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WD 2007/ 110629 PCT/ GB2007/ 001105 -1 | NHI BI TORS OF
PROTEI N AGGREGATI ON TECHNI CAL FI ELD 5 The present
WO pveniieon general ly concerns the aggregati on BET/GB2007/001105
a-synuclein proteins associated with
neur odegener ati ve di sease such as Parkinson's disease
(PD) and di am nophenot hi azi ne conpounds capabl e of
nodul ati ng such aggregati on. BACKGROUND TO | NVENTI ON
10 Parki nson's disease ik~ a common human
neurodegeneratlve anenent dlsorder and affects 1% of
t he el derl| yIN QRS O RRQEEIN AGGEEGATION Kapur ni ot u
(2004) Chemi st ry & Biol ogy 11 pp 1476-1478). Primary
clinical synptons of PD are bradykinesia, resting
TECHMGARKIELDryscul ar rigidity, and difficulty with
bal ance. PD is neuropathol ogically 15 characterized by
a marked and progressive degenerati on of dopam nergic
The prasent ipventign@epsrally pengsrnsdee agaregatiqnfiorsyarcieinspielsni ¢
assoc:a'téhC\LvHﬁ thﬁ\%dégﬁ&'}@Q’atQ@%s%%é &E&‘FJQS Iﬁd‘rﬁlngdrf% H@@ﬁ%eC(P'D? Bhyt es
(L neurites [LNs]) he substantia nigra and
dlamlnqpmﬁeethraégiewnwn%@an@b& qﬁ niqRutading suet aggredatiopoo4)
FASEB J 18: 617-626). 20 Al though the | oss of dopanine
neurons is certainly related to the major clinical
BACKGROMNBEO INVEMHON he causes and the pat hogenesis of
this rrultlfactorl al di sease as wel | as that of
rel ated "synucl ei nopat hi es" are still |argely unknown.
ParkinspR'e diggase icd APOROAtBIMEN Negtadegeieraling marengnd disorier epdr
affects Q%ﬁgé‘%gi%rlﬂ)o@Jlétml{gé@algcus%én%y%’dbﬁ%&h M2OF) THEHFRH&
expresse neuronal presynaptic protein that appears
B‘0|09th pPa¢7e- 118k anam@weéﬁwna@mfﬁtb@emrw&@é@ Eastng
tremor, Wlﬁh%ma'r‘?l ﬂktﬁ‘%ﬂd%ﬁl%l@'@ﬁthm%@qﬂD||§ ﬁ@ﬁﬁ@pé’tﬁ’olb@é‘élﬂ' ng
devel opnen rocesses. Wil e the mechanisn(s)
characﬁeazeﬁhw amaﬁkeomyf RiREressike dpgpneration of agmmaﬁwwwnsﬂam by
the pregtgﬁc@rd? flﬁﬁﬁar RAoplABRRY |ﬁ&l9§gns (i@\)(/? badies | !L"E%?) &Hd BtreeME Beurites

?ﬁest that” a-synuclein [lization is associ ated
(Lewy rwurl sHENgh i Wﬁa&”bﬁt%wg'faeﬁfﬁ qﬁh%rreglpn%aftth@ Rrain (Recghigt al

2004)pggEg|Vty -3es28y9. Masliah et al., Science,
287:1265- 1269 (%OOO); Feany et al., Nature 404:394-8

(2000)). WO 2007/110629 PCT/ GB2007/001105
Although the loss of dopamine neurons is certainly related to the major clinical symptoms

of PD, the causes and the pathogenesis of this multifactorial disease as well as that of

related “synucleinopathies” are still largely unknown.

The major components of both LBs and LNs are fibrillar aggregates of a-synuclein.
o-Synuclein is a widely expressed, neuronal presynaptic protein that appears to play a role
in membrane-associated processes and synaptic plasticity and has been linked to learning
and development processes. While the mechanism(s) of formation of LBs and LNs and
their association with PD are yet not understood, several lines of evidence suggest that
a-synuclein fibrillization is associated with PD and that a-synuclein fibrillization causes
toxicity (see e.g. Masliah et al., Science, 287:1265-1269 (2000); Feany et al., Nature
404:394-8 (2000)).
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-2 In addition to a-synuclein, (3-synuclein has also
been i nplicated in neurodegenerative
wa@aaieenopat hi es. Human (3-synuclein is a 13BC€T/682@am01105

neuronal protein that is 78% honol ogous to

a-synucl ein. The a- and P-synucl eins share a conserved

Ctermnus with three identically placed tyrosine

residues. In addition to,a-synuclein-containing LBs

and 5 LNs, the developwe@t of PD and denentia with LBs

cco nce. of. vel an :

inaac§ndS SRIRETHR L aYrabih FELRSRBoFTmtisa 8 theilordifermyye
synucleinopbthies9 $)mamprsyostdaimiy a FB4sienidot @euronaiprai@it thatis 78%

oo S4Bl 1005 B0 Rk B O S0 ,  JpTgo
three ldengldaw plaaecsgymsuieeneeldﬁeé)rmlddattvbnrho a{sgnlhmqas-camblm@ lBs and

e G SRR o P B b i T € e 535 e o

novel amd_[msmejn paﬁm&) lesidigin mpp?beampas Galvintehal. 1 Qmallmphn‘ating
ere

S a 0SS
psynitich A Sy {57 s iefhin, P BR\ SR B 585107 ol yEsg figeM¥es.
has bebemlhhdhbitgﬂ ItheQE srya]\;lﬁélﬁ&hayo‘bgslymmlsﬁw&]lce&g@f_ rﬂg’@dn_ @Brhiaps acting as
ell eve to (0] t her.apeuti c en |1 T, |
a chaRSReAP TORTIZE T A% SapB L o nuchy: gisshin ¢t ot Sa0E Dversky et
al. 206 @armmabtéﬁs@myofzow)symugb@le&eafaé Prthé ldvertdf grsynadiginthie been
di sa%%regatl on of fibrils, by the antibjotic

considerqdigma ppseiblefiaptertin e Pl sigagy JHErskiet 8k 2899 ogi cal
Chem stry 279, 26: pp 26846-26857 di scuss the 20
i nhi bition of a-synuclein fibrillizatjon, t he

Thus the %pcgb%{t rle&a{sglfof ]eywqqlnsagq;?gthé\ is p%l{%ﬁg ’tq-jbe of therapeutlc

benefipai cal ein. There are a nunber of other publications in
the art said to be concerned with the inhibitors of
such aggregation. These include "Conpositions for

Li et al. @'Odll) Cheidthyes. BoW: ggg?ts%ggiﬂﬁﬂ %%dél{ scg%@ élﬁé inhibition of a-synuclein

nucl ei n r21
f'b””'zehﬁg'l ?ﬁ?é’?%i’??%r%‘a oGRS t&’dﬁ%éﬁ%%t'cfrg? PIRE- t r eat ment
of anyl oi dosis and al pha-synuclein fibril diseases”
&820041527%5) 2004- 08- OS?ﬁY Pepti de_and (ﬂ
Zhu ol 0N PO 6 BDIRG el CBRRIY 267, 25 Bh2OGYBORTRY, dfecuss the
lnhlbltfoﬁ|oiﬂb%(9nué1élﬁ@l@ﬁlﬁﬁatkmgg%aéregam&f@ﬁbzﬂﬁ the flavanoid

Proant hocyanidins for the treatnent of anyloid and
baicalginpha- synucl ei n di seases (EP1377287 - 2004- 01 07);
Met hods for preventing neural 30 tissue damage and for

Theretapgabrgﬁ‘%tgr o{}%ﬂ)’ngrfpu%k ga%%nss %ntﬁ(e:la?tlsgiddtb %acso%ger gc’i\l%vﬁﬁ?#ezlg%bltors
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 (W02004009625 - 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).
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WD 2007/ 110629 PCT/ GB2007/001105 -3 However, it wll

be understood that the provision of conmpounds not
w@e@vilowed y known to be capabl e of inhibitingPCT/GB2007/001105

synucl ei n aggregati on would provide a contribution to

the art. DI SCLOSURE OF THE I NVENTI ON 5 The present

i nventors have denonstrated for first the tinme that

di am nophenot hi azi ne conpounds can be used to inhibit

t he aggregati on of synuc?éin proteins. Briefly, the

tovers, Y5 B4 B B HE8  WehiF o S T Bty nown o b
capablé et hhdimg EPhLYCl@ﬁ @gﬁ#e@élldn WeuiaREdvRR a eorttrrbm!@a&&mefaw m

of a-synuclein (tsyn) was found to be particularly

effective in the fibril-formation assay, and such
DISCLOSSREOOEd HEIWNVEMEONShown t o enhance the fl uorescence

of thioflavine T. The inventors assayed the fibril-

di srupting activity of diam nophenothi azi nes, as well

The pr@é‘en@hbéﬁtoméwéﬁﬁonsﬂ:ﬂ@d féhifidtiteomhe e Biaasihdihenv@iRine
ound to dlsrupt assenbl ed a- s nucI in at less than 1
compomﬁJ

s A be usqd;tg Inhibls egggrgga@qﬂ SYRYCPBIPFPIBIPRdI ng was
al so devised, and was used to showthat
m nophenot hi azi nes such as thioninium chl ori des,

Briefly, gﬁ%lﬂﬁfﬁ%@w@@feqﬁﬁ PO PHEI IS OHPRA ¢igh-synEslel and ysgd them in

assaysa@wms%bmwykahdftmmrmgﬁdﬂ edtriimcatdtfofth of aisPnilidin (tsgH)twas
ese i sclosure, these 20 results

found 1§ bpRGIcUIATE PPy el CIPERAEI ST SveBassambled fpvn was

shown tdénidneatieemioredcehbe oftRrdAAViNG MY Th@ Heatopd asa§eRFRibril-
PD and ot hers, di scussed herein) associ ated

d'Sfupt&emﬂWrﬂJe'fa@“ﬂop@@@tf%teﬁo?ﬁ Wl 8% PBRERQMPENds §88)
diaminopHep othi@{edBitire fduridab KisAsR Akemble® Ry nuddA ot Rks BRAHON GV
144:322- 25 323" reported the synptomatic relief of
Par ki nsonian trenmor in a study of 4 individuals using

A solid ifBhéey h&zg 16 syaudieBittmding RWho8iEs ld@ﬁb@ch |6 e usem_&éhovﬁ_ fhat

comingR a5/ 48 AR Ao 5w e e Bfing.

ng)/ day was discontinued due to side effects. The
rted ts on tre and, | asted
s will bE BRE Bl P S SNt 15 T arf T og g Sttb @ Rtes Bt pimurs, these
results ﬁém@hgﬂréw )J?Mgafaorrs@bh gétﬂpédrtdsarﬁfélleéﬂaaff_ rt]heBtGea‘fm%ﬁpcﬁm?é énderlying
t Wit 0 no,.resu e essence

cause gficisaabes fuch o8 H ™ e dinrestasbhareinbarsoy A Ehexgin
aggreghfisnin t o have a parasynpathetic action, had a |limted

ef f ect

Piotrowski, G. (1936) “The treatment of parkinsonian tremor. Medical Record, 144:322-
323" reported the symptomatic relief of Parkinsonian 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 reported effects on tremor were not strong and
lasted for a limited time only, while a different symptom (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 parasympathetic action, had a limited effect

on one symptom of Parkinson’s disease i.e. the “parkinsonian tremor”.
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on one synptom of Parkinson's disease i.e. the
"par ki nsoni an trenor". WD 2007/ 110629

weAN/EBBRO7/ 001105 -4 By contrast the presentPCT/GB2007/001105
i nvention concerns a treatnment directed as the
underlying disease process itself rather than a
synptomati ¢ mani festation of the disease.
Di am nophenot hi azi nes haye previously been shown to
inhibit tau protein aggregation and 5 to disrupt the

structure of PHFs, and revgerse t ot eol yti . .
By conisie PESRIMOPREEISGE (SREM U BERe07BE, pertying discase
proces$ WddifBiek thaRacfeptormendimanifgaeiiiod of therdisedisecl osed for

use in the treatnment of various diseases, including
Al zhei ner's di sease and Lewy Body D sease.

Diamin{)j%@ﬁoitlﬁé‘z?ﬁéswf\a\ﬂgb &8\{;@%@7%&n(sﬁb®n iy inhgit&ira]m proBein mpgrepatidreand
~ University o erdeen i scusses VES
to clrup e B UP R POV P WB SR ATBC A2 RS gpeing ELfF gpre (see
WO 9623@)1768,@ Hbﬁ@xlaﬁ][%m%dh%).aucr_« abr:ngbmd@fvy@é diselosedfyeg it fhag
i seases, althou 1e di scl osure is prjmarj .
neatmgs S FCERSS. SRS NS o 2B% BEETY PiDisease.
University Court of the University of Aberdeen) _
Ationaly W 61 928 ShaHANETRY GSYNET B Ao AR iseTS biscusses
the usé&_@f\’\@lél@é’edrft@ﬂﬁs @ffdiélh]?]%gh@wﬂhiéﬂrzéé mﬁiﬁsqugcfbrf the arlebtment of a
I scl ose the use of dianj nophenothjazines,. . .
variety g4 Pyt 0 PESISGHER O peRRsE cl PUN IS oA PRIl GoBRerged vith
tauopafifidersal of a-synuclein aggregation in particular. 20
Di am nophenot hi azi ne Conmpounds The i nvention pertains

to certain di ani nophenot hi azi ne conpounds and anal ogs
WO 20088138676 (THAVHIGE sBCo@t of the Unietsityioh gbéraan) discusass

) harmaceutically acceptable salts, hydrates, a .
raciolaBelep BSOS o0 BEFSEE VARG a6 AP B oPh it PEofdhies
"di am nophenot hi azi nes” or "di am nophenot hi azi ne
Howev%%ggr?q%gfdtaggq' Py lét?%%é%ﬁ%&%g&gg %Ou?s/eoo(%%:lla%noﬁh%no iazines,
particularly non-reduced forms, for the inhibition or reversal of a-synuclein aggregation in

particular.
Diaminophenothiazine Compounds

The invention pertains to certain diaminophenothiazine compounds and analogs thereof,
having one of the following formulae, and pharmaceutically acceptable salts, hydrates, and
solvates thereof (collectively referred to herein as “diaminophenothiazines” or

“diaminophenothiazine compounds”):
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NSNR/NBR RMA RBNBROR a2 RNR(2) R/NN SN,

SNCRERA R RRNBRO RR Rs NR2 / N/ RR(3)
wOoNG#1B6d R6 R4 RBNB RO RI a 2 R NR ~ (4) RICX/GB2007/001105

R3NA X R7NB R6 OS R4 R3NB 5 Formula (1) depicts

conmpounds in a reduced form whereas each of Formnul ae

(2), (3), and (4) depicts conpounds in an oxidized

form In one enbodi nent, the conpounds are sel ected

from conmpounds of formul@ (1), and 10

phar maceutical |y @ccRggabLe salts, hydrates, and

sol vates ther eof. jone enbodlnent the conmpounds are

selected fro ) Bf mul a (2) or (3), and

phar maceut j cal | ¢ salts, hydratesand

sol vat es Rhex n&odlnent t he conpounds

S
are sel ected Io onmpoungds of forrrula(4) and
phar naceut i caRly Raccept aBI e Bﬁ?t s, hydrates, and
sol vates thereof g° R
R? N R?
- @
N S N\ 3NC
R
FL?NB R® R4
R’ R’
R? N R?
’
3
R (3)
R?NC/N S ‘
6 4
R R RNB
B R9 R1 ]
R? N R’
’
A - | X © (4)
N S N~
[ R® @ rR* | e
B R R

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

In one 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 formula (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.



WO 2007/ 110629 PCT/ GB2007/ 001105 -6 Each one of the
above structures is only one of many equival ent
WO ewonseee structures, and all of which are iPtCECH2@7/001105
to be enconpassed by that representative structure.
For exanmple, structure (4) is only one of many
equi val ent resonance structures, sone of which are
shown bel ow, and all of ich are intended to be
enconpassed by structure (4): 5 RAR R R/ NR2 X G
- N A RTNB R6 R4 NBRORE Rs NR2 ~ X
Each it 5 toe ORI AU G orliomeyRET R sebifelats esegapgs Spgcurgs, and
all of whieh XreGn{ehdB) to bérBNdhBiss&RBNhaB P reSRANBVREtridum. OForl0
r j . m Substituents In each one of the above
exam or%uﬂ[*&]e?? W RATeRe g hgh SR Valpi EReiengg StrilyeRosqras of which
are showchdpsgovd eamidl afl of subichicre thiéridaito blencdrapadsed b@structBrs (4):
-1
5 1

B R’ R’ -
R® N R
R7MA - RINA X (4-B)
! @ I/
e R® R* 3NB
L R R
B R R' N
R® _N R?
RMA_ RIVA X (4-C)
@ 1 ° "
‘ B RS R* 3NB
L R R |
B R R N
RY Ny, R?
RTNA 3NA X (4-D)
~ NS /R
N S N @
lea R® R* FIQSNB
| _

10 Carbon Ring Afom Substituents

In each one of the above formulae, each one of R', R? R*, R®, R®, and R’ is independently
selected from:
H:
156 -F; -ClI; -Br; -I;
-OH; -OR;
-SH; -SR;
-NO,;
-C(=O)R;
20 _C(=0)OH; -C(=0)OR:
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-OH -OR -SH -SR -NO&2; -C=OR 20 -C(=0 OH,
-C(=0 OR, WD 2007/110629 PCT/ GB2007/001105 -7
WO Gz dee; - C(=0O) NHR;, - C(=0) NR2; - C(=0 NRN RNXCT/GBRN2/001105
-NHR, -NR2; -NR N RN2; -NHC(=OH, -NRC(=OH,
-NHC(=O R, -NRC(=O R, -R 5 wherein each Ris _
i ndependently selected from unsubstituted aliphatic
Cl _6al kyl ; substituted alc}zphati c Cl_6al kyl;
unsubstituted aliphatic C2 6al kenyl; substituted

SUrePRE ﬁ@wggg%my Shshiyikge, C3_Goycl oal kyl

Cﬁ\l_HQOd‘d!lﬁBDMB/zl; NRURBYY i t ut ed C6_10car boaryl ; 10

Lyt 0 uhstituted
MO B b Eo R TR, SRR
C&;l ocar boar yI Cl 4al kyI S\l/J\ESt i tuted . R
4 k n, in eac rou

whereﬁ(sﬁﬁg%fsq@@%\éhgﬁy a %mderRﬁllz t aken toge?herpvvlth

tm@ubamtuteu@aphato@meamyw\bmméntméceaalpaaﬁc at. Jaa@held fog ;n a

es

(BRI RE CabRedyr s AR Sl Fiangi GealBeiget her

winstibstitatedi G ogptoaliof; csmbstttmeuﬁmsgéyctob&yl are att ached_

f%%?lltgleﬁg%eq&\él{% f:ﬁolirﬁr’lsautﬂd at ons, i n_cI ude:

pyrro nnrphollnoz
pyrsubbijtlitedaiidoretdysnyt stiestitdtod mg,ohst@ﬁdfarﬁs N- substituted

o HsBet O Salb R e RA USRS Coresaries g |
whereinniegeeh geoy WRERE: inddpéridently, RMHand R talkbn togdther with the
nitrogen om to"Which't y: o Attache forth a ring having from 3 to 7 ring atoms.

Fom tRnich thby DeFitachsd o 35

Examples of groups -NR“'R"™, wherein R"" and R taken together with the nitrogen atom
to which they are attached form a ring having from 3 to 7 ring atoms, include: pyrrolidino,
piperidino, piperazino, morpholino, pyrrolyl, and substituted forms, such as N-substituted
forms, such as N-methyl piperazino.

In one embodiment, 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(=0)OR:;
-R.

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

In one embodiment, each R is independently selected from:
unsubstituted aliphatic Cy.salkyl; substituted aliphatic Cyalkyl;
unsubstituted aliphatic C,.calkenyl; substituted aliphatic C,.salkeny!;
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25 -R In one enbodi nent, each one of R, R2, R4, RG,
R8, and RO is independently selected from -H -R
w@orniwee enbodi ment, each R is independent| yPGEGBRI024101105
from unsubstituted aliphatic Cl.6al kyl; substituted
al i phatic Cl.6alkyl; unsubstituted aliphatic
C2_6al kenyl ; substituted aliphatic C2_6al kenyl;
2007/ 110629 PCT/ GB2007/ 004105 -8 unsubsti t ut ed
C3_6cycl oal kyl ; substituted C3 6cyc|oalky|. In one
eghaf Iect ed from
unsubgﬁﬁtgﬁaﬁ?ﬁyéﬁdggﬁggg@kéa st ituted
aliphatic Cl_6alkyl. 5 In one errbodl ment, each Ris
In ondl HISRAREANER RES ﬁ@é&éﬁdfeﬁ%ele&%‘def rorpt s -nPr, and -iPr.

I'n one enbodi ment, each I S independent|y selected
f HosHPSttykecaighatia ¢ eﬁﬂfybﬁ@bsé'tmwa!mﬁtlc Cisa¥yt1_6al kyl
group is a Cl_4alkyl group. 10 In one enbodi ment, the

C2. 6al kenyl group is a.C2 4al kenyl group. In one
In onemlrﬁ@ eacg'hla_ m{gdm&y@ea@y sgjecteg Bep: iMe, aEt, -nPr, and -iPr.

| [ ed
ore SRR O BImaR Sl T

n- propyl, iso-propyl, n-butyl, iso- butyl sec- butyl,

In onetdfiodiHEM therC F&ﬁFRSIIYdmub %cé @ thzi gro&ﬁrt pentyl, 15
neo- penty hexyl ; 1so-h npl es of

In Onemmﬂﬁmtuﬁw@d?zaﬁhkemﬁdemp@ga@awd&ﬁwl ggnueups i ncl ude:
In one@nﬂﬂﬁ!‘}nént?’{he s 9%1@@11OUF @é‘berbyl'ro)éllg gf?HEdﬁ n-2-yl,
es of t

buten-3-yl, etc unsu
C3_6cycl oal kyl groups |nclude cycl opropyl,

Exam;Slé’é?bﬂﬂ{s%Bé!tttut@EtahbMatlc C%Bé&lkﬂ%% 'm&&'d:ej ﬁ%@%yetl%ar Brogy

ycl ohexyl, etc. In one I ment
iso- P“ﬁ’r&'b@pbqt%! 'é%GB’éfSBézbﬂiw f@mvbufwl ntnﬁenb'hescenmjﬂ» teél'mentstlhe

neo-p&rtyl LENOT By el OUp is a C5_6heteroaryl group. 25 In
pone enbodi rrenx%(' the C6_10carboaryl -Cl_4al kyl group is

a Cé6carboaryl - C1_2al kyl group.
Examples of unsubstituted aliphatic C,salkenyl groups include: propen-1-yi, propen-2-yl,

buten-1-yl, buten-2-yl, buten-3-yl, etc.

Examples of unsubstituted Cs.scycloalkyl groups include: cyclopropyl, cyclopropyl-methyl,
cyclobutyl, cyclopentyl, cyclohexyl, etc.

In one embodiment, the Cq_jocarboaryl group is a Cscarboaryl group.

In one embodiment, the Cs.joheteroaryl group is a Cs.sheteroaryl group.

In one embodiment, the Ce.1ocarboaryl-C,_4alkyl group is a Cecarboaryl-C,,alkyl group.
Examples of unsubstituted Cs_4ocarboaryl groups include: phenyl, naphthyl.

Examples of unsubstituted Cs.,oheteroary! groups include: pyrrolyl, thienyl, furyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl,

pyridazinyl.

Examples of unsubstituted Cg.1ocarboaryl-Cy.4alkyl groups include: benzyl, phenylethyl.



Exanpl es of unsubstituted C6-10carboaryl groups
i ncl ude: phenyl, naphthyl. Exanples of unsubstituted
w@0010eeer oaryl groups include: pyrrolyl, thiBCHGB2007/001105

furyl, imdazolyl, 30 oxazolyl, isoxazolyl,
t hi azol yl isothiazolyl, pyrazolyl, pyridyl,
pyrazinyl, pyrimdinyl, pyridazinyl. Exanples of
unsubstituted C6_| ocarbqaryl - Cl. 4al kyl groups incl ude:
benzyl, phenylethyl. WO 2007/110629 PCT/ GB2007/ 001105
-9 I'n one enbodi nent, optional substituents (e.g., on

| tg) atl Cl 6alségl al i phatic Cl1_6al kenyl

n oneé§1 a‘?HH?Pa' siiteenis Foas gh alitBitic 6healier paliphbtic C,. satkenyl,

Ca. chdlﬁalﬁﬂc@sﬂm%ddglcés éﬁétléb@a)yl & Cﬁa‘?ﬁ’@ ngw areé%ieep%tngenﬂy

Se'ec"e‘{\i%z“ SOR: 10 -O(=0) OH. -C(=O OR ; - C(=0) NH2;
f-:(:e(D).IEHR] C(O)NRZ C(O)NRNR,NZ; -NH2; -NHR ;
ﬁ NR NR N27 -NHO(=O H,  -N R(=O H, - NHQ(=O)' R

'h(? O) R -R 15 wherein each R is i ndependent |y
seHegred from unsubstituted aliphatic Cl.6alkyl;
SN stituted aliphatic Cl_6alkyl; unsubstituted
al\Mphati c C2_6al kenyl ; substituted aliphatic
C2(&RRkenyl ; unsubst ituted C3_6cycl oal kyl ;

S ut ed 6cycl oal kyl ;  unsubstituted

C%?‘fég;kb% pER*SUbStItut ed C6_10car boaryl; 20

uog:l@m-lz{_@j(eg [\ﬁ.'.ﬁgl b \ t2 té:: W&Hﬁzut ed
Stitu

10het er oar yI
%Hio@!ﬁ'ﬁboﬂ 'Tgkyl substi tut ed

Qﬁl:{@ Il—bQ@R&d =64 L Y j_d.n each group
R N1 N2, mdepengtéllr?t(lg), %85?3% N2 taken

f gether with the nitrogen atomto which they are
whereirdéddhoRad indep&hdenty 88leBR@Y irfath. f rom 3 to 7 ring atons.

unsubstituted aliphatic Cq.salkyl; substituted aliphatic Cq_salkyl;

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

unsubstituted C,¢cycloalkyl; substituted Caecycloalkyl;

unsubstituted Cq.qocarboaryl; substituted Ce.10carboaryl;

unsubstituted Cs_qoheteroaryl; substituted Cs.1oheteroaryl;

unsubstituted Ce.1ocarboaryl-Cy_4alkyl; substituted Ce.1ocarboaryl-C_,alkyl;
wherein, in each group -NR"MR™?, 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 embodiment, optional substituents (e.g., on aliphatic Cysalkyi, aliphatic Cisalkenyl,
Cs.scycloalkyl, Ce-10carboaryl, Cs.qoheteroaryl, Ce.1ocarboaryl-C4_4alkyl) are independently
selected from:

-F; -Cl; -Br; -I;

-OH; -OR;

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

-R’.



25 I'n one enbodi nent, optional substituents (e.g., on

aliphatic Cl1_6al kyl, aliphatic Cl1_6al kenyl,
weoBayeskoal kyl , C6_10car boaryl, C5_10het er oarB¢T/GB2007/001105

C6_10car boaryl - Cl. 4al kyl ) are independently selected

from -F, -d; -Br; -1; -0OH -OR 30 -C(=0 OH;

-C(=OOR; -R. WD 2007/110629 PCT/ GB2007/001105 -10

In one enbodi nent, optional substituents (e.g., on

aliphatic Cl. 6a|ky| al it p@ati c ClL_6al kenyl ,

cl oal kyl 10car boar yl, C5_10heteroaryl,
In one@nmg%ggrgogthna@ub&gﬂumts)(e ar en mpmmlmedlkylabltphetlc Ciealkenyl,

CiccySSSIRRAL R ed fr
o B o rd P Pbart G efih &% o defnec
above gxcgpithateach Rjds méﬁwndenunsai@@ed framed c3 6cycl oal kyl ;

un%ubgﬁmggtaﬂghg@ é og,@&,boar yl; unsubstituted
| ohet er oary unsubsti t ut ed
5 GB“SPB%%\"‘SG@PW&GF%&WRW 10 In one enbodi nent,

QmsUBétﬁutegla?&%)ddéﬂm s (e.g., on aliphatic Cl.6al kyl,
aliphatic C C3 _6cycl oal kyl ,

&'Sﬂéﬁﬁvtﬁé&eydcaf%r YLOhet eroaryl,
%&@gmtbg@g){(jhe{é}oé‘@,l kyl) are as defined above,

exce t that each IS i ndependently sel ected from
FH"‘?@I@@@CQNOEFV&@ @llol_6al kyl ; 15 unsubstituted
10 aI [ phatl c C2_6al kenyl; unsubstituted C3_6cycl oal kyl .

| In one enbodi ment, optional substituents (e.g., on
none Smbﬁﬁmqn& Qgﬂo%|w9$tltugﬂ$ (st q)ra: aMaBaCk.sain,,allphatlc Ci.salkenyl,

Cs. chc%l%car%@ar r)fl @ﬁg@%gﬁp cggb - %]E)ﬂg igyba&\%eﬁned

tﬁ#ni@panéentfycs@mmmy sel ected from

tmngwmmé@g%a%@gtm};,c Cl_6al kyl ; substituted
al i phatic CIl. 6al Cyf
15 unsubstituted aliphatic C.salkenyl;

unsubstituted Cscycloalkyl.

In one embodiment, optional substituents (e.g., on aliphatic C4_salkyl, aliphatic C,.salkenyl,
Cg.s_cycloalkyl, Ce.1ocarboaryl, Cs.ioheteroaryl, Cs.1ocarboaryl-C,_4alkyl) are as defined
20  above, except that each R’ is independently selected from:
unsubstituted aliphatic Cisalkyl; substituted aliphatic Cisalkyl.

In one embodiment, optional substituents (e.g., on aliphatic Cy.alkyl, aliphatic Cy.calkenyl,
Cs.ecycloalkyl, Cs.qocarboaryl, Cs.1oheteroaryl, Ce.iocarboaryl-Cq4alkyl) are as defined
25 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 Ciealkenyl,
Ca.scycloalkyl, Cs.qocarboaryl, Cs.1oheteroaryl, Ceqocarboaryl-C4alkyl) are as defined
above, except that each R’ is independently selected from: -Me and -Et.

30
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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I n one enbodi nent, optional substituents (e.g., on
aliphatic Cl1_6al kyl, aliphatic Cl.6al kenyl,
w@06aywkoal kyl , C6_10car boaryl, C5_10het er oar p¢T/GB2007/001105
C6_locarboaryl - Cl-4al kyl) are as defined 25 above,
except that each R is independently selected from
-Me, -Et, -nPr, and -iPr. In one enbodi nent, optiona
substituents (e.g., on aliphatic Cl.6al kyl, aliphatic
Cl. 6al kenyl, C3_6cycl oalkyl, C6. 10carboaryl,
c5 10heteroaryl C6_10car boaryl -C1 4a|ky|) are as
In one gwbpeigent, saoh ene ekBE %, RhA®, BAcdR® is indepersistiveeletted from:
+1IW§%%80$Fd from -Me and -Et. 30 In one enbodi nent, each
Rl1, R2, R4, R6 R8, and R9 is independently

sel ect ed from -H -Me, -Et, -nPr, and -iPr. V\p
in one é&géé%nr]]eg@o?e% IEQIé %ﬁﬁ)%ﬁd &géiﬁoég angrﬁl lwgemﬂg SOEALd from:

-H andi-Mgependent |y selected from -H, -Me, and -Et. In one
enbodi nent, each one of R, R2, R4, R6, R8, ‘and RO is
|ndependently sel ect ed from 5 -H and -Me. In one

In one gnbedimeshtall exceptdswesR's BUR"IR’, RE, amOR® RaH. R6, RS, and

di b ,peakb wo of R1,

'”°”e%’bb§ﬂ'eﬁ&€" %8‘%"’8% FEPRL RO, el ent, al |

In one ertbegimenh @lleicept, onlazafl—‘mR Ré RR&", amdRHe-Hs -H. 10 In

In one 8fto ggq%w agm;f REFENROIRRRe fF2.rRY.yR6, RB, and R9 is

oups 'I'n’ edch’ one of t e ‘above formnulae, in
each group -NR3NAR3NB, if present, each one of R3"A
Amino Bo R3NB i s i ndependently -H or as defined above
for 'R or R3NA and R3NB taken together wth the
nitrogen atomto which they are attached forma ring

In eacm@t’{é Jgﬁhé Eﬂmegfo]:rﬂulgﬁ ih 'é%cl%ﬂﬁg H\IﬁARFWBX P‘nggnt bAcHPER of R

3 nent I N eacC rou SNA r eéent each
and R°0 l@ mepszemﬂyaﬁd:rlasrd:ﬂn@i ahnyederidentRy" ard BefBl’f&ﬂ@ﬂ together

with thgg%ﬁerﬁ YHonTo WhicHY Vﬁ@ ghf@%@ tbakg Hné ﬂg@h@ gB ‘(’)‘% {r%hgtu{beatoms.

trogen atomto are attac
ring having from3 to 7 rlng atorrB For exanple, in

For ex&H e‘%ﬂ’%@'ﬁﬁ%{%‘ it iﬁ?‘a% ]%W“"‘Rg Peseht, ea ﬁéﬁé‘Bﬁ R3NA
BaBl one O nA %E I ndepen ey se ect ed

and R¥%. igiRdepppdently as defined above for R or R and R B taken together with the

nitrogen atom to which they are attached form a ring having from 3 to 7 ring atoms.

For example, in one embodiment, in each group -NR*R* 2 if present, each one of R*™
and R*"® is independently selected from:

-H:

unsubstituted aliphatic C4.salkyl; substituted aliphatic C,.salkyl;

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

unsubstituted Cjscycloalkyl; substituted C;gcycloalkyl;

unsubstituted Cq.qocarboaryl; substituted Cq.1pcarboaryl;

unsubstituted Cs_sgheteroaryl; substituted Cs.ioheteroaryl;

unsubstituted Cg_jocarboaryl-C.4alkyl; substituted Cs.igcarboaryl-C.salkyl;
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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25 unsubstituted aliphatic Cl_6al kyl; substituted
aliphatic C, _saikyl; unsubstituted aliphatic
w@2006aldeenyl ; substituted aliphatic C2_6al kenyP¢CT/GB2007/001105
unsubstituted C3_6c¢cycl oal kyl ; substituted
C3_6cycl oal kyl ;  unsubstituted C6_10car boaryl;
substituted C6_10carboaryl; unsubstituted
C5_10heteroaryl; substituted C5.10heteroaryl; 30
unsubst ituted C6_locar bod?yl-Cl_4al kyl; substituted
10car boaryl - C1. 4al kyl : or R3NA and RSNB t aken
For ex?'Bﬁl?t Wé?“e\/ﬁ’wpc’ﬂrﬁ@”tnlnt%b@ﬁomMR?’F'A(RSW ifehesenteaah ene of R

and RSa!tsa nb&ftM Rlectdd¥orhavi ng from3 to 7 ring atons.
1106 9 PCT/ GB2007/001105 -12 For exanple, in

sbgad aliphatic iCrealladrsupstiuted-aipBadaraNBlky f pr esent
mbbﬂﬁﬁe@fan&%é\czmeﬁNﬁbétﬁu%qqg,ﬂﬁgg A.x | ected

from wunsubstituted ali t'i tut ed

dinsphsiityted Baeqygiorikyk SUW‘M%?B tout:leellkﬁl i phat iC
WersOigdikay Co. géa#%&ayt %s&,tggy @%&gst .6l kenyl ;5

unsubstitute cl oa t ed

EBsghsfigyt %%pkgphetemﬁfﬂb@thst'm%cﬁ@lefw@awboar yl;
mb@ﬁdtwé&d &}éaria%@r é?ﬁ.{ lﬁ/ll ’sgb%gﬁ‘t%g JcH:tb%Q -Craalky

naCo- 1ohet er oar | ; subs % oar
or R™ Angi[Bat fakae écwettrqr Withdhe biragem aiom wammgh they labsaﬁtaaheetﬂorm a

ring ha®hg HORAS ROAFiNG a@?ﬂs43| kyl ; or R3BNA and R3NB t aken
together with the nitrogen atomto which they are

attached forma 10 ring having from3 to 7 ring

In anotAéCiE l
N ano ol mdl%@@%ﬂ@ﬁo&ﬁ%ﬁ?ﬁg%dhrbrgg@h one of’ %Rﬁn‘a%a&% one of

R a Bpfss'“ij?ﬂfélﬂéfﬁib'e?ﬂm?e%’@@@ct ed from -H
uasubstituted aliphatic Cl_6al kyl; substit ut ed
aliphatic Cl_6al kyl; unsubstitut ed al i phatic
ézsmt'mﬂ/?"pﬁgtm& ikl substituted atnmmtnmwkwenw
unmﬁtutéwél d

%ﬁ Whedt Fkb G?C_@WN%%BBQU%@&Q%%EMJE lketnl){ L with

tR ¥WF%%WC&?'W¥IOS%FI@F¢¢(Fnesy)'m@k)’é\t t ached forma

or R fan R°Magek 89t dge@r Rith ene/nifrb§kh SbRITE -wiidh they are attached form a

ring having from 3 to 7 ring atoms.

In another example, in one embodiment, in each group -NR*™*R®™8  if present, each one of
R*™ and R*® is independently selected from:

unsubstituted aliphatic Cy.salkyl; substituted aliphatic Cisalkyl;

unsubstituted aliphatic C,.calkenyl; substituted aliphatic Ca.calkenyl;

unsubstituted Cjscycloalkyl; substituted Cs.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 atoms.

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

-H; ‘

unsubstituted aliphatic C,.salkyl;

unsubstituted aliphatic C,.salkenyi;
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In anot her exanple, in one enbodinent, in each group
- NRBNAR3N6G, if present, each one of R3NA and R3NB is
w0 pabeperneent |y sel ected from unsubstituted al P@h&BR®7/001105
Cl. 6al kyl ; substituted aliphatic Cl_6al kyl;
unsubstituted aliphatic C2_6al kenyl; substituted
al i phati c C2-6al kenyl; 25 unsubstituted :
C3. 6cycl oal kyl ; substituted C3_6cycl oal kyl ; or R3NA
and R3NB taken together-¥#th the nitrogen atomto
whi ch they are attached forma ring having from3 to
7unsupgfituted f.scctpaliiybt her exanpl e, in one enbodi nent,
3NA Y ] - o .
o R an B TS R B o e 2 eppnect i
ring hayigusn Bte ¥ eimgatorphat i ¢ C1_6al kyl ;  unsubsti tut ed
al i phatic C2-6al kenyl; WO 2007/ 110629
PCT/ GB2007/ 001105 -13 unsubstituted C3 6cycl oal kyl ;
In another eEpland oRe eRmhodiesnt tio gecheroupi-NR* Y RE®nif presget eatroone of
R ah@RIME hdbBEIcANF sablaghsf form a ring having froms -
to 7 ring atons. ESPR-anot her exanpl e, in one
eyfistbistiveiad aliphatiegakalyyloup - NRBNAR3NB, if present, each
; 3 I ndependently selected from
it %%t?ttggtu@’ﬁ?icgﬁgg?@m_eal kyl . unsubstituted
Ainspheiitited Cas@mldedtrlyl ;.  unsubstituted C3_6c¢cycl oal kyl ;
3nNAL 3N j . e ni
o R AP e et 6 Sy by LR B ke ARG o
ring havingrfiogn Bdo 7 ringaéeras.ons. | n anot her exanple, in one
enbodi nent, in each group -NR3NAR3NB, if present, each
one of R3NA and R3NB is independently selected from
In anothpy exaueple -irpne enmodinant in edeh groBp HRRANBT g presantpeash one of
3NA 0 NENE ' ] . QL0 - Bip,l f
R a'lr;(!rwgseﬁst ﬁﬁ‘gg%ltd&gﬂ%scg;&eﬁggﬁ, %d%l@%@ﬁ% e"pperhdent Iy
selected from -H, -M, and -Et (e.g., -NR 3NAR3NA is

In anothBFample, in one embodiment, in each group -NR*™R*®E if present, each one of
R*™ and R™® is independently selected from: -H, -Me, and -Et (e.g., -NR®R™A is -NH,,
-NHMe, -NMe,, -NHEt, -NEt,, or -NMeEt).

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

In precise analogy, in each one of the above formulae, in each group -NR™R™8 i
present, each one of R"™™ and R™® is independently -H or 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.

For example, in one embodiment, in each group -NR™AR™E if present, each one of R™A
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*R®*E and -NR™*R™E  if both present, are the same.
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- NHVe, -NMe2, -NHEt, -NEt2, or -NMeEt). 20 In another
exanpl e, in one enbodinent, in each group - NR3NAR3NB

w0 toopnesent , each one of R3NA and R3NB i s PCT/GB2007/001105
i ndependently selected from -Hand -Me (e.g., -NR
3NAR3NA is -NH2, -NHWe, or -NMe2). In precise
anal ogy, in each one of the above fornulae, in each
group -NR7NAR7NB, if 25 present each one of R7NA and

R7NB i s |ndependently =ftor as defined above for R or
R7NA and R7 gken tog g%fgfr with the nitrogen atom
In one qrabagiment. %r eaa«i tNRH diratia prasagt arpadifeignt rom 3

to 7 ring atorrs For exanple, in one enbodi nent, in
each group -NR7NAR7NB, if present . each one, of R?
In eache@e&ﬁ& epanque fYMUlRee Beprrbraroyp NRYEH T pregertbBY s is thdependently
-H or aPdefiRéNAbasiocRRNB t aken together with the nitrogen
atomto which they are attached forma ring having
from3 to 7 ring atons. 3NA |In one enbodi nent, -NR
For exa iRtk eMBodiMARY NBeadH rQ\gS JE'NR"N’;SF feseft, ?(3't°h§m%@B&1dently
_ 2007/ 110629 PCT/ GB200 g7 01105 4 I n one
as definefFHareiRR- - NR 3NARSNB and -NR "AR "B, if both
present, are different. In each one of the above
formil ae, in each group =NR3NC__jf present, R3
For examipi e AmPydiment, 4t saeh gewn miig blévessatr RRCis 'nd@pendenﬂy
selecte@¥ampl €, i n one enbodi nent, in each group =NR3NC i f
present, R3INC is independently as defined above for
. For exanple, in one enbodinent, in each group

m%'ﬂ%muteﬁ a‘%ﬁéﬁtmmaiﬁ?w&bﬁtmé&j&%@ﬂ@m% y; 10 sel ected

rom unsubstituted aliphatic al’kyl ;
gf&ﬁa@f’i'w@d@amtlC&mﬁlkenma@avtugﬁd a"%ﬁ&%ﬁlkﬁm‘ed
é\ﬂmédbbﬂhie@ cg%aﬁﬁééﬂajmeubst&uea é%éVcﬁﬂH@l i phatic

yl; "~ unsubstituted 6¢C cIoaIkyI
g%@ﬁﬁ'tvt?@e% 1¢3riga) Yiosiilfed Qeeomﬂt i t ut ed
(Rubssatcaay, M‘Ieter%é'lgﬁtsbbétﬁlﬂéid €. chegrddppar vl |

unsubst i tuted het er oar subst i tut ed
ersUnglitiied (pargprboaryl-Coaalkyl; su sﬁtuted Ce. mcarboaryl Ci.4alkyl.

R3NC RSNC

For example, in one embodiment, in each group =N , if present, is independently
selected from:

unsubstituted aliphatic Cq.¢alkyl; substituted aliphatic Cy_salkyl;

unsubstituted aliphatic Ca.salkenyl; substituted aliphatic C,.¢alkenyi;

unsubstituted C;scycloalkyl; substituted C,scycloalkyl;

unsubstituted Cs.4ocarboaryl; substituted Cq.1ocarboaryl;

unsubstituted Cs.4cheteroaryl; substituted Cs.1oheteroaryl;

unsubstituted Cg sgcarboaryi-Cy_salkyl; substituted Cqqocarboaryl-Cy_salkyl.

In another example, in one embodiment, in each group =NR*®, if present, R*® is
independently selected from:
-H;
unsubstituted aliphatic C.salkyl; substituted aliphatic Cqsalkyi;
unsubstituted aliphatic C,.salkenyl; substituted aliphatic C,.calkenyl;
unsubstituted Csgcycloalkyl; substituted C, gcycloalkyl.
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unsubstituted C6_10car boaryl - Cl. 4al kyl ; substituted
C6_10car boaryl - C1_4al kyl : For exanple, in one

wepdodicsent, in each group =NR3NC i f present, R3MGB2®7/001105

i ndependently 20 selected from unsubstituted
al i phatic Cl-6al kyl; substituted aliphatic Cl-6alkyl;
unsubstituted ali phatl c C2_6al kenyl ; substituted
al i phati c C2_6al kenyl ; unsubsti t ut ed C3 _6cycl oal kyl ;
substituted C3_6cycl oal ky$+ unsubstituted
C6_10carboaryl; substituted C6_10carboaryl; 25
unsubstituted C5_10heteroaryl; substituted
r | tit 3aNC 3NC ;
In ano%%%%@?%oig?dﬁé egmlbﬁbﬁﬁ%ﬁ in ééhﬁgtrci ip =NRI, , if present, R
 indepapglenticselented fomcy _4ai kyI I n anot her exanple, in one

0 R3NC i s
CURRAERI bR RS AR PTG b PRI DN
aunwamute}d@npwic@maikgmswbstm@a aliphafiseiselkenyisal kyl ;

teed t ubstituted
sfithied % %ﬁJI a‘ilﬁ@ s'uBstf?gteg‘i‘is?F&}&Wal kyP

i phatic unsubst 1t ut e C3_6cycl oal kyl ;
subst ituted C3_6cycl oal kyl. WD 2007/ 110629

In anoﬁg/ é@ﬁ@an%ye% dinieht! e%%ﬁ%ﬁz -ﬁ?@wlliepreééht

IR each group resent
lndepfﬁnﬁi@éﬁeﬁiﬁi@i’iw ffomel ect ed from unsubst | t uted ali phatl c
Cly.6al kyl ; substituted aliphatic Cl_6alkyl; 5
unsubstituted aliphatic C2_6al kenyl; subst i t ut ed
aumwbaﬁtui?d@ﬁPMICl&gmylkyl unsubstituted C3_6cycl oal kyl ;

sy yl. In another exanple, in one
mfg%ﬁg{ﬁeﬁ%h%eac Efgkreb)ﬁ =NR3NC i f present, RINC is

|W@%§béﬁ@l@dt@s}ecﬁmw ed from 10 -H, unsubstituted
al i phatic Cl_6al kyl; unsubstituted aliphatic
C2_6al kenyl ; unsubst ituted C3_6cycl oaI kyl. 15 1 e
In anmteh@ﬂpl@xlarmeeembqﬁmﬁ@, Brfisck igraamt=NR° ,efawasegﬁd&p is

indeperldBANCsdictdd 5Nt . R3NC i's

unsubstituted aliphatic Cq_salkyl;

unsubstituted aliphatic C,.salkenyl;

unsubstituted Cjscycloalkyl.
In another example, in one embodiment, in each group =NR*C, if present, R*C is
independently selected from: -H, -Me, -Et, -nPr, and -iPr.

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

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

In precise analogy, in each one of the above formulae, in each group =NR™C, if present,

R™C is independently as defined above for R®NC,
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i ndependent|y selected from unsubstituted aliphatic

Cl _6al kyl; unsubstituted aliphatic C2_6al kenyl ;
wae®absteed ut ed C3_6c¢ycl oal kyl . 20 I n anot her eRrerpEB2G07/001105

in one enbodi ment, in each group =NR3NC i f present,

RBNC is independently selected from -H -M, -Et,

-nPr, and -iPr. In another exanple, in one enbodi nent,

in each group =NR3BNC i f present, RANCis 25

i ndependently selected fit®m -H, -Me, and -Et (e.g.,

. =NRBNC is =NH, =NMe, or =NEt). In another exanple, in
Nitroggyn Bingrife Sahstituenty each group =NR3NC i f present, R3NC
is independently selected from -H and -Me (e.g.,

=NRBNC is =NH or =NMe). 30 In precise analogy, in each
Also, ip peecisie anatogsbip\aach enenaf the,above tamblagy RUP iBsert, isi f

indepdPt88HR Y def bss fopReeendenic| y as defined above for
epRRER s S Enb R P RERABER DS, 53108 | 16 it f ogen
Ri ng Atom Substituent Also, in precise analogy, in

etof € ' r nt.. 1.s
For exBRgR, et §*b§@@ﬁ*8 PR dedty 8RR gons 2 and
unsubstijuted pliphatie Crisdlkdne enbodi ment, RN10, if present, is
i ndependently selected from -H and unsubstituted
al i phatic Cl_6al kyl. For exanple, in one enbodi nent,
For expp(y, in gneerakediment, B \*nilpiseenteistindepsedertly edletteoirrom: H, -Me,
and -EtMe, 10 and -Et. For exanple, in one enbodinent, RN1O
if present, is independently selected from -H and
-Me. 15 For exanple, in one enbodi nent, RN1O, if
et ondl S ngeint. - . C -, i f
o e one G o HisRSh s RSBk lentggEcteg rom: - and
-Me. achieve electrical neutrality. 20

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 neutrality.
Examples of suitable anionic counter ions are discussed below under the heading “Salts”.
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.
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Exanpl es of suitable anionic counter ions are
di scussed bel ow under the heading "Salts". [In one
werwodissent, X- is independently a hal ogen aniBCIT/GB2@®7/001105

a halide). In one enbodinent, X" is independently d -,

Br, or I. 25 In one enbodinent, X' is independently

C-. In one enbodinent, X' is independently NO3-.

Combi nations 30 All plausible conbinations of the

enbodi ments descri bed abb¥e are di scl osed herein as if

each conbination was individually and explicitly
Isomefseci t ed. WD 2007/ 110629 PCT/ GB2007/ 001105 -17 |somers

Certain conpounds nay exist in one or nore particular

geonetric, optical, enantioneric, diasterioneric,
Certanégpmgqaqsr@s ragy @pstdn ose er r@oresmmmlar gevmetrisneptical, enantiomeric,

dtasteﬁ&ﬂérﬂf @&He‘?f&aétroﬁ?a ﬁ??@r ans tafui)Jn[\%rc E%&%%ﬂa byt %n%%enc

limted ,
forms, tincludipgibytnot Binited to, isdand ’raa'rd;-fem ffoland Z-fBrms; 8-, t-, and r- forms;

endo- Eﬁ‘@@xé RIriE; RDs- adih rjnegcf!ro%s anﬂrlldfotmg,%r "R | gor%sa{lg d (-)
forns, Keto-, eno forns; syn: A

forms; ﬁ ,_efr@,l-ngnd g@,qi@qerfg@ps, sm@ngmntl@m‘rsawrfcbma‘rsand antichmad-forms;

a- and%fo%%xuaﬁ%h@e Qﬁgnﬁngj'ﬁﬁapéeﬁl CFQIF lst- Belo%é: hald Ralfchair-

twi st-, envel
forms; @pespmainations t*ﬁéﬂoéd“ferelmﬁee pcimnmdy t&&brr@dblasé’lspmers" (or
",Somerr,@ff@rﬁ{se)d to as "isoners" (or 10 "isomeric fornms").
Note that, except as discussed below for tautoneric
fornms, specifically excluded fromthe term"isoners,

Note tiR%, é&%@& J&%@éd&se@ﬁ@lo@%ﬂ‘l%ﬂ%ﬁ ic fo?ﬁfhs Céb%%&ﬁ@‘éx%ﬁ% gifrom the

[ SOITEF S . e.,
term "isQsngrsc taiséﬁgd beteiw @re sirestyalr(at tanstituliomalnisorebs (by., isbmers

which éﬂﬁéﬂ ih 'tl%‘c&fne@ﬁm%\geématﬁﬂe?ﬁ}uerdgg@ m%)lg {sﬁet S‘osbtlé)n of atoms

reference to a
in spagehnEoT erempie a rgfar @m@rtemnethw Qrsum-f)@drtausa)bt fodmn@mstraed as

a refer@ﬁ/éér te)ft)é@ﬁh&mal eroﬂ’ré? ?hl A etl?)l ouﬁr IC)f-l of.' f@g NG reference

to ortho-chloro congtr ue
to orthe éh'@?‘@ﬁ@@ylt’%n@tﬂg b§thl]$itLl§3da18 e rgfmelce tonds structural isomer, meta-

chiorofHh@l ARIERYL -2 Nc%' to aacIJ & ?Et‘?@cﬁ?reg 9}% v%lﬁﬁaugé structurally

structures may wel |l i nclude struc
isomericdpis faling wigindhehglass (aat, Gl-alky ifadudgs n- MPW&HHHWO propyl butyl

mcludez‘sﬂﬁ'l§é§’-9§ec!j Mcpﬂ%)‘tl uyldmétﬁQ ?\Qrwlmcll.p%%;ébtgﬁ el%l gr?cféa

i SO-, sec- tert
metho’@PE‘W met a- , and par a-

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

o o N OH H o
—C—C. == (¢=C = c=c’
| AN / N H* / AN
keto enol enolate

Note that specifically included in the term "isomer" are compounds with one or more
isotopic substitutions. For example, H may be in any isotopic form, including *H, ?H (D),
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nmet hoxyphenyl ). The above excl usi on does not pertain
to tautoneric forns, for exanple, keto-, enol-, and
weperatw2d orms, as in, for exanple, the foll ow@nyGB2007/001105
tautonmeric pairs: keto/enol (illustrated 25 bel ow),
i m ne/ enam ne, am de/imno al cohol, am di ne/am di ne,
ni troso/ oxi me, thioketone/enethiol,
N-ni t roso/ hydroxyazo, and nitro/aci-nitro. H O CH H+
O -CCC=C keto enol 18nol ate Note t hat
5 SPECI fically included in the term "&sqgrer" ar e
and °id §p GuRRIsbaIntanY dsrioriE faver Bcliding s 61, OFE ¢ G amst T€ LD immyshe in any
pﬁ,oyb 18] 18He, i sotopic form including
isoto nﬁm?%ﬁ%%%??h%@%%%/ GB2007/ 001105 - 18 and
3H (T); Cmy be in any isotopic form including 11C,

Unles@3€F.erv1|§@spé¥m¥d14%fe%rf6§¥o 5%afﬁt@ul?Piom&oﬁ{ﬁﬁ‘h%l&dés%l@uch isomeric

160 0; | ess ot her
fOfmss'Bféeiilﬂg é\uholla oF @ﬁ@ﬁ&sﬁdececr@c anpaiher mintures thargefuMithods for the

prepafd‘ﬁ@h @?3 aé\}ﬂwméﬁ'i"é%yhtﬁ@ggf dﬂoteﬁafa‘%% ' ﬂﬁ&t\‘bﬁ\bp&&étm%do}ﬁ and

par racem c an m Xt res t

Chrorn@g}gﬁ mganq)wésuﬁ*r isprapee fooms gk gjther lyxgwymiptthé ert or are readily
obtaind¥ Bl RAgHty tAS %e‘ﬂ?db%ﬁé&%tﬁ ﬂer(e?n 9r knc&ﬁrﬁ‘ﬁ&ih‘%@@l in aknown manner.

crystallisation and romat ogr aphi ¢ neans) of ch
isoneric forms are either known in the art or are

Salts readi ly obtai ned by adapting the methods taught
herein, or known nethods, in a known manner. 10 Salts
It may be convenient or desirable to prepare, purify,

It mayad%dédhﬁlem&ﬂ@r %eé’ira?d?é [E5BpAdI ﬁlﬂfys %h&/o%anc{)%‘ § CBRF%E)&HA%Q salt of

for exanple, a pharnaceutica -acce
the COEBPQH’fﬂ’ 42" pmpi @rW@é@a@e%laaaﬂyyacaemeiypaalte Exainples af e

harm@t&@ieamestce tag%rélﬁs%?e é‘igcussé@ BergE BALTH ?'t"P‘F\Q Yeehticall
P Accet?ﬁlegats . éB gvﬁ% gz rﬁfé y
Accepigble %hsrwﬂ-gﬁémvébﬁﬁ(ﬂmd -19% anionic, or has a
functi onal group whi ch nmay be anionic (e g., -COMH
, then a salt may be forned W|th a
For e"émpieaﬁ |“é9 eAPRPBING iERAIRPICey hagfa fangtioas) géoumwh@anmay be anionic

(e.g., CTWOW RSyl eClogsts ﬂbéH a @él?m@?%e lfdr ‘Wthtaps bicdiofBER ples
! 7a7be et G

ions such as Na e eart cat| ons su
of suitahle {RosgaNIG GATINGS mclugﬁdbl&ﬁa%notdmlteéﬁ@ alfiaetel ipsrgich as Na*

and K*Eékk@ﬁ}{eeéarﬂlfca‘ﬁldhé 3lreaPEg2BHG l\/féf"‘t LAG BtHeP ELHAE subl bs Af+€
ot |imted to, anmoni umion
Examples of suitable organic cations include, but are not limited to, ammonium ion (i.e.,

NH,") and substituted ammonium ions (e.g., NH:R", NH,R;*, NHR;*, NR,* ). Examples of
some suitable substituted 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 arginine. An
example of a common qyaternary ammonium ion is N(CH,),".

If the compound is cationic, or has a functional group which may be cationic (e.g., -NH,
may be -NH;"), then a salt may be formed with a suitable anion. Examples of suitable
inorganic anions include, but are not limited to, those derived from the following inorganic
acids: hydrochloric, hydrobromic, hydroiodic, sulfuric, sulfurous, nitric, nitrous, phosphoric,

~ and phosphorous.
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NH4') and substituted amoniumions (e.g., NH3R+,

NH2R2+, NHR3+, NR4+). Exanples of sone suitable
w@astiideed ed anmoni um i ons are those derived fPONGB2007/001105

et hyl am ne, diethyl am ne, dicycl ohexyl am ne,

triethylam ne, butylam ne, ethylenediam ne, 25

et hanol am ne, di et hanol am ne, pi perazi ne, benzyl am ne,

phenyl benzyl am ne, choline, neglumne, and

tronet ham ne, as well as1%m no acids, such as |ysine

and arginine. An exanple of a common quaternary

anmmoniumion is N(CH3)4+. |If the conpound is cationic,

i SR SR, YL B s B B e

followiag englahalﬂceisamaoetyo@banmlesaceiﬁc aEcdrbib] aspattivp bgavic

camphg@uﬂgrcﬂﬁ ﬂﬁ%ﬁqg CItnglo%gr 5 nedm@éc}nﬁcg e W&F@EQHI'C ﬂ,n&anc
gluchehipgico bluoeric,, ghttgiiap Qb'dolm hydrbtymraleic, lydidxynaprghalend tarboxyhc

isethi'o.Ej@ﬁ}a%s2 @6%58%1?4; gegdri%,: Ta%&i g%ﬁﬁj@qu%r?e%ﬁ[f?t}:\ig nﬁlg)cg?? ! iqjﬁ é‘Jxahc
palmitigriasmaic,ipaotatitamjc, bhen)aacetithehyIMItoad: bmpldri‘cpwruder salieglic,
steancf §l§b'5|nﬁch§ulfa(n(ﬂ‘c %Wang t8lﬁgr‘ffl§suﬁo V@I%n gz% ?’e&ﬂ?]sgikﬂ%&e

dspartic,
polym&tricmﬁganl@ anlon$ mplclde dmiétar&:notéah’ntadﬁﬂﬂfmslef@nvaj from the following

polyme?fcha}%fb%s{é'nf,ﬁrgcﬁf F%@g% %M uchept oni ¢, gluconic,

am ¢, glyco P&ic, hydr oxynapht hal ene
carboxylic, isethionic, | act| c, I actobionic, | auri c,
C sul fonl MUCI, ¢
The cofRBhF mab e BLARGENE KM 62 4 B BB oSiBblr
combirmﬁglmwltlg @l sfadjnor@noﬂmn paltb)n |F©,r emmplw methylathlomdlun@ chioride zinc

. ' i tartari . .
oo A0 ot A1 e R el o gy aion
salt, arpi@rpﬁw isglt, czmgminlarldamS@nb mixezl satte ardbintendee tabé ehcompaeed by
t o) |l owing 10 polyneric

he ter@c?n g]r?g?%tlcé@pd&eg L Saltﬁ&eﬁym cel lul ose. The
corrpound may al so be provided in the formof a m xed

i by eorklS, ST ey SOE AR S

thereofchl ori de zinc chloride mixed salt (MZ) is a mxed
salt of nethyl-thioniniumchloride (MIC), a chloride
15 salt, and another salt, zinc chloride. Such m xed
HydratenendsSelvetes nt ended to be enconpassed by the term "and
~pharmaceutically acceptable salts thereof'. Unless
ot herwi se specified, a reference to a partl cul ar
It may boegyenignbrsdesiralie ij@paw purfifprarel/orthaedleaf corresponding 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, a mono-

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

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

forms thereof.



20 Hydrates and Sol vates It may be conveni ent or
desirable to prepare, purify, and/or handle a
waeorrraspendi ng sol vate of the active conpoundpCTie®2007/001105
term"solvate"” is used herein in the conventi onal
sense to 25 refer to a conplex of solute (e.qg.,
conpound, salt of conpound) and solvent. If the
solvent is water, the solvate may be conveniently
referred to as a hydrat-€20f or exanple, a nono-
hydrate, a di-hydrate, a tri-hydrate, etc. Unless
Some Btdfarad Beermpesi fied, a reference to a particul ar
compound al so includes solvate 30 forns thereof. WO
2007/ 110629 PCT/ GB2007/ 001105 -20 Sone Preferred
Some ﬁueﬁanmde:ﬁarﬁimuphwo@ﬁiezimeajnGUanMJpllwﬁm, land pharsacentdalive

tically acceptable salts,
accepté% 52 %I ﬁﬁgg&é@g Tt 5 iN O G e / Ve

AMTCOOSI\/EI\/E nethyl-thlonlnlumchlor de {
cHo—FEta—1—Et EFEe+—+0SE—FE——ethyl=thto I'.FITFUIII

chlloride M M

o LI

e

A MTC ‘]‘
M

methyl-thioninium chloride

KIQOL

B ETC
ethyl-thioninium chloride
' ﬁi)@
Me Me |
1,9-dimethyl-methyl-thioninium chloride
ﬁ Ij =
D DEMTC T S ,il/
| Me Me |

1,9-diethyl-methyli-thioninium chloride




/ N\ G " M ,Nes Nve CDVWMIC ):: M M
1,9-dinethyl -nethyl-thioniniumchloride Et Et / N\
W@R00G112DEMIC Me, N\ O S Nve Me Me PCT/GB2007/001105
1, 9-di et hyl - et hyl -t hi oni ni um chl ori de WD 2007/ 110629
PCT/ GB2007/ 001105 -21 M M / N\ C~ E DMETC Eta
Si Bt 0O Et Et 1,9-dinethyl-ethyl-thioninium
chloride Et Et N CG F DEETC Etai \ Si Et 0 Et Et
1,9-diethyl-ethyl-thionrBlumchloride N1 \
Me Me N
/N
cl®
E DMETC Y Ng N E
| @ |
1,9-dimethyl-ethyl-thioninium chioride
ﬁi J@
F DEETC
I
1,9-diethyl-ethyl-thioninium chloride
' Me /C[ D cl 0.5 ZnCl
G MTZ \ff' © (05znCL)
Me
methyl-thioninium chloride zinc chloride mixed salt
H ETZ © 2)
ethyl-thioninium chloride zinc chloride mixed salt
| MTI fi‘
Me
methyl-thioninium iodide




M, S/ NM O 0(0.52znCl2) GMZ M M

nmet hyl -t hi oni ni um chl oride zinc chloride mxed salt N
wo 2007FE1@m29 Et C (r) (0.5 zZnCl2 ) HETZ i & SPCI/EB2(EYT/001105

et hyl -t hi oni nium chl oride zinc chloride mxed salt /

NI \ M~N\ S/ Nvwe | O | MI M M

nmet hyl -t hi oni ni um i odi de WD 2007/ 110629

PCT/ GB2007/001105 -22 N Me,, SI / Nvl OH J

MIT.H N (+ Me Me nethy?2thioni niumiodi de hydrogen

iodide mixed salt N1 \ Eta/ :Et I 0 KETI i GOSN
Et |[Et et hyl -thioniniumiodi de NNI \ Eta /-t | GH
L BTLH N &S ° Z
Me NS _Me |@ HI
N S N
J MTLHI | ® I
Me Me
methyl-thioninium iodide hydrogen iodide mixed salt
N
e
Et /E:E\ D Et O,
N S N
K ETI. | © '
Et Et
ethyl-thioninium iodide
N
=
Et /C(\ :©\ _Et I @ Hi
N S N
L ETILHI l @ |
Et Et
ethyl-thioninium iodide hydrogen iodide mixed salt
N
=
Me_ /©:\ j@\ Me | NO,(D
M MTN N @S N ’
) Me Me
methyl-thioninium nitrate
N
2
Et<. /C[\ D JEt | NO,(®
N S N 3
N ETN | © |
Et Et
ethyl-thioninium nitrate




Et Et ethyl-thioniniumiodi de hydrogen iodide m xed
salt iNIT \ M,, \'/ MM NO3G MMN~OS M M
woredoiglosehi oni niumnitrate / N1 \ Eta Et NO3P@/GR2TM01105

OO s Et Et ethyl-thioniniumnitrate WO 2007/ 110629

PCT/ GB2007/001105 -23 0 ,N\ Me GG Me2N S/ NH2

Tol oniumchloride P/ N\ GG H2ZNN S NH2 Thionine /
N:aNH2 CIG Q Me2N \ S Azure A/ N\ GG R Me2N S

NHVe Azure B In one enb®dinent, the

———diarinophenothiazine is selected from MIC_FTC_

DEMIC, DEETC,| Thi onfne, and Tol onium Chl ori dge (al so
kngwn as Tol ui{di ne Bl ue 0).
/N Me
O | e
© Me,N \S NH,
@
Tolonium chloride
B N
/N
00, |
P X
H,N s NH,
®
L _
Thionine
— 1
/‘N
0, |
Q ~
Me,N S NH,
® i
Azure A
/N
LI, | °©
R X
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 Blue O).

Preferred compounds of the present invention are those which show high activity in the
assays described herein.
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5 Preferred conmpounds of the present invention are
t hose which show high activity in the assays
waele®enidsed herein. WO 2007/110629 PCT/ GB2007/ 0RA1/GB2007/001105
-24 Inhibition of aggregation In all therapeutic and
ot her aspects of the invention, it is preferred that
the di am nophenothiazine is in substantially oxidised
forme.g. at |east 50, 60, 70, 80, 90, 95, 5 99, or
100% oxi di sed form Thus24n a first aspect of the
present invention there is disclosed use of a
Inhibitdinafreggrpbetiost hi azi ne to inhibit the aggregation of
synuclein, in particular, a-synuclein, for exanple in
a cell. 10 The aggregation nmay be in the context of a
In all thérspatie aptiatieerraspedte f te im&nien fitas! pmoahbane and\ or

LN enmentia.. In another  as the i nvention
camireph = 6 Il ot RepnHE RS TR, 41denf RO Birdbrih 98¢ %5
99, orlBO%roaaiﬁsmelrfbrnmr therapy of the human or ani mal body,
e.g., in a method of treatnment or prophylaxis of a
neur odegener ati ve di sease and\or clinical denentia

Thus ingdinstiaaped ofthehpresant irsleaiion the@ris diddlbasd Msdoiynucl ei n,
rOV|des

P n ot her as the. inventi
diarie PRS00 10 PR ArGRRR o5 v, Theiondey, Blsymudiein,for
examphaim# @adlt ur e of a nedi canent to inhibit the aggregation

of synuclein, particularly a-synuclein, which

aggregation is associated with a di sease state
The aggaegatties mey teesin tie cordebe @f b eisabsostaitNdhBifestddi 48 feUrodegeneration
and\or%ﬁl%ﬂt eﬁ'! nfad: . @ medi canent for the treatnent or

T"%40f " a neur odegenerati ve di sease and\ or

cllnlcal denmentia associated with synuclein
he | ventlon

o BEE 98l RS bhnd PASRE 68 v o

treatmertior mw@‘nm Eumadlos lea:_aﬂl ba}\ 81g.,Gh bmhathdd dﬁl‘@lﬂrbﬂl or
nuc| rt ar

roon SRS b LS S SRS Bl el

SynUCl@uma@mwaﬂy psopicidincaggeddtipn.or t her apeutical ly
ef fective anount of a di am nophenot hi azi ne, or

In another aspect, the invention provides for use of a diaminéphenothiazine in the
manufacture of a medicament to inhibit the aggregation of synuclein, particularly
a-synuclein, which aggregation is associated with a disease state manifested as
neurodegeneration and\or clinical dementia, e.g., a medicament for the treatment or
prophylaxis of a neurodegenerative disease and\or clinical dementia associated with

synuclein aggregation.

In another aspect, the invention provides a method of treatment or prophylaxis of a
neurodegenerative disease and\or clinical dementia associated with synuclein aggregation,
particularly a-synuclein, which method comprises administering to a subject a
prophylactically or therapeutically effective amount of a diaminophenothiazine, or
therapeutic composition comprising the same, so as to inhibit the aggregation of the
synuclein.
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30 therapeutic conposition conprising the sanme, so as
to inhibit the aggregation of the synuclein. WO
WQeB7N160%529 PCT/ GB2007/ 001105 -25 | n anot herP@yE82107/001105

the invention provides a nmethod of regulating the
aggregation of synuclein, particularly a-synuclein,
in the brain of a mammal, which aggregation is
associated with a disease state as descri bed bel ow,
the treatnment conprising2ihe step of admnistering to
said mammal in need of said treatnent, a

In anofheo pépdch dihe makhtionqrovided b eretipeiudf ireplldting éiid egdreyation of

o2k AR BSRE R Ao By S BSARR s
associptedduittta discade siztess|deisoribeddmidw, ¢he tedtmeat sonmprisireg the step of

- aggregates in the brain. of ., t t e nent
aominSEPRE 4S80 il iia de8n 8180 Ter PR amsr b BT e
therapeuhoaily effectipe amodesofan disminophadiidéziher the treat ment of

a di sease associated with synuclein, particularly
a-synucl ein, aggregation in a mammal suffering
In anothiee egiferch rthe meamptidngrogdes a ovettaidne inHildtbe) @ddaction of synuclein,

pertcu B IERANCEN, Roclierter bab Bl Bl b feae oo s

descrilpmmhalaiveer cont ai ni ng one or nore 15 dosage units each
conprising at | east one pharmaceutically acceptable
exci pient and, as an active ingredient, an isolated
In anoier espkch thenpaetioot froddesa dogrpoduct s dhesitdatoheht ofra dibesse
cr.i bed above. ..Di am no%]ecgeot hi zi ne

associdfe & N i e i
At EH e AP YR o S0 TEEO(M A Mg suffering
therefrome abmprigisg a caftaiiet delesiomabtcumemicsl by @rabskigdieatingahatythe
e nt., u th ondi,tion pr disease to.be

arvg pfERETE TP o PERpI o G oo, oSBT Bg" B anagr more
dosagé anitu¢adhecothipaising g fesb e plzarmesewtictilly acoeptablel exeipkant and, as

of .t he.rel evan ot ei n _agqre ion reaction.
an el inalSil R8Il PR BsiRIsk2he SRRl petppiga from those
descrilgBdaahavephenot hi zi ne conpounds 25 di scussed above pl us

a compound that nodul ates dopam ne levels in the

manmal to be treated. Such additional conmpounds may
Diamiriopbknatbizines ordy@Rradmidistiogdalone rog irccagiunatdinswithsetbér tessatments,
: Koo Wal 4,..The jentific
v SRNG5Sy, CeBPRll Gt f W B fedBto bl
treatedli IngastesulafitmayRey dediied to b%e driifoB)late diaminophenothiazines with

other inhibitors of the relevant protein aggregation reaction.

Preferred combinations are any one or more of the diaminophenothizine compounds
discussed above plus a compound that modulates dopamine levels in the mammal to be
treated. Such additional compounds may include levo-DOPA and dopaminergic agonists
such as ropinirole (see e.g. Olanow, C.W. 2004, The scientific basis for the current
treatment of Parkinson's disease, Ann. Rev. Med. 55:41-60)

In each case, preferably the mammal is a human.
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30 In each case, preferably the manmal is a human. WO
2007/ 110629 PCT/ GB2007/ 001105 -26 Ligands
woe@nitnephenot hi azi ne conpounds di scussed her ePeT/GB2107/001105

are capable of inhibiting the aggregation of

a-synuclein wll also be capable of acting as |igands

or | abels of a-synuclein 5 (or aggregated

a-synucl ein). Thus, in one enbodi nent, the

di am nophenot hi azine cegpeund is a ligand, e.g., a

| igand of synuclein (or aggregated synuclein),
Ligandsarticul arly a-synucl ein. Such di am nophenot hi azi ne

compounds (ligands) may incorporate, be conjugated to,

~ be 10 chelated with, or otherw se be associated wth,

Diaminsiphenotblsgimecampguodpdiscusset haindbaieare abpable oainhibiting the

aggregr?‘agigﬁ ofa- s?ﬁ@gélﬁ \Aﬁipgls{f Bgtcggalrnﬁ?? gﬁ]cgj%gt; %? lgﬁ%r% g(%g%%% %f a-synuclein

| 0l SOt Opés ron-
(or aggrég@tﬁémswnualbmb sThxaty #sond érabodisertn therdiarkimopheratiidgieni c

compe 403 A RELALCHA T Ly o BTN b

a- synL@Lqm ication. 15 For exanple, in one enbodi nent, the

di am nophenot hi azi ne conpound is as defined above

but with the additional limtation that the conpound
Such digroippphermtisszing sompoyrugdligemds)omay mconpbezltattm:bdmagbtedab be -
chelatéosw@% rb‘?romi?\ﬁlsgsot%ga%eg&gtgd 20 01?1 h?tEne 2 grou&s gjch as’ de%éctable
labels, ;ﬁ@sh 8B stablanand Umejalkde datsptamgsmbpes rmmm bahebrsemnttmg

I 0
stoms et MO8 SR B R0 AR Bl 500,
therapeutif ramﬁh@pimeaoy hiher rmety:ma'pmayu didiis aprograatic] deygnselid oras

th Da?gjepl g., a label for a-synuclein (or aggregated
erapggtlsy u“?et{%r?) and incorporates, is conjugated to, is

chelated with, or is otherw se associated with, one or
F . . 3 tectabl e |l abel S,
or ex%ﬂé?@é&gonl%l eeqwlg.?dﬁragrﬁté{hgﬁ'go onglhﬁ%getn%ﬁ} %ine comipound is as défined
above chl’émlth(ﬂpme@ﬂitlmahlimihﬁioodmmmmdommm itk poretds, ialvomjegated to, is

chelatMntW\"otr% 5tn§mﬁ§jedé§s'08Q%| v{/ hgﬂr“{eagrln?cg} t(hat t ?e Con{’cﬁ ls%?pes

i ncorporates, 1s cONj Thel'a
radioisplopes, rp@swogeelmgmg@tm%mnagnem resnearee lalele dyes dluprekcer,

markers; alﬁrgeﬁfccgrgu&?gﬁﬁ%%leﬁtlc #dictigde! s

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

For example, 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 radioisotope (e.g., *Tc), a positron-emitting atom (e.g., ''C,
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I n one enbodi ment, the detectable |abel is, or
i ncorporates, a stable detectable isotope, an
waravabiee det ect abl e i sot ope, a radi oi sot ope (BCTGB2007/001105
99Tc), a positron-emtting atom(e.g., "C, WO
2007/ 110629 PCT/ GB2007/001105 -27 18F), a magnetic
resonance | abel (e.g., 19F), a dye, a fluorescent
group, or an antigenic group. Labelled
di am nophenot hi azi ne ce@geunds (e.g., when ligated to
a-synuclein or 5 aggregated a-synucl ein) may be »
'*F), a magnedicireszhance tveb(etgd’ By aayg, slliaressiest gneapsqr asrantipérric
group skilled person will appreciate that any suitable
"detection nmeans as is known in the art may be used.
For exanple, the di am nophenothi azi ne conpound

Labelleﬁ ld'iagl"ﬁncgo %Bﬂ anﬁ'@é{orﬁ) Lﬁwldk &cﬁ? t %(/hgﬁ geﬁé(?n po( égmﬁ::feﬂ &5
agg reg@ted gx-§ynaslem) UwybmwtatadJmcbcbr dﬂt@teﬁ byramesuitableyheayysoapd the
skilled %%?éi: \'{vfllntégﬁ (ieatg (t)rﬁgr’g glr}ggblmﬁlle @t@&ﬂnm ds4§ Rﬁoﬂm W}He art may

Using positron enm ss
be used.onogr aphy (PET) as is known |n the art. For exarrpl e,
i n one enbodi nent, the diam nophenot hi azi ne conpound
is as defined 15 above, but with the additional
For exdnipié,tthe diamindrienathidzinestonmosnd élggnc;l label) Mmaydbe wyitablyclefected

by inco%ﬁ%ggn%ﬁé%r%nq%gg% 5&59}% gomér?gg g %rg 65?{9&?98&#6%&? more

on-em-t
alkyl grogiCsubstitifepts, atg. | raatby! gypep $ubstituents) angd dgiecting te @ompgmnd

, : 1, 2, 3, 4,
using pEpfoff 8 Rl bRty ToEFEAZS kAR Wip8any o™ o
R3NA, R3NB R3NC, R7NA R7NB R7Nc and RNI1O is a
it - eni j . . Q. g | Y
For ol f OB Sechnf 56 QR hogiing by 08 e
above, bhewihathe@dditicoaldinttatian thagablieasimae (€.9..d. 2, 3. 4, 2{c.)Rf the ring

carbon %[ﬁ@gf the! B%H Eck‘;ﬁ{ogi'ugth c%ﬁyogg? Eg %ﬁ E‘%N@ ce?fi]%\ atom,

eg."'Q ,&ndfprahbea@hmﬁj(amnn 2,8t 4l dapof tbﬁ@a(b@n@toms_of @ lesst outg (e.g.,

R e S e

and R"! Zsamatrph@mlmﬁgsa@hn@t(ammp €not hi azi ne conpounds
(i.e., V\:hI”Ch i ncorporate a positron-

In one embodiment, at least one (e.g., 1, 2, 3, 4, etc.) of the carbon atoms of at least one
(e.g., 1,2, 3, 4) of the substituents R, R®'2 R3NC R™A R™B and R™C is a positron-

‘emitting carbon atom, e.g., "'C.

In one embodiment, at least one (e.g., 1, 2, 3, 4, etc.) of the substituents R***, R®N®, R3¢,
R?NA R?NB and R7NC is -11CH3.



emtting atom detectable by PET) include the

followwng: G G M N\ 2 SNwe 1CH3 / NI \ QG \ S
WERB7IMB2NNL 11CH 3 / N\ C G 11CH3\N \ S /P¢¥/GBZM3/001105

11CH3 11CH3 5 aN:a € Me2N S NH 11CH3 Suitabl e

nmet hods for preparing these and simlar 11C | abel | ed

di am nophenot hi azi nes are shown, for exanple, in WD
02/ 075318 (see Figures 11 a, 11 b, 12) and WO
2005/ 030676. 10 Alternak8vely, or in addition, the

di am nophenot hi azi ne conpound may be conjugated to a
Exampiése biestich glizgnioeghefiothiazineacamyiceinyls §iel tvetiidreintomporate a positron-
r atom or ion by
emlttlngoﬁblﬁgn%iéoc?e{bl% é?? p%{ugag?i{leol%;l%v?ng
e.g.,

rad| oi sot operchel ati ng group, technet| um

chel ating group, e.g., a diethylenetr|am nepentaacetic
acid group) that is el afed.to a 15 detectabl e | abel
(e.g., a radjoi sotope, . 0. Tc). @007/ 110629
PCT/ GB2007/ 001105 or | eMei p one enbodi ment,
t he di am nophe Mi azi ne Sconpounl i s ps defi ned

above, but with the addi € onal | mpqytafion that at

| east one (e Q.,

1, 2, 3, 4,

etc.) b

t he

substltuentsRl R2, R4, Re, R8 R9 _R3NA, R3N6 R3NC

R7NA, R7NB, |R7NC, and RNlO IS,
WessWHL
N/ CH
e
L 3 _
o L, J@ °©
CH?’\N N/ CH
Mo e
| H, H, i
— —_
c>

oK, DNH

|
1

1

Suitable methods for preparing these and similar "C labelled diaminophenothiazines are
shown, for example, in WO 02/075318 (see Figures 11a, 11b, 12) and WO 2005/030676.

Alternatively, or in addition, the diaminophenothiazine compound may be conjugated to a
chelating group (i.e., a moiety suitable for conjugation to another molecule or atom or ion
by complex or chelate formation) (e.g., a radioisotope-chelating group, e.g., a technetium-
chelating group, e.g., a diethylenetriaminepentaacetic acid group) that is chelated to a
detectable label (e.g., a radioisotope, e.g., *Tc).
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5 incorporates, a chelating group (e.g., a
techneti umchel ating group, e.g., a
waelc@rhyleenet ri am nepent aaceti ¢ acid group) tharCT/6Bawl©01105

to chelate a detectable | abel (e.g., a radioisotope,

e.g., 99Tc). Alternatively, or in addition, the

di am nophenot hi azi ne conpound may i ncorporate a 10

magneti ¢ resonance | abel (e.g., 19F), and so be

suitable for MR inmagi ng2@see e.g. Higuchi et al. Nat

Neur osci. 2005 Apr; 8(4):527-33). For exanple, in one

enbodi nent, the di am nophenot hi azi ne conpound is as

£i _ oy L DO .

For exfiele ffond G EmEHY 1 idheBnBithbARE B by dfic B B
aboveghili stithtthe atdititig| liRitatidRahatRE leaRBondE.g. RBNA, 3, R346.) RBIKE

: 7 7 Nngo RNLO 385 piic HLAROLPGI gines N10 ;
S”bst'tﬁé@’fﬁ’\ﬁ (RO ERE R RIS R (R R e R R and R e s, gr
incorporages, a-cogtating gioupt(e.g), a t@thrsfiuinrehelabinagpeipt ¢.9t, ke
diethylBhEREincbBMBALLR LAY %r\spg)etﬁaﬂs QBIF'%S@S'&Bte' £OGEbLBE 1abel (e.0., 2

synucl ein (or —aggregated synuclern), par |charIy
radioisgtepeneagl,&iTe). conprising the steps of: contacting the

20 synuclein (or aggregated synuclein) with a

di am nophenot hi azi ne conpound that incorporates, is
Alternatiye]yugaineddition, the diseihephredothiazine ampbosind nteyringaporate a
magndtE TOGANES el Buq, T BhERH BB sEaei R B8R e .. Higue
et al. NRitNstrdaely 200h Aol &i(4):82¥33)25 aggr egat ed synucl ei n),

particularly a-synuclein, conprising the steps of:

contacting the synuclein (or aggregated synucl ein)
For exaimple, in dicasgrnbogimenbtie diaminepbemiverioe ttrapound is as defined

i, : . 1S i i che i , r
above; AR iR IhELET iohd FRBAAALEH 8 ohdy e 3 4 UE Lo B
substitgentedt'i RG RhB® iR°eRaRE, &, K" aROUInR"6f RESi ahcBipéund
: d j r clLeimy . I
R SRR G S i S S e S S

nmet hod of diagnosis or prognosis of a synucl ei nopathy

e, 7 SYBHE R LY YO0 SR o A oS i (o
aggreqRGTd EBROBIN) OEarti@darly-@eyruciein, sompdsiog H stepsooft bentacting the
oA il RN BT RN oLl
incorperatesi isudoaiuoptes-toyingbeleted with, g1 is cthatisaiassptidadwithaa i ne

detectélﬂ@%‘épd that incorporates, is conjugated to, is
chelated with, or is otherw se associ at ed

In another aspect, the present invention provides a method of detecting synuclein (or
aggregated synuclein), particularly a-synuclein, comprising the steps of: contacting the
synuclein (or aggregated synuclein) with a diaminophenothiazine compound that
incorporates, is conjugated to, is chelated with, or is otherwise associated with, a
detectable label, and detecting the presence and\or amount of said compound bound to
synuclein (or aggregated synuclein).

In another aspect, the present invention provides a method of diagnosis or prognosis of a
synucleinopathy in a subject believed to suffer from the disease, comprising the steps of;
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with, a detectable label), 5 (ii) determining the

presence and\ or anount of said conpound bound to
w@aaieen or aggregated synuclein in the brar@I/oB2G0Me01105

subject, (iii) correlating the result of the

determination nade in (ii) with the disease state of

the subject. 10 In another aspect, the present

i nvention provides a di am nophenot hi azi ne conpound

capabl e of labelling syn#tiein or aggregated

synucl ein, particularly a-synuclein, (e.g

(i) introdugiRg idp H@w@tbuﬁcazud@mnmmgmzmmmnwod pep@nlesf labglling
synucl&R 3k HQ@%Q% Ruéelﬁ ﬁ%%‘@ éﬁug@h (le%r LLBRE Mﬂpﬁgnothlazme

associ at use 1n
compoHiq H"@éjlr@prpﬂl’@igﬁd@, p@wmgatqutoogmglagedy\mﬂa or is otherwise assocnated

with, a S¥HEER ggg?t hy. 15 In another aspect, the present
i nvention pfovides use of a di am nophenot hi azi ne

(i) detefm’m‘pjwﬂ@ RFgpesengior [ageeint ¢fr$g|dsgqmpgugd ound toyymeglainet
aggreg%)@%’s%@bl@m 'Hﬁn biciH &lihe s\ 6e°t¥”“°' ein (e.g., a

am nophenot hi azi ne conpound that incorporates, is
(iii) Cor&ﬁﬂngdh@ Epultef thesdeiwmlmtled magietin (i) vithitee dishasawstste of the
subjec@ssoci ated with, a detectable label), in a nethod of
manuf acture of a 20 diagnostic or prognostic reagent
for use-in the diagnosis or prognosis of a

In anotﬁéérné’é"de@i RRPRBYnt invERBSEpD #ﬂd& S%Iérﬁ‘ih&lj}%n@{ﬁla%é Lompound

grem ate that instead adm ni ster
capablgy phigballing syriclaim el mregatg:hwyplembea@cdameg’cswwclenheyeg a

dmmm&&@n@ﬂﬁ’le@éﬂg@rﬂb@nﬁﬁﬁﬁ xﬁd?)rﬁc%rgtreQ CI% cﬁ@ﬁgét?& o |§ Qﬁel?ted with, or is

conversion to t active
otherwisgsepoqiatgd mithng dtectahledaal) fariusg img mﬂthqﬁ @‘scb@unosls oror

prognogé oagryyﬂbéé,ﬁ[,ggv\#th t he sane subject. _D| seases _The

di seasé states whi ch the present invention is
concerned are synucl ei nopathies. 30 As those skilled

In anothér ééib%ctafﬁe M‘e&éntkﬂﬁ/eﬁm{ &ovnﬁ@?ué@fﬁ §|¥H\W ?éﬂ&ﬂ%&l’ﬂbes

Is used to nanme a neur o
Compow%@m@&esofdﬁ%ﬁﬂmsyﬂud@a ous;aggrebaﬁemsangclaggrmw m$ynuclein

(e.g., a%NéiHiﬁbSﬁéhotlﬂéﬂﬁfect &ﬂ{dtthgt%&{r;gé(ra{%s(# WAty étréd tb qs E%ated

cyt opl asm of se PVe popul at’i ons neu ons
with, OrZQGﬂTeM'@% 2gsquiatpdRith o defeatabls labed ingd ngthograd memufacture ofa

diagno§tRY dr'ﬁéﬂrﬁfstlb FeayBh€Cdr L&kEin Wﬁ@éi@ﬁﬁ@s@ér prognosis of a synucleinopathy.
synucl el n-contai ni ng I nclusi ons are

Those skilled in the art will appreciate that instead of administering diaminophenothiazine

ligands/labels directly, they could be administered in a precursor form, for conversion to the

active form (e.g., ligating form, labelling form) by an activating agent present in, or

administered to, the same subject.

Diseases

The disease states with which the present invention is concerned are synucleinopathies.
As those skilled in the art will be aware, the term synucleinopathies is used to name a

group of neurodegenerative disorders characterized by fibrillary aggregates of synuclein
protein, particularly a-synuclein, in the cytoplasm of selective populations of neurons and
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pat hognom ¢ for the di sease. This should be
di sti ngui shed from non-synucl ei nopat hy di sorders in
wabkiochi®ynucl ei n- 5 contai ni ng i nclusi ons may BCT/GB007/001105

not be present in addition to other pathol ogies. The

synucl ei nopat hies currently consist of the follow ng

di sorders: Parkinson's disease (PD), denentia with

Lewy bodies (DLB), multiple system atrophy (NMSA),

drug-i nduced parkinsoni8hr(e.g. produced by

1- met hyl - 4- phenyl -1, 2, 3, 6-t et rahydropyri di ne [ MPTP] or
glia, au@lrmiuq%ardwh d¢he pesseteetfotivycleiandntainig indiusinosme
patho{rﬁ‘injnb‘[)o‘?d{égcﬁ@ase’\bn synucl ei nopat hy di sorders in which

ies nmay be found include the foll ow ng:
Al zhe| mer's di sease, Pick's/frontotenporal denentia,

This sﬁ&ﬁ&‘béfdg g%lf £ rﬁ'nﬁﬁ@i&cl%ﬁc@?é’ﬂﬁl dlécﬁh@f‘ggﬁ%%ﬁ' gnucleln-

cortico gener at i progressi v
contaiging ingfsiane anayoerl gy nqtavamm@k mﬁddntwéo pﬂ]ﬁnpatmlmmsut e
scl erosi ng panencephalitis, amyotrophic | ateral
sclerosis, ALS-denentia Guam conpl ex, Meige's
The SWﬁ'Gm@ﬁétthGJUH&hﬂ)e¢%ﬁd ehthsfrlowing dserders( P@Bjnson’s disease

(PD), éé}ﬁéﬁt@d@@lﬁ.‘ﬁ Sodie e(}ULbz frﬁulﬁ‘blg s%%@rﬂ)atrok)ﬁ? (l\ﬂgﬁg drug-indyced

neur egene rve
parkinsgnigm é%grmoéuqaqlohyc‘aﬁ@ﬂwyd -Ad@henitd, 2r6|6rihtnalmgiyommme [IMPTP] or

pestncn@e§¥l%ﬁcésqlofénoﬁé)b"ahg%u}enaﬂ nﬂ@?dlluéa%ﬁyl gHow basi ¢

simlarities regardless he un ng di sease. 20
Par ki nson' s di sease has a high preval ence (ca. 100 per

Non- S);fg.% ? egbthg‘?{%&&g ifvhidn bgé’ FQ ﬁ{ag]b%OfourQ@ Qn)crup g tehi)é’ﬁgwing:

consensus severa
A|Zhe‘@ﬁé% dishage, iak'séxonietethporzb d%aemtlae Creéuiririt-takoh disdasegstaxia

telang@éta?]é %ﬁ%ba%@i%b‘ﬁong %ﬁqgﬁlé '}ﬁégrfeg% w‘é E@rgh%@%&glals?nd

osi s of ment’’ a& w
neuraXODijystrp@lm ﬁUbQﬁ’UtQ belerosing @ﬁtl&:mpbailtlsx@nwttcmhmaie«m atlerosis,

ALS- dmékﬁah@@am %Hﬁ@eggg%mne L}/naﬂomle A Iler\ll\&eraérq Sgg& cﬁgeaﬁe \xI&lISD)

1124) de senile enentla
(neuroggggne( 3tiea, Wlﬂ_“éﬁefwmbm VB peawr C@ﬁm&hWheaW@rle@ di sease,

neurodl“%'éhél%ﬁve &iS¥Ns RO @fudjgrﬁéve s d h%%qug%hg%@ﬁ Bk b &ynuclein

enconpasses Shy
fibrils ig ney@pals Sl<a$lmd@mt@smgg%wéssofrthawodermrw disease.
degeneration. DLB has been reported to be the second

nost conmon form of denentia in the elderly after
Parkinggryshdiserae has alhigh asvalence 30 190 pe6 AP, 020) coBROGT \GOTNISS

(4 per 162000).

DLB was adopted as the consensus name to cover several other ones that had existed
earlier (McKeith, I. G. et al. (1996). "Consensus guidelines for the clinical and pathologic
diagnosis of dementia with Lewy bodies (DLB): report of the consortium on DLB
international workshop. Neurology, 47, 1113-1124." Neurology 47: 1113-1124). These
include senile dementia of the Lewy body type, Lewy body variant of Alzheimer’s disease,
cortical Lewy body dementia and Lewy body dementia. MSA encompasses Shy Drager
syndrome, olivopontocerebellar atrophy and striatonigral degeneration. DLB has been
reported to be the second most. common form of dementia in the elderly after Alzheimer's
disease.
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Par ki nson' s di sease is characterised by LBs in
substantia nigra, but they may also be found in
w@enraxe2dLB i s characteri sed by nore frequentPCT/GB2007/001105
occurrence of cortical LBs. In MSA filanentous
inclusions, ternmed glial cytoplasm c inclusions (GCls)
are found mainly in oligodendrocytes. The nature of
the conponent filaments in LBs was unknown until 1997,
5 when two findings estai4 shed the maj or conponent:
(i) a mssense nmutation in a-synuclein was found to
Parkinsass diseageds ehdractariedd hainBd inasubfBnijaPoigrarbrblbey hey,aldd be
H. a 4 " Mut.at i ' e a- cleel.n: ‘
found fgofibr. 7bLg e fcterd i hoR sl upitocli FRET ELReHNR. 1
MSA, farhemntoas in2l6iong GdBnexDalia) cyomlagric inditBsoresn(G AldYsare found mainly in
0 di hi-¢ P ' . 1 :
oligodk ERT et o1 b RoNBAScALRE o s unigpong ung 1097,
when tap finfihg9 BtablisheSimimiafr coimporeanin(i) Bomiseeksesmtitaliarn inreesynuclein
was fofiPio, i35 e ol SPIARIRTRD @oRRAHAICEICR, KER, EPY Moo,
"Mutationfintreemtsynuotesi gene identifise asfamiliskevith Parkiaggr'edistass." $dience
i iapi i - t ctur.e. R rabl y. the
276 2087 ARE D L S R AR I PREA o SR et
immunofeagativesipn aelyricieip 45 hilfardiel, dt tGe et Ak (TAPD,"ofARLCIMBAN Aadly
of j f ject T ' i er.ej
bocies; AL 3R B3 8C), RGrBHon LRl 6 BB 4R RIS e
proteings agratigély unfoldedpagteine lndisdases wedre idtaggragataseit formsifibrils with
B_Shettr{eattment, or to assess the effectiveness of a
FPEAHENt 20 or a therapeutic e.g. an inhibitor of
a-synucl ein association adm nistered to the subject.
Prefergly treddommubgecfitbe porsettievardibhade nsed iheespelcecftaed on
. ' f vent.d L~fac Thus the initial
Synuc'é@?%%ﬁ?%%e%@ ﬁgﬁaﬁ’e%&%§gﬁﬂég{s\?e any one or nore of:
rigorous evaluation by experienced clinician; ‘
ChoicE .sjuid icpn of non-AD di agnosis as far as possible py 25
suppl*ernentary | aboratory and other investigations;
obj ective evaluation of |evel of cognitive function

rhe 0 8- DGUARRL AT AP T Bl 1% S8 T o BE SR .

may be3 Ose_ﬂtdim seiest a abiion fmﬁ(aammmmdg ,as;&xsnbs 'etféacﬂinenemsi of a treatment

or a thé%ﬁ%%t%ﬁgg% i@@ip?@rsogﬁe%gﬁ?lgﬁ ragggcd%tfqn %Jﬁéﬁ{e?gd 6 thd sm?bject.
~"therapeutically effective amount” (as the case may

3uitab@ﬁsiur§%r}§gﬂg o IJ‘%'aﬁt’éiet%g 40, tﬁgﬁg%ig%f gg]vtﬁgﬁénaaﬁ)ya)ctors.

cle show bene
Thus theniditial skiedtion of a patient may involve any one or more of: rigorous evaluation

by experienced clinician; exclusion of non-AD diagnosis as far as possible by
supplementary laboratory and other investigations; objective evaluation of level of cognitive

function using neuropathologically validated battery.
Dosage units, and formulation and administration of compounds

Administration of compounds, compositions or medicaments as described herein is
preferably in a “prophylactically effective amount” or a "therapeutically effective amount”
(as the case may be, although prophylaxis may be considered therapy), this being

sufficient to show benefit to the individual.
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WD 2007/ 110629 PCT/ GB2007/001105 -33 For ligands the

anount will be a diagnostically effective anobunt which
wowdr/igiexe rise to detectable binding in the par/Genaio7/001105

suffering froma synucl ei nopathy. 5 For nedi canents

t he actual anpunt adm nistered, and rate and

time-course of admnistration, will depend on the

nature and severity of the di sease being treated.

Prescription of treatnmen83-e.g. decisions on dosage

etc., is within the responsibility of general

practitioners and other nedical doctors, and typically

: - i sorder. to be treated, the .
For ke BEARHI e 4 o HEA1 Sraph o SR 51 e o
detectalié ibingiing, in titheepatienhsudfedhg Omealsinocietnopathgn and ot her
factors known to practitioners. Typically the mammal
will be human, although use in aninmals (e.g. for test
For mgsliggnoerds themactual ameuntainyinisteesdipad rate apotipeses)ysd 6f al so

: C [ ion., 15 anpl e.phenot hi azi ne
sominSISNES) Bbchl PO e TR RSP,
Prescripgion ehiiedtarentieegl deyisibhe opdosayesats., isafitin #heé respdnBibility of

oener A ARARE LA B4 B s S e R a0 corcer
to be treateds @ qordBion of Htedndivid T4 atierdnthe site sf ddliveRyetrRbae®od of
. (JF=1=N ' r utically acceptable salts, or
adm'n%?ﬂemrrj] ﬁ&%%ﬁh@g%ﬁ%%’%ﬁ%%e prgperti es defined
in the assays provided, could be used as 20
estin t oxi ci t

Typica!ﬂﬁﬂeﬁ]@éﬁfﬁafnw@;bteg’[]uﬁa%% é?ﬁrlﬁg‘e gsein {n% a‘?a@t fcgﬁg t_p‘.]ﬁep'ﬁgés, or

veteringni tberaphealicmoposssy &l alssemiofacekbniHedmesntibbe i n a wi de
range of nedical indications has been described,
i ncludi ng treatnent of nethaenogl obi neam a and t he
Exampis pipsinpthisdinesodf tepiesent2vethtipn esinoeniis rehars isd (idgykor

j ' 21, .915-920) ,
el 8E8 g B ALY S5 e er
Weyl, Brilstain B\ /Il 129¢ fi, 199@progtiaCiiera21, 6 134419830 etcdd Fhe The

' : I t abol i
compo i A o as By TSk Sreelobls sl & St
compovm%pf@pncq tooiTave)thg prapediemdetduad inBHg a&s@@s fARIdeD] s6UM Pe 886l as

, P L SCi 086-.1094). Th
o RE B W Nelpo T S kP A oo ot
prepargfignght al |y such as orally, in the formof tablets,
coated tablets, dragees, hard and soft gelatine

capsul es, solutions, emulsions or suspensions),
The priggrhearmacedicg! userofintathylenenbluefn meial rasges afragdioal indications has

been d%ﬁibgg,lrirlﬁﬂ\?@?g gte%t'g"nnén? &f r];'ngtrhg%l%gglggiﬁggr%{at A tﬁg)p'ropmig%\é%rf manic
depressive psychosis (Naylor (1986) Biol. Psychiatry 21, 915-920), and CNS penetration
following systemic administration has been described (Muller (1992) Acta Anat., 144, 39-
44). The production of Azure A and B occur as normal metabolic degradation products of
methylene blue (Disanto and Wagner (1972a) J. Pharm. Sci. 61, 598-602; Disanto and
Wagner (1972b) J. Pharm. Sci. 61 1086-1094). The administration of pharmaceuticals can
be effected parentally such as orally, in the form of tablets, coated tablets, dragees, hard
and soft gelatine capsules, solutions, emulsions or suspensions), nasally (e.g. in the form

of nasal sprays) or rectally (e.g. in the form of suppositories). However, the administration
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WD 2007/ 110629 PCT/ GB2007/001105 -34 can al so be
ef fected parental |y such as intranuscularly or
Wo ptorawsepusly (e.g. in the formof injectionPCT/GB2007/001105
solutions). The conpositions may include, in addition
to the above constituents, pharmaceutically- 5
accept abl e excipients, preserving agents,
sol ubi l'i zers, viscosity-increasing substances,
stabilising agents, wettB#g agents, enul sifying
agents, sweetening agents, colouring agents,
can als¢ he effedtad papotelly sustabs mitrboussudary ardnttdvenossPld.¢. in the form of

ST X buffers, or coating agents. Such materials
mjec“%%ﬁﬁ@r%é non-toxi ¢ and should not interfere with the

efficacy of the active i ngr edi ent. The pr SCi set Eat lir e
end on e
T A e G
acceplablst @xcipients, amesmvmg) agehts, moldbrleaingémltyrl%mbﬁaﬁaés,

) ) : er.e
stabiigfl SRS vt ol R daenihs o' S ling AT cplogrine
agentg; (fjﬁm;gqngwgantst kaitsa‘dmanylsg thetdsatotic pressed baférs s coating
agent§fSWSﬁ Wa‘iier{%?%%tu?cl Il.) 8(2# gnélc%%dos %{Jll‘g { 1%%% @/itg rtrpnéag\%caoﬁycpf the

aCthGdelgél dbe peeaisgprailiresaf tlmﬁaumermnﬁthe%mdt@iavﬁ&nye end on the

in the f
route &%g@g Hg{&ﬁr %)é&?ﬁ;ﬁ?é oytg{tla] cﬂfeﬁ ang é’r?tBFﬁ’? gan e i in
“Remfe@.tgpsfhmma@;/ca/ Sd@neeséme"tetumuoadmsm A1 (eal), og98czan al so
be effected parentally such as intranuscul arly,
i ntravenously, cutaneously, subcutaneously, or
Wherej the palp)eoﬁbitiwnisdd)ﬂrrwla(ted ignto & phalhmcéomm OéBmpdyéiu’lcﬁi;tHeOédmlmstratlon

thereo?ﬁi maceut | cg% eﬂ;més tefs %"%‘('F i tﬁélfcﬂg' ?f(PrOMdeS iphlets qopted
tableta, tragegs, hard:iamjeoftagaaﬂmecbapamles aolutiond) eAtigehDbr SupSisicha,

s 05 ISR B AU e S

Howevgg tthe edl@mrqﬁl@lunldsaraalso bheiffected parentally such as mtrlamuscularlyk,)

I I ddi n salts_can be
ROl S ATARTARN) PP ROl 00 R i
injectiaprsghdtices)exci pi ents. Lactose, maize, st arch or

derivatives thereof, talc, stearic acid or its salts
etc. can be used, f or exanple as such excipients for

- Thus, fpoagtasple, wimfa@wshaimdcdﬂmcaﬂ C@mmsmme map)iselfoﬂ& of Quatlehlt ehay

mclude%(gélﬂ' c%me? stjgltﬁ ggggltatlrge?e&aérb\icﬁ%vgﬁp ?g){ gwse rﬁéﬁllufa%tmq of taplets,
coated|tabj@tsddrpge§a)$m kdrd gelaliee eafiduies, therquties torapourtisiandttifer

pharmzﬁé%ﬁﬁ&a‘ﬁp a@cédtgqﬂé %cﬂr]a%"dﬂ%ﬁ St & b gr%ggsl;s%td Wit phlarmacelultlcally
inert, lnorganlc or organic excipients. Lactose, maize, starch or derivatives thereof, talc,
stearic acid or its salts etc. can be used, for example, as such excipients for tablets,
dragees and hard gelatine capsules. Suitable excipients for soft gelatine capsules are, for
example, vegetable oils, waxes, fats, semi-solid and liquid polyols etc. Where the
composition is in the form of a liquid pharmaceutical formulation, it will generally include a
liquid carrier such as water, petroleum, animal or vegetable oils, mineral oil or synthetic oil.
Physiological saline solution, dextrose or other saccharide solution or glycols such as
ethylene glycol, 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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30 liquid carrier such as water, petroleum animl or
vegetable oils, mneral oil or synthetic oil
wobopgitaleeni cal sal i ne sol ution, dextrose or otP€&r/GB2007/001105
saccharide solution or glycols such as ethylene
gl ycol, propylene glycol or polyethylene glycol may
al so be included. G her suitable excipients for the
manuf acture of solutions_and syrups are, for exanple,
wat er, WO 2007/ 110629 PC3? GB2007/ 001105 - 35 pol yol s,
saccharose, invert sugar, ucose, trihal ose, etc.
Polyolg RaEciiAreses e isuae's IWgPss, H%@@F?ofﬁc Suitablel @eipientsTor fnjaction
solutloen)saif@ﬁ@r, ex\éﬁipﬁd’ waerC S166Hdls, pB@bhéo{;@cerGI' YESSMle oNEIRT RYE
¢ ? For i ntravenous aneous or subcutaneous
in fa‘“?'}?f‘%c% Figous pr ?W?@%Mﬂ@ﬁf'%mmtréﬁathﬂ&eblrtfwrbmm the brain,

the actn@m@@dléhﬁwlll%nﬁ%@f&m\@f h |paFé%térQlly15&ef)féb v\% Eu%solutlon which
acce | e aqueous sol ution

a nt er
s Pyrdgh el SO AL, SalonA EMbHEHN oGRS bt plexact skl in the
art are&h@haildle toprefirestitaile %&b%ﬂ{snr@kfdr exérﬂpfeh%oto"f‘lfctve?fc'f‘es such as

Sodi dkéeto prepare suitab sol utions usin
odiurgCiasioe INeeisy Ringeys Hiedties, LastatechBingerniniastion Ryesefuctives,
stabilideng, &uffe@bndRr BERY a8ditidsBRAY Sé‘mciuaﬁ@l a5lq @'I’%]?er S
I njection. Preservatives, = stabilisers, ers and/ or
" other additives may be |ncI uded, as required. 10 Uses
Uses dffthd bemsaumiae uBeksn Beliginds afay! dtlﬁ@é‘gﬁulg%rh@rblo'r ?&nﬁbﬂidr@r
carriers or conpositions. “Thus in aspects of the
i nvention wherein a di am nophenot hi azi ne (for exanple

Thus |ﬂVE€;)edt§of ths Nehﬂbnamlﬁ@élh%l%lnbﬁﬁéwto‘ﬁﬁé‘ilné)Fff)lt rrg:? ) IS

dy, that ne

g K‘fg‘P& or animal b
use '“ ﬂmﬁt dTRRHTSTt 08 herAPYAT thebLraa el basbu et method il
preferafbl;almdﬂwbﬁﬂmtslfﬂaﬁém BEhe lefibétie anﬂa’@mP 6fed‘|§iﬁﬁ1gt)bfer¥otﬁ‘ﬁazm orally.
medi canent i s adaptedfor oral adm nistration de
preferably is in solid dosage unit form Preferably
Preferaithyﬁhéﬂﬁ@ﬂ@n%rit lis Seaptetifonbal SdRristaRd], B d
g || be less than or equal to 50 400, n3 %g%}ﬁéoq'd
osagﬁﬁrd "dai Iy total dose. For example it may consist of
dosage units of 10,20, 30, 40 50, 60, 60, 80, 90,
130 t three tinmes a day)

0, 12
Preferah(?)f t'gfaﬁé ?Qﬁe‘f"@ betardﬁgsys@gﬁgisqrglgy d-‘f’re Y& Wilhipe lese than®r equal to

400, 3@1) 20800r 140, mcﬁ@alllggbal ?%‘.e 8‘%5 8)992;3!&@%@1&&13!& 5£80s <a§§gmts of

10,20, ééd“é&v%g %9 0ah?q 1t1ﬁe 30, BL{ 3R tid. @Wﬁﬁtlﬁ@é@ day)
equal to or at least 2, 3, or 4 weeks. [Instructions
spect of, these dosages may be included in witten

Altemak%gl}cﬁ (ﬁonﬁﬂ q;flqpsgg]eeunlts of 10, 2% 30, 40, 50, 60, 60, 80, 90, 100, 110,
120, 130, 140, 150, 160, 170, 180, 190, or 200 mg b.i.d. (twice a day).

Preferably the treatment is continued for equal to or at least 2, 3, or 4 weeks.

Instructions in respect of these dosages may be included in written form on or within the
container of a drug product of the invention.

Where administration is in intravenous, it is preferred that the diaminophenothiazine is not
MTC. |
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contai ner of a drug product of the invention. 30 Were
admnistration is in intravenous, it is preferred that
W b@7di@ed nophenot hi azine is not MIC. W 2007PA1/682®7/001105
PCT/ GB2007/ 001105 -36 The di scl osure of any
cross-reference nade herein, inasnmuch as it may be
required by one skilled in the art to supplenent the
present disclosure, is hereby specifically
i ncorporated herein. 5-PRe invention will now be
further described with reference to the follow ng
The disglosyiierafani grossirefarease girglebeaip ilkasmuphtasrit may beirempired by one
skilled |
e e B SR Mol L BT arsEiheal. médiforate
hereinsanpl es from the purification of tsyn by anmoni um
sulphate fractionation and N -affinity
chr omat ogr aphy. Sa es were anal ysed by 15% SDS- PAGE
The inygptiat will mowdDWﬁherr@éﬁﬂ@@w&\ ieferiencerts the fpliewing non-limiting

Flgurecéf’é’l‘lélI E)&rﬁﬂlé&n Oirer %Bbéliﬂ‘éﬁ&'d?'fh&ﬁ%&ﬁ%ﬁ WY o PRI thHER skilled in

ate fractionation and arose ani on
the ar%'ﬁ@éﬁ%\ of Hiesfrat ography. Sanples were anal ysed by 15%
SDS- PAGE and staining with Coomassie Blue. Figure 3.
Sampl es fromthe purification of fsyn by
FigurgseaF. Sepharose ani on exchange and 20 CM Sepharose
cation exchange chromatography. Sanples were anal ysed
15% SDS- PAGE and stai ning with Coonassie Bl ue.
Figur GF%/ quAePlas fram diee peifiesiéonuaf tsymoy ammeniean $udahabs frectipnatiomdand

Ni-affih®y &hroPBt
ﬁ/ w??:ﬁ)ﬁ dgﬁp&% @énfpiéé%é?% %ﬁglg%o‘)é}/nﬁ"ﬁ éﬁné %)A{\b%n-ﬁ {}Qigmg with
Coomﬁiﬁ‘?@qen 20 MM 25 Tris.HCl, pH 7.5, pI us 50 pg/ m
hepar| n where indicated, were incubated at 37 C with
m xing. Fibril formation was assayed by adding 10 pl

Figured. $#/aples SQBHiP GHIicstiamof fsyn by ammasiun sulphate fiaokdratiomend
DEAETSéyhaMdem#:dﬂb@HQng}e'@vr&%Qfob%W ”s?ﬂﬂﬁf‘ek %r%h@&seﬁ by 16%

nmeasur ed em ssi On  wave
SDS- PSA%Fné‘Fdfsﬁ}'“”ﬁSh’é"ﬂf' Peemagﬁ@ﬁélem one was subtracted from
t he

Figure 3. Samples from the purification of fsyn by DEAE-Sepharose anion exchange and
CM-Sepharose cation exchange chromatography. Samples were analysed by 15%
SDS-PAGE and staining with Coomassie Blue.

Figure 4. Time course of fibril formation by tsyn and fsyn monitored by fluorescence of
thioflavine T and primulin. 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 pi of the incubation to 100 pl total of 1
MM 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
spectra before measurement of the signal at the excitation peak (420 nm for primulin, 450
nm for thioflavine T).

Figure 5. The effect of MTC and ETC on the fluorescence of thioflavine T or primulin
induced by assembled tsyn. Tsyn-13 at 1 mg/ml (~95 uM) plus 50 pg/mi heparin was
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spectra before neasurenent. of the signal at the
excitation peak (420 nmfor primulin, 450 30 nmfor
wao bioofitk@ed ne T). Figure 5. The effect of MIC apdI/EB®00M01105

the fluorescence of thioflavine T or primulin induced

by assenbled tsyn. Tsyn-1 3 at 1 ng/m (--95 pM plus
50 pg/mM heparin was WD 2007/ 110629 PCT/ GB2007/ 001105

-37 incubated at 37 C for_20 h, then aliquots were
mxed with MTC (A, C) or3ETC (B, D) to give the
: & i hown and incubated a further 1 h.
noubdf ST ICor 30, BieBiatls efrrminad s A0S 6, o T/, O
give th@fcobc@Mdtvbh@éh@Nn (1) arldAncuBhtedla fBFthéM . n1 6 G ofithe begem W
addedttg"?g% tatll onncgq ?\éhl wer e mzasure ﬁ]? as
Rl dplms thioflawing i (ATRR ok wramlé@ (S, Bhonmitrar ¢

excntatidmespleeisal M/&ere)ﬁeastbédi aeitH tﬁg eﬁ‘hs% o L
oun il o}n t\@éeb%Jle ﬂ{at 4?3? nm. Thef fraces

shown 4"99{ R0l 8 8 Riiaciidh © PR fercihe ﬁu@r@pbor@ Pl Rorariciod roo the

signal MT@rcﬁad pEJ'BGIL@I’b[:iHEbﬁe dhdiegn@smpce of prinulin induced by
assenbl ed fsyn-14. Protein at 2 ng/m (-140 pM plus
50 pg/m heparin was incubated at 10 37 C for 47 h,

Figure 6 dlibealfieqLat\dT @Rne mio@ﬁm@liﬂwrek@e%é p%gm mEJcb%gt(tgx e

assem?@d%}/grﬂ{ hlﬁro onc %?r%l{(%ﬂf%ﬁlg? gp}ﬁ amxg/rdd@@;rr:; l!f)las I@0bgted at
37 °C fooudlh, tranutiguets wasé m&ednmmmbfeﬁ E)x& éT’é g]é’ @%Bg%ég

on wave
concerlfaiSnd SR G B iTibated aHsharadh 10 hof Supprotai wagatdeel to
100 pl ity Nalumef afrpritgin fahy m@@&ﬂétﬁ)n@d&tr& %@r@@%ﬁr&@ 'Rn{hr}ﬁe

[ tein_plus fluorophore an
emrssm?_d WaR nﬂ?h ?ﬁ%é%)erf'f'eg e frpcegrshoumaprethe reault hfesubtractmg the signal
for the fllIJQroplmre ehseoafoolhd abhmaué BRndiF6r ﬂBieWélh?ﬂuérggfgocrg dndY

re

a,?dsenbl ed tsyn or fsyn. Fluorescence ues
neasured fromthe traces shown in Figure 5 for tsyn-8

(A) or Figure 6 for fsyn-14 (B) and normalised to the
igure 8. The

a i £ hout conpound. Fi
Figure y ;T H&F% %‘f’ W‘W&’ ogi1& fff@%ceee%gfdéwél@wm T or primulin
/nduced hy oddsawibrez! Syoor oA, nﬂbbrﬁscéirfégt%%@s %r@ﬁ%ﬁ%k@ ﬂoﬁﬁ“%ltraces
concentrations 0
shown BFIRHE BB o7 B S S er svsesipianmmatisssyiond e
measureﬂylthbtﬁtemmmﬁnmc or ETC as described 25 for Figure 5,

except that thioflavine T and prinulin were at 0.2, 1
or 5 pM Peak fluorescence values after correction

Figure §. ofhebefteot DOMTC aneh T Mok IR fluibRsbcbAcd SF8hSAMWR T or primulin
induced by assembled tsyn, assayed at different concentrations of thioflavine T and

compo

primulin. Tysn-16 was assembled and assayed for the effect of MTC or ETC as described
for Figure 5, except that thioflavine T and primulin were at 0.2, 1 or 5 uM. Peak
fluorescence values after correction for background were normalized to the value
measured without compound and are plotted as a function of concentration of compound.
The effect of MTC (A, B) or ETC (C, D) was monitored with thioflavine T (A, C) or primulin
(B, D).

Figure 9. Binding of aqueous phase fsyn to solid phase tsyn. fsyn-20 at 0-10 uyM was
incubated with tsyn-13 bound on the solid phase at 0-2 uM and bound fsyn was detected
using antibody 211.
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measured wi t hout conpound and are plotted as a

function of concentration of conpound. The effect of
WOR®7(10628) or ETC (C, D) was nonitored with PCT/GB2007/001105

thioflavine T (A, © or primulin (B, D). 30 Figure 9.

Bi ndi ng of aqueous phase fsyn to solid phase tsyn.

fsyn-20 at 0-10 pMwas incubated with tsyn-13 bound

on the solid phase at 0-2 pM and bound fsyn was

detected using antibody8211. WD 2007/ 110629

PCT/ GB2007/ 001105 -38 Figure 10. The effect of

conpounds on synucl ei n-synucl ei n bi ndi ng. Aqueous

Figure ﬁbaﬁﬁe efF¥Q-or égmﬂbu@sRM %ﬁcléiﬂ%&*h@él@lﬁ biMdiry. t otls phadle fsyn-

Min the so pha resence of
10 at 5d&\ﬂrW@§| mbéﬂsewﬁth t§er?%gafrbLJM3n th@rﬁﬂ“ﬁ Pt‘%ﬁ/mé*&% P’iﬁfﬁe@ﬁe of the
compollkdslShodm. SSFsyn expression in NIE cells. Each drug-
concentration (0-100 nM was carried out in
triplicate. DEETC added with dbcAMP and cells

Figure qgal YiBforpakgn & By BC BY PN e rassian fviEReé Each@rug
ure 14. Presence of addit]onal protei n%ﬁarhda%ﬁ@?ﬁ
concentyelon-404 a) WRERariAS oHDMATRICASE DET Gragiesn T 3 and
cells ahmwe%aéﬂ%dz dapd By iMmursobldtwiththRs 42 ndependent  pl at es
which were differentiated using dbcAMP. Figure 15.
Aggregated a-synuclein in N E cells expressing SSFsyn.

Figure 48l tPro@nel of SRIHOHAI proteis Bhhds that 8 defearel with mAb 42 but not by
non-transfected, control N E-115 cells after . dbcAMP

mAb 2{ {.ebangehtuntrepigdi lBnes2. Adyhegpindapandeatpates SEN ekl

d,ﬁereﬁtegtécﬁuwammg SSFsyn. SSFsyn cells stained wth
Texas red-labelled anti-a-synuclein (left); right

panel , primulin |abelling; mddle panel, nerged inage
FlgureQQOWg?%Q%?éd @§ﬁ¥d0ﬁa§ﬂ Inﬂ%ll@@iﬁr@&%@ SSF‘SW)V L@ﬂlbérﬂsl SSFsyn
ure

cells; right Q?fﬁ’l@ﬁttfaéﬁfe&?edt §9’W°' Nggfﬁjflgelgtaﬁpr ﬁa‘?ﬁw*’é@afnm in
20 M Tris. HA pH 7.5, 50 pg/m heparin was i ncubated

at 37 Owith mxin in th presence gf Mngt thez .
Figure d§n AGNag{acm sy ¥ esin N lﬁérfsﬁﬂ%@xqquﬁ (e SPEREhCEp stained
with T&@E Ir8dfabelid dBi-ARfhRfsRySE phh&l ﬁrnrﬁulfrﬂﬁ[belm’fg iiddle panel,

fluorescence of ejther thi of avi ne (nlJlgge‘ gpanel )
merged image showing co-localisation of antibody and primuli ellin

Figure 17. The effect of MTC on the polymerisation of tsyn. tsyn-16 at 1 mg/mi (85 yM) in
20 mM Tris.HCI pH 7.5, 50 ug/mi heparin was incubated at 37 2C.with mixing, in the
presence of MTC at the concentrations shown. Samples (10 pl) were taken at various
times and assayed for their effect on the fluorescence of either thioflavine T (upper panel)

or primulin (lower panel) at 1 M.

Figure 18. Binding curves for different syn preparations. Tsyn-13 at 1 yM bound to ELISA .
plates was incubated with dilution series of three different syn preparations as shown. The
aqueous phase buffer was 20 mM Tris.HCI, 50 mM NaCl, pH 7.5, 0.05% Tween-20, 1%

fish skin gelatine.
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25 or primulin (.lower panel) at 1 pM Figure 18.
Bi ndi ng curves for different syn preparations. Tsyn-13
w@rooz/1piékboound to ELI SA. plates was i ncubat edP@i/GB2007/001105
dilution series of three different syn preparations as
shown. The aqueous phase buffer was 20 mM Tris. HCl,
50 MM NaCl, pH 7.5, 0.05% Tween-20, 1% 30 fish skin
gel ati ne. WD 2007/ 110629 PCT/ GB2007/001105 -39 Figure
19A and 19B: Binding curdfes for syn-90 indifferent
buffers. Tsyn-13 at 1 pM bound to ELISA plates was
Figure j1R&@bdt188: Gindingdiurvesifensysetl ia difisrend putfars. Tsyre! 3ajuddi dound
to ELl%@?%sk%‘%s gﬁ/&%atéﬁﬁ&l& éﬁlultloggeﬁggl of%?ﬁimnfThH @Egeo'ig pf%e buffers

Tween-20, 1% kin gel ati ne. 9ure

were al 60 nilatichigcladad 28 mivbNagl, fJfOéF/eﬁwe@ry 0,p% sl alsm éﬁ?
Tsyn-1 3 at 1 pMbound to ELISA plates was |ncubat ed
with dilution series of syn preparations as sh

Figure 2uBisdisg cuhves éonsliffarent syareparationsr Tsyn-3 at bpwooemd S@EUSA
plates @%(L h‘%gb%tfg m&'ﬁ%j}lﬂ_ MRER0 of éyﬁ’ ;ﬁré}%}a%srhs Q\%Wﬁt IThe-aqlBous

curves ferent_syn
phase pridgrayas 3bmd Trissiyal, pE %8, 5PrpM| h!ﬁﬁjn@oﬁ% Tﬂlﬁfe@p?(’ i afigsskin
gelat,nyyas i ncubated with dilution series of syn preparations
shown. The aqueous phase buffer was 20 n
Trls HCO, pH 7.0, 50 nM Nadl, 0.05% Tween-20, 1% fish
l | BB dirsgh-¢8 B £ HiM 1KY H%(ELISA
Figure 21 Bigghp e or By B4 G BT, S B
plates w insgbalgd mithEilvem ssirigs of swiaryeparationst f@osm\’\tnh waemw@#ﬁ
T ¥ e ski
phase §E I'Q,Eaat e0 %&Vﬂl@ﬁd BHZ?OOF%.J s@%ﬂﬂgagg 1\%|bel\r/lﬁ%%und tos "
gelatmgu SA pl ates was incubated with dilution series of
fsyn-20 or fsyn-22 in Na phosphate pH 6. 0. In bot h
cases, buffers also contained 50 nM Nad , 05%
Figure BRe dHading aurties i fa/a wndleﬁﬁs;@e?%lmdfféerefz@U@@nﬁ dsyn-13 at 1 uM
bound @Ems‘?@@a ﬁ'@‘?ﬁd&aal%% withEdilifdr SeMe8 Bt BYRIJBER ©8 nAN ris pH 7.0

rovi d illTustrative purBoses and_are not

or 50 thhémuwpha@ AH @Ptor Bife B.lsya-18fat il kb panshieiEIASA glates was
incubaflRBGit BRMoR SERlTbf INR-ZPE FEMLIS ANS @Tés‘%gm @@.1 3}@Poth cases,

buffers also contained 50 mM NaCl, 0.05% Tween-20 and 1% fish skin gelatine.

Examples

Chemical Synthesis

The following syntheses are provided solely for illustrative purposes and are not intended

to limit the scope of the invention, as described herein.
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-40 Synthesis 1 Ethyl-thioniniumchloride (ETC) / NHZ
/ NHZ Et-, \' | HO, Et20 NEt" N\ Et 1 2 HO Et N
w0 20da28629eCl 3. 6H2O0, H20, HCl C G Et-, S/ NMT/EB2(T/001105
N, N- di et hyl - p- phenyl enedi am ne di hydrochl oride 5
N, N- di et hyl - p- phenyl enedi amine (5 g, 30.4 mml) was
di ssolved in diethyl ether (25 cm and hydrochloric
acid (6 cn3, 10 M was added and the m xture was
concentrated to give th4title conpound (7.22 g,
100%9 as a red/ brown solid. 5H (250 MHz; D20): 7.68
(4H, m ArH) 3.69 (4I—§y@h,es?s132 NCH2) 1 11 (6H, t,

(o) ,C“i)za o ( APEpPHS IR RS (R 5 (Arq T1391

(ArQ. Wit oni ni um chl ori de
N, N- di et p phenylcergdi am ne di hy rq hI dride (7.22
g, B84 hopt ) was—dissolved |r|£t\1 watber (250 cnB) and

the p adjustedto 1.6 with HO Nt o- sodi um

sul phEde (>60%" (3.95 g, 30.4 ,E[rml ;M}v{}g(ﬂ added
portionw se. The suspension was stirred until aII t he
sodi um sul phi de had di gsol ved. i; N n of ir

(1Né12$,ﬁ“e*€ﬂ|3@ﬂi2<§1¢162ﬂe|15 ] 100 ter (2 OC
vvas—pr-epar—ed-—and—hal— dEt o the

m xture. An imedi ate color ch@gefrom i ght jyel |l ow
to blue occurred. The 5ol utEton was t hen aeEat ed| 20 for
1 hour before the remaining iron (I11) chloride

N, N-die@lyMs-loRBnylerrechaeifg dinji@chlbidalr e was cooled to 5C and
filtered to renove a, light green sludge. Agueous HCl

(15 cnB, 6 M was added to the filtrate, followed by
N, N-die@li-pushemfisidditnib & (5 §1)30. ARthd)hRasSaisshnrs iR Rictihyl efhed (5Um?)

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, NCH,), 1.11 (6H, t, 7.32, CHa); 8¢ (62.9 MHz; D,0): 12.1 (CHy),
56.4 (NCH,), 126.8 (ArC), 127.6 (ArC), 135.5 (ArC), 139.1 (ArC).

Ethyl-thioninium chloride

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 HCI, to-which sodium sulphide (>60%)"
(3.95 g, 30.4 mmol) was added portionwise. The suspension was stirred until all the
sodium sulphide had dissolved. A solution of iron () chloride (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 (lll) chloride solution was added. The mixture was
cooled to 5°C and filtered to remove alight green sludge. Aqueous HCI (15 cm?®, 6 M) was
added to the filtrate, followed by sodium chloride (80 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 yellow colour ceased. The product was washed off the
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m nutes before filtering to give a solid product,
whi ch was dissolved in DCM dried over magnesium
waeolophatee9 filtered, and concentrated to gi ve BCT/GB2007/001105
purpl e/ green solid (1.28 g, 22% . 25 This purpl e/ green
solid was | oaded onto a prepared Cl8 reverse phase
colum and washed with water (1 L) or until the
yel | ow col our ceased. The product was washed off the
WO 2007/ 110629 PCT/ GB200#1001105 -41 colum with
and concentrated to give the title

colqu@H§f@pldg &) and opnceatrateddo giviethevtifeptaenmaind d0.60 1, 11%)

asaéhglgpp ,SOW%]?(Z%PZ %_l‘llg'ﬂ)) &QE@Q@% w 33&&@;% &5, NCH,),
7.01 (2Fg. Arid), 420((2#4 dgi9.26, A), ABH[2H, , 8.26E8H); BUO(ESIY 240%4100%.
Cl]+ 5 nthesis 2
- Cliljvg D] rrZet hyl Syrret hyl -t hi oni ni um chl ori de (DMMIC) M Me
NaNO2, H2SO4, H20, Fe / NH2 Me,, N~ Me, N Me 1 2 HC
Me Me Me Na2S, HCO, HQ .Re&l 3. 6H20 CIG Me,N' S
Nomi I () | M Me 10 3=Nethiyr- NN-dim
et hyl phenyl .@rldfieim-metii-thjehiniem cbioride (TMTC)50c nB
round bot vy fl ask was added water (100 cn&% and the
tenperaturle was reduced to 5Cwith an icejbath. To

t hi s- coofFédysol NeVenHa&s e8riegf ul |y added st hi C
acie. (9 225 Q). To this™sol uti on was
3-netl di methyl aniline (10 g, P&
| 2 Hel
Me Me
B Me Me ]
Na,S, HCl, H,0, FeCl,.6H,0 N o
> Ci
Me\N \S N,Me
| @ |
| Me Me |

3-Methyl-N,N-dimethylphenylenediamine dihydrochloride

To a 250cm’ round bottom flask was added water (100 cm®) and the temperature was
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 saturated
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
hydrochloric acid (50 cm® was added. The solution was evaporated to dryness to give the
title compound (10 g, 60%) as a light tan solid. v, (KBr)/em™: 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, CHs), 2.39 (3H, s, CHy);
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15 and then sodiumnitrite (5.6 g, 81.4 mmol ), and the
solution was stirred at room tenperature for 1 hour.
woemm/1{dee) filings (12.8 g, 229 mmol) were addedr/aBeo07/001105
the m xture stirred for a further 2 hours. The
solution was filtered and then neutralized with
saturated sodi um hydrogen carbonate sol ution and
the-organics were extracted into ethyl acetate (3 X
100 cnm) . The extracts wé2e dried over magnesi um
sul phate, filtered, and concentrated 20 to give a
8c(62.9 Mim Da®) 18.91(€Hgi #8.84EHeli, $3nl \ant)) Teai2 eArlY, 129teh@irCy, 188.7
) ated hydrochloric acid (50 cnB) was
(ArC)'ggg'élo@p(%hqggﬁ%gﬁ)on was evaporated to dryness to give
the title conmpound (10 g, 60% as a light tan solid.

49 (O -f), 2821 . 2543 ,
D’met%%éth%@"}’{’q@ééﬂ ,(1487)(CH) 12?;) (a-1), (1%
1138 (CH): 6H 250 MHz; D20): 7.59 (1 H, s,

Toa 5‘3*? % nﬁ%at%&?ﬁﬁﬁ%ﬂ%ﬂ@&%&wm%@phewe@% (B

dihydrowhtorideZ0)0 g1 8,03 ro@dB whickBuas disidd)ed lﬂéauéot(sAcryG)octh% aB:d

05 ) sl sy b 50 B e et

chloriderf@xahyainate hthB gn2? h’rmcbd) wasdiastihed] in water (50 cm®) and half of this

| d
o R o) IGRATR AT e e e
solutiop mvaaqualeratwldoroz hburs ibefone the relﬁﬁﬁ)mg‘&ueau%oub afipétioride

solutioﬁ?\%ﬁﬁgfigﬁ.; ﬁ;n% ﬁ‘\?xt r>e60a§1 ogggerqaalf»g({: @ne %E@%Hgtlhé DESE dv%:l%s

dissolvgd ds boilmgiwater (@ @n’) (B@reiyBhd ansledaH§droEhlbmd 501(1@]0 cm?®, 6 M)

was ao%%h% kh%n O@% O’R'Eléhke:\glpl n:\:[V%S %J'EGE’I fﬁtg%%f}%}g’??ﬁ%é%? ﬁgﬁ] IOlJI"I
(0.22 gaeﬁ%b ad afrpl@bheusctid bef,qKenide: rzezawﬁmg 6641 (EAVS 1535)r1496

a0 (14 g DL 55 301 BT, B TP B S

7.23 (2, ssbtH)ed. 20 i1 i, i), @essaBH( § T84 5 (62. btwq@@lvlso;ﬂ 18 9 (CH3)

41.5 (GRS 7 BELITR RO, T B s Pl el e BBl ol Gro

Anal. Qaha. fort(lﬁ‘lz@m&)mim c151(g& PR6g4; N6%.185, . TuFBLEd: @, ve 03; H,
6.50; bé’% (KBr)/cm : 2926 (CH), 1604 (C=N), 1535,
N_slj 1?% 1404 (CH), 1315 (CH) 1185 (CH); 6H
(250 MHz; DI\/SO) '7.29 (2H, s, ArH), 7.23 (2H, s,
ArH), 3.29 (12H, s, CH3), 2.55 (6H, s CH3); 5c (62.9
MHz; DVMSO): 18.9 (CH3), 41.5 (CH3), 105.7 (ArQ,
118.7 (ArC), 133.6 (ArC), 134.5 (ArQ), 147.2 (ArQ),
154.2 (ArQ);
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Anal . Calcd. for Cl8H22N3S.3H2O C, 51.98; H, 6.74; N,
10.11; S, 7.70. Found: C, 52.03; H 20 6.59; N,
waenoos1068) 7.66. WO 2007/ 110629 PCT/ GB2007/ 001BO6GB26H3/001105
Synthesis 3 1,9-Di ethyl-nethyl-thioniniumchloride
(DEMIC) Et Et Na2CO8, Mel, EtOH\ H M,, NZN| Et
Et NaNOQ2, HCI, H20O NO Fe, HCI, H20, HCl, Et20 ° \
Nl-12 No. ~ N M| Mew NJ:: Me 2 HO M Et Et
Na2S, Fed 3.6H20, H2O / "M3- Me 10 N Me-, S N g/e Me
N, NNDnethyl-methylaniline 5 To a 100 cnB roun
bottom fl ask was added m%&&m line (10 g, 82.5
mol ), et hamolDieihi-meBy - thrptiumcrBhrdomtTElLl. 81 g,
111. 4 mmol ). Methyl iodide (31.63 g, 222 mmvl) was
addest dr opwi se. The m xture was fhen heated at 45C for

10 hurs before cooling to roo
Na,CO,, Mel, EtOH

= Me_
HN ‘ |
2 Me
Et Et
NaNO,, HCI, H,0 NO NH,
any,, y Fe, HCI, H,0, HCI, Et,0
o Me\N =~ Me\l}l
'\|/'e Me 2 HCI
B Et Et ]
N
Na,S, FeCl,.6H,0, H20> = Cl@
Me\N \S N/Me
| ® |
B Me Me N

" N,N-Dimethyl-m-ethylaniline

To a 100 cm® round bottom flask was added 3-ethylaniline (10 g, 82.5 mmol), ethanol

(15 cm®), sodium carbonate (11.81 g, 111.4 mmol). Methyl iodide (31.63 g, 222 mmol) was

added dropwise. The mixture was then heated at 45°C for 10 hours before cooling to room

temperature and adding water (100 cm®). The mixture was extracted into diethyl ether (3 x
100 cm®) and the extracts were dried oveér ‘magnesium sulphate, filtered, and concentrated
to give the title compound (4.68 g, 38%) as a light yellow oil. vima (neat)/cm™: 3045 (CH),
2960 (CH), 2920 (CH), 2891 (CH), 2797 (CH), 1597 (C=N), 1494 (CH), 1438 (CH), 1352
(CH), 1225 (CH); 84 (250 MHz; CDCls): 7.22 (1H, t, 7.75, ArH), 6.63 (3H, m, ArH), 2.97
(6H, s, NCH3), 2.63 (2H, q, 7.5, CH,), 1.27 (3H, t, 7.5, CHa); 8¢ (62.9 MHz; CDCl,): 15.8
(CHs ), 29.5 (NCH,), 40.8 (NCH; ), 110.3 (ArC), 112.4 (ArC), 116.5 (ArC), 129.1 (ArC),
145.3 (ArC), 150.9 (ArC). ) ’ )

N,N-Dimethyl-m-ethyl-p-phenylenediamine dihydrochloride

To a 250 cm® round bottom flask was added N,N-dimethyl-m-ethylaniline (4.68 g,
31.3 mmol), water (100 cm® and hydrochloric acid (8.5 cm?, 37%) and the solution was



10

15

20

25

30

tenperature and adding water (100 cm) . The m xture
vvagpextract ed into di gt hyl ether (3 x 10 100 cn8) and

W b@7exteeact s were dried over magnesi um sul phal€r/GB2007/001105
filtered, and concentrated to give the title conpound
(4.68 g, 38% as a light yellowoil. vmax (neat)/cm:
3045 (A -1), 2960 (CH), 2920 (CH), 2891 (CH), 2797
(CH), 1597 (C=N), 1494 (CH), 1438 (CH), 1352 (CH),
1225 (CH); bH (250 MHz;"€bCI3): 7.22 (1H t, 7.75,

coolec@é Q‘?C %ngae%:gg%_@w cmy’) gqlufcqg]_pfzspdn(u%H@trﬁ@(%A}N%g})’i’gS% egr?cm) was
then abitié erBﬁils&)tc tH&arﬁhnlﬁn&QF@)aridl%t% = f%\%h@ws fg%rﬁ? %}@’eﬁatbr’e
Iron (F%i@llur?jgs(%g 9111 g gap&l droghlonc ac;d (8.5 cm®, 37%) were added and
the miRtui wes Stirtedratebdny Iterﬁpesm@rwioes%@u%mﬂu% é&bb%%f Wé&ﬁifeﬁ@d and

the fllt%%\ﬁ(ﬁ@?%% Pﬁ?&l{l}w gﬂﬁrr? t?%%r%g]aatg gobmorg before@diactiomiataesthy!

he
O i ke o e

f'”e'e"sgB‘iHJ%?P‘ieB rgied ‘Nﬁ'eg’ ér&w olgdhe @yl wes|digselyrd oF etbeaol (HRO cm?)

and dlethylreltita (iBchﬁQ d l'fydﬁizhlasﬁ@bhd‘b’?én t:i'?%‘}‘ @@%@%&’Eéﬁ%uﬁo give
line_mixture and stirred for hours at Tt 00

thettg GopAnd 7 425 7726h ¢ papht an Fogonl Bl S8764cr) 2a0d

(CH), mgr(oﬁhlmeqcpfyl1@8é§c5mf’f§os @3}@ @W%’e@ﬂ% §5G(CH)

was _stirred at room er at f or 0u
On (25‘)??}4@2%&%%956%“@5”?'} TS @H, arivh 488 (aHI: N&Ik), 2.74 (2H, q,
7.5, CHaylj 1z @m,&,w.@,htﬁs)vu t(b2. §W%'@d&l§aﬁé’ﬁgé@ Z%Oéswél%} 48.9

traction into g/
(NCHBHE&) CEABINIRHE B IATRACT2S. e dﬁ?@d%@)emaﬁghsﬁ,n G4.9 (ArC).
sul phate, filtered, and concentrated to yield a brown

oi | was di ssol ved in ethanol (100 cm) and
19@’@7%% Vitgopium gioddm)  and hydrochl oric acid (7cn8,
37% was added carefully to give the title conpound
s a light tan solid. Vmax (KBr)/cm'

N N—Du%gﬁ%lz '(7@15'3" p%@pylfge@@q)ne dmmlooghigHyle (23538 5(50Hmol)11%31|ssolved
in watef GoN)m®) éﬁ@&e(ﬂﬂ)twn%ﬁ@téd@ﬁ'}ﬁ 1lél5go& 9#;0 %ué;i'fﬂtgéré(g’_b(% ﬁf H

5. 5mm§J)2\2@s P@ﬁ adgeg R@?IQ)‘W'SQ g zhe(pzrplf sqjlutlon7 .T® thesgpension was dded

an aquéqus Bofutio&dBiron BIF) W,dglzz ? AT bi in %? %ﬁ( X\?@er?%}cgthfre
was ang NCE% atelggotg c@ to puigle3 bgﬁ@}ltlomwas g'ne(w/ae@ted fics 1hour
before &sédonti pyttioMesf ivsh t(I|ﬂ) @rﬂbﬂ!é’é‘ﬁhﬁﬂh Q® ggg 8.2 mmol in 50 cm® of water)

was ad%ﬁf#ﬁ%‘asmll'%ﬂ"g?}ée{o?y% 956 X bs%:’é%tee;mm@d avasbipgeelprecipitate
with wateat 8o tHebllitrstaB)asaitdiet B8RRI dHidraB (56 b} SAEe sBiutbh %a8 stired for
10 mlnu‘?é)sd IarliI hseuclz cl?l.llrdc ar?g?e%%)o(red/purple as the product was salted out. The
suspension was filtered and the solid dissolved i in dichloromethane (100 cm?®) and
methanol (10 cm®) before drying over magnesium sulphate. Filtration and concentration
gave the title compound (0.15 g, 15%) as a green solid. vmax (KBr)/em™: 3408 (CH), 2613
(CH), 1606 (C=N), 1399 (CH), 1316 (CH); 84 (250 MHz; D,0): 6.55 (2H, s, ArH), 6.23 (2H,
s, ArH), 2.92 (12H, s, NCH,), 2.56 (4H, q, 7.5, CHy), 0.99 (6H, t, 7.5, CHs); (ESI), 340.4
(100%, [M - CIJ"). Optionally, flash column chromatography was performed to remove iron
chloride residues, with 10% methanol: 90% dichloromethane as eluent and using silica 40-

63p 60A.
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5.5mmol ) was then added portionw se to the pink
solution. To the suspension was added 20 an aqueous
waedoattiwes of iron (I11) chloride (2.23 g, 8.2 PMGBRIV7/001105
50 cnB of water) and 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 (I111) chloride
solution (2.23 g, 8.2 mMmul in 50 cnB of water) was
added. The solution was-é80led to 5C before filtering
and washing the precipitate wth water. To the
filtrate was added sodi umchloride (50 g) and the
solution was stirred fog aﬁe§Q4ninutes and the col our
changed to red/ purple as product was_salted out
The suspeﬁb?&ﬁﬁﬁggl?$Wﬂ€@@@“ﬁh@“?%¥3@%Wﬁzpdlssolved
i n di chl oronet hane (100 c and nethanol (10 cnB)
bef gf£ drying over magnesi im sul phaYe. Fil tMeati on and

conclentration gave the title conpaund N g, 159
as & groeh ang,q:ec%ga?(}(s )/ cm 6-N). 2613 ¢
Et (d 1606 (C= 399,(C ! )Et1 ‘ 25@'[ ;

[P0} 6.55 (2H, s, ArH), 6/23 (E > ArH) 92
(12H, s34cINCH3), 2.56 (4H, By CH2), 0.99 (éH t,
.5, CH3): (ESI), 340.4 0% [M - CI] ).

(
N N-D%?Wl g%{e/ hyis- gh@ﬁ&m% ‘&IHg&’rgBﬁlQﬁJ %‘74‘% @@Z!}vﬂﬁ d
dlssolmb/mdvaém (é%mmt’)méhaweaduatﬂd tarfde, umlcﬂgthsn Ihrad &odiom sBithhide

coo RS T MG e it

aqueons SNuth-l.W ) glm@@m iBRRZOidte GpIQur changEfrom y8lIdiEto dedpr blue.
The ikt f
e l% v?as"%yff\tgg or 1Eili0LF bif %g r?gfoenr(]jeacjlquot of aqueous iron (1) chloride

neth I'am n
(20. 28de Hydnehin drp ¢ Xwes addegi BE goltion Wﬁas:oowss 6f@edd held at that

tempe! gl%r fol f ﬂgufckfg‘or%rﬁ ertlrtbe '@Eel E@%tg%%g@oﬁlgg%ch%ndWQ ) 9 %ﬁéd and

sodi um sul
was filkgrem tq mqlgi)thecﬁIUde méiuems 28lug/punge malisl. ) Theassudristeid vees panified

by col@rﬂH%ﬂ %ﬂaeﬂgﬂ;%%eﬁ?ga Qo% é@ﬁ 9%'5&1@%9:&;%.&8'485&3;1 60A)
to QIV%@ﬁértl@Gomooum 0adrg, b1é6)msea areseloumﬂe sdlidquak (KBr/agilezard (CH),
2921 (dMdds' (ok) CIBAR (cdRy, 1412 (CH), 1326 (CH); 51 (250 MHz: D,0): 6.62 (2H,
s, ArH), 6.39 (2H, s, ArH), 3.30 (8H, g, NCH,), 1.89 (6H, s, ArCHs), 1.09 (12H, t, CHy):
8c(62.9 MHz; D;0) 12.6 (CHs ), 18.0 (CHy), 46.2 (NCH,), 103.6 (ArC), 117.1 (AC), 132.3

(ArC), 133.9 (ArC), 147.3 (ArC) 151.9 (ArC); m/z (ESI) 368.1 (100%, [M-CIT").
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20.28 g, 75 mmol in 175 cn) was added. The

igl l(Jti on vvgs cooled to 5C and held at that .
wa ewpereeure for 1 hour before filtering. The PCT/GB200@/001105
had sodi um chloride (200 g) added and was filtered to
yield the crude product as a blue/purple solid. The
crude solid was purified by colum chronatography

(el uent being 10% MeOH, 90% DCM using silica 40-63p

60A) to give the title'égﬁpound (O 80 g, 4% as a

green/ purple solid. vmax (KBr)/cnmi': 2971 (CH), 56

2921 (d-1), 2865 (CH), —I—é@s_é.é:l\l) 1412 (CH), %9 o

(CH); 6H (25189 Mé'&lilhylla%@)-thl&nﬁgm(c%ﬂngg'?_PEéﬁ'H)Ar 6. (1 09

Ar 3.3 d,

?ELZ H% CH3) ; ( Sc(62 9 MHz; D20t 12.6 (CH3 ), 18.0
46. 2 & , 103.6 (Ar 17.1 (ArQ), 132.3
133Na PArE@)EtOWM 3 (Ar 51.9 (ArQ); mz
368 T (100% [WrC ] Fisy 07/ 110629

"”fs/ GB2007/ 001105 -46 Synthesis 5
1, 9-Di et hyl - et hyl -t hi oni ni urktchl or| de (DEETC) Et _Et

E
Et TEt
\ Na2CG3, Etl, Et Et \ / ,,NI H2N | Et "
NaNN®IT!, H20 NO F Et 20 <t ~NM,
M Bt _Et eFeEFQr\BZEE‘Z‘Q&Eg% 60 /
N\ NS aoF EN,, N Et Et l -
Et Et
B Et Et
Na,S, FeCl,.6H,0, H,0 /@:/Nj@\ a®
=N N Et
e T
— —J

N,N-Diethyl-m-ethylaniline

To a 100 cm® round bottom flask was added 3- -ethylaniline (5.0 g, 41.3 mmol), ethanol
(7.5 ¢cm®), sodium carbonate (5.9, 55.7 mmol). Ethyl iodide (17.38 g, 111.4 mmol) was
added dropwise. The mixture was then heated at 45°C for 12 hours before cooling to room
temperature ahd adding water (50cm?® )- The mixture was extracted into diethyl ether (3 x
50 cm®) the extracts were dried over magnesium sulphate, filtered, and concentrated to
give the title compound (7.03 g, 96%) as a light yellow oil. 8, (250 MHz; CDCly): 7.20 (1H,
dd, 9, 7.25, ArH), 6.60 (3H, m, ArH), 3.43 (4H, q, 7, NCH,), 2.69 (2H, q, 7.25, CHy), 1.32
(3H, 1, 7.5, CH,), 1.23 (6H, t, 7, CHs); 8¢ (62.9 MHz; CDCly): 12.7 (CH; ), 15.8 (CH3 ), 29.5

(CHy), 44.4 (NCH, ), 1094(ArC) 111.4 (ArC), 115.1 (ArC), 129.2 (ArC), 145.4 (ArC),
147.9 (ArC).

N, N-Diethyl-m-ethyl-p-phen ylenediamine dihydrochloride

To a 250 cm® round bottom flask was added N,N-diethyl-m-ethylaniline (5 g, 28.2 mmol),
water (50 cm®) and hydrochloric acid (9 cm®, 37%) and the solution was cooled to 5°C. An
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5 NNND ethyl-methylaniline To a 100 cnB round bottom
flask was added 3-ethylaniline (5.0 g, 41.3 mmol),
werdanole29 (7.5 cn), sodium carbonate (5.9 g, 5BCTGB2007/001105

mrol ). Ethyl iodide (17.38 g, 111.4 mmol) was added
dropwi se. The m xture was then heated at 45C for 12
hours before cooling to room 10 tenperature and addi ng
wat er (50cnB). The mi xture was extracted into diethyl
ether (3 x 50 cm the eAdfracts were dried over
magnesi um sul phate, filtered, and concentrated to

aqueqyp (40 €AY solutipe of eerion nmtrlf(eXZOQ 99 31.968Moksvaa thergddded dropwise

to theléﬁﬁlhé’%)&%e ar@%élél%ﬁ g?_f\*ﬁourw}a@p%?%?rg&}roa (F%)CHIN@% 72 g,

84.6 mmelphane pydrgehlgrioasid @m 3T%3 verd Sdtled andths midtid) stirrkd B3low

30°C kﬁﬁhohns ﬁ'})gﬂ%é %\ﬂ/ M_%in @Qﬂ\%)!% %’ ustfagggﬁ (?Av}/lts sodium

b|carbmqe4so@\p efolel@dr_l_ac(nm i) etjjzlsncetaqd\tﬁb) 50 trhS). ATrHeAtoR)bined
h
ook s e ol DA ) s AN SR 10

- oil. T%‘?ﬂé@e N wagl pertifiag byngadarhy claneiatagear(y (glue@Boeingrethll)acetate using

eSS o 7S TR, Y 0y

dissolyedi digftot giheo (5008n°) and hadnaeliosc ea@ adm}d @ofant®] BTP6PEN the
solutnoﬂ%s%n@éﬁtl‘été@hdévéfheq'tle%gi )%Pur L(2,7¢ dg 1:;’)’3raesoa %{f grfwn solid.

d W se ne m
On (256, Miz; BeO): GG @i, Arld), 8,591 (dbing (729, NCHJ)] 18 (IH.q( 2.5 CH,),

120 (47 L), 109 Bk 98 €596, i B AT B o

25.5 (Ci’frlrzé ’%ﬁj% ﬁéﬁbe)oﬁ&x&#\lﬂ)l 128 @ (ArBndl 2718e(AFC), tIBatigAecl, US9.8¢ArC),
143.3 {/9cpH 7 with sodium 5 bicarbonate sol ution before
extraction into ethyl acetate (3 x 50 cm. The
conmbi ned extracts were dried over magnesi um sul phat e,

1ngéthJ,/t@ﬁﬁmmnﬁfmgn(‘cmaﬁggtI‘at ed to yield a brown oil. The
crude ‘ol I was puritfied by colum chromatography

(el uent being ethyl acetate using silica 40-63p 60A)
NN-DSIYAG S PR SBSH AT AR A O P
Watef@ &Ry andbibrsshution adluatedddeu 1(62 BMkaSé’%loraméntHad sb@ium
sulphlo%qbéb%?(‘l &GS 1@%5‘!} F@&%ﬂ)c{r)‘f? orP4E. t'l'gghé glé)slﬁeepglggev%gégded an

Fown sol

aqueoyggpjution o\f,@opfé? ctﬁpnda 04)22 R .15 i) incR5 d‘n?& wd\l@b—lﬁ/}]ere there

was arﬁn‘@r?ecﬁﬁé'col%ur ngag %’%ijp % ;’I' féoﬁq_léllé'h % therﬁerf e(d)épbjl hSo

before fgegor(dcgngjlon of2|53r52|| )(ghlpylde ¥6239( mﬁlz)mol]ﬁl% em( Af Water) solution
was addé@.- Tthe Hifion was’ o%le@% @’C béi%?’e %t&%%}ud v}as%mg t{me pre)cipltate with

water. The precipitate was also washed with ethanol and the ethanol concentrated to give
a sticky purple solid. To the aqueous filtrate was added sodium chioride (50 g) and the
solution was stirred for 10 minutes whereby the colour changed to red/purple as the
product was salted out. The suspension was filtered and the solid dissolved in
dichloromethane (100 cm®) and methanol (10 cm®) before drying over magnesium
sulphate. Filtering and concentration with the ethanol soluble product gave the title
compound (0.06 g, 3%) as a purple solid. &y (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, CH,), 1.17 (12H, brdt, CH,), 0.93 (6H, t,
7.5, CH3); m/z (ESI) 396.2 (100%, [M-CIJ"). Optionally, flash column chromatography was
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143.3 (ArC). 15 1, 9-Diethyl Ethylthioniniumchloride
N, N- Di et hyl - m et hyl - p- phenyl enedi am ne di hydr ochl ori de
W@ 2009/110625 nmmol ) was dissolved in water (75 cpG)/Gaa@7/001105
the solution adjusted to pH 1.6. The pink sol ution
t hen had sodi um 20 sul phide (>60% (1.35g, .10.4nmmol)
added portion-wi se. To the suspension was added an
aqueous solution of iron (I1I1l1) chloride (4.22 g, 15.6
nmmol in 35 cnB of water-u8where there was an inmediate
col our change to purple. The solution, was then
perfornaeel tatredoteoiroricioride rebielios, avith 108€ orethgnol: ©0UNdicloion@thane as

[11). 2 g, 15.6 mol in 35 cnB of water)
eluent é'ﬁ 'd%'?%ﬁ'l'c%djgz*éég The solution was cooled to 5C
before filtering and washi ng the precipitate with 25
wat er. The precipitate as al so washed wi th et hanol
and t he et hanol concentﬁyﬁiga—t%o give a sticky purple

sol i d. Ehy-teordgjumotitoridiel Airrcadhtoricle sioatlidesdit S BTL UM
chloride (50 g) and the solution was stirr for 10

mn reby the col our changed to r&dhplrpl e as
t he pduct was salted out. The syspensi was
bt d and ed i n Ndi cHT orpnet hane

(100 chB) and net hanol (10 cnB) befo;‘E dr yo-ng—eMer
naignesi um 30 sul phate. Filteri ng and-concentgation

wi th the ethanol solublep gaweg the tifle
compound (0. 06 g, 3% as I e d 6H (250 MHz;
D20): 6.73 (2H, s, ,N :: 345(8H
br dT, 2. d, o_g?%) (12H brdt,
CH3), 0.93 (6H, t, 7 5EtCH3) @Sl’f 396. 2 (100%
[MO]+). Optionally, flash col @m chronat ography was
WD 2007/ 110629 PCT/ GB2007/ 001105 -48 pegforned to
renmove iron-chlpride rgs R h 10% t hanol : 90%
di chl or onet hane| a el ng

GUA SynthesTs b 5 g Nson U @éﬁ ﬁ@?zncu
chl ori de doubl e saltl(ETZ) NH2 / NEIZ E-, | Et~N
\ S1 Et Et 0=5-OHE

A stirred mixture of N,N-diethyl-p-phenylenediamine (5.0 g, 30.4 mmol) in H,O (100 cm®)
and H,S0O, (conc., ‘98 %', 1 cm3) was treated with non-reducing ZnCl, solution (ZnCl,, 7.60
g, 55 mmol in 15 cm® of H,O with Na,Cr,0,.2H,0, 100 mg) to produce a reddish reaction
mixture. Additions of Al,(SO,)s.16H,0 solution (5.80 g, 9.2 mmol in 10 cm® of H,0),
Na,S;03.5H,0 solttion (8.0 g, 32.2 mmol in 10 cm® H,0) and one-third of a solution of
Na,Cr,0,.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 observed. The temperature 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
temperature was raised to 85°C, and left to stir at that temperature for 30 minutes. A blue
solution with precipitate was observed. The reaction mixture was cooled to 50°C and
H,SQ4 (conc., 11cm®) was slowly added. The reaction was further cooled to 20°C; and
vacuum filtered to recover the precipitate, which was then washed with brine (saturated salt
water). This black solid was re-dissolved in H,O (250 cm?) at 100°C, and cooled, followed
by vacuum filtration to remove insolubles. The filtrate was treated with ZnCl, (4 g) and
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JaN 1\L Et~-N S N* Et 11 Et 0=SSO O Et NI \ EE~N S

/ NEt d 0 (0.5 ZnCl2 ) Et Et A stirred m xture of
woRerdiwehyl - p- phenyl enedi amine (5.0 g, 30.4 nMPoOI/HBRVI001105

H20O (100 cn) and H2SO4 (conc., 98 %, 1 cm was

treated with non-reducing ZnC 2 solution (Znd 2, 7.60

g, 55 mmol in 15 cnB of H20 with Na2Cr207. 2H20, 100

ng) to produce a reddish reaction 10 m xture.

Addi ti ons of Al 2(S04)3.144120 solution (5.80 g, 9.2

mmol in 10 cnB of H20), Na2S2C8.5H20 solution (8.0 g,

NaCl (Bﬂgﬁamtmeﬁ in theXBfrigsititdr2é) 1 @l%hr@ H#teF thcﬂ ted reduling PFéﬁgﬂate was
in 15 cnB o

2
recovefig ¥’=6‘1UP6\%‘6§&99 %{ggf?ﬁ fin S @ o b RpE CHER) e ez ven for
3 hourd)\ ts glvatthetitledforipdundi( @?W&%ﬂ ésn@rl.(s% r@dgbowa@r 5,520 MH2, D,0):

1.20 (1R, Sk, A5G BH B 3. 200

I RO BN ST S §54attBh b ATH) g 7.30
(2H, brAl, daik  Hees gor exafiple) Fieki-DavRisaraBIgRyer 198 eFt @Q@g,ﬁ@gm e

| rais to 75C after vvhlchasurr
Thlazn'\galﬁﬁ?g’ﬁg of emist yér@}arswggce

(LondoadO&Y.ppT BEs- Btl.errper ature was raised to 85C and left to
. stir at that tenperature for 30 m nutes. A blue
solution with precipitate was observed. The reaction
m xture was cool ed to EathRe 7 H2SO4 (conc., 11 cm
was sl ow y added react1 on was further cool ed to

Th
20C;, and 20 vacuM‘ﬁ”fy‘F fhirprgmlgdide MR t he

pr ipitate \NhICh was thenwashed wth brine

(sat ur at ed Qr) . Thls black solid was
re dM%soI ] 250 c 100C, and cool ed,
, ;-\ T | M/P’ﬁtl off remove insol ubl es.

f olj | oved
Th flldrate Mas treatdd witlh ZnCIZ (4 g) and WO

2007/ 119829 PCT/ GB2007M501105 -49 NaCl (23 g) and
left in the refrigerator for 16 hours, after which the
resulting precipitatefwas rec ver,@d hy vacuu
filtrationg mashed with brin 3 and dried in a
vacuum-oven for _3ho et 2
(57,71%asarutyrdpo 50
D20): 1.20 (12H, br t, : (8H bfed,
6.80 (2H, s, ArH), 7. (2H br d, ArH) and 7.-30

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

potassium iodide (1.56 g, 8.4 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
compound (1.98 g, 77%) as fine green needles. &y (250 MHz; DMSO): 7.88 (2H, br d,
ArH), 7.49 (4H, br s, ArH), 3.37 (12H, s, CH,). Analysis for C4sH1sN3Sl: 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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5 (2H, br d, ArH). See, for exanple, Fierz-David and
Bl angl ey, 1949, T. Oxazi ne and Thi azi ne Dyes," in:
woewdaneet al Processes of Dye Chemistry, publiB¢iEdGBRY07/001105
Interscience (London, UK), pp. 308-314. Synthesis 7
10 Methyl-thioniniumlodide (MIl) / NI \ Mewi \ ~S
/'l MclG M MN /I \ K, HHOM,N\ S/ Nw IO
Me Me Methyl -thioniniumchlori de (2.00 g, 6.25 mmol)
was dissolved in water (%0-cnB) and potassiumi odide
(1.56 g, 9.4 mmol) was added with stirring. A
~precipitate formed, whi Sinthggis8filtered and.the solid
was I effeyisd-elidrisiash IB&@E‘I-BQHQEH%G{‘@% mfxee%%n G HY Yield
t he t|tIe 15 conpoun . |ne green
ne| dles : 788(2H br d, ArH),

7 49 ( 3 37 (12H, s, CH3). Anal ysis for
\ .. vé- Bl , 10.22; S, 7.80; 1,

3 85 ou d 4%. 30N H ¥.217 N, 10.14; S, 7.86; 1,
0 /

2 . 34. 2 /110629 CT/ GB2007/ 001105 -50 Synthesis
thy -thioniniumlo de Hydr ogen | odi de M xed Salt
(MTIHI)I\/ENS/N O M Me N Mel, MeCH Me, N
JaN ,Me | GH I\/lel\/lel\/lethyl n|od|de(0 50
g, 1.22 el MeRs di siol ved/@ (20 cne) G%nd
| HI

-

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 mixture was heated at
reflux for 18 hours before additional methyl 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. &y (250 MHz; DMSO): 7.82 (2H, d, J =
8.5, ArH), 7.42 (4H, s, ArH), 3.34 (12H, s, CHa). 8¢ (62.9 MHz; DMSO): 153.8 (ArC), 137.9
(ArC), 134.9 (ArC), 133.5 (ArC), 119.1 (ArC), 118.8 (ArC), 106.9 (ArC), 106.6 (ArC), 41.1
(NCHa).
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5 methyl iodide (1.90 g, 13.37 mmol) was added while

stirring. The m xture was heated at reflux for 18
whowraidsed ore additional nethyl iodide (0.42 gpCBGB82007/001105

nmol ) was added and the m xture was once agai n heated

to reflux and stirred for 8 hours. The m xture was

cooled to roomtenperature, giving a solid that was

filtered and washed with nmethanol to yield the title

conmpound (0.30 g, 46% as1bronze green solid. 6H (250

MHz; DMSO: 7.82 (2H, d, J = 10 8.5, ArH) 7.42 (4H,

s, ArH), 3.34 (12H, s; Qyﬁﬂjems (62.9 MHz; DMSO):

153.8 (ArQ). 137, ), 133.5 (ArQ),
119. 1 §A¥c§ 118, %—f?%‘é?’*m'féﬁs'%e& "' 106.6 (ArC),

41.1 / 29, BCT/ GB2007/ 004 05NH, 51 -
Synt h 9 Et (?Qg N‘Ia%iﬁf’ghnﬁ "odi de (ETI H2 H20O,
6L Na2Cr 2037\ (| NH N
\ 1S Et o SOH O I\Ia2Cr207 2H20,

N, Nedi et hyl ani | i ne, H2SO4 Eta \ \ Et EEtO SQT @Ho

11 0 H2O HA, QuSH™M, Ki

Et EtNa, z(S,tZH’z(Ded m xture of
NN- dinetHagthylaniplaeinlog ne detam O O
aqueeus—5-hydrochl onic acﬂ‘bl 200 vvas

adjusted to pH 2 with aqu us S(OFdS’dﬂﬂ@/dr de (10%.
The di anine sol ution was cool ed t§ 5C before the _
addi ti on of aqueous NazS203.5H20 (16.65 g, [ in

20 cnB F'T'Z%C,)}-lm é{}sggkpous sol utl/@ O7 2H2
/Et 1

A stirred mixture of N,N-diethyl-p-phenylenediamine (10.0 g, 61 mmol) in aqueous
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,5,03.5H,0 (16.65 g, 67 mmol in 20 cm?® H.,0). An aqueous solution of Na,Cr,07.2H,0
(7.27 g, 24 mmol in 35 cm® of H,O) was added dropwise to the mixture 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,SO, (6 g) and water

(10 cm®) was cooled to 5°C before addition to the suspension. An aqueous solution of
Na,Cr,07.2H,0 (19.09 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 aqueous

1

hydrochioric acid (300 cm®, pH 2) giving a suspension with a pH =6.37 at 22°C. To the
suspension was added CuSQO, (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 mixture was
cooled to 25°C and filtered. The solid was washed with water (2 x 50 cm?®), 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 potassium iodide (14 g) was added and upon cooling an
orange purple precipitate was deposited. Filtration gave a purple powder (8.8 g, 31%),
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(7.27 g, 24 mmol in 35 cnB of H20) was added dropw se
to the m xture over a 15 mnute period giving a black

waeepenseon. The sgspension was stirred at 5C POr/GB2007/001105
hour (pH =8.07, 10 T = 3.7C). A solution of
N, N-di ethylaniline (8.25 g, 61 nol), H2SO4 (6 g) and
water (10 cn) was cooled to 5C before addition to the
suspensi on. An aqueous solution of Na2Cr207. 2H20
(19.09 g, 64 nmml in 50-C#8 of H20) was then added

, dr%pvvi se to the mxture over a 20 minute period

whichyyas egrvatallised Romdok ethaael {499 sporteiobie. theatie compaure asfine

purplShéddid Wb 25ﬁcf; QL. KBRS 6B {tl:@ %@40@@' 2(6908 6@-@?5565 (CH),

filterlgag. T e7green £urple SO
1662 {({exhle #5634 (GHIid 2 (G, 33450(CE) S5c (6TRMIdnIGRICKRS. 33 (2K o1,

CH.), i3l728@Heg re i I3 : |
) BT N BoDIaHL 35! Andobedt U o U S LB Fof7s.
ArH); Ra©21MEE, SDSEY152.4 51888, 1857, ABDR) 13 1066, #B)8, 482,
heated to 90C where a deep bl ue solution forned.
After stirring at this tenperature for 1 hour the

m xture was cool ed to thesisd!Giltered. The solid was

washed : ] J1 s 20
adj ust e%ﬁh?lﬁg}r%ﬁ%ﬂr%%gé tl-o%%pr)@%] |88',hg$mgédzé%?{/§rt|%
hydrochloric agid (5 M. The deep blue solution was
heat ed t ¢*B0O€ ang” pot assi um i odi de (14 g) was added
and mponigoold ng or gy qugl e precipitate was

d posifred. {7 ¥ratTonNjave (a pufple powder (8.8 g, 31
%[, WOgz2007/ 7110629 PC‘E/tGBZ 07/001105 -52 which was
recrystallised fromhot et-hanol (400 cnm) to give the
title conpound as fi purple needles. M 211 C, vmax

(KBr)/cmi': 3574 (CH), 3484 LN (CH), bo65
(CH, BEbB®PHC=C), 139 ( 4;@\,1346(0-));
i ¢ (6279 WHz,—eDCl 3 -E&\%@ NN CEB) | 3.@2 HI

(8H, g, 7, NCH2), 7.R3 (2H d, @775, ArH), 7.41 (2H,

s, ArH), 7.83 (2H, dl_ 9.7, 5 ArH); 6H (BR.9

CDCl 3):152. 4, 138.8, 135.7, 135.2, 118.3, 106.4, 46.8,
Ethyl-thninjum Byiiten(@<10gy, 2QR28R0impl) viasi dissiolvied M E0hEIT 16 SOLRA ethyl

iodide :g’fjﬁff SNM%%OEﬂ%S aEtlélE_jlj_lwﬁlllg stir'r\llné. XI'heE trﬂi>’<turse véasmEetatelzd gt rel%x for
18 hours, then cooled to room temperature, giving a precipitate that was filtered and
washed with ethanol to yield the title compound (1.02 g, 40%) as a bronze solid. &,

(250 MHz; D,0): 7.90 (2H, br d, ArH), 7.42 (4H, s, ArH), 2.45 (8H, br g, NCH,), 1.23 (12H,
brt, CHj).
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Etai 3i ,Et | OH E Et 10 Ethyl-thioninium
iodide (2.00 g, 4.28 mol) was dissol ved in ethanol

W@ 1®0/1008p9 and et hyl iodide (27.35 g, 175 nmol ) PGEEB2007/001105
added while stirring. The m xture was heated at refl ux
for 18 hours, then cooled to roomtenperature, giving
a precipitate that was filtered and washed with
ethanol to yield the title conpound (1.02 g, 40% as a
bronze solid. 6H (25,0 M3 D20): 7.90 (2H, br d,
ArH), 7.42 (4H, s, ArH), 2.45 (8H, br g, NCH2), 1,23
(12H, 15 br t, CH3) BOhtRed§A110629 PCT/ GB2007/ 001105

60 T8 "Rt BRI (T

R el B © eI e
BEL O H2Q o, NaNGS N!?rf\}q /N, Et

G Et Et A stirred mxture of

di et hyl - p- phenyl enedi anmi ne (10.0 gt 61 %%T?Hl n
aqueous 5 hydrochloric acid (0.5yM 200 cm w@s
adj ws,edote,oH 2 with aque odT\ droxi de (109%.

Tge rdN@raHmamﬁr@I Hison V\Eti -- Y fqa'te the
a 7 "®

0=8— o0(® Et

O

N
H,0, HCl, CuSO,, NaNo, /C[/ :@\

N s N

| ® |

Et Et

A stirred mixture of N,N-diethyl-p-phenylenediamine (10.0 g, 61 mmol) in aqueous

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,03.5H,0 (16.65 g, 67 mmol in 20 cm® H,0). An aqueous solution of Na,Cr,07.2H,0
(7.27 g, 24 mmol in 35 cm® of H,0) was added dropwise to the mixture 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,SO, (6 g) and water

(10 cm®) was cooled to 5°C befors addition to thersuspension. An aqueous solution of
Na,Cr,07.2H,0 (19.09 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 aqueous
hydrochloric acid (300 cm?®, pH 2) giving a suspension with a pH = 6.37 at 22°C. To the
suspension was added CuSOQ, (1.52 g, 6.1 mmol) and the mixture heated to 90°C wherein
a deep blue solution formed. After stirring 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 g) added and was
allowed to cool to 25°C slowly while stirring gently. The product was filtered as green
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Na2S203. 5H20 (16.65 g, 67 nmmol in 20 cnB8 H20). An
aqueous sol ution of Na2Cr207.2H20 (7.27 g, 24 mol in
waoenpeed H20 was added dropwi se to the nmi xtRPCEGB2@7/001105

a 15 minute period giving a black suspension. The

suspension was stirred at 5C for 1 hour (pH = 8.07, 10

T =3.7C. A solution of N,Ndiethylaniline (8.25 g,

61 nmol), H2SO4 (6 g) and water (10 cn) was cooled to

5C before addition to thB4suspensi on. An aqueous

solution of Na2Cr20r7.2H20 (19.09 g, 64 mmol in 50 cnB
needlesf (6H9R@Q), 288. DhE50ddide COICIepN3SE12H), tf NeCH4) XVRI(&H, @y &r NaH,),

iUt rd L. Vi ek r ree ensi
7.23 G S oS R TR s A 0 P B8 SR B B2 EDEE)
152.5T138.8Cp5.6e134.8, 118 1, d064g46.8h€2.9r een purple solid 15
obt ai ned was washed with water (2 x 50 cn) . The solid
was slurried in aqueous hydrochloric acid (300 cn8,
Biologjgll Sfudigsvi ng a suspension with a pH = 6.37 at 22C. To
the suspension was added CuSO™ (1.52 g, 6.1 nmol) and
the mixture heated to 90C wherein a deep bl ue
Methogel ution formed. After stirring at this tenperature
for 1 hour, the mxture was cooled to 25C and
filtered. The solid was washed with water (2 x 50 cm
Furificatiorhef casyhutled @0tdind t rat e was adj usted from pH 6.33 to
pH 2.00, T = 25C with hydrochloric acid (5 M. The
deep bl ue solution was heated to 80C and had sodi um
Two plaistnidstier ©@Pespjonaafdesynanidinving. call weresdnstoudterb| Theoc26C

i i i Voo T duct filt d .
agoreGatBH b g Sl Pk @B Rcs 200 i ertes 483 with s v
polyhigt@lirgéGag) (tsp§%vhicb ldli¢\2Sids MHiificalitD@rdd Ni-th&&tinglddtmit., Fili-length
o8y e et dnglF Bl o ol )
chromptagrap@pCh DEAE $6phdspsel 28d 8 sdidbcases I@bwed bl IRirification on
. 5. Bi,ologi t udi Met h .
cv-eiirete. 191 Baniroting nEBRRLRr S W eriGhIf Pleinae
30-50% amrecniure ssipbateofut.a Ty puntdies elufed fiem thel dolunar @ere dialysed
. T ' ' h
soun 05N AR08 GORSPASLSgabon, SINEY com i L
detailsN-andrstaredibt -7pSCy hi sti di ne tag (tsyn), which allows its
purification on a Ni-chelating colum. Full-Ilength

a-synuclein (syn) was expressed without a tag, and
Fluorepearice iaeshyo'yr filameskassanply

a-Synuclein proteins (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 pg/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 uM in some cases. Fluorescence excitation spectra were measured in
96 well plates in a Varian Carey Eclipse Fluorescence Spectrophotometer, with the
emission wavelength at 480 nm. Excitation spectra were corrected for the signal measured
without tsyn and the peak signal measured from the spectra. The data were normalised to
the value measured without cofnpound and P50 values measured from plots of normalised

fluorescence against concentration of compound.
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15 chromat ogr aphy on DEAE Sepharose, and in sone cases
foll owed by purification on CM Sepharose. For both
w@e@ra1wey the bacterial extract was first enrPChes#20dmy/001105

taking a 30-50% ammoni um sul phate cut. The proteins
eluted fromthe colum were dialysed against 20 nV
CAPS, pH 9.5 or 20 MM Tris.HCl, pH 7.5, 50 mM NaCl
(see Table 1 for details), and stored at -70 C. 20
Fl uorescence assay for fP¥anent assenbly a- Synuclein
proteins (tsyn or fsyn) were incubated at 37C for the
times indicated in Figure |legends with mxing to
[ r n sone cases, 50 lag/m

ELISA i&%ggﬁyﬁs&g%dléénfs%ﬁf’éﬁﬁ dmg enhance fi br|I formati on.
Sanpl es of 10 pl were then diluted to 100 pl wth

A solld"@’ia%(e asQéWﬁlaé D&y ﬂo&}?{é&%ﬁ s adRbbidiid & oagynu&leP'M tsyg'[ dlfaltgd in

InN Ssone cases uorescence excitation s

Carbom,géep éu‘%@é@dﬂeﬁi was bogipd feihe asbayt elstel, andifulkdengiim acaneglein (fsyn)
was adefdd iRgR 5&&&0@595&0 err%%g%wﬁp%% bLYﬁetr Qa2 mifl Na-

em ssi on wavel It atd on spectra were
phospbafer ild 6h ZﬂmM lsQ oftal Tweea<Gr &% ﬂsWskimcgﬁatmgy Boandifsyn was
detectbd 8siR§ ko e data
ctoctb oGS ol ke TIPS B L AL SRTR RSB
conpound and P50 val ues neasured from pl ots of
Exampl@h MBubifiédion lof HAURGGEACE agai nst concentration of
compound.” WO 2007/ 110629 PCT/ GB2007/ 001105 -55 ELI SA
-assay for synucl ei n-synuclein binding A solid phase
Figure@S8is\ isfitbrh thel i |
Igurea synt?cl el n. tsl\i/% uleétg) S&té a"??&%%‘ﬁg §B§8¢AGE a(‘ dl:cltam'ng
with CgomgassjgBlugo Jha Niwffinite cabmwrp\n@@sea, vemp éfficignt piréivgtion; the final

purifie@ﬁﬁﬂf&H CshB i f:gy i is.oh eﬁﬁ%ﬁ??% u&%@ntggi‘wmgﬂ Afprotein

e aqueous
from aﬁi@@sﬂwf‘f@reqﬁha@eoa 20 rr1\/| NaCl, 0.05% Tween-20, 1 %
fish skin gelatine. Bound fsyn was detected using a
commer ci al antlbod%/ 211) that does not recogni se
FiguretZsshipws toe purifieptien af fsyruen PEAEtSenhatsisea Tog final peoteinFising tis
methoérssﬂi&% dyeso | Hhe purification of tsyn analysed
gg%ma)ﬁd Qt alénnl ng wth Coomassie Blue. The
N| -affl nity colum provides a very efficient
Fi ure%HoWsQﬁé QiticatidtPof DERE' d
g | b@fficatidlfo )ﬂ%n é nggro%?c%]l%‘/v@d%g%g\ﬁéph%rose

IS greater t a vyl
This mﬁﬁ\ogrqg@@(:ﬁs protein of >95% punty, but the yleld is-lower (12 mg protein

compared to 85 mg with DEAE Sepharose alone).

Several different preparations of a-synuclein have been used in the assays described
below, and brief details of their purification are summarised in Table 1.



10

15

20

15 froma 750 m culture of bacteria. Figure 2 shows
the purification of fsyn on DEAE-Sepharose. The fi nal
wee@reit2usi ng this nethod is not so pure (fsPCF/@BR0V7/001105

Fig. 2). 20 Figure 3 shows the purification of fsyn on

DEAE Sepharose fol | owed by CM Sepharose. This method

produces protein of >95%purity, but the yield is

| ower (12 ng protein conpared to 85 ng with DEAE

Sephar ose al one). Several56di fferent preparations of

nucl ein have been used in the assays described 25

Tab|eb1el ificatiah dathitst ofdeniedieis pafpatdtiens purification are

summarised in Table 1. WO 2007/110629 _

PCT/ (GB2007/ 001105 -56 Table 1. Purification details

Prepof :?nﬁtﬂaﬁbmd@a@ar ations Prep Purification detaills

toyvh 9 AS cit N ~pl 9.5
’tsynTl8Sy LAY Cﬁgl\Eij'U”BEQEK’E%q’ a%M @kﬁ%&@@ 20 nM Tris, pH

fsynB. 5 AéQummolumwa%m 'WT”%'EECPB B MON Fysed

M-Tris 7.5 qyn- AS cut

tsynéél ' CUHMW‘%W diglypedl 30 M Rds, PH505 10, 7.1 M Na |

H7 20
BT 135 ) A S, A R

101%6l LYl Na(PlapWe@ 20 MM Tris.HCl, pH 7.5 fsyn- AS qut,
8 19DEAE col um, CM col umm, di al ysed 20 mM CAPS, pH 9. %
' 20.P2 Protein prepared by heat treatnent was inactive

fsynild | A cts DBAE calone, dralyﬂeelp’@rmm TJ'}S HIEIARH 756 i on- exchange

I G v ooy e i s e b R R HEGRT 1

was| f-bund that CM Sephar ose gave the cl eanest

U

fsyn-tlj'iﬁ ﬁngéggfé\ gg%lﬁmn SO By diplged CARSEHPi Vi ty

20,27 sele Exarrpl e 9). Table 1 summari ses the synucl ei n

cead for thponcn ovnorl_rmnfc
Pt alﬁ'fl o S—uSea —O1 tTcoT—Expe et

Protein prepared 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 synuclein preparations used
for these experiments.

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 pnmulln The proteins were induced to assemble by incubation at 37°C, with
and without 50 pg/ml heparin and samples were assayed with 1 pM thioflavine T or
primulin 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 little appearance of thioflavine T fluorescence with either protein
(Fig. 4A, 4B). There is appearance of a primulin signal over 20-30 h with tsyn protein in the



10

15

20

25

10 Exanpl e 2. Assay of synuclein assenbly by
fluorescence It has been reported that assenbly and
wo pdrithostor mat i on of a-synucl ei n enhances t he PCT/GB2007/001105
fluorescence of thioflavine T. Wt tested the effect of
a-synuclein on the fluorescence of 15 this and al so
primulin. The proteins were induced to assenbl e by
i ncubation at 37C, with and without 50 pg/m heparin
and sanpl es were assayedSi-th 1 pMthioflavine T or
primulin at various tine points. Figure 4 shows the
absencemé heparins i tbe paessoad bihepfarin dhare ismp lag phage fop apeedrance. of the
I I
s <18 (AR Ay E AR Bon Sl NGt bl ver
(Fig. ‘b‘f)ot"lﬁpﬁrln anlatempp&a)ancahfa thidflaving J exigrean toe tsyh taa similar

orenbls GYUP ELRTR) PIEZRIEN Dyl B0 LR8P

primulifepiginale forifsyntinéheprkssone of fpatiep by the présenee btheparihabere is

1 r j h .
orpe P HSE S RPURR B Riprb S, AR LS hoihal on v
tsyn (ot #HR)utThedpaphase foFappeatace OIf-Itlmrmrrullstsugml istsherter than that for

thloﬂa@fﬁ@elabr@(‘t%@ fifkl é@(térﬂ 'o?{rﬂea(ﬁtlopﬁn L $ 's%ﬂ% s E;Péﬁﬁér%)(sﬂ’n t&«g’c {3 %rwulln

ext ent
(Fig. 4B)oihapieseroede saﬁaUMWeemprunmla\andetWﬂame B irplidatas that these

two fISdre5rSs £I%rd e%flﬂ 'dﬁfe?fgﬁ @%?JW gta%fs J?%gr%c'léln and id I@ons(lﬁtent

pr esence of pearance of a
with thg idpa tet Br 'mlJUbd@ipﬁ@ resarlp uteCWSth statd @f@eemblag)rlphmémrll

formaliOANHRGSE gle %:fédhﬁg%}ﬁ%ﬂ&ﬂ& 4B). The |ag phase for

appear ance o primulin signal is shorter than that
for thioflavine T, but the final extent of the

Exam ,@Sop\g '(pfe-'l;"g,j |0nlb mrcegﬁaeé-r&han that for pr| mul i n
al between prinmulin

and th| ofI avine T indicates that these 10 two

The ﬂﬁérlslé’ée‘ae@ afrests At H&LPGEdang agéé;/ttﬁé Sﬁ%% ¥ g&ﬂ%&é déﬁ\ﬁhf 8nd ETC

synuclein, and 1s consis
on asiﬁmbﬁﬂ psyRaiRiet s an early precursor state of assenbly
prior to fibril formation, which is detected by
thiofl avine T. Exanple 3. Assay of fibril disruption
Figures§ share tha ¢ffeatof MIEC Fnd ER Cupnrthe Heorescantce signs! dimitberttbioflavine

Tor pH:%ﬁf?n vh@u E?qbﬁifdft ARt Lfﬁ‘ﬂ?es?!% e%e@?u%n} M2 traces

assenb ed a- synu el n |gur
are showg agiduBatonsi coneentration efswempround ingriglireofA. Eiguneh shows the

effect bIMPE! AU EYR 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.



20 T or primulin induced by assenbled tsyn, and the
peak fluorescence values fromthe traces are shown as
wa@2doanateeon of concentration of compound i n FiBCT/6BZ0A7/001105
Figure 6 shows the effect of MIC and ETC on the
fluorescence signal of either thioflavine T or
primulin induced by assenbl ed fsyn, and the peak
fluorescence values fromthe traces are shown as a
function of concentratief8ef conpound in Figure 7B.
The P50 val ues neasured from 25 the graphs in Figure
Table 2. #50 vallewdior te chhilitiohatflcesylucliiD-dspeidert Georgscence of thioflavine
-58 Table 2. P50 values for the
TI”pPWH@gEYRﬁﬁ{%%H%Psynucle|n dependent fl uorescence of
thlofIaV|ne T or prlnulln by MIC and ETC. protein

HOt 0 FRo P50 ’ W 13 thioflavine T
prf\’/ﬁ‘i'f'18 gﬁ'uc{rggﬁ h| c')‘?) avl neg P )30. 3 tsyn-13
i@ T ATImE @15p|1 _uint-TC24.1 fsyn-14
1 wr%fl avtlhilreljg I ff/IiC N;y fsyn- lofllavine T ETC 25.3
tsvrsyfh 14 thioflavine MT(ET;@ 5 fc)ﬂﬁ) 34 primulin ETC 30.6 5

ef-flect—gf—the—c unds—gnstdiofflavine T and

ts HI‘:F?TM [ :PT Idlﬂ;r escen::héwgoul d tellz' ue to conpetition for
tsyr@3 f | uopr&mdience Ilg'éﬁd rat herz4than di sruption of the
—H-prH-s test—tt the xper+ment was done at
fsmi:ﬁée d.?‘Pﬂ?‘é Tconc’%ﬁ?r at i or?%f fl yor ophore, since
fsyrhe4 P50 thioflhvibe T depErcient or) 25.310r ophore

concentratiqn Cn! v—i-f—+he—effie s—dque to
fs)érbflr%etl ERTERINDat a £ MRS one e?&eSrl ment is shown in
fsyi-g4ir € [Berinuiid t he neEnCc P50s flragms al | [experinments is
shown iin—10 Table 3. ThereHs—not—a'si gni ficant
di fference in P50 val ues neasured over a 25-fold
5  The efledtioPirRNipdindd e taseme rgﬁwmmlmfmr&cemmm hen@ue to

that the effect of the co und is. du
compgfitiop ip he HUCroR5e268 1#1931h BBl G e Bt Eolest this, the

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. There is not a significant difference in P50 values measured over a 25-fold

difference in fluorophore concentrations, indicating that the effect of the compounds is due

to fibril disruption.
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a- synucl ei n-dependent fl uorescence of thioflavine
wo@eoopniesed i n by MIC and ETC. Effect of fl uoroph@r/€B2007/001105
conmpound fl uorophore [fluorophore] (pM

concent

ration.

T

P50 (pM SEM N MIC thioflavine T 0.2 11.6 6.7 3 MIC
thioflavine T 1.0 12.7 3.9 3 MIC thioflavine T 5.0
20.2 0.0 2 MIC primulin 0.2 41.7 8.2 2 MIC primulin
1.0 35.1 2.2 3 MC primdPirn 5.0 31.2 0.7 2 ETC
thioflavine T 0.2 3.2 2.5 3 ETCthioflavine T 1.0 9.0
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Example 4. The effect of compounds on the assembly of a-synuclein aggregates in vitro.

O-BM WO 2007/ 1

As well as affecting assembled a-synuclein aggregates, MTC also inhibits the assembly of
a-synuclein into aggregates, as determined by competition of the binding of primulin.
Optimal conditions for the assembly of aggregates from tsyn and fsyn has been determined
and the inhibitory effect of MTC is shown in the Figure (New Figure A). tsyn (1mg/ml in 20
mM Tris.HCI, pH 7.5 + 50 ug/mi heparin) was assembled at 37° C for 24 hr. MTC inhibits
tsyn assembly at concentrations greater than 5 uM (o, open circles). fsyn was assembled
under the same conditions, except that the concentration of fsyn was 2 mg/ml and and
incubation was for 120 hr. MTC shows a greater inhibitory effect with fsyn than with tsyn,

with inhibition occurring at 0.05 pM with the former (e, closed circles).

Inhibition of a-synuclein aggregation (fsyn; using the primulin assay as described above)
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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-60 Table 4. Effect of di am nophenot hi azi nes on
a-synucl ei n aggregation using fsyn. Fluorescence with
walewg/1owecentration (pM: 5 Conpound 0 0.5 5. OPGDGBRNC001105

311.3 145.9 24.2 1.2 10 ETC 311.3 190.6 44.6 1.5
DEMIC 311.3 295.7 23.4 0.0 15 DEETC 311.3 369.2 18.2
0.0 Thioflavine T has al so been used to nonitor fsyn
assenbly. The evolution of the thioflavine T signa
is slower than the prinmbdR signal, but reaches a
hi gher | evel and appears to be reporting el ongation
of fibrils rather than formation of aggregates. At
l,at I h) _when .t he .

Table et AR o T RE s el sty Geing o
thioflavine T signal is nore sensitive to inhibition

by MIC than the pgj muli ignal. wth . sigpj.ficant
ef fect being obseﬂl/le Sg\%]n%.vg@adﬁﬁ Ccﬂﬁegg?téo"s(ﬂ in
Figure 12. Exanple 5. Assay of a-synuclein binding by
a solid phase ELI SA assay 25 The two a-synuclein
proteins were also used in a binding assay. The tsyn

Comppgndbound in ,thed solid ph@se, and f&bl -1 engthsfsyn is
added i n the aqueous phase. An anti body against a
C-termnal epitope in a-synuclein that does not

MTC recogni se-tsyn i81U8ed to tumdtify baaupd fsyng.230
Figure 9 shows the aqueous and solid phase binding
curves for fsyn-20 binding to tsyn-13. Binding of

ETC fsyn-20 pl at eaus34t.3-5 pM #8006t syn- 184.6i ndi ng pkat eaus
at -2 pM These WD 2007/110629 PCT/ GB2007/ 001105 -61
concentrations were used to test the effect of various

DEMTEhi oni ni um chl or3te8 and f296/bnes on23.4 0.0
synucl ei n- synucl ei n bi ndi ng.

DEETC 311.3 369.2 18.2 0.0

Thioflavine T has also been used to monitor fsyn assembly. The evolution of the
thioflavine T signal is slower than the primulin signal, but reaches a higher level and
appears to be reporting elongation of fibrils rather than formation of aggregates. At later |
stages of assembly (160 h) when the thioflavine T signal has reached a plateau, the
thioflavine T signal is more sensitive to inhibition by MTC than the primulin signal, with a

- significant effect being observed at 0.05 uM. This is shown in Figure 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 uM and tsyn-13 binding plateaus at ~2 yM. These
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The inhibition curves are shown in Figure 10, and the
B50 val ues calculated fromthe 5 curves are
waenaticsed in Table 4. Al the flavones testePCT/GBRIVE/001105
bi ndi ng assay have good inhibitory activity, whereas
al t hough nost of the thioniniumchlorides are active,
nanmely MIC, ETC, DMMIC, DEMIC, DMETC, DEETC, thionine
and tol onium chl oride, others such as azure A and
azure B are inactive. I®1Fable 5. P50 and B50 val ues
for the inhibition of synuclein-synuclein binding. P50
concemiratienseveraiuskd to) ﬁeagmﬁierf]fe&wﬂ var]d(ﬁs&ﬁiﬁﬁi;’drmnhgédwlbﬂéde%(brﬂ"ﬂaéones on
1S, Wi t eparin (50 pg and assaye
synw&%éﬁyﬁﬁ%% Bhgmgtmo fl uorophores (1 pM, thioflavine T
or primulin. B50 neasured with 1 pMtsyn- 16 (solid

ﬂ@fﬁ&) (pOoueoys S usin 5 50
Thei sodi Lﬁlljvmq:'%peﬁo g p \&ﬁ ﬁ’PFlé ﬁ‘eeﬁﬂ EB&% %@?gqﬁsaq%ﬁe%%owe
curvep\aEl sunwaarisel)in lisblegt. P50 (pM using B50 (M in
‘Conmpound a-synuclein thioflavone T primnulin binding
assay MIC 15.4 3.7 (6) 30.4 3.0 (6) 130.8 15.0 (5)
All theeflegome@s®(i5) thethifding 659ayFa8e g8 nhibbYEEiOi?2 whilead Qithough

most é g@%urﬁlélgé:(wg%ufieggg Cc:’élgisrtaﬁelyA'M&éTET%g/&'PC 'LQE:]&'@CADMETC,

DEET Bﬂorﬂhégar(dzt’plonmnﬁa chigride, cHerssiblas At & aRd2zbROB are inactive.
Th|on|ne 3. 0:3 (5) 23.0 2.2 (5) 32.2 11.7 (2)
Tolonlumchlorlde 1.5 0.2 (5) 8.8 3.3 (5 3.3 0.3

Table @2)P50md@ﬂOe;a/ueWo/ethaMblamﬁof(sn;uc/anidyﬂmmw bfri nﬂ%o>

meas@gd ﬁ/ltﬁq @'ngt(sfﬂ%)i 6 a?esg]r%gleg Xr)’203 /JIH%I r/QwCI (pﬁ \9053 W/th hepar/n

(50 pg/mi) and assayed with either of two fluorophores (1 uM), thioflavine T or primulin.
B50 measured with 1 uM tsyn-16 (solid phase) and 5 uM fsyn-20 (aqueous phase), using
50 mM sodium phosphate buffer (pH 6.0) containing 20 mM NaCl.

Compound P50 (uM) using P50 (uM) using iio (M) ,m
thioflavone T primulin ynucleln
binding assay
MTC 15.4 + 3.7 (6) 30.4 £ 3.0 (6) 130.8 £ 15.0 (5)
ETC 7.3+3.8(5) 26.0+£6.0 (5) 3.8+0.3(2)
DMMTC ) 0.2(1) 20.7+£7.8(2) 4.9 (1)
DEMTC 0.8+04 (2
DMETC 0.9+0.2(2) 50+0.9(3) 0.5+0.1(2)
DEETC 0.4 (1)
Azure A 3.8+0.9(2) 17.9+2.0(2) > 500
Azure B > 500
Thionine ' 3.8+0.3(5) - 23.0%£22(5) 322+ 11.7 (2)
Tolonium chioride 1.5+£0.2(5) 8.8+ 3.3(5) 3.3+£0.3(2)
Baicalein 47.6 28.2 25()
7-Hydroxy-flavone > 50 > 50 35.3 (1)
7-hydroxy-3-methyl-flavone , 141.2 (1)
Fisetin 88.2 (1)

Geraldol >50 > 50 60.8 (1)
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Geral dol >50 > 50 60.8 (1) WD 2007/110629
PCT/ GB2007/ 001105 -62 B50 (M in P50 (M using P50
W@ By /1useng Conpound a-synucl ein  thiofl avone HCT/GB2007/001105
primulin binding assay Rhametin 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 for
a- synucl ei n aggregati on-8he cell based assay enpl oyed
a nouse neuroblastoma cell line NIE-1 15 that had been

5 engineered to eg‘g)ress fulT-Tength a-synugkem) in

CompolfFOF POT ati ng anPR 680 eingl 159 usisquence I;SﬁS%finsyn)
to target incorpogfidvere of the graigi n int SYRE
menbrane (see W02/ 059150). Wen the cel |bindingreesay

Rhamn@iid T €T entiated W;ﬁtaﬁ'iz;butyfyi lcysrzij' U"vaf’ (ORCAEy 4t
: expression o e a-synuclein protein was
ROb'”eMreaged. 10 a- synddilein %rotei?‘?-%s det ect3@d (hy
3,3 4-Trinwdroxyflagonausi ng vari ous anti - a-synucl ei n amgilgndi es.
These included: mAb 42 (BD Bi osci ences Cat No. 610787)

_that recognises an epitope wthin tsyn (residues
Primui31_109 of a-synuclein). I'n additiéh to a-synucl ein,
Thioflaviddbr 42 al so reacts (nen-specifically with a protein of

by other anti-a-synuclein antibodies). Thi s protein
Examplm8. Calkithsad aasayefet orsghecleih agglebativhimber s 15 as t he

| evel of this protein in cells correlates with cell
density. Drugs were tested with these cells and an

The cellbhsdd asmay englioyedtaymoiebfijurviastomb eyl RieeRIEdY15 that had been
centration in the ratio

. Lnj whi ch
enaine i S BIeRR e Ei PR D st d oA i ralsmgbaence
(SSfsynie tergktincomoratioh bithetpretainentowhd Mmetibeddsaé We02/880160R
wnen {52 Befhgle AP AP ool RPN BEAM] i Siprssion o

the a-synuclein protein was increased. ‘

a-synuclein protein was detected by immunobilot using various anti-a-synuclein antibodies.
These included: mAb 42 (BD Biosciences Cat No. 610787) that recognises an epitope
within tsyn (residues 31-109 of a—synucleih). In addition to a-synuclein, mAb 42 also reacts
non-specifically with a protein of higher molecular mass (the protein is not recognised by
other anti-a-synuclein antibodies). This protein was used as an estimate of cell numbers
as the level of this protein in cells correlates with cell density. Drugs were tested with these
cells and an inhibitory activity (EC50) was calculated by determining the drug concentration
in which the ratio of a-synuclein to the non-specific band fell to 50% of the value for cells
treated with dbcAMP alone.

The timing of the addition of the dbcAMP and drug was varied and the length of time that
the cells are left in the presence of drug + dbcAMP before collecting cells was also be
varied. A typical result is shown in Fig 13 for DEETC.

MTC was inhibitory when the cells had been left for more than 2 days in the presence of
MTC and dbcAMP. The most effective compound was DEETC that inhibited in the nM
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the cells are left in the presence of drug + dbcAM
before collecting cells was al so be varied. A typical
wo e®aliioes shown in Fig 13 for DEETC. MIC was PCT/GB2007/001105
i nhi bitory when the cells had been left for nore than
2 days in the presence of 25 MIC and dbcAWMP. The nost
ef fective conpound was DEETC that inhibited in the nM
WO 2007/ 110629 PCT/ GB2007/ 001105 -63 range; DEMIC,
DVETC and ETC al so show -G bitory activity (Table 6).
The flavone, rhametin, was also inhibitory. Table 6.
range; REMBIG i RMESE argiT @risp @bwmrbrmwcﬁvmmasle 6). The flavone,

hamAdtif th dbcAMP by 5 phenot hi azi ne
' amcoﬁb%ﬁg’w"q@@g”%nd EC50 (pM LD50 (pM MIC 1.17 0.3

(7) 62 ETC 0.08 0.02 (13) 38 DMMIC 0.10 0.02 (4)

g e QAR ik e S e i) °

phengthigging gpmpogndshzure A 0.32 8.8 Azure B 0.25 0.8
Rhammetin 2.5 31 Exanple 7. Truncation and
aggregation of a-synuclein in a cell-based assay. 10
When Opwwoand NI E cel | ECoORaAMi f f er ebDS@{AY usi ng

dbc AV Fsyn, as
detected using mAb 42 °(r EcoOgnr si ng e core of

a-syna&Cein) or mAb @08+(xGeE@ni sisy a Cterm nal
epito a- synucl ei |t|o two | ower

nol ecﬁ’eﬁmE mass bands @1)‘] d{}?’zg@?nate 15 and 16 kDa
wer e BMEd@ced. The | ad.08# Orty(2) cor r@spond to Fsyn

| acki si gnal seg he | arger of these
t wo p?%l\/ﬁ:aﬁs was 15 epﬁgfgé)o%gé)oot of these
ant i bOEEEE, the 15 kDaOWan0.004%3) at1.best, only weakly

I le i h '
g?;ﬁcfaqwuﬁw'sugges# %dgy@ (r:]ias éag’p ° s o An

Azure A 0.32 8.8
Azure B 0.25 0.8
Rhamnetin 2.5 31

Example 7. Truncation and aggregation of a-synuclein in a cell-based assay.

When DH60.21 NIE cells were differentiated using dbcAMP, there was increased
expression of SSFsyn, as detected using mAb 42 (recognising the core of a-synuclein) or
mAb 211 (recognising a C-terminal epitope of a-synuclein). In addition, two lower
molecular mass bands of approximately 15 and 16 kDa were produced. The latter may
correspond to Fsyn lacking the signal sequence. While the larger of these two proteins was
detected by both of these antibodies, the 15 kDa band was, at best, only weakly detected

" using mAb 211. A typical example is shown in Figure 14. This suggests that this is a

protein that has been C-terminally truncated. A further 22 kDa band with an apparent
mobility greater than FSyn was also observed, but only using mAb 42 and not mAb 211
(Figure 14). The ratio of the 22-kDa to SSFsyn bands differed significantly depending upon
the antibody used (p < 0.001; Table 7). This suggests the presence of aggregated
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protein that has been Ctermnally truncated. A
further 22 kDa band with an apparent nobility greater
wo ban/1FHeyNn was al so observed, but only using nPGI/¢B2@nNE01105

not mAb 211 (Figure 14). The ratio of the 22-kDa to

SSFsyn bands differed significantly dependi ng upon 20

the anti body used (p < 0.001; Table 7). This suggests

the presence of aggregated WO 2007/110629

PCT/ GB2007/ 001105 -64 swaucl ein that has been

truncated at both N and Ctermni. This 22-kDa band
synuckssthat Bas bedpsteuncated a1 bt YA Cesihiddl aBis@PekTebdrid was also

obser P RRIEEYEY A IaY Sy R S5 081 6 as

denonstrated by 5 the absence of reactivity with the

-ter t|o of Detectjo ntib
Table, R Raiet GaOrep SR LSS eV RICID 15 6ol T LoT T ate by
the alikeflde ofeBERHNGH tﬁ@bLtsrnawrmeﬂg SSFsyn were exan ned

by fluorescence m croscopy, abundant expression was

observed, including material of a granular nature,

suggestive of 10 aggr egat dviedrotago iaf (Fi gure 15).

Fur t her noy he aggr.e Qbser in cells were

si mul tanecpglﬁtt??‘%%g ‘?1‘? ed ‘é?e]-ﬁ‘g??yﬁ‘, h f 1 uorophore
that binds to aggregated r(@t@msnszi gure 16). This
confirms ( j t _deppnstratelthat

a- synucl ei ﬁ‘%é@egati on dAr§$8508% er differentiation
of SH SYS5Y g PPl ast oma cqjd;&bk@segawa et al. 2004,
Brain Red 1013:51-59) 1 Exanple 8 FEffect of MIC on
a- synucl ei n ol i gomer assenbly and on a- synucl ei n

Whenbe‘e'ﬂéi bﬁ}QeQJl ing BBF¥ri Were d3ahiddl BYSiubReskBfcd MRréRSHY, t&uﬁcﬁant

measurenents I n synuclein assays in Table
expresswn Vzes pPS%w trecluding matesiel thﬁ wANHALAtes) Bgogetive of

aggre@@t@@ rp%tleM (PRVR: J1fS)V\@frur’tﬁe’ér‘i’r?oré BRbdgrysaeshdefrddn® cells were
ynucl ei n assaés al t hough sone of the fl avones have

SimulERepUsH§Co aRiTeuling 2 fiHerophoTe it hindi te Rogieoaled proteins
(FlgurEW|6§ $M§ﬁ8§ﬂrﬁ13tdﬂﬁ’ér AbdidomatudrBiiraleansas spucetiBgytshtion

are fective in
arises after dlfferentlatlon of SH-SY5Y neuroblastoma cells (Hasegawa et al. 2004; Brain

Res. 1013:51-59)

Exaniple 8. Effect of MTC on a-synuclein oligomer assembly and on a-synuclein binding of

- - . -

in vitro.

Referring to the the results of P50 and B50 measurements in synuclein assays in Table 5,
it can be seen that thioninium chlorides generally have lower P50s than flavones in the
synuclein assays, although some of the flavones have low B50s, comparable to the
thioninium chlorides. This suggests that although both classes of compound are effective in
inhibiting the synuclein self aggregation reaction, 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 a lag
phase before assembly of ~2 hours. The fluorescence signal peaks at 4-5 hours, then
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i nhibiting the synuclein self aggregation reaction,
only thioniniumchlorides have the ability to disrupt
w@e@fotwsed aggregates. 25 As a further assay oPCT/582007/001105

activity of MIC, its effect was neasured over the tine

course of assenbly of tsyn (Figure 17). As shown in

Figure 17, in the absence of MIC, there is a | ag

phase before assenbly of -2 hours. The fl uorescence

signal peaks at 4-5 hour-s5-then WO 2007/ 110629

PCT/ GB2007/ 001105 -65 gradual ly decreases over 20
gradulaﬂwd@cregm dv'enBO meLrSS'BheDﬂ‘ mapp@as angsheafarick wd flesesitre is

o4 8 S bR AR Ars R NGRS v,

the lapipaase befbry stars bbudsentbiyais sedtzky td $ hb&tdamﬁﬂeﬁ"ﬁallﬂl.hmsbence

s Bl B3 BHSBRE o PRl 0% Mt

highef Witlo pemakm cempared tdihiglavinai Tt thélpl’eﬁehﬁe obIP UMEMTIO) assembly is

siowe} e ot Byt el TP RO IS oS highed 1591 ot AL ol Mfc,

the timecelrsé $orfasgémblytohamthe@|r‘§t HeB houhé ls'%lmMrWB'@;e cdriv®l, utiBen there
0

s eGP R TE e, R kb 188 8O S lpgtissmier o
contrGIaA't 60 fum1 MTOf fhermlstdwsfsbmblyeﬁéﬁﬂhéelmeaémmhé bﬁpefrirmfhlt The

data th FRE L SHSF 1 Wt b 8 ik e ol B Statit o Sirtike: at tow

conceakpmnsr(aﬂﬂar ré’ﬁ&sylﬂclémr;] MTCre0B0gYNVa Cﬂz?pp&mwlytslﬂﬁiuld’tﬁ'@d%@mbly to
t on the as nuc

some HffHEn hFRIER AL F S G R RS AU GG S H)-clareMTC

2:1), inpgrapletetyl ivhibits asgeatohs \AsReUTNighidgto m&mdtwrtﬁ@ory, it is surmlsed

o PSR B e A 0l BB T BB S0 Se

allow ahibitidnl of agi¥eghtian butizibive gindingles tHeotombdiyid i ey thantonies
rovgdes a ligand cross-linking

C
synucgef'? @@ecgetgpfwl\{grﬁﬁgwgra o that is insufficient to 15

al 'ow i nhibition of aggregation but allows binding of
ExambliS COPRONOR & ADES, MOS0, 0% o SUIYELELD ol ecul e (o
a- synucleln SO|Id phase blndlng assay 20 Fi gure 18

oS B e AL PR %@k@fﬁ&%@%@%@:@s Bblsbed
in Exdnmmel i n]jhmlasst@hm}mg wias stipvayusing Sin- 1 imtlithwess theendsoptire
pepafy o BB RE g i o P M BB T 0, TR s
that treeszonod pumf‘ chtiorastepneratess o esntaraivaat thatriblaibitBiAting haid that the
proteiriw QE&H&B punf1 edd withi a %re]gondh&& éep%arose step, even thought this reduces

the yield.

Syn-10 gave the best binding of the three preparations tested, but-the maximum extent of
binding is still quite low. Two different solid phase preparations of tsyn were tested and
showed no difference, and the concentration of tsyn used was shown to be optimal (data
not shown). Different buffer conditions for the aqueous 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
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protein should be purified wth a second CM Sepharose
step, even thought this reduces 25 the yield. Syn-10
w@aneg/11dee9 best bi ndi ng of the three preparati oPGI/GB2007/001105
tested, but the maxi mumextent of binding is still
quite low. Two different solid phase preparations of
tsyn were tested and showed no difference, and the
concentration of tsyn used was shown to be opti nal
(data 30 not shown). Diff&&ent buffer conditions for
t he aqueous phase step were therefore tested. Figure
previously. SHeakPH 8 9aveaverae binding, SEPES/eaptt e aratitohleddetibyfor syn.
bindi | 95, L
B PHCENTE el AR (& ler it Big PhotP A PFRb st o e
to alloy tgsiing-at RNDS 20 B ataset Mﬁ@xebéﬂm thafiphosphate at pH
7.0. NobG "
tHsPél‘r?iHQ thdNafi lo?l dn Emdﬁggateg/g% NS eX erm\grﬂ? ﬁgﬁésﬁa gres&ts show

| ower pH appeare
that thy) ¢hemiqgl ingiure phithe hsméfemeaveu@sbm pldy infidericesbindipigsaf syn, and that

thebé@hggrﬂpé}a,ga%ﬁtgh yas also tried, to allowtesting at
5. Phosphat e at pH 6.5 gave better binding than
phosphate at pH 7.0. Notwi thstanding the variation in

The ina"]Hi ! r@%‘é’ﬁ@\n tﬁﬁ%@%&?ﬁh?ﬁ{éﬁn B‘up%??mr 3@ %ﬁlﬁg)g\\év?%ginding

hem cal nature
assaqus DEﬁEr tgélﬁw@g bip G\ afvgpradtography. diided imate preparatiesd of syn,

punflel@i% 88 WARSwdrel dtso @ eg Trig (b‘?—l ?ﬁi)%ﬁeﬁ] I(Il':ggru rﬁ)())r g%lhrg%vults

hat t he best puri I on
demoaﬁ@é@tr@t Kereis sm‘@j@billy iDEEELindling bbavadtebytlo@l‘ﬂetween

prepaPJ?nBﬁémﬁ %gﬁ@%}%eﬂ&ﬁ Gfte agﬁee?n R ?atr {J%Qém arﬁer;B pt-%lwffer (syn-

urif |svva rea

20). The Q)ﬂdﬁ@f(ffélms ppqtgnu rnsgcqopared' fnggh rsm-ClBUrsFlgdmﬁmé’medalEoﬁ inddinding

after 4l hﬁﬁ@duétosé’ﬂﬁh‘ﬁ%g S?le ik BlY\di'ng %B%?BE%‘FM[%R is, syhiracted from the

characteristics I'ons
bindinge Syew0 %hﬁé/egrsan@‘lcanthd@t@r alnylmgdhagwnnﬁt validatigh ththange of
dialysBWufref. (syn- 20). The binding of this protein is

conpared with syn-19 in Figure 21. The fall off in

binding after 2 pMis due to a high non-specific

In ord@d tB@'y%d rEB‘l?ceV@Jn‘éSlh&eth‘@msglbf s}lﬁ? d ﬂ&ltef?te lo g,m%t r\]/ﬁla%ss was

bi ndi ng. Syn-2 d S|gn| r

also invggtigatse - Figure\22/ shewistbatfsye- &Weed)ih phosphats ibsffer at pH 6.0
gives Batfel ﬁfndm'gr}hgﬁ 4318 aL&-I ?Worjﬁ% by gfew q qp@oh&Xﬂy, gl-,eg%ls no fall

use of phosphate ovver
off of the geye;ay théar fspp ganeeniralionsdtusio xmmaaseﬁgmkmua@se\peobnmyn

prepa@ﬁ%@%&ﬂﬁ?)?ﬁ& &Elyééd Q#'é &hq Sghﬁg? ﬁ%s(/ve%etégtgd i? folqgs'pﬂgte buffer
at pH ¢.Q3hd 9ane |Ssmllar hisdingite fsvo ZUa(IFig 8eB). d?synrmenauewthh final high
pH dlakbﬁ%rd Js§¥§boclﬂ%ggﬁﬁﬁé bOferdy BHe% LWAS LESPRY sgl%céﬁ%se W%ition

second
assays (Example 5)
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PCT/ GB2007/ 001105 -68 Cains 1 Use of a

di am nophenot hi azi ne conpound in the manufacture of a
medi canment to inhibit or reverse the aggregati on of
synucl ein, wherein said conpound is selected from 5
conpounds of the followng formulae: RO RN\to RL Rs N
R2 RTNA . 1 | / /| R3NA (~)



NSNR/NBR R4 RBNBRO RL Ra/ NR2 (2) RTNi \ S

\' \ N3Nc RTINB R R4 RO R s 2 R/ NRR3NA (3)
WORINCGIINGD N R6 R4 R3NB RO RL R/ N\ R X O (4)pr8I/6B2007/001105

R7/NA~ RBNA S N R7NB R6 O R4 R3NB 10 wherei n each one

of R, R2, R4, R6, R8, and RO is independently

selected from -H -F -d: -Br; -1; -OH -0OR 15

-SH, -SSR -N®2; -=OR -(=004 -C(=0O0R WO

2007/ 110629 PCT/ GB2007/ 663105

Claims

1 Use of a diaminophenothiazine compound in the manufacture of a medicament to
inhibit or reverse the aggregation of synuclein, wherein said compound is selected from

5  compounds of the following formulae:

R9 l?Nﬂ) R1
RY N R?
R'INA RSNA (
N S Nig
'_l(ma R® R* le’o‘NB
R R’
RY \N R
R (2)
N S SN _ane
I‘INB r® = R™
R
R’ R
R N R?
P ‘
3
> /R3NA ( )
R7NC/N S N
R® R ‘L3NB
B R R' ]
T = RY /N j - _R? ’
R7NA 3NA X @ (4)
~ NS R
N S N
'L7NB R® ® R* AWB
L .
10
wherein each one of R, R% R*, R® R®, and R® is independently selected from:
-H'
-F; -CI; -Br; -I;
-OH; -OR;
15 -SH; -SR;
-NO;
-C(=0O)R;

-C(=0)OH; -C(=0O)OR;
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-69 -C(=O NH2; -C(=ONHR -C(=O NR2; -C(=0) NRN RN2;
-NH2; -NHR, -NR2; -NR N RN2; -NHC(=OH, -NRC(=O H;

WO NG R, -NRC(=O R, -R, 5 wherein each R iBCT/GB2007/001105

i ndependently selected from unsubstituted aliphatic
Cl_5al kyl; substituted aliphatic Cl_6al kyl;
unsubstituted aliphatic C2-6al kenyl; substituted

al i phatic C2-6al kenyl; unsubstituted C3_6cycl oal kyl ;
substituted C3_6cycl oai kgb- unsubstituted
C6_10car boaryl ; -- ‘substituted C6_locarboaryl; "10

urSEO3NHE; uCexD)GEiRl;O@et(})Ne@;r YEEONERYZ ut ed

Wyasubstitut ed
%Qohgl_lgoiﬁi alkyl; substituted
oeu_ﬂ@(mmoame-mﬂwmy(bo)RWmceu:o;R;i n each group -NR
Né'\?NZ, i ndependently, RN and RN2 taken together with
theé nitrogen atomto which they are attached form a

wherein eeghlRuis indefendent’ detected frovg: at ons; 15 and wherein, in

BRI B e T o o

uasstibstitutedt alighatia makenylﬁubﬁﬁﬂutedl ahpBatbf»@i_sblk*eﬁﬂ;

IR Celi b B Srabto B3k 51 kenyl ;20
utnmﬂbsttutetdt@do@bmw%mhﬂa;dd CeShdasbadryt ed
C6, 10car boaryl ;

[: .unsu te
TREX LR YarerfBa b slby s Grotmereandt o
osnﬂmampeumma;rboeswbsyalkw besﬁﬁtelmee'%ﬁrl@@egyll-c1 4a{kyld
wnere TR e PR ERE ORIy s R SRS e
nitrogeérogfetrhierwhidit they hee aittatche@mmai g havinghirerh 3ttB Gyrirgf Roms;
attached forma 25 ring having from3 to 7 ring

atons; and wherein, in each group =NR3"c if present,
and WIRSHIB, irseddm@qnmdmi’f”mf”%alpeesm from -H

each or Solf?tﬁm én %%I IIR ?hﬁr’letnI & ﬁcw(cémsubst i tuted

hatlc ed aliphatic
G:H 6a| kenyl ; substituted aI i phati c C2-6al kenyl ;

unsubstituted aliphatic Cy.salkyl; substituted aliphatic Cy.salkyl;
unsubstituted aliphatic C,.salkenyl; substituted aliphatic C, ¢alkenyl;
unsubstituted Czscycloalkyl; substituted Csscycloalkyl;

unsubstituted Cg qocarboaryl; substituted Cs_qocarboaryl;

unsubstituted Cs.igheteroaryl; substituted Cs_joheteroaryl;

unsubstituted Ce.qocarboaryl-Cs.4alkyl; substituted Cq.qocarboaryl-C,.qalkyl;

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;

and wherein, in each group =NR*'®, if present, R*™C is independently selected from:
-H; .
unsubstituted aliphatic C,.salkyl; substituted aliphatic Cysalkyl;
unsubstituted aliphatic C,.salkenyl; substituted aliphatic C,.salkenyl;
unsubstituted Cascycloalkyl; substituted Cs.scycloalkyl;
unsubstituted Cq_(gcarboaryl; substituted Ce.1ocarboaryl;
unsubstituted Cs_ioheteroaryl; substituted Cs.joheteroaryl;
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unsubstituted C3.6cycl oal kyl; substituted
C3. 6¢cycl oal kyl ;  unsubstituted C6. 10carboaryl;

waastideed ed C6_10car boaryl; unsubstituted  PCT/GB2007/001105

C5_10heteroaryl; substituted C5_10heteroaryl; WO
2007/ 110629 PCT/ GB2007/ 001105 -70 unsubstituted

C6_, ocarboaryl - Cl_4al kyl; substituted

C6_| ocarboaryl -Cl_4al kyl; and wherein, in each group
-NR7""R ", if present: eaph one of RN and R/NB is

i ndependently selected from 5 -H, unsubstituted

alihgunatituted@.Serkydryl-GuBRyl sudsatited Cphedrbear@lc falikyy| ;
unsubstituted aliphatic C2_6al kenyl; substituted
al i phatic C2_6al kenyl; unsubstituted C3_6cycl oal kyl ;

and whBRH, irl &dchtyr6Gp AUREPRANR kidresertnsubst i t ut ed

C6 bo ;. substifuted car boaryl; 10
cach GRSIRCT BUf B 08 MHBRRAAEPDLr S Peled B i ¢t o
C4;10heteroaryl; unsubstituted

s GeBErPhat Caait) oSS kolobalh G o « aken
t QasubRttuted dliphbieCiidikepgicsutatinmed sippbiict, ddieyyiar e

attached forma rijng havi rom3 to 7 ring atons;
b Cra oAk b B SRR | o odent R
I snsubdepenten,tarbsaliestigttutedd0] carbbaryinsubst i t ut ed

| i phatic¢c Cl.6alkyl: tityted i phatic Cl_6al kyl ;
cHaEBt-fast GeroBipteiomi Sbedied et erbaibst 1 Cuteq
abihgUnatitutedd2, fedrsearylC._alkips bltsstituted €, E3boaryEC oKy | ;

or: R@%aﬁrﬁj%{ﬁ%gpﬁgqu%%&%g%{y&g% _akf)gi b@%}érﬁ t}]te?dare attached form a

fing heWIB 6 3 1ot 2ehd BroRdhet er oaryl ; substit ut ed
C5_10het eroaryl; unsubstituted
C6_10car boaryl - C1_4al kyl ; substituted

and whBrek) easdragrslip ENRAH ifyprssenB RINE adebend®NLQ sklected from:
present, is independently selected from 25 -H,
ufisubstituted aliphatic Cl_6al kyl; substituted

abhqivatiiutedAiphalik! salkyl Rabsidited tkip@tiald, piafli c
CroBsrd aiphabStl Lited. Sl BRd Sinkana) Sahr
unsubstituted Cs scycloalkyl; substituted Cs.scycloalkyl;
unsubstituted Cg_jocarboaryl; substituted Cs.1ocarboaryt;
unsubstituted Cs.jgheteroaryl; substituted Cs.qoheteroaryl;
unsubstituted Cg.1gcarboaryl-Cq_salkyl; substituted Cq.qocarboaryl-C_salkyl;

and wherein RV, if present, is independently selected from:
H;
unsubstituted aliphatic Cq.salkyl; substituted aliphatic C.salkyl;
unsubstituted aliphatic C,.salkenyl; substituted aliphatic C,.salkenyl;
unsubstituted Csscycloalkyl; substituted Csscycloalkyl;
unsubstituted Cs.1ocarboaryl; substituted Ce.1ocarboaryt;
unsubstituted Cs.4oheteroaryl; substituted Cs.ioheteroaryl;
unsubstituted Cs.1ocarboaryl-C.4alkyl; substituted Cg.qocarboaryl-C,.4alkyl;

and wherein X, if present, is one or more anionic counter ions to achieve electrical
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unsubstituted C3_6c¢cycl oal kyl ; substituted
C3_6cycl oal kyl ;  unsubstituted C6_10carboaryl;
waamstiideeds ed C6_10car boaryl; 30 unsubstitut ed PCT/GB2007/001105
C5_10heteroaryl; substituted C5.10heteroaryl;
unsubstituted C6_10car boaryl - Cl_4al kyl ; substituted
C6. | ocar boaryl - Cl4al kyl ; and wherein X-, if present,
isS one or nmore anionic counter ions to achieve
el ectrical WO 2007/ 11062%1RCT/ GB2007/ 001105 -71
neutrality; and pharmaceutically acceptable salts,
neutrafitxed salts, hydrates, and solvates thereof. 5 2. The
use according to claim1, wherein said conmpound is
sel ected from compounds of forrmula (2), and
and phanaecécelly aatéptakie celpd, abkesl sHist lydrates euhdsalvatss thereof.
hydrates, and solvates thereof. 3. The use accordi ng
to claim1, wherein said conmpound is selected from
2. codieasedecortiihgdd claim riuivaereB) saidoampdhindrincelatied énohycompounds
e I
of forfif @) AR sy B Eeafons el B Ss Mhuads Pbipetes
therecfonpound i s sel ected from conpounds of formula (4),
and, pharmaceutically acceptable salts, mxed salts,
hydrates, and sol vates 15 thereof. 5. The use
3. aclherueragcondingrty ctaime 1pfvheles said dorhpouhd iskeleelied freattompounds

of for%u @5 aﬁ%fplhgﬁ? éﬁtlcﬁgﬁccgiabl%gglts%l & %ﬂgewggg@(j solvates

thereef-C( =OQOH -C(=0OOR -R 25 6. The use according to
any one of clains 1 to 4, wherein each one of Rl, R2,
R4, R6, R6, and RO is independently selected from
4. - Hhe usR.according to claim 1, wherein said compound is selected from compounds

of formula (4), and pharmaceutically acceptable salts, mixed salts, hydrates, and solvates

thereof.

5. The use according to any one of claims 1 to 4, 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(=0)OR;
-R.

6. The use according to any one of claims 1 to 4, wherein each one of R', R?, R* R®,
R®, and R® is independently selected from:

-H:

-R.

7. The use according to any one of claims 1 to 6, wherein each R is independently
selected from:

unsubstituted aliphatic Cs.salkyl; substituted aliphatic Cqsalky};

unsubstituted aliphatic C,.salkenyl; substituted aliphatic C,galkenyl,;



30 7. The use according to any one of clains | to 6,
wherein each Ris independently selected from
wae@ahsteee ut ed al i phatic Cl_6al kyl; substit ut eBCT/GB2007/001105
ali phatic Cl_6al kyl; wunsubstituted aliphatic
C2_6al kenyl ; substituted aliphatic C2.6al kenyl; WO
2007/ 110629 PCT/ GB2007/ 001105 -72 unsubstituted
C3_6cycl oal kyl ; substituted C3.6c¢cycloal kyl. 8. The use
according to any one of cfains 1 to 6, wherein each R
is in g endently selected from 5 unsubstituted
al {"5H ?’frk&te@:Paéancw?lkyl subsiitutediCegyalbalpylat i ¢ Cl_6al kyl.
9. The use according to any one of clains 1 to 8,
8 rein substituents on R, if present, are
“in deReIdingde aay vag of glaims 1 10:6, whierein Bach Rlis mdé@endently
selectddfromOR ; -SH, -SR; -N®; -C(=OR; -C(=0 OH
- ; O)NH2| -C(=0) NHR' ; -C( =O NR 2;
&ﬁ%wtﬁﬂﬁ"mﬂc Ca-pattoyl; sukpiftuted aliphetic CibRKYIN R N2;
-NHO(=OQ H -N RC(=OQH, -NHX(=O'R -N R((=0'R; ‘R;
9 rein each R is independently selected from 20
: HSEIACEREMIAr rphare ef caimsl teyd, whereissulistitietts on R, if

preseat |aaé1mab§er@13n§yagéq¥éted frglp]subst ituted aliphatic
§ %ékenyl substituted aliphatic C2.6al kenyl ;
unsu

tPEated 3. 6cycl oal kyl ; substituted
C3ogeyosRoal kyl ;  unsubsti tut ed C6-1 ocar boar yl;
su$é1 iégﬂ ed C6_10carboaryl; unsubstituted C5-1
sPldroaryl ;. substituted C5_| oheteroaryl; 25
unagobsti tuted C6_locarboaryl - Cl_4al kyl; substituted

@Cé%ggr;boar yl - Cl. 4al kyl ;
-C(=0)OH; -C(=0)OR’;
-C(=0)NHz; -C(=O)NHR'’; -C(=O)NR’;; -C(=0)NRN'R"N2:
-NHz; -NHR’; -NR’;; -NR™NR'™N2:
-NHC(=0)H; -N'RC(=O)H; -NHC(=O)'R; -N'RC(=0O)'R;
-R’;
wherein each R’ is independently selected from:
unsubstituted aliphatic Cy.salkyl; substituted aliphatic Cysalkyl;
unsubstituted aliphatic C,.salkenyl: substituted aliphatic C,salkenyl;
- ‘unsubstituted Csxcycloalkyl: substituted Cs.scycloalkyl:
unsubstituted Cq.1ocarboaryl; substituted Ce.1ocarboaryl;
unsubstituted Cs.ioheteroaryl; substituted Cs.ioheteroaryl;
unsubstituted Ce.-10carboaryl-C,_4alkyl; substituted Ce.10carboaryl-C_salky!;
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.
10. The use according to any one of claims 1 to 8, wherein substituents on R, if
present, are independently selected from:
-F; -ClI; -Br; -I;
-OH; -OR;
-C(=0)OH; -C(=0)OR’;
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wherein, in each group -NR N R N2, independently, R N1
and RN2 taken together with the nitrogen atomto
waokdochidskey are attached forma ring having frecr/8B2@7/601105

ring atonms. 10. The use according to any one of clains
1to 8 wherein substituents on R, if 30 present, are
i ndependently selected from -F, -d; -Br; -1; -0OH
-OR -C(=OOH, -C(=O OR; WD 2007/110629
PCT/ GB2007/ 001105 -73 -.R3.- 11. The use according to
claim9 or 10, wherein each R is independently
seRected from 5 unsubstituted aliphatic Cl_6al kyl ;
unsubstituted aliphatic C2.6al kenyl; unsubstituted
C3_6cycl oal kyl;  unsubstituted C6_, ocarboaryl;

1. Umhehgbidcté@ihg@b clith ot rMoakdreinlddch RS iRdégandently selected

C6_1locarboaryl -Cl _4al kyl. 12. The use according to any

one of clains 1 to 6, wherein each R is independently

s eineatsticltéd alrﬁha'uh/le‘,4 sallgl;, -nPr, and -iPr. 15 13. The

use one, of clalns 1 to 4, wherein
ea‘r’@ﬁa\@z&t%q ﬁgzaﬁﬂﬁfen ke, and RO is
| neepssticasd by_e@ellognzplgd from - H -Me, -Et, -nPr, and

4.t Jge us ccording to any one of clains 1 to
, R0 baefGRRYbf R1, R2, R4, R6, R8, and R9 is
I neepsstidead bymﬁ@tlem:,trﬁd from -H -M, and -Et. 20 15.

The n ny o e of clains 1 to 4, wherein
B ESE e ok A 2. CRe. Re. and Ro'is

I ndependent |y sel ected from -H and -Me. 16. The use

12. ag@%r din &%@QX gﬁ{l] gn%fgf msﬂstolsawgef@'n £3C rI§|Ils in peern%llegtly

selected from: -Me, -Et, -nPr, and -iPr.

from:

13.  The use according to any one of claims 1 to 4, wherein each one of R!, R?, R* R®,

R®, and R’ is independently selected from: -H, -Me, -Et, -nPr, and -iPr.

14.  The use according to any one of claims 1 to 4, wherein each one of R', R?, R* R®,

R® and R® is independently selected from: -H, -Me, and -Et.

15.  The use according to any one of claims 1 to 4, wherein wherein each one of R!, R?,

‘R* R® R® and R? is independently selected from: -H and -Me.

16. The use according to any one of claims 1 to 4, wherein wherein each of R', R% R*,
R® R® and R®is -H.

17.  The use according to any one of claims 1 to 16, wherein, in each group -NRZVAR*NE,
if present:

H:

unsubstituted aliphatic C,salkyl; substituted aliphatic Cysalkyl;

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

unsubstituted Cs.scycloalkyl; substituted Csscycloalkyl;
or R®™* and R*"® taken together with the nitrogen atom to which they are attached form a
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17. The use according to any one of clains 1 to 16,
wherein, in each group -NR3NAR3"B, if present: -H

w@ooanswkst it uted al i phatic Cl-,, al kyl; substipat/e#2007/001105
al i phatic Cl.6al kyl; wunsubstituted aliphatic
C2. 6al kenyl ; substituted aliphatic C2_6al kenyl ;
unsubstituted C3.6¢cycl oal kyl; substituted
C3_6cycl oal kyl ; or R3NA and R3NB taken together with
the nitrogen atomto whichtthey are attached forma WO
2007/ 110629 PCT/ GB2007/ 001105 -74 ring having from 3

ring haying frqm\ g ta 7 sing atargs. The use according to any one of
claims 1 to 16, wherein, in each group - NR3NAR3NB i f

15, Pr sent, each one of R3NA and R3NB is mdependently

8. sellEtssPocPishing tofany one of clgims + tePts, whieesin in B&th grb9p -NREARSNE

if prebef, RN IR0, RN R
o 5;1 each group - N%M%Ngngpfﬁhés}gﬂgsﬁfe&%afgw EQ% Eﬁmf’rv
and -Bid R3NB i s i ndependently selected from -H and - M.

10 20. The use according to any one of clains 1 to 16,
in each group =NR3"c if present, RINC is

19 %ﬁ%ﬁ@éﬁ?ﬂ%%@@eww of glaims 1 tel; 16, wheres tin tadhegtoup -NRNVARNE.
B e ol i et SRR i

unsubstituted aliphatic
al i phati c C2-6al kenyl; 15 unsubstituted

20. C3heaie |a@§érbix‘||g i) %H%ﬁé B%Iﬁ?nsq?%eﬁl%yﬁ/bgr al k}fbea TthRsNC if

SMC.COr to any one o

presepﬁ?%ac'ﬁ 'r&eBG@deﬂﬂR@RéCﬁeﬂ fropresent, R3NC is
m]dependently selected from -H -M, -Et, -nPr, and
22. The use according to any one of clains 1

H”i‘@St'WF&%!ipﬁat'q fr-@orh sybitiiec: RIRSISGE (. sangn esent R3NC
I ansundeeRdfiphbiic @&aﬁ(‘“ehgd 4brsﬁl:‘qed' e“pﬁgfc nge,flk The

use according to an erein,
i HNYHDSHt b%%cymlk%wubsmuﬁeﬁ Geytoaikyl. 25 - H;
unsubstituted aliphatic Cl.6al kyl; substituted

al].'héohatl c C1-6al kyl ;

21. use according fo any one of claims 1 to 16, wherein, in each group =NR3\C i

present, R¥C is independently selected from: -H, -Me, -Et, -nPr, and -iPr.

22. The use according to any one of claims 1 to 16, wherein, in each group =NR*NC, i
present, R is independently selected from: -H and -Me.
23.  The use according to any one of claims 1 to 22, wherein, in each group -NR™R™N8
if present:

-H;

unsubstituted aliphatic Cysalkyl; substituted aliphatic C,_alkyl;

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

unsubstituted Cj ¢cycloalkyl; substituted Csscycloalkyl;
or R™* and R™8 taken together with the nitrogen atom to which they are attached form a
ring having from 3 to 7 ring atoms.

24.  The use according to any one of claims 1 to 22, wherein, in each group -NR™AR7N8,
if present, each one of R™ and R™® is independently selected from: -H, -Me, -Et, -nPr,
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unsubstituted aliphatic C2-6al kenyl; substituted
al i phati c C2-6al kenyl; unsubstituted C3_6cycl oal kyl ;

waemstiideed ed C3_6c¢ycl oal kyl ; or R7NA and R7NB PEKEB2007/001105

together with the nitrogen atomto which they are
attached forma 30 ring having from3 to 7 ring
atons. 24. The use according to any one of clains 1 to
22, wherein, in each group -NR "AR NB, if present,
each one of R7NA and R7RB i s i ndependently sel ected
_from -H -M, -E, -nPr, WO 2007/110629

and -IPrpCT/ GB2007/ 001105 -75 and -iPr. 25. The use according
to any one of clainms 1 to 22, wherein, in each group
-NR7NAR7NB, if present, each one of R{NA and R"

25. Thﬁad@sma@rﬁtngyow eBe ehcipimsnt 044, Whareinw) eachgiour

if preserf GERA UnBBf RV adh MR sQhddpedidhitly bele@teddronhBIrapdnMel n
each group =NR7NC, if present, R7NC is independently
selected from -H unsubstituted aliphatic C, _sal kyl;

26. ﬁ@fsteléc%.@ﬂwcfablaaz@hb@f Sdintsad toyd2, wherei) S BadH gmu@dNR7N° if

hati c en substituted aliphatic
present, @JN%WWdent[y@ﬁ%qcﬁ fPed C3_6cycl oal kyl ;
pubstituted C3_6cycl oal kyI 27. The use according to
any one of clains | to wher ei n, ch group
lﬁﬁmteﬁj ﬁ"PW'é&ﬂ@'ky'ﬁfN@'tP’@dlar'faléeﬁlé’r#o‘éﬁ@}’ sel ect ed

lfd'sgﬂétltutéh atipfiatic 'dé%alker%'f’ rsubs?tﬁ!@ied bﬁ’;ﬁhatll ©,48kenkhie use

accor to any one 22, wherein, in
téwhst@vtegﬁmmm&y' |Sf’b5t'ﬂf‘%ds,gmcyc Q?'Kﬁ i s i ndependent | y
selected from -H and -Me. 29. The use according to
any one of clainms | to 28, wherein RN1Q, if rese t\){
27, Toe uoproeriigEERaEN ey BB LIP 44 PR carLdUp AN
present R MNP RAK ISRl Ml derdctebibtat - H UliedEal-hPhahd GPE, _sal kyl ;
" unsubstituted aliphatic C2 sal kenyl substi t ut ed
al i phati c C2_6al kenyl ; unsubsti t ut ed C3 _6cycl oal kyl ;

28. Wé&b%g@%-a@@%b%bﬂé%s 1 to 22, wherein, in each group = =NR™C, if

present, R™C is independently selected from: -H and -Me.

7NB

29.  The use according to any one of claims 1 to 28, wherein RV, if present, is
independently selected from:
-H:
unsubstituted aliphatic Cqsalkyl; substituted aliphatic C4.salkyl;
unsubstituted aliphatic C,.salkenyl; substituted aliphatic Ca.salkenyl,
unsubstituted Csgcycloalkyl; substituted Csscycloalkyl.

30. The use according to any one of claims 1 to 28, wherein RY9 if present, is
independently selected from: -H and unsubstituted aliphatic Cy.salkyl.

31. The use according to any one of claims 1 to 28, wherein RV if present, is
independently selected from: -H, -Me, and -Et.

32.  The use according to any one of claims 1 to 28, wherein RV, if present, is
independently -H.

?



25 30. The use according to any one of clains 1 to 28,
wherein RN10, if present, is independently selected
w0 e@nmi1062d and unsubstituted al i phatic Cl_6al kyPCT/8B2007/001105

The use according to any one of clainms 1 to 28,
wherein RN1O, if present, is 30 independently
selected from -H -M, and -Et. 32. The use according
to any one of clainms 1 to 28, wherein RN1O, if

present, is independent/fy -H WD 2007/ 110629

PCT/ GB2007/ 001105 -76 33. The use according to any

one of clains | to 32, wherein X-, if present, is one
33. cnféﬁ tugtgrag%o?&h@ﬁ er&?q]éfeé;aelr:nggft%gg Q‘a@’ﬁ@ I?éﬁs%ﬁt' g%llne or

more aBioBid cotﬂhter meetqa@zlm\@l aleptiaal n$t£trah1ylppmh)ese1e¢th@from Cr, Br,
conpound is selected fromthe foll owing conpounds,
and pharmaceutically acceptable salts, m xed sal ts,
hydrates, and solvates thereof: N\ Ce -

, e A
L T
compoiigs, And\piGirmaceutically acceptable salts, mixed salts, hydrates, and solvates
thereof:

orl.

KID

A MTC ‘f
e

methyl-thionininium chloride
N
L0
Et N Et
N S N
| ® )

ethyl-thionininium chloride

B | ETC

@[ |
C DMMTC

" r
M M

e e

1,9-dimethyl-methyl-thionininium chloride

B Et Et
| N |
cl®
D | DEMTC Mew, N Ve
l ® |
Me Me

1,9-diethyl-methyl-thionininium chioride




C DMMIC Me,,~\ SNve |l QM M
1, 9-di net hyl

W@200016RTC Me, , N S NMe Me Me

-methyl -thionininiumchloride Et Et N C

1, 9-di et hyl - met hyl -t hi oni ni ni um chl ori de WD

2007/ 110629 PCT/ GB2007/001105 -77 M= M/ NC G E
DVETC Et"N OS N. Et Et Et

1, 9- di et hyl
\ O G F DEETC Et.,N S/7T-NEt Et Et E I

-ethyl-thionininiumchloride Et Et / NI

1,9-di ethyl-ethyl -thioninini umchl oride [Me(Me a G
(0{5 zZnCl 2 ) GMT—ZJ e+ n%hyl-thl‘cnlninium
chj oride zinc chlgrlde m X 8 salt
~ ci®
E DMETC Et\N N N,Et
I ®
L Et Et B
1,9-dimethyl-ethyl-thionininium chloride
Et Et ]
/N
cl®
F | DEETC Y Ns N
I ® |
1,9-diethyl-ethyl-thionininium chloride
‘ N
=
Me-. /@ D\ Me | cI (= (052nCl,)
G MTZ | ®° N
methyl-thionininium chloride zinc chloride mixed salt
N .
=
Et /<:/L\ :©\ JEt | ¢ (® (0.52nCk)
H ETZ 'r' ®° N
Et Et
- ethyl-thionininium chloride zinc chloride mixed salt
| MTI ';’
Me
methyl-thionininium iodide

PCT/GB2007/001105




Eta/ "Et C G (0.5 2ZnClZ) HETZ N (J+ S Et ti

et hyl -t hi oni ni ni um chl oride zinc chloride m xed salt
woRdo7hideey , \ / Ml G | Ml 1 G- S| M M PCT/GB2007/001105

nmet hyl -t hi oni ni ni um i odi de WD 2007/ 110629

PCT/ GB2007/001105 -78 NI \ Mew/ Me | O H J MIIl.H

NaS M M nethyl-thionininiumiodide hydrogen

iodide mxed salt N\ [Et:Et] a/ OKET i (+ S Et

Et ethyl-thionininiumipglide Eta \ / Et | GH L

ETI.H + S Et Et ethyl-thionininiumiodide hydrogen

[1odide mxedfsalt — N\ Mew/ , M NO3 G M-MINI &S N
JOG BN
Me< NS _Me |® HI
J | MTLHI I @S N
Me Me ]
methyl-thionininium iodide hydrogen iodide mixed salt
N
‘s
Et- J@[\ j@\ AEt O]
K ETI '|“ ®° \
Et Et
ethyl-thionininium iodide
N
“d
Et< /C[\ :©\ AEt i (® H
L | ETLHI \ ®° N
Et Et
ethyl-thionininium iodide hydrogen iodide mixed salt
N
JOQ BN
Mew N Me | NO,(O
M MTN 'i‘ @S . T
Me Me
methyl-thionininium nitrate
N
’d
Et /C[\ :©\ JEt | NO,(O
N ETN I @®° N
Et Et
ethyl-thionininium nitrate




10

Me Me nethyl-thionininiumnitrate N\ Eta / ,Et NO3

G NETN  es NEt Et ethyl-thionininiurn nitrate WO
WQeB7N160%529 PCT/ GB2007/ 001105 -79 / N aMe C p@@/GBR®IX001105
\ S NH2 Toloniuni Chloride / iNI \ CdQ P Me\ S/
NH2 Azure A / ~1 \ GG M2N\ S/ NHWw Azure B 35
"Use of a di am nophenot hi azi ne conpound as descri bed
in any of clains 1 to 34 for the inhibition or
reversal of synuclein aggregation. 5 36 The use
according to any one of clains 1 to 35 wherein the
aggffegati on I[S assSoCiated with a disease sLate
manif ested ag neurogegeneration and\or clinicgal
demgntia. 37 Use of a diam nopplenothl a,al ne onpound

as described|in any| of cla -
mgnuf acture of a me |came eat msn o@
prophyl axis of a ne ene at|S e diisease state

and\or cIiniSaI de ntla associ@ed W|th synucl ein
aggnegation ijn a subject. 38 A nethod of t+eatnent or
pr oﬁfhyl axi s aof a neurodegenerative di sease state
and\or clinilcal denmentia as¥¥iye&hlafiden synucl ei n
aggregation, [whi ch met hod conpri Ses —

_N
L, |o©
=) X
Me,N s NH,
@

Azure A

/N
c>
Q x
Me,N S NHMe

u @ |

Azure B

35 ‘Use of a diaminophenothiazine compound as described in any of claims 1 to 34 for

the inhibition or reversal of synuclein aggregation.

36 The use according to any one of claims 1 to 35 wherein the aggregation is

associated with a disease state manifested as neurodegeneration and\or clinical dementia.

37 Use of a diaminophenothiazine compound as described in any of claims 1 to 34 in
the manufacture of a medicament for the treatment or prophylaxis of a neurodegenerative

disease state and\or clinical dementia associated with synuclein aggregation in a subject.

38 A method of treatment or prophylaxis of a neurodegenerative disease state and\or
clinical dementia associated with synuclein aggregation, which method comprises
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WO 2007/ 110629 PCT/ GB2007/001105 -80 admnistering to

a subject a prophylactically or therapeutically
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as described in any of clains 1 to 34, or a

t herapeutic conposition conprising the sane, so as to

i nhibit the aggregation of the synuclein. 5 39 A

nmet hod of regulating or inhibiting the aggregation of

synuclein in the brain ogpa mammal, which aggregation

Is associated with a di sease state manifested as
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10 of clainms 1 to 34. 40 A drug product for the
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ation in uffering therefrom
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¢ Ialact [ v% i ngredient, an isolated pure

of clais I #4phenot hi azi ne conpound as described in any of
claims 1 to 34. 41 The use, nethod, or product

cording t one of clajnms 37 to 40 wherein said
2}5 df ?%%(Pﬁ%ﬁ?‘?fggéﬁﬁ?@wt St fispatecitate gssegigied with synuclein
aggreght@mlmami‘a?ﬁmblfmﬁbﬂﬁg herank domprisiRg R icBAireR |abdlddibra
Jm es dorpam ne levels in the mammal
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42 The use, method, or product according to any one of claims 37 to 41 wherein in
said treatment the diaminophenothizine compound is administered orally.

43 The use, method, or product according to any one of claims 37 to 42 wherein more
than or equal to 400, 300, 200, or 100 mg daily total dose is administered.

44 The use, method, or product according to claim 43 wherein dosage units of about
10,20, 30, 40, 50, 60, 60, 80, 90, 100, 110, 120, or 130 mg are administered three times a

day.

45 The use, method, or product according to claim 43 wherein dosage units of about
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49, The use according to claim 47 or claim 48, wherein at least one ring carbon atoms
of the diaminophenothiazine compound is ''C and/or at least one of the carbon atoms of at
least one of the substituents R', R?, R*, R®, R®, R?, R¥A RNB RINC R7NA R7NB RINC and
RN'IO IS 11C.

50. The use according {o any one of claims 47 to'49, wherein at least one of the carbon
atoms of at least one of the substituents R®, R®N8, R3¢ R™A R™ B and R™N¢ js "'C.
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52 A method of labelling aggregated synuclein comprising the steps of: contacting the
aggregated synuclein with a diaminophenothiazine compound as described in any one of
claims 47 to 51.

53 A method of detecting aggregated synuclein comprising the steps of: contacting the
aggregated synuclein with a diaminophenothiazine compound as described in any one of
claims 47 to 51 and detecting the presence and\or amount of said compound bound to
aggregated synuclein.
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aggregated synuclein in the brain of the subject,

(iii) correlating the result of the determ nation nmade
WO poo¢i1ige29 t h t he di sease state of the subjeckCT/GB2®3/001105
The use, nethod, or product according to any one of
clainms 37 to 45, or 54, wherein the subject or mammal
is a human. 56 The use, nethod, or product according
to any one of claims 36 to 45, or 47 to 51, or 15 54,

wherein the disease i s &% ected from Parkinson's
di sease (PD), denmentia with Lemy bodi es (DLB)
mul tiple system atrophy (MSA), "drug-i nduced

54 RBIKIISS r&!'l siBWr %r bS8 8F% Gynichiiddpathy(ifAfubjeeibdil@ed to

use, netho or uct according to claimb56 wherein
sufferfr@rnéhej@l@emw@pg%n@&eeﬂepsz@ from PD, PAF, MSA and HSD.

) mtroo@gmahﬁto Wsuﬂ}@& hQffam @b mﬂ&%n@&ﬁ%@nﬂ%ﬁd&s@ﬂédﬂﬂ enPbne

preceding claims wherein the synuclein is
ofclatma4§§m’é?c| ein. 25 59 The use, nethod, or product

(ii) deteﬁ\’ﬁﬁlﬁg HhrebOn@ Mhd¥tearibunt Besart &ﬁﬁﬁdﬁ@l HIuBt & syueleRi o
Synuclein is P-s Xnucl ei n.

aggregated synuclein in the brain of the subject,

(iii) correlating the result of the determination made in (ii) with the disease state of the

subject.

55 The use, method, or product according to any one of claims 37 to 45, or 54,

wherein the subject or mammal is a human.

56 The use, method, or product according to any one of claims 36 to 45, or 47 to 51, or
54, wherein the disease is selected from: Parkinson’s disease (PD), dementia with Lewy
bodies (DLB), multiple system atrophy (MSA), drug-induced parkinsonism; pure autonomic
failure (PAF).

57 The use, method, or product according to claim 56 wherein the disease is selected
from PD, PAF, MSA and HSD.

58 The use, method, or product according to-any one of the preceding claims wherein
the synuclein is a-synuclein.

59 The use, method, or product according to any one of the preceding claims wherein
the synuclein is B-synuclein.



