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aging brain. Durlng the progress of AD the AB peptides aggregate and form

amyloid deposits in the parenchyma and vasculature of the brain, which can be
20 detected post mortem as diffuse and senile plagues and vascular amyloid during
histological examination (for a recent review see: Blennow et al. Lancet. 2006 Jul
29;368(9533):387-403).
Alzheimer’'s 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,
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Post-mortem histological examination of the brain is still the only definite
diagnosis of Alzheimer’s disease. Thus, the in vivo detection of one pathological
15 feature of the disease — the amyloid aggregate deposition in the brain — is
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
20 patient stratification and treatment monitoring (for a recent review see: 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
25  Biochem. 2006;75:333-66.

Fluoropegylated (aryl/heteroaryl vinyl)-phenyl methyl amines such as 4-[(E)-2-(4-
{2-[2-(2-fluoroethoxy)ethoxylethoxy}phenyl)vinyl]-N-methylaniline and 4-[(E)-2-(6-
{2-[2-(2-fluoroethoxy)ethoxylethoxy}pyridin-3-yl)vinyl]-N-methylaniline have been
30 labeled with F-18 fluoride and are covered by patent applications
WO02006066104, W0O2007126733 and members of the corresponding patent

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

The usefulness of this radiotracers for the detection of AB plaques have been
reported in the literature (W. Zhang et al., Nuclear Medicine and Biology 32
5 (2005) 799-809; C. Rowe et al., Lancet Neurology 7 (2008) 1-7; S. R. Choi et al.,
The Journal of Nuclear Medicine 50 (2009) 1887-1894).
To not limit the use of such F-18 labeled diagnostics, processes are needed, that
allow a robust and safe manufacturing of the F-18 labeled tracers. Additionally,
such processes should provide high yield of the overall synthesis to allow the
10  production of quantities of the diagnostic to supply the radiotracer, despite of the
half life of 110 min, to facilities without cyclotron or radiopharmaceutical

production facility.

Syntheses of F-18 labeled fluoropegylated (aryl/heteroaryl vinyl)-phenyl methyl

15 amines have been described before:

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




COCE13 0g S-ii '"" 2a 00 4-1(E)-2-(4-{212-(2-[ F- 18] fl uor oet hoxy) et hoxy] -
et hoxy} phenyl )vinyli-N-nethylaniline a) W Zhang et al., Nuclear Medicine
and Bi ol oy 2821/1(526305) 799-809 4 ny precursor 2a PCT/EP2011/058820
(242-(2-{4-[(E)-2-{4-Rtert-butoxycarbenyl ) (et hypam no] -

phenyl | vi nyl ] phenoxyl et hoxy) et hoxy] et hyl net hanesul fonate) in 0.2 nL DVSO
5 were reacted with [E-18]fl uoride/kryptofix/potassi um carbonate conpl ex.
The internedi ate was Iélﬂprot ected with HCl and neutralized with NaOH The

m xture was extra@@rdN' et hyl acetate. The solvent was dried and

evapor ated. The resildue di ssolved in acetonitrile and purified by

semi - prepar at i N&~PPC ( Zay

i &Y, 5 MM di nethylglutarate buffer pH 7
9/1). 20% 10 Kgé gy corrected), (not coyecéﬁd for decay)
4-[1(E)-2-(4-{242-(24F18] f| 0 G s
uor oet hoxy) et hoxy] et hoxyl pheny) ) vi ny1] - N- net hf/Ngn Hi ne were obt ai ned within
90 mn. An additional re-Formil'ati on, necessary to obtain a solution
suitable for injection into human is not described. b) W2006066104 154 ny
precursor 2a (242-(2-{4-[(E)-2-{4-Rtert-butoxycarbonyl) (nmethypam no] -
phenyl | vi nyl ] phenoxyl et hoxy) et hoxy] et hyl net hanesul fonate) in 0.2 nL DVSO
were reacted with [F-18]fluoridefkryptofix/potassium carbonate conpl ex. The
i nternedi ate was deprﬁéﬂsect ed with HCl and neutralized with NaCH The
m xture was extract elNw th_ethyl acetate. The solvent was dried and
20evapor at ed, the r'ési d as di ssolved in acetonitrile and purified by
sem - preparative HPLC 2Nz orrect ed), 17% (not corrected for

»

»

decay) 4- WD 2011/151283PCT EP 58820 5
RE) - 2- (4-{242- (24F- 18] f | uor oet hoxy X8 Fhoxyl phenyl ) vi ny1] - Nmet hyl ani | i
ne were obtained in 90 mn. An additional r'&- For mul ation, necessary to
obtain a sol uti on4_?(%5_5_%?22%2_EZQ{F_famugr% h(g)rgy)étng)gl_hunnn is not descri bed.
ethoxy}phenyl)vinyl]-N-methylaniline
a) W. Zhang et al., Nuclear Medicine and Biology 32 (2005) 799-809

4 mg precursor 2a (2-[2-(2-{4-[(E)-2-{4-[(tert-butoxycarbonyl)(methyl)amino]-

phenyl}vinyllphenoxy}ethoxy)ethoxylethyl methanesulfonate) in 0.2 mL DMSO
5 were reacted with [F-18]fluoride/kryptofix/potassium carbonate complex. The
intermediate was deprotected with HCl 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 (acetonitrile / 5 mM dimethylglutarate buffer pH 7 9/1). 20%
10 (decay corrected), 11% (not corrected for decay) 4-[(E)-2-(4-{2-[2-(2-[F-
18]fluoroethoxy)ethoxylethoxy}phenyl)vinyl]l-N-methylaniline were obtained
within 80 min. An additional re-Formulation, necessary to obtain a solution
suitable for injection into human is not described.
b) W02006066104
15 4 mg precursor 2a (2-[2-(2-{4-[(E)-2-{4-[(tert-butoxycarbonyl)(methyl)amino]-
phenyl}vinyllphenoxy}ethoxy)ethoxylethyl methanesulfonate) in 0.2 mL DMSO
were reacted with [F-18]fluoride/kryptofix/potassium carbonate complex. The
intermediate was deprotected with HCl and neutralized with NaOH. The
mixture was extracted with ethyl acetate. The solvent was dried and
20 evaporated, the residue was dissolved in acetonitrile and purified by semi-

preparative HPLC. 30% (decay corrected), 17% (not corrected for decay) 4-



5C) C. C. Rowe et al., Lancet Neurology 7 (2008) 129-135 After

radi ol abel i ng, acidic hydrolysis and purification by sem -preparati ve HPLC,
4-[ (E) - 2-wo-2p 24311334 F- 18] f | uor oet hoxy) et hoxy] et hoxyl phemrygir)preoxy bFssbiret hyl an
iline was Formul ated via solid-phase extraction (SPE). d) H Wang et al.,
Nucl ear Medi ci ne and Bi ol ogy 38 (2011) 121-127
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and eluted wth et hanol yi el di ng 23%(not correcte for decay)
4-1(E)-2-(4- {zrngtf(a@@sulfonate) in ~0.5 were reacted ® with [F-

3018] f | uor oet h@m yl - n

mn. A process %ﬁﬁ%&hg}ﬂ?%%%ﬁ?g@e rcg\};\“iads’*}%%r {:\érlﬁg byﬁgé?EanéaT rrﬁ]oté%tb I\Q@C)
only, was f ourdkgroteatdd mdtha H1 aghit ihewtralizext evibt alaim-l I atdeocrndsi pr@ldupwwasy
(>95%, WO 2011/151283PCT/ EP2011/ 058820 6. ho chem C urity was
too lowle.g. é‘lé‘aec?ﬁ’r' gﬁﬁ,ett%n'ﬁi‘? }\JQ farrBWlof‘Wén épﬁ éfa[?td gfdnot
be renmoved. e),S2RHIBILRY 63 The product fraction was coIIected dlluted W|th W?ter
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acetonitrile V"F@ﬂ@(ﬂ@@ﬁhox étﬁbxﬂ@ﬁhb&%f& g[)wﬁgl AANikO WBIHB0 niike crude

product m xture was purified by HPL A)acetonl trile, 40% 0. 1M

anmmoni uad In the same paper, the converS|on of an unprotected mesylate precursor (is
described:

5 mg (11.48 umol) unprotected mesylate precursor (2-{2-[2-(4-{(E)-2-[4-
(methylamino)phenyl]vinyl}phenoxy)ethoxy]-ethoxy}ethyl 4-
methanesulfonate) in 05 mL DMSO were reacted with [F-
25 18]fluoride/kryptofix/potassium carbonate complex. The crude product was
diluted with acetonitrile / 0.1M ammonium formate (6/4) and purified by semi-
preparative HPLC. The product fraction was collected, diluted with water,
passed through a C18 cartridge and eluted with ethanol, yielding 23% (not
corrected for decay) 4-[(E)-2-(4-{2-[2-(2-[F-
30 18]fluoroethoxy)ethoxylethoxy}phenyl)vinyl]-N-methylaniline within 30 min.
A process wherein the radiotracer was purified by SPE (without HPLC) only,

was found to afford a product with acceptable radiochemical purity (>95%),



10formate). An additional re-Formulation, necessary to obtain a solution
suitable for injection into human is not descri bed.

4- 1(E) - 2-w6-2p 27152286 2- 1F- 18f f | uor oet hoxy) et hoMet hoxy} pyr ipdirEr3e 1y nyssoy | | - N-
15nethylaniline cH3 I ON 1 H3COCH3 HE8CgH3 2b 00

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

et hoxy} phenyQpyridin-3-yli-N-nethylaniline a) S. R Choi et al

Jour nal of NudT%V%mec(Fh%n'Sé wdmyasmwowa@zg S{Ld‘?rﬁr(?ﬂ*’@gu §6Yed2f50m the

éﬁe%iﬁﬁvf%?l ][%?rcle B%ﬂr %0)8(% oxy %Tthwp?lmrrgf]hyl benzenesul f onat e)
20in 1 nL DMSCQJ&E@W(EH](&?@& wth [F-18] fI uori de/ krypt of i x/ potassi um
carbonat e V\DZZOM/ 1% { % 1[/t((g?t 8utoxycarbonyl)(methyl)amlno]phenyl}vmyl]

5 phenoxy}ethoxy)ethoxy]ethyl methanesulfonate) was reacted with [F-
18]fluoride reagent in a mixture of fert-alcohol and acetonitrile. After
fluorination, the solvent was evaporated and a mixture of HCI and acetonitrile
was added. After deprotection (heating at 100-120°C), the crude product
mixture was purified by HPLC (C18, 60% acetonitrile, 40% 0.1M ammonium

10 formate). An additional re-Formulation, necessary to obtain a solution suitable

for injection into human is not described.

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

a) S. R. Choi et al., The Journal of Nuclear Medicine 50 (2009) 1887-1894.
1 mg precursor 2b (2-{2-[2-({5-[(E)-2-{4-[(tert-butoxycarbonyl)(methyl)amino]-
phenyl}vinyl]pyridin-2-yl}oxy)ethoxylethoxy}ethyl  4-methylbenzenesulfonate)
20 in 1 mL DMSO was reacted with [F-18]fluoride/kryptofix/potassium carbonate



7 conplex. The internedi ate was deprotected with HCl and neutralized with
NaCH. DWMVSO and i norgani c conponents were renoved by solid-phaseextraction
on SepPakwbi2ght15©88 cartri dge (Waters). The crude produecTwesopossste ed by
sem - preparative HPLC (55% acetonitrile, 45% 20nM NH40Ac + 5 0.5% w v

sodi um ascorbate). The product fraction was diluted with water and passed

t hrough a SepPak | |ght C18 cartridge. The radiotracer was eluted with
et hanol . The y§aMRIekodhe intermediate"was deprotected with HCI and neutralized with

£ 51 QIR s ) g st b s o
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i nternmedi ate was deprotected wth HC and diluted with 1% NaOH sol ution for
neutralizati orpaS'BBé thl’nglhlraaSﬂaE’akdigH’eG’lBHIaDtFIQQEeWbe sediptraser was erutel@wlthThe

cartridge was d with ter (contajpning 5(Vvv/v sodi he
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sem - 20 preparatlve the pro t fraction was collected into a
reservoir cont dpﬁ@hgoﬂﬁ@f@ﬂ5+ 0.5% w v sodi um ascorbate. The sol uti on was

passed ou ﬁ(ﬁ dge, the cartridge was washed with water
(cont ai El]elj nggg \gi ovv/\962§§?%m ascorbate and the final product was eluted with

et hanol into a.8i almgont@.48 ng PndYo s piécursehl orbde (Qof[2-E5-[(B )t D{H](Sk-W v
sodi um ascor bate. 25c Liu et al Nucl ear Medi ci ne and Bi ol ogy 37
(2010) 917-92% bﬂﬁ@(@%@ﬂ%ﬂe&ﬁ&ml@@hmw&v IPYNIGINER-E) - 2- {4-Reert -

but oxycar bonyl y!

yl | oxy) et hoxy] eﬁ%gié}?( %)ﬂgqh%?lll};mt yl tg@éﬁ?glﬁg]gg%(rﬁ%sﬂg@g%fe m12r’rE1LD|9§/(l)SO g/as
reacted with [read@df Iwmhn {FehB}thmldéﬂ«y/nnof dpotassiunar bartinate ospinpiex. TAde 30
i ntermedi ate was deprotecte WI di | d wth 1% sol yti

The i xihire. wiGtersaiae ssseprerasied itk Hatend aidedmih 12 Va0 Sulie fisnea
with water, dri&drdip86sn.aTrd ?Hi’xt%fre HHObaged diite é’rr@\FB%Qé piase&dttrRyeWThe
ethanol into a vial containi ng a saline solution. Although, radi ochem cal

WO 2011/ 151283ReTidge2asad messedovith wap&rr(cbnmmmglﬁé/o Ndmmelwrb;ast:brbate) The
duct s vedfrom dr ol

procedure, non- rgdl oactive b é) s' s .of the
oxcess of pr oddHasPrOTIsH AR BIUeT WD FesIanitrls Juiocs Teg il hntainingaldr 4 4
for 4-[(E)-2- (@/O{W -dodftim 18dddrbgreoahd oMpP) et BBKehet ARXY |pRYifitatidir By semi-

Syl)vinyl]-Nnethylaniline was 34% (non-decay corrected) within 50 mn at a
radi oactdve | gveparfative HRPLWDO the piogipet 3radionByyasfcqliecteg] finigord desewpir. .

Silva et al. ?éﬁ t(I\}D et % Ql%[@!(\"éﬂjlgog‘%g@}ﬁzég&r%{g M@ R fno{}vrargv\@éssed

t
adapted for the S esi’'s’ o
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.
25 ¢) Y. Liu et al., Nuclear Medicine and Biology 37 (2010) 917-925
1 mg (1.63 pmol) precursor  2b (242-[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. The
30 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, radiochemical



(24F- 18] f | uor oet hoxy) et hoxy] et hoxyl pyri di n- 3-yl ) vi nyl ] - N-net hyl ani | i ne.
10Additionally, a sem -preparative HPLC system and a further Synthera

nmodul e f oworetiAsIzsal ati on was integrated. e) G Casal e etTtalP20isdsdo Jour nal
of Nuclear Medicine, 9 Si (2010), 5-1%4 (Abstract of 10th Congress of
WFNMB, Cape Town, South Africa, 18-23 Septenber 2010)

15Themanuf act uri ngof 4-[ (E) - 2- (6-{242- § 24F- ) )

18] f | uor oet hoX{PEIFIHBS y Vet dRPIQYeH &ynitds yProgedyrerntaRtadipasive y-pragdecisSeen
acconpl i shed r.a hesi e ynediw kh.@n
HPLC sem pr e%%rglt%ievfe}ggﬁ;ﬂﬁ?{%%’%h@fstegér/négasn?gﬁl‘egﬁgpt’i Pc?rrlgﬁﬁgrr%gﬁl tg\@:‘ gﬁal

For mul ati on ( dprbductosolatiorHPLC fraction, trapping on a Cl8 cartri dge,

b acesses navel oo Rnfir rER 482 dpar e Sy e e AR ey b g
radi ochegi cal id\iVNARSFRIRRL wggo%fo@n(}n%ﬁ-d%%g estaasd) Wrnhy spragiist &

have been denonstrated and proofe or purification. So far, F-18

| abel ed fl uor opdipactive tbveafrom het180aay (3AB-3500 Midegrof I[F18]fluarideni nes have
been purifi by..HPL si,ng, solyent onsisting of acetonitrile and
aqueous buf ggrl‘ %ﬂ@i‘%@i‘l’ _(/A‘,bg%?t/%_?qgﬁém%@ﬂﬁfracti ons can not directly
used for adm MAsYIBAtSWRheMnt plafdimhaids adepteaniot thé eyathésisust Ag(E)cR e QRuzls of
30 the solvent systens that are not tolerated for |n{ ection into human have

to be renoved.(Zihi]BeenogthnxyietbexylethoxetpyridinegdapuinadliNemeshyleyilisel i d phase
Crecti i . . . .
ol ut ton fa't b CGRAR) B ok BabivpiBlE X sRh LA A Ry A SIridE ABHuie, o

C3, el ution wifohre-POra0klibd W35BtgF4Ated2011/ 058820 9 et hanol from V8; see
al so Figure 7, final solid-phase extractjon cartridge 11, elution wth

et hanol fr o_ﬁ*) _o@le Qﬁsaﬂen@t\ﬁ'galvgo@cj .Jour”%%W!eaésMéél%%ygac{” H?Bﬂlg)ﬁ_ﬁsiﬂél S
of radioacti V'(EA‘bstrQ@P%!Fpﬂ?" tddmglr@és treWra! r@fpf‘é Tt 8oliftdiAligss! ?8-23

processes m ght be an issue. S problemis we 5known, to preven

radi ol ysi s dursegietiber20dDji cati on of 4-[(E)-2-(6-{242-(24F-

18] f | uor oet hoxy,) et hoxy] et hoxyl pyri.di n-3-yl ) vi ny1FN- et hyl ani | i '
ascor bat'® (as.xé%?radi cal m%éé'f"?gwas addeoor}to t he H%@A@%fzgﬂ%ﬁno
Soncentrati on ooty KR aL ek BRI EIPIN pitRuRlice! fve been
sol i d-phase Jarcexiplisbed by use ef ayr IBA Synthsre syothesisemadulet aembinashwith @n
upscal i ng expen,spants. . hi gher .radi ochem cal purities of F:18 |abele

fPuor opegyl ar a4 (ar SEPhArEPERYE DRTREToRnexgf by P it HoHER S
after HPLC, bef@hiulatith tlution pTasRLEXtdciohl aappibigPer @dCle darkidgeMa@shinigon
after solid phase extraction. 15The general setup of the manufacturing

process2for F-aryl elyhen sdthretharelpegyl at ed (aryl / heteroaryl vinyl)-phenyl
met hyl am nes as previously described is illustrated

Although, cartridge based purification processes have been investigated, an
optimum of product quality regarding radiochemical purity and separation from
25  non-radioactive by-products have been demonstrated and proofed only for HPLC
purification. So far, F-18 labeled fluoropegylated (aryl/heteroaryl vinyl)-phenyl
methyl amines have been purified by HPLC using solvent systems consisting of
acetonitrile and aqueous buffer. Obviously, collected product fractions can not
directly used for administration into patient. Acetonitrile and further compounds of
30 the solvent systems that are not tolerated for injection into human have to be
removed. This could be accomplished by evaporation or by solid phase
extraction (e.g. trapping on C18 solid phase extracting cartridge and elution with

ethanol, see Figure 1: final solid-phase extraction cartridge C3, elution with



in Figure 7. The manufacturing process can be divided into three major
parts: A Synthesis B) Purification by HPLC 20C) Fornul ati on The

manuf act wongiistses of drying of [F-18]fluoride, radiol abelrrogi1ofssthe
precursor nol ecul e and deprotection ase perfornmed on the part A of the
synthesis device (Figure 7). The crude product mxture is transferred to

the second part B for purification by HPLC (on reversed phase siljca gel
usi ng acet offftandl éV%ﬂfY%rse?E? @ Lfégﬂ"? 7 Ténghealigiphage readastien cartridgea 1
For mul ati on f man. The sol vent (acetonitrile)
present in thﬁﬂd‘n g{ugtthaﬁpgé 'inyéng@ggq{'éolsb renmoved and exchanged by a
conposition I—tdwﬁvers egppcially i @it didghar tdvelsrarfufadivactivity, aecampeditioaneiht the
Typically (and described in t e. references .above), the product fractio

0 Pt ad wi ¢ FRairaser s b riuigh SisHigtpases migit Depnaisaue SEhEHERbsE deiel | °

through a rexswAedo pﬂ%@@n?%&l’blﬁﬂ'ﬁ oﬁ.milaé the™ 'pﬂj‘r'ﬁl@aﬁon RAT 4-[@)-2- g@?zFF%&Zr-[eF-gge

is washed with a aqueous soluti'on fromone of the reservoirs i
part C) and18]fliarésthexyjetwxyledinexypyricin3-ylidrylxNtmethylagtilivenol | ¢ sosadiumn

(or ethanol fr anot her of. the reservoirs 9 in t.he uct, Vi th t
pti onal Ty 90930 145 PP AT e N Eas 2h e 3PEE: St are (Bang
exci pi ents Qfashitgy fédlaliodr (8l aRi oChol t et SaRbWOIZD 1007881 Howdwed, | thet he
art, that the illustration in Figure 7 is a sinplification of process and

equi pment aﬁ@n@mtatmr ohéie padioyaserc aftas HRL Gy evaperation ydi Ry sdid-phase be
]P g; t 40{ g ?%&fo?ﬁ% ag’éﬂ@w'sfgﬁegfme%n%tu?ﬂﬁpm aﬂécallﬂar&gp%?ertg%gﬁ@rcess
18] f | uor oet Py gtedrhioal Ifemltlexyd)fpyfr 18li lab8leyl }Iuomﬁebymtemt ayhetdroasyl i vinyl)-

di scl osed in W2010078370 and -H Yao et al ed Radi ati on and

| sot opes 68 pbgmoyetfybgmwanr%e &%ﬁeﬁfﬁe&*ﬂ@'—@eé %§hq polifl Blpase extraction

4-[ (E) - 2- ( 6¢ d 3-vyl
nyl[]( ?\l-ma'g hyF%%ﬁggt%@@ @&%agf(?%ar%ate was a %gbgy[ Ihe II—IBLC gol)xlent

(45% acetonitrile, 55% 20 mvl amoni umacet ate contai ning 0.5% (w v) sodi um
ascor bat e) the fi na rrul ati 0. 5% (W v) diu bate The

o oceae 15 1 PR G 1 e OF e oG e picess ot F ot BB IREfuTopeayiated
4-[ (E)-2- (6¢ é@ﬂﬁet@?&d:ryll\ﬁw —hﬁéﬁ?trﬂ@ﬁiﬂ ahti®ey bs previously described is illustrated
et hoxyl pyri di n-3-yl) vi nyl hyl ani i ne. The radi ochem cal purity was
95.3 152. 2% Figurhdughe asayvifaeiusng progasiscanchel dividestiogthree stdjorparts:

i nvol ved in tfég % fi catl on, radiochem cal purity was only about 95.3
2.2% at produ ) | evel s of up to 18.5 GBqg (Yao et al.) - probably

due to deconpas) puﬁncénbrf@yipmwl s. 20At higher product activity |levels an
even higher variation of radiochem cal purity was found for the

manuf ac2ri ng ©f Formulation

4-[(E)-2-( 242- F18f| yor og hoxy) e et hoxyl ph l,.). v 1] - N- et hyl an
1L B et GG PLELAERE81 D5 S BB AN IS tr
radi ocheni Cmol@éuletahd élé@rof@:tﬁﬁrél’é' erfShedUbh NBe 2Rt AZSE el §\Rithedis QRARS
(conversion of the radiotracer fromHPLC media into an injectable solution)

requi res addfiguend). ﬂihec@yéetnrﬁduetnmlﬂermrﬁjyanﬁfeére@otq)ltm seqanpraait B Fr

I f
a1 (8) - 2- (oPpBISEa PYaFTo UL FET &t mhapre slisgy BBl i 2SS ISR et
hyl ani | bne drget). bRsl dbyaifi thearsliodceraind aORs@h@agdn abuitdl?geod Snjiebliee into
nodul es for the overall 30 manufacturing procedure The Synthesis of the

crude pr odubﬂ”@ch%ﬁpb@m yaeetppidiile hseseri inj Ger produchdractian Rgeds to be
acconpl i shefknByad. bt SKBhBRIA TB1ULe cofhRRRicP" (AR R | affbrbbiidies 5t e
manufacturlng of a medlcament. Typically (and described in the references

above), the product fraction is diluted with water (vessel “8”, Figure 7, part C) and

30 then passed through a reversed phase cartridge (“11”, Figure 7, part C). The
cartridge is washed with a aqueous solution from one of the reservoirs 9 (Figure

7, part C) and finally eluted from the cartridge with an ethanolic solution (or

ethanol) from another of the reservoirs 9 into the product vial, that optionally



WO 2011/ 151283PCT/ EP2011/ 058820 11 illustrated in Figure 7, Part B) and an
addi tional |BA Synthera synthesis nodul e was used for re-Fornul ation
(schemat iwel2by/ishdsastrated in Figure 7, Part C). The pr ebirarednobs2c60l ved
by the present invention is to provid® an inproved 5 HPLC purification
process for F-18 |abeled fluor opegyl ated (aryl/heteroaryl vinyl)-phenyl

met hyl am nes that provides high chenical and radi ochem cal purities of the
radi ot r acer COBMPHSED rf@ﬂ%erceﬁré%wﬁaﬂ%wems phihe Hpd) E@!’”ﬁ%'@%t It 43 1obyvious to

purificatiog,dd Eklﬁé@qh fidLAl Xﬁ%)tsttbeeﬂm%ﬁjaﬁ ||l1y|nahtgu\'(ﬁe nanu%g{éﬁllfﬂzfatlon O?f

radi oactivity. Suc rocess shou e suitable fo uring
| ar ger quanprdioess a(rrchdqr)l@mentlarm) that futleer pérts adcbtasacawes,ovials dwbiag ect.

di stribution t%p ? Q acilities without own radi opharmaceuti cal
product i on. ©30 PFRAT R élf%kﬁ’ﬁ‘?ﬁﬁ?%@f POYPP&Tr a F-18 | abel ed fl uor opegyl at ed

(aryl/heserar yGI\M” NYdompigiry | niBAPALURRY e pMResS EPRIFt €4l {E} -Rea- 1810 S

(Yao et al.). However, even higher yields vvoul d be supporti've for a
wi despr ead 0 8Hluaraethoy etiisixy]- ewoaitf}ayndlrradi)umwﬁd‘@methylpndsneqm distlosefl inhe

0599 it hi n NOBPSOTRTRERNEE Fares el Bl ot REIRE L PGl S¥ (ol ~
shoul d be sppbalpixe7f or Th heprarant acther | 'ﬁi@c@fnpb'smlbﬂr ft 21“[(43’) 2- w@i-gz gLfB[Ft -he
radi otracer than previously described (e.g thglor even

even > 100 @Bﬁwomqthom@th%ubmf@év}mﬂﬂIrrBe/é)vmllrl\érm gnilineAs an aMIwmonm
feature &r“CBs&S %Sescn eg) Qﬁe' ﬁ?’icc%ESR) @'%@“ ééé“t‘orﬂgﬁ’cgeﬁg% AF$ial bed

before. The pro Bve wer & S0l

purificati oarrphmedWCetat@csmuamhm@ yoshe ey a$cbd|smt wscbyateprafdaaher fingl,
the solvent conposition for HPLC purification was nodified. |Instead of an
acet oni t ri | EPFURIBEPN (95 %i(wivd sedivsm ageerRald/ e prycess @figrded up (R d8.5 @Ra

advant age of8 ePYok el Il XA 55 fo-( 1810 S hpRRFLLKE el e

HPLC sol vent - in cont’rast trons =" are

tol erated aetmmy}pwlh|ra3+§(b)vrns;4l]dtl+methytalmémebyﬂmjracabd:haemmal iporigc wasn 9618 &
human. Ther«af re a re-Fornmulation to renove constituents of the HPLC

sol vent fas i4%ustrated in Fi gure 7, Part C is not longer 30 required.
This further advantage of the new process - the sinplified setup - is
schematically illustrated in Figure 8. (Qoviously, this illustration is a
sinplificat %hougiatasscbr@a@/asguh@raﬂid seaggedio seleemsunvalvedin theseurifisation,

h Fol | owi t d Fi t

col Lect ed olfRegmEalPal oyl AoOko8 i 3028 A sRoiberh BB arutensd 1.
"7") into the PGedUTacvetall.) Qﬁ?@ba@l‘ytdué oMb Jsiidmisy rawaslysisof the final
Formul ation). Due to the reduce Iemtg the overall manufacturing tine

by using0t hé4t rmtﬁemrﬁéuctd%wvﬂ@\fplﬁ@ewen igeieb veeation of eadipgherpieal PYOI ng

to higher %édggu If%)”e%redw)ffg‘%l onaﬁﬁ?éo the prg\#'l-:ﬂ_ éﬁ;ffb pspeess

wherein a HPL ication i me consu

r e- For mul at nerﬂuoro@thew ethq&ppemoagymelnqgan9|$REbnetlsy|36|Ede (Elxemm @r Figure

advant age of the new net hod described herein, is the reliably high
9, method A

Beside of the variation of radiochemical purity, the re-Formulation during the
25 current process (conversion of the radiotracer from HPLC media into an
injectable solution) requires additional process time and demands more complex
equipment. For example, the process for the synthesis of 4-[(E)-2-(6-{2-[2-(2-[F-
18]fluoroethoxy)ethoxylethoxy}pyridin-3-yl)vinyl]-N-methylaniline  described by
Silva et al. and Casale et al. demands three modules for the overall
30 manufacturing procedure. The Synthesis of the crude product (schematically
illustrated in Figure 7, Part A) was accomplished on an IBA Synthera module, a

semi-preparative HPLC system was used for purification (schematically



radi ochem cal purity of the F-18 | abel ed fl uoropegyl ated (aryl/heteroaryl
vinyl)- phenyl nmethyl am nes synthesized by the new nethod. In Exanple 7
and Fi gurwo 2001/81488e radi ochemi cal purity in dependence pof/Epeeiiifosssad i on
met hod and anount (radioactivity) of madi ol abel ed product at end of
synthesis is denonstrated. The dots/squares (each representing an

I ndi vi dual exper| nment) and_the trendlines in Fi g‘ure 9 clearly denonstrate

that the raliustratad Baligple 7t agpBhrRe @napddiionpIBASYRheE stsrﬁtnﬁrs@tmeﬁury\/
SPE varies §janiddqdGap é?fo rﬁb%‘dgfé %?Hﬁééll?ﬁﬁ%‘ir%%éd in ﬁguﬁ?eﬁéﬁ" y at

hi gher radi oactivi ty eve chem cal purity often is
even 95% In contrast, variability of radi ochem cal purities obtained by

t he newmetgldof I resen |nve |on|s much | ower  an h .

r adi ocheni c Bep?fPP gnad otPe >8 soq{ﬁa%dmvsow & 9 éﬁ?\ﬂggtﬁ‘@/i'ﬂ}’rqv&?‘el S
of the pg OdFFFiL(%uﬁﬁ@a%ﬁr rbBé'é‘s ﬁﬁ’ FPg |85el8Y Alo; S/%rtecﬁ @I/H&@rc@ﬂl Gifyigur e
9, filled dots) SUWARY OF THE | NVENTI ON e present invention

provi des a Maehyicmethyl prides thajrprovideadiigh abemichl emtpagietheimiFalr purities| ofand
suitable salts nar gani c_or_ar nlca r epf dr at .

comp exes. - L EtioP e 84SRMe s HoolbHRRldh B bR Bisilen " BREHen y
phar maceut i t—‘cﬁ'dré’v@ﬁqgﬂtoﬂs@@ @s”éédlﬁry adhlghentievad] diviaaioaRtiviex CSBELe Procedie
met hod conprises the step Radi of | uori nati on of conmpound of

Formul a 11 sboulddhie §W§ﬁb"9 forcth@amagufa@iurwq)%lﬁ&ﬁnqtgartjw@a;ﬁradmctlwty) of the

2011/ 15][383%5%!&5(,2&'11{005%%\9 15’ dlstkbgtlgﬁ]etge#&%grrgi g?fécgg% Mtﬁgutpr %nt

i nvention i s schemati cal 'l lustra uori hati on of

conpound of rﬁﬁophérmddeuaﬁal productien.| o fahthechexirage adtivity fooaektiidnigabgledup
are perfornmed on the | eft-hand part of the equi pment (Figure 8, Part A) .
The puri fi cHEPOREgYIaRhidbeerogyt Mnvh-rhany! seethyl agtng Wwas %%%Pr achip bene

duct f j
Fransterred Pt oo o saay DoVl 2R hRCR iR bR, B sEhBoBk T fra 1y
cont ai ns f unidespreddrusec ant i aailapiline of phabiaeliateercer.e As pratetuisite sof e neant

e N TR T T
i nvention. g proad range of radioactivity. More precisely, such process should be suitable
for the manufacturing of higher activity levels of the radiotracer than previously
described (e.g. > 20 GBq, or even > 50 GBq, or even > 100 GBq) with
radiochemical purities reliably = 95 %. As an additional feature such process

20  should be less complex than the processes described before.

The problems described above were solved by an modified purification
procedure. To simplify the overall setup for manufacturing, the solvent
composition for HPLC purification was modified. Instead of an acetonitrile/buffer
25  mixture, an ethanol/buffer mixture is used. An advantage of the new HPLC
solvent mixture is, that all constituents of the HPLC solvent — in contrast to
previously described compositions — are well tolerated as part of a Formulation,
thereby suitable for injection into human. Therefore a re-Formulation to remove
constituents of the HPLC solvent (as illustrated in Figure 7, Part C) is not longer
30 required. This further advantage of the new process — the simplified setup — is
schematically illustrated in Figure 8. (Obviously, this illustration is a simplification
that shows a general setup of the new method described herein.) Following the

drawing in Figure 8, the product fraction is collected directly (by switching valve



15 The present invention also provides conpositions conprising a

r adi ol abel ed conpound of Forrmula |I or suitable salts of an inorganic or
organi c awodotineimef, hydrates, conpl exes, esters, am desT/rPodnasss3o and
prodrugs thereof and optionally a pharnaceutically acceptable carrier,

di luent, adjuvant or excipient. 20 The present invention also provides a
Kit for preparlng a radi opharnaceutical preparation by the herein described

process, said)KtP teeppequdt vipl dthabspeld cardgindurbey Wrﬁi]oﬁtﬂ?rfé”ﬂ%t Srmulation).
: ; o
oo B e BB IER RS M ouaRRarBbl PRSI B5 S5 d

1: Radi ol abemeigod algsoribed dierBor lmlshoﬂdar wditdctly éortBbhtingto daghelgnBagmna,y to
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5  purification with additional (time consuming) re-Formulation on a solid-phase
cartridge (SPE) is used.
The major advantage of the new method described herein, is the reliably high
radiochemical purity of the F-18 labeled fluoropegylated (aryl/heteroaryl vinyl)-
phenyl methyl amines synthesized by the new method. In Example 7 and Figure

10 9 the radiochemical purity in dependence of purification method and amount
(radioactivity) of radiolabeled product at end of synthesis is demonstrated. The
dots/squares (each representing an individual experiment) and the trendlines in
Figure 9 clearly demonstrate that the radiochemical purity obtained after HPLC
with re-Formulation by SPE varies significantly (Figure 9, empty squares).

15  Especially at higher radioactivity levels (> 20 GBq) the radiochemical purity often
is even <85%. In contrast, variability of radiochemical purities obtained by the
new method of the present invention is much lower and high radiochemical
purities of >95% were achieved, even at radioactivity levels of the product of
greater than 50 GBq or even greater than 100 GBq (Figure 9, filled dots).

20

SUMMARY OF THE INVENTION

e The present invention provides a Method for production of radiolabeled
compound of Formula | and suitable salts of an inorganic or organic acid

25 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:

— Radiofluorination of compound of Formula Il
30 —  Optionally, cleavage of a protecting group

—  Purification and Formulation of compound of Formula | by HPLC using a

solvent system that can be part of an injectable Formulation



Step 2:Optionally, if R= PG cleavage of the protecting group PGto obtain
conpound of Fornula | 11:1Step 3:Purification and Fornul ati on of conpound
of For mulwoloweimssn: n = 1-6, preferably 2-4, nore preferarby1185882 X i s
selected fromthe group conprising a)i3CH, b) N In one preferred
enbodi nent, X = CH. 20l n another preferred enbodinent, X = N R is selected
fromthe group conprising a) H b) PG WD 2011/151283PCT/ EP2011/ 058820 15
PG is an "Am ne-protecting group". In a preferred enbodi ment, PGis

sel ected from p conprising: 5a) Boc, N4yl and c) 4-

Met hoxytrityl. 'In re preferred enbodi nent, R
= X
18
LG F
X To % 0N

The Method provided by the present invention is schematically illustrated in
5 Figure 8. Radiofluorination of compound of Formula Il and optionally, the
cleavage of a protecting group are performed on the left-hand part of the
equipment (Figure 8, part A). The purification of compound of Formula | is
performed in a way, that the product fraction obtained by HPLC (Figure 8, part
B) can be directly transferred into the product vial, wherein the product vial
10 optionally contains further pharmaceutically acceptable carriers, diluents,
adjuvant or excipients. A further part of process and equipment as illustrated
in Figure 7 (Part C) is not longer required by the Method of the present

invention.

15 e The present invention also provides compositions comprising a radiolabeled
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.

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

containing a predetermined quantity of the compound of Formula Il.

25  Description of the Invention

In a first aspect the present invention is directed to a Method for producing

compound of Formula |



In another nore preferred enbodinment, Ris Boc. 10 LG is a Leaving group.
In a preferred enbodinent, LGis selected fromthe group conprising: a)
Hal ogen aw0 20)1/1SutsBonyl oxy. 15 Hal ogen i s chl oro, bronopor/EPREi/058820
Preferably, Halogen is brono or chlorm. In a preferred enbodi nent

Sul fonyloxy is selected fromthe group consisting of

Met hanesul f on hoxy,p-ToIuenesulfonyloxy,TrifIuornethylsulfonyloxy,4-
20cyanophenylé Bfonyl oxy, 4-Bronophenyl sul fonyl oxy,

4-Ni trophen ony, 2-

Ni t rophenyl sul f 4- 1 sopropyl - phenylsulfonyloxy 2,4,6-Triisopropyl -
phenyl sul f onyl o gt hyl phenyl sul f onyl oxy, 4-tert-Butyl -

phenyl sul f onyl oxy, 4: Adana phenyl s4l f onyl oxyand4-

Met hoxyphenyl sul f onyl oxy. ~& v a~NxTe preferred enbodi ment, Sul fonyloxy is
selected fromthe group conprising: a) Mthanesul fonyl oxy, b)

p- Tol uenesul f onyl oxy, 3@c) (4-Ni trophenyl)sul fonyl oxy, d)

(4- Bronmophenyl ) sul f onyl oxy.

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

compound of Formula lll, if R = PG

CH, ¢Ha
RN "
AN AN
o> AT
I I
Step 2: Optionally, if R = PG, cleavage of the protecting group PG to obtain
compound of Formula |
10 Step 3: Purification and Formulation of compound of Formula |
wherein:

n = 1-6, preferably 2-4, more preferably 3.
15

X is selected from the group comprising

a) CH,

b) N.

In one preferred embodiment, X = CH.

20  In another preferred embodiment, X = N.

R is selected from the group comprising
a) H,
b) PG.



In a even nore preferred enbodi mnent LG is Methanesul fonyl oxy. I n another
even nore preferred enbodi nent LG is p-Tol uenesul fonyl oxy. WO

2011/ 151288Bci/EPA611/ 058820 16 A preferred conmpound of pEwmPedia/osssees: CH3
1\1 H 010% 8F 15

4-1(E)-2-(4-{212-(2-[F- 18] fl uor oet hoxy) et hoxy] et hoxyl phenyl ) vi nyl ] - NSnet hyl
ani | i ne.

4-1 (E)-2-(6-{212-(2-[ F- 18] fl uor oet hoxy) et hoxy] et hoxyl pyri di n-3-yl)vinyl]-NL

Onet hyl ani | »
2-[2-(2-{4- EE'S A LB RAR A B sny 1 ) (et hypami no] pheny! | vi nyl ] phenoxyl
1 5et hoxy) et hoxy] et hyl rret hanesul fonate. Anot her preferred conpound of

Formula Il is: WD 2011/151283PCT/EP2011/058820 17
242- (2-{4- [{VE?Péef{aﬁreﬂt%mPo‘ﬂim%ﬁy%@r'ﬁéﬁﬂﬂcﬁqﬁ?'ﬁytﬁﬁrﬁrﬁkbﬂ’ﬁﬁ@W'ﬁlr\Q nyl ] phenoxyl
et hoxy) e% ho%]g&pyl 4- et hyl benzenesul f onate Anot her preferred conpound of
Formula 11 I'S: ’

b) Trityl and

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

Halogen is chloro, bromo or iodo. Preferably, Halogen is bromo or chloro.

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

Methanesulfonyloxy,  p-Toluenesulfonyloxy,  Trifluormethylsulfonyloxy,  4-

20  Cyanophenylsulfonyloxy, 4-Bromophenylsulfonyloxy, 4-Nitrophenylsulfonyloxy, 2-
Nitrophenylsulfonyloxy, 4-1sopropyl-phenylsulfonyloxy, 2.,4,6-Triisopropyl-
phenylsulfonyloxy, 2,4,6-Trimethylphenylsulfonyloxy, 4-tert-Butyl-
phenylsulfonyloxy, 4-Adamantylphenylsulfonyloxy and 4-
Methoxyphenylsulfonyloxy.

25
In a more preferred embodiment, Sulfonyloxy is selected from the group
comprising:
a) Methanesulfonyloxy,
b) p-Toluenesulfonyloxy,
30 ¢) (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.



CH3 A He\lc)OsCH3 //"" 00

2-{242-(4-{(E)-244- (et hyl am no) phenyl ] vi nyl | phenoxy) et hoxy] et hoxyl et hyl 4-
met hyl berwenesuisizmaat e Anot her preferred conpound of Forawiee201/05820 CH3 A H
c)0c)Cs //'" 00 16

2-{242-(4-{(E)-244- (et hyl am no) phenyl ] vi nyl | phenoxy) et hoxy] et hoxyl et hyl 4-
nmet hyl benzenesul f onat e

2-{242-({5-[(E)-2-{4-Rtert-but oxycarbonyl) (et hypam no] phenyl | vi nyl ] pyri din
-2- ylloxy) ykbenzenesul fonat e Step 1 conprises
a straight ?ﬁh@ﬁ%é#?*@éigé Itglhll %\g reaction from 20 conpounds of
Formul a 11 f0|CHg)bt ai ni ng conpound of Formula | (if R = H) or conpound of
Formula 111 = PG. WD 2011/151283PCT/ EP2011/ 058820

4-[(E)-2-(4-{2-[2-(2-[F-1 8]f|uoroethoxy)ethoxy]ethoxy}phenyl)vinyl]-N-

5 methylaniline.

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

N

3

=

AN

2 W APLNP NN

N~ "0 o) '
4-[(E)-2-(6-{2-[2-(2-[F-18]fluoroethoxy)ethoxylethoxy}pyridin-3-yl)vinyl]-N-

10  methylaniline.

A preferred compound of Formula Il is:

O O/\/O\/\O/\/O\S/CHs

2-[2-(2-{4-[(E)-2-{4-[(tert-butoxycarbonyl)(methyl)amino]phenyl}vinyl]phenoxy}-

15  ethoxy)ethoxylethyl methanesulfonate.

Another preferred compound of Formula Il is:

ro. C jop
O/\/O\/\O/\/O\S

77\
O O

HC>|/



18 The radi ol abel i ng method conprises the step of reacting a conmpound of

Formula Il wth a F-18 fluorinating agent for obtaining a conpound of
Formul a Iwb 201/orspound of Formula |. In a preferred enlpodinreet sdshe
[ F-18]fluoride derivative is 17

4,7,13, 16, 21, 24- Hexaoxa- 1, 10- di azabi cycl o[ 8. 8. 8] - hexacosane K[F-18]F 5
Kryptofix K[F-18]F), K F-18]F, H F-18]F, KH F-18]F2, Cs[F-18]F, Na[F-18]F
oF | 1 ot r anl kAR S (o Bt Asprbars eIy Belp BTy BB ORY-

fluoride). j i ent is K[F-18]F, H F-18]F,
[ Flis] tet 3 ab%‘ﬁ(ﬁ%ﬁﬂ]ﬁ%ﬁb@‘?‘ﬁ&f“eﬁg%ﬁ%ﬂﬁ‘)ﬁgae?gKH[ o 38] [Fz, rr]ost p£ ef er Lbl y
K[ F18], Cs[F-18]F or [F-18]tetrabutyl ammoni um fluoride. 10An even nore

preferred F-18 fluorjnating agent |s kr of i x/ pot assi un{ F-18] fl uori de,
preferably 6@93%%6%@eﬂﬁ&ﬁ%h@éhﬂéPt%?WWégHV§yptofix and pot assi um

car bonat e. Th@Hgadioquorination reactions are carried out in acetonitrile,
di met hyl sul f oxj de_or di nethyl formam de or a m xture thereof. But al so other
sol vents cam”be g 15 which are well known to soneone skilled in the
art. Water and/a an be involved in such a reaction as
co-solvent. The r At i on reactions are conducted for less than 60
m nutes. Preferred reactill Lmes.are_|l ess an @0 JoHnut es. Furt her
preferred reaction times are |é&ss aﬁV%E\Q%ﬁT’ﬁﬁﬁﬁmLﬁd ot her conditions
for suchsradiofl uorination are known to experts QECéenen, Fluorine-18 20

;- Schabi g@r2R2Ad (BB Ve AP ey ro PR aPRget Ve -
Driving For geethyibdRr&tadufibnatergi ng. Springer, Berlin Heidel berg, pp.15-50).

In one enbodi nent, 7.5-75 pnol, preferably 10-50 pnol, nore preferably
10-30 25 pnol and even nore preferably 12-25 pnol and even nore preferably

13-25 pmol qf. ¢o f F ed in Step 1. I n anot her
enbodi rrent,%ﬁbeqﬁﬁg%%f%c%ﬁéwcg?ﬂe#%%@?yﬁg‘ore than 10 prnol, and nore
preferabl e noce,than 12 pnol and even nore preferably nmore than 13 pnol 30
of conpound gﬂl Forpula Il are used in Step 1. In another enbodi nent, nore
than 5 ng, prefy y nore than 6 ng and nore preferably nore than 7 ng of
conmpound of Fornyl 2 sed in Step 1. WO 2011/ 151288RCT/ EP2011/ 058820
19 I n anot her enbodi mént j of conpound of For rrulre used in Step 1.
I n anot her enbodi nent 8 ns corpound_of Ferguie | e used in Step 1. In
one preferred enbodi nent, the Radi of | uori ndti on ots\\corrpound of Formula I
is 5 cabried out in acetonitrile or in a nmixtur® & acetonitrile and

co-sol vent sp_mhermai it be (N i %) )r e
oreferably At |ea(gt{r@%&q“g%ﬂ%@gﬁﬁP@?@?E’L’ﬁ@@t@h{”@a@?‘Ogglitﬁ@{}?lgﬁfal | SZP i f
R = PG St emahylbepzersessilfohatedepr ot ecti on of conpound of 10Forrmula 111 to
obtai n conmpound of Formula |I. Reaction conditions are known or

Another preferred compound of Formula Il is:
CIIH
Oa N

HSCXO 2N CH,
CH3 N/ O/\/O\/\O/\/O\S

/7 \\
O O

2-{2-[2-({5-[(E)-2-{4-[(tert-butoxycarbonyl)(methyl)amino]phenyl}vinyl]pyridin-2-
yl}oxy)ethoxy]ethoxy}ethyl 4-methylbenzenesulfonate

3

15

Step 1 comprises a straight forward [F-18]fluoro labeling reaction from
20 compounds of Formula Il for obtaining compound of Formula I (if R = H) or

compound of Formula Il (if R = PG).



obvi ous to soneone skilled in the art, which are chosen from but not
limted to those described in the textbook G eene and Wits, Protecting
groups i nwOrgamisc2sdynt hesi s, third edition, page 494- 653cTinredudsgd2her ewi t h
by reference. Preferred reaction condisti ons are addition of an acid and
stirring at 0 G180 C 15addition of an base and heating at 0 C180 C, or a

conbi nati on_t her eof . Preferably t he steg 1 and step 2 are perforned in the
same react i dRevadioigbeling reelbpdFarRREsIee Sﬁ%ob[ﬁqoﬁ'f@zﬁ mmpa%@d ebFaimYléi on

of conpound||0¥VItﬁ05rrp;ll1% f Weﬁ.ﬂgf 5&2{,"3?88{3 ||'1%na ScY)ﬁ]i rF%rle%hﬁ &PLC

sol vent el uen ures ueous ers) can be part

of the inj ecba&pbenﬁmfrﬁdratulam lofa p@efgaedémﬁ)odﬁmemltael[F ﬂa]ﬂu@ﬁrld detivglive
product fraction can be diluted or m xed with other parts of th

Por mul at | oniS 25t 45pHe? befdiexasad. ﬂr@?ﬂ'aze{t}'@/qqﬁﬁ@ &I HROHK ( ur'FL8IF
consi st 09 okn/BIdIRIRIF SEAN KAEAAES HIEHERE, RIIEN et P0G Ao e b E 51

m xt ure, n the aqu er |scnS| |ngo ts o
exci pi ent t hettaadlfamenamyractsalt ioht - h&jrar(e. ﬁFam%]tﬁsaHLdylaﬂundwaque‘mmmm)Lf fer
are solutio of so

hi d di h hat
ascor bate bMYEr B'Feq?ﬁ Xcare relth P@ﬁ??al"}g’{)n g Oiﬁlelgméégkdﬁé%%ﬁogg%zo
20 Modul es 48ﬁeﬁé‘!§&¥%&ﬁrﬁ8nwm 'ﬁuéﬁdé a@@lp FPQ]F( BPP@)[F 18}F2,$ﬁ8§tbb|%?éraBlyAK[F-

Friebe M, mann L. Chem stry - Dri'ving Force in
Mol ecul ar | A8fiGeIF- 1§g];|F |on{jéf18]t5§abutmlaﬂermdelumflg9rlcﬁm 289-316) which all ows

t t nt h b th d d
of an onb- par siinere pyafrés B SRRk md. afeno kB by ie P falotion
ly k Mosldtar - Lab,
GE Trachr| ah T R e S hORr o g T e ey ol o e o

Tracerl ab MX, GE Fastlab, IBA Synthera, Eckert&Zi egler Mdul ar-Lab

o et g SR APb o ks SMAPRR o BEAS s

devi ces are a SGCOI’]

present i nvelnhethplfmnaih][decbe@ trti»garéf mémoﬁLB@trratsedom@d/smlvemsrm‘aadb@nisrerall | ed
Met hod for production conmpound of Formul a | n 15co ynds o
Formul al}, B"I '%tharq well kpawat Femeons seiieaindhg 3&%3’8??%@@ ch%ohqlﬁcan be

preferred eli}t?%ﬂ) Sl shEIHSa TEL AR 'a§a&?:EHI'vla t%@@?%ﬁu&ﬁr‘?@wr?e?&%ﬂﬁ'%t

with GW gu at provi des or mu atlono or mu or the use
of admi ni st caﬂdmtedlfo[ dadtsi tbm)w 60troinbtesarPrefirdch r%dtlbnrinfnaspmfetles@éhm Sfent

invention is .direc Kit for the product har eutl
compos! £ 1 on RSB GHA BreTPEPIBACHON Hdnd s 3dnABALS B RN SRGHhEi ng
a seal ed Vi gbngiohaifer %@ré&"@lﬂ%rﬁfaﬂbﬁ%?e known to experts (Coenen, Fluorine-18
20 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).

In one embodiment, 7.5-75 pmol, preferably 10-50 pmol, more preferably 10-30
25 umol and even more preferably 12-25 umol and even more preferably 13-25 pmol

of compound of Formula Il are used in Step 1.

In another embodiment, more than 7.5 umol, preferably more than 10 pmol, and
more preferable more than 12 ymol and even more preferably more than 13 pmol

30  of compound of Formula Il are used in Step 1.

In another embodiment, more than 5 mg, preferably more than 6 mg and more

preferably more than 7 mg of compound of Formula Il are used in Step 1.



gquantity of the conmpound of Formula Il. Preferably, the Kit contains 1.5-75

pnol, 25 preferably 7.5-50 pnol, nore preferably 10-50 pnol and even nore
pr ef er ablwok8ti2z51380] and even nore preferably 12-25 pmplcTardoansss2eor e
preferably 13- 25 pnol of conpound of19Formula I1. I n anot her enbodi nent

the Kit contains nore than 7.5 pnol, preferably nore than 10 pnol and nore

preferably nore than 12 pnol and even nore referabI?/ 30 nore than 13 pnol
of conpound !baEngEdergMPodimenty gibeheameawatipheatmyladl e useshina3te® hore t han

compound of "EarERefobHied ShEDroIBBG R Bl FORRIE IR S A Stob, o
conpound of Fornmula I1. WD 2011/ 151283PCT/ EP2011/ 058820 21 I n anot her

enbodi mrent the Kit contains 8 ng of conpound of Fornmula Il. The kit al so
contains a dboperrreirebeihipdimert dhe %ﬁ‘d'@ﬂ'\@r&@iﬁ'ﬁﬁr@rﬁ@n?@#”q ré Formula Il is

sol vent (g1 XLufhs &in HREGAId b 28 FARurIBPLEL BB RIS HRGESh the

m xture or corrponen s are appropri use I'nj ect

i nto pati enperdoptagmef byetohitdie s bt st 800ks rhonet ﬂ)‘relfereblym)tﬂea$ts7ﬁ%reven more
manuf act uri n of ound f Forrmula |, such as solid-phase extraction
cartridges, p E?é’ib(g?'&as? 906ri nati on (as descri bed above), acetonitrile or
acetonitrile and a co-solvent, reagent for cleavage of deprotection group,
sol vent or solvent nixtures for purification, 10solvents and excipient for
For mul at i onOgptionalhe #nBodi Péht Stephe2 Kiomprseisaihres deeppdtattian mf( eorglpouads@ft te)

for a "cassette- e nodul e such  a rac rla or IBA nthera
DEFI NI TEONS Ofrﬁutdyh@' oRPER CB%“HPHBO' ﬁfﬁmu g Avgﬁ%ﬂﬁ{‘ CcRRQf '% $ 8lF kapyg %{r e
phar maceut i BB{llblﬁsscH'éd'ﬁ%@neg@kﬂléd G tlﬁé‘%r@%ﬂ?&ﬁl \ﬁj'\i cﬁ%Q?l?) F#dr9 L MoRBmited to

invention. The invention also conprises salts r their part are not
sui tabl e fothqﬂeadem@edlloethea@gboolatﬁrease analt VWit dProteciingegnosipd in fnganic

Thvent §on, _ SHaT R0 e erde APa el reERRRECRRRN R etor ui g 1o

the inventi prefeRedueachsn donditdbhs are sabiftionadf 4 BetiEANPSHiIFihg fay bOxg0 C;
aci ds and sul phonic acids, for exanple salts of hydrochloric acid,

hydr obr ofri cagéitign of @ndrasel ancdibeatingydldd PR Gicard combingties dngreshi ¢ aci d,
et hanesul phoni ¢ aci d, toluenesul phonic 25 acid, benzenesul phonic acid,
napht hal ene disulphonic acid, acetic acid, trifluoroacetic aci d, propionic

acid, |acti ereferably tis $tdp t addistep PareCparfdrthedCintthé aprd bactiomeesselaci d,
mal ei ¢ acid and benzoic acid. Pharmaceutically suitable salts of the
conmpounds according to the invention also

20 Step 3 comprises the purification and Formulation of compound of Formula |
using a HPLC separation system, wherein, the HPLC solvent eluent (e.g.
mixtures of ethanol and aqueous buffers) can be part of the injectable
Formulation of compound of Formula I. The collected product fraction can be
diluted or mixed with other parts of the Formulation.

25 In a preferred embodiment, the HPLC solvent mixture is consisting of ethanol or
an aqueous buffer or an ethanol/agueous buffer mixture, wherein the aqueous
buffer is consisting of components or excipient that can be injected into human.
Examples for such aqueous buffer are solutions of sodium chloride, sodium
phosphate buffer, ascorbic acid, ascorbate buffer or mixtures thereof.

30

In a preferred embodiment, the Method for manufacturing of compound of

Formula | is carried out by use of a module (review: Krasikowa, Synthesis



i nclude salts of customary bases, such as, by way of exanple and by way of
30 preference, alkali netal salts (for exanple sodiumsalts and potassium
salts), avbabimesimarth netal salts (for exanpl e cal ci umpsaiEP01@RNERSDB®GNESi UM
salts) and ammonium salts, derived frm®m anmonia or organic am nes having 1
to 16 carbon atonms, such as, by way of exanpl e and by way of preference,

et hyl am ne, WO 2011/ 151283PCT/ EP2011/ 058820

di et hyl am ndMadules aYY AtaeadeRyn &i-18 dabelipa (%Oﬁé i S6BHRIgRB Fafti: figiebe M.,

di et hanol am Bemahf €1 888, S RBdHEKS! oﬁﬁéymnhgeﬁor%rmtmle%ma?omb%@'

procai ne, en-zyl am'n hol I ne inineé
et hyl ened| a&pnegencBéﬂllné{dwdalbe;mrppdi%@ 3 Hhehichratiolsl agentanatesl syntledsas.s to

ool f o oMo AreEreaNoe el carEHEBY B8, Pont s HanEoRHes e
in the apt, kb ChrofstablROSIRE I\'?Ié@f@dblét cé‘r‘?ubd' blﬁ‘i‘ bﬁdcdrﬁ’ménFy' R‘ﬁ@wﬁfndﬂ S4&Ehteng

groups narrely carbamates, am des, 1 mdes, N-alkyl am nes, aryl am nes,
i m nes, enamneesnocﬂidean&g rEqker&Dleglemt quuiw leatou ok, Nasenlabnlﬁx Raytest

N—sulfonyl and Lch is 2N f but not, .| i pit ed t hqse
Nosor i oy i SVPRbrGD) ¥p sEeee e i b GRS y SRR B8 BE Fladhy IRR
Synt hesi s, Q?hfh%r@dl Ecﬂén&zmr‘l%’I&I@ﬁar-Le{bﬂ W\%@mﬁﬁé@g})t hoptiorgilyer gingiger The
am ne-protecting group is preferably Car bobenzyl oxy ( pMet oxybenzyl

car bonyl ( MeguipMmevceych tas tHBE yPo djeRaNsdY | dqvimes) are- atta@ed to the said

Fl uor eny| rreHB/u car bonyl (FMOC), Benzyl (Bn), p-Methoxybenzyl (PMB), 3, 4-
D met hoxybenzy p- met hoxyphenyl (PMP) or the protected am no group
is a1, 3-dioxo-1, d| hydro-2H—i soi ndol- 2-yl (phthal i m do) or an azido group.
The term "Leavi ng group" as enployed herein by itself or as part of another
group is knovvn or obvious to soneone skilled in the art, and neans that an

tom 20 f, at det achabl e_f bst b
Pl cophi 11 47 ARARONARSARTES HTESGhUBROBIs & GFoelii & 1u1 Heopaton ampists g

table 2 (p. r@rﬁote( tcBﬁtrbei’eQd FEhbY gf [%r}&!qﬁcﬁ@rpltﬁ gngESl%d Lok PSrrﬁl%rP%Iféiiem
"n- C4F9S(0) 2- 0- nonaf | I nstead o n- C4AH9S( 0 - nonaflat”), Carey and

Sundber g5 Ocgenposotie oSFntrhelsad Il (ab@dl)gndoSiteps2t,92 28d 3 dreldescEbéEd abpve.
Net scher, Recent Res. Dev. Og. 25 Chem, 2003, 7, 71-83, scheme 1, 2, 10
and 15 and b1 ReprejerrgiCestadimenudiis methed lisitselulliiauiemiatrts pravessueemphant

P055|b|I|t|es si ¢ actlos 6 in chubti ger Fr.i ebe M
Lonmann L M facligs YRproVied b ingatial BE #ehmbd Lol 11 Migghhg.
Spri nger, B@ﬂhumsﬂrmudletu J@bﬂon nﬁtouﬁ'urﬁan explicitly: scheme 4 pp. 25, schene
5 pp 28, table 4 pp 30, Fig pp 33). 30 ThetermSquononxy refers to WO

2011/ 151283PCT/ EP2011/ 058820 23 The term "al kyl " as enpl oyed herein by
itself g as part of another group refers to a Cl-Cl0 straight chain or
branched” al kyl group such as, for exanple nethyl, ethyl, propyl, isopropyl,

butyl, isobii glthifdeaspdutitinb presarityhveritidpns dincctedeop &t ok thepriddctiohexyl |
decyl or adamantyl. Pref erabli/I al kyl is Cl1-C6 stral ght chain or 5branched
al kyl or CrPbammagsuticgheorwpasition of 5@%@14@@ ohFeymulalower al kyl is a Cl-C6

In one embodiment the Kit comprising a sealed vial containing a predetermined

guantity of the compound of Formula Il. Preferably, the Kit contains 1.5-75 umol,
25  preferably 7.5-50 umol, more preferably 10-50 pmol and even more preferably

12-25 pmol and even more preferably 12-25 pymol and even more preferably 13-

25 pmol of compound of Formula Il.

In another embodiment the Kit contains more than 7.5 umol, preferably more

than 10 ymol and more preferably more than 12 ymol and even more preferably
30  more than 13 umol of compound of Formula II.

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.



straight chain or branched al kyl. The term"aryl" as enployed herein by
itself or as part of another group refers to nonocyclic or bicyclic
aromat i ¢ woeupsisedt ai ning from6 to 10 carbons in the pcmgEri@posdseon, such
as phenyl, naphthyl or tetrahydronaphtthyl. \Whenever the term "substituted"
Is used, it is neant to indicate that one or nore hydrogens on the atom
|nd|cated I n the expressjon usin substituted" is are replaced by one
ore nul tipl é“%@@?F@@hﬁdﬂﬁ?ﬂ%edﬁgbwt@wWQ‘PTQC%Pw%Of E@rmlda Il.15" cyano,
trifluoronethyl, alkyl and O-al kyl, provided that the regular val ency of
the respective atomis not exceeded, and that the substitution results in a
chem cal | y Fhabkie atsonpontains ia. selveat oospivend rilkatrei or thef tomipentehts farbihet to
survive isolatio e of rlt%%romareactmn m xt ure.

se
Unl ess ot heﬁ%v%rz%’éth'\'@f L*@HL' \M%H%F' ¢Han 858 PPN tHANIE LT he
20present | I osition
t her eof %heegﬁ@g)g%ﬁtsr)ﬁ&e Ir(@;ﬁn%ﬁ’ﬁg{)rulg‘%sdﬁcﬁﬂge?t hej&ﬁggﬁzﬂtg atlgg ts, and
conpl exes. DwoneﬂynthGKﬁadommaséurrthemromreornea'ﬁs tﬁcprena&l;facﬂ:mmgt@rodhﬁpdmd ofeans
fluorine is LES Determnm nation of Rad| % Hbcal and

cheni cal Pf “'ﬂaﬁ SHEﬁ |O5PoRIfe X ESF AT, PRI TeagaNnt Jot Huomiation (as.

18] f1 uor Oet bexy )tﬁid‘oaﬁb%%h%éidhhﬁ@"&VbBé(t%hrtme”%hByba'&blddl\ﬁarﬂnq‘eagent for
4-[(E)-2-(4-{2- 30 [2-(24F-18]fl uoroet hoxy) et hoxyFet hoxyl phenyl
yvinyl]-N rretelayage qaf depvcﬁeethtetgfoup nedlvent arabglvestimikees (fool purtiication,

Atl anti . _solvent A- 5 nM K2HPO4 pH 2. 2;
sol vent ?% §8& F? q m'P‘Fngﬁr jﬁi{oﬁ‘ gradient: WO P
2011/ 151283RCBhEPé’rﬂﬂaédiG@ﬁZme?mtoc&Qalﬁerb /&ﬂl%&m (.80c88s6e) Ton a42a808ttd,

05: 50- 05: 60 nin 90-40% B, 05:60- 09:00 nmin 40% B
type module” (such as Tracerlab MX or IBA Synthera)

15 DEFINITIONS

In the context of the present invention, preferred salts are pharmaceutically
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
20 compounds according to the invention.
Pharmaceutically suitable salts of the compounds according to the invention
include acid addition salts of mineral acids, carboxylic acids and sulphonic acids,
for example salts of hydrochloric acid, hydrobromic acid, sulphuric acid,
phosphoric acid, methanesulphonic acid, ethanesulphonic acid, toluenesulphonic
25 acid, benzenesulphonic acid, naphthalene disulphonic acid, acetic acid,
trifluoroacetic acid, propionic acid, lactic acid, tartaric acid, malic acid, citric acid,
fumaric acid, maleic acid and benzoic acid.
Pharmaceutically 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
30 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,



Retentiontinmeof 4-[ (E)-2-(4-{242-(24F-18]fl uor oet hoxy) et hoxy] -

et hoxyl phenyl)-vinyl]-N-nethylaniline: 3.5-3.9 mn depending on the HPLC 5
system uswo 20owisasal ity control. Due to different equi premtEP¢@1@s8sebi ng) a
difference in retention tine is obseraed between the different HPLC
systens. The identity of 4-[(E)-2-(4-{242-(24F-18]fl uoroethoxy) et hoxy] -

et hoxyl phenyl ) vi nyl] - N-net hyl ani l i ne was proofed by co-injection with the
nonr adi oact Figghylafiiencelrigthylaming, ( 4- eBwidiisopmpy@niingor odhaBRSHhaNRIRYNE,

10et h | ph ' : N i\l Hene. 4 : : :

Reent ] ont | gy qitEsle, BRMPRILIEN T dipyclohexyamine  dimelylaminoethanol,

et hoxyl pyr i grocaig;l Jivemyl/lamiherN metnyliromdoliBe 4argmime, [Yhiee| ddrylartediarhine
4-1(E)-2-(6- .

{25(2-%24Ff 18] IN,BISRAIABLYHEEnoxy Fet hoxyl pyri di n-3-yl ) vinyl ] - N-net hyl ani | i ne
was pr oof od Bt 188 HabdaNoPhbil bhss BB @ifogqt T ve ref erence

15(24F-19]f h ) et h I di AV I VAR 1V I A L Ll .
Erarl e 1) SyPrEnTs BSOS Shibtoieli heieht e dF oo Butn &

et hoxy} phenghpthiengrdupNisnaidwrt anobvioeas adisomeninkeeskilkonin2b&cke mikich egtlersen
ZDFI(JBN 2'_ ?Zfr?)EBPg\I@ét Ifr%%%l]t_qsg&%bgg%&g%%pgonamely carbamates, amides,

imides, N-alkyl amines, N-aryl amines, imines, enamines, boranes, N-P

10  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
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 MeQOZ), tert-Butyloxycarbonyl (BOC), 9-

15 Fluorenylmethyloxycarbonyl (FMOC), Benzyl (Bn), p-Methoxybenzyl (PMB), 3,4-
Dimethoxybenzyl (DMPM), p-methoxyphenyl (PMP) or the protected amino 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

20 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¢S(0),-O- nonaflat”
instead of “n-C4HeS(0O),-O- nonaflat”), Carey and Sundberg, Organische
Synthese, (1995), page 279-281, table 5.8; or Netscher, Recent Res. Dev. Org.

25 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).

30  The term Sulfonyloxy refers to

-0-S(0)2-Q wherein Q is optionally substituted aryl or optionally substituted alkyl.
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Thesynt hesi sof 4-[ (E) - 2- (4- {242- (24F- 18] ) f | uor oet hoxy) et hoxy] -

et hoxyl phwoybjvismgi] - N- et hyl ani | i ne have been perf or ne@CwrEP2011/058820
Eckert &Zi egl er nodul ar |ab synthesizexs. [F-18]Fluoride (60362 MBq) was
trapped on a QVA cartridge. The activity was eluted with potassium

mesyl at e/ kr*gt ofix/n- 5 Bu4NHCO3/ net hanol mixture into the reactor. The
sol vent was Thersiredalid ias anerleyag herrie Pygiselli o af parbgEanathes groumEpTorscioum

Dryi ng was repe i g AN t

1 or G Rt o o BanBhed SRINLLL Ghoilad Claf| eRinile fhelB 0,
and the m x'ethyl: pecpyhesbpbpyhr baidl, rrisnbattyl,lte@t-lﬁlJtyDtpemgl heepterniyg, rtdm@eetm,aust
of the reac ened to allowthe_ 1 vapor a the | vent
mxture o bepuhiieByAgey! O SdararilcPsrRr ey o Akl S0 g il SED; ¥t e
was added aBP'aﬁdh%drélﬁyﬂt&rﬁl@ ﬁélbﬁgcﬁélnj&oorgnEﬁéd Hol Dwdhaigrydecpgduct
was neutralized (1.5 NaOH buffer) andtransferred t

sen - preparatrat@étEhﬁl(lardirahdﬁe(@mwrgy Hydro RP, 250x1Qmm Phenorrenex) A

m xture of 60% et hanol and 40% ascorbate buffer (pH 7.0) was 15 flushed
through the colum with 3 nL/mn. The product fraction at ==.18 mn (Figure

2) was di r eFhktefnl“baet £lehpiyddReneirPBY GeN iorlasqstt 8f BhdtbieB ghoup-refers to
Formul ati on basi s (phosphate buffer, ascorbic acid, PEG400). Anal ytical

HPLC of t heManesyclis ebisyclicrargasicgroups aeptaiing froehe te 40iceEbeis bdhe ding
h |
2 L0 - 22 CaPPbm. SOGaS B FrvioPaRIInyL s SREXS IR phenyl ) vi nya] - 20

met hyl ani I i ne have been detected in the W chrorrat ogram (Figure 3, bottom,
all non-radioactive inpurities have been separated. The radi ochem cal
purity was ¢taravendte teanbsubstitied Zs&»eedpiteis meynittbésdisatefthat one or more

4-T1(E)-2-(4- 8 . o
ot howy} ahenPhaieRps ok At RPICRIRE Ki R SRtSsion, Heirg asuPRUltasiis & are
Tracer | ab Fydbligyed B?Sdrkeérehﬁt‘ﬂﬂlgﬂ)@%bléﬁ@fr@ﬁt tHe §RRip €brhBRsing HaldddrC nitro,
approach" (Figure 4 | uoride (3700 MBQ) was trap ed on a (%VA
cartri dge. wcadflﬂwnome/ml alkyt ead\matky]bdwrgwearthat the regu ar valency

o vent vas SRS R S MRk iR, Flon Tt eCs IRl oS ERE DR o featlyum
Dryi ng was eeiptacethpauhd! i.addi tompoohd alegtt igrsurfidiéstly At té sarvivd isdldtidn

to a useful degree of purity from a reaction mixture.

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

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.
25

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-
30 [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 K;HPO, pH 2.2; solvent B: acetonitrile; flow: 2 mL/min, gradient:



WO 2011/ 151283PCT/ EP2011/ 058820 26 2a in 1 nlL acetonitrile was added to the
dried residue and the m xture was heated for 8 mn at 120 C. After cooling
to 60 C, womnkvmsumsof 0.5 nL 2M HCl, and 0.5 nL acet oni tciripr2evasssdded and
the reactor was heated at 110 C for Z44min. The crude product was
neutralized (1 mL IM NaOH + 2 nL buffer) and 5 transferred to a
sem - preparat i ve HPLC col um@&)s%ger_gy dro-RP, 250x10mm Phenomenz)()g. A
mixture of B4 BiMARSH Barfi0005% 2 Fun B 20 HuB+ 85:5001p:60 gyinyad-40% 8 &i:60-
t hrough theggg H‘b%hB)Q’ m./m n. The product fraction at ==.16 mn (Figure
2) was directly collected into the product vial containing 8.5 Formul ation
basi s (phosphaRetentibh er, taseor biaf aci 4-[(BDELM{2-[2-Rafk -dSifkmreethopy)etioxylvas
10 determned t bei >990

foxide

4-1(E)-2-(4-{& hfw&gﬁﬂ%ﬁ%ﬁﬂ%ﬁ@%g?%ﬁgfé min depending on the HPLC
et hoxy) phenyl )gystoth] adbdesnylafy | dcitrl aguBStNbtRser BBUIBIRARTEAP thingd

[,
Eckert &Zi egl er "Purification uni Kit have been assenbled for the
synt hesi s of Adiffé¢ence-ig 4eteption (ipa-is observed between the different HPLC systems.

e
4-1(B)-2-(4-{ ?é%ﬂoﬁyi}fahgﬁ VinyPROAEIMIBNIRTe WSS brésfaa iy} sarmiedtion wixd ihd\hémt hyl
a

aniline on 20tracer and Eckert &Zi egl er Purification unit Eluent vial

22 ng krypt of iRIOACHYE pot akierenrear bofdti)-2-44-8002-62-[vdBlfluorogiboxyiethoxy]-

recursdy 2a B BABRAWAEN AR, '\ 50 g sodi um ascor bate 2nL

syringe 1.5-mRewhtiaH + tind@ nlL gfhos phdiE)-26 {242 YA Sifagrédthexy )ethoxy]-
ethoxy}pyridin-3-yl)vinyl]-N-methylaniline: 3.47 min. The identity of 4-[(E)-2-(6-
{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-

15 (2-[F-19]fluoroethoxy)ethoxy]-ethoxy}pyridin-3-yl)vinyl]-N-methylaniline.

Example 1 Synthesis of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline radiosynthesis on

20 Eckert&Ziegler modular lab

s
OYN
H,C__O O yZ
H30>r O
CH, o O ~CH,

2a OO0

D
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o

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



Productlineto Eckert&Ziegler purification unit Tube with two |uer |ock
fittings Anion exchange cartridge QVA |ight, Waters (pre-conditioned)
Di sposablwo3ewans128al ve Wth tubing and needl e to productcrireke1tiosssko
sterile filters WD 2011/151283PCT/ EP&011/ 058820 27 Product vial 20 niL vi al
Formul ati on basis 8.5 nL (PEG 400, Na2HPO4. H20, ascorbic acid in water)
HPLC sol vent -ethanol -water -sodium ascorbate -ascorbic acid HPLC fl ow
rate 3 ni/ nilhe syntheS|s of 4-[(E)-2-(4-{2-[2- (2 [F-18])fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline have been performed on a Eckert&Ziegler
modular lab synthesizer. [F-18]Fluoride (60362 MBq) was trapped on a QMA
cartridge. The activity was eluted with potassium mesylate/kryptofix/n-
5 BusNHCOs/methanol 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 4 mg 2a in 1 mL terf-amylalcohol/acetonitrile
(9:1) was added to the dried residue and the mixture was heated for 20 min at
120 °C. During heating, the exhaust of the reactor was opened to allow the
10  evaporation of the solvent. A mixture of 2.2 mL 1.5M HCI, 1.1 mL acetonitrile and
30 mg sodium ascorbate was added and the reactor was heated at 100 °C for 10
min. The crude product was neutralized (1.5 mL 2M NaOH + 0.3 mL buffer) and
transferred to a semi-preparative HPLC column (Synergy Hydro-RP, 250x10mm,
Phenomenex). A mixture of 60% ethanol and 40% ascorbate buffer (pH 7.0) was
15  flushed through the column with 3 mL/min. The product fraction at =18 min
(Figure 2) was directly collected into the product vial containing 8.5 mL
Formulation basis (phosphate buffer, ascorbic acid, PEG400). Analytical HPLC of
the final product (Figure 3) showed excellent radiochemical and chemical purity.
Only cold 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-ethoxy}phenyl)vinyl]-N-
20  methylaniline have been detected in the UV chromatogram (Figure 3, bottom), all
non-radioactive impurities have been separated. The radiochemical purity was

determined to be 99.6%.

25 Example 2 Synthesis of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline radiosynthesis on
Tracerlab FXy
A Tracerlab FXy synthesizer have been adopted to the “direct cut HPLC
approach” (Figure 4).
30 [F-18]Fluoride (3700 MBq) 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 7 mg



The design of the Tracerlab MX cassette has been adopted (Figure 5). [F-
18] Fl uori de was trapped on the QVA cartridge. The activity was eluted with
pot assi unwoaohorsadse/ kr ypt of i x/ acetonitril e/ water m xt ur ecffEprenn/osssoent
vial") into 5 the reactor. The solvexwt was renpoved while heating under
gentle nitrogen stream and vacuum Drying was repeated after addition of
acetonitrile. A solution of 8 ng 2a in 1.8 nL acetonitrile t&acet_onitri | e
from "bl ue éapPed Wi-afcetapidrilgayas adsleslola e dried tasidue apdcthgpeirtyieawas

during the e} 7 @Sd i xtiu

neat od for oot ons H5aE 18 At toihg o GRS G € mRiint BE o HiL'26 HES.
added and t hadr@aahbracstanitiéatved addedl@nd thereactor nvasTheateduatel 10 6GUot 4was
neutralized (1 IM NaOH + 0.3 nL buffer, from?" ringe") d
transferred™B A8 GTHPRRIPEHCH WES NQfiraliggd fd ki t?i!%i &épi'i/ HeLeL( *P#‘angW and) by
the left.sygd b1 are(all T Yag hh i on a
Syner gy ?—NdFHgH ,n%gS xél) eﬁu'f’olg enromen‘éffl_ nguﬁfﬁ]ﬁ@wg m X?lﬂdéﬁgﬁﬁn’w
60% et hanol Phedod®@¥teas ddnbsives bli60%r ethpriol7a) 40Yhesqorbdiechufferspti 6.0) atas

==.17.5 mn_(Fiqure 2 s directly . callected into the product via ,
cont ai ni ng Beshelbificthn B GALFE o3 7k by T Perprodlel BriSh At erinoo)
20Exanpl e 4(#3?0%@2? sAirettlly (dalleeteddintc? tHe? pkodulcE vibB ebhidiriRg L9 Ror@iuliion] -
et hoxy} phenyl Jyvi nyl ] - N-nmet hyl ani | i ner adi osynt hesi son Eckert &Zi egl er nodul ar
| ab The bgaish&diosphate hedrr.pestobited@cish BE00).8 Radiqghemisald pueiyL sss
synt hesi zer i tonithsl e as solvent for fluorination. The setup of

t he synt1 espggef%%cﬁ]}gg%ééé’sm ts are summarized in Table 2. WO

2011/ 151283PCT/ EP2011/ 058820 28 [F- 18] Fl uori de was trapped on a QVA
cartridge (Cl). The activity was eluted with a kryptofix mxture (from

V1) into ExamRiack oSynthesisol vént AilkR)-2 Hhdada- AP BIHEaro et IRthoRt | o
it t d i . . t LLi 100 pL
Reer onet T eoam i, \ BiHeheReR I NAEN AR SRl ©7 ARfibbidthetls, O o

added to the dried reJra¢eriahMX BadEcKeH&ZiwgternPakifidation ukit min at 120 C
After cooling to 40 C, 2 nL 1.5M HCl (from "V4") and sol ution was

dded
heated for 8 i Bavaibeen aReemblase TBF olectSHRENS oOhad I A4t {AITT. 2
. n n d h
T aat or o P uBrcbtfio AR RATPOIR ebefhiinktN-ietintiide (Table 41! | e

acetonitrile and 0.5 nL ethanol. The m xture was transferred to the 10 nL

sanple injection |ogp of the senj-preparative HPLC usjng a, nitrogen
over pressur dable 1 neCPmRositian of it fervnanefactieing of 4l a4t uni cn

coni - preparat; ve el EBfosBRxENOIGR M aReh N ARAEN tiahlfe on |
m xt ur e2of 60% et hathaderdatsl MO dndEckdrt&Zicglénf Rurifieatibhustlied t hr ough t he

colum with 6 m/mn The product fraction at=--_ 7 mn was coll ected

directly i hEHaM¥ialr oduct vial LOAIBY KYRIOHS FMERoiessidmosarBagate in 300

(consi sting of phosphate buffer “|_P§%lgr0+ apg ;ﬁsg&itgﬁi?rilé‘d d). Analytical [HPLC
of the final

Blue capped vial 8 mL acetonitrile

Red capped vial 8 mg precursor 2a

Green capped vial 2 mL 1.5M HCI + 30 mg sodium ascorbate
2mL syringe 1.5 mL 2M NaOH + 0.3 mL phosphate buffer
Water bag Water

Product line to| Tube with two luer lock fittings

Eckert&Ziegler purification

unit

Anion exchange cartridge | QMA light, Waters (pre-conditioned)

Disposable 3-way valve With tubing and needle to product vial, incl. sterile

filters




20pr oduct showed excel |l ent radi ochem cal and chemical purity. No inpurity
hi gher than 0.3 pg/nm. was quantified. Table 2 Vial V1 22 ng kryptofix 7 ny
pot assi unwoanhiorsadse 300 pL acetonitrile 300 pL water Vi 2CTZ20100583k0
acetonitrile Vial V3 8 ng precursor 29 in 1.8 nL acetonitrile Vial V4 2 nL
HCl 1.5MVial V5 1.2 nL NaOH 2. OM 800 pL ammonium formate 1M WO

2011/ 151283BCT/EP2011/ 058820 29 Cartridge Cl QMA light (waters) conditioned
with pot assPiededMnate 0.5M |20 mL vial

Formulation basis 8.5 mL (PEG 400, NapHPO4-H20, ascorbic acid in
water)

HPLC solvent — ethanol
— water

sodium ascorbate

ascorbic acid
HPLC flow rate 3 mL/min

The design of the Tracerlab MX cassette has been adopted (Figure 5). [F-
18]Fluoride was trapped on the QMA cartridge. The activity was eluted with
potassium carbonate/kryptofix/acetonitrile/water mixture (from “eluent vial”) into
5 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
2a in 1.8 mL acetonitrile (acetonitrile from “blue capped vial” was added to solid
2a in the “red capped vial” during the sequence) was added to the dried residue
and the mixture was heated for 10 min at 120 °C. 1.5M HCI (from “green capped
10 vial’) was added and the reactor was heated at 110 °C for 5 min. The crude
product was neutralized (1 mL 1M NaOH + 0.3 mL buffer, from “2 mL syringe”)
and transferred to the injection valve of the Eckert&Ziegler HPLC (Figure 6) by
the left syringe pump of the MX module. The crude product was purified on a
Synergy Hydro-RP, 250x10mm, Phenomenex HPLC column using a mixture of
15 60% ethanol and 40% ascorbate buffer (pH 7.0). The product fraction at =17.5
min (Figure 2) was directly collected into the product vial containing 8.5

Formulation basis (phosphate buffer, ascorbic acid, PEG400).

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

Eckert&Ziegler modular lab
The synthesis has been performed on Eckert & Ziegler ModularLab synthesizer
using acetonitrile as solvent for fluorination. The setup of the synthesizer and the

25  results are summarized in Table 2.



Mx-Vial 1 nL acetonitrile 500 pL ethanol HPLC colum Synergi Hydro-RP,
250*10mm 10pm 80A, Phenonenex HPLC sol vent 60% et hanol, 40% ascorbate

buf fer (5g6l208108i28n ascorbate and 50 ng/| ascorbi ¢ aci dpciHRipehifilosss2@ ni/ min
Start activity of [F-18]fluoride 46. ®8GBq Product activity 19.4 GBg Product
radi o-purity (RCP) 99% Radi ochem cal yield 42% (not corrected for decay)
Exanple 5 Synthesis . of 4-[(E)-2-(4-{242-(2-[F- 12]Sfl uor oet hoxy) et h ég(] -

et hoxy} phenijl"f)@] Flyand NNﬁéttTﬂﬂpﬁﬁlqn A Mécﬁ%g@ﬂ?l{ i) s Tl aeW el pg B Withd

Ecker t &Zi eg el(yﬁt‘brnkfrh&ﬁhb oty TSI RERIG, RS QRRIIREES P6mBle@Re

Tracer Lab thesi zer urification of een perforne
Zi egl er Pur heatieg iumdetigentle Thirogeh Istm;anmfartdheactuumc[)rymglwa@ repeaﬂeel &iRerC

was controll usin e syringe  of X u The set up t

aut omat es aﬁagit'ﬁﬁ ‘Pfg%wt% éP%togﬁHﬁa@T%d m'ﬂke Falyitien 12 BRﬁCUE’LS(?r 203 ?from

[ F- 18] Fl yor ige)4ass bgeped 198 dﬁe@\‘{ési‘a%téﬁdjﬂ?e bisdire W38 _R&dtEY 'féry 194finchtut ed
vmthakrypt0|x m xture (from"V1i Into the reactor. The sol vent was

renoved whi H20h#at Afigr umdbmg dert0 éCmZ molgehSkt HEA nffrromal “VaCuwas &dgedhgndas

r epeat ed aftel@faddltlon of, .ac ton| e~(from"V2"). The solution of

precursor 280MIPBWas\Aegtegdara g & 136 ffe dried residue and the mxture was
heated for 10 mn at 120 C. 15 After cooling to 40 C, 2 nL 1.5M HC (from

"V4") was added and sol ution was heated for 5 mn at 110 C
The crude product mixture was diluted with 1.2 mL 2M NaOH and 0.8 mL

10  ammonium formate (1M) from vial “V5" and then transferred to the HPLC vial
(“Mix-Vial”) containing previously 1 mL acetonitrile and 0.5 mL ethanol.
The mixture was transferred to the 10 mL sample injection loop of the semi-
preparative HPLC using a nitrogen overpressure in the HPLC vial (“Mix-Vial”) and
via a liquid sensor which controlled the end of the loading. The mixture is loaded

15 to the semi-preparative HPLC column (Synergi Hydro-RP, 250x10mm,
Phenomenex). A mixture of 60% ethanol and 40% ascorbate buffer was flushed
through the column with 6 mL/min. The product fraction at = 7 min was collected
directly into the product vial containing 15 mL Formulation basis (consisting of
phosphate buffer, PEG400 and ascorbic acid). Analytical HPLC of the final

20  product showed excellent radiochemical and chemical purity. No impurity higher

than 0.3 pg/mL was quantified.

Table 2

22 mg kryptofix

7 mg potassium carbonate
Vial V1

300 pL acetonitrile

300 pL water
Vial V2 100 pL acetonitrile
Vial V3 8 mg precursor 2a in 1.8 mL acetonitrile
Vial V4 2 mL HCI 1.5M

1.2 mL NaOH 2.0M
Vial V5

800 pL ammonium formate 1M




The crude product mxture was diluted with 1.2 nL 2M NaCH and 0.8 nL
ammoni um formate (1M fromsyringe "Si" and then transferred to the HPLC

vi al
acetonitril

VO w02a11151R83PCT/ EP2011/ 058820 30 ("M x-Vial")

I PCWEPedL 1/H58%R0

e (from"V2") and 0.5 nL emdhanol (from"V5") are added

separately. The average 6-7 nmL mixture was transferred to a 30 nL syringe

whi ch t hen
i nj ection | Qaptridtjet®re 5 | BHA-light paaters vendRidtied TWigh potdsseiven carbdonated.5\d | t he
sem -prepatative HPLC calum (Synergi Hydro-RP, 250x10mm Phenonenex). A
m xture of [ 60% et hanol arldméCéehmtiidat e buffer was flushed through the
col utm wi t hMiX-Mialni n.  TH Bdggu t f action at=--, 9 min was collected for
50 sec directly into the%;Q containing 15 nL Formul ati on basi $
(consi sting hospha urrer E or d). Analytical
HPLC of t heHPLEaPo bRt oY 4&92@? 20 1P obfahitod: Flisroivcal
purity. Normpurtty—hioh f T 1T v'ba nt : a 1
22 g ki yol pifoe 2o0EPot ?&fr AR 1R e ca e BURRE TSR Zoerhale anebr
Vial V2 8 acetoni trill&go\ingll a¥8ofidBcigy ecursor in 1.8 nL acetonitrile
Vial V4 2 mM__HC 1 _5M

HPLC flow 6 mL/min

Start activity of

_ 46.0 GBq

[F-18]fluoride

Product activity | 19.4 GBq

Product radio-

99%

purity (RCP)

Radiochemical
ol 42% (not corrected for decay)
yie
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Example 5 Synthesis of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline radiosynthesis on tracerlab
MX and Eckert&Ziegler Purification unit
The synthesis has been performed on GE TracerLab MX synthesizer, purification
of 4 has been performed on Eckert & Ziegler Purification Unit. The filling of the
injection loop of the HPLC was controlled using the syringe of the MX module.
The setup of both automates and the results are summarized in the Table below.
[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 after
addition of acetonitrile (from “V2”). The solution of precursor 2a (from “V3”) was
added to the dried residue and the mixture was heated for 10 min at 120 °C.
After cooling to 40 °C, 2 mL 1.5M HCI (from “V4”) was added and solution was
heated for 5 min at 110 °C.
The crude product mixture was diluted with 1.2 mL 2M NaOH and 0.8 mL

ammonium formate (1M) from syringe “S1” and then transferred to the HPLC vial



Vial V5 8 nL ethanol Syringe Si 1.2 nL NaOH 2. 0M 800 pL anmonium formate 1M
Cartridge C1 QWA light (waters) conditioned with potassium carbonate 0.5M
HPLC col uwwo 28yimesiggs Hydr o- RP, 250*x10mm 10pm 80A, Pheneowmezoitiosss26ol vent
60% et hanol , 40% ascorbate buffer (5gdl sodi um ascorbate and 50ng/ |

ascorbic acid) HPLC flow 6 nm/mn Start activity of [F-18]fluoride 36.9 GBq

Product actiyvity 14.2 GBq Product radio-_ 100% WO
2011/ 151283(3@#;(1}%@@0)1@/\@@932me acetonitrile (from “V2”) and 0.5 mL ethanol (from “V5")

are added separately.
The average 6-7 mL mixture was transferred to a 30 mL syringe which then
pushed the totality of the volume into the 10 mL sample injection loop of the
5 semi-preparative HPLC. The mixture is loaded to the semi-preparative HPLC
column (Synergi Hydro-RP, 250x10mm, Phenomenex). A mixture of 60% ethanol
and 40% ascorbate buffer was flushed through the column with 6 mL/min. The
product fraction at = 9 min was collected for 50 sec directly into the product vial
containing 15 mL Formulation basis (consisting of phosphate buffer, PEG400 and
10 ascorbic acid). Analytical HPLC of the final product showed excellent

radiochemical and chemical purity. No impurity higher than 0.5 pyg/mL was

guantified.
Table 3
22 mg kryptofix
Vial V1 7 mg potassium carbonate
300 pL acetonitrile
300 pL water
Vial V2 8 mL acetonitrile
Vial V3 8 mg precursor in 1.8 mL acetonitrile
Vial V4 2 mL HCI 1.5M
Vial V5 8 mL ethanol
Syringe S1 1.2 mL NaOH 2.0M

800 pL ammonium formate 1M

Cartridge C1 QMA light (waters) conditioned with potassium carbonate 0.5M
HPLC column Synergi Hydro-RP, 250*x10mm, 10um 80A, Phenomenex

60% ethanol, 40% ascorbate buffer (5g/l sodium ascorbate and

HPLC solvent
50mg/l ascorbic acid)

HPLC flow 6 mL/min

Start activity of
[F-18]fluoride
Product activity | 14.2 GBq
Product radio- | 100%

36.9 GBq




31 purity (RCP) Radiochemi cal yield 38% (not corrected for decay) Exanple
6 Synthesis of 4-[(E)-2-(4-{242-(2-[F-18]fl uoroethoxy) et hoxy] -

et hoxy} phwoybjvismgi] - N- et hyl ani | i ne radi osynt hesi s on tcameréabsssbi and
Eckert &Zi egl er Purification unit The Bynthesis has been perfornmed on CE
TracerLab MX synthesizer, purification of 4 has been perforned on Eckert &
Ziegler Purification Unit. The filling of the injection loop of the HPLC
was cont r ol Péﬂth(ﬁQP)fl uild detector of the Eckert&Ziegler Purification unit.
The setup dCIIJ]e bédntteb and—the rTesutts are sumearized 7 10the Tabl e
bel ow. [F- ng]alléfuorl WA gkt ARReDrdEtey fdMieeayf ridge (d). The activity|was
eluted wt 1y@|d<ryptof|x mxture (from"V1") into the reactor. The sol vent
was renoved—while heating under gentle nitrogen streamand vacuum—Drying
was repeated after addition of acetonitrile (from™"V2"). The solution of
precursor (from"V3") was added to the dried residue and the m xture was
heated 15 for 10 mn at 120 C. After cooling to 40C, 2 nL 1.5MHCl (from
"V4") was a@cachpled sSynthesiswisl- [(E;A-Qe(d {20]2-@-[R-N8HlucrbetiKoxy)ethaxy]de
product mxture was diluted with 1.2 nL 2M NaQH and, 0. 8 nmi anmmoni um f or mat e
(1M from syringe "eaf,hoxyhphﬁmdbewﬂﬂ‘iﬂmtby taniline ragiosyathesispmiraserlakol

(from"V5") are ad I d then transferred 20 to
the right syringe g@ ﬂgtpgéﬂ%‘ﬁg%ze'%@at%(me% %'ﬂﬂ The m xture was

transf erredThe synthebis hhs beeplperfonpedtano@El Traperdfabt MX s,muheqizappueiﬁ(natanPLC
using the ri S the GE _Tracer nmat e vj ui ensor
whi c% contrBiBFl %h@e rP(? Mefen Eé[ﬂ?rﬁg& Iz%ﬂée %f'{ﬁaé'%gnitah%é'”&g ?fhiﬂ
semi - pr epar gkt Bb of MalARLCYBEIBhibNel By Biuid BBtekITRY (RS ERReRaRARY) - A

m xture of 60% et hanol and 40% a was r oug
col um wit hP@rlﬁtatmmunm‘haqnsefdlpwf tfotlaaurtazmaws:and tre resoltamse sufﬂm@mm |n

di tI duct t
et o ( doneid'abte BRlow 1% 16l BESE Was abpsofn 4 Qi tarfie CH! Fne"
Anal yti cal blaaﬁtyowafshemtédwa,htrpraoﬂwofﬁhmr@?ﬁem ept”) rm%qra@err@a@air G
chemi cal purity.” No inpurity 30higher than 0.7pg/nL was gquantified. WO

2011/ 151283 PCVEEPR@ES1! wBile heating under gentle nitrogen stream and vacuum.
Drying was repeated after addition of acetonitrile (from “V2"). The solution of

precursor (from “V3”) was added to the dried residue and the mixture was heated
15 for 10 min at 120 °C. After cooling to 40°C, 2 mL 1.5M HCI (from “V4”) was
added and solution was heated for 5 min at 110 °C.
The crude product mixture was diluted with 1.2 mL 2M NaOH and 0.8 mL
ammonium formate (1M) from syringe “S1”. 1 mL acetonitrile (from “V2”) and 0.5
mL ethanol (from “V5”) are added separately to the mixture and then transferred
20  to the right syringe of the GE TracerLab MX automate.
The mixture was transferred to the 10 mL sample injection loop of the semi-
preparative HPLC using the right syringe of the GE TracerLab MX automate via a
liquid sensor which controlled the end of the loading. The mixture was loaded to
the semi-preparative HPLC column (Synergi Hydro-RP, 250x10mm,
25 Phenomenex). A mixture of 60% ethanol and 40% ascorbate buffer was flushed
through the column with 6 mL/min. The product fraction at = 9 min was collected
directly during 50 sec into the product vial containing 15 mL Formulation basis
(consisting of phosphate buffer, PEG400 and ascorbic acid). Analytical HPLC of
the final product showed excellent radiochemical and chemical purity. No impurity

30 higher than 0.7ug/mL was quantified.



Table 4 Vial V1 22 ng kryptofix 7 ng potassium carbonate 300 pL
acetonitrile 300 pL water Vial V2 8 niL acetonitrile Vial V3 8 ng precursor
in 1.8n woebomisizssl e Vial V4 2 nL HCl 1.5M Vial V5 8 niecetsranalosssgs i nge Si
1.2 nL NaOH 2. 0M 800 pL ammnium formate 1M Cartridge CL QVA |ight (waters)
conditioned wth potassium carbonate 0. 5M HPLC col umm Synergi Hydro-RP,
250*x10mm 10pm 80A, Phenonenex HPLC sol vent

Table 4
22 mg kryptofix
7 mg potassium carbonate
Vial V1
300 pL acetonitrile
300 pL water
Vial V2 8 mL acetonitrile
Vial V3 8 mg precursor in 1.8mL acetonitrile
Vial V4 2 mL HCI 1.5M
Vial V5 8 mL ethanol
_ 1.2 mL NaOH 2.0M
Syringe S1

800 pL ammonium formate 1M

Cartridge C1 QMA light (waters) conditioned with potassium carbonate 0.5M

HPLC column Synergi Hydro-RP, 250*x10mm, 10um 80A, Phenomenex

60% ethanol, 40% ascorbate buffer (5g/l sodium ascorbate
HPLC solvent _
and 50mg/l ascorbic acid)
HPLC flow 6 mL/min

Start activity of
[F-18]fluoride

Product activity | 24.8 GBq

62.2 GBq

Product radio-
purity (RCP)

Radiochemical

100%

_ 40% (not corrected for decay)
yield

5 Example 7 Influence of purification method on radiochemical purity
A series of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-ethoxy}phenyl)vinyl]-N-
methylaniline syntheses was performed on two different synthesizers (Eckert &
Ziegler modular lab and GE tracerlab MX) as generally described in the
examples 1, 3-6. The radiolabelings have been performed using 4-10 mg

10  precursor 2a in acetonitrile as well as in terf-amylalcohol/acetonitrile mixture at



60% et hanol
ascorbhic ac

, 40% ascorbate buffer (5g/1 sodium ascorbate and 50ng/ |

id) HPLC flow 6 mL/mn Start activity of [F-18]fluoride 62.2 GBq

Product awbDi2witiig184. 8 GBg Product radi o-purity (RCP) 10@¢wrRediianksm cal

yield 40% (
met hod on r
4-1(E)-2-(4
iline synth
Zi egl er nod
exanples 1,
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case of rad
deprotectio
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of the two
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20

25

30

not corrected for decay) ®B Exanple 7 Influence of purification

adi ochem cal purity A series of
- b242- (24F- 18] f| uor get hoxy) et haxyFet hoxyl phenyl ) vi nyl ] - Nmet hyl an
d88s1 2{asCplars §0#8dmin: {iRoCase b rf@diolalelingssinz &r&aptaleehol gthe

: d Lphed
it HbsBlaprpl P! Tapl ot RN N b SEiccE, ol Jfes
réraoved by deating witheH85(weMI— 88)i n tert - anyl al cohol /acetonitrile
WD 2011/ 151283PCT/ EP2011/ 058820 3. 0-120 C for 10-2 in. (in
CoYeR Srodiyd mixtyres pvergyn 'I"l%*ﬁﬁ}’ Huﬁ'geé W T tgf)g‘a A i or
B} B)The N-Boc protecting group was renoved by heating with HCl
. " Crude product m xtures were individually purified by one

iviiithodl&A)A) 5or B).

The crude product mixture obtained after deprotection is neutralized with a
mixture of 2M NaOH and 0.1M ammonium formate and injected onto a
semipreparative HPLC (e.g. column: Gemini C18, 10x250mm, 5um,
Phenomenex; solvent: 70% acetonitrile, 30% ammonium formate buffer 0.1M
with 5 mg/mL sodium ascorbate, flow rate 3 mL/min). The product fraction is
collected into a flask containing approx. 160 mL water with 10 mg/mL sodium
ascorbate. The mixture is passed through a C18 cartridge (tC18 SepPak
environmental, Waters). The cartridge is washed with approx. 8-10 mL 20%
EtOH in water (containing 10 mg/mL sodium ascorbate). Finally, the product is
eluted with 1.5 to 3 mL ethanol into a vial containing 8.5 to 17 mL “Formulation

basis” (comprising PEG400, phosphate buffer and ascorbic acid).

Method B):

The crude product mixture obtained after deprotection is neutralized with a
mixture of 2M NaOH and 0.1M ammonium formate and injected onto a
semipreparative HPLC (column: e.g.. Gemini C18, 10x250mm, 5 pjm,
Phenomenex or Synergi Hydro-RP, 250x10mm, 10 um 80A, Phenomenex or
Synergi Hydro-RP, 250x10mm, 4 um 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 fraction is directly collected into a vial
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.

Every empty square (each one result for a synthesis comprising a purification by
method A, 110 experiments) and every filled dot (each one result for a synthesis

comprising a purification by method B, 105 experiments) in Figure 9 represents



Met hod A): The crude product m xture obtained after deprotection is
neutralized with a mxture of 2M NaCH and 0. 1M anmoni um f ormat e and

i nj ect ed wot0112158m81 preparati ve HPLC (e.g. colum: Genm rCcTEP8)110888260mm
5pm 10 Phenonenex; solvent: 70% aceMonitrile, 30% anmoni um formate buffer
0.1Mwith 5 ng/nL sodium ascorbate, flowrate 3 niL/mn). The product
fraction is collected into a flask containing approx. 160 nL water wth 10
ng/ mL sodi ufNadedvisyek. expriiment: Jee the pﬁ@é‘é‘gﬁthr@ﬂjgﬁf a41fﬁf§'%éﬂ'{2'{%@%“‘_(‘t C18
SepPak envi 3 A OGN it - L
20% 15 & of Ty oI EhglbRERIDUHFE N olfiAafting. The ABhaEnol ot ne
product is eddidpeltbmiceh puriy tia 8orrklatibhamith radioaectiwityabf dbat &énali pgodudd iso 17
mL " Fornul atjop pasi s’ (c ri.si ng PE400, phosphate buffer and ascorbic
aci d). Met hﬁlhs%?f)ed;@"l’%eq{&{%@'ﬁ?%duct m xture obtained after deprotection
is neutralized with a mxture of 2M NaCH and 0. 1M anmoni um f or mat e and
injected onto a sem preparative HPLC (colum: e.g.: Gemni C18, 10x250nm 5

pm Phenonedbg mdigyhamigal kit -dkaineg0rftamtlPLO pithgoAFoPhuladoenkby SPE
Syner gi Hydro- RP, Ox 1 . 4_.pm 80A,. Pheponenex; solvent: 60-70%, 2

et hanol , 40@6%‘%’5@&"@5‘?@ %%‘F'f'g?”t?y, @f'g%r /W@%é&#ﬁé‘?ﬁ; E(°‘P89\V5‘ Y AL or 4
nL/mn or 6dibadtRe IeVds (PO ) the #5dibeRemicallplRS dercisldveptbopnto a vi al
cont ai ning "Formul ati on basis" (‘conprising PE&00, phosphate buffer and
ascor bi ¢ acinl) cefrantowari@bildy 2i5 nuoh {1aveert ifarl meghedil BY.i dponsistently high
peak-cutting_t.i was, adj.ust ed_ip.t he software to abtajn For mul at.i on
onpr | sihg TesbETReLBIE, O s ey Werd Aol i Bsfiny Lebefs OP R BBl Hes: <
conpri sing greutel fha@B0 GBoPnoRiVeAGréatet e X08 GBE (Righreaddilledeiots) i | | ed
dot (each one result for a synthesis conprising a purification by nethod B,
105 experinments) in Figure 9 represents WD 2011/151283PCT/ EP2011/ 058820 34
an individual experinent for the manufacturing of

4-1 (E) - 2-(4-{242-(24F18] fl uor oet hoxy) et hoxyFet hoxyl phenyl ) vi ny1] - N- net hyl an
iline. The Exadfsie)s 0Syntiisis lof d-[B)-2q6-{2t[2-(29[F- 98]fRIctbethony)ethoxy]-

radi oactivity of the final product 1s illustrated by linear trend lines. 5
The radildcheni cal pur ethexybpyrid i3 vany il -methylanibneenninageriah X~ Spe
(method A) varies signifi cantcll_g/ (Figure 9, enpty squares). Especially at

hi gher radi oactive | evel sq (>%10 GBqg) the radiochemcal purity often is even
95% In contrast, vari abi Yy ch lower for nethod B). Consistently

hi gh H,C__O
HSC>|/
CH,

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

A Tracerlab FXy synthesizer has been adopted to the “direct cut HPLC approach”
(Figure 4).
[F-18]Fluoride (10 GBq) was trapped on a QMA cartridge. The activity was eluted

20  with potassium carbonate/kryptofix/acetonitrile/water mixture into the reactor. The



10r adi ochem cal purities of > 95% were achieved at activity levels of the
product of greater than 50 GBg, and even greater than 100 GBq (Figure 9,

filled dowe)o11/151286xanpl e 8 Synt hesi s of PCT/EP2011/058820
4-1(E)-2-(6-{2-[2-(2-[F-18] fl uoroet hmsy) et hoxy] -
15et hoxy} pyridin-3-yl)vinyl]-Nnethylaniline on Tracerlab FXN C H3 ON

1 H3C0CH3 H3Cl CH3 0/)3 S 2b 00 _ .
4- RE) - 2- ( 4- solvent (A@.s[ mcg]qq whie dieriing ) widesxgqntle nitrogen stream and vacuum.

et oy} ek Ryl ot S bt 8o RCRIACAGY S D65 19 mhas

been adopte
[ F- 18] Fl uor edetohiltﬂle@q$ agiedt toameednem resﬂMé\ atrw tHe deurel hasakéatedtfor Was

el uted 20wi th potassi um car bopat e/ tofi x/ itrile ter xturelnto
the react or MR 1%\0@(5’1@1@93 dlﬁ‘)—O@ﬁ@EU%B"?’éﬁ iﬂ

whi | e heati [ S ' p ted
after additiey NredBOHE S b ‘5%”’“2“0 Eﬁ‘??ﬁ“@ﬁéf“ﬂfdﬁ%m“%@% ﬁ’é%?é%&ﬁ?’a@ i

acetonitril dafd /addehivro fomaat!ar)l ddi.lteds(thheo 5rrstEEté)Hﬁaxldu‘r & madMaehlt) eadf or

rlgagit gr at 1%rgnsc%errAefdtt%ra ggr%li-lpp aratlve H%LC1 column ynergy Y?ydro E&?CES%Q%J[ he

Phenomenex). A mixture of 60% ethanol and 40% ascorbate buffer (5g/l sodium

ascorbate and 50mg/l ascorbic acid, pH 7.0) was flushed through the column with
10 3 mL/min. The product fraction at =10 min (see Figure 10) was directly collected

for 100 sec and mixed with 15 mL Formulation basis (phosphate buffer, ascorbic

acid, PEG400).

4.2 GBq (42% not corrected for decay) were obtained in 61 min overall synthesis

time. Radiochemical purity (determined by HPLC, tr = 3.42 min) was determined
15 to be >99%.

Example 9 Synthesis of 4-[(E)-2-(4-{2-[2-(2-[F-18]fluoroethoxy)ethoxy]-
ethoxy}phenyl)vinyl]-N-methylaniline on Tracerlab FXy

-~

2g

O O/\’)/O\S/CHS

3 7\
(OO

CH3
oY
O °F
o/\/)/3

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



5 was heated at 110 C for 5 min. The crude product was neutralized (1 nL 1M
NaCH /ammonium fornmate), diluted (wwth 0.5 nL EtOH and 1.5 nL MeCN) and
transf er rw0 2bn/@1m8m - preparati ve HPLC col unmm (Syner gy Pgamp263R,05820x 10nm
Phenonmenex). A m xture of 60% et hanol3sand 40% ascorbate buffer (5g/1 sodium
ascorbate and 50ng/| ascorbic acid, pH 7.0) was fI ushed t hrough t he coI um

with 10 3 m./mn. The |__product fractlon at == (see Figure 10)

directly cofN déaeRflaty FRosysthesizft Rk dossn Hﬂ‘d@t‘?ﬁ'_ tPothgil “sireeh Ob'ésHELC
(phosphat e ggE;O%rCh éo;i)c aci d, PEX400). 4.2 Bqg (42% not corrected for
decay) were talne 61 "m n overall synthesis tinme. Radiochem cal purity

(determ ned[FbyS}HFHIL@Jde R6.853G&1)m/a\s) tmeded)lerem'QMA daﬁ'tridgebeThe @etivityExaaspl e
9 Synt hesi s 4- )-2- F 18 . t hoxyl - .
et hoxy} phen? gqi ‘MtF bﬁ’ﬁ@ edy e°£<‘5 F‘% IW'%/JUF? 0Ny 66
0....... reactor. -The b@ﬁeﬁt was removed while heatlng under gentle nitrogen stream
4-[(E) - 2 (4 {2-12-(2-[F- 18] fl uoroet hoxy) et hoxy] -
20et hoxy} phangivaeuuyl. DJ'WHQ rvmshlsﬂp@mdd alter anOlitko1 of QGEIQSWAEBMIDB/M&MO 36
A Tracerl ab,FXN ,@%nt heS| ﬂave beera @qutthed to,the "di rec cut HPLC

5 B8.'85

appr oach” ( APqllr b4y F9e19811EP AT 68 B4 EES o s s Mt was

cartridge. EEQte@%WOWmVﬁSQO °C. After cooling to 60 °C, the crude product was diluted
with 4 mL HPLC eluent and transferred to a semi-preparative HPLC column
10 (Synergy Hydro-RP, 250x10mm, Phenomenex). A mixture of 60% ethanol and
40% ascorbate buffer (5g/l 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 directly collected for 100 sec and mixed with 15 mL Formulation basis
(phosphate buffer, ascorbic acid, PEG400).
15 2.54 GBq (37% not corrected for decay) were obtained in 53 min overall
synthesis time. Radiochemical purity (determined by HPLC, tg = 3.78 min) was

determined to be > 99%.



eluted with potassium carbonat e/ kryptofix/acetonitrile/water m xture into
the 5 reactor. The solvent was renoved whil e heating under gentle nitrogen
st ream amnslovacsms3Dryi ng was repeated after addition ofcameb@niossseee. A
solution of 8 ng 2c in 1.5 nlL acetonidrrile was added to the dried residue
and the m xture was heated for 10 min at 120 C. After cooling to 60 C, the
crude product was diluted with 4 nL HPLC eluent and transferred to a

sem - preparatlveHPLC coI um 10 Sypergy Hydro-RP, 250x10mm Phenonenex). A
m xture of GXERRlek ON QEATHEFRIGUREBt e buffer (59/1 SOdI um ascor bate and

Thenr oduct Fdedf &%590?“%%“%%#% G Bea s Rish PE R ion GBobied hny

m xed with 15 nL Forfm,lﬁthalcgﬂalgwggﬂ@a(é)hosphate buffer, ascorbl c acid,
PEG400). 15 2.54 GBq (37% not corrected for decay) were obtained in 53 mn
overal | synfFigge ti owm@gr@mmmf@arlﬂmmrtlysm@&y@ergquu MPLC, tR = 3.78

DESCR 1T O O The 16 Grieqe hogMBetetl sty ChaBRRAN for pur i1 cati on
wi th re-For Figuéizon Aredgvae BIFLI06T tadisigbélal psediadiop) radioackivigytiarhel,

Chr omat ogr amm of purification using Synergy columm on 5Eckert &Zi egl er
nodul ar | ab (Radl oadatiem YVeehanel) Figure 3 Anal ytical HPLC of

adi ol abel egiladuCls bhap of adhaacbyiy, CRANBRkrcARYT ATk ChamRRL iU ©

4 Setup of cerl ab puri cat’io atron
fromtracerl ab soft\(/adepteﬂiﬁrd?ngwcerlé'»bseftware:)f Tr acerl ab MX (adopted from

Coi d FDG soft 6 Set kert &Zi egl
it ( adlbpt EIUTE 3 1HRI! [P0 MR af DpiegFim - ibRges EOY FORRRR on of
process and ?gq}l’éWBrSetDBrof”E&Hefr?&leééIePEbd?fflcgt‘&r? UnPelRBtdd HondmeslAl es

(aryl/heteroaryl vinyl)-phenyl nethy am nes conprising three parts: A)
Synt hesi s, B) HPLC, sOftweoe)rul ati on; |ncI ud| ng (1) vials for reagents and

| t | ]
ol vent s, (BB ST Ak o BitGe Ao Sorient i PBbL G S
injection valve, (6)F- h@Lﬁbé%wmorbaégwaﬂewe é@/l/h@l%@&iarfwt\hhﬂgphél\(yl wahﬂ

line(s), (8) vessel 20 for collection/dilution of HPLC fraction %e
sol vent 1gials for weemmﬁg HNpFIsing othre(em)artﬁalﬁé Synthesisr tB) dyBLCe. &) C18

cartridge for trappi e r t
illustration of proce 'ﬂ)gm?’iﬁ% rP]eq'ﬁl @%r# Fg]\g%lﬁ Pofr F%aéfanﬁé’ %}@é%ﬁ%‘ﬁl bg)e("i1

fl uor opegyl at ed (ar ybatwrevesdal) 3)ltabde)t-llﬁbel’OV|F ﬂ&tdimionaﬂﬁ %l RS, Ganpimsi ng
two parts: A) Synthesis, B) HPLC i ncl udi ng al s for reagents and

sol vents, (2) a readStons »@@B@va"y(%t)ldt%ﬁtg@tpr|qrrfétercﬁctF ppiniggtaroMalvey (§)as
li nes, t \
lines, vacuum ec (G)Mrﬁpg%%idrﬁﬂaj WFI}JeUfoﬁ Ek%ﬁtm&m wéétémnS&‘sgogs )yRksel

i njection valve, val for cuttrng I‘'gure
91 nfl uence of puri fifoacokectivatdioatoorofridBLGchactiaral (9peblvient vials for washing

and elution, (10) valve, (11) cartridge, e.g. C18 cartridge for trapping

of the product, (12) valve.
Figure 8 Schematic illustration of process and equipment for manufacturing of
F-18 labeled fluoropegylated (aryl/heteroaryl vinyl)-phenyl methyl
25 amines comprising two parts: A) Synthesis, B) HPLC; including (1)
vials for reagents and solvents, (2) a reaction vessel, (3) target line for
F-18, optionally gas lines, vacuum ect., (4) optionally fluid detector or
filter ect., (5) injection valve, (6) HPLC column, (7) valve for peak
cutting.
30 Figure 9 Influence of purification method on radiochemical purity
Figure 10 Chromatogramm of purification of 4-[(E)-2-(6-{2-[2-(2-[F-18]fluoro-
ethoxy)ethoxylethoxy}pyridin-3-yl)vinyl]-N-methylaniline on

Eckert&Ziegler modular lab (Radioactivity channel)



Figure 10 Chromatogramm of purification of

4-[ (E)-2-(6-{242- (24F- 18] f| uor oet hoxy) et hoxy] et hoxyl pyri d

i n-3-yl)wvoybjrisiaset hyl an Hi ne on Eckert &Zi egl er nodul arcChrar2qiRassso@ct i vity
channel) WD 2011/ 151283PCT/ EP2011/ 058820 38 CLAIMS 1. A Method for
produci ng a conpound of Fornmula | 04% F | conprising the steps of: Step

1: Radi ol abel i ng conpound of Forrmula Il with a F-18 fluorinating agent, to
obt ai n conmpqu (1 of Formula I, if R= H or to obtain conpound of Formula
LLr, if R:i&&é—mslllll Step 2:1f R = PG cleavage of the protecting group

PG to obtain a conmpound of Formula | Step 3:Purification and Fornul ati on of
a conpound of Fornula I wherein:

1. A Method for producing a compound of Formula l

o

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~
= N — N
YR I X2 o/\J;F
Il n
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) CH,
b) N,



n =1-6, 20X is selected fromthe group consisting of a) CH b) N, WO
2011/ 151283PCT/ EP2011/ 058820 39 R is selected fromthe group consisting of
a) H, b) WG20h/B@s3s an "Am ne-protecting group”, LG ispraTirramiiogssgs oup, 10
wherein in step 3 a HPLC nethod is us¥®d, wherein the HPLC sol vent or
solvent mxture is part of an injectable Formulation of conpound | suitable
for injection into humans. 2. A nethod according to claiml, wherein PG
is selected fromthe group 15consisting of: a) Boc, b) Trityl and c)

4- Met hoxyt r gl di toclaim1 or 2, wherein LGis
sel ected frc‘)qtrﬁ)ét eﬁ“g?%ﬁ‘S”@ﬁ?’?@ﬁﬁ%@ﬁ'ﬂbw a) Hal ogen and 25b)
Sul f onyl oxya) H,

b) PG,
PG is an “Amine-protecting group”,
LG is a leaving group,

10 wherein in step 3 a HPLC method is used, wherein the HPLC solvent or solvent
mixture is part of an injectable Formulation of compound | suitable for injection

into humans.

2. A method according to claim 1, wherein PG is selected from the group

15 consisting of:

a) Boc,
b) Trityl and
c) 4-Methoxytrityl.
20
3. A method according to claim 1 or 2, wherein LG is selected from the group

consisting of:

a) Halogen and
25 b) Sulfonyloxy,

Halogen is chloro, bromo or iodo.

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

30  comprising:

a) Methanesulfonyloxy,

b) p-Toluenesulfonyloxy,



Hal ogen is chloro, bromo or iodo. 4. A nethod according to claim 3,
wherein Sul fonyloxy is selected fromthe group 30conprising: a)

Met hanesuwbanylxas3 b) p- Tol uenesul f onyl oxy, WO PCT/EP2011/058820

2011/ 151283PCT/ EP2011/ 058820 40 c) (40N trophenyl)sul fonyl oxy, d)
(4-Bronmophenyl ) sul fonyl oxy. 5. A nethod according to claim11, wherein n =
3 and X = nmet hod according to claiml1l, wherein n =3, X=CH R

CH 5 6. A
= Boc, and EG @-Niopagexigufenylosyy . 7. A nmethod according to clains 1 -
6, wherein F " cted 10 fromthe group consisting of
Hzx@ﬂo%ﬂe&g%uﬁ&nﬁ&éf

et hanol , an eous I or hanol / aqueous buffer m xture. 8. A
nmet hod according to claim 7, wherein the aqueous buffer is selected from

the group of solutions of .sodium chloride, sodjum phosphate buffer,
hscorbi o 163cRnelieR iR P L aTaT < SRMRELH- 0. A et hod
according to claims 1 - 8, wherein 10-50 pnol of a conpound of Fornula II

is used. 2010. A nethod according to clains 1 - 9, wherein the nethod is
performed ab. & methgd aceoning:td plaioekswherein n. =4, K £ Ctlorpis Bpagard $éakFed

vial contai pj C ound of Formula Il and a sealed vial containing a
sol ution fomﬁgﬁ’i%ﬁlﬁ@ﬁyfééx' be part of an injectable 25Fornul ati on of
conpound | suitable for injection into humans. 12. A kit according to

claim 10, wherein the solution for HPLC that can be Qart of an injectable
For nul at i on7efA BMsiRRAIRgCcording tawlamsot + R adarein thet BPhGnaalvenkissselectedd

from the, gr gip, ﬁ?é"gtcﬂdepgrﬁ%rﬁ Qﬁ@manoﬁnar?%ﬁggﬁs BkEPbr A Banol/aqueous

30et hano?/ aqueous
buffer mixture.

8. A method according to claim 7, wherein the aqueous buffer is selected from
the group of solutions of sodium chloride, sodium phosphate buffer, ascorbic
15 acid, ascorbate buffer, or mixtures thereof.

9. A method according to claims 1 — 8, wherein 10-50 pmol of a compound of

Formula Il is used.

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

fully automated process.

11. A kit, comprising a sealed vial containing a compound of Formula Il and a
sealed vial containing a solution for HPLC that can be part of an injectable

25 Formulation of compound I suitable for injection into humans.

12. A kit according to claim 10, wherein the solution for HPLC that can be part of
an injectable Formulation of compound | suitable for injection into humans is
selected from the group consisting of ethanol, an aqueous buffer or an

30 ethanol/aqueous buffer mixture.



WO 2011/ 151283PCT/ EP2011/ 058820 41 13. A kit according to claim 12, wherein
the aqueous buffer is selected fromthe group consisting of sodium

chl ori de,weadivmmphosphat e buffer, ascorbic acid, ascor lpatraprbufiiosss2o or
m xtures thereof. 41

13. A kit according to claim 12, wherein the aqueous buffer is selected from the

group consisting of sodium chloride, sodium phosphate buffer, ascorbic acid,
ascorbate buffer, or mixtures thereof.



