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(57) ABSTRACT 

The present invention provides curcumin-derived near infra 
red (NIR) imaging probes. Upon interacting with amyloid B 
aggregates, these probes undergo a range of changes, quali 
fying them as “smart” probes. The inventors have demon 
strated that probes of the invention have the capacity to moni 
tor the progression of Alzheimer's disease in an in vivo 
animal model. In addition, the present invention encompasses 
probes useful as PET imaging agents, MRI imaging agents 
and multimodal imaging agents, as well as related methods of 
detecting and imaging amyloid f aggregates and plaques. 
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CURCUMINDERVATIVES FOR 
AMYLOID-BETA PLAQUE IMAGING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional application 61/085.076, filed Jul. 31, 2008, which is 
incorporated herein by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not Applicable. 

FIELD OF THE INVENTION 

0003. The invention relates generally to molecular probes 
for amyloid-(3 plaque imaging. In particular, the invention is 
related to various curcumin derivatives useful for imaging 
amyloid-fi plaques in human Subjects. 

BACKGROUND OF THE INVENTION 

0004 Amyloid-fi (AB) deposits are a well known patho 
logical hallmark for Alzheimer's disease (AD). Their forma 
tions arise from aggregated peptides AB40 and AB42, which 
are generated from amyloid peptide precursor (APP) by 
cleaving with B- and Y-secretases {11; 15}. Normally, the 
concentrations of the generated A340 and AB42 monomers 
are maintained at a reasonable level through the balance 
between generation and clearance. Upon the initiation of AD, 
however, the equilibrium moves towards accumulating of AB 
monomers. Consequently, the monomers begin to form fibrils 
upon stimulation with various factors such as stress, overload 
of metal ions including ferric, copper and zinc. Finally, the 
fibrils develop into extracellular deposits (senile plaques) of 
micron size in the progress of aging {12; 10; 13: 3: 14. 
Although, it is controversial whether AB deposits precede and 
induce the neuronal atrophy 15 recent evidence indicates 
that AB plaques are the herald and critical mediator of neuritic 
pathology {2}. 
0005 Tau fibrils formation is another widely considered 
pathological hallmark for AD. They represent intracellular 
fibrils and tangles generated from helical parallel filament 
(HPF) protein (18; 19. Although both AR plaques and tau 
fibrils are definite signs for AD, it is not yet clear whether AB 
plaques formation and Tau generation are linked to each 
other, or they exist as parallel pathological pathways {22:30; 
22: 21}. 
0006 Currently, the diagnosis of AD mainly relies on 
memory and behavior tests, and the final confirmation is 
usually based on postmortem analysis. Both memory and 
behavior tests, however, are not reliable and not suitable for 
the early detection because of the lack of noticeable syn 
drome at the early stage 20}. Therefore, the early detection 
of AD still presents a challenge. Molecular imaging, a 
molecular level and high sensitivity detecting technology, 
represents a promising approach to face this challenge. 
Molecular MR imaging, optical imaging and PET imaging 
have been employed as modalities for the early detection of 
AD pathology, and considerable progresses has been 
achieved in recent years {46; 24; 1; 7:25:27; 26: 110; 111; 
112:28}. DirectMRI visualization of AR plaques in AD brain 
tissue was reported, using MR microscopy and very long 
scanning time (24 hours) {26}. Targeting MRI detecting Af 
plaques with antibody conjugated with magnetic probes was 
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also reported, but it required transient BBB opening {28}. 
Poduslo et al reported that a conjugate of gadolinium and 
modified AB40 segment (AB30) had BBB penetrating ability 
and was suitable for in vivo MRI visualization of AB plaques 
{27}. 
0007. In addition, Higuchi et all claimed that by using an 
A? plaque specific small molecular probe with fluoride, they 
were able to detect the deposit in transgenic mice by HMRI 
and 'F MRI {25}. Although these studies indicate that 
molecular MRI is a promising diagnostic modality, its low 
sensitivity could be an obstacle for its application inclinic. In 
recent years, researches have demonstrated that PET can be 
used as an imaging modality to detect AD pathology; how 
ever, its high cost and narrow availability of contrast agents 
prevent its broad usage 23. Molecular optical imaging is a 
promising modality for early AD pathological detection. 
Multiphoton and near infrared imaging are the most used 
optical imaging modalities, based on the fluorescent property 
of the probes. Although multiphoton microscopy could be 
very useful in animal research, it is invasive and only provides 
very small field-of-view information 23; 7:5;6: 8}. 
0008 Near Infrared Imaging (NIR) is a very attractive tool 
for early AD detection because of its acceptable depth pen 
etration, non-invasive operation, and inexpensive instrumen 
tation. Several non-NIR molecules that specifically bind to 
senile plaques have been reported for multiphoton imaging 
and histological studies; near-infrared probes, however, are 
few 24; 3}. NIAD-4 was reported as a potential senile 
plaque-specific two-photon microscopy probe that could be 
used as a NIR probe. Most importantly, it showed significant 
fluorescence intensity increase upon binding to AB aggre 
gates in in vitro test. Therefore, this type of molecule could be 
referred as a “smart” probe. NIAD-4 and its analogues are 
currently under investigation for senile plaque monitoring by 
measuring life time change 7: 3} Additionally, Chang etal 
reported that some styryl dyes could be “turned on upon 
incubating with AO aggregates, but these compounds may 
have little chance penetrating BBB because of their large 
polarity {29}. 
0009 Curcumin, a brightly colored powder, is the princi 
pal curcuminoid of the Indian curry spice turmeric, and con 
Sumed daily for thousand of years in India and other regions. 
Curcumin is known for its antitumor, antioxidant, antiar 
thritic and anti-inflammatory properties 30: 32: 31; 33. It 
has been utilized as an anti-amyloid agent as well {5; 157. In 
2004, Yang et al reported that curcumin could be used as a 
histological staining reagent for senile plaques and showed 
that curcumin could decrease amyloid deposits in vivo 34}. 
Further, Garcia-Alloza et al. demonstrated by two-photon 
imaging, that curcumin could be visualized in vivo and could 
prevent the progress of amyloid plaque forming in APP/Tau 
transgenic mice model {5}. In addition, Ryu pointed out that 
curcumin derivatives were suitable for amyloid deposit moni 
toring by PET 35. All of the studies showed that curcumin 
is very specific for amyloid plaque and displays high affinity 
binding for A3 aggregates. However, curcumin is not practi 
cal for in vivo NIR imaging because of its short emission 
wavelength and low lipophilicity (log PK2){35}. 
0010. As can be appreciated, it would be desirable to 
obtain new imaging agents useful for the detection of amy 
loid-fi plaques in human Subjects. In particular, it is desirable 
to utilize near-infrared (NIR) imaging as a sensitive, low cost 
and non-invasive approach for the early detection of AD. To 
meet this objective, “smart” probes that can be “turned on 
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with emission in the NIR imaging window are highly sought 
after in the medical imaging field. 

SUMMARY OF THE INVENTION 

0011. The inventors show herein that by modifying cur 
cumin's structure it is possible to shift derivative compounds 
emission wavelength to an ideal range for NIR imaging. 
Accordingly, the invention provides "smart’ probes with Sig 
nificant fluorescence property changes upon binding. In addi 
tion, derivative compounds are provided having improved 
lipophilicity relative to curcumin. 
0012. In a first aspect, the invention provides in a com 
pound having the formula Ar"-L-Ari, wherein: (a) L is a 
divalent linking group comprising an alkenylene having 5 to 
15 backbone carbonatoms, wherein at least two of the back 
bone carbon atoms form part of a carbonyl or secondary 
alcohol and Ar' and Arare each independently alkylamine 
substituted aryl or heteroaryl groups; or (b) L is a divalent 
linking group comprising an alkenylene having 5 to 15 back 
bone carbon atoms, wherein at least two of the backbone 
carbon atoms form part of a difluoroboronate ring; and Ar" 
and Arare each independently alkyl amine-substituted aryl 
or heteroaryl groups. 
0013. In certain preferred embodiments, the linker L is 
-CH=CH-(CO)-CH=C(OH)-CH=CH- O 
-CH=CH-(CO)-CH C(O) CH=CH-. As well, 
the aryl or heteroaryl groups Ar" and Ar’ are independently 
selected from: 

r HC 2 Or HC 
3 s N in 

CH3 CH3 

0014) A particularly preferred compound of the invention 
has the structure: 

HC 2 2 CH. 
3 N N 3 

CH3 CH3 

0.015. In other embodiments, the linker L is 

F F 

Y 
1. No O 

N--- 
and, optionally, Ar' and Arare independently selected from 
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H3C 2 or HC 
NN N NN 

CH3 CH3 

0016 Yet another preferred compound according to the 
invention has the structure: 

V v 
o1'No 

S 2n 21 

Cro. 
hi, hi, 

0017 Compounds of the present invention are preferably 
capable of binding amyloid beta plaques in both in vivo and in 
vitro contexts. 
0018. In certain embodiments, the compounds of the 
invention are useful for imaging in other modalities in addi 
tion to near infrared (NIR). In such embodiments, the com 
pounds are isotopically labeled with isotopes including, e.g., 
F isotope, 'F isotope, or ''C isotope. 

0019. In another aspect, the invention provides a pharma 
ceutical injectable dosage formulated to include a compound 
as described and claimed herein and an injectable carrier 
system. 
0020. A further aspect of the invention is directed to a 
method for detecting an amyloid beta plaque in a sample. 
Such a method includes steps of: (a) contacting a sample 
comprising an amyloid beta plaque with a compound 
described and claimed herein such that the compound binds 
the amyloid beta plaque; (b) illuminating the compound 
bound to the amyloid beta plaque with near infrared light of a 
wavelength absorbable by the compound; and (c) detecting 
fluorescence emitted by the compound wherein the fluores 
cence corresponds to the amyloid beta plaque contained in the 
sample. 
0021. In certain embodiments, the presence, absence or 
level of said compound's fluorescence in the sample is indica 
tive of a disease state, the disease state preferably being 
Alzheimer's disease. 
0022. In another aspect, the invention encompasses an in 
Vivo optical imaging method for amyloid beta plaque detec 
tion. Such a method includes steps of: (a) administering to a 
Subject a compound as described and claimed herein wherein 
the compound binds an amyloid beta plaque; (b) illuminating 
the subject with near infrared light of a wavelength absorb 
able by the compound; and (c) detecting fluorescence emitted 
by the compound wherein the fluorescence corresponds to the 
amyloid beta plaque present in the Subject. 
0023. In certain embodiments, the fluorescence detected 
in step (c) is used in an additional step to construct an image 
of the amyloid beta plaque present in the Subject. 
0024. The step (c) of the method is preferably performed 
using a light detection or image recording component com 
prising a charge coupled device (CCD) system or photo 
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graphic film. As well, steps (b) and (c) are preferably per 
formed using an endoscopic device, a catheter-based device, 
a diffuse optical tomographic imaging system, phased array 
technology, a confocal imaging system, or an intravital 
microscopy system. 
0025. In the method, the presence, absence or level of the 
compound's fluorescence is indicative of a disease state, pref 
erably Alzheimer's disease. 
0026. In preferred methods, the subject is a living animal, 
most preferably a human Subject. 
0027. The method typically accomplishes administration 
of the compound to the subject by intravenous (IV) injection. 
0028. In yet another aspect, the invention provides a 
method for providing a positron emission tomography (PET) 
scan of a subject. Such a method includes steps of: (a) admin 
istering to a subject a 'C or F labeled derivative of a 
compound described and claimed herein; and (b) imaging 
gamma rays emitted due to the compound within the Subject 
in order to provide a PET scan of the compound contained in 
the subject. The presence, absence or level of the compound 
within the Subject is typically indicative of a disease state, 
most preferably Alzheimer's disease. 
0029. The invention provides in a further aspect a method 
for providing a magnetic resonance image of a Subject. Such 
a method includes steps of: (a) administering to a subject a 'F 
labeled derivative of a compound described and claimed 
herein; and (b) imaging the Subject in order to obtain a mag 
netic resonance image of the compound contained within the 
Subject. The presence, absence or level of the compound 
within the Subject is typically indicative of a disease state, 
most preferably Alzheimer's disease. 
0030 The invention further encompasses an optical sys 
tem for imaging an amyloid beta plaque in a Subject. Such a 
system includes: (a) a fluorescence excitation Source for illu 
minating at least a portion of the Subject, the fluorescence 
excitation Source configured to excite fluorescent emission of 
a compound described and claimed herein that is adminis 
tered to the subject to bind amyloid beta plaque present in the 
subject; (b) a fluorescence light detector for detecting fluo 
rescent light emitted by the compound; and (c) an imaging 
means to provide an image of the compound in the Subject 
which correlates to amyloid beta plaque present in the Sub 
ject. 
0031. The fluorescence excitation source in the system 
may be a laser or light-emitting diode. 
0032. The fluorescence light detector in the system may be 
a charge coupled device (CCD) system or photographic film. 
0033. In certain embodiments, the fluorescence excitation 
Source and the fluorescence light detector are embodied in an 
endoscopic device, a catheter-based device, a diffuse optical 
tomographic imaging device, a phased array technology 
device, a confocal imaging device, or an intravital micros 
copy device. 
0034. Of course, the invention also contemplates the use of 
a compound as described and claimed herein for the manu 
facture of an injectable dosage for the in vivo imaging of a 
Subject as well as the use of the present compounds in in vivo 
imaging of a Subject. 
0035. Other objects, features and advantages of the 
present invention will become apparent after review of the 
specification, claims and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1. The structure of Curcumin, CRANAD-1 
(Top), CRANAD-2, and the synthetic route of CRANAD-2 
(bottom). 
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0037 FIG. 2. The emission comparison between cur 
cumin, CRANAD-1 and CRANAD-2 (2.5 LM) in methanol 
(left); and the emission spectrum of CRANAD-2 (2.5 M) in 
PBS (pH 7.4) (right). 
0038 FIG. 3. The solvent-dependent emission of CRA 
NAD-2 (25.0 uM) in dichloromethane, ethyl acetate, and 
methanol. 
0039 FIG. 4. a) The fluorescence switch of CRANAD-2 
(100 nM) induced by AB aggregates (blue line), AB40 mono 
mer (pink line), and PBS only (yellow line). b) the lifetime 
change of CRANAD-2 after its binding to the aggregates 
(upper line: with aggregates; lower line: probe alone). 
0040 FIG. 5. Binding constant measurement of CRA 
NAD-2 with Afaggregates (left), and the right linear graph 
(R=0.9944) indicates that CRANAD-2 isn't self-quenched 
with the range tested. 
0041 FIG. 6. The Fluorescent intensity comparison of 
CRANAD-2 with A?40 aggregates (20 ug/ml), BSA (20 
ng/ml), CRANAD-2 only (5.0 uM). 
0042 FIG. 7. Histological staining with CRANAD-2 
(0.01% in acetone-ethanol-water (20:30:50). a,b Cortex 
stained by CRANAD-2; c-f, co-staining with Thioflavin S. 
left, CRANAD-2 (red colored) and right as merged with 
thioflavin S staining. 
0043 FIG.8. The clearance curve of CRANAD-2 in blood 
(lower curve) and brain (upper curve) in Balb/C mice (n-3) at 
various time points after i.V injection of 10 mg/kg of the 
probe. 
0044 FIG. 9. (A) Relative fluorescence signal decay 
curves for 11- and 19 month-old transgenic Tg2576 and their 
littermates after i.v injection of 5.0 mg/kg. CRANAD-2 probe. 
The curves were obtained by fitting with non-linear regres 
sion, two binding sites model (Prism 3.0): (B-C) the incre 
mental folds of fluorescence signal after normalizing to back 
ground signal; (B) 11-month old mice, and (C) 19-month old 
mice. *: p=<0.05, **: p=<0.01. 
004.5 FIG. 10. Ex vivo histology of 19 month-old mice 
sacrificed at 4 h. after i.v. injection of 10 mg/kg of CRANAD 
2. (A) cortex of control mice, left: 2x; middle: 10x, the region 
highlighted in left panel; right: 40x, the region highlighted in 
middle panel; (B) cortex of Tg2576 mice. 
0046 FIG. 11. Representative images of Tg2576 and lit 
termate at different time points before and after i.v. injection 
of 5.0 mg/kg. CRANAD-2. (A) 11-month old littermate; (B) 
11-month old Tg2576 (mice of A and B showed similar back 
ground fluorescence signal); (C) 19-month old control 
mouse: (D) 19-month old Tg2576 (mice of C and D showed 
similar background fluorescence signal). 
0047 FIG. 12. (A) the chemical structures of compounds 
tested; (B) histology of CRANAD-3 and CRANAD-5 with 
APP-PS1 brain section, left: CRANAD-3 or CRANAD-5 
staining; middle: thioflavin T; right: merge (40x); (C) fluo 
rescence spectrum of CRANAD-3, 5 and thioT in absence of 
and in presence of AB40 aggregates. 

DETAILED DESCRIPTION OF THE INVENTION 

I. In General 

0048 Before the present materials and methods are 
described, it is understood that this invention is not limited to 
the particular methodology, protocols, materials, and 
reagents described, as these may vary. It is also to be under 
stood that the terminology used herein is for the purpose of 
describing particular embodiments only, and is not intended 
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to limit the scope of the present invention which will be 
limited only by any later-filed nonprovisional applications. 
0049. It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “an', and “the 
include plural reference unless the context clearly dictates 
otherwise. As well, the terms “a” (or “an'), “one or more' and 
“at least one' can be used interchangeably herein. The terms 
“comprising and variations thereof do not have a limiting 
meaning where these terms appear in the description and 
claims. Accordingly, the terms “comprising, “including. 
and “having can be used interchangeably. 
0050. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meanings as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice or testing of the present invention, the preferred 
methods and materials are now described. All publications 
and patents specifically mentioned herein are incorporated by 
reference for all purposes including describing and disclosing 
the chemicals, instruments, statistical analysis and method 
ologies which are reported in the publications which might be 
used in connection with the invention. All references cited in 
this specification are to be taken as indicative of the level of 
skill in the art. Nothing herein is to be construed as an admis 
sion that the invention is not entitled to antedate Such disclo 
sure by virtue of prior invention. 
0051. The terminology as set forth herein is for description 
of the embodiments only and should not be construed as 
limiting of the invention as a whole. Unless otherwise speci 
fied, “a” “an.” “the and “at least one are used interchange 
ably and mean one or more than one. 
0052. As used herein, the term “organic group' is used for 
the purpose of this invention to mean a hydrocarbon group 
that is classified as an aliphatic group, cyclic group, or com 
bination of aliphatic and cyclic groups (e.g., alkaryl and 
aralkyl groups). In the context of the present invention, Suit 
able organic groups for curcumin derivatives of this invention 
are those that do not interfere with the curcumin derivatives 
imaging activity. In the context of the present invention, the 
term “aliphatic group” means a Saturated or unsaturated lin 
ear or branched hydrocarbon group. This term is used to 
encompass alkyl, alkenyl, and alkynyl groups, for example. 
0053 As used herein, the terms “alkyl”, “alkenyl', and the 
prefix 'alk- are inclusive of straight chain groups and 
branched chain groups and cyclic groups, e.g., cycloalkyland 
cycloalkenyl. Unless otherwise specified, these groups con 
tain from 1 to 20 carbon atoms, with alkenyl groups contain 
ing from 2 to 20 carbon atoms. In some embodiments, these 
groups have a total of at most 10 carbon atoms, at most 8 
carbon atoms, at most 6 carbon atoms, or at most 4 carbon 
atoms. Cyclic groups can be monocyclic or polycyclic and 
preferably have from 3 to 10 ring carbon atoms. Exemplary 
cyclic groups include cyclopropyl, cyclopropylmethyl, 
cyclopentyl, cyclohexyl, adamantyl, and Substituted and 
unsubstituted bornyl, norbornyl, and norbornenyl. 
0054) The term “heterocyclic” includes cycloalkyl or 
cycloalkenyl non-aromatic rings or ring systems that contain 
at least one ring heteroatom (e.g., O, S, N). 
0055. Unless otherwise specified, “alkylene' and “alk 
enylene' are the divalent forms of the “alkyl and “alkenyl 
groups defined above. The terms, “alkylenyl' and “alkenyle 
nyl' are used when “alkylene' and “alkenylene', respec 
tively, are Substituted. For example, an arylalkylenyl group 
comprises an alkylene moiety to which an aryl group is 
attached. 
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0056. The term “haloalkyl is inclusive of groups that are 
Substituted by one or more halogen atoms, including perflu 
orinated groups. This is also true of other groups that include 
the prefix "halo-”. Examples of suitable haloalkyl groups are 
difluoromethyl, trifluoromethyl, and the like. Halogens are 
elements including chlorine, bromine, fluorine, and iodine. 
0057 The term “aryl as used herein includes monocyclic 
or polycyclic aromatic hydrocarbons or ring systems. 
Examples of aryl groups include phenyl, naphthyl, biphenyl, 
fluorenyl and indenyl. Aryl groups may be substituted or 
unsubstituted. Aryl groups include aromatic annulenes, fused 
aryl groups, and heteroaryl groups. Aryl groups are also 
referred to herein as aryl rings. 
0058. Unless otherwise indicated, the term “heteroatom’ 
refers to the atoms O, S, or N. 
0059. The term "heteroaryl' includes aromatic rings or 
ring systems that contain at least one ring heteroatom (e.g., O. 
S, N). In some embodiments, the term "heteroaryl' includes 
a ring or ring system that contains 2 to 12 carbon atoms, 1 to 
3 rings, 1 to 4 heteroatoms, and O, S, and/or Nas the heteroa 
toms. Suitable heteroaryl groups include furyl, thienyl, 
pyridyl, quinolinyl, isoquinolinyl, indolyl, isoindolyl, triaz 
olyl pyrrolyl, tetrazolyl, imidazolyl pyrazolyl, oxazolyl, 
thiazolyl, benzofuranyl, benzothiophenyl, carbazolyl, ben 
ZOxazolyl pyrimidinyl, benzimidazolyl, quinoxalinyl, ben 
Zothiazolyl, naphthyridinyl, isoxazolyl, isothiazolyl, purinyl, 
quinazolinyl, pyrazinyl, 1-oxidopyridyl, pyridazinyl, triazi 
nyl, tetrazinyl, oxadiazolyl, thiadiazolyl, and so on. 
0060. The terms “arylene' and “heteroarylene' are the 
divalent forms of the “aryland "heteroaryl groups defined 
above. The terms “arylenyl' and "heteroarylenyl' are used 
when “arylene' and "heteroarylene', respectively, are substi 
tuted. For example, an alkylarylenyl group comprises an 
arylene moiety to which an alkyl group is attached. 
0061 The term “fused aryl ring includes fused carbocy 
clic aromatic rings or ring systems. Examples of fused aryl 
rings include benzo, naphtho, fluoreno, and indeno. 
0062. The term “annulene' refers to aryl groups that are 
completely conjugated monocyclic hydrocarbons. Examples 
of annulenes include cyclobutadiene, benzene, and cyclooc 
tatetraene. Annulenes present in an aryl group will typically 
have one or more hydrogen atoms substituted with other 
atoms Such as carbon. 
0063. When a group is present more than once in any 
formula or scheme described herein, each group (or Substitu 
ent) is independently selected, whether explicitly stated or 
not. For example, for the formula—C(O)NR, each of the two 
R groups is independently selected. 
0064. As a means of simplifying the discussion and the 
recitation of certain terminology used throughout this appli 
cation, the terms “group' and "moiety' are used to differen 
tiate between chemical species that allow for substitution or 
that may be substituted and those that, in the particular 
embodiment of the invention, do not so allow for substitution 
or may not be so substituted. Thus, when the term “group' is 
used to describe a chemical substituent, the described chemi 
cal material includes the unsubstituted group and that group 
with nonperoxidic O. N. S. Si, or Fatoms, for example, in the 
chain as well as carbonyl groups or other conventional Sub 
stituents. Where the term "moiety” is used to describe a 
chemical compound or Substituent, only an unsubstituted 
chemical material is intended to be included. For example, the 
phrase “alkyl group' is intended to include not only pure open 
chain Saturated hydrocarbon alkyl Substituents, such as 
methyl, ethyl, propyl, tert-butyl, and the like, but also alkyl 
substituents bearing further substituents known in the art, 
Such as hydroxy, alkoxy, alkylsulfonyl, halogen atoms, 
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cyano, nitro, amino, carboxyl, etc. Thus, “alkyl group' 
includes ether groups, haloalkyls, nitroalkyls, carboxyalkyls, 
hydroxyalkyls, sulfoalkyls, etc. On the other hand, the phrase 
“alkyl moiety' is limited to the inclusion of only pure open 
chain Saturated hydrocarbon alkyl Substituents, such as 
methyl, ethyl, propyl, tert-butyl, and the like. 
0065. The invention is inclusive of the compounds 
described herein (including intermediates) in any of their 
pharmaceutically acceptable forms, including isomers (e.g., 
diastereomers and enantiomers), tautomers, salts, Solvates, 
polymorphs, prodrugs, and the like. In particular, if a com 
pound is optically active, the invention specifically includes 
each of the compound's enantiomers as well as racemic mix 
tures of the enantiomers. It should be understood that the term 
“compound includes any or all of such forms, whether 
explicitly stated or not (although at times, "salts' are explic 
itly stated). 
0066 “Pharmaceutically acceptable' as used herein 
means that the compound or composition or carrier is Suitable 
for administration to a subject to achieve the treatments 
described herein, without unduly deleterious side effects in 
light of the necessity of the treatment. 

II. The Invention 

0067. As noted above, curcumin (diferuloylmethane, 1,7- 
bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-di 
one) is a symmetrical diphenolic dienone. It exists in Solution 
as an equilibrium mixture of the symmetrical dienone 
(diketo) and the keto-enol tautomer; the keto-enol form is 
strongly favored by intramolecular hydrogen bonding. 
0068. Curcumin contains two aryl rings separated by an 
unsaturated seven carbon spacer having two carbonyls. The 
aryl rings of curcumin contain a hydroxyl group in the para 
position and a methoxy group in the meta position. 
0069. In this invention, the inventors provide the design, 
synthesis and testing of a family of novel “smart” NIR AB 
plaque-specific fluorescent probes which open a wide win 
dow for new types ofNIR fluorescent dyes forcell, tissue, and 
in Vivo imaging. 
0070. In one particular embodiment, a probe according to 
the invention was designed by incorporating a difluoroborate 
ring into curcumin (FIG. 1; hereafter “CRANAD-2). This 
probe is the first example of difluoroborate diketone family as 
imaging probe. This particular probe, exemplary of the inven 
tion, is an ideal NIR probe for detecting AB aggregates. First, 
the probe has a molecular weight is only 400 dalton. Its log P 
is 3.0, which is within the range for the recommended lipo 
philicity (log p 2-5) for CNS drugs that have high potential to 
penetrate brain blood barrier. Second, utilizing a two-step 
red-pushing strategy, the inventors obtained the compound 
with fluorescence emission that falls into the ideal “optical 
window” (650-900 nm) for NIR imaging. 
0071. At the same time CRANAD-2 also exhibits a large 
stoke shift (140 nm in PBS, and 70 nm in PBS with AB 
aggregates). Moreover, CRANAD-2 shows high quantum 
yield upon binding to aggregates (40%) though its quantum 
yield was low (0.6%) in PBS buffer. Third, CRANAD-2 
exhibits considerable stability in serum in vitro, which was 
further confirmed in the inventor's in vivo studies. Addition 
ally, CRANAD-2 does not show any significant binding to 
BSA, the major serum protein component. Fourth, CRA 
NAD-2 possesses high affinity to Afaggregates, with the K 
comparable to that of Thioflavin T and NIAD-4, and being 
significantly higher than AOI 987. Fifth, CRANAD-2 dis 
plays specific staining with A? plaques from aged transgenic 
mice brain tissue, indicating that the probe has particular 
selectivity for AB plaques over other components of brain 
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tissue. Sixth, CRANAD-2 displays specific properties of a 
“Smart” probe since its emission wavelength and fluorescence 
intensity and lifetime were highly sensitive to the binding 
with A? plaques. After binding to AB plaques, the probe was 
“turned on and displayed 70 folds increase in fluorescence 
intensity and 90 nm blue-shift, and significant lifetime change 
upon binding to the aggregates. The term “fluorescence prop 
erties’ refer to fluorescence intensity properties; the probe 
will be “turn on' upon interacting with a target, exhibiting 
“smart” probe properties, or significant fluorescence life time 
shortening or prolonging. Finally, the inventors demonstrated 
that CRANAD-2 could be used for early AD detection in an 
animal model. 
(0072. In use, the CRANAD-2 probe of the present inven 
tion may be used for several purposes. For instance, the 
described probe is a potential research tool for animal studies: 
a diagnosis agent for clinic in the future; a fluorescent dye for 
biology studies; a potential class of drugs to treat AD; a 
potential MRI imaging probe for AD diagnosis (e.g., CRA 
NAD-2 containing at least one fluorine atom which is an 'F 
isotope); and a potential PET probe for AD diagnosis (e.g., 
CRANAD-2 containing at least one fluorine atom which is an 
F isotope or, alternatively, at least one carbonatom which is 

a 'C isotope). 
0073 Curcumin derivatives are expected to be beneficial 
for use in the imaging methods of the invention. The term 
“curcumin derivative' is used interchangeably with the term 
'curcumin analog and "curcumin analogue' (alternative 
spelling) and includes, for example, curcumin derivatives, 
analogs, curcuminoids and chalcones. In one embodiment, 
the curcumin derivative includes first and second aryl groups 
covalently attached by way of a spacer, also referred to herein 
as a linker or a linking group. In another embodiment, the first 
and/or second aryl group is a heteroaryl group. 
0074 Curcumin derivatives that exhibit improved imag 
ing qualities are preferred. For example, curcumin derivatives 
that include alkylamine-substituted aryl or heteroaryl groups 
and unsaturated spacers are expected to impart improved 
imaging characteristics. Additional curcumin derivatives not 
encompassed by the general definition provided above may 
also be found in the examples and schemes provided herein. 
0075 Curcumin derivatives of the invention are generally 
encompassed by compounds having the formula Ar"-L-Ari, 
wherein: (a) L is a divalent linking group comprising an 
alkenylene having 5 to 15 backbone carbon atoms, wherein at 
least two of the backbone carbonatoms form part of a carbo 
nyl or secondary alcohol and Ar" and Ari are each indepen 
dently alkyl amine-substituted aryl or heteroaryl groups; or 
(b) L is a divalent linking group comprising an alkenylene 
having 5 to 15 backbone carbonatoms, wherein at least two of 
the backbone carbon atoms form part of a difluoroboronate 
ring; and Ar' and Ari are each independently alkyl amine 
Substituted aryl or heteroaryl groups. 
0076 Curcumin derivatives of the invention include aryl 
or heteroaryl group Ar", which is positioned at an end of the 
linker L. Curcumin derivatives of the invention include a 
second aryl or heteroaryl group Ari that is independently 
selected from Ar", which is positioned at the other end of the 
linker L. Preferred aryl or heteroaryl groups include phenyl 
groups, naphthyl groups, thienyl groups, and pyridinium 
groups. 
I0077 Aryl or heteroaryl groups Ar" and Art are preferably 
Substituted with an amine group, more preferably an alkyl 
amine group. Additional Substituents may be present on the 
aryl or heteroaryl groups, wherein the ring positions may, 
independently, be unsubstituted (i.e., R=hydrogen) or one or 
more R groups may be substituents independently selected 
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from a variety of Substituents, including hydroxyl, halogen, 
alkyl, alkenyl, haloalkyl, alkoxy, amine, carboxyl, and ester 
substituents. Particularly preferred groups for Ar' and Ar 
include: 

HC 2 or HC 
NN N NN 

CH CH 

0078. The linker L is a spacer preferably 5-15 carbon 
atoms in length that formalinear carbon chain connecting the 
first and second Argroups. The carbons atoms in the carbon 
chain that trace out shortest path between the first and second 
Ar groups are referred to herein as the “backbone' carbon 
atoms. The number of backbone carbon atoms is readily 
determined in straight chain alkyl groups. In spacers that 
include a cyclic alkyl group as a constituent of the linear 
chain, the backbone carbonatoms include the least number of 
ring carbons possible. The number of backbone carbonatoms 
is used herein as a shorthand way to designate the length of 
the linker being used. For example, a 7-carbon spacer is a 
divalent spacer that includes 7 backbone carbon atoms. Pre 
ferred embodiments of the invention include curcumin 
derivatives having an odd number of carbonatoms; e.g., 3, 5, 
and 7-carbon linking groups. 
0079. In certain embodiments of the invention, at least one 
of the backbone carbon atoms is included in a carbonyl 
(C=O) moiety. The spacer may be substituted or unsubsti 
tuted. The spacer may further be saturated or unsaturated. In 
a preferred embodiment, the spacer contains an odd number 
of carbonatoms (i.e., 3, 5, or 7 carbonatoms), and alternating 
unsaturated carbon-carbon bonds. In additional embodi 
ments, the spacer may include a hydroxyl moiety in place of 
or in addition to, the at least one carbonyl moiety. Particularly 
preferred spacers include —CH=CH-(CO)—CH=C 
(OH)-CH=CH- or -CH=CH-(CO)-CH C(O)– 
CH=CH-. In other embodiments, at least two carbons of 
the linker's backbone are involved in forming a difluorobor 
onate ring structure. A particularly preferred linker of this 
type is illustrated by the structure: 

V / 
B 

o1 No 

-N-N-N- 
0080. As can be appreciated, curcumin derivatives of the 
invention preferably include a linking group L that includes 
analkenylenegroup having between3 and 7 backbone carbon 
atoms and preferably at least one carbonyl moiety. The link 
ing group may be substituted or unsubstituted, and may be 
saturated or unsaturated. Preferably, an unsaturated linking 
group includes conjugated double bonds. Preferably the link 
ing group also contains an odd number of carbon atoms (i.e., 
3, 5, or 7 carbon atoms), and at least one unsaturated carbon 
carbon bond. In additional embodiments, the linking group 
may include a hydroxyl moiety in place of, or in addition to, 
the at least one carbonyl moiety. 
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I0081. A divalent linking group includes two carbons with 
unfilled valencies that provide valence points where a cova 
lent bond can be formed to an adjacent aryl or heteroaryl 
group that also includes a carbon with an unfilled Valency. 
Generally, a valence point is represented in a chemical for 
mula by a bond that is shown as not being attached to another 
group (e.g., CH , wherein - represents the Valence point). 
I0082 To further describe and illustrate exemplary com 
pounds of the present invention, various curcumin derivatives 
of the invention may be represented by the general formula 
(I): 

I0083 wherein positions A, B, C, D, E, F, G, H, I, J, K, L, 
M, N, O, and P are independently selected from the atoms C, 
N, O, or S; n and mare independently 1, 2, or 3; R1 and R2 are 
each an alkyl amine Substituted group; and R3 is an alkyl, 
N(RRs), OR, fluoroalkyl, N(R)(CH)nOR7, N(R)(CH) 
nCR, N(R)(CH)n'F, N(R)(CH)N(RR): NCHR 
(where R. Rs. R. R-7, Rs. R. Rio is an alkyl group). 
I0084 As well, other exemplary curcumin derivatives of 
the invention are represented by the general formula (II): 

F F 

Y 
NO 

G A I Os F-1s N 21 4N4'np- SN 
Rii. l B R J --R s 3 Sa. ne? NK1-1: 

wherein positions A, B, C, D, E, F, G, H, I, J, K, L, M, N, O, 
and P are independently C, N, O, or S: n and mare indepen 
dently 1, 2, or 3: R1, R2, are each an alkyl amine substituted 
group; and R3 is an alkyl, N(RRs), OR, fluoroalkyl, N(R) 
(CH)nOR, N(R)(CH)nOR, N(R)(CH)n'F, N(R) 
(CH2)N(RR): NCHRio (where R Rs. R. R. Rs. Ro, 
Ro is an alkyl group). 
I0085 Particularly preferred compounds according to the 
invention having demonstrated advantage as “smart” NIR 
probes include compounds defined by the structures: 



US 2011/0208064 A1 

-continued 
F F 

Y 
NO 

O S 2n 21 O 
HC CH3. 

CH CH 

I0086. In certain embodiments, the invention provides 
compounds that are further useful in modalities other than 
NIR Such as postitron emission tomography (PET) or mag 
netic resonance imaging (MRI). The general formula (III) 
below illustrates various examples of isotopically-labeled 
derivatives of the present compounds labeled with the iso 
topes 'C, F (for use in PET) or 'F (for use in MRI). 

CH 
R=R=N 

V 
(CF)CF 

pHCH." 
R=R=N 

V 
(CF)CF3 

F F 

Y 
1 F a 4. Y Y W 4. F n- s1's 1s 4N4Nen- 1 

R-- || | --Rs 
x e. 2 Sa 8 - 

1. r X F F X r n 
F F 

CH 
/ 

R=R=N \ly 
pHCH." 

RR2N 
\ly 

X = C, N, O, S 
Y = C, N, O, S 

0087 Methods of providing isotopically labeled mol 
ecules are well know in the art and the artisan may resort to a 
variety of known methods to derive isotopically labeled ver 
sions of the compounds described and claimed herein. (e.g., 
see Ryu et al., J. Med. Chem. 2006, 6111-61.19; Cai et al., 
Current Medicinal Chemistry, 2007, 14, 19-52; and 
Ametamey et al., Chem. Rev., 2008, 108, 1501-1516.) 
Accordingly, all isotopically labeled versions of the present 
compounds accessible through routine labeling procedures 
are encompassed within the present invention. 
0088 Specific methods to synthesize compounds accord 
ing to the invention are set forth below in the Examples 
section. Stated generally, compounds of the invention are 
accessible via the following reaction scheme and general set 
of reagents: 
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CHO 
N O O B2O3 

R- -- -suls B(OBu) N4 3 
O OH 

s1s 2n 21 N 
R- --R 

N4 2 
For example, the compound CRANAD-5 is provided where 
X is carbon and R is the group —N(CH). In similar fash 
ion, the compound CRANAD-3 is achieved where X is nitro 
gen and R is the —N(CH) group. 
I0089. The compounds of the present invention are particu 
larly useful when formulated in the form of a pharmaceutical 
injectable dosage, including a compound described and 
claimed herein in combination with an injectable carrier sys 
tem. As used herein, injectable and infusion dosage forms 
(i.e., parenteral dosage forms) include, but are not limited to, 
liposomal injectables or a lipid bilayer vesicle having phos 
pholipids that encapsulate an active drug Substance. Injection 
includes a sterile preparation intended for parenteral use. 
0090. Five distinct classes of injections exist as defined by 
the USP: emulsions, lipids, powders, solutions and Suspen 
sions. Emulsion injection includes an emulsion comprising a 
sterile, pyrogen-free preparation intended to be administered 
parenterally. Lipid complex and powder for Solution injection 
are sterile preparations intended for reconstitution to form a 
Solution for parenteral use. Powderfor Suspension injection is 
a sterile preparation intended for reconstitution to form a 
suspension for parenteral use. Powder lyophilized for liposo 
mal suspension injection is a sterile freeze dried preparation 
intended for reconstitution for parenteral use that is formu 
lated in a manner allowing incorporation of liposomes. Such 
as a lipid bilayer vesicle having phospholipids used to encap 
Sulate an active drug Substance within a lipid bilayer or in an 
aqueous space, whereby the formulation may beformed upon 
reconstitution. Powder lyophilized for solution injection is a 
dosage form intended for the Solution prepared by lyophiliza 
tion (“freeze drying), whereby the process involves remov 
ing water from products in a frozen State at extremely low 
pressures, and whereby Subsequent addition of liquid creates 
a solution that conforms in all respects to the requirements for 
injections. Powder lyophilized for Suspension injection is a 
liquid preparation intended for parenteral use that contains 
Solids Suspended in a Suitable fluid medium, and it conforms 
in all respects to the requirements for Sterile Suspensions, 
whereby the medicinal agents intended for the Suspension are 
prepared by lyophilization. Solution injection involves a liq 
uid preparation containing one or more drug Substances dis 
solved in a suitable solvent or mixture of mutually miscible 
solvents that is suitable for injection. Solution concentrate 
injection involves a sterile preparation for parenteral use that, 
upon addition of suitable solvents, yields a solution conform 
ing in all respects to the requirements for injections. Suspen 
sion injection involves a liquid preparation (Suitable for injec 
tion) containing Solid particles dispersed throughout a liquid 
phase, whereby the particles are insoluble, and whereby an oil 
phase is dispersed throughout an aqueous phase or vice-versa. 
Suspension liposomal injection is a liquid preparation (Suit 



US 2011/0208064 A1 

able for injection) having an oil phase dispersed throughout 
an aqueous phase in Such a manner that liposomes (a lipid 
bilayer vesicle usually containing phospholipids used to 
encapsulate an active drug Substance either within a lipid 
bilayer or in an aqueous space) are formed. Suspension Soni 
cated injection is a liquid preparation (Suitable for injection) 
containing Solid particles dispersed throughout a liquid 
phase, whereby the particles are insoluble. In addition, the 
product may be Sonicated as a gas is bubbled through the 
Suspension resulting in the formation of microspheres by the 
Solid particles. 
0091. The parenteral carrier system includes one or more 
pharmaceutically suitable excipients. Such as solvents and 
co-solvents, solubilizing agents, wetting agents, Suspending 
agents, thickening agents, emulsifying agents, chelating 
agents, buffers, pH adjusters, antioxidants, reducing agents, 
antimicrobial preservatives, bulking agents, protectants, 
tonicity adjusters, and special additives. 
0092. The tolerable dosage for administration to animals, 
including humans, is from about 0.001 mg/kg to about 40 
mg/kg. Specifically, for NIR imaging, the preferable dosage 
is from about 1.0 mg/kg to about 10.0 mg/kg: for PET imag 
ing, the dosage is from about 0.001 mg/kg to about 0.1 mg/kg: 
for MRI imaging, the dosage is from about 1.0 mg/kg to about 
40 mg/kg. Based on these parameters, the artisan may per 
form no more than routine experimentation to optimize adjust 
the dosage for a particular application. 
0093. In yet other embodiments, the invention encom 
passes optical systems for imaging amyloid beta plaque in a 
subject via the NIR modality. Such systems include: (a) a 
fluorescence excitation source for illuminating at least a por 
tion of the Subject, the fluorescence excitation source config 
ured to excite fluorescent emission of a compound described 
and claimed herein that is administered to the subject to bind 
amyloid beta plaque present in said subject; (b) a fluorescence 
light detector for detecting fluorescent light emitted by the 
compound; and (c) an imaging means to provide an image of 
the compound in the subject which correlates to amyloid beta 
plaque present in the Subject. 
0094 Suitable fluorescence excitation sources include, 
e.g., a laser or light-emitting diode. As well, Suitable fluores 
cence light detectors may be in the form of, e.g., a charge 
coupled device (CCD) system or photographic film. In certain 
embodiments, the fluorescence excitation source and the 
fluorescence light detector are embodied in an endoscopic 
device, a catheter-based device, a diffuse optical tomographic 
imaging device, a phased array technology device, a confocal 
imaging device, or an intravital microscopy device. 
0095. The following examples are, of course, offered for 
illustrative purposes only, and are not intended to limit the 
Scope of the present invention in any way. Indeed, various 
modifications of the invention in addition to those shown and 
described herein will become apparent to those skilled in the 
art from the foregoing description and the following 
examples and fall within the scope of the appended claims. 

III. Examples 
Example 1 

Methods and Materials 

0096 Reagents used for synthesis were purchased from 
Aldrich without further purification. Column chromatogra 
phy was performed on silica gel (SiliCycle Inc., 60 A, 40-63 
mm) slurry packed into glass columns. Thioflavin S was 
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purchased from Aldrich. Synthetic amyloid-b protein (1-40) 
was purchased from rPeptide (Bogart, Ga., 30622) and aggre 
gates for invitro studies were generated followed the reported 
procedure. BSA was purchased from Sigma, and human 
serum was obtained from Invitrogen (type AB). Hand 'C 
NMR spectra were recorded at 400 MHz and 100 MHz 
respectively, and are reported in ppm downfield from tetram 
ethylsilane. Fluorescence studies were carried out with 
F-4500 Fluorescense Spectrophotometer. Fluorescence 
quantum yields were determined using aqueous solution of 
Cy5.5-maleimide as a standard (y=0.23). High resolution 
mass spectra were obtained at the Harvard University, 
Department of Chemistry Instrumentation Facility. Trans 
genic Tg2576 mice {4,5} and littermates were purchased from 
Taconic Farm, Balb/c mice for BBB penetrating test were 
obtained from Jackson Laboratory, and the experiment pro 
cedure was approved by Massachusetts General Hospital. In 
Vivo imaging was recorded on Kodak Imaging Station 2000 
mM. 

Synthesis of CRANAD-1 and CRANAD-2. 
(0097. The synthesis of CRANAD-1 was performed 
according to the reported procedure 41}. Synthesis of CRA 
NAD-2 (2,2-difluoro-1,3-dioxaboryl-pentadione) was per 
formed according to the following procedure: 1,3-pentadione 
(0.1 g, 1.0 mmol) and trifluoroboronether (0.2g, 1.0 mmol) 
were mixed together, and the resulting solution was heated at 
60° C. for 2 h. After cooling to the room temperature, the 
reaction mixture was subjected to evaporation under vacuum, 
and yellow pale semisolid was obtained, which was solidified 
with longer standing at room temperature to give a yellow 
pale needle crystal. The above crystals (0.15g, 0.1 mmol) 
were dissolved in acetonitrile (3.0 ml). To the above solution, 
triethylamine (0.30 g, 3.0 mmol) was added, followed by the 
addition of 4-N,N-dimethyl-benzaldehyde (0.30 g, 2.0 
mmol). The resultant was stirred at 60° C. overnight. After 
removing the solvent a black residue was obtained, and Sub 
jected to flash column chromatography with methylene chlo 
ride to give black powder (63.0 mg, yield: 15%). "H NMR 
(DMSO-d6) & (ppm)3.04 (s, 12H), 6.26 (s, 1H), 6.79 (m, 6H), 
7.68 (d, 4H, J=8.0 Hz), 7.82 (d. 2H, J=16 Hz); 'C NMR 
(DMSO-d6) 8 (ppm) 40.3, 100.6, 112.1, 113.3, 121.8, 132.3, 
150.3, 153.5; F NMR (DMSO-d) & (ppm)-138.9. 

Log p Measurement. 
0.098 Log p measurement was performed according to the 
reported procedure {35. CRANAD-2 (0.125 mM) in 
Octanol 2.0 mL was subjected to partition with octanol-satu 
rated water 2.0 mL. The resulting mixture was stirred vigor 
ously for 5 min., and centrifuged at 2,000 rpm for 5 min. The 
octanol layer was separated from water layer, and its fluores 
cence spectrum was recorded (excited at 590 nm). The above 
water layer was partitioned with water-saturated octanol 2.0 
mL, and the octanol layer was separated after 5 min. Vigorous 
stirring and 5 min. centrifuge at 2,000 rpm, and its spectrum 
was recorded. The log P value was calculated by the fluores 
cence intensity ratio at 690 nm for the above two octanol 
extractions. 

In Vitro AB Aggregates Binding Constant Measurement. 

(0099] To PBS solutions (1.0 mL) of AB40 aggregates (5.0 
uM, calculation based on AB40 peptide concentration), Vari 
ous amounts of CRANAD-2 were added to the final concen 
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tration of 2.5, 5.0, 10.0, 20.0, 40.0, 60.0, 100.0 150.0, 200.0, 
250.0, 300.0 nM, and their fluorescence intensities at 715 nm. 
were recorded (Ex: 640 nm). The Kd binding curve was 
generated by software Prism 3.0 with nonlinear one-site bind 
ing regression. By measuring the fluorescence intensity of 
CRANAD-2 alone in PBS buffer (50.0, 100.0, 350.0, 850.0, 
1200.0 nM), we confirmed that there was no self-quenching 
of the dye within the range of the above tested concentrations. 

Serum Stability Test 
0100 CRANAD-2 (4.0 uM) was incubated at 37° C. for 2 
h with 1.0 mL human serum, then ethyl acetate (4x5.0 mL) 
was added, stirred at room temperature for 10 min., and 
centrifuged to give clear organic Supernatant. The ethyl 
acetate Solution was subjected to fluorescence intensity mea 
surement (F.I. (660 nm)=8713), and the concentration of 
CRANAD-2 was calculated (0.14 uM) using the equation 
(Y=474+61.7 X, where Y is F.I., and X is the concentration) 
generated from standard curve of CRANAD-2 in ethyl 
acetate. The recovery of CRANAD-2 was about 70%. After 
the fluorescence measurement, the ethyl acetate solution was 
concentrated to 40 uL, and 10 uI was injected for HPLC 
analysis. By HPLC, the recovery of CRANAD-2 was about 
75%, which was close to the result from fluorescence mea 
Surement. 
BSA Interaction with CRANAD-2. 
0101 CRANAD-2 was added to a BSA (20 ug/mL) solu 
tion to make the final concentration of 5uM. The fluorescence 
spectrum of the above mixture was recorded (excited at 590 
nm). For comparisons, CRANAD-2 (5 uM) in PBS, PBS 
alone, and AB40 aggregates (20 ug/mL) and CRANAD-2 (5 
uM) were prepared. 

Histological Evaluation 

0102 Tg2576 mice brain tissue was cut into 25 micron 
slices. The slices were fixed with 4% formalin for 5 min and 
washed with PBS buffer twice. For Thioflavin S staining the 
slices were dipped into thioflavin S solution (1.0% in 50% 
ethanol) for 5 min., then differentiated in 70% ethanol for 5 
min., rinsed with distilled water twice and mounted using 
Vecta shield mounting medium. Similar procedure was used 
to incubate sliced tissue with our probe. Histological slide 
was treated with, 0.01% CRANAD-2 in 10% acetone, 40% 
ethanol and 50% water for 15 min. For co-staining: the pro 
cedure was similar. The slices were first stained with thiofla 
vin S, and washed with 70% ethanol for 5 min, then stained 
with the Solution of CRANAD-2. 

BBB Penetration 

(0103) To test the BBB penetrating ability of the probe, 
Balb/c mice were used (n=3). Mice were intravenously 
injected with CRANAD-1 probe (10.0 mg/kg, 20% DMSO 
and 80% propylene glycol). Mice were perfused with saline 
solution and the brains were excised at 30 min., 1 h, 2 h, and 
4h after injection. Each brain sample was homogenized with 
2.0 ml water and 3.0 ml ethyl acetate, and the homogenate 
was centrifuged for 5 min at 2,500 rpm. The fluorescence 
intensities of the ethyl acetate supernatant were recorded. The 
actual amounts (pmol) of the extracted probe were calculated 
according to the standard curve of CRANAD-2 in ethyl 
acetate. 

0104 Prior to perfusion, blood samples were taken at each 
time point to monitor the probe blood clearance. The blood 
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samples were diluted with PBS buffer to 1.0 mL, followed by 
ethyl acetate (2.0 mL) extraction. The extractions were sub 
jected to fluorescence intensity measurement, and the actual 
amounts of the probe for each mouse were calculated as the 
procedure for brain extraction described above. 

In Vivo Imaging: NIR Imaging. 

0105. In vivo NIR imaging was performed using Kodak 
Imaging station 2000 mM. For fluorescence excitation, three 
laser diodes at 660 nm with a total power of 10 mW/cm2 have 
been used yielding a uniform illumination of the whole ani 
mal. The fluorescent light emitted from the sample (mouse) 
was detected by a charge-coupled device (CCD) camera 
(Hamamatsu ORCA) equipped with a focusing lens system 
(macro lens 60 mm, 1:2.8, Nikon). The image matrix com 
prised of 532x256 pixels. A bandpass filter was used for the 
selection of the detection wavelength (700 nm). Integration 
time default was selected at 30 S. Images were acquired 
Kodak 1 DTM3.6.3 Network software and analysed using the 
KodakTM 1D Analysis software. 
0106 Mice (n=3 for Tg2576 and n=3 for the littermates) 
were shaved before background imaging, and were i.V. 
injected CRANAD-2 (5.0 mg/kg) for each mouse. Fluores 
cence signals from the brain were recorded at pre-injection, 
and 10 min., 30 min., 60 min., 120 min., 240 min., and 480 
min. after intravenous injection of the probe. To evaluate our 
imaging results, an ROI was drawn around the brain region, 
and the data were analyzed by the following modified equa 
tion (1) {24}, where Irel(t) is the relative fluorescence inten 
sity at the certain time point, I(t) is the measured ROI value at 
this time point, I(pre) is the pre-injection background, and 
I(30) is the reading at 30 min. Since pre-injection background 
varied in different mice, this equation allowed us to correct for 
it. Fluorescence intensity decay curves were then generated 
based on this equation. 

0107 For in vivo specific binding (SP), the calculation 
was based on equation (2), where Irel(tg) is the relative fluo 
rescence intensity of Tg2576, and Irel(contr) is the relative 
fluorescence intensity of the control littermates. P values 
were calculated by Student test. 

SP(t)={Irel(tg)-Irel(contr), Irel(tg) (2) 

Ex Vivo Histological Correlation. 

0108) 19 month-old mouse was injected CRANAD-2 
(10.0 mg/kg), and was sacrified after perfusion with 4% form 
aldehyde. The brain was taken and embedded in OCT. For 
histology, the brain was sliced into 25LL, slices, and co-stained 
with thioflavin S as described above. 

Probe Design, Synthesis, and Properties. 

0109. The rationale behind the design of the NIR probe of 
the present invention was based on three observations. First, 
it is a well known fact that curcumin reacts with boric acid to 
form a red colored compound rosocyanine, which consists of 
two curcumins connected by aboratering 37:36. The color 
change from yellow (curcumin) to red (rosocyanine), how 
ever, points toward a possible UV red shift, which may be 
ascribed to the contribution of n->It (from oxygen to empty 
orbital of boron) of the borate ring of rosocyanine. Therefore, 
the inventors attempted to design boron contained curcumin 
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derivatives with the emission shifted towards 650-900 nm. 
range. Second, based on the previous studies with cyanine 
like borondiketonates (2,2-difluoro-1,3,2-dioxaborines, {39; 
40), the inventors speculated that the emission of curcumin 
derivatives could produce an appropriate red shift by incor 
porating difluoro-boronate moiety into curcumin. Finally, 
based on the fact that N,N'-dimethyl group is well-known as 
the best UV red-shift pushing group for para-substituted aro 
matic ring, we further modified curcumin by replacing the 
phenolic hydroxyl group with N,N-dimethyl group (FIG. 1). 
0110. Therefore, based on the above facts, probe 1 and 
probe 2 were designed and synthesized. Compound 1 (1.7- 
Bis-(4-hydroxy-3-methoxyphenyl)-hepta-1,6-diene-2,2'-di 
fluoro-1',3'-dioxaboryl-3,5-dione) is known, and has been 
previously tested for HIV-1 and HIV-2 protease inhibitory 
activity 42} This probe was synthesized by following the 
reported procedure {41; 42 while compound 2 was prepared 
by condensation of 4-N,N-dimethylbenzaldehyde with 2.2- 
difluoro-1,3-dioxaboryl-pentadione in acetonitrile {40}. For 
convenience, in the proceeding of this report, we named com 
pound 1 as CRANAD-1, and compound 2 as CRANAD-2. 
0111. As anticipated, there was about 80 nm red shift of 
emission after installation of the difluoro-boron ring into 
curcumin molecule (CRANAD-1). The maximum emission 
of CRANAD-1 was 640 nm, while the max(em) of curcumin 
was 560 nm. There was also a 100 nm stokes shift for CRA 
NAD-1 (wmax(ex)=540 nm, max(em)=640 nm), which was 
larger than that of curcumin's 50 nm (wmax(ex)=510 nm, 
max(em)=560 nm) (FIG. 2). However, while the inventors 

achieved considerable red shift and stokes shift from CRA 
NAD-1, the ultimate goal was to push the emission further 
into NIR range. To do that, the inventors further modified 
CRANAD-1 by replacing the phenolic hydroxyl group with 
N,N'-dimethyl group to yield compound CRANAD-2. 
0112 Indeed, by this replacement, the emission of com 
pound CRANAD-2 was red-shifted to max(em)=760 nm, 
which fell in the best range for NIR probes. The compound 
also displayed a large Stokes shift (wmax(ex)=640 nm, Wmax 
(em)=760 nm) (FIG. 4). Furthermore, by comparing the fluo 
rescence intensity in methanol, the quantum yield of CRA 
NAD-2 was significant higher than that of curcumin (FIG. 2). 
As expected, the emission wavelength of CRANAD-2 dis 
played a typical solvent-dependency (FIG. 3), i.e., it showed 
longer emission and low quantum yield in polar solvent. 
Taken together, the inventors demonstrated that by two-step 
red-shift modification of curcumin, the inventors were able to 
push its emission wavelength into ideal emission range for 
NIR probes. Additionally, these modifications produced a 
large stokes shift and improved quantum yield of CRANAD 
2. The synthesized compound produced the longest emission 
and the largest Stokes shift among the existing probes for 
senile plaque detection {3}. 

In Vitro Testing. 
0113 Binding Properties with Af Aggregates. In Vitro. 
0114 First, the inventors tested the binding ability of 
CRANAD-2 towards artificial Afaggregates, which could be 
generated from AB40 peptide by incubation with metal ions 
such as Cu" and Zn" or by longtime stirring, and could be 
then confirmed by TEM {43}. We compared the fluorescence 
intensity of CRANAD-2 with PBS (pH 7.4), AB40 peptide, 
and A?40 aggregates generated from Cu" induced aggrega 
tion. While we did not observe any significant difference 
between PBS and AB40 peptide monomer, there was a 
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remarkable 70 fold intensity increase in the presence of AB40 
aggregates (FIG. 6). This result Suggested that our probe 
could be “turned on' upon interacting with its substrate, and 
this was reflected by the changes in quantum yield from 0.006 
in PBS to 0.40 after binding to AB40 aggregates. A significant 
blue-shift (100 nm) was observed as well after binding with 
AB40 aggregates, indicating the insertion of the dye into 
hydrophobic environment of the aggregates. Moreover, 
CRANAD-2 displayed a remarkable lifetime change after it 
bound to the aggregates (FIG. 4). The T of probe alone was 
0.3 s, while its T changed to 0.7s upon its binding to the 
aggregates. Taken together, the “turn on' phenomenon, quan 
tum yield increase, and significant blue-shift point to 'Smart' 
nature of CRANAD-2 towards A340 aggregates. These char 
acteristics are believed to be essential requirements for uti 
lizing this probe for in vivo imaging. 
0115 Binding constant (Kd) of CRANAD-2 towards A3 
aggregates was measured by fluorescence intensity (F.I.) with 
various concentrations of the prob. By fitting the data to 
nonlinear one-binding site regression model, the calculated 
binding constant was Kd=38.69+2.77 nM (R=0.9952, FIG. 
5 left). Linear concentration dependence of the probe in PBS 
buffer indicated the absence of self-quenching within the 
range tested (FIG. 5, right) This binding constant was signifi 
cantly higher than that of Thioflavin T (Kd=580 nM) {44} 
and than that of AOI 987 (Kd=220+130 nM) {24} and was 
close to that of NIAD-4 (Kd=10.0 WV) {7}. 
0116. Additionally, the inventors also examined the bind 
ing property of CRANAD-1. Although the Kd=1.0 nM was 
higher than that of CRANAD-2, there was no obvious fluo 
rescence increasing after it bound to the artificial aggregates 
(data not shown). Therefore, CRANAD-1 can not be consid 
ered as a “smart’ probe for AB aggregates. 

BSA Binding and Stability of the Probe. 
0117 Since serum albumin is the most abundant plasma 
protein, it was important to test whether the probe had any 
affinity toward this protein. To test this the inventors incu 
bated CRANAD-2 probe with BSA. For controls, the inven 
tors used PBS buffer alone, the probe incubated in PBS alone, 
and with A40 aggregates. The inventors did not observe any 
significant change in fluorescence when the probe was incu 
bated with BSA, PBS, whereas there was a significant peak of 
fluorescence change after incubation with Af 40 aggregates 
(FIG. 6). In addition, the inventors tested CRANAD-2 stabil 
ity by incubating the probe (4x10M) with human serum for 
2 hours at 37°C. After ethyl acetate extraction, both fluores 
cence and HPLC spectra showed about 70% recovery of the 
probe indicating its relative stability. 

Lipophilicity Testing. 

0118. In order for the probe to cross blood brain barrier, its 
lipophilicity (log P) should be within 2-5 range. Testing the 
log P value for CRANAD-1 by a standard octanol/water 
method produced log P-3.0, while the same value for CRA 
NAD-1 was found to be log P=1.7. These results indicate that 
CRANAD-2 holds promise as a BBB penetrating probe. Fur 
thermore, it displays significantly higher log Pvalue than that 
of the parent compound curcumin {35. 

Histological Studies. 
0119) To demonstrate that CRANAD-1 was capable of 
detecting AB plaques, the inventors incubated sliced brain 
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tissue from Tg2576 mice with the probe. The inventors 
observed a bright signal coming from the tissue, which co 
localized with the signal from Thioflavin S stained sections 
(FIG. 7). These results confirmed CRANAD-2 specificity 
towards AB plaques. 

In Vivo Testing and Imaging. 
BBB Penetrating Testing. 

0120) To demonstrate that the CRANAD-2 probe of the 
present invention possessed BBB penetrating ability, the 
inventors intravenously injected wild type mice with CRA 
NAD-2 and scarified them at different time points followed 
by perfusion. In addition, to follow the probe clearance the 
inventors drew blood samples at each time point. Both fluo 
rescence spectrum and HPLC analysis of the brain homoge 
nate demonstrated the presence of CRANAD-2 in the tissue 
confirming its capability to cross BBB. LC-MS results also 
confirmed that the major component of the ethyl acetate 
extraction was CRANAD-2. The probe demonstrated a rapid 
clearance from blood while the clearance from the brain was 
significantly slower (FIG. 8). 

In Vivo Imaging. 
0121 Transgenic 11-month and 19-month old Tg2576 
mice were used to validate the feasibility of CRANAD-2 as 
NIR imaging probe. Aged-matched wild type littermates 
served as controls. Images were recorded before and after i.v. 
injection of CRANAD-2 at 5.0 mg/Kg dosage. For mice with 
comparable background fluorescence (F) (FIG. 11A vs B, 
and C VS D), the declining of fluorescence signals was con 
siderably slower for both 11- and 19-month old Tg2576 than 
that for the control groups (FIG. 11A Vs B, and C vs D). 
Overall, the fluorescence intensity of both transgenic groups 
was higher than that of the control groups at 30 min, 60 min, 
120 min, and 240 min after injection. Furthermore, the signals 
from 19-month old Tg2576 (FIG. 11D) were remarkably 
brighter at all time points. However, from the reported images 
of AOI 987, no difference was seen at 30 min. or 60 min. This 
result was not unexpected, since AOI 987 could not be con 
sidered a “smart” probe. On the contrary, for the mice with 
similar background signals, the inventors results not only 
showed a difference at 120 min and 240 min, but also at 30 
min. and 60 min. for both 11- and 19-month old mice. This 
result this was due to the “smart” nature of CRANAD-2 probe 
in vivo. 
0122 Semi-quantitative analysis of these images was con 
ducted with selected region of interested (ROI), and two sets 
of data were generated. By normalizing the fluorescence 
intensity to that of 30 min. after the injection of the probe, we 
were able to create four well-fit decay curves with non-linear 
regression for two binding site model (Prism 3.0) for both 11 
and 19-months old groups (R-0.96, 0.97, 0.97, and 0.94 for 
11-month control, ty2576, and 19-month control and tg2576 
respectively) (FIG. 9A). By normalizing the signal to back 
ground fluorescence intensity (F), and using the ratio 
between fluorescence intensity at time points studied (F) 
and F.) we could compare the signal change in Tg2576 
group to that of the control group (FIGS.9B,C)(e.g. F/F). 
Details of these methods are described in Materials and Meth 
ods contained herein. 

(0123. As expected, relative fluorescence decays (I) 
(FIG.9A) of transgenic group were remarkably slower than 
that of the wild type group (equation (1) for I, was 
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described in the Material and Methods section). 11-Month 
old Tg2576 group displayed significant differences in decay 
rates at 120 min. and 240 min over the control group (23% at 
120 min. P=0.004, and 16% at 240 min, P=0.006). This result 
was similar to the values reported by Gremlich group (16), 
where 10-20% difference between the two groups was shown 
at different time points when 10-month old mice were used. 
For 19-month old group, significant differences were 
observed at 120 min and 240 min. as well (20% at 120 min. 
P=0.02, and 30% at 240 min. P=0.003), and the largest dif 
ference was seen at 240 min after probe administration. As 
predicted, there was no significant difference between 11 
and 19-months old control mice at all time points. On the 
contrary, the inventors observed that 19-month Tg2576 group 
exhibited 11% and 13% slower decay rates compared to that 
of 11-month old Tg2576 mice at 120 min. and 240 min. 
respectively (P=0.1 at 120 min, and P=0.02 at 240 min.). 
0.124. By normalizing the background fluorescence signal, 
the inventors found that the signal incremental fold (F/F)) 
in Tg2576 group were higher than that in the control groups at 
all time points (FIGS. 9B, C). This result, however, is not 
surprising, considering that CRANAD-2 probably exhibits its 
“lighting-up’ ability by its “turn-on' property upon binding 
to the Aft fibrils and plaques. Given that the ratio of the probe 
accumulation in AB fibrils and plaques over the total probe 
remained increased after injection, the inventors anticipated 
that the F/F gap between Tg2576 group and the controls 
would increase with longer time. Indeed, significantly larger 
differences in F/F values were obtained at 120 min. and 
240 min. for both 11- and 19-month mice (0.52, P=0.03; 0.45, 
P=0.01; for 11-month old at 120 min., 240 min., and 0.43, 
P=0.05; 0.65, P=0.005 for 19-month old at 120 min., 240 
min.). Since relative fluorescence decay (I, reflects the 
relative concentration of the probe remained at the studied 
time points, and F/F stands for the incremental fold of 
fluorescence signal the inventors concluded that the “smart' 
amplification factor (SAF) in vivo probably could be calcu 
lated as the ratio of the difference between (F/F) and I, 
in transgenic and control groups (see detailed descriptions for 
this calculation in Material and Method section, equation 
(2)). If the ratio > 1.0, the probe is “smart” in vivo. According 
to this calculation, CRANAD-2 is a “smart” probe in vivo at 
120 min and 240 min for both 11- and 19-months groups. 

Histological Correlation 

0.125 To obtain ex vivo confirmation of the probe binding, 
mice at different ages were i.V injected with 10 mg/kg of 
CRANAD-2 probe, perfused and scarified at 1 h after injec 
tion. The inventors could not find obvious senile plaques in 
11-month old transgenic and wild-type mice after injection of 
CRANAD-1 probe and thioflavin S staining. However, senile 
plaques were observed in 19-month old transgenic mice after 
injection of the probe CRANAD-2 (FIG. 10). These results 
further confirm that CRANAD-1 probe can penetrate BBB 
and label senile plaques in vivo. 

Discussion. 

0.126 The present invention provides a NIRAB plaque 
specific fluorescent probe CRANAD-2. This probe is the first 
example of difluoroborate diketone, used as an NIR fluores 
cent dye for cell, tissue, and in vivo imaging. 
I0127 Surprisingly, the probe of the present invention 
meets the requirements for a particularly useful NIR probe for 
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detecting AB aggregates. First, the probe has a molecular 
weight is only 400 dalton. Its log P is 3.0, which is within the 
range for the recommended lipophilicity (log p 2-5) for CNS 
drugs that have high potential to penetrate brain blood barrier. 
Second, utilizing a two-step red-pushing strategy, the inven 
tors obtained the compound with fluorescence emission that 
falls into the ideal “optical window” (650-900 nm) for NIR 
imaging. 
0128. At the same time CRANAD-2 probe also exhibits a 
large stoke shift (140 nm for PBS only, and 70 nm for PBS 
with AB aggregates). Noteworthy, the reported AOI987 probe 
had a stokes shift of only 20 nm. Moreover, CRANAD-2 
probe showed high quantum yield upon binding to aggregates 
(40%) though its quantum yield was low (0.6%) in PBS 
buffer. 
0129. Third, the probe exhibited considerable stability in 
serum in vitro which was further confirmed in our in vivo 
studies. Additionally, it did not show any significant binding 
to BSA, the major serum protein component. Fourth, the 
probe possesses high affinity to AB aggregates, with the K 
comparable to Thioflavin T and NIAD-4, and being signifi 
cantly higher than AOI 987. Fifth, CRANAD-2 displayed 
specific staining with A? plaques from aged transgenic mice 
brain tissue, indicating that the probe has particular selectiv 
ity for AB plaques over other components of brain tissue. 
0130 Sixth, this probe displayed specific properties of a 
“Smart” probe since its emission wavelength and fluorescence 
intensity and lifetime were highly sensitive to the binding 
with A? plaques. After binding to AB plaques, the probe was 
“turned on and displayed a 70-fold increase in fluorescence 
intensity and 60 nm blue-shift, and remarkable lifetime 
change upon binding to the aggregates. 
0131 Finally, the inventors demonstrated that this probe 
could be used for early AD detection in the animal model. It 
has been shown that Tg2576 mice 11-13 months of age show 
a 14-fold increase in AB(1-42/43) over those at 2-8 months of 
age, and the 9-13 months is believed as initiate stage for senile 
plaque formation {4,5}. 
0.132. As reported by Gremlich, there is no significant 
dissimilarity at 6-month old of transgenic and littermates both 
in behavior tests and histological staining, and the difference 
could be detected around 9-month old. They found that the 
difference at 10-month is about 10-20% between transgenic 
and wild type littermates, and the inventor's outcomes of 
11-month is comparable to their results. Although the inven 
tors and others {24} didn't observe obvious plaques in 10 or 
11 month-old Tg2576 mice by ex vivo examine, it is possible 
that these mice already have considerable concentration of 
fibrils or aggregates, which couldn't be seen with histological 
staining, but it could, as in vitro experiments indicated, inter 
act with the inventors probe and generate the “turn on fluo 
rescence signal. However, for 19-month old mice, the inven 
tors not only proved by ex vivo histology that our probe could 
specifically bind to senile plaques, but also demonstrated that 
the progress of AB plaques generation could be monitored by 
using our NIR probe. Additionally, by comparing mice with 
similar background fluorescence, the “smart” nature of our 
probe could be observed in vivo. The inventor's results points 
to the feasibility of early detection and progress monitoring of 
AD pathology with the inventors' NIR imaging probe CRA 
NAD-2. 

0133. The design of the inventors’ probe was based on 
curcumin, which had been reported as a specific histological 
probe, as well as a probe for in vivo two-photon microscopy 
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of senile plaques. The inventors’ modifications not only kept 
its specificity to AB deposits, but also introduced a new 
“smart” property, which curcumin itself did not possess. It is 
not clear whether the binding mechanism of curcuminand the 
inventors’ probe are the same; however, no particular mode of 
operation is adopted herein. However, the blue-shift and fluo 
rescence intensity increase upon binding to aggregates indi 
cated the association of the molecule with hydrophobic envi 
ronment, which could be represented by the segment 
LVKFFA considered to be the most hydrophobic part of AB40 
and AB42 peptides. 
I0134. The probe of the present invention has a potential 
not only for diagnosis, but also for a possible treatment for 
AD. Additionally, the inventors probe may have better effect 
because of its beneficial log P value. 
0.135 Although Bodipy dyes, a class of dyes with dif 
luoro-N,N-boryl ring, have been well documented {38; 39; 
40}, the corresponding compounds with difluoro-dioxaboryl 
ring have been less studied. The inventors believe that the 
difluoro-dioxaboryl dyes could be developed as imaging 
probes for other pathologies, and serve as an alternative for 
the most popular NIR Cy5.5 dye, which limitations include 
narrow stokes shift. Additionally, the inventors two-step red 
shift pushing strategy applied here could be used for modifi 
cation of other dyes to improve their capacity as imaging 
probes. In particular, the inventors’ results indicate that the 
formation of 2,2-difluoro-1,3-dioxaboryl ring was advanta 
geous for red-shift pushing. In short, the approach disclosed 
herein provides an opportunity for the design and application 
of a new category of fluorescence imaging probes. 

Example 2 

AD Tissue Staining 

0.136 The inventors conducted tissue staining with 25 
micron brain sections from 12-month old APP-PS1 mice by 
all the compounds listed in FIG. 12. As reported, curcumin, 
PiB, thioflavin T and CRANAD2 stained the plaques 
brightly; while as expected, CRANAD-2, CRANAD-3 and 
CRANAD-5 yielded good staining as well (FIG.12B). These 
data indicate that these compounds are specific to AB plaques. 

Preparation of CRANAD-3 and CRANAD-5 Compounds 

I0137 Boric oxide (700.0 mg, 10.0 mmol) was dissolved in 
DMF (10.0 mL) at 120° C. Ensuring most of boric oxide 
dissolved was very crucial for high yield. To this solution, 
acetylacetone (1.1 mL, 10.0 mmol) was added, followed by 
tributylborate (5.4 mL, 20.0 mmol) at 110° C. and stirred for 
5 min. To the above borate complex, 4-N,N'-dimethylamino 
benzaldehyde (3.1 g, 20.0 mmol) was added and stirred for 5 
min. A mixture of 1,2,3,4-tetrahydroquinoline (0.2 mL) and 
acetic acid (0.4 mL) in DMF (4.0 mL) was added to the 
reaction mixture and heated to 110°C. for 2 h. After cooling 
to room temperature, the reaction mixture was poured into 
ice-water (500 mL), and the reddish precipitate was collected, 
which was further purified by silica gel column using ethyl 
acetate/hexanes (50:50) as eluent to give CRANAD-5 (1.8 g). 
1H NMR (DMSO-d6) 8; CNMR (DMSO-d6)8(ppm). The 
spectra were consistent with the reported value. CRANAD-3 
was synthesized by following the similar procedure for CRA 
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NAD-5, or by the similar procedure for CRANAD-2 
described in a previous example. 

AB Aggregates Detection in Solution by Fluorescence Spec 
trum 

0.138. The inventors generated AB40 aggregates by stir 
ring the solution at room temperature for 3 days, and TEM 
confirmed the existence of aggregates. They then incubated 
250 nM of the compounds with 250 nM of AB40 aggregates 
(calculation based on monomer) in PBS for one minute, and 
then measured the fluorescence spectra of the solutions. The 
results showed that CRANAD1, and CRANAD6 were not 
“smart' fluorescence probes; while CRANAD-2,3,5, cur 
cumin and thioflavin T displayed intensity increases, and 
CRANAD-2.3.5 and curcumin had wavelength blue-shifts as 
well (FIG. 12C). Thioflavin T, the standard compound used 
for assessing the degree of fibrillating, was reported as a 
“smart” optical probe, and the results were consistent with 
this claim. Thioflavin T yielded the highest FI amplification 
(72-fold), and CRANAD-3 showed the highest FI reading 
(FIG. 12C). In addition, it was interesting to note that PiB 
displayed a red-shift and slightly FI decrease. This example 
illustrates the utility of compounds CRANAD-2, CRA 
NAD-3 and CRANAD-5 as probes for the detection of AB 
plaques. 
0139. Other embodiments and uses of the invention will be 
apparent to those skilled in the art from consideration from 
the specification and practice of the invention disclosed 
herein. All references cited herein for any reason, including 
all journal citations and U.S./foreign patents and patent appli 
cations, are specifically and entirely incorporated herein by 
reference. It is understood that the invention is not confined to 
the specific reagents, formulations, reaction conditions, etc., 
herein illustrated and described, but embraces such modified 
forms thereof as come within the scope of the following 
claims. 
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What is claimed is: 

1. A compound having the formula Ar"-L-Ari, wherein: 
(a) L is a divalent linking group comprising an alkenylene 

having 5 to 15 backbone carbon atoms, wherein at least 
two of the backbone carbonatoms form part of a carbo 
nyl or secondary alcohol and Ar" and Arare each inde 
pendently alkyl amine-substituted aryl or heteroaryl 
groups; or 

(b) L is a divalent linking group comprising an alkenylene 
having 5 to 15 backbone carbon atoms, wherein at least 
two of the backbone carbon atoms form part of a difluo 
roboronate ring; and Ar" and Arare each independently 
alkyl amine-substituted aryl or heteroaryl groups. 

2. The compound according to claim 1, wherein L is 
CH=CH (CO) CH=C(OH) CH=CH- O 
C=CH (CO) CH, C(O) CH=CH-. 
3. The compound according to claim 2, wherein Ar' and 

Ar’ are independently selected from 

N 

HC 2 or HC 
NN N NN 

CH CH 

4. The compound according to claim 3, wherein said com 
pound has the structure: 
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5. The compound according to claim 1, wherein L is 

6. The compound according to claim 5, wherein Ar" and 
Ari are independently selected from 

O O H3C 2 or HC 
s N NN 
CH3 CH3 

7. The compound according to claim 6, wherein said com 
pound has the structure: 

F F 

Y 
NO 

H3CN -CH 
CH CH 

8. The compound according to claim 1, wherein Ar' and 
Art are independently selected from 

HC 2 or HC 
NN N NN 

CH CH 

9. The compound according to claim 1, wherein said com 
pound is capable of binding amyloid beta plaques in both in 
vitro and in vivo settings. 
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10. The compound according to claim 1, wherein said 
compound further comprises at least one fluorine atom that is 
an F isotope. 

11. The compound according to claim 1, wherein said 
compound further comprises at least one fluorine atom that is 
an 'F isotope. 

12. The compound according to claim 1, wherein said 
compound further comprises at least one carbon atom that is 
a 'C isotope. 

13. A pharmaceutical injectable dosage, comprising the 
compound of claim 1 and an injectable carrier system. 

14.-26. (canceled) 
27. A method for providing a positron emission tomogra 

phy (PET) scan of a subject, comprising: 
(a) administering to a subject a 'C or F labeled deriva 

tive of the compound according to claim 1; and 
(b) imaging gamma rays emitted due to the compound 

within said subject in order to provide a PET scan of the 
compound contained in said subject. 

28. The method according to claim 27, wherein the pres 
ence, absence or level of said compound within the Subject is 
indicative of a disease state. 

29. The method according to claim 28, wherein the disease 
state is Alzheimer's disease. 

30-32. (canceled) 
33. An optical system for imaging an amyloid beta plaque, 

comprising: 
(a) a fluorescence excitation source configured to excite 

fluorescent emission of a compound according to claim 
1 when said compound binds amyloid beta plaque; 

(b) a fluorescence light detector for detecting fluorescent 
light emitted by said compound; and 

(c) animaging means to provide animage of the compound 
which correlates to the presence of said amyloid beta 
plaque. 

34. The optical system according to claim 33, wherein the 
fluorescence excitation Source comprises a laser or light 
emitting diode. 

35. The optical system according to claim 33, wherein the 
fluorescence light detector comprises a charge coupled device 
(CCD) system or photographic film. 

36. The optical system according to claim 33, wherein the 
fluorescence excitation source and the fluorescence light 
detector are embodied in an endoscopic device, a catheter 
based device, a diffuse optical tomographic imaging device, a 
phased array technology device, a confocal imaging device, 
or an intravital microscopy device. 

37.-38. (canceled) 


