 alkanoyl,
halosubstituted C1-Cl2 alkanoyl,

15 m is 0, 1, 2 or 3,
n is 1,
P is 0, 1 or 2,
g has a value of 1 to 7, and
r is 0 or 1.
20
6. The compound according to c¢laim 5, wherein A is an amino

acid selected from glutamic acid, aspartic acid, gluta-
mine, aspartine, lysine, arginine, cystein, and deriva-
tives thereof or a polyamino acid selected from the re-

25 spective homopolymers.

7. The compound of claim 5 wherein m is 1 or 2.

8. The compound of claim 5, wherein the fluorine-18 is at



)I RIxi X4 rR4 11l (2) RR (R3) ,P X3,,V,...----\ Ar(H CAX5 ,P) |
Rix1 X4 rR4 18F Iv 51 X1 to X5 are independently of each other N
or C,

49

the 2'- or 6’'-position.

9. The compound of c¢laim 1 having formula II,

5 wherein

X; to X5 are independently of each other N or C,

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

Z is a electron-withdrawing group selected from -NO,, -CN,
-N"(CH;)3, -SO;R’, -COOR’, -COR’, -Cl, -Br, -F, iodonium
10 salts -I*(R’),, dialkyl/-aryl silanes -SiOH(R'),, and si-

lanols -3iH(R’)., wherein R’ is independently a straight-
chain or branched C(i.13) alkyl group or an optionally sub-
stituted carbocyclic and heterocyclic group comprising

five-, six- or ten-membered ring systems,

15 R;, R; are independently of each other H, Hal, -OR'‘’, -NHR'’,
Cl-Cl2 alkyl, Cl1-Cl2 alkoxy, Cl-Cl2 alkanoyl, C2-Cl12 al-
kenyl, C2-Cl2 alkynyl, (C1-Cl2 alkoxy)carbonyl, and (Cl-
Cl2 alkylamino)carbonyl, wherein R’’ is H or Cl-Cé alkyl,

R3, Ry are independently of each other H, formyl, iminomethyl,
20 nitroso, C1-Cl2 alkyl, C1-Cl2 alkoxy, Cl-C12 alkanoyl,
halosubstituted C1-Cl2 alkanoyl,

Rs, Rg are independently of each other H or straight chain or

branched C;-Ci» alkyl, which is unsubstituted or substi-



X6, X7 are independently of each other C, Nor O, is a

el ectron-w t hdrawi ng group selected from-NO2, -CN, -WCH3)3,
-S03121, -COOR, -COR, -d, -Br, -F, iodonium5 salts -r(R )2,

di al kyl/-aryl silanes -SiOH(R )2, and silanols -SiH(Rl)2, wherein R
is independently a straight-chain or bsanched C(1_n) al kyl group or
an optionally substituted carbocyclic and heterocyclic group

conprising fiv i n- nenber ri syst 10 Rl are

i ndependent |y gflt§§c talli_‘erEL %%32‘ I'pan %@@Cf@dalwﬁ’ﬁrelél OEfp °oF
al koxy, C - CL2y@hkansy| emb24§d@, ahkgouh 1 (§15C _
aIkoxy)carbonyF and (é?n C12 aikylanlno?gngggy%l%ggg%ﬁngg ﬁ?ﬁgqgﬁd

d -6 al kyl, Rsntﬂazsr bee repdegedddnt HP-of -€8ch otdfeO-H, -fCor-MR’ -, -CH=CH-
ininonethyl, 15ni_ so, C-C12 alkyl, d-C12 al koxy, O -Cl12 al kanoyl,
hal osubstituted CI-C12 al kanoyl, R5, R6 are independently of each

other H or straig t hain or branched Cl-C12 al kyl, which is
unstbsfl tuted 6F Substi fuP&d3by at |east one CN, Hal, or N, and
wherein one or .,20_nore of enbedded, non-adjacent CH2 groups may

i ndepefident |y BE tepl aced by -0-, -CO, -00-0-, -CO-NR -, -CH=CH, is
0O, 1, 2, or 3,.,is Oor 1, 25 pis O, 1 or 2, and has a value of 1to
7. 11. Fhe conpéﬁn@ 8F dhaim 1 havi ng formul ae V or VI, R2(1,3)p

XSC}DCI )1(5 Rix1 X4 rR4
is 0, 1 or 2, and

q has a value of 1 to 7.
10
10. The compound of claim 1 having formulae III or IV,
18 0O XeRs
3R
Rz (Rs)y Z m N e
X X3\/\X5 \\ 0
2 —
KN g%t @n
R X X3 ' Ry
]|
@) XeRs
Qh\ X XR
Re (Ra), AN e
Xa s 0
X{’| .lq;;\xs 18
PN NN
R1 X1 X4 r R4
v
15

wherein



0 Qc"-,--X6R5 X7R6 X2 IIT( Hyci )1(5nF | RLX1 X4 r VI wherein X1
to Xs are independently of each other Nor C, 5 X6, X7are

I ndependently of each other C, Nor 0, RlL, R2 are independently of

H Hal, -OR', -NHR', d-Cl2 alkyl, d-Cl2 al koxy, C-Cl12
C2-C12 al kenyl, C2-Cl12 al kynyl, (C1-Cl12 al koxy)carbonyl,

each ot her

al kanoyl ,

and (Cl- Cl12 al kyl am no) car bonyl , mherein R' is Hor d-C6 aIkyI, 10

R -3 R4
nitroso,

o HEROR L 3R S R PO

hal osubsti t ut ed O Cl2 al kanoyl, R5, R6 are i ndependent |y of each

other HMsorXst r aFght ndkRendentiyanéheachl otieralky N, owhicch i s
unsubstituted or substi- 15 tuted by at |east one CM Hal, or N2,

and wherein ongsor ra)lree:&forelmeﬂdﬁfhm&@ %fldu%se%l%@egr 4B U%bg, -CN,
i ndependent |y be replaced by -0-, - 53
is ON'1CBy) 2, -BWRN3S ecocai'ue ofoR’to-¢1, -Br, -F, :Lodonium

is O or
5
10 Ry,
R,,
15
RS:
20
m
Ir
25 p
g
11.

1,

salts -I'(R')., dialkyl/-aryl silanes -SiOH(R’),, and si-
lanols -SiH(R’),, wherein R’ is independently a straight-
chain or branched C(;.1; alkyl group or an optionally sub-
stituted carbocyclic and heterocyclic group comprising

five-, six- or ten-membered ring systems,

are independently of each other H, Hal, -OR’’, -NHR'’,

Cl-C12 alkyl, C1-Cl2 alkoxy, Cl1-Cl2 alkanoyl, C2-Cl2 al-
kenyl, €2-Cl2 alkynyl, (Cl-Cl2 alkoxy)carbeonyl, and (Cl-
Cl2 alkylamino)carbonyl, wherein R’’ is H or C1-Cé6 alkyl,

are independently of each other H, formyl, iminomethyl,

nitroso, Cl-C12 alkyl, Cl1-Cl2 alkoxy, Cl-Cl2 alkanoyl,
halosubstituted C1-Cl2 alkanoyl,

are independently of each other H or straight chain or
branched C;-Cj;; alkyl, which is unsubstituted or substi-
tuted by at least one CN, Hal, or NO,, and wherein one or

more of embedded, non-adjacent CH2 groups may independ-
ently be replaced by -0-, -CO-, -C0O-0O-, -CO-NR’-, -CH=CH-
, =C=C-,

is 0, 1, 2, or 3,
is 0 or 1,
is 0, 1 or 2, and

has a value of 1 to 7.

The compound of c¢laim 1 having formulae V or VI,



12. The conpound of claim11 having formulae VI1, VIII, IX, Xor X, R

(R3)13 X2 |j el

0)

(Hg RIXi X4 rR4 VI1 0, X6R5 R2 (1,3)pX7R6 N x,",,\(0

"H RL)X X1kX4j] )r q Rai(189n VI11 Cay, - X6R5 0
52
e 0 O XeRs
Ry (Rs), N XRs
Xs 0
R 1 Xy U Ry
Vv
0 0O XeRs
Ry (Ra), N X7Re
X 0
Xf’| ?iq;;\x5 18p
s, A W) e

10

15

wherein

R{” Xy X3 T Ry
vi

X1 to X5 are independently of each other N or C,

X6,

er

X4

Ry

are independently of each other C, N or O,

are independently of each other H, Hal, -OR'’, -NHR' ',

Cl-Cl2 alkyl, C1-Cl2 alkoxy, Cl-Cl2 alkanoyl, C2-C12 al-
kenyl, €2-Cl12 alkynyl, (Cl-Cl2 alkoxy)carbonyl, and (Cl-
Cl2 alkylamino)carbonyl, wherein R’’ is H or Cl-C6 alkyl,

are independently of each other H, formyl, iminomethyl,

nitroso, C1-C12 alkyl, C1-Cl1l2 alkoxy, C1-C12 alkanoyl,
halosubstituted C1-Cl12 alkanoyl,

are independently of each other H or straight chain or
branched C;-Ci;» alkyl, which is unsubstituted or substi-
tuted by at least one CN, Hal, or NO,, and wherein one or

more of embedded, non-adjacent CH2 groups may independ-

ently be replaced by -0-, -CO-, -C0O-O-, -CO-NR’-, -CH=CH-



IX 54 n ak.,...- X6R6 C8XIW R2 (R3)r)n......... N, |.rx7R6 X2

k,", ----- ,V,--zkvH O 1 (i-i) q 11:5Z RIX1X4 r. "4 X Xl
53
r _CEC_:
r is 0 or 1,
P is 0, 1 or 2, and
g has a value of 1 to 7.
5
12. The compound of claim 1 having formulae VII, VIII, IX, X
or XI,
XgR5
R
R3) (@-/u\ IAH/ 7Hg
(H) Fln
Vil

XsR5
X+R
Ry (Ra) I/ﬁ( e

\/\ \\
X5 | H) 18
s ) MY ("*F)n

R{” X7 X;
VI
XgRs
18Fn
2 X-R
Ry (Rs) /\ | e
.
/J\ (“
IX

10



wherein X1 to Xs are independently of each other Nor C, 5 X6, X7are
i ndependently of each other C, Nor 0, is a electron-w thdraw ng
group selected from-N®2, -CN, -N+(CH3)3, -S®BR, -COOR, -COR, -d,

- Br,

_F,

iodoniumsalts -V(R )2, dialkyl/-aryl silanes -Si OH(R1) 2

and silanols -SiHR )2, wherein R is kgadependently a straight- 10
chain or branched C(1_12) al kyl group or an optionally substituted
carbocyclic and heterocyclic group conprising five-, six- or
ten-nenbered ring systens, RlL, R2 are independently of each other H,

Hal , -OR', -NHR', O -Cl12 al kyl, C-Cl12 al koxy Q&F§12 al kanoyl ,

C2-C12 al - 15kenyl, C2-Cl12 al kynyl, (@ Cl aIony)carbonyI, and (Cl-
Cl12 al kyl am no) car bonyl ﬁper in R" is WRs 55 nitroso,
C -Cl2 al kyl, Ci1-Cl12 al ko ﬁ,( Cl2 al H hal osubstituted C -Cl12
al kanoyl, R5, R6 are in other H & straight chain

or branched C1-C12 al kyll, whi cp)i sqURsubstituted or substi- 5 tuted

by at

| east one CM HBEK, & NER,T anfswherein one or nore of enbedded,

non- adj acent CH2 groups may independently be replaced by -0-, -CO,

-00-0-,

-COONR -, -CH=CH, is 1, 10ris Oor 1, is 0, 1 or 2, and ha

a value of 1 to 7. 15

10

15

wherein

X; to X5 are independently of each other N or C,

Xg,

Z

Ri,

R3,

Xq

are independently of each other C, N or O,

is a electron-withdrawing group selected from -NO,, -CN,
-N"(CH3)3, -SOsR’, -COOR', -COR’, -Cl, -Br, -F, iodonium
salts -I'(R’'),, dialkyl/-aryl silanes -SiOH(R’),, and si-
lanols -SiH(R’);, wherein R’ is independently a straight-
chain or branched C(;.;; alkyl group or an optionally sub-
stituted carbocyclic and heterocyclic group comprising

five-, six- or ten-membered ring systems,

are independently of each other H, Hal, -OR’‘, ~-NHR"' ’,
Cl-Cl2 alkyl, Cl-Cl2 alkoxy, Cl-Cl2 alkanoyl, C2-Cl2 al-
kenyl, C2-Cl2 alkynyl, (C1-C12 alkoxy)carbonyl, and (C1-
Cl2 alkylamino)carbonyl, wherein R‘’ is H or C1-C6 alkyl,

are independently of each other H, formyl, iminomethyl,



13. The conpound of claim11 having formula XV, 0,..".0R5 O\FrCsR6 -0
HNINI8 I ( F ), Y2YIN)"*N---%Ns----R4 XV wherein is a

el ectron-wi thdrawi ng group selected from-NO®2, -CN, 20 -1le(CH2) 2,
-S2R1, -CcooP', -COP', -d, -Br, -F, iodoniumsalts -1'(R)2,

di al kyl/-aryl silanes -SiOH(R )2, and sslanols -SiH(R )2, wherein R

is independently a straight-chain or branched C(1_12) al kyl group or
an optionally 6 stit d ocygli n roc ar

conpri si ng flvgggrgfgi oéitg%fneﬁﬁéaéd ?#nglgyg§ﬂ%&%”R§¥fﬁgf2 aﬂﬂ%noyl
i ndependent | y bdbleachsatiheted an-straighktneldi,n or branched Cl-Cl12

al kyl, which is unsubstituted or substi- 5tuted by at |east one CN,

Hal , o NCB, apgewa{®ideQiehiory, n@fee@fcher@&?&edﬂ RQN- @f%gé Eh2in or

groups nay |ndependently be replaced by - - , -00-0-,
- CH. CH, MranVEedréhkﬂ@epﬂm¢ghtlwhmtheaﬁh umﬁmbssfﬁ@@é®dofr@mﬂﬂt1—
straight 10chain or. branched C1-C6 alkyl, is selected fromH,

ni t¥ oso, Cl- C13UsPRyPY et éeash eoey CNG1Help &1%dKuyl and wherein one or
halosubstltuteg09% Q%? éﬁﬁéﬁﬁgé, non-adjacent CH2 groups may independ-

ently be replaced by -0-, -CO-, -CO-0-, -CO-NR‘-~, -CH=CH-
] —CEC_I
n is 1,
10 <« is 0 or 1,
P is 0, 1 or 2, and
q has a value of 1 to 7.
15
13. The compound of c¢laim 1 having formula XV,
Os-ORs
Zm  Q
L ST
HN ,N\ rl\l \(\18F) ©
= =z R4
Y,¥Y.N~ NT N
XV
wherein
Z is a electron-withdrawing group selected from -NO,, -CN,
20 -N*(CH3)3, -SOsR’, -COOR’, -COR’', -Cl, -Br, -F, iodonium

salts -I*(R’),, dialkyl/-aryl silanes -SiOH(R’'),, and si-
lanols -SiH(R’),, wherein R’ is independently a straight-

chain or branched C(i.1;) alkyl group or an optionally sub-



is 0, 1, 2 or 3, and is 1. 14.The conpound of claim1 having fornula
XV, )rn O R3<-1\-Re 1?1"N ,0 HN I1(1 8F )n Y2YIN N Np XVI wherein is
a electron-withdrawi ng group selected from-NO2, -CN, 20-WCH2) 2,
-502R, -COOP', -COR, -d, -Br, -F, i odoni um sal ts -r(R1) 2,

di al kyl / -aryl S|Ianes -S|CH(R')2 and sgl anols -Si H(R1l)2, wherein R

I s independently a straight-chain or branched C(1_12) al kyl group or

an optionally %EQ%hhkﬂtha9369?8¥fé §E§68§¥3 LC @%%@& Gomprising

conprising 57 five-, six- ere ring
i ndependent | y &fiveach sdtdre orHE ehomembe ried mamgthybtemsnroso, d-C12
al kyl, d-Cl12 al koxy, d-Cl12 al kanoyl, hal osubstituted Cl-C12

al kanowk, R¢ are independently of each other H or straight chain or
branched C;-Ci; alkyl, which is unsubstituted or substi-
5 tuted by at least one CN, Hal, or NO,, and wherein one or
more of embedded, non-adjacent CH2 groups may independ-
ently be replaced by -0-, -C0-, -CO-0-, -CO-NR'-, -CH=CH-

, =C=C-,
Y;, Y are independently of each other selected from H, straight

10 chain or branched C;-Cs alkyl,

Ry is selected from H, nitroso, C;-Cis alkyl, C;-Cp, alkoxy,

C1-Ci1> alkanoyl, halosubstituted C;-C;; alkanoyl,

m is 0, 1, 2 or 3, and
n is 1.
15
14. The compound of c¢laim 1 having formula XVI,
L IA"
HN
W, ){\N '4 ("%F),
XVi
wherein
pA is a electron-withdrawing group selected from -NO,, -CN,
20 ~N+(CH3)3, -803R’, -COOR’, -COR', -Cl, -Br, -F, iodonium

salts -I"(R'),, dialkyl/-aryl silanes -SiOH(R’),, and si-
lanels -SiH(R'):, wherein R’ is independently a straight-
chain or branched C(;.;; alkyl group or an optiocnally sub-

stituted carbocyclic and heterocyclic group comprising



5 R5, R5 are independently of each other H or straight chain or
branched C1-Cl12 al kyl, which is unsubstituted or substituted by at

| east one CM Hal, or NO2, and wherein one or nore of enbedded,

non- adj acent CH2 groups nay i ndependently be replaced by -0-, -CO,
-00-0-, -CONR -, -CH=CH 10, Y1, Y2 as® independently of each ot her
sel ect ed fromH, stralght chain or branched C1-05 alkyl, is 0, 1, 2

or 3, and is 1¢ 15 e n i fornula XVI
0.y. OR5 NH2r OR6 £ilR-3 >E<‘TLEt c%@gg%% ﬁzegl\hlﬁoegﬁaxﬁlﬁlgh% rsgf%rr?srs an

"S0oR 1o b o SoopdteR R F hB At forw%e(zmmomethyl,

dialkyl/-aryl sikanes - %Q&ﬁ)%lk% Sé 28ph S & ?&%R)l & 21 ek Roy1,

i s independently a stralght chai n or branched yl group o
an optional ly baBosubgtdititete§lc@iBoeyshinoydnd heterocyclic group
conprising five-, six- or ten-menbered ring systens

5 Rs, Rg 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,, and wherein one or

more of embedded, non-adjacent CH2 groups may independ-

ently be replaced by -0-, -CO-, -CO0-0-, -CO-NR’'-, -CH=CH-
10 , -C=C-~,

Yi, ¥, are independently of each other selected from H, straight

chain or branched C;-C; alkyl,

m is 0, 1, 2 or 3, and
n is 1.
15
15. The compound of claim 1 having formula XVIT,
O, -OR
@ Q ’
NH2 \»j)l ORg
o
»Y ]/\ o
XV
wherein
Z is an electron-withdrawing group selected from -NO,, -CN,
20 -N"(CH3)3, -SOsR’, -COOR’, -COR’, -Cl, -Br, -F, iodonium

salts -I'(R’),, dialkyl/-aryl silanes -SiOH(R'),, and si-
lancls -SiH(R’),, wherein R’ is independently a straight-

chain or branched C(;.1z) alkyl group or an opticnally sub-



Rs , R6 are independently of each other H or straight chain or

branched C1-Cl12 al kyl, which is unsubstituted or substi5tuted by at

| east one CN, Hal, or NO2, and wherein one or nore of enbedded,

non- adj acent CH2 groups nay i ndependently be replaced by -0-, -CO,
-00-0-, -CONR -, -CH=CH, is 0, 1, 2 os83, and 10nis 1. 16.The

compound of claim1 having formula XVIII, XVII1 wherein, 15 Zis an

el ectron-w t hdraw ro |y, I

(G 2 _802R.t%$e@. HQrB%Ig§i§Q aﬁ%? ﬁ%&%%oc&% OnFE§$ogﬁg“comprlslng
-1"(R)2, dial Iiy-lv,e-ar Pixsi Ioeme@n-Sle@H(eRE)@ Tiamgd syisltana s - Si H(R1) 2,
wherein R is independently a straight-chain or branched C(1_12)

al kyl @5QURcOr age Omdelfindnedly s8absEdUtSEh&Ar ROGHC! ser&Eht chain or
het erocyclic group conprising five-, six- or ten-nenbered ring

systens, R3is hraﬁ@hﬁ?ﬂ Ci0€1f or bVl whchr drehegs@is ClRuaedybyr whikehti-

is unsubstituted or stl uted by at | east. one ON, Hal, or NO2, and
whet ei n one or% éﬁ@@(’f Hén-Rbj dfdnt BHNGYr 0gpsl lFTein one or

i ndependent |y Q%rEthﬁcgﬂdedeQ,’noggﬁdjaggng 'CH2 g£ﬁ%ps mgy:gﬁaé%end—

ently be replaced by -0-, -CO-, -CO-O-, -CO-NR'-, -CH=CH-
' -CEC_I
m is 0, 1, 2 or 3, and
10 n is 1.
l6. The compound of claim 1 having formula XVIII,
O ORs5
(Z)m
NHz Rg
N
N™ | 18
)% H Fin
H,N” °N
XVI
wherein,

15 Z is an electron-withdrawing group preferably selected from
-NO;, -CN, -N"(CH3)3;, -SOsR’, -COOR’, -COR’, -Cl, -Br, -F,
iodonium salts -I*(R’),, dialkyl/-aryl silanes -SiOH(R'),,
and silanols -SiH(R'),, wherein R’ is independently a
straight-chain or branched Cg.1, alkyl group oOr an op-

20 tionally substituted carbocyclic and heterocyclic group
comprising five-, six- or ten-membered ring systems,

Ry is H, methyl- or formyl-,

Rs;, R¢ are independently of each other H or straight chain or



is 0, 1, 2O 3, and is 1. 17. A method of production of a conpound

according to clainms 101 to 16 conprising the step of direct

radi ol abeling with ['8F] fluorideof the am nobenzoyl noiety. 18. Use

of a conmpound according to clainms 1 to 16 for diag- 15nostic inmaging

of a cell or population of cells express- ing a folate-receptor in

vitro or in vivo. 19. Use of a conpound according to clains 1 to 16

for conven- ie fectd ve ni shrak) ongt u i.n need

20f or dlagnost?%-?%gb?id? %%2 ﬁggﬂ%d ?%} Elég%og??%glﬁ%gFﬁad a THgti-

or popul ation efuteel ks, expressthdbrie fal atiesT eceptes, | knd tv&%re%%{ bne or

met hod conprising the steps of adnlnlsterlng at |east one com

pound accor di n§iore Gﬂélﬁ@bﬁdd©d16npm-addﬁagmm$t¢ﬁ2|gngupg ammnnmndepuhd—

obtaining a di e of ald ceII po tion of cells. 60

21. Met hod for%%Qﬂ§t? eéilo Yof % cél exp%J T1g 145 Wol at & CH=CH-

recgptor in a tissse sanple whi ch includes contacting said tissue

sanple with a conpound according to clains 1 to 16 in effective

anmount s and forssef fi1gi enby5 ati ERg@and conditions to allow binding to

occur and detecting such binding by techniques such as

aut or agii ogr aphy sand the |ike. 22. Conpound according to clains 1 to

16 for use in diagnos- 10tic inmaging or nonitoring a subject

conprising the steps of (i) adm nistering at | east one conpound

according to clains 1 to 16 in a diagnostic imaging anount, and (ii)

perflor g o agngaldrbd TOLAGHEL b O I8h85khAT 2Rkl L0 ains
10 1 to 16 comprising the step of direct radiolabeling with

[**F] fluoride of the aminobenzoyl moiety.

18. Use of a compound according to claims 1 to 16 for diag-
15 nostic imaging of a cell or population of cells express-

ing a folate-receptor in vitro or in vivo.

19. Use of a compound according to claims 1 to 16 for conven-
ient and effective administration to a subject in need

20 for diagnostic imaging.

20. Method for diagnostic imaging of a cell or population of
cells expressing a folate-receptor in vitro, said method
comprising the steps of administering at least one com-

25 pound according to claims 1 to 16 in a diagnostic imaging
amount, and obtaining a diagnostic image of said cell or

population of cells.



15 23. Conpound according to clains 1 to 16 for use in a nonitoring
cancer or inflammatory and autoi mmune di sease therapy in a subject
conprising the steps of (i) admnistering to a subject in need

t hereof at |east one conpound 20 according to clains 1 to 16 in a

di agnostic imaging amount in conbinatiem with a therapeutically
active, and (ii) perform ng diagnostic inmaging using PET by detecting

a signgh from gaigd.at éo%as;noeﬁtegﬂggé%dcefoﬁ égfgeﬁégelfogg_ﬁgﬁg%%% the

cancer or inflammtory and autoi | sease apy.
of cl ai s 22 afidl28eussttdptoonbnnat i tobhsswé hsamplet hériagret hndsudés con-
g:gggg:!s or tggéggﬁgoga% ‘%ﬁséﬁe'gé%gfna%3@£i”"%é%%éﬁn Qgcordlng to
claims 1 to 16 in effective amounts and for sufficient
5 time and conditions to allow binding to occur and detect-
ing such binding by techniques such as autoradiography

and the like.

22. Compound according to claims 1 to 16 for use in diagnos-

10 tic imaging or monitoring a subject comprising the steps
of (i) administering at least one compound according to

claims 1 to 16 in a diagnostic imaging amount, and (ii)

performing diagnostic imaging using PET by detecting a

signal from said at least one compound.
15

23. Compound according to claims 1 to 16 for use in a moni-
toring cancer or inflammatory and autoimmune disease
therapy in a subject comprising the steps of (i) adminis-
tering to a subject in need thereof at least one compound

20 according to claims 1 to 16 in a diagnostic imaging
amount in combination with a therapeutically active, and
(i1i) performing diagnostic imaging using PET by detecting
a signal from said at least one compound to follow the
course of cancer or inflammatory and autoimmune disease

25 therapy.

24. Method of claims 22 and 23 used in combination with any
other methods of diagnosis or therapy of cancer or in-

flammatory and autoimmune disease.

30



