
DESCRIPTION  PROBES FOR DISEASES IN WHICH AMYLOID
ACCUMULATES, AGENTS FOR  STAINING AMYLOID, DRUGS FOR
TREATMENT AND PROPHYLAXIS OF  DISEASES WITH
ACCUMULATED AMYLOID, AND PROBES FOR DIAGNOSIS  OF
NEUROFIBRILLARY TANGLES AND AGENTS FOR STAINING
NEUROFIBRILLARY TANGLES TECHNICAL FIELD [0001] The
present invention relates to a probe for the  imaging
diagnosis of a disease in which amyloid p-protein
accumulates, in particular, a probe labeled with a
positron- emitting radionuclide, as well as to a
composition for  imaging diagnosis comprising such a
probe. The present  invention further relates to
detection/staining of, for  example, amyloid p-protein
in brain samples, for example,  senile plaques in the
brain of a patient with Alzheimer's  disease, and also
to a pharmaceutical composition for the  prophylaxis
and/or treatment of a disease in which Q -sheet
structure is the cause or possible cause. In addition,
the  present invention relates to a compound useful
for the  diagnosis of a disease of which the etiology
or an etiology  is assigned to neurofibrillary
tangles, and to a composition  for imaging diagnosis
and a composition for staining  neurofibrillary
tangles, comprising such a compound. 1 BACKGROUND ART
[0002] Amyloid accumulating diseases include a variety
of diseases characterized by the deposition of
insoluble  fibrillary proteins (amyloids) in various
organs and tissues  in the body, including Alzheimer's
disease, Down's syndrome  and others. Among them,
Alzheimer's disease (AD) is  considered as a disease
which is most difficult to treat at  present, and
there is a need for its accurate and early  



diagnosis. [0003] Alzheimer's disease (AD) is
considered as a  disease which is most difficult to
treat at present and whose  accurate and early
diagnosis is required. Alzheimer's  disease is a
disease whose feature is progressive dementia
developing predominantly in a presenile to senile
period.  Alzheimer's disease is pathologically
characterized by  overall cerebral atrophy, remarkable
degeneration and  neuronal loss, and appearing of
neurofibrillary tangles and  senile plaques. It is
known that the highest risk factor of  dementia
represented by Alzheimer's disease is aging. Thus,  an
increase in the number of patients as an old
population  increases is remarkable in especially
Japan, America, and  European countries, which have
reached an aging society, and  medical costs for the
patients bring the medical system of  those countries
to a crisis. In Japan, it is estimated that the number
of patients 2 with Alzheimer's disease are about one
million, and it is  certain that the number of the
patients will increase with  the aging of the
population in future. The costs associated  with
Alzheimer's disease patients, including the nursing
care  expense, are supposed to exceed 2.5 million yen
per patient  for a year, which means that in Japan,
socio-economic costs  more than 2.5 trillion yen have
been already paid for a year.  It has now become
common in the world that significant  effects of
medical economy will be brought about by
administering treatment before symptoms of dementia in
Alzheimer's disease become appeared or as early as
possible.  At present, however, it is extremely
difficult to make an  accurate diagnosis of
Alzheimer's disease at these stages.  [0004] Currently
there are various types of methods for  



diagnosing Alzheimer's disease. Japan commonly employs
methods which make a quantitative evaluation of the
decrease  in cognitive functions of an individual
suspected to be  affected with Alzheimer's disease,
such as Hasegawa's  procedure, ADAS, and MMSE, and
although not often, imaging  diagnosis methods (MRI,
CT, and others) are employed  supplementarily.
However, these methods are insufficient to  define the
disease, and its definitive diagnosis requires  biopsy
of the brain before death or histopathological
examinations of the brain after death. In spite of
these  intensive studies on methods for diagnosing
Alzheimer's 3 disease, progress has been not made so
much. From results of  many studies, it has turned out
that neural degeneration  characteristic of
Alzheimer's disease has already took place  for a
considerable period of time (about 40 years, in the
case of a long period) prior to developing its initial
clinical symptom. In addition, it is known for
Alzheimer's  disease that the pathologic feature in
the brain has already  progressed to an irrecoverable
stage when family members and  clinicians surrounding
an AD patient recognize its initial  clinical symptom.
Considering together the progression  properties of
disease conditions and a sharp increase in the  number
of AD patients as described above, the need for and
the value of an accurate, early diagnosis of
Alzheimer's  disease are of extreme significance. The
histopathological feature of Alzheimer's disease is
represented by two major signs: senile plaques and
neurofibrillary tangles. The former has, as the main
component, amyloid P-protein (AP protein) taking
P-sheet  structures, whereas the latter has, as the
main component,  hyperphosphorylated amyloid
P-protein. The definite  



diagnosis of Alzheimer's disease relies on the
appearance of  these pathological characteristics in
the brain of a patient.  [00051 Amyloid P-protein is
characteristic of diseases  in which amyloid
accumulates, including Alzheimer's disease,  and has a
close relation with the disease. Thus, detection 4 of
amyloid P-protein taking P-sheet structures in the
body,  especially in the brain, as a marker, will
provide for an  important method for the diagnosis of
a disease in which  amyloid accumulates, particularly
Alzheimer's disease. In  the past, substances which
can bind specifically to and stain  amyioid P-protein
in the body, especially in the brain, have  been
searched for the purpose of diagnosing diseases in
which  amyloid accumulates, including Alzheimer's
disease. Such  substances known include Congo red
(non-patent reference 1),  thioflavin S (non-patent
reference 2), thioflavin T (non- patent reference 3),
and chrysamine G and derivatives thereof  (patent
references 1, 2), and they have not a few problems in
terms of binding specificity to amyloid P-protein,
permeability through the blood-brain barrier,
solubility,  toxicity, and others. The present
inventors have found a  variety of compounds
characterized by having high specificity  to amyloid
P-protein, high permeability through the blood- brain
barrier, high solubilities, reduced toxicities, and
others (patent references 3-7). [00061 It is known
that intracerebral proteins may take  P-sheet
structures, thereby resulting in diseases whose
etiology can be assigned to such proteins themselves.
In the  case of Alzheimer~s disease, it is supposed
that amyloid ~- protein and tau protein take P-sheet
structures, whereby such  proteins themselves are
responsible for or contribute to the 5 



disease. Yankner et al. have first reported that
amyloid  protein is allowed to take P-sheet
structures, thereby  displaying neural cytotoxicity
(Science, vol. 245, 417-420,  1989). Later, many
experiments for corroboration have been  performed and
ascertained that amyloid ~-protein with P-sheet
structures possess neural cytotoxicity. Thus, the fact
that  neural cytotoxicity is observed with amyloid
P-protein and  tau protein taking P-sheet structures
suggests that compounds  inhibiting their cytotoxicity
could be drugs for treating a  disease in which a
protein itself takes P-sheet structures,  thereby
causing or contributing to the disease, for example,
Alzheimer's disease. [000-7] Until now, studies of
Alzheimer's disease or  diagnoses employing biopsy or
autopsy samples involve  preparation of brain sections
from a patient with Alzheimer's  disease and staining
them. Conventional staining agents have  mainly
utilized Congo red or thioflavin S. These staining
agents are characterized by staining both senile
plaques and  neurofibrillary tangles, which are said
to be two maj . or  pathological signs of Alzheimer's
disease. [00081 However, neither Congo red nor
thioflavin S so  far has been able to stain diffuse
plaques. Also, none of  many reports until now
describes low molecular-weight organic  compounds
capable of staining diffuse plaques. It is thought
that amyloid P-protein (AD protein), which is the ma]
. or 6 component of senile plaques in Alzheimer's
disease, begins  its accumulating at a considerably
early time (at least 10  years or more) prior to the
onset of the disease (developing  symptoms of
dementia), and that the accumulation feature  during
this initial period is diffuse plaques. Early
detection of diffuse plaques, therefore, will allow an
early  



identification and diagnosis of Alzheimer's disease.
[0009] Therefore, there is an increased need for
compounds having high specificity to amyloid P-protein
which  are for the diagnosis of diseases in which
amyloid P-protein  accumulates, including Alzheimer's
disease, for an agent for  staining specifically
amyloid P-protein, and for the treatment and
prophylaxis of diseases in which amyloid P- protein
accumulates. [0010] Another histopathological major
sign of  Alzheimer's disease is neurofibrillary
tangles and their main  component, hyperphosphorylated
tau protein, which are  generally supposed to develop
later than amyloid P-protein.  However, it is likely
that neurofibrillary tangles correlate  well with the
degree of dementia, compared to amyloid P- protein
(Braak H and Braak E: Acta Neuropathol., vol. 82,
239-259, 1991; Wischik et al., In "Neurobiology of
Alzheimer's Disease," 103-206, Oxford University
Press,  Oxford, 2001). [0011] Besides Alzheimer's
disease, disorders whose 7 major sign is accumulation
of tau protein in the brain  (tauopathies) include
Pick's disease, progressive  supranuclear palsy (PSP),
and others. [00121 As mentioned above, tau protein is
characteristic  of diseases having accumulated tau
protein, including  Alzheimer's disease, and has a
close relation with the  disease. Thus, detection of
tau protein taking P-sheet  structures in the body,
especially in the brain, as a marker, will provide for
an important method for the diagnosis of a  disease
having accumulated tau, particularly Alzheimer's
disease. [00131 Methods have been reported by a few
groups for  



quantifying tau in the body, especially in the
cerebrospinal  fluid for the purpose of diagnosing
diseases having  accumulated tau, including
Alzheimer's disease (non-patent  references 4, 5)
However, no probe intended to quantify tau
noninvasively in vivo can be found throughout the
world.  [00141 Therefore, there is an increased need
for  compounds having high specificity to
neurofibrillary tangles  which are for the diagnosis
and treatment of diseases in  which neurofibrillary
tangle is the cause or a possible cause,  including
Alzheimer's disease, or for an agent for staining
neurofibrillary tangles. [00151 On the one hand,
studies of Alzheimer's disease  or diagnoses employing
biopsy or autopsy samples until now 8 involve
preparation of brain sections from a patient with
Alzheimer's disease and staining them. Conventional
staining  agents have mainly utilized Congo red or
thioflavin S. These  staining agents are characterized
by staining both senile  plaques and neurofibrillary
tangles, which are said to be two  major pathological
signs of Alzheimer's disease. [00161 However, none of
many reports so far reports low  molecular-weight
organic compounds capable of staining only
neurofibrillary tangles. Patent reference 1:
International Patent Application No.  PCT/US96/05918
Patent reference 2: International Patent Application
No.  PCT/US98/07889 Patent reference 3: Japanese
Patent Application No. 2000- 080082 Patent reference
4: Japanese Patent Application No. 2000- 060083 Patent
reference 5: Japanese Patent Application No. 2001- 



076075 Patent reference 6: International Patent
Application No.  PCT/JP01/02204 Patent reference 7:
International Patent Application No.  PCT/JP01/02205
Non-patent reference 1: Puchtler et al. , Journal of 9
Histochemistry and Cytochemistry, vol. 10, 35, 1962
Non-patent reference 2: Puchtler et al., Journal of
Histochemistry and Cytochemistry, vol. 77, 431, 1983
Non-patent reference 3: LeVine, Protein Science, vol.
2, 404 410, 1993 Non-patent reference 4:Ishiguro et
al., Neurosci. Lett., vol.  270, 81-84, 1999
Non-patent reference 5: Itoh et al., Ann. Neurol.,
vol. 50,  150-156, 2001 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION [0017] In view
of the above-described circumstances, the  present
invention provides a substance that has high
specificity of binding to amyloid R-protein and an
high  permeability through the blood-brain barrier and
is capable  of use as a probe for the imaging
diagnosis of a disease in  which amyloid p-protein
accumulates. In addition, the  present invention also
provides such a substance which is  labeled, for use
as a probe for the imaging diagnosis of a  disease in
which amyloid R-protein accumulates, and a
composition and a kit for imaging diagnosis comprising
such a  probe. The present invention further provides
a method for  staining amyloid R-protein in brain
materials, for example,  senile plaques having amyloid
R-protein as the main component, 10 



and a pharmaceutical composition for the prophylaxis
and/or  treatment of a disease in which Q-sheet
structure is the  cause or possible cause. In
addition, the present invention  provides a compound
useful for an early diagnosis of  Alzheimer's disease
or a tauopathy, and a composition for  imaging
diagnosis and a composition for staining tau, the
compositions comprising such a compound. MEANS TO
SOLVE THE PROBLEMS [0018] The present inventors have
conducted extensive  research, in order to solve the
above-described problems. In  consequence, the present
inventors have found that compounds,  or a salt or
solvate thereof represented by the formula I  have
high specificity of binding to amyloid p-protein and
furthermore high permeability through the blood-brain
barrier,  leading to the completion of the present
invention. In  particular, it can be said that the
inventive compounds,  which are capable of
specifically and clearly staining  amyloid p-protein,
are compounds allowing an accurate, early  diagnosis
of, especially, Alzheimer's disease, Down's  syndrome,
and others. Also, the inventive compounds will  allow
making a noninvasive diagnosis before death, due to
their high permeability through the blood-brain
barrier.  [0019] Thus, the present invention provides
the  following: 11 (1) a compound, or a salt or
solvate thereof, which is  used as a probe for
diagnosing a disease in which amyloid (3- protein
accumulates, represented by the formula I: Ri,,, Ra
R2 N-A4CH=CH~ D wherein,  



the ring A is a five- or six-membered ring having the
following structure: c Z > or G-J or X and Y,
independently, are N or CH;  Z is 0, S, CHZ, or
N-CPH2p+1; G is N or CH; J is S, 0, CHZ, or N-CgH2q+1;
p is an integer of 0 to 4;  q is an integer of 0 to 4;
R1 and R2 are independently selected from the group 12
consisting of hydrogen, and alkyl having 1 to 4
carbons  (hereinafter, referred to as C1_4-alkyl); R3
is selected from the group consisting of hydrogen,
halogen, OH, OOOH, SO3H, NH2, NO2, C1_4alkyl, and
phenyl; R4 and R5 are independently selected from the
group  consisting of hydrogen, halogen, OH, COON,
SO3H, NH2, NO2, C1_  4alkyl, O-C1_4alkyl, wherein the
C1_4alkyl is optionally  substituted with halogen(s),
and phenyl; or alternatively, R4  and R5, together,
form a benzene ring which is optionally  substituted
with one to four substituents selected form  halogen,
OH, COOH, SO3H, NH2, NO2, C1_4alkyl, O-C1_4alkyl,
wherein the C1_4alkyl is optionally substituted with
halogen(s), and phenyl, with the proviso that when m
is 0 and  when R4 and R5, together, form a benzene
ring, the ring A is  not a benzene ring; D is NH, S,
0, or CH=CH;  E is N or CH; m is an integer of 0 to 4,
with the proviso that when  



the ring A is a benzene ring, m is an integer of 2 to
4; and  n is an integer of 0 to 4; (2) the compound,
or a salt or solvate thereof,  according to (1),
wherein the compound specifically binds to  senile
plaques and/or diffuse plaques; (3) the compound, or a
salt or solvate thereof,  according to (2), wherein
the compound is selected from the 13 group consisting
of BF-185, BF-18~, BF-188, BF-189, BF-196,  BF-197,
BF-201, BF-214, BF-215, BF-227, and BF-231; (4) the
compound, or a salt or solvate thereof,  according to
any of (1) to (3), wherein the compound is  labeled;
(5) the compound, or a salt or solvate thereof,
according to (4), wherein the label is a radionuclide;
(6) the compound, or a salt or solvate thereof,
according to (5), wherein the label is a y-ray
emitting  nuclide; (7) the compound, or a salt or
solvate thereof,  according to (6), wherein the y-ray
emitting nuclide is selected from the group consisting
of "mTc, 111In, 67 Ga, 201 Tl, 123 1 , and 13 3Xe; (8)
the compound, or a salt or solvate thereof,  according
to (5), wherein the label is a positron emitting
nuclide; (9) The compound, or a salt or solvate
thereof,  according to (8), wherein the positron
emitting nuclide is  selected from the group
consisting of 11C, "N, "0, and "F; (10) a composition
for the imaging diagnosis of a  disease in which
amyloid P-protein accumulates, comprising a  compound
according to any of (4) to (9), or a  pharmaceutically
acceptable salt or solvate thereof, and a  



pharmaceutically acceptable carrier; 14 (11) a kit for
the imaging diagnosis of a disease in  which amyloid
R-protein accumulates and/or a tauopathy,  comprising
a compound according to any of (4) to (9), or a
pharmaceutically acceptable salt or solvate thereof as
the  essential ingredient, and a pharmaceutically
acceptable  carrier; (12) a composition for staining
amyloid R-protein in  brain samples, comprising a
compound according to any of (1)  to (3), or a salt or
solvate thereof; (13) a composition for staining
senile plaques and/or  diffuse plaques in brain
samples, comprising a compound  according to (2) or
(3), or a salt or solvate thereof; (14) the
composition according to (13), wherein the  compound
is selected from the group consisting of BF-185 and
BF-227; (15) a pharmaceutical composition for the
treatment  and/or prophylaxis of a disease in which
amyloid R-protein  accumulates, comprising a compound
according to (1), or a  pharmaceutically acceptable
salt or solvate thereof, and a  pharmaceutically
acceptable carrier; and (16) the pharmaceutical
composition according to (15),  wherein the disease is
Alzheimer's disease. [0020] The present invention
further provides the  following: (17) a compound, or a
salt or solvate thereof, which is 15 used as a probe
for detecting neurofibrillary tangles or as  an agent
for staining neurofibrillary tangles, represented by
the formula II: R, N  



N-A / I \ R, ( 61k wherein, or the ring A is
represented by N G-J R1, R2, X, Y, Z, G, and J are the
same as defined above; R6 is halogen, OH, COOH, SO3H,
NH2, NO2, C1_4alkyl, O-C1_  4alkyl, wherein the
C1_4alkyl is optionally substituted with  halogen(s),
or phenyl; k is an integer of 0 to 4; and (18) the
compound according to (17) which is BF-221. EFFECT OF
THE INVENTION [0021] The present invention provides a
compound having  high specificity to amyloid
R-protein, an enhanced property  of permeating through
the blood-brain barrier, and also 16 extremely high
safety. The present invention further  provides a
compound having high specificity to  neurofibrillary
tangles (and their main component, tau  protein), an
enhanced property of permeating through the
blood-brain barrier, and also extremely high safety.
Thus,  the compounds of the present invention would be
useful as  agents for staining senile plaques and/or
diffuse plaques or  detecting neurofibrillary tangles
in the brain of a patient  with Alzheimer's disease.
In addition, according to the  present invention,
there are provided a composition and a kit  for the
imaging diagnosis of a disease in which amyloid R-
protein accumulates or tau protein, wherein the
composition  and the kit comprise the compound of the
present invention.  



Use of such a compound, composition, or kit will allow
making  an accurate diagnosis of such a disease at an
early stage.  Furthermore, according to the present
invention, there are  also provided a pharmaceutical
composition for the  prophylaxis and/or treatment of a
disease in which  accumulation of amyloid R or tau
protein is the cause or  possible cause, the
composition comprising the compound of  the present
invention, and a method for the prophylaxis  and/or
treatment of a disease in which accumulation amyloid
a or tau protein is the cause or possible cause, the
method  being characterized by administering the
compound of the  present invention. 17 BRIEF
DESRIPTION OF THE DRAWINGS [00221 Fig. 1 shows the
comparison of staining  properties of BSB (upper
panel), thicflavin S (middle panel,  an adjacent
section of the section in the upper panel), and
BF-185 (lower panel, an adjacent section of the middle
panel's section) in sections of the brain of a patient
with  Alzheimer's disease. BF-185 mainly stained
senile plaques  (wedge-shaped arrowheads), whereas BSB
and thioflavin S  stained both senile plaques and
neurofibrillary tangles  (arrowheads). Fig. 2 shows
the comparison of staining properties of  BF-185 (left
panel) and thioflavin S (right panel, an  adjacent
section of the left panel's section) in sections of
the brain of a patient with Alzheimer's disease.
BF-185  mainly stained senile plaques (wedge-shaped
arrowheads),  whereas thioflavin S stained both senile
plaques and  neurofibrillary tangles (arrowheads).
Fig. 3 shows the comparison of staining properties of
BF-185 (left panel) and immunostaining properties of
an anti- 



AP antibody 6F/3D (right panel, an adjacent section of
the  left panel's section) in sections of the brain of
a patient  with Alzheimer's disease. BF-185 stained
senile plaques  (wedge-shaped arrowheads) and diffuse
plaques (within dotted- line circles) which were
stained with the anti-AP antibody 18 6F/3D. Fig. 4
shows the comparison of staining properties of  BF-187
(left panel) and thioflavin S (right panel, an
adjacent section of the left panel's section) in
sections of  the brain of a patient with Alzheimer's
disease. BF-187  stained senile plaques (wedge-shaped
arrowheads) which were  stained with thioflavin S.
Fig. 5 shows the comparison of staining properties of
BF-188 (left panel) and thioflavin S (right panel, an
adjacent section of the left panel's section) in
sections of  the brain of a patient with Alzheimer's
disease. BF-188  stained senile plaques (wedge-shaped
arrowheads) which were  stained with thioflavin S.
Fig. 6 shows the comparison of staining properties of
BF-189 (left panel) and thioflavin S (right panel, an
adjacent section of the left panel's section) in
sections of  the brain of a patient with Alzheimer's
disease. BF-189  stained senile plaques (wedge-shaped
arrowheads) which were  stained with thioflavin S.
Fig. 7 shows the comparison of staining properties of
BF-196 (left panel) and thioflavin S (right panel, an
adjacent section of the left panel's section) in
sections of  the brain of a patient with Alzheimer's
disease. BF-196  mainly stained senile plaques
(wedge-shaped arrowheads),  whereas thioflavin S
stained both senile plaques and 19 



neurofibrillary tangles (arrowheads). Fig. 8 shows the
comparison of staining properties of  BF-196 (left
panel) and immunostaining properties of an anti- AP
antibody 6F/3D (right panel, an adjacent section of
the  left panel's section) in sections of the brain of
a patient  with Alzheimer's disease. BF-196 stained
senile plaques  (wedge-shaped arrowheads) which were
stained with the anti-AR  antibody 6F/3D. Fig. 9 shows
the comparison of staining properties of  BF-197 (left
panel) and thioflavin S (right panel, an  adjacent
section of the left panel's section) in sections of
the brain of a patient with Alzheimer's disease.
BF-197  mainly stained senile plaques (wedge-shaped
arrowheads),  whereas thioflavin S stained both senile
plaques and  neurofibrillary tangles (arrowheads).
Fig. 10 shows the comparison of staining properties of
BF-197 (left panel) and immunostaining properties of
an anti- AR antibody 6F/3D (right panel, an adjacent
section of the  left panel's section) in sections of
the brain of a patient  with Alzheimer's disease.
BF-197 stained senile plaques  (wedge-shaped
arrowheads) which were stained with the anti-AR
antibody 6F/3D. Fig. 11 shows the comparison of
staining properties of  BF-201 (left panel) and
thioflavin S (right panel, an  adjacent section of the
left panel's section) in sections of 20 the brain of a
patient with Alzheimer's disease. BF-201  stained
senile plaques (wedge-shaped arrowheads) which were
stained with thioflavin S. Fig. 12 shows the
comparison of staining properties of  BF-201 (left
panel) and immunostaining properties of an anti- AP
antibody 6F/3D (right panel, an adjacent section of
the  



left panel's section) in sections of the brain of a
patient  with Alzheimer's disease. 3F-201 stained
senile plaques  (wedge-shaped arrowheads) which were
stained with the anti-AP  antibody 6F/3D. Fig. 13
shows the comparison of staining properties of  BF-214
(left panel) and thioflavin S (right panel, an
adjacent section of the left panel's section) in
sections of  the brain of a patient with Alzheimer's
disease. BF-214  stained senile plaques (wedge-shaped
arrowheads) which were  stained with thioflavin S.
Fig. 14 shows the comparison of staining properties of
BF-215 (left panel) and thioflavin S (right panel, an
adjacent section of the left panel's section) in
sections of  the brain of a patient with Alzheimer's
disease. BF-215  stained senile plaques (wedge-shaped
arrowheads) which were  stained with thioflavin S.
Fig. 15 shows the comparison of staining properties of
BF-227 (left panel) and thioflavin S (right panel, an
adjacent section of the left panel's section) in
sections of 21 the brain of a patient with Alzheimer's
disease. BF-227  mainly stained senile plaques
(wedge-shaped arrowheads),  whereas thioflavin S
stained both senile plaques and  neurofibrillary
tangles (arrowheads). Fig. 16 shows the comparison of
staining properties of  BF-227 (left panel) and
immunostaining properties of an anti- AP antibody
6F/3D (right panel, an adjacent section of the  left
panel's section) in sections of the brain of a patient
with Alzheimer's disease. BF-227 stained senile
plaques  (wedge-shaped arrowheads) and diffuse plaques
(within dotted- line circles) which were stained with
the anti-AP antibody  6F/3D. 



Fig. 17 shows the comparison of staining properties of
BF-221 (left panel) and thioflavin S (right panel, an
adjacent section of the left panel's section) in
sections of  the brain of a patient with Alzheimer's
disease. BF-221  stained neurofibrillary tangles
(arrowheads) which were  stained with thioflavin S.
Fig. 18 shows the comparison of staining properties of
BF-221 (left panel) and of an antibody directed to
anti- phosphorylated tau (pSer422) (right panel, an
adjacent  section of the left panel's section) in
sections of the brain  of a patient with Alzheimer's
disease. BF-221 stained  neurofibrillary tangles
(arrowheads) which were stained with  the antibody
directed to anti-phosphorylated tau (pSer422). 22 Fig.
19 shows the comparison of staining properties of
BF-231 (left panel) and thioflavin S (right panel, an
adjacent section of the left panel's section) in
sections of  the brain of a patient with Alzheimer's
disease. BF-231  stained senile plaques (wedge-shaped
arrowheads) which were  stained with thioflavin S.
DETAILED DESCRIPTION OF THE INVENTION [0023]
Substances of the present invention which can be  used
as probes for the imaging diagnosis of diseases in
which  amyloid R-protein accumulates are compounds, or
a salt or  solvate thereof, represented by the general
formula I as  described above. Several examples of the
compounds of the  formula I are shown in Table 1.
Preferable compounds of the  present invention are
BF-185, BF-187, BF-188, BF-189, BF-196,  BF-197,
BF-201, BF-214, BF-215, BF-227, BF-231, and others.
In particular, BF-185 and BF-227 have high specificity
to  diffuse plaques and are useful in early
identification of  Alzheimer's disease. Furthermore,
BF-227 is preferable in  



that it has rapid clearance from the brain. [0024]
Among the compounds of the present invention
represented by the formula I, compounds represented by
the  formula II (see, (17) as described above), or a
salt or  solvate thereof, recognize neurofibrillary
tangles well, and  are useful as probes recognizing
neurofibrillary tangles and 23 as agents for staining
neurofibrillary tangles. A typical  example of such
compounds is BF-221. BF-239, BF-240 and BF- 255 also
have high selectivity to neurofibrillary tangles.
[0025] The compounds of the present invention are of
great utility, also from the viewpoint of their
extremely low  toxicity and high permeability of
blood-brain barrier. [0026] In Table 1, thioflavin S,
which is known as a  compound well recognizing
p-structures, is included for  reference purpose. 24 C
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Q0 LnLnLf) (\jNNcli F14114:1~11 QQ 31 32 [0027] The
following explanation is given of each  substituent of
the compounds of the formula (I) . Further,  salts,
solvates and derivatives of the compounds of the
formula (I), and methods for labeling them are
described  below. It should be understood that a
skilled person in the  art can apply these
descriptions for the compounds of the  formula (I) to
the compounds of the formula (II). [0028] As referred
to herein, "C1_4alkyl" (alkyl having  one to four
carbons) is intended to include methyl, ethyl,
propyl, butyl, and structural isomers thereof. As
referred  



to herein, "halogen" is intended to refer to fluorine,
chlorine, bromine, and iodine. [0029] The ring A is a
five- or six-membered ring  represented by the
following structure: or N G-J or The compounds of the
present invention in which the ring A is a
five-membered ring are preferable in that they 33 have
rapid clearance from the brain. [00301 X and Y,
independently, are nitrogen (N) or CH.  [00311 Z is
oxygen (0) , sulfur (S) , CH2, or N-CPH2P,1,  wherein
p is an integer of 0 to 4, with the preferable value
of p being 1. [00321 G is N or CH. [00331 J is S, 0,
CH2, or N-CPH2q+l, wherein q is an  integer of 0 to 4,
with the preferable value of p being 1.  [ 0 0 3 4 1
R, and R2 are independently selected from the  group
consisting of hydrogen and CI-4alkyl. Preferable
examples of R, and R2 are hydrogen and methyl. R, and
R2 may  be the same or different. [ 00 3 51 R3 is
selected from the group consisting of  hydrogen,
halogen, OH, COOH, S03H, NH2, N02, C1-4alkyl, and
phenyl, with H, OH, and methyl being preferable. [ 0 0
3 61 R4 and R5 may be the same or different, and are
independently selected from the group consisting of
hydrogen,  halogen, OH, COOH, S03H, NH2, N02,
C1-4alkyl, phenyl, and O-C~- 4alkyl, wherein the
CI-4alkyl is optionally substituted with  halogen(s);
or alternatively, R4 and R5, together, form a  benzene
ring which is optionally substituted with one to four



substituents selected form halogen, OH, COOH, S03H,
NH2, N02,  C1-4alkyl, and phenyl, with the proviso
that when m is 0 and  when RL and R5, together, form a
benzene ring, the ring A is  not a benzene ring.
Preferable R4 and R5 are hydrogen, methyl, 34 and
0-methyl or O-ethyl which is optionally substituted
with  halogen. It is also preferable that R4 and R5,
together, form  an optionally substituted benzene ring
as described above. It is also preferable that such a
benzene ring is substituted  with OH. [00371 D is NH,
S, 0, or CH=CH.  [003B] E is N or CH. [00391 m is an
integer of 0 to 4, with the proviso that  when the
ring A is a benzene ring, m is an integer of 2 to 4.
[0040] n is an integer of 0 to 4. [0041] The
preferable value of m is 1 to 3, and the  preferable
value of n is 0 or 1. In the case of n being  other
than 0, R3 substituent(s) may be present at any
position of the ring on which the substituent(s)
is/are  attached. When two or more R3 substituents are
present, they  may be the same or different. [0042]
When a compound has a double bond between the two
rings, both cis and trans isomers can exist in such a
compound of the formula 1. [00431 Also included in the
present invention are salts  of the compounds of the
formula I. Salts may be formed with  the nitrogen atom
or any functional group within a compound  of the
formula I. In the case of a compound having a
carboxylic or sulfonate group, salts may be formed
between  the group and metals. Examples of such salts
include salts 35 with alkali metals such as lithium,
sodium, and potassium,  



alkaline earth metals such as magnesium, calcium, and
barium,  and others. In the case of a compound of the
formula I  having a hydroxyi group, compounds in which
the hydrogen atom  of a hydroxyl group substituted
with metals such as sodium,  potassium, or the like
are also included in the present  invention. In
addition, if there are complexes formed  between
compounds of the formula I and metal salts (for
example, complexes with metal salts such as magnesium
chloride, iron chloride, and others), these complexes
are  herein intended to be included in salts of the
compounds of  the formula I. It is preferable that
when a salt of the  compound of the formula I is used
in the body of a subject,  such a salt is a
pharmaceutically acceptable salt.  Pharmaceutically
acceptable salts of the compounds of the  formula I
include, for example, salts with halide ions such  as
chlorine, bromine, and iodine, and salts with metals
such  as sodium, potassium, and calcium. Such salts
fall within  the present invention. Additionally,
solvates of the  compounds of the formula I are also
included in the present  invention. Solvates include
hydrates, methanolates,  ethanolates, ammoniates, and
the like. It is preferable that  when a solvate of the
compound of the formula I is used in  the body of a
subject, such a solvate is a pharmaceutically
acceptable solvate. Pharmaceutically acceptable
solvates 36 include hydrates, ethanolates, and others.
In the  specification, an "inventive compound" or
"compound of the  present invention" is intended to
include a compound of the  formula I (it goes without
saying that a compound of the  formula II is
included), and salts and solvates thereof.  [0044] In
addition, the present invention also provides  a
compound which can be used as a precursor for
synthesizing  



the compound of the present invention, that is, the
compound  represented by the formula I or II. Those
skilled in the art  are able to design and synthesize
such a precursor with ease,  based on the structure of
the inventive compound of interest.  Alternatively,
such a precursor may be obtained by modifying  a
commercially available compound. Precursors of the
compounds of the present invention include BF-223 (a
precursor of BF-224), BF-226 (a precursor of BF-227),
BF-246  (a precursor of BF-247), BF-251 (a precursor
of BF-252), BF- 253 (a precursor of BF-254), and
others. [0045] These precursors are preferably
labeled,  preferably with radioactive labels. In the
synthesis of  compounds for PET, they are preferably
labeled with 18F, and  in the synthesis of compounds
for SPECT, with 123I. For  example, BF-223, BF-226,
BF-251, and BF-253 may be labeled  with 18F, whereas
BF-246 may be labeled with 1231 [0046] Accordingly,
the present invention provides:  a precursor compound
for synthesizing the compound of the 37 formula I or
II; the above-described precursor compound selected
from the  group consisting of BF-223, BF-226, BF-246,
BF-251, and BF- 253; and the above-described precursor
compound which is labeled,  preferably with 16F or
1231 For the labeling position and methods, see the
explanation regarding the labeling of the compounds of
the  formula I or II. [0047] The present invention
makes use of the compounds  of the formula I, or a
salt or solvate thereof, which bind  specifically to
amyloid p-protein (herein also referred to  "AP
protein" or "AR") in vivo within the body in a disease
in  



which amyloid p-protein accumulates, as probes for the
imaging diagnosis of the disease in which amyloid
R-protein  accumulates. The inventive compounds allow
clear staining of  senile plaques. As used herein, a
"disease having  accumulated AR" refers to a disease
which has, as the major  sign, deposition of AR
protein in the brain. Diseases whose  diagnosis can be
made using AR protein, i.e., senile plaques,  as the
marker include Alzheimer's disease, Down's syndrome,
and others. [0048] In the diagnosis of a disease in
which amyloid f3- protein accumulates, compounds of
the present invention which  have been labeled are
generally employed as probes. Labels 38 are
fluorescent substances, affinity substances, enzyme
substrates, radionuclides, and others. Imaging
diagnosis of  a disease in which amyloid P-protein
accumulates usually uses  probes which have been
labeled with radionuclides. The  inventive compounds
can be labeled with a variety of  radionuclides by
methods well known in the art. For example,  3 H, it,
"S, "'I, and others are radionuclides which have been
used for a long time, and have many in vitro
applications. General requirements for imaging
diagnosis  probes and means for their detection are to
allow making an  in vivo diagnosis, to cause less
damage to patients  (especially, to be non-invasive),
to have a high sensitivity  of detection, to have an
appropriate half-life (to have an  appropriate period
of time for preparing the labeled probes  and for
diagnosis), and the like. Accordingly, one have
recently tended to employ positron emission tomography
(PET)  utilizing y-ray displaying a high sensitivity
and  permeability of materials or computered
tomography (SPECT)  with y-ray emitting nuclides. Of
them, PET, which detects  



two y-rays emitting in opposite directions from a
positron  emitting nuclide by means of simultaneous
counting with a  pair of detectors, provides
information which is superior in  resolution and
quantification and thus is preferable. For  SPECT, an
inventive compound can be labeled with a y-ray
emitting nuclide, such as 99'Tc, "In, 6 7, Ga , 2
01Tl, 123j, 133Xe , 39 and others. 99mTc and 123 1 are
often used for SPECT. For PET,  an inventive compound
can be labeled with a positron emitting  nuclide, such
as 11 C, `3N, 150 18F, 62Cu, 68Ga, 76Br, and others.
Of positron emitting nuclides, 110 13N, and 150 are
preferable,  with 18F being particularly preferable,
from the viewpoint of  having an appropriate
half-life, the ease of labeling, and  the like. The
position at which an inventive compound is  labeled
with a radioactive nuclide, for example, a radiation
emitting nuclide such as a positron or y-ray emitting
nuclide,  or the like can be any position in the
formula I.  Alternatively, a hydrogen atom on the
benzene ring of an  inventive compound may be
substituted with a radioactive  nuclide such as a
positron or y-ray emitting nuclide.  Although the
position of labeling the compound of the formula  I
can be any position as described above, labeling may
preferably be carried out at the alkyl group and/or on
the  phenyl ring of the compound. Such labeled
compounds of the  formula I are also included in the
present invention. For  example, when an inventive
compound is labeled with 18F, any  position of the
side chain may be labeled with 18F, or a  hydrogen on
the ring may be substituted with 18F.  Additionally, a
hydrogen contained in any of R1 to R5, for  example,
may be substituted with 18F or the like. [0049] In
general, these nuclides are generated on an
instrument termed cyclotron or generator. Those
skilled in 



40 the art can select methods and instruments for
production,  depending upon nuclides to be produced.
Nuclides thus  produced can be used to label the
inventive compounds.  [0050] Methods for producing
labeled compounds, which  have been labeled with these
radionuclides, are well known in  the art. Typical
methods include chemical synthesis, isotope
exchanging, and biosynthesis processes. Chemical
synthesis  processes have been traditionally and
widely employed, and  are essentially the same as
usual chemical synthesis  processes, except that
radioactive starting materials are  used. Various
nuclides are introduced into compounds by  these
chemical processes. Isotope exchanging processes are
processes by which 'H,"S, "'I, or the like contained
in a  compound of a simple structure is transferred
into one of a  more complex structure, thereby
obtaining a compound that has  been labeled with the
nuclide and possess the more complex  structure.
Biosynthesis processes are processes by which a
compound labeled with "C, "S, or the like is given to
cells  such as microorganisms to obtain its
metabolites having the  nuclide introduced therein.
[0051] With respect to the labeling position,
similarly  to usual synthesis, synthetic schemes can
be designed,  depending upon the purpose, so that a
label can be introduced  at a desired position. Such
designing is well known to those  skilled in the art.
41 [0052] When utilizing positron emitting nuclides,
such as 11 C, 13N, 150, and 18F, which have relatively
short half lives, for example, it is also possible to
generate a desired  nuclide on a (highly) small-sized
cyclotron placed in a  facility of hospitals or the
like, which in turn is used to  



label a desired compound at its desired position by
any of  the above-described methods, followed by
carrying out  immediately diagnosis, examination,
treatment, or the like.  [0053] These methods well
known to those skilled in art  enable one to carry out
labeling by introducing a desired  nuclide into an
inventive compound at its desired position.  [0054]
The inventive compound which has been labeled may  be
administered to subjects locally or systemically.
Routes  for administration include intradermal,
intraperitoneal,  intravenous, intra-arterial
injections or infusions,  injections or infusions into
the spinal fluid, and others,  and can be selected,
depending upon factors such as the  disease type,
nuclide used, compound used, the condition of  the
subject, the site to be examined, and others. The site
to be examined can be investigated with means such as
PET,  SPECT, or the like by administering an inventive
probe,  followed by the elapse of a sufficient time to
allow its  binding to amyloid p-protein and decay.
These procedures can  be selected as appropriate,
depending upon factors such as  the disease type,
nuclide used, compound used, the condition 42 of the
subject, the site to be examined, and others. [0055]
The dose of an inventive compound which has been
labeled with a radionuclide varies, depending upon the
disease type, nuclide used, compound used, the age,
physical  condition, and gender of the subject, the
degree of the  disease, the site to be examined, and
others. In particular,  sufficient care has to be
taken about exposure doses to a  subject. For example,
the amount of radioactivity of an  inventive compound
labeled with a positron emitting nuclide,  such as
1_C, 13N, 150, and 18F, usually ranges from 3.7
megabecquerels to 3.7 gigabecquerels, and preferably
from 18  



megabecquerels to 740 megabecquerels. [0056] The
present invention also provides a composition  for the
imaging diagnosis of a disease in which amyloid R-
protein accumulates, the composition comprising an
inventive  compound. The composition of the present
invention comprises  an inventive compound and a
pharmaceutically acceptable  carrier. Preferably, the
inventive compound in the  composition is labeled.
Although a variety of labeling  methods is possible as
described above, labeling with  radionuclides (in
particular, positron emitting nuclides such  as 11C,
13N, 1s0, 18F, and others) is desirable for in vivo
image-diagnosis applications. It is preferable from
their  purposes that the form of the inventive
compositions is one  allowing injection or infusion.
Therefore, pharmaceutically 43 acceptable carriers are
preferably liquid and include, but  not limiting to,
aqueous solvents such as potassium phosphate  buffer,
saline, Ringer's solution, and distillated water, or
non-aqueous solvents such as polyethylene glycols,
vegetable  oils, ethanol, glycerin, dimethyl
sulfoxide, and propylene  glycols. The ratio of
formulation of a carrier and an  inventive compound
can be selected as appropriate, depending  upon sites
to be applied, means for detection, and the like,  and
usually ranges from 100,000:1 to 2:1, preferably from
10,000:1 to 10:1. Additionally, the inventive
compositions  may further contain well-known
antimicrobials (for example,  antibiotics etc.), local
anesthetics (for example, procaine  hydrochloride,
dibucaine hydrochloride, etc.), buffers (for  example,
Tris-HC1 buffer, HEPES buffer, etc.), osmoregulatory
agents (for example, glucose, sorbitol, sodium
chloride,  etc.), and the like. [0057] Further, the
present invention provides a kit for  



the imaging diagnosis of a disease in which amyloid
p-protein  accumulates, the kit comprising an
inventive compound as the  essential ingredient.
Usually, the kit is a package in which  each of the
components such as an inventive compound, solvent  for
dissolving it, buffer, osmoregulatory agent,
antimicrobial, local anesthetic, and the like are
packaged  separately into respective containers, or
some of the  components are packaged together into
respective containers. 44 The inventive compound may
be unlabeled or labeled. When not  labeled, the
inventive compound can be labeled, prior to use,  by
usual methods as described above. In addition, the
inventive compound may be presented in solid, such as
lyophilized powder, or in solutions in appropriate
solvents.  Solvents may be similar to carriers used in
the above- mentioned inventive compositions.
Components such as a  buffer, an osmoregulatory agent,
an antimicrobial, a local  anesthetic, and the like,
also may be similar to those used  in the
above-mentioned inventive compositions. While
containers can be selected as appropriate, they may be
of  shapes suitable for carrying out the introduction
of a label  into an inventive compound, or of
light-shielding materials,  depending upon the nature
of compounds, or take forms such as  vials or
syringes, so as to be convenient for administration
to patients. The kit may also contains, as
appropriate,  tools necessary for diagnosis, for
example, syringes, an  infusion set, or apparatus for
use in a PET instrument. The  kit usually has its
instructions attached thereto. [0058] Further, the
inventive compounds have properties  of binding
specifically to amyloid P-protein, and thus can be
also used, for example, for staining and quantifying
amyloid  P-protein in vitro with or without labeling.
For example,  



the inventive compounds can be used for staining
amyloid P- protein in microscopic specimens, for
colorimetric 45 determination of amyloid P-protein in
samples, or for  quantifying amyloid P-protein using a
scintillation counter.  [0059] As mentioned above,
Congo red, thioflavin S, and  the like stain both
amyloid P-protein and neurofibrillary  tangles,
whereas the inventive compounds have high  specificity
to amyloid P-protein. Therefore, the inventive
compounds are useful, for example, for studies of
diseases in  which amyloid P-protein accumulates, or
in their diagnosis  before or after death, and could
be useful, for example, as  agents for staining senile
plaques in the brain of  Alzheimer's disease patients.
Staining brain sections with  the inventive compounds
can be carried out in usual methods.  In addition,
many conventional compounds such as Congo red  and
thioflavin S cannot stain diffuse plaques. It is
believed that the deposition of amyloid P-protein (AP
protein), which is the main component of senile
plaques of  Alzheimer's disease, takes place at a much
earlier time (at  least 10 years earlier) than the
disease develops (a dementia  symptom becomes appear),
and the deposition feature at this  early stage would
be diffuse plaques. Therefore, early  detection of
diffuse plaques will allow an early
identification/diagnosis of Alzheimer's disease. In
that  respect, the compounds of the present invention
are extremely  useful also in an early
identification/diagnosis of  Alzheimer's disease,
because they can provide clear staining 46 of diffuse
plaques, as demonstrated in the examples and
drawings. [00601 Thus, the present invention is
directed to a  



composition for staining amyloid P-protein in brain
samples,  the composition comprising an inventive
compound, or  pharmaceutically acceptable salt or
solvate thereof, and to a  kit for staining amyloid
P-protein in brain samples, the kit  comprising an
inventive compound, or pharmaceutically  acceptable
salt or solvate thereof as the essential  ingredient.
In addition, the present invention is also  directed
to a method for staining amyloid P-protein in brain
samples, the method comprising employing an inventive
compound, or pharmaceutically acceptable salt or
solvate  thereof. [00611 Further, as described above,
it has turned out  that neural cytotoxicity is
observed with amyloid P-protein  taking ~-sheet
structures. Thus, the inventive compounds are  likely
to become drugs for the treatment of a disease of
which the etiology or an etiology is assigned to
proteins  themselves taking P-sheet structures, such
as Alzheimer's  disease. [00621 Therefore, the present
invention provides: a method for the treatment and/or
prophylaxis of a  disease in which amyloid P-protein
accumulates, which  comprises administering a compound
of the formula (I), or a 47 salt or solvate thereof; a
method for the diagnosis of a disease in which
amyloid R-protein accumulates, which comprises
employing a  compound of the formula (I), or a salt or
solvate thereof; and use of a compound of the formula
(I), or a salt or  solvate thereof, for the production
of a composition for the  treatment, prophylaxis, or
diagnosis of a disease in which  amyloid 13-protein
accumulates. 



[0063] Diseases in which R-sheet structures is the
cause  or a possible cause include, for example,
Alzheimer's disease,  Down's syndrome, and others.
[0064] Forms of such pharmaceutical compositions are
not  limited in particular, but liquid formulations,
especially  formulations for injection, are
preferable. Such  formulations for injection can be
infused directly into the  brain, or alternatively
pharmaceutical compositions as  described above can be
formulated for intravenous injection  or drip and
administered, since the inventive compounds have  high
permeability through the blood-brain barrier, as shown
in Example 3. Such liquid formulations can be prepared
in  methods well known in the art. Solutions can be
prepared,  for example, by dissolving an inventive
compound in an  appropriate carrier, water for
injection, saline, Ringer's  solution, or the like,
sterilizing the solution through a 48 filter or the
like, and filling the sterilized solution into
appropriate containers, for example, vials or ampules.
Solutions also can be lyophilized and when used, re-
constituted with an appropriate carrier. Suspensions
can be  prepared, for example, by sterilizing an
inventive compound,  for example, by exposure to
ethylene oxide, and then  suspending it in a
sterilized suspending liquid carrier.  [0065] The
amount of the inventive compounds to be  administered
depends on the condition, gender, age, weight of  the
patient, and the like, and in general ranges from 0.1
mg  to 1 g, preferably from 1 mg to 100 mg, more
preferably from  5 mg to 50 mg, per day for adult
humans weighing 70 kg. It  is possible to conduct
treatment with such a dosage for a  specified period
of time, followed by increasing or reducing  the
dosage according to the outcome. 



[0066] Further, as described above, among the
inventive  compounds, compounds represented by the
formula II, or a salt  or solvate thereof have high
specificity to tau protein and  can be used as probes
recognizing neurofibrillary tangles, or  as agents for
staining neurofibrillary tangles. Thus, the  present
invention provides compounds of the formula II, or a
salt or solvate thereof, which can be used as probes
for  imaging diagnosis of neurofibrillary tangles.
[0067] Therefore, the present invention provides: a
method for detecting or staining neurofibrillary 49
tangles, which comprises employing a compound of the
formula  II, or a salt or solvate thereof; and use of
a compound of the formula II, or salt or solvate
thereof, for the production of a composition for
detecting or  staining neurofibrillary tangles. [0068]
A preferable compound of the formula II which can  be
employed for the detection or staining of
neurofibrillary  tangles as described above is BF-221.
Also, BF-239, BF-240  and BF-255 have high selectivity
to neurofibrillary tangles.  [00691 In addition, the
compounds of the present invention, that is, compounds
represented by the formula I or  II, or a salt or
solvate thereof can be used as probes for  the
diagnosis of a conformational disease, preferably as
probes for its imaging diagnosis which are labeled
with  radiation emitting nuclide. Furthermore, the
compounds of  the present invention are effective for
treatment and/or  prophylaxis of a conformational
disease. Therefore, the  present invention provides: a
compound of the formula I or II, or a salt or solvate
thereof, which is used as a probe the diagnosis of a
conformational disease; 



a composition or kit for the imaging diagnosis of a
conformational disease, comprising a compound of the
formula  I or II, or a salt or solvate thereof; a
pharmaceutical composition for the prophylaxis and/or
50 treatment of a conformational disease, comprising a
compound  of the formula I or II, or a
pharmaceutically acceptable salt  or solvate thereof
and a pharmaceutically acceptable carrier; a method
for the diagnosis of a conformational disease,  which
comprises employing a compound of the formula I or II,
or a pharmaceutically acceptable salt or solvate
thereof; use of a compound of the formula I or II, or
a  pharmaceutically acceptable salt or solvate
thereof, for the  diagnosis of a conformational
disease; a method for the prophylaxis and/or treatment
of a  conformational disease, which comprises
administering to a  subject a compound of the formula
I or II, or a  pharmaceutically acceptable salt or
solvate thereof; and use of a compound of the formula
I or II, or a  pharmaceutically acceptable salt or
solvate thereof, for the  prophylaxis and/or treatment
of a conformational disease.  [00701 Conformational
disease include Alzheimer's  disease (senile plaques,
neurofibrillary tangles), Lewy body  disease,
Parkinson's disease, Huntington's disease, spinal  and
bulbar muscular atrophy, dentatorubral-pallidoluysian
atrophy, spinocerebellar degeneration, Machado-Joseph
disease,  amyotrophic lateral sclerosis, Down's
syndrome, progressive  supranuclear palsy, Pick's
disease, FTDP-1~ (Frontotemporal  Dementia and
Parkinsonism Linked to Chromosome 17), LNTD  (L-mbic
Neurofibrillary Tangle Dementia), sudanophilic 51
leukodystrophy, amyloid angiopathy, and others. 



[00711 The compounds of the present invention can be
synthesized from known materials, for example,
commercially  available materials, by well-known
methods. Those skilled in  the art are able to select
starting materials and synthesis  methods, as
appropriate, depending on the intended compound  of
the present invention. The following provides examples
of  the synthesis of compounds of the present
invention, BF-185,  BF-196, BF-197, BF-214, BF-225,
BF-227, BF-215, and BF-228. [00721 Synthesis of BF-185
(10) 52 H,N I NaBH4  McCH THE 50C 1 h y.95% Me  Boc-N
5 y.88% Me Boc N THE reflux 18h y.85% 1)WSC.HCI  HOBT
DMF it overnight Me s Boc-N 2) H2N  HO it 3h (BOC)20 



Boc NY i Mel Boc N COOEt THE 60C 15h "z%"COOEt THE e 1
h 4 Me  H BuOK 2 OH LiOH.H20  9 (EtO)2' P - 000Et  HO
y.quant. CF3COOH CH2CI2 5C 1 h  y.68% Me  Boc-N 0 -N-
HO 8 y.quant. 3 Me  Boc Nl 4N NaOH  COOEt - EtCH it 3h
y.82% 6 DIAD PPh3  THE 60C 5h y.86% 



O NHMe 10 9 7 COOEt COOH Synthesis of 2: To
tetrahydrofuran (10 ml) were added 1 (5 g, 30 mmol)
and (Boc)20 (9.9 g, 45 mmol), and the mixture was
stirred at  60C for 15 hours. The solvent of the
reaction solution was  evaporated under reduced
pressure. The resulting crystals  were recrystallized
from ethyl acetate/n-hexane to give 2 (7  g, 88%) as
colorless crystals. m.p.: 149-151C MnO2 CH2CI2 it
overnight y.95% 5 CHO Me  Boc-N 53 Synthesis of 3:
Under an argon atmosphere, a solution of 2 (2.9 g, 11
mmol) in tetrahydrofuran (30 ml) was cooled to -60C,
to  which potassium t-butoxide (1.5 g, 13
mmol)/tetrahydrofuran  (10 ml) was added dropwise over
15 minutes and the mixture  was stirred at the same
temperature for 1 hour. The reaction  mixture was
warmed to -20C, to which a solution of methyl  iodide
(2.37 g, 17 mmol) in tetrahydrofuran (10 ml) was added
dropwise over 5 minutes and the mixture was stirred
between - 20C and room temperature for 1 hour. Ethyl
acetate and  



water were added to the reaction solution and the
organic  layer was separated. The organic layer was
washed with  saturated aqueous NaCl solution and
dried, and the solvent  was evaporated to obtain 3
(3.1 g) as oil, which was used in  the next step
without further purification. Synthesis of 4: To a
solution of 3 (3.1 g, 11 mmol) in tetrahydrofuran  (10
ml) was added sodium boron hydride (4.2 g, 110 mmol),
and  the mixture was heated to 50C, to which methanol
(18 ml, 440  mmol) was added dropwise over 1 hour. The
reaction solution  was cooled on ice, acetone (22 ml)
was added to the reaction  dropwise over 5 minutes,
and the mixture was stirred at the  same temperature
for 30 minutes. The solvent of the reaction  solution
was evaporated under reduced pressure. To the 54
residue were added ethyl acetate and water, and the
organic  layer was separated. The organic layer was
washed with water,  saturated aqueous NaCl solution
and dried. The solvent was  evaporated, and the
residue was purified by silica-gel column
chromatography (eluting solvent: n-hexane:ethyl
acetate = 4:1  to 1:1) to give 4 (2.5 g, 95%) as oil.
APCI-MS m/z: 255 [M+NH4]+ Synthesis of 5: To a
solution 4 (2.1 g, 9 mmol) in methylene chloride  (25
ml) was added manganese dioxide (3.9 g, 45 mmol), and
the  mixture was stirred at room temperature for 18
hours.  Insoluble materials were filtered off, and the
filtrate was  concentrated under reduced pressure. The
residue was  purified by silica-gel column
chromatography (eluting  solvent: n-hexane:ethyl
acetate = 4:1) to give 5 (5 g, 95%)  as oil. APCI-MS
m/z: 253 [M+NH4]+ 



Synthesis of 6: To a solution 5 (1.5 g, 6.4 mmol) in
tetrahydrofuran  (10 ml) were added triethyl
4-phosphonocrotonate (2.4 g, 9.6
mmol)/tetrahydrofuran (2 ml), synthetic zeolite A-4
beads (8  g), and lithium hydroxide monohydrate (0.4
g, 9.6 mmol), and  the mixture was heated under reflux
for 18 hours. The 55 reaction solution was cooled on
ice and filtered through  Celite, and the filtrate was
concentrated under reduced  pressure. To the residue
were added ethyl acetate and water,  and the organic
layer was separated. The organic layer was  washed
with water, saturated aqueous NaCl solution, and
dried.  The solvent was evaporated, and the residue
was purified by  silica-gel column chromatography
(eluting solvent: n- hexane:ethyl acetate = 6:1) to
give 6 (1.8 g, 85%) as oil.
IR(Neat)2977,2932,1703,1625cm 1 APCI-MS m/z: 349
[M+NH4]' Synthesis of 7: To a solution 6 (1.8 g, 5.4
mmol) in ethanol (10 ml)  was cooled on ice, to which
a 4N solution of sodium hydroxide  (2 ml, 8 mmol) was
added, and the mixture was stirred at room
temperature for 3 hours. The solvent of the reaction
solution was evaporated under reduced pressure, and 40
ml of  water was added to dissolve the residue,
followed by washing  with 40 ml of diethyl ether. The
aqueous layer was adjusted  to a pH of 4 to 5 with 5%
citric acid. The resulting solids  were collected by
filtration, washed with water, and dried  under
reduced pressure. The solids were recrystallized from
ethyl acetate/n-hexane to obtain 7 (1.3 g, 82%) as
yellow  crystals. m.p.: 172-174C, IR (Nujol) 2566,
1709, 1679 cm -1 56 



APCI-MS m/z: 302 [M-H] Synthesis of 8: To a solution 7
(0.77 g, 2.5 mmol) in dimethyl  sulfoxide (15 ml) were
added WSCHC1 (0.59 g, 3.0 mmol) and  HOBT (0.4 g, 3.0
mmol), and the mixture was stirred at room
temperature for 18 hours. A solution of 2-aminophenol
(0.83  g, 7.6 mmol) in dimethyl formamide (5 ml) was
added to the  reaction solution, followed by stirring
at room temperature  for 3 hours. To the reaction
solution were added ethyl  acetate and water, and the
organic layer was separated. The  organic layer was
washed with water, saturated aqueous NaCl  solution,
and dried. The solvent was evaporated, and the
residue was purified by silica-gel column
chromatography  (eluting solvent: n-hexane:ethyl
acetate = 4:1 to 2:1) to  give 8 (1.0 g, 100%) as
solids. APCI-MS m/z: 395 [M+H]+ Synthesis of 9: To a
solution 8 (0.98 g, 2.5 mmol) in tetrahydrofuran  (20
ml) were added diisopropyl azodicarboxylate (0.60 g,
3.0  mmol) and triphenylphosphine (0.78 g, 3.0 mmol),
and the  mixture was stirred at 60C for 5 hours. The
solvent of the  reaction solution was evaporated under
reduced pressure, and  the residue was purified by
silica-gel column chromatography 57 (eluting solvent:
n-hexane:ethyl acetate = 10:1 to 6:1). The  resulting
crystals were recrystallized from ethyl acetate/n-
hexane to give 9 (0.81 g, 86%) as orange crystals.
m.p.: 123-124C, IR (Nujol) 1694, 1629 cm-1  APCI-MS
m/z: 377 [M+H]' Synthesis of 10: A solution 9 (0.70 g,
1.9 mmol) in methylene chloride  (15 ml) was cooled on
ice, to which trifluoroacetic acid (2.5  



ml) was added, and the mixture was stirred at the same
temperature for 1 hour. The reaction solution was
poured  into a 10% aqueous solution of potassium
carbonate (50 ml),  and stirred for 5 minutes. After
that, 50 ml of ethyl  acetate was added, and the
organic layer was separated. The  organic layer was
washed with water, saturated aqueous NaCl  solution,
and dried. The solvent was evaporated, and the
residue was recrystallized in ethyl acetate/n-hexane
to give  10 (0.35 g, 68%) as red crystals. m.p.:
143-144C, IR (Nujol) 3330, 3292, 1583 cm -1  APCI-MS
m/z: 277 [M+H]' [0073] N +  S Synthesis of BF-196(13)
~ NNN OHC\ Sj k S- 13S- NMe2" NMe2 58 To a solution of
11 (411 mg, 2.75 mmol) and 12 (430 mg,  2.75 mmol)
synthesized by the literature method) in dimethyl
sulfoxide (3 ml) was added a 50% (w/w) aqueous
solution of  sodium hydroxide (1.0 ml), with stirring,
at room temperature,  and the mixture was stirred at
room temperature for 1 hour.  Water was added to the
reaction solution, which was stirred  at room
temperature for 15 minutes. Precipitates were
collected by filtration and washed with water. Crude 



crystals were recrystallized in ethanol to obtain 13
(554 mg,  70%) as yellow crystals. m.p.: 158-1600C, IR
(Nujol) 1606, 1559 cm 1, APCI-MS m/z:  288 [M+H]+ 1)
Boga, C., Vecchio, E. D., Forlani, L., Todesco, P. E.;
J.  Organomet. Chem., 2000, 601, 233. and Sawhney, I.,
Wilson, J. R. H.; J. Chem. Soc. Perkin Trans.  1,
1990, 329. [0074] Synthesis of BF-197 (15) N  N + OHC-
O 0 S NMe2 15 S NMe2 14 12 To a solution of 14 (426
mg, 3.20 mmol) and 12 (500 mg,  3.20 mmol) synthesized
by the literature method) in dimethyl  sulfoxide (3
ml) was added a 50% (w/w) aqueous solution of 59
sodium hydroxide (1.2 ml), with stirring, at room
temperature,  and the mixture was stirred at room
temperature for 1 hour.  Water was added to the
reaction solution, which was stirred  at room
temperature for 15 minutes. Precipitates were
collected by filtration and washed with water,
followed by  drying under reduced pressure. Crude
crystals were  recrystallized in ethanol to obtain 15
(529 mg, 61%) as  yellow crystals. m.p.: 183^-185C, IR
(Nujol) 1629, 1581 cm 1, APCI-MS m/z:  272 [M+H]+ 1)
Boga, C., Vecchio, E. D., Forlani, L., Todesco, P. E.;
J.  Organomet. Chem., 2000, 601, 233. and Sawhney, I.,
Wilson, J. R. H.; J. Chem. Soc. Perkin Trans.  



1, 1990, 329. [0075] Synthesis of BF-214 (18) LDA  O
16 N oh  HO S NMe2  OHC-X 17 S NMe2 N N  18 SANMe2 12
Synthesis of 17: To a solution of diisopropylamine
(0.60 ml, 4.23 mmol)  in tetrahydrofuran (10 ml) was
added dropwise a 1.5M solution  of n-butyl lithium in
n-hexane (2.81 ml, 4.23 mmol) under an  argon
atmosphere at -60C or lower, and the temperature was
60 gradually raised to 0C. Then, a solution of 16
(0.52 ml,  4.23 mmol) in tetrahydrofuran (6 ml) was
added dropwise at - 70C or lower, and the mixture was
stirred at -78C for 1  hour. At the same temperature,
a solution of 12 (600 mg,  3.84 mmol) synthesized by
the literature method') in  tetrahydrofuran (5 ml) was
added dropwise, and the mixture  was stirred at the
same temperature for 30 minutes, at 0C  for 30
minutes, and then at room temperature for 1 hour.
Cold water was added to the reaction solution, which
in turn  was extracted with ethyl acetate. The extract
was washed  with water and dried, and the solvent was
evaporated under  reduced pressure. The residue was
purified by silica-gel  



column chromatography (eluting solvent: n-hexane:ethyl
acetate = 4/1 to 3/1). To the resulting crystals was
added  n-hexane for trituration, giving 17 (463 mg,
46%) as pale- yellow crystals. m.p.: 107^-112C, IR
(Nujol) 3150, 1649, 1578 cm 1, APCI-MS  m/z: 268
[M+H]' 1) Boga, C., Vecchio, E. D., Forlani, L.,
Todesco, P. E.; J.  Organomet. Chem., 2000, 601, 233.
and Sawhney, I., Wilson, J. R. H.; J. Chem. Soc.
Perkin Trans.  1, 1990, 329. Synthesis of 18: 61 To a
solution of 17 (463 mg, 1.73 mmol) in  dichloromethane
(10 ml) was added triethylamine (1.06 ml,  7.62 mmol)
and then added methanesulfonyl chloride (0.29 ml,
3.81 mmol) dropwise with cooling on ice while
stirring, and  the mixture was stirred at the same
temperature for 10  minutes, at room temperature for 1
hour. Cold water was  added to the reaction solution,
which in turn was extracted  with ethyl acetate. The
extract was washed with water and  dried, and the
solvent was evaporated under reduced pressure.  The
residue was purified by silica-gel column
chromatography  (eluting solvent: n-hexane:ethyl
acetate = 5/1 to 2/1),  followed by recrystallization
in ethyl acetate/n-hexane to  give 18 (254 mg, 59%) as
yellow crystals. m.p. : 164^-166C, IR (Nujol) 1623,
1573, 1549 cm-1, APCI-MS  m/z: 250 [M+H]' [0076]
Synthesis of BF-225 (19) NH2 + OHC~ N t OH S NMe2 0 S
NMe2  12 19 



12 (640 mg, 4.1 mmol) synthesized by the literature
method') and 2-aminophenol (469 mg, 4.3 mmol) were
stirred  without solvent for 2 hour at an external
temperature of  150C. The reaction solution was cooled
to room temperature.  After that, 40 ml of dioxane and
manganese dioxide (3.56 g,  41 mmol) were added, and
the mixture was stirred at 100C for 62 1 hour. The
reaction solution was subjected to hot  filtration
through Celite, which was washed with warm
tetrahydrofuran. The filtrate was concentrated under
reduced  pressure. The residue was purified by
silica-gel column  chromatography (eluting solvent:
ethyl acetate:n-hexane =  4/6), followed by
recrystallization in ethyl acetate/n-hexane  to give
19 (352 mg, 35%) as crystals. m.p.: 160-161'C, IR
(Nujol) 1625, 1565 cm 1, APCI-MS m/z:  246 [M+H]' 1)
Boga, C., Vecchio, E. D., Forlani, L., Todesco, P. E.;
J.  Organomet. Chem., 2000, 601, 233. and Sawhney, I.,
Wilson, J. R. H.; J. Chem. Soc. Perkin Trans.  1,
1990, 329. [0077] HO 20 Synthesis of BF-227 (24) MOMO
21 F__~OH HO '  23 `--(S NMe2  Synthesis of 21: NMe2
24 S-~ NMe2 



20 (14.7 g, 98 mmol) synthesized by the literature
method 2) was dissolved in dimethylformamide (80 ml)
To this  solution, 60% sodium hydride (4.7 g, 118
mmol) was added in 63 portions with cooling on ice
while stirring, and then  chloromethyl methyl ether
(10.0 g, 124 mmol) was added  dropwise, and the
mixture was stirred at room temperature for 2 hours.
Cold water was added to the reaction solution,  which
was extracted with ethyl acetate. The extract was
washed with water and dried, and the solvent was
evaporated  under reduced pressure. The residue was
distilled under  reduced pressure to give 21 (16.7 g,
84%) as colorless oil.  b.p: 133^-134C (7mmHg), IR
(Neat) 1619 cm APCI-MS m/z:  194 [M+H]' 2)Fujita, S.,
Koyama, K., Inagaki, Y.; Synthesis, 1982, 68.
Synthesis of 22: 21 (3.18 g, 16.46 mmol) and 12 (2.57
g, 16.46 mmol)  synthesized by the literature method')
were dissolved in  dimethylformamide (18 ml). To this
solution, a 50% (w/w)  aqueous solution of sodium
hydroxide (6.0 ml) was added at  room temperature
while stirring, and the mixture was stirred  at room
temperature for 18 hours. Saturated aqueous ammonium
chloride solution and water were added to the reaction
solution, which was extracted with ethyl acetate. The
extract was washed with water and dried, and the
solvent was  evaporated under reduced pressure. The
residue was  recrystallized in ethyl acetate/n-hexane
to give 22 (4.04 g, 64 74%) as orange crystals. m.p. :
112 ^113C, IR (Nujol) 1625, 1567 cm-1 , APCI-MS m/z:
332 [M+H]' 1) Boga, C., Vecchio, E. D., Forlani, L.,
Todesco, P. E.; J.  



Organomet. Chem., 2000, 601, 233. and Sawhney, I.,
Wilson, J. R. H.; J. Chem. Soc. Perkin Trans.  1,
1990, 329. Synthesis of 23: 3) To a solution of 22
(2.53 g, 7.63 mmol) in  dichloromethane (25 ml) was
added trifluoroacetic acid (17.5  ml) dropwise with
cooling on ice while stirring, and the  mixture was
stirred at room temperature for 40 minutes. The
reaction solution was adjusted to a pH of 9 with
saturated  aqueous sodium hydrogencarbonate solution,
followed by  extraction with ethyl acetate. The
extract was washed with  water and dried, and the
solvent was evaporated under reduced  pressure. The
residue was purified by silica-gel column
chromatography (eluting solvent: ethyl acetate),
followed by  recrystallization in ethyl
acetate/n-hexane to give 23 (1.63  g, 74%) as yellow
crystals. m.p.: 263-2640C, IR (Nujol) 1625, 1575 cm 1,
APCI-MS m/z:  288 [M+H]+ 65 Synthesis of 24: 4) 23
(800 mg, 2.78 mmol), 2-fluoroethanol (0.359 ml,  6.13
mmol), and triphenylphosphine (1.607 g, 6.13 mmol)
were  suspended in tetrahydrofuran (20 ml). To the
suspension was  added diisopropyl azodicarboxylate
(1.206 ml, 6.13 mmol)  dropwise at room temperature
with stirring, and the mixture  was stirred at room
temperature for 17 hours. The solvent of  the reaction
solution was evaporated under reduced pressure.  The
residue was purified by amine-silica-gel column
chromatography (Chromatorex(D NH; toluene), followed
by  recrystallization in ethyl acetate/n-hexane to
give 24 (600  mg, 65%) as yellow crystals. m.p.:
151^-153C, IR (Nujol) 1631, 1567 cm 1, APCI-MS m/z:  



334 [M+H]+ [0078] Synthesis of BF-215 (31) 66 0 H3C-
'N-C-000H  H H2 25 CZH50",CH3 C H 0'P0N\ 2 5 OH3 28 0
H H N CH3  26 CN3 N,CH3  CH3 CHO 28 + 30 30 ,CH3
N~CH3 Synthesis of 26: Under an argon stream, DOC
(16.5 g, 0.08 mol) and dry  methylene chloride (160
ml) were charged into a 300-m1  reaction vessel, to
which N-acetylglycine (25; 9.4 g, 0.08  mol) was added
at room temperature. The mixture was vigorously
stirred at room temperature  for 1 hour. Then,
dimethylamine (2M in THF; 40 ml, 0.08 mol)  was added
dropwise over 5 minutes, and the mixture was  stirred
at room temperature for 21 hours. The reaction
mixture was filtered to remove insoluble materials.
After  



the solvent was evaporated, ethyl acetate was added to
the 67 residue, and the resulting insoluble material
was filtered  off. The solvent was evaporated to
obtain 8.52 g of 2- acetylamino-N,N-dimethylacetamide
(26), which was used in the  next step without further
purification. Yield: 73.6%. Synthesis of 27: Under an
argon stream, triphenylphosphine (10.9 g,  0.042 mol)
and dry methylene chloride (87 ml) were charged  into
a 200-ml reaction vessel, to which a solution of
bromine  (2.13 ml, 0.042 mot) in dry methylene
chloride (18 ml) was  added dropwise over 10 minutes
at room temperature. After  addition, the mixture was
stirred at the same temperature for  40 minutes, and
then a solution of triethylamine (14.4 ml)  and
2-acetyiamino-N,N-dimethylacetamide (26; 5.0 g, 0.035
mol) in dry methylene chloride (35 ml) was added at a
time.  The mixture was then heated under reflux for 1
hour and  cooled to room temperature to continue
stirring for 3 hours.  To the reaction mixture was
added n-hexane (140 ml), and the  resulting crystals
was filtered off. The filtrate was  concentrated under
reduced pressure. The residue was  distilled under
reduced pre4ssure to give 1.8 g of 5-
dimethylamino-2-methyloxazole (27). Yield: 40.8%. 68
Synthesis of 28: Under an argon stream,
diisopropylamine (1.6 g, 0.016  mot) and dry THE (20
ml) were charged into a 50-m1 reaction  vessel and
cooled to -60C. At -50C or lower, a solution of
n-butyl lithium in hexane (1.58 mol/L; 10.2 ml) was
added  dropwise over 10 minutes. After stirring for 15
minutes, a  



solution of 5-dimethylamino-2-methyloxazole (27; 1.0
g,  0.0079 mol) in dry THE (6 ml) was added dropwise
over 45  minutes at -65C or lower. After addition,
stirring was done  for 25 minutes, and diethyl
chlorophosphate ester (1.4 g,  0.0081 mol) was added
dropwise over 25 minutes at -65C or  lower. The
mixture was then stirred at the same temperature  for
1 hour. Water (20 ml) was added to the reaction
mixture,  which was extracted with ethyl acetate,
washed with saturated  aqueous NaCl solution, dried
over anhydrous sodium sulfate.  The solvent was
evaporated to obtain 1.72 g of 5-
dimethylamino-2-[(diethoxyphosphinyl)-methyl]-oxazole
(28),  which was used in the next step without further
purification.  Yield: 83.0%. Synthesis of 29:
2-Methylbenzoxazole (14; 57.0 g, 0.428 mol), N,N-
dimethylformamide dimethylacetal (66.3 g, 0.556 mol),
and dry  DMF (62.6 g) were charged into a 300-ml
autoclave, which was  filled with argon gas and heated
at 140C for 72 hours with 69 stirring. The reaction
mixture was cooled, and then poured  into water/ice
(500 ml), which in turn was extracted with  ethyl
acetate, washed with water, and dried over anhydrous
sodium sulfate. The solvent was evaporated, and the
resulting residue was washed with n-hexane to give
57.7 g of  (2-benzoxazol-2-yl-ethenyl)-dimethylamine
(29). Yield: 71.6%. Synthesis of 30:
(2-Benzoxazol-2-yl-ethenyl)-dimethylamine (29; 6.22 g,
0.03 mol) and THE (80 ml) were charged into a 300-ml
reaction  vessel, to which water (80 ml) was added.
The mixture was  cooled to 10C or lower, and sodium
periodate (21.2 g, 0.099  mol) was added. The mixture
was stirred at the same  



temperature for 10 minutes and returned to room
temperature  to continue stirring for 2 hours. Water
(300 ml) was added  to the reaction mixture, which was
filtered to remove  insoluble materials. The organic
layer was washed with  saturated aqueous sodium
hydrogencarbonate solution,  saturated aqueous NaCl
solution, dried over anhydrous  magnesium sulfate. The
solvent was evaporated, and the  resulting residue was
purified on a silica-gel column with n- hexane/ethyl
acetate = 1/1 to give 0.90 g of benzoxazol-2-
carbaldehyde (30). Yield: 18.50. 70 Synthesis of 31:
Under an argon stream, 5-dimethylamino-2-
[(diethoxyphosphinyl)-methyl]-oxazole (28; 1.61 g,
0.0061  mol) and dry THE (70 ml) were charged into a
200-m1 reaction  vessel, to which 60% sodium hydride
(in oil; 0.245 g, 0.0061  mot) was added over 10
minutes. After the mixture was  stirred for 30
minutes, benzoxazol-2-carbaldehyde (30; 0.9 g,  0.0061
mol) was added over 15 minutes, and then the mixture
was stirred for 12 hours. The reaction mixture was
poured  into water/ice, which in turn was extracted
with ethyl  acetate, washed with saturated aqueous
NaCl solution, dried  over anhydrous sodium sulfate.
The solvent was evaporated,  and the residue was
purified on a silica-gel column with n- hexane/ethyl
acetate = 1/1 to give 620 mg of the first  purified
product. Yield: 39.8%. This product was suspended in
and washed with n-hexane to  give 350 mg of
2-[2-(5-dimethylamino-oxazol-2-yl)ethenyl]-
benzoxazole (31). Yield: 22.5%. 



[0079] Synthesis of BF-228 (34) 71 0 2 5  0 0C:H5 32
0HC / 33 Synthesis of 32: Under an argon stream,
diisopropylamine (4.56 g, 0.045  mol) and dry THE (15
ml) were charged into a 100-m1 reaction  vessel and
cooled to -70C. At -50C or lower, a solution of
n-butyl lithium in hexane (1.58 mol/L; 28.5 ml, 0.045
mol)  was added dropwise over 15 minutes. After
stirring for 80  minutes, a solution of
2,4,5-trimethyloxazole (16; 2.5 g,  0.022 mol) in dry
THE (50 ml) was added dropwise over 30  minutes at
-65C or lower. After addition, stirring was done  for
30 minutes, and diethyl chlorophosphate ester (3.98 g,
0.023 mol) was added dropwise over 30 minutes at -60C
or  lower. The mixture was then stirred at the same
temperature  for 1 hour. Water (25 ml) was added to
the reaction mixture,  which was extracted with ethyl
acetate, washed with saturated  aqueous NaCl solution,
dried over anhydrous sodium sulfate.  The solvent was
evaporated to obtain 2.86 g of 4,5-dimethyl 72
2-[(diethoxyphosphinyl)-methyl]-oxazole (32).
(Purity: 80%) This product was used in the next step
without further  purification. Yield: 42.1% (based on
the purity). Synthesis of 34: Under an argon stream,
4,5-dimethyl-2- 



[(diethoxyphosphinyl)-methyl]-oxazole (2.5 g, 0.0081
mol,  based on the purity) and dry THE (70 ml) were
charged into a  500-ml reaction vessel, to which 60%
sodium hydride (in oil;  0.323 g, 0.0081 mot) was
added over 10 minutes. After the  mixture was stirred
for 10 minutes, 4- dimethylaminocinnamaldehyde (33;
1.42 g, 0.0081 mol) was  added over 10 minutes, and
then the mixture was stirred for 2  hours. The
reaction mixture was poured into water/ice, which  in
turn was extracted with ethyl acetate, washed with
saturated aqueous NaCl solution, dried over anhydrous
sodium  sulfate. The solvent was evaporated, and the
residue was  purified on a silica-gel column with
n-hexane/ethyl acetate =  10/1 to 5/1 to give 940 mg
of the first purified product.  Yield: 43.2%. This
product was suspended in and washed with n-hexane  to
give 510 mg of
4,5-dimethyl-2-[4-(4-dimethylaminophenyl)-
but-l,3-dienyl]oxazole (34). 73 Yield: 23.5%. [0080]
The Following explanation is made about methods  of
screening the compounds of the present invention. In
the  thioflavin T method, some compounds of the
present invention  overlap with thioflavin I in
fluorescence wavelength, making  their screening
impossible. For these compounds, a new  screening
protocol as described below was developed. (1) Amyloid
p-protein (purchased from Peptide Institute,  Inc.)
was dissolved in phosphate buffer (pH 7.4) and allowed
to stand at 37C for 4 days. (2) 50-il aliquots of
Congo red, dissolved in the same buffer,  were placed
into wells of a 96-well microplate (at a final
concentration of 0.1 pM). (3) 100 pl of the amyloid
p-protein solution was added to  



each well (at a final concentration of 5 uM) and
allowed to  stand for 30 minutes. (4) 100 pl of a test
compound, dissolved in the same buffer,  was added to
wells (at a final concentration of 5 pM) and  allowed
to stand for 60 minutes. (5) Measurements were made at
the optimal excitation and  measurement wavelengths
which had been determined, using a  fluorescence
microplate reader (Molecular Device, Inc., fmax).  (6)
The degree of R-structure recognition by the test
compound was calculated according to the following
formula:  the degree of p-structure recognition by a
test compound (%) 74 _ J (A - B)/(C - D) j x 100
wherein A denotes a fluorescence in the presence of
the test  compound, the amyloid p-protein, and Congo
red; B denotes a  fluorescence in the presence of the
test compound and Congo  red; C denotes a fluorescence
in the presence of the test  compound and the amyloid
p-protein; and D denotes a  fluorescence in the
presence of only the test compound. (7) It can be said
that the higher degree of (3-structure  recognition a
test compound has, the higher specificity of  binding
to amyloid p-protein it has. [0081] The following
explanation is made about testing  of staining
properties of the compounds of the present  invention
on brain sections of an Alzheimer's disease patient.
(1) Temporal lobe or hippocampus specimens of the
brain of a  patient who had been definitely diagnosed
pathologically as  Alzheimer's disease and of a normal
aged individual were used.  These specimens were
provided from Fukushimura Hospital, our  joint
research facility, with the consent to their use for
research purpose received from the bereaved family of
the  patient (BF Research Laboratories Institutional
Ethics Board  



Permission No. RS-99-02). (2) The brain tissues
embedded in paraffin were sliced 6 or 8  pm thick,
extended on slides, and dried. The paraffin- embedded
brain sections were deparaffined by washing
sequentially with xylene (10 minutes, twice), 100%
ethanol 75 (15 minutes, twice), 95% ethanol (15
minutes, twice), and a  stream of water (10 minutes).
(3) Pre-treatment for staining with compounds of the
present  invention involved treating the sections for
eliminating  self-fluorescence due to lipofuscin.
First, the deparaffined  sections were immersed into a
10% formalin solution for 60  minutes and washed with
PBS for 5 minutes, followed by  immersion into a 0.25%
solution of KMn04 for 90 minutes.  After washing twice
with PBS for 2 minutes each, the sections  were
immersed into a solution of 0.1% K2S205/oxalic acid
for  about 30 seconds each, and then washed three
times with PBS  for 2 minutes each. (4) About 150 pl
of a 100 pM solution of a compound of the  present
invention dissolved in 50% ethanol was added dropwise
onto the sections and allowed the reaction to be
carried out  for 10 minutes. The sections were dipped
into tap water five  times, and then 50% ethanol three
to five times, followed by  immediate classification.
After that, the sections were  immersed into PBS for
60 minutes, enclosed with Fluor Save  Reagent
(Calbiochem), and examined under a fluorescent
microscope (Nikon, Eclips E800). Pictures were taken
using a  digital camera (Plaroid PDMCII). [00821
Immunostaining was carried out as follows.  (a)
Procedures for immunostaining amyloid ~-protein: (1)
After the sections were deparaffined, the sections
were 76 



washed twice in distilled water for 2 minutes each,
and  tissues were marked with an Immunopen. About 150
pl of  formic acid was added dropwise and allowed to
stand at room  temperature for 5 minutes. The sections
were washed with tap  water for 5 minutes and immersed
into cold PBS-Tween 20 for 2  minutes, and then about
150 pl of a 0.05% trypsin solution  was added dropwise
and allowed the reaction to be carried out  at 370C
for 15 minutes. (2) In an ice bath, the sections were
washed twice with cold  PBS-Tween 20 for 5 minutes
each, and two drops of blocking  serum were added and
allowed the reaction to be carried out  at 37'C for 15
minutes. Excess water was removed, and about  150 pl
of 6F/3D, an antibody specific to amyloid P-protein
(DAKO; diluted 1:50) was added dropwise and allowed
the  reaction to be carried out at 370C for 1 hour.
(3) Further, after washing five times with cold
PBS-Tween 20  for 2 minutes each, two drops of a
solution of goat anti- mouse IgG (H+L) conjugated to
biotin were added and allowed  the reaction to be
carried out at 370C for 1 hour. After  that, the
sections were washed three times with cold PBS- Tween
20 for 2 minutes each, and two drops of ABS solution
(a  streptavidin-biotin-peroxidase complex solution)
were added  and allowed to stand for 30 minutes. The
sections were again  washed three times with cold
PBS-Tween 20 for 2 minutes each,  and about 150 pl of
DAB solution (prepared by dissolving 10 77 mg of DAB
in 20 ml of 0.05 mol/l Tris-HC1 buffer and adding  100
pl of 3% hydrogen peroxide immediately before use)
were  added and allowed the color to be developed
sufficiently.  Then, the sections were washed with
distilled water for 1  minute to stop the reaction,
enclosed, and examined under a  microscope. 



[00831 (b) Procedures for immunostaining
neurofibrillary  tangles: (1) Immunostaining of
neurofibrillary tangles was carried out  as follows.
After the sections were deparaffined, the  sections
were washed twice with distilled water for 2 minutes
each, tissues were marked with an Immunopen. About 150
pl of  3% hydrogen peroxide (diluted in methanol) was
added dropwise  and allowed to stand at room
temperature for 10 minutes. (2) The sections were
washed twice with cold PBS-Tween 20 for  5 minutes
each, and two drops of blocking serum were added  and
allowed the reaction to be carried out at 37'C for 30
minutes. Excess water was removed, and two drops of
pSer422,  an antibody specific to phosphorylated tau
(Wako  Phcsphorylated Tau Immunohistostain Kit
299-57301) and  allowed the reaction to be carried out
overnight at 40C. (3) On the next day, the sections
were washed five times with  cold PBS-Tween 20 for 2
minutes each, and two drops of a  solution of goat
anti-rabbit IgG conjugated to biotin were  added and
allowed the reaction to be carried out at 37'C for 78
1 hour. After that, the sections were washed three
times  with cold PBS-Tween 20 for 2 minutes each, and
two drops of  ABS solution (a
streptavidin-biotin-peroxidase complex  solution) were
added and allowed to stand for 30 minutes. (4) The
sections were again washed three times with cold PBS-
Tween 20 for 2 minutes each, and about 150 pl of DAB
solution  (prepared by dissolving 10 mg of DAB in 20
ml of 0.05 mol/l  Tris-HC1 buffer and adding 100 pl of
3% hydrogen peroxide  immediately before use) were
added and allowed the color to  be developed
sufficiently. Then, the sections were washed  with
distilled water for 1 minute to stop the reaction,
enclosed, and examined under a microscope. The
blocking  



serum, the solution of goat anti-rabbit IgG conjugated
to  biotin, and the ABC solution used were those
contained in a  Phosphorylated Tau Immunohistostain
Kit (Wako 299-57301).  [00841 The following
explanation is made of testing  methods for properties
of the compounds of the present  invention. (A)
Testing of acute toxicity Acute toxicity of the
inventive compounds was  determined employing mice by
intravenous administration. Male Crj:CD1 mice were
used and divided into groups of 4 mice,  with an
average weight of each group of 31-32 g. Each
compound was dissolved in a mixture of 1N HC1,
polyethylene  glycol 400, and distillated water, or in
DMSO, and then 79 diluted with distilled water, and
administered via tail vein. Up to 7 days after
administration, observations were made.  [00851 (B)
Testing of blood-brain barrier permeability
Measurements of blood-brain barrier permeability were
made according to the following procedures. Compounds
of the present invention were intravenously
administered to mice to determine their in vivo
blood-brain  barrier permeability. (1) Mice utilized
Slc:ICR weighing 30-40 g (7 weeks old, n=3)  (Nippon
SLC). (2) A test compound was dissolved in a mixture
of 1N HC1,  polyethylene glycol 400, and DMSO, or in
DMSO or ethyl  alcohol, and then diluted with purified
water, and injected  via tail vein. Two minutes after
administration, the mice,  under ether anesthesia,
were subjected to taking blood from  the abdominal
aorta with a heparin-treated syringe and  removing the
brain. (3) After taking blood, blood samples were
centrifuged at  



14,000 rpm at 4'C for 10 minutes, and their
supernatants were  kept at -800C as plasma sample. The
brain (including  cerebellum) was kept at -800C after
its removal. (4) The plasma sample, when used, was
thawed, diluted with  purified water, and then applied
to a conditioned C18 solid- phase extraction cartridge
(bond elute C18, 200 mg, Varian),  followed by elution
with methyl alcohol. Alternatively, 80 after thawing
the plasma sample, a diethyl ether/cyclohexane
mixture was added, and the mixture was shaken, and
then  centrifuged to separate an oil layer. (5) The
brain material, when used, was subjected to measuring
its wet weight with the brain remaining frozen, and
saline  was added to the brain for homogenization. The
homogenate  was centrifuged for 10 minutes, and the
supernatant was  applied to a conditioned C18
solid-phase extraction cartridge  and eluted with
methyl alcohol. Alternatively, after  measuring the
wet weight of the frozen brain, a diethyl
ether/cyclohexane mixture was added to the brain, and
the  mixture was homogenized, shaken, and then
centrifuged to  separate an oil layer. (6) The
absorbance and fluorescence were detected employing
high performance liquid chromatography. (7) For each
of the plasma and brain, the content of the test
compound in the plasma or brain (%ID (injected
dose)/ml or g)  was determined, relative to the
administered dose. EXAMPLES  [0086] Following examples
are provided to explain the  present invention more
specifically, but should not be  construed as limiting
the present invention thereto in any  way. 81 



[00871 Example 1. The inventive compounds are
cOm2ounds  which specifically recognize amyloid
P-protein. According to the above-described method for
screening  compounds which specifically recognize
amyloid P-protein, we  have found the compounds listed
in Table 1 (in which  thioflavin T is included for
reference purpose) For the  structure of these
compounds, see Table 1. The compounds of  the present
invention tend to display higher degrees of P-
structure recognition than thioflavin T (Table 1).
[00881 Next, we have examined staining specificity of
these compounds in brain sections of a patient with
Alzheimer's disease. The comparison was made of
staining properties of BSB  ((trans,
trans)-l-bromo-2,5-bis-(3-hydroxycarbonyl-4-
hydroxy)styrylbenzen) (Fig. 1, upper panel),
thioflavin S  (Fig. 1, middle panel, an adjacent
section of the section in  the upper panel), and
BF-185 (Fig. 1, lower panel, an  adjacent section of
the section in the middle panel of Fig.  1) in
sections of the brain of a patient with Alzheimer's
disease. As shown in Fig. 1, it has turned out that
BF-185  mainly stains senile plaques (Fig. 1,
wedge-shaped  arrowheads), whereas BSB and thioflavin
S stains both senile  plaques and neurofibrillary
tangles (Fig. 1, arrowheads).  Staining with BSB was
carried out according to the method of  D. M.
Skovronsky, B. Zhang, M.-P. Kung, H. F. Kung, J. 0. 82
Trojanowski, V. M.-Y. Lee, Proc. Natl. Acad. Soc. USA,
97,  7609 (2000). [0089] The comparison was made of
staining properties of  BF-185 (Fig. 2, left panel)
and thioflavin S (Fig. 2, right  panel, an adjacent
section of the section in the left panel  of Fig. 2)
in sections of the brain of a patient with  



Alzheimer's disease. As shown in Fig. 2, it has turned
out  that BF-185 mainly stains senile plaques (Fig. 2,
wedge- shaped arrowheads), whereas thioflavin S stains
both senile  plaques and neurofibrillary tangles (Fig.
2, arrowheads).  [0090] The comparison was made of
staining properties of  BF-185 (Fig. 3, left panel)
and immunostaining properties of  an anti-AP antibody
6F/3D (Fig. 3, right panel, an adjacent  section of
the section in the left panel of Fig. 3,) in  sections
of the brain of a patient with Alzheimer's disease.
As shown in Fig. 3, it has turned out that BF-185
stains  senile plaques (Fig. 3, wedge-shaped
arrowheads) and diffuse  plaques (Fig. 3, within
dotted-line circles) which are  stained with the
anti-AP antibody 6F/3D. [0091] The comparison was made
of staining properties of  BF-187 (Fig. 4, left panel)
and thioflavin S (Fig. 4, right  panel, an adjacent
section of the section in the left panel  of Fig. 4)
in sections of the brain of a patient with Alzheimer's
disease. As shown in Fig. 4, it has turned out  that
BF-187 stains senile plaques (Fig. 4, wedge-shaped 83
arrowheads) which are stained with thioflavin S.
[00921 The comparison was made of staining properties
of  BF-188 (Fig. 5, left panel) and thioflavin S (Fig.
5, right  panel, an adjacent section of the section in
the left panel  of Fig. 5) in sections of the brain of
a patient with  Alzheimer's disease. As shown in Fig.
5, it has turned out  that BF-188 stains senile
plaques (Fig. 5, wedge-shaped  arrowheads) which are
stained with thioflavin S. [0093] The comparison was
made of staining properties of  BF-189 (Fig. 6, left
panel) and thioflavin S (Fig. 6, right  panel, an
adjacent section of the section in the left panel  of
Fig. 6) in sections of the brain of a patient with 



Alzheimer's disease. As shown in Fig. 6, it has turned
out  that BF-189 stains senile plaques (Fig. 6,
wedge-shaped  arrowheads) which are stained with
thioflavin S. [00941 The comparison was made of
staining properties of  BF-196 (Fig. 7, left panel)
and thioflavin S (Fig. 7, right  panel, an adjacent
section of the section in the left panel  of Fig. 7)
in sections of the brain of a patient with Alzheimer's
disease. As shown in Fig. 7, it has turned out  that
BF-196 mainly stains senile plaques (Fig. 7, wedge-
shaped arrowheads), whereas thioflavin S stains both
senile  plaques and neurofibriilary tangles (Fig. 7,
arrowheads).  [0095] The comparison was made of
staining properties of  BF-196 (Fig. 8, left panel)
and immunostaining properties of 84 an anti-AR
antibody 6F/3D (Fig. 8, right panel, an adjacent
section of the section in the left panel of Fig. 8) in
sections of the brain of a patient with Alzheimer's
disease.  As shown in Fig. 8, it has turned out that
BF-196 stains  senile plaques (Fig. 8, wedge-shaped
arrowheads) which are  stained with the anti-AR
antibody 6F/3D. [0096] The comparison was made of
staining properties of  BF-197 (Fig. 9, left panel)
and thioflavin S (Fig. 9, right  panel, an adjacent
section of the section in the left panel  of Fig. 9)
in sections of the brain of a patient with Alzheimer's
disease. As can be seen from Fig. 9, it has  turned
out that BF-197 mainly stains senile plaques (Fig. 9,
wedge-shaped arrowheads), whereas thioflavin S stains
both  senile plaques and neurofibrillary tangles (Fig.
9,  arrowheads). [0097] The comparison was made of
staining properties of  BF-197 (Fig. 10, left panel)
and immunostaining properties of  an anti-AR antibody
6F/3D (Fig. 10, right panel, an adjacent  



section of the section in the left panel of Fig. 10)
in sections of the brain of a patient with Alzheimer's
disease.  As shown in Fig. 10, it has turned out that
BF-197 stains  senile plaques (Fig. 10, wedge-shaped
arrowheads) which are  stained with the anti-AR
antibody 6F/3D. [0098] The comparison was made the
comparison of  staining properties of BF-201 (Fig. 11,
left panel) and 85 thioflavin S (Fig. 11, right panel,
an adjacent section of  the section in the left panel
of Fig. 11) in sections of the  brain of a patient
with Alzheimer's disease. As shown in Fig.  11, it has
turned out that BF-201 stains senile plaques (Fig.
11, wedge-shaped arrowheads) which are stained with
thioflavin S. [0099] The comparison was made of
staining properties of  BF-201 (Fig. 12, left panel)
and immunostaining properties of  an anti-AP antibody
6F/3D (Fig. 12, right panel, an adjacent  section of
the section in the left panel of Fig. 12) in sections
of the brain of a patient with Alzheimer's disease.
As shown in Fig. 12, it has turned out that BF-201
stains  senile plaques (Fig. 12, wedge-shaped
arrowheads) which are  stained with the anti-AP
antibody 6F/3D. [0100] The comparison was made of
staining properties of  BF-214 (Fig. 13, left panel)
and thioflavin S (Fig. 13, right  panel, an adjacent
section of the section in the left panel  of Fig. 13)
in sections of the brain of a patient with
Alzheimer's disease. As can be seen from Fig. 13, it
has  turned out that BF-214 stains senile plaques
(Fig. 13, wedge- shaped arrowheads) which are stained
with thioflavin S. [0101] The comparison was made of
staining properties of  BF-215 (Fig. 14, left panel)
and thioflavin S (Fig. 14, right  panel, an adjacent
section of the section in the left panel  



of Fig. 14) in sections of the brain of a patient with
86 Alzheimer's disease. As can be seen from Fig. 14,
it has  turned out that BF-215 stains senile plaques
(Fig. 14, wedge- shaped arrowheads) which are stained
with thioflavin S.  [01021 The comparison was made of
staining properties of  BF-227 (Fig. 15, left panel)
and thioflavin S (Fig. 15, right  panel, an adjacent
section of the section in the left panel  of Fig. 15)
in sections of the brain of a patient with
Alzheimer's disease. As can be seen from Fig. 15, it
has  turned out that BF-227 mainly stains senile
plaques (Fig. 15,  wedge-shaped arrowheads), whereas
thioflavin S stains both  senile plaques and
neurofibrillary tangles (Fig. 15,  arrowheads). [01031
The comparison was made of staining properties of
BF-227 (Fig. 16, left panel) and immunostaining
properties of  an anti-AP antibody 6F/3D (Fig. 16,
right panel, an adjacent  section of the section in
the left panel of Fig. 16) in sections of the brain of
a patient with Alzheimer's disease.  It has turned out
that BF-227 stains senile plaques (Fig. 16,
wedge-shaped arrowheads) and diffuse plaques (Fig. 16,
within  dotted-line circles) which are stained with
the anti-AP antibody 6F/3D. [01041 The comparison was
made of staining properties of  BF-231 (Fig. 19, left
panel) and thioflavin S (Fig. 19, right  panel, an
adjacent section of the section in the left panel  of
Fig. 19) in sections of the brain of a patient with 87
Alzheimer's disease. As can be seen from Fig. 19, it
has  turned out that BF-231 stains senile plaques
(Fig. 19, wedge- shaped arrowheads) which are stained
with thioflavin S. [0105] As conventional agents for
staining brain  



sections of patients with Alzheimer's disease, mainly
Congo  red or thioflavin S has been used. These
staining agents are  characterized by staining both
senile plaques and neurofibrillary tangles, which are
said to be two major  pathological signs of
Alzheimer's disease. [01061 As shown in Fig. 1, the
compounds of the present  invention have high
specificity to senile plaques and possess  specificity
different from that of thioflavin S, which stains
both senile plaques and phosphorylated amyloid
5-protein.  From these findings, it is likely that an
application of the  compounds of the present invention
is to use them as staining  agents specific to senile
plaques in brain sections of  patients with
Alzheimer's disease. [01071 BF-185 and BF-227, in
particular, display  affinity also for diffuse plaques
and provide their clear  staining, and thus are also
useful for an early diagnosis of  Alzheimer's disease.
[0108] Exam2le 2. Acute toxicity testing Table 2 shows
the results of acute toxicity testing on  compounds of
the present invention performed by the above 88
described procedures. Table 2. Results of acute
toxicity testing of the inventive  compounds
CompoundMaximum Tolerated Dose (mg/kg, intravenous
administration) BF-185?10 BF-18710 BF-189>10 BF-197?10
BF-201>l0 BF-214?l0 



BF-215?10 BF-222?10 BF-225>>10 BF-227?10 BF-228?10
BF-230?10 BF-231>10 [0109] For PET imaging in humans,
in general, total doses of a positron label and an
unlabeled compound to be  administered utilize single
intravenous administrations  ranging from 1 x 10-12 to
1 x 10-5 mg/kg, and often from 1 x  10-10 to 1 x 10-7
mg/kg. When the comparison is made between  the
maximum tolerated dose upon intravenous administration
of  these compounds and the total amount of compounds
required  for PET imaging, there are at least 100,000
times or more  differences between both of these
compounds, and therefore  the inventive compounds are
likely to be compounds which have  extremely high
levels of safety as probes for PET imaging. 89 [0110]
Example 3. Blood-brain barrier permeability  Table 3
shows the permeability of test compounds into the
brain in mice two minutes after intravenous
administration. The content of the test compounds in
the  brain two minutes after administration was 3.9 to
19.0%ID/g. With regard to blood-brain barrier
permeability of  compounds for PET or SPECT whose
target is the central  nervous system, it is believed
that values of 0.5%ID/g or  higher would be
sufficient. In that sense, these test  compounds are
compounds having extremely high levels of  blood-brain
barrier permeability. Table 3. Blood-brain barrier
permeability of the inventive  



compounds two minutes after intravenous administration
(mice) Compound%ID/g or ml BrainPlasma BF-1853.91.0
BF-1873.61.3 BF-1884.81.7 BF-19619.01.8 BF-19715.01.9
BF-2148.82.1 BF-2158.82.5 BF-22213.02.0 BF-2277.92.1
Example 4. Neurofibrillary tangles staining by the
inventive compounds As shown in Fig. 17, it has turned
out that unlike  thioflavin S, BF-221, which is a
typical compound of the  formula II of the present
invention, has high specificity to 90 tau protein
(arrowheads). That is, thioflavin S provided  enough
staining of proteins other than tau protein, and BF-
221 did not provide much staining of proteins other
than tau  protein. Similar results were obtained for
BF-240 and BF-255  [0112] As shown in Fig. 18, BF-221
stained  phosphorylated tau protein which was
recognized by an  antibody specific to phosphorylated
tau protein (pSer422).  It has turned out that the
compounds represented by the  formula II of the
present invention could be used as probes  or staining
agents mainly recognizing tau protein, that is,
probes or staining agents recognizing neurofibrillary
tangles.  Similar results were obtained for BF-239,
BF-240 and BF-255. INDUSTRIAL APPLICABILITY [0113] The
compounds of the present invention intended  



for probes capable of diagnosis of diseases having
accumulated AP, staining of AR using the compounds,
pharmaceutical compositions comprising the compounds
of the  present invention which are used for the
treatment and  prophylaxis of diseases having
accumulated AP, and others are  extremely important in
early identification, medical care,  and prophylaxis
of serious diseases such as Alzheimer's  disease which
is one of the most important medical problems  and
thus have extremely high applicability in the medical
field. Also, the present compounds are useful in an
early 91 diagnosis of Alzheimer's disease and
tauopathies. 92 CLAIMS 1. A compound, or a salt or
solvate thereof, which is used as  a probe for
diagnosing a disease in which amyloid p-protein
accumulates, represented by the formula I: Ri Ra  R2
N-A-~CH=CH~--C R5 ~I) wherein,  A is a five- or
six-membered ring having the following  structure: or
N G-J or X and Y, independently, are N or CH;  Z is 0,
S, CH2, or N-CPH2P+1; G is N or CH; J is S, 0, CH2, or
N-CgH2q+1;  p is an integer of 0 to 4; 



93 q is an integer of 0 to 4; R1 and R2 are
independently selected from the group  consisting of
hydrogen, and alkyl having 1 to 4 carbons
(hereinafter, referred to as C1_4-alkyl); R3 is
selected from the group consisting of hydrogen,
halogen, OH, COOH, SO3H, NH2, NO2, C1_4alkyl, and
phenyl; R4 and R5 are independently selected from the
group  consisting of hydrogen, halogen, OH, COOH,
SO3H, NH2, NO2, C1_  4alkyl, O-C1_4alkyl, wherein the
C1_4alkyl is optionally  substituted with halogen(s),
and phenyl; or alternatively, R4  and R5, together,
form a benzene ring which is optionally  substituted
with one to four substituents selected form  halogen,
OH, COOH, SO3H, NH2, NO2, C1_4alkyl, O-C1_4alkyl,
wherein the C1_4alkyl is optionally substituted with
halogen(s), and phenyl, with the proviso that when m
is 0 and  when R4 and R5, together, form a benzene
ring, the ring A is  not a benzene ring; D is NH, S,
0, or CH=CH;  E is N or CH; m is an integer of 0 to 4,
with the proviso that when  the ring A is a benzene
ring, m is an integer of 2 to 4; and  n is an integer
of 0 to 4. 2. The compound, or a salt or solvate
thereof, according to claim 1, wherein the compound
specifically binds to senile 94 plaques and/or diffuse
plaques. 3. The compound, or a salt or solvate
thereof, according to  claim 2, wherein the compound
is selected from the group  consisting of BF-185,
BF-187, BF-188, BF-189, BF-196, BF-197,  BF-201,
BF-214, BF-215, BF-227, and BF-231. 4. The compound,
or a salt or solvate thereof, according to 



any one of claims 1 to 3, wherein the compound is
labeled. 5. The compound, or a salt or solvate
thereof, according to claim 4, wherein the label is a
radionuclide. 6. The compound, or a salt or solvate
thereof, according to claim 5, wherein the label is a
y-ray emitting nuclide. 7. The compound, or a salt or
solvate thereof, according to  claim 6, wherein the
y-ray emitting nuclide is selected from  the group
consisting of 99mTc, 111In, 67Ga, 201T1 123I, and
133Xe. 8. The compound, or a salt or solvate thereof,
according to claim 5, wherein the label is a positron
emitting nuclide. 9. The compound, or a salt or
solvate thereof, according to claim 8, wherein the
positron emitting nuclide is selected 95 from the
group consisting of "C, ''"3N, 150, and 1F. 10. A
composition for the imaging diagnosis of a disease in
which amyloid p-protein accumulates, comprising a
compound  according to any one of claims 4 to 9, or a
pharmaceutically  acceptable salt or solvate thereof,
and a pharmaceutically  acceptable carrier. 11. A kit
for the imaging diagnosis of a disease in which
amyloid p-protein accumulates, comprising a compound
according to any one of claims 4 to 9, or a
pharmaceutically  acceptable salt or solvate thereof
as the essential  ingredient, and a pharmaceutically
acceptable carrier. 12. A composition for staining
amyloid p-protein in brain  samples, comprising a
compound according to any one of claims  1 to 3, or a
salt or solvate thereof. 13. A composition for
staining senile plaques and/or diffuse  plaques in
brain samples, comprising a compound according to
claim 2 or 3, or a salt or solvate thereof. 14. The
composition according to claim 13, wherein the
compound is selected from the group consisting of
BF-185 and  



BF-227. 96 15. A pharmaceutical composition for the
treatment and/or  prophylaxis of a disease in which
amyloid p-protein  accumulates, comprising a compound
according to claim 1, or a  pharmaceutically
acceptable salt or solvate thereof, and a
pharmaceutically acceptable carrier. 16. The
pharmaceutical composition according to claim 15,
wherein the disease is Alzheimer's disease. 17. A
compound, or a salt or solvate thereof, which is used
as a probe for detecting neurofibrillary tangles or as
an  agent for staining neurofibrillary tangles,
represented by  the formula II: Ri iv  N-A R  I 6)k  I
( R, wherein, the ring A is represented by c>  Z or
G-J R, R2, X, Y, Z, G, and J are the same as defined
97 above; R6 is halogen, OH, COOH, SO3H, NH2, NO2,
C1.4alkyl, O-C1_  4alkyl, wherein the C1_4alkyl is
optionally substituted with  



halogen(s), or phenyl; and k is an integer of 0 to 4.
18. The compound according to claim 17, which is
selected  from the group consisting of BF-221, BF-239,
BF-240 and BF- 255. 19. A method for the treatment
and/or prophylaxis of a  disease in which amyloid
p-protein accumulates, which  comprises administering
a compound according to claim 1, or salt or solvate
thereof. 20. A method for the diagnosis of a disease
in which amyloid  R-protein accumulates, which
comprises employing a compound  according to claim 1,
or a salt or solvate thereof. 21. Use of a compound
according to claim 1, or a salt or  solvate thereof
for producing a composition for the treatment,
prophylaxis, or diagnosis of a disease in which
amyloid  protein accumulates. 22. A method for
detecting or staining neurofibrillary 98 tangles,
which comprises employing a compound according to
claim 17, or a salt or solvate thereof. 23. Use of a
compound according to claim 17, or salt or  solvate
thereof for producing a composition for detecting or
staining neurofibrillary tangles. 24. The method
according to claim 22 or the use according to  claim
23, wherein the compound is selected from the group
consisting of BF-221, BF-239, BF-240 and BF-255. 25.
The compound, or a salt or solvate thereof, according
to  any one of claims 1 to 9, 17, and 18, which is
used as a  probe for the diagnosis of a conformational
disease. 26. A composition or kit for the imaging
diagnosis of a  conformational disease, comprising a
compound, or a salt or  solvate thereof, according to
any one of claims 1 to 9, 17,  



and 18. 27. A pharmaceutical composition for the
prophylaxis and/or  treatment of a conformational
disease, comprising a compound  according to any one
of claims 1 to 9, 17, and 18, or a  pharmaceutically
acceptable salt or solvate thereof and a
pharmaceutically acceptable carrier. 99 28. A method
for the diagnosis of a conformational disease,  which
comprises employing a compound according to any one of
claims 1 to 9, 17, and 18, or a pharmaceutically
acceptable  salt or solvate thereof. 29. Use of a
compound according to any one of claims 1 to 9,  17,
and 18, or a pharmaceutically acceptable salt or
solvate  thereof, for the diagnosis of a
conformational disease. 30. A method for the
prophylaxis and/or treatment of a  conformational
disease, which comprises administering to a  subject a
compound according to any one of claims 1 to 9, 17,
and 18, or a pharmaceutically acceptable salt or
solvate  thereof. 31. Use of a compound according to
any one of claims 1 to 9,  17, and 18, or a
pharmaceutically acceptable salt or solvate  thereof,
for the prophylaxis and/or treatment of a
conformational disease. 32. A precursor compound for
synthesizing a compound according to any one of claims
1 to 9, 17, and 18. 33. The precursor compound
according to claim 32, which is  100 selected from the
group consisting of BF-223, BF-226, BF-246, BF-251,
and BF-253. 34. The precursor compound according to
claim 32 or 33, which is labeled. 35. The precursor
compound according to any one of claims 32 



to 34, which is labeled with 18F or 1231 101 




