DESCRI PTI ON PROBES FOR DI SEASES I N VHI CH AMYLO D
ACCUMULATES, AGENTS FOR STAI NI NG AMYLO D, DRUGS FOR
TREATMENT AND PROPHYLAXI S OF DI SEASES W TH
ACCUMULATED AMYLO D, AND PROBES FOR DI AGNCSIS OF
NEURCFI BRI LLARY TANGLES AND AGENTS FOR STAI NI NG
NEURCFI BRI LLARY TANGLES TECHNI CAL FI ELD [ 0001] The
present invention relates to a probe for the imging
di agnosis of a di sease iW¥SMNIEH &yl oid p-protein
accumul ates, in particular, a probe |abeled with a
PREBESt FOR- DdFERSERy INadiEd Rl IAMYE-C Tds AMSIIMHARES a AGENTS FOR
conmposition for inmaging diagnosis conprising such a
STHEOBEG ENMELEIEs e MRUGSN VRt ITREATMENTE ANTe | EREFIHIRXIS OF
detection/staining of, for exanple, anyloid p-protein
DISAABE&I WISAMPLETMULAITEEX A1 1D, senill e RUBIESH MIAGOSIS
brain of a patient with Al zheinmer's disease, and al so
OFt NEGRPEFIBRACEARYC ZRNCOABONND GGHNTIS tHUR guzEopini@xi s
and/ or treatnment of a disease in which Q -sheet
NESkouehurerngvt haneamse or possi bl e cause. I n addition,
the present invention relates to a conmpound usef ul
for the diagnosis of a disease of which the etiol ogy
or an etiology is assigned to neurofibrillary
TEEQﬂgbﬁﬁ'F§ﬁtho a conposition for imging diagnhosis
and—a conposition for staining neurofibrillary
les, ¢ risin ugh oynd. .1 _BA ND A
(0B8] Ay T Bec SR aRT ST RG T A Redaae el one & vhe iy the
imgfigisgases chara%terbzed by the epgfitiqP.%L orotei
PASBPUBFINPPBrI Plafy SprGe&itnd I S ¢ 4H S drrdude 1
organs, and tissues, in the bod i ncludi ng Al zheiner's
2cqPERlSE S pon BESHAGORS ! And 6P eO ARy Hifor Positron-
Al zhei ner' s di sease (AD) is_ considered as a di sease
Mgk eRTi S2ABSPUGILEARcURE P61t &8t t&t 2 FrERSHLT iy for
. there is a need for its accurate and early
imaging diagnosis comprising such a probe. The present

invention further relates to detection/staining of, for
example, amyloid Bf-protein in brain samples, for example,
senile plaques in the brain of a patient with Alzheimer’s
disease, and alsc to a pharmaceutical composition for the
prophylaxis and/or treatment of a disease in which J3-sheet
structure is the cause or pecssible cause. In addition, the
present invention relates to a compound useful for the
diagnesis of a disease of which the eticlogy 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.



di agnosis. [0003] Al zheinmer's disease (AD) is
considered as a disease which is nost difficult to
treat at present and whose accurate and early
di agnosis is required. Alzheiner's disease is a
di sease whose feature is progressive denentia
devel opi ng predom nantly in a presenile to senile
period. Alzheinmer's disease is pathologically
BACKGRQENEY BFEd by overall cerebral atrophy, renarkable
degeneration and neuronal |oss, and appearing of
[OAéddof i bri Rnglpitiangkesudad i ngenlilseapleaqueslude iss variety
known that the highest risk factor of denentia
ofr dpsesentsedhby aAltzhdizrer 'ty dingeakedsSitagmef Thuse lulle
increase in the nunber of patients as an old
fipepuhatiop roitRGheasesmyils iearikablg-idueshefdrd |and tissues
Japan, Anerica, and European countries, which have
inr eaehedagn agicng@ee ehvhaand r e iGals LOStRors tdhghdrome
patients bring the nmedical systemof those countries
ant0oBnEELS! SanbRoJaRan, hiheifstlimbedoLiar (e number
of patients 2 wth Al zheiner's di sease are about one
coHEHBE?@d ggd 'hi%%as%eh%ﬁkﬁ,E@a%m&HEdT@Hfa fg égu%reat at
| f ging o ‘e

patients w I NnCrease Wt t'he agi

gpulation in future. The cqsts .associate Wt
o RS e e Eade Bal ot S00 AR g e AN SRF LY
qi8are .expense, are supposed to exceed 2.5 million yen
1peI°pafient for a year, which neans that in Japan,
[Oagé'o-econonic costs nmopre than 2.5 trillion yen have

al r ealy2paiHerof giyeare (P has rEWSpEEERE as a

.common in the world that.significant effects of
digggrearhéebndmy @il dBé Ihrsughttcaidgathypt present and whose

adm ni stering treatnent before synptons of denentia in
acpapyhepnepdsedirdgasie aboosie appsaded red .ashéahkymas’ s

possi ble. At present, however, it is extrenely
didehbecukbt at dimrkecamhoaec featerdi agnesicgirefssive dementia

Al zhei ner' s di sease at these stages. [0004] Currently
devhérpiapgepvatbodaahypes iaf ametreeds ifler 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 plagues. 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 ceosts for the patients bring the medical system of

those countries to a crisis.

In Japan, it is estimated that the number of patients



di agnosi ng Al zhei ner's di sease. Japan commonly enpl oys
nmet hods whi ch make a quantitative evaluation of the
decrease in cognitive functions of an individua
suspected to be affected with Al zheiner's di sease,
such as Hasegawa's procedure, ADAS, and MVSE, and
al t hough not often, imaging diagnosis nethods (M
CT, and others) are enployed supplenentarily.
wifgwdyEreifigade faiveds ate ialsufy igiemitbionefdme ihels
di sease, and its definitive diagnosis requires biopsy
cegfatihe thedi hhisefromésedeatth tdre hisstiopdtshotiogl calcrease with
exam nations of the brain after death. In spite of
ththegengi ntfensiev @cptuiditdoron metitods: f orhei agras rgsociated
Al zheinmer's 3 di sease, progress has been not made so
winhchAlzRedmeresuldiScafse MRV st esicliddias 41 neghrOg care
that neural degeneration characteristic of
expezbel, Bk S sticpeasel has Adeady Dol lage vdiProdr patient
consi derabl e period of tine (about 40 years, in the
foeageyahbra LARGnPRELed) tREON i YARME! QRING IdSoddhid Aosts
clinical synmptom In addition, it Is known for
noPLZRELAER § tQHﬁgﬁ%g that 1the pat (ﬂé¥¥é54§3 HE 4k 3 year.
the brain has already” progressed to an i1rrecoverable
1eShage when tapll vomrabens, aad .elinf qlans surrounding
an AD patient recognize'its initral™ <clinic sympt om
nsider.i ng ;toget her the pr.qgression roperties of
o LR R e B BNGT CronS RRE"Y Sriarp Benciensls FHa Tl nber
dot AD Eatien%s as desc%i ed above, the need for and
2OPHBLIGEPGATEr CARAATERaLE I o8& YT tEG o Sts dmentia in
Al zheinmer's disease are of extreme significance. The
RlENELBBAL RoFd§rasr PESCIfe 2BPCArEReidfeP S SHldeasts iRpssible.
represented by two major signs: senile plaques and
AtnBGEBENBr i hPYEyetandfeds THé regeder Hds lasllt e mke an
conponent, amyloid P-protein (AP protein) taking
acpuspeet disgnastar es, Aimoesasrt ve distteere s, thesd hbages.
mai n conponent, hyper phosphoryl ated anyl oi d
[OPOpE ot ei n. CTheedelynthere 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
bicpsy of the brain before death or histopathclogical
examinations of the brain after death. In spite of these

intensive studies on methods for diagnosing Alzheimer’s



di agnosi s of Al zheiner's disease relies on the
appearance of these pathol ogical characteristics in
the brain of a patient. [00051 Anyloid P-protein is
characteristic of diseases in which anyloid
accumul ates, including Al zheiner's di sease, and has a
close relation wth the disease. Thus, detection 4 of
;anyloid P-protein taking P-sheet structures in the
dipgaye, BSPEEEALS| Y1aicn bewd Bodi adss S fKer , Feom results of
provide for an inportant nethod for the diagnosis of
magydesedsesinishihels tamylest dudcdihall atesaparadangzatjon
Al zheiner's disease. In the past, substances which
cheaacbendsspecifii @alzhg iterdrd cStswase ama aldRqyr dteiln place
in the body, especially in the brain, have been
fosear chedifieravhe perpese odf tdiregnesiog: diseasess, nin the
whi ch anyl oid accunul ates, including Al zheiner's
cagesedse. 16ughpesubsl apaes rk RAWR Gl dpdien L Cango Itk ial
(non-patent reference 1), thioflavin S (non-patent

cligierenefmgd)omt hi ohl aybnt TohNORt pat Abwhekerentendlimer’s
and chrysam ne G and derivatives thereof (patent

d15668L£€0E8S 1ne2)batBRd QY MBS N0t A FRW IO 8 I ready
ternms of binding specificity to anf10|d P- protein,
|

prggﬁgE?FPL%Eyahhﬁggggo%%%a h%p%i [ %ﬁﬁg{@£ﬂf%y members and

, toxicity, and others. e presen
i nvent ors _have found a ri ety of conpounds . o
o RS, P02 4R BlG Bp B Rl P 4 g il

P-protein igh perneabilit hrough the bl ood- brain

oL paPrRbr S RPhRTS o B T F o ELid BORCEASFoRGi PREST 8RO
others (patent references 3-7). [00061 It is known

PTPRET LAt r AL eFeBFEF SpFOPEiths ey aské Spadiegncrease in the
structures, thereby resulting in diseases whose

nugbep| 8§ytaR2beassi §iedoEs ke FhetvE ndendmss Ve and

In the case of Al zheiner~s disease, it is supposed
thehuglafyPbi an~acppsbsen and lvad igoowrsils odkd s s

structures, whereby such proteins thenselves are
digespensrbl eff ektoemeontiunbdticanget.he 5

The histopathcological feature of Alzheimer’s disease is

represented by two major signs: senile plagques and
neurofibrillary tangles. The former has, as the main
compenent, amyloid B-protein (AR protein) taking B-sheet
structures, whereas the latter has, as the main component,
hyperphosphorylated amyloid pB-protein. The definite
diagnosis of Alzheimer’s disease relies con the appearance of
these pathclogical characteristics in the brain of a patient.
[0005] Amylcid p-protein is characteristic of diseases

in which amyleid accumulates, including Alzheimer’s disease,

and has a c¢lose relation with the disease. Thus, detection



di sease. Yankner et al. have first reported that

anyloid proteinis allowed to take P-sheet

structures, thereby displaying neural cytotoxicity

(Science, vol. 245, 417-420, 1989). Later, nmany

experinments for corroboration have been perfornmed and

ascertained that anyloid ~-protein with P-sheet

truitures Eossess neural cytotoxicity. Thus, the fact
of gy LohduPaP Ty EofokP&inyY PsSEE8Er Ped \RHUF SEmiiroitdhe Pody,

P-protein and tau protein taking P-sheet structures
esBagyesty thatheoRpadnds &si RhMBirkedg tHEilr PEPIdEEKifan yn

could be drugs for treating a disease in which a
lmm@ténh inesbpfl fakeshp- dhegnostisuctfuresliseelser dipy which

causing or contributing to the disease, for exanple,
amﬁlzhéiﬁEEUEUGESeaSepak@@@ulbrwmtﬁﬂzh@WmeSf@dH@$aa%e. In

Al zhei ner' s di sease or di agnoses enpl oyi ng bi opsy or
thaupepsy sabptescesvehveh prnepatiati epeofi fircaill ysect ia0ns stain

froma patient with Al zheiner's disease and staining
anyhemi Eepventinnah shai BbAg,agepksihave imMBitRley brain, have

utilized Congo red or thioflavin S. These staining

be@ﬂeﬁé§r@ﬁ§dchéfaﬁh§rEé@ oBY stauRizRBoRehl $8RidBes in which
pl agues and neurof i lary tangl és, which are said

am§PoP§ 5&@uﬂanate9r lﬂa&nahﬁglﬁq&h%h&%§ %ng%é%%lwersach

di sease. [00081 However, neither Congo red nor

suﬁ?ﬁgﬁéég' §wﬁ°lnE§Ed§a§oR§8”réﬁ' Qb3 %%%%%td&%f%%%nce 1)

pl aques none o y reports u
S nDIe iLght arg ound
e SCLYDESS! QOMPLSCULS FURLOh R 9901 B BOTRONICK, (non-
t hat anyloid P- ote rotein
patdfy %"?é%ﬁﬁlaﬁ%n of ag@%ﬁ&%ma&&. A Qﬁg.lﬁg&lgfes khereos
dj sease, ins its accu glng at a consi derably
(PRGFTY F?E%I%BFEFe53t2i@ a 95rhﬁHﬁePoﬁrPoFeﬁopFWQlems in
onset of the di sease (develo ing _synptons of
tegpienti BiNdand ﬁﬁﬁ?lﬁh@lé&caﬁuﬁav#@ﬁdféapapéel@urung

this initial period is diffuse plagues. Early
pegeedetibhy othaprehsehpl hyaed brréneberaiew | Boaliodwidy

early
toxicity, and others. The present inventors have found a

variety of compounds characterized by having high specificity
to amylcid B-protein, high permeability through the blood-
brain barrier, high solubilities, reduced toxicities, and
others (patent references 3-7).

[0C0&] 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 B-

protein and tau protein take B-sheet structures, whereby such

proteins themselves are responsible for or contribute to the




identification and di agnosis of Al zheiner's di sease.
[ 0009] Therefore, there is an increased need for
conmpounds havi ng high specificity to anyloid P-protein
which are for the diagnosis of diseases in which
anyloid P-protein accunul ates, including Al zheinmer's
disease for an agent for staining specifically
nmyloid P-protein, and for the treatnment and
dlﬁ%ﬁﬁyl 25ARKIBPL of § s eshAVie Whi ERT ahgPBF BeP- thast emyloid B-
accunul ates. [0010] Another histopathol ogi cal maj or
pratghnofs Al2RERARRCs taksedsehies tnelrodtnids aryhereby
tangl es and their main conponent, hyperphosphoryl ated
disa@apiDGehnprahichtamexiQQMQraﬁbye@@ppoyedut@4devﬂlﬂr420,
| ater than anyloid P-protein. However, it is |likely
198hat neureofi bmath{ asyoénngdess cooretateocbwebtivnt hattkebeen
degree of denentia, conpared to amyloid P- protein
petBoaakdHzandaBraakaEncActaaNeumgpatiolp~prealeirB2ith B-sheet
239-259, 1991; Wschik et al., In "Neurobiology of
st Ai1Z2B8FBBI pSsbesgaseura103 %QQOXQ&EQ@d UnhM8r Sth¥ fact that
Press, xford, 2001). [0011] Besi des Al zhel mer' s

negt§§a§§togb§QEQ€§s1§h@§§eZV€@|Q&tﬁ'gﬁ l%l@p%wﬁﬁdﬁéfﬂ1and
of tau protein in the brain (tauopathies) include

taE'ﬁEoﬁﬁehS€§F§n% ?OQB@§§|§%ru§gB %%U%h%%%sﬁ%'%%a&P§%%pounds

and As mentioned above, "tau protein |

1nﬁbﬂ£@§£8r£ﬁEF %Eogxﬁgﬁ§fﬁe ﬁﬁggb%CE%G%lag%%égﬁﬁatlng a

rotern;y 1nc I Sease

close rela Mﬁth e. _Thus, tiqn of
?%ﬁsf‘)r%{lel}l FIRRATSS YRS bt L R %&ycwr%r
C|aII in the br s a marker, will provide for
th%ﬁ ﬁpS?PéﬁPgnﬁthBH BFngénauﬁﬁnB d&ﬁeésedu &fs&xample,
having accunul ated tau, particularly Al zheiner's
Algheenee’ S[@Gi@isﬁkthods have been reported by a few

groups for
cdo7] Until now, studies of Alzheimer’s disgease or

diagncses 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 Congoc red or thicflavin $S. These staining
agents are characterized by staining both senile plagques and
neurcofibrillary tangles, which are said to be two major
pathological signs of Alzheimer’s disease.

[0008] However, neither Congc 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 B-protein (AR protein}, which is the major



quantifying tau in the body, especially in the

cerebrospinal fluid for the purpose of diagnosing

di seases having accunul ated tau, including

Al zhei ner's di sease (non-patent references 4, 5)

However, no probe intended to quantify tau

noni nvasi vely in vivo can be found throughout the

world. [00141 Therefore, there is an increased need
Com@@ne@§n9§uﬁ@@lﬁavPﬁQQHﬁ@hl@pééﬁﬁﬁéﬂ@% o disease, begins

neurofibrillary tangles which are for the diagnosis
ltanGC@ﬂ@aiﬁémngoﬁtdas@@Qéngﬁabwwu@ﬁrd@utoﬁ@br@¢|d@@st 10

tangle is the cause or a possible cause, including
ye£¢zhernmore)dpséasetoothéoonaﬂta@énmhboﬁrﬂamaa ngleveloping

neurofibrillary tangles. [00151 On the one hand,
syspudingsc 6f déinzhet aer ' andi shase ther adicagndsed cenffleaytiung:

bi opsy or autopsy sanples until now 8 involve
dupiggatRtsonnef iblaparseet iengifremea ppaljuel. W EArly

Al zhei ner' s di sease and stai ning them Conventiona

deBbat DbRYorageRkgshayeafBEnl Y tubirkirzed ,CQRaa med % an early
thioflavin S. These staining agents are characterized

1d91¥t§§f§!:9{:{‘ nbﬁha aﬁaghsme' a%uaaz%qm@%urofaﬁra deary

tangl es, are saild to be two najor pat hol ogi ca

o§b9?s of f#%@fé £e, 9h§§§S§FO 9019% Meﬁeeﬁo%%rOf

repo S SO repor ecu
n Ie of ta|n|n m
o %uro %bﬁig?‘ﬁl‘?%ﬁ%g orBa-tagraly d Eiee%ﬁ prozen wrich
v %erngtlog Pat nt @Ilca on ,No. /US 6/,05918 fein
a %a Bht “Pef %%ﬁ%%sés Pht Eﬁﬁ??SﬁaP“ngéﬁ O S o roted
: PCT/USQS/S 389 Pa ent referenge 3. Japanese
ac?%?%%?tﬁﬁpIFEE |3 hnﬂbA 36606186082 SPAtEMt TO&t dleqdent for
4: Japanese Patent Application No. 2000- 060083 Patent

staertpenteesitiaphhdsemparént PAppPIEEAT oA Ro fo2X0GRe
treatment and prophylaxis of diseases in which amyloid B-
protein accunulates.

[0C10] Another histopathological major sign of
Alzheimer’s disease 1s neurcfibrillary tangles and their main
component, hyperphosphorylated tau protein, which are
generally supposed to develop later than amyloid B-protein.
However, it is likely that neurofibrillary tangles correlate
well with the degree cof dementia, compared to amyloid pB-
protein (Braak H and Braak E: Acta Neuropathol., vol. 82,
239-259%, 1991; Wischik et al., In “Neurcbioclogy of
Alzheimer's Disease,” 103-200, Oxford University Press,

Oxford, 2001).

00117 Besides Alzheimer’s disease, disorders whose



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
H st ochem stry and Cytochem stry, vol. 10, 35, 1962
Non- patent reference 2: Puchtler et al., Journal of

Hi st ochemi stry and Cytochem stry, vol. 77, 431, 1983
mapgh- pagent Sr afcrandet3on, oV el Proitaiim S dee PTAGIn

2, 404 410, 1993 Non-patent reference 4:1shiguro et
(tauopahbmﬁ@$cﬁncuede.Piwars d25eas@l- 3409reGFive

Non- patent reference 5: Itoh et al., Ann. Neurol.
suppknub0earlbB1 56, F2001 BhSCo®EERE .OF THE | NVENTI ON

PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0017] In view
[0of21 he abone-descibhed ebboupstancesoptkie ipresamrtacteristic

i nvention provides a substance that has high

ofspeckhkekt Ma0fingl AGNAUN A tary kahd pRocatgi A raNtidihg
high perneability through the bl ood-brain barrier and

nlkBe¢ARAbLeyiQb Hse a8 qanRkohe Qiset Re 1MBYNGith the
di agnosi s of a di sease in which anyloid p-protein

di8equaul aies, 'cﬁ‘e@é" 10N, £t ?%hﬂES%gFabe$¥5H5| R0sAkEe

provi des such a stance for use
st%ﬁcéﬁ%gbﬁn gﬁﬁt BSd@m&‘%‘ g%c‘i'aﬁﬂgt 3 t%f %ra‘i' 58338 d Yharker,

éi n~accuanul
ositi,on_.and _a s &9 risin

vt L oRes HRopEr %Re%%s%%ﬁp Nl O?fﬂ% ARt b

a nethod for stain | oid R— in_in i n
dipgeari QREIng oﬁCS%EHEF‘gegngéﬁvl é’aﬁ THavi rASr& Gi'F
R-protein as the main conponent, 10
disease.
[0013] Methods have keen 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.
[0014] 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 neurcfibrillary tangle is the cause or a possible cause,
including Alzheimer’s disease, or for an agent for staining
neurcofibrillary tangles.

[0015] On the one hand, studies of Alzheimer’s disease

or diagnoses employing biopsy or autopsy samples until now



and a pharmaceutical conposition for the prophylaxis

and/or treatnent of a disease in which Q sheet

structure is the cause or possible cause. In

addition, the present invention provides a conpound

useful for an early diagnosis of Alzheiner's disease

or a tauopathy, and a conposition for inmaging

di agnosi s and a conp05|t|on for staining tau, the
in¥ehPBsPrEBAS2EaAPr PSi Ry adicls e tdemsodFen NEANS ROt with

SOLVE THE PROBLEMS [0018] The present inventors have
Algbadueréd ditseasevendr eseandéhg itheor.defonvesbliveatthetaining

above-descri bed problens. In consequence, the present
agenvenbers havelfoundltbat Compgoumds|, ororthacddlavior S. These

sol vate thereof represented by the formula I have
stAighngpegehtei tycothhiraditag itzedamyl @itd ipripicoteith afwthile

furthernore high perneability through the bl ood-brain
plbateseand headbAgpi-e1the yCorplhetison wofi dhhe f eS8t to be two

invention. In particular, it can be said that the

mah B¥ephtMe168ARAUNdS gnsWhirCR12he 16RRAR! @itfase.
specifically and cléarly staining anyloid p-protein,

OQEG Conpouﬁgée@éko BﬂeanaﬁgHgaESgo%@%'ﬁo ? %g@%?o§ts low

, €eSpecla EI nmer s eas Down' s syn

mof@Eu?éPeﬁgl ﬁksgrggg§ '%%ﬁg%b%%geggg%%g%ﬁ Wl zﬂlﬁaNonly

a no |nvaS|ve di agn eath
t helkr. hi I|ty through t he bl ood- braln
e a?%1br195F8 13? E t he present invention provides
the followng: 11 (1) a conpound, or a salt or
sol vate thereof, which is wused as a probe for
di agnosi_.ng a di sease in which anyloid (3- protein

FabeRbunbPAEESNCRepr esent B B T heCEdt niR BNt fpplicriion No.

potvubsslesecE O Mheren

Patent reference 2: International Patent Application No.
PCT/US%8/07889

Patent reference 3: Japanese Patent Application No. 2000-
080082

Patent reference 4: Japanese Patent Application Neo. 2000-
080083

Patent reference 5: Japanese Patent Applicaticn No. 2001-
076075

Patent reference 6: Internaticnal Patent Applicaticn No.
PCT/JP01/02204

Patent reference 7: International Patent ZApplication Nc.
PCT/JP01/C2205

Non-patent reference 1: Puchtler et al., Journal of



the ring Ais a five- or six-nmenbered ring having the
followng structure: ¢ Z>or GJ or X and Y,
i ndependently, are Nor CH, Zis 0, S, CHZ or
N-CPH2p+1l; Gis Nor CH Jis S, 0, CHZ or N CgH2g+1;
pis an integer of O to 4, g is an integer of 0 to 4;
Rl and R2 are independently sel ected fron1the group 12
consi sting of hydrogen, and al kyl having 1 to
Hléﬁ@%ﬁ@lsgﬁér anfafvépchesieired velas 161 A%l k%ﬂ6)2
Is selected fromthe group consisting of hydrogen,
Nohabagent ORifeOSEE SO3RLCINHRer NeR, a1, 4dbkyhaland
phenyl; R4 and R5 are independently selected fromthe
HigroapentehsystnagCetocbhhdmagémy , haldgen, 7,043 1G0AN3 3
SBH, NH2, N2, Cl1_ 4alkyl, O Cl_4al kyl, wherein the
NoGipdatkyl reseophitenal | yevsnbst Ptat etnwsthehabkpgen(ls) 2, 404-
and phenyl; or alternatively, R4 and R5, together,
416 pronazbenzene ring which is optionally substituted
with one to four substituents selected form hal ogen,
Nofkpa 6, r SEBFenMNER 4 : NOR i gGlodakky,, O Al Kyl i zett., vol.
wherein the Cl _4al kyl is optlonally substituted wth
27hal ggeps)19a8d phenyl, with the proviso that when m
is 0 and when R4 and R5 together, form a benzene

NoﬁLﬁgteBPGréEQQEQCéSﬁ UPEdleﬁnifne ALRY N2y LS NH'v§l o,
an i nteger o
15@L£Q6Eh§OBEOVISO t hat when

DISCLOSURE OF THE INVENTION

PROBLEMS TC 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 B-protein and an high
permeability through the bloocd-brain barrier and is capable
of use as a probe for the imaging diagnosis ¢f a disease in
which amylceid P-protein accumulates. In addition, the
present invention alsc provides such a substance which is
labeled, for use as a prcbe for the imeging diagnesis of a
disease in which amyleid B-protein accumulates, and a
composition and a kit for imaging diagnesis comprising such a
probe. The present invention further provides a methed for
staining amyloid B-protein in brain materials, for example,

senile plaques having amyloid B-protein as the main component,

10



the ring Ais a benzene ring, mis an integer of 2 to

4, and nis an integer of 0 to 4; (2) the conpound,

or a salt or solvate thereof, according to (1),

wherei n the conmpound specifically binds to senile

pl aques and/or diffuse plaques; (3) the conpound, or a

salt or solvate thereof, according to (2), wherein

t he conpound is selected fromthe 13 group consi sting
angfapphagyacgrtigal prrpgsitRPn1dor Bhe] 96 orhgRargs and/or

BF- 201, BF-214, BF-215, BF-227, and BF-231; (4) the
treanpeundpfoa aisahBeoinswhﬂahe£1h£m®®t,staucbmdéngstbhe

any of (1) to (3), wherein the conmpound is | abel ed;
ca@sy ohepcespbliadcaoeea sbBhtaddisdbuat ehéhpresént invention

according to (4), wherein the | abel is a radionuclide;
pr{6)débeaz coappundd Qeeduldakbroensehvate dikemesfis of

according to (5), wherein the label is a y-ray
Alendihéngs AuUskhEe; ot7h thaocpaPeYNdndoh aci@lisi@hion for

sol vate thereof, according to (6), wherein the y-ray
im&?‘lﬁ@]' Hga?ﬂébhgeahé sekem @glﬁ;&@m the GRAYR iGQNTISL RGe

0 nirc 11In, 67 Ga, 20 , 123 1 , and 13 3Xe; (8)

n I 0 ereof, according

CO%%S%%??Hﬁﬁe?g?%§%ﬁéﬁ?a%39ﬁ.é e ottt ng

nuclide; (9) The conpound, or a salt or sol vate

thereof, according to (8), wherein the positron

i tti | i ted f th
ueQ LhNEoRYE! be bRopPElEC an VB (10) & composi ti on

th di
048kl ora P %t%ﬁégﬁﬂﬂﬁ'ﬁﬁﬁ sic Brgf §PH8L18%80%‘568H8”9
according to any of i or a pharnaceutlc%
re%%%%%?ab%% %Eﬁ?roFOSBP dfe ﬁe@@@ﬁe ~§fgcgibed problems.

consegquence, the present inventors have found that compounds,

In

or a salt or solvate thereof represented by the formula I
have high specificity of binding toc amyloid B-protein and
furthermore high permeability through the blood-brain barrier,
leading to the completicn 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 c¢f, especially, Alzheimer’s disease, Down’s
syndrome, and others. Alsc, the inventive compounds will
allow making a neninvasive diagnosis before death, due to
their high permeability through the blood-brain barrier.
[0019] Thus, the present invention provides the

following:

11



pharmaceutically acceptable carrier; 14 (11) a kit for
the i magi ng di agnosis of a disease in which anyloid
R-protein accurmul ates and/ or a tauopathy, conprising
a conmpound 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 conposition for stainin
amyl 6 4 R pPBPERAdi noTbRaFALlSaRpl 691 VashpihsitRgia which is
compound according to any of (1) to (3), or a salt or
used| yat @ ph@b@ofor(@3ﬁg30§@ngo§|ﬂﬂ@ﬁaﬁ@rl@tahnFWQamleld B~
senil e plaques and/or diffuse plaques in brain
proamphesscoonprisbngrapcespotind bacctoedifngmud a( Z2): or
(3), or a salt or solvate thereof; (14) the
R conposition accordlnﬁ to (13), wherein the conpound
kJs selfected \fr roup consi sting of BF-185 and
CHFBBﬁ}azph rmaceutical conposition for the
threa hyIaX|s of a di sease in which
anyloid R-proteln unmﬂates conprising a conpound
according to (1), or a pharnaceutically accept abl e
whe@kinor solvate thereof, and a pharnaceutically
acceptabl e carrier; and (16) the pharnaceutica

Conpf:’ﬁétk?Hga&C%dé”Qiggz( 5) 1x"‘4ﬂ@¥a8le?e&h§19 g%%%nigsthe

Al zheli di sease he present 1 nven
t he follomnng (17) a conpound, or a
f01fé&bg ?8§?hereof which is 15 used as a probe
for dg;ectlng neuroflbrlllary tangles or as an agent

f staining neurofibrillary tangles, represented by
£§§%ﬁra Il: R N

or

cr

X and Y, independently, are N or CH;
Z is O, 5, CHz, or N-CpHszpi1s

G is N or CH;

J is 8, O, CHz, or N-CgHzg:s

p is an integer of 0 to 4:

g 1s an integer of 0 to 4;

R; and R; are independently selected from the group

12



NA/ I \'' R ( 61k wherein, or the ring Ais
represented by NGJ RL, R2, X Y, Z, G and J are the
same as defined above; R6 is hal ogen, OH COOH SC3H,
NH2, NO2, Cl1_4al kyl, O Cl_ 4alkyl, wherein the
Cl _4al kyl is optionally substituted with hal ogen(s),
or phenyl; k is an integer of O to 4; and (18) the
conmpound according to (17) which is BF-221. EFFECT OF
CoMEES E NWENTEONYPO028]R, TRadprdsent hiamiamt ilork préoviaddseres
conpound having high specificity to anyloid
(hRrpiotéinr, ameérhardedoprepEnty aldfylper neati ng t hr ough
the bl ood-brain barrier, and also 16 extrenely high
saf ery.id he: present f s etite ogrdust bernsipt ongdes Aydrogen,
conmpound having high specificity to neurofibrillary

hatagghesofiandobhei sogmj NNEOMANENT, LAty 10F Ginel Mherdf ;
enhanced property of permeating through the

bl ood; biad =bard gt RIna yexdd el g by sai@t@/roup

Thus, the conpounds of the present i nvention would be

coH§§EHLnaSofaH9BE§gEHr shabaeng san kedp! agees, aﬁﬁlorl\loz, Ci-

fuse " plaqués or detectlng neuroflbrlllary tand

ﬁl‘*ﬁhﬁﬂ.oﬁlpf%ir@fﬁ‘% b i kit B ?ﬁéﬁgﬁy
suﬁggiguge EQM'H gogen gzgégogﬁgu%i2h%ghﬁﬂ¥%§4g%ively, Rq

|agn03|
g %ﬁ?ln ac unula%es or tau rotern
an 0

s‘i??eo Sond THE &i'teieh ‘?lE%n‘HthtS?rpbﬁnapBFOPﬁély

Bresent i nventi on.
substituted with one to four substituents selected form

halogen, CH, COOH, SC3;H, NH;, NG, Ci-qalkyl, C-Ci4alkyl,
wherein the C; jalkyl 1s optionally substituted with
halogen{s), and phenyl, with the provisc that when m is 0 and
when R; and Rs, together, form a benzene ring, the ring A is
not a benzene ring;

D is NH, S, O, or CH=CH;

E is N or CH;

m is an integer ¢f 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;

(Z2) the compound, or a salt or solvate thereof,
accerding to (1), wherein the compound specifically binds to
senile plaques and/or diffuse plaques:

(3) the compound, or a salt or solvate thereof,

according te (2), wherein the compound is selected from the

13



Use of such a conpound, conposition, or kit will allow
meki ng an accurate diagnosis of such a disease at an
early stage. Furthernore, according to the present
invention, there are also provided a pharnaceutica
conposition for the prophylaxis and/or treatnent of a
di sease in which accunulation of anyloid R or tau
protein is the cause or possible cause, the
gresapesheienlognpti 8Fng Btthe BeomPoundEofl 8 &, h& FprldsbntBE-196,
invention, and a nmethod for the prophylaxis and/or
BFt-i8at nBAt 261, aBd-géds e BiEl 2, c B Fac@inulaatd &t el ;oi d
a or tau protein is the cause or possible cause, the
nmet hod) beengofipanadt epirzad shy tadm riciteriengHarecr,
conmpound of the present invention. 17 BRI EF
acbEBRLRE O @hyTHE DRAVWENGS3)Q022% faiig. theshowpddil is
conpari son of staining properties of BSB (upper
1zpanek), thicflavin S (mddle panel, an adjacent
section of the section in the upper panel), and

BF- 1$§ (L R¥eE-RBBEha, 2B radl agent o%e%%'l%t%f e JYddl e

panel's section |n sectlons of the brain of a pati'ent
ei ger’ S BR- i n|
ac?%%ﬁﬁe pEB gg ? gis%gge&aégﬁo%%egﬁ égi@%ﬁ%ﬁ§k§88
and of L avin stalned bot senlle l_.aqu and
neurgE§b£%?I5 %H&resr ?arrgwhgadgfl% %g %%e§ﬁ§MS

t he .conp of stainin ertles of BF-185 (l.eft
SCRARAIonn T of FASr A8 (FrGNCeRinde, “art =) ARk ne

sectlon of the |eft panel's section) in sections of
nughedBrain of a patient with Al zheiner's di sease.

BF-185 nmminly stained senile plaques (wedge-shaped

arr oWheatlsy, CORRERBAs ©Ki 8f FavtnCS SPaVaEd BEHEHeSdni | e

pl agues and neurofibrillary tangles (arrowheads).
acepgdingshewd 60 hewboirpani $br of refvaichilng ipdopercliige gfs

BF- 185 (left panel) and |nnunosta|n|n9 propertles of
seanachati from the group consisting of “'Tg, Wlrn, %ga, 2%T1,

123I 133X

, and ey

(8) the compound, or a salt or solvate thereof,
according to {5), wherein the label is a positron emitting
nuclide;

{9) The compound, cr a salt or solvate thereof,
according to (8}, wherein the positron emitting nuclide is
selected from the group consisting of e, PN, 0, and 'fr;

(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 sclvate thereof, and a

pharmaceutically acceptable carrier;

14



AP anti body 6F/ 3D (right panel, an adjacent section of

the left panel's section) in sections of the brain of

a patient wth Al zheinmer's disease. BF-185 stained

senil e plaques (wedge-shaped arrowheads) and diffuse

pl aques (within dotted- Iine circles) which were

stained with the anti-AP antibody 18 6F/ 3D. Fig. 4

shows_t he conpari son of staining properties of BF-187

(| ef t 1 pand| j<ngn80ffhutaﬁ| &PPA189( %.l@ﬁPO§&ﬁe|of &ndisease in

acent section of the left panel's sectlon) in

whé@‘ét PBHsCdf BrR&ckeainn astuaugaticenend/ o Al Aeiaperthy ,

di sease. BF-187 stained senile plagques (wedge-shaped
comprbmhaads) cohbohngde recogtainged owianty tofi dfdl)avion (8.), or a

Fig. 5 shows the conparison of staining properties of
ph8Fma88utlieh lpanekpanttlehisaflltavirn s81{kitghtc hparelf, aan the

adj acent section of the left panel's section) in
essentiabsinfrethenbr abndol ahpaizeat:tWwichh 1A zkheifRrals o

di sease. BF-188 stained senile plagues (wedge-shaped
caarfiewheads) which were stained with thioflavin S

Fig. 6 shows the conparison of staining properties of

BF- 1892(|§f&oﬁ§8§hiléﬂdf59'QEEQ%hﬁg afy19hY papeltean in
adj acent section of the Ieft panel “s séction) in

br§§ﬁtbgﬂﬁlgg EBﬁp?Eth @oﬂ?%h%ﬁtd@dhq h%b”%rasgf

di sease. BF 189 staln seni I e plaques (wedge-sha

toaggpmhggﬂg&ﬁgﬁkcg §Va§ga gg mnth thioflavin S.

nparison o stalnlng properties of
BF- 1 Eleft Q and_thio Vi n

|
adj acbht SectTBRSS l?ﬂefPEfFLBéHéPgs sehi PO aes Ha/or
di gf tlon of the ﬁﬁaLn of a_g atient wi,th Al zhei mer'
L 3 aaoBla@EeTo8n RARANY SSPALRSH SEMPRé SpRaqaesompound

é gge shaped arrowheads) whereas thioflavin S
2P RF nd Bath2éeﬁr|é3braaae§ §R4t19T solvate thereof;

(14) the composition according to (13), wherein the
compound is selected from the group consisting of BF-185 and
BF-227;

(12} a pharmaceutical composition for the treatment
and/or prophylaxis of a disease in which amyloid B-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 soclvate thereof, which is
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neurofibrillary tangles (arrowheads). Fig. 8 shows the

conparison of staining properties of BF-196 (left

panel ) and i mrunost ai ni ng properties of an anti- AP

anti body 6F/ 3D (right panel, an adjacent section of

the left panel's section) in sections of the brain of

a patient with Al zheiner's disease. BF-196 stained

senil e plaques (wedge-shaped arrowheads) which were
usgflapfied Rwirekhet herafeteARINANENS IBFA3DaH Farglstiowesr as

the conparison of staining properties of BF-197 (left
anpageh}y &nd shikohliag ne8rofight lpamel taaylemd] asgntesented by

section of the left panel's section) in sections of
théhéchmaiia @ff:a patient with Al zhei ner's di sease.

BF-197 mainly stained senile plaques (wedge-shaped
R, arrowheads), whereas thioflavin S stained both senile

\ELque rofibrillary tangl es (arrowheads).
sFig. (ﬁémmarison of staining properties of
R2 BF- 197 pagrel )" and i mmunost ai ni ng properties of

an anti-~AR arti body 6F/(3D}(right panel, an adjacent
section of the |Ileft panel's section) in sections of

whibhgsRrain of a patient wth Al zheinmer's disease.
BF-197 stained senile plaques (wedge-shaped

. s ined,with th ti-AR
ant i body 5730 F be i LAsRe Phe compari son of
stqbﬂhng properties of BF-201 (left panel) and

tggofl in S (right panel, an adjacent section of the
I el s section) in sections of 20 the brain of a

patiént with Al zheiner's di sease. BF-201 stained

seni |l e pl aques (wedge-shaped arrowheads) which were
©L'stained with thioflavin S. Fig. 12 shows the

comgarison of staining properties of BF-201 (left

__gﬁyeh%_gpd i mrunost ai ni ng properties of an anti- AP
aRt i body 6F/ 3D (right panel, an adjacent section of
t lie—J ;

Ri, Rz X, Y, Z, G, and J are the same as defined
above;

Rs is halogen, CH, COOH, SOs3H, NHz, NO», Ci-jalkyl, 0O-Ci-
salkyl, wherein the Cjsalkyl is optionally substituted with
halogen{s), or phenvl;

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 B-protein, an enhanced property

of permeating through the blood-brain barrier, and also
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| eft panel's section) in sections of the brain of a
patient wth Al zheiner's disease. 3F-201 stained
senil e plaques (wedge-shaped arrowheads) which were
stained with the anti-AP antibody 6F/ 3D. Fig. 13
shows the conparison of staining properties of BF-214
(left panel) and thioflavin S (right panel , an
adj acent section of the left panel's sectlon) in
ex§Eeiediis hoth shéebyai nNToeé Rrpaehentinwent iAnz Heirmbe'rs
di sease. BF-214 stained senile plagues (wedge-shaped
pravidaheadspmphiuch Wwere ngsthaighe dowictilf itchitof Itavi n S.
Fig. 14 shows the conparison of staining properties of
neBEo21brillébtrypanek) eand atlai @afled\ maS o rdogiiiorRans! ,taan
adj acent section of the left panel's section) in
preeethpnsaaf enhhecbHabhodk rd ypatfi erirmd:Ath A Zheid®fh Sthe
di sease. BF-215 stained senile plagques (wedge-shaped

blabhopheagdshavhich, Wahe a3kai _ed M f MHiQfd @M. Thus,

Fig. 15 shows the conparison of staining properties of

tthcgﬁﬁoﬁh@Eto@aﬂﬁé)p§@§eha'9%5%%%&0% WAt Hgﬂﬁgefiﬂ]as

adj acent section of "the left panel's section)

agSEELI PAS Qﬁagég]hgesghﬁn@ g&agegét R %]t/ oY Hlf%s%e' s or

di sease. mai n senl e pl-aques
d fl ,
oL YErREY” E@?ﬁgéiﬁEﬁéﬁﬁﬁgaésggﬁﬁereas B oAt by 2 patient

. e arro ads WS the conparis
o g B b e Frattar. B 2395t T 60 parchToang co Che
I nmupost ai nin pro erties of an anti- AP anti body
Pf%?—?% tFYGRE: ganeF ©IR &dFab&Rt 1866t PofoBPOSHE 1dne@nd a kit
panel's section) in sections of the brain of a patient
fow FﬂeAF%ﬁ%F%rdé,aaP@éﬁeOfBﬁ JIPeSER Add Vel @myloid p-
pl agues (wedge-shaped arrowheads) and diffuse plaques
Prohethi ﬁcgéwéatem A8 ERPCPESF M chagea nsttaienedmpiasition

the anti-AP anti body 6F/ 3D.
and the kit comprise the compound of the present invention.

Use of such a compound, composition, or kit will allow making
an accurate diagnosis ¢f such a disease at an early stage.
Furthermore, according tc the present invention, there are
also provided a pharmaceutical composition for the
prophylaxis and/or treatment of a disease in which
accumulation of amyloid B 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
B or tau protein is the cause or possible cause, the method
being characterized by administering the compound of the

present invention.
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Fig. 17 shows the conparison of staining properties of

BF-221 (left panel) and thioflavin S (right panel, an

adj acent section of the left panel's section) in

sections of the brain of a patient with Al zheiner's

di sease. BF-221 stained neurofibrillary tangles

(arrowheads) which were stained with thioflavin S

Fig. 18 shows the conparison of staining properties of

BF-221 (left panel) and of an antibody directed to

anti - phosphorylated tau (pSer422) (right panel, an
BER3HFaBEARIPSECNi R @HEt BRAWEMNGSpanel ' s section) in

sections of the brain of a patient with Al zheiner's
[0BR28kase. BFi@2llsshbwedthaeapnpibisbhapy taaghesg

(arrowheads) which were stained with the antibody
prdpeecied t6 BBBI {pppephekylkat ed thdw (1pSEM22) (mi2Ri e ganel,

19 shows the conparison of staining properties of
anBEd23dettebbcpanal pramdet Beeftliav nnStlhid @pepantine1an and

adj acent section of the left panel's section) in

BFSEELI oMot phhe1brahn ef a2 pat iseht Wt b FAZRenTRId1%
di sease. BF-231 stained senile pl aques (wedge- shaped

[3) | al-ne \"|
pa%%%A%T%%?E%S |%$ %%Eg%O%hEO%N%E%}%%ﬁHFbggg% hedent with

Al?HQﬁﬁé Cgs %E g Prepenss| XEHI OEt%@th can; e ﬁﬂéages

as pro e’ magi ng agno |seases

whi.ch | t | .
B UL BERLE LSSV, 3% SRR
bed ab S les of th

LA Rk SFen B DU 101G S AR

Preferabl conmpounds of the present invention are
(appovygsad EP 187, BF-188, BF-189, BF-196, BF-197,
BF-201, BF-214, BF-215, BF-227, BF-231, and ot hers.
In p%%@rc%l%POWBFtESSCQWHaBF5227OﬁaﬁéaﬁpgﬁgsEé@PﬁF@P@F of
to diffuse plaques and are useful in early
BFr deht (1e€at Pancdl apdzhbimlagidi Sedgd ghitupemerlnoee,

BF-227 is preferable in
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 plagques and
neurofibrillary tangles (arrowheads).

Fig. 3 shows the comparison of staining properties of
BEF-185 (left panel} and immunostaining properties of an anti-
AP antibody €F/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 plagues
(wedge—-shaped arrowheads) and diffuse plaques (within dotted-

line circles) which were stained with the anti-AR antibody
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that it has rapid clearance fromthe brain. [0024]
Anmong the conpounds of the present invention
represented by the fornmula |, conpounds represented by
the formula Il (see, (17) as described above), or a
salt or solvate thereof, recognize neurofibrillary
tangles well, and are useful as probes recognizing
zeurofibrillary tangl es and 23 as agents for staining
6Fhdlirofibrillary tangles. A typical exanple of such
conpounds is BF-221. BF-239, BF-240 and BF- 255 al so
haveFh#gh4sehewsi Fhey cosragdneh BL [Sitady: ingnglreperties of
[ 0025] The conpounds of the present invention are of
BFgi8at (Leifki pypedl senfr diniotie aviiewdoi (i abft theeial, an
extrenmely low toxicity and high perneability of
adphoedibeaicnibar cifethe[ 0@Z6] plameldll eektitdu)ofilmmvdartSons of
which is known as a conpound well recogni zi ng
the-breiat ures, phsienc! wdeth Rorherieferenca spsRQserr248¢
-H N 4 0 Sa aCl -H O E roZ2S C r1
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 secticn) in sections of
the brain of a patient with Alzheimer’s disease. BF-188
stained senile plagues (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 $ stained both senile plagues and
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neurcfibrillary tangles {(arrowheads).

Fig. 8 shows the comparison of staining properties of
BF-196 (left panel) and immunostaining properties of an anti-
AR antibody 6F/3D (right panel, an adjacent section cof the
ieft panel’s section} in sections cf the brain of a patient
with Alzheimer’s disease. BF-196 stained senile plagues
(wedge-shaped arrowheads) which were stained with the anti-Ap
antibody 6F/3D.

Fig. 9 shows the comparison of staining properties of
BF-197 (left panel} and thicoflavin S (right panel, an
adjacent secticon 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 arrcwheads},
whereas thioflavin 5 stained both senile plagques and
neurofibrillary tangles (arrowheads).

Fig. 10 shows the comparison of staining properties of
BF-197 {(left panel) and immuncstaining 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 plagues
(wedge-shaped arrowheads) which were stained with the anti-Ap
antibody 6F/3D.

Fig. 11 shows the comparison of staining properties of
BF-201 (left panel) and thioflavin 8 {right panel, an

adjacent section of the left panel’s section) in sections of
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the brain of a patient with Alzheimer’s disease. BF-201
stained senile plagues (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-
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-201 stained senile plagues
(wedge-shaped arrowheads) which were stained with the anti-Af
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 plagues (wedge-shaped arrowheads) which were
stained with thioflavin S.

Fig. 15 shows the comparison of staining properties of
BE-227 (left panel) and thieoflavin S (right panel, an

adjacent section of the left panel’s section) in sections of
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the brain of a patient with Alzheimer’s disease. BF-227
mainly stained senile plaques (wedge-shaped arrowheads),
whereas thioflavin 3 stained both senile plaques and
neurofibrillary tangles (arrowheads).

Fig. 16 shows the comparison of staining properties of
BF-227 (left panel) and immuncstaining properties of an anti-
AP antibody 6F/3D (right panel, an adjacent section of the
left panel’s section} in sections cof the brain cof 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-AR antibody
oF/3D.

Fig. 17 shows the comparison of staining properties of
BI-221 (left panel) and thicflavin S (right panel, an
adjacent section of the left panel’s section) in sections of
the brain cf a patient with Alzheimer’s disezse. 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
neurcfibrillary tangles (arrowheads) which were stained with

the antibody directed to anti-phosphorylated tau (pSerd22).
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Fig. 19 shows the comparison of staining properties of
BF-231 (left panel)} and thicflavin S (right panel, an
adjacent section of the left panel’s sectign) in sections of
the brain of a patient with Alzheimer’s disease. BF-231
stained senile plaques (wedge-shaped arrowheads) which were

stained with thicflavin S.

DETAILED DESCRIPTICN OF THE INVENTION

[0023] Substances of the present invention which can be
used as probes for the imaging diagnosis cf diseases in which
amyleid f-protein accumulates are compounds, or a salt or
solvate thereof, represented by the general formula I as
cescribed above. Several examples of the compounds of the
formula I are shown in Table 1. Preferable compounds of the
present invention are BF-183%, BF-187, BF-188, BF-18%9, BF-19¢,
BF-127, BF-201, B¥-214, BF-215, BF-227, BF-231, and octhers.
In particular, BF-185 and BF-227 have high specificity to
diffuse plagues 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 therecof, recognize neurofibrillary tangles well, and

are useful as probes recognizing neurofibrillary tangles and
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as agents for staining neurofibrillary tangles. A typical
example cf such compounds is BF-221. BF-239, BF-240 and BF-
255 also have high selectivity tc neurofibrillary tangles.
[0025] The compounds of the present invention are of
great utility, also from the viewpoint of their extremely low
toxicity and high permeakility of blood-brain barrier.

[0026] In Table 1, thicflavin 5, which is known as a
compound well recognizing B-structures, is included for

reference purpose.
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(0027] The fellowing explanation is given of each
substituent of the compounds of the formula (I). Further,
salts, sclvates 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) teo the compounds of the formula (II).
[0028] As referred to herein, “Cj.4alkyl” (alkyl having
cne 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 flucrine,
chlorine, bromine, and iodine.
[0029] The ring A is a five- or six-membered ring
represented by the following structure:

X—Y.

— >

or

cr

(R3)n

The compounds of the present invention in which the

ring A is a five-membered ring are preferable in that they
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have rapid clearance from the brain.

[0030] X and Y, independently, are nitrogen (N} or CH.
[0031] %2 1is oxygen (0}, sulfur (S), CHz, or N-CgHap:1,
wherein p is an integer of 0 toc 4, with the preferable value
of p keing 1.

[0032] G is N or CH.

[0033] J is S, O, CHz, or N-CyHyqs1, wherein g is an
integer of 0 to 4, with the preferable value of p being 1.
[0034] R; and R; are independently selected from the
group consisting of hydrocgen and C;_4alkyl. Preferable
examples of Ry and R; are hydrogen and methyl. R; and R, may
be the same or different,

[0035] R; is selected from the group consisting of
hydrogen, halogen, OH, COCH, SO0O3H, NH,, NO, Ci4alkyl, and
phenyl, with H, OH, and methyl being preferable.

[0036] Rs and Rs may be the same or different, and are
independently selected from the group consisting of hydrogen,
halogen, CH, COOH, SO3H, NH,, NO;, Cj;-salkyl, phenyl, and C-C._
ialkyl, wherein the Ci;,alkyl is optionally substituted with
halogen(s); or alternatively, Ry and Rs, together, form a
benzene ring which is cptionally substituted with one to four
substituents selected form halogen, OH, COOH, SOsH, NH,, NO,
Ci-4alkyl, and phenyl, with the proviso that when m is 0 and
when R; and Rs, together, form a benzene ring, the ring A is

not a benzene ring. Preferable Ry and Rs are hydrogen, methyl,
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and O-methyl or O-ethyl which is opticonally substituted with
halcgen. It is also preferable that Ry and R;, together, form
an optionally substituted benzene ring as described above.

It is alsoc preferable that such a benzene ring is substituted

with OH.

[0037] D is NH, &, C, or CH=CH.

[0038] E is N or CH.

[0039] m is an integer of 0 to 4, with the provisoc that

when the ring A is a benzene ring, m is an integer of 2 to 4.
[G040] n is an integer of 0 to 4.

[C041] 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, R; substituent(s) may be present at any
pesition of the ring on which the substituent(s) is/are
attached. When two or mocre Rs; substituents are present, they
may be the same or different.

[(0042] When a compound has a double bond betwesn the two
rings, both cis and trans isomers can exist in such a
compound cf the formula TI.

[0043] Alsc included in the present invention are salts
of the compounds of the formula I. Salts may be formed with
the nitrogen atom c¢r any functional group within a compound
of the formula I. In the case of a compound having a
carbeoxylic or sulfonate group, salts may be formed between

the group and metals. Examples of such salts include salts
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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 hydroxyl group, compounds in which the hydrogen atom
cf a hydroxyl group substituted with metals such as sodium,
potassium, or the like are also included in the present
inventicn. 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 icdine, and salts with metals such
as scdium, potassium, and calcium. Such salts fall within
the present invention. Additiocnally, solvates of the
compounds ¢f 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 sclvate of the compound of the formula I is used in
the body of a subject, such a sclvate is a pharmaceutically

acceptable sclvate., Pharmaceutically acceptable solvates
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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 IT is included), and salts and sclvates 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. Frecursors of the
compounds of the present invention include BF-223 (a
precursor of BF-224), BF-226 (a precurscr of BF-227), BF-246
(a precursor of BF-247), BF-251 {(a precurscr of RF-252), BF-
253 (a precursor of BF-254), and others.

[0045] These precursors are preferably labeled,
preferably with radicactive labels. In the synthesis of
compounds for PET, they are preferably labeled with F, and
in the synthesis of compounds for SPECT, with '?*I. For
example, BF-223, BF-226, BF-251, and BF-253 may be labeled
with *°F, whereas BF-246 may be labeled with '#°I.

[C045] Accerdingly, the present invention provides:

a precursor compound for synthesizing the compound of the
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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 °F or *2°71,

For the labeling position and methods, see the
explanation regarding the labeling of the compounds of the
formula T or IT.

[0047] The present invention makes use of the compounds
of the formula I, or a salt or solvate thereof, which bind
specifically to amylceid R-protein (herein also referred to
“AR protein” or “AR”) in vivo within the body in a disease in
which amyloid B-protein accumulates, as probes for the
imaging diagnosis of the disease in which amyloid B-protein
accumulates. The inventive compounds allow clear staining of
senile plaques. BAs used herein, a “disease having
accumulated AB” refers to a disease which has, as the majocr
sign, deposition of AP 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 dissase in which amyloid @3-
protein accumulates, compounds of the present invention which

have been labeled are generally employed as probes. Labels
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are fluorescent substances, affinity substances, enzyme
substrates, radicnuclides, and others. Imaging diagnosis of
a disease in which amyloid B-protein accumulates usually uses
probes which have been labeled with radicnuclides. The
inventive compounds can be labeled with a variety of
radicnuclides by methods well known in the art. For example,
‘", Yc, *®s, 1, and others are radionuclides which have
been used for a long time, and have many in vitro
applications. General requirements for imaging diagnosis
propes 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 emplcy positron emissicn tomography (PET)
utilizing y-ray displaying a high sensitivity and
permeakility of materials or computered tomcgraphy (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 simultanecus 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 *"Tc, !In, %Ga, %71, **°1, *e,
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and others. “™Tc and '¥°I are often used for SPECT. For PET,
an inventive compound can be labeled with a positron emitting
nuclide, such as 11C, 1%L l50, wEﬁ 62Cu, 68Ga, 76Br, and cthers.
QOf positron emitting nuclides, 11C, 13N, and '®0 are preferable,
with '°F 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 radicactive 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 T.
Alternatively, a hydrogen atom con the benzene ring of an
inventive compound may be substituted with a radicactive
nuclide such as a positron or y-ray emitting nuclide.

Althcugh the position of labeling the compound of the formula
I can be any positicn 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 cf the
formula I are also included in the present invention. For
example, when an inventive compound is labeled with B, any
positicon of the side chain may be labeled with F, or a
hydrogen on the ring may be substituted with '°F.

Additiocnally, & hydrogen contained in any of E; to Rs, for
example, may be substituted with F or the like.

[0049] In general, these nuclides are generated on an

instrument termed cyclotron or generatcr. Those skilled in
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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 bicsynthesis processes. Chemical synthesis
processes have been traditionally and widely employed, and
are essentially the same as usual chemical synthesis
processes, except that radicactive starting materials are
used. Varicus 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 cof 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. Bicsynthesis 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.

[CG051] With respect to the labeling pesition, similarly
to usual synthesis, synthetic schemes can be designed,
depending upon the purpese, so that a label can be introduced
at a desired position. 5Such designing is well known to those

skilled in the art.
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[0052] When utilizing positron emitting nuclides, such
as HC, 13N, 15O, and 18F, which have relatively short half-
lives, for example, 1t is also pcssible 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, follcowed 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 amylocid B-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



LONNNNNN T I I I'l I CuCuW@GG Gi WP70. 1 WAP70.1 30
LLn ILC) | QLn Or-i 0-4 NOO1NO1O0 411 0 0 Ln
mMNoLnr-i 001 >10 1 x Nr~ 41

cf the subject, the site to be examined, and others.

[G055] 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 *C, N, 0, and *°F, usually ranges from 3.7
megabecquerels to 3.7 gigabecquerels, and preferably from 18
megabecquerels to 740 megabecquerels.

[005¢] The present inventicn also provides a composition
for the imaging diagnosis of a disease in which amyloid 3-
pretein accumulates, the composition comprising an inventive
compound. The compesition of the present invention comprises
an inventive compound and a pharmaceutically acceptable
carrier. Preferably, the inventive compound in the
composition 1s labeled. Although a variety of labeling
methods is possible as described above, labeling with
radionuclides (in particular, positron emitting nuclides such
as ‘¢, ¥w, "0, F, and others) is desirable for in vivo
image-diagnosis applications. It is preferable from their
purpcses that the form of the inventive compositions is one

allowing injection or infusion. Therefore, pharmaceutically
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acceptable carriers are preferably liguid and include, but
not limiting to, agquecus solvents such as potassium phosphate
buffer, saline, Ringer’s solution, and distillated water, or
non-aqueous solvents such as polyethylene glycols, vegetable
oils, ethanol, g¢glycerin, dimethyl sulfoxide, and propylene
glycols. The ratio of formulation of a carrier and an
inventive ccmpound 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-HC1l buffer, HEPES buffer, etc.), osmoregulatory
agents (for example, glucose, sorbitol, sodium chloride,
etc.), and the like.
[C057] Further, the present invention provides a kit for
the imaging diagnosis of a disease in which amyloid B-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, lccal anesthetic, and the like are packaged

separately into respective containers, or some of the

components are packaged together into respective containers.
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foll owi ng explanation is given of each substituent of

t he conpounds of the formula (1) . Further, salts,

sol vates and derivatives of the conpounds of the

formula (1), and nethods for |abeling themare

described below. It should be understood that a
They i PF8a T pERs GATPRUPRe Madr PEC AR LaRFIETS IRdsdabeled. When not

descriptions for the conpounds of the fornmula (1) to
lappéceonpoandsventine ForpoLad( cey. beodadelas r dfdrqed-0 use,

to herein, "Cl_4alkyl" (alkyl having one to four
bycapbahsheisordnt endddstcoibrd adboviest hyh, adtdhygion, the

propyl, butyl, and structural isomers thereof. As
inveheiredcompound may be presented in sclid, such as
lycphilized peowder, or in sclutions in appropriate sclvents.
Sclvents may be similar to carriers used in the above-
mentioned inventive compositicns. Components such as a
buffer, an osmoregulatory agent, an antimicrobial, a lccal
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 intrcduction of a label
into an inventive compound, or of light-shielding materials,
cdepending upon the nature cof compounds, or take forms such as
vials or syringes, so as to be convenient for administration
to patients. The kit may alsoc contains, as appropriate,
tools necessary for diagnesis, for example, syringes, an
infusion set, or apparatus for use in a PET instrument. The
kit usually has its instructions attached thereto.
[CC58] Further, the inventive compounds have properties
of binding specifically to amyloid B-protein, and thus can be
also used, for example, for staining and quantifying amyloid
B-protein in vitro with or without labeling. For example,

the inventive compounds can be used for staining amyloid B-

protein in microscopic specimens, for colorimetric
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to herein, "halogen" is intended to refer to fluorine,
chlorine, bromne, and iodine. [0029] The ring Ais a
five- or six-nenbered ring represented by the
followi ng structure: or N GJ or The conmpounds of the
present invention in which the ring Ais a
five-nmenbered ring are preferable in that they 33 have
id clearan nlth brain. [Q0301 X and Y
de%ﬁﬁ%b@ﬁaéﬁﬂ ¥, éfnéf ﬁ"lfjr Egé’r’fo(t@morlncﬁamql(?@slfrz fiag
, sulfur (9S) , .or N-CPH2P, 1 mhereln
quﬁnzéféhngn?@géPléfBOPFQtﬁlmmu§Hth@ 6%@#@& atipg) geunter.
of being 1. [00321 Gis Nor CH [00331 Jis S, O,
[08PR] or N &PHRERLiomRdrabavy,i §oafo rRbegéhief l@vie 4, and
with the preferable value of p being 1. [ 00 3 41
thg lakd RRaanebibhbepagdent ¥ -pelodetied acdomettre £ idnoup ar
consi sting of hydrogen and Cl-4al kyl. Preferable
tapgaap) esheteRs ahd RBvane ikpdrogernuand metteylhidR and
R2 may be the sane or different. [ 00 3 51 R3is
spsel éctedyf tonmaimbheogHopppeensiist.i nghetefbydr ogRs, inventive
hal ogen, OH, COOH, SO03H, NH2, N02, Cl-4alkyl, and
coppénitis WthuklefGH, @n¢ arbbylicheirng preferablea dildbes in
3 61 R4 and R5 may be the same or different, and are

whiBgdepgpdeny! y-seheet ed t-romuthhe <gr oup- q%n%lh%tllrngu%fgnosm
hydr ogen, hal ogen, OH, COOH, SO3H, NH2, NO2

beggréabgyéftQPGH¥5thangnQ“goulﬁabﬁyl%e@%ﬁreE%rtQ% gle, as

I's optronal Iy substitute I"ogen

g L Sand Bpciapetbeto e, e
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 thicflavin S cannot stain diffuse plagues. It is
believed that the deposition of amyloid B-protein (AR
protein}, which i1s the main component of senile plagues of
Alzheimer’s disease, takes place at a much earlier time (at
least 10 years earlier) than the disease develops (& dementia
symptom becomes appear), and the depositicn feature at this
early stage would be diffuse plaques. Therefcre, 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 prcvide clear staining
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substituents sel ected form hal ogen, OH COOH, SO3H,

NH2, NO2, Cl-4alkyl, and phenyl, with the proviso

that when mis 0 and when RL and R5, together, forma

benzene ring, the ring Ais not a benzene ring.

Preferable R4 and R5 are hydrogen, nethyl, 34 and

O-methyl or O-ethyl which is optionally substituted

Wt hal ogen. | so preferable that R4 and R5,
Oft%@EFHE? P éﬂﬁﬁsanaépge8ﬁ§FF§a§ﬁ it féd gﬁ Ay

as descri bed above. is also preferable that such a
draehnere ring is substltuted with OH [00371 Dis NH,

S, 0, or CH=CH 003B] Eis Nor CH [00391 mis an
[0PRPéger of TuSe BhewPrRSERE PRBENEAOPhAE CARERTERetO &

ring Ais a benzene ring, mis an integer of 2 to 4.
cofpo40t inni foansitateger efiy0otid #-prot4ln Thebrain samples,

preferable value of mis 1 to 3, and the preferable
thyatuepobinibs @omprisihg the inasetdfren coepogndot lwer

than 0, R3 substituent(s) may be present at any
phposateaniehlibeaccagtablwhiseh tt be substittueni(spf, and to a

is/are attached. When two or nore R3 substituents are
kipresentraiheyg BRy1bedt Repsaneier idi HrerentanQ@4Z] the kit

When a conpound has a doubl e bond between the two

coﬁp99§ln§05h ¢heeaRd vkl aBHp-SARET $ 1C M a®XlaTleutl SR, a

compound of the fornmul a 1 [00431 so included in'the
ac?éﬁ%QBHe'Q&EEtBQHSQE%a%%'E%er%%ft%% ¢REPUNAS, (Qfy 1t he
ormula |. Salts may be forme the nitrogen atom
ln§£e89§ E“”C§ﬁ°$ﬁé19£8Hp éh%PeéeSQ”EﬁUQHtlSB t8€a1s0
a case’ o onpound aving a
car y |c or ona roup, sal LS T8 be f .
dlB%Fgéé e engE s s edfrethidel? s Bas dartfs Prain

glude alts 35 wi th al kali ﬁls such as I|tQ|um
Sa@% ?Enl ﬁdeB SQSFSWPrlSlng emp oying an 1nventive

compound, or pharmaceutically acceptable salt or solvate
thereotf.
[0061] Further, as described abocve, it has turned out
that neural cytotoxicity is observed with amyloid pB-protein
taking (-sheet structures. Thus, the inventive compounds are
likely to become drugs for the treatment of a disease of
which the eticleogy or an eticlogy is assigned to proteins
themselves taking B-~sheet structures, such as Alzheimer’s
disease.
[0062] Therefore, the present invention prcvides:

a method for the treatment and/or prophylaxis of a
disease in which amyleid B-protein accumulates, which

comprises administering a compound c¢f the formula (I), or a




al kaline earth netals such as magnesi um cal ci um and

barium and others. In the case of a conpound of the

formula | having a hydroxyi group, conpounds in which

t he hydrogen atom of a hydroxyl group substituted

with nmetals such as sodium potassium or the like

are also included in the present invention. In

ddition, if there are conplexes fornmed between
Sa@BnﬁBuﬁagvéFetﬁgeFSP Mila | and netal salts (for

exanpl e, npl exes wth nmetal salts such as nagnesi um

chIoﬁlﬁétthoﬁOEhFﬁﬁl@éagﬁﬁélétﬁgré)dl§ﬁé§§ AEnpiNeEEs

are herein intended to be included in salts of the
angbApeufdBrefteinhacrymmipacs., Hhick §ﬂ@$€ﬂ@@&aqmﬁ%oy1ng a

when a salt of the conpound of the fornula | is used
cojmpovhd bédyhef farsubpedt, . such &addl ©rn sogvate thereof;

pharmaceutically acceptable salt. Pharmaceutically
andcceptabl e salts of the conmpounds of the fornula l

i nclude, for exanple, salts with halide ions such as

chl oukaepfbeoobngouaddoifodhae foandlaal(tts , wiotrth ametzdlts or

such as sodium potassium and calcium Such salts
solaktewthbirBoft heopr eaenproAvetioan o tAddicdmpalilton for the

sol vates of the conpounds of the formula | are al so

trk8ehuded bBoFH?lB&@%enbr HAKGALISER. -F0lValies dRClivdemich
hydrates hanol at es et hanol at es, anmoni ates, and

amyhglh'beprbkehﬁ QE%EﬁhQQk%sthat when a sol vate of the
conpound of the formula | is used in the body of a

[08HBj ect, SHEQ 2580l vatgnk Spagbbgrmacept | callys is the cause
Fe

accept abl e solvate. Pharmaceltica y acceptab

v
orsglvﬁggﬁb§g EnEEUde hxdﬁgtﬁ%breth%%ph%te%lz n%n%&herdlsease,
SpEci FEat i-on iMVenti Ve ¢ oung
conpound of the_ _pr ent |nvent|on IS |ntended to
DOWHcFuagnngEEpoaﬁﬁ 8£%Fﬁ§ formula | (it goes without
ﬁaghng that a conmpound of the formula ll is
[0 uded) , "3R85 s& t§u§thE6FWEF8§ttﬁ@FeSPmPOFéé&@Pslﬁre not
addition, the present invention also prOV|des
LiRoRBEuRE %FEhcééﬁrbebH§eéllﬁl§l§ B PERYLSGH oG especially

synthe5|2|n%
formulations for injection, are preferable. Such

formulations for injection can be infused directly into the
brain, or alternatively pharmaceutical compositicns 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 liguid formulations can be prepared in
methods well known in the art. Solutions can be prepared,
for example, by dissclving an inventive compound in an
appropriate carrier, water for injection, saline, Ringer’s

solution, or the like, sterilizing the scolution through a
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the conpound of the present invention, that is, the

conpound represented by the formula | or 11. Those

skilled in the art are able to design and synthesi ze

such a precursor with ease, based on the structure of

the inventive conmpound of interest. Alternatively,

such a precursor nmay be obtained by nodifying a

commerci al |y _avail abl e conpound Precursors of the
£1{ERpoaRAS N6 1EkE pRrESAE Liiventiien SEedidde S8 S?zlslt(ﬂaon into

precursor of BF-224), BF-226 (a _precursor of BF-227),
apBFOEEGat€aC§ﬂéé&ﬂ§éﬁ:oﬁOBFBZ@WpleBFW&?ﬂ%z?%nﬁﬂﬁﬂ%ﬁﬁ

of BF-252), BF- 253 (a precursor of BF-254), and
Sogthépys F@@mspamhégelprp@@adémesi amgl pmrertwﬂcy re-

| abel ed, preferably with radioactive |abels. In the
coggphtihesked of thcenpeppdsoirortPETartrhey .ar Euppefieiabby can be

| abel ed with 18F, and in the synthesis of conpounds
préparSRECTprweikhmib23l, . bhosteaxdiplieg B 223erBRE~v22 6 ompound,

BF- 251, and BF-253 may be | abeled w th 18F, whereas
foBFe24fpmay be kabeketewtibh 1231 n@046Ji AGCcerd nglan

the present invention provides: a precursor comnpound

sufs?én&fﬂbh@@ Zhng therganpeund @ n37 fiefund &drdler.
IT; the above-described precursor conpound sel ect ed

[Oﬁﬁgg‘the YhQURMGOASI ski RY-0f 1BE:223c BEn@20ndaBF1246.
BF- 251, and BF- 253; and the above-described precursor

adG9ARe @gepﬂggg Eﬁﬁlggekﬁg co&@gEﬁr%bl é%?é} 1@%ém'we1ght of

1231 or I ng position and rfetho see

th?hgg%ggkkonakﬁg%EQI ngggfbﬁﬁﬁe %n%ral?%'% l%ygﬁ(g 1 mg

mil a presen ention

Kk f d formla |

togdi B o TE4PGAPA Tt herRo ”m%.t@h o o |pc%ﬁoﬁreyfatboly £xom
| t h ferred t

5 BRoFe: 1o BB~ AR GEd 9Pvo SALH R PREDAR AT di%ddke T

ls|p0551ble to conduct treatment with such a dosage for a
specified period of time, followed by increasing or reducing
the dosage according tc the outcome.

[0066] Further, as described above, among the inventive
compounds, compounds represented by the formuls 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 neurcfibrillary tangles. Thus, the
present inventicn provides compounds of the formula II, or a
salt or solvate thereof, which can be used as probes for
imaging diagnosis of neurcfibrillary tangles.

[0067] Therefore, the present inventiocn provides:

a method for detecting or staining neurcfibrillary
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whi ch anyl oid p-protein accunul ates, as probes for the
i magi ng di agnosis of the disease in which anyloid
R-protein accunul ates. The inventive conpounds all ow
clear staining of senile plaques. As used herein, a
"di sease having accunulated AR' refers to a disease
whi ch has, as the major sign, deposition of AR

rotein {n the brain. D seases whose i agnosi
taﬁﬁgﬁsusWh@Cj&RCﬁF‘Bﬁéﬁﬁs eméﬁoyéé‘ﬁ!u I%e Cﬁ“ﬁ’@.‘fg’sd é CP{ Srmula
mar ker include Al zhei mer's di sease, Down's syndrone,
IlanBTofh&RsT POOASLVERS FEedeRdrnosins of a di sease in
whi ch anyloid f3- protein accunul ates, conpounds of
t he pFeseht ai APBAPIBA ®/Ai the havauleed 1. alal 6@ lar ©r solvate
general |y enpl oyed as probes. Labels 38 are
thergofesfent tbabpranves ioaf bifniat yoswestidrices feandatecting or
substrates, radionuclides, and others. |nmaging
stdiagngsnsuebfibrdildeaye temgdeisch anmyl oid P-protein
accunmul ates usually uses probes which have been
[Obabel ed wi thpradioautki despolhe ofnvest FvemtoBpadn&shich can
can be | abeled with a variety of radionuclides by
beMBip08geveEbrk RAWN def cbhte ol br Bk iIeXAPI, nehirdfildrillary
'S, "'l, and others are radionuclides which have been

talgedsf 95 ackeRgpthMencaad shave meRy | R1¥bLIBF_239, BF-240
applications. General requirenents for inaging

anQ'B909§SShaQEoggahagglg%%g%lEggt%h%bhﬂ$%f%¥ﬂﬂ¥é &diy1es.

[ ow mak |ng an “In vivo diagnosis, to cause

o@@ ge to &Eéloﬁfspﬁg'ékbﬁaeb88b8f”%ﬂe B%ave%g%

ave a sensl ection

Lf-1i h
mgggogf' "’%E E?ésar Fﬁ@ﬂpﬁwﬁﬁ S A S EI
di dt A d h
i BNy E e et By PO o8 g
th% utilizing y-ray displaying.a high sensitivity

nalaaéPﬁéabpﬁlﬁyC@Pfﬁﬁ@éﬁﬂgpgloﬂlésﬁﬁ@vepé&ferably as
tonography (SPECT) with y-ray emtting nuclides. O
Prefgm fPET1tRhilBROdegedfiggnosis which are labeled with

radiation emitting nuclide. Furthermore, the compounds of
the present invention are effective for treatment and/or
preophylaxis 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 cf a
conformational disease;

a composition or kit for the imaging diagnosis of a
cenformational disease, comprising a compound of the formula
I or II, or a salt or sclvate therecof;

a pharmaceutical composition for the prophylaxis and/or
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two y-rays emtting in opposite directions froma
positron emtting nuclide by neans of sinultaneous
counting with a pair of detectors, provides
informati on which is superior in resolution and
quantification and thus is preferable. For SPECT, an
i nventive conpound can be | abeled with a y-ray
emtting nuclide, such . as %9'Tc, “In, 6 7, Ga , 2
tr@??W?nizég,a1§§RéOFm§§lQH& oPHEFE SCaofPEPEng 1183 31 GFwpound
often used_for SPECT. For PET, an inventive conpound
ofchRepéorBbefed @it Bla F&sPt PHRTERICENt G it A gertae salt
as 11 C, 3N, 150 18F, 62Cu, 68Ga, 76Br, and others.
orCopopyst-er 6hearRPt PRg AuPhPEESCeRTl CRINY aFFeESGare carrier;
preferable, wth 18F being particularly preferable,
f rongt methpdwpornthef dikgeeadsanfappropiicgn@tional disease,
half-1ife, the ease of labeling, and the |ike. The
whpoli tbopratseshiecblagingyentionpotonpoundhes fdrabdleed or 1T,
with a radioactive nuclide, for exanple, a radiation
orefl bhapgabdckidaldychcagpaapie saQn @r Wwolawytemthdmgt;
nuclide, or the like can be any position in the
formika br aAbbeRpBahbvekyrha Hydmagen rabemran thea
benzene ring of an inventive conpound may be
phavRsbEhut ed1 Mt Bcdepadboackiave oRUGLIdRteUEhed®, for the
positron or y-ray emtting nuclide. Although the
diRgsbbiencef o aBgkbrgathencampauadQf, the formila |
can be any position as descri bed above, |abeling may
prefer e reiped - vi..g /. or
The ToReryr r g 5ot ReCBBAatAg. BIR T Spersg e o
farmul a are al.so _included.in.the

cQ ou?ds 05 t.he
co h s administering to a
BFeSBAE *PRIENHT 5R2EBor "PaLEmPEPTARES AT AVETTive 2

0 und i s | abel e Lth _18F, _an posi_tion of the
SuépgggcﬁaFﬂmﬁﬁyngeO%a%%ﬁeéoﬁppﬂaléFProiIa “Hydr ogen on
t he ringlnaﬁ be substituted with 18F. Addi&%gpal_y, a
PhAYHRGEEREBNt Xi AEHSPRAANY 6f 1R1 Offo SRS Vaftsr © 7g,and
may be substituted with 18F or the_like. [0049] In
genek&f, ot heseonperndes fakecgérerstéd lofraf i, °r 2

i nstrunment ternmed cyclotron or generator. Those
chakipredtigally acceptable salt or solvate thereof, for the

prophylaxis and/or treatment of a conformational disease.
[0070] 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 sclercsis, Down’s syndrome, progressive
supranuclear palsy, Pick’s disease, FTDP-17 {Frontotemporal
Dementia and Parkinsonism Linked to Chromosome 17), LNTD

(Limkic Neurofibrillary Tangle Dementia), sudanophilic
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40 the art can select nethods and instrunents for
production, depending upon nuclides to be produced.
Nucl i des thus produced can be used to | abel the
i nventive conpounds. [0050] Methods for producing
| abel ed conmpounds, which have been | abeled with these
radi onuclides, are well known in the art. Typica
nmet hods i ncl ude chem cal synthesis, isotope
LepkeAARGFRG Yand il ed fn BRESCP a5 TYe e S965 O TS cal
sgnthesis grocesses have been traditionally and
[Ofi/dél y enpTbgedompadndgr efesbenpirgskyitt haveard ogs can be
usual chemi cal synthesis processes, except that
synabiesacedvé romakniony materiials,afeor gsedplvar icumgrercially
nucl i des are introduced into conpounds by these
avehenbtal mptecesdes. blysekdpe kexehangithgdw.oc8ases akelled in
processes by which "H"S, "'I, or the |like contained
thenaat eespabld @b secSiwpl &tsirfuelguhe e italansdref r8fhthesis
into one of a nore conplex structure, thereby
me@hbakNi Bg appespetndct hatpbasii nkeem ltahelied MMddy td@pound
nucl i de and possess the nore conplex structure.

orBtasypt-heshs E!EQ%%_%%%%.ar@h@r98§§§§§n$}’ YWB¢Re8 examples of
conpound | abeled wth "C, "S, or the |Ee IS given to

tneeklarnsdeh as EE&bBQE@%”B%F%g%OPQ%%QH%i%ﬁﬁﬁ$tion, BF-185,

met abolites having the nucli ntroducet ereln.
srl 1] W respe t ogt-he Sl-abeld_ng -positign, _
s?%?fa??iﬁggé %gugﬁ4éyﬁﬁhggéé,%g;%%ﬁétﬁgtégﬁgnégm%§ﬁ1228'
be designed, depending upon the purpose, so that a
| abel can be introduced at a desired position. Such
L gning |.s I1.kno 0 0 skilled in the art.
[Og§§E0052] é%%ﬁﬁ%F?FiQ%ﬂE%bﬁégtigﬂ)enitting nucl i des,
such as 11 C, 13N, 150, and 18F, which have relatively
short half lives, for exanple, 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 turnis used to



| abel a desired conpound at its desired position by
any of the above-described nethods, foll owed by
carrying out immediately diagnosis, examni nation,
treatnment, or the like. [0053] These nethods wel |
known to those skilled in art enable one to carry out
| abel ing by introducing a desired nuclide into an

i nventive conpound at its desired position. [0054]

Tg% i nventi ve conpound whikh has beeswkabel ed q‘ﬁa
a 5t er ed 18“&@1 gct Sod” |y or_ysten Besl é
COOEt

Rout &S "Co@sit awmionrstrati on i codet rHAttmader mal |
i ntrdperitonealss intravenows, intrawarterial 3
i njections or infusions, injections or infusions into

the spinal fluid, and others, and can be selected,
degendi ng upon factors such as the disease type,
nwquHl de used, Eorrpound usedwnd;he condi t Men of the
Fect> th@csrg\, be—examred> andsoel’ The site
tB* &"exam ned C¢an g'é i NUBSkitgatatt Wi t h sisuch as
PETs* SPECT, or4the |ike by adm nisteringsan inventive
probe, followed by the el &3%& of a sufficient tine to
allowits Rinding to anyloid p-protein and decay.
These proce@ures can be selected as ahp(proprl ate,

ae din Porr-foget or s as | Sease M
Bocl'\‘u%iﬁd@*CgEtd)4 “&%U@&ad T “or?“irﬁy The > "

subj ect, tHéFrs'ﬁ”‘fﬂé to be exanj ned, an?ﬂoé‘f"hers [ Q055]

The® dose of &ff*i nventive conpound whi®®h has been

| abel ed with a radionuclide varies, dependi ng upon the
e type, nuclide used, conpound used, the age

Py 8bealgnt con@i L on, af d gendq;nAgpfaphghe 5 t he Me
-degree—ot Bohw @--- N site tao,be eef dN-Boc
2pt;ms In particular, H | TGiF 8M?t s ar e has to be
about exposufe doses to a subj ect. For %exanpl e,

t het3anpgaht of radi oactivity of amé%inventive conpound
| abeled with a positron emtting nuclide, such as
1 C 13N, 150, and 18F, usually ranges from3.7

rre&ag%gﬁuer el sN\to/S./7 gi gabecquerel s, and preferably
CH,Cl, 5°C 1h : ON\/\Q_NHMQ

1
y.68% 0

Synthesis of 2:

To tetrahydrofuran (10 ml) were added 1 (5 g, 30 mmol)
and (Bog)2C (9.9 g, 45 mmol), and the mixture was stirred at
60°C 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.: 149-151°C
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megabecquerel s to 740 negabecquerels. [0056] The
present invention also provides a conposition for the
i magi ng di agnosis of a disease in which anyloid R
protein accunul ates, the conposition conprising an
i nventive conpound. The conposition of the present
i nvention conprises an inventive conpound and a
harnaceutlcally acceptable carrier. Preferably, the
SYPEU%ﬁﬂﬁv@ carpound in the conposition is |abeled.
Al though a variety of labeling nethods is p033|ble as
descwngea abor&gdonabémesghwireh ar adilevideon ¢ds L i®@-° ¢, 11
particul ar, positron emtting nuclides such as 11C,
mmg 3N, 1ms©etraﬁyda@du@"tahler§)0 ims ) dessisr atsiod efdorcd mahi“¥e to
i mage- di agnosi s applications. It is preferable from
whi hbi potpasposes -bhaoxtikie f(dr.m of, tie mMmplenttiaterahydrofuran
conpositions is one allowi ng injection or infusion.
{1Thal ef ore, aphatimaceptiical loye43 14c cephallse acar riteyr sniatteire
preferably liquid and include, but not limting to,
wad(Ueousegobvenhs suahk asmpetrassiremfiogphatge . buhkekeaction
saline, Ringer's solution, and distillated water, or

miReNradyeaugasakwents -sueh, a§othY§hh¥|@B@ughMﬁobﬁ,methyl
vegetable oils, ethanol, glycerin, dinethyl

io?ﬁéhé‘”ﬁbd%rf and |qr %be'l?n%n Qg)ﬁci%lhsjdr%rra%t' @ PMh1) was added

or mul at i on~of carrier an i nventive conpound

d St
o:63008 Bk Ee%&géﬁggf%?lgéé?lecﬁ%ﬁ&%' 8, SR peen -
2045120 yﬁégﬂgggmgég 592 900 1 Loyt he s {%9@%@%
t th t II-
woSRE REGPoBrars EPor éxg%élc NS ADARKIN o qrganic
anest hetics (for exa procai ne hydrochlo

aM?BuliaFnéeH%PGEﬁH ort % Oéﬁén}‘? Barﬁérgaefaﬁsksgawﬂ:@,
Tris-HCL buffer, HEPES buffer, etc(%, osnor egul atory
saggspted( paHCERENPREL grdesden eacbidtdied sgaicimhe solvent
chloride, etc.), and the like. [0057] Further, the
wapr e¥aRPTRATENTRORLEEGY ded 3a ki) fer 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 tc 50°C, to which methancl (18 ml, 4490
mmcl) was added dropwise over 1 hour. The reacticn solution
was cooled on ice, acetone (22 ml) was added to the reacticn
dropwise over 5 minutes, and the mixture was stirred at the
same temperature for 30 minutes. The solvent of the reaction

soclution was evaporated under reduced pressure. To the
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t he i magi ng di agnosis of a disease in which anyloid
p-protein accunul ates, the kit conprising an
i nventive conpound as the essential ingredient.
Usual Iy, the kit is a package in which each of the
conponents such as an inventive conpound, solvent for
dissolving it, buffer osnor egul at ory agent,
ant.i m crobi al oca %nesthetlc and the like a
reﬁé@k@g&&”s@ﬁ‘&?&t &It;“yu P& SFESFe & & At GiHtraidtist s,the‘orOrganlc
some of the conponents are packaged together into
laV§§p§€§|@@pééﬁﬁﬁﬁner?he4@r$ﬁ§1Fn&§ﬁﬁﬁv§a@oﬁﬁ®mﬁﬁlﬁ%ﬁh water,
be unl abel ed or | abel ed. When not | abel ed, the
satpyaRery e ceerpeu g Céan cBa tighe lbad qﬂﬁqﬂ-tahaséplvsyt was
usual nethods as descri bed above. In addition, the
evhpeeatiede eorpoordreeydoe presentred lied $ol isd,lisisctyeds column
| yophi li zed powder, or in solutions in appropriate
chsoheéntgsaph$ol(eénts nmaygcheenitm Irahekanearatngrls ddsethtdan = 4:1
t he above- nentioned inventive conpositions.
toConponent gisuch a$.8 ghubben, aanocasnoregul atory agent,
an antimcrobial, a local anesthetic, and the I|ike,
Apalsgsmay zbezsemmaru, 9+t hose used in the
above-nentioned inventive conpositions. Wile
containers can be selected as appropriate, they may be
of shapes suitable for carrying out the introduction
SyQEh@sh@bSE gh.nto an inventive conpound, or of
['ight-shieltding materials, depending upon the nature

of P?HDQUEQ§ut95 t@k 2f9r§2n ﬁ? ﬁzrlﬁaﬁlnlg ene. chloride

syringes, so as o—b con a ration

0 tients e_kit na al.so ¢ ,

épp? pr%at%ddepooﬁsgﬁgg 33%9XF§ 3' ngsié5 fgied) . and the

l e , i nfusi on set, or_ ap t us for

niEEETR, Ty P FRER, o nooR ThENORFE CLaarry s S

initr ctions attached thereto. [0058] Further,
TR FyBS EBRuBAAAYSREy 6 BFGRERL PER . SPCbithd: g 1 Erate was

specifically to anyloid P-protein, and thus can be

CO%F@BtH§E8d Faﬁeéxaﬁﬁpéedfﬁﬁe§ﬁa¢ﬁungTaﬁdraaaﬂvﬁfyaﬁg

loid P-proteinin vitrowith or without |abeling.
pupb l@Qahﬁ|§lllca 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+NH; )"

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 zeclite A-4 beads (8
g), and lithium hydroxide monchydrate (0.4 g, 9.6 mmol), and

the mixture was heated under reflux focr 18 hours. The
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the i nventive conpounds can be used for staining
anyloid P- protein in mcroscopic specinens, for
colorimetric 45 determ nation of anyloid P-protein in
sanples, or for quantifying anyloid P-protein using a
scintillation counter. [0059] As nentioned above,
Cbngo red, thioflavin S, and the |like stain both
lLoid P-protein and neurofibrillary tangles
regh t83s SPhE AP HESY £9Cd 750 PRd s AFaisichi igH tagiset it g usp
to anyloid P-protein. Therefore, the inventive
Ceddhipounds aPe GaefaRLel R seramsiest e igias kduced
di seases in which anyloid P-protein accunul ates, or
Pregsule r E®a@h©sr@8i@@$oW@r@raéﬁ?ére@éaﬂhﬁcéﬁét@oamd water,
be useful, for exanple, as agents for staining senile
angl ageesrgantibe lbyairn vefs sAlpzireitmetr.’ sTdeseagenpat ilayes. was
Staining brain sections with the inventive conmpounds
waehndbeicar whedroukatnraseal asmetchads Nadln saddittiicon, and dried.
many conventional conpounds such as Congo red and
Ththieflkanknwascanagbretad) dinkf use plaadurs Wds ifurified by
bel i eved that the deposition of anyloid P-protein (AP

siPiekelR), cwhiah bﬁrbﬁgt6§k%p%@”n%n%whd§ SENIdR ;. n-
pl agués of Al zheiner's di sease, takes place at a nuch

heﬁéhle' ernihmceattol eagt 110 yeans,Laf liern) 4 handihes o11.
di sease devel ops (a denentia synpr0n1becones appear)

cxgOiya doeesssi oo icatpigyal (hs early stage ioul

aques ore early detection of

SR BT e L

catlon/ i‘agnosi s of Al zheiner's disease. In
that respect, the conpounds of the present invention
are extrenmely wuseful also in an early
|dent|f|c tiion/ di agnosis of Al zheiner's disease,
SYpERgaLE P% Q,can provi de clear staining 46 of diffuse

pl aques, as_denonstrated in the exanples and
dr awfAge. SpOBEOENTRUS 1 -£hd8 pPedeAmoiliy dft isghanel (10 ml)

directed to a . _ .
was ccoled on ice, to which a 4N solution of sodium hydroxide

(2 ml, 8 mmel) was added, and the mixture was stirred at room
temperature for 3 hcurs. The solvent of the reaction
solution was evapcrated under reduced pressure, and 40 ml of
water was added to dissolve the residue, followed by washing
with 40 ml of diethyl ether. The agueous 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.: 172-174°C, IR (Nujol) 2566, 1709, 1679 cm *
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conposition for staining anyloid P-protein in brain
sanples, the conposition conprising an inventive
compound, or pharnaceutically acceptable salt or
solvate thereof, and to a kit for staining anyloid
P-protein in brain sanples, the kit conprising an
i nventive conpound, or pharnmaceutically acceptable
salt or solvate thereof as the essential ingredient.
APCR-MEdYEon30€hdMpHdsent invention is also directed
to a nethod for staining anyloid P-protein in brain
sanpl es, the nmethod conprising enploying an inventive
conmpound, or pharmaceutically acceptable salt or
Syaoheate cfhéreof. [00611 Further, as described above,
it has turned out that neural cytotoxicity is
obseryed whthtaoyl gi doP7pratei2n s makilng in sheetthyl
structures. Thus, the inventive conpounds are likely

sul @chegeme1dr s Leket hedeeatstemc10f(0a 54 sgase Wfmmol) and
whi ch the etiology or an etiology is assigned to

HOBRO 8l BSg, t hepsehyes t aking - $hest 81 rie WS reHGEt room
zhelner s disease. [00621 Therefore, the present

tehp EEFQQ EBQVﬁ@eﬁquSHEtﬂogoﬁ El%He ofr eatpentandLar (o, 83

axi s of I'sease in anyl oi P-proteln

g,agcss' Hh 245 fputlf AT S5 RAT (U ST WS AERIpaUndne

or so vate t hereof

d f he _di whi
Fedmyel R ot Bim Sed o atdl SR Lt Gdb Corperatuze
ound of .the

I f |
fO’“gEng'arr]gher% %nﬂeﬁgElBF g0 BﬁﬁBHnH%F Pﬂeeﬁigﬁﬁwﬁr

(1), or a salt or solvate t hereof, for the production
acgtahecaipodptean PO (the nSEacerd@ysd oy IsBRagatgd- The

di agnosis of a disease in which anyloid 13-protein
orgeaupullaves. was washed with water, ‘saturatec agqueous NaCl

solution, and dried. The sclvent 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 cof 9:

To a solution 8 (0.98 g, 2.5 mmel) in tetrahydrecfuran
(20 ml} were added diisopropyl azodicarboxylate (0.60 g, 3.C
mmol) and triphenylphosphine (0.78 g, 3.0 mmel), and the
mixture was stirred at 60°C for 5 hours. The sclvent of the
reaction solution was evapcorated under reduced pressure, and

the residue was purified by silica-gel column chromatography



[0063] Diseases in which R-sheet structures is the

cause or a possible cause include, for exanple,

Al zhei ner's di sease, Down's syndrone, and others.

[ 0064] Forms of such pharmaceutical conpositions are

not Ilimted in particular, but liquid fornul ati ons,

especially fornmulations for injection, are

Ereferable Such formulations for injection can be

Bt dsedsailvestl:y nraeganigs ethydi aceseta rerkbutli Vi@l o:1) - The

phar maceuti cal conpositions as described above can be
refolhihgt edyboea lisnweaeenees vistjadgtiizen forormdethivandicetate/n-

adm ni stered, since the inventive conpounds have high
hepenpeabi biitvyg Bhri6ugh the 8BlIk0od-sbcaiamdsararyert,a las shown

in Exanple 3. Such liquid formul ati ons can be prepared
m.pn: meBhadg *wel ITrkrow ciln tis 4ar t.62Solaat’ifons can be

prepared, for exanple, by dissolving an inventive
APCORRGURAdzi:N3an [appnopriate 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

g ﬁgggg@glgkelgontalners for exanple, vials or anpul es.
y Sol utions atso can be |yophilized and when used, re-

t t
CO”S% EH%§E5§®e§ ?EOQEPrEgE:g %g%%r[gﬁ{ e%%ﬁﬂ%%%‘%%iorlde

ny t|ve [Sefayale) nd, .far exanpl.e 2, ure t
15 E? Pge 24 HE ﬁﬁeﬁ %Sug%éngl%él&ﬁ% oaceé{c acid (2.5
ter|I| sus g UId carrier,. The
m1§ 865t SBRCEne PV U6 XEoitollade 0 BES BmiTie A
depends on the condltlon gender, age, ht of the
teBHFFéﬁPreaﬁartHe Phke, Lha FﬁaﬁEh@PaPOPHE¢g§ FE§nPEuFed
, preferably from1l to 100 , hore
lnépeﬁeﬂ8%|9qpﬁgﬁﬁ §oﬁgtﬂ@n5@f' ﬁ@ﬁlﬁngQﬁbQQﬁﬂq (50 ml},
humans wei ghing 70 kg. It is p055|ble to conduct
andr &t mERE Woth Sswéhu&cdosabéteor thatspéli Piledfperhyd
of tinme, followed by increasing or reducing the
acdbsagevwascerddieny eoct fideoutrgemec 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.: 143-144°C, IR (Nujol)} 3330, 3292, 1583 cm *

APCI-MS m/z: 277 [M+H1'

00731 Synthesis of BF-196 (13)

N
N N 7\ N
2 + OHC_{?] —_— E:j:s /I
- e, A d

1 12

NMEZ
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[ 0066] Further, as described above, anong the

i nventive conpounds, conpounds represented by the
formula Il, or a salt or solvate thereof have high
specificity to tau protein and can be used as probes
recogni zing neurofibrillary tangles, or as agents for
staining neurofibrillary tangles. Thus, the present

i nventi on proyi.des conpou of the formula Il, or. a
ot 15 So PR e STnerodt. MicRear o Mok agls oleatd30 m,
fgr I magi ng di agnosis of neurofibrillary taqghes. ,
2-'80BFPLThévetsrs 1 2ere Dy ddént! itfréitiich Hiidi Hesinadimethyl
met hod for detecting or staining neurofibrillary 49
suL ARgHES, (whidh eespridsest enpiloyi g " ool oflyhion of
formula 11, or a salt or solvate thereof; and use of
sogigonpadad=éfiet He -Pormdul-a wilth @tigalingr aolnerre temperature,
thereof, for the production of a conposition for
andetéet migtore sta sitig neeurdf idodn |tampdrangles . f¢0068 our.
A preferabl e conpound of the fornmula Il which can be
Waerpl eged atioedt he detktectizan ion Stodiuting: ,0fwhich was stirred
neurofibrillary tangles as described above is BF-221.
atArsom BEmp32atBr=240r anmd Bmdes .havechightatlkectvavict y
to neurofibrillary tangles. [00691 In addition, the

cotorpeunds yof it e spreseRhd MeeMdON:i thalatess. cofpawnds
represented by the formula | or 1Il, or a salt or

criekyatether eQf-canbe sused 1as rehes iy oHtein 13 (554 mg,
di agnosis of a conformational disease, preferably as

7oRfobes £8R St 84 argihng di agnosis which are | abel ed
mPt% ag?gtioﬁ&enitting nucl i de. Furthernore, the

B Rt ARG7bt - Thr oA %k S TBP 68 daftor tac| oo S /7

28§iig§§ﬁ+ Therefore, the present invention provides: a
onpound of the formula I or Il, or a salt or solvate
thereof, which is used as a probe the diagnosis of a

conformati onal disease;

1) Beoga, C., Vecchio, . D., Forlani, L., Todesco, P. E.; J.
Organomet. Chem., 2000, 601, 233. and
Sawhney, 1., Wilson, J. R. H.; J. Chem. Soc. Perkin Trans.

1, 1%%0, 329.

(00747 Synthesis of BF-197 (15)

N

N N @:\ /"N

y— + OHC—(’\ | — o a

go SJ\rxzwne2 18 5
14 12

To a solution of 14 (426 mg, 3.20 mmcl) and 12 (500 mg,

3.20 mmol) synthesized by the literature method' in dimethyl

sulfoxide (3 ml) was added a 50% (w/w) agueous soliution of




a conposition or kit for the imaging diagnosis of a
conformati onal disease, conprising a conmpound of the
formula | or Il, or a salt or solvate thereof; a
pharmaceuti cal conposition for the prophylaxis and/ or
50 treatnment of a conformational disease, conprising a

conpound of the formula | or Il, or a
har utic y agce table salt , or solvate t her eof
SO ﬁb‘m gharia @utl c F&EL Jac & 5% M9 erat & RSt Hogrperature,

for the di agnosi s of a conformati onal disease, _which
an@oﬁﬁ?|@é§téﬁﬁl&?ﬁn&térééﬁbéﬂhd“¥$“tqﬁmHQﬁQﬁH%?I oF }hour.

or a pharmaceutically acceptable salt or solvate
WatRer WoF; adsledoftog thenpeded iom t3vd Ytokratul &vhiddy Was sfyirred

a pharmaceutically acceptable salt or solvate
att hepmotemperathee dicagAdsins roft e .coRfrechptitafals were

di sease; a nethod for the prophylaxis and/ or treatnent
cobfieatedoblorfiitirandlondiasease,shahd ch homatieses followed by

adm nistering to a subject a conpound of the fornula
driyiaty Lhdeer raduphkar paeeutireal | yradeeptrgblalsakerer

sol vate thereof; and use of a conpound of the formula
rebrogthlllieedainpbanamegutticc Pty iaccept @il e rgpl te1or) as

sol vate thereof, for the prophylaxis and/or treatnent
yegﬁoa @Qggggqgtlonal di sease. [00701 Conformationa

di sease include Al zheinmer's disease (senile plaques,
eur gf4-brj ¢y tangl £ qdy ;| di;sease

- Earkﬁﬁ%gn géﬁl%eagg' ﬁﬁ%&Of-r%ﬁgs dléggségﬁspinaFCI %ﬁ m/z:
27§ulggﬁ ruscul ar at rophy, dentatorubral-pall|doluyS|an

atrophy, spinocerebell ar degenerati on, Machado-Joseph

di sease, amyotrophic lateral sclerosis, Down's

syndrone progressive supranuclear pal sy, Pick's

d T F t t
PEPRPAS b ST 11 Chr OMBSONE17) L LNFBISCES e B -

hburoflbrlllary Tan%le Denentla) sudanophlllc 51
OrpauReayst FoRy s &Myl 0|§Oéng@§§atﬁ¢d-and ot hers.

Sawhney, I., Wilscon, J. R. H.; J. Chem. Scc. Perkin Trans.

1, 1980, 329,

[0075] Synthesis of BF-214 (18)
N
N LDA \ N
j[o‘%——-—_., Iow——)fo‘\/w
e y HO  S7“NMe, s
OHC-*ftﬂ\ 17 18 %
ST NMe,

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 -60°C or lower, and the temperature was
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[00711 The conpounds of the present invention can be
synt hesi zed from known nmaterials, for exanple,
cormmercially available materials, by well-known

met hods. Those skilled in the art are able to sel ect
starting materials and synthesis nethods, as
appropri ate, depending on the intended conpound of

tpe esent, i nventign. The foll ow rovi des_ex es
Trinallg PneRRe e OF Coonpitts® of° RE i egbnto (0~ B2 R,

invention, BF-185 BF- 196, BF-197, BF-214, BF-225,.
4.gg.3m9l) gEnp it rahydgetingn [(Gordy S Hekled giragpiisgs at -

(10) 52 H NI NaBH4 MCH THE 50C 1 h y.95% Me ,Boc-N
7050 B8he'WRr Bog'N ThE RéKFuke 18RSy sS850 eRWSE. HEP"C HEBT 1

DMF it overnight Me s Boc-N 2) H2ZN HO it 3h (BCC) 20
hour. At the same temperature, a solution of 12 (600 mg,
3.84 mmcl) 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 0°C
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 chreomatography (eluting sclvent: 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.: 107~112°C, IR (Nujol) 3150, 1649, 1578 cm ', 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., Wilscn, J. R, H.; J. Chem. Scc. Perkin Trans.

1, 1990, 329.

Synthesis of 18:
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Boc NY i Mel Boc N COOEt THE 60C 15h "z% COOEt THE e 1
h4 M HBUXK2 OHLIOHH0 9 (EEO2'" P - 000Et HO
y.quant. CF3COOH CH2CI2 5C 1 h vy.68% Me Boc-N O -N
HO 8 y.quant. 3 M@ Boc NI 4N NaOH COCEt - EtCH it 3h
y.82% 6 DI AD PPh3 THE 60C 5h y. 86%

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 chleoride {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.: 164~166°C, IR {(Nujol) 1623, 1573, 1549 cm™ ', APCI-MS

m/z: 250 [M+H]™

(CG76] Synthesis of BF-225 (19)
NH N
Qo oo, — QO
OH ST NMe, O 37 NMe,
12 19

12 (640 mg, 4.1 mmol) synthesized by the literature
method' and Z2-aminophencl {469 mg, 4.3 mmol} were stirred
without solvent for 2 hour at an external temperature of
150°C. 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 100°C for
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O NHWe 10 9 7 COOEt COOH Synthesis of 2: To
tetrahydrofuran (10 m) were added 1 (5 g, 30 mmol)
and (Boc)20 (9.9 g, 45 nmol), and the m xture was
stirred at 60C for 15 hours. The sol vent of the
reaction solution was evaporated under reduced
pressure. The resulting crystals were recrystallized
fromethyl acetate/n-hexane to give 2 (7 , 88% as
1 &6mgr egé ecF§afhren ﬁpéutlmgmﬁléum@@t@m@oz hjct
overnight y.95%5 CHO Me Boc-N 53 Synthesis of 3:
fidkgerign &hgomcdt fmssphare whel Solwas o e 2t wprm
nol ) in tetrahydrofuran (30 mM) was cooled to -60C
tetgahwiirelt ysatnassThm fibotrexkedoagl cbngentIated under reduced
mol )/tetrahydrofuran (10 m) was added dropw se over
pressmreut eShandeshdus xtdr purwds eslt brr ed ldtcat-he 1s and umn
tenperature for 1 hour. The reaction mxture was
chwakBedgt-a ph20CGe 1he iwWhi &l 1850 :utd 1oy 0fa et vl - ndroshi e =
(2.37 g, 17 mmol) in tetrahydrofuran (10 m) was added

4 /@1 QPWoS € o I by @d@ﬂyﬁiéﬂriiéﬁidﬂ>@d”é%¢%¥5éﬁéﬂéﬁ%?n hexane
between - 20C and roomtenperature for 1 hour. Ethyl

todgelat @oands2 mg, 35%) as crystals.
m.p.: 160~161°C, IR (Nujocl) 1625, 1565 cm ®, APCI-MS m/z:

246 [M+H]”

1} Boga, C., Vecchio, E. D., Forlani, L., Todesco, P. E.; J.
Organomet. Chem., 2000, &01, 2323. and
Sawhney, I., Wilson, J. R. H.; J. Chem. Soc. Perkin Trans.

1, 1990, 3265.

[0077] Synthesis of BF-227 (24)
T \ Oy
—_—
HOJ[:j:d>_ MOMO 5>— n  MoMo Ozz ng
20 21 OHC /,ﬂ\ NMe;,
127 'NMe,

N N
g oo I
OH
23 NMe; S

24 NMe,

Synthesis of 21:
20 (14.7 g, 98 mmol) synthesized by the literature
method®’ was dissolved in dimethylformamide (80 ml). To this

soiution, 60% sodium hydride (4.7 g, 118 mmol) was added in
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wat er were added to the reaction solution and the
organic |ayer was separated. The organic | ayer was
washed with saturated aqueous NaCd solution and
dried, and the solvent was evaporated to obtain 3
(3.1 g) as oil, which was used in the next step
W t hout further purification. Synthesis of 4. To a
solution of 3 (3.1 g, 11 mmol) in tetrahydrofuran (10
PORLY Ofidis YadBe §osedngmiBoris Mydricdestiarzing, Brol mfsin |
and the m xture was heated to 50C, to which nethano
chiegompthgaomepholl) evhsraddéd (dcopviZde mover) Warowddethe
reaction solution was cooled on ice, acetone (22 m)
dropwiaddedntio thke migdotricowa sdsgpwirsel arerrdemitmmres,ature for
and the m xture was stirred at the sane tenperature
2 hour80 ntemld esatdhewssl sentdof ot heer eaattdon sollutien,
was evaporated under reduced pressure. To the 54
whieRi dde wereaaddadwethylktacet aterand warpe, cafdathewas
organic |ayer was separated. The organic | ayer was

wa¥Behed i wht Ravakebnd sRtuGat adPRWROUS NG SQldUldRporated
and dried. The solvent was evaporated, and the

unkesi ddgyvas EQEEEB?@,byTﬁélkééiggé ﬁgguaﬂsti%led under
chromat ography (el uting solvent: n-hexane: et hyl

re%}%%&_a}\grﬁfét;ﬂ:gsgg[ éﬁﬁzﬁm]&% g{}\ée 4026229 O%13519ds 011

nthesi's of '5: To a
sol on 4

I-on 2.1 mol ) i n_met hyl chlorid 25 .
b'ﬁf)%%ﬁk a d:nﬂﬁagﬁggé d&%x#%%a%g.é%g% ignnnbl§?cgﬁgs m/z:
19%h?M+Hﬁxture was stirred at roomtenperature for 18

ours.”” Insoluble materials were filtered off, and the
filtrate was concentrated under reduced pressure. The
residue was purified by silica-gel colum
chronatography (eluting _solvent: n-hexane: ethyl
2) aeethie =-4: KpYepagi Ve 51n59gkiondy ; Synghesigpclofe, 68.
mz: 253 [ MENH4] +

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 sclution, a 50% (w/w)
aqueous solution of scdium hydroxide (6.0 ml} was added at
rocm temperature while stirring, and the mixture was stirred
at room temperature for 18 hours. Saturated agqueocus ammonium
chloride solution and water were added to the reactien
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,
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Synthesis of 6: To a solution 5 (1.5 g, 6.4 nmmol) in
tetrahydrofuran (10 m) were added tri et hyl
4- phosphonocrotonate (2.4 g, 9.6
mol )/tetrahydrofuran (2 m ), synthetic zeolite A-4
beads (8 g), and l|ithium hydroxi de nonohydrate (0.4
g, 9.6 mol ), and the m xture was heated under refl ux
74;gr 18 hours. Thet5 reaction sol ution was cool ed on
Pee?andFiPferddSirSugh Celite, and the filtrate was
concentrated_under reduced pressure. To the residue
m.-Rere dddedleshgr ddet dieiahd water, 1nd tRe or §RAICMS m/z:
| ayer was separated. The organic |ayer was washed
33¢i (MWt er, saturated aqueous NaCl sol ution, and
dried. The solvent was evaporated, and the residue
was purified by silica-gel column chromat ography
(eluting solvent: n- hexane:ethyl acetate = 6:1) to
1)gPega6 (CL.,8 Grc@5%), as- okl Forlani, L., Todesco, P. E.; J.
| R(Neat ) 2977, 2932, 1703, 1625cm 1 APCI - M5 nl z: 349
Orpimiiddl'. Syethesiz®90df, £01To Zz&3solartd on 6 (1.8 g, 5.4
nmmol) in ethanol (10 mM) was cooled on ice, to which
a gENrsad it i on, ofii sesh unT hyH( oKi. deJ. ( Zhetky,. odw|PDem@is Trans.
added, and the m xture was stirred at room
1,tenmper atsunwe for 3 hours. The sol vent of the reaction
sol uti on was evaporated under reduced pressure, and 40
m of water was added to dissolve the residue,
foll owed by washing with 40 m of diethyl ether. The
syRAUeays l.ayer; .was adjusted to a pHof 4 to 5 with 5%
citric acid—The resulting solids were collected by
filteati.Qn h W t ter, and dri r.
redu§2db%rgsgﬁﬁgsq?ﬁeogopgdg Wé%e Kegf$§t§ﬁpﬁ§e&j¥rom
e | acetate/n-hexane to obtain. 7 .(1.3 82% as. .
01 SR T EEANE > g, ¥y S R R P e e (175
ml}7%%bp%§é% %qkhlc%%ling 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 scdium hydrogencarbonate sclution, 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.: 263~264°C, IR (Nujol) 1625, 1575 cm !, APCI-MS m/z:

288 [M+H]T
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APCl - M5 nfz: 302 [MH Synthesis of 8. To a solution 7
(0.77 g, 2.5 mol) in dinethyl sulfoxide (15 mM) were
added WSCHC1 (0.59 g, 3.0 mvl) and HOBT (0.4 g, 3.0
mol ), and the m xture was stirred at room
tenperature for 18 hours. A solution of 2-am nopheno
(0.83 g, 7.6 mol) in dinethyl formam de (5 m) was
added.to the  reaction solution, followed by stirring
SygggF86ﬁ1Pén§érature for 3 hours. To the reaction
sol ution_were added_ethyl acetate _and water, and the
or gt 0 SPaVEPOWES s SpdParE LI The - TORGHRE NIRRT (o0 L,
washed with water, saturated aqueous NaC sol ution,
6. ard™@Fildd. aTRe tGPVERY \RdS SEVdp6r atled 0 arft thel 3 mmol) were
resi due was purified by silica-gel colum
sugrebAgtodnapky r ahedaoiing agol (Zéhml )n- hérati@cethyppension was
acetate = 4:1to 2:1) to give 8 (1.0 g, 100% as
addeli d$1sARPCPPVE mzpdi8e5 boyHat eSyit-lds snlof @13 gmrepl )
solution 8 (0.98 g, 2.5 mmol) in tetrahydrofuran (20
drobyiver etadded diensepnapyle azadi caribaxiylpgt ear(dD. 60 gpixture
3.0 nmol) and triphenyl phosphine (0.78 g, 3.0 nmol),
waandttheedmiaxt tbemwasnpkiratedcatf G0C 7 ororhourse Ehvent of
solvent of the reaction solution was evaporated under
theedeaed iphessune.i oantast ke apesidue Wasidunidd &tkdpressure.
silica-gel colum chromatography 57 (eluting solvent:
ThB- hexangcelRyl pacskake BylQmh e f1bca-Hha JESiiding
crystals were recrystallized fromethyl "acetate/n-

Ch??é??g%%%?%%ﬁ3?%F§%F§§E%F§8??%4?§T%f lcﬁ}%*¥§$%%%%ﬁ?y
: . | ' 1Q: [ 9 (0,7 ,
i S e A i S G TR AL

ngl 855} 08l h i) Tluatageetic acid (2.5

m.p.: 151~153°C, IR (Nujol) 1631, 1567 cm *, APCI-MS m/z:

334 [M+H]T

[0078] Synthesis of BF-215 {31)
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m ) was added, and the m xture was stirred at the sane
tenperature for 1 hour. The reaction sol ution was
poured into a 10% aqueous sol ution of potassium
carbonate (50 m), and stirred for 5 mnutes. After
that, 50 mM of ethyl acetate was added, and the
organi c | ayer was separated. The organic |ayer was
washed with water, saturated aqueous NaCl sol ution,
apd dried. The solvent was evaporated, and the
t/ﬁ\ldue was recrystal ized gn ethyl acetatg -hexane
O&E (0.35 g, 896‘§§ red crystal/lg
3143“1 46 R (Nuj o1 a2,
m2 77 [MeH ' [0073] IN S\Cﬁyﬁht hesi s of 8- 10 13)
ﬁu\u\l OHO S| k S 13S- Rfe2" "Nve2 58 To a %ol utidn of
11 (411 nyg, 2 75 mmol ) and 12 (430 ng, 2.75 mmol)
syntheS|ze he literature nmethod) in dinethyl
sulfox%& ,;u@dded a 50% (w w) aqueous
solutlgmdﬁ s8di ufn hydroxide (1.0 ), with stirring
at roont atureSly and the mixture was stirred at
roon1tenpera ure for 1 hour. Witer was added to the
reaction solution, which was stirred at room
tenperature for 15 mnutes. Precipitates were
collected by filtration and washed with water. Crude

N N N
[:::[:E%—cm — [:::[:S>-ﬁ§L_,pm — [:::[:ﬁk—mm
0 0 N 0

14

N

28 + 30 S [::::I::f>—-q§__4§:ig&__N,CHa
0 0 ~cH
3

Synthesis of 26:

Under an argon stream, DOC (16.5 g, 0.08 mol} and dry
methylene chloride (160 ml) were charged intoc a 300-ml
reaction vessel, toc 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 mocl)
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



crystals were recrystallized in ethanol to obtain 13
(554 ng, 70% as yellow crystals. mp.: 158-1600C, IR
(Nujol) 1606, 1559 cm 1, APCI-Ms nfz: 288 [MtH + 1)
Boga, C., Vecchio, E. D., Forlani, L., Todesco, P. E.
J. Crganonet Chen1, 2000, 601, 233. and Sawhney, |I.
Wl son, J. J. Chem Soc. Perkin Trans. 1
1990, 329 0074] nt hesis of BF-197 (15) N N + OHC
re@léusr NRBS TBesTREEZ ti2913rPelabss matayiss wes 4igd tered
, 3.20 nmmol ) and 12 (500 ng, 3.20 nmmol) synthesized
Ofo tHee | sebraturea et hodlprtredi fret APraisuPf bRi decf32-
m) was added a 50% (w w) aqueous sol ution of 59
acsbdlami hpdNeki-rdemeth? lakcetawiithe SEielri mplicht wasomsed in the
tenperature, and the m xture was stirred at room
nerenpeept wiehbaot Iulhoaber pWatidn cwadocadded to the
reaction solution, which was stirred at room
vYiteaperatage 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
SyhPROshH, o61%.as vyellow crystals. mp.: 183"-185C, IR
(Nujol) 1629, 1581 cm 1, APCI-MS mfz: 272 [MtH + 1)

B n r<am F E
R Cehonat - eRBn 3080, 60T B43P"S %ﬂii%ﬁnelﬁ Y

O.N!bsﬂgl)Jang'd§§;mgthgﬁggb §8§011%Ek|%7 b3S were charged

into a 200-ml reaction vessel, to which a sclution of bromine
{2.13 ml, 0.042 mol) 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 Z-acetylamino-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
cocled te room temperature to continue stirring for 3 hours.
Tc 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 predssure to give 1.8 g of 5-
dimethylamino-2-methyloxazcle (27).

Yield: 40.8%.
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1, 1990, 329. [0075] Synthesis of BF-214 (18) LDA O
16 Noh HO S N2 OHC- X 17 S NVve2 N N 18 SANWE2 12
Synt hesis of 17: To a solution of diisopropylamn ne
(0.60 M, 4.23 mol) in tetrahydrofuran (10 m) was
added dropw se a 1.5M solution of n-butyl lithiumin
n- hexane (2. 81 m, 4.23 mmol) under an argon
5 %Hnsgher -60C or lower, and the tenperature was
YBbo'gr 8u8 ralsed to OC. Then, a solution of 16
(0.52 m 4.23 nnnl% in tetrahydrofuran (6 nm) was
addeHnaﬁép@Pséran STHEBr ﬁé&épprﬁﬁalﬁﬁénﬁl%ﬁuﬁb€ha§ 016
stlrred at -78C for 1 hour. At the sane tenperature,
nog) sehdt Per dHF1220600) w@eIEBCgﬁr@ﬁﬁlPD§¢nﬁhéﬂ7m%jﬁﬂﬁCtlon
the literature nethod ) in tetrahydrofuran (5 M) was
vegddédadfopairsded and-BREC mi @urd 0 Wasrstlioweed &t stHeition of
same tenperature for 30 mnutes, at 0C for 30
n-hﬁhyﬂeiitamdmthenhakaneoWﬂtéﬁpmbaV&ne1@0@ nlhowas added
Col d water was added to the reaction solution, which
dropwiaenoveasiexmiacted . wAhtet hytiacehat €orThe mxhnaet, a
was washed wth water and dried, and the solvent was

sobvapenabedsundgethiedhead -prassuke oxhhe 1kesizdye was g,
purified by silica-gel
0.0079 mel) in dry THE (6 ml) was added dropwise over 45
minutes at -65°C 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 -€5°C 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
aguecus NaCl scluticn, dried over anhydrous scdium sulfate.
The soclvent 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
DME (62.6 g) were charged intc a 300-ml autoclave, which was

filled with argon gas and heated at 140°C for 72 hours with
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col um chr omat ogr aphy (el uting sol vent: n-hexane: et hyl
acetate = 4/1 to 3/1). To the resulting crystals was
added n-hexane for trituration, giving 17 (463 ng,
469% as pale- yellow crystals. mp.: 1077-112C, IR
(Nujol) 3150, 1649, 1578 cm 1, APCI-M5 niz: 268
[MH " 1) Boga, C., Vecchio, E. D., Forlanl .
stggagééghn£§eE#éaé@@?égﬁ?gggEé w%?enébl %O%he%sgoured
Perkin Trans 0, 329. ntheS|s of 18 61
inkg) ger 8ﬁ/6fseﬁ53526@%ﬁg B HolP T ok ST A
(10 M) was added triethylamne (1.06 nml, 7.62 ol
et B Pﬁéﬁaéadeuaﬁ@?ﬁaf'fé§@| FIGrwRIE -  RINGH .ddfée(do o¥$ fjanhydrous
3.81 nmmol) dropwi se with cooling on ice while
sodippr pHgfassd The apkvere was sverppedtad, t RBAdsaRe
tenperature for 10 mnutes, at roomtenperature for 1
reholtinGokdshnduer waas wagtided Widht e hesaets 6 solug Oh,7 g of
which in turn was extracted wth ethyl acetate. The
(2ektnackawas -Rashed tivehly Iwatidmedhg 1 agriined, ( 241d t he
sol vent was evaporated under reduced pressure. The
vieegi:doe.sas purified by silica-gel columm
chromat ography (el uting sol vent: n-hexane: et hyl
acetate = 5/1 to 2/1), followed by recrystallization
in ethyl acetate/n-hexane to give 18 (254 ng, 59% as
sy¥ehkbawscpystals. mp. @ 1647-166C, IR (Nujol) 1623,
1573, 1549 tm 1, APCI-M5 niz: 250 [ MtH ' [0076]

Synt Reskhsn0bxBE-229 (319t ME2 1) Odbmehnly 19719 NS 0 6222 g,

Nve2 12 19
0.03 mol) and THF (80 ml) were charged into a 300-ml reaction
vessel, tc which water (80 ml) was added. The mixture was
cooled to 10°C 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 aqueocus sodium hydrogencarbonate seclution,
saturated agueous NaCl solution, dried over anhydrous
magnesium sulfate. The sclvent 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: 18.5%.
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12 (640 ng, 4.1 mmol) synthesized by the literature
nmet hod' ) and 2-am nophenol (469 ng, 4.3 mmol) were
stirred wthout solvent for 2 hour at an externa
tenperature of 150C. The reaction solution was cool ed
to roomtenperature. After that, 40 nl of di oxane and
manganese di oxide (3.56 g, 41 mol) were added, and
the m xture was stirred at 100C for 62 1 hour. The
reaction solution was subjected to hot filtration
through Celite, which was washed with warm
SYPEF?%E?dPSfﬁ&an The filtrate was concentrated under
reduced pressure. The residue was purified by
si | i Badgel apoRGEAN EREBARE ogr ApHY theLaIing <ol vent :
et hyl acetate: n-hexane = 4/6) fol | owed by
[ (deeeporsprhpzrhionl) nnethyl ] a@eitaéépé/en |2é3>iar1e 61t @ gided) 061
19 (352 ng, 35% as crystals. mp.: 160-161'C, IR
mo{ Nugot) dt625HF1589 m&wlweAECthBgmﬁzint24@.PM@HWI eaction
Boga, C., Vecchio, E. D., Forlani, L., Todesco, P. E
vedsel(r ganeheth €hemspd2000hyvEd1de233n and ;Sawtidey g, .0. 0061
Wlson, J. R H; J. Chem Soc. Perkin Trans. 1,
m01990a5338de50@%ék HO 20nSykisheshstet Bhe227x(d4: WOMO
21 F_~OHHO" 23 "--(S NMe2 Synthesis of 21: Nwe2

st@ﬂr@d fMVe20 minutes, benzoxazol-Z-carbaldehyde (30; 0.9 g,
0.00€61 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]-
benzoxazcle (31).

Yield: 22.5%.

Synthesis of BF-228 (34)
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20 (14.7 g, 98 mmol ) synthesized by the literature
nmet hod 2) was dissolved in dinethylformam de (80 m)
To this solution, 60% sodiumhydride (4.7 g, 118
nol ) was added in 63 portions with cooling on ice
while stirring, and then chloronethyl nethyl ether
(10.0 g, 124 mmol) was added dropw se, and the

m xture was stirred at roomtenperature for 2 hours.

| d ter was added tq_the reac®ion solution, which

tracted with ethyl tatel| Tegyextract was
he i th~water and d /ed\ an P(bezéolvent was
ressur e.9the residue was

evaporated under redlce
disH%IIed under reduced essure to give 21 (16.7 g,

84%'%as col orless oil. “p: 1337-134C (7mHg), IR
(Neat) 1619 cm APCI-MS mz: 194 [MH]' 2)Fujita, S.,
Koyama, K., |nagg ; nt hesi s, 1982, 68.

&)

Synt hesi s ofz : g, 16.46 nmmol) and 12 (2.57
g, 16. 48ICamol ) hesi zed by the literature method')

SY
were di ssol ved3in” dinethyl fogmanmide (18 m). To this
solution, a 50% (ww) aqyeous Nution of sodi um
hydroxide (6.0 nl) was added nhom t enper at ur e

while stirring, and the m xture™gas sthrred at room

tenperature for 18 hours. Saturated aqueodNs ammonium
chloride solution and water were add%g to @ 0
solution, which was extracted with ethyl acetate-
extract was washed with water and dried, and the

Syﬁ9h¥§9E Was 5 ,evapor at ed under reduced pressure. The
residue was—recrystallized in ethyl acetate/n-hexane

L2, B b SRR SRR b .00
no B2, L L, HcBagE. .Gy Veeoha, By R PO LA vecction

vessel and coocled to -70°C. At -50°C or lower, & 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 &0
minutes, & solution of 2,4,5-trimethyloxazole (16; 2.5 g,
0.022 mel) in dry THE (50 ml) was added dropwise over 30
minutes at -65°C 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 -60°C 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 ethvl 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-
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O ganonet. Chem, 2000, 601, 233. and Sawhney, I.
Wlson, 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 nmol) in dichloronethane (25 m) was
added trifluoroacetic acid (17.5 m) dropw se wth
cooling on ice while stirring, and the mxture was
stirred at roomtenperature for 40 m nutes. The
2- L ddeELbR2EBIEEPBANKAS ~AE[-Hstldd oF6 28 45H GF2)9 with
saturated aqueous sodi um hydrogencarbonate sol ution,
(PpoEfEewed0By extraction with ethyl acetate. The
extract was washed with water and dried, and the
Thgpl pentunaswevapordt ed théenexédwcey wirtdssur urfhesr
residue was purified by silica-gel colum
puchfomatadgnaphy (el uting sol vent: ethyl acetate),
followed by recrystallization in ethyl
Yiatetatel/ nshekasedt engicvie 23rity63 g9, 74% as yellow
crystals. mp.: 263-2640C, IR (Nujol) 1625, 1575 cm1,
APCI -M5 nfz: 288 [ MtH + 65 Synthesis of 24: 4) 23
(800 ng, 2.78 mml), 2-fluoroethanol (0.359 m, 6.13
syAEREYisapd tiiphenyl phosphine (1.607 g, 6.13 mmol)
were suspended in tetrahydrofuran (20 m). To the
susp LOoN d Li.SOpr apyk icarboxyl at e
(1.2%?5aé ,aééﬁggﬁﬁngyrgé?épﬁfge&gpeﬁggél?enperature
i LLL - t 1 Xt ur irred at m
[(?%%%E§%%Ebéggg%ggg)hggngﬁ#h8§§5$@%nﬁbdé %fhﬁ'fgéciqﬁ%’
sol,utiop, was ev rated .und r ced . pressure. The.
ba?%%i ﬂegﬁﬁspﬁﬁ%???eangydgﬁiﬁgfsﬁﬁﬁcgﬂdeWQ§ﬁlﬁ%?rge&;lnto &
hr omat ogr aphy (Chromat orex(D, NH__tol uene), followed ,
S0 B R UL e B PEaPFOn FA Bhyh D& SETAThERERd D (1n o117
g%ge 24 (600 ng, 65% as yellow crystals. mp.
0.483~9158€00FR PR) oF 751698291582 Tc A0 MIABERSVE Afer 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 aqueocus NaCl sclution, 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 precduct was suspended in and washed with n-hexane
to give 510 mg of 4,5-dimethyl-2-[4-({4-dimethylaminophenyl)-

but-1,3~-dienylloxazole {34).
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334 [M+H + [0078] Synthesis of BF-215 (31) 66 0 H3C

"NCGO00H HH2 25 CZH50",CH3 CH O'"PON\ 2 5 OH3 28 0

HHNCH3 26 CN3 N CH3 CH3 CHO 28 + 30 30 , CH3

N~CH3 Synt hesi s of 26: Under an argon stream DOC

(16.5 g, 0.08 nol) and dry nethylene chloride (160

n1) were charged into a 300-nl reaction vessel, to

whi ch_N-acetyl glycine (25, 9.4 g, 0.08 nol) was added

Yigtdi odhr PEmperature. The nixture was vi gorously

stirred at roomtenperature for 1 hour. Then,
[OBERRt hyl anThe oM primgFexndaphtionos snisRyle wRSUAdaEd hods

dropwi se over 5 mnutes, and the mxture was stirred
Ofascr@@nﬂnenpbﬁapamQOﬂodsz@fha@ﬁsprﬂﬁ@ﬂﬁaﬂﬂﬂﬂﬂtlon- In the

m xture was filtered to renove insoluble materials.
thAbféavin T method, some compounds of the present invention
overlap with thioflavin T in fluorescence wavelength, making
their screening impossible. For these compounds, a new
screening protocol as described below was developed.
(1) Amyloid R-protein {(purchased from Peptide Institute,
Inc.) was dissclved in phosphate buffer {(pH 7.4} and allowed
to stand at 37°C for 4 days.
(2) 50-pl 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 uM).
(3) 100 pl of the amylecid R-protein sclution was added to
each well (at a final concentration of 5 uM) and allowed to
stand for 30 minutes.
{d) 100 pl of a test compound, dissolved in the same buffer,
was added to wells (at a final concentration of 5 uM) 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 RB-structure recognition by the test

compound was calculated according to the following formula:

the degree ¢f P-structure recognition by a test ccmpound (%)
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the sol vent was evaporated, ethyl acetate was added to

the 67 residue, and the resulting insoluble nmateri al

was filtered off. The solvent was evaporated to

obtain 8.52 g of 2- acetyl ami no-N, N-di net hyl acet am de

(26), which was used in the next step wi thout further

purification. Yield: 73.6% Synthesis of 27: Under an

argon stream . triphenyl sphine (10.9 g, 0.042 nol)

‘g‘@r / t% _elﬂcjhl% f@‘g (87 M) were charged into

a 200- reaction vessel, to which a solution of
Wh%?%h?n% ??Oi§5nﬁ féu@£§Sﬁ8PFe|ﬁndF@enﬁFﬁF@@ﬁé of the test

chloride (18 m) was added dropw se over 10 m nutes
compopRdm Fefipehatalie. FapreleladdpiidofrONEe TRt Br SoRgses a

stirred at the sane tenperature for 40 m nutes, and
Tlepepsaesefuinonhef presenkyl af hoe( L1484 @pwpoamd and Congo

2-acetyi am no- N, N-di net hyl acetam de (26; 5.0 g, 0.035
rednl § fdendrygsnet hybemeschhori de €8BS pirpseasecaddedhat tast

time. The m xture was then heated under reflux for 1
cotponndnandcobkedmny ool dopr-benpet at uaadt 0 cdenbitRge a

stirring for 3 hours. To the reaction m xture was
fladtedcanbexanethd4frakincandst halyr esul tielg coysbans.

was filtered off. The filtrate was concentrated under

(77 educegn ppessyie. tihe £esi dy h@@Sdeg&éblee@ ~4RERLture
reduced predssure to give 1.8 g of

re@é@ﬁi@Y&ﬁ"&n@e%t"@&ﬁ¥59ﬁ6295§ (2L nYuekd: s$Q8% 688+ of

Synt hesi s of 28: Under an argon stream

ﬁ$%§5p{9pcﬁgrge blofode f- %%Ghagot) and dry THE (20

wer e reactlon vessel and

WW@L?SH?.“{Y%QS%ﬁO% NS 288l el 9 448 R pgestin

-agged dropy se over 10 1 uies, ALker 81 LLing Lor 15

invention on brain sections of an Alzheimer’s disease patient.

{1l) Temporal lobe or hippcocampus specimens of the brain of a
patient whe 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
um thick, extended on slides, and dried. The paraffin-

embedded brain sections were deparaffined by washing

sequentially with xylene (10 minutes, twice), 100% ethanol




sol ution of 5-dinethylam no-2-nethyl oxazole (27; 1.0
g, 0.0079 nol) in dry THE (6 m) was added dropw se
over 45 mnutes at -65C or |ower. After addition,
stirring was done for 25 minutes, and diethyl
chl orophosphate ester (1.4 g, 0.0081 nol) was added
dropmﬁse over 25 mnutes at -650 or |ower. The
xture was_then stirred at t ne.tenperature or
Tt STt BYL €20, nf § ¢ wabhaBad (L5 FhEUF Baet | Bige) | “nd 2
m xture, which was extracted with ethyl acetate,
st y@ameelt W2 heSaf LP are@U 8gleous Nad sol ution, dried
over anhydrous sodium sul fate. The sol vent was
3bv%@@Tg;@@tm@n@bfgrnsgayglggowlgh compounds ¢f the present
di met hyl am no- 2- [ (di et hoxyphosphi nyl ) - met hyl ] - oxazol e
iny{es)ionwhithlwad tsedtingt hbenegttseap Werhedinfoptheg
purification. Yield: 83.0% Synthesis of 29:
se DE-MEL yt beneoxazdte (3411i63£0sgin0. 28ram) )thé\, deparaffined
di met hyl f or mam de di net hyl acetal (66.3 g, 0.556 nol),
se@tbll# ywe DM (i02r 6=@) iebeachaegedrinat onas300tbn for 60
aut ocl ave, which was filled with argon gas and heated
midltdd0nd Ofa R AOME ShWeBh 68rsbi hihigesTheoleagkiopy
m xture was cool ed, and then poured into water/ice

lmﬁéQQl&@l)mw ghol PsiushIUBScAXbEaRlEH, Wdh o@thyhutes.
acetate, washed with water, and dried over anhydrous

arsodiy Q%ﬁfﬁ%aﬁﬁlcgh§1§ﬁl#ﬁﬁtf$@526M§99£@EegacﬁnthQesectlons

resulting residue was washed with n-hexane to give

we%%g%mgif%?%(gggg éfé%yg%hgnybfep %%yk qu?B&QXEe LR84q for

€S| s

I d I
cnl e Sanpsanela 2ottt IR g Lo o8 (20,8 . vos

L€ ction vessel, to which water (80 m) was added.
°Hhe PX{ure WRS"- cooled to 10C or |ower, and sodium

peri odat e 21 2 0.099 nol) was added The m xture
(AR Frie ?%easéﬁg UM solution of a compound cf the

present invention dissolved in 50% ethanol was added dropwise
onto the sections and allowed the reacticn to be carried out
for 10 minutes. The sections were dipped intc tap water five
times, and then 50% ethanol three to five times, followed by
immediate classification. After that, the sections were
immersed inte PBS for 60 minutes, enclosed with Fluor Save
Reagent (Calbiocchem), and examined under a fluorescent
microscope (Nikon, Eclips EB0C}. Pictures were taken using a
digital camera (Plaroid PDMCITI).

[0082] Immunoestaining was carried out as follows.

(a} Procedures for immuncstaining amyloid B-protein:

(1) After the sections were deparaffined, the secticns were



tenperature for 10 mnutes and returned to room
tenperature to continue stirring for 2 hours. Wter
(300 M) was added to the reaction m xture, which was
filtered to renove insoluble materials. The organic
| ayer was washed with saturated aqueous sodi um
hydr ogencar bonat e sol uti on, saturated aqueous NaC
sol ution, dried over anhydrous magnesi um sul fate. The
waghed eyl GRsiBvaAbOF At 8O BABSFhECTr EsBEPPRGSr 88F uea\ﬂgs
~purified on a silica-gel colum with n- hexane/ethyl
tiggeeatvere markedgyienoanolgnsnopehz oxdzert 2150 pl of
car bal dehyde (30). Yield: 18.50. 70 Synthesis of 31:
fO{MUQraghdaw@@na@ﬁeéaﬂ¥oswaﬁﬁeﬁﬁ9|ahﬂﬁaeg to stand at room
[ (di et hoxyphosphi nyl)-nmet hyl ] -oxazole (28; 1.61 g,
tefp@0stureofyrandminyt FHE (TH0e ndgcwedes chargedashed with tap
200-mL reaction vessel, to which 60% sodi um hydri de
wafén Hot;50m24btgs AnA06GAmenpE) wasocaddéd EBEFT¥@en 20 for 2
m nutes. After the m xture was stirred for 30
mifh et eSandepEoxaziobu?- cacbal debydeo( 862 0r9pgin €c0dGLion
nol ) was added over 15 minutes, and then the m xture

wayﬂéd§é@raﬁgp&pée1£nbogi§ewaheth@a§ba@elahXt@raewasrrled out
poured into water/ice, which in turn was extracted

atmgﬁh;q&nyh5z%§ﬂ@gé% washed wi th saturated agueous
NaCl solution, dried over anhydrous sodium sul fate.

(2] e, sl vent uas,evapora 8 nQ”QeEEewééﬁb@U%wW%% uich cold

purified on a silica-ge PURN Wi th hexane/ et hy

B AL e 4 e
= S0 1TSS Gr AT Ry R A ho ONadol 3. JFRAERGRyFp. be carried out
atbgygoﬁgon%SQ%QutggFl%&c%%sS%gter was remcved, and about
150 pul of 6F/3D, an antibody specific to amyloid B-protein
(DAKO; diluted 1:50) was added dropwise and allowed the
reaction to be carried out at 37°C for 1 hour.

(3) Further, after washing five times with cold PBS-Tween 20
for 2 minutes each, two drops of a sclution of geoat anti-
mouse IgG (H+L) conjugated to biotin were added and allowed
the reaction to be carried cut at 37°C for 1 hour. After
that, the secticns were washed three times with cold PBS-
Tween 20 for 2 minutes each, and two drops of ABS solution (a
streptavidin-biotin-percxidase 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 soluticn (prepared by dissclving 10
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[0079] Synthesis of BF-228 (34) 71 0 25 0 OCH5 32
OHC / 33 Synthesis of 32: Under an argon stream
di i sopropylam ne (4.56 g, 0.045 nol) and dry THE (15
m) were charged into a 100-ml reaction vessel and
cooled to -70C. At -50C or |ower, a solution of
n-butyl lithiumin hexane (1.58 nol/L; 28.5 m, 0.045
nol) _was added_dropwi se over 15 minutes. After
Mg ¢ rPhRgirof 08Bl ff nbit Bs, maldél hitigntes buffer and adding
2,4,5-trinethyl oxazole (16; 2.5 g, 0.022 nol) in dry
100 HeEL (3D #F ) hvidscaddeBedpspiisempediagelynbripss ase) were
-65C or lower. After addition, stirring was done for
ad@ed mpdt @kloend dhet hglochtor bphdsphaveedseeffigiestdy .
0.023 nol) was added dropwi se over 30 minutes at -60C
Them, tloswesecThensi weneewaakethenthbt disedlatdt ketsangor 1
tenperature for 1 hour. Water (25 m) was added to
mifdlnes reacitop thatbegctinhi chnvdssedt r agtiedxumnt heat hyibder a
acetate, washed with saturated aqueous NaC sol ution,
mi&Fbeeopyer anhydrous sodiumsul fate. The solvent was
evaporated to obtain 2.86 g of 4,5-dinmethyl 72

[0@st{di et hoxyphosphidytds "BS AV hn@%820L en{34) neurofibrillary
(Purity: 80% This product was used in the next step

taﬁﬁ}@gyt further purification. Yield: 42.1% (based on
the purity). Synthesis of 34: Under an argon stream

(lﬂ’ﬁhgﬁggépglﬁgﬁg 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 ul of
3% hydrogen percxide (diluted in methanol) was added dropwise
and allcwed 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 pSerd2z,
an antibcody specific to phosphorylated tau {(Wako
Phosphorylated Tau Immunchistostain Kit 299-57301) and
allowed the reaction to be carried out overnight at 4°C.

(3) On the next day, the sections were washed five times with
cold PBS-Tween 20 for 2 minutes each, and twoc drops of a
sclution of goat anti-rabbit IgG conjugated to bictin were

added and allowed the reaction to be carried out at 37°C for
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[ (di et hoxyphosphi nyl)-net hyl ] -oxazole (2.5 g, 0.0081
nmol, based on the purity) and dry THE (70 m) were
charged into a 500-m reaction vessel, to which 60%
sodi um hydride (in oil; 0.323 g, 0.0081 not) was
added over 10 m nutes. After the mxture was stirred
for 10 ninutes 4- dinethylaninocinnanaldehyde (33
1.42 g, 0081 nol) was added over nut
L i R I i S 1T T ot At rhted Cimes
reaction m xture was poured into water/ice, which in
Withr &P wAsERRT FuetRd2 Qi ﬁre@h?FnﬁE@Fa?@Chmaéﬁ@dtWPtﬁro?s of
saturated aqueous NaC solution, dried over anhydrous
AB%O@?M%K1%®If%t%trﬂhéa§b¢W€nPlﬁhénepaﬁéﬁéﬂéée SRBPLRE
residue was purified on a silica-gel colum wth
sohahexaheferdysddedt ane a1199¢d to BrantofgrveéOomdnpges.
of the first purified product. Yield: 43.2% This
(4 proidelcse wabossispendedga hnandshhashedreet himehexanhe cbdd PBS-
gi ve 510 ng of
TwdeD-2d nedb hyb -R: fdt £ 4- dhort hyhdanehophenyD) nl of DAB solution
but -1, 3-di enyl ] oxazole (34). 73 Yield: 23.5% [0080]
(pdd\ea Fadl | IO #10s 8XptanAgt i oNmgScofadRRabauL ot heds0 .0k mol/1
screeni ng the conpounds of the present invention. In

Tridesct hheffavi and ﬂ@&bﬁ? 180NB1CORPONNHS30H bheperOXLde
present invention overlap with thioflavin ?

mﬁécﬂ@é@éﬁ NGE£YaY el §Q9t¢3er835!:188d Lhsgi él%{'qgémtﬂg color to
I npossi bl e. For these conpounds a new screening

be pﬁ&@f%e@%ﬁff%%%%ﬁf’%? eéé)@t,eijoné ]xz'? ‘svgé}%d

pro n (purc eptlde%/nstltute

Wl% S%andfiVESV%l?orgigh?tglg%g%ega(thgl4%6 ga%F18%Ed

days |quo

d.gdigsol th buf f
enc T el 20 e'ff%afﬁ@%gawﬁdﬁfﬁﬁiﬁﬁfagfa&a (5L b P8RS,
concentration of 0.1 100 of the a

s 50y chEs rESor bt Pore Rl Biaeati prbbit *Teb"EATUG8 e to

bictin, and the ABC sclution used were these contained in a
Phosphorylated Tau Immunchistostain Kit (Wako 299-57301).
[0084] 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 intravencus 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 1IN HCIl, polyethylene

glycol 400, and distillated water, c¢r in DMSC, and then
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each well (at a final concentration of 5 uM and
allowed to stand for 30 mnutes. (4) 100 pl of a test
compound, dissolved in the sane buffer, was added to
wells (at a final concentration of 5 pM and all owed
to stand for 60 mnutes. (5) Measurenments were nade at
t he optinal excitation and neasurenent wavel engt hs
,mﬂi g een determ ned, using a fluorescence
diliee pWéFB Pééaé#leﬁbWééﬁFaraeév@é@lnﬁﬁ&erqqnﬁaa tyighy vein.
The degree of R-structure recognition by the test
UPchbRpdurdyRad tE&FcarRi8d sheebigining b6 eEna temsowiaig made.
formula: the degree of p-structure recognition by a
[0PBS1 conpolRd TeFt¥ag _of pAccdBprptn-bByriiex pegmeability
wherein A denotes a fluorescence in the presence of
t he Messurewapbandf bhecdnplreid paproeei perawdb@dngy were
red; B denotes a fluorescence in the presence of the
maﬁeshcconpmngdtandhébﬁgmlowedg Crdemalieesa fl uorescence
in the presence of the test conpound and the anyloid
p- provepoanasdoP grBotessantfitoeaseencaerd the ravenously
presence of only the test compound. (7) It can be said

adkbat st Bechi ghenidegeeedet cRi vkl UeEURe i nf @EQANIIRIN B rain
test conpound has, the higher specificity of binding

baggl@gybgkgegb@[9g9ln it has. [0081] The fpl!omﬁng
expl anation is made about testing of staining

1PrﬁP€éth@§19£e8h§18°@ERUR?§ﬁg nghgoa gsgnt - h%%%%“aya

on brain sections of an |s ase patient.
N%é% aI | obe or hippocanpus speci nens of the
in o a patient who had been definitely diagnosed

hpl I di d_of
Sk P o IR LA A I
ded f Hospi.t al t
oo Pgbh ERor BV Py, TUPt hepHo USRS oRE £8 PHEDr Cuisg i
resear ch purpose received fromthe bereaved fam |y of

al?%%olpa%@%th%@deégégchlEabﬁwaﬂSﬂﬁésWﬁﬁgﬁvtep@oﬁéuected

.Ethics Board .
via tall 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, blcod samples were centrifuged at
14,000 rpm at 4°C for 10 minutes, and their supernatants were
kept at -80°C as plasma sample. The brain (including
cerebellum) was kept at -80°C after its remcval.

(4) The plasma sample, when used, was thawed, diluted with
purified water, and then applied to a conditioned Cl18 solid-
phase extraction cartridge (bond elute C18, 200 mg, Varian),

followed by elution with methyl alcohol. Alternatively,

80




Perm ssion No. RS-99-02). (2) The brain tissues
enbedded in paraffin were sliced 6 or 8 pmthick,
extended on slides, and dried. The paraffin- enbedded
brai n sections were deparaffined by washing
sequentially with xylene (10 m nutes, tw ce), 100%
ethanol 75 (15 mnutes, tw ce), 95% ethanol (15
m nutes, twice), and a stream of mater (10 m t%ﬁé
aftsy PPéwﬂPéaFﬁﬁnPlﬁémasﬁéﬁﬁﬁﬁg i ?Jéﬁ hexane
present invention involved treating the sections for
nigtpengeEngddsdl f afdyshes Béadel rgudaso IhNggoius@nsl then
First, the deparaffined sections were imrersed into a
cendyifooedl tn sebariss Bor 060 leivedt-es and washed with
PBS for 5 mnutes, followed by imrersion into a 0.25%
(5$0llbei bmaoh KEhe4ikdr, 90em mskess. wakf tserbMastihd a wiesuring
with PBS for 2 minutes each, the sections were
itEmretsedightowatsolukl bradh @eibiKAB0S raxadr,c aacl dsaline
for about 30 seconds each, and then washed three
wakl BESeW tb PBS bkafn2 fiirntices@acrat(idn About hbBopknate
of a 100 pM solution of a conpound of the present

wakN¥8RtiroRudLasebyedoi hip%eet hanel twas Aagdat Ar-0RWM e
onto the sections and al |l owed the reaction to be

apﬁ@ﬁéﬁegooétcoﬁaﬁtlgnghn@ﬁ%ssOEH%Jﬂﬁgéé“E%ﬂ%gé%fﬁﬂng§ktrldge
Into tap water five tinmes, and then 50% et hanol three

an%fe&h¥g tbﬁ%ﬁ mEQE%QMEQC%%Ollnnﬁgkékﬁagkgéﬁgf %%E%Qn

ter t the sections were 1mersed int

me%%a%ﬂgt g?ﬁe nek % WL Ehor: 2en H3EAY ggtnai diethyl

arm ned under a uores

Ni k cl ES Pi t e tak
ot avE8e %Fﬁsfpﬂ&é B bAraPOrE PR Higugz T che

| munost ai was ¢ rr| out as olloms
mlﬁFBE@dHﬁésEPB‘ SFRaR ﬁ|kﬁ&raﬁﬂdg|t&“en pﬁf&teﬁ%ug(eﬁ to

After the sections mere deparafflned the sections
separategan oil layer.

(6) The abscrbance and fluorescence were detected employing
high performance liguid 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.
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washed twice in distilled water for 2 m nutes each,
and tissues were marked with an | nmunopen. About 150
pl of formc acid was added dropwi se and allowed to
stand at room tenperature for 5 mnutes. The sections
were washed with tap water for 5 mnutes and i rmersed
into cold PBS-Tween 20 for 2 mnutes, and then about

pl of a 0.05%trypsin solution was added dropw se

Lgégglal|nmpﬂxana %p%rtghﬁ RVEBLAd¥er CeAPandsyAre7@empounds

for 15 n1nutes_ (2) In an |ce bath _the sections were

each and two drops of blocklng serum were added and

al | oedorfiengetiot Fba Bbobe-dasriréthedume tapd3 o foretiing

m nut es. Excess water was renoved, and about 150 pl
compOBFﬁSthanhaﬁpbbddﬁcsné@i&b@o@mi&@ybmyid%qnﬂﬂgﬂdtein, we

(DAKOQ diluted 1:50) was added dropw se and al | owed
hatbefonpdcthencbapbandar Niiedcaduti natra®1@Cif qrinl whdwh

(3) Further, after washing five times with cold

th PBSt TweenT 20s fae12dptngbes re@elenicwo pdr@Rs0f. aror the
sol ution of goat anti- nouse |1gG (H+L) conjugated to

st Bt R Wereradded-an o@hBQWEQeet@%bﬁ%aqt'O@héocgﬁpounds of
carried out at 370C for our. ﬁdter that, th

th@eﬁﬂaQ@ﬁtV‘@ﬁ@e%%ﬂﬁdtéhﬁeg ot bR 1 g i geke @%?lre-g\@e%rf B-

for 2 m nutes each ABS sol uti on

stﬁactmepgeggﬂgelprotchgnpfea%ﬁg%ﬁgc gg&%léoll tion)

wer e added to stan m nut & The

i ons agaln washed t hree, tipes mAt co
[Oiﬁ%{ Tvveenvlg%)?? or "2 m nu?esexeaa%lhmd 7d“abolf 1%%6%]rf]o(flty of
DAB sol ution (prepar di ssol vin 10 77 of DAB
e R S0 CRIbBERE 05 Mol 157 T15 5. Pt Chiiber S AddPAG S160 With

of 3% hydrogen peroxide i mediately before use)
Al%%?%meﬁdﬂe l%ﬁgsgrlomed the color to be devel oped
sufficiently. Then, the sections were washed with
di stT1e eePR? B SPBrWas W@ﬁ@t@ft§t§#6bn€hErPE§éFF@ﬁ of BSB

encl osed, and exam ned under a m croscope.
({trans, trans)~1—bromo—2,5—bis—(3-hydroxycarbonyl—4—

hydroxy) styrylbenzen) (Fig. 1, upper panel), thioflavin 8§
(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 plagues (Fig. 1, wedge-shaped
arrowheads), whereas BSB and thioflavin S stains both senile
plagues and neurofibrillary tangles {(Fig. 1, arrowheads).
Staining with BSB was carried out accerding to the method of

D. M. Skovronsky, B. Zhang, M.-P. Kung, H. F. Kung, J. O.
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[ 00831 (b) Procedures for inmmunostaining
neurofibrillary tangles: (1) Inmunostaining of
neurofibrillary tangles was carried out as follows.
After the sections were deparaffined, the sections
were washed twice with distilled water for 2 m nutes
each, tissues were marked with an | mmunopen. About 150
| of 96h¥drogen peroxide (diluted in nethanol) was
Trgaaeawa dpw'seM-add &FPowEd o Sdnd &3 bomoc. USA, 97,
tenperature for 10 mnutes. (2) The sections were
To{8shélPW-ce with col d PBS-Tween 20 for 5 minutes
each, and two drops of bl ocking serumwere added and
[CEEPbwed t hEheeaerPanisenbwasaradedobustatindngCpfrope3t®ies of
m nut es. Excess water was renoved, and two drops of
BI'pS8b422.9.al, adeitbogpnspecishicc tho ofiespmorsy | @tied t2gu right
(Wako Phcsphoryl ated Tau | mrunohi stostain Kit
paf89; 57304} jandntakkonednt he reactienibd he civer iledtoyanel
overni ght at 40C. (3) On the next day, the sections
of vetg.washed beveitheesswiche bealid BBSzTween<2@ harn2
m nut es each, and two drops of a solution of goat
Alantimeabbi bika&@se0n Mgateeh 0 i pE4N yerer addeduandy out
allowed the reaction to be carried out at 37" C for 78
thad+s hpdr 1 g Af L. 8F a : ‘h@an d thr _
s B e e 0 S it e e dn s
Sh£$@ddQPP§WHEagé$S.%Héggbgngﬁﬁoflavi S stains. both senile
streptavi di'n-bi of i n-'peroxi dase coinex sol uti on) were
nd. for .30 mnutes. (4) The
oL 84080 200, L LUE Rk 0 TeR R e bad®, Trad Wi n cebpatoags!
n 20 for 2 mnutes each, and abgut 150,pl of DAB .
od¥F et on ?e%%IP%%rb@OIai‘g%%W}?ﬁa 16 HGAoFDABOFRPIGLes Of
f Q.05 [[1 _ Tris-HCL buffer and adding 100 pl of
BF%TL/% ﬁy&gbaenggeﬁsﬂdean?ﬂﬁeapat el UBeFoRATERE) PREPETt1es of
added and al |l owed the_color to_ be devel oped '
AN FF NPy PTRENSEY AR $E40F 0Rs WeBBtwR3REd, @t Rdjacent
distilled water for 1 mnute to stop the reaction,
seghetdsed, thndseshrPhednunbier lafhi BRBSEOPE. ETHe 3,) in

bl ocki ng
sections of the brain of a patient with Alzheimer’s disease.

As shown in Fig. 3, it has turned cut that BF-185 stains
senile plaques (Fig. 3, wedge-shaped arrowheads) and diffuse
plagues (Fig. 3, within dotted-line circles) which are
stained with the anti-Af 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
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serum the solution of goat anti-rabbit 1gG conjugated
to biotin, and the ABC sol ution used were those
contained in a Phosphoryl ated Tau | mmunohi st ostain
Kit (Wako 299-57301). [00841 The foll ow ng
expl anation is made of testing nethods for properties
of the conpounds of the present invention. (A
Tes%in of acute toxicity Acute toxicity of the
ArTRYEREFTe WOHGBURAS Was 1T@6t érifiln ddi&fiadiithd ni ce by
intravenous administration. Male Crj:CD1 mce were
[04$8d and dTPEdeEmPAreSERoWps BRAs mifcefaiwiply sroperties of
aver age wei ght of each group of 31-32 g. Each
BFcdfifouhdowas dilestl pedeiln and sthicd IeviINSHGELg. 5, right
pol yet hyl ene glycol 400, and distillated water, or in
paDBO, aanddfhernt9sdicltubed ofi tthedisstitiloed imattdre, laft panel
adm nistered via tail vein. Up to 7 days after
ofadirigni 8t r ahi erctabser vwat icbes bwarie mEde. patQR8HE1 w(ER)h
Testing of blood-brain barrier perneability
Albkasueenmentisseksbl oomls bsedwn banr Feg. per meabhhkt YuMBEE out
made according to the follow ng procedures. Conpounds

thet Bheilpgesent nkN¥EAL AN WBER elsNtFAYENOUSk Y dge-shaped
adm nistered to mce to detern1ne their in vivo

Pb@ﬁé gsai {} rghar bi; ( tilized
ot | c: I%R aelaﬁ?§95§% igg% g %ég thlﬁk %%&% lé(Nlppon

O§§§ (2) fhée? ?%PFQHHd gagogkv 8&%ﬁ§gﬁb§%ﬁ%§ties of

of 1N HC1, ene g yco

th I ohoI th dlluted RUr i i ed
BFDWEQ ?El d %h ecF dpamEl tal gglﬁfl ﬁ&nnlndE& ﬁieflght

t t th t
pam%?]enéﬁb%l@a'?gahFoS?sEﬁﬁa BFobder Bt Lo bddm naife panel

£ grta th a heEarln treated syringe and renoving the
°tbrafn %}SinAf?E 1P3Ri Ag bl'6oRX2BPoBd SaRpite§iheidth

centrifuged, at , ,
Alzheimer’s disease. As shown in Fig. 6, it has turned out

that BF-189 stains senile plagues (Fig. 6, wedge-shaped
arrowheads) which are stained with thioflavin S.

[0094] 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 thicflavin S stains both senile
plaques and neurofibrillary tangles (Fig. 7, arrowheads).
[00%95] The compariscon was made of staining properties of

B¥-196 (Fig. 8, left panel) and immunocstaining properties of
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14,000 rpmat 4'C for 10 mnutes, and their
supernatants were kept at -800C as plasna sanple. The
brain (including cerebellun) was kept at -800C after
its renmoval. (4) The plasma sanple, when used, was
thawed, diluted wwth purified water, and then applied
to a conditioned Cl18 solid- phase extraction cartridge
(bond elute C18, 20 , Varla&) fol | oned by el ution
aﬂwﬁ?ﬁln@@h9ntapeéﬁoﬁngﬁkéﬁﬁ@t| el V10 el + Hdniathy acent
the plasma sanple, a diethyl ether/cyclohexane
seftxPlr fwabcadged icand o hbemletir eanes sifalfey. dhd in
then centrifuged to separate an oil l|ayer. (5) The
seprapnsmatethal prafen ofsed pawdsngubjigdt @d #he imeas w idiggease.
its wet weight with the brain remaining frozen, and
Assahpwe inafigddéd tla the huaned outhdmzge Mrzdtdomnt aines
honogenate was centrifuged for 10 m nutes, and the
sesliper patantswadsigappl,i eddue -ahcprdi biraretheGl®) which are
sol i d- phase extraction cartridge and eluted with
staehbyl watBohek. 2Akterpatintebydyafdrerp.measuring the
wet wei ght of the frozen brain, a diethyl

[cebber/cycl @H@xgaﬁ%gmwﬁewﬁ@smaeéeeft etgfﬂﬁﬂ%@abrﬁop@@@les of
the m xture was honogeni zed, shaken

F@WWWW%ﬁwM%ﬂW%%M1— %mm

absor bance and uor escence were ect ed

pa§§9h Qﬁr§8§ nge gggeagncggoq%eo Laph n G t§>t§ 1%%%hpanel

t he and "brain e con ent 0]

c in the, plasma_or cte .
Ofdggg n? or g Ctgas deFeF 5alﬁep t%vgbﬁ P% with
dnlnls er MPLES [0086] _Fol | ow ng_exanp] es
Alg?%lﬁ?BLngas?ﬁsgxpl%ﬁnc?%gg  pPRSRNTPRVEAET of mof ahas
fically, but_should not be, construed as |limting

tu?ﬁ% prBsent2FnbERt PdnMehBLEt §TPANENY STy, PaRques (Fig. 9,

wedge-shaped arrcwheads), whereas thioflavin S stains both
senile plaques and neurofibrillary tangles {(Fig. 9,
arrowheads) .

[0097] The compariscn was made of staining properties of
BF-197 (Fig. 10, left panel) and immunostaining properties of
an anti-Ap antibedy 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 plagues (Fig. 10, wedge-shaped arrowheads) which are
stained with the anti-AB antibody 6F/3D.

[0098] The comparison was made the comparison of

staining properties of BF-201 (Fig. 11, left panel) and
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[ 00871 Exanple 1. The inventive conpounds are
cOn2ounds which specifically recognize anyloid
P-protein. According to the above-described nethod for
screening conpounds which specifically recognize
anyloid P-protein, we have found the conmpounds |isted
in Table 1 (in which thioflavin T is included for
reference_p ose) _For ,the structure aof these .
thE3hpotnds® iEEgTaﬁe i?gg’ﬁePE‘B ouftdls 260 ACCRE Fredemt °F
invention tend to_display higher degrees of P-
thetsecttre tecbfi tF6R PRERLt Rfofiavi AlT (TRasretipns of the
[ 00881 Next, we have exam ned staining specificity of .
bripesef canpatnasti Wibhafd z8edicsns ofiseasst.i eAt WhPWn in Fig.
Al zhei nmer' s di sease. The conpari son was nmade of
ilstainhag propedt Pus dhaBSBEF-LQLr ansins senile plaques (Fig.
trans)-1-brono- 2, 5- bi s- (3- hydroxycar bonyl - 4-
11 hydedgyyshypgtibenzenhebBig. whichpper parehkd with
thioflavin S (Fig. 1, mddle panel, an adjacent
thsettaoinof.the section in the upper panel), and
BF-185 (Fig. 1, lower panel, an adjacent section of
[00he] secti Orhé Ncdhies A dleth ewpanehdef oFi §taidlingNproperties of
sections of the brain of a patient wth Al zheiner's
Brdpgeasei gAsishowdrinpkhel) lankt :hRsnbyEpediaut phbdkrties of
BF-185 nminly stains senile plaques (Fig. 1,
an Wedoe- shapedi gk oukeags) ri yher eas  BaRrand ki othavif acent
S stains both senile plaques and nearofrbrillary

se4800h e8¢ (Fhg dc-acr onheads) ; .St aLaLAOCW £ BSB yay

carried out accordi ng to
kovr onsky,, B., Zhang, .M -P., Kung, H,, F,.Kun J,_0.,.82
oo Ao D APERE g bupt BT g maehiging: o giRbase.

5 CTAPH ng pf bper (o5 bf "Br SESSCRCH: 2heForf paner)ins

and thjoflavin_S (Fig. 2, right panel, an adjacent
seRplt | BIFGHoT hoFiGet fon FAPRGSPEPPApAREPVIERIR) guhsph are
st S oNSRL e PR Dl dah by sh. M 1P
[0100] The comparison was made of staining properties of
BF-214 (Fig. 13, left panel} and thicflavin $ (Fig. 13, right
panel, an adjacent section of the section in the left panel
cf Fig. 13} in sections of the brain of a patient with
Alzheimer’s disease. As can be seen from Fig. 13, it has
turned ocut that BF-214 stains senile plaques (Fig. 13, wedge-
shaped arrowheads) which are stained with thiocflavin S.
[0101] The compariscon 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 secticns of the brain of a patient with
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Al zhei mer's di sease. 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 conpari son was nmade of

staining properties of BF-185 (Fig. 3, left panel)

and, i nmnostai ning properties of an antj-AP antlbodﬁ
ALBRPIBFEFPgPi852PFght A pafiel, PanSaef ab 8 Figeti8n of has

the section in the |left panel of Fig. 3,) in sections
tugreghaupr ahatoBraZpat reatnwi shnAlleheilmeives difs@ase.4, wedge-

As shown in Fig. 3, it has turned out that BF-185
shgpafingrrewhieRespl ahied @Fegst3inmddygétshapedilavin S.

arrowheads) and diffuse plaques (Fig. 3, within
[0doRi ed- | i nBhei cahesyiwbichaarmadst afnedawnthgt becperties of

anti - AP anti body 6F/ 3D. [0091] The conpari son was made
BreR23t aFngnglpyopecti panefl) BRd18RicEilgvié, sl eftigpanel,) right

and thioflavin S (Fig. 4, right panel, an adjacent
pasec}ien @ﬁj&B@nﬁe@éb@ﬂohnoth@hbeﬁéc@§6ﬁ|anEhglgeﬁﬁ panel

in sections of the brain of a patient with Al zheiner"s

of drsgases) Asnshewni bAsFLE. the bEaBﬁSOEU%n%QtQ%Et that
BF- 187 stalns senile plaques (Fig. 4, wedge-shaped 83

Al kEOnbeadsy; wbLch args stal ned g@%ﬁ fpéﬂf#§¥|n1§ it has

[ 00921 The conpari son was nade o stalnlng propertles

tuPﬁedag g8§h£E'EF §27a§££nﬁgngk£ ?stgﬂ g& gués(Fl 15,

t pane an ace sectl on 0 ction
FLO. f t
we%’%a%ﬁé%%gﬁﬁfkowﬁ%ﬁ'- FSEbR gt e B

as turned out 188 sta ns s n|Ie
Sew%\%u%ga%%?aa%, Teuge! ﬁgbfgarmaaﬁ R8s “whi ot Sar e
ined with thioflavin S. [0093] The conpari son was
arﬁ%ﬂ €3FS5t ai ning properties of BF 189 (Fig. 6, left
anel) and thioflavin S (Fig. 6, ht panel, an
[0 %?bcent é%%%|%ﬁmRﬁr%$@ﬁs%%$|%®d$no hetfeRrinpapeppesties of

6% in sectlons of the brain of a patient with
left panel) and immunostaining properties of

BEF- 2%7
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 plagues (Fig. 16, within
dotted-line circles) which are stained with the anti-AB
antibody 6F/3D.

[0104] The compariscn was made of staining properties cof
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. 192) in sections of the brain of a patient with
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Al zhei nmer's di sease. 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 conpari son 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)
RlgResmeri ngdiskaske bhai pabfba paehedtom FHIA 2Rei br hes

di sease. As shown in Fig. 7, it has turned out that
tuBpedoguhmihky BfaikAd sénihe pladues (lRigqpes7, (Rigdge-9, wedge-

shaped arrowheads), whereas thioflavin S stains both
shgpaill errplvhgads ) antlintureki Bitiaiihady wiahgles (Hisgzins,S.

arrowheads). [0095] The conparison was nade of
[0s0al ni ng prepebhiest ObnaBFad8htEFirgr 8taliefihgpanrelin

and i nmunostai ni ng properties of 84 an anti-AR

sedblibhedyr6FbA8Pe0Egwi8h highkipanels, @ArAdAceRtinly Congo
section of the section in the left panel of Fig. 8)

re&esti pAScef athe hrakn Béeﬁ patlent reLh é&éhﬁhﬁﬁraéents are
di sease. As shown in Fig. 8, it has turned out t hat

I d
ch§Eaé9@r§E@H”mK|%EQ&h?nB BBHES eBige ? antu- Efpe

ar r onheads are stalne Wlth

neapmsgmgé ?ng%@] ngcggggg, %0%9% s %oofrqa)jor

st al ni ng proper s of pane
hioflavin S F ht anel an adj acent
pa 2y b lca# SRR Feft S5aTS! of Fig. 9)
ections of the brain of_a patient wt
O%ﬁg ase. Aé S CERCHR LRe l?roﬁTFgg §OMPPUR § h@dpresent
out that BF-197 mainly stains senile plaques (
injeabecehapEa AF POWABEHSY I CwhEr &8s SEREOP &@.aﬁus%@aﬁd@ossess
both senile plaques and neurofibrillary tangles (Fig
SP%Clfh@%BMh€a§§§rePBo§¥PmTﬁéaéoﬁéaﬁhé@ﬁl@ﬁ§nn§deW@ﬂch stains
stalnnﬁg properties of BF-197 (Fig. 10, left panel)
boghds enrbnoBt adnEagapdopberepbsrofaten antyil oAR antoirieddyin .
6F/ 3D (Fig. 10, right panel, an adjacent
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 plagues in pbrain sections of
patients with Alzheimer’s disease.
[G107] BF-185 and BF-227, in particular, display
affinity also for diffuse plagues and provide their clear

staining, and thus are also useful for an early diagnosis of

Alzheimer’s disease.

[(0108] Example 2. Acute toxicity testing

Table Z shows the results of acute toxicity testing on

compecunds of the present invention performed by the above-

38



section of the section in the left panel of Fig. 10)
in sections of the brain of a patient with Al zheiner's
di sease. 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
anti body 6F/ 3D. [0098] The conparison was nade the
conmpari son of staining properties of BF-201 (Fig. 11,
depef tPpaAnBFPC8AHT85 -thiof lavin S (Fig. 11, right pane
an adj acent section of the section in the |eft pane
TabteFfg. Resylta séceiruhs 6bxiketybitgistiol @fpaticednventive
with Al zheiner's disease. As shown in Fig. 11, it has
C0m9®h@dSout that BF 201 stains senile plaques (Fig.

rr on

wed at1ov

thu%?ﬁ“%gllﬂa”? [OC99] The  colB&r&Bn &
ining propertiles of mgﬁﬁlomn?@V{EHQ@s @@F*n%%t‘@@;@lon

and PhmiR8st ai ni Ng properties of an i - AP ant i body

6F/ 3B €EEg@. 12, riight panel, an adjacgmb section of

tne §?cgg9n it e reft panei of Fg=T ﬁ) 1T Sections

hy o of At ANt uu t h /\| rl a¥atimasal di coaca

___Asms%gmggtn Fig 12 it has turned ouflPhat BF-201
st ai BB-28éni | e pllaques (Fig. 12, wedgeishaped

arrompegﬂ&) whi ch are stalned Mﬁth thgoantl-AP

o100

dntlgyu 6F-3D— {61060} The—conmpartsoriwas tade—of

| ___staini nn propertiles of ~BF-214 (Fig = left panel)
and Bhidffavin S|(Fig. 13, right pam2l{ an adj acent

sectBpr2ps the section in the left paneh of Fig. 13)

In sgﬁlgyms or t e brai n-of a pattem= W, th
se—As—can—-be-seepn—from-Fi g 13 It

has ? ?%%d out that BE- 214 stains sé%ﬂﬁe olaaueé

(Fi g2F1330wedge- |shaped arrowheads) which are stained

mttthhQQiIaV|n 5. [OlOlJ The conpart§gg mas made ot

bl d.l ||| Ilg pl UPCI lI () UI Dl_ LJ.J Ty, L4, I Cl l pClIICI )

and thioflavin S (Fig. 14, right panel, an adj acent

section of the section in the left pane
[0109] For PET imaging in humans, in general, total
doses of a pcsitron label and an unlabeled compound to be
administered utilize single intravencus administrations
ranging from 1 x 10™* to 1 x 107° mg/kg, and often from 1 x
107" to 1 x 1077 mg/kg. When the comparison is made between
the maximum teolerated 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.
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of Fig. 14) in sections of the brain of a patient wth
86 Al zheiner's di sease. As can be seen fromFig. 14,
it has turned out that BF-215 stains senile plaques
(Fig. 14, wedge- shaped arrowheads) which are stained
with thioflavin S. [01021 The conpari son was nmade of
staining properties of BF-227 (Fig. 15 Ileft panel)
and thioflavin S (Fig._ 15, right panel, an adjacent
[0L&81i on of aémpkapﬁmﬁloadrhﬁawf baﬁﬁﬁsr pefmepglligy
in sections of the brain of a patient with
Al zheshe' 8§ ahseaseheAsceanabe léggnofr dmski gompounds into
has turned out that BF-227 mainly stains senile
thelhyaes (Fi gicesStwonwedgeishapddear rowreagspuswher eas
thioflavin S stains both senile plaques and
admenref rbtibhar yThangbeset i gf dbe tast ovhmwadshds|[ 0408he
The conpari son was made of staining properties of
or&Fe 20Wo (ki gutdh, akFetktr paneh) samdtipaunast a3i.9 g 19.0%ID/g.
properties of an anti-AP antibody 6F/ 3D (Fig. 16,
ri ghtipanetgaan ad] BLep-bsachi BArofierhgesREbbeN ity of
the left panel of Fig. 16) in sections of the brain of

coxﬁ%@@ﬁdgnEOW bATALzhebRER' frdkseage etltlsh%et benedaqut
at BF-227 stains senile plaques PFlg 16

ne%@glgg §9§9§ﬁl a&r-,owgeegﬂ @ee %5@%21%@%%3 of %'ogg/lg%r

dott ed-Ti ne C|rc are stai ned w

mémgr aﬁ{aul@%@”&h???&@ﬁéw 1150%19581'1: %%i %g”&%ﬁ%%?&‘ft

st al ni ng propertles of

and_t hi of avl . ne
Coﬁﬁggééﬁtgsec?omﬁ %P gaéég i Of |ﬁmF% Pegg SIS 8F
Fi g. n sections ne.brain of a patlent with 87
bl%@%ﬁ%?ﬁL? @aHF§§5388r$§aééﬁlB¥ seen fromFig. 19, it
has tur ed out that BF-231 stains senile plaques
Ta ﬁ?g - 19 O%ﬁaﬁﬁalghﬁﬁéalﬁFrBﬁﬁ@ﬁag}1&5VcﬁfaF€esﬂ§Wﬁ@&1V9

with thioflavin S [0105] As conventional agents for
CO@@%p%gﬁgt%@amhnutes after intravenous administration (mice)

Compound $ID/g or ml
Brain Plasma
BE-185 3.9 1.0
BE-187 3.6 1.3
BF-188 4.8 1.7
BF-196 19.0 1.8
BE-197 15.0 1.9
BF-214 8.8 2.1
BE-215 8.8 2.5
BF-222 13.0 2.0
BF-227 7.9 2.1
[0111] Example 4. Neurcofibrillary 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
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sections of patients wth Al zheinmer's disease, mainly
Congo red or thioflavin S has been used. These
staining agents are characterized by staining both
senil e plaques and neurofibrillary tangles, which are
said to be two maj or pathol ogi cal signs of
Al zhei ner' s di sease. [01061 As shown in Fig 1 t he
conpounds of the present _invention have hi
tayg nE?F?%Pt§aFBO§€ﬁ?ﬂE ) pl abfie’s Hhd E%é%%%%Vlgp%cPFPEF@?d
different fromthat of thioflavin S, which stains
engeeh §§ﬁ¥ﬂénﬁl@Eu@§05ﬁén§h©§bﬁérVhaﬂe@aanﬁﬁ@ﬁﬁlnr and BF-
S5-protein. Fromthese findings, it is likely that an
22hppldcaet oprefidaemucbnpoandsnef ofherpresent otiventthem tau
is to use themas staining agents specific to senile
protagues Simiblaai rsvcttionseod olpedimed sfertBF-240 and BF-255
Al zhei ner's di sease. [01071 BF-185 and BF-227, in
[0pBR1i cul arhs délsphrayin affani 1y, abpe2for sdafifivde pl aques
and provide their clear staining, and thus are also
phosghotryigteantgarpyotdeagneBi shofrasArebeyiBr=8 diysaase.
[0108] ExanRle 2. Acute toxicity testing Table 2 shows

ant heod@subisi ol cacyt gnboyhekiyatest tag 9@otQQRDQ5e@§4Qb
the present invention perforned by the above 8

Itd@§§rt@§§e@r9§€dgﬁ§§ tﬁéb&smgouﬁﬁéUEgar@Eeﬁ%@Heby the
t oxi ci ty testi ng of the inventive corrpoun

o GRIREUIEISK, TP o oot o B R o BLCAVEEOUS, oo

- 2
or3§t§9 1&8 5%@ %4 &glnly recognizing tau protein, that is,
probes or staining agents recognizing neurcfibrillary tangles.

Similar results were obtained for BF-239, BF-240 and BF-255,

INDUSTRIAL APPLICABRILITY

[0113] The compounds c¢f the present invention intended
for probes capable of diagnosis of diseases having
accumulated AR, staining of AP using the compounds,
pharmaceutical compositions comprising the compounds of the
present invention which are used for the treatment and
prophylaxis of diseases having accumulated AR, 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
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BF- 215?10 BF-222710 BF-225>>10 BF-227?10 BF-228?10
BF- 2307?10 BF-231>10 [0109] For PET inmagi ng in humans,
in general, total doses of a positron |abel and an
unl abel ed conpound to be adm nistered utilize single
i ntravenous adm nistrations ranging from1l x 10-12 to
1 x 10 5 ng/ kg, and often from1l x 10-10 to 1 x 10-7
. Wien the conparlson i's made between the
dl‘ﬂ%&?%?n ?5| &+aPedTABSE dpBRFAL PAFRGUSPAGRILAISt r ati on
of these conpounds and the total anmount of conpounds
required for PET inmaging, there are at |east 100,000
times or nore differences between both of these
conpounds, and therefore the inventive conmpounds are
likely to be conmpounds which have extrenely high
| evel s of safety as probes for PET inmagi ng. 89 [0110]
Exanpl e 3. Bl ood-brain barrier perneability Table 3
shows the perneability of test compounds into the
brain in mce two mnutes after intravenous
adm ni stration. The content of the test conpounds in
the brain two mnutes after admnistration was 3.9 to
19.0%D/g. Wth regard to bl ood-brain barrier
permeability of conpounds for PET or SPECT whose
target is the central nervous system it is believed
that values of 0.5% D/g or higher would be
sufficient. In that sense, these test conpounds are
conmpounds havi ng extrenmely high levels of blood-brain
barrier perneability. Table 3. Blood-brain barrier
perneability of the inventive
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conmpounds two m nutes after intravenous adm nistration
(mce) Conpound% D/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
Exanple 4. Neurofibrillary tangles staining by the
i nventive conpounds As shown in Fig. 17, it has turned
out that unlike thioflavin S, BF-221, which is a
typical conpound of the fdrif% 11 of the present
i nvention, has high specificity to 90 tau protein
(arrowheads). That is, thioflavin S provided enough
stai ning of proteins other than tau protein, and BF-
1. 221cehgownd, ppovideahtichrsealmphg ohepeotfei neighhérs used as
than tau protein. Simlar results were obtained for
a BFeR40fanddBFgR55inf0a18) sAssshownwhncki gmyl8idBB-22btein
stai ned phosphorylated tau protein which was
acrecopatzed bypasseantdbbdytepecbtmalaoIphosphoryl at ed

tau protein (pSer422). It has turned out that the
conpounds represente by the formula Il of the
R1pres i nvant i ! d be used as probes or staining
/ageﬂ oﬂac (ec gn|2|ng tau protein, that is,
Rz probes or stai gsnts recogni zing neurofibrillary
t angl es. S|n1lar resul tsInwere obtained for BF-239,

BF-240 and BF-255. | NDUSTRIAL APPLI CABILITY [0113] The
wh&Popeunds of the present invention intended

A is a five- or six-membered ring having the following

structure:
X——%

or

or

X and Y, independently, are N or CH;
Z is O, S, CHz, or N-CpHpzpii:

G is N or CH;

J is S, O, CHz, or N-CqHpgu;

p is an integer of 0 to 4:
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for probes capabl e of diagnosis of diseases having

accunul ated AP, staining of AR using the conpounds,

phar maceuti cal conpositions conprising the conpounds

of the present invention which are used for the

treatnment and prophyl axis of di seases having

accunul ated AP, and others are extrenely inportant in

early identification, nmedical care, and prophylaxis

of s@ri+dudndiBeases Such B8 Afzheiner's disease which

is one of the nost inportant nedical problens and

t husRhavel ékt Bagelydepghdgppilive slsilsabed f ndie Yvedi Tzup

field. Also, the present conmpounds are useful in an
corar$yi9d dfagpdspgenf Ahdheilkhyl' sadisgadetand carbons

tauopat hies. 92 CLAIMS 1. A conpound, or a salt or
(hsotvat ettéher eefernwhdchoi ssuSed-asdkya)probe for

di agnosi ng a di sease in which anmyloid p-protein

accuralliat essl geepEsEded iy dheud afdild st indR cRahyf2ogen,

N-A-~CH=CH~--C R5 ~1) wherein, Ais a five- or

haBbdeAENDE[ edodiNgsbay) neHt hech.ol Eowkngy 15t Buet whenar;
N GJ or X and Y, independently, are Nor CH Z is 0,

S, Gi2,arQf Y %&Eﬁ@i}ep@nid%nlﬂl?{r seltect dcf o e r Alp
N-CgH2q+1; p is an integer of O to 4;

consisting of hydrogen, halogen, OH, COOH, SO03H, NH:, NO;, Ci.
salkyl, 0O-Ci_salkyl, wherein the Cj;4alkyl is cptionally
substituted with halecgen(s), and phenyl; or alternatively, Ry
and Rs, together, form a benzene ring which is optionally
substituted with cne to four substituents selected form
halcgen, OH, COOH, SOsH, NHz, NO;, Cijalkyl, 0O-Ci-calkyl,
wherein the C;_4alkyl is optionally substituted with
halegen{s), and phenyl, with the proviso that when m is 0 and
when R; and Rs, together, form a benzene ring, the ring A is
not a benzene ring;

D is NH, S, C, 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 sclvate thereof, according to

claim 1, wherein the compound specifically binds to senile
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93 g is an integer of 0 to 4; Rl and R2 are

i ndependently selected fromthe group consisting of
hydrogen, and al kyl having 1 to 4 carbons
(hereinafter, referred to as Cl_4-alkyl); R3is
sel ected fromthe group consisting of hydrogen,
halogen OH COOH, SGBH, NH2, N2, Cl_4alkyl, and

hen g RS are | ndependently selected fromthe

Pl%?%%% a%% Sts tﬁguﬁ? H gHdgén, hal ogen, OH, COOH,

SBH, NH2, N2, Cl1_ 4al kyl, C}C1_4alkyl, wherei n the
Cl 4dalkyl is optionally substituted wi t h hal ogen(s),
and phenyl; or alternatively, R4 and R5, together,

3. 1 Bren aORAZRAE 2rng mléhorss@étfﬁ*@ﬁartwre@ébstaﬁp@tr@dng to
with one to four substituents selected form hal ogen,
clg@Hn LTOOH)eSOBH, tNe2eonNoRundligabkykctedCiroal kyle, group
wherein the Cl 4al kyl is optionally substituted with
comal ogeng s¢f BRI pHenpF-16i7t hBER&8AL 0BEsd 8thaBEWiéEG, MBE-197,

is 0 and when R4 and R5, together, forma benzene
BE¥20y, Bhe2IipgRA-23%5, nBf-22hbenzadeBri-ngl.D is NH, S,
0O, or CH=CH, Eis Nor CH mis an integer of 0 to 4,
with the proviso that when the ring Ais a benzene
ring, mis an integer of 2 to 4; and n is an integer

4. 0fnd t&ndoura, THe §°§99Hngr 9519288l tnakes@l Vateording to
t her eof accordlng to claim1l1, wherein the conpound

an§p&§éfé§aéiylﬁé”ﬁstE°3sthE§e?ﬂ Eh@qH% éﬂﬂﬁoﬁsd&gk%i%d

pl aques. 3. The conpound, or a salt or o vat e
t her eof , accordlng to cIa|n12 wherei n the conpound
is selected fromthe group consisting of BF-185,
187, BF-188, BF-189,. BF-196,_ BE- 1 7 BE- 2
. BS 1R OB 2371l BRLFSLS ghétESfco%SEﬁgmg o

o1 0% S OL; SOLyat g Lhereof . acgording o

6. The compcound, 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 therecf, according to

claim 6, wherein the y-ray emitting nuclide is selected from
the group consisting of #mpe, M1n, %Ga, 211, #°I, and Xe.
8. The compound, or a salt or solvate therecf, according to

claim 5, wherein the label is a positron emitting nuclide.

9. The compound, or a salt or scolvate thereof, according to

claim 8, wherein the positron emitting nuclide is selected
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any one of clainms 1 to 3, wherein the compound is

| abel ed. 5. The conpound, or a salt or solvate

t hereof, according to claim4, wherein the label is a

radi onuclide. 6. The conpound, or a salt or solvate

t hereof, according to claim5, wherein the |abel is a

y-ray emtting nuclide. 7. The conpound or a salt or

solvate thereof, accordin |nk mher@é t he
fr9mr%§eeﬁ????n@oﬂﬁ%FFHEglggseﬁéct ng oup

consi sting of 99nic, 111ln, 67Ca, 201T1 123|, and

133Xe. 8. The conpound or a salt or solvate thereof,

according to claim5, wherein the |abel is a p05|tron
10 erh t §P RO PLEL PefOD. tirRe  BaApOANEiagncaisaPpE 6r disease in

sol vate thereof, according to claim8, wherein the
whingls | ampho i f&tpngtﬁml pdeuing legkect edmPs ifiom ehecompound

group consisting of "C, '"""3N, 150, and 1F. 10. A
aC©®m®b$®tt@nampromheofnugamgsdﬂagnoébsomfaapdb$maseutdcally

whi ch anyl oid p-protein accunul ates, conprising a
accappaohe satcoodi agltetanyheneodf eahdi asphatrBaevaically

pharmaceutically acceptable salt or solvate thereof,
acafsk sophasspepdtically acceptable carrier. 11. A Kit

for the imagi ng diagnosis of a disease in which

anyl oid p-protein accunul ates, conprising a conpound

according to any one of claims 4 to 9, or a

11 pharppcepti cahdyindgeapt @?L?né@&& QF §0h¥%§s&h%e%lch
as the essential ingredien and a pharmaceutically

amff&fcﬁ)t@%fo’g@{ﬁ' §£cuﬁ%la€e§9@8ﬁ?£iggn%°5 EBQEBMHQ

proteln In praln Ssanpte npri si

acéé%%%%@dtgcggrdl?%ereogﬂgigne O%ocbaln?lonpkgr%acgutlcally

Sol v onp03|

acc&&%bf;%n% L SR ng i Bhrbonind GechrarHE a0
m?2 or 3, or a salt or sohiate thereof. 14. The
O RATHORT 1 BT FIP ERUEF S M £35CRRBF EPnet Rarrier

conpound is selected fromthe group consisting of
BF- 185 and

12. A compeosition for staining amyloid B-protein in brain
samples, comprising a compound according to any one of claims

1 to 3, or a szalt or solvate thereof.

13. A composition for staining senile plagues and/or diffuse
plagques 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.
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BF-227. 96 15. A pharmaceutical conposition for the
treatnment and/or prophylaxis of a disease in which
anyloid p-protein accunul ates, conprising a conpound
according to claim1, or a pharmaceutically
acceptable salt or solvate thereof, and a
phar maceutically acceptable carrier. 16. The
phar maceuti cal conposition according to claim 15,
mherein the di sease is Al zheiner's disease. 17. A
c ound, or a salt or solvate thereof, which is used
Sas apB%lB@CFBF1aa%e89mﬁ55ﬁéapaf TBFi [FP&r  FEAMGEas GnASr
an agent for staining neurofibrillary tangles,
Pregpytashtediby CLREaPEr il HREED RIYLPLANEADROUEI®) K |
R, wherein, the ring Ais represented by ¢c> Z or
acomukatRe, XomMYriZing aasdrposnd eRecsddBdasodeflidsd 1, or a
97 above; R6 is halogen, OH COOH, SG3H, NH2, N2,
phindatkyicalOl €laccénkhkple whékebm thévEieddhleyleofs and a
optionally substituted with
pharmaceutically acceptable carrier.

16. The pharmaceutical composition according to claim 15,

wherein the discase 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 IT:

RK N
N—A—= BN
R> —(Rgk
NS
{IT)
wherein,

the ring A is represented by
X——f

Qr

R, Ry, X, Y, 2, G, and J are the same as defined
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hal ogen(s), or phenyl; and k is an integer of 0 to 4.

18. The conpound according to claim 17, which is

selected fromthe group consisting of BF-221, BF-239,

BF- 240 and BF- 255. 19. A nethod for the treatnent

and/ or prophylaxis of a disease in which anyloid

p- protein accunul ates, which conprises adm nistering

a compound according to claim1, or salt or solvate
abPH&f eof . 20. A method for the diagnosis of a disease

in which anyloid R-protein accunul ates, which

compFs s&% e 5 nPR CorPHuUNeCsthc dBadi A§2t oCchallivl, O-Ci-

or a salt or solvate thereof. 21. Use of a conpound
sagechr ditRre bt chlag ¥ ds2bkva $al epoionsgblyvasebehékrofd with

for producing a conposition for the treatnent,
happgphybaxi sr phedivagnesids of a di sease in which

anyloid protein accunulates. 22. A nethod for

det ekt ingaor istagarngfneéucof ébrillary 98 tangl es,

whi ch conprises enploying a conpound according to

claim17, or a salt or solvate thereof. 23. Use of a

compound according to claim17, or salt or solvate
18t heneotchphuRHOdHELRE I AgCORPES KL 0N 7f, 0k ndeteatsd RG 1/t ed

staining neurofibrillary tangles. 24. The net hod
fr88Cehdi B9-LE E6haLMsE2gr oEh@rUSS1aceet 8isRg - glRidRNg sF-

23, wherein the conpound is selected fromthe group
sggonsi sting of BF-221, BF-239, BF-240 and BF-255. 25.

The conpound, or a salt or solvate thereof, according

to any one of clains 1 to 9, 17, and 18, which is

used as a probe for the diagnosis of a confornationa

di 6. A it kit, f the i [
19 BoREnedoroh CEBnTErRETTBhaR i Shals hospris g 2
ound, or sal or. _solvate thereof, accordin%hto

.CO
dlgﬁgg%nénoyh&F i ARy o%g @—p{§teln accumulates, whi
comprises administering a compound according to claim 1, cr

salt or sclvate thereof.

20. A method for the diagnosis of a disease in which amyloid
f-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
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and 18. 27. A pharmaceutical conposition for the
prophyl axis and/or treatnent of a conformationa
di sease, conprising a compound according to any one
of claimse 1 to 9, 17, and 18, or a pharmaceutically
acceptable salt or solvate thereof and a
phar maceutically acceptable carrier. 99 28. A nethod
for the diagnosis of a confornational disease, whj.ch
tab@hprr ou i EnroTERG o5 2 ERBOCHA Mo oL aiG o SR UE 0 to
claimg 1 to 9, 17, and 18, or a pharmaceutically
clatlept abPE 2saPttoPrs§PdaeE St RELE6CL-20. Use of a
compound according to any one of clainms 1 to 9, 17,
and 18, or a pharmaceutically acceptable salt or
solvate thereof, for the diagnosis of a
23¢onsor ahit Ronanpdhsdasecozding et kddifiol ther salt or
prophyl axi s and/or treatnment of a conformationa
sodvrseasthenhdthfconprodesiadnenicsmprisig ivo dorsulgjtectt img or
conmpound according to any one of clainms 1 to 9, 17,
stainidg, nenrafpbat imbaeyt teabllysaccept abl e salt or
solvate thereof. 31. Use of a compound according to
any one of clainms 1 to 9, 17, and 18, or a
pharmaceutically acceptable salt or solvate thereof,

24fornéhgeprophykaxkrgiagdier cipeat mBNbroknd use according to
conformati onal disease. 32. A precursor conpound for

c18YRtPesi 7hB9e 8n CONROUBALBCEAr dhNg bR 2RY @8Ok ne! 3R
1to9, 17, and 18. 33. The precursor conpound

I N0, topel abm 32-_whichyi-s 0 elec fromthe
SO o cona <P g ot o333 BE-338, “BE: Sh6 e 261
and BF-253. 34. The precursor conpound according to
claim32 or 33, which is | abeled. 35. The precursor

conpound according to a one of cl ai 32 .
25. ?ﬁe compound, og a saT¥ Oor solvate g%ereof, according to

any one of claims 1 to 9, 17, and 18, which is used as a

probe for the diagnosis ¢f a conformational disease.

26. A composition or kit for the imaging diagnosis of a
conformational disease, comprising a compound, or a salt or
solvate therecf, 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 cne of c¢laims 1 to 9, 17, and 18, or a
pharmaceutically acceptable salt or solvate thereof and a

rharmaceutically acceptable carrier.




to 34, which is |abeled with 18F or 1231 101

28. A method feor the diagnosis of a conformatiocnal disease,
which comprises employing a compound according to any one of
claims 1 to 9, 17, and 18, or a pharmaceutically acceptable

salt or sclvate 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

therecf, for the diagnosis of a conformational disease.

30. A methed for the prophylaxis and/or treatment of a
conformaticnal 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 accerding 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 precurscr compound for synthesizing a compound

according to any one of claims 1 to 9, 17, and 18.

33. The precursor compound according te claim 32, which is
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selected from the group consisting of BF-223, BF-226, BF-24%,

BF-251, and BF-253.

34.

is

35,

to

The precursor compcund according to claim 32 or 33, which
labeled.

The precursor compound according to any one of claimg 32
34, which is labeled with '|F or *?°1,
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