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Pursuant to 35 U.S.C. § 202(c), it is acknowledged that the United States Government
may have rights in the invention described herein, which was made in part with funding from the
National Institutes of Health through Grants AG-21868 and AG-22559.

FIELD OF THE INVENTION
This invention relates to novel bioactive compounds, methods of diagnostic imaging

using radiolabeled compounds, and methods of making radiolabeled compounds.

BACKGROUND OF THE INVENTION

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by
cognitive decline, irreversible memory loss, disorientation, and language impairment.
Alzheimer’s disease (AD) is a common neurodegenerative disease of the brain. It is a significant
medical problem with a high prevalence in millions of elder people. Major neuropathology
observations of postmortem AD brains depict the presence of senile plaques (containing B-
amyloid (AB) aggregates) and neurofibrillary tangles (highly phosphorylated tau proteins).
Currently, there is no definitive imaging method to diagnose AD, except by postmortem biopsy



t he devel opnent of AD are not fully understood; however, the formation of AB
pl agues in the brain is a pivotal event in the pathology of Al zheiner's
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(2006); Hardy, (2002), chha GA e Parisi, DW Dickson, et al. "Neuropathologic outcome of

mild cognitive impairment following progression to clinical dementia." Arch Neurol 63:674

(2006); Rosenberg, RN "Explaining the cause of the amyloid burden in Alzheimer disease." Arch
Neurol 59:1367 (2002); Thal, DR, E Capetillo-Zarate, K Del Tredici, et al. "The development of
amyloid beta protein deposits in the aged brain." Sci Aging Knowledge Environ 2006:rel,
(2006)). Recent reports have suggested that B-amyloid aggregates, i.e. A plaques, in the brain
play a key role in a cascade of events leading to AD. Postmortem examination of AD brain
sections reveals abundant senile plaques (SPs) composed of amyloid-f (Ap) peptides and
numerous neurofibrillary tangles (NFTs) formed by filaments of highly phosphorylated tau
proteins (for recent reviews and additional citations see Ginsberg, S. D., et al., "Molecular
Pathology of Alzheimer's Disease and Related Disorders," in Cerebral Cortex:
Neurodegenerative and Age-related Changes in Structure and Function of Cerebral Cortex,

Kluwer Academic/Plenum, NY (1999), pp. 603-654; Vogelsberg-Ragaglia, V., et al., "Cell
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21: 161- 1%0(@@@@)11)' desrgnvbtlmmpwmgglmwmmgmmeveaapnpf A;L@heangral of

clinical t, Al en di ff c abl e
(Boss. SR 0B Phing) CORECIORSS gy, T bld Gtdac BHREE 20 0
Act a 150212h8§ner(s 03¢ bee@?ﬁb&ddom CQW Aﬁhélﬁ:eff RE@SJ 173 QMO&)PE geqado i Mikéhesihot on

em ssi on tom)graphy ( SPE %eonal cerebral blood flow (rCBF)
for d| agfdsiAn dwmmmmtgmrﬁgtlmo téne.amyﬂcsd ta hypothesisavieregarddodhe ed (1 shii,

A 2hei nar o RneHE A ATyt Rige Mt Qoagse s TP 0l aeBs fSARRER Ve
MS, | D Dippssion dpPears iﬁ indtease fHeliskdf AT (| FEARE S, 38 Talof, TR DRIM 43R5 étiloN

defect associated with
"Apolipoprotein E markedly facilitates age-dependent cerebral amyloid angiopathy and

spontaneous hemorrhage in amyloid precursor protein transgenic mice.” J Neurosci 23:7889
(2003)). It is likely that amyloid precursor protein (APP) is degraded by several proteases,
among which the catabolism reactions of 8- and B-secretases on APP lead to the production of
excess AB. The excessive burden of AB, produced by various normal or abnormal mechanisms,
may represent the starting point of neurodegenerative events. The fibrillar aggregates of amyloid
peptides, AB4g and AP4,, are major metabolic peptides derived from amyloid precursor protein
found in senile blaques and cerebrovascular amyloid deposits in AD patients (Xia, W., et al, J.
Proc. Natl. Acad. Sci. U.S.A. 97:9299-9304, (2000)). Prevention and reversal of AP plaque
formation are being targeted as a treatment for this disease (Selkoe, D., J. JAMA 283:1615-1617
(2000); Wolfe, M.S., et al., J. Med. Chem. 41:6-9, 1998; Skovronsky, D.M., and Lee, V.M.,
Trends Pharmacol. Sci. 21:161-163 (2000)).
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| magi M99ATPhelps, ME "PET: the mergmg of biology and imaging into molecular imaging." J Nucl
Med 41:661 (2000); Silverman, DHS,ME Phelps "Invited Commentary: Evaluating Dementia
Using PET: How Do We Put into Clinical Perspective What We Know to Date?" J Nucl Med
41:1929 (2000)). While imaging rCBF and glucose metabolism may have some use in AD
patients, none of these modalities provide any information on the presence or quantity of AR
aggregates in the brain. |

Various approaches in trying to inhibit the production and reduce the accumulation of

fibrillar A in the brain are currently being evaluated as potential therapies for AD (Skovronsky,
D. M. and Lee, V. M., Trends Pharmacol. Sci. 21:161-163 (2000); Vassar, R., et al.,
Science 286:735-741, 1999; Wolfe, M. S,, et al., J. Med. Chem. 41:6-9, 1998; Moore, C. L., et
al.,J. Med. Chem. 43:3434-3442 (2000); Findeis, M. A., Biochimica et Biophysica Acta
1502:76-84, 2000; Kuner, P., Bohrmann, et al., J. Biol. Chem. 275:1673-1678 (2000)). It is
therefore of interest to develop ligands that specifically bind fibrillar AP aggregates. Since
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Caenorhabditi s el egans animals using the sensitive anyloid dye,
Chem. 42:2805-2815 (1999); Klunk, W. E,, et al., J. Histochem. Cytochem 37 1273 1281
(1989)).

The approach has been based on highly conjugated dyes, such as Congo Red and
Chrysamine G (CG) (Dezutter, NA, RJ Dom, TJ de Groot, et al. "™ Tc-MAMA-chrysamine G, a
probe for beta-amyloid protein of Alzheimer's disease." Eur J Nucl Med 26:1392 (1999); Klunk,
WE, ML Debnath, AM Koros, et al. "Chrysamine-G, a lipophilic analogue of Congo red, inhibits
AB-induced toxicity in PC12 cells." Life Sci 63:1807 (1998); Klunk, WE, ML Debnath JW
Pettegrew "Small-molecule beta-amyloid probes which distinguish homogenates of Alzheimer's
and control brains." Biol Psychiatry 35:627 (1994)). Thioflavin S and T have also been used in
fluorescent staining of plaques and tangles in postmortem AD brain sections (Ethaddaoui, A, E
Pigorsch, A Delacourte, et al. "Competition of congo red and thioflavin S binding to amyloid

sites in Alzheimer's diseased tissue.” Biospectroscopy 1:351 (1995)). More abbreviated forms of
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pl aq ' zhei perk _ di . i i .24 RN -

Usi nféxﬁggﬂs@{dﬁgéﬁgﬁm s?r%na?’gﬁrrgalrl?gﬁ%& {) EE%I% :iafng\fééﬁggg%qrht Segg é&v’?%i S %’r acer
specSCithalnigyed dlbtSeestonimplo’s rdceptofs iplthelliving drdin b Addteimer's dissase padigned.f ent s and
seven conparison s%g%ects. {Nordberg A Lancet Neuron. 3:519-27 (2004)).

Usi nfjres Mepi drad deidy wet %3782 (2008); ihpghisTadids Ko dBrRarng; Y &kepene ¢/ e[ Bplerang

resi | o | L \ -hai fferences
bet V\ggﬁ dpgig?ll @tﬁ?ééﬂgﬁg‘reg%ﬁr%%glgggﬁasu jldt)a@%ng&g\é}r] aeI lﬁ{ég#%rﬁsrpg%sﬁg&%g?%e relative
r esi ciitivad ahdlysis veplaqugpatholognt' IMollTingpaiz Bial BDS p@006RtShoghiJalid, K, JRur t her
conplicated by an intriguing finding that FDDNP conpetes with some NSAI Ds
for BairiesVinkers epdl. { Imaging beta-ampleid mAlzBeipies s disgasex a gritieal @palysispa  ED,

S00a B mRRE RS aeig o bobvFAGRE L RAFaed Bk 33:357 (30 Shogt- 1O
der i Yalid K&, GW Sthell GEDHAdIEPpA, ef B). Blocatiratieitofnenedfitgillary tangles and beta-

amyloid plaques in the brains of living patients with Alzheimer disease: Binding characteristics

of radiofluorinated 6-dialkylamino-2-naphthylethylidene derivatives as positron emission
tomography imaging probes for beta-amyloid plaques in Alzheimer disease." Am J Geriatr
Psychiatry 10:24, (2002)). 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. 3:519-27 (2004)). 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 Af plaques ex vivo (Agdeppa ED, et al. 2001; Agdeppa ED,
et al., Neuroscience. 2003;117:723-30).
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"Unchar gedV@ BB n- T derivatives bind to anyl oi d- bet QCBW%@VWZ ’{h high
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Mathis CA, et at, Arch. Neurol. 62:196-200 (2005)). Contrary to that
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Pat th r.k 1
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anal ogs r 0| d assessrrent N Med 43:16 02b t. he past
few ygaB&% -Lin grmgmtﬁomgaﬂ §‘tsv\5i)“%4p[ T‘(‘.‘, has
been re . [ t he
SN e e e b e

anount béargariydreasds bisd averdobstrwddan parictal, timparak; abd acmpltnltconm:bs annd tmzhasgenl C

b 25: 10598, 2005) Lop t BJ, WE
%3 rsues é@.'@&g, [‘]‘@ﬁﬁiﬁ%d refsRHOR w(aé aﬁ%ﬂe@ﬂgwﬁg %@%ﬂﬁ@w@ﬂm&n SBbJA?F? i d

) ORI Sl A5 0

neur odepenss am terebellusia FsorinapedoBliBear] relavery mbutiat thmﬂavm dném&peu tumh as BTA-
pat hol ogi es. "  Arch Neurol 62:196 (2005 Price, resti,
Br at R eSO AR FRARGeB (Vath g7 P Ry Wanidths Felahglomibollhig b~ and

P| ttsbu %].ng e I 1528 (2005)) Recent |y,
" EI?% Q‘Elgfeé)rllgasssgg IT|g‘;"ra11'llit 251\@6?%‘153%6?&@% ﬁﬁer of patients with mld

cognl t | ve i mpatherpast fepMdays, sﬁcﬁuﬁdﬁﬁlﬁ?ET fRhagig stodieslar ADﬁdatiShanﬂdn[”(é]:PIBIhas
"Ml ecular, structural, and functional characterization of Al zheiner's

di seasebecnzeperted(Klunk. oV Ee B4 Lioprrsti MIbEoremavigeriali | Bigding\?f the PoSHFRA oi d, and

e Sl 836kt FOS HARTEM OIS P LB Rl L

Lopr est Alzieimed's dlseaZe brain but not in transgenic mouse brain." J Neurosci 25:10598, (2005);
Lopresti, BJ, WE Klunk, CA Mathis, et al. "Simplified Quantification of Pittsburgh Compound
B Amyloid Imaging PET Studies: A Comparative Analysis." J Nucl Med 46:1959 (2005),
Mathis, CA, WE Klunk, JC Price, et al. "Imaging technology for neurodegenerative diseases:
progress toward detection of specific pathologies." Arch Neurol 62:196 (2005); Price, JC, WE
Klunk, BJ Lopresti, et al. "Kinetic modeling of amyloid binding in humans using PET imaging
and Pittsburgh Compound-B." J Cereb Blood Flow Metab 25:1528 (2005)). Recently, [''C]PIB
has been used in testing a limited number of patients with mild cognitive impairment (MCI)
(Buckner, RL, AZ Snyder, BJ Shannon, et al. "Molecular, structural, and functional
characterization of Alzheimer's disease: evidence for a relationship between default activity,
amyloid, and memory." J Neurosci 25:7709 (2005); Nordberg, A "PET imaging of amyloid in
Alzheimer's disease.” Lancet Neurol 3:519 (2004); Price, JC, WE Klunk, BJ Lopresti, et al.
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humans usi ng PET i nmagi ng and Pittsburgh Conpound- B." JCereb Bl ood Fl ow

Met ab 25y ?@@mﬁ%‘%ﬁﬂ Using PIB/PET to study the rel aﬁ¢ﬂﬂ§ﬂbﬂozs?ﬁ ween Al 1l

pl aque burden and AD neurol ogi cal nmeasurenments, the results seemto suggest
that "Khmatis medeliogrof amsloid duating inchunsanswising REI imging and:Pittsbergh\Garhpéunder
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GN Larossa Shel i ne, et al CIPIB in a nondenented popul
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AP pl agRsferdl g4/ Q-2 Waiternd i} ?‘E‘ﬁnﬁ?ﬁr@’@ ﬁem{e?’s d&la%@tan&fi‘ml&“@é fed)

studied. Tn Vvitro ng using t suggest s he cornpound
showedmpeixment. 'EhNubd MddﬁGp gdYstract) (209063 R:enmleM mmebberpEEMoﬂayl, erdsured in
t he cqrtlca gray natter nog tter of AD cases. (Kung

WP, - SAmoidmaRineRaAD M, ans Nekly inisbigsnt aer adulih b tahped sxms»@eﬂfa :

[3r) SR R 2 28 iR AR VAl Meert 17 S Nin S Fone 61 nG PRLEET, 1

and dmapagabtie ddﬁhtbﬁmal/\dm@dﬁs&ﬂ'rdeﬁﬂn(liAJMcDmUlm (pbsntaet)nonOB); ). As
expected, in AD pati ent§ uCl] SB- 13 di spl ayed a high accunul ation,jin the
frontal corfeseniiyrapethen Cylahﬁe*&r\@eplmtam ing PEobend silbgrsdsrivatiye, [ANCISBaques)

in ml i ts.
(Ver nddy P TRAShAAR. A ViR hEiohy ikl B erisR,P90idHBS BRf oROghiunaHBWERT T
t her e eReslienbbinidingesfinitg and bisding canbe aea/nly/memﬂréd jphie oortiepl grag Imatma,gdumg
techni que for .invasive imaging of senile pl Bues in transgenic

openi H’Qt e gyditeimatter pf AR sases. pRUNSMB, e 45 7 BrauRen 036198; 1®t(2994) Thﬁﬁ‘@l ng

f
0F SRy A5 bl RS Bl bR ILAE AR THEC yapes
(2001)o¥ [*Hi88-13 naD ctdmnsameﬂﬁgemesrw&ewwoz M. rlé@h vindingcgshcitptandal i magi ng
agents have been reported (Bacskal, BJ, GA Hick J Skoch, et_al.
" Four Camparablesyainesnvieneiobaeiverh( 14r41%gmﬁgmafpr@tpm) Mda)?\;tASICXP&ﬁVF‘omdABl DRGERS, and

I S
Us A Tooi384a 3l fief SbdmyBAtiEin e ol RGRL CopSififinly i f6a Mijtintiils =
det ecthighdersitp oy AP slaqiwispindiallo to hﬁ)dwtemarpahaﬁts ahsmdno't iedpengatdheédgorrol
oxazi ne-derivative robe." Nat Biotechnol 23:5 (200() Nest erov, EE, J
oK oc h SubPCtSy KRErhOBET N o . AR AGeri Paeaharry. 12:584-95, (2004)).

Recently, there have been reports on using an in vivo multiphoton optical imaging

technique for invasive imaging of senile plaques in transgenic mice (by opening the skull)
(Bacskai, BJ, ST Kajdasz, RH Christie, et al. "Imaging of amyloid-beta deposits in brains of
living mice permits direct observation of clearance of plaques with immunotherapy." Nat Med
7:369, (2001)). Additional improvements on developing near-infrared optical imaging agents
have been reported (Bacskai, BJ, GA Hickey, J Skoch, et al. "Four-dimensional multiphoton
imaging of brain entry, amyloid binding, and clearance of an amyloid-beta ligand in transgenic
mice." Proc Natl Acad Sci U § A 100:12462 (2003); Hintersteiner, M, A Enz, P Frey, et al. "In
vivo detection of amyloid-beta deposits by near-infrared imaging using an oxazine-derivative

probe." Nat Biotechnol 23:577 (2005); Nesterov, EE, J Skoch, BT Hyman, et al. "In vivo optical
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patients, in on bo i ti | oi, 0, deposi S|n sclevvatlng
di sease, and 1%9@0&?%{&%@ f?éd 8?%953 %’ﬁ efrlS ‘?@ﬁ?’ltﬂ%ﬂﬁsenﬁﬁé? di rect
| magi ngmﬂylm sfls Hﬁ‘s%b%htsﬁmbﬁ 11YH'%Qasb§s&'hfa§ 'Mealfenaaéaﬁﬂaeerdmwwehave many

of the sane physical properties g., density and water content) as nornal

ti ssues syndmract;ptlmpaﬂnetw nmygnmyumylald gelynsurbpathy; mgylnn]grmdlmmyppaibygaysnemnc

i magi n MRI conputer-assi sted ., tonograph CA e
i o p oI Ao S HOT Bis by g ReraIaY PhesDGARmARY s ih amylgidosis,

favor abb%gﬁl%r%h&foﬂ{bg Sc1|l @@é&tiﬁﬂh-]%c;bqlgéﬁs%kdrﬁ‘,%%rsﬁ%{ne tgalg?l 2§ fenkidrt N

anti bodi e rum a rotein, or other probe cul es ave provided
sone sebyxirome tmedlﬁlarylaarpmbmheﬂtbe thiyroid,iIsclated atriul amyéoid, frmicroigdobiflor amyloid

i magi ng. of. tissue interiors, Lt would be useful ta have a noninvasive
technl qu‘;lP’dﬁlsun%ﬁa?tﬁgn%'Hﬂ%baﬂﬁl F’cyaﬁlflﬁd? BHWYIBHdoACPS\?E?dEPE‘éSCI%W%S“B& seAse, apg,

addi ti om%g cthdde dﬁ*’ﬁ% fddlr 9 %ﬁd\%ﬂ{pounds that inhibit the aggregation

of any protelns to torm eposits and a nethod for determ ning a

conpound’ s alihkidirgcttimaiging dfi ammmldepokntp NovivpIis d@tjﬂﬂg a$ thendep S&iteNaRY n(aRy DIE

| NVENTI (ﬁ\l The present i nven{ Il on, provi des novel rjr%pound of Fornulas | and

. the same physical properties (e.g., density and water content) normal tissues. Attempts 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.

It would be useful to have a noninvasive technique for imaging and quantitating amyloid

deposits in a patient. In addition, it would be useful to have compounds that inhibit the
aggregation of amyloid proteins to form amyloid deposits and a method for determining a

compound's ability to inhibit amyloid protein aggregation.

SUMMARY OF THE INVENTION
The present invention provides novel compounds of Formulas I and II.
The present invention also provides diagnostic compositions comprising a radiolabeled

compound of Formula I or II and a pharmaceutically acceptable carrier or diluent.
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The present invention also provides diagnostic conmpositions conprising a
radi ol abel ed conmpound of Formula | or Il and a pharmaceutically acceptable
carrier wo gobuomsso -9 V\D 2008/ 073350 PCT/ US2007/ 025177 pCcThis200m0e31t77 on

further proy des a.nefhod of i in anyl .oi d. deposi t t he nmethod conpri sing
i nt r oduci ng Giyenti er arod “‘é‘%{l‘&'ﬁ’ﬂ %/‘B'BYlohjs‘i?Béqt%(ﬂh%’é‘ Qnd of
Forfmlébni tro marmw tbotalAE QERIRY o a3 id@oﬁhﬁf

pr odr ug th o#j ° ?nuﬂ%resgnt |nven§+ onalgﬁgo&%r Vi d eagdeae et Hod for in |{)|t| ng
t he aggrlégaa pbarmuiceutioallyiadceppabd¢ sdlt) sstet, amidesrtprddmgrtheresf. ng adni ni stering to

a mammal an_anyl oi d.i nhibitjng anmyunt of compound Fornulas | and ||, or a
phar maceut i EA PEFSett drysntign also rov @ﬁ@Pthoa@wem%&ﬂnagmsas&rggawm?mylom

furt heﬁ AMRCHe IH%]thBJi'hémBH% gfahx?ﬁ}P :aﬂéf 4 a &lﬁ ﬁﬂﬁui L dE bfth €S
usef ulPPor synt hesi zin |ng and i magi ng ¢ npounds of
For mul conmpowhd [Forreialas 1 iahé dl ckt&fﬂaﬁnacdﬂﬁbﬂli' a[dEEﬁEiblE'EhmsGF arhidePhi/prbdkag Fig. 1
depi cts K; binding data of preferred conpounds of the present invention.
Fi g. 2th #&Bl-cts in vivo brain penetration of a preferred conpound of the

present i nvgnLed. ﬁspJJE%fﬁ{xgﬁx%ﬁ@mPfs &J&?teﬁ?&%%%%s‘ﬁ’ﬁ& igfis éégit&dus% 1%6r !

injection in norna an ex vivo au I ograp

pr ef ergyathesieiipatiedmyloid Iihﬁunmg and imagiig bdmpsunds lo@‘%ﬁﬁul«ﬁ/i or4Bdes6nB€dih@reﬂ1epl ct
Ki in vitro binding data of several conpounds of the invention. Figures
7-10 de ct bi odi stribution in nmouse of preferred conpounds of the present

i nvent BREEF BESCREPTIONQF FHEPRAWINGSTRATI VE EMBODI MENTS In a first
aspect, th r | l: Rz \\
SRR | opa SR AR el S BB forh I B UG ReiB SORRGE, | o o
A" and A2 aFig.2 aémpﬁndenrolutalﬁlﬂeﬁétrmonlﬁf agrelfefied abmpemho{r the ppssefliciaventiona.
NR R', wherein R, _and R' are independently hydrogen, Cl 4 al kyl,

hydr Ox'gl(e(prcsppng R theompoupd was 4)1@1}11;4911 after v injection in normal mice.

Fig. 3 depicts an ex vivo autoradiograph of a preferred compound of the present

invention.

Figures 4A, 4B, 5 and 6 depict K; in vitro binding data of several compounds of the
invention.

Figures 7-10 depict biodistribution in mouse of preferred compounds of the present

invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In a first aspect, the present invention is directed to compounds of Formula I:

_4=\\ J/AEzAZ
ég;:_J%y — Y\L1;221R3

or a pharmaceutically acceptable salt or prodrug thereof, wherein:
A' and A? are independently CH or N;
R' and R? are each independently:
a. NR'R", wherein R' and R" are independently hydrogen, C,4 alkyl,

hydroxy(C,4)alkyl or halo(C,4)alkyl,

b. hydroxy,

-10-



b. hydroxy, -10 WO 2008/ 073350 PCTI 1JS2007/025177 c. Cl A al koxy, d.

hydr oxy(C e. halogen, f. cyano, g. hydrogen, I i
(Cl-C4) al 312’91)’?‘%"%%6]733%% o(Cl-CA)al kyl, k. formyl, 1. -ocofgf’ﬁgﬁzféﬁlw M
-COQ(Cl1A al kgl ), &,4alddeq) CLA al kyl), or o. radiohal ogen; R3 is fragnent i,
ii or iii, wherein: fragnent i is: RRRORS 1 ~2Z \~\//~~ro N)y Rd Rc
Re" Rf Rs Rhgl Whau@ioRy(C, JalRy i nteger from1l to 10; mis an integer fromO
to 5 yis an integer'from0O to 5; R5 is hydrogen, ClA alkyl, or

hydr oxy(C A) al kyl haﬁg Rb, R, Rd, R, Rf, RO and Rh are each independently
hydrogen, hat'ogen®R¥dFoxy, CLA al koxy, ClA alkyl, or hydroxy(CLA) al kyl ;
and Z is: a) X, wherein X is hydrogen, hydroxy, hal ogen, radiohal ogen, Cl.4
al koxy, hydfoxy(€¥30al kyl , hal o(CI A)al kyl, radiohal o(Cl.4)al kyl or NRXRY,
wherein R' and RY are independently hydrogen, ClA al kyl, hydroxy(C A)al kyl,
radi ohal o(Cd g. 4) hyérpigemr hal o( Cl1. 4) al kyl; -11 WO 2008/ 073350

PCT/ US2007/ 025177 b) one of the foll ow ng groups, each of which contains X
as a substityent: pitro,

i. (Ci-Cy)alkyl,
j- halo(C,-C,)alkyl,
k. formyl,
1. -O-CO(C|.4 alkyl),
m. -COO(C,; 4 alkyl),
n. -NHCO(C, 4 alkyl), or
0. radiohalogen;
R}is fragment i, ii or iii, wherein:
fragment i is:
RA R
R® -
l o) )n
‘}e) N - d c
~( N A R R
RGN

R® Rf R? R"

Z

i

wherein n is an integer from 1 to 10; m is an integer from 0 to 5; y is an
integer from 0 to 5; R’is hydrogen, C,.4 alkyl, or hydroxy(C;.4)alkyl; R Rb, RS,
R% R®, R, R® and R" are each independently hydrogen, halogen, hydroxy, Ci
alkoxy, C) alkyl, or hydroxy(C,4)alkyl; and
Zis:

a) X, wherein X is hydrogen, hydroxy, halogen, radiohalogen, C;4 alkoxy,
hydroxy(C) 4)alkyl, halo(C,s)alkyl, radiohalo(Ci4)alkyl or NR*RY, wherein R*
and R” are independently hydrogen, C;4 alkyl, hydroxy(C,4)alkyl, radiohalo(C;.
a)alkyl or halo(C,4)alkyl;
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benzoyl oxy, phenyl (ClA)al kyl, aryloxy or C6_10 aryl; or c) Zc, having the
follow ng structure: R Zc wherein pis an integer froml to 4, Qis 0 or

NR5 and &y 3008095380 (RG X or - C=C- X, vvherei n R is hydrog@@mszajb/@giqyl and

R' and R are |ndepen nt | dr hydroxyl al kyl; fragnment ii is:
RaRbY), Z 0n dbgz the, Falfowing gtasps §ach PG v 9&%@? Xascraupstipent

and fragnent iii 0 or 1; R is hydrogen,
hal ogen, hydroxy})hlﬁzgglﬁgwgpog n, éﬁ%\(@l E$| %’% ?irg’i hydr oxy( Ci 4) al kyl or
NR R'; provided bhat, if X is not or does not contain F or 18F, then R4 is
selected fromthe grou Si Stl I F, 18F 1231 1251, 1311, 76Br, 77Br
and Br. In preferred égrbgﬂ’l elﬁil QWUng SUPEREE: Cldal koxy, - NHCO( CIA
al kyl), -0 CQ(ClA al kyl), - ClAaI kyl) or NR R'. Mre preferably, R is
hydroxy or NR R wher ei n R,\ and R' are jndependently hydrogen or ClAal kyl,
wi th ClAal kyl be| ng even nore \pJ‘ eferr Gamd met hyl being particularly
preferred. In other enbodi nents, S/phydr oxy, Cl A al koxy, -NHCO(ClA
al kyl), -12 WD 2008/ 073350 PCT/ US 7/ 025177 -O-CO(C .4 alkyl), -COQ(CL4
al kyl) or NR R'. Preferably, RL a&8ld R are Zifferent. Most preferably, R2
i s hydrogen. L . . 5 )
wherein p is an integer from 1 to 4, Qis O or NR” and G is
—C=C-(RG)X or —C=C-X, wherein R is hydrogen or C,4 alkyl, and R"
and R® are independently hydrogen, hydroxyl or Cy_4 alkyl;

fragment ii is:

R R i
wherein y' is an integer from O to 5;

and fragment iii is:

iii
whereineisOor 1;

R* is hydrogen, halogen, hydroxy, radiohalogen, C,4 alkyl, C 4 alkoxy, hydroxy(C,4)alkyl or
NRR";
provided that,

if X is not or does not contain F or '®F, then R* is selected from the group consisting of F,
18 123 125] 131 76p; 7B a0 Br.

In preferred embodiments, R' is hydroxy, C;4alkoxy, -NHCO(C. alkyl),
-0-CO(C, 4 alkyl), -COO(C)4alkyl) or NR'R". More preferably, R is hydroxy or NR'R",
wherein R' and R" are independently hydrogen or C, 4alkyl, with C,4alkyl being even more
preferred and methyl being particularly preferred. '

In other embodiments, R? is hydroxy, C,4 alkoxy, -NHCO(C4 alkyl),

-12 -



In still other enbodinents, R4 is hydrogen, hal ogen or radi ohal ogen. In

conpounds e esent invention, if X is not or does

hal ogen o?’%é%%ﬁ’&? gen, then R4 is a halogen or radi ohge%gﬁ()%w&%:l exanpl e,
i f X i SOM0(05 dikgh, FCOOONY alkyl) br NR'R'F, Prefeeabl RR | and Rt b difidremt. Modt BF, 1,
1231 1251, 131l,, Br, 76Br or 77Br. In preferred enbodi nents, at |east one of
A and proferablGR’ is hydiegee embodi ments  wherein A is N, it is preferred that
A2, WhIChISI [ . bry ' o N
Each of fra Ir?en'tllt(m’?mrgl?llh,?0 gﬁtg ﬁnlsfh %@ X aTl em)? r@‘g‘?@‘?ﬁpﬂ‘mﬁ‘ gﬁ’?‘pf){sﬁdssgdrrtz

pr ef er rid pregsmdaventiohsif X yiodion &oésmol(cﬂi‘itamtayhald'g“eﬁ of rambmwgdrﬁ tlh:inR“qg an,

hydr oxy, hal ogen r adi ohal ogen, Cl.4 al koxy, hydroxy(d a) d&

hal o( ClhAlegeRyar, radighglegen. J{acexsmpley 1 %is ngRoRdoes ngh spripin krer aﬁ e Rifg

| ndepeg?ga&dl%[%Fdeopenl 163k . 14@I}§%I75B Q*dré)xy( Cl . 4)alkyl, radiohalo(C I .4) al kyl

or hal ove, fragrrent i is: Ra Rb s) /Z O" m

N(\/)y Rd Fﬁﬁefeﬁfedlaﬂmoaimémé rat Gasmsiend A 'aindtATes DR SEthosd eiebddimentsn i S an
integer from1 to 10. Preferably, nis an integer froml to 6. Mre

pr ef er a‘bh%remnAl is Narit isprefgered thag i’ owhishds indthe melspositiast whadiyeyo the alkyre. | n

al | n}\% eﬁns an integer fromO to 5. Preferably, mis an integer
fromO Sr0 preferably, mis 0 or 1, and nost preferably, mis 0. In
cormounds of EAdhofiir fpRiks i, nvem i R¥confainsd'Z Igﬁsl@g»emcﬁ rQ @bﬂaetpeet‘éned

Pr ef er abl y is an |nteger from1l to 3. More preferabl is 1 or 2 and
nost pr%ﬁ%@fblmbyts gontzsnszan erpneef eFhrec¥ rmuntryos:hﬁgoerfn thbrémpﬂrye egen, nventi on, R5

or 0~ ooBrRploEeR S ko RSt WA TRy RO, B Rl R R he 7"

present whéﬂéﬁm" &4 RP@e 1ﬁﬂbpeafentl§%yd%en R tkyd "l@d%xy?@ Esalkyflependent |y

hydrogen, hal ogen, hydroxy, C, 4al koxy, da al Kyl hydroxy(Cl - a) al kyl .

Pr eferatbﬂgoha I-Rblk}' - hako(CiRulkyRf | RO and R are |ndependently hydr ogen,
hydroxy, hydr or..Cl a alkyl. Mdre preferably, Ra, Rb, Rc, Rd,
Re, Rf, Rl g& '?%‘)e hﬁé@ FR4Hd&nt 1y hydrogen, hydroxy(Cl.4)al kyl or Cla

al kyI , and nost preferably, hydroxyg€lqpal kyl or hydrogen. In those
embodi ments where a hydgrdxy(Cl 4)al kyl N4 present, it is especially
preferred that it be in|the Re or 5d0 oSy )m -13 WD 2008/ 073350

PCT1LJS2007/ (‘}52?3177 A
-~ \( R" R

m \/( )y/(
rR® R RS RP i

In compounds of the present invention, n is an integer from 1 to 10. Preferably, n is an
integer from 1 to 6. More preferably, n is an integer from 2 to 6, and most preferably, n is 3. In
all embodiments, m is an integer from 0 to 5. Preferably, m is an integer from 0 to 3. More
preferably, m is 0 or 1, and most preferably, m is 0. In compounds of the present invention, y is
an integer from 1 to 5. Preferably, y is an integer from 1 to 3. More preferably, yis 1 or 2 and
most preferably, y is 2. In preferred compounds of the present invention, R’ is hydrogen,
C)4alkyl or hydroxy(C,4)alkyl. More preferably, R’ is hydrogen or Ci4 alkyl. Most preferably,
R’is hydrogen. In the compounds of the present invention, R, R® RS, RY, R%, R, R® and R" are
independently hydrogen, halogen, hydroxy, C,salkoxy, C;4 alkyl or hydroxy(C4)alkyl.
Preferably, R? R®, R, RY, R, R, R® and R" are independently hydrogen, hydroxy,
hydroxy(C4)alkyl or C,4 alkyl. More preferably, R?, R® R°, R%, R®, R, RE and R" are
independently hydrogen, hydroxy(C,4)alkyl or C, 4 alkyl, and most preferably,
hydroxy(C, 4)alkyl or hydrogen. In those embodiments where a hydroxy(C,4)alkyl is present, it

is especially preferred that it be in the R or R¢ position.

-13-



I n conpounds of the present invention, Zis a) X, wherein X is hydrogen,
hal ogen, radi ohal ogen, Cl4 al koxy, hydroxy, hydroxy(G -4)al kyl, halo(Cl

4) al kyl, wadbmghadnfCl -4)alkyl or NR' RY, wherein R an(kﬁ)ﬁgﬁ@/@gﬁescrlbed
above; b) one of the follow ng groups, each of which contains X as a

subst i t uent In ¢aappauRds @f thepresent '(T‘E?cﬂt%ll@ﬂ) Xampersiay X is bydrogen,dalagsry, or
ot neEBiohelogdh, Gl kg BBy BRI R BY) Halolf saion, FadiChibycy FAg Y orP '

- C=C- XNR¥RE m&iemRR"snhydra@gwdesen@d mw&syﬁ) on¥ otk fBHotis: @%uﬁ@%ﬁéh bEWhOVeE,
and R' and R_are each independently hydrogen, hydroxy or Cl4al kyl
St r uct @NEAINHK as@rswhstituentybenizeyloxpeptienyKEagatkit, arylpxy/sugkeas Rhenxy/onCaiod Vog
la and f conpounds of structure 1 are those
wher e ﬁswcﬁzl nlfa g‘th?%ﬁo%go&g%% is hydroxy, Cl 4 al koxy, -NHCQ(Cl4
al kyl) or EB V\,herel n Wand R' are independently hydrogen or Cl4 al kyl; R4
I s hydrogen g4 al kyl, Ch-4 al koxy, hal ogen or radiohal ogen; and Xis
hydr ogen, hal og radle‘ﬁal ogen, Cl4 al koxy, hydroxy or NR'RY, wherein R
and Rl are as Wﬁl above; provided that Xis or contains F or 18F,

Nf

preferably 18F, an X is not or does not contain F or 18F, then R is F,
18F, Br, 76Br. 778, R0 123%c 1251 or 171I The nost preferred conpounds of

structurel cludetho 3; RLis
pydroxy or 2 epdrol Ficrk PSP Rt S A NI n G Gt -GF D& al Ky
R4 is Ityaelcgq%eremtcoﬁmdﬂfgeﬁ@d CQQﬁkﬁQthndmré(ab dedtride@¥bovel MAPRE AnPR®
radi ohal ogen. As shown above, fragment ii is as follows: -14 WO 2008/ 073350
PCT/ USae@3vhnindemendemtiy Rydrogen, bydroxy or Gya#kl. RO R
Structures of Formula [ wherein R? is fragment i include:
e
)

N YNl PN d
NI \lj' T |

and

AN

—n H )
Np e S e S
_ l ,

More preferably, compounds of structure 1 are those where n is an mteger from 1to 6; R is
hydroxy, C, 4 alkoxy, -NHCO(C, 4 alkyl) or NR'R", wherein R' and R" are independently
hydrogen or C,4 alkyl; R* is hydrogen, C;4 alkyl, C,_ alkoxy, halogen or radiohalogen; and X is
hydrogen, halogen, radiohalogen, C) alkoxy, hydroxy or NR*RY, wherein R* and R are as
described above; provided that X is or contains F or 18g, preferably I8¢ and if X is not or does
not contain F or '°F , then R*isF s 13p , Br, Br. 77Br, I, 123I, 1251 or 131, The most preferred
compounds of structure 1 include those of the above proviso and those where n is 3; R'is
hydroxy or -NR'R", wherein R’ and R" are independently hydrogen or C, 4 alkyl; R* is hydrogen,
halogen or radiohalogen; and X is hydroxy, halogen or radiohalogen.

As shown above, fragment ii is as follows:

-14 -



ii Preferably, y'" is an integer fromO to 5, preferably 0 to 3, and nost

pr ef er abl In preferred enbodi nents of Formul a S

f ragnent ?(vozo?q&/p‘ésg% integer froml1l to 10; y' is an mtgﬁtﬁl}g Oﬁkfﬁ%ﬁ%

R2, Rb, R, Rd, RS and Rh Rfrerteach i ndependently as descri bed above; and Z
s as descri bed above; prov §ba¥ X is or contains F or 18F, preferably
18F, and if X is not or Ncontain F or 18F , then R4 is F, 18F, Br,
76Br, 77Br, rr;~'41231 12 v or ¢ Structures of Fornmula | wherein R3 is
fragrrent i i (ud Ro RRRARgR 2 A2 RL/\ORa Rb 3 711-J 4 Rd Re
-A2R1--\CaRb4%(I4RdRA2 R RaRb5 RRIR In preferred

embodi ment s wer ®°R3R} s fragnentii, y'nis 1 or 0 Al so preferred are those

conmpounds wher s an integer from2 to i s hydroxy, al koxy,
- NHCO( C1A al W%rgw y'NgRaRinteger, &ogy ) tgd, paﬁ@quly Qe 3; qrderﬁemérfera&%%r i;gérh or

Cl.4 al 3 0

ad ohaé*ﬁgegﬁﬁ%ﬂb?d@‘%tﬁgﬁf%fr&*aﬁ“’?‘%ﬁ%&#‘ i ST o MABERORT 1o ;1 i

r adi ohadmip@kerfrainyta 3; ﬂ{aQRP JRIRE IR andi " 06 emnhaemd&ﬂy asl&Ecnuudeibewe,mnya

18F, and if X is not or dogs not contain F or 18F, then I‘% is F__18F. 1231,
1251 134 is aszisspribedabove;proyided thap Xris or pontpias Fel ' dnipbrefeisbht sE.candifX isnetem

I nventi | 4.t e 765t 17RCHUIBS 18 34 and 5, A2 is N,
nis 3 (? 0 p&ln%hq%”band hﬂarlgerFEagh bggrfl IuIlerzlsot oel? Ipreferred

enmbodi rrents Sthactin®s f Formsla 1 whiebilRR 1mag1ﬂad1ﬁncmﬂe. each hydrogen, Rd is -15
WD 2008/ 073350 PCT/ US20071025177 hydr oxy( C1. 4R) al L<yl and Zis X, wherein
Xis a halo(CG )alkyl or, nore prefgrably

2

R’ '/ \\ — R4 R

\__/ \_| / (~ 7 3
R1—’/ \\ = — R\ R

N/ \_I VAN &)n/ 4
R'-—</:\>+<: l; Rl R _’

— ( SN 5

0

In preferred embodiments were R? is fragmentii, y' is 1 or 0. Also preferred are those
compounds where n is an integer from 2 to 6; R' is hydroxy, C4alkoxy, -NHCO(C; 4 alkyl) or
NR'R", wherein R' and R" are independently hydrogen or C, alkyl; R* is hydrogen, C, 4 alkyl,
C1.4 alkoxy, halogen or radiohalogen; and X is hydroxy, halogen, radiohalogen, halo(C;4)alkyl
or radiohalo(C, 4)alkyl, provided that X is or contains F or '°F, preferably '°F, and if X is not or
does not contain E or '°F, then R* is F, '°F, '2°1, '251, e Br, "Br or Br.

In other preferred embodiments of the present invention, including but not limited to
structures of 3, 4 and 5, A? is N, n is 3 and R®, R®, R® and R¢ are each hydrogen. In other
preferred embodiments, A%isN, nis 1 and R%, R®, and R® are each hydrogen, RYis

-15-



radi ohal o(C 14) atkyl. As shown above, fragnent iii is as follows: Ra yRh
\~\N \K)e z RS Rd iii wherein eis 0 or 1. In preferred enbodi nents wherein
R3 is fragoeossorsisp R5, Ra, Rb, R and Rd are each i ndewangoétozsas

descri ped abave and Z is. described ove; vided that if X is or

Cont ai MaireX Y 9l g Z iR, WRaE X i faplC ot RO B leriyy 1511776131
77 Br %i&[aloé@f@‘dﬂ(zwes of Formula | containing fragment iii include: _A Ra
Ro RL --\ ~R5RI R 6 | " KA2 R- 2z 147 In preferred

enbodi ment s Asfshowe apoes éragment/enisiapfollowest are of structure 6, Z is X
wherein X is hydrggen, hal ogen, radiohal ogen, Cl.4 al koxy, hydroxy or NR'

RY, wherein R an®\RYfare as ., described above; or Zc, havi ng the follow ng
structure: ,% )pE/R R Z)’/v%erein pis an integer from1l to 4, Qis 0 or
NR5, Gis -@Cm o< .C- X, wherein R Gis hydrogen or Cl.4 alkyl, R
and R are indepenfentl| ydrogen, hydroxyl or Cl.4 alkyl, and X and R5 are
as descri bed abovgs u’helR°prefe-;red conpounds of Fornmula | have the

foll owi ng structures: -16 WD 2008/ 073350 PCT/ US2007/025177 Rt / \ At A2 R3
R4 tsF n 9whereineis 0 or 1. In preferred embodiments wherein R}is fragment iii, R’ R R® R®

and R? are each independently as described above and Z is as described above; provided that if X
is or contains F or '®F, preferably '*F, then R* is F, '*F, '21, '2°L, '*'1, "Br, "’Br or Br.

Structures of Formula I containing fragment iii include:
A2 a b

R‘—’/ \\ = :>\ /' Z
\——/ \_I / N

. R4 FIQS Rd R® 6

——A2

R1—//-—\\‘ — f ‘>—Z

\/ \l /

R* 7

In preferred embodiments of the present invention that are of structure 6, Z is X, wherein
X is hydrogen, halogen, radiohalogen, C,4 alkoxy, hydroxy or NR*R?, wherein R* and R are as
described above; or
Zc, having the following structure:
G
~ /
( )
R" R° Zc
wherein p is an integer from 1 to 4, Qis O or NR’, G is —C=C-(RG)X or -C=C-X,
wherein R is hydrogen or C, alkyl, R"and R® are independently hydrogen, hydroxyl or
Ci4 alkyl, and X and R’ are as described above.

Other preferred compounds of Formula I have the following structures:

-16 -



t8FHO/\1O tsF H3 HN ~n 11 18F H3 HQA\ N Nn 12 taF H3 \ N/ \ H3C 13
OF H3 Q NH3C 14 In compounds 9, 10, 11, 12, 13, and 14, n isi}grefer ably
an i ntege™QPYROIFY 6. More preferably, nis an int egePCTIUSANZ027E.  \ost
preferably, nis 3—Stjl| other pref q@r_eg&%orrpounds of Formula | include R
Ro H3 RS ~ X H3C Jf X)mN-1 )Y B N5 RRFR Ros R8 Rb H3C N\
(gy)m N )Y | RR—K R—Rb— 308/ /73350 PCT/ US2007/ 025177 S8
Rb H3 N RS 0/-/)n Rh R5 Ra ob KBC R )n X
R4
18
v
, 9
18
—=N )/F
, 10
HC, — )}’F
HN‘Q%\ / o
11
H3C\ —N )}F
, 12
HiC — )}F
/N—Qé\ / (——-0/\/n
H,C 13
H3C\ —N )}F
g S N
HaC ‘ 14
In compounds 9, 10, 11, 12, 13, and 14, n is preferably an integer from 1 to 6. More

preferably, n is an integer from 2 to 6. Most preferably, n is 3.

Still other preferred compounds of Formula I include

R%, R°
5 X
HiC | 0&),,
M= P
HaC Y (NN 15
R® R R’ R"

16
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HNI1 ~~ Rd Re R)Y 18 RRe Rb Rs) ~X HOI ~I0acn~Xr RR19 Re R
RO Rh NS ReRbb x HO(X)Y Rd Rc 20 Re Rt RO Rh, and 18F R / \ NH 21

Q her emglzq@y&; 733dpncl ude conpounds of structure 22: /- %T/ﬁgmo%ggﬂ 1RA4
wherein ydroxy or NR R', wherein R and R' are independently hydrogen
or Cl.4 alkyl, A2 is CHor N, Zis % whereinR R's hydr ogen, hydroxy or Cl4
al koxy fsQnd 123)=N1251 131l Br, 76Brg ¥Br. Yet other

enbodi met e (HN \ Nj\ / C)]—I(4/23Ru d8 WO 2008/ 073350
PCT/ US2007/ 025 m
K 7(.. 17
R* R R? R ,
. R, R°
H3C I /0 )n/
OO by
K ) 18
R® R RY R ,
. Ra Rb x
D= Orpb "
——— d c
( )/ \( )y/( R R
19
R’?(R' g9 R"
. RS R® x
=N T /0%()"/
HO = N d c
: : : \: /; (Y) m/ \(Y)y/( R R 20
R R Ry’ R ,and
/=N o/\/)n/
ol N\ H ~
\_7 N
— (NP¥ _ 21

Other embodiments include compounds of structure 22:

R‘//_\—/—_—Azz
A

22

b

wherein R' is hydroxy or NR'R", wherein R' and R" are independently hydrogen or C4
alkyl, A%is CH or N, Z is X, wherein X is hydrogen, hydroxy or C,4 alkoxy, and R*is1, 123I,
1251 81 By, ®Br or ""Br.

Yet other embodiments include:
HiC —A?

HN =—— \ / OH

9 23
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N\ OHH3C 24 R A2 Cl.4alkocO/ \ A OHR4 25 2 HBCOOH 4 26 wherein R4 is
I, 123,,1211,13 '1. Br, 76Br or 77Br, nore preferably R4 | r or
778Br. I n oVRPBMBEN nents of the present invention, co ﬁﬁ%@ﬁﬁméﬁgwl a l

are t hosic of HO NR RY 4 27 wherein R' and R are each
independer\l‘hl al kk, and R4 is F, 18F, 1, 1231 1251, 131l,
Br, 76Br or 7 4 is 1231, 76Br or 77Br. In other

enbodi neet s, conpounds of Formy a | include \ -Az HO = @h ,, ~~X 4 28
wherein R4 is F, 18F, |, 1231, X251, 1311, Br, 76Br or 77Br, nore preferably
R4 is 1231, 76Br or 77Br, and X is hydroxy, F or 1 BF. In yet other

enmbodi nent s, =3, include A2 R4 29 wherein R and R' are

each indeg ' deage -..al kyl, R4 is F. 18F, |, 1231, 1251,
1311, Br, referably R4 is 1231, 76Br or 77Br, and Xis
hydr oxy, F or 18F. 8r enbodi ments, conpounds of_ Fornmul a |
i nclude -19 WD 2008/ 073350 PCT/®&S2007/ 025177 A2 R'RN O
A2
H,CO = \ / OH
" 26

b

wherein R* is I, '21, '%1, ', Br, "Br or "'Br, more preferably R* is '2I, "Br or "'Br.
In other embodiments of the present invention, compounds of Formula I are those of
structure 27:
—A?

HO —— NR'RY
\_/

" 27
wherein R* and R are each independently hydrogen or C, 4 alkyl, and R* is F, '°F, I, '2’],
1251, 311, Br, "®Br or "Br, more preferably, R*is 2L, "*Bror "'Br.

In other embodiments, compounds of Formula I include

H

HO = \ / N\/\X
28

b

wherein R* is F, '®F, I, 12, '%], 1313 Br, *Br or ’Br, more preferably R* is '], ®Br or
"Br, and X is hydroxy, F or '*F.

In yet other embodiments, compounds of Formula I include

H

R'R'N — \ / N\/\X
29

b

wherein R' and R" are each independently hydrogen or C,4 alkyl, R*isF, "*F, I, 21, ',
1311, Br, "®Br or ""Br, more preferably R* is '2I, °Br or "'Br, and X is hydroxy, F or '°F.

In still other embodiments, compounds of Formula I include
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wherein R and R' are each independently hydrogen or Cl4 alkyl, A2 is CH or
N, R4 is F, 18F, I, 1231 1251, 13'l, Br, 76Br or 77Br, nore preferably R4
is 1231 7WeB008673330Br, and Z is X, wherein X is hydroxypctuStich®bsibn yet
ot her enbodi nents, conpounds of Formula I include A2 R 31 wherei n R and
R' are each jynd8 yatogen or 4 alkyl, and R4 is F, '8F, |, 211,
1251 11BRNT—FR joT-€ \Q(rj;t/ekably R4 is 123L 76Br or 77Br. More

X is hydroxy,Z F, 18F or Zc, wherein Zc is -OCH2C
=CH. And in other enbodi ment s\ ,conpounds of Fornula I ingbude A2 RRR N/ \
33 wherein one of Wand R' is (.4 al kyI preferably net hyI t he ot her of
Wwand R' is hydrogen or Cl.4 alkyl, Is preferably gnd X is F or 18F,
pr ef er abl y whreindt'jand %t%@ﬁa@wéﬁnenémtb' ‘?gf‘é\%(éste@uﬁyli AvsEHon N, Rl isfe A2

HO - - @y \12d; Os; 13t 3 133, PTe [ A Is.F or
18F, eréfIi-:‘raIbI yI 18 Brf\/bs prgge'rgg Vg?;g{eg&gkgﬁhslds Ibf%LSr n@ mﬁ%fsgbg’ @‘E"FN ~N
I \_ Xis ,¥%r 'H8C 1231 H3C H3C/ N34 H3\ / \ HN35 -20 WO

2008/ 073350 PCTI US2007/ 025177 HO _ 36 37 H3C NN H3 ~ 38
In yet other embodiments, compounds of Formula I include

—A?
R"R'N_Q%—QO\/\O/\/O\/\Z
R* , 31
wherein R' and R" are each independently hydrogen or C, 4 alkyl, and R*isF, '®F, 1, 12,

1251, B!y Br, "Br or "B, more preferably R*is 'L, "Br or ""Br. More preferably Z is X,
wherein X is hydroxy, F, '8F or Zc, wherein Zc is -OCH,C =CH.

And in other embodiments, compounds of Formula I include

—A2
R"R'N—< >——<: \ />—O\/\o /\/O\/\ X , 33

wherein one of R' and R" is Cy4 alkyl, preferably methyl, the other of R' and R" is
hydrogen or C,4 alkyl, Alis preferably CH, and X is F or l8F, preferably 1B,

Still other embodiments of the present invention include

=A>

wherein A? is preferably CH and X is F or 18, preferably 18g.

Most preferably, compounds of Formula I are

G, —N

N e (o)

/ <:> \< /2 "on 32
HC

123|

HC,

N = 0 0
W Q Q NN T 34
3

*l

HsC,
N —
N e O e e
y
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wherein *I and *F are non-radi ol abel ed or radiol abel ed. Preferably, one of
*] and *F is radiol abel ed, for exanple, 1231 or'8F. Mst preferabl *1 1s
1231 and *WO208{8]4330.di ol abel ed F. Also preferred are t ?/BWBW%%”
conpounds: H3 \N O ~\ H3C 39 H3 \ HN O-\ O—I 40 OH 41 H2N - O -~O -
/O 'F 41K : H9 44w 5 i ol abel ed or

non-r adi ol abet= ' *1 1s radi oI abel ed. st préberably, *I is
1231 and wherein *F is radial abel ed or non-radiol abel ed. Preferably, *Fis
| $F. Other preferred conpounds of Fornula | include H ,BF 45 -21 WO
2008/ 073350 4P 02577 wherein R is -N(M) 2, -NHNE or hydroxy and n
Is 1, 2'or ~ 0 /ﬁ?‘&se’rﬁlnventlonlncy

hydr oxy- branched deri vati , for exanple, H R x (X R
wherein R' is as described *above, A2 is CHqar N, y' is an integer fromO to
5, RS, R Rd, R8 and Rh are as described above, and Z* is Z or Z',

which is 3cC\lescr
t hose vvher)é' @

Especially preferred conpounds include

' %gyfl\j/&\gxanpé e, 18gpuoronethyl:

HaC

*l

b

wherein *I and *F are non-radiolabeled or radiolabeled. Preferably, one of *I and *F is
radiolabeled, for example, 131 or '®F. Most preferably, *I is 131 and *F is non-radiolabeled F.

Also preferred are the following compounds:

\ __
~ =)
HaC
. 39
HaC
O SUN
OH
40
(O—=— >
41

b

e g SO

HsC

\
=)o s
HiC,
HC/N Q — O N N " 44
3

b

wherein *1 is radiolabeled or non-radiolabeled. Preferably, *I is radiolabeled. Most
preferably, *1 is 1231 and wherein *F is radiolabeled or non-radiolabeled. Preferably, *F is 18,

Other preferred compounds of Formula I include
=N

N 1

BF

’ 45
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l

HBCOH HN _/ OF 46 v ~>~0H HO/ \ _Ov ~1 F47 OHHO\ / C 18F 48
H8C N OH HN 49 NOH HO OBF 50 vv ~~ H3'\ NOHH3C N\ 0 51 ieF OH H3 HN
N 52 \“/05@8,57339*1‘ HO/ \ - -118F 53 ~OH H3Q\ N O VpErhkodR&Mt8 OH H3
55 HN OH MO o), NARD 2008/ 073350 PCT/ US2007/ 025177 and O+

wherem Rl is -N(Me),, -NHMe or hydroxy andnis 1, 2
Other compounds of the present invention include hydroxy-branched derivatives such as,

for example,

A2 Ry R°
_ \—>\/ X(OH
\:/— \ / ( Rd z*
wherein R! is as described above, A%is CHor N, y' is an integer from 0 to 5, R®, Rb, RS,
RY R® and R" are as described above, and Z* is Z or Z', which is described fully below.

Especially preferred compounds include those where Z* is a radiohalo(C,4)alkyl, for example,

18ﬂuoromethyl:
HN = o] 46
O—)
OH

Hac\ —N OH
N = / O 51
Hol \ '°FO,
H
HiC —N
_ \ /
OH
=N o 53
HO =\ / 18F
OH
P =N OMC >4
N = F
/ \ /
HaC

OH
H3C, : 0 \K 55
OO



H3 O-ep 57 H3C The present invention is also directed to conpounds of

Formula Il;: R22 R2t R23 124 Il or a pharmaceutically a It or
prodrug th\éfPéB?S/WJ\ﬁ&ra n:. A and A2 are independently Cllf(f}‘?{?#a%HQSE nd R22

are eachndndependently: a. NR R', wherein Wand R' are independently
hydrogen, Ct4 al kyl, hydroxy(C i )al kyl or halotGi 4)al kyl; b. hydroxy, c.
C 4 al koxy, dsCaydr PR G . hg_oge f. cyano, gg7hydrogen, h.
nitro, i. (G -Cha @ i #alRyl, Neformyl, 1. -O CO(Ct 4
alkyl), M - C \4—al kyl ), HCO(Ct 4 al kyl), or o. radiohal ogen; R24
I s hydrogen, droxy, hal ogen, radiohal ogen, Ct4 alkyl, Cl4 al koxy,

hydr oxy(C, -4)al kyl or NR'R', wherein Wand R' are independently hydrogen, C 4
al kyl , hydr C.-4)a -4) al kyl ¢ s fragment i, ii, iii
el e At 18G5 o bbb PR R0t e R

RS / Z. R22

| a2
N2 Y
" /_ _ \Ij-

R24 n

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

A' and A? are independently CH or N;

R?' and R* are each independently:

a. NR'R", wherein R' and R" are independently hydrogen, C,4 alkyl,
hydroxy(C4)alkyl or halo(C,4)alkyl;

b. hydroxy,
C,4 alkoxy,
hydroxy(C,4)alkyl,

halogen,

& o

cyano,

hydrogen,

LS A

nitro,
(Ci-Cy)alkyl,
halo(C,-Cy)alkyl,
k. formyl,
-0-CO(C, 4 alkyl),
m. -COO(C 4 alkyl),
n. -NHCO(C,4 alkyl), or

o. radiohalogen;

by

St o

R*is hydrogen, hydroxy, halogen, radiohalogen, C, 4 alkyl, C,4 alkoxy,
hydroxy(C, 4)alkyl or NR'R", wherein R' and R" are independently hydrogen, C;4 alkyl,
hydroxy(C,;4)alky! or halo(C,4)alkyl;

% is fragment i, i, iii or iv, wherein:

fragment 1 is:

-23 -



| Oin 1k, R Rc Re RlL RO Rh wherein nis an integer from1 to 10; mis an
integer fromO to 5; y is an integer froml to 5; R5 is hydrogen, G -a

al kyl', owgwageséC - 4) al kyl; Ra, Rb, R, Rd, Re, R Rgpengsmdrassgreach

i ndependent |y hydrogen, hal ogen, hydroxy, Cl14 al koxy, Cl al kyl or
hydroxy(Cl4)al kyl; and Z' is: a) - OR} lb'i)b one gf the follow ng groups, each

of which contains a - directly boun 51 ‘aromatic ri ng: benzoyl oxy,

phenyl (C | -4)al kyI arlyl oxy or C6- ar r ¢) Z'c, having the follow ng

structure: g /th\rCelnpl ani% fromlto 4, Qis O or NRS and

Gis -CC( mC—- %)Z/% rein I's hydrogen or Cl-4 alkyl; R' and
d

R are |ndepende Y, hydroge roxy or G-0 alkyl, R5 is as described

herein and Ch RE & descrirfedRbel ow, fragment iijis: Ra Rb Oin d R Rg Rh
ii In preferred enbodi nents, y' is an integer fromO to 5, preferably 0 to
3, and rmstwhqxciafreitsabliyteeeroﬁ'om 1 tbrlﬁgneiataniimtbgdrirormé tR; y)'ealirﬁegeﬂﬁmmm n e

20081 73458 TheRElSo0t bt araRYCrroalivbt s R R REAR, B RARR are ich
independently hydrogen, halogen, hydroxy, C;4 alkoxy, C,4 alkyl or hydroxy(C,4)alky}; and Z'
is:

a) -Ch;
b) one of the following groups, each of which contains a -Ch directly bound to the
aromatic ring: benzoyloxy, phenyl(C,4)alkyl, aryloxy or Ce.;9 aryl;

or
c) Z'c, having the following structure:
¥
Q ~ /G
( %
Rn Ro Z’ c

wherein p is an integer from 1 to 4, Q is O or NR® and G is -C=C-(R%)Ch or —-C=C-Ch,
wherein R is hydrogen or C, 4 alkyl; R" and R° are independently hydrogen, hydroxy or C;4
alkyl, R’ is as described herein and Ch is as described below;

fragment ii is:

R R
y NN
N W ¢
Rg/(R" ii

In preferred embodiments, y' is an integer from O to 5, preferably 0 to 3, and most
preferably O or 1;

fragment iii is:

RA R°
= >/ Az
(\ N \/()e
|L5 R R ii
wherein e is 0 or 1, and Z', R?, R®, R, R® and R’ are as described above;

-24-



wherein Z', Ra and Ro are as described above, and g is an integer from1l to

10; or R2 t aken together form-Ch. The noiety - I ting

| i gand capg‘gﬁeb(agﬁ%gé)%pl exing with a netal to forma netal %yﬂg%ogzlgg?lf\ﬁny

| i gands are kamMflagmertlieisart and are suitable for use as a |abeling noiety
for conpounds of Forrmula Il. Those of skill in the art wll understand that

such |igands gp@Vide a c enient way to | abel conpounds and the invention
is not limte t}ﬁ arti )«ﬁ?r) | i gands, nmany of which are interchangeable.

Preferably, this Wﬁs atri- or tetradentate |ligand, such as N3, N2S,
NS2, N4 and those o he N2S2 type, such as: SHHN (CR2)iN/NU wherein
i ndi cates a possi Bfe pRYnt(s) j¢f attachnent of the ligand to the backbone of

the anyloid bi nd{nr;g structyre, j is 0, 1 or 2; and Uis two adjacent
carbons on t hwherebrdit Rcand Rgarsfas desnribed ektvesnend g is @f mespRe &p@ RBYHRS) - ;

wherei n each and R3 7.and 8 are independently hydrogen,
hydr oxy, ani n%n@f‘ﬂﬁ?ﬁkﬁ%%g&ﬁ%&ﬁm' ‘no, Cl.4 alkoxy, Cl.4 alkyl, or
hydroxy(Q . a) phdpbiety’LEH i’sré"@{e}'atinga%gn&l%?’a‘}ﬁ SFoniPrki A With O E&Btodofin a me

i ndependent |y hydrogen or Cl4 a e above |'igand can be substituted at
ot her paoshetate N¥lany figandsi drelkhewn frothe axtaamd|age suitable fBREseRRS IRbelifgIBoRysfor R32

RR7 R3 1 - -N Rz R3 R29 r..exanpl e, . other avail abl g..posjtiong are
r epr eserfPIPAPdEE I,:orﬁ%g? ﬁ?@’?%ﬁﬁﬂ%,&e@o‘"ﬁaﬁ erstagd ﬁS%‘CgHEMFé?ZP.mYI ca
pref er r ednoshiest WhMoJabdfeempBaids 474 th ti 633 mobffhit arftogl l‘?&d@flﬂ 4
are i ndepgndent |y hyd?ogenfn hydrsoxy, %ﬁ%}&mtnﬁyl ameﬁzgo,lpdi rref‘rh;} am ’noflg%m
al koxy, d@whieh kid interch2hgtble OP@fcdatsd g 3bisPigand)Bo0617/0p R&fadentaterligand, such as N3,
hydr oxy( | kyl . ,Preferably, R25, 6, R27, Res, R29, R30, R31, R32, R33
and R34 ﬁhﬁﬁnﬁéﬁ’éﬁm@ﬁ?P &"?J%Zisé@@‘?’ﬁ’rc @84 alkyl. In preferred enbodi nents,
each RP group i % hydrogen or a sulfur protecting group, for exanple,

met hoxynet hyl , sRet t hoxynet hyl , py met hoxybenzyl or benzyl. Sul fur
protecting groups are describe ail in Geene, T.W and Wits, PG M,

Protective Gqups|in Organic Synthésis, 2nd Edition, John WIley and Sons,
I nc., New Yor

wherein é indicates a possible point(s) of attachment of the ligand to the backbone of the
amyloid binding structure, j is 0, 1 or 2; and U is two adjacent carbons on the aromatic ring of
the backbone or -C(R3 5R‘%)C(R3 R} 8)-; wherein each R" and R¥, R* R and R*® are
independently hydrogen, hydroxy, amino, methylamino, dimethylamino, C,4 alkoxy, C;4 alkyl,
or hydroxy(C4)alkyl. Preferably, each R" and R*, R, R¥ and R*® are independently hydrogen
or C,4 alkyl.

The above ligand can be substituted at other positions, if available, for example:

R30 R29
For example, other available positions are represented by R® R¥ RY R%, R® R R,
R*2, R* and R*. In preferred embodiments, R¥, R%, R, R®, R®, R*® R*, R%? R* and R* are

independently hydrogen, hydroxy, amino, methylamino, dimethylamino, Cy4 alkoxy, Cy4 alkyl,
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be renoved by appropriate nmethods well known in the art of organic
synthesis, for exanple, by treatnent with trifluoroacetic acid, nercuric
chl ori deway208®6ti3ssn in |iquid ammonia. In the case of Leegrwsamid28iabil e

groups, .fqr e I et ani.d t byl _ang.denzans dametshyli; RP_gan be |eft

i nt actr Wﬁ{?@?&@%‘ﬁy{ ﬁ[%efeir%ﬂiﬁﬁ h’Becﬂnegi u% g{ to s’eﬂeﬁﬁggi n&fts will
renovegnf @é,g%,q{é;;dir H'@URKkyiendering the protected di am nedit hiol

equi vafleﬁfmto h u(ﬂ%rnot e%’%eék};orm In preferred enbodi nents of the present
i nventi on, Inipreferredlembodaments, sacteR 5 toapas hydrogen end sudfuniptdtectinngagtoopieforl , f or

exanple, 99v '¢c, to forma netal] chel ate as exenplified by the  follow ng
str uct%P@P?GS“?ﬂF@XZH"etmemﬂhP?‘y ymgghyip-sethoxyRengy oagen&éos\i&fer protecting

Addi ti I | e i ' ; .
excarpl B0dhs e ASIcRBEg WP GLETH! BtnE LW anB RIS MY Piovdeae OrRRly Ofamic.
- NHCO(Sph#hesis kand EditioNR oth, WilsyhaidS onsylied NRw ¥oek A99dR SProtdeeitlg gbsupeR” ddar e
preferably, R21 is hydroxy or NR R', wherein R and R' are independently
hydr odrfe@pved by apprepnate sgiheds welkkngynmghe agf of epgamsymihesispfor gxample; byy e

t hyl ' i .Cl.. 4. : 4
T P R R e kN i PRRELS,
and R&T Lamds aliid labilergroupdp fir expmpfles scdbintidom2thyl andbeliagidoméethgl, & abh pe 1614 i s

hydr ogen, hal ogen or Cl4 al kyl. Preferably, one of Al and A2 is CH and the
ot her 18facty Labghing\of the ligand with teghmetium injthese gmbpodimentywall esmase the protectings N,

In pref ; | 23 | Loy ol b LA [ Preferably,
eacﬁ & &154,ggnﬁ.ge%g?ﬁ@?{&}&@ﬁﬁ%{iﬂ@ﬁ@?%@%@ zlﬁh ei’kﬂplé?tggtp%‘,j Ifé\f%%‘r ein eac hyZ'
group cont dnipreferre@embotiients dftBe pfdientihedntion] the Indtlaigahd idcapabRlof capabl e

of conplexing with a netal to formaychelate. Fragments i, ii, iii and iv
are dicomplesdng withe mdiometalefosgxamplegnehe, tp form amefalichelate: as-exemphified bF 1o 3350

PCT/ U0 3%t 0 O X /1

R* s. 0 s R%

Rz:i N

l;‘ NéglN/ :28

Lo © Ve

Additionally, other radiometals can be complexed with the ligand, for example, rhenium.

In preferred embodiments, R s hydroxy, C,4 alkoxy, -NHCO(C, 4 alkyl) or NR'R",
wherein R' and R" are as described above. More preferably, R?' is hydroxy or NR'R", wherein
R' and R" are independently hydrogen or C; 4 alkyl, and in most preferred embodiments, R' and
R" are methyl.

In preferred embodiments, R* is hydroxy, C4 alkoxy, -NHCO(C) 4 alkyl) or NR'R",
wherein R' and R" are as described above. Preferably, R?! and R? are different. Most
preferably, R? is hydrogen.

Preferably, Rz‘4 is hydrogen, halogen or C; alkyl.

Preferably, one of A' and A? is CH and the other of A' and A?is CH or N. When A' is
N, it is preferred that A? is N.

In preferred embodiments, RBis fragment i, ii, iii, or iv. Preferably, each of fragment i,
is a chelating moiety capable of complexing with a metal to form a chelate. Fragments i, ii, iii
and iv are discussed more fully below.

Fragment i is as follows:
-26 -



Re Rt RO Rh In preferred enbodinents, nis an integer froml1l to 6. Mre
preferably, nis an integer from2 to 6, and nost preferahl | . In
al | enbodiWQr?tOg’fmﬁﬁon an integer from0O to 5. Preferabl f%bw&§’&é¢%§}7ﬁt eger
fromO to 3. More preferably, mis 0 og2 1gdnd nost preferably, mis O.
Preferably, y is an integér fromO0 to 3. re,pr&ferably, y is an integer
fromO to 2, and nost preferably, y i ) )rpreferred enbodi nents, R5 is
hydr ogen or C’%g\al kyl . t prefera(b‘l/y, Rg/ \is hydrogen. In preferred
enbodi nent s, , i ﬁd& Re 2Rf, RP, Rand*Rh are each hydr ogen, hal ogen,
hydr oxy, Cl4 al kox Cl4a al Ryl ofY hydroxy(C 1 4)al kyl. Preferably, Ra, Rb,
Rc, Rd, Re, Rf,RR glnd Rh fgoe @ach hydrogen, hydrg)xy or Cl4 alkyl. More
preferably, Ra, Rb, Re, Rd, Re, Rl, R and Rh are each hydrogen or Cl..

al kyl, and ndffprefectdembbdiments, nban MeegeRronREto &R, Mdte predertbly, AliCarcimtdger
hydrogen. Preferably, Z' is: a) -Ch, wherein -Ch is as described herein; b)
one of oM 240 Poandigogiriselseably acih Jofln aH eathod pnands, me inpan weggr frem 0 40 Hound to

th ' [ b | | (C14),al kyl. I 1 A
) 7 o, sty o B RRBE N MY o BT R brefifptas e el o Pyl
from1 tPeeférably,sfis aihtéget frdsh 020 8. MoliBrefefablys y-iSatiftEReetfrodi 0to & 4mdhost
wherein R is hydrogen or Cl4 al kyl; R’ apg:l R are i ndependently hydrogen,

hydr oxy Preferably, aliky| In prederced ¢mbediméntscRi isdydragenion C1.aelkyhoMostpis{asably, R
fragnent. ji.iS: I . R e c R9d LF oeWherain n, . Ra, Rb, Rc,
- R ighvarbEen, fibyERoied embofiondl, RERARVR B RE Re B el flch BaHrepes, |
Ra, Rb, h@Rgenth €, Rrasioxial Poralydyd YD Oreferdly RYRERY, R RS, Ra,
Ro, Re -2 \/\0@5%’%0%%3?50 gm%%%ow 3?51"#‘5% i o eerhy%’ro en. | :
pref er r &, RivirsbiR hanatesch hydrogers hyilrexyge €14 atioyl. 0Moage prefevsbly, Bf,.dt eRARYR* YR, i s
I?’r Ce)][ e;L a ggp%]:i%{haa?!% g@cé}&d%ogaerr]l or liga‘ﬁgylf arn%nr}lozsttp?efgfab{\)/'?f{t‘, IPJ, ?{f‘"',eli'ﬁ,llﬂe}/ Rf Rehid i‘h
are each hydrogen. Preferably, Z'is:

a) -Ch, wherein -Ch is as described herein;
b) one of the following groups, each of which contains a -Ch directly bound to the
aromatic ring: benzoyloxy, phenyl(C,4)alkyl, aryloxy or C¢.1¢ aryl;

or
c) Z'c, having the following structure:
3
Q\ /G
X
Rn RO Z’c

wherein p is an integer from 1 to 4, preferably 2, Q is O or NR® G is —C=C-(RG)Ch or—
C=C-Ch, wherein RY is hydrogen or C, alkyl; R and R° are independently hydrogen, hydroxy
or Cy4 alkyl, and Ch is as described herein.
As shown above, fragment ii is:
Ry R°

zZ
0O )n/

~ yd
r’J{(\ ) /! "R
y
Rg/(R" ii
wherein n, R?, R®, R, R%, RE, R", y' and Z' are as described above. In compounds of

Formula II, R? R®, R®and R? are preferably C, 4 alkyl or hydrogen. More preferably, R?, R®, R®
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In those enbodi nents where Z' is -Ch, -Ch is preferably a N2S2 type |igand.
As shown above, fragnent iii is: Ra Rb Z 1R5 R wherein e is 0 or 1, and
Z' Ra, Wo,2008/0735% and RS are as descri bed above. |n coppryusthe7/efsifor mul a

f Cl al kyl hyd nd
or ef oy axpufiBgeh InreieBieq srpodients, y¥is h inier o e lopRFErayY o
N2S2 tiyperh! @’?é?grabﬁS nﬁ?@ﬁ‘ﬁht@@?‘fﬁ)m ﬁrt@g”?\g@st bi"efér%bly, fis 3) Fre\férae a/ zZ gr v

wherein Z', are as descri be ove, s an 1 nt om1lto
10; orlnmﬁeamboﬂﬁnemawenretﬂget—ﬁh,r -Chas preféilablylergS)rtppmhghndof Formula Il, Re
and Rb are refer §14 al k or hydrogen, and nore preferably are

hydr ogen. Fﬁs gis an integer from1l to 6.
Preferably, q |s tr\ﬁsger from1 to 4. Preferably, Z° is -Ch. In those
enbodi rrents ere -Gh is preferably a N2S2 type |igand. Exanples
of corrpound For/%/g | n/l ude: A A2 R21 Ch a Ra/n\Rb 58 wherein R2'
I s hydroxyl, &m no; Ra and Rb are independently hydrogen or
C 4al kyl ; and q | an i t ger from1l to 6. Another exanple of conpounds of
Forrrulallrnclud RR4 ShRe RS 25 33 26 A _A2 Rx Rv. Rxi / \ \ R31 N HN
R2e R R3/1 91 a ' Ra Ra 59 il

wherein e is 0 or 1, and Z', R?, Rb, RS, RY and R? are as described above. In compounds
of Formula II, R?, R®, R® and R? are preferably C,4 alkyl or hydrogen and are more preferably
hydrogen. Preferably, Z' is —Ch, wherein -Ch is preferably a N,S, type ligand.

As shown above, fragment iv is:
e
X q
R R° iv
wherein Z', R and R are as described above, and q is an integer from 1 to 10;
or R? and R?* taken together form -Ch. In compounds of Formula II, R* and R® are
preferably C,4 alkyl or hydrogen, and more preferably are hydrogen. In preferred embodiments,
q is an integer from 1 to 6. Preferably, q is an integer from 1 to 4. Preferably, Z'is —Ch. In
those embodiments where Z' is —Ch, -Ch is preferably a NS, type ligand.

Examples of compounds of Formula II include:

0= e

R* R° 58

wherein R?' is hydroxyl, mono- or di(C;)amino; R* and R® are independently hydrogen
or Ci4alkyl; and q is an integer from 1 to 6.

Another example of compounds of Formula II includes

R* srR® RPs R%
R33 RZB
- Al=—A2 R R¥
31 28
R2! < > J— < > R N HN R
Y ¥ “

R® R 59



-28 WD 2008/ 073350 PCT/ US2007/ 025177 wherein R21 is hydroxyl, nono- or

di (Cl-4) am_ho; d e are independently hydrogen or Cl4 : hr ough
R34 are ea %Oﬂgngﬂ’dently hydrogen or Cl4al kyl; and g ispéﬁﬁézr??@gé%% from

lto 6. Yet anwlidrein R% anipydroxf], mongaarmtiéC;ajankinoyRA and R® ira dhdepersdendy hixdmges3 U
iz Aj( 2) 30, Nk SRP 4 NH SR. 25 za R R Rn Rzs 60 wherein.R21 is

i oxy 197 gV &7 gt ' 26 675 indeReRaRY: My ArgBeh 65 Cn st G 1590 intsBer s 1
or 2; aghpR%okhrough R34 are each independently hydrogen or Cl4al kyl. The

present invention includes those conplexes that include a radionetal such
as 99nTc. TheYgtranothet exammnbf compowulsiof #brmida [Einehudes somer s of conpounds of

Formulas | and Il. Such stereoisoners include gpti;cal isoners, e.g.
m xtures of enantioners, as well as individygl Refgatiomers and
di astereoners, which may arise as a consequenc structural asynmetry in

sel ect ed conmpounds /&

hor mul a | A= @ﬁhz?_n.vaar' abl e occurs nore than one
time in any Ggg ' I, i

or _ia—FQ Iéljor , Its definition in each
i nstance i s indepe [ ni t}x_szst any other instance. Al so,

conbi nati ons of sub uents and/ or—vafi abMés iSRpernissible only if such
conbi nations result in stable conmpounds. ?ﬂ»;%égsgpounds of Formulas | and 11

may al so be sol vated, especially hydratedRrR® dg ati on y occur during
manuf act uri ng of the compounds or conpositign conprisPng the conpounds, or

the hydration,g@ay; qg@‘i%rh)ﬁf;giylfﬁ%o-ﬁtﬁ?i@4§%§ng¥g£&5ﬁbiﬁih§'d%%H'b?(ﬁ’.‘;alkil?gsli ]

conpounds. In addition, the cbnpou fesent Invention can e
unsol vator@; and RfiethtoughR*$ atevaick ihdepemdentiyhydrogbmon€e alitylc hk presentapyatiion

sol vents such as water, ethanol, and the |ljike Jn general, the solvated
f or ms ar‘%dl‘}‘g‘?fs‘ﬁ%?r“é’@ré?ﬁﬁs tapglude, fﬂ@"&‘ﬁ%‘oﬁ“ﬁ%t"%d%&rnﬁ for the purposes of

the present iy Eée?lpinv-gﬁﬁ?rﬁélgg E{O}:l/%deggépéoiiéi’)ﬂié.éof npttindS bf F&infiflad ParddBi NOS

of preparing conpounds o
Such stereoisomers include optical isomers, e.g. mixtures of enantiomers, as well as individual

enantiomers and diastereomers, which may arise as a consequence of structural asymmetry in
selected compounds of Formula I or II.

When any variable occurs more than one time in any constituent or in Formula I or II, its
definition in each instance is independent of its definition at any other instance. Also,
combinations of substituents and/or variables is permissible only if such combinations result in
stable compounds.

The compounds of Formulas I and II may also be solvated, especially hydrated.
Hydration may occur during manufacturing of the compounds or compositions comprising the
compounds, or the hydration may occur over time due to the hygroscopic nature of the
compounds. In addition, the compounds of the present invention can exist in unsolvated, as well
as solvated forms, with pharmaceutically acceptable solvents such as water, ethanol, and the like.
In general, the solvated forms are considered equivalent to the unsolvated forms for the purposes
of the present invention.

The present invention is further directed to methods of preparing compounds of the above
Formulas I and II. Synthetic routes for preparing compounds of the present invention are

described in the following schemes.
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Formulas | and Il. Synthetic routes for preparing conmpounds of the present
I nvention are described in the follow ng schenes. -29 WO 2008/ 073350
PCT/ US2080/20%0733%50 SCHEMEL \ Pd( PPh3)4, Cul, Br (&ySn) 2C1208087/025EA CH3CN \

;-|2C12I- F::Crd(ft«:%):ﬁ } 'FI C/{\I %;rgl ;Jerl\llpsf%&ﬁngzl 34 The syln{ hegl ;253?/:& Qgﬁ (r)1r
O P R ety b | e o oo Bt B
e A e A TS~ s o P
THE _,, ~ gb\))f/ - " 13 38 - :{-égw o HaOHG
! M
=N, W=

34 34

The synthesis strategy in scheme 1 can be used to prepare the monomethylamine

compound, 35.

SCHEME 2
I
N \ F
H H /\/)3
35
SCHEME 3

A°°_©_E Pd(PPhs)s. Cul, Br
F KCOs F
TN o =k O™, TrEmeOH Hof\)
| Br
F
oy
3
Na*l

(BuzSn)2, SnBuy AcOOH/ A

Pd(Ph: F F
P (e N Ho«);
Toluene 3 or HyOx/HCI 3

36
I, THF

W S T

36
The synthesis strategy in scheme 3 can be used to prepare the derivatives of compounds

37 and 38.
SCHEME 4

G, = e Or= O,

37
R! = -NHMe, -NMe,, or -OH
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The synthesis strategy in schene 3 can be used to prepare the derivatives of
corrpounds 7 SCHEME 4 Br / O /z - -~ R [ - | O~ =
- NHVE, r)@rg’ 208’9973%& 750 Wb 2008 073350 PCT/ US2007/ 02517 L TRSHIETE |

RI

F\\~' -\ NO3/N/ - NGHEMESN/ \ NO\/ a R -NHW. -Nw2
or -OH, n =2 or 3 38 SCHEME 6 SO—l/ } I I O OTHP PdC12( PPh~2. CI TEA R,
R, - NHWE, - 2 oOr- ©r2 B\r Bu3S‘ 8BnBua—~"/ CH \OT
Pd(Phs)&*M L TdeRa TH% D024 2 em\
\' / -\ /] 39 39 The synt hesrs strategy in's 6 can be used t prepare
t he nmondaf Rieafep® "dGAPdund, 40, in scheme 7 and the hydroxy cofipound, 41,
in scheme 8. SCHEME 7\ \ -  HN _HN/ - / Of /COH

SCHEME 6

|
| Br
. OH . PACH(PPh);, Cul, TEA
AO=HN = o

Ry = -NHMe, -NMey or -OH; n= 10r2

(BuaSn)a,

Br
\ _ AP ron . ,\/on Pd(Pha)g  \ o/\/OH
/N O - O ° /N - Toluene
b THE Xzsow
AcOH
! 7l

>N O — Q O/\/OH >N O — o/\/OH

39 39

or HyOx/HCI

The synthesis strategy in scheme 6 can be used to prepare the monoalkylamine

compound, 40, in scheme 7 and the hydroxy compound, 41, in scheme 8.

SCHEME 7
|
\ . \ OH
O = =
40
SCHEME 8§
|
—_— OH
= = e =
41
SCHEME 9
cr\%\o/\)“r:
HO 6. o NH, zalcr_?(::h V2 H;NH(O F
O i O = O S e O = O,
DMF, 110 °C 42
K =43t12nM
SCHEME 10
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40 SCHEME 8 _ HO -0- HO/ 0~/OH 41 SCHEME 9 C \ f,0 2 F Pdd 2(PPht, F
z -/ ar =/ NH2 Cul, THE DW. 11 Nal O 0.5 MNHMOH M-, 110'C 42 IG =

4312 nM wBQeeiE31m - 31 WD 2008/ 073350 PCT/ US2007/ 02517 7pCTiUST0CH2BS) B7 NaOve
N}, F MeOH, reflux - - ~"F H2N { (EMB)yRaoBH4, reflux HN I / O/3 43K

2008 F1 \ M ,eﬁux NH2 Ml /
%3 OISH TINBBH]) rdfiag2{ PPH3Y 0-C
43
K; = 1.9+0.3 nM
SCHEME 11

|‘©—<o/\) F
e =< ~ =

;

SCHEME 12

R: -NMe,,
Cl F = R| -NHMe,
\{\0/3\:1 _ = ) [ A B -
Oy =
CszCO4/Nal n PdCl(PPh3),, n
DMF, 110 °C TEA, Cul, THF R: -NMey, -NHMe, -OH
n=223o0r4

I—@—OH

SCHEME 13

— HO\%\O/%;F _ . :—< >—R : T : F
,_Cr},c. M\ 0/\)n PAOLPPhae

NaH, DMF, 110 °C

2 3 or4
SCHEME 14
Ay =0
n 0. 0.
l b Cs,COy/MNal /\e/ \%\F PdCIx(PPhg)z, : Q = Q N/\e/ \ﬁ‘r
DMF, 110 °C TEA, Cul, THF R: -NMe,, -NHMe, -OH
n=1,20r3
SCHEME 15
o) — O3]
n 0. = 0.
/—; “ C,C05, OMF, 110°C @‘N* \%\F PaCH PP C = \C { Nhé/ \%F
' TEA, Cul, THF R: -NMe;, -NHMe, -OH
=1,2,0r3

-32 -



n=2, 3, or4 SCHENElSHO‘figF")RL:,I/\anlI\O~nR\/- In

N Nar DV PoC 2(PPh3)2, N TEA Qul, THE R
or 4 é’éh&%/%’ F  Cs2C03Mal  Pdg2(PPh3)2, DW 110 %CTflég‘!ah%ﬁSI THE R

-NI\/EZ, -NHWe, -OH n= 1,2 or3 SCHEI\/ElSOHEl\/IEH&]I M/ H2N ~T F QG YR -HHM N
THE R - NMe2,

Cl Cs2CQy, DMF, 110,C | N H PoC~( PPMB2, cu!,
-NHVE, -OHn= 1. Zfooz)42 wo 2008/ 07335@3!"7 d]czﬂl 025177 SCHEMEL6
NMy O Hi oa+(ealu.. At F ,% Cs2CBMal “Po ( PRLY3)) ’2 DN\ ’](
TEACUI , THEA=2, 3, ofsdbosmm=2, 3, Of " K2G@3:FPraay pt of L42 21 -

TEA R '\ / KI8F. DN%Q 0120 SR\ /- On 2. opRuRee | NVe2, - N(Boc) Men= GFHP‘R

-Nwve2, -NHWe, -OH % or 4 n =2, 3, or4\-_-O\/|Sl. K2CO8,
Krypt OfIX[2 2.23 \ 18F oMs 1. K
. KoCOs3, Kryptofix{2.2.2] o
MsCl, TEA R O — O O \ K18F. DMSO, 120 °C RO/\%“
2. HCI
R: -NMe,, -N(Boc)Me, -OTHP R: -NMej, -NHMe, -OH
n=2,3 0r4 n=2, 3, 0r4
1. K,CO,, Kryptofix[2.2.2) 18F
\No OMS ki, DMSO, 120°C AN O = O o
Bod 3 2. HCl 3

The synthetic strategy of scheme 16 can be used to prepare the pyridine compounds in

scheme 17.

SCHEME 17
HO. oTBs
o,
° 8
I—@—m NaH, DMF, 110 °C '_CHO OH < C _ T :o/\}[F
=N \ fé n R \ '\f n

2. TBAF, THF

R: -NMe_, -NHMe, -OH
n=2 3,0or4

SCHEME 18
Hov~( /\),OH o"cmrcl Hov~( /\),OTBDMS 2. m?m H’N\/fo’\)OTBDMS
mono-protection n

n=1,20r3
PdCI,(P \ =
2(PPh3)a, — a l

_-< = o _base Cu, THF N =\
—Q Sonogishira R Boc N
\ =1
,N—O—:—C}nvfo/\}omws M)_. —@-—O— v~( /\)VOTBDMS
Bod! N
\ o A
N Y T A o L O e @ ST
Vf /\) ol / v(o/\)
a

n=1203 Precursor for F-18 labeling

1. KOs, Kyptofix22.] . — Boc
K'SF, DMSO, 120 °C <:> — < > 8
s H = F

2. HCl N \_/ N\/fo/\)’
46 n

n=1,20r3

The present invention is also directed at a method of imaging amyloid deposits. When

the compounds of this invention are used as imaging agents, they are labeled with suitable
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N\ -\ ? 0 3 KIL8F, DVMSO, 120 CHN Boo \ \ O / 2. HCl The synthetic
strategy of schene 16 can be used to prepare the pyridine conpounds in
schene Wo 2006ki3880 17 1. Ho - - / r o-t | / \ C NaH, pOVRS200t®2G70H ~ ~F 1

N 2. TBAF, .THE n RN SNVE2, < NHME, n=2, 3, or4 _SCHEME
18 1. aﬁwe\w‘twome%maml% age?ctwe halggens ’adlﬁﬂ%'d%“g_is IQF& ptherdeigetablsTRDVS

n=1, ?adﬁ)%cpf\]? LQ)}n&gﬁcﬁas“Ca base, Cul, THE Nd Boc \ / \ N Sonogiahira Rxn
Boc N Barr BDMS 1020 N _Boo OTBDMS N\ / - \ - 10" ~'fn TEA ~n TBAF

(1 M, THERMgdrding ratiohalogers Misofopes dveuséful for ldbo@at&}ﬁetting”bm tHey ®ill ar " 3
Precursor for F-18 eling.1. ?5% gflx [22. 21 Bat DVBO, 120 C 2.
cp

Hd N generally not usefyl ﬁqullmwurpwé th&|r§latlu¢lwé@tgelafal§llf%(69&awwr@r

0 5 i AP 25 KRR 6 s QY e o

PCT/ Ugﬂﬂﬂi/eﬁét@ybf 15p&E\qant iivie thaeﬁmqaeq:,ectfed that Xabejihg of ligalidsac beueedforogens,

radio 1%tgr|1c¥s(talc r{)?x}p%lsgs &/ggldol;[ehxs{th q‘ﬁg %%Eo%glo(? W1th gF ((31%1(1: lllf\'/eeofaZt 1(1)onl’1sirs).S uC():trlllera i%ot%)%)esc '
which may be used include Bl 7By, and "®Br.

In other preferred embodiments, compounds of the present invention also contain a
radioactive isotope of carbon as the radiolabel. This refers to a compound that comprises bone or
more radioactive carbon atoms, preferably 11C, with a specific activity above that of the
background level for that atom. It is well known that naturally occurring elements are present in
the form of varying isotopes, some of which are radioactive. The radioactivity of the naturally
occurring elements is a result of the natural distribution or abundance of these isotopes, and is
commonly referred to as a background level. The carbon labeled compounds of the present
invention have a specific activity that is higher than the natural abundance, and therefore above
the background level. The carbon-labeled compositions of the present invention can be used for
tracing, imaging, radiotherapy, and the like.

A particularly preferred radioactive metal for use in the present invention is Tc-99m.
Tc-99m complexes can be prepared as follows: A small amount of non-radiolabeled compound
(1-2 mg) is dissolved in 100 pL EtOH and mixed with 200 pL HCI (1 N) and 1 mL
Sn-glucoheptonate solution (containing 8-32 pg SnCl,; and 80-320 pg Na-glucoheptonate, pH
6.67) and 50 pL EDTA solution (0.1 N). [**Tc]Pertechnetate (100-200 pL; ranging from 2-20
mCi) saline solution are then added. The reaction is heated for 30 min at 100 °C, then cooled to
room temperature. The reaction mixture is analyzed on TLC (EtOH:conc. NH; 9:1) for product
formation and purity check. The mixture can be neutralized with phosphate buffer to pH 5.0.

The present invention further relates to a method of preparing a technetium-99m complex
according to the present invention by reacting technetium-99m in the form of a pertechnetate in
the presence of a reducing agent and optionally a suitable chelator with an appropriate Ch-
containing compound.

The reducing agent serves to reduce the Tc-99m pertechnetate which is eluted from a
molybdenum-technetium generator in a physiological saline solution. Suitable reducing agents

include, for example, dithionite, formamidine sulphinic acid, diaminoethane disulphinate and
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Regar di ng radi ohal ogens, 1251 isotopes are useful for |aboratory testing but
they wll not useful for diagnostic purposes bﬁcﬁ’?’%ﬁ e

rel ativel nggzﬁgsr/@éﬁl)-l ife (60 days) and | ow gamra-em ssion Qg@sﬁgv) of
1251 . Thseitatde mepalid Rducingagentk alich dsi SR fFe(1), GuDNT i HDrand SbIIT)g SnfH) baser gy

of 159 KeV, and it |[s therefore expected that |abeling of |igands to be used

for di R5M8cte e partisylaly siablg- be with this isotope or with 18F (half-life
of 2 hours). | St ' s Lnek 7 r.
n other pt ef o U BRRRRcHEbAPICT R 154 ioh E MR Buh W s Phctcl MlurhP
cont ai n appropadiecaaipouad o$ tedpeemionaa alsalt oamn the domadf ethdetium Bhiml toefers to a
conpound that conprises one o re radi Qactive, cafbon atons, preferably

r A
11C, wi CAMparabivelyrweakchelalors,y Inyfhgyaster e, e desiged 66 Aom) copnlex 5 formgg
atom | . ' . . ' t he
form of Oy kaHE bkettg4T pkathich B HifibloerBREHS for e FadRiHBlSe HiBhboGM: aclhs, |
of the nathisdAalic adC Haloni@acil sueainik dcid, dl€is utid, ofthdphtalivaicid, ahalidi aid, ildutici on
or abundance of, these, i sotopes, ' .conmonly referred to as a background

d
| evel . PRH, 8’5@5‘6ﬁcﬂdaﬁléﬂ%@lédﬁﬁ@@?f‘g%d‘i);alﬂqyélcr?ﬁlé%@rﬁe“v?@%rﬂf ithRse peids; a
Shove  PhaSitotsbrintnas ik pitorhddhatesCor o, GRKURE Erad iR ISEGHR] ”

i nvent i @pid; glucbkeptditicl aéidror aldeBivhtin ther@BHare Particutlirbi sustable\chelatds fdighisi ke. A
particularly preferred radi oactive netal for use in the present invention is

Tc- 99m PurRasediecawseR chelate ebtschnetiymePAn avitheenerofithesgshelatossandergegs ihe desired
non-r adi -2 ng) is dissolved in 100 pL Et OH and m xed
W th ZOd%paﬁg%%%gg@ﬂgﬁgﬂi%ﬁﬂ& Sn- gl ucohept onat e sol ution (containing 8-32
pg Snd 2 and T maq cBmmilg Lsstesidarafor prépating [ B5D] 2GS Seomplefidbasedidni on

(0.1 N)y. [99mTIc] Pertechnet a_tep% 0-200 L; ranging from2-20 nCi) saline
sol ut i orftaapaus @Behlaridegeduationodfict Telnerterhnetatee thefoommen siaringimatenalc Thehen

| ed _ : e .
(Rt ot oo GA ARG ol IS CRCMR el LBk ORI RE el 1T by |
can be r8h)-glatoeptbriatd dhdahe B AL garldu fPreparitiondf starBous (1)) dhldridenindipiyePding it

further relates to a nethod of preparing a technetium 99m conpl ex according
to the phasensistenistannousn(Ibyformde enitigpllydmpagant far thesneaess efthe dpheling reaction.
pertechnet ! t.he D[ . | . | e |{ abl e
Do S ke SIS RAEBafil 7 HEbABBRLIA aRERA R oo B

serves tlgoptelizedekit, AewhichQRes@ridR G Bliatadyyphikred gowrler fetth fixed with an excess
nol ybdenum t echneti um generator in a physiol ogi cal saline solution. Suitable

r educi ngmeyahesgluceheptanate ynger ax inep gas life nitragen os argosr rbepaenaEation ofthei ¢

Sui ¢ ol SRR Aol 048Rk o Wiaheend P Brbube abind Bl Pty 2

Sb(111) .reproGudiblersad predictable. The NS, ligands are usually air-sensitive and in some instances,

subsequent reactions lead to decomposition of the ligands. The most convenient and predictable
method to preserve the ligands is to produce lyophilized kits containing 100-500 pg of the
ligands under argon or nitrogen.

The radiohalogenated compounds of this invention lend themselves easily to formation
from materials which could be provided to users in kits. Kits for forming the imaging agents of
the present invention can contain, for example, a vial containing a physiologically suitable
solution of an intermediate of Formula I or Il in a concentration and at a pH suitable for optimal
complexing conditions. Tﬁe user would add to the vial an appropriate quantity of the
radioisotope, e.g., Na'2’I, and an oxidant, such as hydrogen peroxide. The resulting labeled
ligand may then be administered intravenously to a patient and receptors in the brain imaged by

means of measuring the gamma-ray or photo emissions therefrom.
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proven to be particularly suitable. For the above-nentioned conpl ex-form ng
reaction, technetium99mis reacted with an appropriate conpound of the
inventi wo2m8@7880t or in the formof techneti um boundpCwo/Uscanmpasiati vel y
weak chel agors I n thﬁ | att er. iase t.he desired tilchneti um9 mcorr%l ex is

€

formed by STCEHifradiorfiammaceutical compositign aqeording'to the presentaveniion iy
r adi Oprepared easityeandi stRpIOME prépastichScan beltal 8o ¥eHdily tyahe uséfeTRétefordGhé

succinic acid, maleic acid, orthophtalic acid, nmalic acid, lactic acid,
t ar t apresenaiivgntion alsp celates &b a kyceoniprisingsi d, salicylic acid or derivatives of

Gtricaci® ¢ AR RTERmind ot the fvat B iR Gta affiordly Fingin
der i VAW nHtRME Rhd &6 opAGhdl§ HaingyanSHért, PNafnsdRBlicdIBY sccébblekhfier RHARSS S,

because a chelate of technetium 99m wi th one of these chel ators undergoes
t he dailiary substapeasiaddestihengto;ppdti cul arly easily. The nost commonly used

procedure r preparin Tc" @ +3N2 co xes i s based on stannous (H)
chl ori de r&guctflli%auﬁfnqq mal‘g‘f?zﬂopﬁ %ﬁ&?‘g{a ¥ the common starting material .
The Iabelwn&emf(agﬁe)w%&smraﬂakmnwbﬁman b combfid) hidjand exchange reaction

bet ween Tc-99m l'ucoheptonate ‘and the N2S2 |igand. Preparation of

st annfucthex whereohinstructiona fior yseowth v pregeriptionifor carpyoms ot the aboveadwsoribed 11) form
is critjcally inportant. for, the success . of .the |abeli reactigon. To

s+ abi PPEE Dy reantin e nderien (1 Lk Sa B e tumeosst B thed i SB8 PRSI R 1 ear
medi CdohRidrOmby Be optionallgRiéILi&ed Kit, in which the stannous ionis in a

| yophi I'i zed powder form m xed with an excess anount of gl ucoheptonate under

an inert gBzarhplesofsuitablporeducing pgmnts anfhchejatap forthe abowrf kit have Hego pisteldi zed
st ann uaepg.hori de/ sodi um‘%l ucohtﬂo nate, kits ens the | a
|

t t | I,
cactiHNe: She PR T AR e oL b pnehies ameihieni cXHEeaeT,
arr- rST%!glséf 6r\.’%lﬁﬂ%efr1]é}a§)?§'§re?§§ﬂém@ﬁ§a nurﬁmti&ﬁ@ﬁﬁtgjr@%nh e&flodidgnostic

deco Ition of the l1gan The nost conveni ent and edictable “nmethod to

pr es eproeedulnes. | Agrotdd abevetthe ﬁgneﬂie:ﬁs (Y)@pdi(2) mey b& combimed; promided tli€)0ar600 g of
the |igan nder argon or nitrogen.. The radi.ohal ogenat ed conpoupds of this
| v erfarB PR SUt & FRgempangi: ki, Bavhich i doaipingd BRI S PERRPB coul d be
provi geshilied! 36T elibntly fuftablé tb %efr&fctécd(lfr?{)’ilhg AsdriBith RPN IRRENE Solffion (S

present” i nvention can“contalin, for exa a vial containing a
physiomplg mamney. suitable solution of an internediate of Fornmula | or Il in

PRI CR FEE TR R i IR A
"Bl € eidcshe iSEspbisraen MR iraul 2,
r ecepdgents (e.g.,tshdiubn chloridejaged by neans of neasuring the ganma-ray or photo
eSSl oS e Ski1fedin 1 art a2 Tamiliar with the vanous ways o derect labeled compounds
for imaging purposes. For example, positron emission tomography (PET) or single photon
emission computed tomography (SPECT) can be used to detect radiolabeled compounds. The
label that is introduced into the compound can depend on the detection method desired. Those
skilled in the art are familiar with PET detection of a positron-emitting atom, such as '°F. The
present invention is also directed to specific compounds described herein where the '°F atom is
replaced with a non-radiolabeled fluorine atom. Those skilled in the art are familiar with SPECT
detection of a photon-emitting atom, such as '’I or ®™Tc. However, the present invention is
also directed to specific compounds described herein where the '>I atom is replaced with a non-
radiolabeled iodine atom.
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 and II. The
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Since the radi opharmaceutical conposition according to the present invention

can be pr;aﬁ]z%gw@ﬁgol y and sinply, the preparation can bep(?ﬁ{}é%oﬁﬁozg%
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When desired, the radioactive diagnostic agent may contain any additive such

as pH &bf#®rolling agents (e.g., acids, bases, buffers), stabilizers (e.g.,

ascorbi c aci Ol LSOt oni zi ts (e, Lum chl ori.de). [Those skilled
T the art anh PR B AN b stortatr BB BRo Bl S Huns LOREBuT s
for i magatientin aRiefetabldQiantityedtid dfier B@Ficten® fime Has pagdd FsYTREEGRPOUrIdRE becérhe
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depend an,t he detecti.on t hod .desi red. Tha skilled.in.the art are_.
a1 2 oopmesie? s BYe . §1oudledisoiinoufd 8F Formila L of it hutrdfc Uit Barione
present sufficgdHt itigit is al1awed féH the s Rpodrd tdHREdHE BsseiARAWIHS aiPRoid dGRAitdlahai n
where the 18F atomis replaced wth a non-radiol abel ed fluorine atom Those
ski | | ed then a sample of tissuefram thepatignt i rgpeE anddhe labeled compaungdh i the tissuetis | ng

atom su 123l or ..99m. . c. er he present inventj.on is l.so

i 1 oct odteesed At Fregh i isntidn BB Bmabitier R bR ERbyestER A (S0 Speffif <

repl aceGembidd fomApaticatiand 2R8tled coRPbi] Gt I mulEisiRdoRREd int6 tHb taghnest i C
agent shoul d have sufficient radioactivity and radi oactivity concentration

whi ch caamales ARerragufficiert ameunt o time fonthegemipeuat tochaspmetbornditwamyled ty can
Egrnﬁlt; e}qgﬁgf)%'e'cg%?g%w%d&t&ge%y| ded herein for preparing conpounds of

The administration of the labeled compound to a patient can be by a general or local

administration route. For example, the labeled compound may be administered to the patient
such that it is delivered throughout the body.. Alternatively, the labeled compound can be
administered to a specific organ or tissue of interest. For example, it is desirable to locate and
quantitate amyloid deposits in the brain in order to diagnose or track the progress of Alzheimer's
disease in a patient.

Another aspect of the invention is a method of inhibiting amyloid plaque aggregation.
The present invention also provides a method of inhibiting the aggregation of amyloid proteins to
form amyloid deposits, by administering to a patient an amyloid inhibiting amount of a
compound of Formula I or II.

The compounds of the present invention can be administered to a patient at dosage levels
in the range of about 0.1 to about 1,000 mg per day. For a normal human adult having a body
weight of about 70 kg, a dosage in the range of about 0.01 to about 100 mg per kilogram of body
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-36 WD 2008/ 073350 PCT/ Us2007/025177 imaging of anyloid deposits can al so
be carried out quantitatively so that the anount of anyloid deposits can be
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admi rfeisrayieation; afjoptimyym, dpsages for aparticulas patigntds well jnownie thase skilled imihe
intrajguscularly or subcutaneously), intracistenally, intravaginally,
intrapéritoneally, intravesically, locally (powders, ointnents or drops), or

as a buccalhase skidledlin tifarbare réadilyrablectordecergmifeodt areylosd mhibithe arventtyon, the
| abel ed conpound is introduced into a patient, in a detectable quantity and
af t ersimphradmigisteringracampousd o Earmula Logdl toqRatigRIntipcIsasingramourts yatikthed wi t h

erpodrOCEnYRid dOetPRUCRa AT el STREHREL oA ol 85 st ™" "'
I nt r delaging dsideScribedaibbedbr by Gl £ii&0E sitple fiom alphgdnll @bsdrbimgapepound to

becone associated with amyl oid deposits, and then a sanple of tissue from
t he paryleisidepasifsdhergiti and the | abel ed conpound in the tissue is detected

Sl o 1 o TP e e Todhehlin R RE) BEBhecth chBitaRAR Bt e G bR S

i Nt r afihereBugdinQhé Heatirehs Yreevenflom) contré¥, afelidrativh for¢edittion B visk o Hiskases of OF
t he conpound to becone bound to anyloid deposits, the conpound is detected.

The @nflitions fenwlgh dhe ¢ampquats pEthe presgpiinyentipnhaya utibify, where the cpmbinagiener al
| dmi ni strati te, . le th bel ed,. d b
Ot b BE e B e RO R A e s YR CEBIBEGRE o by

Al t erddaipouadyof thb prdseREin@entivA R BElugedin BEmbifibn wathasmRbrinfore ot @inigsC Or gan
or tissue of interest. For exanple, it is desirable to | ocate and

q uantthatatre@t,mmqm,g;oa@pb smekiofate, pheedyeathe risk of sidsrefiegtsirdgriotpobthet r ack t he
vererisnes o e pRBan G PGS Bot o8 bt 4 os I3 R7 Homte bt m esene
| NV erinhdft abmehodlPirdedaRersfo¥bédnbéinsrandds i or iseguentigllypgithaBetorfipowidsanhei d
proteins to formanyloid deposits, by admnistering to a patient an anyloid
i nhi presentinyantion. Ascordinglynthe pharmscewtinaheompositagns|af therpresens ipjsnhgn ingludehe
pres E‘tm)sei tHz\lltecr(])tn. ain ofig'or r?l%reao W.ernzilc?itvg rinegqecii(e)ntisa, lg%hhf?lrc])}l t§ Ehedc%?na&%nldse SF 4hse

present invention. The combinations may be administered as part of a unit dosage form

combination product, or as a kit or treatment protocol wherein one or more additional drugs are

administered in separate dosage forms as part of a treatment regimen.

Examples of combinations of the compounds of the present invention with other drugs in

either unit dose or kit form include combinations with: anti-Alzheimer's agents, for example

beta-secretase inhibitors or gamma-secretase inhibitors; HMG-CoA reductase inhibitors;

NSAIDs including ibuprofen; vitamin E; anti-amyloid antibodies, including humanized

monoclonal antibodies; CB-1 receptor antagonists or CB-1 receptor inverse agonists; antibiotics

such as doxycycline and rifampin; N-methyl-D-aspartate (NMDA) receptor antagonists, such as

memantine; cholinesterase inhibitors such as galantamine, rivastigmine, donepezil and tacrine;

growth hormone secretagogues such as ibutamoren, ibutamoren mesylate, and capromorelin;

histamine H3 antagonists; AMPA agonists; PDE IV inhibitors; GABA, inverse agonists;

neuronal nicotinic agonists; or other drugs that affect receptors or enzymes that either increase

the efficacy, safety, convenience, or reduce unwanted side effects or toxicity of the compounds
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in the range of about 0.1 to about 1,000 ng per day. For a normal human
adul t havi wei ght of about 70 kg, a dosage in 't bout
0.01to abgﬁ? %f%%nfyo per kil ogram of body -37 WD 2008/ 07Egg@gﬂﬁ%gfl77a

PCTI US206fhe present invenitight Tixeforegoing Bstofitbmbirations ishBustnatve bnly and saymtersied,
however, rc@r] vary.. For exanple, the dosage can depend on a nunber of
factors 1 IHHitWél?ﬁ%yWébjui rements of the patient, the severity of the
condi tion bei fge {erRabBskm ARG 28 %s @8d Rérbin\tk f aP&iigP&ﬂ d
bei ng used. The det grrri nagti(l)r?1 gf %ﬁ%%lfgosagées fol?1 afegsa@ttpg):%lecar p tlgnt
is well daltswnactid attition sslts of thd compotnels ofithe présams mvehiion whichrare, hvethan theasoepe
readily le to determine an anylold inhibiting.anount b sinply .

adni ni stgspﬂﬁé H‘eg SEMERL, Byt T iSGin QOPtaPB&é{ﬁ;S%‘HI%HFQI ??P%tlggﬁsé‘éﬁ}%‘b““due
anount s 3 QT ' Sidml - the
rate of %?%35‘(“ hﬁﬁgﬁog’eﬂg}s ggéssggﬂét?é ?ll#\(gthgiq%g’gél ng S‘?“ggg E:@?l Eﬁ%a%gﬁfg%%ﬁ@@t{/néﬂ“

t aki ng aratibsandecfeetipé forftheimmerpiet iue¢)tas avedl ashisezwittegiohiecforms)wherelpaksibds iof s
therein. The conpounds of the present invention may be used in conbination
wi t h onethgcompprndspfiiae inyentian. Thederm salisi refess to the aklatysly Ronteyis; ngrganc and
arel i or at td ' ' . . congi i i.chk he
compoundl Eapc i dABME LRl o LorbbhaR of e FARRFnRentdit Aid efided e (ke
t he dr ugderived didne homtaxis afgahictcidsmuch af alisHativ endnband eidakisox ylic agids/| fonexample
Addi tional ly, the corrpoun,dseé)f the present invention may be used.in .
combi nat 36HC aFidnphsnyl-sybstibited glkargic agidy hydraxyalkanglg %nd;ﬂx%af@ﬁto}c e, pppmatic
anel i or - | i de. ef | .Cl he unds
o the piidsifd BEAMEE shSrdd Rt Miollc i TRERSAY conl¥ itdakefly SllSnnrhRTRE
and i n afinaldsadativn andrpuificytiows efithe kempbaids ot dyiseparatehneactiigthe pudfiedient i al |y
wi th the conpounds of the present invention. Accordingly, the .

phar nmac eSAMpNddn i bise bpemormrwighh a syjfable-prgans ps iarganic acfl gad isojatingdhe salt

of the BRECHSTEGURE e liNE sHFREBHE iyl SinBHiGe h Aot oble SRARY "GP

uni t doskigeifdterritrate 04vetats) toixalate) Waldtigd, oldate, palnaitdte, Istearaté, adh@pborae] béoate,
wherein one or nore additional drugs are admnistered in separate dosage

forms aslapidte phosphater sylatentitiagey te, Eunaigtes Sucsinate tytrate: naghyjatemgsylate,
conpound r | [ ] d ' Li.her | t..dose or
i1 or ngugeephalt GRG0 I 1Ry bRl Sy bidBRnkl, pitalalebyctille 050

bet a- secisethitiatd, Bid thetlikes Thésedadinacide c&tias dabdidrbihe alidli anifaikalife et ictdls
inhibitors; NSAIDs including ibuprofen; vitamn E, anti-anyloid antibodies,
i ncl udi ngchesspdiney lithiumepotassium salsiwngmagnesam,anddhe ke as avella5ormiexic or

B g ; _ et _ it .
ot - ROpis e AR o i s iR PRI IHACAR Bfflonium,
menant i n@iratlelyl HSHOLILAS Cettdet b ofiudl) eictivdafid]eqdindsthyl&mire, taféthglaidite,

donepezil and tacrine; ]
triethylamine, ethylamine, and the like. (See, for example, Berge S. M., et al., Pharmaceutical

Salts, J. Pharm. Sci. 66:1-19 (1977) which is incorporated herein by reference.)

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 4 carbons, preferably 1 or 2 carbons, more
preferably 1 carbon (methyl).

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-propoxy, isopropoxy, and the like. Preferably the alkoxy
chain is 1 to 4 carbon atoms in length, more preferably 1 or 2 carbon atoms in length.

The term "monoalkylamine" as employed herein by itself or as part of another group

refers to an amino group which is substituted with one alkyl group as defined above. The term
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growt h hornone secretagogues such as ibutanoren, ibutanoren nesylate, and
capronorelin; histam ne H3 antagoni sts; AMPA agonists; PDE |V inhibitors;
GABA3 | we208®0B38Ni st s; neuronal nicotinic agonists; PET@Ster/ozoys t hat

af f egl,. recept or,s Or .enzynes that ei.ther increase he .effi cac sagfety,
conve ﬂ}a«l‘ﬂ/ﬁ@"ﬁr r?fgﬁt}g @nty?ﬁﬂﬁ?l BEPS etH%h gf?"b%ftgg rWIf}béYoc?@{ %TP“P% SRS unds

- 38 \¥ehReWsddve3350 PCT/ US2007/ 025177 of the present invention. The foregoing

list of conmbinations is illustrative only and not intended to be limting
i n any waylheTtean {‘balay’ oplalegend employed heretw by itself er asgpart' ofzanothes grdvgr refars

refers thase carboxylate. salts or i ddition salts of .the conpounds
of ¢ i hPpbeHomih AOURE bEjodhitah HeN getied ofieevise et ws i Hrafftc a

j udogank clagmkt abl e for use in contact with the tissues of patients wthout
undue toxicity, irritation, allergic response, and the |ike, commensurate
W th a reaBwtabhéradehelagent employedihersin byndsedf dreastpane ffapothehgioupirefeesstded use,
as vval;lé I?FS li;ﬂaz vﬁ;ﬁ:ﬁéi on'ﬁBform;, where possible, of the conpounds of the
i nventirorf> The terrm "ShfM%" Plefers to the relatively nontoxic, inorganic and
organic a Z S " : SO

I ncl uded gtlrﬂe}:tta os]:éélg(eglt“‘ Zélkgle(raig Slglg@?g%gl%gﬁ{etf %’gﬁcﬁg’fﬁ%& gb%ﬁgyl%g‘ﬁﬂas

al i pisabsttuted iby oan dr diore chlorneé,i bromaied fiporfine oreiwdimelvath Auerinecbeing preferred.

phenyl - sybsti t ut ed .al kangi.c. aci dg, . hydroxy al kanqi c d al kanedj oi ¢ aci ds,
B o Li%%\_mfsa,ré gblamm atqadem&ﬁ;yhéﬁgﬂaw _ 1£§%~@afﬁmf‘§by Tfmé@e salts can
be prcﬁRié‘B&ﬂ 1. MSktipefd (ue,pqhém 1§ kﬁ@ﬁtﬁté&’hﬁﬁm'a%og”}@ﬂaﬁ%d | qhiofie At thdie
conpounds o¥ by separately rea%tlng the purified conpdbund Tnits free base

f or mdistalrend of the @kl The gani ‘GradiohaloC,gdalkyl” aefers tamcal( Q) glalkyd gtdup ssal t  t hus

formed.. Further representative salts include the h pbrom de, .
hydr Sefined plave thgiicontains a laalesﬁnrraﬁj@,lsomer &dne, exae’a!eagfg?usam a{j Foupis eFat e,

ol eat(egg)gﬂggmtate, stearate, laurate, borate, benzoate, |actate, phosphate,
tosylat€, Citrate, naleate, funarate, succinate, tartrate, naphthylate

mesyl at e, Tlgl temwHhydroxpgdlieyl” las empliyed hetein by itsélfior asl panl gfanotiiee groiptrefers

pr opi onat e, ivaggée cyclamate,, . iset g'hgnat e, and the like. These may

i ncl t@éngaror branched alkybgroppgcontaining anyOH SRSt earth netals, such as
sodi um | i eTal T T i . j | wel | as,
ront ox) ¢ Thotefh B SRTriTby PGBy iBARESL Bl of Mothcl o ettt 1O 1 B0
| i m treshdcgcliomnmbicyolic arbmttiagwupy tataminguomtSabridaitdms anthe mingrportiet,hy| am ne,
di net hy|l am ne, trinethylamne, . triethylamne, ethylam ne, and e like.

( See Pré ?abwgﬂﬂwgbosé iy thegingportien, sych ;XS ﬁwawhae@upyl&.ﬂtetr@md&qapbt Ybh&Fm

Sci . 21 .Q7 ' ' [ r i n m
V5l icgTipidyet hetcif/chtn dy1cBntains! X 6PLERLER StbdiRIchL "PI¥ferk Bl RS Ginder E slde™
bot h of €151 aryhinchrig the followang afvicties) eadh ofivhiahf confainsoX 4rc-&lhlasrassubptitabrt: abl y |

or 2 carhons, re. preferably | carbon (methyl). The term "al koxy" is used
her eipfieRY), Ry agd ﬁ%raglwsroeapwhxln Ihecrykgipwp k350 FopipiRA heteratom, Such as

N, S or O to form a "heteroaryl." Preferable values of under the scope of heteroaryl include:
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, 3H-indolyl,
indolyl, indazolyl, purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, phthalazinyl, naphthyridinyl,
quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl, carbazolyl, B-carbolinyl, phenanthridinyl,
acridinyl, perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl, isoxazolyl,
furazanyl and phenoxazinyl groups.

The term "aryloxy" as employed herein refers to an "aryl" group bonded to an oxygen
atom, and include benzyloxy and phenoxy and the like. Benzoyloxy refers to an ester.

The term "tissue" means a part of a patient's body. Examples of tissues include the brain,

heart, liver, blood vessels, and arteries. A detectable quantity is a quantity of labeled compound
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defined above, unless the chain length is limted thereto, bonded to an

oxygen at OWOig%ﬁgﬂll o but not limted to, nethoxy, et hpglcwpsibﬂ%gﬁ)@f(y

| sopr opoxy, Preferably the al koxy chainis
at ons | MEFessyyHo bme@cmdéfyethaﬂetyctmmnetmd shossn. dheamount 4>fe€n@bhled Thmpowidito

| kKyl. l.0 | f he
rerers (% ot S HAREYR oR 50 Brailed o feigoiin B SRRy 0% g EHRE! nElided
defi ned saliedén the@t.t Bérexample, ereddiiy didcimedoRed 4435%@2;%%5&3 ¢an be given to a

"di al kyl am ne" refers to an am no group which is substituted with two al kyl
groups, Patprttungil the epaipavad lmmed bh&letd@tqﬁloh aiecwodcnf chigeo g libelsimintenduged
her ei n bXt self or ‘ﬁfﬁ 5 ﬁoﬁnotther g s to chlorine, brom ne,
f1 uori nd™grt ?8@?’3%““ P E%Vl%eé T qe§eto mp?l ecific uses in the text
and/or clai ”Brhe'ﬁéﬁnt"ﬁitfént'fﬁééxﬁhﬁh%@@nd 8iFR} VeI ErRIse skYled irb ke artCire 8o Par t
of anot her group refers to BF 19F, 1231, 1251, 1311, 76Br and 77Br. The
term hathm(ltgr-va)ladldtwmnmg tbcrmlnoymdaf hmaasufﬁmemteﬁosammamynd)lfo tidoemalassosiatédiy |

chlorine, brom fluorin

ub
o th 1 BT REvis fepositer Bhe Sotiof shin Sesroanecs s b AGREEAGT bV SRR
trifl “Ordéfe%tdwé amurf of ol 6N of FRATuRT of Hf REPLDHNNt ah@ﬁ{enrae%fcﬁﬁgmey

the alkyl is substituted wth a single such | uorine, at the
di st al dahjeleﬁcctxhlmolmldlaylvanfﬂtsdlmaﬁraﬁehadnmnmmm@a4) alkyl" refers to a

hal o( C14) al k roup as i ned above that contains a r adi 0| e.
One faxarr%al e ofae " p5pe ik gieaup? Faemiglintegarhipn driyeen g leBHEd spmpodnd and P

" hydr ox ){Hé &?ﬁ?loléaeﬁzﬁbr aﬁ%?ﬁr& la o@%tlbﬁssi%kfudg CoPslePohdSfioRBBb group

refers near ‘or groups containing an - OH substituent.
The ter rhy&mmxhl‘ic-hysdremnlhoymdrah&om hydrpphdmehydmphdsc patetactidénsaand Cemplgxesup

f | b cl f 5 14
Zfoms i the THASIBEIAE GHIMPI F dhRgve PROTEITBOAS, qiin Rt garpogHons
such as gy, ﬂeserﬂ?yﬂj}éﬂxﬁ. Ot Sl té’Jié’ﬁlfoﬁf}beE bi/and ﬁ%gta H{Ps'&ytﬁg glgér&'to each

aryl contains X o as a substituent refera ues un e scope
of C6_1Goadiions and patemtetees ﬁm’trlatblw engoundéred ard pbdaghtocthosehikdteddo thearh sreXwithiin
-Ch as g, suhstityent he . hapht hyl and tetrahydronaphthyl. The aryl
gr oup céheﬁ?lg‘f)“t‘g?ﬁoa?ﬂfa‘ Hg%lg}t’&&tom such as N, Sor O0to forma

"het er ogf¥dmpleHr €f er abl e val ues of under the scope of heteroaryl include:

t hi enyl, ]thienyl, naphtho[2, 3-b]thienyl, thianthrenyl, furyl,

pyr anyl ABaggregMe)bmdmg/ifﬁmttesnzoxazol yl, chrorrenyl xant henyl

phenoxat hi i ny 2H pyrrol yl |y m dazol y pyrazo |,
pyr azi nyl , y$ [kyne dgipyativigy whi o esynﬁha%dzaqqgndmg oA W |dlscmss¢ heé )

'pﬂ?ﬁ;%’;z Il%ﬁ]ﬁé%ggh?t@wlgg }étﬁmf}é—s" tg'ﬂﬂ“ﬂllah&és.nﬁxmﬂpfég%f'cgfél Stbuct?él tathing iodine

or bromine atom and their respective binding affinities are shown in Figure 1. The competitive

binding assay was performed using ['%

[JIMPY as the ligand in pooled brain tissue homogenates
of confirmed AD patients. Values are the mean + SEM of three independent experiments, each

in duplicate.

Example 2
A compound of the present invention is testing in an established in-vitro immunoblot

assay for its ability to inhibit the formation of AB oligomers and fibrils. (YangF, Lim GP,
Begum AN, et al. Curcumin inhibits formation of amyloid f} oligomers and fibrils, binds
plaques, and reduces amyloid in-vivo. J. Biol. Chem. 280:5892-5901, 2005). Curcumin, a
natural molecule serves as positive control. Acetylene compounds of this invention are able to

inhibit the aggregation AP in a manner similar to Curcumin at concentrations of 1-100 uM.
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qui nazolinyl, cinnolinyl, pteridinyl, 4aH carbazolyl,
carbazol yl, 13-carbolinyl, phenanthridinyl, acridinyl, perimdinyl,
phenant Wwootoosrg133sphenazi nyl , isothiazolyl, phenothi azi RgT/USR®GN26T I |

furazanyl @nd,rphengxazi nyl ..qr s...The t.er.m. aryl.oxy" as enployed. herein
et or ot o B BRFRASS RSN yRR8 BE Srainaty st Bund o the AR MEREIRERSS | oxy
and phighia’aYwidednd Rguivhiet raBe s Pydrditions SfoeElationg Ang Stk parhbifetdrs Witholut Ssue”
means a part of a patient's body. Exanples of tissues include the brain,
hear taffectipg the ssppoef thedryansion gn anxaf:mb@mmnt thereof.c Al qiatantsy patent applicatiens,
quantity of. | abel ed, conpoun -40 WO 2008/ 073350 PCT/ US2007/ 025177
ecocuiryBlica s st BEEHG S MlanPOriREhY FERace ASBndR M e of a

| abel ed conmpound to be introduced into a patient in order to provide for
detection can readily be determ ned by those skilled in the art. For
exanpl e, increasing anounts of the |abel ed conpound can be given to a
patient until the conpound is detected by the detection nethod of choice. A
| abel is introduced into the compounds to provide for detection of the
conpounds. The term "patient"” nmeans hunmans and ot her animals. Those skilled
inthe art are also famliar with determining the anount of tinme sufficient
for a conpound to becone associated wth anyloid deposits. The anpunt of
time necessary can easily be determ ned by introducing a detectable anount
of a | abel ed conpound of Formula | or Hinto a patient and then detecting
the | abeled conpound at various tines after admnistration. The term
"associ ated" neans a chem cal interaction between the |abeled conpound and
t he anyl oi d deposit. Exanples of associations include coval ent bonds, ionic
bonds, hydrophilic-hydrophilic interactions, hydrophobic-hydrophobic
interactions, and conpl exes. The follow ng exanples are illustrative, but
not limting, of the nethod and conpositions of the present invention.

Q her suitable nodifications and adaptations of the variety of conditions
and paraneters normally encountered and obvious to those skilled in the art
are within the spirit and scope of the invention. Exanple | AB aggregate
bi nding affinities Al kyne derivatives which can be synthesized according to
a nmet hod di scl osed herein_ display excellent binding affinities to AB

pl agues. Exanples of core structures containing iodine or bromne atom and
their respective binding affinities are shown in Figure 1. The conpetitive
bi ndi ng assay was performed using [1251] I MPY as the ligand in pooled brain
ti ssue honogenates of confirmed AD patients. Values are the nean SEM of

t hree i ndependent experinments, each in duplicate.
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Exanpl e 2 A conpound of the present invention is testing in an established
in-vitro i nmunoblot assay for its ability to inhibit the formation of AB
oligoners and fibrils. (Yang F, LimGP, Begum AN, et al. Curcumn inhibits
formation of anyloid,3 oligoners aril fibrils, binds plaques, and reduces
anyloid in-vivo. J. Biol. Chem 280:5892-5901, 2005). Curcumn, a natural
nol ecul e serves as positive control. Acetyl ene conpounds of this invention
are able to inhibit the aggregation A(3 in a manner simlar to Curcum n at
concentrat%@gg 00 M -41 WO 2008/ 073350 PCT/US2007/025177 It will be
under st ood PH&@EW fSordinary skill in the art that the same can be
performed wthin a wi de and equival ent range of conditions, fornulations,
and other‘paranﬁﬂ&&ﬁde@kunBHmﬁﬁLecting t he scope of the invention or any
enbodi ment thereof. All patents, patent applications, and publications
cited herein are fully incorporated by reference herein in their entirety.
-42 What is claingd is: 1. A conpound of Formula 1, R2 AlI-A2 R~ R3 14 or
a pharmaceutica Fﬁizfreof wherein: A is CH A2 is CH or

; hydrogen, -NHC _4al kyl, -N(G _4al kyl) 2,
-NH2, C, -4al ko nt i, ii or iii, wherein: fragnent i
is: Ra 11 Rb R NR* /IYRRRf R Rh/ wherein nis an
integer froml to 10; mis an intgger frqmO to 5; y is an integer fromO to
5; R5 is hydrogen, Cl_4 alkyl, or hydroxy(C, _4)alkyl; Ra, Rbo, R, Rd, Re, R
RO and Rh are ) )

or a pharmaceutically acceptable salt thereof, wherein:

Al isCH

A’isCHorN;

R' and R? are each independently:

hydrogen, -NHC, salkyl, -N(C/_4alkyl),, -NH,, C;.4 alkoxy or —OH;
R? is fragment i, ii or iii, wherein:

fragment i is:

R: RP
R5 )/Z
O n
gﬁl d RY R°

)/ \( y/(

R® Rf RY R i

wherein n is an integer from 1 to 10; m is an integer from 0 to 5; y is an integer from 0 to
5; R’ is hydrogen, C1.4 alkyl, or hydroxy(C,.s)alkyl; R% R®, R°, RY, R, Rf, R€ and R" are
each independently hydrogen, halogen, hydroxy, C,.4 alkoxy, C,.4 alkyl, or hydroxy(C,.
s)alkyl; and Z is:

a) X, wherein X is hydrogen, hydroxy, halogen, radiohalogen, C,.4 alkoxy,
hydroxy(Cj.4)alkyl, halo(C.4)alkyl, radiohalo(C,.4)alkyl or NR*RY, wherein R* and R” are
independently hydrogen, C;.4alkyl, hydroxy(C;_4)alkyl, radiohalo(C;.4)alkyl or halo(C,.
s)alkyl;

b) one of the following groups, each of which contains X as a substituent:

benzoyloxy, phenyl(Cy_4)alkyl, aryloxy or Ce.19 aryl;
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each independently hydrogen, hal ogen, hydroxy, Cl1_4 al koxy, Cl -4 alkyl, or
hydroxy(ClL_ 4)alkyl; and Z is: a) X, wherein X is hydrogen, hydroxy,

hal ogen, radi ohal ogen, Cl-4 al koxy, hydroxy(Q _4)al kyl, hal o(C, 4)al kyl,
radi ohal o( G . 4) al kyl or NRXRY, wherein R' and RY are independently

hydr ogen, C, 4al kyl, hydroxy(C, _4)al kyl, radiohal o(G _4)al kyl or hal o(C, _
4)al kyl; b) one of the foll ow ng groups, each of which contains X as a
substituent: benzoyl oxy, phenyl (C) _4)alkyl, aryloxy or C6_io aryl; -43 or
c) Zc, having the following structure: \4\~ G P R' R Zc wherein p is an

i nt eger frdm1 to 4, Qis 0or NR and Gis -CC (Ro)X or-C-C X, wherein
RG is hydrogen or Cl-4 alkyl, and R* and R are independently hydrogen,
hydroxyl or Cl -4)af¥hying tieafgitewingistruttite: Ra Rb )n ~Z / Rdd Rc (~)Y RO R' ii
wherein y' is an integer fromO to 5; and fragnent iii is: Ra Ro 16 Rd R
iiti wherein eis 0 or 1; R4 is hydrogen, hal ogen, or radi ohal ogen;
provided that, if X is notywor does not contain F or 1$F, then R4 is F, "F,
1231, 1251, 1311, 76Br, 77BrQar Br.yZASThe conpound of claim1, wherein R2

i s hydrogen. -44 f\><:/p

R" R° Zc

wherein p is an integer from 1 to 4, Q is O or NR® and G is -C=C-
(R%)X or -C=C-X, wherein R is hydrogen or C . alkyl, and R"
and R° are independently hydrogen, hydroxyl or C, 4 alkyl,

fragment ii is:

N v
{JJJ:(Y / ( Rd Rc
RS R ii
wherein y' is an integer from 0 to 5;
and fragment iii is:
5; R R
T~ /
NN e

R5 Rd Rc

z

iii

wherein e is 0 or 1;

R* is hydrogen, halogen, or radiohalogen;
provided that,

if X is not or does not contain F or '°F, then R* is F, 18F, 1231, 125y 131I, "Br, "Br or

Br.

2. The compound of claim 1, wherein R is hydrogen.
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3. The compound of claim11l, wherein A2 is N. 4. The conmpound of claiml1,
wherein A2 is CH 5. The conmpound of claiml1l, wherein R3is RaRb IS _)n
1~Z ORI R YXnr RNi wherein yis aninteger froml to 5. 6. The
conpound of claimb5, wherein: nis an integer froml to 6; mis an integer
fromO to 3; and y is an integer from1l to 3. 7. The conpound of claim®6
wherein: nis an integer from2 to 6; mis O; and y is 2. 8. The conpound
of claimb5, mherein Ra, Rb, Re Rd, Re, Rt, RI and Rh are each hydrogen. 9.
The conpou claim 1-/ V' \ i)---- 1 In /] -45

Cl'fc c;[ff1 Cw e'AXH
wherein n rs &5 CPHPRY fcﬂﬁ$ heren: X is hydrogen, hal ogen,
r adi ohal ogen, Cl-4 al koxy, hydroxy orNR'RY; provided that, X is or contains

18F or R4 i4s TR3LtompdmH dfclal@N] wherein A” is CH.

5. The compound of claim 1, wherein R? is
Ra Rb
R5 e z
®) )n
;‘5’ / d c
R® Rf RS RN

wherein

y is an integer from 1 to 5.

6. The compound of claim 5, wherein:

n is an integer from 1 to 6;
m is an integer from 0 to 3; and

y is an integer from 1 to 3.

7. The compound of claim 6, wherein:

n is an integer from 2 to 6;
m is 0; and

y is 2.

8. The compound of claim 5, wherein R®, R®, R%, R%, R, Rf, R® and R" are each
hydrogen.

9. The compound of claim 5 that is:

SN N A T
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10. The compound of claim9, wherein: nis3; R is hydroxy, -NHC.4alkyl,
-N(CL. 4al kyl )2, or -NH2; and X is hydroxy, hal ogen or radi ohal ogen. 11. The

conmpound of claiml1l, wherein RBis Ra Ro "Z Rg Rhii provided that, X is
18F or R4 is 1231, 1251 or 1311. 12. The compound of claim1l that is: -AZ
R\ ReRRbz -02 ~-=~nly RR whereinnis an integer from2 to 6; and

X is hydroxy, hal ogen or radiohal ogen; provided that, -46 Xis 18F or R4 is
1231, 1251 or 1311. 13. The compound of claim 12, wherein A2 is N 14. The
conmpound oﬂw%hgﬁn112, wherein Ra, Rb, R and Rd are hydrogen. 15. The
compound of clarm 12, wherein n is 3. 16. The conpound of claim11, wherein
R3 is Ra Rb 5 dndntegerifidm 1ps 6vi ded that, X is or contains 18F or R4 is
1211, 1251 or 1311. 17. The compound of claim 16, wherein e is 1. 18. The
conpound of 139 wherein: Z is:

X is hydrogen, halogen, radiohalogen, C;.4 alkoxy, hydroxy or NR*R?;
provided that,

. . 4.
X is or contains '*F or R* is 1231, 1257 or P

10. The compound of claim 9, wherein:

nis3;
R' is hydroxy, -NHC salkyl, -N(Calkyl),, or -NH,; and

X is hydroxy, halogen or radiohalogen.

11. The compound of claim 1, wherein R? is

provided that,

. 18 . 1237 125 1
Xis "ForR*is I, Tor 'L

12. The compound of claim 1 that is:

——A?

R1’// \“ e RA R®
\=:/ N / (\O&)"/ z

R* RY RC

wherein
n is an integer from 2 to 6;
and
X is hydroxy, halogen or radiohalogen;

provided that,
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X, wherein X is hydrogen, hal ogen, radiohal ogen, Cl-4 al koxy, hydroxy or

NR R'; or Zc, having the followng structure: \4 GP R' R Zc. -47 19. A
phar maceutical conposition conprising a conpound of claim1l and a
pharmaceutically acceptabl e excipient. 20. A diagnostic conposition for

i magi ng anyl oi d deposits, conprising a radiolabeled conpound of claiml and
a pharmaceutically acceptable excipient. 21. A nethod of inmaging anyloid
deposits in a patient, conprising: a. introducing into the patient a

det ect abl e quant iy, qf ;@128 agngpstijc conposition of claim20; b. allow ng
sufficient time for the | abeled conpound to be associated with anyloid
deposits; and c. detecting the | abel ed conpound associated with one or nore

anyloid de Lt s claiml1 that is 18F HO/ \ \ n 9
\"18F HO &Sﬁﬁelﬁﬂﬁéaﬁﬁé%ﬁﬁ*?%%%& si/%i/ 1n 1 11 18F H3C HN/ \ 12
H3C eF H3C N 13 or -48 18 3 N 14

14. The compound of claim 12, wherein R? R®, R® and R® are hydrogen.

15. The compound of claim 12, wherein n is 3.

16. The compound of claim 1, wherein R’ is

R2 Rb
8 A
(\ N )e
[
R RR i
provided that,

X is or contains '°F or R* is 123I, 1257 or P11

17. The compound of claim 16, wherein e is 1.

18. The compound of 17, wherein:

Zis:
X, wherein X is hydrogen, halogen, radiohalogen, C,4 alkoxy, hydroxy or NR'R";
or

Zc, having the following structure:

R" R° Zc.
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H3C 23. The conpound of claiml that is Rae Ro Rs ~XHCN-~) ()Y ( Rd Rc
15 m ReRRLRRh RaRb s x HCNR n H3ICN/( RO W16 y RRRX Rb Ra Rb
sx HBCNRONRaR 17 R RLRR Rh RaARb RS) HCHN\ / (X)m(

18 (X)) YRRRRh RRRbx -~i nHORe Rc 19 Re RL Ra Rhor R Ra\' x NO
n HO(_ Rd Rc 20 Re RL RO Rh 24. The conpound of claim1 that is H3C N ~N
\/~H 32 H3C

19. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable excipient.

20. A diagnostic composition for imaging amyloid deposits, comprising a

radiolabeled compound of claim 1 and a pharmaceutically acceptable excipient.

21. A method of imaging amyloid deposits in a patient, comprising:

a. introducing into the patient a detectable quantity of a diagnostic
composition of claim 20;

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.

22.  The compound of claim 1 that is

18F
e
A=A )
—N )/wF
HO—Q%\ y —o” > 10
18,
A=A )
18F,

HiC — )}BF
L A /\/ n
N—< >——__ —0
G / \ / ( 13

, or
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123 -49 H3Q\ ~OH HN O / 1eF 46 47 HO/ \
H3OHHN/ \ =\7/ o, 18F 49 OH HO/ \ -
18F H3C OH F H3Q N O52 OH 53/ \ -

-/ ooff ,e HO/ \
0 50 18 H3Q N CH

_HCOH H3 HNGCF 55 OHHO -\ / - 0o~ 56 O
HiC, —N )}’F
[ . /\/ n
/N_< ——— \ / © 14
H,C
23.  The compound of claim 1 that is
s Ry R X
HaC R )
_ | P
N =5 P N A RY RS 15
HsC m (Y)y
R® R RS R ,
s Ry R° X
H,C —N g
N = ~° n 16
wd N/ et
R® R R Rh ,
. RA R° X
HsC —N R )
W — | O '
" i WAL v
R® R R?{Rh ’
. R R° X
HaC, )
\ L ' O>$(n
OO ab e
" y
R® R R?(Rh ,
. RA R° X
7~
HO = (W SN A R® R° 19
y
Re Rf RQ Rh ,OI
. R, R° X
7~
_ /" I 0 )
HO = \ / ( )m/N\( )/( RY RC 20
y
R® Rf RY R"
24.  The compound of claim | thatis
! — N/ " ow 32
3

123
l >

_49 .

/

(0]

' C8F 48
N/ O51

NOF HOOH H3Q / \ NO/ leF 54



~OH H3Q 57 H3C -50

HisC OH
\
OH
H 48
HO \/<;3 F ,

H3C, =N OH
N = 0 51
/ \ / 18F
H,C ,
OH
G =N 0\/< 52
e 18F
HN \ / ’
OH
-~ o <, 5
= F
HO \ / ’
OH
HsC =N O\/<i— >4
N == 8¢
/ \ /
H,C ,
OH
H,C —
3H\N N\ O\/QF 55
=/ |
OH
— 0 56
HO / \ —:ﬂ 18F
_ \/ |
Or
OH
HsC
IR0 e S
/
HaC .
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