STI LBENE DERI VATI VES AND THEI R USE FOR BI NDI NG AND | MAG NG AMYLO D
PLAQUES Background of the Invention Field of the Invention [0001] This
invention relates to novel bioactive conpounds, nethods of diagnostic
i magi ng usi ng radi ol abel ed conpounds, and net hods of making

radi ol abel ed conmpounds. Background Art [0002] Al zhei ner's di sease (AD)
IS a progressive neurodegenerative disorder characterized b

cogni tive declSTHEBENED WHVMIN}D|H§E,IR&I§EFHQRIBINDH§G&nd

| anguage i nmpairment. PaNDIMAGINGAMMLOIDEILADBESI n sections
reveal s abundant senile plaques (SPs) conposed of arnyloid-13 (AO
pepti des and numerous neurofibrillarY tangle's (NFTs) formed by
filaments of highly phosphorylated tau proteins (for recent reviews
and additional citations see Gnsherg, S. D., et alL, "Ml ecular

Pat hol ogy of Al zheiner's Di j sorders,” in Cerebral
Cortex: Neurodegenerative aﬁﬁ 8@%@%@1 élnlagozls in Structure and
Function of Cerebral Cortex, Kl uwer Academ c/Plenum NY (1999), pp.
603- 654; Vogel sberg-Ragaglia, V., et at, "Cell Biology of Tau and

Oyt oskel et al Fiplt tfdholpyentional zhei mer' s Di sease,” Al zhei mer' s Di sease,
Li ppincot, WIllians & WI kins, Philadel phia, PA (1999), pp. 359-372).
[ 0003] At9U93] dosi sThis iavensagirelatss tohnovek thigactiea) compeudsametings #fi on of
vari ous inso s Ebr L] a: i ' [ tent. An
syl of d dopodipidRtc fhlEhy \8he RRAbARIRL Lihlhal #F KiRnils & ARLKEL

fol | oned by tddeldbeledichmpowdsbi nati on of aggregates and/ or anyl oi d
proteins. Formation and accunul ati on of aggregates of 13-anyloid (AP)

peptides in i re critical factors in the devel opnent and
progr essi on %Paf%&ﬁh?ug - [0004]In addition to the role of anyloid

deposi t $adngsy Al zhej £ s gl ' Lts has
beon shillt?) ' oF ohEGner (REASRAD) e BIBRROCE Ao Rl SHRRY <
syndrone, i dilopatdieed by mpehitne decimg) wicdersibleymemonpluss ydisosimythtiind

cardi onmyopat h systenm c _seni | e,anyl.gi dosi s | Qi al.yneyr opat hy,
ot ed tary cElLITENE G PR RPTHody Sraiefiey Btk e Jitige.
Scrapie, Cr et&vzileFﬁinddﬁﬁ@bilcﬁbﬁwqgwiwbmposeg (ifl amyloid-p (AB) peptide? .
Ger st anum St raussl er - Schei nker :syndr:o u ry _carcing t he
thyroid, |sol¥t BY HPYS a#ur%%?%wdg/aﬂ@s&ﬁ?{%amﬁw ﬁfag}?pis(ﬂfgﬁ W
di al ysi s pat pgipRorylafe@! the pRileiRP thér P8Lest felBws [23d-ABMbRAI ild8RRSEES 1N
muscl e wasting di sease, and |slets of Langerhans diabetes Type ||

i nsul i noma. (OBbEETRe X ¢ ¢, "Aolegydar Rpshadegyopf Adghetnal’s Jeisedseland 4140

and AL3142, BLfcTghalet 3R e Gy ORI ACNEENAS O DML Plfhe

precursor protein foundin senile aques and’ cerebrovastul ar "anyl oi d
deposits in Ahuypati ént Stritive, aNd, Ednctgbn off PexdralNaldriex ACKbhweSet

U S A 97:9299-930 200 ) venti ngd reversal of Al13 pl.aque
formation ar CB%W%P#E?@MQ(IgéﬁaPRTégS{EW °$eg§\f’e g%?%gagfl%eva}isg ‘Sel koe,
D., J. JAMA 28&! Bolszyl6fl Tak 200 QyroskétibePathblbgy ietAlatleimerd. Dibde,” Chem
41:6-9 (1998);  Skovraonslcy Tr ends. Phar nacolL

)., , SKovr on: , . D.M, and Lee, V.M,
Sci. 21: 161- 4Bheimstndyieass.obpanedlyi Vilkitmn g (Wallsins; s Puladelnhia, PA
mul tiple nut @@W?p_iﬁglﬁ%A precursor protein (APP), presenilin 1
(PS1) and presenifin 2 (P52) genes (G nsberg, S. D., et at,
" Mol eculli03Pat hol Amylosdosisl whai epadition Dihargicdzeth §Y RéE adcoumbatiay ¢ér s, "

i n Cerebral , [ Vs - el at. N

St uct ar e andn el HRRAD R0 Rs § L0 ARF GES ALEH, ARMSRT
(1999), pp. O6€pssibs4 forved dysthe rageiRpgmgl ofaamMoid @bteats, follcekd bBithé ogy of
Tau and Cyt ogkel et al, Pat hol in Al zheiner's D sease." Al.zheier's
D sease, Li pBFHEOESTTRISPa i SEroRA R G or MG AIAS, PRRREADS0 - pp.
359-372). accumulation of aggregates of P—amyloid (AB) peptides in the brain are

critical factors in the development and progression of AD.



[0007] While the exact nechani snms underlying Al) are not fully
understood, all pathogenic FAD nutations studied thus far increase
production of the nore anyl oi dogeni c 42-43 am no-acid | ong form of
the Ap peptide. Thus, at least in FAD, dysregulation of AD production
appears to be sufficient to induce a gascade of events leading to

neur odegener ati on. |ndeed, the anyloid cascade - 3 - hypot hesi s
suggests that formation of extracellular fibrillar Ap aggregates in
the brain nay be jvotal event in AD atho en S. (Sel koe . J
B of ogyOUSHT . any Robitiop et shaud BHE Ho AMbEHis diete: Do

Al zhei ner' s Pe&%@@eof aﬂaﬂ&@' ﬂgfosﬁs Da3edseh dhbRRI M Adisedids! isadis 380
W ki ns, Phil adel phia, PA (1999 D. J. Am

293-310; Sel koe, .
Med. Assoc. mnqmaxmwr, elﬁiéé'rl@rﬁ@e ighopathetigmyelgma ﬁéﬁ‘iyl‘l\}éd

Assoc. 283:1

Bi ophysi ca A@%%ﬂ %ug%oft Bg%l?ldG%élg%%T%pf{ggDS%eﬁcou%hg%mglﬁ%%| n
trying to i namploid phlgnmmﬂl}'f, ihered danst qemcaldlmtoerhaga:mﬂnmloldmmf
fibrillar APlnIhe brﬁun areScurrentk%:tgz?lﬂg Iua&lsd as tentlal
t her api es f oPORPS( SKBUFSHSKky, “B¥PFt  and®WEe" {fm F&ffds Pharmacol .
Sci. 21:161- G@l%tz(uﬁﬁlo.‘f’c}ausﬂ@ﬁﬁémk@ ,syxﬁiroraé,, n&ﬂmﬁﬂge c&%ﬁloﬂﬁ5oY4ﬁhe

(1999); Wl fe, Chem 91:6-9 Moore, C. L.
et at, J. NE@W‘E!#e[ﬁ?la‘&@a'QH’é@nglﬂﬁlQB{ ?’Gﬁwlob‘ﬁnr?d@ﬂ%‘d ”Mha}ym PERSRI ni ca

et Bi ophysi CaAGIa pbad ZnyelmSap.( thﬁwi-@r‘ niuscle BRBRAHRasganatl . J
Bi oL Chem 2/5:1673- 18 E?Z)11 413 M |es thévrlefug‘r:g ofﬂfgﬁtleragstanto

devel op | i gakslits oﬁk@g@bmmmws ﬂyp@llwuhnmal |l ar AP aggregat es. Since
extracel L yl_ar SPs cessi bl th a coul d be
used as +¢¢ EI o) nggﬁ&l HIRE0GPS fes O%C?g] 3}101& rpeggtz?g’[o&1 Vi [’sétfgll:&I Bt he
progressive gppshétheylicfepfiRsi derived diogs amﬁzlokDpﬁ'mﬂlsﬁn ptagﬂnemms inn
living patients 09] To th| S en i nter n ches
for devel opi ﬁ‘?ijll’gﬂqf-‘Fq yd cREsPERYEIcY, lajélyé‘b‘iﬁ?ﬂors’és ’I“‘S‘j ‘égﬁ%{}g 2

reported (AshbymMy Brocl Natl€icadl sci DS, ﬁ'%b9-9§043%190@§/ﬁﬂe1’9&§1}1 anh‘an

G, et at, ,1 Am Chem Soc. 118:4506-4507 (1996) nk, W E., et

at, Biol. Ps yokisak ofy 36:@ajpe (fogodipn aktihéing Wrggted age tegatmene far ghisoL

LI5S SR 430 o Wiy Sog 450 g, B 7 o

Synp. Radi oph&rdr rCheﬁheenM 91998} SkoSwmelen DM; Smd(1&97y M.| diremnizo, A
and Yankner, é\@e@ d. ScL U. S. A 91:12243-12247
(1994) : ZhenP”WmaC@% S%h?f!] 2 42: 2805- 2815 (1999)). The nost

attracti [6ReROP7 OaFBnﬂﬁl R@S(ﬂalmﬁs dauGHal By RRIRp1eGAkESEbnS M 1he ATprRarser ( CO)

and Congo red (CR the latter has been used for fluorescent

stai ni ng of %GlarﬁﬁPRFpﬁsﬁfhlllbés(? fbrandrareonibing (FS3beemes fQinghsBbYrn, T.
T., et at, m,, Bl;0t W,

Hi stochem g/kﬁfoc e{lr% é\? %%?3?%1%&%? %9)1%%%%8 -Dl'Elgﬁsée ?{r?ﬂ &lta%gn
const ant s ( KDjisokders,bim@enabyal GoftedsrNduradeg@ratiyguad digeselated CRanges, and
3' -brono- and 3 -iodo ivati 70 0] 250
Mt especti PG L unidngf Cordbral Corita RS fpaalie iy 200

Eadl oghar m h@wﬂ),,ppUlﬁpgﬁEfﬁl\/@hMeng “Toepa i, (\1?9:7)1) "CEhdmgloggprqmwuds
ave been shown to bind selectivel tjde ates
invitro as #e4(C EéFS“’% BﬁhP]oﬁérmAé fi@f&’& ﬁ%’ %?zgfe‘gieﬁs ngg‘faig ns
(Mathis, C  RippiRlot, AkillidQe wilifihd fphilaa&phlﬁmw&adpmb%m Chem,
Uppsal a, Sweden: 94-95 (1997)). [6010] There are séver al potentl al

benef i t J08F7]i g Nﬁllh(ﬁl@g’gicbg’l&@@élsﬁﬁ upaEhirsAR. arrmet fuklydindersteedhni que

will inprove XCess
AD pl aques i nﬁbj %ﬂggral n; ere%%%%?lggﬁ@gtfngh&ggse Pﬁ'{ghﬁmﬂ%f (fte]@cé op
Al zheiner's djrgmakgembmwmdmmcb-smd bengufosh uftl‘teoﬁlﬁrmwtlakr Thhe at least

Vel abre, i AREPRG SFBTARnA Ao PRk BR PR Y BT R R leBd: ol

cascade of events leading to neurodegeneration. Indeed, the amyloid cascade



- 5 - comonly used as dyes for staining the AP aggregates in the AD
brain (El haddaoui, A., et alL, Biospectroscopy /:351-356 (1995)).
100131A highly lipophilic tracer, [18F] FDDNP, for binding both
tangl es (mainly conposed of hyperphosphorylated tau protein) and
pl aques (containing AP protein aggreg%tes) has been reported.
(Shoghi-Jadid K, et al., AmJ Geriatr "Psychiatry. 2002; 10: 24- 35).
Usi ng positron-em ssion tonography (PET), it was reported that this
tracer specifically | abel ed deposits of plaques and tangles in nine
Al) patients h%@%%\/%ﬁg ar fomon fifjeseecs ulanBbrilvarAp msseatiesin
Neur ol . 2004 1i% BAS &%) be y?!v'%&l %véﬁ@‘iiﬁkD%ﬁ{o@@rfe@ﬂsf(tSﬂE&B‘b_ 99%;6%%, f
a e n o

procedure called the relative residence tire of rain regi
i nterest ver 9f8-amndoid Fecurser Pratein faéd shepMechanismass Akheiget's Disegbe,”

conpari son syfi ' quee : . ati.ve resi i me
was signifi c?yﬁﬁhﬁ%ﬁf\éﬁﬂeﬁgﬁ%&%@ﬁ@%{%@%?@Sr %hl}/aﬁ?lp Ié"rld‘ggf%lg;’cat ed
by an intrigepng933hei Bgkohad. FDDNPAreofee! efssasl tA83360% 1 SAI(IN0S;Or

binding to AR fibrils. i itr nd to AP i VO deppa ED,
et alL 2001; 55’%%%%5-%&’%’? Ay 3{6%1\13{??633513ﬁt@?y%sdég?%i%}ﬁg%%’)?f

[ 0014] | magi ngl PBiashtiniadk Bophisecaicad nsoaf17ADspeddoy)t s by using a

benzot hi He ani|ine derivative, [ C]6-0H BTA-1 (also referred to as
ci peB), | r ecent’ PYOYSAPBIRERES 1 Rring; 18 1rdubit ghe pypduction apd Pidaeethes .

2004; 10: 1469 2&hmuldiioli of fllaftAPLin thE B ' -£00.) .
Contrary to ?hat 'uobser ved for 18E]tFDDFNhIIDI,1 Nfeu%: g-nga%%ﬁlﬁ-%%%%%gsag
speci fi cal | yPet§ntal phempisy fapALh (SkaveonsPatPeM.sandi Lhe,dVadhioSeehdsi | d AD

shovea, s egusalent 0ol i) GO T, 0 0, ST O
group, [ "C}6(GORNAVAfe; M.Snter ah, Jadeed] Chane asseb (1998); Moord, TeD, kyali,n t he
tenporal - antt e e AR L oBh FidoR Mo Am BPekireom aTa 1
retention vvaﬁiopgysiimahaat1509:76[34p@t)b®flt£§m6ﬂ;1¢.,€86]&ﬁ{ah§0& subjeghs in
areas known e Je (Y naffected by anyl oid deposition (such
as subcorti ci??')e'vwﬁ #ef‘ﬁétllﬁa ?(203?8}?5,1t shteiire BEIterRgt . to devaden ligandsinot her

' 1C | abel ed ARt BpRIUBNY DilE fibAGarPARD i RE Sps:
[ 11C] SB13, has Eﬂéen st%di ed.1 In vi f?rgg%?%%%snghﬁcgieeﬁgg%ﬂl\ggfﬁ]gﬁ- 13

suggest s t hadcceHtble Bgst these newdigands celdl da wsdsi asdin miyo afidgnosticytoclnd

bi ndi ng can I O C P i corthcal  gray ter,
but not in the %rf?t%eésﬁ%tv !tsgrﬁlzgftﬁ%%% ggsgvse_ &F %ﬁ"g‘l Ri‘é’b l@tsngfe,soé n Res.
2004; 1025: 98anyisidogénesie inisgngpatientg. | ow specific binding in cortical
tissue enat . contral brains. The Kd yalues of [311]SB-13 in
AD cortica hormgzon%flse%n%n\ﬂé?vgraé }%‘Ef?gmﬁﬁppfﬂﬁcdﬁs g‘?rrijél"%ﬁplﬁébgeplfyb‘%nd
conpar abl e vajgugatevpecifiobigaidéadvd bdendopdrieal (ARBbWH,OF. €1 Ny 41, Ekm, AS
expected, in_ Al _g%l té@hl@lé)?iﬁgl} 13 di spl ayed_a hi gh accunul ation in
the frontal 8Ft 1('%}7}% (HAng F-aft M » dorftraiGhiensg Sac-nl (5861489t y of
AO pl aques) (19963 KthrikOWrades; at epAP Rl BAL $5.629 5% ched
cont rol subj(ect? (Verhoeff NP, et a?%h A,rHﬁtJ Ge;t?%gtlf?’lgsu@éﬁ\lgg%ig? 2004,
12: 584- 95) . ¢/o0¥esrehiohdging HE54s¥8u(1999); Kdunk, WV nBniarvadsiSvgey gohni que

for inmaging : [ j . bend ' in.a,patie
addition TtT A ofHARE b He1\05 636 Qb6 %@%%Z%ﬁ?éé-ﬁg{-» Pl 3 e
aggr egat i on $fnpaRyptiopkirpr Stheinn Jppeal,oSwedew94-65 1 BIRASirérzoaAd ad Net hod

for determ nin orngpoynd'’ bjli,ty . .ta_ inhihif amloi (otein
aggr egat i on%ﬁuﬁ%\aﬁyr‘}g’f‘y rtoﬁ'eﬁﬁ'tﬁv’%fﬁfii%cﬁ ?5@@%}’%@%%24&5‘0“%@@1 on
provi des novél, e alypbMedSCRm. #or804-2815! (1999)). and haP ddhdiie Jppesant

i nvention al .sg)a%rgow des di agnostic conpositions conprising a

r adi ol abel ed® SEnekly cpupgied chrysaming G (GG) 2rd Gongma utndcal |y
accept abl e Gagrh@dr Ris ggéélugggd. f([ro.ﬁ&.ﬁ.k%ﬁlg lf‘}tg“t dioggsr%uﬁ&%ﬂr Qui des a

nmet hod of 1 magi ng anyl oi epositis, rising

postmortem AD brain sections (Ashbum, T. T., et al., Chem. Biol. 3:351-358
(1996); Kilunk, W. E,, et al., J. Histochem. Cytochem. 37:1273-1281 (1989)).



[0019] The present invention also provides a method for inhibiting the
aggregation of anyloid proteins, the nmethod conprising adm nistering
to a mammal an anyloid inhibiting anount of a conpound Fornula |, I

or Il or a pharnaceutically acceptable salt, ester, am de, or
prodrug thereof. - 7 - [0020]A further aspect of this invention is
directed to nethods and internedi ates useful for synthesizing t he
anyloid inhibiting and i magi ng conpounds of Fornula I, or 11

descri bed herein. Brief Description OF The EI gur es 1002%%IF Gl
depicts ICl Bhﬁmhrtgtlmoast@mtwérg&r&fﬂ%é&ﬁ & agmeeys éﬁ% c

| nvention. - Deh @i 6dBes! 3 0bA0feRhuitdir LRy 2B YIS0, 180960 did 20fing St

aspect the present inventionis directed to compounds of Forrmula I:
or a phar nacespéatiablyfMatiis 6t dblee abafroc.o¥ilih it Swgpt Reskapdtrm lisrei n: R

wner i n o bt hag KRR, ifsompnnas tpye brafinoNpBind, o

and d is an kékagely tbeAprdesD) Ipapride dggregates in vitro asbwelhydtoofdyiilar AR

c. Cl4 al kox%eposus in AD bralndsectlgnsr(%%y &Clé} 3 k¥3t al., Proc. Xilth Intl. Symp.
Radiopharm. Chem., Uppsala, Sweden:94-95 (1997)).

[0010] There are several potential benefits of imaging AP aggregates in the
brain. The imaging technique will improve diagnosis by identifying potential
patients with excess Af plaques in the brain; therefore, they may be likely to
develop Alzheimer’s disease. It will also be useful to monitor the progression
of the disease. When anti-plaque drug treatments become available, imaging
AP plaques in the brain may provide an essential tool for momitoring
treatment. Thus, a simple, noninvasive method for detecting and quantitating
amyloid deposits in a patient has been eagerly sought. Presently, detection of
amyloid deposits involves histological analysis of biopsy or autopsy materials.
Both methods have drawbacks. For example, an autopsy can only be used for
a postmortem diagnosis.

[0011] The direct imaging of amyloid deposits in vivo is difficult, as the
deposits have many of the same physical properties (e.g., density and water
content) as normal tissues. Atftempts to image amyloid deposits using
magnetic resonance imaging (MRI) and computer-assisted tomography (CAT)
have been disappointing and have detected amyloid deposits only under
certain favorable conditions. In addition, efforts to label amyloid deposits with
antibodies, serum amyloid P protein, or other probe molecules have provided
some selectivity on the periphery of tissues, but have provided for poor
imaging of tissue interiors.

[0012] Potential ligands for detecting AP aggregates in the living brain must
cross the intact blood-brain barrier. Thus brain uptake can be improved by
using ligands with relatively smaller molecular size (compared to Congo Red)

and increased lipophilicity. Highly conjugated thioflavins (S and T) are



e. hal ogen, f. cyano, g. hydrogen,

h. nitro, . (C-C4)al kyl, j. Halo(Cl-C4)al kyl,

and k. fornyl - 8 - RLl' is selected fromthe group

consi sting of 1231, 1251, 1311, 18F, 76Br; a. b. hydrogen c.

18F(C1-4)al kyl, d. [18F(Cl-4)al kyl]am_ no, e. [18F(C -C4)al kyl]

al kyl ami no 118F(Cl-C4)al koxy R2 is sePected fromthe group consisting

of i.hydroxyl, Cl-4Al koxy, (Cl-C4)-allcyl oxoAl k(G -C4)oxy

(O C4) - al kyl oxo( Cl - C4) - al kyl oxo( Gi - C4) al koxy, (Cl - C4) - al kyI oxo(Cl - C4)
commonly used as dyes for staining the AP aggregates in the AD brain

(Ethaddaoui, A., et al., Biospectroscopy 1:351-356 (1995)).

j0013] A highly lipophilic tracer, ['*FJFDDNP, for binding both tangles
(mainly composed of hyperphosphorylated tau protein) and plaques
(containing AP protein aggregates) has been reported. (Shoghi-Jadid K, e.t al.,
Am J Geriatr Psychiatry. 2002;10:24-35).  Using positron-emission
tomography (PET), it was reported that this tracer specifically labeled deposits
of plaques and tangles in nine AD patients and seven comparison subjects.
(Nordberg A. Lancet Neurol. 2004;3:519-27). Using a novel pharmacokinetic
analysis procedure called the relative residence time of the brain region of
interest versus the pons, differences between AD patients and comparison
subjects were demonstrated. The relative residence time was significantly
higher in AD patients. This is further complicated by an intriguing finding
that FDDNP competes with some NSAIDs for binding to A fibrils in vitro
and to AP plaques ex vivo (Agdeppa ED, et al. 2001; Agdeppa ED, er al.,
Neuroscience. 2003;117:723-30).

[0014] Imagiilg B-amyloid in the brain of AD patients by using a
benzothiazole aniline derivative, [''C]6-OH-BTA-1 (also referred to as
['CIPIB), was recently reported. (Mathis CA, et al., Curr Pharm Des.
2004;10:1469-92; Mathis CA, et al, Arch. Neurol. 2005, 62:196-200.).
Contrary to that observed for ['*FJFDDNP, [''C]6-OH-BTA-1 binds
specifically to fibrillar AR in vivo. Patients with diagnosed mild AD showed
marked retention of [}'C]6-OH-BTA-1 in the cortex, known to contain large
amounts of amyloid deposits in AD. In the AD patient group, *'c16-OH-
BTA-I1 retention was increased most prominently in the frontal cortex. Large
increases also were observed in parietal, temporal, and occipital cortices and
in the striatum. {''C]6-OH-BTA-1 retention was equivalent in AD patients and
comparison subjects in areas known to be relatively unaffected by amyloid
deposition (such as subcortical white matter, pons, and cerebellum). Recently,
another ''C labeled A plaque-targeting probe, a stilbene derivative- [''C)SB-
13, has been studied. In vitro binding using the [*H]SB-13 suggests that the

compound showed excellent binding affinity and binding can be clearly



al I cyl oxo( G - C4) - al kyl oxo( C1- CQal koxy, carboxy(Cl-C4)Al kyl,

hal o( Cl C4) al koxy, hal o(Cl -C4) -al kyl oxo( G - C4) al koxy,

hal o( Cl - C4) al kyl oxo(Cl C4) al kyl oxo( G - C4) - al kyl oxy, hal o(C

-C4) al kyl oxo(C -C4) al kyl oxo(C, - CQal kyl oxo(Cl -C4)all cyl oxy"

hal o( G - C4) al kyl , NR6Re, phenyl (G - COakl-cyl , 18F(Cl - C4) al koxy,

18F( G - C4) al kyl oxo( Cl1- C4) al koxy,

18F( G - C4) al kyl oxo( Cl C4) al kyl oxo(Cl - C4) al kyl oxy, 18F(Cl - Ral kyl oxo(C
- C4) al | eyl oxoffBasidcinkié 63¢aEdPlordAhatd Bk AYin HIBE

wherein R6 an?EﬁRe are i ndepen&%}ly s?ﬁeg{&em rofrlnﬁ'tllﬁgéléraof5&}ﬁ cases.
consi sting of MyBnet mhuabrsiny Rer.- 290411095: 9&11165 CI’FIﬁAeabvhyla very\llbmre q

is an integer gfd fr oup nlstlng
of 18F, 18F su%sﬁatlg?(g g%rj?ggw%l {l%ué%hégg%%tets |°? gﬁb@ﬁ’ﬁ"l ole
preferably 18F§ih@n@fx&H]SlB}|¥3 smbﬁdblwutcehh@muhtéﬁﬁ-ébeai kyd.2 nMBF High
substituted (Cg}‘%lg &S éit 4: subst ]tf d ar ox%/§ and a 18F

substi tuted %ft P&t SPIBRCE Y el Ryed -(14-45 pol/mg3 1,
R32 and R33 apmeteurf) eag;h Amtpamaa i dap R MF%}}@ Ll 1%@9 1R

group consistin hydr g e% ?-f(gr oxy, Cl4 al koxy, CI- and
hydr oxy(Ci _4) ?ffﬂ% atigiy, dn 46, frpnta Qﬁe’PQ’IGSUF@BQIYaﬁdaRQCi:Oataml@& adlighr i bed
above; R36  deisiey of WP Blaged g st ing. of 18F,
18F substituted igjyenzoyﬂl gxé, S?gﬁq?llj({bgfﬁog?[gﬁ ﬁat]ﬁéa%lhaﬁ Pcy1 faF
substituted amgichsd coimel spbigqtsy 1¥Flhp¢ﬁd‘ﬂ3<wtaddx4h89 Geramt lPtqjaHh&d;;CMO
aryl, preferafios;128-arignyl ; Uis selected fromthe group

consi st r}% of hydrogen, hydroxy 18F, 18F substi tut ed benzoyl oxy, 18F
subst i t ut0®&Sbheny|It @Dulﬁ)bﬂ kselfyl t6 8faves ubmhinvasedteetiryduexfr imE@hERAPD! Y

18F- ph ted C840 f |y 18F-phenyl d
o, R oo, Mg MRS B et o BAcn, 0w erirepivrent |y

sel ected f rorhmfhe:ogrpomrmscthﬂsmaﬂjlm@e (fglfbggtidhg@ﬂam?%ﬂi’ Bféir(%mslcr%]o‘l gac oxy,

Cl4 al kyl grox Cl4

i nst ance |nde36‘@ﬂ%' ‘f“é Oﬁf@rﬁeteﬁélwnmnsdmhlhtg tofnhitst ogen,
e.g. F, d, Bﬂny]djmgfc@@@ag bRXY, am no, nethylam no, dinethylam no,
Cl A al koxy, Cl A al and hydroxy(Cl4allcyl, wherein at |east one of
R 7 and R8 is halogen, preferably F. In a preferred enbodi nent

Summary of the Invention
[0016] The present invention provides novel compounds of Formulae I II and
1.
[0017] The present invention also provides diagnostic compositions

comprising a radiolabeled compound of Formula I, I or I and a
pharmaceutically acceptable carrier or diluent.

[0018] The invention further provides a method of imaging amyloid depositis,
the method comprising introducing into a patient a detectable quantity of a
labeled compound of Formula I, 11 or IIT or a pharmaceutically acceptable salt,
ester, amide or prodrug thereof.

[0019] - The present invention also provides a method for inhibiting the
aggregation of amyloid proteins, the method comprising administering to a
mammal an amyloid inhibiting amount of a compound Formula I, II or Il or a

pharmaceutically acceptable salt, ester, amide, or prodrug thereof.



- 10 - Rl is independently selected fromthe group consisting
of hydrogen, halogen, e.g. F, d, Br, C-Ca al kyl, cyano, hydroxyl,
nitro, (G C4)al kylam no, di(Cl-C4)al kyl am no, hal o(C -Ca)al kyl,
formyl, and alk(ClIC4)-oxy RL' is independently selected fromthr
group consiting of hydrogen, 1231, 1251,1311, 18, -; r18F(Cl-4)al kyl,

[ 18F( Cl-4) al kyl ] am no, Ca)al kyl ] al kyI'Zlm' no, 18F(Cl_C4)al koxy and 76Br
R2 is independently selected fromthe group consisting of hydroxyl,

C - aal koxy, (Cl-C4)al kyl oxoal k(C1-C4)oxy, carboxy(GC -Ca)al kyl,

hal o( G {@®20 al koAy furthel ofsct - 634 ¥hik | inyéndivo( 8 didddted koxmethpidd apd

- C4) al kyl oxo( C - | kyl Cl- . X o(Q... o

-C4) al kyl oxoir%@% geF k'%}F@g%tsﬁ%s%‘{% }h%x%rpf%ad- ét‘)%éfl% Ia%%}r,nagmg

hal o( C1- C4) atdypountiReRearmphdny bl Gekpabddyterein.8F( C - Ca) al koxy, |8F(C
- Ca) al kyl oxo-(C 1 -C4)al koxy, 18F(C -Ca)allcyloxo(C 1-C4)-al kyl oxo(C
-C4) al kyl oxy, 18F(C -Ca)al kyl oxo(C

- Ca) al kyl oxo( Cl Ca) al kyl oxBﬂe@D@éﬁ?ﬁbnl@ﬂThemgﬁ@b- 4) al kyl R6
and Re are independently selected fromthe group consisting of

hydr oge droxy(C -ChH al l gyl , ,and, C1- CAal kyl , 7, and R8 is
oot eot cdowlm 1y e droehiioak) bigBRcian ol el hmashidust e REFBben. 1
a further pregfhertigad enbodi nment Rl is selected fromthe group
consi sting of hydrogen, hydroxy, (Cl- Ca)al kyl am no,

di (Cl-C4)al kyl ami no, nethyl and nethoxy, in particular from hydrogen,
met hyl am no, and di net hMb@tﬁIlE@DcscﬁpﬁBh'oﬂtﬁe5@0@&1@‘{1 fromthe group
consi sting of hydrogen, 1231, 1231, 1311 and 18F, in particular from
hydr ogen R2 is selected fromthe graqup.consisting of h¥droxy,
Cl- C4al |[QQ%@1 NR6Hea f}rgpasp@t _t@yaqs%)wyentlon is directed to compounds o

18F( Cl - (4) al kyl.axef.Cl - C4) al koxy,

18F( Cl C4) al kyl oxo( G - C4) al kyl oxo( Cl - 00al kYkoxY,

Ca) al kyl oxo- (Cl - C4) al kyl oxR( Cl-Ca) alfdyl oxy, 18F(Cl-C4)alkyl, in
particular from (Cl-Ca)al Kyl

18F( C1- C4) al kyl oxo(C -C4) al k G kyt@xy, and |1 8F(C 1
-Ca) al kyl oxo(c |-C4)al kyl oRo K C - C4)al kyl oxy,

R6 and R6' are independently sel ected |fr oy ngoup consi sting of
hydr ogen, hydroxy(Cl - Coal kyl and C1- CRal kyT, R7 und R8 is

selected fromthe group consisting of hydrogen and fluorine, wherein

either R7 or R8 is fluorine. [00231lt has been surpri.singly found
Chat st 11 beng CRi e URald drieRROE P §r AR Grs S ectitl ogen, 1 n
particul ar, fluorRhg selkasd Bbmithegrdguidneisnst: show i nmproved

phar macoki neti c properties andjfor an increaged nmetabolic stability
and/ or an increased gebmet MR 1 Yherep Reand RS pepyinaspegdenin hydireeh mit y.

C)4 alkyl, (CH,)q'®F, and d is an integer between 1 and 4,

o

hydroxy,
C,4 alkoxy,
hydroxy(C;)alkyl,

halogen,

a o

cyano,

hydrogen,

5 oR oo

nitro,

(Ci-Cilalkyl,

J- Halo(C,-Cy4)alkyl, and
k. formyl

b



100241Preferred conmpounds of Forrmula | have the follow ng structures:

N3C," HN , and wherein one of 127 and R8 is hydrogen, and the
ot her is hal ogen. 100251A second aspect of the present invention is
directed to conpounds of Formula II: or a pharmaceutically

acceptabl e salt thereof, wherein: Rl _ig selected fromthe group
consi sting of:

R" is selected from the group consisting of
a 1231’ 1251, 1311, ISF, 76Br;
b. hydrogen
c. 18F(Cl-‘;)alqu,rl,
d. ["®F(C;-4)alkyl]amino,
€. [*8F(C,-Cy)alkyl]alkylamino
f BR(C,-C4)alkoxy

R?is selected from the group consisting of

i.  hydroxyl, Ci-4Alkoxy, (Ci-Ca)-alkyloxoAlk(Ci-Caloxy,
(C1-Cy)-alkyloxo(Ci-Cs)-alkyloxo(C-Calalkoxy,  {C;-Cs)-alkyloxo(Cy-Cy)-
alkyloxo(C;-Cq)-alkyloxo(C;-Cylalkoxy,  carboxy(C;-CqAlkyl,  halo(C;-
Cy)alkoxy,  halo(C;-Cj)-alkyloxo(Ci-Cy)alkoxy, halo(C,-Cs)alkyloxo(C,-
Ca)alkyloxo(C;-Cas)-alkyloxy, halo(C,-Cy)alkyloxo(C;-Cy)alkyloxo(C;-
Cs)alkyloxo(Ci-Ca)alkyloxy,, halo(C;-Cyalkyl, NR®R®, phenyl(C;-Ca)alkyl,

" *F(Ci-Cy)alkoxy, '°F(C;-Caalkyloxo(Ci-Ca)alkoxy, ‘*F(C;-Cy)alkyloxo(Ci-
Cay)alkyloxo(C,-Cs)atkyloxy, (el -Cy)alkyloxo(C;-Cy)alkyloxo(C;-
Cs)alkyloxo(C)-Cy)alkyloxy, '*F(C)-Cs)alkyl,

wherein R® and R®' are independently selected from the group

consisting of hydrogen, hydroxy(C;-Cs)alkyl and C;-Csalkyl

R30 R31

ii. %__ (—o0 -

R32 R33

L]

where q is an integer from one to 10; Z is selected from the group consisting
of '®F, "*F substituted benzoyloxy, '°F substituted benzyloxy, preferably '*F-
phenoxy, '*F substituted pheny}(C))alkyl, '*F substituted (C;4)alkoxy, '*F
substituted aryloxy and a 3F substituted Cs.10 aryl, preferably ISF-phenyl; and



- 12 - a. NleRb, wherein |l e and BY are independently
hydrogen, Cl4 alkyl, (CH2)d' 8F, and d is an integer between 1 and 4,

or Ra and Rb are both oxygen to forma nitro, b. hydroxy,
C. C14 al koxy, and d. hydroxy(Cl4al kyl; R2 is selected fromthe group
consi sting of: where g is an integer fromone to 10; Z is selected

fromthe group consisting of 18.-% -9 18F substituted benzoyl oxy,
18F substituted (G 4al koxy, 18F substituted benzyl oxy, preferably
18F- phenoxy, 18F substituted phenyl (Cl. 4)al kyl, 18F substituted

aryl oxy, andR&, B8k RYbmt iR ttaedinOgach Gnstangk | indmperidentip syl fipmethyl ; and

R30, 12.31, R32 and 3 are.in each i nstan i ndependent .y ,sel ect ed
fromthe grogf?ueoﬁ%rfsg%f’%gogfhyﬁV§?'bgg ,roﬁ)ﬁldﬁﬂy?ﬂ /1 gf“ko%g%//‘fl’ Gt al kyl
and hydr oxy( Gydeky(Cybaikyherein Z, R30, R31, R32 and R33 are as

descri bed above; R38 R34 R35 RA0

R31

H Z
ii —/—0

R32 R33

wherein Z, R3°, R R* and R™® are as described above;

1v.

where Y is selected from the group consisting of '°F, |F substituted
benzoyloxy, '°F substitited phenyl(Ci4)alkyl, '®F substituted aryloxy
preferably '®F-phenoxy and '°F substituted Cg.jo aryl, preferably 18F_phenyl;

U is selected from the group consisting of hydrogen, hydroxy, 18p g
substituted benzoyloxy, '|F substituted phenyl(Ci.q)alkyl, BE  substituted
aryloxy, preferably '®F-phenoxy and '8F substituted Cg.19 aryl, preferably '°F-
phenyl; and

R* R R RV, R*®, R*® and R* are in each instance independently
selected from the group consisting of hydrogen, hydroxy, Ci4 alkoxy, Ci4
alkyl, and hydroxy(C,4)alkyl; and

R’ and R® are in each instance independently selected from the group -
consisting of halogen, e.g. F, Cl, Br, hydrogen, hydroxy, amino, methylamino,
dimethylamino, C;4 alkoxy, C;4 alkyl, and hydroxy(C,4)alkyl, wherein at
least one of R” and R® is halogen, preferably F.

In a preferred embodiment



- 13 - where Y is selected fromthe group consisting of 18F, 18F
substituted benzoyl oxy, 18F substituted phenyl (G .4)allcyl, 18F
substituted aryl oxy, preferably 18F-phenoxy, and 18F substituted
C6_10 aryl, preferably 18F-phenyl; Uis selected fromthe group
consi sting of hydrogen, hydroxy, 15F, ¢8F substituted benzoyl oxy, 18F
substituted phenyl (Cl.4)al kyl, 18F substltuted aryl oxy, preferably
18F- phenoxy and 18F substituted C6-10 aryl, preferably 18F-phenyl;

and 9 and R4 are i ach

i nst ance |ndepend o V@@?@Ettb’dsek%ﬁ? ‘?‘HBRS 7 SIP CORYFS; ogen,
hydrogen, hydaRgyn, €4 Bl kaxyBr, @&, adiki] , cyams] Hy&b@ty(%&al kgl and
R7 and R8 are in each instance |ndepe entl'y selected fromthe group
consi sting ofCafeiagan, dydroxdiylemtionaloferkyrlivh domydi mad k(&m no,
Cl14 al koxy, @4 gx}al kyl, and hydroxy(Ci 4al kyl . [0026] More preferably,
t he val ue of each f R30 R31, R32, R33, R34, R35, R36, R37, R38, R39
and R4 is in eachR ngtlamndqndgpeln@tethtﬂom wlgcmpedotfsrtmm (tﬂiezdgzg@mp

consi sting ofizs ydm{gen“éhdeoxygﬁé@‘m‘Qﬁﬁﬂ rrﬁtdg{(l: g@%{gﬁ;%%d]igggt P;ﬂéém no

and net hoxy. [0027]Preférab

position rel manquamytahﬁn@tltwcﬁmammme753r0028] Wen R2 is R3 R31
1232 R33 the preferred val R30, .R31, It and R33 in each

i nstance is hydrogéﬁs mdspe e‘?té’ seigeted Lop fhe gruperongpting ofBydieryl,

i ntegers fromgQaRok (CPG;)aR&EJx@é]E@AQ)d&yJ @arl?dic Emt@gﬁkylf BQGQC? R 5.
More preferably, the val ue 3 0 (‘5" Preferred

enbodi nent s @kaF%r rnhﬁla((atlrc-t)ﬂlﬂ’laﬁéct‘ﬁ@aﬂ‘@?‘]‘hovﬁ?@( rFuetkylogeGattarei n | e
gpdl gbagae R'b ggmegtﬁnﬁ&bmkﬁw ogen or RSB lo,)RERHSIAR YaRiot RSt one
C4)a1kyloxo (Ci-Cyalkyloxy, halo(C;-Cy)alkyl, NR°R®, pheny}(C,-Cs)alkyl,
BE(C1-Cyalkoxy, "*F(C;-Cpalkyloxo-(Ci-Colalkoxy, '*F(Ci-Ca)alkyloxo-
(C,-Cy)-alkyloxo(C;-Cy)alkyloxy, BE(C,-Cylalkyloxo(C,-Ca)alkyloxo(C: -
Caalkyloxo-(C;-Cq)alkyloxy, "*F(C-Ca)alkyl
R® and R are independently selected from the group consisting of
hydrogen, hydroxy(C,-Cs)alkyl, and C;-C,alkyl,
R7 and R® is selected from H, F, Cl or Br, wherein either R’ and R¥is
halogen.
In a further preferred embodiment
R' is sclected from the group consisting of hydrogen, hydroxy, (C;-
Cs)alkylamino, di(C-Cs)alkylamino, methyl and methoxy, in particular from
hydrogen, methylamino, and dimethylamino,
R" is selected from the group consisting of hydrogen, I, "I, '
and '°F, in particular from hydrogen,

R? is selected from the group consisting of hydroxy, C;-C,alkoxy,
NR®R®, BF (C;-Cyalkoxy, '|F(C-Cs)alkyloxo(C,-Cs)alkoxy, 'F(C;-
Ca)alkyloxo(Ci-Cs)alkyloxo(Ci-Cy)alkyloxy, BF(C-Ca)alkyloxo(C-
Cy)alkyloxo-(C,-Ca)alkyloxo(C-Caalkyloxy, '°F(Ci-Ca)alkyl, in particular
from (C,-C4)alkyloxo(C,-Cs)alkoxy, 'SF(C;-C4)alkyloxo(C;-Cq)alkyloxo(Cl-
Cyalkyloxy, and '"®F(C,-Cs)alkyloxo(c,-Ca)alkyloxo(Ci-Ca)alkyloxo(Cy-
CJalkonxy,



- 14 - HO
Formul a |1

derivatives having the follow ng structures: H wherein, g is an

i nteger fromone to ten. Mdre preferred conpounds include those where

g is equal

and Xis 18F. [0030] A preferred series of conpounds of

I ncl ude 18F | abel ed pol yet hyl enegl ycol (PEG -sti | bene

to: two, H
-11-

R® and R are independently selected from the group consisting of
hydrogen, hydroxy(C;-Cs)alkyl and C;-Caalkyl,
R’ und R® is selected from the group conmsisting of hydrogen and

fluorine, wherein either R” or R? is fluorine.

[0023] It has been surprisingly found that stilbene derivatives which carry an

additional halogen, in particular, fluorine atom at the double bond show
improved pharmacokinetic properties and/or an increased metabolic stability

and/or an increased geometrically isomeric stability and uniformity.

[0024] Preferred compounds of Formula I have the following structures:

i8
i L /_CF
)
RB

>

HiC, R
i Q N\ O o/\/O\/\o/\fF

RS , and

HaG R’

\
o Q N\ Q O/\/O\/\O/\\/O\/\wp
8

R

wherein one of R’ and R® is hydrogen, and the other is halogen.

[0025] A second aspect of the present invention is directed to compounds of

Formula II:

11

or a pharmaceutically acceptable salt thereof, wherein:

R! is selected from the group consisting of:



three, or four, - 15 - [0031]In this series of conpounds, (IF is
|l i nked to the stilbene through a PEG chain, having a variabl e nunber
of ethoxy groups. Al of the fluorinated stil benes displayed high
binding affinities in an assay using postnortem AD brain honogenat es
(ICL -=2.9-6.7 nM. As shown in Scheppes 1-3 herein, radiol abeling
was successfully performed by a substifution of the nmesylate group of
10a-d by [18F]fluoride giving the target conmpounds [18F] 12a-d (EGCS,

specific activity, 900-1,500 i/ aadl em. cal ty >99% . In
vivo biodistribution of t he¥B Wﬁ?rf’ EHBFW&P"'“%‘F b’%ﬂﬂgﬁ?’t ed

excel | ent bran aﬂlgﬂﬂe(t‘l—g iﬂgngndagnqls ﬁrﬂﬁitékey\@&%ékﬁ AR br R 2h/ RP BjeeCl i ON
(6681and12 osegat mn and 60 m n, respectlvely)

Aut or adi ogr apRip Y@Lt %élr‘iﬁOAD brain sections of [18F]12a-d

confirmed the specificybindj é/el ated to the presence of AP pl aques.
In addition, in vivo p aque fing can be clearly denpbnstrated with
t hese 18F Iabel ed agenbs inCM&hkmgfmidc m ce (Tg2576), a useful animal

nodel for Al zhei nmer' i se The present invention is also
directed to corrpounds f Fgﬁ%‘?’é?&ﬁﬂlk (CNA R41_ R8 wherein n is an

i nteger between 1RAngsefbcteRronntlc Bbupkensidinh ofts descri bed above, and
R4l is selected fromthe group consisting of hydroxy and Nab, wherein
le and RI' are independently hydrogengaCla# al kyl or Ra and Rb are
both oxygen to forma nitro. [0033] Preke ably, nis one, andis

hydr oxy, nethylam no or dineth am no.

1. (_ o
R32 Raa

where q is an integer from one to 10; Z is selected from the group consisting
of ¥F, '®F substituted benzoyloxy, '*F substituted (C_s)alkoxy, '*F substituted
benzyloxy, preferably 18F_phenoxy, BF substituted phenyl(Ci4)alkyl, '°F
substituted aryloxy, and a 18p substituted Cs.10 aryl, preferably 18F-phenyl; and
R¥ R, R* and R* are in each instance independently selected from the
group consisting of hydrogen, hydroxy, C;4 alkoxy, CH alkyl and
hydroxy(Ci4)alkyl;
R0 sy

.':' 4
ii. — —0

R32 R3

wherein Z, R*®, R*', R** and R* are as described above;

iii.




- 16 - [0034] Preferabl e val ues under the scope of C6.10 aryl include
phenyl, naphthyl or tetrahydronaphthyl. Preferable values of under
the scope of heteroaryl include thienyl, furyl, pyranyl, pyrrolyl,

pyridinyl, indolyl, and im dazolyl. Preferabl e val ues under the scope
of heterocycle include piperidinyl, pyrrolidinyl, and nol pholinyl.
[ 0035] The conmpounds of Fornulae 1, I113and 111 may al so be sol vat ed,

especi al Iy hydrated. Hydration may occur during manufacturing of the
conmpounds or conpositions conprising the conpounds or. the hydration
may occur ovwherei Meidueledted titen hgrgyegoponsistaguot &, ¢ EeSUb@trfpt@dnds

Lzsg?\?:ﬂ: ggnagtl\%gﬂg’%ggqﬁglwg g‘bt#]o?}?r\g'y@ﬁﬁi df)ﬂ eﬁg caei y acc”épt abl e

sol vent s sucpreasabd@i®rpheixhomal 'FF anetituted Jgidesyl, prefegebing P Biphertyie
sol vated forns are .consi dered equi val ent togé he unsol vat edeOlrggB for

the purposes of tHés preadrom HeEBPHR FONSISHRER] dregendndrxyg
under st ood t biidRA B&%%ky,' FPye BlsQikiddS pRAFRCIHEIRS t@ﬂ | amkiioed

st er eoi soners, such as cis and trans iSoners of

stil bene- typerymupmaﬁu@ly ﬁ@n@crxymﬂél (Riedstituied Coptarpaprafershier §- e. g.
m xt ures of gﬁ%% (Eers as well as individual enantioners and

di ast er eoner iIch arise as a consequence of structural asymetry
in sel ected COprOB'HdR”QRMFE}?I;TRF RP® addIR"&aIeI inleact] m@@ﬁqe\/ihéepeactﬂptly \
vari abl e occurs e an one ti con tue in E rnula
o Pr T Sige el p B esibeconsing B BHo e B e B S 1
definition amk?]vgm/h)qi-&)@(clg,gmkmfﬁﬂce Al so conbi nati ons of
substituents and/of varjables are ermSS| bl e only i

éz i (L sugh
conbi nati ons resuRt a?%Rsﬁfébpéa%WﬂB‘EFﬁdg cpERSSERY FHiectee P 1as BPHP as
enpl oyed her gif3ishy, I&S% firoQ¥n, aﬁydi@fyl %manqhaﬁﬁmafn@updlm%%ﬁnﬁcp bot h

strai ght and branched ain radi cal up to 8 carbons, preferably 6
carbons, nor @Hoaléorer,@luhylknl @G}WY(%HMI{)&S met hyl , et hyI pr opyl,

i soprop utyl, 93} The 8" |s
used he?{éeqzrqi) lvitoréjl%ﬁaé;]g’ﬁ?e %&a‘%&ggﬁchgl hﬁal’B ﬁf

def i ned abo;/& B.Fﬂﬁ?santlﬁé mhxafamhh{mlrlglcmxlds%mdmttyesdlecﬂaéﬁenﬂ{l; gmnpled to
an oxygen atom not limte OXVi. . et.hox -
A %?Opoxy, Reiting 58 i et S, e, Breshiimalp CRRRmARRE P 0

islto cafrﬁmxﬂtorrs in length, nore preferably 1-4 carbon atons in
| engt h. 040] e _term "nponoal kyl am ne" as enpl oyed her ei nv\ﬁg
chis

i tself &QJH& par t Psferaini Rers gristpn ths mee ?ropaaﬁ PQFHFAR THRBFHMO
substituted wh{RnORGR! Kyl group as defined above.

[0028] When R? is

the preferred value for R*®, R*, R* and R* in each instance is hydrogen, and
Z is '®F. Useful values of q include integers from one to ten. Preferably, q is
an integer from 2 to 5. More preferably, the value of q is 3 or 4.

[0029] Preferred embodiments of Formula II include the following structures
wherein R? and R are independently hydrogen or methyl, preferably at least
one of R* and R is methyl:



[ 0041] The term "di al kyl am ne" as enpl oyed herein by itself or as part
of another group refers to an am no group which is substituted with
two al kyl groups as defined above. [0042] The term "hal 0" or "hal ogen”
enpl oyed herein by itself or as part of another group refers to
chlorine, brom ne, fluorine or iodinejqunless defined otherwi se in
specific uses in the text and/or clains. [0043] The term "hal oal kyl "
as enpl oyed herein refers to any of the above al kyl groups
substituted by one or nore chlorine, bromne, fluorine gg iodine with
fluorine and chlorine being preferred, such as chloronethyl,
i odonet hyl, trifluoromethyl, 2,2.2-trifluoroethyl, and 2-¢hl oroethyl .
[ 0044] The term "aryl™ itself or _as MHart of
anot her group refers ; omat/l ¢ oups
cont ai ni ng fr oRPRINt-© i j
carbons in the ring pg , naght hyl
t et rahydr onapht hyl . [0045] The term "het erocycl e" or "hetgrosyclic
ring", as used herein except where noted, represents a § p
7- menbered nono- heterocyclic ring system which may be Sl
unsaturated, and which consists of carbon atonms and from®pae to three
het eroat ons sel ected fromthe group consisting of N, O, and S. and
wherein the nitrogen and sul fur heteroatom nmay optionally %e ,
oxi di zed. Es gg&ﬁkh* useful are rings contain one nitrogen conbi ned
with one oxygen or sulfur, or two nitrogen heteroatons. Exanpl es of
;upg heltlailim}yc! ij c Agparqnsgiqeﬁbmdepqghmfladbwbgmﬁym kilde ‘I?)li?rli‘délejddi nyl,
i m dazolyl, i zi nyl, zolidinyl, pyridy pyrazi nyl ,
pyri m di nyl , P@?&%&l"i}%’%‘“’&i‘éﬁkgﬁﬂ'}’ﬁ%ﬂ &w%@aﬁm& the fQlloWABEITUGTIRSHH |
t hi azol yl, thiazol wgh nyl, Asat hi azolyl, honopi peri di
honopi per azi nyl , pyrﬁdazi |, and
i d nmopphokinyl. - 18 -
¥igen at om
("0"), a sulfur atom ("S") or a nitrog®8 "N'). It wll be
recogni zed that when the heteroatomis nitrogen, it nmay forman Nflb
nmoi ety, wherein le and Rb aré} independently from one anot her,

hydrogen or Cl4 al kyl N &14 hal o al kyl, hal o benzyl,
or R and R2 aeentak 1o+11ey
het erocyclic ring opt af |y ha

LQ..J nber )q__“al:

( or NI72b in said ring, where
12b is hydrogen or Cld=at kyl. [0Q047] erm " heteroaryl"” as enpl oyed
herein refers _to_ graoups_ having 5'to 14 ring atons; 6, 10 or 14 H
el ectrons sh3theesin. q i ag yuiege figpy ene toderd Mot preferad compdywds achs and
1, 2, 3 or 4ﬂgﬁygﬁanqq§&h@ggn or sulfur heteroatons (where exanples
of heteroaryl groups ‘are: thienyl, benzo[b]thienyl, )
napht ho[ 2, 3- B¥®:hi enyl , thianthrenyl, furyl, pyranyl, isobenzofuranyl,
benzoxazol yl , chronenyl, xarythenyl, phenoxathiinyl, 2H pyrrolyl,

pyrrolyl, imdazolyl razol yl, p chy pyrazinyl, pyrimdinyl,
pyridazinyl, |npdoli i_slQi , tindolyl, indolyl, indazolyl,
purinyl, 4H §Gthors i SOt g8y, pht hal azi nyl ,

napht hyri dinyl, qui i A, pt ’e:ir\&i_wo

4i| 1-carbazolyl, carbazolyl, 3+ carbolinyl, phenanthFTa\ggl,
acridinyl, perimdinyl, phenanthrolinyl, phenazinyl, isoth#zolyl,
phenothiazinﬁjlﬁ¢ i soxazol yl, furazanyl and phenoxazi nyl groups),
[0048] The teM¥®aral kyl" or "arylal kyl" as enployed herein by itself
or as part of another group refer

o G .6al kyl groups as discussed
above having dhQaryl

h as~henzyl, eqykgéﬂy# or
nv@%??Bﬁz?gvfﬁ$Fher frected to

or four,



conmpounds of the above Formula I, Il or IIl. The conpounds of this

i nvention can be prepared by reactions described in schenes 1-8.

[ 0050] Schene 1 depicts a synthetic route for form ng thiophene
cont ai ning derivatives of Formula I, specifically certain Formula la
conpounds. [0051] The fluorinated PEG stil benes 12a-d were prepared
by reactions shown in schenme 1. To prgbare conpounds with 2 or 3

et hoxy groups as the PEG |inkage, commercially available chlorides
2a,b were coupled with the OH group of 4-nethyl am no-4'-hydroxy
stilbene, 1 (Oho M et al., Nucl Med - 19 - Biol. 2003; 30: 565-71;
Wlson A et 3t J LabeIMed Cpd Radlopharn1 2003; 46: S61) to obtaln
3a, b respecti y. p ou 3a, b~ne subs guently

pr ot ect ed Wlthé:L @ §ms/7a b. Q'Jgebr)erare coerounds
with 4 or 5 ethoxy gre ne PEG | i nkage, brom des 6c¢,d were
separatel y prepared as shown in scheme 2 and then coupled with

sti | beng0B1i} o gi vin thi8Sequsalf ecipsindafiois tidked7to thk stilbene GrdBh gREGect i ng

groups on conpounds. 7c, d & efrove treatme F | in
o i ve. St Maginfoh YARAIS BEb et BHOREREEE b ThP ORI e

net hyl am no gIBeRs didblayedt HigMbhidui RO finiet &1 arkl @FBY LA HHEmMIASM AD
protection groups of 8a-d with TBAF (1M /THF, the free CH groups were

converted i nPBIHBAYPERNates K Fehf-0i/ngMli tAs MO imSehemep rlok dpteityf
triethylam n?ad&d?ab@ll?{g »v%g%ugcess-ﬁhgrdp@rﬁ:lrﬁed fblyuzpﬁﬁﬂgﬁltuﬁgn RE®hS Hjéygﬁges

12a-d, were successtul tarn by refl dxing 10a-d _In an rous
TBAF/ THF ( CogroRpof an—éfoy[jF]ﬂrugndﬁ@mng g argdicogposads15F|12atd (@ﬂﬁd by

stirring wt e r 0 make
t he desired Q@EFqAa%glV%)g fﬂéég gsdtbl %ené)g r&? ?@Eﬁ%é%g”&l%ge&ﬁ- g]é)CvJQ

prot ect ed nesipditribatidDaf theve’E 1apmdsoyasrasl mive ephidited sxeder Sedieme 3) .
Each of the nesyl ates, .10a- S mxed wth, 18F ride/ pot assi um
carbonat e anB® qﬁ%@ltm“ﬁfw 3pid Wﬂﬁ%ﬂﬁdf%ﬁanlﬂa‘f@ hoft éégg %’éfgn. The
mxture was tfaese/d heRin@dant 60 ma] uRpetsivp). A@toi‘aﬂ[ﬂg\/@h'} bﬁp&hﬁé}@;m
protecting gr ou&a The crude, g}doduct was pur| fied

(r adi ocheni c&P ‘rnlﬁleijt%@(ﬂf[r Frdiropfigugd the éIP"GlfW(’}’b% f%’é‘bﬁ?
correct o) Tiket PRSI SASIor S AT 1SRRI o LERFY 120

t ook about 90 mn and espeC|f|c activit est | tedto be
900-1, 500 Ci ﬂmm:lstrattsd tvhél gt OF lshaltdnagents. in tranggenic mBEHIYEST6), Scherr e
1 a) at N. Al) 4 f c03, DM c)713sCl,

i ni dazcle; 2% m&‘lg‘fﬁ{%ﬁ%ﬂﬁ%flﬂ%ﬁg e) (BOC) 20, THF, t)MsCl,

Et 3N, Dgap3) TBAFTIQ@Tbgedr iauventipn islaldordirebied WAcdipdufndsHE ForZula IIT:

7
R (CHo), / __\ \ — -

\ e

2

RS
wherein n is an integer between 1 and 4, R7 and R® are each as described
above, and R*! is sclected from the group consisting of hydroxy and NR’R®,
wherein R* and R® are independently hydrogen, C4 alkyl or R* and R® are
both oxygen to form a nitro.

[0033] Preferably, n is one, and R* is hydroxy, methylamino or

dimethylamino.



Schene 2 a) TBSCI, Et3N, DCM b) CBr4, PPh3, DCM - 21 - SCHEME 3
Schenme 3 a) 1) [18FF1K222, K2CO3, DMSO, 2) HCI aqg [0053] The synt heses
of conpounds 15e, 16e and the syntheses of the radiol abeling -
precursors 15d, 17d for preparing [181]15e and [ 18F16e are shown in
Schenme 9. To prepare conpound 15a, thf nitro group of 4-nitro-4'-
hydroxy stil bene ,13a, was reduced w % SnCl2 in ethanol to give the
correspondi ng am ne 14a. The am no group was then treated with (CHOn

and NaBH3CN to give .t he dinethyl am no conpound 15a. Co und 15b was
obt ai ned®3#Hr eact PFREETEINE YAMRS oYgder st?‘FI ?5’8%,0'%1@%',0 't Hng&%‘mpg@y;Om
(whi ch was S%@ﬁ{tﬁ}le&ryta&%l%gﬁé%ghﬁﬂ.smabm vRRENgE difdler anel sepeastsi um

carbonate in anhydrous . ound 15c was obtai ned by the
treat nent of hestpayltinclade gdanylnfuarle poriayl myrelLoryridind mdalyboidd be

| sol at ed {1 oM RuBNOCUSelot Uucdl WA GRCHR"GhlEObe Loy Indhuae

equi val'ent o 0 orrde 1n pyr ne. tosyl at e "15d was
convert ed i ntpipetidmyl, ggrrdlsinyandefidrpldlingl. Wi t h anhydr ous TBAF in THF.

TBAF ha be dried at 58 under i cu (<0.5 ) 24 hr
bef or e ﬁgéfs]The t 0351°F® n&pﬁgﬁn\‘?ﬁ‘g?’ug@%ﬂ%@tlﬁﬁy sa%sgrglél r?ﬁlvfgr%?’eri al
to obtain radkgclaihehydehted Migudiakidnl 8flyl &ur Nuting mamietutcg 13 theas
simlarly synthesized by a coupling.reaction of 13a with 20m fol | owed
by tosyl ati orff BRI GbFPRRSIINS coRerising s sampoynls, Of RFRNNEAIPE & as

acconpl i shed JayurtoRer tiREHEd loQhe BYerddiBpiB nhiuf ATRMEIouhdE Wi ddbition,
SnC12/ EtOH fol |l owed by the nononet hyﬁ)atl on of the 'am no group with

(CHO) n, NaOCHze aerpquasief thenpresrnb inweaiien ean o3¢ in upselvated @s avsll 2

am ne, 1l4c, i e aal tain
Tor voe, v pPNEEl R QAR bR ALARCY QothabTRANAL, MR8, o el 2L 0y
r adi ol abel i ngthaRelemidibe like.dnegenerald thedalvaizd frimssare oansisiered regivianlent t o

16a. The conpoynd 17f t hen ..prepared coup] . 16a with 20n
(Scheme 10) nﬁﬂg“et"ﬁéolyeﬁ%l&%gﬂ%ﬁrg%p B egrﬁseegémg%l“{r%;eli Di-tert-butyl
siliyl ooosg) of 1Ttliswd® toeRundersivol lthat Nhe preat invélh is woddilferat tor oom
tenperature to give diol Sc, i ch was not osyl at e o yield
conpound 17d.m‘[1@5’5541r291?‘§'i‘%%e°’82’,}€6?ﬁﬁ% G 2 N%?X%}F@&q%@%?tﬁ{é@ﬁ&f as
shown in Schegmpfundthe BiHhst i heh@sh NR:00pHA1 Jdo@s, egdusdbuled 6k ol 22

wi th- DB3ALH and then reacted with one equivalent of TBSCl to give 23.
The unpr ot ecteagntomersas welbes individuat engntieness pabdipsiercomers VHclopRse PPh3.

Conmpound 24 b I L W th
TBAF o r emovi PREediEle 8t ket o Rt olfp SR ol ST, o
of N, N-di met HybrBLi | bene, 14 and 15 were al so synt hesized (Schenme 4).
Conpound, 14 was o i ned by the reduction of the.corr ndi ng. et hyl
ester 13[§’awlth Li %.Wﬁé’}‘%bé%% Uy 8{)6?{% ?/\%est lenn'grl ocﬁ\%%&%%%o?%lto t he
hi ghly react irsemblanizyi obld Misdiefiniiioar sreeichtc@curdnbe HBindefdddentvdfi ich was,
wi t hout purofjcation, converted inmedi tel% into mtatlg%g et her .15 by
the addition NP REEYSTY AT GEIERIET ufHoE SPBBIATES of FHBEF T ALY

stil bene deriwahhl¥eSartV pdimessbld! Wnlyneif abueM Behbiglating eedshily B tstbled to

t he double bond (Forrmula I: R7 or BY is fluorine) were synthesized by
wel | known neaoRp@endse. g. Tetrahedron Lett. 43, (2002), 2877-2879).
[0038] The term “alkyl” as employed herein by itself or as part of another

group refers to both straight and branched chain radicals of up to 8 carbons,
preferably 6 carbons, more preferably 4 carbons, such as methyl, ethyl, propyl,
isopropyl, butyl, -butyl, and isobutyl.

[0039] The term “alkoxy” is used herein to mean a straight or branched chain
alkyl radical, as defined above, unless the chain length is limited thereto,

bonded to an oxygen atom, including, but not limited to, methoxy, ethoxy, n-



[ 0057] To obtain [18F] 15e, precursor 15d was nmixed with

[ 18F] f | uori de/ pot assi um car bonate and Kryptofixe 222 in DMSO and
heated at 120C for 4 mn. Crude product was purified by HPLC to
attain >99% of the radi ochem cal purity with 10% radi ochem cal yield
(decay corrected). The procedure took 90 mn and specific activity
was estimated to be 70 G /mml at thel%’end of synthesis. The sinilar
procedure was carried out to obtain [18F] 16e from precursor 17d.
After initial reaction in DVMSO, the m xture was treated with aqueous
HC1 t o renpverdBexy, geeuugpoxiRaeind dieekliec aPraferably thevatkox9 ebsinfis dr toHPLC

P on RS AR RS9 M il 8 sy e
t he end {80403y nt heThsterm +mddoalkybrhindEagiempldfid HaleiNGR itdedf oRis part 2
15 RL =N Ga_ggtger%rqguplgferls? %o gn I;III;I&I%-B oul} Z&hic‘%lii su 51%%2:& gv'i:tlhac?ne alkyi a lac
16c¢c

group as defined above.

[0041] The term “dialkylamine” as employed herein by itself or as part of
another group refers to an amino group which is substituted with two alkyl
groups as defu;ed above. )

[o042] The term “halo” or “halogen" employed herein by itself or as part of
another group refers to chlorine, bromine, fluorine or iodine, unless defined
otherwise in specific uses in the text and/or claims.

[0043] The term "haloalkyl" as employed herein refers to any of the above
alky! groups substituted by one or more chlorine, bromine, fluorine or iodine
with fluorine and chlorine being preferred, such as chloromethyl, iodomethyl,
trifluoromethyl, 2,2,2-trifluoroethyl, and 2-chloroethyl. .

[0044] The term “aryl" as employed herein by itself or as part of another
group refers to monocyclic or bicyclic aromatic groups containing- from 6 to
12 carbons in the ring portion, preferably 6-10 carbons in the ring portion,
such as phenyl, naphthyl or tetrahydronaphthyl.

[0045] The term “heterocycle” or “heterocyclic ring”, as used herein except
where noted, represents a stable 5- to 7- membered mono-heterocyclic ring
system which may be saturated or unsaturated, and which consists of carbon
atoms and from one to three heteroatoms selected from the group consisting of
N, O, and S, and wherein the nitrogen and sulfur heteroatom may optionally
be oxidized. Especially useful are rings contain one nitrogen combined with
one oxygen or sulfur, or two nitrogen heteroatoms. Examples of such
heterocyclic groups include piperidinyl, pyrrolyl, pyrrolidinyl, imidazolyl,
imidazinyl, imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, oxazolyl,
oxazolidinyl, isoxazolyl, isoxazolidinyl, thiazolyl, thiazolidinyl, isothiazolyl, -
homopiperidinyl, homopiperazinyl, pyridazinyl, pyrazolyl, and pyrazolidinyl,
most preferably thiamorpholinyl, piperazinyl, and morpholinyl.
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[0046] The term “heteroatom” is used herein to mean an oxygen atom (“0”), a
sulfur atom (“S”) or a nitrogen atom (“N”). It will be recognized that when
the heteroatom is nitrogen, it may form an NR°R® moiety, wherein R* and R®
are, independently from one another, hydrogen or C,4 alkyl, C, aminoaikyl,
Ci halo alkyl, halo benzyl, or R' and R? are taken together to form a 5- to 7-
member heterocyclic ring optionally having O, S or NR® in said ring, where R
is hydrogen or C;4 alkyl.

[0047] The term “heteroaryl” as employed herein refers to groups having 5 to
14 ring atoms; 6, 10 or 14 IT electrons shared in a cyclic amray; and containing
carbon atoms and 1, 2, 3 or 4 oxygen, nitrogen or sulfur hetercatoms (where
examples of  heteroaryl groups are: thienyl, benzo[b]thienyl,
naphtho[2,3-b]thienyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl,
benzoxazolyl, chromenyl, xanthenyl, phenoxathiinyl, 2H-pyrrolyl, pyrrolyl,
imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl,
isoindolyl, 3/-indolyl, indolyl, indazolyl, purinyl, 4H-quinolizinyl,
isoquinolyl, quinolyl, phthalazinyl, naphthyridinyl, quinazolinyl, cinnolinyl,
pteridinyl, 4aH-carbazolyl, carbazolyl, 3-carbolinyl, phenanthridinyl,
acridinyl,  perimidinyl,  phenanthrolinyl,  phenazinyl, isothiazolyl,
phenothiazinyl, isoxazolyl, furazany! and phenoxazinyl groups).

[0048] The term "aralkyl” or "arylalkyl" as employed herein by itself or as
part of another group refers to C;.alkyl groups as discussed above having an
aryl substituent, such as benzyl, phenylethyl or 2-naphthylmethyl.

[0049] The present invention is further directed to methods of preparing
compounds of the above Formula I, II or III. The compounds of this invention
can be prepared by reactions described in schemes 1-8.

[0050) Scheme 1 depicts a synthetic route for forming thiophene containing
derivatives of Formula I, specifically certain Formula Ja compounds.

[0051] The fluorinated PEG stilbenes 12a-d were prepared by reactions
shown in scheme 1. To prepare compounds with 2 or 3 ethoxy groups as the
PEG linkage, commercially available chlorides 2a,b were coupled with the

OH group of 4-methylamino-4’-hydroxy stilbene, 1 (Ono M, et al., Nucl Med
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Biol. 2003;30:565-71; Wilson A, et al, J Labelled Cpd Radiopharm.
2003;46:S61) to obtain 3a,b respectively. The free OH groups of 3a,b were
subsequently protected with TBDMSCI to give compounds 7a,b. To prepare
compounds with 4 or 5 ethoxy groups as the PEG linkage, bromides 6¢,d were
separately prepared as shown in scheme 2 and then coupled with stilbene 1 to
give TBS protected compounds 7¢,d. The ‘O-TBS protecting groups on
compounds 7¢,d were removed by treatment of TBAF (1M) in THF to give
3e,d. Compounds 8a-d were obtained by. protectin_g the methylamino groups
of 7a-d with BOC. After removing the TBS protection groups of 8a-d with
TBAF (IM)/THF, the free OH groups were converted into mesylates by
reacting with MsCl in the present of triethylamine to give 10a-d. The “cold”
fluorinated PEG stilbenes, 12a-d, were successfully obtained by refluxing
10a-d in anhydrous TBAF/THF (Cox DP, et al., J Org Chem. 1984;49:3216-
19} followed by stirring with TFA to remove the BOC protection group.

[0052) To make the desired '*F labeled PEG stilbenes, ['®F]12a-d, the N-BOC
protected mesylates 10a-d were employed as the precursors (Scheme 3).
Each of the mesylates, 10a-d, was mixed with [IBF]ﬂuoride/potassium
carbonate and Kryptofix 222 in DMSO and heated at 120°C for 4 min. The
mixture was then treated with aqueous HCI to remove the N-BOC protecting
group. The crude product was purified by HPLC (radiochemical purity>99%,
radiochemical yield 10-30%, decay corrected). The preparation of each ‘°F
labeled compound, ['*F]12a-d, took about 90 min and the specific activity was

estimated to be 900-1,500 Ci/mmol at the end of synthesis.



p. 16a -No- 16f -1P a) SnCl2, Ha(c), EtOH, b) (CHO),
NaBH3CN, AcOH, rt; c) (1) NaOMe, MeOl1l4, (CHO; (2) NaBH4; d) 8m
K2CO3, DMF, 100C, e) HCl, CH2COCH3, rt; TsCl, Py, 0C g) TBAF, THF,
reflux; h) 8n, K2CO3, DMF, 100C;, 0 (130C) 20, THF, reflux; j) THAR
(1M, THF, rt. SCHEME 5 / nERgO\_ OHOO a\ b\ HO
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Scheme 1

a) Ci’%\’oa\H KzCOs, DVF; b) Br'{’\/oa\'ras KyCO3, DMF; ©) TBSU, iridazde;
2z b
d) TRAF(1M), THF; e){BOC);0, THF; f)MsCl, EtzN, DCM; 9) TBAF (anhydrous), THF; h) TFA DCM

SCHEME 2

Hof\/ )\ - Ho{’\’ }\TBS — Br’é\’ ;‘TBS

Scheme 2 a) TBSCI, EtaN, DCM; b} CBry, PPhs, DCM
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/13u 181920n:1lir_si \ tlEtu a) 7nm(C1130)2C(CH3)2, TsOH; 7n: HOBT,

Si (t-BU)2C12, Et3N, DCM b) CBra, PPh3, Py, DCM - 24 - SCHEME 6 BrBr
SCHEME 7 Br (a)[ 18qHF/ K2CO3/ K222 DMSO, (b) aq HCl
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SCHEME 3

MOy L .

8 . T
O™ o,
10a-d ['®F112a-d

Bin=
n=
Scheme 3 a) 1) ['8FIF /K222, K,CO3, DMSO; 2) HCl ag c:n =
n=

[0053] The syntheses of compounds 15e, 16e and the syntheses of the
radiolabeling precursors 15d, 17d for preparing [°*F]15e¢ and ['*F]6e are
shown in Scheme 9. To prepare compound 15a, the nitro group of 4-nitro-4’-
hydroxy stilbene ,13a, was reduced with SnCl; in ethanol to give the
corresponding amine 14a. The amino group was then treated with (CHO),
and NaBH3CN to give the dimethylamino compound 15a. Compound 15b
was obtained by reacting the hydroxyl stilbene, 15a, with bromide 20m
(which was separately prepared as shown in Scheme 10) and potassium
carbonate in anhydrous DMF. Compound 15¢ was obtained by the treatment
of 15b with 1N HCI in acetone. Mono tosylate 15d could be isolated from a
product mixture of reacting diol 15¢ with 1.5 equivalent of tosyl chloride in
pyridine. The tosylate 15d was converted into floride 15¢ by refluxing with
anhydrous TBAF in THF. TBAF has to be dried at 58 °C under high vacuum
(< 0.5 mmHg) for 24 hr before use. The tosyl compound 15d was used as the
starting material to obtain radio labeled compound ['®F]15e. Nitro compound
13e was similarly synthesized by a coupling reaction of 13a with 20m
followed by tosylation and fluorination. The synthesis of compound 16e was
accomplished by the reduction of the nitro group of 13e with SnCl,/EtOH
followed by the monomethylation of the amino group with (CHO),, NaOCH,
and NaBH,. An intermediate ,13b , was reduced to amine, 14c, and then
monomethylated to give compound 16c. To obtain ['*F]16e, N-protected
tosylate 17d was designed as the precursor for radiolabeling, Previously
prepared 14a was first monomethylated to 16a. The compound 17f was then
prepared by coupling of 16a with 20n (Scheme 10) and the introduction of
BOC to the 2° amine. Di-tert-butyl siliyl group of 17f was removed with 1N

DR WN



- 25 - SCHEME 8 [0058] Sone of the conpounds are al so anenable to

m crowave synthesis as described bel ow in Exanples 50-52. [0059] The

r adi ohal ogenat ed conpounds of this invention | end thensel ves easily
to formation frommaterials which could be provided to users in kits.
- 26 - Kits for formng the imaging ents can contain, for exanple,
a vial containing a physiologically stfitable solution of an
internmediate of Fornmula I, in a concentration and at a pH suitable

for optimal conplexing conditions. The user would add to the vial an
appropri ate 4B nTHDA rop® terBsTaNETe &b dighRf. ¥hichyasqaenotasyiatydas

hydr ogen per %ﬁgﬁ.co Surl | ting | abeled |igand may then be
adm ni stered Intravenously to a patient, and receptors in the brain

i mged H905#bans oA mhkéslnompguuhShyermaisa spthsrizerhas showmiis Sclame 4.

therefrom [QQ60 n desjred, Chi I i may
contain any 8is{]l¥§\g§“%qﬂj@ﬁf° agtc&I!lk%gﬁ%@o%‘??}’ngmggze%%@g]?%s‘%l? aﬁ%?ﬁ%
bases, l(auf f eli'éh):tegsti&bbﬂrlﬁ E@ﬁ?le{r@o@ IBSE]Emgh'ieCZhdhdﬂmpxrotdc&dt@Him}sng
agents (e.g.,, sodiumchl oride 006 e term " phar eutically
acceptabl e’ sé}FeP"c"&%e‘EFéle‘Btoh'%fPE%‘}? *%WE&&E}GJP %%?8“@’3%%2&‘”&? &%dfts or
aci d addi ti ORyifedJaSto Yive 1% WRP O HEatef with TENIEREROVOTBB @D tohi ch
are, within the scope of sound nedical judgenent, suitable for use in
contact withytdklil.ssues of patients w thout undue toxicity,

irritati al l er gl : 2dibdebifi stHBEHLe 08 YL AT £ wielalod
reasonaljﬁ%bslgenefi %i%ﬁéﬁgﬁgﬁtwgﬂg%ﬁgge?@esff or their i n.‘twer?o?eg use,
as wel |l as t lpnthesizetd €B¢tenicct)f GompoundHdrwaspahsaings ey thsfredustion offsunds

of the invention. The term "salts".refans ta t | atiwe t oxi c,
i nor gani ¢ an§®Br YT EE aeg}yg]eétcs%iléi gﬁtks%ﬁ@‘oﬁecg%gﬁ?ghégf lv%(%@%%r esent
i nvention. Alcsavertad| Intkedthar Righlyoseactied tisendgr ibweunidé r omarmediate o xiith
organi c acids_s as al iphatic.nono and dicarboxyli.c aci for
exanpl e acet i@rﬁgﬁ?’ ﬁ'ﬁéﬁhy?@% ubithout @P@gfgﬁtfcl?ar‘?&%e Qi*BE'}e%f@%}’ duy

al kanoi ¢ and likaRedi 03 By e dStioRsARthiro] @ shlassiamtatdonfBat i ¢ and
aromatic sulfonic acids. These salts can be prepared jin ?itu during

the findP036ol at i dhoserrdiigsne Heralivesorittor Disrancecaior daingdirgpthpaptached

separately rgagld d&bfe%u@r%drﬁhﬁq: R@HPRUﬁ%doPiPE)t@erE GRhARRE bl WM W th

a suitable organic or tnorganic acid and i1solating the salt thus
formed. Furt keown epthede (s mtlietrehedrontlstti 4% K208).128€7B§ MW obr oni de,

hydr ochl gri.de, sulfate,, bisuh§ , Nj : ta o] te,..

val er at e[,%%‘ﬂeate, lIff}al r?leaé e, sPﬁfesger at r,%&?%’gra?g& bgv%t e%ﬁ egnzawé e,
lactate, phoqﬁbﬁhﬁddé@@tﬁsﬁﬁﬁ carbbriakeRdr®, KryptoFi@e227 {tMBMSE and hesddnat e,
tartrate, napht gl ate nesyl ate, glucoheptonate,_ | actiobionate an

d
| aur yl sul phor#atld0°Cafor ¢, misk Gprdsrpreduct pry Apricd by HELG g pHaini>ge&¥neionat e,
and the like., T Vgl NG [ '
2 kal 1 ne. ear e RARSHERE gL AR, S0) ARGRARGE, B (0GR |1y
- 27 - nagnesgirosedumanabkt ¥emini dud speifiomstivitawas estimatedite ba#@rSHinme| at

quaternary a ni and am.pe cations i.ncludi ng. .but ] hsgted to
anunoni um tgF‘!r) ﬁrﬁtcfrpl‘??/? Fiho e&wll?@{?cggyﬁﬂagﬁﬁ%gﬂPﬁtn%c'%(r%%aflulfﬂgirn&ne,
di met hyl am nefronh predBisby 1 AlVIATRy ititidlatdtyibanm DAS@; thy mertureewasimehtddne

i ke. (See, for exanple, Berge S , et .., Phat naceuyti cal I ts,
J. Pharm SciWiteadupodoHC] &7 7mesi %&@%"%?&F‘ﬁ’&ﬁ%‘é %#&“ﬁs 8;?5'6%
reference.) [(QB21pllte pRfifsAiBh dnAVEBirhdiBcHefid SReldiwRCIBH. The dotaEt hod
of imaging anyloid deposits. One of the key prerequisites for an in
vi vo i magi ng sxgats toktlA8 mipand spesificastiviby Was gstimptedrtods H0He/mmphct

bl ood-brain b i bolus iv injection. [0063] In the first
step of the pa?é]geeeﬁlpo%}{'r%aﬂbf i mgi ng, a | abel ed conpound of Formul a
[, Il or Ill is introduced into a tissue or a patient in a detectable

gquantity. The conpound is typically part of a pharmaceuti cal
conposition and is adm nistered to the tissue or the patient by



[ 0064] For exanpl e, the conpound can be adm nistered either orally,
rectally, parenterally (intravenous, by intranmuscularly or

subcut aneously), intracistemally, intravaginally, intraperitoneally,
intravesically, locally (powders, ointnents or drops), or as a buccal
or nasal spray. [0065]1In a preferred g odi nent of the invention, the
| abel ed conmpound is introduced into a“patient in a detectable
quantity and after sufficient tinme has passed for the conpound to
beconme associated with amyl oid depgsits, the |abel ed conpound is

det ect ed noni nvasively inside the ﬁgﬁﬁéﬂi4 I n anot her enbodi nent of
the invention, an 18F | abel ed conpound of Formula I, Il or III is
introduced into a patient, sufficient tine is all owedforHt he
conpound to becone associated with ampg @& edNndgposits, and t eﬁéa
sanpl e of tissue fromthe patient is pepoygd and tHE'héb@TQBO onpound
inthe tissue is detected apart fromthe'patient. In a thi H

enbodi nent ofR; enfy on—a tissuel’s&npNéHis r errowed 2
patient and a |l a ) oﬂfgormuh;# MRchd or 111 i’};{:gﬂ oduced
into the tissue sanple. Aft¥ suffigignt of Ry F for the
conpound to becone bound to anyloid d%pgbi¥@?a¥%@ conpound 1%¥
detected. [0066] The admi nistration.of the |abel ed corpo to a
patient can be by a general or-local adm nistration route. r
exanmpl e, the |abel ed coppound pay - 28 - be admi nitskgr ed P Phe

pati ent such that itIﬁ?ﬁHﬁﬂﬂ%ﬁfﬂ#fWﬂoughout t he body. t (ﬁbﬁively,

t he | abel ed conpound |can be adm nistered to a specific organ or
tissue of intergst. For,exanplg, it is desirable to | ocate and
guantitate a - 8P OS+#-5 19en—tne 18 dinitme Srder 140 dpagaose or.
track the progress of Alzheiner's disease in a patient. [0067] The
term"tissue”"'mgans a Rart of 2 patient's body. Exanples of tissues

i ncl ude the Batna» hdar-t—»l iue&-.bhmﬁql.easelfsﬂ*am Srientees. A
detectabl e quantity iis a quantity of |abel ed conpound necessary to be
detected by the detegtion nethod chosen. The anount of a | abel ed
conpound to be intro i o appald nty i drderqizt of ppoyigde for
detection can readily be determ ned by those skilled in the art. For
exanpl e, i ncr eashOgHay sols) @hoy, hesd,abal@dy caTRescM&achS) 0i ven to a
patient until umm@onmumb;jmdmme@fm chgcothgn;ebet@,@y,m)mgfﬁgod of
choi ce. A | abelMBf.gixnp frokGOEMF, MI0LT; b (BOCE® MPH wnds) tEaRpMMEHE@. f Or
detection of the conpounds. [0068] The term "patient” means humans and
other animals. Those skilled in t re also famliar with
determ ning the amount of tinme sufficient for a conpound to becone
associated with anyloid deposits. The anount of tine necessary can
easily be determ ned by introducing a detectable amount of a | abel ed

conpound of Formula I, Il or ELI into a patient and then detgcting
t he | abel ed conpound at various tinmes after adm nistratmRer=c] 0100] The
term "associ at ed" a chem cal__igteraction between the |abel ed
conmpound and the | oi d deposit./ Exanrpl @s of asgocigtions include
coval ent bonds i ¢ bonds, Ay ophbﬁicfﬁyd ilig/hnteracnéons,

hydr ophobi c- hgdr op I Nty act i ¢ and gpnpl e d [Olol]jhd%e
skilled in the 8t are famliar Wth positron entssi on ™ yr aphy
(PET) detection of a positron-emtting atom such as 18F. Thegg,present

invention is j peci.fi 0 nds where the 18F atom

i s replaced Qﬁ%ﬁeggggﬁf¢§§Pbﬁgﬁeﬁégohﬁﬁgﬂgﬁg&éﬂbﬁ*nfd¥@¥]Wh@Bma

radi oacti ve pRtagng®IOM agent shoul d have sufficient radioactivity and
radi oactivity concentration which can assure reliable diagnosis. The

desired |l evel of radioactivity can be attai ned by the nethods
provi ded herein for preparing conpounds of Formula I, Il or H



- 29 - [0103] The imagi ng of anyloid deposits can al so be carried out
guantitatively so that the anmount of anyloid deposits can be

determ ned. [0104] Anot her aspect of the invention is a nethod of

i nhi biting anyloid plaque aggregation. The present invention also
provi des a nethod of inhibiting the aggregation of amyloid proteins
to formanyl oid deposits, by adm nist®ering to a patient an anyloid

i nhi biting amount of a conpound of the above Formula I, Il or I1I.

[ 0105] Those skilled in the art are readily able to determ ne an
anyl oi d inhi biting anmount by sinpl%ﬁﬁggﬂﬁﬁystering a conpound of
Formul a I, of, I'll to a patient in ipgreasing amyynts until the
gromh of a 0I'd deposit3yis decreased gr stopped. e rate of
growm h can _beiassessedud : or by taking
a tissue sa depesits

t herein. Theec olunds™ of tpe i ni stered
to a patient E about

1, 000 ng per 7 For a norte
about 70 kg, a gosage in the,range of abouf 0.01 to abogt 100 ng per
kil ogram of body weight per zday is sufficient. The specefic dosage
used, however, can vary. For exaffphe, the dosage can depend on
nunber of fachor \cl udi ng the reguirenents o

severity of t opng tipn MHENNG /T Rat ed, an Qe phay nag
activity»of—the compound Bei #g Used. The—det er ninati onQf Hp
dosages for a particular patient is~ell known to those Skilled
the art. [0106] The radi oactive di sti c agent shoul d have
sufficient radioactivity and radi o&tivity concentrati on which
assure reliable diagnosis. The desiged | evel of radioactivity cag be
attai ned by the nethods provided herein for preparing conpounds of
Formula I, Il or IIl. [0107] The i maging of anyloid deposits can al so
be carried out quantitatively so t iﬁizénnunt of anyloid deposits

Ll

t he
i.€a
'inu_

can be determ ned. [0108] The foll nples are illustrative, but
not limting, of the nethod and conpositions of the present HO
inventiqn. er suitable nodifigations gnd adaptations of the
variety of tions and pa;_aﬂét ers normyl | x ountered - 30/ and
obvi ous ¥o t\oge s'InD he\grt are w th\n_yhe §pi and scope
of the ifAvention. [0109] 4 reagents used in synt hesi s A:]
comrerci al product s;,and yere ' a 1#F3150 Ry=R,=CHs

17d:Ry=CHj, R;=BOC Ak [*F]16e R4=CH,, R;=H

Br

(2)['*FIHE/K,CO5/K222 DMSO, (b) ag HCI



used without further purification unless otherwi se indicated. 111 NWR
spectra were obtained on a Bruker DPX spectroneter (200 MHz) in
CDC13. Chemical shifts are reported as 8 values (parts per mllion)
relative to internal TMS. Coupling constants are reported in hertz.
The multiplicity is defined by s (singlet), d (doublet), t (triplet),
br (broad), m(multiplet). Elenental~ Iyses were perforned by
Atlantic Mcrolab INC. For each procedure, "standard workup" refers
to the follow ng steps: addition of indicated organic solvent,

washing the organic layer with wat¥fHEME®R brine, separation of the
organic layer fromthe aqueous_layer, drying off the conbined the
organic | ayers with anhydrou iynsulfate, filtering off the

sodi um sulfw{’enggﬂo t rgani ¢ sol vent under reduced
pressur eMeoee EX3MP b&oc Q

2-(2-{412- (4- hyl @i no- pi®fy1) - vi nyl kphehaxg} - &

[ 0110] Under the nitrogen atnosphere, 4-nethyl am no-3
stilbene, 1 (Ono M et alL, Nucl Med Biol. 2003; Wlson A et al., J

Label | ed €pd—Radi og (63 ny,. 0.28 o\ and 2a (42 ny, 0.34
mol ) were di sgdl va \nhydrous DVF (5, 0 oI by an

addi tion of potassi um carboRat # (f25 °0. 91 nunoI) & suspensi on
was heated to 100C and stirred overni ght After cooled down to room

tenperature, standard up with dichloronethane was applied and the
resi due was purified pre/aratl ve TLC (4% net hanol in

di chl oronet hane) t e af f'e p (67 ng, 76 %9: 111 NVR 8 7. 37

(m 4H), 6.89 (m 4H), 6.63(d,J 8.48 4.16 (t, 2H), 3.88
(t, 2H). 3.78 (t, 211), 3.68 (t, 2H), 2.a;_4<ff§¢19, 2.20 (br, 1H)
1.55 (br, 1H). -31 - Exanple 2 Zl_ﬁ:é’(/z_ﬂ'
{442- (4- Met hyl am no-phenyl)-vin | ] ph€noxy) - et hoxy) - et hoxy] - et hanol
(3b). [0111] Conpound 3b vva from1 (150 ng, 0.67 mol), 2b
(136 ny, 0.81 1), °an(go R f carbonate (277 ng, 2.01 mmol) in
DVF (10 mdoge ang. pr ocedure ges,gédc Qr corrpound 3a. 3b
(180 nmy, 76 %h+=—111 I\/R5 ™SF (m 4H)
= 8.50 Hz), 4.15 (t, 2H), 3.87 (t, 211), 3.72 (t, Y.
2.87 (s, 3H), 2.20 (br, 111), 1.60 (b, 111). Exanple 3 2-
{242- (2- {442- (4-Met Ryl am henyl) VI nyl kphenoxy} - et hoxy) - et hoxy] -
et hoxy) - et hanol (3c). (1A¥{n THE, 0.06 m) was added via
a syringe to a solutien of=¢ Te 2 mg, 0.023 mmol) in THF (1
m). The solution was stirreg at 1 enperature for 2 hours. After
i the resi due was purified by
i n dichloronethane) to
N_6.88 (m 411), 6.58
A7,"3. 70 (m 1211),

gb.hanol (3a).

silica ggbep 4 §%]
afford 3c (8.\=hg,« 94 Fuowe ITH NVR °°
(d, 211, J = 8.5 Hz), 4.15 (t, 211),

'3.86 (t,
2.86 (s, 3H arrple 4 2-(2- {24242-
{4-[2-(4-

@ q s en.yLl.). Vi t henoxy} - et homx)
- sthandi A\ Conpvcrn’d -@. Rr epat ed
from7d (15 ng, 002 mmol ) and TBAF in TIFF, *9. 06 M) @ 11

et hoxyket hox

m), with the sane pracedure descrl bed for corrpound 30 3d (7 8 ng,
65 %: 5 7.36 (m H-H 87(m 660(d 2H, J = 8.5 Hz), 4.14
(t, 2H), 3.85 (t, 211), 86 (s 311).

[0058] Some of the compounds are also amenable to microwave synthesis as

described below in Examples 50-52.
[0059] The radichalogenated compounds of this invention lend themselves

easily to formation from materials which could be provided to users in kits.



-32.. Exanple 5 2-(2-

(2[2-(tert-Butyl-dinmethyl -silanyl oxy)-et hoxyl - et hoxy} - et hoxy) - et hanol
(Sc). [0114] Tetraethyl ene glycol, 4c (1.12 g, 5.77 mmol) and TBDVSCL
(0.87 g, 5.77 mol) were dissolved in dichloromethane (25 nm)
followed by triethyl amne (1.46 g, 14.4 mmol). The solution was
stirred at roomtenperature for 2 how?s. After standard wor | cup with
di chl oronet hane, the residue was purified by silica gel colum
chromat ography (50 % ethyl acetate in hexane) to afford 5c (744 ny,
42 9% : NVR 8Kts6fr (feyming tHe, imagig @gentg |qan jeostai, 8B Hpxample, g0 id, 9H) |

0.07 (s, 6H)

{242-(tert- Bu?@ﬁggngfl&&ﬁrogé Flgeﬁyql%lg somtlﬂn Q{, eltn e(r)r)r(xg/ 1at EFO ulaI
et hoxyFet hanad a écﬁd&ntraﬂlﬁﬂiﬁi ﬁarmbamtzlblﬁcfmvmnpt e;pnarledng w:amldltlons The
pent aet hyl ene gl yc 4d (1.1 4. 72, nMo 0.78 5.19
ol ) and t FRRetig A trabq isbubeeniop@re drandy o Bt oisb Gnd e 25
M) wth theoga®, ficRasd a?mmawcrhé@ésumgmwml gnd Ady (fea®eny, 40
%W: NVR 8 3.67 (m 20 H) y'dr66 t, 1H J-563Hz§08y( 9H) ,
0.06 (s, 6H): d@mp@myra(gwusly to a 'patient, and receptors in the brain 1maged by

{ 242- (2- Br oMy et NPy Y EEHRONNLr ShEPOAIoRE el - o et by si L an
e (6¢). [Olgg] %rrpour?(sjﬁ ng}%'or? S)S andecar bon tetrabrom de
(947 ny,[006086 rrg) Wmnedﬁlrs@othﬂemdlqactmec ﬁiagwﬁetasamten(azoccrme)m aye

sol ution was ed down t Om
was added folaﬁtg\%ée s‘ﬁg %P p‘f‘nenﬁ%hnﬁ pﬁéeg ’(afg% Qas%@ %{? %héri}g b The )
fsoI ut2i ﬁn was (iggmaﬁxmaﬂﬁéfsoronilmigfagamts faogusodmh @tloridepm terrper at ure
or Q ter, stan wor | cup W t , 0 h th
resi due [ 9\%@] pur i f g F‘l“b"’zﬁe‘ﬁ@la B?C(?H’ﬁ‘b]@kﬁaﬁrrﬁ? Bi;‘i%;b%r ome%%rsoglgt hyl ©
acetate in hma%bémaé Eafsdarca@iamaunﬁn@@hs(&&ﬁe B@npcmdﬁof/ﬁle piésedt NVR 8

3.79 (m 411 3..66 , t, 2H), 3.47 (t. 0. 89
911), (0 07 (;nveg gnl: are, w1th1n the sgcope oszo@mcél gldgg)nent 31181tab1(e

[2-(2-{212- (3R QEFPf‘Jn'EHBWQm ALY S Bt Bk E ke hﬁfahoﬁmt yl di
met hyl si | ane ? 07) ] Conmpound 6d was prepared from d (624 ny,
1.77 mol ), eHerigoresponsealand thelbky, Tommegsurgte 30thna rasgnable beneﬁb'nsk

tri phenyl phosphi Ilgm%l r

di chl or onet hgmJ ?%%(eﬁ?%w\gﬁ?%&?ﬁgnsang)ug? g%e‘él’%# gse (ees?,zt\:"?u%lgé dfﬂ)rms
conpound 6c¢. vwiidre gi3fiblRpof the c8mpyundkioNiR 1Bve3t16’19 ’l(l'mterm-f)s,altg 168y 1m

1211), 3.55 %e ll_?wely nonttgxw ml:)')rganPc Sa?ld ofganlc ac18 ar?dltgori san of

compounds of the present invention. Also included are those salts derived

from non-toxic organic acids such as aliphatic mono and dicarboxylic acids,
for example acetic acid, phenyl-substituted alkanoic acids, hydroxy alkanoic
and alkanedioic acids, aromatic acids, and aliphatic and aromatic sulfonic
acids. These salts can be prepared in situ during the final isolation and
purification of the compounds or by separately reacting the purified compound
in its free base form with a suitable organic or inorganic acid and isolating the
salt thus formed. Further representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, valerate, oleate,
palmitate, stearate, laurate, borate, benzoate, lactate, phosphate, tosylate,
citrate, maleate, fumarate, succinate, tartrate, naphthylate mesylate,
glucoheptonate, lactiobionate and laurylsulphonate salts, propionate, pivalate,
cyclamate, isethionate, and the like. These may include cations based on the

alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium,



Exanpl e 9 {44244-
{2[2.(tert-Butyl -di net hyl - si | anyl oxy) - et hoxyket hoxy) - pheny1) -

vi nyl kphenyl}-nethyl -am ne (7a). [0118] Conpound 3a (45 ng, 0.14 mol)
and TBDMSC1 (33 ng, 0.22 nmol) were dissolved in dichloronmethane (10
m) followed by imdazole (20 ng, 0.29 nunol). The sol ution was
stirred at roomtenperature for 2 hou#s. After standard workup with
di chl oronet hane, the residue was purified by silica gel colum
chromat ography (1.5 % nmethanol in dichloromethane) to afford 7a (56
my, 91 % : NwRgBesiumd0 afdnthel like, 28. 96l (a5 nbEjoxics ammonilim,2 fijat@nary7. 9

). 35 g 1 e bbb, g g, 2
tetramethylammonium, tetracthylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, ethylamine, and the like. (See, for example,
Berge S. M., et al., Pharmaceutical Salts, J. Pharm. Sci. 66:1-19 {1977) which
1s incorporated herein by reference.)

[0062] The present invention is also directed at a method of imaging amyloid
deposits. One of the key prerequisites for an in vivo imaging agent of the brain
is the ability to cross the intact blood-brain barrier after a bolus iv injection.

[0063] In the first step of the present method of imaging, a labeled compound
of Formula I, II or IIT is introduced into a tissue or a patient in a detectable
quantity. The compound is typically part of a pharmaceutical composition and
is administered to the tissue or the patient by methods well known to those
skilled in the art.

[0064] For example, the compound can be administered either orally, rectally,
parenterally  (intravenous, by intramuscularly or subcutaneously),
intracisternally, intravaginally, intraperitoneally, intravesically, locally
(powders, ointments or drops), or as a buccal or nasal spray.

[0065] In a preferred embodiment of the invention, the labeled compound is
introduced into a patient in a detectable quantity and after sufficient time has
passed for the compound to become associated with amyloid deposits, the
labeled compound is detected noninvasively inside the patient. In another
embodiment of the invention, an 1E Jabeled compound of Formula I, IT or III
is infroduced into a patient, sufficient time is allowed for the compound to
become associated with amyloid deposits, and then a sample of tissue from the
patient is removed and the labeled compound in the tissue is detected apart
from the patient. In a third embodiment of the invention, a tissue sample is
removed from a patient and a labeled compound of Formula I, II or III is
introduced into the tissue sample. After a sufficient amount of time for the
compound to become bound to amyloid deposits, the compound is detected.

[0066] The administration of the labeled compound to a patient can be by a

general or local administration route. For example, the labeled compound may



(4- {2-[4-(2- {2-T2-(tert-Butyl-dinethyl-silanyl oxy)-ethoxyl - et hoxyl

- et hoxy) - phenyl kvi nyl1}-phenyl)-net hyl -am ne (7b). [01191Conpound 7b
was prepared from3b (136 ng, 0.38 mml), TBDMBClI (86 ng, 0.57 mmol),
i mdazole (52 nmg, 0.76 mmol) in dichloronethane (10 m) with the sane
procedure described for compound 7a. /b (170 nmg, 95 %: 111 NWVR 5
7.37 (m 4H), 6.88 (m 4H), 6.66 (d,"3H, J = 8.6 Hz), 4.14 (t, 2H),
3.86 (t, 2H), 3.75 (m 6H), 3.57 (t, 211), 2.88 (s, 3H), 0.90 (s,
911), 0.07 (s, 6H). Exanple 11

[ 4- (2-{4-[ 2- boadmibdstared ot thBusientciuple (e it 1§ idebiyryedoshygueberioky beEhoxy} -

S8 e AL M USRS g, 1,

0.57 mol ), KAWEOBf (n&REst.Whr eRarifie it mde)s1rabrhe [ol\IEca(taé)nmganumetdmxlmd sane

procedur e descrlbed corrpo nd H NVR 5 7.36
(m 411), 6. 8sPopHs Le{’fael BT t°§%§“°si 0&%‘@%’%&%&‘03‘%53‘.’3‘%@“‘3‘% 3. 86
(t, 2H), 3 7@15@%11114)59(1,@@ 55 (t, 2H), 2.86 (s, 311), 0.89 (s, 911),
0.06 (s, nﬁle 12 144244- {24242-

{tZL 2- (;éatﬁlautw - Bnevisrmytissue') mpaps ,pt-of e Mgk e beryk Fiamples of tissues

et hoxy) - et ho I

[0121] COrrpou)r%h% Ml‘“’ﬁ%‘%‘g?[@ e ‘?%gsgwaﬁﬁwh 4R (glm? 97 ny,
0. 47mol ), Kmumwofﬂ@beled tomponyid) necessay/ro be @etertpd bwt md@tn@logane

procedure descr,i for onpo 5 7.36
(m 411), 6. &Ft tt"ﬁn ‘9‘2 Th 560 F‘% °%1Tb°1§d(° g?r;%z‘?%]ei‘{%d%th %
S H)85 E) t 062(11)3aué’nt ;Z,Ig o{dﬁi tolﬂrblﬂn)de f3r Bﬁzc(ztion caidreaddly D6 degermBitd )by tﬁos&Q (s,
S - - e 44-
{2[2-(tert- B@'Elde &ﬂ theaHy Fobey d&?ﬁasg'ﬁmﬁ@tﬁé&?fabﬁ]ﬁ%ﬁ%?“nd
vi ny1] - phenyl, - 924 BAREE udfl thet @ﬁﬁpbbhld ¥d d@sdt&d b 889 detection

[ 0122] Under t e rogen atnosphere, 7a (54 ng, 0.13 mmmol)
di ssol ved method of choice. A label is introduced nto the compounds to prov1de ?‘or

detection of the compounds.

[0068] The term "patient” means humans and other animals. Those skilled in
the art are also familiar with determining the amount of time sufficient for a
compound to become associated with amyloid deposits. The amount of time
necessary can easily be determined by introducing a detectable amount of a
labeled compound of Formula I, I or III into a patient and then detecting the
labeled compound at various times after administration.

[0100] The term "associated” means a chemical interaction between the
labeled compound and the amyloid deposit. Examples of associations include
covalent bonds, ionic. bonds, hydrophilic-hydrophilic interactions,
hydrophobic-hydrophobic interactions, and complexes. .

[0101] Those skilled in the art are familiar with positron emission tomography
(PET) detection of a positron-emitting atom, such as ®F.  The present
invention is also directed to specific compounds where the 'F atom is
replaced with a non-radiolabeled fluorine atom.

[0102] The radioactive diagnostic agent should have sufficient radioactivity
and radioactivity concentration which can assure reliable diagnosis. The
desired level of radioactivity can be attained by the methods provided herein

for preparing compounds of Formula I, II or III.



i n anhydrous THF (5.0 m) followed by Boc-anhydride (84 ng, 0.25
mmol ). The solution was refluxed overnight. After standard worlcup
wi th di chl oronet hane, the residue was purified by silica gel
preparative TLC (2 % nmet hanol in dichloronmethane) to afford 8a (60
ng, 90 %9: "HNWR 5 7.43 (d, 41-1, J = 8.4 Hz), 7.20 (d, 2H, J = 8.4
Hz), 6.97 (g, 2H), 6.90 (d, 2H, J =‘82.97“Hz), 4.14 (t, 211), 3.87 (t,
211), 3.80 (t, 211), 3.64 (t, 211), 3.27 (s, 311), 1.46 (s, 911),
0.90 (s, 9H), 0.08 (s, 6H). Exanple 14 (4- {2-[4-(2-

{242- (té9103But yl - ahmdgwg- iamyinid dsporiteednpispist damed)oue gansiajively
phenyl kvi nyl t utyl ester (8b).
10123] Corrpou%d Eﬂéa%o{gﬁggéﬁ@ﬁ&g&@b%&gﬂ&% % 26 mmol ) and Boo-
anhydri de10dp18 nyAnbth&Gaspeel of iha ihvdatied Gs rd Method tolf ihlibiting menybeidcedur e

descrl bed for, compound 8a. ( ' d,. 411,

3525 4 ru) - Pl aggession. ihe' esenludpvergiog rlsa, proyges g fid Slop,

= 8- 7 Hz), 1rilr1'i_b1(lﬁ thé egation/ofl dmylSill Iproteins & f&ﬁn afbibid dits{ by 211),

3.27 (s, 311) 46 (iajg)gr 1), O. 90y 3%911) 0. 07 ‘ﬁb &p‘é (a?rrple 15
[ 4- (2-{ 442- (zd@@m@é?@pmwmww@%wwgmgmk awﬂeﬁ%xy)

et hoxy) - et ho UJV'E%H}{JQIVH - phenyl knet hyl -carbam ¢ acid tert-butyl

ester (8c). [0124] Corrpoun c was prepared from 7c (84 ng, 0.16 nmmol)
and Hoc{0EMhydr i d&hgstekilled, inOthg Sartriarsl yeaflily Eble foSdettrminenian fantyhed sane

O e R R R P

6.90 (d, 2H, ta a—*pa&en?t 1iﬂz)10re$h1ng5mﬁbunts2hhtﬂ tae &;70\('111 omﬁgzoldsdezsasl(sns 10H)
er BB, ﬁk b

et hoxy) et hoxngt%oxyl phenyl) gwﬁgﬁ%‘ﬂ@nyl rre—ptﬁh I f&ga?bsgﬂf%g tc'lilgl d

tertbutyl esg@yloigdspositthersirey e sampaen tbfr‘ @fﬁé?lﬁdnvqnaﬁﬁl PP 0210 ny,

0.51 maol) gadinBRGed %n:b sHenflgs éﬁé Wels fn B8 1 Llc)f AbeutTdﬁF té 3o )

vvith t he sane procedure escrl or conpoun ng, 66.7

% : 'H NVR 517008 mg(pgr dap-ForJa rorgialihusran adylt havifigia body, w@ghi ogauotw_’ 6.97
(g, 2H), 6.99 (d 5 3.72
(0 2.5, 9,y o bl B g B

0. 6 (s, 611)»61@51(&1‘]31&19 islstifficient. The specific dosage used, however, can vary. For
4-(2-{442-(2- h h kph hyl b
L4- (2 (442 (3 Ludr opy- gLhoxy) ooy Kphemy Tl oy py)c RSIhATR Y oo

requirements of the patient, the severity of the condition bemng treated, and the
pharmacological activity of the compound being used. The determination of
optimum dosages for a particular patient is well known to those skilled in the
art.

[0106) The radioactive diagnostic agent should have sufficient radioactivity
and radioactivity concentration which can assure reliable diagnosis. The
desired level of radioactivity can be attained by the methods provided herein
for preparing compounds of Formula I, If or III.

[0107] The imaging of amyloid deposits can also be carried out quantitatively
so that the amount of amyloid deposits can be determined.

[0108] The following examples are illustrative, but not limiting, of the method
and compositions of the present invention. Other suitable modifications and

adaptations of the variety of conditions and parameters normally encountered



[ 0126] Conmpound 9a was prepared from8a (56 ng, 0.11 mmol) and TBAF (1
Min THF, 0.21 m) in THF (5 M), wth the sane procedure described
for conmpound 3c. 9a (36 ng, 82 %: 111 NVMR 5 7.43 (d, 4H, J = 8.4
Hz), 7.20 (d, 2H, J = 8.4 Hz), 6.97 (q, 2H), 6.90 (d, 211, J = 8.7
Hz), 4.18 (t, 211), 3.88 (t, 2H), 3.78,(t, 211), 3.68 (t, 211), 3.27
(s, 311), 1.46 (s, 9H). Exanple 18 {424244-

{242- ( 2- Hydr oxy- et hoxy) - et hoxyFet hoxyl - phenyl) - vi nylkphenyl } -

met hyl -carbamic acid tert-butyl ester (9b) 37 - compound_3c. 9b
(94 ngy, 99. 7%4d RPYPYS o thosezskiled inthe art areawuhlmztsw spiTiband $0po 94 they -
8.4 Hz), 6. 9?n&£mm¥FD 6.90 (d, 211, J 8.7 Hz), 4.17 (t, 2H), 3.87
(t, 211), 3.74 (t, 6H), 3.62 (t, 21) 3. 27 (s, 3H, 1.46 (s, 911).
Exanpl e [080% 4- { 2- [Mll (eden{szn@d(xa-mmewyﬂeeQ eRyprcéal frasduetst #sk ypre

- et hoxy) - phen in I | G talk-d I

ester (9c). éﬁé ¥Tﬁ%plﬁwp g%ﬁg%p3$%¥§P%g&$€gﬁ§§%ﬁ g% g&%%

mrol ), TBAF (“Eer%hmnéﬂ-tﬁz a Bnidr DIPK @aﬂroﬁdﬁer((zoamﬂ-lz) i CDCI:,héhemmﬂ
procedur e descrlbed for C.

(d, 411, J =°hifty %5eporfed§es"5 ‘?H%P?Szp%(rﬁﬂﬁg‘? rel%‘“@?“’ ‘E’]‘“’%

(d, 211, J = C%uﬂh onsthntsOart tre otted) in Fbr@/ Thé mud )cat%els WRfihéd b}lQH)

3.61 (t, 2 911)
[ 4- (2({4 [;D ((gnglmzl(nguw;értdmpl@l ﬁ?éﬂgwadétrﬁdwkg’?%x%méwwwﬁt hoxy]

- pheny1 YT
[ ogzg]n)c/:o%rp\cghnd"%ﬁ H’geatr%{ IC??%%@%%QNQCI Flor &Eﬁf?m%,lhr)eeand TBAF) (1

Min THF, 0. 2vbrkdp’ refersWeIFihQ Bollnwing wliepsh aﬂmog aﬁmdgn'awdeqmmvec sdventi bed
for conmpound 30 9 52 82. 7. = 8.4
He) | 750 (d, V538 lf"-?ée)’ “"éﬁ &?ge?’ Jﬁz’\@)“% épég‘"‘“%g fgtE%’ ogaicg” 7
Hz), 4.16 (t la)%Hfrme:hBqu(ebus B§dr) drythgdarf (Iie coﬂ:lbiﬂ)ad thi. cﬁ@a:ﬁtt l,ayé’rH)mthB 27

(500" (o7t - by SOM ST eaHs HE)De SRRHDIRUFRR emevine the

- phenoxy) - et W%Mﬁtm&ﬁ%&d&abms{&é%] Conpound 9a (36 ng, 0.087
mmol ) was di ssol ved in dichl oronet hane

8743

Example 1

2-(2-{4-[2-(4-Methylamino-phenyl)-vinyl]-phenoxy} -ethoxy)-ethanol (3a).

[0110] Under the nitrogen atmosphere, 4-methylamino-4’-hydroxy stilbene, 1
(Ono M, et al., Nucl Med Biol. 2003; Wilson A, et al., J Labelled Cpd
Radiopharm. 2003) (63 mg, 0.28 mmol) and 2a (42 mg, 0.34 mmol) were
dissolvéd in anhydrous DMF (5.0 ml) followed by an addition of potassium
carbonate (125 mg, 0.91 mmol). The suspension was heated to 100°C and
stirred overnight. After cooled down to room temperature, standard workup
with dichloromethane was applied and the residue was purified by silica gel
preparative TLC (4% methanol in dichloromethane) to afford compound 3a
(67 mg, 76 %): "H NMR & 7.37 (m, 4H), 6.89 (m, 4H), 6.63 (d, 2H, ] = 8.48
Hz), 4.16 (t, 2H), 3.88 (t, 2H), 3.78 (t, 2H), 3.68 (t, 2H), 2.87 (s, 3H), 2.20 (br,
1H), 1.55 (br, 1H).



(5mM) followed by triethylamne (44 ng, 0.44 nmol). Methanesul f onyl
chloride (30 ng, 0.26 mmol) was then added via a syringe. The
solution was stirred at roomtenperature for 4 hours. After standard
worlcup with - 38 - dichloronmethane, the residue was purified by
silica gel preparative TLC (2.0 % nethanol in dichloronethane) to
afford 10a (39 ng, 91 %: 111 NVR 57343 (d, 4H, J = 8.6 Hz), 7.20 (d,
2H, J = 8.4 Hz), 6.98 (q, 211), 6.89 (d, 211, J = 8.6 Hz), 4.41 (m
2H), 4.16 (m 211), 3.87 (m 411), 3.27 (s, 311), 3.05 (s, 3H), 1.46
(s, 911). Anal. (C25H33N07S) C. HExdme@pl e 22

Met hanesul fonic acid
2-{212-(4-{244-(tert-butoxycarbonyl - met hyl am no) - phenyi kvi nyl }

o cpar et ?LE@E- o S T s T e BROP RGO "o T,
2i?4 QFDI) ag Sar|e hylanipe (88 ny, 0.88 mmol) in dichloronetggne (8
g6, 50y (T RR gCoR SRS G braitinign | SfsoRERRM mblioon G307 1B
213)7 ( g 8%1 (12)7.181 GorBel),(ahd pAfatsiund carbSnde k)7, md, B81 ol RihIPMFALQ Snlf m

20y L e et bt S v 008 w6 1 190

Met hanesul f onMERGI TRAGn, B4 849 (m] Zﬂﬁl,-e(sste%ct, 28Ut exg serRypnyls @eiiy! -

am no) - phenyl kvi nyl } - phenoxy) - et hoxyket hoxyl -ethoxy)-ethyl ester
(T0cy)~ [01353 85 b 2> T04t M. b fiars 3F0H SED(BED Ay, 1) B0l
nmet hanesul fomﬂ chloride (46 ng, 0.40 mmol) and triethylam ne (50 ny,
0.50 mmol ) in dichloromethane (5 m), with the sane procedure

descri bed for conmpound 10a. 10c (56 ng, 96.9%: 1H NVR 8 7.43 (d, 4H,

J =86 Hz), 7.20 (d, 2H, J = 8. 4%1@397 (q, 211), 6.90 (d, 2H, J
= 8.6 Hz), 4.37 (m 211), 4.16 (m , 3.86 (m 2H), 3.76 (m
1011), 3.27 (s, 311), 3.06 (s, 3H), 1.46 (s, 911). Anal.
(C291141N09S) C H. N. - 39 - Exan‘la)l e 24 Met hanesul fonic _acid
242- ( 2- { 242- ¢4 G4 - Meplamine-ahasyhyiiodbphaperan ¢texypREay: - vi ny 1)
- phenoxy) - et b eathrselBekt hoxyket hoxy) - et hyl ester (10d).
[0112] TBAF (1 M in THF, 0.06 ml) was added via a syringe to a solution of
compound 7e¢ {12 mg, 0.023 mmol) in THF (1 ml). The solution was stirred at
room temperature for 2 hours. After standard workup with dichloromethane,
the residue was purified by silica gel preparative TLC (4.5 % methanol in
dichloromethane) to afford 3¢ (8.7 mg, 94 %): 1H NMR & 7.36 (m, 4H), 6.88
(m, 4H), 6.58 (d, 2H, J = 8.5 Hz), 4.15 (t, 2H), 3.86 (t, 2H), 3.70 (m, 12H),

2.86 (s, 3H).

Example 4

2-(2-{2-[2-(2- {4-[2-(4-Methylamino-phenyl)-vinyl]-phenoxy}-ethoxy)-
ethoxy]-ethoxy}-ethoxy)-ethanol (3d).

[0113] Compound 3d was prepared from 7d (15 mg, 0.027 mmol) and TBAF
(1 M in THF, 0.06 ml) in THF (1 ml), with the same procedure described for
compound 3c. 3d (7.8 mg, 65 %): "H NMR & 7.36 (m, 4H), 6.87 (m, 4H), 6.60
(d, 2H, J = 8.5 Hz), 4.14 (t, 2H), 3.85 (t, 2H), 3.66 (m, 16H), 2.86 (s, 3H).



[ 0133] Compound 10d was prepared from9d (58 ny, 0.11 nmol),

met hanesul fonyl chloride (49 ng, 0.43 mml) and triethylam ne (54 ny,

0.54 mmol ) in dichloronethane (5 m), with the sane procedure

descri bed for conpound 10a. 10d (63 nmg, 95%: 11.1 NWMR 8 7.43 (d, 4H,

J =8.6 Hz), 7.20 (d, 2H, J = 8.4 Hz),,6.97 (g, 2H), 6.90 (d, 2H J =

8.6 Hz), 4.37 (m 2H), 4.18 (m 2H), 286 (m 2H), 3.75 (m 14H).

3.27 (s, 3H), 3.07 (s, 3H), 1.46 (s, 9H . Anal. (C311-145N0I0S) C H.

N. Exanpl e 25

[ 4- (2-{412- (2- Fl uor o- et hoxy) - et hoX§XaIBRENYf | - vi ny1) - phenyl kmet hyl car b

amc acid tert-butyl ester (1la). [0134) Anhydrous TBAF (Cox DP, et

al., J Og Chem 1984, 49:3216-19) (38.5 ng 0.15 nunol) was added to a

Sol ution of teHOBy sildyR2y I8ROy ] lethoR Y6 B Sthhib (3
The mxt?;?me){g\t\[gg refIt81>1<&eidrérm§r1 4 og}r's )?' er cgidl edﬂ?o room

terrper ature andard wor kup wi th dichl oronmet hane was applied and the

resi due gy purif I I r-at T 11981 gjagm

di chl ordrret r\ane) Fggaaﬁléfg éé%%rl)gﬁ:n(lﬁg%ogﬁmg Aﬂ@ N 1Hgﬁ éf

(d, 4H, J = §.76 mmpl) Wer@@hs(sdlve@m daghlaroele.ﬂlam)(% eﬂbﬁnllpqred bm)tnetbybl (d,

g:::j ’ J3:90 (t Ha%r%rflé 4%0 4(rr£tmoli::"§‘he s§1115c%n ?/Zs %dsa% ioo%te é) ﬁn‘%? El}) i

Exanpl e 26 {44244 After standard workup with dichloromethane, the residue was purified

{2-[2-(2-Flugro:etho 0X et hox vin

net hyl - car ba%i”c?1 ﬁé‘rgﬁf< %)é E}b‘f’g“ &Yg(ol%ﬁﬁ’ﬂf%ef%t%]“&?%ﬂ%% ff?rg was
prepared frorg&m&%hm; 16 OMREB6S (ANTh FIBARS I @A HY,= O8@ 1myolgp in
THF (10 m), with the sane procedure descrl bed for conpound ha. I|Ib
(17 ng, 94% (s, PID.10-00u= 87, 43 (d, 4H, 3 =86 Hz), 7.20 (d, 2H J =
8.4 Hz), 6.97 (g, 2H), 6.91 (d, 2HJ 86Hz)458(dt2HJ1:
48 Hz, 32 = 4.0 Hz), 4.16 (t, 211) 85é 3H), 3.74 (t, 5H), 3.26
(s, 3H), 1.46 (s, 9H). Exanple 27 Ezra be4940-

{2-[2-(2-Fl uoro-et hoxy) - et hoxy] - et hoxy} - et hoxy) - phenyl] -vi nyl } -
phenyl)-methyl -carbam ¢ acid tert-butyl ester (1le). [0136] Conpound

lie was pr ep@t‘%d(zfg C[@(ﬂe@t%rﬂt%ﬁdﬂﬁthyﬂmﬂﬁym -gthéWiq-ctHBAY} -€thdxyyy, 0. 16

mrol ) in THF & thad”lf\, e sane procedure descri bed for conpound
IIa.Ire(12rrg, I\/|228743(d 4H, J = 8.6 Hz), 7.20 (d, 2H J

= 8.4 Hz 97 m @Y 4d (1.131
2.55(d. [b %H (@orr%@md @d%s(ﬂepa?é‘d fr)d -ps%ta@t 3%’_\& 4 gil &),

£,
911), 3. 27 (& 723ma9n01)1TB@M%Cl @H)S g éxle?rﬁarnel)zeld trlethyl amme (1 2'g, 1(1
4-(2-1442- fBFn@é I tdagetnk oxyk
E)her('ryl } -vi f'\%g‘gﬁ%nyﬁﬂﬁﬁh QBE %hgg?éd S?rg% %gﬁ%m@ de&st erd%lh ;<y
[ 0137] Conpourcdmippand/ixs Sd(@sanadmf%bnﬂmﬁlﬁiﬁﬂﬁn 2131'11%42 Gl 1, 47l

5.63 Hz), 0.89 (s, 9H), 0.06 (s, 6H).

Example 7

(2-{2-[2-(2-Bromo-ethoxy)-ethoxy]-ethoxy} -ethoxy)-tert-butyl-dimethyl-
silane (6¢).

[0116] Compound Se (680 mg, 2.20 mmol) and carbon tetrabromide (947 mg,
2.86 mg) were dissolved in dichloromethane (20 mt). The solution was cooled
down to 0°C with an ice bath and pyridine (2.0 ml) was added followed by
triphenylphosphine (749 mg, 0.286 mmol). The solution was stirred at 0°C for

half an hour and at room temperature for 2 hours. After standard workup with



TBAF (32 ng, 0.12 mmol) in THF (5.0 M), with the sane procedure
described for conpound lla. lid (11 ng, 84%: 1H NVR 5 7.43 (d, 411,
J =8.4 H), 7.20 (d, 211, J = 8.4 Hz), 6.97 (q, 211), 6.90 (d, 2H, J
= 8.6 Hz), -41 - 4.55(d, t, 2H, J1 = 48 Hz, J2 = 4.0 Hz), 4.15 (t,
2H), 3.86 (t, 311), 3.72 (t, 13H), 3.26 (s, 3H), 1.46 (s, 9H).
Exanpl e 29 [4-(2- -33-

(442- (2- Fl uor o- et hoxy) - et hoxy) - phenyl }-vi nyl) - phenyl | - met hyl - am ne
(12a). [0138] Trifluoroacetic acid (0.5 m) was added slowy to a

sol ution of d'mhipmmedhdm (TheO mgjdue). 837 pamfigd i by disttieh orgehetdleme (1
ml) . The m xture was a om t ature for

After standafd°laiegr Ym'% ﬁf‘%lrﬁcgtﬁ%ﬁg%ﬁﬂlgfF‘??@“hé@ﬁ@ﬂ‘é"%\é‘ &gurl fied
by silica gehlgpw@%)at}uwils@mrrmm seachan) 8H), 56lit caH)ps . amef fiape) to
afford 12a ( m% & IHNWRR 5 7.37 (m 4H), 6.90 (m 411), 6.65
(d, 24, J = 834 EH?}{% 0% ¢- t, 211, J1 = 46 Hz, J2 = 4.0 Hz), 4.17
(t, 2H, 3.90 (t, 3H, 3.76 (t, 111), 2.88 (s, 3H). Anal.
(C19H22FNO2) C. H. N. Exanple 30 {44244-

(242- (2-Fl uor o- et hoxy) - et hoxyketh Elﬁ y1)-vinyl]-phenyl) -

met hyl -am ne (12b). [0139] Conpound 12b was prepared fromllb (17 ng,
0.037 mml) in trifluoroacetic acid (1 m) and dichl oronmethane (2

M), with the.ga mmoﬁﬁ%dxbp&hsxy} aesxgpemexiidact-bk@b (9 ny,
68% : 1H Nl\/Rdﬁneﬁ?Q&aE ﬁdzé_l) 6.88 (m 4Hj, 6.64 (d, 2H J'= 8.4 Hz),
4.56 (d, t, 2H J2 = 4.0 Hz), 4.15 (t, 211), 3.87 (m

3H), 3.{6116Mm SH) Copdimd(&d re | frortt GA1(624 265, NCB) nfmol);l.cafon - 42
- Exanple 31 (4- 124442- [ 242- é uor.o- et hOXPai et hoxyket hoxy)

- et hoxy) - phefijbromjde 763 mg, B HVP?D fEPRApYIPhRiPREe (8% e, $-62 A1 Borpound
12¢c was prepgisfnd (OB mic id HechBomOndA (DRI wWith the same procedure

described for compound 6¢. 6d (400 mg, 52.3 %): 'H NMR § 3.79 (m, 4H),
3.66 (m, 12H), 3.55 (t, 2H), 3.47 (t, 2H), 0.89 (s, 9H), 0.06 (s, 6H).

Example 9

{4-[2-(4-{2-[2-(tert-Butyl-dimethyl-silanyloxy)-ethoxy}-ethoxy} -phenyl)-
vinyl]-phenyl}-methyl-amine (7a).

[0118] Compound 3a (45 mg, 0.14 mmol} and TBDMSCI (33 mg, 0.22 mmol)
were dissolved in dichloromethane (10 ml) followed by imidazole (20 mg,
0.29'mmol). The solution was stirred at room temperature for 2 hours. After

. standard workup with dichloromethane, the residue was purified by silica gel
column chromatography (1.5 % methanol in dichloromethane) to afford 7a (56
mg, 91 %): '"H NMR § 7.40 (m, 4H), 6.90 (m, 4H), 6.75 (d, 2H, J = 7.9 Hz),
4,15 (t, 2H), 3.88 (t, 2H), 3.82 (t, 2H), 3.66 (t, 2H), 2.85 (s, 3H), 0.92 (s, 9H),
0.09 (s, 6H).



trifluoroacetic acid (0.5 m) and dichloronethane (1 m), with the
same procedure described for conpound 12a. 12c (7 ng, 73%: 111 NWR &
7.37 (m 4H), 6.89 (m 4H), 6.62 (d, 211, J = 8.4 Hz), 4.55 (d, t,
2H, J1 = 46 Hz, 32 = 4.0 Hz), 4.15 (t, 211), 3.86 (m 3H), 3.71 (m
911), 2.87 (s, 3H). Anal. (C23H30FNO4), C. H N. Exanple 32
[4-(2-{4-[2-(2-{2-[2-(2-Fl uoro-ethoxi 4%t hoxy] - et hoxy) - et hoxy) - et hoxy
1- phenyl}-vinyl)-phenyl | nethyl -am ne (12d). [0141] Conpound 12d was
prepared fromlid (10 ng, 0.018 nunol) in trifluoroacetic acid (0.3
m ) and dichl oronethane (1 m), wExame 19ame procedure described for
compound 12a. 12d (6 nmg, 73%: 111 NVR 8 7. 37 (m 431), 6.88 (m 4H) ,
6.64 (d, 2H, J = 8.4 Hz), 4.55 (d, t, 2H, 31 = 46 Hz, 32 = 4.0 Hz),

4.14 (t, 2H 43874 M. -g%@ﬂtﬂ(&uﬁéﬂlyl%ﬁkﬁym%) Biok§]cty} oAy
C25H34FNO5

E18F][4 (2- )13%51)@ IQ#}L ro- Iﬁox “%nél??lgxy] pheny1l}-vinyl) - phenyThret hy
| am ne GHERF] 122) cohQLARMIAE LR i BPRIRES By iy ShOMSHY Usi g

180( p, n) reaction, was pas t hrough a Sep-Pak L
cartridge as (%ﬁmmqoéausmem utidanle @Z[M@}Mmoéﬁhecﬂlvld@remﬁhmﬁe(m

2L of ke yptth PSR asiile RIS FrPhRBFL A gb REpES 0" 6

my of K2COB i'H NMBGN. B‘iZQm,MH)Z/GCBBZ&), AU es6(d] DBNT = 8etsHz), 434{: rZHDmved

W tn 1 of Sy arBuer ChaDt ho ot 4D 4588 SRR SEhRTe Pk

sol ution of rresyl ate precursor 10a (4 ng) in DIVBO (0.2 nm.) was added
to the reaction vessel containing.the qri d isF activities. The
solution was heated at 120C for 4 Plodtler (2 mL) was added and the
sol ution was cooled down for 1 min. HCl (10 %aq solution, 0.5 ni)
was then added and the m xture was heated at 120C again for 5 mn.
Aqueous sol utfagn-{of2-Ne@H2vaart-Biidedihahddjlasiodyhethoklytahdaysi ¢ (pH
8-9). The ni xtke)-whsxydpheaty-eidylMphtnyithythyleasiha(Z).(1 nL x 2) and the
conbi ned organic |ayer was dried (Na2SO™4), and the sol vent renoved
under arjgorojst r eamompbtincgwwaepﬂepaed frgm( Bﬁasaﬁg;)o 44 menal g St @20 mags

di ssolved in CHSCN PLC i 0 Hanmi | t on.
PRP: 1 seri - piley BETDnK=E03GM0 S S i) iy MR SR Yk P o o e

buffer (5 mMMprfldaf: d%éo%beﬁf&%dhqioan&m'/cmzmi mg?%@m I‘HnNMme 786 12a

was 8.9 mn |nth|s HPLC system and wel | separated om precursor 10a
(rt = 12 m n)XmadHhéi87 (a5 4 Wr%ﬁwytﬁ@p"r b’ﬂﬂ&H)( 9186-@ 653 3rion) .

The preparati Zag‘gj(t eI d was 20 %
(decay correc é ?QP'LIsLsggete fine Ta |och m§§§|@(§3¢|6?ﬂy and specific
activity (Spec. Act.), analytical HPLC vvas used [Ham | ton PRP-1

anal ytical colum (4.1 x 250 mm CN/dI met hyl gl ut arat e
buffer (5 M pH 7) 9/1; Flowrate n1_ Retention tinme of 12a

inthis systemwas 10.8 mn and RCP was over 99% Specific activity

was esti mated % conpar i n WV peak intensit purlfled [1 FI1T0 with
ref erence noniér dﬂd&dﬁ(% %‘ﬁ‘ﬁﬁlﬁwltﬁﬂmﬁhb'vﬁﬁf he

speci fi c act iefhaxy)-¢thped-ethaay } -phenyb- nns@bmemy%emthlrw( S?t er the
preparati on. Exanpl e Bﬁ@i 18F] {4-]2- %:o
{242- (2-B12Mr o- et KPP %wﬁemarﬁgz Bhk R711840-43 myuol), 6d (197 me,

h 1 th
(157 120 wes G 1O i8Rk d) Cuhery s L B L oy

corrected) arnmoceddieatehaivied dbr @uponyd 3a. AU(220weg HoBYo HNMR p&t¥nt i on

E Is ggcf)f A(lthfJ s ,4% cp__g_{_’f,%b 6}“@1 ?'%’ ?ﬁ,ai YsisGaly, 2Y2HCIRfI$38'd, bRl Rove

(m, 14H), 3.55 (t, 2H), 2.86 (s, 3H), 0.89 (s, 9H), 0.06 (s, 6H).



Exanmpl e 35

[ 18F] [ (4-{244-(2-{212-(2-Fl uor o- et hoxy) - et hoxyket hoxy} - et hoxy) - phenyl
]- vinyl}-phenyl)-nethyl-amne ([18912c). [0144]Using a simlar
reaction [ 18F] 12c was obtai ned from 10c. Radi ochem cal yield was 10 %
(decay corrected) and radi ochem cal purity was >99% HPLC retention
time of 12c was 11.7 min for the ana‘l—’s5t'i cal system described above
(Spec. Act. = 900 G /muol). Exanple 36

[ 18F] a4- (2-{442-(2-{242-(2-Fl uoro- et hoxy) - et hoxyket hoxy} - et hoxy) -

et hoxyl - phenyl } - vi nyl) - phenyl knet BExampidd b8 ([ 18F] 12d). [01451Using a
simlar reaction [18912d was obtained from 10b. Radi ochem cal yield
was 20 % (decay corrected) and radi ochem cal puri ty was >99% HPLC

ret ep;ti on ti 118,121 t}?o"%‘;g:} I%Méf%m
OE|>e<:1(r:rpl 2eg7ag 5&%'.]&‘%&%% H’e‘g" )%arParg’t ene “%9 i‘?e?@élm St ar mouschl ori de
Laby (5103870, Grbad e ﬁﬁgg‘i‘m%%s%h%‘%oﬁé (g PORBRYNes 2okl ' on

of concentr ahedmhghdnm&‘hIIFqISIOCmad‘bnlo\(/dﬁ 3% Btc)—anlﬂ}ﬂﬁds (B4uhz,02 Svasndi). ought

toreflux fo hr and cool e roo npegrature stirri over ni ght.
Aqueous sodi Eh‘? hRIPRRE g¥ay 1 Wﬁ ngs H]é%‘? dgé lféﬁnd?rﬂe‘fﬂ—g'gb %%
After st andaﬂi@hl\bﬂfnh&l%e%& besdiu@h&a@ﬁaﬁﬂﬁé&@nghcacgagee aadecj(é% was
obtained (2.6 -100, 9 The product was used in | ow n_g4step

wi t hout f ur t mefhanalje dich mffth%}]&i fogiprd 3_21690%9@%2561 B0l (s,

1 7.30 (dgp2i- Q 2
6H)72 A 2(114ij 8]4'}1%);’1 o 2ﬁ(? i&iﬂz)?%%]@ §H§z@g QHSQ;(S”%M;")
Exanpl e 38 4HK), M. 14T, rﬁéi)h’g’ﬁﬁé(n 2id), 4 80?(3401%9@64 gt 2Hhénd (6.838) 1.p0i47] To a

m xture of 1 Q)z);b Srr@g) par af onnal dehyde (300 ng, 10 nmol)
and sodi um cya obo o’hy ’r| ( ng, 3.0 mmol ), acetic acid (10 nl)

was added. The whole m xture was stirred at roomtenperature
overni ght and then poured into 1OE 511719? ter. Sodium carbonate was
added to adjust the pHto 8-9. Af & ea% ard workup with 5 %
nmet hanol in dichloronmethane, the residue was purified by silica gel
col um chromat ography (2.5 % net hanol in dichloronmethane) to afford
15a as a whi {4e{BMH-Qd2-RiternfutyBdinsting-silayRxg)retBaxylethody)-ethex®7 (s,
211), 6.75 (phengllWinylBpdiy)snetiylicarbamBacidstertdidyyl ester (8b).
Exanpl e 39
4- N, N1- 128} hy| anCoropelind (8b, waiprapsréd) frofl zmqlanmrm@momm
sti1bene {150k, 93ABHUNIE"olsh%Rbi) S9YER AUTRAPUTH he L3R pAQRID: O 32
described for compound 8a. 8b (130 mg, 86 %): 'H NMR & 7.43 (4, 4H, ] =
8.4 Hz), 7.20 (d, 2H, J = 8.4 Hz), 6.97 (q, 2H), 6.90 (d, 2H, J = 8.7 Hz), 4.15
(t, 2H), 3.87 (t, 2H), 3.75 (t, 6H), 3.57 (t, 2H), 3.27 (s, 3H), 1.46 (s, 9H), 0.90

(s, 9H), 0.07 (s, 6H).

Example 15

[4-(2-{4-[2-(2-{2-[2-(tert-Butyl-dimethyl-silanyloxy)-ethoxy]-ethoxy}-
ethoxy)-ethoxy]-phenyl}-vinyl)-phenyl]-methyl-carbamic acid tert-butyl ester
(8c).

[0124] Compound 8¢ was prepared from 7¢ (84 mg, 0.16 mmol) and Boc-
anhydride (163 mg, 0.49 mmol) in THF (5§ ml), with the same procedure

described for compound 8a. 8¢ (86 mg, 86 %): 'HNMR § 7.42 (d, 4H,7="7.6



di ssolved in anhydrous DWMF (5.0 nlL). Potassium carbonate (140 ng, 1.0
nunol ) was added to this solution foll owed by

5- brononet hyl- 2, 2-di net hyl [ 1, 3] di oxane 20nil(105 ng, 0.5 mmol). The

m xture was heated to 100C and stirred overnight. After cool ed down
to roomtenperature, standard workup_ykth dichloronmethane was applied
and the residue was purified by silica gel preparative TLC (1%

met hanol in dichloronmethane) to afford conpound 1513 (100 ng, 72 9:

111 NVR 5 7. 4.08
(m 411), 3’%(@0%}{5 9@&2?166@‘*’3?‘&3&?@* fﬁl;’ = 4%{4 &) U
éx 42 I(s 48H) 2HAN®B7 (1 I3 B2 NOBIHC3. SHi(t, DH), 3:2646, 3H), 1.46 (s, 9H), 0.89 (s,

anpl e
4- N, AP- Di et ﬁ@a@ﬂ?ﬁoﬁﬁ) (1, 3-di hydr oxy- propane- 2-yl net hoxy) sti | bene
(15c) [0149] Conpound 15b (180 ng, 0.49 mmol) was suspended in
acetone (5.0 nL) and cooled to OCIEMth agdsce bath. 1IN HC1L (5.0 nL, 5
0 mol) was slowy added over 20 uspensi on turned cl ear
solution during the addition. The solution was stirred at OC for
additional half an hour and then warned to roomtenperature in half
an _hour. Sat ua<p€e-{392H(2:{2-2-cen Butdidemsag -sileaigokh @ttty L ahoxgtt t 0
8.5-9. After cgioRfHehkyMtHoN P} -Whenkl) SirSHT-sHe QAP IR caftifid @Riddyat-was
purified by sty ede(8l). prepar atl ve TLC (5 % net hanol in

di chl oronet hane) to afford conpound 15c as a white solid (140 ng, 87

%: 1H I‘fmﬁ 7. 40 Colp oéhlr@ 8d @uaggrf?ed‘ﬁ?eh) 7d@21704m§n0 silﬂlﬁol éndlgo&-d
211, J = 5.47 Hz), 3, 2.22 (m

1H). Anal. ( 5N&ﬁ9 “t& 2134 mmoByianfile (kﬁ nzl) NVN! ﬂa WWP%dH‘ieno 4'

- (1-t osy1- 3- RikgH-BXY fdc 9%8&&&%&@‘7&%&6%3 bﬁr}@M&WhZ (d,4H, T =
101501Conpound 15c (15 I ssolved In anhydrous

pyridi ne (15 Srﬂ_ﬁzhﬁﬁoc(diﬂléd T 8.40C 6. 971(‘3@1‘1?),(:@9%61, BH, T53/T Beh¥dbi de
137 , d t Cf
(2 hr. rTgfter i%a arsdél\@k?}ﬁ 9%’@3!}&1{& ﬁ?g ﬁﬁié![?’%gn(%)h{ehé leglggtg 8\%&15 o

purified by <s,I9)20.0@(s, ﬁiﬂ)apar ative TLC (5% net hanol in

di chl oronet hane) to afford nonot osyl ate conpound, 15d, as a white
solid (95 ng, 41 %9: 111 NMR 8 7.75 (d, 2H, J 8.26 Hz), 7.37 (m 4H),
7.26 (m 2H), 6.88 (m 2H), 6.72 Bxandi#,174.26 (d, 2H, J= 5.66 Hz),
3.97 (d, 2H, J= 5.96 Hz), 3.79 (d, 2H, J= 5.24 Hz), 2.95 (s, 6H),
2.38 (m 4H). Anal. (0271131N058) C, H N - 47 - Exanple 42

sti 1 bene T‘é%ﬁﬁ%ﬁﬁ% i %%@ S R BARRRRY e ool e
i n anhydrous I Unﬁ% e ni trogen at nosphere, anhyd;ogs
TBAF (1 :
The S(()| 3&%@ was t ﬁnd %Le‘gg{% E ﬁ%‘% ﬁrﬂ_il z,})sa%gxgiﬂay oSvn to
and t LE”P@&??SE“E?" ma;%d‘“og“f‘if 7‘%{;‘ ‘“hgg;%‘?f“&‘: m%c“’;g“j °
thanol in GPERPEKGHe e B i RMER 783 @y . 14
ﬁel\/R gng 4:3n(rm 4*%84613396 ng,ém,)é 9@(:17(2}“ Q.H,Hz»;—tlﬁﬁ @228, 3,8841,67 (d
d, 211, J1= 47, 211, J= 5.86Hz), 3.88

(d, 2H, J= 52@1-’!-& (t i2’%3’6{5&‘ 2%&%)27(%3@"(%(51%@ 1.76 (s, 111).
Anal . (C201- 124FN02) C H N

Example 18

{4-[2-(4-{2-[2-(2-Hydroxy-ethoxy)-ethoxy]-ethoxy}-phenyl)-vinyl]-phenyl}-
methyl-carbamic acid tert-butyl ester (9b).

[0127] Compound 9b was prepared from 8b (118 mg, 0.21 mmol) and TBAF
(1 M in THF, 0.42 ml) in THF (10 ml), with the same procedure described for



Exanple 43 4-Nitro-4'-(2,2-di net hyl141, 3] di oxane-5-yl net hoxy)

stil bene (13b) [0152] Conpound 13b was prepared from 13a (241 ng, 1.0
nmmol) with the sanme procedure described for conpound 15b. 13b (260
ng, 70 %: 111 NVMR 8 8.19 (d, 2H, J=8.80 Hz), 7.49 (m 411), 7.07
(m 2H), 6.90 (d, 2H, J =8.80 Hz), 4.12 (m 4H), 3.89 (d, 2H), 2.10
(m 111), 1.48 (s, 311), 1.43 (s, 3H37-Anal. calcd. (C21H23NO5) C H,
N. Exanple 44 4-Nitro-4'-(1, 3-di hydroxy-propane-2-yl net hoxy) stil bene
(13c) [0153] Conpound 13c was prepare{\d from13b (260 ng, 0.7 nnfol)
with the saneompooddorth (Fdsogi el oH NMRpbUdd (4,54H, J1:38.4H9Y0729, 82

% : 1H NWR ( _88 2H J. 7 74 N Y : = 8.80
Hz), 7.55 (d@%ﬁ—%ﬁé%zlé‘g? (qzlj@)%g?%?ﬁ%%’(%?)’éﬁé ﬂ %&g@gﬁtx 2H,
J= 8.70 Hz), 2H),894((¢ 6E3H.62¢, )/ 8.2, 3HR. 146 (6,BH)4H, J= 5.94 Hz), 2.14
(m 1H). Anal. (C181119N05) C, H, N. Exanple 45

4-Nitro-4'-(1-tosyl- 3-hydroxy-propane-2-yl met hoxy) stil bene (13d)

[ 0154] Conpound 13d was prepared fEfampde 1080 ng, 0.24 nmmol) with the
same procedure described for compound 15d. 13d (66ngy, 56 %9: NLVIR 5
8.18 (d, 211, J=8.82 Hz), 7.77 (d, 2H, J= 8.32 Hz), 7.58 (d, 2H, J=

8.82 He), 7.45 (d 2H 05 873 He). 1 28 (d. oH 1= 8 18 tg), 7.09
(o, 20,0 ot (el e flogl i et 4 or
C25- H2 C, N. | 46

bre s TOREP) 1 Clrmbbam IR e et diom 8 (1678403 ol TBAEL Me)

[ 0155] ConmpoupdTHBE0\2aSmP a8 arid (5 ma w3 t{e3niprobedlfd désonbod wirt h t he

same procedure described for conmpoynd 15e. 13e 320 mg 88 0/%: [1-1
NVR 5 8. 19 (epmpaynd Je 98.(@%‘“@293,-8%1531*@&352?—63@: B, 52 844)2), 7206 (4,
2H, J= 8.74 =R : : doy2 7 4 d d,
211, J1= 47.%12%,78.'4}1%"%?9??@3}){? e %%Iﬁgl—sﬁh ﬁlg)gagglﬁ%%m %‘ggéﬁ(d,
2H, J= 5. 43 BH),3.78.(830Km3.611), 21D, 727 (ss3HN M6 (\3HD-. (C1311i 5FN04) C,
H N

Example 20

[4-(2-{4-[2-(2- {2-[2-(2-Hydroxy-ethoxy)-ethoxy]-ethoxy} -ethoxy)-ethoxy]-
phenyl}-vinyl)-phenyl]-methyl-carbamic acid tert-butyl ester (9d).

[0129] Compound 9d was prepared from 8d (76 mg, 0.12mmol) and TBAF (1
M in THF, 0.24 ml) in THF (5 ml), with the same procedure described for
compound 3c. 9d (52 mg, 82.7%): 'H NMR § 7.43 (d, 4H, ] = 8.4 Hz), 7.20
(d, 2H, J =8.4 Hz), 6.97 (q, 2H), 6.90 (d, 2H, ] = 8.7 Hz), 4.16 (t, 2H), 3.87 (t,
2H), 3.75 (t, 14H), 3.60 (t, 2H), 3.27 (s, 3H), 1.46 (s, 9H).

Example 2]

Methanesulfonic  acid  2-[2-(4-{2-[4-(tert-butoxycarbonyl-methyl-amino)-
phenyl]-vinyl} -phenoxy)-ethoxy]-ethyl ester(10a).

[0130] Compound 9a (36 mg, 0.087 mmol} was dissolved in dichloromethane
(5 ml) followed by tricthylamine (44 mg, 0.44 mmol). Methanesulfonyl
chlonde (30 mg, 0.26 mmol) was then added via a syringe. The solution was

stirred at room temperature for 4 hours. After standard workup with



Exanpl e 47 4- Am no-4'-(1-fl uoro-3-hydroxy-propane-2-yl net hoxy)

stil bene (14e). [0156] Conpound 14e was prepared from 13e (37 ng, 0.11
nmmol) with the sanme procedure described for conpound 14a. 14e (24 ny,
71 %9: 111 NVMR 5 7.35 (m 411), 6.90 (m 4H), 6.66 (d, 2H, J= 8.54
Hz), 4.69 (d d, 2H, J1= 47.1 - 49 - ﬁz .12 = 5.46 Hz), 4.12 (d, 2H,
J=5.84 Hz), 3.90 (d, 2H, J= 5.56 H?)~"3.70 (s, 211), 2.39 (m 111),
1.71 (s, 1H). Anal. (C181120FNOX2) C, H, N. Exanple 48

4- N- Met hyl -am no-4' - (1-fl uor o- 3- hydr oxy- pr opane- 2- yl net ho,ﬁéé % | bene
(16e) [ 0157] etilorometeana; the agridnevasopibed 5y sdisaisghPRRPATHHIE ? ny,

ol ) ot Reana b P BRRENRL AR B ERARO B SO B 5 P40’
mol ). The s, dH, bs SibHz)E20d, 2H Jr=e$PrlEBZ) 60?8 @, hH),érsa (d,o'lﬂ,dd= §. 6 oc
borti ons. - RebEbidH T elin e G BPuaEh i T ae i M & FoRnite o

pour ed onto @gggﬁ]g:qlal Q@,sHéN@S?GIHnNard wor kup wi t h di chl or onet hane,
the residue was applied for silica gel preparative TLC (4.5 %

met hanol in dichloronmethane) to afford product 16e (23 ng, 92 %: 111
NVR 8 7.37 (m 4H), 6.87 (m 4H), Egah®Hl€¢ad2 2H, J= 8.56 Hz), 4.69 (d,
d, 2H, J, = 47.1 Hz, .12 = 5.44 Hz), 4.12 (d, 2H, J= 5.86 Hz) 400

(s, 1H), 3.89. 2H, J = .5.52

1.75 (s, 1H) AnaMeﬂ(aa&SyiﬁQl?FWS‘Hé{%% @nggﬁ‘a%%@"éb “W}“e&‘

4- N- Met hyl - boxDR&Ro{A Btbx L] serpoend 16a was
pr epar ed from 14%$her§'¥d&l%yg§5 mpr}!t;l ov%aq_?h ﬁ;;g sgme procgdure as
descri bed for co ound 1l6e. 16a (100 , /% 1H NVR 8 7. 34 g
211 608Ils, orPomeows (19 see GEpEeLyiem) bo (B0 T8, 058 ROEG o)
2.85 (s, 3H) mcthang’sQllfbnyl chloride (62 mg, 0.54 mmol) and triethylamine (88 mg, 0.88

mmol) in dichloromethane (8 ml), with the same procedure descrnibed for
compound 10a. 10b (82 mg, 86.5%): TH NMR § 7.43 (d, 4H, ] = 8.6 Hz), 7.20
(d, 2H, J = 8.4 Hz), 6.97 (q, 2H), 6.90 (d, 2H, J = 8.6 Hz), 438 (m, 2H), 4.15
(m, 2H), 3.85 (m, 2H), 3.76 (m, 6H), 3.27 (s, 3H), 3.05 (s, 3H), 1.46 (s, 9H).
Anal. (C27H37NO3S) C. H. N,

Example 23

Methanesulfonic  acid  2-(2-{2-[2-(4- {2-[4-(tert-butoxycarbonyl-methyl-
amino)-phenyl]-vinyl}-phenoxy)-ethoxy}-ethoxy}-ethoxy)-ethyl ester (10c).

[0132] Compound 10c¢ was prepared from 9¢ (50 mg, 0.10 mmol),
methanesulfonyl chloride (46 mg, 0.40 mmol) and triethylamine (50 mg, 0.50
mmol) in dichloromethane (5 ml), with the same procedure described for
compound 10a. 10¢ (56 mg, 96.9%): '"H NMR & 7.43 (d, 4H, J = 8.6 Hz), 7.20
(d, 2H, ] = 8.4 Hz), 6.97 (q, 2H), 6.90 (d, 2H, J = 8.6 Hz), 4.37 (m, 2H), 4.16
(m, 2H), 3.86 (m, 2H), 3.76 (m, 10H), 3.27 (s, 3H), 3.06 (s, 3H), 1.46 (s, 9H).
Anal. (C20H4NOoS) C. H. N.



Exanpl e 50 CGeneral m crowave procedure for the preparation of 12
(n=6, 8) stilbene [0159] M crowave synthesis: The m xture of 16a,

al kylating agent (1 eq.), K2CO3 (3 eq.) in DVF (1nl/0.05 nmmol SB-13)
was put in a sealed tube and heated in the mcrowave oven at the
followi ng condition: 180C, 10 nm_ high absorption |evel. Solvent was
then removed and PTLC [ CH2C12- MeOH (9% 3) as devel opi ng sol vent] gave
the desired product (Yield: 42-60% depending on the allcylating agent
used). Exanple 51

(4-(2-(4-(2-(2-(2-(2-(2-(2-Fl uor oExtahaply P4et hoxy) - et hoxy) - - et hoxy) -eth
oxy) - ethoxy)-phenyl)-vinyl)-phenyl)-nethyl-amne (12, n

[0160] Yield = 60% 111 NWR (200 MHz, CDCI3): 8 7.2-7.5 (4H

6)
o R B,

491. 2667. ExéW e 52

(- (2 (of1 (2 (Cebpbiid Foh?ukd FbREe- BHRO8Y) (& IREYbg" By, ot hox
et hoxy) et hoxnethaaédnifsiyyl calofidy Y49 mpeny3l mmalant)trigthgiayine- (52 kdgy D-5am ne
(12, n = 8) 61 d % | VIR (200 MHz 13): 8 7,.3-7.5
(4H, m, 6. 8“‘7“?15) (“quw Lﬁ“’m%‘ %529 » Qvithy 1 essa?elwc%fcﬂsggseﬂﬁd fr ¢,
11 = 46 Hz, cdpou l@aHifdd 962471 'H NMB 5843 @, 431 =6 1), 523 8
(25H, m, 2.89 3H S) 75& n z calcd. for [C31H45F

579. 3207, folhd 1&?%:{@12)69 Eﬁaﬂ@pﬂﬂé@jﬁéﬂ%a‘!%ﬁno&%ﬂdﬁn

ti ssue honog r i from
AD patients g‘tﬂ ops;jfl(§12 neu oggp 3aig cal” di aénogﬁspl?\/\é/ags gﬁgﬁfl r med
by current cnﬁimle((iI:aH(sNIO%SRéé@aN I nstitute Consensus G oup, 1997).
Honogenat es were then prepared from di ssected gray nmatt.ers from AD
patients in phosphate buffered saline (PBS, pH 7.4) at the
concentration of approximately 10&xample@5ti ssue/in] (notor-driven

gl ass honogeni zer with setting of 6 for 30 sec). The honobgenates were
aliquoted into 1 nl-portions and stored at -70C for 6-12 nonth

wi thout | 0ss (of_bi piNBuSWiRbey)- BB LRen) -Birhisien T Hinge

carbamic acid tert-butyl ester (11a).

[0134] Anhydrous TBAF (Cox DP, et al., J Org Chem. 1984;49:3216-19)
(38.5 mg 0.15 mmol) was added to a selution of compound 10a (14.5 mg, 0.03
mmol) in anhydrous THF (3 ml). The mixture was refluxed for 4 hours. Afier
cooled to room temperature, standard workup with dichloromethane was
applied and the residue was purified by silica gel preparative TLC (2%
methano! in dichloromethane) to afford compound 11a (7 mg, 57 %): 'H
NMR § 7.43 (d, 4H, J = 8.6 Hz), 7.20 (d, 2H, J = 8.4 Hz), 6.97 (q, 2H), 6.91
(d, 24, J = 8.6 Hz), 4.60 (d, t, 2H, J1 = 47 Hz, J2 = 4.0 Hz), 4.17 (t, 2H), 3.90
(t, 3H), 3.75 (t, 1H), 3.27 (s, 3H), 1.46 (s, 9H).



[0163] As reported previously, [1251]11VIPY, with 2,200 G /nunol
specific activity and greater than 95% radi ochem cal purity, was
prepared using the standard i ododestannyl ation reaction and purified
by a sinplified G4 mni colum (Kung MP, et al., Euro J Thiel Med
Mol | mag. 2004;31:1136-45). Binding aggays were carried out in 12 X
75 mm borosilicate glass tubes. The reaction m xture contained 50 111
of brain honogenates (20-50 pg), 50 pl of [1251]1MPY (0.04-0.06 nM
diluted in PBS) and 50 pi of inhi %: torg -5-10-10 M dil uted
serially in PBS containing 0.1 % IR/ um al bumin, BSA) in a
final volume of 1 m. Nonspecific binding was defined in the presence
of IMPY (600 nM in the sane assay tubes. The m xture was i ncubated

at 37C for 2 {W24nd2{he-Bhondetasrd)ethexiFabroxyddhedd)-vivyl-phawstle
separ at ed by nvaley¢aibhinid dcaf te@buiydeaergmpyhat man G-/ B filters using a
Brandel M 24R cell harvester followed by 2 x 3 mM washes of PBS at

room tgq?msat u(rjga. Coirlpb@rids1 1o sgirépang fidie 1019 (21dngd, 2504 Ihli(naﬁﬁd WBA?OOO)
assaye or r loactl vit content 1 a .ga count er acKar

wi th 70% couftt4 M @fzr PEIC nley’l.‘Hbzb%mrli Wéghgg?%gme PERFCEYTS r€’§§°"$ﬁ€ for
speci fical l'y cbayhshd riaci iPA7WRas J499s 1 Ravir 55740, it L@ @hz), 7.2 -

radi oactivity. The results of Tnhibition exPerlnents wer e subj ect ed

to nonl i near (&edtdssP- 4l fa? T/ & HL G- HoldE By¥-aEk A-SR(d, LA dE =wer e
| cul at ed. | £ i i Neal, i } K.,
calculate E@?}iﬁ%ﬁ?ﬁﬁ, )ﬁ.lg'&g%ﬁ}) g @PY®), 3.74 [ARYS, 3lae (K1), T

SEM 1C.1 SEM
s,

Example 27

(4-{2-[4-(2- {2-[2-(2-Fluoro-ethoxy)-ethoxy]-ethoxy}-ethoxy)-phenyl J-vinyl } -
phenyl)-methyl-carbamic acid tert-butyl ester (11c¢).

[0136] Compound 11c was prepared from 10¢ (18 mg, 0.03 mmol) and TBAF
(42 mg, 0.16 mmol) in THF (5 ml), with the same procedure described for
compound 11a. 11c (12 mg, 77%): 'H NMR § 7.43 (d, 4H, J = 8.6 Hz), 7.20
(d, 2H, J = 8.4 Hz), 6.97 (q, 2H), 6.91 (d, 2H, J = 8.6 Hz), 4.67 (t, 1H), 4.55(d,
t, 2H, J1 = 48 Hz, J2 = 4.0 Hz), 3.85 (t, 3H), 3.74 (t, 9H), 3.27 (s, 3H), 1.46 (s,
9H).

Example 28

[4-(2-{4-[2-(2-{2-[2-(2-Fluoro-ethoxy)-ethoxy]-ethoxy}-ethoxy)-ethoxy]-
phenyl}-vinyl)-phenyl}-methyl-carbamic acid tert-butyl ester (11d).

[0137] Compound 11d was prepared from 10d (15 mg, 0.024 mmol) and
TBAF (32 mg, 0.12 mmol) in THF (5.0 ml), with the same procedure
described for compound 11a. 11d (11 mg, 84%): '"H NMR 5 7.43 (d, 4H, J =
8.4 Hz), 7.20 (d, 2H, | = 8.4 Hz), 6.97 (q, 2H), 6.90 (4, 2H, J = 8.6 Hz),



X=0 X-=

SB-13 1.2 0.7 3b, n =3 2.8 0.2 12b,

[0138]

FEVITY 1.4 0.4* 3a, n=25.2 0.4 12a, n
n=36.7 03P

8”
NN
N

-41 -

4.55(d, t, 2H, J1 = 48 Hz, J2 = 4.0 Hz), 4.15 (t, 2H), 3.86 (t, 3H), 3.72 (t,
13H), 3.26 (s, 3H), 1.46 (s, 9H).

Example 29

[4-(2-{4-[2-(2-Fluoro-cthoxy)-ethoxy]-phenyl}-vinyl)-phenyl]-methyl-amine
(12a).

Trifluoroacetic acid (0.5 ml) was added slowly to a solution of
compound 11a (7.0 mg, 0.017 mmol) in dichloromethane (1 ml). The mixture
was then stirred at room temperature for 1 hour. After standard workup with
dichloromethane, the residue was purified by silica gel preparative TLC (1.0
% methanol in dichloromethane) to afford 12a (3 mg, 56%): 'H NMR § 7.37
(m, 4H), 6.90 (m, 4H), 6.65 (d, 2H, J = 8.4 Hz), 4.60 (d, t, 2H, J1 = 46 Hz, J2
= 4.0 Hz), 4.17 (t, 2H), 3.90 (t, 3H), 3.76 (t, 1H), 2.88 (s, 3H). Anal.
(CisH22FNO;) C. H. N.

Example 30

{4-[2-(4- {2-[2-(2-Fluoro-ethoxy)-ethoxy]-ethoxy} -phenyl)-vinylj-phenyl} -
methyl-amine (12b).

[0139] Compound 12b was prepared from 11b (17 mg, 0.037 mmol) in

trifluoroacetic acid {1 ml)} and dichloromethane (2 ml), with the same
procedure described for compound 12a. 12b (9 mg, 68%): 'H NMR § 7.37 (m,
4H), 6.88 (m, 4H), 6.64 (d, 2H, ] = 8.4 Hz), 4.56 (d, t, 2H, J1 =46 Hz, J2 =
4.0 Hz), 4.15 (t, 2H), 3.87 (m, 3H), 3.70 (m, SH), 2.87 (s, 3H). Anal.
{C21H2FNO;) C. H. N.



3c, n =446 0.2 12c, n =4 4.4.0.8 FMAPO 5.0 1.2+ 3d, n =5 5.2
0.2 12d, n =5 6.0 0.8 Each value was obtained fromthree

i ndependent neasurenents perforned duplicate. 101641The fl uori nated
PEG stil benes (12a-d) showed excellent binding affinities (K, = 2.9
-6.7 nM; while the correspondi ng hydroxyl substitute anal ogs (3a-d)
al so di splayed very high binding affitfities (K, = 2.8 -5.2 nM (Table
1). The lipophilicity of this series of |abeled agents, [18F]12a-d,
was Within an appropriate range (logP value was 2.52, 2.41, 2.05 and
2.28 for n = 2-5, respectively). Exempde3droup is capabl e of

nodul ating the nol ecul e size and the di stance between fluorine atom
and the stil bene core structure wi thout affecting Al3 pl aque-specific
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4.0 Hz), 415 (¢, 2H), 3.86 (m, 3H), 3.71 (m, 9H), 2.87 (s, 3H). Anal.
(C2sH30FNO,) C. H. N.

Example 32

[4-(2-{4-[2-(2- {2-[2-(2-Fluoro-ethoxy)-cthoxy]-ethoxy} -ethoxy)-ethoxy]-
phenyl}-vinyl)-phenyl]-methyl-amine (12d).

[0141] Compound 12d was prepared from 11d (10 mg, 0.018 mmol) in
trifluoroacetic acid (0.3 ml) and dichloromethane (1 ml), with the same
procedure described for compound 12a. 12d (6 mg, 73%): "H NMR & 7.37 (m,
4H), 6.88 (m, 4H), 6.64 (d, 2H, ] = 8.4 Hz), 4.55 (d, t, 2H, J1 =46 Hz, J2 =
4.0 Hz), 4.14 (t, 2H), 3.87 (m, 3H), 3.70 (m, 13H), 2.87 (s, 3H). Anal
(CasH34FNQs) C. H. N. ‘

Example 33

["3F][4-(2- {4-[2-(2-Fluoro-ethoxy)-ethoxy]-phenyl}-vinyl)-phenyl}-methyl-
amine ({'°F]12a).

[0142] ["*F]Fluoride, produced by a cyclotron using '*O(p,n)'*F reaction, was
passed through a Sep-Pak Light QMA cartridge as an aqueous solution in
['®0]-enriched water. The cartridge was dried by airflow, and the '8F activity
was eluted with 2 mL of Kryptofix 222 (K222)/K,CO3 solution (22 mg of
K222 and 4.6 mg of K,COs in CH;CN/H,O 1.77/0.23). The solvent was
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[Hamilton PRP- 1 semi-prep column (7.0 x 305 mm, 10 pm),
CH;CN/dimethylglutarate buffer (5 mM, pH 7) 9/1; Flow rate 2 mL/min].

Retention time of 12a was 8.9 min in this HPLC system and well separated

from precursor 10a (rt = 12 min) as well as the hydrolysis by-product (it = 6.2
min). The preparation took 90 min and the radiochemical yield was 20 %
(decay corrected). To determine radiochemical purity and specific activity
(Spec. Act.), analytical HPLC was used [Hamilton PRP-1 analytical column
(4.1 x 250 mm, 10 pm), CH3CN/dimethylglutarate buffer (5 mM, pH 7) 9/1;
Flow rate 0.5 mL/min]. Retention time of 12a in this system was 10.8 min and
RCP was over 99%. Specific activity was estimated by comparing UV peak
intensity of purified [®F]10 with reference non-radioactive compound of
known concentration. The specific activity (Spec. Act) was 1,000-1,500

Ci/mmol after the preparation.

Example 34

[*F]{4-[2-(4- {2-[2- (Z-Fluoro ethoxy)-ethoxy]-ethoxy}-phenyl)-vinyl]-
phenyl}-methyl-amine (['*F]12b).

10143] Using a similar reaction ['®F]12b was obtained from 10b.

Radiochemical yield was 30 % (decay corrected) and radiochemical purity
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was >99%. HPLC retention time of 12b was 11.7 min for the analytical
system described above (Spec. Act. = 1,300-1,500 Ci/mmol).

Example 35

[®*F][(4-{2-[4-(2- {2-[2-(2-Fluoro-ethoxy)-ethoxy]-ethoxy} -ethoxy);phenyl]—
vinyl}-phenyl)-methyl-amine (["*F]12¢).

[0144] Using a similar reaction ['®F]12¢ was obtained ﬁ'om 10c.
Radiochemical yield was 10 % (decay corrected) and radiochemical purity
was >99%. HPLC retention time of 12¢ was 11.7 min for the analytical system

described above (Spec. Act. =900 Ci/mmol).

Example 36

["*F]([4-(2- {4-[2-(2- {2-[2-(2-Fluoro-ethoxy)-ethoxy]-ethoxy}-ethoxy)-
ethoxy]-phenyl}-vinyl)-phenyl]-methyl-amine (("*F1124).

[0145] Using a similar reaction ['®F]12d was obtained from 10h.
Radiochemical yield was 20 % (decay corrected) and radiochemical purity
was >99%. HPLC retention time of 12d was 10.7 min for the analytical
system described above (Spec. Act. = 1,000-1,500 Ci/mmol).

Example 37

4-Amino-4’-hydroxyl stilbene (14a)

[0146] Stannous - chloride (11.8 g, 0.062 mol) was added to a solution of
compound 13a (Frinton Lab) (3.0 g, 0.012 mol) in ethanol (100 mL) followed
by the addition of concentrated hydrochloric acid (5.0 mL). The solution was
brought to reflux for 3 hr and cooled to room temperature stirring overnight.
Aqueous sodium hydroxide (IN) was added to adjust the pH to 8.5-9. After
standard workup with dichloromethane, crude product 14a was obtained (2.6

g, ~100 %). The product was used in following step without further
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purifications. "H NMR (DMSO-dg) 8 939 (s, 1H), 7.30 (d, 2H, J = 8.5 Hz),
7.20 (d, 2H, J= 8.5 Hz), 6.80 (m, 2H), 6.72 (d, 2H, J = 8.5 Hz), 6.53 (d, 2H, J
= 8.5 Hz), 5.19 (s, 2H).

Example 38

4-N,N'-Dimethylamino-4’-hydroxyl stilbene (15a)

[0147] To a mixture of 14a (211 mg, 1.0 mmol), paraformaldehyde (300 mg,
10 mmol) and sodium cyanoborohydride (189 mg, 3.0 mmol), acetic acid (10
mL) was added. The whole mixture was stirred at room temperature overnight
and then poured into 100 mL of water. Sodium carbonate was added to adjust
the pH to 8-9. After standard workup with 5 % methanol in dichloromethane,
the residue was purified by silica gel column chromatography (2.5 % methanol
in dichloromethane) to afford 15a as a white solid (214 mg, 89.5 %): 'H NMR
& 7.37 (m, 4H), 6.87 (s, 2H), 6.75 (m, 4H), 4.68 (s, 1H), 2.98 (s, 6H).

Example 39

4-N, N'-Dimethylamino-4°-(2,2-dimethyl-[ 1,3]dioxane-5-ylmethoxy) stilbene
(15b)

[0148] Under the nitrogen atmosphere, 15a (100 mg, 0.38 mmol) was
dissolved in anhydrous DMF (5.0 mL). Potassium carbonate (140 mg, 1.0
mmol) was added to this solution followed by 5-bromomethyl-2,2-dimethyl-
[1,3]dioxane 20m'(105 mg, 0.5 mmol). The mixture was heated to 100°C and
stirred overnight. After cooled down to room temperature, standard workup
with dichioromethane was applied and the residue was purified by silica gel
preparative TLC (1% methanol in dichloromethane) to afford compound 15b
(100 mg, 72 %): 'H NMR & 7.38 (m, 4H), 6.88 (m, 4H), 6.70 (d, 2H, J= 8.7
Hz), 4.08 (m, 4H), 3.87 (m, 2H), 2.96 (s, 6H), 2.13 (m, 1H), 1.46 (s, 3H), 1.42
(s, 3H). Anal. (C33H2oNO3) C, H, N.
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Example 40

4-N, N’-Dimethylamino-4’-(1,3-dihydroxy-propane-2-ylmethoxy) stilbene
(15¢)

[0149] Compound 15b (180 mg, 0.49 mmol) was suspended in acetone (5.0
mL) and cooled to 0°C with an ice bath. 1IN HCI (5.0 mL, 5.0 mmol) was
slowly added over 20 min. The suspension turned clear solution during the
addition. The solution was stirred at 0°C for additional half an hour and then
warmed to room temperature in half an hour. Saturated sodium bicarbonate
was added to adjust pH to 8.5-9. After standard workup with dichloromethane,
the residue was purified by silica gel preparative TLC (5 % methanol in
dichloromethane) to afford compound 15¢ as a white solid (140 mg, 87 %): H
NMR & 7.40 (m, 4H), 6.88 (m, 41), 6.74 (m, 2H), 4.10 (d, 2H, J = 5.47 Hz),
3.89 (d, 4H, J = 5.28 Hz), 2.98 (s, 6H), 2.22 (m, 1H). Anal. (CzH;sNO;)
C.H.N.

Example 41

4-N,N’-Dimethylamino-4’-(1-tosyl-3-hydroxy-propane-2-ylmethoxy) stilbene
(15d)

[0150] Compound 15¢ (158 mg, 0.49 mmol) was dissolved in anhydrous
pyridine (15 mL) and cooled to 0°C with an ice bath. Tosyl chloride (137 mg,
0.72 mmol) was added and the solution was stirred at 0°C for 2 hr. After
standard workup with dichloromethane, the residue was purified by silica gel
preparative TLC (5% methanol in dichloromethane) to afford monotosylate
compound, 15d , as a white solid (95 mg, 41 %): '"H NMR & 7.75 (d, 2H, J =
8.26 Hz), 7.37 (m, 4H), 7.26 (m, 2H), 6.88 (m, 2H), 6.72 (m, 4H), 4.26 (d, 2H,
J = 5.66 Hz), 3.97 (4, 2H, J = 5.96 Hz), 3.79 (d, 2H, J = 5.24 Hz}, 2.95 (s,
6H), 2.38 {m, 4H). Anal. (C;H3;NOsS) C, H, N.
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Example 42

4-N,N’-Dimethylamino-4’-(1-fluoro-3-hydroxy-propane-2-ylmethoxy)
stilbene (15e)

[0151] Compound 15d (40 mg, 0.083 mmol) was dissolved in anhydrous THF
(5.0 mL). Under the nitrogen atmosphere, anhydrous TBAF (150 mg, 0.5
mmol) in anhydrous THF (1.0 mL) was slowly added. The solution was then
heated to reflux for 3 hr. After cooled down to room temperature, standard
workup with dichloromethane was applied and the residue was applied for
silica gel preparative TLC (5 % methanol in dichloromethane) to afford
product 15e (17 mg, 62 %): "H NMR & 7.40 (m, 4H), 6.89 (m, 4H), 6.70 (d,
2H, J = 8.82 Hz), 4.67 (d d, 2H, J,=47.1 Hz, J,=5.46 Hz), 4.10 (d, 2H, J =
5.86Hz), 3.88 (d, 2H, J = 5.24 Hz), 2.97 (s, 6H), 2.40 {(m, 1H), 1.76 (s, 1H).
Anal. (CyoH24FNO,) C, H, N.

Example 43

4-Nitro-4’-(2,2-dimethyl-[1,3] dioxane-5-ylmethoxy) stilbene (13b)

[0152] Compound 13b was prepared from 13a (241 mg, 1.0 mmol) with the
same procedure described for compound 15b. 13b (260 mg, 70 %): 'H NMR §
8.19 (d, 2H, J = 8.80 Hz), 7.49 (m, 4H), 7.07 (m, 2H), 6.90 (d, 2H, J = 8.80
Hz), 4.12 (m, 4H), 3.89 (d, 2H), 2.10 (m, 1H), 1.48 (s, 3H), 1.43 (s, 3H). Anal.
caled. (C21H23NOs) C, H, N.

Example 44

4-Nitro-4’-(1,3-dihydroxy-propane-2-ylmethoxy) stilbene (13c¢)

[0153] Compound 13¢ was prepared from 13b (260 mg, 0.7 mmol) with the
same procedure described for compound 15¢. 13¢ (190 mg, 82 %): 'H NMR
(CD;0D) & 8.19 (d, 2H, J = 8.80 Hz), 7.72 (4, 2H, J = 8.80 Hz), 7.55 (d, 2H, J
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= 8.70 Hz), 7.24 (g, 2H), 6.96 (d, 2H, J = 8,70 Hz), 4.09 (d, 2H, J = 5.78 Hz),
3.74 (d, 4H, J = 5.94 Hz), 2.14 (m, 1H). Anal. (CisH;sNOs) C, H, N.

Example 45

4-Nitro-4’-(1-tosyl-3-hydroxy-propane-2-ylmethoxy) stilbene (13d)

[0154] Compound 13d was prepared from 13¢ (80 mg, 0.24 mmol) with the
same procedure described for compound 15d. 13d (66mg, 56 %): 'H NMR &
8.18 (d, 2H, /= 8.82 Hz), 7.77 (d, 2H, J = 8.32 Hz), 7.58 (d, 2H, J = 8.82 Hz),
7.45 (d, 2H, J = 8.73 Hz), 7.28 (d, 2H, J = 8.18 Hz), 7.09 (q, 2H), 6.81 (d, 2H,
J=8.73 Hz), 4.27 (4, 2H, J = 5.70 Hz), 4.01 (m, 2H), 3.80 (d, 2H, J = 5.61
Hz), 2.40 (m, 4H), 2.02 (s, 1H). Anal. (C,5H;sNO;8) C, H, N.

Example 46

4-Nitro-4’-(1-fluoro-3-hydroxy-propane-2-ylmethoxy) stilbene (13e).

[0155] Compound 13e was prepared from 13d (33 mg, 0.069 mmol) wi-th the
same procedure described for compound 15e. 13e (20 mg, 88 %): 'H NMR &
8.19 (4, 2H, J = 8.83 Hz), 7.58 (d, 2H, J=8.84 Hz), 7.48 (d, 2H, J = 8.74 H2),
7.10 (q, 2H), 6.94 (4, 2H, J = 8.68 Hz), 4.69 (d d, 2H, /1 = 47.1 Hz, /.= 5.36
Hz), 4.15 (d, 2H, J = 5.89Hz), 3.90 (d, 2H, J= 5.43 Hz), 2.43 (m, 1H), 1.74 (s,
1H). Anal. (CisHsFNQOs) C, H, N.

Example 47

4-Amino-4’-(1-fluoro-3-hydroxy-propane-2-ylmethoxy) stilbene (14e).

[0156] Compound 14e was prepared from 13e (37 mg, 0.11 mmol) with the
same procedure described for compound 14a. 14e (24 mg, 71 %): 'H NMR 3
7.35 (m, 4H), 6.90 (m, 4H), 6.66 (d, 2H, J = 8.54 Hz), 4.69 (d d, 2H, J, = 47.1
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Hz, J,= 5.46 Hz), 4.12 (d, 2H, J = 5.84 Hz), 3.90 (4, 2H, J = 5.56 Hz), 3.70 (s,
2H), 2.39 (m, 1H), 1.71 (s, 1H). Anal. (C1sHzFNO,) C, H, N.

Example 48

4-N-Methyl-amino-4’-(1-fluoro-3-hydroxy-propane-2-ylmethoxy) stilbene
(16e)

[0157] Under the nitrogen atmosphere, sodium methoxide (22 mg, 0.4 mmol)
was added to a suspension of compound 14e (24 mg, 0.08 mmol) in methanol
(6 mL) followed by paraformaldehyde (12 mg, 0.4 mmol}. The solution was
heated to reflux for 2 hr and cooled to 0°C with an ice bath. Sodium
borohydride (15 mg, 0.4 mmol) was added in portions. Reaction mixture was
brought to reflux again for 1 hr and poured onto crushed ice. After standard
workup with dichloromethane, the residue was applied for silica gel
preparative TLC (4.5 % methanol in dichloromethane) to afford product 16e
(23 mg, 92 %): 'H NMR § 7.37 (m, 4H), 6.87 (m, 4H), 6.59 (d, 2H, J = 8.56
Hz), 4.69 (d, d, 2H, J,=47.1 Hz, J,=5.44 Hz), 4.12 (d, 2H, J = 5.86 Hz), 4.00
(s, 1H), 3.89. (d, 2H, T = 5.52 Hz), 2.86 (s, 3H), 2.41 (m, 1H), 1.75 (s, 1H).
Anal. (C19H22FNO,) C, H, N.

Example 49

4-N-Methyl-amino-4’-hydroxy stilbene (16a)

[0158] Compound 16a was prepared from 14a (105 mg, 0.5 mmol) with the
same procedure as described for compound 16e. 16a (100 mg, 89 %): H
NMR & 7.34 (m, 4H), 6.86 (s, 2H), 6.79 (d, 2H, J= 8.58 Hz)}, 6.60 (d, 2H, J=
8.58 Hz), 2.85 (s, 3H).
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Example 50

General microwave procedure for the preparation of 12 (n=6, 8) stilbene

[0159] Microwave synthesis: The mixture of 16a, alkylating agent (1 eq.),
K2COs (3 eq.) in DMF (1mL/0.05 mmol SB-13) was put in a sealed tube and
heated in the microwave oven at the following condition: 180°C, 10 min, high
absorption level. Solvent was then removed and PTLC [CH;Cl,-MeOH (97:3)
as developing solvent] gave the desired product (Yield: 42-60% depending on
the alkylating agent used).

Example 51

(4-(2-(4-(2-(2-(2-(2-(2~(2-Fluoro-ethoxy)-ethoxy)-ethoxy)-ethoxy)-ethoxy)-
ethoxy)-phenyl)-vinyl)-phenyl)-methyl-amine (12, n = 6):

[0160] Yield = 60%. 'H NMR (200 MHz, CDCl;): 8 7.2-7.5 (4H, m), 6.8-7.0
(4H, m), 6.59 (2H, d, J = 8.4 Hz), 4.55 (2H, d, t, J; =46 Hz, J, = 4.0 Hz), 4.14
(2H, t), 3.8-3.9 (3H, m), 3,6-3.8 (17H, m), 2.86 (3H, s). HRMS (EI) m/z caled.
for [Co7H3sFNOg]" 491.2683, found 491.2667.

Example 52

(4-(2—(4-(2-(2-(2-(2-(2—(2-(2-(2-F1u0ro;ethoxy)—ethoxy)-ethoxy)-ethoxy)—
ethoxy)-ethoxy)-ethoxy)-ethoxy)-phenyl)-vinyl)-phenyl)-methyl-amine (12, n
=8):

[0161) Yield: 42%. "H NMR (200 MHz, CDCl): & 7.3-7.5 (4H, m), 6.8-7.0
(4H, m), 6.73 (2H, d, /= 8.2 Hz), 4.55 (2H, d, t, J; =46 Hz, /, = 4.0 Hz), 4.14
(2H, 1), 3.8-3.9 (3H, m), 3.5-3.8 (25H, m), 2.89 (3H, s). HRMS (EI) m/z calcd.
for [Ca1HaFNOg]" 579.3207, found 579.3192.
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Exampie 53

Preparation of brain tissue homogenates

[0162] Postmortem brain tissues were obtained from AD patients at autopsy,
and neuropathological diagnosis was confirmed by current criteria (NIA-
Reagan Institute Consensus Group, 1997). Homogenates were then prepared
from dissected gray matters from AD patients in phosphate buffered saline
(PBS, pH 7.4) at the concentration of approximately 100 mg wet tissue/ml
(motor-driven glass homogenizer with setting of 6 for 30 sec). The
homogenates were aliquoted into 1 ml-portions and stored at —70°C for 6-12

month without loss of binding signal.

Example 54

Binding studies

[0163] As reported previously, ["PIIMPY, with 2,200 Ci/mmol specific
activity and greater than 95% radiochemical purity, was prepared using the
standard iododestannylation reaction and purified by a simplified C-4 mini
column (Kung M-P, et al., Euro J Nucl Med Mol Imag. 2004;31:1136-45).
Binding assays were carried out in 12 x 75 mm borosilicate glass tubes. The
reaction mixture contained 50 pl of brain homogenates (20-50 pg), 50 pl of
['ZIIMPY (0.04-0.06 nM diluted in PBS) and 50 ! of inhibitors (10-5-10-10
M diluted serially in PBS containing 0.1 % bovine serum albumin, BSA) in a
final volume of 1 ml. Nonspecific binding was defined in the presence of
IMPY (600 nM) in the same assay tubes. The mixture was incubated at 37°C
for 2 hr and the bound and the free radioactivity were separated by vacuum
filtration through Whatman GF/B filters using a Brandel M-24R cell harvester
followed by 2 x 3 ml washes of PBS at room temperature. Filters containing
the bound '*°I ligand were assayed for radioactivity content in a gamma
counter (Packard 5000) with 70% counting efficiency. Under the assay

conditions, the specifically bound fraction was less than 15% of the total
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radioactivity. The results of inhibition experiments were subjected to
nonlinear regression analysis using EBDA by which Ki values were

calculated. The results are given in Table 1.

06

Table 1.
K+ SEM K+ SEM K+ SEM
(nM) (nM ) (nM)
X=0H X=F
IMPY 1.4+ 0.4* 3a,n=2 52+04 12a,n=2 29+0.2
SB-13 1.2x0.7* 3b,n=3 2.8+£0.2 12b,n=3 6.7x0.3
PIB 28+05 | 3cn=4]| 46+02 12¢,n=4 44+08
FMAPO 50+12% {3d,n=5 52£02 12d,0=5 6.0+0.8
Bach value was obtained from three independent measurements performed in
duplicate.
[0164] The fluorinated PEG stilbenes (12a-d) showed excellent binding

affinities (K; = 2.9 —6.7 nM); while the corresponding hydroxyl substitute
analogs (3a-d) also displayed very high binding affinities (K; = 2.8 —5.2 nM)
(Table 1). The lipophilicity of this series of labeled agents, ['¥F]12a-d, was
‘within an appropriate range (logP value was 2.52, 2.41, 2.05 and 2.28 forn =
2-5, respectively). The PEG group is capable of modulating the molecule size
and the distance between fluorine atom and the stilbene core structure without

affecting AP plaque-specific binding affinity.

Example 55

Film autoradiography

[0165] Brain sections from AD subjects were obtained by freezing the brain in

powdered dry ice and cut into 20 micrometer-thick sections. The sections were
incubated with ['*F]tracers (200,000-250,000 cpm/200 pi) for 1 hr at room
temperature. The sections were then dipped in saturated Li;CO3 mn 40%
EtOH (two two-minute washes) and washed with 40% EtOH (one two-minute
wash) followed by rinsing with water for 30 sec. After drying, the 18R, Jabeled
sections were exposed to Kodak MR film overnight.




7.30 11.05 2.43 10.03 1.77 10.11 1.62 10.03 Bone 2.24 10.21 2.29
10.21 1.66 10.01 2.35 10.27 [0168] The radi oacti ve conpounds,
I ncl udi ng [18F] 12a-d, penetrated intact
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Example 56

In vivo plaque labeling with ['®F]12b and ["*F]12d

[0166] The in vivo evaluation was performed using either double transgenic
APP/PS1 or single transgenic APP2576 mice'which were kindly provided by
AstraZeneca.  After anesthetizing with 1% isoflurane, 250-300 pCi of
[**F]12b or ['®F]12d in 200 pul of 0.1% BSA solution was injected through the
tail vein. The animals were allowed to recover for 60 min and then killed by
decapitation. The brains were immediately removed and frozen in powdered
dry ice. Sections of 20 micrometers were cut and exposed to Kodak MR film

for overnight. Ex vivo film autoradiograms were thus obtained.

Example 57

Organ distribution in normal mice

[0167] While under isoflurane anesthesia, 0.15 mL of a 0.1% bovine serum
albumin solution containing ['*F]tracers (5-10 pCi) were injected directly into
the tail vein of ICR mice (22-25 g, male) The mice (n = 3 for each time point)
were sacrificed by cervical dislocation at 120 min post injection. The organé
of interest were removed and weighed, and the radioactivity was assayed for
radioactivity content with an automatic gamma counter. The percentage dose
per organ was calculated by a comparison of the tissue counts to suitably
diluted aliquots of the injected material. Total activities of blood were
calculated under the assumption that they were 7% of the total body weight.
The % dose/g of samples was calculated by comparing the sample counts with

the count of the diluted initial dose.



bl ood- brai n bat her show ng excel |l ent brain uptake in nornal
(6.6-8.1 %lose/g brain ) at 2 mn post
m ce were used for the biodistribution experinents,
Af 3 plagques in the brain is expected in these young nice;

Si nce nor mal

t he | abel ed agents,

(1.2-2.6 %ose/g brain) at 60 mn pos%
i n nornal
t he brain) are hi ghl y _desi rabl
Qzistrifdion dpy
e@’d‘oﬁ’ [alvggl"g) Bii

upt ake and rapi d washout

i magi ng agent§ lePhBi
to those repgk

Phar m Des. 2004
Mat his CA, et al.

J Med Chem 2003).

m ce

t herefo
[ 18912a-d, washed Lut fromthe brain quickly
iv injection. The high ini

nouse brain (with no AP pl aque

e properties for, Aft _plaque-t ti
JoR as pter i iccsionsef (“Fildad. ?Lﬁ%ar

andsp) 1CSB-13 (Mathis CA et al,
Ono M et al., Antal Med BioL 2003;
[0169] A detail ed

iv injection (Table 2A & B).

no
re,

tial
S in
ng

abl e
Curr

bi odi stri but2ani2zf [ 18F] 12b is shown in Table 2A. It appear s that at

|2unmg2 :Léer O aﬁCtI org;nlma (r:]grpougglnms La(l;gn q@,rl n Itncra] |I;2§ﬁ-, Ki qiﬂgy,
T I

bone upt akeu%%ﬁ 4l %[69 h ?%1 %ed segggmecuﬁ gggge y

be in vivo I‘If'l | e re?4ILb0jdne ta en

up by braln lil§u ore, h talégmrelaztzvg ¥6

The ot her wdl § vati - , €, q4 ~|r§| 5ar

blodlstrlbuth?F f Jle'é).' 8FE rt| i ent

[0170] Partit "r?ncoe Mt s | wel-BL i h}e tr cer

with 3 g eachi%F |1-dc and lﬁl?fi&ﬂ"z( ﬁl? ha iin a

test tube. TR stli%ﬁgzﬁas vorP@xeE% 0a rco %at re,

fol l oned by Be#rf flUgatildR for B3%HiP-22r % anpl e

each) from t Bend-joct-#he0.08nd | butR2rtl-Byer s \TNE? efeuntled-Th 80§vell

counter.
rati o of cprrz/Bglm 12 cpridnol

to that of buffer. Sanples fromthe

The partition coefficient was determ ned by cal cul ating the

1- oct anol aysh vyere ﬁﬁmpartl ti 0 quntl l| consjgtent partijjpons of
coeffici enL okt ai meq tyt l2 SIFET L;;_ITP%MSI_,’[ Ton) .
The nmeasur e%r% yi r| OIO au ed%efé [
[0171]1t w un i rd| r i ; art
that the sa Bébrof rma nﬂ%o qu #Q% %ange of
condi tions, formyl at| ons, and oth et er s WlthOUt aff ect | ng t he
scope of thczx1 Byvant | ohTHR any f - L atlent
appl i cat i onsBloahd pdRRi%A% orls érgtsé'ép Ofer di n lagrle*(ﬂﬁ ly 6?at ed by
ref erence hePeim |i n6t5ﬁe‘r0r19ent| r ét3y 0. i
conpound of Borenll a281,=0WRer di n,1.00240.% Jel 38037 on théOéF)@ép
consisting of: a. NRale, wherein Re? and Rh are independent|y
hydrogen, CL12dallkyl , 2 @i, ) 4%, @9enim X i|s ' 8FL hrand d| is adhhi nt egler
bet ween 1 anBlodd |or 4199 &n3B R areécbed.06 oxygeBXxL0.Tlor m a2.69 048 b.
hydr oxy, Brain 7.30 £1.05 2.43 +0.03 1.77 £0.11 1.62 £0.03
Bone 2.24 20.21 2.29 +0.21 1.66 £0.01 2.35 £0.27
[0168] The radioactive compounds, including ['®F]12a-d, penetrated intact

blood-brain barrier showing excellent brain uptake in normal mice (6.6-8.1

%dose/g brain ) at 2 min post iv injection (Table 2A & B). Since normal mice

were used for the biodistribution experiments, no AP plaques in the brain is

expected in these young mice; therefore, the labeled agents, ['*Fl12a-d,

washed out from the brain quickly (1.2-2.6 %dose/g brain) at 60 min post iv

injection. The high initial uptake and rapid washout in normal mouse brain

(with no AP plaques in the brain) are highly desirable properties for AP

plaque-targeting imaging agents.

The values reported in Table 2 are



c. C1_4 al koxy, and d. hydroxy(Cl.4)alkyl; R2 is selected fromthe
group consisting of: R3 B.31 - 57 - wherein q is an integer from?2

to 10; Z is selected fromthe -oup consisting of '8F, '8F substituted
benzoyloxy, 18F substituted (C14)alkoxy, ' 8F substituted benzyl oxy,
'812 substituted plienyl (Cl_4)alkyl, ®'B8F substituted aryloxy, and a
'8F substituted C6_10 aryl; and R30,-R31, R 32 and R33 are in each

i nst ance i ndependently selected fromthe group consisting of

hydrogen, hydroxy, Cl.4 alkoxy, Cl1"4 alkyl and hydroxy(Cl_4)al kyl ;

wherei n Z, R38npaRBls toRBsearpbridl Jorl € 1BE atedC/C18B 3 Ahathss Canet a/R39

wherein Y is,sel ted fr he. ] st g F .

substi tuted Eﬁﬁzﬁéﬁr@x{}e‘g a@@@ﬁ&%@?%@ tl "F[ (@f’i‘? q l?loq 129033
substituted Eﬁ@h@@&,aameM@EcmuhsMKmpted 1 nyl; Uis selected from
t he gou 8F su tltuted

i st f hyd
benzoyl E@Jfﬁgniéﬁ ShB Oﬂ?fﬂ%’l@ég% BHSA ?f §<1§PR§/$1°W“8¢T§WB ft ApBgprs
aryl oxy, andmaBit ﬁh&ﬂﬁﬁﬁér%g%@hogqhégoﬁﬁ%d wddaken upSn-the R4, kikdd, R36,
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from the grolwecewdnuslagredectingds ggessal blegd pﬁﬁm@xpatteml Ahg|besk-y,

Cl. 4 al kyl,
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derivatives, 12a,¢,d, showed similar biodistribution patterns (Table 2B).

Example 58

Partition coefficient

[0170] Partition coefficients were measured by mixing the [IBF]tracer with 3 g
each of 1-octanol and buffer (0.1 M phosphate, pH 7.4) in a test tube. The test
tube was vortexed for 3 min at room temperature, followed by centrifugation
for 5 min. Two weighed samples (0.5 g each) from the 1-octanol and buffer
Jayers were counted in a well counter. The partition coefficient was
determined by calculating the ratio of cpm/g of 1-octanol to that of buffer.
Samples from the 1-octanol layer were re-partitioned until consistent partitions
of coefficient values were obtained (usually the 3rd or 4th partition). The
measurement was done in triplicate and repeated three times.

[0171] It will be understood to those of ordinary skill in the art that the same
can be performed within a wide and equivalent range of conditions,
formulations, and other parameters without affecting the scope of the
invention or any embodiment thereof. All patents, patent applications, and
publications cited herein are fully incorporated by reference herein in their

entirety.



3 . The conpound of claim@Q wherein 12.2 is R30 R3 where Z, R30,

R', R32 and R' are as described above. 4 . The conpound of claim
3;,, wherein gis an integer from2 to 5. .5 The conpound of claim
:1 wherein 127 and R 8 are each hydrogen. G The conpound of claim
.5, wherein R30, R31, R32 and R33 aréf-in each instance, hydrogen.

4 . The conpound of claim6 , having the following fornula: - 59 -

B. The conpound of claim6 p having the follow ng formula: g. The

conmpound of claimP p wherein 12.2 is R30 R31 wherein Z, Rs, R31,
R32 and R33 are as described above.

What is claimed is:

{ . A compound of Formula 11,

I

S \ &

wherein,
R! is selected from the group consisting of:

a. NR°R?, wherein R” and R” are independently hy.dm-
gen, C,_, alkyl, (CH,)X, where X is ISR and d is an
integer between 1 and 4, or R? and R? are both oxygen
1o forma a nitro;

b. hydroxy,

c. C,_, alkoxy, and

d. hydroxy(C,..)alkyl;

R? is selected from the group consisting of:

RSO r3

R32 R.‘3



10. The conmpound of claim.qg wherein Z is 18R 11. The conpound of

claim 10, wherein R7 and R8 are each hydrogen.

claim1ll, wherein R30, R31, R 32 and R33 are, in each instance

t3. The conpound of

hydrogen. | b. The conpound of claim:2_,wherein 122 is wherein Uis
hydr oxy. 14 The conpound of cl ai m P5 - wherein R m R35, R36, R37,
R38, R39 and R4 are, in each instance, hydrogen. - 60 - I 5. The
conpound of claimti), having the follow ng structure: H3C 16. A
phar maceutical conposition conprising a conpound of claim1l 13. A
di agnostic conposition for, impdtg anyl oi d . depgsits, comari Sing a

r adi ol abel ed conpound Vélﬁeréma‘l}%ail;lmfgﬁfg%mﬁe? élzg‘ﬁ S?%%Eﬁz’%ﬁényl oi d

deposits, conprising: the group consisting of *°F, "°F substitute

loxy, *°F substituted (C,)alkoxy, *°F substituted
benzyloxy, ‘°F substituted phenyl(C,.,)alkyl, *F
substituted aryloxy, and a !*F substituted Cq ,, aryl;
and R?%, R3!, R*? and R?? are in each instance inde-
pendently selected from the group consisting of
hydrogen, hydroxy, C,., alkoxy., C,_, alkyl and

hydroxy(C,_4)alkyl;
if.
RSO RS]
/ z,
—F0
R¥ R¥

; : 30 p31 p32 33 :
wherein Z, R°° R*, R*? and R*? are as described above,
and

1rs

wherein'Y is selected from the group consisting of 12F,
YF substituted benzoyloxy, **F substituted phenyj
(C;.4alkyl, *3F substituted aryloxy, and *3F substi-
tuted. Cy_, aryl;

U is selected from the group consisting of hydrogen,
hydroxy, ‘°F, *°F substituted benzoyloxy, 1*F substi-
tuted phenyl(C, ,)alkyl, '*F substitated aryloxy, and
'*F substituted Cq_, aryl; and



a. introducing into a mammal a detectable quantity of a diagnostic
conposition of claimfl, b. allowing sufficient tine for the |abel ed
conpound to be associated with anyloid deposits; and c. detecting the
| abel ed conmpound associated with one 05r8 nore anyl oi d deposits.

R**, R*, R*, R*7 R*3, R*® and R* are in each instance
independently selected from the group consisting of
hydrogen, *°F, hydroxy, C, , alkoxy, C,_, alkyl, and
hydroxy(C,_,)alkyl:

and

R” and R® are in each instance independently selected
from the group consisting of hydrogen, hydroxy,
amino, methylamino, dimethylamino, C,_, alkoxy,
C, -4 alkyl, and hydroxy(C,_,)alkyl.

2. The compound of claim 1 , wherein R' is NR?R?,
wherein R® and R? are independently hydrogen or C,_, alkyl.

3. The compound of claim 2, wherein R? is

-

R.lO RS I

Rg32 RSS

where Z, R*®, R*!, R?2 and R*® are as described above.,
4 . Thecompound ofclaim 3, wherein q is an integer from
2t03.
.3, The compound of claim : 4, wherein R” and R® are each
hydrogen.
6 . The compound of claim 5 , wherein R®°, R?!, R*? and
R>? are, in each instance, hydrogen.
7 . The compound of claim § , having the following for-
mula:

H

is
WS UG SR
HN =y

H
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&.Th ; : _
. e compound of claim 6 , having the following for-

H
Hzc\ ' 0/\/ 0\/\0/\/ o\/\xsf.
HN
H

. The compound of claim 2 , wherein R? is

i
RBD R?.I
; z
—4 0

!
]
!
)

wherein Z, R*°, R**, R** and R?* are as described above.
0. The compound of claim 9 , wherein Z is *°F.
1. The compound of claim 10, whereinR” and R® are each

hydrogen. i
9. The compound of claim 11, wherein R*°, R*!, R** and

R>3 are, in each instance, hydrogen.
15, The compound of claim 2 , wherein R* is

i

wherein U is hydroxy.
4. The compound of claim 13, wherein R**, R>5, R*, R*,
R33, R3? and R* are, in each instance, hydrogen.
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5. Thecon i i i
o ipound of claim 14, having the followin g struc-

HC
: O
= \

O o . OH'

6. A pharmaceuti :
ical compositi ..
pound of claim 1. position comprising a com-

13. A diagnostic composition for imaging amyloid depos-
its, comprising a radiolabeled compound of claim 1.

18 A method of imaging amyloid deposits, comprising:

a. introducing into a mammal a detectable quantity of a
diagnostic composition of claim {7,

b. allowing sufficient time for the labeled compound to be
associated with amyloid deposits; and

c. detecting the labeled compound associated with one or

more amyloid deposits.



