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THIOFLAVIN DERIVATIVES FOR USE IN 
ANTEMORTEM DIAGNOSIS OF ALZHEIMER’S 

DISEASE AND VIVO IMAGING AND 
PREVENTION OF AMYLOID DEPOSITION 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application is a US. application Ser. No. 
60/227,601, ?led Aug. 24, 2000, incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the identi?cation of 
compounds that are suitable for imaging amyloid deposits in 
living patients. More speci?cally, the present invention 
relates to a method of imaging amyloid deposits in brain in 
vivo to alloW antemortem diagnosis of AlZheimer’s Disease. 
The present invention also relates to therapeutic uses for 
such compounds. 

BACKGROUND OF THE INVENTION 

[0003] AlZheimer’s Disease (“AD”) is a neurodegenera 
tive illness characteriZed by memory loss and other cogni 
tive de?cits. McKhann et al., Neurology 34: 939 (1984). It 
is the most common cause of dementia in the United States. 
AD can strike persons as young as 40-50 years of age, yet, 
because the presence of the disease is dif?cult to determine 
Without dangerous brain biopsy, the time of onset is 
unknoWn. The prevalence of AD increases With age, With 
estimates of the affected population reaching as high as 
40-50% by ages 85-90. Evans et al., JAlVlA 262: 2551 
(1989); KatZman, Neurology 43: 13 (1993). 

[0004] In practice, AD is de?nitively diagnosed through 
examination of brain tissue, usually at autopsy. Khacha 
turian, Arch. Neurol. 42: 1097 (1985); McKhann et al., 
Neurology 34: 939 (1984). Neuropathologically, this disease 
is characteriZed by the presence of neuritic plaques (NP), 
neuro?brillary tangles (NET), and neuronal loss, along With 
a variety of other ?ndings. Mann, Mech. Ageing Dev. 31: 
213 (1985). Post-mortem slices of brain tissue of victims of 
AlZheimer’s disease exhibit the presence of amyloid in the 
form of proteinaceous extracellular cores of the neuritic 
plaques that are characteristic of AD. 

[0005] The amyloid cores of these neuritic plaques are 
composed of a protein called the [3-amyloid (AB) that is 
arranged in a predominately beta-pleated sheet con?gura 
tion. Mori et al.,Journal ofBiological Chemistry 267: 17082 
(1992); Kirschner et al., PNAS 83: 503 (1986). Neuritic 
plaques are an early and invariant aspect of the disease. 
Mann et al., J. Neurol. Sci. 89: 169; Mann, Mech. Ageing 
Dev. 31: 213 (1985); Terry et al., J. Neuropathol. Exp. 
Neurol 46: 262 (1987). 

[0006] The initial deposition of AB probably occurs long 
before clinical symptoms are noticeable. The currently rec 
ommended “minimum microscopic criteria” for the diagno 
sis of AD is based on the number of neuritic plaques found 
in brain. Khachaturian,Arch. Neurol., supra ( 1985). Unfor 
tunately, assessment of neuritic plaque counts must be 
delayed until after death. 

[0007] Amyloid-containing neuritic plaques are a promi 
nent feature of selective areas of the brain in AD as Well as 
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DoWn’s Syndrome and in persons homoZygous for the 
apolipoprotein E4 allele Who are very likely to develop AD. 
Corder et al., Science 261: 921 (1993); Divry, P., J. Neurol. 
Psych. 27: 643-657 (1927); WisnieWski et al., in Zimmer 
man, H. M. (ed.): PROGRESS IN NEUROPATHOLOGY 
(Grune and Stratton, NY. 1973) pp. 1-26. Brain amyloid is 
readily demonstrated by staining brain sections With thio?a 
vin S or Congo red. Puchtler et al.,J. Histochem. Cytochem. 
10: 35 (1962). Congo red stained amyloid is characteriZed 
by a dichroic appearance, exhibiting a yelloW-green polar 
iZation color. The dichroic binding is the result of the 
beta-pleated sheet structure of the amyloid proteins. Glen 
ner, G. N. Eng. J. Med. 302: 1283 (1980). A detailed 
discussion of the biochemistry and histochemistry of amy 
loid can be found in Glenner, N. Eng. J. Med, 302: 1333 
(1980). 
[0008] Thus far, diagnosis of AD has been achieved 
mostly through clinical criteria evaluation, brain biopsies 
and post-mortem tissue studies. Research efforts to develop 
methods for diagnosing AlZheimer’s disease in vivo include 
(1) genetic testing, (2) immunoassay methods and (3) imag 
ing techniques. 

[0009] Evidence that abnormalities in AB metabolism are 
necessary and suf?cient for the development of AD is based 
on the discovery of point mutations in the AB precursor 
protein in several rare families With an autosomal dominant 
form of AD. Hardy, Nature Genetics 1: 233 (1992); Hardy 
et al., Science 256: 184 (1992). These mutations occur near 
the N- and C-terminal cleavage points necessary for the 
generation of AB from its precursor protein. St. George 
Hyslop et al., Science 235: 885 (1987); Kang et al., Nature 
325: 733 (1987); Potter WO 92/17152. Genetic analysis of 
a large number of AD families has demonstrated, hoWever, 
that AD is genetically heterogeneous. St. George-Hyslop et 
al., Nature 347: 194 (1990). Linkage to chromosome 21 
markers is shoWn in only some families With early-onset AD 
and in no families With late-onset AD. More recently a gene 
on chromosome 14 Whose product is predicted to contain 
multiple transmembrane domains and resembles an integral 
membrane protein has been identi?ed by Sherrington et al., 
Nature 375: 754-760 (1995). This gene may account for up 
to 70% of early-onset autosomal dominant AD. Preliminary 
data suggests that this chromosome 14 mutation causes an 
increase in the production of AB. Scheuner et al., Soc. 
Neurosci. Abstr 21: 1500 (1995). A mutation on a very 
similar gene has been identi?ed on chromosome 1 in Volga 
German kindreds With early-onset AD. Levy-Lahad et al., 
Science 269: 973-977 (1995). 

[0010] Screening for apolipoprotein E genotype has been 
suggested as an aid in the diagnosis of AD. Scott, Nature 
366: 502 (1993); Roses, Ann. Neurol. 38: 6-14 (1995). 
Difficulties arise With this technology, hoWever, because the 
apolipoprotein E4 allele is only a risk factor for AD, not a 
disease marker. It is absent in manyAD patients and present 
in many non-demented elderly people. Bird, Ann. Neurol. 
38: 2-4 (1995). 

[0011] Immunoassay methods have been developed for 
detecting the presence of neurochemical markers in AD 
patients and to detect an AD related amyloid protein in 
cerebral spinal ?uid. Warner, Anal. Chem. 59: 1203A 
(1987); World Patent No. 92/17152 by Potter; Glenner et al., 
US. Pat. No. 4,666,829. These methods for diagnosing AD 
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have not been proven to detect AD in all patients, particu 
larly at early stages of the disease and are relatively invasive, 
requiring a spinal tap. Also, attempts have been made to 
develop monoclonal antibodies as probes for imaging of AB. 
Majocha et al., J. Nucl. Med, 33: 2184 (1992); Majocha et 
al., WO 89/06242 and Majocha et al., US. Pat. No. 5,231, 
000. The major disadvantage of antibody probes is the 
dif?culty in getting these large molecules across the blood 
brain barrier. Using antibodies for in vivo diagnosis of AD 
Would require marked abnormalities in the blood-brain 
barrier in order to gain access into the brain. There is no 
convincing functional evidence that abnormalities in the 
blood-brain barrier reliably eXist in AD. Kalaria, Cere 
brovascular & Brain Metabolism Reviews 4: 226 (1992). 

[0012] Radiolabeled AB peptide has been used to label 
diffuse, compact and neuritic type plaques in sections of AD 
brain. See Maggio et al., WO 93/04194. HoWever, these 
peptides share all of the disadvantages of antibodies. Spe 
ci?cally, peptides do not normally cross the blood-brain 
barrier in amounts necessary for imaging and because these 
probes react With diffuse plaques, they may not be speci?c 
for AD. 

[0013] The inability to assess amyloid deposition in AD 
until after death impedes the study of this devastating illness. 
A method of quantifying amyloid deposition before death is 
needed both as a diagnostic tool in mild or clinically 
confusing cases as Well as in monitoring the effectiveness of 
therapies targeted at preventing AB deposition. Therefore, it 
remains of utmost importance to develop a safe and speci?c 
method for diagnosing AD before death by imaging amyloid 
in brain parenchyma in vivo. Even though various attempts 
have been made to diagnose AD in vivo, currently, there are 
no antemortem probes for brain amyloid. No method has 
utiliZed a high affinity probe for amyloid that has loW 
toXicity, can cross the blood-brain barrier, and binds more 
effectively to AD brain than to normal brain in order to 
identify AD amyloid deposits in brain before a patient’s 
death. Thus, no in vivo method for AD diagnosis has been 
demonstrated to meet these criteria. 

[0014] Data suggest that amyloid-binding compounds Will 
have therapeutic potential in AD and type 2 diabetes mel 
litus. Morphological reactions including, reactive astrocy 
tosis, dystrophic neurites, activated microglia cells, synapse 
loss, and full complement activation found around neuritic 
plaques all signify that neurotoXic and cell degenerative 
processes are occurring in the areas adjacent to these AB 
deposits. Joachim et al., Am. J. Pathol. 135: 309 (1989); 
Masliah et al., loc. cit. 137: 1293 (1990); Lue and Rogers, 
Dementia 3: 308 (1992). A[3-induced neurotoXicity and cell 
degeneration has been reported in a number of cell types in 
vitro. Yankner et al., Science 250: 279 (1990); Roher et al., 
BBRC 174: 572 (1991); Frautschy et al., Proc. Natl. Acad. 
Sci. 88: 83362 (1991); Shearman et al., loc. cit. 91: 1470 
(1994). It has been shoWn that aggregation of the AB peptide 
is necessary for in vitro neurotoXicity. Yankner, Neurobiol. 
Aging 13: 615 (1992). Recently, three laboratories have 
reported results Which suggest that Congo red inhibits 
A[3-induced neurotoXicity and cell degeneration in vitro. 
Burgevin et al., NeuroReport 5: 2429 (1994); LorenZo and 
Yankner,Proc. Natl.Acaa'. Sci. 91: 12243 (1994); Pollack et 
al., Neuroscience Letters 184: 113 (1995); Pollack et al., 
Neuroscience Letters 197: 211 (1995). The mechanism 
appears to involve both inhibition of ?bril formation and 
prevention of the neurotoXic properties of formed ?brils. 
LorenZo and Yankner, Proc. Natl. Acad. Sci. 91: 12243 
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(1994). Congo red also has been shoWn to protect pancreatic 
islet cells from the toXicity caused by amylin. LorenZo and 
Yankner,Proc. Natl. Acad. Sci. 91: 12243 (1994). Amylin is 
a ?brillar peptide similar to A6 Which accumulates in the 
pancreas in type 2 diabetes mellitus. 

[0015] It is knoWn in the art that certain aZo dyes, such as 
Congo red, may be carcinogenic. Morgan et al. Environ 
mental Health Perspectives, 102 (supp.) 2: 63-78, (1994). 
This potential carcinogenicity appears to be based largely on 
the fact that azo dyes are extensively metaboliZed to the free 
parent amine by intestinal bacteria. Cerniglia et al., Bio 
chem. Biophys. Res. Com., 107: 1224-1229, (1982). In the 
case of benZidine dyes (and many other substituted ben 
Zidines), it is the free amine Which is the carcinogen. These 
facts have little implications for amyloid imaging studies in 
Which an extremely minute amount of the high speci?c 
activity radiolabelled dye Would be directly injected into the 
blood stream. In this case, the amount administered Would 
be negligible and the dye Would by-pass the intestinal 
bacteria. 

[0016] In the case of therapeutic usage, these facts have 
critical importance. Release of a knoWn carcinogen from a 
therapeutic compound is unacceptable. A second problem 
With diaZo dye metabolism is that much of the administered 
drug is metaboliZed by intestinal bacteria prior to absorp 
tion. This loWered bioavailability remains a disadvantage 
even if the metabolites released are innocuous. 

[0017] Thio?avin T is a basic dye ?rst described as a 
selective amyloid dye in 1959 by Vassar and Culling (Arch. 
Pathol. 68: 487 (1959)). SchWartZ et al. (Zbl. Path. 106: 320 
(1964)) ?rst demonstrated the use of Thio?avin S, an acidic 
dye, as an amyloid dye in 1964. The properties of both 
Thio?avin T and Thio?avin S have since been studied in 
detail. Kelenyi J. Histochem. Cytochem. 15: 172 (1967); 
Burns et al. J. Path. Bact. 94:337 (1967); Guntern et al. 
Experientia 48: 8 (1992); LeVine Meth. Enzymol. 309: 274 
(1999). Thio?avin S is commonly used in the post-mortem 
study of amyloid deposition in AD brain Where it has been 
shoWn to be one of the most sensitive techniques for 
demonstrating senile plaques. Vallet et al.Acta Neuropathol. 
83: 170 (1992). Thio?avin T has been frequently used as a 
reagent to study the aggregation of soluble amyloid proteins 
into beta-sheet ?brils. LeVine Prot. Sci. 2: 404 (1993). 
Quaternary amine derivatives related to Thio?avin T have 
been proposed as amyloid imaging agents, although no 
evidence of brain uptake of these agents has been presented. 
Caprathe et aL US. Pat. No. 6,001,331. 

[0018] Thus, a need eXists for amyloid binding com 
pounds Which enter the brain and bind selectively to amy 
loid. 

[0019] A further need eXists for amyloid binding com 
pounds that are non-toXic and bioavailable and, conse 
quently, can be used in therapeutics. 

SUMMARY OF THE INVENTION 

[0020] It is therefore one embodiment of the present 
invention to provide compounds Which alloW for a safe and 
speci?c method for diagnosing AD before death by in vivo 
imaging of amyloid in brain parenchyma. 

[0021] It is another embodiment of the present invention 
to provide an approach for identifying AD amyloid deposits 
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in brain before a patient’s death, using a high-af?nity probe [0023] Wherein Z is S, NR‘, O or C(R‘)2 in Which case the 
for _amy10i_d Which has 19W toxicity, can QTOSS the blood‘ correct tautomeric form of the heterocyclic ring becomes an 
brain barrier, and can distinguish AD brain from normal 
brain indole in Which R‘ is H or a lower alkyl group: 

[0022] In accomplishing these and other embodiments of 
the invention, there is provided, in accordance With one 

. . . . . R' 

aspect of the invention, an amyloid binding compound / 
having one of structures A-E: C\, 

N 
Structure A \ 

R4 
R12 R11 

[0024] Wherein Y is NR1R2, 0R2, or SR2; R13 Z R7 R 
6 

/ [0025] Wherein the nitrogen of 
Z 

R14 N 

/ Y 

R9 N /R' 
R10 R4 R3 Z C 

Structure B / Or / 
N N 

R7 \ 
R, 

R8 Z R’ R6 R5 

R N/ Y [0026] N or R is not a quaternary amine; 
9 

R’ [0027] or an amyloid binding compound having one of 
R10 . 

R4 R3 structures F-] or a Water soluble, non-toxic salt thereof: 

Structure C 

R7 Structure F 

R12 R11 
R8 

R13 Z R7 
R9 

/ Z 
R10 R14 U 

R4 R3 / Q: 
Structure D R U 

R 9 
7 R6 R5 

R 
R8 Z 10 

Structure G 

/ Y R7 
N 

R9 R8 Z R! 

R10 R4 R3 / 
Structure E \ 

R9 U Q, 

R13 R12 R9 R10 R’ 
R10 

Structure H 
R4 N N R4 
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—continued 

Structure I 

R7 

R8 Z 

/>—Q or 
R9 U 

R10 

Structure J 

R13 R12 R9 R10 

7M? Q/kz R11 R7 Z)\Q 

[0028] wherein each Q is independently selected from one 
of the following structures: 

R6 R5 

/Y 
(CH2)n wherein n = O, 1, 2, 3 or 4, 

R4 R3 

R6 R5 

R6 R5 

Z 

)\ Z 
R4 U R3, k R3, 

R4 Z R3 

R6 R5 R6 R5 

or Z R3 

\ R3 R3 

R4 U— R4 Z R3 

R3 R3 

[0029] wherein Z is S, O, NR‘, or C(R‘)2 in which R‘ 
is H or a lower alkyl group; 

[0030] wherein U is CR‘ (in which R‘ is H or a lower 
alkyl group) or N (except when U=N, 
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[0031] then Q is not 

R5 R5 

[00321 ); 

[0033] wherein Y is NR1R2, 0R2, or SR2; 

[0034] wherein the nitrogen of 

/ 
Z N 

a or a 

[0035] or is not a quaternary amine; 

[0036] wherein each R1 and R2 independently is 
selected from the group consisting of H, a lower 

alkyl group, (CH2)nOR‘ (wherein n=1, 2, or 3), CF3, 
CH2—CH2X, CH2—CH2—CH2X (wherein X=F, 
Cl, Br or I), (C=O)—R‘, Rph, and (CH2)nRph 
(wherein n=1, 2, 3, or 4 and Rph represents an 
unsubstituted or substituted phenyl group with the 
phenyl substituents being chosen from any of the 
non-phenyl substituents de?ned below for R3-R14 
and R‘ is H or a lower alkyl group); 

[0037] and wherein each R3-R14 independently are 
selected from the group consisting of H, F, Cl, Br, I, 
a lower alkyl group, (CH2)nOR‘ (wherein n=1, 2, or 
3), CF3, CH2—CH2X, O—CH2—CH2X, CH2— 
CH2—CH2X, O—CH2—CH2—CH2X (wherein 
X=F, Cl, Br or I), CN, (C=O)—R‘, N(R‘)2, N02, 
(C=O)N(R‘)2, O(CO)R‘, OR‘, SR‘, COOR‘, Rph, 
CR‘=CR‘—Rph, CR2‘—CR2‘—Rph (wherein Rph 
represents an unsubstituted or substituted phenyl 
group with the phenyl substituents being chosen 
from any of the non-phenyl substituents de?ned for 
Rl-R14 and wherein R‘ is H or a lower alkyl group), 
a tri-alkyl tin and a chelating group (with or without 
a chelated metal group) of the form W-L or V-W-L, 
wherein V is selected from the group consisting of 
—COO—, —CO—, —CH2O— and —CH2NH—; 
W is —(CH2)n where n=0, 1, 2, 3, 4, or 5; and L is: 

N 
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[0040] wherein M is selected from the group consisting of 
-continued Tc and Re; 

SH HS 5 O s 
/ [0041] or Wherein each Rl-R14 independently is 

M selected from the group consisting of a chelating 
> / \ > group (With or Without a chelated metal ion) of the 

N\ H,N N\ /N form W-L and V-W-L, Wherein V is selected from the 
W W group consisting of —COO— and —CO—; W is 

O —(CHZ)n Where n=0, 1, 2, 3, 4, or 5; L is: 

N 

[0038] Wherein M is selected from the group consisting of 
Tc and Re; 

[0039] or Wherein each R1 and R2 is a chelating group 
(With or Without a chelated rnetal group) of the form 
W-L , Wherein W is —(CH2)n Where n=2, 3, 4, or 5; 
andLis: 

[SH HSj [s\fl/s N HN 7 N/ \N 
/ \_/ / \_/ 

[0042] and Wherein R15 independently is selected from 
one of: 

SH HS S O S 

\ || / 
M CH 

, / \ , / SH or \ \ 3 
N HN N N H, COOH, CONHCH3, , 

>—/ >—/ OH 

/ [0043] or an arnyloid binding, chelating compound (with 
or Without a chelated rnetal group) or a Water soluble, 
non-toxic salt thereof of the form: 



US 2002/0133019 A1 Sep. 19, 2002 

/R1s / 
(CH2)11 Wherein n = O, 1, 2, 3 or 4, 

/ \ R / \ R Y 
N N ,,,,,N, N 

SH HS 

)\ 
R20 U R19, R20 Z R19, 

R17 R13 R17 R18 

T 
R15 U Z R19 

If16 \ R19 or R19 
/N\ or @ R20 U— R20 Z R19 

R15 R15 
R19 R19 

[0047] Wherein Z is S, NR‘, O, or C(R‘)2 in Which R‘ is H 
or a loWer alkyl group; 

[0048] Wherein U is N or CR‘; 

\ \ CH3 [0049] Wherein Y is NR1R2, OR26, or SR26; 

H’ COOH’ CONHCH3’ ’ [0050] Wherein each R17-R24 independently is 
OH selected from the group consisting of H, F, Cl, Br, I, 

a loWer alkyl group, (CH2)nOR‘ (Wherein n=1, 2, or 

CR‘=CR‘—R and CR2‘=CR2‘—Rph (Wherein Rph 
represents an unsubstituted or substituted phenyl 

[0045] and R15 is group With the phenyl substituents being chosen 
from any of the non-phenyl substituents de?ned for 
R17-R2O and Wherein R‘ is H or a loWer alkyl group). 

[0044] Wherein R15 independently is selected from one of: 

H [0051] In a preferred embodiment, at least one of the 
HO substituents Rl-R14 of the structures A-E or F-] is selected 

from the group consisting of 1311, 1231, 76Br, 75Br, 18F, 
/>—Q Or CH2—CH2—X*, O—CH2—CH2—X*, CH2—CH2— 

\ U CH2—X*, O—CH2—CH2—CH2—X* (Wherein X*=131I, 
H2 1231, 76Br, 75Br or 18F), 19F, 1251, a carbon-containing 

H substituent as speci?ed above Wherein at least one carbon is 
11C or 13C and a chelating group (With chelated rnetal group) 
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of the form W-L* or V-W-L*, wherein V is selected from the 
group consisting of —COO—, —CO—, —CH2O— and 
—CH2NH—; W is —(CH2)n Where n=0, 1, 2, 3, 4, or 5; and 

[0052] Wherein M* is 99mTc; 

[0053] and a chelating group (With chelated metal 
group) of the form W-L* or V-W-L*, Wherein V is 
selected from the group consisting of —COO—, 
—CO—, —CH2O— and —CH2NH—; W is 
—(CHZ)n Where n=0, 1, 2, 3, 4, or 5; and L* is: 

R157,7I,}N’ “4R5 
I107’, 62kg or 

¢Gaa 
R’ S S R’ 

R’ R’ 

[0054] and Wherein R15 independently is selected from 
one of the folloWing: 

\— \— CH3 
H, COOH, CONHCH3, 

OH 
HO HS 

SH 
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[0055] or the chelating compound (with chelated metal 
group) of the form: 

0056 Wherein R15 inde endently is selected from one of P 
the following: 

CONHCH3, , 

OH 
HS HO 

, or 

SH 

[0057] and R15 is 

H 

HO Z 

/>—Q or 
\C U 

H2 
H 

R 
24 R17 R18 

R23 Z 

/ CH2, 
R22 U 

R20 OH 
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[0058] wherein Q is independently selected from one of 
the following structures: 

R17 R18 

/Y 
(CH2)n Wherein n = O, 1, 2, 3 or 4, 

R20 R19 
R17 R18 R17 R18 

Z 

Z R19, R20 
R17 R18 

R19 

R20 Z R19 

R19 

[0059] Wherein Z is S, NR‘, O, or C(R‘)2 in Which R‘ is H 
or a loWer alkyl group; 

[0060] Wherein U is N or CR‘; 

[0061] Wherein Y is NR1R2, 0R2, or SR2; 
[0062] Wherein each R17-R24 independently is selected 
from the group consisting of H, F, Cl, Br, I, a loWer alkyl 
group, (CH2)nOR‘ (Wherein n=1, 2, or 3), CB3, CH2—CH2X, 
O—CH2—CH2X, CH2—CH2—CH2X, O—CH2—CH2— 
CHZX (Wherein X=F, Cl, Br or I), CN, (C=O)—R‘, N(R‘)2, 
N02, (C=O)N(R‘)2, O(CO)R‘, OR‘, SR‘, COOR‘, Rph, 
CR‘=CR‘—Rph and CR2‘—CR2‘—Rph (Wherein Rph repre 
sents an unsubstituted or substituted phenyl group With the 
phenyl substituents being chosen from any of the non 
phenyl substituents de?ned for R17-R2O and Wherein R‘ is H 
or a loWer alkyl group). 

[0063] In another preferred embodiment, the thio?avin 
compounds are de?ned Where Z=S, Y=N, R1=H; and further 
Wherein When the amyloid binding compound of the present 
invention is structure A or E, then R2 is selected from the 
group consisting of a loWer alkyl group, (CH2)nOR‘ 
(Wherein n=1, 2, or 3), CF3, CH2—CH2X, CH2—CH2— 
CHZX (Wherein X=F, Cl, Br or I), (C=O)—R‘, Rph, and 
(CH2)nRph Wherein n=1, 2, 3, or 4; 

[0064] Wherein When the amyloid binding compound 
of the present invention is structure B, then R2 is 
selected from the group consisting of (CH2)nOR‘ 
(Wherein n=1, 2, or 3, and Where When R‘=H or CH3, 
n is not 1). CB3, CH2—CH2X and CH2—CH2— 
CHZX (Wherein X=F, Cl, Br or I); 

[0065] Wherein When the amyloid binding compound of 
the present invention is structure C, then R2 is selected from 
the group consisting of a loWer alkyl group, (CH2)nOR‘ 
(Wherein n=1, 2, or 3, CF3), CH2—CH2X, CH2—CH2— 
CHZX (Wherein X=F, Cl, Br or I), (C=O)—H, Rph, and 
(CH2)nRph Wherein n=1, 2, 3, or 4; or 

R19 Of 

R20 U 

R19 
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[0066] Wherein When the amyloid binding compound of 
the present invention is structure D, then R2 is selected from 
the group consisting of (CH2)nOR‘ (Wherein n=1, 2, or 3), 
CF3, CH2—CH2X, CH2—CH2—CH2X (Wherein X=F, Cl, 
Br or I), (C=O)—R‘, Rph, and CHZRph Wherein When R2 is 
(CH2)nRph R8 is not CH3. 
[0067] In another preferred embodiment, at least one of 
the substituents R3-R14 of the amyloid binding compound of 
the present invention is selected from the group consisting of 
1311, 1231, 76Br, 75Br, 18F, CH2—CH2—X*, O—CH2— 
CH2—X*, CH2—CH2—CH2—X*, O—CH2—CH2— 
CH2—X* (Wherein X*=131I, 1231, 76Br, 75Br or 18F), 19F, 
1251 and a carbon-containing substituent as speci?ed in the 
de?nition of the compounds having one of the structures 
A-E or F-J, Wherein at least one carbon is 11C or 13C, a 
chelating group (With chelated metal group) of the form 
W-L* or V-W-L*, Wherein V is selected from the group 
consisting of —COO—, —CO—, —CH2O— and 

[0068] —CH2NH—; W is —(CH2)n Where n=0, 1, 2, 
3, 4, or 5; and L* is: 

)7] K )7] / \N a N/ \N a 
Y \_/ 

N 

O 

S S 

[0069] Wherein M* is 99mTc; 
[0070] and a chelating group (With chelated metal 

group) of the form W-L* or V-W-L*, Wherein V is 
selected from the group consisting of —COO—, 
—CO—, —CH2O— and —CH2NH—; W is 

[0071] —(CH2)n Where n=0, 1, 2, 3, 4, or 5; and L* 
is: 
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[0072] and wherein R15 independently is selected from 
one of the following: 

OH 

[0073] or the chelating compound (with chelated metal 
group) of the form: 

13 

[0074] wherein R15 independently is selected from one of 
the following: 

OH 
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[0075] and R15 is 

H 

HO Z 

/>—Q or 
\C U 

H2 
H 

R 
24 R17 R18 

R23 Z 

/ CH2, 
R22 U 

R21 R20 OH 

[0076] wherein Q is independently selected from one of 
the following structures: 

R17 R18 

/Y 
(CH2)n wherein n = O, 1, 2, 3 or 4, 

R20 R19 
R17 R13 R17 R18 

Z Z 

R19 
/ 

R20 U R19, R20 Z R19, 

R17 R18 R17 R18 

R19 Of R19 

R20 U R20 Z R19 

R19 R19 

[0077] wherein Z is S, NR‘, O, or C(R‘)2 in which R‘ is H 
or a lower alkyl group; 

[0078] wherein U is N or CR‘; 

[0079] wherein Y is NR1R2, ORZ, or SR2; 

[0080] wherein each RN-R24 independently is selected 
from the group consisting of H, F, Cl, Br, I, a lower alkyl 
group, (CH2)nOR‘ (wherein n=1, 2, or 3), CF3, CH2—CH2X, 
O—CH2—CH2X, CH2—CH2—CH2X, O—CH2—CH2— 
CHZX (wherein X=F, Cl, Br or I), CN, (C=O)—R‘, N(R‘)2, 
N02, (C=O)N(R‘)2, O(CO)R‘, OR‘, SR‘, COOR‘, Rph, 
CR‘=CR‘—Rph and CR2‘—CR2‘—Rph (wherein Rph repre 
sents an unsubstituted or substituted phenyl group with the 
phenyl substituents being chosen from any of the non 
phenyl substituents de?ned for R17-R2O and wherein R‘ is H 
or a lower alkyl group). 
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[0081] In especially preferred embodiments, the com 
pound is selected from structures A-E, and Z=S, Y=N, R‘=H, 
R1=H, R2=CH3 and R3-R14 are H; 

[0089] In especially preferred embodiments, the com 
pound is selected from structures F-J, and Z=S, Y=N, R‘=H, 
R1=H, R2=CH3 and R3-R14 are H; 

[0097] In another preferred embodiment, at least one of 
the substituents R3-R14 is selected from the group consisting 
of CN, 0on3, OH and NH2. 

[0098] In still another preferred embodiment, the amyloid 
binding compound is selected from the group consisting of 
structure B, structure C and structure D; Wherein R1=H, 
R2=CH3 and R8 is selected from the group consisting of CN, 
CH3, OH, OCH3 and NH2, in a preferred aspect of this 
embodiment, R3-R7 and Rg-R14 are H. 

[0099] In still another embodiment, the amyloid binding 
compounds of the present invention bind to A6 With a 
dissociation constant (KD) betWeen 0.0001 and 10.0 pM 
When measured by binding to synthetic AB peptide or 
AlZheimer’s Disease brain tissue. 

[0100] Another embodiment of the invention relates to a 
method for synthesiZing the amyloid binding compounds of 
the present invention having at least one of the substituents 
Rl-R14 selected from the group consisting of 1311, 1251, 1231, 
76Br, 75Br, 18F, and 19F, comprising the step of labeling the 
amyloid binding compound Wherein at least one of the 
substituents Rl-R14 is a tri-alkyl tin, by reaction of the 
compound With a 1311, 1251, 1231, 76Br, 75Br, 18F, or 19F 
containing substance. 
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[0101] Another embodiment of the invention relates to a 
method for synthesiZing the amyloid binding compounds of 
the present invention having at least one of the substituents 
R3-R14 selected from the group consisting of 1311, 1251, 1231, 
76Br, 75 Br, 18F, and 19F, comprising the step of labeling the 
amyloid binding compound of structure A-E or F-] Wherein 
Z=S, Y=N, R1=H and at least one of the substituents 
R3-R14is a tri-alkyl tin, by reaction of the compound With a 
1311, 1251, 1231, 76Br, 75Br, 18F, or 19F containing substance. 

[0102] A further embodiment of the present invention 
relates to a pharmaceutical composition for in vivo imaging 
of amyloid deposits, comprising (a) an amyloid binding 
compound chosen from the structures A-E or F-J, and (b) a 
pharmaceutically acceptable carrier. A preferred aspect of 
the embodiment relates to a pharmaceutical composition for 
in vivo imaging of amyloid deposits, comprising (a) an 
amyloid binding compound chosen from the structures A-E 
or F-] Wherein Z=S, Y=N, R1=H, and (b) a pharmaceutically 
acceptable carrier. 

[0103] In another embodiment of the invention is an in 
vivo method for detecting amyloid deposits in a subject, 
comprising the steps of: (a) administering a detectable 
quantity of a pharmaceutical composition comprising the 
labeled amyloid binding compound, and detecting the bind 
ing of the compound to amyloid deposit in the subject. In a 
preferred aspect of this embodiment, the amyloid deposit is 
located in the brain of a subject. In a particularly preferred 
aspect of this embodiment, the subject is suspected of having 
a disease or syndrome selected from the group consisting of 
AlZheimer’s Disease, familial AlZheimer’s Disease, DoWn’s 
Syndrome and homoZygotes for the apolipoprotein E4 
allele. In another particularly preferred aspect of this 
embodiment, the detecting is selected from the group con 
sisting of gamma imaging, magnetic resonance imaging and 
magnetic resonance spectroscopy. In a preferred aspect of 
this embodiment, the gamma imaging is either PET or 
SPECT. In another preferred aspect of this embodiment, the 
pharmaceutical composition is administered by intravenous 
injection. In another preferred aspect of this embodiment, 
the ratio of binding of the compound to a brain area other 
than the cerebellum to (ii) binding of the compound to the 
cerebellum, in a subject, is compared to the ratio in a normal 
subject. 

[0104] Anther embodiment relates to a method of detect 
ing amyloid deposits in biopsy or post-mortem human or 
animal tissue comprising the steps of: (a) incubating forma 
lin-?Xed or fresh-froZen tissue With a solution of an amyloid 
binding compound of the present invention to form a labeled 
deposit and then, (b) detecting the labeled deposits. In a 
preferred aspect of this embodiment, the solution is com 
posed of 25-100% ethanol, With the remainder of the solu 
tion being Water, Wherein the solution is saturated With an 
amyloid binding compound according to the present inven 
tion. In a particularly preferred aspect of this embodiment, 
the solution is composed of an aqueous buffer (such as tris 
or phosphate) containing 0-50% ethanol, Wherein the solu 
tion contains 0.0001 to 100 pM of an amyloid binding 
compound according to the present invention. In a particu 
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larly preferred aspect of this embodiment, the detecting is 
effected by microscopic techniques selected from the group 
consisting of bright-?eld, ?uorescence, laser-confocal, and 
cross-polariZation microscopy. 

[0105] A further embodiment relates to a method of quan 
tifying the amount of amyloid in biopsy or post-mortem 
tissue comprising the steps of: a) incubating a radiolabeled 
derivative of an amyloid binding compound of the present 
invention With a homogenate of biopsy or post-mortem 
tissue, Wherein at least one of the substituents Rl-R14 of the 
compound is labeled With a radiolabel selected from the 
group consisting of 125I, 3H, and a carbon-containing sub 
stituent as speci?ed by the amyloid binding compound 
structures A-E or F-J, Wherein at least one carbon is 14C, b) 
separating the tissue-bound from the tissue-unbound radio 
labeled derivative of an amyloid binding compound of the 
present invention, c) quantifying the tissue-bound radiola 
beled derivative of an amyloid binding compound of the 
present invention, and d) converting the units of tissue 
bound radiolabeled derivative of an amyloid binding com 
pound of the present invention to units of micrograms of 
amyloid per 100 mg of tissue by comparison With a standard. 

[0106] In a preferred aspect of the above embodiment, the 
radiolabeled derivative of the amyloid binding compound of 
the present invention or a Water soluble, non-toxic salt 
thereof is according to one of the formulae A-E beloW: 

Structure A 

R12 R11 

R13 
Z R7 R6 R5 
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Structure B 
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-continued 

Structure D 
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/ Y 
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Structure E 
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Y R6 R6 Y 

R5 R5 

[0107] Wherein Z is S, NR‘, O or C(R‘)2 in Which case the 
correct tautomeric form of the heterocyclic ring becomes an 
indole in Which R‘ is H or a loWer alkyl group: 

[0108] Wherein Y is NR1R2, 0R2, or SR2; 

0109 Wherein the nitro en of an g Y 

/R' 
Z C\ 
% or N 
N N 

R, 

[0110] group is not a quaternary amine; 

[0111] or the radiolabeled derivative of the amyloid 
binding compound of the present invention or a 
Water soluble, non-toxic salt thereof is according to 
one of the formulae F-J beloW: 
























































