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agnosis of very early stages of the disease.
Accordingly, the problem underlying the present invention was to provide compounds suited
for detecting amyloid deposits in patients with amyloid-related diseases with high specificity
at an early stage of the disease.
20 The present invention solves this problem by providing novel tracers with high affinity for

amyloid B and rapid elimination of non-specific signals from the brain.
Description of the invention

25 The present invention is directed to compounds that bind to amyloid deposits and are able to
pass through the blood-brain barrier, and are therefore useful in diagnosing Alzheimer's dis-

ease and amyloidoses in a patient, preferably at an early stage of the disease.

Accordingly, in one aspect, the invention is directed to compounds according to formula |
30

Y —Ar—B—N N—A—Ar'—X—Ar"
Formula |

and to pharmaceutically acceptable salts or prodrugs thereof,

35 wherein



may conprise C3-C6 cycl oal kyl noieties, and wherein the nono-, bi- or
tricyclic aromatic or heteroaromatic ring systens nmay be further

subst i t ut\¥@ 2B1p/@BEEt r on wi t hdrawi ng groups directly bouRETER2/08G48¢ati c C-
25atom wherein preferred el ectron w #hdraw ng groups are -CN or -CF3;

Ar is preferably selected fromthe group consisting of: phenyl, 2, 3, or 4
pyridyl, 30pyrimdyl, pyrazyl, propylpyrimdin-2-yl, ethoxyphenyl,

(CH2CH20) 3phenyl ., al kyl - eny| Kk phenyl , N-al kyl i ndolyl, and

al kyl pyri dyI'?éﬁﬁ'ﬁcLe%ifho%ﬁQeé}éHp ﬁ%&séﬁféﬁeo?‘er red enmbodi rent WO

2010/ 028776 FCUI,EBM2D6GH/ 006406 4 - Bis selected fromthe group consisting

of : i b - Asdbnanehedqriyonbs anghag. al kyl or
al kyl enchai rgeéeocr\%olj% %@%’sog"r}%—afo %1 at ofrs a/neﬁei % tl-ﬂeq\gl fgfl en chain may
conpri se 1 deavihgugmapsirschdhsbionygs broaykl nabyy tiflatel seifaake; |substitateld \dufodtaj n i s
optionally interrupted b LS. or n erei h | kyl Of
aFky enchai TS EG IR 14 7ot tsig 2B Aol Slel BRaRlitontts |
sel ected franyli he wabypmpewrsurst i ngprefereidr e c ttrildethylanCabdiibieH2 CCandCO- ( BER;) 2CO3
(CH2)nCO, O(CH2)nNCO with n=1 to 10, and (CH=CH CO, WO
2010/ 028776PCT/ EP2009/ 006406 5 and is even nore preferably |'/--"

Ar is selected from the group consisting of:

10 mono-, bi- or tricyclic aromatic or heteroaromatic ring systems, optionally substituted

by one or two alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents,

wherein the alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents optionally are

substituted, wherein the substituent is preferably selected from oxo or hydroxyl,

15
and wherein further the alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents
may be interrupted by 1 — 5 oxygen atoms, -SO- or —SO,- groups, preferably the sub-
tituents are polyethylenglycol-moieties,

20 and wherein further the alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents

may comprise C;-Cg cycloalkyl moieties,

and wherein the mono-, bi- or tricyclic aromatic or heteroaromatic ring systems may
be further substituted by electron withdrawing groups directly bound to an aromatic C-
25 atom,

wherein preferred electron withdrawing groups are —CN or -CF3;

Ar is preferably selected from the group consisting of: phenyl, 2, 3, or 4 pyridyl,
30 pyrimidyl, pyrazyl, propylpyrimidin-2-yl, ethoxyphenyl, (CH,CH,O)sphenyl, alkyl-
phenyl, alkoxyphenyl, N-alkylindolyl, and alkylpyridyl,

and is in an even more preferred embodiment



/Or-00; 5 Ais selected fromthe group consisting of: a direct bond, and
CONH CS-NH, A" is selected fromthe group consisting of: 10nono-, or

bi - cycl i cWanreWd2BT6or het eroaromatic ring systens, opti GRAEPROOHEO$ t ut ed
by one or two al kyl, alkylen, alkynestibstituents and/or al koxysubstituents,
wherein the al kyl, alkylen, al kynesubstituents and/or al koxysubstituents
optionally are substituted, wherein the substituent is preferably sel ected
fromoxo or hydroxyl, 15 and wherein further the al kyl, alkylen,

al kynesubstituents and/ or al koxysubstituents may bi;ﬁ%terrupted by 1 - 5

oxygen atons, preferab e subtituenty are polye engl ycol - noi et i es,
20and wherein further ’thaIkyI {Eg?, al kyngs@stituents and/ or
al koxysubsti t uent y conprlse C3-C6 cycl oal k noi eti es; Ar' is
preferably selected from group consisting phenyl, 2, 3, or 4
pyridyl, pyrimdyl, pyra ropyl pyri m di nolb et hoxyphenyl ,
(CH2CH20)3phenyI aI -25 al koxyp yl ,NN/al kyl i ndol yl, phenyl,
benzof ur anyl , i nd and aIkyIpyrldyI re preferred, Ar' is selected
fromthe group sisting of phenyl() enzofuranyl and indolyl, 30and is
even nore preférab Ar' is y preferred phenyl; WO
2010/028776PCT/EP2009/006406 6 Xis selected fromthe group consisting of:
a direct bond or a Cl-C3 alkyl chain, optionally substituted by 1
or 2 substituents that are_preferably but 5not Iimted to oxo or thio, and
wherein the al kyl chaln may interrupted by 1 to 2 0, N, S, SO or SO
gr oups;
L7 N:\>
5 = CN

® QOQP

NN
_S or

10
- B is selected from the group consisting of:
direct bond, a branched or non-branched alkyl or alkylenchain comprised of 1-10 C-
15 atoms wherein the alkylen chain may comprise 1 or 2 unsaturated bonds,
and wherein the alkyl or alkylenchain is optionally interrupted by N, S, SO, SO, or O,
and wherein the alkyl or alkylenchain is optionally substituted by oxo or —OH;
20

Preferably, B is selected from the group consisting of
direct bond, CONH-CH,CO, CO-(CH,),CO, (CH,),CO, O(CH,),CO with n=1 to 10,
and (CH=CH)CO,



Preferably, X is selected fromthe group consisting of 10direct bond, OCH2,
NHCO CH20, CONH, NHCS, or CSNH, Ar" is selected fromthe group consisting
of : nmono-WO@P1i28Tycl i c aronmatic or heteroaromatic ri ngPEFEPINS/00@HE | onal | y
substituted by one or two al kyl, al kyfen, al kynesubstituents and/ or

al koxysubstituents, 15 wherein the al kyl, al kylen, al kynesubstituents

and/ or al koxysubsti tuents optionally are substituted, wherein the

substi t uent ted fromoxo or hydroxyl, and wherein
further the agﬁ@p?e §%alrﬁfse%tﬁiynesubstituents and/ or al koxysubstituents
20may be interrupted by 1 - 5 oxygen atons, preferably the subtituents are
pol y- et hyl engl ycel - noi et i es apd wherein furt her the al kyl, alkyl en,

al kynesubst i nt% and/ or ox ubstituents may conprise C3- 06 cycl oal kyl
noi eties. 2% Mre prefoérabl Ar”. is selected fromthe group consisting of
phegyl, 1-phenyl, 1- naphthyl 2-napht hyl, and all respectlve het er ocyl es
thereof, and is even nore preferably Ar as well as Ar" can optionally

al so be substA isisetegtagyfram the gromp consisting offet ect abl e | abel s, such as 18F,
19F, 793r, Ll2fdect bémil and ES-NBHC SlﬁN 150; WD 2010/ 028776PCT/ EP2009/ 006406
7 |l eaving groups, such as tosyl rosyl, nosyl, triflate, sulfonate,
substituted sul fonate, nesylate, and nonaflate and if directly bound to an
aromatic C“”‘A(?”i‘s's@l@%g‘fr‘&ﬁfh% r!n]”p é&ﬁé‘:stm%;ro'f .al kyl anmoni um preferred

tri met hyl ammoni um an Fq di agnostic purposes, both in vitro and in
vi V8, t hose re@nepolrmi- cwlwfaﬂamatl@or heteeoaperasiia ingisysierns.cantipnallysubstitsietyl n a
detectabl e 'ofa@%mwégrkg RylBn! ARAGBA R BN dSiCaR BubditiRgs cent | abel . For
invitro use, histo i cal sections such as fres rozen samples or
paraffin sanpl es can be anal yzed. 10Preferred enbodi nents of the conpounds
of formula I, b ' g/ h,
af /g, 5bic, r&n?ﬁé’&lﬂyl agg%aélgy,r%ﬁbéiﬁérﬂé‘lgﬁc%ﬂ &lR%@U?%ﬁuélrﬁé Sptuo%‘élﬁ)garé

21 and 22. ?Hé%féUtQF’eW'é‘?rﬁ@dhéﬁbb‘dl‘tlﬁﬁmtsspfafeé@l)é%ﬁfﬁﬁﬁff9mc<P?@ ofiyeednt  gr oups
whiygh can be represented by the letters Y, Ar, B, A Ar', X and Ar" of
formula I. 15"Alkyl" refers to a straight or branched chai n group

consi sting $odewRerein fugheniheaglltylh atiylege alkyresubalitienty ang/airallaxysiestisientsnd

havi ng from C on at ol
1- net hyl et hynl‘?élﬁl égp%'rr%fed 5 b‘ bu?ydlg(%%n %gﬁn:;,/ &?&X@Iﬁltﬁ%%@ng@ﬁ%l é)r)é %ut yl),

n- heptyl, mlyopk@metw koxy" refers to a group of the fornul a Cal kyl
wher e aIkyI is as defined above.

20 and wherein further the alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents

may comprise C;-Cq cycloalkyl moieties;
Ar is preferably selected from the group consisting of: phenyl, 2, 3, or 4 pyridyl,

pyrimidyl, pyrazyl, propylpyrimidin-2-yl, ethoxyphenyl, (CH,CH,O)s;phenyl, alkyl-
25 phenyl, alkoxyphenyl, N-alkylindolyl, phenyl, benzofuranyl, indolyl and alkylpyridyl,

More preferred, Ar’ is selected from the group consisting of
phenyl, benzofuranyl, and indolyl,

30 and is even more preferably

o, 7

Ar’ is mostly preferred phenyl;
35



20l n the context of the present invention, preferred salts are
pharmaceutical ly acceptable salts of the conpounds according to the

i nvent i or?WVORhW/@28%7ént i on al so conpri ses salts which for PCR&iPR009ANG0@r e not
sui tabl e for pharmaceutical applicati6ns, but which can be used, for
exanple, for isolating or purifying the conmpounds according to the

i nvention. Phsrssiectd framalthe/graop ephsisting fal ts of the conpounds according to
the inventiagn,in })ud acid 25 addition salts of mneral acids, carboxylic
aci ds and SLﬁ?)Ihe(gﬁ %ncg%ri ds, for exanple salts of hydrochloric acid,

hydr obrom ¢ acid, sul phuric acid, phosphoric acid, nethanesul phonic acid,

et hanesul phaonikc.aci d, .t ol uenesul phoni id, benzenesul nic acid

apht hal ene BireGr gsrare . BRI BIRMGeR B Tor PRIBSMEE R AR Ao B B Bt
aci 8, | acti ;mohtiinded tceoxoaorittioaci d, malic acid, citric acid, fumaric acid,

mal ei ¢ acid and benzoic acid. 30Pharmaceutically acceptable salts of the
conpounds according to the invention also include salts of customary bases,
such as, by andywhareiatizerpkd chaith gy baijntatupedbel ¢m2 €, NilK 80 on®Oagrosips;t s
(for exanple sodiumsalts and potassiumsalts), alkaline earth nmetal salts
(for exanple calciumsalts and magnesi um salts) and ammonium salts, derived
f rom anmoni &Preferably ais Getecteteor tha groug comsistidgadir bon at ons, such as, by way

of ,exanpl e apd fer e t m i et hyl am ne,

cr it hyl ani r,%@[%@?é%o@%&i|C§%5ng,5'ﬂ§%“i¢§a?{or¢%%9ne, di etha- WO

2010/ 028776PCT/ EP2009/ 006406 8 nol am ne, triethanol am ne,

di cycl ohexyl am i et hyl am noet hanol i dib | am

N et hyl ot ditols e ERRES LB SRS RG o5l cnodt ami ne and

N- net hyl pi penoérdi-ner. bildycleoarematit loe hpteesromatictimnsystems,| cptionallypsubstisitaar mdr ugs
of the conmpounds.accprdi to the invention. The term “prodrugs" includes
conmpounds WG £55 SRkERRIgh ks BRI T B L SAII RN, 9 nact v but

whitéh, during the time they spend in the body, are converted into com

pounds accordin o1 Lavention (for,. ex I abhaolically or..

hyarof yi 1 cartisyen e pRY, ARYEE, aRheL BT B ot PaRUbsiucnts fhianaly are
hydr ol yzabl eubstiteteddwhereit the aabstitudrit és praferatidp xglected frondexocodr Hykleoxiybr mul a
(I'). These are to be understood as being esters which can be hy- drolyzed
in physiological nmedia and in particular in vivo by enzymatical or chem cal
means to 10 apdwehdrbia furtber ther dleyly bikgleac alkgnestibstituersts eansl/axr sk guyehestialenys

st Lai ght -chai n or branched 1-Cp) - al kyl esters | ich.the al kyl group
md0be. subo TOUBENSY RA Byl — ¢ CrvBsn SlarR i eTerain e Shotilent! £ ol
nono- ( Cl- C4)etlaliénglyrol-moietiasl/ or di - (Cl- C4) - al kyl ami no. Particul ar preference
is given to the nethyl or ethyl esters of the conmpounds of the formula (1).
In the context of the present invention, unless specified otherw se, the
subst i t uent sandawieereinefuttbéntHeoalkylg atikglen| atkgnedubstithents amdéoct alkdxys ttestituents

i nvention, alkyl represent traight-chain or branched al kyl radical

havi ng t he %ﬂ ke e?ﬁcg%%c%tag(%mggg?%d in each case. The foll ow ng
ra@bcal s nmay be nentioned by way of exanple and by way of preference:

met hyl, eth - Al I shut vl , 1-met hyl propyl,

ort butyl  MorgdrdofBY, g SSBGRRY rorf b by e Y -

20met hyl but yheng; taphegylblimaphthgh Benaphthyll -amdtdiyiepperdtiyé hefroetesythpeasof,ydnd
3-net hyl pentyl., 4-

nmet hyl pent yﬁ%/é\,/?-rglorr'rets‘frﬁg/elr%b&fyl , 1-et hyl butyl, 2-et hyl butyl, 1, 4-di nmet hyl pent yl
, 4, 4- dinmethyl pentyl and 1,4, 4-trimethylpentyl. In the context of the

i nvention, cycloal kvl represents a nonocyclic saturated al kyl radical hav-
ing 3to 7 caibon at ons. Thelovm' ng radi cals nay be nentioned by way of

exanpl e and
- LJ

30

Ar’as well as Ar™* can optionally also be substituted by F, Ci, Br, I, H,
detectable labels, such as '®F, '°F, "®Br, '], ', "'C, 3H, N, °0;



25way of preference: cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl. In the context of the invention, al koxv represents a

st rai ght -wbaonr/s77br anched al koxy radi cal having 1 to 4PCampeenIav@ns. The
followi ng radicals nay be nentioned by way of exanple and by way of
preference: nethoxy, ethoxy, n-propoxy, isopropoxy, 1-nethyl propoxy,

nbut oxy, i Stdauingxyoups)dudhessttoshl)baxyl, na§, triflatee sutfonite xubstitutédsal fommve Riesyite,

hal ogen i nc uor i

| udes f1 ng,. chl ori brom ne .and i qdi.ne. Pref- erence is
0 ven o 1 b Tanenae g B ity B o o R G 3 ARG mntt vy el o
i nventi on am®niut)piefdriet @dinethyflemmadivapdnd NXyn, unl ess speci fied ot herw se, be
nono- or pol ysubstituted. In the context of the present inven35tion, the
meani ngs of all radicals which occur nore than once are independent of one
an-5 WBo? Qihghestis pushises Hit0 @D 10 @ha6n 9ivol these cGupsurid eftforomulavil ae preferreldnvo  or

three i,dentical or different substituents is preferred.. Ver articylar
or ef or A Gomenss SLAotand Ser BN TaF AP 35 reraBopsiive tiiee O dbaisspdllids of
t he i nwehtFoein vitd UusbehistoidiyidaiBeetions Gakh ys d@shptozbh @asdlessor pamaffihaemplds
asynmet ri %5car on,atonms in their structure. The conpounds of the invention

and t h&PPPBRIPME S utical |y acceptable salts may therefore exist as single
enanti oners, diastereoisoners, racenmates, and m xtures of enantioners and

di astereoners. All,. such single enanti rs i ast.er epi SOMErS, racenmates,
a0 ePRed erbpdisperis of heMedrsdiRS o Bt e T BaRP o are s Rt
cgrrpourcdmpaendbeﬁbdiéj bwyd, wb,\/ﬁ/mrﬁb/djcﬁgeid) 8ar od/el ﬁo,amrm‘,aer e?i, Bmmh naemns, of
t he i nventjon, to an AR pepti . Anot her .aspect..of the invention
0 ho 1S0R0cfY ang Uno e WefersR i bofinents AR RRE BE I thnt dEras R

di agnosianbeagstbssntéd BytHengtidis A @ir NBBrA, AryliXs aad Ar asfdoradulay| oi doses in a pa-
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acid, citric acid, fumaric acid, maleic acid and benzoic acid.

30 Pharmaceutically acceptable salts of the compounds according to the invention also include
salts of customary bases, such as, by way of example and by way of preference, alkali metal
salts (for example sodium salts and potassium salts), alkaline earth metal salts (for example
calcium salts and magnesium salts) and ammonium salts, derived from ammonia or organic
amines having 1 to 16 carbon atoms, such as, by way of example and by way of preference,

35 ethylamine, diethylamine, triethylamine, ethyldiisopropylamine, monoethanolamine, dietha-



A further enbodi ment of the invention includes a diagnostic nmethod for
ot her neurological 5 disorders as Al zheiner's disease conprising the
excl usi orwofR20W2BEoner' s di sease in a patient, that net ROU/EPIBIOISHNQ
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sol ventioned & AP Bl bragbld Yy g dibhergrte Tretthh i Of PR dSon o F-

Acet onihutyl] ispbudCihymethyhpropyll tarkbatyi, denentitpisomsiity, btethylprm)éf EmethWbutwsd,

Me I d
I e s R ot S I
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descri Fl uoride can be produced by proton
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In the context of the invention, alkoxy represents a straight-chain or branched alkoxy radical

having 1 to 4 carbon atoms. The following radicals may be mentioned by way of example
and by way of preference: methoxy, ethoxy, n-propoxy, isopropoxy, 1-methylpropoxy, n-
butoxy, isobutoxy and tert-butoxy.

30 In the context of the invention, halogen includes fluorine, chlorine, bromine and iodine. Pref-

erence is given to fluorine.

If radicals in the compounds according to the invention are substituted, the radicals can,
unless specified otherwise, be mono- or polysubstituted. In the context of the present inven-

35 tion, the meanings of all radicals which occur more than once are independent of one an-



20 e.g. a Kryptofix K2.2.2/ K2CO3 solution (Kryptofix is

4,7, 13, 16, 21, 24- Hexaoxa- 1, 10- di azabi cycl o[ 8. 8. 8] - hexacosane). The

nucl eophiWpeOBI38176t ut i on of the precursor works prefer @TEPRIIONESOGr esence
of a base such as NBu4OH, (NBu4)2CO3,9K2CO3 etc. and at el evated
tenperatures. The addition of crown ethers such as Kryptofix (K2.2.2) can
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2010/ 028776PCT/ EP2009/ 006406 12 The solution can then be diluted with e.qg.
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Precursm»nsbdimdtalah)A&;Femeecorrpounds of general formula | (formula | with 'Y
= 18F) are e.g. tosylates, brosylates, nosylates, nesylates, triflates,

nonafl ates etc. (fornmula | with Y = | eaving group) which can be synthesized
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formula | (formula | with Y = 18F) are e.g. iodides and brom des and the
| i ke widmetreaimest sf @rpatiemttvlvith Abpiouriswiisddseqarnddwsamyoidosas 4k preferably tiehe

a” (J aPe%Frﬁé‘d gﬁg% %"o"c@d Sl e Hﬁ/gr%cﬁ] %&%rcﬁﬁ(]%lo Em% 2GRS, ? gPQ‘?%
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%Bounds of this invention by nethods known in the art (L. Cal, S. Lu, V.
Eur . 20 Org. Chem 2008, 2853-2873). Starting materials for these
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mat er i g}, SqrfeBE rd BPYh& REMLRLGDr tdRSfapy). at es, mesylates, triflates,
nonaflatigseet(r: corrpr@g:é)sgbre E)\é %&)gret ectl on of O—I—pr otecting groups. As one

of the very versatile protecting groups m ght be menti oned the acetyl
tectl n% group. Many others are known in the art, see G eene

apsReCtf diecipvertionds dlipded i axnprihed OWH&?@Y'O@WBS% Sughgg,

John th@tuo& éﬁfpﬁ.se@a) Jaafrf.alsteﬁ talesenaﬁmﬁal Exaymoend 3t a8stribed Above Nend
i ntroduction of the hydroxyal k grou %/ Pd cat al Xzed substitution of
| - - - -\ hssgin gontainipg A.ggtectable Jabel, and bs) detecting the signhal stemming from the com-

pound that is specifically bound to the amyloid deposits. The specific binding is a result of the
high binding affinity of the compounds of the present invention to the amyloid deposits.
30
In a further aspect, the invention is directed to a method of diagnosing a patient with Alz-
heimer’'s disease or amyloidoses. This method comprises a) administering to a human in
need of such diagnosis a compound of the invention with a detectable label for detecting the
compound in the human as described above and herein, and b) measuring the signal from
35 the detectable label arising from the administration of the compound to the human, preferably



with Hal = BO as described in Exanples Ib and 2b WO

2010/ 028776PCT/ EP2009/ 006406 13 as in Exanple 6d, where the hydroxy
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synt hesi zed by Friedel Crafts Acylati®wn. Conpounds of the general fornula I
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opt i ongllying beimapingmatrdidyof tenidivéntion. or havi ng an inert, pharma-
ceutically acceptable carrier and/or solvent and/or auxiliary subst ances
added. In a preferred enbodi nent the kit conprises one or nore seal ed

cont ai nefRgthehaspedt @fHd iBeeritioa remmwadﬁagmbsﬁd]eommsmdmfoa irpagihe angibid de-
&ﬂl ment the kit co %a co nd of f? ﬁfla I, as descri bed herein,
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sul fonate, substituted sul fonate, rresyl ate, nonaflate, iodoniumaryl

| +-aryl,, trial kyla 25 trjmet hyl ammoni u her aspect
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or noduwdeti ng the pathogenicity of anmyloid in a manmmal. This net hod

conprises adm nister- ing a conpound of fornmula | as described herein in an

anopunt that is effective to inhibit the 30formation of anyloid or to
nodgl atRurtheemdref tHegdingnostiy métheds/ bbihé invention can also be used for monitoring the

therapy of Alzheimer’s disease, a neurodegenerative disorder or an amyloidoses.

Furthermore, the diagnostic methods of the invention can also be used in diagnosing neuro-
logical disorders other than Alzheimer’s disease by excluding Alzheimer’s disease.

20
In a further aspect of the invention, the invention comprises a method of treating or prevent-
ing amyloidoses or Alzheimer’s disease comprises administering to a human in need of such

a treatment a compound of formula | as described herein.

25 A further aspect of the invention refers to a pharmaceutical composition which comprises a
compound of the invention as described herein, optionally together with a suitable carrier

and/or additive.

Furthermore, the compounds of the invention can also be used as tools in screening, for ex-

30 ample high throughput screening methods and in vitro assays.

The invention also refers to a method for synthesizing a compound of the invention according
to formula | as described herein. The general synthetic methods of the compounds of the in-
vention are as follows.

35
F-18 radiolabeling



Preferred Conpounds of the Invention W) 2010/028776PCT/ EP2009/ 006406 14
together with a letter which refer to the exanpl es given bel ow descri bi ng

t he synt ¥6i281042817hese conpounds. F-rF-r r---N 0/ - RCT/EP200p/0pM0® 9d/e O
WO 2010/ 028776PCT/ EP2009/ 006406 16 1110Even nore preferred enbodi nents of
the invention are the respective F-18 conpounds. The conpounds of the

i nvent ifofurthep aepant tof tiwey @lventicac mafarsvib teh methghl off fadioflugridadion arhd odrdpdihdaoid

rapid %MUIQ?I‘O'rQPe manﬂpar&ﬁﬁg %f 'rgdiglagélgg'%%pgﬂﬁ)&$ Q?mBI%q'&'mprising the step of
reacting a compound of formula | with a fluorination agent. Useful Radiofluorination methods
are well known to the person skilled in the art.

In a preferred embodiment, the fluorination agent is 4,7,13,16,21,24-Hexaoxa-1,10 diazabi-
cyclo[8.8.8]-hexacosane K'8F (crownether salt Kryptofix K'®F), K'®F, H'®F, KH'®F, or tetraal-
kylammonium salt of '®F. More preferably, fluorination agent is K'®F, H'®F, or KH"®F,.

10  The solvents used can be Dimethylformamide, DMF, Dimethylsulfoxyde, DMSO, Acetonitrile,
MeCN, Dimethylacetamide, DMA, DMAA etc., preferably DMSO, MeCN or DMF. The sol-

vents can also be a mixture of solvents as indicated above.

[F-18] radiolabeling procedures are well known to the person skilied in the art. For example,
15 radiolabeling can be preformed as described in the following.
[F-18]Fluoride can be produced by proton bombardment in a cyclotron using a silver target (1
mL) filled with [O-18] water for the **O (p,n)'®F reaction. The aqueous [F-18]fluoride can be
passed through a cartridge (e.g. QMA-resin cartridge Waters, Sep Pak Light QMA Part.No.:
WAT023525 ). The trapped [F-18]fluoride can then be eluted from the cartridge by adding
20 eg. a Kryptofix K2.2.2/ K,CO; solution (Kryptofix is 4,7,13,16,21,24-Hexaoxa-1,10-
diazabicyclo[8.8.8]-hexacosane). The nucleophilic substitution of the precursor works pref-
erably in the presence of a base such as NBu,OH, (NBu,).CO3, K,CO; etc. and at elevated
temperatures. The addition of crown ethers such as Kryptofix (K2.2.2) can influence the reac-
tion positively, especially in the presence of K,CO; as the base.
25
The potassium fluoride Kryptofix complex is preferably dried by repeated azeotropic distilla-
tion with sequential addition of acetonitrile. Solvents such as acetonitrile, DMF, DMSO etc.
can be used as a reaction solvent. The labeling product can be purified by solid phase ex-
traction using cartridges. Preferred cartridges are Sep-Pak Plus C18 cartridge (Waters,
30 WATO020515). The cartridge can be rinsed with water and the compound can be eluted with
acetonitrile. The eluted compound can be diluted with water and can then be subjected to
preparative HPLC purification. Preferred HPLC columns are reversed phase columns such
as Gemini 5y C 18 110 A, 250 * 10 mm (Phenomenex, 00G-4435-N0). Mixtures of buffer so-
lution, acids, water etc. with organic solvents such as acetonitrile, methanol, ethanol etc. can

35 Dbe used as mobile.



15In particular, the invention relates to 1. A conpound of formula I /----\
Y -Ar-B- N\ /NA-A'-X-Ar" WD 2010/ 028776PCT/ EP2009/ 006406 17 or a

phar maceWpPQa10/028F6cept abl e salt or a prodrug thereof, RAEEFRIWIBO64NS | s

sel ected fromthe group consisting of2 F, d, Br, |, H, 15F, 19F, 768Br,
1231, 1251, 11C, 3H, 13N, 150; a |eaving group, tosyl, brosyl, nosyl,

trifl atThe sldtiborcah ¢hershbdiluteédivithl esgl wfateratd de passgd thraigh, a eartridgerfarf ¢antcen- and

i f di rsf:agi%ﬁ?%%gﬁétg@gﬁggron&t ic Catomiodoniumaryl Itaryl,

trialk edt ri met hyl anmoni um andNO2; 10 - Ar is selected
fromthe group consisting of: substituted or non-substituted nono-, bi- or

tricyclic a i het er oar (S o & =15 - B is selected from
t he gro%%'eé%%glﬁtngﬁéfgq% c&rrﬁr)pgg '(?rll ,I Fg’?@#ﬁ%@{@%@g? non- branched al kyl or
al kgl enchain conprised of 1-10 Catons; 20- Ais selected fromthe group

consi stdn f: i r on nd H - NH: . - " el ect f Nt he
group c!%ﬁ%frg?rls rﬁ% aﬂlﬂl-‘%@‘}s Qomgaun%s of ggg%\}la{ fl?%ﬁlaolr(foﬁ'gﬁ{asluvﬂg}?t_ue ?errgneé'?g]or
bi - cyclsytates; brasylatespnosydates caesyiates, driflateg ropades ek, (formula $ witbYeeteabirfg om
e 3" Ry S e symheobe ok S rpefd Bl GheBunBE hcBRHY' fo! o
methods known in the art (J. March, Advanced Organic Chemistry, 4™ ed. 1992, John Wiley
10 & Sons, pp 352ff). An additional method is described in Examples 3f, 4e and 5a and com-

prises the synthesis by suitable bis(tosylates) and the like, e.g. TsO-(CH,),-OTs.

Other precursors for alkyl-F-18 compounds of general formula | (formula | with Y = "®F) are
e.g. iodides and bromides and the like whose conversion to the respective fluorides is also

15  known in the art (J. March, see above).

Precursors for aryl-F-18 compounds of general formula | are e.g. aryl or heteroaryl bromides,
nitro compounds, trialkyl ammonium, aryliodonium which can be converted to the respective
F-18 compounds of this invention by methods known in the art (L. Cai, S. Lu, V. Pike, Eur. J.

20 Org. Chem 2008, 2853-2873). Starting materials for these precursors are commercially
available or can be synthesized by methods known in the art (R.C. Larock, Comprehensive
Organic Transformations, VCH Publishers 1989).

The synthesis of hydroxy compounds as starting materials for tosylates, brosylates, nosy-

25 lates, mesylates, triflates, nonaflates etc. comprises

o the deprotection of OH-protecting groups. As one of the very versatile protecting
groups might be mentioned the acetyl protecting group. Many others are known in the
art, see e.g. T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis,

30 3" ed, 1999, John Wiley & Sons, pp 17ff), see also e.g. Examples 3d and 4c
or
e the introduction of the hydroxyalkyl group by Pd catalyzed substitution of

Hal—Ar—B—N N—A—Ar'—=xX-—Ar"

with Hal = Br,| as described in Examples 1b and 2b
35 or



- Ar" is selected fromthe group consisting of: substituted or

non- substi tuted nono-, or bi-cyclic aromatic or heteroaromatic ring

syst ens. WORODYRE77028776PCT/ EP2009/ 006406 18 t he het er &I EREANOHEP6
aromatic ring systens of Ar are optioWally substituted by one or two al kyl,
al kyl en, al kynesubstituents and/or al koxysubstituents, and wherein

t he nmono-¢ ls-n Exarmple®@d; Whereathertioxy @omipeted BO-ArBt with thengeanisd e’ asay be

further 5su i tyt.e el ectron, Wi.t hdr aw.n rQup i,rectly bound to an
aromatic G 2%‘&#“%&%%? e§y&ﬂ8‘°"ﬁ?‘£9¥ Eﬁeo%hgf%%o&y%t'ﬁﬁy conprise 1 or 2
unsat ur at ed bondi ngs, and wherein the al kyl or alkylenchain is optionally
interrypted b 0, and wherein the alkyl or alkylenchain is

S, SO, sce
option quoélﬂﬁilf;“"ﬁtggﬂem%6?8%{)|r -OH, 10and wherein the heteroaromatic or

aromatic ring syst of Ar are optionally substituted by one or two al kyl,
al kyl en, al kynesuybstituents and/or al koxysubstituents and wherein the
nono-, bl - St rgtri ycl N Arofifati cbr het er oaromatic ri ng systens may be
further substitut y electron withdrawi ng groups directly bound to an
arolmatic C-atom 15and wherein the Cl-C3 alkyl chain of X is optionally
substituted by 1 or 2 substituents that may be oxo or thio, and wherein the

Kyl SBR[, PRUGHIIRSGHRRY. dunld Snfheshe By SO of SC2 groups; and

wherei n 20- eteroaromati c or aromatic ring stens of Ar" are
optional | ¢y solzmide goenlingyo establish +GE-NH-lgrdupsdn lapy easition kithesaussce pdent s
and/ or al koxysubstituents and wherein the mono-, bi- or tricyclic aromatic
or heteroaromatic ring systens nmay be further substituted by el ectron

wi 18dr awi eig ogtionglly byi reactidnyoftzo pipdrazineaderizativeatitic aGuitelblem an?ibo Sompooentdaynd

according t i t | . al
2 kynesupst pe Sk Phoshefi of a8l Slel o s BYRE o o XEEBON) 25
sel ect ed fr dest¢ribedgn Expmplesdiastndrdga. of oxo or hydroxyl, and wherein the

al kyl, al kyl en, al kynesubstituents and/or al koxysubstituents of Ar, 30and
Ar" may be interrupted by 1 - 5 oxygen atons, preferably the subtituents

are polAydipindrazingsyarel commetialiy availatievdiearibe syothebieed ah@raihgw trl%iltkrytm,
LTRSS A 3, KB O VRS oo 000s, I o
wi t hdr 2&iamg /ifgratupescitsfd HereinAr' and Ar" are selected fromthe group
consi sting 350f -CN or CF3;
A further aspect of the invention refers to a kit comprising a non-radiolabeled compound of
the invention, the compound optionally being in a dry condition or having an inert, pharma-
20 ceutically acceptable carrier and/or solvent and/or auxiliary substances added. In a preferred
embodiment the kit comprises one or more sealed containers which comprise the com-
pounds of the kit. In a preferred embodiment the kit comprises a compound of formula | as
described herein, in which Y is a leaving group, such as tosyl, brosyl, nosyl, triflate, sul-
fonate, substituted sulfonate, mesylate, nonaflate, iodonium-aryl I*-aryl, trialkylammonium,

25 trimethylammonium, or NO,.

Yet another aspect of the invention refers to a method of inhibiting the formation of amyloid
or modulating the pathogenicity of amyloid in a mammal. This method comprises administer-
ing a compound of formula | as described herein in an amount that is effective to inhibit the

30 formation of amyloid or to modulate the pathogenicity of amyloid.
Preferred Compounds of the Invention

Of the various aspects of the invention, certain compounds of formula | are preferred. Such

35 preferred compounds are given below, wherein those compounds are named with a figure



and wherein WD 2010/ 028776PCT/ EP2009/ 006406 19 - B is optionally selected
fromthe group consisting of direct bond, CONH CH2CO, CO (CH2)2CC3

(CH2) NCOWOQECHARBTO with n=1 to 10, (CH=CH)CO, /'/\K /QP&REP2@00E el
wherein - X is optionally selected fridmthe group consisting of direct

bond, OCH2, NHCO, CH20, CONH, NHCS, or CSNH. 4. A conpound according to
count s thgethé&r, wither letter whigh refer dptthe eadmples ejivent leadow rdescrithrg ¢hreosyntioerisiobt | ng

of pro imdin-2-yl, ethoxyphenyl, (CH2CH20) 3phenyl, al kyl phenyl,
al koxyﬁﬁéﬁ%ﬁm% E?ﬂ i ndol yl, and al kyl pyridyl, WO

2010/ 028776PCT/ EP2009/ 006406 20 and wherein - Ar' is optionally selected
fromthe group consisting of propyl pyrimdin-2-yl, et hxyphenyl

(CH2CH20) 3phenyl , aIkylphenylyrg;}oxyphenyl N- 5a|kyI|ndonI
benzof uranyl , i ndol pyridyl; and wherein - ﬁi' 3}
sel ected fromthe 9W23§D i sting of phenyl, 1- phe ’ p
2- napht hyl, and @ spectiyg heterocyles ther &65 A conpound,
selected fré 2§roup consi sting of F
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WO 2010/ 028776PCT/ EP2009/ 006406 21 (‘N o N, -i,) FNo ?__ _\9d/e . F
WO 2010/ 028776PCT/ EP2009/ 006406 22 6. A conmpound according to count 5,

wher ei n PVAR810{(13877Areani ng of 18F. PCT/EP2009/006406
15
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WO 2010/ 028776PCT/ EP2009/ 006406 23 8. A conpound according to count 7,
wherein the detectable Iabel is 18F. 9. A conpound according to counts 1 -
8 as a diNugrrewxda28776onpound. 5 10. A conpound accordi ng t 8CTHR208/00640&6 or 7
as a nedicanment. 11. A conpound accorlding to count 8, as a diagnostic
conpound for a disease selected fromthe group consisting of Al zheiner's

di sease, a neurodegenerative disorder, or an anyloidosis. 10 . A conpound
according to count 10 as a nedicanment for treating a diseas | ected from
t he group consisting of Al zheiner's di sease, a neurodegenepati ve di sorder,
or an anyloidosis. 1513. A nethod for the preparation of | uori nat ed
conpound according to counts 1 - 8, the nethod conpgz?|'o reacting a

sui t abl e precursor nol ecul ith a fluori nati(glg a . 14. A nethod for
treating or preventing aaﬁﬁgﬁﬁder selected fr h¥g group consisting of

Al zhei ner's di sease, a rodegenerative di der, or an anyloidosis in a

manmmal , 20t hi s net hod hpri si ng admi ni steM_ng a therapeutically effective

amount of a com p ufld "according to counts¢l - 5 or 7 to said mammal . 15.
dtéording to counts 1 - 5 or 7 in the treatnent of a

Use of onpRUNE~
diseaseag§r2f§eg feom the group consisting of Al zheiner's diseaaﬁ, a
neur odegener ati ve di sor- 25der, or an anyloidosis in a manmal, d%in a
therapeutically effective amount of said conpound is adm nistered to said
manmal . 16. A nethod for diagnosing a disease in a manmal selected fromthe
group consisting of Al zheiner's disease, a neurodegenerative disorder, or
an anyl oidosis, this nmethod 30conprising adm nistering to said manmal a
conmpound according to count 6 or 8. 17. The method of count 16, this nethod
coggrising i magi ng of said mammal and detecting the inmaging signal.

3518. The net hod of count 17, where said inmaging is perfornmed using an

i magi ng nmet hod selected fromthe group consisting of PET, SPECT,

MR- spectroscopy, and MR-tonography. WD 2010/ 028776PCT} 009/ 006406 24 19.

A et hod according to cou 16- 18, wherein the effe a therapy is
nonitored. 20. A method di agnosi ng or therapy toring of a disease
sel ected fromthe gr (o)
@
N N
$ %
0 r_« C{tN O
N o 7 N_f
7\ =N
\=
F 11b/c 12b/c

10  Even more preferred embodiments of the invention are the respective F-18 compounds.

The compounds of the invention represent novel tracers with high affinity for amyloid B and

rapid elimination of non-specific signals from the brain.

15  In particular, the invention relates to

1. A compound of formula |

Y —Ar—B—N N—A—Ar—X—Ar"

20 Formula |



5 consisting of Alzheinmer's disease, a neurodegenerative disorder, or an
anyl oidosis in a manmal, said nethod conprising analyzing in vitro a sanple
of said rNMAI0/028F7er ei n said mammal or sanpl e has been PEEAP2INNGN6 a
conpound according to counts 6 or 8. W021. The met hod of count 20, wherein
the sanple is cerebrospinal fluid. 22. A kit conprising a conpound accordi ng
to counts 1 - The kit nmay contain one or nore sealed vials

8.
conpri sing the conpoun r.dj Qu 1 - 8. The invention further
relates to p aar?iha%ﬁ??ug%?@yg%%ggiaag%oés%ogac%%%%é?'??rs(ﬁé conprising a conpound
according towvwmeints 1 - 8, preferred are such conpositions conprising
r adi ol abel ed conpounds, even nore preferred are such conpositions

conprising the 20conpounds | abeled with F-18. The invention further relates
to & conpoundy scsetactbdifgorh thecgnonp cnsistirigoft he provisio that if A and B are

di rect bond n Ma— gl 765) X124, 1 84) 1 hedaromati c systens. 25The

i nvention fﬁi'meﬁr’?’ﬁat%s l:t‘?oégzﬁ’ cémﬁ’u%’%cﬁdi gto cou%t 1, with the
provi si o thad ldaving groufd tasy, Hiosglc hobyinttflaiy, salfichate, substitutidxsulfongtemendsgr ed
aromati c systens. The invention further relates tq,a compound cordin
fo count 1 Thfee And RenaAlk <0 ot BLA B af Sicphats, ¢ Buchn TR AR B 1
bound r esi dudalkylammohium,i s a prefemredig nenth@ethylaaimoame sys-and0t er nNCghe
raqiolabeled conmpounds and di agnosti c conpositions of the invention are
usepul for beta-anyloid inmging. W) 2010/028776PCT/ EP2009/ 006406 25 Bri ef

descri pti on -tAri$ beleéted troesthBiggouplcaistiag bhe aut or adi ogr aphi cal anal ysi s of
bi ndi ng of 19, t ryosection romcortex of. Al.zheiner's di.sease patients
(AD) and contPoiut Trimy s ARt FeBS; 1 ot i B TRty Erohe CERRGNAR 1S
front ot enporssstetieyenti a). Specific binding in plaque-rich regions of AD
sanples is indi- cated by arrows. Fig. 2 shows the autoradi ographical

anal ysis of binding of exanple 10e to cryosections from cortex of

Al Zi%ei mer' s di sease patients (AD) and controls w thout AR plaques (HC FTD)

10(heal thy caontrol/ . frontatenmporal dementia). Specific binding in

pl aque-rich T bglS&Lesdeo(#f?%%%ea%flg§°P$§§tm90‘?ftat ed by arrows. Fig. 3 shows the
Aut or adi ogr afitect bdbndarmatbraacteedodr tombliangherf alkyaoraileylehitbainaooipyissa of i al®sCf r om
cortex of AlaZ[Qr%is-”er' s disease patients (AD) and controls w thout AR plaques
(HC FTD) ;

20 - A is selected from the group consisting of:
a direct bond, and CO-NH, CS-NH;

- Ar’ is selected from the group consisting of:
substituted or non-substitued mono-, or bi-cyclic aromatic or heteroaromatic ring sys-
25 tems;

- X is selected from the group consisting of:
a direct bond or a substituted or non-substituted C;-C; alkyl chain;
30
- Ar” is selected from the group consisting of:
substituted or non-substituted mono-, or bi-cyclic aromatic or heteroaromatic ring sys-

tems.

35 2 A compound according to count 1, wherein



15(healthy control/ frontotenporal denentia). Specific binding in

pl ague-rich regions of AD sanples is indicated by arrows. Fig. 4 shows the

aut or adi MyPRWEBT76anal ysi s of binding of exanple 12c t 8CETMBPaYHOG400Ms from
cortex of Alzheiner's disease patient® (AD) and controls wi thout AR plaques
(HC/ FTD) 20(heal thy control/ frontotenporal dementia). Specific binding in

pl aque-ri ch -rtagihetesoarbmalic seapineici ringi systenad efdAbgreanptionslly dubgtitutedshyoovee | C50

values in [n of .. sel d ) red in tition assay using
brain hormgecf'\&‘f’% ajky g%ﬁi%ﬁpglg)?'{eg%fgggﬂﬁqgsé&o%gﬁogﬁgbé?@?% B show HPLC

anal yses of awngoareids of exanple 14. Fig. 7 A and Fig. 7 B show HPLC
anal yses of cgnmpounds, .of anple 15.. 30Fig. 8 shows.the autoradi,o hi cal
anal ysi s of BIRATAL 0P P D6 FBEE T diderpRIoRAtE g, Sisfemsy bk et

di séase pat isabstiuledby aeadronavthdrawiog gtaupk dirétily)bousp déa ah maconaticdt-atpm;n

pl aque-rich regions. of AD sanples is indicated by arrows. WO

2010/ 028776F?<E“P/!'I§E£6'89/ 006406 26 Exanpl es The nethods for synthesizing and
| abel i ng t heséhecalkyeas chaioosBanay camprifeul by 2iunkatatated bandings, laad fwbleremitiveg

Exanpl es. These Ex les.illustrate certai pgc t he. abgve-descri bed
5ot hod and A0 ahF RYBBIE 5 HtPbal TaRE bR 55 0. 505" B PSS g

not by way diikyl bnalkgéndrain ioptiphaly substigted by oxo or —OH;

4- (@ Br onmo- pyrji m di.n- 2-yl) - pi perazi ne- 1- carboxylic acid

(4-Benzyl oxPISHEIPY. ani de A sol ution of 707 ng (3 mol) of

4- benzyl oxy--the hgteavaromatiy dr aoinaticirithg siyslecsi aflAr anedoptioddlyndubétitutedrbyodne of

N, N- et hyl di i sopr lamne 1n 10 .of dichl orgnet hane arg added drop- 15
wse to s soirdbBonRly ABYSR. aRydetuligent Pilcp AR B 256 AT §Pefeitthe

di chl or onet mao-abi- 0Ctricytie arematic onhaterdansreaticsrirgg systeds tray bESfurtheusubstiat
0C, then a rp

br ono- 2- pi pePé@%&?%g‘{;ﬁogw%P%vgﬁ%%hg d%fe(\lt?y-br%n? &an ﬁ%ﬁtico(?'aﬁnﬁl- et hyl
di M$opr opy| andnenedrein10 nL of dichl oromethane are added. After 30 min at OC
AR XN e TR
oxo or thio, and wherein the alkyl chain may be interrupted by 1 to 2 O, N, S, SO or
SO, groups;
and wherein
20 - the heteroaromatic or aromatic ring systems of Ar” are optionally substituted by one
or two alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents and wherein the
mono-, bi- or tricyclic aromatic or heteroaromatic ring systems may be further substi-

tuted by electron withdrawing groups directly bound to an aromatic C-atom.
25 3. A compound according to count 1 or 2, wherein

- the optional alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents of Ar, Ar’

and Ar” are selected from the group consisting of oxo or hydroxyl,

and wherein the alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents of Ar, Ar’
30 and Ar” may be interrupted by 1 — 5 oxygen atoms, preferably the subtituents are

polyethylenglycol-moieties,

and wherein further the alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents of

Ar, Ar and Ar” may comprise C3-Cg cycloalkyl moieties, and wherein the optional

electron withdrawing groups of Ar, Ar’ and Ar” are selected from the group consisting
35 of —CN or CF3,

and wherein



20chl or onet hane/ et hyl acetate gradient. Yield: 0.93 g (66 % El enental

analysis: calcd.: C 56.42H 4. 73Br 17. 06N 14.95 25found: C56. 11H4. 83Br
16. 94N 14WQ201)028776 PCT/EP2009/006406

445- ( 3- Hydr oxy- propy1) - pyri m di n- 2- yl¥- pi per azi ne- 1- carboxylic acid
(4- benzyl oxyphenyl)- am de H 300 WD 2010/ 028776PCT/ EP2009/ 006406 27 To a
sol uti on of -B #&loption@By seietieddforalthey graipcadnsistingn 0® ditecd bodd,yCONH-CH,CO,

of o bor abi aREHS) 1 NRRERE ", BoaCl iy, PRV 1€ T BPAERUD: or

additional 15 mnand 5 h at roomtenperature (= Solution 5A). 0.70 g (1.5
nmol ) of the bro derivative cpnpound |la are suspended in 10 nL dry DW
and 0.35 g ( ) of teld;_g (triphenyl phosphine) palladium(0) and 4
m. (12 mml) 3 M aque@® pot ssfﬁm carbonate solution are added (=

Susgensi on B). Solution Ais added to suspension B and stirred overni ght
at 65C. After evaporation of the 10solvents the residue is chromatographed
on silica gel using a di chl ororret hane/ met hanol gradient. Yield: 110 ng.(16
% El enental, r@{ﬁy 15cal cd.: C 67.10H 6. 53N 15.65 found: C 66.92H 6. 41N
15. 88 r@ Uene- 4- sul foni ¢ aci d

3- { 214- ( 4- benky$ orionsiiy reelastad fawy the- giope reapsiating. ¢fi Risgeti bandi QCH2, NHCO,

205-yl'1 - pr opyl2 6SEENH, NHCS, or CSNH.
10
4, A compound according to counts 1 — 3, wherein
- Ar is optionally selected from the group consisting of
propylpyrimidin-2-yl, ethoxyphenyl, (CH,CH,O);phenyl, alkylphenyl, alkoxyphenyl, N-
alkylindolyl, and alkylpyridyl,

15 | N/\\Nr r—/O@ Ve OQ
/_/OO /_/OO

o——/__O o—/_o
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9 S0 o

To a suspension of 0,45 g (1 mmvol) of the hydroxy derivative 1 b

in 3 nmL of dry pyridine is added dropwi se at OC a solution of 0.25 g (1.3

nmol ) of Wwotelwmeswsul f onyl

chloride in 2 nL 250f dry pyPCHIER2009APG406

stirring for 30 mn the mxture is evdporated to dryness and the residue is

chr omat ogr aphed on silica gel
Yield: 379 ng (63 % El enental

usi ng a di chl oronet hane/ hexane gradi ent.

anal ysi s:

cal cd. :

C 63.88 H5.86 N 11.64 S

5.33 found: C,6

.67 H5.97 N 11.48 S 5.02 WD 2010/ 028776PCT/ EP2009/ 006406

28 d) 445-( ?EE-“i ¥l uor o- propyl) - pyri m di n-2- y1Fpi per azi ne- 1- car boxyl i c
aci d (4- benzArosppliamiy seleateddrom thi.group ¢orikisting 8f | ., N

propylpyrimidin-2-yl, ethoxyphenyl, (CH,CH,O)sphenyl, alkylphenyl, alkoxyphenyl, N-

5 alkylindolyl, phenyl, benzofuranyl, indolyl and alkylpyridyl;
and wherein
- Ar” is optionally selected from the group consisting of
phenyl, 1-phenyl, 1-naphthyl, 2-naphthyl, and all respective heterocyles thereof.

10 5. A compound, selected from the group consisting of

Yol )
NJOLN/Q/ NJ\N
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5[ F- 18] Fl uori de was produced by proton bonbardnent in a cyclotron using a

| ow vol une, | ow pressure silver target (1 nL) filled with [0-18] water for
the 180 (WOrYMWaRS17éacti on. The aqeous [F-18]fl uoride (aBpI/EP2MON06486 passed
through a QVA-resin cartridge (Waters?l Sep Pak Light QVA Part. No.:
WAT023525 ). The trapped [F-18]fluoride was eluted fromthe cartridge by
adding a Kryptofix K2.2.2/ K2 solution (5 ng 1(2.2.2/ 1.5 nL
acetonitrile + 1 ng K2CA/ 1 5 nmL water). The m xture was dried by

repeated (2 x) azeotropic d? | ation with sequential addition of 1 nL of
acetonitrile. The tosyl at ¥ecursor 1c was dissolved in dry
di net hyl f or mam de (100 and acetonitrile (400 pL) and added to the dry

pot assi um Krypt ofy x/_{f uoride conplex. The solution was heated to 110 C
for 6 mn anEQt hen/ 8l |owedygfed cool to roomtenperature for 5 nmin. The

sol ution was dpol d wth water to give a final volunme of 10 nL and 15 was
passed through a Sep-Pak Plus Cl18 cartridge (Waters, WAT020515). The
cartridge was rinsed with water (20 ml) and the conpound was eluted with
acetonitrile (3 nL). The eluted conpound was diluted with water to yield 5
m. and was subjected to preparative HPLC purification. A Gem ni p C 18
110 A, 250 * 10 mn(Phenomenex,4435- NO) was used as a statTenary
phase. A water (A)/ acetonitrilg (B) 3/ 7 mxture was use a mobile
phase with 20 a flow rate of fU min. The s
to give a final volune of~2 and was passed ough,(a\NSep- Pak |ight C18
cartridge (Waters, 043501) . The cartridge wa i'?s% Wth water (10 ml)
and the cop@fun sN elluted with ethanol (0.5 nL) heofi nal product was
characterf zed by*HPLC on a Genini 5 p C 18 110 A°250 * 4,6 nm ( Phenonenex,

ti on was.di ed with water

00G 4435-E0) 25 HPLC colum w an isocratic water/ acetonitrile (2/8;
v/iv) mxture at a flowrate g mn. Retention tinme (tR_._4.8 mn.
Radi ochem cal yield (RCY) _desay corrected (d.c.) at end of 6@7ﬁardm&nt: 44
% Radi ochemi cal purit ): 98 % WD 2010/ 028776PCT/ 009/ 006406 29

To 67 ng (0.15 mml) d¢f dhydroxy derivative conpound | % 10 nl

di chl or onet hane rNe—\Sa ded 48 nmg (0.3 mml) of di@tmﬁ\dn‘i no sul fur
trifluoride (DASK at °0C. After 30 min at 0C, 5 witNero was added, the
organic phaseodri ed over sodiumsulfate ander evaporation of the
organi ¢ solfvent, the residue was chromat ographedl om silica gel using a
di cpl oronet hane/ et hyl acetate gradient. Yield: 40 ng (60 % 10El enent al
analFysis: calcd.: C66.80 H6.28 F 4.23 N 15.58 found: C 66.54 H 6.49 F

4.06 N 15.77 WO 2010/ 02877/6(:1_/ EP2009/ 006406 (@
0 (]
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30 Exanple 2 a) 4-(5-Brono-pyrimdin-2-yl)-piperazine-1-carboxylic acid
(2- phenyl - benzof uran-5-yl)-am de 5 A solution of 628 ng (3 mmol) of
2- phenyl -WOrAWABENA- 5- yl am ne hydr ochl ori de (ChenBri dge PCHEF200988H0®I ego,
USA) and 1.13 nL (6.6 mmol) of N, N-etByl diisopropylamne in 20 niL of
di chl oronet hane are added dropwi se to a solution of 297 ng (1 nmol) of
tri phosgene in 10 10 nlL of dich onet hane at 0C. The reaction g xture is

stirred for 30 mnutes at 0C, a mxture of 0.73 g (3 nmol f

5- br ono- 2- pi perazi n-1-yl - pysl di ne and 0.56 nli, 3.3 mol) _QfoN, N-et hyl

di i sopropylamne in 20 di chl or onet hane are added. f 1 h at 0C and
overnight at roomtenpegrajure, the solvent is evaporatéed %and the residue is
chr omat ogr aptied~QR sj#<{ Ca gel using a dichl oronet hang \ﬁyl acetate
gradient. 15Yiel #)0. 8P g (56% Elenental arfalysis/ be.: C 57.75 H 4.21 Br
16.70 N 14.64 ¢ : C57.43 H 4.37 Br 16.11 N -‘-@z b)

445- ( 3- Hydr oxy- propyl) - pyri m di n- 2-y1] - pi per azi ne- 1-carboxylic acid
(2- phenyl - benzofuran-5-yl)-amde To a solution of 0.21 nmL (3 nmol) of
allyl alcohol in 9 nL of dry tetrahydrofurane (THF) are added at 0OC 18 nL

(9 mol) of a 0.5 Msolution of 9-borabicyclo-(3.3.1)-nonan THE. This
mxture is stirred at OC for additional 15 mn and 5 h at r t enperat ure
(= Solution A). @,O
)
N
Jo 3
;___g»N o}
o 7\
N
AT _
F N\) F

\—< >—o o
10d/e

5
2 °
O
g $;
(N N
N & N’_\(
o -~ 0
N O 7 N
7\ =N
=
F 11blc 12b/c.
10
6. A compound according to count 5, wherein F has the meaning of '®F.
15 7. A compound according to count 1, 2, 3 or 4 containing a detectable label, such as a

radioactive nuclide or a fluorescent label.



WO 2010/ 028776PCT/ EP2009/ 006406 31 0.72 g (1.5 mmol ) of conmpound 2a are
suspended in 10 nL dry DM and 0.35 g (0.3 nmmol ) of tetrakis(triphenyl
phosphi néyopalyg8i7am( 0) and 4 nL (12 muol) 3 M aqueous PBET&PNIMESEF bonat e
sol ution are added (= Suspension B). 23 Solution Ais added to suspension B
and stirred overnight at 65C. After evaporation of the 5solvents the

resi due.i s dhcampiungragporéihgdn ceunt & avhgedin thei dejectable cablebisdffet hane/ met hanol
gradient. Yield: 85 ng (12 % El enmental analysis: 10calcd.: C 68.25H 5. 95N
15.31 found: C 68.05H 6. 12N 15.20 c) Tol uene-4-sul fonic

aci d3- {244- (Reqriygrupd-doeordiviguo @oults yil €8 ab amigdnostic pampaund- 1- y1F

15pyri mdi n-5-yl}-propyl ester 9 s-o ii o To a suspension of 0,46 g (1
nmol ) of the hydroxy derivative 2b in 3 nL of dry pyridine is 20 added

dr opwi s¥. at A0@naspsmdurccondingfto @o@itsd 3 087 msw@ MediCarpentol uenesul f onyl
chloride in 2 nL of dry pyridine. After stirring for 30 mn the mxture is
evaporated to dryness and the residue is chromatographed on silica gel

usi ng d1idi ci coropeindaavedidingatoecaynhi @i as b .diagrektic carBdourgl for @ di§eadé sEleeterint al

anal ysi s: CWOﬁwdthé g?gudb go(%s‘_s'tiﬁg éf‘A’yhéigﬁeﬁ’g disease, a neurodegenerative disorder, or an
amyloidosis.
10
12. A compound according to count 10 as a medicament for treating a disease selected
from the group consisting of Alzheimer’s disease, a neurodegenerative disorder, or an

amyloidosis.

15 13. A method for the preparation of a fluorinated compound according to counts 1 — 8, the

method comprising reacting a suitable precursor molecule with a fluorinating agent.

14. A method for treating or preventing a disorder selected from the group consisting of
Alzheimer’s disease, a neurodegenerative disorder, or an amyloidosis in a mammal,
20 this method comprising administering a therapeutically effective amount of a com-

pound according to counts 1 — 5 or 7 to said mammal.

15.  Use of a compound according to counts 1 — 5 or 7 in the treatment of a disease se-
lected from the group consisting of Alzheimer’s disease, a neurodegenerative disor-
25 der, or an amyloidosis in a mammal, wherein a therapeutically effective amount of

said compound is administered to said mammal.

16. A method for diagnosing a disease in a mammal selected from the group consisting
of Alzheimer’s disease, a neurodegenerative disorder, or an amyloidosis, this method

30 comprising administering to said mammal a compound according to count 6 or 8.

17.  The method of count 16, this method comprising imaging of said mammal and detect-

ing the imaging signal.

35 18. The method of count 17, where said imaging is performed using an imaging method
selected from the group consisting of PET, SPECT, MR-spectroscopy, and MR-
tomography.



S 5.24 found: C64.66 H5.23 N 11.74 S 4.97 30 WO

2010/ 028776PCT/ EP2009/ 006406 32 The tosyl ate precursor 2c was dissol ved
in dry diwethimesi7tanm de (100 pL) and acetonitril e (400PpLEPAME/06Eed t O
the dry potassium Kryptofix/ fluoridd conplex (vide supra). The solu- 5
tion was heated to 110 C for 6 mn and then allowed to cool to room
tenperature for 5 mn. The soI ution was diluted with water to give a final

toL e A, A By AT NEPLR TSR I e BB 58 o

conpound was eluted with acetonl trile (3 nm.). The eluted conpound was

pur et ot 1R bEbang i HRROUBIAS! b RURARL A1 U

00GH4435- |\|0)COV\8IStIRQSQfdA|H&BIIH6$$ diseasm rynquinedsgendratieg disorday, /ormeetmymdosni; & ( B)

3/ 7 m xture S a 0

The sol ution \Wa%%rﬁ# gg'gd%&ﬁoﬁoga pnsPrE; 35‘?‘%@ ,?I rl;}gl X"saff{ e %i: of° %98}11 ﬁ{n an'd was

passed thr ougieranSxﬂﬂ} Relnrhalgbrt s&Phple deast beatgredtédtvitrc a JOATRRIBE Giccordiigeto

cartrldge wgc g ﬂ’ vvlth water 15 (10 ml) and the conpound was eluted with
he final

et hanol product was characterized by HPLC on a Gemini 5
p C18 110 A, 250 * 4,6 mm (Phenorrenex 00G 4435-E0) HPLC colum with an

B T P

445- ( 3- Fl uor o- propy1l) - pyri m di n- 2 ylj - pi per azi ne-1-carboxylic acid
(2- phe - be furan5 )ﬁ,%amd tan rd)e 25 To 69 ng (0.15 mmol )
of hydp%%(y dcgg v%{PPrvsén%% 'BB%"&P &‘rl% orffug%c I%‘romat hane were added 48 ng

(0.3 nmmol ) of diethylam no sulfur trlfluorlde (DAST) at 0OC. After 30 min at

aiter oUmEReT 6 TaD e HgabaeR RISt it FE e fRC I Seaf e

on1éilica gel-8sing a di chl oronet hane/ et hyl acetate gradi ent. 30 Yield: 15
g (22 %

The invention further relates to pharmaceutical or diagnostic compositions comprising a

compound according to counts 1 — 8, preferred are such compositions comprising ra-
diolabeled compounds, even more preferred are such compositions comprising the

20 compounds labeled with F-18.

The invention further relates to a compound according to count 1, with the provisio that if A

and B are direct bonds Ar and Ar’ are six ring membered aromatic systems.

25 The invention further relates to a compound according to count 1, with the provisio that if A or

B are direct bonds Ar and Ar’ are six ring membered aromatic systems.

The invention further relates to a compound according to count 1, with the provisio that if A or
B are direct bonds the directly bound residue Ar or Ar’ is a six ring membered aromatic sys-
30 tem.

The radiolabeled compounds and diagnostic compositions of the invention are useful for

beta-amyloid imaging.



WO 2010/ 028776PCT/ EP2009/ 006406 33 El enental analysis: calcd.: C 67.96 H
5.70 F 4.13 N 15.24 found: C 67.67 H5.96 F 3.96 N 15.22 5 WO

2010/ 028 WORCWEPZO09/ 006406 34 Exanple 3 a) PCT/EP2009/006406

(3- Acet oxy-benzoyl am no) -acetic acid ¥enzyl ester 0 OP ON O 5 30.4 g (90
mmol ) G ycine benzyl ester p-toluene sulfonate salt are solved in the two
phase sBdeéfadasdriptiborof the Rigueesind aqueous sat urat ed sodi um hydr ogencar bonat e
solution. The organic phase is dried over magnesi um sul fate and t hen
evaporated. 1013.09 g (79.25 mml) of free am ne is obtained which is used
i n t he Rgbtsbaenthecauipdadiographicahenalgsis w binding df Bat tharyqeeciidriscfasrn @artex of a

10 i oomgt's Sheflet paucns B o o SRR M blanBE BHC/P ToT thelnud o
chl &r of toolhfeirdotameoral dementia). Specific binding in plaque-rich regions of AD samples is indi-

cated by arrows.

Fig. 2 shows the autoradiographical analysis of binding of example 10e to cryosections from
cortex of Alzheimer’'s disease patients (AD) and controls without AR plaques (HC/FTD)
10 (healthy control/ frontotemporal dementia). Specific binding in plaque-rich regions of AD

samples is indicated by arrows.

Fig. 3 shows the Autoradiographical analysis of binding of example 11c to cryosections from
cortex of Alzheimer’s disease patients (AD) and controls without AR plaques (HC/FTD)
15 (healthy control/ frontotemporal dementia). Specific binding in plaque-rich regions of AD

samples is indicated by arrows.

Fig. 4 shows the autoradiographical analysis of binding of example 12c to cryosections from
cortex of Alzheimer's disease patients (AD) and controls without AR plaques (HC/FTD)
20 (healthy control/ frontotemporal dementia). Specific binding in plaque-rich regions of AD

samples is indicated by arrows.

Fig. 5 shows IC50 values in [nM] of selected compounds measured in a competition assay

using brain homogenate from AD patients.
25
Fig. 6 A and Fig. 6 B show HPLC analyses of compounds of example 14.

Fig. 7 A and Fig. 7 B show HPLC analyses of compounds of example 15.
30 Fig. 8 shows the autoradiographical analysis of binding of 14f to cryosections from cortex of
Alzheimer’s disease patients (AD) and healthy controls (HC). Specific binding in plaque-rich

regions of AD samples is indicated by arrows.

Fig. 9 shows shows IC50 values in [nM] of selected compounds measured in a competition

35 assay using brain homogenate from AD patients.



added dropwi se and the solution is nmaintained at this tenperature for
another 15 mn. Then, 15 13.09 g of glycine benzyl ester and 11 nlL triethyl
am ne (79v@30maB)76i n 50 nL THF and 50 ni di chl or onet haRETaP200QMOEAS S| oW y
to this cold solution, the tenperatur?® is kept bel ow 10C for another 15 mn
and is then allowed to reach roomtenperature. After stirring overnight the
sol ventExanplespor at ed and the residue is chromatographed on silica gel

usi ng an ethyl acetate/ethanol gradient. 20Yield: 24.6 g (95 % . El enental
anal ysis: calcd.: C 66.05H 5.23N 4.28 found: C 65.84H 5.43N 4.16 25 b)
(3-Ac et'meymbmnd@;dr apnthegizing ehd tabetinglthe38 cEFmpasiﬁmisuariemnmreﬁulWQlJL&&a@d(iﬁmerrmI )

of ben est 3a. in 300 net hangl .are added Pd . on _charco 0%
and ¢ haoleyi TerBess Tretey B ORGSRl SBEGY dnttim orafier SRR Bastre bir .
The 5catraétjne<u and a‘dviarategemhsorfefsumdnd lace sbhowmeby veayapioillatteadion andl ribit bi/dway of
(quanti Irrdf gve) WO 2010/ 028776PCT/ EP2009/ 006406 35 El enental anal ysi s:

cal cd. 8N-70H 4. 67N 5. 90 found: C 55.66H 4.49N 5.77 5 c)

1-(4- Benzyl oxy- phenyl)-pi perazine HN.) 10Al|l glassware is dried at 100C.
Toas%’@ nof 4.32 g (50.16 mol) of piperazine in 60 nL toluene is
added "Ha (/0.5 nmol ) of tris(dibenzylidene acetone) dipalladiun{0) and
423 nmyg (0.68 nmol) of BINAP (2,2 -bis(di phenyl phosphl no) 1, 1" - bi napht hyl) .

ThA0: S S e o ad 2y DG BRI e e Bt (PRE ISR STl o ™

t butylate in THF. 15The ction mxture is refluxed for 3 h and stirred
at roomterrperature Y t. After evaporation of the solvents the
residue is chro g@ghed on silica gel using a dichloronethane/ net hanol
gradi ent . @ 2.7 g (45.7 9.

LY

A solution of 707 mg (3 mmol) of 4-benzyloxy-phenylamine hydrochloride (Aldrich) and 1.13
mL (6.6 mmol) of N,N-ethyl diisopropylamine in 10 mL of dichloromethane are added drop-
16  wise to a solution of 297 mg (1 mmol) of triphosgene in 10 mL of dichloromethane at 0°C.
The reaction mixture is stirred for 15 minutes at 0°C, then a mixture of 0.73 g (3 mmol) of 5-
bromo-2-piperazin-1-yl-pyrimidine and 1.13 mL (6.6 mmol) of N,N-ethyl diisopropylamine in
10 mL of dichloromethane are added. After 30 min at 0°C and overnight at room tempera-
ture, the solvent is evaporated and the residue is chromatographed on silica gel using a di-
20  chloromethane/ethyl acetate gradient.
Yield: 0.93 g (66 %)

Elemental analysis:
calcd.: C56.42 H4.73 Br 17.06 N 14.95
25 found: C56.11 H4.83 Br 16.94 N 14.77

b) 4-[5-(3-Hydroxy-propyl)-pyrimidin-2-yl]-piperazine-1-carboxylic acid (4-benzyloxyphenyl)-

o A

amide

e
oy

30 HO\/\/EN;N



20El enental analysis: calcd.: C 76.09H 7.51N 10.44 found: C 75.91H 7. 76N
10. 20 25d) Acetic acid

3-{244- (MVPepWU2877¢ - phenyl ) - pi per azi n- 1-y1] - 2- oxo- et hy| e&THRaWYID64pheny|
es- ter To a solution of 654 ng (¥.76 mmol)

( 3- Acet oxy- benzoyl am no)-acetic acid 3b in 70 nL THE 30and 0.40 nL tri et hyl
amne (2.87 mol) at -15C, 0.396 nL (3.03 mmol) isobutyl chlorofor- mate

dded d . Ut : . . . ¢
o RO L 025t DR SR B b IRE T 6
1- ( 4- bexidgd @x P°@ M@yl )(9pnmel) af ian@.53d sohdiofi.of 9athorabicytidr3.3 dmnoear(eld. BIF.mol )
in 30 . THE d 3 i h d j .
ol uti omis PRty af & Lo RO BE B PrEe Ry 57 et B brrate e fon e
al | BwedA\)t o reach roomtenperature. After stirring overnight the solvent is
h i due | h - hed il I i
B g TS ST N oBlEPRESSeBin AR S ook S LR,
cal cd. :an@ (686 Q&?-Bﬁmﬁﬁlwo&efﬁrakiﬁ_@ﬁmerﬂmaz: ﬂ(bsﬁﬁi&@))g’al(;ﬁfgﬂ]zm&a??4?%}(1(12rrgmol)b361;]/| i d
N-{244-(4-B oxy- phenyl ) - - 1-y1]l s 2-0xQ- - 3- xy- benz
o 2 Tl gt Rt SRR 3 Bids e BRSRB B 50 et et hanol
T e e
or , . . .
o 9enconpE b8tk if Pirteb SR dn Tiie ot fubhia FoBRehe/ndiantl'S,
Yiel d: geédiemty (95 % . Elenental analysis: calcd.: C 70.10H 6. 11N 9. 43
Yield: 110 mg (16 %)

Elemental analysis:

15 caled.: C67.10 H6.53 N 15.65
found: C66.92 H6.41 N 15.88

c) Toluene-4-sulfonic acid 3-{2-[4-(4-benzyloxy-phenylcarbamoyl)-piperazin-1-yl]-pyrimidin-

20 5-yi}-propyl ester
i ch
(\N/U\N
? Nt
ﬁ-o I =N
o}

To a suspension of 0,45 g (1 mmol) of the hydroxy derivative 1b in 3 mL of dry pyridine is

added dropwise at 0°C a solution of 0.25 g (1.3 mmol) of p-toluenesulfonyl chloride in 2 mL
25 of dry pyridine. After stirring for 30 min the mixture is evaporated to dryness and the residue

is chromatographed on silica gel using a dichloromethane/hexane gradient.

Yield: 379 mg (63 %)

Elemental analysis:
30 caled.:C63.88 HH5.86 N 11.64 S$5.33
found: C63.67 H5.97 N 11.48 S5.02



found: C 69.88H 6.27N 9.20 25 f) Tol uene-4-sulfonic acid

2- (3-{244- (4-benzyl oxy- phenyl) - pi perazi n-1-y1] - 2- oxo- et hyl car banoy1} - phenox

y) - et hyl &Ot2810/028T® 2010/ 028776PCT/ EP2009/ 006406 37 To &CI@PRR00OHM640¢ 80 Ny

(0.18 mmol) of N-{214-(4-Benzyl oxy-ph¥nyl) - pi perazi n- 1-y1] - 2- oxo-

et hyl } - 3- hydr oxy-benzam de (3e) in 10 nL DMF are added 62 ng (0.45 nmmol) of

pot assidy nﬂ{f&(:iatan] Eluarcdpropd)-pyrirhidin2Z-yipipleyazirie- 1-carboixglict 08gi ox{Arexrizsiosy-

(AI drich) A nb éture is Sbheated to 60C for 3 h. After stirring overnight
roomt%%é{ e?f';b the solvent is evaporated and the residue is

chr omat ogr aphed on silica gel iNng an et hyl acetate/hexane gradient.

Yield: 56 ng (48 % . ) npound has a purity >95% according to HPLC

and is suitable as ajpr sor of the F- 1018 | abelling.

9)
N-{ 2- [ 4- (4- Benzyl ©XY< phi | ) - pi perazin-1-y1] - 2- oxo-et hyl }-3-(24F-18] f | uor o-
et hoxy)- benz WThe tosyl ate precursor 3f was dissolved in dry

di met hytr Lde (100 pL) and acetonitrile (400 pL) and added to the dry
pot assi um Kryptofix/ fluoride conplex (vide supra). The solu- tion was
heated to 110 Cfor 6 min and then allowed to cool to roomterrperature for

5 i 10
"B (CASFISrE8 s #0alie bl o blcithatparatBhoh o Acdf g 9 YAUHETORE 2
The carnressdgaes1kmstargei$bml.wftl¢d wam - 1@pwam forahel "*Chip, ra;)b ﬁgeacpt@nw‘&be ehenusd
th 3 t
o PRGOS SRR BB o DL
Ch18 1TIMA P * WATGAB5RPhe mbentrapred mmeﬁ;de\mps ehged diomh the @argtdaeihyngrl)/
Phase doping s ZPREGILLIL o B 2 o 18 5 ol 3 golob! |
gi 48 a 0t5 mdlwatet)uhiee mixt@e wes dried yareppaied €2 x} dzavtrghicadigiliptiorawith sglmen@a_B

and 1 neoae St 1 of QCrlGrmie The REyRR! biob B, Mgt diaiellih b B g
char actreamidg (100zj¢d amg deptoqitile (40@ak) and &lded® i@ dry porassipEd Krypiofe/ fueride
(reno il e GO pUEGGNORE o0 4 Fufind RRFAbME P18 o R o111
m n. R@¢rgtaredol 5 n¥8. The Raptiorpwagdiluted with water to give a final volume of 10 mL and
15  was passed through a Sep-Pak Plus C18 cartridge (Waters, WAT020515). The cartridge was
rinsed with water (20 ml) and the compound was eluted with acetonitrile (3 mL). The eluted
compound was diluted with water to yield 5 mL and was subjected to preparative HPLC puri-
fication. A Gemini 5 u C 18 110 A, 250 * 10 mm (Phenomenex, 00G-4435-N0) was used as a
stationary phase. A water (A)/ acetonitrile (B) 3 / 7 mixture was used as a mobile phase with
20 aflow rate of 3 mL/ min.
The solution was diluted with water to give a final volume of 20 mL and was passed through
a Sep-Pak light C18 cartridge (Waters, WAT023501). The cartridge was rinsed with water
(10 mi) and the compound was eluted with ethanol (0.5 mL). The final product was character-
ized by HPLC on a Gemini 5 p C 18 110 A, 250 * 4,6 mm (Phenomenex, 00G-4435-E0)
25 HPLC column with an isocratic water/ acetonitrile (2/8; v/v) mixture at a flow rate of 1 mL/
min. Retention time (tg): 4.8 min. Radiochemical yield (RCY) decay corrected (d.c.) at end of
bombardment: 44 %. Radiochemical purity (RCP): 98 %.

30 e) 4-[5-(3-Fluoro-propyl)-pyrimidin-2-yl]-piperazine-1-carboxylic acid (4-benzyloxy-phenyl)-
amide (HPLC standard)



WO 2010/ 028776PCT/ EP2009/ 006406 38 h)

N- { 244- ( 4- Benzyl oxy- phenyl ) - pi perazi n- 1-y1] - 2- oxo- et hyl } - 3- (2-f | uor o- et hoxy
) - benzam e 20HR128776t andar d) N,.) O /-4 N To a sol BCragr2ep/08@oey (0. 11
mml ) of N-{244-(4-Benzyl oxy-phenyl)-3i perazi n-1-yl1l]-2-o0xo0- 5

et hyl } - 3- hydr oxy-benzam de (3e) in 5 nL DVF are added 34 ng (0.25 mmol) of
pot assi um carbonate and 10 uL 13 mmol ) of 1-fl uoro-2-bronoet hane (ABCR,
Germany). The m xture is heate o 60C for 3 h. The solvent is evaporated
and the residue |s C ro ographed on silica gel using an ethyl

acet at e/ hexane grac Yield: 30 mg (54 /0). 10 El enental anal ysis:

cal cd. C68@E 15F386N855found C68.17 H6.28 F 3.64 N 8.71
VO 2010¢.0287 / EP2009/ 006406 39 Exanpl e 4 a) Acetic acid

3-{244- (4-nitrophenyl) - pi perazi n-1-y1] - 2- oxo- et hyl car banoy1} - phenyl ester
9.

To 67 mg (0.15 mmol) of hydroxy derivative compound 1b in 10 mL dichloromethane were

added 48 mg (0.3 mmol) of diethylamino sulfur trifluoride (DAST) at 0°C. After 30 min at 0°C,
5 water was added, the organic phase was dried over sodium sulfate and after evaporation of

the organic solvent, the residue was chromatographed on silica gel using a dichloro-

methane/ethyl acetate gradient.

Yield: 40 mg (60 %)

10  Elemental analysis:
calcd.: C66.80 H6.28 F 4.23 N 15.58
found: C66.54 H6.49 F 4.06 N 15.77



0O 5 To a solution of 3.43 g (14.5 mmol) of (3-Acetoxy-benzoyl am no)-acetic
acid (3b) and 2.0 g (9.65 mmol ) of 1-(4-N trophenyl)piperazine (Al drich) in
100 nL DwWvoarw/estded 5.0 g (9. 65 nmol) PyBOP PCT/EP2009/006406
((Benzotriazol -1-yl oxy) tripyrrolidi no¥hosphoni um hexaf | uor ophosphate) and 5
10 mL N-ethyl-N, N-dii sopropyl am ne and the reaction mxture is stirred
overni ght at roomtenperature. After evaporation of the solvents the

resi du%l S (ih::‘,omat ographed on silica gel using an ethyl acetate/ethanol
gradi e 1.2 g (29.2 %9 . 15El enental analysis: calcd.: C 59.15H

5. 20N 13. 14 found: C 59.38H 5.01N 13.25 20b) Acetic acid

R e

met hanol / di chl or onet hane (1; is added a catal ytic anmount of Pd on
charcoal (10% and the _sygspe on is stirred un- 25der hydrogen overni ght
at roomterrperat'ﬁfL. e gatalyst is filtered off and the sol vent

evapor ated. Y] 98-ng (quantitative). The product is used in the next
step w t;é: Whher purification. WD 2010/ 028776PCT/ EP2009/ 006406 40 N')

0 ONo To olution of 396 ng (1 nmmol) acetic acid
3-{B14-g4-"4m no- phenyl ) - pi perazi n-1-y1] - 2- oxo-

A solution of 628 mg (3 mmol) of 2-phenyl-benzofuran-5-ylamine hydrochloride (ChemBridge
Corp., San Diego, USA) and 1.13 mL (6.6 mmol) of N,N-ethyl diisopropylamine in 20 mL of
dichloromethane are added dropwise to a solution of 297 mg (1 mmol) of triphosgene in 10

10  mL of dichloromethane at 0°C. The reaction mixture is stirred for 30 minutes at 0°C, then a
mixture of 0.73 g (3 mmol) of 5-bromo-2-piperazin-1-yl-pyrimidine and 0.56 mL, 3.3 mmol) of
N,N-ethyl diisopropylamine in 20 mL of dichloromethane are added. After 1 h at 0°C and
overnight at room temperature, the solvent is evaporated and the residue is chromatogra-
phed on silica gel using a dichloromethane/ethyl acetate gradient.

15  Yield: 0.81 g (56 %)

Elemental analysis:
ber. C57.75 H421 Br 16.70 N 14.64
gef. C57.43 HA437 Br 16.11 N 14.45

20
b) 4-[5-(3-Hydroxy-propyl)-pyrimidin-2-yl]-piperazine-1-carboxylic acid (2-phenyl-benzo-
furan-5-yl)-amide
0 S
i ]
13
NN
HO\/\LN
25

To a solution of 0.21 mL (3 mmol) of allyl alcohol in @ mL of dry tetrahydrofurane (THF) are
added at 0°C 18 mL (9 mmol) of a 0.5 M solution of 9-borabicyclo-(3.3.1)-nonane in THF.
This mixture is stirred at 0°C for additional 15 min and 5 h at room temperature (= Solution
A).



et hyl car banoy1} - phenyl ester (4b) and 134 ng (1.1 nmml) of benzoic acid in
20 L DVF are 5 added 590 ng (1.14 mmol) of PyBOP and 0.35 nmL (2 mmol) of
N- et hyl - NVRR2d10/@@8176opyl ami ne and t he reacti on m xture | $CTEPREISHOEI6 r oom
tenperature. After 4h the solvents ar¥ evaporated and the residue is
chromat ogr aphed on silica gel using an dichl oronet hane/ hexane gradi ent.

Yi el d: @733 (45(mBrdol) o¥gompdiEid=2a ateasuspradgdsinstO mhldryl DMFCart70.86H ®.HAwhd)l. 19

f ound: . .
(24T A5 GpRe Mog e R srum @ 70 2.9 12 1g0e) 3 MATUSR PSR benza
m de caRRmateysdl@ioharenaddéd Gf SudpenaioetB)t e 4c are solved in 30 nL of ethanol
and co .10, OC, Al ter | t1 0 f the | ut i i | rred
for 1 %oqtgloéc'?‘aﬁ a%d(?gttﬁcsuggghc?t' énsgaag]ge%m%rqﬁv F?’Wﬁa?é Slﬁl éf? e%\bv&%lt-'lbé osz t he
sol benthents theapsidae asl.chidreatograpped dunc silicss ger ysingld dicbldrdmethard/mettanol
Yi el d: 17% ) (82 % . Elenental analysis: 25calcd.: C 68.11H 5. 72N 12. 22
found: ¥#87"91H 5. 60N 12.00 WD 2010/ 028776PCT/ EP2009/ 006406 41 e)
Tol uene¥ididsgs gr(l2 %aci d
2- (3-{244- (4- benzoyl am no- phenyl ) - pi perazi n- 1-y1] - 2- oxo- et hyl car banoy1} - phe
noxy)-ethyl ester r' N ON' S-00 ci ii
Elemental analysis:
10 calcd.:C6825 H5.95 N 15.31

found: C68.05 H6.12 N 15.20

c) Toluene-4-sulfonic acid 3-{2-[4-(2-phenyl-benzofuran-5-ylcarbamoyl)-piperazin-1-yl]-
15 pyrimidin-5-yl}-propyi ester

o N
(\NJOLN .
NS M

nN=0

3L X

o

To a suspension of 0,46 g (1 mmol) of the hydroxy derivative 2b in 3 mL of dry pyridine is
20 added dropwise at 0°C a solution of 0.25 g (1.3 mmol) of p-toluenesulfonyl chloride in 2 mL

of dry pyridine. After stirring for 30 min the mixture is evaporated to dryness and the residue

is chromatographed on silica gel using a dichloromethane/hexane gradient.

Yield: 434 mg (71 %)

25
Elemental analysis:
calcd.: C64.80 H5.44 N 11.45 S$5.24
found: C64.66 H5.23 N11.74 S 497
30

d) 4-[5-(3-[F-18]Fluoro-propyl)-pyrimidin-2-yl]-piperazine-1-carboxylic acid (2-phenyl-
benzofuran-5-yl)-amide



00 5To a solution of 83 ng (0.18 nmol) of

N- { 244- ( 4- Benzoyl am no- phenyl ) - pi perazi n-1-y1] - 2-

0x0- et hy|WO20W3BT%y- benzam de (4d) in 10 nL DVF are ad®@€d/EF200460¢406 45
mmol ) of potassium carbonate and 100 3y (0.27 mmol) of 1,2

bi s(tosyl oxy)ethane (Al drich) . The mxture is heated to 60C for 3 h. After
stirring overnight at roomte rature the solvent is evaporated and the
residue is chromatogyap 0 lica gel using an ethyl acetate/hexane
gradient. 10Yield._6 % . The conpound has a purity >95% accordi ng
to HPLC and is S?(\ ble as a precursor of the F18 labelling. 15 f)

N-{244- ( 4- Benz 0y no- phenyl ) - pi perazi n- 1-yl1] - 2- oxo-et hyl } - 3- (21F- 18] f | uor
0- et hox “Wm de 20The tosylate precursor 4e was dissolved in dry

di met hyl f ormam de (100 pL) and acetonitrile (400 pL) and added to the dry
pot assi um Kryptofix/ fluoride conplex (vide supra). The solution was

heat ed Tthe tﬂ)é)@at@ p‘r@dfurﬁorm'cl”w@mdlsﬁdﬂeé‘d w dirg%deﬁm@lf@ﬁ@mm@(mmomu)tmeadmne for

5 m di,l t f f 10 nL
2 vad BEUEERH bR b et SRl bt i eubRb VP ke
T_heﬁc artiohlv%mewédl tEol N w% Ehnm?éntartgaﬁ a(IaOedﬁé)) co@hdadrtolbmt t@g@fﬁ:ﬁ@ foRs nﬁh ut ed
wth acetonitrile e elutea C oun 11U W
el d- & oo azs dufiobinees o Es a T valne E bt Ard Rerrrssed By 5 p
Ch18 11k0Sép- P%E(Pms) /ﬂ:@srﬁapﬁﬂ’gfmm | eXWAgOQ-)M.:‘STHt}@);ammsd 3a§ecawah ailz)a_t@ﬂary

ase. acetoni tr e J.m I, Was ed as a,noolj e
Phase 2D AMLEHd bR PRt Wasialytei ith aggloni it BRESMERS SO BRUBE HB D5 The
sol ut idOtljtﬁW&Bthdﬂ/dtu’CSted(leﬁd Bmwahe Mgfglgjet;mdatofdrwdrattw HIPEC cp%fg&uab. Ara;bﬁwas

e I car ers . e

Pty i CoHE AR LY i henoreeeii G0cAaST M uBh pserdd AaCterbvaep:
et hanolA (ateb (A} )aceibhirile i(BRB /7 ikt musémadéiambnéemabg \Mﬂﬁlemm rate@F@ ni 5
p C18 110 A 250 * 4,6 mm (Phenonenex, 00G 4435-E0) 5HPLC colum with an

i socratTd WAt er/ acetonitrile (2/8; viv) mixture at a flowrate of 1 mJ
m n. Retherdolion twasedil(itedd) witrdwatertagivR@Yinatlvelune c320% L BRPwa8 Habsed throughg)

fl:l-oii) [ gaeégé- %giﬁfq{qu’% %alg; henk«&%[?% 5&;\365#@]1)3’% 2o d%ee\;[\lggl Hihsed With waisy O €t
15 (10 ml) and the compound was eluted with ethanol (0.5 mL). The final product was character-
ized by HPLC on a Gemini 5 y C 18 110 A, 250 * 4,6 mm (Phenomenex, 00G-4435-E0)
HPLC column with an isocratic water/ acetonitrile (2/8; v/v) mixture at a flow rate of 1 mL/
min. Retention time (tg): 4.1 min. RCY (d.c.): 38 %. RCP: 97 %.

20
e) 4-[5-(3-Fluoro-propyl)-pyrimidin-2-yl]-piperazine-1-carboxylic acid (2-phenyl-benzofuran-
5-yl)-amide (HPLC standard)

miu

N N

N

=N

25 To 69 mg (0.15 mmol) of hydroxy derivative compound 2b in 10 mL dichloromethane were
added 48 mg (0.3 mmol) of diethylamino sulfur trifluoride (DAST) at 0°C. After 30 min at 0°C,
water was added, the organic phase was dried over sodium sulfate and after evaporation of
the organic solvent, the residue was chromatographed on silica gel using a dichloro-
methane/ethyl acetate gradient.

30 Yield: 15 mg (22 %)



To a solution of 50 ng (0.11 nmol ) of

N- { 244- ( 4- Benzoyl am no- phenyl ) - pi perazi n-1-y1] - 2-

oxo0- et hylWO0HEBE%Ry- benzanm de (4d) in 5 nL DVF are add&@GTAR2¢9/00@095 nmol )
of potas- 15 sium carbonate and 10 ul33(0.13 mmol) of 1-fl uoro-2-bronoet hane
(ABCR, Germany). The mixture is heated to 60C for 3 h. The solvent is
evaporated and the residue is chromatographed on silica gel using an ethyl
acetatgéhex ﬁadlent Yield: 34 ng (62 %9 . 20El enental analysis: calcd.:
C 66, 6EEMBMIEATGIS; 2\ 11 10 f ound: 006,43 H 5.89 F 3.41 N 1131 VO
2010/ 028kd6FE3B7.BP20095.006406 4133 ExamN ¢€5.244a)

Tol uen {24 {244 nzyl oxy- phenyl) - pi perazi n-1-y1J-2
- 0X0- gg?%@l Q?EZ &ig%ﬁenoiyé thoxy 1%?§oxy} ethyl ester 9 /-/ -0 To a
sol 8tion of 80 ng (0.18 mmol) of

N-{244- (4- Benzyl oxy- phenyl ) - pi perazi n- 1-y1] - 2- oxo-

et hyl } - 3- hydr oxy-benzam de (3e) in 10 nL DM are added 62 ng (0.45 nmol) of
pot assi um 10 carbonate and 124 ng (0.27 nmol) of tri(ethylene glycol)

di - p-t ol uenesul fonate (Aldrich). The mixture is heated to 60C for 3 h.
After stirring overnight at roomtenperature the solvent is evaporated and
the residue is chromatographed on silica gel using an ethyl acetate/hexane
gradient. Yield: 54 ng (41 % .



15 The conpound has a purity >95% according to HPLC and is suitable as a
precursor of the F18 | abelling. 20b)

N-{ 2- [ 4- (WOBBHABTRY- phenyl ) - pi per azi n- 1-y1] - 2- oxo- et hy PFTZAPRGIAPOI96 - 18] f |
uor o- et hoxy) - et hoxyFet hoxy}-benzami d® / 0--0' 18Fr--/ WO

2010/ 028776PCT/ EP2009/ 006406 44 The tosyl ate precursor 5a was dissolved in
dry di net hyl formam de (100 pL) and acetonitrile (400 pL) and added to the
dry pOtﬁ%ﬁ%ﬁg% Kryptofix/ fluoride conplex (vide supra). The solution was
heat ed Cfor 6 mn and then allowed to cool to roomtenperature for
5 mn. The solution was diluted with water to give a final volunme of 10 niL

and was_.\p t hy ough, 5 .a Sep:. Pak. Pl cartridge (Waters, WAT020515).
The carq)r ?%é‘gmg??z%yg%ﬁ?)ﬁcg&g?lép bﬁ%@'%érand t he conpound was el uted
with acetonitril 3 nm). The eluted conmpound was diluted with water to
yield 5 nL and subj ected to preparative HPLC purification. A Gemni 5 p
C 18 110 A 9 * 10 nmm (Phenonenex, 00G 4435-N0) was used as a stationary
phase. AQwatet (A)/ acetonitrile (B) 3/ 7 mixture was used as a nobile
pha®e with=a flow rate of 3 10 mJ min. The solution was diluted with water
to give a final volume of 20 nL and was passed through a Sep-Pak |ight C18
cartridge (Waters, WAT023501). The cartridge was rinsed with water (10 m)
and t he3&4ep80mamal$Sieting banzvestereR-trlurile sulfoBatglgalt araesofveddn the dvwohastas
char act 84§ : all : * nex,
000 44355425f AeBlppeit aho TlBles Soltudtod Sodtih rorpah e LTS BT
m xt ur eorganie phassis deed owgr magnesjiunbuifateandthen@vapeigted t R): 4.2 min. RCY

(d4@. ) : 0 . 0 o . o , , :
N {13’14-1(32‘?’9B£?@3%’;"y"?°§%fn§ﬁ amine s obtained which is used in e sybseauent cgupling re:

et hoxy)actien Withgyt-fethespyritieatianani de (HPLC standard) 20 73 ng (0.10 nmol)

of the ARE:} I IS it e,
(0. 15 i yeoliin B AGI5 (7995 ol AN pyroeRad FPATO ML THE ol 1 L |

are addgethgnaminec(r92%mmal} at 61RiG 4t-39 guic.(8TRemmelcisplutyii ehietrirrate By

anal yti gy d'ch'crj&yi%e“Bﬁc?fhe%mloﬁtié Phithink8 &t frfehigdRatufd Br Ghdthef $5 hin. Then,

evaporated and the residue I's chromatographed on silica gel us- 25ing an

et Ayl atPel%hg of Bqinn begrd @stenand ilanl trieptsy! ginesd’ %35 mpjobrie $04nL dhkl angh 20

cal cd. :,C ffiotdmethane are added slowly to this cold solution, the temperature is kept below
10°C for another 15 min and is then allowed to reach room temperature. After stirring over-
night the solvent is evaporated and the residue is chromatographed on silica gel using an
ethyl acetate/ethanol gradient.

20  Yield: 24.6 g (95 %).

Elemental analysis:

calcd.: C66.05 H5.23 N 4.28

found: C65.84 H5.43 N 4.16
25

b) (3-Acetoxy-benzoylamino)-acetic acid
OH
o  —4
- :S N ©
o

30 To a solution of 19.64 g (60 mmol) of benzyl ester 3a in 300 mL methanol are added 3 g Pd
on charcoal (10%) and the suspension is stirred under hydrogen overnight at room tempera-
ture. The catalyst is filtered off and the solvent evaporated.

Yield: 14.2 g (quantitative).



H6.61 F 3.28 N 7.25 found: C66.07 H6.73 F 3.11 N 7.38 WO

2010/ 028776PCT/ EP2009/ 006406 45 Exanple 6 a) Acetic acid
4-{414- ( MNAi2010938ENAY| ) - pi perazi n- 1-y1] - 4- oxo- but yr y1} - pREMFEP2I08G400. N. O-
To a solution of 1.18 g (5 mmol) of 45(4-acet oxyphenyl)-4-oxobutyric acid
(Arch. Pharm (Weinheim Germany) 284; 292 (1951)) and 1.04 g (5 nmol) of
1- (4-nitrophenyl)pi perazine (Aldrich) in 20 nL DVMF are added 1.71 nL (10

mol ) OéleH'eﬁfaMma‘ N\ di i sopropyl anine and 101.9 g (5 nmol) of

2- (1H benzotri azoIY ! [-y1) -t etranet hyl uroni um hexaf | uorophosphate (HBTU). The
react i osaled. Xt 66501 s H#i67r ed Mb.900oom t enperature for 4h, then the solvents

are ev t d the J.esi s chromat ographed on silica gel using an
et hyl g@@é‘%tggg’?ﬁanoﬁl ﬁ'é‘rgadi ﬂslﬁf{i eld: 1.53 g (72 % . 15El enental anal ysis:

cal &.: C 62.11H 5.45N 9.88 found: C61.89H 5.54N 9.61 20b) Acetic acid
4-{444- (4- am no- phenyl ) - pi perazi n- 1-y1] - 4- oxo- butyry1} - phenyl ester H, To
a solution of 851 ng (2 mml) of nitro conpound 6a in 50 nL net hanol / DMF
(3:1) i ddddenaylosy-phertyl)epipareziné. of Pd on charcoal (10% and the

suspensi on is:‘é):rred under hy-

o]
K‘NO

HN_

10  All glassware is dried at 100°C. To a solution of 4.32 g (50.16 mmol) of piperazine in 60 mL
toluene is added 459 mg (0.5 mmol) of tris(dibenzylidene acetone) dipalladium(0) and 423
mg (0.68 mmol) of BINAP (2,2'-bis(diphenylphosphino)-1,1'-binaphthyl). Then, a solution of
12 g (45.6 mmol) of 4-Benzyloxy-bromobenzene in 40 mL THF is added followed by a sus-
pension of 6.56 g (68.27 mmol) of sodium t-butylate in THF.

15  The reaction mixture is refluxed for 3 h and stirred at room temperature overnight. After
evaporation of the solvents the residue is chromatographed on silica gel using a dichloro-
methane/methanol gradient.

Yield: 12.2 g (45.7 %).

20  Elemental analysis:
caled.: C76.09 H7.51 N 10.44
found: C 75.91 H7.76 N 10.20

25 d) Acetic acid 3-{2-[4-(4-benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethylcarbamoyl}-phenyl es-
ter

'~
K‘NO

dN\/

0
0 N ©
—

od”

To a solution of 654 mg (2.76 mmol) (3-Acetoxy-benzoylamino)-acetic acid 3b in 70 mL THF
30 and 0.40 mL triethyl amine (2.87 mmol) at —=15°C, 0.396 mL (3.03 mmol) isobutyl chlorofor-

mate are added dropwise and the solution is maintained at this temperature for another 15



25drogen overni ght at roomtenperature. The catalyst is filtered off and
the solvent evaporated. Yield: 791 ng (quantitative). The product is used
in the neXoO 28t04387wt hout further purification. WO PCT/EP2009/006406

2010/ 028776PCT/ EP2009/ 006406 46 To a&%6sol ution of 395 ng (1 mml) acetic
acid 4-{414-(4-am no-phenyl) - pi perazi n-1-y1] - 4-oxo- butyryl}-phenyl ester
(6b) amdinlBemg4Q indlofmriA-berayloRy-paphyl Rpiperaeinegfctandyl.V enlatriethy] Anihel (AB)255 i n

20 niL %ﬂ? i 3@%'.%!5%%% il d@}:ﬁq{,@g%%aﬂ%l ongg fagwgl t§§h|[g1to(dz W‘n) il

N- et hy I sopr opylramne an eac ure’is stirre toom
t enper aeaperatubé isekep4tbetdne1&°@ foe mnethar 45 aviapodas dtbraaltbweldetorreschdiomm m-

chr omat h .silic S] r

el oAy AERypho bEEHEL 1 sl Shtrele i R GeUE T o RE ko

f oubd: pBed2n30ich eltidihgra hexane/elhyl [daptatchgriadieet. 2- car boxyl i c aci d
(4-{414;(,4-hywdr sphenyl ) - 4- oxo- butyryli - pi perazin-1-yl}- phenyl)-am de

HO 20 %Aéjé%%(’agﬁ’ ?ﬁ’ml) of the acetate 6¢c are solved in 30 nL of
ethanoI/Dl\/F (1:1) and cooled to OC. After addition of 2.2 nL 2N NaCH t he
solutl It|r d.for 30 mn, glacial acetic acid is then added until the
pH is %I—?n? 4 the solvents are evaporated. The raw product is
crystalclalczed:6898n wat @00and Nd8.62d at 40C in vacuo. Yield: 223 ng

(qlf nt |ft atdl %%955 % nt al g\ggl ysis: WD 2010/ 028776PCT/ EP2009/ 006406 47
cal d o 7!‘6 il N

e) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-3-hydroxy-benzamide

15
230 mg (0.47 mmol) of the acetate 3d are solved in 30 mL of ethanol and cooled to 0°C. Af-
ter addition of 1.5 mL 3N NaOH the solution is stirred for 1 h, glacial acetic acid is added until
the pH is below pH 7 and the solvents are evaporated. The raw product is crystallized from
ethanol.

20  Yield: 200 mg (95 %).

Elemental analysis:

calcd.: C70.10 H6.1 N 9.43

found: C69.88 H6.27 N 9.20
25

f) Toluene-4-sulfonic acid 2-(3-{2-[4-(4-benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethylcarb-
amoyl}-phenoxy)-ethyl ester

'~
K‘N@

<



found: C 73.10H 5. 91N 8. 25 5e) Tol uene-4-sulfonic acid

2-{444- (4-{4-[ (napht hal ene- 2- car bonyl ) - am no] - phenyl ypi per azi n-

1-y1) - 4- OXO-2DUY028%b Fphenoxy}-ethyl ester 9 -s-o0-r 6 POTEPZOP06400 of 91
ng (0.18 mmol ) of naphthal ene-2-carboXylic acid (4-{4-[4-(4-hydroxy- 10
phenyl ) - 4- oxo- butyryl ] - pi perazi n-1-y1}-phenyl yam de (6d) in 10 nL DVF are
added 62 ng (0.45 mmol) of potassium carbonate and 100 ng (0.27 nmol ) of

1,2 bis{tgsyl ) et e ri : 1 %t i : f h.
ater ofd A eBE o o (18 B oL Mot B i oy B b o5 P08 ana
t he r esatoyle3-hgdroky-besdantde (3edn dO sl IDMfaaggedddesli 68ymgn(Oeibhmmoh ot patassinexane
gr adi ent_. Yield:, 57 ngq( 9 L] >950 i ng
Po L Catbdaie 3o 108G oo 8 .o BERB R e Bl 7B vifeeRe
Napbt haieates tB-604€C and/ hi Aftexcsticting overnight at room temperature the solvent is evaporated
[4-(4-{444; (24F: 18] f] uor o- et hoxy) - phenyl ] - 4- oxo-but yr - .

bi per a LR (ERJAE ROSRlatbdiaPRatten PRGNy G BBl Sl oeas g5 9iiaos 48
tion watelde56 md (48 %)10C for 6 min and then allowed to cool to room
tenmperature for 5 mn. The solution was diluted with water to give a final
vol une of 10 nL and was passed through a Sep-Pak Plus C18 cartridge

(Wat er sTheVeshiind hps aTgueityca93% iadgerdingto HRLOeahdnis tshitatsé es a(f2écursgr ciite Ehe
co oun%l\lﬁav\? lineI uted with acetonitrile (3 nL). The eluted conpound was di -
5 I'ut ed Water to yield 5 nL and was subjected to preparative HPLC
purification. A Gemini 5 p C 18 110 A, 250 * 10 mm ( Phenonenex,

00G 4435-N0) was used as a stationary phase. A water (A)/ acetonitrile (B)
3/ 7 mxture was used as a nobile phase with a flowrate of 3 mJ mn. The

sol uti ay WNa@-[di(#-Beadyloxy-phemyt)qiperazioiiwi]-2oko-athlyl}\Ba(2e[fel 8jffuc2®etioxgrd was
passed thggﬁ%h. 10 a Sep-Pak light C18 cartridge (Waters, WAT023501). The
cartridge rTM":‘hsed with water (10 mM) and the conpound was eluted with

et hanol (0.5 nL). The fgRal product was characterized by HPLC on a Genmini 5
p C 18 110 A 250 * 4,O (Phenonenex, 00G 4435-EO0) HPLC colum with an
isocratic water/ ac nitrile (2/8; v/iv) mxture at a flowrate of 1 nU
mn. Retention tiin® (tR): 5.6 min. RCY (d.c.): 35 % RCP: 98 % 15 WO
2010/ 028776P ﬁ’EBZOOQ/ 006406 49 Exanple 7

O
—

15 F

The tosylate precursor 3f was dissolved in dry dimethylformamide (100 yL) and acetonitrile
(400 pL) and added to the dry potassium/ Kryptofix/ fluoride complex (vide supra). The solu-
tion was heated to 110 °C for 6 min and then allowed to cool to room temperature for 5 min.
20  The solution was diluted with water to give a final volume of 10 mL and was passed through
a Sep-Pak Plus C18 cartridge (Waters, WAT020515). The cartridge was rinsed with water
(20 ml) and the compound was eluted with acetonitrile (3 mL). The eluted compound was di-
luted with water to yield 5 mL and was subjected to preparative HPLC purification. A Gemini
5uC 18110 A, 250 * 10 mm (Phenomenex, 00G-4435-N0) was used as a stationary phase.
25 A water (A)/ acetonitrile (B) 3 / 7 mixture was used as a mobile phase with a flow rate of 3
mbL/ min.
The solution was diluted with water to give a final volume of 20 mL and was passed through
a Sep-Pak light C18 cartridge (Waters, WAT023501). The cartridge was rinsed with water
(10 ml) and the compound was eluted with ethanol (0.5 mL). The final product was character-
30 ized by HPLC on a Gemini 5 y C 18 110 A, 250 * 4,6 mm (Phenomenex, 00G-4435-E0)
HPLC column with an isocratic water/ acetonitrile (2/8; v/v) mixture at a flow rate of 1 mL/
min. Retention time (tr): 4.3 min. RCY (d.c.): 38 %. RCP: 99 %.



a) Acetic acid

414- (4- { 4- Rnapht hal ene- 1- car bonyl yam noFphenyl ypi perazi n-1-y1) - 4- oxo5but yry
| 1 - phenylWO0H¥028776 a sol ution of 395 ng (1 nmol) acet i @CAEPF009/006406
4-{414- (4- am no- phenyl ) - pi per azi n- 1-y38] - 4- oxo- butyryl}-phenyl ester (6b)
and 190 ng (1.1 nmmol) of 1-naphthal ene carboxylic acid (Aldrich) 10 in 20
nmL DVF har B-{@dd€4-Beadylomy-gHenyB-pipendin-d fyl)F3-8<Pe thpil- 36 23Biorm-eth@xyjrheinyamide

N- et hyl N, bﬁﬂlg?{%%gr%l am ne and the reaction mxture is stirred at room
tenperatu the solvents are evaporated and the residue is

chr omat ogr aphed on si I/@a gel using an dichl oronet hane/ hexane gradient.
Yield: 336 ng (61 ¢ El enental analysis: calcd.: C 72.12H 5. 69N 7. 65
found: C 71. 94Hd§ 7.59 20 b) Napht hal ene-1-carboxylic acid

(4-{444-(4 xy- phenyl ) - 4- oxo- but yry1} - pi perazi n- 1-y1}- phenyl)-ani de
HO 25 242 rrg‘}/ 0“044 mmol ) of the acetate 7a are solved in 30 nL of

et hanol / :1) and cooled to OC. After addition of 2.2 nL 2N NaCH t he
solutiofis stirred for 30 mn, glacial acetic acid is then added until the
pH is helow pH 7 and the solvents are evaporated. The raw product_ is
crystalla 2e94tiep it 819 @t smely ohN- Rold-PrBapzyigey-PRel)pip 83nplgyll-2-oxo-

(qugnt létl%ﬂ}tyﬂ%droxmﬂiémé@ggém%G?%Uimﬁ(é% %6&@@459%@) Qsﬁ%aﬂ) oRPBlassiuf
cal cd found: C 73.21H 5. 62N
Tol uen&amasater a] 10 Yk (13 mmol) of 1-fluoro-2-bromoethane (ABCR, Germany) The mixture

2-{444-i{ fledtdd 4 bOTDINS reﬁ&relsdhr’érnb%%«}abo%d?%d ¥ iderrambatbhraphed4rox 0- b

utyryl Fphenoxy}-ethyl ester 9
yry sﬁ)lca gel gs}lng an gthyl acetate/hexane gradient.

Yield: 30 mg (54 %).
10
Elemental analysis:
calcd.: C68.42 H6.15 F 3.86 N 8.55
found: C68.17 H6.28 F 3.64 N 8.71



100 To a solution of 91 ng (0.18 nmol) of napht hal ene-1-carboxylic acid
(4-{444- (4- hydroxy- phenyl)-4-oxo-butyryli-piperazin-1-yl}-phenylyam de
(7b) in MWOrR10PRE77ar e added 62 ng (0.45 nmol) of pot assPaFEP2YNONEDE and
100 nmg (0.27 mmol ) of 1,2 bis(tosylox3)ethane (A - 15 drich). The m xture
is heated to 60C for 3 h. After stirring overnight at roomtenperature the
solvent is evaporated and the residue is chromatographed on silica gel

usi ng ﬂ%et I]X acet at e/ hexane gradient. Yield: 63 ng (51 ¢/0). 20 The
compou a purity >95% according to HPLC and is suitable as a precursor
of the F18 | abelling. d) Napht haI ene 1-carboxylic acid

2501 perdls (O 579 SREREE ﬁ"tr§$ﬁ‘°x e o L R

tosylate precursor 7@ was dissolved in dry di met hyl f ormam de (100 pL) and
acetonitrile (40 @’) and added to the dry potassium Kryptofix/ fluoride
conplex (vide s ra) The solution was heated to 110 C for 6 mn and then
al | owed too el oto roomtenperature for 5 mn. The solution was diluted
with water/ o give a final volune of 10 nL and was passed through 5 a
Sep5Pak Plus Cl18 cartridge (Waters, WAT020515). The cartridge was rinsed
wth water (20 m) and the corrpound was eluted with acetonitrile (3 nL).

Th I d t t ld.5 nL pected
T LS HOBRATA A 4 R o B SOt ©

( Pheno_r(emsxmmeqGf4|4(315|~d|ti6bhmapmsmiw@s(/baﬁr%mn mmrﬁrrly_ phmFsae dkidteﬁtsam gl((B)GS t
acetonitri ile a flowrate
o 5T ghineh iR et e R ot S aae roaTisoBhde Aol A0 S e

\(3\fA T1g(2)3r5fgiandt$y\m m@&sﬁmpylbﬁmtgbn@t@maet&dgm h1l)?l|fll’b i€b8rredovenite relu( Whine teim-

. Wi wat e e co

nas ot e AR o T Aot e s ibitrigtofzbn e s0Ea SR
HPLC orareetf¥riceiatddetpatiol hadiddl. A, 250 * 4,6 nm (Phenonenex, 00G 4435- EO)
15HPLC ¢ol u ﬁwﬁg}n(?ﬂ isocratic water/ acetonitrile (2/8; v/iv) mxture at a

flow r a¥'8dot- Retention time (tR): 6.0 min. RCY (d.c.): 32 % RCP:
% WO 2010/ 028776PCT/ EP2009/ 006406 52 To a solution of 652 ng (2.76

% 3% & I%gait oxyphenyl) - 4-oxobutyric acid (Arch. Pharm (Wi nheim
engna %%951)) "in 70 nL THF and 0.40 nL triethyl anine (2.87

caled.: C59.15 H5.20 N13.14
found: C59.38 H 5.01 N 13.25

20 b) Acetic acid 3-{2-[4-(4-amino-phenyl)-piperazin-1-yl]-2-oxo-ethylcarbamoyl}-phenyl ester

NH,
o
£

To a solution of 853 mg (2 mmol) of nitro compound 4a in 50 mL methanol/dichloromethane

(1:1) is added a catalytic amount of Pd on charcoal (10%) and the suspension is stirred un-
25 der hydrogen overnight at room temperature. The catalyst is filtered off and the solvent

evaporated.

Yield: 795 mg (quantitative). The product is used in the next step without further purification.

30 c¢) Acetic acid 3-{2-[4-(4-benzoylamino-phenyl)-piperazin-1-yl]-2-oxo-ethylcarbamoyl}-phenyl

ester



mmol) at -15C, 0.396 nL (3.03 mmol ) isobutyl chloroformate are added
dropwi se and the 10 solution is maintained at this tenperature for another
15 m n. T™Wer010/2877y of 1-(4- benzyl oxy-phenyl) - pi per aziPA&/ER2008006496 7 i
triethyl amine (12.25 mml) in 30 nL 4PHF and 30 nL di chl or onet hane are
added slowy to this cold solution, the tenperature is kept bel ow 10C for
another 15 mn and is en allowed to reach roomtenperature. After

stirring overnight t ol vent is evaporated and the residue is
chronmat ogr aphed ongi'f'i ca gel using a 15hexane/ ethyl acetate gradient.
Yield: 219 ng (43“ . Elenental analysis: calcd.: C 71.59H 6. 21N 5. 76

20f ound: C % /3(3 6. 46N 5. 60 b)

144- (4- B(;E\y,z;gkoxy phenyl ) - pi perazi n- 1-y1] - 4- (4- hydr oxyphenyl) - but ane- 1, 4-di o
ne HO 29 ng (0.47 mml) of the acetate 8a are solved in 30 nL of

et hanol and cooled to OC. After addition of 1.5 nL 3N NaOH the solution is
stirred for 1 h, glacial acetic acid is added until the pHis below pH 7
and t h@osobolatidnsof:398 ray 4p orradi@ dcetithacid 3v{214-¢4taind-shenyl)irdrazin-deyllf2-oxn-

20101 oS iapen B AGey ourgao kg BRI mBefat Beenis ABa 1y 20k pWF g, o,
g (22 N{ ?:fééd 2@% gﬂth uaméaggP?B@Pfarﬂ;ﬂ Btli mL (2 n:1LmoI) of N-ethyl-N,N- dlnsopropylamlne
phen oxﬁ‘ tgehgﬁacf;%r{ )ﬁYr 3t| E ci rogﬁl t%%\pg@]’ur& .]\féé? zg?(t?lgtﬁtog(/ex#s are evaporated

144- (4-dbd mﬁalde@bdjaememwn}atqgrmamnrmlibagb] using an dichloromethane/hexane gradient.

10hydr ) tAane-1, 4-dione (8b) in 10 nL DMF are added 62 ng (0.45
nmol ) ofé/ghtfg‘g (gﬁjr@(:ar bonate and 100 ng (0.27 mmol) of 1,2

bi s(tosyl oxy)ethane (Al drich) . The mxture is heated to 60C for 3 h. After
sti bl’l g, Qy ¢ glnér%pyt&sat roomtenperature the solvent is evaporated
calcd.. C67.19 H5.64 N 11.19

found: C66.94 H5.88 N 11.02

15 d) N-{2-[4-(4-Benzoylamino-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-3-hydroxy-benzamide

b
O

Q ,_«Z\)

N
H
s

235 mg (0.47 mmol) of the acetate 4c are solved in 30 mL of ethanol and cooled to 0°C. After

addition of 1.5 mL 3N NaOH the solution is stirred for 1 h, glacial acetic acid is added until
20 the pH is below pH 7 and the solvents are evaporated. The raw product is crystallized from

ethanol.

Yield: 177 mg (82 %).

Elemental analysis:
25 caled.:C68.11 H5.72 N12.22
found: C67.91 H5.60 N 12.00



and the residue is chromatographed on silica gel using an ethyl

acet at e/ hexane gradient. Yield: 60 ng (52 %9. 15 The conmpound has a purity

>95% accavei2a/m2877kPLC and is suitable as a precursor ofPCTHP200080448bel | i ng.
20d) 41

1-[ 4- (4- Benzyl oxy- phenyl) - pi perazi n-1-y1]-444-(2-[ F- 18] fl uor o- et hoxy) - pheny
| ] - but @)eTdludne-disalienic 18&id J 2-(BH-[4-04peataylapmiec-phemyl)-peraais- dyls8-okvethyln dry

di met hyl forga (Yif élOO f()Lt)n Al gracetonltrl le 25 (400 pL) and added to the
dry pot as&{"gAn° 9 Y1007 de conpl ex (vide supra). The sol ution was
heated to 110 C for 6 mn an hen all owed to cool to roomtenperature for
5 min. The solution was dil® wth water to give a final volunme of 10 niL
and was passed through 10/ 028776PCT/ EP2009/ 006406 54 a Sep- Pak Pl us
Cl8 cartrid ge (V\aters 20515). The cartridge was rinsed with water (20
m ) and Ico seluted with acetonitrile (3 nL). The el uted
conpound % thl wth water to yield 5 nL and was subjected to
preparative HPL{grlflcatlon A Gmni 5p C18 110 A, 250 * 10 nm

(Phenonenex, 00G 4435-N0) was used as a stationary phase. 5 A water (A)/
acetonitrile (B) 3/ 7 mxture was used as a nobile phase with a flow rate
of 8 mForarsolutiof ¢fod3imgd(0. 1@ snreol) LW NHIM4-(3-Beizeylatmin@phenyd)-giperatinvoyjipze of

waT023 ORI REPRY Peanl (i e i DY are aided 82y (s ik bbpmiatine

was el @iual cabbhatetamamaio rﬁ@(@ZW‘n)molTbm letosplbﬁﬁ)amtanmldﬂdﬂar a'thbeﬁlxtui@lsl zed
by HPL 435- EO)

oL e ¢ Seaha p.BBre R 1 Dasfes g el et s fariRabls B8 Sohent inetierats; o

fl OW r &in€l tied rebiduld isrctromidedgeastiedrort diloa dell Bing 4n &ty Bcet®elhekdne gjadiekd. A) .
A 8 9% B 60 mg%giLQ/)028776PCT/ EP2009/ 006406 55 Exanple 9 a) Acetic
342-(4-{4- Rnapht hal ene- 2- car bonyl yam noyphenyl | - pi perazi n- 1-y1) - 2- oxo5et hyl

32120 [ Are e Eﬁ%ﬁ{nuytvp.%f Rooty0i30 5 PEC arbll el ARGy BRI F-

ester (18bdbaling. 190 ng (1.1 mmol ) of 2-naphthal ene carboxylic acid

15
f) N-{2-[4-(4-Benzoylamino-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-3-(2-[F-18]fluoro-ethoxy)-

o
%

NJ
O

benzamide

s

20 The tosylate precursor 4e was dissolved in dry dimethylformamide (100 pL) and acetonitrile
(400 pL) and added to the dry potassium/ Kryptofix/ fluoride complex (vide supra). The solu-
tion was heated to 110 °C for 6 min and then allowed to cool to room temperature for 5 min.
The solution was diluted with water to give a final volume of 10 mL and was passed through
a Sep-Pak Plus C18 cartridge (Waters, WAT020515). The cartridge was rinsed with water

25 (20 ml) and the compound was eluted with acetonitrile (3 mL). The eluted compound was di-
luted with water to yield 5 mL and was subjected to preparative HPLC purification. A Gemini
5uC 18 110 A, 250 * 10 mm (Phenomenex, 00G-4435-N0) was used as a stationary phase.
A water (A)/ acetonitrile (B) 3 / 7 mixture was used as a mobile phase with a flow rate of 3

mL/ min.



10 (Aldrich) in 20 nL DW are added 590 ng (1.14 mnol) of PyBOP and 0. 35
m. (2 nmol) of N-ethyl-N N diisopropylamne and the reaction mxture is
stirred awWOr0WwM28BAperature. After 4h the solvents are ECAFFRVH06480d t he
residue is chromat ographed on silica 4el using an dichl oronet hane/ hexane
gradient. Yield: 0.25 g (43.9 %. 15 Elenmental analysis: calcd.: C 69. 80H
5. 49N IMhel®ldtionwss diutsl. wiHvated 1Ngi® .adBhal Golbine Nd (20t rhia hed evad-passdxbitybugh aci d

25 240 hovE 4Gk G o e ARk TASEE AT, TR Saridgbli b AREle Wy oy

(1:1) gno miparidttie comPpBundiivae elutattivith ethaonél (2.52nk) TA&Ifihal@rodunt wascharacterd s

oH 7 areet e PR, B ORRUA & A6 e L ArgeS 0 TR REr bR ey O8RS Gor T o

wat &r ifL Clicolachnawithl @R isatratacwater/ aBtdiitile/ (228 VARG RAKIUEP 20 @XI0 MO Bf 36mivi el d:

Founa; 7 BeealiTkn i 5 A REY ELRR RO o e

2-{312- (4-{4- Rnapht hal ene- 2- car bonyl yam noFphenyl ypi per azi n-

101-yl) - 2- oxo- et hyl car banoyl | - phenoxy}-ethyl ester To a solution of 92 ny

(0.18 mmol ) of Napht hal ene-2-carboxylic acid (4-{442-(3-hydroxy-

benz oyl @nNA@)[4-44-Beyikqdylamipesphenyl)-pipgtdziphgip2lox@patiy}-8 9D fluon-etBoxy)-bBhE ar e

adgsd 62 : 5@ 4% rrml)) of potassium carbonate and 100 ng (0.27 mol ) of

1, bis(tggxﬂl“*o(x ?—E't DA drich) . The mixture is heated to 60C for 3 h.

After stirring overnig at room tenperature the solvent is evaporated and

the residue is chromaftH aphed on silica gel using an ethyl acetate/hexane
. , ) 0

gradient. Yield: (553/@@ (46 9.

O,—«N\)
”0

F

To a solution of 50 mg (0.11 mmol) of N-{2-[4-(4-Benzoylamino-phenyl)-piperazin-1-yl]-2-

oxo-ethyl}-3-hydroxy-benzamide (4d) in 5 mL DMF are added 34 mg (0.25 mmol) of potas-
15  sium carbonate and 10 uL (0.13 mmol) of 1-fluoro-2-bromoethane (ABCR, Germany). The

mixture is heated to 60°C for 3 h. The solvent is evaporated and the residue is chromatogra-

phed on silica gel using an ethyl acetate/hexane gradient.

Yield: 34 mg (62 %).

20 Elemental analysis:
calcd.: C66.65 H5.79 F3.77 N 11.10
found: C66.43 H5.89 F 3.41 N 11.31



20 The conpound has a purity >95% according to HPLC and is suitable as a
precursor of the F18 | abelling. 25d) Naphthal ene-2-carboxylic acid

[ 4- (4-{ 2480221028 Bpf | uor o- et hoxy) - benzoyl am no] - acet yl } PCT/EP2009/006406

pi perazi n-1-y1) - phenyl Fanmi de WD 2010#3028776PCT/ EP2009/ 006406 57 The
tosyl ate precursor 9c¢ was dissolved in dry dinmethylformam de (100 pL) and
acetonitrile (400 pL) and added to the dry potassium Kryptofix/ fluoride
conpl e ){a\%glgssupra). The solution was heated to 110 C for 6 min and then
al | one CO0l to roomtenperature for 5 mn. The solution was dil uted
with water to give a final volune of 10 nL and was passed through 5 a

Sep- Pak_,P rid WA
O DR S e L AT S
Thebel ut edthyloarbamuyl}yphenaky)ethrecyjrethbxyyeted esteryi el d 5 nL and was subj ect ed
to preparative HPLC purification. A Gemnj 5 p C 18 110 A, 250 * 10 mm
(Phenonenex, 00G 4435-N0) was used as a tionary phase. A water (A)/
acetonitrile (B) 3/ 7 mxture was used  as a nobile phase with a flow rate
of 3 10nmL/ mn. The solution was dilujfed with water to give a final volune
of 20 nL and was passed through @ 8ep<Pak |ight C18 cartridge (Waters,
WAT023501). The cartridge was ringed with water (10 m) and the conpound
was eluted with ethanol (0. 5%nNrL The final product was characterized by
HPLC on a Gemini 5 p C d'A 250 * 4,6 nm (Phenonenex, 00G 4435- EOQ)
15HPLC col um wi th an—+soeratic water/ acetonitrile (2/8; v/v) mxture at a
flow rate of 1 rrté,_vﬁ_ﬁ. Retention tine (tR): 4.6 mn. RCY (d.c.): 39 % RCP:
TS e
Napht hal 2 car boxylicaci d[ 4-(4-{213-(2-fl uoro-ethoxy)-benzoyl am noyacety
| y 20pi perazi n-1-y1l)-phenyl yam de (HPLC- St andar d) To a solution of 56 ng
(0.11 mmol ) of Napht hal ene-2-carboxylic acid (4-{442-(3-hydroxy-

nddaq” op RUERh a0 b YA nflndy 6 IN-RIRIA A 65 pRE ) Flpsrar '1?%4:2 o4y of
1 f | uorashyll- Iﬁrhmfﬁél-ham?@"(l%@) "GéﬂrmlnP}VlF Frecaddedt 6% @9i(9-45cnmell of possiunHr 3
n aﬂihe Slorel aﬁcﬁ1 fd’r%%% %‘7%8 A H@@th?l@ﬁé g%olg aiﬁ;f'ibn&%els[]lfd’d E/(Ibfr'.crﬁ UHeOX' de

ChI’OI’TB.tO ra ce on - acetonltrl e gra I ent

¥i el d: ristue, i eted to RS Cioe BemiAdlor faing Svermighi é goom (eramRraFe SeesTveDt JE3N
10. 10 fRupGkatddbshdlipl rasifdd isScradMaiddrashed on silica gel using an ethyl acetate/hexane

gradient.
Yield: 54 mg (41 %).
15
The compound has a purity >95% according to HPLC and is suitable as a precursor of the F-

18 labelling.

20 b) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-3-{2-[2-(2-[F-18]fluoro-ethoxy)-
ethoxy]-ethoxy}-benzamide



WD 2010/ 028776PCT/ EP2009/ 006406 58 Exanple 10 a)

{244- (4- Benzyl oxy- phenyl) - pi perazi n-1-y1] - 2- oxo-et hyl }-carbam ¢ acid
tert-but YWOg8t0428%56 To a solution of 7.7 g (43.97 mol PCT/EP2009/006406

t - But oxycar bonyl -gl ycine (Al drich) in4800 nL THF and 8 nlL triethyl am ne
(57.71 mmol ) at -15C, 5.75 nL (43.97 mol ) isobutyl chloroformate are added
dr opwi Siheaoslldth @recirsdri Sanwas dissolnediinndrg dirhethlgifarntaerighe ( H0ule) dnar acatootithiker

f
r1 et myTOLHE R arbicd e ot Sl i R RRTIOei P REFARK 18 Sl the Sy
i |50Vn\1 % tlblr)] ;&dsimf:]nglntd ‘|s1@I %\f\lle im?omTf?gﬁB?maﬂmwm dosl lonrarpbrrbtehm:vrélﬁk_@ fbo$ n@mot her
over ni R CHERARD BT bel 7 Gle 2T RELT B & Wb e2hied ki,
acegat @a SJ;hPalt( mhmi:h ﬁﬂmgrtsg%mag\Na@rsuuagtglzﬁéﬁa) yThm t:frtrﬁxg;eemi riEse%Huwiﬁ; c\)Adaiterm
on wa

chi or 420 T i PriRi R wi8thiaf e (EmLd e BoaRa R0 Wae'd!
ﬁv apor ?mt?d wﬂfﬁhw'vaéerrteswem édnlﬂz anth Me:sreﬁug@bmdhecbrmaramzdelgmm@ @ggﬁxsitiggr;r.e ﬁtGelmini

exane : : .9 9
anar yeii o EA SR A Prentrengs dosytlphbf5ad utde g9 RyBHENisbasy
244 ( 4-/Beatey ((AX rcptoaityie XBpB par midure Wwasllsed- asxa nedbily Iphaseaithunflemkrateicdl WO
2 IJ[B/ 02 76PCT/ EP2009/ 006406 59 at roomtenperature. The precipitate is

|

“and washed with ether and dried at 40C in vacuo. Yield: 14.5 g
(quant |Tthat90m)>n wHEsalilptedduitit water ts gide iarfiriaheola@etof 20apl ahd hastpabsed thesugh

Purificaki OB, light C18 cartridge (Waters, WAT023501). The cartridge was rinsed with water
(10 ml) and the compound was eluted with ethanol (0.5 mL). The final product was character-
ized by HPLC on a Gemini 5 y C 18 110 A, 250 * 4,6 mm (Phenomenex, 00G-4435-E0)

15  HPLC column with an isocratic water/ acetonitrile (2/8; v/v) mixture at a flow rate of 1 mL/
min. Retention time (tg): 4.2 min. RCY (d.c.): 42 %. RCP: 99 %.

c) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl}-2-oxo-ethyl}-3-{2-[2-(2-fluoro-ethoxy)-
ethoxy]-ethoxy}-benzamide (HPLC standard)

20 °F
73 mg (0.10 mmol) of the tosylate precursor 5a are dissolved in 2mL acetonitrile. 6.8 mg
(0.12 mmol) potassium fluoride and 44.4 mg Kryptofix in 1 mL acetonitrile are added and in-
cubated for 10 min at 100°C. The reaction is checked by analytical HPLC. After completion of
the reaction, the mixture is evaporated and the residue is chromatographed on silica gel us-
25 ing an ethyl acetate/hexane gradient.
Yield: 28 mg (49 %).

Elemental analysis:
calcd.: C 66.31 H 6.61 F 3.28 N 7.25
30 found: C66.07 HB6.73 F3.11 N 7.38



5 ¢)
N- { 244- ( 4- Benzyl oxy- phenyl ) - pi perazi n- 1-y1] - 2- oxo- et hyl | - 6- br ono- ni cot i nam
de To a WOI20t0/@p776f 202 ng (1 mmol ) of 2- brono-5-pyri dPEEFRLWSHY4DE aci d
(Aldrich) and 398 ng 10 (1.1 nmol) of4s
244- (4- benzyl oxyphenyl ) - pi perazi n- 1-y1] - 2- oxoet hyl - ammoni um chl ori de (10b)
in 20 nL DVF are added 624 ng (1.2 mmol) PyBOP and 0.61 ni
N et hyl = u@ﬁi ksopropyl am ne and the reaction mxture is stirred overni ght

r oo @Pature. After evaporation of the solvent the residue is ‘
chromat ogr aphed on silica gel using an ethyl acetate/ethanol gradient.

15, soN o G Red wetp SR e B S ox kB R preo Yt o

purity >95@6accord|qg to HPLC and is suitable as a precursor for the F-18

| abel I'i ng. d)

N- { 244- ( 4- Benz vny phenyl) - pi perazi n- 1-y1] - 2- oxo- et hyl } - 6-f| uor o- ni coti nam
ide 25 r-NW~$ O N, - WO 2010/ 028776PCT/ EP2009/ 006406 60 in 20 nL DWF
are adde 24 ng (1.2 mmol) PyBOP and 0.61 nL N-ethyl-N, Ndiisopropyl am ne
and thegr ction mxture is stirred overnight at roomtenperature. After
evaﬁora ion of the solvent the residue is chromatographed on silica gel
usi ng an et hyl acetate/ethanol gradient. 5Yield: 302 ng (67.3 %9 . El enental

analysis: calcd.: C66.95 H5.62 F 4.24 N 12.49
To a solution of 1.18 g (5 mmol) of 4-(4-acetoxyphenyl)-4-oxobutyric acid (Arch. Pharm.

(Weinheim, Germany) 284; 292 (1951)) and 1.04 g (5 mmol) of 1-(4-nitrophenyl)piperazine
(Aldrich) in 20 mL DMF are added 1.71 mL (10 mmol) of N-ethyl-N,N-diisopropylamine and
10 1.9 g (5 mmol) of 2-(1H-benzotriazol-1-yl)-tetramethyluronium hexafluorophosphate (HBTU).

The reaction mixture is stirred at room temperature for 4h, then the solvents are evaporated
and the residue is chromatographed on silica gel using an ethyl acetate/ethanol gradient.
Yield: 1.53 g (72 %).

15 Elemental analysis:
calcd.: C62.11 H5.45 N 9.88
found: C61.89 H5.54 N 9.61

20 b) Acetic acid 4-{4-[4-(4-amino-phenyl)-piperazin-1-yl]-4-oxo-butyryl}-phenyl ester

NH,
~ T

N

o}
[¢]
0O

)-o

To a solution of 851 mg (2 mmol) of nitro compound 6a in 50 mL methanol/DMF (3:1) is

added a catalytic amount of Pd on charcoal (10%) and the suspension is stirred under hy-
25 drogen overnight at room temperature. The catalyst is filtered off and the solvent evaporated.

Yield: 791 mg (quantitative). The product is used in the next step without further purification.

c) Acetic acid 4-[4-(4-{4-[(naphthalene-2-carbonyl)-amino]-phenyl}-piperazin-1-yl)-4-oxo-
30 butyryl]-phenyl ester



found: C66.84 H5.97 F 3.95 N 12.52 10 e)

N-{2-[ 4- (4- Benzyl oxy- phenyl ) - pi perazi n- 1-yl] - 2- oxo- et hyl} - 64F- 18] - f | uor o- ni
cot i nam A0 20101028776 0 15 Aqueous [ 18F] Fl uori de (5.1 GBqpChad2qooapped on a
QVA cartridge (Waters, Sep Pak Light 49OVA Part.No.: WAT023525 ) and el uted
with 5mg K2.2.2 in 0,95m MeCN +1ng K2CO3 in 50pl water into a Wheaton vial
(5mLl). The sol vent was noved by heating at 120C for 10 m n under a stream
of nitrogen. Anhydrou CN (1 m) was added and evaporated as before. A
sol ution of precurs f Oc (5 ng) in 700 pl anhydrous DVSO was added. After
heating at 20 180 or 30 mn the crude reaction m xture was diluted with
water to a tot@vol une and purified by preparative HPLC. ACE 5-Cl18-HL
250mMx 10mmR anced Chronmat ography Technol ogi es; Cat.No.: ACE 321-2510;

i socraticg{35% acetonitrile in 0.1%trifluoroacetic acid, flow 4 m/mn;

t R=18mi §. ~fhe collected HPLC fraction was diluted with 40m water and

i mobilfzed on a Sep-Pak |ight Cl18 cartridge (Waters, WAT023501), which was
washed with 25 5ml water and eluted with I'ml ethanol to deliver 1015 MBg of
the product (36% corrected for decay; radiochem cal purity >99% . The

desi r edigpa sdiutien vH39x imgr(dchmpl) zedtidgcid @A d4 anomo-phenyl )k iperanin-1-gH#-oact | ve

250% . LA SRSHE 85y i) <P 8T8 G bl e AR B GIRIGD At

0, 1% TEA200nt OMPare added33%0Bng (0. 1onmho!) 30 RyBOP &%4© B5trol (2 avinl) dhiN/athyt-

(tR=7. n}Il JHS?p?'rgpﬁgﬁlneggnJ 91(e|_|P|390n mYR,%%%%é ?@g) CI;I/ tgﬁggg?urg Oﬁﬁgr 4tﬂhe

Exanpl e
N- { 244 -splieBerary levapoerptedrand) the irgsd e isrchterpdfpg@pbed ostsiligh JgePusing apn-dichiotocot | n

am de Sty on of 202 mg (1 nmol) of
2- brorrgn g'gerlﬁl Hg gé)({)oxyl ic acid (Alfa) and 398 ng (1.1 nmol) of

244- (4 Mdz&ﬁhmg;ﬁ%&%@l) pi per azi n- 1-yl] - 2- oxoet hyI -amoni um chl ori de (10b)
in160 m. DMF are added 624 ng (1.2 mmol) PyBOP and 0.61 nL N-ethyl -
Elemental analysis:
calcd.: C72.12 H5.69 N 7.65

found: C72.30 H 5.61 N 7.42

15
d) Naphthalene-2-carboxylic acid (4-{4-[4-(4-hydroxy-phenyl)-4-oxo-butyryl]-piperazin-1-yl}-
phenyl)-amide

o

NH
s

ON\)
g

HO

20 242 mg (0.44 mmol) of the acetate 6c are solved in 30 mL of ethanol/DMF (1:1) and cooled
to 0°C. After addition of 2.2 mL 2N NaOH the solution is stirred for 30 min, glacial acetic acid
is then added until the pH is below pH 7 and the solvents are evaporated. The raw product is
crystallized from water and dried at 40°C in vacuo.

Yield: 223 mg (quantitative).

25

Elemental analysis:



10 diisopropylam ne and the reaction mxture is stirred overnight at room
tenperature. After evaporation of the solvent the residue is

chr omat ogWapRPEM2816si | i ca gel using an et hyl acetate/ et REMGIP2¢OANGI00t . The
product containing fractions are coll€cted and recrystallized from ethyl
acetate. Yield: 165 ng (32.4 9% . 15 Elenental analysis: calcd.: C 58.95H
4. 95Br caled6@\3.3500H4 hd6d: @ &8832H 5. 09Br 15. 11N 10. 73 The conpound
has a ur|t 0 a i ng PLC and is suitable as a precursor for the
or. Uk TRT0° pFFE6H! NIN 28 P

N-{244- (4 Benzyl oxy- phenyl ) - pi perazi n-1-y1] - 2- oxo-et hyl } - 2-f |l uor o-i soni cot i
namde r-NN, O N-'0 N 25 To a solution of 141 ng (1 nmol) of
2-fluoro-4-pyridinecarboxylic acid (Aldrich) and 398 ng (1.1 mmol) of

2445( 4d)el1¢lyérméy1@hmwd: )aenﬂi2p{@1r—[42(i4+{4 I(nyaibﬂmthaleoﬂdectdmydanya)FBMnb]cnrhemlyl}@ipiedair@-lob)

in 20 are nol ) PyBOP and 0.61 ni
N- et hyl - % Lg ﬁgﬁ'?'ﬁc@(”gﬁ&'y € eaction nixture is stirred overni ght
at room tenperat ure. After WO 2010/ 028776PCT/ EP2009/ 006406 62 evaporation

of the solvent the resid s chromat ographed on silica gel using an ethyl
acetate/ethanol gradleﬁ ield: 326 ng (72.7 9% . 5Elenental analysis:
calcd.: C 66.95 H 5. qgj 4.24 N 12. 49
Q N\)
e}
2o/

o)

To a solution of 91 mg (0.18 mmol) of naphthalene-2-carboxylic acid (4-{4-[4-(4-hydroxy-
10  phenyl)-4-oxo-butyryl]-piperazin-1-yl}-phenyl)-amide (6d) in 10 mL DMF are added 62 mg
(0.45 mmol) of potassium carbonate and 100 mg (0.27 mmol) of 1,2 bis(tosyloxy)ethane (Al-
drich). The mixture is heated to 60°C for 3 h. After stirring overnight at room temperature the
solvent is evaporated and the residue is chromatographed on silica gel using an ethyl ace-
tate/hexane gradient.
15  Yield: 57 mg (46 %).

The compound has a purity >95% according to HPLC and is suitable as a precursor of the F-

18 labelling.

20
f) Naphthalene-2-carboxylic acid [4-(4-{4-[4-(2-[F-18]fluoro-ethoxy)-phenyl]-4-oxo-butyryl}-
piperazin-1-yl)-phenyl]-amide

o

NH
T

NS

C(;ﬁo

we_/ 0

25 The tosylate precursor 6e was dissolved in dry dimethylformamide (100 pL) and acetonitrile
(400 pL) and added to the dry potassium/ Kryptofix/ fluoride complex (vide supra). The solu-



found: C 66.58 H5.81 F 4.03 N 12. 68 10c)

N-{2-[ 4- (4- Benzyl oxy- phenyl ) - pi perazi n- 1-yl] - 2- oxo- et hyl}-24F- 18] -fl uoro-is
oni cot i naWP@e10/028F6 Aqueous [ 18F] Fluoride (4,9 GBq) was PEAHFaYIHM6486 QVA
cartridge (Waters, Sep Pak Light QVA 48art.No.: WAT023525 ) and eluted with
5mg K2.2.2 in 0,95nlMeCN +1ng K2CO3 in 50pl 15 water into a \Weaton vial
(5ml) . tibhevasteated tovi® CGfopBadintandntban athowed toldCtdf mpmltemperatuneder 5 anist r eam

Col ut | oS gPERA e ke B bne o BE SRS B B BRENER SR o £

heat i nga 8ép-PaR@laC18Cantridge (MWatarsid&ATO2CF15)NTe xannidgenwsss dnsed wih wratér

5 crs. kg0 BubAnne ot Aodves el BB beehfils o plt) R Al Sarlnobne s g

ACES32 1ut28 With waterctoafield 5 rBb #nd evaiscrubjerctddetoi prefaratwet HPEC paorificationi A& Gemnidi,

flow I N, =18m M. The call ect P ction s_diluted with 40ml
wter S T M S W im BihehBimeRet g eres-N0T Fr B5ed BEa e heiatsbdso).
whi ch wasatsagh cicaiohitrils I(B) @at7emixiurd vedsutssd a8 & Imchiie phabamdth & fowledte\dd 1293
MBg of the .Rroduct (44% corrected for decay) which was characterized and
reconfiHe¥ by co-injection with the non-radioactive 25 F-19 fluoro

Z’[ andarﬂ\elpjﬁlugign gwml qrm;eua,{gtﬁ-m@r tdAgive @rﬂnaz_l@?hXB(ﬂQO'\S}E: ehd v?@’ipﬁs_ﬁ}elzdmv%u@ prlno
t: . - \) 1 + Y , : + 1% 1
0100, 560 P28 BB G0 sartidge Wable WATOZE) TR e kigE, v riadid. with i 56
N T e B B o L WA S na
Net o HEC B BRI o PReBYL 5 B O S6AHAA 2505 €6 38 Ehaoafa BRRaRIEE0! T

and 39&HPuC cdluthnnwith hn ddocratic water/ acetonitrile (2/8; v/v) mixture at a flow rate of 1 mL/

R PORRLL SRR AV G b BT,y o (100

N- d6hyl - N, N-di i sopropyl am ne and 10the reaction mxture is stirred

overni ght at roomtenperature. After evaporation of the solvent the residue
i s chromat ographed on silica gel using an ethyl acetate/ethanol gradient.
Yield: 210 ng (41.2 cYo).




El emental anal ysis: 15cal cd.: C 58.95H 4.95Br 15. 69N 11. 00 found:

C59. 11H4. 75Br 15. 39N 11. 03 The conmpound has a purity >95% according to HPLC
and i s suWO2B10028F6a precursor for the F-18 |abelling. POTEP2009/006406

N- { 244- (4- Benzyl oxy- phenyl ) - pi per azi 91-y1] - 2- oxo- et hyl } - 2-f1 uor o- ni coti nam
ide O N-"0-NTo a solution of 141 ng (1 mml) of 2-fluoro-nicotinic acid
(Aldrich) and 398 ng (1.1 mmol) 25 of

244- (4- 8 I nyphenyl ) - pi perazi n-1-yl1] - 2- oxoet hyl - anmoni um chl ori de (10b)
in 20 %ﬁe re added 624 ng (1.2 mml) PyBOP and 0.61 nL

N—et hyl - N, N-di i sopropyl am ne and the reaction m xture is stirred overni-ght

room,t erature frer ey ratiqn o e sol vent > I esi j
chr onatboraptecrdn & fr gy ReRiehRhe N otbal i Bo kBN R AR wo
2016/ 02875@96}1[#@9@&)@;91@06406 64 Yield: 326 ng (72.7 %9. Elenental analysis:
calcd.: C 66.95H 5. 62F 4. 24N 12.49 5 found: C 66.71H 5. 79F 3. 88N 12. 30 c)
N-{ 244- ( 4- Benzyl oxy_ nyl ) - pi perazi n- 1-yl] - 2- oxo- et hyl}-24F- 18] -fl uoro-ni c
otinam de -N 105@ s [18F] Fluoride (7 GBq) was trapped on a QVA
cartridge (Watemsy Sep Pak Light QVA Part.No.: WAT023525 ) and eluted with
5mg K2. 2. 2qi 7 95m MeCN +1ng K2CO3 in 50p1 water into a Weaton vial
(5ml). The(sol¥ent was renopved by heating at 120C for 10 min under a stream
of nitrﬁ_ Anhydrous MeCN (1 m) was added and evaporated as before. 15 A
solutio of precursor 12a (5 ng) in 700 pl anhydrous DVMSO was added. After
heating at 180C for 30 mn the crude reaction mxture was diluted with
water to a total volune of 5nl and purified by preparative HPLC. ACE
5- C18- H[oéEﬁlnﬂmlﬁih@% vhg\(armradl)@bemma:t@gﬁ&ﬂh—%'ﬁemﬁmpﬂmgd)@perﬁhn 1NO}-4-0R&E

e RS b B2 A S0Bhe el - Tty By S ephlralgtBl RREK € a2 kb e
mld(c)ﬁo im Qﬁ‘[mhll Eg%:exeﬁ]ddgdm rﬁ’gK1 |1ﬁg1‘lho@éb8 PyBOPr ardiy@. 36 Wit €2 m,mleﬂ]ﬂl %Qil.) 015
v ot RS SR T e LA pBureS Subd B 1B SRRk A Y file 20

r econf isolvedtstare (eoapm;mdtandrthwedmudme choomatagiiaphed pr siliEa g8l ddingan dghbnalar d

usi ng al. _HP gi  ent ZORBAX 300SB-C18 50*4.6 nm; 5 pm Agilent;
PN 880 %l‘%'ﬁféﬁ Rj‘g Oﬁee'f + 0,1% TEA, B): MeCN + 0,1% TFA, O to 10 nin, 35%
B; 2510ri¢lo: 33B.r8Q (61 9). 35% B to 10098B; 1mJUrnin, (tR=7.8mn), RCP. >99

% ITIgLC) .
Elemental analysis:
calcd.: C7212 H5.69 N 7.65
found: C71.94 H5.77 N 7.59

20
b) Naphthalene-1-carboxylic acid (4-{4-[4-(4-hydroxy-phenyl)-4-oxo-butyryl]-piperazin-1-yl}-
phenyl)-amide

0 L]
g
(\N’@

NS

8—/“0

HO

25 242 mg (0.44 mmol) of the acetate 7a are solved in 30 mL of ethanol/DMF (1:1) and cooled
to 0°C. After addition of 2.2 mL 2N NaOH the solution is stirred for 30 min, glacial acetic acid
is then added until the pH is below pH 7 and the solvents are evaporated. The raw product is
crystallized from water and dried at 40°C in vacuo.

Yield: 223 mg (quantitative).
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Bi ndi ng studi es using human brain honbgenate A conpetition assay with a
tritiatedwarl04i2877pi gand was perforned in 96-wel | pl at e®CTEP2I0AHI64DB6 O- ONne;
Cat. 651201; Lot. 06260130) using bra&® honpogenate from AD patients.
Honogenat es were prepared by honogenizing (U tra-Turrax, setting 2, 30. s,
24000 rpm 10 dissected frontal cortex containing grey nmatter and white
matter from AD patients in phosphate buffered saline (PBS, pH 7.4). The
honbgenate with a concentration of 100 ng wet tissue/m was divided into

al i quotEementaDéngtysiand stored at -80C. Varying concentrations of the

unl abel e bst ncubated with 100 pg/m ho- 15 npbgenate and
10 nM o?ag‘id ??%gl at@ggﬁl gand |2§ PBS, 0.1% BSA (final volume 200 pl) for 3
h a® r doomd:edrparat urke5.63ubsdy8dnt |y the binding m xture was filtered

t hrough Whatman GF/B filters (wetted with PBS, 0.1% BSA) using a Filtermate
196 harvester (Packard). Filters were then washed twice with PBS, 0.1%BSA
and 40 pl scintillator was added to each well before the bound

radi oact,i vi asur e u evise Per k|

on- apet 1 PlbatIBS B L R el e G BUEBn G P eesrosine

triti at ed1hyi)ghoxb-batytytjeheaaxiethyl estet ure. Finally | C50 val ues were

calculated with the hel p of appropriate anal ysis software.

Aut or adi ogr aphi cal anal Fresh frozen as well as paraffin enbedded

sections of the frontgl nh from Al zhei ner's de-25nentia patients,

frontotenporal denpny patients and age matched controls were used for the

study. Frozen gect¥ons, sliced at 18 pmthickness on a cryostate (Leica,

Germany) and pgrafdin sec- tions, sliced on a sliding mcrotom (Leica) at a

t hi ckness of were nmounted onto gl ass slides (Superfrost Plus,

Fa Menzeb, deaunschwei g CGermany). Frozen sections were allowed 30 to adhere
he SEi°des for several nights at -20C. The paraffin sections were

depar af finized using routine histol ogical nmethods. For binding studies

sections were incubated with the F-18 | abel ed test conpound at 10 Bqg/ pl

di | ut edrd B stnitith PSS niy {d. £8 mmmébl) 6f %ap&hé%éﬂ&@rb&@ﬁ@ac@@ fthllﬁén)oxf/m

1,5 hour at roomtenperature in_a humdif chanber . ockij ng

exper i rRien¥)-4-oxedudyngi- B'pé@él@sky'b?h?%é) ﬁmld&b@—édf‘ t1QS’PLsQMEtaJﬁC%MﬁHs62aHWed to
the i nqub@tmﬁaal)r&Eota§§w@mo‘?¢a&@én@yb® i @ad7 ﬁhﬁwol)S&GItQ BRROYES AASHE |f our

times uf f er (or alternatively two tinmes with 409

et Héno| dricRhd hﬁfﬂéﬂur%/'smeaf%’otOt%thwn%Q Aerotiging: OV%%lQ@ratf"éRm fempegpfure the
2010/ 0Z31eaPs T VB3R Qe HbreRiue a8 chfgﬁ%t@grépﬁéd 66l sfes gePisinyah &t Resed to

i magin Pl ates and signals were detected by a phosphoi mager device (Fuji
BASSOO%}’ e/hexane gradient.

Yield: 63 mg (51 %).

20 The compound has a purity >95% according to HPLC and is suitable as a precursor of the F-
18 labelling.

d) Naphthalene-1-carboxylic acid [4-(4-{4-[4-(2-[F-18]fluoro-ethoxy)-phenyl]-4-oxo-butyryl}-
25 piperazin-1-yl)-phenyl]-amide

o L
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N
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5Bi odi stribution Biodistribution and excretion studies were perforned in
mal e NVRI m ce (body weight app. 30 g; 3 aninmals per tinme point). The

ani mal s WePe0lkaps77ander nornal | aboratory conditions at PATEPAHE06G406 € of 22
2C and a dark/light rhythmof 12 hourd. Food and water were provided ad
libitium During an acclimation period of at |east 3 days before the

begi nniTig to$ylatb prddissardic was dissaverinedrg ldimethglfdrynaenider{ 108dult)andsacetdritrile t he
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The solution was diluted with water to give a final volume of 20 mL and was passed through

a Sep-Pak light C18 cartridge (Waters, WAT023501). The cartridge was rinsed with water
(10 ml) and the compound was eluted with ethanol (0.5 mL). The final product was character-
ized by HPLC on a Gemini 5 p C 18 110 A, 250 * 4,6 mm (Phenomenex, 00G-4435-E0)

16  HPLC column with an isocratic water/ acetonitrile (2/8; v/v) mixture at a flow rate of 1 mL/
min. Retention time (tg): 6.0 min. RCY (d.c.): 32 %. RCP: 97 %.
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Example 8

a) Acetic acid 4-{4-[4-(4-benzyloxy-phenyl)-piperazin-1-yi]-4-oxobutyryl}-pheny! ester

OO\/@
Rt
28

To a solution of 652 mg (2.76 mmol) of 4-(4-acetoxyphenyl)-4-oxobutyric acid (Arch. Pharm.
(Weinheim, Germany) 284; 292 (1951)) in 70 mL THF and 0.40 mL triethyl amine (2.87
mmol) at —15°C, 0.396 mL (3.03 mmol) isobutyl chloroformate are added dropwise and the
10  solution is maintained at this temperature for another 15 min. Then, 740 mg of 1-(4-
benzyloxy-phenyl)-piperazine 3¢ and 1.7 mL triethyl amine (12.25 mmol) in 30 mL THF and
30 mL dichloromethane are added slowly to this cold solution, the temperature is kept below
10°C for another 15 min and is then allowed to reach room temperature. After stirring over-
night the solvent is evaporated and the residue is chromatographed on silica gel using a
15  hexane/ethyl acetate gradient.
Yield: 219 mg (45 %).

Elemental analysis:
caled.:C7159 H®6.21 N 5.76
20 found: C71.33 H6.46 N 5.60

b) 1-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-4-(4-hydroxyphenyl)-butane-1,4-dione

OOQ
HO 0

25
229 mg (0.47 mmol) of the acetate 8a are solved in 30 mL of ethanol and cooled to 0°C. Af-
ter addition of 1.5 mL 3N NaOH the solution is stirred for 1 h, glacial acetic acid is added until
the pH is below pH 7 and the solvents are evaporated. The raw product is crystallized from
ethanol.

30 Yield: 186 mg (89 %).

Elemental analysis:
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caled.: C72.95 H6.35 N 6.30
found: C72.78 H6.27 N 6.41

c) Toluene-4-sulfonic acid 2-(4-{4-[4-(4-benzyloxy-phenyl)-piperazin-1-yl]-4-oxobutyryl}-

-
(‘NO

N
0

phenoxy)-ethyl ester

0]
Q_ e
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To a solution of 80 mg (0.18 mmol) of 1-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl}-4-(4-
hydroxyphenyl)-butane-1,4-dione (8b) in 10 mL DMF are added 62 mg (0.45 mmol) of potas-
sium carbonate and 100 mg (0.27 mmol) of 1,2 bis(tosyloxy)ethane (Aldrich) . The mixture is
heated to 60°C for 3 h. After stirring overnight at room temperature the solvent is evaporated
and the residue is chromatographed on silica gel using an ethyl acetate/hexane gradient.
Yield: 60 mg (52 %).

The compound has a purity >95% according to HPLC and is suitable as a precursor of the F-

18 labelling.

d) 1-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-4-[4-(2-[F-18]fluoro-ethoxy)-phenyl]-butane-1,4-

dione
o)
(‘NO
Q N
47
1stO

The tosylate precursor 8¢ was dissolved in dry dimethylformamide (100 pL) and acetonitrile
(400 pL) and added to the dry potassium/ Kryptofix/ fluoride complex (vide supra). The solu-
tion was heated to 110 °C for 6 min and then allowed to cool to room temperature for 5 min.

The solution was diluted with water to give a final volume of 10 mL and was passed through
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a Sep-Pak Plus C18 cartridge (Waters, WAT020515). The cartridge was rinsed with water
(20 ml) and the compound was eluted with acetonitrile (3 mL). The eluted compound was di-
luted with water to yield 5 mL and was subjected to preparative HPLC purification. A Gemini
5uC18 110 A, 250 * 10 mm (Phenomenex, 00G-4435-N0) was used as a stationary phase.
5 A water (A) acetonitrile (B) 3 / 7 mixture was used as a mobile phase with a flow rate of 3
mL/ min.
The solution was diluted with water to give a final volume of 20 mL and was passed through
a Sep-Pak light C18 cartridge (Waters, WAT023501). The cartridge was rinsed with water
(10 ml) and the compound was eluted with ethanol (0.5 mL). The final product was character-
10 ized by HPLC on a Gemini 5 u C 18 110 A, 250 * 4,6 mm (Phenomenex, 00G-4435-E0)
HPLC column with an isocratic water/ acetonitrile (2/8; v/v) mixture at a flow rate of 1 mL/
min. Retention time (tr): 4.7 min. RCY (d.c.): 45 %. RCP: 99 %.
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Example 9

a) Acetic acid 3-[2-(4-{4-[(naphthalene-2-carbonyl)}-amino]-phenyl}-piperazin-1-yl)-2-oxo-
5 ethylcarbamoyl]-phenyl ester

o
oF

N

o~
—<°C§N °
(o]

To a solution of 396 mg (1 mmol) acetic acid 3-{2-[4-(4-amino-phenyl)-piperazin-1-yl]-2-oxo-

ethylcarbamoyl}-phenyl ester (4b) and 190 mg (1.1 mmol) of 2-naphthalene carboxylic acid
10  (Aldrich) in 20 mL DMF are added 590 mg (1.14 mmol) of PyBOP and 0.35 mL (2 mmol) of

N-ethyl-N,N-diisopropylamine and the reaction mixture is stirred at room temperature. After

4h the solvents are evaporated and the residue is chromatographed on silica gel using an di-

chloromethane/hexane gradient.

Yield: 0.25 g (43.9 %).

15
Elemental analysis:
calcd.:. C69.80 H5.49 N 10.18
found: C69.55 H 5.61 N 10.03
20

b) Naphthalene-2-carboxylic acid (4-{4-[2-(3-hydroxy-benzoylamino)-acetyl]-piperazin-1-yl}-
phenyl)-amide

o

NH
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o ,_\g‘)

N
H
HO

25 240 mg (0.44 mmol) of the acetate 9a are solved in 30 mL of ethanol/DMF (1:1) and cooled
to 0°C. After addition of 2.2 mL 2N NaOH the solution is stirred for 30 min, glacial acetic acid
is then added until the pH is below pH 7 and the solvents are evaporated. The raw product is
crystallized from water and dried at 40°C in vacuo.

E
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Yield: 220 mg (quantitative).

Elemental analysis:
5 caled:C70.85 H555 N 11.02
found: C70.53 HS5.77 N 10.85

c) Toluene-4-sulfonic acid 2-{3-[2-(4-{4-[(naphthalene-2-carbonyl)-amino]-phenyl}-piperazin-
10 1-yl)-2-oxo-ethylcarbamoyl]-phenoxy}-ethyl ester

oY

To a solution of 92 mg (0.18 mmol) of Naphthalene-2-carboxylic acid (4-{4-[2-(3-hydroxy-
benzoylamino)-acetyl]-piperazin-1-yl}-phenyl)-amide (9b) in 10 mL DMF are added 62 mg
15  (0.45 mmol) of potassium carbonate and 100 mg (0.27 mmol) of 1,2 bis(tosyloxy)ethane (Al-
drich) . The mixture is heated to 60°C for 3 h. After stirring overnight at room temperature the
solvent is evaporated and the residue is chromatographed on silica gel using an ethyl ace-
tate/hexane gradient.
Yield: 58 mg (46 %).
20
The compound has a purity >95% according to HPLC and is suitable as a precursor of the F-
18 labelling.

25 d) Naphthalene-2-carboxylic acid [4-(4-{2-[3-(2-[F-18]fluoro-ethoxy)-benzoylamino]-acetyl}-
piperazin-1-yl)-phenyl]-amide
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tion was heated to 110 °C for 6 min and then allowed to cool to room temperature for 5 min.
The solution was diluted with water to give a final volume of 10 mL and was passed through
5 a Sep-Pak Plus C18 cartridge (Waters, WAT020515). The cartridge was rinsed with water
(20 ml) and the compound was eluted with acetonitrile (3 mL). The eluted compound was di-
luted with water to yield 5 mL and was subjected to preparative HPLC purification. A Gemini
5uC 18110 A, 250 * 10 mm (Phenomenex, 00G-4435-N0) was used as a stationary phase.
A water (A)/ acetonitrile (B) 3 / 7 mixture was used as a mobile phase with a flow rate of 3
10 mL/ min.
The solution was diluted with water to give a final volume of 20 mL and was passed through
a Sep-Pak light C18 cartridge (Waters, WAT023501). The cartridge was rinsed with water
(10 ml) and the compound was eluted with ethanol (0.5 mL). The final product was character-
ized by HPLC on a Gemini 5 y C 18 110 A, 250 * 4,6 mm (Phenomenex, 00G-4435-E0)
15 HPLC column with an isocratic water/ acetonitrile (2/8; v/v) mixture at a flow rate of 1 mL/
min. Retention time (tr): 4.6 min. RCY (d.c.): 39 %. RCP: 99 %.

e) Naphthalene-2-carboxylic acid [4-(4-{2-[3-(2-fluoro-ethoxy)-benzoylamino]-acetyl}-
20 piperazin-1-yl)-phenyl]-amide (HPLC-Standard)

o
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To a solution of 56 mg (0.11 mmol) of Naphthalene-2-carboxylic acid (4-{4-[2-(3-hydroxy-
benzoylamino)-acetyl]-piperazin-1-yl}-phenyl)-amide (9b) in 5 mL DMF are added 34 mg
25 (0.25 mmol) of potassium carbonate and 10 uL (0.13 mmol) of 1-fluoro-2-bromoethane
(ABCR, Germany). The mixture is heated to 60°C for 3 h. The solvent is evaporated and the
residue taken up in dimethyl sulfoxide and chromatographed twice on RP-18 using a wa-
ter/acetonitrile gradient.
Yield: 24 mg (40 %).
30
Elemental analysis:
calcd.: C69.30 H5.63 F 3.43 N 10.10
found: C69.15 H5.81 F 3.22 N 10.28
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Example 10

a) {2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl}-2-oxo-ethyl}-carbamic acid tert-butyl ester

=
<
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5

To a solution of 7.7 g (43.97 mmol) t-Butoxycarbonyl-glycine (Aldrich) in 800 mL THF and 8
mL triethyl amine (57.71 mmol) at —15°C, 5.75 mL (43.97 mmol) isobutyl chloroformate are
added dropwise and the solution is maintained at this temperature for another 15 min. Then,
10  11.8 g of 1-(4-benzyloxyphenyl)-piperazine (3c) and 29 mL triethyl amine (210 mmol) in 300
mL THF/dichloromethane (1:1) are added slowly to this cold solution, the temperature is kept
below 10°C for another 15 min and is then allowed to reach room temperature. After stirring
overnight the solvent is evaporated and the residue is taken up in ethyl acetate. This solution
is washed successively with agueous sodium carbonate, water, 1 M aqueous HCI solution,
16  saturated aqueous sodium chloride solution, finally dried over magnesium sulfate and then
evaporated. This residue is chromatographed on silica gel using a hexane/ethyl acetate gra-
dient.
Yield: 15.51 g (82.9 %).

20
Elemental analysis:
calcd.: C67.74 H7.34 N 9.87
found: C67.33 H7.47 N 9.62
25

b) 2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl-ammonium chloride

(o}
T

cr
N
—
HN  ©

17.0 g (39.95 mmol) of {2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-carbamic acid
30 tert-butyl ester (10a) are suspended in 300 mL 2N HCI in diethyl ether and stirred overnight
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at room temperature. The precipitate is filtered off and washed with ether and dried at 40°C

in vacuo.

Yield: 14.5 g (quantitative). The product is used in the next step without further purification.

¢) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl}-2-oxo-ethyl}-6-bromo-nicotinamide

To a solution of 202 mg (1 mmol) of 2-bromo-5-pyridinecarboxylic acid (Aldrich) and 398 mg
10 (1.1 mmol) of 2-[4-(4-benzyloxyphenyl)-piperazin-1-yl]-2-oxoethyl-ammonium chloride (10b)
in 20 mL DMF are added 624 mg (1.2 mmol) PyBOP and 0.61 mL N-ethyl-N,N-
diisopropylamine and the reaction mixture is stirred overnight at room temperature. After
evaporation of the solvent the residue is chromatographed on silica gel using an ethyl ace-
tate/ethanol gradient.
15  Yield: 183 mg (35.9 %).

~ Elemental analysis:
calcd.: C58.95 H4.95 Br 15.69 N 11.00
found: C58.66 H5.18 Br 15.20 N 11.36
20 The compound has a purity >95% according to HPLC and is suitable as a precursor for the
F-18 labelling.

d) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl}-2-oxo-ethyl}-6-fluoro-nicotinamide
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25

To a solution of 141 mg (1 mmol) of 2-fluoro-5-pyridinecarboxylic acid (Aldrich) and 398 mg
(1.1 mmol) of 2-[4-(4-benzyloxyphenyl)-piperazin-1-yl]-2-oxoethyl-ammonium chloride (10b)
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in 20 mL DMF are added 624 mg (1.2 mmol) PyBOP and 0.61 mL N-ethyl-N,N-
diisopropylamine and the reaction mixture is stirred overnight at room temperature. After
evaporation of the solvent the residue is chromatographed on silica gel using an ethyl ace-
tate/ethanol gradient.

5 Yield: 302 mg (67.3 %).

Elemental analysis:

calcd.: C66.95 H5.62 F4.24 N 12.49

found: C66.84 H5.97 F 3.95 N 12.52
10

e) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-6-[F-18]-fluoro-nicotinamide

15  Aqueous ['®F]Fluoride (5.1 GBq) was trapped on a QMA cartridge (Waters, Sep Pak Light
QMA Part.No.: WAT023525 ) and eluted with 5mg K;,,in 0,95ml MeCN +1mg K,CO3 in 50l
water into a Wheaton vial (5ml). The solvent was removed by heating at 120°C for 10 min
under a stream of nitrogen. Anhydrous MeCN (1 ml) was added and evaporated as before.
A solution of precursor 10c (5 mg) in 700 uyl anhydrous DMSO was added. After heating at

20 180°C for 30 min the crude reaction mixture was diluted with water to a total volume and pu-
rified by preparative HPLC: ACE 5-C18-HL 250mmx10mm, Advanced Chromatography
Technologies; Cat.No.: ACE 321-2510; isocratic, 35% acetonitrile in 0.1% trifluoroacetic acid,
flow: 4 mi/min; tg=18min. The collected HPLC fraction was diluted with 40m| water and im-
mobilized on a Sep-Pak light C18 cartridge (Waters, WAT023501), which was washed with

25 5ml water and eluted with 1ml ethano! to deliver 1015 MBq of the product (36%, corrected for
decay; radiochemical purity >99%). The desired product was characterized by co-injection
with the non-radioactive F-19 fluoro standard on the analytical HPLC: Agilent ZORBAX
300SB-C18 250*4.6 mm ; 5 um Agilent; PN 880995-902; A): Water + 0,1% TFA, B): MeCN +
0,1% TFA, 0 to 10 min, 35% B; 10 to 10:30 min, 35% B to 100%B; 1mL/min (tg=7.6min),

30 RCP: 99 %(HPLC).
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Example 11

a) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-2-bromo-isonicotinamide

o]
OO
N’_(o
7 N\
=

5 Br

To a solution of 202 mg (1 mmol) of 2-bromo-4-pyridinecarboxylic acid (Alfa) and 398 mg
(1.1 mmol) of 2-[4-(4-benzyloxyphenyl)-piperazin-1-yl]-2-oxoethyl-ammonium chloride (10b)
in 20 mL DMF are added 624 mg (1.2 mmol) PyBOP and 0.61 mL N-ethyl-N,N-
10 diisopropylamine and the reaction mixture is stirred overnight at room temperature. After
evaporation of the solvent the residue is chromatographed on silica gel using an ethyl ace-
tate/ethanol gradient. The product containing fractions are collected and recrystallized from
ethyl acetate.
Yield: 165 mg (32.4 %).
15
Elemental analysis:
calcd.: C58.95 H4.95 Br 15.69 N 11.00
found: C58.32 H5.09 Br 15.11 N 10.73
The compound has a purity >95% according to HPLC and is suitable as a precursor for the
20 F-18 labelling.

b) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-2-fluoro-isonicotinamide

(o]
~ T
N/
Q %
N O
A
-
25

To a solution of 141 mg (1 mmol) of 2-fluoro-4-pyridinecarboxylic acid (Aldrich) and 398 mg
(1.1 mmol) of 2-[4-(4-benzyloxyphenyl)-piperazin-1-yl]-2-oxoethyl-ammonium chloride (10b)
in 20 mL DMF are added 624 mg (1.2 mmol) PyBOP and 0.61 mL N-ethyl-N,N-

diisopropylamine and the reaction mixture is stirred overnight at room temperature. After
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evaporation of the solvent the residue is chromatographed on silica gel using an ethy! ace-
tate/ethanol gradient.
Yield: 326 mg (72.7 %).

Elemental analysis:
calcd.: C66.95 H5.62 F 4.24 N 12.49
found: C66.58 H 5.81 F 4.03 N 12.68

c) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl}-2-oxo-ethyl}-2-[F-18]-fluoro-isonicotinamide

Aqueous ['®F]Fluoride (4,9 GBq) was trapped on a QMA cartridge (Waters, Sep Pak Light
QMA Part.No.: WAT023525 ) and eluted with 5mg K3, in 0,95mlI MeCN +1mg K,CO; in 50pl
water into a Wheaton vial (5ml). The solvent was removed by heating at 120°C for 10 min
under a stream of nitrogen. Anhydrous MeCN (1 ml) was added and evaporated as before.
A solution of precursor 11a (5 mg) in 700 pl anhydrous DMSO was added. After heating at
180°C for 30 min the crude reaction mixture was diluted with water to a total volume of 5mL
and purified by preparative HPLC: ACE 5-C18-HL 250mmx10mm, Advanced Chromatogra-
phy Technologies; Cat.No.: ACE 321-2510; isocratic, 35% acetonitrile in 0.1% trifluoroacetic
acid, flow: 4 ml/min; tg=18min. The collected HPLC fraction was diluted with 40ml water and
immobilized on a Sep-Pak light C18 cartridge (Waters, WAT023501), which was washed with
5mi water and eluted with 1ml ethanol to deliver 1293 MBq of the product (44%, corrected
for decay) which was characterized and reconfirmed by co-injection with the non-radioactive
F-19 fluoro standard using analytical HPLC: Agilent ZORBAX 300SB-C18 50*4.6 mm ; 5 ym
Agilent; PN 880995-902, A): Water + 0,1% TFA, B): MeCN + 0,1% TFA, 0 to 10 min, 35% B;
10 to 10:30 min, 35% B to 100%B; 1mL/min, (tg=7.5min), RCP: >99 %(HPLC).

op
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a) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-2-bromo-nicotinamide

To a solution of 202 mg (1 mmol) of 2-bromo-nicotinic acid (Aldrich) and 398 mg (1.1 mmol)

of 2-[4-(4-benzyloxyphenyl)-piperazin-1-yl]-2-oxoethyl-ammonium chloride (10b) in 20 mL

DMF are added 624 mg (1.2 mmol) PyBOP and 0.61 mL N-ethyl-N,N-diisopropylamine and
10 the reaction mixture is stirred overnight at room temperature. After evaporation of the solvent

the residue is chromatographed on silica gel using an ethyl acetate/ethanol gradient.

Yield: 210 mg (41.2 %).

Elemental analysis:
15 caled.:C58.95 HA4.95 Br 15.69 N 11.00
found: C59.11 H4.75 Br 15.39 N 11.03
The compound has a purity >95% according to HPLC and is suitable as a precursor for the
F-18 labelling.

20
b) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-2-fluoro-nicotinamide

To a solution of 141 mg (1 mmol) of 2-fluoro-nicotinic acid (Aldrich) and 398 mg (1.1 mmol)
25  of 2-[4-(4-benzyloxyphenyl)-piperazin-1-yl]-2-oxoethyl-ammonium chloride (10b) in 20 mL
DMF are added 624 mg (1.2 mmol) PyBOP and 0.61 mL N-ethyl-N,N-diisopropylamine and
the reaction mixture is stirred overnight at room temperature. After evaporation of the solvent

the residue is chromatographed on silica gel using an ethyl acetate/ethanol gradient.
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Yield: 326 mg (72.7 %).

Elemental analysis:
calcd.: C66.95 H5.62 F 4.24 N 12.49
5 found: C66.71 HS5.79 F 3.88 N 12.30

¢) N-{2-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl}-2-[F-18]-fluoro-nicotinamide

(o]
s

0 ,—‘(N‘)

N O
/g
=N

10
Aqueous ['®F]Fluoride (7 GBq) was trapped on a QMA cartridge (Waters, Sep Pak Light
QMA Part.No.: WAT023525 ) and eluted with 5mg K;,2in 0,95mlI MeCN +1mg K,CO; in 50yl
water into a Wheaton vial (5ml). The solvent was removed by heating at 120°C for 10 min
under a stream of nitrogen. Anhydrous MeCN (1 ml) was added and evaporated as before.
15 A solution of precursor 12a (5 mg) in 700 pl anhydrous DMSO was added. After heating at
180°C for 30 min the crude reaction mixture was diluted with water to a total volume of 5mL
and purified by preparative HPLC: ACE 5-C18-HL 250mmx10mm, Advanced Chromatogra-
phy Technologies; Cat.No.: ACE 321-2510; isocratic, 35% acetonitrile in 0.1% trifluoroacetic
acid, flow: 4 ml/min; tz=19min. The collected HPLC fraction was diluted with 40ml water and
20 immobilized on a Sep-Pak light C18 cartridge (Waters, WAT023501), which was washed with
5ml water and eluted with 1ml ethanol to deliver 2015 MBq of the product (49%, corrected
for decay) which was characterized and reconfirmed by co-injection with the non-radioactive
F-19 fluoro standard using analytical HPLC: Agilent ZORBAX 300SB-C18 50*4.6 mm ; 5 pm
Agilent; PN 880995-902, A): Water + 0,1% TFA, B): MeCN + 0,1% TFA, 0 to 10 min, 35% B;
25 10 to 10:30 min, 35% B to 100%B; 1mL/min, (tg=7.8min), RCP: >99 %(HPLC).
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Example 13: Biological data

a) Methods

Binding studies using human brain homogenate

A competition assay with a tritiated amyloid ligand was performed in 96-well plates (Greiner
bio-one; Cat. 651201; Lot. 06260130) using brain homogenate from AD patients.
Homogenates were prepared by homogenizing (Ultra-Turrax, setting 2, 30.s, 24000 rpm)
dissected frontal cortex containing grey matter and white matter from AD patients in phos-
phate buffered saline (PBS, pH 7.4). The homogenate with a concentration of 100 mg wet
tissue/ml was divided into aliquots of 300 pl and stored at -80°C.

Varying concentrations of the unlabeled test substances were incubated with 100 pg/ml ho-
mogenate and 10 nM of the tritiated ligand in PBS, 0.1% BSA (final volume 200 pl) for 3 h at
room temperature. Subsequently the binding mixture was filtered through Whatman GF/B fil-
ters (wetted with PBS, 0.1% BSA) using a Filtermate 196 harvester (Packard). Filters were
then washed twice with PBS, 0.1%BSA and 40 pl scintillator was added to each well before
the bound radioactivity was measured in a TopCount devise (Perkin Elmer). Non-specific
binding was assessed by adding an access of 1000x of the tritiated ligand to the reaction
mixture. Finally IC50 values were calculated with the help of appropriate analysis software.

Autoradiographical analysis

Fresh frozen as well as paraffin embedded sections of the frontal lobe from Alzheimer’'s de-
mentia patients, frontotemporal dementia patients and age matched controls were used for
the study.

Frozen sections, sliced at 18 um thickness on a cryostate (Leica, Germany) and paraffin sec-
tions, sliced on a sliding microtom (Leica) at a thickness of 6 pym, were mounted onto glass
slides (Superfrost Plus, Fa.Menzel, Braunschweig Germany). Frozen sections were allowed
to adhere to the slides for several nights at -20°C. The paraffin sections were deparaffinized
using routine histological methods. For binding studies sections were incubated with the F-18
labeled test compound at 10 Bq/ul diluted in 25mM Hepes buffer, pH 7.4, 0,1% (BSA) (200-
300 pl/slide) for 1,5 hour at room temperature in a humidified chamber. For blocking experi-
ments a 1000-fold access of the unlabeled test substance was added to the incubation mix-
ture. After hybridization, sections were washed four times with Hepes buffer, 0.1% BSA (or
alternatively two times with 40% ethanol) and finally dipped two times into dest. water for 10

C- -
N-
CD
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sec. The air-dried sections were exposed to imaging plates and signals were detected by a
phosphoimager device (Fuji BAS5000).

Biodistribution

Biodistribution and excretion studies were performed in male NMRI mice (body weight app.
30 g; 3 animals per time point). The animals were kept under normal laboratory conditions at
a temperature of 22 £ 2°C and a dark/light rhythm of 12 hours. Food and water were pro-
vided ad libitium. During an acclimation period of at least 3 days before the beginning of the
study animals were clinically examined to ascertain the absence of abnormal clinical signs.
At 2, 5, 30, 60, 240 min post intravenous injection via the tail vein of ca. 150 kBq in 100 pl of
the test compound, urine and feces were quantitatively collected. At the same time points,
animals were sacrificed by decapitation and under isoflurane anaesthesia and the following
organs and tissues were removed for the determination of radioactivity using a gamma-
counter: spleen, liver, kidney, lung, femur, heart, brain, fat, thyroid, muscle, skin, blood, tail,
stomach (without content), testicle, intestine (with content), pancreas, adrenals, and the re-
maining body. For analysis the decay corrected percentage of the injected dose per tissue

weight (%ID/g + standard deviation) was calculated.
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Autoradiography

Fig. 1 shows the autoradiographical analysis of binding of 3g to cryosections from cortex of

5 Alzheimer’s disease patients (AD) and controls without AR plaques (HC/FTD) (healthy con-
trol/ frontotemporal dementia). Specific binding in plaque-rich regions of AD samples is indi-
cated by arrows.
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Autoradiography

Fig. 2 shows the autoradiographical analysis of binding of example 10e to cryosections from
5 cortex of Aizheimer’s disease patients (AD) and controls without AR plaques (HC/FTD)
(healthy control/ frontotemporal dementia). Specific binding in plaque-rich regions of AD

samples is indicated by arrows.
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Autoradiography

Fig. 3 shows the Autoradiographical analysis of binding of example 11c to cryosections from
5 cortex of Alzheimer’s disease patients (AD) and controls without AR plaques (HC/FTD)
(healthy control/ frontotemporal dementia). Specific binding in plaque-rich regions of AD

samples is indicated by arrows.
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Autoradiography

Fig. 4 shows the autoradiographical analysis of binding of example 12c to cryosections from
5 cortex of Alzheimer’'s disease patients (AD) and controls without AR plaques (HC/FTD)
(healthy control/ frontotemporal dementia). Specific binding in plaque-rich regions of AD

samples is indicated by arrows.

10 IC50 values of selected compounds

Fig. 5 shows IC50 values in [nM] of selected compounds measured in a competition assay

using brain homogenate from AD patients.
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| C50 V%W&S?ﬂsel ect ed conpounds

a) 5-Benzyloxy-2-bromo-pyridine

e

P
N

To a solution of 10.0 g (57.47 mmol) of 2-bromo-5-hydroxypyridine in 400 mL DMF was

added 14.75 g (86.21 mmol) of benzyl bromide and 23.82 g (172.4 mmol) of potassium car-

bonate. The mixture was stirred for 6 h at 60°C and overnight at room temperature. The sus-

pension was filtered off and after evaporation of the solvent the residue was chromatogra-
10  phed on silica gel using a dichloromethane/methanol gradient.

Yield: 14.82 g (96.7 %).

MS (ESlpos): m/z = 264, 266 [M+H]"
"H-NMR (300MHz, CHLOROFORM-d): & [ppm]= 5.10 (s, 2H), 7.16 (dd, 1H), 7.32 - 7.47 (m,
15 6H), 8.14 (d, 1H).

b) 1-(5-Benzyloxy-pyridin-2-yl)-piperazine

20
All glassware was dried at 100°C. To a solution of 5.27 g (61.22 mmol) of piperazine in 180
mL toluene was added 561 mg (0.61 mmol) of tris(dibenzylidene acetone) dipalladium(0) and
520 mg (0.83 mmol) of BINAP (2,2"-bis(diphenylphosphino)-1,1'-binaphthyl). Then, a solution
of 14.7 g (55.66 mmol) of 5-benzyloxy-2-bromo-pyridine (example 14a) in THF was added
25 followed by a suspension of 8.02 g (83.48 mmol) of sodium t-butylate in THF.
The reaction mixture was refluxed for 6 h and stirred at room temperature overnight. After
evaporation of the solvents the residue was chromatographed on silica gel using a dichloro-
methane/methanol gradient.
Yield: 7.12 g (47.0 %).
30
MS (ESlpos): m/z = 270 [M+H]"



Fig. 5 shows 1C50 values in [nM of selected conpounds neasured in a
conpetition assay using brain honbgenate from AD patients. WD

2010/ 028 WORCIWEPZO09/ 006406 75 Exanple 14 a) 5-Benzyl oRgTEPRISMOG4PS i di ne
5 To a solution of 10.0 g (57.47 mol7% of 2-brono-5-hydroxypyridine in 400
mL. DMF was added 14.75 g (86.21 muol ) of benzyl brom de and 23.82 g (172.4
mrol ) JH-NMRASOOMAIzC SHLAORDEORMAS: 5i [ppmi=e 2\8Ts- 3.07 r(nmediH)08.36 -h3.46 (B)@HyNd
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evapor %40 %‘F’P;éhrge?’ @wﬁgﬁﬂtﬁg {'g)si%e'pﬁgihgﬁ b ﬁ")10phed on silica
gel using a dichl oronet hane/ net hanol gradient. Yi eI d 14.82 g (96.7 (%9. M
(ESIpos): mz = 264, 266 [ MtH] 1H NVR (300MHz, CHLOROFORM ) :
6 [ppnm= 5.10 (s, 2H), 7.16 (dd, 1H), 7.32- 7.47 (m 156H), 8.14(d, 1H). b)
1- ( 5- Baztertebutyl 13-{4-{B-(beBzylbyy)pyrider-23l]pipera2in- Ayl}-2gixastwbcabavaatedr | ed at

100C. To a solution of 5.27 g (61.22 mml) of piperazine in 180 nL tol uene
was added 561 ng (0.61 mmD of tris(dibenzylidene acetone) dipalladi un{0)
and 520 ng (0.83 nmol L/@AP

(2,2 -bi s(di pheny hosphi no) -1, 1' - bi napht hyl ). Then, a solution of 14.7 g

(55. 66 of en%yl oxy-2-brono-pyridine (exanple 14a) in THF was added
25follo penS|on of 8.02 g (83.48 mol ) of sodiumt-butylate in
THE. The reacti n m xture was refluxed for 6 h and stirred at room
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(ddo 1Hhen77 29-g dof. 1-E5-BEMzyidAY-pyBdidR-(I9tpipkHzineSC4b) and 1BuhlY kriethyl amlne (129

(2- 1443, LB NE %08 PR S amathdne B AP wire adddd Sonts ' i 158" RRMTR: S the
temperature was kept below -10°C for another 15 min and was then allowed to reach room
temperature. After stirring overnight the solvent was evaporated and the residue was taken
up in ethyl acetate. This solution was washed successively with aqueous sodium carbonate,

15 water, 1 M aqueous HCI solution, saturated aqueous sodium chloride solution, finally dried

over magnesium sulfate and then evaporated. This residue was chromatographed on silica
gel using a hexane/ethyl acetate gradient.
Yield: 8.04 g (70.6 %).

20 MS (ESlpos): m/z = 427 [M+H]"
'H-NMR (300MHz, CHLOROFORM-d): & [ppm]= 1.46 (s, 9H), 3.36 - 3.45 (m, 2H), 3.51 (br.
s., 4H), 3.70 - 3.81 (m, 2H), 4.02 (d, 2H), 5.05 (s, 2H), 5.53 (br. s., 1H), 6.65 (d, 1H), 7.23
(dd, 1H), 7.30 - 7.48 (m, 5H), 8.00 (d, 1H).

25
d) N-(2-{4-[5-(benzyloxy)pyridin-2-yl}piperazin-1-yl}-2-oxoethyl)-2-fluoropyridine-4-
carboxamide

o

=
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4- 01N 10 To a solution of 4.63 g (26.43 mmol) t-Butoxycarbonyl-glycine
(Aldrich) in 500 nm. THE and 5 nL triethyl amne (35.87 nmml) at -15C 3.43
mL (26. 43Wonep10y028F6but yl chl orof ormat e were added dr opwPSEERAQIONEIG O] ut i on
was naintained at this tenperature fot7 another 15 min. 10 Then, 7.12 g of
1- (5- Benzyl oxy-pyridi n-2-yl)-pi perazine (14b) and 18 nL triethyl am ne (129
nmol ) 180 20018116 Thikrb6K i af hedrbauty t (2e{dd5{(Herikylowg)pgridinl@ed]piplecadin: 11y -2-bxaetind) d
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sol ventrowadempenaturat Be predipithte wasfiltned wisantlakaeshed pvithretbéhand driext att 40°CThi s
sol utian was washed successively wth agueous sodi um carbonate, 15 water, 1

M aqued’&ga‘f—‘ler sol ution, saturated aqueous sodium chloride solution, finally
dri 6d " ofield: TAgr(geantitatie). fTheeradict vhe msed aytbe atrtcste prwitisout durihebn @urification.

Soa e 8 LERIBEE) e 2wy BABIE VST B PN Y VR (oo et
CHL OROFRaRMisdiutiors of PP (. 2Bmisal) SH-flu@oPidine34-45rborylic2did (Adsdh)(dmd. 504,

6 bt Catd (ip8 i & pidtbuninde oleardd huoy? i ud by Sl yteltdell 7843mo (19

N- ( 2- { 4hiel) RYBOR @ny) RBO] rdLﬁ;J%thMl-Mﬂ-ra!éfcaﬂbpyldr}qiy\éiarm theo e¢dugibi) -rﬁixfdrel(waspylr i d
i -4- i, WO 2010/ 028776 EP2009/ 006406 77 8. 18. 76

of 0 SRE0 ARG atBnt TR0 Jhe RVapolto SIape v Jod rbiud wdl Ty
car banmatheorhdtdgraphed en silispgeidsthg an étbl acktakdletH@holignadierdt hyl et her and

stirred,.overni gh oomtenperature. The precipitate was filtered off and
V\/ashedqﬂglf’hgﬁrﬂgkﬂg%(%)dri ed at 40C in vacuo. 5Yield: 7.4 g (quantitative).

The product was used in the next step without further purification. M

(ESI pos). z = 327_ Ia a solution of 177 ng (1.25 nmmol) of '
2-fl uo?ﬁ%ﬁ%‘&?ﬂem -E[é%i&§vfc acid (Aldrich) and 501 ng (1.38 mol) of
hyd6oc HHaNMBRe(4poMplar BMSay)e di [ppral: Bi370bE sne2id), 3dtlietbr.784 2Ry 3.2 5 386(n),
PyBOP e\ i SQRr | ajm regct i ] re was
Thst 1 r B So2 o 507 . aufh OB A Ein o 633 G ofthr Bid Ehithen

t he resiljuRIs&s 1) &dBa(dgtypheod (tonHEi | i ca gel using an et hyl

acetate/ ethanol gradient. Yield: 315 ng (50.2 %9. MsS (ESIpos): mz = 449

[ MFH 151H NMR (400MHz, DMBO-d6): 6 [ppni= 3.37 (br. s., 2H), 3.44 (br. s.,
2H), 3.52 - 3.66 (m

20 e) N-(2-{4-[5-(benzyloxy)pyridin-2-yl]piperazin-1-yl}-2-oxoethyl)-2-bromopyridine-4-

A

carboxamide

es
@iﬁv

8.0 g (18.76 mmol) of tert-butyl (2-{4-[5-(benzyloxy)pyridin-2-yl]piperazin-1-yl}-2-oxoethyl)

carbamate (14c) were suspended in 160 mL 2N HCI in diethyl ether and stirred overnight at
25 room temperature. The precipitate was filtered off and washed with ether and dried at 40°C

in vacuo.

Yield: 7.4 g (quantitative). The product was used in the next step without further purification.

MS (ESlpos): m/z = 327 [M+H]"

To a solution of 1.01 g (5.01 mmol) of 2-bromopyridine-4-carboxylic acid (Aldrich) and 2.0 g
30  (5.51 mmol) of hydrochloride prepared above in 160 mL DMF were added 3.13 g (6.0 mmol)

PyBOP and 2.75 mL N-ethyl-N,N-diisopropylamine and the reaction mixture was stirred

overnight at room temperature. After evaporation of the solvent the residue was chroma-

tographed on silica gel using an ethyl acetate/ethanol gradient.

Yield: 739 mg (27.7 %).



4H), 4.22 (d, 2H), 5.07 (s, 2H), 6.83 (d, 1H), 7.27 - 7.47 (m 6H), 7.53
(s, 1H, 7.70 - 7.81 (m 1H, 7.95 (d, 1H, 8.39 (d, 1H, 9.01 (t, 1H).
20e) WO 2010/028776 PCT/EP2009/006406

N- (2- { 4] 5- (benzyl oxy) pyri di n-2-yl i pi p#r azi n- 1-y1} - 2- oxoet hyl ) - 2- br onopyri di
ne-4- carboxamde Lc= 8.0 g (18.76 mmol) of tert-butyl

(2-{4][5- (benzyl oxy) pyri di n-2-yl ] pi perazi n-1-y1l-2-oxoethyl) carbamate (14c)
were s i.n,16 +in diethyl ether and stirred overni ght at
25r oomﬁgﬁggﬁg?i}&g '%g%ﬁjcwﬁlt ate was filtered off and washed with ether
and dri'edNBIR (400MHz, DEIS@Rds) YD fipth]=2.72 &, 1) 288 tsat HY )40 T8d8 impaHy;t3.50s
used i nexy i f AN, ugd,fi i : zZ g 327
[ MH] 58 fn %k 428 2 gwg(s(é*fv%%r?n@r?“gfﬁg"fh?g%’%{??‘f*gﬁlh@? -cé'%&y i c
aci & (Addti) B)025edH), 8.5 (BO1HH9®6 (sntiil)) of hydrochl ori de prepared above in
160 nL DMF were added 3.13 g (6.0 mmol) PyBOP and 2. 75 niL

N-et hyl - N, N-di i sopropyl am ne and the reaction m xture was stirred overni ght
at roomtenperature. After evaporation of the solvent the residue was

Viera: b e et SR SR B Ts A B R o)

m z = 510carfbdgarhieH] 1H NVR (400MHz, DVBSO-d6): 6 [ppnl= 2.72 (s, 1H),
2.88 (s, 1H, 3.40 - 3.48 (m 2H), 3.51 - 3.64 (m 4H, 4.21 (d, 2H), 5.07
(s, 2H), 6.86 (d, 1H, 7 - 7.48 (m 6H), 7.81 (dd, 1H), 7.95 5(d, 1H),
8.02 (s, 1H), 8.56 (d, , 9.06 (s, 1H). f

[ 18F] N- (2-{445- (ben Xy) pyridi n-2-yl]pi perazin-1-yl}-2-oxoethyl)-2-fluoro
pyri di ne-4-, car de 10 Aqueous [ 18F] Fl uoride 38.7GBg was trapped on a
QVA car tx _dg¢ rs) and eluted with 2mL of a TBAOH solution (1.5nm MCN,
0.3 nmL R0 + 8pL TBACOH sol. (40% ) into the re- actor. The sol vent was
re%ved Hy heating at 120C for 10 mi n under a stream of nitrogen.

Aqueous ["®F]Fluoride 38.7GBq was trapped on a QMA cartridge (Waters) and eluted with
2mL of a TBAOH solution (1.5mL MeCN, 0.3 mL H,O + 8uL TBAOH sol. (40%)) into the re-
actor. The solvent was removed by heating at 120°C for 10 min under a stream of nitrogen.

15  Anhydrous MeCN (1 mL) was added and evaporated as before. A solution of precursor 14e
(5 mg) in 500 ul anhydrous DMSO was added. After heating at 180 °C for 20 min the crude
reaction mixture was diluted with 4 mL water/MeCN (50:50) and purified by preparative
HPLC: ACE 5-C18-HL 250mmx10mm; isocratic, 25% acetonitrile in water with 0.1%
trifluoroacetic acid, flow: 4 mL/min; tg~22 min. The collected HPLC fraction was diluted with

20  40mL water and immobilized on a Sep-Pak plus short tC18 cartridge (Waters), which was
washed with 5mL water and eluted with 1mL ethanol to deliver the 3.5 GBq of the F-18 la-
beled product (15.5 % rc. yield, corrected for decay; >96% HPLC) in 1000ul EtOH in a over-
all synthesis time of ~80 min. The desired F-18 labeled product 14f (tg=3.2 min) was ana-
lyzed using analytical HPLC: ACE3-C18 50 mm x 4,6 mm; solvent gradient: start 5 % ace-

25  tonitrile — 95 % acetonitrile in 0.1% trifluoroacetic acid in 7 min., flow: 2mL/min and confirmed
by co-injection with the corresponding non-radioactive F-19 fluoro-standard 14d on the ana-
Iytical HPLC (tg=3.1 min).

HPLC analysis is shown in Fig. 6 A and Fig. 6 B.
30



15 Anhydrous MeCN (1 nL) was added and evaporated as before. A solution of
precursor 1l4e (5 ng) in 500 pl anhydrous DMSO was added. After heating at
180 C forweQomwasi’he crude reaction m xture was dil ut ed PertER20D{416406

wat er/ MeCN (50: 50) and purified by pr@parative HPLC. ACE 5-Cl18-HL
250mmx10m isocratic, 25% acetonitrile in water with 0.1%trifl uoroacetic
acid, flow 4 nUmn; tR 22 mn. The collected HPLC fraction was dil uted
with 2 X%% Wﬁter and i nmmobilized on a Sep-Pak plus short tCl8 cartridge
(Waters PCR was washed with 5nL water and eluted with 1nL ethanol to
deliver the 3.5 GBg of the F- 18 Iabel ed product (15.5 %rc. yield,

corrected,f 1 H a overall synthesis tine
of -80 {Q%g&d‘é@bp@g yﬂ aarfg] édﬂg')g%’&ﬁy? ﬁ"lftgt(et R=3.2 mn) was anal yzed
usi Bg anal ytical HPLC. ACE3-Cl18 50 mmx 4,6 mm solvent gradient: start 5 %
ace- 25 tonitrile - 95 %acetonitrile in 0.1%trifluoroacetic acid in 7

mn., flow 2mJmn aﬂ@nfi rmed by co-injection with the correspondi ng
non- radl oactl ve ro-standard 14d on the analytical HPLC (tR=3.1

m n). C an |sshowninFig 6 Aand Fig. 6 B. WO
2010/ 02 P2009/ 006406 79 Exanple 15 a)
n

2-{4] 4- (Be ony)phenyl]p| perazin-1-y1l}-2-oxoet hyl acet ate 5 To a
solution of 1.42 (12 mmol ) acet oxyacetic acid (A dri in 300 nL THE and
7.5 nL "Eor?é"PM‘P“Q rﬂ@ q 512 mmﬁ!bmet@eyac@stamq ('?‘@"ﬁ’l‘_) 'pl@oz@tr?%ﬁﬁ pnd Job Oily |
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nmp) Ifhe%49 zedg (orhRbA Rk @r(@m%haampﬁénﬁ) pl?efaﬁlnéqgé)darﬁi Pyl nlt Rieti §m¢rﬁ-:| d

sol ution nper at ure was or another 15 m n and was

t hen a|(ﬂ%«ﬁerampa n 240 i Jbﬁq'@mfemfm@ (P ware addes SRV b iR gpie soion,

sol Ventthé‘@émﬁé’réﬂ% %\Ia@q(e%ﬂﬁelbhﬁ 1088 ifuEnNMAST 15 KAR aHB Was BehdiloRegttdtr8achlhi s
sol uti on was washed successively w th aqueous sodium car- 15 bonate, water,

1 M aqueensemesraigrutfierstiring ayefbight Higueh et ¥68i ayRPeTRiest arfbtheoregidug was

final | aklr @slirCtRyl d&wﬂ@smmauﬁérawas Enéd 8lcRYSPAY Hiththquibl$ sb@amtisR. Was
chr omat ogr aphed on silica usi.ng a hexane/ ethyl acetate gradient. Yield:

1. 15 g Ropstep wafer, DY agsieops §§>'ut'<m saturaigd aonrpys sadivguehlodds gplution, finally
g'"—m??:%Mdg%r n%gh@ﬂmrsuﬂ‘at%lar(osthea@vap&a@d (Th?s r%ébdﬁﬁlwﬁ'&hron%a@grédg{edélﬁ

H) ( (s, 2H)
7.29 - sﬁlcggetﬁlngﬂj\exaz%thyl acetate gradient.

144- (4- ﬁgazyhg@(zpbe@yl) pi perazin-1-yl] - 2- hydr oxy- et hanone HO 246 nygy
(0.67 mmol ) of the acetate 15a were solved in 40 nL of ethanol and cool ed

to OC. After addition of 2.1 nL 3N NaOH the solution was stirred for 1 h,

gl api aIngggppg?am/g \ggg (@¥dgd until the pH was bel ow pH 7 and the sol vents
wer e evaporat e Rpr oduct was 30cr3/st allized from et hano
"H-NMR (300MHz, CHLO OFORM-d): & [ppm]= 2.21 (s, 3H), 3.02 - 3.14 (m, 4H) '3.55 (br.

s., 2H), 3.78 (br. s., 2H), 4.78 (s, 2H), 5.03 (s, 2H), 6.83 - 7.00 (m, 4H), 7.29 - 7.48 (m, 5H).

25 b) 1-[4-(4-Benzyloxy-phenyl)-piperazin-1-yl]-2-hydroxy-ethanone

(\N /©/°v©
Aﬂ/\)

246 mg (0.67 mmol) of the acetate 15a were solved in 40 mL of ethanol and cooled to 0°C.

After addition of 2.1 mL 3N NaOH the solution was stirred for 1 h, glacial acetic acid was

added until the pH was below pH 7 and the solvents were evaporated. The raw product was
30  crystallized from ethanol.

Yield: 116 mg (52.7 %).



Yield: 116 ng (52.7 %. WO 2010/ 028776PCT/ EP2009/ 006406 80 Ms ( ESI pos):
mz = 327 [ MtH]| 1H NVR (300MHz, CHLOROFORMtd): 6 [ppn= 3.01 - 3.14
(m 4H), WO2v10/0287749 (m 2H), 3.63 (t, 1H), 3.78 - 3. 88PCHEP204p/006#0@2 (d,
2H), 5.04 (s, 2H), 6.83 - 7.00 (m 4H0, 7.29 - 7.49 5(m 5H). c)

2- {4[ 4- (benzyl oxy) phenyl ] pi per azi n- 1-y1} - 2- oxoet hyl

2-fluoropyridi ne-4-carboxylate 10To a solution of 28.2 ng (0.2 nmol)

2-fl uor Ldi ne i.c acid (Aldrich) in 5 nL THF and 29 uL
(m'crol'ﬁgi%%f’% Bf}ﬁyl 22’?‘%‘35(0.2 mol ) at -15C, 31.6 uL (0.22 mol)

i sobut y'H-NMRog300MHzp OHLGRE@FQRNeR): dr fppmi]s 8.¢ind 3t11ke(ns ciH)t BAT Wad49rta, riaH)j ned

T1a- (4 SRy THE A ifengl Fhobria? to 2 p a8 o0h 7 CPARINRAMIER9 2108 105

uL ®ri gmhgH).am ne (0.9 mml) in 5 nL THF/ di chl oronet hane 15 (1:1) were
added slowy to this cold solution, the tenperature was kept bel ow -10C for
another 15 mn and was then allowed to reach roomtenperature. After
stirring overnight the soI vent was evaporated and the residue was taken up

car bondie2 GaT treraiCraiibeSRal Tl P L AT B Rl s he SR Ly~

chloride solution, finally dgied over magnesi um sul fate and then
20evaporated. This residug chromat ographed on silica gel using a
hexane/ et hyl acetate diéent” Yield: 30 ng (33.4 %9. M5 (ESIpos): mz =
450 [ M+H| 21H—NMR\( , CHLOROFORMd): 6 [ppmi= 3.03 - 3.18 (m 4H),
. /zgl) .81 (br. s., 2H), 5.06 (d, 4H), 6.87 - 6.99 (m 4H),
: .‘47, m 7.55 -7.62 (m 1H), 7.83 (dt, 1H), 8.40 (d, 1H. W)
2010/ 0287]76PCT/ EP2009/ 006406 81 To a solution of 185.7 ng (0.92 mmol)
2- bronopyri di ne-4-carboxylic acid (Aldrich) in 25 nL THF and 0.2 nL
triggt hyto é‘@blﬁﬁ‘or( éf J&2 (0.2 %molﬂ-@-@uoﬁbﬁn@né‘h -datb O lidTHOH XAI'dﬁél’k)Uﬁ )5' mE Ml 0-

formate were ad dI’O W Sse ut i was malntalne

d
t enper Angr 29 %r(r@ﬁr_ohteg eyt aming (&2 e atzoth” ﬁ?g 3(165 gb (O Wn@ﬂl) |sobutyl

144- (4- &%@Mhﬁéﬂé%}@%héd ardw.s'ézamu freydlutién WdhanyaifddaneReembeRakuraier 0. 6
m. triet h¥ ani ne in 24 nL THF/ di chl oronet hane (1:1) were_ added

sl owl y anetheri1d . h§64 @é ?%rmg (%e m@ﬁﬁeqfawr@ %@y'reéwhwl)owe@é&w]r

anot herp a%xvléﬂaaﬂaﬂew@o)tdmm 28 dLoWRehyl 8m ih & RE THR/8iehlodniethane
stirring overni gde the sol vent was evapora ed and the residue was taken up

i n 18t hy(T:1d were padedripwiystg) this; ool M%t'om@WtE%Wé%gﬁﬂ’)eq%}OW}%CafﬁDéBUS

sodi Umcﬁﬁ’érbﬁ”'ﬁﬁr?ana\’@la@rtherl a%\ﬁéw&pké%chl%omlempb%res Abter ﬁirﬁﬁlgg @M@m trfe0di um
chloride solution, finally dried over 5?3@65' um sul fate and

evapor &8¢t vap seV?B%‘?IﬁS’ea%Q‘ecfﬁs!ﬂﬁ’&t‘M@ﬁ Bl ethyli acetaiel Tﬁ'§|§‘?{:}""§" was
hexane/\@dshyl sue8dsaivelydwAdiRlibous sodium carbonate, water, 1 M aqueous HCI solution,

saturated agueous sodium chloride solution, finally dried over magnesium sulfate and then

20 evaporated. This residue was chromatographed on silica gel using a hexane/ethyl acetate
gradient.
Yield: 30 mg (33.4 %).

MS (ESlpos): m/z = 450 [M+H]"

25 'H-NMR (400MHz, CHLOROFORM-d): & [ppm]= 3.03 - 3.18 (m, 4H), 3.61 (br. s., 2H), 3.81
(br. s., 2H), 5.06 (d, 4H), 6.87 - 6.99 (m, 4H), 7.29 - 7.47 (m, 5H), 7.55 - 7.62 (m, 1H), 7.83
(dt, 1H), 8.40 (d, 1H).

30 d) 2-{4-[4-(Benzyloxy)phenyl]piperazin-1-yl}-2-oxoethyl 2-bromopyridine-4-carboxylate



Yield: 145 ng (30.6 9%9. 15 M5 (ESIpos): mz = 510, 512 [MH 1H NWR
(400MHz, CHLOROFORMtd): 6 [ppm = 3.11 (d, 4H), 3.60 (br. s., 2H), 3.80 (br.
s., 2H), wWob1(d3774H), 6.86 - 6.99 (m 4H), 7.29- 7.48 PaI/ERR)09/07e480 (dd,
1H), 8.13 (s, 1H), 8.56 (d, 1H. 20 €81
[ 18F] - 2- { 444- (benzyl oxy) phenyl ] pi per azi n-1-y1} - 2- oxoet hyl
2-fl uoropyridi ne-4-carboxyl 25 Aqueous [ 18F] Fluoride 19 GBg was trapped
on a QWA cartridge ( d eluted with 2nL of a TBACH solution (1.5nL
MeCN, 0.3 nL H20 + 8 TBAOH sol. (40%) into the re- actor. The sol vent
was renoved]by h@Lng at 120C for 10 m n under a stream of nitrogen.

1 ) was added and evaporated as before. A solution of
(5 ng) in 500 pl anhydrous DMSO was added. After heating
at 180 CdHor 20 mn the crude W) 2010/ 028776PCT/ EP2009/ 006406 82 reaction

m xture_ was di |l uted V\nth4m_water/NECI\I(50 50) and puri X
pr epar at9 & golufipncef M7 ;19394 D%bmﬁ”q@&ci‘;ﬂp%}’ 'CQG% MPB N M- in

wat er WHfafy 8% Mltfﬁétﬁwemﬁ@u 84 sh&) al vac 4391/ uli (¥.01 Rt iBbBUtyl BhRbro-
coll ected HPLC fraction was diluted with 40nL water and i mobilized on a

Sep- PakomIate werp padeddpnwise awj(}ﬂe soltist w)as nginiainegeat tBis\igDRBERIYRTAr 8RL

wat gr  ayickred sitQH. Whih éﬁé R *I@@Ql wInﬁblﬁ%# '1V?E(4I§1#12902y-5ﬁ91ﬁ Lpigd ibér8zih- 11>8l] 2-
| abel ed product 15e orc. correc ecai 8% HPLC)
1000p1 fuamnweﬁhaaoa%](—_@v and Ot Il Gty afEine (4.5 gumeh i 24T TS PHarombsne

| abel eq4 ﬁg%?@édééﬁsléﬁlﬁrté this TEoIY) sotdton2 iR terffdratiie WagtRébteldiml1d-Elibr an-

ACE3- C18 solvent gradient: start 5 %acetonitrile -
acet oniather| ® mip é”dL%aﬁ ihen glipwset tor feach dpem; tamperstyre. AﬂﬁoW"‘MY’?ﬁ‘Whhmﬂ? con-

10f i r medat fas ieVhssrhicdnand iHe .telgejugqx/ésemeﬁdjpnﬂ SBN- S0 aThi5 \&RIUtioA Was
fI uoro-standard 15c on the analytical HPLC (tR=4.2 m n). HPLC anal yses are

hd@n iwasheg sugcessiygly withy aquequs sqdjumocarBongie, wgler, 1 M aqueous HCI solution,
2010/ 0231uFRE HqEEE OB HXA4PRorRR Joraidh! ndlf dried over magnesium sulfate and then

evaporated. This residue was chromatographed on silica gel using a hexane/ethyl acetate

gradient.
Yield: 145 mg (30.6 %).

15
MS (ESlpos): m/z = 510, 512 [M+H]"
'H-NMR (400MHz, CHLOROFORM-d): & [ppm]= 3.11 (d, 4H), 3.60 (br. s., 2H), 3.80 (br. s.,
2H), 5.05 (d, 4H), 6.86 - 6.99 (m, 4H), 7.29 - 7.48 (m, 5H), 7.89 (dd, 1H), 8.13 (s, 1H), 8.56
(d, 1H).
20
e) ['®F]-2-{4-[4-(benzyloxy)phenyl]piperazin-1-yl}-2-oxoethyl 2-fluoropyridine-4-carboxylate
OUQ
N
Qﬁo/\n,N\)
Ny o}
18F
25

Aqueous ['®F]Fluoride 19 GBq was trapped on a QMA cartridge (Waters) and eluted with
2mL of a TBAOH solution (1.5mL MeCN, 0.3 mL H,O + 8uL TBAOH sol. (40%)) into the re-
actor. The solvent was removed by heating at 120°C for 10 min under a stream of nitrogen.
Anhydrous MeCN (1 mL) was added and evaporated as before. A solution of precursor 15d
30 (5 mg)in 500 ul anhydrous DMSO was added. After heating at 180 °C for 20 min the crude



a)

2- Fl uor o- N-{244- ( 4- hydr oxyphenyppi per azi n- 1-y1] - 2- oxoet hyl } pyri di ne-4- car bo
xam de OWO 2010/a2877¢0 a sol ution of 280 ng (0.62 nmol) ofCT/EP2009/006406

N-{244- (4- Benzyl oxy- phenyl ) - pi perazi r821-y1J- 2- oxoet hyl }-2-fl uoro-i soni cotin
amde (11b) in 70 nL of nethanol was added 100 ng of palladiumon activated
car bon rea&tidn midureheas dityted switn 4wt wafer/MedNu(BEE0 )hyok pgeafiedbyosppaative

one Tt AR LEERE T SEh bt RobARE, bt sEBnlii (L SARLF RO
nme>z<t :sg(emo[ml\zdwutfcfguﬂbmm numirt; itg-24i mim. Thie ebliectdd’BPhG f(eofioBWas dibtedb&tpos) :
€ 4 NG WEl: ahdhmaniized 0 3 Sseeal PHEIRT AP S2Rtgs, (Walsrs) aisp wes

bensoatwashed Witha5rab lwatéroandoéluted. Withrgm{ Getdahainte bigliviee 002 @Bq f ithe £ 8nth- THF

ol or oftiect Brociel 158 2, %4 6 ity Eavdtied faredeim, 9ash WEe ki ool MBI R

t enper adsvera&l sfymthafsoiﬁrherof HB0min. Theetesirdd G-18)lab8led /praductrie) (t:e4. 2 ramiphas 16a,

BT o canebeaasingrenavial el bL RERREGRE sy 346 RS dobfet Sehliintostart .26

t errper aédetcmltwas- Bs}% ababmmle G 1Potriflaobbetic ddd m T nand flows2mb/edin ahd@ond t o

960, ARG o B i B AU AL S

successthdehalymal RPagUeedY mdi um car bonate, water, 1 M aqueous 25 HCI

sol ution, saturated aqueous sodi um chl ori de sol uti on, finally dried over
magnesi um sul fate and then evaporated. This residue was chromat ographed on
si | i ca WgrLC usalpsesaarbekaneireFigy? Acaet Rige7 Bradient. Yield: 23 nmg (9.5 %. WO
2010/ 028776PCT/ EP2009/ 006406 84 M5 (ESIpos): mz = 463 [ MtH 1H NWR
(400VHz, DVsO-d6): 6 [pprr]= 3.15 (br. s., 2H), 3.22 (br. s., 2H), 3.66
(b5 s., 4H, 4.24 (d, 2H, 7.00 - 7.11 (m 2H), 7.11 - 7.21 (m 2H), 7.50
- 7.66 (m 3H, 7.68 - 7.82 (m 2H), 8.12 (d, 2H), 8.41 (d, 1H), 9.03 (t,
1H). c) tert-butyl

{244- (4- hydr oxyphenyl ) pi per azi n- 1-y1] - 2- oxoet hyl } car bamat e

20

25

30

35



To a solution of 2.5 g (5.88 nmol) of

{244- (4- Benzyl oxy- phenyl) - pi perazi n-1-y1] - 2- oxo-ethyly 10carbam c acid
tert - but YWOe8t04287760a) in 100 nL of nethanol was added PCH/EPRO09ADI48€i um on
ac- tivated carbon (10% and the susp®nsion was stirred under hydrogen

at nosphere overnight at roomtenperature. It was then filtered off fromthe
cat al yst and the solution was evaporated in vacuo. The product was used in
t he ne:]% g githout further purification. Yield: 1.92 g (95.9%. 15M5
(ESI po 336 [ M+H d)

2- Br ono- N-{244 (4- hydr oxyphenyl ) pi perazi n- 1-y1] - 2- oxoet hyl } pyri di ne- 4- car bo
xam de

(oan’ ( Do m—&ﬁ%ﬂ?mvs@?ﬁ%wipwfzzn-ﬂx@-émﬂ%%% PR ¢
suspended in 60 2N HC in diethyl ether and stirred overnight at room

t enper at ur e. The pre fate was filtered off and washed with ether and
dried at 40Gin v ield: 1.8 g (quantitative). The product was used in
t he next gtﬁi&)mf t “furt her purification. 25To a solution of 338 ny (1.67
mol ) of ~2zbro 4-pyri di necarboxylic acid (Alfa) and 500 ng (1.84 nmol) of
t he _hydr ochl ori de prepared above in 60 nL DVF were added 1.045 g (2 mmol)

PyB@D and 2.86 nL (16.73 mmol) of N-ethyl-N Ndiisopropylamne and the
react i oro aisetutioe oh@80 sbg (0.62 nawel) of dN{2-[t(4rBemayloryrpherat )piperazintieyl]-2-oxo-

st ng ahEERfiobiSriRugue el FErFHE, SiRaRATREREARETS B8 S pdiEEE, g
vvere cain ecitvadadamtbom(ﬂ&%i) andi the dsuspensier twds aﬁreﬁdaUBderYinmragereatmmh(am 5

- é%ﬂ;@{@??ﬁ%ﬁ@ f;’?{ e fhah gt @#?@HR& k%aWséarid]ﬂ-nge dﬁouﬁf?h)\ié\é*

(sn02 H)evaﬁorﬂafed—m Ya@p. (The pPdduct a2 0sed . tHe néxh st@Hyithait ABthed durifidejion.6. 43 -

6.50( .98 (m 1H). 5 e)
4- (4-{ g’ Sﬁﬁggyﬁ’/ i n-4- yI ) car bonyl ] gl ycyl | pi perazi n-1-yl ) phenyl

benzoatMS (ESlpos): m/z = 359 [M+H]"

15 b) 4-(4-{N-[(2-fluoropyridin-4-yl)carbonyl]glycyl}piperazin-1-yl)phenyl benzoate

@WQO v

To a solution of 57.9 mg (0.47 mmol) benzoic acid in 10 mL THF and 90 uL (0.65 mmol)
triethyl amine at —15°C, 62.06 uL (0.47 mmol) isobuty! chloroformate were added dropwise
and the solution was maintained at this temperature for another 15 min. Then, 170 mg (0.47
20  mmol) of example 16a, prepared above, and 0.4 mL triethyl amine (2.87 mmol) in 20 mL
THF/dichloromethane (1:1) were added slowly to this cold solution, the temperature was kept
below -10°C for another 15 min and was then allowed to reach room temperature. After stir-
ring overnight the solvent was evaporated and the residue was taken up in ethyl acetate.
This solution was washed successively with agueous sodium carbonate, water, 1 M aqueous
25 HCI solution, saturated aqueous sodium chloride solution, finally dried over magnesium sul-
fate and then evaporated. This residue was chromatographed on silica gel using a hex-
ane/ethyl acetate gradient.
Yield: 23 mg (9.5 %).



To a solution of 218 ng (0.52 mmwol) of

2- Brono- N-{2-[ 4- (4- hydr oxyphenyl ) pi perazi n-1-yl]-2- 10

oxoet hyl }\Or20tWn8774- car boxam de (16d) in 45 nL DVF wer e PAIGRA002046486 Ny
(1.04 mmol ) of 1.3-dicycl ohexyl carbddiimde and 20 ng of 4-di nethyl

am nopyridine (DVAP) and stirred for 40 mn at roomtenperature. Then, 127
ng (1. OMSKEBIppshin/bersai[p+alTi d wer e added and the reaction m xture was

R e g ey TS

gr adi emt.24 (&\2H)| @:002221 tgm( 8H),67.99) - NB (EESF)50 17 B6<nH BBY), BBB -[ M,

1H NWVR (40 .25 (br. s., 4H), 3.65 (br. s., 4H),
4.23 (05'41) %W% %5943%0 %BQR% 10 - 7.21 (m 2H), 7.53 - 7.65 (m
2H) 5 7.67 - 7.77 (m 1H), 7.83 (dd, 1H), 207.99 - 8.06 (m 1H), 8.06 - 8.17
(m 2H), 8.55 (d, 1H), 9.05 (t, 1H). f)

[ 18F] -4-(4-{N-[(2-fluoropyridin-4-yl)carbonyl]glycyl}piperazi n-1-yl)phenyl
benzoat® Iat-butpdadeys-hydrdkdhenvipiperainGBy]-esodthyjmaeshnaatea QVA cartri dge
(Waters) and eluted with 2rinL of a TBACH solution (1.5nm MeCN, 0.3 nmL H20
+ 8pL TBACH sok (40%)~i#to the reactor. The sol vent was renoved by heating
at 120C for 10 mnu a stream of nitrogen. Anhy- WO

2010/ 028{76RCT/ ER2 [\I/Q)QI 06406 86 drous MeCN (1 nlL) was added and evapor at ed
as bef ore. °A~§6I[m on of precursor 16e (5 ng) in 500 pl anhydrous DMSO was
added. After hedting at 180 C for 20 mn the crude reaction m xture was

ctart o oH 3eBRefBrL X d g b oo ek hEn o e AT SR RINE

7 f0n. ,carbamic abidZedtiputyl estdr (16a) inr 188dmbpf methanpkwas added t b of halladam espondi ng

non ra t 9 \f I =
ARG T PSRN b VRl b
250mm1a(txmpm|tsmoemtulre, ltmtaeetﬂﬂaneldrwff goinntheedatalystiand tbe Bobution fWascrvageet i c
aci d, le 17:
Bi ol oglﬂg%\g'@a?mﬂe pg)\éqlcg\g%%g%%f%t% ng t'@%&%{g@?ﬁ;ﬁgr EZME?@(SSWM and 15
wer e obtiaidne82g49888%9gri bed in 5 exanple 13. Fig. 8 shows the
aut,@r adi i.gp+0f Dbinding of 14f to cryosections from cortex
of t1%I zﬁglggreg'%gg?&s%ase ﬁ'g'tf' nts (AD) and healthy controls (HC). Specific
bi nding in plaque-rich regions of AD sanples is indicated by arrows. Fig. 9
shows shows 1050 values in [nM of selected conpounds neasured in a
conpetition assay using brain honbgenate from AD pati ents.
d) 2-Bromo-N-{2-[4-(4-hydroxyphenyl)piperazin-1-yl]-2-oxoethyl}pyridine-4-carboxamide

N@*W

20 1.8 g (5.37 mmol) of tert-butyl {2-[4-(4-hydroxyphenyl)piperazin-1-yl]-2-oxoethyl}carbamate

OH

(16c) were suspended in 60 mL 2N HCI in diethyl ether and stirred overnight at room tem-
perature. The precipitate was filtered off and washed with ether and dried at 40°C in vacuo.

Yield: 1.8 g (quantitative). The product was used in the next step without further purification.

25 To a solution of 338 mg (1.67 mmol) of 2-bromo-4-pyridinecarboxylic acid (Alfa) and 500 mg
(1.84 mmol) of the hydrochloride prepared above in 60 mL DMF were added 1.045 g (2
mmol) PyBOP and 2.86 mL (16.73 mmol) of N-ethyl-N,N-diisopropylamine and the reaction
mixture was stirred overnight at room temperature. After evaporation of the solvent the resi-
due was chromatographed on silica gel using an ethyl acetate/ethanol gradient. The product

30  containing fractions were collected and recrystallized from ethyl acetate.

Yield: 284 mg (40.5 %).



WO 2010/ 028776PCT/ EP2009/ 006406 88 61al% | timepoint 2 mn 5 mn 30 mn
60 nm | 240 mn CO0O O 0 000doo 1010 1.0'0 060 oOC/. OC_0. -0

000, -0 a wO20r0/m8tp CV CO (0 910 zO 0O 800 Cr) ',- CO VPCrLEpPAwWovoE@ns cr O-
v- CV 85

MS (ESIpos): m/z = 419, 421 [M+H]*
'"H-NMR (300MHz, METHANOL-d,): & [ppm]= 1.49 (dt, 4H), 2.17 (dt, 4H), 2.76 (s, 2H), 5.11 -
5.22 (m, 2H), 5.29 - 5.40 (m, 2H), 6.23 (dd, 1H), 6.43 - 6.50 (m, 1H), 6.89 - 6.98 (m, 1H).

e) 4-(4-{N-[(2-bromopyridin-4-yl)carbonyl]glycyl}piperazin-1-yl)phenyl benzoate

o

S i
To a solution of 218 mg (0.52 mmol) of 2-Bromo-N-{2-[4-(4-hydroxyphenyl)piperazin-1-yl]-2-
10  oxoethyl}pyridine-4-carboxamide (16d) in 45 mL DMF were added 214.56 mg (1.04 mmol) of
1.3-dicyclohexyl carbodiimide and 20 mg of 4-dimethyl aminopyridine (DMAP) and stirred for
40 min at room temperature. Then, 127 mg (1.04 mmol) of benzoic acid were added and the
reaction mixture was stirred for 3d at this temperature. The solvent was evaporated and the
residue was chromatographed on silica gel using a ethyl acetate / ethanol gradient.
15  Yield: 222 mg (81.6 %).

MS (ESIpos): m/z = 523, 525 [M+H]"

"H-NMR (400MHz, DMSO-d6): & [ppm]= 3.25 (br. s., 4H), 3.65 (br. s., 4H), 4.23 (d, 2H), 6.99

- 7.10 (m, 2H), 7.10 - 7.21 (m, 2H), 7.53 - 7.65 (m, 2H), 7.67 - 7.77 (m, 1H), 7.83 (dd, 1H),
20  7.99 - 8.06 (m, 1H), 8.06 - 8.17 (m, 2H), 8.55 (d, 1H), 9.05 (t, 1H).

f) [®F]-4-(4-{N-[(2-fluoropyridin-4-yl)carbonyl]glycyl}piperazin-1-yl)pheny! benzoate

25 18F

Aqueous ["®F]Fluoride 1 GBq was trapped on a QMA cartridge (Waters) and eluted with 2mL
of a TBAOH solution (1.5mL MeCN, 0.3 mL H,O + 8uL TBAOH sol. (40%)) into the reactor.
The solvent was removed by heating at 120°C for 10 min under a stream of nitrogen. Anhy-



6oCGWVI O0d-,-- ,-- r-- ,-- Lnocodc;, % .do; 6 1.000 8L"01.00
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% CV- 0 wWo20tw/a1665' 0 81;'0 EVO N. 86N. r-Cv L.C) 0 CVPCIAEP2009/006406
drous MeCN (1 mL) was added and evaporated as before. A solution of precursor 16e (5
mg) in 500 pl anhydrous DMSO was added. After heating at 180 °C for 20 min the crude re-
action mixture was analyzed using analytical HPLC: ACE3-C18 50 mm x 4,6 mm, solvent
gradient: start 5 % acetonitrile — 95 % acetonitrile in 0.1% trifluoroacetic acid in 7 min., flow:

5 2mbl/min and confirmed by co-injection with the corresponding non-radioactive F-19 fluoro-
standard 15¢ on the analytical HPLC (trg= 3.7 min). The crude product may be purified by
preparative HPLC: ACE 5-C18-HL 250mmx10mm; isocratic, 35% acetonitrile in water with
0.1% trifluoroacetic acid, flow: 4 mL/min.



1.- CO COC) dNO- 0 COCOCOOcr CO,- CV, ClDO0C) ,--ci c; d 6
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Example 17: Biological data

Biological data of compounds of examples 14 and 15 were obtained as described in
5 example 13.

Fig. 8 shows the autoradiographical analysis of binding of 14f to cryosections from cortex of
Alzheimer’s disease patients (AD) and healthy controls (HC). Specific binding in plaque-rich
regions of AD samples is indicated by arrows.

10
Fig. 9 shows shows IC50 values in [nM] of selected compounds measured in a competition

assay using brain homogenate from AD patients.
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Claims
5
1. A diagnostic composition comprising a compound of formula |
Y —Ar—B—N N—A—Ar—X—Ar"
Formula |
10

or a pharmaceutically acceptable salt or a prodrug thereof,

wherein

- 'Y is selected from the group consisting of:

15 F CI Br. 1. H 18F 19F 7GBr 123| 125] 11C 3H 13N 150.
a leaving group, tosyl, brosyl, nosyl, triflate, sulfonate, substituted sulfonate, mesy-
late, and nonaflate; and if directly bound to an aromatic C-atom iodonium-aryl I*-aryl,

trialkylammonium, preferred trimethylammonium, and NO,;

20 - Ar is selected from the group consisting of:
substituted or non-substituted mono-, bi- or tricyclic aromatic or heteroaromatic ring

systems;

- B is selected from the group consisting of:
25 direct bond, a branched or non-branched alkyl or alkylenchain comprised of 1-10 C-

atoms;

- A is selected from the group consisting of:
a direct bond, and CO-NH, CS-NH;
30
- Ar’ is selected from the group consisting of:
substituted or non-substitued mono-, or bi-cyclic aromatic or heteroaromatic ring sys-

tems;

35



i ver kidneys lung fenur heart "brain fat thyroid tail stomach
testicle intestine pancreas adrenals WD 2010/ 028776PCT/ EP2009/ 006406 89
Clainms 1.WO0HgM8E6i ¢ conposition conprising a conpoundPOi/EPRODEIG Y
-Ar-B-NN-A-Ar-X-Ar" Fornula | or a pHrmaceutically acceptable salt or a
prodrug thereof, wherein - Y is selected fromthe group consisting of: 15F,
a, Br, 1, HXit8electdHrond &érgrod2ddnsistidgbf: 11C, 3H, 13N, 150; a |eaving
group, tosyl, .br | . nosvl..triflate, sulfopate, bstituted sul fonate,
meay” 1 ate, AATFREG o S¥EstnAed of Briansi GG eBVEREI ot o at om

i odoniumaryl Itaryl, trialkylamonium preferredtrinethyl anmoni um andNO2;
20- Ar is selgcted frg&qrémhqhgroug consi sting of:

- Ar” is select group consisting of:
5 substituted or non-substituted mono-, or bi-cyclic aromatic or heteroaromatic ring sys-
tems.
2. The composition according to claim 1, wherein Y is '°F.
10 3. A compound of formula |
Y —Ar—B—N N—A—Ar'—X—Ar"
Formula |
15 or a pharmaceutically acceptable salt or a prodrug thereof,
wherein

- 'Y is selected from the group consisting of:
F CI Br I H 18F 19F 7SBr 123| 125| 11C 3H 13N 150.

20 a leaving group, tosyl, brosyl, nosyl, triflate, sulfonate, substituted sulfonate, mesy-
late, and nonaflate; and if directly bound to an aromatic C-atom iodonium-aryl I*-aryl,

trialkylammonium, preferred trimethylammonium, and NOg;

- Ar is selected from the group consisting of:
25 substituted or non-substituted mono-, bi- or tricyclic aromatic or heteroaromatic ring

systems;
- B is selected from the group consisting of:
direct bond, a branched or non-branched alkyl or alkylenchain comprised of 1-10 C-

30 atoms;

- A is selected from the group consisting of:
a direct bond, and CO-NH, CS-NH;

35 - Ar' is selected from the group consisting of:



substituted or non-substituted nono-, bi- or tricyclic aromatic or

het eroaromatic ring systens; - Bis selected fromthe group consisting of:
25di r ect worndio/astieanched or non-branched al kyl or al kylpem@radoa/oecnpri sed
of 1-10 G atons; - Ais selected froththe group consisting of: a direct

bond, and CONH, CS-NH, 30 - Ar' is selected fromthe group consisting of:
substi t ut ed sabstitoed Dubehisubstiiuetbmono-, @ beydly atomatir arrteteroar@matic ring sys-

het er oar omat, i c ring systenms; WO 2010/028776PCT/ EP2009/ 006406 90 - X is

sel ected frdfthe group consisting of: a direct bond or a substituted or
non-substituted Cl1-C3 al kyl chain; - Ar" is selected fromthe group
consisting of: 5substituted or non-substituted nono-, or bi-cyclic aromatic
or heteroaromatic ring sys- tenms. 2. The conposition according to claiml,
whebei n Y i s Xli8kseletfedIromn tengroumdoredfistihgrofiul a | Y- Ar- B- NN-A-Ar' - X- Ar”

Formul a | 15o0r. a, pharmace cceptabl e rodrug thereof,
wherein - 3 drestpeid dip ’F‘ﬁ’&:‘}f“??de " 6‘0%%8@#1'%" ﬁ-%algyl C%EP , Br, |, H 18F,
18F, 7813r, 1231 1251, 110 3H, 13N, 150; 20a | eavi ng group, tosyl brosyl ,

nosyl , tr|fI ;3 S substitut.ed syl fonate, mNeosy2-; late, and
nonaf | at e; E‘?Cfeéj (I"V BRIRHP 87N Bt i ¢ C at om i odoni um aryl

substltuted or non-substituted mono-, or bi-cyclic aromatic or heteroaromatic ring sys-

10 tems,

with the provisio that if A and/or B are direct bonds the directly bound residue Ar or Ar' is a

six ring membered aromatic system.

15 4. A compound of formula |
Y —Ar—B—N N—A—Ar=X—Ar"
Formula |
20 or a pharmaceutically acceptable salt or a prodrug thereof,
wherein

- 'Y is selected from the group consisting of:
F CI Br. | H 18F 19F 7GBr 123| 125| 11C 3H 13N 150.

25 a leaving group, tosyl, brosyl, nosyl, triflate, sulfonate, substituted sulfonate, mesy-
late, and nonaflate; and if directly bound to an aromatic C-atom iodonium-aryl I*-aryl,

trialkylammonium, preferred trimethylammonium, and NO,;
- Ar is selected from the group consisting of:

30 mono-, bi- or tricyclic aromatic or heteroaromatic ring systems substituted by one or
two alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents,

- B is selected from the group consisting of:



trial kyl ammoni um preferredtrimet hyl ammoniumand - Ar is selected fromthe
group consisting of: 25substituted or non-substituted nono-, bi- or
tricyclicwaromarByeor heteroaromatic ring systens; - B PSTEPR@S0@06r om t he
group consisting of: di r8ct bond, a branched or non-branched
al kyl or al kyl enchain conprised of 1-10 C30atons; - Ais selected fromthe
group consi slireoigbarfd, asbrdncehedt orlramebraachibdCikilldr alkyienkchain \WBmprised of 1-10 C-
2010/ 028776PCT/ EP2009/ 006406 91 substituted or non-substitued nono-, or

bi -cyclic ar 8% ¢ or heteroaromatic ri ng systens; 5- X is selected from
the group consisting of: a direct bond or a substituted or non-substituted
Cl- C3 al kyl chai n; r' 1§ selected.fromthe group consisting of:
substituted (ﬁ |sr§8l$pge§ggqnp ﬁlﬁ%rau%%%s_ls:tmgrof.bi -cyclic aromatic or

het &r oar omata direct bonds ped CD-dis CSANHD t he provisio that if A and/or B are
direct bonds the directly bound residue Ar or At' is a six ring nmenbered
aromati c system 15 4. A conpound of forrmula I /--\ Y -Ar-B-NN -A-Ar'-X-Ar"
Formul a | 200%r ia spleateddmenthecably cacsistipgahl e salt or a prod rug thereof,
wherein - Y is selected fromthe group consisting.,of: F. C., Br. .| H 18F,
loF, 788r, 1900 FALYCEROmatic of SriSrGargmals Bng 8ieg WIFdLae TBsY e osy!
nosyl, triflonkeor toudl dlkylatiRylesubliRyndsubstiuents faadetr alkorpsupstifuahis, araihwherein
noaﬁflate; amd i f di r.ectI.X ound to a romati g. C:ato iodonig.xm\argllb .
ItdPyl , € mono-, bi- or tricyclic aromatic or heteroaromatic Tring systems  are further substi-

tuted by electron withdrawing groups directly bound to an aromatic C-atom;

- X is selected from the group consisting of:
a direct bond or a substituted or non-substituted C4-C3 alkyl chain;
15
- Ar” is selected from the group consisting of:
substituted or non-substituted mono-, or bi-cyclic aromatic or heteroaromatic ring sys-

tems.
20 5. A compound according to claim 3 or 4, wherein

- the alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents of Ar, Ar' and Ar” are

selected from the group consisting of oxo or hydroxyl,

and wherein the alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents of Ar, Ar’
25 and Ar’ are interrupted by 1 — 5 oxygen atoms, preferably the subtituents are poly-

ethylenglycol-moieties,

and wherein further the alkyl, alkylen, alkynesubstituents and/or alkoxysubstituents of

Ar, Ar’ and Ar” comprise C;-Cs cycloalkyl moieties, and wherein the optional electron

withdrawing groups of Ar, Ar' and Ar” are selected from the group consisting of —CN
30 or CF;.

and wherein

- B is selected from the group consisting of direct bond, CONH-CH,CO, CO-

(CH,),CO, (CH.),CO, O(CHy),CO with n=1 to 10, (CH=CH)CO,

—
35 /_/_<O and O O.



trial kyl ammoni um preferredtrimet hyl ammoni um andNO2; Ar is selected from
the group consisting of: 30nmono-, bi- or tricyclic aromatic or

het er oar oWORIW/M28T1Tg systens substituted by one or two alPKYIEP2@&I0kyd4es,

al kynesubstituents and/or al koxysubst®$tuents, B is selected fromthe group
consisting of: WO 2010/ 028776PCT/ EP2009/ 006406 92 direct bond, a branched
or non-branched al kyl or al kyl enchain conprised of 1-10 C- atons;

- Ais select dhfromthe group consisting of: 5a direct bond, and CO NH,
CS-NH, - Ar@"f¥MEEcted fromthe group consisting of: nono-, or bi-cyclic
aromati c or - Xas eclectedfatri thergrogp sorsisting oilirexdh band; GOHs INHCOAHRY, CONHr t wo
al kyl, al kym_gfs %I b}g&ﬁfubsti tuents and/or al koxysubstituents and wherein
10t he nono-, ) ‘cyclic aromatic or heteroaromatic ring systens are
furfher substi- tuted by electron withdrawi ng groups directly bound to an

aromati.c C ato - X is gelected fromthe group consisting of: a direct
bond of- a Sg\bcgﬂp[olypgac%qralﬁg 9&'&‘15%? ?F[ﬁ’@’@e[f’?n@ al kyl chain; 15 - Ar" is
sel ect ed fr onr tsheelegtealfipom s grdlp rgnsi§tingsafbst i t ut ed or non-substi t ut ed

nmono-, or bi-cyclic.ar ti,c or hete ic rin ste 20 5.
conpound acB&p&ﬁ’Hﬁm{d?F'%y iiigyghe t' mbmhpﬁ?rﬁ’é %‘ﬂﬁ%’ﬂef‘y |ammen'§l, N-
al kynesubst alkykitloyl, aind/aikylpridgxysubst i tuents of Ar, Ar' and Ar" are

selected fromthe group consisting of oxo or hydroxyl, and wherein
t he al kyl, al kyl en, al kynesubstituents and/ or oxysubstituents of Ar, Ar’

25and Ar" are intePsupted by 1 - oxygen atoys/ preferably the subtituents
are poly- ethylen I%ol - noi etPe nd where+@ further the al kyl, alkyl en,
al K¥nesubst Muerit s~and/ or ﬂoxysu stituerts of
K O
/S

o o—/—O
~ ~

7T 8 4
. DR OO /3

N

NN
_C or

20 and wherein
- Ar' is selected from the group consisting of
propylpyrimidin-2-yl, ethoxyphenyl, (CH,CH,O)sphenyl, alkylphenyl, alkoxyphenyl, N-
alkylindolyl, phenyl, benzofuranyl, indolyl and alkylpyridyl;



Ar, Ar' and Ar"
opti onal

t he groupwoansv@esing of

conprise C3-C6 cycl oal kyl
el ectron withdraw ng groups of Ar,
- CN 30or

noi eti es,
Ar'

and wherein the
and Ar"

are selected from

CF3; and wherein -

B i CTaPe@9mac4hé om t he

group consisting of direct bond, CONMMCH2CO CO (CH2)2CO, (CHONCO 0( CH2) nCO
w t hn=1t 010, (CH=CH) CO, / 350 and -0 0; WD 2010/028776PCT/ EP2009/ 006406 93
and wher ei n and wrersiel ected from the group consisting of direct bond, OCH2,
NHCO, CHZO und according to clainms 3 - 5,
wher ei n ic'gg\l%ﬁeéeccgegddﬁ?mg}ﬁ 9rﬁgp§PBﬂf}'n§pﬁS| sting of propyl pyrinidin-2-yl,

et hoxyphenylp,he(myIHE-@hB@I Sphaphthyl, ahkmhtpylemd all @speotivp heteybgyldsathinelof.ndol yl ,
and al kyl pyridyl, 0--/-00 j--01/-11-

5 7. A compound, selected from the group consisting of
(o]
~ g

O\/O 0
N, N\) N
\/\/E: 1dle \/\)l/\/\
F =N F =N

N [e] fo) ,_«N\)
o 3g/h " No©
~ 9 o

N
o} /_(N\) (\NO
:—N o) o N
0 o]
/__/
or/"° 5bic dﬁ of
¢ F~°
o o
N (0]
(\NO (\NQ
o o
o 0
dfﬂ 7d d_/—\( 8d
F/© F/©

10



20and wherein Ar' is selected fromthe group consisting of
propyl pyrim di n-2-yl, ethoxyphenyl, (CH2CH20)3phenyl, al kyl phenyl,

al koxyphewgl201028%¢| i ndol yl , phenyl, benzofuranyl, |ndoP¢WNEWWWmmam

al kyl pyridyl; WO 2010/028776PCT/EP20§9/006406 94 and wherein - Ar" is

selected fromthe group consisting of phenyl, 1-phenyl,
1- napht hyl, 2-naphthyl, and all respective heterocyles t her eof . A
conpound, sel ected fromthe grou nsi sting of I/ifj
2010/ 028776PCT/ EP2009/ 006406 96 Qd/ e

o)
2010/ 028776PCT/ EP2009/ 006406 _Q9708. A conpo accordlng t aim7, wherein
F has the neani ng of 18F

g @iW“

0
(\NO QO
NS N/:)N
0 N/_(O & N,_(\o
o—< i
F/—J F CN
o) o
s O
/%N\/ (o) /—(\N



9. A compound according to claim3, 4, 5 or 6 containing a detectable

| abel , such as a radioactive nuclide or a fluorescent label. 5 10. A
conpound wocorodi2gryét o cl ai m 9, wherein the detectabl e | ZbEIEPR@IDBHNG 11. A
conmpound according to clains 3 - 10 & a di agnosti c conmpound. 10 12. A
conmpound according to clains 3- 7 as a nedicanent. 13. A conpound according
to claim8, 9, or 10 as a diagnostic conpound for a di sease ected from
the group consisting of Al zheiner's disease, a neurodegene?ﬁziie di sorder,
or an anyloidosis. 15 14. A conpound according to cIa|n112oas medi canment
for treating a disease selected fromthe group consisti of Al zheimer's

di sease, a neurodegenerative disorder, or an anylou?E% 2015. A net hod for
the preparation of a fluorisated conpound accordin claims 3 - 10 or a
conpound as defined by clgtzjl or 2 used in theytc osition of claim1 or

2, the nethod conprisipg geacting a suitabl recursor nolecule with a
fluorinating agent. 16, JA nethod for treatNog/or preventing a disorder
selected fromthe up consisting of 25Al gheiner's disease, a

neur odegeqer,a |yg§ sorder or an anyloidosis in a nmanmal, this nethod
conpri sﬁl seering a therapeutically effective anmount of g@nrrpound
according to clains 3 - 7 or 12 to said mammal . 17. Use of a coaﬂ
according to claims 3 - 7 or 12 in the treatnent of a di sease se- 30l ected
fromthe group consisting of Alzheiner's disease, a neurodegenerative

di sor- der, or an anyloidosis in a manmmal, wherein a therapeutically
effective anobunt of said conpound is adm nistered to said mammal . 18. A
met hod for diagnosing a disease in a mammal sel ected fromthe group

consSi sting 350f Al zheinmer's disease, a neurodegenerative disorder, or an
anyl oi dosis, this method conprising adm nistering to said manmal a conpound
according to claim8 to 11, or a conposition according to clains 1 or 2.

WO 2010/ 028776PCT/ EP2009/ 006406 98 19. The net hod of cl 18, this nethod
conprising inmagi ng of sai mral and detect- ing the-Yeging signal. 5
20. The met hod of cl ai m }8; ere said imaging i s @rmed using an i magi ng
nmet hod sel ected fro © group consisting of P T ECT, MR- spectroscopy,
and NR—toanraph
al ok
&=
7\ =N
\=
F 11blc 12blc.

10



21. A nmethod according to clains 18 - 20, wherein the effect of a therapy
Is nonitored. 10 22. A nethod for diagnosing or therapy nonitoring of a

di sease swpeotoadsTrsom t he group consi sting of Al zhei ner PETHIPI@QH8G406

neur odegener ati ve disorder, or an amA7oidosis in a manmmual, said nethod
conprising analyzing in vitro a sanple of said mammal, wherein said mammal
or samd.e haschmegoundragadrethgvto tchaira 7 ampeim e hae ¢ioy wieaging of £6cl ains 3 - 11 or
a conposition according to claim1 or 2. 23. The nmethod of claim 22,
wherein the sanple is cerebrospinal fluid. 24. A kit conmprising a
conpourgd acmocaihptguﬁcaccbaiingstoaclainﬂzl 415 or & wupeshihg ardeddctablaiabel, sugl®as a2 1 n
a seal ed vi al ording claim7, wherein. Fis

repl aced by d'?%cé\‘/?H@gl@reo%ﬁcfﬁﬁpescengggglA conmpound accor di ng to claim 25,

whebei n t he IeaV| ng group is sel ect ed fromthe ZSgroup COI’ISI sting of tosyl,

brosyl ,, .nosy, triflate, sul fo ubst tu mesy- | ate,
nonaf | atle: &%‘W‘?OL@P@&? P&pgt}&? ﬁreéf? wq?% t%’q%[ oni um aryl
Itaryl, trial kyl anmoni um tri met hyI anmoni um and NC2. 27. A met hod of

di 7 8 ti th
Socor r dapond T RUA ARG oE B 35 08 Haefhete ﬁﬁasuhﬂ%t?ﬁgca'gQ%t. ’

10 12. A compound according to claims 3 — 7 as a medicament.

13. A compound according to claim 8, 9, or 10 as a diagnostic compound for a disease
selected from the group consisting of Alzheimer’s disease, a neurodegenerative dis-
order, or an amyloidosis.

15

14. A compound according to claim 12 as a medicament for treating a disease selected

from the group consisting of Alzheimer’s disease, a neurodegenerative disorder, or an

amyloidosis.

20 15. A method for the preparation of a fluorinated compound according to claims 3 — 10 or
a compound as defined by claim 1 or 2 used in the composition of claim 1 or 2, the

method comprising reacting a suitable precursor molecule with a fluorinating agent.

16. A method for treating or preventing a disorder selected from the group consisting of
25 Alzheimer’s disease, a neurodegenerative disorder, or an amyloidosis in a mammal,
this method comprising administering a therapeutically effective amount of a com-

pound according to claims 3 — 7 or 12 to said mammal.

17.  Use of a compound according to claims 3 — 7 or 12 in the treatment of a disease se-
30 lected from the group consisting of Alzheimer's disease, a neurodegenerative disor-
der, or an amyloidosis in a mammal, wherein a therapeutically effective amount of

said compound is administered to said mammal.

18. A method for diagnosing a disease in a mammal selected from the group consisting
35 of Alzheimer’s disease, a neurodegenerative disorder, or an amyloidosis, this method
comprising administering to said mammal a compound according to claim 8 to 11, or

a composition according to claims 1 or 2.
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25.

26.

27.

WO 2010/028776 PCT/EP2009/006406

98

The method of claim 18, this method comprising imaging of said mammal and detect-
ing the imaging signal.

The method of claim 19, where said imaging is performed using an imaging method
selected from the group consisting of PET, SPECT, MR-spectroscopy, and MR-
tomography.

A method according to claims 18 — 20, wherein the effect of a therapy is monitored.

A method for diagnosing or therapy monitoring of a disease selected from the group
consisting of Alzheimer’s disease, a neurodegenerative disorder, or an amyloidosis in
a mammal, said method comprising analyzing in vitro a sample of said mammal,
wherein said mammal or sample has been treated with a compound according to

claims 3 — 11 or a composition according to claim 1 or 2.

The method of claim 22, wherein the sample is cerebrospinal fluid.

A kit comprising a compound according to claims 3 — 14 or a composition of claims 1

or 2 in a sealed vial.

A compound according claim 7, wherein F is replaced by a leaving group.

A compound according to claim 25, wherein the leaving group is selected from the
group consisting of tosyl, brosyl, nosyl, triflate, sulfonate, substituted sulfonate, mesy-
late, nonaflate; and if directly bound to an aromatic C-atom iodonium-aryl I*-aryl, trial-

kylammonium, trimethylammonium, and NO..

A method of preparing a compound according to claim 7 or 8, comprising reacting the

corresponding compound of claim 25 or 26 with a fluorinating agent.



