WO 03/ 074519 PCT/ EP03/ 02251 -1- Coumarines useful as biomarkers The
present invention relates to novel coumarine derivatives, their

prepar at iwn,03bhsi19 use as markers and conpositions cont aiPaiTrEpPos/@s1  Mor e
particularly the invention provides a conpound of formulal RL R14 RN
17 O0 R4 R2 wherein either RL and R? are both hydrogen and either R3 and
R4, independently, are H CH3, 11CH3, (CH2)"Il, (CH2)"1231, (CH2)nOH,
(CH2),F or (CH2)118F, n being 2, 3 or 4, or R3 and R4, together with the
ni t r ogeICaatannep usdfulds Hidregrkarse attached, forma group of fornmula NIN-R5
wherein RS is H (CH2)rl, (CH2)n1231, (CH2)"OH, CH3, "CH3i (CH2)"F or
(CH2)""8F, n being as defined above, or one of RlL and R2 is hydrogen and

t he. ot h%&gg&%%g nqe;'nt glaggto iwgg%o%ﬁé%ﬁ%y\g_‘g%ﬁ (péﬁ%?swg )%ﬁ lggd

and R i snarkensangd comppsitionsl conRiNing k@G \ or --JI --0 7 X R7 O R wherein X
is 0, Sor NR3, R8 being H CH3, "CH3, (CH2)rl, (CH2)n1231, (CH2)nOH,
(CH2)r,F or (CH2)"18F (n being as defined above), Yis CHor N and R6 and

R7, More particularly the invention provides a compound of formula |
R, <X—R
|
Ry— fil 0O o)
R, R,
wherein

either R, and R; are both hydrogen and either R; and R4, independently, are H, CHs, *'CHj,
(CHa)al, (CH2)a™1, (CH,)aOH, (CH,)uF or (CHa),"®F, n being 2, 3 or 4, or R and Ry,
together with the nitrogen atom to which they are attached, form a group of formula

wherein Rs is H, (CHa)ul, (CHz2)a'®l, (CH,)sOH, CHa, 'CHs, (CH2)WF or (CHo)a'®F, n
being as defined above,

or one of Ry and R; is hydrogen and the other, together with R, forms a -(CH,),,-
bridge, m being 2 or 3, and Ry is H, CHs, (CHa)ul, (CH2)."?l, (CH2),OH, ''CHs,
(CH2)+F or (CH2),'"®F, and

R is a group of formula
R
R 6
N 6 Y N—N
~3
_<\/ . o U N °
N X YA\
R, R,

wherein X is O, S or NRg, Rs being H, CHs, "'CHj, (CH,)al, (CH2)n'1, (CH,).OH,
(CHa).F or (CH,)."®F (n being as defined above), Y is CH or N and Rs and Ry,
independently, are H, NO,, F, "®F, O(CH,).F, O(CH,),'®F, Cl, CN, ""CN, OCH,
O"'CH;, 1, '®1, O(CH,),l or O(CH,).'?I (n being as defined above),



I ndependently, are H, NO2, F, 18F, QCH2)" F, Q(CH2)1,18F, C, CN, "CN,

OCH3, O'CH3, |, 1231, QCH2),,I or CH2)nl1231 (n being as defined above),
WO 03/ 074%093PCHIEPO3/ 02251 -2 in free base or acid addi ticarepeab12sf or m
for use as a marker. The conpounds of fornmula I, with the exception of the

foll owi ng conpounds: 7-Di net hyl am no-‘?—'( 1-nethyl -1

H benzoi m dazol - 2-yl ) -chronen-2-one 3-(1

H Benzoi m dazol - 2-yl ) - 7- di net hyl am no- chr onen- 2- one

3- ( 6- Chlirofree base art ddidadditicty sdlt)ferm, domesehasl amari@rchr onen- 2- one

3- Benzot hi azol - 2-yl - 7- di et hyl am no- chr onen- 2- one

3- Benzooxazol - 2-yl - 7- di net hyl am no- chr onen- 2- one

3- Benz oG@hazompdunds of-fomtuiy |, avithi the exdeption of the dollowihg Gonfgbunds:

| or o- benzooxazol - 2-yl)-7-di nethyl amino-chronen-2-one have never been
disclosed in the literature and are part of the present invention. In a

f ur t her 7eBipethylamine-3-(1waethilotH-peroimidazak-2peclesmen-@roriehe producti on of the

conmpounds,,of . for myl a their salt conprising the steps of a) for the
pr oduct go(ﬁﬂ&en&gm tlj'ha'%bf' dlf“&?*ﬁ‘ﬁﬁ"&'”?‘"ﬁﬁ?@?eé\' °F8 R4, R5, R6, R7 and R8 are
di f f er e 3t(6¢CrdonolbbOEBthiazGF2YINI 8fimeth@biintt&BdmedFFoneO( CH2) n18F, 11CN, 011CHS,
1231 an 2)" 123 regaet,i ng a,compoynd of formula Il with a conpound of
f or mul agr??%g{#“%%"%‘V&«”ﬂ'm%ﬁﬁf—l“%f’r&hf°"q%§5‘i’“ﬁ 000 Raz2ll Il
3-Benzooxazol-2-yl-7-dimethylamino-chromen-2-one
3-Benzooxazol-2-yl-7-methylamino-chromen-2-one

3-(5-Chloro-benzooxazol-2-yl)-7-dimethylamino-chromen-2-one
have never been disclosed in the literature and are part of the present invention.

In a further aspect, the invention provides a process for the production of the compounds of
formula | and their salts, comprising the steps of

a) for the production of a compound of formula | wherein R, R4, Rs, Rg, R; and R; are
different from ""CHjs, (CH,)\'°F, (CH2)a'®1, '®F, O(CH,),"®F, '"CN, O''CH,, "% and
O(CH,),'®l, reacting a compound of formula Il with a compound of formula Il

O

wherein R; and R, as well as Rs in R; and Ry; Rs and Ry in R; and Rg in X are
different from "'CHj, (CHy)'°F, (CHa)a'21, '®F, O(CH,),'®F, "'CN, O''CHs, "2 and
O(CH.),'?I, and Alk is (Cy4)alkyl, or

b) for the production of a compound of formula | wherein at least one of Rg and R; is
O'"'CH,, reacting a compound of formula | wherein at least one of Rg and R; is OH with
I""CH, and a base, or



wherein R3 and R4 as well as R5 in R3 and R4; R6 and R7 in R and R8 in X
are different from11CH3, (CH2)"18F, (CH2)"1231, 18F, Q CH2)nl1l8F, 11CN,
OL1CH3, 1w®lb3amt19 O CH2) n123,, and Al k is (CL.4)al kyl, or Po/HEros/o12he
production of a conpound of fornula I erein at least one of R6 and R7 is
Olt CH3, reacting a conpound of formul &°I" wherein at |east one of R6 and R7
is OHwith 111CH3 and a base, or WO 03/074519 PCT/ EP03/02251 -3 c) for

t he production of a conmpound of formula | wherein at |east one of R6 and R7
IS O(CHZ) 118F, respectively QCCH2), 1231 , reacting a conpound of fornula I

L enr oy ARl SRR LinBb YT B R M i
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the ot ancene AT By SBT RE I oHE RO S G Mo s i Basoedlely 0" re) and Ry
is _1231, reacti Rg a corrpognﬁ of formula | \(/jmerel nf at | east one of R6 andf
7 compodhaRihe A of P A EFReB G an bl e HLar A o °" ©

reacting aresiipgdrdmpbuid®onetaulh | Wheret &t I6dstbaast RpaAd B isTG0atthdibgdns
OSQ2CF3 W\Xﬂg 14 1C cyanide, or g) for the production of a conpound of
r

formula | i n® at | east one of R3, R4, R5 and R8 is 11CH3, reacting a
conpound of for rrul al wherein at |east one of R3, R4, R5 and R6 is

hydrogen for .t oduction of und of f@f rrula I
wher ei n 8t %rér&%prog_‘gno&oq% MR “nﬁgpg’ﬁg Iﬁg"‘f reig EHQ?S %ﬂégﬁg%ﬂ? ve

(CH2) n123, redoﬁﬁg:hlcbg\pauﬁd)ﬁpfﬁtrﬁda ofvherimat Ieast onb ef Ri Bn@R; isEB\%Bn OWigh ‘zbf R3,

R4, R5 and Rﬁ i$ éCH% Qls or (CH2)nOVs with 18F, respectively 1, and
recover i ng 2P BYFR9ER PE99E M pound of formula | in free base formor in form
of an acid addition salt.

f) for the production of a compound of formula | wherein at least one of Rs and Ry is "'CN,
reacting a compound of formula | wherein at least one of Rg and R; is OSO,CF; with
["'Cleyanide, or

g) for the production of a compound of formula | wherein at least one of R3, R4, Rs and Rg
is "'CHs, reacting a compound of formula | wherein at least one of Rs3 R4, Rsand Rg is
hydrogen, with "'CHl, or

h) for the production of a compound of formula | wherein at least one of R3 Ry Rsand Rg is
(CH.),"°F, respectively (CH,),'?), reacting @ compound of formula | wherein at least one
of Ry, Ry, Rs and Ry is (CH3),OTs or (CH,),OMs with '°F®, respectively 1°,

and recovering the resulting compound of formula | in free base form or in form of an acid
addition salt.

The reactions can be effected according to known methods, for example as described in the
Examples.

Working up the reaction mixtures and purification of the compounds thus obtained may be
carried out in accordance to known procedures.



The reactions can be effected according to known nethods, for exanple as
described in the Exanples. Wrking up the reaction m xtures and

puri fi catwomsmf4sihhe conpounds thus obtai ned nmay be carri edTmEPO3/HI251
accordance to known procedures. WO 03/074519 PCT/ EP0O3/02251 -4 Acid
addition salts may be produced fromthé Tree bases in known manner, and

vi ce-versa. Conpounds of fornula | in free base or acid addition salt
form hereinafter referred to as agents of the invention, exhibit val uable
pr oper t i Axdd additiunsdaltp atdydeoypdadedStom therfreedupsas 8 knawmergameer sayeintice-veersd.or

bi omar kers, hereinafter "markers". More particularly the agents of the

i nvention are useful as markers for |abeling pathological structures such
as i ntr awmwounds offeamnolbil i freé base éreaviyl akitmncdsatfoma detdindfter réferredipl asi d

pl agues, n, th bral ients h zhel per' s di seas see
Bcan! o 29pRs i tlguatiion Peibiafla FPbdidt o RlcpaPoPEoala PRI bhe ear 1y
di agnosiimaging apgestsantiioo bionfarkeks,Aeeeinafter Smdikeesise and for nonitoring the

ef fectiveness of therapeutic treatnents of Al zheiner's disease. The
advant ages of assessing anyloid and neurofibril deposition in vivo and
non- i nva\abmepbwculaslym agenkeofthe iyahtion 20é ubefokbas mgrnereefmelabeungcpatmmibﬁave
been repg r e, Wt Qve

or esent HGERS i e G ame L eraL aeorohy et SRt R g e B Rl

St ruct ureeg. i thevbrin of patiénts with dJzheipngsidiseage (asme&;e:mple)ﬁ) the invention. In a
further aspect, the present invention provides a nethod for |abeling

hi st opat hol ogi cal structures in vitro or in vivo, which conprises

cont act iTrg dyeatsofthe mventivintane tmar@fgm”llseﬂﬂ fdrhiee eértwcﬁagricxsrs anSairdvetmne:h of ti ssue

conprises_.for le | -a s..and/ or . peur of il ary angl es.
Cont act PAeHE S e e g SRR IdmB W 7S pr e Rl FrestnBl & el e
ef f ect emlﬂ)egmm|§¢asberi ng the agent of the invention to a patient, e.g. a
patient with Al zheiner's disease. The nmethod of the invention may conprise
a further step ainmed at determ ning whether the agent of the invention

| abel ed THeeadvaritggés oft assessimgamyloid and neurofibril deposition in vivo and non-invasively

using markers capable of labeling these structures have been reported e.g. in WO 00/10614.

in accordance with the above, the present invention provides a composition for labeling
histopathological structures in vivo or in vitro, comprising an agent of the invention.

In a further aspect, the present invention provides a method for labeling histopathological
structures in vitro or in vivo, which comprises contacting brain tissue with an agent of the
invention.

Said brain tissue comprises for example R-amyloid plaques and/or neurofibrillary tangles.

Contacting the brain tissue with the agent of the invention is for example effected by
administering the agent of the invention to a patient, e.g. a patient with Alzheimer’s disease.

The method of the invention may comprise a further step aimed at determining whether the
agent of the invention labeled the target structure.

If the agent of the invention is a non-radioactive compound of formula |, said further step
may be effected by observing the target structure using fluorescence microscopy.



If the agent of the invention is a non-radioactive conpound of fornula I,
said further step mnmay be effected by observing the target structure using
fl uor escewoasnresnoscopy. WO 03/ 074519 PCT/ EP03/ 02251 -5 IpcTiHPO3/0pSNt Of
the invention is a radioactive conmpound. of fornula I, said further step may
be effected by observing the target structure using positron em ssion

t onography (PET) or single photon em ssion conputed tonography (SPELT).
Label i ng hi stopat hol ogi cal structures in vitro is effected, for exanple,

for detecting histopathol ogical hallmrks of Al zheiner's di sease. Labeling
hi st opati @k QgbREef t5d V&R WA 0 | - | &, f0r

di agnosi n gl gﬁéei ner' s t%?\i%gsééﬂlélfénc‘ﬁge Bgrpﬁé%%c&é?&p é’?éjllr;ns)%létq g&?eﬁate[prmay be

ef f ect i R¥ieled byfobgenvingtag tangat structuecausingpositron/énainsiontomegreplse(@ET) off he

fol 'Eg;wnp%gwﬁ@a%@émisg#ou%bﬁﬁhrédttbﬁ\ob&%ﬁyté&ébT)m 03/074519 PCT/ EPO3/ 02251
3-Benzot hi azol -2-yl -7-f4-(2-fl uoro-ethyl)-piperazin-1-yil-chronen-2-one 200

4] 4 ( 2?{%Pﬁ“éﬁo'?'set?%ay‘r?'i’%?%é%’g%wn%sl".‘ yiep i effected for xampls fndtestingd 164 ny (1
eq.) bemistenathplegicat hglimarke of Alzbeimer'sdiskgse.ester are heated to reflux for 3h
in 5 nm benzene and 2.5 nlL acetonitrile, in the presence of 0.157 nL (2

eq.) piperidine. The reaction mxture is allowed to reach room tenperature
and t he Lgbeltngpiistepathalogical strdctyfels,in viva isheftbctdd; for @karmnplg for biagnasiag dr i ed under

hi gh va VAT : 0 ' S el | ow powder

(ol | ng gt eke 0o BRGURS! tos ot B pupERBRESs T RelbPeyti) o5 s
7.97 (2Featment of AgBeier’s disefpse.7. 50, 7.39 (2t, 2H); 6.88 (dd, 1 H); 6.78
(d, 1 H; 4.62 (dt, 2H); 3.45 (t, 4H); 2.78 (dt, 2H); 2.70 (t, 4H). The
starti ngi_ materials are prepared as described hereafter:

3- (4- ( 27Pp (Rlowing: examplesi ilustrate) the Invehtiophenol 1 g (5. 61 nmol)

3- Pi perazin-1-yl -phenol and 0.5 nL (1.25 eq) 1-brono-2-fluoroethane are
stirred 20 h at 60Cin 5 nL DMF, the reaction mxture allowed to reach room
t enperature



and evaporated, and the residue colum chromatographed (silica gel, ethyl
acetate/ petroleumether 9:1) to yield 600 ng (48% of the desired product
as a br ovwoaslo74519 PCT/EP03/02251
4-14-(2- Fl uoro-et hyl ) - pi perazin-1-vl| - 26 hydr oxy- benzal dehyde 600 ng (2.675
mrol ) 3-[4-(2-Fluoro-ethyl)-piperazin-1:yl]-phenol are dissolved in 8 nL
DMF and cooled to OC. 0.27 nmL (1.1 eq) POCI3 is added dropwi se within 2
mn. and the reactlon mxture stl rred for an additional 5 mn. before

bei ng alBExamwe i b2 A ethypiperaier -Yikelirothearddorst i rred for 3
h at 90C. The reactlon mxture i s evaporated and the residue extracted
with water and ethyl acetate. The organi c phases are washed with brine,
dried @08mg (ﬁd?%mmml)ph[aﬁ-(é FRuatoetiagepipdrazin- 17yije2- hsarkbxi,ubeﬁzaldehydmand 164
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Benzot hikengéne2and 2.5 0wt acetenitrice, neﬁwb;pkesesteof (B1%27 mL (2 2Q.)pipEridine. The

217 i PR WG Biflofc YU rfh b€ s NG el B tet e 7 | 1
eq.) chiveasbedmitb mdmylemmarm dredhmbeetmglewacuumlﬁ yigld 60 mgwwseﬁ)h)edesmedadded

dropw s penS| on is stirred and additional
2 h at 6%%? & a??’é u$°w‘m§meﬁﬁ§ ‘%Ig Ate renoved by WD 03/ 074519
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3- Benzot hi azoI 2-yl-7-[4-(2-fluoro-ethyl)-piperazin-1-yi]-chronen-2-one can

gebeﬁ;gﬁﬁ\l azo gﬂ\%fe?l?lsaigpgee%?@% esg{lﬁ Wer% eg'rzgzrrroll)yl] chronen-2- one

are dissolved in 3 nL dichl ororrethane with 2.5 ng (0.8 eq.)

4- di mat%y4_ i) d,0..013 rTIL (3 eqg.) diisopropylethylam ne, and
cool ed chloride are added and the reaction
m xt ur e 1g (5r61enhm‘od)r3 lnperdmu’r ylaﬁ‘iemoéarhﬁ(b Bonla1l28/rag) 1tisromoeafilioroetame are

| & et 2 Ry ok PiPE dhn R PR M B apie SR rekrls o iRt it

0.2 nlL and evaporated, and the residue column chromatographed (silica gel, ethyl acetate/

petroleum ether 9:1) to yield 600 mg (48%) of the desired product as a brown oil.

4-[4-(2-Fluoro-ethyl)-piperazin-1-yl}-2-hydroxy-benzaldehyde

600 mg (2.675 mmol) 3-[4-(2-Fluord-ethyl)-piperazin-1-yl]-phenol are dissolved in 8 mL DMF
and cooled to 0°C. 0.27 mL (1.1 eq) POCI; is added dropwise within 2 min. and the reaction
mixture stirred for an additional 5 min. before being allowed to reach room temperature, and
then heated and stirred for 3 h at 90°C. The reaction mixture is evaporated and the residue
extracted with water and ethyl acetate. The organic phases are washed with brine, dried
over sodium sulphate and evaporated. The residue is column chromatographed (silica gel,
ethyl acetate followed by ethyl acetate/MeOH 85:15) to yield the desired product as a
yellowish oil.

Benzothiazol-2-yl-acetic acid methyl ester

3.2 mL (30 mmol) 2-Amino-thiophenol are dissolved in 100 mL diethylether and treated with
4.17 mL (1 eq.) triethylamine to yield a suspension, to which 3.21 mL (1 eq.) chlorocarbonyl-
acetic methyl ester in 10 mL diethylether is added dropwise within 20 min. The resulting
suspension is stirred and additional 2 h at room temperature, and the precipitate removed by



tetrabutyl ammoni um fluoride (1 Min THF). After stirring for 30 mnutes,
the solution is evaporated and the desired product obtained as a yellow
powder. MBOHBAY451910 (M+1l). The preparation of the starti RgTmPO®0I281 iS
described in Exanple 3. Exanple 2: 7. _

3-(6-Chl oro-imdazofl, 2-al pyridin-2-yl)-8-(2-fiuoro-ethyl)-5 6 7
8-tetrahydro-|- oxa-8-aza-a nth racen-2-one 200 ng (0.896 mmol )

1-(2- Fl uoro- et hyl ) - 7- hydroxy- 1, 2, 3, 4- t et r ahydr o- qui nol i ne- 6- car bal dehyde
and 201 ﬁ#{j’t'Pm-B&ﬁ%lt"@ts-'%ﬁY@P@tGW%Q@anZ:hajnwogrdbmciz(sylbaag_at;ﬁthyblf;lm d m(3t2 hyl
ester i EIEER . ; N I o

eq.) pi Egrétiagei/ ‘r)fl(sa)t and %trhe%? ﬁﬁéﬁ%?@ﬁﬁﬁg%%aﬁgdﬁgg%%|y§¢’1&vﬁ1g}<wq}b%(§gga§%%ted to
reach roomtenperature and the precipitate filtered, washed with :

t oni tag ; ' 2 h_ kGl Y. r 240, 67 of desired
B oduct eira, S B B I P S P aftnf TV o R S an a5 |
(3s, 3H)°,repp.r@i?8¢e% edbereaftgr: 7. 13 (s, 1H); 4.68, 3.68 (2dt, 2CH2); 3.50,
2.82 (2dt, 2CH2); 1.99 (m CH2). MS(El+): 398 (Mrl). Mp. = 290C
(deconposition). The starting nmaterials are prepared as descri bed
her eaf t 40 MaNG.0%) mmeh BberepiEROB2 ¥R 24 (2-hBiroxy-ethyl)-piperazin-1-yl}-chromen-2-
ron ! 806 Sr YN n L Biioormetnand whi? b sHHY 6.8 4 4 BhlelidhinahyPing="Y O°
1-( 2-m%| @od 8-UBryl 13 gq.hdiropropytettyladnine tandreabledrto OYLL SD Mg 72 ed.) tosel

di I ki A - | at 0C The reaction
i xt ur 6 oot preadeland e eallogfute Bl ith Sta HOAMIGR Sinciiopid Do
t enper afqAch ropmdemperatuse. After m additionaltwe aounscﬂiminghthetrbacttioameikmaeaisand an

it f | L ar ~+.he i ned organic
Phases Sypaiitle ey e fio RACIAIRLERNESAA Bateliin G2 ey apor at od.
The r esteligdutylanypenivm fiaridaelivbir Ehffe Aftérstiningsfoga0 mirités; lthesslttidngé pet r ol eum

et her 1'e33potr9teﬁiaﬁ; %lggggggpgm%%ﬁj%ﬁé& Sga%ﬁ%ﬁé\/y@% a brown solid.

1- (2-Fl uoro-et tetra ro-qui
MS(EI+): 410 (M+1).

The preparation of the starting material is described in Example 3.

Example 2: 3-(6-Chloro-imidazo[1 ,2-alpyridin-2-yl)-8-(2-fluoro-ethyl)-5.6,7.8-tetrahydro-1-
oxa-8-aza-anthracen-2-one

200 mg (0.896 mmol) 1-(2-Fluoro-ethyl)-7-hydroxy-1,2,3,4-tetrahydro-quinoline-6-
carbaldehyde and 201 mg (1 eq.) (6-chloro-imidazo[1,2-a]pyridin-2-yl)-acetic acid methyl
ester in 6 mL benzene and 3 mL acetonitrile are treated with 0.177 mL (2 eq.) piperidine and
refluxed for 18 h. The reaction mixture is allowed to reach room temperature and the
precipitate filtered, washed with acetonitrile and dried under high vacuum to yield 240 mg
(67%) of desired product as a yellow powder.

"H-NMR (400 MHz, CDCly): & = 8.59, 8.44,8.16 (3s, 3H); 7.51, 7.15 (2d, 2H); 7.13 (s, 1H);
4.68, 3.68 (2dt, 2CH,); 3.50, 2.82 (2dt, 2CH,); 1.99 (m, CH,).

MS(El+): 398 (M+1).

M.p. = 290°C (decomposition).

The starting materials are prepared as described hereafter.



500 nmg (3.35 mmol) 1, 2, 3, 4-Tetrahydro-quinolin-7-ol are dissolved in 8 nL
DMF and stirred at 60C overnight with 0.325 nL (1.3 eqQ)

1- br ono- 2wbhlosor43es hane, in the presence of 0.63 niL (1.1 @gX/EP03/02251

di i sopropyl et hyl am ne. The reaction m xture is extracted with 0.1 N aqu.
HCl and ethyl acetate. The conbi ned oﬁgani c extracts are washed with
brine, dried over sodium acetate and evaporated. The residue is colum
chromat ographed (silica gel, ethyl acetate/petroleumether 1:2 to 1:1) to

31/I gl dI Zﬂw@@ ré-qbiholme-®Larbaldefydghl or o- i mi dazof
" o288 s A o B it Pl ey aSet 21 A eliantso St a1 ¢ aci

2- Am no%
net hyl gisé@Vedin® meaivrd 0115 ri:wcmlg arel&ddet drepwisnat 6°Cr ThS réactidhenixtereus t i ng

br own e or at ed h to 90 nder m
honn PRl hegtihie b Rl Bh ERaR bl B s ferihe Syt el ST e 1
L sat ugatRtedPiteatts a‘@etételandaamaqnhuvmarsemalbutsolomraﬂobo@mmwbucmmoﬁatea‘rh@C for

h Th t t ed t | d
EPﬁmf’S%org@n%ﬁr%EE'q SR G HAROR] SR RO hieg o Eesed i ShBhategme, L V' ¢ °
acet at eevlofftb@ UMheatsidlie i cb)unhrocmbmbcbgﬁmleamsmc”algé}@etdﬁak:émb/pétmhmﬁ as a

oo Ry A B oo TN BB e 220,

3 benzothl azol -2-yl -7- p| perazin-1-yl -chromen-2-one in 10 nL DI\/F are stirred
for 72h gt pr € e'nce of 858 ng (at |east 4 eq.)
cesi um =l O~ r 2 eq.) 2-iodoethanol. The reaction

m XL ur e?wmggsmaeﬁmdl) W2§3]4gteh¥hydrd@emtlr§t7)wﬂdreadl§wweﬂaﬁ edwsmwt aerkstm’fedsgdl um
car ponat e wa r CO | an) C ases ar | e
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(6-Chloro-imidazo[1,2-a]pyridin-2-yl}-acetic acid methyl ester

1.28 g (10 mmol) 2-Amino-5-chloropyridine and 1.18 mL (1 eq) 4-chloro-3-oxo-butyric acid
methyl ester are heated to 115 °C in 15 mL toluene for 18 h. The resulting brown suspension
is evaporated and heated 1 h to 90°C under high vacuum, then cooled to room temperatdre
and stirred in 100 mL dichloromethane, 10 mL saturated aqueous sodium bicarbonate
solution and 40 mL water at 0°C for one hour. The organic phase is then separated and
evaporated to yield a brownish solid that is column chromatographed (silica gel, ethyl
acetate/petroleum ether 4:1) to yield 700 mg (31%) desired product as a beige powder.
MS(EI+): 225-227 (M+1).

Example 3: 3-Benzothiazol-2-yl-7-[4-(2-hydroxy-ethyi)-piperazin-1-yll-chromen-2-one

240 mg crude 3-benzothiazol-2-yl-7-piperazin-1-yl-chromen-2-one in 10 mL DMF are stirred
for 72h at room temperature in the presence of 858 mg (at least 4 eq.) cesium carbonate
and 0.103 mL (at least 2 eq.) 2-iodoethanol. The reaction mixture is extracted with ethyl
acetate and a saturated solution of sodium carbonate and washed with brine. The combined
organic phases are dried with sodium sulphate and evaporated. The residue is column



The starting material is prepared as described hereafter:

3- Benzot hi azol - 2=v| - 7=pi perazin-1 -yl -chronmen-2-one 890 ny (5 nmol)

3- Pi per azwp-030ydsiphenol are suspended in 100 nL Et OH and tceatresioaest h 0. 42
m (1 eq.) 12N HCl at a tenperature bel gw 10C. The suspension is stirred an
hour and slowy evaporated. The renai n°rig bei ge powder is dried under high
vacuum then taken wup in 60 nL DMF. The solution is cooled to 5C under
argon, 0.503 nL (1.1 eq.) POCI3 added dropwi se and the reaction m xture
stirred thromatednanheddsiliczogeh diehipremethane/methanmol 36:5 il tiudoes. RH,BR30 yidld 70

finally FHg (%\%2 {ire‘ﬁcb%d%cgaggﬂ% %rgg% rgture, upon which 2g (3 eq.) solid

pOt assi um car suspenS| onis stirred 30 m nutes at room
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2- hydroxMS(lE||3i’ @éBdlAH).1- yl - benzal dehyde. This material is taken up in 40
mL of a 1:1 m xture of benzene and acetonitrile, 2.5 nL (5 eq.) piperidine
and 683 _ng (0.66 eq.) benzothiazol-2-yl-acetic acid nethyl ester are added
under ar gomstartimgtrhaterial émprepanedris)describedefereaftest f or an hour. The product is
extracted with dichl oronethane and brine at 0C, the conbi ned organic
phases dried with SOdI um suI phate, filtered and evaporated, then
trituratetBenkothiae g eldhm ereP-@n800 ny desired product (crude).
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253 ng (Q.42mil (1 eq.) 12N HCl ata temperature below 10°C. The suspension is stirred an hour
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then evaporated, and the resrdue resuspended and stirred in a 1:1 mlxture of

dichloromethane and isopropanol. The suspension is filtered, the filtrate evaporated and
dried to yield 600 mg crude 2-hydroxy-4-piperazin-1-yl-benzaldehyde. This material is taken
up in 40 mL of a 1:1 mixture of benzene and acetonitrile, 2.5 mL (5 eq.) piperidine and 683
mg (0.66 eq.) benzothiazol-2-yl-acetic acid methyl ester are added under argon and the
reaction mixture refluxed for an hour. The product is extracted with dichloromethane and
brine at 0°C, the combined organic phases dried with sodium sulphate, filtered and
evaporated, then triturated with diisopropylether to yield 800 mg desired product (crude).

Example 4: 3-(6-Chloro-imidazo[1 ,2-alpyridin-2-y1)-7-[4-(2-fluoro-ethyl)-piperazin-1-yil-
chromen-2-one

253 mg (1 mmol) 4-[4-(2-Fluoro-ethyl)-piperazin-1-yl]-2-hydroxy-benzaldehyde and 450 mg
(2 eq.) (6-chloro-imidazo[1,2-a]pyridin-2-yl)-acetic acid methy! ester refluxed in 15 mL
benzene and 7.5 mL acetonitrile in the presence of 0.395 mL (4 eq.) piperidine for 21h. The
reaction mixture is cooled to 0°C and the precipitated material filtered, washed with diethyl
ether and dried under high vacuum, yielding 100mg (23%) desired product as a yellow solid.
M.p. = 265°C (decomposition).



100 ng (0.28 mmol ) 3-Benzot hi azol - 2-yl - 7- pi perazi n-1-yl -chronen-2-one were
dissolved in 15 nL DWF and treated under argon with 183 ng (2 eq.) cesium
car bonat ewoavolsd9 bel ow 5C and treated with 1 eq (0.018 wiC)r/Eves/0228( t er
stirring for 4 h, the reaction mxture s diluted wth 100 nL

di chi or omet hane and washed twice with i'8&-water. The organi ¢ phase is
evaporated and the residue colum chromat ographed (silica gel,

di chl oronet hane/ EtOH 9:1). Recrystallization from net hanol/di chi oronet hane
yields 50 mg (47% desired product as an orange powder. MS(El+): 378
(Mtl) . Exanpl e 6:

3-Benzot hi azol - 2-vl -7-f(2-fl uoro-ethyl)-nethyl-am nol -chronen-2-one 130 ng
(ca. 0. Exampid 5: 3Bentmthiazol-2-yl-7-(4-methyl-piperazin-1-yl)-chromen-2-one

4-[ (2- Fl uoro-et hyl ) - nmet hyl - am no] - 2- hydr oxy- benzai dehyde and 202 ng (1.5
eq.) benzothi azol -2-yl-acetic acid nethyl ester are dissolved in 3 nL
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3- [ ( 2- Flags@ncorabdey/pgwdeet hyl - am no] - phenol are dissolved in 4 nL DVF and

cool ed 3%@(:@19.& ﬂ\&ém m (1.1 eq.) POCI3 are added dropw se over the

cour se the reaction mxture is stirred 10 m nutes at room

extracted with ethyl acetate and saline, the brgani c phase dried over
sodium sl%frf?gt cafiB.%SVr\fl\)mglg‘;/cr(exég%!I?Z-Elgg{oggg%-%% 5y?'—am-inlo}-Z-hydroxy-benzaldehyde

and 202 mg (1.5 eq.) benzothiazol-2-yl-acetic acid methyl ester are dissolved in 3 mL

acetonitrile and 6 mL benzene, treated with 0.14 mL (2 eq.) piperidine and heated to reflux
for 45 minutes. After cooling to room temperature, the crude product is extracted with
AcOEvisopropanol 9:1 and saline, dried over sodium sulfate and evaporated. The crude
product is dissolved in 20 mL methanol, and slowly concentrated down to 10 mL at 50°C.
The orange crystals are filtered and dried under high vacuum to yield 110 mg (48%) desired
product.

M.p. = 231-233°C.

The starting materials are prepared as described hereafter:

4-[(2-Fluoro-ethyl)-methyl-aminol-2-hydroxy-benzaldehyde

169 mg (1 mmol) 3-[(2-Fluoro-ethyl)-methyl-amino]-phenol are dissolved in 4 mL DMF and
cooled below 10°C. 0.101 mL (1.1 eq.) POCl; are added dropwise over the course of one
minute, the reaction mixture is stirred 10 minutes at room temperature, then heated to 90°C
for 30 minutes. The reaction mixture is allowed to cool to 30°C and cautiously treated with a
slow addition of 8 mL saturated aqueous sodium bicarbonate solution. The desired product
is extracted with ethyl acetate and saline, the organic phase dried over sodium sulfate and



evaporated to yield 130 ng (66% crude product as a slightly brownish oil.
Thig conpound iys used without further purification. M(El +): 198 (M+l).
3-[(2-F Iwomsp7esthyl ) -net hyl -ami nol -ph e n ol 450 ng (2. #6TmP0s/2251

(2- Fl uor o- et hyl ) - ( 3- met hoxy- phenyl ) - net h;ygl-am ne are dissolved in 1 nL
acetic acid and treated wth 5 nL of a é % sol ution of HBr in acetic acid
for 20 h, at 100C. After cooling to roomtenperature, the reaction m xture
S poured onto ice, treated with 8 nL of a 4N aqueous NaOH sol uti on and
ext ract e@VﬂPQfﬁteéttﬂwekhb'iﬁ @9 d66%herude geaduct gshmslightly brommdlreugl This ftomi@gumtﬁggnd
an aqueo Qqﬁg bi carbonate, then evaporated to yie ngy
of aqbrovﬁfzwm&dtq he "cru emﬁroduct I s colum chromat ographed (silica gel,
ethyl add®(Ei®/ b8 MtBum ether 1:4) to yield 320 ny (77% of desired
product as a brownish resin. MS(El+): 170 (M1).

(2-Fl uoro-ethyl)- (3 met hoxv- phenyl) met hyl -am ne 350 ng (ca. 1 mmol) crude
t ol uene- £:=1&41F¢ ¥ Bt puenty - phenyl ) - net hyl -am no] - ethyl ester
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in 4 n1_ MRy UibelMidde i s added dropwise and the reaction mixture stirred
at roomtenperature for 30 mnutes before ice and 100 nL TBME are added,
foll owed b 70 n1_ of a coI d aqueous solution of sodium bicarbonate. The

or gani c phbk Al VES UL iwkdmisal i ne, then dried over sodium

350 mg (ca. 1 mmol) crude toluene-4-sulfonic acid 2-[(3-methoxy-phenyl)-methyl-amino]-

ethyl ester are dissolved in 10 mL THF under argon and treated with 4 mL (4eq.)ofa 1IN
solution of n-tetrabutylammonium fluoride in THF at 70°C for 2 h. The reaction mixture is
cooled to room temperature and poured onto ice, then extracted with TBME. The organic
phase is washed with saline and an aqueous solution of sodium bicarbonate, dried over
sodium sulfate and evaporated to yield 180 mg (99%) desired product as a brownish oil. This
compound is used without further purification.

MS(EI+): 184 (M+1).

Toluene-4-sulfonic acid 2-[(3-methoxy-phenyi)-methyl-aminol-ethyl ester

181 mg (1 mmol) 2-[(3-methoxy-phenyl)-methyl-amino)-ethanol is dissolved in 8 mL
dichloromethane and after addition of 0.2 mL (2.5 eq.) pyridine cooled below 5°C. A solution
of 489 mg (1.5 eq) p-toluenesulfonic acid anhydride in 4 mL dichloromethane is added
dropwise and the reaction mixture stirred at room temperature for 30 minutes before ice and
100 mL TBME are added, followed by 70 mL of a cold aqueous solution of sodium
bicarbonate. The organic phase is separated, washed with saline, then dried over sodium
sulfate and evaporated. The residue is taken up in toluene and evaporated to yield 350 mg
(quant.) crude desired product as a brownish oil. This compound is used without further
purification.



sul fate and evaporated. The residue is taken up in toluene and evaporated
to yield 350 ng (quant.) crude desired product as a brownish oil. This
conpound we adedhini t hout further purification. WO 03/ 074%CI/HPCYHNBPO3/ 02251
-12 " H- NVR (400 MHz, CDCI3): b = 7.70,_ {525 (2d 2x2H); 7.04 (t, H); 6.24,
6.19 (2d, 2H); 6.11 (br. S, H); 6.89 (d2 H,; 4.17 (t, CH2); 3.78 (s,
Me); 3.59 (t, CHZ) 2 86 2.41 (23 2Me). Example 7:

7-f(2-FIl1|oro et h I-amnol 5th|0ﬂhen-2-vl-f13
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di ssol ved under argon in 4 nL benzene and 2 nL acetonitrile, treated with
0.03 L Egafle)7: P(RERH-BByIRRRt tron

m xture i's alTowed to reach room resi due
col uim cEPEMEgPE®hed (silica gel, AcCEt/pet rol eum ether 1:1). The
fluorescent, yellow product is triturated in diisopropylether, then dried
under high vacuumto yield (19% desired product as a yeI | ow powder .
NB( El +) : 489 (G122 mmAk cg,tdgﬂtﬁr(gglumgthylﬁmethyl -amino]-2-hydroxy-benzaldehyde and
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sol uti onthen %Bﬂé'ﬂﬂafd’l‘]ﬂ'w%ﬁﬂh'ﬁhfpwmld 9lﬂw616&6)|dn3ﬁm@radubtlaea)@diow<po%ér for 2 h.
The reagjigen)myiuipa1hs poured onto ice and extracted with dichloronethane
after addi t | on of 2 aqueous sodi um bi carbonate sol ution. The organic

phase is evaporated and the residue colum chromatographed (silica gel,

di chl or ofgé Q@ﬂﬁfgﬁﬁgé'rigﬁiigﬁioﬁ%nyi—ﬁl-[q,ﬁ]&gdia%ﬁﬂ%-%{:&%cid methyl ester is
prepared in a similar manner to the known (5-thiophen-2-yl-[1,3,4]oxadiazol-2-yl)-acetic acid
ethyl ester (Heterocycl Commun 2001 7(5):411-416).

Example 8: 3-(4-Buta-1 .3-dienyl-5-methyl-thiazol-2-yl)-7-[4-(3-fluoro-propyl)-piperazin-1-yl]-
chromen-2-one

50 mg (0.087 mmol) Toluene-4-sulfonic acid 3-[4-(3-benzothiazol-2-yl-2-oxo-2H-chromen-7-
yl)-piperazin-1-yl]-propyl ester are dissolved in 10 mL anhydrous THF, treated with 0.18 mL
of a 1N solution of n-tetrabutylammonium fluoride in THF and heated to 60°C for 2 h. The
reaction mxture is poured onto ice and extracted with dichloromethane after addition of 2 mL.
aqueous sodium bicarbonate solution. The organic phase is evaporated and the residue
column chromatographed (silica gel, dichloromethane/EtOH 98:2) to yield after evaporation
and drying under high vacuum 9 mg (26%) desired product as a light brownish powder.

The starting materials are prepared as described hereafter:

Toluene-4-sulfonic acid 3-[4-(3-benzothiazol-2-yl-2-oxo-2H-chromen-7-yl)-piperazin-1-yll-
propyl ester




and dryi ng under high vacuum9 ng (26% desired product as a |light brownish

powder. The starting materials are prepared as descri bed hereafter:

Tol uene- aweuwBdotsic aci d PCT/EP03/02251

3- 14- ( 3- benzot hi azol - 2- vl - 2- oxo- 2H-chr o%n 7-vl)-piperazin-1-yll- propyl

ester WO 03/074519 PCT/ EP03/02251 -13 ng (0.16 nmol)

3-Benzot hi azol - 2-yl -7-[ 4- ( 3- hydr oxy- propyl ) - pi perazi n-1-yl ]-chronen-2- one
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320 ny ( Hichieprmethane/EtOH 98:2) to yield after evaporation and drying under high vacuum 73 mg
3-{4-] 3- Ayds or pi perazi n-1-yl }-phenol is
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react i onMA(RtIr¥a@W+13tirred at roomtenperature for 6 hours, then
evaporated and the crude product taken up in 10 nL acetonitrile and

treated with 0.6 nL (6 eq ) p| per|d| ne. 207 nmg benzot hi azol - 2-yl -acetic
aci d et ByBenzethiazok2ryliQ . grdzid-1ay crtrbmenéamte on m xture
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at 90°C before being evaporated. The residue is taken up in 20 mL anhydrous THF, stirred

for two hours in the presence of 1 mL of a 6N aqueous HCI solution and evaporated. The
residue is taken up in dichloromethane and washed with aqueous sodium bicarbonate and
saline. The organic phase is evaporated and the residue column chromatographed (silica
gel, dichloromethane/EtOH/aq. NH; 90:9.9:0.1) to yield 70 mg (17%) desired product as a
yellow-orange powder.

MS(El+): 422 (M+1).

3-{4-[3-(Tetrahydro-pyran-2-yloxy)-propyll-piperazin-1-yl}-phenol

712 mg (4 mmol) 3-Piperazin-1-yl-phenol are dissolved in 30 mL DMF under argon and
cooled below 5°C. After addition of 1.38g (2.5 eq.) K,COs, 166 mg (0.25 eq.) KI and 888 mg
(1eq.) 2-(3-br6mo-propoxy)-tetrahydro-pyran, the suspension is stirred at room temperature
for 20 hours, then extracted with AcOEt after dilution with saline. The organic phase is dried
over sodium sulfate, evaporated and the residue column chromatographed (silica gel,
AcOEYEtOH 95:5) to yield 630 mg (48%) desired product as a light yellowish resin.

MS(EI-): 319 (M-1).

Example 9: 3-Benzooxazol-2-yl-7-(4-methyl-piperazin-1-yl)-chromen-2-one




3-(4-13-(Tetrahvdro- pyran-2-vl oxy) - propyl | - pi perazi n-1-vl)-phenol 712 ny
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t enper at treated th an a ous sol utjo
ex{nr) acte ﬁﬂbf’ﬁ i "‘lﬂql%ﬁwaﬁt@f’ I‘f“é\tﬁé&“%ﬁ%mﬁﬁ‘@ﬁ?nt’epq{ﬁ%c PRasgqjs gysraralgadapd  col um
chr omat ogdslam?i@ﬂrdrﬁatbgnaﬁhiékle{snlcg lgféh Hmmd@r@hftnmé/aéd%q;vammmrgoaa @g 12 ‘ﬁ\eg- 1).
Th roduct i.s recryst | rom di chl or one ne anal. an rie
unger P i BiPdYaldd RATYsS 'ﬁ%ﬁ%effo(ﬁn glﬁh'ﬁﬁm&eég?rf'ezrﬂe{??ﬁ@@é‘g %HE'PQ BIJUIR EAuYM r yst al s
(7% over gikld)20 mg desired product as orange-yellow crystals (7% overall).

MS(El+): 362 (M+1).

'H-NMR (400 MHz, CDCl5): & = 8.63 (s, 1H), 7.81, 7.59, 7.48, 7.36, 6.84 (5m, 6H); 6.73 (s,

1H); 3.43, 2.58 (2m, 2x2CHy); 2.38 (s, Me).

The starting materials are prepared as described hereafter:

7-(4-Methyl-piperazin-1-yi)-2-oxo-2H-chromene-3-carboxylic acid

546 mg (2 mmol) 3-(4-Methyl-piperazin-1-yl)-phenol hydrobromide are dissolved in 15 mL
DMF and treated with 0.2 mL (1.1 eq.) POCl,. at a temperature below 5°C. After heating to
50°C and stirring for 20 hours, the reaction mixture is cooled to room temperature and
treated with water. After stirring for an additional two hours, the product is extracted with
ethyl acetate in the presence of an aqueous solution of sodium bicarbonate, and the organic
phase washed twice with water, dried over sodium sulfate and evaporated to yield 580 mg of
a light brown resin which is further used without additional purification.

The intermediate product is dissolved in 10 mL MeOH, treated with 0.23 mL (1 eq.) malonic
acid dimethyl ester and 0.02 mL piperidine, refluxed for one hour, cooled to room
temperature and evaporated. The residue is column chromatographed (silica gel,



MS(El+): 362 (M+rl). '"H NWR (400 MHz, CDCI3): 5 =8.63 (s, 1 H), 7.81, 7.59,
7.48, 7.36, 6.84 (5m 6H); 6.73 (s, 1 H); 3.43, 2.58 (2m 2x2CH2); 2.38
(s, Me). Woaswraneing materials are prepared as descri bed pogreras/vest

7- (4- Met hyl - Di perazi n-1-vi) - 2- oxo-2H chigrrene- 3-carboxylic acid 546 ng (2
mol ) 3-(4- Met hyl - pi perazi n-1-yl)-pheno!¥ hydrobrom de are dissolved in 15
m. DWMF and treated with 0.2 nL (1.1 eq.) POCI3. at a tenperature bel ow 5C
After heating to 50C and stirring for 20 hours, the reaction mxture is
cool ed t dichooométbamERH/agq. amohonkardded. &:0. 1\d Yield240rmg (9% bvérilyddsigd f or  an

addi tion h product is extracted with ethyl acetate in the
presenceﬁlquhgﬁasaagg%%uwséors“§1 ution of sodium bi carbonate, and the organic

phase waM&{BI+)v308dMai1).n wat er, dried over sodiumsulfate and_ evaporated to
yield 580 ng of a light brown resin which is further used w thout
additional purification. The internediate product is dissolved in 10 nL
MeCOH, treated with 0.23 nL (1 eq.) nmalonic acid dinethyl ester and 0.02 niL

pi peri di flouxed for one hour, cooled to room tenperature and
evapor at gg’?—mﬁlﬁ'elgfesi due is colum chromat ographed (silica gel, W 03/074519

PCT/ EPO3/ 02251 - 15 di chl oronet hane/ Et O/ aq. amonia 90:9.9:0.1) to yield

240 0 e esi red r oduc S, a | | ow salid. MS(El+): 303
(v BB RTRIbS g Pukias Al RSt diseeoh AN bR pirer ien upidease
(AD) br aagerstaafithe irvemtiongoatThiofigeine $of t he i nvention or Thiof |l avine S.
Four-m cronmeter thick paraffin sections froman APP23 nouse at 26 nonths of
age are deparaffinized in xylene and rehydrated. 10 ng of the conpound are

di ssol veHouramitrameterGQ paraffinl sédtibas! frommtdh ARPZEMaESE ¥E26eMoAthd Of addlhie
st ai ni ng,sol uf}

backgr ouftPdd il@ﬁ%‘éi’éﬁ%%ﬁggﬁﬁkgéﬂ 0'83‘9} ! abo%“"é%ﬁﬁig?'g‘gﬁ%hggls are
dehydr at BMSOafPdiutschaitoeiofiedivatr 1 110X This B! sSTRiLH 8 Sphliddon/&rligsdop! d
tM - Sect ét?oqﬁ 20 min. Section background is cleared by washing with 95% ethanol. Finally sections
are dehydrated in 99% ethanol, cleared in xylene and mounted with Vectashield ™. Sections
are investigated using fluorescence microscopy with the following filter combination:
Excitation 450-490 nm, emission 510 nm. Twenty micrometer thick cryotom sections from a
AD brain cortex are air dried and fixated in 4% PFA for 5 min. After washing in tap water
sections are stained either with Thioflavine S or with the compound for 5 min and further
processed as described above. The compound is dissolved in DMSO and diluted to a final
concentration of 0.01 % with 50% Ethanol, Thioflavine S is dissolved in 50% Ethanol, final

concentration is 0.01 %.

In vivo labeling of AB in APP23 mice with the agent of the invention

Injection solution is prepared fresh by dissolving 10 mg of the compound in 0.2 mL DMSO
diluted with 9.8 ml sterile water. Lower concentrations are prepared by further dilution with
water. Four APP23 female mice at 21 month of age receive one single injection of the
compound (Injection volume: 1 ml/100gr body weight). The treated animals are killed by
decapitation after one hour. The brains are removed and frozen on dry ice. 14 um thick
sections are cut in a cryotome, thawmounted and air-dried. Staining is performed as
described above. Sections are analyzed using conventional fluorescence microscopy and
confocal microscopy.



are investigated using fluorescence mcroscopy with the following filter
conbi nation: Excitation 450-490 nm em ssion 510 nm Twenty m croneter
thick crywoasiosesesions froma AD brain cortex are air driped/Emslof2sxated in
4% PFA for 5 mn. After washing in tap water sections are stained either
with Thioflavine S or with the conpound 85r 5 min and further processed as
descri bed above. The conpound is dissolved in DVBO and diluted to a final
concentration of 0.01 %w th 50% Et hanol, Thioflavine S is dissolved in 50%
Et hanol , Rleswltd: concentration is 0.01 % In vivo |abeling of Ali in APP23
mce with the agent of the invention Injection solution is prepared fresh
by dissolving 10 ng of the conpound in 0.2 nL DMSO diluted with 9.8 ni
sterile W}itSiémlrigOWFrAPPE@%kéabféW%e%f’&\sor(ﬁﬁﬁﬁe@orﬁéﬁnfH giaﬁf d‘égl)élfs' Bt WUd h
wat er. Four APPZ23 fenmale mice at 21 nonth of age recelve one

i njecti oHe‘UPﬂP’H'éWt@Bﬂ'ﬁﬁbnd (I nj ection volune: 1 nl/100gr body weight). The
treated gﬂl mal s ar kil l decapitation after one hour. The brains are
renoved ARQ2PPY5 QA '@n’”&?@f’of’c,sé" ongly sfﬁ‘ﬂ pmyiold plaguees andvascelac amyloid deposifpinone,

t hawnounbegh seddioad bF APP2Ymicet ai ning is perfornmed as described above.
Sections are anal yzed using conventional fluorescence m croscopy and

conf ocal 2y StaiaRgPYE hMERARSAB7 HRkP P %-ﬁ#l S t2igni Ng
of APP2 m C I’gl n sections (whi csﬁg(l:_é)rﬁt gﬁgﬁﬁ%’éﬁ'r& eposl g d%ﬂ&sntss o
neur of i bP?LfrPgtFB'a'EVéﬁ@g@ ) : The agents of the invention strongly stain

anyl oi d I aques ang vas arryl oid deposits in brain sections of APP23
n ce. ﬁ"élsﬁ? fogs deken, mﬂtﬂr‘é’i’tﬁx SEAL patientsvare Batsdtwiththeoagentarpf tied

deposi tSm&a(ihonn@Hdi @ﬁé Pasults 8bparRaWigSa ThidhaviRe %eﬁéﬁnoﬁ'ﬁ Lgkme offrtl?ér)nt/éf?t%al
cortex of,AD atlen are stained with the agents of % i nventi on,

the res u‘i"feé'sﬁ rﬂ.’)’grs@ CW%’%S@’”T ﬁWéfP{ddfﬁpﬁé’t%a@q 'éﬁWOﬂbTW@deg@Q‘lQ% of the

|nvent|o I ntensel | ectively stain anyloid deposits and
neur of i b *%{Y?S?@H{ﬂ 'Ers}\.cLPSZ% mice:

Intravenous administration of the agents of the invention in APP23 mice leads to a selective
and intense staining of amyloid deposits, analyzed ex vivo.



3) Ex vivo staining in APP23 mce: Intravenous adm nistration of the agents
of the invention in APP23 mce leads to a selective and intense staining
of anyl oiwodeposie s, anal yzed ex vivo. WO 03/074519 PCT/ EPQ3/HpARE2R51 - 17-
CLAIM5S 1 A conpound of formula I RL \ \ |l RZ3NOORA R wherein either
R, and R2 are both hydrogen and either "R3"and R4, independently, are H,
CH3, 11CH3i (CH2)nl, (CH2)1,1231, (CH2),,OH, (CH2)nF or (CH2)nl1l8F, n being
2, 3 or 4 or R3 and R4, together with the nitrogen atomto which they are
att ached Cl{AMS a group of fornula N -JN-Rs wherein R5 is H, (CH2)nl,
(CH2)n123I, (CH2)nOH, CH3, 11CH3, (CH2)nF or (CH2)nl1l8F n being as defined
above, or one of R and R2 is hydrogen and the other, together with R3,
fornms a -1{ CHA eampoundgéformuladi ng 2 or 3, and R4 is H, CH3, (CH2)nl,

(CH2) n1231, (CH2)nOH, 11CH3i (CH2)nF or (CH2)nl1l8F, and Ris a group of
formula N\ NRs YRs Nor R7 R7T O wherein Xis 0, S or NR8, R8 being H,

CH3, 11CH3, (CH2M% 2 3l R(CHZ)nO—L
I
Ra—l}l O O
R, R,
wherein

either Rq and R; are both hydrogen and either R; and R,, independently, are H, CHs,
""CHa, (CHa)ul, (CH2)a'?l, (CH2),OH, (CHy)oF or (CH,),"F, n being 2, 3 or 4, or
Rs and Ry, together with the nitrogen atom to which they are attached, form a
group of formula

wherein Rs is H, (CHz)ul, (CH2)a'?l, (CH,).OH, CHs, ""CHa, (CHo)oF or (CHo),'*F
n being as defined above,

or one of Ry and R; is hydrogen and the other, together with R, forms a -(CH,),.-
bridge, m being 2 or 3, and Ry is H, CH3, (CHg),l, (CH,)s'?l, (CH,).OH, ""CHs,
(CHa),F or (CH,)."F, and

R is a group of formula

N Re YIj 6 N—N
= , { or /[ \ S
w | — ) ~4o)—@

wherein X is O, S or NRg, R being H, CH3, "'CHa, (CHy),l, (CH,)™1, (CH,),OH,
(CH2)F or (CH,),'®F (n being as defined above), Y is CH or N and Rs and Ry,
independently, are H, NO,, F, "°F, O(CH,),F, O(CH,),'®F, Cl, CN, *'CN, OCHs,
0"'CH;, 1, 1, O(CH,)ul or O(CHg),™I (n being as defined above),



(CH2)nF or (CH2)nNn18F (n being as defined above), Yis CHor N and R6 and
R7, independently, are H N2, F, 18F, Q(CH2)nF, Q CH2) ni18F, C, CN,
11CN, COCHZO 030@14CH3, |, 1231, O(CHZ)nI or (CH2)n123, (n MerrEpozs22defi ned
above), WO 03/074519 PCT/ EP03/ 02251 ? in free base or acid addition salt
form for use as a marker. 2. A process $or the production of a conpound of
formula | as defined in claim1, or a salt thereof, conprising the step of
a) for the production of a conpound of formula | wherein R3, R4, R5, R6, R7
and R8 are different from 1t CH3, (CH2)nl1l8F, (CH2)nl1231, 18F, QO CH2)n' 8F,

11CN, O 1CH3i actin ound of formula Il with
a conpound of 'ﬂ'%e?’r}r% ﬁcg%ﬂ?f ﬁr-f?r"hi HiseF 4 RAkER O RR4 211 111
wherein R3 and R4 as well as R5 in R3 and R4; R6 and R7 |n R and R8 in X
are different from11CH3, (CH2)n18F, (CH2)n1231, 18F, Q(CH2)nl18F, 11CN,
011CH3, 1231 and Q(CH2)n123,, and Al kiS (Cl4)al kyl, or b) for the

producti @ ofA mocassponthd paddut:tiorofl acdmpduadesf formiuld leasdefinBe indiaifo1,ard R7 is
O11CH3, reac%if%%@réﬁfggggnd of fo mul.a | wherein at | east one of R6 and R7

is OH wth LAY th8rs @)% or the production of a compound of
formula | wherein at least one of R6 and R7 is Q(CH2)nl8F, respectively

CH2) n123, , n a XoLo ound of er.e t |east one of R6
gld R)7 is chL%ﬁ'ﬁér@'%S f)cr? upd Pﬁ%’ﬁ@a'ﬁ"’g‘g F‘P\}% {5, P37 apd Rapre or
t he product i ondiffereant tronp(’mlﬁsj (OH,)f e r(UHa),,‘I”I\A‘ﬁer@(lomzp,taFl dant odoM,0™%RAagand R7

I's O(CH,),'?, reacting a compound of formula Il with a compound of formula Iil

0

R; H R

RN OH Alk~_ L

O O

wherein R; and R, as well as Rs in R; and Ry; Rs and Ry in R; and Rgin X are
different from "'CHj, (CH,),'®F, (CHZ),'®I, °F, O(CH,)."F, "'CN, O"'CHs, ™ and
O(CH,),"®1, and Alk is (Cy4)alkyl, or

b) for the production of a compound of formula | wherein at least one of Rg and R; is

O"'CHs, reacting a compound of formula | wherein at least one of Rs and R; is OH
with 1''CH; and a base, or

c) for the production of a compound of formula | wherein at least one of Rg and R; is
O(CH,),"°F, respectively O(CH,),'?, reacting a compound of formula | wherein at
least one of Rs and R; is O(CH,),OTs or O(CH,),0OMs with "®F®, respectively '21°, or

d) for the production of a compound of formula | wherein at least one of Rs and R; is

8, reacting a compound of formula | wherein at least one of R and R; is NO, or
halogen, with "®F®, or



18F, reacting a conpound of fornula | wherein at |east one of R6 and R7 is
NO2 or halogen, wth 18F, or WO 03/074519 PCT/ EP03/ 02251 -19 e) for the
product i owoaB/oaseonpound of formula | wherein at | east on@cafEPR&0RAD R7 is
1231, reacting a conmpound of formula I erein at |l east one of R6 and R7 is
Bu3Sn, wth 1231 and hydrogen peroxide,”or f) for the production of a
conpound of fornula | wherein at |least one of R6 and R7 is 11CN, reacting
a conmpound of forrmula | wherein at |east one of R6 and R7 is OSQRCF3 with
[" C] cyani de, epifordhe production qf rmocbupiouod obforraulad mhereinl ableadtanedf R lanwiRsliei n at

| east one of R3z . LS act | co und, af . forgul a |
wherei n at Ieastl'(%;%gmgqsa&ggp&@?d @orc@g‘ﬁé&]&@ %‘3%15388%3?% fipd &Cﬁﬁﬁgﬁlr h)
for the producwitbﬁzabéndahxdmmpadoﬂde,bornul a | wherein at | east one of R3,
R4, R5 and R8 is (CH2)"18F, respectively (CH2)"123l, reacting a conpound
of formula | wherein at |east one of R3, R4, R5 and R8 is (CH2)rOTls or

(CH2) nOVs wi fhfar8ife prodegtnt ofeedoynpbundbfiforreciaV euhieredn hhieastemildf Ryane ®ypound

of formula | im farmor in faormof an  .acid addition salt. 3. A
conpound of for r?fu“{'zeeﬁ°tﬁ§5%§°ﬂlﬂ§"ﬂf’ Eﬁérm%al eRLatdeFst OBFPﬂBP A Raif0 R2 are
bot h hydrogen &8D.EF: vith ['R3]cyardddrdr | ndependently, are H, CH3, "CH3,

(CH2)"1, (CH2)n123l, (CH2),,OH, (CH2),,F or (CH2)" 18F, n being 2, 3 or 4,

or R3 and R4, together with the nitrogen atomto which they are attached,
forma group) & theoproduetiondf @Jofipbbid o foimER0 3heRRbat least one of R;, Ry, Rs and

Rs is "'CHj, reacting a compound of formula | wherein at least one of R, Ry, Rs and
Rs is hydrogen, with '"CH;l, or

h) for the production of a compound of formula | wherein at least one of R; Rs Rsand
Rg is (CH,).'°F, respectively (CH,),'?I, reacting a compound of formula | wherein at

least one of Ry Ry, Rs and Rg is (CH2),0Ts or (CH,),OMs with "®F®, respectively 1°,

and recovering the resulting compound of formula | in free base form or in form of an
acid addition salt.

3. A compound of formula |

R, X R
|
Ry— T 0 0
R, R,
wherein

either Ry and R; are both hydrogen and either R; and R,, independently, are H, CH,
""CHa, (CHa)ul, (CH2)s™®?1, (CH2),OH, (CH,)oF or (CH,),"F, n being 2, 3 or 4, or
Rs and Ry, together with the nitrogen atom to which they are attached, form a
group of formula



-20- "\-2--R5 wherein RS is H (CH2)nl, (CH2)n123l, (CH2)nOH, CH3, "CH3i
(CH2),,F or (CH2)nl18F, n being as defined above, or one of RlL and R2 is
hydr ogen wod3stonmsiot her, together with R3, fornms a - (CH2) npPCTmPO8IgER51 m bei ng
2 or 3, and R4 is H CH3, (CH2)nl, (CH2)p1231, (CH2)nOH, 11CH3i (CH2)nF or
(CH2)n18F, and Ris a group of formula "6 YR6 NNS O ::l | R7 or ---~
NR- XO~"-\/ whherein Xis 0, Sor NR6r R8 being H CH3, "CH3, (CH2)nl,
(CH2) n1231, (CH2)nOH, (CH2),,F or (CH2)n18F (n being as defined above), Y
is CHor Nand R6 and i ndependently, are H, NO2, F, 18F, Q CH2)nF,
Q(CH2) n18F, d, CN- 011CH3i I, 1231, Q(CH2)nl or Q CH2)nl1231 (n
bei ng as defi ned above), th the exception of

7- Di met hyl am no- 3- (1-nmet hyl -1 H benzoi m dazol - 2-yl )-chronen-2-one 3-(1

H Benzoi m dazol - 2-whjeir’ Rdis'it (CH. o) EHr ~@HO0R,, 'C R 18

3- (6-Chl or o- benzot azolsn(iq%}1 2mml( rrezt)rf\yl garjnﬁﬂo chr onen- H231 g%l-éZ)For(CHZ)" F

3- Benzot hi azol - 2- )7 f9 QH?Y?G chr onen- 2- one

3- BenzooxazolorZ yloné’ode;TehdﬂRL fsrﬁyamg@hraﬁm&h@ﬁ@ogether with R;, forms a -(CHy)m-

3- Benzooxazol - b%&% EXI a_m no-chro m?_é 123
3- (5- Chl or o- benzo % '99)2°f3dP'P|%BhS$ rﬁ"r’?o(%)rdn@flzh dnCHMROH. éCHhase or
acid addition sal (Cmggma)r (@szms &sgrpound according to claim3 which is

3-benzot hi az oro-ethyl)- piperazin-I-yl]-chronen-2-one,
in free baseegor aé%lg'iﬁ’ Bloﬁ% Ualt form WD 03/074519 PCT/ EP03/ 02251

N Ry Yﬁ ° N—N
h ’ / or / \ S
B Gy

wherein X is O, S or NRg, Rg being H, CH,, ""CHa, (CH,),l, (CH,)a™1, (CHZ).OH,
(CHz)oF or (CH,)."°F (n being as defined above), Y is CH or N and Rg and Ry,
independently, are H, NO,, F, "®F, O(CH,),F, O(CH,)x"°F, Cl, CN, '"CN, OCHs,
O"'CHj, I, I, O(CHg),l or O(CH),"I (n being as defined above),

with the exception of

7-Dimethylamino-3-(1-methyl-1H-benzoimidazol-2-yl)-chromen-2-one
3-(1H-Benzoimidazol-2-yl)-7-dimethylamino-chromen-2-one
3-(6-Chloro-benzothiazol-2-yl)-7-dimethylamino-chromen-2-one
3-Benzothiazol-2-yl-7-dimethylamino-chromen-2-one
3-Benzooxazol-2-yl-7-dimethylamino-chromen-2-one
3-Benzooxazol-2-yl-7-methylamino-chromen-2-one

3-(5-Chloro-benzooxazol-2-yl)-7-dimethylamino-chromen-2-one

in free base or acid addition salt form.

4.  The compound according to claim 3 which is 3-benzothiazol-2-yl-7-{4-(2-fluoro-ethyl)-
piperazin-1-yl}-chromen-2-one, in free base or acid addition salt form.



-21 5. A conposition for |abeling histopathological structures in vitro or
in vivo, conprising a conpound of formulal RL\ \ RI RINOOR R2
wher ei n ewbDhB7419 and R2 are both hydrogen and either R3 aad/HR3/02251

i ndependently, are H, CH3, "CH3, (CH2)2 1, (CH2)n1231, (CH2)nOH, (CH2)" F
or (CH2)"18F, n being 2, 3 or 4, or 1émd R4, together with the nitrogen
atomto which they are attached, forma group of forrmula ~JN-R5 wherein
R5 is H (CH2)" 1, (CH2)"1231, (CH2)nOH CH3, 11CH3, (CH2),,F or (CH2)"
18F, n Bei nd @mmnibnwlmﬂﬁnehismpammﬁal Sructurds Rvifrs ohiyndivag eompristhg e

ot her, toget -(CH2)m bridge, mbeing 2 or 3, and R4 is
H, CHS, (mzjgﬁ'ﬁp%%%%%r (CHZ) noH, 11CH3, (CH2)"F or (CH2)nl18F, and R
is a group of formula NRs RS NN or ---< R7 X R7 wherein Xis 0, S or
NR8, R8 being H gCH3, 11CH3, (CH2)nl, (CH2)nl1231, (CH2)nOH, (CH2)" F or
(CH2)" 18F (n bel hgNa q d—dabove), Y is CHor N and R6 and R7,

i ndependent |y, are ‘ 18F, Q(CH2),,F, Q(CH2)nl1l8F, d, CN, t1CN,

OCH3, O11CH3 34, or O(CH2) h123, (n being as defined
above), |nfﬂs b%seo tion salt form
R4 Rz
wherein

either R, and R; are both hydrogen and either R; and Ry, independently, are H, CHj,
""CHa, (CHy)ul, (CH2)n'?l, (CH2):OH, (CHZ)sF or (CHo)®F, n being 2, 3 or 4, or
Rs3 and Ry, together with the nitrogen atom to which they are attached, form a
group of formula

wherein Rs is H, (CHz)l, (CH)a'?l, (CH;).OH, CHa, "'CHj, (CH,)oF or (CH,),"eF,
n being as defined above,

or oneof Ryand R is hydrogen and the other, together with Rs, forms a -(CHy)p-
bridge, m being 2 or 3, and Ry is H, CHs, (CH,),l, (CH2),'?1, (CH,),OH, ''CHs,
(CH,)iF or (CHy),'"°F, and

R is a group of formula

R
N\ Rs Y 6 N—N
__</ / \ S

\ TN « L2
4 R7 Y

wherein X is O, S or NRs, Rg being H, CH3, "'CH,, (CH,),l, (CH,),'?I, (CH,),OH,
(CH2)oF or (CHa)x"°F (n being as defined above), Y is CH or N and Rg and Ry,
independently, are H, NO,, F, "®F, O(CH,).F, O(CH2)."°F, CI, CN, ""CN, OCH,

O""CH, I, "1, O(CH,)l or O(CH,),"®I (n being as defined above),
in free base or acid addition salt form.



WO 03/ 074519 PCT/ EP03/ 02251 -22 6. A nethod for |abeling histopathol ogical
structures in vitro or in vivo, conprising contacting brain tissue with a
conmpound wbhBorssuda | RL R R3I NOO R4 R2 wherein eitheCTRPoanz2SR2 are
bot h hydrogen and either R3 and R4, indggendently, are H, CH3, 11CH3,
(CH2)nl, (CH2)" 1231, (CH2)"OH, (CH2)""f#or (CH2)n18F, n being 2, 3 or 4,
or R3 and R4, together with the nitrogen atomto which they are attached,
forma group of formula /-~ \NR5 wherein RS is H (CHR)" I, (CH2)"

1231, (ClE2) " Aohethaifor lasetihg his(ccnaﬂ)qlqgrcaostn(cxmm irl\8fro or in W, BgmpAsitkef | ned
above, or on h ther, together with RS,
fornms a -(O%gﬁ)%gdﬁgibgg@,tggu ‘Z’ftﬂé 9@59%‘?5@’8 @a?l S H CH3, (CH2)"I,
(CH2)"1231, (CH2),,0H, 11CH3, (CH2)"F or (CH2)nlSF, and Ris a group of
formula NRs Rs N-N or-~XO R7 R7 wherein Xis 0, S or NR8, R8 being

H CH3, 1tCH3, (CH2)"T, RCH2)"OH, (CH2)" F or (CH2)118F (n
bei ng as defined above), N and R6 an(il R7,

)

R3——-'|\j

R, R,

wherein

either R, and R; are both hydrogen and either R; and R,, independently, are H, CH,,
""CHj3, (CH2)nl, (CH2)a'®l, (CH2):OH, (CHy)oF or (CHz)n™®F, n being 2, 3 or 4, or
Ra and Ry, together with the nitrogen atom to which they are attached, form a
group of formula

wherein Rs is H, (CHp)ul, (CH2)y'?l, (CH,),OH, CHs, "'CHs, (CHo).F or (CH,),"F,
n being as defined above,

or one of Ry and R; is hydrogen and the other, together with Rs, forms a -(CHy)n-
bridge, m being 2 or 3, and Ry is H, CHa, (CHy),l, (CH2)»'?l, (CH,),OH, "'CH,
(CHy).F or (CH.)."®F, and

R is a group of formula

R
N\ Rs Y 6 N—N
— /N s

\__N ' X or _< )_@

R, R, © J
wherein X is O, S or NRg, Rg being H, CH,, "'CHj, (CHy)ul, (CH2)a™1, (CH,),OH,
(CHy)oF or (CH,),'°F (n being as defined above), Y is CH or N and Rs and Ry,
independently, are H, NO,, F, ®F, O(CH,).F, O(CH.),"°F, CI, CN, "'CN, OCHs,

O"'CHj, I, "1, O(CH,)al or O(CH,),®I (n being as defined above),
in free base or acid addition salt form.



i ndependently, are H, N2, F, 18F, O CH2)nF, Q(CH2)" 18F, d, CN, 11CN,
OCH3, 011CH3, I, 1231, QCH)r,l or QCH2)01231 (n being as defined
above), iwofweesshase or acid addition salt form WO 03/ 072#8T8P03/02251

PCT/ EPO3/ 02251 -23 7. A nethod accordi 19 to claim6, for |abeling

(3-anyl oid plaques and neurofibrill ary2 tangl es. 8. A nethod according to
claim6 or 7, conprising adm nistering the conpound of formula | to a
patient. 9. A nethod according to any of clainms 6 to 8, conprising the
further Bt epA afethadiedoeprding togelaied, fiaralidiing Baamydeoid glagiies andmkearofiblilabel ed t he
t ar get struc\%ﬁr% 10. A nmethod according to claim9, conprising observing
the target s 9} Yure labeled with a non-radioactive conpound of forrmula I,
usi ng fluorescence mcroscopy. 11. A nmethod according to claim?9,

compoundbor R s o ToHhRabd ARt Fisehidipn DorpELAS Bl Ry

met hod accorldorgatientcl ai m 9, conprising observing the target structure
| abel ed with a radioactive conmpound of formula I, using single photon
em ssion conmputed tonography (SPECT). 13. A nethod according to any one of
cl ai ns 69t 0 Amethodeatdoddihg focanydif abpinas 6 g8 Alonipeisimgrthe furthes slepef 14. A net hod

according to,clai.m13 Qr .nonitori he effectiven t herapeutic

t r eat ment ofde ?’%@Pwe@'eaf’?e%%‘é@“fg.%f FA?"HE'EHé%ei\ecdc@?gﬁ?'ﬁsp{%”%&%g- of clains
6, 7, 9 and 10, for detecting histopathological hallnarks of Al zheiner's
di sease. 10. A method according to claim 9, comprising observing the target structure labeled with

a non-radioactive compound of formula |, using fluorescence microscopy.

11. A method according to claim 9, comprising observing the target structure labeled with
a radioactive compound of formula |, using positron emission tomography (PET).

12. A method according to claim 9, comprising observing the target structure labeled with
a radioactive compound of formula |, using single photon emission computed
tomography (SPECT).

13. A method according to any one of claims 6 to 9, 11 and 12, for diagnosing Alzheimer's

disease.

14. A method according to claim 13, for monitoring the effectiveness of a therapeutic
treatment of Alzheimer's disease.

15. A method according to any of claims 6, 7, 9 and 10, for detecting histopathological
hallmarks of Alzheimer's disease.



