METHODS OF (11 C] - RADI OLABELLI NG PHENOTHI AZI NE AND PHENOTHI AZI NE- LI KE
COVPOUNDS RELATED APPLI CATION 5 This application is related to United

Ki ngdom patent application GB 0322756.8 filed 29 Septenber 2003, the
contents of which are incorporated herein by reference in their entirety.
10 TECHNI CAL FI ELD This invention pertains generally'to the field of

radi ochem cal synthesis, and nore specifically to nethods of

["C]-radi ol abel | i ng "phenot hi azi ne" and "phenot hi azi ne-1i ke" conpounds,
whi ch have a pendant group (which is a primary am no group; a cationic 15
primary inino gr oMETHOIE O RCHRATIOLABEDLBIG _anga!dmhzn\)ﬁmglmary imno ]
group; a primary imno gr ; se I 0 _group), by reaction wit
["Clnmethyl trifluoromnet haﬁg’gmq'@ﬂ%w'%%@*@@wp%m so known as

[11C nethyl triflate. This reaction converts the pendant group into a
["C) nmet hyl -1 abel | ed pendant group. The resulting ["C]-radiolabelling
product is useful, for exanpl e,ag&ﬂ\ﬁ@iﬂﬁ&i%ﬂgbgi tron 20 em ssion

t omogr aphy (PET) tracer, for exanple, for pati ents suffering from nel anonma,
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[" C] - r adi ob&eeidmitg 20D dNE tontelte BPARich afBcobOrisd BArBm mﬁf@reﬁd@ah theiitse in
nmet hods of \(l{gy , PET) imaging, their use in nethods of _ nedi cal
di

treatnment © agnosi s, etc. 25 BACKGROUND Throughout this specification,

including any clalns which follow, unless the context requires otherw se,

the word "conprise,” and variations _such as "conprises" and 30 "conprising,"

wi | M0be understood to inply the i LB st at ed i nteger or step or

group of integers or steps, but not the exclusion of any other integer or

@tep or group of integers or steps. It nust be noted that, as used in the
peci fi catfhisrin@nionRe %t@iaamféaliydpéh%eld phiadigrhgyuicalsynthesis, and more

specifically to methods of [''C]-radiotabelling "phencthiazine” and “phenothiazine-fike"
compounds, which have a pendant group (which is a primary amino group; a cationic

15 primary imino group; a secondary amine group; a cationic secondary imino group; a
primary imino group; or a secondary imino group), by reaction with ["'C]methy!
trifluoromethanesulfonate (CF;S0,0"'CHs), also known as [''Clmethy! triflate. This
reaction converts the pendant group into a [''Cjmethyi-labelled pendant group. The
resulting [''C]-radiolabelling product is useful, for example, as an in vivo positron

20 emission tomography (PET) tracer, for example, for patients suffering from melanoma,
the most serious form of skin cancer, and tauopathy (e.g., Alzheimer's disease). The
present invention also pertains to the resulting ['*C}-radiolabelling products, compositions
comprising them, their use in methods of (e.g., PET) imaging, their use in methods of

<\ medical treatment and diagnosis, efc.
25
BACKGROUND
Throughout this specification, including any claims which follow, unless the context
requires otherwise, the word "comprise," and variations such as "comprises” and
30 "comprising,” will be understood fo imply the inclusion of a stated integer or step or group

of integers or steps, but not the exclusion of any other integer or step or group of integers

or steps,

it must be noted that, as used in the specification and any appended claims, the singular
35 forms "a," "an," and "the" include piural referents uniess the context clearly dictates



35 forms "a,"” "an," and "the" include plural referents unless the context
clearly dictates -2 otherwi se. Thus, for exanple, reference to "a
pharmaceutical carrier” includes m xtures of two or nore such carriers, and
the |like. Ranges are often expressed herein as from "about” one particul ar
val ue, and/or to "about"” 5 another particular value. Wen such a range is
expressed, another enbodi nent includes fromthe one particular value and/or
to the other particular val ue. Sinmilarlds, when values are expressed as

appr oxi mati ons, the use of the antecedent "about,"” it will be understood
t hat the Oﬁhﬁf\wl‘ﬁ@uTg&iS Vel exantols, nefeeaioe heta habmdisntingl. cardd” Meludae mixtiesanona i s
t he nost j and clains around 2,000 |lives each

year in tﬁ§WJn| JEQ&HhQ%b%E%?ngﬁgg ®Britain (see, e.g., Cancer Research UK
Website). 15 Accordlng to Cancer Research UK (see e.g., Cancer Research UK

Toch st RgeRarR Oneli@RatR b o afPlE o P B 3868 srelPoRba ench
years i n tanethKpartiblihavaina \dleeelsoqﬂsafair@mmekpirSSqedpahmhagemﬁd:cﬁmemmcauqinsgmant .
t Egt Sg;nOtf%gr{ fo@%@daafcﬁ@r zlgﬁieﬁéﬁﬁoo%@tthheer pa:l-(tfcﬂla; \Ea&%t ffoi aal @hé‘#vaﬁﬂése“ s of

(3, 7h bi s (eglé BRirbydeaindsnapppdenatidrisaay ﬂe&eidﬂme@kﬂt@cradém)"awuta‘ it @Wbeol ecul ar 25
wei ght, wat.er

, tric C|IC ani c, co whi ch di ffuses through
t he celldmggskﬁ@ﬁﬁgéﬁéga@ %F@§°@35%g§@£@?9tln nel anoma cel l's (see,
e.g., Link et a., 1998). N@thylene bl ue possesses a very high affinity to
mel anin by formng a charge transfer conplex with the pignment (see, e.g.,
Pottd, 1 1o Over several years, Link et al. have carried out clinical
research focusing on nethylene blue IabeIIed with reIativer long lived.
radi oi sot gpes such as 21Astatine (21 'At, half-life % = 7.2 hours),
1231 odi né\"%) lapayia istthe most serfyg faym afrfd“fl%ﬂnc%ﬁﬂ%‘éalfﬂf@l‘iunﬁ 008"%%8?@5‘ (see
e.g., Liydgr ptth@United RI@Hom3IT Great Britain (see, e.g., Cancer Research UK Website).

15 According to Cancer Research UK (see, e.g., Cancer Research UK Website) malignant
melanoma is the 11th most common cancer in women, and the 12th most common
cancer in men with over 5,700 new cases of melanoma each year in the UK.
Melanoma develops from cells producing melanin, a pigment that protects the deeper

20 layers of the skin from the damaging effects of the sun:

Methvylene Blue

Methylene blue (3,7-bis(dimethylamino)phenothiazine-5-ium chloride) is a low molecular
25 weight, water soluble, tricyclic organic compound, which diffuses through the cellular
membranes and accumulates selectively in melanoma cells (see, e.g., Link et a., 1998).

Methylene blue possesses a very high affinity to melanin by forming a charge transfer
complex with the pigment (see, e.g., Poits, 1964).

30 _
Over several years, Link et al. have carried out clinical research focusing on methylene
biue labelied with relatively fong fived radioisotopes such as *'Astatine (*''At, hali-life
(t) = 7.2 hours), ®lodine (***1, t, = 13.2 hours) and *'lodine ("*'l, t,, = 8 days) (see, e.g.,
Link et al., 1998).

35



-3- They investigated the a-particle emtter conpound [21At] net hyl ene bl ue
as a therapeutic agent and were able to prove that this radi oactive
conmpound prevents netastatic spread and controls the growh of nel anoma
when given to human-nel anoma- bearing animals (see, e.g., Link et al.,
1998). They al so investigated the y-emtting 1231- and the R emtting 5

[ 7311] net hyl ene bl ue conpounds for diagnostic purposes of dissem nated

mel anoma. Using a gamma canera, they concluded that in particular the 1311
| abel | ed conpound was suitable for theg-detection of nel anoma netastases
(see, e.g., Link et al., 1998). There is a great need for additional, and

nhor e powﬂmfewhnveétagatai i el-patcp beiter Rbapone a*w}mé@yr@h%msaezm%ﬁew@
conpounds, such as nethyl ene blue, The inventors have di scovered novel

met hods RT3 W%f§tab§nt8 PEvE thptdRis ragipediiue camppuncbRrerents melRtIcaPreRd and
. phenot hi aaHREMrbIK eheC elbﬁ’d?ﬁé l:vﬂgn @Nér‘i‘td MmN RTarohnesb g iahmedls

emtting 1C isotope I's surprisi ng and unexpect ed
e

15 1t
that the (8fmerdigk %&%%9%)3 TE‘GY ﬁiSPéi!é’PSt{‘?eat%fl theﬂa@'ﬂ'ﬁh?ﬁoub‘rﬁ'ldd Esdingat e for
t-he gshor t[”hﬁllétr&ﬂrlérfee%me eaﬂlpsurfds%remégr(o%mgpur §&dd &'a?s%tangrméwﬁeta«ﬂo%ov' de

sufficient oactive yield to be useful - | I'ed nethyl ene bl ue
i's struct{fing ? gamaeranssn. they emilchisier ﬁwlm@qwi@ﬁbe bl luabeligd gompewedwapul d

show ¢ he <aific Rl Sbiobtdr ool ook BPREL G L BT, sl oo,

Therefore [ N-net hyl -11C lue 1s v in particular as an
invivo PET tracer for patients suffering fromnelanoma, the nost serious

o sonses. 5 SRR a AR ek A e oA TaP S R Rha RN o,

pertQi ns phenethirgtinkdide cbmpourgs, smihaﬂlabféyilen@glua phenot h| a2| ne conpound or a
phenot hi azi ne-1i ke conmpound, wherein: 30 said conpound has a polycyclic core
(of three six-nmenbered rings fused together in a linear fashion and denoted
the A-rinde iBaniorg hawhdisGverergnovahesethotih éor Brar fapigandseffitient symingelib @f nevehg;

phenothiazine and phenothiazine-like compounds labelled with the short lived positron
emitting ''C isotope (t,2= 20.4 minutes).

15
It is surprising and unexpected that the synthesis method is both fast (e.g., fast enough to
compensate for the short half life), and efficient (e.g., efficient enough to provide sufficient
radioactive yield to be useful).

//_;

20 "C-labelied methylene blue is structurally identical to unlabelled methylene blue, and
hence would show the same biodistribution, which is important for PET studies.
Therefore [N-methyl-"'Cjmethylene blue is very useful, in particular as an in vivo PET
tracer for patients suffering from melanoma, the most serious form of skin cancer,
<— tauopathy (e.g., Alzheimer's disease), and other diseases.
25
SUMMARY OF THE INVENTION

One aspect of the present invention pertains to a method of [''Cl-radiclabelling a
phenothiazine compound or a phencthiazine-like compound, wherein:

30 said compound has a polycyclic core of three six-membered rings fused together
in a linear fashion and denoted the A-ring, B-ring, and C-ting, where the B-ring is the
"middie" ring;

said polycyclic core is partially-aromatic or fully-aromatic;

said polycyclic core has 14 ring atoms, including exactly 1 or exactly 2 ring
35 heteroatom(s), each of which is independently selected from N, O, and S,

the remainder of said ring atoms being C;



said polycyclic core is partially-aromatic or fully-aromatic; said

pol ycyclic core has 14 ring atons, including exactly 1 or exactly 2 ring 35
het er oat on(s), each of which is independently selected fromN, 0, and S; the
remai nder of said ring atons being C, -4- said exactly 1 or exactly 2 ring
het eroaton(s) formpart of the B-ring, but not part of the A-ring or Cring,
and so are |located at one or both of the "central" positions denoted by a
hash-mark (#) in the follow ng depictign of the polycyclic core: * ABCJ5
sai d conpound has a pendant group covalently attached to a ring atom of said

pol ycyclic corggig éo?écﬂ%%?le%grr%ﬁnétéroétﬂﬁﬁ?&aﬁ@ﬂ?géng)éf theEB Rﬁ}%%f 3J£h”°

group; a cationic prihary imno group
cat i oni ¢ % &otiag pr Criing agd sagre logatpd ahensyor brith of f@edmtraﬁrpcaltlse%ondar y imno

group, Sc@ngteﬂ%h/enot QTR @ 51&21516%@8@&1@@@@%0&&1‘ tﬁ?%@fyh@«%iﬁ%ﬁ} & phenot hi azi ne .

conpound or a a2|ne
trifluoronet hanesul fonate (CF3S020" CI—B)#‘ t hereby converting said pendant

group to a correspondi ng [ 11C] neth abet1ed+ pendant group, respectively:s
a ["Cnethyl-1labell ed secondary a gt g 20 a ["C] net hyl -1 abel | ed
cationic secondary imno group; ‘a thyl 21 abel l ed tertiary am no group;
a ["Clmethyl-labelled cationic tertiary imno group; a ["C]nethyl-Iabelled

secondary i m no. grou "Clnet hyl -1 abelled cationic.tertiary jmno
gr ou% y alogcomgbund has al rJdant grgup cova? ntly attached to a ring atom of )éar

polycyclic core;
said pendant group is independently:
a primary amino group;
a cationic primary imino group;
10 a secondary amino group;
a cationic secondary imino group;,
a primary imino group; or
a secondary imino group;
said method comprising the step of:
15 reacting said phenothiazine compound or a phenothiazine-like compound with
["'Clmethyl triftucromethanesulfonate (CF,80,0"CH,);
thereby converting said pendant group to a corresponding [''Clmethyl-abelled
pendant group, respectively:
a ["'C)methyl-labelled secondary amino group;
20 a [""Clmethyl-labelled cationic secondary imino group;
a ["'Cimethyl-labelled tertiary amino group;
a ['"Clmethyl-labelled cationic tertiary imino group;
a ["'C]methyl-labelled secondary imino group; or
a [""Clmethy!-labelled cationic tertiary imino group;
25 to give a [V'Cl-radiolabelled phenothiazine or phenothiazine-like compound.

Another aspect of the invention pertains to a [''C}-radiolabelled phenothiazine or

phenothiazine-like compound, as described herein.

30 Another aspect of the invention pertains to a [''C}-radiolabelied phenothiazine or
phenothiazine-like compound which is obfained by, or obtainable by, a method as
described herein.



25 to give a ["(C]-radiol abel | ed phenot hi azi ne or phenot hi azi ne-1i ke
conpound. Anot her aspect of the invention pertains to a ["C]-radiol abel | ed
phenot hi azi ne or phenot hi azi ne-1i ke conmpound, as described herein. 30

Anot her aspect of the invention pertains to a ["(C]-radiol abell ed
phenot hi azi ne or phenot hi azi ne-1i ke conpound which is obtained by, or

obt ai nabl e by, a nethod as described herein. -5- Another aspect of the
invention pertains to a conmposition (esg., a pharmaceutical conposition)
conprising a ["(C]-radiol abel | ed phenot hi azi ne or phenot hi azi ne-1i ke

conpound ;&ﬁatwéea@;ﬁédpsﬂthaawnﬂen Ee@@éﬂa%r ca?rm%n% al, @%Ha@hﬁ%@édt@ﬂ pertains to

a nethod of PET inmaging ["C] -radiol abel | ed pheri ot hi azi ne

or phenot‘??i‘?f?‘ﬂ@’)lqomé’”é'ﬁﬁﬁd 0’@@’6? Phepthiazias AT Phesribingredikpect of the

i nvent i orcoRpolidd BS dériBed hedeir ad| ol abel | ed phenot hi azi ne or
phenot hi azi ne-1i ke conpound as described herein for use in a nmethod of

treatnent of the 10 human or ani mal body by therapy. Another aspect of the

I nvent i onnRedr ébﬁb%t bpthe%,eﬂtao@péaéas {o@@%@@%& pet il ﬂagwm.&zérﬁgoﬁa

phenot hi azi ne- | ound descri b erein in t e manuf acture of a
nedi canmert CF Eﬁd‘O*Qbﬁéeqf R @ﬂ’iéh'@ﬂ@%lphﬁlmnoﬁﬁaﬂr@ lice, cogiionnd @A clescribeddereinrel anom)
or a tauopathy 15 (e.g., Alzheiner's disease). Another aspect of the

invention pertains to use of a method of” ["C]-radiolabelling a
phenot hi d¥ioker esprsd ahitre diveatiph paidaitd taz NEradieabdiedqhedothiegingescr i bed

herein, e?@tﬁfazm@f!lk@ HRbBGh & d&%@b‘%@ﬁér&wf&% anon&kv&tﬂﬁ? Rt tréeﬁﬁ’uaHts tllné-1 the

treat ment , skin cancer auopat hy

Al zHki nemhwedu%@ami.bombfﬂ@wamfspect of the invention pertains to use of -

(i) an unl abel | ed phenot hi azi ne conpound or an unl abel | ed phenot hi azi ne-1ike
t/corrpound wherein: 25 said conpound has a polycyclic core of three

'si x- nenbeérether iangpst blibedventjen hertaing to uselof ad'AC]-fzdiiiamtizd ptentdniozieziot he

A-ring, %Heh&gfazﬂg$kg cBhBQund’%&gscthd IITD’erEfnr?rgtHe mgl%‘factu@ gfdal r%edi&érﬂgnt for

use in the treatment of, e.g., skin cancer (e.g., melanoma) or a tauopathy

15 (e.q., Alzheimer's disease).

Another aspect of the invention pertains to use of a method of [''CJ-radiolabelling a
phenothiazine compound or a phenothiazine-like compound, as described herein, as part
of a method of manufacturing a medicament for use in the freatment of, e.g., skin cancer

20 {e.g., melanoma) a fauopathy (e.g., Alzheimer's disease).

Another aspect of the invention pertains to use of:
(i} an unlabelled phenothiazine compound or an unlabelled phenothiazine-like
compound, wherein:

25 said compound has a polycyclic core of three six-membered rings fused together
in a linear fashion and denoted the A-ring, B-ring, and C-ring, where the B-ring is the
"middle" ring;

said polycyclic core is partially-aromatic or fully-aromatic;
said polycyclic core has 14 ring afoms, including exactly 1 or exactly 2 ring
30 heteroatom(s), each of which is independently selected from N, O, and S;
the remainder of said ring atoms being C;
said exactly 1 or exactly 2 ring heteroatom(s) form part of the B-ring, but not part
of the A-ring or C-ring, and so are located at one or both of the "central” positions
denoted by a hash-mark (#) in the following depiction of the pochyclic core:



said polycyclic core is partially-aromatic or fully-aromatic; said

pol ycyclic core has 14 ring atons, including exactly |I or exactly 2 ring 30
het er oat on(s), each of which is independently selected fromN, 0, and S; the
remai nder of said ring atonms being C, said exactly 1 or exactly 2 ring

het eroaton(s) formpart of the B-ring, but not part of the A-ring or

C-ring, and so are |ocated at one or both of the "central" positions

denoted by a hash-mark (#) in the follew ng depiction of the polycyclic
core: -6- AB C', said conmpound has a pendant group covalently attached to
a ring atomof said polycyclic core; #aid pendant group is independently:

5 a primary am no group; a cati o i«m no group; a secondary am no
group; a cationic secondary imng primary imno group; or 10 a
secondary imno group; and (ii)* \ yl"t*r i f | uor onet hanesul f onat e ’
(CF3SQ2O'CH3); in the nanufacture of a#nedlcanent for use in the treatnent
of, e.g., skin cancer ., helanom) or a tauopathy (e.g., Al zheiner's

di sease). 15 ARSCABPOH féfeﬁ a BPDQ%grwwﬁvat@rﬁﬂy@ﬁapg thip 2 Gngatest plcRichf .
treatnenbolécm@cge, skin cancer (e.g., nelanoma) or a tauopathy (e.g.,

Al zhei ner' s dlsease) in a patient, conprising admnistering to said patient
a therapeutlcé@ﬁyﬁéﬁmé@ﬂNW@saﬁhﬂﬁmmﬁWYa ["C]-radiol abel | ed phenot hi azi ne or
phegot hi azi ne-1i ke %9 QF%%I crlbed herein. 20 Anot her aspect of the

i nvention pertains t -ra |dlabelled phenot hi azi ne or
a catlomc primary imino group;

a secondary amino group;
a cationic secondary imino group;
a primary tmino group; or
10 a secondary imino group;
and
(i) [''C]methyl trifluoromethanesulfonate (CF;S0,0"'CH,);
in the manufacture of a medicament for use in the treatment of, e.g., skin cancer
(e.g., melanoma) or a tauopathy (e.g., Alzheimer's disease).
15
Another aspect of the invention pertains {o a method of treatment of, e.g., skin cancer
(e.g., melanoma) or a tauopathy (e.g., Aliheimer's disease) in a patient, comprising
administering to said patient a therapeutically-effective amount of a [''C]-radiolabelled
phenothiazine or phenothiazine-like compound as described herein.
20
Anocther aspect of the invention pertains to a ["'C]-radiolabelled phenothiazine or
phenothiazine-like _c;ompound as described herein for use in a diagnostic or prognostic
method practiced on the human or animal body.

25 Another aspect of the invention pertains to a method of diagnosis or prognosis (e.g., of
skin cancer (e.g., melanoma) or a tauopathy (e.g., Alzheimer's disease)) which employs a
["'C)-radiotabelled phenothiazine or phenothiazine-like compound as described herein.

Ancther aspect of the invention pertains to use of a [''C}-radiolabelled phenothiazine or

30 phenothiazine-like compound as described herein in the manufacture of a medicament
{e.g., a diagnostic or prognostic reagent) for use in diagnosis or prognosis, e.g., of skin
cancer (e.g., melanoma) or a tauopathy (e.g., Alzheimer's disease).



phenot hi azi ne-1i ke conpound as described herein for use in a diagnostic or
prognostic nethod practiced on the human or ani mal body. 25 Anot her aspect
of the invention pertains to a nmethod of diagnosis or prognosis (e.g., of
skin cancer (e.g., nelanona) or a tauopathy (e.g., Al zheiner's disease))

whi ch enploys a ["(C] -radiol abelled phenothi azi ne or phenot hi azi ne-1i ke
conpound as described herein. Another aspect of the invention pertains to
use of a ["C)-radiol abel | ed phenot hi azkne or 30 phenot hi azi ne-1i ke conpound
as described herein in the manufacture of a nedicanent (e.g., a diagnostic

or pr ognmbth@r 5@%@&@@ fménmq:érﬁlr@tage@éf é[“ll‘] r@Hi‘é%@ﬁéoGphé%oﬂ'ﬂazw%fors kin
cancer E%& nel anona) or a tauop ateéy Al zhei ner di sease). -7-

Anot her hiagipe{ikg COMRRARG a§ s el 'T%e"ﬂ cﬁsusaét ¥ra fae@oo:)of MaaLiGrERg | ed
. phenot hi azh&fcaifent p@@wg mb@«wsﬂ@nr bﬁsgnmm@émt aér L@L%%ﬁ mégﬁes.@%r BloBnogds part

of a nmethod of manufacturi ngi di canment nostic or pr ognostl C
reagent ) ef%rof §5i8 GaRcei (BgnoRe %n%ma)mr @gjﬁéﬁi&é‘w (@ Qg Alzhsimeng diseaseber (e. g.

. el gnona) or a tauopathy (e.g., Alzheiner's disease). 5 Another aspect ' of
the invention pertains to use of: (i) a phenothiazine conpound or a

phenot hi Anpther a$n@@t@fdh95wmhommamsﬁo ugaPl conpound has a pol ycyclic core of

Lhree six- Mehes Sk bRt USAoLRBSLDBenoliibshe ISR LARA Gikrapd denot ed. Lhe

A-ring, B- ring, said
pol ycyclic coseidicomparnd hds § palyoynlic coref threg bix-raeroberei cings hisdd pgeiheycl i ¢

et or oat i e S SOl O REDEIRN, g CoRFERbEE Fo B o0 ana 5. e

reri@ ndefmoidleSsing; ri ng atonms being C 15 said exactly 1 or exactly 2 ring
het er oat ont s) <Ly paLk Bfe KHRHENY LASaRUl nifL-BRk, Of the Aring or

<C-r| ng, and so ar'e cated oRe’ or ot h central " positions
-denot ed by a basipowyHic(ctie haﬂs theng aibmeymdgdidgpxmﬂydmrca‘xatw pad ycyclic

core: A B 5ab (R AniATs ABEINRRE &ioHR: FONH, Bty 1 tached to a ring

at om of
the remainder of said ring atoms being C;

15 said exactly 1 or exactly 2 ring heteroatom(s) form part of the B-ring, but not part
of the A-ring or C-ring, and so are located at one or both of the "central" positions
denoted by a hash-mark #) in the following depiction of the polycyclic core:

800
#
said compound has a pendant group covalently attached to a ring atomn of said
20 potycyclic core;
( said pendant group is independently:
g a primary amino group,
a cationic primary irmino group;
a secondary amino group;
25 a cationic secondary imino group;
a primary imino group; or
a secondary imino group;
and
(i) ["*Clmethy! triflucromethanesulfonate (CF,S0,0""CHa);
30 in the manufacture of a medicament {e.g., a diagnostic or prognostic reagent) for

use in diagnosis or prognosis, e.g., of skin cancer (e.g., melanoma) or a tauopathy

(e.g., Alzheimer's disease).



20 polycyclic core; said pendant group is independently: a primary amno
group; a cationic prinary imno group; a secondary amno group; 25 a
cationic secondary imno group; a primary imno group; or a secondary im no
group; and (ii) ("Cnethyl trifluoronmethanesul fonate (CF3SQ20'CH3); 30 in

t he manufacture of a nedicanment (e.g., a diagnostic or prognostic reagent)
for wuse in diagnosis or prognosis, e.g., of skin cancer (e.g., nelanoma) or
a tauopathy (e.g., Al zheiner's disease)s--8- As will be appreciated by one
of skill in the art, features and preferred enbodi mrents of one aspect of

t he i nverits wift bmdpbre@im ipesrcasfrskiiion eidhat, femes afid @fefbh6d biMvedikiedts of BRI EF
DESCRI PTION OF TH a radi oactivity-chromat ogram

of [N netQﬁVIaSp?ﬁtr?EfWP\é‘WgoﬁWJEaIf‘@ge/Eta‘WtOBOtﬁ?’h%ﬁp@Etf of thedinke SR peak at 5.8
mnutes is unidentified) and (b) a UV-chromatogram of non radioactive

met hyl ene blue (7.8 minutes). 10 DETAI LED DESCRI PTI O\I OF THE | NVENTI ON The
present invention pertai RAR e RIR O IRGSy adi ol abel ing certain
conppunds, and the resulting [" C]-radl ol abel I ed conpounds. 15 One aspect of -
the present invention pertains to nethods of g:} -radi ol abel | i ng '

" phenot hiFYRE"S &k reglarbithicamasogrref Nwipsbrindameliniearte Hue ©8%.pendant
group Whi €8 mihfted)THHRARREEMKYat 5B BIHUTRY uRELATiH] MPib) @ BREhRBMfodhar Y

i m no group;
of non radioactive methylene biue (7.8 minutes).

10 DETAILED DESCRIPTION OF THE INVENTION

The present invention pertains to both to methods of [*'Cl-radiolabeliing certain
compounds, and the resulting [*'C}-radiolabelled compounds.

15 One aspect of the present invention pertains to methods of {"*Cj-radiolabelling
“phenothiazine” and "phenothiazine-like” compounds, which ‘have a pendant group which
is independentty:

a primary amino group;
a cationic primary imino group;
20 a secondary amino group; '
a cationic secondary imino group;
a primary imino group; or
a secondary imino group;
by reaction with ['"Cjmethy! trifluoromethanesulfonate (CF,S0,0"'CH,), also known as
25 ["'Clmethy! triflate. This reaction (i.e., ""C-methylation) converts the pendant group into =
corresponding ['C]methyl-labelled pendant group, respectively:
a ["'Clmethyl-tabelied secondary amino group;
a [""Clmethyl-labelled cationic secondary imino group;
a [""C]jmethyi-labelled tertiary amino group;
30 a [''Clmethyl-labelled cationic tertiary imino group;
a [''C]methyl-labelled secondary imino group; or
a ["'C]methyl-abelied cationic tertiary imino group.

An especially preferred embodiment of novel methods of the present invention is a
35 method of [''Cl-radiolabelling Azure B (a "phenocthiazine” compound having a pendant

secondary amino group; an example of an (unlabelled) phenothiazine compound or



20 a secondary ami no group; a cationic secondary imno group; a primary
I mno group; or a secondary imno group; by reaction wth ["C] nethyl
trifluoronethanesul fonate (CF3SQ20'CHA), al so known as 25 [" (] net hyl
triflate. This reaction (i.e., "Cnethylation) converts the pendant group
into a corresponding ["C]nethyl-I|abelled pendant group, respectively: a
["C] met hyl -1 abel | ed secondary am no group; a ["C]nethyl-1abelled cationic
secondary imno group; a ["C]nethyi-habelled tertiary amno group; 30 a
["Cl met hyl -1 abel ed cationic tertiary Imno group, a ["C] met hyl - | abel | ed

o oup. - K EED SHePUiRle 1 omEblE o bR In B el 5 bR b csent

i nvent i oeadtien witd share tHoethyf trrtIU@pmettrzineswtbedaﬂar rhgaAzrtirc—ae p&fémed phenot hi azi ne"

(unt aberTia ity AP FRAE s RERARTR TG Qn%uﬁ‘fﬁﬁgrsrréﬁxﬁg%eﬁ%arﬁi B ne-11 ke

conpoune)aimplepindide deloviNgreehéaye.- 11C| et hyl ene bl ue, reaction with the
["C] met hyl trifluoronethanesul fonate. In a further preferred enbodi nment ,
the reaction is performed in the presence of K2C33 in H2O, as shown, for
exanple, in the follow ng schene. $cfghene 1 3 \ | N CH30S02CF3 3/ | 3 HO

|/HHC)CHCH CHK2CCB/H200H+CI—|33330 CI AzureB
[ N-Met hyl - 71C] Bl ue MCH,080,CF,
Hac\N —— HC 11

! + r K,CO,H.0
CH, _ CH, _
Cl Cl
Azure B [N-Methyl-1'CiMethylene Blue

Reagents, Reaction Conditions, and Purification

10
In one embodiment, the reaction is performed in the presence of a suitable Bronsted
base. Examples of suitable Bronsted bases include, but are not limited to carbonates and
bicarbonates, e.g., alkali metal carbonates and bicarbonate, e.g., sodium and potassium
carbonates and bicarbonate, e.g., potassium carbonate (K,COz).

15
In one embodiment, the reaction is carried out in agqueous media. For example, in one
embodiment, the [''Clmethy! triflate is introduced into an agueous solution (or
suspension) of the phenothiazine or phenothiazine-like compound and {(optionally) a
suitable Bronsted base, e.g., potassium carbonate (K,CO;), to form a reaction mixture.

- 20

In one embodiment, the reaction mixture (of ["'C]methyl triflate; phenothiazine or
phenathiazine-like compound; and optionally Bronsted base) is mixed (e.g., stirred),
e.g., for a mixing (e.g., stirring) time of about 1-30 minutes (e.g., about 1-10 minutes;
e.g., about 5 minutes).

25
in one embodiment, the reaction is carried ouf at ambient or room temperature
(e.g., 20°C-25°C).

in one embodiment, the reaction is carried out under an inert atmosphere (e.g., argon).
30

For example, an argon filled vial equipped with a magnetic stirring bar is filled with a

solution of phenothiazine or phenothiazine-like compound and K,COs in sterile water and



Reagents, Reaction Conditions, and Purification 10 In one enbodi ment, the
reaction is perforned in the presence of a suitable Bronsted base. Exanples
of suitable Bronsted bases include, but are not limted to carbonates and

bi carbonates, e.g., alkali netal carbonates and bicarbonate, e.g., sodium
and potassium carbonates and bi carbonate, e.g., potassium carbonate
(K2C®). 15 In one enbodinent, the reaction is carried out in aqueous nedi a.
For exanple, in one enbodinment, the kO methyl triflate is introduced into
an aqueous solution (or suspension) of the phenothiazine or

phenot h's%béétﬁxeh!lﬁ‘ﬁla&%@ﬁ@ﬁa}g’?‘i%ﬂc éﬁ%rmﬂﬁ\hie\é)pnar toséHdttﬁlgloﬁ]bgfm?@% poe.

e.g., potassiumcarbonate forma reaction mxture

errbodl menEImethd thfisde is than FF?RWQFHE ﬂQ&)PUFpleGPWPhth@ tiappad anowraiscalhi azi ne or
phenot hi PRV e (e.g.,
stirr ed)rgééﬂey% émgﬁmﬁﬂ{;@ﬁnﬁif%a I(’HS %%h % 1r5 | rplﬁgj%gs(ﬁ&q @bhr&eﬁ%ﬁgﬂ nut es
(e.g., otbet isihqroswﬂqhad@s andéh@sqlutmmilrrea fori Shminewds. at 260 teroperatnd odi nent ,

the.rea bS_ u 20C 250) "
" oGP %] kSl A E S B BRI SRR o uebSubrbehor o
(e.g., dﬂ(gmqmpouraowmmt”(é]nmww;ﬂam argon filled vial equipped with a
magnetic stirring bar is filled wwth a solution of phenothiazine or

phenot hi azi ne-1i ke conpound and K2CO3 in sterile water and 10 subsequently

pl aced on caerwg:rmdmh@t,sthélreamir@ [fChadidatzlied pradocias guiedaaivapiog ment (EOB)

["C] nmeth |f| e.,ls the rapped in the pur Ie solutio The

anount u %’ g%\ggﬁeesg Wﬁgiﬂ 5 ‘?"% SIRa Egign %F@?gel@e%oagt es
(from EGBY., w"lfheaﬂimgébehlaﬁge sletiar 8., lascatibe Bxchahy e badriaye, ad atdmgalisol uti on
stirred f.or room t@gperature 5 (e.g., 20C-25C) resulting i n t he

["C] net h??%ﬁsiaglﬁc O'E ﬁ’égﬁﬂgﬁff?‘ﬁ” i ne or phenot hi azi ne-

For example, the reaction mixture may be transferred to a cation exchange cartridge
(immobilising the [''C}-radiolabelied product), which is then washed, e.g., with ethano!

15 and sterile water. Washing removes not only unreacted starfing material but also up to
98% of the radioactive [''Cloy-products. The cartridge is then eluted, e.g., with sodium
chloride solution, e.qg., steriie 0.9% w/v sodium chioride solution, to release the
['"C]-radiolabelled product.

20 The synthesis (and optionally purification) may readily be performed very guickly, e.g., in
less than 60 minutes, e.g., in less than 45 minutes, €.g., in less than 40 minutes, e.g., In
less than 35 minutes, e.g., in 10-60 minutes, e.g., in 10-45 minutes, e.g., in 10-
40 minutes, e.g., in 10-35 minutes, e.g., in 15-60 minutes, e.g., in 15-45 minutes, e.g., in
15-40 minutes, e.g., in 15-35 minutes, e.g., in 20-60 minutes, e.g., in 20-45 minutes,

25 e.g., in 20-40 minutes, e.g., in 20-35 minutes; from the end of bombardment (EOB).

It is anticipated that synthesis yield and product purity can be further improved by
optimisation, for example, optimisation of the bombard time and infensity, reaction
solvents, reaction conditions (e.g., temperature), etc.

30
Radiochemical purity and specific activity of the ["'C]-radiolabelled product (solution) may
be determined using, for example, HPLC.
The identity of the ["'C]-radiolabelled product may be confirmed, for example, by co-

35 injection with the corresponding uniabelied product, and noting that the retention time is

identical for both.



| i ke conpound with ["C]lnethyl triflate. In one enbodinent, the resulting
["C]-radiol abel | ed product is purified using ion exchange nethods, e.g.,
with ion exchange nedia, e.g., using cation exchange nethods, 10 e.g., wth
cation exchange nedia, e.g., a cation exchange cartridge, e.g., a small

di sposabl e cation exchange cartridge. For exanple, the reaction m xture may
be transferred to a cation exchange cartridge (inmobilising the

["C]-radi ol abel | ed product), which is then washed, e.g., with ethanol 15
and sterile water. Washing renoves not.4gnly unreacted starting material but
al so up to 98% of the radioactive ["C] by-products. The cartridge is then
eluted, e.g., with sodium chloride solution, e.g., sterile 0.9% w v sodi um
chl ori de soI ut | on, to release the ["(C]-radi ol abel | ed product. 20 The

synt hesi s ”(Oéﬁcﬁnﬂi“ﬁdm?fﬁvl s mrihed Proaides Ay adiesherieal LYty lgseater then A8, ver y
. qui ckly, eﬁbrabl*]ﬁrea te® B%art 51580, &@fe%Wbl%%ter fhcfh 960/%] g)ﬁéfg?% o @%@«eéﬁmawmt e

e.g., in less than 40 mnutes, e. l'ess t
10-60 mnutes, e.g., in 10-45 mnutes e.g., in 10 40 mnutes, e.g., in

. 10- 3% m NL&R en%cghmedt”thé?’n%@ cmal%}fd@a r?c.ilgchen{l@al %%Tcg% am!@a"éi 2% pl%feggbly: 2

15-40 m nutes, e. nut es
20- 45 ni nattleast 3% péefqablwaﬁ!@@ta% mgnl:ﬂt‘é%, .g4-8%.n 20-35 m nut es; fromthe
end of bombardnent (EOB). It is anticipat ed t hat synthesis yiel d and

product purity can be further inproved by optimsation, for exanple,
opt i m sat inomeambddendrdntbametboderosidds amrachst wigh aspedific averagoatieint of,atr eact i on

condition ch u d specific
activity othigG[Bangcﬂ oellljétb%fa lgéﬁprongﬁ‘gﬁi rgﬂ%ﬁﬁatﬁ@ tt%e&g%'gl’% ned
usi ng, for exanple, HPLC. The identity of the ["C]-radiol abelled product may
be confi r BEd f.or , : njecti,on with the correspondi ng
(Unl abel | ed—prodtt - At he - 8®ntion time is identical for
both. -11- In one errbodl ment, the nethod provi des a radi ochenmical purity
0/ 0,

g;g?;re;b}y n %g?%t m\feﬁﬁc%nergrgol?{s rrﬁg’thgcris %ﬂ"‘&] ra r@lal%lllngekﬁena{hlgéigg‘t Gy than 96%

"phenothaazme -like" compounds.

15
Such compounds are characterized by a polycydlic core of three six-membered rings
fused together in a linear fashion, said polycyclic core having 14 ring afoms, including
exactly 1 or exactly 2 ring heteroatom(s), each of which is independently selected from
nitrogen, oxygen, and sulfur; and remainder of the ring atoms being C. More specifically,

20 one of the ring atoms is independently N, O, or S; another of the ring atoms is
independently C, N, O, or S; and the remainder of the ring atoms is C. No other rings are
fused fo the polycyclic core.

( In one embodiment, said polycyclic core has 14 ring aloms, including exactly 1 ring
25 heteroatom selected from nifrogen, oxygen, and sulfur; and the remainder of the rings
atoms is C. More specifically, one of the ring atoms is independently N, O, or 8; and the
remainder of the ring atoms is C.

In one embodiment, said polycyclic core has 14 ring atoms, including exactly 2 ring

30 hetercatoms selected from nitrogen, oxygen, and sulfur; and the remainder of the rings
atoms is C. More specifically, one of the ring atoms is independently N, O, or S; another
of the ring atoms is independently N, O, or §; and the remainder of the ring aioms is C.

The three six-membered rings are fused together in a linear fashion, and denoted the A-
35 ring, B-ring, and C-ring, where the B-ring is the "middie" ring, as shown in the following
depiction of the polycyclic core.



5 I n one enbodi nent, the nethod provides a radiochem cal yield of at |east
2% preferably at least 3% preferably at least 4% e.g., 4-10% e.qg.,
4-6% In one enbodi nent, the method provides a product with a specific
average activity of at least 0.5 GBqg/pnmol, preferably at least 1.0
GBg/ pnol, preferably at least 1.5 GBqg/pnol. 10 Phenot hi azi ne and
Phenot hi azi ne- Li ke Cbnpounds The present invention pertains to nethods of
["C]-radiol abel ling "phenothiazine" apd "phenothi azi ne-like" conpounds. 15
Such conpounds are characterized by a polycyclic core of three six-nmenbered
rings fused together in a Iinear sai d polycyclic core having 14
ring atons, including exactly 2 ring heteroaton(s), each of
which is independently sel ected gen, oxygen, and sul fur; and
remai nder of the ring atons being C. Mre specifically, 20 one of the ring.
atons is independently N, O, or S; another of the ring atons is
|ndepen Entlé C, N O, or S and the remainder of the ring atons is C.
ot her §SXarty 1 P"L@‘é‘&t'yt%”%@e‘ﬁfﬂ%?@% famgwief theBuing, buinet paw At thedyi d .
pol yCnyrI'n? of OLend)aRd 44 afd 1BEatAYH @fBne bivsdiviei Bg "@ef%t" epsés&mﬁé agnotg&b@gt eroat om
selected fromnitro gen, and sul fur; remal nder of” the rings
at s i Hagh-mask @‘)é’bg@lfﬂif’@ﬁﬂg G}GP'@WE' fﬁﬁhqw@ywplwoa@ ons is independently N, O,
or S; and the remainder of the ring gtons is C In one enbodi nent, said
pol ycyclic core has 14 ring atong g exactly 2 ring 30 heteroatons
selected fromnitrogen, oxygen, and the remai nder of the rings
atons is C. Mire specifically, e ng atons is independently N, O,
or S; another of the ring atons is inrdependently N, 0, or S; and the
remai nder of the ring atons is C. The three six-nenbered rings are fused
together in a linear fashion, and denoted the A 35 ring, B-ring, and C-ring,
wher e t he oBe ehit@dingent 1B corethdk @XadtiyOringisetsfoath.i n the fol l owing depiction

of the Qol ¥]cycllc core, 12 ABC
n ohe embodiment, the core has exactly 1 ring heteroatom which is independentiy

10 selected from O, N, and S.

{n one embodiment, the core has exactly 1 ring heteroatom which is independently

selected from O and N.

In one embodiment, the core has exactly 1 ring heteroatom: O.

In one embodiment, the core has exactly 1 ring heteroatom: N.
15 In one embodiment, the core has exactly 1 ring heteroatom: 8.

In one embodiment, the core has exactly 2 ring hetercatoms.
In one embodiment, the core has exactly 2 ring heteroatoms, each of which is
independently selected from O, N and S.
20 In one embodiment, the core has exactly 2 ring heteroatoms, each of which is
independently selected from N and 8.
in one embodiment, the core has exactly 2 ring heteroatoms: N and S.
In one embodiment, the core has exactly 2 ring heteroatoms: N and O.
In one embodiment, the core has exactly 2 ring heteroatoms: N and N.
25 in one embodiment, the core has exactly 2 ring heteroatoms: O and O.
In one embodiment, the core has exactly 2 ring heteroatoms: O and S.
in one embodiment, the core has exactly 2 ring heteroatoms: S and S.

The polycyclic core is partially-aromatic (i.e., not all of the ring atoms contribute to the

30 aromatic character of the polycyclic core), or fully-aromatic {i.e., all of the ring atoms
contribute to the aromatic character of the polycyclic core). In one embodiment, the
polycyclic core is fully-aromatic.



" The exactly | or exactly 2 ring heteroaton(s) formpart of the B-ring, but
not part of the A- ring or Cring, and so are |located at one or both of the
"central" positions denoted by a 5 hash-mark (#) in the foll ow ng depiction
of the polycyclic core. A B Cln one enbodinent, the core has exactly 1
ring heteroatom In one enbodinent, the core has exactly | ring heteroatom
whi ch is independently 10 selected fromO, N, and S. In one enbodi nent, the
core has exactly | ring heteroaton1mhj?§_is i ndependently selected fromO
and N. In one enbodinment, the core has exactly 1 ring heteroatom 0. In one
enbodi nent, the core has exactly | ring heteroatom N. 15 In one
enbodi nent, the core has exactly 1 ring heteroatom S. In one enbodi nent,
t he cor e In&Yye espasidlly peferretherneedment, thesexattly ‘boe2 befecstitora(y) ard Hand& e has
exactly ! [ ch i dependent|y selected fromO,
- N and S_%g%ﬂ?ﬁngﬁ%%gﬁghggﬁ %ﬁ%ﬂ%ﬁ@%@%cﬁm&ﬁggg tly 2 ring heteroatons, each
of which is independently select  M~and S. I n one enbodi nent, the
core has exactly 2 ring heteroatow&. NBa I n one enbodi nment, the core
+ has exactly 2 ring heteroatons: ) one enbodi nent, the core has
exactly 2 ring heteroatons: N and N. 25 I n one enbodi nent, the core has
exad@ly 2 ring heteroatons 0 and O. In one enbodi nent, the core has
exactly r| hetF nbodi ment, the core has

exact |y 2Pl Cy‘%c&%e @fm’mé” BB?@@E}’@F*P% core is

partially- aI‘OITB.tIC(I. ., not all of thie ring atons contrlbutetothe 30
aromati c character of the polycyc r fully-aromatic (i.e., all of
the ring atons contribute to the gma *araoter of the polycyclic
core). In one enbodi nent, the core i s fuIIy aromatic. -13- In

éne especially preferred enbodi ”E”tmeﬁaﬂn‘?az‘ﬁéa(:“y | or het erocaton(s) are N
nd S

In other embodiments, the exactly 1 or 2 heteroatom(s) are as defined herein, but are
10 other than N and S (and are referred to herein as "phenothiazine-like" compounds).

Examples of such polycyclic cores are found in the following compounds;

seclees

phenoxazine phenazine
8]
L0 QU0 L0
{ _ oxanthrene thianthrene phenoxathiine
/N 0 3
acridine xanthene thioxanthene

15 The Pendant Group

The phenothiazine and phenothiazine-like compounds have a pendant group which is
independently:
a primary amino group;
20 a cationic primary imino group;
a secondary amino group;

a cationic secondary imino group;



(and are referred to herein as "phenothi azi ne" conpounds): cit 5 An exanple
of such a polycyclic core is found in phenothiazine: H N S phenothiazine
I n ot her enbodi nents, the exactly 1 or 2 heteroaton(s) are as defined
herein, but are 10 other than N and S (and are referred to herein as
"phenot hi azi ne-11i ke" conpounds). Exanples of such polycyclic cores are
found in the followi ng conpounds: H \ | O phenoxazine phenazine cit cit a:t
oxant hrene thi anthrene phenoxathiine, A\ \ 1 / \ 0V / \ S| acridine

xant hene t hi oxant hene 15 The Pendant "Group The phenot hi azi ne and

phenot hi azi ne-l.i ke . s.have a pendant group which is independently: a
primary aniH%pﬂpaﬁﬁﬁﬁg%ﬁgﬁgégionic primary imno group; a secondary am no
group; a cata esgondagdmirdegryup.im no group; -14- a primary imno group; or a
secondary imno group. The term "pendant group,” as used herein, pertains to
a group which is covalently

The term "pendant group,” as used herein, pertains to a group which is covalently
5 attached to a ring atom of the polycyclic core of the phenothiazine compound or
phenothiazine-like compound. For example, the pendant group does not form part of a

ring of the polycyclic core of (i.e., is not fused to) the phenothiazine compound or
phenothiazine-like compound.

10 A pendant primary amino group is a group of the formula -NH..
A pendant cationic primary imino group is =N“H,.

A pendant secondary amino group is a group of the formuia -NHR.
A pendant cationic secondary imino group is =N"HR.
15
A pendant primary imino group is a group of the formula =NH.
A pendant secondary imino group is a group of the formula =NR.

Thus, in one embodiment, the pendant group is independently selected from:
20 . -NH,, -NHR, =N"H,, =N"HR, =NH, and =NR.

In one embodiment, the pendant group is independently a secondary amino group or a
cationic secondary imino group.

25 In one embodiment, the pendant group is independently selected from:
-NHR and =N“HR.

The [V'ClMethyl Radiolabelled Pendant Group

30 Upon reaction with the radiotabelled methylating agent, ["*Clmethyt .
triflucromethanesulfonate (CF,S0,0"'CH;; [''Cimethyl trifiate), the pendant group is
converted to the corresponding [''Clmethyl-labelled pendant group.

Thus, the ["'Clmethyl-radiolabelied phencthiazine and phenothiazine-like compounds
35 have a pendant group which is independently:



5 attached to a ring atom of the polycyclic core of the phenothiazi ne
conpound or phenot hi azi ne-1i ke conpound. For exanple, the pendant group
does not formpart of a ring of the polycyclic core of (i.e., is not fused
to) the phenothi azi ne conpound or phenot hi azi ne-1i ke conpound, 10 A pendant
primary amno group is a group of the formula -NH2. A pendant cationic
primary imno group is W-H2. A pendant secondary am no-greup-ts:a group of-
the formula -NHR A pendant cationic secondary imno group is =WNHR. 15 A
pendant primary imno group is a grouﬂ5of the fornmula =NH. A pendant
secondary im ng, group i % roup of the formula =NR Thus, in one

embodi ment, thk (% Bieditabgt qoﬁd@rhégﬁ%%?l y sel ected from 20 -NH2,

- NHR, WHZ aWdfﬁveth;ﬂNlﬁbe@éiﬂcﬁHRcsleBor%@ﬁ/ ARG IpNt . the pendant group is

i ndependent |y secondary am no group or a cationic secondary imno group.
25 I'n one enbdliFswethy-aneligstisdian agine@rurs i ndependent |y sel ected from

-NHR and =W "B“Jpr%’cﬂa/llab@ﬂé\él f‘étg»wc tgﬂgﬂy%ﬁﬂgpdréa Pendant Group 30 Upon

reaction vvlth he radi ol abel met hyl'ati ng adent, ["C}nethyl
- tri %l uor omet hah&loetiyhiabeligdorasoday ahigo Q[O’L@) piet hyI triflate), the pendant

group is con Ere(’tt']ﬁ%ffﬁ QRQ@TOC%& oﬁég&ﬂ%‘g’mmb thyI -1 abel I ed pendant group.

Thus, the ["C not hi~a |ne and phenot hi azi ne-1i ke
corrpounds 35 have a pendant group Whl ch is independently: 1 v e evv ...’

["q et nhiP hyI Gark plnERE s Rl (M SREC ﬂ??nwn%%p’&%%ﬂgw;@]eﬁr&' R hpel | ed
tertiar ys%mﬂm)’y@rrmqagmap[ NE- ﬁ&Hh;yl -I abel |l ed cationic tertiary imno group;
10
A cationic primary imino group (=N™H,) gives rise to a corresponding ['Clmethyl-tabelled
cationic secondary imino group: =NTH-(""CH,).

A pendant secondary amino group (-NHR) gives rise to a corresponding [''C]methyl-
15 labelled tertiary amino group: -NR-(*'CHg).

A cationic secondary imino group (=N"HR) gives rise to a corresponding [*'Clmethyl-
labelied cationic tertiary imino group: =NR-(""CH,).

20 A pendant primary imino group (=NH) gives rise to a corresponding [''Clmethyl-labelled
secondary imino group: =N-("'CHa).

A pendant secondary imino group (=NR} gives rise to a corresponding
- [""Clmethyl-labelled cationic tertiary imino group: =NUR-("'CHy).
25
The conversion of the pendant group to the corresponding [ 'Clmethyl-labelied pendant

group is summarised in the following table.



5 a ["Clnethyl -1abel | ed secondary imno group; or

a ["C]nethyl-labelled

cationic tertiary imno group. A pendant primary amno group (-NH2) gives
rise to a corresponding ["C]nmethyl-I|abelled i

-NH (" CH3) .

cationic

secondary am no group:

secondary im no group:

10 A cationic primary imno group (=WH2) gives rise to a
correspondi ng ["C] net hyl -1 abel | ed

=N()H ("CH3). A pendant secondary am no group (-NHR) gives rise to a

corresponding ["Clnmethyl - 15 | abelled tertiary amno group: -NR("CH3). A
cationic secondary imno group (=W H®R-gives rise to a correspondi ng
["Clnethyl - |abelled cationic tertiary imno group: =WR-("CH3). 20 A
pendant] primary imno group (=NH) diabé&sirise to a correspondi ng
["C] et < fﬁ—ﬁ@—g@W A—pendant—segcondary
i mno group (:I;slB),d;g{t\@,guﬁi se toja cor é’gﬁ el [ MF’W&@%—“P@BM | ed
cationifc tertiary imino group: JWR-("CH3). Pend@et Geayersion of the pendant
group tp—the—-correspongi-ngf—CGaet-hyl-labelle 1%nderi sed
in the fol PERRRG™MEDI e| - Lgy, Tatll e\, Pendant | & olipeiearaealigs sarengary
C] Met hy -Labe%ﬂoag Pendant oup pri mgry M ho - NH2 givib Grée3) | ’
C} met hy|- el j ndary group_anino gro |pﬁﬁ_;:fi onic primary. =N} H2
=W H- (" CHPRUpniePRBERy | || apeb| ed [ca 'ﬁ:g_'r i)m nd Ghertpyideadiad sr¥onian ho gr oup
secondary aii'ﬂiﬁlc?groUb"R -NR- ) H ﬁ(ws-l abel E@&brﬁ%ﬁihﬁ{d’ BLeuP qﬁm no
group fationic”secondary =N 'HR =NR- (" CH3) Clnethyl -l a belled cafionic
secondary amino y 1"C]methyl-labelied tertiary
-NHR -NR-(""CHg) ,
group amino group
cationic seconda "Cimethyl-labelled cationic
N Y aNemR =NUR-("'CH;) [ Clmethy _
imino group tertiary imino group
: - B [Clmethyl-labelied secondary
primary imino group =NH =N-(""CHs} o
imino group
secondary imino "Clmethyl-labelled cationic
Y =NR =NOR-("'CHa) el , Y L
group tertiary imino group
Thus, in one embodiment, the [''Clmethyl-labelled pendant group is independently
setected from: -NH-("'CHj), -NR-("'CH5), =NPH-(*'CHz), =NMR-(*'CH3), and =N-(""CHj).
5 in one embodiment, the {'Clmethyl-labelied pendant group is independently a secondary
amino group, or a corresponding cationic iminoc group.
In one embodiment, the [*'Clmethyl-labelled pendant group is independently selected
from: -NR-("'CHj) and =N™R-(""CHj,).
10

The Pendant Group: Position

In one emhodiment, the pendant group is independently attached to a ring carbon atom of
the polycyclic core of the phenothiazine or phenothiazine-like compound.
15 ’
In one embodiment, the pendant group is independently attached to a ring carbon atom of
the A-ring or C-ring of the polycyclic core of the phenothiazine or phenothiazine-like
compound,



i M no group tertiary imno group primary imno group =NH N-("CHS)

C] met hyl -1 abel | ed secondary imno group secondary imno =NR =N(')R- (" CH3)

[ CGnethyl-labelled cationic group tertiary imno group Thus, in one

enbodi ment, the ["Clnmethyl-Iabelled pendant group is independently selected
from -NH("CH3), -NR("CH3), =Nw+wH ("CH3), =N(+)R-(1' CH3), and =N-("CH3).
5 In one enbodi nent, the ["C] nethyl-labelled pendant group is independently
a secondary amno group, or a correspanding cationic imno group. In one
enbodi nent, the ["C] nethyl-|abelled perdant group is independently sel ected

o g bt H s oy BB aEa M B O SRS,

atom of tia- nﬂgloycym'lgl cuowt ef ik B-heg, Rherqidhicadicrerobf tAE pRetdthiazihaer | | ke
conmpound odi nent, the pendant group is independently attached

“to ari nghé%ﬁfia'aﬁnafwwm%ﬁe A-ring or Cring of the polycyclic core of the

phenot hi azi ne or phenot hi azi ne-1ike conmpound. -17- In one enbodinent t he
pendant OE% EI |ndetpendentlﬁ attached to a ring carbon atomof the A-ring

“or 6 ri nd SBtEMRETMaT HRPaBTARt AU S RIRPERRRYHARFe LB e T aistal

phenot hi aakifiensst th@h%@tdalc%@@ﬂhé E&%W@M@% the fHenefsAERQdi ment, the

pendant group is independently attached at one of the "distal"” p03|t| ons of
the A-ri Rgeorihiezipgqlige @$mp¢+@dpwh%w@ﬁlﬂ@nwﬁéieaeteﬂmf astasink B lihae or

phenot hi ggljoRfiry ddeftibR PPRE My WlicClrposi tions are denoted by asterisks (*) in
the follow nggl dégﬁcl'ctlon g% tmcpol ycycllc core: * ABC 10

10
The Pendant Group: The Substituent R

In one embodiment, R is independently selected from: Cqgaikyl, Cqsalkenyl, Cqzalkynyi,
Ci.scycloalkyl, and Cqgcycloalkenyl, and is optionally substituted with one or more (e.g., 1,

15 2, 3, 4, etc.) groups selected from halo {e.g., fluoro, chloro, bromo, iodo), hydroxy, and
Ciaatkoxy.

tn one embodiment, R is independently Cigalkyl.
In one embodiment, R is independently Cq_alkyl.
20 In one embodiment, R is independently -Me, -Et, -nPr, -iPr, -nBu, -iBu, -sBu, or -{Bu.
( in one embodiment, R is independently -Me or -EtL.
in one embodiment, R is independently -Et.
In one embodiment, R is independently -Me.

25 Additional Substituents

In addition to the pendant group discussed above, the phenothiazine or phenothiazine-
like compound optionally has one or more (e.g., 1, 2, 3, 4, etc.) additional substituents, for
example, selected from: amino (-NH,), methylamino (-NHMe), dimethylamino (-NMe,),

30 ethylamino {(-NHEY), diethylamino (-NEt;}, imino (=NH), methylimino (=NMe), ethylimino
(=NEt), methyl (-Me), ethyl (-Et), fluoro (-F), chioro {-Cl), bromo (-Br), iodo (-1}, oxo (=0,
hydroxy (-OH), carboxy (-COOH), and protonated and deprotonated forms thereof.



The Pendant G oup: The Substituent R In one enbodinent, R is independently
selected from Cl.6alkyl, C, _salkenyl, CL C alkynyl, Cl _6cycloal kyl, and

C, _6cycl oal kenyl, and is optionally substituted with one or nore (e.g., 1,
15 2, 3, 4, etc.) groups selected fromhalo (e.g., fluoro, chloro, brono,

i odo), hydroxy, and ClAal koxy. In one enbodinent, R is independently

Cl.6alkyl. 1In one enbodinent, Ris independently Cl 4al kyl. 20 In one
enbodi mrent, R is independently -M, -ﬁé, -nPr, -iPr, -nBu, -iBu, -sBu, or
-tBu. In one enbodinent, Ris independently -Me or -Et. In one enbodi nent,
Ris indEEenge@tlé -Et. EIn one enbodi nent, R is independently -Me. 25
Addi ti on&g, eFAMSdition to the pendant group di scussed above,

t he phenot hi azi ne or phenot hi azi ne- |ike conpound optionally has one or nore

(e.0., addi ti nal substl tuents, for X sel ect ed
from an{Wd(t'ONHé)e p%%@?‘aﬂgﬁzm%a BORIRRTS i RETRYUNSAL b M@zymc

et hyl ani @fih é's'biltlﬁélécogrhtéﬁ—llaﬁﬂ @a&(pg(a&lﬁaaamoﬂ Eﬂm‘é%(:l'NH}ochm?le)éhlt)Wbﬂo ( =NMe) ,
et hyl i m no (: (-Me), et -Et), fl'uoro (-F), chloro (-C),
br oRo ( - BRlyate; %aohgdqaje)f@rg‘b( =0), hydroxy (-OH), carboxy (-COOH), and

prot onated and deprotonated forns thereof. -18- lonic, Salt, and Sol vate
Fornms I n_addition, the phenothi azine or phenothi azi ne-like conpound nmay be
in any i bAf exanply. an aming wravpdcitamay kejothediormehpn HEdiegditian galt: -Nidk.HChddi t i on
salt, e. @orhNh’Hé’C (_:hl oride salt), or 5 solvate (e.g., hydrate) form For
exarrpl e, an amno group (-NH2) may be in the formof an HCl addition salt:
-NH2. HCl (or -N(")H3Cl-). 10 Some Preferred Phenothi azi ne Conpounds In one
er‘rq%dl MeRf,md I*Fefe?r@ﬁqﬂelﬂaf?ﬁz[h%_@&mm%t hi azi ne-1i ke conpound is a conpound

t he foltow ng rormnufa

In one embodiment, the phenothiazine or phenothiazine-like compound is a compound of

N‘\
RE_ /@ D\ _H
N S N
}iqa + [_1{1

15 wherein each of R', R?, and R® is independently -H or as defined above for R; and M is

the following formula:

an anion (e.g., to achieve electrical neutrality).

In one embodiment, R is independently as defined above for R.
20 In one embodiment, -NHR' is independently -NHMe.

in one embodiment, -NR?R? is independently -NH,.

In one embodiment, -NR?R? is independently -NHMe.
in one embodiment, -NR*R? is independently -NMes,

25
in one embodiment, M is independently a halide ion.
In one embodiment, M is independently F, CI', Br', or I'.
In one embodiment, M is independently CI, Br, or I'.
in one embodiment, M is independently CI.
30 In one embodiment, M is independentiy Br.

In one embodiment, M is independently 1I”,



RAN NH MR3 R 15 wherein each of R,

def i ned above for

R and M

is

neutrality).

an anion (e.g.,

to achi eve el ectrical

20 I n one enbodi nent,
2R3 i s independently
I n one enbodi nent,

a-, Br, or
one enbodi nent,

In one enbodi nent, R is independently as defined above for R
-NHR is independently -NHVe. In one enbodi nent, -NR
-NH2. I n one enbodi nent, -NRzR3 is independently - NHWe.
-NR2R3 is independently -Nwve2, 25 In one enbodi nent, M
is independently a halide ion. In one enbodinent, M is independently F,
l-. In one enbodinent, M i$3independently -, Br , or r. In
M is independently C. 30 In one enbodinent, M is

R2, and R3 is independently -H or as

i ndependentth wnBESpedaﬂy (p»rfﬁfezeeﬂ)erﬂbmment Mhencghibzloe bﬂbldﬁ*f&ﬂlé(mﬂte like doPpoluRd one

especially

conpound
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HSC,NSNHCI

SRR R e

enoth|a2|ne i ke

15CONMVe2: and M

phenot hi azi ne or

bl ue:

/

phenoth|a2| e-1ike

Nn

nd the resulting ["Clsradiol abel | ed
C IS [N-|5 nethyl--"C]nethyl ene
Resonance Structures

I[N~ \ H3C N

\/

~SiN | C

10 It is noted that may chemi tsff~ o

properties.

mgbunds have resonance

Such | i
CH

3

and the resulting [''Cl-radiolabelied phenothiazine or phenothiazine-like compound is [N-

It is noted that may chemical moieties and compounds have resonance properties. Such
species may be considered to alternate or resonate between two or more resonance
structures. Any of these different resonance structures may be used to accurately
represent the species. Usually, but not without exception, the most energetically-stable
resonance is used to depict the species. As will be appreciated by the skilled artisan, the
structures shown herein are often one of many possible resonance structures which may
be drawn to depict the same compound. As used herein, and unless otherwise specified,
a reference to one sfructure is to be considered a reference to all possible corresponding

5 methyl-""Cimethylene blue:
Resonance Structures
10
15
pE
L
resonance siructures.
20

For example, there are many resonance structures for Azure B, including the ones shown

below. Each of these equivalently represents the same compound.

_ ~ - _
- H,C N M
+
CH, CH, CH, CH,
L i L .

is



speci es may be considered to alternate or resonate between two or nore
resonance structures. Any of these different resonance structures may be
used to accurately represent the species. Usually, but not wthout
exception, the nost energetically-stable resonance is used to depict the
species. As will be appreciated by the skilled artisan, the 15 structures
shown herein are often one of many possi bl e resonance structures which may
be drawn to depict the sane conpound. A20used herein, and unl ess ot herw se
specified, a reference to one structure is to be conS|dered a reference to
all possib edinestfip Gxeinplgs resonance structures, 20 For exanple, there are
many resonance structures for Azure B, including the ones shown below Each
of these equivalently represents the sanme conmpound. fNf / Il fI_HH3CN\ I S
I N H C HSGme spkcific rariples bf phenothGiiheChidl pHidBotBiddine2ke BamRubRerRtiits, but
Exampl es S c of phenot hi azi ne and phenot hi azi ne-11i ke
conpounds % (ﬁ@gﬁe%h%ﬂwﬁggghﬁg limted to, the followwng: 5/ I N/ I N 3
H3C N5\ S\ N HC H CN\ S\ NHHO CHCHCH3 Azure B 3 3 Azure A H3C\
(NN CH3 \ P ME U*HL' NH—CH3 C—Thionine Toluidine Blue 0 _HZN

e

+N NHZ HC| HZN \

NH HCI
&
My Azure B & ® Azure A
H,C | N I
X, -CH,
H,N s N H,N 8 NH
CH, Ct- Thionine

Toluidine Biue O

X X
l ~
HN NH, HGI H,N N NH, 2HC!

Cl» CH
Acriflavin HCI
N
WOSCU NG PN
c . Ok Ck Pn
Neutral Red Fhenosafranin

Preparation of Radiolabelled Methylating Reagent: ["'CIMethyt Triflate

The methods of the present invention employ the methylating reagent [*'C]methy!
10 trifluoromethanesulfonate (CF;S(=0),0-""CHj), also known as ["'Clmethyl triflate.

It is noted that [''Clmethyl iodide is not only the fastest reacting methy! halide in
nucleophilic substitution (Sy2) reactions such as N-, O-and S-methylation procedures
(see, e.g., Bolton, 2001), but it is also regarded as the most commonly used labelling

16 agent for the preparation of *'C-radiotracers (see, e.g., Nagren et al., 1995). However,
efforts to use [''Clmethyl iodide as the methylating agent with Azure B have proven
unsatisfactory, providing very low radioactive yield and radiochemical purity: the highest
radiochemical vield was less than 0.5%.



C- CH3 Acriflavin HCOI 31 NNCH/ I N HCN* / NHZ NHCH3 d- HdO- Ph
Neutral Red Phenosafranin Preparation of Radiol abelled Methyl ati ng Reagent:
f*Cd Methyl Triflate The nethods of the present invention enploy the

met hyl ati ng reagent ["C]nethyf 10 trifl uoronethanesul fonate
(CF3S(=0)20-"CH3), also known as ["Clnethyl triflate. it is noted that
["Clmethyl iodide is not only the fastest reacting nethyl halide in

nucl eophilic substitution (SN2) reactions such as N, O and S-nethylation
procedures (see, e.g., Bolton, 2001), b@i-it is also regarded as the nost
commonly used | abelling 15 agent for the preparation of "C-radiotracers
(see, e.qg..["Nidetbyl taflatahas bagpayed inlvadivantive labbling teactionwi@ee[¢.6] Botdy| i odi de
as the net ti S B, ,hav v, .unsat.i sf.act . Rravi di ng
very T ow r i Bet /e ToR e SF ERIONARHER o5 {205, LRk, D308 NRORN

radi ochemi catlalyi@98) Nase bEihsse pablictiGibtead®lor shtigdviitehyde offi'Clnadtpy! iflmtdiaen

used in radioactiv abel | i,ng .reactions (see, e.g., Bolton, 2001; Jewett,
1992; |vvat§h8{“e§*?°.£dféﬁ%3dl\ﬁéeg‘?‘%n et al., 1995: Lundkvist et al., 1998:
Nagrens et al., 1998). None of these publications teach or suggest the use

f [11C methyl triflate in_ th i bed in. 5 trated
her ci n, | UsehBHe PRI, ST GINE T §1 ATy b rec ey
i ncreased natre@sdd/ndt balyrias Fereictiveyiyidelut alButheaalagochdBicaiasiiigehem cal  purity.

[ 79C] Met hyl triflate may be prepared, for exanple, using the nethods
di scussed below. 10 In a first step ("irradiation"), a mxture of nitrogen

and oxygen, ["a@livbihghtidie sy frepdted, fordeiipld 1RinkRAe nRiitbds dR0sedbddia) s
subj ected to bonmbardment with high energy (e.g., about 5-20 MeV, e.g.,
about 140 Mev) protons to form 11C02 via a 14N(p,a)"C nucl ear reaction. A

beam current, HrstedaguiirbQation) RAmb@ure of nitBget arkPoxyden i thighbressure (e.g.,
\. about 1-5 MPa, e.g., about 2 MPa) is subjected to bombardment with high energy
(e.g., about 5-20 MeV, e.g., about 10 MeV) protons to form "'CO, via a “N(p,a)*'C
nuclear reaction. A beam current of about 10-100 pA (e.g., about 30 pA) and an
15 irradiation time of about 1-120 minutes (e.g., about 10 minutes) is suitable.

Scheme 2
14N(p,oc)”C

11
O, + N, e CO,

20 In a second step ("methoxide formation"), the resulting "'CO; is reduced to form "'CH,0,
using a suitable reducing agent, for example, lithium aluminium hydride (LiAlH,, LAH).
<" See, for example, Crouzel et al., 1987. At the "end of bombardment" (EOB), "'CO, is
transferred, for example, in a stream of helium gas, into a solution of LAH, for example, a
cooled 0.1 M solution of LAH in tetrahydrofuran (THF). The "'CO, reacts with LAH fo
25 produce the ""CH,O". The solvent (e.g., THF) may be removed by heating, for example,
to 130°C. '

Scheme 3

"co, + LAH, ———— @ TCHO L

30
In a third step ("neutralisation"), the resulting 'CHy0" is neutralised to form the
corresponding alcohol, ''CHZOH, using, for example, a Bronsted acid, for example,
phosphoric acid. For example, after removal of solvent, the "'CH;O" s cooled, for
example, to 0°C, phosphoric acid (e.g., 1 ml of 10% phosphoric acid) is added.



15 irradiation time of about 1-120 mnutes (e.g., about 10 mnutes) is
suitable. Schene 2 14N(p,a)110 1102 + N2 CO2 20 In a second step

("met hoxi de formation"), the resulting 11C02 is reduced to form"CH3G,
using a suitable reducing agent, for exanple, lithium alum nium hydride
(Li AlH4, LAH). See, for exanple, Crouzel et al., 1987. At the "end of
bonmbardnent” (EOB), 11C02 is transferred, for exanple, in a stream of

hel ium gas, into a solution of LAH, forz2gxanple, a cooled 0.1 M solution of
LAH in tetrahydrofuran (THF). The 11C02 reacts with LAH to 25 produce the
11CH30 The solvent (e.g., THF) may be renoved by heating, for exanple, to
130C. Schenme 3 11C02 + Li AlH4 11CH30 I?L-‘i 30, In a third step

("neutralisati on") the resulting 11 neutralised to formthe

correspondi sing, for exanple,  a Bron ted [ for
exanpl e, % 3-a0| d. Fc%{ae anple, after rerrg 2@ s E'm?&xtil}é " CH30-
is cooled, for exarrpl e, to 0C, phosphoric acid (e.qg., 1 n1 of 10%
phosphoric acid) is added. -22- Schene 4 11CH3O- Li+ + H3P04 10 11CH30H +

H2P045 Li -In% fbﬂrtlﬁlsfe@gﬁ&d?naibﬁg the ir@ﬁjlm@ﬂr‘@q OH |stth§n Fertad Wiltdhydebld@it! degi t hen

react ed w droi o ac,g(g&?I For exanp the "CH30H is transferred,
di stf reﬁﬁmaﬁoﬁhﬁer tsltE?r‘i‘Sfeé"@Ht%EnF‘ﬁS“e}ql to appihersrgrcti®Ranpl e,

heat ed, foéor@éiﬁl |HP aﬁdofol@Qarﬂxﬁ@Qéﬁecg for exaRiple, 1@1063'19@"@0(%9 GH33c) 0 Schene 5

11CH30H + HI 71C HPO Ina fifth step trlflateforrratlon"g, t he

resul ting pf@ﬂB@l@ tfhen reacted with a suitable triflate salt, for exanple
silver triflate (AgCF3S(3). The reaction may conveniently be

10 Scheme 5

“CH,OH + H ————— 1iCHJ + HO

In a fifth step ("triftate formation™), the resulting "'CH;! is then reacted with a suitable
triflate salt, for example silver triflate (AgCF;S0O3). The reaction may conveniently be

15 performed using column methods, for example, using a column packed with silver triflate.
See, for example, Jewett, 1892, For example, a suitable column (e.g., stainless steel
HPLC C-18 Luna column (250 x 3 mm)) is loosely packed with coarse silver triflate, and
held in place with, for example, glass wool. Before use, the column is suitably
conditioned, for example, under argon gas flow for 30 minutes at 300°C. The "'CHsl, in a

20 steam of carrier gas, for example, helium gas, is then passed through the column which is
heated to a suitable temperature, for example, about 100-300°C (e.g., about 200°C), to
yield the desired CF3S(=0),0-""CHs.

Scheme 6
25 MCH,l -+ Ag' CF;8(=0),00 ————» C(F,S(=0),0"CH, + Ag*" I
In one embodiment, the methods of [''C]-radiclabelling a phenothiazine compound or a
phenothiazine-like compound further comprise the earlier step of (5) triflate formation.
30 In one embodiment, the methods further comprise the earlier step of (4) iodination and (5)

triflate formation.

In one embodiment, the methods further comprise the earlier step of (3) neutralisation, (4)
iodination, and (5) triflate formation.
35



15 perforned using colum nethods, for exanple, using a colum packed wth
silver triflate. See, for exanple, Jewett, 1992. For exanple, a suitable
colum (e.g., stainless steel HPLC C-18 Luna colum (250 x 3 nm) is

| oosely packed with coarse silver triflate, and held in place with, for
exanpl e, glass wool. Before use, the colum is suitably conditioned, for
exanpl e, under argon gas flow for 30 m nutes at 300C. The "CH31, in a 20
steam of carrier gas, for exanple, heliumgas, is then passed through the
colum which is heated to a suitable te%%erature for exanple, about

100- 300C (i g r@gg%t 20%@2 d the desired CF3S(=0) 20-"CH3. Schene 6
25 11CH31 +" (=6 Jr MEYS &%@@F@@Mf@aemi%ﬁmwﬁ msioxidebodi nent ,
the net hodsorﬁfanén GBy hadintaRal (4) nairdiphenalb) AfaBearpEBauUNd or a

phenot hi azi ne- l'i ke compound further conprise the earlier step of (5)
triflate formation. 30 in one enbodinent, the methods further conprise the
earlier st I

C T oot 0oRE chBhaRAL S HADGRSHALE) oo S 80585 b 1,

neutr & i satm%‘i‘PX'?%fmeﬁ‘%ﬂ!‘i h?dtﬁeé?ﬁallséh@"t (#)icdinationagrgd f‘-i)ﬁﬂﬂata formatB®. - 23- I n one
enbodi ment, the nethods further conprise the earlier step of (2) nethoxide
formation, (3) neutralisation, (4) iodination, and (5) triflate formation.

I n one enbddigfeation t he met hods furt her conprise the earlier step of (1)
irradiation, (2) 5 nethoxide formation, (3) neutralisation, (4) iodination,
and (5) triflate formation. Automation In one embodi ment , the method of

[" C] - radi ollmbrs Elinhgdlmephéllrﬂ)mhtf@zfm31fdera¢oiahdllmg a@herlcﬁhiphleﬂ@mrmpamdwd i ke
conp d i nbodi ment, the nethod is
full Sllbgut oia?ﬁtgﬁa%hulkg %'%H&ur}a IQ%ERE&&%' %"‘%@?"ﬁg wel | known apparatus and
techni ques. 15 ["Cl - Radi ol abel | ed Phenot hi azi ne and Phenot hi azi ne- Li ke

npounds in one embodiment, the method is fully automated.

The method may be aufomated using well known apparatus and technigues.
15
['"Cl-Radiolabelled Phengthiazine and Phenothiazine-Like Compounds

One aspect of the present invention pertains to [''C]-radiolabelied phenothiazine and
phenothiazine-like compounds which are obtained by, or are obtainable by, a method as
20 described herein.

One aspect of the present invention pertains to [''Cl-radiolabelled phenothiazine and

phenothiazine-like compounds, as described herein.

25 In one embodiment, the compound is a [''C]-radiolabelied phenothiazine compound
having the following formufa wherein R', R?, R® and M is as defined herein:

In one embodiment, -NHR' is independently -NHMe.
30 In one embodiment, -NR*R? is independently -NH,.

In one embodiment, -NR?R? is independently -NHMe.

In one embodiment, -NR?*R? is independently -NMe.. |



One aspect of the present invention pertains to ["C]-radiol abel |l ed
phenot hi azi ne and phenot hi azi ne-1i ke conpounds whi ch are obtai ned by, or
are obtainable by, a nethod as 20 described herein. One aspect of the
present invention pertains to ["C]-radiol abell ed phenot hi azi ne and
phenot hi azi ne-1i ke conpounds, as described herein. 25 In one enbodi nent, the
conpound is a ["C]-radiol abel | ed phenot hi azi ne conpound having the
following formula wherein Rl, R2, R3,-2hd M is as defined herein: R ~
NNICH3 M R3 R 1In one enbodinment, -NHRL is independently -NHve. 30 In one
enbodi nedr ons diRbEEBent N neliegepatelentiya halid2.ion.n one enbodi nent, -NR2R3 is

i ndepend - - pment, -NR 2R3 is i ndependently - NWe2.
-24- In gﬁéh% gg&ﬁgﬁ'ﬁﬁﬁgmﬁgﬁgﬁgﬁggﬁgently a halide ion. 1In one

enbodi ment, M is independently Cr. In an especially preferred enbodi nent,

t he compqund is [N nethyl-"Clmeth ne blue: .. NSNA'&:I—BC + CH3 CH3 5
Conposi tﬁ%ﬁg esﬁfial}ié{spﬁ%%ﬁe%ﬁ”%’ﬁg‘”ﬁh3&?%%@&’?@%@3}%-&' @GW‘IEES%@Q tions
conprising a 10 ["C]-radiel abell e enot hi azi ne an enot hi azi ne-11i ke '
nprising ["C diel abel | ed ph hi azi d ph hi azi ik
conmpound, as described herein. | of the present invention pertains

to conpositions conpri si gﬂg yel I ed phenot hi azi ne and

Ae]) 66
fodlol

phenot hi azi ne-1i ke conpo w@ g/bﬁ*“‘a ot i s obtainable by, a
met hod as descri bed hereijn. 1 + 1
CH, CH,
5 —

Compositions

One aspect of the present invention pertains to compositions comprising a

10 ['"Cl-radiolabelled phenothiazine and phenothiazine-like compound, as described herein.

One aspect of the present invention pertains to compositions comprising a
[”C]»radiolabelled phenothiazine and phenothiazine-like compound which is oblained by,
or is obfainable by, a method as described herein.

15
in one embodiment, the composition further comprises a pharmaceutically acceptable
cartier.

Methods of Imaging

20
One aspect of the present invention pertains to methods of (e.g., PET) imaging which
employ a [''Cl-radiolabelled phenothiazine or phenothiazine-like compound, as described
herein.

25 One aspect of the present invention pertains to methods of (e.g., PET) imaging which
employ a [''C]-radiolabelled phenothiazine or phenothiazine-like compound which is
obtained by, or is obfainable by, a method as described herein.

One aspect of the present invention pertains to methods of (e.g., PET) imaging which
30 includes, as additional prior steps, the steps of a method of ["'C]-radiolabeliing a
phenothiazine or phenothiazine-like compound, as described herein.



I n one enbodi ment, the conposition further conprises a pharmaceutically
acceptable carrier. Methods of Imaging 20 One aspect of the present
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Fow er ., 1999; Kenn et al., 1997. For
exanpl e, .We&ﬂﬁ‘*a&mﬁt&?ﬁ@ﬁpw&“ﬁ@ (%él ok & @9%{0%0%‘)81@ IS g ng conprising
the steps of: 15 (i) preparing a ["(C]-radiol abelled phenothi azi ne or
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For example, in one embodiment, the method is a method of PET imaging comprising the
steps of:
15 (i) preparing a ['C]-radiolabelled phenothiazine or phenothiazine-like compound
using a method according to any one of claims 1 to 45;
(i) introdusing said compound into a subject; and

(i) PET imaging {e.g., a part of, the wholz of) the subject.

20 Methods of Medical Treatment

One aspect of the present invention pertains to a ['C)-radiolabelled phenothiazine or
phenothiazine-like compound, as described herein, for use in a method of freatment
{e.g., of a disease condition) of the human or animal body by therapy.

25
One aspect of the present invention pertains to a [''C]-radiolabelled phenothiazine or
phenothiazine-like compound, which is obfained by, or is obtainable by, a method as
described herein, for use in a method of treatment (e.g., of a disease condition) of the
human or animal body by therapy.

30
One aspect of the present invention pertains to use of a [''C]-radiolabelled phenothiazine
or phenothiazine-like compound, as described herein, in the manufacture of a

medicament for use in the treatment of a disease condition.

35 One aspect of the present invention pertains to use of a [''C}-radiolabelled phenothiazine
or phenothiazine-like compound, which is obtained by, or is obtainable by, a method as
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One aspect of the present invention pertains {o use of:

(i) a (unlabelled) phenothiazine compound or a (unabelled) phenothiazine-like compound,
as described herein; and
(iiy ["'CImethyl trifluoromethanesuffonate (CF;S0,0"'CH,);

in the manufacture of a medicament for use in the treatment of a disease condition.

One aspect of the present invention pertains to a method of treatment of a disease
condition in a patient, comprising administering to said patient a therapeutically-effective
amount of a ["'CJ-radiolabelled phenothiazine or phenothiazine-like compound, as
described herein.

One aspect of the present invention pertains {o a method of treatment of a disease
condition in a patient, comprising administering to said patient a therapeutically-effective
amount of a [''C)-radiolabelled phenothiazine or phenothiazine-like compound, which is
obtained by, or is obtainable by, a method as described herein.

One aspect of the present invention pertains to a method of treatment of a disease
condition in a patient, comprising administering fo said patient a therapeuticaliy-effective
amount of a {"'C}-radiolabelled phenothiazine or phenothiazine-like compound, and which
includes, as additional prior steps, the steps of a method of [''Cl-radiolabelling a
phenothiazine or phenothiazine-like compound, as described herein.

In one embodiment, the disease condition is skin cancer.
In one embodiment, the disease condition is melanoma.

ed of the
ij¢gRAtion pertains to use of: (i) a (unlabelled) phenothiazine
or a (unabell ed) phenothi azine-Iike conpound, 15 as descri bed



(it) ["Cnethyl trifluoronethanesul fonate (CF3SQ2O0'CH3); in the manufacture
of a nedicanent for use in the treatnent of a disease condition. One aspect
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condition in a patient, conprising admnistering to said patient a
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enbodi nent di seasé condition is a tauopat I'n one e di ment, the

di sease c@RAFAN 69rve &S Apansisi fadau sodiesalsse (AD). Tauopathv 5 As di scussed in
Wschik et at., 2002, |abelled phenothiazine and phenot hi azi ne-1i ke
conpounds of the type described herein can bind to "Paired Helical
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Notably, it is not only Alzheimer’'s Disease in which tau protein (and aberrant function or

15 processing thereof) may play a role. The pathogenesis of neurodegenerative disorders
such as Pick’s disease and Progressive Supranuclear Palsy (PSP} appears to correlate
with an accumulation of pathological truncated tau aggregates in the dentate gyrus and
stellate pyramidal cells of the neocortex, respectively. Other dementias include fronto-
temporal dementia (FTD); parkinsonism linked to chromosome 17 (FTDP-17);

20 disinhibition-dementia—parkinsonism—amyotrophy complex (DDPAC); pallido-ponto-nigrai
degehera’[ion (PPND); Guam-ALS syndrome; pallido-nigro-luysian degeneration (PNLD);
cortico-basal degeneration (CBD) and others (see, e.g., Wischik et al., 2000, especially
Table 5.1 therein). Each of these diseases, which is characterized primarily or partially by

abnormal tau aggregation, is referred to herein as a "tauopathy.”

AN
¢
i

25
in particular, the compounds may be used to assess neurofibrillary degeneration
associated with tauopathies, e.g., in a subject who may be believed to sufier from any of
the above-mentioned diseases.

30 Methods of Diagnosis or Prognosis

One aspect of the present invention pertains o a[''Cl-radiolabelied phenothiazine or
phenothiazine-like compound, as described herein, for use in a diagnostic or prognostic
method (e.g., of a disease condition) practiced on the human or animal body.

35
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as descr ereln e aspec Fésen nve tron per
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15 One aspect of the present invention pertains to a method of diagnosis or prognosis (e.g.,
of a disease condition) which employs a [''C]-radiolabelled phenothiazine or
phenothiazine-like compound, and which includes, as additional prior steps, the steps of a
method of [''Clradiolabelling a phenothiazine or phenothiazine-like compound, as
desctibed herein.

20
One aspect of the present invention pertains to use of a [''C}-radiolabelled phenothiazine
or phenothiazine-like compound, as described herein, in the manufacture of a
medicament (e.g., a diagnostic or prognostic reagent) for use in the diagnosis or
prognosis of a disease condition.

25
One aspect of the present invention pertains to use of a [''Cl-radiolabelied phenothiazine
or phenothiazine-like compound, which is obfained by, or obtainable by, a method
described herein, in the manufacture of a medicament (e.g., a diagnostic or prognostic
reagent) for use in the diagnosis or prognosis of a disease condition.

30
One aspect of the present invention pertains to use of a method of [''Cl-radiolabelling a
phenothiazine or a phenothiazine-like compound, as described herein, as part of a
method of preparing a diagnostic or proghostic reagent suitable for use in a method of
diagnosis or prognosis (2.9., of a disease condition).

35
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35 -29- One aspect of the present invention pertains to a method of
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phenot hi azi ne or a eno h| azi ne- co erein.
{ prognostic reagent) for use in the diagnosis or prognosis of a disease condition.

In one embodiment, the disease condition is a tauopathy.
In one embodiment, the disease condition is Alzheimer's disease (AD).
15 In one embodiment, the diagnostic or prognostic method is determining the AD state of a

subject.

in one embodiment, the method of diagnosis or prognosis includes, as additional prior
steps, the steps of a method of [''Cl-radiolabelling a phenothiazine or phenothiazine-like
20 compound, as described herein.

In one embodiment, the methods of diagnosis or prognosis comprise the following steps:
(i) introducing the [''Cl-radiolabelied phenothiazine or phenothiazine-like

s

compound into the subject;
25 (i) determining the presence and/or location and/or amount of ["'C]-radiolabelled
phenothiazine or phenothiazine-like compound in the subject;
(iii) correlating the result of the determination made in (ii) with a disease condition

of the subject.

30 In one embodiment, the methods of [''C]-radiolabeliing phenothiazine or phenothiazine-
like compounds, as described herein, are followed by the additional steps of:
(i} introducing the [''Cl-radiolabelled phenothiazine or phenothiazine-like
compound info a subject;
(ii) determining the presence and/or location and/or amount of [*'Cl-radiolabelled
35 phenothiazine or phenothiazine-like compound in the subject;



5 One aspect of the present invention pertains to use of: (i) a (unlabelled)
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In one embodiment, the methods of [''C]-radiolabelling phenothiazine or phenothiazine-
like compounds, as described herein, are followed by the additional steps of:
15 (i) introducing the [''Cl-radiolabelied phenothiazine or phenothiazine-like
compound into a subject;
(i) determining the presence and/or amount of [''CJ-radiolabelled phenothiazine or
phenothiazine-like compound bound to aggregated PHF tau in the brain of the subject;
(iify correlating the result of the determination made in (ii) with the tauopathy (e.g.,
20 AD) state of the subject.

Treatment

The term "treatment,” as used herein in the context of treating a condition, pertains

25 generally to treatment and therapy, whether of a human or an animal (e.g., in veterinary
applications), in which some desired therapeutic effect is achieved, for example, the
inhibition of the progress of the condition, and includes a reduction in the rate of progress,
a hait in the rate of progress, regression of the condition, amelioration of the condition,
and cure of the condition. Treatment as a prophylactic measure (i.e., prophylaxis,

30 prevention) is also included.

The term "therapeutically-effective amount," as used herein, pertains to that amount of an
active compound, or a material, composition or dosage from comprising an active
compound, which is effective for producing some desired therapeutic effect,

35 commensurate with a reasonable benefit/risk ratio, when administered in accordance with
a desired treatment regimen.



of the subject. For exanple, in one enbodi ment, the nethods of diagnosis or
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mg;aggﬁf ho%&iieéfi gagﬁlnlﬁf%%t&ogﬁ%g %ur at’qnw%l yppe?pher %Qé)[gal ye(Pg f 'att t41e site ofr atio,
desired action).

15
Routes of administration include, but are not limited to, oral (e.g., by ingestion); bucca;
sublingual; transdermal {including, e.g., by a patch, plaster, etc.); transmucosal (including,
e.g., by a patch, plaster, etc.); intranasal (e.g., by nasal spray); ocular (e.g., by evedrops);
pulmonary (e.g., by inhalation or insufflation therapy using, e.g., via an aerosol, e.g.,

20 through the mouth or nose); rectal (e.g., by suppository or enema); vaginal (e.g., by
pessary); parenteral, for example, by injection, including subcutaneous, intradermal,
intramuscular, intravenous, intraarterial, intracardiac, intrathecal, intraspinal,

) intracapsular, subcapsular, intraorbital, intraperitoneai, intratracheal, subcuticuiar,
{ intraarticular, subarachnoid, and intrasternal (including, e.g., intracatheter injection into

25 the brain); by implant of a depot or reservoir, for example, subcutaneously or

intramuscutarly.

The Subject/Patient

30 The subject/patient may be an animal, mammal, a placental mammal, a marsupial (e.g.,
kangaroo, wombat), a monotreme {(e.g., duckbilled platypus), a rodent (e.g., a guinea pig,
a hamster, a rat, a mouse}, murine (e.g., a mouse), a lagomorph (e.g., a rabbit}, avian
(e.g., a bird), canine (e.g., a dog), feline {e.g., a cat), equine (e.g., a horse), porcine (e.g.,
a pig), ovine {e.g., a sheep), bovine (e.g., a cow), a primate, simian (e.g., a monkey or

35 ape), a monkey (e.g., marmoset, haboon), an ape (e.g., gorilla, chimpanzee, orangutang,
gibbon), or a human.



a desired treatnent reginen. -31- The term"treatnent” includes conbi nation
treatnents and therapies, in which two or nore treatnents or therapies are
conbi ned, for exanple, sequentially or sinmultaneously. Exanples of
treatnments and therapies include, but are not Iimted to, chenotherapy (the
5 adm nistration of active agents, including, e.g., drugs, antibodies (e.g.,
as in inmunotherapy), prodrugs (e.g., as in photodynam c therapy, GDEPT,
ADEPT, etc.); surgery; radiation therapy; and gene therapy. Routes of

Adm nistration 10 The ["(C]-radi ol abel32d phenot hi azi ne or
phenot hi azi ne-1i ke conmpound, or pharmaceutical conposition conprising it,
may be adm nistered to a subject/patient by any convenient route of

admi ni strat.jon t her, st.emi cal | y/ per.ipheral l.y. or topicall i.e., at the
site of Fﬁ'&‘bﬁ%"&gﬂﬁ? F‘B‘H?&yflf’}‘o‘e dﬂ?yegé/%‘% %ﬁ?WP&Qfé’PN%'HPWﬁEm %Hé’,&a'%me' 3re not
limted tfostu@ral (e.g., by ingestion); buccal; sublingual; transdernal .
(including, e.g., by a patch, plaster, etc.); transmucosal (i ncl uding,

e.g., by a patch, plaster, etc.); intranasal (e.g., by nasal spray); ocular
(e. G, byneyedrepstidd embotimeRaine duBjedi/patidt ik Ahalngdd. on or insufflation therapy
using, e.g., via an aerosol, e.g., 20 through the nouth or nose); rectal
(e.g., by suppository or enenma); vaginal (e.g., by pessary); parenteral,

for exan®®muBMond)j ection, including subcutaneous, intradernmal,

i ntramuscular, 1Tntravenous, intraarterial, intracardiac, intrathecal,
intraspinal, intracapsular, subcapsular, intraorbital, intraperitoneal,

| Nt T at § ARGt isTHRGHIE GBIV CIRIdARNE] GitrBihiaAibar HABMigkinARd 1 nt rast er nal
(i ncluding, e. g.sqélgi nt r acat kget]er I nj ecti;?)%ré4 into 25 the bré%m ; W%y i mpl ant of

a dtpot cmpsyad {obe ussdde easinisteredl Blone dhisstiienpreferablenforragsest iieael y. The
Subj ect / Rgth @on30 The subj ect/patient may be an animal, mammal, a placental
manmmal , a marsupial (e.g., kangaroo, wonbat), a nonotrene (e.g., duckbilled
pl atypus), a rodent (e.g., a guinea pig,

One aspect of the present invention pertains to compositions comprising a
[''C)-radiolabelied phenothiazine and phenothiazine-like compound which is obtained by,
15 or is obtainable by, a method as described herein, and a carrier.

One aspect of the present invention pertains to compositions comprising a
[”C]—radiolabelled phenothiazine and phenothiazine-like compound, as described herein,
and a carrier.

20
In one embodiment, the compaosition is a pharmaceutical composition {e.g., formulation,
preparation, medicament) comprising a compound, as described herein, and a
pharmaceuticaily acceptable carrier.

25 in one embodiment, the composition is a pharmaceutical composition comprising at least
one compound, as described herein, together with one or more other pharmaceutically
acceptable ingredients well known to those skilled in the art, including, but not limited to,
pharmaceutically acceptabie carriers, diluents, excipients, adjuvants, fillers, buffers,
preservatives, anti-oxidants, lubricants, stabilisers, solubilisers, surfactants (e.g., wetting

30 agents), masking agents, colouring agents, flavouring agents, and sweetening agents.

in one embodiment, the composition further comprises other active agents, for example,
other therapeutic or prophylactic agents.

35 Suitable carriers, diluents, excipients, etc. can be found in standard pharmaceutical texts.
See, for example, Handbook of Pharmaceutical Additives, 2nd Edition (eds. M. Ash and |.




a hanster, a rat, a nouse), nmurine (e.g., a nouse), a |lagonorph (e.g., a
rabbit), avian (e.g., a bird), canine (e.g., a dog), feline (e.g., a cat),
equine (e.g., a horse), porcine (e.g., a pig), ovine (e.g., a sheep),
bovine (e.g., a cow), a primate, siman (e.g., a nonkey or 35 ape), a nonkey
(e.g., marnoset, baboon), an ape (e.g., gorilla, chinpanzee, orangutang,

gi bbon), or a human. -32- Furthernore, the subject/patient may be any of its
forns of devel opment, for exanple, a _f@etus. 5 In one preferred enbodi ment,
the subject/patient is a human. Formulations Wiile it is possible for the
["C] -radi b @Az NRE hiEaZi-e-Nd ound to be
used (e. gﬁgﬂag%ﬁqé ![Q éﬁgg?ﬁﬁéﬂﬁfRﬁouﬁgbﬁﬁéEﬁgilrcgl?’eﬂr'% l?gﬂf?(l)ﬁs%‘ esent it as a
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Lcompri Si nGodh, ahd Hanfisth s Bhialchach BISRILPIAR! % Ao NBRA! N azi ne-1 i ke
conpound I ch i ) ai nabl e by, a nethod as
descri bed herein, and a carrier. One aspect of the present invention
{ai o " n . . thi azi q
“Phenst i ac oS RRLL M pEgIRIARhh Beriny b MM BRI R BRANEALEE! T OTe
enbodi mentompdrtionaopusising adnixingapbat wae €E]rediolabeligabshidriotaiee o |

formul ati ar.at | dj camen I_Si . Q und, ,,as descri bed
herein, a ﬁené)ﬂ%pﬁlg%lr"r%c@%%gﬁ 1 %/S accgé%g%%g? dégaeﬁel?g?tﬁ O%gra?ﬁ"'ocgﬁgthgﬁbodi ment ,
t he conposh#rirencittaly piteptakbauiedehtsomiposwh tothoseshilled intge att, £gast  one

conpound, esecribed herein,. together with one or re.qther

phglr) maceuf ?@3’% §' ueggscgmgg%ﬁtg, E?tﬁ'gBg?ﬂ’%‘fﬁt%w%ﬁ‘@rﬁﬁo%tsgggt' ﬁ%@%&s‘w'?'le@@ in the
ar t ;10i ncl udit ogntathsib pradetdrininedend o (dophgs) vhttewddicabbyipagaept abl e carriers,

di luents, excipients, adjuvants, fillers, buffers, preservatives,

ant i - oxi dants, lubricants, stabilisers, solubilisers, surfactants (e.g.,
wetting 3@hagemt"sharntmsitically ageptable" @elueed harginragenirs, tofcbmpeutdsng agents, and

sweet eni ng _aggents. . . . s
ﬁwgr&?enris, materials, compositions, dosage forms, etc., which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of the subject in

15 question (e.g., human) without excessive toxicity, irritation, allergic response, or other
problem or complication, commensurate with a reasonable benefit/risk ratio. Each
carrier, diluent, excipient, etc. must also be "acceptable” in the sense of being compatible
with the other ingredients of the formulation.

20 The formulations may be prepared by any methods well known in the art of pharmacy.
Such methods include the step of bringing into association the active compound with a
carrier +which constitutes one or more accessory ingredients. In general, the
formulations are prepared by uniformly and intimately bringing into association the active

Qg compound with carriers (e.g., liquid carriers, finely divided solid carrier, etc.), and then

25 shaping the product, if necessary.

The formulation may be prepared to provide for rapid or slow release; immediate,

delayed, timed, or sustained release; or a combination thereof,

30 Formulations suitable for parenteral administration (e.g., by injection), include agueous or
non-agueous, isotonic, pyrogen-free, sterile liquids (e.g., solutions, suspensions), in
which the active ingredient is dissolved, suspended, or otherwise provided (e.g., in a
liposome or other microparticulate). Such liquids may additional contain other
pharmaceutically acceptable ingredients, such as anti-oxidants, buffers, preservatives,

35 stabilisers, bacteriostats, suspending agents, thickening agents, and solutes which render
the formulation isotonic with the biood {or other relevant bodily fluid) of the intended



I n one enbodi nent, the conposition further conprises other active agents,
for exanple, other therapeutic or prophylactic agents. 35 Suitable
carriers, diluents, excipients, etc. can be found in standard pharmaceuti cal
texts. See, for exanple, Handbook of Pharmaceutical Additives, 2nd Edition
(eds. M Ash and I. -33- Ash), 2001 (Synapse Information Resources, Inc.,
Endi cott, New York, USA), Rem ngton's Pharmaceutical Sciences, 20th
edition, pub. Lippincott, WIlianms & W4 kins, 2000; and Handbook of

Phar maceuti cal Excipients, 2nd edition, 1994. 5 Another aspect of the

present iresigett dExapplesail axz_:ipi_enmm’ﬂmlt& f@fexamblengg&r,m?mfg; guilt}fialeaﬂglycerol,
conposi tion_conpr,li Si adm xin t |east one ["C]-radiol abelle
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"pharmaceutical |l y acceptabl e” as used herein pertains to conmpounds,
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ti ssues of the subject in 15 question gje. g., human) w t’hout excessiVve

t oxi ci ty,o'%ihptedeition of the starils lauikewters Br esample@ter fpr ipisicienso imedptelycat i on,

conmensur, | ; (PR ' ; k- d pluent,
el pi ntPoE e b B ey SR B o T
wi t 10 t he stefle powdgye cgibewies agf taletsf or nul ati on. 20 The fornul ations may be
prepared by any nethods well known in the art of pharmacy. Such nethods
i nclude the step of bringing into association the active conpound with a
carrier +Wwgaghk constitutes one or nore accessory ingredients. In general,
the fornulations are prepared by uniformly and intimately bringing into
association the active conpound with carriers (e.g., liquid carriers,
finely dilvivilest sppréabtediby bee pf gditin)the amthat hppropi2Be sheagasef theeagiiveduct , i f

R o N G O T
t her eof . patient. Determining the optimal dosage will generally involve the balancing of the level
of therapeutic benefit against any risk or deleterious side efiects. The selected dosage
feve! will depend on a variety of factors including, but not limited to, the activity of the
particular compound, the route of administration, the time of administration, the rate of
20 excretion of the compound, the duration of the treatment, other drugs, compounds, and/or
materials used in combination, the severity of the condition, and the species, sex, age,
weight, condition, general health, and prior medical history of the patient. The amount of
compound and route of administration will ultimately be at the discretion of the physician,
veterinarian, or clinician, although generally the dosage will be selected to achieve local
25 concentrations at the site of action which achieve the desired effect without causing
substantial harmful or deleterious side-effects,

Administration can be effected in one dose, continuously or intermittently (e.g., in divided
doses at appropriate intervals) throughout the course of ireatment. Methods of

30 determining the most effective means and dosage of administration are well known to
those of skill in the art and will vary with the formulation used for therapy, the purpose of
the therapy, the target celi(s) being treated, and the subject being treated. Single or
muttiple administrations can be carried out with the dose level and pattern being selected
by the treating physician, veterinarian, or clinician.

35



30 Fornul ations suitable for parenteral admnistration (e.g., by injection),
i ncl ude aqueous or non-aqueous, isotonic, pyrogen-free, sterile |iquids
(e.g., solutions, suspensions), in which the active ingredient is

di ssol ved, suspended, or otherw se provided (e.g., in a |iposone or other
m croparticulate). Such liquids may additional contain other

phar maceutical |y acceptabl e i ngredi ents, such as anti-oxidants, buffers,
preservatives, 35 stabilisers, bacteriostats, suspending agents, thickening
agents, and sol utes which render the Tl ation isotonic with the bl ood

(or other relevant hodjl i d) of the intended -34- recipient. Exanples of
exci pi ent & 98(Er3 o%surqggle (€ acjiue epmpeynddn 8) the FM%I@WE} %’éﬂ"@l

veget abl e 1ghki5 n@d‘(ﬂnér@@ydrééﬂ? abBAAITRY BSail Wh’fg?‘?ér%lb@%r@ﬂb@ HEGH AR for use

in such formulations include Sodium Chloride |Injection, R'nger's Sol ution,
-or Lact at sdPirgtmgEea% Whilledbe pelive coppiods 19,2 S1than esiesent amideon PEITYSh 8T act i ve
| ngr edi entyd kel e aHo‘illHt Qdmlﬁrsféréﬁrlsac%%iat@ érn e/ Hé‘slstd? trﬁbﬁéﬂentl&rrﬂﬁ/uﬂ& ancfi or
exanpl e from about t o about pg/ he fornulations may be

‘pr esbnt ed sp thagfityal W@e@tgrbweﬁ Ismwseearmrt@amew ners, for exanple,
anpoul es and vials, and may be stored in a freeze- drred (l'yophilised)
condition requiring only the addition of the sterile liquid carrier, for
exanpl e water for injections, inmedE2ARLESDrior to use. Extenporaneous

i njection solutions and suspensions may be prepared from 10 sterile
powders, granules, and tablets. Dosage It will be appreciated by one of
skil | in tihe falowingtee espprleperaprovided agely tofiusttaie Hwt presert Snveotipoantdae and
conpasi ti c u frompatient to
pa'?ﬁ %ef’g%%H% r?gfn?ﬁthggg @e B#t?{%grg%ﬁ%%wggﬁesgc@ﬁ@cr{ é%r% i nvol ve the bal anci ng
ef the IeveI of therapeutic benefit against any risk or deleterious side
ef fect s. 18581 ect 019% age | evel wll depend on a variety of factors

i ncl udi ng, ; to, the activity of the particular compound, the
route of adm nistrati on the tine of adm ni stration, the rate of 20
excretion qf the, co n, 0 etre ot he rugs,
conpounds, ALirgRgrs wB eLgres Tl dhedbibh abf Bard SRR Rans? bl oaftrt b
condt i on,un@edombawe@e@teesml sexd sagmis warei ghified acndeddassed agendingko heal t h,
and prior {Tegr %al tory of the patient. The anpbunt of conpound and route
of adni ni StAGES djﬁo‘?/ﬁ M®ultimately be at the discretion of the physician,

Analyiical Methods

20 All analyses of the labelied compounds were performed with a Gynkothek HPLC system
(P580 pump) and variable Wavelength UV/VIS detector (at 664 nm) coupled in series
with a BIOSCAN Nal detector (B-FC-3200). The HPLC system was operated using a
Phenomenex Luna C-18 column (150 x 3.0 mm, particle size: 5 ym). The sluent was
- produced by adding 0.75% of acetic acid and 0.25% of methane sulfonic acid to a mixture
25 of HPLC grade acetonitrile and distilied water (1:4). The eluent was filtered and
degassed with helium before use. The flow rate was set at 1 mi/min.

Preparation of Silver Trifluoromethanesulfonate Column .

30 A silver trifluoromethanesulfonate (silver triflate) column was prepared according to the
method described by Jewett, 1992. Coarse silver triflate (1.0 g) and Graphpac-GC
80/100 (2.0 g, Alltech) was ground to a homogenous mixture. An empty stainiess steel
HPLC C-18 LLuna column (250 x 3 mm) was loosely packed (10 cm length) with the
mixture in the central region, and to restrain the packing material, both ends of the

35 column were then fitted with glass wool. Before the first reaction, the column was



veterinarian, or clinician, although generally the dosage will be selected
to achieve | ocal 25 concentrations at the site of action which achieve the
desired effect wi thout causing substantial harnful or del eterious
side-effects. Adm nistration can be effected in one dose, continuously or

intermttently (e.g., in divided doses at appropriate intervals) throughout
the course of treatnment. Methods of 30 determ ning the nost effective neans
and dosage of admi nistration are well_known to those of skill in the art

and will vary with the formulation used for therapy, the purpose of the
t her apy, . e subject bei ng tr eat ed.
Si ngl e Iﬁ&ﬁepﬂtgﬁquﬁ%}ﬁﬁt@g | onsf{"%gh sggntggrg?t{!lg%eguqﬂc% s b 31'8%'3 I eveI
and pattédOrmiDEiEﬁ@t@@ﬂi"é?ct ed by the treating physician, veterinarian,
clinician. 35 -35- In general, a suitable dose of the active conpound |s in
the range of about 100 ng to about 25 ng (nore typically about | pg to ’
about 10 [HE]Carbon RiokinigrRadidsydihemisi ght of the subject per day. Were the
act l%e conpound is a salt, an ester, an anmde, a prodrug, or the like, the
t adm nistered is cal cul ated on the basis of the parent conpound and 5
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descri bed\/lh@)fﬁdﬁrradlﬂéﬁrﬂimﬂ\ﬂév rétohy/ satiscetl Hy the g ROS-We{ eydistidiaged from
Si gma- Al d nd \keh‘? urther purification 15 unless otherw se
noted. A4 %#quqﬁr@’ SRR PRRIIgR St difadielisnupily misutest andar d
proﬂﬁdure\ﬁxth ADgdri cligaht dwvmdse@%%ny@a@a yses of the l|abelled conpounds

were perfornmed with a Gynkot hek LC system (P580 punp) and variable
Wavel ength UVNI S detector (at 664 nm coupled in series wth a Bl OSCAN Nal

det ect or [{'Byf&n3d0@Ye REBRsHIRLEsisYSst em was operated using a Phenomenex Luna
C-18 colum (150 x 3.0 mm particle size: 5 pnm). The eluent was

[""CIMethyl iodide was prepared according to the traditional lithium afuminium hydride

15 (LAH)/hydroiodic acid (H1) method (see, for example, Crouze! et al., 1987). At the "end of
bombardment" (EOB), [*'Clcarbon dioxide was transferred from the target in a stream of
helium gas to the remote controlied automated [''C]methyl iodide module, where it was
passed into 200 pl of a cooled 0.1 M solution of LAH in tetrahydrofuran (THF). The
[""Clearbon dioxide reacted with LAH to produce the [''C]methoxide anion. The first

20 reaction vessel was then heated to 130°C to evaporate the solvent. After completing the
THF evaporation, the contents of the reaction vessel were cooled to 0°C and 1 mi of 10%
phosphoric acid was added to synthesise [""Clmethanol. [''"C]Methanol was then distilled
into the second reaction vessel containing 600 pi of hydroiodic acid {H!). The second
reaction vessel was heated to 135°C to produce on average 4.8 GBq of [''C]methyl

25 iodide. The average specific activity was 780 GBa/mmol.

1YY Methyl Trifluoromethanesulfonate Radiosynthesis

[""ClMethyl trifluoromethanesulfonate (f''Clmethy! triflate) was prepared according to the

30 method described by Jewett, 1992. In a stream of helium gas, the ['Clmethy! iodide was
passed through the silver triflate graphpac column which was connected in series to the
[""Clmethyl iodide module. The column was inserted into a tube furnace operated at
200°C, synthesising on average 2.0 GBq of [''C]methy! triflate.



produced by adding 0. 75% of acetic acid and 0.25% of nethane sulfonic acid
to a mxture 25 of HPLC grade acetonitrile and distilled water (1:4). The
eluent was filtered and degassed with helium before use. The flow rate was
set at | m/mn. Preparation of Silver Trifluoronethanesul fonate Colum 30
A silver trifluoromethanesul fonate (silver triflate) colum was prepared
according to the nethod described by Jewett, 1992. Coarse silver triflate
(1.0 g) and G aphpac-GC 80/100 (2.0 g.3ALltech) was ground to a honpbgenous
m xture. An enpty stainless steel HPLC C-18 Luna colum (250 x 3 mm) was

| oosel y paskgeth(iOcpmihgssd Blie WddbshitBesig Xt ure in the central region, and
to restrain the packing material, both énds of the 35 colum were then
fitted with glass wool. Before the first reaction, the colum was - 36-
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current of cally used. 1"C) Methyl I|odide Radi osvnthesis
["C] Met hyl iodide was prepared accordl ng to the traditional |ithium
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[ """ C] car bomettybXC estimderst iside wRkHiothrhita pariydmdepebific pitBjtpef theXindlesoatibon. The
first 20 reacti.on..v dsgyrhgwgs then heated to 130C to evaporate the sol vent.

Af ter corrp‘f’%??ﬁﬁrr?lﬂ% vaporation, the contents of the reaction vessel
were cooled to OCand 1 nml of 10%

15 The identity of the radiolabelled product was confirmed via co-injection with a commercial
sample of methylene biue. The retention time in the UV-chromatogram was identical to
the retention time of [N-methyl-"'Clmethylene blue in the radioactivity-chromatogram.

in all cases, [N-methyl-"'Clmethylene biue was obtained with a radiochemical purity
20 greater than 97% in an averaged 4-6% radiochemical yield based on ["'Clmethy! iodide.

The average specific activity was 1.5G Bg/umol.

Analytical HPLC showed the product to be >87% radiochemically pure in a 4-6%

£

radiochemical yield and o co-elute with a commercial sample of methylene blue at the

25 same retention time of 7.8 minutes (see Figure 2).

On average, only 7-10 pg/ml of Azure B could be found in the product rinse, as
determined by the UV detection spectrum.

30 The total synthesis time from EOB was 35 minutes.

KRk

The foregoing has described the principles, preferred embodiments, and modes of
35 operation of the present invention. However, the invention should not be construed as
limited to the particular embodiments discussed. Instead, the above-described



phosphoric acid was added to synthesise ["C] nethanol. ["C] Met hanol was then
distilled into the second reaction vessel containing 600 pl of hydroiodic
acid (H). The second reaction vessel was heated to 135C to produce on
average 4.8 GBq of ["Clnethyl 25 iodide. The average specific activity was
780 GBg/mol. ["A Methyl Trifluoronethanesul fonate Radi osynthesis
["C]Methyl trifluoromethanesul fonate (["Clnethyl triflate) was prepared
according to the 30 nethod described by Jewett, 1992. In a stream of helium
gas, the [""C]nethyl iodide was passe through the silver triflate graphpac

col um which was connected in series to the % ] met hé@l odi de nodul e. The
col unmm wESHorEReteshayid Be eaaitnd! Fsulivpiretiversdhes than restrichapend §pheWddiesi ng on

average ZnBr d)Fha{ \'fé'r@(liﬁé ﬁ\)ﬂ( bE H'Jdle% g—lose BhbobihdiRe ng "kgé\@iz@fi'sﬁ Bl ue

Radi osynt heS| S | ene ue was prepare ure usi ng
[ " C] met hyrt wifiou é@s@rtmm%om [theqcm?ﬁ wthetmesanétwew asrdgfiped by thesapreaded on
vessel cqopigdbning a solution of Azure B 5 (1 ng, 3.27 pnol) and potassium
carbonate (K2C3B) (20 nmg, 144.72 pnol) in 1.5 nL of sterile water. After
the Tollection of ["Clnethyl triflate, the solution was stirred at room

tenperature (RT, 20C) for 5 m nut eﬁ@;gﬂg@(!;ggutl on was transferred on to a

cati on exchange cartridge (Waters, ccell 10 Plus CM which was
washed with 5 m of ethanol and 15 m of sterile water. Then the cartridge

was el ute 0 I olution to yield
[N et hy@nx@%e?]f% fﬁé’ﬁs grbqséjt?ohh%sgaggg ﬁdcag%ggur |rfj gr tgﬁ.ﬁ f?ﬁ‘é@ 463 '!'be TG\?I ty of
t he fi naldistdsstih® mvemiis dlet tae stateof tb@/afﬂlﬂb.@hacﬂﬂhél’ tmeemtdmrﬁeirttay]soﬂ-'utl he

s confirnmed vi.a co th a commerci al

di ol abel.|
ran#) eaofe 'tﬁﬁ?r}?&fy %89’% %renﬁear%a{%@ﬂqd&?w n%34%gf th%selﬁ\é%eé?ncc?ﬁéﬁ ogr am was
i dgntl Calmdicmportitw Hes(ﬂélﬁrimg/Ir@fﬂlretnlcmthI lltn‘ erfiifetyiitdnste-pr @m‘?ﬂhyloemtehim:th@ sang’)nlet he
radi oacti vi t n a cases -"Cl net, ne ue was
bt a1 ned ST 28 N2 SAHRLEPRTr VS Sorcyicel 81 PHARuGHRRER 1508 aged - 6%
radi ocherrh@@bomt@ilt@ eagetteon ["Cl net hyl iodide. The average specific

activity was 1.5G Bqg/ pnol. Anal ytical HPLC showed the product to be >97%
radi ochem calty pure in a 4-6%
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radi ochem cal yield and to co-elute with a commerci al sanple of nethyl ene
blue at the 25 sanme retention tinme of 7.8 mnutes (see Figure 2). On
average, only 7-10 pg/m of Azure B could be found in the product rinse, as
determ ned by the UV detection spectrum 30 The total synthesis time from
EOB was 35 minutes. The foregoing has described the principles, preferred
enbodi nents, and nodes of 35 operation of the present invention. However,

t he invention should not be construed asg-limted to the particul ar

enbodi nents di scussed. Instead, the above-described -38- enbodi ments shoul d
be regar dé;g'tkaiﬁ\/l,i Bibwust PatGCosta DEL h@ie Dhlgnuarteﬁm\imﬂsmEllamldsblttiesmeum%be
appreci ated that variations made, i n t S wor ker s
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t he present di et éé“ PP-4etP%Pndi vi dual ref erence
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r ef er ence. t on net hyl ati on, el’l ed Conp.
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"Positron em ssi oﬂnet/t\}rm@pa@hngaﬁdd S ragd @cpt@dtajn:ne or both of the "central" positions
denoted by a hash-mark (#) in the following depiction of the polycyclic core:

said compound has a pendant group covalently attached fo a ring atom of said polycyclic
core;
said pendant group is independently:

a primary amino group,

a cationic primary imino group;

a secondary amino group;

a catjonic secondary imino group;
a primary imino group; or

a secondary imino group;

said method comprising the step of:



em ssion conput ed tonography brain imaging in the evaluation of denentia,”
Sem nars in Nuclear Medicine, Vol. 33, No. 1, pp. 77-85. Wschik et al.,
2000, "Neurobi ol ogy of Al zheiner's Disease", in The Ml ecular and Cellular
Neur obi ol ogy Series, Eds. Dawbarn et al., (Bios Scientific Publishers, 20
Oxford). Wschik et al., 2002, "Neurofibrillary Labels," published
International (PCT) Patent Application publication nunber WO 02/ 075318,
publ i shed 26 Septenber 2002. -40- CLAIMB - A nethod of ["C]-radiolabelling a
phenot hi azi ne conpound or a phenot hi azi ne-1i ke conpound, wherein: said
colrrpound Pasha pabyaygl sa0d paesotieibzibd cOMpsindt %mbﬁﬁ%tméﬂgﬁiiﬁeuaﬁdpmgﬁhiher in
a |linear fashionj;a : =L i 1 .C-ring, ere the
B-ring is the " 'gﬂPgﬁ“S?QQF%EﬁfﬁegﬁﬁﬂgngF%ﬂgg}gﬂ%' partially-aromatic or
fully-aromatic; ?@%699@%& éa’éo?eé’dﬂés UP {9y CATTRENAING d | 9&%‘?@"@?&&?‘1 y 1
or exactly 2 ri ngentatteram mspsjtivelgach of which is i ndependently sel ected
fromN O, and S; the remainder of said ring atons being C said exactly |
or exactly 2 ring het

rQat ormpart of the B-ring, but not part of
the A-ring or Gri ng,a?gﬁﬁe(s%g&"z%bgn?Cg)%eg_g@%a%?mgwg%lﬁp'both of the "central"
positions denoted by [aChaghylighekeq eationig seepndpeylimigi diepidepi ction of the
polycyclic core: A 8a¢'smhélhgoameoed@rtaasaminpgraant group covalently attached
L R onng anom of sal BatfyiEhdefed EbAE il ARBLAN, O oup | & |
i ndependently: a primary anino group, a cationic prrhary imno group; a
secondary am no grouf;l alneetbylaneledIReondaY MiNePyPgRoup;

a [''Cmethyl-labelied cationic tertiary imino group;
to give a [''C]-radiolabelled phenothiazine or phenothiazine-iike compound.

2. A method according to claim 1, wherein said polycyclic core has 14 ring atoms, including
exactly 2 ring heteroatoms, each of which is independently selected from N, O, and S.

3. A method according to claim 1, wherein said polycyclic core has 14 ring atoms, including
exactly 2 ring heteroatoms:
N and S:

4, A method according to any one of claims 1 to 3, wherein said polycyclic core is fully-
aromatic.

5. A method according to any one of claims 1 to 4, wherein said pendant group is
independently attached to a ring carbon atom of said polycyclic core.



a primary imno group; or a secondary imno group; said nethod conprising
the step of: -41- reacting said phenothiazine conpound or a

phenot hi azi ne-1i ke conmpound with ["C]nethyl trifluoronmethanesul fonate
(CF3S02011CH3); thereby converting said pendant group to a correspondi ng
["Cl met hyl -1 abel l ed pendant group, respectively: a ["C]nethyl-1abelled
secondary am no group; a [11 Cnethyl-1labelled cationic secondary imno
group; a ["Clnmethyl-labelled tertiary_gmino group; a ["C]nethyl-|abelled
cationic tertiary imno group; a ["Clnethyl-|abelled secondary i m no group;
or a ["@ nmekhyl b o0l j I m 0, I i a :
["q -radigbl abe FE“ISG ﬁéeclﬁ@ﬁ" ®.f , Snd B i ifagé?,%-‘ﬁrﬁﬁgg'ﬂc%%&%o%ﬁgsntzgr%p et hod
accor di ng t o"EFRFRERYY JHRS %‘?FP CRVEE CB%OVW iof S@ig Per e G4ing; big net sheaid B-
including exegtly 2 ring heteroatons, each of which is independently
selected fromN, 0, and S. 3. A nethod according to claim1, wherein said

pol ycyclic cqre has 14 rjing.atons, ingcludin exactly 2 ri.ng heteroatons: N
Poe S %0 A e el %08#’(&?%90 OV o7 She™PS ot 16 e WNgNgSAhsPERY] SRR
pol ycycl i c cidepgnsieptiiy pYachad sreanecofl tBe "disipEt prsilione e rs@idng-ring einy-riogewbith
claims 1 to fositidneraed derttddbypanstaré (*group is independently attached to a

ring carbon atom of said polycyclic core. -42- 6. A nethod according to any
one of clainms | to 4, wherein said pendant group is independently attached

to a ring-cafbBRMRARISFING e 3RY r 9Neg OHCIAMT i he buVhseiR BAld PENEaE- IPHRdgS 7.
A met hod aciedemtindenttyo any one of claims 1 to 4, wherein said pendant group
IS

a secondary amino group or

a cationic secondary imino group;

and said corresponding [''C]methyl-labelled pendant group, respectively, is:

a [""Clmethyl-labelled tertiary amino group; or
a ["'Clmethyl-labelled cationic tertiary imino group.

9. A method according to any one of claims 1 to 7, wherein said pendant group is
independently selected from:

-NH,, -NHR, =N™H,, =N®HR, =NH, and =NR;

wherein R is independently selected from Cysalkyl, Ciealkenyl, Cysalkynyl, Ciscycloalkyl,
and C..scycloalkenyl, and is optionally substituted with one or more groups selected from
fluoro, chloro, bromo, iodo, hydroxy, and C,.salkoxy;

and said corresponding [''C]methyl-labelled pendant group, respectively, is:

-NH-(""CHg), -NR-(""CHa), =N“H-(""CH,), =NUR-(""CHa), or =N-("'CHa).

10. A method according to any one of claims 1 to 7, wherein said pendant group is
independently selected from: -NHR and =N"HR;
wherein R is independently selected from Cyalkyl, Cisalkenyl, Cisalkynyl, Ciscycloalkyl,
and Ci..cycloalkenyl, and is optionally substituted with one or more groups selected from
fluoro, chloro, bromo, iodo, hydroxy, and C4alkoxy;
and said corresponding [''C]methyl-labelled pendant group, respectively, is:

-NR-(""CH,) or =N"'R-(""CH,).



i ndependent|y attached at one of the "distal" positions of said A-ring or
C-ring, which positions are denoted by asterisks (*). 8. A nmethod according
to any one of clainms | to 7, wherein said pendant group is independently: a
secondary am no group or a cationic secondary imno group; and said
correspondi ng [11C] et hyl -l abel | ed pendant group, respectively, is: a

[ 11C] net hyl -1 abel | ed tertiary am no groug or a [11C] net hyl -1 abel |l ed
cationic tertiary imno group. 9. A met Kdd according to any one of clains 1
to 7, wherein said pendant group is independently selected from -NH2,

-NHR, =N ')H2, =W-HR, =NH, and =NR, wherein R is independently selected from
Cl. fial kyll, @lnéabkemording’b. dainleyeryli0, widre®d slinddpkepdently &ndaliGl. 6¢cycl oal kenyl
and is optionally substituted with one or nDre groups selected from fluoro,

[l ot ny 21 AErRES apetian o 4 Bt PotBuE R el (Pl pF i) "

-NR- (1CH3), =N "')H (71CH3), =N(')R-(11CH3), or =N (1CH3). 10 A n”et hod
accor di ng13 o san¥thed ecidifd B diEml9 érol 0/ whavbRIre isindspeHdgitindast group is
i ndependently selected from -NHR and =NM MHR; wher ein Ris independently

selected from C1 _6al kyl, Cl. 6al ken Cl. 6al k Cl_6cycl oal kyl ,  and

Cl_8cycl ol kénfreinod Agear %L'“Q)EE‘Y Bl %a'@ﬁﬂst? |1t°’u‘ﬁ’ e'\'RASPH' SPogPd hgs & @ﬁ’%‘t&b’%to
sel ect ed fr osridfdendard graeipl oragr rhore mddlitiered sybshifpentsisglectadroBl  Qal koxy; and
sai d corresponding [11C] net hyl - | abel | ed pendant group, respectively, is:

-NR- (" CHs =W R- h di m 9 ,
wher fal n R)I grl n\é\éﬁg'ﬁﬂ? &ﬁi) @?_@@m&ﬂ ¢ ﬁH% dﬁ“ﬁ@@ﬁ%ﬁ“’é@@%?& ﬁbﬁ?@”&(ﬂ#ﬁ‘g or
10, wherein R is disthymanoeoNER). invisiodFNHistmethylgiingy( T @loathylbeibe dTieh . treetbYlai m
9 or 10, wherein Rnies, dthdemendestbl(yF)-ddioro 141), Broft BB, 866 endbxg(=anyhyarsyof

claims 1 to 13, V\’h%ﬁ-ﬁ" r@cﬁ&q dwﬁ)ogﬁ&ip%%’atéd%nﬁ%b}olt%téoqorms thereof.

15. A method according to claim 1, wherein the phenothiazine or phenothiazine-like
compound is a compound of the following formula:

YO
RQNMSMNfH M

PRk

wherein:
each of R!, R? and R® is independently -H, Cisalkyl, Ccalkenyl, Cysalkynyl, C..
scycloalkyl, and Ciscycloalkenyl, and is optionally substituted with one or more
groups selected from fluoro, chloro, bromo, iodo, hydroxy, and Cy_.alkoxy, and
M is an anion.
16. A method according to claim 15, wherein -NHR' is independently -NHMe.

17. A method according to claim 15 or 16, wherein -NR’R® is independently -NH,.

18. A method according to claim 15 or 16, wherein -NR’R® is independently -NHMe.



sai d pendant group, one or nore additional substituents selected from am no
(-NH2), nethylam no (-NHWe), dinethylam no (-Nwve2), ethylamno (-NHEt),
diethylamno (-NEt2), imno (=NH), nmethylimno (=NMe), ethylimno (=NEt),

met hyl (-Me), ethyl (-Et), fluoro (-F), chloro (-Cl), bronmo (-Br), iodo
(-1), oxo (=0, hydroxy (-OH), carboxy (-COOH), and protonated and
deprotonated forns thereof. 15. A nethod according to claim1, wherein the
phenot hi azi ne or phenot hi azi ne-I1i ke co‘rﬁﬁ‘cfund is a conpound of the follow ng
formula: , N HM* R R wherein: each of RlL, R2, and R3 is independently
-H, Ci-,alkyl, CI1.6alkenyl, C1.6alkynyl, C  6cycloal kyl, and

Cl. 6¢cycl oW keAylethainatcoingpb camah b yr $8)bakrdiniNrtRMstildepaadentlynmime,. gr oups

sel ected fromfl uoro, chloro, brono, iodo, hydroxy, and C, gal koxy and M
is an anlﬁ t hod according.to . claim15 - NHR

i ndependefit | y*- aceerding e e 2 CEIRE hy 1a 3)9 d’Yrﬁr?ﬁ'% ‘%P‘d%e”dﬁﬁ@r%f‘ﬂ'de
-NR2R3 is i nd@pendent ly -NH2. 18. A nethod according to claim 15 or 16,

wher ei n -NR2R3 is i ndependently -NHWMe, -44- 19. A nmethod according to claim

15 or e i_ndependent 2. 20. hod accarding to
any one. ot o) AiREbeg g o gREPRT T Sty 45 h e SbRMA 5 RNy X on 21 A
nmet hod accordi ng to any one of clains 15 to 19, wherein M is independently
c-. 22. 22 nei hmdtmacadsadirdi@g tto ebigdi M, lwhamsiar eien photpibanot &r pRéMghigdine-like
phenot hi azi nggli g% g{gﬁr%ugd is Azure B: CH3 CH, and said ["C]-radiol abel | ed
phenot hi azi ne o enot hiazine-like conpound is [N-nethyl- "C]nethyl ene

blue: I HBC N """ rte' N YCHS cta

. HQC\NMF}M\N#H cr
\ ;

+ [
L CH, CH,

Wl

and said [''C]-radiolabelled phenothiazine or phenothiazine-like compound is [N-methyi-
"Clmethyiene blue:

g

23. A method according to any one of claims 1 to 22, wherein said reaction is performed in the
presence of a Bronsied base.

24. A method according to any one of claims 1 to 22, wherein said reaction is performed in the
presence of an alkali metal carbonate or hicarbonate.



| + 1 L Ck*"3 CR3 23. A nethod according to any one of claims 1 to 22,
wherein said reaction is perfornmed in the presence of a Bronsted base. 24.
A nmet hod according to any one of clains 1 to 22, wherein said reaction is
performed in the presence of an alkali netal carbonate or bicarbonate. -45-
25. A nethod according to any one of clainms 1 to 22, wherein said reaction
is performed in the presence of potassium carbonate (K2C33). 26. A nethod
according to any one of clains 1 to 254%herein said reaction is carried out
in aqueous nedia. 27. A nmethod according to any one of clains 1 to 25,
wher ei n #ai d Pethied pererding toaanyicng oboleimsy’ o2 wHersimspicegadtiqriCpenieringd in the
trifl uor ometphaersdibiinrbRn dirfonate @guegus sol ution or suspension of said
phenot hi azi ne or phenot hi azi ne-1i ke conpound, to forma reaction m xture.
28. A nethod according to claim27, wherein said aqueous solution or
suspensi ¥h FUPERER acEHineita 88Y ABPLAIIMS! Iade Whetein Aciuengiiends saFied Ayt ifo
claim 27, wagusius sai d aqueous sol ution or suspension further conphedi£s an
al kali metal carbonate or bicarbonate. 30. A nethod according to claim 27,

wher ei n id agueous sqQl ution or s ensi o urther conprises potassium
car bonat@a( %2@%%’?8 aﬁciqrg'ﬂg ?%B”%Bﬂggﬁ’isﬁgtot ’ &’Wreﬂhéa'éf g%t'ﬁri‘ f?sc%“fedt Sy,
wher ei n sai dhtiodeeing ogridri [XEimethyls trifiusremetifepesufondiri inde tameaotous- 30utidmutres.

32. A net hodugeseiodi ddsad phenbtaaanO br ?h@rﬁd’fﬁaﬁﬁe-ﬁl@ 36mpdiRI @ Morfrbdeh@RAL T ON
m xture is m. for a mxing tine of 1-10 m nutes. 33. A nethod accordi ng

to any one of clainms 27 to 32, wherein said reaction is carried out at
20C-25C. 34. A nmethod according to any one of clainms 27 to 32, wherein said
react i oned. s Ac methoddacguidingutodeizima D7, i vatesréin adait agleiue . solution or suspension further

comprises a Bronsted base.

29. A method according fo claim 27, wherein said agueous solution or suspension further
comprises an alkali metal carbonate or bicarbonate.

30. A method according to claim 27, wherein said aquecus solution or suspension further

comprises potassium carbonate (K,COs).

31. A method according to any one of claims 27 to 30. wherein said reaction mixture is mixed
for a mixing time of 1-30 minutes.

32. A method according to any one of claims 27 to 30, wherein said reaction mixture is mixed
for a mixing time of 1-10 minutes.

33. A method according to any one of claims 27 to 32, wherein said reaction is carried out at
20°C-25°C.

34. A method according to any one of claims 27 to 32, wherein said reaction is carried out
under an inert atmosphere.

35, A method according to any one of claims 27 to 32, wherein said reaction is carried out
under argon.



35. A nethod according to any one of clains 27 to 32, wherein said reaction
is carried out under argon. -46- 36. A nethod according to any one of
claims 1 to 35, further conprising the subsequent step of: purifying said
["C] -radi ol abel | ed phenot hi azi ne or phenot hi azi ne-1i ke conpound. 37. A

met hod according to any one of clains 1 to 35, further conprising the
subsequent step of: purifying said ["C] -radiol abel |l ed phenot hi azi ne or
phenot hi azi ne-1i ke conpound using ion4xchange nethods. 38. A nethod
according to any one of claims 1 to 35, further conprising the subsequent

step of 36.pul inkiHoB Ges@tifg [to Ghy bRslbodiamel1l B dsphemet &indFisig thé subse uent step
phenot hi azi n)@.-l i ke conmpound using cation exchange net hods net hod

according to any one of claims 1 to 38, wherein the reacti on and opt i onal
purification is perfornmed in |ess than 60 mnutes. 40. A method according to
any one of cl ai mputifying sa88,["'Gheneiabetidtephenatbtszine capheraptiboinalike q@urdofihaat i on
is performed in less than 45 mnutes. 41. A nethod according to any one of

claims 1,10 38, rei thereactl nan rification is perforned
"7 ess Thad Bs Arulng 45 ahROfk oG SR flfercdiindRt s ekerd SnL o
41, which providé§ a radi ochenmical purity greater than 90% 43. A nethod
according to any one of clains 1 to 42, which provides a radiochem cal yield

pr ovi des-a speci PLEVEdeH, & CLEABERRAIREph ORI 6 Bhefofipii e Stbout™ 31
met hod accordi ng UFGQW@%@‘QW“@ %ﬁsms 1 to 44, which is partially or fully
automated. 46. A nethod of manufacturing a nedl canent for use in the

treat mengg ofs §KiHAd GRE&GEINg to any one of claims 1 to 35, further comprising the subsequent step
of:

purifying said ["'C]-radiolabelled phenothiazine or phenothiazine-like compound
using cation exchange methods.

39. A method according to any one of claims 1 to 38, wherein the reaction and optional

purification is performed in less than 60 minutes.

40. A method according to any one of claims 1 to 38, wherein the reaction and optional
purification is performed in less than 45 minutes.

41. A method according to any one of claims 1 to 38, wherein the reaction and optionél
purification is performed in less than 40 minutes.

42. A method according to any one of claims 1 to 41, which provides a radiochemical purity
greater than 90%.

43. A method according to any one of claims 1 to 42, which provides a radiochemical yield of
at least 2%.

44. A method according to any one of claims 1 to 43, which provides a specific averagé
activity of at least 0.5 GBg/umol.



nmet hod according to any one of clains 1 to 45. 47. A nethod of

manuf acturi ng a nmedi canent for use in the diagnosis or prognosis of skin
cancer, nelanoma, a tauopathy, or Al zheinmer's disease which includes the
steps of a nethod according to any one of clains 1 to 45. 48. Use of: (i) a
phenot hi azi ne conpound or a phenot hi azi ne-1i ke conpound, wherein: said
conpound has a pol ycyclic core of threesgsix-nmenbered rings fused together in
a linear fashion and denoted the A-ring, B-ring, and Cring, where the
B-ring is the "mddle" ring; said polycyclic core is partially-aromatic or
fully-aromatic; said polycyclic core has 14 ring atons, including exactly |
or exactly 2 ring heteroaton(s), each of which is independently sel ected
from N, 6 ahefodiaseordimadd acheensodf ciinel 1 td #dy whiahrs pagahoor@yllysatamatechct |y 1
or exactly 2 ring heteroaton(s) formpart of the B-ring, but not part of

the A-ring or CGring, and so are |located at one or both of the "central"”
positions_ denoted by a hash-mark (#) in the follow ng depiction of the

pol ycycl 8 chrethet dgnariizcuringnp dusdcaRant £op &gl dntthg risraymedvell 8 (opncer,
attached t o raskheorga,aé eamopbithg abd ARbéiyey s ldisease ahizh isdludbspiiedaais of o umethei

i ndependent | YocordfhgRb laARENe Bit1ARs9 QYR @ cationic primary imno group; a
secondary am no group; a cationic secondary imno group; a primary imnno

group; or a secondary imno group; and

47. A method of manufacturing a medicament for use in the diagnosis or prognosis of skin
cancer, melanoma, a tauopathy, or Alzheimer's disease which includes the steps of a
method according to any one of claims 1 to 45.

48. Use of:
(i) a phenothiazine compound or a phenothiazine-like compound, wherein:

said compound has a polycyclic core of three six-membered rings fused together in
a linear fashion and denoted the A-ring, B-ring, and C-ring, where the B-ring is the
"middle" ring;

said polycyclic core is partially-aromatic or fully-aromatic;

said polycyclic core has 14 ring atoms, including exactly 1 or exactly 2 ring
heteroatom(s), each of which is independently selected from N, O, and S;

the remainder of said ring atoms being C; _
said exactly 1 or exactly 2 ring heteroatom(s) form part of the B-ring, but not part of
the A-ring or C-ring, and so are located at one or both of the "central” positions
denoted by a hash-mark (#) in the following depiction of the polycyclic core:




(i) ("Cnethyl trifluoronethanesul fonate (CF3S02011CH3); in the manufacture
of a medicanment for use in the treatnent of skin cancer, nelanoma, a
tauopat hy, or Al zheinmer's disease. 49. Use of: (i) a phenothi azi ne conpound
or a phenot hi azi ne-1i ke conpound, wherein: said conpound has a pol ycyclic
core of three six-nmenbered rings fused together in a linear fashion and
denoted the A-ring, B-ring, and C-ring, 4ghere the B-ring is the "mddle"
ring; said polycyclic core is partially-dromatic or fully-aromatic; said

pol ycyclic core has 14 atops, including exactly 1 or exactly 2 ring
het er oat on( s), Sa@acc‘?ﬁ‘p&"”%?st?l p?'?a?‘h%@%ﬁ‘a’éfﬂ“ﬁ&a@aéihéﬁ%l%ﬂ MRG BIRMNT sid PRlYEYSEE t he

remai nder of <&ied ring atons being C, said exactly 1 or exactly 2 ring

het er oat on( s) skRIrgEnBavdtigrélp it MReferddend, but not part of the A-ring or
Cring, and so are |located at one or both of the "central"” positions

denoted by a hash-mark (#) in the follow ng depiction of the polycyclic
core: A 8 C -49- saiaP'téAheiin® #ig4’ a pendant group coval ently attached to a
ring atomof said podaioyiclprimagamio gsaugd pendant group is independently: a

primary amino group;, s%cSﬁ’ddrPthﬁ\o ry imino group; a secondary anino
group; a cationic secon ar\éel m.n '][Ha a primary imno group;, or a

secondary inino gro@F3ioR ‘E‘V‘F’?ry[‘ @P@é‘i%yl trifl uoromethanesul f onat e
(CF3SQ20"CH3); in traaormmwfnaom grogpodr a di agnostic or prognostic reagent for

use in the di agnosi s ¥condary imino group;

and
(i) ["Clmethyl trifluoromethanesulfonate (CF3S0,0"'CH,);

in the manufacture of a medicament for use in the treatment of skin cancer, melanoma, a
tauopathy, or Alzheimer's disease.

49. Use of:
() a phenothiazine compound or a phenothiazine-like compound, wherein;

said compound has a polycyclic core of three six-membered rings fused together in
a linear fashion and denoted the A-ring, B-ring, and C-ring, where the B-ring is the
"middie" ring;

said polycyclic core is partially-aromatic or fully-aromatic;

said polycyclic core has 14 ring atoms, including exactly 1 or exactly 2 ring
heteroatom(s), each of which is independently selected from N, O, and S;

the remainder of said ring atoms being C;

said exactly 1 or exactly 2 ring heteroatom(s) form part of the B-ring, but not part of
the A-ring or C-ring, and so are located at one or both of the "central" positions
denoted by a hash-mark (#) in the following depiction of the polycyclic core:




prognosi s of skin cancer, nelanoma, a tauopathy, or Al zheiner's disease.
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said compound has a pendant group covalently attached to a ring atom of said
polycyclic core,
said pendant group is independently:

a primary amino group;

a cationic primary imino group;

a secondary amino group;

a cationic secondary imino group;
a primary imino group; or

a secondary imino group;

and

(i) [""Cimethy! trifluoromethanesulfonate (CF;S0,0""CH,);

in the manufacture of a diagnostic or prognostic reagent for use in the diagnosis or
prognosis of skin cancer, melanoma, a tauopathy, or Alzheimer's disease.



