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COWOSI TION  Technical Field of the Invention The present invention

rel ates to a radi opharnaceutical conposition conprising an anyl oi d-bi ndi ng
conpound wocemezhads for preparing the sane. The radi ophzErreseatzrtal
conposition finds use inter aila in the diagnosis of disease states in

whi ch abnormal anyl oi d fdeRessd AR Acss AVl Ve Fhe adl ophar maceut i cal
conposi tion nmay be u T”UT“HS‘Hrr‘l—n—vrvrrnﬁgrn'g—agvn?' use in Positron
Em ssi on Tonogr aph (PET) or Single Photon Em ssion Corrput ed Tonography

( SPECT) . ofﬁﬁmﬁﬁ@ﬁiﬁjﬁe&@ﬂ@m Art Conmon exci pi ents included in

phar maceuti cal conpositions include buffers, Iyophilisation aids,

stabi | i zat+Qn,alds; iﬁ&%t!‘bl?ﬁ' rgfa%tb%qaﬁfogﬁ?r%%e% é!%h@ggi%r’?corﬁ rﬁ;“sér'}g{;:é:rlm usion of
one or nore optional conponents in th ormul"ati on can inprove the

stabi | ity amgloghbinfig fcerrwfoutzheap@amm}mm Woralgre;amn@ltheasamhe edse of

synthesis of . the 15 ceutl cal t he practi sin

Sol ubi |34| sati6iv "‘a%‘"’&éc%)@ STRORE % m%i/e?fg’r’ﬁt i %ﬂ a@fwﬁﬁ&f Hiscatt i cal
conposi ti Oﬂatdsﬂﬁ Inngte, ae;tnb&ﬁ@damgbwz:@rpbsmomlfmewedl ame k¥ 6RdrmaREQME ene

gl ycol , pol ox et hyl ene sor b| t an nonool eate, sorbitan nonool oeate,

pol ysor bat fo{é‘%il/e PRyHSEAE) 258Ny 0%y BBy INenayent ger y‘@@%yeﬁ’%}ﬂf@’he) bl ock
copol yner SEmswrpm;%@ra%ﬂg bee) 4 Hgné%ort&ﬁsﬁ‘qv\és%ﬁ E@M@{J ecorfid rQ{}W' des a
conprehensi ve |ist of“exci p| ents used in pharmaceutic corrposq ons

i nt ended f@&Pialkent eral adni nistration [1998 PDA Journal of Pharnaceuti cal
Sci ence and Technol ogy 52(5) pp238-311]. There are nearly 40 pharmaceuti cal
conposiidt i %ésér!g@%ﬁ%fh@%ﬁ%& gmt hat conpri se pol ysorbate 80, in concentrations
rangi ng f v. A known 25 radi opharmaceuti cal conposition
containing_a poiysorbate is illin-oxyquinoline solution. The
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oxi de). St er.l t b s _of a dispensing kit
t hr ough WHI E;ﬁo&ét@léﬁ%&%ﬁ%@%ﬁ gPsug%ﬁ%Ss%qd%ﬁ'% passed. io Such a
di spensing kit nust be sterile and typically conprises a 0.2m pore filter,
al ong2wi t PA s@vigwane Powubl! rrg alipirahdgoe enddrsprehensialiiepbienEcieutsi ¢sdd in
conposition. to s through.the filter,  a into a suita

Fecopt acl hatieRtalta (hAPSTIO el oP e A BB Alr 4P
standard flunsyohPohsmersiitg Stidrseand Tidrenebey 82030 ppreeti @]e TheY@hdeet y of
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anyl oi d depesibhse g@@s@aye@mmc@m@@dm@% and V‘02004/ 083195. The
present inventors have found that, when known radi opharmaceuti cal
conpositions conprising these thioflavin derivative conpounds are passed

t hrough di spensing kits, the radi opharnmaceutical is strongly retained on a
range of different 0.2um pore filters and silicone tubings. A solution was
t herefore sought in order to reduce |oss of thioflavin derivative conpounds
to di spensing kit conponents. 30 Summary The present disclosure relates
to radi opharmaceuticals and in particular to a radi opharnaceuti cal
conposition conprising a thioflavin derivative conpound with pol ysorbate as
an excipient. The radi opharnmaceutical conposition of the disclosure

over conmes problens encountered with prior art conpositions conprising the



In one aspect, there is provided a radi opharnuaceutical conposition
conprising: ) a conpound of Formula I: (') wherein: Zis S, NR, 0, or
C(R )2 wherein each R is independently Hor Cl_6 al kyl, such that the

t aut oner i ¥ BPHIZG152t he heterocyclic ring when Z is C(RP§DEPMIGI®ITTAdoie: Y
is hydrogen, Cl.6 alkyl, halo, OR or SR, wherein Ris Hor 01_6 alkyl, or
Y is - NRLRE! Ofﬁarltoarbé saltaple rf@ép@fﬁ%}@ﬁpp adnisetEdion gavipReargiasERtiednsi sti ng

of hydroge k%ﬁﬁ I 04-5
cyci oal kyl El{Dmgésr[:%xy r#%ét %th roxya éYrOB%BE aﬁl]ni&d%éfga%e% I%l %%é_(tge

hydr oxyal k;mybmptahbiel carger 6metiuoal kyb, gb2- éha rﬁasalakteatysh;e G2yr6gérhireal kynyl ,
Cl. 6 thioal kpxy, 6 _hal oal al oal kynyl ,
CL' 6 hal oalRE3a o arAICobACTE S b A A T e) AL R RSyt g

am noal kKyn¥bndifdnt aideahkoxYereg¥anon Ghybosyaneal k- st Bosyamneal kenyl,
C2. 6 cyanoal kynyl, and Cl.6 cyanoal koxy; nltro Cl.6 nitroal kyl, 02- 5

ni t r oal ken{alliowed-oy teimingapieyifiationasdCe. % %n’ﬂf’ﬁ%ﬂrﬁk@ﬁwﬂ avdoclaip@réi n at
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ium and,
(iii) O. 05%réam%ni\/(a/gpmzlﬂyet¢wlwb@xid@t) &teplté ofradorOcdrobd Bcrbevadroyanedizerf aspect,
there is prowdedarre E $$ t|on of ar di opharhaceuti ca
conposi t i off BRI P é W 'Sﬁﬁ apf{aﬁglapgp iSRG IRSEHIRE 1S PEPSeGadni xi ng

a conppyndsotn Eefighhaink kitanbéaeospatibliaysiasini @mpmdise. 2aRthde GRad. 0% W v
pol ysorbate wherein said conpound of Forhula I, bi ocorrpatl ble carrier

medi um  andlopelwikotisans tabiec ¥é elepeEE thesedopharmaceutical composition to
pass through the filter and into a suitable sterile receptacle such as a vial or

syringe. There is no particular industry standard for such dispensing kits and
therefore in practice a varisty of filter types and tubing are used in different

15 dispensing Kits.

Radiopharmaceuticals arg typically prepared by reaction of a non-radicactive
precursor compound with a suitable radiolabel, with only & tiny fraction of the
precursor compound being radiolabelied to produce the radiopharmaceutical. As
a consequence, retention to the surfaces of a dispensing kit can result in the loss
20  of a relatively large proporticn of the radiopharmaceutical to the extent that the
resulting radiopharmaceutical composition is not fit for use. Radiopharmaceutical
compaositions comprising thioflavin derivative compounds are known to be usefu
in the diagnosis of patients having diseases characterised by amyloid deposits, as
described in WO2002/16333 and WO2004/083195. The present inventors have
z5  found that, when known radiopharmaceutical compositions comprising these
thioflavin derivative compounds are passed through dispensing kits, the
radiopharmaceutical is strongly retained on a range of different 0.2um pore filters
and silicone tubings. A solution was therefore sought in order to reduce loss of

thioflavin derivative compounds to dispensing kit components.
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(i1) if necessary, adjusting the pH of the resultant m xture to be 4.0 to
10.5. In another aspect, there is provided a radi opharnaceuti cal
conposition as defined above for use in the determ nation of the presence,
| ocation and/or ampunt of one or nore anyloid deposits in an organ or body
area of re.a d for
determ ngp E}E%g htt h '&Iér/sg}sr%?fc%gétg Jgafﬁ%hgﬁ@% gég“ééﬁisup%”% 0[93 rﬁ{CJ@Iﬁg(?e

anyl oi d cmiymﬂ'lwmacmtwal @pggosidion tnmdypra;rrgaaot‘rncﬁlammbﬁenﬂatmbmﬂmmmﬂrwms t he
follow n teps; adm nistrati a ect a detectab tity of
the radi BBNEPTAIAT PO CHioa HRRISLe G LFDRSSTan Tue s e
conpound oOércE@lreﬁl{ir@blbni@eﬁ)d:dwhtér@d a;mh pmd St CoRgRRRIOhS dompiRing ﬁl'ébté?ﬁé and,
(Hi )determ nation by in vivo inag of the presence, |ocation and/or

anount of'3§aef SPmﬁBF@d%nﬁF@lRﬂo‘ﬂﬁ%QY the digclegyig is @b"néﬂ'lOd fopeairpagration
Descri pt bPﬂwe%dHﬁﬁax‘nﬁ‘é(@Jﬂb&rbdnﬁbd%ﬁl%n%?F?ﬁ@Hrsch@ﬁr&é@%mas g&Yﬁé‘Lﬁér%eé%}f at es
to a radi opharnmaceuti cal conposition conprising: (1) npound of Fornmul a
| . wher &ievadipphgrrgacayiicalgzompostior. ) 2 wherei n each R |s i ndependently H or
Cl_6 al kyl, such that the tautomeric formof the heterocyclic ring when Z
is O(R2 is an indole: Y is hydrogen, Cl-6 al kyl, halo, OR or SR, wherein
Ris Hor C1 6 alkyl, or Yis -NRLR2; Rl-1 are each independently sel ected
fromthe group consisting of hydrogen, 01_6 al kyl, C2-6 al kenyl, 02-6

al kynyl, Cl1_6 al koxy, C4-6 cycl oal kyl, hydroxyl, Cl-6 hydroxyal kyl, 02_6
hydr oxyal kenyl, 02-6 hydroxyal kynyl, thiol, Cl_6 thioalkyl, 02-6



WD 2009/ 027452PCT/ EP2008/ 061275 t hi oal kenyl , C2_6 t hi oal kynyl, 01..6

t hi oal koxy, hal o, 01.6 hal oal kyl, 02-6 hal oal kenyl, 02.6 hal oal kynyl, 01-6
hal oal koxy, am no, 01.6 am noal kyl, 02-6 am noal kenyl, 02-6 am noal kynyl ,
01_6 am noal koxy, cyano, 01.5 cyanoal kyl, 02.6 cyanoal kenyi, 02-6

cyanoal kinyhe aéﬁ@bt(%eﬁa %Y@rBQﬂle@CB(bbd@iﬁérﬁwac@%tn@airﬂdnﬁ&?élﬁdﬂ coi@ribing:

nitroal kenyl, 02_6 5nitroal kynyl ni troal koxy; and, mhereln at

| east ong, at om of und of Formula | is a radioactive i sot ope
suitableﬁ}%FOFWOQ%iﬁhgﬁﬁgﬁ%g, (ii) a bioconpatible carrier medium and,
(iii) 0.05-5.0%wWv polysorbate 10at a pH of 4.0 to 10.5. Unless ot her wi se
specified, the term"akkyl" alone or in combination, neans a straight-chain
or branchgd-chain al k radircal containing preferably from1l to 10 carbon
atons, nbre eferably f7omm 1l to 5 carbon atons, nost preferably 1 to 3
carbon at ons anp yradi cal s include, but are not limted to,

met hyl , 15e a sopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl’, pdntyl, isgfamyl, hexyl, octyl. The term "al kenyl" denotes an
unsat ur at ed stgeai ght - chai n or branched al i phatic hydrocarbon group
cont ai ni ng one doubl e bond. Exa4®1es groups such as vinyl (ethenyl), ally!,

i sopropenyl, 1-propenyl, 2-nmethyl-I -propenyl, 1-butenyl, 2-butenyl, 20
3- but enylvhez=iet hyl- 1- but enyl , 3-nethy|-2-buteny|, 1- pentenyl, 2-pentenyl,
3- pentenyl, 4-pentenyl, 4-nethyl-3- pentenyl 1- hexenyl, 2-hexenyl,

e S eIt SR et gL dnates o0

cont ai Nni fht eieratifdndr fm@dﬂh@miﬁcnmmmzweﬁwgbna@doi% et hynyl,

1- propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-

pentynyl, 3 pentynyl, 4- pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl,

4- hexynyl andFB hexynyl Unl ess ot herw se specified, the tern1"a|koxy",
alone or gkn c nbln tion, neans an

//

Y is hydrogen, C.s alkyl, halo, OR or SR, wherein R is H or C1s alkyl, or Y is
-NRERZ;

R''0 are each independently selected from the group consisting of hydrogen,
Cy.5 alkyt, Cos alkenyl, Coe alkynyl, Cig alkoxy, Ca.e cycioalkyl, hydroxyl, Cis
hydroxyalkyl, Ca.s hydroxyatkenyl, Caghydroxyalkynyl, thiol, Cq6 thicalkyl, Coe
tMoakenw, C.g thicalkynyl, Cig thioalkoxy, halo, Cis haloalkyl, Cus
haloatkenyl, Co.s haloalkynyl, C+s haloatkoxy, amino, Ci.s aminoalkyl, Cog
aminoalkenyl, Czsaminoalkynyl, C..e amincalkoxy, cyano, Cq.s cyanocaiky!, Cas
cyanoalkenyl, Co.scyanoalkynyl, and Ca.s cyanoalkoxy, nitre, Cq.e nitroalkyl, Ce.

g nitroalkenyl, Ca.s nitroalkynyl, and C4.s nitroalkoxy; and,
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al kyl ether radical wherein the termalkyl is as defined above. Exanpl es of
suitabl e al kyl ether radicals include, but are not limted to, nethoxy,

et hoxy, npropoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-

but oxy. Unl ess otherw se specified, the term"cycloal kyl", alone or in
conmbi natj pn, .mean S a | S ed: LG

bi cycli cwﬁ?ret"?i%ygeﬁsi Og.]q(%tt%aéfgsfl% v@@ﬁgg@&eé@ h@%r%ﬁ% cprlrét;itg;? ga@%%@zﬁ ns

pr ef er ablsptdgeosnithbleofoB it aibomagirggn ri ng nenbers, nore preferably from3 to
7 carbon atomring nenbers, nost preferably from4 to 6 carbon atomring
menber S,ﬁiﬁ”d Wiisdy ripRtibRPEA@RA ML andenzo fused ring systemwhich is
optionally substituted as defined herein with respect to 10 the definition

of aryl . Exanples: af .kyl radicals include, but are not limted
to, cycl 8@?03910?’ %)9/(41 %ﬁ%@é{&ﬂ&% ‘opentyl, cyclohexyl, cycloheptyl,

oct ahydrgpgg%%%%aa#i hyar 0- 1H-i ndenyl , adamantyl. The term "hydroxyl"

refers t e terns "hydroxyal kyl ", "hydr oxyal kenyl " and
"hydroxyal kynyl ", as used herein, refer to at |east one 15hydroxy group

appended;f 0ahbBePakepbctTOlRGE! 35 HROHAEYA t Y OMGha frkYdrepatat@Rylof & kynyl,
or al koxy, respectively. The term"hal 0" neans a substituent selected from
f | uor i neraditprarmaesesutical woneositidroals definethabover esmprisingdh& jollowing sesskeny| ",
"hal oal kynyl " "hal oal koxy" as used herein, refer to at |east one hal o group
appended(i} o atlhréxipgr omppurcu baF-ommiuéd Y, 20bibcomphatible abter matiivemyand

al kynyl, or_ al koxy, respectively.Preferred hal g supstituents are fl|uoro and
i odo.  ThE-QFer e tw%ycno?ywla%f@ ‘é{h\é@ﬁsé'ﬂ GAMPPEd: & E’Erm‘t"ﬁi o lagpmpatinle

'L 0al Keatlr md o shiBYorbclb B BBt kRAHedabayBed hereln, refer to at

| east one thiol group a o the parent nolecular noiety through an

al kyl , al.kenyl . t] . e ‘cyano” as
used her L‘bn'??(\g?%gsahﬁ %/’Ory de\us-t%qu térggdul_lpf)&(ﬁ?e'reg QE%@ *‘@Jﬁégﬂ%ﬁ'bﬁw&%nom kenyl "
"cyanoal kynyl " "cyanoal koxy" as used herein, refer to at |east one cyano

group appeafsfel Ashdle, PRIERY prRldReUs PadisphAaddutieltbrigoidty bs dafikemy!

al kynyl, "or al koxy, respectively. Representative exanples of cyanoal kyl
i ncl ude, abbwe farrusenotthe ideterednatmn of dearresayte. locatipanard/ay Amogng of one

3 cyanopggw&ré amyloid deposits in an organ or body area of a subject.

In yet another aspect, there is provided a method for determination of the
presence, location and/or amount of one or more amyloid deposits in an organ or

body area of a subject which comprises the following steps:

(i) administration to a subject of a detectable quantity of the

rédiopharmaceuticai composition as defined above;

(i) allowing the compound of Formula | to bind to any amyloid deposits in

said subject; and,

{iii) determination by in vivo imaging of the presence, location and/or

amount of one or more amyloid deposits in said subject.
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The term "nitro" neans an -NO2 group. The terns "nitroal kyl ",

"nitroal kenyl ", "nitroal kynyl" "nitroal koxy" as used herein, refer to at
| east one nitro group appended to the parent nol ecul ar noiety through an
al kyl, al kenyl, al kynyl, or 5al koxy, respectively. The term "conpound of
Formula |I" as used herein, neans the free conpound or alternatively a

phar maceut i¢; HI cce tabletsqlt tgrodrug (such as an ester), or solvate

t her eof . S&?§§§§é§§§ﬂﬁg¥l%¥ggfg§§¥—%nd solvates are as described in WO
2004/ 083195 and WO 02/16333. cPreferably for Formula I: Zis S, 'NR or O;
and, Y is iMNRIER2speandhe Restnanesreaahelbtegependdnbhyrnselattedofmpostithe group
consi sting of hydrogen, 01-6 alkyl, 02..8 al kenyl, 02-6 al kynyl, 01(6

al koxy, hy&Pﬁ%ﬁ¥W901.6 hydr oxyal kyl , hal o, 01-6 hal oal kyl, and 01.6

hal oal koxy. Most preferably for Formula I: Zis S; Y is -NRLR2; and,

R1"1 are eag¢h thdependentdynsel.ected fromthe group consisting of hydrogen
01 3 20al kyl, 02-4 al kenyl, 02.4 al kynyl, 01-3 al koxy, hydroxyl, 01 3

hydr oxyal kyl , hal o, 01-3 hal oal kyl, and 01.3 hal oal koxy. In a particularly
preferred enbo i ment ,”R%sai @ conpound of Fornul ais a conpound of Fornula |a:
wher ei n: R '

wherein:

Zis S, NR, O, or C(R ), whersin each R is independently H or Gy alkyl, such that

the tautomeric form of the helerocyclic ring when Z is C(R’);g is an indole:

7
R R

™

wn

N
N
H

RIG

Y is hydrogen, Cy.s alkyl, halo, OR or SR, wherein R is H or Cqs alkyl, or Y is
NR'R? | -

R" are each independently seiected from the group consisting of hydrogen, Crs
alkyl, Cze alkenyl, Czs alkynyl, Cis alkoxy, Caig cycloalky!, hydroxyl, Cis
hydroxyalkyl, Cos hydroxyaikenyl, Cos hydroxyalkynyl, thiol, Ci¢ thioalkyl, Cos

3¢



R11 and-R12 are independently selected fromhydrogen, G _6 alkyl, C1_6
al koxy, nitro, amno, Cl1L 6 am noal kyl, halo or C1_6 hal oal kyl; R13 is
hydr ogen, hydroxy, nitro, cyano, Cl-6 al kyl, C2_6 al kenyl, C2_6al kynyl,
Cl- 6 al ko¥p 20p123432Ci _e hal oal kyl, C _6 hal oal kenyl , -TOOE2480CH2ZOR! |
wherein R is as defined for Formula |I; and, r is hydrogen, hydroxyl, Cs
al kyl , G _®iclikanwy (ars thiablsyniorCss thiRIRXyakaldei.nkeeoalbpy €. £ oaloRtemyl, a | .

| oPr ef er abky, 0 = a la: 1 d R12 are independently
ol ect ed 1 F o HSAbOE, SRR R, i OhTRE e ey A B e b Kyt
C2- 6 al kensginoGyaall I(yjayalmin@?lkcadykog(@/r&c?rct};adl:mno;é&yi,SSrft@aiy@nOélke?R;L?;g as I
defined above for Formyla |I. Most preferahly, for the conpound of Fornul a
o | 1 BRI AP BY (s ERABHERY TYEDcnt MR, Ry OGORKE a0, RL |'s
hydr oxys ornid8ikah Ko cY2nisaibRLBhmherein Rl is hydrogen and R2 is
hydrogen, C _e alkyl or Cl1-6 haloal kyl. A 'radioactive isotope suitable for
in vivo imagi ng" is a radioactive isotope which 20 can be detected

ext er nal | yY¥P# Y AdAIF MPEHIVE BARSOMTSIUNEH TG adid s 3 faieadiveilspiopso.

Exanpl es oguit%lgg%rrﬂphpg%é%ﬁﬁ isotopes include gamma-emnm tting radioactive
hal ogens and positron-emttihg radi oactive non-netals, particularly those
suitable for imaging using single-photon em ssion tonography (SPECT) or
posi tron el §d1eEPriRAHBYT 8HY” PETF): 2B t abl y, the radi oactive isotope is
selected from11lc, 1231251, 1311,5 7 Br, 76Br, 77Br, and 18F , npst

sui tably 13460 ok23by, RbARBrbate; | N an especially preferred embodi ment the
r adi ophar maceuti cal conposition of the 5invention is a conpound of Fornul a

| a wherein one of RRL2 or yd is, or conprises, radioactive carbon or a

radi oddt i v@& mRaregér toPteferabl y, said radi oactive carbon is 110, and said
radi oactive halogen is preferably selected from 1231, 1241, 1251, 1311,
78Br, 76BrYniFhy ,O%WESBWCI@F*; thepkstr mpredifver abhg or smicdmbaditoactriaeestal ogen i s

1231 or 1 ) i -a, r.adi I it
orof er abl y i ot 8 Fah e RATRIAPERICH (RALAOE e RB B Vel For mu
| a conpri sesban eadioactreecieatdgeom 1 to § sapefaoabl yosneetdraRly 100 ya, or an
ﬁ;f)gqa: Eyra%fmﬁgéﬁﬁéa%g%gﬁfw s:[urc];h Egdiggfsr}%lggg,rt? %?e %gtdlinﬁgecp t%l, rr]rgethcy ,—6
15 ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyt, iso-amyl,
hexy!, ociyl.

The term "alkenv!" denotes an unsaturated straight-chain or branched aliphatic
hydrocarbon group containing one double bond. Examples groups such as viny
(ethenyl), allyl, isopropenyl, 1-propenyl, Z-methyi-1-propenyl, 1-butenyl, 2-butenyl,
20 3-butenyl, .z—ethyl-%butenyi, 3-methyl-2-butenyl, 1-pentenyi, Z2-pentenyl, 3-
pentenyl, 4-pentenyl, 4-methyl-3-pentenyl, 1-hexenyl, 2-hexenyi, 3-hexenyl, 4-

hexenyl and 5-hexenyl.

The term "alkyny!" denctes an unsaturated straight-chain or branched aliphatic
hydrocarbon group containing one triple bond. Exampies include groups such as

25 ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyi, 2-
pentynyl, 3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl and 5-
hexynyl.

Uniess otherwise specified, the term "alkoxy”, alone or in combination, means an

4.



Non-limting exanples of the especially preferred conpounds of Fornula |la
are as 15f0110M5: WD 2009/ 027452PCT/ EP2008/ 061275 The "bi oconpati bl e
carrier nmedium is a fluid, especially a liquid, in which the 5

radi ophar wWacewia2g4&k i s suspended or dissol ved, resul tig/EREO@B/061275

radi ophar maceuti cal conposition that is physiologically tolerable, i.e. can
be adm ni saleyleztheo raches reimralni e teorhyaheit lsoss debxédisbyvar Humuysesiocsconfort .

oy ect | on. STEBEOHIE Sabr il TERGR AL aeslon T B o SR ey "

radi ophar moguty, ¢edpropsiypsitdutoy, Rb-blhexprsesantioxyl Gri-myvendi on an aqueous

et hanol solution is preferred, with 5-10% (v/v) ethanol being particularly
suitabl e for the conposition of the present invention. Preferably, the

bi oconpat i T‘@S%a‘}hﬁ“@ﬁeﬁaa?ﬁﬁ?ﬁge@ E?ﬁ”béﬁ@@@%t%%‘?“@@ﬁkbir@ﬁ%dﬁﬁ@?%i ng 6-8%
(v/v) et hanebiuraRst oPEefaNRREY r&ea-r%o58(@¢o%éy%;c?éi#&aéwiricy&wct By %A¥day) being
especially preferred. 15The radi opharmaceutical conposition iay optionally
further cofp?EdecaddicFEnAriedo o Brafeiehhalon PP ddparden mjcageng |

phar maceuti,cal L. il 4] r t].0xi corbic
acid, genti sﬁlc ea%?ﬁ(ﬁ%ﬁ%@@n&ﬂ%ﬁ%ﬁ&f&?d r!ﬂ%ﬁh&ﬁﬁe%r?#??tgﬂ?%faﬁ?

pr eser vat ifwemar tdf Bldagpon Tlogn tieg rmépbleadjaustingh agentstoneénseas benpound or

m xt ure of. compound 20..useful. to, ensure.that .the pH of the

Fadi ophar MHERUTL o teBueT Ebioh SRR ar el Rl videsemice 1imits
for mammalthanisgdnibnicstanat iban(aepooxicrateliyaipH rddifalkanddd)out B4k thabl e such
pH adj usti Eﬁ agents include pharnpaceutically acceptable

buf fers, su E‘E’éﬁt rii ¥ BRESEhat-¥oPPRIVS] i Y8 .OPERS ( HyioaRy et RYbaiHYnet hane] ,
and phar ”&Q@éﬂ}ld@@ﬁéﬁht&%@,@@lﬁb}]&oh@ﬁﬁ%e%cﬁd%a§19F.“ um car bonate, sodi um

bi carbonate or m xtures thereof. Preferably, the pHis maintained in the
range 6.0 to 8.5, suitably 6.0 to 8.0 and nost greferab['y in the range 5.8
to 72, witHe BN dvERY) affies7io ¢ o-FM2 9beihg éspetaras| yydretetvBd. A
preferred -Qufiferakont heq I‘«ﬁgé 5392@? %g-elgsi G Sidl f e invention
IS phosphatl('zzlcg Du?? er ,v prefera . -0.1 drrg%t%?g’ré %’?Eﬁﬁg i%ésglcmeg 1M and
especilal | yhprafarabt gperokdie 08Mandt mostues peddtatirgugr af elkabklieByi01- 0. 02M
By the term "antimni bi reservative' is nmeant an agent which inhibits

t he grow ha%a’fn%g(%)trg]nkt%i&g’l HF%‘JD%CE'P’ ul mcro-organi sns such as bacteria, yeasts
or noulds. The antim crobial preservative may al so exhibit sone

bact eri ci daile tprropbalti eeandependiingnbseittied daseflludire, ollonne dremade tthe

antimcrobial preservatiVv of. the present ipvention is tq inhibjt the
growt h of ’%?{S}Qsﬁﬁefﬁ{f@? oﬁé—%&%sw&@ T g@ﬁ%&@ﬂn& %oﬁfr%’lsi tion.
Sui tabl e ariin erotbalt (iseses M@fbig\t@whpbww@:thé?g@tM@é@@mﬂom et hyl,

et hyl, propyl or bUté}l, paraben or m xtures thereot; benzyl al cohol; phenol;
cresof? cAPOUAN dB" afbY't Fismuh sallY i ePeraEdkvareppedivelyi alPreferred haio

substituents are flucro and iodo.

The term "thiol” means an —SH group. The ferms "thicalkyl", “thicalkeny!”,

“thicatkynyl”, "thicalkoxy” as used herein, refer to af least one thiol group
appended to the parent moiecular moiety through an alkyl, alkenyl, alkynyl, or

25  alkoxy, respectively.

The term "cyano” as used herein refers tc a —=CN group. The terms “cvanocalky!l”,

“cyanoalkenyl”, “cvanoalkynvl”, "cyanoaikoxy” as used herein, referto at least one

cyano group appended to the parent molecular moiety through an alkyl, alkeny!,

alkynyl, or alkoxy, respectively. Representative examples of cyanoalkyl include,



preservative(s) are the parabens. By the term"filler' is neant a ~

phar maceutical |y acceptabl e bul king agent which may facilitate materi al
handl i ng during product production. Suitable fillers include 20 inorganic
sal ts sucWoemwim@aisam chl ori de, and water sol ubl e sugarscwErzsasgarz7al cohol s
such as sucrose, naltose, mannitol or trehal ose. As a general rule for

r adi ophar nbetletreirealimidedposivanomsihvt, Recyainoethy | tamdhaveertdpecdydbwest quantiti es
of excipients possible that produce a pharmaceutically effective as well as
physi ol ogi I olera olposi-tion,. 2 e radi. Jmceutical .

conposi ti oﬁﬁ%ftgrtnﬁleﬁlﬁévgn%n%ng}?s&?tﬁiq}gﬁ?'ysr}%ptﬁlr?‘gdg '% ﬂma‘le\ mtii%af@%nt ai ner
provi ded wiritoakwed| "whibehkeks suivkadlrertior refengbeatolapubhé pligo puogs uri ng

with a hypoderm c needle (e.g. a crinped-on septum seal closure) whil st
it i e AR B FRrGes T P e Bk LY A RS HngkEo . SHge Oor
mul tiple pakbentesasasely Typi cal dose containers conprise a bulk vial
(suitably 5 to 50cnB, 30for exanple 10 to 30 cnB vol une) which contains

single or nultiple patient _doses, whereby a patient dose or doses can thus
be wi t hdr awi® F%Fb%&@@ﬂe@@i&%m&ém sk efeiny Braa0a4he T CPRPEEYAPS duri ng
the vi abl ealkérﬁéﬁdéfﬁ?a@ha?rhﬁc&ft%@? At <3H! ;Broblﬂ.ggi §u‘oﬂ'a%aén é%ttegjaH on.
Pre-filled syringes are designed to contain a sin pat1 ent doseé, and are
t her ef or e piledlertapiep! aSditaposals eorodrugs herd syvhisgers aistceisbebedsinf\6iO ¢l i ni cal
use. The fid i e provided with a radi opharnaceuti cal
syringe sﬁ?@%b%%@éro C{e\é\)tw{%%g%éggr ator fromradi oactive dose. Suitable such
radi ophar maceuti cal syringe shields are known in the art and preferably
conpri-se ef ; ngsten. Typically, the radi opharmaceuti cal
corrposlﬁztei Sﬁ%@%@h@@ﬁ@r&%i?én has a radi oactive concentration of 50 to
100MBg/ M, suitably 70 to 85MBg/m, nore suitably 80MBg/m. A single
patient doé& Wi lNR eypieed.ly contain 50 to 400MBg, nore typically 80 to
370MBq at the tine of adm nistration and will have a volume of 1 to 10ni,
pref erabl v, ar qusigh25084 A "pol vsorbate” is a pol yoxyethyl ene sorbitan ester.
A conprehensive descri'ption of polysorbates can be found in "Nonionic
Surfactants!, M J. Schick, Ed. (Dekker, 15 New York, 1967) pp247-299.
Exanpl es of pelryseribateseidasitiydelepisidyson Bt aro20 copssyrsorhat ©gen, Cis

pol ysor bat O~an l,ysor bat , ' o] rcial l vai |l abl e under
the trade aﬁ}é’?fecgr@\gﬂé%&l)é%i%g%@é’ﬁ@%%m&i%gﬁaﬁég’ \}@Qﬁdrgéy%{h@, bﬁ/{%e 80,

r espectsi vetalgalkyl oamdSCgpaaibhatkokeh. The nunber foll owi ng "pol ysorbate" is
related to the type of fatty acid associated with the pol yoxyet hyl ene
sorbitan %r%{ rZPrO% ihe; nol Fclul e. Monolaurate is indicated by 20,

nonopal mitare H's' 9 ndf Oa{t’é)(ﬁmbjf 40, nonostearate by 60 and nonool eate by 80.
The concentration of polysorbate is suitably sufficient to elimnate
substanti a lsyS;al | binding of the conmpound of Forrmula Ito a range of filter
types. Preferably, the | oss of conpound of Formula 1 to the filter during
di spensi ng{i S—Jl\ngg;&hgncf ange 0-10% nost preferably 0-5.0% 25 especially
preferably 0-1. 9’ and nost especially preferably 0% In a preferred
enbodi ment, the polysorbate of said radi opharnaceutical forrmulation is

sel ected fR'Ofepobysantetand20tpeelpoky sonbiker80; condidtinpal igeobat &80 bei ng

particularly preferred. Prefer y, ,the concentratjon of | ysor bat e
prese i@lgyﬁeé%%%iz%rb’ﬂag%ﬁaﬁmyﬁ it P el rP@R’ {133 %‘Y&PW”&Q s G

0. 25- 2. S5AWaVGall@sénddCef eslablkyxB0between 0.5 and 1.0 )/ow v, and especially
preferably 0.5%W v. materials or using starting nmaterials as described in
W2002/ 16333, W2004/ 083%,95 gnd W2007/ 020400, or by standard nethods of
organi ¢ chénf AFFUEHNPEIRAES of MREY AL ﬁaféoﬁ?ﬁ“i:@w%cﬁ THHBP dbl @such as

radi oact i venRiBERf Pordula la:




radi oacti ve hal ogen may be conveniently prepared hy reaction of a precursor
conpound with a suitable source of the radi oactive carbon or radi oactive
hal ogen. A "precursor conpound” conprises a derivative of a radiol abelled
conpound efo faeyarmdsa |1, designed so that chem cal reactp@PEMhbdhsgz7soNVeni ent
chem cal formof the radiolabel occurs site-specifically; can be conducted
in the m ni mum nunber ofp20 steps (ideally a single step); and w thout the
need for si,gnificant purification (ideally no further purification), to

gi ve the desired 0l ab d conmpound of Forrula I. Such precursor
conpounds are |synt et conveni ently be obtained in good chenical
purity. The pr sory conpeund may oationally conprise a protecting group
for certain functional groups of the 5 ecursor 15conpound. By the term
"protecting group” is meant a group which inhibits or suppresses
undesi r abl ehetesgm cal reactions, but which is designed to be sufficiently
reactive that it may be cleaved fromthe functional group in question under

m | d enoughiconditions. that do not dify the rest of the | ecul e. After
depr ot ect i %n ?ﬁ%‘gh 26red@§’FP86gf?rH IEDe (8 E%%Sﬁ?rdBM aﬂéﬁ% TteOVs

obt ai ned. RE@t eeiiNT,QrBMASaRVIER MBI dg@@;man%g;t hose skilled in the art and
are suitably chosen from for am ne groups: Boo (where Boo is

tert-butyl oxycarbonyl), Froc (where Fnoc is fluorenyl met hoxycarbaonyl),
trifluot oagetS?ﬁ]ydéCF@?/eyr% SXS}%Vpé‘H?I CYange o &K1 Cpa 2geny, C2-6_aﬁiy“y!! Cig

di met hy1- 2a|§o§’, axRcrcL ahrRXKy, denekeliienl; atoNRYSOdH SR 3virkihgs 2 Ayri dine
sulfenyl); 25 and for carboxyl groups: nethyl ester, tert-butyl ester or
benzyl = est @¢finerdpr hyyiangryl angroups, suitable protecting groups are: nethyi,
ethyl or tett-butyl; al koxynethyl or al koxyethyl; benzyl; acetyl; benzoyl;
trityl (Trye ) Qrrdddhisdisid Y. Sueh @s, st nabuiyh dimetiwlst LybogEor thiol
groups, Ssui tabrlg{ar %ot’elgti ng’grjogups are: tri tyl and 4l nmet h%x%/%gﬁgrl\;% The use
of furtheraprstfectimglgrioups are described in 30" Protective Groups in
Organic Synthesis', Theorodora W G eene and Peter G M Wits, (Third
Edition, JehneMbl ey, & 5005000998 rofmpeunds of Formula [that are |abelled
with a radioactive hal ogen or radi oactive carbon are preferred in the

radi ophar maceuti cal conposition of the invention. Methods for obtaining
radi oi odi nat eahd Radirein neattedseasded divorerbonyl Gtk Boohpounds of
Formula 1 via suitable precursor conpounds are now descri bed.

Radi oi odi natsi;op, el e~ t hg, GoApo f~F I i Ll.ed with

radi oi odi ne, Sult aEY'e ‘bBP%cﬂ’rgg? Hﬂgoﬁ%bgﬁa SE%[}@ C’i%o@@%ﬁgﬁ%éonpri se a

derivative which either ,undergoes
Y is halo or -NR'R® as defined above for Formula 1.

Most preferabily, for the compound of Formuia ia:

R" and R" are independently selected from hydrogen or halo;

o=
n

R is hydroxy or Cy.5 alkoxy;

Y® is -NR'R® wherein R' is hydrogen and R? is hydrogen, Cis alkyl or Cie
haioalkyl. '

A ‘radioactive isotope suitabie for in vivo imaging” is a radioactive isotope which

20  can be detected externally in a non-invasive manner following administration in
vive. Examples of such radioactive isotopes include gamma-emitting radioactive

halogens and positron-emitiing radioactive non-metals, particutarly those suitable

-7



el ectrophilic or nucleophilic i-odination or undergoes condensation with a

| abel | ed Oal dehyde or ketone. Exanples of the first category are: (a)
organonetal lic derivatives such as a trial kyl stannane (eg. trinethyl stannyi
or tributwoswemingdsy, or a trial kylsilane (eg. trimethyrSizEnei)scerz7an

or ganoboron conpound (eg. boronate esters or organotrifl uoroborates);

(b) a non- fadiruantd weingl kigichplortbdesrhssiohalcogeyrapixe {8RGETOrorabkyitrob osyl at e,

15mesyl ate_or triflate for | eophi i odi.nat.i on c ri ngs

acti vat ed ?%\'/\Sé:’rlodn logrsaRion mc $L(’)'Ea|b|]¥atfﬂ%@? %y Veﬁﬁ%& %és S%EBt " nes) and
aromatic ritags@adt var et 76&aﬁﬂ§~ﬁhﬁl@@pﬁFIWQmﬁ@dnﬂﬁyﬂ Te. gng atryl

i odoniumsalt aryl dlazonlun1 aryl trial kyl anmoni um salt's or nitroaryl
derivative 20The ursor ound for radioiodination preferably
conpri ses: ﬁérh 6C 8%@??@@”ﬁ8ggbé%t BRPELRIN are VR 5PYPOs RN eeher

brom des (t gvBetidA ts 4 @Qh@o@%ﬂﬁ RYERANGe N heAlln 36k YAk Ed AR Yo ng (£. 0. a
phenol or phenyl am ne); an organonetal |ic substituent (e.qg. trlalkyltln
trlalky|S|F9m6?“ﬁ%gaﬁ6ﬁ§Pﬁﬁ<E6W%buﬁd?iaéwaaﬁv©r@%©@%7suBgﬁﬂwﬂéht&$®ch as
triazenes Qry& 900 ﬁ%ﬁ“ @HQ@r%foa&ée@%ﬁkﬁﬂ?@keﬁ&aé@%gkbﬁﬁ%mﬁﬁpSUCh as

an |odon|umsa24t125 era or radi ol odl na SOr C ound

conprises an, dct i Viat etl ﬁryf fgr.o Faando?@ammmdaﬂerabéﬁmbsi isditentive sai d

or ganonet a |c subsi eferably bein r kyltin. Precursor

conpounds g agﬁﬁﬁhoé |nﬁﬂﬁﬁ%?% ?38#§“&Hﬁﬁg ﬁ?ﬁéﬁ¥&%ﬁ?@m”nﬂﬁ%cules
are descri b@@erby;y%@lat@m pNﬁlﬁm@@ﬂ’meﬂaﬂbl@Wﬂ@ﬁma,ls 48R 'AB5:528: £2902)1a

Suitabl e boronate ester organoboron conpounds and their preparation are
descri bed WW&%@&%@Q’O@PB\’WN@@W Wapaf%ﬂabiywofﬁloeﬁ (260Zj0raiyY 30, 369-
373(2003)] I A i d are
descri bed %;§ﬂgﬁg?gﬁgqégﬁﬁ9¢%J%¥ﬁ%@?ggp%ﬁ%ﬁdgﬁ b%S ﬁﬁﬁgg%gS?Pﬁﬁ&anples
of aryl grb@@%mﬁﬁﬂmhlch radi oactive iodi ne can be attached are given bel ow
wherein alkyl in this case is preferably nethyl or butyl. These groups
contain 10 f t on onto

t he aronat$§H??ﬁgbq£ﬂhgﬂ%£%$€%@§% S%PFﬁgﬁﬁgdEgﬁ?gPﬁﬂﬁggFiﬁp%é%%ﬁ%% i odi ne
can béssynichesssed by direct iodination via radi ohal ogen exchange, e.g.

The radi oi odine atomis preferably attached via a direct coval ent bond to
an aromatic ring such as a benﬁgne ring, or a vinyl group since it is known
t hat |od|ne atons bound to sat/urated aliphatic systens are prone to in vivo

met abol i snf’ ﬂ?:fﬁﬁii 5] oss he radi oi odi ne.

NHCH,

: Compound 1
NS S
2}Mm<i::>H—NHW}H
PN
Compound 2
123,
HO
o S
T ) Vewm
/ N S
Compound 3



The source of the radioiodine is chosen fromiodide ion or the iodoniumion
(I+). Most preferably, the chemcal formis iodide ion, which is typically
converted to an 20el ectrophilic species by an oxidant during

radi osynt maszoseodvie detail relating to certai n nmet hodscofpiesticoizedi nati on
of conpounds of Fornmula | is provided in W2002/16333 and W20041083195.
Radi o fluorination When the conpound kormula; is labelled with a
radioactiVﬁ isotope of fluorine t?g_ng%gfluorine atomnmay formpart of a
f1 uoroal ky 03 oup,/ since al kyl fluorides are resistant to
in vivo netab lls Fl oot ‘ {jon may be carried out by reaction of a
precursor conp tai ni-ng’a reactive group.such as 5pheno| thi ol and
amide with a fluoroal kyl group. Alternatively, COR®88i%f | uori ne atom may
be attached via a direct covalent bond to an aromatic ring such as a
benzene ring. For such afyl systens, 18F-fluoride nucl eophilic displacenent

froman aryl, diazoniumsalt, aryl nitro conpound or an aryl quaternary
arrm)niurnsal’f‘;fr/é?:ﬁtrS abl// tes to aryl-18F derivatives.

oRadi of  uorin on: may, folat via direct |abelling using the
reaction of 18F\§?fU®r|de : a suitable canlcal oup in the precursor
conmpound havi ng a good | eavi ng group, such a CHRY ﬁ“ﬁé brom de, al kyl

mesyl ate or alkyl tosylate. As the half-life of 18F is only 109.8

m nutes, i tHO rt ant th he i ntermedi ate 18Fnoi eti es have high
speC|f|c activi qué ly, are produced using a isreaction
process which i's as-ra |d P SSIb|e More detail relating to certain

met hods of radi oft'uori'hati on of conpounds ofCdrapsaHas! is provided in
W2002/ 16333, W2004/ 083195 and W2007/020400. Further details of synthetic
routes to +8F[Iabell- derlvatlv

i bed
J. Lab. Conp. HadiSpHaPIR2E 28T IChdgRe §'a6§83§§5r i ﬁﬁ%@%FBHﬁVPé?mB%tW%ere t he

conpourd oﬁadE@mmmacduths (it abeldradaw tBsdid, rENBirdPP B et Dmlaabeldal ng s to
react a precursor conpound which is the desneth | at ed version of a

met hyl at ed*¥BAPBIHY BT ESFIvEIC g Caly tiRIqrae) het ﬁ@n heoafigerstered i Mraso
possi bl e t@ahReQPOsR LWk Y (iR 'u’f‘:@u@'du%&%fgrtr &n tRbcd rﬁ}f‘at%ﬁ’é“ cul ar

hydr ocarbon chain of t'he desired 25 |abelled conpou of For W th
[ 11C] 002. Yer0eicOiddie @reocige mnegasdiieedvalsr éormmbngﬁm@a @rsaémeaar@:rrat ic

o oup or SBEOHy 57y Bl L R Eia ERPRRY RGP 6 PELHHP, Bubt el s, |

is inpmrt&nvaﬁhaunnhmennkeﬁmmdiaﬁmkimgpﬁﬁéeé&e@ﬂhaVG%hwghe&ﬂecﬁﬁm@;act|V|ty

and, conse nt | a uced n eaction, proce ch as rapid
e poser prifteLiaty s B S aE T SuhE Tt Rt figuerpeiaty, S "o
radi ocar boniytahpami@tacerpranes i9hn &ueelfetimbrcs sBILAYL d86hprBinW2092/ 16333

and W2004/ 083195
{viv) ethanol, most preferably 6.5-7.5% (v/v) ethanol, with 7% (v/v) being

especially preferred.

15 The radiopharmaceutical compaosition may optionally further comprise additional
components such as a pH-adjusting agent, pharmaceutically acceptable stabilisers
or antioxidants (such as ascorbic acid, gentisic acid or para-aminobenzoic acid),

an antimicrobial preservative or filler.

The term "pH-adjusting agent” means a compound or mixfure of compounds

20 useful to ensure that the pH of the radiopharmaceutical composition is maintained
within the acceptabie limits for mammalian administration (approximately pH 4.0 to

10.5). Suitable such pH-adjusting agents include pharmaceutically acceptabie

0.



A thorough review of such Clabelling techniques may be found in Antoni

eta! "Aspects on the Synthesis of 11C Labell ed Conpounds” in Handbook of
Radi ophar maceuticals, Ed. MJ. Wl ch and C.S. Redvanly (2003, John WIey
and Sons)wolWiemsa conmpound of Fornula | is radi ol abePdBHP2008m81398 ecur sor
conpound may be conveniently provided as part of a kit, for exanple for use
in a radi opifeeraacy. s&tich askit rayinepnt aphosoleast ri dge WHTRIS canfilke pl ugged
into a suitahly adapted automated synthesiser. The cartridge may contain,
apart 1 or ERL EPa Sk SO GBI B BRURCH A DR BRGReE ve | on.
and an appiPididhearastsed sodRneoinheshat Somatrkoaldawotdredipaetd an mxture
to be evaporated and allow the product to be fornulated as required. The

reagent s afdaoliEgts thengnet AéHocohstiahles O tegdianddnegmrefesadyntthesi s may
al so be i t s c ' i 1,he. sof re which
al | ows%t h%@?%?"'ﬁ%ﬁg%ﬁ %@) a‘é\ﬂéﬁ Ejp@rea%gg@?tho gd \?\gyt?eghéé éég%ééil@é?%r%\éac’ﬁst oners'
requi r enentrefdrord patitofctthy eadiopocentacdLtionl, codpfositbnares thd iimenobn del i very,

etc. Conveniently, .all conponent t kits are djisp m nimse
The” poss! YTy e LRURE AHPRRETBr acvedn (IR SREray By S ErM eothd

qual ity assdpeerhiy bedfbeming 0synbfesirel, mbBespRaRAYBELefanRon pul@sivmay require
purification which nmay be effected using standard net hods, for exanple

usi ng hi gh-performance. 25l i quid chromat ography (HPLC), ion-exchange
chr onat ogrABNyE a gL, et uagR 10 SOt EXCHANGENCArBrT dGe. H gh
per f ormaNCcE ok thieRr-00akLeeLARIY o Uik GImb Sush 59PBRBlY -Msed Jeidhed in the

preparation of radi opharmaceutical sand nmay be used to renove any chemi cal
I npuri ti es TPReYBIRICION & MEEENRI erBar taleh exbiktt roend BREiGUFIAG! BYRERESI s of the

30conpoun I OF : ol > C ; od needs
fo b B e e e e R e G I e sed
wi t h one dfreaenianiveniyorofs tr gaictisobwerttisof enyg sunetnwamebigsacet anitte i | e,

et hanol , 2-propanol at neutral .. acidic, pr basic pH Preferabl reverse
ohaco_col drn DR iR aet iRk e s G Rt oo oS R Figkt

f avouriabl ehs epedtaiison. ©bial, eapoungyiof bEQr patkBeh or Btk edrbonpaisiyng a

sol vent exchange cartridge involves |oading of the conpound of Fornula I
onto the cBFUI POPPOWEITE: SRHItTIER BFC thEeIPam WicetHred antirdypeiakol vent ,

for the coyposnds, 0t frarRabardengt hanol and aqueous ethanol are preferred
sol vents. Suitable solvent exchange cartridges include SEP-Pak TM

].Ceartri Sﬁ%fess (Waters), such as 08, 018 or 030. In a further aspect, the

present i ridiE GATElGLt Bsmeanta RBRIRACIUSEAPT dp@PERnloRUBING agent which

gtag:o gphar TREEUCHEAL nGAIRASEhEAY AlriddISFobRUeRsd RRoR OBBELSE Rl AR Q! | owi ng
20 morganic saits such as sodium chloride, and water soluble sugars or sugar

atcohotls such as sucrose, malose, manniiof or trehalose.

As a general rule for raciopharmaceutical compositions, the aim is o have the
lowest guantities of excipients possible that proeduce a pharmaceutically effective

as well as physiologicaily tolerable composition.

b
93]

The radiopharmaceutical composition of the invention is suitably supplied for use
in & container provided with a seal which is suitable for single or multiple
puncturing with a hypodermic needle (e.g. a crimped-on septum seal closure)
whilst maintaining sterile integrity. Such containers may contain single or multiple
patient doses. Typical dose containers comprise a buik vial (suitably 5 to 50cm®,

30  forexample 10 to 30 cm® volume) which contains single or multiple patient doses,

-10-



(i) adm xing a conmpound of Fornula I, a bioconpatible carrier nedium and
0.05-5.0% w v polysorbate; 15(ii) if necessary, adjusting the pH of the
‘resultant m xture to be 4.0 to 10.5. Followi ng step (h), the conposition
may be st®OipgE#MS2Sterilisation may be effected by sterilgirdosmetipds of the
art, for exanple gamma-irradiation; autoclaving;, dry heat; nenbrane
filtrati orwﬁﬁsr@tmta'a rmﬁemaﬁbszd ostamsek ecani thusabé cwiyhdr&wn ctrenticedal tgredd nent
(e.g. with eth eneo ratl chi eved by neans of

fil .
00 O i spenEriEt B TRt TRl fuid BEE R haS: BE b ENERusY oa"

passed. Sught gnediibpensingida. t D@Smecbéyrﬁ‘tfﬁclér% @émigrteﬁmocacbrhmnce@mg@es a
0.2urn pore filter, along with silicone tubing which permts the

r adi ophar it Fess: a@@nﬁfeéh@rﬁmﬁe PO BERY ¢ Iﬁ*r‘%@@ﬁb’?% Othqrtse{m%@méwtar% a
sui t able sfb%nrh@as LEECPhas eemee%p/ age fha b%lprBV|d§&'%Hg?adgmﬁ%EQu%\y’ there

is further provid preparation o e ra I ophar maceut i cal
conposi t i onyriofiet Heeill nveproiasn thg aeselr bod) abdvectiviei dbsd. urdthiebleconpri ses t he

or o er abl YDy Peb PR RR Shpdt P e L R el bRl ekt e by
| oadi ng t@t?@@m@dtu@@sﬁﬁr nmyﬁcbliyomtﬁ@r@s@;ﬁﬁe\fﬁﬂte@b@haﬁg@oé@bb fof ge  as

descri bed above and then eluting with a solvent m xture of solvents
Compr 1 sed ITPSHHRE B EoRame Bl COSr T ot T £8P ME U 8o vt & and

et hanaly) . gmBgﬂnu%@rerWtaB@s@@he@ﬁﬂes;ismgleqsa@@hﬂ&%@Mntmz%e@c@wﬁwh as a

vial, pre-filled with the ésor bat e and any ot her exmgl ents such as a

filler (fdp ‘&@ﬁvﬁ%@emo%ﬂ@@ﬁi% PopidOMBma B4 Hop WS Eidnyniatjelian epdmilexanpl e a
phar naceutﬁaq,%léyolg&%e\ﬂt@atgl@ﬁué;eeémb@%gu%mhosphate buffer). In one

preferred enbodi nent, the collection’container is pmfilled as described
and then stored at 10' reduced tenperature of -30C to -10C, suitably -25C to
-15C, noréA mm&_’z’ar@ a-m@xaﬁf@y&ewe@om!@mmert é @mmreh@nsiem@capmre shortly

bef ore use, p I t hi s way
i ncreases |ftps E?[isaft%eg%}jegé;# %ﬁ;ﬁonﬁérﬁé% |88{r? 0 gs)éﬁ QSP%%%UU cal
conposist i adehdiring 967@@24?@@9 oéeémw@so:dm@mbrtﬁte@gmo(u%@blysﬂaﬁjme ghep (i),

t he conpound of Forpul a | t 0oco tible carri nmedi um and t he

pol ysor bat‘:?é)ciI EREPHFe r@%&?%%@d Wnﬁ)@m@f sy §é gﬁggcﬁre EOHAEHRY above.
As descri hadiabe\pdeptHarefiRr fofe bheeapativile Bamjen Mediwhich agueous
ethanol. Step (ii) of the nethod of preparation may be perfor med during

step (i) orwededodrsracviyriren gneAldichdddErusaprapone)d 2oh™osmiest i ng
t
agent may d@ge %%g%@ee%ggé Sffgiﬂ/e«ﬁg eéé%elvmtﬁeg&@%@%@g%{é(g@g@ nﬁpaé't(') or

may be adde reto during or a ter performan
pr ef eered Cérﬂb@d'iu’mnﬁe oManheunee ho thaofatea bpaPaticonpaion@tors indicetesiteps i s
aut omat ed 40a§noq1e§ ik e%y%% QL& monooleate by 80. The concentration of polysorbate
is suitably sufficient to eliminate substantially ali binding of the compound of
Formula | to a range of filter types. Preferably, the loss of compound of Formuia |
to the filter during dispensing is in the range 0-10%, most preferably 0-5.0%,
25 especially preferably 0-1.0%, and most especially preferably 0%. In a preferred
embodiment, the polysorbate of said radiopharmaceutical formulation is selected
from polysorbate 20 or polysorbate 80, with polysorbate 80 being particularty
preferred.  Preferably, the concentration of polysorbate present in the
radiopharmaceutical formulation is in the range 0.25-2.5%w/v, most preferably

30  between 0.5 and 1.0%w/v, and especially preferably 0.5%w/v.

Compounds of Formula | may be prepared from commerciaily available starting

-11-



Exanples 1 to 4 denonstrate the advantages of the conpositions and net hods
of 25the invention in reducing the retention of Conpound 1 to a range of

di spensing kit conponents during sterile filtration. In a yet further
aspect, the poegesd invention relates to the radi opharrEgerthostal2zs
conposition of the invention for use in the determ nation of the presence,

| ocati on ap@h&iai@mBunsie @1@%@ MRIRiaRYADI doglepesi 4 WD 2D 1@y, or body

area of a subject. Preferabl t he a | oi d deposits are deposits of

anyl oi d p, Q%%B%%E?g’?aﬁﬂ@rw 75}2@5 f Of Yy 8wBPatt Manedie obroaganic The
radlopharngggHE} conposi tion of the invention is for in vivo inmaging of
one or nore anyloid deposits in a subject suspected of having an anyloid

condition. An "anyloid condition" is a disorder or 5 condition
char act er i semhpoynasmi oird e pesnpiiong asadh ags! oIS raBicastivvi seageo(AD) ,

fami|ial AR DOg0. 3..30dr QU6 20 0S| S, 0b 408 ) (cabetes, gebljdys. and

honnzygotes or th ol i poprotein ention
i s preferabbrypboid wmh ¥isuvitabloagiimg obftheABdioEhevd @l brravjlomotmmwy:bg@]. refers
to any nmethod which permts the detection of a corrpound of Formula I

followng lomadmnlstratl n_of the I‘ﬁdlo har tlca 05|tdon of the
 nvent i on $oREteis CRIEORPET e PREF et ASHETSR 4 A oh ARG EHE R BY Bbsi t r on
em ssi on t polgnaphes@Redsoanst cﬁwlehgd;aefwmbam:mm W@ﬁi%@ﬁ@@ﬁ@@hﬁrrﬁSPEm )

wi th PET bei ng especi allég/ ,%Oeferred A "subject” is a manmmal, r‘gbi%?ferably a
human. | n 5% AiPEORGVHE EfvefiGheaty; C?%Qeﬁ%‘t‘%ﬁe%ﬂ thh@in iRy By "Ray be

carried ouiept (IJaMBIP%E sihgR BRHE éﬂioSWtH@ut pRl Hééd I éu'gﬁ’ﬁcér% SufiRans, t o
nonitor the progre53| on or remssion of an anyloid condition, typically in

response tddealyary fuingr condeatioon- t@p@@efth@ depsed mappiabell edA@@@ﬂ@Wi@D}? t here
I's providegd, ﬁmﬂ?tlh%ch%reﬁ%g@e@g%ﬁ& of. *}ﬁh&fce&“r‘cﬁ‘%gm cé%?ﬁér‘&[‘ and/ or

amount of one Or nore a srts rn organ aréa-20of a
subj ect V\mtnihir@dmprgm chbmict epsity. ad"menp&muaetdramnhmmmdsniajyemtto@bl

detectabl e quantity t.he rad iopharmaceuti cal  conposi of the

i nventi on; {31‘ P& ﬁng%%CtE“&nﬁWﬁd%gf CEG PRSI AW Eﬁéﬁ% RifiY'6Pu
deposiies I@brﬁg@@qcﬁubj ect; and, 25(iii)determnation by in vivo inaging of
t he presence, |ocation and/ or ampunt of one or more anyl oi d deposits in

sai d subj eg St ePTis“(ll) and (i ||% above can al So be nderstood to be a
st andal one>lide® HEOEEHNG SR THE SURF . JEVRPpBEICT B 6? °f REPP'RVERT i on for

the deter n@;rﬁt?és'frgﬁilehem@aiQé@@c%ﬁh%ebut' \O6iak iOfe AR O, STBWNLIcRly RRGHW nore
anyl oid deposits in a subje
that it may be cleaved from the functional group in guestion under mild encugh
conditions that do not modify the rest of the molecule. After deprotection the
2¢  desired radiolabelled compound of Formula | 1s oblained. Protecting groups are
well known to these skilled in the art and are suitably chesen from, for amine
groups: Boc (where Boc s ferf-butyloxycarbonyl), Fmoc (where Fmoc s
fluorenylmethoxycarbonyl), triflucroacetyl, allyloxycarbonyl, Dde [ie. 1-(4,4-
dimethyi-2,B-dicxocyclohexylidene)ethyi] or Npys {i.e. 3-nitro-2-pyridine sulfenyl);
25 and for carboxyl groups: methyl ester, ferf-butyl ester or benzyl ester. For
hydroxyl groups, suitable protecting groups are: methyl, ethyl or ferf-butyi;
alkoxymethyi or alkoxyethyl; benzyl; acetyt, benzoyl; trityl {Trt) or trialkyisilyl such
as tetrabutyldimethylisilyl. For thiol groups, suitable protecting groups are: trityl
and 4-methoxybenzyl. The use of further protecting groups are described in

30 ‘Protective Groups in Organic Synthesis’, Theorodora W. Greene and Peter G. M.
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pre-adm nistered with said radi opharmaceuti cal conposition. A "detectable
quantity' neans that the anount of the radi opharmaceutical conposition

adm nistered is sufficient to enable detection of binding of the conpound
of Formul woIzpg/iamptoid in a subject. Injected activitikg/ERestyRrtal |y 50
to 400MBgq, nore typically 80 to 370MBq and will have a volune of 1 to 10ni,
pr ef er abl yWatyholird RtiiticThishradfeg & 96ng,HE€SPhventi on al so enconpasses use of
a conmpound of Forrmula | in the manufacture of the radi opharmaceuti cal

COMposi t | O@oﬁ%ot ltl](?s é)fr?cvo?l%tuilaoﬂhgtoir Vasogllje@wq}gg%%%&ﬁ/g h%f&%eﬁ%?r%%%%@ti\éé ocation
and/ or anount o%‘ one or nore any?m deposits I'n an drgan or body area of
a subj ect . caBrbdrefardessfeirpt iionhofadibehdxarplitsal Ecanplséiot deserinbEsion.

experinments carried t to compare fqrmnulations, o 9F].Conpound . 1, havi ng
PEG 400, HHERITEHE GRRBICoP ROy SHFBart o et o T Ca BRGi T bos |
exper i nent &gt PeimbR CoaBakMId ordputricortRhad Blsl96) deapaund 1 havi ng
pol ysorbate 20 or polysorbate 80. Exanple 3 describes experinents carried

out to compare sticking of formulations of [19F] Conpound 1 havi ng
pol ysor batg_@e_gﬁ@&_ﬂa O QHwo different filter types. Exanpl e 4 descri bes

experinments carried out to conpare sticking of formul ations of

[ 19F) Conpoynd rdiRasnishupel rserbake iSRnemowihieecidiht es eRblesirkb@epe tubing
20t ypes. Exanple 5 describes autonated synthesis of %11)8F] Compound 1 and its

formul at i o¥PIRAEICE 2ENPUEEL MBIFNoFOTRESS v RtIVAEIYE FRigRpEEET underggsanpl e 1:
Sterile Di - f | atyl ] opyl ene
o PR R o L R S o BE Bt M 5

d ycol ons were prepared contai n sodi um
phosphat e ddéthere atkagithel. Brarmblpg cbfheCowperiadory sand either (i) 12% v/ v
propyl ene glycol (PG or (ii) 10%v/v polyethylene glycol 400 (PEG 400).

Per cent age | 0ss ] 1. 1o vari - d] i kit was
eval uat ed by?ﬂiodﬁgwgﬁ g%ﬁ;#g%géai\%&usﬁgh%E%gﬁ%i{ﬁglgfrbgg%;@ f%ﬁ?ﬁr@ b&ﬁ%?%en@? ol | owi ng
experinents: SanpbeyiSemplbComposikyisdiane (eg. trimethylsilyl) or an organoboron

compound {eg. beronate esters or organotriffucroborates);

(h) a non-radicactive alkyl bromide for halogen exchange or alky! tosylate,

15 mesylate or triflate for nucleophilic lodination;

(cy aromatic rings activated towards electrophilic iodination {e.g. phenois,
phenylamines) and aromatic rings activated towards nucleophilic iodination
(e.g. ary! iodonium salt aryl diazonium, aryl trialkylammonium salts or

nitroaryl derivatives).

20 The precursor compound for radioiodination preferably comprises: a non-
radioactive halogen atom such as an aryl iodide or bromide (fo permit racioiodine
exchange); an activated aryl ring (e.g. a phenol or phenyiamine); an
organometallic slubstituent (e.g. trialkyltin, trialkyisilyl or organoboron compound);
or an organic substituent such as ftriazenes or & good leaving group for

25 nucleophilic substitution such as aniodonium salt. Preferably for radioiodination,
the precursor compound comprises an activated aryl ring or an organometallic

substituent, said organometallic substituent most preferabiy being trialkyltin.

Precursor compounds and methods of introducing radiciodine into organic

13-



Vol une Treatnent-treated time (M) PG (/0 v/v) PEG 400(% v/ V)

{821

10

20

WO 2009/027452 PCT/EP2008/061275

molecules are described by Bolton [J.Lab.Comp.Radiopharm., 45, 485-528
(2002)]. Suitable boronate ester organcboron compounds and their preparation
are described by Kabalaka ef al [Nucl.Med.Biol., 28, 841-843 (2002) and 30, 369-
373{2003)]. Suitable organactrifluoroborates and their preparation are described by
Kabalaka ef af [Nuci.Med.Bicl.,, 31, 935-938 (2004)1.

Examples of aryl groups to which radioactive 1odine can be attached are given

nelow:

Snialikyll, OH

wherein alky! in this case is preferably methyl or butyl. These groups contain
substituents which permit facile radioiodine substitution onto the aromatic ring.
Alternative substituents containing radiocactive iodine can be synthesised by direct

iodinaticn via radiohalogen exchange, e.g.

The radiciodine atom is preferably attached via a direct covalent bond to an
aromatic ring such as a benzene ring, or a vinyl group since it is known that iodine
atoms bound {o saturated aliphatic systems are prone ¢ in vivo metabolism and

hence ioss of the radiciodine.

The source of the radioicdine is chosen from iodide ion or the iodenium ion (1),
Most preferably, the chemical form is iodide ion, which is typically converted to an

electrophilic species by an oxidant during radiosynthesis.

More detail relating 10 certain metheds of radioicdination of compounds of Formula
I is provided in WO2002/16333 and W0O2004/083185.

Radiofiuorination

4.
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0



Syringe 1 min 4 sec 950 12 0 Silicone tube 2 mn 23 sec -1-1.5 30 |

O Hard tube 5 mn 2 sec 2-2

10

20

25

WO 2009/027452 PCT/EP2008/061275

Whan the compound of Formula | is fabelled with a radioactive isotope of fluorine
the radiofluorine atom may form part of a flucrcaikyl or fiucroalkoxy group, since
alky! fluorides are resistant to in vivo metabolism. Fluoroalkyiation may be carriad
out by reaction of a precursor compound containing a reactive group such as

phenol, thicl and amide with a fluoroalkyl group.

Alternatively, the radiofiuorine atom may be attached via a direct covalent bond fo
an arcmatic ring such as a benzene ring. For such ary! systems, B _fiuoride
nucleophilic disptacement from an aryl diazonium salt, aryl nitroc compound or an

aryl quaternary ammenium salt are suitable routes to aryi-?BF derivatives.

Radiofluorination may be carried out via direct labeling using the reaction of '°F-
flucride with a suitable chemical group in the precursor compound having a good

jeaving group, such as an alkyl bromide, alkyl mesvlate or alkyi tosyiate.

As the half-life of '°F is only 109.8 minutes, it is important that the intermediate "6F
moieties have high specific activity and, consequently, are produced using a

reaction process which is as rapid as possibie.

More detail relating o certain methods of radioflucrination of compounds of
Formula | is provided in WQO2002/16333, WO2004/083195 and WO2007/020400.

Further details of synthetic routes to '*F-labelled derivatives are descrived by
Bolion, J.Lab.Comp.Radiopharm., 45, 485-528 (2002}

Radiogcarbonvlation

Where the compound of Formula s labelled with "'C, one approach to labelling is
to react a precursor compound which is the desmethylated version of a methylated
compound of Formula | with [ 'Clmethyl iodide. Itis also possible to incorporate
e by reacting Grignard reagent of the particuiar hydrocarbon chain of the desired
iabelled compound of Formula | with [''C]CC,. V'C could aisc be introduced as a
methyl group on an aromatic ring, in which case the precurser compound would

include a trialkyliin group or a B{OH). group.

A5,

312
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As the half-iife of "'C is only 20.4 minutes, it is important that the intermediate "'C
moieties have high specific activity and, conseguently, are produced using a

reaction process which is as rapid as possible.

More detail relating fo certain methods of radiocarbonylation of compounds of
Formula | is provided in W0O2002/16333 and WO2004/083195,

A thorough review of such ' 'C-labelling techniques may be found in Antoni et al
“‘Aspects on the Synthesis of ''C-Labelled Compounds” in Handbook of
Radiopharmaceuticals, Ed. M.J. Welch and C.S. Redvanly (2003, John Wiley and

Sons).

When a compound of Formula | is radiolabelled, the precursor compound may be
conveniently provided as part of a kit, for example for use in a radiopharmacy.
Such a Kit may contain a cartridge which can be plugged into a suitably adapted
automated synthesiser. The cartridge may contain, apart from the precursor, a
column to remove any unwanted radioactive ion, and an appropriate vesssl
connected so as o altlow the reaction mixiure i be evaporated and allow the
product to be formulated as required. The reagenis and solvents and other
consumables required for the synthesis may also be included together with a
compact disc carrying the software which ailows the synthesiser to be operated in
a way so as to meset the customers' requirements for radioactive concentration,
volumes, time of delivery, etc. Conveniently, all components of the kits are
disposable to minimise the possibility of contamination between runs and may be

sterile and quality assured.

Following synthesis, the compound of Formula | may require purification which
may be efiected using standard methods, for example using high-performance
fiquid chromatography {HPLC), ion-exchange chromatography, and/or passing

through a solvent exchange cartridge.

High performance liguid chromatography (HPLC) is a commoniy-used method in

the preparation of radiopharmaceuticalsand may be used to remove any chemical

impurities present in the crude reaction mixture foliowing synthesis of the

compound of Formuia . For any particular compound, the HPLC method neads to
16-
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sec 8 0 10 5 mn 4 Hard tube '"-2-2.5 sec 4 0 10FFilterF. 11sec, 9.551 For
both excipients the amount lost in the syringe and hard tube was small.
Maj or | oss was seen in the filter and for propyl ene glycol also in the
silicone wabmoy/Bhese 10 results denonstrate that even paw/tiwogacesence of
12% PG or 10% PEG 400, significant |oss of Conmpound 1 to the surfaces of

t he di spenis¢ ngtikisedwasoebsesheae,or Meirsaphkedtaruhe chheefliskt @fith cbxanpl e 2:

Conparison of Sterile Filtration of npound 1 Conpositions with
PoIrTEsor bat WIEYY &hPEH1y SBVEASe °ad m%&%@ﬂ!&?@t%ﬁn@ PR ed PERRATR /i ng 7%
viv et hanohei:ph 02 Q&M Soghdim-phosphat g,y BUfl BFscabnddd doithmn/i3UkeRf W@prrpound 1

and sel ected v/v/0 anounts of pol ysorbate 20 and pol ysorbate BO.
filtrati on"expspmentdionseadug v ed naeat fave ufadll¢ eawaration of a compound of

5 Hormula |,

Purification using a sclvent exchange cartridge invoives loading of the compound

of Formuta { onto the column followed by elution of the column with a suitable

solvent, for the compounds of Formula |, ethanol and aguecus ethanol are

nreferred solvents. Suitable sclvent exchange cartridges inciude SEPR-Pgk ™
10 cartridges (Waters), such as C8, C18 or C30.

in a further aspect, the present invention relates to a method for preparation of the

radiopnarmaceutical composition of the invention comprising the following steps:

(i) admixing a compound of Formula {, a biocompatible carrier medium, and

0.05-5.0% wiv polysorbate;
15 (i) if necessary, adjusting the pH of the resultant mixiure to be 4.0 to 10.5.

Foliowing step (ii), the composition may be sterilised. Sterilisation may be effected
by standard methods of the art, for example gamma-irradiation; autoclaving; dry
heat, membrane filtration (sometimes cailed steriie filtration); or chemical
treatment {e.g. with ethylene oxide). Sterile fiitration can be achieved by means of
20 a dispensing kit through which the radiopharmaceutical composition is passed.
such a dispensing kit must be sterile and typically comprises a 0.2um pore fiiter,
atong with siticone tubing which permits the radiopharmaceutical composition to
pass through the filter and into a suitable sterile receptacle such as a vial or

syringe.

25  Accordingly, there is further provided a method for preparation of the
radiopharmaceutical composition of the invention as described above which

further comprises the step:

(i) sterilisation of the composition resulting from step (ii), preferably by sterile

7.



Each solution was withdrawn into a 10 nt syringe, the volunme turning out to
be approximately 9.5 m. The volunme in the syringe was justified down to 9
m; the remant was used as sanple for analysis before filtration

(untreat eVOrWp¥i2e4i¢e). Filtration was carried out throegtieeeedlsiz7s- 200 DLL
25 Repel T Stripe filter, with 25 mm di aneter, " SuporO hydrophilic

poi yet her sfiitrhoore and hydr ophobi ¢ band Repel nenbrane”, 0.20 um pore and
2.80 cm" (Pall filter). 1 m of solution was pressed through the filter per

fraction. the first fragction.of m,_only.approx. 0.4.n ca 0 t hrough
(dead voi dmerapirbsonea=R b T el oy v BRI el Era SR Bahar « ' rom
the | ast fa4astéstreishiedt yasicapRis@estriSedhbowhiahe tedr eiwasy @ltsa spressed

t hrough to coll ect %he whol e vol ume of the solution. The volunme of the

fractions Va8 HEES 6F @My IUSETHITSER AutenBicEPRERties carithdnadigen{Sbl ut i ons
wer e foan ng sk kY anFOnERG) SHULl 2B Nask ticb@ i 885RMidPcsangEM! |y

through the filter (average time for filtering 9 mM was approx. 1 mn and
20 sec). Recbwasry vial peg-ifgd wilathopoeybas $ul donstheFesoricols Pohysor bat e 20

Pol ysor batfﬁlegquoe)ga‘}n&e,Ogggur]rv(y%éibgg%)lagd gag—a%ﬁ:s%ﬂg%gent (for example a
pharmaceutically acceptable buffer, such as phosphate buffer). In ons preferred
embodiment, the collection container is pre-filled as described and then stored at

10 reduced temperature of -30°C to -10°C, suitably -25°C to -15°C, more suitably at
-20°C and then brought to ambient temperature shortly before use. it has been
found that siorage of the polysorbate in this way increases its shelf-life and
enables production of a radiopharmaceutical composition having higher

radioactive concentration (RAC).

15 Instep (i), the compound of Formuia [, the biocompatibie carrier medium and the
poiysorbate and preferred embodiments therefor are each as defined above. As

described above, a preferred biocompatible carrier medium is agueous ethanol.

Step (i} of the method of preparation may be performed during step (i) or
thereafter. For example, as described abeve, a pH adjusting agent may be in the
20 pre-filled collection container during step (i) or may be added thereto during or

after performance of step (i).

in a preferred embodiment of the method of preparation, one or more steps is

automated, as described above.

Exampies 1 to 4 demonstrate the advantages of the compositions and methods of
25 the invention in reducing the retention of Compound 1 to a range of dispensing kit

components during sterile filtration.

In a yet further aspect, the present invention relates to the radiopharmaceutical
composition of the invention for use in the determination of the presence, location

and/or amount of one or more amyloid deposits in an organ or body area of a

18-
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subject. Preferably, the amyiloid deposits are deposits of amyloid 3, and the organ

or body area of the subject is the brain. The radicpharmaceutical composition of

the invention is for in vivo imaging of one or more amyloid deposits in a subject
suspected of having an amyloid condition. An "amyloid condition” is a disorder or

5  condition characterised by amyloid deposition, such as Alzheimer's disease (AD),
familial AD, Down’s syndrome, amyloidosis, type |l diabetes meliitus, and
homozygotes for the apolipoproten E4 allele. The method of the invention is
preferably for in vivo imaging of AD. The term “in vivo imaging” refers to any
method which permits the detection of a compound of Formula | following

10 administration of the radiopharmaceutical composition of the invention to a
subject. Preferred methods of i vivo imaging are positron emission tomography
(PET) and singie-photon emission tomography {(SPECT), with PET being
especially preferred. A "subject” is @ mammal, preferably a human. In an
alternative embodiment, the method of the invention may be carried cut at two or

15 more distinct points in fime as a means ic monitor the progression or remission of
an amyloid condition, typically in response to an amyloid condition-specific

tfreatment.

Accordingly, there is provided a method for determination of the presence,
tocation, and/or amount of one or more amyloid deposits in an organ or body area

20  of & subject which comprises the steps:

H administration to a subject of a detectable quantity of the

radiopharmaceutical compositicn of the invention;

{if) allowing the compound of Formula 1 to bind to any amyloid deposits in

said subject; and,

25 (i determination by in vivo imaging of the presence, location and/or

amount of one or more amyloid deposits in said subject.

Steps (it) and (i) above can also be understood ¢ be a standaione use of the
radicpharmaceutical composition of the invention for the detsrmination of the

presence, location and/or amount of one or more amyloid deposits in a subject

-49-



103 8[ 97 103 105 102 102105105 101 The total recovery after filtration
was 92% for 0.1% pol ysorbate 20 and 80, and 100% for 5.0% pol ysorbate 20
and 80. These results denonstrate that even at | ow concentrations, the
presence Wb 2ddIees2 pol ysorbate 20 or pol ysorbate 80 i ne@vEmprsiset’s on of
Compound | resulted in a significant reduction in the |loss of Conpound | to

the filterpreSdieainRleed wiGoimpardfsihehabb@lda eombbtitigt i on of Conpound 1
Conpositions on Various Filter Types Solutions were prepared containing 7%

v/v ethano| jn 10nMM sodi um phosphate huffer at pH 7.4, 7 of Conmpound 1
2nd el eot ed GITHAIURE Tor MBoTS 8% bite B o 1t F O @Rperitfbnt 5 er o
carried oulokisddit Bepfiaklerdd lid alRBnMabl edbi@ M AdohPer 8inMidd 8X @&V 33 mMm
filter unit 0,22urn with DuraporeO nenbrane (MIlex filter), "and vari ous

v/ 0/ 0 anpustsp@Mdpd|Rpsokisatie aguioidd § subieds inBriseraoieities &id tyeically 50
5 to 400MBqg, more typically 80 to 370MBg and will have a volume of 1 to 10ml,

preferabiy around Smi.

This aspect of the invention also encompasses use 0f a compound of Formula | in
the manufacture of the radiopharmaceutical composition of the invention foruse in
determining the presence, location and/or amount of one or more amyloid deposits

10 inanorgan or body area of a subject.

Brief Description of the Examples

Example 1 describes experiments carried out fo compare formulations of

["F|Compound 1 having PEG 400, propylene glycol or polysorbate 20.

Example 2 describes experiments carried ouf to compare formuiations of

15 [19F}Compound 1 having polysorbate 20 or polysorbate 50.

Example 3 cescribes experiments carried out to compare sticking of formulations

of [19F]Compound 1 having polysorbate 80 ontc two different filter typses.

Example 4 describes experiments carried out fo compare sticking of formulations
of [19F]Cempound 1 having polysorbate 80 onto three different silicone tubing

20  types,

Example 5 describes automated synthesis of [ °F]Compound 1 and its formulation

into a composition of the invention.
Examples

Example 1: Sterile Dispensing of Compound 1 Formulations with PEG 400 and

25 Propviene Glvcol

20-



1 Polysorbate 80 1 (v/v% 1 Pall i

1.0 Pall

N

i0

et
N

WO 2009/4627452

0.03 2 JPaU Pall 0.1 0.3 3

150

PCT/EP2008/061275

Solutions were prepared containing 7% v/v ethano! in 0.01M sodium phosphate
buffer at pH 7.4, 75ug of Compound 1 and either (i) 12% v/v propyiene glycol (PG}
or (i} 10% v/v polyethylene glycol 400 (PEG 400). Percentage loss of Compound
1 to various components of a dispensing kit was evaluated by High Performance

Liquid Chromatography (MPLC) in the following experiments:

Sample Treatment | Yolume ’
Sampile C o Treatment - freaied loss
omposition time (mi)
PG PEG
(% | 400 (%
viv) viv)
} . 1 min4
1 12 0 | Syringe sec 9.5 0
5 10 0 Silicone 2 min 23 115 20
tube sec
3 12 0 Hadtube °MNZ2 1 05 | 3
sec
4 12 0 Filter 10 sec 9.5 87
5 0 10 Syringe | M 9.5 1
sec
Silicone 2 min 2
6 0 10 iube sec 1-1.5 8
7 0 10 | Hardtwbe . >4 1 o0s 4
sec
8 0 10 Filter 11 sec 9.5 51

For both excipients the amountiost in the syringe and hard tube was small. Maijor
loss was seen in the filter and for propylene glyco! also in the silicone tube. These
results demonstrate that even in the presence of 12% PG or 10% PEG 400,
significant ioss of Compound 1 to the surfaces of the dispensing kit was observed,

most markediy to the filter.

Exampie 2: Comparison of Sterile Filtration of Compound 1 Compositions with

Polysorbate 20 and Polysorbate 80

Solutions were prepared containing 7% v/v ethanoci in 0.01M sodium phosphate

21.
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buffer at pH 7.4, 75ug of Compound 1 and selected v/iv% amounts of polysorbate

20 and polysorbate 80. 4 filtration experiments were carried out as follows:

Experiment | Polysorbate 20 Polysorbate 80 vivl
viv%
1 0.1 0
2 5.0 0
3 O 0.1
4 0 5.0

Each solution was withdrawn into a 10 ml syringe, the volume turning out {o be
approximataly 9.5 ml. The voiume in the syringe was justified down 1o @ mi; the

remnant was usad as sampte for anatysis before filtration (untreated reference).

Filtration was carried out through a Pall $-200 DLL 25 Repel™™ Stripe fitter, with 25
mm diameter,"Supor® hydrophilic polyethersuifone and hydrophobic band Repel
membrane”, 0.20 um pore and 2.80 cm" {Pall filter). 1 ml of solution was pressed
through the filter per fraction. Of the first fraction of 1 ml only approx. 0.4 ml came
through (dead volume approx. 0.6 ml). The remaining fractions were 1 mi apart
from the last fraction which was approx. 1.9 mi, while air was also pressed through
to collect the whole volume of the soiution. The volume of the fractions was

measured by use of an automatpipette.

The Tween-solutions were foaming shghtly, so the solutions nhad to be pressed
carefully through the filter (average time for filtering @ ml was approx. 1 min and 20

sec).

Recovery after filtration was as follows:

5.0

Fraction Polysorbate 20 Polysorbate 80
0.1% 5.0%  0.1% 5.0%
1 8 99 O 98
2 86 89 59 102
3 88 105 (97 101
4 98 103 101 101
5 99 104 102 102
6 100 104 8& 101
7 97 104 101 103
8 97 103 105 102
9 102 105 105 101

The total recovery after filtration was 92% for 0.1% polysorbate 20 and 80, and
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Each solution was withdrawn into a 10 m syringe, the volunme turning out to
be approximately 9.5 m. The volunme in the syringe was justified down to 9
m; the remant was used as sanple for analysis before filtration

(untreat eOr8i%¥28458e) . |1 sEach sol uti on was pressed t hrecghrpésetizit er

I ndi cat ed above in one go, taking approximately 16 seconds. The % recovery

after filtr@%gor sabepbigé@tahaseenonrarvaseleSammemehsiraas,a%vball ows:
Pol ysorbate 80 v/0/0 Pall MIlex 0.03 72 101 0.1 92 00 0.3 95 101 1.0 95

1104 low concentrations, the presence of either polysorbate 20 or polysorbate 80 in a
formuiation of Compound | resulted in a significant reduction in the loss of

Compound | to the filter.

Example 3. Comparison of Sterile Filtration of Compound 1 Compositions on

o]

Various Filter Types

Solutions were prepared containing 7% v/v ethanol in 10mM sodium phosphate
buffer at pH 7.4, 75ug of Compound 1 and selected viv% amounts of polysorbate
80. 10 filtration experiments were carried out using the Pall filter as well as a
10 Millipore Millex® GV 33 mm filter unit 0,22um with Durapore® membrane (Millex

filter), and various v/v% amounts of polysorbate 80, as follows:

Experiment Filter | Polysorbate 80
{viv%)

1 Pall 0.03

2 Pall 0.1

3 Pail 0.3

4 Pall 1.0 i
5 Pall 5.0

6 Millex 0.03

7 o Millex 0.1

8 Millex 0.3

9 Millex 1.0

10 | Miliex 5.0

Each solution was withagrawn into a 10 ml syringe, the volume turning out to be
approximately 9.5 ml. The volume in the syringe was justified down to 9 ml; the

remnant was used as sample for analysis before filtration {untreated reference).

15 Each solution was pressed through the filter indicated above in one go, taking
approximately 16 seconds. The % recovery after filtration calcuiated based on

area of Compound 1 was as foliows:

Polysorbate 80 vivys | Pall Millex

0.03 72 101 B
0.1 Sz 100

0.3 95 101

1.0 895 104

5.0 100 101
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5.0 100 101 These results clearly denonstrate that the presence of

pol ysorbate 80 at concentrations of at least 0.33/0v/v is sufficient to
reduce | oss of Conmpound 1 even to filters where pronounced | oss had

previ ousl womenoolmer ved. Exanpl e 4: Conpari son of Conpounebeds/dgser ption to
Various Silicone Tubinds Solutions were prepared containing 7% v/v ethanol

in 10V sodhuga pbm@haﬂe@rlptﬁé‘r@én@tat@fﬂhzf the RpERE 6PMRAMBESL: and sel ect ed
v/ v% anount s of pol ysorbate 8 Various silicone tubi ng types were tested

as foll O\NSCOFEB@@@’IQP%W@‘EIelaéb@réofﬁl"@b'isr‘@g'ﬁ@l'%}tB?a‘fteé*UB@EC\ﬁﬁ@f cmpogng Tevan o
Pt d"'1 rox-cured*"* 0 4
0. SC;LEO to%te%ééx@f?% éhoﬁogﬁ ngéta&%uredﬁ'ylo%eal(?é év%?S )I;ergx cured*** H

70.8 x 4.0 Pt-cured* 5 81.6 x 4.8 Pt-cured'5 911.6 x 4.8

Per ox- Cureﬁﬁémglei BBUIE oS dIKPRS LGRS, B dbhawrsguped 0. 8mm inner

di anmet er —AdvantaPure sitikonstange Pratinu u i nner di anmet er
***Medid i neuitinpgl eur, Bel gi un) silicone tubing peroxide- cured 1.6mm i nner

Solutions were prepared containing 7% v/v ethanol in 10mM sodium phosphate
buffer at pH 7.4, 75ug of Compound 1 and selected viv% amounts of polysorbate

80. Various silicone tubing types were tested as foliows;

Experiment Silicone Tubing Polysorbate 80 v/iv%
0.8 x 4.0 Pt-cured”
1.6 x 4.8 Pl-cured™
1.6 x 4.8 Perox-cured™
0.8 x 4.0 Pt-cured”
1.6 x 4.8 Pl-cured™
1.6 x 4.8 Perox-cured™™™
0.8 x 4.0 Pt-cured”
1.6 x 4.8 Pt-cured™
1.6 x 4.8 Perox-cured™™
*AdvantaPure® silikonslange Platinum-cured 0.8mm inner diametar
10 7 AdvantaPure silikonslange Platinum-cured 1.6mm inner diameter
“*Mediline (Angleur, Belgium) silicone fubing peroxide-cured 1.86mm inner

00 ~3 MM lw|h| -

;oo s olo|o

diameter

The percentage loss of Compound 1 cnic the tubing was calculated in each
experiment. Fluorine was assayead before and afier the passage through tubing,

15  and the results were as follows:

Experiment | Treatment Volume Treated {pl) Y%l.oss
Time Compound 1

1 2 min 0 sec 350 £3

Z 2 min7 sec 1400 47

3 2 min 6 sec 1400 45

4 < min 3 sac 350 0

5 2 min 10 sec | 1400 1

5] 2 min 4 sec 1400 0

7 2 min 2 sec 350 0

8 2 min 4 sec 1400 1

g 2 min 1sec 1400 1

These results demonstrate that the sighificant joss of Compound 1 to each tubing
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di anet-er The percentage | oss of Conmpound 1 onto the tubing was

cal cul ated in each experinent. Fluorine was assayed before and after the
passage through tubing, isand the results were as follows: F , Experinent
Tr eat ment whi20e9/0Z0dsame Treated (pl) %oss Conpound 1 1 eomireosisers350 63 2
2 mn 7 sec 1400 41 3 2 min 6 sec 1400 45 4

type was reduced cor even eliminated with the inciusion of at least 1.0%v/v

poiysorbate in the formulation.

Example 5. Automated synthesis of 2-[3-[' *Flfluoro-4-(methyiamino)phenyil-6-

nydroxy-benzothiazole (Compound 1)

A single-use fluid pathway for a FASTIab ™ (GE Healthcare) automated

[a

synthesiser unit was loaded with following reagents and mounted onto the
FASTIab platform:

. 150 mM tetrabutylammonium bicarbonate in 80:20 acetonitrile:water (0.8 ml)

il. Final intermediate solution: 75 mM 2-[3-nitro-4{methylformylamino)pheny!]-6-

10 ethoxymethoxy-benzothiazole in dimethyisuffoxide (1.37 ml)
It 4 M hydrochloric acid (4 ml)
V. Ethanol (2 x 4 mi)
V. Water (100 ml)

In addition, a product collection vial containing the following excipients was located

15 adjacent to the FASTIab piatform:

0.67% (w/v) polysorbate 80, 1.21% (w/v) sodium chioride, 18.82 mM phosphate
buffer, pH 7; (fotal volume 37.2 mi} .

When a solution of [ °Flfiuoride in [%O]-enr%ched water had been loaded into the
synthesiser's starting position, the operator initiated the programme causing the

20 following sequence of events fo take place:

The fluoride solution passed through a QMA {gquaternary methyl ammonium)
cartridge, trapping the fluoride and sending the enriched water to waste. The QMA
cartridge was then eluted with 350 ul of the 150 mM tetrabutylammonium
bicarbonate solution in erder to recover the fluoride and the resultant solution was

2%  passed into the reactor vessel.
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sec 350 52 mn 10 sec 1400 6 2 mn 4 sec 1400 7 2 mn 2 sec 350

mn 3
8 2 mn 4 sec 1400 1

2

0
WO 2009/027452 PCT/EP2008/061275

The reactor vessel was heated at 120 °C and held under vacuum for 5 minutes

while a flow of nitrogen passed over the solution. The nitrogen fiow was then

passed directly through the remaining solution for 4 minutes under the same

heating and vacuum conditions to dry the contents of the reactor. The final

intermediate solution (1 mi) was added to the reactor vessel and the temperature

83}

was raised to 130 °C for 15 minutes. This step affords the incorporation of
["®Fifiucride into the final intermediate. The solution was cooled 1o 95 °C before
0.28 ml of the hydrochioric acid solution was added. The mixture was heated to
125 °C for 5 minutes to achieve deprotection of the benzothiazole derivatives,
10 forming a crude solution of 2—[3—[1SF]fiuoro~4—(methylamino)phenyi}~6~hydroxy-
benzothiazole. The reactor vessel was dituted with 1 mi of ethanotwater (1:1 by
volume} and injected onto a C30 HPLC column (250 x 10 mm, 5 ym) located
adjacent o the FASTIab. The column was eluted with 0.8%
triethylamine:acetonitrile (53:47 by volume) at 5 mli/min. The desired product was

identified by radio-detection and diverted back onto the FASTIab. The resulting

]
N

solution cf  purified 2—[3-[1BF]ﬂuoro—4—(methyiam£no)phenyl}-@-hydroxy~
benzothiazole was passed directly through two C30 solid phase extraction
cartridges (pre-conditioned with 1 mi ethanol and 15 miwater) so that the product
was retained on the cartridges. The cartridges were rinsed with water to wash any

20 residual HPLC elution solvents to waste. The product was then eluted from the
C30 cartridges and into the pre-filled product collection vial with 3.5 ml ethano
followed by 8.3 ml water to give a final product volume of 50 ml (0.5% (w/iv)
polysorbate 80, 7% (v/v) ethanol, 0.% (w/v) sodium chloride, 14 mM phosphate
buffer, pH 7).
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2 mn 1 secl400 These results denonstrate that the significant |oss of
Conmpound Ito each tubing type was reduced or even elimnated with the

i nclusion of at least 1.0/0v/v polysorbate in the formnul ation. Exanple 5:
Aut omat ed W 0HESEE of 2- 13- 118F1f | uor o- 4- ( et hyl am nopphernideddzrs

hydr oxy- benzot hi azol e (Conpound 1) A single-use fluid pathway for a
FASTI ab TM (GE Heal thcare) automated synthesiser unit was | oaded with
foll owi ng reagents and nounted onto the FASTlIab platform 150 mV
tetrabutyl%anniun1bicarbonate in 80:20 acetonitrile:water (0.8 m)

|1 Final iMt®Pediate solution: 75 nmM
2-[3-nitro-4(nmet hyl f or nyl am no) phenyl]-6- 1 Oet hoxymnet hoxy-benzot hi azole in
di net hyl sulfyoxieodhbrddcaitkal ddmpdsidhyenpesithgric acid (4 m) 1V Ethanol (2
x4 mM) V Water (100 m) In addition, a product collection via
containing the foll ow ng excipients was | ocated 15adj acent to the FASTI ab
platform 0. 6708 CRMPPUPOLSeTBdRe 80, 1.21% (w v) sodi um chloride, 18.82 nM
phosphate buffer, pH 7; (total volume 37.2 m) When a sol ution of

[18F] fluoride in [%80]-enriched water had been | oaded into the
synt hesi ser's start/ing position, /the operator initiated the programre
causi ng the 28tal ingzsequ of events to take place: The fluoride

sol uti on passed ‘ ernary nethyl ammoniun) cartridge,
trapping the fluari ‘ the enriched water to waste. The QVA
cartridge wasRthenTel ut éd W 0 ul of the 150 nM tetrabutyl anmoni um

bi carbonate solutign in ordér to *ecover the fluoride and the resultant

sol uti on was 25passed into the react 8/ vessel. The reactor vessel was
heated at 120 C and held under vacuumfor 5 mnutes while a flow of

ni trogen passgle@yer the solution. The nitrogen flow was then passed
directly through the remaining solution for 4 m nutes under the sane

heating and vacuum conditions to dry the contents of the reactor. The final
Z£18 5, NR, O, or C(R 2 whereinsach R’ is independently H or C.4 alkyl, such

that the tautomeric form of the heterocyciic ring when Z is C(R’)z is an indole:

10 Y is hydrogen, Cqs alkyl, halo, OR or SR, wherein R is H or Crgalkyl, orYis
-NR'R?:

R are each independentily selected from the group consisting of hydrogen,
Cis alkyl, Co5 alkenyl, Co alkynyl, Cig alkoxy, Ca.s cycioalkyl, hydroxy!, Cqg
hydroxyaikyl, Ca.¢ hydroxyalkenyl, Cxshydroxyalkynyl, thicl, Cq s thicatkyl, Caos
15 thicaikenyl, Cops thicalkynyl, Cis thioalkoxy, halo, Cis haloatkyl, Csg
haioalkenyl, Coe haioalkynyl, Cis haloalkoxy, amino, Cis aminoalkyl, Caog
aminoalkenyl, Cogamincalkyny!, Cs.samincalkoxy, cyano, Cq.s cyanoalkyl, Cos
cyanoalkenyl, Czgcyanoalkynyl, and Cq.5 cyanoaikoxy; nitro, C.6 nitroalky!, Co.

s hitroalkenyl, Co.gnitroalkynyl, and Ci nitroalkoxy; and,
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5 intermediate solution (1 mM) was added to the reactor vessel and the
tenperature was raised to 130 C for 15 mnutes. This step affords the

i ncorporation of [18F]fluoride into the final internediate. The solution
was cool eWd »09®7G2bef ore 0.25 m of the hydrochloric acrapmotasiimn was
added. The m'x%ure wa heat ed to 125 Cfor 5 mnutes to achieve

deprotection ¥ eg%ab bPRF BINC ®AY FaTPRRES of FOrgeiH hig aradiearéveol uti on
of 243-[ 18F] f isugse- %ﬁéﬂ@t}rjjwm@%%, gy 1] - 6- hydroxybenzot hi azol e. The
reactor vessel was diluted with of ethanol :water (1:1 by volume) and
injected onto a C30 HPLC colum (250 x 10 nm 5 pm |ocated adjacent to the
FASTI ab. The 6’6@ giRsolRstislelraste N EAIV0YL 8%t ri et hyl ani ne: acetonitrile (53:47
by volune) at 5 m/mn. The desired product was 5identified by

radi o- det ectlgg andhds ver {,ad, Q?.Dc&bﬁ{éto the FASTlIab. The resulting solution
of purified 2.43-[189f1uoro-4 t hyl ami no) pheny1] - 6- hydr oxybenzot hi azol e
was passed directly through two 030 solid phase extraction cartridges
(pre-conditi o®edPWA H-AiondC.8t hanol and 15 nl water) so that the product was
retained on the cartridges. The cartridges were rinsed with water to wash
any 20 re I t t r

el uted fro?n ?ltfl% rgggb%ﬁ%éggggisgﬁﬁ%ﬁﬁg @ﬁ\éﬁ% Pwpg%% i tﬂg éj}t%;ﬁ:%l Fectl on
vial with 3. 5ovuetlhanol followed by 9.3 Ml water to gi ve a final product
volune of 50 m (0.5% (w v) polysorbate 80, 7% (v/v) ethanol, 0.9% (w V)
sodi um chl orlg%slﬁRnM @hgﬂphate buffer, pH7). 25 dains 1) A

r adi ophar naceut cal corrp05| ion conprising: (i) a conmpound of Fornula I:
010 5(1I) vvherel_g Zis S, NR, O, or O(R)2 wherein each Ris independently
H or 01_6 al kgl , asmehch Eﬁét’lp@rhré@ﬂﬂawtemmfmrﬁdfnafrg;r@fjptobesila‘e’ugemfmcjgea ring

when ds 0( 2 n i | e:~ 0Y, I S. hydr n, hal o, OR or SR,
wher el%n R |s%?—? alk?i 0I%8 aﬁ%ﬁvﬁ?-ﬁra‘vq% ‘P@F@qg&x ﬁ!gﬂ?xélrgk J¢A K@ endent Iy
sel ected fronnatidn,et:@rrmi@aimnsmt:w@a@falﬂmmr ogen, 01_6 alkyl, 02-6 al kenyl,

02_6 al kynyl, 06 al koxy, 04.6 cycl oal kyl, hydroxyl, 01-6 hydroxyalkyl, 02_6

hydr oxyal ken dr ox K oal kyl, 02-6
thioalkeny% %85 %¥?§%Qﬁﬁa§§H§ EC%?%”?WPBQFQ%%?%OH%M@EHEQ”@hﬁé@%gp%ﬂﬂ 02-6
hal oal kenyl , :0Rc@nial-oal kynyl, Cl-6 hal oal koxy, am no, 01 6 anlnoalkyl,
02-6 ani noal kenyl, C2,6 aninoalkynyl, Cl_6 am noal koxy, cyano,

Clcyanoal kyt,_ 02-6 cyanoalkenyl 02_6 cyanoal kynyl, and 01.6 cyanoal koxy;
nitro, Cs nﬁ% 6%Iky| 02_ 6 nltroalkenyl, C2.6 nitroal kynyl, and 01_6

ni troal koxy; and, WD 2009/ 027452PCT/ EP2008/ 061275

15 Y is -NR'R% and.

R""®are each independently selected from the group consisting of hydrogen,
Cs.5 alkyl, Co.q alkenyl, Coy alkynyl, Cq.5 alkoxy, hydroxyl, Cy_3 hydroxyalkyl,
halo, Cq.3 haloalkyl, and C+.5 haloalkoxy.

4) The radiopharmaceutical compesition of any one of claims 1 to 3 wherein said

20 compound of Formula | is a compound of Formula la

wherein:
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wherein at | east one atom of said conmpound of Fornmula | is a radioactive

i sotope suitable for in vivo imaging; (ii)a b oconpatible carrier medium
and, (i )0.05-5.0%w v polysorbate; at a pHof 4.0 to 10.5. 2) The

r adi ophar veeza/owa2 conposition of claim1 wherein in pbpremipaund of
Formula I: Zis S, NR or 0; and, R1-1 are each independently sel ected
from the group'‘conskStragdebehyettggersctadm Gyatdaeh, CO2alkyiatkemybxy, 026

al kynyl, Cl1.6 al koxy, droxyl,, Cl 6 hydroxyal kyl, hal o, 01.6 hal oal kyl,
and Cl-6 hal oﬁ‘ItrF?oi’Sr/‘?/”%&?ﬁémg%@f(gpﬂ%mr‘%@e@tﬁ r&%@gﬁk mposition of claim1 or 2
wherein in the conpound of Formula I: Zis S; 15Y is -NR1LR2; and, Rl1-1 are

each i ndependeftit yy&eheetgdrdioatibhe 300ap, sRPSTst Eman@f chygregen,. 01, 3
alkyl, C2_ 4 al kenyij, %:24 rg?kyrﬁl , afeyko : EP/d?oxyF, ClQS %ydr}@gyalvkyl :

hal 0, 01.3 haBaPkyhalcakds b@@@'%ﬁoamﬁ@a@/@ny ,-COORYOPheORamihgHariaceut i cal
conposition o i of [ 1 to 3 wherein said 20conmpound of Fornmul a
Il is a %omouﬁxgﬂggeﬁgf% gﬁ(&g:a (la) wherein: R11 and R12 are

i ndependent |y ;el ected from hydrogen, 01 6 alkyl, 01.6 a1l koxy, nitro,

am no, 01-6 aifi isouidkyden, hatiwxané 8 B! Kalcorkdeyi halo, or -NRES wheteyuRdgen,

hydroxy, nitr yano . Kyl . _6 al kenyl, C2_6al kynyl, 01-6 al koxy,
hal 0. D1 6 halShar %%%%@%OZ{HO%%%%L “COOR, -OCHPOR, wherein R is

5) The radiopharmaceutical compaosition of claim 4 wherein in the compound of

formula la:
10 R' and R are independently selected from hydrogen, Gy alkyl or halo:
R™ is hydroxy, Cig alkyl, Ca.s alkenyl, Cogatkynyil, Cy.5 alkoxy or halc;
Y? is halo or -NR'R* wherein R and R? are as defined in ciaim 2.
6) The radiopharmaceutical composition of claim 5 wherein:
R' and R* are independently selected from hydrogen or halo;
15 R is hydroxy or Cq.g aikoxy;

Y# is -NR'R” wherein R' is hydrogen and R® is hydrogen, Cis alkyl or Cig
haloalkyl.

7) The radiopharmaceutical composition of any cne of claims 1 to 6 wherein the
radioactive isotope suitable for in vivo imaging in the compound of Formula | or

20 la is seiected from "G, 1, 124 R B TRy, 88y 7By and R,

8) The radiopharmaceutical composition of ¢laim 7 wherein the radicactive

isotope suitable for in vivo imaging in the compound of Formula | or la is "°F.

8) The radiopharmaceutical compaosition of any one of claims 1 fo 7 whersin the

compound of Formula | or la is selected from:

0.



5hydrogen or 01-6 al kyl; and, Ya is hydrogen, hydroxyl, 01.6 alkyl, 0-1_6
al koxy, halo, or -NRLR2 wherein Rl and R2 are as defined in claim2. 5) The
rad opharnmaceutical conposition of claim4 wherein in the conpound of
formul a | 0 WORRI2ar e ndependent |y sel ected from hydr egempzs/edzal kyl or
hal o; is hydroxy, 01.6 alkyl, 02_6 al kenyl, C2_6al kynyl, 01.6 al koxy or
hal o; 113 is halo or -NRLR2 wherein RL and R2 are as defined in claim?2. 6)
The radi opharrnaceutical composition of claimb5 wherein: R11 and
R12 are independently selected from hydrogen or halo; isRl3 is hydroxy or
01_6 al koxy; Ya is -NRLR2 wherein P1 is hydrogen and R2 is hydrogen, 01-6
al kyl or C1-6 hal oal kyl . 7) Ehe radi ophar maceuti cal conposition of any
one of clainms 1 to 6 wherein thé radioactive isotope suitable for in vivo

i magi ng i nHthe mpound of Fornmula | or 20la is selected from 110, 1231,
1241, 1251, 1 G \77§hrHand 18F. 8) The radi opharmaceuti ca
conposi tion of t he Tadi oactive isotope suitable for in vivo

i magi ng i n the cohpoun Formula | or la | SoABbund®) The
radi ophar maceuti cal conposition of any one of clains 1 to 7 wherein the
conpound of Forrmula | or la is selected from 10) The radi ophar maceuti cal
conpositioﬁ 3 ins 1 to 9 wherein the conpound of Fornmul a
or la is: NHCH,
Compound 2
123|
HO S
| —( /HH.
L Y :
5 Compound 3
IEF
HO ' rj‘
>WM< >~—N
\Qi[\}/ H
Compound 4
IBF
HO s
| NHMe
i N/
Compound 5
CH,O S
18
/ F
T~
Compound 6
10
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11) The radi opharmaceuti cal conposition of any one of clainms 1 to 10 which
conprises 0.25-2.5% w v pol ysorbate. 12) The radl ophar maceuti cal

conposition of claim11l which conprises 0.5-1.0% 10w v pol

ysorbate. 13)The

radi ophar WAC@R/92G42 conposi ti on of any one of clains 1PCOERZC#EEEI n sai d

pol ysorbate is polysorbate 80. 14) The radi opharmaceuti cal
any one of clains 1 to 13 wherein the bi oconpati b
i s agueous ethanol, preferably 5-10% (v/v) 15ethanol, nore
(v/v) ethanol, nost preferably 6.5-7,5% (v/v) ethanol, esp
et hanol . 15)A nethod for preparation of a radi opharnaceuti
of any one of clainms 1 to 14 conprising the follow n

conposition of

| e carrier medium
preferably 6-8%

ecially 7% (v/v)

cal conposition

. . I 10 Ssteps: . i
adni xi ng a'PdMFoaA@PERMRRISNIFR ORI B FpAtIE C@%Fi?ép%ﬁéﬁfﬁmfhéné

200. 05- 5. 0% wh\, %hM%@?Bﬁ%G@W@#W?&ﬂ sai d conpound of Fornu
bi oconpati bl e carrier medium and pol ysorbate are as defin

clainms 1 to 14; (i) if necessary, adjusting the pH o
mxture to be 4.0 to 10.5. 16)The netkod of claim 15 furt
the step: (iii) sheriljisati he/conposition resulting
A r adi ophar maceut i aal
he*%@ternination of

any one of clains 1t
| ocati gn and/ or anount
area of a subject. 18)A nethod for determ nation of the pr
and/ or anmpbunt of one or nore anyloid deposits in an organ
subj ect which conprises the follow ng steps: o0)adm nistrat
of a detectable quantity of the radi opharmaceutical conpos
of claims 41#@eldddnbrdhéQMcAgcERBcSaBR AN Obndaf MHias | 1
anmyl oi d deposits in said subject; and, (iii) "determ nation
i magi ng of tkeMpriesercd 2 bhcut pHysmbasr

la I,

ed in any one of

f the resultant
her conpri sing
fromstep (ii),
conposition of

t he presence,

oTe anyl oi d deposit$pbiin@d organ or body

esence, |ocation
or body area of a
ion to a subject
ition of any one

@ Bbnghite any

by in vivo

12)The radiopharmaceutical composition of claim 11 which comprises 0.5-1.0%

10 w/v polysorbaie.

13)The radiopharmaceutical composition of any one of claims 1 to 12 wherein

said polysarbate is pclysorbate 80.

14)The radicpharmaceutical compesition of any one of claims 1 {o 13 wherein the

biocompatibie carrier medium is aqueous ethanol, preferably 5-10% (viv)

15 ethanol, more preferably 6-8% (v/v) sthanol, meost preferably 6.5-7.5% (v/v)
ethanol, especialiy 7% (v/v) ethanol.

15)A method for preparation of a radiopharmaceutical composition of any one of

claims 1 o 14 comprising the following steps:

{iy admixing a compound of Formula |, a biocompatible carrier medium, and
20 0.05-5.0% wiv polysorbate wherein said compound of Formuia |, bioccompatible

carrier medium, and polysorbate are as defined in any one of claims 1 to 14;

{it) if necessary, adjusting the pH of the resultant mixture to be 4.0 to 10.5.
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15anmount of one or nore anyloid deposits in said subject. 19)A nethod -
according to claim 18 wherein the anyloid deposits are deposits of

anyl oi d-p, and the organ or body area of the subject is the brain. 20)The
met hod of Wt ziome2I&20r 19 wherein said in vivo i magi ng psTERmns/@d2out by PET
or SPECT. 2%5%%%’% met hod of any of clains 18 to 20 carried out at two or
more distin W@Oq‘PﬂcQ‘@’%T%@®eﬁéaﬁ§f’§'ﬁgﬁﬁﬁﬁf®r the progression or

rem ssion of an anyloid condition in response to an anyloid
condi-ti on- speeictiigatioh@FUABMomposition resulting from step (if), preferably by sterile

filtration.

17} A radiopharmaceutical composition of any one of claims 1 to 14 for use in the
5 determination of the presencs, location and/or amount of one or more amyioid

deposits in an organ or body area of a subject.

18)A method for determination of the presence, location and/or amount of one or
more amyloid deposits in an organ or body area of a subject which comprises

the following steps:

10 {1 administration to a subject of a deiectable quantity of the

radiopharmaceutical composition of any one of claims 1 to 14

(in) aliowing the compound of Formula | to bind to any amyloid deposits in

said subject; and,

(i) determination by in vivo imaging of the presence, location andior

15 amount of one or more amyloid deposits in said subject.

18)A methed according to claim 18 wherein the amyloid deposits are deposits of

amyloid-g, and the organ or body area of the subject is the brain.

20)The method of claim 18 or 18 wherein said in vivo imaging is carried out by
PET or SPECT.

20 21)The method of any of claims 18 to 20 carried out at two or more distinct points
in time as a means to monitor the progression or remission of an amyioid

condition in response to an amyloid condition-specific treatment.
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