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multimodality imaging of AP. F-AI-187(1uM) can detect
AP plaques in brain sections of APP/PS1 mice. F-Al-
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Heterooyelie Molecules for Biomedical maging and Therapeutic Applications
CROSS REFERENCE TO RELATED APPLICATION

This application claims priovity from ULS, Provisional Application Serial No.

A1/885,. 571 filed Qctober 2, 2013, which is incorporated hereln by reference in its entirety.
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

This work received support from NITH Grant AGOII32R and NTH Gramt AGOI049%,

The governmnent may have certain rights i the invention.
Introdaction

Approximately 4 miflion Americans suffer from Alzheimer's disease (AN, a
progressive neurodegencrative disorder with an estimated annual healthesre cost of $100
biflion. AD can involve the appearance of distinet dbnormal proteinacesis deposity:
extracelular amyioid plaques that wre characteristic of AD, and intraceliular neurofibeillary
tangles, which can also be found in other newrodegencrative disorders. Accumulation of
amyioid beta (AR can be an Wnitiating event in the pathogerse caseads of ALY An
overexpression of amyloid precursor profein (APP) s characteristic of Down Syudrome (1D8),
and carly onset AD has been shown to be present in these patients (Teller, J., Natare Med. 2,

S5 (1990 Lemers, €., of al. Neurobiol, Dhsense 3, 16-32, 19963,

Neuropathological criteria for AD currently vely orcdensities of senile plaques (SPs)
and veurofibrillary tangles (NFTs) to differentiate AD and aging. The presence of SPs and
MNETs in non-demented older adalty can represent AL &b a stage prior to clinical expression
{Prige, LL., et al. Neurobiclogy of Aging 38, 1036-1036, 200%). Amyloid formation can

commence prior to the start of & nevrodegeneration phase.

Radinpharmaceuticals such as YC-PIB (2-{p-tMethvlaminoiphenyt]-3-thia- 1 -aza-S-

HO
NH
Y
CHs (Rabinovici, .10, et al., Neurology
682 12051212, 2007): PE-FDDNP (2-(1(6-{(2-{ 18F lanrocthyljmethyhantina]-2-

indanol,
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N
Chg
ﬁaE/\N
{
saphihy Dethylideng inalonomirile, CHg {Shoghi-ladid,
K., etal, Am. §. Geriatr. Psychiatry 10: 24-358, 20023 [M'C1-88-13 ((VC4-Namethy lamino-
"CHs OH

4 -hydroxystilbene, {Verhoe!T, NP, etal, Am.

I Gertatr. Psvehiatry 12:5384-395, 2004) and PF-A V43

{Msino, LT, stal,
Ear. ) Nucl Med. Mol. Imaging 39, 613-620, 2012) have been investigated in humans as
probes for FET imaging of AP, In addidon, [P ETZDM (PP 24

CHa

N

%

CHg

dimethylaminophenyl-6-iodobenzothiazole,

-0,

2001 and RIMPY ([ 6-iodo-2-(3-dimethylamino-jphenyl-imidazof 1 2-3pyriding,

NN CHg
N
126, NMJ/ O p

CHa Kang, MLP., ot 4., Brain Res. 956:202-210,

Zimang? ZP.cetal ). Med, Chem. 44019651914,

2002) have also been investigated for SPECT applications. While PC-PIB has been maost
intensely studied, SF-AV-48 ((F)-4-(2-6-{2-(2-2-(] 18F]-

fucvosthoxy rethoxylethoxy yvridin-3-y Dvinvl-Nemethyl benzenamine,
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‘iEF
A~

has also been
approved by FDA for Al imaging. (ther examples of lgands for AP ageregates include
W

HRLAV-L (BAYSY-

9172y, 1 BE.PIB (GE-067),

Gl
NH
~.
g
H
OVA‘O’\’Q\’AO \N AV-136,
Gris
N\
Boc
~.
e
F\f"\ »’\«'OM\ 3 l
O 0" N AV-137,

N ,
HO W \ CHs
S k NI
N H

AZD284,
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| Ha
{CGY; and HyC Y Thioflavin T {Choi, S.R., et al

Kuel, Med, 300 TREZ-1894, 2009; Cai, M, et al, 1 Med, Cheny 535, 9253-9296¢, 2012).

j

However, cach of the extablished ligands for AR aggregates has its drawbacks. For
example, HC-PIB, $B-13, and F-AV 45 sach exhibit low hiological half-life in serum.
While metabolites of PIB have been postulated not to penetrate the hrain (Nordberg, AL
L.ancet Nearol, 3, 319.5827, 2004; Mathis, C., et al, 1. Med. Chem, 46, 2740-2754 2003], two
metabolites of PF-AVA4S, Le,,

NH,

/

13

i

BE.AV-160,; and

BE.AV-267, have
been shown o permeate the brain (4.5% bjected dose/gram (1DVgy and 3.3% {D¥g
respectively, at 2 min in pormal mice} thus complicating analysis (Choi, S.R., et al. § Nl
Med. 50, 1RET-1894, 2009). Systematic investigations of PIB hinding (at the tracer
voncentrations achieved during in vive imaging scans) o huroan aeuropathological brain
spectmens indicated PHB binding to classical plagues, neurofibrillary tangles, and
corebrovascular amyloid angiopathy {CAA) that was not displaceabls, indicating limited
utility of PIB to diagnose and monitor progression of the discase. (Lockhart, A, etal., Brain
130, 2607-2615, 2007, FDDNP has been shown to bind to neurofibritlary tangles and prion
plagues in addition to fibrillar AR, demonstrating a lack of specilicity towards probing ALY
{(Nordberg, A., Lancet Newrol. 3, 319-327, 2004; Apdeppa, E., etal. ). Newrosci, 21, RUCI8Y,
2001; Agdeppa, E., et al, Neuroseience 117, 7232730, 2003}, FDDNT has been shown o
bind both BS1 and BS3 sites woith low affinity {(Ye, L., et al. J, Biol, Chem. 28(, 2339923604

2005).



WO 2015/051188 PCT/US2014/058919

LIS Patent 8,103,938 o Gravenfors, assigned to AstraZensoa, discloses structars
H

R1 XX

S

‘ R3
@)
R7 N X=Xy
H

wherein R1 can be, inter alia, Ci-Ce fluoroalkoxy; R2 can be H; Q is an aromatic ring;

X1 can be O X2 can be N, X3 can be € and X4 can be C; and B3 can be N(Cr alkyl)e. This

= S
N
m \
patent includes structure N . However, the

structure disclosed in US Patent 8,163,028 has oaly a bond linking the benzothiazole nudety

and the pyridine moiety,

BF.agents such as futernetamol {YF-PIR}, florbelaben (BAYER 94-91725 and
fharbetapir (AV-43) (Chot, SR etal, L Nuol Med, 50, 1887-1894, 2009 Zhang, W Nucl,
Med, Biol 34, 89-97_ 2007 show high levels of nonspecific white matter retention that can
b attributed to high lpophilicity. This Bigh level of nouspecific ratention can fimit the
sensiivity of PET bmaging in 8 prodrosnal phase of dizease when plague levels are Jow.
Coanbined with the possibility that these agents could be targeting the same binding site on
Af, the diagnostic potential of existing maging agents to segregate patients at earlier stages
of the disease to benefit from available therapeutics ts debatable, PIB, AV-43, and other
agents have been koown o bind weakly i amorphous cortical plagues fkonganovie, MDD, ot
al., Bratie 131, 16301645, 2008; Baeskal, B, et al, Avch. Neurol, 64, 431434, 2007)
These agents target fibrillar plagues and interact weakly with diffuse plagues that ocour in

sarty stages of the dizease priov to clinieal manifestation of symoptoms.

Previous agents have shown white matter binding, which provides o challenge for
analysis in early dtages of AD. For example, YC-PIB binding of cerebral AP was reported
below the level required for detection in a patfent {Cairns, N.J, et al,, Arch. Neurol. 66, 1557-
1562, 2009) thas raising concerny for FIR and other agents in their sensitivity to detect ADY
variants characterized predominantdy by diffuse AR plagues, Agents such as PIB and AV-43

have been postulated to bind a bigh atfinity and Jow dense site on fibrils {Lockbart, A, et al,,

N\
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o

F. Biol, Chen 280, 7677-7684,2003) thus ratsing father concemns regarding their diagnostic
potential to map carly stages of AD. Because the presence of senile plagues in non-demented
older adults can represent an early manifestation of AD prior o its clinical expression (Price,
L., et al, Newrobiology of Aging 30, H026-1036, 2009; Momis, 1LC., et al,, Newrology 46,
19, 1996; Price, Li. & Maorris, LC, Anaals of Nearology 45, 333368, 1999, Schmitt,

F.AL, gtal, Neurology 55, 370-376, 2000} the arientation of AR binding sites can alsa be

different st carlier stages. Thus, additional Hgands for sroyloid beta are needed.

Summary

The present inventors have developed tracers for detecting amylodd beta (Af). In
vartsus emmbodiments, the tracers can include radionuclides fir imaging using known imaging
modalities such as PET scanning or SPECT scarvning. In various embodiments, the tracers oan
have fluovescence propertiss, and can be used for optical anaging. I various embodiments,

tracers of the present teachings emn possess enhanced specificity (minimal white maiter

. 4 N [ H_'_” }s». . =
binding) and/or enhanced sensitivity conpared to . C-PIRB or F-AVAAS, In some
embo:;li?m;‘ems., a disclosed tracer can be capable of largeting binding sites different from those
targeted lw & PHE o F—.A\\-’lci& In some embodiments, a disclosed tracer can provide

disgnostic PET agents for A imaging at earlier stages of Alzhetmoer’s disease compared 1o

B W
fracers such as  C-PIB or F-AV 43, {p some embodiments, a disclosed tracer can be used o

monitor efficacy of therapsutics. In some embodiments, a disclosed tracer such as, withowt

ES o] o v - v ~ v - L <
fimitation, F-Al-187, can be used for imaging andfor diagnosis of a tamor such as, without
limitation, a profactinoma, a chroid plexus papilionw, & low grade lvmphoma, or & pituitary

BT,

In various eimbodiments, the present teschings include, without fimitation, 3

compound or a pharmaceutically scceptable saht thereof of structure

Ay L

wherai
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Fran be selected from the group consisting of & halogen, hydvroxy, cyano, COOR!, carboxy,
amids, immino, nitro, NR'R® and ORY,

s can be an integer from O-4 or an integer from 14,

Z can be sefected from the group consisting of CHz, O, NRY, § and S¢;

cach of A, Az and As can be independently selected from the group consisting of H, F, €Y,

Br, L, ON, OH, NOz, NHRY, NRIREOR®, SR COORY, CORY, sulfunic avid,

- F
S
\

videnemalononttrile, 2-((2E 4B} -hexa-2 4-dien- I -ylidenemakmontirile, acetyl, {OCH:-

wherein ¥ is a bond , 2~sthylidenemalononitrile, (£32-(bui-2-en-1-

CHakne~ and R s can be an integer from 0-4; na can be an integer from -4y Xy can he
selected from the group consisting of C and NU Xz can be selected from the group consisting
of CHL,CH, O, NRY_ S, Se and N
X1 can be selected from the group consisting of CHy, CH, O, NRP) S, Seand Ny
Xa 30 or OH; Xsis O, CH or N} wherein Xy is CH, Xz and X are linked by a single bond
and Xy and Xs are Hinked by a single bond, v Xa is €, X5 and Xy gre Hoked by a single bond
and Xzand Xa are linked by a2 double bond, or Xais €, Xz and X5 are Hinked by a double bond
and Xz and X are linked by a single bond; wherein when Xi can be € then Xy and Xs are
hinked by & double bond; wherein when Xy can be N, then X and Xs are linked by a single
bond; wherein when Xz can be NR™ S, O or Se, then Xz and X are linked by a single bond;
whergin when Xz oan be N, then Xz and Xa are Hoked by a double bond; wherein when Xs
can be NR'™.S, O or Se, then X: and X+ are linked by a single bond; wherein when Xx can be
N, then Xz and X are linked by a double bond; wherein when both the X7 and Xs are N, then
Xy and Xo are linked by a double bond, Xz and Xeare linked by a single bond, Xy and Xaare
tnked by a double bond, and Xz and X5 wee linked by a single bond; wherein when both the
Xrand Xz are N, then Xy and Xa are Hoked by & double bond, X and X ave Hoked by a
single bond, X and Xs are Hinked by a double bond, and X1 and Xs are hinked by a single
bond; L can be selected from the group consisting of (Cr-Cy) alkyl, (Cs-Ca) cycloatkyl, {Tr-
O Q

Coy alkene (straight or branched), (Ca-Cs) alkyne, ; and

O

f,;’;,f
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a7 can be an nteger from 0-4 or an integer from 1-4: gach of G, Qun (n, Qand Qs can be
independently selected from the group consisting of C and N, with provisos that at least two
of Gy, @, O, Qu and Qs are Cand at feast one of Qi O, Qs Qo and Qs is N and

sach of RI-RY can be independently selected from the group consisting of H, Ciaz linear
alkyl, Co2 Hoear alkene, Caan Hingar alkyne, U branched chain alkyi, Cigs branched chain

atkene, Csaz branched chain aliyne and Car eyeloaliod syl and a combination thereof.

g

in various aspects of these embodiments, the halogen can be selected from the group
consisting of CL F, Brand L. In various aspects, the halogen can be selected from the group
consisting of F-1§, Be-75, Br76, Be-77, 1123, 1124, 1125 and 1-131, In various aspects, R?
san be or comprise a radionuchide such as a €0-11, In various aspects, RY can be or comprise
a radionuchide such as a C-1

I various smbodiments, the present teachings include, without Hmitation, a

compoad or a pharmacestically acceptable salt theveof, of structure

\/C\ /),\/ ' I{fX{X . R16 N
¥ ) - \
T Xi-;:; -/ t o Z
l X’3

A wherein:
T esun be selected from the group consisting of s hadogen (CL F, Br, ) or a radicnuchide (such

as F-18, Bre75, Bre?6, Be-77, 14123, 1124, 1-125, 1-131), hydroxy, ovano, COOR', carboxy,
amide, fmmino, nitvo, NRTR and OR* {with a radionuclide, such as C-11 or an unlabeled
copterparty; ny i be an integer from 0-4 or an ingeger from 1-4; Z can be selected from the
group comsisting of CHy, O, NRY, S and Se; Ay van be selected from the group consisting of

HOF, CL Br, 1L ON, OHLNO2 NHRE NRTRYOR®, SR COORY, CORY, sulfonic ackd,

F
e
\

vhidene pnalononitrife, 24(2E 4B -hexa-2 dedien- I-ylidens malononitrile, acetyl, (OCH:-

wherein Y {5 4 bond | 2-ethylidenemalononitrile, (£)-2«(bur-2-en-1-

CHao(CH2)2-J and RE (including radionuclide): vz can be an integer from 0-4; ne can be an
integer from 0-4;

Xy can be selected from the group consisting of € and N Xo can be selected from the group

g
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consisting of CHa, CH, O, NRM, S, Se and N; X can be selected from the group consisting of
CHLCH, O, NRP, K, Se and N whaereln when Xz s NRY S, Q or Sg, then Xz and Xs are
tked by a single bond; wherein when Xz is N, then Xz and Xo are linked by a double bond;
wherein when X3 is NR¥ |8, O or Se, then X5 and Xa are linked by a single bond; wherein
witest X318 N, then X and Xa are Hiked by a doable bond: wherein when boil the X and Xs
are N, then Xy and Xz are linked by a double bond, Xz and X. are linked by a single bond, X3
and X4 sve Hiked by a doubie bond, and Xsand X5 are linked by a single bond; wherein when
both the Xy and Xoare N, then Xrand X ave Huked by @ dooble bond. Xy and X are linked
by asingle bond, Xo and Xs are linked by a double bond, and Xy and Xy are Haked by a single
bord; L can be selected from the group consisting of arvl, (G- alkyl, (Cs-Usd eyaloalkyl,
O O

{Ua-Cs) alkene {straight or branched), (Ca-Cs) alkyne, . angd

O

f,f;,f

of RERY can be independently sefected from the group consisting of ¥, Cp Hnesr alkyl, Co

s w2 can be an integer from -4 or an Integer From 1-4; and each

1z Hinear atkene, Cooe Hinear alkyne, e branched chain alkyl, Corz branched chay alkens,
€2 branched chain alkvoe, Chor eveloaliovl arvl and a combination thereot.
in various aspects, a compound of a pharmaceutically acceptable salt thereof of thess

embodiments, the halogen can be selected from the group consisting of CL F, Brand L or

5

elected from the group consisting of F-18, B 735, Bro76, Bre77, 1123, 12124, 1125 and 1-
131, In some aspects, RY can be or can comprise a radionuclide such as, without [imitation, a
C-11, n some aspects, RY can be or can comprise a radionuciide such as, without Hmitation,
a C-1h

in varioas sobodiments, the present teachingy include, without Hmitation, a

compound or a pharmaceatically acceptable salt thereof, of structure
X Q=0 Az
N
z %\TT “Xe—L )Q/
—— : TR 3
e VW Xsos M2\ /

wherein: Z can be selected from the groap consisting of CHz, O, NRY, §, Se and

10
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wherein YN g bond; each of A A

and Az can be independerdly selected from the wroup consisting of H, F, O, Be 1, CX, OH,

'~
st

Nz, NHR®, NRPRLORS, 8R® COORY, COR®, sulfonic acid, N wherein Y
is'a bond |, 2-ethylidenemalononitrile, (£3-2-{but-Z-en-1-vhdengYmalononirile, 2-{{2E 48
bexa-2,4-dien~-1-vlideneymalononitrile, acetyL-{OCH--CHie and RY (including
radionuclide); iz can be an integer from 0-4; necan be an integer from O-4; Xy can be selected
from the group consisting of T and N7; Xz can be selected from the group consisting of CHaz,
CH, O, NR¥ 8 Seand N

N3 can be sefected from the groap consisting of CHz, CH, O, NRY, &, Se and N; wherein
when Xz is NR™ 8, O or Se, then Xz and Xq are Hoked by a single bond; wherein when Xy s
N, then Xz and X are inked by a double bond; wherein when Xais NR'P S, O or Se, then X
andd Xaare lnked by a single bond; whereln when X3 13 N, then X and Xa ave linked by s
double bond; wherein when both the Xz and Xs are N, then Xy and X are Hinked by a double
hond, Xz and Xeare finked by a single boad, Xiand Xg are linked by a double bond, and X;
and Xz are Hidked by a single bond; whereln when both the X snd Xz are N, then Xo and X
are Hinked by a double bond, X snd Xawre tinked by a single bond, Xo and X6 are linked by a
double boned, and Xiand Xsars linked by a single bond; L can be selected from the group

0O O O

atkyne, )L‘/\ = and ~d

N *

7 can be an nteger from §-4 or an integer from 1-4: sach of G, Qn, Qs Qs and Qs can be
independently selected from the group consisting of T and N, with provisos that at least two
of Qr, QO O Qe and Qs are € and at {east one of O, Qo O, Qe and Qs s N,

MO S, Se, NRY, anide, maletmide, urea, haloalkane, haloalkene, haloalkyne:

Xe = Halogen, NHa NHRY (RV= methyl, ethyl, propyl, or any alkyl stratght or branched
chain); ORM COORY, COR, OH, NHQ (@ =Chelator Core (NOTA, DOTA, DTPA,
Triglveine for chelation of metal radionuchide, such as an ton of galliwm-o7, <gallium-68, an

o

andabeled gallium, or a prramagnetic metal sehich inclsdes an ion of galbiom-67, an ion of

i1
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gatliem-68, an fon of an wndabeled gallivm, - indium-111 , ~fron~-33, iron-39, ~copper-62, ~
copper-6d, ~thalliom-201, <technetiun-Y9m, -technetian-94m, ~rhenium- {88, ~rabidium-83, -
strontiam-92, ~yitrfune-86 or yiiriune-90, -zirconinn-86 ot virconiune-89, and a paramagnetic
metal jon such as, # transition metal {(exemplied by iron, manganese, and a cobalt), or a
fanthanide retal jon, such & gadolintum); each of RUWR and RM-RY can be independently
sefected from the group consisting of H, Cy.o2 linear alkyl, Coi2 linear alkene, Cran linear
alkyne, Craz branched chain alkyl, Ciar branched chain alkene, Caoe branched chain alkyoe
and Cur oveloalivlaryl 3a A compound or a pharmaceutically acoeptable salt thereof in
accordance with claim 3. wherein the halogen is seleded from the group consisting of CL, F,
Brand L

in some aspeots of these embodiments, the halogen cab be selected from the group

consisting of F-1§, Br<75, Br-78, Br-77, 1123, 1-124, 1-125 and 1-131, I some aspecis, RY

wan be or can comprise a radionuctide, such as, withowt limitation, a C-11, In soms aspects,
R can be or can comprise a radionuchide, such as, without Hovtation, 2 C-11

In some aspacts of these einbodiments, a compound or a pharmaceutically aceeptable

salt thereof can comprise a chelator core selected from the group consisting of NOTA

XO&N ~

O

/ ; CDOTA {147, 10-tetrasvacyelododecane-

14,7, 1 0etraacetio seid), BTPA {(Diethylenetriaminepentaacetic soid) and triglycine. In some
aspecty, a chelator core can chelate a metal radionuclide: In some aspeets, metal radionuelide
gan be an ton selected from the group consisting of un fon of galliom-67and an ion of
gathium-68. In some aspects the fow can be selected from the group consisting of an o of
gatliom-67, an fon of gallium-68, an ion of an unlabeled gathiuny, an lon of indtem-111 , an
i of fron-32, a0 1on of iwon-3Y9, ar fon of copper-02, an fos of vopper-04, an ton of thailiuas
2014, an jon of technetium-39m, an jon of technetim-04m, wn ion of rhenium- 188, anion of

rubidinm-R2, wnion of stropliun-92, an don of viciune-86, an jon of vitriae-990, an onof

12
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zircontam-86, an jon of zircoriunt-8%. In some aspects, the jon can be a paramagnetic metal
ion. in some aspects, the jon can be sefected from the group consisting of an jon of iron, an
on of mangsnese aid an jon of cobalt. To some aspeets, the fon can be a lanthanide metal o
iy some aspects, the ion can be a gadolinium ton

b vavious embodiments, the present teachings nchude, without Bmitation, &

compound or a pharmaceutivally acceptable salt thereof, of structure

]/\X Q?\%JAE,
h 4""'{- Nz \ Q3
=y Q3

Ay
wherein:

Fean be selected from the grogp consisiing of CL F, Br, 1 or a radionuelide (such as P-
8, Br-78, Br-76, Be-77, B123, 1124, 125, B131), hydroxy, eyano, COOR!, carboxy,
anuide, immino, aitro, NR'R? and OR? (with a radionuchide, such as C-17 or an unlabeled
coanterpart)y;
my can be an nteger frony O-4 or an integer frony 1-4; 7 can be selected from the group
consisting of CHz 0, NRY, 8 and Se; each of Ay, Az and Az can be independently selectad

from the group consisting of H, ¥, C1, Br, I, ON, OH, NOo, NHRS, NRIRYOR®, SRIY

- F
e

COOR', COR'™, sulfonic acid, \ wherein ™" iz a homd, 2-
sthyvlidenemalononttrile, (E3-2-(but-2-en-1-vhdeneymalononitrile, 2-({2F 48 )-hexs-2 $-dien-
ylideneymalononitrile, acetyl, {OCH2-CHa +(CH2 -0 and RY (nclhuding radionuclide); m
can be an imeger from G-4; ny can be an integer from G-4; X1 can be selected from the group
consisting of C and Ny Xz can be selected from the group consisting of CHLCH, O, NRM, S,
Se and N; Xz can be selected from the group consisting of CH:,CH, O, NRY®_ &, Seand N;
wherein when Xz s NRY¥ S, O or Se, then X2 and Xs are Hoked by a single bond; wherein
when Xz is N, then Xz and X4 are finked by a double bond; wherein when Xz is NRM, 8, Qor
Se, thern Xz and Xq are Hinked by a single bond; wherein when X3 s N, then Xa and X are
Hinked by a double bond;, wherein when both the X and Xs are N, thon Xy and Xz ave Hnked

by a double bond, Xi and X are linked by a single bond, Xyand X are linked by a double

3
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bond, and X and Xy ave Hinked by g single bond; wherein when both the Xy and Xoare N,
than Xz and X are linked by a double bond, X5 and Xa are linked by a single bond, Xs and Xs
are linked by a double bond, and Xy and Xs are linked by a single bond; L can be selected
fromt the group consisting of {C-Ca) alkyl, {Ca-Ca) eyveloalkyl, (C2-Cy) alkene {straight or
O Q
branched), (Ce-Cs) alkvne, . and
O
N N

= ; mz can be an integer from O-4 o an integer from 1-4; each of
O, Qo, Qs and Qs can be independently selected from the group consisting of C and N, with
provisos that at leasd two of Oy, Qe O andQs are C and at feastone of O, Qr, Qrand Qe
N; each of RU-R?? can be independently selected from the group s:(msisting of H, Craz lincar
allovl, Carn Hoear alkene, Cor Hoear alkyne, Caar branched chain alkyl, Cyz branched chain

alkense, Cs.r branched chain alkyne and Crr eycloaltkyl avyl, or a combination thereof.

In various aspects, A compound or a pharmaceutically scceptable salt thereof of these
embodiments can comprise & halogen that s selected from the group consisting of CL F, By
andd L In various aspects, the halogen can be selected from the group consisting of F-18, Br-
75, BreTo, BT, 14123, 14124, 1125 and 11131, In various sspects, BY et be or can comprise
a radionaclide, such as, without Hmitation, a C~11. In various aspects, RY can be or can
comprrise a radionuclide, such as, without limitation, 2 C-1 L

In vartous enbodiments, the presant teachings include, without Hmitation, a

pharoaeeutically acceptable sall thereof] oof structuwe

= x -‘ ’p
ZM \
\)\ Qg
fromt the group consisting of CHa, O, NRY, 5, Se and
/%

Nm

Az

Az

. wherein: 2 can be selected

/N\\\/Xg
N

wherein YV {5 3 bond: each of AL A

14



WO 2015/051188 PCT/US2014/058919

and As can be independently selected from the group consisting of H, F, CL Be, 1 ON, OH,
\ F

e
NGz, NHREL NRPRLORS, SR, COORT, COR®, sulfonic acid, \ whergin Y™
s a bond 2-ethvlidenemalononitrife, (£)-2-(hut-2-en-~vhidens malononitrile, 2-(IE4E)-
hexa-2,4-dien-1-vlidene malononiinie, acetyiH{OCH-CH )y {CHa k-l and R¥ {inchuding
racdionuchide); nx can be an integer from U-4; na can be an integer from 0447 X can be selected
front the group consisting of O and N; X can be selected from the group conaisting of
CH2CH, O NRIE S, Seand Ny X can be selected from the group consisting of CH:,CH, O,
NRY S Seand N when Xz is NRM™.S, O o Se, then Xy and X are finked by a single bond:
when X2 is N, then Xz and X are linked by a double bond; wherein when X3 is NR',8, Oor
Se, then Xz and Xy are linked by a single bond; wheretn wehen Xz s N, then X5 and X are
linked by @ doubde bond; wherein when both the X and Xsare N, then Xy and Xo ave Hnked
by a double bond, Xz and X arve linked by a single bond, Xsand Xq are linked by g double
bond, and Xzand Xs are lnked by a single bond; wherein when both the Xy and X are N,
thernt X and Xq are Hnked by a double bond, Xxand Xq are linked by a single bond, X5 and X+
are haked by a double bond, and Xoand Xs are linked by a single bond; L can be selecied

frivm the group consisting of {C-Cay alkyl, (Ci-Ce) eyeloalkyl, {0x-Ce) atkene (straight or
0O O
branched), (C2-Ce) adkyne, ' . and
O

/,/::f,-f

€, Oz, Qr and Qu can be independently selected from the group consisting of C and N, with

;e can be an integer from 0-4 or an integer from 1-4: gach of

provisos that gt lesst two of Qu, Qs, O and Qs are Cand at least one of GO, O, Qs and Qs is
N: Mcan be O, 8, Sg, NR¥, anude, maleimide, urea, haloatkane, haloalkene, haloakyne;

Xe can be a halogen, NHz, NHRY RP can be methyl, ethyl, propyl, or any alkyl steaight or
branched chaing ORY COORP, CORM OH, NHQ, wherein Q@ is 1 chelator core such as
NOTA, DOTA, DTPA, Triglveine for chelation of metal radionuchide, which can be, withoat
Bonitation, au bon of galliom-67, gallium-68, an unlabeled gallium, or a paramagnetic metal
which includes an ton of gallivo-07, anjon of gallium-68, an fon of an unlabeled galliom, or
anton ol indlum- 111, an ion of iron-32, an ton of on-89, a ion of copper-62, an jon of

coppar~64, an ton of thallien-201, an jon of technetium-9%m, an jon of technetiion-94m, an

5
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ion of rhentum-185, an o of rabidium-~83, an ton of strontium-~92, an ton of vitriam-36 or an
ion of vitrium-84, an ion of zirconivm~9, an ion of zirconiwm-89, and a paramagnetic metal
won such as, & transition metal {sach ag, without Hmitation, an oo of ron, an jon of
waganese, or @ fon of cobalt), ora lanthanide metal 1on, such as an ton of gadolintam;
sach of RI-RY and RMRM can be independenily selected from the group consisting of H,

12 Hinear alkyl, Caz linear alkene, o2 Hnear atkyne, Cigz branched chain alkyl, Caaz

branched chain alkene, Caopz branched chain alkyoe and Car eyeloalivt anvl

in various aspects of thexe embodiments, a compound or a pharmaceutivally

ceptable salt thereof can comprise a halogen that can be selected front the group cousisting
of CLL F, Brand §; or can be-selected from the group consisting of F18, Br75, B 76, Be-77,
1123, 124, 1125 and 1131, In some aspeets, RY can comprise a radionuclide sach as,
without {imitation, a C-11. In some aspects, R can comprise a radionuclide such as, without
Hodtation, 8 C-1 L. In varfous aspects, 8 compound or a pharmaceatically avceptable salt can
comprise a chelator core that can be selected from the groap consisting of NOTA, DOTA,
DTPA and triglyrine. In some aspeats, a chelator core of these aspects ean chelate a metal
adionaclide, which can be, without limitation, an jon of gallinn-67and an ion of gallivorH8.
Iny sore aspects, a chelator core of these embodiments can chelate a metal radionuctide,
which can be, without Hmitation, an on selected from the group consisting of an ion of
gaﬂium-{i?_., an fon of galliwn-68, an on of an unlabeted gatliom, anvion of indiwn-111, ap
o of fron-32, an ton of ron-89, ay ton of copper-62, an fon of copper-64, an ton of thalliam-
201, an ton of technsdtium-9%m, an fon of technetium-Y4m, an ion of thendum- 188, av ion of
rubidinm-82, an lon of stronttons=R2, an fon of vitrium-¥6, an jon of yitrione-20, an ton of
zirconiune-86, ancion of zircontwn-89. 1n same aspects, the ion can be o paramagnetic metal
ton, i sonme agpects, the ton can be selected from the group consisting of an lon of ron, an
ion of mangansse and an fon of cobalt, In some aspeets, the lvycan be a lanthanide metal fon
in some aspects, the ion can be a gadolinium fon.

In some embodiments, the present teachings inchude gold nanoparticles which
comprise gold conjugated to 8 compound desceribed herein,

In some embodiments, the presentteachings inchude complexes, whisreln g complex
comprises 1 compound or a pharmacentically acceptable salt theveo! described herein, and a
gold nanoparticle,

hr oo enthodiments, the present teachings inclade a gold nanoparticle conjugated to

a vompound disclosed herein, In some configurations, a gold nanoparticle of the present
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teachings can further comprise a linker, such as, without Hinttation, an aminothiol {Abbas, A,
et al., Lapgenir 2613, 29, 56-64). In varicus configurations, the aminothiol can be an
anunothiophenol. In some configurions, the aminothbiopheno! can be a p-avunotbiophenol. In
varfous aspects, the gold of a gold navoparticle can be Au-19% andior Ag-198.

b vavious embodiments, the present teachings chude methods of imaging
distribution of amyloid beta in a sample or a subject. {n various configurations, these methods
can coroprise: administering a compound, a pharmaceutically scceptable salt thereof ora gold
panoparticls disclosed hersin to the sample or subject wherein the compound
pharmaccutically accoplable salt thercol or gold nanoparticle comprises a radionuclide, and
subjecting the sample or subject to PET scanning ot SPECT scanning. Tn various
configurations, these methods can comprise administering & compound, & pharacentically
acceptable salt theveof] or a gold nanoparticle disclosed herein to the sample or subject, and
applving o the sample or subject electromagnetic radiation visible andfor UV light of
witvelength(s) that isfare excitatory for Huorescence of the compound, salt thereof or gold
sapoparticte. The methods further nelude detecting Bight emitted by fleorescence of the
eompound, salt thereof or gold nanoparttiele by known methods, sach as, without Hmitation,
THHrescencs MICroseapy.

I some embodiments, the present teachings include methods of imaging cardiac
systenic amyloidosis in a subjpot, In vartous configaratons, these methods congrise
administering an imaging effective amount of a compound, a pharmaceutically acceptable
salt thereof or 8 gold nanoparticle of the prosent teachings o the subject, and subjecting the
subject to PET or SPECT scanning. or fluorescencs imaging.

in some embodiments, the prosent teachings inelude methads of inhibiting amyloid
beta aggregation. In various aspects, these methods can comprise administering an effective
amtount of & compound, 2 pharmaceutically acceptable salt thereof or a gold vanoparticle of

the presemt teachings, wherein the compouond or salt thereof vomprises at least one Se atom.

In some embodiments, the present teachings include nethods of inhibiting dingnosing

or memitoring progression of Alzheimer's disease. In various aspects, these methods
cesmnprise administering (o a subject & compound, a pharmaceutically acceptable salt thereof
ora gold nanoparticle of the present teaclings, and subsjecting the subjest to PET or SPFECT

scanning, or to fluorescence roaging,

In some embodiments, the present teachings include methods of diagnosing or

monitoring progression of a newrodegenerative disease, In varions aspects, these nwthods
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comprise administering toa subjecta compound, a pharmaceutically acceptable salt thereof
or a gold nanoparticle of the presant teachings, and subjecting the subject to PET or SPECT

seaniing, or to HJuorescence imaging.

in some embodiments, the present teachings include methods of diagnosing or
monttoring progressicn of cardiac systemic amylaidosis. In various comfigurations, these
methods inchude sdministering o a sub_;’ect a compoundd, a pharmaceutically aceeptable salt
thereof or & gold nanoparticle of the present teachings, and subjecting the subject 1o PET or

SPECT scanning, or fo fluorescence imaging.

In some embodiments, the present teachings inchade methods for detecting or ruling
out a meningioma i a subjeet. In some configurations, these methods can inchude
administering fo a subject a compound, a pharmaceuticudly sceeptable salt thereof or & gold
sanoparticle of the present teachings, by various aspects, the compound can be targeled to any
type of meningioms in the patient, An hmage can be acquirad to detect the presence or
absence of any meningisma inside the skull or elsewhere within the pationt. In some aspects,
the methods can include 1 step of scquiriag the image, which can be performed using an
imaging method selgcted from PET or SPECT scanning with concurrent computed
tomography (CT} imaging or magnetic resonanve inging (MRI), SPECT scanning with
concwrrent computed lomographic imaging, flvorescence maging, or any combination
thereaf.

in some embodiments, the prosent teachings include methods {or differentiating the
presence of meningiomas from other tumors types vi retention of greater activity of a
compound, a pharmaceutically acceptable salt thereol ov 4 gold nanoparticle of the present
teachings in meningiomas compared with other intracranial ttnmors, such as pitaitary
marroadenamas, schwanmumas of ependymomas, and metastasss.

In some embpdiments, the present teachings include a compound of struchure

HaG, e
N~—\ Se
PO /N

N O”J\V’F.\

{F-AL-183} or a pharmacentically

aceeptable salt thereof.
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I some cmbodiments, the present teachings inchude a compound of siructire

HoG, e
Ny, Se
N G.f‘ : 3

thersof.

or a pharmaceutically acceptable salt

n.some embodimenis, the present teachings include a compound of struchure

HaC, e
;N N/ N\
HiC N
OH ora pharmaceutically acceptable salt
thereof.

i some embodiments, the present teachings inclade a compound of stracture

or a pharmacentically acceptable salt thereotl

in some embodiments, the present teachings ichude a compoand of structire

N

%

\‘C
O g CzN
T~
N

thereot.

or a pharmacentically acceptable sak

{n some embodiments, the present teachings wlude a compound of structure

FNOUS
/
N \

ov & pharmaceatically

acceptable salt thereof.
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I some cmbodiments, the present teachings foclude & compound of structure

P NG,
PN CHs

acceplable salt thereof,

ot a pharmaceutically

in somme embodiments, the present teachings include & compourd of structure

OO 5 %V\\/@_N\,CHS
- N GHB

pharmacsutically acceptable salt thergof,

or g
in some embodiments, the present teachings inchede s compound of stmture

e~O S =N \ s
R |
N {AL1E2) or a pharmacentically

accepiable salt thereof

i some embodiments, the present teachings inclode a compound of structare

Se
| WCZN
-N & -
Fu/ O W
N or & pharmaceutically acceptable salt thereof.

In somg embodiments, the present teachings include s compound of structure

/@ESS / Cz=N
F\//’\\ e : .
or a pharmaceutically acceptable

salt thepeof

Zs
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I some cmbodiments, the present teachings foclude & compound of structure

ara
pharmaceutically acceptable salt thereof,

In some embodiments, the present teachit)gs include s compound of structure

N

aeceplable salt thereof,

or a phannaceutically

in some embodiments, the present teachings inchude a compound of structure

aceeptable salt thereof.

or 4 pharmaceutically

In some embodiments, the present teachings inchude g compound of structure

H
OO
/ CHy
F\(,f\ O/\\“"'O\“/\ o

a pharmaceutically acceptable salt thergof.

or
iy some embodiments, the present teachings inclade a compound of stractare

o
£
F\/\O "N \ /

acceptable salt thereof

or 3 pharmaceatically
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I some embodiments, the present teachings fnclude a compound of structure
o) : j CH3

iy some embodiments, the present teachings include a conmpound of structare

€ = N.
Sy Vet

acceptable salt theveof

or & pharmaceutically acceptable salt

thereat

or a pharmaceutically

b some embodiments, the present teachings mclude s compound of struchure

Fa
i

SWC:?N
= 7

pharmaceutically acceptable salt thereofl

ara

41

In some embodiments, the present teachings inchude a compound of structire

Se =N_ _CH,
,»)/\\/(/ I
N CH
0 N N 13

thevoof,

HaC.

or & pharmaceutically acceptable salt

I some emsbodiments, the present teachings inclade a compound of stracture
Se N ~CHy
/ \Y 7
: N N CHs
HO of a pharmaceutically acceptable salt

thereof,
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I some cmbodiments, the present teachings inchude a compound of siructire

><\ Qv“\g‘ h{z

acceptable salt thereof.

or a pharmaceutically

In some cmbodiments, the present teachings include a compound of structure

H.C ora

pharmaceutically acceptable salt thereof

i some embodiments, the present teachings include a compound of structare

Ty

or 3 pharmaceutically scceptable salt thereof

iy some embodiments, the present teachings include a conpound of structare

or & pharmaceutically acceptable salt thereofl

in some embodiments, the present teachings include a compound of structure

NC or & pharinaceutically acceptable sali thersof,
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I some cmbodiments, the present teachings inchude a compound of siructire

4 \\\.j \\ CN
NC or a pharmaceutically acceptable salt

thereot,

fn some ermbodiments, the present teachings inclade a compound of stractare

/, \ e il
—N CHs

thereot,

of & pharmaceutically acceptable salt

b some embodiments, the present teachings inclade o compound of stracture

or & pharmacentically acceptable salt
thersof,

in some embodiments, the present teachings include a compeund of structure

NQ

HO

=N CH;3

el s
ora pharmaceutically
aceceptable salt thereod
in some embodiments, the present teachings include a conpound of structure
CHs
,

S /
m‘@’N
N N CHy

Brief Description of the Drawings

or 3 pharmaceutically

acceptahle salt thereof,

I drawings based on oudti-color oviginals, pray-seale versions of each color
chawnel (red, groen andior blue) wee shown, as well as g compostie gray scale that combines

all 3 {RGEH) color channels.
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FIG. | illustrates concentration dependent and saturable binding (binding constant,

SeaTnM ) to preformed AB1-42 fibrils of agent F-AL-182, of structure

SO W =NON

=T~

FIG. 2 illustrates staining of both fibritiar and dilfuse plaques ex vivo inthe
hippocampus and cortical region of brain sections in APPsw+/-/PS1 mice using agent F-Al
182, Fissue sections were nnumostained with mouse monoclonal antibody and visaslived
by donkev-anti-rnouse Alexa 568 {(positive control). Arrews indicate labeling of AB plaques
{arrows, ditfuse; arrow head, fibrillar).

FIG. 3 fllusteates a comparative analysis of pharmacokinetics in normad mice for
mm S N N
N
NAN
—N

G
18F

IEF-AL 8T of structure ard BEAAVS

45 of siructure

HsC,

Riodistribution studies with HPLC-puritied PF-AJ-182 in normal mice revealed a transient
bratn uptake value of 7284 G.46% 1D/ and 154 4 0.06% [Ddg, 5 minand 120 min poxt
tail-vein injection, respectively, giving 3 § min/120 win clearance arstio of 4,73, providing
evidence for the ability of PF-A1-182 to cross the BBR and permeate into brain in vivo. PF-
AV-43 demonsivates brain eptake values of 7,33 & 154 %D/ and 188+ 007 %W D/g at 2
min and 120 min post-injection respectively, thes providing a 2 min/120 min clearance ratio
of 4.07 in normal mice that lack target sites. The initial data point for ¥F-AL-182 is af § min
compared with 2 min for PF-AV-45,

FIG, 4 ilhustrates that "F-AL- 182 is washed oul from blood {25% faster than AV-45)
in absenve of tugeted plaques and remains non-metabolized in haman senwn, F-ALL182
andergoss 25% faster blood clearance from 3 min to 120 min compared with the "F-AV-
45, BR.ALIS2 shows facile penctration of the brain and clearanve in novmal mice. The

initial data point for FF-ALL182 is at § min compared with 2 min for PF-AV-45,
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FIG. 5 iHlustrates that F-AT-182 can be used to detect bothediffuse and conpact AR
plagues in the brain cross-sections of frontal lobe of a 80-year-old fomale with
pewropathologically confirmed Alzheimer’s diseaser Lell. The flaorescent probe {(F-ALT82,
Sty labels botl the compaet {ibrillar smyloid {arrow) and more diffuse beta-amylond
deposits (arrowhead); Right: AR (1ODE, Bl Lifly)Y inwneachistochemistry reveals similar
heta-amyhd plaques in a section from the same tissue bloek ax in {b); bar = 100 um.

FIG. 6 iHustrates real time imaging using F-ALTE2: Prior o toaging, dexiran-Texas
Rad was tnjeptad for mapping the hlood vessels. Following labeling of blood vessels, F- Al-
182 {2my/ky, dissolved in DMSQ/PEG; 20:80) was intravenously injected. A z-stack image
sories was acquired from cortex swrface to & depth of approx. 100pn: using microscope
LSM STOMETA RLO (Carl-Zeiss Inc). Multi-photon nucrescopy in Hve APPsw+/-/P81
{15 months old) mice demonatrated that F-AIL182 can label plagues i brain pavenchyma
and bload vessels (CAA), loss than S-min post intravenous administration. The labeling of
hrain parenchymal plagues was visible within 10 o, indicating facile clesrance from none
targeted regions and remained labeled for at-least 30 i

FIG. 7 iHustrates assessment of binding sites of PIB, AV-45, and A8, In these
studies, we used sitemap © determine binding sites on ADBI-42, generated a grid, then
docked PIR, AV-4S, and AL-182 to determine rank order (AV~45 > F-AL- 182> PiB} bused
upon the Glide score. Post docking view of PIB (Jafl), AV-4S (Middie), and F-AL-182
{Right}.

FIG. 8 illustrates staining of brain fissue sections from APPsw+ (24 months old)

HyC

mice ysing F-AL RS of structure
Arrows fndivate labeling of AR plagues (arrows, Hhrillar plaques).

FIG. 9 illustrates detection of connpact AD plaguesin the brain cross-sections of
frontal lobe of an 88~year-old fomale with neuropathologically confirmed Alzbeimer’s
disease using F-A183 The fluorescent probe (F-AT-183) labels Bbritlar amyloid {arrows).

FIG. 1 iflustrates fluordseence imaging of tumor cells in vitro, labeled by uptake of
fluorescent Al-182.

Detatled Description
Abbreviations
AR Awyloid beta
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AD Alzheimer’s Discase

ADME absorption, distribution, metabolism, and excretion

APP anpvlold precursor protein
BEB blood-brain barrier

BS1 binding site

552 binding site 2

BS3 binding sie 3

Sk

Y

B NMR carbon nuclesr magnatic resonanca

CAA cercbrovasoular amyloid sngiopathy

PCT/US2014/058919

CERAD Consortimg 1o Establish a Registry for Alzheimer’s Disease

o

D% Pown Syndrome

PR NMR fluorine nuclear nagnetic resonance

'H NMR proton nuclear magnetic resonance

HPLC high~performance Haguid chromatography
HRMS high-resolution mass spechroscopy

MIRD Madica! Internal Radionuelide Dose Comniitize
NIA-RI National institute of Aging-Reagan Institute
NFT neurofibriflary tangle

NMR nuclesr magnetic rosonanee

PSR phosphate butfered saline

PET positron emission tomography

SAR Structure-Activity Relationships

SP sentle plague

SPECT single photon emission comparted teanography

W wild type

The preseat tvachings disclose agents that can be used Tor maging cancers and

neurodegenemtive diseases. Reagents deseribed heredn also bave therapeutic use in

neyrodegenerative diseases and cardiovascalar diseases.

L

in variogs embadiments, a flowrine-18-based PET probe can be capable of targeting

high prevalence sites of AR and displaying faster kinetics compared o non~-targeted regions,

such as white roatter. In varfous embodiments, @ flourine-18-based PET probe can be used for

guantitative amyioid naging for monitoring progress of AR-mwsdifving treatments o the pre-
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syowptomatic and symptomatic stages of Alzheimer’s disease (AD), andior premotiem

diagnosis of AL

fn various embodiments, the present teachings bclude heterocyelic molecules
(exemplified as F-Al-182) that can bind to AR aggregates in vitro with concentration
dependent and saturable binding. For example and without fimitation, binding constants &
preformed A fibrils can be F-AL1E2, 308TaM; F-ALIBA 17 oM FLALIRT, 138 nM &
0.03a0. In various configurations, these probes can stain both fibrillar and diffase plagues ex
vivirin the hippocampus and cortical region of brain sections in APPsw™ VP81 mice and
buman tissues. In some aspects, F-AlL-182 can incorporate F-18 {%F; 2= 110 min), a
radionuclide for medical PUT imaging (Madinood, AL & Jones, A Technetium
Radiopharmaceuticals. Handbook of Radiopharmaceuticals. 3 62 (2003); Bckelman, W.
The Development of ¥9mTe Radwpharmaceuaticals for Perfusion and Biochemistry: In
Tochuetium and Rhentam in Chemistry and Nudlear Medicine 3. M. Nicohind, G, Bandolf asd
i Mazzr (Bds.). Corting Int., Verona, Hady, pp. 571880, (1990); Nagea, R, et al A Negtral
Te-99n Complex for Myocardial Imaging. §. Nucl Med. 30, {830-1837 {1989); Stadalnik,
R, Kudo, M., Bekelman, W. & Vera, D, In vivo functional imeging using receptor-binding

adiophirmaceuticads: 99mTe-galactosylaeoghvocaltnamin (TeNGA) Investigative

Radiclogy 28, 6478 {19930, In soeme aspects, F-Al-182 can be usad for diagnostic
assessment of AD burden o earlier stages of AD prior fo expression of clinical symptoms, In

some aspects, a radiolabeled coanterpart PF-AL-182 can demonstrate a high titial brain
penetration €728k .46%% %Y ) of FVE mice, followved by 25 96 faster clearance from the
bluaod pool {campared with AV-45) in normal mice in the absence of targeted plagques. In
some aspects, YF-AT-182 can remain non-metabolized until about 30 min (investigated
highest time-point) in buman secam. In some aspeets, F-AL-182 can demonstvate
characteristics that enhance overall signal to background ratios and assist image analysiz
including lack of mietabolites and high flvst-pass extraction inte brain of coupled with fast

clearance from the blood poal.

fn some embodiments, a tracer of the present teachings can provide high
tavget‘hackground ratios. In some aspects, nuhiphoton microscopy can demonstrate that an
unlabeled counterpart F-AL-1R2 of the radiclabeled PET agent can labal brain parenchymal
Af plagues as well as tracked cerelrovascular amyvioid snglopathy (CAA), indicating s

ability to serve as a noninvasive probe for assessment of plague hurden in brain, In some
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aspects, these data can ilhustrate @ platform technology for image analysis in bomedical PET

imaging, using an Fo18 labeled PET agent.

fa various embodiments, a fimetional probe of the present teachings can have
hivdrophobic characteristics o cross the Mood-brain barrier (BBE) and not be retained in non-
targeted regions of the brain. In various aspects, a fluorescent molecule of the present
teachings can show enhanced Juorescence wpon binding to {hrils, can stain both fibritlar and
diffisse plagues n brain oross sections of APP/PST transgenic nuee and baman AT tissues,
amd can show high initial penetration in the normal brain followed by clearance in the
absence of targeted plagoes. To varjous aspects, the agent can clear rapidly from other organs,
such as fiver and kidoey, remain non-metabolized iy human seruoy, and display modest
hydrophobicity (log P 1.2) fr formalation in 2% ethanot and 98% saline for inbravenous

injections. The seaffold of F-A1-182 can be used for interrogating A in a prodromal phase.

in some embodiments, heteroeyelic small organic molecules of the present teachings
can also be used for nwltimodality bnaging of AR ssing PET/Optical imaging in preclinical

applications.

In some cmbodiments, an agent can oxhibit eobanced brain peoetration, AP
interaction, and the ability to interact with highly prevalent or more-dense binding sites on
Af In some embodiments, an agent can be wWentified by sither the tack of hinding or reduced
binding to the white matter for enhancing sensitivity of tracers for Af detection in human
tiszues. In some embodiments, an agent of the present teachings can label AD plagues in brain

parenclhyma <3 min post- infravenous adnunistration,

In some embodiments, the specitficity of agents can be determuined for A compared to
other bismarkers prevalent o neurodepenerative disorders {with overlapping symptoms) such
as, tau protein, newrofibrillary tangles (NFT) and Lewy body, including further optimization
of targeting properties throngh SAR study. {n some embodiments, an agent can execeed or
mimic the pharmacokinetic profiles (brain uptake and blood clemrance) of PFAV3, an

FDA approved agent for imaging AR in brain. In an emvbodiment, PR-A1-182 showed facile

penctration of the Mood-brain barrier {BBB) in v vitro targeting of AR in a mouse model.

in some embodiments, a compoand of the present teachings can be used for
pontivvasive assessment of AR o sarly stages of AD prior o elinical expression, and can

allow therapeutic interventions for disesse management. In some embodiments, 8 compound
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of the present teachings can be wused for stratification of patients in carly phases of AR 1o

allow for therapeatic interventions.

Embodiments of Ab-targeted agent can inchade functional components inclding but

not Himited to the following examples.

An smbodiment of an AB-targeted agent can inclade a benrathiazode molety without
the methyl group on the hateraoyelic altrogen of thioflavin®, Thix can allow the removal of
the positive charge to increase the affinity of the probe 1o AR fibrils and enbanee

hvdrophadiciy {o facilitate BBB penetration,

An embodiment of an Afl-targeted agent can include modifications on the 6™ position

of the benrothiazole ring bas besn shown to impact affinity of probes for plaguss,

An embodiment of an AP-targeted agent can include the introduction of an olefin
bond between the benzothiazole moiety and the aromatic ring o oerease electron density as
wallas Bexibility of the molecule tv promote intersctions with other binding sHes on AD

plagues

An embodiment of an Af-targeied ageni can include substiluting a basio
dimethylamipo group into an aromatic ring at p-position to the olefinic carbon. In some

configurations, this can allow an increase electron density on nitrogen.

An embodirnent of an Af-targeted agent can include incorporation of a heteroatom,
such as nifrogen 1n the aromatic ring ortho fo the highly basic dimethybamino group. In some
configuraitons, this can albne betler resonance stabilization of the moleeule for influencing
Pi-Pi inforactions and can allow targeting of highly dense and moderate affinity sites on A

fibrils.
Methods

Methods and compositions described herein uilize laboratory techniques well-known
to skilled artisans. Such technique puidance can be found in laboratory roanuals and
texthooks such as Spector, 13 L. et al., Cellsr A Laboratory Manual, Cold Spring Harbar
Laboratory Press, Cold Spring Harbor, NY, 1998; Hedrickson et al., Organic Chemisivy 3rd
sdition, MoGraw Hill, New York, 1970; Carvathers, W., and Coldham, 1., Mademn Methods
of Organie Synthesis (4th Edition), Cambridge University Press, Cambridge, LKL, 2004;

Curati, WL, bmaging in Ooeology, Cambridge University Press, Canbridge, UK., 199%;
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Waelch, MLL, and Bedvanly, C.8., eds. Handbook of Radiopharmaceuticals: Radinchemistry

and Applications, J. Wilsy, New York, 2003,

i some embodiments of the present teachings, blochemical characterization of F-Al-
182 and other molecules can by performed agents via muliiple binding and competitive
shsplacement assays using PIB, AV-45, AZD46%4, and BAYER 94-9172 for evaluation of
targeted sites on AR, phosphorimaging studies in vitre, In vive, ex vive binding studies of
AD brain homogenates and hunan AD brain sections can be performed, including specificity
for Af evaluated compared with other biomarker proteins (Taw, pricn, TP and w-synclein)
prevalent in other newrodegengrative diseases o determine target selectivity, and perform

metabolite stadies.

In some embodiments of the present teachings, the inventors have biochemically
characterized apd validated agents via multiple fiy vitro bloassays to evaluale targel sensitivity
amd specificity, The rventors can evaluate an Af-fargeted ngent of the presant teachings to
detect AR plagues via MicroPET imaging with pharmacokinetic snalyvsis in APP ransgenic
uree and their W connterpits. Investigations of the presént {sachings nelude 2 focused
Bfructure-Activity Relationships (SAR) study to discover Af-targsted sgems. The agenis

obtained fivne SAR can be biochemically charscterized and evaluated through bisdistribution
and pharmacokietic studies, The findings can be wsed to further characterize AB-targeted

probes such as FF.ALR2.

o some embodiments of the present teachings, heteroevelio small organic molecules
cam be chavactenized and validated through various analyvtical steps. In various embodiments,
molecutes can also be radiolabeled, HPLC perified, and undergo a chemical charatterization
for developing as either radiopharmaceutioals or optical probes. In some aspects, he HPLC
purified orgamic melecules and thetr radiolabeled counterparts can be tested for binding
affinity. The compounds can be evaluated In animal models using either mivroPET imaging
or mudtiphoton imaging. The agents that can detect AP plagues in mice ¢an also undergo
metabolite apalysis i vive for interrogating their transiational potentiad, The ageats that
remain non-metabolized o the fargeted tissue (braing oan also be investigated via
pharmacokinetic studies in age-matehed APP fransgenic and control suicg for assossing

preliminary stignal-to-noise ratios.

{n some embodiments of the prasent teachings, binding assays o preformed A fibrils

or AD brain hbomogenates sve disclosed.
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In some configurations, the present teachings nelude preparation of AR fibrils or AD
brain homogenates. In vitro binding assavs can be performed to evaluate interactions of
adiolabeled peptides with fibrils of ABswn or extracts of AD brain homogenates {Chod,
S.R., et al, Preclinical properties of BF-AV-43; 2 PET agent for AP plaques in the brain, J
Nucl Med 50, 1B&7-1894 {2009} in histopatholpgical core of the Alzheimer’s Disease
Research Center (ADRCY, using standard procedures desceribed in the Hlerature {(Zhuang, Z.,
et al. Structure-activity relationships of imidazo{ ], 2-a{pyridines us ligands for detecting

amyiokd plagues in the brain. J Med Chem 46, 237-243 {2003},

i some embodiments of the present teachings, binding assays to preformed fibrils ov

ALY brain hbomogenate extracts can be performed using Hterature procedures (Klunk, W, ot
al. Uncharged thioflavin-T dertvatives bind to amyld-beta protein with high affinity and
readily ender the brain. Life Sci 68, 1471-1484 {2001 ) Zhen, W., et al. Synthesis and amyloid
binding properties of themium complexes: preliminary progress towards a reagent for SPECT
imaging of Alzheimer's disease brain, J Med Chem 42, 28052815 {19993, Priov io binding
assays, the stock solution (2 uM) can be thawed. To aliquots of this stock spfution, '¥F-AL-
182 (also exemplified for either PEF-AL-183 or PF-AI-187) can be added at various

concenitations to a final concentration of 200 1M AR Hibrils or 2004l of AL brain extracts
(20-25pg). The agaregate-bound PFE-AL182 (or other analogues) can be collected on
Whatman GF fiters using Brandon M~24R cell harvester, washed, and counted in a y-counter
{Perkin Blmer), Inhibition constants (Ki) can be caleutated as described previvasty (Han, ¥,
Cho, C. & Lansbary, P Techuetiom complexes for gquantification of brats anwvioid. J Am
Chem Soe 118, 45066-4508 (1996)). Binding assay resulis can assist in evaluation of target

speci oty

Some embodiments of the preseat teachings inchude evaluation of binding sites. In
sonie configurations, binding assays can be done as described above in at least Example 8
below. Fixed concentrations of ABra fibrils and BF-AL182 can be fncubated in the presence
of increasing congentration of cold competitors fthiotlavin T (BS ), PIB (BS3 & BS1),
FDORP (BS3 & B8 and BSB (B8], Cald PIB, BSB, and FDDNTP can be synthesized
ysing published procedures. Experiments can also be performed with AV-45, BAYER 94.

172, and AZD4654. Measurements can be performed v triplicate and processed as

described in the Examples, Agents competing for sites targeted by F-AL-182 can be
expected 1o displace HF-AL- 182, Agents competing for different sites can be expected 1o have

minimal effects. This analysis can identify binding site specificity on AL
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Some smbodiments of the present teachings include immanchistochemistry and
phosphorimaging of labeled probes ex vive and in vivo,

fn various configurations, staining experiments on muce (W1 and APP transgenic)
brafy sections can be performed with either Buorescent AP-targeted F-AL182 {exemplified
for pther analogees) or highly specific Af-targeted HI3 4 mouse monoclonal antibody
conjugated to Alexa 368 {DeMattos, R, (Pdel], M., Parsadanian, M., Heltzman, D & etal
Clusterin promotes amyloid plague formation and is eritical for nowritie toxicity i @ mouse
sodel of Aleheimer's disease. Proc Natl Acad Sci USA 99, 10843-10848 (2002}, and
phosphorimaging can also be performed using MF-AI-182, For In vivo sxpertments, BF-Al-
182 {exemplified fur other analogues) can be intravenously injected. After 2 min and up to
2h, muce {fransgenic APP or APP/PST or WT) can be sacrificed, brains removed, dissected
intes twe halves, processed and analyzed as deseribed i this diseloswre, Mabned brain tissue
sections of APPsw™ can serve as positive controls and the non-stainsd tissue sectioms from
hrains of WT mice can provide negative controls, Radioactive brain tissues can be anilyzed
directly on a phosphorimager. PF-AL-182 {exemphified for other analogues) showing activity
patterns consistont with the statning of witdabeled FLA82 or ABargeted HIZ 4 mpuse

monoclonal antibody-Alexa 568 can be further examined.

i some entbodiments, an Af-tarpeded heterocyelic molecale can stain or label AR
plagues in cortical and hippocampal hrain sections of AFPsw' transgenic mice compared to
sone or roinimal interaction in WY controls. Other embodiments can include labeled
heterocyele molecules that show a corredation between imoumobistochemistry,
phosphorimaging, and staining asing Af-targeted HI3 .4 mouse monoclonal antibody-Alexa

o8,

L4
[vs]

Some embodiments of the present teachings bwhude evaluation of tarpet specificity in

Furosas brain tissues using F-ALLLE2 or other AD-jargeted agents,
in various configurations, speeificity of F-AL-182 or other agents can be interrogated.

Stafning using F-Al-182 or immunohistochenustry can be performed using antibodies such as
antibodies against AR (10D3, Eli Lilly), phosphorviated tau (PHE-1, Albert Binstein Moedioad
School, Bronx, NY3, ubiquitin (Dake, Glostrup, Deomark ), sesyruelein (LB-309, Zymed,
CAY, and TDP-43 (Protetiech, Ine. Chicage, L) using established methods (g, Busack,
MLAL ot all In vivo amyloid imaging 1o astopsy-confinmed Parkinson disease with depwentia.

Newrology 74, 77-84 (2010)). Sections can be processed and analyzed on a Zeiss LSM §
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PASCAL cordocal system coupled to a Zeiss Agdovert 200 microscope. AP targeted agonts
that demonatrate specificity for AP in brain sections of diseased subjects consistent with the
expected regional distribation of plaques eompared to thelr healthy controls and fack of cross
resetivity with histopathological markers (tan, TDP43; and a-synuclein) can thus be

investigated.

in some embodiments of the present teachings, metabolic stability of ¥F-AL 1R

ancdior other agenis can be evalaated.

hr various configurations, dentified heterocyelicomolecules can be assessed for

metabodic stability for use in bomedical troaging applications both in vitro and i vivo using

established procedures (e.g., Mathis, C., et al. Synthesis snd svaluation of HC-fabeled 6-
suhstitated 2-arvibenzothiazoles as amylodd imaging agents. § Med Chem 46, 2740.2754
{2003); Sharma, V. Radiopharmaceuticals Tor assessmsent of multidrog resistance P-
glycoprotein-mediated wnmpm{ activity, Bioconjug .Chem. 15, 1464-1474 (2004}). Tn some
embodiments, PF-AL-182, another agent, or 2 combination thereo can be incubated in sither
serum or human serum albunin at e points corresponding (o uptake fa vive (8 min to 2 hy
and filtered through filters {30k Da), Free and bound radiotracer canvhe calculated using

previoushy deseribe methods (Barthoboma, M., ot &l Effect of the prosthetic group on the

pharmacologic properties of ““F-labeled rhodamine B, a potential myocardial perfuston agent
for positron erission Womography (PET) T Med Chem 55, 1100411012 (2013)), and can be
analyzed by radio-TLC scanaer and radio-HPLC. For in vivo pharmacokinetics experiments,
E-AT-182 agent or other agents can he injected nto mice via tail-vein, and mice can he
sacrificed af the dme points corresponding with data of owre hiodistribation studies (3 minto 3
i), Brain tissaes, liver, and kidney can be removed (Hyer and kidney can be used to evaluate
their metabodic stability In more stringent it vive gnvironmenis), sonicated, extracted and
analyvzed through radie-TLC and -HPLC. The BE.AL 182, other ageats, or combinations
thereof that demonstrite stability 9598} at the targeted site through Sus analviis can be

investigated Turther tn nonhumay primates models.

Various erabodiments of the present feachings include hiodistribution and
pharmacokinetic studies of "F-AL- 182 or other agents in newvmal and transgenic APPsw

APET mice

{n various configurations, pharmacokinetic analysis of unlabeled fluorescent smalt

organic molecufes, PP-heterocyelic molesules, andfor their BFecounterparts via
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bindistribution studies in age~-malched APPsw™" transgenic mice and W nujee can be
performad to determine target-speeificity, and measure the detection of in vivo AP plagues, in

APPyw

S1 ransgenic mice versus control nuce, using either multiphoton imaging or

microPET/CT tmaging system by WF-heterocychic small organic molecules.

I various contigurations, agents can be evaloated in part by exploring the tissue
disteibution and kinetios of FF-AL182 or other agents tn nornmal mice and ansgenic mice,
Beeause these helerocyelic molecalos can be labeted with ™F using the methods deseribed
herein, biodistribution in normal mice can b determined. In such nvestizations, BLA
{control miice; Taconic) or APPsw /P81 {fransgenic, Taconic) mice van be anesthetized by
isoflurane inhalation and injectad with WF-AL182 or other agents {20 pCi in 50-100 1
saline} via bolex injection through a @il vein. Asimals can be sgerificed by cervical
dislocation at 2, 30, 60, and 126 min post-injection (a= 2-4) and dxta can be quantified into
%611¥ e as deseribed (Stvapackiamy, L., et al, Synthesis, molecular strocture, and validaton of
metatloprobes for assessment of MDRI Peglycoprotetn-madiated functional ransport. Dalton
Trans 39, 3842-5830 (20103} The brains can be renwoved and dizsected tito corebetlums and
remaining whole brain fractions prior to weighing and counting to evaluate regional

differences in the Tocation of radiotracer in conparison with transgenic mice.

I some configurations, brodistribution and pharmacokinetic studies can assist in
pharmacokinetic analysis, in general, and in evaluation of PF-AI182 andfor oiher agents o
permeats the BEB. In the absence of target, radiolabeled heteracyelic molecules can
demonstrate uptake in brains of control mice, followed by washout of setivity, resulting in
tfow background signals. However, in the presence of plagues in transgenic APPsw VPS]

mice, sahanced accumudation and retention in braing can allow noninvasive imaging of mive

Vartous embodiments of the present teachings inclede validation and correlation of

MicroPET imaging with 'F-A1-182 andfor other agents.

I various configurations, validation and corvelation of MicroPET imaging with 798
Al-182 andfor other agents gan be performed i age-matched BL/S (control) and APPsw™"
PR mouse madels on MicroPETACT Focus 220 scanner. Twenty-six frames can be acquired

aver a 3 hour scan period with the following frame sequences: Sxi min, 5x2 min, 5x5 min,

8x 1) min, and 3x20 vun. Frames of the original reconstructed PET data can be summed, and

this sunumed image can be co-registered with 1. Reglons of inferest can be dinwn and
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fissite-time activity curves (TAC) can be constructed by plotiing the percent injected doss per

¢.¢. tissae (Mellveg).

From contrel mice, peak activity in the brain can be detected within the first 5 minules
post botey infection and rapid clearance can be detected over the subsequent 2 to 3 hors, For
APPaw™ /P51 mice, the early peak can be comparable in magnitude and time, but tracer

clearance can be stunificantly slower, reflecting binding of '%F-Al- 182 andior other agewds to

AR plagues. The differences betwesn normal and APPsw ™ /PSS mice can increase with time.

This difference can be correlated with plague load in 2 cohut of mice.

Various embodiments of the present teachings inchude SAR stdies to develop agents
including but ot limited to heterocyelic mnlocules capable of detecting AP plagues in ewrly

stages of AD priorto clinical expression.

in various conligurations, candidaie AP-targeted tronging agents can nelude I are
not limited to the following characteristics: a) specific binding 1o AP plagques; b) speeific
binding to a prevalent binding site on AB; ¢} high frst-pass extraction into the bran and
region speetfic binding consisient with pathological localization of Afl; 4) mintmal binding ©
the white mafter for scositivily to detect plagues at carlior stages of the disense 1o segregate
pools of pationts Bkely to benefit from therapeutios, and &) excretion from ovgans of the hody
over 3 time period for MIRD analysis, PF-AL-182 as an agent demonstrates the above Hsted

characteristics. F-AL-182 can offer a scatfuld template for further SAR exploration to

develop second generation Af-argeted agents.

Various embodiments of the present teachings include characterization of molecules

vig standard snalvtical tools,

In various configurations, these embodiments can inelude docking studivs that can
utitire Glide and ADME caloudations using QProp. Molecules can be chomically
charactertzed via standard analyvtical tools, Binding affinities with other agents, such as PIB,
AV-43 and AZDH6S4 can be compared. Molecules demonstrating different binding sites on
A cormpared o these agents can be idendified. Molecules demonstrating high firstopass
extraction into beains of ransgenic mice and low white matier binding fo nonhuman primalg
orhuman tissues can be characterized in vive through biochemical characterization via
anidtipls hinding and competitive displaceraent assays as well 3s through binddisivibution and

pharmacokisetic studies.
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Examples

The present teschings including deseriptions provided in the Examples, are not
intended to limit the scope of any clabm or aspect. Unless specifically presented in the past
tenise, an example can be a prophetic or an actual example. The fullowing non-limiting
examples are provided to further Hlustrate the present teachings. Those skilled in the art, in
Haht of the present disclosure, will appreciate that many changes ¢an be made in the specific
embodiments that are disclosed and still obtain a like or stinilar resalt without departing from

the spirit and scope of the present teachings,

Example

This example Hustrates an AR targeted probe of the present teachings,
Utilizing the agent F-AL-182, & heterocyclic molecule was syathestzed via multiple

steps, purified vig chromatography, crvstalized in methyiene chloride and pentane mixture,
and the single crystal structure was determined, Fe AL-182 was further characterized via
standard analytical tools, including 'H NMR, proton-decoupled MC-NMR, '¥F NMR, high
resolution mass spectroscopy (HRMS), and analveed for nnaformity wsing HPLO (Waters)
equipped with a dual & detector (2487) set to 280 and 364nm on a semi-preparative C-18

catunm (Vydac).
Example 2
This exarnple Hustrates PF-AL182 synihesis and lesting,

For bioassays described in following sections, FF-AI-182 was synthesized via
standard nucleophilic substitation, employing 2,2, 2-kryptofix/*F and Al-182-tosylate analog
purified on a U418 {(Vydae} colummn employing a gradient sloent mdxture of sthano! and
water, using radio-HPLC system equipped with a radiodetector (Bloscans). The fraction at
Re= 15 i was collected, concentrated, and resuspended in PBS to 5% ethasol for all
radiotracer bivassays. Furthermore, PF-AT-182 was also characierized by spiking with an
analvtically characterized sample of an unlabeled F-Al- 12 counterpart, prioy to injection on

the radin-HPLC,

The agent F-Al-182 shows concentration dependent and saturable binding (hiading

constant, 5%&7nM; FIG. 1o preformed AR1-42 fibrils, stains both fibrillar and diffuse
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nfagues ex vive in the hippocampus and cortical region of hrain sections in APPsw  /PS1
Py Bl it £

i
mice (PG, 23 and ownan tissues (FIG. 33, and incorporates F-18 {0 Pt =110 min), a

kA

radionuchide for medical PET tmaging (Mabmood, A, & Jones, A, Techaethon
Radiopharmaceuticals. Handbook of Radiopharmaceuticals. 323-362 (2003); Eckelman, W.
The Development of ¥ Te Radiopharmacenticals for Perfusion and Biochemistry: In
Technetiuny and Rheniam iy Chemistry and Nuclear Medicine 3. M, Nicolini, G. Bandoli and
UL Maezi (BEds)). Corting Int., Verong, Haly, pp. S71-380. (19943 Nares, R, et al A Neotral
Te-99n Complex for Myocardial Tmaging. §. Nucl. Med. 30, 1830-1837 (1939}, Stadalnik,
R., Kudo, M., Fekelman, W. & Vera, DD, In vivo functional imaging using receptor-binding

radiopharmaceuticals: 99mTe-galactosybneoghyeoalbumin Ut,\ GAY Investigative

Radiology 2, 64-70 {1993}, The radiolabe kduoumwpm b Al-182 showed a transient
high uptake in brains (7 282 0.46% %D/ of FVR mice (FKG 3), and followed by washout
from blood (25% faster than AV-4S; FIG. 4) in absence of targeted plagues and remging non-
metabolized in hwroan serum. The high firgt-pass extraction into brain coupled with faster
clearance from the hood pool and lack of metabolites offer characteristics that could

potenttally enhance overall signal to background ratios and assist mage analysis. Malti-

photon microscopy in Hve APPsw  /PST (15 months old) mice demonstrated that F-AL-182
fabels plaques 1o brain parenchyma aid blood vessels {CAA), by S-min post inlravenous
administration (FIG. 6} The FLALL182 showed facile clesrance from non-targeted regions and

thi plagues remsadn labeled for investigated time points.

Binding assays of F-AL 182 with preformed APra aggregates ware parformed in
PES. Following excitation ai 410nm, Huorescence specinum of F-ARIR2 recorded in PBS
containing % ethanod showed a broad emission peak 340-0 100 with Eew ot 370nm. Lpon
incabation with preformed of AR(1-42¥ aggregates, the peak 570 nm showed remarkable
enhancement in the fuorescence indicating binding to Ap aggregates, similar to enbancement
i fluorescence of thieflavin T in PBS {8 positive contral; data not shown). Fluorescence was
not observed using AR aguregates alone in PBS upon exeitation at 410 am (a negative
control). Binding assays of the F-AL 182 with preformed AP 1 aggregates mdicated o nearly
saturable binding with a Ky = 39:TnM (FIG. 1), Comparative analyses can be performed with
other compounds such as AV-43, BAYER 94-9172 and AZD46%4. Ap agent can he

inferacting with either of the two modestly high affinity binding sites (BRI& BRD or
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recogiizing an entirely new site on APz P-ALIE2 can register different comiplementary

binding sites in relation to AR-pathophysiology compared to carrent agents,
Example 3
This exarople iHustrates ex vivo staining stodies.,

£x vive staining studies were performed on brain sections (30 wm} of an APPsw™

PET mouse (24 months old) and a control WT mouse (BL/6; 24 months old) using welk
established procedares. As a positive control, HIZ4 AP monoclonal antibody-Alexa 568 was
used. Brain sections of APPsw™™ P81 mice showed abundant staining of AR compared with
minimal levels in WT mouse (FIG 2} Using F-ALISZ {100nM, 60 min}, abundam stainiog
of fibvillar and diffuse plagues in the hippocampus and cortcal regions of brain sections in
APPsw PS I mice was observed. By comparison, no staining in WT mice was seen either
with F-A$- 182 or the antibady indicating the tarpgeting specificity of F- A 182, The slides
were analvzed on g Feiss LM § PASCAL confocal systeny coupled to a Zeiss Axiovert 200

i'ﬂi(‘-i’@SG{}p@,

Example 4

This exarnple ilustrates biodisiribution studies of BF-AL-182.

For in vivo imaging of AR plaques, the hasic pharmacokinetic modet in an unaffected
noroial brain involves high initial penetration of the agent, followed by rapid clearance due to
tack of a binding tavget. However, tin AD brains, high titial pevetration can be followed by
regional retention as the agent binds to AP thus leading to differential kineties. To accomplish
this objective, bindistribution studies of PF-AL-182 were performed in normal FVR mice for
assesssnent of signal to noise ratios and clearance profiles, Brain uptake of "F-AL-182 was
analyzed fn terms of percent inmjected dose per gram of the brain tissae (I,
Bindistribution studies with HPLC purified F-AL-182 in normal mice revealed a transient
brain uptale value of 7,282 0.46% Vg and 154 & 0.06% i, 5 wmin and 120 min post tail-
vl injection, respectively, wiving g 5 oun/T 20 min clearance g ratio of 4.73, providing
svidence for the ability of UF-ALIS2 to cross the BBB and permeate into brain in vivo (FIG.
33, This initial brain uptake value €3 min in aoomal mice s approxtmately 15-fold high
compared with our Af-targeted M Te-Peptides (Harpsirite, 8.8, Prior, 1., Binz, K., Piwnica-

T

Worms, B, & Sharma, V. " To-Peptide conjugates for imaging Bramylotd in the brain, ACS

Miad Chem Lot {201 3) under review). Additionally, compared to BE.AV-4S8 {Liver: 1763 %

0.69 {2 min), .96 2 0,90 (120 min); Kidney: 14192 234 (2 vuind, 2,19 2 0.36 (120 min),
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BEALTR2 clears rapidly from non-targeted Ussues, such as Hver and kidney {Liven 1632 %
PATG ming, 271 2021 (120 min); Kidoey: 6,760 137 (S min}, 1.57 £ 0.08 (120 min) and
these clearance profiles conld transiate into better MIRD anadysis. For corparison, ¥F-AV-
45 demonstrates brain uplake valees of 733 & [L584 31Dz and 180 4 0,07 %iD/g a1 I mun
and 120 min post-injection {Choi, S.R., et al. Preclinical properties of ISF-AV43a PET
agent for Abata plaquex in the brain. ¥ Nucl Med 30, 1887- 1894 (2009)) respectively, thus
providing a 2 min/ 120 min clearance ratio of 4.07 in normeal moiee that lack target sites (FIG.
35 Net brain uplake of BF-AT-182 is 1.2- fold bigher thaw that of ¥F- AV-45. Our data
indicates & § min uplake compared with a 2 min data point reported for FF-AV4S thus we do
expect these 2min/ 120 min ratios to be mauch superior, vpon comparative analysis at the same
time points, FF-AL182 undergoes 25% faster blood clearance from 5 min to 120 min
compared with the T8F-AV-45 (FIG. 4). Compared with VC-PIB {(Mathis, C., et al. Syothesis
and evaluation of M C-labeled B-substituted 2-arvlbenzothiarodes as amyloid imaging agents. |
Med Chent 46, 2740-2754 (20033 and WF-AV-43 (Choi, S.R., et al. Preclinical properties of
BEAV-43: 8 PET agent for Abeta plagues inthe bratn, J Nacl Mad 30, 1887-1894 {20091
ihat undergo facile metabolism in vive, PF-AL-182 remaing nou-metabolized in human

SeTHm,

Example 5
This example Hustrates staining expertments with an F-ALTED agent.

Raining exporiments were performed with luvoan brain gssues, Tissug samples were
obiained from the frontal lobe of clinically and newropathologically well-characterized cases.
The neuropathological diagnosis of AD was based on the criteria of the Consortium to
Establish a Registry for Alzheimers Discase {CERADY (Mireg, 8., ot al. The Consortium to
Establish a Registry for Alzhesmer's Disease (CERADN. Part . Standardization of the
npeuropathologic assessment of Alzheimer's disease. Neurology 41, 470456 {1991} or the
National Institute of Aging-Reagan {nstitute (NIA-RE) (Hyman, B, & Trojanowski, L
Consensus reconunendations for the postmorten diagnosis of Alzheimer disease from the
National Institute on Aging and the Reagan Tostitute Working Groap on diagnostic eriteria
for the neuropathologival assessment of Alzheimer dizease. I Nevropathe! HExp Newrol 56,
HORE-1Q97. {19971, For experiments, highly speeific AP-targeted antibody (18D3, & Lilly,
A positive control, used in histopathological core of the ADRC post-mortent cases) confirmed

the presence of Al plagues, Al-targsied F-AL B2 showed abundant staining of AP plagoes
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in the bippovampus of a 90 vear-old fomale with AD (FIG. 51, Additionally, F-ALI82
demonsteated labeling of both the fibrillar and the diffuse plagues. The ability of the F-Al~
182 agent to detect diffuse plagues represents wn advancement to enable PET bmaging of
mildly demented individuals (an earlier manifestation of AD) prior o clinical expression
(Price, L., ot al. Newopatholozy of nondemented aging: presumptive svidenge for
preciinical Alzheimer disease. Neurabiology of aging 34, 1026-1036 (2009); Monis, 1.C., et
al. Cerebral muovlotd deposition and diffuse plagues in "normal” aging: Bvidence for
presymptomatic and very mild Alzheimer's disease. Neurodogy 46, 707-719 (1996); Price,
L. & Morris, LC, Tangles and plagques tn nondernented aging and "preclinieal” Alzheimet's
diseaze. Annals of newrology 48, 358-368 {1999); Schmitt, F.A. et al. "Preclinical™ AD
revisited: newropathology of cognitively normal older adelis, Newrology 35, 370-376 2000V,
theveby offering a window of apportunity for therapeatic interventions for bitter menagement

of disease,

To demonstrate ability of the agent to labed plagues f» vive, muliiphoton imaging was
conducted in live APPPST 12 month old mice, post intravenous injection of F-Ad-182, Prior
0 imaging, dextran-Texas Red was tjected for muapping the blood vessels, Following

labehng of blood vessals, F- AL B2 Cmgfg, dissplved in DMSOPEG; 20:80) was

intravenously byected. A wstack image sevtes was acquired from covtex surface to a depth of
approx. H)0pm using microscope LSM ST0META NLO {Carl-Zeiss Tne). Multi-photon
irnaging i Hve APPPST mice (13 months old} dervongirated that F-A- 182 labeled plagues
in blood vessels {CAA) and brain parenchyma: The labeling of brain parenchymal plagues
was visible within 10 min, indicating factle clearance from non-targeted regions and
remained labeled for 30 min (FIG. ). Multi-photon tmaging can be done using '*F-A1-182,
other agents, or secomd generation agents (Bacskad, B., et al. Four-dimensional multiphoton
imaging of brain entry, amyloid binding aud clearance of an amyloid-f Hgand in ansgenic

mice. Proo Natl Acad Soi UISA 106, 12462-12467 {2003)).
Example &
This example iltustrates wethods of assessment of binding sifes,

There is s KM Radeduced strocture in the pritein data bank for AR (PDB
IBEG). To assess binding sites of PIB, AV-435, and AL182, using procedures deseribed
earlier in our laboratories {Sundaram, G.S.M, Harpstrite, S.E,, Kao, 1.1, Collins, S.0D. &

Sharma, V. A New Nucleoside Analogue with Potent Activity against Mutant sr39 Herpes
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Siropdex Viras-1 (HEV-1) Thymiding Kinase {TK). Organic fetters {20121, we used sitemap
to determing binding sites on Afua, gonerated & grid, then docked PIB, AV-45, and AL-1582
to determine rank order {(AV-4S > F-AL 82> PIB) based upon the Glide seore (FIG. 7).
Ligand interaction diagram indicated that PIB 6-hydroxy substitaent of the benzothazole ving
forms a hydrogen bond with Lew 17 and smallest swrface of hydropbobic interactions with
amino acid reskhues of AQ-42. While pyridine ring of AV-43 participated in w1 interactions
with Phe 19 as well as highest sueface of hydrophobic fnteractions, F-Al-182 retained m-n
inferactions bat also shows intermediate hydrophobic interastion surface thus supposting the
stk ovder of the glide scove, Building on the principles that &) & electrons play a wole in
bischemical interactions (Kampf, A, & Dougherty, DA, A mechantsm tor ion selectivily
in potassivm channels: computational studies of cation-p interactions, Science 261, 1708~
710 (1993 b AR recognizes plapner molecules; and o) extended conjugation systems are
more likely to offer more flexibility for interaction with other sites, we can explors a focused
SAR aronnd two scattolds @ ) shight variations iy position of the heteroatoms in the six
mmembered pyridine ring of S-membered ring of benzothivazole o additton o variation in
number of ethylene glveol moisties on the G-position of benzthiazole ring and b)

midification of dialky! amino group with other functional groups.
Example 7

This exarple Mustrates labeling of AR plagues in APPswe~ (24 months old) mice

using F-AL-183.

Examples of bramn Gissue section staining of APPsw+/~ (34 months ofd) mice using
FoAL-183 are shown in FKGL B Avrows indicate labeling of AR plagues {arrows, Abriliar
plagues). The stides were analyzed using & MNikon Ti-E PES inverted microscope equipped
with.a Nikon 10x 0.3 NA Plan APO objective, Prior H1HT ProScan flat top linear encoded
stage, and Prioy Lumen 200PRO ithumination system with standard DAPL and FITC filte

sets. The bmages were acquired using a Photometries CoolSNAP HQZ digital camera and

MetaMorph microstopy automaton, and fmsging software, Images were pritessed and
analyzed using the Tmage I software package (NIH)

Example &

This example Hustrates detection of conpact AR plagues in brain cross-soctions of

fromtad lobe by F-AW183.
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F-AT-183 detected compact AP plagues in the brain oross-sections of frontal lobe of
an §8-vear-old female with sowopathologically confirmed Alzhsimer's disease ay shown in
F1G 9. The fluorescent probe (F-A1-183) labels Sbeiller amyloid Gurow). The slides were
analyzod on a using & Nikon THE PFS foverted nstcroscope eqeipped with a Nikon 10X 0.3
NA Plan APD objective, Prior H1ET ProScan fat top lnear encoded stage, and Prior
Lumen 200PRO Humination system with standard DAPY and FITC filter sets. The bmages
were acquired using a Photometrics CoolSNAP HQ2Z digital camera, and MetaMorph
microscopy automaton, and imaging software. Iimages were processed and analyazed using
the hnage I software package (NIH).

Example 9

This example illoxtrates NMR data for some compounds of the present feachings.

HS N
25
TH NMR {460 Mz CDChY: 3. SH), 3,43 (s 3HY. 6.59 (d,J = 8.4 Hz, TH), 7.02
(=92 Hz, TH), 716 (d,J= 16,0 Ha 1H), 728 (4 7= 14.0 Hz, 20, 7.74 {d.J = 8.4 Hy,

PHY, 783 {d, /= 8.4 M, THY, 845 (s, TH): PO NMR (100 MHz, CDCh): 37,14, 33,77,

104,13, 106,05, 11531, 118,33, 11921, 123.02, 134,03, 134.22, 148,93, 159,15, 171.33
Se
=y )
N 7 N “OH

28

Y NMR {400 Mz, CDCEHY 310 (s, 61 675 (4, = 8.8 Mz, 1H), 681 {d, J» &4

e, TH), 732 (0, =164 Ha, TH), 74300, J = 104 Hz, THG, 781 (d, /= 8.0 Hix, THDL RIS
(d.J = 8.4 Hz, THY, 837 {5, THY 9.62 (s, 1HY: VO NMR (100 MHz, ODCh): 3821, 107.08,
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FOS.2T, 10962, 11505, 11625, 119069, 12137, 125,88, 12644, 13549, 136,17, 136,54,
187.05, 172.69.

S @\

ch‘ —— %, O
.“'(}j( N So~-F
H S N

{(F-AL1EY)

THNMR (400 MHz, CDClY: 305 (5, 6H), 428 (d, J= 27 8 Hz, 2H)L 4.77(d. J= 472
Hz, 2H), 6.56 {dd, J= 8.8, 3.2 He, 1H), 6,96 (d, /=84 Hz, 1H), .14 {d, J= 164 Hz, TH},
T27(d, J= 6.0 Hz, TH), 752 {d, J= 168 He, TH), 7.72(dd, /= 8.6, 3.0 Hw, 2H), 8.31 (s,
THY PCNMR (100 MHz, CDCly): 38,12, 67.29, 67.50, 81.00, 82,70, 106.08, 107.81, 115.08,
PIOURL, 120078, 124,98, 134,41, 134.80, 136.36, 14922, 157,85 F NMR (282 MHz,
CRCHY 224 ppay; HRME (FARY wéz cale, Tor CreMFNaOSer PMTT 3010599, found:
3910602,

Se —N _CHs
AL
HiCo 0 N N CH3

Y NMR (400 M2, CDCly 3.24 s, 6H), 387 (5. 3HL 6,93 (dL /= 7.2 Hz, TH), 716
{s, 2H), 7.50 {5, TH), 7.70 (&, /= 7.4 Ha, 1H), B30 (. 2H) BCNMR (100 MHz, CDCR):
3737, 35582, WHTUR, LIRS, 117,07, 12154, 13481, 12810, 13281, 156,54, 15916,
L6064, 17249

Se =N_  CHs
A
HO "N N

T NMR (400 Mz, CDCly 3,17 65, 6H), 6.83 (dd, 7= 8.0, 1.6 Bz, U, 7.30 (s, 1)
740 (d, /= 8.8 Hz, 2H), 7.82 (d. = 8.8 Ha THYL Q.75 (5, 2H), 9.63 (3, 1H); O NMR (100
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MHz, CDClyr 3928, 10972, 11523, 117.66, 12191, 13592, 126,55, 1
157.07, 187.49, 161.59, 17249

25, 133,49, 15695,

TH NMR (400 MBz, CDCh)Y 324 (s, 613, 428 (4, J= 276 Hz, JH)L 480 (d, S =472

Ha, 2HD), 697 {d, /= 7.2 He, THY, 707 ¢bs, THY, 730 (s, {H), 7.72 (. 0=

{s, 2HY; PO NMR (100 MHz, CDChY: 3728, 67.31, 67.51, 80.97, 82.67.
T1S36, 117.04, 121,46, 1253.01
172,72

2 Hz, THD, 853
HI7.95, 110.00,

138,57, 161.86,
R NMR {282 MHy, CFChY: <224 ppray HRMS (FAR) mz cale. for CoHpFN0Se:
EMTT 3930594 found; 392.0603.

>< a\,f\o‘ *\_C

THONMER (400 MHz, CDCEY 0,12 (5, £‘>'§‘i"}, .92 {5, 9HG, 3.24 £, 68D, 4.0144.03 (i
ZH) RS2 (m, IH L 694 {dd, S =

A28 7E 3300, 15647, 156,57, 15793,

{8, 2.4 Hi, 1H), 747 (4, 7= 1.2 Hz, 1Hy 7.50{d. J =
34 Ha, 18D, 770 (d, 7= 8.4 Hz, 1H), 8.53 (s, 2H) 1 15C NMR {100 MHz, CDClsk: 31.04,
42.24, 8% .44, 76,22, 110.76, 11222

22,121.21, 13434, 12986, 140.02, 142,74, 149.96, 152.44,
162.68, 172.86.

Se

<~

Q\
\S:.Ov/‘\.o \ />"N,\
\Q‘ N
HsC

TH NMR (400 MHz CDChY: 2.43 (s, 3H), 3.24 (s, 6H), 4.20 (bs, JH), 4.41 (bs, 2H)
T = 9.0 Hr, THY, 6.8 (d. J= 9.0 Hz, 1H), 717

741 {m, 4M), 763709 (m, 1H), 7.82
(= 7.6 Hz, 2HLRS2 6, THDL 866 (8, THY: BON

O NMR {100 MHe, CDCLY 21,64, 37.23,
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65,72, 68.06, 108.04, 10825 11508, 11550, 1168R, 121,41, 12478, 124.96, 12325,
128.00, 129,85, 131.04, 133,12, 144.95, 15660, 15735, 158,59, 162,68, 17184

O S
- X )
DR
\Lf” N \f—mcm
NC

T NMR (300 MHz, CD:ONY 8.5 (5, VH), .08 (d, DL 7.63 (d, 1HD. 7.27 (dd. TH),
3.92 (s, 3H)

HO g

'H NMR (300 Mz, acetone-de): 10,00 — 9,00 {br, s, 1M, B.51 (s, 1H)L 8.09 {d, 1H), 7.63 {4,
IHY, 728 (dd, 1)

F//\\\/JO\H/\'\\J/S)
N -_\N7—\>‘CN
NG

T NMR {300 MHz, scetone-ded 8.35 {5, 1H), 8,16 (d, TH), 7.85 (d, 1H), 7.39(d,
FFI) 4,93 - 429 (m, 4H).

,f«f@\@:%} /ﬁ/
o W N
NC

THONMR (300 MHz, dmso-ds): 8,59 {s, TH), 8.25 (d, 2H), .08 {d, 2H), 8.00 (4, 1),
TITA, TH), 718 ¢dd, TH), 387 {5, 3H)
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'H NMR (300 MHz, acetone-de): 9.00 thr, s, 1), 8.39 (s, 1H3, 830 ¢4, 2H), 8.18{d,
IHY, 7.94 (d, THy, 752 (d, HH), 744 {dd THY. MSOLREST) mie = 304.0547 (M+HT),

F/\/Q\ S Vo
@\INNWCN
NC

PHONMR (300 MHz, acetone-de): .39 (s, 1H), 831 (d, 21, &.18 (4, 2H), 8.02 (d,
VY, 773 6, VD, 7.25 (e THY, 4,94 — 436 (m, 4H), MS{LREST) miz = 350.2 (M1,

e
HaC ® CHy
N

CH;

TH NMR (400 MUz, CDCly 315 {5, 6H), 3.88 (s, 3H), 6.53 (d, J= 8.4 Hz, 1D, 7.04
{doJ =92 He, THY, 704 ¢d, 3= 16,0 He, 1), 729 (L 1 = 14.0 Hez, 2H), 7.7 (d 3 = 84 He,
TH), 7.83 (d, = 8.4 Hz, TH), 8.29 (5, TH) 'O NMR (100 MHz, CDCliy: 38.14, 55.79,
104,13, 106.05, 11831, IR0, 119.41, 123,02, 134.08, 13422, 14893, 159,15, 165.33

HO s
- — CHs
T~

7N
N CHs

T NMR (400 MHz, CDChY: 3.03 (s, 8H), 6.65 (d, /= 84 Hz, 1H), 688 (d.J=T7.6
Hr, TH), 7.24-7.32 (nn 2H), 7.66 {d.J7 = 8.4 He, 283, 7.90 (4, /> 7.6 Hz, L), 8.29 s, 1H),
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82 (s, LH); PO NMR (100 Mz, CDCl): 38.04, 106,51, 107.08, 116,11, 118.03, 11958,
12317, 134003, 13496, 135,60, 147.47, 14936, 155.90, 15925, 16397,

s S

AF-182

T NMR (400 MHz, CDCEY 3,14 s, 6H), 428 (d, J= 260 Hz, 2H), 6,65 (d, J=§.4
Hz, THY, .77 (d, 7= 49.6 Hz, 2H), 6.55 (d. J =~ 88 Hz, TH), 7.08 (&, /= 9.2 Hz, 1H), 7.13 {d.
4= 104 Hir, 1H), 7262733 (20, 170 (d, S Rid He LHD) 784 {d, = 9.2 He, TH, 829
(s, TR, 982 (s, THY’ HONMR {160 MMz, CDClzy 35,10, 3813, 67.63, 67 84, 8101, R2.70,
W32, 106.05, 11567, HIT.86, 11934, 123,12, 134.23, 13433, 148,98, 15636, 13917,
163, 74; PF NMR (282 MMz, CFCEY <224 ppan HRMS (FAR) miz cale. for CisHnFN:OS:
EMITT 3431153, found: 3431152,

O

T NMR (400 Mz, CDCly: 3,17 (5, 6H), 3.96 (s, 2H), 4.20 €5, 2H), 6.56 (d, J = 8.8
Fiz, THDL 706 (/= 8.4 He, TH), 7 .M{d, J=16.4 Hz, 1H), 7.24-7.32 (m, 2H), 7.72 {d. J= 8.8
i, 2H), 7.82 (d, 7= 5.8 Hz, 1), 8.29 (5, 1H).

T~ t W

THONMR (400 My, CDUhy: 242 (s, 3N, 316 (5, 6H), 4.22 €5, 2H), 441 (5, 2H), 5.56
(d.J= 8.8 Hz, L), 7.06 (d, J= 84 Hz, 1H), 7.04(d, /= 164 Hz, TH), 724732 (m, 2HL 772
(d, /= 8.8 Hz, 2H), T.82 {d, J= &8 Hz, 1H), 8.22-8.43 (m, 3H) BS1-8.92 (mm, 2H)
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F"‘V"’V"‘O"\“"‘t NG,

TH NMR (400 MHz, CDClzy: 314 {s, 6H), 3.61-3.80 (m, 6H), 3.82 (s, 2H), 422 (s,
QML 444 {d =494 Hy, 28D, 655 (3, = 88 Mz, THYL 7.08{d =92 He, HHL, 713 (4, J=
1oud Mz THY, 7.26-7.33 (m2H), 7.70(d, 7= 8.4 He, THY, 7.84¢d, /= 9.2 Hz, 1H), 8.294{d,.7
= 9,2 Hyz, 2HY UF NMR (282 MHz, CRCl): <224 ppuy; HRMS (FAB) wofz cale, for
CosFhsFNOS: { MY 430.1726; found: 43001780,

Example 10
This example Hustrates imaging of cancer cells using AR 182 as a fluorescent probe.
b these experiments, lnonan carcinmma cells were incubated with AR182
CH3

Y s =N N,
0 O TNA /T CH
N

§% (O for 30 min, and examined using a Nikon T-E PES inverted high resolution

{SuM at 37°C in the presenve of

micrescope equipped with a Mikon (Magsnification: 20x) Plan APQ objective, Prior H117
ProSoan Jat top Hnear encoded stage, and Prior Lumen 200PRO tHumination svstem with
standard DAPE and FITC filter sets. Results ave shown i FIG. HL Top row: Live Cell
imaging of Hman Gliohlastoma (UST) Cells Lising AL182, Middle row: Live Cell Imaging
of Human Pancrestic Cancer Cells (PANCTH Using ALTBZ. Bottom row: Live Cell Tmaging
of Human Panereatic Cancer Cells (Mia PaCa~2} Using A1-182. Note accamulation of the

probe within cells.

Al references cited herein are incorpiwated by reference, gach in s entirely.
Apphicant reserves the sight to challenge any conchusions presented by any of the asthors of

any reference.
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Claimg
What is claimed is:

1A compound or a pharmsaceutically acceptable salt thereof of structure

A SRy

Ay Ao

wherein:

1 is selected from the group consisting of 2 halogen, hydraxy, evano, COOR?,
carboxy, amide, mmino, mivo, NRIRY and ORY;

ny is an integer from 0-4;

7 iz selected from the group consisting of CHz, O, NRY, Sand 8¢,

each of Ax, Az and Az is independently selected from the gronp consisting of H, F, CL,
Br. I, ON, OH, NO», NHR®, NRIRYEOR?, SR COORY, CORY sulfonic acid,

F
et

AN 3
viideneymalononitrife, 2-4(2E 4k )-hexa-2 d-dien- L-yhidens raalononitrile, aceiyl, {OCHz-
CHalog- and R,

wherein ¥ is 2 bond , 2-cthylidenemslononitrile, (£%2-(but-2-en-1-

n3 is an integer from 0-4;

s 15 an integer from 04

~ ix a single or double bond;

Xi s selected from the group consisting of C and N

Nais selected from the group consisting of CHa, CH, O, NRM¥, S, Seand N

X1 is selected from the group consisting of CHz, CH, O, NRP, S, Seand N;

Xais Cor CH;

Xais C,CH orN:;

wherein Xa is UH, X2 and X4 ave linked by « single bond and X and Xi arg linked by
a single bond, or Xa is €, Xz and Xs are linked by 2 single boad-and Noand Xy are linked by a
double bond, or Xa is €, Xz and Xq are linked by a double bond and Xy and X ave linked by »
single bond;

wherein whes X i C then Xy and Xy are linked by a double bondd;
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wherein when X is N, then Xy and Xs are linked by asingle bond;
whetain when X2 5k NR¥, S, O or Se, then Xo and X are Hinked by a single bond;

wherein when X is N, then X2 and X are Huked by a doable bond;

wherein when Xz is NRY, S, O or Se, then X and Xe ave lnked by a single bond;

wherein when X3 is N, then X and X ave Hiked by a double bond:;

svheretn when both the Xz and Xs ave N, then Xy and Xz are linked by & double bond,
Xz and Xeare Hnked by a singde bond, X and Xe ave Hoked by a double bond, and X and X
are Hinked by 3 single bond;

wheretn when both the Xi and Xz are N, then Xz and X4 ave linked by a double bondd,
Xz and X4 are lnked by a single bond, Xy and Xs are linked by a doubie bond, and Xyand Xs
are finked by a single bondy

{. ¥s selected from the group consisting of (C1-Ga) atkyl, {Cn-Ca) eveloatiovd, (C-Ca)

0 O
Hnear alkese, (U-Cy) brancled alkene, {C-Cy) alkyne, . and
O

x";::,/

g
n2 is an mteger from (4
each of £h, O, O3, Qu and Q¢ s independently selected from the group consisting of C and
N, with provisos that at Teast two of O, O, Qs Qo and Qs ave C and at foast one of (1, Oz,
Q2 Qs and Qs i3 Np and
gach of RI-RY is independently selected from the group consisting of H, Ci.ez linear
alkyl Casz Hnear alkene, Cran linear alkyne, Tsap branched chain atkyil, Coor2 branched chain
atkene, Craz branched chain alkyne and Cir oyeloatkyl sryl and a combivation thereof.
2. A compound or a pharmaceuticatly acceptable salt thereo! in accordance with ¢laim 1,
whersin the halogen is selected from the group consisting of CLF, Brand L
3. A compound or a pharmaceutically acceptable salt thereo! in accordance with claim 1,
wherein the halogen iy selected from the group consisting of F-18, Be75, Bra76, Br77, 1
123, 13124, 125 and 1131
4. A compound o a pharmaceutically aceeptable salt theveof vaccnrdance with clatm 1,
wherein R comprises a radionuclide.
3. A compound or a pharmacentically acceptable salt thereof in accordance with claim 1,

whereln R comprises 3 C-11.
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6. A compownd or & pharmaceutically acceptable salt theveof in accordance with claim 1,

whetsin R™ comprises a radionuclids.
7oA compound or a pharmaceutically acceptable salt thereof of structure
X 4B
7] R
-+ .
J 2| Kby 2N
O n-‘{ \ XS:: x3

/
N/

A wherein:

-

Fix selected from the group consisting of a haloges, hydroxy, eyane, COORY, carboxy,
amide, imming, nitro, NRIRY and ORY,

0y s an imteger from 04,

Z is selected from the group consisting of CHa, O, NRS, S and Se;

Ay is selected from the group consisting of H, F, Cl, By, 1, ON, O#H, NOg, NHR®,

F
L

NRIRLORY SRY COORY CORY, salfonic acid, A\ wherein Y™ is a hond |
2-gthvlidenematonmuitrile, (£)-2-(hut-2-an-L-ylideno)ymalonoaiirile, 2-<((2E 48 -hexa-2,4-
dien-1-ylideneimalononiinle, acetyl, (OCHCHahn «(CH 2 and RS

na is an integer from O-4,

ns 15 an integer from 0-4;

= i5 a single or double bond;

Xt ix selected from the group consisting of Coamd N;

Xz ix selected from the group consisting of CHa, CH, O, NRY, §, Se and N;

X3 is selected from the group consisting of CHa, CH, O, NRY, §, Se and N;

Xa 16 selected from the group consisting of © and CH;

K s selected from the group vonsisting of N, {7 and OH;

wherein when Xz s NRM | S, O or Se, then Xy and Na are linked by a single bond;

wherein when Xa s N, then X: and X are Haked by a double bond;

wherein when X1 is NRP S, O or Se, then Xa and X are linked by a single boud;

sheretn whan X is N, then Xyand Xs are Hnked by a double bond;

wherein when both the Xr and Xs are N, then X and X are linked by a double bond,

X2 and Xaare linked by a single bond, Xzand X ave linked by a double bond, and Xsand Xs
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are Hinked by a single bond;
whergin when both the Xu and Xo are N, then Xz and Xy ave linked by a double bond,
Xz and Xo are Hitked by a single bond, X and Xs are linked by a double bond, and Xiand Xs
are Hinked by a single bond;
L is selected from the group consisting of aryl, {Cr-Ca) alkyl, (CiCs) cyeloalkyl, (T
O
€y stratght atkene, (C-09) branched alkene, (C2-Cx) alkyne,

O O

/U\i/'}\ NN

and :

.

02 is an integer from 0-4; and

cach of R'-R'® is independently selected from the group consisting of H, Cra linear
alkoed, Coo limear alkene, Con linear alkyne, Caos branched chain alkyl, Corp branched chain
alkene, Cip2 branched chain alkyne and Cas oycloalkyl aryl, or a combination thereof.
8. A compound or a pharmaceutically acceptable salt thereot iy accordanee with olaim 7,
whaerein the halogen i selentad from the group consisting of CLF, Brand L
8. A compound or a pharmacentically acoeplabie salt thereot in avcordance with clatm 7,
wherein the halogen is selected from the group consisting of F-18, Be-75, Be-76, Be-77, 1
123,1-124, 125 and 1131
18, A compound or & pharmaceutically acceptable salt thersol in accordance with claim 7.,
whersin R* comprises a radiomuclide.
A compound or a pharmsceutically sceeptable salt thereof in accordance with ¢laim 7,
wharein R* comprises a C-11
120 A compound or a pharmasentically acceptalde salt thereof i accordance with olaim 7,

wherein RY comprises a radionaclide.

13, A compound or a pharmaceatically acceptable salt theveo!, of structure

%\x’_fxﬁ Q*I;‘_“:Q

M ¢

u

Ay A,

wharetn;
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Z is selected from the group consisting of CHz, O, NRYL 8, Se and

/}«-\N |
A 2

N-~—N wherein YWV i 3 bond;

MVAVAVL WL Y

cach ol A, Az and Ax is independently selected from the group consisting of H, F, C§,

Br, I, ON, OH, NGz, NHR, NRIRLORS, SRY, COORT, CORY, sulfonic acid,

F
SR

\ wherein Y™ is & bond, 2-cthylidenemalononitrile, (£3-2-(but-2-en-1-
viideneymalononitrile, 2{ZE4R)-bexa-2 4-dign-1-ylidenemadononitrile, acetyl {OCH:-
CH)es and RY;

15 18 an integer from 04,

f4 15 an integer from 0-4;

V

X1 is selected from the group consisting of T and N7;
Xz is selected frovn the group vonsisting of CHa,CH, O, NRY, 8, Se and N;
Xz is selected from the group consisting of CHx,CH, O, NRYL S, Se and N;
X is selected from the group consisting of £ and UH;
X is selected from the group congisting of N, C and CH;
wheretn when Xz s NR™ 5, O ar Se, then Xz and X¢ are finked by a single bond;
wheretn when Xz 18 N, then Xo and Xq are linked by 3 doubls bond;
wherein when Xs is NRP S, O or Se, then Xs and Xs are Hinked by a single bond;
wherein when Xz is N, then Xz and Na are Hoked by a double bond;
wherein when both the X and Xs are N, then Xy and Xrare Hnked by a doubie bond,
and Xaare linked by 4 single bond, Xsand Xo are linked by a double bond, and Xaand X
are linked by a single bond; wherein when both the Xt and Xo are N, then Xo and X are
linked by a double bond, X and Xa are linked by a single bond, X and Xsave Hinked by a
doubde bond, and Xiand Xs are Hideed by a single bond;

L is seletted from the group consisting of (C-Ca alkovl, {GC) eycloalkyl, {CoCxd

O O

straight alkeng, {Ci-Cq) branched alkene, {Ca-Cr) alkvng,
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Q
)‘I\%\M

and - :

ny is an integer from 1-4;

cach ot Qs Qo O, Qs and Qs Iy independently selected Tront the group consisting of
Crand N, with provisos that @ least o of (, O, O, Qs dnd Oy are C and at least ong of O,
2, 0 Quand Qs s W

M is selected from the group consisting of O, 8, S, NRY, amide, maleimide, ures,
hatoalkane, haloalkene and hadoalkyne;

Xeis & halogen, NHa, NHRY ORY, COORY, COR™, OH, NHQ wherein Q@ is a
chelator corg;

each of R1-RY gnd RM-R' is independently selected from the group consisting of H,
Crogz Hoear altkvl, oz Unear alkene, Cao Hinear alkyne, Ciaz branched chadn atkyl, Caz
branchad chain alkens, Can branched chain alkyne and Cor oyedoalkyl aryl
1, A compound or & pharmaceutically aoceptable salt thervo! in accordance with claim 13,
whergin the halogen is selected from the group consisting of CLF, Brand L
15, A compound of 3 pharmaceutically acceptable salt thereof in accordimee with elaim 13,
wherein the halogen is selecied from the wroup consisting of F-18, Br-73, Br-76, Br-77, |-
123, 1124, 1-128 and 131,
16, A compound or a pharmaceatically acceptable salt theveo! in accordance with olaim 13,
wherein R* comprises a radionuclide.
17, A compound o a pharmaceutically acceptable salt thereof in accordance with claim 13,
wherein RY comprises g C-11
18 A compound or a pharmaceutically accepiable salt thereof in accordunee with olaim 13,
wherein RY comprises a radionuchide.
T4 A compound or a pharmaceatically aceeptable salt thereof in secordance with olaim 13,
wherein the chelator core is selected from the group consisting of NOTA, DOTA, DTPA and
friglveine,
26. A compound or & pharmacentically acceptable salt thereof in accordance with olaim 19,
wherein the chelator core chelates a wetal radionuchide.
210 A compound or a pharmaceutically acceptable salt thereof in accordanve with elaim 20,
wherein the metal radiomschide is an ion selected from the group consisting of an fon of

e
7
i1

gallivm-67 and an fon of gallium-63.
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22, A compound or & pharmaceutically acceptable salt thereof in aceordance with claim 20,
whergin the compound or pharmacsutically acceptable salt comprises an jon seleeted from
the group consisting of an o of galliune-67, anion of gatliam-68, an fon of an unlabeled
gallivn, ay jon of indism-1 1, an lon of ron-52, an jon of iron-59, an ton of copper-62, an
ton of copper-64, an lon of thalliens-201, an jon of technetivm-%%m, an for of technetivm-
G4, an ton of rhentune-188, an fon of rubidism-B2, an ion of strontium-92, an on of ytirium-
86, an ton of yiirhuo-94, an fon of Zirconiune-86, an ion of zircontum-89,

23, A compound or o pharmacsatically acceptable salt thereof in accordance with claio 20,
whersin the fon s a paramagnetic metal jon,

24, A compound or & pharmacsutically acceptable salt thervol in accordance with claim 20,
wherein the compound or pharmaceutically acceptable salt coraprises an fon selected from
the group consisting of an ton of ron, an ion of manganese axd an lon of cohalt.

5. A compound or 8 pharmaceutically aceeptablde salt thereof in accordance with claim 20,
whereiny the compound or pharmaceutically acceptable salt comprises an lon is g lanthanide
madal o
26, A cormpound or & pharnwcsatically aoceptable salt therco! in sccordance with claioy 28,

wherein the compound or pharmaceutically acceptable salt comprises a gadolinium o,

7. A compound or a pharmaceutically acceplable salf Gureof, of structure

o

_X Qi As
J z (/\TT D LN\ ﬁy

SO, <X4m
f n 2
O Yy \ 5\.;( 2 Q4 Qj

Ay A,

wharein:

1is sefected from the group consisting of @ halogen, hydroxy, evano, COOR!,
carboxy, amide, bontino, nitre, NRTR? and ORY,

0 is an integer from O-4;

7 s selected from the group consisting of CHz, OV NRY, 8 and Sg;
ech of Ay, Azand As is independently selected from the group consisting of H, F, UL Br, L,

F
e e

ON, OF, NOz NHRE NRTREORY SRB_COOGRY CORY sulfonic acid, \
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wherein Y™ {s a bond |, 2-ethylidencmalononitrile, (£)-2-{but-2-en-1-ylideneynalononiirile,
2-({2B 4B)-hexa-2 d-dien- | -ylidens)malononiteile, acetyl, (OCH-CHaop- and RY,

T is an integor from O-d;

n¢ is an integar from 0-4;

—t i3 2 single or double bond;

X1 is seleeted from the group consisting of € and N

Xz is selected from the group consisting of CH:, OH, O, NRY, S, Se and N;

Xy is selected from the group consisting of CHa, CH, O, NR®, &, Se and N;

Xais selected from the group consisting of € and CHy

Xz is selected fromn the group consisting of N, U and CH;

wherein when X is C then Xy and X5 are Hnked by a double bond;

wherein when X 18 N, then X and Xs ave inked by a single bond;

wherein when Xz is NRY 8, G or Se, then Xy and X are linked by a single bond;

wheretn when Xz is N, then X and Xq are Huked by a double bond:

wherein when Xz is NRY | S, O or Se, then Xz and Xe are finked by a single bond;

wheraln when X3 is N, then Xa and X are Hinked by a double bond;

wheretn when both the Xz and Xs are N, then Xt and X are linked by a double bond,
X and Xqare Hoked by 3 siogle bond, X and Xs are Hinked by a double bond, and Xyand Xs
are finked by a single bondy

wherein when hoth the X and Xz are N, then Xz and X are linked by a double bond,
Xz avd Xy arg Hoked by a single bond, X and N are linked by a double bond, ard Xyand X
are linked by a single bond;

L is selected from the group consisting of {C-Clo) allovl, (C-Co) oveloalioyd, (C-Cs)

lirear alkene, {Cx-Cs) linear slkene, (U~Cy) branched alkyne, - .

O O

PN G

and :
na is an integer from (-4,
each of Qi Uz, Qs and Q4 Is independently selected fronn the group consisting of C
and N, with provisos that at beast two of @, Qr, Oy and Qg are T and at Jeast ove of Oh, Q2
O and Qais N;

each of RA-RY is independently selected from the group consisting of H, Ci.p linear

57



WO 2015/051188 PCT/US2014/058919

adkyl, Crn lnewr alkens, Cras Hnear alkyne, G branched chain alkyl, Can branched chadn
alkene, Cre2 branched chain alkyne, Gaor gycloalkyl arvl, and a combination thereofl
28, A conyound or a pharmaceutically acceptable salt thereof in accordance with olaim 27,
wharein the halogen is selected from the group consisting of CL F, Brand L

-
;
i

28, A compound or 8 pharmaceutically acceptable salt thereot i accordance with elaim 27,
wherein the halogen s selected from the group consisting of F-18, Br-75, Br-76, Be-77, |-
123, 124, 125 and 1131

38, A compound or a pharmaceuticaly acceptable salt thereof b accordance with olaim 27,
wherain R comprises 3 radionuclide.

31, A conpound or a pharmacsutically acceptable salt thereof in avcordance with claim 27,
wherein R* corprises a C-1 L

-
v
;

A compound or 8 pharmaceutically acceplable salt thereof in accordance with claim 2

3

wherein RY comprises a radionuclide.

. & compound or & pharmacentically accepiable salt thereof, of structure

. wherem: & s selected from the

N
anAANR - N%—-\/
group consisting of CHa, O, NR', 8, Se and N—N
whergin Y™V s 4 bond;
cach of Ar Az and Ay is independently selected from the group consisting of H, a

halogen, ON, OH. NGz NHRYNRIRLORS, SR, COORT, CORY, sulfonic avid,

F
i

\ wherein YV s a bond |, 2-ethvlidenemalonanitrile, (£)-2-(but-2-en

N

vhidene pmalononitrite, 2-((2F 4F)-hexa-2 d-dien- l~§f.h‘d:ene}maimmﬁitrifi"», acetyl-{OCH:-

CHon-(CH2 - and R”:
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ns I8 an integer fom 04,

ng is an integer from 04,

X1 s selected from the group consisting of C and N

Xz is selected from the group consisting of CHx, CH, O, NR¥ S Seand Ny

X is selected from the group consisting of CHa,CH, O, NRYUS, Seand Ny

Xy iz selected from the group consisting of U and UH;

X3 is selected from the group consisting of N, C and CH;

wherein when Xz s NRM, S, O or Se, then Xz and X+ are linked by a single hond;

wherstn when Xo s N, then Xo and Xa are linked by g double bond;

whersin when Xz s NR' 8 O or Se, then X and X are linked by a single bond;

wherein when X3 s N, then X3 and X are Hoked by a double bond;

wherein when both the Xz and Xs are N, then X1 and Xa are linked by 3 double bond,
Xz and Xeare Unked by a single bond, X1and X are Hoked by a double bond, and Xsand X
arve linked by a single bond;

whereint when both the X and X2 are N, then X2 and X are Hoked by & double bond,
Xy and Xq are Hoked by « single bond, Xy and X are Hnked by a double bond, and X and Xs
are finked by a single bond;

L fs selected from the group consisting of (C1-04) atkyl (CCe) eveloalkyd, (Co-Cad
O O
N
Hnear alkene, (C3-Cs) branched alkeng, (C-C2) alkyng, . — angd
Q

f,,.:/xf

ne s an integer from §-4;

5

ach of ﬂ A

i

s, Q¢ and Os 15 independently selected from the group consisting of
€ and N, with provisos that at least two of O, Q. Qs and Qs are C and at least one of €1, Qo
O and Qg is N

M isselected from the group consisting of O, 5, 8¢, NR P amide, maleimide, wrea,
taloalkane, hadoalkene and haloatkyng;

X is seleeted from the group consisting of 3 halogen, NHy; NHR Y QRY, COORY,

COR™ OH, NHO whergin Q is a chelator cove;
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cach of RU-R'® s independerdly selected from the group consisting of H, Cip linear
alkyl, Caar linecar alkene, Cosz Hnear alkyvoe, Caaz branched chain alkyl, Crn branched chain
alkene, Ciop branched chain alkvne and Co oycloatkyl aryl; and

R optionally comprises & radionuclide.
34, A compound or a pharmaceutically acceptable salt thereof in accordance with claim 33,
wherein the halogen is selecied from the group comsisting of CL F, Brand L
35, A compound or a pharmaceutically acceptable salt thereof i accordance with olaim 33,
wherein the halogen is selected from the group consisting of F-18, Br-75, Be-76, Be-77, |-
123, 1-124, 1125 and B-13 1,
36, A conpound or a pharmacsutically acceptable salt thereof in avcordance with claim 33,
wherein R* comiprises g radionuclide.
37, A compound or 8 pharmaceutically acceptable salt thereof in accordance with claim 33,

wherein RY comprises a O-11

38, & compound or 8 pharmaceaticathy acceptable salt theveof n accordance with ol 33,
wherain R’ comprises a radionaclide,
39, A compound or & pharmaceatically acceptable salt thercol in accordance with elaim 33,

whergin the chelator core is selected from the group consisting of NOTA, DOTA, DTPA and
triglycing.
43 A congound or a pharmaceutically scoeptable salt thereot in accordice with elaim 39,
wherein the chelator core chelatos o metal radiomuctide.
41. A compound or a pharnacentically acceptable salt thereof in sccordance with claim 40,
wherein the metal radionuclide is an fon selected from the group consisting of an ton of
gatham-6Tand av 1on of gallium-68,
42. A compound or & pharmaceatically acceptable salt thereof in accordance with claim 40,
wherein the compound or pharmaceutically acceptable salt comprises an ion selected from
the group consisting of an ton of gallium-67, antion of gallion-68, @y 1on of an unlabeled
gallivim, anjon of indiwn-111 L an fon of ron-32, an fon of ron-39, an fon of copper-62, an
ion of copper-64, an fon of thallium-201, sn ion of technetim-99m, an lon of techaetium-
Gy, an fon of rhenjum-188, an ion of robidivm-82, an lonof stronttam-92, an ton of vitrium-
86, an o of yitrium-90, an ion of zircomium-86, an ion of wirconhun-89,

3. A compourid or a pharmwceetically avceptable salt thersof in accordance with claym 48,
wherein the conpound or pharmaceutically aceeptable salt comprises a paramagnetic metal

108,
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44, A compound or & pharmaceutically acceptable salt thereof in aceordance with claim 40,
wherain the compound or pharmacsutically acceptable salt comprises an ton is selected from
the group consisting of an o of bon, ancion of mangasese and an ton of cobalt,

45, A conwound or a pharmaceutically acceptable sall thereot v accordanee with olaim 40,

wherein the compound or pharmaceutically acceptable salt comprises & lantharude metal ion.
46, A compound or & pharmacentically accepiable salt thereot in accordanece with claim 40,

wherein the compound or pharmaceutivally acceptable salt conyprises g gadoliniam jon.

47, A gokd nanoparticle comprising gold conjugated to 3 compound of any one of claims -
46,
48, A conplex comprising:
a conipound or a pharmaceutically acceplable salt thereot of any one of clabms 1-46;
and
 gold nanoparticle.
49. & vold nanoparticle conjugated to a compound of any one of claims 1-46,
50. A gold nanoparticle of any-one of claims 47, 48 or 49, farther comnprising a Hoker
51, A gold nanoparticle of claim 30, wherein the Hnker is an aminothiol.
2. A gold nanoparticie of claim 51, wherein the aminothiol is an aminothiophenol,
330 A gpodd nanoparticle of olaim 52, whergin the aminm:ixiuphenul 15 a praminathiophenol,
5S40 A godd nanaparticle of any one of <ladms 47-33, wherein the gold iy Au-199,
350 A gold nanoparticle of any one of claims 47-33, wherein the gold is Ag-198,
36, A method of imaging distribution of amyloid beta in o sample or & sebiect, comprising:
admimistering a compand or a pharmaceutically acceptable salt thereof of any one of
claims 1-35 to the sample orsubject wherein the compoursd or pharmaceutically acceptable
sall thereof conyprises a radionuelide;
subjecting the subject to PET or SPECT scanning.
37, A method of imaging distribution of amyloid beta in a sample or 3 subject, comprisig
administering a compound, a pharmaceutically acceptalile salt thereof or a gold
nanoparticle of any one of clatms 1-85 to the swople or subject;
applyving electromagnetic radiation (o the sobject or sample of a wavelength exeitatory
for fluorescence of the compound o xalt thereof
58, A method of bnaging cardiac systemic amylotdosis in a subject, comprising sdministering

an wnaging effective mmount of & congsound, 8 pharmacentically scceptable salt thereof ora
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gold nanoparticle of any one of claims 1-33 to the subject, and subjecting the sabject to PET
or SPECT scanning.

590 A method of inhibiting amyloid beta aggregation, comprising administering o compound,
a pharmaceutically acceptable salt thereof or a gold wanoparticle of any one of claims 1-33,
wharein atf lemst one of 2, X and X3 s Se.

66 A miethod of diagnosing or munitoring progression of Alzheimers disease, comprising
administering 1o a subject a compound, a pharmacecutically scceptable salt thereofor a gold
panoparticle of any one of claims 1-33, snd subjecting the subject to PET or SPECT
seanning.

61. A method of diagnosing or noniioring progression: of & neurodegenerative discase,
comprising administering 1o 8 subject ¢ compound, & pharmaceutivally acceptable salt thereof
or a gold nanoparticle of any one of claims 1-38, and subjecting the subject to PET or SPECT
scanning.

62. A method of diagnosing or monitoring progression of cardiac systenue siyvloidosis,

comprising admimstering o g subfect a compound, & pharmaseutically acceptable salt thereat

or a gold nanoparticle of any one of claimy 1-35, and subjecting the sabject to PET or SPECT
seAnnng.

83, A method for detecting ov ruling out a meningioma in a subject comprising admiristering
to a subject a compound, € pharmacsutically scceptable salt thereof or 3 pold nanopartivle of
any one of claims 135

64. A method for detecting or ruling out 3 meningioma in g subject in accordance with claim
63, wherein the detecting comprises PET or SPECT scanning with concurrent compaied

tomography {CTY imaging, magaetic resonance imaging (MRS or o combination thersef,

63, A method for differentiating the presence of a meningioma from other tumors typesin a
wlsject, comprising:
adnunistering to a subject & diagnostically acceptable amount of 8 compound, a
pharmaceutically acceptable sall thereof or a gold nanoparticle of any one of claims 1-35%;
deteeting retention of the compound,
whersin greater activity of the compound compared 1o a control is disgnostic for
eRIngioma,
66, A compound of any one of clatms -85 for uxe in the differential diagnosis of

meningiona compared {0 other twmors
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HC e
N-=—(
HoC 7N

67, A compound of structare ora

pharmaceutically acceptable salt thereofl

HiC =
N\ Q Se
HsC N S\ CH
) S N s
68, A compound of siruchure 0O or i
pharmaceutically acceptable salt thereof
HiC e
HC N Y |
69, A compound of struchsre N7 OH o4
pharmaceutically acceptabie salt thereofl
F™ N0~ =
C
1
76, A compound of structwre N or |

pharmaceutically acceptable salt thereof

F

O g \ /) C=N
L/
71 A compound of structure N

pharmaceutically acceptable salt thereof.

or i
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T2, A compound of structure

/ \N
N \

or a pharmacestically

O CH-
g ey
N CH3 [y

a pharmaceutically soceptable salt thereofl

acceplable salt thereof

73, A compound of structure

74, A compound of structure

£ OO

S y
D\ N
N

pharmaceutically accoptable salt thereof.

Y N ~ ! o
75, A compound of structure N o

a pharroseautically acceptable sadt thereofl

76, A conpound of siructare N ara

pharmaceutically acceptuble salt thereof

F

77. A compound of struciure ' 0 ' or a

pharmaceutically acceptable salt thereof,
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78, A conmpound of struchure

ara

pharmaceutically acceptable salt thereof,

Se =N
L = Wt
F N N

74, A compound of structure O

or g pharmaceutically sceeptable salt thereof.

o
F"\//\O

or a pharmacentically acceptable salt therenf

8¢, A compound of structure

81, A compound of structare

Ot
F\/’\OND\/\G

pharmaceutically acceptable salt thergof

Qra

22, A compound of structure

O
7 N
F\./'\O SN N/

thereot.

ot a pharmacentically accepiable salt
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AT H
F | A N
\/\O N CHS or a

pharmaceutically acceptable salt thereofl

&3. A compound of struchure

84. A compound of structure

S =N H

e

: @F’f{*
\“/\O ~N

acceptable salt thereoll

or a pharmaceutiosily

83, A compound of structure

4
F /
\/‘\Q N

acceptable salt thergof,
41

. Se ~N CHs
~ -
/Y%D_N\
pharmaceutically acceptable salt thereof,
Se =N _CHy
fMD—Nx
N N CHy

27, A compound of stractare HO or g

or a pharmaceutically

86. A compound of stmedre or g

pharmaceutically acoceptable salt theveof,
S8, A compound of structure

Se

N
\ .0 ¢
s "0 N \ N
\ ‘
N
or a pharmaccutically

acceptable salt thereof
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84, A cinnpound of structire

o\/\a‘ *\{

HaC ora

pharmaceutically acceptable salt thereof

20, A conypound of structure NC o a pharmaceuticatty

aceeptable salt thereof,

91. A compownd of stucture ot a pharmaceutically
acceptable salf thereof
\/[ /}-‘\Q—/
«CN
92, A conpound of stractare or &

pharmaceutically aceeptable salt thereof

HO\I/\I 77777777 /9_\}

3. A compound of structure NC o

pharmaceutically acceptabile sali thereof

h—O CHg .

pharmaceutically acceptable salt thereof.

g4, A compound of structhure

&7
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/ N
\N CH

93, A compound of structure

pharmaceutically acceptabie sall thereofl

O
HO

46, A compound of structure or
a pharmsceutically acceptable sudt thereof
0O CHy

TsO~

97. A compound of structure

or & pharmaceutically scceptable salt thereof

gt

98 Cormpound or a pharmaceutically

acceptable salt thereof, forse in the detechion or diagnosis of amyvloid in # sebject,

99, The compoand of pharmaceutically acceptable salt thereof of claim 98, where in F ivan

F-18.
[
P NN
oSaach

acceptable salt thereot] Tor use in the diagnosis of Alzhetmery Dhsease in a subjent.

1040, Compound or a pharmacsutically

or a pharmaceutically

161, Compound

acceptable salt thereof, for use i the diagnosis of cardiac systemic amyloidosts 1n a subject.
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F\f"\g

102, Compound

pharmaceatically acceptable salt thereof, for use in the disgnosis of Alzheimers Dissase ina

suhject.

F. ,
R \_,/'f\ O X N
163, Compound

pharmacatically acceptable salt thereof, whergin the F is an F-18.

Se

‘ Vo - N
AN NN 2N
104, Compound O N CHs

Qr i

pharmaceutically accoptable salt thereof, for use in the detection of amyloid-fi.

F\f"\{)

115, Compound

phartiaceuticatly acceptable salt thereol, for use in the detection or diagnosis of amyloid-
plague 1 the retina,
106, The compound o pharmaceutically acceptalde salt of claim 143, wherein the detection

comprises fluorescence detection.

Se N CHy

181‘.::\”3‘,\0

7. Conpound

N CHs

or &
pharmacentically acceptablesall thergof, fir vae iy the detection or diignons of amyloid-§

plague In the reting, wherein the detection comprises PET imaging.
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F\f"\g

108, Compound
pharmaceutically acceptable salt thereof, for use in the detection or diagnosis ef amyioid- B
by SPECT.

109, & compound or a pharmacentically acceptable salt thereof of any one of claims 1-55 for

ase in the detection or dlagnosts of amyloid in 4 subject.

Q. A compound or a pharmaceutically acveptable salt thoreof of any one of claims 1-35 for
use in the detection or disgnosis of a cancer selected from the group consisting of a

prolactinoms, a chroid plexus papilforng, a low grade hymphoma, and a pihuiiary femor

THL A compound or a pharmaceatically acceptable salt thereof of any one of claims 1-53 for
use i the detection or diagnosis of @ cancer selected from the group consisting of

ghoblastoma, brain cancer, breast cancer and pancreatic cancer.

HIZ. A compound or a pharmaceutically

v

acceptable salt thereot of any one of elaims 1-55 for

use 10 the detection of apwvioid precursce protetn,
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