1 18F-labelled folates Field of Invention The present invention is
directed towards a new nethod of synthesis of 18F-|abel ed pteroate or
fol ate radi opharmaceuticals, wherein fluorine-18 is attached to a
pteroate (or folate) or derivative thereof, through direct
radi ol abeling with 18 [Flas wel|l as 18F-fol ate radi opharmaceuti cal s
ob- tained by such nmethod of synthesis and their use in diagnosis and
noni toring of cancer therapy and therapy of inflammtory and
aut oi nmune di sease. Background Cel |l -specific targeting for delivery
of effector noieties such as diagnostic or therapeutic agents is a

w dely researched field and has led to the devel opnent of

non-i nvasi ve di agnostic and/or therapeutic nedical applications. In
particular in the field of nuskeqr, opdigifg R.gcedures and
treatments, which enploy radioactive materials emtting

el ectromagnetic radi ati ons as y-rays or photons or particle emtting
radi ati on, selective localization of these radioactive materials in

pargetg?iéiﬁlgigﬂu;l§%% s is required to achieve either high signa
intensity TOr visualization of specific tissues, assessing a disease

and/ or nitoring eff . Of er. i nts r. i _
Cadi ati The dBE85 oy LpEEnbich négaaggﬁg%gd%é‘i%}%%e 3 oned ﬁ%‘i?% Sk s
to a speeédiedogi S€asedheis®@, pterbaut tdie foBdcof raatdptid:Omdduticylisn
other e.g. healthy tissues. It is thus of crucial interest to

det er i Weermikn afkasinast 8 dpeaittachsdr et areserrFe n(qFarkal@hedr or de-
Struct Up£s i AL ar e REeSeNt | NbRRRIOT tEIRLS: (1 - 2aqs804660iQ  2Zwith
i nfl ammat ory and aut ol nmune di seases, such as receptors, antigens,
hapt ens™’drd fllweriidee was clweddn be sPEefbizid | watdogbhedabyutivals ob-

respective bio] ogical vehicles. The fol ate receptor (FR) has heen
i dent i f FRHPe] BResBFht BEEBod: Plcfyreiestn ABE malthelEsyss Ry Brgrrsis

FR- expr £88i 96n1 Soiiahl & r@siddrctiedrhpyoRhd and I QA NS {18nha tior- PN EY G
| ungs, choroids plexus, and placenta). Yet, the -al pha is

f r equen?HC BB pHESSEE -on a Wi de variety of specific cell types,
such as epithelial tunours (e.g. ovarian, cervical, endonetrial
breast, colorectal, kidney, |ung, nasopharyngeal), and the FR-beta is
frequently overexpressed in | eukaem a cells (approx. 70 s's of acute
nyel ogePREEIF™MA G enia (NI) are FR-beta positive). Both may therefore
be used as a val uabl e tunmour marker for selective tunnur-targeting
(El nakateuhePReA s emTettmgy Beri JeliRry 20b4etbechpp7mgapties such
addi ti ofs | 43 d@fodiete it e Rapedic3cougeatst 1@t s afiddd) e ddHenBal field
resting) synovial nmacrophages in patients diagnosed w th rheumatoid
art hri t#8d peas ekad at ¢ uHee ifgmﬁllc;PWi $& PROopéRE SNk ahgResWes asdi/ ea
et al, BRI & RSB | 501 19990042( B pL009cAB)y THOLRLOREe1a of
activated nacrophages can be sé1ect|vely taneted wth folate

conj ugareslear gredi¢ine podreadires caphbitdatpenhst opand powdppi raties
for the diagnosi,s and trea nt of rheumatoid arthritis (Paul os et

2l AR R e PS8 8GO HAFPOIRE OFT R gavE o
der i vatpiesomdoe0aligdices ainflteiown 2l Arava, bern eprercllidbaakhyion
eval uated. In particular, fol ate radi opharmaceutjcals have | ,
increas?%gF?eﬁgiﬁéélPﬁﬁB+Y%nE%t?ﬁP%H% 17 eFarottefdicrebls neli ELRsuandis

can be yeqyi Msel b é@l&ié\Féi@PEIQé&edhfﬁlﬁg@ﬂ_fdﬁ ai%e%%&k:gatfiognﬂfsuhﬂgza-
effectiveness_of therapy of cancer and intflammatory and autoi mmune
di seaseslonueh EBeaLEESshbntuchd/ aPseidiacts chissfasg tarngkiowemonitoring
" esponser AAG £0gp eAHERLpYyt P! OYSIBRLLA], 180! ALIRNJRBLEEL Yaokh  ror
typical visualization t c%nlque ICh 1€ suitable Tor ra 1oi magrhg s
PET. PERLlbesrinntapegiatia ety tohalibnizims, rafiaticer ecei ahepecified
coval en&ié’eiééﬁ(egi\gg,lkﬁtﬁ%ﬁf: the risk of radiation injury in other
e.g. healthy tissues. It is thus of crucial interest to deter-
mine and assess cell-specific structures and in particular

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



3 rier or via a chelating noiety. Suitable isotopes include for
exanple 11C (ca. 20 mn), nN (ca. 10 mn), 150 (ca. 2 mn), and 18F
(ca. 110 mn) as covalently bound nuclides and for exanple Ga (ca. 68
mn) which is usually linked by a chelating system Clearly a folate
radi ophar maceuti cal having a covalently |inked isotope would be of
great interest. In particular a 18F-|abeled folate

radi opharnaceutical would be nost suitable for PET Imaging because of
15 exCeldiBhnaldiY M IAIRALALIS! [ASetBs] W Y fdocbloral tdhei-
above considerati Conpared w th other Sui tabl e radi onucli des

(11C, ms,laragtem singl ey Likef whibbcaaBebef SP@%liJcﬁ?g}lﬁfaltfaﬂaeF@doPY
appyoxugﬁtaé%ﬁgg%l@%n giosggaPeggﬁaﬁv% decays be emtting positrons

havi ng ositron-ener allows for the sharpest

i mages wWth_a h- u r | qraesnhalk- i
of 18F %gfesofg?‘?%g rfe%r%%gc/l’nt hfe%' %t L%?lg %r gltégtjg?e% andnsate |tee
di stri bathorcdresRETC erdrarsd wltslsuas radi ochans SFRyei}amSSItQIESLS \hétghly‘
the structure of, foli es not lend itself,.to d|r

r adi ol S HE RS ht‘18ﬁni¥hlfs P"f‘f) gheens ngl FnPy %ﬁgflg%’e bas 3 it SIgESLas
radi ophsydmasut el glaaéﬁta)eenyay Nt kasi 7ed adpHas UeC elxsddilent 1ev alwatesd
as diagnostic_agents for_imging folate recg%torﬁgﬁ_ itive tunors.. The

nost wRfEFSEat u@Ped®deridmat (RELCh¥r °F alfBrEd t&ft i CHPEE1| STy 28
99mrc féiSliffPéfL%l( Sthﬁﬂﬁirset(@ olraribgl, . cMedic2003enddneiSialM iddeist,
et al. . Organonet . 5504 689: 4712) or_ with 88Ga for PET

( Mat hi a%ojétreéftaeruEJ-dn‘Méd lppgl . TPEPPhagyPgRakbe) andn it FRsPetaniy
very femw.dqldifigr Qvéféiéaﬁééaﬁ HBVQL&Q%H{l%POéé%'Q Ngfz@okl tefgat yr ¢
whi ch have™ been |l abelled with 18F (Bettio et al d.

2006, 4F¢We nYslogewrne0dukaeBir. (WP cars, FBnb@'ﬁ@ePﬁééFaﬁé) of Both
choi ce r t 0. oht I

whi ch i%ggu %%g%%%nyﬁggé?g%tgﬁ %nghgﬁ %gﬁ&#ﬂﬂgfﬁ%r toqé jéﬁﬁ%ge
t o couptwmeut-cardainiew or@lngkaup and hRﬁthetnl. c Xabi.d, Dgugh Jasl-’e‘he Rev.
car boxyl § 64 ACLE. 95 eHpa Yy 1N Lhg, ok UL aTBt g part. 6, 0] he i fh oo dore
Cl early, suth |-step radrosyntheSis i's time-consum ng an rd 1N

fact gavieat ypjccakrhyednl foutownoadirestdngd al sypicetidd afadesshadesn 51% pa-
(Bettio_ et al.,..Jd. Nucl. Md., . 2006, 47(7 1153). Thus, therg is..
S| oeEret  feRaPRra i ER: heDRRtald GRFLEIFTE RBBPoAEN % ghenction-
prepariagiyi metiky reriedabel(gdkd8hihalwdesugitder évatdlesatrbrreois &
whi ch addresses one_or nore of the above di scussed drawbacks.

Appl i caRSMEREMontP8and 4t Bdrf i &6 RhT 8nd TRREREPTR REEhgAtER macro-

synt hespagds New b daheled 19 #:e é@@ﬂoﬁb@ﬁnﬁgﬁk&é CEhrBi ORI Gy -
t he drawbacks of conventional [abel Igl ng net hods, wherein fluorine-18

i s attabheE1® A0iBEFc &ci RRALIddmY aiafe PRERROPOERLBILHEIRS efpr the
rad'Ola@fiéﬂﬁbﬂ!t£h&8EEL5£HQﬁtdgf rheumatoid arthritis (Paulos et al,

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

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

short half lives, which are either covalently linked to its car-



Thus the present nethod is a tine-saving and conveni ent direct
AF- | abel | i ng nmet hod, wherein no prosthetic groups are necessary and
sui tabl e precursors which carry only am de bounded activated groups
as noieties for direct 18F-labelling are easy accessible. In addition
the present nethod all ows regi osel ective preparation and | abelling of
the a- or 7- isomer with no need for separation, which is known to be
difficult and tinme-consum ng. Summary of the Invention Thus, the
present ,invention is i fi.rst ’ ' t DR nBidneof for
synt he§?§rof°r18E?a%el%c?alp tej"?l atﬁ&%'o%{%ﬁ%&} o-phar maceyt i ¢al s
(her ei aahhpleals® ¢ad! 20 meihbd BN tlve.i APemingn) | Qhefi n2 BiR),

fluoring-18 is attached to a pteroate (.or folate). yvati.v 1
thereo? X hilgagh 1dior 4t ra%efo?‘g’ﬁﬁ?rh %If%urﬂfg Tllkﬁ cg%sr ?%Ked Eéiﬁ Example
N- Sf - 184, V‘{L%[.e's”a Risd @nRLAT 08t €e@ithSiliinked BPagetheTanig Syufearhe
st eps of a(a prowclﬂng a precursor of formula Il, N SI1-Z

Clearly a folate radiopharmaceutical having a covalently linked

and

isotope would be of great interest. In particular a 8r_labeled
folate radiopharmaceutical would be most suitable for PET Imag-
ing because of its excellent imaging characteristics which would
fulfil all of the above considerations. Compared with other
suitable radionuclides (¢, **n, %0), P°F is very useful because
of its long half-life of approximately 110 minutes and because
it decays be emitting positrons having the lowest positron en-
ergy, which allows for the sharpest images with a high-
resolution PET. Furthermore, the longer half-life of 18p also al-

lows for syntheses that are more complex and satellite distribu-

tion to PET centers with no radiochemistry facilities.

Yet, the structure of folic acid does not lend itself to direct
radiolabeling with F. Thus, to date, mainly chelate-based
folate radiopharmaceuticals have been synthesized and success-
fully evaluated as diagnostic agents for imaging folate recep-
tor-positive tumors. The most widely studied derivatives were
labeled either with In and °*"Tc for SPECT (Siegel et al., J.
Nucl. Med. 2003, 44:700; Miller et al., J. Organomet. Chem.
2004, 689:4712) or with °®Ga for PET (Mathias et al., Nucl. Med.
Biol. 2003, 30(7):725). In contrast, only very few folic acid
derivatives have been reported in the literature which have been
labelled with *¥F (Bettio et al., J. Nucl. Med., 2005, 47(7),
1153; WO 2006/071754). Typically, an intermediate of choice was
radiofluorinated to obtain an 18F~lr:ﬂoallim_; intermediate, which
is subsequently activated and purified in order to be subjected
to coupling to a functional group within folic acid, such as the

carboxylic acid group within the glutamate part of folic acid.



wherein Z is a leaving group, and P and S1 are defined as

her ei n-above, and (b) subjecting said precursor to direct
radi ol abeling with 18[F]fluoride to obtain a conpound of fornula I
More specifically the present invention is directed towards a nethod
of synthesis of an 18F-I| abel ed conpound of general fornula | having

the formula Il 0 R2 (R3)p IH3 X\R5 X2-41...1N15 R1 )y v 1Ak 1)C1
"1 nlnd nR4 111 wherein X1 to X5 are independently of each other C
or N,

Clearly, such a multi-step radiosynthesis is time-consuming and
in fact gave typically only low radiochemical vyields of less

than 5% (Bettio et al., J. Nucl. Med., 2006, 47(7), 1153}.

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

cussed drawbacks.

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

through direct radiolabeling with " [F] fluoride.

Thus the present methoed is a time-saving and convenient direct
8p_labelling method, wherein no prosthetic groups are necessary
and suitable precursors which carry only amide bounded activated

roups as moieties for direct ®F-labelling are easy accessible.
g P g

In addition the present method allows regioselective preparation

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

which is known to be difficult and time-consuming.

Summary of the Invention

Thus, the present invention is in a first aspect directed to a
new method of synthesis of *8p_labeled pteroate or folate radio-
pharmaceuticals (hereinafter also called method of the inven-
tion), wherein fluorine-18 1s attached to a pterocate (or
folate} or derivative thereof through direct radiolabeling with

18[F]fluoride.

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

thesis of an *®F-labeled compound of general formula I



R2, R2 are independently of each other H Hal, -OR, -NUR, d- 6
kenyl, C2-Cl12 al kynyl, (Cl1-Cl12 al koxy)carbonyl, or (Cl- Cl12

al kyl am no) carbonyl, wherein R is Hor Cl1-C6 alkyl, R3, R4 are

i ndependently of each other H, fornyl, imnonmethyl, nitroso, Cl-Cl2
al kyl, C1-Cl2 al koxy, Cl-C12 al kanoyl, hal osubstituted Cl-Cl2

al kanoyl , Rsis H CN, Hal, NO2, Cl-C%2 alkyl, d-Cl2 al koxy, Cl1-Ci12
al kanoyl, C2-Cl12 al kenyl, C2-C12 al kynyl, (Cl-Cl12 al koxy) car bonyl ,
(C1-C12 al kyl am no)carbonyl, Siis a straight-chain or branched Cl-Cl12
al kyl, which is unsubstituted or sﬁztltut ed by at |east one CN, Hal,
or NOZ and wherein one or nore ofP O.Hslﬁd] acent CH2 groups may

|ndependently be replaced by -0-, -00-0- , -0-CO, -NR -, -N,
-NR -00-, -CONR -, -NR-CO O, -0- -NR -CO-NR -, - CH=CH,
-S-, -SO'R'- PR - , or a five- or sifx-nmenbered aromatic ring having

0, 1 or 2heteroatoms V\/mc ubstit r substituted with CN,
Hal , NepeTess P ﬂg%raéri‘%r% lirge%rgé% ]g H or Cl-C6 al kyl, or

a CO”biéB’?r&Jx%lhEe%ﬁ@f stbps008r () provddihgot Breengshason AuimmaofI]

to 7,

P N—S—Z
H
IT
wherein Z is a leaving group, and P and 8; are defined as herein-

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

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

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

I having the formula III

o)
Rz (R = N—S,—18F
2 3) | N
X7 Xi/\x5 X
2 M Rs
R)\\x K ' R
1 1 4
ITT

wherein

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

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

Ccl2 alkyl, C1-Cl12 alkoxy, Cl1-Cl2 alkanoyl, C2-Cl2 al-



conprising the steps of (a) providing a precursor of fornula IV,

IV 7 are defined as herei nabove, and (b) subjecting said precursor
to direct radiolabeling with 18[F]fluoride. In a preferred

enbodi ment, 18[F]fluoride in step (b) is activated by phase transfer
catal ysts such as tetrabutyl anoni um carbonate or am nopol yet hers
(e.g. Kryptofix 2.2.2) in conbinationsw th potassium carbonate or

oxal ate. Preferably, Zis a |eaving group such as Hal, NO2, diazonium
salts, sulfonajg,opteps. cwcgﬁﬂ?ﬂgﬂeatha&@zCb.@fsezwcafmma,t ot (C1-
CHBCGH48020- pent af | uor obenzoa friflateCF3S020-, iodonium Si f
S1+12"12, di al Rye/abkylaminarmayrbogyRvhereahdR s Hadblar Clsthrals
wherei n R" i's independently a straight-chain or branched C(1.. 24%3

al kyl gr,oup, orage aptiepeabieytsyibeti eated octaeboélyclﬁca‘nafﬂd H@tlélroﬁ’@\if' Vie

group conprising five-, six- or ten-nenbered r nd .t h
like. PreferabR§traio; s G-Shraiichath o b‘?iaﬁ%ﬁé éi%g 1%‘ oyl
whi ch i s unsubgbibutigde PFnsadpsti taitediRunalll past one CN, Hal, or

NC2, and wherein one or nore of the non-adjacent CH2 groups may
i ndepe lent |y repl age 12- Q0% ™69, a1MBxy, . ciNea2
-NR - 00 %%He ‘%‘&d’%o%?o CONR -, N ok ST oo

G, -S, -503EkanoyPF\" BT fla/Eeerqu,smCZm(Eﬂ:Reredlhynrﬁatic (CiLn§12

hawngO 1or het ich,.is bsti-,tuted gr substituted
with CN, ﬂéﬁoxﬁ&aaﬂﬁyﬁ%"%erag%ﬂﬁ“ 1pRLraRR YQL’H or C-C6

al kyl , or a conbl nation fhereof. ) .
Sy is a straight-chain or branched C1-Cl2 alkyl, which is

unsubstituted or substituted by at least one CN, Hal, or
NO,, and wherein one or more of the non-adjacent CHp
groups may independently be replaced by -0-, -CO-, -CO-0O-
, -0-CO-, -NR'-, ~N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0O-
CO-NR'~, -NR’'-CO-NR'-,-CH=CH-, -C=C-, -8-, -SO0iR’-, -PR'-
, or a five- or six-membered aromatic ring having 0, 1 or
2 heteroatoms, which is unsubstituted or substituted with
CN, Hal, NO,, COR’, or COOR’, wherein R’ represents H or

C1-C6 alkyl, or a combination thereof,

m is 0 or 1,
P is 0, 1 or 2, and
o] has a value of 1 to 7,

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

0
Rz Ra, ¢ QR
J?;;\\ Rs

v

wherein Z is a leaving group, and X; to X5, R; to Rs, S;, p, and g



In a further specific enbodi nent the present invention contenplates a
met hod of synthesis wherein the obtained conpound of general fornula
has the formula V 8 R2 (13)p AgQR4RIXLX4M O

0.-y,X2 -R2 0 R5 V wherein X6, X7 are independently of each other N

or

0,

7

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

direct radiolabeling with ‘°[F]fluoride.

In a preferred embodiment, 8 IF] fluoride in step (b) is activated
by phase transfer catalysts such as tetrabutylamonium carbonate
or aminopolyethers (e.g. Kryptofixa 2.2.2) in combination with

potassium carbonate or oxalate.

preferably, 2 is a leaving group such as Hal, NOg, diazonium
salts, sulfonate esters, including mesylate CHiSO20-, tosylate
CH;3CH,80,0~, pentafluorobenzoate, triflateCF.i80,0-, lodonium
salts -I'R’'’,, dialkyl/-aryl silanes -8SiOHR’’‘’,, and silanocls -
SiHR’'’,, wherein R’’’ is independently a straight-chain or
branched C(i.24y alkyl group or an optionally substituted carbo-
cyclic and heterocyclic group comprising five-, six- or ten-

membered ring systems and the like.

Preferably, 8; is a straight-chain or branched C1-Cl2 alkyl,
which is unsubstituted or substituted by at least one CN, Hal,
or NO,, and wherein one or more of the non-adjacent CH; groups
may independently be replaced by -0-, -CO-, -C0O-0-, -0-CO-, -NR'-
, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-O-, -0-CO-NR'-, -NR'-CO-NR'-,-
CH=CH-, -C=C-, -8-, -SO3R’'-, -PR‘-, or a five- or six-membered
aromatic ring having 0, 1 or 2 hetercatoms, which is unsubsti-
tuted or substituted with CN, Hal, NO,, COR‘, or COOR’, wherein

R’ represents H or C1-C6é alkyl, or a combination thereof.

In a further specific embodiment the present invention contem-
plates a method of synthesis wherein the obtained compound of

genexal formula I has the formula V



Rg, R7 are independently of each other a group R5 or a group -

S2-18F, wherein S2 is straight-chain or branched d-C12 al kyl, which
is unsubstituted or substituted by at |east one CN, Hal, or NO2, and
wherein one or nore of the nonadjacent CH2 groups may i ndependently

be replaced by -0-, CO, -00-0-, -0-00-, -NR -, -N5, -NR -CO -,
-CONR -, - NR-COO, -0-00-NR-, -NR-CONR -,-CHCH,-S-, 503R -,
-PR -, or a five- or six-nenbered aromatic ring having 0, 1 or 2

het er oat ons, which is unsubstituted or substituted with CN, Hal, NO2,
COR, or COOR, wherein R represents Hor O-C6 alkyl, or a

combi nati on thereof, with the proviso tha® ~Bf R6 and R7 is a
group -82-18F, and X1 to Xs, R to R5, pland q,, are as defined
herei nabove. In a furthgr @gpect the pyeseant ~nvgn iof is directed to
new 18Ffol ate radi ophar CﬁHLL&Q[S et ei fafter al so cal | ed conpounds
of the invention), s s Squpourds ofRsf ormul ae | through V.
obt ai ned by the new pAst Q%ﬁﬂrﬁyt radi of l uorination of the 9
invention, as well 'ds ar fhclut i cal conpositions and uses thereof,
in particular uses in diagnosis and nonitoring of cancer therapy and
therapy of inflammuatory and autoi mmune di seases in vitro or in vivo.
In a specific enbodinent, the present invention is directed towards .
uses of the conpounds of the invention, for diagnostic inmaging of a
cell or population of cells expressing a fol atereceptor. Mre
specifiﬁglky t he present invention includes nethods for diagnostic

i magi ng" Bt 2 el | or popul ation of cells expressing a
folate-receptor, which includes for exa e thods for in vitro

det ect i%sn & a3E&l [ ?B?%é%? fﬂg‘¥ﬁﬁhgghﬁﬁg§p?5r$’for exanmpl e a
tumor cell, in a tissue sanple. Such nethods nmay al so be perforned in
vi vo. THwsRvi nagef dndependabbliy nefit ealk pEBsEnd BHYERAt RencF s2dBFEEPed

towards uses of the conpounds of the invention?fpr conyenient .a o
effective adm Fest Fat i BP9 bfBcFEFATRREECRBT™ dPhg 5@??@@%&&%&
and/ or moni t or igAg-8f, GARERN 1ENahaRYs B L LET APYelt]sd it RAIMBLORY. dRdst
aut oi mune di seasés. The subject of the nethods of the present
invention i s poakecahl yHad , mermiD,, sand) wisemsiramnealoromogehwiahe non-
preferably a humgn. Such net hods may he perfqrnmed in-conhi natjon with
Dhy ot her "ot hGUQ A5l BYRCH S e REPEEPCEaRES oo PR 1A 5
and aut oi mune _dicseasesigicl udnrg-nethads ,usivag othrercalready-Nr' -, -
devel oped di agnostic and/or therapeutic agents and utilizing x-ray
conput ed t omogRROREOCCT) , -Pr§heNRCc- r esBRar@@ NRragrA§=¢(WRI ) -C=C-, -S-,
functional magnetic, resonance im igg %;NRI)é.sin e photon em.ssian
conput ed t omogra k¥’ [ sPEEF) T+ opfi ab ¥ ragPhg® 4T ered aromatlc ring

having 0, 1 or 2 heteroatoms, which is unsubstituted or

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

represents H or Cl1-Cé alkyl, or a combination thereof,

with the proviso that one of Rg and Ry is a group —Sz—lsF,

and

X, to X5, R1 to Rs, m, p and ¢, are as defined hereinabove.

185 _

In a further aspect the present invention is directed to new
folate radiopharmaceuticals (hereinafter also called compounds
of the invention), such as compounds of formulae I through V,

obtained by the new method of direct radiofiuorination of the



10 trasound. O her features and advantages of the invention will be
apparent fromthe follow ng detail ed description thereof and fromthe
clains. Detailed Description of the Invention The present invention
is in a first aspect directed to a new nmethod of synthesis of

18F-1 abel ed pteroate or fol ate radi opharmaceuticals (hereinafter also
call ed method of the invention), wherein fluorine-18 is attached

t hrough direct radiolabeling with 18[F]fluoride (hereinafter also

abbr evi, In e iflg Qdizrnt i chher gonfogitdvngedaadnetubes
of syntlﬁé’;%gggé%j’ang%éﬁfbel ed ?g;r%po&nq o;}cggner alx&?c ornula, | N81--nF
wher ei nthRrieofa piepeattd.caldrSuses ansgdeenosésnphisMRg FAEIRY eps 677

(a) proyidi 4RI EQY S Q ﬂé Novd 4ankd Wrefiehiné disdases

| eavi n§gr oﬂ%razg‘ﬁ’d s an'%gegfgpagr eéﬂggjfr?fneémas o%r é’lnn-aabove, and (b)

subj ectiirngrigaiod ofr eauwsoo.t o direct radi ol abeling with 18F to obtain

a conmpound of forrmula |I. The term "pteroate" as used herein,

conpri ses conpounds based on a condensed pyri m di ne heterocycl e,

which is linked to an am nobenzoyl noiety, which is then further

deri vatiwes épedifipaenpodindgon witeh rrecendl dmvieptipnkés Sirgeéap &9-

dEflnEQW£§£§Hdggé ogjthe compounds of the invention for diagnostic im-
aging of a cell or population of cells expressing a folate-

receptor.

More specifically the present invention includes methods for di-
agnostic imaging of a cell or population of cells expressing a
folate-receptor, which includes for example methods for in vitro
detection of a cell expressing the folate receptor, for example
a tumor cell, in a tissue sample. Such methods may alsoc be per-

formed in vivo.

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

mal or a human, preferably a human.

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

emigsion computed tomography (SPECT), optical imaging, and ul-



ter. As used herein a "condensed pyrim di ne heterocycle" includes a
pyrimdine fused with a further 5- or 6-nmenbered heterocycle, such as
a pteridine or a pyrrolopyrimdine bicycle. In a specific enbodi nent
the term"pteroate"” also includes folates, which as used herein are
conpounds based on a folate skeleton (i.e. based on pteroyl-glutamc
acid or N 14(pteridin6-yl nethyl am no)bgenzoyl|-glutam c acid), and
derivatives thereof. These include optionally substituted folic acid,
folinic_acid.spteropolyglutamc acid, and folate receptor-binding
pteri dines such as tetrahydropterins, dihydrofol ates,

tet r ahygnallol Ales, Andddicldvfatasant dideaziearabageillnee! apfarent
Hdeaza™ "and "di deazaH anal ogs refers to the art recognized anal ogs
havi ng fxopar bbe dtadrmostibgt | detaid gdbr denerpticm sheregen 2afonktoh thE
natural l.y .occurring folic acid structure. For exanple, the deaza

anal og< M Ude the 1-deaza, 3-deaza, 5-deaza, 8- deaza, and 10-deaza
anal ogs. The di deaza anal ogs i nclude, for exanple, 1,5-dideaza,

5, 10-di deaza, 8, 10-di deaza, and 5, 8- di deaza anal ogs. More
specifically t resent inyengy I jsrected towards a net hod of
synt hesﬁ%%ﬁlﬁ%?gpﬁrﬁpgéﬁ%néglfgh%#%énylgﬁpr ecursor |V, having a

| eavi n roup Z is directly radial abel Lt E.t 8%5E@

conmpoun fpgﬁﬁ%?§|l gFﬁ% énllﬁaVthgfggﬁu a%F#%Ctlgi :%g,?éf & nev
N- Sf +2) et 68) PYitnesis of '°r-labd)ed pefiate X nfollate radiophar-

maceuticals (hereinafter also called method of the invention),

wherein fluorine-18 is attached through direct radiolabeling

18

with = [F]fluoride (hereinafter also abbreviated by wi8puy

In one specific embodiment, there 1s provided a method of syn-

thesis of an *®F-labeled compound of general formula I

P” TN-S—%F
H

I
wherein P is a pterocate and S; is a spacer,

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

P” TN-S;—2Z
H

IT
wherein Z is a leaving group, and P and 8, are defined as herein-
above, and (b) subjecting said precursor to direct radiolabeling

with °F to obtain a compound of formula I.

The term “ptercate” as used herein, comprises compounds based on
a condensed pyrimidine heterocycle, which is linked to an amino-
benzoyl moiety, which is then further derivatized in the para-

position with a covalently linked S;-group as defined hereinaf-



1l Schenme 1. Synthesis schene It was found that a pteroic (or folic)
acid noiety of general fornmulae I or 1V, respectively, may be
18F-radi ol abel ed easily and efficiently in a direct manner and thus
with no need for synthesis and purification of an internediate
18F-1 abelling agent. Preferably, the direct radiol abeling of
precursor IV is performed with 18F activated by phase transfer
catal ysts such as tetrabutyl anoni um carbonate or am nopol yet hers
(e.g. KLyptofd th%dz Rardfh CaMhi AHde el {00l idTiel Metsbanatleor in-
oxalate. 'I'n a specific enbiodinent, 18F is activated wlth Plr%%gtgfh
in a polladeaprotiyriswidiae Buast ety rdnfRELiSni £7i PE, 6308 Y-
di oxane, tetrahy ur an,, ( Jreshyl Aoned NV .evele .
rocylglﬁ.% gB%E La 4 %&{Qﬁdﬂk Ny B%E‘E‘Qibﬂk i Y

di met hoxyethaneé acet am de met hyl f or mam de
(DVF), th ' C%gc%¥§l Qnrangnbexagt hylphespher ard s (HiBA:des
and m%?‘urgs %%%?ie% écaw ng group meay be any conmon

| eavi necgmtes , kndvich nas heseadt welnn@r@dé@wnéﬁarﬁﬁsé‘i—la?n nogolate

di azoni ym.sal ts,, .sul fana est e t 5 )
t osyl at® g“%—%@é’m | b sEer?]t C?‘{l %%fodé@t%%?? é‘t@e%’ggg%2%2(%t’erldm

i odoni wnysﬂiettmylraanln& bdnabky] %ghntydmns:: | anesidBi OHR'a@d andlegiivakares
-Si HR'' 2, wherel ependentl y.a stral ht +ghal o b he
Co_24) t'ﬁ}el%’)ﬂc’fgro e%‘? &chiﬁgfaor% Jy?nfé%gtl%u'q Lk gocé;% % é‘lnd& Fo-
het er oclyigliicc £ERUP p@@rmpcslmdﬁamﬂ siidg, emd effb]rm:rd)erezchpucﬂgblndlng
systens and the like. Si is preferably a_strai nel _
Cl- C12 RhesAdings cFuFR G¥su "t?alll}f‘gi’f’lf’&rer%f}ﬁst|£ﬁ)tyé]5°%§’g3?'eﬁeag:t &fil Y
CN, HalgyHoiMP2s,andnwhefgh i ORRaG/a MBhE diddiganoanalbgsentTHa2 terms
groups nay |ndependently be replaced by -0-, -CO, -00-0-, -Q-00-,
-NR -, "deaza’ nped o'mlde%’NF@nalqwmé@re to. gheoayk recognized ana-
-N\R - C%cgﬁ’ nadEr s 08 Gh Jtom %tutedpl%or Sthe aof:' ‘oo Qitrogen
me e

Si x- d aro |c ring having O, 1 or 2 heteroatons, which is
unsubstattensedirorthr bRt unaldy WaRreVngHEPL 1E@si bR TuGuEEOROr exan-

wher ei e s | kY oF _ bi e t her

Mor e p&?a]’f ra"g}P(:'r éegﬁ atqL g%ﬁggéﬂlgilénltgﬁ Erg?]%ﬁgefg Ci%ééﬁal krseld%%vzﬁ'ch
i s unsulestda ut exidor:LOsdbatzat wred dge -at Theeadidenrn Cvhatays @ncmﬂe. orfox
five- oL S tic Li i_ng O, r roa , _
whi ch i rpsuedstlfif orar%Ubsté’tit}?'ec{&a%/\n Z%G\Isllllgl dgﬁ%gkg ,Rglcs)r 2.8
COOR , dibraetan aﬁalrcg}sr esents Hor C-C6 alkyl, or a conbination
thereof. As indicated hereinabove, Si may specifically include am no
aci ds, MM&:hsﬁScﬂSEdalﬂ?f ei:hean_:e:mmqtomrd&nﬁibh bict hdaneatredotgrwangs a

e.., orf N a_car Icacd . 0., COOH or 14
G0 | FH oRE AYBCBRBSA fERCcElo M SR (TP BESEh & ARSryTeor
aci d anp AN LG Cieaarl@fga@reqpagl Qsoﬂlfébﬂ—lﬁ@d&ﬁ%b@leahﬁlﬁﬂlw@ to
acid may be a naturally oCcurring amno acid (e.g., alanine, valine,

| euci nesbiasiol euciam@oumdobifngenphahyfatmniand, hiaNypgophamulmlm oni ne,
gl ycine, serine, threonine, cysteine, tyrosine, asparagine,

gl utam ne, aspartic acid, glutamc acid, |ysine, arginine, or
histidine, etc.) or it may be a derivative thereof. Exanples of
derivatives include optionally substituted am no acids, e.g. having
one or nore substituents selected from CN, Hal, and/or NO2. The am no
acid may al so include any other non-naturally occurring am no acids,
such as e.g. norleucine, norvaline, L- or D naphthal ani ne,

orni t hi ne, honoarginine and others well known in the peptide art (see
for for exanple in M Bodanzsky, "Principles of Peptide Synthesis,"
1st and 2nd revised ed., Springer- Verlag, New York, NY, 1984 and
1993, and Stewart and Young, "Solid Phase Peptide Synthesis," 2nd
ed., Pierce Chemcal Co., Rockford, IL, 1984, both of which are

i ncorporated herein by reference). Am no acids and am no acid



15 group P in nore detailed manner. A person skilled in the art would
t hough know t he range of these groups within the pteroic and/or folic
acid skeleton. Thus, X1 to X5 as used herein are independently of
each other Cor N In a preferred enbodinment, RL and R2 are

i ndependently of each other represent H, alkyl, -OR, -NHR , nore
preferably -OR, - NHR. In a preferrezl enbodinent, R3 is H Cl-Cl12
al kyl or Cl-Cl2 al kanoyl. In another preferred enbodinent, R4 is H,
nitroso, Cl-Cl2 al koxy, or O -Cl2 al kanoyl. In another preferred
enbodinent, R5 is H CN, Hal, NO2, Cl1-Cl2 al kyl, Cl1-Cl2 al koxy,

Cl-C12 al kanoyl, C2-Cl12 al kenyl, C2-Cl2 & I, Qi;-ClZ
Pbﬁe ﬁﬂ ferably, R5 is
(

al koxy) carbonyl, (Cl-Cl12 al kyl@gino)car )
H, Cl1-Cl12 al kyl, Ci1-Cl2 al VX 2 _ahkke , (Cl-C12
al koxy) carbonyl, and (Cl- 12 |al ky{ryg nd) carBenyl,. It is understood,
that (H q represents all A% uenks on the indicated ring (i.e.
on X3, C6, C7 and X4), thus" Y ndy have a value of 1 to 7. For exanple
q = 7 stands for a fully saturated 5,@-dideaza analog (X3 = X4 = C)
and q = 1 for a fully unsaturated anaJog with X3 = X4 = N It is also
understood, that p depends on the nature of X and the aromaticity of
the ring and thus may be 0, 1 or 2. It is further understood, that
the abbreviations "N' and "C' are representative for all possible
degrees of saturation, i.e. Nincludes -NH g@nd -N= |linkages and C
i ncludes -CH2- and -CH= Iin!iagﬁsa).n 16 | Lcpefgrred

) |

enbodi ment, the present inveght s dingetlled tHowar ds fa net hod of
synthesis in accordance\Mgﬁiﬁi

sWhErgin the glutamate noiety
of a folic acid or derivatly tu% 8f s diréctly radiol abel ed with
18F and the obtained cof¥ pdund4hfs thtis the formula V

Scheme 1. Synthesis scheme

It wag found that a pteroic (or folic) acid moiety of general
formulae I or IV, respectively, may be ¥p_radiolabeled easily
and efficiently in a direct manmer and thus with no need for
gsynthesis and purification of an intermediate *8x_labelling

agent.

Preferably, the direct radiclabeling of precursor IV is per-
formed with '°F activated by phase transfer catalysts such as
tetrabutylamonium carbonate or aminopolyethers (e.g. Kryptofixe
2.2.2) in combination with potassium carbonate or oxalate. In a
specific embiodiment, ®p is activated with Kryptofix, in a polar
aprotic solvent selected from acetonitrile, acetone, 1 ,4-
dioxane, tetrahydrofuran (THF), N-methylpyrrolidinone (NMP), di-
methoxyethane {DME) , dimethylacetamide ({DMA) , N,N-
dimethylformamide (DMF), dimethytsulfoxide (DMSO) and hexa-
methylphosphoramide (HMPA) and mixtures thereof.
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The leaving group Z may be any common leaving group known in the
art and includes for example Hal, NO;, diazonium salts, sulfonate
esters, including mesylate CH,S0,0-, tosylate CH3CeH,SO0-, penta-
fluorobenzoate, triflateCF;S0,0-, iodonium salts -I'R‘’’;, dial-
kyl/-aryl silanes -SiOHR’’‘;, and silanols -SiHR'’'’,, wherein
R’’’ is independently a straight-chain or branched Cp-24 alkyl
group or an optionally substituted carbocyclic and heterocyclic
group comprising five-, six- or ten-membered ring systems and
the like.

S, is preferably a straight-chain or branched Ci-C12 alkyl, which

ig unsubstituted or substituted by at least one CN, Hal, or NOj,

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

pendently be replaced by -0-, -C0-, -C0-0-, -0-CO-, -NR'-, -N=, -
NR'-CO-, -CO-NR'~, -NR'-CO-0-, -0-CO-NR'-, -NR' -CO-NR' -, -CH=CH-,
-0=C-, -8-, -803R’'-, -PR’-, or a five- or six-membered aromatic

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

sents H or Cl-Cé alkyl, or a combination thereof.

More preferably, S8; is straight-chain or branched C1-C8 alkyl,
which is unsubstituted or substituted by at least one CN, Hal,
or NO,, or a five- or six-membered aromatic ring having 0, 1 or 2
heteroatoms, which is unsubstituted or substituted with CN, Hal,
NO,, COR’, or COOR', wherein R’ represents H or Cl-C6é alkyl, or a

combination thereof.

As indicated hereinabove, 8; may specifically include amino ac-
ids, which as used herein are compounds with both an amino group

(e.g., NH; or NH:') and a carboxylic acid group (e.g., COOH or



wherein X6, X7 are independently of each other C, Nor 0, R6, R7 are
I ndependent|y of each other H, straight chain or branched Cl-Cl2

al kyl, which is unsubstituted or substituted by at |east one CM Hal,
or NO2 or a group -S2-18F, wherein S2 is straight chain or branched
Cl -Cl2 al kyl, which is unsubstituted or substituted by at |east one
CM Hal, or N2, and wherein one or nbte of the non-adjacent CH2

gr oups may | ndependently be replaced by -0-, -CO, -00-0-, -0-CO,

-NR - g) MR 208pect £ NEbodintdRt, 0@he- ami o 09 NR' may % an o-amino
803121- R -, or afive- or six-nenbered aromatic ri ng, having 0, 1

or 2 heicardqat@’rrﬁ amhinoh aacsdunsmbﬁtiﬁmm@da@%ds%’staﬂ bR ha@xﬂi HEIhe
NO2, COR nt Ky. N @.qg.,
N, naw%otﬁreofma%"e%eet b aﬁ:ﬁ?&ff? écd{h% gs R abkydaid @.q,

provi so that at t one of R6 a
I's a gralgmir®’- “8Einapd 1éﬂc1aree assdbémmremb.hem‘pﬁabeve PR adsnd ne,

specificall t he obt ned, conpoynd .of formi a V be; Lepr t8de
by co AR g ? ?16+%1 R e AV L v v R%%g ﬁ--is@gﬁ !
tyrosine, asparagine, glutamine, aspartic acid, glutamic acid,
lysine, arginine, or histidine, etc.) or it may be a derivative
thereof. Examples of derivatives include optionally substituted

amino acids, e.g. having one or more substituents selected from
CN, Hal, and/or NO,. The amino acid may also include any other

non-naturally occurring amino acids, such as e.g. norleucine,
norvaline, L- or D- naphthalanine, ornithine, homoarginine and
others well known in the peptide art (see for for example in M.
Bodanzsky, "Principles of Peptide Synthesis," 1st and 2nd re-
viged ed., 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 in-
corporated herein by reference). Amino acids and amino acid ana-
logs/derivatives can be purchased commercially (Sigma Chemical
Co.; Advanced Chemtech) or synthesized using methods known in
the art. In another specific embodiment, the amino acid may also
be part of a polyamino acid (also termed polypeptide), wherein a
plurality of same or different amino acids as defined herxein-
above are covalently linked, i.e. linked through conventional
peptide or other bonds. Preferred amino acids include for exam-
ple glutamic acid, aspartic acid, glutamine, aspartine, lysine,
arginine, cystein, and derivatives thereof and preferred poly-
amino acids include homopolymers the respective homopolymers
thereof (i.e. polyglutamic acid, polyaspartic acid, etec). Most

preferred are optionally substituted aspartic and glutamic acid.

Groups X; to Xs, Ri1 to Rs, p and q are defining the nature of



Vi Vla wherein X1 to X5, RLto R7, m p and q, and preferred
enbodi nents thereof are as defined hereinabove. Thus, the present
I nvention contenplates in a specific enbodi nent a nmethod of synthesis
of an 18F-1| abel ed conmpound of general formulae VI or Vla in
accordance with schene 1, VI 0 R2 (R3) .13 X2 q | 5R6
15
group P in more detailed manner. A person skilled in the art
would though know the range of these groups within the pteroic

and/or folic acid skeleton.

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

or N.

In a preferred embodiment, R, and R; are independently of each
other represent H, alkyl, -OR‘, -NHR', more preferably -OR‘, -
NHR' .

In a preferred embodiment, Rz is H, C1-Ci2 alkyl or C1-Cl2 alka-

noyl.

In another preferred embodiment, Ry is H, nitroso, Cl1l-Cl2 alkoxy,

or C1-Cl2 alkanoyl.

In another preferred embodiment, Rs is H, CN, Hal, NO,, Cl-Cl2
alkyl, Cl-cl2 alkoxy, Cl-Cl1l2 alkanoyl, C2-C12 alkenyl, C2-Ci2
alkynyl, (Cl-Cl12 alkoxy)carbonyl, (C1-Ci2 alkylamino)carbonyl.
More preferably, Rg is H, Cl1-Cl2 alkyl, Cl-Cl2 alkoxy, C1l-Cl2 al-
kanoyl, {Ci1-C12 alkoxy) carbonyl, and (Ci-C12 al-

kylamino) carbonyl, .

It is understood, that (H)y; represents all H substituents on the
indicated ring (i.e. on X3, C6, C7 and X4), thus g may have a
value of 1 to 7. For example q = 7 stands for a fully saturated

5,8-dideaza analog (X3 = X4 = C) and q = 1 for a fully unsatu-
rated analog with X3 = X4 = N.

It is also understood, that p depends on the nature of X and the

aromaticity of the ring and thus may be 0, 1 or 2.

It is further understocd, that the abbreviations “N” and “C* are
representative for all possible degrees of saturation, 1.e. N
includes -NH- and -N= linkages and C includes -CH,- and -CH=

linkages.



R1L XI X4 MR4 Vla wherein X1 to X5 are independently of each other C
or N, X6, X7 are independently of each other C, 0 or NN, Ry, R2 are

| ndependently of each other H Hal, -OR, -NHR , Cl- Cl12 al kyl,

Cl -Cl2 al koxy, Cl-Ci12 al kanoyl, C2-Cl12 al kenyl, C2- Cl12 al kynyl,
(C1-C12 al koxy) carbonyl, or (Cl1-Cl12 al kyl am no)carbonyl, wherein R
Is Hor O-C6 alkyl, R3, R4 are independently of each other H,
fornyl, imnonmethyl, nitroso, d-Cl2 al kyl, Cl1-Cl2 al koxy, C-Cl2

al kano 1 200V kho R sbint O\t i MOR s di-
Cl-Cl2a k%ﬁ%é{bc%égéﬁﬁﬁ e{éﬂ,gd%g eRyjrecknt CNnvit &

al kanomemdcmamswa Qrefthicdh| R§ngynthesid 21n| RELGFEARBDNYI TR afGheme
(Cl-Cl @éfﬂr{‘o k&’ gﬁﬂg‘lm&?t%:ggﬁ&etﬁa%tf ner N ¢ Hakig ObrNGeriSdksve

straigh ran MhI%Q IS un-
thereof is directly radiolabeled with —F and the obtained com-

pound has thus the formula V

wherein

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

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

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

18 . .
F, wherein 8§, is

at least one CN, Hal, or NO, or a group -S;-
straight chain or branched C1-Ci2 alkyl, which is unsubstituted
or substituted by at least one CN, Hal, or NO,, and wherein one

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

placed by -0-, -CO-, -C0-O0-, -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 having 0,

1 or 2 heteroatoms, which 12 unsubstituted or substituted with
CN, Hal, NO,, COR‘, or COOR’, wherein R’ represents H or Cl-Cé

alkyl, or a combination thereof,

with the proviso that at least one of Rg and R; is a group -8,-

18F, and

X; to X5, Ry to Ry, m, p and g, and preferred embodiments thereof



substituted or substituted by at |east one CN, Hal, or NO2, and
wherein one or nore of the non-adjacent CH2 groups nay independently

be replaced by -0-, -CO, -00-0-, -0-CO, -NR -, -NF, -NRCO1
-COONR -, -NR-COO, -0-CONR -, -NR-CONR'-,-CHCH, - CC, -6-,
-603R1-, -PR -, or a five- or six-nenbered aromatic ring having 0, 1

or 2 heteroatons, which is unsubstitut®ad or substituted with CN, Hal,
N2, COR, or COOR, wherein R represents Hor C-C6 alkyl, or a

combi ngt.,og .t Bgﬁfﬂéd hSrdiboke S 0, 1 or 2, and has a value of 1 to
7, conprising the steps of (a) providing a precursor of formulae VII

or Vila, o 0?,,eX7-R7 R2 (R3) IN X2)(Hqg\0 X1 y R5

Thus more specifically, the obtained compound of formula V may

be represented by compounds having the formulae VI or Via,

o Oy X7 R
XS, "8F
Ry (Ro), ZY N °
N XE_/\ - . o
2 LJ(H)Q I Rs
A ) Ry
Ry Xy “X§'m
VI
Oxy X752~ BF
Xg~Rg
Rz (Rs), Z | ETI;//\“/
- 3 \\ 0
Xz —{H 5
I Q( )q i Rs
R Sk R
1 1 4
Via

wherein X; to ¥5, Ry to Ry, m, p and g, and preferred embodiments

thereof are as defined hereinabove.

Thus, the present invention contemplates in a specific embodi-
ment a method of synthesis of an *®F-labeled compound of general

formulae VI or VIia in accordance with scheme 1,



RL ni -4 mX6-%$2-z VIl 20 X7-S2-Z X6-R6 0 Vlila wherein 2 is a

| eavi ng group, and 21 to X7, Rl to R7, Sy, 111, p, and q are defined
as herei nabove, and (b) subjecting said precursor to direct
radi ol abeling with 18F. S2 is preferably straight chain or branched
Cl -C8 al kyl, which is unsubstituted or substituted by at |east one
CN, Hal, or N2, or a five- or six-nehbered aromatic ring, which is
unsubstituted or substituted with CN, Hal, NO2, COP!, or COOR ,
wherein R represents Hor O-C6 alkyl, or a conbination thereof,
nore preferably straight-chain or branched d-C6 al kyl, which is

unsubstituted or substituted by at |ea TRY Hal , or NO2.
X6—82_18F
Ra (R, H
x 2 O
X (J)(“’q y \
R{ X7 X Re
VI

5,—18p

X—-
Rz(Bﬂp jr;/ﬁjr & Rs
X

R X; x4)n1 R4

VIa

wherein
X, to Xg are independently of each other C or N,
Xs, X7 are independently of each other C, 0 or N,

Ri, R are independently of each other H, Hal, -OR’, =~NHR’, Cl-
Cl2 alkyl, C1-Cl2 alkoxy, C1l-Cl12 alkanoyl, C€2-Cl2 alkenyl, C2-
ciz alkynyl, (C1-c12 alkoxy) carbonyl, or {Ci1-C12 al-
kylamino) carbonyl, wherein R’ is H or Cl1-Cé alkyl,

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

nitroso, Cl-Cl12 alkyl, C1-C1l2 alkoxy, C1-Ci2 alkanoyl, halosub-
stituted Cl-Cl2 alkanoyl,
Rs is H, CN, Hal, NO,, Cl1-Cl12 alkyl, Ci-Ci2 alkoxy, Cl-C12
alkanoyl, C2-C12 alkenyl, Cz-C1z2 alkynyl, (C1-ci2
alkoxy)carbonyl, and (C1-C12 alkylamino)carbonyl,
Rg, R; are independently of each other H or straight chain or

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



A further specific embodinent of the conpounds of the invention
i ncludes for exanple conpounds wherein 21 to X5 are N, R/ is Nyly2l
Ry is O R4is Y3 pisOandqis 1. 21 VIIl 0 0.".X7"-S2-18F

X6-R6 0 HN,O Y2YINN N(2'Y3 Villa X6, X7 are independently of each
other C, N or O,

18
at least one CN, Hal, or NO,,

Sy is straight-chain or branched C1-Cl2 alkyl, which is un-

substituted or substituted by at least one CN, Hal, or NOz, and

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

ently be replaced by -0-, -CO-, -C0O-0-, -0-CO-, -NR'-, -N=, -NR' -
co-, -CO-NR'-, -NR'-CO-0-, -0-CO-NR'-, -NR'~-CO-NR'-,-CH=CH-, -
¢=C-, -8-, -SOs3R’'-, ~-PR’'-, or a five- or six-membered aromatic

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

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

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

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

Xe"Sz""‘Z
Ry (Ra), “T N
X \\\\ 0
Rs

X2/| L(H) G
PEN g e R

Ry Xy Xy 'm 4

VII



Yl f Y2are independently of each other selected fromH, for- nyl,
straight chain or branched Cl1-Cl12 al kyl, which is unsubstituted or
substituted by at |least one CN, Hal, or NO2, Y3is selected fromH,
formyl, nitroso, straight chain or branched Cl-Cl12 al kyl, which is
unsubstituted or substituted by at |east one CN, Hal, or N2, R6, R7
are independently of each other H or Zarai ght chain or branched
01-C12 al kyl, which is unsubstituted or substituted by at |east one
CN, Hal, or NO2, and S2 is straight-chain or branched Cl-Cl2 al kyl,
which is unsubsti- tuted or substituted by at | east one CN, Hal, or
N2, and wherein one or nore of theéd @ acdent CH2 groups may

i ndependently be 22 replaced by [O0-,} -CO, -_%-0-, -0-CO, -NR -,
-NE, -NR-00-, -£ORNR -, -N mﬁ\l -

-NW CO-NR -, - CHECH-,, B CeC, - 6031219, -PR -, or a five- or
si x- menber ed axdi |11;-(r|.|i)ng haw\@% 0, 1 or 2 heteroatons, which is
unsubst it ut ed_&e_dubghi t‘bté% with CN, Hal, NO2, COR, or COOR,
wherein R r%pre@enf(s B or C1-C5 al kyl, or a conbination thereof.

VIIa

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

cursor to direct radiolabeling with *°F.

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

gsents H or Cl-Cé alkyl, or a combination thereof, more prefera-

bly straight-chain or branched C1-Cé6 alkyl, which is unsubsti-

tuted or substituted by at least omne CN, Hal, or NO,.

A further specific embodiment of the compounds of the invention

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

NY,Ys, Ry 18 O, Ry 18 Y3, p is 0 and g is 1.

Thus, in a further specific embodiment the present invention is

directed to a compounds of formulae VIII or VIIIa,



The term "al kyl", when used singly or in conbination, refers to
straight chain or branched al kyl groups containing 1 to 12 carbon
atons, such as nethyl, ethyl, propyl, isopropyl, butyl, sec-butyl,

i sobutyl, t-butyl, pentyl isopentyl, neopentyl, hexyl and the |ike.
The preferred al kyl groups contain 1 to 8, nore preferably 1 to 4
carbon atons. As used herein, the terz"alkenyl", singly or in

conbi nation with other groups, refers to straight chain or branched
al kyl groups containing 2 to 12 carbon atons, such as nethyl ene,

et hyl ene, propyl ene, isopropyl ene, butylenewjt Qu#%lene secbut yl ene,
i sobutyl ene, anyl ene, isoanyl ene, pentyleng, sop tyl ene, hexyl ene
| xgosFFar bon
atons. The term "al kynyl" used her ¢ reﬂkrs tolla I'inear or
branched chai n of carbon &-0r nore canon carbon triple
bonds. The preferred al kyry I 3ontarn 2 to 12, nore preferably
2 to 6 carbon atons. ﬂ}mNteNnrhalkoxy" as used herern refers to

al kyl, as defined above, substituted with oxygen, such as nethoxy,
ethoxy, pr oPOXY, i sopropoxy, butoxy, tert-butoxy and the |ike. 23
The term "al kanoyl " as used herein regftegs to fornyl, or alkyl, as
defi ned above, term nally-substituted with a carbonyl such as acetyl,
propanoyl, butanoyl, pentanoyl and the like. The term "al kyl am no" as
used herein refers to al kyl, as defined above, substituted with

ni trogen, including both nonoal kyl am no such as net hyl am no,

et hyl am no, propylam no, tert-butylam no a&d h@ l'i ke, and

di al kyl am no such as di net hyl am no, di @ % o, nethyl propyl anm no,
and the like. The term "halo" as u rer f8sRE0 any G oup 7
el ement and incl udes fl gjoro, broHD |o , and astatine (a) In
a further aspect the St Ty nis drreéred t owar ds conpounds
obt ai ned by the methods, ofl_the i'ventlon such as conpounds of
formulae | to VIIYaYin Yt M further aspect the present invention
provi des uses of the new fol ate radi opharmaceuti cal s obtai ned by the
met hod of the invention for conveni nd effective adm nistration
to a subject in need for diagnostic I'magi ng. Thus the present

i nvention provides a nethod for diagnostic inmaging of a cell or

popul ation of cells expressing a fol atereceptor, said nmethod

conprising._the ste ni st r|n at, least one folate

o optia e RER cARaeReRIRI I, o RERSE Gydbet & magi ng anount
and obtai ning a diagnostic inmage of said cell or popul ation of ceIIs
Such i rhgi ¥g may e padependanshyacfelerchr osbpul seileated EspmsH, for-

expressing, a.{ 0l ALt "GEOR! Oy ' Brdl e %, -0, VY91, which is unsubsti-

and the |ike. The preferred al kenyl grgu

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

¥ is selected from H, formyl, nitroso, straight chain or
branched C;-Ci;> alkyl, which is unsubstituted or substituted by

at least one CN, Hal, or NO;,

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

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

S, is straight-chain or branched Ci1-C12 alkyl, which is unsubsti-
tuted or substituted by at least one CN, Hal, or NO,, and wherein

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



24 sanpl e which includes contacting said tissue sanple with at | east
one fol ate radi opharmaceutical of the invention in effective anounts
and for sufficient tinme and conditions to allow binding to occur and
detecting such binding by PET imaging. In a further aspect the
present invention provides uses of folate radi opharnaceuticals of the
present invention for convenient and & fective admnistration to a
subject in need for diagnostic inmaging or nonitoring of cancer

t her apy. g@gcggegﬁpyoof Labl amedayy, awrdcaut O-RRUNE -N-sead®s -CDA, -CO-
anot her aspect the present invention provides a nethod for

si mul t peouys dRﬁg@@@ms,aﬁmF¢dm§ﬁapy,-eﬁhp¢®sNRmr¢IQ§—§ﬁeps gEC-, -5-. -
adm nistering to a subject _jin need therepﬁ | east Aane fola wing 0,
r adi op#&nRaceut PRaf - RT the Prass &t SAvBR %ﬁeﬁlna]éow S §n St Pc ATy

ef fectiyve, AUk LoSOBRL “a&h9§hwﬂgh RshiBeEapeLLd Cakl ¥ubgtiveteandith
obtarnrng a diagnostic 1nage of said tissues to follow the course of
treat ment, e sm\nj eatomnf, tdme aevhodswivdéreite Pr esepresenteght i opri §1-C6
preferably a mammmal such as an animal or a human, preferably a
human. ik ldoSxge GEPRABRELPR (HETRAre of the effect desired, such
as the formof diagnosis or therapy, on the kind and frequency of
treatnent, on the diagnostic instrunentation, on the form of

applrcatron of the preparation, and on._the a wei. ght nutrrt on and
condi t iBie d?rel%e“ﬁﬂé‘%iflpﬁeﬁ’f hen  Yipch s THIuFe 9%‘533%‘??1" to

Howev erg i tRemDdnLref S et fiosauaisan Redupk! @bﬁdaiﬁlh@ell Bdl \ll?.dldﬁlr-
subj ect, as 1s understood and determ nabl e by one of skill .in the

art, wh%mtqmﬂuéﬁe}l’p@ﬁ wavhati o#EhYh sPY9RYEal 1SPRERRIIvedutYL, sec-
adj ust ard: $61, Cplnteyl CUHGH LN Of AdpRSA 1 hebh? ana
pati ent S all %Q’h? ESna%DuntSﬁmmh caérzrﬁbe increased in

or der ttheacln}m/e Tltr@ mﬁmﬂdefeﬂéml JHeapSEgREgipr dcEqQuiBe MPTEh@YRET
scanner_t l.lace fr m nutes to 2-4 hours after

adm ni s‘?ra}ﬁr o o t%he:a?fg] %Jregtgser The schedul e depends on the

i magi ng target and kinetics of the radiotracer as well as the desired
i nformation. The preferred route of admnistration of the folate

radi op rnace ti,e resent_-i Lio tEAVenealSat 3

i nj ectr 0?1 uﬂ%é suq{%b %%nge or iar%]]'gel‘\é1 oh |nsnlc 3 eﬁrﬁl e aque(‘)aus:Lon
sol ut i owistlor odhe:pergxbups ofretEIeesal:tm/esinmntghtned'latm a@e branched alkyl

radi ophar maceut i cal s .of resent | Jve t| on. cal I _
r adi opr%lrc?‘}‘ﬁ%fgeu??%%a}l%qq %etc?ofzrsru?a d i rrrlc P y’sr ogr calnyeﬁ:thfyﬁ'ene’ eth
sol uti oycsenél'he bobprbernadi om@qurﬁneqal dutdengo sttebultiyzahieon lwec-
any art ni zed tec n Iudin but limted to, additiqn
of” ant IBHGHS LMoy a P agEHEs. LPOrekei detrin, Toopenty-

chl or obué@0l heR{EANOS , a5@r Bhe aGkd. menqrxesekreandlkeﬁylu k@oups con-
Preferably they under o a sterile filtration before adm nistration

el i m nat®#¥+y 3 H-'é° fe&FrEC 88PN Fonal sterilisation agents. For a
solution to be inj ected a preferred unit dosage is fromabout 0.01 nL
to about 10 nL. After intravenous adm nistration, imaging of the
organ or tumor in vivo can take place, if desrred fromw thin

m nut esTh® ¥ PHemE " ﬁserusﬁﬁe hezgip- Fafered-? e%rg]e\fﬁe%§”oé§??n0hed

adm ni stered @ acéf%ﬁcetbﬁrsahh% acfdf fdiCi 9te aNRYBLNOE1HEN triple
adm ni stered dose to accunulate in the targeted area of choice.
bonds. The preferred alkynyl groups contain 2 to 12, more pref-

erably 2 to 6 carbon atoms.

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

poxy, isopropoxy, butoxy, tert-butoxy and the like.



The fol ate radi opharmaceuticals of the invention nmay al so be used for
invitro detection of a cell expressing the folate receptor in a

ti ssue biopsy taken froma subject. Thus in a further enbodi nent the
present invention provides a nethod for in vitro detection of a cel
expressing the folate receptor, e.g. a tunor cell, in a tissue sanple
whi ch includes contacting said 26 tixsue sanple with a folate

radi ophar maceuti cal of the present invention in effective anmounts and
for sufhiCiceity tidManrg100nd tiges horald ome:té:mlim fOrrmg:I:uroandlkyl
detecting such binding bé i magin techn|q1 g ch as
coIIecﬁ@ddﬁilﬁﬁécébeﬁés ﬁéﬂhn% Y rdhssy W&Edp¥P§ 5a§ Ong§ su

col |l ec ti or flui |rahun tae lik
%]c@ﬁpu ng%%PQhBQ‘f}’ bt FentihAapi g ike.

trache ary sanples and t e Ilke Ti ssue sanples to be
tested include any tissue suspected to contain a cell expreSS|ng a
folate receptor, such as tunor cells, epithelial cells |dney

gast rmWeesxamar'adﬂcyﬂ-nmlnepaaebuse@rk;«eg@m ergLentd t&t rﬂ.lﬁ%’ rs&ﬁpﬂe§lesﬂ
be sectioned, & t’:Lt\Mte Crr?.f[ er,0 i fr%cl'udﬁﬁt IV MRHRAKS L amino
exam ndtion ‘ant servatlon can also be fixed wth an

appr oprduatre ésxatatmlermhet; lm:fhyrlem@noaf tesropydembai ort ey tt-udiyd agino,
the fol ate r.adi arnmaceutj.cal s.of .t he present \/ i e _
the hi s‘—’ln(ﬂ o %aﬁr)gg(a 5l aP;&/ d'fa. "ﬂ: m:L o SBCE . dlqﬂ %Eﬁ/'l 58 'ﬁﬂe@ﬁ%l

I SSuUes. e a con |tfons

suf fi cisgdiindg Oli'nelﬁhli}'ﬂlplﬁgpyﬂ.amﬁ@l air&i raci G<ijear maceutical of the
present invention to a folate receptor on the cell include standard
tissue culture conditions, i.e. sanples can be cultured in vitro and

i ncubated with one of the conpl exes or conpositions of the present

i nvent iThe iu‘emhy&iamoagia(sah;seﬂdhare&cheﬁemii to onsy afmupell ddroemtit and
t he ski) | Al t ativ npl gs can be fixed nd t hen
|ncubafﬂﬁgﬂff §&P8F8v %38F8pﬁ§¥Wh .h34§a|383 PRE2 éﬁ%%% " invention
in an isotonic or physiological buffer. For all appllcatlons it is

convenient to prepare the conpounds of the present invention at, or

th t th b
exocit A it HOBE PBRAGERBG or THbnPRTTON. | AT PUROIDf “Ehe prEcan, bovaras

di scl osetfr@odﬂdswdldtatmeapw el hethbaseobf tiskiidvdrtidne aficht bat com-
variations may be applied to the present invention w thout departing
from t RPERSGHEToff ek EntP ottt g‘ne Exanpl es provided herein are
intended to be illustrative and are not exhaustive; therefore the
illustrated Exanpl es should not be viewed as limting the invention
in any way. Exanples Mterials apnd Met hods I nfrared spectra were

r ecor detf o¥eh §a§<‘:’6tF‘FF | RSB266 AR PRESROE| dAVCREYRt PEOYELBRatEES ©F

SpeCtraﬂMEFEeﬁeQQﬂQ%@\Médhdp&%ﬁ%ﬁéué@QaﬁﬁtoQEa@HQdNB9 SRRCUHOFRLE! of
with the correspond |ng sol vent signals_as an internal  standard.
P

Chemi calfh® hiRVenEien r 596 COAVRRLERE { anBePEAPFEive RAPMLFEraiion to a
tetr a”eéml_#eédﬂ ane n@%dogoﬁ}palagyé’é% Madikg.coupling constant, J, are

given in rtz Y: the fol [ow ng abbrévi ations are used in the

fy -
b0 gl cgei i s ol VS gt

(dd). Tatmmg\emfca Skt P1of pepw BboTuPE| sledds aﬁe@@wgasatifelate-

range oC e (0} (0} eCLr s X e

Facor dotP AT ML brE e CPeREE R P BE R ECPE” eeituBl 1 o
least one folate radiopharmaceutical of the invention in a diag-
nostic imaging amount, and obtaining a diagnostic image of said

cell or population of cells.

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

expressing a folate-receptor in vitro or in wvivo.

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

tection of a cell expressing the folate receptor in a tissue



WAt er sensitive reactions were run under argon in flame-dried gl ass
ware. Reactions were nonitored by thin | ayer chromatography (TLC,
performed on EM Science 0.25 mmthick, precoated silica gel 60 F-254
gl ass supported plates) or HPLC. HPLC was perfornmed on a

Mer ck- Hi tachi L-7000 system equi pped with an L-7400 tunable
absorption detector. Analytical HPLC24as perforned with an ) (Bridge
colum (C18, 5Rm 4.6 x 150 mm Waters) using the follow ng sol vent

system.Lho L/ Mlon Okt dEAatdrilocanly Alai@cationlier | danki) vantns)ae
1 b/ nR7F0-1 mn, 95 %A 1-15 mn, 95,5 %A 15-20 mn, 5 A frac-
20, 22 ieast5c@E FoAAtR2 r2Rligbharngcent beply OBeRie ni B HPEE S

performed with XBrjd s ol {fel 8an8KMBonk@txohB0 BN allow
waterﬁ‘f% °rr‘1mrE13°,é |%‘§‘ghr%g’t@| i C&lﬁ&rE?lto MM 88 9 | CHBON(12 % .

Al cherihgahs wer ecasedazd drfmsitieg enchkeindingPbtHFdr Wiegingxanpl e
1: Synthesis of y-2-fluoroethyl-folic acid (a) Synthesis of
y- G u( fluos oefiyi emnetlspecest e | prasenhmeimanddon agkovEdeadysgs of

BOC- G y- (55 2. 13mm y. n (0. , cdnSen-
oo ), Etete TenoRnArhRiTRt Leafl YoPhd et Urbioabucl BBE. cbuf
e.0.) vestadgded eriéctheer ednthbstratianr coves sfijeced ihoneednitps. dAag-
solution of 2- fluoroethylam,pe (212nml, 1. e.qg.),.i.n y a
Et 3N ( GCHHES 1*RAEY )oﬁlagloﬁaggﬁ£la$ og%/i $& cgg'lt e erreagglt ialglr\ﬁ:n]l£ I)%% urfey a?g
0 C ThemeaslteryWasdshht6eaminy dseaaklsoned to warmto r.t. and
stirred overnight. Water (10nl) was added to the reaction m xture,
and it MASaeXtR&et adpubt hthOAxesthe ciareimddnonganidelayerserkod for
washed with brine, dried wth I\/%SO4, and concentrated jin vacuo t d-
gi ve a Siad tpslecnk Siiagneaifn AR IG6TRPY: BRERF 4RI pihT: SveRe ?gsf’l

NH) ; 6..6Q:i(dSriNg itotal GubfectOh; nded2théreddt Jebbt( BneCiidlatd. 34-
(t, CH2); 3.11 (t, C_:HZ%L; 2789 (t, CH2): 2.73 (t, CH2):; 1,39 (s, CH@
(b) Syntimadiarmsicepticply@focty| Presert adR¥egtiwh (1N udr SBRATAOS tHSRRYY

ester (¢ ive g%ne;me YRS BhBSRAYESh | §1EXCaSSHEAEHREEA11Y: bhtive,
until conplete B eprotection occurred as nonitored by nt/linc.
Excess aFRA @h2Ciizingnsa r 8hdyees tiveimage uef t 8add veispeesFRosptley the

A u( hydcrc%qﬁ;?é W ) ethylester as pale yellow oil, which was directly

used in"the coupling reaction with

N2- N, N-di gg)fre I - 10-f - | G 2c,ar disn e
proced ultr;i{eésm%@%q ?%r?e I nélllllé]:/J lﬁ@%j?&%%%g%{ eagéd% E%r%\ 6&%{4%%9_8%4@5 %:Ie ted
Exanpl é012r Symeniredi, s sofhy ag2af patigialemes @l hongh) ephgfgradply @ dningn .-
am de

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 ap-
plication of the preparation, and on the age, weight, nutrition
and condition of the recipient, kind of concurrent treatment, if

any.

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

dose if the patient has a low body weight.

Treatment can commence with a smaller amount, below the optimum



(a) Synthesis of BOC-d u(hydroxyethyl) methyl ester In a flane dried
fl ask was added BOC-d u-Ove (556ng, 2.13mmol), dry DVF (10ml) and

Et3N (0.9nl, 1.9 e.g.). The reaction m xture was cooled to 0 C, and
HETU (808ngy, 1 e.g.) was added and the reaction m xture was stirred
for 10m ns. A solution of am no alcohol (0.13m., 1 e.g.) in dry DW
(10m) and Et3N (0.9nl, 1.9 e.g.) wa2fadded dropw se to the reaction
m'xture at 0 C The reaction was stirred for 2h, allowed to warmto

angl ﬁﬁg”%l%erdarﬂfﬁe W 885 el Segendee datni e macbponmum
mxture it was extracted with EtQAc. The_conbi ned or %a a¥acg

ver e westiedtwi tTher inagingi SFoRPERT Ry IO, Ehthd PES N &S ETe

t | | 2 e rlph 93f40 e
0,0 b bsiel ity o NPu iRy e B datmtn som
3 14 (&,adeuz):acar%me s@h@)iulg gep(atxds cep) the  pmagang d‘-@}fge‘f bﬁ‘n 1-
Synt hes t | i
ynthes &Fo@egképfgﬁeégﬁnﬁ?é a%w(eg Dyl 6 Ohig1AG doprBdiicion.

BOC-GI ester Onmg, 1.48mmol) was dissolved in
excess THeA) 2e(il rb)atanth | adoipieteaticd d%ﬁprtdteecﬁcilcﬂ‘teo(?@@rlpébaééqa'

noni t or ed by Excess, TFA/ CHZClZ

gi ve trﬁ?uﬁiﬁ% Bfﬁ?ﬁ?%x’sfé‘f%y e 1%63?’ gﬁ?er as pai l\ﬁ?%%%lbﬂ

oi |, which was rec u n_the coupl! a

o R, At gt %%%(m BRs. T0Per iohT spEruiE ShRanY Miyeous, sotn:

procedui@shePUst |(ﬂ‘ﬂ£bélﬂ§:lEElSA\Cﬂf7 15 ABckrea makiER ohedl? ﬂtﬂ&t@ﬂmadlopharma-
y-(2- hydroxyeth fol]ic acid am.de 6 i ssol v is _

4 chl orcsHR (%% ﬁi‘j’- RE&SEBEI eI&‘VFg}% of LE%’QNC""%%S Jne %%éle%&’.h)ar%‘ﬁﬁd

T5Cl ( 7cdfibicki4 wAd1) peekEeradugted@nth tﬁ}grgmaogueal nbxf fee sus: tsitansr.ed

for 2h at 0 C Then the mxture was allowed to warmto room

t enper afud e g StiddiebrRrakedl calfeurid@acdd ot anNilkag ivas bpoungdart
into water (15 m ), layers were_ 30 separated. -The aqueous a
ext r actReFaETiFed dHBRERIehan@AHdingnB e dobr d—&ﬁ‘ilEe h&Ses a\%gﬂ-glaﬁ ek

over NQ%Q%baT&Peﬂ%lverBﬁ Vo €s fifTgaved dgagels, vags:  Eienleducihatdben,
purifie y colum chromat ography using silica gel and an el uent

syst em ¢ilqerndhancdnd peReLl.aceeBlbEc t 8cdbve tBiyemosaloi |andrhile like.
conpou «?sferf’aﬁﬁ ASuld SOT { OF 1 P dfff&fatﬁdnorlﬁéﬂ&en%ﬁ(?ﬁ@tlﬂac

18F- | abe ng accor |ng to terature procedures (Coenen,

Cheni strior elhanibritingg ther ueedmmchhmlamallrragﬁngh&hm g@enqs A
Lehmann, L.; Friebe, M, Eds.; Springer: Berlin, 2007, pp. 15-50).
31 Cains 1. A nethod of synt hesis of a 18F-|abel ed corrpound of gen-

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

targeted area of choice.

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

tumor cell, in a tissue sample which includes contacting said



eral formula Il R2 (R3) IHsi_18F Rlx X23X5 )yR5G R4 X1 -4 (H) 111
wherein X1 to X5 are independently of each other Cor N, R, R2 are
| ndependently of each other H Hal, -OR, -NHR, d 012 al kyl, 01-012
al koxy, 01-012 al kanoyl, 02-012 al kenyl, 02-012 al kynyl, (01-012

al koxy) car bonyl, or (Cl- 012 al kyl am no) carbonyl, wherein R is H or
01-06 alkyl, R3, R4 are independently2&§f each other H, fornyl,

I m nonmet hyl, nitroso, 01-012 al kyl, 01-012 al koxy, 01-012 al kanoyl,

halOSUQ&%IL%t%gm%&éIUﬁéﬂk&“@bhat85E&dﬁopﬁ&km&@éutf&ﬁi 6fl- 0nd akkepknt

01-012 al'koxy, 0I-012 . .

invention in effective amounts and for sufficient time and con-
ditions to allow binding to occur and detecting such binding by

imaging techniques.

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

pirating for tracheal or pulmonary samples and the like.

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

quality of sample tissues.

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

tonic or physiological buffer.

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

be used.

All of the compounds and/or methods disclosed and claimed herein



al kanoyl , 02- 012al kenyl , 02-012al kynyl, (01- 012 al koxy) car bonyl, (01-012
al kyl am no) carbonyl, Slis a straight-chain or branched 01-012 al kyl,
whi ch is unsubstituted or substituted by at | east one O\, 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-CO, -NR -, -Ns
-NR -00-, -CONR -, -NR-COO, -0- @NR -, -NR-CONR -, -CHCH,
-S, -SBR -, -PR - , or a five- or six-nmenbered aromatic ring having

0, 1 o, nNngmQaIaeéﬂét By Y G dHbutnsubsk émpefhmurnmﬁm tint @dghkt h
CN, HaI COOR , wherein R _represents 0% l;lﬁi

or a corbithat p@‘nsef;érdwcl@%um Lromidl Bfd HB%ream?/atr‘hé:h(ﬂﬁel
((:o;rgr |) %Iél n%h§2%F§5%ﬂ§t°(ra£ﬁtPéﬁé"n@yn@beaaﬁbﬂéas@é e feBdn liMvel-R2

tion without departing from the scope of the invention. The Ex-
amples provided herein are intended to be illustrative and are
not exhaustive; therefore the illustrated Examples should not be

viewed as limiting the invention in any way.

Examgles

Materials and Methods

Infrared spectra were recorded on a Jasco FT/IR-6200 ATR-IR. Nu-
clear magnetic resonance spectra were recorded with a Bruker 400
MHz or 500 MHz spectrometer with the corresponding solvent sig-
nals as an internal standard. Chemical shifts are reported in
parts per million (ppm) relative to tetramethylsilane (0.00
ppm) . Values of the coupling constant, J, are given in Hertz
(Hz) ; the following abbreviations are used in the experimental
section for the description of H-NMR spectra: singlet (s}, dou-
blet (d), triplet (t), multiplet (m), doublet of doublets (dd).
The chemical shifts of complex multiplets are given as the range
of their occurrence. Low resolution mass spectra (LR-MS) were
recorded with a Micromass Quattro micro™ API LC-ESI.

Water sensitive reactions were run under argon in flame-dried
glass ware. Reactions were monitored by thin layer chromatogra-
phy (TLC, performed on EM Science 0.25 mm thick, precoated sil-
ica gel 60 F-254 glass supported plates) or HPLC. HPLC was per-
formed on a Merck-Hitachi L-7000 system equipped with an L-7400
tunable absorption detector. Analytical HPLC was performed with
an XBridge® column (C18, S5um, 4.6 x 150 mm, Waters) using the
following solvent system (1 mL/min): 0.1 % TFA, (solvent A),
acetonitril (solvent B), 1 mL/min; 0-1 min, 95 % A; 1-15 min,

9555 % A; 15-20 min, 5 % A; 20-22 min, 5295 % A; 22525 min, 95 %



RXA14 (HHg '"RS I v\ IV wherein Zis a |eaving group, and X1 to
X5, Rl to R5, S1, p, and q are defined as herei nabove, and (b)

subj ecting said precursor to direct radiolabeling with 18F. 2. A

nmet hod according to claim1l, wherein 18F in step (b) is activated by
phase transfer catal ysts such as tetrabutyl anoni um carbonate or

am nopol yethers (e.g. Kryptofix(c) 2.282) in conbination with

pot assi um carbonate or oxalate. 3. A nethod according to claim1,
wher ei R Z 45,561,861 efpld OfaEalperidimedi asan unBsidde?, semipregt ecolumn
esters, includi'ng nesyl ate, tosylate, pentafluorobenzoate, triflat

i odoni Umeal Bam, diial kyLbcamy| €aterss, %rird'/ﬁlmanéF@?hr@‘Bl%.W#EPﬁOZiO

?ﬁgo;gin |§%V%Hy/pQ§ﬁ8ﬁkfg gl ail i, Waer &) 1L tq, QR §-180 ,60RRgHNdAA8n -

1ike stated otherwise.

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

(a) Synthesis of y-Glu(fluorocethyl) methyl ester

In a flame dried flask was added BOC-Glu-OMe (556mg, 2.13mmol},
dry DMF (10ml) and Et3N (0.9ml, 1.9 e.qg.). The reaction mixture
was cooled to 0 °C, and HBTU (808mg, 1 e.q.)} was added and the
reaction mixture was stirred for 10Omins. A solution of 2-
fluoroethylamine (212ml, 1 e.qg.) in dry DMF (10ml) and Et3N
(0.9ml, 1.9 e.g.) was added dropwise to the reaction mixture at
0 °C. The reaction was stirred for 2h, allowed tc warm to r.t.
and stirred overnight. Water (10ml) was added to the reaction
mixture, and it was extracted with EtOAc. The combined organic
layers were washed with brine, dried with MgS0,, and concentrated
in vacuo to give a pale yellow oil. 'H-NMR (300 MHz, DMSO-ds)
[ppm] : 7.78 (bs, NH); 6.60 (bs, NH); 4.77 (bs, OH); 4.62 (t,
CHY; 3.47 (m, CHy); 3.37 (t, CHz); 3.11 (t, CH;}); 2.89 (t, CHz);
2.73 (t, CHz); 1.39 (s, CHj3)

(b) Synthesis of y-2-fluoroethyl-folie acid

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



V wherein X6, X7 are independently of each other C, Nor 0, R6, R7
are independently of each other H, straight chain or branched 01-012
al kyl, which is unsubstituted or substituted by at | east one ON, Hal
or NO2, or a group -S2-18F, wherein S2 is straight chain or branched
01-012 al kyl, which is unsubstituted or substituted by at |east one
ON, Hal, or NO2, and wherein one or rmge of the non-adjacent CH2
groups may i ndependently be replaced by -0-, -CO, - 00-0-, -0-00-,

-NR -, -N5, -NR-00-; -CONR -, -NR-00-0- , -0-CONR -, -CC, -GS,
-SBR -, -PR -, or a five- or six-nmenbered aromatic ring having 0, 1
or 2 hekempakons, syhihbsis ofsuberi(puteliuenesebonylieddvi)t ol pgaid

N2, COR,. or COOR, wherein R represents H or 01-06 alkyl, or a
conbi n@WE& t hereof, with the proviso that at |east one of R6 and R7
is a group -S2-18F, and X1 to X5, RlL to Rs, p and g, are as defined

inclaiml. 34 5. A nethod according t aim4,_wherein S2 is
st r ai ghta)cFamnEhepiBr ahched s Ggfdaiqa&et%xﬁb cHEFRY L R§Ist i tuted or

substi tyyf ed dPlyaI@é 4ERSE PNeiNadBhdded BER.qId-oMef | (WBeal, 2.13mmol),

si x-nmenbered aromatic ring having 0, 1 or 2 heteroatons, which is
unsubstdnyutiF oflGuibstandit BN (- . Hal® o) -cRe r§pcEspRr mixture

wherein R GDIesan Sy Hogr Qﬁaogai‘bk%osﬁg, a; canyi nathenaghea eaha €ne

A met hod accor di ng to any preceding clainy wherein the obtained

conpouncaras arhenifxgumel aasVistorrafiafor RROMRS). ¢ solution of amino al-
cohol {(0.13ml, 1 e.g.) in dry DMF (10ml) and Et3N (0.5ml, 1.9
e.q.) was added dropwise to the reaction mixture at 0 °C. The
reaction was stirred for 2h, allowed to warm to r.t. and stirred
overnight. Watexr (10ml) was added to the reaction mixture, and
it was extracted with EtOAc. The combined organic layers were
washed with brine, dried with MgS0O,, and concentrated in vacuo to
give a pale yellow oil. *H-NMR (300 MHz, DMSO-ds) [ppml: 9.40
(bs, NH); 7.72 (bs, NH); 4.52 (t, CH); 3.54 (m, CH;}; 3.44 (t,
CHp); 3.14 (t, CHy); 2.56 (t, CHy); 2.20 (t, CHy); 1.24 (s, CH;)

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

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

and ethyl acetate to give a yellow oil.

This compound serves then as precursor for a direct aliphatic
nucleophilic ®F-labelling according to literature procedures
{Coenen, H.H. PET Chemistry - The Driving Force in Molecular Im-
aging, Schubiger, P.A.; Lehmann, L.; Friebe, M., Eds.; Springer:
Berlin, 2007, pp. 15-50).



wherein )(lIto X5 are independently of each other Cor N, X6, X7 are
i ndependently of each other C, 0 or N, Ru R2 are independently of
each other H Hal, -OR, -NHR, d- 35 012 alkyl, 01-012 al koxy,
01-012 al kanoyl, 02-012 al kenyl, 02-0131al kynyl, (01-012

al koxy) car bonyl, or (Cl- Cil2 alkylanlno)carbonyl wherein R is H or
01-06 alk %i R3, R4 are independently of each other H, fornyl,
in1non2ﬂﬁéh5rntroso 01-012 al kyl, 01-012 al koxy, 01-012 al kanoyl
hal osubstituted 01-012 al kanoyl, Rsis H, ON, Hal, N2, 01-012 al kyl,
01-012 al koxy, 01-012 al kanoyl, 02-012 al kenyl, 02-012al kynyl, (01-012
al koxy) car bonyl, and (01-012 al kyl am no) carbonyl, R6, R7 are

i ndependent | y &f nesidiodt hér slylnahesmsaicmtacﬁ%—rﬂaﬁe]knfcancmpoﬁﬁdObZ gen-
al kyl, which is unsubstituted or substituted by at | east one ON, Hal,
or N2, S2is straigHcrdidian 19T branched 01-012 al kyl, which is un-
substltuted or substituted by at |east one ON, Hal, or NO2, and
wherein one or nore of the non-adjacent CH2 groups nmay independently
be replaced by -0-, -CO, -00-0- , -0-COQ -NR -, -N=, -NR -00-,

-CONR -, -NR -00- 0- -0- CONR -, - NR -, HCH, -S-,

-503R -, -PR- , or a fivé? 6Pﬂs|x- e redﬁaﬁbnaﬂﬁc ring having 0, 1
or 2 heteroatons whi ch meF substituted with ON, Hal,
NC2, COR, or COOR , whe e| R re%fesenﬁs H or 01-06 alkyl, or a

conbi nat i on t her eof R1 x4 (H)

I1T

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

Ri, Ro are independently of each other H, Hal, -OR’, -NHR’, Cl-
Cl2 alkyl, C1-Cl2 alkoxy, Cl1-Cl2 alkanoyl, C2-Cl2 al-
kenyl, C2-Cl2 alkynyl, (Cl-Cl2 alkoxy}carbonyl, or (Cl-
Cl2 aikylamino)carbonyl, wherein R’ is H or C1-C6 alkyl,

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

nitroso, Cl1-Cl2 alkyl, C1-C12 alkoxy, C1l-Cl2 alkanoyl,
halosubstituted Ci-Ci2 alkanoyl,

Rg is H, CN, Hal, NOp, Cl-Cl2 alkyl, Cl-Cl2 alkoxy, Cl-Cl2
alkanoyl, C2-C12 alkenyl, C2-Cl2 alkynyl, (Cl-C12
alkoxy)carbonyl, (Cl-ClZ2 alkylamino)carbonyl,

51 is a straight-chain or branched C1-C12 alkyl, which is
unsubstituted or substituted by at least one CN, Hal, or
NO;, and wherein one or more of the non-adjacent CHs
groups may independently be replaced by -0-, -CO-, -C0O-0O-
, -0-CO0-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-C0O-0-, -O-
CO-NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -S-, -SO3R’-, -PR’-

, or a five- or six-membered aromatic ring having 0, 1 or



is O, 1 or 2, and has a value of 1 to 7. 7.A nethod of synthesis
according to claim1 of a |abeled conpoundconpound of gener al
formulae VI or Vla, 36 NX6-S2 -18F 032VI RL X1 X4 MR4 "JK, X Al

2 heteroatoms, which i1s unsubstituted or substituted with

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

Cl-Cé6 alkyl, or a combination thereof,
P is 0, 1 or 2, and

o} has a value of 1 to 7,

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

fegan
x5 x3

/*§

Ry Xy

X4 (H4

q

v

wherein Z is a leaving group, and X; to X5, R; to Rs, Si1, p,

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

direct radiolabeling with ‘°F.

2. A method according to claim 1, wherein 8g in step (b)

activated by phase transfer catalysts such as tetrabu-

tylamonium carbonate or aminopolyethers (e.g. Kryptofix®

2.2.2) 1in combination with potassium carbonate or ox-

alate.

3. A method according to claim 1, wherein Z is selected from

Hal, NO,, diazonium salts, sulfonate esters, including

mesylate, tosylate, pentafluorobenzoate, triflate,

donium salts, dialkyi/-aryl silanes, and silanols.



R2 (R5)13 R5 Vla wherein X1 to X5 are independently of each other C
or N, X6, X7 are independently of each other C, 0O or NNb R, R2 are

i ndependently of each other H Hal, -OR, -NHR, 012 al kyl, 01-012
al koxy, 01-012 al kanoyl, 02-012 al kenyP3 02-012 al kynyl, (01-012

al koxy) car bonyl, or (Cl- 012 al kyl am no) carbonyl, wherein R is H or
01- 06 al kyl, , R4 are independently of each other H, fornyl )
imnonét-myu, ﬁrf&% ,O‘%l-aéfﬁggFR?I L1210y 2 PAFKE/ NI Sl | KAREGED the
hal osubstit ut e @502 JJRRe¥e HRY $hHd ¥mutal v NO2, 01-012 al kyl,
a -C12 al koxy, 01-012 al kanoyl, 02-012 al kenyl, 02-012 al kynyl, (01-012
al koxy) car bonyl, and (01-012 al kyl am no) carbonyl, R6r R7 are

i ndependently of each other H or straight chain or 37 tuted by at

| east one ON, Hal, or NO2, Oo X7~ Ry
—R
e Ry ) ﬁI/WXG °
X3 X 0
X5 X
PN | 1 Rs
\ d
R X4 x4\(H)R4
q
v
wherein

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

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

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

tuted by at least one CN, Hal or NO,, or a group —Sz—1E

E,
wherein S; is straight chain or branched Cl1-Cl2 alkyl,
which is unsubstituted or substituted by at least one CN,
Hal, or NOj;, and wherein one or more of the non-adjacent
CHp groups may independently be replaced by -0-, -CO-, -
c0-0-, -0-CO-, -NR'-, =-N=, =-NR'-CO-, -CO-NR'-, -NR'-CO-0O-
, —0-CO-NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -S8-, =-SO3R’-,
-PR’-, or a five- or six-membered aromatic ring having 0,
1 or 2 heterocatoms, which is unsubstituted or substituted

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

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

with the proviso that at least one of Rg and Ry is a

group —Sg—laF, and

X1 to X5, Ry to Rs, p and g, are as defined in claim 1.



S2i s straight-chain or branched 01-012 al kyl, which is un-
substituted or substituted by at |east one ON, Hal, or NO2, and
wherein one or nore of the non-adjacent CH2 groups nmay independently

be replaced by -0-, -CO, -00-0- , -0-686-, -NR -, -N=, -NR -00-,
-CONR -, -NR-COO, -0- CONR-, -NR-CONR -,-CHCH, -CO, -S,
-SBR -, -PR-_, or a five- or six-nmenbered aromatic ring having 0, 1

or 2 heteroat ofis, "ORMeR iPSFSIHSt i fut €dadf shbsthegeda wiz hi ONStHaight
NOG2, COR, or , ' represen or, 01-06 _al kyl ., a
%‘HQ‘? o:’g;et&ecjir{l]c}g%d 21@]? o7 %Eyg, Vva\rpﬁcéhoﬁslutn uﬂas%ltuted or

conbi nati on ther eofn, and

conpri si ng the s342RS tQft )P OV Hb8Gt 2 cREECW,SUa0f §PT Bl aeoVl b o ye-
Vila, R (FFU I X555 (H11T R
or six-membered aromatic ring having 0, 1 or 2 heteroca-

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

kyl, or a combination thereof.

6. A method according to any preceding claim, wherein the

obtained compound has the formulae VI or VIa,

0 Ox - X77R7
Xg—S,—8F
Rz (Rs) A
Rs

X3 RS

Ry X7 “Xj ‘m

VI
—q 18
0 O X789 F
X6 Rs
Ry (Ra), “J N i
Xz/ | Xiﬁ)\ ‘ \\ O
~ q | Rs
R1)\X1 xy Im " Re
Via

wherein

X1 to X5 are independently of each other C or N,
Xg, X7 are independently of each other C, 0 or N,

Ri, R» are independently of each other H, Hal, -OR’, -NHR’, Ci-



R1X1 X4 M Vi

)y y 0"

Rz,

Rg,

Sz

0 Oy, x2--S2---z R2 (R3)-N kai-,\HO X217T(H)n 15 Rl

R4 nifll -4m 38 Vlla
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Cl2 alkyl, C1-ClZ2 alkoxy, C1-Cl2 alkanoyl, C2-Cl2 al-
kenyl, C2-Cl2 alkynyl, (Cl1-Cl2 alkoxy)carbonyl, or (Cl-
Cl2 alkylamino)carbonyl, wherein R’ is H or Cl1-C6 alkyl,

are independently of each other H, formyl, iminomethyl,

nitroso, Cl-Cl2 alkyl, C1-Cl2 alkoxy, C1-Cl2 alkanoyl,
halosubstituted C1-Cl12 alkanoyl,

is H, CN, Hal, NO,, Cl-Cl2 alkyl, Ci1-Cl2 alkoxy, Cl-C12
alkanoyl, C2-Cl1l2 alkenyl, C2-Cl12 alkynyl, (Cl-C12
alkoxy)carbonyl, and (Cl-Cl2 alkylamino)carbonyl,

are independently of each cother H or straight chain or
branched C1-Ci, alkyl, which is unsubstituted or substi-

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

is straight-chain or branched C1-Cl12 alkyl, which is un-
substituted or substituted by at least one CN, Hal, or
NGz, and wherein one or more of the non-adjacent CH»
groups may independently be replaced by -0-, -CO-, -CO-0O-
, —0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-C0O-0-, -O-
CO-NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -S-, -SO3R’-~, -PR’-
, or a five- or six-membered aromatic ring having 0, 1 or
2 heteroatoms, which is unsubstituted or substituted with
CN, Hal, NO;, COR’, or COOR’, wherein R’ represents H or

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

has a value of 1 to 7.

18

A method of synthesis according to claim 1 of a F-

labeled compound of general formulae VI or VIa,



wherein Z is a | eaving group, and
are defined as herei nabove,

direct radiolabeling with 18F. 8.

X1 to X7, RL to R7, S2, p, and q

and (b) subjecting said precursor to

A net hod according to clains 6 or

7, wherein S2 is straight chain or braséhed 01-08 alkyl, which is

unsubstituted or substituted by at

| east one ON, Hal, or NO2, or a

five- or six-nmenbered aromatic ring having 0, 1 or 2 heteroatons,

whi ch is unsubstituted or
COOR , wherein R represents H or
thereof. 9. A method according to
obt ai ned conpound has

substituted with ON, Hal,

the formul ae V

NO2, COW or
01- 06 alg Ix_q{ a conbination
any preceding ¢laim wherein the

X@—Os HNHO

Y2YINNNLI13 VII1 39 Rz (Rs), ~ N
0]
R X x4)m Ry
VI

Ro (Re)y é
Yo 7 : X ©
R{T X; X§'m
VIia

wherein

X1 to X5 are

independently of each other C or N,

X6r

Rl!

Rs,

Rg,

X7

Ry

are independently of each other C, O or N,

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

Cl2 alkyl, Cl-ClZ2 alkoxy,

C2-Cl2 alkynyl,

Cl-Cl2 alkanoyl, C2-Cl2 al-
{C1-Cl2 alkoxy)carbonyl, (C1i-
is H or C1-C6 alkyl,

kenyl, or

Cl2 alkylamino)carbonyl, wherein R’

are independently of each other H, formyl, iminomethyl,

nitroso, Cl-ClZ2 alkyl, Cl1l-Cl2 alkoxy,

halosubstituted C1-C12 alkanoyl,

Cl-Ccl2 alkanoyl,

is H, CN, Hal, NOp, Cl-Cl2 alkyl, Cl1-Cl2 alkoxy, C1l-Cl2

alkanoyl, C2-Ci2 alkenyl, C2-Cl2 alkynyl, (Cl-Cc12

alkoxy)carbonyl, and (Cl-Cl2Z alkylamino)carbonyl,

are independently of each other H or straight chain or

branched C1-Cy» alkyl, which is unsubstituted or substi-



Villa wherein, X6, X7 are independently of each other C, Nor 0, Vi,

Y2 are independently of each other selected fromH, straight chain or
branched C -06 al kyl, Y3is selected fromH, fornyl, nitroso, straight
chain or branched 01-012 alkyl, R6, R73dre 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, and

S2i s strai ght - ¢hdied &Y Bad@sed oneoLN alHall,, aghiNeh i s un-

substituted or substituted by at |east one ON, Hal, or NO2, and

wher ei rs,0ne or iR fi ghe-dirrad) ACePinOd=d 2cCYFOUPSaMBY 1, which is un-
i ndependently be replaced by -0-, -CO, -00-0- , -0-CO, -NR -, -Ns
-NR -00-, -CO NRbstitNRedCEO subgiiCOLRR by -NR le@skRons CHECHHal, or
-S-, -SABR -, -PR - | é)r five- or six-nenbered_aromatic ring havi ngc
0, 1 or 2 heteNGat o WHNETSE uRBELT t TPEE o st i PAREASWAERREN CH2

Hal , NO2, COR , rgogg-\mﬁr' r e t n..01-06 alkyl, or, ~_
a conbi nati on tgﬁg)rugof. Y4d"C ggﬁ%gg%éﬁ%ﬁé%-@ﬁﬁy@ ‘which ‘i SQIO ©
unsubstituted or -suHEst-,t HNRI hy -at=,| eadr’ -arte-,CNCAHaNR' qr N2 -Cor-Ca, -O-
five-or six-nmenbered aromatic ring, which is unsubstituted or

substituted w R R —Hal-NRNOEO-BBR-, ~6H=CoR Crkereir® R TEpRésentFR’ -

:LO;OELLFE ?:rxlbrpg %&%%ﬂbkﬂa%f%ldé%%é¥¥& 5¥%ﬁ§€¥¥“¥¥ﬁgjﬁ§¥f&f%ﬂgl or

2 heteroatoms, which is unsubstituted or substituted with
CN, Hal, NO,, COR’, or COQOR’, wherein R’ represents H or

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

o] has a value of 1 to 7,

comprising the steps of

(a) providing a precursor of formulae VII or VIIa,

Ox X~ R
0O 7 7
Xg—8,—<2
” 6 2
0

Ry (Ra, A
xR g X
/Ji | (Hq Rs
Ry X7 ~xSF'm Ra
VII
0 @) X7_82_Z
X_
R; (Rg), TN o
<7 Xa_\/\ . \\ 8]
2 l '(J(H)q | Rs
R){\X xFlm Ry
1 1 4



R2 (R3)/) AX3 | IX5 RIXI1 X4 (H 11l wherein X1 to X5 are
i ndependently of each other Cor N, Rl, A2 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 kynyB, (01-012 al koxy)carbonyl, or
(C1- 012 al kyl am no) carbonyl, wherein R is Hor 01-06 alkyl, R3, R4
are independently of each other H for i m nonet hyl, nitroso,
01-012 al kyl, 01-012 al koxy, 01-012 ayggﬂoyl halosubstltuted 01-012
al kanoyl , R5i s H, ON, Hal, N2, 01-012 al kyl, 01-012 al koxy, 01-012

al kanowheaze-i@nzz eilsk@wweaoﬁlngraidwnwnd 0%- 002 Xal kBxy)ead-boyl,, p, and g
(01- Olzarael Kk efa.m np) car.bonyl ,

and

18

r.

(b)

ined ‘as hereinabove,

subjecting said precursor to direct radiolabeling with

A method according to claims 6 or 7, wherein S, is
straight chain or branched Cl1-C8 alkyl, which is unsub-
stituted or substituted by at least one CN, Hal, or NO,,

or a five- or six-membered aromatic ring having 0, 1 or 2

hetercatoms, which 1is unsubstituted or substituted with
CN, Hal, NO;, COR’, or COOR", wherein R’ represents H or

Ci-C6 alkyl, or a combination thereof.

A method according to any preceding claim, wherein the

obtained compound has the formulae VIII or VIIIa,

VITI

Y2Y1N



41 , -0-00-, -NR -, -N5, -NR-00-, -CONR -, -NR-COO, -0- CONR -,
-NR-CONR -,-CH=CH, -S-, -SBR -, -PR- , or a five- or

si x-nmenbered aromatic ring having 0, 1 or 2 heteroatons, which is
unsubstituted or substituted with ON, F&, NO2, COR, or COOR ,
wherein R represents H or 01-06 al kyl, or a conbination thereof, is
O, 1 or 2, and has a value of 1 to 7, with the proviso that S1 does
not represent benzyl parasubstituted with 18F. 12. A conpound

according to claim11l having fornmulae VI or Vla, 00.,...-X7-R7
e :?jt, 111 R2 (R 3)P Xk3(3K)COv-kkO 1;4R5 RIX1 X4 X6-s2
0 O X7—' 2_18F
/@/M\N XG_RG
H
Ty °
Y,Y4N SN T
VIIIa
wherein,

X¢, X7 are independently of each other C, N or O,

Yy, Y, are independently of each other selected from H, straight

chain or branched C;-Cg alkyl,

Y5 is selected from H, formyl, nitroso, straight chain ox

branched C;-Ci» alkyl,

R, R7 are independently of each other H or straight chain or

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

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

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

substituted or substituted by at least one CN, Hal,

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

groups may independently be replaced by -0-, -CO-, -C0O-0O-

, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'~CO-0-, -O-

CO-NR'-, -NR’-CO-NR'-,-CH=CH-, -C=C-, -5-, -S03R’-, -PR’-

;, or a five- or six-membered aromatic ring having 0, 1 or

2 heteroatoms, which is unsubstituted or substituted with

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

Cl-Cé6 alkyl, or a combination thereof.

10. A method according to claim 9, wherein $S; is straight-



-18F VI

are i ndependently of each other C or N,

11.
wherein
X, to Xj
Ri, Rz
R3r R4
Rg

S1

0 0O-y X7 -S2 -18 F "..0--."---k. X6-R6 R2 (13) plN
),..,X3,---ntk0 X2- H5 k .0)( >ci IR5 RIX1 X4 M4 Vla wherein X1 to X5

40

chain or branched Cl1-C8 alkyl, which is unsubstituted or
substituted by at least one CN, Hal, or NQ;, or a five-
or six-membered aromatic ring, which is unsubstituted or
substituted with CN, Hal, NO,, COR’, or COCR’, wherein R’

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

A compound according to formula III

O
Rz (Ra), ~ | N—s;—'%
/ii/ l XST/A\fS \C\\Rs
1 S 1 Xf\“ﬁR4

I1T

are independently of each other C or N,

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

Clz alkyl, C1-Cl2 alkoxy, Cl1-Cl2 alkanoyl, C2-Cl2 al-
kenyl, C2-Cl2 alkynyl, (Cl-Cl2 alkoxy)carbonyl, or (Cl-
Cl2 alkylamino)carbonyl, wherein R" is H oxr Cl-C6 alkyl,

are independently of each other H, formyl, iminomethyl,

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

is H, CN, Hal, NO;, Cl-Cl2 alkyl, C1-Cl2 alkoxy, Cl-Cl2

alkanoyl, c2-C12 alkenyl, Ccz2-C1zZ2 alkynyl, {C1l-C12
alkoxy)carbonyl, (Cl-Cl2 alkylamino)carbonyl,

is a straight-chain or branched C1-Cl12 alkyl, which is
unsubstituted or substituted by at least one CN, Hal, or
NO,, and wherein one or more of the non-adjacent CH»y

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



42 X6, X7 are independently of each other C, 0 or N, R, R2 are
i ndependently of each other H Hal, -OR, -NHR, Cd 012 al kyl, 01-012
al koxy, 01-012 al kanoyl, 02-012 al kenyl, 02-012 al kynyl, (01-012
al koxy) carbonyl, or (Cl- 012 al kyl am nd)carbonyl, wherein R is H or
01-06 alkyl, R3, R4 are independently of each other H, fornyl,
i mnonmethyl, nitrgso, C-012 alkyl, 01-012 alkox 01-012 al kanoyl,
hal osubstituted 0T 'aITg\éFf'lo—yl NI s IR '(S‘\CI),"I—IaT(?IO'I%,"'Ol_-WiZCQ"IQTIf, -0-
01- 012 al koxy, 122 al kanoyl., 02-012al kenyl , 02-012al kynyl | ~012 ., _
al koxy) car bonylcg)lé\]%é (01%2%1% %j%ﬂ afi gg) ggr bo_n?/:rg R6, l%?’ arée(%%{ At
i ndependent |y qf cgach faker di ¥isifcditiiteL Raichaari dranchedOhPIR 1 or
al kyl, which is unsubstituted or substituted by at |east one ON, Hal,
or NO2, S2is st HeHRCCeians o igrcdhdife renerz tattied  oxvf s tiisued with
substituted or bsti tut by, at, | east , ON . Hal , or,NO2, and
wherein one or “Hor &%0f tlﬁgz’no “adj aten 8@2’ g‘i”%ﬁﬁ?iﬂa§ i RGEFERGLNEI ¢ °OF
be replaced by Qps a9Ry1,” W & comPrid@ion MBerest)s, -CO-NR -, -0-
CONR -, -NR-CONR -, - cH, -CO, -S, -SBR -, -PR- , or a five-
or six-Jrenber ed ;arOngti g rHin ving O, 1 or 2 heteroatons, which is
unsubstituted or s?dbstiotq:utzléd%vr\}%?h ON, Hal, N2, COR, or COCR,
wher ei QI R rep%%%e%t svalj|1uor 0%1'10 al7kyl , Oor a conbination thereof, is

7. 4

0, 1 or-2, and as “a value of 1 1o 3

with the proviso that S; does not represent benzyl para-
18

substituted with “°F.
12. A compound according to claim 11 having formulae VI or
Via,
OO X7~ Ry
Xg—S,— 8F
Ry (Ra), Z N v
S O
Xz/ | L/)\ 5 \
N N L s
Ry X7 ~x5S’'m R

VI

— 2.—18[:

X_
Rz (Ra), A o e
A\ | ( )C] |IQ4 Rs

¢

Ry Xy X&’m

Via

wherein

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



VIIlT Villa wherein, X6, X7 are independently of each other C, N or
0, Yif Y2 are independently of each other selected fromH, straight
chain or branched Cl1-C6 al kyl, Y3is selected fromH, fornyl, nitroso,
strai ght chain or branched Cl-Cl12 al ky#2 R6, R7 are |ndependently of
each other H or straight chain or branched Cl-Cl2 al kyl, which is

unsubstituted or substituted by at |east one CN, Hal, or NO2, and
S2i s st¥eai ¢ht - A& Ansedsnsiecidy ©f GEEhalagfier Whi &h ars Nun-
substituted or substituted by at |east one CN, Hal, or NO2, and

wher ei IR,QnN@,0r RS Qrﬁ:fepiefiﬁid?ﬁﬂyadiﬁc&é&h %*ZhgfoupSHamy L@@epen@lmt 7Ly c1-
be replaced by -0-, -CO, -00-0- - 0- , -Ng, -NR -00-, -CO NV
-NR -CO- O, -0L12 alkyl, C1-Cl2 alkoxy, C1-C12 alkanoyl, C2- ci2 al-

kenyl, C2-Cl2 alkynyl, (Cl-Cl2 alkoxy)carbonyl, or (Ci-
Cl2 alkylamino)carbonyl, wherein R’ is H or Cl-C6 alkyl,

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

nitreoso, Cl1-Cl2 alkyl, C1-Cl2 alkoxy, Cl-Cl2 alkanoyl,
halosubstituted Cl1-Cl2 alkanoyl,

Rs is H, CN, Hal, NOp, C1-Cl2 alkyl, C1-Cl12 alkoxy, Cl-Cl2
alkanoyl, C2-Cl12 alkenyl, c2-Cc12 alkynyl, {C1-C12
alkoxy)carbonyl, and (Cl-Cl2 alkylamino)carbonyl,

R, R7 are independently of each other H or straight chain or
branched C;-Ci, alkyl, which is unsubstituted or substi-

tuted by at least one CN, Hal, or NO3,

Sy is straight-chain or branched Cl1-Cl2 alkyl, which is un-
substituted or substituted by at least one CN, Hal, or
NO,, and wherein one or more of the non-adjacent CHy
groups may independently be replaced by -0-, -CO-, -CO-0-
, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-C0O-0-, -0-
CO-NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -$-, -SOszR’-, -PR’-
; or a five- or six-membered aromatic ring having 0, 1 or
2 heterocatoms, which i1s unsubstituted or substituted with
CN, Hal, NO,, COR’, or COCR’, wherein R’ represents H or

Cl-C6 alkyl, or a combination thereof,

P is 0, 1 or 2, and
q has a value o 1 to 7.
13. A compound according te claim 11 having formulae VIII or

VIiIla,



44 CO- NR

-NR -CONR -,-CHCH, -CC, -S-, -S@BR -, -PR-, or a

five- or six-nmenbered aromatic ring having 0, 1 or 2 heteroatons,
which is unsubstituted or substituted with ON, Hal, NO2, COR, or
ODOR , wherein R represents H or 01-083al kyl, or a conbination

thereof

14. Use of a conpound according to anyone of clainms 11 to 13

for diagnostic imaging of a cell or population of cells expressing a
folate-receptor in vitro or in vivo. 15. Use of a conpound accordi ng

to anyone of clains 11 to 13 for conveni ent o0
adm nistration to a subject in need for dlaonos ic im |Q%%1§6
Met hod for diagnostic inmagi

expressing a fol ate-receptor
adm ni stering at |east ondNco
to 13 in a dlagnostlc i
i mge of said cell or b

wFReti ve

I'TFs
comdri si ngyt he steps of
dccording to anyone of clains 11
nt Ysand obtaining a diagnostic

of cells. 17. Method according to

claim 16, wherein the dlagnostic imaging is performed of a cell or
popul ation of cells expressing a folate-receptor in vitro or in vivo.

18. Met hod for

invitro detection of WIt&l|l expressing the folate

receptor in a tissue sanple which includes contacting said tissue
sanple with a conpound according to anyone of clains 11 to 13 in
effective anbunts and for sufficient tine and conditions to all ow
bi nding to occur 45 and detecting such binding by PET i magi ng. 19.
Met hod of diagnostic inmaging or nonitorin agi gL conprising the

steps of (i) admnistering at |east oneoc according to anyone
of clainms 11 to 13 in a diagnostic j Xe (i)

perform ng di agnostic i glng usi ng
said at | east one co
i nfl anmat ory| angl a
conprising the stepsnof N1
t her eof at

cancer or

a signal

T b detec ing a signal from
hod of nonitdPing therapy of
ne di seases in a subject

Nadnl F stering to a subject in need

| east one conpound according to anyone of clains 11 to 13
in a diagnostic inmaging anount in conbination with a therapeutically
active, and (ii) perforni ng diagnostiVd lilsagi ng usi ng PET by detecting

fromsaid at | east one conpound to foll ow the course of

t her apyhefredancer or inflammtory and aut oi mune di seases. 21. Method
of clainms 19 or 20 used in conbination with any ot her nethods of
di agnosics & t heeapydebegdeeell yobsi Bhlcamsahery cand auwt o, mmune

di seases.
er

S

Yo

are independently of each other selected from H, straight

chain or branched C,-Cg alkyl,

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

branched C:-C;; alkyl,

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

tuted by at least one CN, Hal, or NQO,;, and

is straight-chain or branched C1-~C12 alkyl, which is un-
substituted or substituted by at least one CN, Hal, or
NO,, and wherein one or more of the non-adjacent CH»
groups may independently be replaced by -0-, -CO0-, ~-CO-0-
, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0O-



14.

15.

16.

17.

18.

44

CO-NR'~, -NR'~-CO-NR'-,-CH=CH-, -C=C-, -S-, -SO3R’-, -PR'-,
or a five- or six-membered aromatic ring having 0, 1 or 2

heterocatoms, which is unsubstituted or substituted with
CN, Hal, NOp, COR’, or COOR’, wherein R’ represents H or

Ci-C6 alkyl, or a combination thereof.

Use of a compound according to anyone of claims 11 to 13
for diagnostic imaging of a cell or population of cells

expressing a folate-receptor in vitro or in vivo.

Use of a compound according to anyone of cliaims 11 to 13
for convenient and effective administration to a subject

in need for diagnostic imaging.

Method for diagnostic imaging of a cell or population of
cells expressing a folate-receptor, said method compris-
ing the steps of administering at least one compound ac-
cording to anyone of claims 11 to 13 in a diagnostic im-
aging amount, and obtaining a diagnostic image of said

cell or population of cells.

Method according to claim 16, wherein the diagnostic im-
aging is performed of a cell or population of cells ex-

pressing 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 con-
tacting said tissue sample with a compound according to
anyone of claims 11 to 13 in effective amounts and for

sufficient time and conditions to allow binding to occur



19.

20.

21.

45

and detecting such binding by PET imaging.

Method of diagnostic imaging or monitoring a subject com-
prising the steps of (i) administering at least one com-
pound according to anyone of claims 11 to 13 in a diag-
nostic imaging amount, and (il) performing diagnostic im-
aging using PET by detecting a signal from said at least

one compound.

Method of monitoring therapy of cancer or inflammatory
and autoimmune diseases in a subject comprising the steps
of (i) administering to a subject in need thereof at
least one compound according te anyone of claims 11 to 13
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 or inflammatory and autoimmune diseases.

Methed of claims 19 or 20 used in combination with any
other methods of diagnosis or therapy of cancer or in-

flammatory and autcimmune diseases.



