WO 2013/ 026842PCT/ EP2012/ 066236 1 18: F- Sacchari de-Fol ates 5 Field of

I nvention The present invention is directed towards new 18F-fol ate

r adi opharwaceisiizesks, wherein the 18F isotope is |inkedperarPaoipnoeihetic
group, nore specifically via a prosthetic group 10 conprising a sacchari de
group, such as cyclic nono- and oligosaccharides, which is covalently

| inked to the glutamate portion of a folate or derivative thereof, a nethod
of their preparation, as well as their use in diagnosis and nonitoring of
cancer and inflammtory and aut oi mune di seases and therapy 15 thereof.
Background Cel |l -specific targeting for delivery of effector noieties such
as diagnostic or therapeutic agents is a widely researched field 20 and has
|l ed to the devel opnent of non-invasive di agnostic and/or therapeutic

medi cal applications. In part¥gudcidridegdelbof nucl ear nedi cine
procedures and treatnents, which enploy radioactive materials emtting

el ectromagnetic radiations as 7-rays or photons or particle emtting

radi ation, selective 25 localization of these radioactive materials in
targeted cells or tissues is required to achi eve either high signa
intensity for visualization of specific tissues, assessing a disease and/or
nnnlto%J ffects of therapeutic treatments, or high radiation dose, for
delive 1ﬁ§ of ionizing radiation to a 30 speci fied di seased
site, mnthout the rlsk of radiation injury in WO

2013/ 026842 0T¢ €92012/0662860on is directed towards new ‘°F-folate

radiopharmaceuticals, wherein the g isotope 1is linked via a
prosthetic group, more specifically via a prosthetic group
10 comprising a saccharide group, such as cyclic mono- and
oligosaccharides, which is covalently linked to the glutamate
portion of a folate or derivative thereof, a method of their
preparation, as well as their use in diagnosis and monitoring of

cancer and inflammatory and autoimmune diseases and therapy

15 thereof.

Background

Cell-specific targeting for delivery of effector moieties such
as diagnostic or therapeutic agents is a widely researched field
20 and has led to the development of non-invasive diagnostic and/or
therapeutic medical applications. In particular in the field of
nuclear medicine procedures and treatments, which employ
radiocactive materials emitting electromagnetic radiations as
y-rays or photons or particle emitting radiation, selective
25 localization of these radioactive materials in targeted cells or
tissues is required to achieve either high signal intensity for
visualization of specific tissues, assessing a disease and/or
monitoring effects of therapeutic treatments, or high radiation
dose, for delivering adequate doses of ionizing radiation to a

30 specified diseased site, without the risk of radiation injury in



2 other e.g. healthy tissues. It is thus of crucial interest to determ ne
and assess cell-specific structures and in particular structures that are
present iwocas#26§42t unors (i.e. cancer) or inflamuatorypramErauosémane

di seases, such as receptors, 5 antigens, haptens and the |ike which can be
specifically targeted by the respective biological vehicles. The fol ate
receptor (FR) has been identified as ofe of these structures. The FRis a
high-affinity (KD < i Onenbrane- associated protein. In normal tissues and
or gans oEReexpz essi bral@hiys thighles restriict edhio ofil yrandie oigassefe. go

ki dney,. | ungs, choroids plexus, _.and pl.acenta), where it |argely ogcurs at

t he |uf?ier¥§|r9“slﬁﬁﬂf a%rég of SRBF B hEFitAr SEFH-S L4n & IS T Hhieroe oﬁ"éefk nbg Bappriced ki t h
fol at e gieuide &g et | ghe sERtal phach se f bequenidrs overexpegased)on @

wi de variety of specific cell 15 types, such as epithelial tunours (e.qg.
ovar i adpfdempiadalry endodet rAvdloinpresst , devtasest al sudhdneys | megeptors,
nasophar ), ereas the FR-beta s, freqguently overexpressed 4.n

I euigae%n)aeq%:el%ls)g (;H[;a rtoexr%S 707% ofp%%utiel]r{rflel gg%ﬁ%uscﬁgukggm aSp(e,&leiLfl)lcéarlely
FR- bet aspogittddve)y. tBet hrgme dthierelarg R disedeas cd ewal uabl e t umour 20

mar ker for selective tunour-targeting (El nakat and Ratnam Adv. Drug Deliv.
Rev. 2004 56131067-@Heptddr aderii ans t BeeR-ibRIn iirsefor a3 handesn fround on
activated (but not resting) macrophages. Activated macrophages are involved
i n i nf IS&mAvRtorse pat RBodifesiguch asger-gifinelvat(dod <ar thri t¥s, Mesdtisasi-s,
25 Crohn' sdi.: , ivecol j1] ystem.cl.upus _ .
oyt heRatabs Arhey BE S bt ot et Se ToSPuSar B« PEORBF oS T SRR 5,
i nfectiienshighty Thetkiterdt uree seperbs feavermajary ecéiqi cal datydi asirafs,
fol ate- based i rrgg%qr{ng%‘agent s for detection/localization of sites of 30

i nf | amfaaTEh 95 s POfatRdEditlor YhrERt &4 tIRei9spyY oPCthededi Eifses.
Recent l1yymig Ll | ndCaf, & udyr hasp,begd: publ i sbedst hahgrepar t $ Hhe Agsul tg,0f

i mgi ng studies in patients ngh rheunmatoid arthritis using the Fol at eScan
(Turk etupgllied W2013/ 626842 PCIh EPRDE2/ 066286a81iAnt hr Thies &iRd aRpéwdnatiism
2002, % 1947-.1955; Paul os et al .. Adv. Drug Del.i v. Reg. 2004, _56, 11
1205- 12173 HenYet “AI°T SFRAREE so&esaearwclh & ‘Yﬁ‘éﬂrlgé)}’ 28 5,89?C%TOQ 31F
Hattoricglesl . ,sBiOl .ok RhariRe BWl . 2006:r 29, (el2.6- 1h20Gi1i Lhandiaseka gt al
, J. 5 Bioned. Mat. Res. Part A 2007, 82, 92-103; Varghese et al., Ml.
Phar na CARARE 2007, Breg?d- 683l arewtetl al K1 Mistovédand aFrdiadpiiefa ot

folic-agjd-hased,recept argeti i;nagi py: of d
i 1 e oy i Seaeett 3008 4t 120 150 NArt SLon et ar el e an g
Experi mexitlal Rmunet ol gy 102088pt27my253892568)s Eelikeeadiad, (ANii)chries Hrased

on a er.i di ne skel eton_conjugated through _a benzoyl am no i to a
Ol Ut aEEE S e TE LV gy | DAETyBE Ui AL Tt T NG vEl VoA taiEd R he

pasy 1lomaredds Bsrt aedeti-ngeademicuf-a e iGg) | g’ﬂﬂa}@it t Begapauthiag, andwr 15
di agnostic agents to cell populations bearing folate receptors in order to
achi evrmigelPediivve Bovicermtttii oh 6ot ObheBapeutit andidd odi-aghbst i R s

In SLKﬂ&é%%Af%lrehg%iqukgan%gEhdcehh§. activated (but not resting)

macrophages. Activated macrophages are involved in inflammatory

pathologies such as e.gq. rheumatoid arthritis, psoriasis,
25 Crohn's disease, ulcerative colitis, systemic lupus
erythematosus, atherosclerosis, diabetes, ostecarthritis,

glomerulonephritis, infections, etc.

The literature reports several preclinical studies of folate-
based imaging agents for detection/localization of sites of
30 inflammation as well as folate receptor targeted therapy of
these diseases. Recently, a clinical study has been published
that reports the results of imaging studies in patients with

rheumatoid arthritis using the FolateScan (Turk et al.,



Various folic acid derivatives and conjugates are known and have
been(pre)clinicallyeval uated,includingfol ate 20 radi opharnmaceuti cal s
(Leanon awod2bhova2eéddeug D scov. Today 2001; 6:44-51; US 4p2TA&P2BAN66236
fluorinated fol ate chenot herapeutics (US 4, 628,090), folate-conjugates with
chenot her apeuti c agents (Leanon and Regdy, Adv. Drug Deliv. Rev. 2004;
56:1127-41; Leanon et al, Bioconjugate”Chem 2005; 16:803-11), with
proteins 25 and protein toxins (Ward et al,. J. Drug Target. 2000;

8: 119-2B8thteamen atd aRhedmaBiicn, Ohep K393; 1268-24847- Fpuleaneit add- Low,
J. Drug Target. 1994; ,2:101-12), wth antise | i ucl eotides, (Li,et al,
Phar mgﬁgs. ?5@@; %@:11%740- %&?;V ‘th\(l)zgoa%d Lrgeée', Eqéj"[;%lgoﬂmlﬁﬁn ReVT 2804

56: 1198 2R4) t1w tﬁéééa@@m@smb@gpg@d&w B0 Biochim Biaephys. et al.,

Act a- Bi onenbr. 1995; 1233:134-44; bi zon et al, Adv. Drug Deliv. Rev.
2004; BEO117%- FPprmwi tBwlHaptZ Gvol &tul Bxl {Patd s @randraseke ©F uglbel Pv.
Rev. 2Q04. 56: 5- 26834 2PCT{ EP20] 2/ 066 y oA

co\r/?t rag%ogaght élégKoﬁ&ngfp%;r?{ %gn.ﬁRei%n?%%%'Pﬁg?%%% ewbéb 2’5%21

12: 104ph3)mateutkekat @ 00adi ophar muewdcal SLaan de ial parbisobaeryer ynd
useful for _an inproved diagnosis and eval uation of the effegiveness.of 5

cancerdﬁﬁﬂlpﬁmﬁéﬁ‘wﬁ%r;Oéﬁﬂi‘éﬁtléi“ﬁﬁﬁﬁél o SRR hEREES ELHHI sF Hay HPAEGde
assessgeAt /Oy PEedicghicer ofnf 1HEalMRAoF $SBOBEE R Lgansequent hyo-

i nprovenent of radiation dosinetry. Typical visualization techniques

sui t ablLé% orMantespmagiing adr.e kAdwnicalt hendr tExpet imesitede pbsimpselogy

en ssi o] ra PET), planar 10 or single photon em ssion conputerized
t gr%ﬁ%’?%%EC%g%i—%ggiTng, gama caneras, scintillation, and the |ike.
Bot h PET_and SPECT use radjotracers to imge, .nap an sure activities of
tar get "Sites T CThol" ér.C?lYe]tS w{‘iF‘P@dPé’ﬁ u§e§%_§5slidtlrn§n %ﬁ?ﬁ iy TEPI"dEs “hi ch
requi r enaoRear bya CY ¢ledt QN .amk 20SPERd: #8¢S £iongl £ photeamgme! ti ngnaucliicdes
whi ch are avail abl e by génerator systens, which may nake its use nore
convenident valdwererh SRECTh p$ obeers Lnéss ss@rsivt iskudyj schaaVeRET-RadPBESi de a
few approaches quantification nethods el Lng. kn °ET,

positr gzﬁagﬁniahsl I aaﬁ%entlrne%uefqesn?sn (\)/\g Bgme?g%ggf OElEﬁgggﬁggtEﬁi gﬁltdgr%gvi de
t hes bagiis ghers tiel | ageves oped eriEnt pbpcakobnpeteds.ngThiisl PE irecepecafs t he
nost sophisticated functional im ingtaiB]echnol ogi es tQ assess re%i onal

upt ake 1&8ndCafEFnity GFhHCyEnd3 osreﬂrﬁﬁ 81 | ECBGREFFatesni rPhr &N TEARE YtiTer
or gans des SRR iRy ¢ iR Wef ahohia aehing ty.
25 Thi saqﬁ%go oﬁg%l%tg%;c I evleé(rquly%féléjm ni sl{lg;r ?zr%%a lposi tron er?i tting

i sot ope,._t subj-ect,_ an | g i Lye C e ys
esult VRS riem The b o et et O et o R P Y e R B s e ey

scannebechact or s(phatchieedcd bl e consvdenededn the dekéctiion of a BOate

sui tabl e i sotope useful for PET include sufficient half-1ife_of th%poos]l'
osi‘tion

pos? t r GROGARATRE GBS ¢ o (BBRAPE FPEhar A i of TP & di Hghost PE2¥or i
optiongl.ly iy ;a phag meeeus s gal | ¥1accenkabke reankbelchRio@hel-@ pemikisSt (g | on
to the patent, and WO 2013/ 026842PCT/ EP2012/ 066236 5 sufficient remaining
hal f - | 4,280 Q08I d sdlfliadieemondciiaviesy t oipbr m ¢hemetherapporeal agents
measurenent by a PET_scan. Furtherpore, ita IS .S I Ve a
suffi ci(getﬁalrﬁpr’ghm;hglefd-%ﬁ’f eg‘fjg’l i ?%?ngaﬁle%%‘tf' eg%eg‘éhr ?%ﬁ’un%elgls%fyﬁ'
radi at ireamolypitcadly, BacBosiiyabt echadli. opbaspraceusiosall 1 or wRER menoteilmsed
on a netal isotope, such as galliumor copper. These two reg)u.i re kﬁ:%wev%e.r a
chébat o G @t Yapheat1of (FRednBtaP L whilch Dy HaV&%n éftéct fon'steri’
and chemi cal, propefties. pALierpabhvehyod;radisophanmacayt iicamdmarhe hased
on a coval ent | y |inked isotope 10 which provides nininal structural

al t er ati.ombriRadlanget i dé89%4Gsed :lOA-d8Val entthatardclimas e anidi wdiiehl «Vul @ De

suitabl e for_  PET scanni ng_are Lcally.i.sotgpes w.t h or.t half.liv uch
as 11C ((Icla.etZOaEJrri n?k}aTﬁN {es: %8 i n)l,‘r”igg(a( gg 5‘91‘%0”)51, rei1é§’|§e(’c<3{Afd"ll’1O]S’l]?nu%).
15 To date,va RURber20b4¢hel @tierdmsamh f ol atiehr arli pphatemc gutdec absadhalvew been
synt hesi zed and successfully eval uated as _di agnostic agents faor_ imagin
f oBAt e Biexdptror - pésphivee tAGipr BI@oR t RO92P1 n1,23939h3ﬂ':g4%141"d’ 67@R1EL an%"n et
al - o DILeon 48, heptg002pe13,(6) rbe00: 2¥gel . 1l7:-oh) NGk £ echa2003,
44:700; iler et

molecules (Paulos et al, Adv. Drug Deliv. Rev. 2004; 56:1205-



20 al., J. Organonet. Chem 2004, 689:4712; Miller et al. Bioconjug Chem
2008, 17(3):797; Mailer et al. Nucl Med Biol 2011, 38 (5): 715) for SPECT
or with 680a0f3oneRBET (Mathias et al., Nucl. Med. Biol. PO0O&P2B0(06923¢25;
Fani et al., Eur J Nucl Med Mol Inmaging 2011, 38 (1):108). 25

| naddi tion, t herei sgrow ngi nterestinfol ate radi opharnmaceuticals having a
covalently linked isotope, in particulér a 18 F-labeled fol ate

radi ophar maceuti cal because of its excellent inmaging characteristics, the
| ong hal’f- | idiethof MREF contragtappgext sat(@oyndblCeim alif edacgand because MEBF

decays em tting 30 pqsitrons havi the | owest positron energy, which
aIIOWSPB§P‘?héO§haW5§§teﬁﬁﬂgegiwﬂﬁﬁ'g%ﬁi§%§resolution PET. Furthernore, the
1868 |l onger half-life of F (conmpared tq other isotopes such as G) . WO
2013/ 0368 22PCHAPIPIHTEEEIE GRS st oP2 By hEhEIBSVERYL UEFE UADIET

conpl expandysabebhi te S84 dutihon Lo, RET: coNL §fS whLh &pfégdiib&ﬁqt%ggstorfy
facilities. To date, reports in the literature iInclude 18F-1abele olic
acid deeingatr vesl hiavi igdieco 18R LG ot opeimhther disease | yherakgd Thisheay

fol ate.nmol.ecul e or through a prosthetic group. (WO 2006/ 071754, WO

2008/ 095113 M8 TR i 5008 155018, S b 687 98617 L CBROEFS 6k
J. NuCleonMR@en2QG6, 4fpfbvektd3;, ROES etadlatidh OCcQydigaite Lhemryp2QQ8,
19, 2402, Ross et al., J. Nucl. Med., 2010, 51(11), 1756). 10 Yet, many

net hoddliGgieds Zothian steehpiqiom draibairs fomc i g MadeLc onstinkRgwn  in
radi os he LV N J 1 cal .vields, V.Or
pharna%@%iﬁ%??cghéoﬁgﬁ%ﬁﬁ%%?gég?ﬁgg#n%hﬁﬁﬁggse§¥%%ﬁ§ﬂ%ﬂgpl?E%5>Th§§fﬂ¥ﬂére
i S1Gti ldr a sieedll ¢ or papeohf i erriadi iephar aeoeut ¢ cedsd 15tsubtyahpryf or( apetcabol i ¢
i magi ng of tunmors to inprove diagnosis and treatment of cancer and

infla Py Jan & S0 GRS i SEASES L AT carit™s e IHdW f ound effi ci ent
and versatile nmethods for production of new 18F-| abel ed fol ate

r adi opk&rackEt i cads s HS20 Hafk o8P Gesdt obe i8Rt r JRRit edN@| Aepsure

R e i kR
pr ef er ghlsy thased eon ta ipygr anosl iléesr Whir@nosiede.i rd peomererity mendrotofort,hi s
15 SPECT uses single photon emitting nuclides which are available

by generator systems, which may make its use more convenient.
However SPECT provides less sensitivity than PET and beside a
few approaches quantification methods are lacking. In case of
PET, the positron annihilation results in two gamma rays of 511
20 keV which provide the basis for well developed quantification
methods. Thus PET is one of the most sophisticated functional
imaging technologies to assess regional uptake and affinity of
ligands or metabolic substrates in brain and other organs and
thus provides measures of imaging based on metabolic activity.
25 This 1s for example achieved by administering a positron
emitting isotope to a subject, and as it undergoes radioactive

decay the gamma rays resulting from the positron/electron

annihilation are detected by the PET scanner.

Factors that need to be considered in the selection of a
30 suitable isotope useful for PET include sufficient half-life of
the ©positron-emitting isotope to permit preparation of a
diagnostic composition optionally in a pharmaceutically

acceptable carrier prior to administration to the patent, and



group is e.g. 2-18F Fluoro-2-deoxy-D-glucose (18 F-FDG, which is 25 one of
the nost wi dely used PET tracer in the world for in vivo assessnent of

regi onal wburomaees¥et abolic rates in humans. Approved di agmEpeeie/oeees Wit h
PET include its use for determ nation of myocardial viability and detection
of cancer, epilepsy, and Al zheinmer's disease. However, there are only very
30 few exanpl es using 18F FDG as a bui Pdi ng bl ock or prosthetic group for

t he radi osynt hesi s of 18F-1 abel ed conmpounds. WO

2013/ 026842PCEhEP20:1i 1066236h 71 Appl Feantos hawed f euidithahtt hestniem topnpounds
of the invention are able to overcone the drawbacks of known coblku ates and

meet t RBTRUFr EFTTAEEAE PHY SEHOWSAG I&Perd Padviartiage3ciduet thtRe Cthéir

chem cal;; apdher 1@8&%@' sgbatacteristd csyrepesLiii €@l layotrheina hydr ophi kic
character, etc.), such as inproved |labeling efficiency at |ow |igand

concenﬂmthi:orpatbleem@r ehipodivgter | but ivamedescreysedadaageont | Sywpe agptlake and
bet§ er cl %agﬁmce from.non-targete t| ssueﬁ;ﬁnd or ans 10 I\/breover tge new
P

conpounas of~the % l%%kf?%ﬁa%? obtai rfigffl 5188(1 ?el (?get Reet® tfie al

expect akbebpef, orsuwarcldfi gal 1 appl b@abbgpeh:n RS .t W 2stgiitOnholibec new
radi osynthesis is applicable in an automated synthesis nmpdul e which all ows

a fast CBRAAEBAVHTent FEBRTFRE BFoddduree bl chvinel sTele ostfui ReneAfscsl
GW 15 gui delihes. Prg |dm na&yelhfcélitropgggekrel Lvo stm g&gged their

Sui tabl ity as powerful diagnostic agen - positive tum)urs Sunmary
of t herlad\lephammaz@ufheaﬁr esgntbe nweatdopni & icowientsty aspekeddisecbed to

n 18Ff ol te con ates conprising a fola b t
O pobha R i o S P et ot B Al ok oy Bay P BChe P P or
the 7-garboxylhteAti i QUL batly theashanddihe pe sdteapboOxydd< agird

group of the folate, nore specifically towards 25 conpounds of formula I,
Q 0 Ysgamyige 2nghdraisally isotopes with short half lives such as ''C
(ca. 20 min), I3y {ca. 10 min), 50 (ca. 2 min), 18F (ca. 110

min) .

15 To date, a number of chelate~based folate radiopharmaceuticals
have been synthesized and successfully evaluated as diagnostic
agents for imaging folate receptor-positive tumors (e.g. with
Wirn, *™¢ and ®Ga (Leamon et al., Bioconjug Chem 2002, 13
(6):1200; Siegel et al., J. Nucl. Med. 2003, 44:700; Miller et

20 al., J. Organomet. Chem. 2004, 689:4712; Miller et al. Bioconjug

Chem 2008, 17(3):797; Miller et al. Nucl Med BRiol 2011, 38 (5):
715) for SPECT or with °%Ga for PET (Mathias et al., Nucl. Med.

Biol. 2003, 30(7):725; Fani et al., Eur J Nucl Med Mol Imaging
2011, 38 (1):108).

25 In addition, there is growing interest in folate
radiopharmaceuticals having a covalently 1linked isotope, in

particular a Y¥r_1abeled folate radiopharmaceutical because of

its excellent imaging characteristics, the long half-life of e

(approximately 110 minutes) and because g decays by emitting

30 positrons having the lowest positron energy, which allows for

the sharpest images with a high-resolution PET. Furthermore, the

68

longer half-life of g (compared to other isotopes such as Ga)



WO 2013/ 026842PCT/ EP2012/ 066236 8 Z is a pteroate or derivative thereof,
YirY2 are independently of each other 0, Nor S, mis 1, 2 or 3, and

QL, Q@ arewondspessient |y of each other H, a protecting gPomEPI12a6@3¢r oup of
formula -L-A-L'-18F wherein L,L' are independently of each other a |inking
group, such as a coval ent bond or a straight-chain or branched C(1-8)alkyl,
whi ch is unsubstituted or substituted t§y at least one CN, Hal, OH NH2,
CO2H, N2, and wherein one or nore of the non-adjacent CH2 groups 10 nay

i ndependent | y1 bews edloac eslybyh@s @t otipaselaat edofeomordlex Ghd satellite
-00-0-,-0-00-,-NR -,-NR -00-,-CO-NR -,-NR -00-0-,-0-CO-NR -,- .

NR - CONREL LG HER b ctE! erders Wits Ro -r,ad-lﬁﬁm-l,s taw dacilgelgrs.

si x-menbered heterocycle, wherein R represents Hqr C(1- 8)alkyl, and 15 A
i s a sdCckEide THBUP-S wit hthhel brovdsere hitchiede eastrlerelefl Golandadd s a

f f. la -L-A-L'- 18F. . i ficall h t i ti i
gir?g(p:)t gj(?rtlgf\rﬁar{?lggesco ouHds® %wi1 grjfeso?S ece!a él?f&%XZ %ﬁgﬁfie?wkgéi%ﬁz%ﬁel >
wheg ei B AL HO X1 akg1éndependentdy of peachnather {mod) oOryl. RiRfRrably N or

0, WD 2013/ 026842PCT/ EP2012/ 066236 9 C(2- 12)al kenyl, C(2-12)al kynyl, - OR5,
- OOR5, WODOUIRES / O NHRS? , - WOORIERS,/ 12GONERS, Wanh2d @8 Al 156 T Bpr B8e @09 8K 1 45613,

C(1-12)al kyl 2-12) al kenyl ,, C(2-12)a yl, - , T ', »~COOR , or

- NHR ,)B\ﬁr#écrledl n ai%é’ HJJ(;r %Clll-B)%?%y1 , EQXE@ 4I5724(q§r’e }ﬁpeﬁd}éﬁﬁ I ?/tofﬂéach
other Hidudipsgat&(Thdd).gl kydos, OB, 2€0R, absbakesubsti tut a@ic1CORed. ,
wherein R represents H or 0(1-8) alkyl, Yi,Y2 are independently of each
other @044 r0rP1S1mi s 56)2 or 3,

10 Yet, many methodologies still suffer from drawbacks including
time-consuming radiosyntheses giving low radiochemical vyields,
or unfavorable pharmacokinetics for molecular imaging purposes,

and the like.

Thus, there 1s still a need for specific radiopharmaceuticals
15 suitable for metabolic imaging of tumors to improve diagnosis
and treatment of <cancer and inflammatory and autoimmune

diseases.

Applicants have now found efficient and versatile methods for

production of new 85 _labeled folate radiopharmaceuticals wherein

20 the P®F isotope is introduced via a prosthetic group, more

specifically via a prosthetic group having a saccharide group,
such as a cyclic mono- or oligosaccharide, which are preferably
based on a pyranoside or furanoside. A prominent member of this
group is e.g. 2-18F Fluoro-2-deoxy-D-glucose HﬁF—FDG), which is
25 one of the most widely used PET tracer in the world for in vivo
assessment of regional glucose metabolic rates in humans.
Approved diagnostic uses with PET include 1its use for
determination of myocardial viability and detection of cancer,
epilepsy, and Alzheimer's disease. However, there are only very

30 few examples using Y¥r_rDG as a building block or prosthetic

group for the radiosynthesis of ®r-labeled compounds.



10 r has a value of 1 to 7, pis 0 or 1, QL @ are independently of each
other H, protecting group or a group of formula -L-A-L'-'8F, wherein L, L'
ar e i ndepeoderstd2ys4of each ot her a |inking group, such agCa/EP2oicnv@Bent bond
or a straight-chain or branched C(1-50)al kyl, which is unsubstituted or
substituted by at |east one ON, Hal, OH NH2, CO2H, NO2, and wherein one or
more of the non-adjacent CH2 groups may i ndependently be replaced by a
group sel ected from

-0-,-C0,-00-0-,-0-00-,-NR -,-NR -00-,-CONRf-,-NR -00-0-,-0- 20-S-R -,
-SCBR‘-, Qr flve- or siXx- nenbered heteroc cIe wherein Rf represents H or

C( 1- 8) é\rpmlca@ﬁ& A3Ee g Toxaehafhafe §P8uglevw EAMPABN PP 0wils oL Bhatl NAE It QS
one Ofageiﬁﬂiél%bso@egﬁgﬂg %%eZ%ﬂéwHQHH% -df Acdown 8E. n# %§9§§'5h8 eet

enbodi ments the saccharide group 1s a cyclic nbnosacc e or cyclic
ol i gos&dﬂ@haqcudeebasecbaﬁs abpyrenosirde, sprvefreflaldgvadapted (Hunemab | ese,.

alt Iuco nose, . gul os |do e, gal actose and tal

urnodhfar ST n bl e e o Frkorh 1 I DESEC Riabitose. SPesad i Catd Y

| yX0se theWd 2ngakegﬁwzeddﬁ?&lt?éﬁ66386 12 predier abl yigh Hepse antheling
gal actose. Thus, in specific enbodinments the present invention is directed

t owar d€ Tddmicisds MavilAy flomilda ¢oneentyapion  |petter biodistribution,

increased target tissue uptake and better clearance from non-

targeted tissues and organs.

10 Moreover the new compounds of the invention are obtainable in
good yields to meet the expectations for a clinical application
in humans. In addition, the new radiosynthesis is applicable in
an automated synthesis module which allows a fast and convenient
labeling procedure which meets the requirements of GMP

15 guidelines. Preliminary in-vitro and in-vivo studies suggested
their suitability as powerful diagnostic agents for FR-positive

tumours.

Summary of the Invention

185

20 The present invention is in a first aspect directed to new
folate-conjugates comprising a folate, and a ¥ substituted
saccharide group, which 1is linked to either the a-carboxylic

acid group or the y-carboxylic acid group or both thea- and the

y-carboxylic acid group of the folate, more specifically towards

25 compounds of formula I,

wherein



5llla (RAD R2 X5k3 IX2 /X" (M-R Illb (R3)p R 5(.31X.21R4/X--"R
(H, 4 X1-1 18F Illc wherein WD 2013/ 026842PCT/ EP2012/ 066236 11 X1 to
X5 are i ndepersdensdy of each other C, N or 0, preferabl PCWEPR012/066236

Z 1s a pteroate or derivative thereof,
Y1,Y, are independently of each other O, N or S,
m is 1, 2 or 3, and
Q1,02 are independently of each other H, a protecting group or a
5 group of formula —L—A—L’—lsF, wherein
L,L"” are independently of each other a linking group, such as a
covalent bond or a straight-chain or branched C(1-8)alkyl, which
is unsubstituted or substituted by at least one CN, Hal, OH, NH,,
COoH, NO;, and wherein one or more of the non-adjacent CHy groups
10 may independently be replaced by a group selected from -0-, -CO-
, -C0-0-,-0-C0-, -NR' -, -NR'-CO-, -CO-NR' -, -NR" -C0O-0-, -0-CO-NR' -, -
NR"-CO-NR' -, -CH=CH-, ~C=C-, -0-C0-0-, -S-R’-, =-SO3R’-, or a five-
or six-membered heterocycle, wherein R’ represents H or C(1l-
8)alkyl, and
15 A is a saccharide group,
with the proviso that at least one of Qi and Q, is a group of
formula -L-A-L'-°F.
More specifically the present invention 1is directed towards

compounds having formula IT

?1
Rz (Ra) /©/U\NH Ve
X X3l/\X5
~ |

20

1T

wherein

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

or O,

25 Rj, R, are independently of each other H, halogen, C(1-12)alkyl,



Rl, R2 are independently of each other H, hal ogen, C(1-12)alkyl,

C(2-12)al kenyl, C(2-12)al kynyl, -0R5, -COR5, -COOR5, -NHR5, - 5 CONHR5,

- CONHR5, wbensimef®® represents H, halo, C(1-12)al kyl, CpeTEPrakioesrys
C(2-12)al kynyl, -OR, -COR, -COOR, or -NHR, wherein R is Hor

C(1-8)al kyl, R3, R4 are independently of each other H, nitroso,

C(1-12)al kyl, -OR, -COR or hal osubstPtuted -COR, wherein R represents H
or 10C(1-8)al kyl, YifY2 are independently of each other 0O, Nor S, mis 1,
2 or 3¢ (p-hasaaxeakde ot (2-19)41kPnis,0 ORI, 1TIRL, 1, 1toerl2 r-Miks,are

i ndependently of each other a |inking group, such as a covalent bond or a
st r ai ghtonegRaj n -ecoMrchetdeeln 8)al kybrewbhneb i, unsuksti tytted2ornlkyl,
substituted by at |east one CN, Hal, OH NH2, CO2H, NO2, and wherein one or
nmore of (EheéZnen&eradentC Gl yrabipgnyy rRBépermdeRy bEOPEPLacwd bYHR gr oup

20 sel fram-Q-,, - 1~ Q-9+, ~0-00-,-NR -, -NW0O0-,-CONR -, -
NW 00- %ﬁte(%%l%o%\l l%, ?{NQ%?S&N%%?—%%&% . .CE=C-,-0-00-0-, -S-R -,
or a five-_or six-nmenbered heterocycle, wherein R represents H

O(158) RikyRs are ipfepsnaea HludaiorRRih | SL1E eAchnbERBFOH, Con -4 2pPokedei ng

group, _25R6, R4 r - nd. R7, R8 l,are_j ent |y of
oo & ’H!?%-d&, (4 h%i@%%%%ﬁ(? b oo oR e Fehof SR D e 0.5
regi oi sqnesiealdy ,pure form Thus, in sone enbodi nents the conpounds of the
invention conprise a 18F-substituted saccharide group, which is linked to

only the a:carboxyhigeaghd: 9y 0Yp, o8y 0t hes, eybogi gENE s the conpounds of the
i nventi on conprise a 18F 5 substituted saccharide group, which is |inked

to onl y tike 1y- @ardroxyl i ¢ acid group of the folate. In a further aspect the
present invention provides nethods for synthesizing a conpound of the
i nvent Folt 3G & Mégivsi Soneritalll'y pure formor as a nixture of regioisoners).
10 In yet a further aspect the invention provides pharnaceuti cal
conposift iténd &&npri si ng a di agnostic i magi ng anount optional Iy toget her
with a therapeutically effective amount of a therapeutic agent of choice
and a ghar @aceuts caldgpavbaptabl ef carchenthker éf,orprdiedniag f groher oaspect
the present invention provides yges of the conpounds and/or pharmaceuti cal
conposidgricons odf fdranpreeséntA-ildventi onhéveisonveni ent and effective

agtion tp a subject in need for diagnostijc ineging or nnnktoring of

adm ni str r
Fadi of RefapyA ST Sabs BEE b t R RECRoGLTSE thet i GStht 950%F nyBHERoR S &

pref er alws 1@d@MRing sueh as anrafyRBlcRiid e roiafesr akl m -ahwma:n I n a
further aspect the present invention provides a single or nulti-vial kit
cont ai milvighal 1 s ofinphkestoporentoy nedoelditwred by at least one CN, Hal,

OH, NH,, COsH, NO,, and wherein one or more of the non-adjacent

CHy groups may independently be replaced by a group selected from

-0-, =-C0-, -C0-0-,-0-CO-,-NR’'-,-NR'-CO-,-CO-NR'-,-NR'~CO-0-, -0~
20 CO-NR'-,-NR’'-CO-NR'-,-CH=CH-,-C=C-,-0-C0-0-, -S-R’-, =-SO3R’-, or

a five- or six-membered heterocycle, wherein R’ represents H or

C(1-8)alkyl, and

A is a saccharide group,

with the proviso that at least one of Q; and Q» is a group of

25 formula -L-A-L’-°F.
In specific embodiments the saccharide group is a cyclic
monosaccharide or a cyclic oligosaccharide based on a
pyranoside, preferably selected from allose, altrose, glucose,
mannose, gulose, idose, galactose and talose, or a furanoside,

30 preferably selected from ribose, arabinose, =xylose, and lyxose,



prepare the conpounds of this invention, other than the 25 radionuclide ion
itself. Other features and advantages of the invention wll be apparent
from t he wol2bm2esy2det ai | ed description thereof and frorcrhe2ahkasése WO
2013/ 026842PCT/ EP2012/ 066236 13 Figure 1: (A) Synthesis schene of 7-folate
al kyne precursor; (B) Synthesis schene of a-folate al kyne precursor. EF
18, Figure 2: (A Synthesis scheme of0the 7-regioi somer ofor
[ 19F] - gl ucose fol ate conpound; (B) Synthesis schenme of the a- E18F, _ 5
regi oi poseerabjlyoylht8kk- ghucgageatebate conmpound. Figure 3: D spl acenent
curves of the two regioisoners a-glucose folate and 7-glucose fol ate and
folic agud, (SquUas®scTeRf e8@Pbd TmedBs Phi_ pledease fiplaitg,ordi aeoadsected
represent a- [18,- Fl-glucose glucose folate, triangles represent folic
aci d) . teparpguFremgoupdy btepasi senmstabilédrst FLBOti 6Aldat a between the a- -
En_tj_y En glucose folate andri_ glucose folate 60 mn p.(B) Conparison
of biodistribution data between tBe a-['8F] -glucose folate and
7-[ 18F] - gl ucose fokg%e 90 mn p.nﬂ -

1

Y O
R | 0 0
7%‘—2\ NH Ra. R
Rs L, Y, m (k@p 2
18¢ LY AN

Ry X6 X0 Ry

5 ITTa

I1Ib
i
R10N\/%O
R
oy
?Re 18 Y1 .0
O O
" L2, /U\MfNH Rs)o R
Rg Yy m (5(3)p 2
‘l—z )'(5/\( 3| \)X\z
18F / =z
R4 (H)r X4 X1 R1
II1c

10

wherein



Figure 5 Maximal intensity PET inmages of a-En tj_ glucose folate 15 and
7-118 F]-glucose folate at tinme point 75-105 mn p.i with (a): tunor, (b):
liver, (cwo2gsd2td4adder, (d): kidneys, (e): intestines/Perar20iDotass ed
Description of the Invention 20 The present invention is in a first aspect
directed to new 18Ffol ate-conjugates conprising a pteroate or folate (or
derivative thereof), and an 18F- substithted saccharide group (hereinafter
al so call ed conpounds of the invention), wherein the 18F- substituted
sacchai deo gxoupel S dddpeadidra 161 tdheredibie athdd carbox i¢, agrdrgragpyon t he
y-carboxylic acid group or both the a- and the y- carboxyllc acid group of
the folat &, nore specifically towards conpounds of formula I, WO

2013/ 026842PCT/ EP2012/ 066236 14 wherein Z is a pteroate or derivative

t hereoRR,, SRY12¥2 angidpderendentdy &fcieasthet hel Qalbgehn, Sc(m-19)bikZigr 3,
and Qr @ are independently of each other H a protecting group, or a
group of(2-demallafewhier eiCn 2k,1R") adkgniyndepeadent |ACaHs,eaecO0ORher aNHRNKI RY
group, such as a 10 coval ent bond or a straight-chain or branched

C( 15 5op@mkm5, W@%HRS, um@@b@tiint uRed reprewlesitist uled Hpylat  ICddstl 20re kQN,,

Hal NHR, @ggg%y g wherein one or nore of the non-adjacent CH2
groupscﬁgylﬁﬁ éﬂtl§ %el Lot 5¢e¥8 by “#Rgroup- SRl ect é4OR om - NAED,
00 0 vy R 1o MR Q1O -NR 00 0., -0- 15 QO NX - -
R-CONR -,-CHCH -0- SR - -SCBR'-, or a flve- or

si x- menper ed heteroc mﬂﬁ represents H o 1- d

a saccﬁgfl é grou epeﬁde fﬁﬁ% d?% %gﬁﬁﬁtﬁatnﬁggg% “6ne &#ﬁé 3%‘1Q2 IS
a QVOUQON'ZNHGUHﬂ”éE Hal&bﬁbséﬁ%ﬁté@recéﬁec'%hé@ékM Rth%e%QQE@HQQSHQ%r
formula | nay be represented by conpounds haV|ng formul ae

~"110 WO (2083/2026842PCT/ EP2012/ 066236 15

Y:,Y> are independently of each other O, N or S,
mis 1, 2 oxr 3,
r has a value of 1 to 7,
p is 0 or 1,
15 L1,L:",5Ly,Ly" are independently of each other a linking group,

such as a covalent bond or a straight-chain or branched C(1l-

8)alkyl, which is unsubstituted or substituted by at least one
CN, Hal, OH, NH,, COyH, NO,, and wherein one or more of the non-
adjacent CHy groups may independently be replaced by a group
20 selected from -0-, -CO-, -CO-0-,-0-CO-,-NR’'-,-NR’-CO-,-CO-NR'~-,~
NR'-CO-0-, -0-CO-NR' -, -NR" -CO-NR' -, ~-CH=CH~-, -C=C-, -0-CO~-0-, -S-R’-,
-SO03R’-, or a five- or six-membered heterocycle, wherein R’

represents H or C(1-8)alkyl,
Bi,B, are independently of each other H, or a protecting group,
25 Rg,Rg is H or C(1-8)alkyl, and

R7,Rg,R1g9,R117 are independently of each other H, -OH, or -0C(l-
8)alkyl.

In specific embodiments the compounds of the invention are in



lal blc wherein Z is a pteroate or derivative thereof, Y1, Y2 are

i ndependently of each other 0, Nor S, 5 mis 1, 2 or 3, L1, L1 I L2r L2r
ar e i ndepeodersid2ys4of each ot her a |inking group, such agca/rpemaloes?Be bond or
a straight-chain or branched 0(1- 50)al kyl, which is unsubstituted or
substituted by at least one ON, Hal, OH, NHR , COOR , NO2, and wherein one
or nore of the 10 non-adjacent CH2 grdh%s may i ndependently be repl aced by
a group selected from-0-, -CO, -00-0-,-0-00-,-NR -,-NR -00-,-CONR -, -
NR - 00r@g;io@sChelRcal1NR pGOeNRformCH CHus, C=€n, B@0f6- Oembo&ifents- SEBR -,
or a five- or six-nenbered heterocycle, mheregg R represents H or

C( 1- 8) arrppungs AIf Atherenvedependennbyieft eachFoshestatsbedharicdbagrdep,
and B1, B2 are independently of each other H, or a protecting group. Unless
speci f PE€@UBr hetwide &F| lER&edefioni @1 bnsthe ven chabernafiteraEhl §* 9 WP oughout

the t i ncl uding all_structural f . 20 The.term "fol.ate" d
nor of nCFBPET € L5 RalRth e SR OHSE b br AP o 0P B A FERES Cotpl 08
th ide b |ytam c acid (or, derivative thereof)., Thus,
et oPREREaY bt Ae 15 AR Il op P BEGRI <5 CONAEHSEE pyFim AFRE 1=

het er oeyebexywhicchdisl lgroked otfo tar @xiaekenzoyl noiety. As used herein a 25
"condensed pyrimdine heterocycle"” includes a pyrimdine fused with a

furthemn5-5 ofy 6t pRADRIRE Ret@fOCY ek Bent e3HERG ohn @ ALRIdJi ferkbag. B r
fused 6-6 heterocycle) or a pyrrolopyrimdine bicycle (i.e. a fused 6-5
het er o6y&it&psipaincvat i ¢egretingd cohdehsed npgritdicdi nélmetregéoysbaeirnchidy

soqui BT Pnes Thig e TRET S ded THaraoR M dondensed pyrim dine

hefﬁro%¥9|§étmgiCpuééhégng%%é%%.a@hgnhg%%%@ﬁgw gg%éﬁggsagigrmaceutical
compositions comprising a diagnostic imaging amount optionally
together with a therapeutically effective amount of a

therapeutic agent of choice and a pharmaceutically acceptable

carrier therefor.

15 In a further aspect the present invention provides uses of the
compounds and/or pharmaceutical compositions of the present
invention for convenient and effective administration to a
subject 1in need for diagnostic 1imaging or monitoring of
radiotherapy. The subject of the methods of the present

20 invention is preferably a mammal, such as an animal or a human,

preferably a human.

In a further aspect the present invention provides a single or
multi-vial kit containing all of the components needed to
prepare the compounds of this invention, other than the

25 radionuclide ion itself.

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

claims.

30 Brief Description of Figures



WO 2013/ 026842PCT/ EP2012/ 066236 16 includes three fused ring systens, i.e.
wherein the am no group of the am nobenzoyl noiety forns a further fused

ri ng withwoheismesdensed pyrim di ne heterocycl e, resulti rgTiEr2@2/066286 6- 6- 6,
6- 6-5, 6-5-6, or 6-5-5 heterocycle. Preferred representatives of 5 folates
as used herein are based on a folate skeleton, i.e. pteroyl-glutamc acid
resp. N-[4-[[(2-am no-1, 4-di hydr o- 4- oxb3 6-

pteridi nyl) et hyl ] am no] benzoyl]-L-(or D-)glutam c acid, and derivatives

t her eOfFlgUBéS 1 AS(Df eE PRt Be ST USEHERS @Eeypfgfé%éoéa‘%k?ﬁe Pk@&@r%ﬁcum (ghes,
preferred repr esent atives of pteroates 10 include the anal ogous derivatives
as thosenttypisdal IseHarews ff of- fddlaalee astkmet wresuradirch i ncl ude optional ly
substituted folic acid, folinic acid, pteropol ygl utam c aci d,

5, 10-mebihenyl-; 5, fay. §¥L§Bg§b¥de%glﬂ@t 7538 sLaegpker & nobe

pteridin as tet ropterins § hy rof tetrahydr of o?at é)sr, 15

and theilPrdeaz eAZa Fold t S -
tetrahﬁldr%;j ?I gcggigd@ad}d 5- fgg%?-ﬁﬁd {etral%glpgféég?cg%celﬁg@agjg th1he *

pr ed er g ikASidmest ICtif es-used o m@&%@%ﬂ@%eofcoh@oﬁnldnventl on. The
terns "deaza" and "di deaza" anal ogs refers to the art recogni zed anal ogs

havi n car bo ubstlt tedfor one 20 or two nitrogen atonms .in the
nat ur SEey et hoTP et ant achir e de, Tror t‘@aaﬁﬁ%mﬁﬁ@eaaaﬁagmog&s

i deard L%Sﬁ L R SR budengan Byfoazay, and Aiders a0l g, e

di deaqusﬁFd gPupdideaza ranal @Q&nor‘f’cﬁ@f %g@@seﬁewqﬁ%pg@laéégm@m@%,
include N-[4-[2-[(6R)- 2-anino-1,4,5,6,7 hexahydr o- 4-

oxopyr itdd[a2yg3-ed pyarimE st Gojliletawyid)benzoyl] - L- gl ut ami caci d
(Lon®et r exol )andl\l—%4 [1-](2, 4-di am no- 6-

%} %ﬁth dﬁmﬂu)rr?et%ylj Bt ofPIPBEASE71 1L - kguqﬁlaﬁﬁl@ka&wq Eépaia elszzt‘é?engehe loc—
eter ride nco sse clic sacc i des and cyclic
o1 gosaochhTPaBEoRRs Ca oS y%? btk asoaﬁr?fei)atw@r tet i Psdceharde
uni t” used herein refers ..C CJIC |de UI’II‘LE%]V\A‘IICE"Q’ fer, to
int racgfqmtﬂaﬁ'l *Sho 5%1 4 1%/% By S te etHuGee
henm ketal, f.or ng of hzlé%j;e%iu((g@goféﬂ&g%a (fgal“ de. A nonosacchari de

conpri ses one shcdl whereas an accharide refers to a chain

of SaC;EH]dex%e HNi g %Qlcga“ hé?% prEgher; eq3é52 4o &0 saeC c@%l ?@51%c]te

prefer 5to sacc |ts referaby nono-

t r1§ac%ca Iﬂqé%ﬁngpuw@éaﬁsbéfé dgt ”%Xm@epbhﬂ%aﬁ 50f obr gaghed ;and +H hey
saccharide units within the oligosaccharide are each other "by al pha- or

bet a (Jtua)qr,(l 4p) :or 1(ik<5), Pretprablopliibe adkdiegosacthlar i deidheghpi ce(d)s:
| i near,, refer/gge%/erthe ol i gosaccharide is linear and the units within
the oli % linked by al pha l|inked to |inkages.

Detailed Description of the Invention

20 The present invention is in a first aspect directed to new 18p

folate-conjugates comprising a ptercate or folate (or derivative
thereof), and an YBp_substituted saccharide group (hereinafter

also called compounds of the invention), wherein the 18p_

substituted saccharide group is linked to either the o~
25 carboxylic acid group or the y-carboxylic acid group or both

the a- and the y-carboxylic acid group of the folate, more

specifically towards compounds of formula I,



and nore saccharide - or beta (1-4)bonds.Inthenostpreferredenbodi ment,the
ol i gosaccharide is linear and the saccharide units wthin the

ol i gosacowennba2es4e | i nked by al pha (1-4) bonds. 15 Thu®CirmEpPaoigpes2sé i c
enbodi ment, A (or Al and A2) conprises 1 to 10, preferably of 1 to 6, nore
preferably 1, 2 or 3 saccharide units. Preferably a saccharide unit is a
pyranosi de or a furanoside and naturall4nd synthetic derivatives thereof,
preferably a 20 pyranosi de selected fromallose, altrose, glucose, nmannose,
gul ose, idose, gal actose, tal ose @d fucose, or a furanoside selected from
ri bose, arabinose, xylose, and Iy*ose. The termderivative refers to any
chemcally or enzymatically i Yeq)m)nosaccharide unit, including those
obt ai ned by oxidation, 25 deoxygenat|i on, replacenment of one or nore
hydroxyl groups by preferably, at om a hal ogen atom an am no
group or thiol group, etc., as wel [mas?al kylation, acylation, sulfation or
phosphoryl ati on of hydroxy groups or am no groups. Preferred saccharide
units of the present invention includeIfor exanple 30 glucose and

gal actose. Thus in one specific enbodi nent, the saccharide group A (or Al,
A2) iswhemet@sacchari de selected fromribose, arabinose, xylose, WO

2013/ 026842PCT/ EP2012/ 066236 18 | yxose, al |l ose, altrose, glucose, mannose,
gul oseZi d8s8&, PF&IFRE{t6ser FardyetivGeb88replef erably gl ucose and gal act ose.
I n anot,her, specific e dinent, - the saccharide group. A (or Al, A2) is an
ol i%osg&tﬁ%\ri&ee lcllb(g‘r%{?%gﬁ?en%% bastch V\%t,cheprr ecg’er ab?ry%z 5 to 20 saccharide
units whiighiare dentigaly or different and each selected fromthe group
consi sting of ribose, arabinose, xyl ose, |yxose, allose, altrose, glucose,
mannos@;, gib ose¢ iddseendgehéidyosd, daalhosehdmcbses prefecabhy ghowopseoand
gal act ose. In nore specific enmbpdi ments an ol igosaccharide may be (a) a
10 di sacekarvicdef dogmulact-dsé-Liral tDseyhéwoimal t ose, cel | obi ose,

genti obi ose, neli bi ose, pri neverose, rutinose; (b)ya, ..

i sacohaly aeteoI S BTN Ot B8k, PEBREI Potridsds MHEtetTuGhes 2

i spral tetat eaeseporBl t gpens aoser ; 1l £-ohexaos e r Myl eherlaose -FaGLAkK10se,
| actotetraose; (c) a uronic acid, 15 e.g.glucuronic acid,galacturoniC acid,

(d) a brhached ol igpshethartede, ca. gulpdndseed dJopanbsecale) are afinoHal,
monosaccharide, e, g. ,0al actosam ne, gl ucosam ne, manngsapi ne, fucgsam ne,
QUi VoA e n eGP ni G acraY HiFaRiE Qofdor hoT of the fon-aciSiint

CHyp groups may independently be replaced by a group selected from

-0-, -C0-, -C0-0-,-0-CO-,-NR’'-,-NR"-CO-,-CO-NR'-,-NR'-CO-0-,-0-
15 CO-NR'-,-NR'-CO-NR'-,-CH=CH-,-C=C-,-0-C0O-0-, -S-R’-, =SO3R’-, or

a five- or six-membered heterocycle, wherein R’ represents H or

C(l1-8)alkyl, and

A is a saccharide group,

with the proviso that at least one of Q3 and Qy is a group of

20 formula ~L—A—L’—18F.

More specifically, the compounds of formula I may be represented

by compounds having formulae Ia, Ib, Ic,



| act osedi am ne, acosam ne, bacill osam ne, daunosam ne, 20 desosam ne,
forosam ne, garosam ne, kanosam ne, kansosam ne, mycam nose, mycosamn ne,
per osam e 2prsaesani ne, pur purosam ne, rhodosam ne; (PrTEPRUdiobi2ae
saccharide, e.g. abequose,

am cet ose, ar canose, ascaryl ose, boi vi nose, chacotri ose,
chalcose,cladinose,colitose,cynarose,zlﬁeoxyribose,2- 25 deoxygl ucose,

di gi nose, digital ose, digitoxose, eval ose, evernitrose, hananel ose,

manni notri ose, nel rthi ose, nycarose, nyohnose, nigerose, navi ose,

ol eandrose, paratose, rhodi nose, rutinose, sarnentose, sedoheptul ose,

sol atr wbseeigophor ose, streptose, turanose, tyvelose. 30 In a nore
preferred enbodi ment, the saccharide %roup A (or Al, A2) is a
nonosaéch&r iPd® L6 Oart Solotg §6ad dRarivée L hergS feonpri si ng one or nore of the
(same or different) saccharide unit(s) ich

2013/03682%F%ﬁ7Eﬁ% i%?%%%%é%ylgyi%a%%r%¥g%%l%t¥%go¥r%h1the group consi sting
of gl ugose, 1galactose, glucosam ne, gal actosam ne, glucuronic acid,

gl uconic acid, galacturonic acid, |actose, |actotetraose, naltose,

mal t ot Li; p&¢’ PR 1ot et & 8OS & ndepraldersd yi sofralebotr | Oslesr 5 al soivtiod egraose,
and neuram nic acid. The saccharide group A, or Al and A2, are substituted
with afUcBastsofe 48F2aebh bAicchotam bellahklet-ehaher odi rieednghedr SUgh a
coval e or r qgugh_a. i L r L1 - ) efin rein,to
SRS e S o v b cod S el S S U
may be civi,nkiegll 1 ooany nfr't,hecsarchanbde upigt syndddiin the okl gasacchar irde,
preferably to the term nal saccharide unit in A, or Al and A2. A termna
sak@ hamiode aghiaicemdf ity tar qures sexe hbrdefeendint bhate i sepiaked by ei gheumone
(in case _of a nonosaccharide) or only one 15 nei ghpouring saccharide unit

(in cas€lsrtad of FeBsabehari@d).. 1 tCPsOuNder SPootNR hat— Mt -GsoméiSs NR -, -

i ncluding_enantioners,  di-astereoj,soners, rQqtaners, { gut oners, regi osi ongr sand
racemates g ?hé g%ﬁ%by ds'ogﬁthéaiﬁgentﬁg%ggfe é%%?enp é%é&)as béﬁﬁg part
of thisddyentiog, The ifmuanti oy ingludes,20.5t ehepi sQuBLS.i N gRti&all rpure
formand i'n adm xture, 1ncluding racemc mxtures. |somers can be prepared
usi ng cemwersdranald techniiges 1ieilt,her by reacting optically pure or

optically enriched starting materials or by separating isoners of a
cohpoudd 88 @benindependanslippli eachpethet cal sycebaygrdapiroypr and

B1,By; are independently of each other H, or a protecting group.

Unless specified otherwise all the definitions given hereinafter

apply throughout the text (including all structural formulas).

20 The term "folate"™ as used herein refers to compounds based on a
pteroate group, which is coupled through a peptide bond to a
glutamic acid (or derivative thereof). Thus, the term “pterocate”
as used herein represents a condensed pyrimidine heterocycle,
which is linked to an aminobenzoyl moiety. As used herein a

25 “condensed pyrimidine heterocycle” includes a pyrimidine fused
with a further 5- or 6-membered heterocycle, resulting in a
pteridine (i.e. a fused 6-6 heterocycle) or a pyrrolopyrimidine
bicycle {i.e. a fused ©6-5 heterocycle). Derivatives of a
condensed pyrimidine heterocycle include carbocyclic derivatives

30 such as indoles, and iscindoles, gquinolines and isoquinolines,
and  the like. As used herein a “condensed ©pyrimidine

heterocycle, which is linked to an aminobenzoyl moiety” also



25 Al, A2) which refers to a saccharide group, or the am no acid groups
present in a conpound of fornmula |I (and subsequent formulas), which may be
present iwoths/met4aral L- or non-natural D-form i.e. tireTgPatiansve3aci d
portion (or derivatives thereof). The invention also includes regioisoners
in pure form i.e. 30 conpounds of the invention with the sane enpiri cal
formula, but with a different attachmeht of groups QL and @, nore
specifically wherein the 18F-substituted saccharide group is WO

2013/ 02684286 ER2ER?/ 0662361 20g!| kpkedmko anley, the @-igarfioxyhienacigtogpoup
(i.e. the a- regioisoner), or only the 7- carboxxllc acid group of the
fol at e©fi .tde ¢t ﬁ%lQOP%QF%Y%OW@ﬂFtYWﬁQ@Satatﬁ%é*é efhdéreeids pret ef¥ehite the one

speC|f|c%n@%tn%%@n§;l}/trrel§#thr{@ + o 1ye tfl?srﬁbé’l Oﬂ&lcénﬂvéﬁg -6-6

regi oi somers in orm the present ‘i nvention al'so inc S mxtures of
bot h r égiSei soners, asrwed+5-€s bemamungjslef. ml@ﬁanzwlmpmmmbmﬁ sift es
are. su s;a ted th 18F-substituted saccharl de g

1“1

speti f ¢ tﬂ@ pHSEEnl e fivention PESEr etted téﬂggag ﬁj(ec]o?ﬁﬁ)rtmdé -6f-
fOf””'@tb&oﬁ%;dﬂgﬂﬁhﬁé)%014 r&8p . - N[ 4- [[ (2—afihed 1R X1 X d&H)% ~olxb-6-

wherein to X5 are mdependently of each other C,
prefer@l?ley‘fll‘illﬁ’d{ H@thml]aﬂg—n@r danygepdrderioly oP-tathterher Hciwl ogemd

1-12)al 2- R5,
gO\lHRS)d%%gﬁﬁﬁge% it re% es%%%éjaéi@% o?ggﬁi?&g%}l E§EF,C§9R%MSO@S
C( 2- 12ﬁ&|kénﬂbteC(gtiﬂtahkyeyl pré&Rerre@ORqprdfXR st BFfes NHR pﬁéﬂdmﬁéﬁ n

R_ls Hor C(l 8) al k R3, R4 are |ndependently of each ot her H nitroso,
C(jie) 12 &dyde %%éf %é@goaﬁ 1A OsTAdstiGut @8 FEeRe, WG R kreprederts H

or C(lf%h%kKylst¥hc¥ar@§? i pdependentlyof ogachn i her QipMN HuRd  folic

acid, folinic acid, pteropolyglutamic acid, 5,10-methenyl-
5,6,7,8-tetrahydrofolate and folate receptor-binding pteridines
such as tetrahydropterins, dihydrofolates, tetrahydrofolates,
15 and their deaza and dideaza analogs. Folic acid, 5-methyl-(6S)-
tetrahydrofolic acid and 5-formyl-(6S3)-tetrahydrofolic acid are
the preferred basic structures used for the compounds of this
invention. The terms "deaza" and "dideaza" analogs refers to the
art recognized analogs having a carbon atom substituted for one
20 or two nitrogen atoms 1in the naturally occurring folic acid
structure. For example, the deaza analogs include the 1l-deaza,
3-deaza, b-deaza, 8-deaza, and 10-deaza analcogs. The dideaza
analogs include, for example, 1,5-dideaza, 5,10-dideaza, 8,10~
dideaza, and 5,8-dideaza analogs. Preferred deaza analogs
25 compounds include N-[4-[2~[(6R)-2-amino-1,4,5,6,7,8-hexahydro-4-
oxopyrido[2,3-dlpyrimidin-6-yllethyl]lbenzoyl]-L-glutamic acid
(Lometrexol) and N-[4-[1-[(2,4-diamino-6-

pteridinyl)methyl]lpropyl]lbenzoyl]l-L-glutamic acid (Edatrexate).

30 The term “saccharide group” encompasses both cyclic
monosaccharides and cyclic oligosaccharides based on cyclic
saccharide unit(s). The term “saccharide unit” as used herein

refers to cyclic saccharide units which refer to intracellular



WO 2013/ 026842PCT/ EP2012/ 066236 21 mis 1, 2 or 3, r has a value of 1 to 7,
pis 0 or 1, Q, @ are independently of each other H, a protecting
group, orwbaiygressp of forrmula -L-A-L' -'8F, wherein L, LPCamPindeqandent|y
of each other a linking group, such as a coval ent bond or a straight-chain
or branched C(1-50)al kyl, which is unsubstltuted or substituted by at | east
one ON, Hal, OH NHR , COOR, No2l7and wherein one or more of the
non- adj acent 10 CH2 groups may |ndependently be replaced by a group

sel ect egcfliambdni,add>gk 00r OhemOkB0a ] - MR rms- NR @011né§kNRhonoNRbiQ@09
CONR-,-NR-CONR -,-CH=CH,-CC,-0-00-0-, -S-R -, -SBR -, or aflve- or
si x- meRBEC Qd‘rH&eer oé\/cwnwcé%aﬁlﬁe r ESFBSESES HOBE CERCS arkge, amdtis A

is a sagehani deargr&ltmgogfaé&hamedeorpéffépst@@t a&hggﬁsgfoegcehaglgén%ﬁ%s' s a

group of fornula -L-A-L As outl 1 ned above tor conpounds

f or mul ang, QdmpmxmmmupdszfaQDyfarmuléqIsamqh&m&@@pmﬁsbﬂtegrbﬁecebﬁguﬂds

hav ng for ae ha,. llb, Ilc_. 2013/ 026842PCT/ ERP2012/ 066236 22 R2 (R3)p
%ZI |9IR Xliaﬁc}%?ﬁ'di 8‘?}%\9' more prefCT % mono-, an(d

trisaccharides. An oligosaccharide may be linear or branched and
the saccharide units within the oligosaccharide are linked to
each other by alpha- or beta (1-2), (1-4), or (1-6) linkages.
Preferably the oligosaccharide of choice 1is 1linear, and more
10 preferably the oligosaccharide 1is linear and the saccharide
units within the oligosaccharide are linked by alpha - or beta
(1-4) bonds. In the most preferred embodiment, the
oligosaccharide 1is linear and the saccharide units within the

oligosaccharide are linked by alpha (1-4) bonds.

15 Thus in a specific embodiment, A (or A; and A;) comprises 1 to

10, preferably of 1 to 6, more preferably 1, 2 or 3 saccharide

units.

Preferably a saccharide unit is a pyranoside or a furanoside and
natural and synthetic derivatives thereof, preferably a
20 pyranoside selected from allose, altrose, glucose, mannose,
gulose, idose, galactose, talose and fucose, or a furanoside
selected from ribose, arabinose, xylose, and lyxose. The term
derivative refers to any chemically or enzymatically modified
monosaccharide wunit, including those obtained by oxidation,
25 deoxygenation, replacement of one or more hydroxyl groups by
preferably a hydrogen atom, a halogen atom, an amino group Or
thiol group, etc., as well as alkylation, acylation, sulfation
or phosphorylation of hydroxy groups or amino groups. Preferred
saccharide units of the present invention include for example

30 glucose and galactose.

Thus in one specific embodiment, the saccharide group A (or A4,

A,) is a monosaccharide selected from ribose, arabinose, =xylose,



7132 NH2 lib Li O I[1c 5 wherein X1 to X5 are independently of each
other C, Nor 0, preferably Nor 0, RlL, R2 are independently of each ot her
H, hal ogewo 20310282 al kyl , C(2-12) al kenyl, C(2-12)al kynylPCTAPRE2/066268R5,
-000R5, -NHR5, - 10 CONHR5, -CONHR5, wherein R5 represents H, hal o,
C(1-12)al kyl, C(2-12)al kenyl, C(2- 12)a| kynyl, -OR, -COR, -COOR, or
-NHR , wherein R is H or C(l 8) al kyl 18 R3, R4 are independently of each
other H, nitroso, C(1-12)alkyl, -OR, -COR or hal osubstituted - COR ,

wher ei riyR'osreepr %]e]rﬂsse,l—l oalﬁEG(sé 8) @Illﬁyclo,seYl f Yararesd ndegehdes) | y iabsegch
other 0, N or is 1, 2 or 3, r has a value of 1 to 7, WO

2013/ o@@é&fﬁéﬁﬁEpiﬁMF@eaz@@Oﬁrp nretgreply, glpcpse ppd galzrgose.

i ndependent|ly of each other a linking group, such as a covalent bond or a
strai ght- chiadtther bpanchiéd GboBMealtkyl thavhsehchsridsulgstauputed (or Aq,
substituted by at |east one 5 CN, Hal, OH4 NHR , COOR, NO2, and wherein
one or Pabr ésofanrt heligosaccharide comprlslng at least two, preferably 2

5 to 20 saccharide units which are identical or different and each
selected from the group consisting of ribose, arabinose, xylose,
lyxose, allose, altrose, glucose, mannose, gulose, idose,

galactose, talose, fucose, preferably glucose and galactose.

In more specific embodiments an oligosaccharide may be (a) a

10 disaccharide, e.g. lactose, maltose, isomaltose, cellobiose,
gentiobiose, melibiose, primeverose, rutinose; (b) a
disaccharide homologue, e.g. maltotriose, isomaltotriose,

maltotetraose, isomaltotetraose, maltopentaose, maltohexaose,
maltoheptaose, lactotriose, lactotetraose; (c) a uronic acid,
15 e.g. glucuronic acid, galacturonic acid; (d) a branched
oligosaccharide, e.qg. panocse, isopanose; (e) an amino
monosaccharide, e.g. galactosamine, glucosamine, mannosamine,
fucosamine, quinovosamine, neuraminic acid, muramic acid,
lactosediamine, acosamine, bacillosamine, daunosamine,
20 desosamine, forosamine, garosamine, kanosamine, kansosamine,
mycaminose, mycosamine, perosamine, pneumosamine, purpurosamine,
rhodosamine; (£) a modified saccharide, e.g. abequose,
amicetose, arcanose, ascarylose, boivinose, chacotriose,
chalcose, cladinose, colitose, cymarose, 2-deoxyribose, 2-
25 deoxyglucose, diginose, digitalose, digitoxose, evalose,
evernitrose, hamamelose, manninotriose, melibiose, mycarose,
mycinose, nigerose, noviose, oleandrose, paratose, rhodinose,
rutinose, sarmentose, sedoheptulose, solatriose, sophorose,

streptose, turanose, tyvelose.

30 In a more preferred embodiment, the saccharide group A (or Ay,

Ay) 1s a monosaccharide or an oligosaccharide, thus comprising

one or more of the (same or different) saccharide unit(s) which



non- adj acent CH2 groups may i ndependently be replaced by a group sel ected
from-0-, -CO, -00-0-,-0-00-,-NR -,-NR -00-,-CONR -, -

NR - 00- 0-wooB®2b6#R2- , - NR - CO- NR -, - CH=CH-, - C=C-, - 0- 00- OPCTAEB20R2/066236

-SBR -, or a five- or six-nmenbered heterocycle, wherein R 10represents H
or C(1-8)alkyl, Al, A2 are independentl}i/ of each other a saccharide group,
and 131, B2 are independently of each fher H or a protecting group. It is
understood, that the abbreviations "N' and "C' are representative for all
possi blie degres)s ofebatteat i dnpmi . &heN Ifrdurc! udess tdNHn@ndof N=glliuakages
and Ciﬁﬁl udes -CH2- and -CH= linkages. It is further understood, that (
represé §Cz§lolsehycﬂ]diﬁ§?'?a§%5§ﬂ t‘if’é:ﬁ‘ﬁ%t%%arf‘%féen NS EEf A+ ngci s e J1gFORIC 06
C7_and 2¥4)s; Foéaﬁééﬁﬁkgngc_ AdQf, @ fiykkyssat Ur?é@é%@@r%éi@azam%ﬂ%lo%% (X3
=20 X4 = ¢ and q =1 for a full'y unsaturafed analog W th N
term" allalwldtrhm@n usedisl et st orose, conbi aanébhose ef er51tson®tlrt@rtghtoscehal n
or @ranch al%l %yl I%ro S Cco tai ni_ng t.he indj cated nunber of carbon atons.
Thus, tHE Ferm ff)p PEPET o d hydrocarbon radi cal whose

car bon chain is straight-chain or branched and conprises 1 to 12 carbon

at ons. TPfef RSP BIRG | 9gPoEpt i neFude QI 8had kpFegrolss itfed! asitor agr oup
Sp) whi.ch refer tig_a hydrocarbon radical whose carbon chain_is straight
chai n SEBraftifed En8tEBnpldEs £3Po 8 Lark6h SLone” fiélreé%éﬁplt@r@@g%mahyl

%Mofé’éf??gﬁ %%%6%5%%‘5% ‘f‘eiﬂlg but;?)%b;‘ént?Pdvgéobeﬁtsyldeflned

n90pen%£&61@exyltoz %&:d'ﬂgég¥lehﬁﬁe1s@%@ﬂ%&XﬁeI“ﬂﬁﬁ@ oghyl .cMore ¢
preferred al Kyl groups are C{1-6)al kyl groups containing one to siXx

C &t orrpllmq@ﬁ@freﬁeetﬂ,y the tbSFoatomarrb@m écteorréln&eﬁhet@ermyalddénWHé,

| i t h otf f to st h
o1 achegoaam OB L0 LR B0 OB Ry cbRLE Be ) O i i P NBLN (e
carbont@rﬂmldo@&mqﬁe Thiss tme termg 12)aEHokewl " nef s nfi% A

hydr ocar bon radi cal whose carbon chain i's st rai g]ht chai n “or branched and
conpri sseas:chatrade di carbdarat ons tard sere har irker earciar boma cat bon idaebl eo

bonds. %ferred al ke 3'{ grou S mfc)l ude C(2-8)al ker}y qrou S, such as
et hyi Gt hyR e, pr-Opy IS oot apy e itens] (B She “one

SePSbUtn)él%@ﬁ)odr%Qﬁlté{éé’@@ar%M gRec |SQamd &ney s PEAT W18Resd3oReNId ens,
hexyl ene and the I1ke. The preferred 15 al kenyl groups contain two to Si X,

nmor e prief er abidersweado f dbetcar boh at besneThe t ermmlwddaynyl & e Lisaeb 1Her ei n

refersdt.o |.i near or brancheg , .
14d8 er601somers, amers, tautomers, regirosiomers and

racemates of the compounds of the invention are contemplated as
being part of this invention. The invention includes
20 stereoisomers in optically pure form and in admixture, including
racemic mixtures. Isomers can be prepared using conventional
techniques, either by reacting optically pure or optically
enriched starting materials or by separating isomers of a
compound of formula I. This applies specifically to group A (or
25 Al, A2) which refers to a saccharide group, or the amino acid
groups present in a compound of formula I (and subsequent
formulas), which may be present in the natural L- or non-natural
D-form, i.e. the glutamic acid portion (or derivatives thereof).
The invention also includes regioisomers in pure form, 1i.e.
30 compounds of the invention with the same empirical formula, but
with a different attachment of groups Q1 and Q2, more

specifically wherein the ¥p-substituted saccharide group 1is



al kyl groups as defined herei nabove having one or nore carbon- carbon
triple bonds. The preferred al kynyl groups contain two to 20 six, nore

pr ef er ablwot2ess/26842 our car bon at ons. The term "hal ogen" pas/Eps@d/ ob@sei n
refers to any G oup 7 elenent and includes fluoro, chloro, brono, iodo.

The term "hal osubstituted" as used herein refers to al kyl groups which have
hal ogen moieties in the place of at |edt one 25 hydrogen. In preferred
enbodi mrents, Rl and R2 nay be |ndependently of each other H, C(1-12)al kyl,
-OR5, qNHReq mae piefer ally -@RSa rsNHRD; c Wher i n H.; hal o, -
C(1-12)al kyl, C(2- 12)a3fkeny| §227° 12)a|§y%l 5&6&? R EBRR™ or
-NHR' r\N@&b&lsl@mRr)l S ¢t oasnB@CtH;eS),al:gyboxgmléoracRa IgGrdtLp Q(ﬂ ﬂﬁéaEl@)lla,teor
-COC(l 8)al kyl; and/or R4 is H, nitroso, -0-C(1-8)alkyl, or

- CO C( 148k al ktyble Y—\A@@@ﬁ@/@%&%ﬂ@&l%ﬁm&mﬁﬁoum pngfehenist rtices
known and described in the art may be used for conjugation of the 18F

i sot op@"fo Sﬁ’ﬁéléf&@cﬁé:rtiad?@%uﬁltt@ tfe Folvat eNeFmpShRdSPYaPrPAKICAG Igiddps L
(org LI, of f e i ti h

pr o5cedt§relg§ al%g mbt{hﬁe alfloe%ndge ktég Prcﬁgggg Q%\%nédl% er%%%gang‘%rlgé%%re
only roubatrme:ee;xperf rrbnttatl ongandsoptisi zasi omne I &tsanctamq;csmaishess:ifs the
strate |es avalla%ﬁ%ln the prior art. Typical couplin Siq at e |es |ncI ude
react i HotCeDrafhi Wb?%@ﬁ%‘?"la‘i”g?ougs 13vdeRy de,
car bOX)§|aICQ;h%CIIl@eOI’ graftd vat ed 10 carboxylic acid functional gr oups or

cycl oaddi tion reactl ons such as the click reaction. A skilled person wll
know d A |on gr ve esent nal,. aroups
of the 11 nicer B (or Ll L2y and L a1 e s oo B orr P
colpl i mypmetoatdeyiods ﬁqmrlujdae Id g. standard peptide 15 coupling chem stry,
whereby an amine is reacted with a carboxylic acid using for exanpl e EDC,
DCC, pyBOP or other carboxylate activating agent@1to forman am de |inkage,
or cycl oaddition reactions, e.g. click-chemgfryy lbased couplings, whereby
an azide group is reacted with an al kyne t¢ mbm 20 azaheterocycl e.

G oups LI, L1', L2 and L2'_are independ Hy of e opher a coval ent bond
or a straight-chain or br ch(gél)pC( 1-5 kyl, NH\H %&h Y¥s Unsubstituted or

substituted by at | east Pe S d from Hal, OH NHR , CO2R, and
wherein one or nore of t he %ﬁi’gﬁ acent CH2 groups may |ndependently be
repl aced by a group selected g (p,-@ar,
-00-0-,-0-00-,-NR -, -NR -00-, -COI\)IR, or

II

wherein

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

Ri, Ry are independently of each other H, halogen, C(1l-12)alkyl,

C(2-12)alkenyl, C(2-12)alkynyl, -ORs, -CORgz, -COORs, -NHRj;, =

CONHR5, -CONHRs, wherein Ry represents H, halo, C(1-12)alkyl,

C(2-12)alkenyl, C(2-12)alkynyl, =-OR’, -COR’, =-COOR’, or -NHR’,
20 wherein R’ is H or C(1-8)alkyl,

Rz, Ry are independently of each other H, nitroso, C(1-12)alkyl,

-OR’, -COR’' or halosubstituted -COR’, wherein R’ represents H or

C(1-8)alkyl,

Y;,Y, are independently of each other O, N or S,



a five- or six-nmenbered heterocycle, wherein R represents H or

C(1-8)al kyl. The expression "a straight-chain or branched C(1- 50)al kyl,
whi ch i s wo=oissd4at ed or substituted by at | east one 3@Cymraq29ed28€t ed
fromHal, OH NHR , CO2R , and wherein one or nore of the non-adjacent CH2
groups may i ndependently be repl aced b%&f.group selected from-0-,
-00-0-,-0-00-,-NR -, -NR -00-, - CO NR" 2013/ 026842PCT/ EP2012/ 066236 26
al so includes |inking groups such as hydrophilic oligo/polyneric

gr oupsmsuchdsolzi gaof gl yet her s, ol i go/ pol ypepti des,

ol i go/ pol yam des, ol i go/ pol yam nes, ol i go/ pol yesters, oligo/ pol ysacchari des,
pol yol s, hayl tal plag weharfged tspeci es or any 5 ot her conbinations thereof. In
one enbodi nent, such a hydrophilic oligo/polyneric group includes an

ol i go/ poliyetoheyr sych as ol i go/ pol yal kyl eneoxi de, nore specifically

pol yet hyl enegl ycol (PEG and rel ated
honopol h I thyl e e .
polyhyggbxyﬁrggélgﬁggl %%F%%oﬁigﬁépy(%Le&ﬁgcol p%l ﬁ%Fﬁ? ﬁ?%p?Fgﬁgglﬁgbl,

anq5pongMQﬁ@%XH;qgﬁhgn%pxqgg%qp_ﬂéperQQQ£¥ rs of small al koxy nononers,
such as a polyethetylene/polypropyleneglyco typically having from2 to

25, pr rably from2 t oX roups anot her enbodi nent
s’ a Tty G | TSR GTP o neri E56T00s eﬁcmd]e]ﬁ&m%wa%%m SBEpt Pde Ssuch
as a hydrephidd cpept | de SequUePEsi §ht acRPLyan Noagidsrand deni-vat)iMes 1,
thereof, e.g., polyglutam c acids, polylysines, polyaspartic acids,

polyasw Hﬁﬂnh%sunﬁhéﬁéﬂﬁuéaéhQﬁﬂﬁWQﬁi%ﬁﬁﬁﬁﬁmbyoﬁtpéﬁﬂﬁﬁrﬁ%@lﬁNZOHal

t | to 12, preferably 2 t d
P b o1 &t o PR R e P brafenea o Haey o iorg acent

prefier ably SQ@%p%Zlnaynq%tdege@Ja%rrﬁquy el kBhaldey YQQ Og} %%%lék&stté& ut,ed, or

substltute by at | éast one group selected from 002R , and

wher ei rene orcomy e etothe,noncadagent , G’ m@U,psc@WR’indﬂ\pen@@ﬂd -y, -fae-
replaced by a five- or six-nmenbered heterocycle preferably a five-nenbered
azahet 6iodVce —3RChCASNR t+ rGHelB-orCaCt et 0a2ot @, wherdi'm ,R -BepResentes H
or C(1-8)al kyl, or a hydrophilic oligo/polyneric group, as defined above. 30
Groups AL IE1 ¥R 0P’ SaKeTGREREEAbINE e Il lent Wk 6 R sEPRAFGAEDERaln Ot

branch ky],qnore preferably C(1-12)al kyl, nost preferably
C(1- 6)§ﬂk$%%%%?y¥1 |s unsubstltuted or WO 2013/026842PCT/EP2012/066236 27

subst i tAutied sbysaatcHaediste aneowgr,oup selected fromHal, OH NHR , 002R , and
wherein one or nore of the non-adjacent CH2 groups may |ndependently be

r epl aced By @@r@@ﬁvgépe&f@orf%n{leest @F- RE -1 and” 0 is a group of
0-00-, E% T _-00 GE%NR‘, wherein R represents H or 0O(1-

As outlined above for compounds of formula I, the compounds of
20 formula II may be represented by compounds having formulae IIa,

ITb, IIc

B4

Lo=Ay—Ly—18F
Rz (Rs)p /@/U\NH - Y2/2 27 Lo

ITa



58)al kyl. More preferably, L1' and L2f are a coval ent bond or a straight-
chain or branched C(1-12)al kyl, nore preferably C(1-6)al kyl, wherein one or
nore of twe anmmeidpacent CH2 groups may i ndependent|y becTapr@cmcs2By a
group selected from-0-, -00-0-,- 10 0-00-,-NR -,-NR -00-,-CO NR , wherein
R represents Hor 0(1- 8)alkyl. Goup mis 1, 2, or 3, preferably 2. In
speci fic enbodi nents, Yl and/or Y2 aréz%referably N and thus B2 is a

car boxam de protecting group. 15 The term "protecting group"” (or term nal
groups) as used herein refers to a suitable protecting group for Yl and/or
Y2. These protecting groups depend on the nature EI functional group
(typically an am no or carboxam de, carboxyIL ocar bonyl function) and
thus are variable. Suitable protecting groupsg for 20 ami no functions

i nclude e.g. the t-butoxycarbonyl, the bed gxycar bonyl, allyl oxycarbonyl,

met hoxy- or ethoxycarbonyl, 2,2, 2- trichy xycarbonyl acetyl or
ARt 't ~Bzhe phthanIyI group,

trifluoroacetyl, benzwﬁ OfR¥, 4 6 v

and the trityl or to;é;gg?g ectln‘ rﬁbl @ protecting groups for an
25 am def uncti oni ncl g.°p<nmexho «phenyl 3, 4-

di met hoxybenzyl , benzyd. robgnzyl di - (p-

net hoxyphenyl ) met i/ | t¥1pH@mane hyl , (p- met hoxyphenyl)
diphenylnethyl,diphenyl 4- pyrldylnethyl m 2- (picolyl)-N -oxide,

5-di benzosuberyl, trinethylsilyl, t-butyl 30 dinmethylsilyl, and the |iKke.
Sui tabl e protecting groups for the carthexyl function include e.g. silyl
groups and al kyl, aryl or WO 2013/026842PCT/ EP2012/ 066236 28 aryl al kyl
esters, nore specifically al kyl esters such\ ﬂEBhyl and t-butyl;

al koxyal kyl such as net hoxynet hyl ; alkyltfhloalkyl esters such as nethyl,
t hi omet hyl ; hal oal kyl esters such ascg 2, 2" trichloroethyl and aral kyl

ester, such as benzyl, p- 5 nethoxybeﬁa§%¥ﬁ;nltrobenzyl di phenyl net hyl .

Sui tabl e protectin groups for the d function include e.g. alkyl
esters, t- butyl, o or t gNBUpsT, Mvghugi ag-upetty | et herss,

X
faim
N X
R X " Xa), N

IIc
5 wherein
X1 to X5 are independently of each other C, N or 0O, preferably N
or O,
Ri, Ry are independently of each other H, halogen, C(1-12)alkyl,
C(2-12)alkenyl, C(2-12)alkynyl, -ORs, =-CORs;, ~-COORs, -NHRs, -
10 CONHR5, ~CONHRg, wherein Ry represents H, halo, C(1-12)alkyl,

C(2-12)alkenyl, C(2-12)alkynyl, -OR’, -COR’, -COOR’, or -NHR’,
wherein R’ is H or C(1-8)alkyl,

R3, Ry are independently of each other H, nitroso, C(1-12)alkyl,
-OR’, =COR’ or halosubstituted -COR’, wherein R’ represents H or
15 C(1-8)alkyl,

Y1,Y, are independently of each other O, N or S,
mis 1, 2 or 3,

r has a value of 1 to 7,



substituted nethyl ethers (e.g., MOM (nethoxynethyl ether), MM

(met hyl t hi onet hyl ether), BOM (benzyl oxynethyl ether), PMBM or 10 MPM

( p- met hoxwbenmyi2eseg et hyl et her)), substituted et hyl etirersEP20120b686t ut ed
(trinmethylsilyl (triisopropylsilyl ether), tribenzyl silylethers(e.g.,TV5
ether), TES(triethylsilylether), TIPS ether), TBDVS(tert-butyl di nmethylsilyl
silyl ether, TBDPS (tert-butyldi phenyl%ﬁ lyl 15 ether)). The present
invention is not intended to be limted to these protecting groups; rather,
a variptysob additi onal equival ent protecting groups can be readily
identified and utilized in the present invention. The above and further

protecti ml’g,r%%’asaﬁ@ kndgpbaeBAtqyess £ OchBhN QduLs: agd riefvRy 20-bhgm are
described 1n "Protective Goups in Organic Synthesis" Third Ed.” G eene, T.
W andsWihs,ad. aGgoEdsent JobndWdreya& SoresigiNeveairrk: 0199%,artdieeenCi(iLe

conten 0 ich _are hereby incorporated by reference. In nore

speci f%’@)éﬁrﬁ\é}@i' nﬁ’w?kﬁes present b+ hventi AR 'rsél%ﬁitllétl?@g >y taoti/vaf%%SEoﬁBSMds

of Jorpyl ag )il 1 agy! | kgl 1 160 M0 2043/ 0 4 P20 0662 9 ( PR

A /E%d':)r%%a b FIIRIb CoorM0 2043/ 020847 RCTLER20)2L 066236,,29 o+ (RRL
non-adjacent CHy groups may independently be replaced by a group
selected from -0-, -CO-, -CO-0-,-0-CO-,-NR'-,-NR'-CO-,-CO-NR'~,-
NR'-CO-0-, -0-CO-NR' -, ~NR' -CO-NR’ -, -CH=CH-, -C=C~, -0-C0-0-, =-S-R’-,
-SO3R’-, or a five- or six-membered heterocycle, wherein R’

10 represents H or C(1-8)alkyl,

A1,A; are independently of each other a saccharide group, and
B1,B, are independently of each other H, or a protecting group.

It is understood, that the abbreviations “N” and Y“C” are
representative for all possible degrees of saturation, 1i.e. N

15 includes -NH- and -N= linkages and C includes -CH;- and -CH=

linkages.

It 1is further wunderstood, that (H)y represents all hydrogen
substituents on the indicated ring (i.e. on X3, C6, C7 and X;).

For example g = 7 for a fully saturated 5,8-dideaza analog (X3

Il

20 X4 = C) and g = 1 for a fully unsaturated analog with X3 = X; =
N.

The term “alkyl”, when used singly or in combination, refers to
straight chain or branched alkyl groups containing the indicated
number of carbon atoms. Thus, the term “C(1-12)alkyl” refers to
25 a hydrocarbon radical whose carbon chain 1is straight-chain or
branched and comprises 1 to 12 carbon atoms. Preferred alkyl
groups include C(1-8)alkyl groups (such as for group Sp) which
refer to a hydrocarbon radical whose carbon chain is straight-
chain or branched and comprises 1 to 8 carbon atoms, for example

30 methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, isobutyl,



(R3)p R2 X5X2 1 :=1-? RAX4 X R 18F Illc 5 wherein X1 to X5 are

| ndependently of each other C, N or 0, preferably Nor 0, Rl, R2 are

i ndependewbl2g13af2és#ach ot her H, hal ogen, C(1-12)al kyl, CperEPprakioedryé ,
C(2-12)al kynyl, -0R5, -COR5, -COOR5, -NHR5, - 10 CONHR5, -CONHR5, wherein
R5 represents H, halo, C(1-12)al kyl, C(2-12)al kenyl, C(2-12)al kynyl, -OR
_COR, -COOR, or -NHR , wherein R i¥H or C(1-8)al kyl, R3, R4 are

i ndependently of each other H, nitroso, C(1-12)alkyl, CR', -COR or

hal osubstictated AR, whesetpl R ﬂeppeﬁems Hn@opb’il@(yl- 8) aldeyyl, Yl2Y2-are
|ndependentl¥ of each other O, Nor S, _ WO 2013/ 026842PCT/ EP2012/ 066236 30
mis 101Be§pY3buLapgs ngareRybi PaRFYA, pOr§vH-orMare 1 preferrad, Eikyére

i ndepe gguﬁlsy of each ahharn lg%hpgyg&% C@@JCQHQS @, cQual ept a*egfag or

stralg ain or branched (1-"8)a I's unsubstituted or
substlmgtedpb¢f&mabéasDnenéocmoumabarﬁhn AERMs . COOR' , NO2, and wherein one
or nore of the non-adjacent CH2 groups may i ndependently be replaced by a
grdup The term “alkenyl”, singly or in combination with other groups,

refers to straight chain or branched alkyl groups as defined
hereinabove having one or more carbon-carbon double bonds. Thus,
the term “C(2-12)alkenyl” refers to a hydrocarbon radical whose
carbon chain is straight-chain or branched and comprises 1 to 12
10 carbon atoms and one or more carbon-carbon double bonds.
Preferred alkenyl groups include C(2-8)alkenyl groups, such as
methylene, ethylene, propylene, isopropylene, Dbutylene, t-
butylene, sec-butylene, isobutylene, amylene, isoamylene,
pentylene, isopentylene, hexylene and the like. The preferred
15 alkenyl groups contain two to six, more preferably two to four

carbon atoms.

The term "alkynyl" as used herein refers to a linear or branched
alkyl groups as defined hereinabove having one or more carbon-
carbon triple bonds. The preferred alkynyl groups contain two to

20 six, more preferably two to four carbon atoms.

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

and includes fluoro, chloro, bromo, iodo.

The term "halosubstituted" as used herein refers to alkyl groups
which have halogen moieties in the place of at least one

25 hydrogen.
In preferred embodiments, R; and R, may be independently of each
other H, C(1-12)alkyl, =-ORjs, =NHRg;, more preferably -ORs, -NHRs;,
wherein Ry 1s H, halo, C(1-12)alkyl, C(2-12)alkenyl, cC(2-
12)alkynyl, -OR’, =-COR’, -COOR’, or -NHR’, wherein R’ 1s H or
30 C(1-8)alkyl; and/or Rz is H, C(l-12)alkyl, or -CO-C(1l-8)alkyl;

and/or R4 1s H, nitroso, -0-C(1-8)alkyl, or -CO-C(1-8)alkyl.



selected from-0-, -CO, -00-0-,-0-00-,-NR -,-NR -00-,-CONR -,- 10

NR -00-0-,-0-00-NR -,-NR -CONR -, -CH=0H-, -CC-,-0-00-0-, -S-R -, -SABR -,
or a fivewoanigizgsdaenber ed het erocycl e, wherein R repr @Sempr3012/066236
C(1-8)al kyl, B1,B2 are independently of each other H, or a protecting
group, R6,R9 is Hor 0(1-8)alkyl, and 15 R7, R8, R10, R11 are i ndependently of
each other H, -OH, or -00(1- 8)alkyl. ZThe term "heterocycle" (or
"heterocyclic ring"), as used herein, neans any 4- to 7-nenbered

het er oCpabild nii nghenhii sciviiess ektdiet sad udatedibaasanurateed, rtormay obat ueedand

whi ch contains, from1 20 _to 3 heéerqatons i ndependently sel ected from
ni trogeft SRIFER AP uPLurtReand® néseitaPehe-hi Fheger Sahd rdder (group to

hetor oakae k. be.agtiona! Ly ori e andiine nldsonen fatergftom Tay be

opti ona erni terocyc ut~ar e not

limted to, 1gorphel ivpy ’cd?r?ﬁd’ﬂdsdicﬂf)n&’ﬂe %éﬁl&i&k NY5wcROPLRERLILEY bire

hydant oi'nyl , “val erol act anyl, oxiranyl, oxetanyl,

t et5 ahydrofiur artyd , betrabygdrgopyirianyf, tetslahydsdppeirdbnyland require only
tetrahydropri m di nyl, tetrahydrothi ophenyl, , ,
tetrahﬁ@P&ﬂﬁﬁbp@?%%????%??Eh?ﬂr6%?%iﬂ?H%%&??tlon- of standard synthesis

t et rahydrothiapienyl 4 et Lighydr gthi opys anyl; gpd the .{/\L)k@ypf’gafr ete8dng

het erocyl ces for use in the present Invention are
2013/ 026842RPQT/EP2012]1 066236 B4t iaraheberweynl esnigont akhicngotentad nithg oflr om

L SRR el SRy e TeTbehes araete govclexg The Ay

pref er aalrpdxy 1GeNneeticon fuhtR ibhaandgk3upef 58 1A a NRBHEIRCY Glela tA 4P
whi ch includes at |east one nitrogen atomin a ring and may be .
unsubs UGt edS orthsubsti Elit & actie@naz ahetséiddyedl | ReHPQup Widy ak’ewpehich
substi i I e.ar Oy..b - 6) al : in the
presen%ﬂ%ggf%ﬁn%§?8g£¢§€g-hgﬁggrggﬂgia.%t8?0¥§%ﬁic%gf%%p%¥%mﬁ$§?eg§§)Fﬁﬁo

such agfa théazaliterys tetiazolyl grpupndnoie peefanabl yoa)gresp oithke
following structures R'R" N- -- -N N=NN=NN=N  wherein the dotted |ines
r epr eséne fanyachg siumdsing e addjdicent igradups ad gR' iss aHderrda peptide

st ight-cggin_or br anched C(1-8ggkkyl, 15 which is _unsubst.ituted.
Subt PER I arcPRRETCRRe Y o AL | 1 MRS
carboxylic acid wusing for example EDC, DCC, pyBOP or other
carboxylate activating agents to form an amide linkage, or
cycloaddition reactions, e.g. click-chemistry based couplings,

whereby an azide group 1is reacted with an alkyne to form an

20 azaheterocycle.

Groups Ly, Li’, L, and Iy’ are independently of each other a
covalent bond or a straight-chain or branched C(1-50)alkyl,
which 1s unsubstituted or substituted by at least one group
selected from Hal, OH, NHR’, CO;R’, and wherein one or more of
25 the non-adjacent CHy groups may independently be replaced by a
group selected from -0-, -C0O-0-,-0-CO-,-NR’-,-NR'-CO-,-CO-NR', or
a five- or six-membered heterocycle, wherein R’ represents H or
C(1-8)alkyl. The expression “a straight-chain or branched C(l-
50)alkyl, which is unsubstituted or substituted by at least one
30 group selected from Hal, OH, NHR’, CO;R’, and wherein one or more

of the non-adjacent CHy groups may independently be replaced by a

group selected from -0-, -CO-0-,-0-CO-,-NR'-,-NR'-CO-,-CO-NR'”



Thus in preferred enbodi nents, LI, LIf, L2 and L2f and preferably L1 and L2
are independently of each other a group of fornulae (a), (b)" (c) or (d)
Sp- N N( CHEDqoisaiessa) Sp R N-- (cH2) gN=N (b) ( CP2Y@®P2@8pAbo2BIR  N=N

, N NSp- N-N N(CH2)qg(cl) 20

26

also includes linking groups such as hydrophilic oligo/polymeric
groups, such as oligo/polyethers, oligo/polypeptides,
oligo/polyamides, oligo/polyamines, oligo/polyesters,
oligo/polysaccharides, polyols, multiple charged species or any

5 other combinations thereof.

In one embodiment, such a hydrophilic oligo/polymeric group

includes an oligo/polyether such as oligo/polyalkyleneoxide,

more specifically polyethyleneglycol {PEG) and related
homopolymers, such as polymethylethyleneglycol,
10 polyhydroxypropyleneglycol, polypropyleneglycol,

polymethylpropyleneglycol, and polyhydroxypropyleneoxide, or
heteropolymers of small alkoxy monomers, such as a
polyethetylene/polypropyleneglycol, typically having from 2 to
25, preferably from 2 to 10 oxyalkylene groups.

15 In another embodiment such a hydrophilic oligo/polymeric group
includes an oligo/polypeptide such as a hydrophilic peptide
sequence or a polyaminoacids and derivatives thereof, e.qg.,
polyglutamic acids, polylysines, polyaspartic acids,
polyaspartamides, wherein each peptide sequence or polyaminocacid

20 typically has from 2 to 12, preferably 2 to 6 amino acid

residues.

Preferably, L; and L, are straight-chain or branched C(1-24),
more preferably C(1-12), most preferably C(1-6)alkyl, which 1is
unsubstituted or substituted by at least one group selected from
25 OH, NHR’, CO;R’, and wherein one or more of the non-adjacent CH»
groups may independently be replaced by a five- or six-membered
heterocycle, preferably a five-membered azaheterocycle such as a
triazole or a tetrazole, wherein R’ represents H or C(1-8)alkyl,

or a hydrophilic oligo/polymeric group as defined above.

30 Groups L1’ and Ly’ are preferably a covalent bond or a straight-
chain or branched C(1-24)alkyl, more preferably C(1-12)alkyl,
most preferably C(1-6)alkyl, which is unsubstituted or



(c) wherein WO 2013/ 026842PCT/ EP2012/ 066236 32 R' is Hor a

strai ght-chain or branched C(1-8)al kyl, which is unsubstituted or

substi t utwo 2b1s/@ass4keast one ON, Hal, or NO2, Sp is a spacCemEpeéiznke@déto Y1
and/ or Y2), such as a straight-chain or branched C(1-8)al kyl, which is
unsubstituted or wherein at 5 | east onf of the -CH2- groups is substituted
wth -OH -NHR, or -COOR, wherein R ?epresents H or C(1-8)al kyl and, g
is 0, 1, 2, 3 or 4. In preferred enbodinents, Sp is a straight-chain or

br anchedbGtl-t)talkyiby whi draiss umsubsgtotwpt edler:t\aherfe:iom dtal,easH, onelRdf, 10

t he - bstituted th - R
de? i nCg%é%ovguR%hi’fze?él%o:‘?@%eﬁﬁoﬁoﬁﬁnto tttl?g W&@&jacﬁ@énﬁ%ﬁgg:‘)gl@lsdéé% 2
conpoungs;e Igbé@r@y|§eg£8@p EMPect VG, £Lvd M0, _co-o-,-

2013/ 02684 PCT/EP2 12/066 36 33 y
0-CO-,-NR' -, -NR' -CO-, ~CO-NR’ wherein R’ represents H or C(l-

5 8)alkyl.

More preferably, L;’ and Ly’ are a covalent bond or a straight-
chain or branched C(1-12)alkyl, more preferably C(1-6)alkyl,
wherein one or more of the non-adjacent CHy groups may
independently be replaced by a group selected from -0-, -CO-0O-,-

10 0-CO-,-NR'-,-NR'-CO-,-CO-NR’, wherein R’ represents H or C(l-
8)alkyl.

Group m is 1, 2, or 3, preferably 2.

In specific embodiments, Y; and/or Y, are preferably N and thus

B, is a carboxamide protecting group.

15 The term "protecting group" (or terminal groups) as used herein
refers to a suitable protecting group for Y; and/or Y,. These

protecting groups depend on the nature of the functional group
(typically an amino or carboxamide, carboxyl or thiocarbonyl
function) and thus are variable. Suitable protecting groups for
20  amino functions include e.g. the t-butoxycarbonyl, the
benzyloxycarbonyl, allyloxycarbonyl, methoxy- or ethoxycarbonyl,
2,2,2-trichlorocethoxycarbonyl, acetyl or trifluoroacetyl, benzyl
or 2,4,6-trimethoxybenzyl, the phthalolyl group, and the trityl

or tosyl protecting group. Suitable protecting groups for an

25 amide function include e.g. p-methoxyphenyl, 3,4-
dimethoxybenzyl, benzyl, O-nitrobenzyvyl, di-(p-
methoxyphenyl)methyl, triphenylmethyl, (p-

methoxyphenyl)diphenylmethyl, diphenyl-4-pyridylmethyl, m-2-
(picolyl)~-N'-oxide, 5-dibenzosuberyl, trimethylsilyl, t-butyl
30 dimethylsilyl, and the like. Suitable protecting groups Zfor the

carboxyl function include e.g. silyl groups and alkyl, aryl or



R" (CH2),(NN=NB YL (R3) p RmHX5 31x2 Sp NO R4 (X4Pel" 4 -1 - (Hr
| Vb wherein X1 to X5 are independently of each other C, N or O,
pr ef er ablwoNom0268425 R1, R2 are independently of each otrhe&rErk)izloed2egen, C
(1-12) alkyl, C (2-12) al kenyl , C (2-12) al kynyl, -0R5, -COR5, -COCR5,
-NHR5, - CONHR5, wherein R5 represents H halo, C (1-12) alkyl, C (2- 12 )
al kenyl, C (2-12) alkynyl, -OR, -COR28-COOR ,or -NHR , WO
2013/ 026842PCT/ EP2012/ 066236 34

arylalkyl esters, more specifically alkyl esters such as methyl

and t-butyl; alkoxyalkyl such as methoxymethyl; alkyl thioalkyl
esters such as methyl, thiomethyl; haloalkyl esters such as
2,2,2-trichloroethyl and aralkyl ester, such as benzyl, p-
5> methoxybenzyl,p-nitrobenzyl, diphenylmethyl. Suitable protecting
groups for the hydroxy function include e.g. alkyl esters, t-
butyl, Dbenzyl or trityl groups, including methyl ethers,
substituted methyl ethers (e.g., MOM (methoxymethyl ether), MTM
(methylthiomethyl ether), BOM (benzyloxymethyl ether), PMBM or
10 MPM (p-methoxybenzyloxymethyl ether)), substituted ethyl ethers,

substituted benzyl ethers, silyl ethers (e.qg., TMS
(trimethylsilyl ether), TES (triethylsilyl ether), TIPS
(triisopropylsilyl ether), TBDMS (tert-butyldimethylsilyl

ether), tribenzyl silyl ether, TBDPS (tert-butyldiphenylsilyl
15 ether)). The present invention is not intended to be limited to
these protecting groups; rather, a variety of additional
equivalent protecting groups can be readily identified and
utilized 1in the present invention. The above and further
protecting groups as well as techniques to introduce and remove
20 them are described in "Protective Groups in Organic Synthesis”
Third Ed. Greene, T. W. and Wuts, P. G., Eds., John Wiley &
Sons, New York: 1999, the entire contents of which are hereby

incorporated by reference.

In more specific embodiments the present invention is directed

25 towards compounds of formulae IIIa, IIIb, IIIc

?1
QR o Y10
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wherein R
nitroso, C(1-12)al kyl, -OR,
repr esentwoHom026842- 8) al kyl ,
is Oor 1, YI is O, Nor S, B

is Hor C(1-8)alkyl,

R3, R4 are independently of each other H,
-COR or halosubstituted -COR, wherein R
5mis 1, 2 or 3, r has a valrmr2ab/ods28e© 7, p
is H or a protecting group, 10 R" is Hor a
whi ch is unsubstituted or

straight - chain or branched C(1- 8) al kyl
substituted by at |east one ON, Hal,
strai ght-chain or branched C(1-8)al kyI

02’ NO2, Sp is a spacer such as a

mhlch is unsubstituted or wherein

at | east one of the -@QRR-

groups is substituted with -OH, -NHR , or

-COOR , wherein R epresents Hor C(1-8)alkyl, L2' is a coval ent bond or
a straight-chain a 0(1- 6)alkyl, V\/nerel n one or nore of the
non- adj acent CH2 grQ rcdependently be replaced by a group sel ected
from-0-, -00-0-, - ‘—OCO JNR'- -NR -CO-,-CONR, wherein R represents
H or 0(1208)al kyl, 1, Y2 or 4, R6 is H or C(l 8)al kyl, and R7, R8
are independently of ea(,Eh o] OO—| or -0C(1-8)alkyl. WD
2013/ 026842PCT/ EP2012/ @@623
(Bak Rz
/ =
R Hj, X6 X Ry
I1Ib
iy
R
11 I.l_1' lT']
?Rs 18F /ﬁij;f?D o
R O
7 L2
;;m ~Y2 m NH/“\©\ (Bg)p R2
' X
%2 ¥;“\I; 3 ij%
18 4 ~
i Ré (y, X& X1 Ry
ITIc
5 wherein
X1 to X5 are independently of each other C, N or 0O, preferably N
or O,
Ri, Ry are independently of each other H, halogen, C(1-12)alkyl,
C(2-12)alkenyl, C(2-12)alkynyl, -ORg, ~CORs, -COORg, -NHRg, -
10 CONHRg, ~-CONHR3, wherein Ry represents H, halo, C(1-12)alkyl,
C(2-12)alkenyl, C(2-12)alkynyl, -OR’, =-COR’, -COOR’, or -NHR’,
wherein R’ is H or C{(1-8)alkyl,
R3, Ry are independently of each other H, nitrosc, C(1-12)alkyl,
-0OR’, -COR’ or halosubstituted -COR’, wherein R’ represents H or
15 C(1-8)alkyl,

Y1,Y> are independently of each other O, N or S,



N-Sp-N (CH2)q (R3)p RLi' B2- Y2 OX -2 18F R4 VxxR 4 _1 1 (Hr N, NSPN
(CH2)q B2-Y2 MHO (R3)p R2 X3 X5X2 | R4pp
WO 2013/026842 PCT/EP2012/066236

30
mis 1, 2 or 3,
r has a value of 1 to 7,

p is 0 or 1,

L1,L1",L2,L2" are independently of each other a linking group,
5 such as a covalent bond or a straight-chain or branched C(1-
8)alkyl, which is unsubstituted or substituted by at least one
CN, Hal, OH, NHR’, COOR’, NO,, and wherein one or more of the
non-adjacent CH; groups may independently be replaced by a group
selected from -0-, -CO-, -CO-0-,-0-CO-,-NR’'-,-NR'-CO-,-CO-NR'-,-
10 NR'-CO-0-,-0-CO-NR'-,-NR'-CO-NR'-,-CH=CH-,-C=C~-,-0-CO-0-, -S-R’-,
-SO3R’-, or a five- or six-membered heterocycle, wherein R’

represents H or C(1-8)alkyl,
B1,B; are independently of each other H, or a protecting group,
Rs,Rg is H or C(1-8)alkyl, and

15 Ry,Rg,R19,Ry1 are independently of each other H, -0H, or -0C(1l-
8Yalkyl.

The term “heterocycle” (or “heterocyclic ring”), as used herein,
means any 4- to 7-membered heterocyclic ring which is either
saturated, unsaturated, or aromatic, and which contains from 1
20  to 3 heterocatoms independently selected from nitrogen, oxygen
and sulfur, and wherein the nitrogen and sulfur heteroatoms may
be optionally oxidized, and the nitrogen heteroatom may be
optionally quaternized. Heterocycles may include include, but
are not limited to, morpholinyl, pyrrolidinonyl, pyrrolidinyl,

25 piperidinyl, hydantoinyl, valerolactamyl, oxiranyl, oxetanyl,

tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl,
tetrahydroprimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, tetrahydropyrimidinyl,

tetrahydrothiophenyl, tetrahydrothiopyranyl, and the like.

30 Preferred heterocylces for use in the present invention are



11 (1-1)r wherein X1 to X5 are independently of each other C, N or O,
preferably N or 0, WD 2013/026842PCT/ EP2012/ 066236 36 C(2-12)al kenyl,

C(2- 12) alworyi3/0269R5, - COR5, -000R5, -NHR5, - CONHR5, wrerdirroiRBed28r esent s
H, halo, C(1-12)al kyl, C(2- 12)al kenyl, C(2 12) al kynyl, -OR, -COR, -COOR ,
or -NHR, wherein R is Hor C(1- 8)a|k , 5 R3, R4 are independently of
each other H, nitroso, C(1-12)al kyl, -COR or halosubstituted - COR
wherein R represents H or CXl-8)aIkyI mis 1, 2 or 3, r has a value of 1
to 7, hQapeter®oyrclls Y&dmidlnlmgOFCSntBZnh&gH fepma protect BngndredvpenR’
is Hor a straight- chaln or branched C(1-8)alk which_is unsubstituted or
subst i BICEG by Fef%5§? Bne o mpgmd %ﬁeqkﬂazi% %ﬁrngé 8Pacerlf&ich t&smy

I h 8) al k titut
i Toaat ne Br e BOrpt ofebhs 14 SubaPrriraa Wi Ton MR har Tedor
wher ei B§ &v‘%@f%%%@}l%; Hiol Al alikl . kkn 15,2 cayal ent bapd gr %o

strai ght-chain or branched 0(1- 20 6)a|ky| wheér ei'n one“or more of
nons adjhatentocod? igr o;mlmasyhmtdepﬁadeaélsyabe lreepltacate hylar@g@xupaseheqhed

from-0-, -00-0-, -
a ring and may  be unsubstituted or substituted. The
azaheterocyclic group may also be substituted as recognized in
the art, e.g. by a C(l-6)alkyl. For wuse 1in the present
compounds, a five-membered azaheterocyclic group 1is preferred,
10 such as a triazolyl or tetrazolyl group, more preferably a group

of the following structures

R!l R'I

.N
N --(/\:-- —-N%R" N
N—N

N=N N=

wherein the dotted lines represent linking sites to the adjacent
groups and R’’ is H or a straight-chain or branched C(1-8)alkyl,
15 which 1is unsubstituted or substituted by at least one CN, Hal,

or NO».

Thus in preferred embodiments, L4, Li’, L; and Ly’ and preferably

I; and I, are independently of each other a group of formulae

(a), (b), (c) or (d)

Ru Rn
_SP‘N\/%’(CHz)q— “‘SPA%\ N—(CHz)q—
N—N N=N
(a) (b)
// N
(CHy)q N\ Q7__Sp___
—Sp-N Ny—R" N—N\\
N=N (CH)g—

d)
20 (c) _ (

wherein



- -, - - -CO-NR, wherein R represents Hor 0(18)alkyl, q is
(?C?’Z!\"g E)rNE, %}Rg is Hor C(1-8)alkyl, and Rio,Ril are i ndependengley37
of each ovbeni3426s40H, or -0C(1-8)al kyl. WD 2013/ 026842Pﬁmm0m%2®ﬁ22 N
conpounds of fornmula |I having formulae Vla, VIb, .VI c, Vid OR9 Ri(CVI)i:)’ "o
NN SpNH -N N=EN-N O H mNRo H 0 ,X3 R4 V X6xR<-'1,,i X2 (CH2)(q
2013/ 026842PCT/ EP2012/ 066236 32

R’ is H or a straight-chain or branched C(1-8)alkyl, which is

unsubstituted or substituted by at least one CN, Hal, or NOy,

Sp is a spacer (linked to Y, and/or Y,), such as a straight-chain
or branched C(1-8)alkyl, which is unsubstituted or wherein at

5 least one of the —CHz- groups is substituted with -OH, -NHR’, or
-COOR’, wherein R’ represents H or C(1-8)alkyl and,

g is 0, 1, 2, 3 or 4.

In preferred embodiments, Sp is a straight-chain or ©branched
C(l-6)alkyl, which is unsubstituted or wherein at least one of
10 the —-CHy~ groups is substituted with -OH, NHR’, or COOR’, wherein

R” is as defined above.

Thus in some embodiments the present invention ©provides

compounds of formula I having formulae IVa, IVb, IVec, IVd



(RA, R2 X5*3 )1(2 4 (F)r X4 Xi R1 wherein X1 to X5 are independently of
each other C, Nor 0, preferably Nor 0, 5 Rl, R2 are independently of each
ot her H, Welowpanes4e( 1- 12) al kyl, C(2-12)al kenyl, C(2-12) aClyprgé12/06Q2R5,

-00R5, -COOR5, -NHR5, - CONHR5, wherein R5 represents H, hal o,

C(1-12)al kyl, 0(2- 12)al kenyl, C(2-12)al kynyl,-OR, -COR, -COOR, or

-NHR , wherein R is Hor C(1-8)alkyl,330 R3, R4 are independently of each
other H, nitroso, C(1-12)alkyl, -OR, -COR or hal osubstituted - COR ,
wherein R represents Hor C(1-8)alkyl, mis 1, 2 or 3, r has a value of 1
to 7, WD 2013/026842PCT/ EP2012/ 066?,,?» 039 pisOor 1, R is Hor a

stral ght - chaigg,or branched C(1-8)al ky[, ‘ ich is unsubstituted or
substituted_ b OI east one'CN, Hal (~Ton “’ pRI s 1 spacer such as a
strai ght - %hmanche/ 1-8) al kyl"H 5 ‘ g(n Jstitut ed or wher ei n
at | east oRe™0fsthe~@H2\grup® % s@ibst i t ut eq<5vm Xz-NHR‘ , - COOR
wherein R reprltfsents H or 1-8) al kyl,
°F Va
B1
Y{ 0
ORs 9
N —sp—N" 0 X Ko™
f R4 (H)x4 X1 R1
"F IVb ’
B4

L}2 Ve
18F

B4

Y -0

wherein

X3 to X5 are independently of each other C, N or O, preferably N

or O,

5 Ri, Ry are independently of each other H, halogen, C(1-12)alkyl,
C(2-12)alkenyl, C(2-12)alkynyl, =-ORs, -CORs, =-COORs, -NHR;, -
CONHRs, wherein Rs represents H, halo, C(l-12)alkyl, C(2-

12)alkenyl, C(2-12)alkynyl, -0R", -COR’, -COOR’, or -=NHR’,



L15,L2" are independently of each other a covalent bond or a straight-chain
or branched C(1-6)al kyl, wherein one or nore of 10 the non-adjacent CH2
groups nawyointbapesident |y be repl aced by a group sel ect edCrmerno12066236
-00-0-,-0-00-,-NR -,-NR -00-,-CONR, wherein R represents H or
C(1-8)alkyl, gis 0, 1, 2, 3 or 4, R65R9 is Hor C(1l-8)al kyl, and 15

R7, RB5R10, R11 are independently of each4other H -OH or -0C(1l- 8)alkyl.
One specific enbodi mrent of the conmpounds of the invention includes for

exanpl evheargiourds mher @i ¢ (1-8)a108)1 X1 to X5 are N, Rl is NY3Y4, R2 is O,
R4 is Y5, pisOorlZOandqls or3 or (b)XltoXSareN Rl is

4, Y. in specif
ghr:ggdl r;ﬁtlsRS4 (%E%poll?ﬁi(? oo%tnhe yproe%s)e n9tﬁ?¥oﬁ iﬁ&ltﬁﬁéocor%&urjr&s? agfkyl,
f or mul a@RVi,l a;COA" bor Wép@s%égltm&O@éQZGfﬂéﬁ EF’ﬁOl%/ g?égégtéo Mla
18F wherein Y3r Y4 are independently of each ofher se rom

hal o, §é(1'— ?)laFIYI@yI C(2-12)al kenyl, C(2-12)al kynyl, -OR, -COR, COCR,

and_-NHR , wherein R is H or C(1-8)al kyl ,
5 m is 1, 2 or 3,

r has a value of 1 to 7,

p is 0 or 1,

Y; is O, N or S,

By is H, or a protecting group,

10 R’" is H or a straight-chain or branched C(1-8)alkyl, which is

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

Sp is a spacer such as a straight-chain or branched C(1-8)alkyl,
which 1is unsubstituted or wherein at least one of the -CH,-

groups 1is substituted with -OH, -NHR’, or -COOR’, wherein R’
15 represents H or C(1-8)alkyl,

L, is a covalent bond or a straight-chain or branched C{(1-

6)alkyl, wherein one or more of the non-adjacent CHp groups may

independently be replaced by a group selected from -0-, -CO-0-,-

0-CO-,-NR"~, -NR'-CO-,-CO-NR’, wherein R’ represents H or C(1-
20 8Yalkyl,

q j_S O, 1, 2/ 3 or 4'
Re is H or C(1-8)alkyl, and

R7,Rg are independently of each other H, -OH, or -0C(1-8)alkyl.

25 In other embodiments the present invention provides compounds of

formula I having formulae Va, Vb, V¢, Vd



WO 2013/ 026842PCT/ EP2012/ 066236 41 hal osubstituted -COR, wherein Ris H or
C(1-12)alkyl, mis 1, 2 or 3, Y1Lis O, Nor S, Bl is H or a protecting
group, 5 8p2ws/@csipacer such as a straight-chain or brarcha®2Gehe@pal Kyl ,
whi ch is unsubstituted or wherein at | east one of the -CH2- groups is
substituted with -OH, -NHR , or -COOR, _wherein R represents H or

C(1-8)al kyl and, L2r is a coval ent bon%i or a straight-chain or branched
0(1- 10 6)al kyl, wherein one or nore of the non-adjacent CH2 groups may

i ndependent |y be repl aced by a group selected from-0-, -00-0-, -
OCO,-NR-,-NR g, -CO-NR, wherein R represents Hor O0(1- 8)alkyl, qis

0, 1, 2, 3 or 4 I5 |s H or FC‘(l 8)a| kyl, and R7,R8 are independently of
each ot her HRw /’?}\k ot her speci fic enbodi nents,

conpounds of tRe resent ‘iCh‘v)e S1“’nc onmpounds of fornul ae Villa,
VIIIb, Villc, VIITH 20 WO 201%/"626842P / EP2012/ 066236 42  VIlIb VIild
wherein 8 ( " ” Ra)p Ry

,— Y5 S0 xﬁ(x"’ X,
‘ PN

R4 X X7 R

2
' 2N
Ry /x X; R
Vb Hy+
Nx=
(I)Rg A \ H
Rio fe) N—/Sp—N O
CH,)
R ( 2/q
" (N Ra)p Ry
L H x
18| Bz_Yz (e X5/\( s =X
F ! / PN
R4 (H)/x4 X; Ry
Ve ’
ORg N-n
\ H
Rio | 0, NN/\_ Sp—N__o
0
R 7 (CHz)q (
L|1 mN (Ra) Rz
18k B,—Y; O xﬁ[ Xs \)x\
l ~
R4 (H)/X4 X1 Ry
Vd r

wherein

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

or O,

5 R1, Ry are independently of each other H, halogen, C(1-12)alkyl,



Y3r Y4 are independently of each other selected fromH, halo,

C(1-12)al kyl, C(2-12)al kenyl, C(2-12)al kynyl, -OR, -COR, 5 COOR, and
-NHR',  wheoebrs/@ssdes H or C(1-8)al kyl, WO 2013/ 026842PETIEP20226266236 43
mis 1, 2 or 3, Y2is 0, Nor S, B2is H or a protecting group, Sp is a
spacer such as a straight-chain or branched C(1-8)alkyl, 5 which is
unsubstituted or wherein at |east one 86 the -CH2- groups is substituted
with -OH -NHR or -COOR, wherein R represents H or C(1-8)al kyl and, L2f

is a ceval-ent) ah_q{%ﬂr acst2r_q| hiy %'l” or 5 ranc C(1- %gl kyl , {Egerei_n

one or nore of t he "non- adj acent gr’oups 1 EHdepe ﬁtly Y'epl aced

by a grouupirsel ecited-dirOMRO- |, re Qs Q@ CG Ngl NR golm R, wherein
R represents Hor C(1l- 8)a kyl&gélso 1;2 %8r g?hy

C( 1- 8) ARy Lkeand /15 @?&Z)—M)labkmy]n,depe@lkfent | yCO}R’ gachcobher Hor- OHNER" |
- 0C( 1- 8 Ir_lgl I at h S 8c) di nents, conmpounds of the present
i nventi on 1 dde co(r?r—% dggc f ‘ae | Xa, I Xb, IXc, I Xd 44
5 Rs3, Ry are independently of each other H, nitroso, C(1-12)alkyl,
-OR’, -COR’ or halosubstituted -COR’, wherein R’ represents H or
C(1-8)alkyl,

mis 1, 2 or 3,

r has a value of 1 to 7,

10 p is 0 or 1,
Y, is O, N or S,
B, is H, or a protecting group,

R’7 i1s H or a straight-chain or branched C(1-8)alkyl, which is

unsubstituted or substituted by at least one CN, Hal, or NOy,

15 Sp is a spacer such as a straight-chain or branched C(1-8)alkyl,
which 1is unsubstituted or wherein at least one of the —~CH,-

groups 1is substituted with -0H, -NHR’, or -COOR’", wherein R’
represents H or C(1-8)alkyl,

L7 is a covalent bond or a straight-chain or branched C{(1-

20 6)alkyl, wherein one or more of the non-adjacent CHy groups may
independently be replaced by a group selected from -0-, -CO-0-,-
0-CO-,-NR'-,-NR'-CO-,~CO-NR', wherein R’ represents H or C(1l-
8)Yalkyl,

qg is 0, 1, 2, 3 or 4,
25 Rg is H or C(1-8)alkyl, and

Ri0,R11 are independently of each other H, -OH, or -0C(1-8)alkyl.

In yet other embodiments the present invention provides



NH N N NY3Y4 WO 2013/026842PCT/ EP2012/ 066236 45 Y3, Y4 are independently
of each other selected fromH, halo, C(1-12)alkyl, C(2-12)al kenyl,

0(2-12) alworzgi3/263R , -COR , - COOR, and -NHR , wher ei RCIREP2GI2I66&286
C(1-8)al kyl, Y5 is selected fromH, nitroso, C(1l-12)alkyl, -OR, -COR,
and 5 hal osubstituted -COR, wherein R is Hor C(1-12)alkyl, mis 1, 2 or
3, Sp are independently of each other &7spacer such as a straight- chain or
branched C(1-8)al kyl, which is unsubstituted or wherein at | east one
of the colddunds0WFs ﬂoscnﬁﬂl&StI' HakAA MR uPHe VIR w110 9F o CPR . wherein
R represents Hor C(1-8)al kyl, L17, 2" are indepen ently 6f 'each other a
coval ent bond orpg, strai ght- chaln or branched C(1-6)al kyl, wherein one or
more of the non-adjacent CH2 greyps may i ndependently be replaced by a

group sel ectfe Q- -00 0_A-0-00-,-NR -, -NR -00-,-CO-NR, 15 wherein
R represent sRH )@m NS OH 1 2 3 or 4, R6,R9 are

i ndependent |y of leach other NﬂN(XQng and R7, R8, R10, R11 are

i ndependent |y of sach other H, -CH, or (1O 8)a|ky| 20 In a further
aspect the preeﬁp |nvent|on also provi se of sygghe§|2|ng a
conpound of thg Pnvention. synthe5| fﬁa pré any b on a nodul ar

approach (Rgf oprlatel erspa%N eth f unct™oha k folate
group, sacch } ﬂnd i sHbased on vari a ap coupling 25
chem stries th_ n the ar it N=inncl udi ng esterifiact On}iéhdlétldh, and the
click-reaction ?Qee al so herei naboxia) . The latter reac{lbn has been proven
to be particuldly useful and is based on the coupling of an azide and an
al kyne group in a cycloaddition under thermal conditions or in the presence
of a 30 catalyst.to obtain the final conpound of choice (Kolb and WO

2013/ 026842PCT/ 12/ 066236 46_Sharpl ess, Drug Di scovery Today 2003, 8,

1128; Kol b Bt,™a few. Chem Fht. Ed. 2001, 40, 2004; Rostovisev, V. V.
et al. Angew. (C EQ—QQ 41, 2596; US 2005/02222427; WO
06/ 116629) . Héseqreactlons arﬁ>%no§m”§ k;gen 1, 3-di pol ar
18
ORg F
Re N Y Rap Ro
R, C ' = X
_ )\Ksp—N el X 3%,
Rg (CHy)q N H | | Py
Ly’ N=N Re XX R,

(H)
' Vib r



5 cycloaddition (thermal conditions) and O ick-Reaction (catalytic

condi tions) and have been described in the art (Kol b and Sharpl ess, Drug

D scover ywoadey22€03, 8, 1128; Kolb et al. Angew. Chem PCmMEP2EHA062801, 40,
2004; Rostovtsev et al. Angew. Chem Int. Ed.2002, 41, 2596; US

2005/ 02222427; WD 06/116629). 10 More specifically conpounds of the present
i nvention wherein the five nenbered heBérocycle is a triazole my be
obt ai ned by cycl oaddition of an azide Ra-N3 with an al kyne Rb-CEC-R, and
conmpounds of formula | wherein the five-nenbered heterocycle is a tetrazole
are obtained by cycloaddition of an azide Ra-N3 with 15 a cyani de Rb- CEN.
Al'l possible conbmnaglons are Bogtenpl ated herein, i.e. Ra being the folate
derivative and Rpb oelng a saaég/hlde group (or precursor thereof), as well
as Rb being t Reo fﬂ]ﬁ e geriv belng a saccharide group (or

precursor theragfy. 4 \r ﬂ@dular an rsatile nature of the reaction
20 allows to enployfa w de variety of kerls tqQ couple the radioi sotope to
folic acid. It is @&fso understood that sao |de gmagpfnay be
substituted withORhe 18F i sofbpe ou- 523 \ate group or

foIat Nﬂﬁ)p I is al so dﬁd sto d ?hat one of
the two couplin t he .al kyne or azide ggoupX% 466

speci fically IRenke direcﬂ?VZEr t f'Gugh a linker to tHBExat carboxyllc aci d
on the folate (undgr suitable protection of the 7-carboxylic acid) to
obtain the a-regiigli soner in pure form Alternatively, one of the two 30
coupling groupsnki.e. the ahk¥pe or azide group) nmay be specifically |inked
directly or thrmu&h a Ilnker the 7- WD 2013/ 026842PCT/ EP2012/ 066236 47
carboxyllcFeel e fol at SU|tabIe protection of the

a- carboxyllcRa @H@ the r Ssomer in pure form It will be
obvi ous for a' skHﬂIed person to sel ec a-oropr|ate conditions for the

vari ous couplinggsteps and choose a npm)n. > protegbl groups PG (e. g

see Greene & WRs, Eds., PNoNective ups m 9aQi Cxs heS|s 2nd Ed.
1991, Johry osSons, ;i’ Nea? ng groupsXd.GJ( e F}iﬁ\a(zhalogen
tosyl ate, n%iSf%%ﬁLﬁilijléﬁe carbonate gr oup) U@ dé desired a- or
yregi oi someRs” 10°In a FifrEter aspect the |nvent|on(ﬂmo©| Bharnaceutical

conpositions thﬁrapeutlcally eff&ﬁélve anount of at |east present invention

and a pharrmaceggically therefor. used herein, a pharmaceutically anount
or a one conpound of the acceptable carrier acceptable carrier,

after couplig

wherein

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

or O,

5 Ri, Ry are independently of each other H, halogen, C(1-12)alkyl,
C(2-12)alkenyl, C(2-12)alkynyl, -ORs, -CORs, -COORs, =NHRs, -
CONHRs, wherein Rs represents H, halo, C(l-12)alkyl, C(2-

12)alkenyl, C(2-12)alkynyl, -OR’", ~-COR’, -COOR’", or -NHR',
wherein R’ 1s H or C(1-8)alkyl,

10 R3, Ry are independently of each other H, nitroso, C(1-12)alkyl,
-OR’, -COR’ or halosubstituted -COR’, wherein R’ represents H or
C(1l-8)alkyl,

m is 1, 2 or 3,

r has a value of i to 7,



15 which is present in an appropriate dosage, includes solvents, dispersion
nmedi a, antibacterial and antifungal agents, isotonic agents, and the |ike
whi ch ar ewphysibsagi cal | y acceptabl e. The use of such medirarand/oesent s are
wel | -known in the art. In a further aspect the present invention provides
uses of 20 fol ate radi opharnmaceuticals of the invention (which include
conmpounds and pharmaceutical conpositioBs of the invention) for convenient
and effective admnistration to a subject in need for diagnostic imaging.
Thus t ke iy esed 1 nhvention provides a nethod for diagnostic 25 imaging of a
cell or population of cells expressing a fol atereceptor, said nmethod

conpri simg {heysteps, ogtEgE‘PH‘CSEﬁékﬂg oAty éheo ecg?'ﬁgal%l am)urliifCh drid

radlopharnaceutlcal of nvention in a ghost i

obt ai niurgsub st iagnosd i g i Jmge: ofuisal beeld lCHasROIQiHeatdl\pn mwef1,ce)d s10

2013/ 026842PCT/ EP2012/ 066236 48 Thus, the present i nvention prOV|éés a

met hod dors d na Vi oo detgeti 9o af XRLESSLIY 2 tor in a
ti ssue ggﬁ%le ﬁ e|nc u%esgcgnfgg%? gtsgﬁé§?|§gug&g§n%l Rf@%%ﬁfﬁﬁiéyt

one5f olvatiech adsopnhnasélm}a@eutmt@d ofr t heekBYENtdtON1kBsh eff&ctdivergaounts and
for sufficient tinme and conditions to allow binding to occur and deteéﬁlng

such blgﬁFd%Uer bysPEFlkPmﬁlh‘“gedl Wighf ur@ther -d8péct ¢he -POERERt Wnweathomr’
provi des, fgﬂéyea naceutlcals of the present invention for
10 conve |ent "and ‘effec ve a nlnlstratlon to a subject in need for

dlagno§6 pagi ng and/or nonitoring of therapy of cancer and inflanmmtory
and aut®di rrf[r‘ﬁne HiSeaBEEPERAGEL L¥hePTor §§§ﬁt ?Hveht Ponc Y dleies banset od o or

| t t f ad t
To 15 3 ORRLet T meedtt hEreer o G ERat 4R ol 4587 £ 6Rar HacBBEPCA o

tthpr@hannwmve@jaoantncagd@mmuﬁﬁ|méwlynaéﬁeﬁabMel9mw@ﬂré§u§@Q@|B?tbpn
with a therapeutically active conpound of choice, and obtalnlng a
di agnoéltﬁwpi mege eofteshi d roimssuls , t o- ¢3©+®0y\f-®h@OeouNBe—,o#NR -ea-erto-NZQ The

subj ec raply huna f of the present The dosage,
oML LA P e

i.e. dlagnos I cal l'y e | east one folate
radlopharna%ﬁutuc%h q{(hh%,lnventlon depends on the

Rg,Rg is H or C(1-8)alkyl, and

15 R7,Rg,R10,R11 are independently of each other H, -OH, or -0C (1-
8)alkyl.

One specific embodiment of the compounds of the invention

includes for example compounds wherein

(a) X1 to X5 are N, Ry is NY3Yy, Ry, is O, Rgs is Y5, p is 0 or 1

20 and g is 1 or 3, or

(b) X3 to X5 are N, Ry is NY3Ys, Ry is NH,, Ry is Y5, p is 0 and g

is 1.

Thus in specific embodiments, compounds of the present invention

include compounds of formulae VIIa, VIIb, VIIc, VIId



25 nature of the effect desired, such as the formof diagnosis, on the

di agnostic instrunentation, on the formof application of the preparation,
and on t hwoags/o2e@eght, nutrition and condition of the Petigr@nigs2ké nd of
concurrent treatnent, if any. However, the nost preferred dosage can be
tailored to the 30 individual subject, as is understood and determ nabl e by
one of skill in the art, w thout undued4éxperinentation. This typically WO
2013/ 026842PCT/ EP2012/ 066236 49 invol ves adj ustnent of a standard dose,
e.g., reduction of the dose if the patient has a | ow body weight. The

i mgi ng procedure in the PET scanner tBakés.pPace fromwithin mnutes to 2-4
hours after adnoRistration of the radiotrager. 5 The schedul e depends on

t he inagingRt t d ki neticB"of the réadi Wa s well as the desired
i nformati on. ’'Th redr o%é( adm nistr E“i oinof :@o ate

r adi ophar maceR¢’T caf's of (@Hed DY eSent SR AVENt 1SN i s DY imET A Neots Nij ecti on.
10 The suitable fiatms for injBction include sterile aqgeo | utli ons or

di spersions of the above mentioned fol ate radi ophar maceuti cl s bf tNYaYs
present invention. Typically the radi opharpnaceutical will be fornulated in
physi ol ogi cal buffer solutions. 15 The folgﬁﬁ radi ophar maceutical s can
undergo sterilization by any art recogni zed techni que, including but not
limted to, addition of antibacterialgof anQifungaI agents, for exanple,
par aben, chlogggutanol phenol , sorbic aCﬁ hi merosal , and the i ke.
Preferably they %ndergo a ste Jle f||tr uefo e 20 adnlnlstratlon
elimnating, of addit onal sterl -nts r solution to

be injected Y-ty abo ut 10 mL.
After intravéno adnlnls?ra EQn, naang of the orgdﬁ o] Vi vo can
take place, if desired, fron1mnth|n mnutes to 2- ﬁ%hou ,&h@

radi ol abel ed r&ggent has been adm ni steredyf@ a subject to allom/a
sufficient anount of the adm nistered dose to accunulate in the targeted
area of choice. The fol ate radi opharmaceuticals of the invention may al so
be 30 used for in vitro detection of a cell expressing the folate receptor
in a tissue biopsy taken from a subj eBt” Y1 ; n a further enbodi nent the
present invention provides a nethod for 2l 3/ 026842PCT/ EP2012/ 066236 50
eceptor €pg. a tunor

invitro detectiggoof a cell ressi ng (the

cell, in a tissud Sanple whi&h lgglugg§ Wﬂhctl sai d. ti ue sanple with
a folate r adiRap tical h%ppré$en9 |nven'|oHN|n CtINe anounts
and for sufficg i (@Hglq condi tions to all ow blmw cgh{ and
detecting such binding by imaging techniqugs. N' NY5Y,
18||:
B1_—_Y1 O
oRs N ey o
N
Ry Q /;N/L__Sp——g o N N NH
» vo S L
R 4 (CHz)q 5 N™ TN” TNYsY,
f Viid
18F

wherein

Y3, Y5 are independently of each other selected from H, halo,
5 C(l1-12)alkyl, C(2-12)alkenyl, C(2-12)alkynyl, -OR’, -COR’, -
COOR", and -NHR’, wherein R’ is H or C(1-8)alkyl,

Ys is selected from H, nitroso, C(l1-12)alkyl, -OR’, -COR’, and



Sanmpl es can be coll ected by procedures known to the skilled person, e.g.,
by collecting a tissue biopsy or a body fluid, by aspirating for tracheal
or pul nromnsoyposanpsdes and the Iike. 10 Ti ssue sanpl es t oPoe/RPesiReck2860C| ude
any arterial and vascul ar tissue including atherosclerotic plaque,
suspected to contain a individual cell, groups of cells, or cell cultures,
of a bodily tissue or fluid (e.g., blobdd cells) expressing a folate
receptor, such as tunour cells, epithelial cells, kidneys, 15
gast  OBN@SUAL; 10fc dch1edigpat QALY pSYSLem oang (gLAGH S cFhe tissue may be
Wi thin a subject, or biopsied or renoved froma subject. % e’ti ssue may
al so b%_qsqul% ¥ any portion of a bodily organ. The tissue may be "fresh"
in that the tissue wduld be recently renoved froma 20 steps between
t he exai;sionosubj ects t hout any preservation and the nethods of the
current invention. The tissue (sanples) may al so have been preserved by
such standard tjssue aration_techniques including, but not limted to,
freezi%@,F%U?bk6?rge9?é§$céﬁ?%f?f%u%hbedding and tissue fixation, prior to
apg%ic tign of the nethods of the 25 current invention. Sanples can be
secti on®d, % .3.SP3Fh 2UFH cRot dmBLreéghhcrhpiat ernPeroskepi € (éx&niadayilon
and observation. ..can also be fixed with an appropriate_ fixatjve
either%§é¥%re9gr a efgiHEﬁegfigﬁ wi th ohe S%ZthgaFgléFb of Cthe T,
radi oplhaionpeeut 5 calup i e Prosent ddwventjygr-to 4,nprewerd0 the. o3y s
hi stol ogi cal quality of sanple tissues. Tine and conditions sufficrent for
bi ndi ng e & h¢ISatle aradi @ptfaerkadutindal of the present invention to a
folate receptor on the cell include standard tissue culture conditions, WO
2013/ 026842RCTREP2612166623f0rhl bre. a SaagmEak1Re rcubt ungds ddhad t £q1and
i ncubated wi th one of the conpounds or conpositions of the present
i nvent ieoR iy lphydiigt cate nedi #orsuc ddrli tdomsd laeemel CHkngwnupe thy
skille rson. Alternativel | es can be fixed and then 5 incubated
with aq g%ﬁ?& F§§igbﬁﬁ?ﬁﬁ%@&%#%gﬁggfat%EO%Qe§%L?CFﬁ9eﬁFP%n‘pﬁ'aﬁCp§9roﬁic
or _physi-obogial -bulikercoForcalhrapplyieald ans it isoe00ugpLent L. prapare
t he conpounds of the present invention at, or near, the sife where théey are
to be G3édkyie Al of the conpounds and/or nethods disclosed and clai ned
herein can be nade and executed w thout undue experinmentation in |ight of
t he preasésnt Odi §6l @suBeor t4,wi || be apparent to those of skill in the art
that variations may be applied to the present invention w thout departing
froan t kg ssopecef ctheghpyepti ogngThe 15 Exanpl es provided herein are
intended to be illustrative and are not exhaustive; therefore the
iIIust&atgd Exagglgs shguld not _be viewed as limting the invention in any
way. EXAMDE €3S Mt ErE A SE Aty MBE hode! 28N ¢t ardd spect TX (et 386 ded on
a Jasco FT/1R-6200 ATR-1 R Nucl ear magnetic resonance spectra were recorded
with alBrukerhemo FR2CAE1500 ameodigesttironet epmpdends he odor ridspongicrgent
sol vent . si a Lote dard. i cal 1fts epo in
art s ey on T osatr Al 0 e SeRHyRa 1 The {o. g 1T v,
VIIId

20



25 ppm). Values of the coupling constant, J, are given in Hertz (Hz); the
foll ow ng abbreviations are used in the experinental section for the
descri pt iwo 2013/026842NVR spectra: singlet (s), doublet (dpcTiRPR@RAb626¢ ),
multiplet (m, doublet of doublets (dd). The chem cal shifts of conplex
multiplets are given as the 30 range of their occurrence. Low resolution
mass spectra (LR-MS) were recorded withZ2a M cromass Quattro m croTM API
LC-ESI and high resolution mass spectra (HR-MS) with a Bruker FTM5 4.7 T
WO 2013/ 026842PCT/ EP2012/ 066236 52 Bi oAPEXI| (ESI). Reactions were

moni tored by It hi nOI ayer chr ®vat ography (TLC, perforned on EM Sci ence 0. 25
nm t hi ck'?m%l lica | 60 F+254 gI ass supported plates) or HPLC.
HPLC was pgpfor CH,) r k=19PT L7000 system equi pped with an

L- 7400 tunabl é absor ption de&tNector. Anal yiji cal

Geni ni col um,(018, 5 pm 4.6 X 250 ( ’

HPLC was perforned with a
ex) using § he fol | owi ng

sol vent system (1 m/mn): 50 MM N sol yent acetonitrile
(solvent B); 0-4 min, 100% A B25Yd nQ100- 49 oAN5- nmn 93% A, 15-25
mn 93-430% A; 25-30 mn 30% A, Sem preparative HF’LC er;f\or med with a

Gemini colum (018, 5 pm 10 x 250 mm Phenorrenex) 3 M_/nNn MWk a

sol vent system and gradient as follows : 50 nmM NH4AHCO3 sol uti on (sol vent A)
met hanol (s@Reent B); 0-3 m n 100% A; V8228 nin 100->40% A: 28- 15 30 nin
40- >30%Q10' Qm n 30% RAnal yt i cal radio- HPLC was perfornmed on a

Mer ck- Hi Tachi 30 s mL\%_qu eﬁ with a L-2450 di ode array detector and
a BerthoRdi'r d o det 2b!r US| ng Q) menti oned colum and gradient for
the anal ytical HPLC. 20 Fo¥ the in vi tahility studies, an
ultra-perfortfance |iquid chronmat ogr M)N 4) syst em brom Waters with a
Waters Acquity UPLC BEH 018 co‘3 , d an attached
Berthol d co-inci dence detector “¢Fl @)ws?ar LB513) R}l/as wi ' the fol |l owing
gradi ent system 50 nM NH4HCCB sol ution (sol vent Y25 N E“'t ile
(solvent B), 0.5 m/mn; 005mn10Q/A05 3.5 mn 10030%~3.5-3.9 mn
30% A. Sem preparative radi o-HPLC purifi bcation of [ 18F] gl ucose foI ic acid
was carrl ed ©Bs on a HP [ystem qU| pped with a Merck- Hitachi L-6200A

intelli oa Knau Naf$ vel ength 30 ultraviol et detector and
adl tector usi ng Gem n| colum (018, 5 pm 250 x 10
te
mH

an Eber]| |“he
mm PhenoRenex)s and an "?t\.?cr atic ( m of 50 ngll NaH2PO4/ Na2HPO4

buffer solutia

18F )\

Vilic NY3Yy
ORg N-N
I N, _H
Rmm /N)-_Sp A
R (CHZ)q
R (T N o)

wherein

Y3, Y; are independently of each other selected from H, halo,
C(1-12)alkyl, C(2-12)alkenyl, C(2-12)alkynyl, =-OR’, -COR’, -
5 COOR", and -NHR’, wherein R’ is H or C(1-8)alkyl,

Ys is selected from H, nitroso, C(1-12)alkyl, -OR’, =COR’, and
halosubstituted -COR’, wherein R’ is H or C(1-12)alkyl,



WO 2013/ 026842PCT/ EP2012/ 066236 53 adjusted to pH 7.0 and 5% et hanol at a
flowrate of 3 mMm/mn. Al chemcals were used as supplied unlike stated

ot herw sewoRpnoduaes42on of n.c.a.[18F] fluoride N.c.a.No-caCcrirpeeiadeeds

[ 18F] fl uori de was produced via the 180(p, n)18F nuclear reaction at 5 a
Cyclone 18/ 9 cyclotron (1BA) by irradiation of enriched [180]water.['8F
]fluoride was i mobilized on an ani on-£kXchange cartridge (QVA Light;

Waters; preconditioned with 0.5 M K2CO3- solution and H20) and eluted with
a sol uki g8 af Kryptefix K222 (5 ng) and K2C3B (1 ng) in acetonitrile (1.4
m.) and water (0.6 nL) 10 into a 10 nL seal ed reaction vessel. The fluoride
was driYedié)yO azeot r ogi c distillation of acetonitrile at 110C under vacuum
with a étreani of nittogen. The azeotropic drying process was repeated 3
times wth 1 nL of acetonitrile each tine. Exanmpl e 1: Synthesis of
y-f ol aPe B K{necprcreorciecoyehery, to 15 Figure 1A) (a)Synthesis

of (S)-nmethyl 2-((S)-4-((tert-butoxycarbonyl)-

ani no) sp- Het koxypdeaxopedit ananank de) peht -4hyngabe LHLehephay €omueyeinal 1,

avai | abl e Bocd uOwve (402 ng, 1.54 mol) was dissolved in dry DVF (4 nlL) and
Et 3N (428ChpL, i agou tatichetl. OEBTMM20e (1700 tnyleds85 amml pfwashaddediat 0C
and the m xture was.sti, %Csé for, half an hour. The solution of the activated

irr
aci d Wi OPPEnster FEP S TS u¥ibh o 4 PriiRive. 9EL 988Rny, "heseimoR] in

dry DMrepéerbhtgomt airnicnd - 3Nk{856nraL, 4 eq.) at O0C. The m xture was
stirred for 1 h at 0C, warned to rt and stirred 25 over night. The product

was extract; it Ltr] cid, (L. M_and ethyl acetate. The organjc ase
Was i %%ed l\;eadp# b??‘_?l%?é%?i gbémgiye%rNaaZS 8n %goﬁglélﬁpr ated btﬁ?d“é%erdedﬁgga
pressubgalRyni f iealicom Wase aghi aved by fdash, Ghrompt agrapdy, Oé‘réh]!%éci%g?l

w th CH2C12/ MeOH (50:1) provided the product as a white sol1d (467 ng, “30
820% . iRJIRNRNIBNBOYd®E Fqpm@EHA®mY &g dihup seleltdit) fradm270¢d, -tH~-03,= 7.7
Hz), 4,45 (q, 1H J =,7.3 Hz 4.00 (m 1H), 3.68 (s, 3H), 3.66 (s, 3H),
2.92 (p,_%?FI,' ‘§1R=“27§R+§§9"27%Q—W?nr 2iheraAn 2613/ poBBASPCT? EPROPY 066236 54
2.26 (B)a2ky1d = 7.6 Hz), 2.04-1.71 (m 2H), 1.42(s,9H); 13C NWR (DVSO- d6)
5/ppm 173.8, 172.4, 171.8, 156.4, 80.9, 79.1, 74.1, 53.9, 53.0, 52.6, 51.9,
32.2, 2941, 92749, 22139, HRyM5 (ES) cal culated for C17H27N207: 371.1813,;
found: 371. 1816'5(215) g\/nt Hesi’'sof (S) - met hyl 2- ((S) - 4- ami no- 5- et hoxy- 5-

oxopentananam do) t-4-ynoate tep b)

(S) - rre%(ﬁyltsza]?](%ﬁ CE?ZP_(% >e?¥]5 to arbony1l) - am no) - 5- net hoxy- 5-

oxopent ananam do) pent - 4-ynoate (460 ng, 1.24 nmol) was dissolved in CH2C12
(4% mR)odhd eref lodepaoekeintlaciod €IEA; o@hBrnl) was, 16raddedl-Theliiyxt ure
was left at rt for 5 h and then concentrated under reduced pressure to
yield the Thesal t spbctigcamdi@@sireitel,| OWGhboS32 Mer qUARY | tg&»ieg%ht
1H NVR, (DVBO-d6) 6/ppm 8.56 (d, 1H, J = 7.3 Hz), 8.48 (bs, 1H), 4.46 (q,
1H, J =hyestipp iacigdebsomprpnds, p§ formgipe 3Xe8 [(¥b,3HKc, 2188 (t, 1H, J



15 2.6 Hz), 2.64 (m 2H), 2.38 (m 2H), 2.04 (m 2H); 13C NWR ( DVM5Cd6)

6/ ppm 171.9, 171.7, 170.6, 81.0, 74.3, 53.8, 53.0, 52.5, 52.0, 31.1, 26.8,
21.9; HR-WB2088e§s84cal cul ated for CL2HLII9N205: 271.1288; Poum®#2012/68623298 ()
Synthesis of y-folate al kyne (step ¢ and d) 20

W N, N- di net hyl am nonet hyl ene- 10- f or nyl pt eori caci d(246 ng, 0.62 nmol) was
suspended in dry DMF (2 nlL) and Et3N (465 pL, 2 eq.) was added. HBTU (314
ng, 0.83 nmol) was added at OC and the suspension was stirred for 5 mn
until a clear ooapge sol ution appeared. The resulting solution was added at
0OCto a 25 go roneof (S)-nmet’hyl 2-((S)-4-am no-5-net hoxy- 5-

oxopent ananaifi d - 4=, Q%k%NngA salt; 160 ng, 0.59 mml) in dry DMF (3
mL) cont ai ni 9" Et 3N (1@% gtwq 'eq}}NH cl ear yell ow solution was stirred
at 0OC for 4 h and then allowed to war rt and stirred 2 h. Renoval of
vol atil e conponéits under reduced 30 and purifigcation of the

' ith CH2C1Z4/ MeOH (10: 1)

resi due by ffﬁ?h chr omat oggaphy on
|1 8w Gll 88 ng, 62%.

provi ded RHe cted yfollate qumneOas ay
LR- M5 (ES) R4 0T3+@2 PQT/©P2012/ 066236 55 tal c v C30H33N908:
647.25; found: L$47.83 NVRNaNd HPLC i ndicated partial deprotecdttfon of the
pr oduct , thus1yhe conpound was deprotagied directly to yield the iTfol ate
al kyne precursor (see below). 5 Protected y-folate al kyne (203 ng, 0.35

mmol) was dissolved in 1 MNaOH (6 nL) and stirred at rt over night. The
aqueous solution was extracted with small anpbunts of ethyl acetate (3x 1

m ) and aftermards<phe pH was adjusted to 8 with 2 M HC1. The sol ution was

devided into twg, iems and th& purification was 10 achi eved by two

rever sed- phase c4?§t§§g351&§5?; 12cc, 2 g; Waters; preconditioned
with MeOH and H20Y. dThe cartTi dges wer enHigst washed with 3 mi H20 and then
the product was elutgd with 12 m H20. Af eroconbining bot h product

fractions and Iyﬂghifisation t he y-fol at s obtaingd as a yell ow
15 powder (12 % purity accor di d' HP 5% . H ( D20/ NaOD)
6/ ppm 8. 62 (57 (d. 26, J =88 Bz), 6.86 é/é,\EH,UNHs.s Hz)

4.63 (s, 2H), R&737 (q, G N= 4 BPHz), 4.24 (t, 1Hs J Xy 2. 56 (m

2H), 2.44 (m 2H% 2.29 (m ' 2.07 (m M9 HR-MS (ES) cal cul at'ed for
C24H25N807: 537. $841; 20found: 537.1834 Exanple 2: Synthesis of
7-[19F] - gl ucose folate reference (according to Figure 2A) The
synthesis of 2-dgoxy-2-flugLogl ucopyranosyl azide was prepared according to
t he procedure acg¢ording th NLLfrature 25 procedure (e.g. Maschauer and

Prante, CarbBhy s. 2 . Y~RaLate al kyne (10 ng, 19 prol) was
eq., 19 pL) and 0.1 M sqdi um asco

di ssol ved in wrgrt-Bu 802 1: 1, 1 pL)®in an Eppendorf tube and 2-deoxy- 2-
N 1), 0.1 Cu(QAc)2 solution (0.1
te i 39(0l2 eq., 38 pL) were

added. The sofffti"6n was)g/l‘tﬁgléen/a r® and OONrpgf r NHh until conplete

fl uor ogl ucopyranosyl azide (11.6
conver si OnrR Qi s vi . WD 2013/ 026842 066236 56
1% (C H2 )q @ Xc &‘%44

ORg N-N
| N
R11 L (CHZ)q (
4
N 0
18; mH N
ORs N-N HN™ O N/\Tf NH
g |
. I o N\N U s v | Py
7 - N~ N7 TNYsYs
Rg (CHz)q IXd
L'
|
18F



For isolation of the product, the m xture was submtted to sem -preparative
HPLC. The desired fraction was collected and | yophilized to provide the
product asoaoisal2bsay powder (7.2 ng, 52% purity accordi rGTIEP204RI06523©8%) .

1H NWVR ( D20/ NaOD) 5/ppm 8.74 5 (s, 1H), 7.98 (s, 1H), 7.61 (d, 2H, J = 8.8
Hz), 6.76 (d, 2H, J = 8.8 Hz), 5.89 (dd, 1H, (71 = 2.6 Hz, J2 = 9.0 Hz),
4.91 (t, 1H, J = 9.0 Hz), 4.61 (s, 2H454.44 (q, 1H, J = 4.7 Hz), 4.35 (q,
1H, J = 4.3 Hz), 4.02-3.86 (m 2H), 3.79-3.62 (m 2H), 3.20 (dd, 1H J1 =

4.7 Hzy.j 2~ . 1H, = 8. i 2 = 1014, ), 2437 (m
2H) , >3y (th ]ailrF§ , %ESE‘%F%&&%&; 315; ?/%&?E§)8Ch%aljl4cz:% s %%le%o%%&%o 5ERT1611:
744. 24961 -tlayadkyi44. 2508 1Bxanmkay3:;, Sygnbhes)sieinyi| 18Ebrgl ucoserfol ate
(according to Figure 2A) ' .

The3, 4?@9%r ir- &gcetWR 2- gheriefnudy ot HarésGl(LoRy218YD, 15 nannopyr anosyl
azi de precursor used for coupling the 18F_ _ substituted glucose via click
reacti s tic theldotad e froms lbtai tedsaccondir-ng) baklit er-aRire proredunes
(e.g. Maschauer and Prante, Carbohydr. Res. 2009, 753; Takatani et al
CarE'goh;*}a.l?SR@étl?@G@,d I6PR) .+ YOEBFiRad odpnthesi § (6t 12) afkgl,
fifluoroglucopyranosyl azide To the dry 18F-fluoride-cryptate conplex the
precur Boks 3,4260r 3,

tri-O acetyl-2-0-trifl uoronethanesul fonyl - P-D- mannopyr anosyl azide (3.0 ny,
6.5 pnmdb) arxen i@rendeit Gnhgfr eashaceheni fridpeasas addedas The shickt ghe -was
stirred,for 5 mn at .80 faord a 25 18F-incorporation of maxioum 75%
accor dlgrkllaltno Orraé%roqmeégaﬁgia/gs%%k%’t e“ilsmsc i h° O‘FHQB}BFFhBUE\?ﬂ 4dFoROf 8
m. of t @log dith ' r S ough r - e_gartridge
(Sep- Pak CTa ol Vet cra e onart wy TR Neot and 150y ~Onetee®,
carld ri dge WaSORNGS e rwiitth RB mepate swater H ‘the C'(8Fsl) abeklied 30
protectedinternedi ate, 3,4,6-tri-0O acetyl-2-deoxy-2- [n-

f]1fl uorogl ycopyrano i S u Wi 0

2013/ 036842PCTT é%go%élj%%%figgm%@urﬁerégg}éucote%% e%?ﬂm@aéne 2 PPPfocdh @
st r eamsatra80B.t -Ebr iy ds ol peeach8d2% (M= 60fa 166 IyM wiostt etin hpdeoxirdenspd ubiron

was added and the, mi xture was heated to 65C for 5 mn to conplete the
deacet gﬁﬁtirbc?"ﬂ_ﬁlae?e%%of:ﬁﬁg,grtoﬁé’smni?tyurjen?}\%%e SRRy i PEd WP BD. BB AL of

60 MM e | ori.de_.solutign and.direct se or 5] i ck react.ion
vvithoutg%gﬁgtg hgreigﬁ(re{efji cgt“u&&n.‘?c‘:) C—o%(g_l(?ﬁ’g_({%céjj_-‘f_g}] t“ef‘;ﬁy‘ é)‘pr"é“{% r

Thietlepwakeet @d 2 deexxye2<nk8FH lodoicqgl-8gepxranosyl azi de obtai ned in step (b)
was transferred into another reaction 10 vessel containing the y-folate

al kyneg fiel lbgpwad by a&ddjrtisgn of 0.3 nL ethanol, 10 pL 0.1 M Cu(QAc)2
solution and 20 pL 0.1 M sodium ascorbate solution. The reaction m xture

was stirred in._ _Afte it 1, .0f, ,0.,.15 M phosphat e
buf f er hg bﬁ%ta%en%q}%egp%aﬁg Ba/aosﬁseu Crr% ?Cidcce%l(f ]{ gpt(%fe C:(elm' raelpke}’rldt ia\;leop 15

radi o- HPLC system The product fraction y-['8F]-glucose fol ate was passed
t hr ougR7 aRs't%'rOirlRelf PIreerigRPsiddcedof niegc stlered ell, pyridigenct r e@Clilal
Without8 ];Lilkt ger formul ati on. The overall decay-corrected yield of the

i sol ate& prg dct reached 25% after a total synthesis tine of 3 h with a

r%ﬂsocqgméﬂﬁurther aspect the present invention also provides methods
of synthesizing a compound of the invention. The synthesis is
preferably based on a modular approach (using appropriately
derivatized functionalities, i.e. folate group, saccharide
group, etc.) and 1s based on various standard coupling

25 chemistries known in the art, including esterifiaction,
amdiation, and the c¢lick-reaction (see also hereinabove). The
latter reaction has been proven to be particularly useful and is

based on the coupling of an azide and an alkyne group in a
cycloaddition under thermal conditions or in the presence of a

30 catalyst to obtain the final compound of choice (Kolb and



20 purity always greater than 95% The specific activity of 7- [18F] -

gl ucose folate was up to 120 GBg/ pnol. Exanple 4: Synthesis of a-folate

al kyne prwounsanegsaccording to Figure 1B) (a) Synt hesi sPofi(EBpromzmstdrgé
2-((S)-2-((tert-butoxycarbonyl)- 25

am no) - 5- met hoxy- 5- oxopent anam do) pent - 4-ynoate The al kyne was prepared in
anal ogy to Exanple 1 using Bocd uOwve- ©©H. DCH as the starting nmaterial. The
product of step a occurred 30 as a clear oil J =7.8Hz), 1H), 3.68(s,

dd, 2Hshak 6 0% DVEG 7(dglH, 4 4 .
51 3. 655 30 3. AL 1H 3 Qhe. (71526 BLb) 3 48(nl 5 bpni b Sca, oL &

(m 1H) 28965 -) Clperg. HERE . 2802 2001, 7410,1H20©ﬂn zosﬁocfmsevwov V. et al

1738, 17007, 17TBT 15605 0% SURL Fha SR 5305, o408 g a0, 7,

29.1, 8. 2,6/21.6%2 BR- NBd £S) réatﬁilbﬁisEdréor}{r@lqﬂ'l%\lzmaﬂggeﬁgfl,:Bagla,pofl@lind

393516%§cloadd1tlon (thermal conditions) and Click-Reaction (catalytic
conditions) and have been described in the art (Kolb and
Sharpless, Drug Discovery Today 2003, 8, 1128; Kolb et al.
Angew. Chem. Int. Ed. 2001, 40, 2004; Rostovtsev et al. Angew.

Chem. Int. Ed.2002, 41, 2596; US 2005/02222427; WO 06/116629).

10 More specifically compounds of the present invention wherein the
five membered heterocycle 1is a triazole may be obtained by
cycloaddition of an azide R,-N3 with an alkyne Ry-C=C-R. and
compounds of formula I wherein the five-membered heterocycle is
a tetrazole are obtained by cycloaddition of an azide R,-N3 with

15 a cyanide Rp-C=N. All possible combinations are contemplated
herein, 1i.e. R, being the folate derivative and Ry being a
saccharide group (or precursor thereof), as well as Ry being the
folate derivative and R, being a saccharide group (or precursor
thereof). Thus the modular and versatile nature of the reaction

20 allows to employ a wide variety of linkers to couple the

radioisotope to folic acid.

It 1is also understood that the saccharide group may be
substituted with the 18F isotope prior to coupling to the folate

group or after coupling to the folate group.

25 It is also understood that one of the two coupling groups (i.e.

the alkyne or azide group) may be specifically linked directly
or through a linker to the a-carboxylic acid on the folate
(under suitable protection of the fy-carboxylic acid) to obtain

the o-regioisomer in pure form. Alternatively, one of the two

30 coupling groups (i.e. the alkyne or azide group) may be

specifically linked directly or through a linker to the 7vy-



5(b) Synt hesi sof (S) - et hyl 2- ((S) - 2- am no- 5- met hoxy- 5-

oxopent anam do) pent -4-ynoate (step b)

(S) - met hyWe-201(38pe22( (tert - but oxycar bonyl) - am no) - 5- net h@xyAaR2012/066236
oxopent anam do) pent - 4-ynoate (270 ng, 0.73 mml) was dissolved in CH2C12
(4.5 m) and trifluoroacetic acid (TFA, 0.5 nL) was 10 added. The m xture
was left at rt for 5 h and then concené#vVated under reduced pressure to
yield the TFA salt of the amine as a yellow oil (198 ng, quantitative).
1H NVR (DMe@R-d6)c 64 ppin §n12hed, , =l - 4. 54

1H), 3.99 (m 1H), 3.70 (s;% %H)f,ojig.téeé Eusrfdegrri)@?%%ﬁ%tép%,eggggnzﬁ ﬁ%@
2.72 (m-cExb@HliQ2. a9 d)mt2Hht & DT Hamy-28hi 0136mbIvRi 6 DVEE-d6) /. ppm
173.2, 171.1, 169.4, 80.5, 74.8, 53.3, 52.5, 52.2, 52.1, 29.4, 27.2, 21.6;
HR- M5 Gﬂfﬁwﬁﬁlcubahﬁﬁvi@&sCéghlgNZQﬁilﬁg&-%%%%bnfQHﬁdéeggétl%%£ﬂa§&iate

Synthesis of a-folate al kyne 20 '
N2- N, NAnFethyA i Fomet iy | Baelaes f epnyl preostensi d(246hpgse0 262 nopnli) twas

suspen i I d Ft3 165 _pL .J)._ was ,added. HBTU (314
0. 7. 83 nl') W 6A0H F O shid THe SAEHBRs o VY SEREr ed RSl S5
until &roluger oOrafggasdkbutdyorthappear ethd The. f esvbli, ngresel uti Doy was sadded at
0OCto ?ngg sol t£onofg8) -met hyl 2- ((S) - 2- am no- 5- net hoxy- 5-

oxopent aridm Y} peRt VARGnGICEPETER sk 19- 150D AY0I0 69 tRADI R Lkt Fosed ate,
accor di a in_dr 3 contajning Et 3N (165 pL, 2
eq.). 'F%gfg]%et?}’ ;qualq:ck))vje(r%gleut ig%ﬁ% s g‘%}l r%éaép Og?orgﬁshr%ﬁlud then°30 7~

al | owedetgd odarametra. rt and stirred overni ght. Renoval of volatile conponents
under reduced pressure and purification of the residue by flash

chromatiegr aphys wicisét i cagebewi t hnEH2CLILNROHL( 10:1),:1peavi ded L he prategt ed
a-folate al kyne as a yel I%w solid. WD 2013/ 826 EZPClJT/ EPZg)lzl 066§§l§q§§01

LR- M5 [QFHICS164812. MNP aheL MPLCRi ndilcgned tpar t ilalagiepr ot@etimn obrt he

product, Lty canpound was deprotected directly to yield the a-faolate
al kyne Usi nlgb%t%ecgrlg?g ure égglgvceri%g%hgél%}sv. aJ% g?%?éc%a §9FBPEE &k was
di ssol wedsiemtl MriNa@H i(dh Mandand stdbareth cevariaghty ataddeptEE cA0UEAUS e
solutign was extracted with spall anpunts of eth acetate %3x 1 nm) and

[ . |
af ter thtfgetfﬁé "pHNaSS & j]&‘§¥%JclntpaSPWFWaQeWFH@X%BQaﬁEFPt?F ées FlRILieH was
di {51t egirvicth 59 Wns%!wtéﬁ r&?rﬂé%ea sS4 Flr?cglﬁcﬁ’egr%%i&%gft\’se, 10
ec y rovi de

HPLC. The desired fraction was co ed and lyophi'lized to p
pr oductdigpfeglisdod dnkyhe, asndipetkewipobwderd (84t nyn@6b syent 2, stiepsondur i ty

accordi HPLC.>989%) .. .1H NVR. (D20/ NaQ 6/ ppm 8. s, 1 7,67 (d, 2H,
30 e ol (R M NG PP R A B G pibe ki 8] W
Hz), 4u3® (@f, slidh delh o= & dgent 2.68 81 12Hhowd: 33 the Wt .J = 7.7 Hz),
2.16 (m 1H), 2.05 (m 1H); HR-M5 (ES) cal culated for C24H24N8NaO7:

55?. 1669; houpdith89. 1658 c Exam e pheSyntheshsentianl 19H v ghdicosa ol ate
rererence
20 folate radiopharmaceuticals of the invention (which include

compounds and pharmaceutical compositions of the invention) for
convenient and effective administration to a subject in need for

diagnostic imaging.

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

said cell or population of cells.

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

expressing a folate-receptor in vitro or in vivo.



(according to Figure 2B) 20 The synthesis of

2- deoxy- 2-fl uorogl ucopyranosyl azi de was prepared according to the

procedur evacomwssig the literature procedure (e.g. Masclrar@ar2@ndei2sant e,
Car bohydr. Res. 2009)aFol ate al kyne (10 ng, 19 pnol) was dissolved in
tert-BuOH/ H20 (1:1, 1 nlL) in an Eppendorf tube and 2-deoxy-2- 25

f 1 uor ogl ucopyranosyl azide (11.6 ngy, 568 pnol), 0.1 M Cu(OAc)2 solution (0.1
eq., 19 pL) and 0.1 M sodium ascorbate solution (0.2 eq., 38 pL) were
added. THue ,Sokuti opredsnshakeredtidst #1H0R s P fREtdol Ut | iGompliete
conversion (analysis via HPLC). For isolation of the product, the mxture
was sulfit o Fent- 86 lprepared v HALE. fohetdesiecegtioractti oa wassue

col | ec d il provi.ded .product, as.a _yell ow powder (7.2 ng,
T L R S C e g vt o T d T
7.98 (deabl), dhél €dlal, FadiBpBakihce@t76a(d, 2H, the Wirention in

20 /02% 42PCT/ EP2012/ 066236 60 8.8 Hz), 5.89 (dd, 1H, Jr/ = 2.6 Hz, J2 =
9.0’ 2P 1YE | 2PRINES= 9ng L SUgTicd engH) timeq4enq, cogdifiong 7tey)
4.35 (gl18H dind. 3. 30795352 . 3,20 (dd,
1H = 4.7 H, J2 = 4?%5%%%4%?%,%%&}11%? 8.S§Cﬁz, bThadll, By HfﬁE%d
2.37 (AmegHiRg.2.17 (m 1H), 2.01 (m 1H); HR- M5 (ES) cal cul ated for
C30H35FN11011: 744.2496; found: 744.2508 Exanple 6: Synthesis of a- [18-,
tj gl udoseaf ofareh¢accasphaly ttheFi gueae2B) ifdhent adhosyrihiesds afsers [ 'o8F]
-glucose .fol ate s perfornmed in the 10 same way as the radi osynthesis of

t he ga%r?&-ar%ggi o?%%h%ghaﬁﬁc%\%%%#sde@gy- col? ecPEG SRS d BLVeHEL 90l dO&d
proguctcon@®nient0%af ter et ofal ac%ﬁ(fﬁf‘éa@ﬂ_ast_itdr{mt&fa:ssﬂb;{‘éfb 2" adiacheyp cal
purity always greater than 95% The specific activity o 18 F]- gl ucose
al pha- FéRgneskas upnaeingo argy ceBonpnbtor 15y Exdnptlee 7Tapy nofi tcande ndiang
affinit j ndi ffinity assays were perforned with KB cells

deri veB%;?%%ﬁ%}r%& c%glrﬁi%é%mggnrumengsrﬁ,e%\ﬂ%re the folate receptor is
overex%l%sésedt The cells were cultured as nonol ayers jn_75 cn® fl asks at
37C i n &0Rum S i BECAERDs PR P 5okt deThe dHC D0l Akr & 1 REPT AR oS
speci akitomhaisesdefici ensr Y] 6408 riedhymehicFRRMS164€; agﬁhhi%ék'ﬂﬁﬁ to
Technol ogi es) supplenented wth heat-inactivated fetal calf serum (10%,
L-bﬁ’ ut &mi nes,u%b?ﬁ’gi | 1 (1002 nL)hexmed st r ept onydieast100 omy nl) Lfollee
fetal |+ I t. o] r folate in the medium_which i
reporte dﬁg@%@‘iﬁa‘(}ﬁ%ﬁ&g@% {Hn%lﬁf%léf%g%:%%cléﬁ Tarron of gbg&{:\%oﬁﬁc/ar@,y
whi ch ief facttive | amoend afn t hemphyatobagiwi ter um Coneesduatd o y nkursas. A
cell suspension i? %i{e_ FFRPM 1640 medium (no additives, ice- cold) was
added B CES nLviHE GCro0onEel P3N DUD pL)di A il ceidogeref | kedbat ed

in triphiseates tW 13k ohid 2t Q82 Al and i ncreasing concentrations
of the non-radioactive reference conmpound glucose folate 3 (5.0 x 10-7 to

5.4 X @%@12§begcfu:$Pr the methods of the present invention is

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

human.

The dosage, i1.e. diagnostically effective amount of the at least
one folate radiopharmaceutical of the invention depends on the
25 nature of the effect desired, such as the form of diagnosis, on
the diagnostic instrumentation, on the form of application of
the preparation, and on the age, weight, nutrition and condition

of the recipient, kind of concurrent treatment, if any.

However, the most preferred dosage can be tailored to the
30 individual subject, as is understood and determinable by one of

skill in the art, without undue experimentation. This typically



WO 2013/ 026842PCT/ EP2012/ 066236 61 30 m n. Non-specific binding was

determ ned in the presence of an excess of folic acid (10-3 M. After

i ncubat i oNQ 201826843 pensi on was centrifuged at 3500 r pm aou/ePe) 2066236 m n and
t he supernatant was renoved. By addition of 0.5 nL of 1 N NaOH, the 5 cell
pell ets were resuspended and |ysed at the sanme tine. The lysed cells were
stirred in a vortex mxer and transfer4®d into scintillation tubes
containing 4 nL of scintillation cocktail (Utinm Gold; Perkin Elner).

Radi Oa(j_hiv\()i]_tv)és\l\laeﬁdj%ﬁg i ng n LS6500; (%gh@ d e

i nhibitory concentrati onrg@llggmIcal 5%%/%}3‘?513%%?%?% %ég'frorr% | sprygce?r]gnf:tng

cur ves 9@sieng LGtdysh pRad ePrti $ms4 20 1oof twalye weTh@tnean i nhibitory
concentration of 50% (1C50 value) for glucose folate was obtained from

t hree Theeperdemy experddrent sianthavaBET osioanter bealke§ pDadeNFrbifi w3 tBi8

0.1 nI\/Qnifnort t he Y- 15 regioisoner and 1,4 0.2 nM(K,_=0.7 0.2 nM for
the ar8gidir§Smet cgngarlé 155 f GLETact YN hf the SHoWws 04 VidlRieréfligtgacer2 nM
(Kis = @né dsHedMe dbgeflispbacemmnt;caves 05,988 expReni RNt ar e puthined
in Figure 3 (squares indicate 7-glucose folate, "rhonbus I ndicate a-glucose
f ol at e FaPiCARGICEs iamdivedtle aB0fthlel cleadird)yl. iBXampléidn.In vitro stability
studies The stability of 7-[18F] -glucose folate was investigated in human
pl asmaTae vabiredsrinecubatriooret i mes ( 0ati@@nrdisnyaati oB7C. off t ethenculiatlizes,

pl asma_pr.oteins were precipitated with ice-cold 25 nethanol ~and centrifuged
f or 10rlr2111d(rilog af?@&(?uFdr%a;ﬁd Ofgé ST PES oM YOIt WRis 47 | BY ed BN ePREUSame
vol uneiafjeretibanol . The supernatants and the PBS control were anal yzed by
anal ytical radio-UPLC. Both regioisoners of [18F]-glucose folate did not
shiow amyedegnadaidian progyust s sbp h asma f to L A n. npl e
9: Determ nation of distribut ;fg% cggggio?ilgzlt lTr%ang%str?%%%g%n cgéﬁfelgglgent
(1 og DECAytdgssdet @F mi WEdHer stilmes W0 2013/162684RPCE/ ERROM2/066236 f62ate

di ssol ( _Xtur f. _phaosphate buffer (500 pL, .pH 7.4) and_n-octanol
(500 %%%PBB%&M%@&%% fas g%%i PHF AT O ST Sy iﬂ) Vi Sovai. hiha
shaker rafiephaenphases ceer ey SEPabat et Ayu Lendd | EHQ?H%H&l%ddﬂd’hl 580¢ repm
and 50 pL aliquots were taken 5 from each |ayer and counted for

radi 0a8PHVEEYTen a y-counter. The partition coefficient is expressed as the
ratio of radioactivity (cpn) in the octanol phase to the one in the PBS
phase FEfrésdntts tias rgcaitdarah ldevdan | ondefgei ghtr bhsat eoenbg. ab@ The

| ogD7. al f, t i.0j.sonmers of . [18F] -.gl ucose. fol ate were found to
be -4. f\é 6%%3)(3?1&2%%&6;@%@ Si’s oret i Y Atllﬁ% Yo lrf%JFe(% h&Ca- PEGHGLSBNer
(i ndi cafi ngntheatnereased hydmaphfidnigeilt yagéntBe cosmpowdinp 1xanpheabn,

Bi odi stk' but | on Stﬁgi es 15 Female CD-1 nude mce were purchased from

Char | e§PRPYEPUEEBPrany N &iet maiSRt&ilfed@ehda frotimesodetli-ci @pd riddent 1dket to
reducept-hekksger,um f e c atign t avel c {fg@]% to

serum l evels. After ?%{4 dglg&ggécélsi matgi zal(:?sitger#lp\eéri od,P ) c‘;lanL&(l)f aggg%?ﬁrmr
cedl sadpénssdmation ¥ ndeldisingvashé noeebated additional sterilisation

agents.

For a solution to be injected a preferred unit dosage is from
about 0.01 mL to about 10 mL. After intravenous administration,
imaging of the organ or tumor in vivo can take place, if
25 desired, from within minutes to 2-4 hours after the radiolabeled
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
30 used for in vitro detection of a cell expressing the folate
receptor in a tissue biopsy taken from a subject. Thus in a

further embodiment the present invention provides a method for



20 subcutaneously into both axilla of each nouse. The ani nmal experinents
were performed 12 days after inoculation. Aninals were injected with -5
MBg, (nmaxwowolxnres4200 pL per injection) of y-['8F]-gl ucese/Hrodiaes2sé a a

| ateral tail vein. Blocking studies (n = 2) were perforned with excess
folic acid dissolved in PBS 25 (100 pg/ 100 pl) which was intravenously
injected 10 min before the radiotracer>0Animals were sacrificed at three
different tinepoints (30 min, 60 mn, 90 mn) after radiotracer injection.

Or gans-iranditissugs ol forfli s$ect edeand dpassked,d nihhe yscount e, LWzard,
Per ki nEl mer). The incorEorated radi oactivity was 30 expressed as p rcent age
i nj ect & Wost tADF pELlgram of tissie. sdheldi vdishribolizdasdaba tiakemaat

i t: i i i i le 1 for.the y-reqi oi soper and.in
Tabl o 5N b7 T e 1 SR B es 36 o Pt 14 e O SR laro B Frie
[ 18E] - glrecese: fohatetion tihe df fokade gaeopntsashdcaidwmsipribestabl@leach

ani mal received,100 pg/ 100 pL. of folic acid in PBS 10 m n before
rad?gtfﬁ§%rcpﬂ &ELPBA. BP girld A PLPdibPatie’d twEUConpadi stateqtithe such

biodisqiﬂﬂaﬂﬂgoqabeﬁﬂggﬂhétg%dﬁhi 2nNd a-regioisonmer at 60 min p.i. for

different tissues (striped colum: y-regioisoner, enpty colum:

y-regi @ b Kk idl C Azl egioi somer, dotted .cal u

LT aa o S Bl Gckade ranS T b et 1T UAHTA ctrRe Cobpart Son T e
bi odi storirsumi, ore bet welep theélgetand a-tl&suaybﬂdpyﬁwo@$a??ogygfmu&d,f%@
different .tissues (dotted grey columm: y-regioisoner, filled black colum:
a- r egi Gi"SorréY )l.nql'ﬁﬂre %aq@?ﬁi VI BYgdOSeEYh P st @dide$ it ke - .
y-#@SFbﬁ | ucose folate in nude nice bearing KB tunmor xenografts at various
tine pdirmedcor SARPHESt itesuee 3(§eﬁltﬁdp.lmcl(w%4) aBP mnterial (and) veeomlam. i .

(n=4) 6QJu Piihc1bhockadentpos2)l A Dig Eﬂéque, suspected to contain a
individual cell, groups of cells, or cell cultures, of a bodily
tissue or fluid (e.g., blood cells) expressing a folate
receptor, such as tumour cells, epithelial cells, kidneys,

15 gastrointestinal or the hepatobiliary system, and others.
The tissue may be within a subject, or biopsied or removed from
a subject. The tissue may also be a whole or any portion of a
bodily organ. The tissue may be "fresh" in that the tissue would
be recently removed from a subject without any preservation
20 steps between the excision and the methods of the current
invention. The tissue (samples) may also have been preserved by
such standard tissue preparation techniques including, but not
limited to, freezing, quick freezing, paraffin embedding and
tissue fixation, prior to application: of the methods of the
25 current invention. Samples can be sectioned, e.g., with a
microtome, 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 radiopharmaceuticals of the present invention to improve
30 the histological quality of sample tissues.
Time and conditions sufficient for binding of a folate
radiopharmaceutical of the ©present invention to a folate

receptor on the cell include standard tissue culture conditions,
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i.e. samples can be cultured in vitro and incubated with one of
the compounds or compositions of the present invention in
physiological media. Such conditions are well known to the
skilled person. Alternatively, samples can be fixed and then
5 incubated with a folate radiopharmaceutical of the present
invention in an isotonic or physiological buffer.
For all applications it is convenient to prepare the compounds
of the present invention at, or near, the site where they are to

be used.

10 All of the compounds and/or methods disclosed and claimed herein
can be made and executed without undue experimentation in light
of the present disclosure. It will be apparent to those of skill
in the art that variations may be applied to the present
invention without departing from the scope of the invention. The

15 Examples 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.

Exameles

Materials and Methods

20 Infrared spectra were recorded on a Jasco FT/IR-6200 ATR-IR.
Nuclear magnetic resonance spectra were recorded with a Bruker
400 MHz or 500 MHz spectrometer with the corresponding solvent
signals as an internal standard. Chemical shifts are reported in
parts per million (ppm) relative to tetramethylsilane (0.00
25 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),
doublet (d), triplet (t), mnmultiplet (m), doublet of doublets
(dd) . The chemical shifts of complex multiplets are given as the
30 range of their occurrence. Low resolution mass spectra (LR-MS)
were recorded with a Micromass Quattro micro™ API LC-ESI and

high resolution mass spectra (HR-MS) with a Bruker FTMS 4.7 T
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BioAPEXII (ESI).

Reactions were monitored by thin layer chromatography (TLC,
performed on EM Science 0.25 mm thick, precoated silica gel 60
F-254 glass supported plates) or HPLC. HPLC was performed on a
5 Merck-Hitachi L-7000 system equipped with an L-7400 tunable
absorption detector. Analytical HPLC was performed with a Gemini
column (C18, 5 um, 4.6 x 250 mm, Phenomenex) using the following
solvent system (1 ml/min): 50 mM NH4HCO; solution (solvent A),
acetonitrile (solvent B); 0-4 min, 100% A; 4-5 min 100-93% A; 5-
10 15 min 93% A; 15-25 min 93-30% A; 25-30 min 30% A;
Semipreparative HPLC was performed with a Gemini column (C18,
5 pm, 10 x 250 mm, Phenomenex), 3 mL/min; with a solvent system
and gradient as follows : 50 mM NH4HCO; solution (solvent A)
methanol (solvent B); 0-3 min 100% 2A; 3-28 min 100-40% A; 28-
15 30 min 40-30% A; 30-35 min 30% A.

Analytical radio-HPLC was performed on a Merck-Hitachi L-2130
system equipped with a L-2450 diode array detector and a
Berthold radio detector using the above mentioned column and

gradient for the analytical HPLC.

20 For the in vitro stability studies, an ultra-performance liquid
chromatography (UPLC™) system from Waters with a Waters Acquity
UPLC BEH C18 column (2.1 x 50 mm, 1.7 um) and an attached
Berthold coc-incidence detector (FlowStar LB513) was used with
the following gradient system: 50 mM NH4HCO3 solution (solvent

25 A), acetonitrile (solvent B), 0.5 ml/min; 0-0.5 min 100% A; 0.5-
3.5 min 100-30%; 3.5-3.9 min 30% A.

Semipreparative radio-HPLC purification of ['®F]glucose folic
acid was carried out on a HPLC system equipped with a Merck-
Hitachi L-6200A intelligent pump, a Knauer variable-wavelength
30 ultraviolet detector and an Eberline RM-14 radiodetector using a
Gemini c¢olumn (C18, 5 um, 250 x 10 mm, Phenomenex) and an

isocratic solvent system of 50 mM NaH,PO4/Na,HPO,; buffer solution,
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adjusted to pH 7.0 and 5% ethanol at a flow rate of 3 ml/min.
All chemicals were used as supplied unlike stated otherwise.

Production of n.c.a. ﬂBF]fluoride N.c.a. No-~-carrier-added
[**F]fluoride was produced via the 0 (p,n)’F nuclear reaction at
5 a Cyclone 18/9 cyclotron (IBA) by irradiation of enriched
fﬁO]water. f8F]fluoride was immobilized on an anion-exchange
cartridge (QMA Light; Waters; preconditioned with 0.5 M K,CO3-
solution and H;0) and eluted with a solution of Kryptofix Kiy (5
mg) and K;COs3 (1 mg) in acetonitrile (1.4 mL)vand water (0.6 mL)
10 into a 10 mL sealed reaction vessel. The fluoride was dried by
azeotropic distillation of acetonitrile at 110°C under vacuum
with a stream of nitrogen. The azeotropic drying process was

repeated 3 times with 1 mL of acetonitrile each time.

Example 1: Synthesis of y-folate alkyne precursor (according to

15 Figure 1A)

(a) Synthesis of (S)-methyl 2-((S)-4-((tert-butoxycarbonyl) -

amino)-5-methoxy-5-oxopentananamido)pent-4-ynoate (step a)

Commercial available BocGluOMe (402 mg, 1.54 mmol) was dissolved
in dry DMF (4 mL) and EtsN (428 uL, 2 eqg.) was added. HBTU
20 (700 mg, 1.85 mmol) was added at 0°C and the mixture was stirred
for half an hour. The solution of the activated acid was
transferred to a solution of H-Pra-OMe-+HC1l (205 mg, 1.62 mmol)
in dry DMF (4 mL) containing Et3N (856 ulL, 4 eg.) at 0°C. The
mixture was stirred for 1 h at 0°C, warmed to rt and stirred
25 over night. The product was extracted with citric acid (1 M) and
ethyl acetate. The organic phase was rinsed with brine, dried
over Na,S50; and concentrated under reduced pressure. Purification
was achieved by flash chromatography on silicagel with
CH,Cl,/MeOH (50:1) provided the product as a white solid (467 mg,
30 82%). 'H-NMR (DMSO-d6) &/ppm 8.40 (d, 1H, J = 7.3 Hz), 7.27 (d,
1H, J = 7.7 Hz), 4.45 (g, 1H, J = 7.3 Hz), 4.00 (m, 1H), 3.68
(s, 3H), 3.66 (s, 3H), 2.92 (t, 1H, J = 2.5 Hz), 2.62 (m, 2H),
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2.26 (t, 2H, J = 7.6 Hz), 2.04-1.71 (m, 2H), 1.42 (s, O9H);
“C-NMR (DMSO-d6) &/ppm 173.8, 172.4, 171.8, 156.4, 80.9, 79.1,
74.1, 53.9, 53.0, 52.6, 51.9, 32.2, 29.1, 27.5, 21.9; HR-MS (ES")
calculated for Ci7H,7N,05: 371.1813; found: 371.1816

5 (b) Synthesis of (S)-methyl 2-((S)-4-amino-5-methoxy-5-

oxopentananamido)pent-4-ynoate (step b)

(S)-methyl 2—((5)—4—((tert—butoxycarbonyl)—amino)-5—methoxy—5—
oxopentananamido)pent-4-ynoate (460 mg, 1.24 mmol) was dissolved
in CHCl, (4.5 mL) and trifluoroacetic acid (TFA; 0.5 mL) was
10 added. The mixture was left at rt for 5 h and then concentrated
under reduced pressure to yield the TFA salt of the amine as a
yellow oil (332 mg, quantitative). 'H-NMR (DMSO-d6) &/ppm 8.56
(d, 1H, J = 7.3 Hz), 8.48 (bs, 1H), 4.46 (q, 1H, J = 7.3 Hz),
4.10 (bs, 1H), 3.79 (s, 3H), 3.68 (s, 3H), 2.95 (t, 1H, J =
15 2.6 Hz), 2.64 (m, 2H), 2.38 (m, 2H), 2.04 (m, 2H); '3C-NMR (DMSO-
d6) o/ppm 171.9, 171.7, 170.6, 81.0, 74.3, 53.8, 53.0, 52.5,

52.0, 31.1, 26.8, 21.9; HR-MS (ES') calculated for Ci,HigN,Os:
271.1288; found: 271.1298

(c) Synthesis of y-folate alkyne (step ¢ and d)

20 Aﬁ—N}N4dimethylaminomethylene—1O—formylpteoric acid (246 mg,
0.62 mmol) was suspended in dry DMF (2 mL) and Et3;N (165 pL, 2
eqg.) was added. HBTU (314 mg, 0.83 mmol) was added at 0°C and
the suspension was stirred for 5 min until a clear orange
solution appeared. The resulting solution was added at 0°C to a

25 solution of (S)-methyl 2-((S)-4-amino-5-methoxy-5-
oxopentananamido)pent-4-ynoate (TFA salt; 160 mg, 0.59 mmol) in
dry DMEF (3 mL) containing EtsN (165 pL, 2 eq.). The clear yellow
solution was stirred at 0°C for 4 h and then allowed to warm to
rt and stirred 2 h. Removal of volatile components under reduced

30 pressure and purification of the residue by flash chromatography

on silicagel with CHyCl,/MeOH (10:1) provided the protected V-

X

folate alkyne as a vyellow solid (238 mg, 62%). LR-MS (ESY)
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calculated for C3gH33NgOg: 647.25; found: 647.83

NMR and HPLC indicated partial deprotection of the product, thus

the compound was deprotected directly to yield the y-folate

alkyne precursor (see below).

S5 Protected y-folate alkyne (203 mg, 0.35 mmol) was dissolved in
1 M NaOH (6 mL) and stirred at rt over night. The aqueous
solution was extracted with small amounts of ethyl acetate (3x
1 ml) and afterwards the pH was adjusted to 8 with 2 M HCl. The
solution was devided into two portions and the purification was

10 achieved by two reversed-phase cartridges (Sep-Pak C18, 1l2cc,
2 g; Waters; preconditioned with MeOH and H,0). The cartridges
were first washed with 3 ml H,0 and then the product was eluted

with 12 ml HyO. After combining both product fractions and

lyophilisation the y-folate alkyne was obtained as a vyellow
15 powder (121 mg, 63%, purity according to HPLC >95%). H-NMR

(D20/NaOD) &/ppm 8.62 (s, 1H), 7.69 (d, 2H, J = 8.8 Hz), 6.86 (d,

2H, J = 8.8 Hz), 4.63 (s, 2H), 4.37 (g, 1H, J = 4.5 Hz), 4.24

(¢, 1H, J = 5.7 Hz), 2.56 (m, 2H), 2.44 (m, 2H), 2.29 (m, 1H),

2.07 (m, 1H); HR-MS (ES") calculated for Cy4HysNgO7: 537.1841;
20 found: 537.1834

Example 2: Synthesis of y—[lgF}—glucose folate reference

(according to Figure 2A)

The synthesis of 2-deoxy-2-fluoroglucopyranosyl azide was
prepared according to the procedure according the literature

25 procedure (e.g. Maschauer and Prante, Carbohydr. Res. 2009).

y—-Folate alkyne (10 mg, 19 pmol) was dissolved in tert-BuOH/H,0
(1:1, 1 mL) in an Eppendorf tube and 2—-deoxy-2-
fluoroglucopyranosyl azide (11.6 mg, 56 pmol), 0.1 M Cu(OAc),
solution (0.1 eg., 19 pL) and 0.1 M sodium ascorbate solution
30 (0.2 eqg., 38 pL) were added. The solution was shaken at rt and

500 rpm for 1 h until complete conversion (analysis wvia HPLC).
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For isolation of the product, the mixture was submitted to semi-

preparative HPLC. The desired fraction was collected and

lyophilized to provide the product as a yellow powder (7.2 mg,

52%, purity according to HPLC >98%). 'H-NMR (D,0/NaOD) &/ppm 8.74

5 (s, 1H), 7.98 (s, 1H), 7.61 (d, 2H, J = 8.8 Hz), 6.76 (d, 2H, J

= 8.8 Hz), 5.89 (dd, 1H, J; = 2.6 Hz, J, = 9.0 Hz), 4.91 (t, 1H,

J = 9.0 Hz), 4.61 (s, 2H), 4.44 (g, 1H, J = 4.7 Hz), 4.35 (q,

1H, J = 4.3 Hz), 4.02-3.86 (m, 2H), 3.79-3.62 (m, 2H), 3.20 (dd,

1H, J; = 4.7 Hz, J, = 14.8 Hz), 3.04 (dd, 1H, J; = 8.4 Hz, J, =

10 14.8 Hz), 2.37 (m, 2H), 2.17 (m, 1H), 2.01 (m, 1H); HR-MS (ESY)
calculated for C3pH3zsFNi1011: 744.2496; found: 744.2508

Example 3: Synthesis of y-['®F]l-glucose folate (according to

Figure 2A)

The 3,4,6-tri-0-acetyl-2-0-trifluoromethanesulfonyl-B-D-

15 mannopyranosyl azide precursor used for coupling the ®F-
substituted glucose via click reaction to the folate, was
obtained according to literature procedures (e.g. Maschauer and
Prante, Carbohydr. Res. 2009, 753; Takatani et al Carbohydr.
Res. 2003, 1073).

20  (b) Radiosynthesis of 2-['®F]fluoroglucopyranosyl azide

To the dry 1SF—fluoride—cryptate complex the precursor, 3,4,6-
tri-O-acetyl-2-0O-trifluoromethanesulfonyl-B-D-mannopyranosyl
azide (3.0 mg, 6.5 pmol), in 0.30 mL of anhydrous acetonitrile
was added. The mixture was stirred for 5 min at 80°C to afford a
25 18F—-incorporation of maximum 75% according to radio-UPLC
analysis. After 5 min of cooling and addition of 8 mL of water,
the mixture was passed through a reversed-phase cartridge (Sep-
Pak C18 Plus; Waters; preconditioned with MeOH and H,0). The
cartridge was washed with 5 mlL of water. The '®F-labelled
30 protected intermediate, 3,4,6-tri-0O-acetyl-2-deoxy-2-
ﬂBF}fluoroglucopyranosyl azide, was eluted with 2.0 mL of

acetonitrile into another 10 mL sealed reaction vessel and dried
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under reduced pressure and a nitrogen stream at 80°C. For
hydrolysis, 0.25 mL of 60 mM sodium hydroxide solution was added
and the mixture was heated to 65°C for 5 min to complete the
deacetylation. After cooling, the mixture was neutralized with
S 0.25 mL of 60 mM hydrogen chloride solution and directly used

for the click reaction without further purification.
(c) Coupling to y-folate alkyne precursor

The deprotected 2—deoxy—2—[wF]fluoroglucopyranosyl azide
obtained in step (b) was transferred into another reaction
10 vessel containing the y-folate alkyne, followed by addition of
0.3 mL ethanol, 10 pL 0.1 M Cu(OAc), solution and 20 pL 0.1 M
sodium ascorbate solution. The reaction mixture was stirred at
50°C for 15 min. After addition of 3 mL of 0.15 M phosphate

buffer solution the mixture was submitted to the semipreparative

15 radio-HPLC system. The product fraction %—fﬁF]—glucose folate
was passed through a sterile filter and collected into a
sterile, pyrogen-free vial without further formulation. The
overall decay-corrected yield of the isolated product reached
25% after a total synthesis time of 3 h with a radiochemical

20 purity always greater than 95%. The specific activity of y-['fF]-
glucose folate was up to 120 GBg/umol.

Example 4: Synthesis of a-folate alkyne precursor (according to

Figure 1B)

(a) Synthesis of (S)-methyl 2-((S)-2-((tert-butoxycarbonyl)-

25  amino)-5-methoxy-5-oxopentanamido)pent-4-ynoate

The alkyne was prepared in analogy to Example 1 using BocGluOMe-
OH-DCH as the starting material. The product of step a occurred
as a clear oil (326 mg, 80%). *H-NMR (DMSO-d6) &/ppm 8.34 (d, 1H,
J = 7.8 Hz), 6.97 (d, 1H, J = 8.4 Hz), 4.46 (m, 1H), 4.05 (m,
30 1H), 3.68 (s, 3H), 3.62 (s, 3H), 2.94 (t, 1H, J = 2.6 Hz), 2.66
(dd, 2H, J; = 2.6 Hz, J, = 6.8 Hz), 2.38 (m, 2H), 2.00-1.71 (m,
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2H), 1.42 (s, 9H); '>C-NMR (DMSO-d6) &/ppm 173.8, 172.7, 171.6,

156.1, 80.7, 79.1, 74.4, 54.1, 53.1, 52.3, 51.8, 30.7, 29.1,

28.2, 21.8; HR-MS (ES') calculated for CiHyeN,NaO,: 393.1632;

found: 393.1641

5 (b) Synthesis of (S)-methyl 2-((8)-2-amino-5-methoxy-5-
oxopentanamido)pent-4-ynoate (step b)
(S)-methyl 2—((S)—2—((tert—butoxycarbonyl)—amino)—5—methoxy—5—
oxopentanamido)pent-4-ynoate (270 mg, 0.73 mmol) was dissolved
in CHyCl, (4.5 mL) and trifluoroacetic acid (TFA; 0.5 mL) was

10 added. The mixture was left at rt for 5 h and then concentrated
under reduced pressure to yield the TFA salt of the amine as a
yellow oil (198 mg, quantitative). 'H-NMR (DMSO-d6) &/ppm 9.12
(d, 1H, J = 7.4 Hz), 8.28 (bs, 2H), 4.54 (m, 1H), 3.99 (m, 1H),
3.70 (s, 3H), 3.65 (s, 3H), 3.04 (t, 1H, J = 2.7 Hz), 2.72 (m,

15 2H), 2.49 (m, 2H), 2.05 (m, 2H); '*C-NMR (DMSO-d6) &/ppm 173.2,
171.1, 169.4, 80.5, 74.8, 53.3, 52.5, 52.2, 52.1, 29.4, 27.2,
21.6; HR-MS (ES") calculated for CiHigN,Os: 271.1288; found:
271.1291

(c) Synthesis of a-folate alkyne

20 Aﬁ—N}N;dimethylaminomethylene—10—formylpteoric acid (246 mg,
0.62 mmol) was suspended in dry DMF (2 mL) and Et3N (165 nL, 2
eq.) was added. HBTU (314 mg, 0.83 mmol) was added at 0°C and
the suspension was stirred for 5 min until a clear orange
solution appeared. The resulting solution was added at 0°C to a

25 solution of (S)—methyl 2=-((S)-2-amino-5-methoxy-5-
oxopentanamido) pent-4-ynoate (TFA  salt; 160 mg, 0.59 mmol)
obtained in according to Example 1 (b) in dry DMF (3 mL)
containing Et3N (165 pL, 2 eq.).

The clear yellow solution was stirred at 0°C for 4 h and then

30 allowed to warm to rt and stirred overnight. Removal of volatile
components under reduced pressure and purification of the
residue by flash chromatography on silicagel with CH,Cl,/MeOH
(10:1) provided the protected o-folate alkyne as a yellow solid.



+ 0.70 + 00.66 O0.46 0.15 0.08 0.17 0.11 0.19 Liver 7.84 + 3.55
3.01 2.55

10

15

20

25

30

WO 2013/026842 PCT/EP2012/066236

59

LR-MS [M+H]": 648.12.

NMR and HPLC indicated partial deprotection of the product, thus
the compound was deprotected directly to vyield the «o-folate
alkyne using the procedure described below.

Protected o-folate alkyne was dissolved in 1 M NaOH (6 mL) and
stirred overnight at rt. The aqueous solution was extracted with
small amounts of ethyl acetate (3x 1 mL) and afterwards the pH
was adjusted to 8 with 2 M HC1 (30 plL). The solution was diluted
with 50 mM NH4HCOz; solution (5 ml) and submitted to preparative
HPLC. The desired fraction was collected and lyophilized to
provided product o-folate alkyne as a yellow powder (84 mg, 26%
over 2 steps, purity according to HPLC >98%). !H-NMR (D,0/NaOD)
5/ppm 8.58 (s, 1H), 7.67 (d, 2H, J = 8.5 Hz), 6.81 (d, 2H, J =
9.8 Hz), 4.58 (s, 2H), 4.46 (g, 1H, J = 4.8 Hz), 4.31 (t, 1H, J
= 5.9 Hz), 2.68 (m, 2H), 2.33 (t, 2H, J= 7.7 Hz), 2.16 (m, 1H),
2.05 (m, 1H); HR-MS (ES*) calculated for Co4Hp4NgNaO7: 559.1660;
found: 559.1659.

Example 5: Synthesis of a—[l9F]—glucose folate reference

(according to Figure 2B)

The synthesis of 2-deoxy-2-fluoroglucopyranosyl azide was

prepared according to the procedure according the literature

procedure (e.g. Maschauer and Prante, Carbohydr. Res. 2009)o-
Folate alkyne (10 mg, 19 pmol) was dissolved 1in tert-BuOH/H,0
(1:1, 1 mL) in an Eppendorf tube and 2-deoxy-2-
fluoroglucopyranosyl azide (11.6 mg, 56 pmol), 0.1 M Cu(OAc),
solution (0.1 eqg., 19 pL) and 0.1 M sodium ascorbate solution
(0.2 eq., 38 ul) were added. The solution was shaken at rt and
500 rpm for 1 h until complete conversion (analysis wvia HPLC).
For isolation of the product, the mixture was submitted to semi-
preparative HPLC. The desired fraction was collected and
lyophilized to provided product as a yellow powder (7.2 mg, 52%,
purity according to HPLC >98%). ‘H-NMR (D,0/NaOD) &/ppm 8.74 (s,
1H), 7.98 (s, 1H), 7.61 (d, 2H, J = 8.8 Hz), 6.76 (d, 2H, J =
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8.8 Hz), 5.89 (dd, 1H, J; = 2.6 Hz, J, = 9.0 Hz), 4.91 (t, 1H, J
= 9.0 Hz), 4.61 (s, 2H), 4.44 (g, 1H, J = 4.7 Hz), 4.35 (q, 1H,
J = 4.3 Hz), 4.02-3.86 (m, 2H), 3.79-3.62 (m, 2H), 3.20 (dd, 14,

Jip = 4.7 Hz, J, = 14.8 Hz), 3.04 (dd, 1H, J; = 8.4 Hz, J, =
14.8 Hz), 2.37 (m, 2H), 2.17 (m, 1H), 2.01 (m, 1H); HR-MS (ES")
calculated for C3gH3sFN11011: 744.2496; found: 744.2508

Example 6: Synthesis of a—[mF]—glucose folate (according to

Figure 2B)

18

The radiosynthesis of a-[ Fl-glucose folate was performed in the

same way as the radiosynthesis of the gamma-regioisomer.

The overall decay-corrected yield of the isolated product was 3-
10% after a total synthesis time of 3 h with a radiochemical
purity always greater than 95%. The specific activity of ['®F]-

glucose alpha-folate was up to 110 + 30 GBg/umol.

Example 7: In vitro binding affinity assays

Binding affinity assays were performed with KB cells derived
from human cervical carcinoma, where the folate receptor 1is
overexpressed. The cells were cultured as monolayers in 75 cm?
flasks at 37°C in a humidified atmosphere (7.5% CO;). The cells
were kept in a special folate-deficient RPMI 1640 medium (FFRPMI
1640; Cell Culture Technologies) supplemented with heat-
inactivated fetal calf serum (10%), L-glutamine, penicillin (100
IU/mL), and streptomycin (100 mg/mL). The fetal calf serum was
the only source of folate in the medium, which is reported to
provide a final folate concentration of about 3 nmol/mL, which
is at the low end of the physiologic serum concentration in

humans.

A cell suspension in pure FFRPMI 1640 medium (no additives, ice-
cold) was added into 1.5 mL vials (7000 cells in 240 pL). The
cells were incubated in triplicates with SH-folic acid (0.82 nM)
and increasing concentrations of the non-radicactive reference

compound glucose folate 3 (5.0 x 107 to 5.0 x 107** M) at 4°C for
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30 min. Non-specific binding was determined in the presence of
an excess of folic acid (10 M). After incubation, the
suspension was centrifuged at 3500 rpm and 4°C for 5 min and the
supernatant was removed. By addition of 0.5 mL of 1 N NaOH, the
5 cell pellets were resuspended and lysed at the same time. The
lysed cells were stirred in a vortex mixer and transferred into
scintillation tubes containing 4 mL of scintillation cocktail
(Ultima Gold; Perkin Elmer). Radioactivity was measured using a
p-counter (LS6500; Beckman), and the inhibitory concentrations
10 of 50% were determined from displacement curves using Graph Pad

Prism 4.0 software.

The mean inhibitory concentration of 50% (ICsy value) for glucose

folate was obtained from three independent experiments and was
found to be 1.6 £+ 0.1 nM (Ky = 0.8 + 0.1 nM) for the vy~
15 regioisomer and 1.4 * 0.2 nM (Ky = 0.7 + 0.2 nM) for the o-

regioisomer compare to folic acid, which shows a value of 0.8 +

0.2 nM (Ky = 0.4 £ 0.1 nM). The displacement curves of one

experiment are outlined in Figure 3 (squares indicate Y-glucose
folate, rhombus indicate o-glucose folate, triangles indicate

20 folic acid).

Example 8: In vitro stability studies

The stability of y-['®F]-glucose folate was investigated in human
plasma at various incubation times (0-120 min) at 37°C. After
incubation, plasma proteins were precipitated with ice-cold
25 methanol and centrifuged for 10 min at 13500 rpm and 20°C. The
PBS control was diluted with the same volume of methanol. The
supernatants and the PBS control were analyzed by analytical
radio-UPLC. Both regioisomers of FﬂF]—glucose folate did not

show any degradation products in human plasma for up to 120 min.

30 Example 9: Determination of distribution coefficient

The distribution coefficient (log D7.4) was determined by the

shake flask method. In Dbrief, y—[wF]—glucose folate was
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dissolved in a mixture of phosphate buffer (500 pL, pH 7.4) and
n-octanol (500 mL) at 20°C. The sample was equilibrated for
15 min in an over-head shaker. The two phases were separated by
centrifugation (3 min, 5000 rpm) and 50 uL aliquots were taken
5 from each layer and counted for radiocactivity in a vy-counter.
The partition «coefficient is expressed as the ratio of
radicactivity (cpm) in the octanol phase to the one in the PBS
phase represents the mean + standard deviation of eight

measurements.

10 The logD;.4 values of both regioisomers of ﬂBF}—glucose folate

were found to be -4.21 * 0.14 for the y-regioisomer and -4.20 +

0.06 for the a-reglioisomer (indicating the increased

hydrophilicity of the compound).

Example 10: Biodistribution studies

15 Female CD-1 nude mice were purchased from Charles River
(Germany) and maintained on a folate-deficient rodent diet to
reduce their serum folate concentration to a level comparable to
human serum levels. After a 3-4 day acclimatization period, 0.1
mL of a KB tumor cell suspension (5 x 10° cells) was inoculated

20  subcutaneously into both axilla of each mouse. The animal
experiments were performed 12 days after inoculation. Animals

were injected with ~5 MBg, (max. volume 100 uL per injection) of

y-[mF}—glucose folate via a lateral tail wvein. Blocking studies
(n = 2) were performed with excess folic acid dissolved in PBS
25 (100 pg/100 pl) which was intravenously injected 10 min before
the radiotracer. Animals were sacrificed at three different
timepoints (30 min, 60 min, 90 min) after radiotracer injection.
Organs—- and tissues were dissected and measured in the pcounter
(Wizard, PerkinElmer) . The incorporated radioactivity was
30 expressed as percentage injected dose (%ID) per gram of tissue.
The Dbiodistribution data taken at various timepoints is

summarized in Table 1 for the fy-regioisomer and in Table 2 for
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the o-regioisomer of ['*F]-glucose folate. In the blockade group
(last column in the table) each animal received 100 pg/100 pL of

folic acid in PBS 10 min before radiotracer injection. Figure 4A

illustrates the comparison in the biodistribution between the Y-

5 and a-regioisomer at 60 min p.i. for different tissues (striped

column: y-regioisomer,

filled

empty column: y-regioisomer blockade

column:

blockade

group, a-regiocisomer, dotted column: o=

regioisomer group) . Figure 4B illustrates the

comparison in the biodistribution Dbetween the and a-

'Y__

10 (dotted grey

regioisomer at 90 min p.i. for different tissues

column: y-regioisomer, filled black column: o-regioisomer) .

Table 1: Ex vivo biodistribution

studies with y—[wF]—glucose

folate in nude mice bearing KB tumor xenografts at various time

points
. . , 60 min p.i.
Organ or | 30 min p.1i 60 min p.i 90 min p.i
tiss (n = 4) (n = 4) (n = 4) plockade
ssue = n = (n = 2)
$ID/g
in:
Spleen 0.61 + 0.13 0.73 + 0.21 0.60 = 0.22 0.23 £ 0.05
Liver 10.82 £ 1.68 | 9.49 + 1.13 8.37 £ 1.19 10.00 £+ 3.53
Kidneys 32.44 £ 1.84 |142.94 + 2.04 {27.08 £ 1.53 3.48 + 0.14
Lungs 1.18 £ 0.14 0.92 + 0.07 0.71 + 0.12 0.46 + 0.06
Bone 0.90 = 0.13 0.87 + 0.05 0.72 + 0.04 0.29 £ 0.01
Heart 1.04 £ 0.14 1.15 + 0.13 0.81 =+ 0.01 1.66 £ 2.05
Brain 0.38 £ 0.06 0.59 +0.08 0.45 £ 0.07 0.04 £ 0.02
Gall-
9.53 £ 6.01 | 17.59 £ 7.22|27.42 + 7.57 [ 22.49 + 12.25
bladder
Tumor 9.61 + 1.73 | 10.03 + 1.12| 9.05 + 2.12 1.19 £ 1.04
Blood 0.94 + 0.31 0.44 £ 0.09 0.25 £ 0.08 1.37 £ 1.80
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Urine 531.51 + 169.96 + 134.12 + 973.44 +

240.19 151.53 77.15 1097.77
Stomach | 1.27 £ 0.20 | 1.42 + 0.53 | 1.03 + 0.01 | 0.33 + 0.08
Intes- 1.48 + 0.46 | 3.45 + 1.61 | 3.69 + 0.04 | 4.56 + 2.05
tine
Feces 6.56 + 4.41 [10.95 + 4.33|18.40 + 6.83| 20.48 + 0.21
Muscle 0.89 + 0.15 | 0.69 + 0.05 | 0.57 + 0.12 | 0.26 + 0.04
Salivary | /o0 4 0.44 | 5.93 + 0.77 | 4.90 + 0.01 | 0.30 + 0.01
glands
Ratio of
tumor
to:
Liver 0.89 £ 0.14 | 1.06 + 0.02 | 1.28 + 0.22 | 0.15 + 0.16
Kidneys 0.29 + 0.04 | 0.23 + 0.04 | 0.34 + 0.07 | 0.33 + 0.28

+

Blood 10.57 + 1.65|24.10 + 7.44 3?5027" 10.61 + 14.77

Table 2: Ex vivo biodistribution studies with a—[lsF]—glucose

folate in nude mice bearing KB tumor Xxenografts at various time

points
30 min 60 min 90 min 120 min |00 min
Organ or 5 X i 5 p.1.
tissue p.L. p.L. p.l. p.d. blockade
(n = 4) {n = 4) (n = 4) (n = 4) _
(n = 2)
$ID/g in:
o1 0.94 + 0.69 + 0.70 + 00.66 + |0.46 +
pLeen 0.15 0.08 0.17 0.11 0.19
L 7.84 + 3.55 + 3.01 + 2.55 + 2.75 +
tver 1.05 0.74 0.48 0.20 1.01
Kid 85.77 + |63.12 + |52.91 + 43.82 + |13.88 +
taneys 8.06 5.14 4.20 3.12 13.78
Lungs 1.88 + 1.17 + 1.17 + 0.95 + 1.28 +
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0.14 0.04 0.23 0.12 0.59
Eomne 1.54 + 1.15 + 1.05 + 0.90 + 0.72 +
0.09 0.05 0.33 0.15 0.38
Hoart 1.75 + 1.33 + 1.26 + 1.17 + 0.74 +
0.15 0.08 0.15 0.11 0.36
Erain 0.74 + 0.76 0.80 + 0.99 + 0.08 +
0.18 +0.08 0.16 0.31 0.04
Gall- 7.70 + 9.09 + 7.45 + 9.59 + 13.07 +
bladder 2.12 7.28 2.65 6.90 13.66
Tumor 9.22 + 9.55 + 10.88 + 11.17 + |1.69 +
0.30 1.14 0.52 0.58 0.59
Elood 0.92 + 0.52 + 0.41 + 0.33 + 1.66 +
0.12 0.07 0.02 0.08 0.72
Stomach 2.11 + 1.53 + 1.56 + 1.54 + 0.66 +
0. 0.29 0.29 0.18 0.35
Intestine | 1-45 % 1.10 + 0.86 + 1.50 + 2.53 +
0.24 0.29 0.25 1.18 2.25
Feces 3.48 + 5.44 + 2.58 + 5.04 + 10.91 +
1.03 3.48 0.34 2.56 7.80
Musele 1.79 + 0.89 + 1.15 + 1.11 + 0.55 +
0.75 0.18 0.25 0.36 0.24
Salivary |10.14 + |7.19 + 7.12 + 6.11 + 0.61 +
glands 2.13 1.27 1.75 1.18 0.28
Ratio of
tumor to:

Liver 1.19 + 2.73 + 3.73 + 4.38 + 0.62 +
* 0.19 0.30 0.88 0.15 0.08
Kid 0.11 + 0.15 + 0.21 + 0.26 + 0.19 +
taneys 0.01 0.02 0.03 0.01 0.11
Elood 10.23 + |18.86 + |26.49 + 35.36 + |1.06 +
©o 1.72 4.55 1.85 7.30 0.14

Example 11: PET imaging studies

PET experiments were performed with Explore VISTA PET/CT



Stomach 2.11 0. + 1.53 0.29 1.56 0.29 1.54 0.18 0.66 0.35 Intestine

+
.86 0.25
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tomograph (GE), which provides an ultrahigh resolution of less
than 0.9 mm.

Animals were lightly restrained and injected with 10-14 MBq of Y-
PBF]—glucose folate (100-150 uL per injection) via a lateral

5 tail wvein. For blocking studies, the animal received excess
folic acid dissolved in PBS (100 pg/100 uL) via intravenous
injection 10 min prior to the radiotracer injection. Animals
were anesthetized with isoflurane in an air/oxygen mixture. bThe

PET scans were acquired from 75-105 min post-injection. The

10 fused datasets of PET and CT were analyzed with Amira (Version

4) postprocessing software.

PET studies wusing the Y- and oa-regioisomer of [wF]—glucose
folate provided excellent images of KB tumor xXenografts on both
shoulders. Furthermore the uptake is highly specific and blocked

15 by natural folic acid. Figures b5A,B show PET images of both
isomers at time point 75-105 min p.i. Figure 5B are PET images
of the blockade group. The symbols indicate the following
organs/tissues: (a): tumor, (b): liver, (c): gallbladder, (d):
kidneys, (e): intestines/feces.

20



1.50 1.18 2.53 2.25 Feces 3.48 1.03 5.44 3.48 2.58 0.34 5.04 2.56 +
10.91 7.80 + Muscle 1.79 0.75 +
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Claims
1. Compounds of formula I,
?1
O Y,
O
Q
z Yy 2
I

5 wherein

Z is a pterocate or derivative thereof,

Yq,Ys are independently of each other 0, N or S,

m is 1, 2 or 3, and

Qi, Q2 are independently of each otherH, a protecting group or
10 a group of formula

~L-A-L’ -*%F

I

wherein
L,L" are independently of each other a linking group,
such as a covalent bond or a straight-chain or branched

15 C(1-8)alkyl, which is unsubstituted or substituted by at
least one CN, Hal, OH, NH,, CO,H, NO,, and wherein one or
more of the non-adjacent CHy groups may independently be
replaced by a group selected from -0-, -CO-, -CO-0-,-0-
CO-,-NR’"~, -NR"-CO-, -CO-NR' -, -NR' -CO-0~, ~0-CO-NR' -, ~NR’ -CO-

20 NR'-, -CH=CH-, -C=C-,-0-CO-0-, -S-R’-, -SOs3R’-, or a five-
or six-membered heterocycle, wherein R’ represents H or
C(1-8)alkyl, and
A is a saccharide group,

with the proviso that at least one of Q; and Q, is a

25 group of formula ~L-A-L’ -'8F.



0.89 0.18 1.15 0.25 + 1.11 0.36 + 0.55 0.24 + Salivary glands 10.14 2.13
7.19 1.27 7.12 1.75 + 6.11 1.18 0.61
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2. Compounds according to claim 1 having formula Ia, Ib, Ic,
B1 /A1—L1’_—_18F
| L
0] Y4
O Y
Z m Yz“Lz"‘AzhLz'——18F Z YZ/BZ
m
Ia Ib
/A1*L1'_18F
L3
|
o) Y,
O
Z YZ/LZ—Az'—LZ"_“SF
5 Ic
wherein
Z is a pteroate or derivative thereof,
Yq,Y, are independently of each other O, N or s,
m is 1, 2 or 3,

10 Ly,L1", Lo, Ly’ are independently of each other a linking group,

such as a covalent bond or a straight-chain or branched

C(1-50)alkyl, which is unsubstituted or substituted by at
least one CN, Hal, OH, NH,, CO,H, NO,, and wherein one or
more of the non-adjacent CHp groups may independently be

15 replaced by a group selected from -0-, -CO-, -CO-0-,-O-
CO-,~-NR'-, -NR'-CO-, -CO-NR' -, ~NR' -C0O-0~, -0-CO-NR' -, -NR' -CO-
NR'-,~CH=CH-,-C=C-,-0-C0-0-, -S-R’-, -SO3R’~-, or a five-
or six-membered heterocycle, wherein R’ represents H or
C(l1-8)alkyvyl,

20 Ay, A, are independently of each other a saccharide group, and

B1, B are independently of each other H, or a protecting group.

3. Compound according to claim 1 having formula II



0.28 Ratio of tunor to: Liver 1.19 0.19 + 2.73 0.30 3.73 0.88 4.38
0.15 0.62 0.08 Kidneys
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?1
Ry (Ra)p /I:::]/JL\NH - Yng
Xz~ ‘ X3\J/\XS
I
\ g
R1/KX1 X4 (H) R4
1T
wherein

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

5 or O,
Ri, Ry are independently of each other H, halogen, C(1-12)alkyl,
C(2-12)alkenyl, C(2-12)alkynyl, -ORs, -CORs, =COORs, -
NHRs, -CONHRs, -CONHRs, wherein Rs represents H, halo,
C(1-12)alkyl, C(2-12)alkenyl, C{(2-12)alkynyl, =-OR’, -
10 COR’, -COOR’, or -NHR’, wherein R’ is H or C(l-8)alkyl,
R3, Rqy are independently of each other H, nitroso, C(l-12)alkyl,
-0OR’, ~COR’ or halosubstituted -COR’, wherein R’
represents H or C(1-8)alkyl,
Yi,Y, are independently of each other O, N or §,
15 m is 1, 2 or 3,
r has a value of 1 to 7,
P is 0 or 1,
Qi1, Q2 are independently of each other H, protecting group or a
group of formula
20 ~L-A-L’-'%F,
wherein
L,L" are independently of each other a linking group,
such as a covalent bond or a straight-chain or branched
C(1-50)alkyl, which is unsubstituted or substituted by at
25 least one CN, Hal, OH, NH,, CO;H, NO,, and wherein one or



0.11 0.01 0.15 0.02 0.21 0.03 0.26 0.01 0.19 0.11 Blood 10.23 1.72
18.86 4.55 26.49 1.85 35.36

10

15
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more of the non-adjacent CH; groups may independently be
replaced by a group selected from -0-, -CO-, -C0-0-, -0~
CO-,-NR'~, -NR'-CO-, -CO-NR’ -, -NR' ~C0O-0-, ~0-CO-NR' -, -NR’ ~CO-
NR' -, ~CH=CH-, -C=C~, -0-CO-0-, -S-R"-, -SO3R’-, or a five-
or six-membered heterocycle, wherein R’ represents H or
C(1-8)alkyl, and

A is a saccharide group,

with the proviso that at least one of Q; and Q; is a

group of formula -L-A-L’-%p,

Compound according to any preceding claim having formulae

ITa, IIb, IIc

By

|

—A —] .1—18
Rz (Rap /©/U\NH N

m 2

IIa
A—Ly—"8F
L1/ 1 1
l
o 919
/BZ
Rz (Ra)p NH ™0 Sy
X
Xz/ ‘ 3}/\XS
EN '

IIb



7.30 1.06 0.14 + Exanple 11: PET inmaging studies WO

2013/ 026842PCT/ EP2012/ 066236 66 tonograph (GE), which provides an ul trahigh
resol uti omoabidessi2t han 0.9 mm Aninmals were |ightly regCrairaed/oadrds
injected with 10-14 MBgq of 7- [18F]-glucose folate (100-150 pL per
injection) via a lateral 5 tail vein. For blocking studies, the aninal

recei ved excess folic acid dissolved imiPBS (100 pg/ 100 pL) via intravenous
injection 10 min prior to the radiotracer injection. Animals were
anesthetized with isoflurane in an alr/oxyg@n nlxkpre bThe PET scans were
acquired from 75-105 m n post-injection. tThé f ® fused datasets of PET and
CT were analyzed with Amra (Version 4) ostproceSS|ng software. PET

studies using the 1,- and a-regioi g0 foL , 18 F]-glucose folate provided
excel l ent inmages of KB tunor xe og afts onjlboth shoul ders. Furthernore the
upt ake i s highly dF%hc and 1ckedﬁi Rgtpyal, fiolig acid. Figures
5A, B show PET i --rs at tine p0|nt275 105 mn p.i. Figure
5B are PET inmag of| t %kade group. The synbols indicate the follow ng
organs/tlssue§ R(b) liver, (c): gallbladder, (d): kidneys,
(e): |ntest|nes/feces f 5 WO 2013/026842 Cl ai ms Conpounds of formula O
- Ty e e e e e e e = IIC

wherein

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

R1, Ry are independently of each other H, halogen, C(l-12)alkyl,
C(2-12)alkenyl, C(2-12)alkynyl, -ORs, =-CORs, -COORy, -
NHRs, -CONHRs;, -CONHRs, wherein Rs represents H, halo,

C(l-12)alkyl, C(2-12)alkenyl, C(2-12)alkynyl, -OR’, -
10 COR’, -COOR’, or -NHR’, wherein R’ is H or C(1-8)alkyl,

R3, Ry are independently of each other H, nitroso, C(1l-12)alkyl,

-0OR', -COR’ or halosubstituted -COR', wherein R’
represents H or C(1l-8)alkyl,

Yi,Y, are independently of each other 0, N or §,

15 m is 1, 2 or 3,
r has a value of 1 to 7,
P is 0 or 1,

Li,L17,Ly, Ly’ are independently of each other a linking group,

such as a covalent bond or a straight-chain or branched

20 C(1-50)alkyl, which is unsubstituted or substituted by at
least one CN, Hal, OH, NH,, CO,H, NO,, and wherein one or
more of the non-adjacent CH; groups may independently be
replaced by a group selected from -0-, -CO-, -CO-0-,-0O-
CO-,-NR' -, -NR'-CO-, -CO-NR' -, -NR" -CO-0~-, ~0-CO-NR' -, -NR' -CO-



is a pteroate or derivative are independently of is 1, 2 or 3, and z
'--r'y2 PCT/EP2012/066236 67 |, al | Y10 Q2 ml thereof, each other 0, N
or S, l.wothersai2es4Z Yi r Y2 m QL r Q@ are i naepardenibe3of each
other H, a protecting group or 10a group of formula __ L-A-L, -18F, wherein
L,L" are independently of each other a linking group, such as a coval ent
bond or a straight-chain or branched 132C(1-8)al kyl, which is unsubstituted
or substituted by at |east one CN, Hal, OH NH2, CO2H, NO2, and wherein one

or nore of theN%on a(é%la%%nt gl—ig 8“88 may independentlﬁ,be repl aced by a

————— -S-R"~-, - -, or a five-
group sel ected frorm
CO-, -NR -, -NR éy)31§I%£%%ere&F%e98rgcyc9e, wﬁereln %. represents H or
C(1-8)alkyl,
Ay, Ay are independently of each other a saccharide group, and
5 Bi1,Bs are independently of each other H, or a protecting group.
5. A compound according to any preceding claim, wherein the

saccharide group is a cyclic monosaccharide or a cyclic
oligosaccharide based on a pyranoside, preferably
10 selected from allose, altrose, glucose, mannose, gulose,
idose, galactose and talose, or a furanoside, preferably

selected from ribose, arabinose, xylose, and lyxose.

6. A compound according to any preceding claim, wherein the
15 saccharide group is a cyclic monosaccharide selected from

glucose and galactose.

7. A compound according to any preceding claim, having

formulae I1Ia, IIIb, IIIc,

B4

20

ITTa



20 N\R -, -CH=CH-,-CC-,-0-00-0-, -S-R -, -SBR -, or a five-or six-nenbered
het erocycl e, wherein R represents Hor C(1l-8)alkyl, and Ais a saccharide
group, WO 2013/026842 with the proviso that at |east oneCofEPQ128663€R2 IS a
25group of formula -L-A-L'- 18F. WD 2013/ 026842PCT/ EP2012/ 066236 68 2.
Conmpounds accordi ng to claim11 having formula la, Ib, Ic, L1 18F 0OY Ool

, 18F".132 lalb 18F L. S| ¢ wherein 73 a pteroate or derlvatlve t her eof
YIr Y2are |ndependently of each other 0, Nor S, is 1, 2 or 3, 10 Li,, L2,
L2" are independently gk each other a linking group, such as a coval ent bond
or a straight-chain of Br anched C(1-50)al kyl, which is unsubstituted or

substituted by atRipe ma CN, Hal, OH NH2, CO2H, NO2, and wherein one or
nore of the non-adha groups may i ndependently be 15repl aced by a
group sel ected from"- 0- L1 CO L+-S-R -, -503R -, or a five- or six-nenbered

het erocycl e, wherein R repre§ents H or C(1-8)al kyl, 20 Fi 1, A2are

i ndependently of each ﬁﬁheijf;;jfgh@jlde group, and
B
>y NH (Ra)p Ry

2 m

I1Ib
i
R
11 |.|.1' |T1
Re 185 o Y120 o
R7 Q L /JL§¢IT
2.
Rg Y, m NH (R3)p Rp
Ly X
18F < ~
Re Hy X X Ry
ITIIc
5

wherein
Xy to X5 are independently of each other C, N or 0O, preferably N

or O,
Ri1, Ry are independently of each other H, halogen, C(i-12)alkyl,

10 C(2-12)alkenyl, C(2-12)alkynyl, -ORs, =-COR;, -COORs, -

NHRs, -CONHRs, -CONHRs, wherein Rs represents H, halo,

C(l-12)alkyl, C(2-12)alkenyl, C(2-12)alkynyl, =-OR’, -

COR", -COOR’, or —-NHR’, wherein R’ is H or C(1-8)alkyl,
R3, R4 are independently of each other H, nitroso, C(1-12)alkyl,

15 -0OR’, -COR' or halosubstituted -COR’, wherein R’

represents H or C(1-8)alkyl,



B1, 52are i ndependently of each other H, or a protecting group. 3. Conpound

according to claim1l having formula Il WO 2013/ 026842PCT/ EP2012/ 066236 69

Q | 0 ()woRo/@as4eR3)y ' Q@ m 2 X2X3' X5 R ---11----"-X, PCCHPro1RS6d2B6 wher ei n
X1 to X5 are independently of each other C, Nor 0, preferably N 5or 0, R1,
R2 are independently of each other H, halogen, C(1-12)alkyl,

C(2-12)al kenyl, C(2-12)al kynyl, -0R5, 7€OR5, -COOR5, - NHR5, - CONHR5,

- CONHR5, wherein R5 represents H, halo, C(1-12)alkyl, C(2-12)al kenyl,

2-12)al kynyl . -OR_ . - 10 I or . -NHR , wherein R is H or
g%l-B)éﬁRé%,y FeRingﬁge%ﬁggggﬁdggiFﬁcgfO@Q@ﬁ 6 h&r °F, ni t r oso,
C(1-12) al kyl, -OR., -COR _or halosubstituted -COR, wherein R represents H
or C(178)al kyl *Syiir ¥2&%e 3irndependent |y of each ot her 0, Nor S, 15 mis 1,
2 or 3, rhas a value of 1 to 7, Pis 0 or 1, QL/ @ are independently of
each ot‘her H, pI%t ectialgigrdup: 6o & group of formula 20-L-A-L' _18F, wherein
L,L" are independently of each other a linking group, such as a coval ent
bond oP a straiightd chailn or branched C(1-50)al kyl, which is unsubstituted
or substituted by at

5 Li,Li",L,,Ly"are independently of each other a linking group,

such as a covalent bond or a straight-chain or branched

C(1-8)alkyl, which is unsubstituted or substituted by at
least one CN, Hal, OH, NH,, COsH, NO,, and wherein one or
more of the non-adjacent CH, groups may independently be
10 replaced by a group selected from -0-, -CO-, -CO-0-,-0-
CO-,-NR'~, -NR'~CO-, ~CO-NR’ -, -NR' ~CO-0-, ~O-CO~NR’ -, ~NR' —=CO-
NR'—,—CH=CH—,—CEC—,—O—CO—O—, -5-R’-, =-SO3R’"-, or a five-
or six-membered heterocycle, wherein R’ represents H or

C(1-8)alkyl,
15 Bq1,B; are independently of each other H, or a protecting group,
Rg,Rg is H or C(1-8)alkyl, and

R7,Rg,Rip,R11are independently of each other H, -0OH, or -0C(1l-
8)alkyl.

20 8. Compound according to anyone of claims 2 to 7, wherein L1

and L, are independently of each other straight-chain or
branched C(l1-24)alkyl, which is unsubstituted or
substituted by at least one group selected from Hal, OH,
NHR”, COzR’, and wherein one or more of the non-adjacent
25 CHz groups may independently be replaced by a group
selected from -0-, -CO-0-,-0-CO-,-NR'-,-NR'-CO-,-CO-NR’,
or a five- or six-membered heterocycle, preferably a

five-membered azaheterocycle, wherein R’ represents H or

C(1-8)alkyl.



25| east one CN, Hal, OH, NH2, CO2H, NO2, and wherein one or WO

2013/ 026842PCT/ EP2012/ 066236 70 nore of the non-adjacent CH2 groups may

i ndependewol2y13ne684epl aced by a group sel ected from -0-, PCC@P2012864236
-S@BR -, or a five- 5or six-menbered heterocycle, wherein R represents H
or C(1-8)alkyl, and A is a saccharide group, with the proviso that at |east
one of Q and Q@ is a group of fornula7jsL--A-L'-18F. 10 4. Conpound
according to any preceding claimhaving fornmulae ha, lib, Ilc R2 (R3)p
XcXs IVl RIX-r)(.; (HHr R4 ha WD 2013/026842PCT/ EP2012/ 066236 71

9. A compound according to anyone of claims 2 to 8, wherein
L1 and L, are independently of each other a group of

formulae (a), (b), (c) or (d)

R" R"
—Sp-N\)\¥<CHz)q—— —~Sp—/k;\|——<CH2>q-
N=N N=N
(a) (b)
CH .N
L N S—sp—
—Sp-N" X " N—N
SpN__ R . B
N=N (CHa)q
c (d)
5 (c)
wherein
R" is H or a straight-chain or branched C(1-8)alkyl, which
is unsubstituted or substituted by at least one CN, Hal,
or NOj,

10 Sp is a spacer (linked to Y1 and/or Y2) such as a straight-
chain or branched C(1-8)alkyl, which is unsubstituted or
wherein at least one of the -CHy- groups is substituted
with -OH, -NHR’, or -COOR’, wherein R’ represents H or
C(1-8)alkyl and,

15 q is 0, 1, 2, 3 or 4.

10. Compound according to anyone of claims 2 to 9, wherein

L1’ and Ly’ are preferably a covalent bond or a straight-

chain or branched C(1-24)alkyl, more preferably C(1-

20 12)alkyl, most preferably C(l-6)alkyl, which is

unsubstituted or substituted by at least one group

selected from Hal, OH, NHR’, CO,R’, and wherein one or



Al -L1'-18F o oylo R2 (R3)p X2)1 (3X5 i NLA1IA4 (H)r 4 1lc wherein

X1 to X5 are independently of each other C, N or 0, preferably N 5or 0, R1,
R2 are i nwopersdestsy of each ot her H, hal ogen, C(1-12) alPkKY¥IEP2012/066236
C(2-12)al kenyl, C(2-12)al kynyl, -0R5, -COR5, -000R5, - NHRS,

- CONHR5, - CONHR5, wherein R5 represents H, halo, C(1-12)alkyl,

C(2-12)al kenyl, C(2-12)al kynyl, -OR, 7610COR, -COOR, or -NHR wherein R
is Hor C(1-8)alkyl, R3 R4 are independently of each other H, nitroso,

C(1-12)al kyl, - e O a t rein R resents H
or C(1-8)alkyl mg\?le rY2are Llrl?llge%)(gﬁ g%ﬁ Hﬁ ]ﬁp%t VI‘%V 6ndﬁp81nd§nl% S 1,
2 or 3, has a walpleefd 1by0a7,gisupP @éléctga JfrJ@m L2pL2" are independent |y
of each other a |inking group, such as a coval ent bond  or a straight-chain
or branched 20N§ bS@PaH%Qh -@GArBR’ i s wieswghst | RUt ecbpore ssartist | Huted loy( 1at

| east one ON, |1 & NH2, CO2H, NOG2, and wherein one or nore of the

non- adj acent CH gr ups nmay independently be replaced by a group sel ected
from-0-, -CO, -00-0-,-0-

00-, -NR'- -NR -00-,-CO NR -, N\NOO 0-,-0-CONR -,-NR -00- WO

2013/0 842PCT/ 6 r -CGh, - -SR -
- SOBR 21@ or a F%%gdosgééﬁe%% ed hefia? C'c-%r?gé%%ggr ecﬁr?lﬁ r‘gg?égéﬂt s'H or

C(1-8)al kyl, Aand/A2are iBdgrpgadent ! ysof each, o1 { p, and
5 BlL f BZare i ndependent |y of eachgotsher H, or a@%&eﬁ%ﬁ%é%u%g%'A

conpound according to any preceding claim wherein the saccharide group is
a cyclic nonosaccharide or a cyclic oligosaccharide based on a pyranosi de,

ref er abl -
p %9. A compound according to any preceding claim having

10 formulae IVa, IVb, IVe, IVd



10 selected fromallose, altrose, glucose, mannose, gul ose, idose,

gal actose and tal ose, or a furanoside, preferably selected fromribose,

ar abi nosewoxyioees42and | yxose. 6. A conpound accordi ng tProTargoipne28ei ng
claim wherein the 15saccharide group is a cyclic nonosaccharide sel ected
from glucose and gal actose. 7. A conpound according to any preceding claim

having formulae Illa, Il1lb, Illc, WO2D13/026842PCT/ EP2012/ 066236 73
(R3) n5/2 4 (H, X4 X1 R 1lIb (RAD R2 X511 X2 xpot. 4 (For X4R. 18F
lIlc 5 5

|1

Y, O

iy
7 "N—sp—N~ "0 TS
Rs L (CHy)q N=N P H )fs/\f f\/j(\z

18
F IVa

Ve
18F
B4
YO0
OFs Ny (T Ro)p Ro
R 0 N A—sp—N" o Xs 3 Sx
! - ' PN
Rs (@ H2)q R4 (H) X4 X1 R1
Ly Ivd '
l
18F
wherein

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

or O,

5 Ri1, Ry are independently of each other H, halogen, C(1-12)alkyl,
C(2-12)alkenyl, C(2-12)alkynyl, =-OR;, -CORs, =-COORs, -
NHRs, —-CONHR5, wherein Rg ©represents H, halo, C(l-
12)alkyl, C(2-12)alkenyl, C(2-12)alkynyl, -OR’, -COR’, -



wherein X1 to X5 are independently of each other C, Nor 0, preferably N or
0, R1, R2 are independently of each other H, hal ogen, C(1-12)al kyl,
10C( 2- 12)wibkersyl2684¢( 2- 12) al kynyl, -OR5, -COR5, -COOR5, PCHHR2)12/0GBHRS,

- CONHR5, wherein R5 represents H, halo, C(1-12)alkyl, C(2-12)al kenyl,
C(2-12)al kynyl, -OR, COR, -COOR, or -NHR, wherein R is Hor

C(1-8)al kyl, R3, R4 are independently p§ each other H, nitroso,

C(1-12)al kyl, 15-OR ,-COR or hal osubstituted -COR wherein R represents H

or C(1-8)alkyl 2013/ 026842 | EP2012/ 066236 u coval ent bond
or a straight-gﬁ%ﬁ?’og%brgﬁ%hédag}f?é?a%kyﬁf ﬁh?éhcﬁz gﬂggggirtuted or

substi%ute by at Legst one ON, Hal, OH NH2, CO2H, NO2, and wherein one or
more of‘3t he! nofir§dj-ACERETERB Lo Gps SREY Pha&peHdeRtEyOoBe, 16K épladed kivy  a

group sel ected_frem - 0-3An O . -00-0-,-0-_ . . B . : ,
oo-,-NR-,-NR-%-,’-CO?V??-,-ﬁﬁ- a?Jo‘?S;“-g%S-tch‘NF?q SRR, EERY ) & a
five- or six-nesberednhet &r ocycl(e-s\Whekein Rr represents H or 0(1-8) alkyl,
15 B1 B2are independently of each other H, or a protecting group, R6,R9is H
or £(1mx8) al kyl isan¢d B7poR83R10, Rllare independently of each other H -OH or
-00(1- 8)al kyl. 20 8. Conpound according to anyone of clains 2 to 7, wherein
L1 and®L2 are iNfdeferdeitd wiofl é&ch ot her straight-chain or branched
C(1-24)al kyl, which is unsubstituted or substituted by at |east one group
select@® fromH&a 0 @4 INHR , C2R, and wherein one or nore of the
non- adj acent 25CH2 groups may i ndependently be replaced by a group sel ected
from-0G+, -00-@s, ©0-Q0or-BRr-,-NR -00-,-CO-NR, or a five- or six-nenbered
het erocycl e, preferably a five-nenbered azaheterocycle, wherein R

represgnts H Oﬁscﬁ}'§}a5k¥Ebtecting group,

10 R’"’ is H or a straight-chain or branched C(1-8)alkyl, which
is unsubstituted or substituted by at least one CN, Hal,
or NOy,

Ly’ is a covalent bond or a straight-chain or branched C(1-
6)alkyl, wherein one or more of the non-adjacent CH»
15 groups may independently be replaced by a group selected
from -0-, -C0-0-,-0-CO-,-NR'-,-NR'~CO-,-CO-NR’, wherein

R’ represents H or C(1-8)alkyl,

Sp is a spacer such as a straight-chain or branched C(1-

8)alkyl, which is unsubstituted or wherein at least one
20 of the -CHy- groups is substituted with -OH, -NHR’, or -

COOR’, wherein R’ represents H or C(1-8)alkyl,
q is 0, 1, 2, 3 or 4,
Rg is H or C(1-8)alkyl, and
R7,Rg are independently of each other H, -OH, or -0C(1-8)alkyl.
25

13. A compound according to any preceding claim having

formulae Va, Vb, Ve, Vd



WO 2013/ 026842PCT/ EP2012/ 066236 75 9. A conpound according to anyone of
clains 2 to 8 wherein L1 and L2 are independently of each other a group of
f or mul ae wa)2p13(t2gg42(c) or (d) wherein R'is H or a st pairgreeicioaise or
branched C(1-8)al kyl, which is unsubstituted or substituted by at |east one
ON, Hal, or NO2, 10 Sp is a spacer (linked to Y1 and/or Y2) such as a
straight- chain or branched C(1-8)al kyl79 which is unsubstituted or wherein
at | east one of the -CH2- groups is substituted with -OH, -NHR , or -COOR ,
wherein R represents H or C(1-8)al kyl and, 15qgis O, 1, 2, 3 or 4.

10. Conpound accorgghg to anyone of claims 2 to 9, wherein L1' and L2r are

preferably a cova ent _bond or arstrai ght- chain or branched C(1-24)alkyl,
mor e pref er abh —9 12)a|k nosty preferably C(1-6)al kyl, which is
st

unsubsti tut ed an toed)q at—Spec Qhe group sel ected from Hal , OH,
NHR , CO2R , and \}qﬁer ein one oN"NWD 2013 02 42PCT/ EP2012/ 066236 76 nore of
t he non adj acent 1§gH2 groups nmay i ndepeg repI a%ggl l&y a group
selected from-0-, -00-0-,--0-00-, - mH x

3

2
Ry (Hix XH\R1
Va

18F
o m o), R
BZ—YZ O )l(s/\( 3 i AN 5
Vb e X1 R
o
Rio Q N\ N—8p—N.__0

wherein

X3 to X5 are independently of each other C, N or O, preferably N

or O,

5 Ry, Rz are independently of each other H, halogen, C(1-12)alkyl,



[ 1- 8)alkyl. 5 11.

-,--NR -CO,-CONR, wherein R represents Hor _
ESprund according to any preceding claim wherein Yl and/or Y2 is N and
i s a car bweaniseefrot ecti ng group. 12. A conpound accor @CmEPR@2A66236
precedi ng clai mhaving 10fornulae IVa, 1Vb, IVc, Ivd WO

iyl -r- R2 mH N Sp-N bXi
42PCT/ EP2012/ 066236 77 yi yi,o 0 (-r-NR3)p
2R911?{—|0)2??x4 J(*("1 R 18F wherein XBoto X5 are independently of ea(r:]h
other C, N or 0, preferably Nor 0, 5 Rl, R2 are independently of eac

- 2-12) al kynyl, -OR5,
r H, hal oges, M%%_fe%%)'ke”“_ . _
ot heS, a9 ?‘ﬁﬁ%?éﬁg@ﬂs, 140 I}k};prres Res H;COd,0, ~GO0Rs,
NHRs, -CONHR;5, wherein Rs represents H, halo, C(1-
12)alkyl, C(2-12)alkenyl, C(Z-12)alkynyl, -OR’, -COR', -
COOR’, or -NHR’, wherein R’ is H or C(l-8)alkyl,

5 R3, Ry are independently of each other H, nitroso, C(1-12)alkyl,

-OR’, ~COR’ or halosubstituted -COR’, wherein R’
represents H or C(1-8)alkyl,

m is 1, 2 or 3,

r has a value of 1 to 7,
10 P is 0 or 1,

Y, is 0, N or §,

B> is H, or a protecting group,

R" 7 is H or a straight-chain or branched C(1-8)alkyl, which

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

15 or N02,

Sp is a spacer such as a straight-chain or branched C(l-

8)alkyl, which is unsubstituted or wherein at least one
of the -CHy- groups is substituted with -OH, -NHR’, or -

COOR’, wherein R’ represents H or C(1-8)alkyl,

20 Ly’ is a covalent bond or a straight-chain or branched C(l-
6)alkyl, wherein one or more of the non-adjacent CH»
groups may independently be replaced by a group selected
from -0-, -C0-0-,-0-CO-, -NR" -, -NR"~CO-, -CO-NR’, wherein
R’ represents H or C(1-8)alkyl,

25 q is 0, 1, 2, 3 or 4,

Rg is H or C(1-8)alkyl, and

Rio,R11 are independently of each other H, -OH, or -0OC(1-8)alkyl.

B2

X2



12) al kyl, C(2-12)al kenyl, C(2-12)al kynyl, -OR, -COR, - W

2013/ 026842PCT/ EP2012/ 066236 78 COOR , or -NHR , wherein R is H or

C(1-8) al kwb,20R326824 are i ndependently of each other H, RCTHEPI®2/066236
C(1-12)al kyl, -OR, -COR or halosubstituted -COR, wherein R represents H
or C(1-8)alkyl, 5ms 1, 2 or 3, rhas a value of 1 to 7, Pis O or 1, Yiis O,
Nor S Blis H or a protecting group,gil0 R'is Hor a straight-chain or
branched C(1-8)al kyl, which is unsubstituted or substituted by at |east one
CN, Hal : Lovalent,.bond or a strai chal n branched C(1-
6) al kyl n wherNeolg‘n Igﬁtenb%ru or & 5P €& Ino i adjaﬂé’enPr%F@ 189gr 836§mma aving
|ndependently iermepbac&d by vabgr oup,selgcted from -0-,

-00-0-,-0-00-,-NR -,-NR -00-,-CO NR, wherein R represents H or

C(1-8)al kyl, Spis a spager such as a straight-chain or branched C(I -

8)al kyl, which is un stl(l')uted or V\Mmbrei n at | east one 20of the -CH2-

groups i s substi tBitoe OH, -Nﬂ\BJ\ COOR , wherein R represents H
or C(1-8)alkyl, g w, cg Réis Hipr C(l 8) al kyl, and R7, R8are
i ndependent |y of each ot her H, - OB, NON -8e8) g kyl . 25 VO

2013/ 026842PCT/ EP2012/1Q66236

0]
Rio O Sp—N~ O X 3y
R e N L, b AU
2 / R A
® L ? N=N 4 R4
Via

X X
H)y,™ ™

N: o,
OR18F (
R, o Rp m N (F;((B)p Ro
Sp—N~ "0 X 3T
Rg (CH2™N" "N ,/\f |
L2 N=N R4 (H)/X4 X1 R1
! Vib '



- 1
: - Fr 41-1 (RO, RX3 X5 1/ R4 /YR -4,s
(1'3)p R2 X3 X5X2 ! R4/ ) (XR ( _ c N 0
ndently of each other C, or O,
(For Vc wherein X1 to X5 are indepe y PCT/EP2012/066236

pr ef er ablwoNo 026842

82

Ly
| }\/Sp-ﬁ o) X fxz
Re /-

! Vid

wherein

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

Ri, Ry, are independently of each other H, halogen, C(1-12)alkyl,
C(2-12)alkenyl, C{2-12)alkynyl, -ORs, -CORs, =-COORj, -
NHRs, -CONHRs, wherein Rs represents H, halo, cC(1-
12)alkyl, C(2-12)alkenyl, C(2-12)alkynyl, -OR’, =-COR’, -
10 COOR", or -NHR’, wherein R’ is H or C(1-8)alkyl,

R3, Ry are independently of each other H, nitroso, C(l-12)alkyl,

-OR’, -COR' or halosubstituted -COR', wherein R’
Tepresents H or C(1-8)alkyl,

m is 1, 2 or 3,

15 r has a value of 1 to 7,



WO 2013/ 026842PCT/ EP2012/ 066236 80 C(2-12)al kenyl, C(2-12)al kynyl, -O0R5,

- COR5, -000R5, NHR5, -CONHR5, wherein R5 represents H halo, C(1-

12) al kyl ,wQ(a1312§sbkenyl , C(2-12)al kynyl, -OR, -COR , PCTEER12/066236 NHR |,
wherein R is Hor C(1-8)alkyl, 5 R3, R4 are independently of each other H,
nitroso, C(1l-12)alkyl, -OR ,-COR or hal osubstituted -COR ,wherein R
represents Hor C(1-8)alkyl, is 1, 2 3, has a value of 1
to 7, 10 pis O or 1, Y2 is 0, Nor S is H or a protecting group, R'is H
or a straight-chain or branched C(1-8)al kyl, which is unsubstituted or
substi Puted by it O @&stl-one CN, Hal, 15or NOZ, Spi s a spacer such as a
straight-chain or branched C(1- 8) aI kyl, which is unsubstituted or wherein
at | eaBf "one ofs t He oxCH2- Sgrémgbti—sh@imspirt dtredhakietch C OH; 8 ) aNHRY L, owhCOBOR' |

wherein R represents H Lar 1-8 aI k L1l:i.s a coyval ent bond or a
strai ght-chain or RUR &“g%f #tlZR%eerdeWo%te orHor ¥ %f&flheHal
non- adj acent CH2 @gipQups nay |ndependently be replaced by a group sel ected
from 0-, -00-0-,-0-00-,-NR -, -NR’ 00- -CO-NR, wherein R’ represents H or

e|c8))en gltlyz‘g Ieac%p&?% éc‘ﬁr , 8r S%r(H?(Jir%S a?]nf? 3 k oA BJ& e

2013/026842PCTBEBZ&®2L0662ﬁﬁ1 is unsubstituted or whereln at least one

of the -CHy- groups is substituted with -OH, -NHR’, or -

COOR’, wherein R’ represents H or C(1-8)alkyl,

L;",Ly" are independently of each other a covalent bond or a
10 straight-chain or branched C(1-6)alkyl, wherein one or
more of the non-adjacent CH; groups may independently be
replaced by a group selected from -0-, -CO-0-,-0-CO-,-
NR'—-, -NR'-CO-,-CO-NR', wherein R’ represents H or C(1-
8)alkyl,
15 ¢ is 0, 1, 2, 3 or 4

Rg, Rg is H or C(1-8)alkyl, and

R7,Rg,Rip,Ri1are independently of each other H, -0H, or -0C(l-

8)alkyl.
20 15, A compound according to any preceding claim wherein m is
2.
le. A compound according to anyone of claims 9 to 15, wherein
g is O.
25
17. A compound according to any preceding claim having

formulae VIIa, VIIb, VIIc, VIId



81 14. A conpound according to any preceding claimhaving formulae Vla, VIb,
Vic, Vid Ro (CH2)gx \O O (N(R3)p R MH -N 0X51 X2 (0F12)g-NH R4 N=N . X4
Xi R (F)WO 20i38n26840 X1 to X5 are independently of eatlEretib®se263 N or
0, preferably N 5or 0, Rl, R2 are independently of each other H, hal ogen,
C(1-12)al kyl, C(2-12)al kenyl, C(2-12)al kynyl, -0R5, -COR5, -COOR5, - NHR5,
- CONHR5, wherein R5 represents H hal cgga C(1- | 2) al kyl,
C(2-12)al kenyl, C(2-12)al kynyl, -OR, -COR, - 10COOR, or -NHR , wherein R
is Hor C(1-8)alkyl, R3, R4 are independently of each other H, nitroso,
C(1-12)al kyl, -OR ,-COR or hal osubstBttut®d -@OR ,wherein R represents H or
C(1-8) al kyl, |so|?qé 2 or 3, 15rhasavalue of to 7,

R

m
%mm—w S R
Y NS s
5 N” N7 ONY,Y,
F
Vila
Y
i
Ry Q J\©\
Rg (CHy)q —N N )\
L|
NY5Y,

18 Vilb

/YE
N\Sp‘_N J\©\ “[ fj\jf
CH ve & =
(CH2)q 5 N” N7 TNY,sY,

Viie
18[:
B1_Y1 O

- N (0]
QRe NIN \Ny " H N
o) ¥ Sp—N O N = NH
R N
! - H Y x | o
Rg (CH, )q 5 N N NY3Ys
| Viid

wherein

Y3, Y4 are independently of each other selected from H, halo,
5 C(1-12)alkyl, C(2-12)alkenyl, C(2-12)alkynyl, =-OR’, -
COR", -COOR’, and -NHR’, wherein R’ is H or C(1-8)alkyl,

Ys is selected from H, nitroso, C(1-12)alkyl, -OCR’, -COR’,



WD 2013/ 026842PCT/ EP2012/ 066236 83 pis 0 or 1, R'is Hor a straight-chain
or branched C(1-8)al kyl, which is unsubstituted or substituted by at |east
one ON, Hab,20mw02632, 5 Spis a spacer such as a strai ght Pcmaiproiansd2s@nched
0(1- 8)alkyl, which is unsubstituted or wherein at |east one of the -CH2-
groups is substituted wwth -OH, -NHR , or - COOR, wherein R represents H
or C(1-8)alkyl, 10 LIf f L1 2 are independently of each other a coval ent
bond or a straight-chain or branched 1-6)al kyl, wherein one or nore of

t he non-adj acent CH2 groups .may indepenqlentl%/] be replaced by a grou

sel ected fromaigt, hedespostgtgded RROR - NRVDEHSIDCORNR 1Swhir eﬁgﬁ R‘E)(l'
represents H orn\Q(%,8)alkyl, 15qis 0, 1, 2, 3 or 4 R6,R9is H or

C(1-8)al kyl, anJ R7,’R8, R10, Rllare i ndependently of each other H -OH or
-00(1- 8)al kyl; 20 15. A.cenmpound according to any preceding clai mwherein m
is 2. 16. A conpound according to anyone of clainms 9 to 15, wherein q is 0.
25 WOr2013/ 026843PGY/ EP28)2/ 066236 84

5 By is H, or a protecting group,

Sp is a spacer such as a straight-chain or branched C(1-

8)alkyl, which is unsubstituted or wherein at least one
of the —-CHy;- groups is substituted with -OH, -NHR’, or -

COOR’, wherein R’ represents H or C(1-8)alkyl,

10 L' is a covalent bond or a straight-chain or branched C(1-
6)alkyl, wherein one or more of the non-adjacent CHp
groups may independently be replaced by a group selected
from -0-, =-CO-0-,-0-CO-,-NR'-,-NR'-CO-,-CO-NR', wherein
R’ represents H or C(1-8)alkyl,

15 g is 0, 1, 2, 3 or 4,
Rg is H or C(1-8)alkyl, and

R7,Rg are independently of each other H, -OH, or -0C(1-8)alkyl.

18. A compound according to any preceding claim having

20 formulae VIIIa, VIIIb, VIIIc, VIIId



VI la Nz -NmHNH Sp-N O N (CH2)qY5 N N NY3Y4 \Inc 18F wherein Y3,
Y4 are independently of each other selected fromH, halo, 5C(1-12)alkyl,
C( 2- 12) alwernyi3/026%42- 12) al kynyl ,-OR ,- COR , -COOR , andPcChiHR20120b@8€I N R
is Hor C(1-8)alkyl, WD 2013/ 026842PCT/ EP2012/ 066236 85 and

hal osubstituted - CCR‘ wherein R is I—éé:)r 0(1- 12)alkyl, ms 1, 2 or 3,
Yiis 0, Nor S,

ORg '
Rmm R‘
Riq (CHz)q N—SP
Ly
. E avy
i O

NYsY,

Viia

m(CHz)q/N&_Sp
( muk@t i
N
BZ_YZ O N ]flk

\ H
R1o | e S/N—‘Sp—N O o
Rq4 (CHy)q ( N 5
Ly my
| N

wherein

Y3, Y; are independently of each other selected from H, halo,
C(1-12)alkyl, <C(2-12)alkenyl, C(2-12)alkynyl, =OR’, -
5 COR’, -COOR’'", and -NHR’, wherein R’ is H or C(1-8)alkyl,

Ys is selected from H, nitroso, C(l1-12)alkyl, -OR’, -COR’,

and halosubstituted -COR’, wherein R’ is H or C(1-



5 Blis H or a protecting group, Spis a spacer such as a straight-chain or
branched C(1- 8)al kyl, which is unsubstituted or wherein at |east one of
t he - CH2-woroisnee84e substituted with -CH, -NHR , or - CEOREP20h@s@36 R
represents Hor C(1l-8)al kyl, 10 L21lis a coval ent bond or a straight-chain
or branched 0(1- 6)al kyl, wherein one or nore of the non-adjacent CH2
groups may i ndependently be repl aced b%%a group selected from-0-,
-00-0-,-0-00-,-NR -,-NR -00-,-CO NR , erein R represents H or
C(1-8)al kyl, 15gis 0, 1, 2, 3 or 4, R6is Hor C(1-8)alkyl, and R7, R8are
i ndependent |y ©f)®Hchl other H, -OH or -0C(1-8)al kyl. 18. A conpound
according to any preceding claimhaving 20forrmulae Villa, VIllb, Vlilic,
VI1Id mWO 2013£626842PCT/ BP2012/ 066236 86 VITIlDb VIIld wherein Y3, Y4
are independently of each other selected fromH, halo,
C(1- 12¥al kyl , CL2- 92) ¥l REnyly, C(2-12)al kynyl,-OR ,- 5COR, -COOR, and
-NHR , wherein R is Hor C(1-8)alkyl, W) 2013/026842PCT/ EP2012/ 066236

B, is H, or a protecting group,

5 Sp is a spacer such as a straight-chain or branched C(1l-

8)alkyl, which is unsubstituted or wherein at least one
of the -CHy- groups is substituted with -OH, -NHR’, or -
COOR’, wherein R’ represents H or C(1-8)alkyl,

Ly’ 1s a covalent bond or a straight-chain or branched C(1-
10 6)alkyl, wherein one or more of the non-adjacent CH»
groups may independently be replaced by a group selected
from -0-, -CO-0-,-0-CO-,-NR'-,-NR'-CO-,-CO-NR', wherein
R?Y represents H or C({1-8)alkyl,

q is 0, 1, 2, 3 or 4,

15 Ry is H or C(1-8)alkyl, and

Rip,R;1 are independently of each other H, -OH, or -0C(1-8)alkyl.

19. A  compound according to any preceding c¢laim having

formulae IXa, IXb, IXc, IXd

20



87 12)alkyl, ms 1, 2 or 3, Y2is 0, Nor S, B2is H or a protecting group,
5 Spis a spacer such as a straight-chain or branched C(1- 8)al kyl, which is
unsubst i twbedi3onessker ei n at | east one of the -CH2- groupsTiEP26iloed28¢ ut ed
with -OH -NHR or - COOR, wherein R represents Hor C(1-8)alkyl, L1'is a
coval ent bond or a straight-chain or branched C(1- 106)al kyl, wherein one
or nore of the non-adjacent CH2 groups may i ndependent |y be repI aced by a
group selected from-0-, -00-0-,-0- 00-3€ NR -, -NR -00-,-CO-NR , wherein R
represents H or C(1- 8)a| kyl , qis 0, 1, 2 3 or 4, 15 Rgis H or C(1-8)al kyl,
and R10, R11 areORgndependentIy .of each ot her H -OH or -0C(1-8)alkyl. 19.A
conmpound acgo bo any pr ceding claimhaving fornmulae | Xa, |Xb, IXc,

| Xd 20 88 F&%ﬂ%ﬁlﬁ( FRP20,12/ 066236 89 Y3, Y4 are independently of
each other s bcg d fro 14‘ m-aio C(\mj- )aI kyl, C(2-12)al kenyl,

C(2-12) al kynyl , -!CR' - “NHR ™ wherein R is H or
C(1-8) al kyl, \§5| K3 sel ect ed from H, lﬁ' 1- 12) aI kyI -OR, -COR, b5and
hal osubstltutl d - CCR’ whegein R i Iq ms 1, 2 or 3,
/g\ —~NH
Rs (CH2)q N—Sp NY3Y4
Ly N=
1ep IXa
ORg

= NH O
1 N—N
18! O
F
( ,HK@\
N
- NH

.
R7 NH N/\[
— I |
%(CHZM_N/%— Ys \N N//kNY3Y4
l

IXb
18F
ORg N=y
b0 \N—Sp
Rio “NH__O
Riy (CHz)q
(
L3 o " 0
Rs 18 N= =
T% e 5 C fi
—s
Rs P Ko NY3Y,
Re (CHz)q
Ly
|
18F
ORg N-N
i
. I o N\NX Spo
10 s NH__O
Ryi™ S (CHy)q 9
|1 ( mN O
18 H
ORg F N~N HN™ O N NH
| N ! I L
O . Sp Y5 NS ~
Ry _N N~ N7 TNYaYs
Rs (CHa)q IXd
L
[
18F

wherein



Spare i ndependently of each other a spacer such as a straight-chainor
branched C(1-8)al kyl,whichis 10 unsubstituted or wherein at |east one of

t he - CH2-wgQnroispees4e substituted with -OH, -NHR , or - COPRT/EP2IRM066286 R
represents Hor C(1-8)alkyl, 1,1',L2" are independently of each other a
coval ent bond or a straight-chain or Q&anhed C(1-6)al kyl, wherein one or
15 nore of the non-adjacent CH2 groups hay independently be replaced by a
group selected from-0-, -00-0-,-0-00-,- NR-,-NWO00-,-CONR, wherein R
repr esént sYH oare(EHQQQHHQAqtkMSOD eachZOﬂhqn aelQQtéﬁ R@@nefi halo,

i ndependent |y gf ei§E g% g H or 1-8)al kyl, and R7

i ndependent |y of1e Her 6@ €p 1 §)§Fk§?aébynpﬁarna@5utlcaI
conposi ti on COG@RVS'D@o@R'|e§§H QN9R25CQH99999 §6095dhn8rt@ a0y) Qiﬁ9@d'“9
claim 21. Use of a compound accordlng to clalns

phar mageuti cal .conpasi t.i o ceor o cl ai 0.f gnos pg of
a cellgér popuﬁat?%ﬁ‘é?x%glf %f%F8§§84gBéTﬂégfﬂgﬁ’ 662 Uﬁgh
expy essing a f@h@teh5@6§95951tﬁt¥3troc@ﬁ"n Wh¥0e 1 22.g Usg Of %QWD@%@d
according to clains 1 to 19 or a pharnaceutical conposition according to

claim 20 for 5é8neékivént and effective administration to a subject in need
for diagnostic imaging. 23. Method for diagnostic imging of a cell or
popul ati on of ¢el LsekppesSi ngaf ol at e-recept or, sai dnet hod 10 conprising the
steps of adm nistering at |east one conpound according to clains 1 to 19 in
a di agsestic i aegi ngnaspentienabd obf aigidlg atdieagnestsgademgesadh saisd eel |
or population of cells. 15 24. Met hod accordlng to claim 23, wherein the

di agnosti c |na§|5619§tp€PP6Pned06f PRI (ﬂﬂﬂ;ﬁh%ﬁ?%ﬁ= ceMhd S pr é§si ng

a fpl ate-receptar Vi v thod for vitro. detectiaon of
a égll express%ﬁg F%exgg%% 95 WQ@&S 8ra? lN%t|s§&§ ganﬁpe mﬁ?%h PRclrEdes

is substituted with -OH, -NHR’, or -COOR’, wherein R’
represents H or C(1-8)alkyl,

L1’ ,Ly" are independently of each other a covalent bond or a
straight-chain or branched C(1-6)alkyl, wherein one or
15 more of the non-adjacent CH; groups may independently be
replaced by a group selected from -0-, -CO-0-,-0-CO-,-
NR'~-,-NR'-CO-,-CO-NR’, wherein R’ represents H or C(l-
8)alkyl,
o} is 0, 1, 2, 3 or 4,

20  Rg,Rg are independently of each other H or C(1-8)alkyl, and

R7,Rg,R1p,R11 are independently of each other H, -OH, or -OC(1-

8)alkyl
20. Pharmaceutical composition comprising at least one
25 compound according to any preceding claim.
21. Use of a compound according to claims 1 to 19 or a

pharmaceutical composition according to claim 20 for

diagnostic imaging of a cell or population of cells



contacting said tissue sanple with a conpound according to clains 1 to 19
in effective anounts and for sufficient time and conditions to all ow
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5 convenient and effective administration to a subject in

need for diagnostic imaging.

23, Method for diagnostic imaging of a cell or population of
cells expressing a folate-receptor, said method
10 comprising the steps of administering at least one

compound according to claims 1 to 19 in a diagnostic
imaging amount, and obtaining a diagnostic image of said

cell or population of cells.

15  24. Method according to claim 23, wherein the diagnostic
imaging 1is performed of a cell or population of cells

expressing a folate-receptor in vitro or in vivo.

25. Method for in vitro detection of a cell expressing the

20 folate receptor in a tissue sample which includes
contacting said tissue sample with a compound according

to claims 1 to 19 in effective amounts and for sufficient

time and conditions to allow binding to occur and

detecting such binding by PET imaging.

25
26. Method of diagnostic imaging and/or monitoring a subject
comprising the steps of (i) administering at least one
compound according to claims 1 to 19 in a diagnostic
imaging amount, and (ii) performing diagnostic imaging
30 using PET by detecting a signal from said at least one

compound.
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27.

28.
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Method of monitoring cancer therapy in a subject
comprising the steps of (i) administering to a subject in
need thereof at least one compound according to claims 1
to 19 in a diagnostic imaging amount in combination with
a therapeutically active compound of choice, and (ii)
performing diagnostic imaging using PET by detecting a
signal from said at least one compound to follow the

course of cancer therapy.

Method of claims 26 or 27 used in combination with any

other methods of cancer diagnosis or therapy.



