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- 1 - INH BITORS OF PROTEI N AGGREGATI ON TECHNI CAL
FIELD 5 The present invention generally concerns the
aggregation of a-synudein proteins associated with

wombiQeegener ati ve di sease such as Par ki nsorp/i%eaRe105
(PD) and di am nophenot hi azi ne conpounds capabl e of
nmodul ati ng such aggrégati on. BACKGROUND TO | NVENTI ON
10 Par ki nson's di sease is a conmon human

~ neur odegenerative anenent di sorder and affects 1% of
the el derly popul ationf(see discussion by Kapumiotu

(2004) Chem stry & Biolo 11 1476-1478). Primary
cl i ni cal smm resting

tremor, muscular rigidity, and difficulty with

al e. PD is neuropathol ogi cal | 15 characteri zed
| TECHNE A@ﬁg | p 9 y ,

; l:)ked and progressive degeneration of
dopam nergi-c neurons and by the presence of fibrillar

‘The pre%ﬁ ?rﬁ:lg% on Cgen%raﬁ){ ? cgr?-g tr(eL _ c%“ %T{yhgjagz p@&tgiﬂs

associated h:\sthmunodegargrewvadaeaﬂers@ph ase@arésmsorﬁﬁ dis¢asel{PR) and

dxammo&%@ﬁﬁﬁzﬂw ﬁgﬂ%’oss %@%{5@?@%“%@5#‘%@99?@'8?? gl nly

rel ated to the major clinical synptons of PD, the
BACKGRAUAESTEMIVERTIgAat hogenesi s of this nultifactorial
— disease as welT as that of related
"synucl ei nopat hi es” are still largely unknown. The

ParkinsélPé Sike£sR1PH B6MnSn %ﬁmb@h&rbf@eaﬂéwemown@rﬁ tileorided d

atects B G2k Rendfasihi o B o Bigp fdb Brdpotf
Biology 10, pil ‘BA7 6l 478). éPrirmaryrelinimbsyerphssoafi il ad Iqmdyknassaseamd
fremor, g\ﬁag@ér ri %%td'd% él}{tg g@q bggﬁ» b%ﬁﬁs Ju%]LP ﬁ{ ni ng

ment  pr ocesses.
charactérizediy laomﬁrbéd arBspragréssivesleganeratias of da@%@bﬁfstq F@Hfﬂms ?ﬂd by -
the presgpc@éﬁ:by a?t%la%@%cﬂs%g %(Le%@\‘r%ﬁl%ls lEsPeshdysFIhReREMes

gest nucl el n [1zation is aSSOCIatEd

(Lewy “ﬁﬁ"ﬁﬁs iﬁﬁsﬁﬁdthﬁ waestanf@wafe ped pther nsgirns e Prain Regeiaet al

(2004) FHEER) ¢8:t8r7(626g €. 9. Masliah et al, Science,

287:1265- 1269 (2000); Feany et al., Nature 404:394-8
(2000)). - 2 - 1In addltlontoasynucleln
Although thestystusfldepamina siealosoisleerainly matied &t the major clinical symptoms

oo, RE L R4S AR TS P DR PG Bl
related ‘]swmnﬁaugmaﬂilasbal@-@yiamﬂsethntnome a-~ and p-synucleins

share a conserved C-termnus with three identically
placed tyrosine residues. In addition to

The maigr eyypratents-of bethdBeiang LNBaredinlia agaregaten of evridsient
a—Synuc‘igm B widy @ﬁﬁ%@ééda nédrbikl lm%?.%&aitl@ﬁl%fé‘ﬁ)ﬁaﬁt %eﬁbé tb BRy a role

ppear ance of novel a- nucl ei n- posi t g
in meml:yrggq gseocipted mr?%§myp@|p@| ré’sy agy hags lmke fo leaming

and devemphwteﬁtaﬁrbé@s& wm:@qheamechan@mw}djftdrmaudnénfaesyaau chNebng
] Seases

f
teir assoliberufl PPerd Hetaf ol Sa B e RaG et bt
a—synuc&trsfjmvllaht&mris hedociatddatithd?D apbthbiagesyracieinfipriisaten causes

r A 1] n - l.ein
toxity GREBEH ARk R SRR 2073280 0P S RO F Ly B B S,
404:394eth200@nsbury, 2002). Thus a decrease in the |levels of
13-synticl ein has been considered as a possible
factor in the PD etiology (Uversky et al. 2002). Thus
the inhibition or reversal of synuclein aggregation
is believed to be of therapeutic benefit. 15 Li et
al. (2004) Chenistry & Biology 11: pp 1513-1521
di scuss the inhibition of a-synuclein fibrillization,
and the disaggregation of fibrils, by the antibiotic
rifanpicin. Zhu et a/. (2004) Journal of
Bi ol ogi cal Chemistry 279,  26: pp 26846-26857 di scuss
t he 20i nhibition of a-synuclein fibrillization, and
the di saggregation of fibrils, by the flavanoid
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of such aggregation These include "Conpositions for
i nhibiting the aggregati on pat hway 25 of
al pha-synucl ei n" (US6780971 - 2004-08-24);
wo Joe)mbesslr oxyl at ed aromatic conpounds for therGB2007/001105
treatment of anyloidosis and al pha-synuclein fibri
di seases" (UB820041 52760 - 2004- 08-05); Peptide and
pepti de derivatives for the treatnent of
al pha-synucl ei n rel ated,_di seases (W2004009625 -
2004- 01 29) Proanthocy%nldlns for the treatment of

In addig?r% ? % na%zm a}%\&rﬁg%ﬁ» slg:l) gh ﬁl‘ég’tg?l] enﬁ‘rgcll? Zi%égr?eratwe

synuclelasreiéesartitiniar - BYreIClen'\eaa nﬁﬁa#esﬁueaﬂepmaalga]mtgmtmtﬂﬁ 78%
homo[ lot$ Ef’rf §3bn(19éﬁ14ﬁqg' %ngéeﬁg sh&l8h: conser\?éd' C E‘?M‘ﬁﬂx@ (Mth

e unders provi si on of rrpoun S
three iq!ﬂwcquv @mc@@@mwswﬁu% hb@ddi@@at@ pesvalfclelmrﬁwsa'ﬂwa ¢Bs and

LNs, t@dévabﬁhéht%ggb%ﬁ@tdb%nwikmL% lgﬁbéiﬁ'lp%nféﬁ 'Mj "dhé)éﬁpleﬁtféné@of

he art. Summary of the nventlonéig ?s}% ?5%?
noveiq REF B-SYBUGIRID PG eFiensyR BiPBpcaIRYS 'waﬁh@n 99) IRlifRiing
g-synu@@mpmtgmdmbmotchgynm&mmf mh@bu@se@éncapmsgaﬁmheaecmseases It

bit or reverée t he aqq_ga gatlo Tf %Hﬂucle
has beﬁné}d@?t%dtwéﬁaw &8 My fegtiats By RilghainPenefsacag as
a chapéionk € MRithike HeefoRyatisfedgmacien A ashimato ef al02001, Uversky et

o oLl 68 SIS o, ML, 58536 43 i S v

considératl B} a piudibie Fdotorsy thedtD etiolay iyveriiy/st al. doog). | nduced
par ki nsoni sm pure autonom c failure (PAF),

and wherein said nmedicanent is for the treatnent of
Thus tisainbibitiors earsecrsalaf synualeth agassgetion is beliid ta befttherapeulie
di am nophenot hi zi ne conpound is adm nistered orally
as either (i) dosage units of about 10, 20,
30, 40, 50, 60, 80, 90, 100, 110, 120, or 130 ny
Li ot afl %ﬁ@% éHeﬂﬁﬁg% g@lﬁgy ‘1 or he 151 3~15218 ﬁlsbﬂss%@ﬁgiﬁmgq gi éiggﬁglcletn
flbnillz@g ar@;be d@gggreqqglgn oﬁfquylts Qg@e @ot:q)rlsfa@@iei’nng twice a

day wherein said conpound is sel ected from conpounds

zhw et 2 IRt gt %%%9@5&%@%&259@-%%?{76&% i

inhibitierHbf o-&ynuel€in fibslBration,| gnd tﬁé—khsagaﬂ,agat@h-lpf fib8R, by tﬁ(a:ﬂe\)a@mlaid
balcalelnc( =0)OR  3a -

benefit,

There are a number of othe\r publications in the art said to be concerned with the inhibitors

7 of such aggregation. These include "Compositions for inhibiting the aggregation pathway

of alpha-synuclein” (US6780971 - 2004-08-24); “Polyhydroxylated aromatic compounds for
the treatment of amyloidosis and alpha-synuclein fibril diseases” (US2004152760 - 2004-
08-05); Peptide and peptide derivatives for the treatment of alpha-synuclein related
diseases (VV02004009625 - 2004-01-29), Proanthocyanidins for the treatment of amyloid
and alpha-synuclein diseases (EP1377287 - 2004-01-07); Methods for preventing neural
tissue damage and for the treatment of alpha-synuclein diseases (CN1440420T - 2003-09-
03}.



C(=0)NH2; -C(=0)NHR, -C(=0)NR2; NH2; -NHR, -NR2;

-NRNLIRN2; . NHC(=0)H; -NRC(=0)H, -NHC(=0)R; -NRC(=0)R;

R, wherein each R is independently selected from
unsubstituted aliphatic Cl_6alkyl; substituted

al i phatic Cl_6al kyl; unsubstitujed aliphatic

C2_6al kenyl ; “substituted aliphatic C2_6al kenyl ;

unsubst i t ut ed Cntycl oal kyl ; substi tut ed

C3_6cycl oal kyl ; unsubstituted G fl ocarboaryl;

substituted C6_10car boaryl ; unsubstituted

C5_10heterQarYl;; unsubstituted

C640car boaryl - Cl1_4al kyl ; substituted 7
CHdh@ear hhedrbelundérsttal Kiydt theeprdvisibvesfeiompolmdsae Pregiosip known to be

R e 3 88 op RiRten b ine S penitugon o the an

al i phatic 01 6al kyl; substituted aliphatic G malkyl;
unsubstituted ali phat| c C25al kenyl'; substituted

al Summadry otihellivemiibn unsubsfituted C3_6c¢cycl oal kyl ;

substituted C3 GCycIoaIkyI unsubstituted
C6_10car boaryl ; substituted CB 10car boaryl ;
un¥ubEEt aspe@dhers isprReted HaLse of3,damipephengthiagine compound in the
%ﬂ%ﬂ@ﬁ%@wﬁaﬁcﬂcﬁﬁb%&b mhﬂ;l(ljtb:fiv\;évteﬂsb%b aggregation %fsy_nuclem
car a an rei .S,
Che s anBhaEh. FEAIReetE) 5 ATSRERE A JEFPE A babfpsted as

a n yxelﬂo@’géuaatldnf ar@! @'Sﬁmt:al damnﬂla’l dﬁpb dideadd iy ssletted frem:

O?amrﬁﬂj s dlaaSG)(lgég der&%ntﬁ) ewe?dl%_' W Rhl&mkag%gn atrophy
NH2YISAINHRY indNR2} pafkiGonBintpure ROheDicHRileREF:0) R; :
- NRC(= O)aﬁ‘)d wherein said medicament is for the treatment of said disease state, -

and wherein in said treatment the diaminophenothizine compound is administered

orally as either:
(i) dosage units of about 10, 20, 30, 40, 50, 60, 80, 90, 100, 110, 120, or

130 mg three times a day; or
(i) dosage units of about 10, 20, 30, 40, 50, 60, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, or 200 mg twice a day

wherein said compound is selected from compounds of the following formulae:

_ ) 1 _

R N R’ N \

R N Ns N’RSNA © ’
| e rR® @ r* Flzsus

wherein each one of R', R?, R* R®, R%, and R® is independently selected from:
H:
-F; -Cl; -Br; -;
-OH; -OR;
-SH: -SR;
-NOg;
-C(=O)R;
_C(=0)OH; -C(=0)OR;



R, wherein each R is independently selected from
unsubstituted aliphatic Cl1_6alkyl; unsubstituted

al i phatic Cral kenyl; unsubstituted C3 GCycIoaIkyI -
3b - unsubstituted CBlOcarboaryI

unsubstituted C510het eroaryi; unsubstltuted
C6Aocar boaryl - C1_4al kyl ; and ﬁﬁereln X-, IS one or
more ani oni ¢ counter ions to achieve el ectrical
neutrali d_g e i y acceptabl e salts,

m xed saﬁ%%)ﬁﬂ dr Q%QNQQ %é %#%ates thereof. In a
second agﬁecNH tﬁ@heNﬁéfbrOV|ded the use of a

di am nopRaReid)HaARIg= GQFQ@H@ AR; SRoLsek; above for
the inhibition or reversal synucleln aggr egat i on.
DI SCLOSURE OF THE INVENTICN The present inventors

havihefanBathtR i@ﬁxﬁﬁ;pérﬂfenflyi $efdciddfom:i me t hat

di am nophe np i nhi bit
e agor e Ol AP EyR ek Sr SRl Gl he

i nvent 8mss®spln@sl$ﬂg1a{m @& galkenili ad)slltukedfahprmlmf: Gﬁgalkenn%l;l
a-synu f-assenbly
and fi br%llh ﬁgteld%g’ ?};Cm%@iﬂr%hr?g@?éé &%oglgyt’a- synucl ei n
(tsyn) \Na@brstﬂuteé Qa@ocb@oﬁm’ Emhﬁuiumdlcgmelﬁft@ewlve in the

fibril - {6 RELRA ASFekroaad such assenbl ed tsyn vvas
shown to enhance the fluorescence of thioflavin

The i nvéﬂ%‘&sgfu“&é%yféarbpﬁ'e' &yl SL&SH@ESQSM&@é@WWtﬁ'kY'i
of di am nophenot hi azi nes, as well as other conpounds.
The n1no henot hi azi ngg yere found to disrupt
asgﬁ‘ﬁ%’ﬁ%r&'”a ﬁ?ﬁUQTOQPnN'gﬁ fRess than 1 pM A solid

phaseh @ssa R andR/iflid @idepdidediyglasts falrso devi sed,

and was uysed to show that di am nophenot hi azi nes such
as thioni'niurn chlorides, and fiavones, inhibited the
bi ndi ngunfbsiitidel alighadip pr.ediyhsebtiyed dipkaic Sldsdlkylid i n
the art i SHabic ©f p

these T ggéu tslgt[}%g %%%EIC saﬁléeﬁ}fl §Lﬁ:§ﬂ?ﬂfedg L@é aﬁoenyi s

i nter apﬂ%t'bisﬁuﬂeﬁ@%Wé'ﬁﬁ'ﬁﬂrﬁ“béﬁtu?ﬁé;s @F‘dﬁé?'l‘xh ng cause

of di seaﬁﬁ&sﬂtﬁﬂéelm ARambansupitifedT.dicameaged herein)
associ ated w_t cl ein aggregation. Piotrowski, G
(1936) “Tﬁ@SWF@QF%ﬁﬁ?mﬁﬁnﬁarklnsonlan tremor. Medica
Recor d, uddésidaidd C3243arbbapiat {.altylt siestyiep 0g npahiboarylet Lakkyl;
of Parkinsonian trenor in a study of 4 individuals
usi ng Met hyl ene bl ue (nethyl thioniniumchloride -
MTe:t)d wigreinMWB AR E"® ad therdagteaase iR HiR"Evenousl y at 1. or

gﬁH \%%@ﬁ%ﬁﬁstltlﬂﬁtsgﬂr?cngﬁ?%% Zli %gee'n?gregfu(g%eg?%hlp Sefected from:

The r epor: tleld- E’éH ects on tremor were not strong and

lasted fo. @R imted time only, while a different

synpt om rlgl dlty) was not greatly affected. A

separ at & wWith thionin gave no result. The

essence- Mrbzthe di scl osure is thus that MIC

speci fi hﬁ? whi ch was known to have a

par asynpat het'ic action, had a linmted effect on one

syrrptomCd#ORéiﬂkCn@@% di sease i.e. the "parkinsonian

trenor” 1£0Q7L 20071001105 - 4 - By
Q%éfnﬂ% ECH) Rz

cont rast t Bt eSen on“concerns a treatnent

di rect edNFes- N"H% MRder | W= EebRETNHc AL ([FRRBHIRC(=O)R;
rather tdan a synptomatic manifestation of the

di sease. D am nophenot hi azi nes have previously been

shwwr{ewa%ﬁ.%W%%*S%W&?@PW@Q& egation and 5 to
di srupt uisuestrbted aiphatc OfaRyiFs, and reverse the

b6/ a0768 > Piue airbleCraly el R pothRe VL ¢

di scl osed for use in the treatnent of various
di seases, including Al zheinmer's disease and Lewy Body
Di sease. Addi tionally WO 02/ 055720 (The University
Court of the University of Aberdeen) discusses 10 the
use of reduced forns of di am nophenot hi azi nes
specifically for the treatnment of a variety of



t auopat hi es. WD 20051030676 (The University Court of
the University of Aberdeen) discusses 15
radi ol abel | ed phenot hi azi nes, and their use in

di agnosi s and therapy e.g. of-8auopathies. However
none of these publications specifically disclose the
- use of di am nophenot hi azi nes, particularly

‘non- r edud@YFEHRE Cof062r090E; i nhi bition or reversal of

a- synudeiRs AStied at | féteioBryP Alidstisdibddd C
Di armi nophenot hi azi EIleD Cgﬁ'prgun ds The | nvség%ﬁr%%ar% CTfa!kyl

to BT VATRN AnPRpITRATe EHPRIG PAVBISE BRp SLARiievarsipchisall ogs
t henegfalityhavi ng one of the follow ng formul ae, and
pha drates, and 25

r eutica acce abI salts,
G0y 05 B TRGR LY FEoPRLEeP Bor e shls isies dnesehaionbireot
"di am nophenot hi azi nes" or "di am nophenot hi azi ne
of, mul pi ct's. conpoun :
et oaeps appeli P Eolyhie BB R BB AP Bjeholrigzie spgpound as
'((4) defiepd eb@eé@ﬁipmmhlwom or reversal otlynedeif eggregation. 1 n
one enbodi nent, the conpounds are selected from

comsuLodst IRE oF THRINFENT)ON and 10phar maceutical |y
acceptable salts, hydrates, and solvates thereof. In

one enbodi nent, .t he conpounds are selected from

c oﬁhmpmslmt afvelitonsmahadérﬁc)nsﬂated 8y firshhe tipfeathaediahihdphahbdtiiazine

R d t th f. 15
" EARAU el e O B R oo™ o SR 5 o
conpounds of formula (4), and phar maceutl cal 'y

S S A R A g S

ab@Rrayer sriftagsersbly and fibril fasmations Pd:amyafeq liﬂmladf efswnuc!em (tsyn) was
I eRORAIRER p%thcUl‘a‘Fl&‘éﬁ&tw@lﬂ Ghelbil- Bk %Qsé'e;}/r &nd §l}cﬁ %gec."e%bled tsyn was

to be enconpassed by that representat.i struct

Foshousp é?r%‘lﬂ'@”c%fhﬁ‘tﬂé‘?'@ﬁ%e”@@f?f thigfigyineyT. othe Igyentﬁ;ﬁgssayed the fibril-

eqausruﬁttr@ rabu\m@ %emampﬁérfouﬁdzweg Sas wellR oftfer ‘eahﬁ&urﬁé €The -
vvh| ch ?r e i nt ended t

@%WBS@?@%W"@% P ol P Hierunf fssety @grvmuwngt isgfien 1 .

Subst ituents
A solid phase assay for synuclein binding was al$o devised, and was used to show that
diaminephenothiazines such as thioninium chlorides, and flavones, inhibited the binding.

As will be appreciated by those skified in the art, in the light of the present disclosuré, these
results demonstrate utility for such compounds inter afia in the treatment of the underlying
cause of diseases (such as PD and others diéc:_ussed herein) associated with synuclein
aggregation.

Piotrowski, G. (1936) "The treatment of parkinsonian tremor. Medical Record, 144:322-
323" reported the symptomatic relief of Parkinsenian tremor in a study of 4 individuals

- using Methylene blue (methyl thioninium chloride — MTC). The MTC was administered
intravenously at 1 or 2 mg/kg doses. An oral administration of 8 grains (=518 mg)/day was
discontinued due to side effects. The repb;ted effects on tremor were not streng and
lasted for a limited time only, while a different éymptom (rigidity) was not greatly affected.
A separate test with thionin gave no result.  The essence of the disclosure is thus that
MTC specifically, which was known to have a parasympatheﬁc action, had a limited effect
on one symptom of Parkinson's disease i.e. the "parkinsonian tremor”.
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t meach one of the above fornul ae, each one of RI,
= R2, R4, R6, R8, and RO is independently selected

from -H 15-F, -d; -Br; -1; -OH -OR -SH -SR -

wo2NFA10628- C(=0) OH, - C(=0)OR, WD PCT/GB2007/001105
2007/ 110629PCT/ GB2007/ 001105 - 7 - -C(=0) NH2;

. -C(=-0)NHR; -C(=0)NR2; -C(=0)NRNI RN2; -NH2; -NHR
-NR2; -NRNLRNZ2; -NHC(=0)H, -NRC(=0)H; -NHC(=0)R;
-NRC(=0)R; -R; -5 wherein each Ris independently
sel ected from unsubstffuted ali phatic Cl.6al kyl ;

~ substituted aljphatic G, sal kyl ' :
o ot o BB RS i oo
process @laiftHER hihia dyRmUdedic maniebtaBn OF el dispais| ;
substituted Csscycloal kyl; unsubstituted

Cs.iocarboaryl; substituted C6..10carboaryl; - .
DiaminobAetaibAds haive pra@usih beer shomylto inbibday praieiyaggregation and
i Ohet er oar ¥l ' fhteolytic stability of the PHF core (see
to disrugE e SRuiyB 2T %F &%ﬁ?ﬁ%mégbﬁ%'ﬁt ag oy ot fhe P N
WO 96/8I76B0E hiofimany:h- RoshedaPuahl comprigndsi Were disclasreiopyssp e

; ﬁﬁﬂ% dideBIEP SRABRE IAaheirlr s ARdasNhdt LakgBadg Pitehss.
treatme{/]\ntmﬁ%t' edr'ﬁetgrogen atgmto whi ch they are attached
forma ring having from3 to 7 ring atons. 15

AdditiorBHRTRY 8570657201 PePSnivevEly CINR of teeversiigef AbatemnRiiscusses -
~taken together with the nitrogen. ' y
the use £F ECpR OB TAATNGPENAY ALY %’ger&%“?%%@*ﬁ%w%tﬂ%ﬂ%% _
variety GHpPétBin doBRIgutiey digssses altiatiugb thepdipdasiuns in @rimgrily spageTeg with
~ morpholino, pyrrolyl, and substituted fornms, such as

tavopatRiesypst i t uted forns, such as N-nethyl piperazino 20
I n one enbodi nent, each one of RI, R2, K R6, R8, and

WO 206?&%0%@%%@“9&&@ Yourlr 86 Glver§i98f Abbldeer, disclbses- Br ;

radiolabafled phenothiazines, and their use in diagnosis and therapy e.g. of tauopathies.

However none of thesé publications specifically disclose the use of diaminophenothiazines,
particularly non—redﬁced forms, for the inhibition or reversal of o-synuclein aggregation in

particular.
Diaminophenothiazine Compounds

The iﬁvention pertains to certain diaminophenocthiazine compounds and analogs thereof,
having one of the following formulae, and pharmaceutically accep_tab!e salts, hydrates, and
solvates thereof {collectively referred to herein as “diaminophenothiazines” or

“diaminophenothiazine compounds’):
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15

-C(=0)0H, -C(=0)0R, 25-R. In one enbodi nent, each one
of RI, R2, Ra, R6, -R8, and RO is independently
selected from -H -R- 30 In one enbodi nent, each R
wo f/p@deRendent |y selected from unsubstltutﬁ@nGBﬂmwmnuﬁ
aliphatic G _eal kyl; substituted aliphatic Okeal kyl ;
_unsubsti tuted allphatlc C2. 6al kenyl ; substituted
al i phatic C2mal kenyl ; WO
2007/ 110629PCT/ GB2007/ 001105 - 8 - unsubstituted
C3. 6¢cycl oal kyl ; substitdted C3_6cycloal kyl. In one
enbodi nent , each R |§m|npependently sel ected from
.unsubstltuteg al hﬁtlc Cal kyl ; substituted aliphatic
C _sal kyl . BN enpa Nt each R |s
i ndependently $
-i Pr. | nForeyemnt

%f , and
) PRis |ndependently -
"sel ected- from; m.--and Ei |0 one enbodi nent, the
Cl4al kyl gron i's a Cl. R4alf’kyl group. 10In one
enbodi nent, theRE2_6al kEnyl group is a C2.4al kenyl
“group. | n opk egbodjne iRhe C3_6cycl oal kyl group is
a C3. 4cyc|oal §r ou anpl es of unsubsitut ed

al i phat i B’ Atk ~hnclude: nmethyl, ethyl,

n- propyl , rlopy - buflygeei so-butyl, sec-butyl,
tert- butyl !ﬂmbéhtyl iRo- pentyl, tert- pentyl,

15neo- pentyl hexyl, isqg-hexyl, etc. Exanples of
unsubstltuted aly phatld?CQ 6a|keny| groups i ncl ude:
propen- 1-yl g% epnN L At en-1-yl, buten-2-yl,

but en- 3-yl , es of . unsubstltuq§d :
Cs. 60ydoaIK%#/ e R cyclopropyl

cycl opr oRYfZ net yl , cychobqt l, cyclopentyl
cydohexyl, etc. " n one Fenb&I ment, t he CD_IocaTboary
group-is_a Cécarboaryl group. Ig_one enbodi nent, the
Cb. 10heteroaryl‘group I ;'a C6. 6heteroaryl group.

2

R
SN O RINA X@ (4)'
5 N~

a |
R .R3NB

Formula (1) depicts compounds in a reduced form, whereas each of Formulae {2), (3), and
{4) depicts compounds in an oxidized form.

In cne embodiment, the compounds are selected from compounds of formula (1) and
pharmaceutically acceptable salts, hydrates, and solvates thereof.

In one embodiment, the compounds are selected from-‘compounds of formuta (2) or (3),
and pharmaceutically acceptable salts, hydrates, and solvates thereof.

In one embodiment, the compounds are selected from compounds of formula (4), and
pharmaceutically acceptable salts, hydrates, and solvates thereof.



25l n one enbodi nent, the C6_10car boaryl - CLAal kyl
.group is a Cocarboaryl -Cl _2al kyl group. Exanpl es of

unsubsti tuted Cel ocarboaryl groups include: phenyl,
 woaPihosh - Exanpl es of unsubstituted PCT/GB2007/001105
Cs_l oheteroaryl groups include: pyrrolyl, thienyl,
furyl, imdazolyl, 30oxazolyl, isoxazolyl, thiazolyl,
_i.sot hiazol yl, pyrazolyl, pyridyl, pyrazinyl, -
pyrimdi nyl, pyridazinyl '

" WDZOO__?lllO629PC_'I'/ GBZOO?/SGO;LlOS -~ 9 . In one - _
con GERTRe SFRIETrBER olRepeR By B
all of viehOwrairtheraiey kg b@nmasﬂedalytht representative structure. For
o R oy L PR 488 o

are shegn @Qlew,) @, all-afpbiclorre integdedjoNieencompasspalpRsiucture (4):

5 -C(=0)NR 2; -C(=0)NR' Nlirl1l2; NH2; -NHR -NR 2;

" -NR NIR 1,12; -NHC(=0)H, -N RC(=0)H. -NHC(=0)'R
-N RC(=0) "ik; 15,wherein each i s independently
sel ect ed frosm subst i al i phatic G _sal kyl ;
substit ut edRalj 6& kyl ] unsubstituted
al i phat | ¢, 2. stit yf €dX&thi phat i @B}

C2. 6al keRyM™y
substi t it ed K;ﬁh_
C6_- 10catboaryl; "subst

eth\e8 6¢ycl oal kyl ;
Myl 1 dnsubsti tut ed
i tut e C640car boaryl ;

20unsubstituted Cs_ioheteroaryl; substituted

10

15

20

C&Aohet-eroaryl ; unsubs; itute

C6_10dar boaryl BC1. 4al Ryl ; subsftit uted

C640cgr boay] A8l kil ; mherein, in each group
-NRINIRIN2, i y, Riman@R N2 tak@)

t oget &Y “wi i sp-Rtgm to which-they are

att acHed® orm &

ring havi ng. fr

om3 to 7 ring atons.

25 n dne eRbodRment, BptiI&naleubstituents (e.g., on

al i phatic Cl.6al kyl, aliphatic
C3. 6¢cyel oal kyl, C61 ocar boar 4

Cer ucar boar yl -®mal kyl R' are i nd
8 2

Carbon Ring Afom Substituents

Cl. 6al kenyl
, C6_10heteroaryl,
ependent |y

R N\ R @
X (4-D)
R™ S
| ° |
ms RE r* ang |
- , R

In each orie of the above formulae, each one of R', R? R*, R®, R®, and R® is independently

selected from:
-H;
-F; -Cl; -Br; :I;
-OH; -OR;
-8H; -SR;
-NO,;-
-C(=O)R;
-C(=0)0OH; -C(=0)OR;



10

15

20

25

30

selected from -F, -d; -Br; -1; -OH -OR

30-C(=0)0H, -C(O)OR; -R. WO :

20071110629PCT/ GB2007/ 001105- - 10 - In one
wiibedbgient . optional substituents (e.g., omcaldmb@icorios

Cl.. 6al kyl, aliphatic CL.6al kenyl, C3 60yc| oal kyl, ~

CG40car boaryl Cs. | oheteroaryl,

‘Csi ecar boaryl - Cl4al kyl ) are as defi ned above except

that each R is |ndepengently sel ected from

unsubstituted aliphatic’C _sal kyl; 5unsubstituted

SHEIR Cor B, v o

CBIHLONBRe N WRM'RMsubst i t ut ed :
- +4R nmbodi t,
ocﬁfi%ﬁrlpgﬁ%%q S#L'fe h %)qu\lé@%@;'ﬁl Shagl |Cmé2 6al kyI

ali phatic C1..6al kenyl, CS 6cycl oal kyl

wherel@%&ﬂ@ “ebiﬁ@édéhderﬁ:@ s@(@@ﬂs& ReRE Y

40car boary éﬁ% are as defined above, except
Hﬁ'a‘ebsa%w aﬂphf%@ Qm%l'@fb aiiuteg aliphptic €ealkyk ont
ufhsmﬂkﬁtutédahﬁﬁaﬁ@'%@&l?édyp s@ﬂ:shﬁ@%Miphatib&%rséﬂgé}ﬁﬁ ! t ult Edl
a | nsubs cycl oal ky

l@’ﬁ’gt E‘flbctci’zdﬂ‘?g’ﬁb‘yp%'ﬂﬂsit g E‘Efi‘lal l¥hents (e.g., on
ainslmsamtad @&Lcﬁﬂ:ldam ,suBétitméngﬁcﬂoéﬁﬁj Eenyl -I

a et eroary

@0‘2‘%?1 oeg’raé Mﬁieroawia?‘f( 'jj%gr e'“‘g'?pg%"’ﬂghed 20 above,
ewelé}st!tutadaﬁmeadwam—&ﬂlhyh cheipsditulieh€d. yoagelaad-Caghttyl;om

wherei Hﬁcﬂ Qr%&ﬁc%ﬁ%"ﬁlkf pil:]@éﬂeﬁdgﬁlysﬁ’l”k%h RN RS IdoUhE with the
mtrogen atom to which they are attached form a ring having from 3 to 7 ring atoms.

Examples of groups -NRY'R"2, wherein R and R taken together with the nitrogen atom
o which they are attached form a ring having from 3 to 7 ring atoms, include: pyrrolidino,
piperidino, piperazino, morpholmo pyrrolyl, and substituted forms, such as N-substituted
farms, such as N-methy! piperazino.

In one embodiment, each one of R', R% R*, R%, R®, and R® is independently selected from:
. "

-F; -CI; -Br; -I;

-OH; -OR;

-C(=0)OH; -C(=0)OR,;

-R.

In one embodiment, each one of R', R?, R*, R®, R®, and R® is independently selected from:
_H'
-R.

i one embodiment, each R is ihdepen&enﬂy selected from:
unsubstituted aliphatic Csalkyl: substituted aliphatic Cy.zalkyl;
unsubstituied aliphatic C.salkenyl; substituted aliphatic Cysalkenyl;
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I n one enbodi nent, optional substituents (e.g., on

aliphatic Cl1 6a|ky| al i phati c Cl4al kenyl

Cntycl oal Kyl , CBrlacarboaryI CB_theteroaryI,
W_(g@m:],gg&gbowyl Cl..4al kyl) are as defined Zah@y®o7/001105

except that each R is independently selected from

-Me, -Et, -nPr, and -iPr. In-one enbodi ment, optional

substituents (e.g., on aliphatic CL..6al kyl,

-al i phatic G _Bal kenyl %3 6cyc|oalky|

Ce_l ocar boaryl, 06 10heteroaryl

’ ed above except
Eﬁ%?&giggﬁ@gﬂ d%?ﬁﬁ@%‘?%%@ﬁg]wed from- - M ‘and
-Et. 30 1In one enbodl ment, each one of Rl, R2, R4,
In one Bﬁmbo&%enﬂ'éﬁcfﬂ% lé ﬁdéﬂ&@&%@@%ﬁﬁeﬁ fidpk ected from -H

one enb each one of R, R2,

Rmsul;%ﬂute;@ahpgﬁt& Realid; ?%@H@H@@Pﬁqt’y Coel'¥bted from -H

and -Me. |nane enbodiment, all except four of Rl, RZ,
nt, all

In one ggﬁé}gﬂl{ﬂ&{l%b@'faﬁd lewnd?eg sepagteg ?romntm -nF’r and -iPr.
In one Kmik8diment ebcteRnsmeiéﬂ:entlmtb]rseieeie’ernmm anddHt. except

one of R, R2, R4, Re, _

K and R9 is -H 10In one enbodi nent, each of Rl, R2,
In one pmbogigienieie Grelkraroup is B.CraafikrkgraBpoups In each one -
in one @f'nbba%eﬁpméec f QlicBAY Rg i 9@.&?1@5&1%&'& NR3NAR3NB, i f

present, each one 0

in one ieﬂ’&@ﬂfgﬁﬂb 18 GeaCyqlosiiybgrou isi e cxiliyt sreup R or 138NA

and R3148 taken together with the nitrogen atomto

re attached forma,rj having from3 to
e e SR S b s ooy
iso-propgch-bgyh isp- buNR%HédBENU, Sert-biktylpi-pestN] iso-pastil, RReeatyl, RSNA

S endently as defined above for R or
neo-pe?iﬁrfl Wg ]ﬁ% F&Een together with the 20-nitrogen atom

to which they -.are attached forma ring having from3

Sl o SRS B IR fould A0 BEREE T o 21
bme“*hﬂdb%ﬂ‘d?@' ibdtendpdadent |y sel ected from -H;
25unsubst i t uted al | phat| c Cl 6alltyl; substituted

'Examp%lﬁ'oghat' C eal K unsubstituted al i phati c

HP%’ﬁWed \O?l'ﬁ’ IOURSIRHHS; eVHoprapyl. ResigAropyk-methyl,
cyclobutylseyepihtyl extidBeylyatt oal kyl ; substituted -
Caacycl oal kyl ; unsubstituted C6.40carboaryl;
~substituted C6_10carboaryl; unsubstituted
In one @Bbodiiket thedaydarbosybgtoup ist ®G.c8hodGhebap.oar yl ;

e HRBRHREL 41 P i bt 3,
In one emhedinent, thet%utcﬁéwﬁn’! Eogdy! grovpristacCashiboaryt-Gespligirgeoup.

attached forma ring having from3 to 7 ring atons

WO 20071110629PCT/ G112007/ 001105
Examples of unsubstituted Cq qocarboaryl groups include: phenyl naphthyi

Examples of unsubstituted C&mheteroary!‘groups include: pyrrolyl, thiehyl furyl, imidazolyl,
oxazoiy[ isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, pyridyl, pyrazinyl, pynmldmyl
pyridazinyl.- ' ‘ T

Examples of unsubstituted Cq 1ocarboaryl-C4alkyl groups include: benzyl, phenylethyl.
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- 12 - For exanple, in one enbodinent, in each
gr oup- NR3NArcn3N13, if present, each one of RBNA and
- R3N8 i s independently selected from unsubstituted

- wddbPhigdbC Cl. 6al kyl; substituted aliphatic gedy@oli¥doiros

unsubstituted aliphatic C2_6al kenyl ;. substituted
-al i phati c Czeal kenyl ; 5Sunsubstituted C3_6c¢cycl oal kyl ;
substituted C3_6cycl oal kyl; unsubstituted
C640car boaryl ; substituged C6_10carboaryl ;-
,unsubstituted C3_10hetéroaryl; substituted
C6. 10het eroaryl ; unsubstituted -

_ C6, 10car boaryl -Cl. 4al l ryl; substituted

In one ggbadimantoeRiiopalsabstitueris/ie;g., on aliphatic (RN Aligh&RRIC Lakay,

Cascycloaliel Befcambsdiyll 8L, R AL L QLN L
3;6 t‘gt t&ggheécf ora?nya %(Siﬁk#tiésﬁg@ﬁgzﬁ %%%@r%hft%@) %Qﬁ%{dﬁgegdenﬂy
selectegfi9Ms. I'n anot her exanpl e, in one enbodi nent, in each

&f,00h-BrNR3NA R3N13, if present, each one of R3PIA an
E@ﬁn_d% i ndependently selected from -H, '
15uhsubstituted aliphatic G .6al kyl; substituted
ablitpBBti ¢ Cl_6al kyl ; unsubstituted aliphatic

zgl kenyl ; substituted aliphatic C2_6al kenyl ;
unsubstituted C3.6cycl oal kyl; substituted
&H=OW/cl oal kyl ; or RaNA and R3N8 taken together with

ideodregenor-om to which they are attached forma
(r;é&garmtlwavi ng from3 to 7 ring atons. 20 In anot her
L5

Re; “GROWHER erfisINRAat CEOINBARTgr oup - NR3NAR3NB,
INH pNenNR cagirvgme. of R3NA and” Ram i s independent|y
_ﬁ_@g{)ﬁg &r c%gl nsubstituted aliphatic. G _olkyl;
TP RSP PhalNHE R R NRAGOXRisubst i T ut ed
i phati ¢ C2_6al kenyl ; substituted aliphatic
: | |, 25unsubstifuted C3.6cycl oal kyl ;
h e .

s eremsc%aglgﬁ Fﬁ%gp'ée_"é%?%ia%ﬁﬁi &W‘ or RBNA and Ran taken
insylstitided aliphhtic Gesalkiyl sulgtinteat aliphstie Gl t hey are
Hshisrey LiRhdhlc! ayving from3.ta 7. .ring atomns.
I'n anot her E’@xé@n% “sg!p(g?ﬂ’és\yﬁgﬂgﬁ%%@rﬁgﬁ[%?ﬁq"i'?ng'ach gr oup

- URiiiieshEacydiealio eubsiityted Belrydoakdf 30 R3NA and R3NB

irBubsuRSPOGtirbdar Sl RS, Obrbokly, UNSUDST i tut ed
al iphatic O sal kyl: unsubstituted’aliphatic - -
thjU%élf gﬁ?y?héterparyl; substituted Cs 1oheteroaryl;

' unsubsﬁtute.d‘Cmgcarboaryl-CMalkyl; substituted Cs.mcarboaryi-C1.4alkyi;
wherein, in each group -NR™R™, independently, R™" and R™™ taken together with the
nitrogen atom to which they are attached form a ring having from 3 to 7 ring atoms.

In one emquiment, optional substituents (e.g., on aliphatic C,_salkyl, aliphatic C, galkenyl,

Caqcycloatkyl, Ceocarboaryl, Cs.qcheteroaryl, Ceqocarboaryl-Cyalkyl) are independently

selected from:

-F; -Ck; -Br; -I;

-OH; -0OR;

-C(=0)OH; -C(=0)OR":
R, o o
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- 13 - unsubstituted C3 _6cycl oal kyl; or R3NA and
R3348 taken together w.th the nitrogen atomto which
they are attached forma ring having from3 to 7 ring
w0 Bes2®. | N another exanple, in one embodi meniGB200TH01105
each group -NR3NAR3", if present, each one of R3R3NB
i s independently sel ect ed from unsubstituted
al i phatic Cl.6al kyl; unsubstituted aliphatic
C2. 6al kenyl ; unsubstituted C3 _6cycloal kyl; 10 .or R3"
~.and RanB t aken toget hertOwith the nitrogen atomto .
whi ch they are attached forma ring having from3 to
- In one smppdigentt epiionall sybsifturieie.cexaraiibbaticiGh..allyd, aliphaigi Grealkenyl,

chyddalk?ﬁgﬁm&irﬁéﬁ?yl HB%MB%% s.roEarBﬁﬁte@Mglk??&té é%rbr%ﬂ‘?éd

| s, i ndependeént l ecte
above, & —E‘f—eip——ttﬁb?achaﬁﬂés 'nﬁmendq@wsrsileatﬁetflﬁ& exanpl e, in one

ertudiRataiphdic@hciligr oup - NR3NAR3NB, if present,

a VB i s independently sel ected
?’P%”?ﬁspt“%da‘w °§§ﬁak yM(ge.g., TNR3NAR3" is - NH2,
MidbitbstitudVE scychdaliklyl, - NEt 2, or -NMeBEt). 20 I n anot her

odi ment, in each group - NR3NAR3NB,
%ﬁmgtgfgﬁtd]“%ﬁwg%]e of R3NA and R314B is

|Uhﬁ@p@mdﬁd1¢ew¢a§ﬂt ed from -Hand -M (e.g.,
uNEBMRRNE | SardERi-c, Ny, or -NMe2)- In precise

anal ogy, in each one of "the above fornul ae,.in each-
group -NR7NAR7r4B, if 25 present, each one of R7" and

In one EMbbdinérs, bpidRADESRINS (!, Oh a@ﬁhéﬂi@fmg&@l aéﬁewﬁmfc%au%nyl

c g ﬁl?%IA and R7/NB t aken toget er &%
+s0YcloalHy ComSaiPeany!s heyhelpraanth a@ﬁ%"eoquwafkv' ﬁr@ %
above, bxant Bat each R’ igigd@icntdntly selectb@fropxanpl e, in one

roup - NRThARThs, if present, |
Sgstg% S‘Fpmﬁgeﬁmﬁfﬂd R7NB is i ndependent ly as -
deﬁubnfﬁdedlahwmlf:@rz.s%ewlr | RVA and RThl B taken together
%éu@sﬁt@t@d'ﬁ:‘agzﬁi?@ﬁmg?tomto which they are attached.

forma ring having from3.to 7 ring atons. 1n one
enbodi ment, -NR3NA-3NB | "( and -NR7NAR7NB, if both
in one $HhISRIMAENt, cﬂn‘h@nél Qﬁbsﬁﬁf@?ﬂs e: g ,bf ailpﬂdﬁc@*‘gal@mgﬁéﬁ@ salkenyl,

resen

-

and - NR71
, C%Cyc'a?wﬁ I\&%Fﬁamqaﬁﬂ e%ﬁepheé?{%af&‘f Ce m@f%%!dé’«e#@kmrsés definegach

above, g gghétNlaeﬁ R isflnwp%ﬁ@é}ﬁly s&ladied frsmi ndependently -H or
‘ AsuB$ l’cutagt‘:ie alspgﬁa? é’ 8-,@%!; I§Ub$%t’tu’:ed aliphatic Cygalkyl.

In one embodiment, optional substituents (e.g., on aliphatic C,.salkyl, aliphatic Cy.salkenyi,
Caecycloalkyl, Ceqocarboaryl, Cs.qoheteroaryl, Ceqocarboaryi-Cq4alkyl) are as defined
above, except that each R’ is independently selected from: -Me, -Et, -nPr, and -iPr.

In one embodiment, optional substituents (e.g., on aliphatic Cysalkyl, aliphatic Cy.salkeny!,

Cascycloalkyl, Ce qocarboaryl, Ce.qoheteroaryl, Ce.1ocarboaryl-Ci4alkyl) are as defined
above, except that each R’ is independently selected from: -Me and -Et.

- In one embodiment, each one of R', R?, R*, R®, R®, ‘and R? is independently selected from:

-H, -Me, -Et, -nPr, and -iPr.
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For exanple, in one enbodi nent, in each group =NR3Nc,
if present, R3hlc is independently as defined above
for R " Forexanple, in one enbodinent, in each
W(ﬂfﬂﬁ'ﬁ OQbIRnC i f pr esent, fele is i ndependerﬁd]yGBZ‘]O']ﬂmIlos
10sel ected from -H; unsubstltut ed aliphatic.
Cl. 6al kyl; substituted aliphatic-C _eal kyl;
unsubstituted aliphatic C2.6al kenyl; substituted
al i phatic C2.6al kenyl ; unsubstitut ed C3. 6cycl oal kyl ;
. substituted C3. 6cycl oal1hy| 15unsubsti t ut ed
Csi ocar boaryl; substituted C640carboaryl ;
In one emisagsént} esch dnE®F ROIR3 BY, BarRA andsRiis fridepensigntly selected from:
R eteroaryl; unsubstituted :
H, Meog %%Ear boaryl - Cl. 4alkyl; substituted . :
C6_10car boar yl - Cl4al kyl . For exanple, in one
In one ERBREHER achicRe SRR FBT RURC TRIRGHIGR? ik finde F@ﬁiﬁﬂﬂy SRR frdim:
I ndependent |y 20 selected from unsubstituted
HandMe.phatic G _sal kyl; substituted aliphatic Cl.6alkyl;
unsubstit.uted ali phatl c C2_6al kenyl substi t ut ed

o SRR A LA T BB 1

In one &Mnérﬂ,adlyéxpemm tof Rhﬂ%,d:{mﬁﬂfaamgny HH.

Inone gﬁ%ﬁ@%&%ﬁ% 0%% o}g{s qizeﬁ‘oﬁﬁyé& and/RSKI_{ut ed

ary unsubstituted

In one @8baiuentbemhyof REIRFRKRY; RS ad R sutled

Ce-10car boaryl -G _4al kyl . I'n another exanple, in one
enbodi ment, in each group =NR314c, if present. Wle
Amfﬂoﬁéoupﬁdependently sel ected from 5041; unsubstituted
aliphatic G .ealkyl; substituted aliphatic 01 62141
unsubstituted alj phat| c C2.6 substjtu
In cach e R REIR IS TOERMIER ) FachTeUB VT Lok e T Eegtl e R
and R‘*@ubﬁmﬁeﬁsmﬂemlycsl dreselefiaddabove for R15r R"“f‘ andRY¥E lhedien together

e T

unsubst | tuted aliphatic Cl.6al kyl; substituted

For ex%ﬁﬂa 61* en%c[%ngéﬁt ﬂtéé?{ﬁ g{bﬁ% ﬁ@?@glz { % ch one of R*

and R*\jrig md@nanﬂamtbrcasc@flee@/ebwalfwﬁ -or Bu’bgﬂﬂﬁn éaken together with the

-mtroge@toﬁ%%h%' tké‘)} are attached form a ring having from 3 to 7 ring atoms.

For example, in one embodiment, in each group -NR*™R™, if present, each one of R

and RN

is independently selected from:

-H: '

unsubstituted aliphatic Cq.salkyl; substituted aliphatic C,.salkyl;
unsubstituted aliphatic C..salkenyl; substituted aliphatic Cogalkenyl;
unsubstituted Cs¢cycloalkyl; substituted Cs.soycloalkyf; |
unsubstituted Cg.qocarboaryl; substituted Ce jocarboaryl;
unsubstituted Cs joheteroaryl; substituted Cs1oheteroaryi;

unsubstituted CeoCarboaryl-Cysalkyl; substituted Cqqocarboaryl-Cqalkyl;

* or R™ and R™® taken together with the nitrogen atom to which they are attached form a

ring having from 3 to 7 ring atoms.
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-~ In anot her exanple, in one enbodi nent, in each group
=NR. 3"c, if present, R3nt is independently sel ected
from -10-H, unsubstituted aliphatic Cl..6alkyl;

wo%&#ﬁﬁéz%t uted aliphatic C2.6al kenyl ; unsubsiddc86r001105
C3. 6ecycl oal kyl . 151 n anot her exanple, in one _
enbodi nent, in each group =NR3Ne, if present, R3l4c
i's independently selected from unsubstituted
al i phatic Cl1_6al kyl; unsubstituted aliphatic
C2. 6al kenyl ; ‘unsubsti t-utzed C3. 6cycl oal kyl. 20 In
anot her exanple in one enbodi nent, in each group

For exaspig eong embpciment in ergiNgrolis -NREIFIEh ifentsept, setteatest RV

and R""Bﬁ@fﬁhepéﬂdent%e]ec@d fron?Pr, and -iPr. In another _
odiment, in each group =NR3Nc, if

in
HF‘%%"@W#edla&P'laﬂF Sk subge AR alod from - H
uh@bﬁﬁtﬁt&daﬁﬁha&@ C&wlkean@uH‘sﬂ!u?d%ﬁbhatrc%lké?L v, =NEt) . In
ano n odi nen in each group
2REH Sﬁf“‘fsggzﬁg‘g’gﬁ?ik 'R%‘%&Et”feg q*ﬁﬂ’@l?@\%ﬂent ly sel ected
ﬁnsuhstttuﬂddm%caﬂﬂbarwsgbstltlﬁ‘d‘d??mb&rbo&ryipNH or =Nwe). 30
ch one of the above
e BERElen SRR, SRR oot " Fel e i s
umﬁ!@p’féw@é& hoyarasambﬁiﬁw substiteieddl. «feaioaryl-Balky!;
3NA G - = Nitr i
S e L RSN R (T
ring havipafrosm 3ite & ringateenst or nul ae, e, if present, is
[ ndependent |y as defined above for R3Nc (or RThc). 5
i n one enbodi nent, %l mhf present, is

In anoties SmﬁéﬁPP?e@QP%‘F%W%WWH MRS ibesanitesch one of

R™ andIR*PhaindepdbbienBaddiatied from:  For exanpl e, in one -
ybodi nent, eo, if present, is independently sel ected

frfom -H -M, 1l0and -Et. For exanple, in one
wiEvbslitutea tliphRiiE C.dalkyp selsdinited aliphatiedzpaiRgent | y

SuB&h&dd Eﬁp‘?]mic Cﬂga%qyl;' NMestituted aliphatic Cpsalkenyl;

unsubstituted C;¢cycloalkyl; substituted Csscycloalkyl; -
or R®™ and R™® taken together with the nitrogen atom to which they are attached form a
ring having from 3 to 7 ring atoms.

In another example, in one embodiment, in each group -NR™AR®E  jf present each one of
R™A and R™™® is independently selected from:

unsubstituted aliphatic Cma!kyl, substituted aliphatic C,alkyl;

unsubstituted aliphatic C, salkenyl; substituted aliphatic C,salkenyl;

unsubstituted Ci.ecycloaikyl; substituted C, scycloalkyl;
or R and R™® taken together with the nitrogen atom to which they are attached form a
ring having from 3 to 7 ring atohﬁs. '

In another example, in one embodrment in sach group - -NR™MAR®E if nresent, each one of
R™ and R™& j
..H,

unsubstituted aliphatic Cq.salkyl;

is mdependently selected from:

unsubstituted aliphatic Cosalkenyl;
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RA aqg e Hcependentiy selquted freraphle e, 501’" FeaarplFe, a

15For exanple, in one enbodi nent, RN13, if present,
is independently -H Counter lon X-, if present, is
one or nore anionic counter ions to achieve
W(ﬂﬂ%ﬁﬁdz&al neutrali ty 20 Exan‘pl es of sui tq@Tﬁ;BZOﬂ'ﬂﬁ(illOSl

anioni c counter ions are discussed bel ow under the
heading "Salts'. In one enbodinent, r is
i ndependent|ly a hal ogen anion (i.e., a halide). In
one enbodinment, r is independently C, Br, or r. 25
In one enbodi nent, X' -i18-i ndependently Cr. In one
embodi ment, X- is independently NO3. Conbi nations 30
s EShHvEd IeaeREkyB2007/ 001105 - 17 - |somers

or RSNA%BWB%&%WB%{HQAYM% Fr%? én 4tbm ?@ﬁg‘aﬁ i afe Qt?afchéﬂb'nﬁr

metric enantT oneri riomner

ring hah}m fiemidde 7aing@bires. st er eoi someric, tautoneric,

-conformati onal, or anoneric 5forns i ncl udi ng but not

l[imted to, cis- and trans-forns; %A gqu Z-forms; c-,
In ancther exgigler in ong eRbodieab In eavh gEp--NBTB™ & Present, aash one of

'Ra""arimﬁﬂ'éﬂfdéﬁendéntiﬁﬁéiedteéﬁérﬂs d- and I-forms; (+) and

| -, and enol ate-forms; syn- and
&H%qbs?tﬁ{;ﬁéjé@}’ﬁ&ﬁﬁ'ﬁ? and anticlinal-forns; a- and
3n&msmmbdaMpmmwangﬂﬁﬂwatoriaI fornms; boat-, chair-,
i.St- el.o and hal fchair- forns; and
r%’g’ﬁtmte cycﬁ%}k& hereinafter collectivel y
or R™ Amﬁ é?’ded(andowhén vsﬂnrtbe sitrogeaT atd®'to whick they afeatteahd form a
nnghahﬂéﬁm%%ﬁg?rﬁégﬁﬂf?as di scussed bel ow for tautoneric
ica

, Specl y excluded fromthe term"isoners,"
as used herein, are structural (or constitutional)

In anothé%ﬁﬁle(lh oﬁe enmbDEIRAE iR yrdlipl -NRPARM8 1ihGresent, each one of
ctions between atons rat her than merely by the

reference to a nmethoxy group, -OCH3, is not to be
nstrued as a reference to its EAGTT. a
inanotfit FEUIE O f9e Stk i enoraupRRan Ry Epretdit it ohe of

R*™ andR*Yis indiepéridentip saerydd ramnbll -Me abeé -Eigas!, ruRi REA & -NH,,
-NHMe! ﬁwer eﬂﬁ_%tt RE Ft Sr Rk %g)t ural isomer, metachl orophenyl.

er, are erence o a class of structures may
mell |nclude structurally isomeric fornms falling
In anoti’ﬁértek!érﬁplé hﬁtoné 'eﬁ%%dl(n%ng i edeh gfIpKHRMNARBE| lhdﬁ%séh't AR 36|ae of
Lo % Oi ncl'udes n-, iso., Sec
R a“fié_ﬁ’f 'ﬁlﬂdﬁ‘Pe ﬂ!\h T -Hraodubede g HRTR M EaiHz.and

-NHMe @I-KMel)Et hoxyphenyl) The above excl usi on does not
‘ pertain to tautoneric forns, for exanple, keto-,
enol -, and enol ate-forns, as in, for exanple, the

In precié@hhalogynip daahbagef the apaie feimisd, o €rblgrdupl -NeSVREE e

present, each one of R™ and R™® is independently -H or as defined above for R; or R™™
and R™8 taken together with the nitrogen atom to which they are attached form a ring

 having from 3 fo 7 ring atoms.

For example, in one embodiment, in each group - NR”N‘“R?NB if present, each one of R™
and R™® is independently as defined above for R; or R™ and R™® taken together with the
nitrogen atom to which they are attached form a ring having from 3 to 7 ring atoms.

In one embodiment, -NR*™AR¥E and -NR™MR™E, if both present, are the same.
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25bel ow), i m ne/ enam ne, am de/i m no al cohol,
am di ne/ am di ne, nitroso/ oxi ne, thioketone/enethiol,
N- ni t roso/ hydroxyazo, and nitro/aci-nitro. 00, OH H.
(;g&;r]t;é‘f, & 1-14* ket oenol enol ate Not e t hat spegiduze@cios
ed in the term"isoner" are conpounds with one
nore 30i sotopi c substitutions. For exanple, H may
be in any isotopic form including 1H 2H (D), WO
20077110629PCT/ GB2007/ 001105 - 18 - and 3H (T); C may
be in any isotopic forth-including 11C, 12C, 13C  and

: 14C, 0 ma an otopic form including 160 and
In one embodimantd-NRie R“EF@ %ﬂ?esi”% %3

of beth Rresenisgreciiffer a
reference to a particul ar conpound |ncludes al | such
isomeric 5 forns, includin &lal

In each P‘aﬁ:‘é’ﬁ'?%a%l e r& * ProRRt o o S %%ﬁ%e“*“f

-H or asRiefpraolvofor Re. 9., asymetric synt hesi s) and
separation (e.g., fractional cryétal lisation and
chr omat ogr apht ¢ neans) of such isoneric forns are
For example)ig oné smbodiment, iresash grawp =MRES; & arkisent, BUF i indebepgently
asdeﬁn@éjgt%vé@cgrﬁ he net hods taught herein, or known nethods,
I'n"a knowi manner. 10 Salts It may be convenient or
desirable to prepare, purify, and/or handle' a
For exan@k! i 9RE Bg‘b&%l'néﬁi fn Qlch\ghfip NRPSU A BresbRY Rw@d‘”ﬁheﬂaenaently
armaceut | cal | 'y-acceptabl e sal f. Exanpl es of
selecteqfrt maceutical | y- accept able salts are discussed in
Ber ge et al ., 1977, "Pharmaceuti call y 15Accept abl e
Salts Vol . For
, ‘@i‘é‘??ﬂf”&ed ?ipﬂ?tﬁgwamoﬂﬁaml@d gﬁ?‘@ﬁ?@ ﬁaa?y ‘has a
 dnginsstiueatbd lip bt UG, ket soBstitited aliphaiid C, «alenyl;, - COON

. - 000 t ] | d with
el oL Ao SR o e
watbstitted Qobadmantigubatitated €. obdrioargld to, al kati netal -
th t '
‘5“99‘?35*' A 1%&% Ps@&‘i’i%:@d %erﬂégéét{}gnga;uchcgsl g\lnjfs
IB%WIL@@ G 10054 R Co- ks Subetidtead Pem%afP‘PﬂfY'&je?l kKHut are

not limted to, ammnlumion(i e., NH44) and
substituted anmoni um i ons NH3R+, R2
For exagpiRgp ONRIRPBYIIMERk ifsPack SRS TR Ko gE P eRAEY

seiectecﬂmmnl um.ions are those deri ved from ethylam ne,

Gt PR U T Seerh St e "
msemdhmtm:l alighatie, Cpajiemdzubsifuted alp}namcmlkeny!;
PRERMREIE L SRAIE BRI e, o

aélds such as |ysine
laﬁw@h@edﬁn@armFﬁo@#pﬂlf@te@ﬁ&ac%rbﬂﬁmln quat er nary

IR B C&%hété'o%pgﬂgghﬁﬁed (':{ mﬁe‘ﬂ'—?roér?ln'pound i S

cationic functiona g
wubsyied %p@rboarmﬂrz@w r?H?StB‘éied N?mia}fboqrw&wa'k al t
may be formed with a suitable anion. Exanpl es of
ui tabl e.inor i.ons i ncl ude,..bu
In anothgf GHarglp, fbonetﬁﬁﬁ?@c BETh &R SIBH THE' fafwsaw&?’“ s
mdependémnyga!at:tedaﬁmds hydrochl ori c, hydrobromc;
droi odic, sulfuric, sulfurous, nitric, nltrous,

osphor.ic, and phosphorous.
unsubsiituted aliphatic Cq.ealkyl; substituted aliphatic Cqsalkyl;

unsubstituted aliphatic Cz_ﬁalkgnyl, substituted aliphatic Ca.salkenyl;
unsubstituted Cascycloalkyl; substituted G scycloalkyl.
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WO 2007/ 110629PCT/ GB2007/ 001105 - 19 - Exanpl es of
sui tabl e organic anions include, but are not linited
to, those derived fromthe.follow ng organic acids: .
(ﬁzogﬁﬁmégxybenzm c, acetic, ascorbic, aspartgGycgaoro01105
enzoi ¢ canphorsulfonlc cinnamc, citric, edetic,
et hanedi sul foni ¢, ethanesul fonic, funmaric,
5gl uchept oni c, gluconic, gl ut am c, glycolic,
hydr oxynal ei ¢, hydr oxynapht hal ene carboxyl i c,
-isethionic, lactic, |actgbionic, lauric, maleic,
mal i ¢, nethanesul fonic, nucic, oleic, oxalic,
palmtic, panoic, pantothenic, phenylacetic,

~_ In ano&??%n@ﬁg Oﬂe%mb%ﬁ?@ém?,?g %*Txcfff%&ﬂ%’ %%3:?’?# cd’rgégn't, RN ig

, 'succinic,
independéntigiselected banc, and val eric. Exanpl es of suitable
Hﬂsﬁfﬁ%mtéﬂ @E%E'@a?@l%ﬁﬁ%h Wiishati® B} ﬁaﬂ(ﬂr? not limted

ose rive rom-t |'ow ng 10pol yneric
atrsHistittedalipatis Ggalkenyl: suksiedgiphats %ﬁ'&%@ﬂ The
fted By cricaikyb SuipstiisFedcydlodilye form of a m xed
salt (i..e., the corrpound in conbination with a salt,
or another salt). For exanple, nethyl-thioninium
In anotht @ik, i dhe etibodiniale, ibadhchrom) tNRI Z)préseng R e d
t hi oni ni um chl oride (MIC), a chloride

'"dePefge@lgls?le&eﬁﬁx'gnot her salt, zinc chloride. Such m xed
shhts are intended to be enconpassed by the term "and

gﬁ%ﬁg&g&g@g,lgﬁgﬂ g%gﬁpt able salts thereof'. Unless

€rw se s areferencetoapartlcular

dwwp*@ﬁhh&ﬁdeﬂliﬁbaﬂcrfblsdlﬂwlsalt forms thereof. 20
B RePRdorangl.es |t may be convenient or

desirable to prepare, purify, and/or handle a
correspondi ng sol vate of the active conmpound. The

in anothef &RanR, 18rR eriifodinsifl, iRead droum=RIRTC GosHueamt i FGMaik
refer to a conplex of solute (e.g.,

'“depeeg?éiéﬁﬁﬁlﬁdeégf’?" of conmpound) and solvent. |f the
suisulmhtutedsalmmmrcmalhﬁ sol vate nay be conveniently

h .e, for exanple, a
m)no %ﬁjgedtaﬁgﬁl&’c Xlgé rrate, a tri-hydrate, etc.
Lumllse@ytutmh’éxsww“@bem fied, a reference to a
particul ar conpound al so incI udes sol vate 30 forrrs

thereof. W?2007/110629PCT/ GB2007/ 001105 - ahc O0ME
In anotbpiegxapipled NSERFIMROdiRad i paghegrpeR=NR™, if present R is

indepefliiaily BeiRienfbii 3ZLMes et nebuded fiye fol | owi ng, and
phar maceutical |y accept ‘abl e salts, hydrates, and

sol vates thereof. MIC -_ Me.,N 1401 SO N--Me
in another example, in one embodiment, in each group =NR*®°, if present, R"® is

independently selected from: -H, -Me, and -Et (e.g., =NR™ is =NH, =NMe, or =NE1).

In another example, in one embodiment, in each group =NR®C, if present, R** is
independently selected from: -H and -Me (e.g., =NR®™ is =NH or =NMe).

In precise analogy, in each one of the above formulae, in each gfoup =NR™, if present,
R™C s independently as defined above for R3NC,
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‘T _MeMe nethyl-thioniniumchloride Ci(r) B ETC.
Etsr 40 N'Et hi | _ElIEt_ ethyl-thioniniumchloride C
(r) CDWIC MM Ma._ N sN M | MM

wolodrflbdst hy! - met hyl -t hi oni ni um chl or i de O HoDGB2007/001105

-16-

Nitrogen Ring Atom Substituent

Also, in precise analogy, in each one of the above formuiae, RM, if present, is
independently as defined above for R*N® (or R™%).

For example, in one embodiment, RN', if present, is independently selecied from: -H and
unsubstituted aliphatic C,salkyl.

For example, in one embodiment, R™?, if present, is independently selected from: -H, -Me,
and -Ef. '

'For example, in one embodiment, R, if present, is independently selected from: -H and

-Me.
For example, in one embodiment, RN, if present, is independently -H.

Counter lon

X, If present, is one or more anionic counter ions to achieve electrical neuttrality.

Examples of suitable anionic counter ions are discussed below under the heading “Salis™.

In one embodiment, X" is independently a halogen anion (i.e., a halide).
In one embodiment, X" is independently CI, Br, or I. '
In one embodiment, X" is independently CI",

In one embodiment, X is independently NO". '

Combinations

All plausible combinations of the embodiments described above are disclosed herein as if
each combination was individually and explicitly recited.



10

15

20

25

30

D DEMIC _ EtEt Me."N Ss 101 N Me | MeeMe _
1,9-diethyl-nethyl-thioniniumchloride CIG WO

2007/ 110629PCT/ GB2007/ 001105 - 21 - E DMETC - MeMe_
wo"-:{ogw)glnﬁ%ll'\'r Et EIt03 Elt PCT/GB2007/001105
1, 9-di

met hyl - et hyl -t hi oni nium chloride C O

-17 -

{somers

Certain compounds may exist in-one or more particular geometric, optical, enantiomeric,
diasteriomeric, epimeric, atropic, stereoisomeric, téutomeric, conformational, or anomeric
forms, including but not limited to, cis- and trans-forms; E- and Z-forms; c-, -, and r- forms;
endo- and exo-forms; R-, 8-, and meso-forms; D- and L-forms; d- and I-forms; (+) and (-)
forms; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal- and anticlinal-forms;
o~ and B-forms; axial and equatorial forms; boat-, chair-, fwist-, envelope-, and halfchair-
forms; and combinations fhereof, hereinafter collectively referred to as "isomers" (or

“isomeric forms™").

Note that, except as discussed below for tautomeric forms, specifically excluded from the
term "isomérs," as used herein, are structural (or constitutional) isomers (i.e., isomers
which differ in the connections between atoms rather than merely by the position of atoms
in space). For example, a reference to a methoxy group, -OCHs, is not o be construed aé
a reference to its structural isomer, a hydroxymethyl group, -CH,OH. Similarly, a reference
to ortho-chlorophenyl is not to be construed as a reference 1o its structural isomer, meta-
chiorophenyi. However, a reference to ‘a class of structures may well include stfucturally

‘isomeric forms falling within that class (e.g., C1alkyl includes n-propyl and iso-propyl; buty!

includes n-, iso-, sec-, and tert-butyl; methoxyphénjrl includes ortho-, meta-, and para-

methoxyphenyl).

The above exciusion does not pertain to tautomeric forms, for example, keto-, enol-, and
enolate-forms, as in, for example, the following tautomeric pairs: ketolenolr (iMustrated
below), imine/enamine, amide/imino alcohot, amidine/amidine, nitroso/oxime,
thicketone/enethiol, N-nitroso/hydroxyazo, and nitro/aci-nitro.

oo N OH W 0
—QC—C == Cc= = —

N /s ~ H /C C\

. keto ' enol enoclate

Note that specifically included in the term "isomer" aré'-cqmp'OUnds with one or more
isotopic substitutions. For example, H may be in any isotopic form, including *H, 2H (D),
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DEETC EtEt Eh E41 N.-Et Ne 1 EtEt __ | -
, 9-di ethyl -ethyl-thioniniumchloride cle G MZ _
- Me.,40 -,10 N,..: M N lesl- MeMe_ net hyl -t hi oni ni um
wdPlbée zinc chloride G 0O( 0.5 Znd 2 ) mp@desRAbHoo110s
ETZ

-18-

and °H (T); C may be in any isotopic form, including *'C, **C, °C, and ™G; O may be in any
isotopic form, including **O and "®0; and the like.

Unless otherwise specified, a reference to a particular compound includes all such isomeric
forms, including (wholly or partially) racemic and other mixtures thereof, Methods for the
preparation (e.g., asymmetric synthesis) and separation (e.g., fractional crystallisation and
chromatographic means) of such isomeric forms are either khown in the art or are readily
obtained by adapting the methods taught herein, or known methods, in a known manner.

Salts
1t may be convenient or desirable to prepare, purify, and/or handle a corresponding salf of

the compound, for exampié, a pharmaceutically-acceptable salt. Examples of
pharmaceudically acceptable salfs are discussed in Berge ef al., 1977, "Pharmaceutically

" Acceptable Salts,” q.,.Pharm. Sci., Vol. 886, pp. 1-19.

For example, if the compound is anionic, or has a functional group which may be anionic
(e.g., -COOH may be -COQ"), then a salt may be formed with a suitable cation. Examples
of suitable inorganic cation's‘include, but are not limited to, alkali metal ions such as Na*
and K',-alkaline earth cations such as Ca*" and Mg?‘*,- and other cations such as Al™.
Examples of suitable organic cations include, but are not limited to, ammonium ion (i.e.,
NH,") and substituted ammonium ions (e.g., NH:R", NHzR,", NHRs", NR,"). Examples of
some suitable substitdted ammonium ions are those derived from: ethylamine,
diethylamine, dicyclohexylamine, triethylamine, butylamine, ethylenediamine,
ethanolamine, diethanolamine, piperazine, benzylamine, phenylbenzylamine, choline,
meglumine, and tromethamine, as well as amino acids, such as lysine and atginine. An
example of a c;.Omm_on q‘uaternary ammonium ion is N(CH3)4*.

If the compound is cationic, or has a functlonal graup which may be cationic {e.g., —NHZ
may be -NH3"}, then a salt may be formed with a suitabie anion. Examples of suitable
inorganic amons include, but are not llmsted to thoSe denved from the followmg inorganic

acids: hydrochlonc hydrobromic, hydromdlc sulfuric, sulfurous, nitric, nitrous, phosphoric,

" and phosphorous.
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_ Et...1 EI 44040 N.,-Et tEIt_ ethyl-thioninium
chloride zinc chloride cl O( 0.5 ZnCd 2 ) mxed salt |
MIT 0. sio Me...-Me M N1 MeMe -- '

woRbMészd hi oni niumiodide I (r) WO PCT/GB2007/001105 -
2007/ 110629PCT/ GB2007/ 001105 - 22 - J MIl. H - -
nmet hyl -t hi oni ni um avN

-19-

Examples of suitable organic anions include, but are not limited to, those derived from the
following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,
camphorsulfonic, cinnanic, citric, edetic, ethanedisulfonic, ethanesuffonic, fumaric,
glucheptonic, gluconic, glutamic, glycolic, hydroxymaleic, hydroxynaphthalene carboxylic,
isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic, mucic, oleic, oxalic,
palmitic, pamoic, pantothenic, phenylacetic, phenylsulfonic, propionic, pyruvic, salicylic, -
stearic, succinic, sulfanilic, tartaric, toluenesulfonic, and valeric. - Examples of suitable

polymeric organic anions include, but are not limited to, those derived from the following

- polymeric acids: tannic acid, carboxymethyl celiulose.

The compound may also be provided in the form of a mixed salt (i.e., the compound in
combination with a salt, or another salt). For example, methyl-thioninium chioride zinc
chloride mixed sait (MTZ) is a mixed salt of methyl-thioninium chloride (MTC), a chioride
salt, and another salt, zinc chloride. Such _mixed salfs are intended to be encompassed by

the term "and pharmaceutically acceptable salts thereof”.

Unless otherwise specified, a reference to a particular compound also includes salt forms

thereof.
Hydrates and Solvates

It may be convenient or desirable to prepare, purify, and/or handle a comresponding solvate
of the active compound. The term "solvate” is used herein in the conventional sense to
refer to a complex of solute (e.g., compound, salt of compound) and solvent. If the solvent
is water, the solvate may be conveniently referred to as a hydrate, for example, 2a mono-

hydrate, a di-hydrate, a tri-hydrate, etc.

Unless otherwise specified, a reference to a particular compound also includes solvate

forms Hhereof.



Me.,Nil1010 N'Me | | _MeMe_ iodide hydrogen iodide |

O H mixed salt I < ETI . Et41010 N,-Et | EtEt
ethyl-thioniniumiodide L ETI.H ethyl-thioninium
Wogbgﬂé&}ngfOlSI ,. Bt N (r) EtEt __ i odide hydpogems2007/001105
=20 -
Some Preferred Examples

Some preferred diaminophenothiazines include the following, and pharmaceutically
acceptable salls, hydrates, and solvates thereof.

A MTC
e .
methyl-thioninium chloride
N
o
B ETC 'i‘ ®° N
El Et

ethyl-thioninium chioride

.| QJ@
c | DMMTC Me.. S

N
|
M

e .

1 ,Q-dimethyl-methyi—thioninium chloride

ﬁ[ J(j LS
D DEMTC S
: o - - Me

ol
M

=

- 1,9-diethyl-methyl-thioninium chloride




| OHl mixed salt MMIN _ NMedlnme NI IN _MeM_
met hyl -thioniniumnitrate No3 (r) NETN _ Eh.N'-Et |
~Et EItN __ ethyl-thioniniumnitrate NO30 '

WO 2007/110629 ' -PCT/GB2097/001105
-21 -
B Me Me N
/N
. . ~ _Et
E DMETC N @ S N
‘ | I
- =S

1,9-dimethyl-ethyl-thioninium chloride

Et Et N
L~
o ci(=
F DEETC Bty N N E
®‘
' | I |

1,9-diethyl-ethyl-thioninium chioride

G MTZ-

. methyl-thioninium chloride zinc chioride mixed salt
N o
/ .
_ _ . /@ :@\ JEt | ¢t (® (052nCi)
H ETZ N S N ’
Et Et
. ethyl-thioninium chloride zinc chloride mixed sait
! MT! ' ’f : :
Me

methyl-thioninium iodide




‘WD 2007/ 110629PCT/ GB2007/ 001105 - 23 - 0 Me 2N Me

., 0 0 SNH2 O Toloniumchloride ciG P 0-.. 00
Thionine _ NH2 ciG Q ' - ‘
WO 2007/110629 . - PCT/GB2007/001105
-2
N ,
v
: Me. /@ DL ~Me ! Hi
J MTLHI i @ 7 0 ©
Me _ Me
methyl-thioninium iodide hydrogen iodide mixed salt
- _
=
Ei /<I\ D\ ~Et ] @
K ETI. N @ 7 |
- Et Et .
ethyl-thioninium iodide
N ,
=
Bt~ /@\ D\ ~Et I HI
L ETLHI v @S N ©
Et Et
ethyl-thioninium iodide hydrogen iodide mixed salt
: ' N
>
Me._ Q:@ Me | NO,(D
M MTN [ @S N ?
.- Me Me
-methyl-thioninium nitrate -
) N ,
P .
Et /g\ D Bt NO, ()
N ETN Ve TN
Et Et
ethylHhioninium nitrate




I\/EZNOOO\AzureANHZCI(r) - M N40 .,. olp e
Azure B _ NHwWe ct () In one enbodinent, the
di ami nophenot hi azine is selected from MC, ETC,

M GusEETC, Thioni ne, and Tol-oni um Chl or igleyé 0579001105
W(E‘%omnas Tol uidine Blue 0). 5 Preferred conpounds

the present invention are those which show high
activity in the assays described herein. WO
2007/ 110629PCT/ GB2007/ 001105

-23.

N Me -
0 : Me,N \S NH,
®

Tolonium chioride

. /N o
i eos W
P - .
| H,N s NH, S
' ®

Thionine

. . N
| JOOOWREE
Q .
o Me,N S “NH,
@

Azure A

o : . '/N
LS| e
R | - x, : : '
o Me,N" S “NHMe _

Azure B

in one embodiment, the diaminophenothiazine is selected from: MTC, ETC, DEMTC,
DEETC, Thionine, and Tolonium Chloride (also known as Toluidine Biue O).

Preferred compoundsof the present inventioﬁ are those which show high activity in the
* assays described herein. ' '
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- 24 - Inhibition of aggregation In all
~therapeutic and ot her aspects of the invention, it is -
preferred that the di am nophenothiazine is in
iall y OXI di sed forme.g. at |east POT/GH007/66h105
Woggmg%% or 100% oxi dised form Thus in a
first aspect of the present invention there is
di scl osed use of a di am nophenot hiazine to inhibit
t he aggregation of synudein, in particular, '
a-synucl ein, for examplsg.in a cell. 10 The
aggregation may be in the context of a disease state
InhibitioreoN dggsiyesbras neur odegener ati on ancnor clinical
denentia. In another aspect, the invention provides a
di am nophenot hi azine for use.in a nethod of 15
In all tHerapattiveantd atirer bhprcpyf tod intdrdioh Ut pre@arred tihatile body,
_— k [
caminBnotiaBnd TR b GRRTTHN £6 100 B4R 80, D
99, or Mmﬁf%@éowm synucl ei n, partl cularly a-synucl ein,
aggregation. In another aspect the i nvention
provi des for use of a di am nophenothiazine in the

Thus mﬁfﬁtﬁwa@touﬂe reesent inkentien terr Isdisciops ¥serofehe

dlammqaenﬁa:ahh@m iAhibi® Ao RigBiorR# siuRIdr i parfufY HGINBEBIN, for
ggregation is associated with a di sease state

examplﬁé’l‘]?f’@@t ed as neurodegeneration author clinical
denentla e.g., a nedicanent for the treatnent or

o BR3P B R0 T e 08 0 Bt

and\or giipipakdpaténdia. 25 | n anot her aspect, the invention
provi des a nethod of treatnent or prophylaxis of a
~_nheur ode%en_er at i ve=di sease and \or clinical denentia
In anotheyaseechttesiinypntion pyovisiers @i dienaigeptheethiagine faee Incumaiheg of

treatméh't §Mﬁét§bg¢bﬂhe }‘\Grhﬁﬁ‘ oPBiRAbhoaPaY.| i @R &itebfidrer t O
ect- a prophylactically or therapeutically

prophy ge 8@1' noEodeasTRIEL Slseae 3mi\%$llﬁ@ﬁlcﬂemeggt ARsogpted wih
synuclei) phtit@ g Ud-ByhueRif QRigkdgatiorconpr i si ng the sane, so as
to inhibit the aggregation of the synuclein. - 25 -
I n anot her aspect, the invention provides a method of
In anothar gebeat, itininvérdion porvielga tiorane of a digminoplenvthigrnetinthd ar |y

manufa%fu?‘é’ &Lécnj{n@&l&‘améﬂt 1& MRibk [tlfe' %g Pefgtaﬁon“&gp}ﬁlde.%%@ la

gregation I s assocCl ate seasé sta erlyas
G—Synume,dwhlqﬁeaﬂgmabw lqaseomm%wﬁeaﬂlsemats magifested a1 ep of

 neurod@sLmbRkiS %d\&%l:ﬁi@aﬁt@rf@nﬂ? a h@dlgﬁﬁ%t ®r ﬂ%&tm?nt or

treat nent a actica erapeuti ca

- prophylayis el F%Océ?@eﬁweP st digeage am“ﬂb%fﬁeﬁl@temeaﬁa Agocipled wih
" synucle@jghfatigspect, the invention provides a nmethod of

I nhi biting production of synuclein, particularly
a-synucl ein, aggregates in the brain of a mammal, the

In anofiter esgett; tite inesntign @ﬁovd:ﬁs GImdikall afreutthent Or proptytsisiuta
es_a ug. or oduct. fo

e SDS0 V0L LA PLOR e RS Ma frobln,
particulariyra-syswblainl whigh syathel cenmmns@ggirmgstenmmasmjemaamnl

prophyl§&fc£l§rdr%r{a1;§b§ d@%@%‘iﬂaﬁﬁﬁlge ohﬁt dp(\’ d?a Jbthﬁhélﬁgﬁhé‘gﬂ ed

*heraperstt'%wmosshgn ﬁfaflpmsmg the éamﬁ:eﬁ?tasd@ m@ntdwemeeg@éon PfH:ée
synuclefiont ai ner contai ning one or nore 15dosage units each
conprising at | east one pharmaceutically acceptable
exci pi ent and, as an active ingredient, an isolated
pur e di am nophenot hi azi ne conpound sel ected from
t hose descri bed above.
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Di am nophenot hi zi nes may be admi ni stered alone, or in

conbi nation with other treatnents, 20 either

si.mul t aneously or sequentially, dependent upon the
w&%ﬁt%ﬁn or disease to be treated. In pa”ﬂ&l‘;’éﬁfoo’)/éouos

e desired to use or fornul ate

di am nophenot hi azi nes- with other inhibitors of t he
.~ relevant ‘protein aggregation reaction. Preferred

conbi nations are any one or nore of the .

di am nophenot hi zi ne camgpunds 25 di scussed above pl us

a conpound that nodul ates dopam ne |levels in the

In anotiBragkct] Bie RfvehiictidireddesSUMbBthad 8f reh@ailg tﬁ@ﬁwemisn Ry
oSt it o g BRSBTS R Hdedatoh

associstet eith bfdiscadzastsle dalkestribed balowetht treateghtemtprizing the step of
). 30 I'n
admmrgt%f:ullfé {&ag@ rﬁargrlnsﬁﬂ%%?d é’%%ld t%%%ﬂerivbadproé%@l]adbacaqg
therap@@@auyleﬁ@etﬂ@mrmoetz‘@oﬂar@mamothtazmef Li gands
Di am nophenot hi azi ne conpounds di scussed her ein that

are capable of inhibiting the aglgr egatiaon
in anothersaspgel Wrinveptian edesemethpd sl B B!flncaerpfiw‘g*ma@f FINYelRBs
particulirly bR Rlickeif agir&yateiCih @ldbrlin 0P A nREGH L AAS 86atment being as
nucl ein). Thus, in one enbodinent, the
desc"'?ﬁd%’f’\’ﬁ)phenothl azine conpound is a I|gand e.g., a
i gand of synucleln (or -aggregat ed synucl ei n),

10 anoi ookt e e B e g edurtit dhC REGRA s ftee

associgted wilke sﬂr@zclehne bartiedany d-kynuoleinp abenegativs e meswod isufferthg

vl BB T B oS 67 AETAEHLS vt o

drug pnodmtoﬁofesthertr&aﬁrrmné oft m@seq@gdh@ coNaiper qoniaiy gangms more
dosagd BHRRaLIS cERFRIMANE feals%}@ sharrflceStically Hé&ést%sféf&xm%hkﬁ{oﬁ as

antigeni c groups, therapeutic noieties, or any
an ad“\%ﬁ“@'ie?‘eﬁh at 'ﬁ‘?‘i’}eda‘i"ﬂe ﬂﬁ“ﬁnoﬁhm@%“%‘mﬁéﬂ%ﬂﬂ 6%‘??*6‘1 B?m th"se
descridfegebapsuti ¢ application. 15 For exanple, in one
enbodi ment, the di am nophenot hi azi ne conpound i s as
- defined above, but with the additional |imtation
Diaminbpisenothiznesongychenatininiserqabaleriee s, inicombinafiangeitresthérdreatnsents,

either &MS&&%SSS g\%rté%qug{ha d%{)é]'ﬁlrem lﬁ)%n W&%Hﬁ&# gr (%éaﬁe e OF

I'Sot op
treatecy anlpaficdardyyeay bep@@irsd @hu@mrtf@mw@t%dl@mmmmm@s with
other ifHbBRS Gife e@b%t?otgﬁ%?ﬁreﬁéﬁ&rr@&ﬁﬁﬁ“ 20 markers,

antigeni c group or efapeutic noieties.. I n one
enbodi ment,” the di am nophenot hi azi he conpound is a

Preferrbd G@ﬂﬁmlilﬁ)n%}é arySon@ or ﬂhfé of tRe Giamind h&ﬂ:ﬂ'hzuﬁ@éompounds
-synucl el n or a a nuc
discusqABPPR Pt O e e @f)arﬂgﬁed Hietsip SoF mprpmalig be

treatedl Suoh Bediidrabrcoagsantisinad insiuds Jevo MEDRX arﬁmdcﬁ)a(rm@lc adonlsts
Far

etc e
such o€ op Mol e £ OB G AOTh dhe ROeTE 2PRe e SROTRE | o
treatmennd offédrkinseah'sadisease, At ReviMed. 96:4dd@) ti onal lim tati on
that the conpound incorporates, is conjugated to, is
chelated with, or is otherw se associated with, one
in eacfmaswefe(@lyghe memngal isga hymargt ¢, ) det ect abl e 30l abel s.
- - 27 -- MIh
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r) a magnetic resonance |abel (e.g., "F), a dye, a
fluorescent group; or an antigenic group. Labelled
di am nophenot hi azi ne conpounds (e.g., when ligated to
wdnsyiEhei n or 5 aggregated a-synucl ei n)- nMeyctA€r2007/001105
V|suaI|sed or detected by any suitable nmeans, and the
skilled person will appreciate that any sui tabI e
detection neans as is known in the art may be used.
.For exanpl e, -t he di am nophenot hi azi he conmpound
" (figand-1abel) nmay be spgiably detected 10by
~incorporating a positron-emtting atom(e.qg., 11C)
Ligandse. g., as a carbon atom of one or nore al kyl 'group
substituents, e.g., nmethyl group substituents) and
detecting t he conpound using positron em ssion
Dlamimgwfmwe QdﬁE)“ﬁ)Jn%drswskmﬁwnem that hee capable Bbinhibiiegibee,

aggrggiaﬂor%\‘% 53}#1"9 ?g'ﬁ?l@glg% \%% ga;%Jmevfn %?@Efaﬁ%@ﬁ#r%a%%%%@m
(or aggregaleda-PYNIClel This, incenstershedingest dhe diaminppheiothiazinet ¢ . )
compoglﬁd kRAighhd%.& 2 Ifihd 3t YMBicith (bNygriAdYRREaR! Eérﬁ&llzﬂ@

I nmpound i's a positron-emtting carbon atom
“Sy"“'if'@ and/or at |east one (e.g., 1, 2, 3, 4, etc) of
t he car bon atons of at |east one (e.g., 1, 2, 3, 4,

s B S S s iR
chelatgdogiht Dmth@msetber@sommwmtmtoﬂim chergical gtdups, K(¢hlad deleetable

labels, Eﬂ@%’é sﬂ%gé an Engtgﬁé 89’:?&?%]% E 09)6) Jr?dlo:smgpr:ls p&sﬁ“oon grﬂ»ﬂmg
atoms, gHagn@is rggm@ irbalssdyR8 fllAresc&B TidarkdR NMBligdRid\N&pup®?, and

therapéﬁ-{ Rédictic@ d?%{r B{h%F‘mofé thit g, G850 oaﬁt%m: o‘;r‘a ost ]D].C
B hpiifg, AEEROR oA, Fadfosihl

I'n one enmbodi nent one

‘fhe'"apeéttfeaypitsﬁf'%e substituents R3t4A, R3I4B R3NC R7NA

R7NB, and Wle is -11CH3. - 28 - Exanples of such
i azi pe con

m.nophenopt nds (i.e., which
For ex%"FP?%r"b 8'5)%?@%‘5] HEek e siany ﬂ%eﬂﬂa&aﬂ% RPBRYEE B defippd
above, BEWith the ladditioriah mfiatioh tivit Bg: conddeund NCHipOhtek lislddnjugated to, is
chelated with, or is otherwise associated with one or more (e.g., 1, 2, 3, 4, etc.) isotopes,
radioisotopes, positron-emitting atdms, magnetic resonance labels, dyes, fluorescent

markers, antigenic groups, or therapeutic moieties,

In one embediment, the diaminophenothiazine compound is a ligand as wéll as a label,
e.d., aiabel for a-synuclein (or aggregated a-synuclein), and incorporétes, is conjugated to,
is chelated with, or is otherwise associated with, one or more (e.g.,1, 2,3, 4, etc.)
detectable labels.

For examplé, in one-embodiment, the diaminophenothiazine compound is as defined
above, but with the additional limitation that the compound incorporates, is conjugated to, is
chelated with, or is otherwise associated with, one or more (e.g., 1, 2, 3, 4, etc.) detectable

labels. _

In one embodiment, the detectable label is, or incorporates, a stable detectable isotope, an
unstable detectable isotope, a radicisotope (e.g., **T¢), a positron-emitting atom (e.g., 1'C,
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Me 2NNH 0111cH3 Suitabl e nmethods for preparing these
and simlar 11C | abel |l ed di am nophenot hi azi nes are
shown, for exanple, in WD 02/075318 (see Figures 1la,
w(;%? 5911032%) and WO 2005/ 030676. 10 Al ternati Vghyep@brdoiios
3| tion, the di am nophenothi azi ne conpoun may be

conj ugated to a chelating group (i.e., a noiety
suitable for conjugation to another nol ecule or atom
or ion by conplex or chelate formation) (e.g., a
radi oi sot ope-chel ati ng2group, e. g , a
techneti unchel ati ng group, e.qg.

18F), a rithgpietky tes o@drick datieh @e PR ae did, aﬂaonedcegﬂ gopp, drizataniigenic
chel ated to a 15detectable | abel (e.g., a

group- | adi o sotope, e.g., 99Tc). - 29 - For exanple, in
one enbodi nent, the di am nophenot hi azi ne conpound is

Labelle@ﬁlagmﬁ{&{aﬂ%tﬁgﬁﬁﬁcorﬁbﬁun% (eflb t\ﬂ‘fen‘ElﬂQieH 'tt?H @yndc’lé#’ﬂ é,at ion

st one
aggregaietha synussin) naybe \P@ahwﬂ or Ft@fectRQ bv R9¥ SW@M& mmﬁl@nd the
skilled Mmﬂf%ﬁﬁemﬂz Rt al%] Qﬁab@%ﬁe@?&n mBansOds iS kSR iR HedrBhay
chelating group (e.g., a technetiumchel ating
beuse‘br oup, e.g., a diethylenetriam nepentaacetic acid
group) that is able to chelate a detectabl e | abel
' ternat i

o o BSOS s BT 6 BBl et

by incoipoiatinga pesizor-erhBivgoaieni(e g EEp (emgicas & adobbn gtemepf ond. QFI)lQre

o i ALy )l T B o

using pestteanpnaissipmtopregranhl GOF Hests knowe idfgrArfhophenot hi azi ne

conmpound i s as defined above, but with the additional
limtation that at |east oneg. ., 1, 2, 3, 4, etc.)
For exagiple; [feonpsmhsgimantche diapinopenotiiggingromnggnd ke defingd

above, BaMih tiB3aitidRaNMitabidiNBat st ormn@. QRN 21 8,4, @efc.) of thering

NCOr por a netic reson nce E
carbon fftgp’tsggg‘%{' hg@weng&pz}ne&@gﬁ@ gta(?o?l? on-em{t(mggca'rbon atom,
e.g., "'C; and/or at Jeast one (e.q., 1, 2, 3, 4, etc.) of the carbon atoms of at least one (e.g.,
1, 2, 3, 4, etc.) of the substituents R', R%, R, R®, R*‘ R®, R¥A RS, ™G, R™A, R"“B R™C,

and R"" is a positron-emitting carbon atom eg.

in one embodiment, at least one (e.g., 1, 2, 3, 4, etc.) of the carbon atoms of at least orie_
(e.g., 1, 2, 3, 4) of the substituents R™, R®¥?, R¥¢ R™A R™8 and R™¢ is a positron-

‘emitting carbon atom, e g., "'C.

In one embodiment, at least one (e.g., 1, 2, 3, 4, efc.) of the substituenis R™*, R*®, R3¢
R?NA R’?NB and R?NC is -11CH3.
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Thus, in one aspect, the present invention provides a
nmet hod of | abelling synuclein (or aggregated
synuclein), particul arly o-synucl ein,. conprising the
woslofPsedh: contacting the 20 synuclein (or 3geiEBaiRe1105
synuc?eln) with a di am nophenot hi azi ne conpound t hat
i ncorporates, is conjugated to, is chelated with, or
is otherwi se associated with, a detectable | abel . In
anot her aspect, the present invention provides a
nmet hod of detecting sysmgel ein (or 25aggregat ed
’ synucl ein), particularly a-synuclein, conprising the
Examptetseh suahf diartioopreabihizgine vempyumde I(ied. iwhidT inegporetpat ieditron-

omitin YMIFLGLAL 0] PR, ALAGE ASRASORLN! 321 ne compound that

cor por ates, onj ugate is chelated with, or
is otherw s aSSOCIated with, a de
detecting the presence and \ or anmouyf

ctabl e Iabel, and
t of said

conmpound bound to syqu N [ or aggr egat ed

synucl ei n) .| 30 @ troduc| ng(®nto the
subject a dj ag nppher eMﬁp und capabl e of
| abel l'ing s nu&éln or regated sypucl ei n,

particul arlly a- synucle (ag., "mHgdi prmi nophenot hi azi ne
- conpound that incorporates, is conjugated to, is

chel ated wigh, or is otherw se asseciated with, a

det ectabl e | abel), 5 (ii) deternmnipg the presence

and\ or anount of coppound bouhd to synucl ein .or

aggr egat ed synucl TN brai n of ¢&iIf® subj ect,

(iii) corr Bﬁ; S o8 ult of M'tHe} det er mi nati on

made in (il h the(ghsease?state of - t he subject.

10 I'n anot her aspect, e prestent ipvention provides
a di am nophenot hi azi ne conpound capabl e of |abelling
synucl ei n aggregat ed synuclein, particularly

*a-synucleijn, (e.g., a diam nophenot h} azi ne conpound
that incorporates, Ls c@njugated to,jis chelated
with, or ijs otherw as p ated with, gigodet ectabl e

" | abel), for“mﬁgil s het hG di'a gposis or prognosis
of a synuc| ei nopat hy: égeln an@ther aspect, the
present inventi dfcHyr ovidtes use "gh, a _

di am nophenot hi azi ne conpound capabTé of | abelling
synucl ei n or- aggregated synucl ein, _particularly
a-synucl ei-nf (e.g., a diam nophenot hj azi ne conpound
that incor pporates, |s cgnj ugated toj is. chelated
with, or is| other v ASsSpcigt ed wit Q;Gg det ect abl e
Iabel) inja nmet hod of..ne acture pf a 20di agnostic
or prognostlcmﬁébge t for UsSe $H t he di agnosi s or
prognosi s df a synucl ei®opat hy.is ylhpse skilled in the
art will appreciate that |nsteag df" admi ni stering
di am nophenot hi azine |igands/labels directly, they
could be adm nistered in a precur sor form for

Suitable methers fos prapering theae and/aimilay "1 (abeltpd, diaminephiengthtagings are

shown, |f@rtt$<hﬂnblé9mfw0fﬁzzd%3w <86 Figyals 1'19 ﬁﬂﬁ@é é?{d%é%oyﬁaos?é.

adm ni st ered e sane subject. ‘D seases
dlsease states MAth mhlch t he present |nvent|on |s

Artemawww oF Neddiabe tﬁé’ ﬁiﬁﬁiir@pﬁmléﬂlr%scon%uﬁé rrIaP %%oﬁlﬁgétécﬁﬂ a

n the art w, e term synucl ei nopat hi es
chelatind@rodei Sy B st BB o oRRR B AEBRE RS eRR of som of on
by complies or dretate fovastis ) .47 e dadivisdidperdhelating gagg) €gah eshodtium-
chelatir%w%i & gnmap‘i'é{é@?ﬁef @@l@&e%ﬂq%@tﬁ%’ acld g S%ﬁ;ﬁﬁﬁﬁ% ﬂ'gélag%c} t%ea
detectablglabel (§l.4. og radivisotepepagt. | 9(79) ar in which the presence

of synucl ei n-cont ai ni ng i ncl usions are pathognom c
for the disease. This shoul d be distingui shed
from non-synucl éi nopat hy di sorders in which
synucl ei n5 contai ning inclusions may or nay not be
present in addition to other pathol ogies.
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The synucl ei nopat hies currently consi st of the

foll ow ng disorders: Parkinson's disease (PD)

dementia with Lewy bodies (DLB), multiple system

WO@‘J&?‘A’%&S’ (MSA), drug-induced parki nsoni sm ( @c@GR2007/001105

produced by

1- net hyl - 4- phenyl -1, 2, 3, 6-t et rahydropyri dine [IVIPTPI

or 10pesticides such as rotenone), and pure autonomc

failure (PAF). Non-synucl ei nopathy disorders in which
" Lewy bodies may be fourmd-i ncl ude the foll ow ng:

Al zhei ner' s di sease, Pick'sfirontotenporal denenti a,

Creut zf el dt - Jakob di sease, ataxia telangectasia,

For exef e P%%g%oﬁﬁ?ﬁnﬁé?gﬁgﬁblphgﬂoﬁ ?ﬁl‘ld@%ot RS d’e?med

ranu axona

subacut e
above, @ui withgibe ﬁgdlﬁmwéhﬁléélﬁarthqt Pgea%ﬁv%{%gaph |2e g,l ‘g )Af the
substrtlﬁa‘h'tﬁ’i’oﬁp R, RE R AQITRAA RINELZENT, Wh@'ﬁ Rm@'aﬂﬂ FS“" is, or

syndr one and "Hal | ér vor den- S li sease ( HSD)
mcorpomesa PFREFERLYTRUR g V\NEW"B?T%E JAg QFOE%SE ScBur
d;ethyl&@mmmpehﬁaaew@bidejrmwihan %%Iéd@@ﬁélﬁéaatdet&tzﬁbléﬁaﬂQag., a

§ di es s,uka e i ndicated that the norphol ogy of
radioisgioRs, G ¢ fibrils in neuronal LBs show basic |

simlarities regardl ess of the underlying disease. 20

Altern ag\?eijyk, lfg Enoagiggrfﬁi ! tﬁ%ﬁ%& é%%ﬁeﬁ%ﬁ%{%% %ﬁrﬁ%ﬂh@ %g r%ggsorr}tg 9

magnefit Bsowmesica thbpt (ed. ,a?)tmmwﬁ@blgfqn imeginm(sep e.g. Higuchi
had eX|sted 25earl i er '
stal. N?ﬂg%?%%%PgA&P%g@SgF%E 1996) "Consensus gui del i nes
for the clinical and pathol ogi c diagnosis of denentia

For exeYHuSI@ u'r@MW er*ﬂﬁé’dnﬁént( ﬂe@amxﬁ&iﬁéﬁ&h@ﬁné BEmBSUNAGE hs SeFined

er nat i onal

above, DY FOARGL EIRIGY VF) Aeas) o4 1 7k SO
substitSentd RE Rﬁ,em"ERf ird, B, Wl‘feRE*@y\thoﬂS‘/‘ RWeR""Eeam RI6tiy, or

. variant of Al zhei ner's ¢dise rtical 1 d
incorpolat AIasts ERIg RO (o SRERECR o pae £ ey
Drager 30 syndrome, olivopontocerebellar atrophy and
s, 5 AL, o8 RS RSl BOSRIEGRgth
aggreggied@mqpim)t partiallarya-suapcigingeompiisiag the steps of: contacting the
synucién ﬁ‘(ckf laf§eBated HrRRANS wlith acthﬁ'ﬁrﬁgﬂt%hbtﬁﬁﬂlnbk‘;oﬂnﬁﬁudd’that

substantia nigra, but the

incorpaEgles ds COMBIBINIIO R SPEIEER Wbt %‘giﬁ?m'rss %ﬁ?%%aﬂﬁ‘ﬂwﬂh a

. detectdbfCidpdience of cortical LBs. In NISA filanentous

inclusions, terned glial cytoplasmc inclusions
(GCls) are found mainly in oligodendrocytes. The
In anothertaspectothe breaentdnyemtiem providkaametiediof déiBstingeaynuckim (an
dj &y&d L Qr
aggregg{éﬁgsnuc?t—\?n 35rt|c\M1 ﬁﬂ/ & %u&leﬂ gﬁaltﬂﬁeb%tés i cée e a%ishg
synucldin (maggregatad sma:iauﬁrvethfatﬂmmpheanﬁhlﬁzm cpmpound that
mcorpc{rﬁtgé,gé@cf Fﬁcﬁé is M‘sellé{'e Q\;rthaér is &ti‘i@rﬁl@e ass&éﬁt@& WRR 4 N

el n, gene | entl | [ies w

defectabéﬁiﬁbﬂs«w céetfeﬁhg@ resenee éﬁ%\%r it Qf@@!si SPHN éﬁ?}md to
synude(;,h tor ab@@g&@@ skdfeidi). i di opathic PD and in DLB were
found to bei mrunoreactive for a- synucleln
(Spillantini, M G et al. (1997). "a-Synuclein in
In anoth@vaépé&i e Gree@nt' indaition ﬁro%EBiSS a 888hd¥40 Hiag Resioortyirognusis of a

e T

aggregates, it forns fibrils with f3-sheet structure.
Preferably the conpounds of the present invention are
used in respect of a synucl ei nopathy sel ected from
PD, PAF, MSA and HSD. 15 Choi ce of subject The

| i gands di scl osed herein may be used as part of a

nmet hod of diagnosis or prognosis. It may be used to
select a . patient for treatnent, or to assess the
effecti veness of a treatnment 20or a therapeutic e.g.
an inhibitor of a-synuclein association adm nistered
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functi on using neuropathol ogically validated battery.
Dosage units, and fornul ati on and adm ni strati on of
conmpounds 30 Administration of conpounds,

wo PPSEbi ons or madl canents as descri bed he‘r@,@giﬂgmﬂms
preferably in a "prophylactically effective anmunt” '
or a "therapeutically effective anount” (as the case
‘may be, although prophyl axis may be consi dered
therapy), this being sufficient to show benefit to

“the ‘individual. WD 20@0/-110629PCTI G1120071001105 -
33 - For ligands the anbunt willte a di‘agnostically

(i} introdadingcintotbe auvesie didmicdphantthiagihe eompamdicapatde eidalxiing -

e synuclé?r'\ Bldéqbgeda'ibot utﬂéﬁ'ﬁﬁ‘cu&ﬂg& hl'ﬂ%u” leamlno henothiazme

~ synucl el nopat nment s the act. ua anoun
Compo'éf&ﬁhﬁ‘i IBGQEIP Q| ates dﬁ gonivgaieddpds cheleicd B’ﬁh o ipgtherwise aSSOCla’fed

with, aagﬂghfab;gqébgl on, will depend on the nature and
er|é¥ of the di sease belngatreated. Prescri ption

() deteginTia Y Risence:Ang OF dMENE; o LS SAM R uRY 5 synpdein or
aggreguaicti Biymuddireinrties pramsdf litid dubjecf gener al pr actitioners

her i,cal doctars t akes
i corditgd Tl o heccrmatos B e et SRt s
subjectof. t he individual patient, the site of delivery, the
met hod of 10adm ni stration and other factors known to
ractitioners. Typically the mammal will be hunan,
In anothgriaspediHhe peesent innentien providess dtammopb@toﬂmmmouod
capabld/ S IS5 Ynibdln prggég%té%gyﬁﬁ’cﬁéﬁ)pahﬁméhﬁ 8—5?%&9 eg.PYa

the i nvention. henot hi azi nes of
diamingpheaethigzing Gempound ﬂaaténq@mmes i gampioaied tfarlﬁzlchﬁhife%‘é!'fh or is

otherwiB® Bsodrtad vath, BYlelcbRbRNAEHSHE Bsd RfaahétRsH biiddhosit apdar d

ck Manual , HoubenWeyl, Beilstein E
p!‘DgI‘IOiIi?£ M%'“fﬁithylf . Heterocycl. Chem 21, 613
(1984), etc.). The corrpounds of the above fornul ae,

inanothdSbe B1AL DRSEHSH ERNLBFASRB S Bl bngRngiE
compoisisapable pbiabeling, sypuciéio obeggrsgaiiedisynB@einpphirteuiseiytcssynuclein
(eg., a @fﬁnﬁﬁoﬁh@ﬁétnﬁﬁmé @?r{'lb%dftﬁ’é't n{cgﬁﬂs fété#hs(&nﬂlgafeﬂ 1, R cif it R

arnmaceutl ca repara 10

with, or ﬁ]ﬁ'ﬁﬁ@ﬁiﬂﬂﬁ%@?te@% oFf deieqtaRie kel on a@atwd@fmaﬂléfaWr@efa
diagnoslic of BbigAcdticlreshehefol O&Sin BRSAIARREIs R Boghdider d %héléﬁh&%thy
treatment of net haenogl obi neam a and "t he prophyl axi's
of manic 25 depressive psychosis (Naylor (1986) Biol.
Those dRillgd lin tht ayt willapPdSatd 243t insiad o MimipieRehg aiahm’fbphenothlaz:ne

-Iigandsfeai\??{?’slocﬁ\tdre&?ﬁ gé;;cgﬁla %e Rﬁﬁn?s'tgrtfa?{ité grgzc&]rgg{)fgrerqe-ﬁ convers;on go the
active fgrrof@ur tligetingdorri\dabreding farm)l biao eclivatimpsagent prekentirt, abol i c
ts of nethylene blue (Di santo and

F;"3"'“""’5\@/%&E ﬁ,da-h%uggep Pharm Sci. 61, 598-602; Disanto
and Wagner (1972b) J. Pharm Sci. 611086-1094). The

Diseaseddm ni stration of pharmaceuticals can 30 be effected
parental ly such as orally, in the formof tablets,
‘coated tablets, dragees, hard and soft gel atine

The dlséa?dé%tﬁt%wﬁﬁ;@hidh HR Sreseiv&tidA 5 Ednced arRsdyAliSdinopathies.
nasally (e.g. in the formof nasal sprays) or
rectally (e.g. in the formof suppositories).

As thosélekilbadein the dvewilidvesl awiasd, itiad feon syiBleinopathies is used to name a

oo RS TR LSRR by, S

protein, ipatticaladnasghucleire ingtheicptoplaemfod sefedive popuattone of neurons and
sol utions). The conpositions may include, in addition
to the above constituents, pharmaceutically-
5accept abl e exci pients, preserving agents,
sol ubilizers, viscosity-increasing substances,
stabilising agents, wetting agents, emulsifying
agents, sweetening agents, colouring agents,
flavouring agents, salts for varying the osnotic
pressure, buffers, or coating agents. Such materials
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10route of adm nistration. Exanples of techniques and
pr ot ocol s can be found in "Rem ngton's Pharnmaceuti cal
Sci ences", 16th edition, GCsol, A (ed.), 1980. Were
wdﬂnﬁwﬁ@ﬁ@os' tionis formilated into a phar nqrcqy@mg@,lmmws
conposition, the adm nistration thereof can
ef fected parentally such as orally, in the form of
- powders, tablets, coated 15tablets, 'dragee‘s hard and
. soft gelatine capsules, solutions, enulsions or
-~ suspensions, nasally (31 in the formof nasal
. "Sprays) or rectally ‘(e.g. in the form of-

. glia, arglip pedictlarin ebich thdopresarce ofhsmualquqnmmrmmcjmmral so
_ pathogfﬂ‘émf’cfff)retﬁé ggFé)s%r ental ly such as intranuscul arly,

travenous cutaneously, subcut aneously, or
|ntraper|toneally (e.g. in the formof injection

This sitRlde B8P Juisked fWﬁmn-ﬁﬁuc@%@%hFdns%@fs@n Ivhi%h synuciem—

I_{)armaceumal conposition is in the form of
contaifinghipglysionsymaggr mayeqt H eresergn ?ad'E%tPP&er §ﬁ,@ﬁ|°§'§s

gel atine or an adjuvant. For the manufacture of

The syeléﬁgﬁﬁp%@le%? q?ltg%gté){ c?q%lglg{:gﬁ%{?ﬂ%@ﬁiﬂlggr ﬁlg? grkigl(seclmaé dlrs]eease
(PD), dehentimwitiul évbebddjesadDEB) halitipts sysiceh atctgihy (MBAS ahtganam:ed

e I I nar e
parindfic] B3 BREGLA A AOBOIREEUAL £219 Ll AR pohE e
pesticidrsrjuglats odenonkhle ped pyretantanomistfedure (PAF0i d or its salts

etc. can be used, for exanple, as such excipients for

tabl ets, dragees and hard gel ati ne capsul es. Suitable
Non-sysuelpiperaiivdiscariers it whighe Lewy brsliesapaibeiouad isclugi the following:

Aazheuﬁme%se m@g@&iﬁe@ bid} deRerRs, Crbak-fidt ISk dQlakd ami*a
yol s etc. ere the conposition i s in
te‘ang%cﬁc‘l'fﬂ gerd bﬁﬁﬂﬂﬁaeﬂﬂﬁ%ma@@tﬁniaeBTOQf%?FWﬁF%?f?@W'eﬁfPaW| |
neuraxged! elyﬁidpyy, lsnaédw&smraﬂhg ﬁahéﬂucé}iﬁaﬁise EmSoEdphRIatéRd dlerosis,
or,ve

ALS-d &L rﬂ% é;‘teuiagl %:mplex bﬁ |soﬁya‘§°{}’§|angi'|a|"ﬂ¥°r?8ﬁ‘ gps%rglsease {HSD)
(neurodigeneratian with whindiron} addshancudenyodiiyt meanvaoietygifycol s such

| .

neurod@?er?e@%i%%rgggggssg “Sﬁ)“dlc?sﬁi Qﬁlo‘(@{%ﬁe&}hé’tr‘iﬁé rlﬂlg phgfaé}' &F D)l

fibrils ipReyrpnab hBs sty basiesimiariiea tagardiessof el undpiiing disrpse.
syrups are, for exanple, water, WO

2007/ 110629PCT/ GB2007/ 001105 - 35 -

ParkindoRis rspe 625 1 FPE preveiBgen (cagi Qe 400 PPPirampeies wihMSA

(4 per A0, doahl e excipients for injection solutions are, for
exanpl e, water, alcohols, polyols, glycerol,
vegetable oils, etc. For intravenous, cutaneous or

PLB wasLduiopted as thescinsprttisiname o tovenbedtal tottestr eneé thét isddasxisted

b ive in Dy i he ,in. the.
earlier M&I@it%pe%' ét% 1%§6§1aP?§§e£s§ e%l{l&oﬁgé 1% SOCHE'C%J a%ﬂtplatgﬁgac
diagnosih ptdenginga Wh bgey bodiese(RURY repert eiihe admsertlpm:m, DLB
internaficﬁ‘%‘ WoHcEHopY I\%ﬂﬁ c?gtavaﬁ’}' '11%115&‘0&&@1“09 ﬁtel\ﬁgt’lﬁjf)' l"llhe§ep

art a prepare SUI

mcfudelfgmlﬁgderrf%hﬁa ekippewy bP@SbWE‘FH L@w@mﬂbvwnk@féﬂzwg@mlwe.
corhcal@élm? u)bagﬁdérﬁwstdne mewgba&,eaerﬁedum A QtombasdR ISRy Drager

eservatives, stabilisers,

Sy"d“"Bﬁ'f ‘g'é?%"“%?ﬁl FBF"%@FTEP YR StrajniorabpopReTRtiRn. Jd&ihaskeen

reportet égjbe thedeccHd ks BoiBoh HermTefieMentitsinhies elberhedticr AGABIERr's

diseasd Y utilise similar carriers or conpositions. Thus in
aspects of the invention wherein a

di am nophenot hi azi ne (for exanple MIC) is used in a

nmet hod of treatnent or therapy of the human or ani nmal

body, that nmethod will preferably involve

admini stration of the effective anpunt of

di am nophenot hi azine orally. 15 Preferably the

nmedi canent is adapted for oral adm nistration, and

preferably is in solid dosage unit form

Preferably the dosage will be adm nistered orally.

Preferably it will be less than or equal to 20 400,



Alternatively it may consist of dosage units of 10,
- 20,- 30, 40, 50, 60, 60, 80, 90, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, or 200 ng b.i.d. (twice
wGhofMbe2oPref erably the treatment is conti nugeyd®iorooiios
equal to or at least 2, 3, or 4 weeks. Instructions
in respect of these dosages may be-included in
wittpn formon or within the container of a drug
product of the invention. WD
2007/ 110629PCT/ GB2007/-821105 - 36 - The di scl osure, of
any cross-reference made herein, i nasnuch as it may

* Parkindoe’srdispabe BathracterisedsiyillHseaul substariie nigra, btitheyimpy else be

| “__;found i @&1& RN ﬁ&&éﬁﬁu rbg nﬁéfrgcﬁjeﬂp%fccﬁﬁgrﬁequ eakiky LBs. 1n
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por ate lon Wil nowbe -
MSA, ﬁfametrﬁmns inplustons deanas glinl evisplaseitipclugionsHE Gl [ areipupgmainly in

ohgodeﬂerréc*qté@ Tﬁenxgatlﬁ"é QJP{h%%oﬁnBQne@éﬁHﬁ’lleﬁé in (BdRhs GARAGeH TRA 1897,

e invention will occur to _those skilled in the
when twp findings; aseablishg ﬂh%maph@%oonﬁnfg G} @EiisEENss [GfREomin a-synuclein
was foupRIt® cassefd IQFB ﬁ)hﬁ of¥amilibi PRP &Bpélﬁé‘éﬂ MOYA. ararnosm

Mutatih e oy ST e bes Beralisutt aliiegr s dossed Serees

278: ZCBBEQOQY)aérmiI (Nd-Bsisinkl L S driMaRpbibicE DI and iU geredoudd to be

fro the  pu f
mmun GRS For ¢ S uirs S SR AL et BERR B
bodies & Nahae §88: GR9-6AYt d@calphryantmudsmwen ﬁ)rmrrmnyq&lmwrow%
ey C Ao )
protin 51 ARG PRSI 4oL AR SN, 1o e i
p-sheeDEtUBBphar ose ani on exchange and 20 CM Sephar ose
cati on exchange chromat ography. Sanpl es were anal ysed

Preferah?:}? tﬁé%m%ﬂ? 6Ghe ﬁ@eﬁtlﬂeﬁild}ga:’éﬂds&i feespeseiey Bl ue.

course of bril _formation by tsyn and
SY“UCI?'W@tWIEF@P@G”WD’fﬁV‘%P@%M Bf thioflavine T and
primulin. tsyn-8 at | ng/m (A) and fsyn-14 (B) at 2
n 200 MM 25 Tris.HCl, pH 7.5, plus 50 pg/m
Cho’ceﬁgﬁ@?cﬁ where indicated, were incubated at 37 Cwth
m xing. Fibril formation vvas assayed by addi ng 10 pl

The ilg%dst&%l&sgg FQ%H rf?é(}/ l%ﬁ?us]eg Qas rt'inpé ?Aeﬂgd o]f d&%éﬂ EPC dr@g}ﬂogﬁ it

excl at I on spectra
may berksgd ltn eelect wipatient ffier tegrinant, mtwms%ihgteﬁefawem@ of atregiment

ora the?é;%ﬂﬁ!: elg0hn Fnh%:t&‘ H ALFRRILIR aSdRRBoNBIMPIRIE PG R é&fn
he spectra before neasurenent of the signal at t

- : exmtatlon peak (420 nmfor primulin, 450 30nmfor

Suitablé Bbtﬁjédtéiidr e nathod i@yl b6 sSiectdd on &fdf Rels db tolVERticHADfabidfs.

Thus 2 ol GaieBYP Rl b Eg YRS P e 3 HpRiof e cvelygion
by expgridncsl eitickd; @gluziontut par-AD diegsiosi¥@s far as possible by

supplerﬁgr%%éﬁ%b %tg P%W gﬁ%g?&é% 81% bgg&ﬁﬁésg%\ﬁto&)%?legelf@ii)_%?g%ﬂive

functior @qug))nettr@pagml@ctaﬂ)evajbatedrbaﬁ@rw ons shown (pM and
i ncubated a further 1 h. 10 pl of the protein was
added to 100 pl total volunme of 1 pMthioflavine T

Dosage yitspgnformyiation|and adoinigbtiomel GORWOERES t ati on spectra

vvere nmeasured, with the em ssion wavel ength at 480
The traces 5 shown are tpe resul t of subtractl ng

Adminiglagog PhFRITPOLBYs. CRBPEIRSE SpREHIC2IRENE 28 GRPIRUNEEDHT t he
preferably gnaprbghylaetiilie cfiedlivél SmblmtosIop ikdrepaiithlly @fpcive dmount”

(as the case may be, although prophylaxis may be considered therapyj), this being
sufficient to show benefit to the individual. '
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~Figure 6. The effect of MIC and ETC on the
fluorescence of primulin.induced by assenbl ed
fsyn-14. Protein at 2 ng/m (--140 pM 'plus 50 pg/n

. was i ncubated at 10 37C for 47 h, tﬂiﬁ?bBZOO?/OOllOS-

W‘E?“?’é’fdg‘?% were mxed with MIC (A, C . or ETC (B, D) to

- give the concentrations shown (pM and incubated a
further 1 h. 10 pl of the protein was added to 100 pl
total volune of primilin and the excitation spectra

- were neasured, W th theyseni ssion wavelength at 480

"~ nm- The traces shown are the result of subtracting
the signal for the fluorophore plus conmpound fromthe

* rorto SR A B Bl SRR SRR

detectqble binding isrtbe patient hiflefingivoma sfmuclgimoipeaialyi n i nduced by
assenbl ed tsyn or fsyn. Fluorescence val ues were. ,
neasured fromthe traces shown in Figure 5 for tsyn-8.

For medigamgnts theagial grognt splgymistered, (a8 ratedend dimeegousssdft o t he -

* adminiftpdtiee, vAPJERAT oh 2Rk MArir Qnt sERIMRAI L ‘digéagfb%inﬁﬁeﬂ%a. N

.ehf ect of MIC and ETC on the f]|uorescence of
PrescripligbifregiRIt Fed- dEFiFiRY Phdasaaeieled Iyt e demonsibilly of
generabgradiitiedera and ofhkbe e tibal 0By kil pioaly taltestdeb@int 8Mh8 isdrder

and i mul j.n. sn--16 was .as l.ed _and assayed for
to be wBga by S of ¥ TaghauiSareR FecnP e Beley BF it
adminiSiratienx erg vthehiattotshinowh sovpraetitibnarad primul in were at

0.2, 1 or 5 pM Peak fluorescence val ues after

correction for background were nornalized to the

Typicalyhe marmsaal willdye imeamoaithoughrperin dninrats (@ree foliest pegosss, or
L - . _ t.rati The effect of
veterun%@%ﬁ?ﬁg@@égg R (aré:’ﬁ ég?d?aé%i APV ion T

_ ‘ nitored wth
thioflavine T (A, G or primulin (B, D). 30 Figure 9.
ExampRi phhftBiagihe AEURS Pestil B ndonydle kowiihinth AP3SEmMbF K& -

e BB et e 5 B A oMbk, oo
Wey!, BbilstelntRell/ 27 nR 14, Uliesigrodjicl. Chem 36 613 1984y, etch0Thelhe
compolflds 28 e Unp i TRRSE nGprit ey il iR g, e~

compoyngg foung tahave the/iprapetties dsfirieddh e assays pravivedp e esenfas
medicatidfits RBPRHACS esting W8} toxicity (GH T if thes e @Gt on
ICEj‘o_f Es)EETC on S%Fs;a/\rﬁ&et?()gcr“gs(g o'ﬁ t#eﬁo%ﬂ%tﬁr@?&%gc .drug
prepargtigident rati on (0-100 nM - was carried out in
triplicate. DEETC added wi th dbcAWP and cel.ls

e R S T o 2

been dmfbdﬁtmlgﬂm ﬂwéﬁﬁemﬁhnéﬁa@ﬁ%gIMQahﬁa Hﬁ‘ﬁ)tdha ]aioph?lﬁ{d@ oflmanic
eat ed: ne hreg i nden ates

cepresifl i BlGERLNIPS Qo Tl Haroieh et A ERAD: and oNegeion

following Systamgragguisithtian symbisnalescribed \UEla ¢1992) axtareas, 14g, 39-

_ . ' el ls; right nel .

49, Theieilion of Koy e 2 LB 4 porip3Eime 3ol stecBPiEpragysts

methyleng diterfBisantoring Waones(19A2a) rleBeared Sai- 61,rH96168RNDisantopi

Wa : 3 PRI

O e T e  (0oAr T2 MimE Rt ofin At can

be effegiadrarentally; sugh 2 orallp dn therderm ofitaldete, goates) tablets, djeaessnfard

and sofSdtiinB GapsiidsD Sallitichal drililsibs #RULRMESnANAadaly B4, i

f Iabe[ﬁi?i gﬁﬂfo Fi ?n%e 17. The e_f%g'gt sgf I\)I%Cl?o@r#t"ggefofm

oF nasal SRRV EHRTYOE Sof the (AT of syrposieprigs). Howgysn the agmisigration
20 MM Tris. HCl pH 7.5, 50 pg/ M heparin was i ncubated
at 37 t with mxing, in the presence of MIC at the
concentrations shown. Sanples (10 pl) were taken at
various tinmes and assayed for their effect on the
fluorescence of either thioflavine T (upper panel)
250r primulin (.lower panel) at 1 pM Figure 18.
Bi ndi ng curves for different syn preparations..
Tsyn-1-3 at 1 pM bound to ELI SA pl ates was i ncubated
with dilution series of three different syn
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- 39 -Figure 19A and 19B: Binding curves for syn-10
in different buffers. Tsyn-13 at 1 pMbound to ELISA

pl ates was incubated with dilution series of syn-10.

wo BBy Agkgous phase buffers were all 20 ™™  aRdycrase7oo110s

I ncluded 50 mM NaCl, 0.05% Tween-20, 1% fish skin
gelatine. 5 Figure 20 Bi ndi ng curves for different
.syn preparations. Tsyn-13 at 1 pMbound to EL1SA

pl ates was incubated with dilution series of syn
preparations as shown. -3Fhe aqueous phase buffer was

20 MM Tris.HCl, pH 7.0, 50 nmM NaCl, 0.05% Tween- 20,

- can aldmbe éficlotegligiarertily aUtmas mil:ﬁm[r_scgiaﬂgéoﬂﬂma@hﬁﬂé.m@ o W the Form of

ct&:osr erent syn preparations. Tsyn-13.at 1 pM bound
nject OEﬁF;sé pI ates was incubated with dilution series of

syn preparati ons as shown. The aqueous phase buffer

The cdh?p%s@@né%ﬁ_ fnbl?dé:ﬁlll g n7to the. a%gvg%rg.lﬁ@ams ph%g'ﬁ%ceutrcaliy-

Tween- 20, 1% gelatine
accepigbig gxeipjetis rRreserying aa@% sdnw:@os w§y¢mtz-mqreasmugfsnzestamues

stabilidngl dgehs, wé’ttmér %éhé%n@tsrfﬁn@%é?ﬂ" Qﬂeét@m%—é%ﬁvt@l %@mwas

a t{]1ubate with dilution series fsyn-2
gentSriqvoung agshisy paltsdoraniiy tHR §apelis Riessmes buffess, o5 cgating,
agentsTSytm- rid@eddls $hquld b Herdiokio abd SNIPhR RSN Hith &@&%@9 of the

actve el S5 of et iR A iy goons on e
route oai edmimistratibrs BxampledafGechnues i d pereold @ambe folialfin S h

% a SI S
Romipfi S Ak e RIS S, T W 5,

illustrative purposes and are not intended to limt

Wherett ﬁor‘?fs fBll?tﬁJlétQ&’ Eﬂf & %mg&ﬂgﬁ hin Pgé?tfclﬁe{h%éflamstrahon

nt hesi s oni ni um chli"oride
thereofl_q@p be E%’f%ecp\ag_rgntahé@cg ag praflpgn thedorm pigiowders, tablets, coated

tabietsMrNgdbs:Tah& bn@s@’ﬂ@é}éﬁfngrtggélgén% ﬁgut?iggygﬁiﬁgm&é'r‘s@%é\smns
i

rasally e LT A BEREL T BB Al S e 7 o pUpRostrsel.

Howevar; the adfirisiratiat chd alsade aﬁ&iﬁéii piﬁﬂéht&ll?%uﬁﬂa é& Wrﬁmﬂ@cﬁjlariy,

lntraveq% e&ﬁé]‘?e ggs?xggutéﬁe ugﬁ,l % ;rtlt%%e%tgg%?l 9 Béés fogny o3

S
Iniedlooaqfﬁorﬁi NH), 3.69 (41-1, g, 7.32, NCH2), 1.11 (6H,
.t,, 7.32, CH3): 66(629M—|z D20): 12.1 (CHO, 1056.4
NCI - 12), 126.8 (ArC), 127.6 (ArC), 135.5 (NO), 139.1

. Thus, f?rl%?mplgt Wpe;retﬂpﬁ @mrwpgﬁﬁh@ﬁ cenpeRition is in the form of a tablet it may

includel, slblhcﬁbﬁhébgucﬁ ab BeRlih<Eaefi ATV AR, Idérqa{éjfngﬁv%féggﬁedcﬁ né%b?et

td%ﬁ ? % was dj ssol ved in 15wate
coated fohie Spfi'r 29673 29L P gelptine capeHes the aglive gprporngs @nd their
pharmaselhtphlyehi:cémﬁﬂ%acid ddditiON sdits 3R bé pravBsIedWAth ;ﬂl@ﬂﬁé’ceuti%allqu

o, R P 5 TSR ol ek Sl s
stearic gdid o itscfalte picdear( 187usk for &RGhpIsTBE Ut exdRichs kZ&elefsnB)

|
crageod % R EBALER AREYRE, SulabB sSBbihe R RSN st Aot
examp'? ¥ eaqata'@le Ot Wwaxesl Fatsraemi-blighandriquid polyble riaWretethe2 0f or
composkioR @ih tREHRH BF & h&l& Sﬁﬁh\gbélﬁcél rf&’rﬂ'uu(alhlaJ\ i it bgﬁérgﬁl include a

sol ution was ad . The m xtur
liquid carrier such as water, petroieum, animal or vegetable o:ls mineral oil or synthetic oil.

Physiological saline solutron, dextrose or other saccharide solution or glycols such as
ethylene giycol, propylene glycol or polyethylene glycol may also be included. Other
suitable excipients for the manufacture of solutions and syrups are, for example, water,
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cooled to'5C and filtered to renove alight green
sl udge. Aqueous HCI (15 cnB, 6 M was added to the
filtrate, followed by sodiumchloride (60 g), and the
on stirred for 5 mnutes before fil
woc‘g?b\ﬁlgﬁﬁégol id product, which was dissol ved Iﬂgﬁ*ﬁ%ﬁ\%ﬁoﬁ@nos
_ dried over magnesi um sul phate, filtered, and
concentrated to give a purple/green sol i d (1.28 g,
- 22% . 25 This purple/green solid Was | oaded onto a
'prepared Cl8 reverse ph#se col um and washed with
ter (1 L) or until the yellow col our ceased. The
P01y0|§3 Eacigrosqdiveissstdaluegset ibalosgpetc. Suitable excipients for injection
solutloBQQi%/ M@)@%%?&Wa@zﬁwogoﬂé% Fy&erop %d%bié!\’bﬂsh efc. For

¢ 1C1 gg and concentrate give the title
in fa"eesvﬁp BEFﬁ’?F"(-'é sipolipnegusaeiion; qrewzsacﬁfbﬁfﬁr iafusioniteio tstprain,
the actfv@Sthradirit wilidid)in tie 3MG Marbnte@llﬁamﬁbﬁble aﬁuéﬁ;s(s%ﬁtloﬁwhlch

is pyroﬁ%lf&ree%fﬁ't%e éi-?[ dgotow Q;and l#aphtyEé%Pg% delgyalrﬁ@‘%l in the

- art are[well @ble)to pepSersultade soldtions using, for example, isotonic vehicles such as

e BUIRR, FEI 1D, Rt FRRAL Rl o

stabilisggs, WWW&%@%@%MW%@WM%%@&W\M er (100
crrB) and the tenperature was reduced to 5C with an
e bath. To this-cool ed-sol ution was carefully added
Uses of ﬁWepﬁ’ﬁﬁ‘PP@da@Pf?"( 3ygligandsmay yijiise vigiantamiers louciroppsitiass.
added 3-net hyl - N, N- di nmet hyI anl I | ne (10 g, 74 rmol)
ThusilSan% tﬂt%n sodiumnitrite and t he
LHPEEF ShiPRAYSLanhsteing d%?ﬁpﬂ‘@h%@ﬁﬁﬂﬁff@ %mp@ Mbeis
used inl a mathol of trdatrhemgs tHeldby Bf me haRfdn fmﬁhﬁnav\&fd? REOaethandill

preforab e syl Gitac horv it et frdPpbinofigine oraty.

saturated sodi um hydrogen carbonate sol ution and

Preferdbﬁﬁhé’ﬁﬂﬁ@érﬁ%é‘f%é(ofalpacthl‘atS‘rLlea%M Jrﬁét%gg dveld p?e‘%grtaglg?s 1|Ehsolxd

ts were rmagn
dosages‘!ﬂ‘tﬁ‘l’fﬁte filtered, and concentrated 20 to give a
brown oil. The oil was dissolved in diethyl ether

0 ¢cnB) a concentrat ed hydrochloric acid (50 cnB)
Preferapliave drade ite AP ol FUBBPHAeY beoEr fHBSEeasI t
400, 309 260, bht00irhg YailyaoaPdusad FOdékathpleiDihy 88nsist bi dHidhg éé\ﬂts of

10,20, %PCH;) dsozﬁfﬁo( %@o) ﬁ@éé“‘évéﬁ 88‘?%3,@03% Rl%fg&g% eﬁfy)

1415 (CGH), 1138 (CH); 6H (250 MHz; D20).: 7.59 (1H, s,

e ot i 58 B g o

120, 1396(4@2‘1 BB, 1702180, 190,91 RUHBY b.i4i3(t8ice aiday). 122. 1

(ArQ), 126.2 (AIt), 127.6 (ArC), 133.7 (ArC), 137.4
P éIArC) 144. 4 (Alt). D nethyl not hyt hi oni ni um Chl ori de
"referably {15 tipanent isrondning flrauehieor ablRashas3, s davpeks.

3- et hyl - N, N-di et hyl - phenyl ene- di am ne

di hydr oc ride (0.9 g, 4.03 mmol) which was .
instructgh BT EHR ohiisag sbsaesfiay oo Giened whien 0 ob eewitdn e
containdyeff e deuggwodushofthd plvestion( >60% (0.52 g, 4.03 Mol ) was

added. Iron (I11) chloride hexahydrate (7.26 g, 27

nmmol ) was dissolved in water (50 cnB) and hal f of
Where adnigjstation &l iniritramenaas, ipis prafeirédthat thé diamiraphérmihiazine is not
MTCc., M Xxture, giving an inmedi ate bl ue colour. The



10 -

15

20

25

30

solution was then aerated for 2 hours before the
remai ni ng aqueous iron (1I1) chloride solution was
added. The m xture was cooled to 5C and filtered, ;he
ate was dissolved in boiling water lfcqgh]gzg@,muﬂs
W(ﬂoﬁltﬁié?éé% and cool ed. Hydrochloric acid (10 cnB, 6 M
was added to the cool ed sol ution, which was then
filtered to yield the title corrpound 15(0. 22g. 16%
as a purple/blue solid. vmax (KBr)/cm1l: 2926 (CH),
1604 (C=N), 1535, 1496534444 (CH), 1404 (d-!), 1315
(C-1), 1185 (CH); 61_1(250 MHz; DMVSO): 7.29(2H, s,
The dipglpgure 7f arg cfabktrefsrengy Hpde Bergin, ihaghiichsss iIGHB) he 206ifdady, one

skmedsin tl’@ﬁ?to s%pléne?%% %e% W%Séxéelgs ?‘ﬁ%ﬁ’)&f@%}% ﬁ](:%%sgged

herem147 2 (ArC) 154.2 (Arc); Anal. Calcd. for ,
C18H22N38 3H20: C, 51.98; H 6.74; N, 10.11; S, 7.70.
ynd: C, 52.03: N, 10.05; S. 7.66. WD

The inygop m'dwqfeﬁve@@m@% Bith gferencetg he foligwipge1-miting
Figured afd Bixarmbiys. - OBkhathbdditheits Bi thereBhthiviitodcDFL \thdee)skiliéd in

the artl\lrl?%%qlxéht olyit%le’se.a OH Me BB
Figures

Figure 1. Samples from the purification of tsyn by ammonium sulphate fractionation and
N;—aﬁ"mfy chromatography. Samples were analysed by 15% SDS-PAGE and staining with

Coomassie Blue,

Figure 2. Samples from the pdﬁf‘ cation of fsyn by ammonium sulphate fractionation and
DEAE-Sepharose anion exchange chromatography Samples were analysed by 15%
SDS-PAGE and stalnmg with Coomassie Blue.

Figure 3. Samples from the purification of fsyn bj/ DEAE-Sepharose anion exchange and
CM-Sepharose cation exchange chromatography. Samples were analysed by 15%

.SDS-PAGE and staining with Coomassi€ Blue.

Figure 4. Time course of fibril farmation by tsyn and fsyn monitored by fluorescence of
thioffavine T and primufin. tsyn-8 at | mg/ml (A) and fsyn-14 (B) at 2 mg/ml in 20 mM
Tris.HCI, pH 7.5, plus 50 pg/ml heparin where indicated, were incubated at 37 °C with
mixing. Fibril formation was assayed by adding 10 pl of the incubation to 100 pl total of 1
KM thioflavine T or primulin and the excitation spectra were measured, with the emission
wavelength at 480 nm. The signal for the fluorophore alone was subtracted from the
specira before meastrement of the signal at the exciﬁaiion peak (420 nm for primulin, 450
nm for thioflavine T). |

Figure 5. The effect of MTC and ETC on the fluorescerice of thioflavine T or primulin
induced by assembled tsyn. Tsyn-13 at 1 mg/ml (~95 uM) pius 50 pg/mi heparin was
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Figure G (hRR eI T QancsE
. assembl@sispe ge dpitdh leém (=140 %Wﬂu@'?sb'ppﬂﬁ HefrarB Bk Ing‘léa%d at

Na2S, FeCl3.61-120, H20 N, N-Di met hyl -methylaniline S
To a 100 cnB round bottom fl ask was added
3-ethylaniline (109, 82.5 mmol), ethanol (15 cnB),
woShfhYepearbonate (11.81 g, 111.4 mmol ). Meebyiceredioaens
31.63 9a, 222 mmol) was added dropwi se. The m xture
was then heated at 45C for 10 hours before cooling to
room tenperature and addi ng water (100 cnB). The
~nmixture was extracted into diethyl ether (3 x 10 100
cn) and the extracts wéfe dried oVer magnesium-
and concentrated to give the

incubatg @Fgﬁicgf%g@ h&eéﬁgwoﬁ werged ith MTCgH’t or EEG/(BiD) fo

give the cenoeni(atiens $Hownr (M) additbublatdd) a wABGO K Cid o?@l%%gc{stgh%fa

addsd %’%ﬁ%”‘ %%ﬁ"'%’é%)z’f 4 %&’#597 1‘&% B Ceargie 7. 2

excitatiprl spectra wereribeastirdd), with 1Ha3:nfiSdibn wavelinkih, at 289 ﬁm( 611|e trﬁc.es

shown 13@'(?3 regalt ?éfgé%ﬁg ’the&%aé%élugroﬁéir 3 cblilﬁblgld fro’m the
signal feINgrpiein plusfiugraphionedind compodid) Ar C), 112. 4 (ArC), 116. 5
(ArC) 129. 1 (ArC) 145.3 (ArC), 150.9 (ArQ).
Di net h | - m et h¥_l - p- phenyl enedi am ne
G @n freBorasagnoe o pam i indueed bas k

37°C fcn‘g% l)\ é!:}%%%lgﬁ %W%ge é;g(g wﬁ}g \;%(gr 85:,\% Eo‘l[CI: ?B ?3% I‘ccgj give the

concenRapns Sﬂmﬁmhmﬁ?&é@@m?r 1 ha‘r40 pi dF @y ﬁdtehﬂma%%dd@@to
utr.on of s fumnitrit

100 LR AR el P e Becseed i i

emlSSlomwdﬂmthﬁm&l nim.r €k frages shd:mare tiod resclboh dubtiging thérsiynal

for the fluroﬁ:fbhén%e&usf doHp'oggc%r&rﬁ i %153 i % HQH‘#{"@%{ dr I vaalao ric

wer e
°°mp°‘§‘91 rred at roomtenperature for 3 hours. The
suspension was filtered and 5the - filtrate adjusted to

bi car bonat e sol ution before
Figure g%@f?ﬂ“gﬁw ﬁ(}; pn gp@é‘{ug;{eéoetr@e ©f @@ﬂ@\ﬂ@g T omrpranulin
inducedgyiaissenblecisymoi syrwem@orggdeﬁ@b eds WERG RRESMEA Sith MdtRes
shown i G RLERy <305 BERTARE BIGTo 165 b e gl
measured wiouf @@npBY. and hydr ochl oric acid (7enB, -37% was

- added carefully to give the t|tle conpound (7.42
9,72% as a light tan solid. v',ax (KBr)/cm1l: 2976

Figure & dq)e effogtal W@‘(@q)ETQ%@e (fI@H)escez;as 8f ihiokvingl b BBpr(nﬁ#N)
induced @?:?%d SMOZOéygd at g;g%rlﬁ‘%négﬂagns Q’?}fg fa l and
pnmuhn Fﬁ %w%egastsg;qbleg an ed @r'}th@iq Qf M'ﬁC e E'E@ﬁg n;lesgnlzﬁl

for FigureZHexdept tﬁaﬁhlome ﬁﬁ rﬁulNﬂZere 55 3) 5}%\2 56 5?("'3)

(Ar C) ,
ﬂuoresc%fg VT&J%IC'_@F GOT’%%IO@ (f? grotir)ggmege PWIZEdJ_@Ah@V%lﬁ C)
measuretiSvithoOt dimglobyd andareytidtiet as amindiivg b1 @htstration of compound.

The effect of MTC (A, B) or ETC (C, D) was monitored with thioflavine T (A, C) or primuiin
(B, D).

Figure 9. Binding of aqueous phase fsyn to solid phase tsyn. fsyn-20 at 0-10 uM was
incubated with tsyn-13 bound on the solid phase at 0-2 yM and bound fsyn was detected
using antibody 211.
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N, N- Di et hyl - m et hyl - p- phenyl enedi am ne
di hydrochloride (1.3 g, 5.5 nmmol) was dissolved in
wat er (50 cm) and the solution adjusted to pH 1.6.
woRdhHmsul phide >60% (0. 71g, 5.5mml) was tyeNcRMIHh1105
portionwi se to the.pink solution. To the suspension
was added 20an agueous solution of iron (I111)
chloride (2.23g. 8.2 mol in 50 cnB of water) and
there was an i mmedi ate col our change to purple. The
sol ution was then aerat8d for 1 hour before a second
portion of iron (11l) chloride solution (2.23g. 8.2
mml in 50 crna of water) was- added. The sol uti on was

- Figure ¢ OT et gf@io%@ﬁtﬁffrti Yh&IdimeypRinpdngI hduBbus phase feyn-~ . -

precipitate w wat at-e was

. To.t filt dded
10 at STV INEREAIE B0 43¢ LA Ty HesABIRIEEOR R BB e e

compofirtfs sR&® m nutes, and the col.our- changed to :
red/ purple as the product was salted out. The
suspension was filtered and the solid dissolved in
Figure d3.c rariioryedctiomer HAOTC onpSasia axpression in NIEGednBpchatior e
ryi : L : '
concorfigir B4 v TR 2ael BLOH MBS DEEYC e irPieap, and
cells arsadysed giter&rdays by immyuagblot WKBMAbAZe: 3408 (0-)), 2613
(CH), 1606 (C=N), 1399 (O -1), 1316 (CH): 6H(250 MHz;

Figure (4 Pesqroonpaitons! Biotaahince ha s dedatia i iy (4 Bit ot by
mAb 271, LaneriBdntrebfed! lanes4 (3, 4, thiRQtepbident flates vibidhivanal | y,

h col unm chromat ogr aphy was perforned to renove

~ “flas
differentiaieq uSHBGPFMPr esi dues, with 10% met hanol : 90%

di chl oronet hane as & rent and using silica 40- 63p

: A, WD .2007/110629PCT/ (B2 - = '
Figure &5 garElEge Sy [T SR SO R a o ol Beeh Sefem
cells; rigRINEERE) non-ir&ifddtel, eonisol NE- i dells after ghedP dsatiesthi ne

di hydrochl oride (10.74 g,50 nmml) was dissolved in

wat er (400 cnB) and the pH adjusted to 1.6, which .
Figure fl e Aggragatedaisumyoian ipHVIEsefs-aomssipg S5y S5hsymislly stained
with Tégg% gég»laﬁé@@ aﬁtt-bls}ntﬁﬁﬂi@fléfﬁkﬁigﬁ%br%ﬁ pEmuitdiabdling) mfiEe panel,

( as-an aqueQus solutjo 75 ¢C i,Vi ng an
mergeq W@&isa@@l"%P-&EP'*ﬁﬁti%gfear\“b?d;ﬁ%‘élpﬂwﬁ% _l?g‘a'é@p bl ue. The

m xture was aerated for 1 hour before a second

) i quot _of ous,.iro LI ' ‘ :
riawe 3’ Blerty IEHE Bkl S Lo Pt o
20 mMchislHE] pHY .5 Goqugdnitelpdriatvag hatbatesigt 87 4€ with rhivng, in theur

_befane.fi i NELs ' it '-
reserfELfFS SbhSEpOAyelE bl SLApRZt Rl erathal s
times gd edsayed & theiteiies] puihp fluorsedenee ofﬁ'tge@th@ﬂ%"%ﬂ (WppgRanel)

o TET g A=Y chromat ogr aphy (el uent being 10%
orpn%ﬂ?}%g%%%ﬁ)él %pthg silica 40-63p BOA) to give the i

title conmpound (0.80 g, 4% as a green/purple solid. -
Figure BN @fn&@ﬁéﬁm diffelgﬁﬁs}nﬁiﬂ)aﬁaﬁ&&? g&gn-ﬁ@aﬁ 1 uRBGRnd to ELISA.
sy

plates g@"wgﬁt@t%g\%zté&_mwéh s%f%)%f .Q%@ﬁ%%ﬁfi g%)p"gﬁa%o%zag;gsh%@ﬁ’ The
aqueos pHAEEB)Fer a8 20(rfM, Tris HCArSCHEN NaCl, @8t 1.9,2H)5% TwekiBRg, 1%
fish kB%%gg'g MHz; D20) 12.6 (CH3), 18.0 (CH3), 46.2 -
IShSkPerf2), 103.6 (ArQ), 117.1 (ArC), 132.3 (ArO),

133.9 (ArC), 147.3 (ArC), 151.9 (ArQ; - mz (ESI)

368.1 (100% EMC1l].). 5 N, ND ethyl-methylaniline
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a 100 cnB round bottom fl ask was. added 3-ethyl aniline

(5.0 g, 412 mml), ethanol (7.5 cm, sodium carbonate

(5.9 g, 55.7 nmol). Ethyt iodide (17.389, 111.4 nmol)

Wd’%ﬁ!lﬁﬁ’&?d dropwi se. The mi xture was then hqgi@er@7no1105

45C for 12 hours before cooling to room 10

tenperature and addi ng water (50cnB). The m xture was

extracted into diethyl ether (3 x 50 cnB) the

extracts were dried over nagnesi um sul phate,

filtered, and concentr&®ed to give the title conmpound

(7.03 g, 9613/a) as a light yellow oil. 511(250 Miz;
Figure CIZCIR) 1987 BRInG THved for son-10 isdiffarenipufiars Stsyg 38t 1 M bound

| to EL|S@{_{£%1GS \?354@ %%ge]i’w:ﬂi d!throrl\Qneé)gasynZIOESQ'hé a&ﬂeoug ;hg%'ibuffers ,

CH3
were alb0 bk and wEdeddEionlyh Nagipo. @5%@@)3&2@,51 /gf %@Jg) gelggneS)
15(CH2), 44.4 (NCH3 ), 109. 4 (ArQ), 111.4 (ArQ),

Figure ;@L 5@%{#&1%93,{9@{%@@ gﬂg R gﬂédcﬂgﬁ ?1%%’:41 pla b% cQo'ELiSA
plates whdiéElmatialvathidigiodGefios of ¥h @ram&tmmnmbﬂownt dhe bljesies

added- - di, et hyl- t o ;
prae i F9E 3 MhEL RN TS ML PUBR etz B
gelatind7%9 and the solution was cooled to 5C. An WO
2007/110629PCT/GBZOO7/001105 - 47 - aqueous (20 an)
solution of sodiumnitrite 31.0 nmol)
Figure 2Hieincieiieaveserslifasenttsyn pr@@afaﬁmﬁ Hgyl?n1§?h? EMah?and o ELISA
plates \?5% Fé%gté‘dcbﬁfhjdllmrseﬁbs Bﬁ%%@’é’ﬂéﬁt@ﬁ@é@sholnﬁo Thé Bgleous

S

d hi
phase byffer waS 8§ i 90t 7 GO P NEEK Ot Bpesragh TR Sich”

- gelatind0C for 2 hours. The suspension was flltered and the

filtrate adjusted to pH 7 with sodium 5 bi carbonate
solution before extraction into ethyl acetate (3 x 50
Figure 2PBBindhb eumemlr g apdl L0 fsyns22\e differant tedforsy &y. Tayrghkal L

bound %L%nggﬁ @te&vbaé mcu%?fed%vr?tﬂ di ?l%@hé%ﬁﬁ%( tﬂl il 28 b FiLpRYR

~ or 50 mo\h Ne rpbsnateii/6.0eir 8éntB. H@V:n@s at hwl baw& tatFeU% Phips was

mcuba%ﬁ le\;\tlﬁ thlft iﬁﬁes%@yngio\’érrf%ntﬁqn m%ﬁéﬁﬁ%ﬁbr@%n ¢n B&h dases,

. e ol was dissolv
bUffers@IS@tqszmaH@d M @1 %Ewaem%?f&’cwéf'h Ek"éﬁ?’at"l?dded

(2.5cnB, 379 and the 10 solution was concentrated to
ive the title conpound (2.76 g, 41% as a |ight
;__E%éffxam own solid. OH (250 MHz; D20): 7.50 (3H, m ArH),
3.59 (4H, g, 7.25,. NCH2), 2.69(2K, g, 7.5, CH2),
ch 1.20 EK , 7.5, CH), 1.03 (6H t, 7.25, CH); C
———%%é@%ﬁ-&em' : D20): 12.1 (CH,), 15.5 (CH,), 25.5 (CH2),
56.3 (NCH2), 123.9 (ArCO), 126.0 (ArQ, 127.9 (ArQ),
The folét%ﬁ'iﬁ]ﬁyﬁtﬁ%%snﬁr% ﬁ?cv‘/ﬁl Qéﬁ% fonjiﬁ'i.%tréﬁ\fe'%’u@oseé and ard rict Rtdnrbd
to limit jeNscope ohhe invertionyss gessresd haseiBdi ani ne
di hydrochloride (2 g, 7.5 mmol ) .was dissolved in
water (75 cm) and the solution adjusted to pH 1.6.
The pink solution then had sodi um 20 sul phi de (>60%.
(1.35g, .10.4mvol) added portion-wi se. To the
suspensi on was added an aqueous solution of iron
(111). chloride (4.229, 15.6 nmmol in 35 cm of water)
where there was an i nmedi ate col our change to purple.
The solution, was then aerated for 1 hour before a
second portion of iron (I1l) chloride (4.22 g, 15.6
.ol in 35 cnB of. water) solution was added. The
sol ution was cooled to 5C before filtering and
washing the precipitate with 25 water. The
preci pitate was al so washed with ethanol and the
et hanol concentrated to give a sticky purple solid.
To the aqueous filtrate was added sodi um chl ori de (50
g) and the solution was stirred for 10 m nutes
wher eby the col our changed to red/purple as the
product was salted out . The suspen3|on was flltered
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- 48 - perforhed to renove iron-chloride residues,
with 10% net hanol : 90% di chl or onet hane as el uent and
using silica 40-63u 60A. Synthesis 6

i oni nium chl oride zinc chloride do%ﬁ;ﬁhﬁmmms
o b

NH2H2 N Et 0=S-OH 0 Et.,N O EtEt

.5 Zn012 )
-40-

4 ‘ Synthesis 1
- Ethyl-thioninium chioride (ETC)

. NH, - - NH,

"HCJ, E4,0 :

. ! 2 HCl

Na,, FeCly6H,0, H,0, HC
_ B
Et

N, N-diethyl-p-phenylenediamine difydrochloride

N, N-diethyl-p-phenylenediamine (5 g, 30.4 mmol) was dissolved in diethyl ether (25 cm®)
and hydrochloric acid (6 cm®, 10 M) was added and the mixture was concentrated to give
the title compound (7.22 g, 100%) as a red/brown solid. &, (250 MHz; D,0): 7.68 (4H, m,
ArH), 3.69 (4H, q, 7.32, NCHy), 1.11 (8H, t, 7.32, CHy); 55 (62.9 MHz; D;0): 12.1 (CHy),
56.4 (NCH,), 126.8 1(ArC); 127.6 (ArC), 135.5 (ArC), 139.1 (ArC).

Ethyl-thioninium chioride

N,N-diethyl-p-phenylenediamine dihydrochloride (7.22 g, 30.4 mmol) was dissolved in

water (250 cm®) and the pH adjusted to 1.6 with HC), to-which sodium sulphide (>60%)"

(3.95 g, 30.4 mmol) was added portionwise. The suspension was stirred uniil all the
sodium sulphide had dissolved. A solution of iron (II) chioride (27.15 g, 100 mmol) in
water (200 cm®) was prepared and half the solution was added to the mixture. An _
immediate colour change from light yellow to blue occurred. The solution was then aerated
for 1 hour before the remaining iron (ill} chloride solution was added. The mixture was
cooled to 5°C and filtered to remove alight green sludge. Aqueous HC! (15 cm®, 6 M) was
added to the filtrate, followed by sodium chloride (60 g), and the suspension stirred for 5
minutes before filtering to give a solid product, which was dissolved in DCM, dried over
magnesium sulphate, filtered, and concentrated to give a purple/green solid (1.28 g, 22%).
This purple/green solid was loaded onto a prepared C18 reverse phase column and
washed with water (1 L) or until the yeliow colour ceased. The product was washed off the
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A stirred mxture of N, N-diethyl-p-phenyl enedi am ne

(5.0 g, 30,4 mol) in H20 (100 cnB8) and H2SO4 (conc.,

98 %, 1 cn) was treated with non-reducing ZnC 2

- ' (ZnC12, 7.60 g, 55 mmol in 15 cnBpef/chianmno1ies

Wo\?mﬂl%%qlk‘lggCrZOT 2H20, 100 ng) to produce a reddish

reaction 10m xture. Additions of Al 2(304)3.1 6H20

solution (5.80 g, 9.2 mvol in 10 cnB of H20),

Na2S203. 5H20 solution (8.0 g, 32.2 mol in 10 cnB

H20) and one-third of adisol ution of Na2Cr207. 2H20

(8.7 g, 29.2 mol in 15 cnB of H20) were foll owed by
colume, witaffie@HHE éphil 2) archesmcanttates! tb giveI@: titla colpatinc(§.6afg, 11%)

asa SN#?IP%@SBV& %g ésbﬁ@-l% B ﬁ) g, 23?%%% BDICH, N 358N6H, o[j'% NEH,),

was _ad an _additiron of
7.01 (2H S TR ONBDCH. 225, Z‘FIZD 79812 Ubﬁ 26147H) ok (kS B4R (100%,
[M-CHjr eci pi tate was observed. The tenperature was rapidly
raised to 75C, after which a slurry of activated
Nln02 (3.80 g, 44.7 mmol in 5 cnB of H20) was added.
The terrperature vvas r Syne@sis@ 85C, and left to stir

at that t e for.30 mn sol ution
with pr ec:FgR:‘tF y' 8""’8‘5‘9’8?‘0‘8&‘ %ﬁﬁ@ I@Q@#&gn m xture
@¢f t o 50C and H2804 (conc., 1lcmge was slowy
rea,qudJr]_,\égstdegher cool ed th 2@, and 20
red t & Pechver fhe preci pi &~ Whi ch was
aSiae W|th brine (saturatedmsa| er) Thi s
bl ack]solid *as re-dissolved in H20 L?SO cmieat 100C,
and c¥el ed, followed by vacuum filtrméion o rermve
i nsolubles. The filtrate was treated with-ZnC 2 (4 )

and WO 20071110629P¢TI GB20043N01105y549 - NACl (23
and left in the rafrigerat after
mmaanH?‘H@Or EGIthg preci pi %Z\
vacuum fiTtration, washed w @j
driedinavacuumovnfo _ hetitI'e
compound (5.7 g, 71 asy@ rusty red p 6H (250

MHz, 020):-, 1.20 (12H—br t, CH3), 3.50 (8H —br a,
CH2) 6 80 (21-1, s, ArH), 7.05 (2H, br d, ArH) and
(2H, br d, ArH). See, for: exanpl e, Fierz- DaV|d
3-Mefhahf&”s¥"a?fgy7e’gﬁny@n¢famm dirgreshiagdeand Thi azi ne Dyes, '
i n. Fundanent al Processes of Dye Cheni stry published

To 20 BBk SR S e B S B SR

reduced to 5°C with an ice bath. To this-cooled-solution was carefully added sulphuric acid
{98%, 22.5 g). To this solution was added 3-methyl-N, N-dimethylaniline (10 g, 74 mmol)
and then sodium nitrite (5.6 g, 81.4 mmol), and the solution was stirred at room
temperature for 1 hour. Iron (Fe) filings (12.8 g, 229 mmol) were added and the mixture
stirred for a further 2 hours. The solution was filtered and then neutralized with satﬁrated
sodium hydrogen carbonate solution and the-organics were extracted into ethyl acetate (3
x 100 cm®). The extracts were dried over magnesium sulphate, filtered, and concentrated

-to give a brown oil. The oil was dissolved in diethyl ether (100 cm®) and concentrated

hydrochleric acid (50 cm®) was added. The solution was evaporated to dryness to give the
title compound (10 g, 60%) as a light tan solid. Vi (KBr)/cin™': 2849 (CH), 2821 (CH),
2543 (CH), 2444 (CH), 1586 (C=N), 1487 (CH), 1445 (CH), 1415 (CH), 1138 (CH); 5, (250
MHz; D,0): 7.59 (1H, s, ArH), 7.50 (2H, s, ArH), 3.24 (6H, s, CH3), 2.39 (3H, s, CHy);
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M Me 1 MeMe K1, 1120 N 11 MeMe Met hyl -t hi oni ni um
chloride (2.00 g, 6.25 mmol) was dissolved in water
(50 cnB) and potassiumiodide (1.56 g, 9.4 mmvl) was
wRRee ot h stirring. A precipitate forned, Ml&ﬁholﬁ?{ﬁmus
filtered and-the solid was recrystallised from
boiling water (50 cnB) to yield the title 15 conpound
(1.98 g, 77% as fine green needles. 5ii (250 Miz;
DMBO): 7.88 (2H, br d, ArH), 7.49 (4H, br s, ArH),
3.37 (12H, s, CH3). Anadzysis for CleFl 1eN381: C,
46.72; H, 4.41; N, 10.22;S, 7.80; 1,30,85; Found. C,
Sc(62.9UdHI DK, 184.(CH;), na.fsloiﬁéwzza (‘Areﬁn(zja.g z&c&gq.zmmag, 33367
5, hesi hyl -t hi oni ni um | odi de Hydr ogen | odi de
a0, HTAREEY, t“g(‘n#%)w) Met hyl - t hi oni ni um i odi de
(0.50 g, 1.22 mml) was dissol ved i n methanol (20

D]meﬂmfdﬂm‘gnlﬁ,u%%d el 0dide (1.90 g, 13.37 mmol) was

whil'e stirring. The mixture was heated at
reflux for 18 hours before additional nethyl iodide

To a 560erAB8undsdiBmEek )\laéé\@édé%dﬁﬁlgth?m M&ﬁeﬂ?%ﬁﬂeﬁ@&aﬂme

o DGl el vibho e s ARG
(50 cm¥ @ mpbetfdsrafsomﬁ shiiphideresbeed.seas hed m&twmdaaammﬁ Qi
chiondé b%@%yérgfe % 2'% 5@8;% nd o(lméssi % ?5@ 21111) angrhaii of this
solution was poured l_nto the reaction mixture, giving an |mmediate blue colour. The
solution was then aerated for 2 hours before the remaining aqueous iron (lll) chloride

~ solution was added. The mixture was cooled to 5°C and filtered; the precipitate was

dissolved in boiling water (60 cm®, filtered, and cooled. Hydrochloric acid (10 cm®, 6 M)
was added to the cooled Vsolution,- which was then filtered to yield the {itle compoUnd

{0.22 g, 16%) as a burp!efblue solid. vmax (KBr)fem™: 2926 (CH), 1604 (C=N), 1535, 1496,
1444 (CH), 1404 (CH), 1315 (CH), 1185 (CH); 81 {250 MHz; DMSQO): 7.29 (2H, s, ArH),
7.23(2H, s, ArH), 3.28 (12H, s, CHa), 2.55 (6H, s, CHy); 8¢ (62.9 MHz; DMSO): 18.9 (CHa),
41.5 (CHs), 105.7 (ArC), 118.7 (ArC), 133.6 (ArC), 134.5 (ArC), 147.2 (ArC), 154.2 (ArC);

~ Anal. Calcd. for C4sH2.NsS.3H,0: C, 51.98; H, 6.74; N, 10.11; S, 7.70. Found: C, 52.03: H,

6.59; N, 10.05; 8, 7.66.



108.5, ArH), 7.42 (4H s, ArH), 3.34 (1211, s, CH3).
5G (62.9 MHz; DWb0): 153.8 (ArC), 137.9 (ArC, 134.9
(ArQ, 133.5 (ArC, 119.1 (ArC), 118.8 (ArQ), -106.9
06.6 (ArC), 41.1 (NCH3). WO

wd Bt 629PCT/ GB2007/ 001105 A stirred mixturé of oo
N, N- di et hyl - p- phenyl enedi am ne (10.0 9,61 nmmol) in
aqueous 5 hydrochloric acid (0.5 M 200 cnB) was
adjusted to pH 2 with aqueous sodi um hydroxi de (10%.
The di ami ne sol ution wa43eool ed to 5C before the
addi ti on of aqueous Na2S203.5H20 (16.65 g, 67 mml in
20 cnB81120). An- aqueoudyrtbesig$on of Na2Cr207. 2H20
(7.279, 24 {DiethyPmahyigABnillmHbiddasepaged dropw se
to the m xture over a 15 mnut%gperlod gi ving a bl ack

susensi on. The suspension wasTstirred at 5C for 1
hour! (pH = 8.07, 10 T = 3.7C) sol uti on of
N,‘ iy et hyNadftfis Yighdt@rg 233 6 1), H2SO4 (6 g) and
Alers (10 cm was cool e %YN efore addition to the
'Hzl‘éuspensi on. An aqueous Sowei on of Na2Cr207.2H20
(19.099, 64 nrnol 4n 50 c of H20) was then adged
dropwi se to the mxture over a 20 mnute periodl — ny
NadiOeiH Hal t hi ck d MBerresuapepsiiaye,oThe m xt a
—stirred-at pC fo hours (pH = 6. 75 L =M&C) hebdre
filtering. ThaNgregén purple solid 15 obtain Was, .~
washed with waker (2 x 50 cm). The solid waddes| urfied
I n aqueous hydrjchl oric_acid (EOO cm ,—mpH 2) giving a
suspension with a pH = p. 37 at b2C. To |t he suspensi on

Nay@ se@igaied, oSO4 (1. 52 mig| ) and {t he mi xture
—heated—+0-98€ oI yt i dn 9@ ned.
at-tlr

o
Y

e a
After stirring |at RS 3 a0t |1 hour the
m xture was codl ed #o 256%and filtkred.| The solid was
washed wit h. watler (¥8x 50 cnB), tH&€ filltrate was 20
: adjusted frompH 633 to pH 2.00, T,= 25C with
NN-DEetinéeneiBypeilingci d (5 M. The deep bl ue sol ution was
heated to 80C and potassiumiodide (14 g) was added

‘ d ol | | i_pitat
To = 155w g bolim fiesicras et e < inips o adomime) stpnol
(15 'cwé)l%diuwa@ﬁﬁlﬁ/(:.ﬂ%@,glﬁw B 20.0MeB9liddiSe (ﬂ)uastgm r_nn"lorl]) was
r [ , crn 0 give e :
sadod RIS, Sl L SO RNRL 1B Bl B Lo
tempeiakBe pnd adding a4 (100EIN,). TUShitu@elwas BRIPBEdIMD, dicd96 Bther (3 x
100 crfEhd ind@RadCHCN aibg %g%r(rﬁ%.ﬁi%éﬂs?ﬂp@é‘? ngé %Qc%gt%ed -
to giveghe fitle qammpynd m.@%g,@gim agl 3 ightABllovApiH) Ve NGt/ 3045 (CH),
0 i 59, 4 i Al S ) o0 4 ol o 10
(CH), 1265 4CH); 3n 504 kDG 7122 (T byt 75 AfONG-AB (A, inb diricdle 2.7
(6H, s, Wﬂﬂsym dgﬂ?g,dﬁs,k%&?.z?ﬂdat—:, {78 CH%B) gcs(srzﬁnbghfﬂz; CDC): 15.8
(e ) oLl X B Ranck 105506 152 DiarCh g P (esen 0.1 vk
145.3 (@rC)1 750.en¢C). was added while stirri'ng. The m xture
was heated at reflux for 18 hours, then cooled to
_ room tenperature, gi_vi_ng a preci pi tate that was
N,N-Diethyemeihydnepheaeredianinddibydrecidrideo yiel d the title
compound (1.02 g, 40% as a bronze solid. 61.1

(250, MHz: 02. 92@ 7.90 (21:1, br d, Ar_H), 7.42 (4H,
To a 250 cmpund ottop sk pgpiadagd N N-dipsthyiimashyiandive (4.6a8br t

313 m%) water (100 cm®) and hydrochloric acid (8.5 cm?®, 37%}) and the solution was
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cooled fo 5°C. An aqueous (80 cm®) solufion of sodium nitrite (2.46 g, 3.57 mmol) was
then added dropwise to the aniline mixture and stirred for 3 hours at reom temperature.

Iron (Fe) fillings (5.24 g, 94 mmiol) and hydrochioric acid (8.5 cm®, 37%) were added and

the mixture was stired at room temperature for 3 hours. The suspension was filtered and
the filtrate adjusted to pH 7 with sodium bicarbonate solution before extraction into ethy!
acetate (3 x 50 cm®). The cdhbined extracts were dried over magnesium suiphate,
filtered, and concentrated to yield a brown oil. The oif was dissolved in ethanol (100 cm?)
and diethyl ether (80 cm® and hydrochloric acid (7em®, 37%) was added carefully to give
the title compound (7.42 g, 72%) as a light tan solid. vy (KBr)fem™: 2976 (CH), 2894
(CH) 2859 {CH), 2753 (CH), 1583 (C=N), 1508 (CH), 1486 (CH), 1459 (CH), 1183 (CH);
Ou (250 MHz D,0): 7.66 (1H, s, ArH), 7.56 (2H, s, ArH), 3.29 (6H, s, NCH3), 2.74 (2H, q,
7.5, CHy), 1.25 (3H, 1, 7.5, CHS), 8¢ (62.9 MHz; CDCly): 15.5 (CHas) 25.6 (NCH,), 48.9
(NCH), 122.1 (ArC), 124.6 (ArC), 128.1 (ArC), 132.8 (ArC), 143.3 (ArC), 144.9 (ArC).

1,9-Diethyl Methylthioninium chioride

N,N-Dimethyl-m-ethyl-p-phenylenediamine dihydrochloride (1.3 g, 5.5 mmol) was dissolved
in water (50 cm®) and the solution adjusted to pH 1.6. Sodium sulphide >60% (0.71g,
5.5mmol) was then added portionwise to the pink solution. To the suspension was added
an aqueous solution of iron (I chloride (2.23 g, 8.2 mmol in 50 cm® of water) and there
was an immediate colour change to purple. The solution was then aerated for 1 hour
before a sgcond portion of iron (i) chloride solution (2.23 g, 8.2 mmol in 50 cm® of water)

was added. The solution was cooled to 5°C before fi!tering,_ and washing the precipitate

with water. To the filtrate was added sodium chloride (50 g) and the solution was stirred for
10 minutes, and the colour changed to red/purple as the product was salted cut. The
suspension was filtered and the solid dissolved in dichloromethane (100 cm®) and
methanol (10 cm®) before drying over magnesium sulphate. Filtration and concentration
gave the title compound (b.15 g, 15%) as a green solid." vipay (KBr)/em™: 3408 (CH), 2613
(CH), 1606 (C=N), 1399 (CH), 1316 (CH); 84(250 MHz; D,O): 6.55 (2H, s, ArH), 6.23 (2H,
s, ArH), 2.92 (12H, s, NCHa), 2.56 (4H, q, 7.5, CHy), 0.99 (BH, t, 7.5, CHa); (ESI), 340.4
(100%, [M — CI}"). Optionally, flash column chromatography was performed to remove iron
chloride residues, with 10% methanol: 90% dichloromethane as eluent and using silica 40-
63u 60A.
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A stirred mxture of N, N-diethyl-p-phenyl enedi am ne

= (10.0 g, 61 mml) in aqueous 5 hydrochloric acid (0.5

M 200 cnB) was adjusted to pH 2 with aqueous sodi um
Wd%%ﬁli&zge (10% . The diam ne solution was GRGl@khsA01105

C before the addition of aqueous Na28203.5H20 (16. 65

g, 67 mmol in 20 cnB8 H20). An aqueous sol ution of :

Na2Cr 207.2H20 (7.279, 24 mol in 35 cnB of H20) was

added dropvvise to the mxture over a 15 nminute

period giving a bl ack s#&pension.” The suspensi on was

stirred at 5C for 1 hour (pH=8.07, 10T = 3.70. A

sol ution of N, Ndiethylaniline (8.25 g, 61 nmol),

H2SO4 (6 g) and water él&-&&[g&) was cooled to 5C

bef ore addi |on o t suspens eous '
sol ution o? éa‘lbeﬁn%@"’?'f@ %@”ﬁeﬁ@ﬁ | in 50 cnB
of H20) was then added drgpwi se to the m xture ra

20 ginute period giving althick d#fk gre:
sus ensmpn The m xture was stirped 2

( . 75, N8 Fe6LpHigef orp filtg . reen Cl
E“*»E soI d WaStyeshed vt homatgrEi( 2] x
0 €nB). The solid was slurridgd in @hueous |
Elaydro%HP'orl c acid (300 c pi§t2) giving a sBspension

wth a pH = 6.37 at 22C. To the suspensi on was added
N,N-Detiges-methyb2pheryleherianiine dimairachioridé Kit0uf4e, e atreal) was 90C

dussoi\)@ﬁ% ﬁbé&r f!tog &P Hddhe H'a fik%ﬂ td @%nﬁﬁ’lch (ﬁ%h ﬂ&d §$du5n"1 k@Bhide

erature

(>60%u\. 6’0?% 506“72@35‘31%]1 ﬂfﬂh t('éi} @doridw(%e 200 % rwa@‘) W&@ ﬁ@fﬁﬁf\/ﬁ&&ﬁ‘
aqueo\ﬁ@&&uﬂo‘%‘l?‘\i P Smﬁ)é’antnhﬁ]e@ﬁ% Jotb%r 3[%rfgb lf:%ﬁ%‘eﬁodé‘@ﬁdeep blue.

ust e from
The mH‘EHﬂ? WenPgried f%(c1| ey befope a ??Fé’"ﬂ élé?i“’b?ﬂ?él“%‘aﬂsu Feryiishloride
(20.28heat aﬁlnd] o) ﬁ’@@nﬂpﬁaQ agtiesio ding Bbibtidr edseodoRA tg Feauaterbidadhat

- tempe\égZW??%; 1%56 b%?rggﬁg?ngfhg@eﬁgﬁ?eep%@og\émnb% o) I(ﬁédsgﬁgddded and

was filteesio grield i6e 8Midg praBA as Hhlu¢/RaPleMdid. CDE G’mde QQ]:B Gvaé paiified

by coh%}lr?_ghm&i@éra Meﬁxe@@% ;@100% m&%@z‘%ﬁ% %cﬁé (g@ i Qe egg_léoﬁ.)

to give(tse fitge Mﬂmoum&) g, HBsH QI‘Q@SPlBPIGEEHﬁ P 1'%‘)"6’" 2831 GH),

6 -]
2021 (. 2Bss {0 vodeicong oHn 3 (OB, G306 (Bl biReno B9 e e o1
s, ArH}, §r39d iy e Adilo A 38f(8|ér05M!‘b) di&§ (BH; *EA“E%.*.M 1. 9%%?” t, CHs)
50(62. @Mil&t lbzl{ﬁt@% (cH§, %R:@Q%%Q(ﬂb P1G‘@H?Ar%) Off17.1 g(Ar(:) 132.3

et n (an1n acl- 31-1 xpresse

(ArC), 5%3 lt-r@ﬂ RS (Agek it %ﬁr&) ﬁ@fz{fé%l ?@%%1)00/%\/[%9& )al | ows
its purification on a Ni-chelating colum.
Ful | -1 ength a-synuclein (syn) was expressed w thout a
tag, and purified by ion exchange 15 chromat ography
on DEAE Sepharose, and in sone cases foll owed by
purification on CM Sepharose. For both proteins, the
bacterial extract.was first enriched by taking a
30-50% amroni um sul phate cut. The proteins el uted
fromthe colum were dial ysed agai nst 20 mM CAPS, pH
as or 20 MM Tris.HCl, pH 7.5, 50 nM NaCl (see Table 1
for details), and stored at -70 C. 20
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- Fluorescence assay for filanment assenbly a- Synuclein
proteins (tsyn or fsyn) were incubated at 37C for the
times indicated in Figure | egends with m xing

wdé Sot@eee fibril formation. In some cases, &Sy@8et 001105
heparin was 25i ncl uded to enhance fibril for mat i on.

- Sanples of 10 pl were then diluted to 100 pl with
water, plus thioffavine T or prinulinat 1 pM or 0.2
or 5 pM in sonme cases. Fluorescence excitation
spectra were neasured TA696 wel |l plates in a Varian
Carey Eclipse Fluorescence Spectrophotometer W th
the 30 em ssion wavel eﬁ%’ﬂb&%ﬁ_wo nm Excitation
spectra wer so@mMthRetRthicMinidh eméﬂ.&r@'EEﬁ‘E sured
wi t hout tsyn and the peak signal neasured fromthe
spe&tra. The data were nornmali &d to the val ue

red E‘l&?}out corrpound and-RR0 val ues neasured

bl ot rdriABHi sed i «@ ence agai nst

gntration of con‘poun%‘ 75 - ELI SA assay for

synucl ei n-synucl ei n bi ndi n@ A solid phase assay was
used to measure sg| f-association of a-synucleing tsyn
nbs carbnat buffer (pH 8.5) was bound t
Naﬁ%ﬁggg% pl ate, 'ﬁﬁl IFe) OLGL D, HE1 EypUC] ei n » _q\lH
T Was addet i g t he eots p
. bi ndi ng buffelfil was 50 nmM Naphosphate, pH 6. Q 20
NaCl, 0.05% Tween-20, 1% fish skin gel ati neft BourtdiC
fsyn was. detected using, a comgrcial antibody (211)
t hat does not fecogni sqg ts n. tOExarrpI e 1.
Nazﬁtﬁelcfaﬁﬂg’ﬁﬁm] of a-svn Fgure 1 shows sanpl es
fromthe—pur | Cﬁ{i al ysed| bgi(SDS- PAGE
and staining wt ~NyFRe Ni-affinity
columm providegs a vlery efri ci ent uriffcation; the
final purifi ed-—protEél n (tsyn-8 in Fig.l1) is greater
than 95% pure, with a yield of 44 ng protein 15 from
a 750 m culture of bacteria. Figure 2 shows the
N,N-Diqshyr-i-etopanitre of fsyn on DEAE- Sepharose. The final
proteln using this nethod is not so pure (fsyn-9 in
20 Figure 3 shows the purification of fsyn
Toa 108 ﬁnﬁmdmpmmes;emmdd@mmamfé@ p@aaos famdif) sfhanol

S PR SH ol SEFUI (oot
added S& o !gipct@ffe\)vas then heatgdab4&iC foli 1f2ﬂﬁmfs1$efore cooling to room
temperabjré RAd alidiRg watef (Sbesyn %E%Iﬂu%qlg% &?rggecﬁl Ihfq o tgyl te{tjrf{eél(g X

50 cm®) Ssays descrl bed 25bel ow, an
PEREsWernd réﬁ%“@[lf‘i’ﬁﬁ’l‘?%ﬂ“?hﬂ%ﬂﬁﬂ%‘ed and\WBncentrated to

give theIiﬂé)Etﬁr&ﬂcﬂﬁeBQPﬁ@' @@Q}HJ@%Q&[Q&V orl 5, Zgﬁ%}%r DCL):3.20 (1H,

r f synucl el n I ons’ I;r% (
dd, 9, 7. gg AFP %Z‘{ @)1 ga8 @hag? Aéfi'da.h:tf SQ\F 2H; o) T CHy), 1. "2
(3H, 1, 7§ @Hys ®632$H rtm \OHCERE2. PMHY; SDERY 12.9 (GH, ), 15.8 (CH, ), 20.5
(CHy), 44.4 (NCHy3 ), 109.4 (ArC) 111.4 (ArC), 115.1 (ArC), 129.2 (ArC), 1454 (ArC),
147.9 (ArC).

H N

N, N-Diethyl-m-ethyil-p-phenylenediamine difydrochloride

To a 250 cm? round bottom flask was added N,N-diethyl-m-ethylaniline (5 g, 28.2 mmofj,
water (50 cm®) and hydrochloric acid (9 em® 37%) and the solution was cooled to 5°C. An
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AS cut, DEAE columm, dialysed 20 nM Tris, pH 7.5, 50
mM NaCl tsyn-16-AS cut, N colum, dialysed 20 mM
Iris, pH 7.5 fsyn- 10,17,1 8,19 AS cut, DEAE col um,
dialysed 20 rriM Tris. HCl, NGk 05
Wc%%ﬁ?g%rgr-m AS cut, DEAE col umm, di al ysegMZO nMoo'DdTln
Tris.HCl, pH 7.5 fsyn 15 AS cut, DEAE col um, SP
.colum, dialysed 20 MM Tris.HCl, pH 7.5 fsyn- 20, 22
AS cut, DEAE columm, CM columm, dialysed 20 mM CAPS,
pH 9.5 Protein preparegyby heat treatnent was
inactive in the assay. Protein prepared by DEAE 5
aqueouwtio@nﬁ}mug-n ohsafiah ogmtem]w e .Caditriol) Gvas fhefnuaruﬂh@aropw.se

£ h
to the Qrglﬁdrel ﬂél I’é Qﬂi sﬁ‘%rgg fé)rnl]c ounatq{:\ﬁ ?{%a grﬁgm@% B IIB§§I‘/@ %{é
846 nmc@@mégwdrpp@pm 2aid (rembaT%nivers addesand/the hixttreatirred below
30°C f&Pz @ﬁﬁl&mﬁﬁs parfHavaY ﬁt@@d%ﬂ?@%‘ﬁl@%& %Fﬁi&gl??d’ &9 Tfmz%Fn sgdium

activity (see Exa sunmar |

|
bicarb gl %%l‘ﬂ@mb@f‘)ﬁe SHEsEeRInIam)| gedele @K 5 ke The combined

extracie xeas digddver m&&mlﬁqa@’e flﬁé’é@yan@fcoﬁééﬁﬂgieﬁ 'té‘yleld a brown
een reported that

. oil. Th%%?ugitﬁ%l[ évag%arn%ng} e A Cﬁ:g?rp gﬁé‘%p%(eg&gﬁmu@ gthyd ﬁlﬁ%tﬁ’!@égmg

silica 40168 6D&pgieing Gmmﬁlelﬁé’dla)iﬁlh@‘d$ aeralvn A2 esued).t T oil was
sy TR S LA Pl e b

solut:oagyg@ p;mc@mbgteqi mrtmthe(b!ﬂe atmBaBd (W6 b, zm@ asid Iigaubro{ixﬂ solid.
By (25mﬁfd Dzbﬁ}%d BHf Aﬁ%”ﬁ"aﬁzml{“ec{ﬁ 2%315161‘4 l% Lﬂg-f By E%" CHy),

|"avi ne aritous t

1.20 (3#'r b 7r5e Chis)s ﬁ@@éﬁlﬂ He7 £6.rfHAe(E%9 Wza@ﬂanm ¥ (@) L BYA(CHs),

25.5 (QM)Y 56 SYRCPL)L ﬁ)% @(Ar@? St26l0YAldNE 18P8 fA}tﬁ;ﬁl 81 aoibﬁg?érc) Mare),

1433%\ reis very little appearance o
Ay orescence with either protein (Fig. 4A, 4B). There
i s -appearance of a prinulin signal over 20-30 h with

1 Q-D!ettiﬁ/y Eth%h%nm:um cﬂfonge

N,N—DiEthyi—m-ethyI-p-phenylenediamine dihydrochloride (2 g, 7.5 mmol) was dissolved in
water (75 em®) and.the solution adjusted to pH 1.6. The pink solution then had sodium
sulphfde‘ (_:»60%) (1.35g, 10.4mmol) added portion-wise. To the susperision was added an

" aqueous solution of iron (ilf) chloride (4.22 g, 15.6 mmol in 35 cm® of water) where there

was an immediate colour-change to purple. The solution.was then aerated for 1 hour
before a second portion of iron (ill) chloride (4.22 g, 15.6 mmol in 35 cm® of water) solution
was added. The solution was cooled to 5°C before filtering and washing the precipitate with
water. The precipitate was also washed with ethanol and the ethanol concentrated to give .
a sticky purple solid. To the agueous filtrate wés added sodium chloride (50 g) and the
so}uﬁon was stirred for 10 minutes whereby the colour changed to redlburple asthe
product was salted out. The suspension was filtered and the solid dissolved in
dichloromethane (100 cm®) and methanol (10 cm®) before drying over magnesium
suiphate, Filtering and concentration with the ethanol soluble product ga\fe the title
compound (0.06 g, 3%) as a purple solid. &, (250 MHz; D;0): 6.73 (2H, s, ArH), 6.48 (2H,
s, ArH), 3.45 (8H, brdg, NCH,), 2.46 (4H, q, 7.5, CHp), 1.17 (12H, brdt, CHg), 0.93 (6H, t,
7.5, GHg); miz (ESI) 396.2 (100%, [M-CIT*). Optionally, flash column chromatography was
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- 57 - absence of heparin, in the presence of heparin
there is no | ag phase for appearance uf the prinulin
- signal but the final extent of the fluorescence is
woSloiigdae W th and wi thout heparin (Fig. 4A) pcidempaciznoeios
sti1mul ates appearance of a thioflavine T signal for
tsyn to a simlar extent as primulin (Fig. 4A).
There is a very slow appearance of both thioflavine T
and Sprimulin signals for fsyn in the absence of
heparin. In the presengge- of heparin, there is
appearance of a signal with both fluorophores, but
performeét tdrethobe rgrechidriaig rpdiqies, wittat0% ewthanot RO%giahiof@hethane as
for appearance of the primulin
e'”ent@gé'ﬁ'éi'p Sﬁ%a%%{a&rgl?ﬁt han that for thioflavine T, but
the final extent of the thioflavine T signal is
greater than that forgpdgdén (Fig. 4B) The

di fference in signal between primnmulj ﬁé‘% hi of I avi ne
T i ndi dhdhieniaiumiahlogide 2ine ﬁ}&lowetﬂﬂuaﬁr?a
detecting different assenbly states ) I ei n, and

' s € ent  with the idea that pri n detects an
_grgar recursor state of assenbl%‘\& Q. fibril
TNt ion, which is detectéed by thijofiavine T.
,%arrpl e 3 Assay of fibril disrupti&h by%ﬁ:%d ETC
The fluorescence effects haye heen usedto assay
the effect of conpounds nd* on assenbl ed
-a-synucl ein. Figure s t |f MIC and ETC
on—the fluorescence signal  of ‘?'elther Ii't@ofl avine 20 T
or primulin induced byEasserﬂﬁ?FmD@ynEt and the peak
fluorescence values fromthe taaces are shown as a
function of copcentration of conpound 4 n Figure 7A
Figure 6 showsithe effs and ‘ETC on the
fl uorescence s{gnal the ofI viin .
priotmTuced Eb 253enhk gn ?'hé p oaﬁ(zn(:lz)
Fhe trac ar shown as a.

fl uorescence v Iueslfro
function of cohcent¥ation of conp ¥n Figure 76.

The P50 val ues neasured from 25 the %r a'ghs in F(J gélr €,
A stirredt mixturesl M elietwtio-phenpigsediapiine (5.0 g, 30.4 minol) in' H,0 (100 cm)

and Hﬂ@ﬁ%@ﬁé 1?@@2?1%;&36 (dBe Qa0 WA Q5n—recﬁa|8mg Zﬁalaldseluﬂon £560L,, 760
i es’ f.or ei,n-.de
9, 55 mpq) &@s%r%s'eﬁwtk et b B 180 e fW%Ceb%/% FED hpgion

" mixtureE Haditiphobfeal SO 06 Chailgion (BP0 y@i2 Rivol rpN) cro St;fﬂﬂzQB

NazSgOt %'HOE) Isalubcnn (8-5 g, 32.2 mmolin 10 cm® H,0) and one-third of a solution of

* NayCr:07.2H,0 (8.7 g, 29.2 mmol in 15 cm® of H,0) were followed by a rapid rise in

temperature to 40°C. A solution of N, N-diethylaniline (3.0 g, 20.1 mmol in conc. HCI,

4 cm®) was added, and followed by an addition of the remaining Na,Cr;0;.2H:0 solution.
A dark green precipitate was obéewed-- The témperature was rapidly raised to 75°C, after
which a slurry of activated MnO,, (3.80'g, 44.7 mmol in 5 cm® of H;0) was added. The

‘te‘amperatufe was raised to 85°C, and left to stir at that temperature for 30 minutes. A b!ue
: solut:on W[’[h prempltate was observed. The reaction mixture was cooled to 50°C and
o -'HZSO.; (conc., 11cm3) was slowly added The reaction was further caoiec[ to 20°C;and

vacuum filtered fo recover the precipitate, which was then washed with brine (saturated salt
water). This black solid was re-dissolved in HO (250 cm®) at 100°C, and cooled, followed

by vaéuum filtration to remove insolubles. The filtrate was treated with ZnCl, (4 g) and



MIC 18.5 tsyn-13 thioflavine T ETC 30.3 tsyn-13
primulin MIC 12.9 tsyn-13 prinmulin ETC 24.1 fsyn-14
thioflavine T MIC 3.8 fsyn-14 thioflavine T ETC 25.3
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NaCl.(23 g) and left in the refrigerator for 16 hours; after which the resulting :precipitaté was
~ recovered by vacuum filtration, washed with brine (30 cm®), and dried in a vacuum oven for

3 hours, to give the title compound (5.7 g, 71 %) as a rusty red powder. &y (250 MHz, D,O):

1.20 (12H, brt, CHs), 3.50 (8H, br q, CH,), 6.80 (2H, s, ArH), 7.05 (2H, brd, ArH) and 7.30

5 (2H, brd, ArH). See, for examp'le, Fierz-David and Blangley, 1949, “F. Oxazine and
-Thiazine Dyes,” in: Fundamental Processes of Dve Chemistry, published by Ih’terscience
{London, UK), pp. 308-314.

Synthesis 7
10 Methyl-thioniniunr lodide (MTI)

N._ .
JOG BN
' Me., = M
_ \T S ?r e | ct (@
] Me Me
, y | .
—
Ki, H,0 | : /CI | 5
- Me., N _Me ]
N s N
: ] ®~ | .
Me Me

Methyl-thioninium chloride (2.00 Q, 6.25 mmol) was dissolved in water (50 cm®) and

potassium iodide (1.56 g, 9.4 mmol) was added with stirring. A precipitate formed, which
was filtered and.-the solid was recrystallised from boiling water {50 cm®) to yield the title ‘

15 compound (1.98 g, 77%) as fine green needles. Oy (250 MHz; DMSO): 7.88 (2H, brd,
ArH), 7.49 (4H, br s, ArH), 3.37 (12H, s, CHy). Analysis for CgH1gN;Sl: C, 46.72; H, 4.41;
N, 10.22; S, 7.80; I, 30,85; Found: C, 46.30; H, 4.21; N, 10.14; S, 7.86; |, 29.34.
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23.5 fsyn-14 primulin ETC 30.6 5 The effect of the
conpounds on,thioflavine T and prinmulin fluorescence
could be due to conpetition for the fluorescence
5 ather than disruption of the fibrilgydeasiios
Wtil%gﬁﬁg&ﬁe experi ment was done at three diffl?rent :
concentrations of fluorophore, since the P60 will be
dependent on fl uorophore concentration only if the
~effect is due to conpetition. Data from one
experinment is shown in-8gure 8, and the nean P50s
fromall experinments is shown in 10 Table 3. There is
- not a significant diff8mthasied n P50 val ues neasured
OVer uedin ‘hﬁc‘;rﬁm%ﬁ&cﬁ&@ﬂﬁﬁoé& 16O MRRB SR (MTLHI)
concentrations, indicating that the effect of t e
compounds i S Que o fibrif] disruption. .
- 100711F0629F 007/0 1105 Table 3. P50 val ues
f ormehe Rl L Aresynuglei n- dependent
f l uor dfcencepot t |ofTaV| e Tor prinmulin by MIC and
ETC. dect of fluoraqmhore concentration. conpound
f I"uor ophore [quorophore] (p111) P50 (pM SEM MIC
thioflavine T 0.2 11-6 6.7 thlofIaV|

Mel, MeOH /@: :@L
i H

Methyl-thioninium iodide (0.50 g, 1.22 mmol) was dissolved in methanol (20 cm®) and
methyl iodide (1.90 g, 13.37 mmol) was added while stirring. The mixtﬁre was heated at
reflux for 18 hours before additional methy! iodide (0.42 g, 6.69 mmol) was added and the
mixture was once again heated to reflux and stirred for 8 hours. The mixture was cooled to

room temperature, giving a solid that was filtered and washed with methanol to yield the

title compound (0.30 g, 46%) as bronze green solid. 6, (250 MHz; DMSO): 7.82 (2H, d, J =

8.5, ArH), 7.42 (4H; s, ArH), 3.34 {(12H, s, CHy). 8¢ (62.9 MHz; DMSO): 153.8 (ArC), 137.9

. (ArC); 134.8 {ArC), 133.5 (ArC), 119.1 (ArC), 118.8 (ArC), 106.9 (ArC), 106.6 (ArC), 41.1

(NCH).
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primulin 0.2 41.7 8.2 2 MIC prinulin 1. O 35 1
MIC primulin 5.0
WO 2007/110629 PCT/GB2007/001105
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- : -~ . Synthesis 9
.. . - Ethylthioninium iodide (ET) - : :
T ' ~_NH
/@)‘Hz H,0, HCI, N&,S,0,.5H,0, ' /@ 2
Na,Cr,0,.2H,0 Et
Et\N 22T 2 - \'TI ‘ ?
: 0==5—CH
‘ét ' ' . Et I
o _ Ny 0
Na,Cr,0,.2H,0, _
N,N-diethylaniline, H,S0, Et-. S =
— 7 NC)
: flzt o=ﬁ-o@ Et |
S | : - N -
H,0, HCI, CusSO,, K! /Q D
- Et. e _Et 1™
N S N
Et Et

A stired mixture-of N,N-diethyl-p-phenylenediamine (10.0 g, 61 mmol) in aqueohs
5  hydrochloric acid (0.5 M, 200 cm®) was adjusted to pH 2 with aqueous sodium hydroxide
(10%). The diamine solution was cooled to 5°C before the addition of aqueous
Na,S,05.5H,0 (16.65 g, 67 mmol in 20 cm® H0). An aquébus solution of Na,Cr,07.2H;0
(7.27 g, '2_4. mriolin 35.cm® of H.0) was added d'ropwise to the mixture over a 15 minute
period giving a black suspension. The syspension was stirred at 5°C for 1 hour (pH = 8.07,
10 T=23.7°C). A solution of N,N-diethylaniline (8.25 g, 61 mmof), ‘HZSO4 {6 ¢) and water
(10 em®) was cooled to 5°C before addition to the suspension. An-aqueous solution of
Na20r207.2H20 (19.09 g, 64 mmol in 50 cm® of H20) was then added dropwise to the
mixture over a 20 minute period giving a thick dark green suspension. The mixture was
stired at 5°C for 2 hours (pH = 6.75, T = 6°C) before filiering. The green purple solid
15 obtained was washed with water {2 x 50 cm®. The sofid was slurried in aqueous
hydrochiloric acid (300 cm?, pH 2) giving a suspension with a pH = 6.37 at 22°C. Tothe
suspension was added CuSO4 (1:52 g, 6.1 mmol) and the mixture heated to 90°C where a
deep blue solution formed. After stirring at this temperature for 1 hour the mlxture was
- cooled to 25°C and filtered. The solid was washed with water (2 x 50 cm®), the filtrate was
20 ad;usted from pH 6.33 to pH 2.00, T = 25°C with hydrochlonc acid (5 M). The deep blue
solution was heated to 80°C and potassium iodide (14 g) was added and upon cooling an -
arange purple precipitate was deposited. Filtration gave a purple powder (8.8 g, 31%),
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31.2 0.7 2 ETC thioflavine T 0.2 3.2 2.5 ETC
thioflavine T 1.0 9.0 6.6 3 ETC thioflavine T 5.0

17.6 2.3 ETC prinulin 02 41.7
WO 2007/110629 ' © PCT/GB2067/001105
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" which was recrystallised from hot ethanol {400 cms) to give the title compound asfing -
. purple needles. Mp 211°C Vinex (KBr)Icm‘* 3574 (CH) 3484 (CH), 3028 (CH), 2965 (CH),

1662 (C=C), 1539 (CH), 1474 (CH), 1346 (CH); B¢ (62.9 MHz, CDCl): 1.33 (12H, 1, 7,
CHs), 3.72 (8H, q, 7, NCHy), 7.23 (2H, d, 9.75, ArH), 7.41 (2H, s, ArH), 7.83 (2H, d, 9.75,
ArH); 5, (62.9 MHz, CDCl,):152.4, 138.8, 135.7, 135.2, 118.3, 106.4, 46.8, 13.2.

Synthesis 10
Ethyl-thioninium iodid_e. Hydrogen lodide Mixed Salt (ETLHY

Soosl

Ethyl-thioninium iodide (2.00 g, 4.28 mmol) was dissolved in ethanol (100 cm®) and ethyl

lodide (27.35 g, 175 mmol) was added while st:mng ‘The mixture was heated at reﬂux for
18 hours, then cooled to room temperature giving a precipitate that was filtered and
washed with ethanol to yield the fitle compound (1.02 g, 40%) as a bronze solid. On

. (250 MHz; D,0): 7.90 (2H, br d, ArH), 7.42 (4H, s, ArH), 2.45 (8H, br q, NCHZ), 1.23 (12H, =

brt, CHs).
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8.2 ETCoprimulin 1.0 34.0 3.3 3 ETC primulin 5.0
32.3 5 Exanple 4. The effect of conpounds on the
assenbly of a-synuclein aggregates in vitro. As well"

affecting assenbl ed a-synuclein- aggregatﬁﬁ,,GM};g:,mms
W(g?]gghlog?ﬁl bits the assenbly of a- synucl ein into

aggregates, as determ ned by conpetition of the

bi ndi.ng of primulin. Optimal conditions for the .
~assenbly of aggregates fromtsyn and fsyn has been
determ ned 10 and.the _isghibitory effect otIMTCis |
shown in the Figure (New Flgure A). tsyn (Inmg/nml in
20 mM Tris. HCl, pHYQ)E & P/ M heparin) was

assenbl ed at 37 24 hr hibits tsyn ,
assenbl y at coné‘r‘\‘f'?@?q"?iwg "E?ST@JWt han 5 pM (o, open

circles) sy under the_sanpiNH,
cond ngﬁ %}Eé@%% SStz(grbg‘r%"ggc:oncentr fsyn was
ER. and an@?i e t|on yas f o200 ~TC shows -
a reater i nhi bitory effect vvlthfsynth éﬁ;tsyn
154 th inhibition occurring at 0.05FpM wi i t

L i

former (*, closed circles), bitjon of & synuclein
aggMNegao,.amO( f syn; using assay as

des tiN- dbébvlaammE)SOby NEFC, .2 : g r abl e and

gr ea bserVed Wlthl DE& & DEETC. All
- these conpounds conpletety i Mihited &Ssenbly at a
concentration of 50 pM WO © '
2007/-110629PCT/ GB2007[L001105

H,0, HCl, CuSQ,, NaN03
,Et 0,®

A stirred mixture of N,N—diethyl-p«phehylenediaminé (10.0 g, 61 mmol) in aqueous
hydrochlorie acid (0.5 M, 200 ¢m®) Was adjusted to pH 2 with agueous sodium hydroxide
{10%). The diamine sofutibn was cooled to 5°C before the addﬁion of aqueous
Na,S,0;.5H,0 {16.65 g, 67 mmoi in 20 cm® H,0).. An agueous solution of Na,Cr,07.2H,0
(7.2729, 24 mmol in 35 cm® of H20) was added dropwise to thé mixiure over a 15 minute
period giving a black suspension. The suspension was stirred at 5°C for 1 hour (pH = 8.07,
T=3.7°C). A solution of N,N-diethylaniline (8.25 g, 61 mmol), H.50, (6 g) and water

(10 cm® was cooled to 5°C befors-addition to the suspensibn. An aqueous solution of
Na,Cr07.2H,0 (19.08 g, 64 mmol in 50 cm® of H,0) was then added dropwise to the
mixture over a 20 minute period giving a thick dark green suspension. The mixture was -
stirred at 5°C for 2 hours (pH = 6.75, T = 6°C) before filtering. The green purple solid
obtained was washed with water (2 x 50 cm®). The solid was slurried in agueous
hydrochioric acid (300 cm®, pH 2) giving a suspension with a pH = 6.37 at 22°C. To the
suspension was added CuSQ, (1.52 g, 6.1 mmol) and the mixture heated to 80°C wherein
a deep blue solution formed. After stiming at this temperature for 1 hour, the mixture was
cooled to 25°C and filtered. The solid was washed with water (2 x 50 cm?), the and the

filtrate Was adjusted from pH 6.33 to pH 2.00, T = 25°C with hydrochloric acid (5 M). The

deep blue solution was heated to 80°C and had sodium nitrate (50 ) added and was
allowed to cool to 25°C slowly while stirring gently. The product was filtered as green
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Tabl e 4. Effect of diam ndphenot hi azi nes on
a-synucl ei n aggregation using fsyn. Fl uor escence
with drug concentration (pM: Conpound o 0.5 5.0 50

1bo3 145.9 24.2 1.2 ETC 311.3 190.6 4@ dationnotios
W%%3113295723400 |
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needles (6.80 g, 28%). By (250 MHz, CDCL): 1.36 (12H, t, 7, CHy), 3.72 (8H, q, 7, NCH,),

7.23 (2H, d, 9.5, ArH), 7.39 (2H, s, ArH), 7.89 (2H, d, 9.5, ArH); 8 (62.9 MHz, CDCL)

152.5, 138.8, 135.7, 135.6, 118.1, 106.4, 46.5, 129

Biological Studies

Methods

Purification of ausynucfein proteins

‘Two plasmids for expression of a-synuclein in E. coli were constructed. The core

aggregation domain of a-synuclein (amino acids 31-109) was expressed with an N-terminal
polyhistidine tag (isyn), Whidh allows its purification on a Ni-chelating column. FU!Hength
a-synuclein (syn) was expressed without a tag, and purified by ion exchange
chromatography on DEAE Sepharose, énd in some cases followed by purification on

CM-Sepharose. For both proteins, the bacterial extract was first enriched by taking a

30-50% ammonium sulphate cut. The proteins eluted from the column were dialysed
against 20 mM CAPS, pH 8.5 or 20 mM Tris.HCI, pH 7.5, 50 mM NaCl (see Table 1 for
details), and stored at -70 °C. 4

Fluorescence assay for filament assembly

a-Synuclein prote‘_ins‘ {tsyn or fsyn) were incubated at 37°C for the times indicated in Figure
legends with mixing to induce fibril formation. In some cases, 50 yg/ml heparin was

included to enhance fibril formation.

Samples of 10 pl were then diluted to 100 pl with water, plus thioflavine T or primulin at

1 UM, or 0.2 or 5 yM in some cases. Fluorescence excitation specira were measured in
96 well blates in a Varian Carey Eclipse Fluorescence Specirophotometer, with the |
emission wavelength at 480 nm. Excitation spectra were corrected for the signal measured
without tsyn and the peak szgnal measured from the spectra. The data were normalised to
the value measured without compound and P50 values measured from plots of normailsed

fluorescence against concentration of compound.
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DEETG 311.3 369.2 18.2 0.0 Thioftavine T has -al so
been used to nonitor fsyn assenbly. The evolution of -
the thioflavine T signal is slower than the primulin

wo%&ﬂ% but reaches a higher |evel and appegrf:HE007@61105
report| ng ef.ongation of fibrils rather than formation

~of aggregates. At later 20 stages of assenbly (160 h)
when the thioflavine T si gnal has reached a pl at eau,
the thioflavine T signal is nmore sensitive to

- inhibiti-on by IVITC th&-the primulin si gnal SwWth a;
significant effect being observed at O. 05 pM This is
shown in Figure 12. - Exanple 5. Assay of- a- synucl ei n

ELISA Qb{bgr'f&% Dl SHUciPiassy EL! SA assay The two

e|n proteins were also used in a blndlhg
assay. The tsyn is-bound in the solid phase, and

A sondfpulaie és%agtvas {40 'n%a@ﬁ*@%@ﬁ%é‘sdcf&ﬁorﬁ&fldﬁ@ﬁﬁclﬁh a%Hn diffted in
ant i ﬁdé‘g’a ainst- a C-term nal epi

|
carbongig puff {vas bodirhiodns esaiy plats, §%ﬁ§&ﬁ ée“aﬁh% ?%/%*%B‘g(li?ga)
was adﬂém thé-h@iols Phase0 e lahGedig phasishidnty dier Wapbaaws Na-

onsp 345 SH3510 G P 8 o o v

detectdul usitigrgcopinagreialusitibody- (211 Nhat Bhesaot rexmgmemtswat i ons were
used to test the effect of various thioninium
chl ori'des and fl avones on synucl ei n-synucl ein

Examplsi hdruifjcatibhef fusivpdslain on curves are .shown in Figure
10, and the B50 values calculated fromthe 5 curves
“are summarised in Table 4. Al the flavones tested in

Figure | gaowss saivRies o Bie muieatign stisymanased by SRETTARE pnd staining

with cwﬂ%sasw tﬂhetmléfffmg;&ou%n RRidbHh 08y @m%@ﬂh;m&ﬁ%ggﬁgmm
puritied it s e o] WS BRI a0 AU B iR BT BT

from a Ao@milcuitty &FbBctasi® | nactive. 10 Table 5. P50 and 850

val ues for the inhibition of synuclein-synuclein
bi ndi ng. P50 nmeasured with 1 pg/m tsyn-16 assenbl ed
Figure 2 ish@@s #hMpWriﬁ&atitHObf fgyHor7DIBAE-Repiarérep dineinal [Bdeip gising this
t er of two fluorophores (1 pM,
memm?'%?‘ot VI ngw lin 850 neasured with 1 pM -
tsyn-16 (solid phase) and 5 pM fsyn-20 (aqueous

Figure BRASES the l[b‘élhﬁlﬂtlﬁcﬁgym Q% s&%m&&h@d tB})f(fl\)i‘-&}ef.»l’ﬂsi‘l’bse

- This mﬁtgp% ar%&ﬂé%}g?égzaﬁé >Q§npu' purty, '\Elut the yte%)nqower (12 mg pgottl\eﬁl

compared to 85 mg with DEAE Sepharose alone).

Several different prebarations of a-synuclein have been used in the assays described \ '
below, and brief details of their purification are summarised in Table 1. .
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0.7 7.8 (2) 4.9 (1) DEMT clethobRdotos
W&gm’%)"ﬁﬁg 0.2(2) 5.0 0.9(3) 0.5 0.1 (2) |
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Table 1.. Purification details of synuclein preparations

‘Prep Purification details

tsyn-8 [AS cut, Ni column, dialysed 20 mM CAPS; pH 85

fsyn-9 k- 'AS cut DEAE cetumn dialysed 20 mM Tris, pH 7.5, 50 mM NaCl
tsyn-16 | AS-cut, Ni column, dialysed 20 mM Tris, pH 7.5 )
'fs.yn- | AS cut, DEAE column, CM column, dlalysed 20 mM Tris.HCI, 50 ‘
10,17,1 'mm NaCl, pH 7.5

g1 o o : :
fsyn-14 'AS cut, DEAE column, diélyée‘d 20 mM Tris.HCI, pH 75 |
fsyn-15 | AS cut, DEAE column, SP coiumn dlalysed 20 mM Tris., HCI, pH
7.5

fsyn- AS cut, BEAE 'c_‘oiumn, CM column, dialysed 20 mM CAPS, pH 9.5
120,22 :

Protein prépared by heat treatment was inactive in the assay. Protein prepared by DEAE
ion-exchange chromatography was active. A further purification step on CM- or SP--

| Sepharose was therefore carried out, It was found that CM- Sepharose gave the cleanest

preparation, but with lower yield than SP-Sepharose. These preparations were compared
for binding activity (see Example 9). Table 1 summarises the synuc!eln preparations used
for these expenments

Example 2. Assay of synuclein assembly by fluorescence

- It has been reported that assembly and fibril formation of a-synuclein enhances the

fluorescence of thioflavine T. We tested the effect of a—synucleln on the fluorescence of
this and also pnmulm The proteins were induced to assemble by incubation at 37°C, with
and without 50 pg/mi heparin and samples were assayed with 1 UM thioftavine T or

pnmuhn at various time points.

Figure 4 shows the time course of assembly of tsyn and fsyn preparations. In the absence
of heparin, there is very littie appearance of thioflavine T fluorescence with either protein
(Fig. 4A, 4B). There is appearance of a primulin signa! over 20-30 h with tsyn protein in the
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absence of heparin, In the presence of heparin there s no lag phase for appearance of the

- primulin signal but the final extent of the fluorescence is similar with and without heparin

(Fig. 4A). Heparin’ stimulates appearance of a thioflavine T signal.for--t'syn to a similar

“extent as primulin (Fig. 4A). There.is a very slow appearance of both thioflavine T and -
* primulin signals for fsyn in the absence of heparin. In the presence of heparin, there is

appearance of a signal with both fluorophores, but with a longer lag phase than seen with
tsyn (Fig. 4B). The lag phase for appearance of the primulin signal is shorter than that for

N thioflavine T, but the final extent of the thioflavine T signal is greater than that for primulin

{Fig. 4B) The difference in signal between primulin and thioflavine T indicates that these
two fluorophores are detecting different assembly states of synuclein, and is cons:stent

~ withthe Idea that' primulin detects an early precursor state of assembly prior to fibril

formatlon which is detected by thiofiavine T.

Exampie 3-’-A3;33V of fibril disruption by MTC and ETC

- The fluorescence effects have been used to assay the effect of compounds MTC and ETC

-on assembled a-synuclein.

Figure 5 shbws tﬁe effect of MTC and ETC on the fluorescence signal of either thioflavine
T or primulin i-nduced by assembled tsyn, and the peak fluoréscence;va'lues from the traces
are shown as a function of concentration of compound in Figure 7A. Figure 6 shows the
effect of MTG and ETC on the fluorescence signal of either_thioﬂavine T or primulin

"~ induced by assembled fsyn, and the peak fluorescence values from the traces are shown

as a function of concentration of compound in Figure 7B. The P50 values measured from

the graphs in Figure 7 are summarised in Table 2.
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_Table 2. P50 values for the inhibition of a—synuciem—dependent ﬂuorescence of thioftavine
" T or primulin by MTC and ETC. ' ' ' )

protein ﬂ'uorophore | compound | P50 {pM)
tsyn-13 | thioflavine T | MTC 185
teyn-13 thioflavine T | ETC 1303
tsyn13  [pamuin | MIC 56
teyn-13 | prmulin ETC 749
feyn-14 | thioflavine T | MIC  [3.8
fsyn-14 | thioflavine T ETC 253
[feyni4a |pimuin | MTC 235
fsyn-14 | pimulin ETC.  |306

5 The effeét of the .compo_u,n'ds on thioflavine T and primulin ﬂdqrescence could be due to
competition for the fluerescence ligand rather than disruption of the fibrils. To test this, tﬁe_
experiment was done at three different concentrations of fluorophore, since the P50 will be

“dependent on fluorophore concentration only if the effect is due to competition. Data from

one experiment is shown in Figure 8 and the mean P50s from all experiments is shown in
10 Table 3. Thereis nota significant difference in P50 values measured over a 25-old '

dlfference in fiuorophore concentrations, indicating that the effect of the compounds is. due

tofi bnl disruption.
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. 39.4 34.7 11.4 9.7 (2) Robinetin 21.1 27.6 39.2 (1)
- 3,3 ,4" -Tri hydroxy-flavone 43.1 (1) Primulin  (1.0)

~ - Thioflavine T (1.0) . Exanple 6. Cell ‘based assay o
- wd-Rh/fpsynucl ein aggregation The cell based gss@¥opron11os
wge%%?’%ﬁ% a nouse neurobl astoma cell line N E- ?5* t.fwat' )

_had been 5engi neered to express full-length -

a-synuclein incorporating an N-termninal signal
sequence (SSfsyn) to target incorporation of -the
protein into the nmenbrage-(see W02/ 059150). When the
cells were differentiated with dibutyryl cyclicAW

- Table 8diF6AMByeS fonillp ivhilpticsaicesynadleit-dependeyiiuotestancp obithRifavine
Torplifidin BYHPE SRS ETEO R AP HEL SIDEQLEINRS detect ed by
, I mmunaobl of "using ous I-a-synucle

_ vari a 3~ cl'eéi'n anti bodi es.
These included: mAb 42 (BD Bi osci encee Cat No.

| Corr e | TSRS o PRULIETh) 1 W g on 10 N
H h 149 2ol cao—randa on.-.ocnoeitf ~n FARRYY

MTe Tot b “ﬁigfiog¥‘“ﬁiiqhé°?2 mol ecul ar _nabs? (t he | Briot ei hoi s

MTQOE . re Dmb§ied—rby ‘kj? .hSr Aj-_f\n\ I'I:]IAQ:'T— nr.af rs\:gn \AA] 3 noend

MTET T = A dGhe T ey ibodi es)—ifs—profgiyasused

as _an estinate .off ¢ell nunbers

MTGC | primutin 0.2 | 7 82 2

[MTC “primulin 10 | 31 122 (3

MTC primulin 50 (312  jo7_ |2

ETC | thioflavine 7 | 0.2 32 |25 3

ETC [thioflavine T | 1.0 9.0 66 |3

ETC thicflavine T | 5.0 | 76 |28 |2

ETC - primuiin 0z Ta17 |82 2

ETC | primulin 10 — [340 . |33 3

IETC “Tprmulin_~_ | 5.0 EZ e T

.Example 4. The effect of compounds on the assembly of a—éynuclein agdregates in vitro.

As well as affecting assembled a—synué:leih aggregates, MTC also inh'ibit‘sr the assembly of
a-synuclein into aggregates, as determined by competitioh of the binding of primulin.
Optimal conditions for the ass‘embiy‘of aggregates from tsyn and fsyn has been detenninéd
and the inh-ib_ifory effect of MTC is shown in the Figure (New Figure A). tsyn (1mg/ml in 20
mM T_ris.HCI, pH 7.5 + 50 pg/ml heparin) was assembled at 37° C for 24 hr. MTC inhibits
tsyn assembly at concentratibns greater than 5 ph {o, open circles). fsyn was assembled
under the same conditions, except that the concentration of fsyn was 2 mg/mi a-nd and
incubation was for 120 hr. MTC shows a greater inhibitory effect with fsyn than with tsyn,

with inhibition occurring at 0.05 uM with the former (e, closed circies).

inhibition of a-synuclein aggregation (fsyn; using the primulin assay as described abave)
by MTC and ETC was comparable and greater than that observed with DEMTC and
DEETC. All these compounds completely inhibited assembly at a concentration of 50 uM.
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15as the level of this protein in cells correlates
with cell density. Drugs were tested with these cells
and an inhibitory activity (EC50) was cal cul'ated by - )
gi ng the drug concentration in whic s
de?)&g{lg%/nucl ein to the non-specific band: felnl1 to 2%%%209105
of the value for cells treated with dbcAWMP alone. 20
" The timng of the addition of the dbcAWMP and drug was
_varied and-the | ength of time that the cells are Ieft
..n the presence of dr ugaok_ dbcAMP before col'tecting:
- cells was al'so be vari ed. “Atypical result is shovvn
~ in Fig 13 for DEETC. - MTCWaS|nhibitory when .
h had bee left for_more th n the
Tatle 4 "ErGE ) SRS o o BBl iRl e "
corrpound was DEETC that i'nhibited inthe nM range;

DEMIC, DMVETC and lgglgs@énégwg rme? cgll?éel?l rgt?oﬁ(g@?t Lvity

(Tabl e 6). The f avone
i nhi bitory _Table 6 1nhj hltunn of ESyn

‘ expression in NIE cells differentiated with dbcAVP by

5 phenot hi azi ne_conpounds. Conpound EC50 -(pM LD50 .
Compqusy mMrc 1.17 8.3 (7) 62ETC 0.085.00. 02 (1330 38
DMMIC 0.10 0.02 (4) 1.2 DVETC 0.05. 004(2) 6DEMTC

T 0. 0_1.2_' 0.005 (3}, 25 145.9 24.2 12
efc : 311.3 1906 46 15
DEMTG s 2057 234 o0
DEETC B R 369.2 18.2 0.0

Thioflavine T has also been used to monitor fsyn assembly. The evolution of thé_
thioflavine T s‘igha] is slower than the primulin signal, but reaches a higher level and
appears to be reporting elongation of fi brils rather than formation of aggregates.. At later i -
stages of assembly (160 h) when the th:oflavme T signaf has reached a plateau, the
thloﬂavme T signal is more sensitive to inhibition by WMTC than the primulin signal, witha

- significant effect being observed at 0.05 yM. This is shown in Flgure 12. -

Example 5. Assay of a-synuclein binding by a solid phase ELISA assay

The two a-synuclein proteins were also used in a binding assay. The tsyn is bound in the
solid phase, and full-length fsyn is added in the aqueous phase. An antibody against a

| C-terminal epitope in a-synuclein that does not recognise-tsyn is used to quantify bound
" fsyn.

Figure 9 shows the aqueous and solid phase binding curves for fsyn-20 binding to tsyn-13.
Binding of fsyn-20 plateaus at ~5 yM and tsyh-13 binding plateaus at ~2 uM. These
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DEETC-0.004  0.001(3) 1.0 Tolonium chloride 0.26.
0.05 (3) 1.2 Azure A 0.32 8.8 Azure B 0.25 0.8
Rhametin 2.5 31 ‘Exanpl e?. Truncation and '
ion_of a-svnuclein in a cell-based 35530
“Ka%Gﬂﬁ%?516o 21 NIE cells were differentiated usrnSM%gos
.dbcANP,. t here was increased expression of SSFsyn,. as -
detected using mAb 42 (recogn|S|ng the core of
©a- synucl ei n):-or mAb 211 (recognising a C—ternrna
“epi-tope of a: synuclern)61ln addi‘ti-on, two 1ower..
.ol ecul ar mass bands of apprOX|nate|y 15 and 16 kDa

- Iconceviestenpwedused to tEbllethé affécﬁ! of mw&lﬂbh?%ﬂ@dlﬂﬂo rfdes Eﬁéff ﬂ?\ﬁnes on
: si gnal sequence Wile the larger of these
lfwnw%ﬁkﬁéﬁﬁ?gp RdM%as 15 detected by both of these

anti bodi es, the 15 kDa band was, at best,. only weakly

e BRI B 1, A B L o .

-_Cmvmﬁﬁ§sb@§ﬁ"€%héﬁﬁﬁﬁdiIy truncated. A further 22 kDa

band with an apparent mobi l ity greater than FSyn was
‘ ahl so observed, but only using mAb 42 and not mAb 211 ~
Al the Hayejigs desterin therkinding agsag hayegood inhitiary astidisrehereanalthough

most cd itHef thio@eliugi cmrurﬁe@ arfétdc}ivéj fRREN MG, BTN DRI SRt tadyre,
pres e nce

- DEETthﬁrgaég g@%{o&?rum c@grrcfe g&rﬁﬁéﬁéﬁ ﬁss g ei}@zgtagg'gﬁ are inactive.

" truncated at both N- and O-termni. This. 22- kDa band

el K2sa oA O A N8 B R) Po

meastaggwﬂgﬁy@fml Bt 16 raumwmﬁdmawwmm HCIMpH 7. 5 elith Sreparin

on arnt

(G0 IR LB ool SuBEBERral 1 LEA ORI Yo Bk I

I ‘B50 measured with 1 M tsyn-16 (solid phase) and 5 uM fsyn-ZO (aqueous phase),using "

50 mM sodrum phosphate buffer (pH- 6. 4] contarmng 20 mM NaCI

B50 (uM) in

’ Cbmpound ' ' ) --PSL? (uNl).using : P.SO (rzM).-u‘sing ' a-synuclein
- thioflavone T primulin
, . . L , binding assay
MTC _ T 154%3.7(6)  304%30(5) 130.8 * 15.0 (5)
ETC C 7.3+ 3.8 (5) 260£60(5)  38:x03(2)
‘mmm - S 02y 207782 - 49(1)
DEMTC - o - B 0.8+ 0.4 (2)
DMETC 3 .- 09x02(2) 5.0 0.9 (3) ©0.5+0.1(2)
DEETC o * R ' 0.4 (1)
Azure A , 3.8+09() 17.9£2.0(2) - >500
Azure B : o > 500
Thionine. . ' 3.8+03(5) - 23.0%22(5) 322+ 11.7(2)
Tolonium chioride 15+0.2(5) 8.8+ 3.3(5) 33£0.3(2)
Balcalein - 416 , 28.2 2.5(1)
T-Hydroxyflavone . 350 . »50 - 353(1)
‘7—hydroxy-3-rnethyl—ﬂavone ‘ - S _‘ 141.2 (1)
Fisein . o 82

Geraldol ‘ >50 > 50- 60.8 {1)
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Mean ratio of 22 kDa: SSFsyn ( SEM n=30) rri Ab 42
0.t4002 mAb 211 0.01- 0.003. \Wen cells expressing

' SSFsyn wer e exami ned. by fl uorescence m croscopy,

wo"’k WAG@RS expression was observed, includi ng:(;m]gmmbuos

a granul ar nature, suggestive of 10 aggregated

proteln (Figure 15). Furthernore the aggregates
observed in cells were sinultaneously recognised by

‘fprlnulln - a quorophore t:-hat binds to aggregated: -
proteins (Figure 16). _Bhi.s confiinms other studies =
that denonstrate that a-synuclein aggregation arises

after differentiation of SH SY5Y neur obl get{gmpincel | s

* Compméxlalasegawa et al PEUAGAMSing; aj REOHEM) Using13: 51 Loifdeds

anpl e 8. Eff eakiofafor®iC. on apﬁMMNC|EIn 0 oner
assenbly and on a-synucl ei n bi ndi ng of Pid '09?%36\’

Rhamnd@aT 6F 71 Ng To The (B®aresults oBa P50 anaﬁBEQQT(a
asurenents in sy | ei n assa in Tabl e;p O|t can
b
Ro'"mﬂe seen that thlon?ﬁfun1chlor|%§ generaIF :

3,3 4-Trilydeory-f2yeRe t han fi avones in the synucl ei n? %é &ys

al t hough some of the flavones have | ow B50s, :
conparabl e to the thioninium chlgfrides. ThIS suggests

Pfimulln
that al though both c| asses of onpound are effective

'ThmmWWﬁTlnh|b|t|ng the €yucl ein sel f "aggregatiorr

reaction, only thioniniumchlorides have the ability
' -orﬂpwmdamwemu%.25Asafumha

Sty BE e SHEL s effect was neasured
over the tine course of assenbly of tsyn (Figure 17).

" The cetﬁ?as%ﬁ %\.Qif;hy' %ﬂ]’gf dé@g e?g(glée é‘ggreotgﬁgtoﬁgrsc%ﬁ E%@EEF%# I'l'%:@ rb%en |

engmearia@m@@ce@ﬁ@él ISngdim ssyRieHRiR ing@rpnrasnm@mwermwaé gignal sgguence

- (SstyiQ rt@flz'@alt intoBrieR sehe BHREIn %Qo n@uﬁeﬁnbﬁ s&é mm&m @c;)of

rance _of fluorescence

‘When *F? %Fd{ﬂﬁ%ﬂ'@‘%’ef‘ﬁ'%&q Wit dipueh %"%‘WP (OleWE’bHé‘M ‘?x&qué'ﬁ“ of
the a-spfucMhGroRinObasiidreaselie | ag phase before start of -

—assenbly is reduced to 1 hour and the fina
fl uorescence signal after.24 hours is higher. In
a-synugein proteih avas deiiettad py immbinebiottubiag Naridusanti-bisyoudsic entbedies.

| These lhau? eh%:ﬂ:‘tfsze(g?tegf%#fégegé bﬁh I‘%ﬁl@?é‘f @2 ﬂ'%gie%%rﬁ;e!saa\ﬁ Vé\&ﬁoﬂé

within tsyng{resisions Bbi109 bm-sstrwglefn) nhl addl’tlgatce%-eml@lm eV 42 also reacts

non—spé&fﬁ:ﬁ@wﬁﬂ”‘é‘ﬁm@éﬂf‘ﬁﬁ H?éher ﬁ*ole%u%Mn'XEché D8l lgﬁoﬁ@%g%%eﬁ QL

assenb over t | r.st - hours i's siml ar
other apthgrymic! e!fbanhbp%ﬁi tTh@r%ofP@ V@?Sna@% as apeefimate pf qﬂimumhws

as the né\m ofthiéqmémn@&ls c@ﬂrél%bi@\hhtcblﬁdéﬁsﬂﬂ DY GRS 6188 Rith these

i.Ss simlar here is :

cells arylcangaribiiont MDA COLEY FACHaIeH b SClpRINED (e sl Hawpiration

in which the rdtfid sfatsynudleifritgihe @oh-Epatiivbandasil tMBGP/Jmme \mlmfﬁp&:eilx
he assenbly of synuclein; I ow

“emedgghgéﬂ?@ ?fgﬁs (molar ratio synucleln NWC 2000: 1) MIC .
apparently stimulates assenbly to sone degr ee,

The tmff§% R%adioRl %grdgs@?ﬁ%aw 3 e?@éﬂwﬁ SRR e

nuc el n:

the cel!agrgéﬁfbwhe vesensgtof Arughi NQCMP beforveriactivg celrayas alse be

varied. 'P?'tfyﬁlHél%ﬁﬁqs Shain iVEfg T RYDEesca |igand cross-linking
effect at-a low nolar ratio that is insufficient to

15 al l'ow i nhi bition of aggregation but allows binding

MTC wa inhibiorg GAEE tHecteliOh Db 18R for adee N 2abed A tﬁ@br@eeﬂoe of

e ar AR, e PR R PP e Ben Rl Ry be P My

shows the binding curves for three different
synucl ei n preparations, as described
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in Exanple 1. The best bindi ng was shown using
syn-10, which was the npst pure preparation, and the
wor st bi ndi ng usi ng syn-14, which-was the | east pure.

o wolli-sugyggest s that the second purificati on peirfiB2007/001105

renbves a.contam nant that inhibits binding; and that
the protein shoul d be purified with a second
CMSepharose step, even-thought this reduces 25t he
yield.” Syn-10 ‘gave the best bindi ng of the. three
preparat| ons tested, buB3the maxi-mum extent of.
binding is still quite low -Two different solid phase

range PRI EE ADMETE -apt! BT aisoshow ihikitosdadinity @hblasyl Tiee flavone,-
' rhamn%tfl fmﬂs%%ﬁnhn@i% the concentration of tsyn used was

mal (data 30 not shown). Different
- buffer condltl ons for the aqueous phase step were
Table 6N BAIRIT 2D Bibrosiif) AR LaRORRIEE GREUBIAMP b} 05
Oprew ousl%? ris at pH 8,0 gave worse binding, so a
phen Bared to be better for syn binding. Since
Tris. cannot be used to buffer at lovver pHs, . phosphate

buf fﬁ"?—%\s—?—se—t—u%éﬁ pH 6
PhosptPRPeUBY pH 6.5 -

: ' )t han
phospit-e at pH 7.0.1. Noiunst(hst andtmg the variation in

‘bi ndi bet ween t he ese results show 5
t hat Eﬁﬂ’e chemi cal na -“eB"gﬁ‘[&he bggfer, as well .as _
t he [ERIMTAf | uences 'tﬂ‘ruji&gzoet) syni.2and that the best
buf f ¢y, Iris, f data|n Fi-gure 18 show
t hat t est purlflcalon thodfor syn for solid
phas@E!MTQ:h ng assay<L.01@ OEAES (3) ol Bowed: by Gw
chr ofgeggy aphy. Thr egodfol §off &par 3l ons of syn,
-10pur|f|ed inthis way, were afso tested in Tris (pH
7. 0) Teleniugt chieridgur e Q%ﬁioﬁﬁ@)resuﬂtzs denonstrate t hat
t her @ziije sone varialgsdity in the Bignding .
char %%teré]sti cs bet pr epar atlg In a further -
‘met h e protein di al ysed g’al nst a high pH

buffer (syn20). The binding of this protein is

conp h syn-1 n Figure 21,,The fall of f .

bi nd%%g'gﬁér 2 pM ?zsédue to a hi qh non- speci f i c

‘binding, the value of which is subtracted fromthe 15
Exam -f'f'.d']‘ﬂﬂzca Nl aq‘éwnu?‘o%\‘;hﬁél&ﬁf}{éXeII%EE&E&%”d‘ ng

n: , raarrng tne cnange of dralys

buf fer. In order to try and reduce variability, the

When B8B02f NIB eémaére dﬁt&é:ﬁateahs.h@wsémﬁ INSHE YRS idRSasil SO
i nvesti gat ed re 22A shows that fsyn-20 assayed

expressign of SSHRAY @Ss riuat'g m&b@%r%g@wwewefet erﬂ-wr%@n)got
mAb 2ﬂhﬁ@cdgrﬁ§ngaé Cﬂétnﬁna@ efitopRlt aRakdeid! lrpdldjcﬁtto'ﬁ two lower

- ol P oL AR PaY| B e 16 s et ppdis e afler may

correspacitg Feymiacking thecsigreh! éewmqet Wihile el Im'ger(dfMeZt&) patehs was

, detect%d l?\!( Notfr g{ fhg% %l:ﬁ&)ogfe hé) ll_% Eﬁf&masb g?’%e%g on{} ﬁ%ﬂ@%@%ﬁ%d

gave Ssimlar

' using rpfAb g11 1 28 Ea)pwalte);amm bpped indrigired 4f Th:alsumegts th# this sa

proteirftha ﬁé%'b%eﬁ‘ @;gteﬂ'ﬁtﬁléléﬂ%nbﬁe@ hRspha} 82 Eﬁ%sﬂd vaith A hfbafent

was used for sol hase inhibition 25 assays
mobility E;@gfﬁg[tt@rngynRgseql%%gwed kg Pl ysing mAp 42 qr]dy\gt mRb | 211

’ (thurd-ﬁ@ THe rdflo, of LTk Dh RIEBKEH baans di?ferédléi&%caﬁt@ oi)endmg upon

hol o i n_ 30Par kins e and Le
the anfiRiiEehiPit DR ackg. JBRCHIHBIINS Prena Jostesdted
synuclein, Proc. Natl. Acad. Sci. U S. A 96,
13450- 13455. Wersky, V. N, Li, J., Souillac, P. 0.,
Mllett, 1:5., Doniach, S., Jakes, R, GCoedert, M,
and Fink, A L. (2002) Biophysical properties of the
synucl eins and their propensities to
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“in vifro.

WD 20071110629PCT/ GB2007/ 001105 .fi brill ate:

I nhi bition of-a-syriuclein assenbly by 0- and

y-synucl eins, J. -Biol..Chem 277 1197 Q 11978. Park,
WO‘&D 7% ogzgemd Lansbury, P. T. (2003) p SY’@‘F@]@‘}@/OHI]OS &

?1 E) ts formatlon -of arsynucl ein

prot ofibrils: A possible therapeutic strat egy agai nst
. Parkinson"s di-sease, 5Bi ochem stry 42, 3696-3700.

- Hashi mot o,” M*.Rockenstein, E’, Minte, M, Mllory,
M, and Masl i ah, E. (ZC&;L) pSynucl ei n inhibits

a- synucl ei n aggregatl on: A possible role as an

synuc]éiﬂ it Hﬁ'é ﬂ)’éerr‘lstﬁfhbét@d B3t N- aﬁ!ﬁ.ﬂﬁhnﬁZTh@ JZS-kDEIban @as fﬂﬁo
i.amn npound in the.
observed HU$'3§th§?’é‘38f°b% ﬂﬂ& ?‘?Ci) d: ‘?’fﬁﬁ %% % -reverse the

"~ aggregation of synuclein, wher ei n the

regatiQn is . ;
ravie PO HR A St BB SRR Bl o5 3 o ety
the abdene of feactivith with teki @ﬂwahméé’ﬁéct ed from Parkinson's
di sease (PD), . denmentia with Lewy bodies (DLB), o
mul ti ple systematrophy (NMSA), drug induced
par ki nsoni sm pure auton hMiean fadie|ofir e PAF) ,

and_wher gics8bH ARG aMERs o sbRtyr he treat ment  of

sai d di sqgase state, vherein in sald treatnment the
di am nophenot hi zi ne corrpoﬁm%EMs“ﬁ?n nistered orally
as eithemmap4z (1) dpsage o ts of about 10, 20,
30 mAb 211 |0.01£0.003

Whéh cells expressing SSFSyn were exam'ined by ﬂuorescence.mi'croscopy, abundant
ex_pressioﬁ was observed, including material of a granular nature, suggestive of
aggregated \profein (Figure 15). Furthermore the aggregates observed in cells were
simultaneously recognised by primulin, a flucraphore that binds to aggregated proteins

“(Figure 16). This confirms other studies that demonstrate that o-synuclein aggregahon

arises after differentiation of SH-SY5Y neuroblastoma cells (Hasegawa et al. 2004, Brain
Res. 1013:51-59) o '

Exaniple 8. Effect of MT'C on a-synuclein oligomer assembly and on a-synuclein binding of

;. Ve we . -

Referrihg to the the results of P50 and B50 measurements in synuclein-assays in Table 5,
it can be seen that thioninium chiorides generally have lower P50s than flavones in the

'synuclem assays, although some of the flavones have low B50s, comparable tothe. .

thioninium chlorides. This suggests thait although both' classes of compound are effective in
inhibiting the synuclein self aggregation feaction, only thioninium chlorides have the ability

to disrupt preformed aggregates.

As a further assay of the activity of MTC, its effect was measured over the time course of
assembly of tsyn (Figure 17). As shown.in Figure 17, in the absence of MTC, there is alag
phase before assembly of ~2 hours. The fluoreseence signal peaks at 4-5.hours, then
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~'40, 50, 60, 80, 90, 100, 110, 120, or 130 ngy three

times a.day;-or - (1) dosage un| ts of about
10, 20, 30, 40,.50, 60, 80 90 , ~
WO 2007/110629 : __ - _ S Pc-T/Gl_;zec}'(/oﬂilds
-65-

_gradually decreases over 20 hours.-The: time course of appearance. of ﬂuorescence is
- similar for the two f!uorophores n the presence of a low concentration of MTC (0 05 pM) o
- the lag phase before start of assembly is reduced to 1 hour and the final fluorescence e

signal after 24 hours is higher. In particular, with pr:muhn the maximum fluorescence is -
higher with primulin compared to thioflavine T. In the presence of 0.5 pM MTC, assembly is
slower than confrol, but the final fluorescence !evel is higher than control. At5 uM MTC,

the time course for assembly- over the first 4-5 hours is similar to the control, but then there
is a more repid fall off in the fluorescence, alihough the iinai,f{uorescence level is simil.ar_to
control. At 50 MM MTC, there is no essembly over the time course of the experiment. The
data in Figure 17 show that MTC has'a complex effect on the assembly of synuciein; at low
concentrations (molar ratio s_yhu.clei'n:MTG 2000:1) MTC apparently siimulates a'ssembly to
some degree, whereas at higher concentrations (maximum molar ratio of synuclein:MTC
2:1), it completely inhibits assembly. Without wishingr to be bound by theory, it is surmised

_ that MTC provides a ligand cross-linking effect at a low molar ratio that is insufficient to -

allow inhibition of aggregation but allows binding of the compound to more than one
synuolem motecule to promote aggrega’oon )

Example 9. _Optimi’satibn-of the a-synuclein solid phase binding assay

Figure 18 showe the binding curves for three different'synuc!ein preparations, as described

in Example 1. The best binding was shown using syn-10, which was the most pure“
preparation, and the worst binding using syn-14, which-was the least pure. This suggests .
that the second purification step removes-a contaminant that inhibits binding, and that the

-protein should be purified with a second C’M-Sepharose step, even thought this reduces
 the yield. |

Syn-10 gave the best binding of the three preparations tested, | butthe maximum extent of
bmdmg is still qwte low. Two different solid phase preparations of tsyn were tested and

‘showed no dufference and the concentration of tsyn used was shown to be optimal (data .

not shown). Different buffer conditions for the agueous phase step were therefore tested.

Figure 19A shows that the buffers, HEPES and MES, completely abolished binding of syn.

Figure 19B shows that Tris buffer at pH 7.0 allowed better binding than the pH 7.5 used



10

15,

20

25

30

100, 110, 120, 130, 140, 150, 160, 170, 180, 190,

200 ng tw ce a.day -~ wherein said corrpound IS
- sel ect ed from conpounds of the.follow ng formnul ae:
Wd’% Heeach. one of Rl, R2, R4, R6 R8, andl,éﬁ%ﬁﬁ%moms
|ndependently sel ect ed from H - - )

S OH. -OR - SH -SR NO2; C(-O)OH r—C( O)OR )

S C(=0)NH2; -C(=0)NHR; -C(=0)NR2;; . NH2; -NHR NR2
-NRN1IRN2;  NHC(=0) H, -NRC(=0) H, - NHC(=0) R; . - NRC(»V-O)R
-R vvherel n, each R is iigdependently selected from
unsubstituted aliphatic G salkyl; substituted:

- prev:oasly phestat gHE. @rgdadeybqrsejhﬁmb@tsbtaub\%i' pH dumhateidcto be better for syn-

| bmdmgzgﬁ%é(ﬁy @Qgﬁ%mé cl oal%? hat I rﬁwﬁqsgbg&%ﬁ%qvggﬁmmed;

to allow testing at pH 6.5. Phosphate at pH 6. 5 ga\re better binding than phosphate at pH-

70 Notwnthstandmg the vanatlon in bmdmg between the experxments these results show

that the chemical nature of the buffer, as we!l as the pH, mﬂuences binding of syn, and that

the best buffer was Tris, pH 7.0.

. The data in Figure 18 show that the best punf:catuon method for syn for solid phase bmdmg

assays is DEAE- foilowed by GM- chromatography Three more preparations of syn,
purified in this way, were also tested in Tris {pH 7.0) buifer (Figure 20). The results
demonstrate that there is some varlabihty in the binding charactenstlcs between
preparatlons In a further method the protein was dxalysed against a hlgh pH buffer (syn-

' 7 .20) The bmdmg of this protein is.compared with syn-19in F:gure 21. The fali offin blndmg

after 2 pM is due to a high- non—specn‘" ¢ binding, the value of which is subtracted from the *
bmdmg ~8yn-20 showed mgmﬁcanﬂy better binding than syn 19 val:datlng the change of
diaIySIs buffer ‘

In order to try and reduce variability, the use of phosphate buffer at lower pH values was -
. also investigated. Figure 22A shows that fsyn-ZO assayed in phosphate buffer at pH 6.0

gives better binding than Trls at pH 7.00r phosphate atpH 5.5. Importantfy there is no fall
off of the curve at hlgher fsyn concentration due to increased backg round. A second fsyn
preparation (fsyn-22)-also dialysed against-high pH CAPS was tested in -phosphatelbuffer
at pH 6.0 and gave similar binding to fsyn-20 (Fig. 22B). Fsyn prepared with a final high
pH dialysis and assayed in phosphate buffer at pH 6.0 was used for solid phase inhibition
assays (Example 5).
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~.unsubstituted Co_l ocarboaryl; substituted

. Co_l ocarboaryl; unsubstitut ed -C5. 1 Oheteroaryl;;

. unsubst1 tut ed 06 10carboaryl - C1_4alkyl; substit ut ed

W boaryl - Cl4al kyl ; and wherein, in eqrd&,(gﬁﬁmmms

~ =N NA,. each one of R3NA and RaNB IS : _ '
[ ndependent |y selected from H unsubstituted
al-iphatic G mal kyl; substituted aliphatic C nal kyl .
unsubstituted aliphatic C26al kenyl; substituted
ali-phatic C26al kenyl; ugBubstitut ed Cam:ycl oal kyI
- substituted Cancycl oaI kyl; unsubstituted ‘

- Clibriligteainbibitioy bf.o-sayhisdiéit ukmht@”byqﬁahb%?ryddems J; B:oi Chem B

C%??UQ?&OI_WQ‘;E C5_1 oheteroaryl; unsubstituted -
o]

carboaryf--d Aal kyl ; substituted
Eark ¢y Jddmbsiaury, [P, T ARl (RW&) B-SAudeid inkiogts eirl‘ﬂtatlé‘dF&NAB\]ri\Blem

ke e SR Pfe%?%a'?%ﬁ%'[@ﬁ%ﬁ’%ﬁ%?gg A
sBlpémstryf%ﬁﬁs&B?onu “Br: -1I: _ “SH -SR

Hash.m%‘%ﬂlg) HaRLh, e e, q‘"Rr\HEg%%(N% Mas%ﬁ%ht’i@m p-

&wm(;lem)xﬁt;lbltsl‘da@&n@m’r aggﬂggathaﬂepmssmmld%s an ant:-parklnsoman
[ Q%f’ﬂé@ﬁiﬁtizyz?@b%t ed from unsubstituted aliphatic



unsubstituted aliphatic C2_6al kenyl ; unsubstituted
C3_6cycl oal kyl ; unsubstituted C640car boaryl ;
unsubstituted C6. 10heteroaryl; unsubstituted
C640car boaryl - Cl4al kyl ; andggherein X-, is one or
nore ani oni c counter ions 8 %chieve electrical 71
neutrality; and pharmaceut |y acceptable salts,
m xed salts, hydrates, and sol vates thereof. 2. The

di m.1l, wh '

A G e R L
mel:ltcamEnt to @hHibit ddrreverbe theQdgredaion of yr0g¢l6iH;, - C(=0) OR;

wher WTEEER aBEBATONS o5 o Rl MRS g TRreiatoied as
néu’rd@en:ﬁnémnbh ynd/edretitiesl dementia, \AH'l,llcht deabe Thecltiged from:

s 0

PR&Ehhe Ao . heteativt mouleS BLBF TG B sym afopny
(S A bakiicd Getphtsons ) pict aterdnad ialvat(ParFsl_6al kyl ;

grlsg%g{ W%ut 2 54 Wga@%%gnt%fqﬁﬂ%q” F%%(l Fﬁtfoiggltdl Jlsease state, and
whiSrefoiy s hidaldarhent shbsibiminsbrendiizifie yompaliyis .administered orally

- as either:

(i) dosage units of about 10, 20, 30, 40, 50, 60, 80, 90, 100, 110, 120, or 130
mg three times a day; or o
_ (i) dosage units of about 10, 20, 30, 40, 50, 60, 80, 90, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, or 200 mg twice a day

wherein said compound is selected from compounds of the following

formulae:

_ . R —
R? N R’

RTMA . ;\S R X @
|!Q7NB R® ® R IJQSNB

wherein each one of R', R?, R*, R®, R®, and R is independently selected from:
-H:
-F; -Ck, -Br; -I;
-OH; -OR,;
-3H; -SR;
-NO;
-C(=O)R;
-C(=O)OH; -C(=0)OR;



5. The use according to any one of clains Ito 4,
wherein each Ris independently selected from
unsubstituted aliphatic C mal kyl; substituted
aliphatic almal kyl. 6. The use according to any one
of claims 'l to 5, wherein égbstltuents on R if
present, are independently Selected from -F, -d;

- Br; -c(:O)N C(t-@?mHRC( ONR:- C(0)OR ;73 7. The
use acco% ﬁ%b an o of claims 1 to 3, wherein
each Nz NiR{gEFe t$y selected from -Me, -Et,

- NPr NHE Oy PNRE=0THENHEZ=@FE ONRT cl ai n,
mhereﬁﬁﬂeach onéﬁofTRl HE§ F¥, n60g3 R8, and R9 is
i ndependent |y selected from -H, -M, -Et, -nPr, and

whérBin-ea@h Rﬂe%dé@@n@&ﬁ;grsenee@dtf@ncl aini, wherein each
one of Rl RO i s independently

sel edRsegstitptgamaliphatic %a'kﬂnﬂibsﬁs"gdféph#ﬁ&%l& :
acc omuegut&ted ‘éhﬁhaﬁ‘bb HRENRIsibaAGEd alishaAt FRlaikdl, 4,

n6 IS |ndependently sel ected from

-H awubmuted L. 6°VPW@”‘1¥§ SURREBedCasYeiBalkly one of

cl ai Lﬁﬂsllbst%‘t% &, i WhRERSuBie@C, REarbBdry;R4, R6, RS,
and IS - 127 The use according to any one of

cIaNﬁ@“@ﬂF@eii%1ﬁﬁE¥%@M in each group _NR3NAR3NB

eac mr%ﬁﬁstﬁuteﬁa%c@%aﬁzﬁ@%aﬂl@l i sugsngrd QJEE Jc)értfo@?yﬁ’-@t, Slkyl:

from -H unsubstituted aliphatic G .zal kyl

substituted aliphatic C malkyl; unsubst i t ut ed

arﬁi Wiktahi & dagh rdUpe e RoNbst i tuted al i phatic
6alkegyl §ybst|tuted C3. 60¥cloalkyl

eaghipde; of ik e&r@ﬁ%cgﬁdﬂ@ﬂeﬂwnﬂy sglectegldionthe use
acco@glng to any one of clainms 1 to 11 mhereln in
each group

| ndcHEHHEYEY e day mbStiNed Sjehatg ey ey and
- Prunsuﬂaémutza%n;sﬁa@.caggéak&uyn@ubalt@eu a%r%h@fczgélﬂérﬁ}ﬁ 1

to 11, wherein, in each ach one of
R3I\IAU%HES"P@E’N@%@’CM@H%)éH%Gé'H{t?QIC%@VQE?'M from -H and

Me. unshibsthdted DS c@%a?ﬁ%@bmtmcjm@awoem of clains 1
to 14, wher ei n )8—, i f present i'S one or nore anioni C

countinsrbstipied Cohetareand: el ect rical neutrality,

Opt I @ﬁ@bﬁﬂfut%@ |C%9Jc§ﬂ)ofafﬂ-@1ﬁ'lkyl erub%tutea.l@e 155@%0%%@014alkyl
according to claim 1, wherein the conpound i

selected fromthe fO||0MAng compounds, and
pharmaceutically acceptable salts, m xed salts,

hydr ates, and sol vates thereof: )



AMC - AM,. N7DSN...Me || _MeMe

nmet hyl -t hi oni ni nium chloride C 0 B ETC EtOleEt NN
Il EtEt ethyl-thionininiumghloride CI (r) C DVWIC
MeMe Me,Nlo--. Nille

and wherein -NR™R™E is the same as -NR®R"E,
and wherein substituents on any R group, if present, are independently selected from:
-F; -Ct; -Br; -I;
-OH; -OR;
-SH; -8R;
-NO;
-C(=0O)R;
-C(=0)OH; -C{=0)OR,
-C(=0)NH;; -C(=0)NHR; -C{(=O)NR;
~NH,; -NHR; -NRz; ~-NHC(=0)H,; -NRC(=0)H; -NHC{=0)R; -NRC{(=0)R;
_R;
wherein each R is independentiy selected from:
unsubstituted aiiphatic Cqsalkyi;
unsubstituted aliphatic C, salkeryi; unsubstituted Ca scycloalkyt;
unsubstituted Cg_jpcarboaryl; '
unsubstituted Cs.1gheteroaryl; unsubstituted Cg_jocarboaryl-C,_salkyl:

and wherein X, is one or more anionic counter ions to achieve electrical



[l MeMe 1, 9-di net hyl - nmet hyl -t hi oni ni ni um chl oride Cl
(:) ..., DDEMIC - EEt Me,Nlo411 N....Me Il MeMe
1, 9-di et hyl - et hyl -t hi oni mifni um chloride C (r) 76 E
DVETC MeMe Nt EL401S. Et 1

neutrality;

and pharmaceutically acceptable salis, mixed saits, hydrates, and solvates thereof.

2. The use according to claim 1, wherein each one of R, R%, R*, R¥, R®, and R® is
independently selected from:

-H;

-F; -Cl; -Br; -I;

-OH; -OR;

-C(=0)OH; -C(=0O)OR;

-R.

3. The use according to any one of claims 1 to 2, wherein each one of R', R*, R,
R®, R®, and R? is independently selected from:

-H:

-R.

4. The use according 1o any one of claims 1 to 3, wherein each R is independentiy
selected from:

unsubstituted aliphatic Cq_salikyl; substituted aliphatic Cq.salkyl;

unsubstituted aliphatic C,.salkenyl; substituted aliphatic C, salkenyt;



Et'Et 1,9-dinethyl-ethyl-thionininiumchloride CIS F
DEETC EtEt EtN 1101S | E Ett
1,9-diethyl-ethyl-thionininiumchloride C (r) G MIZ
_ Me-,0010 NMe NI MeMe - nethyl -thionininium

chl oride zinc chloride a(r)§2.0.5 ZnCl 2 ) m xed salt

unsubstituted Cs scycloalkyl; substituted C;scycloalkyl.

5. The use according to any one of claims 1 to 4, wherein each R is’

independenﬂy selected from:
unsubstituted aliphatic Cysalkyl; substituted aliphatic C,.calkyl.

6. The use according to any one of claims 1 to 5, wherein substituents on R, if
present, are independently selected from:

F: -CI; -Br: -I;

-OH; -OR;

-C(=O)OH; -C(=0O)OR’;



HETZ EtNEt N,Et Il Et ethyl-thionininiumchloride
zinc chloride d @ 0.5 2zZnd2 ) mxed salt 1 MIl M
,N...M 010 1 IN-MM nethyl-thionininiumiodide I
0O 77 J MIl.HL nethyl-thionininium

73
R

7. The use according to any one of claims 1 to 3, wherein each R is

independently selected from: -Me, -Et, -nPr, and -iPr.

8. The use according to claim1, wherein each one of R', R%, R*, R®, R, and R®

is independently selected from: -H, -Me, -Et, -nPr, and -iPr.

9. The use according to claim1, wherein each one of R', R* R*, R®, R® and R®

is independently selected from: -H, -Me, and -Et.

10.  The use according to claim1, wherein each one of R', R R*, R? R’ and R®

is independently selected from: -H and -Me.

11.  The use according to any one of claim1, wherein wherein each of R', R?, R®,
R®, R® and R%is -H.

12. The use according to any one of claims 1 {o 11, wherein, in each group
"NR®™R™E aach one of R*™ and R*™ is independently selected from:

-H; }
unsubstituted aliphatic Cq.salkyl; substituted aliphatic C,salkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic C,alkenyl;
unsubstituted C; scycloalkyl; substituted Cs¢cycloalkyl;



Me.l."OMe NI 1IN MeMe iodide hydrogen iodide | GH

mxed salt KEi E-"Na.410Et NI | EtEt
ethyl-thionininiumiodide L ETI.H
ethyl-thionininiumEt...,10So_Et N I

74

13.  The use according to any one of claims 1 to 11, wherein, in each group
-NR™A R*Baach one of R** and R®*™® is independently selected from: -H, -Me, -Et, -

nPr, and -iPr.

14.  The use according to any one of claims 1 to 11, wherein, in each group
-NR*™*R*Beach one of R*™* and R™® is independently selected from: -H and -Me.



IN EtEt - iodide hydrogen iodide | GH mxed salt M
MN M, 00 v 410 NIN'Me | MeMe net hyl -thionininium

nitrate NO, (r) N ETN Eh,,Et NNI | EtEt
ethyl-thionininiumnitrate NOG3 (r)
| 75

15.  The use according to any one of claims 1to 14, wherein X, if present, is one
or more anionic counter ions to achieve electrical neutrality, optionally selected from
CI, Br, orI'.

~16.  The use according to claim 1, wherein the compound is sefected from the
following cdmpounds, and pharmaceutically acceptable salts, mixed salts, hydrates,

and solvates thereof:

e o)
Me\N \S N,Me
A MTC ) ) |
Me Me _
méthyl-thionininiurh chloride
/N
' | a®>
Et\N ) \S N,E’t )
B ETC | ® |
Et Et
ethyl-thionininium chloride
B Me Me ]
/N
cl(>
Me. _M '
C DMMTC ®~N G:)\S NTE _
‘ I I
| Me Me N
1,9-dimethyl-methyl-thionininium chloride
B Et Ft ]
,/N
cl=
Me._ M
D DEMTC N GSS N
' E |
N Me Me |
1,9-diethyi~methyl—thionininium' chloride




78 17Use of a di am nophenot hi azi ne conpound as
described in any of clains 1 to 16 for the inhibition
or reversal of synuclein aggregation. 18. The use
according to any one of clainms 1 to 16wherein said
reatrent Collf\ri ses nrlrn' ¥ st ari ng c:\i rl

nophenot hi zi ne [Compoundyi n confjnation W th a
conmppund t hat | nodul at es dopafn ng | eviel s in the mammal

0 be treated 19. [The us to any|one_of
claifs 1 to 18 wher i n, nor n o ual Eo 366>
200, & ny daily totwm €e 48 “adm i St el ed.
POThe use accprdinglto claim wher ei n [dosage units

bt apout 10, 2D, 30, L40, 50, 60, 80, 90, FiooJ110,
or 130 ng are admi nistered three tinmes a day.
P1Thie use accprdi ng tﬁ)gnd"aﬁthvliajhmﬂ@p@lnﬁluﬂ@sfdgmmn| ts

100,| 110, 120, 130; {40, 150,E:160, 1%, 180, 190, or
200 ng are adm nistered tw ck afgay 79 22The use

accordi ng to gny on¢ of the ' g clai }g@ei n
t di Is sel et egl MSAEaN
Zgﬁhe %gg%% ccording to recedi ng

cl aijms wherein the synuctein iS a-synuckein.|24The
use,| according to a one of the preceding ai s

wherlei n the synucl ein 1lgc'%|ethy}/etlf|1yll tﬁlonmlmum chiorlde

N
’d
Me\N/I:::I;S:I:::l\N’Me Ci (= (0.5ZnCl,)
@ |
Me Me

G MTZ
methyl-thionininium chloride zinc chloride rhi)éed salt
N
=
t~ ,J[:::L; :1::::L\ JEt- | ¢l (® (052nCl,)
H| ETz @8 N -
Ft &t
ethyl-thionininium chioride zinc chloride mixed salt
N
LT
: Me-. N _Me [ @
N S N
I MTI | ® |
Me Me

methyl-thionininium iodide
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N .
@f Ij\
Me = _M
~N @S NTe | (5 HI
I [
Me Me

MTEHi
methyl-thionininium iodide hydrogen 'iodide mixed salt
N
o
t. /@\ :©\ _Et
ETI | @S i
Et Et
ethyl-thionininium iodide
N ‘
o
Bt /@\D\ ~Et i Hi
ETLHI 'f' ®° N ©
" Et Et
ethyl-thionininium iodide hydrogen iodide mixed salt
Me\ /@i D\
MTN
methyl-thionininium nitrate
N
o
‘ Et-_ /g :©\ _Et
ETN N @S "|~'
Et Et

ethyl-thionininium nitrate




78

17 Use of a diaminophenothiazine compound as described in any of claims 1 to

16 for the inhibition or reversal of synuclein aggregation.

18. The use according to any one of claims 1 to 16wherein said treatment
comprises administering said diaminophenothizine compound in combination with a

compound that modulates dopamine levels in the mammal o be treated.

19 The use according to any one of claims 1 to 18 wherein mare than or equal
to. 300, 200, or 100 mg daily total dose is administered.

20 The use according to claim 19 wherein dosage units of about 10,20, 30, 40,
50, 60, 80, 90, 100, 110, 120, or 130 mg are administered three times a day.

21 The use according to claim 19 wherein dosage units of about
10, 20, 30, 40, 50, 60, 60, 80, 90, 100, 110, 120, 130 140, 150, 160, 170,

180, 190, or 200 mg aré administered twice a day -
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22 The use according to any one of the preceeding claims wherein the disease is
selected from PD, PAF, MSA and HSD.

23 The use, according to any one of the preceding claims wherein the synuclein

is a-synuclein.

24 The use, according to any one of the preceding claims wherein the synuclein

is B-synuciein.



