folates 5 Field of Invention The present invention is directed
towards new 18F-fol ate radi opharnmaceuticals, wherein fluorine-18 is
covalently linked through a triazole- or tetrazole-linker to a folate
or derivative thereof, a nethod of their preparation, as well as 10
their use in diagnosis and nonitoring of cancer and inflammtory and
aut oi mmune di seases and therapy thereof. Background Cell-specific
targeting for delivery of effector noieties such 15 as di agnhostic or
t herapeutic agents is a widely researched field and has led to the
devel opnment of non-invasive diagnostic and/or therapeutic nedical
applications. In particular in the field of nucl ear nedicine
procedures and treatnents, which enpl oy radi oactive nmaterials
emtting el ectromagnetic radiation %0 -rays or photons or
particle emtting radiation, serg‘f::'??@%e o%éla]ra?tzefti on of these

radi oactive materials in targeted cells or tissues is required to
achi eve either high signal intensity for visualization of specific
tissues,,. esgsi a . di sease and/or nonitoring effects of therapeutic
treatne%%%ﬁfdy§ﬁﬁk$ﬁﬁﬁﬁﬁlion 25 dose, for delivering adequate doses

of i1onizing radiation to a specified diseased site, wthout the risk
of radi 2§ onPFRFERY | ANBEREICR. gisheditFRGTef sshe¥ards | BeyYhys priolate
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in partic
through a triazole- or tetrazole-linker to a folate or

derivative therecof, a method of their preparation, as well as
10 their use in diagnosis and monitoring of cancer and inflammatory

and autoimmune diseases and therapy thereof.

Background

Cell-specific targeting for delivery of effector moieties such
15 as diagnostic or therapeutic agents is a widely researched field
and has led to the development of non-invasive diagnostic and/or
therapeutic medical applications. In particular in the field of
nuclear medicine procedures and treatments, which employ
radicactive materials emitting electromagnetic radiations as
20 vy-rays or photons or particle emitting radiation, selective
localization of these radicactive materials in targeted cells ox
tissues is required to achieve either high signal intensity for
vigualization of sgpecific tissues, assessing a disease and/or
monitoring effects of therapeutic treatments, or high radiation
25 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 cell-specific stxuctures and in particular
structures that are present in case of tumors (i.e. cancer} or

30 inflammatory and autoimmune diseases, such as receptors,



structures that are present in case of tunors (i.e. cancer) or 30

i nfl ammat ory and aut oi nmune di seases, such as receptors, 2 antigens,
hapt ens and the |i ke which can be specifically targeted by the
respective biological vehicles. The folate receptor (FR) has been
identified as one of these structures. The FRis a high-affinity (KD
< 10-9 M nenbrane- 5 associ ated prote%n. In normal tissues and
organs FR-expression is highly restricted to only a few organs (e.g.
ki dney, |un choroi ds pl exus, and pl.acenta),, where it largely
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not supphi-gdrdf tiby fidat@dgediN@eChioubgl &£D . veigilR.al pha is 10
frequently overexpressed on a wide variety of specific cell types,

such astagi tdhalital ﬁé’é‘%&ﬁ’cﬁc (er@) QMariRRn CRIAHIGHiecNWOMBLE! Jf, these
breast, colorectal, Kki n§¥,.lung, nasopharyngeal ), whereas the
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of afut g5BYe! 208A0HS ot8YKACTHA {MNah & fsdtlds IandebAgRRS| FRYE pr & fbn
may therefore be used as a valuabl e tumour narker for selective

t unour - L8r eONAY (EISFaRgtedndoRaama ARW T¥daRDel¢\g. Reldnegpo4tungs,
56: 1067, ; LLLon i tl n.di d

acti vat SIOLBHT nbL TRS(1 RG) SIRSU S e POpRagEs o Sout) Shtare at the
di agnosédmineh rhevhatoi dofar tépitttiesd i20 posdeéss anfluncti ohhetefaot i veot

FR- bet a i ma: Mat s i et_al, Arthriti.s, & Rheupmiis 9, .
42(8): fgggﬁ%? n&'ﬁ%ﬁef %?i;a%egt i Vat et ematccrlcii:p u&&ééogan eese%é%fgaéaf y 8
t arget edregtént by atereomixpugated ion art hwide c vaatiety, &f capebilfity cell
t hat opens _possibilities far_.the diagnosis and treatnent of .

hount EPESBS aPti | (15" (PG Tal aPUnie ke Dot ARy, BpULCaL.

56: 1205&rfilometttaBrei Bresbi chebsobasesl pnkadpee/) | Uing, skakepparywhg«dl ) ,
i's conjugated t hrough_a_ benzoyl am no noiety to a glutamate, and Its |,
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years aseldsgehpporgens Ssfor dbhedaljaiigenehist NenRREMLA C (AT WUre FR-
di agnostic agents _to cell Eopulatlons bearing fol ate receftors in
or t BehahPegetavabt eBPEYeMRYNERATPERTD PR USebraPetit VR Lk o rtumour

di agnoshiheragerbs iddievelveekhiohel 8hly& fify NEEIBkALI i R, WSy,
folic acid derivatives and conjugates are Known and have been

(pre) cl PrngaPeyisyaRayt e@00fncPAdLAGT f 8t at eI adi@bhiamhae ag argcently
(Leamdnypand LawscDruged SCRY: T&&ﬁ%a?t% L @ut4 abs UPedr2d§) 28 ial
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1993; 22%t§3§€§&S%ECE%%ﬂBBeQ”QEﬁP“Ee selectively targeted with £folate
conjugates in arthritic Joints, a capability that opens
possibilities for the diagnosis and treatment of rheumatoid
25 arthritis (Paulos et al, Adv. Drug Deliv. Rev. 2004; 56:1205-

17).

Folic acid, which is based on a pteridine skeleton which is
conjugated through a benzoylamino moiety to a glutamate, and its
derivatives have thus been intensively studied over the past 15
30 vyears as targeting agents for the delivery of therapeutic and/or
diagnostic agents to cell populations bearing folate receptors
in order to achieve a selective concentration of therapeutic

and/or diagnostic agents in such cells relative to normal cells.



10 J. Drug Target. 1994; 2:101-12), with antisense oliconucl eotides
(Li et al, Pharm Res. 1998; 15:1540-45; Zhao and Lee, Adv. Drug
Deliv. Rev. 2004; 56:1193-204), with |iposones (Lee and Low, Biochim
Bi ophys. Acta-Bi omenbr. 1995; 1233: 134-44; Gabizon et al, Adv. Drug
Deliv. Rev. 2004; 56:1177-92), with hapten 15 nol ecul es (Paul os et
al, Adv. Drug Deliv. Rev. 2004; 56: 120?- 17), with MR contrast
agents (Konda et al, Magn. Reson. Mat. Phys. Biol. Med. 2001,

12:104-13) ,etc. Tﬁfi cally all, of these derivatives and conjugates
have bedRTHBUPf FRULGLATHE FTAHRIEDHAN G IHIREEF ok BRI cand el
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caner as cintillation, _and.the like, 30 Both PET and S use
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positron emitting nuclides which regquire a nearby cyclotron,

SPECT uses single photon emitting nuclides which are available



5 PET (Mathias et al., Nucl. Med. Biol. 2003, 30(7):725). However,
all of the above need a suitable chelating agent, which is typically
linked to folic acid through its glutamate portion. Thus a folate
radi ophar maceuti cal having a covalently |inked isotope would be of
great interest. In particular a 18F-|abeled 10 folate

radi ophar maceutical would be nost suitable for PET Imaging because of
its excellent imaging characteristics which would fulfil all of the
above consi derations. Conpared with other suitable radionuclides (AC,

"N, 1509y BSESratQg: yyRkemg: plrslsand¥ Teke| dh§ MESr -N9%% genvendient.
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posi trons having the I'owest positron energy, which allows for the
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satellite distribution to PET centers with no radi ochem str
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very few abel'ed™f ol'i'c aci rirvatives Teporte e lrterature
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Mor eove the currently reported radi osyntheses 25 are tine-consumn
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of tunpesiteihgPieveofeadnos seddjaid taRptiaenit ohingaR§sss andldicactive
i nfl ammat ory and aut ol mune di seases. , 6 producti on of new
18F- | ab8PEAY oFAfe PFEBPRphERYRCeRFEHHSIhdrstn thgor PREL EBORLT ¢ FIERR

throughaanthi 8201 &n Mrd idaz@lelr bynkee PR asdLlmie or derivative
t hereof, such as e.g. to the glutamate functionality of folic acid.
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18F- 10¢fal apgsh 2ULAPEAL FBCEYT | £abSadd1er &) Nabd-Sfs 2l SO on of
conpounds of "the 1 nvention),” wherein fluorine-18 is 1inked through a

tri azol disgneetiazol eonpIiidriano aobsianalby deiti vaEi verhhshagtutserhly
to t t [ | f .derivat Lye. |
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one specl diment, t new f ol at e radi opharnaceuti ca
conpoundsfdicientmulrambinPa®l haRES2iE8F twherield isiffifcdleate amrtivity to

g?%ﬁv Zt %éﬁg&%?éﬁ%ﬁ%@@&rﬁa Z maéraesdrrégn%%%nglern%l ¥’E'9f sgg‘ﬁh Qﬁlbi?l’rlez?more, a
sultable isotope should have a sufficiently short half-life to

limit patient exposure to unnecessary radiation. Typically, a
suitable radiopharmaceutical for PET may be based on a metal
isotope, such as gallium or copper. These two require however a

25 chelator for entrapment of the metal, which may have an effect
on steric and chemical properties. Alternatively a
radiopharmaceutical may be based on a covalently linked isotope

which provides minimal structural alteration. Radionuclides used

for covalent attachment and suitable for PET scanning are

30 typically isotopes with short half lives such as C {ca. 20

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

To date, a number of chelate-based folate radiopharmaceuticals

have been synthesized and successfully evaluated as diagnostic



Ariis a triazole or tetrazole. Preferably Si and S2 are independently
of each other a single 25 bond or a spacer unit, such as straight
chain or branched Cl-Cl2 al kyl, which is unsubstituted or substituted
by at least one - CN, -Hal, -OH, -NH2, -SH, -503H or -NO2, and
wherein one or nore of the non-adjacent CH2 groups may independently
be replaced by-0-, -CO, -00-0-, -0-CO.,, -NR-, -NF, -NR- 7 COO,
-0-CONR -, -NR-CONR -,-CH CH, -CEC, -S, -S03121-, - PR- or a
five- or six-nenbered aronatlc ring, which is unsubstituted or

subst i t ageRtH ther Cmagipg, foleke - CERePtT COSRtivRhdr@igrsR The most
represe@iﬁ?ﬂorstgil% a&éﬂ}’lvatcirve% Gl n@ab@ﬂ te'l%ﬁggf wi¥ elllIn and
specifically"the present invention iIs di Fected t owards conpounds

havi ng P8Feuliadel RS A . XITF. M6 J"Ie(dl ):qnqsm R4XJ2010Mideei retXlak o

X5 are independently o each of her and are ingd eaﬂent

of eachtljr erIgqe é 2444 68& ﬁf@)al S%TCI P at'k @E 2
Cl- @-2 ?E’Eamﬁé(thlg @Q—Z ﬁl kelm/él %&1?31%1@@)60,3 (gé'(s:\}l]z'i.'ZS) However,
al koxy) carb 1-C12 15 alkylan1no)car ony , erein is H

or Cl-C8lal tks amo‘éﬁ enphfependiftpylef dwdRtdngeragenti,or wi}nch is

I m nomne P50, C Kk gg%% I I
hal osubg?ﬁ%u?gi Cl- c1ezéjz§|°kz]f§’§3:° X%FS@E B lk@(§lﬁ%mg%g %J?Lg@a%oxy,

C1-C12 ahkanqyl £o€2ek12radiopharmaceutical having a covalently linked
isotope would be of great interest. In particular a ¥p_labeled

10 folate radiopharmaceutical would be most suitable for PET
Imaging because of its excellent imaging characteristics which

would fulfil all of the above considerations. Compared with

other suitable radionuclides (¢, **N, *0), ! is very useful
because of its long half-l1ife of approximately 110 minutes and

15 because it decays by emitting positrons having the lowest
positron energy, which allows for the sharpest images with a

18F

high-resolution PET. Furthermore, the longer half-life of
also allows for syntheses that are more complex and satellite

distribution to PET centers with no radiochemistry facilities.

20 Yet, the structure of folic acid does not lend itself to direct
radiolabeling with '®F. Thus to date, there have been only very
few ®F-labeled folic acid derivatives reported in the literature
(Bettio et al., J. Nucl. Med., 2006, a7(7), 1153; WO
2006/071754). Moreover, the currently reported radiosyntheses

25 are time-conguming and give only low radiochemical yields of
less than 5% (Bettio et al., J. Nucl. Med., 2006, 47(7}, 1153).
Thus currently known **r-labeled folates or derivatives thereof
are not able to £ill the need for specific radiopharmaceuticals
sultable for metabolic imaging of tumors to improve diagnosis

30 and treatment of cancer and inflammatory and autoimmune

diseases.

Applicants have now found efficient and versatile methods for



20 al kenyl, C2-Cl12 al kynyl, (Cl-Cl2 al koxy)carbonyl, and (Cl-Cl2

al kyl am no) carbonyl, 8 branched C1-Cl12 al kyl, which is unsubstituted
or substituted by at |east one CN, Hal, or NO2, or a group of the
formula I'll 11l 5 wherein S1 and S2 are independently of each other

a single bond or a spacer unit, such as straight-chain or branched
C1-Cl12 al kyl, which is unsubstituted of substituted by at |east one
CN, Hal, or N2, and wherein one or nore of the non-adjacent CH2
groups may independently he replaced by -0-, -CO, -00-0-, -0- 10CO,
-NR -, PRpduchjon 0pf new( KRlabele@r folgbepradigphgrmeenticals wherein

NR - CO -3 -Ss:.,-50 -, -PR :-_or five-,or_ six-nmenbered
hromat 1 ELPPEETELHS he] TiREapERFPUTR R o *LHEST ( OF RS L e to
NO2, COR folmteOdR ,devhiraiiver theppasendisc ag €lgCo tal liHe Pruttamate
conbi nat.i on therfpf an 1? 1 is a.triazole pr a tetrazple, with_,
the probtHBGEIARRIRE off ReTGhEC R72FEGa gF BEPBHRAF mut A Y420 | Stigres
1, iss Osudgestdd aneiRassigioediugt9f s t foderBl | Bidghyst her agRaeksf ifor
enbodi ment the present invention contenplates a conpound of formula
IV 9 OFR-PPX¥LREE TYIMFSRy 2 (Rs)

Summary of the Invention

The present invention is in a first aspect directed to new g

10 folate radiopharmaceuticals (hereinafter also called compounds
of the invention), wherein fluorine-18 is linked through a
triazole or tetrazole linker to a folate or derivative thereof,

such as to the glutamate functiocnality of folate or derivative.

In one specific embodiment, the new folate radiopharmaceuticalsg

15 are compounds of formula T,

P—SArS;~ %

wherein

P is a folate or derivative thereof,
20 8;, 8; are independently of each other a single bond or a
spacer, and

Arg is a triazole or tetrazole.

Preferably 8; and 8; are independently of each other a single
25 bond or a spacer unit, such as straight chain or branched C;-Ci5
alkyl, which is unsubstituted or substituted by at least one -
CN, -Hal, -OH, -NH,, -8H, -S503H or -NO,, and wherein one or more
of the non-adjacent CH; groups may independently be replaced by-

0-, -Co0-, -C0-0-, -0-CO-, -NR‘-, -N=, -NR'-CO-, -CO-NR'-, -NR'-



p,1H Xi" 1 )(31"----- X;rk")<,0 7F(Hyne ,Aq RIXi X4 M IV wherein X6,

X7 are independently of each other C, Nor 0, 5 Rg, Rg are

i ndependently of each other H or straight-chain or branched Cl1 -C22
al kyl, which is unsubstituted or substituted by at | east one CM Hal,
or NO2, and wherein one or nore of enbedded, non-adjacent CH2 groups
may i ndependently be replaced by -0-, ,—ICO, -00-0-, -CONR -,

-CH=CH, -CC, or a group of 10 the fornmula V --S3-Ari-S2-18F V
wherein Sy, 33 are independently of each other a single bond or a
spacer G8r®;. subhCAsNBf r ai ghR' cBRINR or. -BHafBhed ~CECE12 &Kyl SCB' -, -

which is_pnsubstituted or substituted. by at |east one CN, Hal, .or .
NOZ, angR\/\her?ﬁn %negwe?mr%r ofsﬁ}ﬁ'é“el%?%ggi aBERPEES gFbiPs mipich 1s
i ndepenggatbyc Deut&ap! aeed&u¥tifuted CRith- Q- -udr CO-xo; NR-cor’ - Bz, -
-NR -00-, -CONR -, -NR-COO, -0-CONR'-, CH=CH , -CEC, -3-,
-302121€00RPR wheretnaRf i vepresesix- Heoberegdt ldndnatdc & i agnbivutcion

is unsubstituted or substituted with CN,
thereotf.

More specifically the present invention 1is directed towards

compounds having formula II

R
Ry (Ra)_ = | !
X
X5~ | ?:E;;;kfs =~ Re
"N } a
R1)\x1 x4’(J m Ry
IT

10 wherein
X, to ¥z are independently of each other C or N

R; and R; are independently of each other H, Hal, -~OR’, -NHR’,

Ci1-Ci2 alkyl, Ci1-Ci12 alkoxy, C1-Ci2 alkanoyl, C2~C12 alkenyl,

c2-C12 alkynyl, (C1-c12 alkoxy) carbonyl, and (c1-c12
15 alkylamino)carbonyl, wherein R’ is H or C1-Cé alkyl,

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

nitroso, Cl-C12 alkyl, ci-C12 alkoxy, ci1-C12 alkanovyl,

halosubstituted C1-Cl2 alkanoyl,

Rg is H, C;-Cy5 alkyl, C;-Ci, alkoxy, Ci1-Cip alkanoyl, Cy-Cis
20 alkenyl, C3-Cy» alkynyl, {C;-C;» alkoxy)carbonyl, and (Ci1-Cio

alkylamine) carbonyl,

R¢, Ry are independently of each other straight-chain or



10 Hal, NO2, COP!, or COOP!', wherein R represents H or Cl-C6 al kyl,
with the proviso that no two heteroatons are adjacent to each other,
Ari is atriazole or a tetrazole, and 5 X1 to Xs, Rl to R6, m p and
g, are as defined herei nabove, with the proviso that either R6 is a
group of forrmula Il or one of 126 and Rg is a group of forrmula V. In
a further aspect the present inventiongis directed to a 10 net hod of
their preparation. Mdrre specifically, ?he conpounds of the invention
may be obtai ned using a 1, 3-di polar cycloaddition of azides with

al kynesbsanangd né: sGizs difiylles Wisigdh i wiguhstedutgchiqph siksticutes by
anot her _aspect the present. invention is directe% tg pEarqgfeutical
conposi £FohS2¥F e %nﬂﬁindé’ro?ﬂoﬁheo’f fr SR OF| AP§Fet© #etihspect
the present invention is directed to the use in diagnhosis and

noni toring of therapy of cancer and inflammuatory and aut oi mmune

di seases in vitro or in vivo. 26-gr-eng—esptd ment, the present
invention is directed towards uses of the conpounds of the invention
for diagnostic imaging of a cell or population of cells expressing a
folate-receptor. Mre specifically thgIpresent invention includes

met hods for diagnostic inmaging of a cell or population of cells
expresswhgrain5s{ ohnd esy esept dridepdnidantlieldflesadipromheanyl esimilodsond
for in vitro detection of a cell expressing the folate receptor, for
exanpl eca tanspacelk! writn seichvazed strerigphageainn o t bxsnehsdnslieCia

Such net hod . al sop be rformed jn vivo. . .11 t rds uses of the
o o BbReT (ke o fe PR RS stk e oY (R U odd o,
admi ni sggati o tinA Siid eghekBiReRfhel Ur dh3B8008EI GHBULMO BNHR o1,

noni toring of therapy of cancer and inflammuatory and aut oi mmune
di seasegroibe wmabj cotdepintihethpt bedseplilathd Bypr&sent-daremd®io-,s ~O-

preferaééy a nmmal , such ., an animgl or, a hunman, referabk%?a ,

hureh. ch methods OF t he" R ivdtiti on Wﬁe pébﬁo‘ s@-irn GRS ron -
NR'~CO~-NR'-, -CH=CH-, -C=C-, -S-, -803R‘’-, -PR‘'~ or a five- or
six-membered aromatic  ring, which is  unsubstituted or

substituted with CN, Hal, NO,, COR’, or COOR', wherein R’

repregsents H or C;-Cy; alkyl, or a combination thereof, and
i5 Ar, 1s a triazole or a tetrazole,

with the proviso that one of Rz and R; is a group of formula III,

m is 0 or 1,
P is 0, 1 or 2, and
q hags a value of 1 to 7.

20

In a further specific embodiment the present invention

contemplates a compound of formula IV



wi th any ot her nethods of diagnosis or therapy of cancer and

i nfl ammat ory and aut oi nmune di seases i ncl udi ng net hods using 10 ot her
al ready devel oped di agnostic and/or therapeutic agents and utili zing
Xx-ray conputed tonography (CT), nagnetic resonance inmaging (M),
functi onal magnetic resonance imging (fMRl), single photon em ssion
conput ed t onogr aphy (SPECT), optical ipaging, and ultrasound. 15

O her features and advantages of the ifhvention will be apparent from
the follow ng detail ed description thereof and fromthe clains. 20
Brief Description of Figures Figure 1.

Synt hesi sof 18F-Cl i ckfol ate(7-(4-(4- (4- -
C8F]f|uorobutyl)-1,2,3-triazol-l-yl)butyb)P 'éﬁag%d am de. Figure 2.
Synt hesi s of y-(4-azido-butionyl)-folic dcid|am de. ég_E'gure 3.
Specific uptake in f@dzat@gag ecept or } =) wn by ex
vivo biodistribution stug%dé usingjl8FHcli tk fol at Figure 4. PET

i mages using ' 8F-clkiz€ Sat€ Thxgo i son to PET™ nages using

[ 18F1FI DG 12 Detjai | tHypt 1 on ofRet he I nvention The present
invention is in i 1 ot dRfected to new 18F- 5 folate

radi opharmaceuti cals (hereinafter also called conmpounds of the

i nvention), wherein fluorine-18 is linked through a triazole or a
tetrazole linker to a folate or derivative thereof, such as to the
glutamate functionality of folic acid. The term Hf ol ate" as used
herein, conprises conpounds based on a 10 condensed pyrim di ne

het erocycl e, which is linked to an am nobenzoyl noiety carrying in
para-position a group Si as defined h inafter. As used herein a
"condensed pyrimdine heterocycle"” includes a pyrimdine fused with a
further Bz..0§,6- nenbered heterocycle, such as a pteridine or a
pyrrolopyrlniﬁine 15 bicycle. Preferred representatives of folates as

used hetein,are S te.s t i.e. rayl - gl utamc
acid or&NE bté%?%fﬁgggg?%g%%ggéﬁFn%%%%ﬁ%%§ Fglﬁf%%ig'acid), and
derivatives thereof and includes o tionalg¥Bsubstituted folic acid,

fol ithi cRaci® pR%F opBRFRPRAHRY a2t d®2GRdOFBPEL & FcePtigight-chaln or

branched C;-C;z; alkyl, which is unsubstituted or substituted by

d

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-, -C0-0-, -CO-NR'’-, -CH=CH-, -C=C-, or a group of
10 the formula V

S5 Ary S, 18k

v

wherein 83, S, are independently of each other a single bond or a
spacer unit, such as straight c¢hain or branched C1-C12 alkyl,
15 which is unsubstituted oxr substituted by at least one CN, Hal,
or NO,, and wherein one or more of the non-adjacent CHs; groups
may independently be replaced by -0-, -CO-, -CO-0-, -0-CO-~, -NR'-
, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0-CO-NR'-, -NR'-CO-NR'-,-
CH=CH-, -(=C-, -8~, -8S0z;R’'-, -PR'- , or a five- or six-membered

20 aromatic ring, which is unsubstituted or substituted with CN,



20 bi nding pteridines such as tetrahydropterins, dihydrofol ates,
tetrahydrofol ates, and their deaza and di deaza anal ogs. Folic acid is
the preferred basic structure used for the conpounds of this
invention. The terns "deaza" and "di deaza" anal ogs refers to the art
recogni zed anal ogs having a carbon atom substituted 25 for one or two
nitrogen atons in the naturally occurring folic acid structure. For
exanpl e, the deaza anal ogs i ncl ude the - deaza, 3-deaza, 5-dean
8-deaza, and 10-deaza anal ogs. The di deaza anal ogs i ncl ude, for

exanpl eHal, 5N@; AR, D71 COgRAeavherd8in (R dimdpaesennadi5o8-i-deaadkyl,
anal ogs. Preferred deaza anal ogs 30 conpounds i ncl ude

N-[ 4- [ 2wii€BRth2 gmranoibely 4t1ai6, do 8thwex datdroatoms are adjacent to each
oxopyridg%Z 3-d) pyri mdin-6-yl]ethyl Jbenzoyl)-L-glutam c acid
(Lonet r 8%8FFandN- [ 4- [ 1- ((2, 4-di ami no-6- 13
pteridinél)nethﬁ%gpropylIbenzoyII-L-qutanic acid (Edatrexate). More
speci fi €835 3 HEIRAP ISPt & FSAF3pREE merbt i cal s are conpounds of
formula I, P-51-Ar1-82-18F 5 wherein is a folate or derivative

t her®of X1 Slo %52 &fetoRiependenghy of @eelrotdediingdshrybindomed: or a
10spacer, and Ariis a triazole or tetrazole. Preferably, Si and S2

are indgpendent! yretigactnst heirmeSinolie boaedodp 8rspasRilaiNtis &SHChhe
as straight-chain or branched Cl1-Cl2 15 al kyl, which is unsubstituted
or subsbift B} emhdyRatisl eagioopeofNotdatla ar. NO2, and wherein one or
nore of the non-adjacent CH2 groups may i ndependently be replaced by
-0-, -CO, -00-0-, -0- CO, -NR -, -N5, -NR -00-, -CONR -,
-NR-CO O, -0-CONR -, - NR-CONR -,-CHCH, -CC, -S, -SABR -,
-PR -, 18r @& fiuwdhedr 2épeédix- mREDEFREatONBhiEntidtg, iwhi &irddted to a
unsubstituted or substituted with CN, Hal, N2, COR or. COOR
whet@i n"RENPEpPES ERPET HPERPRIR SR ATe SPesiEiRBihkt i bR t RRFRQnds of
| nanot henspaeivkhegnhodipene dieaenkal akk8ng a 1,3-dipolar cycloaddition
of azides with alkynes or alkyne substitutes, such as nitriles

in high yields.

15 In another aspect the present dinvention is directed to

pharmaceutical compositions of the compounds of the inventionm.

In yet another aspect the present invention is directed to the
use 1in diagnosis and monitoring of therapy of cancer and

inflammatory and autcoimmune diseases in vitro or in vivo.

20 In one embodiment, the present invention is directed towards
uses of the compounds of the invention for diagnostic imaging of

a cell or population of cells expressing a folate-receptor.

More specifically the present invention includes methods f£for
‘diagnostic imaging of a cell or population of cells expressing a

25 folate-receptor, which includes for example methods for in vitro
detection of a cell expressing the folate receptor, for example

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

such methods may also be performed imn vivo.

Thus, in a further embodiment the present invention is directed



25 radi opharmaceuticals are conpounds of fornmula Il 14 (R3) p \ |
kay.," X2X5 7-(H) IRe r.q p R X1X4n4 |1 wherein X1 to Xs are

I ndependently of each other Cor N, 5 RlL and R2 are independently of
each other H Hal, -OR, -NHR, Cl-Cl2 alkyl, Cl-Cl2 al koxy, Cl-C12

al kanoyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl, (Cl-Cl2 al koxy) car bonyl,

and (Cl1-Cl2 al kyl am no) carbonyl, wherein R is Hor Cl-C6 al kyl,

R3, R4 are independently of each ot her1]1—|, fornyl, imnonethyl, 10
nitroso, Cl-Cl2 al kyl, Cl1-Cl12 al koxy, C1-Cl2 al kanoyl, hal osubstituted
Cl- C12 BPRandy| usrS| £ tita - covraprds | of1-the2 igvemblonCXag] 2convenient

al kanoy Q2 e : - : : : - Y, .
(o CL ooy et Lot eatiop, 5o iPes) 13, B5rd) PoA i taamagr e
are i ndépeatent Apdddr emchibohing sof atydtaphadh canteanahddigilO@@atory
al kyl, hoh 1S MRS RSt r bst L tuted by _.at _]east .on I
or NO2, Még aal.bt?oolup 31% t ﬁl@ég%%gen% asﬂlfﬁel sﬁﬂjergt %2 tiie met%o%s(jv!)f Hatlie
5 present invention is preferably a mammal, such as an animal or a

human, preferably a human.

Such methods of the invention may be performed in combination
with any other methods of diagnosis or therapy of cancer and
inflammatory and autoimmune diseases including methods using
10 other already developed diagnostic and/or therapeutic agents and
utilizing =x-ray computed Gtomography (CT), magnetic resonance
imaging (MRI), functional magnetic resonance imaging (£MRI),
single photon emission computed tomography (SPECT), optical

imaging, and ultrasound.
15

Other 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. Synthesis of r_Click folate {y-(4-(4- (4~
fBF]fluorobutyl)—l,z,B— triazol-1-yl)butyl) folic

acid amide.

Figure 2. Synthesis of y-(4-azido-butionyl)-folic acid amide.

25 Pigure 3. Specific uptake in folate receptor-positive tissues as
shown by ex vivo biodistribution studies using *°F-

click folate.

Figure 4. PET images using *®F-click folate in comparison to PET

images using ['°F]FDG.




-Si- Ari-S2-18F 111 wherein S1 and S2 are independently of each
other a single bond 20 or a spacer unit, such as straight-chain or
branched Cl1-Cl12 al kyl, which is unsubstituted or substituted by at
| east one CN, Hal, or NO2, and wherein one or nore of the
non- adj acent CH2 groups nmay i ndependently be replaced by -0-, -CO,

-00-0-,
-0-CO-NR -,

-0- 15 CO, -NR -, -N-5 -NR"-l(%O-, -CONR'-, -NR -CO- O,
-S-, -803R1-, -PR - , or

a five- or six-nmenbered aromatic ring, which is unsubstituted or
substituted with CM Hal, NO2, COR, or COOR, wherein R 5
represents H or Cl-C6 al kyl, or a conbination thereof, and Ari is a
triazole or a tetrazole, with the proviso that one of R6 and R7 is a
group of formula Ill, is O or 1, is 0, 1 or 2, and 10 ghas a val ue of
1to 7. DPHah1%¢é?%ﬁ?%&??ﬁﬁﬂnﬂﬁﬂéﬁﬁ EBV?%t{%R Hal, NO2, or a group Rs
and 117 is a group of formula Ill. 15 In anot her preferred enbodi t
117 is The Plaesenozinﬁenaiqnoﬁﬁ m andiReti gsaegtodprgtﬁté@rhmaewﬁ F-

It |§

represe

10

15

20

25
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t d t th b t ' d el
e SEE o SRR P IaCe b es L o bBEShPaLsEtr 418y Called \pompounds
of the invention}, wherein fluorine-18 is linked through a

triazole or a tetrazole 1linker te a folate or derivative

thereof, such as to the glutamate functionality of folic acid.

The texm "folate" as used herein, comprises compounds based on a
condensed pyrimidine heterocycle, which is 1linked to an
aminobenzoyl molety carrying in para-position a group 8, as
defined hereinafter. As used herein a “condensed pyrimidine
heterocycle” includes a pyrimidine fused with a further 5- or 6-
membered heterocycle, such as a pteridine or a pyrrolopyrimidine
bicycle. 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 and includes optionally substituted folic
acid, folinic acid, pteropolyglutamic acid, and folate receptor-
binding pteridines such as tetrahydropterims, dihydrofolates,
tetrahydrofolates, and their deaza and dideaza analogs. Folic
acid is the preferred basic structure used for the compounds of
this invention. The 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 example, the deaza analogs include the 1-
deaza, 3-deaza, 5-deaza, 8-deaza, and 10-deaza analogs. The
dideaza analogs include, for example, 1,5-dideaza, 5,10-dideaza,
8,10-dideaza, and 5,8-dideaza analogs. Preferred deaza analogs
compounds include N-[4-[2-[(6R)}-2-amino-1,4,5,6,7,8-hexahydro-4-
oxopvrido[2,3-d]lpyrimidin-6-yl]lethyl]lbenzoyl] -L-glutamic acid
(Lometrexol) and N-[4-[1~[(2,4~-diamino-6-



20 includes -NH and -N= |linkages and C includes -CH2- and -CH=

| i nkages. It is further understood, that (H)(4 represents all H
substituents on the indicated ring (i.e. on X3, C6, C7 and X4). For
exanple q 25 = 5 for a fully saturated unsubstituted analog (X3 = X4
=N p=0) or g- 7 for a fully saturated unsubstituted 5, 8-di deaza
analog (X3 = X4 =C, p=0) and q = 11f30r a fully unsaturated 16
analog with X3 = X4 = N, p =0. 51 ispreferably a single bond or a
spacer unit, such as straight-chain or_ branched Cl1-C19 al kyl, which
i s unsubseFIBE HrehaEl REOPYdt BEREYY AL -heHdttagHe enldndfdatrengke) -
and wherein one or nore of non-adjacent CH2 groups may independently
be replaced by -0-, -CO, -00-0-, -NR -, -NR-00-, -CONR -, -CH=CH,
-C=C-, or a five- or six-nmenbered aronmtic ring, whichis

unsubst YeHe edsBeCitbzr i kin ed B t RN, Jadiatenopadeephargpeeygmals  are
wher ei &y, d@ndens£seitniald ar C1-CG8 al kyl, or a combination thereof,
more preferably a single bond or a spacer unit, such as
straight-chain or branched Cl-Cl8_al kyl, Mmhich is unsubstituted or
substituted by at |east one CM HAA"5P2NCR, and wherein one or nore
of non-adjacent CH2 groups nmay independently be replaced 15 by -0-,
-CO, -00-0-, -NR-, -NR'-00-, -CONRf, -CH=CH, -C=C-, or an
unsubstituted five- or six-nenbered aromatic ring. In a preferred
enbodi mepRéyefd is a single bond or a straight-chain or branched

Cl1-C12 al kyl, wherein_one or re of, 20 non-adjacent CH2 groups may
i ndepenflent | y be® iefid@sE o .&rg.r}vgtlve £ eref&':

S:, 8, are independently of each other a gingle bond or a
10 spacer, and

Ary is a triazole or tetrazole.

Preferably, 8; and S, are independently of each other a single
bond or a spacer unit, such as straight-chain or branched C1-Cl2
15 alkyl, which is unsubstituted or substituted by at least one CN,

Hal, or NO,, and wherein one or more of the non-adjacent CHj

groups may independently be replaced by -0-, -C0-, -CO0-0-, -0-
CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0O-, =-0-CO-NR'-, -
NR'-CO-NR' -, ~-CH=CH-, -C=C-, -8-, =803R'-, -PR‘- , or a five- or

20 six-membered aromatic ring, which is unsubstituted or
substituted with €N, Hal, ©NO,, COR’ or COOR‘’, wherein R’

represents H or C1-C6 alkyl, or a combination thereof.

In ancther specific embodiment, the new folate

25 radiopharmaceuticals are compounds of formula II



CO, -00-0-, -NR -, -NR-00-, -CONR'-, -CH=CH, In another preferred
enbodi ment S. may represent an amno acid, i.e. a conpounds with both
an amno group (e.g., NH2 or NH81l) and a carboxylic acid group (e.g.,
COOH or C00-). In a specific 25 enbodi nent, the am no acid may be an
a-amno acid, a O-amno acid, a fl-amno acid or an L-am no acid. The
amno acid may be a naturally occurri amno acid (e.g., alanine,
val i ne, |eucine, isoleucine, proline, phenyl al anine, tryptophan,
nmet hi oni ne, glycine, serine, threonine, cysteine, tyrosine,
asparagi ne, 17 glutam ne, aspartic acid, glutamc acid, |ysine,
arginine, or histidine, etc.) or it nmay be a derivative thereof.
Exanpl es of derivatives include optionall bsiRA ut ed am no aci ds,
e.g. having one or nore stbstiRaknts sel défed[from CN, Hal, and/or 5
NC2. The am no acid nmay alilso iﬁpﬁhd any QLpQE non-naturally
occurring am no acids, % N i XL eu norval ine, L- or D
napht hal ani ne, ornithi ng, ;%grﬁﬁhe|and othBss wel | known in the
r

=)

peptide art (see for_fer ﬁm M rBodanzsky, "Principles of
Peptide Synthesis," Ret a evised ed., 10 Springer- Verlag, New
York, NY, 1984 and 1993, and Stewart ggg Young, "Solid Phase Peptide
Synthesis,"” 2nd ed., Pierce Chem cal ., Rockford, IL, 1984, both of
whi ch arﬁ i ncorporated herein by reference). Am no acids and am no
aci d an¥rotStderivatives can be purchased comercially (Signma

Chem cal Co.; Advanced 15 Chentech) or_ synthesized_using nethods
known i &t i Xarazre IW%’&&‘W&“Q%BFWF%%&%PF Nme anino acid may

al so be part of a polyanmino acid (also termed pol ypeptide), wherein a
pl ural i Ry ahdsapeaoe dnfiepesdenthynofaendd athdef Hnedldler eidRhoveilir‘e

covalently linked, .i.e. |inked. fhrough_ cgnventional  peptide_or 20

ot hor *DENIEEE PEauy e dCifiTh GHRGEY) neRCRLST G IBRARDE o G- RLsrE
aspartigzaeid, glaikamhne, as@aridize, |yBid6s) RFBoAKDE, CWSigel n, (@nd12
derivatives_thereof and preferred pol yam no acids I n¢lude
honDpoI?ﬁ%Y%aTh%o}%§ﬂ§€ﬂﬁveWﬁﬁ%ﬁﬁ&l§ﬁe?§ ¥ 1 &0 6 2dkYpel ygl utani c
acid, polyaspartic acid, etc). Mst preferred are 25 optionally

subst i t Bt edRaspaet iiadepengrntali efagprah Sphex pHef EPEBYY: aldipgmethyl,

bongd, or _a. st rai ghtschaijn or nched C1-.C12 |, j.ch.Ls

ung%%stP E?éﬁgbr éﬁ%g?g¥utgéﬂk§’at egéﬁ on%f ,Y$ﬁr?hb?1kK2,a%ﬁa%PY1'
five- ohalbxubhetbeutes] arlommil alkengyl30 which is unsubstituted or
substituted with CN, Hal, NO2, COR, or COOR, wherein R represents

Hor ClgCb al kyls oy @, -cggbunaiipnct her.eafl ko e cpref.er-adanoglsi nghe, .,
bond or a straight-chain or 18 branched Cl-Cl12 al kyl, which is
unsubst efitkeeglor GiHshi tatlednyly, at(diefsf @l&ko@N) ciabonyl, NG  (Ci-Cip

alkylamino) carbonyl,
15 Rg, R; are independently of each other straight-chain or
branched C;-C;; alkyl, which is unsubstituted or substituted by

at least one CN, Hal, oxr NO,, or a group of the formula III

—8—Ar—5,-18F TIT

wherein 8; and S; are independently of each other a single bond

20 or a spacer unit, such as straight-chain or branched C1-Ci12

alkyl, which is unsubstituted or substituted by at least ome CN,

Hal, or NO,, and wherein one or more of the non-adjacent CHjy

groups may independently be replaced by -0-, -CO-, -CO0-0-, -0O-
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eferably, Sy is a single bond O a straight-chain or 5

d C1-C12 al kyl. As indicated hereinabove, preferred

ntatives of folates as used herein are based on a folate

n wherein S/ is a glutam c acid residue, and derivatives

. Thus in another 10 specific enbodi nent, the new fol ate
armaceuticals are conmpounds of fornmula IV oX7 -R9 LNr)<6 -R8
)p H X20 jc,,,t 1:7,c(FOq | RIX® X4 MR4 |V wherein 15 X6, X7
ependently of each other C, Nor O, REt, Rg are independently
Cother-NR'or stN=ai gAFRCICZO N or COr¥RIched-NR'--CD2Oal, ky4Q- Gohid®i -i; s -

kgutgd or, substituted by at |east gne CN, Hal, or N2, and
ne-9ihore G EinedE f'n6ﬁfadf§9é%t'C}QP%rbupsoﬁa? five- or
deRth¥mberd&P! agRthath - S2146! - SV is  unsubstituted or

subgstituted with CN, Hal, NO;, COR’, or COOR’, wherein R’

represents H or C1-C¢ alkyl, or a combination thereof, and
Ar; is a triazole or a tetrazole,

with the proviso that one of Rg and R; is a group of formula IIIX,

m is 0 or 1,
P is 0, 1 or 2, and
q hag a value of 1 to 7.

In a preferred embodiment Rg is CN, Hal, NO,, or a group Rg and Ry

is a group of formula III.

In ancther preferred embodiment R, is CN, Hal, NO,, or a group Rs

and Rg is a group of formula III.

It is understood, that the abbreviations ®*N" and YC" are

representative for all possible degrees of saturation, i1.e. N
includes -NH- and -N= linkages and C includes -CH,- and -CH=

linkages.

It is further understood, that (H)q represents all H substituents
on the indicated ring (i.e. on X3, C6, C7 and X,;). For example g

= 5 for a fully saturated unsubstituted amalog (X3 = X, = N, p =
0) or g = 7 for a fully saturated unsubstituted 5,8-dideaza

analog (X3 = X4 = C, p = 0) and g = 1 for a fully unsaturated



wherein Sy, S3 are independently of each other a single bond or a

spacer unit, such as straight chain or branched Cl-Cl12 al kyl, 5 which
is unsubstituted or substituted by at |east one ON, Hal, or NO2, and
wherein one or nore of the non-adjacent CH2 groups may i ndependently

be replaced by -0-, -CO, -00-0-, -0-00-, -NR- , -N, -NR -00-,
-CONR -, -NR - COO “0-CONR -, -NR.-CO NR -, - CH=CH, -S-,
-S03121-, -PR - , or a five- or SIX n%ﬁbered 10 aromatlc ring, which

i s unsubstituted or substituted with CM Hal, NO2, COR, or COCR ,
wher ei nahalegpyriegeiss =HXeor=CQ1- @ =alkyl, or a conbi nation thereof, Ari
is atriazole or a tetrazole, and 15 X1 to Xs, R to Rs, m p and q,
are as defined according to conpound of formula Il and preferred
enbodi ments as defined hereinafter, with the proviso that either 26

is a greupief beerubapiy! or sqrﬁglaf FSn@n@rRJai SspadEOUpNgt , f ofwat @ as
V. 20 Sy and S3 are preferably independently of each other a single
bond or sarsigh-giliaichadon brabched hed-Gl- @lRyal, kyhiakhiich mrssubstltuted

unsubstituted or substituted by at |east one CN, Hal, or NO2, or
fived oPrspubabhbered by oahit Least nene whf chiak, u%u%%:t:l taciided*’l"@rr% one

b
o G B e S b B
chain 05¥br_@nche@oC31 CEa_al kyLNRwhl chyd’ s.cozo u&@uﬁﬁutm@;@l_ —o=C

substituted by at | east one'CM Hal, or NO2. Most pref erably $2 and
$3 are Pndepéihdent by sixchpembendtbranengitigl sibgndwbich &% rlam@mstcmtmd

or branghed G1:6¢12:a8K% i1 on, Hal, N0,, COR’, or COOR’, wherein R’
10 represents H or C;-Cz; alkyl, or a combination therecf, more
preferably a single bond or a spacer unit, such as
straight-chain or branched C;-Cp;p alkyl, which 1is unsubstituted

or substituted by at least one CN, Hal, or NO,, and wherein one

or more of non-adjacent CH; groups may independently be replaced

15 by -0-, -CO-, -CO-0-, -NR'~, -NR'~CO-, -CO-NR'-, -CH=CH-, -C=C-,

or an unsubstituted five- or six-membered aromatic ring.

In a preferred embodiment, S; is a single bond or a
straight-chain or branched C;-Cy; alkyl, wherein one oxr more of
20 non-adjacent CH; groups may independently be replaced by -0-, -

co-, -C0-0-, -NR'-, -NR'-CO~, -CO-NR'-, -CH=CH-, -C=C-.

In another preferred embodiment S; may represent an amino acid,
i.e. a compounds with both an amino group (e.g., NHy or NH3;') and
a carboxylic acid group (e.g., COOH or COO ). In a specific
25 embodiment, the amino acid may be an «-amino acid, a f-amino
acid, a D-amino acid or an L-amino acid. The amino acid may be a
naturally occurring amino acid (e.g., alanine, valine, leucine,

isoleucine, proline, phenylalanine, tryptophan, methionine,

glycine, serxine, threonine, c¢ysteine, tyrosine, asparagine,



Art is a triazole or tetrazole of formula V-a and V-b Z2,.. Z5-14
V-b wherein the dotted lines represent linking sites to the spacer
groups, and 10 ZI to Z5 are independently of each other C or N, such
that sumof all Nis 3 or 4, and is preferably selected from fornmnul ae
V-¢, V-d, and V-e R'KR’ wherein the dotted |ines represent |inking
sites to the spacer 15 groups and R' iis H, Hal, NHCOR, NH SO2R ,
CO2R, CORP.', or straight chain or bréLr?ched Cl-C12 al kyI which is
unsubstituted or substit uted by at least one CN, Hal, OH NH2, SQ3H,
SH, CCpHluprniEp, | agpagtipy@cisn sylutastiseraeity oEeiner | ﬁgglwnn@h o

unsubst j,i ut £gi 0r Subst |tk ede vighD gg pl by MPivOFheredf . Enplolbe

wherein R represenis H or a speC|
Re is ClerHadtiwe®, igcladgr ogptﬂsn%ﬂrﬂdf orebefiRetahd aRgrics acydsup efg.

f | | | I, ,
oroup. RIS %%”Z%"Srﬁa £CEhobE: IR TERLe Tl Both, |, - ol ot
unsubst Kbyt edher Awhsd i koied Ry adld®ashc Dide CunyHadtheg:r ﬂgﬁvnﬁl&&y

is a group of formula V. 10 In a further specific enbodinment R6 is
CN, Hal Scfiepring anipouirids, Rydhs a9 @r-gstﬁé?’lféﬁtlcéh%l nn@WEb'#Jémhéd or

01- 012 @I kiﬁhﬁoz‘éﬂéﬂ%iﬁ ungpsth iz edy Qho a&#% et il d 1 Qfwn

ON, , erern one or nore ec]-ided non- a Jacent
OH2 grolyps Hey inatdpdsdentky beece eflaacedoby escamPlatozL;a ¥0- OBodanzsky,
- CO-NR iprinciples of Peptide Synthesis," 1st and 2nd revised ed.,
10 Springer- Verlag, New York, NY, 1984 and 1993, and Stewart and
Young, "Solid Phase Peptide Synthesis," 2nd ed., Pierce Chemical
Co., Rockford, IL, 1984, both of which are incorporated herein
by reference). Amino acids and amino acid analogs/derivatives
can be purchased commercially (Sigma Chemical Co.; Advanced
15 Chemtech) or synthesized using methods known in the art. In
another specific embodiment, the amino acid may also be part of
a polyamino acid {also termed polypeptide)}, wherein a plurality
of same or different amino acids as defined hereinabove are
covalently linked, i.e. linked through conventional peptide or
20 other bonds. Preferred amino acids include for example glutamic
acid, aspartic acid, glutamine, aspartine, lysine, arginine,
cystein, and derivatives thereof and preferred polyamino acids
include homopolymers the respective homopolymers thereof (i.e.

polyglutamic acid, polyaspartic acid, etc). Most preferred are

25 opticnally substituted aspartic and glutamic acid.

S; is preferably a single bond or a straight-chain or branched
Ci-Cio alkyl, which is unsubstituted or substituted by at least
cne CN, Hal, or NO,, or a five- or six-membered aromatic ring,
30 which is unsubstituted or substituted with CN, Hal, NO;, COR‘, or
COOR’', wherein R’ represents H or C;-Cs alkyl, or a combination

thereof, more preferably a single bond or a straight-chain or



15 CH=CH, -CEC-" and Re is a group of fornmula V. In a further

speci fic enbodi mrent Re and Rg are independently of each other H or
straight chain or branched 01-012 al kyl, which is unsubstituted or
substituted by at | east one ON, Hal, or NO2, 20 and wherein one or
nore of enbedded, non-adjacent CH2 groups may i ndependently be

repl aced by -0-, -CO, -00-0-, -CONR_-, - CHCH, -CEO, and R6 is a
group of fornmula V. Thus,in another sﬂé%ific enbodi nent , t he new
folate 25 radi opharnaceuticals are conpounds of formulae VI, Vla or

VI b,

DDrEXCROA REREC{-&mGY33- AfMic3P- 18 Rt tiziated” HY) gl DituXedMby

VI OX7--S3-Arl -z2--1 8F R2 (R3)Xe-R8 )1c4 riro
X15\ R1%% d@a®f pne CN, Hal, or NO;.
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Most preferably, S; is a single bond or a straight-chain or

branched ¢;-Cy; alkyl.

As indicated hereinabove, preferred representatives of folates
as used herein are based on a folate skeleton wherein 8, is a
glutamic acid resgidue, and derivatives thereof. Thus in another
specific embodiment, the new folate radiopharmaceuticals are

compounds of formula IV

v

wherein
Xz, X7 are independently of each other C, N or O,

Rg, Ry are independently of each other H or straight chain or
branched Cl1-C12 alkyl, which is unsubstituted or substituted by
at least one CN, Hal, or NO2, and wherein one or more of
embedded, non-adjacent CH2 groups may independently be replaced
by.—O-, -C0-, -CO-0-, -CO-NR'-, -CH=CH-, -C=C-, or a group of the

formula Vv



via 50 (D7 X7 RO R2 (R3)0OX6-R8 XNrN'"*N-ir O I(H) AS 83- ArrS2-1 8F
)111 q 144 R1x1 x4 Vib wherein X1 to X5 are independently of each
other Cor N, X6, X7 are independently of each other CC Nor 0, 10 Rl
and R2 are independently of each other H Hal, -OR, -NHR , Cl-Cl2

al kyl, C1-Cl12 al koxy, d-Cl12 al kanoyl, C2-Cl12 al kenyl, C2-C12

al kynyl, (Cl-Cl2 al koxy) carbonyl, and,(Cl-Cl2 al kyl am no) car bonyl,
wherein R is Hor Cl-C6 al kyl, 12}, R4 are independently of each
other H, fornyl, imnomethyl, 15 nitroso,d -Cl2 alkyl,d -C12

al koxy, C1- C12 al kanoyl, hal osubstituted Cl1-Cl2 al kanoyl, 23 Reis H,
ON, Hal, NO2, C1-Cl12 al kyl, Cl-Cr2—8jkaxys, 0% 012

v

wherein S,, S; are independently of each other a single bond or a

spacer unit, such as straight chain or branched C;-C;; alkyl,
5 which is unsubstituted or substituted by at least one CN, Hal,
or NO;, and wherein one or more of the non-adjacent CH; groups
may independently be replaced by -0-, -CO-, -C0-0-, -0-CO-, -NR'-
, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0-CO-NR'-, -NR'-CO-NR'-,-
CH=CH-, -C=C-, -8~-, ~-8S03R’-, -PR’'- , or a five- or six-membered
10 aromatic ring, which is unsubstituted or substituted with CN,
Hal, NO,, COR’, or COOR’, wherein R' represents H or C;-Cg alkyl,

or a combination thereof,
Ar, is a triazole or a tetrazole,
and

15 X4 to Xz, Ry to ERg, m, p and g, are as defined according to

compound of formula II and preferred embodiments as defined
hereinafter,
with the proviso that either R¢ is a group of formula III or cne

of Ry and Rg is a group of formula V.
20

S, and 8; are preferably independently of each other a single
bond or a straight chain or branched C;-C;; alkyl, which is
unsubstituted or substituted by at least one CN, Hal, or NO,, or
a five~ or six-membered aromatic ring, which is unsubstituted or
25 substituted with CN, Hal, NO,, COR’, or COOR’, wherein R’
represents H or C;-Cg alkyl, or a combination therecf, more

preferably straight chain or branched C;-Ci; alkyl, which is



al kanoyl , C2-Cl12 al kenyl, C2-Cl12 al kynyl, (01-012 al koxy) carbonyl, or
(01-012 al kyl am no) carbonyl, Re, Rg are independently of each other H
or straight chain or 5 branched 01-012 al kyl, which is unsubstituted
or substituted by at |east one ON, Hal, or NO2, and wherein one or
nore of enbedded, non-adjacent CH2 groups may i ndependently be
replaced by -0-, -CO, -00-0-, -CONR_-, -CHCH, -CMC-" S2, 53 are

i ndependently of each other a single l%)nd or a spacer 10 unit, such
as straight-chain or branched G -Cl12 al kyl, which is unsubstituted or
substi t uhedbbyitntedamt pstdNuted! byoat I\]@qutar@dla/\mir, eHal pnexr g¥01vor e
of the non-adjacent CH2 groups may independently be replaced by -0-,
-CO, -00-0-, -0-00-, -NR-, - N, -NR-CO-, -CONR -, -NR -CO O,
-0-00-NR -, -NR-CONR -,- 15 CH. CH, -0=C, -S-, -SO3Rl-, -PR - , or
a five- M@étSIpﬁ:é@ﬂ@le @{Oaﬁ&ll G, | ik mha@ﬁenéewbglfl ta@d Bther a
substituted wth ON, Hal, NO2, COR, or ODOR, wherein R represents
H or Cls{8gaekiydnd orr s camtaiigan:i ohamecmedﬁranosrhedi $.aCis bdkgle or a
tetrazole, 20 mis O or 1, Pis O, 1 or 2, and 4has a value of 1 to 7.
S2 and 53 are preferably independently of each other a single 25 bond
or a straight-chain or branched 01-012 al kyl, which is unsubstituted
or subshif Ut et byridizdiast enerPbidiads rnDB, VOh Andivas oOf

si x-menbered aromatic ring, which is unsubstituted or substituted
with ON, Hal, NO2, COR, or ODOR, wherein R 24 represents H or
Cl1-C6 al kyl, or a conbi nation t ereof, nore preferably straight-chain
or branched Cl-Cl2 al kyl, whichlis unsubstltut ed or substituted by at
| east one CN, Hal, or NO2._5_ E& )r ef er abl y;_282 %Qd 53 are

i ndependent |y of each ot her avsi pgte bond a:/@t i ght chain or
branched C1-Cl12 al kyl. | nafurt@ezspecifice Fjrent , t henewf ol ate

V-a V-b
wherein the dotted lines represent linking sites to the spacer
groups, and

10 7, to Z; are independently of each other C or N, such that sum of

all N is 3 or 4,

and is preferably selected from formulae V-c¢, V-d, and V-e

R" R"

N
N=N N™N N"'N\
Vc V-d V-

wherein the dotted lines represent linking sites to the spacer
15 groups and R‘‘ is H, Hal, NH-COR’, NH-S0O;R‘, COR’, COR’, or
straight chain or branched Cl1-C12 alkyl, which is unsubstituted
or substituted by at least one CN, Hal, OH, NH;, S03H, SH, COH,
or NO; , or a five- or six-membered aromatic ring, which is
unsubstituted or substituted with CN, Hal, NO,, COR‘, oxr COOR’,

20 wherein R’ represents H or C;-Cg alkyl.



radi ophar maceuti cal s are conpounds of formulae Vila to Vhf or 10
Villa to VIT1I1f, R2 (I O fIHgX5\ R6 RCX1I X4 nR4 NN X6-S3-N Visa. R2
(R3)p X2 I Xr(111----)1(5 Vimqg RA RIXI VIIb 25 XrR9 O
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In a specific embodiment Rg is CN, Hal, NO;, or a group Rs and

one of Rg and Ry is a group of formula V.

In another specific embodiment Rg is CN, Hal, NO;, or a group Rs,
H or is straight chain or branched C;-C;2 alkyl, which is

unsubstituted or substituted by at least one CN, Hal, or NO,, and

Ry is a group of formula V.

In a further specific embodiment Rz is CN, Hal, NO;, or a group
R, Rg is H or straight chain or branched C1-Ci2 alkyl, which is
unsubstituted ox substituted by at least one CN, Hal, or NO2,
and wherein one or more of embedded, ncn-adjacent CH2 groups may
independently be replaced by -0-, -CO-, -C0-0-, -CO-NR'-, -

CH=CH-, -C=C-,, and Rg is a group of formula V.

In a further specific embodiment Rg and Ry are independently of
each other H or straight chain or branched C1-C12 alkyl, which
ig unsubstituted or substituted by at least one CN, Hal, or NO2,

and wherein one or more of embedded, non-adjacent CH2 groups may

independently be replaced by -0-, -CO-, -C0-0-, -CO-NR’‘-, -
CH=CH-, -C=C-, and Rg 1s a group of formula V.
Thus, in another specific embodiment, the new folate

radiopharmaceuticals are compounds of formulae VI, VIa or VIb,



Xs-Rs R2 (F.Z3)p HO 3 c)-S2-18F VIlc RLX1 Oy. X7-R9 ON=N X8- 83

N.

N- S2- 18F X3V x/cN-A-10 Ti' (Hq 5R6 XgVIM R4 5viid R2 (R3) k3 12\

22

VI
o 0 X7 Sg"Ar-] 82 18F
Re (Ro), N X6 Re
X N 0
x{l 2y X N
)&\ y a4 Re
R X7 X5 'm Ry
VIa
(@] X-—R
o 7 Ry
Rs (BQ /EjijI/u\ﬁ XsRs
X3 N O
A2 |- %5 \ 18
~ NG S3—Ar;—S,—18F
5 R Xy X4 M
Vib

wherein
X, to X5 are independently of each other C oxr N,
Xg, X7 are independently of each other C, N ox O,

10 R; and R, are independently of each other H, Hal, -OR',

-NHR' ,

Cl-C1l2 alkyl, Ci1-Cl2 alkoxy, C1-C12 alkanoyl, C2-Cl12 alkenyl,

C2-C12 alkynyl, (c1-c12 alkoxy) carbonyl, and
alkylamino) carbonyl, wherein R’ is H or Cl-Cé6 alkyl,

(Ci1-C12

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

15 nitroso, cCl-C12 alkyl, c1-C12 alkoxy, C1-C12 alkanoyl,

halosubstituted CI1-Cl12 alkanoyl,



--(H) X5 frjg | MN----N11-S2-18F 26 R2 (R3)r, X27(H) X15R6

IIAII__;

.7 9)mqg R4 N=N X6-53-Ny N. 0 52-18F Villa 32-18F

7-S3-11 Nr, ay/x
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RG is H ., CN, Hal r NO,, Cl“clz alkyl s C1-Cin alkoxy, Cl-Clz
alkanoyl, C3-Ci; alkenyl, C3-Cip alkynyl, (C;-C;; alkoxy)carbonyl,

or (C;-C;; alkylamino)carbonyl,

Rg, Ry are independently of each other H or straight chain or
branched C€1-C12 alkyl, which is unsubstituted or substituted by
at least one CN, Hal, or N02, and wherein one or more of
embedded, non-adjacent CH2 groups may independently be replaced
by -0O-, -C0O-, -C0O-0-, -CO-NR‘-, -CH=CH-, -C=C-,,

Sz, 83 are independently of each other a single bond or a spacer
unit, such as straight-chain or branched C;-C;; alkyl, which is

unsubstituted or substituted by at least one CN, Hal, or NO,, and

wherein one or more of the non-adjacent CHz groups may

independently be replaced by -0-, -C0-, -C0-0-, -0-CO-, ~-NR'-~, -
N=, -NR'-CO-, -CO-NR'~, -NR'-CO-0-, ~0O-CO-NR'-, -NR'-CO-NR'-,-
CH=CH-, -C=C-, -S8-, -803R’-, -PR'- , or a five- or six-membered

aromatic ring, which is unsubstituted or substituted with CN,
Hal, NO,, COR’, or COOR’, wherein R’ represents H or C;-Cg alkyl,

or a combination thereof,

Ar; is a triazole or a tetrazole,

m is 0 or 1,
8] is 0, 1 or 2, and
q has a value of 1 to 7.

S, and 83 are preferably independently of each other a single
bond or a straight-chain or branched ¢;-C;; alkyl, which is

unsubstituted or substituted by at least one CN, Hal, or NO,, or
a five- or six-membered aromatic ring, which is unsubstituted or

substituted with CN, Hal, NO,, COR’, or COOR’, wherein R’



NFN NXr-R8 0 Vi lib  VMllc 27 VI Id R (I13)p X( 1 XI<IZ X5 A
R X1 x4 m

10

24

represents H or C;-Cs alkyl, or a combination therecf, more
preferably straight-chain or branched ¢€;-C,, alkyl, which is

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

Most preferably, S; and S; are independently of each other a

single bond or a straight chain or branched C;-Ci;p alkyl.

In a further specific embodiment, the new folate
radiopharmaceuticals are compounds of formulae VIIa to VIIf or

VIIIa to VIIIE,

R
0 0] X7 Rg !\]=N
Xg=S3—N. A8~ F
Ry (Ra), /@)‘\ \)4

N
H 11
QTN et ° :
6
R1)\\ X5 X )m Ra
VIia
o X?“Ss“l\i% ST
O R
Ry (Ry)y a ﬁL\f
XN e e SX Xoue.
Ry Xy Xy 'm Re

VIIb



s2 isF N, enms.  X7- S3 A;IAONNO VII le VIIIf wherein X1 to X5
are independently of each other Cor N, 28 X6, X7are independently
of each other C, Nor 0, RlL and R2 are independently of each other H,
Hal, -OR, -NHR, Cl1-Cl2 alkyl, Cl-Cl12 al koxy, Cl-Cl1l2 al kanoyl ,
C2-C12 al kenyl, C2-Cl12 al kynyl, (Cl1-Cl12 al koxy)carbonyl, and (Cl-Cl2
5 al kyl am no) carbonyl, wherein R is H_or Cl-C6 alkyl, R3, R4 are

i ndependently of each other H, fornyl ,25i m nonmet hyl, nitroso, C-Cl2
al kyl, d-Cl2 al koxy, Cl-Cl2 al kanoyl, hal osubstituted Cl-Cl2

al kanoyl, R6is H, CN, Hal, NO2, Cl1-Cl12 al kyl, Ci1-Cl12 al koxy, Cl-Cl12

o Ox, - %7"Rg
Xs~R
(Ra), /@Aﬁ s Rs
Viic

0 O X7 Rg N=N
\
Xg~S5— N—So—F
Rz (Rﬁ Z | ”jl;//\]/ _i\r
\\ ]
Re

/ RI'
X*,( J/\ \
R4
5 VIId
N=N
o X-,-—S-_.,,‘%/N S,—8F
O 111
R, (Fﬁs)p ~ | HI/Y R
2o X
XZ/ | Xglé)\x‘:j \R E‘RB
/kﬁ ﬂ) q é4 6
R1 X1 X4 m
Vile
Qs X7 Rs
Xs~R
Rz (Rs), Al & e
X \ - 0
X5 \S N=N
A | iJ(H) 4 ~ N—8 —i8g
Ry X; Xy R

VIIf



10 al kanoyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl, (Cl-Cl2 al koxy) carbonyl,
or (Cl-C12 al kyl am no) carbonyl, Rg, Rg are independently of each
other H or straight chain or branched Cl-Cl12 al kyl, which is
unsubstituted or substituted by at | east one CM Hal, or N2, and
wherein one or nore of 15 enbedded, non-adjacent CH2 groups may

i ndependently be replaced by -0-, -CO, -00-0-, -CONR -, -CH CH,
-CnC-" S2, 93 are independently of ea@ﬁ other a single bond or a
spacer unit, such as straight-chain or branched Cl-Cl2 al kyl, which

IS unsubstitut ed or substituted by at |east one CM HaI, or N2,
and 20 wherein one or nore of the non-adjacent CH2 groups may

i ndependently be replaced by -0-, -CO, -00-0-, -0-00-, -NR-, - N,
-NR'-00-, -CONR -, -NR -CO O, L 0- CO- NR - R - CONR’- - CHCH-
-CC, -S, -SO3R1-, -PR- , or afive@ © sTx ?‘rerrberqd:lxarorratlc ring,
which is unsubstituted or substit i 255—3?;61}4 N2, COR, or
COOP!', wherein R repRzas s Ho -Oaﬁlalkyl, or a nbi nati on

thereof, R' is H, I—g 02121, CC®121, o tegr

strai ght chain or b éndhe %\‘C}EZ alRgyl , which is unsubstituted or
substituted by atR eagl “wiemCNRsHal , OH, NH2, 502H, SH, CO2H, or NC2,
or a 29 five- or six- rrenbered aromatlc ring, which is unsubstituted
or substituted with CN, Hal, NO2, COR, or COOR, wherein R
represents H or Cl-C6 al kyI, inis 0 or 1,

VIITa
PSR
0 X783 *\'_N
Xg—R
= 6 g
Ry (Rq) r N
Ry X4 m 4
VIIIb

VIiic



5 pis 0, 1 or 2, and has a value of 1 to 7. Further preferred
enbodi ments as defined herei nabove apply al so to conpounds of
formulae VI to VIII. 10 Preferably, RL and R2 may i ndependently of
each other H, alkyl, - OR5, -NHR, nore preferably -OR, -NHR ,
wherein R' represents H or Cl-C6 alkyl. 15 Preferably, R3 is H,
formyl, C1-Cl2 al kyl or Cl-C12 alkanOéI. Preferably, 124 is H,
nitroso, Cl-Cl2 al koxy, or Cl1-Cl2 alk Hoyl. Preferably, R5 is H,
Cl-C12 al kyl, Ci1-Cl12 al koxy, Cl1-Cl2 al kanoyl, 20 (Cl-C12

al koxy) car bonyl, or (Cl1-Cl2 al kyl am no)carbonyl, nore preferably H or
Cl-C4 al kyl . Preferably, R6 is H, CN, Hal, NO2, Ci1-Cl12 al kyl,
Cl-C12 al koxy, Cl1-Cl12 al kanoyl, or (Cl-Cl12 aIkoxy)cangnyI, nor e
preferably H CN, 25 Hal, N2, or CleBX?L§ | . Sodgﬁéf%pecific
enbodi nent of the conpounds of the nvention includes for exanple
conmpounds wherein (a) X1 to X>~ar hiﬁélmH?XN¥$3 W is 0, R6is
Y3, mis 1, p is ORor®and q |is,| OH 3, orll 5(b) ~§0 X5 are N, Rl

is NY1Y2, R2 is , FEYF is1l pifLoand qis 1. Thus, in a
further specific §pﬂ diTm the pResent invention is for exanple
directed to co s orfful ae 1 X, 1Xa, X or Xa, | X
VIIId
?2-—-—18F
N\‘
9] X7_'83—'( N
1 L\rr N‘N
Xs'—R
R (Bs)p /@A H I 8
.
LFE
R4 \X1 4 'm Ry
VIiIe

VIIIE

wherein

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



| Xa 31 X Xa wherein, 5 X6, X7 are independently of each other C,

N or

0, YlI. Y2are independently of each other selected fromH,
fornyl,

straight chain or branched Cl-Cl2 al kyl, which is

unsubstituted or substituted by at | east one CN, Hal, or NO2, and
wherein one or nore of enbedded, non-adjacent CH2 groups nmay 10
I ndependently be replaced by -0-, -CO_, -00-0-, -CONR -, -CH=CH,

- C=C,

Y3is selected fromH, fornyl, ﬁ?troso, straight chain or

branched C1-Cl12 al kyl, which is unsubstituted or substituted by at
| east OHe, @V, Halne dmddp2ndendlwhef eeaclormeher ®pr¥ of @5 enbedded,
non- adj acent CH2 groups nmay i ndependently be replaced by -0-, -CO,

-00-0-, Ry q}l&\RRi ) arQ’E%&pen@é@tly of each other H, Hal, -CR’, -NHR',
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Ci-Cci2 alkyl, Cl-Cl2 alkoxy, €Cl-Cl2 alkanoyl, €2-Cl12 alkenyl,
cz2-C12 alkynyl, {Ci-C12 alkoxy) carbonyl, and (C1-C12
alkylamino) carbonyl, wherein R’ is H or Cl-Cé6 alkyl,

Rz, Ry are independently of each other H, formyl, iminomethyl,
nitroso, Ci-Ci2 alkyl, Cci1-Ci2 alkoxy, cl1-C12 alkanovl,
halosubstituted C1-Cl12 alkanoyl,

Rg is H, CN, Hal, NO;, C3-Ci» alkyl, C;-C;; alkoxy, Ci1-Cjis
alkanoyl, C;-Ci» alkenyl, C,-Cj» alkynyl, (C;-C;; alkoxy)carbonyl,

or (Cy1-Cy9 alkylamineo)carbonyl,

Rg, Rgs are independently of each other H or straight chain or
branched Cl1-C12 alkyl, which is unsubstituted or substituted by
at least one CN, Hal, or NO0O2, and wherein one or more of
embedded, non-~adjacent CH2 groups may independently be replaced
by -0-, -CO-, -CO-0-, -CO-NR'-, -CH=CH-, -C=C-,,

S,, 83 are independently of each other a single bond or a spacer
unit, such as straight-chain or branched C;-C;; alkyl, which is
unsubstituted or substituted by at least one CN, Hal, or NO;, and
wherein one or more of the non-adjacent CHy groups may
independently be replaced by -0-, -C0-, -CO-0-, -0-CO-, -NR'-, -
N=, -NR'-CO-, -CO-NR'-, -NR'-C0-0-, -0-CO-NR'-, -NR'-CO-NR'-,-
CH=CH-, -C=C-, -8~, -803R‘-, -PR'- , or a five- or six-membered
aromatic ring, which is unsubstituted or substituted with CN,
Hal, NO,, COR’, or COOR’', wherein R’ represents H or C;-Cs alkyl,

or a combination thereof,
R** is H, Hal, NH-COR‘, NH-SO,R’, CO,R’, COR', or straight-chain
or branched (1-Ci1» alkyl, which is unsubstituted or substituted

by at least one CN, Hal, OH, NH;, 8C3zH, SH, CO;H, or NO, or a



Rg, Rg 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 20 enbedded,
non- adj acent CH2 groups nay i ndependently be replaced by -0-, -CO,
-00-0-, -CONR -, -CHCH, -CC"

R'i sH, Hal , NH- COR , NH SO2R , CO2R , COR ,_or straight-chain or branched
Cl-C12 al kyl, which is unsubstituted 8? substituted by at |east one
CM Hal, OH NH2, 503H, SH, CO2H, 32 or NO2, or a five- or

si x- menbtyed aromdki-gepbrgedwhirenatscundnbst Whichd isr wipdistigusgd or

wi th CN I CcopPL ngPl, rei repre s Ho C1-C6 _,
al kyl , %%%gtit&g%ﬁ, 1hrgki’nd %%hd 2y g?ﬁzacﬁgﬁtEggka’siﬁé?ﬁeﬁ%n&t
or a SPACRS i t _as i ght-chain or branched Cl-Cl12 al kyl,
which i's uﬁgﬁﬁg?%fﬁf%ﬁqgrégdggﬁgFuted by at |east one CM Hal, or

NC2, an@ mherehg gng,of nore of the non-adjacent CH2 groups may

i ndependent |y be repFacéd by -0-, -CO, -00-0-, -0-CO, -NR -, - N
-NR-00-, -CONR 5, =0- NR-. -NR-CONR -,- 10 CH=CH, -CC, -S-,
-8051219, -PR‘ysoP’alf?gﬁé’g%n%ix-nenbered aromatic ring, which is
unsubstjtuted or _substitut Wit h , Hal, NO2, COP!, or COOP!
mherein&R' repggge%tééiﬁgrg f%é§’£$Ey|, or a conbination thereof. 15
Preferably R* is H Hal, NH CORl, NH S02121, CO2RI, COR, or
straight-chain or branched Cl1-Cl12 al kyl, which is unsubstituted or
substit e o] , . , r

ne 2ot Bheifists “hedindly Shuiot Bed IR SR, aee
pr ef er abbycdrgpeinds gift fohaudaer vior sacher al kyl groups containing 1 to
12 carbon atons, such as nethyl, ethyl, propyl, isopropyl, butyl,
sect(butyl, isobutyl, t-butyl, pentyl, isopentyl, neopentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl 25 and the |ike. Mre
pref er r ede fdkathl @y QP SnEORE ahdly 1iddep@ndeareypoef esdb| yriedt H,4 1ARAQN -
atons. 33 groups containing 2 to 12 carbon atons, such as nethyl ene,
et hyl en@Rs pr dfiR ‘enarores aprefipyriediy, ~BEf y| eNBR' t - BueydianeR’ serpnssgngse H
i sobutyl ene, anyl ene, isoanylene, pentylene, isopentylene, hexylene
and t he9Fi ke CeTRékBlef erred al kenyl

15 Preferably, R; is H, formyl, C;-Ciy; alkyl or C;-C;» alkanoyl.
Preferably, R, is H, nitroso, (;-C;» alkoxy, or C;-Cis alkanoyl.

Preferably, Rs is H, C3-Cis alkyl, C;-Cyp alkoxy, C;-C;; alkanoyl,
20 (C;-C32 alkoxy)carbonyl, or (C;-C;p alkylamino)carbonyl, more

preferably H or C;-C4 alkyl.

Preferably, Rg is H, CN, Hal, NO,, C;-C;p alkyl, C;-C;, alkoxy, C;-
Ci2 alkanoyl, or (C;-C;; alkoxy)carbonyl, more preferably H, CN,

25 Hal, NO,, or {;-Cg alkyl.



5 groups contain 2 to 6 carbon atons. The term "al kynyl" as used
herein refers to a |inear or branched chain of carbon atons wth one
or nore carbon-carbon triple bonds. The preferred al kynyl groups
contain 2 to 12, nore 10 preferably 2 to 6 carbon atons. The term

"al koxy" as used herein refers to alkyl, as defined above,

substituted with oxygen, such as nethﬁéy et hoxy, propoxy,

i sopropoxy, butoxy, tert-butoxy and t like. 15 The term "al kanoyl "
as used herein refers to fornyl, or alkyl, as defined above,

t er ni naPR§- sEBREIEIR e WS Ear BENyFRS uGPTRSUEESt yPE pElpanbyyention
but anoyl oo pest ant BNeh1ee cti@undl Wiherdsgt m "al kyl ani no' “as used

herein refers to al kyl, "as deflned above substltuted wi th nitrogen,
|nclud|n b t 0 thyl am hyl ni.n
propylaﬁl 21 Dg??g %%§¥§2Fh he ge ’¥C§ dlalﬁ 1éﬁlno Sudh 45 ©
dinethybﬁnln@nddqenhwlaﬁlmq cmethylpropylanlno, and the i ke. 25 The
term"hal 0" as used herein refers to any G oup 17 el enent and

i nclgudespf | #0r@s £hl-@eow, bROMs edy, andiasymt,i kg Q) v, 34 thaty t &e is
conpounds of the i nventi on may be obtained in an effective manner by
a proce8samfighizohpri ses a cycloaddition of an azide with an al kyne
or al kyne substitute under thermal conditions or in the presence of a
catal yst. These reactions are 5 known as Hui sgen 1, 3-di pol ar
cycloaddition (thermal conditions) and O ick-Reaction (catalytic
condi ti Bhe¥, and hafarbbemn @eecifbedthOdimemnttK¢&9tESﬂntfﬁnﬂqﬂuinp is

Drug Di T 003 ; t g

2001, 4D 2G6HP g Izﬁcgcee\? o Lofbapid fAnfgc’el"v]‘\‘/‘ul ogk. e %
41, 2596; US 10 2005/02222427; WD 06/116629). More speC|f|caIIy

conpounds of fornmula | wherein Arl is a trlazole are obtai ned by

cycl oaddition of an azide 12,7E3 with a e Rb CC- R=nand
conmpounds of formula | wherein Ar is_a tletr zo e q(e oﬁt eddby
cycl oaddi tion of an azid Ra hB mnt cy#i | 85
possi bl e conbi nati ons hereln iQe. Ra #¥i ng the
folate derivative and thg F- IabeIIed group as well as Rb
being the fol ate degv e and R ¥ being the 18F-1abelled group. Thus
thg_ grodul ar and versatlle nature of the reaction allows enploying a

i de variety of linkers to couple the 20 radi oi sotope to folic acid.
In one specific enbodi nent the cycloadgition is performed under
thermal conditions, i.e. at tenperatures ranging from 10 to 200 C,

preferably from 10 to 100 C. 25 In anot her enbodi nent the
cycloaddition is perforned in the

N 18
N o
O Xy, ~N~Z 82

IXa

2Y1N



presence of a catalyst, such as a transition netal conplex, such as
Ru and Cu(l). Preferred catalysts are Cu(l) salts, such as Cu(l)
chloride, brom de, iodide. Alternatively Cu(l) can be obtained by in
situ reduction of a Cu(ll) salt. This reaction 30 can be perforned in
a variety of protic or aprotic solvents, such as for exanple

met hanol , ethanol, 2-propanol, tertiary- butanol, n-butanol and/or
wat er or buffered solutions thereof, at a wide range of tenperatures
(such as between 10 and 100 C, 35 preferably roomtenperature) and
varying pH (such as from4 to 12), under oxidative or reducing
conditions and in the presence of other functional groups with no

need for protecting groups. It will be obvious for a skilled person
to select appropriate 5 conditions (see al so US) 5/ Qg22427 which is
i ncorporated herein by reference as wel$, ag,refs cited

therein). The 18F-labelled starting ? erlaf,&ﬁ.e."the 18F-1 abel | ed
al kyne, al kyne substityte or azidg KQEddition reaction is
obtained in a displace anreacti wi ti# t he Q)speetive al kyne, 10

al kyne substitute onﬁégiﬂﬁ VINTg & sui t abl e I"eaving group. The

| eavi ng group on the e»nay%be any comon | eaving group known in
the art and inclYade¥d f8r &kanpi e hal ogen, nitro, diazoniumsalts,

sul fonate esters, including nesylate, tosylate, pentafluorobenzoate,
and the like. Typically, the displacesant 15 reaction is perforned in
a polar aprotic solvent selected fromacetonitrile, acetone, 1

, 4- di oxanexeiwf r ahydrofuran (THF), Nmret hyl pyrrolidi none (NW),

di met hoxyet hane (DME), di et hyl acet am de (DMA),

N, N-gli et hystf ogRami deepDlyidne o net fedcgubkaxi-de, (IPNO)o,and

hexanet hyl phosphoram de (HWPA)" and 20 m xtures thereof. Thus in one

exenpl agy reaction, an kyne or.al kype substitute of chojce,

provi deglw h a sa_uTi‘% atﬁn? 3\?}?%51&0%%, ev\"/}'fts%1 I %&F%ds\%ﬁ?#%g trom H,

[ 18F] f | gethgle, aCéti«’@i%ﬁt bycrriase duf anshaeneat abysd,s sablyBS which is
0

t et rabutyl anoni um carbonate or am nopol yethers (e.g. 25 Kryptofix
2.2.2) unsebablpakedrrmisubgidtaseduby car bbarate wve 6Nal Hed, i aragNOz, and

di spl ac nt.reaction under standard.conditions.(for .ex |l e

Sceron PPEREih 138G S 0RgEe 1h  Siheedtlar el fatndtatoll o GarRynd=
wasy ¢ 0- gh&é%aéﬁ&@nﬂ‘i%fb@ Ykl pgolyent .¢@- a Gaj-)-ystcelnrNo) Caon=cu-
(e.g. Cu(l)l). To this mxture the azido- 30 folic acid or derivative
of choi ee~WaS-added under standard conditions (for exanple Na
ascorbate in DM, H20 and DI PEA at 80C) to give the final |abelled
product Ywi t iz REeMegted5 from H, formyl, nitroso, straight chain or

branched ¢C;-C;» alkyl, which is unsubstituted or substituted by
at least one CN, Hal, or NO,, and wherein one or more of

15 embedded, non-adjacent CH; groups may independently be replaced
by -0-, -CO-, -CO-0-, -CO-NR'-, -CH=CH-, -C=C-,
Rg, Ry are independently of each other H or straight chain or
branched C1-C12 alkyl, which is unsubstituted or substituted by
at least one CN, Hal, or HNO2, and wherein one or more of
20 embedded, non-adjacent CH2 groups may independently be replaced
by -0-, -C0-, -C0-0-, -CO-NR‘-, -CH=CH-, -C=C-,,
Rf is H, Hal, NH-COR', NH-SO3R’ , COR’, COR' , or
gtraight-chain or branched C;-C;; alkyl, which is unsubstituted

or substituted by at least one CN, Hal, OH, NH,, SO3H, SH, CO.H,



36 35 % Alternatively, an azide of choice, provided with a suitable
| eavi ng group, was |abelled with a [l anfluoride activated by phase
transfer catal ysts such as tetrabutyl anoni um carbonate or 5

am nopol yethers (e.g. Kryptofix 2.2.2) in conbination with potassium
carbonate or oxalate to give the [lan-I|abelled azide, which was
subsequently coupled to the al kyne sug§ti tuted folic acid or
derivative of choice in a catalyzed 1,73-di pol ar cycl oaddi ti on under
standard conditions. 10 In a further aspect the present invention
provi desr us¥k , of of olaat ivadi cpharfiucpemberdd etonhbi¢nvamd,onwhbeh is
convenient and effective adnministration to a subject in need for

di agnostiewrieli HEd 18F TRtRStHa %k seHth i Wedon FoviChs a FretIRR” -
f di tic . i f N i f [ i
ol at o Bhgte s *oaorttstnsd Bonb, o RthB iR of acni ot ot or i o at

| east one fol ate radiopharmaceutical of the invention in a diagnostic
i magi ngSanvnt 2rgndnéppParfently of RAsGtdernagingleobeRd Pt &l ISRFCer
popul atiopn of cells. Sych . magi ng,my b eréo d on a_.cell or, .
bopUl at PBHE of SBER| S5e,AheaddngCaat Bl RF e FEBERTSY CF Ha T3y PRIgRy d5
Thus, t i pventd Ldes. . a hod fQle id VELRO detgst
of a ceﬁﬁsﬁﬁgggs%%% ﬁeé%tg{t g\é%gcggt %?B%n a tQ?gesSgr 2 E-llfslétrngaj?eﬁ&vﬂﬁ'i c d
i ncl udeshepaimct biig sard mbgsueoganphe wnbh-afijéeast o, f dahws may

radi opharnaceutical of the invention in effective anpbunts and for
suf fi ci éndepepgening dondreplaned d¥alHw bicRdii ngCPoCoecu®-&Pd, -NR' -, -

det ecti 9o, sugh bicadi ng_py BET | maghageo 7 Copvenght_and,ef feglie
| nee

adm ni stration to a'‘subjec for di'agnostrc I nmegi ng or

monid or ¢agelf , t hesapy ofs-cangmy,rand indd:-anmed oxy rfARE-auoi STknbered
di seases. In another aspect the present invention provides a nethod
for 5 sprehabheoddndi agivsihs bhdunBebapitutashper sishgsthbuse@pyish CN,
adm ni stering.to ubj ect in,need theregf at |east o f ol at

radi oph%'?1 c%?ﬁ’l chﬁﬁdf cﬁeCdéjrﬁ eSeF‘f?‘ SrRventi on i n a8 ngﬁsaglﬁéjsrt icgaﬁ yalkyl’

effecti ye anbumbindk Corilivaddosn W th a therapeutically active, and
obt ai ning a diagnostic inmage of said tissues to follow the 10 course
of treatnent.

15 Preferably R’’ is H, Hal, NH-COR', NH-SO;R’, COzR’, COR‘, or
straight-chain or branched C,-C;; alkyl, which ig unsubstituted
or substituted by at least one CN, Hal, OH, NH,, SO3H, SH, COzH,

or NOZ

20 The term "alkyl", when used singly or in combination, refers
preferably to straight chain or branched alkyl groups containing
1 to 12 carbon atoms, such as methyl, ethyl, propyl, isopropyl,
butyl, sec~butyl, isobutyl, t-butyl, pentyl, isopentyl,
neopentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl
25 and the like. More preferred alkyl groups contain 1 to 8, more

preferably 1 to 4 carbon atoms.

As used herein, the term "alkenyl", singly or in combination

with other groups, refers to straight chain or branched alkyl



The subject of the nethods of the present invention is preferably a
manmal , such as an animal or a human, preferably a human. The dosage
depends on the nature of the effect desired, such as 15 the form of

di agnosi s or therapy, on the kind and frequency of treatnent, on the
di agnostic instrunmentation, on the formof application of the
preparation, and on the age, weight, nutrition and condition of the
reci pi ent, kind of concurrent treat neft, if any. 20 However, the nost
preferred dosage can be tailored to the individual subject, as is
under st geguRAd HfEterimingbl @ WP odé ofaxhken | atamehe swah @Rt HeRRhYRhfe

experi Lon. i i.cal }Qﬁ£|v adj ﬂgﬁg of. _ rd _
dose, gggﬁ?iég UC}?%%WE¥£% e %%%% | %%ﬁ%’pa%#git as % ?3&&%%%%‘ sec
wei ght . b@dyTerat nentiscbutydrnmence wntyleaesnal | svoaameme,, bel pamttihieene,
opt i mum. anoun whi ch ,can -be increas i r der achieve e
optinun%%? %%%?l %?ir%é%xﬁfnf?ocg urgg?n #&?'PE?%%ca ﬁ%§e¥5é€s ?ﬁ%ﬁﬁ?l
from w ghoupal coiiesint @ 2o ehaardoal aeemadm ni strati on of the

radi otracer. 30 The schedul e depends on the imaging target and

ki netics of the radiotracer as well as the desired information. 38
The preferred route of admnistration of the fol ate

radi oph@haateuni tallsyioflt hes pisskiteraivenkifensi soby Libéeaw emeditsanched
injectiog..The uitaple 2§¥ps for_Jnjection includﬁﬁﬁ}erilebagueousjs
sol ut i ofi§38F d'spE&PEPBhs e"hibov ENffenty ofiglst SiafRen-carbor triple
r adi ophpefageutTieal preffeihedpr eskpiyi Nauben. cdypatal 2y the 12, more
radi opharmaceutjcal wll be formul ated in physiol ogi cal buffer

soltf i oRESITHRP1BI At e fiddPEr AECBSti cal s can undergo sterilization
by any 10 art recogni zed technique, including but not limted to,
addition of antibacterial of antifungal agents, for exanple, paraben,
chlorobu%anol, phﬁ%ﬁ%’ sorbic acid, thinmerosal, and tEe Like. )
PreferabP§ (45 uridigY a @FeriSrE MSUSLT: i G of R &dkVhi s@Fatddined
el i m nakbBge| hesiBediLhtaddi Hiemal og{y&dnh | | SidION 45 AP Sy, FOletthoxy,
solution to be injected a preferred unit dosage is from about 0.01 niL
to abouPTPBORY: IFIRFORFENavteRy  abift hrRekeHy ard thegldleof the
organ or tunmor in vivo can take place, if desired, fromwthin
mmRes to 2-4 hours after the radiol abel ed 20 reagent has been

adm nistered to a subject to allow a sufficient anount of _the

adni ni stBeedeglse alaaerdursg: &S thifgalsy gefedsatea Fmghoi & ael.

fol ate padhephALABEEYyE Cot SrRind NG, IhYRRY L QRBY1 8h SO BB HS 8fidIPlas
invitro detection of a cell expressing the folate receptor in a

tissue BFBB¥EY. tRRIPRINTm PWasord: . PeRtRNeyL and the like.

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

diethylamino, methylpropylamino, and the like.
25

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

and includes fluoro, chloro, bromo, icdo, and astatine{o).

In a further aspect the present invention provides a method of

30 synthesizing a compound of the invention. Applicants have found



further enbodi ment the present invention provides a nethod for in
vitro detection of a cell expressing the folate receptor, e.g. a
tunor cell, in a tissue sanple which includes contacting 30 said
tissue sanple with a fol ate radi opharnaceutical of the present
invention in effective amounts and for sufficient time and conditions
to allow binding to occur and detectig such 39 binding by imging
techni ques. Sanpl es can be col |l ected g procedures known to the

skilled person, e.g by collecting a tissue biopsy or a body fluid,
by aspi Fa&F ng-Heor CPF‘B@H@QF GE plHRONERYERERR e8aEndg hebtatgeds in an

Ti ssue gappbes,d qna@né@ssyeda incldde 3y ki %%h\sﬁgé@eft@gci@am&w i3

cell expressing a folate receptor, such as tunour epi t hel 1 al
cel I's, ®idmsfsie gadthoian estlkyale oprt ke kyopat swpbstidrresysndey digrmal

ot her's. - SarpL£3,6a8, b, SAGL 1 ANetl s G ML B HLCTAONE Aferione are

facil m Cr oScopi ¢ exam 1on 1 and SbSefvat i on
aIstbekmow@damﬁmhiageappnapdngbéaflngtluad@utimn tmﬁermakwcaﬁdxﬂlons)

i ncubation with of . the fo]ate.r |oph eutl als. o resent

|nvent|%lf’|&to(‘|Il i@af:ﬁé “Hi st 9%&1831 quacfcfntrgi of’"§ rrpl%mil ssﬁgg %

and condem:ﬁiilsecsuiﬁl a:henh::ftor(@]ﬂrdnangi odharflelsat, e tthig Discovery Today

r adi ophar naceuti cal of tik ent inventjon to a folate rece tor on
t

the cel £Phcl tdelS¢&nds? (ﬁﬂQQﬁe CESAdi £PbnsTd; 200k,

be cul t ReeEovsd | 1o, and émcaabatzafbéuth:h@me Qﬁtthsdcmm,exqeﬁ, szsss; uUs
conp05|t|on290f t he present |nvent|on i n physio %lcal medi a. Such

conidl t i BARSAP223R4 37 kndRh £6/1HeSY skiMPred FRe caglyer REFPYRRYs of

sanpl essgapube fived-and Ahensi gcebpd gch vt 2ukahiab by cycloaddition
radi ophar maceuti cal of the present invention in an isotonic or

physi ol 8§i &t B&fifer Ra-Nporwidih appl3daticonBeid=G-&csienrenpoypgds of

prepar esLpRu £RNMPRUNAS, 2% 50f HQ?—DF§§en£ | pUephigle Al o RERLInkAe by
site where they are to be used. Al of the conpounds and/or nethods

di scl osedchpddel lored dfer ain 2akdde Rmlle andhexacutxniva hdutCEhdudl)

expey | 6‘&&‘{1!) &xﬂ%m{%z{cﬁ% Ocir%]%rﬂzre Ot el 5EL-PHI e LT W g4 Lhe

apparen to t ose In the art at vari ati ohs may be appl

to the Pokaeatdesfvative and Ry being the '°F-labelled group as well as
R, being the folate derivative and R, being the *®F-labelled
group. Thus the modular and versatile naturxe of the reaction
allows employing a wide variety of 1linkers to couple the

20 radioisotope to folic acid.

In one specific embodiment the cycloaddition is performed under
thermal conditions, i.e. at temperatures ranging from 10 to

200 °C, preferably from 10 to 100 °C.

25 In another embodiment the cycloaddition is performed in the
presence of a catalyst, such as a transition metal complex, such
as Ru and Cu(I). Preferred catalysts are Cu(I) salts, such as
Cu({I) chloride, bromide, iodide. Alternatively Cu(I) can be
cbtained by in situ reduction of a Cu{II) salt. This reaction

30 can be performed in a variety of protic or aprotic solvents,
such as for example methanol, ethanol, 2-propanol, tertiary-
butanol, n-butancl and/or water or buffered solutions thereof,

at a wide range of temperatures {such as between 10 and 100 °C,



invention w thout departing fromthe scope of the invention. The
Exanpl es provided herein are intended to be illustrative and are not
exhaustive; therefore the illustrated Exanples should not be viewed
as limting the invention in any way. S Exanples Materials and

Met hods Infrared spectra were recorded on a Jasco FT/I R-6200 ATR-I R
Nucl ear magnetic resonance spectra were recorded with a Bruker 10 400
MHz or 500 MHz spectroneter with the &8rrespondi ng sol vent signals as
an internal standard. Chenmical shifts are reported in parts per

m | |i onptphpeyably aroeoe temperaiwmshydsd | emey{®y OGH ppapch ¥al Gesmoft to
t he coupling nst ant are_given_ in rte..(Hz); t f ol l.ow n

abbr evi S| onars CReAeT iv r SkbEPrin, SR B gt R Bibsence
descri ptfootiodr 1R caEacigreaupsi nitktné sjeed ddhl etrotditifgigraipdt),
multiplet (m, doublet of doublets (dd). The chem cal shifts of

conpl exITtuhtilpl édes aveigravefionsat lEkirldrde pefrsbheito celsatenggprdpiate
resol ution SS_spegtra R- MB)__we ded wi th M. cr opass

Quat 1 oCHPEF B AP 1. B4R b varars LR vl | the Vererpnted
under ahgesih ¥ | seberkiced @ a#8s1vasereReasidamniwede tiepeipy ed by
thin |l ayer chromatography (TLC, performed on EM Science 0.25 nm

thick, prectaiadieilhiced «gah-c @Q%Fmgéérﬂéﬁ,s Si PR €dppl Abefled ralfiP}Lr%,

HPLC was perfornmed on a Merck-Hitachi L-7000 system equi pped 25 w't

an L-74eDkyudmalshibsabsotet ican astdrt ofor AhakytdysdloadBiCiwas reackopneds

wi th an k . ol .6 X 15 Wat ers). usi ng .t he
Fol 1 ont S5EIEENED s So CHRRLEERsRE R EaBe s, dpm T oF vEre s e Ay,
acet®ni aikimé¢ selivsnit®Be dr nhzide; hévilngn a0, s@btH W ledkbnyg rgrdip,.5 e
A, 15-20 min, 5 %A, 20,22 mn,..5 95 %A .30 22,25 nmin, 95 %A,

Sem -prgﬁa}Lﬁ% S Wer Pdr %@8 VTR PRBr PG e PSe B e FORBPAIMTSEEIBY SRRUP
10 x 15@nown VMiertde 3Arfl/anmd, im0cidest i eoNHAKLDIEl0haMgE8, Ynitro,
CH3CN( 1é°/g Al chﬁm' cals, _41 were used gs iuggl ied unlike stated

ot her wi 82349210y FALLT 1 ORI LIRS £ SSFEPCHBHIEE ReBY 2288 Uik
was progegeds Vihdr dihen AHUD, NddBFradCliaqe .l epglican 19t aHey Ch &S ¥infnt

cyclotron (I BA, Belgiun). Isotopically 97%enriched [180]water 5 was

i rreli ai-’@_ac%o% 18 W@yfﬁmﬁénlb‘eémll%]i% apToti Gy sS4 VRRtd deiegded frem
("F]flugekdehif Pl vet enceobiéi 0a was dilapsker red hom-bheridr qelri 0 ar-
mani pul at or equi pped_synt heses hotcel | usi n%_a hel Tum stream

[ sF] f| GeEhutoyr el id3pneRg) was¥dpped onddfebhrsyedidiftange  (DME),

dimethylacetamide (DMA) , N,N-dimethylformanide (DMF) ,
dimethytsulfoxide (DMSO) and hexamethylphosphoramide (HMPA} and

20 mixtures thereof.

Thus in one exemplary reaction, an alkyne or alkyne substitute
of choice, provided with a suitable leaving group, was labelled
with a [**F]fluoride activated by phase transfer catalysts such
as  tetrabutylamonium carbonate or  aminopolyethers (e.g.
25 Kryptofix® 2.2.2) in combination with potassium carbonate or
oxalate in a displacement reaction under standard conditions
(for example acetonitrile, 100 °C, 10-15 min). The obtained
[*®F] -labelled alkyne was co-distilled with a suitable solvent to
a catalyst of choice (e.g. Cu(I)I). To this mixture the azido-
30 folic acid or derivative of choice was added under standard
conditions (for example Na ascorbate in DMF, H,0 and DIPEA at

80°C) to give the final 1labelled product with a RCY of 25 -



10 cartridge (sep-Pak(r) Light Accell Plus QWA Waters AQ,
preconditioned with 5 m 0.5M potassi um carbonate solution and 5 ml
water, while the ["O]water was recovered for recycling. The
["F]fluoride was directly eluted into a 10 m seal ed reacti on vessel
using a solution of potassium carbonate (2 ng) and ' 15 Kryptofix
2.2.2 (10 ng) in 1.5 mM acetonitrile/water (4:1). At 85 - 90 Cthe
sol vents were renoved by vacuum and a8t r eam of ni trogen.
Subsequently, 1 ml of dry acetonitrile was added three tinmes and
evapor at®d¥to dryness. 20 Exanple 1: Synthesis of "F-click folate
standard 0 OH NNMWYF ON=N (a) Synthesis of 6-("F]fluoro-I|-hexyne
5- hexyndLteunat 1 6shi at an( 339idg), of. 3cheity ( ppEpaiedd bywittdsyRat $wik-adfle

5-hexyngalg;olg ageahdi ngd 0 thg.PlOgedyLs deser @?1 § i & i et
al. J. Am %gem(él Sog.' 2000, 122, %8%&, K%sp'?o??x 3 %.%.\5‘%?%?%%%, by
1. 6 mophasddtkEnédFr ngatalBspsosYch nadr feTHrbY Pl anoniver ecapthionase atr
ref Jdux Fractj on Lsie | Lati of_th ' .
conpéone%%'gﬁ%]%&ﬁ%ﬁeeﬁﬁs pr%s‘?dre%ggggkié g—'Figg]f Il}org?%g%lg%(&yn%l with
Bp: 65- 7Pothaésiumt marbonate or oxalate to give the [F]-labelled azide,
which was subsequently coupled to the alkyne substituted folic
acid or derivative of choice in a catalyzed 1,3-dipolar

cycloaddition under standard conditions.

10

In a further aspect the present invention provides uses of
folate radiopharmaceuticals of the invention for convenient and
effective administration to a subject in need for diagnostic

imaging.

15 Thus the present invention provides a method for dilagnostic
imaging 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
diagnostic imaging amount, and obtaining a diagnostic image of

20 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 wvitro
detection of a cell expressing the folate receptor in a tissue
25 sample which includes contacting said tissue sample with at
least one folate radiopharmaceutical of the invention in
effective amounts and for sufficient time and conditions to
allow binding to occur and detecting such binding by PET

imaging.

30 In a further aspect the present invention provides uses of

folate radiopharmaceuticals of the present invention for



as a 42%sol ution in THF(200ng, 1H NVR(CDC13)8 4.51(t,111,J) = 62%:
6.0 Hz), 4.40 (t, 1H, J = 6.0 Hz), 2.23(dt, 211, J = 7.6and 2.8 Hz),

1.95
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convenient and effective administration to a subject in need for
diagnostic imaging or monitoring of therapy of cancer and

inflammatory and autoimmune diseases.

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

course of treatment.

The subject of the methods of the present invention is
preferably a mammal, such as an animal or a human, preferably a

human.

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

treatment, if any.

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

dose if the patient has a low body weight.

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

effect.

The imaging procedure in the PET scanner takes place from within
minutes to 2-4 hours after administration of the radiotracer.
The schedule depends on the imaging target and kinetics of the

radiotracer as well as the desired information.



(t,

111, J = 2.8 Hz), 1.80-1.73 (m 2H), 1.65-1.61 (m 211) 5 ppm
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The preferred  route of administration of the folate
radiopharmaceuticals of the present invention is by intraveneous

injection.

The suitable forms for injection include sterile aqueous
solutions or dispersions of the above mentioned folate
radiopharmaceuticals of the present invention. Typically the
radiopharmaceutical will be formulated in physiological buffer

solutions.

The folate radiopharmaceuticals can undergo sterilization by any
art recognized technique, including but not limited to, addition
of antibacterial of antifungal agents, for example, paraben,
chlorobutanocl, phenol, sorbic acid, thimerosal, and the 1like.
Preferably they undexrgo a sterile filtration before
administration eliminating the need of additional sterilisation

agents.

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

area of choice.

The folate radiopharmaceuticals of the invention may alsoc be
used for in vitro detection of a cell expressing the £folate
receptor in a tissue biopsy taken from a subject. Thus in a
further embodiment the present invention provides a method for
in wvitro detection of a cell expressing the folate receptor,
e.g. a tumor cell, in a tissue sample which includes contacting
gaid tilgssue sample with a £folate radiopharmaceutical of the
present invention in effective amounts and for sufficient time

and conditions to allow binding to occur and detecting such



(b) Synthesis of y-(4-azido-butionyl)-folic acid am de References
nunbers see Figure 2. N-BOC-am no-but ane-azide (2) was prepared from
nono- HOC- 10 di am nobutane (1) according to the procedure descri bed
by Link et al. (J. Am Chem Soc. 2004, 126, 10598). Deprotection of
the intermediate 2 in CH2C12/ TFA (20% at room tenperature over night
yi el ded, after drying in-vacuo, the T% salt of 4-azido-butaneam ne
(3) as a colorless oil (0.44 g, 94 %9 :""1H NWVR (CDC13) 8 15 4.54 (bs,
111), 3.27 (t, 211, J = 6.5 Hz ), 3.25-3.10 (m 211), 1.63-1.50 (m
4H), 1. pangsng iy ) ipaadng feednigNesr = 215. 21 (calc. for C9HL8N4O2:
214.26). In_a flamed-dried flask under argon was dissolved Bocd uQve
(4, 261°AP1eS0 GRtol Pei (FURARIPR (1BY nProgeenrap| dewmar &9 ede 4sknillagl
and Et?2 cal. Speaqui ddedy (gﬁg, . dgg% MAS
added a?egg%:géﬁg'?h'e Pnﬁxglai;{%e%gnggt?r?é%y%kt% Wi ;F%a h%ur. he])ulv@' by
sol ut i orspirahenactoy direarhesild omapuimansfersanb hdsa apdnibealikea
solution of amne TFA salt 3 (228 ng, 1.0 mol) in dry DVF (5 nl)
cont@ai nFhgsEe 3Mwi@sALtol1 I8 efabgd atinglodeAfaner Ribewe Z@spheted to

m Xt ur e ciasa YRl IPAcker! to gl athir el oxeh 0l oo RRIOVALLGL UQ! Alddir
conponents under reduce ressur and purirticati on of

cells, epithelial «cells, kidneys, gastrointestinal or the

hepatobiliary system, and others. Samples can be sectioned,

e.g., with a microtome, to facilitate microscopic examination

10 and observation. Samples can also be fixed with an appropriate

fixative either before or after incubation with one of the

folate radiopharmaceuticals of the present invention to improve

the histological quality of sample tissues.

Time and conditions sufficient for binding of a folate
15 radiopharmaceutical of the present invention to a folate
receptor on the cell include standard tissue culture conditions,
i.e. samples can be cultured in wvitro and incubated with one of
the complexes or compositions of the present invention in
physiological media. Such conditions are well known to the
20 skilled person. Alternatively, samples can be fixed and then
incubated with a folate radiopharmaceutical of the present

invention in an isotonic or physiological buffer.

For all applications it is convenient to prepare the compounds
25 of the present invention at, or near, the site where they are to

be used.

A1l of the compounds and/or methods disclosed and claimed herein
can be made and executed without undue experimentation in light
30 of the present disclosure. It will be apparent to those of skill

in the art that variations may be applied to the present



the residue by flash chromat ography on silicagel with CH2C12/ MeOH
(60:1 to 30:1) provided product 5 as a colorless oil (330 ng, 92 9.
Internmediate 5 was deprotected in CH2C12/ TFA (20% at room 30
tenperature over night yielding, after drying in-vacuo, the TFA salt
of d u(4-azido-butylam de)OMe (6) as a pale yellow oil (740 ny,
quantitative): 1H NMR (CDC13) 8 10.15-8.60 (bs, 3H), 6.74 (t, 43 1H,
J = 5.6 Hz), 4.14 (dd, 1H J:77an&°37Hz) 3.80 (s, 3H),

3. 31 3.26 (m  211), 3.25-3.18 (m 211), 59-2.45 (m 211), 2.38-2.27
(m 1H) inyepiion 1‘31t(hﬁ>umq)epart63g1f59m(ﬁtle 4399pH h tbﬁwnvpgtw& The

258. 23 Ggaht lego%uspendeg%l Z%Zezg)ﬂ:eédécﬁ' b Mg deied: Fhasky are

under argon was
di met hyhahi asheusyl ene-tiedadiong theeidlesticatby ExEO®leryg, sBoSlammdy b

d DI\/F . ..SJ 4, 3N (104 AL, 0.75
nL%I) maségﬁgLﬁs g%%ggﬁﬁgﬁn%%§¥§§%l}Q&%gpgﬁgéd at 0 C and the

m xture was stirred for one hour. To the resulting 10 orange sol ution
was added at 0 C a solution of amne TFA salt 6 (186 ng, 0.5 mmol) in
dry DMFg agcontaining Et3N (210 AL, 1.5 mml). The resulting
clear y lution was stirred at 0 C for one hour and then

aIIowedMI.:\ge Lt _éﬁﬂpval of vol atile conponents under reduced

pressure—aﬁggpurﬁéﬁeatroﬁ—éﬁ the 15 residue by flash chromatography

on silicagel Wht L Q@RCL2/ MO L ccorded on a Jasco FT/IR-6200 ATR-IR.
Nuclear magnetic resonance spectra were recorded with a Bruker

10 400 MHz or 500 MHz spectrometer with the corresponding solvent
gignals as an intermnal standard. Chemical shifts are reported in
parts per million (ppm) relative to tetramethylsilane (0.00
ppm) . Values of the coupling constant, J, are given in Hertz
{Hz) ; the following abbreviations are used in the experimental

15 section for the description of H-NMR spectra: singlet (s),
doublet (d), ¢triplet (t), multiplet (m), doublet of doublets
(dd) . The chemical shifts of complex multiplets are given as the
range of their occurrence. Low rescolution mass spectra (LR-MS)
were recorded with a Micromass Quattro micro™ API LC-ESI.

20 Water sensitive reactions were run under argon in flame-dried
glass ware, Reactions were monitored by thin lavyer
chromatography (TLC, performed on EM Science 0.25 mm thick,
precoated silica gel 60 F-254 glass supported plates) or HPLC.
HPLC was performed on a Merck-Hitachi IL-7000 system equipped

25 with an L-7400 tunable absorption detector. Analytical HPLC was
performed with an XBridge® column (C18, 5um, 4.6 x 150 mm,

ol

Waters) using the following solvent system (1 mL/min}): 0.1
TFA.q (solvent A), acetonitril (solvent B), 1 mL/min; 0-1 min, 95

[+]

% A; 1-15 min, 95~5 % A; 15-20 min, 5 % A; 20-22 min, 5-85 % A;

de

30 22-25 min, 95 A. Semi-prep HPLC was performed with XBridge®
gsemiprep column (C18, 5Sum, 10 x 150 mm, Watexs), 3 mL/min,

isochratic NHHCO; (10 mM, 88 %) / CH,CN(12 %). All chemicals



(17;1 to 10:1) provided product 8 as a yellow solid (290 ng, 92 %.
Azido folate 8 (63 ng, 0.1 mmol) was dissolved in 1 MNaOH (3 nL) and
stirred at rt over night. The resulting turbid solution was cl eared
by filtration through Celiteirm The pH of 20 the yell ow sol ution was
adjusted to pH -2 by addition of HC1 (first 37 % HCL, then 1 MHCJ)
which resulted in precipitation of thtzlproduct. The suspensi on was
centrifuged (10 mn at 3500 25 30 rpm’,” the pale yell ow supernat ant
decanted and the solid product _dried underreduced pressure to give

t he penWﬁrﬁyﬂ?%@Fﬁ%N$QR?lled unlike stated otherwise.

sal tof y- (4-azi do-butionyl)-foli c%ci dam degas?ﬁ/el low . .

powder ( P5RguGERARI t @fi vB) € np>200 P MR EREA! gy [T Flfluoride was

12.21- 11,-83608a 1+1), 816408 @;%,1&),1% 1%(191%&11, beTbe 85#) at 7 a8§%};cl%’ J1g/9
=5.7Hz), 7.65(d, 2H,J =9.0Hz),7.00-6.82 (bs, 211),6.93(t, 111,
=6. 2Hz) ggg@q@:@gzzH,(jBAg_ @g])gilm)49(agqqq9ipally 97% enriched ["®O]water

=5. 9z) . 4.32- mgl 32tgl,—.%ga)m ,H%ZJ s
-6 )?’%.sog-r%a@é%m %1]9%3% yexs ok %ng ,  aetid, g W By iquid
1. 45- 1. Bargeat . 2I1e ( 618] fkiovide/ [**0lwater solution was transferred from

the target to a manipulator equipped syntheses hotcell using a

helium stream.

[**F] fluoride (~20 - 30 GBgQ) was trapped on an anion exchange
10 cartridge (Sep-Pak® Light Accell Plus QMA, Waters AG),
preconditioned with 5 ml 0.5M potassium carbonate solution and
5 ml water, while the [**0]water was recovered for recycling. The
[**f] fluoride was directly eluted into a 10 ml sealed reaction
vessel wusing a solution of potassium carbonate (2 mg) and
15 Kryptofix° 2.2.2 {10 mg) in 1.5 ml acetonitrile/water (4:1). At
85 - 90 °C the solvents were removed by vacuum and a stream of
nitrogen. Subsequently, 1 ml of dry acetonitrile was added three

times and evaporated to dryness.

20 Example 1: Synthesis of "F-click folate standard

Qo CH
H
o ﬁ N\/ﬁ\¢/\N/§T/\\/N\/F
HN/%jINirf\N O N—N
ISP
N~ N7 N

{a) Synthesis of 6-[*F]fluoro-1-hexyne

5-hexyn-1-yl p-tosylate (330 mg, 1.3 mmol) (prepared by
tosylation of 5-hexyne-1-ol according to the procedure described
25 by van Hest et al. J. Am. Chem. Soc. 2000, 122, 1282), Kryptofixm
2.2.2 (620 mg, 1.6 mmol) and KF (97 mg, 1.6 mmol) in dry THF (12
mL) were stirred' at reflux for 20 hours. Fractionated

distillation of the volatile components at ambient pressure gave



observed) ppm 13C NWR (DVSO-d6) 3 173.8, 171.5, 166.3, 160.8, 44
156. 6, 153.8, 150.8, 148.7, 148.5, 128.9, 127.9, 121.3, 111.2, 52.2,
50.3, 45.9, 37.9, 32.0, 26.6, 26.3, 25.7 ppm HR-MS: [Mt= 537.2127
(calc. for C231427N1105: 537.2197); elenental analysis (calcul ated

% val ues for C23H2711.1105(HC1)5 in parenthesis) C 39.16 5(38.38), H
4.09 (4.48), N 21.43 (21.40), O (11.11), O (24.63). (c) Synthesis of
"F-click folate standard y-(4-Azidobutyl)-folic acid am de

. de_salt, 14 i
éBEBhﬂ@y?f%??ﬁﬁékﬂ%S e aﬁoa[fg%qf%%l%’aﬁaeiﬁﬁ (48%g5, 052 %
mol ), Y Qe 2o (R § AUaLR0; ”Di}?/-@mﬂ@%%gg I8 356ar hate gl g 0y c’x*q{z),

mol % wefe added. The m xture was stirr for mn after
whi ch HPL® i dli cdifled €onpkefedzdonei28i oitof AHhe JAz+d@ .6t andi 1y 8 Hz),

materi a m X{,ur e, was, t m.jenper re and. t.h
resul ti %g {5 sﬂs)éjélhs%n vvaséjgéssol ]\?eédéjgl 7Ea?dd |g§nIl1r5 £ 6?S'v%‘girlop(sm'Na?(ﬁ-)l
1M sAddppmon of HCL (1 M to a final pH of 2 resulted in
precipitation of the product. The m xture was centrifuged (10 m n at

3500 rpm and the pale yell ow supernatant decanted. Drying of solid

provide ;fi’ﬂfhéé?ﬁ@% 2 I ) 2@ d ssol ved
in Namqgﬁl (0.4 fagdqéﬁ%ﬁ%{jﬁlbt% sem) p?ggeH%f%d%e&gcol | ected

fracti og&gggﬁ&yagﬁé‘ps HRAyqL,wRer ¢ concentrated under reduced
pressure and the residue dissolved in NaOH (1 M 1 nlL). Addition of

HCL (1 Mgbe- ﬁn{ﬁmuméﬂaz%deesuuﬁd 'd&spreﬁk@béf"éd on bt hemono-Boc-

product. Centrifugation 25 (10 mn at 3500 rpm, decantation of the
pal k0 yefli e Beipietang ahl) apgcarging 6p the guldcgdyrevidgserihed by Link

To. 53 Uy Lt AR CBvED ) 54512 001, el ioad) 7 My rQRePLIHIf o Lhe
8 19 (dintgymediatrg 3B m)CszlaerrA 82 :@14:)oom7 teBpedatere Jdver gnight
CM 314§§e%{§c§ %%P%Qag%nﬁé'?)i Vgggg (tg% B?L?l}‘? 7935 @z%%s lgut'fla?ne—
3.08-2. 8kihe (31l)as 2a62ofbridds| oil 4064@ Igfz) of. 2P+ 2111&%(@ (CDC13) 3
2. 09 2. 00 &n] é%4%iﬂ% Qg 2788 (naﬂlH) 1 7%5 HSO)S 3.25-3. 10 (m, 2H) ,
1.63-1.50 (m, 4H), 1.1i4 (s, 9H) ppm; LR-MS: [M+H]® = 215.21

(cale. for CoHigN.O,: 214.26).
In a flamed-dried flask under argon was dissolved BocGluOMe (4,
261 mg, 1.0 mmol) in dry DMF (5 mL, over molecular sieves 4 A)
20 and Et,N (210 pL, 1.5 equiv) was added. HBTU (380 mg, 1.0 mmol)
was added at 0 °C and the mixture was stirred for half an hour.
The solution of the activated acid was transferred via cannula
to a solution of amine TFA salt 3 (228 mg, 1.0 mmel) in dry DMF
(5 mL:) containing EtsN (210 uL, 1.5 equlv) at 0 °C. After 2 hrs,
25 the mixture was warmed to rt and stirred over night. Removal of
volatile components under reduced pressure and purification of
the residue by flash chromatography on silicagel with CH,Cl,/MeOH
(60:1 to 30:1) provided product 5 as a colorless oil {330 mg, 92
%). Intermediate 5 wag deprotected in CHRCl,/TFA (20%) at room
30 temperature over night yielding, after drying in-vacuo, the TFA
salt of Glu(4-azido-butylamide)OMe (6} as a pale yellow oll (740

mg, quantitative): H-NMR (CDC1l;} & 10.15-8.60 (bs, 3H), 6.74 (t,



1.26 (m 2H) Pl pmnC- NVR (DMSO-d6) 8 173.8, 171.5, 166.3, 160.7,
155.0, 153.5, 150.7, 149.1, 148.5, 146.5, 129.0, 128.0, 121.7, 121.4,
111.2, 84.2, 83.0, 52.2, 48.8, 45.9, 37.7, 32.0, 29.3, 27.2, 26.5,
26.1, 24.6, 24.5 ppm LR-M5: | M 14114- = 638.24 5 (calc. for
C29S35EN1105: 637.67); elenmental analysis (calculated % values for
C29H36N1105(HC1)5 in parenthesis) C 4% 72 (42.48), H5.18 (5.04), N
18.17 (18,79), 0 (9.76), F (2 32), (321 62). Exanple 2: Synthesis
of 'F-clickfolateoq-i NON=N 10H2NNNTothe obt ai ned dry

[18F] f | G8ri de-tryt aff@ cof"rp%x (§dpexddn- ¥y P:Todptade?( 35l Al )3 89 1{
nm acetgpjtrisl.givwassadded. e reastipmaessel 2ups eosvested Vi aom)
PTFE t ubi ng W th a second reaction vessel containing Copper(l)| odi de

(2.5 ng¥-ahd?i37 whs: 15hi RAf i 1@ dity- 18/ i d05pr bpaholmcobth mpbatiR-
The reaghl Ofy R}t ULl Bar on hegt{ed to 95 - 100 C
whil e tﬁ%' n :E 22:3 gr?'ogg%%&% fa@s%%%lc?gg? vv%g;y%g} was co-distilled

Wit P ac@l‘-on@t rfl@HQQJ-QW@dse(fdﬁékr em}dﬁnn anegre| welsp (SQSP[BIL@&F N2-N,N-
fluoro Jrﬁlaﬁc 8 r y s 291

radi ochleimln%é yi ol'd” of }Q&en %/o%%}c']yg ﬁtéd.'i' e%%ca purl\(‘fw8 %0

98 % Ahnet) 12n ndxy tDNF seldomd.,r eaetri mnlees‘set Tiontesd W A) and Bt.N (104
6[nEIfI e|n acet tril

di sconn%ct eg ndmﬁ%{ dst%dd\l/\?adr m}EBg%r g(ggﬂt ‘é‘ﬁpega% ﬁl'w?‘gf‘n%d(}ﬁ?tatﬁ
0.3 M %mtend ZﬁeAlmJBItEA;e Amanysisdiadn fseoohat Aot . 2500.tHe ntesltieing
an -(4a2|dobt|o 1)-fal darglde e_Exanple 1(b))_in 0.2
o T GreRbfigal iR ks dAedRr (T Re SRS RS TR T i Vi
al | owed (196 co®) @Mmﬁcﬂl)GQrﬂcwyt be 29 ALN. oIt iBmCBtek- {Dlate., 1.5

content_of the crude mixture was 55 - 65 % _ 46 For semni-preparative,
HPLC puf'PPitat F8R (REVHAPEr £1788 FiS'dC¥d SHPRionnPappitisgrdedt OThe

separ at Egp ¥WAS Kéhif | £8d OthePa BLBRAL& £ Qlatin tEPRENORBAGYKS] C@fﬂ%la%qle
C18, 250 x 10 nmm) using a gradient as follows. Solvent A =

ammoni uFFBPeAeRohat@wrder reduced pressure and purlflcatlon of the

15 residue by flash chromatography on silicagel with CH,Cl,/MeCH

(17:1 to 10:1) provided product 8 as a yellow solid (230 mg, 92

%) . Azido folate 8 (63 mg, 0.1 mmol) was dissolved in 1 M NaCH

(3 mL}) and stirred at xt over night. The resulting turbid

solution was cleared by filtration through Celite™. The pH of

20 the yellow solution was adjusted to pH ~2 by addition of HCL

(first 37 % HCl, then 1 M HCl) which resulted in precipitation

of the product. The suspension was centrifuged (10 min at 3500

rpm), the pale yellow supernatant decanted and the solid product

dried under reduced pressure to give the penta-hydrochloride
25 salt of y-{(4-azido-butionyl)-folic acid amide 9 as a yellow

powder (75 mg, quantitative): mp > 200 °C; 'H-NMR (DMSO-d6) &

12.21-11.95 (bs, 1H), 8.64 (s, 1H), 8.18 (d, 1H, J = 7.2 Hz },
7.85 (t, 1H, J = 5.7 Hz), 7.65 (d, 2H, J = 9.0 Hz), 7.00-6.82
(bs, 2H}), 6.93 (t, 1H, J = 6.2 Hz), 6.64 (d, 2H, J = 9.0 Hz)},

30 4.49 (d, 2H, J = 5.9 Hz), 4.32- 4.22 (m, 1H), 3.29 (t, 2H, J =
6.8 Hz), 3.03 (g, 2H, J = 6.5 Hz}, 3.09~2.96 (m, 2H), 2.12-1.83
{m, 2H), 1.55-1.45 {(m, 2H), 1.45-1.35 {(m, 2H) {one NH not

observed) ppm; “C-NMR (DMSO-d6) & 173.8, 171.5, 166.3, 160.8,



5 solution, B = nethanol, 0 - 30 mn: A 90%0% 30 -40 mn: A 40%
40 - 45 min: A 40%-) 90% The HPLC sol vent of the isolated
18F-click fol ate was renoved under reduced pressure and a stream of
nitrogen at 100 C. The product was fornul ated i n physi ol ogi cal
phosphate buffer 10 solution. Exanple 3: In vitro, in vivo and ex
vivo studies using 18F-click folate 13 The 18F-click folate was
enployed in in vitro plasnma stability 'studies and in netabolite
studies using liver mcrosones. F-click folate was incubated with

bot h huf@f-and fdrBne 5% Sma 148 -37 @485 SHdking Weat-ér b3, 111.2,

AT quot gower eshakengat odi §4 eg emio tg M@, Nt .and Kanal ysad B¥-wbL Cim) * =
The tracer showed a 20 high stability. No defluorination or_ other ,
radi oacBBVe2#eqr ad®lion gegdubntefer@® :deb2di 2P Dvier cdcpeptal Anplysis

120 m n(oMeLaboLid o SLUt £5: 45! BaDMIRA (ABY) MU el dedHAr RBOMBSL 6
were carried out at 37 C over a tine span of 0O - m n. | quot s

wer €5t aken.ag) 0, H54.-0% &hate30 i Al.Fhe (2l uillles Shddedlhe 25 (24.63) .
radi oactive netabolites or degradation of the 18F-click folate over

30 min. F-click folate was applied in ex vivo biodistribution studies

usi ng egggﬁ %E&e@icse ?biegsﬂ;,_n KB ﬁ%a%ggaglggn%gggrs. -2 MBq of 30 the

radi otr é€'injecte 0 €éachanrma n a bl ockade group (4

ani mal S%/— ?49 -OA .:iitgobq_tai‘.'[y'ir)%lfoflglci Cacai(c:ii dam:L e | %ee:t%ae—qqy]aq:o@hgorél}ge salt, 14
mg, 0.02 mmol) was suspended in BuOH/H,0 (1:1, 2 mL) and 6-

10 [**F]lfluoro-l-hexyne (48 mg, 0.2 mmol), Cu(OAc), (0.8 mg, 20
mol%) and sodium ascorbate (1.5 mg, 40 mol%) were added. The
mixture was stirred at 75 °C for 30 min after which HPLC
indicated completed conversion of the azide starting material.

The mixture was cooled to room temperature and the resulting

15 suspension was dissolved by addition of a few drops NaOH 1M.
Addition of HC1 (1 M) to a final pH of 2 resulted in
precipitation of the product. The mixture was centrifuged (10
min at 3500 rpm) and the pale vyellow supernatant decanted.
Drying of solid provided a brown powder (20 mg). The crude

20 product was dissolved in NaOH 0.1 M (0.4 mL) and purified by
semi-prep HPLC. The collected fractions containing the product
were concentrated under reduced pressure and the residue
dissolved in NaOH (1 M, 1 mL), Addition of HCL (1 M) to a final

pH of 2 resulted in precipitation of the product. Centrifugation

25 (10 min at 3500 rpm}, decantation of the pale yellow supernatant
and drying of the solid provided the penta-hydrochloride salt of

the final product as a yellow powder (9 mg, 53 %): *H-NMR (DMSO-

ds}) 8 12.02-11.85 (bs, 1H), 8.66 (s, 1H), 8.19 (d, 1H, J = 7.8
Hz), 7.86-7.80 (m, 2H), 7.65 (d, 2H, J = 8.7 Hz), 7.35-6.9%5

30 {(bxoad m, 2H), 6.65 (d, 2H, J = 8.7Hz), 4.53-4.47 (m, 3H), 4.40
(¢, 1H, J = 5.8 Hz), 4.32-4.23 (m, 3H), 3.54-3.32 (bs, 1H),
3.08-2.97 (m, 2H), 2.62 (t, 2H, J = 6.6 Hz}), 2.22-2.13 (m, 2H),
2.09-2.00 {m, 1H), 1.98-1.88 {(m, 1H), 1.79-1.60 {(m, 6H), 1.36-



prior to the radiotracer. The animals were scarified 45 m n post
injection. The folate receptor-positive KB tunors show a high
specific uptake of the radiotracer with a ratio of 94 % specific

bl ockade. Furthernore a specific uptake with 78 % specific 5 bl ockade
was al so found in the kidneys, which are known to express the fol ate
receptor. High unspecific uptake was f.Qund in gall bl adder, intestine
and faeces which points to a strong hé%atobiliary elimnation of the
radi otracer. Figure 3 shovvs t he hi gh specific uptake of the
18F-cl i 8k26ol e 28)i redwd at e”CefBRt ODMSOsEE) ved t L38ues. U7 -Bi,vOLEET3,
I magi ng i Bg 8F-Gli gk f erf [ e be n
KB xenoéggf?é ?'E%D$$ g flcsr’rB 1@0?5&‘(’3&64?%2. otfiz’aéggs(rj \/\gré;%?nj cgfgod |ﬁ%%‘ 2
each aniigal7, | n2the, blladkade sgr.aup 8200 ggsznat urgd. &,0ldx, sgcial wa,s 32.0,

injected_ 10 m riqQr 15 a The sc

acqui reggf&bngsg ?F (tns é]éﬁ‘iln ;%451 n{'g |%‘?‘F‘ Tg% @‘ﬁ%? cou?ﬁabge4
i maged hyaPET ﬁsrng”ﬁﬁﬁwgk%cksﬁolavﬁ, dlEmdrcad. la@aiysis (calculated %-
t unor -t o- background rati o, the 5<B tunors are onl){ noderately

vi sual i Y84SR Hi%h Crebetl % HER ) of LRaROEENESEF i F 262t R a‘ﬁ&or‘ﬁar}nal H
region goakl bkagger wiid est i n@s)yopoi Bt sot P, St r@ngszhep@lobﬁi' esy.
elimnation of the radiotracer. PET imagi ng using [18E]

performed with the same aninmals four days after the 18F- C|ICk fol ate

st udi ESExaﬂgﬂ@q‘?Ost!?&Eéf%fAﬂﬁfﬂdlm&CnggahgtO each animal. The PET
scans post injection. The

[ 18E] FDG scans were not able to image ghe folate receptor-positive KB
tunors. Al though [18F3 FOG i s the@no co nl'y used radiotracer in
PET tunor i magi ng, o i s know

q i e f! t he
i mgi ng of KB xeno ra (Ba%ti o et al, J. Nﬁi Med. 301998;
47: 1153-60). % ows indic&e the posi '}'on of the KB
xenografts tum)r 9 4 aithrs

10

To the obtained dry [*®F]fluoride-cryptate complex 5-hexyn-1-yl
p-tosylate (25 pl) in 1.2 ml acetonitrile was added. The
reaction wvessel was connected via a PTFE tubing with a second
reaction vessel containing Copper{I)iodide (2.5 mg) and it was
15 placed 1in a dry-ice/isc-propancl cooling bath. The reaction
mixture in reaction vessel one was heated to 95 - 100 °C while
the *®F-labelled product 6-['°F]flucro-l-hexyne was co-distilled
with acetonitrile to the second reaction wessel (bp (6-
[**F] fluoro-1-hexyne) = 106 °C). 6-['®F]fluoro-l-hexyne was given
20 in a radiochemical yield of 70 - 85 % and a radiochemical purity
of 920 -~ 98 %. After 12 min the second reaction vessel containing
6- [**F] fluoro-1-hexyne in ca. 0.8 - 1.0 ml acetonitrile was
disconnected and allowed to warm to room temperature. To this

mixture 0.3 ml water, 25 pl DIEA, 25 mg sodium ascorbate in

25 0.15 ml water and ¢y-(4-azido-butionyl)-folic acid amide (see
Example 1(b}) in 0.2 ml DMF are added successively. The mixture
was heated to 80 °C and was allowed to cool down to 60 °C within
20 min. The *PF-Click-folate content of the crude mixture

was 55 - 65 %.



1. A compound having formula Il (R3) I P\ (HRe ))mqg |l XAR4A |1 5
wherein X1 to X5 are independently of each other Cor N, Rl and R2
are independently of each other H Hal, -OR, -NHR , 01-012 al kyl,
01-012 al koxy, 01-012 al kanoyl, 02-012 al kenyl, 02-012 al kynyl
(01-012 al koxy) carbonyl, and 10(01-012 al kyl am no) carbonyl, wherein

R is Hor 01-06 alkyl, R3, R4 are ing%pendently of each other H,
fornyl, imnonmethyl, nitroso, 01-012 alkyl, 01-012 al koxy, 01-012

al kanoyl, hal osubstituted 01-012 al kanoyl, 15 R5is H, 01-012 al kyl,
01- 012 BPkogemioprenarafkemolPLCoPuWIIiGRkEMy| Cho2 g rEugRK AR dfluted
(01- 0128l koxy}garPeiy! scaRdnt 01-THE! 2s&hddd G088 RS eaRGuR7 0BT &
i ndependent|ly of each other strgight-chain or branched 0i-012 .

al kyl , wRPch8 i sodnsnbstFhananenex 2GsnBsii (St ey aB60| Bazp ®Whk ERing a

Hal, or [NCR: o 3.0 eHR18hist N1l 1 1) 180mM  ammonium bicarbonate

5 solution, B = methanol, 0 - 30 min: A: 90% = 40%, 30 -40 min:
A:40%, , 40 — 45 min: A: 40% 2> 90%.

The HPLC solvent of the isolated PF-click folate was removed
undey reduced pressure and a stream of nitrogen at 100 °C. The
product was formulated in physiological phosphate buffer

10 solution.

Example 3: In vitro, in vivo and ex vivo studies using Br_click

folate

15 The ¥F-click folate was employed in in vitro plasma stability

studies and in metabolite studies using liver microsomes.

¥p.click folate was incubated with both human and murine plasma
at 37 °C in a shaking water bath. Aliguots were taken at
different time points and analysed by HPLC. The tracer showed a
20 high stability. No defluorination or other radiocactive

degradation products were detected over a period of 0 - 120 min.

Metabolites studies using human and murine liver microsomes were
carried out at 37 °C over a time span of 0 - 30 min. Aliguots
were taken at 0, 5, 15 and 30 min. The studies showed no
25 radiocactive metabolites or degradation of the PF-click folate

over 30 min.

Bp_click folate was applied in ex vivo biodistribution studies
using eight nude mice bearing KB xenografts tumors. ~2 MBg of

30 the radiotracer were injected inte each animal. In a blockade

group (4 animals) 200 pg natural folic acid was injected 10 min



[1l wherein S1 and S2 are independently of each other a single bond
or a spacer unit, such as straight-chain or 5 branched d-Cl12 al kyl,
whi ch is unsubstituted or substituted by at | east one CN, Hal, or
NC2, and wherein one or nore of the non-adjacent CH2 groups may

i ndependently be replaced by -0-, -CO, -00-0-, -0-00-, -N= -00-NR
-, -NR -00-0-, -0-CONR -, IONR-COMNR -,-CHCH,-S-, -SOGBR -,
-PR - , or a five- or six-nenbered aromatic ring, which is

bst | d b | .
wher o1 nPREDEo 8L sy Bep S e g ke o S B Bhen dp ebin RRRF
15Ari i dndettiemol @her folste azebeptw%ﬂbsbhﬂvﬁr cmB seumdaﬁst; @h@wofa F‘ﬁlgh
d R7 0
gﬂas a %gﬁgé rougpt_%kg guiﬁ%oﬁ%%%wogﬁ“&tﬁgat Saala. F?Flg‘imﬁe?@?ﬁlﬁé’
is blogkadéght rehghérmibrdr anCchedc021012upddd . WhiCh78S%  specific

unsubstltuted or substituted by at |east one ON, HaI or 25N, " and
R7 i3 aPgPekpdsr Wt nAtL&Cl |1T°un6511§t rEighkigRaY s oWHHCEnchERl GRogmp to

al kyl , \é’&b@@s’sstﬁésﬁ'giétéUirééeﬁiof’ubﬁfqﬂ q;n%ewf% Lpeske OR8s Phudddl 1n

or N02 and R6 is a group of foormula 4. A conpound according to
any prefadihgodder m westingl pada Baenfe b’bﬁéhorptallstpﬁacéro ugi tstrong

such asp ébaabsmlgﬁg & By rngg,g ChaT-ga é\f %' Chol S

unsubstituted O substitute ' east one NO2, and

wher ei nyQRE-Qr 3”%’11%&“ ﬂ}@“ e‘?gEE G2, epengdentyl y
be repl acgdrby -0-, - , CI\JIRl P%%%Oomy ﬂ%ccj}l\ﬁ l%:l—é%%—‘te
10 in folate receptor pos:l.tlve tissues.

In vivo PET imaging using the *F-click folate was performed in
nude mice bearing KB xenografts tumors. ~11 MBg of the
radiotracer were injected intoc each animal. In the blockade
group 200 pg natural folic acid was injected 10 min prior to the
15 radiotracer. The PET scans were acquired from 15 min to 45 min

peost injection.

The KB tumors could be imaged by PET using *rF-click folate. Due
to a low tumor-to-background ratio, the KB tumors are only
moderately wvisualized. A high accumulation of radicactivity in
20 the abdominal region (gallbladdexr, intestines) points to a

strong hepatobiliary elimination of the radiotracer.

PET imaging using [*®*F]1FDE was performed with the same animals
four days after the '®F-click folate studies. ~9 MBg of [*F]FDG
were injected into each animal. The PET scans were acquired from
25 30 min to 60 min post injection. The [**F]FDG scans were not able
to 1image the folate receptor-positive KB tumors. Although
[**F1FDG is the most commonly used radiotracer in PET tumor
imaging, it is known that [®F]FDE is not suitable for the
imaging of KB xenografts tumors (Bettio et al, J. Nucl. Med.
30 1998; 47: 1153-60}.

Figure 4 show the PET images using **F-click folate {(left hand

side) in comparison to PET images using I[YFlFDG (right hand



-CC-, or a five- or six-nmenbered aromatic ring, which is
unsubstituted or substituted wth ON, Hal, NO2, COR, or COOR,
wherein R' represents H or 01-06 al kyl, or a 15conbi nati on thereof.

5. A conpound according to any preceding claimwherein S2 is a single
bond or a straight-chain or branched 01-012 al kyl, which is
unsubstituted or substituted by at le 20 one ON, Hal, or N2, or a
five- or six- rrenbered aromatic ring, Ich is unsubstituted or
substit where epr esent

H or Oll%ggél’ kyT" or T5° c%rrbl\ll'% cggﬁ? t'ﬂjeere% S1h6te B efté’lsaﬁé/ eE‘PﬁﬁF‘gtS
bond or tamstsai ght chain or branched Cl-Cl2 al kyl , which 25is
unsubstituted or substituted by at |east one ON, Hal, or NOQ2. 6. A
conmpound according to claim1 having formula IV 52 (R3)4)'

1 pINXi- 1 X3<------- X5-\ -, | A .---.. RIXi X4 IV wherein Xg,
X7 are independently of each other C Nor 05 Rg, Rg are

i ndependently of each other H or straight-chain or branched Cl-Cl12

al kyl ,which is 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-, -CO, -00-0-, -CONR -,
10-CH=CH, -CEO, or a group of the formula V



V wherein S2, 53 are independently of each other a single bond or a
spacer unit, such as straight chain or branched 15 01-012 al kyl,

whi ch is unsubstituted or substituted by at | east one CN, Hal, or
NC2, and wherein one or nore of the noggadjacent CH2 groups may

i ndependently be replaced by -0-, -CO,;7-00-0-, -0-00-, -NR -, -N=
-NR -00-, -CONR - , -NR-00-0-, -0-00-NR -, -NR -CONR -, -CH=CH
-Cm G Claimss. _SBR -, -PR - , or a five- or six-nenbered aromatic

53 ring, which is unsubstituted or substituted with ON, Hal, NOZ2,

COR , dr- COOR A wespeiumdRhavépreseomrsilE g 01-06 al kyl, or a

conmbi nation thereof, Ari is a triazole or a tetrazole, 5and X1 to X5,
Rl to R6, p and q, are as defined in claim3, with the proviso that
either R6 is a group of fornmula Il or at |east one of Re and RO is a
group of fornmula V. 10 7. A conmpound accordin toFQIain16, wherein S2
and S3 are independently pg qug)other a ¢ ohd or a straight
chain or branched 01-012 glkyl ,:"Wwhich is uyns tituted or substituted
by at | east one ON, Hal, 0 i r»gi x- menbered aromati c
ring, which is unsubstiX4ted|or @ﬂbéﬁﬁtuted with ON, Hal, NC2,
COR, or COOR , whereinlR rqﬁbp aH or 01-06%alkyl, or a

conbi nati on thereof RJfore ably sﬂ%aight chain or branched
01-012 al kyl, which is unsubstituted or substituted by at |east one
ON, Hal, or NO2. 20 8. A conmpound according to any preceding claim
wherein Ari is selected fromformulae V-¢c, V-d and V-e R'R’

II

5 wherein

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

R; and R; are independently of each other H, Hal, -0R’, -NHR',

Cl-Cl2 alkyl, Cl-Cl2 alkoxy, CCl1-Cl2 alkanoyl, <C2-Cl2
alkenyl, C2-Cl2 alkynyl, (Cl-C1l2 alkoxy)carbonyl, and

10 (C1-Cl12 alkylamino)carbonyl, wherein R’ is H or C1-Cé6

alkyl,

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

nitroso, Cl1-Cl2 alkyl, C1-Cl2 alkoxy, Cl-Ci2 alkanoyl,

halosubstituted C1-Cl2 alkanoyl,

15 Rs is B, C1-Cyo alkyl, C1—-Cq9 alkoxy, Ci1-C1o alkanoyl, Cy-Cis

alkenyl, C,-C;» alkynyl, (C;-Cip; alkoxy)carbonyl, and (Ci-

Cip alkylamino)carbonyl,

R¢g, Ry are independently of each other straight-chain

branched C;-Cq» alkyl, which is unsubstituted

20 substituted by at least one CN, Hal, or NO;, or a group

of the formula III



, N N=ENN=NNN\\  VcVAV-e 54 spacer groups and R' is H, Hal, NH COP!

NH SO2R , ,CO2R, COR, wherein R represents Hor C-C6 al kyl, or
strai ght-chain or branched 01-012 al kyl, which is unsubstituted or
substituted by at | east one ON, Hal, 5 NH2, SO3H, SH, 002H, or
NC2, or a five- or six-nenbered aromatiCc ring, which is unsubstituted
or substituted with CN, Hal, NO2, COR, or COOR, wherein R
represents H or 01-06 al kyl, or a conbination thereof. 10 9. A
conmpound according to cIa|n16 wheg ei-nade-4,s18ON, Hal , NO2, or a group
R5 and at least one of R8 and Rg is a group of formila V. 10. A
conpound according to claim6, wherein R6 is ON, Hal, 15NO2, or a
group R5, R8 is Hor straight chain orrfaranched C - C12 aIkyI whi ch
is unsubstituted or substituted by at | east one ON, Hal or

wherein one or f enb d ,no dj. u

i ndependent |y gg%rgﬁﬁacg %ﬂﬂf %E? qﬁ%ﬂﬁﬂﬁkggﬁﬁﬁRB% ng%i&cﬁither 8

-CEG-, 20and R@slln@l@ WD @f éors carVunkk, Acepeynd:aeeghdi-pazta or
cIa|n16 wherein is ON, Hal or a group R5, Rg is Hor

strai ght chalnbéﬁnﬁﬁéﬁbhe@16@1%12aéWW}h mmh%%hlsl§nsu%%¥v@®¥éﬁu%$d or

substituted by a ast .on e or .
onbedded. non’ SAPSTAR el 9 Gipelsiy | MR peRtehAry B2 5ra88§° hetein
-0-, -C0, -00f= -&O NRore - GFCHene- Chon-aRd 2R3 nitS &y oupr8fips may
formula V. 55

independently be replaced by -0-, -CO-, -CO-0-, -0-CO-, -

NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0-CO-NR'-, -
10 NR’-CO-NR'-, -CH=CH-, -C=C-, -S-, -S03R’-, -PR’'- , or a
five- or six-membered aromatic ring, which is

unsubstituted or substituted with CN, Hal, NO,, COR’, or

COOR’, wherein R’ represents H or C;-Cg alkyl, or a

combination thereof, and
15 Ar, is a triazole or a tetrazole,

with the provisc that one of Rg and Ry is a group of

formula III,

m is 0 or 1,
p is 0, 1 or 2, and
20 g has a value of 1 to 7.
2. A compound according to claim 1, wherein Rg is

straight-chain or |lbranched CC;-C;» alkyl, which is
unsubstituted or substituted by at least one CN, Hal, or

25 NO;, and Ry is a group of formula III.

3. A compound according to claims 1 or 2, wherein Ry 1is



12. A compound according to claim6, wherein Re and RO are

I ndependent |y of each other H or straight chain or branched

Cl- Clal kyl ,which is unsubstituted or substituted by at |east one CN,

Hal or NO2, wherein one 5 or nore of epgbedded, non-adjacent CH2

groups may i ndependently be replaced by -0-, -CO, -00-0-, -CONR -,
-CH=CH, -CEC-, and R6 is a group of formula V. 13. A conpound

accordi ng to clsginaiyhliavdhag nf oroml abr¥ihch¥da 1coprcly| b,aldkyd, X7-#hitiX, 7 is
R2 (R3) )(3,N0 X2 A kCI\ R6 R Xi X4 mR4 V| X7 3.12-S-A_ -S -18F

0 R (R3) PH uﬁﬁ@?@t?ﬁ@ﬁfﬁ E§q§ng%9§@;%qwq¥1at least one CN, Hal, or

NO;, and Rg is a group of formula III.

5 4. A compound according to any preceding claim wherein $S; is
a single bond cr a spacer unit, such as straight-chain or
branched C;-Cjg alkyl, which is unsubstituted or
substituted by at least one CN, Hal, or NO,, and wherein
one or more of non-adjacent CHs groups may independently

10 be replaced
by -0-, -CO-, ~C0-0-, -NR'-, -NR'-CO-, -CO-NR'-, -CH=CH-,

-C=C-, or a five- or six-membered aromatic ring, which

is unsubstituted or substituted with CN, Hal, NO,, COR’,

or COOR’, wherein R’ represents H or C;-C¢ alkyl, or a

15 combination thereof.

5. A compound according to any preceding claim wherein S; is

a single bond or a straight-chain or Dbranched C;-Cyy

alkyl, which 1s unsubstituted or substituted by at least

20 one CN, Hal, or NO,;, or a five- or six-membered aromatic
ring, which is unsubstituted or substituted with CN, Hal,

NO,, COR’, or COOR’, wherein R’ represents H or C;-Cg

alkyl, or a combination thereof, more preferably a single

bond or a straight-chain or branched C{-Cy; alkyl, which

25 is unsubstituted or substituted by at least one CN, Hal,

or NOs;.

6. A compound according to claim 1 having formula IV



X115 R4 Vla\ | HO X7 NS3 -Arf-S2 RO 0 -.18F X6-R8 56 wherein X1
to X5are independently of each other Cor N, X6, X7 are independently
of each other C, Nor 0, Rl and R2 are independently of each other H,
Hal, -OR, -NHR, 5 01-012 al kyl, 01-0%5 al koxy, 01-012 al kanoyl ,
02-012 al kenyl, 02-012 al kynyl, (01-012"al koxy)carbonyl, and (01-012
al kyl am no) carbonyl, wherein R is H or 01-06 al kyl,

. @AM

(H)q

X1

v

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

5 Rg, Rg are independently of each other H or straight-chain or
branched C1-Cq» alkyl, which is unsubstituted or

substituted by at least one CN, Hal, or NO,, and wherein

cne or more of embedded, non-adjacent CHZ groups may
independently be replaced by -0-, -C0O-, -C0O-0-, -CO-NR’-,
10 -CH=CH-, -C=C-, c¢r a group of the formula V

_83_"AI'1—82_1 BF

v

wherein S;, S3; are independently of each other a single
bond or a spacer unit, such as straight chain or branched
15 Ci-Cqz alkyl, which is unsubstituted or substituted by at
least one CN, Hal, or NO,, and wherein one or more of the
non-adjacent CH; groups may independently be replaced by
-0-, -C0-, -CO-0-, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR’-
, -NR'-CO-0-, -0-CO-NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -

20 S-, —-S03R"-, -PR’- , or a five- or six-membered aromatic



R3, R4 are independently of each other H, fornyl, imnonethyl,

10ni troso, 01-012 al kyl, 01-012 al koxy, 01-012 al kanoyl,

hal osubstituted 01-012 al kanoyl, R6is H, ON, Hal, NO2, 01-012 al kyl,
01-012 al koxy, 01-012 alkanoyl,02-012a%§eny|,02-012alkyny|,(01-012

al koxy) carbonyl, or (01-012 al kyl am noycarbonyl, 15 Rg, Rg are

i ndependent |y of each other H or straight chain or branched 01-012

al kyl , whi ch i ¥iggsubdichutied ves uheisttintgce @ thy uls tidade omd tNCNHaHal,

or NKQ, and mhﬁkg éﬁﬁggla8€d(§%%& enb dd%(:jLh ggn adb%%%gh OH%{groupé _Ce

may i ndependen

20- CH=CH-, -CEG 'k y§%,C§Baa%%ﬂkﬂ%%gg%%6Q%g%e%% each other a single
bond or a spacer unit, such as straight-chain or branched 01-012

al kyl, which i unsubst | tuted or subs% %uted by at |east one ON, Hal,
or N2, and whéréi nofie 5Faﬁﬁ}8 8f £h&ShibAZ8dFacent 25CH2 groups may

i ndependently be replaced by -0-, - , - 00-0-, -0-00-, -NR -, -Ns
-NRP-00-, -CO-RRL, -NR -00-0-, -0- oo NR -, -NR -CO NR -, - CH=CH-
-CC, -S, -SBR -, - PR- , or a five- or six-nmenbered aromatic

ring, whith Xs uhsulstRg, upedndr gsubsti et dd fintd ON, cHalim B2, COR
or 57 COOR, wherein R represents Hor 01-06 al kyl, or a

conbi n%ht‘i’in *Ergée dyid81chgea eE"thé%O'Relgrs Ege}orugﬁoé £bSmQ 9N 131 BS at

0, 1 or 2, a val ue of according to

cl ai m 13 Jshergin O%Z raNdnaZrar esi Adgpsngdest! fof?fﬁuf@c‘iﬁ other a single
bond or a 10 straight-chain or branched 01-012 al kyl, which is

unsubstituted or substituted by at |east one ON, Hal, or NO2, or a
five- or six-nmenbered aromatic ring, which is unsubstituted or
supstituted with ON, Hal, NO2, COR , or COOR, wherein R represents
HH 07-06 alkﬁ cq@pound according’ to claim 6, wherein S; and S3 are
independently of each other a single bond or a straight
chain or branched C;-Ciz alkyl, which is unsubstituted or
substituted by at least one CN, Hal, or NO,, or a five-
or six-membered aromatic ring, which is unsubstituted or
15 substituted with CN, Hal, NO,, COR’, or COOR’, wherein R’
represents H or Ci1-C¢ alkyl, or a combination therecf,
more preferably straight chain or branched Ci-Ci» alkyl,

which is unsubstituted or substituted by at least one CN,

Hal, or NO,.
20

8. A compound according to any preceding claim wherein Ar;

is selected from formulae V-c, V-d and V-e

" R“
N
e - - i -
)3 \)_\ N N
N=N N—N N—N,
V¢ vd V-e

wherein the dotted lines represent linking sites to the



15. A compound according to clainms 13 or 14, wherein Arl is selected
fromfornulae V-c, V-d and V-e wherein the dotted |ines represent
linking sites to the 20 spacer groups and R' is H Hal, NHCOR ,

NH- SO2R

CO2R, COR, wherein R reprgfents H or 01-06 al kyl, or
strai ght-chain or branched 01-012 al kyt,

whi ch is unsubstituted or

substituted by at | east one ON, Hal, OH NH2, SOG3H, SH, CO2H, or NCO2,

or a five-

or sipecaenbgredp2bamedatai’'c riikg, Hywhi B8l s NMSThRt | t NEREBR’,

substituted with 58 OCN Hal, N2, COR, or COOR, wherein R
represents H oCOgR! C6 CAIRKy| ,whmrrearcobi haprenchher Bofor 161 ACGoapeuhd or
according to any preceding claimof forrmulae 5Vila to Vhf or Villa to

VITIT,

10

15

20

25

10.

11.

V| | astraight-chain or branched C;-C;» alkyl, which is

unsubstituted or substituted by at least one CN, Hal, OH,
NH,, SOszH, SH, CO;E, or NO,, or a five- or six-membered
aromatic ring, which i1s unsubstituted or substituted with

CN, Hal, NO,, COR’, or COOR’, wherein R’ represents H or

C1-C¢ alkyl, or a combination thereof.

A compound according to claim 6, wherein Rg is CN, Hal,

NO;, or a group Rg and at least one of Rg and Re is a

group of formula V.

A compound according to claim 6, wherein Rg is CN, Hal,
NOz, or a group Rs, Rg 1s H or straight chain or branched
C1-Ci2 alkyl, which is unsubstituted or substituted by at
least one CN, Hal or NO;, wherein one oxr more of
embedded, non-adjacent CHZ groups may independently be
replaced by -0-, -C0-, -C0O-0-, -CO-NR’-, -CH=CH-, -C=C-,

and Rg is a group of formula V.

A compound according to claim 6, wherein Rg is CN, Hal,
NO,, or a group Rs, Rg is H or straight chain or branched
C1-Cq2 alkyl, which is unsubstituted or substituted by at

least one CN, Hal or NO,, wherein one or more of
embedded, non-adjacent CHZ groups may independently be
replaced by -0-, -CO-, -C0-0-, =-CO-NR’-, -CH=CH-, -C=C-,

and Rg is a group of formula V.



VIlbh R2 ( )p )(87\ X2 I'7(H), )1(5 .4) )n. RIXL X4 in OX7-Rg ii NeN
3-N/ S2-18F R" 59 MV Id

12.
5
13.
10
15
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A compound according to claim 6, wherein Rg and Rg are
independently of each other H or straight chain or
branched (Ci-Cys alkyl, which is unsubstituted or
substituted by at least one CN, Hal or NO;, wherein one
or more of embedded, non-adjacenrt CH2 groups may
independently be replaced by -0-, -CO-, -CO-0-, -CO-NR'-,

—-CH=CH-, ~-C=C-, and Rg is a group of formula V.

A compound according to claim 1 having formulae VI, VIa

or VIib,

Xe™=S3=Ary—S,—18F
R2 (Ba)p 4] 3 1 2
2 —(H), %5
~ ’d } q RS
m R
Ry 1 X4 4
VI

VIia

7

Vib



NN O ox7 s3N-S2-18F R2 (R3)pR' ) )(H)IRe X5RB RIX14 mR4 Vile R2
(R3)p X3 X2-01) X5 ) ) q | RXi X4 M Vhf 60 0 x7-R9 1°1=11 N

10

15

20

25

wherein

56

X3 to Xsare independently of each other C or N,

Xg

r

R

Rz,

RBI

SZ:

X7

and

are independently of each other C, N or O,

R, are independently of each other H, Hal, -OR’, -NHR’,
Cl-Cl2 alkyl, C1-Cl12 alkoxy, Cl-Cl2 alkanoyl, C2-Cl2
alkenyl, C2-Cl2 alkynyl, (Ci~-Cl2 alkoxy}carbonyl, and
(Cl1-Cl2 alkylamino)carbonyl, wherein R’ is H or Cl1-C6
alkyl,

are independently of each other H, formyl, iminomethyl,

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

is H, CN, Hal, NO,, C;-Cy;s alkyl, C;-Cy; alkoxy, C;-Cis
alkanoyl, Co=Cis alkenyl, Co—-Cq3 alkynyl, {C1—C1q2

alkoxy)carbonyl, or (Cy-Cy2 alkylamino)carbonyl,

are independently of each other H or straight chain or

branched C1-Cl2 alkyl, which 1is unsubstituted or
substituted by at least one CN, Hal, or NO2, and wherein
one or more of embedded, non-adjacent CHZ groups may
independently be replaced by -0-, -CO-, -CO-0-, -CO-NR’-,
-CH=CH-, -C=C-,,

are independently of each other a single bond or a spacer
unit, such as straight-chain or branched C;-Cip, alkyl,
which is unsubstituted or substituted by at least one CN,
Hal, or NO;, and wherein one or more of the non-adjacent
CHy groups may independently be replaced by -0-, -CO-, -
co-0-, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-,
-0-CO-NR'-, -NR'-CO-NR’-,-CH=CH-, -C=C-, -S-, -SO3R’'-, -
PR'- , or a five- or six-membered aromatic ring, which is

unsubstituted or substituted with CN, Hal, NO,, COR’, or



R2 (R3)p X5<3 ii) _I* pg F.C60S2-18F RIX1 )(4 )mRa Villa s2-18F o
c'/x7.---s3-11=NN N -N R2 (R3)10 X6- Rg )) (F1)'R6 5(3,71H q RO Ri X1
rn -4 VIllb 0 0,..X7-R
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COOR’, wherein R’ represents H or C;-C¢ alkyl, or a

combination therecf,

Ar; is a triazole or a tetrazole,

m is 0 or 1,
5 D is 0, 1 or 2, and
q has a value of 1 to 7.
14. A compound according to claim 13 wherein S, and S3 are

independently o©of each other a single bond or a
10 straight-chain or branched C;-C1» alkyl, which is
unsubstituted or substituted by at least one CN, Hal, or
NO,, or a five- or six-membered aromatic ring, which is
unsubstituted or substituted with CN, Hal, NO,, COR’, or

COOR’, wherein R’ represents H or C;-Cg alkyl.

15
15. A compound according to claims 13 or 14, wherein Ar, is
selected from formulae V-c, V-d and V-e
N N - NS -
--N‘ - —- I W
N=N N=N N—N,
V-c v V-e
wherein the dotted lines represent linking sites to the
20 spacer dgroups and R’’ 1is H, Hal, NH-COR’, NH-SO;R’,

COo,R’, COR’, wherein R’ represents H or C1-C6 alkyl, or
straight-chain or branched Cl1-Cl2 alkyl, which is
unsubstituted or substituted by at least one CN, Hal, OH,
NH,, SO0sH, SH, CCzH, or NO,, or a five- or six-membered

25 arcmatic ring, which is unsubstituted or substituted with



9 R (R3).--"-.\--A;, P)INX6-R8 ~3,H X-(H 5N=N A))cl | \o (11

RASa- KI Ni ¢,

16.

10

NRX X4 14 S2- 18F Villc 61 VIlid 32 (3)XZx
58

CN, Hal, NO,, COR’, or COOR’, wherein R’ represents H or

C1~Cg alkyl, or a combination thereof,

A compound according to any preceding claim of formulae

VIIa to VIIf or VIIIa to VIIIE,

0 @] X7 Rg N=N
F
Xg=83— N _A—S,—¥F
R5 (Ba)p IO)LHM 6 S3 w)'
xS X © R
)\ | .U)(H)ql Re
R1 X1 X4 m R4
VIiIa
=N
OxX7—8 -NW/)*S —18F
0 7783 2
o n
Ra (Rs), O)LHI/Y R
X = Xa-
S Re
| | Rg
EN )
Ry Xy g 'm
VIIb

VIiIc



X2l (id) A5 gRR X1 X4 M4 Ville R2 X3y/.\ ;-/)Fr, )dp. R Xi
X4 M VIIIf wherein X1 to X5 are independently of each other C or
N, X6, X7are independently of each other C, N or O,

59

VIId

3 VIiIe

VIIf



62 R2 are independently of each other H Hal, -OR, -NHR , 01012

al kyl, 01-012 al koxy, 01-012 al kanoyl, 02-012 al kenyl, 02-012

al kynyl, (01-012 al koxy) carbonyl, and (01-012 al kyl am no) car bonyl ,
wherein R is Hor 01-06 5al kyl, R3, Ré are i ndependently of each
other H, fornyl, imnomethyl, nitroso, 81 012 al kyl, 01-012 al koxy,
01- 012 al kanoyl, hal osubstituted 01-012 al kanoyl, R6is H, ON, Hal,
NC2, 01-012 al kyl, 01-012 al koxY, 01-012

10al kanoyl , 02- 012al kenyl , 02- 012al kynyl , (01-012 al koxy) car bonyl, or
(01-012 al kyl ami no) carbonyl, Rg, Rg are independently of each other H
or straight chain or branched 01-012 al kyl, whjich is unsubstituted or
substituted by at |east one ON, Hal, a» X7"aRel wher ejiay15 one or
nore of enbedded, non- adjacent OH2 _gr s |nQ§p§nﬁfnt y be

repl aced by -0-, -COR, - - N - 2, S3 are

i ndependent |y of eac ot&g_ boﬁH or aGspacer u Lhanuch as
strai ght-chain or bXAnghe al gl 20 which is unstibstituted or
substituted by at I, NC2, and wherein one or nore
of the non- adjacé% oups nay |ndependently be replaced by -0-,
-CO, - 00-0-, -0-00-, -NR-, -N=, -NR-00-, -CONR -, -NR -00-0-,
-0-CONR -, -NR-CONR'-,-CH:CH-, -CO, -S—, - SBR1-, ' 25 PR - , or a

five- or six-nmenbered aromatic ring, which is unsubstituted or
substituted with ON, Hal, NO2, COR, yarr1GOOR , wherein R represents
H or 01-06 al kyl, or a conbination thereof,

R'i sH, Hal , NH- COR , NH- SO2R , 002R , COR ,or 63 unsubstituted or
substituted by at | east one ON, Hal, CH NH2, SQ3H, SH, CO2H, or N2,
or a five- or six-nmenbered aronatlc rlng, mhlch ﬁk"dﬁsubstltuted or

substituted with ON, Hal, re|n R represents
H or 501-06 alkyl, and is 0 or 1, or \anH has a value of 1
to 7.
Ry (Raly /O)L
X
U E w
= ) Ry

VIITb

Ry OXT XS

VIIIc



10 17. A conpound according to any preceding claim wherein RL and R2

are independently of each other
R represents H or 01-06 al kyl.
precedi ng clai mwherein R3 15

H alkyl, -OR, - NHR , wherein
18. A conmpound according to any
is Hfogpyl, 01-012 al kyl or 01-012

al kanoyl . 19. A compound according to any preceding claimwherein
is Hnitroso, 01-012 al koxy, or 01-012 al kanoyl. R4 20

S,— 1%
o O X7 Rg ,
= N Xe™ Sfﬁ( :
2 (Ra), \\| H =N
O A
2| (g 1 Re
N ,(J) 9 r
R1 X1 m 4
VIIId
s—181=
O
X“R
R (R, Z N P
W7 XE{/\\Xs*\\\ o)
S WY Re
)i\ y q
R X7 "X; m Ra
VIiTe
OO X7 Rg
X R
Ry (Rs) Z | Hij:;//\\ﬂf 6
2 Feg T
R x*qui-le oy _ 52
1 1 4 4
%N \18F
N. 2N
N
5
VIIIf
wherein
X3 to X5 are independently of each other C or N,

Xgr %7 are independently of each other C, N or 0O,



20. A conpound according to any preceding claim wherein RS is H,

01- 012 al kyl ,

01-012 al koxy, 01-012 al kanoyl, (G 012 al koxy) car bonyl,

or (01-012 al kyl am no) carbonyl. 21. A conpound accordi ng to any
preceding claim wherein R6 25is H, Ch%akbl, NC2, Cl1- 012 al kyl,
1-

01- 012 al koxy,

01-012 al kanoyl, or (O 12 al koxy) carbonyl. 64 22.A

conmpound according to any preceding claimhaving fornulae I X 1Xa, X
or Xa, RiX Rz |gx# INMlependently of each other H, Hal, -OR’, -NHR’, Cl-

10

15

20

25

30

R3f

Rg,

SZI

Rf!

Cl2z alkyl, Cl-Ciz alkoxy, Ci-Cl2 alkanoyl, C2-Cl2
alkenyl, C2-Cl2 alkynyl, (Cl-Cl2 alkoxy)carbonyl, and
(C1-Cl2 alkylamino)carbonyl, wherein R’ 1is H or C1-C6
alkyl,

are independently of each other H, formyl, iminomethyl,

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

is H, CN, Hal, NO,, C1-Ci;» alkyl, C;-Cis alkoxy, Ci-Ciz
alkanoyl, Co—C12 alkenyl, Ca—-Cq2 alkynyl, (C1-Cq2

alkoxy)carbonyl, or (C;-C;» alkylamino}carbonyl,

are independently of each other H or straight chain or

branched Ci-Cl2 alkyl, which i1s unsubstituted or
substituted by at least one CN, Hal, or NO2Z2, and wherein
one or more of embedded, non—adjécent CHZ groups may
independently be replaced by -0-, -C0C-, -CO-0-, -CO-NR’-,
-CH=CHK-, -C=C-,,

are independently of each other a single bond or a spacer
unit, such as straight-chain or branched C1-Ciz alkyl,
which is unsubstituted or substituted by at least one CN,
Hal, or NO;, and wherein one or more of the non-adjacent
CHy groups may independently be replaced by -0-, -CO-, -
co-0-, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR -, -NR'-CO-0-,
-0-CO-NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -5-, =-SO3R’'-, -
PR’- , or a five- or six-membered aromatic ring, which is
unsubstituted or substituted with CN, Hal, NO;, COR’, or

COOR’, wherein R’ represents H or C;-Cs alkyl, or a

combination thereof,

is H, Hal, NH-COR', NH-SOR”, COzR", CCR’, or

straight-chain or branched (;-Ci» alkyl, which is

]



18F - 2 77S3 X.8 \ RB 0 65 wherein, X6, X7 are independently of each

other C, Nor 0, Yi, Y2 are independently of each other selected from

H fornyl, 5 straight chain or branched Cl-Cl12 al kyl, which is

unsubstituted or substituted by at Ieagg3 one CN, Hal, or N2, and

wherein one or nore of errbedded non- a jacent CHZ groups may

i ndependently be repl aced hy -CONR -, -

-CEC-, 10 Y3i sugéPEEFéHuF?Qrﬁ’H Sflélsﬁ)}lt“ﬁf-it Péfsét depatt gﬁ’l.necﬁ%rn H@rl OH,

branched Cl-Cl aIk h i ynsubst jtuted or s bstituted.h
gbé%ﬁﬂgﬁ &% g? hb%’og f'¥ enBed&@ membered

| east one CN, wWhérei'n on Pimdre o

non- adj acent C&Boﬂéﬁ_ﬂesrﬂﬁﬁ,' aﬁ@@ﬁnqgnhhﬁéuﬁgt&%h@@e%rbxéu&t,ltu@Qd with
-00-0-, -CONR -, 15-CH=CH, - R8, Rg are |ndependently of each

other H or st r@NthadhaNﬁ)zor Clﬁ}Pancheﬁ Q@IOKC12 ehé&yéinwhi chepsesents H or
unsubstituted or substituted by at | east one CN, Hal, or NO2, and
whePei n one orCnife adikydbedded, non-adj acent CH2 groups may

20i ndependently be replaced by -0-, -CO, -00-0-, -CONR -, -CH=CH,
-CECG-"nR'i s H, idalp, MHICOR , NH SO2R, CO2R, COWN wherein R

represents Hor Cl1-C6 al kyl, or straight-chain or branched C -Cl2

al kyl, pahi ch i g sumsuhstirt vt edin@r 25substituted by at |east one CN,

Hal, OH NH2, SO3H, SH, CO2H, or NO2, or a five- or six-nmenbered

aronatkf ring,has a value of 1 to 7.

10 17, A compound according to any preceding claim, wherein R;
and Ry are independently of each other H, alkyl, -OR’, -

NER’, wherein R’ represents H or C;-Cg alkyl.

18. A compound according to any preceding claim, wherein Rj
15 is H, formyl, Cl1-Cl2 alkyl or Cl-Cl2 alkanoyl.
19. A compound according to any preceding claim, wherein Rg

is H, nitroso, C1-Cl2 alkoxy, or Ci-Cl2 alkanoyl.

20 20, A compound according to any preceding claim, wherein Rg
is H, Cl1-Cl2 alkyl, Cl1-C1l2 alkoxy, Cl-Cl2 alkanoyl, (Ci-

Ci2 alkoxy)carbonyl, or (Ci;-Cyy alkylamino)carbonyl.

21, A compound according to any preceding claim, wherein Rg
25 is H, CN, Hal, NO;, C;-Cip alkyl, C{-Cy» alkoxy, C;-Cis

alkanoyl, or (C;-Cy» alkoxy)carbonyl.



which is unsubstituted or substituted with CN, Hal, NO2, COW or
COOR , wherein R represents Hor Cl-C6 alkyl, or a conbination
thereof and 66 S2, S3 are independently of each other a single bond
or a spacer unit, such as straight-chaip or branched 01-012 al kyl,
which is unsubstituted or substituted by at |east one ON, Hal, or
NCO2, and wherein one or npre of the non- adj acent 5 CH2 groups may

i ndeperfdent | y Be SHIRRMEW by GqRIdingD. tQ oy, RIpQRsling NRlaim ™ having
-NR -00-, - 0O MR yinu 1 MR 500185, H0-00 -, -NR -CONR -, - CH=CH-,
-CO-, or a five- or six-menbered aromati'c ring, which is
unsubstituted or substituted with ON, Hal, NO2, COR, or 10COCR
wherein R represents H or 01-06 al kyl, or a conbination t hereof. 23.
A conpound according to claim?22, mhereiQ)g dRs3 are Nnﬂependently
of each other straight-chain or branc ed |15 Q1-08 akky ,qu ch s
unsubstituted or substitubed by at I€ag oNe I“SQr , Spr a
five- or six- nenbered ar chhis unsobstltutad or
substituted with CN COOR , wherein R represents
H or 01-06 al kyl dYEor preparlng a conpound accordi ng
toclaim1l conpr|5|ﬁg the steps of (a) reacting an azi do-derivatized
folic acid with an 18F-| abell ed al kyne or al kyne substitute in a

1, 3-cycloaddition and (b) isolating th? 25conmpound. 25. Met hod
according to claim 24, wherein the 18F- fabel | ed al kyne or al kyne
substitute is prepared in a displacenent reaction by reacting an

al kyne or al kyne substitute 30provided with a | eaving group with
[18F]fluoride to give 67 the 18F-|abelled al kyne or al kyne
substitute. 26. A nmethod for preparing a conpoundbﬁ’ ordyﬁg to claim

1 conprising the steps of (a) reacting x}\api de?zvatlzed W th
an al kyne or al kyne substitute with an F- abef %ed ide in a
1, 3-cycl oaddition and(b |solat|ng

HN
Yaq
5
IXa
N\ BF
2
HN
YynN N
X
N=N
I 18F
-~
RII
NIAH/XS\
J/\ )
Y,Y, N 3

10 Xa



27. Method according to claim 26, wherein the 18F-1abelled 10azide is
prepared in a displacenent reaction by reacting an azi de provided

with a leaving group with [18F]fluoride to give the 18F-I|abelled

azide. 28. Method according to clainms 24 to 27, wherein the

15cycl oaddi ti oni sperforned either underthermal conditions or in the
presence of a catalyst. 29. Method according to claim 24, conprising
the steps of (a) reacting a (C2-Cl2)al k-1-yne or substitute thereof,
20pr ovi dedwi t hasui t abl el eavi nggroup, wi t h tjfluoride, and (b)

coupl i " &felTobt ai ned product with an azido-folic acid or derivative

in a Cu(l)-catalyzed 1, 3-di pol ar cycl oaddition. 25 30. Met hod

accordiXyy ®e claaiemizGlepsomjanitdiyng ft kacdt epheof J,aN readct,i ng a
(Cl-Cl2)azide, provided with a suitable |eaving group, with

[ 18F] f lwuor kde, d . ' t [ r it foli

Lorh uater e d mlt’ﬁiefné}a}%ﬂyﬂ}% I ORLR, DffleR’ SRUCSE! RoBR 10! ' formy1,
Cu(b)-catal yzegdthadghiOdiged i cyel oaddinidherd.  @&8c31l. &pRpoundwhich is
according to clainms 1 to 23 for use in diagnostic imaging of a cel

or popul ation &P%HQQP§Q%&ﬂQﬁQﬁrﬁf@ﬁ?%ﬂ%ﬁ%&r%ﬁe@?o#eﬁﬁtvpﬂ?ocﬂn iHgl, ox
vivo. 5 32. Conpound. according to clains 1 to 23 fo e in .
conveni ent and%g?feé¥F§ewégﬁ?%?sf¥h ion 6~ §ﬂ%j8@%e5§eﬁéedmygﬁdjacent
di agnosti ¢ i M@0 griipd3 nEMPHEKD SCEH €h Pod Or6h 8- 8B 1p}0-33,f aico-, -
use in a nethod for diagnostic imging of a cell or population of

cel | s expressi mgp-@-f,0l-@eNREecept-OCH~CSai, d —reChed conpri sing the steps

of adm nistering at |east one conpound according to clains 1 to 23 in

a dpagnagsti c i nRgi f1g st £-aRd K505 8hDi NY rd (HAgN0St £a 1 MY Rbin or
said cel'l or popul ation
branched C1—-Ci2 alkyl, which is unsubstituted or
substituted by at least one CN, Hal, or NO,;, and wherein
one or more of embedded, non-adjacent CHy; groups may
independently be replaced by -0-, -C0O-, -C0O-0-, -CO-NR'~-,
15 -CH=CH-, -C=C-,

Rg, Rg are independently of each other H or straight chain or
branched C1-Cl2 alkyl, which is unsubstituted or
substituted by at least one CN, Hal, or NO2, and wherein
one or more of embedded, non-adjacent CH2 groups may

20 independently be replaced by -0-, -C0O-, -CO-0-, -CO-NR’-,
-CH=CH-, -C=C-,,

R’ is H, Hal, NH-COR’, WNH-SO,R’, CO3R’, COR’, wherein R’

represents H or Cl1-C6 alkyl, or straight-chain or

branched Cl1-Cl2 alkyl, which is unsubstituted or

25 substituted by at least one CN, Hal, OH, NH,, SOsH, SH,
COgH, or NG, or a five- or six-membered aromatic ring,
which is unsubstituted or substituted with CN, Hal, NOs,

COR’, or COOR’, wherein R’ represents H or Ci-C¢ alkyl,

or a combination thereof and



of cells. 34. Conpound according to claim 33, wherein the diagnostic
imaging is performed of a cell or popul ation of cells 20expressing a
folate-receptor in vitro or in vivo. 35 Mthod for in vitro

detection of a cell expressing the folate receptor in a tissue sanple
whi ch includes contacting said tissue sanple with a conpound

according 25 to claims 1 to 23 in effective anounts and for

suf fi ciSent Sti mergnd neerdindeois t @ faldagh bithdim@ tsirgdeubcand or a spacer

det ecting such bi,nding by PET imagi ng. 36.. Compoynd according

claims 1 to ZBWWﬁtﬂmgu?% Qﬁnﬁqﬁéﬁéﬁkﬁéﬁﬁﬁbnggti 3 4@C8FC£8 alkyl,
moni toring a Sulpjies! iGORRIHIG t 8Ld ke Rt *futdd RAENIHAR Rk,
| east one conpound according to clains 1 to 23 in a diragnostic

i magi ng anount Hadnd qu iNOxperdral mherdairagmost oz moagi pd tsiengdPEEdycent
detecting a signal fromsaid at | east one conpound. 5 37. Conpound
according to cl&izms 1 FPYSE for BE¥ in ARSIV Tbni t oPEng t FEPdmpeed

of cancer and infl to and _aut oi ne _di seases i n _a,supject .
conpri sing thekﬁﬁé'é”of_%éj'aaﬁsﬁb§tggﬁﬁ %o égghﬁredﬁﬁiﬁ%%%éd'co_NR T
thereof at |easirl0cpng-conpaupplgocordige 1y i@ e 150023 ineac.

di agnostic imagi ng anount in conbination with a thérapéutically
active, and (iia) pErferm og disgnosineeiehgi agomskhg PELy, dekkeethngis
a signal fromsaid at |east one conpound to follow the course of
t herapy of can¢@sURSdiitnfticamest oty AR edit ol BruRY, dHigéasd92, 3gOR’, or
Conpound of cl ig%{36 or 37.used in conbination with an othﬁg
methods of diagﬁ i ¢ of "BHEFEpy" of *ERREEF ATd Hnfha “%?& gngyl, or a

aut oi mmune di seag@®Snation thereof.

23. A compound according to claim 22, wherein S, and 83 are

independently of each other straight-chain or branched

15 Cl-C8 alkyl, which is unsubstituted or substituted by at
least one CN, Hal, or NO,, or a five- or six—-membered
aromatic ring, which is unsubstituted or substituted with

CN, Hal, NO,, COR’, or COOR’, wherein R’ represents H or

Cl-C6 alkyl.
20
24, A method for preparing a compound according to claim 1
comprising the steps of (a) reacting an azido-derivatized
folic acid with an '°F-labelled alkyne or alkyne
substitute in a 1,3-cycloaddition and (b) isolating the
25 compound.

25. Methed according to claim 24, wherein the 18p labelled
alkyne or alkyne substitute is prepared in a displacement
reaction by reacting an alkyne or alkyne substitute

30 provided with a leaving group with [*®F]fluoride to give
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the ®F-labelled alkyne or alkyne substitute.

A method for preparing a compound according to claim 1
comprising the steps of (a} reacting a folic acid
derivatized with an alkyne or alkyne substitute with an
8r_labelled azide in a 1,3-cycloaddition and (b)

isolating the compound.

Method according to claim 26, wherein the ®F-labelled
azide 1is prepared in a displacement reaction by reacting
an azide provided with a leaving group with [*®F]fluoride

to give the '®F-labelled azide.

Method according to c¢laims 24 to 27, wherein the
cycloaddition is performed either under thermal

conditions or in the presence of a catalyst.

Method according to claim 24, comprising the steps of (a)
reacting a (C2-Cl2Z2)alk-1-yne or substitute thereof,
provided with a suitable leaving group, with
['®°F] fluoride, and (b) coupling the obtained product with
an azido-folic acid or derivative in a Cu(I)-catalyzed

1,3-dipolar cycloaddition.

Method according to claim 26, comprising the steps of (a)
reacting a (Cl-Cl2)azide, provided with a suitable
leaving group, with [*®F]fluoride, and (b) coupling the
obtained product with an folic acid derivatized with an
alkynyl or substitute thereof in a Cul(l)-catalyzed 1,3-

dipolar cycloaddition.
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Compound according to claims 1 to 23 for wuse in
diagnostic imaging of a cell or population of cells

expressing a folate-receptor in vitro or in vivo.

Compound according to claims 1 to 23 for use 1in
convenient and effective administration to a subject in

need for diagnostic imaging.

Compound according to claims 1 to 23 for use in a method
for diagnostic imaging of a cell or population of cells
expressing a folate-receptor, said method comprising the
steps of administering at least one compound according to
claims 1 te 23 in a diagnostic imaging amount, and
obtaining a diagnostic image of said cell or populaticn

of cells.

Compound according to claim 33, wherein the diagnostic
imaging is performed of a cell or population of cells

expressing a folate-receptor in vitro or in vivo.

Method for in vitro detection of a cell expressing the
folate receptor in a tissue sample which includes
contacting said tissue sample with a compound according
to claims 1 to 23 in effective amounts and for sufficient
time and conditions to allow binding to occur and

detecting such binding by PET imaging.

Compound according to claims 1 to 23 for use in a method

of diagnostic imaging or monitoring a subject comprising
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the steps of (i) administering at least one compound
according to claims 1 to 23 in a diagnostic imaging
amount, and (ii) performing diagnostic imaging using PET

by detecting a signal from said at least one compound.

Compound according to claims 1 to 23 for use in a method
of monitoring therapy of cancer and inflammatory and
autoimmune diseases in a subject comprising the steps of
(1) administering to a subject in need thereof at least
one compound according to claims 1 to 23 in a diagnostic
imaging amount in combination with a therapeutically
active, and (ii) performing diagnostic imaging using PET
by detecting a signal from said at least one compound to
follow the course of therapy of cancer and inflammatory

and autoimmune diseases.

Compound of claims 36 or 37 used in combination with any
other methods of diagnesis or therapy of cancer and

inflammatory and auvtoimmune diseases.



