Prostate Specific Menbrane Antigen inhibitors Field of Invention This
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Currently there is no effective therapy for relapsing, netastatic,

andr ogen-i ndependent prostate cancer. New agents that inmage prostate cancer
are needpgd.kpb&ier ably i magi ng agents containi ng radi oi sotopes, in
particular positron emtting isotopes. For exanple positron enmtting
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neuroendocrine tumours, sclerotic bone metastases and renal cell carcinomas can be
virtually inconspicuous due to low uptake or higher neighbouring background activity.
Specifically related to PET-CT are pitfalls associated with breathing pattern differences
between modalities, despite dedicated combined scanners (Seminars in Nuclear Medicine,
(2004), XXXIV, 2, pp.122-133). For Prostate Cancer, uptake of ['®F] FDG has been found to
be low, likely due to the slow growing nature of many prostate tumours. As a consequence,
in a large meta analysis (Gambhir SS, Czernin J, Schwimmer J, Silverman DH, Coleman RE,
Phelps ME. A tabulated summary of the FDG PET literature. J Nucl Med. 2001 May;42(5
Suppl):1S-93S.) only 57% of prostatic carcinomas could be detected by ["®*F] FDG.

Current methods for imaging prostate cancer are predominantly computed tomography (CT),
magnetic resonance (MR) and ultrasound, however, these methods are only anatomic
methods and do not have the same sensitivity than SPECT or PET. The radiolabelled
monoclonal antibody [111In]-Prostascint™ is currently a marketed imaging agent for prostate
cancer, but the images obtained from this agent are difficult to interpret (Lange et al.,
Urology, 2001, 57, 402-406, Haseman et al., Cancer Biother. Radiopharm., 2000, 15, 131-
140).

Especially for the PET imaging of prostate cancer, but also for other type of cancers, tetra-
substituted ammonium derivatives labelled with C-11 and F-18 isotopes and based on
choline structure have been described (e.g. JP09048747A, W0O2001082864A2 (incl. US



Schenme B PSMA was identified as a potential biomarker for prostate cancer
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Initial clinical results of these above-mentioned compounds indicated somewhat better
enrichment in prostate cancer tumours as compared to [*F]JFDG. Nevertheless, sensitivity
and specificity of these compounds both warrant improvement and hence imaging tracers

with improved profiles remain highly needed.

PSMA has been described as a highly promising target for prostate cancer imaging and
therapy. PSMA, a trans-membrane 750 amino acid type Il glycoprotein also known as GCPII
or FOLH1, was first described in the context of neurotransmitter release in rat brain
(Robinson MB, Blakely RD, Couto R, Coyle JT. Hydrolysis of the brain dipeptide N-acetyl-L-

aspartyl-L-glutamate. Identification and characterization of a novel N-acetylated alpha-linked



The state of the art regarding radiol abelled inhibitors of PSMA for the

I mgi ng of prostate cancer focuses on the urea class, e.g. [11C] DCMC,

[ 189DCFBGVOLBA004786054190) , [ 12311 M P1072 (W2008/ 058192 T/HP2® 004982 P1095
(W2008/058192) or [1251]DCIT). There has been one exanple with a
phosphoram date peptidom netic |abelled with F-18 (US2007/0219165, Poster
VWM C Nice 2008, J. Nucl. Med. 2009, 50, 2042). These conpounds are
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epilepsy, and sc%lzophrenla A major source of glutamate in the nervous system is thought to
be released via the hydrolysis of N-acetylaspartylglutamate (NAAG) to yield N-
acetylaspartate and glutamate (Scheme B). A NAAG-hydrolyzing enzyme was proposed
when the release of glutamate in rat brain cortex membranes treated with NAAG was
observed [Riveros et al., Brain Res., 1984, 299, 393-395]. This enzyme was identified and
characterized in the rat nervous system, which hydrolyzes NAAG into N-acetylaspartate and
glutamate (Scheme B) and as termed N-acetylated-a-linked acidic dipeptidase (NAALADase)
[Robinson et al, J. Biol. Chem., 1987, 262, 14498-14506].
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PSMA was identified as a potential biomarker for prostate cancer in 1996 [Carter et al., Proc.
Natl. Acad. Sci. U.S.A., 1996, 93, 749-753] and confirmed as a promising target for prostate
cancer imaging and therapy due to its abundant and specific expression both on primary and
advanced prostate cancer cells (Schulke et al. 2003 PNAS USA, 100, 12590-12595). It was
also found to be upregulated in the neovasculature of other solid tumours (Chang et al. 1999,
CanRes, 59, 3192-3198).

The literature has identified a number of different classes of inhibitors for PSMA and these
are shown in Scheme C [Tsukamoto et al., Drug Discovery Today, 2007, 12, 767-776; Liu et
al., Biochemistry, 2008, 47, 12658-12660; Zhou et al., Nature Reviews, 2005, 4, 1015-1026].

The potent compound 2-(phosphonomethyl)}pentanedioic acid, hereinafter referred to as 2-
PMPA, has been identified as a powerful inhibitor of NAALADase (P. F. Jackson et al., J.
Med. Chem. 1996, 39, 619). The stereospecificity of its bioactivity was thoroughly

investigated to reveal the (S) enantiomer, featuring a glutamate-analogous absolute
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There are al so exanples of PSVA inhibitors radiol abelled with radi onetal s,
i.e. [99mlc]Ll (J. Med. Chem, 2008, 51, 7933 and references cited within
and W2008000252%386and DUPA99NMIC (Kul aratne et al., Ml rPi@mPreoscdsets 2009,
6, 780; Kularatne et al., MIl. Pharmaceutics 2009, 6, 790); [8Ga] | abelled
PSMA i nhi bitors have been investigated and described by M Ponper et al.,
J. Med. Chem 2010, 53, 5333. For all the inhibitors in Scheme C and D the
"ri ght - heanfigwititeatCohtasitim vigudliheolp éatrenefdAYsiANE=y I 5E€Pdtinlbipoy adtwity (Cermai ned
unchangeds@igha die. afdihélb PAS MRy Ztbb, 1RIDDR. +ARahEb Lt A2y d0af the
nolecule. Inalimted structure activity relation analysis yScherre E) the
pent aned?@® #&>¢1%)c portion on the urea inhibitor class has been
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retinopathy, and age-related macular degeneration (WO 2001/092274). Structurally related,

but distinct phosphinate derivatives are described as NAALADase inhibitors in
WO01998/053812 and WO 1999/033847; prodrugs of 2-PMPA analogues, in particular
phosphinates, for the therapy of inter alia neurological diseases and prostate cancer, are
disclosed in WO 1999/033849.
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Scheme C
The state of the art regarding radiolabelled inhibitors of PSMA for the imaging of prostate
cancer focuses on the urea class, e.g. ['C]DCMC, ["®*F]DCFBC (US2004/0054190),
['2IIMIP1072 (W02008/058192), ["*'[IMIP1095 (W02008/058192) or [***IIDCIT). There has
been one example with a phosphoramidate peptidomimetic labelled with F-18
(US2007/0219165, Poster WMIC Nice 2008, J. Nucl. Med. 2009, 50, 2042). These

compounds are illustrated in Scheme D.
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There are also examples of PSMA inhibitors radiolabelled with radiometals, i.e. [*"Tc]L1 (J.
Med. Chem., 2008, 51, 7933 and references cited within and W02009/002529) and DUPA-
®mTC (Kularatne et al., Mol Pharmaceutics 2009, 6, 780; Kularatne et al., Mol
Pharmaceutics 2009, 6, 790); [68Ga] labelled PSMA inhibitors have been investigated and
described by M. Pomper et al., J. Med. Chem. 2010, 53, 5333.

For all the inhibitors in Scheme C and D the ‘right-hand side” containing the
pentanedicarboxylic acid portion remained unchanged and the alterations were all made on
the left-hand side of the molecule. In a limited structure activity relation analysis (Scheme E)
the pentanedicarboxylic portion on the urea inhibitor class has been investigated (J. Med.
Chem., 2004, 47, 1729). The conclusion made from these investigations was that the

pentanedicarboxylic portion has to be unchanged to maintain the binding affinity to PSMA.
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to be solved by the invention and its solution Despite the aforenentioned
advances w0 20imdBasg sui t abl e agents binding to PSVA for PCIEPROMY-98Q7 Of
prostate cancer, there remains a need for novel agents suitable for
exploitation of the advantages of positron em ssion tonography inter alia
wth regard to spatial resolution, which also allow for practical use in a
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For the PMPA class the tight structure activity relation (Scheme F) is known (J. Med. Chem.
2003, 46, 1989 and J. Med. Chem. 2001, 44, 4170). The conclusions are that the chain

length between the two carboxylic acid functions as well as the spacers between the zinc-

binding phosphonic acid moiety are important.
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Scheme F

Problem to be solved by the invention and its solution

Despite the aforementioned advances in finding suitable agents binding to PSMA for the
imaging of prostate cancer, there remains a need for novel agents suitable for exploitation of
the advantages of positron emission tomography inter alia with regard to spatial resolution,
which also allow for practical use in a clinical PET centre. More specifically, the ®F labelled
PSMA inhibitors known so far, including the two examples shown in Scheme D, depend on a
multistep radiosynthesis involving so-called prosthetic groups, i.e. radiolabelled intermediates

which need to be prepared separately from suitable starting materials and "®F-fluoride as



produced by cyclotron. This extends the tine required for the
transformati on of 18F-fluoride into the inmagi ng agent and constitutes a
practi calworpadi7aasat to routine clinical use. ConpoundsPofi/EPR@OPGSIENE
invention feature a fluorine substitution directly attached to the

pent anedi oic acid scaffold and yet have found to be potent inhibitors of
PSMA, which is unexpected when considering the teachings of the SAR

i nf or mat produdeddm gyciotven. dinis exerslarimating eetirad B Higarirarforivbtieoafe PF-fludnige
CoMPOUN e il R fUndlBN SRl A ALY Bl FhURE Lirfdafuapor at i onof

18F-fluoride w t'hout™ t he nece55|ty or SO-ca prosthetic groups, and are

power f ul C%ﬁéﬁr@s bPhe Tpr%ehtmhf& BhtuRr PRloAREs R MEEI du%b't'i?@trabfhéafto e
I nvention This invention relates to compounds suitab for labelling by 18F

and the B ?f@%&?&i%aﬁ%‘#m%ﬁ%PP%“OEW&W&W RRIREQS? 9fe°ss'\/'&9/ri""9h Bor i nat ed
anal ogueSndxbecrtaDWhe(rcmipaem@ tod tebetimgsl o the, SAR chﬂ:th)qn f(olm pridPhrtasd (1-LG and

their use for. i es associated, w alte ssi on of
by oot at oS yBRisE TR IR = RRRE N ARG s U rd B d Rl REerREPERRAOER] L 1 ous

of pr epadlremglnswpwan@rmé‘iﬁrfd@rlde:wwﬂm&he|nems1¢w‘npsq -slledprogibhticgroymsuants, ki t's
conpri si BG FWEALICEERO W ER: Rk ﬁgﬁp&éététb%gﬁce@”d uses of such conpounds,

conpositions or kits for dia stic 1magi ng by Positron Em ssion Tonography
(PET). Detailed Description of the Invention In a first aspect, the
invention is directed to conpounds of the formula I, R2 0)1R3 Il 0O_ ?R5R1 |
wher ei n Riimh&anCorBp0R@ntioR2 is C(=0)OR7, or N-N R8 wherein the asterisk
i ndi cates the point of attachnment into formula |I; R3 is selected fromthe
group cofpis irsentipnlreBiestsEpmpouhds Gitakiefoelabelli® by 18Erane{rbfpfr opresperelinge4vi ng
g(r)g‘(JE 0) %&Feh%@m%%sttﬁ&n&r VAP 9B Q0B HatldhaftBLEY RereBf R3RmolitfGhforfifh 1,
IF18) (I-F19) and (I-LG) and their use for imaging diseases associated with altered
expression of Prostate Specific Membrane Antigen PSMA or as reference standards,
methods of preparing such compounds, compositions comprising such compounds, Kits
comprising such compounds or compositions and uses of such compounds, compositions or

kits for diagnostic imaging by Positron Emission Tomography (PET).

Detailed Description of the Invention

In a first aspect, the invention is directed to compounds of the formula I,

wherein
R'is C(=0)OR?;

R?is C(=0)OR’, or



R4 and R5 are sel ected independently fromeach other fromthe group

conpri sing hydrogen, optionally substituted Cl-Cl10-al kyl, optionally

substi t utwo 2€8/023286ycl oal kyl , optionally substituted C6PCIGPasiplogosand
optionally substituted C7-Cl4-aryl al kyl, wherein zero, one or two of the
carbon atons constituting said al kyl group, cycloal kyl group, or the alkyl
portion of said arylal kyl group, is optionally replaced by -C(=0)-, -NR1O-,
or -0- or nd R5 together forman optionally substituted C2-C6 al kyl ene
t et her; R&Ttn R7 are sel ected independently fromeach other fromthe group
conpri si ng™Rydrogen, optionally substituted Cl-Cl10-al kyl, optionally

substi tutedl C3- C7-cycl oal kyl, optionally substituted C6- ClO-aryI, and
optionally 8ubstituted C7- Cl4- aryl al kyl, wherein zero, one or two of the
car bon amé@.nqp@gtértswdmteé%éﬂp@fhIaystta%mam,.mey&#nqal kyl gr oup,_or the al kyl
portion of said arylalkyl group, is optionally replaced by -C(=0)-, -NR1O-,
or -0-; R8 is hydrogen, benzyl, or triphenylnethyl; RO is selected fronlthe
gLouplcoRb@ggbagdﬁ%Tﬁmeg%kybmn&kgggﬁi6$I&y1u3and phenyl mhereir alkél and
pheny tiona su tute [ oups, ,sel ecte

P ndependheP LCHa n aLRAPBTH PG Poti-<RECEA TR RbHEPF ST IR Kyl
Crarhaloabkwlpd@kmdatkm%ykR%alo cyano, and nitro; Rl is selected fromthe
group conprising hydrogen, Cl-at-alkyl, and acetyl; and stereoisoners,
stere0|soner|c m xtures, and suitable salts thereof. Preferably, conpound
of for muRhand Rsarge¢lpeted indprandpnilyreon] eaclretgy IR therrounscanirtgNg RYdrogeqRs | s

sel ect edoﬁtfoﬂmytsiﬁﬁstﬂfté)&@} @%IHkayl %h%a%bstﬂt@tgd C@-@@cy&’éﬁkyﬂb&@lallﬁ‘l and RS are

sel ected |ndeE§n ent | rom eac gr oup conpr|5|ng hydr ogen,
optional P tQBth'%rél' end emgiogpllyypubstitied 8@?14@%@'% V@l?b%rﬂ FRrBtag Or two
C7- C10- abmh@bak—yén ataasamst.ia?n@s@d sley| @edup feyiceRpeRslndd tiie bik@ poriae bf elider from

the.grou g@&l nlﬁ%%t dro%ﬁﬁmegg$gﬁ }I¥w§ubstbtuted Cl- C8-al kyl, and

opti onal Fha %°1 Y selected fromthe group
conpri si Rga@ Ratbgahwmwmmoqﬂhmﬂylwbabmde%ﬁqcﬂiwle tetseropt i onal |y substituted
by one or two groups, selected independently fromeach other, fromthe
group co r|S|ng Cl-4 al kyl, Craral koxy, halo, and nitro. Schene F:
corrpoundR énd Bt aralseletted indeBndeitydiomessch ofher tFAM @)e, group EMM@inghydrogen. G R2

OR3 4l oﬁohalf?/’sugétiltlﬁed C+-Cyo-alkyl, optionally substituted C;-C7-cycloalkyl, optionally
substituted Cs-Co-aryl, and optionally substituted C,-C44-arylalkyl, wherein zero, one or two
of the carbon atoms constituting said alkyl group, cycloalkyl group, or the alkyl portion of said
arylalkyl group, is optionally replaced by -C(=0)-, -NR"’-, or -O-;

R®is hydrogen, benzyl, or triphenylmethyl;

R? is selected from the group comprising C-Cy-alkyl, C;-Cs-haloalkyl, and phenyl, wherein
alkyl and phenyl are optionally substituted by one or multiple groups, selected independently
from each other, from the group comprising C-Cs-alkyl, C-C4-haloalkyl, C4-C4-alkoxy, halo,
cyano, and nitro;

R' is selected from the group comprising hydrogen, C-C4-alkyl, and acetyl;

and stereoisomers, stereocisomeric mixtures, and suitable salts thereof.

Preferably, compound of formula | is defined wherein
R"is C(=0)OR?;
R?is C(=0)OR’;



RR2O...."...L18F 41l RCU:1)RL 0. 5 R/ I \ RRR2 0'1.19F0)LG 41 11
"POIROS50 R R I-F181-F191-LG In a first enbodi nent, conpounds of the
fornmul a IwD=200#f78286d such as R3 is 18F that correspondsPCo/HPoowbes21 | - F1

8) .

R®is selected from the group comprising '°F, "®F, and -OS(=0),R’;

R* and R® are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-Cg-alkyl, and optionally substituted C+-Cp-arylalkyl;

R® and R are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-Cg-alkyl, and optionally substituted C,-C¢-arylalkyl; and

R? is selected from the group comprising C4-C,-alkyl and phenyl, wherein phenyl is optionally
substituted by one or two groups, selected independently from each other, from the group

comprising C4-C4 alkyl, C+-C4-alkoxy, halo, and nitro.

Scheme F: compound of formula | and 3 embodiments (I-F18), (I-F19) and (I-LG)

R
0 R’
RY lF!
\O/ | R1
0
\RS
I
R’ R’ R’
ﬁ °F ﬁ "F ﬁ LG
4 4 4
R\O/T R' R\O/T R' R0~ ||D R'
O\Rs O\R5 O\R5
I-F18 I-F19 I-LG

In a first embodiment, compounds of the formula | is defined such as R® is "éF that

corresponds to formula (1-F18).

In a second embodiment, compounds of the formula | is defined such as R® is '°F that

corresponds to formula (I-F19).

In a third embodiment, compounds of the formula | is defined such as R® is LG that

corresponds to formula (I-LG)
wherein LG means Leaving Group and is selected from the group comprising chloro, bromo,
iodo, or -OS(=0),R°.
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In a second enbodi nent, conpounds of the formula | is defined such as R3 is
19F that corresponds to fornmula (I1-F19). In a third enbodi nent, conpounds
of the fowouba/d73iss defi ned such as R3 is LG that correfpdmP30m06430T Mul a
(I-LG wherein LG neans Leaving G oup and is selected fromthe group
conprising chloro, brono, iodo, or -0S(=0)2R9. Preferably, LGis

-0S(=0) 2R9 wherein RO is selected fromthe group conprising Cl-at-alkyl,
C1C4- hal Bedffekgibly, Léanid - (D$1(e@yle, al kyl and phenyl are optionally substituted by
one or I t f& @&h( omthe
group Wh%’:e@llﬁlggé?m . %ﬁ%@ggﬂﬂﬁﬁﬁd‘ﬁ A 5%&1 0X yPtaﬂc?Fhenfyf ano, and
nitro. '@f“éBPQj‘W qﬂ@OP&Pr@ wosidief ppane ﬁrem@im@:ﬁrOé@?rﬁelpgtP%@d@ena@nt | kyl and
phenyl V\ﬁ&ﬁ%héh RRENY S it PO @rikMg Bieshikuted,-RXoRE GLC LANXPHAEDS,

sel ected i nde endently from each ot% fromthe group conprising Cl-C4

al kyl , Cﬁyaﬁﬁh% ¥y, halo, and nitro. Nbr e preferably, LGis

met hanesBiefaayy, (R?ys smdtmirfasruih‘e@mulpmmmpr|§1|@QEGBSIW| Bboadphaywherein phenyl

ﬁg;ﬂ‘t ﬁ;luglr':oesﬂlai%n %éd bg\%éeﬁ‘owogg?guegfzsgeveg: el% é)erL[])élﬂqoe@fy frh each other, from

par a-t ol thlerwsmlcromny:blw% CPall&Sfle@w@elalfﬁoe(a,thﬁfoegnfanimdi scl osed bel ow and apply
for the orihedidiRILG CALHSRRARIRA, te@hafqegm,bﬁoxglbﬂer@suw&wﬁ;&%)a and

(I-LG and can be ‘conbi ned each ot her erably, =0) OR6
wher ei n RE/ENSSUERMERY RFrF- F‘HWQ%@”@HW'O&%F?@FWWHT%&@W optionally

subst i t uEesh fdreERefer@bldNIG isash-BRENSIAOAYIOXGUDSTt i tut ed C7- C10- aryl al kyl .
Preferably, R6 is hydrogen or nethyl. Preferably, R2 is C(=0)0R7 wherein R7

is selected fromthe group conprising hydrogen, optionally substituted
Cl- C8- aP#eydrredaeHlurepblieoiim:Idsyd belbs tind apeyifoCife Cldntaxdinentsasresgandihgtabl y, R7

|'s hydr o %ﬁélrl'—”i? g 1@9}5’&?{ ‘E@Qhé’can‘%‘b i r@ﬁdﬁh%agl'?&tﬁgrl ed independent|y

from eac e gro conpri si ng rogen, optionally substituted
Cl-C8-al kyl, and optionally substituted Cr7- ClO aryl al kyl . More preferably,
R4 and Rﬁre@grgohpygnsog@ Ore benzyl . Even nore preferably, R4 and RS are
hydrogen. Prefe I226 and R7 are sel ected i ndependently from each ot her
fromt heWG‘?rS'ﬂpB d%?ﬁ‘ﬂ)‘?qt%di TR B FFAHSRMPBHEY BYfAe9e): %‘B%"Wﬁﬁ?%‘ét@lgrﬁ‘ al kyl, and
opt i onal hiyyl saHasdptibrslie Substitutet®@,ac, v higlalkyl. Prdidragly (Réed eydadey or Methgnd R7 are
hydr ogen. Conpounds of fornula (I-F1 8) of the first enbodi nent are
preferably defined wherein RL is C(=0)0R6; R2 is C(=0)0R7; R4 and R5 are
sel ect edPiefeiapeRiént(=P)PRom each ot her from the group conprising hydrogen,

(();Qt 'C(igayl/’vb{?rgﬁ@ tlé géﬂécﬁgj fg"n fﬁ% g%dﬁyéompﬁglﬁg %69%9866’[%%%9@56&&}@(?@ -Cs-
yI and optlonally substituted C;-Cq-arylalkyl. Preferably, R” is hydrogen or methyl.

Preferably, R* and R® are selected independently from each other from the group comprising
hydrogen, optionally substituted C4-Cs-alkyl, and optionally substituted C;-Cio-arylalkyl. More
preferably, R* and R® are hydrogen or benzyl. Even more preferably, R* and R® are

hydrogen.

Preferably, R® and R are selected independently from each other from the group comprising
hydrogen, optionally substituted C4-Cs-alkyl, and optionally substituted C;-Cqo-arylalkyl. More
preferably, R® and R are hydrogen.

Compounds of formula (I-F18) of the first embodiment are preferably defined wherein

R'is C(=0)OR?;

R?is C(=0)OR’;

R* and R® are selected independently from each other from the group comprising hydrogen,

optionally substituted C-Cs-alkyl, and optionally substituted C+-C1p-arylalkyl; and

11



R6 and R7 are sel ected independently fromeach other fromthe group

conpri sing hydrogen, optionally substituted Cl1-C8-al kyl, and optionally
substi t utwo 20/g3Bear yl al kyl . More preferably, conpoundeCofEPb@wmwdsar (|- F18)
are defined wherein RL and R2 are C(=0)0CH3; and R4 and R5 are benzyl. More
preferably, conpounds of fornula (I-F18) are defined wherein RL and R2 are
carboxy; and R4 and R5 are hydrogen. Invention conpounds of formula (I-F18)
are sel eBf el Rt resbiatted mtepanaentlydrotroeach other from the group comprising hydrogen,

(o 49 - P PGy BPiBIe & bR R AT B ERE G G R . “ana mxtures

and suitable salts thereof. Preferably conpound of fornmula (1-F18) is

(2S, 49) - RbASSbreRblOESnshuLASIHRRBOIET RPehad edérinc acid and suitable
salts th reof.z_qc{:g(rc}lz%nd of formula (I'-F19) of the second enbodi nent are
| = ijj

pr ef er ablRy@4eR 1 is C(=0)OR6; R2 is C(=0)OR7; R4 and R5 are
sel ect edrt ateRemndeatdyy from each other fromthe group conprising hydrogen,
optionally substituted Cl-C8-al kyl, and optionally substituted

C7-Cl0-arylal kyl; R6 and R7 are sel ected independently from each other from
t he gr ouplosarrglierablyneprimotindsyefriormuoist (-6hdlarg/ definbd wheneined C1- C8- al kyl , and

opti onal Ry ses4ib e G{g C10-aryl al kyl . More preferably, conpounds of
formul a %ﬁFlQE) rare d)g/f%ed wherein RL and R2 are C(=0)0CH3; and R4 and R5

are benz{l and\Braehy&pestabl y, conpounds of fornula (I-F19) are defined
wherein R1 and R2 are carboxy; and R4 and R5 are hydrogen. Invention

compounds, ot f 0Ll ok b Sl e 3565 FEABLPRY ifla b ted to

(2S,4S)-2-["®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid and
(2R,4S)-2-{"®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid,

and mixtures and suitable salts thereof.

Preferably compound of formula (I-F18) is

(2S,4S)-2-["®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid and suitable salts thereof.

Compounds of formula (I-F19) of the second embodiment are preferably defined wherein
R'is C(=0)OR?,

R?is C(=O)OR’;

R* and R® are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-Cg-alkyl, and optionally substituted C,-Cp-arylalkyl;

R® and R’ are selected independently from each other from the group comprising hydrogen,

optionally substituted C4-Cs-alkyl, and optionally substituted C+-Cqg-arylalkyl.

More preferably, compounds of formula (I-F19) are defined wherein
R"and R? are C(=0)OCHs,; and

R* and R® are benzyl.

More preferably, compounds of formula (I-F19) are defined wherein
R" and R? are carboxy; and

R* and R® are hydrogen.

Invention compounds of formula (I-F19) are selected from but not limited to

12



(2S, 4S) - 2- Fl uor o- 4- (phosphononet hyl ) pent anedi oi ¢ aci d and

(2R, 4S) - 2- Fl uor 0o- 4- ( phosphononet hyl ) pent anedi oi ¢ acid and m xtures thereof
and suit avbeosAl7886t her eof . Preferably conpound of for mrCa/RPRe1B/089sd) i s
(2S, 4S) - 2- Fl uor o- 4- (phosphononet hyl ) pent anedi oi ¢ acid and suitable salts

t hereof . Conpounds of formula (1-LG of the third enbodi nent are preferably
defined wherein RL is C(=0)0R6; R2 is C(=0)0R7; R3 is -0S(=0)2R9; R4 and R5
ar e sel e@Setb)iZrAdeperdpmspiorforethybperttaredio@racidramch t he group conpri si ng
optionally substituted Cl-C8-al kyl, and optionally substituted

C7- C10- afﬁ%;ﬁ)t@y'ﬂ?or%-(ﬁmpm”om@“ eerdenedipiq asfependent |y from each other from
the group conprising optionally substituted Cl1-C8-al kyl, and optionally
subst i t ub¥tMEErestiberspiAnd|skiable saiy eeeal-s C1- c4- al kyl or phenyl, wherein
phenyl is optionally substituted by one or two groups, selected

i ndependently from each other, fromthe group conprising Cl -Ca-alkyl,

Cl- C4- aPrefacahly corprgupd obfRemyl? {hFd®) iand st er eoi soners and mi xtures t hereof.

Pr ef erab N 0l S car.e. defi i 1 is C(=0)0R6;
R s of By B e R b B b obioB iR R G Bl

met hanesul f onyl oxy, ethanesul fonyl oxy, benzenesul f onyl oxy,

-tol I = Nt f , .
napht hal SAgaEB R (b SRR ERROERRER e kP e Bl o cach

ot her frBhisti{eORup conprising optional |y substituted Cl-C8-al kyl, and
opti onal Ryjsgybsijdarut ed C7- Cl0-aryl alkyl; and R6 and R7 are sel ected

i ndependent lé fromeach other fromthe group conprising hydrogen,

opt i onal Ryiss4B&t91Rut ed C1- C8-al kyl, and optionally substituted

C7- C10- aryhrd Kydre sblbEted Peghetamlyrontaitnotesomind goupitandriking Gbtichay def i ned

wher ei n sRu]bsi[it%Jteg(Cﬁ@ggﬁ(?/f, and optionally substituted C;-Cqg-arylalkyl;
R® and R’ are selected independently from each other from the group comprising optionally
substituted C4+-Cg-alkyl, and optionally substituted C;-Co-arylalkyl; and
R?is C-C4-alkyl or phenyl, wherein phenyl is optionally substituted by one or two groups,
selected independently from each other, from the group comprising C4-Cs-alkyl, C4-Cs-
alkoxy, halo, and nitro,

and stereoisomers and mixtures thereof.

Preferably, compounds of formula (I-LG) are defined wherein

R'is C(=0)OR?;

R?is C(=0)OR’;

R®is selected from the group comprising methanesulfonyloxy, ethanesulfonyloxy,
benzenesulfonyloxy, para-toluenesulfonyloxy, para-nitrobenzenesulfonyloxy, and
naphthalenesulfonyloxy;

R* and R® are selected independently from each other from the group comprising optionally
substituted C4-Cg-alkyl, and optionally substituted C;-Co-arylalkyl; and

R® and R’ are selected independently from each other from the group comprising hydrogen,

optionally substituted C4-Cg-alkyl, and optionally substituted C,-Cp-arylalkyl;

More preferably, compounds of formula (I-LG) are defined wherein
R"is C(=0)OR?,

R?is C(=0O)OR’;

R®is para-toluenesulfonyloxy;
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R2 is C(=0)0R7; R3 is para-toluenesul fonyloxy; R4 and RS are selected

i ndependently from each other fromthe group conprising optionally

substi t utwo 2@/0Z828al kyl , and optionally substituted C7-Groxzeyloabisyt; and
R6 and R7 are sel ected independently fromeach other fromthe group
conprising, optionally substituted Cl-C8-al kyl, and optionally substituted
C7-Cl0-aryl al kyl . More preferably, conpounds of formula (1-LG are defined
wher ei n Rlamh® 42 seledeClnde)dhQeiBly fikB ¢ash ottleetrore dhef group ¢dmepriging eptiaveltypr i si ng

met hanesylf ﬁtﬂbé'd@%g-a%h%H@EMoFQlR/YéuB%b{uteé)é %?ﬁéﬂqfl%' oxy,

par a-t ol uenesul fonyl oxy, para-nit enzeneslit’ onylox and
napht hal Bnard iRt @A elestsd 'nawnmntbm@wcap@eb@wwe grmwmﬁﬁlﬁ@g pirderalab| y

conmpoundsyfitufearand,aidyl, ahddpthgiydebitnaey vherainalikit and R2 are C(=0)0CH3, R3
i s para-toluenesul fonyloxy; and R4 and R5 are benzyl. Invention conpounds

of formula (I-LG are selected frombut not limted to D nethyl

(2S, 45) - ofd mefe(ddgnaarhmxyidpbidspiuer L Enat iglineddvHeters y| oxy) pent anedi oat e and
Di met hy| R®are C(=0)OCH

(2S, 4R) - 5 ?T%ls?Beﬁzyﬁ Q)phosphoryl]nethyll 4- (tosyl oxy) pent anedi oat e and
m xt ur esRi isseleoted fromdiiegrabb gorewisingumaihavies flionwokya ethenrdsgfonyloxndi net hyl

(25, 4R) - Bordohb Bl RRAY K bRRASRIIAS éxdxl/%wm BodhzA QAN R anedi oate.  R2
) Schene: General "Fornula I, I-F1
naphthalenesulfonyloxy; and

R* and R® are benzyl.

Even more preferably, compounds of formula (I-LG) are defined wherein
R' and R? are C(=0)OCHj,
R® is para-toluenesulfonyloxy; and

R* and R® are benzyl.

Invention compounds of formula (I-LG) are selected from but not limited to
Dimethyl (2S,45)-2-{[bis(benzyloxy)phosphoryllmethyl}-4-(tosyloxy)pentanedioate and
Dimethyl (2S,4R)-2-{[bis(benzyloxy)phosphoryl]methyl}-4-(tosyloxy)pentanedioate

and mixtures thereof.

Preferably compound of formula (I-LG) is
Dimethyl (2S,4R)-2-{[bis(benzyloxy)phosphoryl]methyl}-4-(tosyloxy)pentanedioate.

14



LG of Invention conpounds (Stereoisoners and M xture thereof)018F R4 |

Formula |1-F18 R2 0./J19F Il -110. 5 Formula I-F19 R2 0 )LG4H 0 RS
WO 2011/073286 PCT/EP2010/069827
R2

Scheme: General Formula |, I-F18, I-F19 and I-
LG of Invention compounds (Stereoisomers
and Mixture thereof)

R\~

0O
.
o~ |

O\R

Formula I-F18

5

R2 R
) 0 9p
R R — Rt Il:!
RA_ Ll o7 R’
O/ | R’ O\Rs
O\Rs Formula I-F19
Formula (l) )
R
0] LG
RY IF!
O\RS
Formula I-LG
Formula (l):

Additionally to the disclosure above, in a first embodiment compound of the formula | as

defined above is defined such as

wherein
R'is C(=0)OR® ;

15

5



Formula 1-LG Formula (I1): Additionally to the disclosure above, in a first
enbodi nent conpound of the fornula | as defined above is defined such as
wher ei n RYOI2011Q73BF0R6 ; R2 is C(=0)0R7, or R8 wherei RCTIEP2@91069325 K

i ndi cates the point of attachment into fornmula I; R3 is selected from 19F,
18F, and LG wherein LG is an appropriate |eaving group, selected fromthe
group COTT?I’I sing chloro, brono, iodo, and -0S(=0)2R9; R4 and R5 are

sel ect edRf isd¥p@)tRiner y from each other fromthe group conprising hydrogen,
optional | yN stituted Cl-Cl0-al kyl, optionally substituted

C3- C7-cyclip yl, optionally substituted C6-Cl0-aryl, and optionally
substitut Q'?‘ C14 aryl al kyl, wherein zero, one or two of the carbon atons
constitutlnﬂ said al kyl group (gp), cycloal kyl group, or the al kyl portion
of said aryRal kyl group, is optionally replaced by -C(=0)-, -NR1O-, or -0-
or R4 and R5 together forman optionally substituted C2- C6 al kyl ene tether;
R6 and RYNeFe t'é‘?e?%‘?ﬁ’tséd‘di%&éé%%ﬁtof9ttafCF6‘ﬁFté'éF€FPr6‘tJﬁér from the group

conpri sing hydrogen, optionally substituted Cl-Cl0-al kyl, optionally
substituted choal Kk ptionally substituted C6- ClO- aryl, and

opt i onaIF SQ'(E%QFFFB% dFD &dl‘(gryl al kyl, wherein zero, one or two of the
car bon aWbersmcL@msiantappmnrgatesmadngagdoyb, sgleotep froonthé gmbik gdbmgisinghloos, t he al kyl
portion a Lyl @roup, is optionally replaced by -C(=0)-, -NR1O-,
or -0-; Efgm% foﬁ %rggg)lﬁ@(?}énz or triphenylnethyl; RO is selected fromthe
group conprising Cl-at-alkyl, Crar hal oal kyl , and phenyl, wherein al kyI and

phenyl aReaﬁ'-bOF%f' £83bkMed MQ@éénHé'ﬁts(?roPVeééH%tHéF frifH e b BnPiBHg h?@rb?&i
i ndependently from each Kk

rou nprising Cl-
CLoA hal GRloRSI, BTG Koty A PBITapRBS AR - io ) PetcgaRect ed f f om t he
group co_gwsntateﬂg:efm@lé@geﬁu o;@lonalty-sabétydted aﬂdM%(BﬁéIWI ,WhMélrlﬂzérbeanlél’dDWcSO t hat
when R3 Iof%helgaFrbgnr at%‘ms cons(ta‘{atlng é?(?aligﬂ group gp cyo%allkyl group, oret,"]e alkyl portion of
said arylalkyl group, is optionally replaced by -C(=0)-, -NR'’-, or -O- or

R*and R® together form an optionally substituted C,-Cs alkylene tether;

R® and R’ are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-Cqo-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally
substituted Cs-Co-aryl, and optionally substituted C,-C44-arylalkyl, wherein zero, one or two
of the carbon atoms constituting said alkyl group, cycloalkyl group, or the alkyl portion of said

arylalkyl group, is optionally replaced by -C(=0)-, -NR"’-, or -O-;

R®is hydrogen, benzyl, or triphenylmethyl;

R? is selected from the group comprising C-C4-alkyl, C;-C,-haloalkyl, and phenyl, wherein
alkyl and phenyl are optionally substituted by one or multiple groups, selected independently
from each other, from the group comprising C-Cs-alkyl, C-C4-haloalkyl, C4-C4-alkoxy, halo,
cyano, and nitro;

R'%is selected from the group comprising hydrogen, C-Cy4-alkyl, and acetyl;

with the proviso that when R®is '°F or ®F then compound of formula I is

never
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COOHOF 11 /.1:)?,,,,,/\. 0O 1COOH OH wherein R13 is selected fromt
group conprising hydrogen, hydroxy, and flu 010; and stereoi soners,

of stereoveanrw328and suitable salts thereof.

he
m xt ure

Pr ef er abl yCT#PRILOOBES2Pr OVi SO

that when R3 is 19F or 18F then conpound of formula I is never COOH OF 11

", 01,C00H OH wherein R13 is fluoro.

COOH
RWS
0 F
!:!
o7 | COOH
OH

wherein R" is selected from the group comprising hydrogen, hydroxy, and
fluoro;

and stereoisomers, mixture of stereoisomers, and suitable salts thereof.

Preferably, with the proviso that when R®is "F or "®F then compound of formula | is never

COOH
R13
0 F
L!
o7 | COOH
OH

wherein R™ is fluoro.
Preferably, compound of formula | is a mixture of all possible sterecisomers.

In a second embodiment, compounds of the formula | as defined above is defined such as R*

and R°® are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-Cqo-alkyl, optionally substituted C;-Cz-cycloalkyl, optionally
substituted Cg-Co-aryl, and optionally substituted (Cs-C+o aryl}-methyl, wherein zero, one or
two of the carbon atoms constituting said alkyl or cycloalkyl group is optionally replaced by -
C(=0)-, -NR™-, or -O- or R* and R® together form an optionally substituted C,-C alkylene

tether.

Preferably, R* and R® are selected independently from each other from the group comprising
hydrogen, optionally substituted C4-Cqg-alkyl, optionally substituted Cs-C+-cycloalkyl,
optionally substituted C¢-Cqo-aryl and optionally substituted (Ce-Cqg aryl)-methyl. Preferably,
(Ce-Croaryl)-methyl is benzyl.

Preferably, compound of formula | is a mixture of all possible sterecisomers.

In a_third embodiment, compounds of the formula | as defined above is defined such as R*

and R® are identical and selected from the group comprising hydrogen, optionally substituted
C+-Cyo-alkyl, optionally substituted C;-C7-cycloalkyl, optionally substituted Ce-C1o-aryl, and
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Preferably, conmpound of formula | is a mxture of all possible

stereoi soners. In a second enbodi nent, conpounds of the formula |I as

defi ned awowelww3msefi ned such as R4 and RS are sel ect edPCmadwpandeysety from
each other fromthe group conprising hydrogen, optionally substituted

Cl- C10-al kyl, optionally substituted C3-Cr7-cycl oal kyl, optionally
substituted C6-Cl0-aryl, and optionally substituted (C6-Cl0 aryl)-nethyl,
wher ei n g@iooallysubstituted GoCafaryldky!,cdrebemzerd aome oc byvistfitheitarpap aemsl al kyl or

cycl oal kXAn allosalﬂﬁ)%;llloggaéy[:IXal 3?9 O%Eecg tltrB/aIR g&%ga of’sald%?lkylgmug E or R4

and R5 tog et orm-a trrona bstjt ute

Pref er abPR}'O”ﬂW rarriapert@ya%%)er“é%tear Oh@eRe#teRt tPgetherdermeatceptionalyr  f rom t he
group cogmystiglicad, tydNQead etppt i onal |y substituted Cl-Cl0-al kyl, optionally
substituted C3-Cr7-cycloal kyl, optionally substituted C6-Cl10- aryl and
optionally substituted (C6- ClO aryl)-nmethyl. Preferably,

( C6- CloaPgreratietRtyhd iRS aledoaitical aRd eélectadfrym treodrp@ucttniking Gydroden, | is a

m xture of.. al at ereoi some d| nment conpounds of
the. f or nieplvs8B8 R E o CigiFR BRI ruretl o e MR G R e o T et | cal
and sel esubstitufed dinGihraryly rodipetiooayrsubstitehGd€ egeriaikyb dtréferadlyl G-Subst i t ut ed
Cl-Cl10-a I I cycl oal kyl, optionally

substi tu%ﬂgﬁ‘k&g(@focga%l ?ﬁ]e%p%dré %ﬁ%ﬁg&édbstl tuted C7-Cl4- aryl al kyl,
wherein zero, one or two of the carbon atons constituting said al kyl group,
cycl oal kptefgramNd RomBouridli® fadnbiill is0mixkud ol poddible 8tevdolokiets. gr oup, i's
optionally replaced by -C(=0)-, -NR1O-, or -0- or R4 and R5 together form
an optionally substituted C2-C6 al kyl ene tether. Preferably, R4 and R5 are
i denti caln aafndrtrserinlamhremtfcroormoumds of theufprrodands dsf‘nlag shgrthrsd@‘e.mn Ripta onal |y
substi tu aQnalds .

opti onal qg%st??’% Z?, Y a Qa%d, e Srﬂg%élf-ﬁ i"ona a%é @y Bé%bl

C7- Cl4- awlyreaqufyrablyPRew#%amry hy@ngnl\mhenﬁyﬁ aF H\;kpremsef%r@islydﬁ @ﬂﬁ pravet hyl

nmore pr eﬂ;ﬁi@&&n)(urﬁﬁ@}’é ¥F. Rﬂcﬁéﬁfe?&éb{y FEQRPREAR ehzfi WhENRaislLd.s a m xture of
all possibl e stereoisoners n a fourth enmbodi ment conpounds of the fornula
| is defined such as R4 and R5 are hydrogen or benzyl. Preferably, R4 and
RS are hpafageyn.compedrarddriyiulafds aumtkiurd ol obsiné ¥leredarergdr ef erably, R4 and
R5 are hydrogen when R3 is 19F. More preferably, R4 and R5 are hydrogen
when R3 is 18F. Moire preferably, R4 and R5 are benzyl when R3 is LG

Pr ef er abPsefercdrigaburasl dedcribext aholva inl the whale fiisk dspeet aré hareln ipmewmirdtbd

stereoi sonmers. Preferred features described above in the whole first aspect
are herein incorporated. Additional preferred feature conbinations are

di scl osefdgianalpreiprred aitt gomipnatioss aredisrore kitW-ein R6 is selected fromthe
group comygmpg@l‘y@r—qggnfi optionally substituted Cl1-C8- al kyl, and

optional | y substitute glo aryl al k r abl R6 is s{:/etedfrom
Che. or oubeB IR ISPty o BB SHFoRRIE BGRSHen, Py B G e 1 o
hydr ogenalkyl, a‘l‘EItdrbyd)nallPElﬂj‘s&ﬂuaahl(;é o ryla!kyCPEb)‘@Rﬂy vitfes sdlectddrransthegrant ed from
the grou ri SI n !|_;£) | onal stituted Cl- al kyl, and
opt i onal F%/mp” ISt ygro g qC?"Oa”&'ﬁ)W ?Ryelfergw Lﬁ?ésrg rogenF?f "% ysel ected from
the group conpri sing hydr ogen, and Cl1-C8-al kyl . I\/bre pr ef erably, R7 is
hydr ogenpRfe 55§ wl,sc E@@ﬁul a (1-F18) Additionally to the disclosure above,
ina first enbg |rren ound of the fornmula (1-F1 8) as defined above is
defi ned WheRindy is selected from the group comprising hydrogen, optionally substituted C4-Csg-

alkyl, and optionally substituted C,-Cyo-arylalkyl. Preferably, R’ is selected from the group

comprising hydrogen, and C;-Cg-alkyl. More preferably, R” is hydrogen or methyl.
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RROIINMFR \ -,-RLO O, I-F18 wherein RlL is C(=0)0R6 ; R2 is C(=0)0R7,
or NN ,( \\ NNI 8 Rwherein the asterisk indicates the point of

at t achmernwoi2ntiow78ssnmul a (1-F1 8); R4 and R5 are sel ect edCirmpeq@endsnat |y from
each other fromthe group conprising hydrogen, optionally substituted

Cl- C10-al kyl, optionally substituted C3-Cr7-cycl oal kyl, optionally
substituted C6-Cl0-aryl, and optionally substituted C7-Cl4-aryl al kyl,

wher ei n Eemyyla gfid8pr two of the carbon atons constituting said al kyl group,

cycl oal kyl - g : &é | |-
opti onal %(é/d'%%wtgé@é_%é%&?:%%@ ?RI?ENWS -Qr,ngéd"ﬁ- tf%o@?&!ﬁgi A;}rlﬂ? f%ﬂk%%gb %er form
an opt i opafefiped abaveiis dafiead 8£h@s al kyl ene tet her;

wherein
R'is C(=O)OR6 ;

R?is C(=0)OR’, or

7\

* N
'»
|

R

wherein the asterisk indicates the point of attachment into formula (I-F18);

R* and R® are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-Cq¢-alkyl, optionally substituted C;-C7-cycloalkyl, optionally
substituted Cs-C4g-aryl, and optionally substituted C;-C44-arylalkyl, wherein zero, one or two
of the carbon atoms constituting said alkyl group, cycloalkyl group, or the alkyl portion of said
arylalkyl group, is optionally replaced by -C(=0)-, -NR"-, or -O- or

R*and R® together form an optionally substituted C,-Cs alkylene tether;

R® and R’ are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-C4q-alkyl, optionally substituted C;-C7-cycloalkyl, optionally
substituted Ce-Co-aryl, and optionally substituted C,-Cq4-arylalkyl, wherein zero, one or two
of the carbon atoms constituting said alkyl group, cycloalkyl group, or the alkyl portion of said

arylalkyl group, is optionally replaced by -C(=0)-, -NR"-, or -O-;
R®is hydrogen, benzyl, or triphenylmethyl;

R’ is selected from the group comprising C4-C4-alkyl, C-C,-haloalkyl, and phenyl, wherein

alkyl and phenyl are optionally substituted by one or multiple groups, selected independently

19



R6 and R7 are sel ected independently fromeach other fromthe group

conpri sing hydrogen, optionally substituted Cl-Cl10-al kyl, optionally

substi t utwo 2€8/023286ycl oal kyl , optionally substituted C6PCIGPasiplogosand
optionally substituted C7-Cl4-aryl al kyl, wherein zero, one or two of the
carbon atons constituting said al kyl group, cycloal kyl group, or the alkyl
portion of said arylal kyl group, is optionally replaced by -C(=0)-, -NR19-,
or -0-; MR3niegcthgtberofyen thetgrourpy¢ompoising Ch-Shatkyl, GeChirdipalRd CLCisozgthetd, f rom t he
group coppibsidaGifal- C4-al kyl, C1C4- hal oal kyl, and phenyl, wherein alkyl and
phenyl are optionally substituted by one or nultiple groups, selected

i ndependently from each other, fromthe group conprising Cl-at-alkyl,

C1CA- hal palikydiectddlifein Rle ,cohhi@ng ﬁmz_%n, @Pd,-AkyiTd aBdiyk s sel ected from

t he group conprising hydrogen, Cl-at-alkyl, and acetyl; with the proviso

t hat conpound of forrmula (I-F18) is never COOH O /118F Il P,/N. O
| COON OH wher ei nwiththd gods] et eshmpduadot foengda QUp8LieApvdrsi ng hydr ogen,
hydroxyl and fluoro; and stereoi sonmers, mxture of stereoisoners, and
suitable salts thereof. Preferably, with the proviso that conpound of

formula (1-F1 8) is never COOH COOH
13
R 18
o] F
o7 | COOH
OH

wherein R" is selected from the group comprising hydrogen, hydroxyl and
fluoro;
and stereoisomers, mixture of stereoisomers, and suitable salts thereof.

Preferably, with the proviso that compound of formula (I-F18) is never

COOCH

wherein R" is fluoro.

Preferably, compound of formula (I-F18) is a mixture of all possible sterecisomers.

In a second embodiment, compounds of the formula (I-F18) as defined above is defined such

as R* and R® are selected independently from each other from the group comprising
hydrogen, optionally substituted C4-Cqg-alkyl, optionally substituted Cs-C+-cycloalkyl,
optionally substituted Cs-Cyo-aryl, and optionally substituted (Cs-C1o aryl)-methyl, wherein
zero, one or two of the carbon atoms constituting said alkyl or cycloalkyl group is optionally
replaced by -C(=0)-, -NR'’-, or -O- or R* and R® together form an optionally substituted C,-Cs

alkylene tether.

Preferably, R* and R® are selected independently from each other from the group comprising

hydrogen, optionally substituted C4-C4¢-alkyl, optionally substituted C;-C+-cycloalkyl,
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wherein R13 is fluoro. Preferably, conpound of fornula (I-FI 8)is a mxture

of all possible stereoisoners. In a second enbodi nent conpounds of the

formul a (WOBb11@)7as6def i ned above is defined such as R4 &nu/ER201a/06983E| ect ed
i ndependently from each other fromthe group conprising hydrogen,

optionally substituted Cl-Cl0-al kyl, optionally substituted
C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, and optionally

subst i t ubENdI@GUGitded C)-Crtrilydnd optigradly subsiued (656 aryl)inmshydf Prefesablyar bon

atons copstd t uting or cycloal kyl group is optionally replaced by
-C(=0) - R§QET%@? r@ﬁ%@eﬁka4 and R5 together forman optionally

substrtuted C2-C6 al kyl ene tether. Preferably, R4 and R5 are sel ected

i ndependppidriblf, BRbER LT Wrieh (L BN NRixEIF OB GREDBIE SleRBiBdrsogen,

optionally substituted Cl-Cl0- aIkyI optionally substituted

C3- C7-cycl oal kyl , optronally substrtuted C6- C10-aryl, and optionally

substit umea(ith!rd:Gm rgdmr)ouﬁmﬁdﬁthé fornRI‘I@(I-&FH aﬁﬁsydefrﬁ@atﬁizé&rqeﬁhed]ﬂtohyl is
benzyl . fer mxture af al

posst bi ekt R s oREsiererdlol b8 A A Br o™ or muit o
(I-F1 8) smtltdeﬁ|Gaé23|o-albij®tlpr$alldeﬁbatre¢bdsﬁ2ne¢v yslopliyl opdiomRBly aulestifutrsi®sCal and

selected i r t

o1 Cl0. af' i, ﬁﬂa %%BP%[;{;%H sytfﬁH é 4%9y|£(l Csvﬁ%gerh zé}l dn%@'t\/l/d/%‘grkl?b%atrrlb(fr\lﬁt&ﬂs

substit u?‘e’é '%ﬂgdalﬁb?'w groaﬁché'B@'Mﬁ&UPyoréfﬂﬁ)@W P@!ﬁ'@'@jo Ld@malhrlyr%rpkyr

wher ei N g@loRallyQBRaddd byWO(=0)-, LR 87 0 Br Rt AVERTOGSkArtsti digoishalyal kyl g oup,

cycloalkyl ﬁro 3% or tpe I kyl portion of said arylal kyl group, is

opt i onal PYPS @5# éﬁiﬁyengf_ -, -NR16-, or -0- or R4 and R5 together form

an optionally substituted C2-C6 al kyl ene tether. Preferably, R4 and RS are

subst i ¢ o SIPHP B ELRE ofd BRI Ba BURGGRER M eordth AURESAG B8 P! 1Y
opt i onal Pr;tiogaikywb@tmtedeeﬁw@ilol apidnalyagyistdutes @rar&ilﬁcycleajtyétopmmne@d
Cr- Cl4- aEl)stﬁtu@ﬂlCe—CPS %ﬁéﬁd)bphon% s@géhut@d C)ltg ryléqWI F‘r@fe(a é:‘J:-@Mar yl')-nethyl,

nor e preferably enzyl Preferab conpoun f'ormul a is a
m xture Ba4ylis b%s%l)ﬁ'ly'é”hef@ é‘?ﬂr‘%Bﬁﬁﬁ%b'y benzy. fourt h enbodi nent, corrpounds of
t he fornula (I-F1 8) is defined such as wherein R4 and R5 are hydrogen or

benzyl . d Preferably, d of formul
(7L &) P el ap T R e B ® BB vl grar € SobioiplPed feat uros -

descri bed above in the whole frrst aspect are herein incorporated.

Addi ti onal F rably,
RL 1 s o D)o, b e o6 HQ'W 18 EhaFasah Clitn B S e,
opt i onal Ryarg (iydregengrégnay: Fﬁgeraaly@ Nda?r@r%b\tqr‘&?ﬁl |y substituted

C7- Cl10- aryl al kyl . Preferably R6 is selected fromthe group conpri si ng

hydr ogen_and en or nethyl. Even
mor e by oF BTy cORBOINS THREBAHE Spioct kit o o7 e PO her o n Ry | 5
selected fromthe group conprising hydrogen, optronally substituted Cl-C8-
2‘|e|k3élc,[ eSBd O%tdlf%a%res esScHE) otét;[o% %qhe Wﬂg]'?rs?aél dghireggr?gq?gio?‘? (¥ R7 IS
preferably, R7 is hydrogen or nethyl Even nor e preferably, R7 |s hydrogen.

Additional preferred features combination are disclosed below.
Preferably, R' is C(=0)OR®

wherein R® is selected from the group comprising hydrogen, optionally substituted C4-Cg-

alkyl, and optionally substituted C,-Cqo-arylalkyl. Preferably, R® is selected from the group
comprising hydrogen and C4-Cg-alkyl. More preferably, R® is hydrogen or methyl. Even more

preferably, R®is hydrogen.
Preferably, R?is C(=0)OR’

wherein R’ is selected from the group comprising hydrogen, optionally substituted C-Cg-
alkyl, and optionally substituted C;-Cq-arylalkyl. Preferably, R is selected from the group
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Preferably, the conpound Formula (1-F18) is fully, partially protected or
non-protected. The term"fully protected conpound" neans that R4 and R5 are
sel ect ed wodeperiemsat |y from each other fromthe group cecpmPigewspti onal |y
substituted Cl-Cl0-al kyl, optionally substituted C3-C7-cycl oal kyl,
optionally substituted Cs-ClDaryl, and optionally substituted

C7-Cl4-aryl al kyl, wherein zero, one or two of the carbon atons constituting
sai d al kwmrgrsmamy@rgpt)r] arely/@+CadIky. Mage puefsratdy, R liee hgdrizgen quonethybricvel moe d

aryl al ky 7h nally replaced by -C(=0)-, -NR10-, or -0- or R4
and R5 torgegr%W)Rf r?@%:(\]brgptl onal Iy substituted C2- C6 al kyl ene tether; and
R6 and R7 are selected independently from each other fromthe group

conpri si pEfRI, ANBEdnhos P B iun (Ed@,ls ol patiky proebbl P prosblst i t ut ed

C3- C7-cycl oal kyl, optionally substituted C6-CL0- aryl, and optionally
substituted Cr7- C14 aryl al kyl, wherein zero, one or two of the carbon atons
consti tulrhm@msamﬂya#dtthecybmupoumymimakkml group, or the al kyl portion of
said ary alk ti 0 | 1Q- r -0-;
R Ro ARl e SR BadRBIGRT kot - ER RER or g ot bl Y e Pt byl
In a fur su’o@tltuadﬁbdimﬁhyl opidnailp duiRBtuéadeC setaycloallyli mg'pfélmdebﬂtltwedffﬁeeﬁmeach
other o bAPoGioRLD < geﬁmé&cne14%}|+|an%ﬂeve.§k@§t e Gb SFtreBaH didths
optional 'y 'su stl t1ona stituted Co-Cl0-
aryl, an@Pf@EbttJi"&ﬁe’f‘l'q %}%8%%%&%@%'@69@}!9 Q{ﬁ@ﬁl ?)'Kw‘ré?'%w of spideandply! 2398, one or

two of t RepGéHaRRpRLEITBY @;oﬂ@ IR N -oadriR* ahl P td@éth@b’ﬁ)hﬁ)ah kiiongmoup is

optlonall NR1O-, or -0- or R4 and R5 together form
an opti oﬁ W%Q%Bg%d a%'tegﬁq @, kyl ene tether: and R6 and R7 are sel ected

f r om t heRYamlR’ aropgiedtad indepeptiéraly ohyeashi bkt rarh ¢ dedupCnarikivid pptandily

opt i onal L&Bsﬁtﬂ%ﬁd&%{%ggﬁggﬁﬁﬁhy ?ll:lt}lsltl %zjyés-cr{y‘é‘lfoglkﬂb &{loneﬁg s A By (‘I?ré’ sel ected

i ndependent rom-t rirsing option
substi t uertd a@LomﬁpoaleSMWitut@bCi Bndnygiky ymerdin garedbnesyr t\zvp@fym @awwtoms
opti onal E%sﬁMWéaﬁ&él@ﬂgr@ﬁg%@loﬁkwProu?n&}tW&Iky@F@flt ibY ofS3aRSEH ki gehup G8- C10

aryl)-nmethyl and are d fromthe group conprising

opt i onal PRICERIYIERRGAdLY -EF X8+ kaPr‘Oarﬂ!i optionally substituted

C7- C10- arY|Ralaky R® aréhe desdrited BdveRing RE & e 2@ onpiphergimamans that R4, R5, R6
and R7 or R4, R5, R6 and R8 are sinultaneously a hydrogen atom In a
further enbodiment, R4, R5, R6 and R7 are sinmultaneously a hydrogen atom
The t er mn"gfartherainibpdipreot, ect ed conpound” neans any i nvention conpounds that

are not ﬁ“é@@ﬁr&%&&&&ﬂm@%peﬂ%ht@ffrBEeééEﬁgtheP%rﬁt ;f&@&‘)ﬂlp}ﬁsmib o gpound

or

Forrmul a (I I'S non- tecte ven nore pre ormul a
(1-F18) stﬁosm@ﬂ& &1@@%@“%@ éuwquigée&-mb?'gy'qpﬂef)@m@ub prCR6 i s
hydrOgena@ﬂdn&ptloﬁalﬁ}(su@s)tﬁl]?@d/\@ﬁf(ﬂgeﬂylf%etr@l RyEePORb, of®biMWbaf fhbcld3)h Herein

are incorporated anal o fo 8 rein [ 18F
ARRLSI e KT AR I T ST OV IS
and R5 ar@h:ydzr‘eg@RS toBdthersfo{ 0 pfiidballywnbstieited BECE slkywrdriegenaand R2 i s

C(=0) OR7Waenr 7nare seleae(m(dr egrllouchormprlsmg gpnong‘:ﬂy substituted C4-Cg-alkyl, and
optionally substituted C;-Cqg-arylalkyl.

Preferably, R* and R®are selected independently from each other from the group comprising
optionally substituted C4-Cqo-alkyl, optionally substituted C;-C7-cycloalkyl, optionally
substituted Cs-C4g-aryl, and optionally substituted (Cs-C10 aryl)-methyl and

R®and R are selected from the group comprising optionally substituted C4-Cg-alkyl, and

optionally substituted C;-Cqo-arylalkyl.
The term “non-protected compound” means that R*, R®>, R® and R” or R* R® R® and R® are

simultaneously a hydrogen atom. In a further embodiment, R*, R?, R® and R are

simultaneously a hydrogen atom.
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Additionally to the disclosure above, in a first enbodi nent conpound of the
formula (1-LG as defined is defined such as R2 O-LGII R4., ,.-., 1 01I-R
0,, 5 R IwbGwmesmbn RL is C(=0)0R6 ; R2 is C(=0)0R7, oPCHRER2018/06982N N | R3
wherein the asterisk indicates the point of attachment into fornula (1-LG;
LG is an appropriate |eaving group, selected fromthe group conprising

chl oro, brono, iodo, and -0S(=0)2R9;

The term “partially protected compound” means any invention compounds that are not

fully protected or non-protected.

More preferably, the compound Formula (I-F18) is non-protected.

Even more preferably, compound Formula (I-F18) is wherein R* and R®are hydrogen, R' is
C(=0)OR?®, wherein R%is hydrogen and R? is C(=0)OR’ wherein R’ is hydrogen.

Formula (I-F19)
Herein are incorporated analogous embodiments as for formula (I-F18) wherein ['®F] is

replaced by ["°F].

Preferably, compound Formula (I-F19) is wherein R* and R® are hydrogen, R' is C(=0)OR®,
wherein R® is hydrogen and R? is C(=0)OR’ wherein R’ is hydrogen.

Formula (I-LG)

Additionally to the disclosure above, in a first embodiment compound of the formula (I-LG) as

defined is defined such as

LG

wherein
R'is C(=0)OR?;

R?is C(=O)OR’, or

TR

* N
'»
|

R

wherein the asterisk indicates the point of attachment into formula (I-LG);

LG is an appropriate leaving group, selected from the group comprising chloro, bromo, iodo,
and -OS(=0),R%
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R4 and R5 are sel ected independently fromeach other fromthe group

conpri sing hydrogen, optionally substituted Cl-Cl10-al kyl, optionally

substi t utwo 2€8/023286ycl oal kyl , optionally substituted C6PCIGPasiplogosand
optionally substituted C7-Cl4-aryl al kyl, wherein zero, one or two of the
carbon atons constituting said al kyl group, cycloal kyl group, or the alkyl
portion of said arylal kyl group, is optionally replaced by -C(=0)-, -NR19-,
or -0- or R4 and R5 together forman optionally substituted C2-C6 al kyl ene

tether; Bﬁa@d‘gﬂr &%é s@E&e&%h&ﬁén ?ntl e @J&q%ﬁ]telrﬁorwtf%fl%g %n%@ﬂ% ?(ﬁr&éﬁr{, Se group

conpri si ng en, 8 I onal stltuted Cl
a

subst i tuP@tﬂ’”@Q Sttt,%q Cioyalkyl, @pfuqnamawbytltgte@)&ﬁmw' ogiiamalyt y| , and
opt i onal bypsanRetd.lalf-8, Grid &J{iﬂmé‘lry%'u%tiﬁ){éd C)Abﬁfa%}lé]kﬂ%r@renﬁ)ﬁﬂo aneto\WNd)f t he

o e ot L ool oRer Ry e ke BepSey i s,
or -0-; &Ylaikgl daygy, (sgﬁ)monatugr@}dced by -G ﬁOph-NR}H netbyér, RI is selected fromt he
group COpRpL H?h@@%é%@§4n1 %ﬁPn%& %Q ek %&6%S?d QEQyI wherei n al kyl and

phenyl are optlo y su Fe groups, selected
i ndependently from each ot her, fron1the gr oup conpr|5|ng Cl- C4-al kyl

Crar hal og JérYJ R’ &E%&g&g@’@ﬁepe@%@jfgﬁ%ﬁ% oﬁn’é’«?‘fr&hﬁt{e yqroﬁ)lc%nﬁpr?%é%gr 8 i rom the

group conprisin and ace 'S0 t hat
conpoundortiongltyrsebstituted Cl-C)o-alky!, pptiaselly sDOSHHeY Cs-O L EBEHyEptional ei n R13 i s

sel ect eds QMo L8P afPBRoh iy Mo ANAEPEL0 . YRR MHerdf torb SHRIP w N
stere0|soners m xt ur e of St er eol soners, é sui tabl e salts t her eof .

Pr ef er abPyie GArpeN #tA@S sprsiiiudien taidelky (SFPb'Bu‘er'Oa'f‘y'fQ&%’uPrdh‘{ plkyl @pripg of&ier WO
2011/ 07 32§kIkRlgFov) & dplitndi} feplaged by ar(@o)-, -NR™-, or -O-;

R®is hydrogen, benzyl, or triphenylmethyl;

R®is selected from the group comprising C4-Cy-alkyl, C:-Cs-haloalkyl, and phenyl, wherein
alkyl and phenyl are optionally substituted by one or multiple groups, selected independently
from each other, from the group comprising C4-C4-alkyl, C+-Cs-haloalkyl, C4-C4-alkoxy, halo,

cyano, and nitro;

R'®is selected from the group comprising hydrogen, C4-C4-alkyl, and acetyl;

with the proviso that compound of formula (I-LG) is never
COOH
R
\O\/\ ICI) N
P
o7 | COOH
OH

wherein R" is selected from the group comprising hydrogen, hydroxyl and
fluoro;

and stereoisomers, mixture of stereoisomers, and suitable salts thereof.

Preferably, with the proviso that compound of formula (I-LG) is never
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COOH O /LG Il OFI)COOH OH Preferably, conmpound of formula (1-LG is a

m xture of all possible stereoisoners. In a second enbodi nent, conpounds of

t he formwe 20i7iz@86as defi ned above is defined such as whemPRe10R498and R5

are sel ected i ndependently from each other fromthe group conprising
hydrogen, optionally substituted Cl-Cl10-al kyl, optionally substituted

C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, and optionally

substituted (C6- ClOaryI) met hyl , wherein z€P8@H one or two of the carbon

atons constituting d al kyl or cycloal kyll group is optionally replaced by
-C(=0)-, -NR10O-, or -D R4 and Rp t ogethercf orm an optionally

substituted C2- CB al ky Brefefably, R4 and R5 are sel ected

i ndependently from eac | BBofoNpri si ng hydrogen,

optionally substituted Cil- ClO alkylg»optlonally substituted

C3- C7-cycl oal kyl , optlonally substituted C6-Cl0-aryl and optionally

substltuWBﬂEWd% eflgo@ryl ) -nmet hyl . Preferably, (C6-Cloaryl)-nethyl is

benzyl . Preferably, conmpound of forrmula (I-LG is a mxture of all possible

i he f | | -LG
ST o B SomBe i bR VELSTina iR Lo Ble Aoy ool an

sel ected frontthe group conprising hydrogen, optionally substituted

C1- C10- 7
subst 1t ey pesafhpBRhent cpbadath B i ol (LU pPBAKY po SRS 80BN Yoo
wher ei n Qewbere@wﬁe apfl RY e as%tecteiden@aemftmﬂsatrwa@mtmnftomlhﬁgroyaucelmamwl group,

cycl oal deréﬁe‘ﬁU(Bbhoﬁéll tsh@stlﬁJter31 BIatKXPBpt%fnalﬁ/aéugstﬁlﬁtw al- b}’bycﬂj’aﬂ(‘}p I's
optlonalhé ace g R5 together form

0)
an optio l°f‘§r' sSHB%tt“i't?%?eHm@Y'(%‘détpk?ﬂa@héuttsgtﬁ‘?@Kcﬁ'ﬁiﬂéfy@r”&?iw Wheleiing R5 are
i denti cakerame%tmdsfaﬂb darioon attdStﬁs Sra i tirgosH Al agcthdtksa@edup iopptionalsl | y
substltute K 0] 4l | u kyl-,
opt i onal IV su oy u@%d%éfs iO ar?/:} aX%E(dPogpll [)ftr?am Y ogt' b2 yy b?t%létegbz'ce
C7-C14-aawwakwymerPreferably, C7-Cl4-arylal kyl is (C6- CIO aryl)-net hyl,
nore preferably benzyl. Preferably, conpound of fornula (1-LG is a mxture
of all possible steregisomers. In a fourth enbodi ment, conpounds of the
fornul a Prefareyly, iR 2’ Aregelagiad '@@PW@P@( forrgagihaedrogy the BYRYP GEBRIHIY benzyl .
Pr ef er abj r%enaékdloﬁaclly%ﬁﬁstlhﬂé@& ¢, BIkgf s;stehtaw suggﬁm@mgicptycfdatkwl a (I-Lg is

a m xture of S r eol Sone fe ture desc i bed above
o he v Rae i e R B E g e PR BTSSP Lt o A G £ AR o 1 ed
f eat ur es(Gaybarpixtrieotyl iabenggi.scl osed bel ow.

Preferably, compound of formula (I-LG) is a mixture of all possible stereoisomers.

In a third embodiment, compounds of the formula (I-LG) as defined above is defined such as

wherein R* and R® are identical and selected from the group comprising hydrogen, optionally
substituted C4+-C4g-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted C7-Cq4-arylalkyl, wherein zero, one or two of the carbon atoms
constituting said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR'-, or -O- or R* and R® together form an optionally
substituted C,-Ce¢ alkylene tether.

Preferably, R* and R® are identical and selected from the group comprising hydrogen,
optionally substituted C4-Cqo-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally
substituted Cs-C1o-aryl, and optionally substituted C;-Cq4-arylalkyl.

Preferably, C-Cs-arylalkyl is (Ce-C1o aryl}-methyl, more preferably benzyl.

Preferably, compound of formula (I-LG) is a mixture of all possible sterecisomers.
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Preferably, Rl is C(=0)0R6 wherein R6 is selected fromthe group conprising
hydr ogen, optionally substituted Cl-C8-al kyl and optionally substituted
C7- C10- arwbabkiyd7328pr ef erabl y, R6 is sel ected fromthe grouEPCaPs$837 Nng
hydrogen and Cl1-C8-al kyl. More Preferably, R6 is nmethyl. Preferably, R2 is
C(=0)OR7 wherein R7 is selected fromthe group conprising hydrogen,
optionally substituted Cl-C8-al kyl and optionally substituted
C7-Cl0-arylal kyl. Preferably, R7 is selected fromthe group conpri sing
hydr ogen I P i r RO is
sel ect edInfaarl'gu&1:iL ottt <o Prﬁdsslgrﬁﬂegsmwgll'aas O%ﬂrg%t)%éllﬁy? lI\D’\r\,rgwr%rﬁeﬁg‘%‘ln?ghenyI is
opti onal Ryargdm@pngré@nw Pd?f@raéry qu@dddjﬁ' Bgpenzdel ect ed i ndependently from
each other, fromthe group conprising Cl-C4 al kyl, Cl1-C4-al koxy, hal o, and
nitro. Prefe bly, t hanesul f on on eth nesulfo oxy,
benzenesilES Y&vaowré{%mﬁlég 's B MYRY a'b%ﬁsé rﬁslt‘?r‘écﬂ%(ﬁg‘“éﬁesul f onyl oxy,
or napht hal enesul fonyl oxy. More preferably, LG is nethanesul fonyl oxy,
benzeneSHl feorrn )gre easrcﬁ et a!rbuo%\n%%He WR&XfII‘S%(X ct heren corporated.

par a- nitro enzenesu BVen® nor e pre? era ? el

par a- t ol uenesul f onyl oxy Pr ef erably, the corrpound For mula (1-LG is full Y,
partiall fully protected conpound”
neans t hégﬁ{?ﬁ%gﬂgﬁ%(@%ﬁgﬁ& gﬁ%g&l?%g gﬁd‘%ﬁ%ﬁ fromeach other fromthe
group coRsferatnmy dﬁp@ﬁ'@d@ﬁ?y substituted Cl-C10-al kyl, optionally

substi t Uﬁvﬁéreﬁa?e@s&ét‘fddﬁdnkbhb,gr&@tdoﬁiﬂﬁénhg’hﬁjﬁg%h! $pbRslly SBoBRd @ kakand

optional | bst uted C7-Cl4-aryl al kyl, wheys.ei e e or two of the
oo bon. PP IEaH EHEC Siraia g PPBhY Koot MmMaow oup, or ¢ he
al kyl poedmmisingfhysrageh arrdyCaCdaikyl.dmel Preferalsly dgftis oemlyl. y repl aced by - C(=0) -
-NR16-, or -0- or R4 and R5 together forman optionally substituted C2- C6
al kyl ene tether; and R6 and R7 are sel ected independently from each ot her
f rom t hePigfasehly, cR)rlﬁ)@G-Q @8 optional |y substituted Cl-Cl0-al kyl, optionally

substit U@vﬁé’reﬁal’?gsé?é’c@ddq?drrk%'ei; &Btdo%ﬁé rlré’hﬁ)‘r'&g%h' dgibeshy S &ikBsd @IE(YJ alkyi’-nd

optionally substituted C7-C eln zero, one or two of
car bon afhept 'S%QFP'?%'W%CE%W@%Q'%Iprﬂr‘;‘r@ﬁl@i Rc'?é?'@%@?‘i’(WmJﬁﬂJBUp or the aI kyI

portion edmsRing heanshed & COTLalky. Mote Ppsiéramal kYs meplyaced by - C(=0)-, -NR16-,
or -0-; or R4 ,R5 and R6 are as described above and R8 is benzyl or

tri phenyl met hyI In a further enbodinent, R4 and RS are sel ected
I ndependBrefdrgboly, rR?rns mmddtdrmthefgrammcbnrerrgmg)ﬁ]pccaihprans pmepybyptdreinahény!

substitu t. y.

opti onal F%gtl%nf%%ﬁtﬁt g%)ﬁ& g?%a%ag]ré%n op%‘%do#lgaeﬁﬁgégsﬁﬂﬁ?ﬁégé e‘%h(%?cﬂéo%

aryl) - rrethﬁ}glroup\mé\p%“ﬁﬂ Qe?oa'kldrﬁ‘y Gralkaxy, "o, eARNEAr bon at oms const it ut i ng
sai d al kyl or cycl oal kyl group is optionally repI aced by -C(=0)-, -NR16-,

- 0- R4 R5 t f bs ted C2-C6 al kyl
Cet hor ; BRUFTEGD il RPTADES QBTHBY el MBI P oG PHIE PRI Bt  onal 1y
substi t uto@n&SinfaiBA@dy kndra-niaroberapité sofaryloyy, ou hsphttiadredunylGh0- ar yl al kyl .

Pref er abk/l% pﬁéfe%rggp?é i gr?esﬁ@dngg{%{ﬂgﬁf) %igﬁ?%ylcyﬁykﬁarrmoq %QSLﬂftoFﬁé/xyforrom the

group conpri'sing i ona y su opt I ona
subst i t up@d-n@LAze09Biforiidy! , optional |y substitut ed C6- C10-aryl, and

opti onal Eyesybetiditd (&R pg,’laoto%yés)uﬁmroqyl and R6 and R7 are selected from
the group conpri'sing optionally substituted Cl-C8-al kyl, and optionally

substituted C7-Cl0-aryl al kyl .
Preferably, the compound Formula (I-LG) is fully, partially protected or non-protected.

The term “fully protected compound” means that

R* and R®are selected independently from each other from the group comprising optionally
substituted C4-Cqo-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted C;-C4-arylalkyl, wherein zero, one or two of the carbon atoms

constituting said alkyl group (gp), cycloalkyl group, or the alkyl portion of said arylalkyl group,
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The term "non-protected conpound” neans that R4, R5, R6 and R7 or R4,

R6 and R8 are sinmultaneously a hydrogen atom In a further enbodi nent,
R5, R6 armlOR@11z07828s8i nul t aneously a hydrogen atom The t @CWEPRP@ON6RT Y

protected conpound” neans any invention conpounds that are not fully
protected or non-protected. Mre preferably, the conpound Formula (I-LGQ
fully protected. Even nore preferably, corrpound Formula (I1-LG is whrein R4

and R5 aisephamily feplaRdd bys-QTEEP)-ORE- vine@-ciriR* REd RS tagethiaylorm BR option@fy=0) OR7
ngéh teglg Qy ajkgfgqe {e@érsan ar at ol uenesul fonyl oxy Schene: GCeneral
|

n conpounds (stereoi sonmers and m xture thereof +

wher ei n
For mul a

nvent

Conf i gur Bf #rshB’ are selected Inﬁepen%ﬁlm@ qacipthgr icyh fhedlipwi GogtPrising omerely | |

4. ..

7. .

. substituted G, -5Ry| FpibheIg stibdtt@ed CRE-dyBbalkf?( Sptioallly Bubsatddcs-C o

aryl, and optionally substituted C7-Cq4-arylalkyl, wherein zero, one or two of the carbon atoms
constituting said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"’-, or -O-; or

R*,R® and R%are as described above and R® is benzyl or triphenylmethyl.

In a further embodiment,

R* and R®are selected independently from each other from the group comprising optionally
substituted C4-Co-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted (Cs-C1o aryl)-methyl, wherein zero, one or two of the carbon
atoms constituting said alky! or cycloalkyl group is optionally replaced by -C(=0)-, -NR™-,

-0- or R*and R® together form an optionally substituted C,-Cs alkylene tether; and

R®and R’ are selected from the group comprising optionally substituted C4-Cg-alkyl, and

optionally substituted C;-Cqqp-arylalkyl.

Preferably, R* and R°are selected independently from each other from the group comprising
optionally substituted C4-Cg-alkyl, optionally substituted C;-C7-cycloalkyl, optionally
substituted Ce-Co-aryl, and optionally substituted (Ce-C+o aryl)-methyl and

R®and R’ are selected from the group comprising optionally substituted C4-Cg-alkyl, and

optionally substituted C;-Cqg-arylalkyl.

The term “non-protected compound” means that R*, R?, R® and R” or R*, R®, R® and R® are
simultaneously a hydrogen atom. In a further embodiment, R* R® R®and R are

simultaneously a hydrogen atom.

The term “partially protected compound” means any invention compounds that are not

fully protected or non-protected.
More preferably, the compound Formula (I-LG) is fully protected.
Even more preferably, compound Formula (I-LG) is whrein R* and R®are benzyl, R" is

C(=0)OR® wherein R® is methyl, R? is C(=0)OR’ wherein R is methyl and LG is para-

toluenesulfonyloxy
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[0 ....... R5 Formula |-F18 Configuration 2 Functional gp Non-Protected
Functional gp Protected Formula (I-F18) Configuration 1 Additionally to
t he di sclweuna/@bmée, in a first enbodi nent conpound of PCiEPR@wedsa7 (1 - F
8) Configuration 1 is defined such as R2 (S) 018F "1.11(s) R..1 0l -''--R

Scheme: General Formula I-F18
Invention compounds (stereoisomers R

and mixture thereof + Configurations (s) Functional gp
1 and 2) o 18 Non-Protected
I s
RA___P ®
o7 R’
Oge :
Functional gp
Formula I-F18 Configuration 1 Protected
RZ
0 18F
RY IF!
\O/ | R’
O\Rs R2

Functional gp

|O "°F Non-Protected
RA_ _P ()
o7 R'
~ \

Formula I-F18

O]
R

Formula I-F18 Configuration 2

Functional gp
Protected

Formula (I-F18) Configuration 1
Additionally to the disclosure above, in a first embodiment compound of the formula (I-F18)

Configuration 1 is defined such as

R
(S)
0 B
Il
4 ()
R P
\O 7~ I R1
0
\RS

I-F18 Configuration 1

wherein
R'is C(=0)OR?;

R?is C(=O)OR’, or

wherein the asterisk indicates the point of attachment into formula (I-F18) Configuration 1;
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| -F18 Configuration 1 wherein RL is C(=0)0R6 ; R2 is C(=0)O0R7, or ki-k\k .N
N1 8 Rwherein the asterisk indicates the point of attachnment into formula
(I-FI 8)cwof2ogun7aasbon 1; R4 and RS are sel ected i ndepemrd@rrky10foswsat each

ot her fromthe group conprising hydrogen, optionally substituted

Cl- C10-al kyl, optionally substituted C3-Cr7-cycl oal kyl, optionally
substituted C6-Cl0-aryl, and optionally substituted C7-Cl4-aryl al kyl,
wherein zero, one or two of the carbon atons constituti ng sai d al kyl group,

cycloal kg o0y IQ“zpre SQIE%[E&"ﬁ %%ﬁ!ant@q}rom Qa{?:h% he?ﬁ%rq tl'?eré'r%@ Xmprig 8“801 %lﬁ'ler form

opti onal ace

an opti oﬁ%ﬂor‘?'R/sSubﬁttLit‘P @e@m@ﬁ&yt:epfwn@w %#‘?ét't't‘té@ et CF@OQ&WH ONP”QUX% sel ect ed

l ndependamshmehrogrn £agh amd ron£|ry%nb§tmﬁecgcpga SRS viHeRGn PrEr S@eR two
opti onal substi tut ed Cl- tional |y subst]j

C3- C7- cyEP/B%\F?JE?‘P” algme Corl U|“§59 %%%%'%Y'@[&“Edcyé@a'&i@r%y?r th%\ﬂ'fﬁy'BBEt'PB HEERY
subst i tuﬁ@ﬂlk@?grﬁip‘lfsad’p}dbrﬁllkpdplacmBy&I(ﬁO)%ﬁ-NRw aneoosr two of the carbon atons

constitugin i r | K r r the al kyl portion of
sai d aryfla"f’"gkhyll§5at etf’%lerl%/rlms"’gno '|B',(1)ar% Fbs(%%t qyé geaaqlﬂpéne th -, -NR10-, or -0-; R8

i s hydrogen, benzyl, or tri phenyl rret hyI RI is select ed fromthe group

cormr ! B8 el gh b rBheL B RAY Ly 3 PRI i Qpbithadind phens
i ndependewnowlyfs«ubmuéam Stofdiy] opmqmmlxms@u@m@smq’ékyhgp@na@a al kyl |

C1CA- hal gaskiviled CHB- é‘ﬂykgﬁd’opt'&ﬁél&sﬁé{ﬁﬂéﬂ C?‘@Q aWIéII(;ﬂ”WHg;eMl Sers &reGh &b from t he

group conpri sing hydrogen , acetyl ; sultable salts
t her eof . Oflthe garg%rb@;ﬁras éﬁﬂ?&iﬁ!’“%ﬁ’t'd E'BHﬁMﬁdCYGPa'E‘H@”?U@r ?ﬁjh%a'{‘Y'PPri'OQ)’f said
Conf i gur adyia®il gkou s isdptibidd repis@Bd B¢ -dR20)-, -NR™-, or -O-;

R®is hydrogen, benzyl, or triphenylmethyl;

R®is selected from the group comprising C4-Cy-alkyl, C:-Cs-haloalkyl, and phenyl, wherein
alkyl and phenyl are optionally substituted by one or multiple groups, selected independently
from each other, from the group comprising C4-C4-alkyl, C+-Cs-haloalkyl, C4-C4-alkoxy, halo,
cyano, and nitro;

R'®is selected from the group comprising hydrogen, C4-C4-alkyl, and acetyl;

and suitable salts thereof.

In a second embodiment compound of the formula (I-F18) Configuration 1 is defined such as

I-F18 Configuration 1

wherein
R'is C(=0)OR® ;

R?is C(=0)OR’, or
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(s) O4l1(s) 1 0lR0O0 5 1-F18 Configuration 1 wherein RL is C(=0)0R6 ; R2
is C(=0)0R7, or NN R8 wherein the asterisk indicates the point of

att achnerwoi2nti@78msenmul a (1 -FI 8) Configuration 1; R4 an@CREPare/osmskect ed

i ndependently from each other fromthe group conprising hydrogen,
optionally substituted Cl-Cl0-al kyl, optionally substituted
C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, and optionally
substitutzg—QK-C14-arylaIkyI, wherein zero, one or two of the carbon atons
constitutjing Rai d al kyl group, cycloal kyl group, or the al kyl portion of
said aryl aMgyl group, is optionally replaced by -C(=0)-, -NR19-, or -0- or
R4 and R5 tbgether forman optionally substituted C2- CB alkylene tether; R6
and R7 are Belected independently from each other fromthe group conprising

hydr Ogenwhé}gh'tﬁ)@%téﬁék %h:%¥ésttﬁg ﬁﬂintg;atgcgm@htkytb ffothma' (plaﬁd)ldénﬂpﬁfoh tut ed
C3-C7-cycl oal kyl, optionally substituted -Cl10-aryl, and optionally

substituted C7- C14 aryl al kyl, wherein zero, one or two of the carbon atons
const i t urRt agH RBard salbkyd .ngémﬂent:yy@ho@écky)thegfr@mmhe @bug &tﬁnpﬁlkﬂﬁyhy@ﬁgéﬂ on of

d | | | , -0-; R8
"o hydr sperlyerbgite b R nnE Atambnt TPsEEe coteareAhoPIBA he or oup
conpri si sups@uiedtGedldsryl, akl Gatichallycabstinlted @R fandaiipll,, wheheem eern, aeloy lwand

h | i - d
P depenadint SrpSAbnY c3itiRhg tif ?'Sﬁn%ﬁ‘%@eﬁawg OB 6186 kDot BF L
Cr ar hal oalvleliy! grarcis-aptirealy reptesed by <(3@b, N i @re; R1 is sel ect ed fromthe
group CORPEASRNBGANEITQEEEh ofibnal sabdiMled @LE, ARk tether;

R® and R are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-Cqo-alkyl, optionally substituted C;-C7-cycloalkyl, optionally
substituted Cg-Cqo-aryl, and optionally substituted C,-Cq4-arylalkyl, wherein zero, one or two
of the carbon atoms constituting said alkyl group, cycloalkyl group, or the alkyl portion of said

arylalkyl group, is optionally replaced by -C(=0)-, -NR"’-, or -O-;
R?is hydrogen, benzyl, or triphenylmethyl;

R? is selected from the group comprising C4-Cy-alkyl, C:-Cs-haloalkyl, and phenyl, wherein
alkyl and phenyl are optionally substituted by one or multiple groups, selected independently
from each other, from the group comprising C4-Cs-alkyl, C4-C4-haloalkyl, C4-Cs-alkoxy, halo,

cyano, and nitro;

R'®is selected from the group comprising hydrogen, C-C4-alkyl, and acetyl;
with the proviso that compound of formula (I-F18) Configuration 1 is never

COOH

wherein R™ is selected from the group comprising hydrogen, hydroxy and
fluoro;

and suitable salts thereof.
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with the proviso that conpound of fornula (1-F1 8) Configuration 1 is never
COOH ( R13s) wherein R13 is selected fromthe group conprising hydrogen,
hydr oxy awo 2biwoszsp and suitabl e salts thereof. Prefer abifyEp2ewiobosehe
proviso that compound of formula (1-F1 8) Configuration 1 is never COH
(yovven -s)L ,18F O I I(s) (:).7MOOH OH wherein R13 is fluoro. In a third
enbodi nent corrpounds of the formula (1-F18) Configuration 1 is defined such
as wherein R4 and R5 are sel ected independently from each other fromthe
group co : i it optionally
substi tutH%Eé %Sy 7'11833@{: ggﬁt{/‘?m% (S]lrjl)a6 T%yp@% spﬁlt8 r% %&C?%%&irl and
optionally substituted (C6- ClOaryI) nmet hyl , V\/nerel n zero, one or two of the
carbon atons constituting said al kyl or cygbgal kyl group is optionally
repl aced by -C(=0)-,, - NRLO-, or -0- or R4s)eLPd R5 toget her form an
optionally substltt'}t 96 al kyl epe tethels- Preferably, R4 and RS are
sel ected |ndependently each ot fer from the group conprising hydrogen,
optionally substituted ggl/ gl lfy substituted
C3-C7-cycl oal kyl, opti onal I y subs towted Oe1o- aryl, and optionally
substituted (C6- C10 aryl)-nmethyl. Preferably, (C6-Cloaryl)-nethyl is
benzyl . WwherainfRilistlhorerbodi nent, conpounds of the forrmula (1-F1 8)
Configuration 1 is defined such as wherein R4 and RS are identical and
selected fromthe group conprising hydr 0837715 opt i onal I%/ substituted

6

C1- C10- alnigthird 1| somepgyR4S of thedarnmda Meordigumrijen 1 iggefinadpurty as
substi t U&vﬁé’reﬁﬁ?“%@ﬂ‘}%Feyédec?e'adndé%hd@ﬂﬁ;} #rcYm %H&S&thérlﬁoﬁﬂth%ro@&%oﬁbﬁ@ kyl ,
wherein zero, one ituting said yI group,

cycl oal k{yd f%qeau‘bot'oa?”ytSH%St'&i%@ %Plka/'c)ﬁptt?f“a'b/aﬁuasts?tw SrkyFYnadub,
opt i onal bp‘hoh@l@lsabﬁlﬂjt&nghC(o-e@I and-oNfRIrly substitufed (Of-CR4ryétktind, vt/hteg@h her form
an optlonall pstltuted C2-.Co _ al ky gne toetll('uc?r. . .

Zero, I two of the carborR atoms constituting said alkyl of cycloalkyl group is optionally

replaced by -C(=0)-, -NR'’-, or -O- or R* and R® together form an optionally substituted C»-Cs

alkylene tether,;

Preferably, R* and R® are selected independently from each other from the group comprising
hydrogen, optionally substituted C-Cqg-alkyl, optionally substituted C;-C+-cycloalkyl,
optionally substituted C¢-Cqo-aryl, and optionally substituted (Cs-C1 aryl)-methyl. Preferably,
(Ce-Cyp aryl)}-methyl is benzyl.

In a fourth embodiment, compounds of the formula (I-F18) Configuration 1 is defined such as

wherein R* and R® are identical and selected from the group comprising hydrogen, optionally
substituted C4+-C4g-alkyl, optionally substituted C5-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted C;-Cq4-arylalkyl, wherein zero, one or two of the carbon atoms
constituting said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR'’-, or -O- or R* and R® together form an optionally
substituted C,-Cg¢ alkylene tether.

Preferably, R* and R® are identical and selected from the group comprising hydrogen,
optionally substituted C4-Cqo-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally
substituted Cs-Co-aryl and optionally substituted C-Cq4-arylalkyl. Preferably, C,-Cq4-arylalkyl
is (Ce-Coaryl)-methyl, more preferably benzyl.

In a fifth embodiment, compounds of the formula (I-F18) Configuration 1 is defined such as

wherein R* and R® are hydrogen or benzyl. Preferably, R* and R® are hydrogen.
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Preferably, R4 and R5 are identical and selected fromthe group conprising
hydr ogen, optionally substituted Cl-Cl0-al kyl, optionally substituted

C3- C7- cycwoabiayd7328ept i onal |y substituted C6-Cl0-aryl anaCopPreaaabisy?
substituted C7-Cl4-arylal kyl. Preferably, C7-Cl4-arylalkyl is (C6-Cl0
aryl)-nmethyl, nore preferably benzyl. In a fifth enbodi mrent conpounds of
the formula (1-F1 8) Configuration 1 is defined such as wherein R4 and RS
are hydrogen or benzyl. Preferably, R4 and R5 are hydrogen. Additional
preferreg,f ' Q0 Ak 1S ow. Preferably, Rl is
C(=0) O%Hﬁ@%m%%ggg?a{sugﬁégﬁgl P?no%njet%%geg‘%g%%&léonpri si ng hydrogen,

opt i onal PiefesgstR iueEP)@R- C8- al kyl, and optional ly substituted

C7- C10- apMérainklis sdrscedatraabing grddd dompﬁﬁrhgfw&%gwmibm@ sOFBHRCODBLI Si ng
hydr ogen End Cl- C8- ;ﬁl ka/l .. More preferab \E/ﬂ I %,hgdro en or nmethyl. Even
more pr efleY=B1dprtiggslly substiyied farf: o BBl SIS0 IS S MRy NSRBI n R7 i s
sel ect edcdm@EinghediggeumdoOpRFalisi.ipré pafagey) RS apividesyah by metilis Evdruned C1- C8-
al kyl , anrdfe%notli (ﬁa%l L%drosuetr)]sti tuted C7-ClO-arylalkyl. Preferably, R7 is

sel ect ed”Trom Y he group’ conpri si ng hydrogen and Cl-C8-al kyl. Mre
preferably, R7 is hydrogen or nethyl. Even nore preferably, R7 is hydrogen.
Pref er abpyseLife reqpey)gRrFornul a (1-F18) Configuration 1 is fully,
partially protected or "non-protected. The term"fully protected conpound"
means t h&herR Ry dvsetgstag feon e @pauedompasne meeenyortipely sasituétderCe r om t he
gr BUF foiﬁﬂ?{}' éc“léirtﬂgﬁ}ﬁilly ?th%tiﬂutédmhﬁ%-hﬁylﬂk?? P@er%%’,fﬁ'ii‘%&ec&?ﬁgng%@rd{.ip g
substituted C3-C7-cycl oal kyl., optiona u itute - - aryl, an

opt 1 onal Py RGHETVEGHGUTEA CamrI B NEP RCraier &8 U895 of ST EPUTB e
car bon aprefsatdy®Sis ydtagag sai d al kyl group (gp), cycloal kyl group, or the
al kyl portion of said arylal kyl group, is optionally replaced by -C(=0)-,
-NR10-, or -0- or R4 and R5 together forman optionally substituted C2-C8
al kyl enePretarpily, thegpinRenchernRip i €8)Seinéguretipni Ing e rmaeiatly profectethoeneh ot her
fromthe,giRid. conprising optionally substituted Cl-Cl0-al kyl, optionally
substi tu?ed C3-Cr7-cycl oal kyl, optionally substituted C6-Cl10- aryl, and
optionally substituted C7-Cl4-arylal kyl, wherein zero, one or two of the
car bon area®re ORAY pidiédted compoumd’ kydangtaup, cycl oal kyl group, or the al kyl

portion gf said arylal kyl grou is optionally replaced by -C(=0)-, -NRLO-,
oo B aRgk gt dpdderBhodtRy 5 <R e o SRR e g ARG

t r i phenybutstitoield.C1Gho-alky§l uoptibeally entirditlitate@utC,-ddloalRyl, dRBiorellg ssledtititddeCh-Cqo-

i ndepend Erc - i Si i

subst 1t ufiih o1 SEBRAERECAHAPL L, AT lepbiP =0 BT WIS Y (R s

opt i onal F8sEiY g said alled 9©gp GIR)-cyalpgikyl 9EaE, Bpia A PPrios eftsetd arvleled 9(aes- C10

ar ylj) - erEFsl'b)S{iona%@%i’p%h@dkg).ﬁf@:op,nﬂ_m, &;@ d?le“][ah@ Rea{gem@a @Erﬁ)mi E%Mg)ﬁﬁ)j t uh iqgg

said a or cycl oa roup is optionally replaced by -C(=0)-, - -,
or -0- ogu%ﬂt”%c?zl% ask@ﬂé@? ?‘F‘é’?erf%‘l‘jm an optionally substituted C2-C6 al kyl ene
t et her; Rhahd RGarasced®d adepenebraigtrech dach oihehfeorg thelgpoupodtpiprising gptmpaiiyonal | y

substituted, Cl-C8-al kyl, and opti I ubstityted Cr-Cl10-ar | kyl .
Bt er abl g I ek R AR A RR ekl e RS Fom ¢ he
group coant asd aggicoplyisghstitutgd €rbstantialkyb dvhEtsirCigo adneyor twagfttheosralpdnatoms
substitu dC3= C7- Y, I I Ik s - icand
opt i onal l&cgﬂts.td%mgtfsl%t.ﬁ@é%géé&|891§|9@;&9%&%#&%&&%@%&@% Qﬁ}&lg@sﬁg ected from
t he gr oupPlEBAYrERIAGRY Rpbithay sab$tidut ed C1- C8-al kyl, and optional Iy

substi t UREERSGAd B BreaisYikadribil abdaeint & 1B ben2 opfriph&fingdhygonpound” neans t hat
R4, R5, R6 and R7 or R4, R5, R6 and R8 are sinultaneously a hydrogen atom

In a further enbodinent, R4, R5, R6 and R7 are sinultaneously a hydrogen
atom In a further embodiment,

R* and R®are selected independently from each other from the group comprising optionally
substituted C4-C1o-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted (Cs-C1o aryl)-methyl, wherein zero, one or two of the carbon
atoms constituting said alkyl or cycloalkyl group is optionally replaced by -C(=0)-, -NR™-, or
-O- or R* and R® together form an optionally substituted C,-C¢ alkylene tether; and

32



The term "partially protected conpound” nmeans any invention conpounds t hat
are not fully protected or non-protected. Mire preferably, the conpound
Formul a (WoRaBYo7&safi guration 1 i s non-protected. Even mOT&EPpoiefessabl y,
conpound Fornula (1-F18) Configuration 1 is wherein R4 and R5 are hydrogen,
Rl is C(=0)0R6, wherein R6 is hydrogen and R2 is C(=0)0R7 wherein R7 is
hydrogen. Formula (I-F18) Configuration 1 Functional group Non-Protected
Addi t i onRfand R'ar¢ helediédsitoro thergrohemmprising eptionaliyrsubstituted CaCs-elsyleahd o conpound
of the f = _eonf.i ation 1 non-protected. The term
"non- pr O?@@ﬁ%@ S@éﬁg%ﬁﬁ%‘ gpr?ga%@kg{l'hat R4, R5, R6 and R7 or R4, R5, R6 and RS
are sinultaneously a hydrogen atom In a further enbodinent, R4, R5, R6 and
57 ar_ebssmfdgmm?laﬁbwarewé&@g?mf rQ{cé"htlﬁFc{?ﬁ séfh%gllé‘r@@ﬁ]uﬁ?rola@%@mgg) i ments
escri bed above for conpqund o e formula (- an -
Cont 1 gur GHPGRY SuBRHER B b SPisTRM SHSHEBY o1 SHIBPPUIAI gut at i on 1
Funct i onalbsgiued[C#r,ea9c bedlopiddalty sabstitdtyd (G3-Ciheyifimgtlynsidr e above, the
inventiopsis, &irecte c ound of the formula, (l-F1.8 figuration 1
or ot ect e S For&dled g SERED ooPieab 8 apB A Lobliipd cfp-RE)
Conf i gur aptiooallylsubsfitited CyCoararylalkyli al | y protected. The term"fully protected
conpound” neans that R4 and R5 are sel ected i ndependently from each other
from the_group conprising optionally substituted C1-Cl0. alslé)%/eI , optionally
subst i t uf gRjters-ron-erpts tImpowk MmsAas it RuBst ©ad & o8- &1 a&F’)HB,ar‘?':lnd
opt i onal bipugaHestidly Hhedtodefr - 1aRYlif ek ¥bodMABHERN RZERndigredr two of the
car bon at.orrE conﬁti %EAI n a3ai d al kyl group (gp), cycloal kyl group, or the
al kyl poP'fHoH'eBrs"saMC 8N AP Ryl group, is optionally replaced by -C(=0)-,
-NR10O-, or -0- or R4 and R5 together forman optionally substituted C2-C6
al kyl eneTheteherpartially gR6teated démpouddsekbact @y invediperocpotnds thatam each ot her
fromthe,qr S| tionally substituted Cl-Cl10-al kyl, optionally
substi tu{uﬁg&%@ec%ﬁ%%ﬁ%@%ﬁ%ﬁ optionally substituted C6-Cl0- aryl, and
optionally substituted C7-Cl4-aryl al kyl, wherein zero, one or two of the
car bon aMorespreferabtyi thatcomgowndi Fprrabilk yitF 1§y Gonpfigusyieh dé nopterefectedy, or t he al kyl
portion of said arylal kyl group, is optionally replaced by -C(=0)-, -NR1O-,
or -0-; or R4 ,R5 and R6 are as described above and R8 is henzyl or
t ri phenyFYRStRYE Preferaplyqempriand ke @i (heH) Copigusgiien s wherelndt @pd &dare
i ndependgytrdgenf ROBCRECIOROLIRFeih RO f h QHP RE RMEOSHRYGvHRRSiA _RNRI | Y
substi tu?gr 9&_ C10- al k)IS)I , optionall yﬂg)lj%sti t ut edmCS?%ﬂ- cycl oal kyl
opt i onal Xfﬁ%‘ﬁﬂsti tuted Cs-ClDaryl, and optionally substituted (C6-Cl0
aryl)-nmethyl, wherein zero, one or two of the carbon atons constituting
said al kyl or cycloal kyl group is optionally replaced by -C(=0)-, -NR16-,
or -0- or R4 and R5 together forman optionally substituted C2-C6 al kyl ene
tether; and R6 and R7 are selected fromthe group conprising optionally
substituted Cl1-C8-al kyl, and optionally substituted C7-Cl0-aryl al kyl .
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Preferably, R4 and R5 are sel ected independently fromeach other fromthe
group conprising optionally substituted Cl-Cl0-al kyl, optionally

substi t utwo 2€8/023286ycl oal kyl , optionally substituted C6PCIGPasiplogosand
optionally substituted (C6-Cl0 aryl)-nmethyl and R6 and R7 are selected from
the group conprising optionally substituted Cl-C8-al kyl, and optionally
substituted C7-Cl0-aryl al kyl. The term "non-protected conpound" neans that
R4, R5, Rernafal(IfR18pEomigur®inn RBurationaiigraue Nonrbteatedous| y a hydrogen at om

In a fur A@&ﬁon@fﬁ?@%é@%ﬁsu@hbo@é’theggv@ﬁign Bﬁi%{;t@d ) Mptoaﬁ'@&qﬁé %rrﬁulg'\/lgr ogen

atom The term™parti y protect conpoun means ‘any invention conpounds
t hat ar eFHdtConfigyrgtiogrigroedretacted non- protected. Preferably, the conpound
Formula (I-F1 8) Configuration 1 is fully protected. Mre preferably, the

compound_of the forrmula (1-F1 8) Configurationl is defj e,g%suc as R4 and
RS B o b ™ AR PEDIeRTRs omBpIEgy el B 0 209 B Rr BSREATERE i th
R6 and RSimbearegusiph hydrogehddorhi lomdlrtter efhbodiedntf RQRArRPand®iaranat i on are

di scl osed bﬁl ow. P ﬁ{(oerrabla}{Ole is C(=0)0OR6 wherein R6 is selected fromthe

- Pr
group co?r'ffrul asqer?lés%?/ oa%er?, optionally substituted Cl1-C8- al kyl, and

optional Iy substituted C7-Cl0-arylal kyl. Preferably, R6 is selected from
the group RO a?ti;r@garmy%g&ﬁﬂelﬂé‘ s@ﬂibﬁﬁ%bé%‘rpo%ﬁﬁ%fﬁfe%r% lY-Ef& 1S

hydr ogen or matne/ ~ Bven nore preferably, iIs nmethyl. Preferably, R2 is
C( =0) OR72RheF &8 )f-qrfigyratianet e he@iipene#®d-gr oup conpri si ng hydr ogen,
optionally substituted Cl1-C38- al kyl, and optionally substituted

C7- C10- apyl al kyl eferably, R7 is selected fromthe group conprising
hydrogenpgrﬂwltéf&{)é T’ ”.ratﬁ%‘r% W%‘P@?%F’Wgﬁ?fe?tggqhydrogen or nmethyl. Even
nor e pr eheditdmaly, tofRve disclosbtdytove, Pheihesntioa isfdrattad éscoarpduedbidiok foemdls (ldescr i bed

above fo - Of rmula (I1-F1 8) and (1-F1 8) Configuration 1 are
herein |ﬁ%%%ﬁ§?%gﬂ1$%§%€a (I-F18) Configuration 2 0 -.R5 Fornmula I-F18

Configuration 2 Herein are incorporated anal ogous enbodi ments as for

formul a (ilg Akt Sldeamidng WhakbRpouhd FRFRMA -Faby Edilihu&REl 1 BYGIRTr BagIyFuUnct i onal
group Non-Protected Herein are incorporated anal ogous enbodi nents as for
formul a PtEEfedg) Confi guration 1 Functional group Non-Protected. Formul a

(I-F18) Configuration 2 Functional group Protected
The term “fully protected compound” means that
R* and R®are selected independently from each other from the group comprising optionally
substituted C4-C4g-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted C;-Cq4-arylalkyl, wherein zero, one or two of the carbon atoms
constituting said alkyl group (gp), cycloalkyl group, or the alkyl portion of said arylalkyl group,
is optionally replaced by -C(=0)-, -NR'"-, or -O- or R* and R® together form an optionally
substituted C,-C¢ alkylene tether; and
R® and R’ are selected independently from each other from the group comprising optionally
substituted C4+-C4g-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted C7-Cq4-arylalkyl, wherein zero, one or two of the carbon atoms
constituting said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"-, or -O-; or

R*,R® and R°are as described above and R® is benzyl or triphenylmethy!.

In a further embodiment,
R* and R®are selected independently from each other from the group comprising optionally
substituted C4-C1o-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-

aryl, and optionally substituted (Cs-C1o aryl)-methyl, wherein zero, one or two of the carbon
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Herein are incorporated anal ogous enbodi nents as for fornmula (I-Fl

8) Configuration 1 Functional group Protected. Mxture of Formula (I-F18)
Conf i gur avDan11107aasd Formul a (|- F18) Configurati on 2 ThePCmEPRA1006982F al so
directed to a mxture of Formula (I1-F18) Configuration 1 and Formul a
(1-F18) Configuration 2. WD 2011/073286PCT/ EP2010/ 069827 For mul a
(I-F19) Configuration 1 Herein are incorporated anal ogous enbodi nents as
for for matbers cbrdAtiBY sl akyign cydatiyl drovphie opfianaflyl@Facédsby €+ @) edRIY, ¢ri9F] .

Formul a (4 kg)an(fﬁ‘“ﬂco &HEﬁ%x‘n?Qn &pt%Hélgtsh?é’{ﬁlt @é?é{)all}ﬁéhepémgfﬁgd Herein are

i ncor por a% ed ana odi nent or nmu nfiguration 1
Funct i onBl angrR\ase rejectest Bore deatiowramerising oBionallysupsj ta‘éGathlky'mﬂ] For mul a

(1-F19) Genrhigwupétinrss &,-Eunsfidignal group Protected Herein are incorporated
anal ogous enbodi nents as for fornula (1-F1 8) Configuration 1 Functional

group Protected wherein [18F] is replaced by [19F]. Formula (I-F19)
Conf i gur Bteferabl? Riane iRda@rselectad quapasraleetw farmabaxgmﬂsarerﬁinaﬂé genp soraysrisfrgr

formul a figuratio sre cedb [ 19F] .
Forml a (tiopa s B EEART B FhRue DGR B8l v ei n ar
i ncor por asubstitueddlsdgoars!, emaqdlonémsgba@tﬁb@ﬁ%cram me(tharm 8) Configuration 2

Funct i ongb , O @URe NODeEY P&rﬁ%egqowkﬁi iphiGing $§tﬂ1al‘|y%u5§tﬁut@&@dcb¥lkh1§ﬁ] Formul a
(1-F19) Confl Puratl on Funct1 onal group Protected
optionally substituted C;-Cqo-arylalkyl.

The term “non-protected compound” means that R*, R®>, R® and R” or R* R®, R® and R® are
simultaneously a hydrogen atom. In a further embodiment, R*, R?, R® and R are

simultaneously a hydrogen atom.

The term “partially protected compound” means any invention compounds that are not

fully protected or non-protected.

Preferably, the compound Formula (I-F18) Configuration 1 is fully protected. More preferably,
the compound of the formula (I-F18) Configuration 1 is defined such as R* and R® are benzyl
and R" and R? are C(=0)OR®and C(=0)OR’, respectively, with R® and R’ being methyl.

Additional preferred features combination are disclosed below.

Preferably, R" is C(=0)OR®

wherein R® is selected from the group comprising hydrogen, optionally substituted C-Cg-
alkyl, and optionally substituted C;-Co-arylalkyl. Preferably, R® is selected from the group
comprising hydrogen and C,-Cg-alkyl. More preferably, R® is hydrogen or methyl. Even more

preferably, R® is methyl.

Preferably, R?is C(=0)OR’

wherein R’ is selected from the group comprising hydrogen, optionally substituted C4-Cg-
alkyl, and optionally substituted C,-Cqo-arylalkyl. Preferably, R’ is selected from the group
comprising hydrogen and C4-Cs-alkyl. More preferably, R” is hydrogen or methyl. Even more

preferably, R” is methyl.

Preferred features and embodiments described above for compound of the formula (I-F18)

and (I-F18) Configuration 1 are herein incorporated.
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Herein are incorporated anal ogous enbodi nents as for fornula (I1-F1 8)
Configuration 2 Functional group Protected wherein [189 is replaced by
[199. M xworetiaf73fer nul a (1-F19) Configuration 1 and FoPGWER2¢1I0AFRY)
Configuration 2 The invention is also directed to a m xture of Formul a
(I-F1 9) Configuration 1 and Fornula (1-F1 9) Configuration 2. Schene:
CGeneral Formula I-LG stereoisoners and m xture |Invention conpounds (R2
0(:)....Formula (lfF18) esnfiRiratdin o, 5 I1(s) | R-. Functional gp Protected
Forrmula 1-LG Configuration 1 Functional gp Protected Formula I-LG
Configuration 2 Formula (I-LG Confizguration 1 Here are incorporated
anal ogous enbodi nents di scl osed forRconpound of Formula (1-F1 8)
Configuration 1 wherein 18F is repdaced by a suitable |eaving group (LG.

0 “iep

R1

4
R P
\O/I

0\5

R
Formula I-F18 Configuration 2

Herein are incorporated analogous embodiments as for formula (I-F18) Configuration 1

Formula (I-F18) Configuration 2 Functional group Non-Protected
Herein are incorporated analogous embodiments as for formula (I-F18) Configuration 1

Functional group Non-Protected.

Formula (I-F18) Configuration 2 Functional group Protected
Herein are incorporated analogous embodiments as for formula (I-F18) Configuration 1

Functional group Protected.
Mixture of Formula (I-F18) Configuration 1 and Formula (I-F18) Configuration 2

The invention is also directed to a mixture of Formula (I-F18) Configuration 1 and Formula (I-
F18) Configuration 2.
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Preferably, the conpound Formula (1-LG Configuration 1 is fully, partially
protected or non-protected. The term"fully protected conpound" neans that
R4 and Roweanreligsbmet ed i ndependently from each ot her fr @oTiEPR019/0628p7
conprising optionally substituted Cl-Cl0-al kyl, optionally substituted
C3-C7-cycl oal kyl, optionally substituted Cs-ClDaryl, and optionally
substituted C7-Cl4-aryl al kyl, wherein zero, one or two of the carbon atons
consti t uti ngecreaed Gehknal Femau®1-E9p) , cycl oal kyl group, or the al kyl portion
of said aryheéition @hgptundss optionally replaced gy -C(=0)-, -NR1O-, or -0-
or R4 and Rstdregjstmers dndrmixture opt i onal |y subst i it eBYC2- C6 al Kyneigaalidgt her ;
and R6 and tRéremf ¢ Guafigutatidns h@eg@hdent | y fgom edChr o heL(!/r:m R rePdED
conprising optionally substituted Cil- %10-%kyl ©opti gmalkly substituted

C3- C7-cycl oal kyl , optionally substitutetdoCh~el0>rar yf, d optionally
substituted C7-Cl4-aryl al kyl, whereipw zer o%,gne or of \{,he carbon atons
constituting said al kyl group, cycl®al kyl group, or the al kyl Fpocttonahgmf
said aryl al kyl group, _is optional ¥y r':é’ﬂ‘l"‘é\ad%EP fyfieuetiend) - - NR1Brqtegfed- 0-: or
R4 ,R5 and R6 are as Rlescri bed ove and R8 is benzyl or triphenyl nmethyl.
In a further enbodi t, 4 a R5 are sel ected independently from each
other fromth | 9r ofip cOmyising optionally substituted Cl-Cl10-al kyl,

opti onal Rg sulisti tig ed 7-cycl oal kyl, optionally substituted Cs-Cl Daryl,
and optionaPl'yl StbstiRtut 4 (
of the carbon atgns con tutin

C10 aryl)-nmethyl, wherein zero, one or two
said al kyl or cycloal kyl group is
optionally replaced by -C(=0)-, -NRLO-, or -0- orzR4 and RS together form
an optional F9RYBLFIP ut ed C2-C6 al Ryl ene tet her iz ]and_R6 and RFuattengebect ed

fromthe group conprising optional | y¥substid ut gd G- 8- al , NgRdProtected
optionally substituted C7-Cl0-aryl al kyks Pr&iﬁgl y, €4 2and R5 are sel ected
i ndependently from each other fromthe 5r®’u(|{) ongt i si optionally
substituted Cl-Cl0-al kyl, optionally substitwyted C3- -\c#)al kyl ,
optionally substituted C6-Cl0-aryl, and optional |y s¥bstitth edF(f&icGh0gp
aryl)-methyl and R6 and R7 are sel ect @™ PSP CAEIY*BUD conpri sPRgtected
optionally substituted Cl1-C8-al kyl, and optionally substituted
C7-Cl0-arylal kyl. The term "non-protected conpound” neans that R4, R5, R6
and R7 oFomaula fF19RGonfiatra®rat e si nul t aneously a hydrogen atom In a
further aohodioRabmoRfbd &RBlogh dishdRlerf & Bt BHhIANSAYSEuYs pgen atom
The term "part)ally protected conpound” neans any invention conpounds that
are not Wy [pFlos Eptased BY [ fidn- protect ed. More preferably, the conmpound
Formula (I-LG Configuration 1 is fully protected. Even nore preferably, R4

and R5 ape ben d nd are =0) 0 d =0) OR7, respectively,

o th re b 05upRESHsEHen T EuBHGonal BRuPRPTT B oUHEE] eq 11 om fhe or oup
conpr i si Hgred araincalpknatedaamdlogbiergrhbodingsmés as fphfermpdla (19~ 18 pCordigaratign subst i t ut ed
by one o < i P I [ each other, fromthe
group Coﬁ%ﬁc}f\gqagéggeﬁ&%gt%{eﬂ@gﬁ@pg%)@{?cx%gx ,and nitro. Preferably, LG
i s met hanesul f onyl oxy, et hanesul fonyl oxy, benzenesul f onyl oxy,

par at ol Up&BRHA ;my Q3ffiguraicir NIFUhBRGTH §RRPUroRIRYdOXY, Or
napht hal enesul f onyl oxy.  More preferably, LG is nethanesul f onyl oxy,

benzenes UP’PBWP 51)@9r,p061 aan@@galésr@gtmdfw %@r fgpmula (I-F18) Configuration 1
par a- ni t Felior:E §Rsp Prasyédxysrein ['°F] is replaced by ['F].

Formula (I-F19) Configuration 2
Herein are incorporated analogous embodiments as for formula (I-F18) Configuration 2

wherein ["®F] is replaced by ["°F].
Formula (I-F19) Configuration 2 Functional group Non-Protected

Herein are incorporated analogous embodiments as for formula (I-F18) Configuration 2

Functional group Non-Protected wherein ['°F] is replaced by ["*F].
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Even nore preferably, LG is para-tol uenesul fonyl oxy. Additional preferred
features conbination are disclosed below Preferably, RL is C(=0)0R6
wher ei n RSOiI2811%8B16t ed from t he group conpri si ng hydr ogecT/Erpalioonmskt y
substituted Cl1-C8- al kyl, and optionally substituted C7-Cl10-arylal kyl.
Preferably, R6 is selected fromthe group conprising hydrogen and

Cl-C8-al kyl. More preferably, R6 is hydrogen or nethyl. Even nore

pr ef er abFgrmuké (1:Fd 9p@omfiguratiame? Eluabilignal W)Lipsl’r@(ecﬂa)d)m wherein R7 is sel ected
fromthe al kyl,
and optlgggﬁﬁﬂeﬁg %?%?tegn%g ({ '%ﬁﬁg Q?ﬁ% ?%ﬁgﬂé%%ggelected
fromt heF'gtﬂC@m?' KD PraeqiRy \MW?'Béeﬁ '%WH'a@l g K- kyl. More preferably, R7 is
hydrogen or nethyl. Even nore preferably, R7 is nethyl. Fornmula (I-LG

Confi gur tlon Her e i ncor.por ate nts. di_scl osed for
compoundR s AR e BpRbBiefy AT F L4 rRBUoRdo) aced by a
sui t abl eTheeaventign Bratuspiretied to £medes abf yrmulalier 1) Cpofiguehtibon naddeFdrhulk G

Conf i gurﬁtFHQﬁ(t:onﬂ S méy’ partially protected or non-protected. The term
"fully prote g conpound” nmeans that R4 and RS are sel ected independently
fromeach other fromthe group conprising optionally substituted

Cl- C10-al kyl, optionally substituted C3-C7-cycl oal kyl, optionally
substituted C5-Cl10- aryl, and optionally substituted C7-Cl4-arylal kyl,
wher ei n zer o Scheme:dpenera Fermulad-L&r bon at ons constituting said alkyl group
(gp), cycl oa!ﬂWht'g?eQerO'mdSt(he al kyl portior *of msai d aryI al kyl gr oup, is
optional |y r &jsirerisemesp andmigluwre - NR19- |, or | R4 and R5 t 8 er form
an optional | eseist Gorfiasgptionsdns kyl efie t (g)hé?; ﬁ‘cf) HAe9Pel ect ed
i ndependent | ) from each other fronftye® .confpri si ng oBfQ’@@éG} y
substituted Cl-Cl10-al kyl, optionalty subgtltute C3- C7-cycl oal kyl ,
optionally substituted C6-Cl10- ap¥yl, and” optionally substituted

C7-Cl4-aryl al kyl , wherein zer o,/ one rorudwecofurtibrer car bon at ons constituting
said al kyl group, cycl agl kyl group, or the al kyl portion of said arylal kyl
group, is optimnal#y nef aced by -C(=0)-, -NR16-, or -0-; or R4 ,R5 and R6
are as de%c\ b}éd ove d R8 is benzyl or triphenylnethyl. In a further
enbodi ment , “&4| and afle sel ected i ndependently from each other fromthe
group conpri sﬁh‘g;sopti ondl |y shpstituted Cl-Cl0-al kyl, optionally
substituted fRnf/reycl oal kyl, ORrtionally sub§t| tuted Cs-ClDaryl, and
optionally substituted (C6-Cl0 a I) rrethy ein zero, one or two of

t he carbon atons constituting sai al kyl gr onal |y
replaced by -C(=0)-, -NR19-, or -0; or|| R4 Qsmdx‘g% Pﬁ@gﬁingpbb
optionally substi tut ed C2- C6 al kyIRen@/Ft = ang R6 and eQel ected
fromthe group conprising optionally smbgtl t ut edq#Cl- C8-al kyl, and
optionally substituted C7-Cl0-aryl al kyl . " Pref er abl y, R4 and R5 are sel ected
i ndependently from each ot her fromFrerine igeoefioue@mpri sing optional ly
substituted Cl-Cl0-al kyl, optionally substituted C3-C7-cycl oal kyl,
optionally substituted C6-Cl0-aryl, and optionally substituted (C6-C10
aryl)-methyl and R6 and R7 are selected fromthe group conprising

opt i onal FgrmulipgtLiG) Gomfig@atiog1al kyl , and optional |y substituted

C7- C10- aFIXrIeaéJr(JKV]L:orporated analogous embodiments disclosed for compound of Formula (I-F18)

Configuration 1 wherein ®F is replaced by a suitable leaving group (LG).

Preferably, the compound Formula (I-LG) Configuration 1 is fully, partially protected or non-

protected.

The term “fully protected compound” means that
R* and R®are selected independently from each other from the group comprising optionally
substituted C4-Cqo-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-

aryl, and optionally substituted C;-C-arylalkyl, wherein zero, one or two of the carbon atoms
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The term "non-protected conpound” neans that R4, R5, R6 and R7 or R4, R5,
R6 and R8 are sinmultaneously a hydrogen atom In a further enbodi nent, R4,
R5, R6 armlOR@11z07828s8i nul t aneously a hydrogen atom The t @CWEPRP@ON6RT Y
protected conpound” neans any invention conpounds that are not fully
protected or non-protected. Mre preferably, the conpound Formula (I-LGQ
Configuration 2 is fully protected. Even nore preferably, R4 and R5 are
benzyl aewhsRutirgwhidiakygoul(gr),)QaR6alsyl drolpb ~@ IERAkyl persprechtsaidelrylalkylgtdupR6 and

R7_bel ng gl yreﬁraﬁéfs\aﬁéy@ KRR o b5 18Gnh KOMGLRE: BHAUPOLRTRHY ST NG

Cl-at- aI ég rei’n phenyl is optlonaly substit by one or
t wo grouﬁiﬁosn@@ld tc‘ec?‘ﬁym@ﬁ?é’iﬁﬂe’fﬁ‘pl y fromeach other, fromthe group

conpri si RYafdlrGhe abikdtd m@ép‘e%erﬂlb'ﬁ@?ﬁ)’each@{h@r fr&ﬁ'@weﬂjréddhomppélﬁé ehtRiRbl, LG is
met hanesul fon?/l oxy,

hanesul f onyl ox nzenesul f on
par at ol uSHHESLIEE O oA BPIEIK PO S PORY! el libsttuted oo
napht hal enyesnld! betioya Iy eybstidieCRCafagnalkyl, y/vheteﬁ:‘n zero rmbfman:&smﬂttﬁmvybmoms
benzenesul f I 0xy ar a- t ol ue E§u| fon I
par a- ni t ¥ enzn Sesdu ?y ﬂrOIUB & % e IToT er ¥ Om?n of ﬁ?@ ar%'alkyl group, is
par a- t ol qﬁwesllylréldmﬂldd»yyC( ,QidrNR18ﬂarI -Qprasf er red feat ur es conbination are

di scl osef« ,tP'xelaHM"Rfsﬁr‘é fekabib¥d al%lve'a%ij% THHRA oV ? |i's selected fromthe
tute

group conpri sing rogen optionally substi - al kyl, and
optionally substituted C7-Cl0-aryl al kyl. Preferabl y, R6 is selected from
t he group L£ROAMrepibaginRYdr ogen and Cl1-C8-al kyl . Mre pr eferably, R6 is

hyd hyl . f b [ th Pr ef bly, R2 i
0y 0 Sr o A e el et kg B el ey gel '
opt i onal bypsstutestdQi-alklyl ChtiGialy ahtbsy]tu,tedeﬂibebyeqyblbalhﬁl dpyiorsaiil StbstituteaidCs-C1o-

C7- Cl10-

yelr ogen aha ebtanel L Bl 0,7 A BEINGE WRgho T 308, bRE GOLB EPwERTh™' ", o
mor e pr eflemalspystitulrg pajd alkyliey cycladlkyt arpep I@ppmﬁHmﬂealageotw -LGO6oMR ' guCPratl on 1

and For mg.ar @ ahdR° @9& erqwnaéh Qaloaamabéw@aﬁ@ @Qalkﬁer%'tét‘ﬁerdbﬁ@c'[ ed to a
mxture of Fornula (T-LG Configuration 1 and Formula (ILG) Confjguration

2. Scheﬁea”dc%r?é?a‘F'e%CFWH‘elﬂrmpqumﬂ/'é'H@PBW?”E'M%’B&HH}%" %1Q?é¥‘lé|o"f‘r§’orrers and
m xture ppiehenfsubsttined Cgorayiaks. 1 and 2)

Preferably, R* and R°are selected independently from each other from the group comprising
optionally substituted C4-Cg-alkyl, optionally substituted C;-C7-cycloalkyl, optionally
substituted Ce-Co-aryl, and optionally substituted (Ce-C1o aryl)-methyl and

R®and R’ are selected from the group comprising optionally substituted C4-Cg-alkyl, and

optionally substituted C;-Cqg-arylalkyl.

The term “non-protected compound” means that R*, R®, R® and R” or R*, R®, R® and R® are
simultaneously a hydrogen atom. In a further embodiment, R* R® R®and R are

simultaneously a hydrogen atom.

The term “partially protected compound” means any invention compounds that are not

fully protected or non-protected.

More preferably, the compound Formula (I-LG) Configuration 1 is fully protected.
Even more preferably, R* and R® are benzyl and R' and R? are C(=0)OR®and C(=0)OR’,
respectively, with R® and R’ being methy!.
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Formula 1-R11 Formula (1-R11) R2 R11 wherein R11 is OH or OS(=0)2R9 and
Rl , R, ?-4 R5 and RO are as descri bed above for Formula (I-LG and

st er eoi sowore11/am8286ur e of stereoi somers, and suitabl e saCrEPed1©069327
Preferably, RO is selected fromthe group conprising Cl-C4-al kyl and phenyl
wherein phenyl is optionally substituted by one or two groups, selected

I ndependently from each other, fromthe group conprising Cl-C4 al kyl,

Cl1- C4- al Rekerabhad’®cs mtanilftorrrothelerCMpe:pmbhyng R&Q4-allsylahﬂ(>rwtyr\etsqmelndhwlto R12) .

Pref er ab,s tlcﬁﬂaﬂ%&ﬁjsfﬁﬁfeg ?%ﬁé‘“ t%ﬁ (%X ﬁe?éct'é%rﬁ:ﬁe?leﬁ&'ﬁw f?d¥ each other, from

benzenesul Tonyloxy, parat ol uenes a-nittobenzenesul onyl oxy,
or napht Wﬁlgéfﬂ@sq{?mlpﬂﬁw Bx(+ alkBr@- %ﬂf%‘f‘%‘vd‘tﬂ'w a”‘l’ﬂ'ﬁ[‘)l s met hanesul f onyl oxy,
benzenesul f onyl oxy, para-tol uenesul f onyl oxy or

par a- ni t robenzenesul f onyl oxy. = Even no r ef ram

P ol CEHERaN Ao Mot os s e e U e B bF Bar i senatt  on ar e

di scl osemltieebmmmrx@f;&rrabitrpberﬁénéself@(ym&y,wﬁapfntﬂe:ﬂmeluIfaﬁylbs/. sel ected fromthe
group co | Sl y opt i | i - C8-

opt 1 onal TS Bepy b F B0 BURI Ry BoFHABRISR) oflior 8Bl 1 o

t he groupareitipperrengsufgnifiagen and Cl- C8-al kyl. More preferably, R6 is

hydr ogeng@t, rﬂ@r%tﬂ)\‘éferaﬁ\},q_'b Wa%-t@fu%ﬁ@é’u%y)bxy.% is methyl.

Additional preferred features combination are disclosed below.

Preferably, R' is C(=0)OR®

wherein R® is selected from the group comprising hydrogen, optionally substituted C4-Cs-
alkyl, and optionally substituted C,-Cqq-arylalkyl. Preferably, R® is selected from the group
comprising hydrogen and C;-Cs-alkyl. More preferably, R® is hydrogen or methyl. Even more

preferably, R® is methyl.

Preferably, R? is C(=0)OR’

wherein R’ is selected from the group comprising hydrogen, optionally substituted C4-Cg-
alkyl, and optionally substituted C,-Cyo-arylalkyl. Preferably, R’ is selected from the group
comprising hydrogen and C4-Cg-alkyl. More preferably, R” is hydrogen or methyl. Even more
preferably, R” is methyl.

Formula (I-LG) Configuration 2
Here are incorporated analogous embodiments disclosed for compound of Formula (I-F18)

Configuration 2 wherein ®F is replaced by a suitable leaving group (LG).

Preferably, the compound Formula (I-LG) Configuration 2 is fully, partially protected or non-

protected.

The term “fully protected compound” means that

R* and R®are selected independently from each other from the group comprising optionally
substituted C4-Cqo-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted C;-C4-arylalkyl, wherein zero, one or two of the carbon atoms

constituting said alkyl group (gp), cycloalkyl group, or the alkyl portion of said arylalkyl group,
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Preferably, R2 is C(=0)0R7 wherein R7 is selected fromthe group conprising
hydr ogen, optionally substituted Cl1-C8- al kyl, and optionally substituted
C7- C10- arwbabkiyd7328pr ef erabl y, R7 is sel ected fromthe gromEPC@a0Ps$837 ng
hydrogen and Cl1-C8-al kyl. Mre preferably, R7 is hydrogen or nethyl. Even
nore preferably, R7 is nethyl. Preferably, the conpound Formula (I-R1 1)
is fully, partially protected or non-protected. The term"fully protected
conpoundls optienady tephteddy SHEORSNR e, g eD-ewtRédni R ggetheeiotrh gn bptmmakyach ot her
fromthe LS ionally substituted Cl1-Cl10-al kyl, optionally
substi tu%%%d(ggydc@%%&%’ 6‘o?]gti onal |y substituted C6-Cl0- aryl, and

opt i onal Ryard/Bsare seleder ioterenderdly yioa gagh othghieera the greltrcompraing priofdllyof t he
ci':lrk ben a&l{lﬁﬁtufé@][(ﬁldd}-glk%,f&)ltiﬁll@dl(ll? Isatkslﬁmkeogmsp@yrbye?myl, dlb;{iﬁr']é?@'s{ib/s]titlgé'mb 2100F 0; he
al kyl portjon of sajd arylal ky royp, i S optiona repl ace - C(=0) -,
NRL0- o B Sesonily s €obe b ot RS R e MY D SRR ARE 2.
al kyl enecdrstitbnig saahalkyRgroap,cbyRdalkyl groaip) @ dliccalkyl porépeoicantdrytalkyl @rouggish ot her
fromthe _gra C ri.si tiomall y. substituted Cl-Cl0-al kyl, optionally
subst i tu?‘gﬁn%@-rfﬁﬁeﬂcﬁydg%@{?,'Nng't Pro)rfl)é’lqry substituted C6-C10- aryl, and
opt i onal RY,RSabd R’ angtas dle7ibex] 4beveyand IRR yd benati er tipherwimnashyl.one or two of the
carbon atons constituting said al kyl group, cycloal kyl group, or the al kyl
portion of said arylal kyl group, is optionally replaced by -C(=0)-, -NR10O-,
or -0-; brafrghermybadimert are as described above and R8 is benzyl or

tri phenyRhetdwd are béfleded Maddratieriyiom d5eR biheRford ffé Jréupdomnpsisihg 6ptRMally

i ndependent |y, from e other fro he oup c ri.si opt.| onal |
suber it utba et thankih Sy SHET e e AT GR R cesteald sty i
opt i onal ayl, anbsjitiohaityesdbsHhnt€d Ta+Gd arylamethgh tvherel deyo, snd st twb wf the caMon C10
) - |, er.ei n.. , f b tyti
o) o ol koo ol BRIRL B Bk for SRR S B ophhERPROR S BB R - A e
or -0- orO-RiRiand R5topethetfawr at eptionally supstitwehCr-Ge aluene tethewand2- c6 al kyl ene

tether; Anghy &G8BLeddd RER R85 fhpribiREbhRaG RURIGEABICRLRA, ARf i onal |y
substituted Cl- Cr:8 a?k Ig gandedc; ti onaplfnl Iy@ggbs??{ ut etlzl Cr- bl%— agyl al kyl .
F@} -

Pr ef er abPRAONRY syRgfit 102EYIde¥ed i ndependently from each other fromthe
group conprising optionally substituted Cl-Cl10-al kyl, optionally

substitute - Ch4-cyckoal kyl, optionally substituted -Cl0-aryl . . and

opt 1 onal PRI At Sy s eeted b R T Sa s TR erore Bt e 11 om
t he gr oupptooatiyrsubstiigedBt-Coreddyl, ppambihit substitetdd C1-C8y@daikyl, opmdlhopt i onal |y
substitu (C7-ClO- a - ! por g onpound” means t hat
R4, RS, %‘gi%%d%%? 5%&?&&%@@%@%&&%%{%. s“lpgnrﬁ? tﬁ] g{r? gaurfsal y a hydrogen atom
In a furR R 5@ a¢lfdied froreie grelp REPERIAY RFticARYY sibaiiviedReberdikyl @dhydr ogen

at om ThegptloREIV substiibtbAL!-&, Rir@4aiRgt ed conpound” neans any invention conpounds
that are not fully protected or non-protected. Mire preferably, the

conpound Fornula (1-R1 1) is fully protected. Even nore preferably, R4 and
R5 are bEmzigtm arh-pibtetet EmpoundCorea)OiRet RINA®, G°20) BRE; Rt, @S Rfcind\Rélags Wi t h
R6 and R{._bein £ . Preferre eatures and.ge ' ;S _descri bed above
nreher o A HERIE: Hibgodiib R 8 R e B e ot

simultaneously a hydrogen atom.

The term “partially protected compound” means any invention compounds that are not

fully protected or non-protected.

More preferably, the compound Formula (I-LG) Configuration 2 is fully protected.
Even more preferably, R* and R® are benzyl and R' and R? are C(=0)OR®and C(=0)OR’,
respectively, with R® and R’ being methy!.

Preferably, R® is selected from the group comprising C;-Cs-alkyl and phenyl wherein phenyl
is optionally substituted by one or two groups, selected independently from each other, from

the group comprising C4-C, alkyl, C-C4-alkoxy, halo, and nitro.
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(S) 0411(S) 01 R5 Formula I-R11 Configuration 1 wherein R11 is CH or
OS(=0)2R9 and R1 , R2, R4 , R5 and RO are as descri bed above for Formul a
(I-LG. Asoizpiiontadsepr ef erred features conbi nati on are diPSTEIERI@C/OSRDW.
Preferably, Rl is C(=0)0OR6 wherein R6 is selected fromthe group conprising
hydrogen, optionally substituted Cl1-C8- al kyl, and optionally substituted
C7-Cl0-arylalkyl. Preferably, R6 is selected fromthe group conprising
hydrogen and Cl1-C8-al kyl. More preferably, R6 is hydrogen or nethyl. Even

nore pr eﬁ%?é?él%’ 1.8 rﬂe%aﬂXQﬂfBﬁlﬁ&y etﬁ’%r%%@lfoﬁgb‘(y bBt?Zleg(?lsanl% GRGAherein R7 is

sel ected from group nprisin substl tuted C1-C8-
al kyl , WJPeﬁ@%‘i'féfﬁéﬂxb’ypas'@rbﬁr??@’l}?%ﬁfU@ﬂy@ﬂ) Oaﬂwfﬁfl'%k%ﬂesu'fof‘@f’é‘r ably, R7 is

sel ect edMBreopsrbfrelwyg[@uaqngtamsuﬁdr@@xmaﬁﬁaaéunaﬁ»,dm&lpé;&t@uéﬁ)ééulfoh@é)@ or

pref erabl vy, is hydro met hyl . Even nore preferably, R7 is hydrogen.
Preferre fPé‘&E"BF'&?”é %ﬁ%‘éﬂdl ments described above are herein incorporated.
For mul a EVerRhdrg piderbblgUrGiisipara-idluBResuR)nylbxy.

Additional preferred features combination are disclosed below.

Preferably, R" is C(=0)OR®

wherein R® is selected from the group comprising hydrogen, optionally substituted C4-Cg-
alkyl, and optionally substituted C,-Cyo-arylalkyl. Preferably, R® is selected from the group
comprising hydrogen and C4-Cg-alkyl. More preferably, R® is hydrogen or methyl. Even more
preferably, R® is methyl.

Preferably, R?is C(=0)OR’

wherein R’ is selected from the group comprising hydrogen, optionally substituted C-Cg-
alkyl, and optionally substituted C,-Cqo-arylalkyl. Preferably, R’ is selected from the group
comprising hydrogen and C;-Cg-alkyl. More preferably, R” is hydrogen or methyl. Even more
preferably, R” is methyl.

Mixture of Formula 1 (I-LG) Configuration 1 and Formula (I-LG) Configuration 2

The invention is also directed to a mixture of Formula (I-LG) Configuration 1 and Formula (I-
LG) Configuration 2.
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11 (S) PR5 Formula I-R11 Configuration 2 wherein R11 is OH or OS(=0)2R9 and
RL, RR, -4, 1-< R5 and RO are as described above for Formula (I-LG and
st er eoi sowore11/am8286ur e of stereoi somers, and suitabl e saCrEPed1©069327

Addi tional preferred features conbination are disclosed below. Preferably,
Rl is C(=0)0R6 wherein R6 is selected fromthe group conprising hydrogen,
optionally substituted Cl1-C8- al kyl, and optionally substituted

C7- C10- ar y| alskkéme:Re@fcesldFryula®s i s sel ected fromthe group conprising
hydr ogen andRT1is@ntibkgdompdimds (pref erably, R6 ig hydrogen or nethyl. Even
nor e pref er abteyeoisEmers amdtrhixture Pr ef er abl y, “H2 i S C(0) OR7 wherein R7 is

sel ected frothareef ‘gEonflgucatigmsitsinig hydpogefi, 6ptRpnal | y skivselionakgpcl- cs-
al kyl, and opiionally substituted &- - | al k Pr ef elPediected®l is

sel ected fromthe group conprisingehyd ogenF%nd _c8-alkyl. More
preferably, R7 is hydrogen or nethyl. Even nore preferably, R7 is methyl.
Preferred features ad enbodi neAt s desadizbedsghayve are herein |ncorporated

In a second aspect, invenyAon is directed to a conposition conprising
conmpounds of f@r < B(1-H8), (1-F19), (1-LG or mxtures thereof and a
pharnaceu%uca“l ccept Ie carrier or diluent. The person skilled in the

art is fanf*@ar Tau ies, vehicles, excipients, diluents, carriers
or adjuvants th h are U|tab e for the desired phar maceut i cal
fornulatlons ngatlons or nposi ti ons on account of hi s/ her expert
know edge. e adnlnlstratlon of \{ he conpou s, pharmaceuti cal conp05|t|ons
or conbinations according to the rmvention®ils pefformed i

general ly accepted nodes of adm nistraii Vi | |jLJJLtE ﬁ@nalgp

I ntravenous deliveries are preferréd.. &t abl y £t he confpotected conpri ses
conpounds of the general formula (I-%h£8l Gener |1y, the conpositions
according to the invention is admi ni st ered such that the dose of the active
conmpound for imaging is in the rangem@fi r3ilcoMaeiénk NCi) to 740 MBgq (20 nCi).
In particular, a dose in the range from 150 MBq to 370 MBq will be used. In
a preferred enbodinment, the invention relates to a conposition conprising
24189- FIﬁ@WHﬂa(ﬁﬁdéphononethyppentanedl0|c acid, stereoisoners and m xtures
t hereof, and suitable salts thgreof, and pharnaceutically accept abl e
carriers or diluents as descriped above.

0 R
I

R /'T

@]

wherein R" is OH or 0S(=0),R® and R", R?, R*, R°and R® are as described
above for Formula (I-LG) and stereoisomers, mixture of stereoisomers, and

suitable salts thereof.

Preferably, R® is selected from the group comprising C;-Cs-alkyl and phenyl wherein phenyl
is optionally substituted by one or two groups, selected independently from each other, from

the group comprising C4-C, alkyl, C4-C4-alkoxy, halo and nitro.

Preferably, R"" is OH (corresponding to R'?).

Preferably, R"" is methanesulfonyloxy, ethanesulfonyloxy, benzenesulfonyloxy, para-
toluenesulfonyloxy, para-nitrobenzenesulfonyloxy, or naphthalenesulfonyloxy.

More preferably, R""is methanesulfonyloxy, benzenesulfonyloxy, para-toluenesulfonyloxy or

para-nitrobenzenesulfonyloxy.
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In a nore preferred enbodi nent, the invention relates to a conposition
conprising (2R, 4S)- 2-[189-Fl uoro-4-(phosphononet hyl ) pent anedi oi ¢ acid, or
(2S, 4S) - 208011RI78a860- 4- (phosphononet hyl ) pent anedi oi ¢ a®CH/EPRI1RI0GISRT
thereof, and suitable salts thereof, and pharnaceutically acceptable
carriers or diluents as described above. In a particularly preferred

enbodi nent, the invention relates to a conposition conprising

(2S, 4S9) - EY@Bﬁ@mﬁ*ﬂeBUyARCph@&ﬁh@ﬁmﬁyﬁhwkypentanedl0|c acid and suitable
salts thereof, and pharnaceutically acceptable carriers or diluents as
described above. The invention is also directed to a conposi tion conpri sing
conmpoundAdgforabpraigrad feptumEsseMblgfiPhRie disclopedibalew.2 | (1-Fl 9) Configuration 1
or 2, orpﬂyagyyq$,§b@tg@h6and a pharmaceutically acceptable carrler or

di | uent. In a thir ect the invention js direct d to for

obt ai ni nY %'ﬁ%d?n eo(’ﬁ Fagp fhgiozPup coppriing ydrogep. ‘Fﬂt'o@% ly St‘t'l’s“l_“é%d 1 8m xtures

t her eof . aIM‘:‘I:iiﬂd)pfl@falljbh]it&tlﬂl]teﬂg:7(01o-5r1/&)lcyl PFBMaHﬂ?,tR?OﬂSeId@tthrdmeﬂm gralent i fi ed
for obtainin ounds Direct synthesis of
conpound& oG ARRAE Sy i T VR el 5 i ReLeEh o Bl HE Bl B

formul a pnefqra_tgg R°Bimetbyl. net hod: The direct nmethod for obtaining conpounds
of fornmula (I1-FI 8)conprises the steps Coupling conmpound of Fornula (I-LG
with a Fluorine agtom ﬁ% containing noiety wherein the Fluorine atom (F)
contalnlﬁ@#%%Méﬁ?'%%" Bes 18F; Optionally deprotecting conpound of

formul a {herbhd) i9sukédtdd from the group@@?ﬁpﬁﬂﬁ’d hydr HV@’tlbhé'IIQ s@tSHhﬂJtébe@ cPnmpound

into a su t abl e aI The eferre tur a odi nents

il sol os el SnoasIasR oD e arm BT Bl R S et BR S0l her e
i ncor por edregtisingrhefiregerbangd, C it Cealklil. b propdritoyl R g h@d}b@anmrmgatmmmem noge of
formul a Seﬁw&ﬂﬁ}ﬁﬂﬁméﬂﬁrat'on 1 R2 18F Il(s) R4P

Preferably, the compound Formula (I-R11} is fully, partially protected or non-protected.

The term “fully protected compound” means that

R* and R®are selected independently from each other from the group comprising optionally
substituted C4-C4g-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted C;-Cq4-arylalkyl, wherein zero, one or two of the carbon atoms
constituting said alkyl group (gp), cycloalkyl group, or the alkyl portion of said arylalkyl group,
is optionally replaced by -C(=0)-, -NR'"-, or -O- or R* and R® together form an optionally
substituted C,-Ce¢ alkylene tether; and

R® and R’ are selected independently from each other from the group comprising optionally
substituted C4+-C4g-alkyl, optionally substituted C5-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted C;-Cq4-arylalkyl, wherein zero, one or two of the carbon atoms
constituting said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"’-, or -O-; or

R*,R® and R®are as described above and R® is benzyl or triphenylmethyl.

In a further embodiment,

R* and R®are selected independently from each other from the group comprising optionally
substituted C4-C1o-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally substituted Cs-C1o-
aryl, and optionally substituted (Cs-C1o aryl)-methyl, wherein zero, one or two of the carbon
atoms constituting said alkyl or cycloalkyl group is optionally replaced by -C(=0)-, -NR™-, or
-O- or R* and R® together form an optionally substituted C,-C¢ alkylene tether; and
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| VR R5 Formula |1-F18 Configation 1 wherein R1, R2, R4 and R5 are defined
above and functional group(s) are protected or non-protected , preferably
functi onavogroupgsp are non-protected conprises the st @pI/EPSanob9sAT
conmpound of Forrmula (I-LG Configuration 2 R2 Forrmul a 1-F18 Configation
1 wherein R1, R2, R4 and R5 are defined above and functi onal
group(s) are protected and/or Optionally converting obtained conpound into
a sui t abRearsiRtage sélestenirom Mergzoypr ehwrisiby gptionhky dibstidaed BeChollylf @rd obt ai ni ng

conpounds,fa dE-EL Bhafpnfiguration 1 refers to conpounds of
Formul a ?FI) @L%y%r&oﬂgn{{‘@%uézéﬁooaﬁ?eé@mherei n R4 and R5 are benzyl and Rl and R2

are C(=0)O0R6 and C(=0)O0R7, respectively, with R6 and R7 being nmethyl and LG
I s par a- prkdishe R he Ry hi@Xekiec@b thdepsiR efchf b thd gllip Barfafdggur at i on

1. wherein R4 and R5 are hydrogen apnd Rl and R2 ar :OZORG and C(q:O)OR7,
respoct | BRIYEINPHIUAET Gl R DEP R PIUGRS Crrerureivy SPIHEN 1 ect et hod
f or obt asubstitgted@ympags aod opftionalyl sabgtitutéd (CHonyl)-gethgtaan 2 R2 018F

R®and R’ are selected from the group comprising optionally substituted C4-Cg-alkyl, and

optionally substituted C;-Cqo-arylalkyl.

The term “non-protected compound” means that R*, R®, R® and R” or R* R®, R® and R® are
simultaneously a hydrogen atom. In a further embodiment, R*, R?, R® and R’ are

simultaneously a hydrogen atom.

The term “partially protected compound” means any invention compounds that are not

fully protected or non-protected.

More preferably, the compound Formula (I-R11} is fully protected.

Even more preferably, R*and R® are benzyl and R' and R? are C(=0)OR®and C(=0)OR’,
respectively, with R® and R’ being methyl.

Preferred features and embodiments described above are herein incorporated.

Formula (I-R11) Configuration 1

4
R\O/

O—0=—=0

Formula I-R11 Configuration 1

wherein R" is OH or 0S(=0),R? and R", R?, R*, R®and R are as described
above for Formula (I-LG).

Additional preferred features combination are disclosed below.

Preferably, R' is C(=0)OR®

wherein R® is selected from the group comprising hydrogen, optionally substituted C;-Cg-
alkyl, and optionally substituted C,-Cyo-arylalkyl. Preferably, R® is selected from the group
comprising hydrogen and C;-Cg-alkyl. More preferably, R® is hydrogen or methyl. Even more
preferably, R®is hydrogen.
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41 1(S) 0,, 5 Fornula I-F18 Configuration 2wherein RlL, R2, R4 and R5 are
defi ned above and functional group(s) are protected or non-protected,

pr ef er ablwof2anet7szseal group(s) are non-protected conpri PEI/APREOSEEBPT

Coupl i ng conmpound of Formula (I1-LG Configuration 1 R2 (s) OLG (s) O I 105
wherein R1, R2, R4, RS and LG are defined Fornmula |-LG Configuration 1
above and functional group(s) are protected with a Fluorine atom (F)

cont ai ning noi ety wherein the Fluorine atom (F) containing noiety conprises

18F; Opt j;glf@ggly @?@é&bﬁ;‘éhi ng conpound of formula (I1-F18) Configuration 2 4
RO o ’

wherein R’ is selected from the group comprising hydrogen, optionally substituted C4-Cg-

alkyl, and optionally substituted C,-Cyo-arylalkyl. Preferably, R’ is selected from the group

comprising hydrogen and C4-Cg-alkyl. More preferably, R” is hydrogen or methyl. Even more

preferably, R” is hydrogen.
Preferred features and embodiments described above are herein incorporated.

Formula (I-R11) Configuration 2

P [ "

P
o7 | R
@)

Formula I1-R11 Configuration 2

wherein R" is OH or 0S(=0),R? and R", R?, R*, R°and R® are as described
above for Formula (I-LG) and stereoisomers, mixture of stereoisomers, and

suitable salts thereof.

Additional preferred features combination are disclosed below.

Preferably, R' is C(=0)OR®

wherein R® is selected from the group comprising hydrogen, optionally substituted C-Cg-
alkyl, and optionally substituted C;-Co-arylalkyl. Preferably, R® is selected from the group
comprising hydrogen and C;-Cg-alkyl. More preferably, R® is hydrogen or methyl. Even more
preferably, R®is methyl.

Preferably, R? is C(=0)OR’

wherein R’ is selected from the group comprising hydrogen, optionally substituted C4-Cg-
alkyl, and optionally substituted C,-Co-arylalkyl. Preferably, R’ is selected from the group
comprising hydrogen and C4-Csg-alkyl. More preferably, R” is hydrogen or methyl. Even more

preferably, R” is methyl.

Preferred features and embodiments described above are herein incorporated.
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1 I (D5 (R, R2 (S) 18F Fornula I-F18 Configuration 249 wherein R1,

R2, R4 and R5 are defined above and functional group(s) are protected
and/ or QuOI20nal7B386converti ng obt ai ned conpound into a PaTiERRI1IE/06BRT S
thereof. More preferably the direct nethod for obtaining conpounds of
formula (1-FI 8)Configuration 2 refers to conpounds of Fornula (1-LG
Configuration 2: wherein R4 and R5 are benzyl and RL and R2 are C(=0)O0R6and
C(=0) OR7In aw@edtaislv@twhe niveriioREs dirdteRTo & edmpgpsitiet leginprging do®pognds of

her el n 101 g (o ) T Do A IR ) R R e R P o) o,
r espect i G&T8r ordilteRt- R6 and R? be| ng hydrogen I ndi rect nethod: The indirect
met hod f oKe gt KiIBG irciREBAR WESIISf wifrodusmbdes( VerdiesB b aiiidnid, SAkentsh€arfdgPSs

or adjuvants which are suitable for the desired pharmaceutical formulations, preparations or

compositions on account of his/her expert knowledge.

The administration of the compounds, pharmaceutical compositions or combinations

according to the invention is performed in any of the generally accepted modes of

administration available in the art. Intravenous deliveries are preferred.
Preferably, the composition comprises compounds of the general formula (I-F18).

Generally, the compositions according to the invention is administered such that the dose of
the active compound for imaging is in the range of 37 MBq (1 mCi) to 740 MBq (20 mCi). In
particular, a dose in the range from 150 MBq to 370 MBq will be used.

In a preferred embodiment, the invention relates to a composition comprising 2-["®F]-Fluoro-
4-(phosphonomethyl}pentanedioic acid, stereoisomers and mixtures thereof, and suitable

salts thereof, and pharmaceutically acceptable carriers or diluents as described above.

In a more preferred embodiment, the invention relates to a composition comprising (2R,4S)-
2-["®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid, or (2S,4S)-2-["®F]-Fluoro-4-
(phosphonomethyl)pentanedioic acid, mixtures thereof, and suitable salts thereof, and

pharmaceutically acceptable carriers or diluents as described above.

In a particularly preferred embodiment, the invention relates to a composition comprising
(28,48)—2—[1BF]—FIuoro—4—(phosphonomethyl)pentanedioic acid and suitable salts thereof, and

pharmaceutically acceptable carriers or diluents as described above.

The invention is also directed to a composition comprising compounds of formula (I-F18)
Configuration 1 or 2, (I-F19) Configuration 1 or 2, or mixtures thereof and a pharmaceutically

acceptable carrier or diluent.

In a third aspect, the invention is directed to methods for obtaining compounds of formula |,
(I-F18), (I-F19), (I-LG) or mixtures thereof.

Method for obtaining (I-F18):

Two methods have been identified for obtaining compounds of formula (I-F18):
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Coupl i ng conmpound of Formula X with a Fluorine atom (F) containing noiety
wherein the Fluorine atom (F) containing noiety conprises 18F for obtaining
a conpourmioab11fosasal a X- F18 wherein R2 18F )' LG R2 ) 18FrHRZE¥RRI0/05982H Cl RL 2
X-F18 wherein RL is C(=0)0R6 ; R2 is selected fromthe group conprising
C(=0) OR7, or

- Direct synthesis of compounds of formula (I-F18) and

- Indirect synthesis of compounds of formula (I-F18).

Direct method:
The direct method for obtaining compounds of formula (I-F18) comprises the steps
- Coupling compound of Formula (I-LG) with a Fluorine atom (F) containing
moiety wherein the Fluorine atom (F) containing moiety comprises "°F;
- Optionally deprotecting compound of formula (I-F18) and/or

- Optionally converting obtained compound into a suitable salts thereof.

The preferred features and embodiments disclosed for compounds of general formula (I-LG)

and (I-F18) are herein incorporated.

Preferably, the direct method for obtaining compounds of formula (I-F18) Configuration 1
2

R
(S
(|D| 18F
4 (S
R\O/T R1
O . wherein R', R?, R* and R® are defined above
R
and functional group(s) are protected or non-
Formula I-F18 Configation 1 protected , preferably functional group(s) are

non-protected
comprises the steps

- Coupling compound of Formula (I-LG) Configuration 2

(@]

RY |F|>
\o/l
O

wherein R', R?, R*, R® and LG are defined
Formula I-LG Configuration 2

above and functional group(s) are protected
with a Fluorine atom (F) containing moiety wherein the Fluorine atom (F)
containing moiety comprises "F;

- Optionally deprotecting compound of formula (I-F18) Configuration 1

Formula I-F 18 Configation 1
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wherein the asterisk indicates the point of attachnent to fornula X and

X- F18; R6 and R7 are sel ected i ndependently from each other fromthe
group comupoi2eiwg3isgdr ogen, optionally substituted Cl- Clecalgrgéio/oese? onal ly
substituted C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, or
optionally substituted C7-Cl4-aryl al kyl, wherein zero, one or tw of the
carbon atons constituting said al kyl group, cl oal kyl group, or the al kyl
portion of said arylal kyl group, is wp@remrﬁl R%j Repiddexe tafineCabdp- , - NR19-,
or -0-; R8is selected fromthe grou |

tri phenyl methyl; LG is an appropriat g”f@g%ha p&gu gre%ﬁggtfggﬁ%r omthe
group conprising ¢hitigrdly corsAtI PG CQWHOU@SHNQ@)SEF@b RYsiheredh| ect ed from
t he group conprising Cl-Ca-al kyl, CLlC4-hal oal kyl, and phenyl wher ei n al kyl
and phenyl are o naII substlt ted b one rou sel ected

i ndepend®&ftq RfefPFagh‘r g‘&é’ﬁe {pfpod T %Fﬁ”ﬂ”l’ﬂe OdTFFZS’HB‘?Sc‘Hﬁ?J 9(}51 P%W?ﬁl kyl,

Cr ar al koxyefersad o, cyano and nitro; R19 i s sel ected fromthe group

conpri si ng hydr I, Coupling a conpound of

Fornmul a X-F18 W ﬁunds 4LFOrmuuﬁlladéf"\'{#37POH‘dU % " for obtaining a conpound of
fornul a (I-F1@)er@n®* en@RRarepenzydand R' gnd' RzFarg €(=0)OR’and C(=O)OR’,

respectively, with R® and R’ being methyl and LG is para-toluenesulfonyloxy, and
- compounds of formula (I-F18) Configuration 1:

wherein R* and R® are hydrogen and R' and R? are C(=0)OR®and C(=0)OR’,
respectively, with R® and R’ being hydrogen.

Preferably, the direct method for obtaining compounds of formula (I-F18) Configuration 2

R
®J,
4 lcl) (S) I18F
R\O/Fl> R
O\RS
Formula I-F18 Configuration 2 wherein R', R?, R* and R® are defined above

and functional group(s) are protected or non-
protected, preferably functional group(s) are non-
protected

comprises the steps

- Coupling compound of Formula (I-LG) Configuration 1

LG

wherein R', R?, R*, R® and LG are defined
Formula I-LG Configuration 1
above and functional group(s) are protected
with a Fluorine atom (F) containing moiety wherein the Fluorine atom (F) containing
moiety comprises °F;

- Optionally deprotecting compound of formula (I-F18) Configuration 2
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R2 )%8F Ri R -R- XI X-F181-F1 8 wherein RL is C(=0)0R6 ; R2 is

sel ected fromthe group conprising C(=0)0R7, or wherein the asterisk

i ndi cat eswohe11posasb of attachnent to fornula X-F18 and PCEER201RA6®m2T RS are
sel ected i ndependently from each other fromthe group conprising hydrogen,
optionally substituted Cl-Cl0-al kyl, optionally substituted
C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, and optionally
substituted C7-Cl4-aryl al kyl, wherein zero, one or two of the carbon atons

constituting said al kyl group, CyC|Oﬁh&¥%FQERUHRA%%Fg?ﬁ3&¥hé%8@9égio?o?f
( , , ,

said arylal kyl group, is optionally replaced by -C(= or

and functional group(s) are protected and/or

- Optionally converting obtained compound into a suitable salts thereof.

More preferably the direct method for obtaining compounds of formula (I-F18) Configuration
2 refers to
- compounds of Formula (I-LG) Configuration 2:
wherein R* and R® are benzyl and R" and R? are C(=0)OR®and C(=0)OR’,
respectively, with R® and R’ being methyl and LG is para-toluenesulfonyloxy, and
- compounds of formula (I-F18) Configuration 1:
wherein R* and R® are hydrogen and R' and R? are C(=0)OR®and C(=0)OR’,
respectively, with R® and R being hydrogen.

Indirect method:
The indirect method for obtaining compounds of formula (I-F18) comprises the steps
- Coupling compound of Formula X with a Fluorine atom (F) containing moiety
wherein the Fluorine atom (F) containing moiety comprises '°F for obtaining a

compound of formula X-F18

wherein
2
R? R
18
LG F N "F
]
H,C R’ H,C R
X X-F18
wherein
R'is C(=0)OR?;
R? is selected from the group comprising
C(=0)OR’, or
N—l\<\
AN
)
RS

wherein the asterisk indicates the point of attachment to formula X and X-F18;
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R4 and R5 together forman optionally substituted C2-C6 al kyl ene tether; R6
and R7 are selected independently fromeach other fromthe group conprising
hydr ogen,wopbilaadsby substituted Cl-Cl0-al kyl, opti onal IPgTawPbE&EI06s2Ed
C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, or optionally
substituted C7-Cl4-aryl al kyl, wherein zero, one or two of the carbon atons
constituting said alkyl group, cycloalkyl group, or the alkyl portion of
said aryl al kyl gr &®ipndiR§ acqmelwteadllmqepemnaxﬁz@fnbych@maﬂmtheglr%llb- or -0-; R8

is selected fromt r R%%”C I [ t hyl
Rl is selected frocgﬁpﬁglt%lr ou%{(m : IH;%I QMG% g@/(l %%ron%&sg?g%%ﬁgcetyl
Opti onal |y depr ot éétQ7rﬁ»‘qC|@Qi%dlﬁ>H@f‘9dJV S‘#Q?F'Wiﬁdzﬁe(qw F”]{' 8) orfigaRllyrsu f@}{t?(bnal |y

converting obtai netl.«oaReMydwhEtd Rrs Bhd arbthe osﬁqlefcgrbbh%fo%foonér h&ingr ef erred
features discl osed for compound %ﬂge er al r mul |-F1 8) are

her ei n i ncor por at &' Rt HBLP 470 PR r?('jtr(elaﬁyi@ﬂmon Gf\ﬁﬂ'gﬁ@f?ﬂ‘%émH%\}% been
identified for obto@tmmamgraptma@w\dx Of-, -NRﬁomdrao(l F1 9): Direct synthesis

of conpounds of f and In L.reg nthesi s of coQ ds of
Pormia (171 9) . Tt el S colpruld Bl ek o Bpar AN o rpounds

of formula (I-F1 9Gisanpgrproptiate legvisy elosp, sRieatet imuy the gronpoemerisafy f or mul a
I-R1L 1 R ...... jctoro%oud@!ﬁeérﬁ"b pRe OH or O5(=0)2R9 and R1, R2, 1-(4
, R5 and R9 are def|ne ove Wwth a F uorlne atom (F) containing noiety
wherei n the FI uorifés sesaqfom &‘Gﬂf%prﬁoﬁ’@”?ﬁﬁ et-§+elbviprrSewioaly!, a”%)tl onal | y
deprotecting conmpuBAllQfherdn m&@né bhdrPare aptbirnany subsfitued al bile s0HVESIET Ng

obt ai ned conpound into shj Leg] sa tﬁ her e f't Thﬁqjﬁreferred features and
embodi ment s di scl @MW HYEC r’r%%ﬁ Y UER&RG] Ot TRI 416 IredPICogiRySIg - F19) are
her ei n i ncor por at &-Cs-alkyl, C4-C4-haloalkyl, C4-C4-alkoxy, halo, cyano, and nitro;

R' is selected from the group comprising hydrogen, C;-C4-alkyl, and acetyl;

- Coupling a compound of Formula X-F18 with a compound of formula XI for

obtaining a compound of formula (I-F18)

R’ ~&
Il
RY PH °F 0 °F
\O/CI) + ) !
— R P
R H,C R’ o7 R’
O\RS
Xl X-F18 I-F18
wherein
R'is C(=0)OR®;
R? is selected from the group comprising
C(=0)OR’, or
N—l\\l\
AN
)
RS

wherein the asterisk indicates the point of attachment to formula X-F18 and I-
F18;
R* and R® are selected independently from each other from the group

comprising hydrogen, optionally substituted C4-C1o-alkyl, optionally substituted
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Preferably, the direct nethod for obtaining conpounds of formula (I-F19)
Configuration 1 R2 (s) I., O"*...... -19F 411 (S) R-. .P,v- 1 0 IRwherein R1,
R2, R4 arwlORB11zn7828def i ned above \ Rband functi onal group@€)/ERe@opsmstect ed or
non- Formula |-F19 Configuration lprotected, preferably functional group(s)
are non- protected conprises the steps Reacting a conpound of formula
| -R11 Configuration 2 R (R) 011(S) R4,POIRL O5R

C;-Cs-cycloalkyl, optionally substituted Ce-Cqo-aryl, and optionally substituted

C+-Cys-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR'’-, or -O-, or

R*and R® together form an optionally substituted C,-C¢ alkylene tether;

R® and R’ are selected independently from each other from the group
comprising hydrogen, optionally substituted C4-C1o-alkyl, optionally substituted
Cs-Cs-cycloalkyl, optionally substituted Ce-C1o-aryl, or optionally substituted
C+-Cys-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"’-, or -O-;

R? is selected from the group comprising hydrogen, benzyl or triphenylmethyl;

R' s selected from the group comprising hydrogen, C4-C4-alkyl, and acetyl;

- Optionally deprotecting compound of formula (I-F18) and/or

- Optionally converting obtained compound into a suitable salts thereof.

The preferred features disclosed for compound of general formula (I-LG) and (I-F18) are

herein incorporated.

Method for obtaining (1-F19):

Two methods have been identified for obtaining compounds of formula (I-F19):
- Direct synthesis of compounds of formula (I-F19) and

- Indirect synthesis of compounds of formula (I-F19).

Direct method:
The_direct method for obtaining compounds of formula (I-F19) comprises the steps

- Reacting a compound of formula I-R11

I-R11
wherein R" is OH or 0S(=0),R%and R", R?, R*, R® and R® are defined above

with a Fluorine atom (F) containing moiety wherein the Fluorine atom (F)

containing moiety comprises '°F;
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wherein R11 is OH or OS(=0)2R9and R1, R2, R4, Formula |I-R11 Configuration 2
R5 and R9 are defined above and functional group(s) are protected with a
Fl uori ne wibami(@@}p286ont ai ni ng noi ety wherein the Fl uori n@CatEPro10/659827

contai ning noiety conprises 19F;, Optionally deprotecting conpound of
formula (1-F19) Configuration 1 R2 o (S) 19F 4. Il (S) Ol '-R

- Optionally deprotecting compound of formula (I-F19) and/or

- Optionally converting obtained compound into suitable salts-thereof.

The preferred features and embodiments disclosed for compound of general formula I-R11
and (I-F19) are herein incorporated.

Preferably, the direct method for obtaining compounds of formula (I-F19) Configuration 1

wherein R', R?, R* and R® are defined above
and functional group(s) are protected or non-

Formula I-F19 Configuration 1 .
protected, preferably functional group(s) are non-

protected

comprises the steps

- Reacting a compound of formula I-R11 Configuration 2

i A

i 1
07| R
0

Formula R 11 Configuration 2 WNerein R"is OH or OS(=0)%,R%and R', R?, R*,
R® and R? are defined above and functional
group(s) are protected

with a Fluorine atom (F) containing moiety wherein the Fluorine atom (F)
containing moiety comprises '°F;

- Optionally deprotecting compound of formula (I-F19) Configuration 1

wherein R', R?, R* and R® are defined above
Formula I-F19 Configuration 1

and functional group(s) are protected and/or
- Optionally converting obtained compound into suitable salts thereof.

More preferably, the direct method for obtaining compounds of formula (I-F19) Configuration
1 refers to
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0. 5 Rwherein Rl, R2, R4 and R5 are defined above Formula |-F19
Configuration 1 and functional group(s) are
pr ot ect edwarndiiar73®pt i onal | y converti ng obtai ned conmpoun@Cirrepreo1sosesabl e
salts thereof. Mire preferably, the direct nethod for obtaining conpounds
of formula (I-Fl 9)Configuration 1 refers to conpound of Fornmula I-R11
Configuration 2. R4 and R5 are benzyl and RlL and R2 are C(=0)0R6and

C(=0) OR7, res—perrlpbwryFormulmlRm godfigatibe2ng nmet hyl and R11 is hydroxyl,

conmpound of ferpyla (ré %&Rg)an hgfyzg,telétn iORevglﬂg\r/CgT d% @E&Rg{%hﬁmhhydr ogen

and Rl and R2 are ectl d R7 being
hydr ogen. Pr &t andti e'”ﬂh@thydi?rﬁfé " isniydrros for obt ai n| ng corrpounds of fornula

(1-F19) Conf |_g5éﬁggu&{bf2orﬁa|aqme+§ @Ohﬁgg}atﬁnﬁor mula |-F19 Confl guration 2
wherei n R1,

defined ,abaove an Lion p(s) are
protected or ‘Wlfﬁe"ﬂ)ﬁo?%q:'t?e%fe hkﬁ?@@‘iﬂﬁlﬁ’l% gt tair%elﬁlolgaﬁoﬂ}?( Ogt?'%u
non- pr ot ect edespeatifely, a/&is R hed Rt leghgg hydeeni ng a conpound of formula |-R11
Configuration 1 R2 11(S)

Preferably, the direct method for obtaining compounds of formula (I-F19) Configuration 2

wherein R', R?, R* and R® are defined above
and functional group(s) are protected or non-
Formula I-F19 Configuration 2 .

protected, preferably functional group(s) are non-

protected

comprises the steps

- Reacting a compound of formula I-R11 Configuration 1

Formula I-R11 Configuration 1 Wherein R' is OH or 0S(=0),R’and R', R*, R*,
R® and R? are defined above and functional
group(s) are protected
with a Fluorine atom (F) containing moiety wherein the Fluorine atom (F)
containing moiety comprises '°F;

- Optionally deprotecting compound of formula (I-F19) Configuration 1

wherein R', R?, R* and R® are defined above
Formula I-F19 Configuration 2 .
and functional group(s) are protected and/or

- Optionally converting obtained compound into suitable salts thereof.
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101 5 Formula I-R1L Configuration 1 wherein R11 is OH or OS(=0)2R9and, R2,
R4, 1 R5 and RO are defined above and functional group(s) are protected
wi th a Flworhn#g7atsem (F) contai ni ng noi ety wherein the PCh@mPone/0648em ( F)
contai ning noiety conprises 19F;, Optionally deprotecting conpound of
formula (1-F19) Configuration 1 R2 (R) 019F II(s) IR4? O 1 0., 5 wherein
Rl, R2, R4 and R5 are defined above Fornula |I-F19 Configuration 2

and f uncWMpenakferpblydipd difechmethpd & ebtamihgaaahboundSypf foomalk (- 18p Goefiguiatign obt ai ned
compound, it Qsuitable salts thereof. Mre preferably the direct nethod

for obtalning conpounds of fornula (1-F1 9) Configuration 2 refers to
- compound of Formula I-R11 Configuration 1:

R* and R® are benzyl and R' and R? are C(=0)OR®and C(=0)OR’, respectively, with
R® and R’ being methyl and R"" is hydroxy,

- compound of formula (I-F19) Configuration 2:

wherein R* and R® are hydrogen and R' and R? are C(=0)OR®and C(=0)OR’,
respectively, with R® and R’ being hydrogen.

Indirect method:
The indirect method for obtaining compounds of formula (I-F19) comprises the steps
- Reacting compound of Formula Xl with a Fluorine atom (F) containing moiety
wherein the Fluorine atom (F) containing moiety comprises '°F for obtaining a

compound of formula X-F19

wherein
R R’
RM F19 19
1
H,C R’ H,C R
Xl X-F19
wherein

R'is C(=0)OR® ;
R2 is C(=0)OR’, or

wherein the asterisk indicates the point of attachment to formula XII and X-
F19;

R® and R’ are selected independently from each other from the group
comprising hydrogen, optionally substituted C4-Cqo-alkyl, optionally substituted
Cs-Cs-cycloalkyl, optionally substituted Ce-Cqo-aryl, and optionally substituted

C+-Cyg-arylalkyl, wherein zero, one or two of the carbon atoms constituting
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- conmpound of Formula I-R1 1 Configuration 1: R4 and R5 are benzyl and Rl
and R2 are C(=0)0R6 and C(=0)0R7, respectively, wwth R6 and R7 being nethyl
and R11 iwoOhlydroossss conpound of fornmula (1-F1 9) Confi garatrean/02982nwher ei n
R4 and R5 are hydrogen and RlL and R2 are C(=0)0R6 and C(=0) ORT,
respectively, with R6 and R7 being hydrogen. Indirect nmethod: The indirect
nmet hod for obtaining conpounds of formula (I-F1 9) conprises the steps
React i ng conpound seid akyt grali@a citidalkyil groum oFtheclkyheortidnosfiséiarydadii arionp,rigy noi et y

oot v o BBl Ryabf Mg gy com se2, 197 Tor i o
© R2 is C(=0)0R7, Fors $gacted from ke ggauppgmprising hydrogen, benzyl, or triphenylmethyl;

R? is selected from the group comprising C+-C4-alkyl, C-C,-haloalkyl, and

phenyl, wherein alkyl and phenyl are optionally substituted by one or multiple

groups, selected independently from each other, from the group comprising

C+-Cy-alkyl, C4-Cs-haloalkyl, C4+-C4-alkoxy, halo, cyano, and nitro;

R" is selected from the group comprising hydrogen, Cs-Cs-alkyl, and acetyl,;

R is OH or OS(=0):R?,

- Coupling a compound of Formula X-F19 with a compound of formula XI for
obtaining a compound of formula (I-F19)

wherein
2 R2
(@]
R4\ !:I’H % 0 °F
o7l + I
— R P
RS HCZ R’ o7 R’
O\RS
Xl X-F19 I-F19
wherein
R'is C(=O)OR6 ;
R?is C(=0)OR’, or
1\
AN
|
RS

wherein the asterisk indicates the point of attachment to formula X-F19 and (I-
F19);

R* and R® are selected independently from each other from the group
camprising hydrogen, optionally substituted C4-Cqo-alkyl, optionally substituted
C;-Cs-cycloalkyl, optionally substituted Ce-Cqo-aryl, and optionally substituted
C+-Cys-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"’-, or -O-, or,
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wherein the asterisk indicates the point of attachnent to fornula XII and
X-F19; R6 and R7 are sel ected i ndependently from each other fromthe group
conpri si Myolyydraogassa, optionally substituted Cl-Cl0-al kylPCTaPRé10M0648RY
substituted C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, and
optionally substituted C7-Cl4-aryl al kyl, wherein zero, one or tw of the
carbon atons constituting said al kyl group, cycloal kyl group, or the alkyl
portion of said arRflaat iR ltoggtheuformias opiixnatynsibstitutee G186 etitylbye te®er0) -, - NR10O-,
or -0-; Rg is sel L 1.Si RIER zyl, or

tri phenyl net hyl ; %gtaﬁgg;g%ceﬁ%%dgﬁ%%g?cﬁegﬂ%ﬁ%ﬁ eg%‘oé}r%%irfsi nge(q,lrbtagt - al kyl,
C1C4- hal oal kyl , arf@mprgEmg/Nydregesr@atinnaly Byps Ialﬁmp %h%ﬂn*ﬁllkWa@@'Oﬁﬁi’tYiS@h%th?X
substituted by onetsftrrcwbakp,lcﬁ)ti&&myQ@ostiﬁjﬁidmcﬁgawdﬁ@sﬂ@ﬁmylsx.bétruﬂ@a each
other, fromthe grou risin - hal pal kyl , Cr Gral koxy,

CO . Cl- C4-al kyl , gl e O
hal o, cyano, and Mft6aVERYs WheENEIRANE Pbt%‘Ptoﬁ eGRBap @ ME9hydr ogen,
Cl- C4-al kyl, and aekitajyl grofd, cydodltyl groul)s( #2)alyBportior(afspiiangaieyl geopasind of

Formula X-F19 with a conpound. of formulaqXl_for obtaining a conpound of
formula (1-F19) wh ﬁ%ﬁaﬁ%.p.%c.eq %( fgl‘:‘éﬁg‘% RAR"411 u & 5 N R XI X-F191-F1 9
wherein R1 is :@8mle,ctﬂ2frdn$th@(gf®p0ﬂmpri@mg hydrogen, benzyl, or triphenylmethyl;

R" s selected from the group comprising hydrogen, C4-C4-alkyl, and acetyl;

- Optionally deprotecting compound of formula (I-F19) and/or

- Optionally converting obtained compound into a suitable salts thereof.

Preferably, the_indirect method for obtaining compounds of formula (I-F19) Configuration 1

wherein R', R?, R* and R® are defined above
and functional group(s) are protected or non-
Formula I-F19 Configuration 1 .

protected, preferably functional group(s) are non-

protected

comprises the steps
- i. Reacting a compound of formula XII with a Fluorine atom (F) containing
moiety wherein the Fluorine atom (F) containing moiety comprises "°F for
obtaining a compound of formula X-F19, followed by a separation of the
enantiomers (S)-X-F19 and (R)-X-F19

R? R? R’ R
Enantiomer  (S) (R)
1 separation 19 .
R F19 9 P F o+ S
H,C R’ H,C R’ H,C R’ H,C R

Xl X-F19 (S)-X-F19 (R)-X-F19
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wherein the asterisk indicates the point of attachment to formula X-F19 and
(IPF 19); R4 and R5 are sel ected independently fromeach other fromthe
group comupoi2eiwg3isgdr ogen, optionally substituted Cl- Clecalgrgéio/oese? onal ly
substituted C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, and
optionally substituted C7-Cl4-aryl al kyl, wherein zero, one or tw of the
carbon atons constituting said al kyl group, cycloal kyl group, or the al kyl
portion of said ariyCalping thgreoapijonies (Ypt-Fohaith § coreprivad etifotngula E{ to@jve, - NR10-,
or -0-, or, R4 : i I i ed C2-C6

al kyl ene tether; %§%5§§“§99§%§9§EF§£fgggfﬁ éggﬁ%gﬁ%féggé%hﬁg%bh ot her from
the group conprising hydrogen, optionally substituted Cl-Cl10-al kyl,
optionally substituted C3-Cr-cycloal kyd, optionally substitutedRz

C6- C10-aryl, and optionally substitufed C7-Cl4-arylal kyl, whergilh zero, one
or two of the_gcarb atons constituti said al kyl group, cycl Eyl group,
or the alkyl 5BF@V of saipd arylal kyl group, is optionaH y rdpl aced by
-C(=0)-, -NRL1O-, 0D Q-; R8 is selgxted fromthesgredp c 'ng hydr ogen
benzyl, or triphenyl fethyl; Rl Hf“selBcted fromthe grépl cOhpriRsi ng

hydr ogen, Cl-C4-al kyl, and acetyl; Optionally deprotectﬁﬁgRaonpound of
formula (1-F19) gnd/or Optionalls)Xererti ng obtai ned conpoupgqg nto a
suitable salts thereof. Preferably, the indirect nmethod for obtaining
conpounds of for miblewed b e)seGamfiongtieradi alinwibg fortier iedlatioRDf cdBpouRds end R5 ar e

defined above a”dtﬁ&Qﬁ%MQH-19?&8%@&&%0@56 protected or non-protected,
I ( ar

preferably functional group(s non- protected Formula |-F19

Configuration 1 conprises the steps i. Reacting a conpound of formula

X'l with a Fluorine atom gF) containing noiety wherein the Fluorine atom

(F) containing noiety c rises 19F for obtaini ngRa conmpound of for a

X-F19, fol lowed by a sepafaliqp,of the enantiomevg (S)-X-F19 and ( Ry- - F19
19

N

H2 C R2 -Ril ﬁ (RS) separation 0 F Q 1
RA___P 1 . I + H (R)
6] I R R\O/llD 1 \O/ | \\““ R1
O\R5 0] R O\ 5
~RS R

I-F19 I-F19 Configuration 1

- Optionally deprotecting compound of formula (I-F19) Configuration 1

wherein R', R?, R* and R® are defined above
Formula I-F19 Configuration 1 .
and functional group(s) are protected and/or

- Optionally converting obtained compound into suitable salts thereof.

More preferably, the indirect method for obtaining compounds of formula (I-F19)
Configuration 1 refers to
- compound of Formula (S)-X-F-19:
R' and R? are C(=0)OR® and C(=0)OR’, respectively, with R® and R” being methyl,
- compound of the formula XI:
R* and R® are benzyl,
- compound of formula (I-F19) Configuration 1:
wherein R* and R® are hydrogen and R' and R? are C(=0)OR®and C(=0)OR’,
respectively, with R® and R’ being hydrogen.
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R XIl F19 R2 )19F Rl Enantioner separation R2 (S) 19F R1 (S)-X-F19
H2C. Rl (R -X-F19 R2 (R) 19F

WO 2011/073286 PCT/EP2010/069827

Preferably, the_indirect method for obtaining compounds of formula (I-F19) Configuration 2

? "19F
RY P
\O/(l) R'

wherein R', R?, R* and R® are defined above
N5

and functional group(s) are protected or non-

protected, preferably functional group(s) are non-
protected

Formula I-F19 Configuration 2

comprises the steps

i. Reacting a compound of formula XlII with a Fluorine atom (F) containing
moiety wherein the Fluorine atom (F) containing moiety comprises "°F for
obtaining a compound of formula X-F19, followed by a separation of the
enantiomers (S)-X-F19 and (R)-X-F19

R’ R’
Enantiomer
R“ F19 s separahon
—_—
H,c”™ "R’ H,C”" "R’

Xl X-F19 (S)-X-F19 (R)-X-F19

ii. Coupling the enantiomer (R)-X-F19 with a compound of formula Xl to give

compounds of the formula (I-F19) as a mixture of two stereocisomers,

R
ﬁ (R) (R)
R\___PH "F 0 19
o] CI) + " I|:! (RS)
S

~R® H,C R’ \o/ | R
O\R5

Xl (R)-X-F19 I-F19

followed by the separation thereof allowing for the isolation of compounds of
the formula (I-F19) Configuration 2
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H2C- . P\ X-F19 H2C. 1?2\ ii. Coupling the enantiomer (S)-X-F19 with a
conpound of fornmula Xl to give conpounds of the forrmula (I-FlI 9)as a
m Xt ure oVotzeam/Esmreoi soners, RZR2 (S)(S) isr '19F || PRBEPLIBBHBC 5: >\ R1

R® , i
(R) R R
"o | (R) R
0 F |somer ,, -
4 Il ®s) separation 0 19g (|)| F
R\ P ; _— ” (S) + R4 b (R)
o™ | R R\ _P 1 ANNR
S o™ | R o R
\RS 0 O\ ]
\RS R
I-F19 I-F19 Configuration 2

wherein R', R?, R* and R® are defined above
F la I-F19 Configuration 2
ormua ontigtiration and functional group(s) are protected and/or

- Optionally converting obtained compound into suitable salts thereof.

More preferably, the indirect method for obtaining compounds of formula (I-F19)
Configuration 2 refers to
- compound of Formula (R)-X-F-19:
R' and R? are C(=0)OR® and C(=0)OR’, respectively, with R® and R” being methyl,
- compound of the formula XI:
R* and R® are benzyl,
- compound of formula (I-F19) Configuration 2:
wherein R* and R® are hydrogen and R' and R? are C(=0)OR®and C(=0)COR’,
respectively, with R® and R’ being hydrogen.

Preferably, the indirect method for obtaining (I-F19) is concerning compound of formula (I-
F19), X-F19 or Xl wherein
R'is C(=0)OR?;
R?is C(=0)OR";
R* and R® are selected independently from each other from the group
comprising optionally substituted C¢-Cg-alkyl and optionally substituted C7-Co-
arylalkyl; and
R® and R are selected independently from each other from the group
comprising optionally substituted C4-Cs-alkyl and optionally substituted C;-Cy¢-
arylalkyl.
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5 R (S)-X-F191-F19 foll owed by the separation thereof allowing for the

| sol ati on of conpounds of the fornmula (I-FI 9)Configuration 1 (S) R2 19F

| soner sewenatwsm3iOF19F R?, Ip O IRL 11(s)I1(R) (S.)I|.. PRIRP2Q0BES2T - F19
Configuration 1 Optionally deprotecting conmpound of formula (I-F19)
Configuration 1 R2 wherein Rl, R2, R4 and R5 are defined above and
functional group(s) are protected and/or Optionally converting obtained
conmpound into suitable salts thereof. More preferably, the indirect method

for obt a*l'ﬁﬁ &gfeﬁgmwgssdigglosfeg?Jml)@lp&dn'd%}agne%%rirﬂ%r(aﬂQ%relhérgﬁer s to

incorporated.

Method for obtaining (I-LG):

Two methods have been identified for obtaining compounds of formula (I-LG):

- Direct synthesis of compounds of formula (I-LG) and

- Indirect synthesis of compounds of formula (I-LG).

Direct method:
The direct method for obtaining compound of Formula (I-LG) comprises the steps
- Coupling compound of Formula I-R12 with an agent suitable for conversion of
R' into an LG moiety as defined supra, such as an appropriate sulfonyl
halide, sulfonyl anhydride (for the introduction of OS-(=0),R?), or a
combination of phosphane, such as triphenyl phosphane, and a carbon
tetrahalide, such as tetrabromomethane (for the introduction of chloro, bromo,

and iodo).

LG

I-R12 R I-LG
wherein
R'is C(=0)OR?;
R?is C(=0)OR’, or

N_

AN

wherein the asterisk indicates the point of attachment to formula I-R12 and (I-LG);

R is OH,

LG is an appropriate leaving group, selected from the group comprising chloro, bromo,
iodo, and -OS(=0),R?,
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conpound of Formula (S)-X-F-19: Rl and R2 are C(=0)0R6and C(=0)O0R7,
respectively, wwth R6 and R7 being nethyl, conpound of the fornmula Xl: R4
and R5 arwohlenzyB286 conpound of forrmula (I-F19) Confi gurariErr010/0698h®rei n R4
and R5 are hydrogen and Rl and R2 are C(=0) OR6and C(=0)0R7, respectively,
with R6 and R7 being hydrogen. Preferably, the indirect nethod for

obt ai ni ng conpounds of fornula (I-F19) Configuration 2 R2 (R) 0" ' 19F

11 (s) 0 | RRRaRoRfateselectetiIndeparidegtly faem eactotivdrdios the Rbup BOmpriRdhgand R5 ar e
defined above and ' - ; rcotect ed,
preferably functi ggg@%ﬁr’%%{] ?J%E&tﬁ%d%?6?%@@’?&“%3%%&@@?%%&’%&eps -i.

) Y Are ‘non- ( .
Reacting a corrpourﬁ?Md@q”k&ﬁ,(ﬂPRﬂ]aély %!qSt'WBQH£3791FﬁWbﬁﬂ%@t@ﬂ@m*ﬁt't‘&%@HPm ng

noi ety wherein t henffhik@iiHeeiRk&s) dnBlor GRNGAEMSHNMRbAE YorkOid shsald@F for
obtai ning a conpound of fornmula X-F19, foll _ovveg bX a ﬁ(e arat|on of the
alkyl portion of said aryla

enanti omers (S)- X-9F0: Yrpaf)arn=goihe yl group, is optionally
replaced by -C(=0)-, -NR"’-, or -O-,

or R* and R® together form an optionally substituted C»-Cs alkylene tether;

R® and R are selected independently from each other, from the group comprising
hydrogen, optionally substituted C4-Cqo-alkyl, optionally substituted Cs-C+-
cycloalkyl, optionally substituted Cs-Cyo-aryl, and optionally substituted C7-C14-
arylalkyl, wherein zero, one or two of the carbon atoms constituting said alkyl
group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is optionally
replaced by -C(=0)-, -NR'’-, or -O-;

R®is selected from the group comprising hydrogen, benzyl, or triphenylmethyl;

R? is selected from the group comprising C;-C4-alkyl, C4-C,-haloalkyl, and phenyl,
wherein alkyl and phenyl are optionally substituted by one ore multiple groups,
selected independently from each other, from the group comprising of C4-Cy-
alkyl, C4-C4-haloalkyl, C4-Cg4-alkoxy, halo, cyano, and nitro;

R' is selected from the group comprising hydrogen, C-C4-alkyl, and acetyl;

and stereoisomers, stereoisomeric mixtures, and suitable salts thereof,

- Optionally deprotecting compound of formula (I-LG) and/or

- Optionally converting obtained compound into a suitable salts thereof.

Preferably, the direct method for obtaining compound of Formula (I-LG) configuration 1

()
ﬁ LG
()
RY P
\O/I R
o)

~g’ wherein R', R?, R*, R®and LG are

Formula I-LG Configuration 1 defined above and functional group(s) are
protected
comprises the step
- Coupling compound of Formula I-R12 configuration 1 with an agent suitable

for conversion of R into an LG moiety as defined supra,
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ii. Coupling the enantionmer (R)-X-F19 with a conpound of fornmula Xl to give
conpounds of the fornmula (I-FI 9)as a m xture of two stereoi soners, R2R2 |

| (R) (R) OwBLbine7328PH ' 19F0119F OI-1-1 | (RS) O\ 5 H2CRPREEPANI06IR270 | O
NRS Xl (R)-X-F191-F19 foll owed by the separation thereof allow ng for the

I sol ati on of compounds of the fornmula (I-Fl 9)Configuration 2

R
(s) R’
0 R"2 (s)
I (s) 0 LG
4 ———
R\O/Fl’ o . Il (s)
RN AP 1
O s o7 | R
O\RS
I-R12 Configuration 1 I-LG Configuration 1

The preferred features disclosed for R', R?,R* ,R*,R® ,R", R% R% LG and R are herein

incorporated.

Preferably, the direct method for obtaining compound of Formula (I-LG) configuration 2

R2

R
ﬁ LG
)
R P
\O/I R . 1 2 4 5
O\R5 wherein R', R, R*, R°>and LG are

1

Formula I-LG Configuration 2 defined above and functional group(s) are
protected
comprises the step
- Coupling compound of Formula I-R12 configuration 2 with an agent suitable

for conversion of R'? into an LG moiety as defined supra,

R
(R) R®
o ey 12 (R)
I
4 (S) _— 0 LG
R\O/FI’ R o IF! (S)
O\R5 \O/ I R']
O
\RS
I-R12 Configuration 2 I-LG Configuration 2

The preferred features disclosed for R', R? R R®, R® ,R”,R®% R?, LG and R are herein

incorporated.

Indirect method:
The indirect method for obtaining (I-LG) comprises the steps
- Coupling a compound of Formula XI with a compound of formula X-LG for
obtaining a compound of formula (I-LG)
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R2 (R) 9F Isoner separationO 4l1(s) 01 5 RR2 )(R ,(R '19F0. 119F +411(R)
R.O0.F"'....,,,)"..NR 05 R [I-F191-F19 Configuration 2 Optionally
depr ot ectwogotartpasand of forrmula (I-F19) Configuration PCT/EP2010/069827

R
R2
0
R3 |F!H 0 LG
\O/(l) + LG — = !:!
R’ HCcZ R o7 R'
2 O\ 5
R
Xl X-LG LG
wherein

R'is C(=0)OR?;
R? is selected from the group comprising
C(=O)OR’, or

I
R

wherein the asterisk indicates the point of attachment to formula X-LG and (I-
LG);

LG is an appropriate leaving group, selected from the group comprising
chloro, bromo, iodo, and -OS(=0),R?;

R* and R® are selected independently from each other from the group
comprising hydrogen, optionally substituted C4-Cqo-alkyl, optionally substituted
Cs-Cs-cycloalkyl, optionally substituted Cs-Cqo-aryl, and optionally substituted
C+-Cy4-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR'’-, or -O- or

R* and R® together form an optionally substituted C,-C¢ alkylene tether;

R® and R’ are selected independently from each other, from the group
camprising hydrogen, optionally substituted C4-Cqo-alkyl, optionally substituted
C;-Cs-cycloalkyl, optionally substituted Ce-Cqo-aryl, and optionally substituted
C+-Cy4-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"’-, or -O-;

R? is selected from the group comprising hydrogen, benzyl, or triphenylmethyl;
RY is selected from the group comprising C-C4-alkyl, C+-Cs-haloalkyl, and
phenyl, wherein alkyl and phenyl are optionally substituted by one or multiple
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(R R2 o 19F RP-1 11 (9) 01 5 wherein Rl, R2, R4 and R5 are
defi ned above Fornula I-F19 Configuration 2

WO 2011/073286 PCT/EP2010/069827

groups, selected independently from each other, from the group comprising
C+-Cs-alkyl, C4-C4-haloalkyl, C4-Cs-alkoxy, halo, cyano, and nitro;

R is selected from the group comprising hydrogen, C-C4-alkyl, and acetyl;

- Optionally deprotecting compound of formula (I-LG) and/or

- Optionally converting obtained compound into a suitable salts thereof.

The preferred features disclosed for compound of general formula (I-LG) are herein

incorporated.

In a further embodiment, the indirect method for obtaining compound of formula (I-LG) is

combined to an additional step for obtaining compound of formula (I-LG) Configuration 1

I-LG Configuration 1

wherein the additional step is the separation of compound of formula (I-LG) obtained as

described supra into its isomers and isolation of compound of formula (I-LG) Configuration 1:

R R’
| (S)
somer
(@] LG  separation Q LG I-LG L
4 Il —_— R 'L! (S) + Remaining
R P N stereoisomers
\O/l R1 O (l3 R1
O\RS \RS
I-LG I-LG Configuration 1

wherein R', R?, R*, R® and LG are defined above and functional group(s) are protected.

Preferably, the indirect method for obtaining compounds of formula (I-LG) Configuration 1

refers to
- compound of Formula (I-LG), wherein:
R'and R? are C(=0)OR®and C(=0)OR’, respectively, with R® and R being methyl,

and R* and R® are benzyl, and wherein LG is para-toluenesulfonyloxy;
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and functional group(s) are protected and/or Optionally converting obtained
conpound into suitable salts thereof. Mre preferably, the indirect nethod
for obt aiwDregrieosgseunds of formula (I1-F19) Configurati oRC2/RPI10/06982D
conmpound of Forrmula (R)-X-F-19: Rl and R2 are C(=0)0R6and C(=0)O0R7,
respectively, with R6 and R7 being nmethyl, conpound of the fornmula Xl: R4
and R5 are benzyl, conpound of fornula (I-F19) Configuration 2: wherein R4
and R5 are hydrogen and Rl and R2 are C(=0) OR6and C(=0)0R7, respectively,

with R6 fﬁrﬁjfuﬁzer %nginﬂxggf%g%ntigr{ i@fd%&(—m ’L}S’apti#%el:t: ;&itﬁ&%r @%ih‘iﬂé’(_ for

obtaining (I-F19) is con ) - F19 F19 or Xl
wher ei n FIMpagings efdyrome: (HRE) FenfgredymR7; R4 and R5 are sel ected

i ndependently from each othergfromthe group conprising optionally
substituted Cl-C8-al kyl andpptionally substituted Cr7-Cl0- arylal kyl; and

R6 and R7 are sel ected d nde ently fromeach other fromthe group
conprising opti onaLJ y d bsti@ut ed Cl1-C8-al kyl and optionally substituted

C7-C10- aryl al kyl . "~ e 'red features disclosed fok _conpound of
general fornmula (I-FI 9ape herein i\ﬁvc%rre'ﬂgar aFe’g% ’Bb?'ﬁ({)ldgla[)erdg@%d;i ni ng
(I-LG: Two nethods have been i dent élfdvednd tunciidmabgrainty) acepmptagteds of
formula (1-LG: eFeet-LSGenfipEdiea’ of conpounds of fornula (I-LG and

I ndi rect synthesis of conpounds of fornmula (I-LG. Direct nethod:
comprises the steps

- i. Separating a compound of formula XllI, wherein R', R?, and R'? are defined

above, into its enantiomers (S)-XlIl and (R)-XIII,

R® R
Enantiomer  (S) (R)
12 separation 12 ‘0,
R p—» R™ 4+ ‘R'2
! H,C R' 1
2 H,C R

Xl (S)-XI (R)-X1I

H,C R

ii. converting (S)-Xlll into (S)-X-LG by transferring R'? into a leaving group LG

as defined supra,

R® R?
(S) (S)
R12 LG
—_—
H,cZ R H,CZ "R
(S)-Xi (S)X-LG

iii. Reacting (S)-X-LG with a compound of formula Xl to give compounds of the

formula (I-LG) as a mixture of two sterecisomers,
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The direct nethod for obtaining conpound of Formula (1-LG conprises the
steps Coupling conpound of Fornmula I-R12 with an agent suitable for
conver si onoab11IRT286nt 0 an LG noi ety as defined supra, S®RCH/ER3010/069827
appropriate sul fonyl halide, sulfonyl anhydride (for the introduction of
0S-(=0) 2R9), or a conbination of phosphane, such as triphenyl phosphane,
and a carbon tetrahalide, such as tetrabrononethane (for the introduction
of chloro, bronp, and iodo). wherei n the asterisk indicatesghe point
of attachment to f§rmula I-R12 and (d{LG; R12 is OH LG is ansdppropriate
| eavi ng group,;y\sel/ pted fromthe gr gnprising chloro,,brome™~oedo, and
-0S(=0)2R9, R4"and R5 are+sel ect ed| i ndependently fr(4)m edrhegthe I’fromthe
group conpri sing h?el.rR@gen, opti substt+tutetr CR~CLQ- optionally
substituted C3-C7- cycloal kyl, @&ion%lly substit ut ed @6-(501 -arW, and
optionally substituted C7-014- ar%&llg/l, wherein zero, oneror two of the
-lg# oup

carbon atons conXkituting said al , cycl oal kyl group, -6 t he al kyl
portion of said arylalkyl group, is optionally replaced by -C(=0)-, -NRl6-,
or -0-, or R4 and [R5 together forman optionally substituted C2-C6 al kyl ene
Lether! R6 and R7 'IPYedEY beGae RirperabHpMDS far i lsaieiont FpPOiSfl ¢ he
group conpri si ng hysfoogeaa (I-La)Ooafiirdtyngubst i t ut ed Cl- C10-al kyl, optionally
substituted C3-C7- cycloal kyl, optionally substituted C6-Cl0-aryl, and
optionally substituted C7-014- aryl al kyl, wherein zero, one or two of the
carbon atons constitutingrsaid al kyl group, cycloalkyl group, or the Igzl kyl
portion of said arylal kyd)group, is optionally repfaced by -C(=0)-, NR19-,
or -0-; R8 is selegted oM Eheo@éroup conpri si ng drogen, benzyl, @
tri phenyl met hKJ . Rl i) bel ect eckpbratiom t he gr@up g@nprising G -aﬁ- al kil ,
Cr ar hal oal kyl RNapgP » wheTBr A kyl and plenyl ar & opti onal | V),
substituted by onepore rruﬁti pl e groups, [ d Yridependent®y | fOm &&ch
other, fromthe grod®’conprising of Cl-C4- @ikyl, Crarhal oal kyPxgs
Craral koxy, halo, cyano, and nitro; R19 is sBlected fromthe gr oup
conpri sing hydrogen, ClLLG4-al kyl, andl-e@&opfiguratidndt er eoi soners,

stereoi soneric mxtures, and suitable salts thereof, Optionally
deprotecting conmpound of formula (I-LG and/or Optionally converting
obt ai ned conmpound into a suitable salts thereof. Preferably, the direct
met hod f Brefay@ltlaithe indirecbmpthad tbr obtaRongrmemaoiiridsloGorrodafiHgiianfiguratbnR2 (S) 0O

refers to

- compound of Formula (I-LG), wherein:
R' and R? are C(=0)OR® and C(=0)OR’, respectively, with R® and R’ being methyl,

and R* and R® are benzyl, and wherein LG is para-toluenesulfonyloxy;

In a further embodiment, the indirect method for obtaining compound of formula (I-LG) is

combined to an additional step for obtaining compound of formula (I-LG) Configuration 2

I-LG Configuration 2

wherein the additional step is the separation of compound of formula (I-LG) obtained as

described supra into its isomers and isolation of compound of formula (I-LG) Configuration 2:
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11(s) O 1R1 O Formula I-LG Configuration 1 wherein Rl, R2, R4, R5
and LG are defined above and functional group(s) are protected conprises

t he st ep wGaoapli7sageconpound of Formula |-R1 2 confi gur aPCoOmEP20i069822n agent
suitable for conversion of R12 into an LG noiety as defined supra, R2 R2
OR12 411(s) RP 1 o, I-R12 Configuration 1 (s) OLG

R’ R
| (R)
somer v,
Q LG  separation o ‘LG LG
4 Il —_— '|:! (S) 4+ Remaining
R stereoisomers
\O/Fl> R1 \O/é R1
O\Rs \R5
I-LG I-LG Configuration 2

wherein R', R?, R*, R® and LG are defined above and functional group(s) are protected.

Preferably, the indirect method for obtaining compounds of formula (I-LG) Configuration 2

refers to
- compound of Formula (I-LG), wherein:
R'and R? are C(=0)OR®and C(=0)OR’, respectively, with R® and R” being methyl,
and R* and R® are benzyl, and wherein LG is para-toluenesulfonyloxy;

In a further embodiment, the_invention is directed to an indirect method for obtaining

compounds of formula (I-LG) Configuration 2

? e

RN~
o wherein R', R?, R* ,R® and LG are defined

above and functional group(s) are protected

P
é
\RG

Formula I-LG Configuration 2

comprises the steps
- i. Separating a compound of formula XIlI, wherein R, R? and R" are defined

above, into its enantiomers (S)-XIIl and (R)-XIII,

Enantiomer

R'2 separat|on ,,, 12

H.C R’
Xl (S)-XIHl (R)-XIN

ii. converting (R)-XIll into (S)-X-LG by transferring R" into a leaving group LG

as defined supra,
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411 (s) 7,"
for RL7 R2, R4 7 R5 ,

1 105 1-LG Configuration 1
R6 ,R7 ,

The preferred features disclosed

R9, LG and R12 are herein incorporated.

Pr ef er ablwo 20h@073286r ect net hod for obtai ni ng conpound ofCE®PraloAacysk? LG

configuration 2 R2 (R Rc.P IIl ol5R
and LG are defined above and functi onal
Configuration 2 protected

R2
(R)
"':sz
B ——
H,C R’

(R)-XI

(s) wherein Rl, R2, R4, R5
group(s) are Fornmula I-LG

RZ
(R)
“Le
1
H,C R

(R)-X-LG

iii. Reacting (R)-X-LG with a compound of formula Xl to give compounds of

the formula (I-LG) as a mixture of two stereoisomers,

2 R2
ﬁ (R) (R)
RA___PH ke o "G
o (I) + ! I|=! (RS)
_—

R H,C R \o/ | R
O\R5

X (R)-X-LG I-LG

followed by the separation thereof allowing for the isolation of compounds of

the formula (I-LG) Configuration 2

2

R 2 2
() R o
“ Isomer ® ®
(@) LG ‘v, "'/
A Il (rs) separation 0 ‘LG Q LG
"o~ . e t R l ®]
6] R - w
o o7 R’ 07| R
~R° e} O s
RS R
I-LG I-LG Configuration 2

Preferably, the indirect method for obtaining compounds of formula (I-LG) Configuration 2

refers to

- compound of Formula (I-LG), wherein:
R'and R? are C(=0)OR®and C(=0)OR’, respectively, with R® and R’ being methyl,

and R* and R® are benzyl, and wherein LG is para-toluenesulfonyloxy;

Preferably, the indirect method for obtaining (I-LG) comprises the steps

- Coupling a compound of Formula Xl with a compound of formula X-LG for
obtaining a compound of formula (I-LG)

wherein
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conprises the step Coupling conmpound of Formula |I-R12 configuration 2 with
an agent suitable for conversion of R12 into an LG noiety as defined supra,
R2 (R) O wOI208)076288 0 | -R12 Configuration 2 R2 (R) 0 4pCtEpP2@0io682% |-LG
Configuration 2

R
R2
0
R3 |F!H 0 LG
\O/(l) + LG — = !:!
R’ HCcZ R o7 R'
2 O\ 5
R
Xl X-LG LG
wherein

R'is C(=0)OR?;

R?is C(=0)OR’,

LG is -OS(=0),R’,

R* and R® are selected independently from each other from the group
comprising optionally substituted C¢-Cg-alkyl and optionally substituted C;-Co-
arylalkyl;

R® and R’ are selected independently from each other from the group
comprising optionally substituted C4-Cg-alkyl and optionally substituted C;-Cyo-
arylalkyl;

R? is selected from the group comprising C+-C4-alkyl and phenyl, wherein
phenyl is optionally substituted by one or two groups, selected independently
from each other, from the group comprising of C4+-C4 alkyl, C4-C4-alkoxy, halo,
and nitro;

Preferably, LG is methanesulfonyloxy, ethanesulfonyloxy,
benzenesulfonyloxy, para-toluenesulfonyloxy, para-nitrobenzenesulfonyloxy,

or naphthalenesulfonyloxy.

Said indirect method of obtaining (I-LG) is performed in a suitable inert solvent, in the
presence of a suitable base, optionally in a microwave reactor in case the reaction is
performed at an elevated temperature, a temperature between 0° C and 100 °C, and at a

pressure up to 5 bar.

Suitable inert solvents are exemplified by but not limited to amides such as N,N-
dimethylformamide, N,N-dimethylacetamide, or N-methylpyrrolidinone, ethers such as
tetrahydrofurane, 1,2-dimethoxyethane, or dioxane, halogenated hydrocarbons such as

dichloromethane or chloroform, or others such as dimethylsulfoxide.

Suitable bases are exemplified by but not limited to alkali carbonates, such as sodium

carbonate or potassium carbonate, alkali bicarbonates such as potassium bicarbonate, or
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The preferred features disclosed for R, R 7TR47 Rs, Rs ,R7 R8, RO ,

R12 are herein incorporated. Indirect nmethod: The indirect nmethod for
obt ai ni ngwQI2011@73186npri ses t he steps Coupling a conpouna#CofEPE@0MmSa7 XI w t h
a conpound of forrmula X-LG for obtaining a conmpound of fornmula (I-LG

R4?. ,

"PHO I-I- G, 5R LG R20.)LLGHR4s.1="..".1

organic bases such as triethylamine, N,N-diisopropylethylamine, pyridine, N-

methylmorpholine, N-methylpiperidine, or DBU (1,8-Diazabicyclo(5.4.0)-undec-7-ene).
Preferred inert solvents are N,N-dimethylformamide or tetrahydrofuran.

Preferred bases are potassium carbonate, or DBU (1,8-Diazabicyclo(5.4.0)-undec-7-ene).
Preferably, the indirect method for obtaining I-LG is concerning compound of formula (I-LG),
X-LG or Xl wherein

R"and R? are C(=0)OCHj3;
LG is para-toluenesulfonyloxy;

R* and R® are benzyl,
the inert solvent is tetrahydrofuran,
the base is DBU (1,8-Diazabicyclo(5.4.0)-undec-7-ene},

and the temperature range is between 0°C and 50 °C.

The Fluorine atom (F) containing moiety comprising ®F can be chelated complexes known to
those skilled in the art, e.g. 4,7,13,16,21,24-Hexaoxa-1,10-diazabicyclo[8.8.8]-hexacosane
K18F (crown ether salt Kryptofix K'®F), 18-crown-6 ether salt K'®F, K'®F, H"®F, KH'®F,, Rb'®F,
Cs'®F, Na'®F, or tetraalkylammonium salts of "®F known to those skilled in the art, e.g.[F-18]
tetrabutylammonium fluoride, or tetraalkylphosphonium salts of "®F known to those skilled in
the art, e.g.[F-18] tetrabutylphosphonium fluoride. Most preferably, the Fluorine atom (F)

containing moiety is Cs"F, K'®F, H'®F, or KH"F,

The reagents, solvents and conditions which can be used for this fluorination are common
and well-known to the skilled person in the field. See, e.g., S. L. Pimlott, A. Sutherland,
Chem. Soc. Rev. 2011, in press, DOI:10.1039/b922628c; Z. Li, P. S. Conti, Adv. Drug Deliv.
Rev. 2010, 62, 1031; P. W. Miller, N. J. Long, R. Vilar, A. D. Gee, Angew. Chem. Int. Ed.
2008, 47, 8998; L. Cai, S. Lu, V. W. Pike, Eur. J Org. Chem. 2008, 2853; G. Angelini, M.
Speranza, A. P. Wolf, C.-Y. Shiue, J. Fluorine Chem., 1985, 27, 177-191. Preferably, the
solvents used in the present method are DMF, DMSQ, acetonitrile, DMA, or mixture thereof,
preferably the solvent is DMSO.

The Fluorine atom (F) containing moiety comprising '°F is a reagent suitable for the
conversion of -OH or -OS(=0),R? into an organic "°F fluoride. Such reagents are exemplified
by but not limited to inorganic salts and/or adducts of hydrofluoric acid, e.g. sodium fluoride,
potassium fluoride, potassium hydrogen difluoride, or cesium fluoride as such or in

combination with chelating reagents, e.g. aminopolyether 2.2.2 (K2.2.2) ; organic salts and/or
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o1RO0,, 5R XI X-LG wherein RLis C(=0)0R6 ; R2 is selected fromthe
group conprising C(=0)0R7, or I-LG wherein the asterisk indicates the
poi nt of woOtatimreass to formula X-LG and (ILG; LG is anprapmpeqoioedse? | eavi ng
group, selected fromthe group conprising chloro, brono, iodo, and
-0S(=0)2R9; R4 and R5 are sel ected independently fromeach other fromthe
group conprising hydrogen, optionally substituted Cl-Cl0-al kyl, optionally
subst i t uadiiciEF Bdrefipolioadikyuch aspi¢traomautylgmewbis fluatide(TEBF CiCrigthytaminand

optional | ; ng%ﬁ&drlhbltr@?erglerq]fﬂoﬁg?f(%(a@t% ¥y, teYr‘QtS‘U rﬁ r‘ﬁ&rﬂ one or two of the

carbon ato constitu sai d roug or the al kyl
portion B*Ph%m’iddﬂUQWO?l“‘éﬁt%SNf‘{jﬁ'é@f&e%%9d ﬁhm'ﬁalm UF‘é’ﬁT'f&@é@PW Tosutiony! - NR16-
or -0- omdﬁée@@g;?RE 2 DYSUNES bR BButARLA - Q@ﬁ)h%l)ﬂu&‘rﬂésélbé albaﬁbpﬁac% al kyl ene

t et her; are sel ec ndepe I om each ot fromthe
gr oup BGOI"InatIOFI reagents are SLﬁtaE)Ie to ,ntrogtf)ceq% into o¥gan¥c molecules, suc N

fluoropyridinium salts, e.g. N-fluoropyridinium triflate; N-fluorosulfonimides, e.g. N-
fluorobenzenesulfonimide; aliphatic N-fluoroamines derivatives, e.g. 1-chloromethyl-4-fluoro-
1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) (Selectfluor®). As known to the
person skilled in the art, said reagents may be used alone or in combination, e.g.
1,1,2,2,3,3,4,4 4-nonafluorobutane-1-sulfonyl fluoride in combination with triethylamine tris-
hydrofluoride. For further methods, see publications in reach of the person skilled in the art,
e.g. Ritter T. et al. Current Opinion in Drug Discovery & Development 2008, 11(6), 803-819,
Kirk, K.L. Organic Process Research & Development 2008, 12, 305-321, and references

cited therein.

Embodiments and preferred features can be combined together and are within the scope of
the invention. The preferred features disclosed for compound of general formula I, (I-F18), (I-

F19), (I-LG) are herein incorporated.

In a fourth aspect, the invention is directed to compounds of general formula | or (I-F18) or
mixtures thereof for the manufacture of an imaging tracer or radiopharmaceutical agent for
imaging diseases associated with altered expression of Prostate Specific Membrane Antigen
PSMA. Preferably, altered expression of Prostate Specific Membrane Antigen PSMA refers
to elevated expression of Prostate Specific Membrane Antigen PSMA.

In other words, the invention is directed to the use of the invented compounds of general
formula | and (I-F18) for the manufacture of an imaging tracer for imaging diseases
associated with elevated expression of Prostate Specific Membrane Antigen PSMA.

The compounds of general formula | and (I-F18) are herein defined as above and
encompass all embodiments and preferred features.

The imaging tracer is Positron Emission Tomography PET suitable imaging tracer.

The invention is also directed to a method for imaging or diagnosing of diseases associated
with elevated expression of Prostate Specific Membrane Antigen PSMA comprising the
steps:

- Administering to a mammal an effective amount of a compound comprising compounds of

general formula | or (I-F18),
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conpri sing hydrogen, optionally substituted Cl-Cl0-al kyl, optionally
substituted C3-Cr7-cycloal kyl, optionally substituted C6-Cl0-aryl, and

opt i onal Iwo=0h#t78186t ed C7- Cl4- aryl al kyl, wherein zero, @o@/FrR0N®SRT the
carbon atons constituting said al kyl group, cycloal kyl group, or the alkyl
portion of said arylalkyl group, is optionally replaced by -C(=0)-, -NR19-,
or -0-; R8is selected fromthe group conprising hydrogen, benzyl, or

t ri phenyt @etaiming;imRgesi of treghaumeldantir om t he group conpri si ng Cl- C4-al kyl
ClCA-haIpgﬁﬁ%gngﬁggeghenyl3 wherein al kyl and phenyl are optionally
substitute y one or nultiple groups, selected independently from each
other, fromthe group conprising CLC4-hal oal kyl, Cl1C4-al koxy, hal o, cyano,

and ni trope Mledtion &eliRebeHh the 088 EdMpBh@IE geREBIMbSIUNDI, yEeRgens 1BEL- C4- al kyl
and acetFI ; %tl onal I% degr ot ecti ng conmpound of forrmula (I-LG and/or
Opt i onal FYORIRY BEITHY A5y EdTBYRGBRIEE into a suitable salts thereof. The

preferred features disclosed for conpound of general formula (I-LG are

herein i npcorporated, |.n further enbodi n the, i i.rect t hod for
oot ot i i hRRrRl Efpodifeft, b iSRRI e SRS SRR G AT 0 10U (o

obt ai ni n(phognpoemethyipefntanedidiaagid,-steBpoiComr$ g mtxiuoes therRof, fr salib (bededf| (S) O

IR C21,5 I (FaYa e -4 I.Ld - I separati on
of conpoﬁhyeg‘?%a%ﬁcwg II@E%&QO téfdrqré}g%dggg esclsf%él ﬁ%gbg%%?@h :e%E/%tQﬂ S isoners
and i sol &Aresgiopof E’mﬁg@%? Mesrrenea\ntipen BfM&onf i gur ati on 1:

In an even more preferred embodiment, the invention is directed to the use of (2R,45)-2-
['8F]-Fluoro-4-(phosphonomethyl)pentanedioic acid and/or (2S,4S)-2-'®F]-Fluoro-4-
(phosphonomethyl)pentanedioic, mixtures thereof, and salts thereof, for the manufacture of
an imaging tracer for imaging diseases associated with elevated expression of Prostate
Specific Membrane Antigen PSMA.

In a particularly preferred embodiment, the invention is directed to the use of (2S,4S)-2-["*F]-
Fluoro-4-(phosphonomethyl)pentanedioic and salts thereof for the manufacture of an imaging
tracer for imaging diseases associated with elevated expression of Prostate Specific
Membrane Antigen PSMA.

In another preferred embodiment said diseases relate to prostate cancer and its metastases.
Preferably the disease is prostate cancer.
Diseases relating to prostate cancer and its metastases are characterised by respective

tumors and metastases.

The invention is related to a compound of general formula (I-F18) or (I-F18) Configuration 1
or 2 Functional group non-Protected for use as radiopharmaceutical agent. Preferably, R*
and R® are hydrogen and R" and R? are C(=0)OR® and C(=0)OR’, respectively, with R® and
R’ being hydrogen.

The invention is related to a compound of general formula (I-F18) or (I-F18) Configuration 1
or 2 Functional group non-Protected for the manufacture of a radiopharmaceutical agent for
imaging/detecting diseases associated with altered expression of Prostate Specific

Membrane Antigen. Preferably, PSMA diseases related to prostate cancer and its
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| soner separation R2 (s) OLA-LG I1(s)-1-Remaining stereoisoners O IRO

| -LG Configuration 1 wherein Rl, R2, R4, R5 and LG are defined above and
functi onavogroupgsy are protected. Preferably, the indi PETEPR®EDI0GIE2T OF
obt ai ni ng conpounds of forrmula (I-LG Configuration 1 refers to conpound
of Formula (I-LG, wherein: RL and R2 are C(=0)0R6 and C(=0)0R7,
respectively, with R6 and R7 being nethyl, and R4 and R5 are benzyl, and
wher ei n nGaswsgmr Rreferdblie nR's ahd dRiy brex yiydrodem and (R't et RéndredCHENOR® ehe

| nventi ogd§ofr | E%Eﬂ/e OwRNR® D R aing TRhRGE LY teRBL Y 09 SamPateds of
formul a ?ffﬁeﬁ’éo Iguration 1 4 gTijbrcd ? '
The invention is related to a compound of general formula (I-F18) or (I-F18) Configuration 1
or 2 Functional group non-Protected for imaging/detecting diseases associated with altered
expression of Prostate Specific Membrane Antigen. Preferably, R* and R® are hydrogen and
R" and R? are C(=0)OR® and C(=0)OR’, respectively, with R® and R’ being hydrogen and

the disease is prostate cancer.

Preferred features and embodiments described above in the whole first aspect are herein

incorporated.

In a fifth aspect, the invention is directed to the use of compounds of general ormula I, (I-
F18) or (I-F19) for conducting biological assays and chromatographic identification. More
preferably, the use relates to compounds of general formula | wherein R*is "®F or "*F, more
preferably "°F.

Compounds of general formula | wherein the fluorine isotope is "°F are useful as references
and/or measurement agents.

The compounds of general formula | are herein defined as above and encompass all

embodiments and preferred features.

Preferably, the invention is directed to compounds of general formula (I-F18) or (I-F19) for
chromatographic identification.
Preferably, the invention is directed to compounds of general formula (I-F19) conducting

biological assays.

In a sixth aspect, the invention is directed to a method for inhibiting NAALADase activity by
contacting invention compounds of formula | with proteins exhibiting NAALADase activity in-
vitro or in-vivo. Additionally, the compound of invention of formula | can be coupled to a

detectable label e.g. fluorescent dyes.
Preferably, the invention compound is a compound of formula (I-F18) or (I-F19).

In a seventh aspect, the present invention provides a kit comprising a sealed vial containing
a predetermined quantity of a compound of Formula I, (I-F18), (I-F19) or (I-LG),
sterecisomers thereof and their mixtures, and suitable salts thereof. Optionally the kit

comprises a pharmaceutically acceptable carrier, diluent, excipient or adjuvant.
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R'01:1)RL O Il / (s) LG Fornmula I-LG Configuration 1 wherein Rl, R2, R4
, RS and LG are defined above and functional group(s) are protected

conpri seswohetligt7es . Separating a conpound of fornmul aCKiEPRo10M0bE2EI N R1,
R2, and R12 are defined above, into its enantioners (S)-XIl and (R-XII11I,
H2CR- i % ?. H2CRL L2 HRCRL XEHE(S) - X (R =X i
converting (S)-XIIl into (S)-X-LG by transferring R12 into a | eaving group
LG as defined supra,

PAGE INTENTIONALLY LEFT BLANK
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R2R2 (S) I(S) R12LG 2O P ?RIH2C.R1 (S)-XI11(S)-X-LG iii. Reacting
(S)-X-LGwith a compound of fornmula XI to give conpounds of the fornula
(I-LG aswa?intrsase of two stereoisoners, WO 2011/ 073286PEPLEHPAGBOT 069827
RRR2 (S) HR4 _pHL@ O I+l | (RS) 0...... 19%% ? RBH2CRI XI (S)-X-LG
foll owed by the separation thereof allowing for the isolation of conpounds
of the formula (1-LG Configuration 1

General synthesis of compounds of the invention

The synthesis of the compounds of the invention can be accomplished in multiple ways using
synthetic methods described in the literature and databases in reach of the person skilled in
the art.

As used herein, protecting groups, as well as methods to introduce and to remove them, are
well known to the person skilled in the art and described the literature in ample variety, see
e.g. T. W. Greene, P. G. M. Wuts, Protective groups in Organic Synthesis, 3" edition,
Wiley&Sons, New York 1999; P. J. Kocienski, Protecting groups, 3™ edition, Thieme,
Stuttgart 2005.

More specifically, compounds of the invention according to the general formulae Ia, Ib, I¢, Id,
and le can be synthesised e.g. starting from glyoxylates Il and halomethylacrylates lil,
preferably bromomethylacrylates, as outlined in scheme 1. Such building blocks are known
to the person skilled in the art, partially available from commercial sources depending on
their ester substitution, and also described in the literature. For Il, see e.g. S. Coulton and 1.
Francois, J. Chem. Soc. Perkin Trans. 1, 1991, 2699; J. E. Bishop, J. F. O'Donnell, H.
Rapoport, J. Org. Chem. 1991, 56, 5079; J. Vabeng, M. Brisander, T. Lejon, K. Luthmann, J.
Org. Chem. 2002, 67, 9186; and for lll, see e.g. J. Villieras, M. Rambeaud, Synthesis 1982,
924; B. M. O’Leary, T. Szabo, N. Svenstrup, C. A. Schalley, A. Litzen, M. Schafer, J. Rebek,
Jr., J. Am. Chem. Soc. 2001, 723, 11519. In the presence of metallic Indium, Il and lll form
hydroxylated glutarates IV (see e.g. P. H. Lee, K. Lee., S. Chang, Synth. Comm. 2001, 31,
3189; T.-P. Loh, J.-M. Huang, K.-C. Xu, S.-H. Goh, J. J. Vittal, Tetrahedron Lett. 2000, 41,
6511), the hydroxy group of which can be protected readily to give V.

Intermediate V may also be useful to change R® and/or R’, should protecting groups strategy
warrant so to do, by methods known to the person skilled in the art. In order to illustrate but
not to limit the scope of such variation of R® and R, reference is made e.g. to, A. Orita, K.
Sakamoto, Y. Hamada, A. Mitsutome, J. Otera, Tefrahedron 1999, 55, 2899; T. lwasaki, Y.
Maegawa, Y. Hayashi, T. Oshima, K. Mashima, J. Org. Chem. 2008, 73, 5147; A. Hayen, R.
Koch, W. Saak, D. Haase, J. O. Metzger, J. Am. Chem. Soc. 2000, 122, 12458. Michael
addition of phosphites VI leads to intermediates VIl which, upon mild deprotection, can be
converted into hydroxy esters VIl without or with acceptable levels of lactonisation.
Phosphites VI are well known to the person skilled in the art, often commercially available, or
can be prepared according to literature protocols, see e.g. H. Goldwhite and B. C. Saunders,
J. Chem. Soc. 1957, 2409. Conversion of the hydroxy group in VIl into a leaving group as

defined in the definitions section, such as a sulfonic ester, can be accomplished using
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standard methods to give precursor molecules la enabling radiosynthesis with "*F fluoride.

Stereoisomers of the species involved may be prepared by chiral HPLC separation.

0
6
A
| Ox O 6 Os_ O
R ~Np6
SR R 1
+ . OH —_ = O/PG —O»
1l
Os 7 O R\, -PH
7 071
Hal H2C R HC R O‘R5
0] 0 vi
o)
H,C R’ v v
O
Os__0
0 O\Rs \Re
1
o O/PG 0 OH .
I RA_ b o
4
R\O/ll3 O\R7 \O/| ~R’
0 Ol s
~R® o R (0]
Vil Vil
0O, O\RG
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RY |F|> o}
\O/é \R7
R0

Scheme 1: Preparation of precursors la from glyoxylates Il and acrylates Hlll, wherein Hal is
halogen, preferably bromo, and wherein R* R’ R® R’, and LG, are defined as in the claims
and description of this invention, and wherein PG’ is a suitable hydroxy protecting group

known fo the person skilled in the art and as described in the literature cited herein.

Under suitable reaction conditions it is also possible to approach compounds la in a more
concise way by transferring the hydroxy group in IV into a suitable leaving group as in Va

and to directly convert Va into la by means of Michael addition of phosphites VI, as shown in
scheme 2. Surprisingly, DBU, which is widely known as a reagent suitable for the induction of
elimination reactions, has been identified as a particularly suitable basic reagent to catalyse

additions of phosphites VI to glutarates of the formula Va.
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Scheme 2: Preparation of precursors la from intermediates IV, wherein R‘R RS R, and

LG, are defined as in the claims and description of this invention.

The radiosynthesis of the "®F labelled compounds of the invention can be accomplished in
multiple ways using known methods described in the literature and databases in reach of the
person skilled in the art.

More specifically, compounds of the invention according to the general formulae Ib and Ic
can be synthesised starting from la as outlined in scheme 3. Such nucleophilic fluorinations
are known to the person skilled in the art and also described in the literature, for reviews and
cited references within see e.g. Cai et al., Eur. J. Org. Chem., 2008, 2853; Ametamey et al.,
Chem. Rev., 2008, 108, 1501, Miller et al., Angew. Chem. Int. Ed. 2008, 47, 8998.

o) o\R6 Oxg O O OH
0 LG O F o) ks
R IF! o) RN /LI SN |F|> OH
o7l R’ ol R HO™ |
O\R5 o SR o) OH S
la Ib lc

Scheme 3: Preparation of "°F labelled compounds of the invention Ib and Ic from precursors
la, wherein R", R RG, R’ and LG, are defined as in the claims and description of this

invention.

In a similar way, precursor molecules la can be converted into "°F fluorinated intermediates
Id as shown in scheme 4 by nucleophilic fluorination with subsequential removal of protecting

groups in one or more steps eventually giving rise to *F compounds le.
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- conmpound of Formula (I-LG, wherein: RL and R2 are C(=0)0R6 and C(=0)0R7,
respectively, with R6 and R7 being nethyl, and R4 and R5 are benzyl, and
wher ei n V@oi2811pEasmet ol uenesul fonyl oxy; I n a further enbedirmPaeio/otdser
i ndirect nethod for obtaining compound of formula (I-LG is conbined to an
additional step for obtaining conpound of forrmula (1-LG Configuration 2 R2
(RR ol I(s) OIRO R5 I-LG Configuration 2 wherein the additional step is
t he separati onogfogonpound of fornul LG obtained as gri bed supra
into its isomersl and isolation of co und of formula (1-LG) Configuration
22 Rz (R 4, [LGSLG I448) +Repui i n R4% P. ——>-. Lstfer di Soners 0 IR 0,
o7l R o7l R HO™ |

o
O~ & SR 0 OH

la Id le

Scheme 4: Preparation of "°F substituted compounds of the invention Id and le from
precursors la, wherein R", R® RG, R’, and LG, are defined as in the claims and description of

this invention.

Alternatively, '°F substituted compounds of the invention according to the general formulae
Id and le can be approached starting from intermediates IV by fluorination of the hydroxy
group by methods known to the person skilled in the art to give '°F fluorides IX. Such
intermediates can be directly converted into intermediates Id by Michael addition of
phosphites VI under mild basic conditions without concomitant elimination of hydrogen
fluoride. Deprotection as described above can be employed to effect conversion into le.

Again, reference is made to the possibility to separate sterecisomers by means of chiral

HPLC.
O O\RG O O\RG O O\R6
OH — op o 1oF
o) o) R4\ g (@]
Q
H2C \R7 H2C \R7 RA\O/'I:H O/é \R7
o) o) s R0
Vi
v IX Id
o} OH
- s O °F
[l
p OH
HO™ |
OH
e}

Scheme 5: Preparation of "°F substituted compounds of the invention Id and le from
intermediates IV, wherein R*, R®°, R®, and R’, are defined as in the claims and description of

this invention.
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-R" 1-LG Configuration 2 wherein Rl, R2, R4, R5 and LG are defined above
and functional group(s) are protected. Preferably, the indirect nmethod for
obt ai ni ngvoanpousass of forrmula (1-LG Configuration 2 reCemP2410/06982Dpound
of Formula (I-LG, wherein: RL and R2 are C(=0)0R6 and C(=0)0R7,
respectively, with R6 and R7 being nethyl, and R4 and R5 are benzyl, and
wherein LG is para-tol uenesul fonyl oxy; In a further enbodi nent, the

i nvent i ohhe etraialeembietiestaandor buittdiproy ¢2+3ireydimaddition reabticali ofi ihegcooespoodingls  of

fornul a Mrﬂé-\@( §P£§|deg(‘é cgﬁ/i Ensgfdfgt aQ(B)Me"d bﬁé%'ﬁaﬁ? 34372 1|f Potlg ein Ri,

R2, R4 ,RS an LG are defined .".... Rbabove an unct i roup(s) are
pr ot ect eEreRRiit mﬂharqspe@veéwftingmaé&ﬂa&mthz COBRERONGIBG NriRs C@f‘é’ﬁ§yﬂthes'z\§éwr ating a
conmpoundgéy difaQBr'iTyﬂtﬁe EridsporthiRf Rinta .dEQW.tramyE%Jaan@ég%ndm@ﬁmﬂs @beve, into

'ts enanV\)e%gEr e?al )I\/%(Ijléhe nq96§)41 7865 or trifluoroacetic acid anhydride (e.g. K. S.

Sarma et al. in Proceedings of the 4™ Int. Peptide Symposium 2007), or by nucleophilic
substitution of a suitable leaving group like halide or sulfonate by a cyanide (e.g. A. V. Kelin
etal., J. Am. Chem. Soc. 2001, 123(9), 2074). Alternatively, primary amides can be directly
converted into azides by reacting with azide derivatives such as trimethylsilyl azide in the
presence of diazodicarboxylates, such as diisopropy! diazodicarboxylate (DIAD), and suitable
phosphanes, such as triphenyl phosphane, as described e.g. by A. P. Kozikowski, J. Zhang,
F. Nan, P. A. Petukhov, E. Grajkowska, J. T. Wroblewski, T. Yamamoto, T. Bzdega, B.
Wroblewska, J. H. Neale, J. Med. Chem. 2004, 47, 1729.

Definitions
The terms used in the present invention are defined below but are not limiting the invention

scope.

As used herein, the term “alkyl” refers to a C4-C4o straight chain or branched chain alkyl
group such as, for example methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl,
isopentyl, neopentyl, heptyl, hexyl, decyl. Preferably, alkyl is C4-Cg straight chain or branched

chain alkyl or C;-Cy, straight chain or branched chain alkyl.

As used herein, the term “cycloalkyl”, refers to a C;-C; cyclic alkyl group such as, for

example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl.

As used herein, the term “alkoxy” refers to alkyl groups respectively linked to the respective
scaffold by an oxygen atom, i.e. -O-, with the alkyl portion being as defined above, such as

for example methoxy, ethoxy, isopropoxy, tert-butoxy, hexyloxy.
As used herein, the term “alkylsulfanyl” refers to alkyl groups respectively linked to the

respective scaffold by a sulfur atom, i.e. -S-, with the alkyl portion being as defined above,

such as for example methanesulfanyl, ethylsulfanyl, butylsulfanyl
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H2C%.% R H2Cj.? Rl ,e,\. H2ZCR1L X II1(S)-XIII(R-XIII ii. converting
(R-XI1l into (S)-X-LG by transferring RL2 into a |eaving group LG as
defined swprai1/0732882 (R) ,, LG H2CRIH2CRL (R)- Xl |1 ( R) - RCL@®PRé10/06982ACt | NQ
(R -X-LGwith a conpound of formula XI to give conpounds of the formula
(I-LG as a mxture of two stereoisoners, R2 0

As used herein, the term “alkylcarbonyl” refers to alkyl groups respectively linked to the

respective scaffold by a carbonyl group, i.e. -C(=0)-, with the alkyl portion being as defined

above, such as for example acetyl, propionyl, pivaloyl, butyryl.

As used herein, the term “alkylsulfonyl” refers to alkyl groups respectively linked to the
respective scaffold by a sulfonyl group, i.e. -S(=0),-, with the alkyl portion being as defined

above, such as for example methanesulfonyl, ethylsulfonyl, butylsulfonyl.

As used herein, the term “haloalkyl” refers to alkyl groups substituted with at least one or
multiple halogen atom, fluoro, chloro, bromo, and/or iodo, selected independently from each
other with the alkyl portion being as defined above, such as for example trifluoromethyl,

bromomethyl, chloroethyl, 4-iodo-3-fluorobutyl, or nonafluorobutyl.

As used herein, the term “arylalkyl” refers to alkyl groups substituted with one or two aryl
groups which are optionally substituted as listed below, with the alkyl portion being as
defined above, such as for example benzyl, phenethyl, 2-methyl-3-phenylpropyl, 2-
naphthylethyl, or para-methoxyphenylbutyl.

Preferably, C,-Cq4arylalkyl is (Ce-C1o Aryl}-methyl, more preferably benzyl.

The term “aryl” as employed herein by itself or as part of another group refers to monocyclic
or bicyclic aromatic groups containing from 6 to 12 carbons in the ring portion, preferably 6-

10 carbons in the ring portion, such as phenyl, naphthyl or tetrahydronaphthyl.
The term “halo” refers to fluoro, chloro, bromo, and iodo.

Whenever the term “substituted” is used, it is meant to indicate that one or more hydrogens
on the atom indicated in the expression using "substituted" is / are replaced by one ore
multiple moieties from the group comprising halogen, hydroxyl, nitro, C4-Cs-alkylcarbonyl,
cyano, trifluoromethyl, C4-Ce-alkylsulfonyl, C4-Ce-alkyl, C4-Ce-alkoxy and C-Ce-alkylsulfanyl,
provided that the regular valency of the respective atom is not exceeded, and that the
substitution results in a chemically stable compound, i. e. a compound that is sufficiently
robust to survive isolation to a useful degree of purity from a reaction mixture, and
formulation into a pharmaceutical composition.

Preferred substituents are Chloro, Bromo, lodo, C+-C4 alkoxy and C4-C4 alkyl.
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As used herein, C,-C, indicates the range of number of carbon atoms the respective moiety
may feature, illustrated by but not limited to e.g. C4-Ce-alkyl or C4-Cg alkoxy, which may

feature 1, 2, 3, 4, 5, or 6 carbon atoms not covering optional additional substitution.

If chiral centres or other forms of isomeric centres are not otherwise defined in a compound
according to the present invention, all forms of such sterecisomers, including enantiomers
and diastereoisomers, are intended to be covered herein. Compounds containing chiral
centres may be used as racemic mixture or as an enantiomerically enriched mixture or as a
diastereomeric mixture or as a diastereomerically enriched mixture, or these isomeric
mixtures may be separated using well-known techniques, and an individual sterecisomer
maybe used alone. In cases wherein compounds may exist in tautomeric forms as it is the
case e.g. in tetrazole derivatives, each tautomeric form is contemplated as being included
within this invention whether existing in equilibrium or predominantly in one form.

When ever a mention is made to a mixture of all possible sterecisomers, it shall be

understood that all stereocisomers present into said mixture.

Suitable salts of the compounds according to the invention include salts of mineral acids,
carboxylic acids and sulfonic acids, for example salts of hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid, toluenesulfonic
acid, benzenesulfonic acid, naphthalene disulfonic acid, acetic acid, trifluoroacetic acid,
propionic acid, lactic acid, tartaric acid, malic acid, citric acid, fumaric acid, maleic acid and
benzoic acid.

Suitable salts of the compounds according to the invention also include salts of customary
bases, such as, by way of example and by way of preference, alkali metal salts (for example
sodium salts and potassium salts), alkaline earth metal salts (for example calcium salts and
magnesium salts) and ammonium salts, derived from ammonia or organic amines having 1
to 16 carbon atoms, such as, by way of example and by way of preference, ethylamine,
diethylamine, triethylamine, ethyldiisopropylamine, monoethanolamine, diethanolamine,
triethanolamine, dicyclohexylamine, dimethylaminoethanol, procaine, dibenzylamine, N-

methylmorpholine, arginine, lysine, ethylenediamine and N-methylpiperidine.

"NAALADase activity" refers to an enzymatic activity that catabolizes N-acetyl-aspartyl-

glutamate (NAAG) to N-acetylaspartate (NAA) and glutamate.
The term “detectable label” as used here includes fluorescent labels such as but not limited

to Alexa Fluor dyes, BODIPY dyes, fluorescein-based dyes, rhodamine-based dyes,

coumarin-based dyes, and pyrene based dyes, or one half of a specific binding pair, e.qg.
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biotin of the biotin streptavidin binding pair, including biotin, oligonucleotides of DNA or RNA,
or lipids, or radioisotopes such as but not limited to *H, ''C, "C, '8F, 3*P, *¥p, **"Cl, "®Br, "’Br,
123) 124y 128 31| op chelating structures (such as but not limited to DOTA, DTPA, CHX-A”,

PCTA, or DO3A) able to bind radioisotopes such as but not limited to "'In, ®®Ga, ¥Ga, ""Lu,

8y, U7, ¥"Te, "Re, ®®Re or MRI contrast agents such as but not limited to Gadolinium.

The wording “Functional group” means moieties such as OH and NH but not limited to.
Functional group might be non-protected or protected by a class of protecting groups known

or obvious to someone skilled in the art.

The term “leaving group” as employed herein by itself or as part of another group is known or
obvious to someone skilled in the art, and means that an atom or group of atoms is
detachable from a chemical substance by a nucleophilic agent. Examples are given e.g. in
Synthesis (1982), p. 85-125, table 2 (p. 86; (the last entry of this table 2 needs to be
corrected: “n-C4F¢8(0),-0O- nonaflat’ instead of “n-C4,HsS(0),-O- nonaflat’), Carey and
Sundberg, Organische Synthese, (1995), page 279-281, table 5.8; or Netscher, Recent Res.
Dev. Org. Chem., 2003, 7, 71-83, scheme 1, 2, 10 and 15 and others). (Coenen, Fluorine-18
Labeling Methods: Features and Possibilities of Basic Reactions, (2006), in: Schubiger P.A.,
Friebe M., Lehmann L., (eds), PET-Chemistry - The Driving Force in Molecular Imaging.
Springer, Berlin Heidelberg, pp.15-50, explicitly: scheme 4 pp. 25, scheme 5 pp 28, table 4
pp 30, Fig 7 pp 33).

The term “optionally” means a purpose clause that further describes the overall operation of

the invention.

Description of the Figures

Figure 1: PET Image 110-130 min after injection of ~10 MBq of Example F15a in LNCaP
tumor bearing mouse.

Figure 2: PET Image 110-130 min after injection of ~10 MBq of Example F15a and 22 ug

Example F3 in LNCaP tumor bearing mouse.

Figure 3: PET Image 50-70 min after injection of ~10 MBq of Example F13 in LNCaP tumor

bearing mouse.

Figure 4: PET Image 50-70 min after injection of ~10 MBq of Example F14 in LNCaP tumor

bearing mouse.
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(R -X-LG foll owed by the separation thereof allowing for the isolation
of conpounds of the fornmula (I-LG Configuration 2 411(RS)

Rs.. 0. 1=Iwbh\20tweg3:®& ON. RS 0 R2 (R) Isoner separation o PCTEP2010/069827
R?No, ,F1'...."..,NR 05 RR2 (;)

Figure 5. NOE HNMR spectrum of the lactone derived from Intermediate D8

Figure 6: X-ray plot of Example F9a: (2R,4R)-2-Fluoro-4-(phosphonomethyl)}pentanedicic

acid

Figure 7: X-ray plot of Example F12; Dimethyl-(2S,4S)-2-Fluoro-4-

(phosphonomethyl)pentanedioate
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LG 4 |-LG -LG Configuration 2 Preferably, the indirect nmethod for
obt ai ni ng conpounds of fornula (I-LG Configuration 2 refers to conpound
of For nulwo@btiG286wherein: RL and R2 are C(=0)0R6 and ECFEPORH/069827
respectively, with R6 and R7 being nmethyl, and R4 and R5 are benzyl, and
wherein LG is para-toluenesul fonyl oxy; Preferably, the indirect nethod for
obtaining (I-LG conprises the steps Coupling a conpound of Fornula Xl

wi th a cExpetimeént#l Seotionl a X- LG for obtaining a conpound of formula (I1-LG
wherein

Abbreviations

18-c-6 1,4,7,10,13,16-hexaoxacyclooctadecane

br Broad signal (in NMR data)

Cl Chemical ionisation

d Doublet

DAD Diode array detector

dd Doublet of doublet

ddd Doublet of doublet of doublet

dt Doublet of triplet

DMF N,N-Dimethylformamide

DMSO Dimethylsulfoxide

El Electron ionisation

ELSD Evaporative light scattering detector

ESI Electrospray ionisation

EtOAc Ethyl acetate

Fmoc Fluorenylmethyloxycarbonyl

HPLC High pressure liquid chromatography

GBq Giga Bequerel

K22 4,7,13, 16, 21, 24-hexaoxa-1,10-
diazabicyclo[8.8.8]-hexacosane

MBq Mega Bequerel

MS Mass spectrometry

MTB Methyl teri-butyl ether

m Multiplet

mc Centred multiplet

NMR Nuclear magnetic resonance

spectroscopy : chemical shifts (d) are

given in ppm.

q Quadruplett (quartet)
PMB para-Methoxybenzyl
RT Room temperature

s Singlet

t Triplet
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XIX-LA -LG wherein RL is C(=0)0R6 ; R2is C(=0)0R7, LGis -0S(=0)2R9 , R4
and R5 are selected independently fromeach other fromthe group conprising
opt i onal Iwo=ots78186t ed C1- C8- al kyl and opti onal | y subst iPCutEPd0 10069820
arylalkyl; R6 and R7 are sel ected i ndependently from each other fromthe
group conprising optionally substituted Cl-C8-al kyl and optionally
substituted C7-Cl10- arylalkyl; Rg is selected fromthe group conprising

Cl- C4- al kB8 and phenyl mhereln phenymﬁBswmwnMuwamuy substituted by one or
two grog setected |||ucpc||uc||t|y =01 frer—f+romthe oot
conpris ﬁ@Fof Crat alkyl, Cl1-CA- alko-ﬁﬁéﬁarﬁyﬁgnd nitro: Preferably, LGis
met haneslHPonyl oxy, et hanesul f onyl oxjyletiobydrepyessul f onyl oxy,

para-to_ggp@sU#fony#nxyr—parafnfTTTﬂTw T
napht halenesul f onyl oxy. Said indire(:thr{rrgdﬁTblrllln ?ﬁlﬁJgﬁﬁF¥ﬁﬁoqapW§ S

performed in a suitable inert solvent, in the presence of a suitabl e base,
optionally in a mcrowave reactor in case the reaction is perfornmed at an
el evated tenperature, a tenperature between O C and 100 C, and at a
pressure up to 5 bar. Suitable inert solvents are exenplified by but not
limted to am des such as N, Ndi net hyl f ormam de, N, N-di net hyl acet am de, or
N- et hyl pyrrolidinone, ethers such as tetrahydrofurane,

1, 2- di met hoxyet hane, or di oxane, hal ogenat ed hydrocarbons such as

di chl oronet hane or chloroform or others such as di nethyl sul f oxi de.

Sui tabl e bases are exenplified by but not limted to alkali carbonates,
such as sodi um carbonate or potassium carbonate, al kali bicarbonates such
as pot assi um bi carbonate, or organic bases such as triethylam ne,

N, N- di i sopropyl et hyl am ne, pyridi ne, Nmethyl nor pholine, N-nethyl piperidine,
or DBU (1, 8-Di azabi cycl o(5.4.0)-undec-7-ene). Preferred inert solvents are
N, N-di net hyl f ormam de or tetrahydrofuran. Preferred bases are potassium
carbonate, or DBU (1, 8-Di azabi cycl o(5.4.0)-undec-7-ene). Preferably, the
indirect nethod for obtaining I-LGis concerning conpound of fornula
(I1-LG, X-LGor XI wherein Rl and R2 are C(=0)0CH3; LG is

par a-t ol uenesul f onyl oxy;
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R4 and R5 are benzyl, the inert solvent is tetrahydrofuran, the base is DBU
(1, 8-Di azabi cycl o(5.4.0)-undec-7-ene), and the tenperature range i s between
0C and 50wQ@.20flig3Wbuori ne at om (F) contai ni ng noi ety coRPTiEPR01G/04BE7 can be
chel ated conpl exes known to those skilled in the art, e.g.

4,7,13, 16, 21, 24- Hexaoxa- 1, 10- di azabi cycl o[ 8. 8. 8] - hexacosane K1 8F (crown
ether salt Kryptofix KL8F), 18-crown-6 ether salt KisF, KI18F, KH18F2, Rb18F,
Cs18F, Naeaéral: gl svigemtaandksteansasnvarencbialned frof co@meksimwources arfdasedskill ed in
the art, [ t I sphoni um
salts of W%&lt{y %ﬁ:]unﬁ(%ttl @?&hiz{( | eﬁ%a&hgﬁgrﬂﬁos&ﬂ&re[(ﬁ&r%ﬁ A?%lrg(blﬂ?

t et r abut YR58 1O Uated Pm@m'%eThqmmzeqmgetﬁfée 4y e ﬁtbg@vﬁl'%rqsﬁ@'”ét“ém (F)

cont ai ni B@Qaé?@bte’ér)/d ih$heda @ RedididSind Exthples s@EtidishS k2 asTH?a@ FERARRYISnes Ol vent s
and condi ti.ons t%hg'bg% W\I@dbe used for this fluori natl on are co n and

wel | - knote &iet PEREIUBIS A hS'ElRe ap ey gPPE ! the sgectragdospiblep nj ot t | A
Sut her | andherﬁhmrrbﬁéimzhavaemt ba’é(ahilmsmimecpr ess, DO1:10.1039/ b922628c Z. Li, P.
g \C}Olnglr q|orﬁ erﬂ%gym WlC&O\)/Vvav rad|a9?n ?anat%' U%Ogég cowrf\é\{ i lcn%ql_dry CNIé.i J. SLOEE,
V. W P| k]@;ovﬁue ovén fomrganICBﬁmeSEQG&;h 2868 BidmgeAnig@biGnnjcraiav§pmptiamatia, A. P.

Wl f, i I ly, the

sol vent s us'%f%H mﬁﬁtahrébonrgéjggn SAto ﬁ%g\%}earpé'%%fﬁg t;;IESR/%%)gd%’aceY’bom !1 g})grsgp or

m xture shitedéthe agr %ﬁé@amlwlavwechmai@i@physmwwle StAONRIYRDA 4 Fe SN ( F)

cont ai ni Ggagei é‘cta)t’eo%ﬂ% bidINEin il AForigfasd o EREEMS shisabkg. hQbrdiMigo Hver si on

of -OH or -0S into an organic 19F fluoride. Such reagents are

exenpllfméwoﬁ but not linmted to inorganic salts and/or adducts of

hydr of | uokd cormiudds ﬁdgnteﬁﬂdiiaﬂéﬁ pfrbdm;a da;orcpmj, mlsei MBﬁthimrtlhéilﬁverﬂIOrﬁ aBgi um

hydrogen %Ilf w q h. I9 r|f|c rgan ou |s e I@o {é)t O[r)gjl na%ﬁllog W th

chel at i ng ' EaGEREL " %‘r?i”r? %8?;}%?%‘? 2 ﬁv bl organi ¢ Sal ts

and/ or  tedieng the hvdbefse\(ml M@yacﬁuwrlﬁvmhh@sanneectma)onnd)um yorearpases.um f | uori de

(TBAF) o fLyQr osi | i cat es,

S e e e e L B T e oo

(di et hy| entalizadign iy porpe Pﬂ'ﬁeﬁdmpﬂ@% MRS PP refﬁ@l\{eﬂ&wfl'tuﬁ'%lﬂﬁ'flﬂe%su'féb@

f1| 1,2, 2, t&m?enfl wsanél@é},@élth@é&}b%&aa@may Sélbfrﬁi@&byfbélukgilﬁz bmestna@b%@hﬁloect rf)phl : ic
uorination re are suita into organic nolecul es,

Such ae. REPBPGT PR eT oo 1P FoTGH B o ar PG cr 11 2t e

N-f | uor osulunarchnéésrapby gas Ustd berebbierzpiesllylréforsitapparadie It | C

N-f | uor ogmi [ ol il

1 chi‘or oReRg RstfE ) GV R sfalhay phase, actyas comaprial e ol orpepaced

bi s(t et r sifidauast ertidetse p-o( Barh Sepdrtisisad)as |9uit«@ blaah sitca deborpeeldle® Rdshl | ed i n

the art, Nﬁ%klﬁ’ca ﬁﬂ%%ln% Bifh 415 e a@'td?rﬁé@ecpéoldnﬁh &%ﬂ?éteg”&tab%ys%rrg and

1,1,2,2,3 nonaf | uor obutane- 1-sul fonyl fluoride In conbination with

triet hyI a'H?fﬁ%Slﬂth@Wﬁﬂ‘%ﬁ I FerHe/EIRHF O\‘@JFH'%F‘GWEW@B@O'SQ@@ HUPNPEAt i ons in
reach of cﬁrbma@grrawﬁs;&{@n{sl £6lkhdwri tbéheA¥drsonklled Mithd & arld ar8lcammefdidly ent

Qpi nion | el o nt 20 1 803- 8

Or gani ¢ ﬁfa&&gg @é:iaec‘g&éﬁtgr w)éf%[}%&aﬁ?@ggz@%y g?g@ Blf‘ileraﬁd'éb erences
ci t ed t hBio&gn, ISEdCahpapivn®, amtthplikefsgr red features can be conbi ned toget her
and are within the scope of the invention. The preferred features discl osed
for conmpound of general formula I, (I-FI 8), (1-F19), (I1-LG are herein
incorporated. In a fourth aspect, the invention is directed to conpounds of
general formula I or (I-FI 8)or m xtures thereof for the manufacture of an
i magi ng tracer or radiopharmaceutical agent for inmaging di seases associ ated
with altered expression of Prostate Specific Menbrane Antigen PSMVA.
Preferably, altered expression of Prostate Specific Menbrane Antigen PSVA
refers to el evated expression of Prostate Specific Menbrane Antigen PSMVA
In other words, the invention is directed to the use of the invented
conpounds of general fornmula | and (I1-FlI 8)for the manufacture of an

i magi ng tracer for inmaging di seases associated with el evated expression of
Prostate Specific Menbrane Antigen PSMA. The conpounds of general fornula I
and (I-FlI 8)are herein defined as above and enconpass all enbodi nents and
preferred features. The inmaging tracer is Positron Em ssion Tonography PET
suitable imaging tracer. The invention is also directed to a nethod for

i magi ng or di agnosi ng of di seases associated with el evated expression of
Prostate Specific Menbrane Antigen PSBA conprising the steps: -

Adm nistering to a mammal an effective anount of a conpound conpri sing
conpounds of general forrmula | or (I-F18), bt ai ni ng i mages of the mamal
and



Assessing imges. The invention is directed to the use conpounds of general
formula I, wherein R3 is 18F_ Fluoro, for the manufacture of an inaging
tracer. Iwoaowesmsred enbodi ment, the invention is direcCra®2e10/0698e7 use of
2- [ 18F] - Fl uor o- 4- (phosphononet hyl ) pent anedi oi ¢ aci d, stereoi soners and

m xtures thereof, and salts thereof, for the manufacture of an inmaging
tracer for imging diseases associated with el evated expression of Prostate
Speci fi c_ WD nmtbodsit i gen PSMA. I n an even nore preferred enbodi nent, the
invention is directed to the use of (2R 4S)-2-

[ 189- Fl uor o- 4- (phosphononet hyl ) pent anedi oi ¢ aci d and/ or

(2S, 4S) - jelilssd BHuor o- 4- (phosphononet hyl ) pent anedi oi ¢, m xtures thereof,
and salts thereof, for the manufacture of an imaging tracer for inaging

di seases associated with el evated expression of Prostate Specific Menbrane
Ant i gen BBSPEMI Waterqpasduitg UPBCIMS: Binafye®sleht Bahaybir rBanipje Makagern@eyahizen i S
directed to the u a4 -

Fl uor o- 4-(phospho%@%@%@ﬁéﬁ%ﬁé%?@?bs%%80051al ts thereof for the

manuf act GPEUNN: ApquitrblLrdPEH Gt®t.7f6x2.imagi ng di seases associated with

el evat edggkPeRSSA OM,0F IR FPesidibfirilenbr ane Antigen PSMA. I n anot her
preferred _enbodi nent said di seases relate to prostate cancer and its

d d
net ast as ESAPBNF: @rlabmp A% B 4 825€Mns9%57 Bst at e cancer. Diseases relating to

pr ost at eFcaweeB namglini t S nmet ast ases are characteri sed by respective tunors
and neta ~ Qe lhyention is related to a conmpound of general formula
(I-F1 8) %’?‘EE@*HH%)%’%“ guration 1 or 2 Functional group non-Protected
for use AETEQTIOCH) DADERer teange 2l 0-§emtn, MSr ESler B, pcarRéngntbORB0AmEz, hy dr ogen
and Rl and R2 are £p0) OR6 and C(=0) OR7, respectively, with R6 and R7 being
hydrogen. The invention is related to a conpound of general formula (I-F1
8) or (I-F 1 8) Configuration 1 or 2 Functional group non-Protected for the
manuf acture of a radi opharnaceuti cal agent for inaging/detecting di seases
associated wth_altered expression of Prostate Specific Menbrane Antigen.
Prefer abw di seases related to prostate cancer and its netastases.
Preferably, R4 and R5 are hydrogen and R1 and R2 are C(=0)0R6 and C(=0)0R7,

respectiye ith an 7 i hydr ogen and t di sease is prostate
cancer . ¥KQ¥EM%'H‘E‘?’% UWB%?E@%?@H&?W er&:Hﬁ%’&fﬁWr&‘P@éner al fornula (I-F18)
or (I-F18pLOMN: Coilpdkilabuth @®0x4£L6 kumct i onal group non-Protected for

i magi ng/ itng dis es. as. iated wth altered expression of Prostate
Speci fi cg%%%%xﬂ’ﬁ?%@%@' %?‘i?g?%ﬁ%ﬂ R4 and R5 are hydrogen and Rl and R2
are C(=0F0®¢: &Adnlgpm0) OR7, respectively, with R6 and R7 bei ng hydrogen and
the di seas@pERaPNRELI R} € cancer. Preferred features and enbodi nents

descri bed _above in the whole first aspect are herein incorporated. In a
fifth asBEEECTHON UVRIE@MM on is directed to the use of conpounds of general
ormula I, (I-FI 8) or (I-FI 9)for conducting biological assays and

chromat ographic identification. More preferably, the use relates to
conpounds of general fornmula | wherein R3 is 18F or 19F, nore preferably
19F. Conpletinsks AGf general formula | wherein the fluorine isotope is 19F are
useful as references and/or neasurenent agents. The conpounds of general
formula | are herein defined as above and enconpass all enbodi nents and

pr ef er r edYSEENMUDRIesex: Pump €B@IASI 100, kmauerv e¥iilletaktar&-2H0Mect ed t o conpounds of
gener al | | - = for chronmat ographic identification.
Prefer abF@?Wrﬁng"ﬁﬁ}%ﬁFﬂh} fséoé%':'f&?cn?ed to conmpounds of general formula (I-Fl
9) conducBPhYENT dlexgnead-Pepangt §0:50 tisecratickt h aspect, the invention is

di rect edrtowa1 gBath@eh for inhibiting NAALADase activity by contacting

i nvention_conpounds of formula | with proteins exhibiting NAALADase

activi tyTEMPERNHRE'rzq - vivo. Additional l y, the conmpound of invention of
fornmul a DETBOTION: Ceupbesh to a detectable | abel e.g. fluorescent dyes.
Preferably, the invention conpound is a conpound of forrmula (I-F18) or
(1-F19).
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In a seventh aspect, the present invention provides a kit conprising a
seal ed vial containing a predeterm ned quantity of a conmpound of Fornula I,
(1-F18), wo-2p9)73136 (| -LG, stereoisonmers thereof and tireTrEPROINGISRS, and
suitable salts thereof. Optionally the kit conprises a pharmaceutically
acceptabl e carrier, diluent, excipient or adjuvant. PAGE | NTENTI ONALLY
LEFT BLANK General synthesis of conpounds of the invention The synthesis
of the cMeptlwochdd of the invention can be acconplished in nmultiple ways

usi ng synthetic nethods described in the literature and databases in reach
of the person skilled in the art. As used herein, protecting groups, as
wel | as H¥EEhodsDiboex: Rump @8¢.eAHNM0 tkmanendVdetdkbmK-2608 wel | known to t he

per son sb?\_bm g}lr§|&e0@{,{|5%qq5g§43@mnped the literature in anple variety,
see e. eene ts, Protective groups in Organic

Synt he5| SOLYENT:dtxeneh2- Piappes) 88GASiIsoT@®) Yor k 1999; P. J. Kocieri ski,

Prot ecti pgo@r pupsy/miar d edition, Thiene, Stuttgart 2005. More specifically,
conmpound fion accordlng to the general fornmulae la, |b, Ic,
Id, and f@M%EEAﬁEhEﬁ#ﬁey sed e.g. starting fromglyoxylates Il and

hal onet hpEAEC VIO & A1DInm pr ef erabl y br ononet hyl acryl ates, as outlined in
schenme 1. Such building bl ocks are known to the person skilled in the art,
partially avail able from comrercial sources depending on their ester
substitution, and also described in the literature. For Il, see e.g. S
Coul ton mpfaghdd Akr ancois, J. Chem Soc. Perkin Trans. 1, 1991, 2699; J. E
Bi shop, J. F. © Donnell, H Rapoport, J. Og. Chem 1991, 56, 5079; J.
Vabeno, M Brisander, T. Lejon, K Luthmann, J. Og. Chem 2002, 67, 9186;

and for SV@TEIﬁe@oﬁ’e@PuQ}pGyﬁ |ASIQO@-5KnaMer B@WK@OW hesis 1982, 924; B. M
O Leary, N. Svenstru Schall ey, AL LOzen, M Schafer J.

Rebek, JPOLUMN ﬁmfa're%ﬁ@eb@ ggdﬂ” 123, 11519. In the presence of net allic
| ndi um BOLGBKT: | Hdxah®r 2rPhypdn@8yi2atiestrgicyt arates 1V (see e.g. P. H Lee, K
Lee IE%@”% %/nth Comm 2001, 31, 3189; T.-P. Loh, J.-M Huang, K -C
HF JUEAginey, ttal, Tetrahedron Lett. 2000, 41, 6511), the hydroxy
gr oup of TE\MPERAEL;[REbZﬁmot ect ed readily to give V. Internediate V nay al so
be usefu and/or R7, should protecting groups strategy warrant
so to dobEﬁ‘eCﬁ%ﬂg'gs known to the person skilled in the art. In order to
illustrate but not tolimt the scope of such variation of R6 and R7,
reference is nade e.g. to, A. Oita, K Sakanoto, Y. Hanada, A Mtsutone,
J. CIeraI Tet ggedron 1999, 55, 2899; T. lwasaki, Y. Maegawa, Y. Hayashi,
T. Gshi shima, J. Org. Chem 2008, 73, 5147; A. Hayen, R Koch, W
Saak, D. Haase . 0. Metzger, J. Am Chem Soc. 2000, 122, 12458. M chael
addition_g 0 hltsVI i nte VI which, upon mld
depr ot ec?Y%-ﬁg'u @ﬁ Brgﬁ\?g#tpgggﬁpéﬂ aH?dp%t%iqrgéWI wi t hout or with
accept abCeLUBNe Cairadel O&et 6pmsi@dxommnPhosphites VI are weII known to the
person s rcially avail able, or can be prepared
accor di nébugﬁt%}%ﬁglé‘t%ml?%gpsoqﬂspgg e.g. H Goldwhite and B. C.
Saunder sFLQW: CRemh/mBoc. 1957, 2409. Conversion of the hydroxy group in VI
into a | eambpaASNRER £ defi ned in the definitions secti on, such as a
sul fonic_ester, can be acconplished using standard nethods to give
pr ecur soPERBFEON: &Y 318 "habl i ng radi osynthesis with 18F fl uori de.
St ereoi soners of the species involved nay be prepared by chiral HPLC
separ ati on. 00 R6 O'LGI I OIRO,R5 0 |la Schene 1: Preparation of
precursors la fromglyoxylates Il and acrylates Il11, wherein Hal is
hal ogen, Metledd AZbl y brono, and wherein R4, R5, R6, R7, and LG are defined
as in the clains and description of this invention, and wherein PGL is a
sui tabl e hydroxy protecting group known to the person skilled in the art
and as d8¥8FikMeldionex: Phep 6B, t100,&Knau¢redV ietakitan K-2501

COLUMN: Chiralpak IA 5pm 150x4.6 mm
SOLVENT: Methanol / Ethanol 50:50 (isocratic)
FLOW: 1.0 mL/min

TEMPERATURE: 25 °C
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Under suitable reaction conditions it is also possible to approach
conpounds la in a nore concise way by transferring the hydroxy group in IV
into a suwoabli®7bmavi ng group as in Va and to directly ®omEPRa10Me9s2hto | a
by neans of M chael addition of phosphites VI, as shown in schene 2.
Surprisingly, DBU which is wdely known as a reagent suitable for the
i nduction of elimnation reactions, has been identified as a particularly
sui t abl eDBABCTIONe &ye10 o cat al yse additi ons of phosphites Vito gl utarates
of the fornula Va. C31(3R60R6 | Wal a Schene 2: Preparation of
precursors la fromintermediates 1V, wherein R4, R5, R6, R7, and LG are
defined as in the clains and description of this invention. The
radi osynpase$Agf the 19F | abell ed conpounds of the invention can be
acconplished rn nultiple ways using known net hods described in the
literature and databases in reach of the person skilled in the art. Mre
fEeCiBif@#é?EMC@BﬁQ@Fd@p@@QUﬁﬁ1b@¥@@h&?0v¢%%&&ﬁkﬂgx$F.thg generﬁl fognugaeh
an e, syn ised starting fromla as outlined in schene 3. Suc
nucleophﬁpﬁ@D¢E§8W¥W§D§%H@ éigﬁﬁmn to the person skilled in the art and
al so desB8OLVENT: Hexbiwe/ Ethared 80:00 @soctatic) r evi ews and cited references within
see e.g. /- I Eur. J. Og. Chem, 2008, 2853; Anetaney etal., Chem
Rev. | 205@13‘@,@@6‘1, MIler et al., Angew. Chem Int. Ed. 2008, 47, 8998.
| al bl ¢ SERMRERBTUREefmiCat i on of 18F | abell ed conpounds of the invention Ib
and k frpemrpeeem: s/ &olgy Wherein R4, R5, R6, R7, and LG are defined as in
the clains and description of this invention. In a simlar way, precursor
nol ecul es | a can be converted into 19F fluorinated internediates Id as
shown in schene 4 by nucl eophilic fluorination with subsequential renoval

of protegtin oups in one or nore steps eventually giving rise to 19F
conpound@lt—e;l-lg.%j—gé

SYSTEM: Dionex: Pump 680, ASI 100, Knauer: UV-Detektor K-2501
COLUMN: Chiralpak 1A 5uym 150x4.6 mm

SOLVENT: Ethanol neat (isocratic)

FLOW: 1.0 mL/min

TEMPERATURE: 25 °C

DETECTION: UV 210 nm

Method P1

SYSTEM: Agilent: Prep 1200, 2xPrep Pump, DLA, MWD, Prep FC, ESA: Corona
COLUMN: Chiralpak 1A 5pm 250x30 mm

SOLVENT: Hexane / Ethanol 90:10 (isocratic)

FLOW: 50 mL/min

TEMPERATURE: room temperature

DETECTION: UV 210 nm

Method P2

SYSTEM: Dionex: Pump P 580, Gilson: Liquid Handler 215, Knauer: UV-Detektor K-2501
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R6 OLG R4-0,P10R 0 4I1 0O IRO, RO | al dl e Schenme 4: Preparation of
19F substituted conpounds of the invention Id and I e from precursors | a,
wherei n REQ 2RE/07B8s R7, and LG are defined as in the clrarmP2&n669827
description of this invention. Alternatively, 19F substituted conpounds of
the invention according to the general fornulae Id and | e can be approached
starting frominternmediates IV by fluorination of the hydroxy group by

met hods KEbUNN Ghirdigakd€rogior2a®dks8d ined in the art to give 19F fluorides I X

Such i nt ggglgglhﬁt,%g?ﬁ%m_ppoﬁghglgggpyis&ggwﬁrted into internmediates Id by

M chael tion of phosphites VI "under’'m|d basic conditions w thout
conconi t BHPWeB? MLk | on of hydrogen fluoride. Deprotection as described

above canefeerAPURESEohABpdremte CcOnversion into le. Again, reference is

made to E%EB?I%?\}:%I\)ZI{[OXW;[O separate stereoi soners by neans of chiral H PLC.

Method P3

SYSTEM: Dionex: Pump P 580, Gilson: Liquid Handler 215, Knauer: UV-Detektor K-2501
COLUMN: Chiralcel OD-H 5um 250x20 mm

SOLVENT: Hexane / 2-Propanol 80:20 (isocratic)

FLOW: 20 mL/min

TEMPERATURE: room temperature

DETECTION: UV 210 nm

Method P4

SYSTEM: Dionex: Pump P 580, Gilson: Liquid Handler 215, Knauer: UV-Detektor K-2501
COLUMN: Chiralpak IC 5um 250x30 mm

SOLVENT: Hexane / 2-Propanol 80:20 (isocratic)

FLOW: 40 mL/min

TEMPERATURE: room temperature

DETECTION: UV 210 nm

Method P5

SYSTEM: Agilent: Prep 1200, 2xPrep Pump, DLA, MWD, Prep FC, ESA: Corona
COLUMN: Chiralcel OD-H 5uym 250x20 mm

SOLVENT: Hexane / Ethanol 85:15 (isocratic)

FLOW: 20 mL/min

TEMPERATURE: room temperature

DETECTION: UV 210 nm
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IVIXId OOH ' 19F | | ,OP EOHHO Il le Scheme 5: Preparation of 19F
substituted conpounds of the invention Id and e frominternediates IV,
wherei n R¥O 2RB/0788s and R7, are defined as in the clai neCame2aes6Is2pt i on of
this invention. The tetrazole noieties can be built up by

[ 2+3] -cycl oaddition reaction of the corresponding nitrile with an azide
(e.g. M E Safdy et al., J. Med. Chem 1982, 25, 723). |If not already
present MethdbPbespective starting materials, the corresponding nitriles
can be synthesi zed by dehydration of the corresponding primary am des with
dehydrating agent like POCI3 (S. E. Wbber et al., J. Med. Chem 1998, 41,
2786) or SYBTEMubipoac €tinp Paa80dGigvhyldquidiBaiderd. 15 KKnaBer: &k Peteldor KaR501 n
Proceedi pgs i Ehﬁﬂé&bﬁiﬁ% me%g%kﬂﬁmSynp03|un12007) or by nucl eophilic
substitution of sul t eaV|ng roup like halide or sulfonate by a
cyani de PELYENK Heﬁ”‘?(é'?‘ﬁ?f‘%% ab (isoctichm  Chem Soc. 2001, 123(9), 2074).

Al t er nat FvelWy 20 RiLIRFY am des can be directly converted into azides by
reacti ng._w i derivatives such as trinethylsilyl azide in the
presenceT%vkgﬁgiggEC@Pﬁé?VVEWH? such as diisopropyl diazodicarboxyl ate
(DI AD), bBUESTICNabNe1pmesphanes, such as triphenyl phosphene, as descri bed
e.g. by A P. Kozikowski, J. Zhang, F. Nan, P. A Petukhov, E. G aj kowska,
J. T. Woblewski, T. Yanmanoto, T. Bzdega, B. Wobl ewska, J. H Neale, J.
Med. Chem 2004, 47, 1729. Definitions The terns used in the present
inventi ofefhSg P¢f i ned bel ow but are not limting the invention scope. As
used herefm, thne term"alkyl" refers to a Cl-Cl0 straight chain or branched
chain al kyl group such as, for exanple methyl, ethyl, propyl, isopropyl,

butyl, i §9§11F§IW Aglltaﬁ’tr breIBuItZMdJ 12xp (Bimp, DERRARDY brep@@%’l\t Ebﬁong'ept yl, hexyl,
- strai ght chain or branched chai n al kyl or

decyl. Preferab % %b
C7- C10 stPEPYRY C ﬁ%ﬁﬁ HﬁWHH@Wéa)@thn al kyl . As used herein, the term
cycloaIE@LVENTehﬁQS/zon@aﬁaﬁﬁbocycl|c al kyl group such as, for exanpl e,

cycloproF%éN @¥ butyl cycl opentyl, cycl ohexyl, cycloheptyl As used
her ei n, n%J]koxy" refers to alkyl groups respectively linked to the

respect i VEMSERATURE: logmdempgigen atom i.e. -0-, with the alkyl portion

bei ng asp Q?Etﬂ@ﬂl%@QH%mn§UCh as for exanple nethoxy, et hoxy, i sopropoxy,
tert-butoxy, hexyloxy. As used herein, the term"al kylsulfanyl” refers to

al kyl groups respectively linked to t he respective scaffold by a sul fur
atom i.e. -S-, with the al kyl portion being as defined above, such as for

exanpl e t ha ul fanyl, ethylsul fanyl, butylsulfanyl As used herein, the
tern1"a|&§ﬂ¥¥£§gnyl" refers to al kyl groups respectively | inked to the

respective scaffold by a car bonyl group, i.e. =0)-, with the alkyl

b val oyl STBURYFYPErANGREACTER syt i L?grﬁﬁg%gaw%ké oL e 9 Yo al kyl

groups respectlveIsz%BeEi_sm)ztheSQ@smemtlve scaffold by a sul fonyl group,

e -S(z8) g W ion being as defined above, such as for
exanpl e ne gﬁ%?&%@%%gﬁéﬁ@hﬁb dﬁ%onyl, but yl sul f onyl .

SOLVENT: A = H,O + 0.1% formic acid; B: acetonitrile

GRADIENT: 0-1 min 0% B, 1-7.5 min 0-25% B, 7.5-7.6 min 25-100% B, 7.6—10 min 100% B
FLOW: 25 mL/min

TEMPERATURE: room temperature

DETECTION: DAD scan range 210-400 nm, MS ESI+, ESI-, scan range 160-1000 m/z,

ELSD

Method P9

SYSTEM: Dionex: Pump P 580, Gilson: Liquid Handler 215, Knauer: UV-Detektor K-2501
COLUMN: Chiralpak IA 5pm 250x30 mm
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As used herein, the term"haloal kyl" refers to al kyl groups substituted
with at | east one or nultiple hal ogen atom fluoro, chloro, brono, and/or

i odo, selwoted/i7sasependent|ly from each ot her with the alPKYEPR@OG®mR7 bei ng
as defined above, such as for exanple trifluoronethyl, brononethyl,

chl oroet hyl, 4-iodo-3-fluorobutyl, or nonafluorobutyl. As used herein, the
term"arylal kyl" refers to al kyl groups substituted with one or two aryl
groups mﬁDtMEuTeﬂnpnébﬁmamy8@@@§mknumbd as |isted below, with the al kyl
portion pgb ﬁmﬁlned above, such as for exanple benzyl, phenethyl,

2- met hyl - hen 2- napht hylethyl, or para- nethoxyphenylbutyl
PreferabT§'M %ﬂgﬁrWP@H%WPm?§“{CB C10 Aryl) met hyl , nore preferably
benzyl . pheeteON: &80 nAS enpl oyed herein by itself or as part of anot her
group refers to nonocyclic or bicyclic aromatic groups containing from®6 to
12 carbons in the ring portion, preferably 6- 10 carbons in the ring
portion, such as phenyl, naphthyl or tetrahydronaphthyl. The term "hal 0"
refers t Iu chloro, brono, and iodo. Wenever the term "substituted"
i s used, ELliggéigant to indicate that one or nore hydrogens on the atom
|nd|cated in the expression using "substituted" is / are replaced by one

ore mnult} h I , hitro,
1 co- al Ryr CaPEaEhrt Pubhsdor S1h Rt B R U e G

Cl- Ce6- aIﬁ@LUMﬂlC@GﬂﬁwwéiyWdﬁ@X@lmEB alkylsulfanyl prOV|ded that the
regul ar ua| @BQY: @harddfedt fSREGEL] ve atomis not exceeded and that the
substitution results in a chencally stable conpound, i. e. a conpound t hat
i s suffiEieWs Pym-Ghlist to survive isolation to a useful degree of purity
from a reaRIPERATOREL Wb@ terdptatu@r mul ation into a pharmaceutical conposition
Preferre are Chloro Bronmo, |odo, G -C4 al koxy and C1-C4

al kyl . QE?Egiéhﬁgﬁgﬁ - i ndi cates the range of nunber of carbon atons
the respective noiety nay feature, illustrated by but not limted to e.g.
Cl- C6-al kyl or Cl1-C6 al koxy, which may feature 1, 2, 3, 4, 5, or 6 carbon
atons not covering optional additional substitution. If chiral centres or
ot her foHRkCoMethashRadiochemy res are not ot herw se defined in a compound
according to the present invention, all forns of such stereoisoners,

i ncludi ng enanti omers and di astereoi somers, are intended to be covered

her ei n. ApMimdgleeiciP8i ni ng chiral centres nmay be used as racemc mxture

or as ancensiiN: 2REAILRaEIN 180MiechpcomiAt ure or as a di astereoneric mxture
as a dlastereonerlcallﬁ enriched m xture, or these isoneric mxtures nmay

be separ ateYENEAnG e rW@@WﬁWﬁﬁe%H3§nd an individual stereoisomner
maybe usedLHEENNE: Atdtortidlees wher ei n conpounds nmay exi st in tautomeric forns
as it iscg 5358 /819 in tetrazole derivatives, each tautoneric formis
contenplak as belng included within this invention whether existing in
equi | i br TeMPERAPYBEO Hant |y in one form Wen ever a mention is made to a
mxture BETBEHORPRELBAGVS LERER! SRIEHSha EADEBRLE, e understood that all
stereoi soners present into sard mxture. Suitable salts of the conpounds
according to the invention include salts of mneral acids, carboxylic acids
and sul fonic acids, for exanple salts of hydrochloric acid, hydr obr om ¢
acid, sulfuric acid, phosphoric acid, nethanesulfonic acid, ethanesulfonic
aci d, toluenesul fonic acid, benzenesul fonic acid, naphthal ene disulfonic

aci d, aCAhi;@nhﬁ‘érd,oftS‘tbifddm&ﬁﬁgﬂi c acid, propionic acid, lactic acid,
tartaric acid, malic acid, citric acid, fumaric acid, naleic acid and
benzoic acid. Suitable salts of the conpounds according to the invention

al so i nccuderaﬂaémrm‘ amuaianaﬂy obase@nnfemmaﬁassigymmwf absorxanpl e and by
way of preference, li nmetal salts (for exanple sodiumsalts and

pot assi ufirdigyrelgns "‘é’?\SIE’SP‘r"%‘?Q basE% A FrEtyAnayses & © nEFS ERUMPB E¥MRIE um sal ts and
magnesi usarsEuhey FeenghdamMmZpanidnhsidat Overtialisey effect &xperimaniun [actéies@edwsd C anm nes

having 1 _t Q 0 such as, by way of exanple and by way of
preferenfcgcemInjt‘tarrrI gﬁ?Egar@qﬁihylanine, triethylam ne, ethyldiisopropyl an ne,
nonoet hanol am ne, diethanol am ne, triethanol am ne, dicycl ohexyl am ne,

di et hy! A-PORINRBRcal RHAGEARGNAH r%%@%béér%ﬂ chdlTh DRI Bl cRe ro & 01 Ni e,
| ysi ne, yl'enedi am ne and N-ne pi peridi ne Dase activity" refers
to an en%’W%[tfiod‘ weieh differpntagats ‘d&b’ ﬁB@ﬁei regading QE@J‘W Stﬁéeﬁafﬂetnwt@’l PGt e (NAAG
to N-acetylaspartate (NAA) and glutamate. The term "detectable | abel” as
used here includes fluorescent |abel s9%uch as but not Iimted to Al exa

Fl uor dyes, BODI PY dyes, fluorescein-based dyes, rhodam ne-based dyes,
counari n- based dyes, and pyrene based dyes, or one half of a specific
binding pair, e.g. biotin of the biotin streptavidin binding pair,
|nclud|ng b|ot|n ollgonucleotldes of DNA or RNA, hi..d, or |'i pids, or



or chelating structures (such as but not limted to DOTA, DTPA, CHX-A",
PCTA, or DO3A) able to bind radioi sotopes such as but not limted ton,
saGa, 67CGyQ207A73286L , 86y 94nmlc, 99nTC, 1861-., 1 eRa RCTRP2@0/054827
contrast agents such as but not Iimted to Gadolinium The wording
"Functional group" neans noieties such as OH and NH2 but not limted to.
Functi onal group m ght be non-protected or protected by a class of

pr ot ect i biglogicaaptivitl hevenbamn gebearated sare cefermarttorireths laxperaental Settonauist . The term
"| eavi ng [ Yaiat r group is
noun or St BeeSE SRR SRR Pl e REL and o BB PRl e e 2o or
group of DeANGIRESENsto @as e AN NT ¢ty eegéWmth%er@mﬁ@ﬂ ahrddenge an avRelWdphi | i ¢
agent . ExgrelbRsni@re given e.g. in Synthesis (1982), p.85-125, table 2 (p.
86; (the last entry of this table 2 needs to be corrected: "n-C4F9S(0) 2-0-
nonafl at” instead of "n-C4H95(0)2-0- nonaflat"), Carey and Sundberg,

O gani schhe cowmith epaexahp@9and mlibﬁrgedl&t@Qﬂ&Sﬂsnhbraﬂl #hobe &hdm’aé‘d@h%mme Recent
Res. 03 {y 11 and 15 and ot hers).

( Coenen, C$ﬁ%@?WﬁE%n@eEabe ?me%%mﬁ 8&“5 q?ﬁ?%%mSHae ossibilities of Basic
Reactions, (2006), in: Schublger P.A., Friebe M, Lehmann L., (eds),

PET- Chem $PLY rete;mb‘?) tlﬂe c\éhglgtlc!:rplfs‘ﬁfg ép@mﬁ@)‘ I@IBLLU: FHéth'oH@gH M.cuﬁ%%h.%ﬂchBer l'in
Hei del berg, pp. Ib-50, explicitly:” schene 25, schenme 5 pp 28, table 4
pp 30, FF@”@dﬁﬁsﬁg¥d”ﬁh%Pﬁﬁ?%mJ%%QQEMEIIy" neans a purpose clause that
further gdeogaRbes: Mbﬁ oom@rcaﬂnbomeraaa In‘i&im@&a&ab%aﬁdﬂé’ﬁfmét@’@ogdﬂ&f&zﬁtr@i| on of

t he FlguEes Flgure 1 qa% 0-130 mn after & ho&ﬁ g) NBq of
Exanpl e SQW“P s QW g NBUsEc Wt?u?‘@re? SPEPY MEYeP™ 182 130 min
aft er i ngiestticomefas-phds thqmotﬁonlEacamslknaoﬁriﬁathapeksaﬂsmi@dﬁxmmhethEB i n LNCaP

tw‘é{{“ of b%‘#ﬂ?fﬂ@%%éﬁp%@eﬁfggg@shed 4 08961 OrdThdh gnoafﬁén%g gfvglﬁ,%%g#apn of -10

i unor earlng nmouse. e 50-70
m n af t eNMRgpeelra @vithipflimits of tuelniasf varibifits) @CFﬁarﬁuwpl@m&ﬁﬂth imdspebdance nb nouse.

Figure 5the%|mreﬁg%r§lﬁhqgrdm®/ dratHcPise [efickes et bBt&tr&Abate D8
Figure 6, X-ray plot o Ex

(2R, 4R) - IMR gryvat HC%%%EbEB%%PWW)WHtSB%@QSFV&O HREHSENYHPEVES 8- r ay pl ot
of Exanpbmantdméeridierediayip; WRifst difidremt-NilIR @pértréevidphasidytdsrosrmdrieybipfeihipnedi oat e

0 “R® diastereomers .
4 I < > @] R
R\O/T\‘\o“ R' 4 I
RN /P\“\\.‘ ;
Ol s o7 | R
R Ol s
R
enantiomers enantiomers
RZ
R3
) ﬁ diastereomers ﬂ "‘RS
R P -
\O/l R R4\ _P 1
0 0" | R
RS o
RS

iii. Correlation via stereocentres featuring common absolute configuration: The addition of a

phosphite to a-methylene glutarate derivatives is a key step in the syntheses of the examples
of the invention, such as in the synthesis of Intermediates D5 and D6 or, as exemplarily
shown below, of the Example compounds F6a and F7a. Said a-methylene glutarate
derivatives can be readily prepared in enantiomerically pure form by preparative chiral HPLC,

as described e.g. for the Intermediates D1 and D2, and E2 and E3, respectively. Their
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Experinmental Section Abbreviations 18-c-6

1,4,7,10, 13, 16- hexaoxacycl ooct adecane br Broad signal (in NVR data) C
Chem cal wonsatsmsa d Doubl et DAD Di ode array detector adThBradboatsof
doubl et ddd Doubl et of doubl et of doublet dt Doublet of triplet DW

N, N- Di et hyl f or mam de

reaction with phosphites (after OH protection in case of D1 and D2) leads to two but not four

stereocisomers hence it is concluded the configuration of the stereogenic centre present in the

glutarate synthon is not compromised in the addition reaction, and that the example

compounds F6a and F7a must have common absolute configurations at the respective

stereacentre, i.e. C-4. The same argument applies e.g. to the synthesis of example

compounds P7, P8, P9 and P10 from Intermediates D1 and D2.

E1 E2

chiral
HPLC O F
— e
\O/l R’
(0]

R
chiral
HPLC o F
F —_— F — R4 'l:!
1 \o/l R!
R' R Ol s R!, Rz = COOMe

R*, R = CH,Ph
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DVSO Di net hyl sul foxi de E
scattering detector ES
Fl uor enylwet2hywosasear bonyl
G ga Bequerel K2.2.2 4, 7,

El ectron ionisation ELSD Evaporative |ight
El ectrospray ionisation EtOAc Ethyl
HPLC Hi gh pressure |iquid chrorgEreguoapsy’ GBq
13, 16, 21, 24-hexaoxa-1, 10-

di azabi cycl o[ 8. 8. 8] - hexacosane MBg Mega Bequer el

Specific assignments. X-ray data taken from crystals of Example F12 indicate (2S,4S)

configuration which then in conclusion also applies to example F6a, from which it is formed

by hydrogenolysis. Chiral HPLC retention correlation and HNMR equivalence prove the

identity of Example F6a with example compound F6. F6, in turn, has been deprotected to

give F10 which has shown a ICsq = 7.0 nM as specified in Biology example 1. For

assignments to be discussed further below it is noteworthy that Example compound F6 has

been directly prepared from Example compound P9. From Example compound P9 also the

"®F_Fluoro example compound F13 has been prepared, from which, in turn, Biology

examples 3, 5, 6 and 7 have been generated.

Furthermore, the assignment made is corroborated by additional X-ray data of example

compound F9a, which has been generated by deprotection of example compound F5a. X-ray

data of Example compound F9a evidence (2R,4R) configuration. Identity of the NMR data of

examples F5a and F6a, but different HPLC retention times using the same HPLC method

indicate an enantiomeric relationship between two said examples. This is also in line with the

fact that they have been prepared from different fluoroglutarate enantiomers Intermediate E3

(example compound Fba), and Intermediate E2 (example compound F6a), respectively,

indicating opposite configuration at C-4. The sketch below summarises the assignments

made and the evidence supporting these:

COOH

Foic,=70nm

COOH

\
O—u=0

H
F10

COOMe

NMR equivalence
HPLCt correlation
BnG” | COOMe

structural identity

prepared from

Example P9

ﬂ prepared from

COOH

X-ray
(2R.4R)

NMR identity

HPLC ty, difference (? e
- |

. " P o
enantiomeric BnO/ l\\\
relationship OBn

ﬂ prepared from

COOCMe

Z,,,,F
COOMe

E3

Example compound P9, from which a substantial proportion of biological data disclosed

herein has been generated, has been shown to correspond to Intermediate DS with regard to

acetate Fnoc



M5 Mass spectronmetry MIB Methyl tert-butyl ether mMiltiplet ntc Centred
mul tiplet NMR Nucl ear magnetic resonance spectroscopy : chemcal shifts (5)
are gi verwpreopps2sa Quadrupl ett (quartet) PMB par a- Met hexyhPawylocd827 Room
tenperature s Singlet t

its absolute configuration by synthetic conversion of DS into P9. Intermediate D3 was
desilylated and tosylated as described in the protocols section to give a sample identical with
example compound P9 as judged by NMR spectrum and chiral HPLC retention time
correlation.

Two sterecisomers of Intermediate D9, Intermediates D7 and D8, were employed for further
investigations of their relative configurations. Of these, D7 features an identical NMR
spectrum and a different HPLC retention time as compared to D9, and has been prepared
from enantiomer D1 of the respective hydroxyglutarate synthon whilst D9 was prepared from
D2, thus proving D7 but not D8 as the enantiomer of D9. Furthermore, Intermediates D7 and
D8 must share identical configuration at C-4 since they both were prepared from
Intermediate D1.

Intermediates D7 and D8 were converted into corresponding lactones as described in the
protocols section and were investigated by NMR including studies on a nuclear Overhauser
effect (NOE) between the protons indicated in the sketch below. Upon irradiation of the
proton at C-2 in the lactone formed from Intermediate D8, a pronounced NOE effect was
found for the proton attached to C-4, indicating that the two methine protons attached to the
lactone ring are located on the same side of the ring, i.e. feature a c¢is configuration. Since no
NOE between the protons attached to C-2 and C-4 was found for the lactone derived from
Intermediate D7 it was concluded that this lactone features trans configuration. Eventually,
as D7 and D9 are enantiomers and hence display identical relative configurations, it was
concluded that D9 - and P9 alike - must have either (2R, 4S) or (2S,4R) configuration.
However, since P9 has been directly converted into example F6 for which (2S,4S)
configuration has been shown as described above and only C-4 gets involved in the
conversion from Example P9 into F6, P9, and hence also Intermediate D9, must have
(2S,4R) configuration.

This is in line with an Sy2 mechanism applying for the fluoride displacement of the tosylate
leaving group which would be expected by the person skilled in the art, see e.g. Liu, P.;
Sharon, A.; Chu, C. K. J. Fluorine Chem. 2008, 129, 743-766, Katzenellenbogen, J. A. J.
Fluorine Chem. 2001, 109, 49-54, Fritz-Langhals, E. Tetrahedron Asymmeiry 1994, 5, 981-
986, Fritz-Langhals, E.; Schitz, G. Tetrahedron. Lett. 1993, 34, 293-296, Colonna, S.
Gelbard, G.; Cesarotti, E. J. Chem. Soc., Perkin Trans. 1, 1979, 2248 — 2252, European
Patent EP 0749954.

Furthermore, the results correspond to the known stereospecificity of the bioactivity of 2-
PMPA, the non-fluorinated analogue of 2-fluoro-4-(phosphonomethyl)pentadioic acid (D.
Vitharana et al., Tetrahedron Asymmetry 2002, 13, 1609; T. Tsukamoto at al., J. Med. Chem.
2005, 48, 2319). The sketch below summarises the assignments made and the evidence

supporting these:
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Tripl et TBS tert-Butyldimethyl silyl THF Tetrahydrof uran THP
Tetrahydropyran U PLC U tra performance |iquid chromatography GCeneral: Al
sol vent s wodooihesiséal s were obt ai ned from conmerci al soRCTEP2@00H6933Ed

wi t hout further purification. Anhydrous solvents and inert atnosphere
(nitrogen or argon) were used if not stated otherw se. The preceding table
lists the abbreviations used in this paragraph and in the Internedi ates and
Exanpl es sections as far as they are not explained within the text body.
NVR peak forns avéeStated as they appear in the spectra, possible higher
order effects hgye not been considered. Reactions enploying m crowave
irradiationjjcah bé s with a comercial |aboratory microwave oven for
organi ¢ syrfhesSesewesuch as the Biotage Initiator(r) microwave, optionally
equi pped wi tA a rebotic unit. Reactions were nonitored by nmethods known to
the person skilled in the art, such as thin-Ilayer chromatography on

sui tabl e statlijonary phases, such as silica gel coated plates of alum nium
or glass, or |HPr®*VB"anal yses e.g. according to HPLC nethod Al . The
conpounds and/i nt er nedi at es producgd,according to the nethods of the
invention may ré&8litre purification. BPhrofication of organic\gypounds is
wel |l known fo experson skilled ip the art and there may -be sgveral ways
of purifying the san®®onpound. |nsome cases, no purifi'tatie <nay be
necessar §° Jif c€f®ai n cases, the conpoungs®hay be purified by\,-n
crystallization.rn sone cases, inpuriti&s®ay be renmoved by tdi®uration
using a suihgtle solvent. I n sone cases, the conpounds nmay jE purified by

col um chr omat 84F8hy, or preparative|PPrC according to the [pPEpdfFati ve
HPLC net hods Yi st gd bel ow. Col umm chremat ography, as used hegeinafter,

typically refers| to preparative |iquid_ghtenmat ogmaphy.can a sui taBf
stationary phasge,°such asg"teiftierci al, siti

a. gel origmepacked siATeas gel

cartri dggs, wm&&onlSeﬁg&&&&’suchﬂasﬁ!solute(ri“gkgﬁﬁ %%Luc el or
Isolute Flagh NH2 silica gebwibn COTHNAt®Sn with ewegs an “Bubemat8d®col um

chr omat ogr aphy si@tenl and el uents such ®as |gradients of h xane/ Ef OAc or

di chl or onet hghe/ et hanol . Sai d aut omat ed chAonatography—syjtenB are known to
t he person silFW@ﬂ“Tn the art and are commercial |y available (e.g.

Fl ashMaster ™MO by Argonaut/Biotage, SP40 by Bi of pg& ™ TSol era Four (r) by

Bi ot age, | SCO ¢¥Mpanion(r), and the likes). HPLC neihods Method Al
SYSTEM WatersAgquity UPLC-MS: Binary Sol vent Manager, Sanple
Manager / Organi zer, Col umm Manager, PDA, ELSD, SQD 300Xt

COOMe
COOMe
D2
D1

By correlating HPLC retention and NMR data, and correlation to the respective
enantiomerically pure a-methyleneglutarate synthon, all other non-racemic Intermediates and
Example compounds not hitherto mentioned in this paragraph could be assigned with regard

to their absolute configuration.
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COLUWN: Acquity UPLC BEH C18 1.7 50x2.1nm SCLVENT: A= H20 + 0.1% HCOOH, B =
acetonitrile GRADIENT: 0-1.6 mn 1-99%B, 1.6-2.0 mn 99% B FLON 0.8

mL/ m n TENDERATIZRIBs 60 C DETECTI ON: DAD scan range 210- 200/EP29100B8ES| +,

ESI -, scan range 160-1000 mlz, ELSD Method A2 SYSTEM D onex: Punp 680,
ASlI 100, Knauer: UV-Detektor K-2501 COLUWN: Chiral pak I A 5pm 150x4.6 mm
SOLVENT: Hexane / Ethanol 90:10 (isocratic) FLON 1.0 nL/m n TEMPERATURE:
25 C DETGeneiprosediiresnm Met hod A3 SYSTEM Di onex: Punp 680, ASI 100,
Knauer: UV-Detektor K-2501 COLUWN: Chiral pak 1 C 5pm 150x4. 6 mm SOLVENT:
Hexane / 2-Propanol 50:50 (isocratic) FLON 1.0 nL/m n TEMPERATURE: 25 C
DETECTI GSP1UT B3 intaddl udtisrt) 0@ 2 ¢boled (0°C) solution of the starting alcohol (1.00 eq) in

dichloromethane (approx. 5 mL / mmol) was added N-Methylimidazole (1.40 eq), followed by
tert-butyldimethylchloro silane (TBS Chloride, 1.30 eq). The cooling bath was removed and
the mixture was allowed to stir overnight at room temperature. Subsequently, the double
volume of dichloromethane was added and the solution was washed with brine twice. The
organic layer was dried over sodium sulfate and evaporated. The residue was purified by

column chromatography on silica.

GP2: (Tosylation) To a cooled (0°C) solution of the starting alcohol (1.00 eq) in pyridine
(approx. 20 mL per mmol) was added para-toluenesulfonyl anhydride (2.00 eq). and the
mixture was stirred for a period ranging from 2 h at 0°C up to 16 h at room temperature, as
judged by TLC or HPLC/MS analysis according to method A1 (or as specified in the
respective individual protocol). The reaction mixture was then partitioned between water and
dichloromethane, the organic layer was then washed with water and brine, dried over sodium
sulfate, and evaporated. The crude product was used crude or was purified by column

chromatography over silica.

Preparation of Intermediates

Intermediate A1: Dimethyl (RS)-2-hydroxy-4-methylenepentanedioate

O~ _O
“CH,
OH

o)
H,C “CH,

In a three-necked flask equipped with a powerful mechanical stirrer, to a cooled (+5°C, ice-
water bath) mixture of methyl glyoxylate (10.0 grams, 114 mmol), methyl (2-bromomethyl)
acrylate (22.5 g, 1.10 eq), methanol (80 mL), and 0.3 N aqueous hydrochloric acid (80 mL)
was added powdered Indium (100 mesh, 13.0 g, 1.00 eq.) in several portions maintaining the
temperature below 35 °C (which did no longer require full cooling during the addition of the
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SYSTEM Di onex: Punp 680, ASI 100, Knauer: UV-Detektor K-2501 COLUWMN:
Chiralcel OD-H 5pm 150x4.6 mm SOLVENT: Hexane / 2-Propanol 80: 20

(i socratiwp2plidas2se. 0 nL/ m n TEMPERATURE: 25 C DETECTI ORCTHY2@2069327 Met hod
A5 SYSTEM Dionex: Punp 680, ASI 100, Knauer: UV-Detektor K-2501 COLUWN:
Chiral pak 1 C 5pm 150x4. 6 nmm SOLVENT: Hexane / 2-Propanol 80:20 (isocratic)
FLON 1.0 nmL/mn TEMPERATURE: 25 C DETECTION. WV 210 nm Met hod A6 SYSTEM
Di onex: Rterpo@8iis). A8l codl)@, bakKnaasethen tirniDetelg kerooveH - y6rdl 1@ShYMbkeClgiasal cel

- H Sp%@%ﬁ;ﬁ%ﬁ MSggrgEMe td&ﬁ?é@é}ﬁ cI/ottlﬁg?iatHQ Ilndﬁﬁn Trd | é&:t)%g Al i) mik@QY 1.0

m./ mn TEMP 0 nm NEt hod A7 SYSTEM D onex:
Punp 680WaRgimedy@Oradnly e h, dyiDeriiRt e MkISGROISDEQINO rEHT tEAIRFERUTPA 5pm
150x4. 6 1re StduVENES ddRhiranlal sollds kAl #le 2RehBtahi waCdoRtdrEhted in vacuo. The

residue was saturated with solid sodium chloride and then extracted by MTB; the residue
remaining hereafter was loaded on Celite and was washed with MTB (4x) and EtOAc (1x).
The combined organic layers were dried over sodium sulfate, passed over a plug of Celite,
and evaporated. The residue was purified by column chromatography over silica to give 16.8

g of the target compound in 94 % purity (74 % yield).

"H NMR (300 MHz, CDCls) & ppm 2.65 (dd, 1 H) 2.87 (dd, 1 H) 3.07 (s br, 1 H) 3.77 (s, 3 H),
3.78 (s, 3 H) 4.34 - 4.44 (m, 1 H) 5.74 (m, 1 H) 6.30 (m, 1 H).

MS (Cl): [M + H]* = 189.
MS (CI): [M + NH4]" = 206.

Intermediate A2: Dimethyl (RS)-2-{[tert-butyl(dimethyl)silyl]oxy}-4-

methylenepentanedioate

H,C CH

Intermediate A2 was prepared according to General Procedure 1 from Intermediate A1 (2.00
g, 10.6 mmol). Yield 2.69 g (84 %).

"H NMR (300 MHz, CDCls) & ppm 0.00 (s, 3 H) 0.04 (s, 3 H) 0.87 (s, 9 H) 2.59 (dd, 1 H) 2.83
(dd, 1 H) 3.72 (s, 3 H) 3.76 (s, 3 H) 4.43 (dd, 1 H) 5.67 (m, 1 H) 6.26 (m, 1 H).

MS (El): [M + H]* = 303.
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FLOW 1.0 nL/m n TEMPERATURE: 25 C WO 2011/ 073286PCT/ EP2010/ 069827

DETECTION: UV 210 nm Method A8 SYSTEM Dionex: Punp 680, ASI 100, Knauer:
UV- Det ektwoO 261126802886 COLUMN:  Chi ral pak |1 A 5pm 150x4. 6 mm SCICNERNiv/06szane /
Et hanol 80:20 (isocratic) FLON 1.0 nmiL/m n TEMPERATURE: 25 C DETECTION: W/
230 nm Met hod A9 SYSTEM Dionex: Punp 680, ASI 100, Knauer: UV-Det ektor

K-2501 COLUMN: Chiral pak I A 5pm 150x4. 6 mm SCLVENT: Et hanol neat

(1 socr at Int¢rnrédidte A3 0Diméthiyhrat=2AHERDEREY| ok ) pBoSphb]rkthy(M-té&rtnm Met hod

P1 SYST Ll ent: .Prep 120 2xPrep Punp, DLA, MAD, Prep FC, ESA:
COLUWN: EMW@Q'BS&V}”R"XQR?’?EGQ%?#‘R%&_VENT: Hexane / Ethanol 90:10

(isocratic)

T
Os_ O
(I)Hs CH,
o ‘Si CH,
1] CH, CH;
o) (Fl; o\CH3

A mixture of Intermediate A2 (1.88 g, 6.22 mmol), dibenzyl phosphite (1.72 mL, 1.25 eq), and
finely powdered potassium carbonate (1.29 g, 1.50 eq) in DMF (40 mL) was heated to 90 °C
for 2 h and was then allowed to stir at room temperature for 60 h. The mixture was then
evaporated and partitioned between EtOAc and 5 % aqueous citric acid. The organic layer
was washed with half-concentrated brine, dried over sodium sulfate, and evaporated. The
residue was purified by column chromatography over silica to give the desired product (3.43

g, 98 % yield) as an oil.

'H NMR (300 MHz, CDCl;) & ppm -0.02 - 0.08 (m, 6 H) 0.88 (s, 9 H, major diastereomer)
0.89 (s, 9 H, minor diastereomer) 1.84 - 2.35(m, 4 H) 2.86 - 3.12 (m, 1 H) 3.53 (s, 3 H, major
diastereomer) 3.55 (m, 3 H, minor diastereomer) 3.67 (m, 3 H, major diastereomer) 3.68 (m,
3 H, minor diastereomer) 4.14 - 4.24 (m, 1 H) 4.90 - 5.07 (m, 4 H) 7.28 - 7.40 (m, 10 H).

MS (ESI): [M + H]* = 565.

Intermediate A4: Bis(4-methoxybenzyl) (RS)-2-{[tert-butyl(dimethyl)silylloxy}-4-

methylenepentanedioate
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FLON 50 m | mn TEMPERATURE: room tenperature DETECTION: UV 210 nm Met hod
P2 SYSTEM Dionex: Punp P 580, G lson: Liquid Handl er 215, Knauer:

UV- Det ektwoO 2611260288690 COLUVN: Chi ral pak 1 C 5pm 250x30 moTHERMENGIS2HEeXane /
2- Propanol 50: 50 (isocratic) FLOWN 30 niL/m n TEMPERATURE: room tenperature
DETECTI ON: UV 210 nm Met hod P3 SYSTEM Dionex: Punp P 580, Glson: Liquid
Handl er 215, Knauer: UV-Detektor K-2501 COLUMN: Chiral cel OD-H 5pm 250x20
nm SOLVENT: Hexane / 2-Btgpanol 80: 20 (isocratic) FLON 20 nl/mn
TEMPERATURE: room tenperature DETECTION: UV 210 nm Met hod P4 SYSTEM

D onex: Punp P 580, G I§on: Li quinC | er 215, Knauer: UV-Detektor K-2501
COLUWN: Chiral pak 1 C 5p x30 mMn ENT: Hexane / 2-Propanol 80: 20

(isocratic) Heo /O LH;
H,C— o
Q 0O O
O
O

CH,

To a suspension of Intermediate A2 (2.00 g, 6.61 mmol), Mashima’s catalyst
(Zn4(CF3C0,)60, see K. Mashima et al., J. Org. Chem. 2008, 73, 5147) and 4A molecular
sieves (4 g) in diisopropyl ether (6 mL) was added p-methoxybenzyl alcohol (3.29 mL, 26.5
mmol), and the resulting mixture was stirred at 80 °C overnight. The mixture was
concentrated and purified by column chromatography on silica (1.5 % — 15 % EtOAc in
hexane) to give 0.23 g of target compound (7 % yield), and 3.01 g of a mixed fraction mainly
containing the two mixed methyl / p-methoxybenzyl diesters resulting from partial

transesterification.

"H NMR (400 MHz, CDCl3) & ppm -0.08 (s, 3 H) -0.04 (s, 3 H) 0.83 (s, 9 H) 2.59 (dd, 1 H)
2.83 (dd, 1 H) 3.81 (s, 6 H) 4.40 - 4.45 (m, 1 H) 5.08 (app d, 2 H) 5.12 (s, 2 H) 5.61 (s br, 1
H)6.22 - 6.25 (m, 1 H) 6.85 - 6.90 (M, 4 H) 7.27 - 7.32 (m, 4 H).

Intermediate A5:
Bis(4-methoxybenzyl) rac-2-{[bis(benzyloxy)phosphoryl]methyl}
-4-{[tert-butyl(dimethyl)silylJoxy}pentanedioate
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FLON 40 nl/m n TEMPERATURE: room tenperature DETECTION: WV 210 nm Met hod
P5 SYSTEM Agilent: Prep 1200, 2xPrep Punp, DLA, MAD, Prep FC, ESA: Corona
COLUMN:  GNOr2al10eB28@D- H 5pm 250x20 mm SOLVENT: Hexane / EBChamwed108608125
(isocratic) FLON 20 nmL/m n TEMPERATURE: room tenperature DETECTI ON: UV 210
nm Method P6 SYSTEM Dionex: Punp P 580, G lson: Liquid Handler 215,
Knauer: UV-Detektor K-2501 COLUWN:. Chiralcel OD-H 5pm 250x20 mm SOLVENT:

Hexane / Ethanol 85:15 (isocratic) FLON 20 i pOLEMPERATURE: room
t enper at ure DETECTION: UV 210 nm Met hod P7 Adisent: Prep 1200,
2xPrep Punmp, DLA, MAD, Prep FC, ESA: Corona - Chiral pak AD-H 5pm
250x20 nm SOLVENT: Hexan / 2-Propanol 50: FLC 15 nm/mn
O
C|3H3 CH,

A mixture of Intermediate A4 (226 mg, 439 umol), dibenzyl phosphite (144 mg, 549 umol),
and potassium carbonate (31 mg, 661 pmol, 325 mesh) in DMF (8 mL) was stirred at 90 °C,
followed by stirring at room temperature overnight. The mixture was adsorbed on Isolute®,
evaporated, and purified by column chromatography on silica (20 % — 90 % EtOAc in

hexane) to give 313 mg of the target compound (92 % vyield) sufficiently pure for further use.

'H NMR (300 MHz, CDCl3) & ppm -0.06 (s, 3 H) 0.06 (s, 3 H) 0.82 (s, 9 H) 1.84 - 2.35 (m, 4
H)2.92-3.10 (m, 1 H) 3.75 - 3.84 (app m, 6 H) 4.11 - 4.22 (m, 1 H) 4.81 - 5.11 (m, 8 H) 6.76
-6.88 (M, 4 H) 7.15 - 7.40 (m, 14 H).

MS (ESI): [M + HCOO] = 822.——

Intermediate B1: Dimethyl rac-2-methylene-4-[(3,4,5,6-tetrahydro-2H-pyran
-2-yl)oxy]pentanedioate
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TEMPERATURE: room tenperature DETECTION: UV 210 nm Met hod P8 SYSTEM Waters
Aut opurification system Punp 254, Sanple Manager 2767, CFO, DAD 2996, ELSD
2424, SQOVOQOM/ZRASYMN: Atl antis CL8 5pm 150x19 nmm SOLVERCT/ER2610/62327+ 0. 1%
formc acid; B: acetonitrile GRADIENT: 0-1 min 0%B, 1-7.5 mn 0-25% B,
7.5-7.6 min 25-100%B, 7.6-10 mn 100% B FLON 25 niL/m n TEMPERATURE: room
t enperature DETECTI ON: DAD scan range 210-400 nm M ESI+, ESI-, scan range
160- 1000 nmfz, ELSD Method P9 SYSTEM onex: Punp P 580, G lson: Liquid
Handl er 215, Knauer: UV-Detektor Ks2504 COLUMN: Chiral pak | A 5pm 250x30 mm
SCLVENT: Hexane / Ethanol 80:20 (is ati ON 40 nmL/ m n TEMPERATURE:
roomtenperature DETECTION. UV 230 nm Metlhod P10 SYSTEM Dionex: Punp P
580, G lson: Liquid Handler 215, P: tekt or K-2501 COLUWMN:

Chiral pak 1 A 5pm 250x30 mm SOLVENT| Ethanol neat (isocratic) FLON 25

m | m n TEMPERATURE: room terrpe|_r|% O\CH

2 3

To a solution of Intermediate A1 (3.63 g, 19.3 mmol)} in dichloromethane (125 mL) was
added 3,4-dihydro-2H-pyrane (3.52 mL, 2.00 eq), and pyridinium para-toluenesulfonate
(PPTS; 727 mg, 0.15 eq), and the resulting mixture was stirred for 2 days at room
temperature. The mixture was then evaporated and the residue was purified by column
chromatography to give the target compound (4.80 g, 91 % yield) as an oily mixture of
sterecisomers.

'H NMR (300 MHz, CDCl5) & ppm 1.45 - 1.93 (m, 6 H) 2.67 - 2.93 (m, 2 H) 3.32 - 3.58 (m, 2
H + 1 H major diastereomer) 3.72 (s, 3 H) 3.77 (s, 3 H) 3.82-3.95 (m, 1 H minor
diastereomer) 4.22 - 4.31 (m, 1 H minor diastereomer) 4.50 - 4.58 (m, 1 H major
diastereomer) 4.63 (t, 1 H minor diastereomer) 4.69 - 4.75 (m, 1 H major diastereomer) 5.68
(m, 1 H minor diastereomer) 5.75 (m, 1 H major diastereomer) 6.24 (m, 1 H minor

diastereomer) 6.28 (m, 1 H major diastereomer).

MS (ESI): [M + Na]" = 295.
MS (CI): [M + NH,4]" = 290.

Intermediate B2: Dimethyl rac-2-{[bis(benzyloxy)phosphoryllmethyl}

-4-[(3,4,5,6-tetrahydro-2H-pyran-2-yl)oxy]pentanedionate
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DETECTI ON: UV 210 nm HPLC Met hod Radi ochem SYSTEM Agilent 1100 COLUWN:
ZICG-H LIC 5pm 100x4. 6 nm 200 A SOLVENT A: 0. 1M amonium formate in water pH
3.2 SOLVEMO 2B11/m8mboni trile FLON 2.0 ni/m n TEMPERATURBCTAP2@0DEIBELCTI ON
Radi oactive detector and Corona CAD detector Assignnment of Stereochem stry
General remarks and net hods of assignnment. The assignnment of absol ute
configurations was deduced based on X-ray anal yses of crystals grown from
exanpl e conpounds F9a and F12, and a nucl ear OB4er hauser effect experinent
on lactones derived from Internediat es ¢ _ang, D8. Nunbering: |dentical
conpounds whi ch have been approached via synt hetic route and/ or
fromwhich different poin 1
and/ or bi ol ogi cal acti vj
Experinental Section as
b, and so forth. This nunbering Has 0 ensure HHX|nun1cIar|ty
regardi ng the generation of evidencé)on abgol ut’@’sst ereochem stry. To
correlate the exanples and interngdiates not nentioned above, and to assign
absol ute configurations to these, [the follow ng nmethods |isted bel ow were
used. |I. HPLC retention time co ation using specified HPLC nethods, in
particul ar chiral HPLC net hods, isted in the precedi ng paragraph.

HNVR dat a: Most of the conmpoundS\and internedi ates feature two stereogenic
centres. Hence, these conpounds exist in four stereoisoneric fornms, nore
specifically they formtwo diastereoners as pairs of enantionmers. As known
to the person skilled in the art, the enantioners can not be distinguished

in an achj é%blu%%fﬁrﬁ@r%@?at@@ﬂ zhmag 7935\4%mbﬂ¢'0b 'eﬁﬁh dNW65rﬁ’|9%ars%dQ¥U thin
limts of technical varia as nultiplet breadth in dependence of

t he acquﬂ'gﬁﬁqybwoﬁﬁﬁé*ﬁ&%ﬁ%w- %%ﬁqkﬁé}dlf'aﬁ'prWef%‘# p@???éW%Oflaé%@t% ¢al spectra
wll be er eqr)eﬁh the nasuiMAsegticd & emayfoR2heirs by mEanSof d ﬂewaw o@dn. NMR

spectra st er eoi soner r nan Jelationshi whi | st
STt br antheRR LS lES Fah SRR el PaH I belRER OREr A h Rufia S B fo
0' R3di asamt thenwyasiclay4d was Béd vaghedRBth half-concentrated brine, dried over sodium

sulfate, and evaporated. Column chromatography of the residue gave the desired product

(3.00 g, 76 % yield) as an oily mixture of stereocisomers.

"H NMR (400 MHz, CDCls) & ppm 1.35 - 2.39 (m, 10 H), 2.82 - 3.16 (m, 1 H) 3.34 - 3.51 (m,
1 H) 3.52 - 3.60 (m, 3 H) 3.67 (s, 3 H) 3.67 - 4.02 + 4.30 - 4.38 (2 m, 2 H together) 4.52 -
4.71 (m, 1 H), 4.88 - 5.09 (m, 4 H), 7.27 - 7.42 (m, 10 H).

S (CI): [M - THP]" = 451.

The same product was obtained by stirring Intermediate B1 (1.00 eq) with dibenzyl phosphite
(1.25 eq), DBU (1,8-Diazabicyclo(5.4.0)undec-7-en, 1.25 eq) at room temperature for 22 h,
addition of dibenzyl phosphite (1.00 eq}), and additional stirring at room temperature for 2

days, and work-up as described above. The yield was then 41 %.

Intermediate B3: Bis(4-methoxybenzyl) rac-2-methylene-4-[(3,4,5,6-tetrahydro-
2H-pyran-2-yl)oxy]pentanedioate

105



enanti omers R2enantionmers R2 4 O IldiastereonersO R3

R?No- F(. 4e, .. NRi - 41 | Correlation via stereocentres featuring common
absol ut e wonhilgusmsi on: The addition of a phosphite to &CwEPRYl0OHES27
glutarate derivatives is a key step in the syntheses of the exanples of the
invention, such as in the synthesis of Internediates D5 and D6 or, as
exenpl arily shown bel ow, of the Exanple conpounds F6a and F7a. Said

a-met hyl ene glutarate deyivatives can be readily prepared in
enantionerically pure fgrmby preparative chiral HPLC, as described e.g.

for the Internmedi ates Di\and D2, and E2 and E3, respectively. Their

reaction with phosphites/Taf\er rotection in case of D1 and D2) | eads
to two but not four ste \s{oi FoMens heAce it is=eQncl 9ded t he configuration
5 i @/’ e-csynt hon i s not

of the stereogenic centre

conprom sed in the addition 5 he exanpl e conpounds F6a
and F7a nust have common absol ut igurations at the respective
stereocentre, i.e. C4. The sa plies e.g. to the synthesis of
exanpl e conpounds P7, P8, P9 ar@d P10 m Internediates D1 and D2. R2 R2

0 "2---.LFIl R44,..... 0,P1 RS E2 R2R2

To a solution of Intermediate B1 (240 mg, 881 pmol) in methanol (5 mL) was added aqueous
1 N sodium hydroxide (3 mL). The mixture was stirred overnight at room temperature and
was then brought to pH 7 by addition of 2 N hydrochloric acid. After evaporation of methanol
and re-dissolution in water (55 mL), the mixture was evaporated by lyophilisation. An aliquot
of the residue (215 mg of 390 mg) was dissolved in DMF (10 mL), treated with 4-
methoxybenzyl chloride (202 pL, 2.0 eq basing on the aliquot employed) and caesium
carbonate (510 mg, 2.1 eq), and was stirred overnight at room temperature, followed by
heating in a microwave oven (0.5 h 100 °C, 1 h 120 °C). Subsequently, the mixture was
evaporated and subjected to column chromatography without further work-up to give 121 mg

(51 % overall yield reflecting the aliquotation) of the target product as mixture of isomers.

'H NMR (300 MHz, CDCl;) & ppm 1.36 - 1.88 (m, 6 H) 2.66 - 2.98 (m, 2 H) 3.26 - 3.42 (m, 1
H)3.60-3.77 (m, 1 H) 3.77 - 3.86 (m, 6 H) 4.28 (mc, 1 H minor isomer) 4.51 - 4.60 (m, 1 H)
4.67 -4.73 (m, 1 H, major isomer) 5.01 - 5.19 (m, 4 H) 5.59 (d, 1 H minor isomer) 5.68 (d, 1
H major isomer) 6.20 (d, 1 H minor isomer) 6.26 (d, 1 H major isomer) 6.82 - 6.93 (m, 4 H)
7.23-7.37 (m, 4 H).

MS (Cl): [M + NH,]" = 502.

Intermediate C1: Dimethyl (RS)-2-methylene-4-(tosyloxy)pentanedionate
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C411. .,,OFOFII+|IRt ....... P, "

1Re, ... 0. T.,,,,"..,RLO IR RR F6aF7a Speci fic assignnents. X-ray data
t aken from)(zr)ylﬂnaass of Exanpl e F12 indicate (2S,4S) conPcympatioossahi ch
then in conclusion also applies to exanple F6a, fromwhich it is fornmed by
hydr ogenol ysis. Chiral HPLC retention correlation and HNVR equi val ence
prove the identity of Exanple F6a with exanple conpound F6. F6, in turn,
has been deprotected to give F10 whith has shown a IC50 = 7.0 nM as
specified in Biology exanple 1.4 For(l)assi gnnents to be discussed further
below it is noteworthy that Exa P ound F6 has been directly prepared
from Exanpl e conpound P9. From Exgnpl\e#conpound P9 al so the 18F-Fl uoro
exanpl e conpound F13 has been p @ whi ch, in turn, Biology
exanples 3, 5 6 and 7 have been generaturther nore, the assignnment
made is corroborated by additi | R ay~daza~gf exanpl e conpound F9a,
whi ch has been generated bszﬂ;epro ecti of ex | e compound F5a. X-ray
data of Exanpl e conpound F9a evi dence (2R 4R) configuration. ldentity of
the NVR data of exanples Fb5a and F6a, but different HPLC retention timnes

usi ng th%te’i@@@iat@@@vﬁ’@dr@ﬁaﬂed fisth GdrediteSRALIOYTBISH tnrh @] &cb@iMghd P bet ween
two said exa gﬁ qs g¢) E{;? line wth the fact that they have been
pr epar edGF?"Hﬁll dP‘feIdH'ie igq 1 83? “firate enantioners Internediate E3
(exanpl e conpound F5a), and Intermedi ate E2 (exanpl e conpound F6a),
respectively, indicating opposite configuration at C-4. The sketch bel ow
sunnar | S apnbic s RHONGBRLE SIRAC ARdL be) S RIAS OURRAN T I 1RSI

prepared from |_Pre ar ed
3.68 (s, 3 6 (dd, 1 H)5.67 (s, 1 H) 6.21 (s, 1 H) 7.32 (d, 2H)775(d 2H)

MS (ESI): [M + H]" = 343.

Intermediate D1: Dimethyl (S)-2-hydroxy-4-methylenepentanedioate
Intermediate D2: Dimethyl (R)-2-hydroxy-4-methylenepentanedioate

Os_ O Os_ O
\CH3 \CH3
OH “"0H
O O
H,C ~CH, H,C CH,
0
D1 D2

Intermediate A1 was separated into its enantiomers D1 and D2 by preparative chiral HPLC
using HPLC method P1.

Intermediate D1: tg = 6.5 min (HPLC Method A2)

Intermediate D2: tz = 7.9 min (HPLC Method A2)
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Exanpl e conmpound P9, from which a substantial proportion of biological data
di scl osed herein has been generated, has been shown to correspond to
I nt er redivwioeoD73d86h regard to its absol ute confi gurat iPCI/EPRO19eUSATL | C
conversion of D9 into P9. Intermediate D9 was desilylated and tosyl ated as
described in the protocols section to give a sanple identical with exanple
conpound P9 as judged by NWVR spectrum and chiral HPLC retention tine
corr el at Agpavidehip the eersoi skilfedris thefart] the éiNMiRIszectra Denerdtad omdatemiegi@tdd7 and D8,
were enp o i i f i taqve configurations.
o hesel B Pe A B R B For et EPLC
retention tinme as conpared to D9, and has been prepared from enantioner D1
of the respective hydroxyglutarate synthon whilst D9 was prepared from D2,
thus proving D7 but not D8 as the enantiomer of D9. Furthernore,
I nternmedi ates D7 and D8 nust share identical confiquration at 0-4 since
t hey bot th%dlﬂt%'aﬁirBU“Q’mUMs)rﬂ'HF?F&@PbX'@'l!]e.th)f'}ﬁ"dﬂﬁéhﬂ'ét es D7 and D8 were
convert egd mding | actones as described in the protocols section
and mereﬂriﬁgg?gggﬁggegeghﬂR i ncl udi ng studi es on a nucl ear Over hauser
effect (NOE) between the protons indicated in the sketch bel ow. Upon
irradiation of the proton at G2 in the |actone fornmed from I nternedi ate
D8, a pronounced NOE effect was found for the proton attached to 0-4,
indicating that the two nethine proto@H,attached to the |actone ring are
| ocated on the same side of the Q;ng,'i.e. feature a cis configuration
Since no NCE between the protons %h@@ tg0-2 and G4 was found for the
| act one derived fromlnternedi ate it Wy céncl uded that this |actone
features trans configuration. Eve IS AsGh% and D9 are enantiomers and
hence display identical relative jconfrgeratCeins, it was concluded that D9 -
and P9 alike - nust have either Q). or (2S,4R) configuration. However,
since P9 has been directly cdhertdfi i nCosexanple F6 for which (2S, 4S)
configuration has been shown as desgri bed above and only 0-4 gets invol ved
in the conversion fromExanple P9 into F6, P9, and hence also Internediate
D9, nust have (2S,4R) configuration. This is in line with an SN2 nechani sm
applying for the fluoride displacenent of the tosylate |eaving group which
éﬁ”' d bemeéﬂme@itat@dﬁwastmepa@@lrﬁ@ﬁ |rﬁé<rHél;]iafé Dg(ggfgﬁg,agg ,mrsaga@;ggungub u, P.;

aron, A. . . Ko or.i em , 129, 743-7
Kat zenel @sﬂ%&qﬁﬂ@%re’ﬁﬁeﬂgr:‘faé%”ﬁé Chem 2001, 109, 49-54, Fritz-Langhals,
E. Tetrahedron Asymretry 1994, 5, 981- 986, Fritz-Langhals, E.; Schutz, G
Tetrahedron. Lett. 1993, 34, 293-296, Colonna, S. CGelbard, G; Cesarotti,
E. J. Ches(ESHdM + RE=KIOB. Trans. 1, 1979, 2248 - 2252, European Patent EP
0749954. Furthernore, the results correspond to the known stereospecificity
of the bioactivity of 2- PMPA, the non-fluorinated anal ogue of
2-fl uoro-4-(phosphononet hyl ) pentadi oic acid (D. Vitharana et al.,
Tetrahedron Asymmetry 2002, 13, 1609; T. Tsukanoto at al., J. Med. Chem
2005, 4gintermegiatesRa:Rispethybid) Arlierthuty simetmd)siyipgyidnt s made and t he

evi dence siRnehibditah88Rgate COOME OF I ./P-2, ... ... ,". BnO I COOVe OBn F6
COOVve NVR i@@nt%#y
1
O 0
?Hg CH,
e, 'Si CH,
o CH, CH,
H,C ~CH,
O
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cy...-1,, 0"OIBSHPLC t, difference Il Bn0"...113COOMeenanti oneric
OBnrel ationship D9 00Me C4 OOIBS II ,,,,... BhO" | "A's'COOWw OBn D7
COOVve di fwenent(7326NVR and HPLC t!ra i, 0OOTBS PCT/EP2010/069827

Intermediate D4 was prepared from Intermediate D2 (3.60 g, 19.1 mmol) according to
General Procedure 1. Yield 4.73 g (82 %).

MS (ESI): [M + H]* = 303.

Intermediate D5: Dimethyl (2RS,4S)-2-{[bis(benzyloxy)phosphoryl]methyl}-4-
{[tert-butyl(dimethyl)silylJoxy}pentanedioate
Intermediate D6: Dimethyl (2RS,4R)-2-{[bis(benzyloxy)phosphoryllmethyl}-4-
{[tert-butyl(dimethyl)silylJoxy}pentanedioate

CH, ¢Ha
Os_ O Os_ O
CH, CH, (|3H3 CH,
Si CH, vy, S CH,
0 | 0 |
I CH, CH, I CH, CH,
0—P O o—P -
cl) CH, (I) CH,
o} 0
D5 D6

Intermediate D5

To a solution of D3 (6.17 g, 20.4 mmol, 1.00 eq) in DMF (100 mL) was added dibenzyl
phosphite (5.63 mL, 1.25 eq.) and finely powdered potassium carbonate (4.23 g, 1.50 eq),
and the mixture was heated to 90 °C for 2 h, followed by stirring at room temperature for 16
h. The mixture was evaporated and partitioned between EtOAc and 5 % aqueous citric acid.
The organic layer was washed with half-concentrated brine, dried over sodium sulfate, and
evaporated. Column chromatography of the residue gave the product as an oil (9.13 g, 79 %

yield).

Intermediate D6

In similar fashion, Intermediated D6 was prepared from Intermediate D4.
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Il C4 configurationBnO----P1 2."...... A, . COOWe identical OBn D8 fi
prepared fromCOOwe ....:f. COOwe D2 prepared from 11, COOwe
v - LWQOHo011/073286. COOMe D1 By correl ati ng HPLC r et enPComEPand/obisey dat a,

and correlation to the respective enantionerically pure

a- met hyl enegl utarate synthon, all other non-racem c Internedi ates and
Exanpl e conpounds not hitherto nentioned in this paragraph could be
assi gnedAswevitient egthe dertson shilledrin e e éINMR Epagtra genesated from Intermediates

D5 and D6 were both equivalent to the HNMR spectrum of Intermediate A3

MS (ESI): [M + H]" = 565.

Intermediate D7: Dimethyl (2R,4S)-2{[bis(benzyloxy)phosphoryllmethyl}-4-
{[tert-butyl(dimethyl)silylJoxy}pentanedioate
Intermediate D8: Dimethyl (2S,4S)-2-{[bis(benzyloxy)phosphoryllmethyl}-4-
{[tert-butyl(dimethyl)silylJoxy}pentanedioate

(Hs CH,
O, @] 0 0
CH, CH, Cl:Hs CH,
P )
i CH, CH ! "L n
0—P o ° o 'F! o CH, ="
- _
™ CH, | ScH,
o o}
0 o)
D8

D7

Intermediate D5 (2.00 g) was separated into the respective single isomers by means of
preparative chiral HPLC, Method P2, to give the Intermediates D7 (710 mg) and D8 (1.01 g).

Intermediate D7:
tr = 6.1 min (HPLC Method A3)

'H NMR (400 MHz, CDCls) & ppm 0.02 (s, 3 H) 0.05 (s, 3 H) 0.89 (s, 9 H) 1.86 - 1.98 (m, 2 H)
2.09-2.18 (m, 1 H) 2.21 - 2.33 (m, 1 H) 2.98 - 3.11 (m, 1 H) 3.55 (s, 3 H) 3.68 (s, 3 H) 4.20
(dd, 1 H) 4.91 - 5.06 (m, 4 H) 7.29 - 7.39 (m, 10 H).

MS (ESI): [M + H]" = 565.
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P110Bn O 98 Ceneral procedures GPl: (TBS introduction) To a cool ed (0C
solution of the starting alcohol (1.00 eq) in dichloronethane (approx. 5 nL
/[ mol ) waie 2addeskshl- Met hyl i m dazol e (1.40 eq), foll owedPB¥/EP2010/069827
tert-butyl dimethylchloro silane (TBS Chloride, 1.30 eq). The cooling bath
was renoved and the m xture was allowed to stir overnight at room

t enperature. Subsequently, the double volune of dichloronethane was added
and t he mtd¢rotedite PAs washed with brine twice. The organic | ayer was dried
over sodium sul fate and evaporated. The residue was purified by colum

chr omat oprraph{nioii G Method £92:  ( Tosyl ati on) To a cool ed (0C) solution of
the starfi n al coho

led oarhNEETAERUBE Caor sahoari s . Bos RTS8, SRe Tasn e At ort r r e
for a pepiod2;pang ng)pBoNB2A2Imat HPE58IE, BM) BB 7Hs,88 HY Q08N 4 256 1ok )4.80 - as

j udged b C L Lysis according to nmethod Al (or as specified
in the %8%&%&?%%%&'“@ otocol). The reaction m xture was then

partitioned between water and dichl oronet hane, the organic | ayer was then
washed with water and brine, dried over sodiumsulfate, and evaporated. The
crude prdues))vRe- Hpetesr ude or was purified by colum chromatography over
silica. Preparatl on of Internediates Internediate A: D nethyl

(RS) - 2- hydr oxy- 4- met hyl enepent anedioate 0 -CH3 1In a three-necked flask
equi pped with a powerful nechanical stirrer, to a cooled (+5C, ice-water
bath) m xture of nethyl gl yoxyl ate (10.0 grans, 114 mol ), nethyl
(2-bromonet hyl) acrylate (22.5 g, 1.10 eq), nethanol (80 nL), and 0.3 N
aqueous nfemoedinte D9: Etmeth&BUZS;r{R) Mﬁlld@@BwlputhM]mﬁﬂ‘M}% mesh, 13.0
g, 1.00 5 ing the tenperature below350
(whi ch dﬁge')r’]é?'”%ﬁ’gé‘%i UI rék?ﬂfel éolf?%t’gé during the addition of the |later
portions). The cooling bath was then conpletely renoved, several freshly
broken gl ass sherds (from a Pasteur pipette, to prevent clotting of the

| ndi um dran. ] yas .Stk during
whi ch th‘gﬁénﬁ?((f?tﬂrgge E?@'ﬁ%ﬁeﬁ%‘%%ﬁﬂm'i% @? XY@%?ﬁHEh?il(rﬁ \/\gs decant ed
of f all §foént-thsityd(clinteltieylmilyjorg}pemtanvedioatencentrated i n vacuo. The resi due
was saturated with solid sodiumchloride and then extracted by MIB; the
resi due remai ning hereafter was | oaded on Celite and was washed with MIB
(4x) and EtOAc (1x). The conbined organic |ayers were dried over sodium
sul fate, passed over a plug ?ﬁs Celite, and evaporated. Tlﬁé'srem due was
purified by col unmm chronatg y over silica to giveo CS(%| of the target
113}

conpound in 94 %opurity (74 Ayref). 1H NMR (300 |sz %*%Ppmz 65
(dd, 1 H) 2 dd, L H .Ogsﬁgﬁ?*' 1 77 (so 3 H 4.34
-4.44 (m 1 ™M (Im H) ~&HB0CH:m 1 N cn) M+ rqrqE?H— 189. M5

(Cl): [M+ NA4]+ =92
(RS)-2-{[tert-butyl

radi ate A2: Dimet h]_|\

> \CH
met hifl ) si I'yi ] oxy}-4- net hyl-€nepe

anedi oat e CH,

D9 D10

Intermediate D6 (1.00 g) was separated into the respective single isomers by means of
preparative chiral HPLC, Method P3, to give the Intermediates D9 (315 mg) and D10
(460 mq).

Intermediate D9:

tr = 3.8 min (HPLC Method A4)
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- CH cid 3 SICH3 0- | CH3 CH3 0 CH3 Internedi ate A2 was prepared

according to General Procedure 1 fromlinternediate Al (2.00 g, 10.6 nmol).

Yield 2. 680qo(1@4328. 1H NVR (300 MHz, CDCI3) 6 ppm 0. 00P(C3/EP301bl06B204 (s, 3
0.87 (s, 9 H 2.59 (dd, 1 H 2.83 (dd, 1 H 3.72 (s, 3 H 3.76 (s, 3 H)

4.43 (dd, 1 H 567 (m 1 H 6.26 (m 1 H. M (El): [M+= 303.

I nternedi ate A3: D net hyl

rac- 2- { [ b BURAYMbizyG PRlgSHbron §.0P e BiH) D}054s {J Hed.8d(st 9 H) diset!19gI(ns2 Hynoxyl pe

ntanedi 03hg_ > hl(h31 By S d2k8%m, 1 H)2.98-3.11 (m, 1 H) 3.55 (s, 3 H) 3.68 (s, 3 H) 4.20

(dd, 1 H)4.91 - 5.06 (m, 4 H) 7.29 - 7.39 (m, 10 H).

MS (ESI): [M + H]" = 565.

Derivatisation of Intermediate D9 for correlation of stereochemistry with Example P9

To a solution of example D9 (32 mg, 56.7 ymol} in methanol (0.50 mL) was added (71S)-(+)-
camphorsulfonic acid monohydrate (3.0 mg, 0.2 eq) and the mixture was stirred at room
temperature for 17 h. The mixture was diluted with toluene (2 mL) and evaporated to
dryness. The residue was again diluted with toluene (2 mL) and evaporated. A solution of
para-toluenesulfonyl anhydride (55.5 mg, 3.00 eq) in pyridine (0.30 mL) was added at a
temperature of 0 °C. The mixture was allowed to warm up to room temperature and was
stirred for 1.5 h before being partitioned between 5 % aqueous citric acid and MTB. The
organic layer was washed with brine, dried over sodium sulfate, and evaporated. The mixture
was filtered over a short plug of silica (EtOAc / hexane) to give 17 mg of a crude product.
Chemical impurities were removed by HPLC (HPLC method P7) yielding 8 mg of the
corresponding tosylate found to be identical with example P9 as judged by comparison of
HPLC retention and HNMR data.

tr = 9.0 min (HPLC Method Ab)

'H NMR (400 MHz, CDCls) 5 ppm 1.83 - 1.95 (m, 1 H) 2.10 - 2.31 (m, 3 H) 2.43 (s, 3 H) 2.81
-2.95 (m, 1 H)3.51 (s, 3 H) 3.62 (s, 3 H) 4.88 - 5.05 (m, 5 H) 7.28 - 7.40 (m, 12 H) 7.77 (d, 2
H).

Intermediate D10:
tr = 5.2 min (HPLC Method A4)

"H NMR (400 MHz, CDCl3) 5 ppm 0.02 (s, 3 H) 0.04 (s, 3 H) 0.88 (s, 9 H) 1.85 - 2.18 (m, 3 H)
2.19-2.31 (m, 1 H) 2.89 - 3.02 (m, 1 H) 3.53 (s, 3 H) 3.67 (s, 3 H) 4.18 - 4.25 (m, 1 H) 4.90 -
5.06 (M, 4 H) 7.29 - 7.39 (m, 10 H).

MS (ESI): [M + H]" = 565.
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SICH3 0- | CH3 CH3 o CH3 A mxture of Internediate A2 (1.88 g, 6.22

nmol ), di benzyl phosphite (1.72 nL, 1.25 eq), and finely powdered potassium
car bonat ewQ202%762861. 50 eq) in DVF (40 nmlL) was heated t ®@CIEPD 0069827 h and
was then allowed to stir at roomtenperature for 60 h. The m xture was then
evaporated and partitioned between Et 0OAc and 5 % aqueous citric acid. The
organi c | ayer was washed with hal f-concentrated brine, dried over sodium
sul fate, and evaporated. The residue was purified by colum chromat ography
over silica to give the desired product (3.43 g, 98 %yield) as an oil. 1H
NVR (300 MHz, CDCI3) 6 ppm-0.02 - 0.08 (m 6 H 0.88 (s, 9 H mgjor

di asteregner) 0.89 (s, 9 H mnor _diastereoner) 1.84 - 2.35 (m 4 H 2.86 -
3.12 (m F&r%t'%.%éaé@?esérqm Intermadiales,0f ape banyl invesHagtignsonnudigaio,

di ast er eOnerhauser@ffetifor 3sdignment@f rélatied @ efiyjieations. o8& -Z and 8-4H, i nor

di astereoner) 4.14 - 4.24 (m 1 H) 4.90 - 5,07 (m 4 H 7.28 - 7.40 (m 10
H). M5 ( Esthyl (ZS\MR)-4-bis(ble65yioxy)plersphbdiydlimethiy}-5-Bkstetrahydrofucgenzyl )

(RS)-2-{ bt ' ' 4- met hyl enepent anedi oate CH HC CH
MRS

CH, 0
| H.C
O O \O
CH
[ CH, c2 r—0
0 oSN o
Il CH, CH, ca:
0TI O e - .
0 3

7
\P/
/\
0 O

To a solution of Intermediate D7 (22 mg, 39 pmol} in methanol (0.30 mL) was added (71S)-
(+)-camphorsulfonic acid monohydrate (2.0 mg, 0.2 eq), and the mixture was stirred for 18 h
at room temperature. An aliquot (1/3) was taken, diluted with toluene (1 mL) and evaporated
to dryness. EtOAc and toluene (2 mL each) were added, and the mixture was extracted with
aqueous sodium bicarbonate and brine, filtered over cotton, and evaporated. Intermediate
HNMR analysis showed complete conversion into the corresponding y-hydroxy ester. This
was dissolved in toluene (2 mL), (7S)-(+)}-camphorsulfonic acid monohydrate (25 mg) was
added and the mixture was stirred for at room temperature until completion (typically after 6
to 24 h). The mixture was then diluted with EtOAc (2 mL). The mixture was then extracted
with aqueous sodium bicarbonate and brine, filtered over cotton, and evaporated to give the

corresponding lactone.

"H NMR (500 MHz, CDCls) & ppm 1.70-1.81 (m, 1 H), 2.25 - 2.35 (m, 1 H), 2.47 (ddd, 1 H),
2.55-2.63 (m, 1 H), 2.86 - 2.98 (m, 1 H), 3.79 (s, 3 H), 4.85 (dd, 1 H), 4.92 - 5.00 (m, 2 H),
5.03 - 5.10 (m, 2 H); 7.30 - 7.41 (m, 10 H).

Methyl (2S,4S)-4-{[bis(benzyloxy)phosphoryllmethyl}-5-oxotetrahydrofuran-2-
carboxylate (Lactone from Intermediate D8)
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To a suspension of Internediate A2 (2.00 g, 6.61 mmol ), Mashim's catal yst
(Zn4(CF3C2) 60, see K. Mashima et al., J. Og. Chem 2008, 73, 5147) and 4A
nol ecul arweizeunas3zsd g) in diisopropyl ether (6 nlL) was &daaw2010/069827

p- met hoxybenzyl al cohol (3.29 nL, 26.5 mmol), and the resulting m xture was
stirred at 80 C overnight. The m xture was concentrated and purified by

col um chromat ography on silica (1.5 %-> 15 % Et0Ac in hexane) to give
0.23 g of target corrpoundC('e? %yield), and 3.01 g of _.a m xed fraction

mai nly containing the om xed nethyl / p-nmethoxybepzyl diesters resulting
frompartial transesterificftd St 1H NVR (400 M~ 6 ppm-0.08 (s, 3
H -0.04 3 H 0.83 CP; 59 (dd, 1 H) 283 (d H) 3.81 (s, 6 H)
4.40 - 4. mMA\1 | 08(ajﬁ13pCtlg, 2I—J)J,_1.2(s H 576{c{s br, 1 H 6.22
- 6.25 (m H % Qs}qm 4 H 7.27 - @y . Intermedi ate A5:
Bi s(4- met hoxyben rag- 2- {[b| s(benzyl oxy) phos or h

-4-{[tert-butyl ( silyi]oxy}pentanedioate CH e 'IO%J\Q@HS
'1140'S1 CH3 0 MR A m xtwee of Internediate A4 (226 ng, 43 1),

di benzyl phosp (144 ny, 549 pnol), and potassium carbonate (91 ng, 661
DMF (8 nL) was stirred at 90 C, followed by stirring at

prol , 325 nesh)
roomtenperature overnight. The m xture was adsorbed on !solute(r),
evaporated, and purified by colum chromatography on silica (20 %-> 90 %
Et OAc in hexane) to give 313 rrg of the target conpound (92 %yield)
suf fi ci elifarypediaedd @ Mfoup{ HEP!) Wae convertegvriotapeerigspondadrdnedyHIm - 0. 06 (s,

3 H Oogqu@,ougpﬂaLe&r@Z(s 9H 1.84 - 2.35 (m 4H 2.92 - 3.10 (m 1 H)
3.75 - 3.84 (appm 6 H 4.11 -4.22 (m 1 H 4.81 -5.11 (m 8 H 6.76 -6.88
(m 4H 7.15 - 7.40 (m 14 H. M5 (ESI): [M+ HCOQ = 822.- Internediate
Bl: D nethyl rac-2-nethylene-4-[(3,4,5,6-tetrahydro- 2H-pyran

- 2-yl ) ox3H BERt (&d@ENHoaERCl;) Sl'rmona1§6I-mS7ch oH), Mri8er2dimatie1)A2.48§ R1d631 ), 19. 3

500 o) 2 And pyT Al hum Bar 2 o1 denasdl fonate, [Peral 2937 HE 6L ey ana

t he resu??PnZ; ﬁnxture was stirred for 2 days at roomtenperature. The
m xture was then evaporated and the residue was E)Ul’lfl ed by col um

chr omat o§PEPRYNGEd NYFigdr QyEhausergiiectdlRBe asouad hthg siagal ot @ﬁ RPEY as an oily

m Xt ur e etacBé®oaDU $O¢RN B.a part of a multiplet around 2.8 ppm) upon irradiation on the proton
attached to C-2, the signal of which appears at 4.73 ppm.This effect indicates relative cis-
configuration of the respective protons (Figure 5). No similar effect was found for the lactone

formed from intermediate D7, to which trans-configuration was assigned in turn.

Intermediate E1: Dimethyl (RS)-2-fluoro-4-methylenepentanedioate

Os O

CH,

F

o)
H,C “CH,

To a solution of Intermediate A1 (6.00 g, 31.9 mmol) in THF (60 mL) was added at room
temperature perfluorobutanesulfonic acid fluoride (11.7 mL, 2.00 eq), triethylamine
trihydrofluoride (10.4 mL, 2.00 eq.) and triethylamine (26.7 mL, 6.00 eq.). After stirring for
20 h at room temperature, the reaction mixture was partitioned between water and

dichloromethane. The organic layer was separated and washed with a brine/water mixture
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1H NWR (300 MHz, CDCI3) 6 ppm1.45- 1.93 (m 6 H 2.67 - 2.93 (m 2 H) 3.32
- 358 (m 2H+1Hmjor diastereoner) 3.72 (s, 3 H 3.77 (s, 3 H 3.82 -
3.95 (m WwoHonaTes6di ast ereonmer) 4.22 - 4.31 (m 1 H m ROT/ER2@SEISRDITES )
4.50 - 4.58 (m 1 H major diastereoner) 4.63 (t, 1 H mnor diastereoner)
4.69 - 4.75 (m 1 Hmjor diastereoner) 5.68 (m 1 H m nor diastereoner)
5,75 (m 1 Hmajor diastereoner) 6.24 (m 1 H mnor diastereoner) 6.28 (m
1 H rmaj of1:0i driestevemodiun suiBe @RS conceptkated MNeder redu@iboreddBre Thg crufidl + NHA] + =

290. Int ‘ - b seiardnl i yl'}
TR i G R A A el S R < S
0 00,, EH&3T® 72 ‘selddi on of Internediate Bl (2.00 ng, 7.35 mmol, 1.00 eq)
in DM (6 nmL) was added di benzyl phosphite (3.25 ni, 2.00 eq) and finely

powder ed, pot assi um carbonate (2. 23 2.20 eq.) .and the mxture heat ed
P50 ¢ PoRME G PLERGEREER o2 57 0% B S Cori TR 16 TS B
evapor at g3 Hparsi(dddomer) slrat(syete) E35XAct Bnd 5% aqueous citric acid, and the
organi c | ayer was then washed with hal f-concentrated brine, dried over
sodi um spkf .mAndevagpor at ed. Col umm chronmat ography of the residue gave
memg%ﬁﬁﬁmﬁQ%OQ76%wamasmonymmmem

stereoi soners. 1H NMR (400 MHz, CDCI3) 6 ppm 1.35 - 2.39 (m 10 H, 2.82 -
3.16 (m 1 H 3.34- 351 (m 1H 3.52- 3.60(m 3 H 3.67 (s, 3 H 3.67
- 402 +4.30- 4.38(2m 2 Htogether) 4.52 - 4.71 (m 1 H), 4.88 -5.09

(m 4 H) Intdrmddiateé B2 ahdE31 EnldhtioMeréCl ). [M - THF]+ = 451. The sane
product was obtai ned irring Internediate Bl (1.00 eq) wth di benzyl

by st
phosphi t EXeMPEZRimeshyl (S)-Filppro-dunethylesiepentanesiopte- 7-en, 1. 25 eq) at
roomtenperature for 22 h, addition of dibenzyl phosphite (1.00 eq), and
additional stirring at roomtenperature for 2 days, and work-up as
descri beBxaimpleeE3 TRimgthy| (R)v2:+f udbimed-mdthiyBripentdredieateat e B3:
Bi s(4- met hoxybenzyl)

rac- 2- met hyl ene-4-[ (3, 4, 5,@gl Or\%hl_}/dr 02H pyr an- Z-MI\) oxy] pent anedi oat e
3

F F
O 0]
H,C CH, H,C \CH3
O o)
E2 E3

Intermediate E1 was separated into its enantiomers E2 and E3 by preparative chiral HPLC
using HPLC method P4.

Intermediate E2: tx = 4.8 min (HPLC Method A5)

Intermediate E3: tz = 6.3 min (HPLC Method A5)

As evident to the person skilled in the art, the HNMR spectra generated from Intermediates

E2 and E3 were both equivalent to the HNMR spectrum of Intermediate E1.

Intermediate G1: Bis(4-bromobenzyl) phosphonate
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To a solution of Internediate Bl (240 ng, 881 pnol) in nethanol (5 nL) was
added aqueous 1 N sodi um hydroxide (3 nL). The m xture was stirred

over ni ghtweat2origosssenper at ure and was t hen brought to pRCT/HPgo1@MaS2T on of 2
N hydrochloric acid. After evaporation of nethanol and re-dissolution in
water (55 nmL), the m xture was evaporated by |yophilisation. An aliquot of
the residue (215 ng of 390 ng) was dissolved in DM (10 nL), treated with
4- et hoxybenzyl chloride (202 pL,;2Q eq basing on the aliquot enployed)
and caesi um car bonate (510 rrgBrd Wwas stirred overnight at room
tenperature, followed by heating iNo—2 m'c&w{., oven (0.5 h 100 C, 1 h 120
C) . Subsequently, the m xture was evaporateéd |jand subjected to colum
chromat ography wi t hout further work-up to gie 121 ng (51 % overall yield
reflecting the aliquotation) of the target [product as m xture of isomers.
1H NVR (300 MHz, CDCI3) 6 ppm 1.36- 1.88 (g 6 H 2.66 - 2.98 (m 2 H 3.26
- 342 (m 1 H 3.60- 3.77 (m 1 H 3.7 .86 (m 6 H 4.28 (nc, 1 H
mnor isoner) 4.51 - 4.60 (m 1 H 4.67 (m 1 H nmjor isoner) 5.01 -
5,19 (m 4 H 5.59 (d, 1 Hmnor isoner) 5y68 (d, 1 H major isoner) 6.20
(d, 1 Hmnor isoner) 6.26 (d, 1 H major orrer) 6.82 - 6.93 (m 4 H 7.23
- 7.37 (m 4H. MS(C): [M+ NH4]+ = 502°" Internediate C: D nethyl
(RS) - 2- net hyl ene- 4- (t osyl oxy) pent anedi onate CH 13 0 0 (3\1\ 4) 1.10S

, /" H2CCH3 Internediate C was prepared fromlnternediate Al (1.00 g, 5.31

) SRR pRERRGA BASTYS. Buo M Tl s IR (400
H) 3. 68 promoBerdyl &cdd6l (6&E,9. 35. Bi)'nn'.BJI)G’rbIIQ\sgd lﬂyﬂH)V(ﬁmQﬂhylelme]MlGﬁ mi., 381( d, 2 H

7.75 (d, : t hyl
( m?no!?')at 2%{16 r?é bJe%n\{ngr-lIe dlc%o:i’ﬁ The%lﬁﬁ sa(ﬁ&b%)lrre&g rogﬁ y

(S)-2-hydro I nterne
(R) - 2- hytﬂ’f@ﬁ&fﬁlﬁe fﬁgﬂﬁw @H@Wrﬁydh%mrgfgt@dglog of Water (30 mL), followed by another 3

h stirring at room temperature. The mixture was extracted with MTBE, and the combined

organic layers were washed with brine, dried over sodium sulfate, and concentrated in
vacuo. The residue was adsorbed on Isolute®, evaporated, and then purified by column
chromatography on silica gel (5 % — 70 % EtOAc in hexane) to give the target compound as
colourless crystals in approx. 82 % purity (3.4 g, 19 % vyield).

"H NMR (300 MHz, CDCls) & ppm 4.94 - 5.09 (m, 4 H) 6.95 (d, J = 711 Hz, 1 H, P-H) 7.21 (d,
4 H)7.50 (d, 4 H).

MS (ESI): [M + H]" = 419/421/423 (Br, isotope pattern).

Intermediate G2:
Dimethyl (2RS,4S)-2-{[bis(4-bromobenzyloxy)phosphoryllmethyl}-4-{[fert-
butyl(dimethyl)silyllJoxy}pentanedioate
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CH3C H3 H2CCH3H2CCH3 DI D2 Internediate Al was separated into its
enantioners D1 and D2 by preparative chiral HPLC using HPLC net hod P1.

| nt er rediwioeoDlo7338R = 6.5 m n (HPLC Met hod A2) | nt er nediPaT&EPDRV/069827= 7. 9
mn (H PLC Method A2) As evident to the person skilled in the art, the
HNVR spectra generated fromInternedi ates D1 and D2 were both equivalent to
the HNWVR spectrum of Internediate Al. Internediate D3: D nethyl
(S)-2-{[tert-butyl (dimethyl)silyi]oxy}-4- me?*hsyl enepent anedi oate CH |3 00
CH3 CH3 I Os(1CH3 CH3 CH3 H2C CH3 Ipieroedi ate D3 was prepared from
Internediate D1 (4.15 g, 22.1 mol ) according ‘f'ﬂh peral Procedure 1. Yield

6.17 g (93 9. S CH,
4< >_ o]

Br ﬁ (IJH3 CH,
o—F|> O

CH,

O

Br

To a solution of Intermediate D3 (200 mg, 0.64 mmol) and Intermediate G1 (337 mg, 0.80
mmol) in DMF (5 mL) was added potassium carbonate (133 mg, 0.96 mmol, 325 mesh), and
the resulting mixture was stirred at 90 °C for 3 h, followed by stirring at room temperature
overnight. The residue purified by column chromatography on silica to give 470 mg of the

target compound (87 % purity, 88 % yield).

'H NMR (400 MHz, CDCl;) & ppm 0.02 (s, 3 H) 0.04 - 0.07 (m, 3 H) 0.88 (s, 9 H, major
diastereomer) 0.89 (s, 9 H, minor diastereomer)} 1.88 - 2.34 (m, 4 H) 2.88 - 3.09 (m, 1 H)
3.57 (s, 3 H, major diastereomer) 3.59 (s, 3 H, minor diastereomer) 3.69 (s, 3 H, major
diastereomer), 3.70 (s, 3 H, minor diastereomer) 4.18-4.25 (m, 1 H) 4.86 - 4.99 (m, 4 H) 7.14
-7.22(m,4 H)7.44-7.50 (m, 4 H).

Intermediate G3:

Dimethyl (2R,4S)-2-{[bis(4-bromobenzyloxy)phosphoryllmethyl|}-4-{[tert-
butyl(dimethyl)silylJoxy}pentanedioate

Intermediate G4:

Dimethyl (25,4S)-2-{[bis(4-bromobenzyloxy)phosphoryllmethyl}-4-{[tert-
butyl(dimethyl)silylJoxy}pentanedioate
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M5 (ESI): [M+= 303. Internedi ates D4: D net hyl

(R -2-{[tert-butyl (dimethyl)silyi]oxy}-4- methyl enepentanedioate CHI13 0 0
CH3 CH3 GMB 2€HA 78348 0 H2CCH3 I nternedi ate D4 was prepalPel/HPe@nio69827
Internediate D2 (3.60 g, 19.1 mol) according to Ceneral Procedure 1. Yield
4.73 g (82 %9. Ms (ESI): [M+= 303. Internediate D5: D nethyl

(2RS, 4S) - 2-{[ bi s(benzyl oxy) phosphoryl ] net hyl} - 4-

{[tert-butyl (dinethyl)silyi]o%¥}pentanedi oate |Internedi ate D6: CI'DI nmet hyl
(2RS, 4R) - 2-{[ bi s(benzyl oxy) sphoryl ] met hyl} - 4- 0 o
{[tert-butyl (dinethyl)silyifoxy¥tperttanedi oat e | nt er nedi a
sol ution of J2 617g 20 NTEH H0 eq) i (100 m.)
di benzyl Bp S , 2.28 am,) ans—H
carbonate (4. g, @—é , _an the’m xture \Was £ 90 & for 2°h,
followed by stirring % roo t efPerature for 16 h. The(|) xt ulfe welb
evaporated and partiffi oned bet ween Et 0Ac and 5 % aque6us citeoic acid. The
organi c | ayer was wdshed with hal f-concentrated bring, dried over sodium
sul fate, and evapg pd. Col um chr omat ogr aphy of # esi due gave the
product as an oil 3 0, 783%yi el d). G4

Br Br

Intermediate G2 was separated into the separate stereocisomers Intermediate G3 (149 mg)
and Intermediate G4 (205 mg) by chiral preparative HPLC (Method P9)

Intermediate G3:

tr = 4.9 min (HPLC Method A8)

'"H NMR (400 MHz, CDCl3) & ppm 0.03 (s, 3 H) 0.06 (s, 3 H) 0.89 (s, 9 H) 1.88 - 2.01 (m, 2 H)
2.09-2.19 (m, 1 H)2.21 - 2.33 (m, 1 H) 2.97 - 3.10 (m, 1 H) 3.59 (s, 3 H) 3.70 (s, 3 H) 4.21
(dd, 1 H) 4.86 - 4.99 (m, 4 H) 7.15-7.22 (m, 4 H) 7.44 - 7.51 (m, 4 H).

S (ESI): [M + H]" =721/ 723 / 725 (Br, isotope pattern).

Intermediate G4:

tr = 5.5 min (HPLC Method A8)

"H NMR (300 MHz, CDCls) & ppm 0.03 (s, 3 H) 0.05 (s, 3 H) 0.88 (s, 9 H) 1.92 - 2.06 (m, 1 H)
2.08 - 2.34 (m, 3 H) 2.86 - 3.02 (m, 1 H) 3.57 (s, 3 H) 3.69 (s, 3 H) 4.22 (dd, 1 H) 4.86 - 5.00
(m, 4 H) 7.18 (m app t, 4 H) 7.43 - 7.51 (m, 4 H).

S (ESI): [M + H]" =721 /723 /725 (Br, isotope pattern).
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Internediate D6 In simlar fashion, Internmedi ated D6 was prepared from
Internmediate D4. As evident to the person skilled in the art, the HNWR
spectra geoepatEestrom | nt er medi ates D5 and D6 were bot rCEgP2Maloess7t o t he
HNVR spectrum of Internediate A3 M5 (ESI): [M += 565. Internmediate D7: Di
nmet hyl (2R 495)-2-ffbis(benzyl oxy) phosphoryl ] met hy1}-4-

{[tert- butyl (dimethyl)silyi]oxy}pentanedi oate Internedi ate D3: D nethyl

(2S, 4S) - émnlesgomgbyhdsﬂmmnghuRBEMQQF dompounds; compounds of
{[tert- bﬂ}éﬁ Cul h si |l yi ] oxy} pent anedi oat e CHI3 0 CH3 CH3 0-SCH3 o
CH el 8g 1y diate D5 (2.00 g) was separated into the respective

single isoners by neans of preparative chiral HPLC, Method P2, to give the
Internmediates D7 (710 ng) and D8 (1.01 g). Internediate D7: tR=6.1 mn (H
PLC Met hBEdawp)e P1:

Dimethyl rac-2-{[bis(benzyloxy)phosphoryllmethyl}-4-(mesyloxy)pentanedioate

To a solution of intermediate A3 (600 mg, 1.06 mmol, 1.00 eq) in THF (7.5 mL) was added
hydrogen fluoride-pyridine complex (1.52 g, 50 eq) under ice cooling. The cooling bath was
removed and the mixture was stirred for 3 h at room temperature. A solution prepared from
potassium hydroxide (1.80 g), boric acid (3.95 g), and water (30 mL) was carefully added
with ice cooling, until pH7 was reached. The mixture was concentrated in vacuo and then
partitioned between MTB and water. The organic layer was washed with brine, dried over
sodium sulfate, and evaporated to give the crude intermediate y-hydroxy ester which was
very prone to lactonisation (0.55 g crude). An aliquot (0.28 g) was then dissolved in pyridine
(6 mL) and treated with methanesulfonic anhydride (182 mg, 1.68 eq. basing on the aliquot)
under ice cooling. After complete addition, the cooling bath was removed and stirring at room
temperature was continued for 3 h. The reaction mixture was partitioned between MTB and
half-concentrated brine, and the organic layer was again washed with half-concentrated
brine, dried over sodium sulfate, and evaporated. The crude product was purified by
repeated column chromatography to give a pure sample of Example P1 as mixture of

sterecisomers (86 mg, 30 % yield based on aliquotation).

'H-NMR (300 MHz, CDCls):  ppm 1.86 -2.12 (m, 1 H) 2.14 - 2.41 (m, 3 H) 2.86 - 3.06 (m, 1
H) 3.11 (s, 3 H, minor diastereomer) 3.12 (s, 3 H, major diastereomer) 3.65 (s, 3 H, major
diastereomer) 3.61 (s, 3 H, minor diastereomer) 3.75 (s, 3 H, major diastereomer) 3.77 (s, 3

H, minor diastereomer) 4.90 - 5.09 (m, 5 H) 7.30 - 7.42 (m, 10 H).
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1H NMR (400 MHz, CDCI3) 6 ppm0.02 (s, 3 H 0.05 (s, 3 H 0.89 (s, 9 H
1.86 - 1.98 (m 2 H 2.09 -2.18 (m 1 H 2.21 -2.33 (m 1 H 2.98 - 3.11
(m 1 H 8o3b11(w3288 H 3.68 (s, 3 H 4.20 (dd, 1 H) 4. 9PCI/ER206/069827 4 H)
7.29 - 7.39 (m 10 H. M5 (ESI): [M+= 565. Internediate D8: tR = 7.4 mn
(H PLC Method A3) 1H NMR (400 MHz, CDCI3) 6 ppm0.02 (s, 3 H 0.04 (s, 3 H
0.88 (s, 9H) 1.85- 2.18 (m 3 H 2.19 -2.31 (m 1 H 2.89 - 3.02 (m 1H
353(33 3.67 (s, 3H)418 -4.25 (m 1 H 4.90 - 5,06 (m 4 H 7.29 -
7.39 (m M5 (ESI): [M+= 565. Internediate D9: D nethyl

(2S, 4R) - Msf(Eﬁ s[(‘/b‘eH]zyI@Qy)phosphoryl]rret hyl | - 4-

{[tert-butyl (di methyl)silyi]oxy}pentanedi oate |Internedi ate D10: D net hyl
(2R, 4R) - 2-{[ bi s(benzyl oxy) phosphoryl ] met hyl} - 4-

{[tert-butyl (di methyl)silyi]oxy}pentanedi oate Internediate D6 (1.00 Q)
was separated into the respective single isoners by neans of preparative
chiral HeR Ehod P3, to give the Internediates D9 (315 ng) and D10 (460
ny) . Intermegl tR=3.8 mn (HPLC Method A4) 1H NWR (400 MHz,

200 2. ARG 8%4?-?90 %@%9%9%9 pirfospharyRefivif-L i riotnéify o % T 5y

3.68 (s, éqg dhed-91 - 5.06 (m 4 H 7.29 - 7.39 (m 10 H. M
(ESI): ﬁﬁlfghl—)flfb)&g% Berlva?l sation of Internmediate D9 for correlation of

stereochem stry with Exanple P9 To a sol utjon of exanple D9 (32 ngy, 56.7
pmol) in methanol (0.50 nmi) was added (1S -{+)- canphorsul fonic acid

nmonohyd rate (3.0 ng, 0.2 eq) and t hé® ®ure was stirred at room
tenperature for 17 h. The m xture was I u@@;}val th toluene (2 niL) and
evaporated to dryness A\ reS|due was aig di Lted with toluene (2 nl)
and evaporated. A sol pa uen@sul anhydride (55.5 ng, 3.00
eq) in pyridine (O. 30 )/ was d t a yenp le ofp 0 C. The m xture
was allowed to vvarmuptoroomtﬁa |rredfor 1.5 h before
being partitioned between 5 % ggdeous c (5t ric aci d and -MIB. The organic
| ayer was washed with brine, dried over-sodium sul fate, and evaporated. The
mxture was filtered over a shrt plug of silica (EtOAc / hexane) to give
17 mg of a crude product. hl inmpurities were renmoved by HPLC (HPLC
nmet hod P7) yielding 8 ng of It orrespondi ng tosylate found to be
identical with exanple P9 as pddged by conparison of HPLC retention and
HNVR dat a.

To a solution of intermediate A3 (600 mg, 1.06 mmol, 1.00 eq) in THF (7.5 mL) was added

hydrogen fluoride-pyridine complex (1.52 g, 50 eq) under ice cooling. The cooling bath was

removed and the mixture was stirred for 3 h at room temperature. A solution prepared from

potassium hydroxide (1.80 g), boric acid (3.95 g), and water (30 mL) was carefully added

with ice cooling, until pH7 was reached. The mixture was concentrated in vacuo and then

partitioned between MTB and water. The organic layer was washed with brine, dried over

sodium sulfate, and evaporated to give the crude intermediate y-hydroxy ester which was

very prone to lactonisation (0.55 g crude). An aliquot (0. 27 g) was then dissolved in

dichloromethane (5 mL) with ice cooling, followed by the addition of silver (1)

trifluoromethanesulfonate (316 mg, 2.00 eq basing on the aliquot), pyridine (495 pL, 10.0 eq),

and 4-nitrobenzenesulfonyl chloride (136 mg, 1.00 eq). The mixture was stirred at room

temperature, and repeatedly, portions of silver (l) trifluoromethanesulfonate (1.00 eq) and 4-

nitrobenzenesulfonyl chloride (0.50 eq) were added to drive the reaction to an acceptable

turnover. After 2 days, the reaction mixture was partitioned between dichloromethane and

water, the organic layer was washed with brine, dried over sodium sulfate, and evaporated.

Column chromatography of the residue yielded 16 mg of example P2 as a mixture of

sterecisomers (5 % yield based on aliquotation).
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tR=9.0 mMmn (HPLC Method A6) 1H NWVR (400 MHz, CDCI3) 6 ppm 1.83- 1.95 (m
1 H 2.10 - 2.31 (m 3 H 2.43 (s, 3 H 2.81 - 2.95(m 1H 3.51 (s, 3 H
3.62 (s, 8Op1M78B6- 5.05 (m 5 H) 7.28 - 7.40 (m 12 HpPCT/EPZ0100¢9827 H) .
Internediate D10: tR =5.2 mn (HPLC Met hod A4) 1H NWR (400 MHz, CDCI3) 6
ppm0.02 (s, 3 H 0.04 (s, 3 H 0.8 (s, 9H 1.85- 2.18 (m 3 H 2.19
-2.31 (m 1 H 2.8 - 3.02(m 1H 3.53(s, 3H 3.67 (s, 3 H 4.18 -4.25
(m 1 H 4.90- 506 (m 4H 7.29 - 7.39 (m 10 H. Ms (ESI): [M+ H =
565. Formation of lactones from Intermediates D7 and D8 and investigations
on nucl edt-NEREPA W& CRER): 8 PPMA83as0%iimd ) Zot4 123%M, Be)Cof¥ i 3% @t ilons  of

C2 and FI:)§ by-l 362 s, 3 H, major d|astereomer 3.66 (s, 3 H, minor diastereomer) 4.88 -
(2S, 4R) - -oxot etrahydrofuran 2-

zyl
car boxyl 31% TL%HH)H% ?ﬂ%iﬁ"’lm'é)rml %%(”D%H)}Bz 24tk on of Intermediate
D7 (22 ng, 39 pnol) in nethanol (0.30 nmL) was added (/S)
(+)- carrphorsulfoni c acid nonohydrate (2.0 ng, 0.2 eq), and the m xture was
stirred M@rE gq m tenperature. An aliquot (1/3) was taken, diluted
with tol uene (1 rrL evaporat ed to dryness. Et0OAc and toluene (2 nL
each) were added, and the m xture was extracted with agueous sodi um
bi car bonat e and bri ne, filtered over cotton, and evaporated. Internedi ate
HNVR anaExainplsbgwed conpl ete conversion into the corresponding y-hydroxy
ester. This was dissolved in toluene (2 n), (/9)-(+)-canphorsulfonic acid

nmonohy dr Bifie(hd® ra@2-{Iis(baRdgbxg)ishdspholyIhety s stirred for at room

tenperature until conpl etion (typl cally after 6 to 24 h). The m xture was

t hen dil UPEG“WFWEYW]P?"WF Ioffde i xt ure was then extracted with aqueous
sodi um bi carbonate and brine, filtered over cotton, and evaporated to give
t he corresponding | actone. 1H NWVR (500 MHz, CDCI3) 6 ppm 1.70-1.81 (m 1
H, 2.25 - 2.35 (m 1 H, 2.47 (ddd, 1 H), H)%HSS - 2.63 (m 1 H, 2.86 -
2.98 (m 1 H), 3.79 (s, 3 H, 4.85 (dd, 34.92 - 5,00 (m 2 H), 5.03 -
5.10 (m 2H) 7.30 - 7.41 (m 10 H).

(2S,4S)-4-{[ bi s(benzyl oxy)phosphoryl]rreth 1} @xotetrahydrofuran 2-

carboxyl ate (Lactone fr terrredlate D8 I3 ., ,OCH3 eH
II
Oo—

O

To a solution of intermediate A3 (500 mg, 885 pmol, 1.00 eq) in THF (7.5 mL) was added
hydrogen fluoride-pyridine complex (1.52 g, 50 eq) under ice cooling. The cooling bath was
removed and the mixture was stirred for 3 h at room temperature. A solution prepared from
potassium hydroxide (1.80 g), boric acid (3.95 g), and water (30 mL) was carefully added
with ice cooling, until pH7 was reached. The mixture was concentrated in vacuo and then
partitioned between MTB and water. The organic layer was washed with brine, dried over
sodium sulfate, and evaporated to give the crude intermediate y-hydroxy ester which was
very prone to lactonisation (372 mg crude). An aliquot thereof (142 mg) was dissolved in
pyridine (3 mL), and benzenesulfonic anhydride (225 mg, 2.40 eq. basing on the aliquot
employed) was added whilst cooling with ice. The mixture was stirred for 16 h at room
temperature, was partitioned between MTB and half-concentrated brine, and the organic

layer was again washed with half-concentrated brine, dried over sodium sulfate, and
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3 00-S114CH3 0-P 110,CH3 CH3 I CH3 D8 Internediate D8 (32 ng, 57 pnol)
was converted into the correspondi ng | actone by an anal ogous procedure. 1H
NVR (500 Wbiz2p11@D&488) 6 ppm 1.76 - 1.87 (m 1 H), 1.98 - PCOEPRm/049sk), 2.48
(ddd, 1 H, 2.73 -2.86 (m 2 H, 3.79 (s, 3 H, 4.73 (dd, 1 H, 4.93 - 5.00
(m 2 H, 5.03- 510 (m 2 H; 7.30 -7.41. A pronounced nucl ear Overhauser
effect (NCE) was found for the signal of the proton attached to C4 (signal
i s a par evapbratednilihe ¢rpfieproduad wiad parifgd g eplump ehromatcydh ply taogiveolaxantige B3 ot on

at t aCheda§ ﬁ)lix%rg_of &Q@oi%rﬂé@bd@fmd}’@ﬁ G/r'yigl Q)t%ﬁécﬁorﬁéliqf}otngnzpm This effect

indicates relative cis-configuration’ o e respective protons (Figure 5).
No simlar effect was found for the |actone fornmed frominternediate D7, to
whi ch trans-configuration was assigned in turn. Internediate El: D nethyl
(RS) - 2- f lRVR- @ooRHRYCPOB)P 68 PhaNEsh -aasR(nCUVG)2CH3- 3.010(nd 19013811 8)8 Bf

I nt diate Al. (6.0 3 |)_in THF dded at
termper at U18" BERPROBPASIPAReL0N ToR LoSpame) ter (e 1 1R e st oq).
tri et hyl 361 (e 3tH, infiyad dzsletronieded. §7106.88 (rh, 4 1), 088 ed.4B (anth Ky 7.68 hyFate (26. 7

m., 6.00 eq6)- 786G 1 BIYBYLAG4TAro P h at room tenperature, the reaction
m xture wgs' par'tlé{(rﬁ’one%l 'get V\JEEI% wat gr and di chl or onet hane. The organic

| ayer was separated and washed with a brine/water m xture (1:1), dried
over sodium sul fate and concentrated under reduced pressure. The crude
product wmaIESNI[M + BH =Bo1col uim chr omat ography (silica, hexane / Et0OAc) to
give Internediate El (4.37 g, 72 %yield). 1H NVR (400 MHz, CDClI 3): 6 ppm
2.76 - 2288 (m 1 H 2.94 - 3.06(m 1 H 3.79 (s, 3 H 3.80 (s, 3 H 5.18
(ddd, 1 H 5.78 (s, 1 H 6.35 (s, 1 H. M5 (ES'): [M+ H+ = 191.

Example P4a: Process A

Dimethyl rac-2-{[bis(benzyloxy)phosphoryllmethyl}-4-(tosyloxy)pentanedioate

To an ice-cooled solution of Intermediate A3 (1.27 g, 2.25 mmol) in THF (20 mL) was added
hydrogen fluoride - pyridine complex (3.91 mL, 20 eq), and the mixture was stirred at room
temperature for 4 hours. Subsequently, a solution prepared from potassium hydroxide (3.60
g), boric acid (8.00 g), and water (60 mL) was carefully added until pH reached 7. The
mixture was partitioned between water and MTB, and the organic layer was washed with
brine, dried over sodium sulfate, and evaporated. The residual crude y-hydroxy ester (980
mg) was immediately dissolved in pyridine (20 mL), and para-toluenesulfonyl anhydride (1.43
g, 2.00 eq) was added, and the mixture was stirred for 16 h at room temperature. The

mixture was then partitioned between water and MTB, and the organic layer was washed
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I nternedi ates E2 and E3: Enantionmers: Exanple E2: D nethyl
(S)-2-fluoro-4-nethyl enepent anedi oat e Exanpl e E3: Di net hyl

(R - 2-f | vwoaeti/ateashyl enepent anedi oat e () CH3 E2E3 | mCEmredioats2El was
Separated into its enantioners E2 and E3 by preparative chiral HPLC using
HPLC nethod P4. Internmediate E2: tR =4.8 mn (H PLC Met hod A5)
Internediate E3: tR =6.3 mn (H PLC Method A5) As evident to the person
skil | ed with bheqaedus cittieadidNii \siﬂénmeair'@emere&oéidnﬁsuﬁatelmtdavamﬁatad €eE2 and E3

were bot pg Hé'bv\égh Ftb9 ﬂﬂr‘?m ag;%?a%g TR E'&}r ét%&ﬂbé%{] A dslan dipit €7 Medi ate

Gl: Bis(4- rorm osphonat ut| osphotchhI ori de
(1.54 rer'X1U76‘8f ﬁ%P'}OWWSKQﬂOU@@]@5(°/§®'eHi) was added pbrom)benzyl al cohol

(6.60 g, 35.3 nmol ), followed by N,N-dinmethylaniline (4.86 nL, 38.1 mmol)
at a tenperature of OCwith ice cooling. The m xture was then stirred at

room te r foll.o ef of 30
foll 6\'&@1?“(680 &'%5{%@?'}1)35@@“%%@@{ q%ﬁq e%:rl%e@h%ﬁ) ‘&r(ﬁe %g{”g was

ext ract ed2.68 (rh, 1NH‘BE51 &nd Ht hnénoc dipttereethe g r3gedns c3 Hayapisdigstereomers Béd (saidt h

brine, dgi f e ) 43Hee V, T si due

wes adsorbid dete Pﬂbﬂr@?’ﬁ“ oo B FeREReh ke S e oo TR

chr omat o@?ﬁbﬁﬁoﬁgélml%ﬁ) gel (5 %-> 70 % EtO0Ac in hexane) to give the

target conpound as colourless crystals in approx. 82 %purity (3.4 g, 19 %
yield) 1H NVR (300 MHz, CDCI3) 6 ppm4.94 -5.09 (m 4 H 6.95 (d, J = 711

(B,2 MgﬂggBau\fl'F'fmd’GO% H 7.50 (d, 4 H. M5 (ESI): [M+ Hr = 419/421/423
r2 iso A

Example P4b: Process B

Dimethyl rac-2-{[bis(benzyloxy)phosphoryllmethyl}-4-(tosyloxy)pentanedioate

To a solution of Intermediate B2 (150 mg, 281 pmol) in methanol (5 mL) was added
pyridinium para-toluenesulfonate (PPTS, 7.1 mg, 0.10 eq.) and the resulting mixture was
stirred at 55 °C for 2 h. The mixture was evaporated to dryness, and the residual crude y-
hydroxy ester was dissolved in pyridine (3 mL). para-Toluenesulfonic anhydride (183 mg,
2.00 eq.) was added, and the mixture was stirred at room temperature for 16 h. The mixture
was concentrated in vacuo and then partitioned between MTB and 5 % aqueous citric acid.

The organic layer was washed with brine, dried over sodium sulfate, and evaporated.
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Internediate &: D nethyl

(2RS, 4S) - 2-{[ bi s(4- bronobenzyl oxy) phosphoryl ] met hyl}-4-{[tertbutyl (di nmethyl

) si | ynoxywpentianassoate To a solution of |nternedi ate PB8T(EPO@o6S20. 64

mmol ) and Internediate GL (337 ng, 0.80 mml) in DW (5 nL) was added

pot assi um carbonate (133 ng, 0.96 mml, 325 nesh), and the resulting

m xture was stirred at 90 C for 3 h, followed by stirring at room

t enper at Grlemoceromagggraph¥logerrsgisa (hezanpurbBtOAe)pavy thedhngatcootpoombaogir aphy on

silica tg.4gi ; g npound (87 % purity, 88 %yield). 1H

NMVR (400%*94]{‘}(8‘2%%:%%'%&%%%%%% (o 9'8% 0.04 - 0.07 (m 3 H 0.88 (s, 9 H

maj or di astereoner) 0.89 (s, 9 H mnor diastereoner) 1.88 - 2.34 (m 4 H)

2.88 - 3.09(m 1 H 3.57 (s, 3 H mjor diastereoner) 3.59 (s, 3 H mnor

di ast er eAN®IR) andl. M d4ta .wede i lin&RjtOthodd AspbREERNEXIMpISPZ4) (s, 3 H, m nor

di astereoner) 4.18-4.25 (m 1 H) 4.86 - 4.99 (m 4 H 7.14 - 7.22 (m 4 H)

7.44 - 7.50 (m 4 H. Internediate G3: D nethyl

(2R, 4S) - 2-{[ bi s(4- bronmobenzyl oxy) phosphoryl ] nethyl}-4-{[tertbutyl (d

i met hyl ) Examplq B4g} Pepcessc@ i oate I nternedi ate G4: D|rreth I

(2S,4S)-2-{[bi s(4-bronmobenzyl oxy) phosphoryl ] nmet hyl } {y&tertbut yl (d

i met hyl ) Bimethy] 6as2iHristhenayloxsy moanhpeylﬂmaﬂwﬂ#@w pentanedigatat o t he

separate stereoisoners Internmediate G3 (149 ng) and Internediate G4 (205

ng) by chiral preparative HPLC (Method P9) Internmediate G3: tR=4.9 mn (H

PLC Met hod A8) 1H NMR (400 MHz, CDCI3) 6 %%m 0.03 (s, 3 H 0.06 (s, 3 H

0.89 (s, 9 H 1.88 - 2.01 (m 2H) 2.09 -72519 (m 1 H 2.21 -2.33 (m 1H)

2.97 - 3.10 (m 1 H 3.59 (s, 3 H 3.d & 3 H 4.21 (dd, 1 H 4.86 - 4.99

(m 4H 7.15 - 7.22 (m 4 H 7.44 - 71 ono4 H. M5 (ESI): [M+= 721 /

723 | 725 (Br2 isotope pa{tern). Interngdi a‘t\sé G4 tR=5.5 nmn (HPLC Met hod

A8) 1H NWR (300 MHz, ¢ ) : 073 85 (s, 3 H 0.88 (s, 9 H)

1.92 - 2.06 (m 1 H 2 - 22341l(m H)28602(m 1 H 3.57 (s, 3
3.69 (s, 3 H 4.22 h % 18 (mapp t, 4 H)

7.43 - 7.51 (m 4 H. M (ESI): M += 7H1 / 3/ 725'?3’Br2 i sot ope

pattern). o

To a solution of Intermediate C1 (1.32 g, 3.81 mmol) in THF (40 mL) was added DBU (1,8-
Diazabicyclo(5.4.0)undec-7-en, 717 pL, 1.25 eq) and dibenzyl phosphite (1.70 mL, 2.00 eq.)
and the mixture was stirred at room temperature for 1.5 h. The mixture was concentrated in
vacuo and then partitioned between EtOAc and 5 % aqueous citric acid. The organic layer
was washed with brine, dried over sodium sulfate, and evaporated. The residue was purified
by column chromatography on silica (hexane / EtOAc) to give the desired product (1.42 g, 61

% yield) as a mixture of stereoisomers.

HNMR and MS data were in line with those reported for Example P4a.

Example P5: Dimethyl (2RS,4S)-2-{[bis(benzyloxy)phosphoryl]methyl}-4-

(tosyloxy)pentanedioate
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Exanpl e conmpounds of the invention (Precursor conpounds; conpounds of the
formula (1-LG Exanple P1: D nethyl

rac- 2- { [ bWwe(2banwyisexy) phosphor yl ] net hyl | - 4- (nmesyl oxy) perCarmpdiioats2TCH | 3
0-0 00 "11*10S O 0-P(31 oCH3 To a solution of intermediate A3 (600 ng, 1.06
mmol, 1.00 eq) in THF (7.5 nL) was added hydrogen fluori de-pyridi ne conpl ex
(1.52 g, 50 eq) under ice cooling. The cooling bath was renpoved and the

m xture was stirred for 3 h at roomtenperature. A solution prepared from
pot assi um hydroxide (1.80 g), boric acid 3.95 g), and water (30 nL) was
carefully added with ice cooling, unt¢| %f was reached. The m xture was
concentrated in vacuo and then partit bgtween MIB and water. The
organi c | ayer was washed, with brine, dr|e QQVer sodi um sul fate, and
evaporated to give the %gig?_LQteoned' v-hytroxy ester which was very
prone to | actonisation (0.28 g) was then

di ssolved in pyridine (5 nL) and mesul foni ¢ anhydri de
(182 ny, 1.68 eq. basing on the_afiquot) under ice cooling. After conplete
addition, the cooling bath was ftenoved and stirring at roomtenperature was
continued for 3 h. The reactiggFg i xture was partitioned between MIB and

hal f - concentrated brine, and i i
hal f-concentrated brine, driedNever sodium sul fate, and evaporated. The
crude product was purified by repeated col um chromatography to give a pure
sanpl e of Exanple P1 as m xture of stereoisoners (86 ny, 30 Wbyield based
on allquotatlgw). 1H NWVR (300 MHz, CDCl 3 §é- E@ 2.14
- 2. 41 (FRramplg)P5yTagn 'Cesﬁoe'ed Eottio qu"f%fmfi'at%? 9, %Oﬁéfﬂm%l? 5y @Q)mar) 3.12
(s, 3 H, mlIPWéHadﬂeaﬁy@rb@@f\ﬂifo}|d@~ ;%dﬁscorambk(m;ow, m.a&tLeV@@@yerae ra;xﬁjle(s 3

H, d 8| di ast 7
i nor i Y€t SFiedar) "oy el ol e Fors bEEST R ot gd o
2011/ 073@(83:@@13/(55?@})3!@21 @6128Q 10 M) (vBSatided daMfutly ldntilpHIR@.redchadpl EheP2: Di

met hyl Ewttﬁ?wa pEHAGRA LA RARR BROFKB] AR brbaftic e bAndd W RBEGAN ')

sul f onyl | oxy}pentane
rine, was dried over sodium sulfate, and evaporated. The residual crude y-hydroxy ester

(3.24 g) was immediately dissolved in pyridine (60 mL). para-Toluenesulfonyl anhydride
(4.70 g, 2.00 eq, based on crude hydroxy ester) was added, and the mixture was stirred at
room temperature for 16 h, concentrated in vacuo, and subsequently partitioned between 5
% aqueous citric acid and MTB. The organic layer was washed with half-concentrated brine,
dried over sodium sulfate, and evaporated. Column chromatography on silica (hexane /
EtOAc) gave the desired product as an oil (1.52 g, 31 % yield) which was used for separation

into single stereoisomers (Examples P7 and P8) without further characterisation.

S (ESI): [M + H]" = 605.

Example P6: Dimethyl (2RS,4R)-2-{[bis(benzyloxy)phosphoryllmethyl}-4-

(tosyloxy)pentanedioate
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To a solution of internediate A3 (600 ng, 1.06 mmol, 1.00 eq) in THF (7.5
m.) was added hydrogen fluoride-pyridine conplex (1.52 g, 50 eq) under ice
cool i ng. WheotaoBisag bat h was renoved and the m xture WRETHPROWAMSRDr 3 h
at roomtenperature. A solution prepared from potassi um hydroxide (1.80 g),
boric acid (3.95 g), and water (30 nL) was carefully added with ice
cooling, until pH7 was reached. The m xture was concentrated in vacuo and
then partitioned between MIB and water. T‘Fﬂ} organic layer was washed with
brine, dried over sodiumsulfate, andogvaporated to give the crude

i nternedi ate y-hydroxy ester which was erg Qrone to | actoni sation (0.55 g
crude). An aliquot (O. & Was then Lssodyedai n di chl oromet hane (5 ni)

with ice cooling, follo add tiof of
trifluoronmethanesul f onate= 316<mg9 2 baS{ pg~on the aliquot), pyridine
(495 pL, 10.0 eq), and 4-nitrobengenesul[fonyf: chlorie (136 my, 1.00 eq).
The m xture was stirred at roomtenperadure, and repeatedly, portions of
silver (I) trifluoromethanesul fgnate (1.00 eq) and 4- nitrobenzenesul f onyl
chloride (0.50 eq) were added drive the reaction to an acceptable
turnover. After 2 days, the re on mxture was partitioned between

di chl oronet hane and water, the Brganic |ayer was washed with brine, dried
over sodium sul fate, and evaporated. Colum chromatography of the residue
yi el ded 16 ng of exanple P2 as a nixture of stereoisoners (5 % yi el d based

on al tatio 1H N 1 3); m 1

5 14 I_quE %Iﬁ]% T?_ﬁn Eefgoletlygol Ufn of Mf'ejz_rmﬁ% %(3(3%&)5 mrgo %IE T%Fog(}, H, n’ajHZJr
di ast er emirpwas &1de6 hiydroge fidoride ﬂmnndtdeaemelee(ﬂ@e%)-lm? 88 mlL, 50 &d)). Tmg mBtur§ 7. 29 -
7.43 (m M +=
636 (EX Wg(?stﬂ)lgg&f 50f$at' ro Jr?%[(érétu% N%Blgtl %%%a3?%§0r§1 tggsp |é(,5ﬁ'0) [

[ (phenyl E‘UICf%‘W[@ ékﬁT‘i)Wﬁ‘)ééﬁ@@l”&rM’?é ang:d CFf?flélWeJﬁ lE’H hsd r@ﬂ‘C P e-Fhf’edl at e A3
(500 ny, mmempbamﬂor@e b&&eeh Wattrbnd NITB, éﬂd)tha\e@amad@ar WK 26848 with

fluoride-pyridine co under i coolin The cooling
o oL 1 OIS ef 1128 S S0 e e 8 R0 iy B0t L1
sol uti on(2p?1eg)a\raedmhnedxmemﬂssslsedmndyydime)eaodﬂ_)(ﬂararwolgénesbmiytarmgdmble(3 95 9),
and vvate N 7 . Was

reac hed 2%eq¥§§s%§ﬁ§@ﬁgg¥?r%§?§sge n&%‘/%%o%g %ﬁgh‘% ﬁ%ur&'%% Ltfre%?ned bet ween
MIB and mrretemperrhelreaﬁogéﬁhhcwha%r@natemvanag,rﬁévd Subsenumtiynvertltlqué@tvmﬂerﬁ sodi um
sul fat e, o aloSUARAE 8if Snd ATB! > ShICHI Gk Nah AR R Sn i RUbrifS  eF

whi ch was very prone to | actoni sa?]fh 372 nmg crude). An aliquot thereof
(142 ng) dRRE<OVES %ogmm/%fatenaw\iaawﬁ@d(@owy Chr&ﬁ@"%@rﬁ%‘éﬁ%'ﬂ?q BexEednhydri de
(225 ny, EDA) &R thdasdireg pautthe aa|oilml@29eﬂl{%QBém)vhm&aadQ@ﬂoN‘é’Upb&hoﬂom i ng

with ice, The m xture wa stlrr omte Iure was

partiti olfE s %r@ﬂ'swsgﬁ)é?"ﬂpé? #SWQ?%&‘CUSB %]araﬁ &S? 138 or gani c | ayer

was again washed with half- concentrat ed brine, dried over sodium sulfate,

and evapor at ed. The crude product was purified by col um chromatography to

gi ve Examgl £s 3[ igdodr e of stereoisoners (103 ng, 51 %yield based on

allquotatlon) 1H- (300 MHz, CDCI3): 6 ppm 1.80 - 2.35 (m 4 H 2.75 -

3.01 (m 1 H 3.51 (s, 3 H, m'nor di astereomer) 3.52 (s, 3 H nmyjor

di astereoner) 3.55 (s, 3 H mjor diastereoner), 3.61 (s, 3 H mnor

di astereoner) 4.87 - 5.08 (m 4 H), 7.28- 7.43 (m 10 H) 7.48- 7.57 (m 2

H)7.60-7.68Br7n 1 7.87-7.94gm 2 H). I\/BLE } M += 591. Exanpl e

P4a: ProE¥ample BY: Bimefhy! (2S,4S)-2-{[bis(benzyloxy)phosphoryl methyl}-4-

rac- 2-{[ Rbs{Yppentayedibagrhoryl ] met hyl } - 4- (t osyl oxy) pent anedi oate CH I3
Example P8: Dimethyl (2R,4S)-2-{[bis(benzyloxy)phosphoryllmethyl}-4-

(tosyloxy)pentanedioate
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00 To an ice-cooled solution of Internediate A3 (1.27 g, 2.25 muol) in
THF (20 nL) was added hydrogen fluoride - pyridine conplex (3.91 nL, 20
eq), and wbeonyorasse was stirred at room tenperature foPCA/HROUOD69827
Subsequently, a solution prepared from potassi um hydroxide (3.60 g), boric
acid (8.00 g), and water (60 nmL) was carefully added until pH reached 7.
The m xture was partitioned between water and MIB, and the organic | ayer
was washed with brine, drlcé*d over sodium sul fate, and evgporated. The

resi dual crude y-hydr ter (980 ng) was i Mmedi ately I’ssol ved in
pyridine (20 m_) and p raDU,Sll uenesulfonyl anhydri de® Qb? , 2.00 eq) was

added, an e mx ure ed for 16 room tenperat ure. The
m xture parti i onedn wag
was washed Wit h°5 aei d

hl\/l’lt'IJB do'he
rine, dried
LR ﬁ?ﬂﬂc f

gni ¢ | ayer
er sodi um

sul fate, and evapppated.ll The ?e5| due ‘was pur|f| ed by ormatogr aphy
to give the target corrpochnd as an oily mxture stergoi soners (890 ny, 65
%yield). 1H N 400 MHz, CDCI3): 6 ppm 1.83 -2.07 (m 1 H 2.10 -2.33 (m
3 H 2.43 (s, 2.81 - .98 (m 1 H 3.51 3 H mpor diastereoner)
3.53 (s, 3 H, r diastereoner) 3.57 (s, 3 jor diastereoner), 3.62

(s, 3 H mnor diastereoner) 4.88 - 5.05 (m5 7.28 - 7.41 (m 12 H)
7.75- 7.81 (m 2 H. M5 (ESI): [M+= 605. Exanple P4b: Process B D nethyl
rac-2-{[ bi s(benzyl oxy) phosphoryl ] met hyl }-4-(tosyl oxy) pent anedi oate CH 13 0O

0 To @xa"?ﬁﬂlé’b'j ?ﬂ523§) \A/dl%%?%@d%t@trﬁaeépjeﬁgle%&r Igémmwﬂe'aﬂs Gﬁat hanol (5 ni)

was added pyridi ni um para-tol uenesul f onate ) and the

resul t i nBERFRINGAIrfldiL&t Mefhod Py togzivecneg 5?‘3er'?§ Pﬂ?@ r‘ﬁ'@l?ﬂ‘? Bs\ﬁe?é ’%Q%apor at ed

to drynesge sauifled thes stsihaii@ntaicdddRnytysld @%bf emhes Whh ceiilg 56 karasled By pyr i di ne
(3 n). %Sra Tglgglenesulfonl c.anhydride (183 ng, 2.00 eq.) was added, and

t he m xt %”‘iﬁa aF?%E\éﬁpofa(%?hterrper ature for 16 h. The m xture was
concentrated in vacuo and then partitioned between MIB and 5 % aqueous
citric acid. The organic |ayer was washed with brine, dried over sodium

sul f at e, earhISBERRERL RS sehRatédThts h{qu?ée‘éﬁlfeas@@}'e i9YRErs BY hicGRs bhexane /

Et OAc) gave the tar et conpound as a mxture of stereoisoners (115 ny, 68
)/ 0 i epr&?aratlve chiral ' HPLC, Method P6, to give the Examples P9 (859 mg) and P10 (1.34 g).

The samples thus obtained contained minor residues of ethanol which could be removed by

extended high-vacuum evaporation.

Example P7:
tr = 9.9 min (HPLC Method A6)

"H NMR (400 MHz, CDCls) & ppm 1.95 - 2.07 (m, 1 H) 2.12 - 2.33 (m, 3 H) 2.43 (s, 3 H) 2.85
-2.98 (m, 1 H) 3.53 (s, 3 H) 3.57 (s, 3 H) 4.89 - 5.05 (m, 5 H) 7.28 - 7.40 (m, 12 H) 7.78 (d, 2
H).

Example P8:
tr = 14.0 min (HPLC Method AB)

'H NMR (400 MHz, CDCls) & ppm 1.83 - 1.95 (m, 1 H) 2.10 - 2.31 (m, 3 H) 2.43 (s, 3 H) 2.81
-2.95 (m, 1 H)3.51 (s, 3H) 3.62 (s, 3 H) 4.88 - 5.05 (m, 5 H) 7.28 - 7.40 (m, 12 H) 7.77 (d, 2
H).
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HNVR and M5 data were in line with those reported for Exanple P4a. Exanple
P4c: Process C D net hyl

rac- 2- { [ bWwe(2barwyisexy) phosphoryl ] net hyl | - 4- (t osyl oxy) perCarepdiioats2TCH 13 0
/0 To a solution of Internediate  (1.32 g, 3.81 mmol) in THF (40 nl)
was added DBU (1, 8- Di azabicycl o(5.4.0)undec-7-en, 717 pL, 1.25 eq) and

di benzyl phosphite (1.70 nmL, 2.00 eq.) and the m xture was stirred at room
t enper at Exkample P9: BirhethYh@2 $H#R}- ﬁ{{ﬂois(ek&nzxolmymhwphdrylhneﬁlytm-and t hen
partitioped bety\eertt Et 0Ac, and 5 ")/ 0 aqueous citric acid. The organic |ayer
was wash 8%"?‘% TS '87%%d over  sodi um sul fate, and evaporated. The

resi due BRamply P10eDinbathgb{2RFREH IhisbepeypiRy)phosphbirgiiméthglladie / Et0Ac) to
give the desjired produgt (1.42 g, 61 %yield) as a m xture of

st er eoi sGﬂe}'eXVmﬁ)ﬁa Of¥8 data were in line with those reported for

Exanpl e P4a. Exanple P5: Dinethyl

(2RS, 4S) - 2-{[ bi s(benzyl oxy) phosphoryl ] net hyl }-4- (tosyl oxy) pent anedi oat e
Exanpl e P5: To an ice-cooled solution of Internediate D5 (4.57 g, 8.09
mmol) in THF (60 nL) was added hydrogen fluoride - pyridine conplex (70 %
HF, 14.7 nlL, 70 eq). The g, xture was stirred 3.5 h at roogntenperature. A
sol ution prepared froopasassi um hydroxide (10 g), bordc ém d (13 g), and
wat er (100 m.) was adde @aﬁefully until pH had reache o\'l;be m xt ure was
partitiongd\pet ween sRd ALB, and theo ganlc | ayeyh. vvas ed with
brine, wa red aver soao um [ate, and o at 8d. heore crude
y- hydroxy ester 3. Aredjat el y dissol vediin-pyrPdine £6Q i)
par a- Tol uenesul f | anhydri de (4 70 g, 2.00 eq, ased n cride hy8r30xy
ester) was added| and the m xture was stirred at roomté’t*rperature for 16 h,
concentrated i cuo, and subsequent |y part|t| between 5 % aqueous

citric acid an B. The" organl c layer was was i th hal f®®oncentrat ed
brine, dried ov sodi um sul fate, and evapor at et®Col unm chr omat ography on
silica (hexane / EtOAc) gave the desired product as an oil (1.52 g, 31 )/0
yi el d) which was used for separation into single stereoisonmers (Exanples P7
and P8) wi thout further characterisation. Ms (ESI): [M += 605. Exanpl e P6:
D net hyl (2RS, 4R) 2-{[ bi s(benzyl oxy) phosphoryl ] net hyl | - 4-

(t osyl oxf¥¥eple&9edi oate Exanpl e P6: To an ice-cool ed sol ution of

I nter rredl ate D6 M 5.88 mml) in THF (50 nL) was added hydrogen

f1 uori delr= by My é%ﬂ%{a%&@(?o % HF, 7.64 nL, 50 eq). The mixture was

stirred r at ol t um

nydr oxi g’ BB @ MBZTEREHRY 15550 B3 2 Pp 3Ry ST Cdla ¥ arer ui 1y
unti|l pH 5ad(mealdhedt & 3Tn8é. 6@1 sct3d1f)e4&9a§(|?dh(tm iotHoTizéd M4 e d @ H)Et7/&@r(d,ehd MIB,
and the g?_ganl c layer was washed with brine, was dried over sodi um sul fate
and evaporated. The residual crude y-hydroxy ester (2.71 g) was imredi ately
di ssolved in pyridine (50 nL). para-Tol uenesul fonyl anhydride (3.93 g, 2.00
eq, based on crude hydroxy ester) was added, and the m xture was stirred at
room t engearaplerPaof or 16 h, concentrated in vacuo, and subsequently
partitioned between 5 % aqueous citric acid and MIB. The organic |ayer was
washed wkt=h1haimnfn-(EiPhCetnatA8) bri ne, dried over sodium sul fate, and

evapor at ed Col um chr omat ography on silica (hexane / Et0Ac) gave the
desired pt YMRIHOGNHACREE) § N6 295 - 294 (M) 7 ) Pi1dF aB3whi BH) 348 (uSet 2485

separatiop 0§ ol r @A, 8H)PDaands PHDh2 M) theyd, S ur t her
characterj ggapﬁon 28 %Egh?é% (§%rm4889(@(05 E’xa)rrp | e P7d3( %et)h;ylgq(zs 4S) - 2

-{[ bi s(bEhzyl oxy)phosphoryl]rret hyl }-4- (tosyl oxy)pentan ed i oate

Alternatively, separation of the four sterecisomers P7 to P10 was achieved from a mixture of

all four stereoisomers (Example P4a) by means of chiral HPLC, Method P6.
Example P7: tg = 9.9 min (HPLC Method AB)
Example P8: tgr = 14.0 min (HPLC Method AG)

Example P9: tzr = 9.0 min (HPLC Method AG)
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Exampl e P8: Dinethyl (2R 4S)-2 -{[bis(benzyl oxy)phosphoryl]nethyl}-4-
(tosyl oxy)pentaned ioate CH 13 O Exanple P5 (1.52 g) was separated
into the wogpraaot7s28e single i somers by neans of prepar at iPcag/EPRI10ALEISRIPLC,

Met hod P5, to give the Exanples P7 (673 ng) and P8 (423 ng). The sanples

t hus obt ai ned contai ned m nor residues of ethanol which could be renpoved by
ext ended hi gh-vacuum evaporation. Exanple P6 (2.62 g) was separated into

t he respExample PIdngl=el1issoimgrHBLG Wethwd$) of preparative chiral HPLC, Method
P6, to give the Exanples P9 (859 ng) and P10 (1.34 g). The sanples thus

obt ai ned cont ai ned m nor residues of et hanol which could be renpoved by

ext ended _hi gh-vacuum evapor ati on, n‘PI e P7:. tR=9.9 mn (HPLC Met hod A6)
1H NVR (ﬁgosq{ﬂi’fn ot%nmle QBBrﬁ]almlgyre of @)}Jr(stﬁeOfgomfrszanlgrger %3@86"%?7{ €3 H)

2. 43 (s, usk dHFR.CBhethodP ABcdnbe u:bedi'l}ad\%n@eélis]y 3 H 3.57 (s, 3 H 4.89 - 5.05
(m 5H 7.28 - 7.40 (m 12 H 7.78 (d, 2 H. Exanple P8: tR = 14.0 mn
(HPLC Met hod A6) 1H NI\/R (400 MHz, CDCI3) 6 ppm 1.83 - 1.95 (m 1 H 2.10
-2.31(m33 3H)281-295(m1|—|)351(s 3 H 3.62 (s, 3
H 4.88 Exan sP@maﬁHmlw(%C-M@tharbA?)m 12 H 7.77 (d, 2 H. Exanple P9:
D net hyl (28 45) 2-{[ bi s(benzyl oxy hosphoryl | met hyl } - 4-

(t osyl ox§¥3BPle Efeti8 BTG MetRaA9)D et hy !

(2

R 3R) - 22 bl FEIERR X YRR RO Mo HTE DY keciuo (AsBH, @yt anedi oat e

Example P11:

Bis(4-methoxybenzyl) rac-2-{[bis(benzyloxy)phosphoryllmethyl}-4-

(tosyloxy)pentanedioate

O\

CH,

o) o)

O\\S/P
@ I o

O0—P o)

| CH,
o)
o)
o)
“CH

To a solution of Intermediate A5 (237 mg, 305 pmol) in THF (4 mL) was added 70% HF in
pyridine (396 pL) at a temperature of 0°C. The ice bath was removed and the mixture was
stirred for 4.5 h at room temperature. Ice cooling was restored, and a mixture prepared from
boric acid (13 g), potassium hydroxide (10 g) and water (100 mL) was added carefully until
pH had reached 7. The mixture was partitioned between MTBE and water, and the organic
layer was washed with brine, dried over sodium sulfate, and evaporated to give the crude
intermediate hydroxy diester (210 mg). Said intermediate (200 mg, 302 pmol) was
immediately dissolved in pyridine (5.5 mL) and treated with tosyl anhydride (492 mg, 1.51
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Exanple P9: tR = 9.1 min (HPLC Method A6) 1H NVR (400 MHz, CDCI3) 6 ppm
1.83- 1.95 (m 1 H 2.10 - 2.31 (m 3 H 2.43 (s, 3 H 2.81- 295 (m 1H
3.51 (s, BOMp11A78B6(s, 3 H) 4.88 - 5.05 (m 5 H) 7.28 - pCTARP2q104069827 H) 7. 77
(d, 2 H. Exanple P10: tR = 11.5 min (HPLC Method A6) 1H NWVR (400 Mz,
CDCI3) 6 ppm1.95 -2.07 (m 1 H 2.12 - 2.33 (m 3 H 2.43 (s, 3 H 2.85 -
2.98 (m 1 H 3.53 (s, 3 H 3.57 (s, 3H 4.89 - 505 (m 5H 7.28 - 7.40
(m 12 Hpmipl)A8a tapefatide.of BIG. §haatiiturewas sieqrbovetriigit abbomhenpayature,

stereois 0, g

St or ool Sy haEl gESBEICR LA Bl prcebaR i B and ot e e
tR = 9. 9MﬁBan(q4>rmr@ lmrm% edyifhifecopgentrgird bring doe‘#rPYﬁr(SPﬂbﬂfGSN@t%od AB)
Exanpl e B e\IaBorate% @olmnﬁ cﬁﬂdnﬂo@rd}ﬂﬁ B@dm&ﬁ()zo MO 2ol [T R BRSAFEAR10/ 069827
Exanpl e P10; I§ d(;aLH éFPLC [? For i sol ati on of Exanple P9
froma mhegsiEedgio Ciasf%ﬂf?"( Bied é" &5 arger scale, also the use of
HPLC nmet hod P10 can be used advantageously: Exanple P9: tR=5.1 mn (H PLC
Met hod A9) Exanple P7: tR = 6.8 mn (HPLC Met hod A9) Exanple P8 & P10: tR =

9.4 mn ({ I

B 5(4- et *’ﬁé%@*yﬂﬁ?d?é@@é%ﬁ%zﬁ%ﬁé H?E‘y*z 5 ”'EW@%M YEoe

(tosyl ox%ﬂ@éﬁaﬁé‘hmﬁl%éﬂtaétmm'%?”@(ﬂ 82 o-0b(my d|3 Y "()2%38 'n‘i;OZ 305 pnol)
in THF ( m Bas - sgded, 70%7Ha i bd %2&3%89#)10614‘4) astenpeatare of 0C
The ice was renoved and the mxture was stirred for 4.5 h at room
terrperat'd?‘e I ce cooling was restored, and a m xture prepared fromboric
acid (13,,9) at assi-um. bydroxi de (10 g) and water (100 nL) was added
carefull ngE§BﬁR/E+IﬁLa_(r1§1?eached 7. The m xture was partitioned between MIBE
and water, and the organic |ayer was washed with brine, dried over sodium
sul fat e, and evaporated to give the crude internedi ate hydroxy diester (210
ng). Said internediate (200 ng, 302 pnol) was imedi ately dissolved in
pyridine (5.5 nL) and treated with tosyl anhydride (492 ng, 1.51 mml) at a
t enper at Bxgmple PE2: DintethiyX(2R, £S)A2F[bis (4rBroth ohedzioXy) pss preyilimefigy-at ur e,
concentrated in vacuo, and subsequently partitioned between 5 % aqueous
citric aeltPsé(llﬂ?‘Wta'i‘ﬁ@'%F‘gam c layer was washed with hal f-concentrated
brine, dried over sodiumsulfate, and evaporated. Columm chromat ography on
silica (20 %-> 100 % Et OAc in hexane) gave the desired product as an oil
(92 mg, 36 %yield overall). 1H NWR (300 , CDCI3) 6 ppm1.78 - 2.36 (m
4 H, 2.38 (s, 3 H mnor di astereorrer) 2] (s, 3 H mgjor

di astereoi soner), 2.82 - 3.01 (m 1 HP .9 55 3.84 (m 6 H, 483 - 502

(m 9 H, 6.79 - 689( 7.14 - 724\\g/m 6 H, 7.25- 7.38 (m 10 H),
7.66 - 7.74 (m 2 H). 9 \@\

|
0—P
| CH3 CH
o

Br

To a solution of Intermediate G3 (120 mg, 166 uymol) in THF (4 mL) was added 70% HF in
pyridine (324 uL) at a temperature of 0°C. The resulting mixture was stirred for 5.5 h at room
temperature. Ice cooling was restored, and a mixture prepared from boric acid (13 g),
potassium hydroxide (10 g) and water (100 mL) was added carefully until pH had reached 7.
The mixture was partitioned between MTBE and water, and the organic layer was washed
with brine, dried over sodium sulfate, and evaporated to give the crude intermediate hydroxy
diester (121 mg). Said intermediate (101 mg, 166 pmol) was immediately dissolved in
pyridine (3 mL) and treated with tosyl anhydride (271 mg, 830 pmol) at a temperature of 0°C.

The mixture was stirred overnight at room temperature, concentrated in vacuo, and

130



M5 (ESI): [M+= 817. Exanple P12: Di net hyl

(2R, 4S) - 2-{[ bi s(4- bronmobenzyl oxy) phosphoryl ] net hyl} -

4- (t osyl ow@eparizazsedi oate To a sol ution of I nternedi at e PGB/RP2R0/069327 166

prol) in THF (4 nL) was added 70% HF in pyridine (324 pL) at a tenperature

of OC. The resulting m xture was stirred for 5.5 h at roomtenperature. Ice

cooling was restored, and a m xture prepared fromboric acid (13 g),

pot assi usabisgglreoxy paetitiobd gtwaerl 5 Wad@reo(sl@lic ati)l andd Taéddrrorganiefayédwasunt i | pH

had reac e and the

organi c ?gggﬁvﬂggg&géﬁéﬂﬁ E$?ﬁ%hkﬁ ?ﬁﬂnﬁggﬁﬁggdpgn1suF@a?@hmgn

evapor at @uortﬂ@tograv@/ %@“C@r@@ié ri08 ERAR R hexaRe bsay e dhedasised prcht AgF" Said

i nt er nedbiptre n(g1@@, eld 56&apol ) was i medi ately dissolved in pyridine (3

m.) and treated with tosyl anhydride (271 ng, 830 pnol) at a tenperature of

OC. The m xture was stirred overnight at roomtenperature, concentrated in

vacuo, and subsequently partitioned between 5 % aqueous citric acid and

MIB. The'tONYR(Be0 MalycCDRa)D pras hed - Riot hmhth 240nesitmald HY2.8b(:18,H)&83ed over

sodi um su apoK I % - >

100 9 £t Ohe 1 HARERENT R S, S O P SRR T

y| el d ovEl &P Yd 41rH7r\Ir§Féd(%UD MHz, CDCl 3) 6 ppm 1.85 - 2.01 (m 1 H 2.10 -
.33 (m 3 H 2.45 (s 3 H 2.83 - 3.00 (n1 1 H 3.57 (s, 3H 3.61 (s, 3
4.83 - 5.00 (m 5 7.14 - 7.23 (m 4 7.33 (d, 2 H 7.48 (d, 4 H)

H)

7.78 (d, 5 / 07 /[ 809 (Br2 isotope pattern).
Exanpl e M%éEgE][NﬁE@E Qo(séé%ﬂ 8(9 (F 26?2 pf p@ﬁ rr%benzyl oxy) phosphoryl ] net hyl} -

4- (tosyloxy)pentanedloate CHI3 O0.... O .......... , To a sol ution of
Internediate G4 (180 ng, 249 anI) in THF (4 nL) was added 70% HF in
pyridine (485 pL) at a tenperature of OC. The resulting m xture was stirred
for 5.5 h at roomtenperature. Ice cooling was restored, and a m xture

pr epar edeka@ipldP1 3 CDRtAy( (23, 453)-2 Wﬂﬂﬂdrbﬁidﬁ@l&?ﬁﬁﬁaﬂdﬂbh@}ymﬂdtwer (100
m.) was added carefully until pH had reached 7. The m xture was partitioned
bet ween ftasyiexy)pentapediogte ¢ he or ganic | ayer was washed with brine, dried
over sodium sul fate, and evaporated to give the crude internedi ate hydroxy
diester (168 ng). Said internmediate (151 ng, 249 pnol) was inmediately
dissolved in pyridine (3 nL) and treated w,th tosyl anhydride (271 ng, 830
prol) at a tenperature of OC. The m xture Ma% stirred overnight at room
tenperature, concentrated in vacuo, an& equently partitioned between

5 % aqueous citric acid an B. The org n|® ayer was washed with

hal f-concentrat ed brlngr_Qg;gg_qxek>so and evaporated. Columm
chr omat ogr aphy on silica ( % - 0 % Et Ac exane) gave the desired
product as an oil (95 ng 55 )/0 yh eraﬁ TEHNVR (300 MHz, CDCl3) 6
ppm 2.00 - 2.37 (m 4 2.45 (s,
4.84 -5.01 (m 5 H) 7. 14 - 7.24 (
7.78 (d, 2 H). Exanple conpounds
of the fornmula I-F19

H 2087 - 3. 03 (n1 1 3. 57 (s 6 H
4 H 7.33 (d, 2 H 744-7.53(m4H)
the invention (19F conpounds, conpounds

Br

To a solution of Intermediate G4 (180 mg, 249 ymol) in THF (4 mL) was added 70% HF in
pyridine (485 L) at a temperature of 0°C. The resulting mixture was stirred for 5.5 h at room
temperature. Ice cooling was restored, and a mixture prepared from boric acid (13 g),
potassium hydroxide (10 g) and water (100 mL) was added carefully until pH had reached 7.
The mixture was partitioned between MTBE and water, and the organic layer was washed
with brine, dried over sodium sulfate, and evaporated to give the crude intermediate hydroxy
diester (168 mg). Said intermediate (151 mg, 249 pmol) was immediately dissolved in
pyridine (3 mL) and treated with tosyl anhydride (271 mg, 830 pmol) at a temperature of 0°C.

The mixture was stirred overnight at room temperature, concentrated in vacuo, and
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Example Fl: D nmethyl rac-2-{[bis(benzyl oxy)phosphoryl]nmethyll -4-

fl uoropentanedi oate To a solution of Internediate EI (50 ng, 0.26 mmol)
and di berm9l2ophosshite (86 ng, 1.25 eq) in DMF (3 L) wasTawkd@d/o698ael vy
powder ed pot assi um carbonate (nmesh 325, 55 ng, 1.50 eq), and the resulting
m xture was heated to 50 Cfor 4 hin a mcrowave oven. After cooling to
roomtenperature, the mxture was partitioned between Et0Ac and 5% aqueous
citric asubdequenty partfmned bétagen 5 ¥asqusasheticacit lanth MTB- Clonoganic kyedvdsr | ne,
dried Ovﬁéslﬁgmlﬂ‘l%ﬁH!)rﬁc%hﬁate@ﬂ%eeg%ot?v@’: 1un:|r£lﬁf{ §%@é{%pm%dpéslh% ed by

col um chr omat ogr aphy over silica xane | Et Ive the target
corrpoundcfagmatomarehmresma (3@ éwr@d@@o/grrE@C(@gewge ) gve doaydasired prodquaNWR (400
MHz, CDCb|30956ngoBm/J-y|§8overall)04 (m 1 H 2.10- 2.39 (m 3 H 291 -3.08 (m
1 FD 3.55 (s, 3 H mnor diastereonmer) 3.58 (s, 3 H, major diastereoner)
3.76 (s, 3 H mnor diastereonmer) 3.77 (s, 3 H, najor di astereoner) 4.82 -
5,08 (m 5 H 7.29- 7.41 (m 10 H. M5 (ES!'): [M+ = 453. Exanple F2:

Di met hyl 'H BVRA3Q MHAES Bok)yibros RO F 213Y fmt i) 2.45 4s, Bll-t)dr&i(pe?rﬂwnedll-bé?tfé( CHI13 0

16 mm Fggﬂ%“ e SR SR

and finel pomdered potaSS|un1carbonate (325 nesh, 240 ng, 1.50 eq.), and
t he nlxtﬁkgn A ] y Q : After cool i ng
to room ys } ‘ & onet hane
and 5%)aggpuua(kftgy C aC|d The organlc Iayer was washed mnth brine, dried
over sodium sul fate, and evaporated. The residue was purified by colum
chromat ogr aphy over silica gel (dichloronethane / methanol) to give the

target c ou a nm ure ere0|so 4 %yield 1H NWVR
(06 W EXRpeISE 1Dyl s 2-Tbigbonsy oty rosphorimethylich 3 1y 5 o7 -

3.10 (m flholdpentddediodted3 (M 12 H) 4.97 (ddd, 1 H mgjor d| ast er eoner)
5.03 (ddd, 1 H, mnor diastereonmer). M (ESI): [M+= 300. Exanple F3:

rac- 2- Fl uor o- 4- (phosphononet hyl ) pent anedi oi ¢ aci d

CH,

To a solution of Intermediate E1 (50 mg, 0.26 mmol) and dibenzyl phosphite (86 mg, 1.25
eq) in DMF (3 mL) was added finely powdered potassium carbonate (mesh 325, 55 mg, 1.50
eq), and the resulting mixture was heated to 50 °C for 4 h in a microwave oven. After cooling
to room temperature, the mixture was partitioned between EtOAc and 5% aqueous citric
acid. The organic layer was washed with half-concentrated brine, dried over sodium sulfate,
and evaporated. The residue was purified by column chromatography over silica gel (hexane

/ EtOAc) to give the target compound as a mixture of sterecisomers (89 mg, 84 % yield).
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0 OH OF 11 HOR OH 1 OH A m xture of Exanple FI (100 ng, 221 pnmol) in 6 N
hydrochloric acid (1.33 nL) was stirred at 100 Cin a mcrowave oven. After
cool i ng twonroum78maper ature, the m xture was dil uted w POTERR@0/069307
evaporated by |yophilisation to give the crude target conpound whi ch was
not purified otherw se (100 ng, >100 % crude yield). 1H NVR (400 MHz,
dé-Dvs0) 6 ppm1.63 - 1.80 (m 1 H 1.85 - 2.29 (m 3 H 2.64 - 2.80 (m 1
H 4.81 HBMRI40MVHL, GCL)TO%H 468 - POBKID, bH@QOﬂsZﬁSKm1&Hbﬁead3pé@h Wth
adventi t Hg%g&g%‘ﬂ n‘%or%r ?te%mer MS.':E( ES.E )—I m[aJM Ehagreom%é% 7855@@' 4 FS,

F6, and aration trom Precursors, 1. ﬁ% and P10
Exanpl e wasteflspwet)ﬁvi? §z@mjorquqt%ﬁwﬁéﬁﬁ%ré@?xrphggbhaiayh%émhw k) 4-

fl uoropentanedioate: CH 13 0 1"F olCH3 To a solution of Exanple P7 (214
ng, 354 pnol) in DMF (2 nL) was added potassium fluoride (144 ny, 7.00 eq.)
and cro r.A8-¢romwy-6 (93.6 ng, 1.00 eq), and the m xture was stirred
at 100 2@§§Fgglwﬁﬁﬁfé‘%$Cromave oven. After cooling to roomtenperature,
the m xture was concentrated in vacuo and then partitioned between MIB and
wat er. The organic | ayer was washed with brine, dried over sodium sulfate,
and evaporated. The residue was purified by colum chromat ography on silica
(hexane / EtOAc) to give the desired conmpound (83 ng, 52 %yield)

cont ai ni Egampee 52eDﬁﬁéthQﬁHc-@»gdimbfhdi@ﬁﬁGﬁﬁﬁérymnéthqued by the anal yti cal
data below. tR = 8.8 mn (HPLC Met hod A6

-4-fluoropentanedioate

s
O O
O F
| ~CH,
O
P
H3C O

To a solution of Intermediate E1 (220 mg, 1.16 mmol) in DMF (3 mL) was added dimethyl
phosphite (135 pL, 1.25 eq.), and finely powdered potassium carbonate (325 mesh, 240 mg,
1.50 eq.), and the mixture was stirred for 2 h at 50 °C in a microwave oven. After cooling to
room temperature, the mixture was partitioned between dichloromethane and 5% aqueous
citric acid. The organic layer was washed with brine, dried over sodium sulfate, and
evaporated. The residue was purified by column chromatography over silica gel

(dichloromethane / methanol) to give the target compound as a mixture of sterecisomers
(210 mg, 54 % yield).

'H NMR (400 MHz, CDCl;) & ppm 1.92 - 2.08 (m, 1 H) 2.17 - 2.48 (m, 3 H) 2.97 - 3.10 (m, 1
H) 3.71-3.83 (m, 12 H) 4.97 (ddd, 1 H, major diastereomer) 5.03 (ddd, 1 H, minor

diastereomer).

S (ESI): [M + H]* = 300.
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1H NWVR (400 MHz, CDCI3) 6 ppm1.88 - 2.00 (m 1 H 2.12 - 2.39 (m 3 H
2.95 - 3.08 (m 1 H 3.58 (s, 3H 3.77 (s, 3 H 4.82- 508 (m 5H 7.29
- 7.41 (mwoR0i1Hr328Exanpl e F5: Di net hyl PCT/EP2010/069827

(2R 4R) - 2-{[ bi s(benzyl oxy) phosphoryl ] net hy11-4- fl uoropentanedi oate To a
solution of Exanple P8 (137 ng, 227 prnol) in DVMF (1 nL) was added potassium
fluoride (92.1 ng, 7.00 eqg.) and crown ether 18-crown-6 (59.9 ny, 1.00 eq),
and the mxture was stirred at 100 C for 3.5 h in a mcrowave oven. After
cooling to roomtenperature, the m xture was concentrated in vacuo and then
partiti ohkampia F@e rao/ke luerp -ddplaesphnonaetiyipentangdioigasidwashed with bri ne,
dried over sodiumsulfate, and evaporated. The residue was purified by

col um chronat ogr aphy on silica (hexand®¥ EPYAc) to give the desired
conmpound (41 ng, 40 %yield) containing ohe stereoi sonmer as nmai h conponent
as judged by the anal ytical data bel ow = 9.6 mn (HPLC Met hod A6) 1H
NVR (400 MHz, CDCI3)6ppm1.92- .04 f|—|)213-237(m 3 H 291
-3.05 (m 1 H 3.55 (s, 3 H 3.H—ps é485- 5.08 (m 5 H 7.29 - 7.41
(m 10 H). Exanple F6: D nethyl |
(2S, 4S) - 2- {[ bi s(benzyl oxy) phosphor ] met h{{1 } -4-fl uoropentanedi oate To a
solution of Exanple P9 (108 ng, 179 pnol) in DMF (1 nL) was added potassium
fluoride (72.6 ng, 7.00 eq.) and crown ether 18-crown-6 (47.2 ng, 1.00 eq),
and the mxture was stirred at 100 C for 3 h and one additional hour at 95
Cinam v r e -8, re was
concent r AR pafle £8 H@me 221 W) NIV AR e iy 2

or gani ¢ Bta\perCume migietag qxpm H\ﬂl@r £aniing Wrrpe teswreratyreding miguefvasdilutadd

evapor at @ﬁh wa-tla?aﬁoeé)agb@te IﬁHﬁﬂlsfdtl@ﬁjtot@(v&tﬁé Hm}e eha @Brtng&f Wch%ssdok Ica
(hexane / Et 0Ac) esired compound (47 % yi el d)

cont ai ni AY’ '8ﬂ8th§%? apgﬁﬁe?w&%ﬁﬁi dR Yeponent as j udged by the anal yti cal
data below. tR = 10.4 mn (HPLC Met hod A6) 1H NWR (300 MHz, CDCI3) 6 ppm
1.90 - 2.05 (m 1 H 2. 11 - 239(m3H)288 306(m1H)355(s 3H)

?re'?ﬁ I(S 5&“%(&9@% 6| s(l:é\()S ﬂ%%@?%ﬁgé ryI fﬁtS%n}z 2§QTH%I uor opent énédl oate

CH3O0 01 HF4181ecp3 1 (m, 1 H). CO;H and PO3H., protons form a broad peak with adventitious
water at 5.4 ppm.

MS (ESI): [M - H] = 243.

Examples F4, F5, F6, and F7: Preparation from Precursors, i.e. Examples P7,
P8, P9 and P10

Example F4: Dimethyl (2S,4R)-2-{[bis(benzyloxy)phosphoryl]methyl}-4-

fluoropentanedioate:
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To a solution of Exanple P10 (191 ng, 316 pnol) in DVF (1 nL) was added
potassium fluoride (128 ng, 7.00 eq.) and crown ether 18-crown-6 (83.5 ng,
1. 00 eq) ,weanrdiirdre2sm xture was stirred at 100 C for 2: 45PRTIER2@00S2DWAV €
oven. After cooling to roomtenperature, the m xture was concentrated in
vacuo and then partitioned between MIB and water. The organic | ayer was
washed with brine, dried over sodiumsulfate, and evaporated. The residue
was purified by colum chromatography on silic@H{ hexane / Et0Ac) to give
the desired conpound (59 ng, 42 %yield) gont gini ng one stereoi soner as
mai n conponent as judged by the anal ytical a below tR=7.2 mn (HPLC
Met hod A6) 1H NMR (400 MHz,CDCI3) 6 ppm1.88 - 2.00 (m 1 H 2.12 - 2.39
(m 3H 2.95- 3.08 (m .58 (55 3 «d7 (s, 3 H 4.82 - 508 (m 5
H 7.29 -7.41 (m 10 H). es \F4,[|F5, |[F6, and F7: Optim sed
preparations from I nternedi LE Fd4a: Di net hyl

(2S, 4R) - 2-{[ bi s(benzyl oxy) phosphoryl ] ﬁmoropent anedi oat e:

Exanpl e F5a: Dinethyl (2R 4R)-2-{[b#sS(benzyl®mxy)phosphoryl]nethyl}-4-

fl uoropentanedioate CHI3 0 O CHII3 00 00 IIlIl CH3 % 13.CH3 00

To a solution of Example P7 (214 mg, 354 umol} in DMF (2 mL) was added potassium
fluoride (144 mg, 7.00 eq.) and crown ether 18-crown-6 (93.6 mg, 1.00 eq), and the mixture
was stirred at 100 °C for 3 h in a microwave oven. After cooling to room temperature, the
mixture was concentrated in vacuo and then partitioned between MTB and water. The
organic layer was washed with brine, dried over sodium sulfate, and evaporated. The residue
was purified by column chromatography on silica (hexane / EtOAc) to give the desired
compound (83 mg, 52 % yield) containing one stereoisomer as main component as judged
by the analytical data below.

tr = 8.8 min (HPLC Method A6)

"H NMR (400 MHz, CDCls) 5 ppm 1.88 - 2.00 (m, 1 H) 2.12 - 2.39 (m, 3 H) 2.95 - 3.08 (m, 1
H) 3.58 (s, 3 H) 3.77 (s, 3 H) 4.82 - 5.08 (m, 5 H) 7.29 - 7.41 (m, 10 H).

Example F5: Dimethyl (2R,4R)-2-{[bis(benzyloxy)phosphoryllmethyl}-4-

fluoropentanedioate
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F4a F5a To a solution of Exanmple E3 (500 ng, 2.39 mml, 91 %opurity) in

DVF (4.0 nL) was added finely powdered potassium carbonate (325 nesh, 595

ng, 1.80 wQroanmd3zmbbenzyl phosphite (1.00 g, 1.60 eq), a&ad/EPh@onesatted

m xture was stirred at 50 C for 2 h in a mcrowave oven. After cooling to

roomtenperature, the mxture was partitioned between Et 0OAc and 5 % aqueous

citric acid, and the organic |ayer was washed with brine, dried over sodium

sul fate, and evaporated. Col um chromat ogr aphytHver silica gel (hexane /

Et OAc) gave 1.06 g (98 %yield) of F4a ang F5g as a mi xture of isoners,

whi ch was separated by nmeans of chiral HPL HPLC net hod P6) to give

exanpl es F4a (480 ng, 44 / al d) and Fba ( 40 ng, 31 %yield). Exanple F4a

tR (HPLC method A6) = 8.8 @ MR 300 AFeF CDCI3) 6 ppm 1.86 - 2.02 (m
H 2.09 - 2.42 (m 3 H) 2 10l(m |1 H) 3.58 (s, 3 H 3.77 (s, 3 H

79 - 5.11 (m 5 H) 7.27 - 7.44 (A Bou) N Btamml e F5a tR (HPLC nethod AG)

= 9.4 mn 1H NVR (300 MHz, CDCI3) 6 ppm 1.90 - 2.06 (m 1 H) 2.11 -2.39 (m

3 H 2.89-3.06 (m 1H 3.55 (s, 3(H 3.769%s, 3 H 4.82 - 5.11 (m 5 H)

7.27 - 7.43 (m 10 H). The preparaglon was adapted to |arger scale starting

el

fromlnternediate E3 (2.58 g) bei pacted with 1.40 eq. of dibenzyl
phosphite and 1.60 eq. of potassi ar bonat e under ot herw se unchanged
conditions to give exanples Fd4a (228 g; tR =9.1 mn, HPLC nethod A6) and
Fa (1.49 g, tR =10.1 mn, HPLC nethod A6). Exanple F6a: Di nethyl

(2S, 4S) - 2-{[ bi s(benzyl oxy) phosphor ylJmethyl | -4-fluoropentanedi oate Exanpl e

TA%1 1 vor ERERPUIET S3baRe e ToPRAZd Y RN et SRR ol | 91 9%
purity) fluoriBd/R2(#¥m, moemp@]dad@imdetﬁémmgromm@dxgpm@s@i & taartdaurat e (325
mesh, 59\§la£rgt{rre:(li a?%da‘(e foﬁgg hah éw?ipfo%%gziff??céo*ng% r%bm%e ergtEpe the and t he

resulted m X was stifre en. CAfte
cool i ng mttrr@@yﬁst:mehraiedme/,acwdr@drtheawﬁlmbmeen I‘t/ITBtaedin@th@en Et OAc and

S % organic layer was washed with brine, dried over sodium sulfate, and evaporated. The residue

was purified by column chromatography on silica (hexane / EtOAc) to give the desired
compound (41 mg, 40 % yield) containing one stereoisomer as main component as judged

by the analytical data below.

tr = 9.6 min (HPLC Method A6)

'H NMR (400 MHz, CDCl3) & ppm 1.92 - 2.04 (m, 1 H) 2.13 - 2.37 (m, 3 H) 2.91 - 3.05 (m, 1
H) 3.55 (s, 3 H) 3.76 (s, 3 H) 4.85 - 5.08 (m, 5 H) 7.29 - 7.41 (m, 10 H).

Example F6: Dimethyl (2S,4S)-2-{[bis(benzyloxy)phosphoryl]methyl}

-4-fluoropentanedioate
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aqueous citric acid, and the organic |ayer was washed with brine, dried
over sodium sul fate, and evaporated. Colum chromat ography over silica gel
(hexane /wat0Ad)73gave 1.04 g (96 % yield) of F6a and F7aCagEpaowioxdsar e of

i soners, which was separated by neans of chiral HPLC (HPLC method P6) to

gi ve exanples F6a (340 ng, 31 %yield) and F7a (470 ng, 43 %yield).
Exanple F6a tR = 10.7 min (HPLC Method A6) tR = 12.9-15.0 min (HPLC net hod
P6, preparative tR) 1H NWMR (300 MHz, CDCl 3) (Sfl'ppm 1.90 - 2.06 (m 1 H)
2.11 -2.39 (m 3 H 2.89 -3.06 (m 1 H 3535 (s, 3 H 3.76 (s, 3 H 4.82 -
5,11 (m 5 H 7.27 - 7.43 (m 10 H. Exanp Frfa tR=7.1 nmn (HPLC Method

A6) tR=9.6 - 11.5 mn (HPEESqet hod P6, prgparative tR) 1H NVR (300 MHz,
CDCI3)6ppm1.86-2.02( 2.0 - 2
3.58 (s, 3 H 3.77 (s, 3 HN4A.79 \5.01 (

422(m 3 H 2.93 - 3.10 (m 1 H)

SH 7.27 - 7.44 (m 10 H). The
preparation was adapted to | arger stca ,.fromlnterrredl ate E2 (2.75
g) being reacted with 1.40 eq. of dijhenzyl hosphite and 1.60 eq. of
pot assi um car bonat e under ot herw se unchang@d conditions to give exanples
F6éa (2.02 g; tR =12.4-14.5 min (HAC nethod P6, preparative tR); tR = 6.9
m n, HPLC net hod A7) and F7a (3. 03 tR=9.4- 11.2 mn (H PLC nethod P6,
preparatl ve tR); tR=4.4 mn, HA thod A7) . Exanple F8:
(2R, 4S) - 2- Fl uor o- 4 (phosphononet hy pentanedioic acid COH 0 | | HO OPFI
doe-yOH O A solution of Exanple F4 (82 ng, 181 pnol) in a mxture of water
(1.7 nL) and trifluoroacetic acid (1 7 m_) was stirred at 100 C for 1.5 h
inamc owave The ure di | |on wi th water and
| yophi | i %f“lSBHt'o ?mB'G P?Wéﬁr’@ﬁa? t“i "I‘-I ME HﬁL&aWE?WCPO?@@?'“WO gi ve
Exanpl e fFBJrl(jé57276 nﬂrg Y%e%aﬂdairmrbaﬁed&)d’no@i@w Meiggh0) eq)Thel taompauad was
not entiry S natio |nter alia
by a nonbRedBH e E el bl oRE b RRRRRLE e, e SRR LV bhre! 55 1 "o
(m 1 k{)c@llmto.roqrn:gﬂm(qwtu@ Hp nixtare wag.coaeentrated inHyacqo 9ud thesp@dtiqned 1 H). MS
(ES): [ Mtkiedlk MTB 2R water. The organic layer was washed with brine, dried over sodium

sulfate, and evaporated. The residue was purified by column chromatography on silica

exane C) 10 glve tne desirea compoun mg, o yie containing one
(h / EtOAG) to give the desired d (47 mg, 59 % yield) containi

sterecisomer as main component as judged by the analytical data below.

tr = 10.4 min (HPLC Method AB)

"H NMR (300 MHz, CDCl) & ppm 1.90 - 2.05 (m, 1 H) 2.11 - 2.39 (m, 3 H) 2.88 - 3.06 (m, 1
H) 3.55 (s, 3 H) 3.76 (s, 3 H) 4.82 - 5.10 (m, 5 H) 7.28 - 7.43 (m, 10 H).

Example F7: Dimethyl (2R,4S)-2-{[bis(benzyloxy)phosphoryllmethyl}

-4-fluoropentanedioate
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Exarrpl e F9: (2R 4R) - 2- Fl uor o- 4- (phosphononet hyl ) pent anedi oi ¢ acid 0 OH

. Z. ..- A solution of Exanple F5 (40 ng, 89 pnol) in a mxture
of wat er \(v02811vﬂ1)zsand trifluoroacetic acid (0.8 nL) wasPsTiRP2@d/06482200 C
for 1.5 hin a mcrowave oven. The m xture was, after dilution with water
and lyophilisation, purified by preparative HPLC (HPLC Method P8) to give
Exanple F9 (10.6 ng, 49 %yield based on gross weight). The conpound was

not entirely pure, analytical data supported contam nation inter alia
by a nononet hyl ester species. 1H NMR (608 _MHz d4-MeOD) 5 ppm 1.91 -2.00
(m 1H 2.14 - 2237 (m 3 H 2.89 - 2.98 1 H 5.06 (ddd, 1 H. M

(ESI): [M+ H = 245. Exanp}e-F9a:

(2R, 4R) - 2- FI uoro-4-(phosph h I)p@nta diw ¢ aC|d (alternative
preparation) Oy..- OH .... \—/...\.. 0 If1 P To a sol ution of
Exampl e F5a (340 ng, 752 pnol) in == |‘66 added 6 N aqueous
hydrochloric acid (6.5 nL) and stirred at 100 Cfdr 1.5 hin a mcrowave
oven. The m xture was evaporated, ahd anal erd by HNVR. To drive the
reaction to conpletion, the residu was treated with 6 N aqueous
hydrochloric acid (6.5 nL) and St r again at 100 Cfor 1.5 h. Al

vol atiles were evaporated and thelegl due was purified by preparative
rever sed- phase HPLC to give the target compound (158 ng) which solidified
upon standing. An aliquot (20 ng) was subjected to crystallisation from MIB
/| THF / hexane / toluene to give crystals suitable for X-ray anal ysi s. 1H

NVR (600_MHz, d6- 0 69 - 1, 96 1 ,

2. 02(- zTﬁQS?'Ht'OHOEP:ﬁ??R"E'ngBﬂ% % 3(191“mf8|—’t)m/'§](6§h‘2’ B‘Zd(eﬁtpo?sw 5. 01H% ddd,
1 H. I\/Bfll(d58é1128[nhd F00245. ana'h&)v\mrejtﬁraB Sromaree(8s Blme at0Bteg), andthieayixarsal ysi s
reveal i ng 1&_?’ﬁred a i&l &22? ﬁ?n g %rﬁcr \S/anvfelogel %ftepcooqlré% lcjigc?m @mpelr%tl?rremtlhg F10:

(2S, 4S) osphonone tariedi oi
mixture was concentrated in vacuo and then partitioned between MTB and water. The

organic layer was washed with brine, dried over sodium sulfate, and evaporated. The residue
was purified by column chromatography on silica (hexane / EtOAc) to give the desired
compound (59 mg, 42 % yield) containing one stereoisomer as main component as judged

by the analytical data below.

tr = 7.2 min (HPLC Method A6)

"H NMR (400 MHz, CDCl3) & ppm 1.88 - 2.00 (m, 1 H) 2.12 - 2.39 (m, 3 H) 2.95 - 3.08 (m, 1
H) 3.58 (s, 3 H) 3.77 (s, 3 H) 4.82 - 5.08 (m, 5 H) 7.29 - 7.41 (m, 10 H).

Examples F4, F5, F6, and F7: Optimised preparations from Intermediates E2
and E3

Example F4a: Dimethyl (2S,4R)-2-{[bis(benzyloxy)phosphorylJmethyl}-4-

fluoropentanedioate:

Example F5a: Dimethyl (2R,4R)-2-{[bis(benzyloxy)phosphoryllmethyl}-4-

fluoropentanedioate
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OOHO/?F1 I HOoOPi O A solution of Exanple F6 (30 ng, 66 pnol) in a

m xture of water (0.6 nmL) and trifluoroacetic acid (0.6 nL) was stirred at
100 C forw0.2B11w78286a m cr owave oven. The m xture was, aPCEEPdIO6ISON W t h
wat er and | yophilisation, purified by preparative HPLC (HPLC Method P8) to
gi ve Exanple F10 (6.0 ng, 37 %yield based on gross weight). The conpound
was not entirely pure, analytical data supported sone contam nation inter
alia by a nononethyl ester spe@Hgs. 1H NWR (600 MHz, d4-MeODcHg ppm 1.86 -
1.94 (m 1 H 2.19 - 2.37 4m H 2.90 -2.99 (m 1 H) 5.86 ((é)dd, 1 H. M
(ESI): [M+ Fir = 245. Exa F11:

(2S, 4R) - 2- Fluar o- 4- ( phosphon¢net hyl ) pentanedioic acid 0O OHQ HOP OH A
solution o npl e F§g (58 #0128 prol ) jsh a\m xt ure of "8l (1.2 m) and
trifluoroa ac\d (|1.2 ) was stirred 00 fgr 1.p h in a mcrowave

oven. The xtur e WersP Adwtion w t h=m er a(DrdPl\écg\p (lisation,

purified by preparati PLJ[( HPLYC Vet hod P8) to givd EXanplfe FICH; (18.5

ng, 59 )/0 yield baSed on gposs weight). The conp d was i

pure, analytical dafa supported sone contam nationf|inter alia by a

nononet hyl ester Les. 1H NMR (600 MHz, d4-Me ppm 1.85- 1.94 (m 1
2.16 - 2.34 ( 2Fdg - 306 (m 1 H 4.9 .06F6ay 1 H). M5

(ESI): [M+ Fir - Exanple F12:

Di net hyl - (2S, 4S) - 2- Fl uor o- 4- (phosphononet hyl ) pent anedi oat e

To a solution of Example E3 (500 mg, 2.39 mmol, 91 % purity) in DMF (4.0 mL) was added
finely powdered potassium carbonate (325 mesh, 595 mg, 1.80 eq) and dibenzyl phosphite
(1.00 g, 1.60 eq), and the resulted mixture was stirred at 50 °C for 2 h in a microwave oven.
After cooling to room temperature, the mixture was partitioned between EtOAc and 5 %
aqueous citric acid, and the organic layer was washed with brine, dried over sodium sulfate,
and evaporated. Column chromatography over silica gel (hexane / EtOAc) gave 1.06 g (98 %
yield) of F4a and F5a as a mixture of isomers, which was separated by means of chiral
HPLC (HPLC method P6) to give examples F4a (480 mg, 44 % yield) and F5a (340 mg, 31
% vyield).

Example F4a
tr (HPLC method AG) = 8.8 min

'H NMR (300 MHz, CDCls) & ppm 1.86 - 2.02 (m, 1 H) 2.09 - 2.42 (m, 3 H) 2.93 - 3.10 (m, 1
H) 3.58 (s, 3 H) 3.77 (s, 3 H) 4.79 - 5.1 (m, 5 H) 7.27 - 7.44 (m, 10 H).

Example F5a
tr (HPLC method A6) = 9.4 min

"H NMR (300 MHz, CDCl) & ppm 1.90 - 2.06 (m, 1 H) 2.11 - 2.39 (m, 3 H) 2.89 - 3.06 (m, 1
H) 3.55 (s, 3 H) 3.76 (s, 3H) 4.82 - 5.11 (m, 5 H) 7.27 - 7.43 (m, 10 H).

The preparation was adapted to larger scale starting from Intermediate E3 (2.58 g) being

reacted with 1.40 eq. of dibenzyl phosphite and 1.60 eq. of potassium carbonate under
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OICH3 0 Il HOOP CH3 OH To a solution of Exanple F6a (310 ng, 686 pnol;
fromupscaling experinent) in THF (5 nL) was added a 10% pal | adi um on

char coal wetaliyws28650 ng) and the resulting m xture wasPSTIRPR@EG/06482T 0OM
tenperature under an atnosphere of hydrogen for 2 hours. The catal yst was
filtered off over a plug of Celite, washed with acetonitrile and all

vol atil es were renoved in vacuo. The residue was anal ysed by HNWR,

di ssol vedthemvisti unchangedretrivitioss (cldvardpmpled Fta$2.2® 9] ted St1omin2BL¢ oethbddays,

wher eupo e_ al coul d be obtained. A fraction
of the cgﬁéat%gﬂ?’?égt‘%?}c}augwmﬁ'@"]?Fé%{r%g“g%g i n di chl oronmet hane and was
allowed to concentrate slowly at -20 Cto give crystals suitable for x-ray
anal ysis. 1H NWVR (300 MHz, d6-DMSO) 6 ppm 1.67- 1.96 (m 2 H), 2.01 -2.36
(m 2 H) Example F62: Bitndthyl (2StAS)-B{[bis(bénzydox))phdspRokdlmethil}; 5.21 (ddd, 1
H). No isoneric contam nation could be detected as judged by conparison

W th the-s-paoespentanddioater i c m xture prepared from Exanple Fl as described
above. M5 (ESI): [M+= 273. The crystals were subjected to X-ray anal ysis
reveal i nExample FI2&Dinfethy B2 SItB-{[bis(bedzyl oky)phospharyinethyl} Exanpl e
conpounds of the invention (run conpounds, conpounds of the formula
(I-F18) -£nao@pentdradiédte, 4S) - 2[ 18F] - Fl uor o- 4- (phosphononet hyl ) pent anedi oi ¢
acid 0O OHO HOoPrOH 1 0 [18F] Fluoride (18 (Bqg) was imobilized on a
preconditi oned QVA (Waters) cartridge (preconditioned by washing the
cartridge with 5nm 0.5M K2CO3 and 10 m water), The [F18]fl uoride was
eluted using a solution of Cs2 (2,3 ng) in 500 pl water angH{222 (5 ny)
in 1500 pl acetonitrile. T(BIiS lution was dried at 120C 'th|stirring
under vacuum Wwth a strea nitrogen. Additional aceto Qe (1 mM) was
added and the drying step wa [
acetonitri \
mn. The
SepPak ( preto
was washed with 5nil
diluted with 3nl wa
10mm isocratic 60%
product peak was c£

120C for 15
rough a C18 |i ght
7 wat-8y) ..Olhe SepPak
with 1l MeCN. Fhevel ujfed <éfution was
er and porified over prep. HPLG (CACE 5ppCl8, 250 x
MeCN in 40% water + 0.1 )/0TFA] flow 4nl/mn). The
ected and diluted with 20nl yater and passed through a
C18 |ight SepPak fondiFfaoned with 5nl et hano  wi Fda10nl water). The
SepPak was washed~w A 5l water and was el uted W | M ethanol. The
et hanol solution was dried under gentle N2-streamfor 10m n at 90C. 500pl
4A4M HCl were added and the m xture was incubated for 10m n at 120C. After
cooling the reaction mxture was diluted with 3ml water and purified via

HPL S i d Q H 2 d ted
Koy 11 e SR £rh8 2 20T e 2l S TR D T o TS e b S )
The desi firaly pvoldiectpolassiuanralbpseatd (B35 el ey hbdl Radind divendyspirgsphite

(1.00 g, 1.60 eq), and the resulted mixture was stirred at 50 °C for 2 h in a microwave oven.

After cooling to room temperature, the mixture was partitioned between EtOAc and 5 %
aqueous citric acid, and the organic layer was washed with brine, dried over sodium sulfate,
and evaporated. Column chromatography over silica gel (hexane / EtOAc) gave 1.04 g (96 %
yield) of F6a and F7a as a mixture of isomers, which was separated by means of chiral
HPLC (HPLC method P6) to give examples F6a (340 mg, 31 % vield) and F7a (470 mg, 43
% vyield).

Example F6a

tr = 10.7 min (HPLC Method A6)

tr = 12.9-15.0 min (HPLC method P6, preparative tg)
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Exanpl e F14: (2R 4S)-2-118n-Fl uoro-4- (phosphononet hyppent anedi oic acid 0 OH
0O HO-01".0H O [18F] Fluoride (27 GBqg) was i mmbilized on a preconditioned
QVA (Wat eweotiar7sasbdge (preconditi oned by washi ng the cacormprdge/oegseh 5Snil
0.5M K2CX3 and 10 m water), The [F18]fluoride was el uted using a solution
of Cs2C3B (2,3 ng) in 500 pl water and K222 (5 ng) in 1500 pl acetonitrile.
This solution was dried at 120C with stirring under vacuum wth a stream
of nitr ofeNMRAGN MHe@PCladepromil 90 i RO6 (rh, frH) 24 s 288 dwd3 Hhd 89 ha.0f(yi hg st ep
was repeat I ) ( ) tanitrile:amyl al cohol
(1:1, 50% g?? (s\ﬁ‘gz-ﬂgjge%rka%4 %Zﬂ;d&g{% ngéégf%?'@ rﬁlcﬁlﬂ The m xture was
diluted with 20nmlL water and passed through a C18 |ight SepPak
(preconditioned with 5mL ethanol and with 10mL. water). The SepPak was
washed wekdmplelF7aat er and el uted with 1ml MeCN. The el uted sol ution was
diluted with 3mL water and purified over prep. HPLC (ACE 5p C18, 250 x
10mm i sterat min GFUCNBEhbd A6)M0% wat er + 0.1 )/ O0TFA, flow. 4nl/mn). The
product peak was collected and diluted with 20mL. wat er and passed through a
C18 |ightr %@P&k%”m %W@W%B@ mnahatismk)et hanol and with 10ml water). The
SepPak was was et hanol . The

et hanol SONYR é?P M&é %W'e’cﬁ Wéﬁﬁgéﬁ?l(@ NEU%P?eaﬁ?f(fBr?’ W)?r?i% afl0¢oc! s00p1
4M HC way 85agded)amvd ¢ eHyd. xd Us.e1 W Hywcebat.egh oo HOn n at 120C. After
cooling the reaction m xture was diluted with 3rrfL water and purified via
prep HPLC (Synergi Hydro RP 250 x 10 mm Phenonenex, water pH 2 (adjusted
HCl), flow 4nl/mn) to give the desired product, 340,6 MBq (3,8%d.c.).
The desi Flealprppaydinnt wagesesiapiad ty/lgeggr soale-$t@tia e hdernRd@diedch@nioxt) bging Exanpl e Fl
4a: (2R fb%);tegwﬂtﬂggm lqu&rd@beﬁzﬁ BH&%R@W@@ ci))opﬁcl}pé%ﬂﬁpbé?b&a?&hr@ep OH 0118F
HO- uoride (2 recondi ti oned QVA
(V\at er s)OtEQW%%W@%ar@BFéMHW F%‘W@V‘%?ﬁ?rﬁ%og SR cé?t“r‘ﬁ“oﬁg’@'”vﬂ"?h 5mL 0.5M

ﬁﬁ% ?Qﬁlﬁzﬂq@dm’e ;W@%@ét)ve g =Bl HEQCIMW)@WF%@I 3&@@ a?aOH?Itz! f)n ofT "
1 n r n acetonitrile. IS
sol ut i on%@%ﬁ%ﬁh%&)@fﬁf@a(ﬂ? %ﬁg?ﬁ r%aﬁ@gﬁ?ﬂg‘% t58§8% pvm th a stream of

nitrogen. Additional acetonitrile (1 mM) was added and the drying step was
repeated. A solution of Exanple P13 (5ng) in DVSO (500 pl) was added and
heated a I wat er and
purifi edté%?%pfgp(zﬁ%fyg k@%s ﬂ@dé% %S\o%&éi‘]@gn&ﬂ?ﬁ%@? acflg%'dﬁ% MeCN in 25%
water + 0.1%FA, flow. 4nl/mn). The product peak was collected and dil uted
with 20mL water and passed through a C18 |ight SepPak (preconditioned with
5ml et hanol and with 10nl water). The PagHwas washed with 5ml water and
was eluted with 1nl MeCN. The MeCN sol utrpn was dried under gentle
N2-stream for 10m n at 70C. 1000pl 6M HCJ were added and the m xture was

i ncubated for 15m n at 120C. After Ccool ng “Fhe reaction nmixture was diluted
with Inl water and passed through é!car ri cont ai ning AGL1A8 resin (ion
retardation resin, -11g, preconditilon&d 200nl saline) connected in
series with a C18 |ight SepPak (pr&tbndithioned with 5ml ethanol and with
10nmL water), the cartridges were then washed with saline (5nl) and el uents
were collected to give the desired product, 205 MBq (19.2%d.c.). The
desired product was anal ysed by HPLC net hod Radi ochem stry. Exanple F15:

rac-2-| 1§ h@ﬁér@@%éﬁibl(amc@f Hﬁ”%ﬁ}rﬁéﬂ i BERkAREH Wt (PF IT'I(E) SdrifrdorSackic

HO- OP, H

aC|d (1.7 mL) was stirred at 100 °C for 1.5 h in a microwave oven. The mixture was, after
dilution with water and Iyophilisation, purified by preparative HPLC (HPLC Method P8) to
give Example F8 (15.7 mg, 35 % yield based on gross weight). The compound was not
entirely pure, analytical data supported some contamination inter alia by a monomethyl ester

species.

'H NMR (600 MHz, d;-MeOD) & ppm 1.85 - 1.94 (m, 1 H) 2.16 - 2.34 (m, 3 H) 2.91 - 3.06 (m,
1H) 4.94-5.06 (m, 1 H).
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O [18F] Fluoride (21,8 GBg) was immobilized on a preconditioned QVA (Waters)
cartridge (preconditioned by washing the cartridge with 5ml 0.5M K2CO3 and
10 M watwo)piiiiiie2sp F18] f | uori de was el uted usi ng a sol uPCOEPRI10CEBSOE (2, 3
nmg) in 500 pl water and K222 (5 ng) in 1500 pl acetonitrile. This solution
was dried at 120C wth stirring under vacuum wth a stream of nitrogen.
Addi tional acetonitrile (1 mM) was added and the drying step was repeated.
A solution of Exanple P4a (4ng) in acetonitrile:amyl alcohol (1:1, 500 pl)
was added and heated at 120C for 15 min. The m xture was diluted with 20ml
wat er anMSHESHdN t HF 512§R- a C18 |ight SepPak (preconditioned with 5ml

et hanol and with 10m. water). The SepPak was washed with 5mL water and
eluted with 1nl MeCN. The eluted solution was diluted with 3nl water and

purified over p. CE 5 18, , 250 x isocratic, 60% MeCN in 40%
Pater + BxampIOREReR IR Fhifreafiaros Ao dPHaRSIett 26Kl ect od and

di | ut ed wrth 20mL wat er and passed thrqough @HC18 | i ght SepPak
(preconditioned with 5m ethanol and w mL water). The SepPak was
washed with 5mL water and was eluted with| I m ethanol. The ethanol solution
was dried under gentle N2-streamfgy 10m7Tf~at 90C. 500p1 4M HCl were added
and the m xture was incubated for 10m nf at 120C. After cooling the reaction
m xture was diluted with 3ml wat@er aqd trPHed via prep HPLC ( Syner gi
Hydro RP 250 x 10 nm Phenonenex, wajrer pH| 2 (adjusted HCl), flow 4ml/ m n)
to give the desired product, 454,5 MBg (393%d.c.). The desired product was
anal ysed by H PLC nmet hod Radi ochem stry. Exanple FI b5a:

rac- 2- [ 189- Fl uor o- 4- (phosphononet hyl ) pent anedi oi ¢ acid (nodified process) 0
OH 0 HO oPpr, ThrOH O [ 18F] Fluoride (4,6 GBgq) was i mobilized on

pr econdi Aisakiien exagtTEr(49 Meadt kelyie a(fp'K@t%?deaﬁqré‘h@d“'—b?”d/\fé'ﬂ‘#ﬁfﬁ@et'%e

Cfir E r :jdggcu\.f\’(d @mﬁmas?stﬁ% K248 BE1.8 B inh mi@dRdve. ovdernk fidlidel aar éﬁ%‘zﬁz\é\/@-?S )
el ut e u utl o
800 BN B Rre ey CPrSRIog gpustied Y et PP R Tk 222 g

under vagivuelBxarmplé hgmosa g 248 Bfyietd basegem grodsl deighy e oamebmw:rsldoe (1 m) was
added an Yy t. f 4mg) in
DVBO ( 50 ntﬁ%\? pl(ﬂje én% Qtagﬁﬁ r@gg%gg&rﬁ%ﬁgil&ﬁ %Pal% by'%;‘:ﬁSFP met ﬁ(?sééwa

di | uted WetCh%SZOrrfL wat er and passed through a C18 |ight SepPak
(preconditioned with 5m ethanol and with 10m. water). The SepPak was
washed with 5ml water and eluted with 1ml MeCN. The el uted sol ution was

G e B A PRI 59 DY PR b AT 2 5T ue 720

product peak.odddddcoH)ected and diluted with 20m water and passed thr ough a
C18 |ight SepPak (preconditioned with 5ml ethanol and with 10nl water). The
SepPak was washed with 5mlL water and was eluted with 1nl ethanol. The

et hanol solution was dried under gentle N2-streamfor 10mn at 90C. 1000pl
6M HC1 wWSdESdMt- Hhd 2%e ni xture was incubated for 15min at 120C. After
cooling the reaction mxture was diluted with 1nl water and passed through
a cartridge containing AGL1A8 resin (ion retardation resin, -20g) connected
in series with a C18 |ight SepPak (preconditioned with 5nl ethanol and with
10mL water), the cartridges were then washed wth saline (5nm) and el uents

wer e col 0 ). The desired
pr oduct &gg&ggeaf: g(gke‘lé)%fg% fgﬂwﬁgﬁ#@% e‘*ﬁ@lﬁ@iﬂa%&‘réﬁ?a&ﬁl 5b:

rac- 2- [1wttham)ra)p¢bp(ap¢tamphonorret hyl ) pent anedi oi ¢ aci d 0 H .

CZ 0,..----1-18F | | HOOH I 0[18F]Fluor|de(888 MBg) was

i mmbr lized on a preconditioned QVA (Waters) cartridge (preconditioned by
washing the cartridge with 5m 0.5M K2CO3 and 10 m water), The

[ F18] fl uori de was eluted using a soluti PHKHCOB (1.4 ng) in 300 pl water
and K222 (5 ng) in 300 pl acetonitrile. This solution was dried at 120C
wth stirring under vacuum with a _stre lf-' nitrogen. Additional
acetonitrile (1 m) was added and ﬂne dryl ng step was repeated. A solution
of Exanple P11 (5ng) in DVSO ( S added and heated at 120C for 15
mn. The m xture was diluted with r and purified over prep. HPLC
(ACE 5p C18, 250 x | O™ isocratic % in 25% water + 0.1%FA, flow
4ml/ m n). The product peak was collected and diluted with 20m. wat er and
passed through a C18 |ight SepPak (preconditioned with 5nl ethanol and with
10mL water). The SepPak was washed wiir 5ml water and was eluted with 1mil
MeCN. The MeCN solution was dried under gentle N2-streamfor 10mn at 70C
1000p1 6M HCI were added and the m xture was incubated for 15mn at 120C
After cooling the reaction mxture was diluted with Il water and passed
through a cartrr dge cont ai ni ng AGllA8 resin (| on ret ardatr on resi n, -1lg,
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WO 2011/ 073286PCT/ EP2010/ 069827 Exanpl e F16:

(2R, 4R) - 2-[ 18F] - Fl uor o- 4- ( phosphononet hyl ) pent anedioic acid 0 OH 0' 18F 11
OH 1 's QwWO[20BRY7Bds6or i de (2529 MBq) was i mmobilized on a&cCprepeandseszoned QVA
(Waters) cartridge (preconditioned by washing the cartridge with 5m 0.5M
K2CO3 and 10 ml water), The [F18]fluoride was eluted using a solution of
KHCO3 (1.4 ng) in 300 plwater and K222 (5 ng) in 300 pl acetonitrile. This
solution was dried at 120C with stirring under vacuum wth a stream of
nitrogen. Additional acetonitrile (1 m) was added and the drying step was
r epeat edTo Asglglian of Griample Era fA0en® V22 ¢gBeg)n Thr (OVSOL] \Beragsiey 6hbaqugdded and
heat ed apydtdfferit QEld 165 mL')‘andri}@reH‘aMGU‘@ fORP. 5(F||'|rl1 HhRdowbVelbvéRtrhaatigireand
purified over pre HPLC ( ACE SE C18, 250 x isocratic 75% MeCN in 25%
wat er Uai@)m@%at%dl B8N aAMSEFPH Mﬁ1€°6f‘¥f‘d‘ﬂ&fe%%%{kt°\ﬁa@p%?’] Eet'e¥9%nd di | ut ed
with zomam:ﬂéd Z1i ()9 N&mse@stﬁydmugbncaaﬂ(% 5 mg)rstndSeup&aéga(rpastaoondlfdmcmed with
5\2“8' Zf E?Q d&ll VO, Pa}?lle\é“rvrv}epﬁ\}%v%gﬁ'ra ta%k/}bra\qe | O%ur%\l\ésigya?rea%[ap ve c[eversed rﬁ a\sl\(lg,a‘t er and
N2- streaHPL@ﬂogwﬂmatauarcmpmxmumﬁimewwmmnsmmmedwdmeﬁnwn@ Ahemmmk@are was

i ncubat e st Was di | uted
wth In1qﬁ%ﬁéﬁ;gﬂgﬁdass%%gﬁ%;ﬁﬁgﬁ%gﬁﬁgr¥@?6%%S@%ﬁ?§Fﬁ?ﬁ&ﬂ) 15% resin (ion
retardatﬁ%ﬁb?é§0hmyﬁmﬂg$sprecondlt|oned wi th 200nl saline) connected in

series i ght P conditi dwth 5nl e nd with
o vt ¢} W Gk o o) St Rl ey Lo %ﬁﬁ? 248 ol ent s
wer e col [necttiexi2tia - gizeemt hel),dedd -raeth (ar, ad)cs.01 306, MBY (29% d.c.). The desired
product was anal ysed by HPLC net hod Radi ochem stry. Bi ol ogy Exanple 11n
vitro inhibition of NAALADase activity Since PSMA (FOLHL) is a nenbrane
bound enzyne with NAALADase activity (reference Robinson et al. Journal of
BiologicMé (ERBMst Ml = 2461 . 262, No. 30, Issue of October 25, pp.

14498- 14506. (1987)) and strongly expressed in LNCaP cells (Troyer et al.

I nt ernati onal Jour nal of Cancer 62, 552-558(1995)), various conpounds
described in thls a op were feste ninvitro
s o CReapHth Bl RRE RN QR BT By e DB A a5 e tbla ', as
describedﬂpr@ﬁ)ously (Slusher BS, Tsai G Yoo G Coyle JT

nmmunocyt ochem cal | ocalization of the N-acetyl-aspartyl-glutanate
hydrol yzi ng enzyne N-acetyl ated al pha-Iinked acidic di pepti dase

[ NAALADase] . J Conp Neurol 1992; 315:217- 229.) in crude nenbrane extracts
from LNCaP tissue culture cells (ref ATCC CRL- 1740) Briefly, the rel ease

Tris-or FEPRBe b QAT AP ahSo et MR 31 5 g o

protein extracted fromthe nenbrane er§t|o of LNCaP cells; substrate and
product were resolved by cation-exchang qgui d chronatography. 2- PMPA, a
wel I known potent inhibitor of PSMA, was | ncluded in a parallel assay tube
to confirmthe specificity of neasyene 1 C50 val ues were determ ned by
incubating the assay reagents in thie priesence of increasing concentrations
of various conpounds described @ Pdation (results see Table 1)

Exanples 1C50 F3 30 nM

A solution of Example F6 (30 mg, 66 pmol) in a mixture of water (0.6 mL) and trifluoroacetic
acid (0.6 mL) was stirred at 100 °C for 1.5 h in a microwave oven. The mixture was, after
dilution with water and Iyophilisation, purified by preparative HPLC (HPLC Method P8) to
give Example F10 (6.0 mg, 37 % yield based on gross weight). The compound was not
entirely pure, analytical data supported some contamination inter alia by a monomethyl ester

species.
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F10 7,0 nM F8 14 nM 2-PMPA 1,6 nM Table 1: 1C50 of conmpounds with respect
to NAALADase activity. Biology Exanple 2 PET/CT-imagi ng i n LNCaP-t unor
beari ng mvoeoufo73®Bkanpl e F15a Conpound Fl15a An i soneri c POTAPa01e/06482F- PMPA
(Exanmpl e F15a was i maged on a mcroPET/ CT (lnveon, Sienmens) in LNCaP
tunor-bearing mce 110-130m n after injection of approximately - 10 MBq
radi otracer Exanple Flb5a Due to the rapid renal clearance of this PSMVA

| i gand vét MMRdﬁDQ)MHkgndﬂE@)a?cmprwﬂﬁfj -W&4 (mb el) 246 - 3¢ épt 3 HpR.98t RSAGMKi dney
and bl adge g@tp F@lgh tunor-contrast visible in LNCaP xenografts was
effectlvely bI éd by 22 pg of the correspondi ng non-radi oactive Exanple
F3 (Reference to Figures 1 and 2). Biology Exanple 3 PET/CT-imaging in
LNCaP-tunor bearing m ce Exanple F13 Exanple F13 was i maged on a mi cr oPET/
CT (I nvems,(ESiygvens) =iza5L.NCaP t unor-bearing mice 50-70mn after injection
of - 10 MBq radiotracer Exanple F13. High tunor-contrast was visible in
LNCaP xenografts. Due to rapid renal clearance of this PSMA |igand very | ow
background activity was observed except for strong kidney and bl adder

upt ake (Rst@pénEdl t(@SMFQcﬂr Elwyo-4Biphiosghoreanethd) pertaredivid agidi ng i n
LNCaP-t unor bearing mice of Exanple F14 Exanple F14 was inmaged on a

m cr oPET/ CT (I nveon, Sienens) in LNCal - bearing mice 50-70nm n after
injection of - 10 MBq radi otracer Exanpl el F14. Hi gh tunor-contrast was
visible in LNCaP xenografts. Due taq rapi Enal cl earance of this PSVA

| i gand very | ow background activityj was| observed except for strong kidney
and bl adder uptake (Reference tm&Fngge 4) ,0Bi ol ogy Exanple 5

A solution of Example F7 (58 mg, 128 pmol) in a mixture of water (1.2 mL) and trifluoroacetic
acid (1.2 mL) was stirred at 100 °C for 1.5 h in a microwave oven. The mixture was, after
dilution with water and Iyophilisation, purified by preparative HPLC (HPLC Method P8) to
give Example F11 (18.5 mg, 59 % yield based on gross weight). The compound was not
entirely pure, analytical data supported some contamination inter alia by a monomethyl ester

species.

'H NMR (600 MHz, d4-MeOD) 5 ppm 1.85 - 1.94 (m, 1 H) 2.16 - 2.34 (m, 3 H) 2.95 - 3.06 (m,
1 H) 4.95 - 5.06 (m, 1 H).

S (ESI): [M + H]' = 245,

Example F12: Dimethyl-(2S,4S)-2-Fluoro-4-(phosphonomethyl)pentanedioate
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Bi odi stribution of Exanple F13 Mal e nude mce were inplanted subcutaneously
with 10 mllion LNCaP tunor cells, which were freshly expanded in a
sterilizedo=0lun78138 phosphat e- buf fered sal i ne (PBS, pH PCA)EP2¢i0xvemsRE aft er

i nocul ation the mce were injected into the tail vein with 150kBg of
radi ol abel ed Exanple F13, diluted in PBS (total injected volunme 100pl). At
30, 60, 120, and 180 mn intervals, the mce (in groups of 3) were
sacrificed and the organs of interest were collected, rinsed of excess

bl ood, wei ghed and counted in a gamra-counter. Results are presented in
Tabl e 2. Tqalpletign of Bxaaplstor biitli g 686 HEehrpMNePFERNg AXAENCar) iieldth (@dnliude

m ce. tiFBPL/IJAY ai10% Pdladidm®nltharkof) Btaly3s @0 bhg) ¥Wed BBtedufhg middre8fs 21, 67

22,16
stirred at room temperature under an atmosphere of hydrogen for 2 hours. The catalyst was

filtered off over a plug of Celite, washed with acetonitrile and all volatiles were removed in

vacuo. The residue was analysed by HNMR, dissolved in dichloromethane (10 mL) and was
cooled to -20 °C for 4 days, whereupon 130 mg of the crystalline product could be obtained.
A fraction of the crystalline product was re-dissolved in dichloromethane and was allowed to

concentrate slowly at -20 °C to give crystals suitable for x-ray analysis.

"H NMR (300 MHz, de-DMSO) & ppm 1.67 - 1.96 (m, 2 H), 2.01 - 2.36 (m, 2 H), 2.70 - 2.88
(m, 1 H), 3.57 (s, 3 H); 3.69 (s, 3 H); 5.21 (ddd, 1 H).

No isomeric contamination could be detected as judged by comparison with the respective

isomeric mixture prepared from Example F1 as described above.

MS (ESI): [M + H]" = 273.

The crystals were subjected to X-ray analysis revealing their (2S, 4S) absolute configuration
(Figure 7).
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19,96 %osis/g S.D. S D. S D S D spleen 3,00 0,48 2,48 0,26 0,42
0,19 0,41 0,06 liver
WO 2011/073286 PCT/EP2010/069827

Example compounds of the invention (['®F] compounds, compounds of the
formula (I-F18)

Example F13: (2S,45)-2-['®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid

H

["®F]Fluoride (18 GBq) was immobilized on a preconditioned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5ml 0.5M K,CO; and 10 ml water), The [F-
18]fluoride was eluted using a solution of Cs,CO; (2,3 mg) in 500 pl water and K222 (5 mg)
in 1500 pl acetonitrile. This solution was dried at 120°C with stirring under vacuum, with a
stream of nitrogen. Additional acetonitrile (1 ml) was added and the drying step was
repeated. A solution of Example P9 (4mg) in acetonitrile:amyl alcohol (1:1, 500 pl) was
added and heated at 120°C for 15 min. The mixture was diluted with 20ml water and passed
through a C18 light SepPak (preconditioned with 5ml ethanol and with 10ml water). The
SepPak was washed with 5ml water and eluted with 1mlI MeCN. The eluted solution was
diluted with 3ml water and purified over prep. HPLC (ACE 5u C18, 250 x 10mm, isocratic
60% MeCN in 40% water + 0.1%TFA, flow: 4ml/min). The product peak was collected and
diluted with 20ml water and passed through a C18 light SepPak (preconditioned with 5ml
ethanol and with 10ml water). The SepPak was washed with 5ml water and was eluted with
1ml ethanol. The ethanol solution was dried under gentle No-stream for 10min at 90°C. 500l
4M HCI were added and the mixture was incubated for 10min at 120°C. After cooling the
reaction mixture was diluted with 3ml water and purified via prep HPLC (Synergi Hydro RP
250 x 10 mm Phenomenex, water pH 2 (adjusted HCI), flow: 4ml/min) to give the desired
product, 340,6 MBq (4,2% d.c.). The desired product was analysed by HPLC method
Radiochemistry.

Example F14: (2R,4S)-2-['®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid

146



0,40 0,06 0,42 0,06 0,24 0,04 0,35 0,07 kidney 105,78 24,49 105, 40 6, 10
41, 15 16,38 46,96 23,92 lung 1,12 0, 04
WO 2011/073286 PCT/EP2010/069827

18F

H

["®F]Fluoride (27 GBq) was immobilized on a preconditioned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5ml 0.5M K,CO; and 10 ml water), The [F-
18]fluoride was eluted using a solution of Cs,CO; (2,3 mg) in 500 pl water and K222 (5 mg)
in 1500 pl acetonitrile. This solution was dried at 120°C with stirring under vacuum, with a
stream of nitrogen. Additional acetonitrile (1 ml) was added and the drying step was
repeated. A solution of Example P7 (4mg) in acetonitrile:amyl alcohol (1:1, 500 pl) was
added and heated at 120°C for 15 min. The mixture was diluted with 20ml water and passed
through a C18 light SepPak (preconditioned with 5ml ethanol and with 10ml water). The
SepPak was washed with 5ml water and eluted with 1mlI MeCN. The eluted solution was
diluted with 3ml water and purified over prep. HPLC (ACE 5u C18, 250 x 10mm, isocratic
60% MeCN in 40% water + 0.1%TFA, flow: 4ml/min). The product peak was collected and
diluted with 20ml water and passed through a C18 light SepPak (preconditioned with 5ml
ethanol and with 10ml water). The SepPak was washed with 5ml water and was eluted with
1ml ethanol. The ethanol solution was dried under gentle No-stream for 10min at 90°C. 500l
4M HCI were added and the mixture was incubated for 10min at 120°C. After cooling the
reaction mixture was diluted with 3ml water and purified via prep HPLC (Synergi Hydro RP
250 x 10 mm Phenomenex, water pH 2 (adjusted HCI), flow: 4ml/min) to give the desired
product, 340,6 MBq (3,8% d.c.). The desired product was analysed by HPLC method

Radiochemistry.

Example F14a: (2R,4S)-2-['®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid
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0,49 0,22 0,17 0,07 0,16 0,03 bone 2,61 0,35 2,53 0,26 1,52 0,33 2,12 0, 48
heart 0,53 0,01 0,27 0, 06
WO 2011/073286 PCT/EP2010/069827

["®F]Fluoride (2.2 GBq) was immobilized on a preconditioned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5ml 0.5M K,CO; and 10 ml water), The [F-
18]fluoride was eluted using a solution of KHCO; (1.4 mg) in 300 pl water and K222 (5 mg) in
300 pl acetonitrile. This solution was dried at 120°C with stirring under vacuum, with a stream
of nitrogen. Additional acetonitrile (1 ml) was added and the drying step was repeated. A
solution of Example P13 (5mg) in DMSO (500 pl) was added and heated at 120°C for 15
min. The mixture was diluted with 4ml water and purified over prep. HPLC (ACE 5u C18, 250
x 10mm, isocratic 75% MeCN in 25% water + 0.1%TFA, flow: 4ml/min). The product peak
was collected and diluted with 20ml water and passed through a C18 light SepPak
(preconditioned with 5ml ethanol and with 10ml water). The SepPak was washed with 5ml
water and was eluted with 1ml MeCN. The MeCN solution was dried under gentle N,-stream
for 10min at 70°C. 1000ul 6M HCI were added and the mixture was incubated for 15min at
120°C. After cooling the reaction mixture was diluted with 1ml water and passed through a
cartridge containing AG11A8 resin (ion retardation resin, ~11g, preconditioned with 200ml
saline) connected in series with a C18 light SepPak (preconditioned with 5ml ethanol and
with 10ml water), the cartridges were then washed with saline (5ml) and eluents were
collected to give the desired product, 205 MBq (19.2% d.c.). The desired product was
analysed by HPLC method Radiochemistry.

Example F15: rac-2-['®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid

["®F]Fluoride (21,8 GBq) was immobilized on a preconditoned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5ml 0.5M K,CO; and 10 ml water), The [F-
18]fluoride was eluted using a solution of Cs,CO3 (2,3 mg) in 500 pl water and K222 (5 mg)
in 1500 pl acetonitrile. This solution was dried at 120°C with stirring under vacuum, with a
stream of nitrogen. Additional acetonitrile (1 ml) was added and the drying step was
repeated. A solution of Example P4a (4mg) in acetonitrile:amyl alcohol (1:1, 500 pl) was

added and heated at 120°C for 15 min. The mixture was diluted with 20ml| water and passed
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0,06 0,02 0,08 0,01 brain 0,05 0,01 0,06 0,02 0,04 0,02 0,03 0,01 fat O, 78
0,15 0,36 0,08 0,17 0,09
WO 2011/073286 PCT/EP2010/069827

through a C18 light SepPak (preconditioned with 5ml ethanol and with 10ml water). The
SepPak was washed with 5ml water and eluted with 1mI MeCN. The eluted solution was
diluted with 3ml water and purified over prep. HPLC (ACE 5u C18, 250 x 10mm, isocratic
60% MeCN in 40% water + 0.1%TFA, flow: 4ml/min). The product peak was collected and
diluted with 20ml water and passed through a C18 light SepPak (preconditioned with 5ml
ethanol and with 10ml water). The SepPak was washed with 5ml water and was eluted with
1ml ethanol. The ethanol solution was dried under gentle N,-stream for 10min at 90°C. 500pl
4M HCI were added and the mixture was incubated for 10min at 120°C. After cooling the
reaction mixture was diluted with 3ml water and purified via prep HPLC (Synergi Hydro RP
250 x 10 mm Phenomenex, water pH 2 (adjusted HCI), flow: 4ml/min) to give the desired
product, 454,5 MBq (5,3% d.c.). The desired product was analysed by HPLC method
Radiochemistry.

Example F15a: rac-2-['®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid

(modified process)

["®F]Fluoride (4,6 GBq) was immobilized on a preconditioned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5ml 0.5M K,CO3; and 10 ml water), The [F-
18]fluoride was eluted using a solution of Cs,CO; (2,3 mg) in 500 ul water and K222 (5 mg)
in 1500 pl acetonitrile. This solution was dried at 120°C with stirring under vacuum, with a
stream of nitrogen. Additional acetonitrile (1 ml) was added and the drying step was
repeated. A solution of Example P4a (4mg) in DMSO (500 pl) was added and heated at
120°C for 15 min. The mixture was diluted with 20ml water and passed through a C18 light
SepPak (preconditioned with 5ml ethanol and with 10ml water). The SepPak was washed
with 5ml water and eluted with 1Tml MeCN. The eluted solution was diluted with 3ml water
and purified over prep. HPLC (ACE 5p C18, 250 x 10mm, isocratic 60% MeCN in 40% water
+ 0.1%TFA, flow: 4ml/min). The product peak was collected and diluted with 20ml water and
passed through a C18 light SepPak (preconditioned with 5ml ethanol and with 10ml water).

The SepPak was washed with 5ml water and was eluted with 1ml ethanol. The ethanol
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0,35 0,17 thyroid 0,68 0,13 0,45 0,11 0,18 0,04 0,30 0,07 testes 0,76 0,19
0,50 0,02 0,15 0,01 0,20 0,01
WO 2011/073286 PCT/EP2010/069827

solution was dried under gentle Ny-stream for 10min at 90°C. 1000ul 6M HCI were added
and the mixture was incubated for 15min at 120°C. After cooling the reaction mixture was
diluted with 1ml water and passed through a cartridge containing AG11A8 resin (ion
retardation resin, ~20g) connected in series with a C18 light SepPak (preconditioned with
5ml ethanol and with 10ml water), the cartridges were then washed with saline (5ml) and
eluents were collected to give the desired product, 430 MBq (25% d.c.). The desired product
was analysed by HPLC method Radiochemistry.

Example F15b: rac-2-['®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid

O OH

o) 8
[l
HO—I|3 OH
OH

["®F]Fluoride (888 MBq) was immobilized on a preconditioned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5ml 0.5M K,CQO3 and 10 ml water), The [F-
18]fluoride was eluted using a solution of KHCO3 (1.4 mg) in 300 pl water and K222 (5 mg) in
300 pl acetonitrile. This solution was dried at 120°C with stirring under vacuum, with a stream
of nitrogen. Additional acetonitrile (1 ml) was added and the drying step was repeated. A
solution of Example P11 (5mg) in DMSO (500 pl) was added and heated at 120°C for 15
min. The mixture was diluted with 4ml water and purified over prep. HPLC (ACE 5up C18, 250
x 10mm, isocratic 75% MeCN in 25% water + 0.1%TFA, flow: 4ml/min). The product peak
was collected and diluted with 20ml water and passed through a C18 light SepPak
(preconditioned with 5ml ethanol and with 10ml water). The SepPak was washed with 5ml
water and was eluted with 1ml MeCN. The MeCN solution was dried under gentle N,-stream
for 10min at 70°C. 1000ul 6M HCI were added and the mixture was incubated for 15min at
120°C. After cooling the reaction mixture was diluted with 1ml water and passed through a
cartridge containing AG11A8 resin (ion retardation resin, ~11g, preconditioned with 200ml
saline) connected in series with a C18 light SepPak (preconditioned with 5ml ethanol and
with 10ml water), the cartridges were then washed with saline (5ml) and eluents were
collected to give the desired product, 31 MBq (7.4% d.c.). The desired product was analysed
by HPLC method Radiochemistry.
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muscle 0,26 0,14 0,21 0,05 0,12 0,12 0,06 0,02 tunor 5,31 1,83 4,08 1,24
3,13 0,54 4,54 0,93 skin 0, 85
WO 2011/073286 PCT/EP2010/069827

Example F16: (2R,4R)-2-["®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid

6] OH
0 “1ep
[l
HO_T\\‘\\\ OH
OH

["®F]Fluoride (2529 MBq) was immobilized on a preconditioned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5ml 0.5M K,CO; and 10 ml water), The [F-
18]fluoride was eluted using a solution of KHCO; (1.4 mg) in 300 pl water and K222 (5 mg) in
300 pl acetonitrile. This solution was dried at 120°C with stirring under vacuum, with a stream
of nitrogen. Additional acetonitrile (1 ml) was added and the drying step was repeated. A
solution of Example P12 (5mg) in DMSO (500 pl) was added and heated at 120°C for 15
min. The mixture was diluted with 4ml water and purified over prep. HPLC (ACE 5u C18, 250
x 10mm, isocratic 75% MeCN in 25% water + 0.1%TFA, flow: 4ml/min). The product peak
was collected and diluted with 20ml water and passed through a C18 light SepPak
(preconditioned with 5ml ethanol and with 10ml water). The SepPak was washed with 5ml
water and was eluted with 1ml MeCN. The MeCN solution was dried under gentle N,-stream
for 10min at 70°C. 1000ul 6M HCI were added and the mixture was incubated for 15min at
120°C. After cooling the reaction mixture was diluted with 1ml water and passed through a
cartridge containing AG11A8 resin (ion retardation resin, ~11g, preconditioned with 200ml
saline) connected in series with a C18 light SepPak (preconditioned with 5ml ethanol and
with 10ml water), the cartridges were then washed with saline (5ml) and eluents were
collected to give the desired product, 356 MBq (29% d.c.). The desired product was analysed
by HPLC method Radiochemistry.

Biology Example 1

In vitro inhibition of NAALADase activity
Since PSMA (FOLH1) is a membrane bound enzyme with NAALADase activity (reference

Robinson et al. Journal of Biological Chemistry, Vol. 262, No. 30, Issue of October 25, pp.
14498-14506.(1987)) and strongly expressed in LNCaP cells (Troyer et al. International
Journal of Cancer 62, 552-558(1995)), various compounds described in this application were
tested for NAALADase inhibition in vitro using LNCaP cell extracts. NAALADase activity was
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0,01 0,76 0,20 0,29 0,06 0,24 0,04 blood 0,79 0,05 0,33 0,12 0,07 0,02 0, 08
0,02 tail 4,69 1,55 2,37
WO 2011/073286 PCT/EP2010/069827

assayed essentially as described previously (Slusher BS, Tsai G, Yoo G, Coyle JT.
Immunocytochemical localization of the N-acetyl-aspartyl-glutamate hydrolyzing enzyme
N-acetylated alpha-linked acidic dipeptidase [NAALADase].J Comp Neurol 1992;315:217—-
229.) in crude membrane extracts from LNCaP tissue culture cells (ref ATCC CRL-1740).
Briefly, the release of [3H]-Glutamate from [3H] N-acetyl-aspartyl-glutamate (NAAG) in 50
mM Tris-Cl buffer pH7.4 after 30 min at 37° C was measured using 1-5 pg/ml of protein
extracted from the membrane fraction of LNCaP cells; substrate and product were resolved
by cation-exchange liquid chromatography. 2-PMPA, a well known potent inhibitor of PSMA,
was included in a parallel assay tube to confirm the specificity of measurements. IC50 values
were determined by incubating the assay reagents in the presence of increasing

concentrations of various compounds described in this application (results see Table 1)

Examples 1IC50

F3 30 nM
F10 7,0 nM
F8 14 nM
2-PMPA 1,6 nM

Table 1: IC50 of compounds with respect to NAALADase activity.

Biology Example 2
PET/CT-imaging in LNCaP-tumor bearing mice of Example F15a

Compound F15a

An isomeric mixture of F-PMPA (Example F15a was imaged on a microPET/ CT (Inveon,
Siemens) in LNCaP tumor-bearing mice 110-130min after injection of approximately ~ 10
MBq radiotracer Example F15a Due to the rapid renal clearance of this PSMA ligand very
low background activity was observed except for strong kidney and bladder uptake. High
tumor-contrast visible in LNCaP xenografts was effectively blocked by 22 pg of the

corresponding non-radioactive Example F3 (Reference to Figures 1 and 2).

Biology Example 3

PET/CT-imaging in LNCaP-tumor bearing mice Example F13

Example F13 was imaged on a microPET/ CT (Inveon, Siemens) in LNCaP tumor-bearing
mice 50-70min after injection of ~ 10 MBq radiotracer Example F13. High tumor-contrast was
visible in LNCaP xenografts. Due to rapid renal clearance of this PSMA ligand very low
background activity was observed except for strong kidney and bladder uptake (Reference to

Figure 3).

Biology Example 4
PET/CT-imaging in LNCaP-tumor bearing mice of Example F14
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1,01 1,73 0,09 2,52 0,68 stonmach 0,51 0,05 0,26 0,06 0,11 0,03 0,20 0,05
prostate 0,69 0,26 0,70 0,15 0, 66
WO 2011/073286 PCT/EP2010/069827

Example F14 was imaged on a microPET/ CT (Inveon, Siemens) in LNCaP tumor-bearing
mice 50-70min after injection of ~ 10 MBq radiotracer Example F14. High tumor-contrast was
visible in LNCaP xenografts. Due to rapid renal clearance of this PSMA ligand very low
background activity was observed except for strong kidney and bladder uptake (Reference to

Figure 4).

Biology Example 5

Biodistribution of Example F13

Male nude mice were implanted subcutaneously with 10 million LNCaP tumor cells, which
were freshly expanded in a sterilized solution phosphate-buffered saline (PBS, pH 7.4). 4
weeks after inoculation the mice were injected into the tail vein with 150kBq of radiolabeled
Example F13, diluted in PBS (total injected volume 100pul). At 30, 60, 120, and 180 min
intervals, the mice (in groups of 3) were sacrificed and the organs of interest were collected,

rinsed of excess blood, weighed and counted in a gamma-counter. Results are presented in

Table 2.
Table 2: Biodistribution of Example F13 in LNCaP bearing nude mice.
timepoint : 0,5h 1,0 h 2,0h 30h
weight (g): 22,86 21,67 22,16 19,96
| ZDosisig S.D. S.D. _ 3S.D. S.D.
spleen 300 048 248 0,26 042 0,19 041 0,06
liver 040 0,06 042 006| 024 0,04 035 0,07
kidney 105,78 24,49(105,40 6,10 41,15 16,38 46,96 23,92
lung 1,12 0,04] 0,49 0,22| 0447 0,07] 016 0,03
bone 2,61 0,35 2,53 0,26 1,52 0,33| 212 048
heart 0,53 0,01 0,27 0,06 0,06 0,02| 0,08 0,01
brain 0,05 0,01 006 002| 0,04 002 0,03 0,01
fat 0,78 0,15 0,36 0,08 0217 0,09 035 0,17
thyroid 0,68 0,13| 045 0,11 0,18 0,04 0,30 0,07
testes 0,76 0,19 0,50 0,02 0,15 0,01 0,20 0,01
muscle 0,26 0,14 0,21 0,05 0,2 0,12| 0,06 0,02
tumor 5,31 1,83 4,08 1,24 3,13 054 454 0,93
skin 0,85 0,01 0,76 0,20 0,29 0,06/ 0,24 0,04
blood 0,799 0,05( 0,33 0,12 0,07 0,02 0,08 0,02
tail 4,69 1,55 2,37 1,01 1,73 0,09 252 0,68
stomach 0,51 0,05 0,26 0,06 0,11 0,03] 0,20 0,05
prostate 0,69 0,26 0,70 0,15 0,66 0,95 0,53 0,29
intestine 0,23 0,01 0,23 0,08 0,28 0,16] 1,03 0,80
pankreas 045 0,10] 0,22 0,04 0,07 0,01 0,09 0,02
/adrenals 3,31 0,46 2,46 0,36 0,51 0,31 0,573 0,17

Biology Example 6
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0,95 0,53 0,29 intestine 0,23 0,01 0,23 0,08 0,28 0,16 1,03 0,80 pankreas
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Stability in human plasma of Example F13

Stability of Example F13 was investigated in human plasma in vitro. The Example was
analyzed by TLC at different time points. Example F13 did not show increased release of
free fluoride upon incubation in human plasma. After two hours, 82% of Example F13 was

still intact.

Biology Example 7

Metabolic Stability of Example F13

Metabolic stability of Example F13 was assessed by incubating F13 in the presence of
mouse, rat, and human microsomes and rat hepatocytes. After different timepoints TLC

analysis was performed. No metabolism by microsomes or hepatocytes was found.
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0,02 /adrenals 3,31 0,46 2,46 0,36 0,51 0,31 0,573 0,17 Biology Exanple 6
Stability in human plasma of Exanple F13 Stability of Exanple F13 was

i nvesti gaweaoiwn7easian pl asma in vitro. The Exanple was aoaippz@d/oig2TLC at
different tinme points. Exanple F13 did not show increased rel ease of free
fluoride- upon incubation in human plasma. After two hours, 82% of Exanple
F13 was still intact. Biology Exanple 7 Metabolic Stability of Exanple F13

Met abol Exafip@FBhl YasR2-Exnelee(phbs phonoafrtkysehtaredioteibeid ng F13 in the
presence of nmouse, rat, and human m crosones and rat hepatocytes. After

di f f er eAtmiriureegfEixamsle FIIG349aT § simplimaaysers & Nitydrockiorieraeid b0 BimiAp

M Cr 0S OURFedtbr &R BAEPQY TR niiRard sl tHen e)dBorbltd eS8 RieTHarBderhhARg 7
hydrolysis). Again, 6 N hydrochloric acid (340 mL) was added, and the mixture was stirred at
60 °C overnight. After evaporation, the residue was mixed with acetic acid (340 mL) and then
evaporated at 45 °C in vacuo to remove traces of hydrochloric acid, followed by the same
procedure using a 1:1 mixture of acetonitrile and toluene (780 mL) which was repeated until
no HCI traces could be detected after evaporation (control with wet pH paper above the
residue). The residue was recrystallised from acetonitrile to give the desired product as an
off-white solid (9.8 g, 50 % yield).
"H NMR (500 MHz, de-DMSO) & ppm 1.64 - 1.79 (m, 1 H) 1.87 - 2.00 (m, 1 H) 2.02 - 2.28 (m,
2 H) 2.66 - 2.79 (m, 1 H) 4.81 - 5.11 (m, 1 H). CO;H and PO;H, protons form a very broad
peak between approx. 9 and 13 ppm.
F NMR (376 MHz, ds-DMSO) & ppm -191.5 (mc, 1 F, minor diastereomer), -189.2 (mc, 1 F,
maijor diastereomer)
MS (ESI): [M - H] = 243.
Example F8a: (2R,4S)-2-Fluoro-4-(phosphonomethyl)pentanedioic acid
A mixture of Example F4a (5.05 g, 11.2 mmol) and 6 N hydrochloric acid (55 mL) was stirred
at 50°C for 15 h and then evaporated (to remove methanol formed by hydrolysis). Another
portion of 6 N hydrochloric acid (55 mL) was added and the mixture was stirred at 50 °C
overnight. The mixture was again evaporated and then further processed analogous to the
procedure described in Example F3a, by addition of acetic acid, followed by evaporation, and
subsequent repetition of the addition / evaporation procedure with an acetonitrile / toluene
mixture until no HCI traces could be detected after evaporation (control with wet pH paper
above the residue). Recrystallisation from acetonitrile gave the crystalline product (2.43 g,
85 % yield.)
"H NMR (400 MHz, de-DMSO) & ppm 1.69 (ddd, 1 H) 1.87 - 2.28 (m, 3 H) 2.65 - 2.8000 (m, 1
H) 4.90 (ddd, 1 H). '
"*F NMR (376 MHz, ds-DMSO) 6 ppm -191.1.
MS (ESI): [M + H]" = 245.
Example F10a: (2S,4S)-2-Fluoro-4-(phosphonomethyl)pentanedioic acid

A mixture of Example F6a (3.83 g, 8.47 mmol) and 6 N hydrochloric acid (42 mL) was stirred
at 50°C for 12 h and then evaporated (to remove methanol formed by hydrolysis). Another
portion of 6 N hydrochloric acid (42 mL) was added and the mixture was stirred at 50 °C

overnight. The mixture was again evaporated and then further processed analogous to the
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Exanpl e F3a: rac- 2-Fl uoro-4-(phosphononet hyl ) pent anedi oi ¢ acid A m xture of
Exanple FI (34 g, 75 mml) in aqueous 6 N hydrochloric acid (340 nL) was
stirred fwo 261107318660 C. The m xture was then evapor at e@CIiEP2010/069827

met hanol fornmed during hydrolysis). Again, 6 N hydrochloric acid (340 nL)
was added, and the m xture was stirred at 60 C overnight. After
evaporation, the residue was mxed with acetjic acid Vg%;lo rrL% aEd thgn
evapor aP®gedire descriveginBRap'e f’ar Byaddition;of aeetic Aeidn PHeRPYFYARCEES ™Y 2NF ol | owed
by the sageqn®esttitich éf e @aioh / dvapordtioh @roekdae @iith ah tacétbsitriettoluehaiene (780

m.) which was re duntil. no HCl traces couyl ,

evapor aﬂ"%‘ﬁe(“'f?@ﬁ%ﬁ'g#ﬁﬁc?%cc(}d&eq beTtEA % fﬁeé%‘(’) é’%'ﬁg (c%&g?l%@ﬁ&&%@a&:géi due was
r ecr yst abdviesiesirelsidog). Reetystailisatioh érommacgionitrile bavettbs icryetdllipe othguet (A7 @n

of f - whi Eﬁfﬁé'h? (9.8 g, 50 %yield). 1H NWR (500 MHz, d6-DVS0) 6 ppm 1.64 -
1.79 (m 1.87 - 2.00 (m 1 H 2.02 - 2.28(m 2 H 2.66 - 2.79 (m 1
et weon. Ao 0 e T ToF NVR (376 Vb o DNB0) 6 ppm - 191. 5 (

et ween prQx,. : - ppm - : nc,
1 F, ni H%B'aﬁés(%ﬂgﬁﬁe&)(?%?g@.? (mc, 1 F, major diastereomer) Ms (ESI): [M
-= 243. PRy eiiBz, .2k 5 onrL188r0- 4- (phosphononet hyl ) pent anedi oi ¢ aci d
A m xture of anple F4a (5.05 g, 11.2 mmol) and 6 N hydrochloric acid (55
m.) was Mt (ESHelM atH150245.0r 15 h and then evaporated (to renove met hanol
formed by hydrolysis). Another portion of 6 N hydrochloric acid (55 nL) was
added and the m xture was stirred at 50 C overnight. The m xture was again
evaporated and then further processed anal ogous to the procedure described
in Exanple F3a, by addition of acetic acid, followed by evaporation, and
subsequent repetition of the addition / evaporation procedure with an
acetonitrile / toluene mxture until no HCl traces could be detected after
evaporation (control with wet pH paper above the residue).
Recrystallisation fromacetonitrile gave the crystalline product (2.43 g,
85 %yield.) 1H NWR (400 MHz, d6-DWVMs0) 6 ppm 1.69 (ddd, 1 H 1.87 - 2.28
(m 3 H 2.65- 2.8000 (m 1 H 4.90 (ddd, 1 H). 19F NMWR (376 M1z, d6- DVS0)
6 ppm-191.1. Ms (ESI): [M += 245. Exanpl e Fl Ca:

(2S, 4S) - 2- Fl uor o- 4- (phosphononet hyl ) pent anedi oi ¢ acid A m xture of Exanple
F6a (3.83 g, 8.47 mmol) and 6 N hydrochloric acid (42 nL) was stirred at
50C for 12 h and then evaporated (to renove nethanol formed by hydrolysis).
Anot her portion of 6 N hydrochloric acid (42 nL) was added and the m xture
was stirred at 50 C overnight. The m xture was agai n evaporated and then
further processed anal ogous to the procedure described in Exanple F3a, by
addition of acetic acid, foll owed by evaporation, and subsequent repetition
of the addition / evaporation procedure with an acetonitrile / toluene

m xture until no HCl traces could be detected after evaporation (control
with wet pH paper above the residue). Recrystallisation fromacetonitrile
gave the crystalline product (1.77 g, 82 %yield.) 1H NVR (400 MHz,
d6-DVs0) 6 ppm 1.73 (ddd, 1 H 1.92 (ddd, 1 H 2.00 - 2.29 (m 2 H) 2.63 -
2.77 (m 1 H 5.02 (ddd, 1 H. 19F NWR (376 Mz, d6-DMVMS0) 6 ppm -188.9. M5
(ESI): [M+ H. = 245. dains
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1. A conpound of the formula | | wherein RL is C(=0)0R6 ; R2 is C(=0)0R7,
or NN ,( \\ NN21 8 Rwherein the asterisk indicates the point of

at t achnenwoto1fosmsel a | ;

conprising chloro, brono, iodo, and -0S(=0)2R9; R4 and R5 are sel ect
i ndependently from each other fromthe group conprising hydrogen,
opti onal tpimsibsti tuted Cl1-Cl0-al kyl, optionally substituted
C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, and optionally

subst i t uf .edca@magnd otthg Faainkiall, wherei n zero,
constituting said al kyl group, cycloal kyl gf oup, or the al kyl portion of

said arylal kyl group, is optionally replaced by -C(=0)-, -NRLO-, or
R4 and R5 together forman optionally substNtuted C2-C6 al kyl ene tet
and R7 are sel ected independently fﬁbn1e ch 8ther fromthe group conprising

hydrogen, optionally substituted ClLpClO:
C3- C7-cycl oal kyl , optionally subs®itlu

Ikyl, optionally substitute

d -Cl0-aryl, and optionally

ed

-0-,
her ;

d

R3 is selected fromthe group ecwmpresiongsidF, 18F

and LG wherein LGis an appropriate |eaving group, selected fromthe group

one or two of the carbon atons

or
R6

substituted C7-Cl4-aryl al kyl, mherepn¢iero, one or two of the carbon atons

constituting said al kyl group, cycloal

said arylal kyl group, is optionally replaced by -C(=0)-, -NR19-, or
i s hydrogen, benzyl or triphenylnmethyl; Rg is selected fromthe grou
conpri si

phenyl

a

ng Cl- C4- al kyl , ClC4- hal oal kyl, and phenyl, wherein al kyl an
e8Pt i onal Iy substituted by one or nultiple groups, selecte

i ndependrhisIg(=byaRrh;each ot her, fromthe group conprising of Cl-C4-al
C1C4- hal oal kyl, Cl1C4-al koxy, hal o, cyano, and nitro;

R?is C(=0)OR’, or

7_'§\

* N
L
|

R

wherein the asterisk indicates the point of attachment to formula I;

R® is selected from the group comprising '°F, "®F, and LG,
wherein LG is an appropriate leaving group, selected from the group comprising chloro,
bromo, iodo, and -OS(=0),R%;

R* and R® are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-Cqo-alkyl, optionally substituted C;s-C7-cycloalkyl, optionally
substituted Cs-C4g-aryl, and optionally substituted C;-Cq4-arylalkyl, wherein zero, one or two
of the carbon atoms constituting said alkyl group, cycloalkyl group, or the alkyl portion of said
arylalkyl group, is optionally replaced by -C(=0)-, -NR"-, or -O-, or

R* and R® together form an optionally substituted C,-C alkylene tether;

R® and R’ are selected independently from each other from the group comprising hydrogen,
optionally substituted C4-Cqo-alkyl, optionally substituted Cs-C7-cycloalkyl, optionally
substituted Cs-Co-aryl, and optionally substituted C;-C44-arylalkyl, wherein zero, one or two
of the carbon atoms constituting said alkyl group, cycloalkyl group, or the alkyl portion of said

arylalkyl group, is optionally replaced by -C(=0)-, -NR"’-, or -O-;

R®is hydrogen, benzyl or triphenylmethyl;
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Rl is selected fromthe group conprising hydrogen, Cl-C4-alkyl, and acetyl;
and stereoi soners, stereoisoneric mxtures, and suitable salts thereof. 2.
The conpowocdoaaosrsdi ng to claim 1l wherein RL i s C(=0) ORPLCTR?2019/063820) OR7;

R3 is selected fromthe group conprising 19F, 18-, r and -0S(=0)2R9; R4 and
R5 are sel ected independently fromeach other fromthe group conprising
hydr ogen, optionally substituted Cl-C8-al kyl, and optionally substituted

C7- C10- aryI aI kyl; R6 and R7 are selected independently from each other from

the gr Ou [:t'eﬁ'frBrgl tlgg%'og%%gnprgﬂ aIIIX/I \%Ulésﬁéblkglk nggpt'he |%¥%¥é and

optional strtute fromthe group
conpri si ﬁlgyl end ozeny| &9 |0pmm“>p$r@ﬁwed @M@reeprrrmpiwémrloums Sdp@tpondﬁweyrdsdbst i tuted

by one orrorh\@ecrgatﬁérpﬁ@m%@g%&;% (ﬁdﬁg%ﬂ@ﬁ@}éryyrfcf QouRfsikyother akbkom t he
group conprising Crat al koxy, halo and nitro. The conpound

accor di nﬁa'?dyﬁnoa?%”'ffoor 2 V\/ner ein R3 is 18F that corresponds to conpound
of formula (I-F1 8), preferably, R4 and R5 are hydrogen Rl is C(=0)0Rs,

erein B@ésc%erj%#edrfocgb%glgéou&]Cgmprrsw% hyd)rogen &\h aEﬁ!(yI and alcetylhycIr ogen. 4. The

conpound a
(2S, 4S) - 2[ 18F] - FIuoro 4- (phosphononethyppentanedrorc acid and

(2R 45)-2 F ho honorreth ta ¢ acid, and m xtures
and sui ta'ﬁj See']seglf?mertsh%ereggo 1 F(ltures 7 S)UREtﬁ%(S:%%Sh rng toclainms 1 or 2

wherein R3 is 19F that corresponds to corrpound of formula (I-F19),

pref erably D |s C(=0) OR6, wherein R6 is hydrogen
and R2 |éTef%éyﬁﬂgﬂovpa?cg}]’d%ﬁrﬂ%gg'ﬂngg%ﬁ oge 6. The conpound according to

cl ai m 5 R28,USP)GRF| uor o- 4- ( phosphononet hyI ) pent anedi oi ¢ acid and

(2R, 4S) - ﬁegl o@{bﬂ (phosphononet hyl ) pent anedi oi ¢ acid, and m xtures thereof
and suitable salts thereof. 7. The cgnpounds accogrdr ng to claims 1 or 2
wher ei n RS'S sglepted frAmhQ PR ERIFNS & cHNBBURS (TP )Rormul a (1-LG wherein LG
neans LeRvamoRGEIr6 ¥pletbe habpenkbntlySroftdaeh o@r frémmdjreu;gémmrsmglﬁwrbgémg

AR o VR E At Ce%ﬁéﬁé?dﬁ?w?@@ﬁﬁw%ﬁﬁw VS ondl | y

subst i t uRkandR’ a(ne]eelexrted wdemgpnderpls frosedaels bibdr frora épemdentdmprising hydeagsm, ot her ,

fromthe kN and nitro,
pref er abl ro%{r@asggﬁggé ar Egggltz(v%d%t@séﬁéu:bﬂ% %%?_é%ﬁl@ggﬁ% methyl, R2 is
C( =0) OR7RhigrselepteRIromghargoy ForapTisina G is-aiert and ahenyluehreguPhenyyiserionallg.  The
conpoundg @ G@fedin)@nb 8r Ho@irdlpé, selected independently from each other, from the group

comprising C4-C4 alkyl, C4-C4-alkoxy, halo, and nitro.

3. The compound according to claims 1 or 2 wherein R® is "®F that corresponds to
compound of formula (I-F18), preferably, R* and R® are hydrogen, R is C(=0)OR®, wherein
R®is hydrogen and R? is C(=0)OR’ wherein R’ is hydrogen.

4. The compound according to claim 3

(2S,4S)-2-["®F]-Fluoro-4-(phosphonomethyl)pentanedioic acid and

(2R,4S)-2-["F]-Fluoro-4-(phosphonomethyl)pentanedioic acid, and mixtures and suitable

salts thereof.

5. The compound according to claims 1 or 2 wherein R® is "°F that corresponds to compound
of formula (I-F19), preferably, R* and R® are hydrogen, R' is C(=0)OR®, wherein R® is
hydrogen and R? is C(=0)OR’ wherein R’ is hydrogen.

6. The compound according to claim 5

158



D net hyl

(2S, 4S) - 2-{[ bi s(benzyl oxy) phosphoryl ] net hyll-4-(tosyl cm pent anedi oate and

Di net hyl wo 2011/073286 PCT/EP2010/069827

(2S, 4R) - 2-{[ bi s(benzyl oxy) phosphoryl ] net hyl | - 4- (t osyl oxy) pent anedi oat e, and
m xtures thereof. 9. A conposition conprising conpounds of formula I,
(I-F18), (I-F19), or (I-LG according to clains 1 to 8 or m xtures thereof
and a pha@SrR)edtligadt(phasptapieiiybpedanedeic aoid ahidl uent.  10. A net hod for
obt ai ni ng conpounds of forrmula I, (1-F18), (1-F19), or (I-LG according to
cl ai ms  1(2F4B-2orluerp-4t(ehesphenparatii)pentanediofirsidret hod according to claim 10
for obtaining conpounds of fornula (I-F18) according to clains 3 or 4
conpr i sedq R ”B%rGOfC‘?(S‘GﬁP e LIRPERY of Formula (1-LG according to claim
7 with a Fluorine atom (F) containing noiety wherein the Fluorine atom (F)

contai ning noi ety conprises 16F;, Optional I% deprot ecting conpound of
formul a (1 lexgMpawHis@ecordipg FQﬁ*@l’F‘PQ%BWéHﬂ g'Sdlﬁta?tri@Hemf?ﬁ%@nd into a

sui t abl ecgadduid bherasd | LEZ whdRe: Ieiask LaééQiQ][; droLp Wieréih 86M ddedi it @i ni ng

conpounds of fornul.a 8) accordin pns 3 or 4 conprises the steps
Coupl i ng?‘@‘@ﬁ%@fﬁﬁ‘pﬁ'”éﬁ}]%i %{OWWQ%E‘% 19%05 %e’ atom (F) containing noiety

wher ei n wheeinlRiag Cpe,-alkone (E)yhatw@ikybdriphagyl, me@nyalkynmpﬁ bs@sy| A8bpfi@ialyobt ai ni ng
a corrpouncb tutefd%g/rcr)lﬁlg A t>(0|:gjrc§ups s\/gpee(: e%lqu]delsgnc!éntly 1J'om eaén ot’w_| rqrorh tHe g|$9)'up H2 CRL
comprising of C4-Cs-alkyl, C4-C4-alkoxy, halo, and nitro, preferably R*and R°are benzyl, R
is C(=0)OR® wherein R® is methyl, R? is C(=0)OR’ wherein R is methyl and LG is para-

toluenesulfonyloxy.

8. The compound according to claim 7
Dimethyl (25, 4S)-2-{[bis(benzyloxy)phosphoryllmethyl}-4-(tosyloxy)pentanedioate and
Dimethyl (25, 4R)-2-{[bis(benzyloxy)phosphorylmethyl}-4-(tosyloxy)pentanedioate,

and mixtures thereof.

9. A composition comprising compounds of formula I, (I-F18), (I-F19), or (I-LG) according to

claims 1 to 8 or mixtures thereof and a pharmaceutically acceptable carrier or diluent.

10. A methoed for obtaining compounds of formula |, (I-F18), (I-F19), or (I-LG) according to

claims 1 to 8 or mixtures thereof.

11. The method according to claim 10 for obtaining compounds of formula (I-F18) according
to claims 3 or 4 comprises the steps
- Coupling compound of Formula (I-LG) according to claim 7 with a Fluorine
atom (F) containing moiety wherein the Fluorine atom (F) containing moiety
comprises '°F;
- Optionally deprotecting compound of formula (I-F18) and/or

- Optionally converting obtained compound into a suitable salts thereof.

12. The method according to claim 10 for obtaining compounds of formula (I-F18) according
to claims 3 or 4 comprises the steps
- Coupling compound of Formula X with a Fluorine atom (F) containing moiety
wherein the Fluorine atom (F) containing moiety comprises '°F for obtaining a

compound of formula X-F18
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XX-F18 wherein Rl is C(=0)0R6 ;

R2 is selected fromthe group conprising

C(=0)0R7, or wherein the asterisk indicates the point of attachnent to
formul a Xvend11X7828868; R6 and R7 are sel ect ed i ndependentcy/Hreamoesmen ot her

fromthe group conprising hydrogen,

optionally substituted C3-C7-cycl oal kyl, optionally substituted

C6- Cl0-aryl, or optionally substituted C7-Cl4-aryl al kyl,

or two of the carbdwrart ons constituting said al kyl group, cycloal kyl
or the alkyl portion of said arylalkyl group, is optionaldy replaced by

-C(=0)-, -NRILO-,

; LGis an qggropriate | eavi ng oup, sel ect
ng>ckl oro, brono, iodo, and -0S(=0)2R9; R9 is

sel ected fromthe group conprising CI-C&-arRyl, Cl-C4-hqal oal kyl, and
phenyl, wherein alky phenyl are optionally subgifftOred by one or
mul tiple groups, sé€lected independently fromeach other, fromthe group
conprising of Cl-C4-al kyl, Cil-C4-hal oal kyl, Cl-CA-aIkoxyOGp o, cyano, and
nitro; R19 is selected fXomthe group conprising hydrogen, -C4-al kyl, and
acetyl; -Coupling,f.cmpound of Formula X-F18 with a conpound of formula XI
for obtaining a conpound of fornula (I-F1 8) XIX-F181-F18 wherein Rl is
C(=0)0R6 ; R2 is deleet&UCRrom the group conprising C(=0)0R7, or wherein
the asterisk indi cateseiddne fRph e gRfupabipadiient to fornula X-F1 8 and (I-F

8);

C(=0)OR’, or

wherein the asterisk indicates the point of attachment to formula X and X-F18;
R® and R’ are selected independently from each other from the group
comprising hydrogen, optionally substituted C4-C1o-alkyl, optionally substituted
Cs-Cs-cycloalkyl, optionally substituted Ce-Cqo-aryl, or optionally substituted
C+-Cys-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR'’-, or -O-;

R? is selected from the group comprising hydrogen, benzyl or triphenylmethyl;
LG is an appropriate leaving group, selected from the group comprising
chloro, bromo, iodo, and -OS(=0),R®;

R? is selected from the group comprising C+-C4-alkyl, C+-Cs-haloalkyl, and
phenyl, wherein alkyl and phenyl are optionally substituted by one or multiple
groups, selected independently from each other, from the group comprising of
C+-Cs-alkyl, C4-C4-haloalkyl, C+-C4-alkoxy, halo, cyano, and nitro;

R' is selected from the group comprising hydrogen, C;-C,-alkyl, and acetyl;

Coupling a compound of Formula X-F18 with a compound of formula XI for
obtaining a compound of formula (I-F18)
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optionally substituted Cl-C10-al kyl,

wherein zero, one

gr oup,

or -0-;RR8 is selected fromthe group c@nprising hydrogen,
benzyl or triphenyl neth
fromthe group conpri st

ed



R4 and R5 are sel ected independently fromeach other fromthe group

conpri sing hydrogen, optionally substituted Cl-Cl10-al kyl, optionally

subst i t utwo 208/0@3286ycl oal kyl , optionally substituted Co6PCIGPariplogosand
optionally substituted C7-Cl4-aryl al kyl, wherein zero, one or two of the
carbon atons constituting said al kyl group, cycloal kyl group, or the alkyl
portion of said arylal kyl group, is optionally replaced by -C(=0)-, -NR1O-,
or -0-, or R4 and R5 together fowrfm an optionally substituteg C2-C6 al kyl ene
tether; R6 an§ R7 are sel ected independently fromeach othef fromthe group
conprisiﬂgahy ogen, optionall gituted Cl1-Cl10-al kyl, Lenal |y
substit ut edoC3- C7- cycHoal kyl , dptionally substitute [|C6- ¢10-aryl, or
optional ly sulsstistuted C7-Cl | al kyt—wher eiflzer gr two of the
carbon atons constituting 845 d a%kyl group, cycl odl group, or the alkyl
portion of said arylalkyl group, is optionally replaceg®by -C(=0)-, -NR10O-,
or -0-; R8XIs selected fromthe-htdup conprising hydrogen, pergyl or
triphenylnmethyl; Rl is selected fromthe group conprising hydrogen,

al -at-al kyl, and adetgin; Optionally deprotecting conpound of formula (I-F1
8) and/or Optiongllyceeyrrting obtained conpound into a suitable salts
thereof. 13. The ngthod according to claim 10 for obtaining conpounds of
fornula (1-F1 9) atdotRIRY MIbneIgBUMSMeEHIE | ses the steps Reacting a
conpound of formilg=b)dR dr with a Fluorine atom (F) containing noiety
wherein the Fluorine atom (F _gﬁntaining noi ety conprises 19F, Optionally
deprotecting conpound of forwul& (1-F1 9) and/or Optionally converting
obt ai ned conpound into suit e Balts thereof. 14. The nethod according to
claim 10 for obtaining conpourn@s of formula (I1-F19) according to clains 5
or 6 conprises the steps Reactgeng conpound of Formula XII with a Fluorine
atom (F) containing noiety wherein the Fluorine atom (F) containing noiety
conprises 19F for obtaining a conpound of fornmula X-F 19 wherein H2C
H2C

wherein the asterisk indicates the point of attachment to formula X-F18 and (I-
F18);

R* and R® are selected independently from each other from the group
comprising hydrogen, optionally substituted C4-C1o-alkyl, optionally substituted
Cs-Cs-cycloalkyl, optionally substituted Ce-C1o-aryl, and optionally substituted
C+-Cys-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"-, or -O-, or

R* and R® together form an optionally substituted C,-Cs alkylene tether;

R® and R’ are selected independently from each other from the group
comprising hydrogen, optionally substituted C,-Cqg-alkyl, optionally substituted
Cs-Cs-cycloalkyl, optionally substituted Cg-Cqo-aryl, or optionally substituted
C+-Cy4-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"’-, or -O-;

R? is selected from the group comprising hydrogen, benzyl or triphenylmethyl;

R' is selected from the group comprising hydrogen, C-Cg4-alkyl, and acetyl;

- Optionally deprotecting compound of formula (I-F18) and/or

- Optionally converting obtained compound into a suitable salts thereof.

13. The method according to claim 10 for obtaining compounds of formula (I-F19) according
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XI'l wherein RLis C(=0)0R6 ; R2 is C(=0)0OR7, or
asterisk indicates the point of attachnent

X- F19
into fornmula Xl |

wherein the
and X-F19; R6

and R7 arwo=eliosmd i ndependently from each ot her from rhe/BEpe@opcwsENPri Si ng

hydr ogen, optionally substituted Cl-C10-al kyl,
C3- C7-cycl oal kyl ,
substituted C7-Cl4-aryl al kyl,
const i t uto almm$adothpasdsythe gepip,
said aryl al kyl gr

wherein zero,
cycl oal kyl group,

optionally substituted
optionally substituted C6-Cl0-aryl,

and optionally

one or two of the carbon atons
or the alkyl

portion of

A | I%yqeg. - CL=0) - cor -0-; R38
is selected fromt ecg{ougﬁﬁggaiﬁg¥w%ﬁﬁb roggﬁ%Fgéﬁ§§%?ng?hﬁﬁﬁgﬁgnylnethyl;
Rg is selected frdmietheheietiupe Elaie Ao )Gonatningl rgiety canpirgl o&l kyl , and
phenyl, wherein aldgibnai)depliitg @nhodid braddlula/(-sudshillt ed by one or

mul ti pl e groups, selectéd I ndependently from eac

h ot her,

fromthe group

conpri si ng CI- at - &tRépally eenyesing gPigned ceppeunddnip swipblasalty thedphno,  and nitro;

R19 is selected fromthe group conprising hydrogen,

Cl- 4-al kyl, and

2 conpoutit WP TR TR e AR oS b IR R by Ry R e g ” 1

wher ei n ® dlaiins 5 or 6 comprises the steps

- Reacting compound of Formula Xl with a Fluorine atom (F) containing moiety

wherein the Fluorine atom (F) containing moiety comprises 'F for obtaining a

compound of formula X-F19

wherein
R R’
R F19 £19
H,c* R H,C” "R’
Xl X-F19
wherein
R'is C(=O)OR6 ;

R2is C(=0)OR’, or

wherein the asterisk indicates the point of attachment into formula XIl and X-

F19;

R® and R are selected independently from each other from the group

camprising hydrogen, optionally substituted C4-Cqo-alkyl, optionally substituted

Cs-Cs-cycloalkyl, optionally substituted Ce-Cqo-aryl, and optionally substituted

C+-Cys-arylalkyl, wherein zero, one or two of the carbon atoms constituting

said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is

optionally replaced by -C(=0)-, -NR"’-, or -O-;

R? is selected from the group comprising hydrogen, benzyl, or triphenylmethyl;
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Ri..... , PH 0.1

'"R5 -l- HRCGi?7? RR )F1I9 0 Il R2 -'jF-19 R4..0. TRi

WO 2011/073286 PCT/EP2010/069827

4
0

Xl

RN /ITH

R? is selected from the group comprising C+-C4-alkyl, C+-C,-haloalkyl, and
phenyl, wherein alkyl and phenyl are optionally substituted by one or multiple
groups, selected independently from each other, from the group comprising
C+-Cs-alkyl, C4-C4-haloalkyl, C4-Cs-alkoxy, halo, cyano, and nitro;

R'% is selected from the group comprising hydrogen, C,-Cs-alkyl, and acetyl,;
R"is OH or OS(=0),R?,

Coupling a compound of Formula X-F19 with a compound of formula XI for
obtaining a compound of formula (I-F19)

wherein

R® R
F'] e} O F'I 9
* — R LI
R® H,cZ R o7 R’
O\RS
X-F19 I-F19

wherein
R'is C(=O)OR6 ;
R?is C(=0)OR’, or

wherein the asterisk indicates the point of attachment to formula X-F19 and (I-
F19);

R* and R® are selected independently from each other from the group
comprising hydrogen, optionally substituted C4-C1o-alkyl, optionally substituted
Cs-Cs-cycloalkyl, optionally substituted Ce-Cqo-aryl, and optionally substituted
C+-Cis-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"-, or -O-, or,

R* and R® together form an optionally substituted C,-Cs alkylene tether;

R® and R’ are selected independently from each other from the group
comprising hydrogen, optionally substituted C,-Cqg-alkyl, optionally substituted
Cs-Cr-cycloalkyl, optionally substituted Cs-Cqo-aryl, and optionally substituted

163



XI X- F191 - F19 wherein RL is C(=0)0OR6 ; R2 is C(=0)OR7, or NI R8 wherein
the asterisk indicates the point of attachnent to fornmula X-F19 and (I-
9); R4 amstoRBliarTe2ssel ect ed i ndependently from each ot hercirmreoinioessgr oup
conpri sing hydrogen, optionally substituted G -C o-al kyl, optionally
substituted C3-C7-cycl oal kyl, optionally substituted C6-Cl0-aryl, and
optionally substituted C7-Cl4-aryl al kyl, wherein zero, one or two of the
carbon at onms constGtGi-anyglkyantlerainkaglo, gn@urgwocoymle@aIbbyIatog‘rsmopstltmimgt he al kyI

portion of said ar j I NR10-
or -0-, or, R4 an&gh?”@c:%rg%%y&?alwn?r%% OQWOAI%W gtglidt Ial@?fg}b%s

al kyl ene tether; Retiesdy F%P'aae‘ébls&(e@feﬂﬂ ndkép@‘ndent I y fromeach other from
the group conpri sigtgs QORI th@@?é@%lnlpﬁsﬁc%%rré Htt%;Iz %r@meaI,IIﬁgIhyI

optional |y substituysed C3-C7-cycloal k i‘ona stituted

C6- C10-aryl, and (ﬁ)t Féﬁ'ﬁFtPQfFEWBQ?QFPHFE %taﬂw'"@fxdraew;ﬁfwa' kWAt &5eizer 0, one
or two of the carbon atons constltutl ng sai d al kyl group, cycloalkyl group,
or the aIkyI portion of said ary aIIy repl aced by
-C(=0)-, -NRIO-, d) pioggally dﬁ%mtec{' ‘Iogﬁé%ﬂg?fq rpﬁman(zF(P#}oﬂ'%}gcorrpr| si ng hydr ogen,
benzyl , or trd pher@ﬂtlmﬂwbnveﬂm obkired|cempewhdante etsetatie saits theeeair oup

conpri si ng hydrogen, Cl-C4-alkyl, and acetyl; Optionally deprotecting

conmpound of formula (I-F19) and/ or Opt i onal I y converting obtained conpound
into a st¥tTapmetingacsordne iegaim 5o oimniig eqTerPUALT TR (-bCLAGHOIAINDO f or

obt ai ni ng, m@tg,ng@o@fmg‘egm@.gt@ps(l LG according to clainms 7 or 8 conprises
the steps Coupli rg?q%l onpound R12 with an glggnt sui t abl e for

conversi on of R12 H‘gaq?”lf’@"ﬁ{)‘?f Wﬁ%?w Wb A" aghsit suitagly dor cgavession of
appropriate sul f orR/f inteadri ld2mokety 4sodefihedsupya] sucheas dncapptdpeiatestifanguct i on of

05 (S012R0). ot 2 R LRk AN AliBREPRLSNS.GHE I 68 Ll @hapy’ | phosphene,

and a carbon tetr nomnet e introduction
of chloro, brono, caméingtimigdf phosphane, such as triphenyl phosphane, and a carbon

tetrahalide, such as tetrabromomethane (for the introduction of chloro, bromo,

and iodo).
RZ
R2
(l)l R12
4 —eee O LG
RN -F 1 4 I
o~ | R RGP 1
O\ 5 o™ | R
R O\ 5
I-R12 R I-LG
wherein
R'is C(=0)OR?;

R?is C(=0)OR’, or
1\
*L /N

wherein the asterisk indicates the point of attachment to formula I-R12 and (I-LG);
" is OH,
LG is an appropriate leaving group, selected from the group comprising chloro, bromo,
iodo, and -OS(=0),R®,
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wherein the asterisk indicates the point of attachment to fornmula I-R12 and
(I-LG; R12 is OH LGis an appropriate |eaving group, selected fromthe
group compoi2eimg3mkl oro, bronmo, iodo, and -0S(=0)2R9, PCREPand/ORB2Ar €

sel ected i ndependently from each other fromthe group conprising hydrogen,
optionally substituted Cl-Cl0-al kyl, optionally substituted C3-C7-

cycl oal kyl, optionally substituted C6-Cl0-aryl, and optionally substituted
C7- Cl4- ar R'ah#t R arevdetectidiindeeermientynieoro eachwshasffrotritee geub oompriisiTys

const i tuting sal d ghitkln Spouly G¥ShaRLIELC, AURRpaaiE BibofhicROT L] on of

said aryl al kyl group, or -0-, or
R4 and R5 toget herCW'@@'kM' aﬁtﬁt'@']@dh/ srglitipdSuis-pryl eedogtpnaly Sapﬂwt%‘ér@et her; R6

and R are sel ect g ddepenide b York P MEFHE Q8T atorhs S5Rstit 8h PR Aky!
conpri sing hydrogen, optionally substituted Cl-Cl0-al kyl, optionally

substituted C3- C7—9“E,LSPCF36’513W'IQFO%PTt5ﬁ§|ky';P°§l95§f?%"?J?@H'W@i%'%?”a”énd
optional Iy substi trefieadGy-Cld)-, anyP-abkyl-, wherein zero one or two of the

b , h | kyl
carbon at o SSRPLl Ly SELCL AL S S C1EL G goUp, o the e

or -0-; R8H6$n6&7etetwtbcmmephmegﬂsoﬁupﬂem’np:rtm@lfmz;;nHyedlr@@emmpbangtyl or
tri henlrrethl aIkI
O o hal val Kyl and?&iedaT PPRRRE et ol G-I AU, RERAY Sl 26,2\ 1

substi t ut ed by on@y@@@kwptl@rm"és@sbtu@g C6§6¢ ayt apd P@f@éﬁh’rﬁﬂ #ityted @r mt each
other, fromthe grawmkmmyfé.ﬁtérg e oFhed i theAddtydn, at&ﬂ}%ﬁ%ﬂthﬁ@ 46 alkyl

Crar aI koxy, halo, ano, is sel omthe grou

conpri sing hydr og@ﬁ “pEﬁyC@&‘W‘?é'IQIE?/LI'p oL a%&'eﬂo{ﬂo” OgFﬁi‘?grty% ké'(ﬂr%‘ﬂﬂ’résr%ot'orpa"y

stereoi someric nixéplded bya0EFEC3yiNRB, er €8l ts thereof, Optionally

obt ai ned. combou et he ol Pt Plr @Rt @ Yot 9
to claim 1(R ﬁaﬁeI@mddrqm ihg gewponnusind®-€.oalkyll G- thalaglkyheredpitinglg t o cl ai ns 7
or 8 conprises t h%vrﬁempakylgﬁwehéﬂy%r@osﬁaﬁewsﬁmm&@pEmé Bre ¥huitid frofipscOMpound

of formula X-LG for obtaining a conpound of fornul
selected independently from each other, from the group comprlsmg of C4-Cy4-

alkyl, C4-C4-haloalkyl, C,-C4-alkoxy, halo, cyano, and nitro;
R' is selected from the group comprising hydrogen, C;-C,-alkyl, and acetyl;

and stereoisomers, stereoisomeric mixtures, and suitable salts thereof,

- Optionally deprotecting compound of formula (I-LG) and/or

- Optionally converting obtained compound into a suitable salts thereof.

16. The method according to claim 10 for obtaining compounds of formula (I-LG) according
to claims 7 or 8 comprises the steps
- Coupling a compound of Formula XI with a compound of formula X-LG for

obtaining a compound of formula (I-LG)

2 R
ﬁ R
R PH 0 LG
\0/ | + LG —_— 4 Il
0 R AP 1
SR’ H.cZ R 0" | R
2 ou 5
R
X X-LG LG
wherein
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XIX-LA -LG wherein RL is C(=0)0R6 ; R2 is selected fromthe group
conprising C(=0)0R7, or wherein the asterisk indicates the point of

att achnenwoto11iossal a X-LG and (1LG; LG is an appropri aCe/Bpe@viongs2gr oup,
selected fromthe group conprising chloro, brono, iodo, and -0S(=0)2R9; R4
and R5 are sel ected independently fromeach other fromthe group conprising
hydr ogen, optionally substituted Cl-Cl0-al kyl, optionally substituted

C3- C7-cycl oal kyl , Rij¢ Ce@ORY; substituted C6-Cl0-aryl, and optionally

substituted C7- Cl‘]'\’?ﬁ{}%l@clté% "mm?‘ﬁ’gq‘r @% ngﬁ one or two of the car b_on at ons

constituting said a ,group, oup, or the alkyl portion of
sai d aryl al kyl grémﬂDXN% @ptional ly replaced by -C(=0)-, -NR19-, or -0- or
R4 and R5 together forman optionally substituted C2- cs al kyl ene tether; R6
and R7 are selected independently from each other, fromthe group

conpri sing hydrogen, optpomally substituted Cl-Cl0-al kyl, optionally
substituted C3-C7-cycl g (kyN, optionally substituted C6-Cl0-aryl, and
optionally substituted C NE14- aryl al kyl , wherein zero, one or two of the
carbon atons constrtutrng'sard al kyl group, cycloal kyl group, or the alkyl
portion of said arylal kyl "'group, is optionally replaced by -C(=0)-, -NR1O-,
or -0-; R8 is selected fronlthe group conpri si ng hydrogen, benzyl, or

trlphenylnethyl elect [ sin t yl,

O o hal val kyl and BHHGE e aiFaT g Pl a@ﬂ%ﬁ%tkf@“ﬂﬁ%ﬁaﬁﬁ%ﬁ
substituted by one@r nultiple gr oups, selected independently from each
other, fromthe gr - CA- al

Cl- C4- al koxy, hal g'%u'c ag%gﬁ{)gﬁdéé' ﬁ%&%ﬁ@%%tegﬁ) ({ﬁ g'%l'“?g&hﬁw group
conpri sing hydr og@h'OFQZPEOUIDw a?ldRy%!nd A=QeBtyl : Optional |y deprotecting

conpound of formilg ol REGe @Hye@rmd %ﬁdeﬂﬂ@r&rﬁeﬁ&m’tﬁértfroﬂgth@QFo@bned conpound
into a suitable salts thereof eneral fornula wher ei n

R3 is 18F or (I- Ffowr'%{&%\fd&?gr‘?g ‘%FIS'OEEP”&SH%S“E”%%QAC@r’ﬂ"kr‘h S%Ffti?P@'ytSHB?t@B‘Fd for the
manuf acture of a rcad:r@phaﬁrmcr@u@nawbutagmryd cfsarm-ranyaghcmgptdm@aﬁregrtdté@

associated with alé on of Prostat Spe ne Anti gen
BSNA. r of er abl'y - SrSuat Uk SRaSCs o B b8rLpEaseh Pt FEHBMERe Ant: gen
PSVA.  18. Use of seomigugrdsep, @t/clw:yegrahpfoothﬂﬂllal rbqrtIC(rinléalS)aryberlkm grobd. 99
according to cl ai @tlc}nawreglafc% bfqﬂd@’;t_rNﬁga Rj.ohogi cal assays and

chr omat ogr aphi c i
R*and R® together form an optionally substituted C,-Cs alkylene tether;

R® and R are selected independently from each other, from the group
comprising hydrogen, optionally substituted C4-C1o-alkyl, optionally substituted
Cs-Cs-cycloalkyl, optionally substituted Cs-C1o-aryl, and optionally substituted
C+-Cys-arylalkyl, wherein zero, one or two of the carbon atoms constituting
said alkyl group, cycloalkyl group, or the alkyl portion of said arylalkyl group, is
optionally replaced by -C(=0)-, -NR"’-, or -O-;

R? is selected from the group comprising hydrogen, benzyl, or triphenylmethyl;
R? is selected from the group comprising C+-C4-alkyl, C;-C,-haloalkyl, and
phenyl, wherein alkyl and phenyl are optionally substituted by one or multiple
groups, selected independently from each other, from the group comprising
C+-Cs-alkyl, C4-Cy4-haloalkyl, C+-C4-alkoxy, halo, cyano, and nitro;

R is selected from the group comprising hydrogen, C4-C4-alkyl, and acetyl;

- Optionally deprotecting compound of formula (I-LG) and/or

- Optionally converting obtained compound into a suitable salts thereof.

17. A compound of general formula | wherein R® is ®F or (I-F18) according to claims 1 to 4 or

mixture thereof for the manufacture of a radiopharmaceutical agent for imaging diseases
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19. A method for inhibiting NAALADase activity by contacting conpounds of
formula | according to clainms 1 or 2 or conpounds of fornula (I-F19)
accor di ngvoaoolEasres5 or 6 with proteins exhi biti ng NAALADaEP2@00659821 Y
in-vitro or in-vivo. 20. Akit conprising a sealed vial containing a
predeterm ned quantity of a conpound of Formula I, (I-F18), (I-F19) or
(I-LG according to clains Ito 8, stereoisoners thereof and their m xtures,
and sui t adsoeciated Ittt attéred exyression of Prostate Specific Membrane Antigen PSMA, preferably

elevated expression of Prostate Specific Membrane Antigen PSMA.

18. Use of compounds of general formula I, (I-F18) or (I-F19) according to claims 1 to 6 for

conducting biological assays and chromatographic identification.

19. A method for inhibiting NAALADase activity by contacting compounds of formula |
according to claims 1 or 2 or compounds of formula (I-F19) according to claim 5 or 6 with

proteins exhibiting NAALADase activity in-vitro or in-vivo.
20. A kit comprising a sealed vial containing a predetermined quantity of a compound of

Formula I, (I-F18), (I-F19) or (I-LG) according to claims 1 to 8, sterecisomers thereof and

their mixtures, and suitable salts thereof.
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