METHOD FOR PRODUCTI ON OF F-18 LABELED AMYLO D BETA LI GAND FI ELD OF

| NVENTI ON This invention relates to nethods, which provide access to
[ F- 18] f | wocpagyimeed 5(aryltheteraryl vinyl)-phenyl netroylEPacl068819
derivatives. BACKGROUND Al zheiner's D sease (AD) is a progressive

neur odegenerati ve di sorder marked 10 by |oss of nenory, cognition, and
behavioral stability. AD is_defined pathologically by extracellular senile
ol aques confETHER R PRAPIETION GEpdelABELED AL BERAIGAIP penti de (AL3)
and neurofibrillary tangles conprised of paired helical filaments of

hyper phosphoryl ated tau. The 39 - 43 am no acids conprising Al3 peptides

are deri vedripomdbNVENTRONANY! 0i d precursor protein 15 (APP). In the
anyl oi dogeniC pat hway, AI3 peptides are cleaved from APP by the sequenti al

pr ot eol ysi s This ineértioraiglates nomstRedSHVASIER prévide pepéssIRs[Fa1 &]flu&#@)@@?lét@d;
soluble proteins and are detected at low level in the cerebrospinal fluid
(CSF) i n> nofaril/hetgranyl Wpdi-pheprmeaihvi aeing deraliyesf AD t he A13 pepti des
aggregate and form amyl oi d deposits in the parenchynma and vascul ature of
the 20 brain, which can be detected post nortemas diffuse and senile

pl agues and vascul ar anyl oid during histol ogi cal exam nation (for a recent
review see: Blennow et al. Lancet. 2006 Jul 29;368(9533):387-403).

Al zhei mers BACKSGROQUND i s becoming a great health and social econoni cal
problemall over the world. There are great efforts to devel op techni ques
and 25 net Aaheimer's tiseass (ADHis adirparessive reyredegererativg diridenomarked

di sease. , Cug.en , ~fdi i s of in ] -djsor.derssclinic
et ting''s Bspnos relt dfomesyooonfich nel8 BEMRERIS TREIY.IABRIG BPats
2003 226: 31pafilogitallyi by kasedelulat Benitx plaiesncompesadiiof dibyillaf dépesias ef

causing simlar synptons and the careful neurological and psychiatric
exami nat i onthexdejgspmyiaid rflﬁﬂt'gﬁs(/’@)o@%ir@é!roﬂbé@?%b@”%%ﬁ vegised  of Prﬁ'&?chg

has th t ent:lal f ' [ i Grni :

et ect | veneogieh, [lEfin26f )RR popHaaar al, Mhel W, Thed  fgjng, agios
neur ol ogy, ocoowpristyg AfdpeEideisodreggerivetirgnt e serger amypoid nprecaggomgretin ar
i magin WO /151282PCT/ EP2011/ 058819 t echnol ogi es, ch tical

| gl ng.s NRADEPHE NS AMBRO0RRF HESurY % PeBlines arnblesued Tog ARy 16
devel opment sbgGawRf Bfotbdi§sisi 8) BBRE binyi tgﬁn‘?’rﬂg-s@%fétbéé’s.t APrRPtdes are

quantitative and kinetic data. For exanpl e positron emtting isotopes
i ncl ude e. greleasémbas sohdilegroteing ageare Aetectsd @tygerevaihpdbeicareliospinehn

| t heir. = £adi ti . t ts Lnt t d .od
PET (1 acer STHHAC WG 8P ro B8 bl dairirk: b PRIGIESs Aty 15 s ReBlifiscs
F-18 is a pughrigaesl ahaliein Renylsiel @uifosits an tife bhaferithlyd ahe vascldQirgion thewi ch

permts the preparation of diagnostic tracers and subsequent study of
bi ocheni2¢al bfibcwhiahs can beadetectesh popt marigm es+difihee g s8aile pladues and o

10advant ageQlScular amyloid during histological examination (for a recent review see:
Blennow et al. Lancet. 2006 Jul 29;368(9533):387-403).
Alzheimers disease (AD) is becoming a great health and social economical
problem all over the world. There are great efforts to develop techniques and
25  methods for the early detection and effective treatment of the disease. Currently,
diagnosis of AD in an academic memory-disorders clinic setting is approximately
85-90% accurate (Petrella JR et al. Radiology. 2003 226:315-36). It is based on
the exclusion of a variety of diseases causing similar symptoms and the careful
neurological and psychiatric examination, as well as neuropsychological testing.
30
Molecular imaging has the potential to detect disease progression or therapeutic
effectiveness earlier than most conventional methods in the fields of neurology,

oncology and cardiology. Among the several promising molecular imaging



Post - nort em hi st ol ogi cal exam nation of the brain is still the only
definite diagnosis of Al zheiner's disease. Thus, the in vivo detection of
one pat hovogooailsifseat ure of the di sease - the anyl oi d aggrapatie/ osssposi ti on
in the brain - is 15 thought to have2a strong inpact on the early
detection of AD and differentiating it fromother fornms of denentia.

Addi tionally, nost disease nodifyi t her apj | are i ev pnent are
ai m ng at I\I;%@&”Pﬁ@"%ﬁ BHen eﬁﬁxl%“&apg’&ag!”&tMgib\rg}%é‘gTTﬁﬂ%,Bﬁﬁad%ﬂ thée

anyl oi d | oad,} Lo 8Y ' i alict nat i -
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20Nor dber g. taeprovideNggdntetivevaihd kimegjc dgta.2008 Mar ; 35 Suppl 1:546-50). In
addition, apyloid deposi.tis are_.also known to play a role i.n anyl oi doses, in
Whi ch anyl of i BrETElehB0y 50 Eniiiira SpIEPaR s i elpudh fadernipPrer o
organs and/ @k@érﬁsﬂfé’se iS8ldple8 Lo thERT nGh-FRAGAGIVEQHURErPaRSs Whitargett

al. Annu Rev Bi ochem 2006; 75:333-66. 25 Since nucleophilc _

r adi of | uor i sampenndastoperadiioee PEJsitrageraribat haye ssiprilan opivlogicaduprepettiess of

[ F-18]fl uori | Syl t : ;s s, of. | Lj

br eout sor _aPLTe HesenSolopEe e i 2oy BBRo RRUBRGNEL 5 Ralrlfh or
m cronol e off1pr@myneleith eriidetha preparaticress didgrivstie SpReds tamdt Bebsequent
radi oi sotope, 30resulting in pseudo-first-order reaction kinetics (P

MIler et aptudygfdioehrspical piocesses.dn adsiinn itsdow-Gbeopray (|@G4 keV) is also.
A a0 e A AN N b st
Aryl-X-Aryl-(-0 L n =2-6 X =bond, CHCH C?C 5a) D phenyl acetyl enes B
(R ChandraP%gt-mdrte‘gﬁ rl}{g%lo%qga eggmgnza(f)i%p o? Af’tllng_ %ﬁazlr? ) is?gﬁl’l)lthe only definite
diagnosis of Alzheimer’s disease. Thus, the in vivo detection of one pathological
feature of the disease — the amyloid aggregate deposition in the brain — is
15 thought to have a strong impact on the early detection of AD and differentiating it
from other forms of dementia. Additionally, most disease modifying therapies
which are in development are aiming at lowering of the amyloid load in the brain.
Thus, imaging the amyloid load in the brain may provide an essential tool for
patient stratification and treatment monitoring (for a recent review see:
20  Nordberg. Eur J Nucl Med Mol Imaging. 2008 Mar;35 Suppl 1:S46-50).
In addition, amyloid deposits are also known to play a role in amyloidoses, in
which amyloid proteins (e.g. tau) are abnormally deposited in different organs
and/or tissues, causing disease. For a recent review see Chiti et al. Annu Rev
Biochem. 2006;75:333-66.
25
Since nucleophilc radiofluorination was performed using nano- and sub-
nanomolar quantities of [F-18]fluoride is it well known, that only small amounts
of labeling precursor are necessary for successful radiolabeling. Generally, few
micromole of precursor provide a huge excess with respect to the radioisotope,
30  resulting in pseudo-first-order reaction kinetics (P. W. Miller et al., Ang. Chem.

Int. Ed. 47 (2008) 8998-9033).



RI\1IN . R R=Boc, MM R=H Mn=23 Labelings of 1 ng (1.83-2.48
pnol ) precursor A in DVSO using potassium carbonate/kryptofix conpl ex

af f or ded BOI2011231380% r adi ochem cal vyield (decay 10corr eece@p20ibpsdsmeol i nyl -
and i ndol yl phenyl acetyl enes D (R Chahdra et al. J. Med Chem 50 (2007)
2415-2423) Cn = 3D 15Labelings of precursor C in DVSO using potassium

car bonat e/ k tofi onplex afforded Dip 11-16% radi ochem cal yield (decay
corrected). )eCHaéﬁ%fﬁr@%@F'P%Pif\aégrqﬁeé?w[;‘t%ﬁllwB'Sé%ﬁygiﬁ?te@%fd%.ﬁ!%‘ ds &nbave 17

(2009) 2069204 i CT/ EP2011/ 058819 4 En = 1-3F Labelings
of 0.2 ny (8%5%32%%(%0 %p?ée%ﬁ'r?rgbr E in DMSO usi ng potassium

car bonat e/ krypt of i x coWaf fordedeF in 5-13%radi ochem cal yield (decay
correct ed) . AVTX—AY—£0T T snF &7 PedBAHTCE RC CH Label i ngs of 1 ng2. 11
prol ) precursor G in DMSO using potassium 10car bonat e/ kryptofi x conpl ex
afforded H in 30%.Y adi ochemi cal yield (decay corrected).

5 a) Diphenylacetylenes B
(R. Chandra et al. J. Med Chem. 50 (2007) 2415-2423)

R = Boc, Me B

R'=H, Me

n=2,3

Labelings of 1 mg (1.83-2.48 umol) precursor A in DMSO using potassium
carbonate/kryptofix complex afforded B in 20-30% radiochemical yield (decay

10  corrected).

b) Indolinyl- and indolylphenylacetylenes D
(R. Chandra et al. J. Med Chem. 50 (2007) 2415-2423)

c n=3 D
15 Labelings of precursor C in DMSO using potassium carbonate/kryptofix complex

afforded D in 11-16% radiochemical yield (decay corrected).

c) Flavone derivatives F
(M. Ono et al. Bioorg. Med. Chem. 17 (2009) 2069-2076)



e) Benzothi azol e derivatives J (W2007002540) Labelings of precursor | in
DVBO usi ng pot assi um car bonate/ kryptofi x conplex afforded Hin 11-35%
radi ocherwoab1iyiseisd (decay corrected). The i nf | ueneeTaP2@mOsS319 Of
precursor was investigated (exanple n4= 2), and 1-3 20ng (1.91-5. 74pnol)
were found to be optimal for this kind of conversion. WO

2011/ 151282PCT/ EP2011/ 058819 5 Al so %I uor opegyl ated (aryl/ het eraré(H

vi nyl ) - phenyl methyl am nes such as #-J(E)-

2-(4-{242-(2-fl uoroet hoxy)et ho '&xé/l phenyl ) vi ny1FN- et h
RE) - 2- (6-{242- (2-f1 uoroet hoxy) ¢ y]eth”oxyl pyrid in 3-

Hi ne have been | abel eg" il RA41Tuoride before g

5 appl i catign V02006066704, |vwzoo71267'3&8,§1nd ment

' ’i' and 4-
él ) Vi - httﬁr_lét hyl an
g xed by patent

patent fami|'T e " 0FUET A RE) - 2- (4-{2- N 6t oet hoxy) et hoxy]

et hoxy} phenypvi nyI 1 - N-net hyll ani I'i ne o

4-RE) - 2-(6-{2-[2-(2-[F- 18] f1 uoroet hoxy) et hoxy] -

et hoxy}pyridi n-3-yl)vinyli-Nrnethylaniline

4-1(E)-2-(4-{2-1-2-(2-1F-18f f | BOr oenAdx¥) et hoxyl et hox\g phenvl ) vi nvi | - NLOmet
011

hvl ani [ ne Labeinzgslof 6.521%%392?6:35%%81&%888§r%%ur630r(E%_'?DMSO using potassium

carbonate/kryptofix complex afforded F in 5-13% radiochemical yield (decay

corrected).

d) Phen-Naphthalene and Phen-quinoline derivatives H
(W0O2008124812)
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Labelings of 1 mg (£ 2.11 pmol) precursor G in DMSO using potassium
10  carbonate/kryptofix complex afforded H in 30% radiochemical yield (decay

corrected).

e) Benzothiazole derivatives J
(W02007002540)

H,C N H,C
Boc” S O/\/)’OMS - H S O/\,;/SF
n

15

Labelings of precursor | in DMSO using potassium carbonate/kryptofix complex
afforded H in 11-35% radiochemical yield (decay corrected).
The influence of amount of precursor was investigated (example n = 2), and 1-3

20  mg (1.91-5.74pmol) were found to be optimal for this kind of conversion.



03 //'" 2a 00 0>1/3" 4-[(E)-2-(4-{212-(2-[F-18]fluoroethoxy)ethoxy]-
et hoxy} phenyl )vinyli-N-nethylaniline a) W Zhang et al., Nuclear Medicine
and Bi ol oy9 282/152305) 799- 809 PCT/EP2011/058819

4ng( 7. 47pnol ) precur sor2a(242-(2-{4-[(E)-2-{4-Rtert-

but oxycar bonyl ) (met hyl ) am no] - phenyl | vi nyl ] phenoxyl et hoxy) et hoxy] ethyl 5

th | f t i 0.2 O ) ted wth )
[TIE18? ? ieﬁgri 3@% @w'pgﬁgxlﬁffﬁ (Y L&%ﬁm@&)?'b@ﬁ%@%eawpnn@mvlﬂﬁ@n?w@rsﬂ@(ﬁ HEMas
depr ot ect ed oyl d Kb RRFSRBLY Rl J\ﬁ?%}?ph@@l‘)vi VBN XY i VRS %?ﬁgﬁ agted

with ethyl acetate. The sol vent wa and evapor ated.” The residue was
di ssol ved i {(Ea€ettofd-I2-(2-Bucmdthoxyjdthexy]ethoxgipyriginedah)siniyllN-ARitkdylapilie ( decay

10 correcte 11% ( no rrect o decay,

A1 (8- 5. (anpya2Bedh nabeRRl ST ok Db Hatereo anch shy PYETRY 1Y NPAEDhy | an
iline wege QFblﬁ’édii%ﬁsW WoO20680eB 104, D) WEAE066384 and members of the
4ng( 7. 47pnol ) precursor 2a(242-(2-{4-[(E)-2-{4-Rtert-

15but oxycar bemgspenang prientifaviliephenyl | vi nyl ] phenoxyl et hoxy) et hoxy] et hyl

met hanesul fonge) in 0.2 nL DMSO were reacted with

[ F18] f 1 uori de/lki ypt of i x/ pot assi um carbonat e conpl ex. The internedi ate was
depr ot ect ed B8l and neutralized with NaOH The m xture was extracted
with ethyl acet @ The sol vent was dried and evaporated, the residue was
20di ssol ved in acCétony and purified by sem -preparative HPLC. 30%
(decay corrected), 17% (not dorrectegd for _decayir 4-[ (E)-2-(4-{242-(24F- WO
2011/ 151282PCT/ EP2011/ 05881% 0 NP \/Ko&)

4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline

AN
~ o) °F
N O/\/ \/\O/\/

4-[(E)-2-(6-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}pyridin-3-yl)vinyl]-N-methylaniline

4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxylethoxy}lpohenyl)vinyl]-N-
10  methylaniline




18] f | uor oet hoxy) et hoxy] et hoxyl phenyl ) vi ny1] - N- et hyl ani | i ne were obtai ned
in 90 mn. Very recently, further syntheses have been described: a)
US2010011\806&811/151282 PCT/EP2011/058819
52a(242-(2-{4-[(E)-2-{4-Rtert-but oxycarbonyl ) ( met hypam no] phenyl | vi nyl ] -
phenoxyl et hoxy) et hoxy] et hyl net hanesul fonate) was reacted with

[ F18] fl uori de reagent 'i_ln a mxture of 500 pL tort-al cohol and 100 pL
acetonitrile. After fﬁubri nati on, the solvent was evaporated and a m xture
of HCl and aceton Ne s, added. After deprotection (heating at

100- 120C), the crud 10 ct mixture was purified by HPLC (Cl8, 60%
acetonitrile, O1M anvBimig ofRgte). It is outlined, that at a | ow

| evel of [F-18§£l woride activity nCi = Q.15 gq) simlar yields are
obtained with 2-1 ﬂf’rg precursor. ot/r\as)ggrs)’?% data published, we
found that at higher |evels of,[F18]fluoride &Cbivity (e.g. 30-55 GBq)
yields strongly depend on the anmount of 15 precursor (Exanple 2).
Additionally and in contrast to the published data, the yields given in
Exanple 2 refer to a product suifable for human use, obtained by a full
manuf acturi ng processes. b) H. ng et al., Nuclear Medicine and Biol ogy 38
(2011) 121-127 5ny(9. 33pnol ) preclrsor2a(242-(2-{4-[(E)-2-{4-Rert-

20but oxycar bonyl )(met?ﬂal ) am no] - phenyl | vi nyl ] phenoxyl et hoxy) et hoxy] et hyl
met hanesul fonate) i nN DMSO were reacted with

[ F18] f | uori de/ kr ypt'ﬂ)fi X assium car bonate conpl ex. The internedi ate was
deprotected wth HCl and zegd Wi th NaOH The crude product was
diluted with acetonitrile / 0.1 ni um formate (6/4) and purified by
sem - 25preparative HPLC. The pr odu# d‘)(asp)«'r':on was collected, diluted with
wat er, passed through a C18 cartridge and eluted with et hanol , yielding 17%

t t edf 4. =2-(A4-{242- ( 24F-
(1353 f1 Uor oot hoxy). ;gﬁ@]ﬁ%%%ﬁéﬁﬁm’%ﬁ%ﬁﬁ% et hyl ani line within 50 nin,
In the publication, the 'conversion of "an unprotected nesylate precursor (is
30descri beda) SAnghang e48l. piNotlpauMaditiee Bod Bielogy &2:(2006¢ (19$-e309
2-{242-(4- - 244-
(et Pyl aim o) gheny v n§i4FherdR9) et HRSSPHE Foxy Pt hyPal2-Gelhlih s2dIbRE: <
in 0.5 m. DVEQWEKkR:arBsaIRethyilfanifo]- oM [bhéRSPEHIRT A JSRGIL O

5 methanesulfonate) in 02 mL DMSO were reacted with [F-

2
» CA

18]fluoride/kryptofix/potassium carbonate complex. The intermediate was
deprotected with HCI and neutralized with NaOH. The mixture was extracted
with ethyl acetate. The solvent was dried and evaporated. The residue was
dissolved in acetonitrile and purified by semi-preparative HPLC. 20% (decay
10 corrected), 11% (not corrected for decay) 4-[(E)-2-(4-{2-[2-(2-[F-
18]fluoroethoxy)ethoxylethoxy}phenyl)vinyl]-N-methylaniline were obtained
within 90 min.
b) W02006066104
4 mg (7.47 pmol) precursor  2a (2-[2-(2-{4-[(E)-2-{4-[(tert-
15 butoxycarbonyl)(methyl)amino]-phenyl}vinyl]phenoxy}ethoxy)ethoxylethyl
methanesulfonate) in 02 mL DMSO were reacted with [F-
18]fluoride/kryptofix/potassium carbonate complex. The intermediate was
deprotected with HCI and neutralized with NaOH. The mixture was extracted
with ethyl acetate. The solvent was dried and evaporated, the residue was
20 dissolved in acetonitrile and purified by semi-preparative HPLC. 30% (decay
corrected), 17% (not corrected for decay) 4-[(E)-2-(4-{2-[2-(2-[F-



8 18] fluoride/ kryptofix/potassi um carbonate conpl ex. The crude product was
diluted with acetonitrile / 0.1M amonium formate (6/4) and purified by

sem - prepapanivis13dPLC. The product fraction was col | ect @edT/ER2é1aoessini t h

wat er, passed through a C18 cartridge7and eluted with ethanol, yielding 23%
(not 5correctedfordecay)4-[(E)-2-(4-{242-(24F-

18] f | uor oet hox t hoxy] et hoxyl phenyl ) vi ny1] - thyl ani |ine within
A1) 2 (6 { UMDy PPar BERKBRF LU HB TR e Feose RARSS 11 N
10nmet hyl ani lingy nfhd 1 ON 1 H3COCH3 H3cqH3 2b 03F
4-1(E)-2-(4-{212-(2-[F- 18] fl uor oet hoxy) et hoxy] -

et hoxy} phenyepy réadintly Jfuythier symtbesss have baen aesSibdd: Choi et al., The

J | of N 50 (2009) 1887-1894.
1Orr;|ropgcu?so? %gg{aﬁﬂéﬁ@?{ 242(({5 %(E) 2-{4-Reert-
but oxycag bonyl3{ met h(ﬂ'—?Za@-{qOﬂ(EPqu{ thLtﬂMb)NBérrb&W])(%'ethyil amln(r)AE)hDNéé)vlnyl]

15yl | oxy) et hoxy] et hoxyl e nmet hyl benzenesul f onat e
reacted with [mel@nf}alimxxd@mowylﬁtwll xnpieassulionaia) bw@t ereastgd exvithTh -

 nor gani ¢ comNI R isrge bibo by RO ntBeishfit Al S0 B el Gr
Cl8 cartridge Al ausninatithe theuselventodsst evasortdd fangdabinixture of HCI and
20semi - preparative HPLC. The product fraction was diluted with water and
acetonitrile was added. After deprotection (heating at 100-120°C), the crude
10 product mixture was purified by HPLC (C18, 60% acetonitrile, 40% 0.1M
ammonium formate). It is outlined, that at a low level of [F-18]fluoride activity
(4.1 mCi = 0.15 GBq) similar yields are obtained with 2-10 mg precursor.
In contrast to the data published, we found that at higher levels of [F-
18]fluoride activity (e.g. 30-55 GBq) yields strongly depend on the amount of
15 precursor (Example 2). Additionally and in contrast to the published data, the
yields given in Example 2 refer to a product suitable for human use, obtained
by a full manufacturing processes.
b) H. Wang et al., Nuclear Medicine and Biology 38 (2011) 121-127
5 mg (9.33 pgmol) precursor 2a  (2-[2-(2-{4-[(E)-2-{4-[(tert-
20 butoxycarbonyl)(methyl)amino]-phenyl}vinyl]phenoxy}ethoxy)ethoxylethyl
methanesulfonate) in 05 mL DMSO were reacted with [F-
18]fluoride/kryptofix/potassium carbonate complex. The intermediate was
deprotected with HCI and neutralized with NaOH. The crude product was
diluted with acetonitrile / 0.1M ammonium formate (6/4) and purified by semi-
25 preparative HPLC. The product fraction was collected, diluted with water,
passed through a C18 cartridge and eluted with ethanol, yielding 17% (not
corrected for decay) 4-[(E)-2-(4-{2-[2-(2-[F-
18]fluoroethoxy)ethoxylethoxy}phenyl)vinyl]l-N-methylaniline within 50 min.
In the publication, the conversion of an unprotected mesylate precursor (is
30 described:
5 mg (11.48 pmol) unprotected mesylate precursor (2-{2-[2-(4-{(E)-2-[4-
(methylamino)phenyl]vinyl}phenoxy)ethoxylethoxy}ethyl 4-

methanesulfonate) in 05 mL DMSO were reacted with [F-



passed t hrough a SepPak |ight C18 cartridge. The radiotracer was eluted WO
2011/ 151282PCT/ EP2011/ 058819 9

wi t het harmiD.20hiensi sk df or 4- [ (E) - 2- (6- { 242- ( 24F- PCT/EP2011/058819

18] f | uor oet hoxy) et hoxy] et hoxyl pyri di n83-y1) vi nylFN- et hyl ani |l i ne was 10- 30%
(decay corrected). b) W2010078370

51.5 2.45 242- ({5-] (E
but ozgg;ar boﬁgﬂ%mc r/ﬁrg{h{ f g,rgu{ W%p%@p{)mp@xz ‘fhe crude product was
y1 | 0xy) et hoxyl g RaX KA dustorftre! DINPSRARDABH] TRk 6/ Nlard PRy Wagni-

reacted with [F-18]fluoride/kryptofix/potassiurn carbonate conplex. The
i nternmedi at e verspdetivet BBt Ed Wiet pprodlict rattion| waecoliected] WilNteoHVEbI watern 10

for neutralization., .JThe X s | oade t reyvers se tridge
The cart 1 dge NASSHLHRERA 6 cPRRopE AR ERe Ok wBot GFEhE0 (RIRNE £ heL)
The crude produgtectds el uted vibf h acet onidechye into a meﬁ[gygqur{zqgr(gqpm ng
water + 5% w' v sodi um ascorbate and HPLC sol vent. After purification by

seni - pr epar at i 1@flygroethaxyiethexdedoxyipheny byinyid- gwithdenibiege within 30 MiBer voi r
15 contai ning water + 0.5% w v sodi um ascorbate. The sol ution was passed
trough a Cl18 cartridge, the cartridge was washed with water (containing
0.5% w v sodium ascorbate and the final product was eluted with ethanol
into a vial contal ni ng, O, 9%sod| um chI oride soI ut i on wth 0. 5%W/v sodi um
ascorbate. Zd¢ 642124 8Jfl )t xvletboxyavediar Syl vigy!

917-925 4" JetR3BAR ()sprecursoer(Z {242 ({5 [(E) 2- {4 Rtert-

but oxycar bo | ) am no] - phenyl | vi nyl ] pyri di n- 2-

yl I 'oxy) et hoxy] et hoxyl ?'r'hyl 4- et hyl benzenesul fonate) in 1 nL DMSO was
reacted with [F-18Lf Lnoride/ krypt of i x/ pot assi um carbonat e conpl ex
(synthesis 25 using te D tyI ammnl um [ F- 18] f uor| de in acetonitrile was
found to be infigL o0). 1
diluted with 1%echkq OH solution. T 2 mxture vvas | 10
cartridge. The caftlsi dge was washed#ni ed under a flow of argon
and the product was eluted w th ethano |nt \\ ial containing a saline
solution. Although, 30 radio@Renical inpurit were renoved by this
procedure, non-radioactive by-products derived from hydrol ysis of the
excess of precursor, remained inIt he final product solution. WO

dd onto a Qasis HLB

_O"'

2011/ 151282PCT/ EP2011/ 058819 10 The yield for
4-[ (E)-2-(6-{242- (24F- 18] f| uor oef hoxy) et hoxy] et hoxyl pyri di n- 3-
yl)vinyl]-N-nethyl ani¢gi,ne was 34% (non-decay corrected) within 50 mn at a
radi oactive |level fr -100 nC (370-3700 MBq). 5A "GWP conpliant™
manuf act uri ng process Ty -[(E) - 2- (6-{242- (24F-
18] f | uor oet hoxy) et hoxyFet paxylLpyr idi n-3-yl)vinyl]-N-nethylaniline is

YA NYao et al ., Applied Radiation and
| sotopes 68 (2010) 2293-2297. The r 2] J/a%%jﬁ ng of 1.63 pnol-2.45 nmol was
perforned in DMSO and to prevent tNe Heconposition of
4-[ (E)-2-(6-{242-(24F- 10 18]fl wuoroet hoxy) et hoxy]-et hoxyl pyrid in-3-yl)vi
nyl] - N-net hyl an H pge)-sQ@dbnassgnbstbandgfetasiged to the HPLC sol vent (45%
acetonitrile, 55% ?@hd’i&dp&gﬁmﬁymwm-ﬂtr&tmﬂ’lﬁl&knl ng 0.5% (w v) sodium

bat t F % Th

oroceas.of 8l dulgheta Shltnd o gVl B R e ™

4- [ (B) - 2- (6-{ 22- (RGF- 15bELMRF 0t NBY) eIyl - 2b  (2-{2-[2-({5-((E)-2-{4-[(tert-
butoxycarbonyl)(methyl)amino]-phenyl}vinyl]pyridin-2-

)

15 yl}oxy)ethoxy]ethoxy}ethyl 4-methylbenzenesulfonate) in 1 mL DMSO was
reacted with [F-18]fluoride/kryptofix/potassium carbonate complex. The
intermediate was deprotected with HCI and neutralized with NaOH. DMSO
and inorganic components were removed by solid-phase-extraction on
SepPak light C18 cartridge (Waters). The crude product was purified by

20 semi-preparative HPLC. The product fraction was diluted with water and

passed through a SepPak light C18 cartridge. The radiotracer was eluted



15 et hoxyl pyridi n-3-yl)vinyl]-Nnethylaniline. The radi ochem cal purity was
95.3 2.2% So far, the maximum activity for a F-18 | abel ed fl uoropegyl at ed
(aryl / hetwoanylisvisayl ) - phenyl nethyl am ne derivative WRET/EPPp@isss19 0 be
18.5 GBq (Yao et al.). 20 However, e%en higher yields would be supportive
for a widespread use and availability of the radi otracer. The Method of the

t t ges i gh yleld of tf 8 t d
ange of 1 adi oML vi ¢ puianabont afheto pd¥Bous dhbceesad(Epapaenz e TP
up-scaling is {g #r%@tho&??&ﬁ@kﬂ@thb&?}?gﬂﬁﬂ%ﬁ W IN %th%ﬁnihhé%a?é%%o% hat

anounts of |ess an 7/ nd re I"'ess"than 12" pnol precursor are
sufficient or deeayopltrecmti )for the preparation of F- 18 | abel ed

fl uo_ro_pegyl e\&é@ﬁé éggrggr aryl vinyl)-phenyl nethyl amne derivatives, a

significant di ochem cal yield was found using nore than 10

prol or even mpke thign 12 4yl (ﬁ)Curﬁl‘ércursU?e AT MPU AR i(pe- [RE%Z?Q [t@Ft a
F-18 | abel ed fl uoropegyl at ed (aryl / het er ar vinyl ) v£henyl t
derivative wasbutaxycssseny!}(omeitnd)asrgokpleuy) VMDVH@'” s found to be aI m)st

rad ot racer oty sarepISRERTIAR kel absiBhRe SN HhE Phrctives,
VD 2011/ 15128 2R6TI6EPANI (FS98i0Ade RHMIRYpSESTIOR, | SA/EBTAEN corfmsq@xprm@nt

i nvention provides a nethod for production of radiol abeled 5 npound of

Formul a | and ig{grngeiade ywag §e@wot9¢teﬂn@lﬁfgmlcarm diviggnwith a1c/pd\l@%lr@aiﬂtlon
hydrat eg P’ﬁ%ﬁtra t%rS’Tr%"}rﬁk&a{ SlsVRhasd Mo f&lfe‘n’gé p‘hg%éecoirgﬁigg a

optlonal?y a armaceuti cally ‘accep SB°E carrrer, avan
exci pi ent . TheThmtmwgmwaslvmddhﬂltBMmbsr @bntallﬁ]ﬂﬁlfﬁ% W/l/mdlumbsom'bate

Pur 11 cat {on i %pao%’viﬁ'x"\&?é e gtr%ggev%%*wgéﬁt‘éﬁ%m
of 'Formia Sﬁ@%ﬁﬁ? R A P I o, ARG PaubcRy
hydrates, conpemigwepesitivestPai des,predustafrastionndaprcliectysi frite ree of s gl
opt i onally & Bl REeL)-6al |9, 865 SRY kiRf A4 Rate oLl 8 Mo 8L
trough a C18 cartridge, the cartridge was washed with water (containing
0.5% w/v sodium ascorbate and the final product was eluted with ethanol into
a vial containing 0.9% sodium chloride solution with 0.5% w/v sodium
ascorbate.
20 ¢) Y. Liu et al., Nuclear Medicine and Biology 37 (2010) 917-925
1 mg (1.63 pmol) precursor 2b (2-{2-[2-({5-[(E)-2-{4-[(tert-
butoxycarbonyl)(methyl)amino]-phenyl}vinyl]pyridin-2-
yl}oxy)ethoxy]ethoxy}ethyl 4-methylbenzenesulfonate) in 1 mL DMSO was
reacted with [F-18]fluoride/kryptofix/potassium carbonate complex (synthesis
25 using tetrabutylammonium [F-18]fluoride in acetonitrile was found to be
inferior). The intermediate was deprotected with HCI and diluted with 1%
NaOH solution. The mixture was loaded onto a Oasis HLB cartridge. The
cartridge was washed with water, dried under a flow of argon and the product
was eluted with ethanol into a vial containing a saline solution. Although,
30 radiochemical impurities were removed by this procedure, non-radioactive
by-products derived from hydrolysis of the excess of precursor, remained in

the final product solution.



The present

I nvention also provides a kit for preparing a

radi ophar maceuti cal 20preparation by the herein described process, said kit
conpri si yoaosedEsd vi al containing a predeterm ned quaRCITtBP2@fl/0583¢9

conmpound of
THE | NVENTI

Formula 11. WO 2011/151282PCT/ EP2011/ 058819 12 DESCRI PTI ON OF

ON In a first aspect the present invention is directed to a

St eps of st epthE M AR Fg 6y atcmiplobiisslimooshes R IM f- o

F-18 fluori ”atyjlﬂ/ﬂwﬂ%%ethg%lnflﬁfea\:/v?s%ﬂ:ﬁ?géﬂﬁ-o%{c?zicﬁdﬂé&edg\A&ﬁin%(frﬁﬂﬂoc{t_é 0

obt ai n conmpourid’ of” "For nul

Step tronally, it

PG cl eavage oRdidastipe tavetfrong1@r1600pm@FAT®-dHIGMBIompound of Fornul a |

Step 3:Puri
1-6, prefer

5

10

15

20

25

30

fication and formul ati on of conpound of Fornula | wherein: n
ably 2-4, nore preferably 3.

A “‘GMP compliant” manufacturing process for 4-[(E)-2-(6-{2-[2-(2-[F-
18]fluoroethoxy)ethoxy]-ethoxy}pyridin-3-yl)vinyl]-N-methylaniline is disclosed in
W02010078370 and C.-H. Yao et al., Applied Radiation and Isotopes 68 (2010)
2293-2297. The radiolabeling of 1.63 umol-2.45 mmol was performed in DMSO
and to prevent the decomposition of 4-[(E)-2-(6-{2-[2-(2-[F-
18]fluoroethoxy)ethoxy]-ethoxy}pyridin-3-yl)vinyl]-N-methylaniline, sodium
ascorbate was added to the HPLC solvent (45% acetonitrile, 55% 20 mM
ammoniumacetate containing 0.5% (w/v) sodium ascorbate) and the final
Formulation (0.5% (w/v) sodium ascorbate). The process afforded up to 18.5 GBq
(254 £ 7.7%, decay corrected) 4-[(E)-2-(6-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}pyridin-3-yl)vinyl]-N-methylaniline. The radiochemical purity was 95.3 %
2.2%.

So far, the maximum activity for a F-18 labeled fluoropegylated (aryl/heteraryl
vinyl)-phenyl methyl amine derivative was reported to be 18.5 GBq (Yao et al.).
However, even higher yields would be supportive for a widespread use and
availability of the radiotracer. The Method of the present invention provides high
yield of the F-18 tracer within a broad range of radioactivity in contrast to

previous processes, wherein up-scaling is limited.

Despite the information from the literature, that amounts of less than 7.5 umol
and recently less than 12 pmol precursor are sufficient or even optimal for the
preparation of F-18 labeled fluoropegylated (aryl/heteraryl vinyl)-phenyl methyl
amine derivatives, a significant increase of radiochemical yield was found using
more than 10 ymol or even more than 12 pymol precursor. The maximum activity
for a F-18 labeled fluoropegylated (aryl/heteraryl vinyl)-phenyl methyl amine
derivative was increased to 130 GBq and up-scaling was found to be almost
linear (see Figure 2), demonstrating that even higher amounts of the radiotracer

could be synthesized by the Method of the present invention.



20 X is selected fromthe group conprising a) CH, b) N In one preferred
enbodi nent, X = CH. WD 2011/ 151282PCT/ EP2011/ 058819 13 I n anot her
pref erredwvertbudismsat, X = N. R is selected fromthe grorpTaEraqniosssnyg a) H,

5b) PG PG is an "am ne-protecting grdup”. In a preferred enbodi nent,
PG is selected fromthe group conprising: 10a) Boc, b) Trityl and c)
4- Met hoxytrityl. In a nore preferred enbodinent, Ris H |In another nore

preferred enbodinent, Ris Boc. 15 LGis a leaving group. In a preferred
enbodi ment, LG is selected fromthe group conprising: a) Hal ogen and b)
Sul f onyl oxy.

SUMMARY OF THE INVENTION

e The present invention provides a method for production of radiolabeled

5 compound of Formula | and suitable salts of an inorganic or organic acid
thereof, hydrates, complexes, esters, amides, solvates and prodrugs thereof

and a optionally a pharmaceutically acceptable carrier, diluent, adjuvant or

excipient.
The method comprises the steps of:

10 — Radiofluorination of compound of Formula Il
—  Optionally, cleavage of the protecting group

—  Purification and formulation of compound of Formula |

SN F SN
18
P LG P F
XX Co N\ Xz to N
I I

e The present invention also provides compositions comprising a radiolabeled

15 compound of Formula | or suitable salts of an inorganic or organic acid
thereof, hydrates, complexes, esters, amides, solvates and prodrugs thereof

and optionally a pharmaceutically acceptable carrier, diluent, adjuvant or

excipient.

e The present invention also provides a kit for preparing a radiopharmaceutical
20 preparation by the herein described process, said kit comprising a sealed vial

containing a predetermined quantity of the compound of Formula Il.



20 In a preferred enbodi rent LG contains 0-3 fluorine atons. Halogen is
chloro, brono or iodo. 25Preferably, Halogen is bronmo or chloro. In a

pr ef er r edwornthudismsat Sul f onyl oxy is sel ected fromthe gPONEPCUN®FSSII ng of
Met hanesul f onyl oxy, p- Tol uenesul f onyl oy, Tri f | uor met hyl sul f onyl oxy, 4-
Cyanophenyl sul f onyl oxy, 4-Bronophenyl sul fonyl oxy, 4-N trophenyl sul f onyl oxy,
302- Ni trophe f pyl - phenyl sul f onyl oxy, 2, 4, 6-Trii sopropyl
- phenyl sul £2 ON, O THEINVENHRN, | sui f onyl oxy, 4-tert-Butyl -

phenyl sul f onyl oxy, 4- Adamant yl phenyl sul f onyl oxyand4- _

Met hoxypheny @ufifeingspsst thenprezent inveriigpn AsTdirmted 19 o6 8%tbod 4or predymhng
preferred enhodi megt tl):Ser f%nHyI oxy is selected fromthe group conprising: a)
Met hanesul fSRWp&W, og )o rBy ol uenesul fonyl oxy c) (4-N trophenyl)sul fonyl oxy,
d) (4-Br ormph@pg/l )sul fonyloxy. In a even nore preferred enbodinent LGis
Met hanesul fonyl 0xy. I n another even nore preferred enbodiment LG is

p- Tol uenesulfo 10 A preferred compound of Formula | is:

comprising the steps of:

Step 1: Radiolabeling by reacting compound of Formula Il with a F-18
fluorinating agent, to obtain compound of Formula |, if R = H or to
obtain compound of Formula lll, if R = PG

10

CH, ¢Ha
R PG
= S = X
NN AT
I I
Step 2: Optionally, if R = PG, cleavage of the protecting group PG to
obtain compound of Formula |
Step 3: Purification and formulation of compound of Formula |

15

wherein:

n = 1-6, preferably 2-4, more preferably 3.

20  Xis selected from the group comprising
a) CH,
b) N.

In one preferred embodiment, X = CH.



71-13 AHoO---.."----0F
4-[ (E)-2-(4-{242-(24F- 18] f | uor oet hoxy) et hoxy] et hoxyl phenyl ) vi nyl ] - Nmet hyl an

iline. 15VvO0 2011/151282 PCT/EP2011/058819
4-[(E)-2-(6-{242- (24F- 18] f | uor oet hoxydet hoxy] et hoxyl pyri di n-3-yl ) vi nyl ] - Nme
thylaniline. A preferred conmpound of Fornmula Il is: WO

2011/ 151282PCT/ EP2011/.058819 15

242-(2-{4- RE) apother Rrefetred eepQAReAbAS F)N -net hypani no] phenyl | vi nyl ] phenoxyl e
t hoxy) et hoxy] et hyl net hanesul f onat e.

242- (2-{4-RE)-2-{4- Rt ert-but oxycar bonyl ) (et hypam no] phenyl | vi nyl ] phenoxyl e
t hoxy) et hox ¥ istsajedctdd fretrhinebgnonproesyprisimgat e Anot her preferred conpound of
Forrmula 11 ieS:HCI—IS 1\1 H0C«c)0,s,CH3 // \\ 00

5 b) PG.
PG is an “amine-protecting group”.

In a preferred embodiment, PG is selected from the group comprising:
10 a) Boc,
b) Trityl and
c) 4-Methoxytrityl.
In a more preferred embodiment, R is H.
In another more preferred embodiment, R is Boc.
15
LG is a leaving group.
In a preferred embodiment, LG is selected from the group comprising:
a) Halogen and
b) Sulfonyloxy.
20

In a preferred embodiment LG contains 0-3 fluorine atoms.
Halogen is chloro, bromo or iodo.
25  Preferably, Halogen is bromo or chloro.

In a preferred embodiment Sulfonyloxy is selected from the group consisting of

Methanesulfonyloxy,  p-Toluenesulfonyloxy,  Trifluormethylsulfonyloxy, 4-
Cyanophenylsulfonyloxy, 4-Bromophenylsulfonyloxy, 4-Nitrophenylsulfonyloxy,

30  2-Nitrophenylsulfonyloxy, 4-Isopropyl-phenylsulfonyloxy,  2,4,6-Triisopropyl-
phenylsulfonyloxy, 2.,4,6-Trimethylphenylsulfonyloxy, 4-tert-Butyl-
phenylsulfonyloxy, 4-Adamantylphenylsulfonyloxy and 4-
Methoxyphenylsulfonyloxy.



2-{242- (4-{(E)-244- (et hyl am no) phenyl ] vi nyl | phenoxy) et hoxy] et hoxyl et hyl 4-
nesul fonat e Anot her preferred conpound of Fornmula Il is: CH3 1\1

nmet hyl benze

H 0000 s wW0'20110131282

PCT/EP2011/058819

2-{242- (4-{(E)-244- (et hyl am no) pheny#4] vi nyl | phenoxy) et hoxy] et hoxyl et hyl 4-
nesul fonate Anot her preferred conmpound of Formula Il is: WO

met hyl benze
2011/ 151282

PCT/ EP2011/ 058819 16

2-{242-({5-[(E)-2-{4-Rtert-but oxycarbonyl) (et hypam no] phenyl | vi nyl ] pyri din

-2- ylloxy)
straight fo
Il for obta
I (if R=
reacting a
obt ai ning a

10

15

20

il *HPWFF‘é *b?éfér?é&%mg%dlﬁiewl @%‘iféﬁﬂ%%':c 5088fc (et tHeo

rward [ F-18]fluoro |abeling reaction’ from conpounds of

gouses a

ornmul a

campgisigirpound of Fornmula | (if R = H or conpound of Fornula

&
b§ puTeHRMealifdesRY @ 111. In a

c) (4-Nitrophenyl)sulfonyloxy,
d) (4-Bromophenyl)sulfonyloxy.
In a even more preferred embodiment LG is Methanesulfonyloxy.

In another even more preferred embodiment LG is p-Toluenesulfonyloxy.

A preferred compound of Formula 1 is:

T
N
.

4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]ethoxy}phenyl)vinyl]-N-

methylaniline.

C 18
O/\/O\/\O/\/F'

Another preferred compound of Formula I is:
(I:H

H

3

F SN

4-[(E)-2-(6-{2-[2-(2-[F-18]fluoroethoxy)ethoxylethoxy}pyridin-3-yl)vinyl]-N-

methylaniline.

A preferred compound of Formula Il is:

T

OYN O )

H,C__O
rgC>T/
CH,

..The radi ol abel i ng met hod for conprises the step of
g%%ﬁ%‘%?&@?‘?ﬂ’a Il with a F-18 fluorinating agent for



10 preferred enbodi ment, the [F-18]fluoride derivative is

4,7,13, 16, 21, 24- Hexaoxal, 10- di azabi cycl o[ 8. 8. 8] - hexacosane K[ F-18]F
(crownet hwo 20nlt513€2ypt of i x K[ F-18]F), K[ F-18]F, H F- 18] PCTHiH2MH1D8YSFL,
Cs[F-18]F, Na[F-18]F or tetraal kyl ammdni um salt of [F-1 8]F
(e.g.[F-18]tetrabutyl ammoni um fl uoride). Mire preferably, the fluorination

agent is K[ E-18]F, F-18]F, [F-18]t tragrtyla ni fluoride, Cs[E-18]F
of K F- 162 B]PA+ Ibk2 e bsi g cRierB] motS AT TastahgRy Niny herioky )

[ F- 18] t et r aRiHoih STHBK1EIRY hiedhdrfi&u)fbRagven nore preferred F-18 fluorinating
agent is kr ypt%%yl x/ pot]afsﬁgi un F- 18]Ufl u%ri de, preferably generated from

[ F-18] fluoride, kryptofix and potassi um carbonate. The radi of | uorination
reactions are carried out in acetonitrile, .dimethylsulfoxide 20 or

di met hyl f or @‘é‘f’?ﬁ&’é p(ggﬁjaérerqiggrup%uqc%g{%%rmulgﬁltlsal so other solvents can be used
whi ch are well knowm,to soneone skilled in the art. Water and/or al cohols

can be invol vedyin lsuch a reaction as co-sol vent. The radiof | uorination
reactions are comnduc |-o or less than 60 mnutes. Preferred reaction tines
2

are less thanc30 grin preferred reaction times _aredHgss than 15
mn. This an }F/her for such radiofluorinag [ are known to
experts (CoenergH,Fl uorine-18 Lape aixd Possibilities

n t Jmmds~_Feat ures
of Basic Reactions, (2006), in: chmoﬁiebe/ﬁw, ehmann L.,

(eds), PET-Chenmistry - The Driving Force in Ml ecular 9ngi ng. Springer,

entod ment . 2HRQ2 RN oF P R SR AR AN BRI RPN efekle 0 C,

in a non-pr@tﬁmymha@]étmr4imetﬁ%/mje)qtz_ym@smonaml-proti c solvents. In a _
preferred enbodi nent, the Radiofluorination of conpound of Forrmula Il is

carried out in acetonitrile or in a mxture of acetonitrile and

co-sol vents | onitrile is at |east 50% nore
preferably gt”%ﬁr&%%? @ﬁéﬁnﬁgﬁ’lﬁ?ﬁ%?g y at | east 90% In one
enbodi nment , 7.?51375 prol, preferably 10-50 pnol, nore preferably 10-30 pnol
and even norenprekerably 12-25 pnol and even nore preferably 13-25 pnol 10
of conpoundtof ¥ la Il are used in Step 1. In another enbodi nent, nore
than 7.5 pnol, S Ire than 10 pnol, and nore preferable nore than

12 pnol and even nore pre ny nore than 13 pnol of conpound of Formul a
Il are used in Step 1. 15 3 obh\e,poe\rﬁaod%m;/,oqptwgthan 5 ng, preferably
nore than 6 ng and nore preferably nore than 7 ngxof conpound of Fornula I
are useddin Step 1. In another enbodinment 7 ng o &)npound of Forrmula I
are used in (. (EN M'H@m BRI la Al
are used in2§?§g %ﬁ%&%@?ﬁﬁ‘f'ﬂ, iP R :I]VI%]C\;;F}5 gte Q?ﬁg corrg%tgéexsﬁi@ﬂﬁgp 4
depr ot ect i omaifiylobenpenesdifohateormula 111 to obtain conpound of formula I.
Reaction conditions are known or obvious to soneone skilled in the art,

whi ch are chosen frombut not limted to those described in the textbook

G eene and WhbeherProfeR@d dnSE@UPST FEOtdIgNEC 25Synthesis, third edition,
page 494-653, included herewmth by reference. Preferred reaction conditions
are addition §tsan acid and stirring at 0 C-180 C, addition of an base and
heati ng at ?—fﬂ' 3. C, or a conbination thereof.

15
2-{2-[2-(4-{(E)-2-[4-(methylamino)phenyl]vinyl}phenoxy)ethoxy]ethoxy}ethyl 4-

methylbenzenesulfonate

Another preferred compound of Formula Il is:



Preferably the step 1 and step 2 are perfornmed in the sane reaction vessel.
30 WD 2011/151282PCT/ EP2011/ 058819 18 Met hods for purification of

radi ot r acwo0ares12eel | known to person skilled in the ar®cCampmnobssde HPLC
met hods as wel |l as solid-phase extracti on net hods. In one enbodi nent, the
crude product mxture is purified by HPLC and the 5 collected product
fraction is furtherCFpassed t hrough a solid-phase cartridge to renove the
HPLC sol vent (such a8 acetonitrile) and to provide the conpound of Fornul a
| in an inject Ryl ation. In an other enbodi nent, the crude product
m xture is purifiled b LC, wherein, 10 the HPLC solvent m xture (e.qg.

m xtures of et | ahe e X4 fers) can be part of C etabl e

For mul ati onHg® npound of Forfqul g/ l. The coll ected produ racti on can be
diluted or mixed™w th other par ISBO o(ﬁe/lgmamé\s h an ot her
embodi ment, the crude product nixture is purified by s#lbd-phase
15cartridges. In a preferred enbodi nent, the Method for manufacturing of
conmpound of 2R8r[Rr({2x[(E)i%{4:Htart-bdtogycarbpnuiineshybamindlpleryleinydpyridndsi kowa,
Synt hesi s Mgul es, . and, Aut 0 i in F-18_ | abeling, (2006), in: Schubi ger

oA | Fr ebdRneu B R R A dalp R e )" The or tving Ror ce
in Mol ecular I'maging. Springer, Berlin Heidelberg, pp. 289-316) which

all ows an automated synthesis. Mire preferably, the Method is carried out
by use of a®temd-gunphisrfud stramhddomsard [pridil@uerpl labelingeraastiandrans ceapouads

Nodul ar - Labo! GrHPRd) FAoRGTARD, oSGl Bt idiull 1S RCache i e faund of
nodul es (e. gorfidlaliliaFaR EabGIVX, CGE Fastlab, | BA Synthera, Eckert&Ziegler

Modul ar - Lab_Phar nilr acer), Otgtl onal Iy, further equi pnent such as HPLC or
di spensi ng dégiradivlahedingtetbpd dor eompdsenthe step@f ésactpm a sompsovned id ferspdat

the present ;i nugnf i i J e f .aut o Lor t
controlled waﬁﬁdéf%ﬁ 8pﬁ%&”ﬁ?ﬁ®ng8%&cﬁq{p§%ﬂﬁﬁ"§ %g@iﬁ?ﬁdoalﬁ\%d\?/ﬁé?@ﬁﬂgc@wguﬁds
of Formyba brefetre@némbbbingditt, She s -18]fldoridy dRrighiveles 4,7 s @b o\va-HeXddxa-
2011/ 151282PCT/ EP2011/ 058819 19 In a preferred enbodinent this nethod is a

ful l'y aut ondt¥hdigrakieyalol&:@ShhrracosanerkibviBljuicaavnelbst sakidirypiodyikdes! &),
For nul at i on @t 1BRE NHiFa141F KH{FMPeiis ScefF-F81F, NAF AiF Yt fetrabRGinRbniul Qat

hunman.

of [F-18]F (e.g.[F-18]tetrabutylammonium fluoride). More preferably, the fluorination

agent is K[F-18]F, H[F-18]F, [F-18]tetrabutylammonium fluoride, Cs[F-18]F or KH[F-
15 18]F,, most preferably K[F-18], Cs[F-18]F or [F-18]tetrabutylammonium fluoride.

An even more preferred F-18 fluorinating agent is kryptofix/potassium[F-18]fluoride,

preferably generated from [F-18]fluoride, kryptofix and potassium carbonate.

The radiofluorination reactions are carried out in acetonitrile, dimethylsulfoxide

20  or dimethylformamide or a mixture thereof. But also other solvents can be used
which are well known to someone skilled in the art. Water and/or alcohols can
be involved in such a reaction as co-solvent. The radiofluorination reactions are
conducted for less than 60 minutes. Preferred reaction times are less than 30
minutes. Further preferred reaction times are less than 15 min. This and other

25  conditions for such radiofluorination are known to experts (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).



5 1n athird aspect the present invention is directed to a Kit for the
production of a pharmaceutical conposition of conmpound of Fornmula I. In one
enbodi mrerwot2be/18i182conpri sing a seal ed vial containi ng aCprEPdet asssined
gquantity of the conmpound of Formula I17. Preferably, the Kit contains 7.5-75
prol , 10preferably 10-50 pnol, nore preferably 10-30 pnol and even nore

preferably 12-25 pnpl and eve ) referably 13-25 | of compound of
Formula I1. iLfl H”%WW'”@%&%PMOE ngtion %FP@J%BEEP'H‘&WE‘?'?!? pRFBEd out

preferably & ohhsBt R/ el t ehst-aRdt I&shan 12 pnol and even
nore prefer a@%yon;@g I%%gngﬁgoprrgﬁ H@%G?gérpoﬁﬁlﬁmo* 5?g)\(ér?r]u%'a 1. 151 n anot her
enbodi nent trha Krdferedt embedimeard, thaRadioflyorpradiber abtympoued tdfakoBnulg Hnd
nore preferabl

y nore thap 7 ng of conpound,of Fornula JI. |n another .
enbod ment | ERETAE SU1GB ACRINTIE Al MBS GhACHP RGFrAIcLod-poN RS e the
embodi ment HBRNidge 8NEE BRI T® fanea%‘t"@Q%J, Mo preferaBlyaat! 1bastOdY, 08@h nork he

Kit contains further conponents for nmanufacturing of conpound 20 of Formul a
|, such as pwfebhhatleask®0%cti on cartri dges, reagent for fluorination (as
descri bed above), acetonitrile or acetonitrile and a co-solvent, reagent
for cleavage of deprotection group, solvent or solvent mxtures for

purificatiomh onel ¥ebbdindélst, &7BI gmbl, f srefdraplull @500pmol, moré bréféeably 10-30
enbodi ment, the Kit contains a platform (e.g. cassette) for a "cassette-25
type nodul edmad @l exenmmace prefigraply d2-2BANSY nge g MoFRE IpReferatls 13+25 1Rl

cont ext . of t | [ r alts are pharmaceutically
30sui taly;?e égﬁ?ébgﬁﬁ@]%k@}éﬁg%ﬂg? Q%%%ﬁ]ﬁﬁ% ?'o the invention. The invention
al so conprises salts which for their part are not suitable for

phar maceuti cal applications, but which_can be used, for exanple, for

i sol ati ng ofn ﬁﬂpr%i%b@%@%nﬁ@mdﬁa%ge%mﬁg Prefetaily im@rentiaeni0 !, and
2011/ 151282R@é§§§§1%@85ﬁ89e9tr%% P@@Wﬁcﬁb{] g&&% Wo&égjéé%%ﬁxﬁﬂ&testh%fn %%ﬁmm

conmpounds accor e 1nventl e aci Itron salts of ner al

aci ds, car bokgbinpoand @ FardulauUl plonsed acStép 1f or exanpl e salts of
hydrochl ori c acid, hydrobrom c acid, sulphuric acid, phosphoric acid,
met hanes¥l phoni ¢ aci d, et hanesul phoni c acid, 5tol uenesul phonic acid,

benzenesul pipah6HRF IdnbSiRRNEANBRE 11t B RPCBttedbiy more than 6 mg and more

preferably more than 7 mg of compound of Formula Il are used in Step 1.
In another embodiment 7 mg of compound of Formula Il are used in Step 1.
In another embodiment 8 mg of compound of Formula Il are used in Step 1.
20
Optionally, if R = PG, Step 2 comprises the deprotection of compound of
formula Ill to obtain compound of formula 1. Reaction conditions are known or
obvious to someone skilled in the art, which are chosen from but not limited to
those described in the textbook Greene and Wuts, Protecting groups in Organic
25  Synthesis, third edition, page 494-653, included herewith by reference.
Preferred reaction conditions are addition of an acid and stirring at 0 °C-180 °C;

addition of an base and heating at 0 °C-180 °C; or a combination thereof.

Preferably the step 1 and step 2 are performed in the same reaction vessel.

30

Step 3 comprises the purification and formulation of compound of Formula I.



acetic acid, trifluoroacetic acid, propionic acid, lactic acid, tartaric
acid, malic acid, citric acid, fumaric acid, nmaleic acid and benzoic acid.
Phar macewocalllyp128ai t abl e salts of the conmpounds accor diPag/EPROISSSINVENt i on
al so include salts of custonmary basesi8 such as, by way of exanple and by
way of 10 preference, alkali nmetal salts (for exanple sodiumsalts and

pot assi um salts), kal ine earth netal salts (for exanple calciumgsalts and
magnesi um sgg’@%d%ﬁﬁ pé’ﬁ'ﬁ'ﬁ%ﬁ'?ﬂr?éré’idi@racﬁé? ?(Fe\‘it'eﬁ IkBHY"erﬂrﬂ‘ﬁr%Prbgk @?%Hh‘i%@ Hhi nes
having 1 togh§ @é’ﬁﬂt@ﬁ%thé&c& @il éysdﬂ%yprgsemklénmhgdsway of
preference, ethylamne, diethylamne, triethylamne, ethyldiisopropylam ne,
15 nonoet hanol am ne, di et ha-nol am ne, triethanol am ne, dicycl ohexyl am ne,

di met hyl am poet hanol r ocai di,ben- I am.ne. N rret I nor

ar gt e JEiang: SRy PRAEcER crled RoRHE R Frs fe Attt BRI e i e gen
or hal o sef gpRedtéd (Erodlﬁi'ft fréctRn Is- fubiter RsBeSUhfUyH Qxébll"deérﬁis% &éh’trldge to

20- 0- S(0) 2- Q wherein is optionally substituted aryl or optionally

subst i t ut edremnrye therhiELiCepatvent (syrch a@sa@i@mwehamrérceprome Fh%mmpeuncéef part
of anot her r refers 10 st rai ght chain or branched al kyl group
such as, Ogrﬁﬁlr?pl '8 WFI‘?S? aebl F@P@'Pn propyl, isopropyl, butyl, isobutyl,
tert- butyl pentyl, isopentyl neopent yl , heptyl hexyl , decyl or

adamant yl . Preferably, al kyl is Cl-C6 straight chain or branched al kyl or
C7- C10 straiman oéfr%remaedlmeaﬁ,cthecpr@dwrodLLcérrertUé@ r@wurrfedabxcHPe@ yeheseight
chain or, brwpﬁﬂ@%ﬁ%nt AR 'ﬂrlxﬁfr& of%?ha@@?g urég[r@'b@ﬁié 5) darehd o
as part 'Df anot her group re ers nnnocyclrc or bicyc arongti’c groups
cont ai ni ng paanob the |ﬁ4§cta@ld)mmumttdrneof icognpund of Fdﬂmrl‘a as Tpkeoyllected
napht hyl or tetrahydronapht hyl WO 2011/ 151282PCT/ EP2011/ 058819 21
Wienever t herQdichfrastion can @?éﬂ‘UtQ%ohg‘@@d vith ptherpadts afdhe herestatiophat one
or nore hydrogens on the atomindicated in the expression using
"substituted" is / are replaced by one ore nultiple noieties fromthe group
conpri si ng halaogether rinmbadimeyanihe tnuidel prodacethiyture as pytified dyosalidephase
provi ded that .the regular valency of the 5respective atomis not exceeded,
and t hat’t h&240#9%St ution results in a chemically stable conpound, i. e. a
conmpound that is sufficiently robust to survive isolation to a useful
degree of purity froma reaction mxture. The term "am ne-protecting group”
as enpl oyed!mhex girefeped esdlodimentasthpaMetldd 1forrmamefaciyriogp of cokmumdo of

obvious 12 BaRRERey SELLhAg A Be et p AR ORERT SBSMOREL SRR

am nes, N aMﬂduﬂ’é@ BR& AtHinBasK i Fale NAsolingqRBOS) in: I\e&unr [€P A NBrighO WS,
N—sulfenyl N-sul fonyl and N-silyl, and ich i's chosen from but not

limted2o LBRbE@NHEsC(EOR F?ErTﬂiermletﬂ bobre Grivéng: Faree \itMolecular dvaging.
Springer, Berlin Heidelberg, pp. 289-316) which allows an automated synthesis.

More preferably, the Method is carried out by use of an one-pot module. Even
more preferable, the Method is carried out on commonly known non-cassette
type modules (e.g. Ecker&Ziegler Modular-Lab, GE Tracerlab FX, Raytest
25 SynChrom) and cassette type modules (e.g. GE Tracerlab MX, GE Fastlab, IBA
Synthera, Eckert&Ziegler Modular-Lab PharmTracer), optionally, further
equipment such as HPLC or dispensing devices are attached to the said

modules.

30

In a second aspect the present invention is directed to a fully automated and/or
remote controlled Method for production of compound of Formula I wherein

compounds of Formula |, Il and Il and Steps 1, 2 and 3 are described above.



15groups in Organic Synthesis, third edition, page 494-653, included
herewith by reference. The am ne-protecting group is preferably

Car bobenawybary/i5Cis2) , pMet hoxybenzyl carbonyl (Mdz or MeCI)EP2011/058819
tert-Butyl oxycarbonyl (BOC), 9- Fluor®nyl nethyl oxycarbonyl (FMOC), Benzyl
(Bn), p-Methoxybenzyl (PMB), 3,4- Dinethoxybenzyl (DWPM, p-nethoxyphenyl

(PMP) or the protecte 0 20gro
1, 3- di oxo- 1&%@@&&‘%&9%@ Hﬂﬁ%ti"szﬁxﬂ“%?fﬂ!%alfi% gyioreited Prasesi HligNt The
term "l eavi QRnOGRHPR guitiolRER! MR rB%l%'srb %rhh%%'oh of Féﬁmﬁ’l%rltfd?fthé“@é Bf

group is known or obvious to someone skilled in the art, and neans that an
at om or gr oapmifistéioors (injecten dotwlirrahr om a chem cal subst ance by a 25
nucl eophilic agent. Exanples 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-C4F9S(0) 2-0- nonaflat" instead of "n-C4HI9S(0)2-0- nonaflat"), Carey and
Sundberg, O gani sche Synthese, (1995), page 279-281, table 5.8; or

Net scher, Rm:erthind@spem\the o'@ermmmioawsireatedméemt ferctherprodyctipn dfta and

15 and ot hergg. 30 enen Iuo i ne-18 clj,ag«]gl t hods: Features and
Possi bi | i t i REAPaEEL ?%HB??' ﬂ%o AV () bt e ‘ger P.A., Friebe M,

Lehmann L., |{ éﬁé)em!?c%TmGhﬂmeSKitYCom H¥ndal sddhey Eié'l %Qn!aﬁhiﬁ/g|ae|§l‘é|déferh{iﬁé1dl ng
Spri nger, Berlin Heidel berg, WD 2011/151282PCT/ EP2011/ 058819 22 pp. 15-

expl i ci tly: quehiyofdhepompsund cféemsizpld. P&fersdiy, éhelKﬁg:QBm@mFﬂg‘S 7opnai3) .
Unl ess herW| se ed, when referrin e co ounds of fornula the
oresent 1 nveiEaipap-d Fion Bfie sEe iRy da HifeCarT XRTaBRis ol PrrY
thereof Sthezprsgel ah@eoBh infdtel fiefeialsly 1825 indl e coMPoaheof FeahuR I1.and
conpl exes. The term "F-18" neans fluorine isotope 18F. The ternf F-19" neans

fluorine i st @petheyrembodimeVPheSKit menéaing maeieoinast 7Radingdheneferablyamgore
chem cal PUbiAY B ISRETHER PRAEII BRUBINAR IRk b olriRdaes
4-[ (E) - 2- (4mote than 13 pmol of compound of Formula II.
15 In another embodiment the Kit contains more than 5 mg, preferably more than 6
mg and more preferably more than 7 mg of compound of Formula Il.
In another embodiment the Kit contains 7 mg of compound of Formula Il.
In another embodiment the Kit contains 8 mg of compound of Formula Il.
Optionally, the Kit contains further components for manufacturing of compound
20 of Formula I, such as solid-phase extraction cartridges, reagent for fluorination
(as described above), acetonitrile or acetonitrile and a co-solvent, reagent for
cleavage of deprotection group, solvent or solvent mixtures for purification,
solvents and excipient for formulation.
In one embodiment, the Kit contains a platform (e.g. cassette) for a “cassette-

25  type module” (such as Tracerlab MX or IBA Synthera).

DEFINITIONS

In the context of the present invention, preferred salts are pharmaceutically

30  suitable salts of the compounds according to the invention. The invention also
comprises salts which for their part are not suitable for pharmaceutical
applications, but which can be used, for example, for isolating or purifying the

compounds according to the invention.



15 [ 2- (24F-18] fl uor oet hoxy) et hoxyFet hoxyl phenyl ) vi nyl ] - N-met hyl ani | i ne were
determ ned by anal ytical HPLC (colum: Atlantis T3; 150x4.6 mm 3 pm

Wat ers; swbDvent1542825 nM K2HPO4 pH 2. 2; sol vent B: acet oRCTmPR@&;/ 058809 2
m./mn, gradient: 0:00 mn 40% B, 0:00®-05:50 mn 40-90% B, 05:50-05:60 mn
90-40% B, 05:60- 09:00 m n 40% B). 20-

Retentiontipeof4-[(E)-2-(4-{242-(24FE-18]f| uoroet hoxy) et hoxy] - .
et hoxyl phen%rmﬁ{a%tfqaﬁwgett% PEAp e %9_@69903%8% da@p@ﬁﬁmve%'ﬁnt he HPLC
syst em usedifQidI@l iddditPddiQlof n%@rél%gfﬂsf, Esrb%&wfgeme%@tsm@q%{ %@i‘d‘ég) a

difference in retention tine i s observed between e dlffer_ent
syst ens. Théoriexamplepatis ofthydriechricadd4ydfadrprigpeidusulpbutiorgidet hoxy] -

25et hoxyl phepyl ).vi ny1].-N-ngt hyl ani l i ne was .proof ed by co:jnjection with the
mon- 1t baBP PRI e BT e OBhph ot o BaRSL EPheHle BRI oy et oy -

et hoxyl| pbeDYdIDJéhéBUlﬂhd\H@E&iH}’béﬁiéﬁé&@lphonic acid, naphthalene disulphonic acid,
Retentiontinmeof 4-[ (E)-2-(6-{242-(24F-18]fl uor oet hoxy) et hoxy] -

et hoxyl pyr i aretigagid) Viflaprqacetig@cisy Ipseripnicaciad lagtinagid, tarerit @eist, imalicof
4-T(E)-2-(62 iy core o L . .

30{ 242- ( 24F2%%; PTG REE: NSNS PR TRITRERA WA PEFRSAGY i ny1] - N et hyl ani | i
nf( \giSZDE gofggg’ﬂm@lﬂi@llly%m@bwsfaﬂtstdﬁﬂwélompadh@sietdzmdirfgetb&heﬁmﬁantion also
(24F-19] f | uBlHEdenaaNs of sagipmanhaassy sHah ms3-by Way i gxappigtand Briwvanef  wo

2011/ 151282 1 8 ' f ;
215 %3(4B%éﬁsﬁ%2yfl%ﬁ1®%%l%ﬁ%’é@ﬁﬂé%ﬁﬁép%% UhP88ite'and potassium salts),
et hoxy} phenglkaline@ebfthNmet! saltar{fdri exanmd i catournhssdtis sarah magnEs mce sbh ki) &AN
using 3.5 rrg Vs, 7 rT% [{es%l ate r%recursor 2a CH3 | ON 1 H3CO H3Cl CH3,, 6 O
CH3 // \\ oag'monium 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,
15  monoethanolamine, dietha-nolamine, triethanolamine, dicyclohexylamine,
dimethylaminoethanol, procaine, diben-zylamine, N methylmorpholine, arginine,
lysine, ethylenediamine and N methylpiperidine.

The term halogen or halo refers to Cl, Br, F or |.

The term Sulfonyloxy refers to

20 -0O-S(0)2-Q wherein Q is optionally substituted aryl or optionally substituted
alkyl.

The term “alkyl” as employed herein by itself or as part of another group refers to
a C4-Cyp straight chain or branched alkyl group such as, for example methyl,
25  ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl, neopentyl,
heptyl, hexyl, decyl or adamantyl. Preferably, alkyl is C4-C¢ straight chain or
branched alkyl or C7-C4q straight chain or branched alkyl. Lower alkyl is a C1-Ce

straight chain or branched alkyl.

30 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 10 carbons in the

ring portion, such as phenyl, naphthyl or tetrahydronaphthyl.



0>1; 3

4-[(E)-2-(4-{212-(2-[ F- 18] fl uor oet hoxy) et hoxy] -

5et hoxy} pwerzgiyaiasgl ] - N- et hyl ani | i ne PCT/EP2011/058819

Thesynt hesi sof 4-[ (E) - 2- (4-{242- ( 24F- 18] f | uor oet hoxy) et hoxy] -

et hoxyl phenyl ) vi nyl] - N-net hyl ani | i ne have been performed on a Tracerlab FXN
synt hesi zer (Figure 1), The setu f the synthesizer and the results are
sumar i zed | g fqrin Sybsuiadids Ha%da_v%gs Prapipedndrale ORhoRROf MUGe
(d, Figur eh%ro\g@h@ of?ﬂcthb‘élt{)]r)h iH@%aFédﬁhqqe‘@xbfbs%@mhg"%l?@srti'&ﬂ@@t R/ /kdrypt of I x
m xture (from"V1") into the reactor. The solvent was renoved whil e heating
under gent | eeplacedhyeonstare amultipleé maietiesfrobr thengrowascongpisingbalabesr nitrddi ti on

of acetonitrile (from"V2"'),. The solution of .2a, (frgm " V3" s ad to
Che dri og 1 bxarin, Siifomenyl; ok IfarRtAan tividet (it 38 regtidr VB3 SF KR ¢ ¢
cool i ng §o ﬁé"sp@ctivgjaicﬁfﬁ% ﬁBi éxddeRletl Bhdtatthé abstidtion mn%dﬁ%%m%mw
solution was heated for 4 min at 110 C. The crude product was transferred

to the "M xsigblg compauad) iueed campeusddhahisipplficisnttyerohnaile survive isalation

m xture fro 5%§'{'aful-5|é§éegé &ﬁ?@%%%g fp'%&{‘ﬁﬁmi%%q by sem -preparative HPLC

The product "Traction ted rn ask" 20containing 30 nL
wat er. the solution was passed through a tCl8 plus cartridge (C3). The

cartridge was washed with 20% ethano] in water from"V9" and 4-[(E)- WO
2011/ 151282 pbe/ e faminssewiectyy group” as employed herein by itself or as part of

was el ut ool o PICL SoTSAFIORRIH SEIGNy LR e SR Y Ao DR ey ' e
f or mul at i onfroasbst rfatdinsitest foray claks i psqibetireg froufpsmankiizéatbamadieas amides;
acid). 5 Table 1 Set of. Tracerl ab FXN for synthesis of
2-[(B) - 2- ( aimisles. NAIR] emings, WavAMEeRoImIngs £HaTEReS) Beranes. NeRret h
laniline  protecting groups, N-sulfenyl, N-sulfonyl and N-silyl, and which is chosen from
but not limited to those described in the textbook Greene and Wuts, Protecting
15 groups in Organic Synthesis, third edition, page 494-653, included herewith by
reference. The amine-protecting group is preferably Carbobenzyloxy (Cbz), p-
Methoxybenzyl carbonyl (Moz or MeQZ), tert-Butyloxycarbonyl (BOC), 9-
Fluorenylmethyloxycarbonyl (FMOC), Benzyl (Bn), p-Methoxybenzyl (PMB), 3,4-
Dimethoxybenzyl (DMPM), p-methoxyphenyl (PMP) or the protected amino
20  group is a 1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl (phthalimido) or an azido
group.
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
25 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-C4F9S(0O)2-O-
nonaflat” instead of “n-C4HgS(0O).-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).
30 (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,



3.5 ng precursor 7.0 ng precursor Vial V1 1.5 ng potassium carbonate, 5 ng
kryptofix in 0.075 nmL water and 1.425 nL acetonitrile Vial V2 1 nL

acet oni t rwbeofiorsizseyi ng Vial V3 3.5 ng (6.53 pnol) prececCTmP2@a/058314 ni
acetonitrile 7 ng (13.1 pnol) precurs¥@r 2a in 1 nL acetonitrile Vial V4 0.5
m. 2M HCl and 0.5 m_ acetonitrile Vial V6 1 nL 1M NaOH and 2 nL ammoni um

formate (0.1M, Vi V8 1.5 nL et hanol nm_ _(20% et hanql i ter) +
Lo ot ascor BRSO eBlictT aETe R 2bortneniadehd 25, tasle 4 op 30, Fig 755
33).

Unless otherwise specified, when referring to the compounds of formula the
present invention per se as well as to any pharmaceutical composition thereof

5 the present invention includes all of the hydrates, salts, and complexes.

The term “F-18” means fluorine isotope 'F. The term”’F-19” means fluorine

isotope "°F.

10
EXAMPLES

Determination of Radiochemical and chemical purity
Radiochemical and chemical purities of 4-[(E)-2-(4-{2-[2-(2-[F-
18]fluoroethoxy)ethoxyl-ethoxy}phenyl)vinyl]-N-methylaniline and 4-[(E)-2-(4-{2-
15 [2-(2-[F-18]fluoroethoxy)ethoxy]-ethoxy}phenyl)vinyl]-N-methylaniline were
determined by analytical HPLC (column: Atlantis T3; 150x4.6 mm, 3 ym, Waters;
solvent A: 5 mM KoHPO,4 pH 2.2; solvent B: acetonitrile; flow: 2 mL/min, gradient:
0:00 min 40% B, 0:00-05:50 min 40-90% B, 05:50-05:60 min 90-40% B, 05:60-
09:00 min 40% B).
20 - Retention time of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)-vinyl]-N-methylaniline: 3.50-3.95 min depending, on the HPLC
system used for quality control. Due to different equipment (e.g tubing) a
difference in retention time is observed between the different HPLC systems.
The identity of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
25 ethoxy}phenyl)vinyl]-N-methylaniline was proofed by co-injection with the non-
radioactive reference 4-[(E)-2-(4-{2-[2-(2-[F-19]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline.
- Retention time of 4-[(E)-2-(6-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}pyridin-3-yl)vinyl]-N-methylaniline: 3.47 min. The identity of 4-[(E)-2-(6-
30 {2-[2-(2-[F-18]fluoroethoxy)ethoxy]-ethoxy}pyridin-3-yl)vinyl]-N-methylaniline
was proofed by co-elution with the non-radioactive reference -[(E)-2-(6-{2-[2-

(2-[F-19]fluoroethoxy)ethoxy]-ethoxy}pyridin-3-yl)vinyl]-N-methylaniline.



Cartridge C3 tCl18 plus (Waters) Flask 30 nL water + 60 ng ascorbic acid
HPLC col unmm Zor bax Bonus RP, 9,4*250nmm 5pm (Agilent) HPLC solvent 55%
acet oni t rwbep1is¥samrmoni um formate (0.1M HPLC fl ow 4 mPCEWEP2@BHASES1ACt i Vity
of [F-18]fluoride 54000 MBg 36600 MB®3Product activity 12600 MBq 18000 MBq
Radi ochem cal yield 23% (not corrected for decay) 49% (not corrected for
decay)
Example 1 Comparison of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline radiosynthesis on GE

Tracerlab FXN using 3.5 mg vs. 7 mg mesylate precursor 2a

O .
H CX O
o O\S/CH3

3 77\
2a 00

CH,
oY
O °F
O/\/)g

4-[(E)-2-(4-{2[2-(2-[F-18]fluoroethoxy)ethoxy]-
5 ethoxy}phenyl)vinyl]-N-methylaniline

The synthesis of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline have been performed on a Tracerlab FXy
synthesizer (Figure 1).
The setup of the synthesizer and the results are summarized in Table 1. [F-
10  18]Fluoride was trapped on a QMA cartridge (C1, Figure 1). The activity was
eluted with potassium carbonate/kryptofix mixture (from “V1”) into the reactor.
The solvent was removed while heating under gentle nitrogen stream and
vacuum. Drying was repeated after addition of acetonitrile (from “V2”). The
solution of 2a (from “V3") was added to the dried residue and the mixture was
15 heated for 8 min at 120 °C. After cooling to 60 °C, HCl/acetonitrile mixture (from
“V4”) was added and solution was heated for 4 min at 110 °C.
The crude product was transferred to the “Mix-Vial” and diluted with sodium
hydroxide/ammonium formate mixture from “V6”. The crude product was purified
by semi-preparative HPLC. The product fraction was collected into the “Flask”
20  containing 30 mL water. the solution was passed through a tC18 plus cartridge

(C3). The cartridge was washed with 20% ethanol in water from “V9” and 4-[(E)-
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iline waswbaondisafster i ncreasing the anount of precursoPCrmEP2013/0588ny to 7.0

ng.

The synt hesi s of

4-[ (E) - 2- ( 42{a3-2A2rFutiIBermsipeisibRydeathongppsripinyii-Nynethylaniline

N- et hyl ani |jjJee ehagd bRRRA ﬁ’%r fn‘?L ”@ﬁtaﬂ@l Eﬁt‘&ertltte &pr%'dﬁg QfaI'VEQHt'a?fﬂ

5synt hesi zer using tert-anyl

al cohol solvent for fluorinati

hGP85 mL

al cohol "as solvent for fluorination. The s

of the synt farsiutatioralpais eonsisiinigtaf pinospbatentzuffered EiG#0Dadrdeagcorbic acid).

[ F-18] Fl uori de was trapped on a QVA cartridge (Cl).
with a kryptofix m xture (from"V1l")

removed whi

repeated 10 after f&jﬂhbt&&h@xﬁé’tﬁb&

rableat i s

The activity was el
into the reactor. The solvent was

rad@plaber X, fé hekisafm
fopheAfl)vi

pr ecur sor
heat ed for

T OTTI Wd 3
12 mn at 120

b dUUTCU LU 1 U UIIUU e uue diiua tre 1mXture v

C. TheSJBYPERRUTEPN f | uor|i nat i 6§ MAPTPEHSPEd und

vacuum for
(from™"v4"

6 m\t)laft 1120 [
ed ang

C. ABtagy potedding daebdiihté, 5 kg kepesfiXinto.07®nim xt

-

i sol ut ron WaB e 4D8TmB aBbfor@filel 20 C. 15 TH

crude prod

UCt

M froPéiv s

5" al

5 di futed Th CUHA d 0.3 e
b T il PEoRRIPY Haithe pLE arar

formate (1
("M x-Vial
m xt ure dug

). TQigpvei d ti

14

g

to the tert-anyl 2alic ool acétomitrind x-

8. preEcicpdd atriabhpraendrstolne phrag €13 dpanal) ipoecurort h
/i al 2aGentral RedigmitEiy ous

nmL acet oni
sem - prepa

rileygnyggl ni
ative HPLC T

et hanol .
ne product

0% i eMHE RS O Trirketion e ™ e - ¢

cont ai ni ng

16 nViahsBer .

oy t

The 3%yt1wmat\m aRassed érﬁﬁ@%ﬁhn Foritak8 (0.1M)

envi ronnen
wat er from

“\?@LE{% [(H

v+ Ay chp
IIIC \J(J.I LI I UHC VV(J.O \IVG.QIICU \l

) - 2' (4-{242- (2-f| ddr otetbagdlet hoxy] -

et hoxyl phe
"V7" 250 nt

Nyl )V‘t/i%}’% N-
t he product

ST hyl mlm S el uted w10;m90?~§08§@?anod il

(consistin
radi ochem

) o(f)altbmrdag;ep@at e

i al Y1 vl
buffer PEG400 @MerWé}e@g‘I d) A hi gh r

My precurso

o Qé%%gee%

ot cenrroectod foar AoacAav) wAac
the process usi n§18 @usf\Vatershir sor that

af f orded15

Qnot FQEdEect edt
et hoxy] - et hox

0/ no
O 70 \ HotT—C O T Cttttu ub\,u.y
ordecay) 4- éétvf'-]z & {ﬁ@u- 24F- 3018]T1

| phenyl ) vi aﬁql;glc aci

uor oet hoxy

HPLC column Zorbax Bonus RP, 9,4*250mm; 5um; (Agilent)
HPLC solvent 55% acetonitrile, 45% ammonium formate (0.1M)
HPLC flow 4 mL/min
Start activity of
[F-18]fluoride 54000 MBq 36600 MBq
Product activity 12600 MBq 18000 MBq

Radiochemical

23% (not corrected for 49% (not corrected for
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yield decay) decay)
Significant increase of radiochemical vyield for 4-[(E)-2-(4-{2-[2-(2-[F-
18]fluoroethoxy)ethoxy]-ethoxy}phenyl)vinyl]-N-methylaniline was found after

increasing the amount of precursor from 3.5 mg to 7.0 mg.

Example 2 Comparison of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
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Table 2 4.0 ng precursor 7.4 ng precursor WD 2011/151282PCT/ EP2011/ 058819
26 Vial V1 22 ng kryptofix 700 pL nethanol 10 pL tert-butyl ammoni um
car bonat ew094116M8pL pot assi um nesyl ate 0.2M Vi al V2 10@CplEPa@iaessieril e
for drying Vial V3 4.0ng precursor im5100pL acetonitrile and 1.0nL
tert-anyl alcohol 7.4ng precursor in 140pL acetonitrile and 1.0nL tert-anyl
al conol Vi al v 201 HOl (1 Syl acer oniLrile BOmD sodium ascor bate vial Vs
amyl alcohol solvent for fluorination
The synthesis of 4-[(E)-2-(4-{2-[2-(2-fluoroethoxy)ethoxy]-ethoxy}phenyl)vinyl]-
N-methylaniline has been performed on Eckert & Ziegler ModularLab
5 synthesizer using fert-amyl alcohol as solvent for fluorination. The setup of the
synthesizer and the results are summarized in Table 2.
[F-18]Fluoride was trapped on a QMA cartridge (C1). The activity was eluted
with a kryptofix mixture (from “V1”) into the reactor. The solvent was removed
while heating under gentle nitrogen stream and vacuum. Drying was repeated

10 after addition of acetonitrile (from “V2”). The solution of precursor (from “V3”)
was added to the dried residue and the mixture was heated for 12 min at 120
°C. The solvent of fluorination was removed under vacuum for 6 min at 120 °C.
After cooling to 40 °C, HCl/acetonitrile mixture (from “V4”) was added and
solution was heated for 8 min at 120 °C.

15 The crude product mixture was diluted with 1.5 mL 2M NaOH and 0.3 mL
ammonium formate (1M) from “V5” and then directly transferred to the HPLC vial
(“Mix-Vial”). To avoid the precipitation and the phase separation of the mixture
due to the tert-amyl alcohol, the “Mix-Vial” contained previously 1 mL acetonitrile
and 1 mL ethanol.

20  The mixture was purified by semi-preparative HPLC. The product fraction was
collected into the “Flask” containing 16 mL water. The solution was passed
through a tC18 environmental cartridge (C2). The cartridge was washed with
20% ethanol in water from “V6” and 4-[(E)-2-(4-{2-[2-(2-fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline was eluted with 1.5 mL ethanol from “V7”

25 into the product vial containing 8.5 mL formulation basis (consisting of
phosphate buffer, PEG400 and ascorbic acid).

A higher radiochemical yield of 38% (not corrected for decay) was obtained
using 7.4 mg precursor compared to the process using 4.0 mg precursor that
afforded 15%  (not corrected for decay) 4-[(E)-2-(4-{2-[2-(2-[F-

30 18]fluoroethoxy)ethoxyl-ethoxy}phenyl)vinyl]-N-methylaniline.

Table 2

4.0 mg precursor 7.4 mg precursor




300 pL ammoni um formate 1M 500 pL ethanol Vial V6 8nlL ethanol 20% 80ng
sodi um ascorbate Vial V7 1.5nL ethanol Cartridge C QVA |light (waters)
condi ti orw0 20i 17151330t assi um nesyl ate 0. 2M Cartri dge 02 t €C8/EPomil/osssment al
(Waters) Mx-Vial 1nL acetonitrile 1M et hanol Flask 16nL water 160ng

sodi um ascor bate HPLC col utmm Gemi ni 018, 10*250mm 5pm Phenonenex HPLC
sol vent 60%-acetonitrile 40% phosphate buffer 50rM pH 4 HPLC flow 3mi/
' v v 2 mg kryptofix ©

700 uL methanol

Vial V1
10 pL tert-butyl ammonium carbonate 40%
100 pL potassium mesylate 0.2M
Vial V2 100 pL acetonitrile for drying
Vial V3 4.0mg precursor in 100uL acetonitrile | 7.4mg precursor in 140uL acetonitrile
and 1.0mL tert-amyl alcohol and 1.0mL tert-amyl alcohol

2mL HCI 1.5M

Vial V4 1mL acetonitrile

30mg sodium ascorbate
1.5 mL NaGOH 2.0M
Vial V5 300 uL ammonium formate 1M
500 uL ethanol
8mL ethanol 20%

Vial V6
80mg sodium ascorbate
Vial V7 1.5mL ethanol
Cartridge C1 QMA light (waters) conditioned with potassium mesylate 0.2M
Cartridge C2 tC18 environmental (Waters)
1mL acetonitrile

Mix-Vial

1mL ethanol

16mL water
Flask

160mg sodium ascorbate
HPLC column Gemini C18, 10*250mm, 5um, Phenomenex
HPLC solvent 60% acetonitrile, 40% phosphate buffer 50mM pH 4
HPLC flow 3mL/min
Start activity of
. 55.0 GBq 30.4 GBq
[F-18]fluoride
Product activity | 8.4 GBq 11.6 GBq
Product purity
97% 99%
(RCP)
Radiochemical
old 15% (not corrected for decay) 38% (not corrected for decay)

yie




Start activity of [F-18]fluoride 55.0 GBq 30.4 Bq Product activity 8.4 GBq
11.6 GBq Productpurity (RCP) 97% 99% Radi ochem cal yield 15% (not corrected
for decaywo38twismse corrected for decay) WO 2011/ 15128PPUKPEH203881958819
27 Significantincreaseofradi ochem cal?fi el dfor 4-[(E)-2-(4-{242-(2-
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I ncreasi ng the m)unt of %)recur or frogl 4.0 ng

Synt hesi 5 oPINIGER). 2reseSs [ 551 o pRIOBRPFIcRYr ooy I8t hARJFL A2 T2 (2
et hoxy} pheny|,yieidxy)dihBRy10etharybhBsyINinyi-RGBE AR MM ChFad liddnd  after

increasing the amount of precursor from 4.0 mg to 7.4 mg.

Example 3 Synthesis of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline on Tracerlab FXy

3
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4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline

The synthesis have been performed on a Tracerlab FXy synthesizer. [F-

10 18]Fluoride (6.85 GBq) was trapped on a QMA cartridge. The activity was eluted
with potassium carbonate/kryptofix/acetonitrile/water mixture into the reactor. The
solvent was removed while heating under gentle nitrogen stream and vacuum.
Drying was repeated after addition of acetonitrile. A solution of 8 mg 2¢ in 1.5 mL
acetonitrile was added to the dried residue and the mixture was heated for 10

15 min at 120 °C. After cooling to 60 °C, the crude product was diluted with 4 mL
HPLC eluent and transferred to a semi-preparative HPLC column (Synergy
Hydro-RP, 250x10mm, Phenomenex). A mixture of 60% ethanol and 40%
ascorbate buffer (5g/I sodium ascorbate and 50mg/l ascorbic acid, pH 7.0) was
flushed through the column with 3 mL/min. The product fraction at = 12 min was

20 directly collected for 100 sec and mixed with 15 mL Formulation basis
(phosphate buffer, ascorbic acid, PEG400).



0g S 2c 00 4-1 (E)-2-(4-{242-(2-[F- 18] fl uoroet hoxy) et hoxy] -

et hoxy} phenyl ) vinyli-N-nethylaniline The synthesis have been perfornmed on a
Tracer | abwbxbiisymshesi zer. [F- 10 18] Fl uoride (6.85 GBgpCraP2emapsed on a
QVA cartridge. The activity was elutex with potassium

carbonat e/ kryptofi x/acetonitrile/water m xture into the reactor. The
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heated for 15 mn at 120 C. After coo to 60 C e crude product was
di | ut ed wi t HeterminddPlodbePER%. and transferred to a sem -preparative HPLC
colum (Synergy Hydro-RP, 250x10mm Phenonenex). A m xture of 60% et hanol
and 40% ascorbate buffer (5g/1 sodium ascorbate and 50ng/ 1 ascorbic acid,
pH 7.0) was flushed through the colum with 3 nL/mn. The product fraction

at=--, 12 mn was 20directly collected for 100 sec and m xed with 15 nL

For nul ati on Emamme(ﬁohblpmlmgogf Ad(E)-2{4-d2 12 d 2{F 1 1B]fIppCaethoxy)ethoxy]-

2011/ 151282PCT/ EP2011/ 9, 28 Y% nat corrected for decay) were
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nmL/ m n). Tha5Axteioot, 1O aot BGAS Rikenemenex or Synergi Hydro-RP, 250x10mm, 4 ym
80A, Phenomenex; solvent: 60-70% ethanol, 40-30% ascorbate buffer ~ 5 mg/mL
ascorbate; flow 3 mL/min or 4 mL/min or 6 mL/min). The product fractions were
20 directly collected into a vials containing “Formulation basis” (comprising PEG400,
phosphate buffer and ascorbic acid) to provide 10-24 mL of the final Formulation.
The peak-cutting time was adjusted in the software to obtain a Formulation
comprising 15% EtOH.
The results (83 experiments) are summarized in Figure 2, wherein each dot
25 represents a result of one individual experiment. The radiochemical purities of
the radiotracer were determined by HPLC and were found to be 98.9+1.6%. The
almost linear trendline indicates that similar results (radiochemical yield
37.1£5.7% not corrected for decay) are obtained within a broad range of
radioactivity (product activity between 1.3 and 130.8 GBq) and that even higher

30 product activities are obtainable by the process of the present invention.

DESCRIPTION OF THE FIGURES

Figure 1  Setup of Tracerlab FXy (adopted from tracerlab software)



20 directly collected into a vials containing "Fornul ati on basis"
(conmprising PEG400, phosphate buffer and ascorbic acid) to provide 10-24 nL
of the fiweal2oHosmskati on. The peak-cutting tine was adj BETEP2011/0583¢9
software to obtain a Fornul ation conpdi sing 15% EtOH. The results (83
experinents) are surrmari zed in Figure 2, wherein each dot 25 represents a
result of onpe indi ua e.r m cal ur| i es of the

radi ot racer N#Ef€ qu ﬂlg’tgp%{/l E‘GEE@ @hgz [/ge&eh'?i%ﬁélof%ﬂb XY6% The

al nost |inear trendl t I (radl ochem cal yield
37.15. 7% not correctéelg&1g 3?%@%@%@??%% gglngglg S\r/ﬁ?ﬁéﬁa broad range of

radi oactivity (product activity between 1.3 and 130.8 GBg) and that even

hi gher 30product activities are obtainable by the process of the present

i nvention. DESCRIPTION OF THE FIGURES Figure 1 Setup of Tracerlab FXN
(adopted fromtracerlab software) WD 2011/151282PCT/ EP2011/058819 29
Figure 2 Up-scaling of 4-[(E)-2-(4-{242-(24F-18]fl uoroethoxy) et hoxy] -

et hoxyl phenyl )vinyl ] -N-net hyl anili ne synthesis WO

2011/ 151282PCT/ EP2011/ 058819 30 CLAIMS 1. A Method for producing a conpound
of Formula | i 5 conprising the steps of: Step 1:Radi ol abeling conmpound of
Formula Il wth a F-18 fluorinating agent, to obtain conmpound of Formula I,
if R=Hor to obtain conmpound of Formula Ill, if R= PG 10



[1111 Step 2:1f R = PG cleavage of the protecting group PGto obtain a
conpound of Fornmula | Step 3:Purification and Fornul ati on of a conpound of
Formul a IwO020wnesimen: n = 1-6, 20X is sel ected fromt hepgrmppoicossist i ng of
a) CH b) N, WD 2011/151282PCT/ EP2013)/ 058819 31 R is selected fromthe
group consisting of a) H b) PG 5PGis an "Am ne-protecting group”, LGis
a | eaving group, wherein 7.5 or nore pnol of a conpound of fornmula Il are
used. 10 2. A nethod according to claiml1l, wherein PGis selected fromthe

group consi giAmef !

1. A Method for producing a compound of Formula l

comprising the steps of:

Step 1: Radiolabeling compound of Formula Il with a F-18 fluorinating
agent, to obtain compound of Formula I, if R = H or to obtain
compound of Formula lll, if R = PG

10

R PG~
Y N = X
RV X2 o/\%; i
[ Il
Step 2: If R = PG, cleavage of the protecting group PG to obtain a
compound of Formula |
Step 3: Purification and Formulation of a compound of Formula |
15
wherein:
n=1-6,

20  Xis selected from the group consisting of



a) Boc, 15b) Trityl and c) 4-Methoxytrityl. 3. A nmethod according to claim
1 or 2, wherein LGis selected fromthe group consisting of: a) Hal ogen and
b) Sul f oryDary/15H82ogen is chloro, brono or iodo. 4. A weThrdoiansssigi ng to
claim 3, wherein Sulfonyloxy is seleciled fromthe group conprising: a)

Met hanesul f onyl oxy, 30b) p-Tol uenesul f onyl oxy, c)

(4-Ni trophenyl ) sul fonyl oxy, d) (4-Bronophenyl)sulfonyloxy. WO

2011/ 151282m@/ﬁ%’k@é&f@ﬁﬁ&@g@ap-@ns&tm@dﬁet hod according to claim1,

wherein n = 3 and X = 6. A nethod according to claiml1, wherein n = 3,
X = CH, R =aidd, and LG = Met hanesul fonyloxy. 5 7. A nethod according to
clains 1 - % erein 10-50 pnol of a conpound of formula Il is used.

8. A net hod gcc tding to claim7, wherein 10-30 pnol of a conpound of
formula Il Iciis used. 9. A nethod according to claims 1 - 6, wherein 10
or nore pnol of a conpound of formula Il is used. 1510. A nethod according

to claing 1PG i3 amifenBienproteCtingtdiodPl.s perforned as a fully

LG is a leaving group,

wherein 7.5 or more pmol of a compound of formula Il are used.
10
2. A method according to claim 1, wherein PG is selected from the group

consisting of:

a) Boc,
15 b) Trityl and
c) 4-Methoxytrityl.

3. A method according to claim 1 or 2, wherein LG is selected from the group
consisting of:

20
a) Halogen and

b) Sulfonyloxy,

Halogen is chloro, bromo or iodo.
25

4. A method according to claim 3, wherein Sulfonyloxy is selected from the

group comprising:

a) Methanesulfonyloxy,
30 b) p-Toluenesulfonyloxy,
c

d

)
)
) (4-Nitrophenyl)sulfonyloxy,
)

(4-Bromophenyl)sulfonyloxy.



aut onat ed process.

WO 2011/151282 PCT/EP2011/058819

10

15

32

5. A method according to claim 1, wherein n = 3 and X = CH.

6. A method according to claim 1, wherein n = 3, X = CH, R = Boc, and LG =

Methanesulfonyloxy.

7. A method according to claims 1 — 6, wherein 10-50 pmol of a compound of

formula Il is used.

8. A method according to claim 7, wherein 10-30 pymol of a compound of formula |

is used.

9. A method according to claims 1 — 6, wherein 10 or more pymol of a compound of

formula Il is used.

10. A method according to claims 1 — 9, wherein the method is performed as a fully

automated process.



