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WO 2007/110630PCT/GB2007/001107 - 1 - THIONINIUM COMPOUNDS
AND THEIR USE RELATED APPLICATION 5This application is related

wWacWnitegbBtates patent application number 60/786,699 filed 29 ®MaBano7/001107
2006; the contents of which are incor?orated herein by reference in their
entirety. TECHNICAL FIELD 10 This invention pertains generally to

processes, usesr meliRABANIBIABLURIROPRE A
diaminophenot e useful as
drugs, for example, in the treatment o tauopathles such as Alzheimer's

disease. 15BACKGROUNEE? y tentand publications are
cited herein in order to more fuIIy descrlbe and dlsclose the invention and

Thisthe el ithertbioswbich detinve pHRRRRRSIOR eI I?ss, 599 filed
20 MBIEFOINRS [RdNGHRARGARRI L O ESIEFPACR Hells £ BUTRR Bt Ihe

theiPl8 reent 20disclosure, to the same extent as If each individual reference
was sr}/ecmcally and individually indicated to be incorporated by reference.
Throughout this specification, including the claims which follow, unless the
context requires otherwise, tR&QHMCALMmd " and variations such as

"comprises" and 25 "comprising," will be understood to imply the inclusion
ThisOhAeHiRiS a8 HBhSIaR & QF@%%én@ﬁﬁrw%SQ%Wméﬁﬁ% utilising
paﬁ@ﬁgpﬁigﬂnﬂfo H)Sw?ardiﬂ ﬁx 50%&5?&% %’3 ectufta%]Hﬂgs

oted CIfi catlo alms t

for SXEAlG 50 &tﬁ%a*’ ST R ﬂré’% RHES oS the
context clearly dictates otherW|se Thus, for example, reference to "a

pharmaceutical carrier" includ @AQISRREL/Dwo or more such carriers,
and the like. Ranges are often expressed herein as from "about" one

A nURRBEF RS HBINE oAb %H@%e%ﬁ%ﬂ@@%ﬁrpﬁ%%ﬁw%ﬁe W@%&m and
discR<E! a%&?ié?&ﬁ%ﬁng%%”s‘%%tg Ftﬁé’%%‘[“%rﬁéh"tﬁ‘

é% ch of
partjcular value and/or 1o Othg articular valu g}e en v ues

“h@SSr'ee S PPEEE & A AR B AP E RS T ﬁq%f‘HFﬁ@dQ e BISEM it
discipayise gribestpmienanties 6&%%@?%@@ referersRoTAB SeRiEMane -

indivilually indicated to be incorporated by reference.

Throughout this specification, including the claims which foliow, unless the context
requires otherwise, the word “comprise,” and variations such as “comprises” and
“comprising,” will be understood to imply the inclusion of a stated integer or step or group

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

or steps.

it must be noted that, as used in the specification and the appended claims, the singular
forms “a," “an,” and “the” include plural referents unless the context clearly dictates
otherwrse. Thus, for example, reference to “a pharmaceutical carrier” includes mixtures
of two or more such carriers, and the like.

Ranges are often expressed herein as from “about” one particular value, and/or to “about”
another particular value. When such a range is expressed, another embodiment includes
from the one particular value and/or to the other particular value. Similarly, when values
are expressed as approximations, by the use of the antecedent “about,” it will be
understood that the particular value forms another embodiment.

Conditions of dementia such as Alzheimer's disease (AD) are frequently characterised by
a progressive accumulation of intracellular and/or extraceliular deposits of proteinaceous
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structures such as P-amyloid plaques and neurofibrillary tangles (NFTSs) in

the brains of affected patients. The appearance of these lesions largely
weorielateswith pathological neurofibrillary degeneration and BirGataphop: 107

as well as with cognitive impairment (see, e.g., Mukaetova-Ladinska, E.B.,

et al., 2000, Ann. J. Pathol., Vol. 157,40, 2, 5pp. 623-636). In AD, both

uritic pl and NETs contain alred eljcal filamen Fs), of .
st SRS AR R TR AR TR Iaydes IV e bugins of
affegtgd e i 2R AEHPSA ISFions Brpply Asusiatesoyith Rajhidlegical
neuspsib i adegstesatitinlandbarity Rifa M ofiled welbay adiifrong thiyampsinaent
(sepreceswinkeefamylaitharac i Bor @ratel0tARR) (Seramig., angsht ala. 2,

pp. B8 ature, Vol. 325, p. 733). An article by Wischik et al. (in

'‘Neurobiology of Alzheimer's Disease’, 2nd Edition, 2000, Eds. Dawbarn,

. Allen The Molecular and Cellular Neurobiology Series, Bigs
in AL, B oGl AL 86, R RS A U F RN L e which a
ma!ﬁfdl‘é’ﬁtIWﬁﬁ’é'ﬁﬁﬂﬁdﬁ@%@lﬁ'iﬁ‘ﬁ@é‘?ﬁéEﬁéﬁé"rh%ﬂ/@%rﬁéhtl‘é\ésﬂlﬁ%@foﬁi
108 FhS ERIBrvicbf8aupactiffiuviation dlaateslaigicab R sximddhdsrd-amyloid
fibrity Bepeastarhmhavigdnal setesnl couriattitbRssechbtshQuriteee,
e.g MERLBER, Ewh%mers WSB@%SMn?%FSAWQ"Jﬁ%S Widamidaeeds
aNeB%hﬁorre'?tm'tm@r RIRUIcAeasiss L ipEaacliyG EUrQNDIK jen

WhICh a mo ecu ana mos

S Jrolfie: %ﬂ%ﬁ%?gd%‘f‘bf&?h’fﬁ&ﬁ’%fr%ﬁﬁ'%sﬁf%|§W8'§’%F§A’H&?&’€a Oxford)
disqevaesile detpiRbpinulaEMeiralersf tivausteimadlespatpoanesisaiely-spliced
neusolerersrativie haoatdiasthtesoofiw capiesiofra sepratsequelten of
natik@GSROPE Y 1 dhesRisrejH BRI dhRGHlemain:(SeRe’ S c@:‘?@ﬂ%’t\NM\

assBLtedd nﬁ)@ﬁ%z}myeé?ﬁ q: etora s 8F s% o§59§19 idal
S TR,

whigi pailialssat sopglepsiaerive an alogs tpﬂqursm)szuw cééhwu protein pool
frona 8G@!4blEdo MewiiRTised &rm 83, BRFBIOnA\arelnE? spiise@s. 370) which
is composed of a phase -shifted version of the repeat domain; only three

Tau eReAI A R:imsalac !E'&iﬁ%%@%ﬁ%ﬂ @&E&ﬁﬁ%&%ﬁ@ fsta kI8 B repeat
seq Eéﬁtl:e &89&3&915%@9&& M%lro cﬁ?‘?ﬁq%?o%? %/dndidert M, et al,
REE

o, %@éﬁ%@%ﬂaﬁﬁﬁpﬁ%@c i : S o,

PP- &R et’aY IndYdT PRARDIGEWICTH! RIacess ]tQF@Q@‘i@P%éS%ﬁG
Wisghiltt Whitheibabbd8B8PNARS/Bhektddmam 4884t4RR7NM6sabdiddahad ,FIDIES;
PNASSISYests BRipheisngees dnMalakndegess feolduved coieimatiopakss-
3709%519%@%%@@9@%?@@%@%@8 A E&mgé&edeﬂ%ﬁﬁ Oérﬁﬂhﬂe@
repig;gg A0 'i%%jtilﬂ'?h%o gtlop ey u'ede be? gm'..lak%g teF al, 3991
In at ical s ra e su Ras adin 'or mutaté

EM ﬂn'b%é?%e rBReif f § %ﬂ%éwm% s tagataoates act as seeds
for thg fmabemg%ae%@e\mét@w\mﬁ foc iotesllidiReasssimdy fllirngih tau
prot8rafset, R.glDdisbHibsk ak . 199G BNASR U Adalnds, Ppblidhéss) 1218).

Amsterdam) pp.185-241). In the course of their formation and

The %@gm%é?ﬁ?aégéa@aﬁﬁw@%@emgrﬁmﬁm gﬁ@%&%@%ﬂﬁm

soodd B R R AUl R S R R s
mcomﬁ%ﬁ%@&ﬂamﬁm Dgingdhe gnse. 8@‘\9&@}?@ 9avigaggd thabthincta
confianabipazhehameotogit b irdEBea4n) Enipdifitnoiémisatepafwibgitafountrstrate,
suciclasdmabddometiulatdthiemin dhis statindisdR HEg. consisiigfanons ef, 1997,
in "M e’ 1AL 806 8] WEk PG SRR ARNRIAIBL duldengll I4STe Bahdt, R,

ot WSRO 3ol MBS 52 RAIRZIDN The

assem ocess Is exponential, consurning the ceI pool o

functional tau and inducing new tau synthesis to make up the deficit (see,
e.g., Lai, R. Y. K, etal., 101995, Neurobiology of Ageing, Vol. 16, No. 3,
pp. 433-445). Eventually, functional impairment of the neurone progresses
to the point of cell death, leaving behind an extracellular NFT. Cell death
is highly correlated with the number of extracellular NFTs (see, e.g.,
Wischik et al., in 'Neurobiology of Alzheimer's Disease’, 2nd Edition, 2000,
Fde Dawharn D and Allen < 1 The Mnolaciilar and Celliilar
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15Scientific Publishers, Oxford). As tangles are extruded into the

extracellular space, there is progressive loss of the fuzzy outer coat of the
wmesronmesith corresponding loss of N-terminal tau immunoreactivityzburoo1167

preservation of tau immunoreactivity associated with the PHF core (see,

e g Bondareff, W. et al., 1994, J. Ne@ropath. Exper. Neurol., Vol. 53, No.

p. 158-164). 20 Dlamlnophenothlazmes have previousl been shown

in “?8 ﬁ%‘fﬁﬁ pidhsiblemmatipaysiens dnaldlandifiafest ascemble frars, and
amogVide aner pretesylibintilsiliytafidim Ribabici(sre; aly AW IBHIRET 68jch
becBritofimantddfRoche oSt theoarnpewidsHFeesHsEipSeddos ysaviBiber., et al.,
100U SRR QL pRARY Iayis W'@B%é‘%@@&e%mg%\q'% Dﬁ:@ﬁfe%ropathoi

Vo oS e el %ﬂ?ﬁf@%ﬁj&%% el st s
ROl el R e
full- @@gm%m@g/d@ggm;ﬁ/gmm«gge PNAS USA, Vol. 93, pp. 11213-11218).

The assembly process is exponential, consuming the celiular pool of normal functional
tau and inducing new tau synthesis to make up the deficit (see, e.g., Lai, R. Y. K, et al,,
1995, Neurobiology of Ageing, Vol. 18, No. 3, pp. 433-445), Eventually, functional
impairment of the neurone progresses to the point of call death, leaving behind an
extraceliuiar NFT. Cell death is highly correlated with the number of extracellular NFTs

| {see, e.g., Wischik et al., in ‘Neurobiology of Alzheimer's Disease’, 2nd Edition, 2000,

Eds. Dawbarn, D. and Allen, S.J., The Molecular and Cellular Neurobiology Series, Bios
Scientific Publishers, Oxford). .As tangles are extruded into the extracellular space, there
is progressive loss of the fuzzy outer coat of the neurone with corresponding loss of N-
terminal tau immunoreactivity, but preservation of tau immunoreactivity associated with
the PHF core (see, e.g., Bondareff, W. et al., 1994, J. Neuropath. Exper. Neurol., Vol. 53,
No. 2, pp. 158-164).

Diaminophenothiazines have previously been shown to inhibit tau protein aggregation
and fo disrupt the structure of PHFs, and reverse the proteolytic stability of the PHF core
{see, e.g., WO 96/30766, F Hoffman-La Roche). Such compounds were disclosed for

use in the treatment or prophylaxis of various diseases, including Alzheimer's disease.
These included, amongst others:
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1,9-dimethyl-methyl-thioninium chioride
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- 4 - Additionally, WO 02/055720 (The University Court of the University of

Aberdeen) discusses the use of reduced forms of diaminophenothiazines
w@pegificatiyofor the treatment of a variety of protein aggregating digsassesoc1 107

although the disclosure is primarily concerned with tauopathies. 5 WO

2005/030676 (The University Court af4he University of Aberdeen)-

|scusses radlolabelled henothiazines, and their use in diagnosis and

Adegignally. 'éz%f%&&dﬁaw@ym&ﬁfﬁﬁ@t&#ﬁ@lﬂ@m@e&berdeen)
d*S%@%ﬁh@@Sﬁ giiregecegfreniaettieinhpherottsioinet epediaaiaréfurber
treztorepoofraisarhely preridubasprataatividenidicd arnbeing S HRSIMRIBY primarily
corRERtRID AL IB0eHaR;iRhibitors, would provide a contribution to the art.

PCT/GB2005/003634 (TauRx Therapeutics Pte. Ltd) was filed, but not

5 the fil of th t lication (WO
W e IR R TmIeRr b PR TR 006 Aideppidasrses
radiglhelled Riearihiszineshaad tel rekdeidiagnanis pudifiergrerfairexample, of

taugpatiiesnino-phenothiazin-5-ium compounds (referred to as
"diaminophenothiazinium compounds") including MTC and other

NothaRyLAS geserihas-Rersn 1‘['{!\;?%' @Q%rp ﬁ%ﬁlﬁgeﬁ%&#gﬁ%\p gpe or more

i %%8%‘&5”@%8%0%%%9 Tl mdsm SFRS.EHRRG U Protein
2O TR HART O A B ShEFR51 whoro the

compound is: (C) 1,9- dimethyl-ethyl-thioninium chloride (DMETC), (D)
PCT/QRAUSOTRRYH Tiau Uhechpesites B ERG) wek atby-thionisimigdideprior to
the fﬁﬁ%@@myﬁhmmmmm@mmm idg m%&e&h@ﬁé&&hﬁm

n S here is prov.
2006)) éBﬁE%Hﬁ\'&H@é tﬂé;ly} éc%% Qo’ra fi )gpsgo?rb A‘ﬁgﬁﬁertain

37—8 ound sel me

m r
itioy .r‘?”é’t e wHéFé"mFEHS%H g‘ﬁi‘ ol ﬁ{aénmophenofhfazmm
CU”}&’?H@ myﬁwdﬁm%ﬁmﬁagogm@m@)d@@gnbed herein. It further discloses
fher&%i@mmmmﬂmuwoMnde (DEETC), (I) ethyl-thioninium iodide
(ETI), (J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETTHI), or
(L) ethyl-thioninium nitrate (ETN). In a third aspect, there is provided a
compound for use in a method of treatment or prophylaxis of tau protein
aggregation in a patient, wherein the compound is: (C) 1,9-
dimethyl-ethyl-thioninium chloride (DMETC), (D)
1,9-diethyl-ethyl-thioninium chloride (DEETC), (I) ethyl-thioninium iodide
(ETI), (J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.HI), or
(L) ethyl-thioninium nitrate (ETN). In a fourth aspect, there is provided a
compound for use in a method of treatment or prophylaxis of Alzheimer's
disease (AD), Pick's disease, Progressive Supranuclear Palsy (PSP),
fronto-temporal dementia (FTD), parkinsonism linked to chromosome 17
(FTDP17), disinhibition-dementia-parkinsonism-amyotrophy complex
(DDPAC), pallido-pontonigral degeneration (PPND), Guam-ALS
syndrome, pallido-nigro-luysian degeneration (PNLD), or cortico-basal
degeneration (CBD) in a patient, wherein the compound is: (C)
1,9-dimethyl-ethyl-thioninium chloride (DMETC), (D)
1,9-diethyl-ethyl-thioninium chloride (DEETC), (1) ethyl-thioninium iodide
(ETI), (J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.H1), or
(L) ethyl-thioninium nitrate (ETN). 5a dimethyl-ethyl-thioninium chloride
mmErg, (D) 1,9-diethyl-ethyl-thioninium chloride (DEETC), (I)
ethyl-thioninium iodide (ETI), (j) ethyl-thioninium iodide hydrogen iodide
mixed salt (ETI.HI), or (L) ethyl-thioninium nitrate (ETN). In a sixth aspect,
there is provided a compound for use in a method of treatment or
prophylaxis of the human or animal body by therapy, wherein the
compound is: (A) ethyl-thioninium chloride (ETC), (B)
1,9-diethyl-methyl-thioninium chloride (DEMTC), or (F) ethyl-thioninium
chloride zinc chloride mixed salt (ETZ); wherein the treatment or
prophylaxis comprises administration of the compound according to the
following dosage regime: about 50 or about 75 mg, 3 or 4 times daily; or
about 100 or about 125 mg, 2 times daily. In a seventh aspect, there is

provided a compound for use in a method of treatment or prophylaxis of a
tarinonathyy condition in 2 natient whereain the caomnoiind e (A)



In a ninth aspect, there is provided a compound for use in a method of
treatment or prophylaxis of Alzheimer's disease (AD), Pick's disease,
Progressive Supranuclear Palsy (PSP), fronto-temporal dementia (ETD),
parkinsonism linked to chromosome 17 (FTDP- 5b 17),
disinhibition-dementia-parkinsonism-amyotrophy complex (DDPAC),
pallido-pontonigral degeneration (PPND), Guam-ALS syndrome,
pallido-nigro-luysian degeneration (PNLD), or cortico-basal degeneration
(CBD) in a patient, wheretk) Ml adhpgabinty 182 154) @thyl-thioninium chloride

I;(%Tﬁ:x)st(@pgzc% q}%ﬂayis“ﬁ%b}’deﬂi"QFEQM;SB&MOWE{&P E{%T%l%c(@f {reatment or

|- thlonlnlum chloride zinc chloride mixed salt (ETZ); wherein the

?'t?@g r BrobHY LGS RotHpHReY daniisisfatbRceTi coniauRd is: (C) 1.9-
dﬁ@&@gﬁﬂl@%ﬂﬂhslmhlsaw'ag&mwggme(@pw@@tw UL KR MIud @hbride

times daily; or about 100 or about 125 mg 2 times daily. In a tenth aspect,

(LG SroGHE Gy RBMpBREI6r DA iR Br YA ok §ydrogen iodide

njixephylagis DfiAlzhgimerls Hivgasei(AD)tata gatient, wherein the
compound is: (A) ethyl-thioninium chloride (ETC), (B)
1,9-diethyl-methyl-thioninium chloride (DEMTC), or (F) ethyl-thioninium
Imhl@tidm&iim@tﬂoﬁilde‘: rsixedveadt (Et@)ﬁmmedé'm the treatmetiodrof treatment or
pﬂ%r iy ?s’"éfcz?% 9&%@&?&5@%&9%%‘ atly 7%&%&!{‘%@%%%19.50 it0%cy 19

ollowing dosage r e about 50 or 3 or 4 times daily; or

d%mf 1@b>6ﬂ@@em1125ﬂ#@ ide i daily (h éﬁ@l@%ﬁtﬁ@éﬁé&nwm ¢gloride
(vrevidsdtheerpbaicRmReERd i the mankiactiwe: ol nedicamentiariodide

use in a method of treatment or prophylaxis of a tauopathy condition in a
MR CWhERL IR tRE(ES APYldhPrintey 2igaHetRY-ethyl-thioninium

chloride (DMETC), (D) 1,9- dlethyl ethyl -thioninium chloride (DEETC), (1)
eth Iéloninium odlde% )eth th|0n| um |od|de h iro iodide
hﬁx aﬁf‘-?%“ﬁ ol (PYatHy tPnS% été‘ %%é)l%tﬁ catment or
paspettythefads promdleagg'negal?.emhaacpmpmrwdwneﬁhelma:nufp@mrbmf(&3) 1,9-
CRSHISRIRILIG6 S8R A MRUIOR R MBI BIARIMAP B A HRER Rlorae

tad protein aggregation in a patient, whe elﬁ the ¢

(S Benethylorhybignnm o hIRAS (OMETCIh@)ium fodide hydrogen iodide
el Feﬁhyh higninyum,¢RIRHINR: (MR (Hprgthylthioninium iodide

(ETI), (J) ethyl-thioniniumlodide hydrogen |od|de mixed salt (ETI.HI), or

(L) ethyl-thioninium nitrate (ETN). Sc In a thirteenth aspect, there is

Irpéoftidﬂd m@d&eﬂﬁf@ relssielol e @d&aﬂ@@iwﬁ?‘ﬁﬁmg ef & m%%aas F‘Qﬁiaﬁﬁfem or
of treatment or prop am of Alzheimer's disease

R AT et eab st e T

(R&Pmemrac(EéEﬂjorﬁademsmmﬂmkqﬂuﬂeld'ommommé thicrdRet®),17 (FTDP-
itio ent ark nsonism-am hy com RAC)

S SRR L R TR Bhico-ponco-

m;gaalud@gwgm—ﬂws(ﬁﬁlﬁ@geﬁeﬂatm@Nm@ﬁim,cmﬁt;bbagabﬁeg@vemgwranon

P(IQE’EQ)) Q@c%@@%sﬂhﬁé%’%?%oﬁ%ggg ?pa(&\é}\t wherein the compound is: (C)

1,9-dimethyl-ethylthioninium chloride
1?'91@1%@}}%5@@5@/13%?96%‘\1% Ehfsifde ( Eﬁf@) (&&h}b&fﬁﬁ@mﬁlcﬁ*ﬁ%ﬂm@mmm

cHiefibe (@bgutrybghIqwngamlm@ﬁmﬂrog@m@qmmmd S EETIHLAT jodide

(L) ethyl-thioninjum nitrate ﬁETN In a fourteenth aspect, there is provided
hm@%@é B HBIRE0 A (R EhE thahdrctivd Srop e ifenifdNise in a

method of treatment or prophyIaX|s of Alzheimer's disease (AD) in a

atl Wher the com |meth |- eth Ith
L TRETETS 5 Tl SO Rt e e Fgent o
p@ﬁwl@h@nmm}mw@ éESEB)ﬁe((ﬁ)IBthybemUmhlwhﬁr@umd@ lepdnogen iedit !,9-

mixed salt (ETI.HI), or (L) ethyl-thioninium nitrate (ETN). In a fifteenth
aspect, there is provided the use of a compound in the manufacture of a
medicament for use in a method of treatment or prophylaxis of a
tauopathy condition in a patient, wherein the compound is: (A)
ethyl-thioninium chloride (ETC), (B) 1,9-diethylmethyl-thioninium chloride
(DEMTC), or (F) ethyl-thioninium chloride zinc chloride mixed salt (ETZ);
wherein the treatment or prophylaxis comprises administration of the

compound according to the following dosage regime: about 50 or about 75
ma 2 or 4 timec dailvi: ar abhoiit 100 or ahoitit 1258 ma 2 timec dAailvy |n a



In a twenty-third aspect, there is provided a method of detecting tau

protein or aggregated tau protein comprising the steps of: contacting the

tau protein or aggregated tau protein with a compound which is: (C)
1,9-dimethyl-ethyl-thioninium chloride (DMETC), (D)
1,9-diethyl-ethyl-thioninium chloride (DEETC), (1) ethyl-thioninium iodide
(ETI), (J) ethyl-thioninium iodide hydr gen lodide mixed salt (ETI.HI), or

(L) ethyl-thioninium nitrate (ETN); and wherein the compound
dinshpbratebilivoanjuy ateer il (DdHeldiad With Setiholrahyisbiassociatddoride
(mt@:r@@,,e(ﬁrem&%]%{ﬁ%ﬁ?hsd&Q%:TBDehPsasﬁtkg{%mLnﬁei%%geeh%%gén iodide

amount of said compound bound to tau protein (or aggregated tau
npisteial (5 DESoRIPRON-bPTrHEINYERTION)The present inventors

have now identified certain thioninium compounds as being effective tau
protein aggregation inhibitors and in preferred forms_having certain other
Ryésiv 3Bl ProPe e, HPEXETIE 55 EBMPEriSE it tHeBRtP ot dgabment or
pthghptigsacf discissesh ahovemAs idigcusserkaboyeyiatprateinsmpeund is: (A)

haracterised as, bein a a,larger number .of protein familie
Rty i o s ot BEEARel Byl BLEE AL AT
odi$assgermblio($hetanbkkirgteatind S8} fr acxMNath INGAE )Seih tSA thé0eatment or
- , microtubule- i -protej MAPS). ,
T S T o dosage
redEns ctepisticONutatinin Al Ssegment, sétirsnéely oPapprokififtetyabovarhidong, 2
tigfidgdipserted in the N-terminal segment, which are developmentally
regulated in the brain, a characteristic tandem repeat region consisting of
3 or 4 tandem repeats of 31-32 amino acids, and a C-terminal tail. One or

impEevehihespesnasiic coprpaunds arenkoeN (i the afts fkmxamplediiéat or
IS qéz?cribe in Fierz-%)avid nd Blangley, 1949, "F. Qﬁ<azine and Thiazine
PIJPRY35H: ¥ FAITRATE PRSEULR &PB@% Rty B R Gy (A) ethyl-
tHintergoie b (lden@oi;) LK), pp-d3aByBhktiidwevenitis bigheed HiEMmoneor (F)
o Iﬂﬁ%%{%%‘{g %@X}?dés%bce%fhgéi cloged in e fﬁI‘Pg rias 8y ROl nent or
aégrega Ion inhibitors. The invention therefore relates to methods, uses,
pepmpositions mirdsother nvaital s lahiployinguthbsegdmp oo Hasfaldaaing dosage

1‘%m&i@@&9rﬁgapiqedmwg ang a%%mg*g&i%% RRIOPRYIZCHESPT125 me, 2

diseases associated with tau protein aggregation (“tauopathies”). The
tiA%efribn further provides processes for making these compounds. These
and other aspects of the invention are discussed in more detail
hereinafter. WO 2007/110630PCT/GB2007/001107 - 6 - Compounds In
RSN R M e PtiSH P 2tES TR BHE JPiisPe Eanmsotietis sHradrg or

piophy thesfolieavi pgodiamigiephenothiaziniusacompelinds: AigGnEisEA ethyl-
th%%%‘%%i%%%l&t}g%n(igw, ((\Bsong%%ghgl)u;%ethyl~thi0ninium chloride (DEMTC), or (F)
ethyl-thioninium chloride zinc chloride mixed salt (ETZ); wherein the treatment or
prophylaxis comprises administration of the compound according to the following dosage
regime: about 50 or about 75 mg, 3 or 4 times daily; or about 100 or about 125 mg, 2

times daily.

In a ninth aspect, there is provided a compound for use in a method of treatment or
prophylaxis of Alzheimer’s disease (AD), Pick’s disease, Progressive Supranuciear Palsy

(PSP), fronto-temporal dementia (FTD), parkinsonism linked to chromosome 17 (FTDP-



DEMTC _ EtEt Me., N I. 7le N""Me leSI _MeMe
1,9-diethyl-methyl-thioninium chloride CI 0 C DMETC MeMe 401 N,Et
eS Et."N E ItEt_ 1,9-dimethyl-ethyl-thioninium chloride CI (r) D DEETC _
FtEt '

5b
['7), disinhibition-dementia-parkinsonism-amyotrophy complex (DDPAC), pallido-ponto-
nigral degeneration (PPND), Guam-ALS syndrome, pallido-nigro-luysian degeneration
(PNLD), or cortico-basal degeneration (CBD) in a patient, wherein the compound is: (A)
ethyl-thioninium chloride (ETC), (B) 1,9-diethyl-methyl-thioninium chloride (DEMTC),
or (F} ethyl-thioninium chloride zinc chloride mixed salt (IFT7); wherein the treatment or
prophylaxis comprises administration of the compound according to the following dosage
regime: about 50 or about 75 mg, 3 or 4 times daily;‘ or about 100 or about 125 mg, 2

times daily.

In a tenth aspect, there is provided a compound for use in a method of treatment or
prophylaxis of Alzheimer’s disease (AD) in a patient, wherein the compound is: (A)
ethyl-thioninium chloride (ETC), (B) 1,9-diethyl-methyl-thioninium chloride (DEMTC),
or (F) ethyl-thioninium chloride zinc chloride mixed salt (ETZ); wherein the treatment or
prophylaxis comprises administration of the compound according to the following dosage
regime: about 50 or about 75 mg, 3 or 4 times daily; or about 100 or about 125 mg, 2

times daily.

In an efeventh aspect, there is provided the use of a compound in the manufacture of a
medicament for use in a method of treatment or prophylaxis of a tauopathy condition in a
patient, wherein the compound is: (C) 1,9-dimethyl-ethyl-thioninium chloride (DMETC),
(D) 1,9-diethyl-ethyl-thioninium chloride (DEETC), (I) ethyl-thioninium iodide (ETT), (J)
ethyl-thioninium iodide hydrogen iodide mixed sait (ETLHI), or (L) ethyl-thioninium
nitrate (ETN).

In a twelfth aspect, there is provided the use of a compound in the manufacture of a
medicament for use in a method of treatment or prophylaxis of a disease of tau protein
aggregation in a patient, wherein the compound is: (C) 1,9—dimethyl—et-hyl-th‘i'oninium*
chloride (DMETC), (D) 1.9-diethyi-ethyl-thioninium chloride (DEETC), (I} ethyl-
thioninium iodide (ETI), (}) ethyl-thioninium iodide hydrogen iodide mixed salt
(ETLHID), or (L) ethyl-thioninium nitrate (ETN). |
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In a thirteenth aspect, there is provided the use of a compound in the manufacture of a
medicament for use in a method of treatment or prophylaxis of Alzheimer’s disease
(AD). Pick’s disease, Progressive Supranuclear Palsy (PSP), fronto-temporal dementia
(FTD), parkinsenism linked to chromosome 17 (FTDP-17), disinhibition-dementia-
parkinsonism-amyotrophy complex (DDPAC), pallido-ponto-nigral degeneration
(PPND), Guam-ALS syndrome, pallido-nigro-luysian degeneration (PNLD), or cortico-
basal degeneration (CBD) in a patient, wherein the compound is: (C) 1,9-dimethyl-ethyl-
thioninium chloride (DMETC), (D) 1,9-diethyl-ethyl-thioninium chloride (DEETC), (I)
ethyl-thionintum iodide (ETI), {J} ethyl-thioninium iodide hydrogen iodide mixed salt

(ETLHI, or (L) ethyl-thioninium nitrate (ETN).

In a fourteenth aspect, there is provided the use of a compound in the manufacture of a
medicament for use in a method of treatment or prophylaxis of Alzheimer’s disease (AD)
in a patient, wherein the compound is: (C) 1,9-dimethyl-ethyl-thioninium chloride
(DMETC). (D) 1,9-diethyl-ethyl-thioninium chioride (DEETC), (I} ethyl-thioninium
iodide (ETD, (1) ethyl-thioninium iodide hvdrogen iodide mixed salt (ETLHI), or (L)
ethyl-thioninium nitrate (ETN).

In a fifteenth aspect, there is provided the use of a compound in the manufacture of a
medicament for use in a method of treatment or prophylaxis of a tauopathy condition in a
patient, wherein the compound is: (A} ethyl-thioninium chloride (ETC), (B) 1,9-diethyl-
methyl-thioninium chloride (DEMTC), or (F) ethyl-thioninium chloride zinc chloride
mixed salt (ETZ); wherein the treatment or prophylaxis comprises administration of the
compound according to the following dosage regime: about 50 or about 75 mg, 3 or 4

times daily; or about 100 or about 125 mg, 2 times daily.

In a sixteenth aspect, there is provided the use of a compound in the manufacture of a
medicament for use in a method of treatment or prophylaxis of a disease of tau protein
aggregation in a patient, wherein the compound is: (A} ethyl-thioninium chloride (ETC),
(B) 1.9-diethyl-methyl-thioninium chloride (DEMTC), or (F) ethyl-thioninium chloride

zine chloride mixed salt (ETZ); wherein the treatment or prophylaxis comprises
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administration of the compound according to the following dosage regime: about 50 or

about 75 mg, 3 or 4 times daily; or about 100 or about 125 mg, 2 times daily.

In a seventeenth aspect, there is provided the use of a compound in the manufacture of a
medicament for use in a method of treatment or prophylaxis of Alzheimer’s disease
(AD), Pick’s disease, Progressive Supranuclear Palsy (PSP), fronto-temporal dementia
(FTD), parkinsonism linked to chromosome 17 (FTDP-17), disinhibition-dementia-
parkinsonism-amyotrophy complex (DDPAC), pallido-ponto-nigral degeneration
(PPND), Guam-ALS syndrome, pallido-nigro-luysian degeneration (PNLD), or cortico-
basal degeneration (CBD) in a patient, wherein the compound is: (A) ethyi-thioninium
chloride (ETC), (B) 1,9-diethyl-methyl-thioninium chloride (DEMTC), or (F) ethyi-
thioninium chloride zine chloride mixed salt (ETZ); wherein the treatment or prophylaxis
comprises administration of the compound according to the following dosage regime:

about 30 or about 75 mg, 3 or 4 times daily; or about 100 or about 125 mg, 2 times daily.

In an eighteenth aspect, there is provided the use of a compound in the manufacture of a
medicament for use in a method of treatment or prophylaxis of Alzheimer’s disease (AD)
in a patient, wherein the compound is: (A) ethyl-thioninium chloride (ETC), (B) 1,9-
diethyl-methyl-thioninium chloride (DEMTC), or (F) ethyl-thioninium chloride zinc
chloride mixed salt (ETZ); wherein the treatment or prophylaxis comprises
administration of the compound according to the following dosage regime: about 50 or

about 75 mg, 3 or 4 times daily; or about 100 or about 125 mg, 2 times daily.

In a nineteenth aspect, there is provided an in vitro method of reversing or inhibiting the
aggregation of tau protein comprising contacting the aggregate or protein with a
compound that is: (C) 1,9-dimethyl-ethyl-thioninium chloride (DMETC), (D) 1,9-diethyl-
éthyi-thioninium chloride (DEETC), (I) ethyl-thioninium iodide (ETI), (J) ethyl-
thioninium iodide hydrogen iodide mixed salt (ETLHI), or (L) ethyl-thioninium nitrate

(ETN).
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In a twentieth aspect, there is provided a compound for use in a method of diagnosis or
prognosis of a tau proteinopathy, wherein the compound is: (C) 1,9-dimethyl-ethyl-
thioninium chloride (DMETC), (D) 1,9-diethyl-ethyl-thioninium chloride (DEETC), ()
ethyl-thioninium iodide (ETI), (J) ethyl-thioninium iodide hydrogen iodide mixed salt
(ETLHI), or (L) ethyl-thioninium nitrate (ETN); and wherein the compound incorporates,
is conjugated to, is chelated with, or is otherwise associated with, one or more detectable

labels.

In a twenty-first aspect, there is provided the use of a compound in the manufacture of a
diagnostic or prognostic reagent for use in the diagnosis or prognosis of a tau
proteinopathy of patient, wherein the compound is: (C) 1,9-dimethyl-ethyl-thioninium
chloride (DMETC), (D) 1,9-diethyl-ethyl-thioninium chloride (DEETC), (I) ethyl-
thionintum todide (ETI), (J) ethyl-thioninium iodide hydrogen iodide mixed salt
(ETLHI), or (L) ethyl-thioninium nitrate (ETN); and wherein the compound incorporates,
is conjugated to, is chelated with, or is otherwise associated with, one or more detectable

labels.

In a twenty-second aspect, there is provided a method of labeling tau protein or
aggregated tau protein comprising the step of: contacting the tau protein or aggregated
tau protein with a compound that is: (C) 1,9-dimethyl-ethyl-thioninium chloride
(DMETC), (D} 1.9-diethyl-ethyl-thioninium chloride (DEETC), (1) ethyl-thioninium
iodide (ETI), (I) ethyl-thioninium iodide hydrogen iodide mixed salt (ETLHI), or (L)
ethyl-thioninium nitrate (ETN); and wherein the compound incorporates, is conjugated

to, is chelated with, or is otherwise associated with, one or more detectable labels.

In a twenty-third aspect, there is provided a method of detecting tau protein or .aggregatcd
tau protein comprising the steps of: contacting the tau protein or aggregated tau protein
with a compound which is: (C) 1,9-dimethyl-ethyl-thioninium chloride (DMETC), (D)
1,9-diethyl-ethyl-thieninium chloride (DEETC), () ethyl-thioninium iodide (ETI), (1)
ethyl-thtoninium iodide hydrogen iodide mixed salt (ETLHI}, or (L) ethyl-thioninium
nitrate (ETN); and wherein the compound incorporates, is conjugated to, is chelated with,
or is otherwise associated with, one or more detectable labels; and detecting the. presence

and/or amount of said compound bound to tau protein {or aggregated tau protein).
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DESCRIPTION OF THE INVENTION

The present inventors have now identified certain thioninium cornpounds as being
effective tau protein aggregation inhibitors and in preferred forms having certain other
desirable properties, for exampie by comparison with the compounds of the prior art

discussed above.

As discussed above, tau proteins are characterised as being one among a larger number
of protein families which co-purify with microtubules during repeated cycles of assembly
and disassembly (Shelanski ef al. (1973) Proc. Natl. Acad. Sci. USA, 70., 765-768), and
are known as microtubule-associated-proteins (MAPs). Members of the tau family share
the common features of having a characteristic N-terminal segment, sequences of
approximately 80 amino acids inserted in the N-terminal segment, which are
developmentally regutated in the brain, a characteristic tandem repeat region consisting
of 3 or 4 tandem repeats of 31-32 amino acids, and a C-terminal tail.

One or more of these specific compounds are known in the art ~ for example MTZ is
described in Fierz-David and Biangiey, 1948, “F. Oxazine and Thiazine Dyes,” in;

Fundamental Processes of Dve Chemistry, published by interscience (London, UK),

pp. 308-314. However it is believed that none of these have previously been disclosed in
the prior art as tau protein aggregation inhibitors.

The invention therefore relates to methods, uses, compositions and other materials
employing these compounds as tau protein aggregation inhibitors and as therapeutics or
prophylactics of diseases associated with tau protein aggregation (“tauopathies”). The
invention further provides processes for making these compounds.

These and other aspects of the invention are discussed in more detail hereinafter.
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compound is selected from the list consisting of A, B, C, D, E, F, G, H, |, J,

K, and L 35(in each case optionally being an isotopic variant thereof as
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embodiment it is compound A. In one embodiment, it is compound B.-In

one embodiment, it is compound C.5"In one embodiment, it is compound

D. In one embodiment, it is compound i i

compound F. In png"embodiment, itjis compound G. In one embodiment,

is cgmpound H. {10}In one e compound I. In one
emblodiment, it is comBupo-Idn-tne-erpbt neht, it is@dmp i 4eCH)
ofie embBdifnent] itlis compound {DI5In one embodiment the
dianjinophenothiazihium c@mpound may be orfé which is ebtained by, or
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the neocortex, respectively. Other dementias include fronto-temporal
dementia (FTD); 40parkinsonism linked to chromosome 17 (FTDP-17);
wdighiloRisn-dementia-parkinsonism- amyotrophy complex (CERAIBR007/601167
pallido-ponto-nigral degeneration (PPND); Guam-ALS - 10 - syndrome;
pallido-nigro-luysian degeneration (PNL-D); cortico-basal degeneration

(CBD) and athers (see Wischik et it, for detailed discussion
- espegcially Table b.1). All pf these disgaseg, which are charpcterized
primarily or partially by abnormal tayragg e’ga jon,are referred to herein

1S "taiopathies" of "disea es&ﬁ\t aggregationt: In thigrafid all

O--0)

tHer aspeetdlof tHe inventjon relﬁtlng to@ﬁopathles,g)refer bly the
auopathy is selected fromithe liséconsisting of the inéications above, i.e.,
AD, Pick's disease, PSP, FTD, FTDP-17, DDPAC, PPND, Guam-ALS
syndrome, PNLD, [and CBD. 10 In or@%ﬁéﬂ@?f@ﬂmﬁﬁﬁment the
tauopathy is Alzheimer's disease (AD). One aspect of the present

Thesy eBHQBIRRILAINS PcrddistibRRnia Bt BIRTZRIMN SHBRIURES MAs-HIesRTHRAdS or

e R R P e

oth%nsms mbotn

pect € presen éntion pertains to use of a
diaminophenothiazinium compound, as described herein, in the

Isoterimufdialive of a medicament for use in the treatment or prophylaxis of a
tauopathy condition. A further embodiment is a method of treatment or

I oRECRABIIREN: SoAISBRATRS LAY IR AERIRE Y A2 HIBaEHRSSREISIMG o

14 Which method comprises administering to a subject a

| ammo&henothlazmlum co(g(] ound or therapeutic composition .

" o FRRRH b S, R A48 ISR BEras G B AORGR A B Grotein

In opg &AM RS @RS %@"@@Iﬁ@*@ﬁ&%@f?mﬂgééﬁ li§ ZGurther

In orerdyobindiorarth ere isrdisulesé the disirom efsinesof iezinapeoodipdtthd, or

In oteasapRudiitaaNPesHion.co BTIFSIRBrébersamasior tHse dmadnsthe Qf
treatment or 30prophylaxis of a disease of tau protein aggregation as

Qv h metho ns e3 ad |n|st ring to a subj ec
in of P8 %"ﬁ"@‘otﬁg%“.%urﬁfso%soun g L e R DTRa e
grougagrgé Bff?heCi'au protein associated with said disease state. 35In a
further embodlment there is disclosed use of a diaminophenothiazinium
in o epbedichémthenprepacxtan ol afthediedioe mtdarsuseir ameshodrefil of the

grouprs akineRer MERNdsas of a disease of tau protein aggregation as
described above, which method comprises administering to a subject the

In 0;{8%%%%?% % hagd%é%:anase tg '%2%3 awegﬁt on of the tau protein

associlate
2007/110630PCT/GB2007/001107 In one embodiment there is dlsclosed

Usegtanstrrsaeopt éginitifig ssoraggtiogarféaugratedu protein in the brain of a
mammal, which aggregation is associated with a disease state as

One depesisambrventbe FEQHH“L%@W@?H&%%QZ% mmgﬂﬁ@ {@reverse
or mﬁiﬁiptﬁé %11#?39’28{: B(Eetirn agrm(g gg%é)g(a)t?or}/ #%‘%?%a'% vitro, or in vivo, and

may Ee .'-[%gocta e

{OA— -t

auopathy d:sease state as discussed herein. Also provided
are methods of reversing or inhibiting the aggregation of tau protein comprising
contacting the aggregate or protein with a compound as described herein.

Preferred compounds

In this and all other aspects of the invention, unless context demands otherwise, the
compound is selected from the list consisting of A, B, C, D, E, F, G, H I JKandL
(in each case optionally being an isotopic variant thereof as described above).
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Sinhibitor of said aggregation, wherein the inhibitor is a
diaminophenothiazinium compound. One aspect of the invention is a
Whethtatafinhibiting production of protein aggregates (e.g. in IS fGR20GT/001107
paired helical filaments (PHFs), optionally in neurofibrillary tangles
10(NFTSs)) in the brain of a mammal,tHe treatment being as described
herein. In one aspect the invention provides a drug product for the
treatment of a disease state associated with tau protein aggregation in a
In ¢Rg BmRaditestinyasared domprising a container labeled or
In epeempeditechyitaslabelinditsing that the drug product is for the 15
In trentmentialsaic disRasseiRe container containing one or more dosage

In mtérﬁmrﬁgmq{i@%grﬁbm@ne pharmaceutically acceptable excipient

in &(éder%%cﬁﬁna%&/ﬁ gé‘%{;%jfi;%ﬁt .isolqtf-:-d pure diami_nophenothia;inium
compound of the inventron. Campositions, formulations and purity
In @Sgﬁﬁgﬁfﬁ}%‘ﬁﬁdﬁsﬁmﬁfﬁg-are discussed in more detail hereinafter.
in qne\gERdiMeshdtdnsssaneiant Ghe diaminophenothiazinium compound
in anapdeqiiowded &retsagdoimd Eomposition which is equal to or less than
in cHGarflBo@MeRT 98 Pmhindd; 92, 2591, or 90% pure. In one embodiment
In R SATMRAHEG of @gdﬁ% ntignyis not one which is obtained or obtainable
in b té‘r%b@&h gulgitg.met ?El}g isclosed PCT10B20051003634 (TauRx
Srapentics a9 tERRRIE Was filed, but not published, prior to the filing
In omﬁ@%?ggé?ﬁfaﬁfﬁ@ﬁﬂﬁﬁ%ééne aspect of the present invention pertains
to a dosage unit (e.g., a pharmaceutical tablet or capsule) comprising 20
o .. cOBADES b A GATGERATIENNH o8 S T e
by, 73 obfa} ; :
Y a puﬁty as deslégrbi/t;agcﬁl %erein; etc.). %%é@%age @r%?s%?gh?%asp%iéreﬁ%&%sd ic low).
P ablet or ca{ﬁé‘ule) comprising 20 to 300 mg of a diaminophenothiazinium
R SENALHRSE IR BRI ANYRRIa A e Wikep b dishmetivivlathe
assPReRtcErakbRsrin badigidelisthedinvitio st dibdreiomblisiow. [Rrefered
compn it atRE o desw ssatGon; RoragretBiannnrenthadisuentdheroo, 9o, 80,
70, 80NE0NLds SHEHLBRNNG:Y A8 HBRAHMERdRGARMY LIS ARAM RO.MO- -

12 - In one embodiment, the amount is about 70 mg. In one embodiment,
. In.ane embodiment, the amount is about 175

t s, gabout 125
I o o b ast g g b

ob taf%%ﬁrﬁé HoLahed afimeieracside e Exampirn bereinioh aremiaftiden or equal to
150, more preferably greater than or equal to 160, 170, 180, 190, 200, 500, 1000, 1500,

or 2000,
Methods of treatment or prophylaxis and 1% & 2" medical uses

One aspect of the present invention pertains to a method of treatment or prophylaxis of a
tauopathy condition in a patient, comprising administering to said patient a ‘
therapeutically-effective amount of a diaminophenothiazinium compound, as described
herein.

Aspects of the present invention relate to “tauopathies”, As well as Alzheimer's disease
(AD), the pathogenesis of neurcdegenerative disorders such as Pick’s disease and
Progressive Supranuclear Palsy (PSP) appears to correlate with an accumuiation of

~ pathological truncated tau aggregates in the dentate gyrus and stellate pyramidal celfs of

the neocortex, respectively. Other dementias include fronfo-temporal dementia (FTD);
parkinsonism linked to chromosome 17 (FTDP-17); disinhibition-dementia-parkinsonism-
amyotrophy complex (DDPAC); pallido-ponto-nigral degeneration (PPND); Guam-ALS
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10However in one embodiment, the diaminophenothiazinium compound is

administered to a human patient according to the following dosage
Woeljiiné1tbbut 50 or about 75 mg, 3 or 4 times daily. In oneRAESAMEHR1107

the diaminophenothiazinium compound is administered to a human

15patient according to the following-dtsage regime: about 100 or about

125 mg, 2 times daily. Preferred combination therapies 20Combination

syngtoms falidnaigridpian deornerine GNWecrliserRase! drasampiies (CBD)

-andpthesritnadlisehierbaiphsde inteniticity deteileditiswussioly - srpeliidstede

5.1)n Miortiicesaitiversies teichhire thaikderuadersicol tbapamyiyf shebnormal tau

agdregdi, Upe st meRthoderdesssinadaipit.may hesused 4pa comRination
a ggjé » 25In one embodiment, a treatment of the invention (e.g.,
g erﬁ%ﬁ@%ﬁg a compound of the invention) is in combination with a

cholinesterase inhibitor such as Donepezil (AriceptT"), Rivastigmine
in this,and ¥ 9l 6F EaeFiahihe menfiayrefptingrioirueptiiinmspiegbly the
tauspsditshisracké e imowrifienite mpnastiptoyitigedreicapfoumndboithee., AD, Pick’'s
dise3¥\\RBHORY 13, FTesrbm B DPATLPRRD MO4An2cepihariago PiSt BUBRESBD.
Memantine (Ebixa T", Namenda T"). In one embodiment, a treatment of

the invention (8.9.,em ing.a compound of. the,invention), js.in
n Oggrﬁii#%%ec?newfﬁgg%euslgéﬁnlg ? %geﬁ tésr’%%%%’f? .?53 RGne Q‘r?b)‘odiment, a
treatment of the invention (e.g. employing a compound of the invention) is
Onqrpsepabi e piaeenbinveniisopetainsiorigirstnesbepethisinnium compound,
as debetsedmyteld, ferqusaminhtthod bitradnidprecprsptiytaete (e, proses singpathy

condiRriPaORinenhAGesaraRsalpBoiRpigyamyloid). WO
2007/110630PCT/GB2007/001107 - 13 - Ligands and labels

Diaminophenothiazinijum compounds discussed herein that are, capable of

ONGASRSENG E RUETEGATLT GP B RTS P WAF 88 DR SRBR G iy s

coMppaids B I5BETDSY RRIGIFoiBIHS (BRgrEaIEtR AEAicREIRN TR wseilt dife

treatmeinb dirnemthyiwedidiafriidspbraibytiaadifiorm compound is a ligand of tau
protein (or aggregated tau protein). Such diaminophenothiazinium

A fuRRBIRNISE ISR IS )rRRYo i 6P IRAKATENAS BRINHGRIES IPa PR Chelated \iRtein
ago g BHR AS5-BE BRAGRALES WHTaN HHoR IS A A AR RS 8 et
diaminophenothiazinium compound, or therapeutic composition comprising the same,
such as to inhibit the aggregation of the tau protein associated with said disease state.

Other methads and uses

in a further embodiment there is disclosed a diaminophenothiazinium compound, or
therapeutic composition comprising the same, for use in a method of treatment or
prophylaxis of a disease of tau protein aggregation as described above, which method
comprises administering to a subject the diaminophenothiazinium compound or
compasition such as to inhibit the aggregation of the tau protein associated with said
disease state.

in a further embodiment there is disclosed use of a diaminophenothiazinium compound in
the preparation of a medicament for use in a method of treatment or prophylaxis of a
disease of tau protein aggregation as described above, which method comprises
administering to a subject the medicament such as to inhibit the aggregation of the tau
protein associated with said disease state.
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10and unstable detectable isotopes, radioisotopes, positron-emitting
atoms, magnetic resonance labels, dyes, fluorescent markers, antigenic
WErH¢p4 1#h&tapeutic moieties, or any other moiety that may ai®@@T&B2067/0601107

prognostic, diagnostic or therapeutic application. For example, as noted

above, in one embodiment, the diamitiophenothiazinium 15compound is

as defined above, but with the additional limitation that the compound
In oprrperdiBenihasRjisgitslresdis Brihad ahiRenIBing HiraYnRIaLs AbdaY
proaittiroine brainore(@gmmalk vidh eggiegeionpdsaradiintetoplls a disease state as
desPASdsQbE| tingreamenntegeiineseniaceiatieipistgangftoaraisceatmal in
necB B SIS AAGBRICO YIS A DARAROHIsRRIBERR: AfiBRB:ABRRdMmaNt,
i B HOCRNSEAA DI GORR M & L8R Aeeh as lphsh o o-

a labelfor tatrprotein (or aggregated tau protein), and Iincorporates, Is
compiiiigated to, is chelated with, or is otherwise associated with, one or

more (e.g., 1, 2, 3, 4, etc.) detectable labels. 25 For example, in one
Onembadimight ihediamiaephetiathiezirtiiniirgopnpdentidisch srdésine aitsootes
(e.dPH inEhdihe stddivienaklinitationdhet therepropisgnsorparsiegiasy tangles

' [ i [ ' i i e or
e T

diaminophenothiazinium compounds (e.g., when ligated to tal+ rotein or
in ogg sreRprdht A BB Ry AidPDa 9r§eaar§§a%mféi@3(&atﬁfgﬁaﬁ§ s%f?gﬁ?&? state
assneiziad vatdtabesitile daereantion inp preciae tviedny KiptsPRItSRBRORNS 2
confaipanBsiis lonewdbinheal bmaydbe! tsdidaiB gRbaekendple, pheduct is for the
freiRINARARNGNNALN D GRmMNRNSigang trkel} maw kR saiabbiis each
confIFISAICS: RaLISHDRIANAG A BRSITPOBEMLNG BladR nd L4k Lhuds @
) rbon atom of one or more al roup substituents g.gf,t%eit#‘)gr%rgnup
'“grgaﬁéﬁtﬁé“d%gja&ﬁ% RERAAYRB (5%@5%@%’5‘5&?81883& on emission
tomography (PET) as is known in the art. WO
CorB0051ibh66B30REBIIGB 20000107 14 - Suitable methods for preparing
these and similar 11C labelled diaminophenothiaziniums are shown, for

CorRSERRISs LhUOHARRTRRLEL88cHigUIES fhbfe dihikDrandiO

2005/030676. 5Thus, in one aspect, the present invention provides a

method of labelling tau protein (or aggregated. tau protein) comprising the,
Hongie i B5R EHRUTE Vol AR G OB LT a8 i B provides
or ugshiniro pREREEIaniMEh dAEL FRIGhEEMEGHH HPHES 88 Mugatda 84 &3, 92,
91, ohel¥edundth jooie ctimboiseastectamgdavitt of e drvaotior(ésquoll o Bhich is
obtfied etnaiatisiabelne Hgh pnnihaemeas el dRelpses PCTIEBRODE/003634
(Ta@é%%?ﬁa@éﬂ?&@%e@i%%ﬁwwﬁg PR QS IRBIRARIE DI B/ 9ERIng of the

comprising the steps of: contacting the tau protein (or aggregated tau
pre%er% eﬁﬁ il g diaminophenothiazinium compound that incorporates, is

conjugated to, _
One aspect of the present invention pertains to a dosage unit (e.g., a pharmaceutical

tablet or capsule) comprising 20 to 300 mg of a diaminophenothiazinium compound as
described herein (e.g., obtained by, or obtainable by, a method as described herein;
having a purity as described herein; eic.).

Dosage units (e.g., a pharmaceutical tablet or capsule) comprising 20 to 300 mg of a
diaminophenothiazinium compound as described herein and a pharmaceutically
acceptable carrier, diluent, or excipient are discussed in more detall hereinafter.

in one embodiment, the amount is about 25 mg.
In one embodiment, the amount is about 35 mg.
In one embodiment, the amount is about 50 mg.
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is chelated with, or is otherwise associated with, one or more (e.g., 1, 2, 3,
4, etc.) 15detectable labels, and detecting the presence anthor amount of
WazZ# #dMptund bound to tau protein (or aggregated tau protef§yI/GR3007/001107

another aspect, the present invention provides a method of diagnosis or
prognosis of a tau proteinopathy in a'subject believed to suffer from the
disease, €0 ing the ste 200 introducing into the subject a

Ino W‘E% ?i'gt ?ﬁz %Dcfg able of labelling tau protein or

n OQ%QFE’@%@&H%WM)%@WUBE%E P&W%étmﬂroteln (e.g., a

In cokaenibopghesnitiezamnawnténapounti7thatgincorporates, is conjugated to, is

in oS8 elaiRdivbnt Ohis Hilieiwiseessopsatag with, one or more (e.g., 1, 2, 3, 4,
etc.) detectable labels), 25(ii) determining the presence andlor amount of

ound bound to tau protein or aggregated tau protein in the brain
Prefs? ag%ug { Hlﬁqcorrelatlng the result of the determination made in (ii)

with the disease state of the subject. 30In another aspect, the present
Dosaareiagings eraidisaisnashin opstie setaiteninafesmpound capable of
labelling tau protein or aggregated tau protein (e.g., a

How@ﬂtﬁmﬁ%a@@mwmm%@ﬁ&mmw%@&%&H%Pﬁﬂ!%ﬂéd toa
h'umgﬁ e AECo R BRNIBARRCHIEeE WITo8na OB G Gl rong: for 4

etect or use | diagnosis or prognosis
3¥0telnopathy 35 In another aspect, the present invention provides
use of a diaminophenothiazinium compound capable of labelling tau
In ongremrodinagpyréomtiehtine pheteithjgzanico kertpaundrstetin(pigierad to a human

patictipagipiteriothia ZinuwingIopes b gakinERIROTetas 45 ARNPS MBI Gniss
daitychelated with, or is otherwise associated with, one or more (e.g., 1, 2, 3, 4,
etc.) 40detectable labels), in a method of manufacture of a diagnostic or

p % nostic reagent for use in the diagnosis or prognosis of a tau
4 9f%78 NS BEPA110630PCT/GB2007/001107 - 15 - Those

skilled in the art will appreciate that instead of administering
Comdlination pletrotmaznid thdigpiedstawkishdiseotlyridreytreatitkbi or therapies are
comiGiflstinisaiRshipia, BEREIRRIIOSNLIHANEABYEER OBr0R e BGHY o ATHR(8 il
heref}AiR0 TRLE ué%ﬁﬂ@%@é@o‘a& %?&ﬁg%‘i jﬁ%ﬁ%}% Qrt HeRbds c[:c)ascnbed

admlnl tered {o me igan ose hereln ma
hererlr}snqu asep%sr J %arr?g ab t?oatlé 081 or%rognogs It may be used t/o

select a patient for treatment, or to assess the effectiveness of a treatment
In ongresniprstiprititie teegfreantiithieonvéntienprotei srapigrium Boronasinic stidted
invertitothéslistdopethation with a cholinesterase inhibitor such as Donepexzil (Aricept™),
Rivastigmine (Exelon™) or Galantamine (Reminyl™),

In one embodiment, a freatmant of the invention (e.g., employing a compound of the
invention) is in combination with an NMDA receptor antagonist such as Memantine
(Ebixa™, Namenda™),

In one embodiment, a treatment of the invention (e.g. employing a compound of the
invention) is in combination with a muscarinic receptor agonist.

in one embodiment, a treatment of the invention (e.g. employing a compound of the
invention) is in combination with an inhibitor of amyloid precursor protein tobeta-amyloid
(e.g., an inhibitor of amyloid precursor protein processing that leads to enhanced
generation of beta-amyloid).
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Methods of Synthesis Methods for the chemical synthesis of compounds
of the present invention are described 15in the Examples herein. These
WarAn3168Er well known methods may be modified and/or ad&®{E@&RR007/001167
known ways in order to facilitate the synthesis of other compounds of the
present invention. Thus one aspect 6t the invention provides a method
a compound of the 20invention as described herein,

. of synthesi
L'g%@%ﬁﬁge&%%ﬁggubstantially as described, with reference to any of the
Examples hereinafter. The invention further provides a
Diadisnwihephthietmiazneommamxodiactetdehierniian anbicipisRERIARMBIENG the
agpedsiitaingbleRysia mwmwwgﬁgr&%%ﬁ Qs %&aﬁ@éﬂﬁ' f’a%%?é;@ fgmb?otem
{or %@BQ&WQ&’BMQ%E‘X%Q% 695%%3&%% Qlnent 3 heno%% gzinium

I
in the context tréa ng & condition: per A

oone egnaehgfﬁ/%o'%ea menfJ é’ﬁ%[éf Q%rp@g r fBH BN or an animal

, in veterinary applications), in which some desired therapeutic effect
Sug @sémwemtbwamm shespabiisis dhpefdsé prygresspof ate benditjogated to,
be cretbirdudibs ar rebaction i His daittaef WIOQERRS: ahballda Hsuiestth as stable
andRIRSHERRS JRBEeSSIOR OIS, Q@Bﬂiféefbp%@ edl?ér%%ml&ﬁ?g %?&‘Plg'%aér?&%d

lactic mea:

resﬁg%gfi%%igo%%%@l (griies e |nc Al 2%189%;({ Groups, %era;geuhc moieties, or
any.per '%Bwa%cué@@%ﬁrﬂ@fawt@ asliaaionnt

of an actlve compound, or a material, composition or dosage from
For expnpipisires aviadtaleoteciompe enbodinetisiesidriivadpharothiginguseme
compesiigdsthe reEmidicaiiost bWEHR 00 AR &i@%%ﬁ@@é&% sdéha
incoRSGRATE 7 dﬁkﬂbé ﬁ?%%ﬁ@@ SPRRATHIRKRLRy é s c:a IrH etF‘egle or
mor8%8 de}nﬁeé/vl eswt%ptreaat e‘gtéaqlmen =il arﬁ
ﬁr&% [actically- e?f SRR SR SR DR PRETEA S mg@qﬁa@nagneﬁc
reso, BelsndYe dUIRTSE It SN A RIICHRHRSs iBbieTenestie @ rietiss.

comprising an active compound, which is effective for producing some
in ongesinewirophly knetitiafliech caminiepisiunteombarerRsengaie benalitsisk iapel,
e.g.ratisVRenAdsNSeEhiy daRGeWilihg QS&'(%F&%?&E@@%@&%&U&&% to,
is ch%%Tg@Woﬁrg%MS@% t‘é8%%ﬂ1 %tllm%noy%%[rrg er,] tgs %,tg?‘ﬁ‘a etc.) n

deteg\fabcfe fg %fg r

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

Labelled diaminophenothiazinium compounds (e.g., when ligated fo tau protein or
aggregated tau protein) may be visualised or detected by any suitable means, and the
skilled person will appreciate that any suitable detection means as is known in the art

may be used.

For example, the dsammophenothlazm:um compound (ligand-label) may be suitably
detected by incorporating a positron-emitting atom (e.g., 'C) (e.g., as a carbon atom of
one or more alky! group substituents, e.g., methyl group substituents) and detecting the
compound using positron emission tomography (PET) as is known in the art.
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more treatments or therapies are combined, for example, sequentially or
simultaneously. Examples of treatments and therapies include, but are not

Whhited i86¥hemotherapy (the administration of active agents, BhdVGdizRy7/001107
e.g., drugs, antibodies (e.g., as in immunotherapy), prodrugs (e.g., as in
photodynamic therapy, GDEPT, ADEPT, etc. )' 15surgery; radiation

py..and gene therapy Rou of Ad tratlon The

Sl R R SRR R R fﬂ” shetridiaphpRigngihiazinums
aﬁmw geﬁamlﬁaw%%@a{ §€é&(§%@ Eigwtsedtipatidht 1) ang

WG BRI ®ute of administration, whether systemically/peripherally or
topically (i.e., at the site of desired action). Routes of administration

ThiBCIHE8e @@b@é@ 1l proed Fﬁ’vé?ﬁ?dr(%@w&% B9 DP Becal n§ Wbl B%@}h (or

R LB e
tau P |§r g’ﬁ'“ H‘F&ﬁ@juwﬁ%?%f?%@f IpsPRRRERRfosgonjugated to,
is chelgiamhwh %WW‘?@ RegociAtedwite R Hianpratieongh, RSt br
deteriskbll; el (e.g., by suppository or enema); vaginal (e.g., by pessary);
parenteral, for example, by injection, including subcutaneous, intradermal,

I am%P H.Egg@ (g R AR % el ARG MBS B protein or
afracﬁ S L el A R regated

fay ﬁ éa GiemipapiprRatIaFBETbROMRSUNS BralipcaspRrmraivteniugptad to,
is Ghﬁi@tegbwiﬁnwfos eftmnpies se&mambammm mtraoneiselgarly 235, Rheto.)
deteStstiiedtibaticntd Tetcsthietidiatiesicaay deraidinat $8a88Mbotnd bound to

tau plakgntal W@@@aﬁ&g;ﬁ (e g., kangaroo, wombat), a monotreme
(eg duckb| led platypus), a rodent (e.g., a guinea pig, a hamster, a rat, a

mur| e (e.g., a mouse), a lagomorph 40(e.g., a rabbit), avian
In aggihe %ﬁ%ﬁ bVeRAl) PaHKES@ Greiiied Y Hiagmesteds pipanosis of

tau le‘ §@PR§§P¥|%%§[@JS&?&§UGW suffp! BoghEupyissasaccegrisingdhhg steps
of: primate, WO 2007/110630PCT/GB2007/001107 - 17 - simian (e.g., a

(i) infnehiomg GhtanRg. SubjeGkeyit BopharBimasi AR M aINaRS fa e SHRINg
tau Mﬁ@é@?réﬁ&@%%&ﬁ?&éﬂb%}g%?g%{éﬁ?mm (grgweémore the
d:anﬁ?’%ﬂgggﬁﬂ?ﬁrmﬁ é}&qyng fv mcortnﬁ%'g gﬁblsegp%gggﬁcﬁo Eﬁ&ﬁ%ﬁf&d with,

n one preierr, embodimeén

or is 2 e ARREL 5, I FRR SIS 8- bl o BeUBIRSiSBE iabels)
(i) detsviting i rIersaCe oTH\es ameumtiel stiteetionaing patiorttoay protireor
aggregyiehzopmtsie ofthigbrainsoé s satijst,

(iii) correlating the result of the determination made in (ii) with the disease state of the
subject.

in another aspect, the present invention provides a diaminophenothiazinium compound
capable of labelling tau protein or aggregated tau protein (e.g., a diaminophenothiazinium
compound that incorporates, is conjugated to, is chelated with, or is otherwise associated
with, one or more (e.g., 1, 2, 3, 4, efc.) detectable iabels), for use in a method of
diagnosis or prognosis of a tau proteinopathy.

In another aspect, the present irvention provides use of a diaminophencthiazinium
compound capabie of labeliing tau protein or aggregated tau protein, particularly tau
protein (e.g., a diaminophenothiazinium compound that incorporates, is conjugated fo, is
chelated with, or is otherwise associated with, one or more (e.g., 1, 2, 3, 4, elc.)
detectabie labels), in a method of manufacture of a diagnostic or prognostic reagent for
use in the diagnosis or prognosis of a tau proteinopathy,
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by experienced clinician; exclusion of non-AD diagnosis as far as possible
by supplementary laboratory and other investigations; objective evaluation
WEFMIE 18§ Fognitive function using neuropathologically validatBET&#a#7/001167
15In one embodiment, the subject/patient is not a human. Formulations
While it is possible for the diaminopA&rothiazinium compound to be used
(e.g., 20administered) alone, it is often preferable to present it as a
composition or formulation. In one embodiment, the composition is a
Thosgtekitieddadiearicuih pBRTesiHktge! forRamabRIBRIEE®Nn, medicament)
diamasspisisirgaidiamiyzplisfiatelaziniatly dbmpound besdaEoisksaiBraiprecursor
form 2l S-RNELIRAE e A RERIABS. cRysiatg dtlieyatimePipien b Par adineting
mbodiment, t tian I tical composition comprising
agengp feegg @(}ﬁé%igﬁﬁ%ﬂ%{gﬁkﬁigﬁn@iﬁ%ﬁmﬁnd, as described herein,
together with one or more other pharmaceuticalg a%?epﬁble in%re!(rzlie?gtsn osis
The ligaindmgisriesethBEEREKMEY B7 tRedASiRRIL ARy AT IRARPES; O Prognosss.
It mayHas msbistissitipt zcpefizabler dearimentinidn @ssas SherrEeshirlGoants
treatfhiaso by iess Jeiareiy gtivesnhibitay xittaot sy didkini casgstidiliseisinistered to the

‘Subjg&Iubilisers, surfactants (e.g., wetting agents), masking agents, colouring

agents, flavouring agents, and sweetening agents. In one

embodiment, the composition further comprises other active agents, for
Met@?aﬁﬁﬁl%‘(”ﬁ%%?ﬁer therapeutic or prophylactic agents. Suitable carriers,

diluents, excipients, etc. can be found in standard pharmaceutical texts.
Methae sptraxaienizaHamdhmik afdemennde ofidhe AwsEVEEVentipR dfofescribed
in thiCES: Mbidshepnd. | -Theb 2004 (Sveapst ntermatitoBestmyroesniuifisd and/or

nd| i DGR RRIAGRHECAbRBIRNRRAAE
adapgﬁﬁfiloﬁr%“ﬁ%ﬁ.\%%giﬁéiﬁﬂﬁﬁ? e e Hatimooh of -
pres@ﬂd?ﬁ%@'é’ﬂtical Excipients, 2nd edition, 1994. - 18 - Another aspect of the

-present invention pertains to methods of making a pharmaceutical
Thusonspasiiohat Sraprigag adprivddgses atishe’ Rreiisagibmpepgpound of the

invepenathieznbat phengtidariistker cotrsianinllyas dehsdbade Mith reference to

any IR95LNS Wi Ba MR RinRREe other Spharmaceutically acceptable ingredients
well known to those skilled in the art, e.g.,

The invention further provides a diaminophenothiazinium compound of the invention
which is obtained by or is obtainable by, a method as described herein.

Some aspects of the invention will now be explained in more detail:

Treatment

The term “treatment,” as used herein in the context of treating a condition, pertains
generally to treatment and therapy, whether of a human or an animal (e.g., in veterinary
applications), in which some desired therapeutic effect is achieved, for exampie, the
inhibition of the progress of the condition, and includes a reduction in the rate of progress,
a halt in the rate of progress, regression of the condition, amelioration of the condition,
and cure of the condition. Treatment as a prophylactic measure {i.e., prophylaxis,
prevention) is also included.

The term “therapeutically-effective amount,” as used herein, pertains to that amount of an
active compound, or a material, composition or dosage from comprising an active
compound, which Is effective for producing some desired therapeutic effect,
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carriers, diluents, excipients, etc. If formulated as discrete units (e.g.,

tablets, etc.), each unit contains a predetermined amount (dosage) of the
W& E8MPound. The term "pharmaceutically acceptable,” a8&i&&dp2007/601167

herein, pertains to compounds, 10ingredients, materials, compositions,

dosage forms, etc., which are, within" tWe“scope of sound medical

| fth cti )
gt gg;%ﬁigi%i DA S SR Al ance v

Iem or complication, commensurate with a
reasonable benefit/risk ratio. Each carrier, diluent, excipient, etc. must
Similatybthtdecepiabhityindivmbeatedibainguetnpatisiel haveth tetaiiao that
amingrestientaculéheiasmations Thadesmsiaieatisnay eséyg?@ﬁm éamrixmg an
actiRetaads Wl iﬁi\%ﬂ%'%ﬁ@@ti%tf%fr ey o%ge@?tgo Rogﬁé}ilagac ei%%c
corﬁﬁ%ﬁ figaﬂg E;r’i,te% assac éon tf ctiv oun arrier w ch
cons | es NG O FoTa Rt BSEsHY A iféfii’eii‘i &Eii%i%i?fﬂ?em accordance with

2 degped ReRHE S GeH@BRepared by uniformly and intimately bringing into
association the active compound with carriers (e.g., liquid carriers, finely

Thedisioretrsatiderd et @és. hoais ihiein shapngid arr atkiebidN AC/BR Ywo or
morEh@%ﬂﬁ@Hi}@@?ﬁﬁ?&@é@%%ﬁ&‘éﬁ% feras%'&@‘riﬁ Fmﬁﬁaneousiy
TR relea
S;ra ereof g E%gtio%?s sﬁg}% 3 o'rﬁ éggghtera?raecp stﬁgmt SHER @Fam%t%erapy (the
mmesctao'r? AtYE 5858%?8Pﬂ%*fq@re%@srs%?@?ﬁ@'%f%@erﬁﬁ@e sterile
‘m”ii{ﬂﬂ @Pgh RGNS etis BE R RRRIP YNNI e TeRC IR D R CHIRER TS fc.);
surggins shdidtiouipeapsdrol gehefivsepgrovided (e.g., in a 30liposome or
other microparticulate). Such liquids may additional contain other

RouRbppmaseiiisallyacceptable ingredients, such as anti-oxidants, buffers,
preservatives stabilisers, bacteriostats, suspending agents, thickening

Th nIs utes which render the formulation isotonic with the blood
€ %‘EHSP i’r‘r’-i%ﬂiifﬂma?l&fih%f ifteRRtrHEcRlicPm Imsiiap eenyTising it
mayé%@:&fi@ii’ﬂésiﬁ@ﬁd@ askHbiratsiien fcanylevivsisiepbipote, aflpderpistration,
whettey ey etabieatiigainthehaifilos tEpieatipibs. ohihisalie dsalaunecakiens for
use in such formulations include Sodium Chloride Injection, Ringers

Rout@@'b‘it'g&n?{rét%%@ﬁ%qcﬁﬂ@%ﬁ Lnieqto [éﬁﬁSaéf’ait ncentr ){;}1 fthei
dis f gab (o
congis st T eI

e rom ag
9. S%@ 168 RIBFIR RS dF ab@&séai@a%ﬁmﬁi@rméareé@@nm@ eyedrops);
pulman g sedle Luingairiion sninsvijaliorstorapyrusiie eze-drie ar yopfitised),
througbvidiiti omorei oirimgsen iyttt aglilion idhiBerite SARRHavEEMAPf.g., by
pessanBIMRIRMIE! for diasiRNS iR ﬁtWiuWr% subcutaneous intradermal,

mt,.a,%ggguk;irop,@rge&g{gei Q;'[l%% ntracar di ri%gt'}gp use. fr{(gﬁﬁé\g&oraneous

C i |
e e i T

intraarticuiar subarachnoid, and intrastemai (including, e.g., intracatheter snieci:ion info
the brain), by implant of a depot or reservoir, for example, subcutaneously or
intramuscularly.

The Subject/Patient

The subject/patient may be an animal, mammal, a piacental mammal, a marsupial

(e.g., kangaroo, wombat), a monotreme (e.g., duckbilled platypus), a rodent

{e.g., a guinea pig, a hamster, arat, a mouse), murine (e.g., a mouse), a lagomorph
{e.g., a rabbit), avian (e.g., a bird), canine (e.g., a dog), feline (e.g., a cat), equine

{e.g., a horse), porcine (e.g., a pig), ovine (e.g., a sheep), bovine (e.9., a cow), a primate,
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One aspect of the present invention pertains to a dosage unit (e.g., a
pharmaceutical tablet or capsule) comprising 20 to 300 mg of a

WA hothiazinium compound as described herein (e.g. PEBt&RRA7/001167
by, or obtainable by, a method as-described herein; having a purity as

descrlbed herein; etc.), and a pharm‘a?:@ntmally acceptable carrier,
one e iment, the dosage unit is a tablet. In

samz uent ore |ent | %
I R SR8 PR & B Jaiross), BARORih St R ehori

one e
¢ ‘Ws"ﬁ%"%@wﬁﬁ’h?ﬂ ¥ aRiBaIment, the amount is about 30 mg.

In one embodiment, the amount is about 60 mg. In one embodiment, the

Furienuatsstabeubkfpaternrengenahp dime e AN SN i5-aR ¥ S8 mple, a

fostng- 20 In one embodiment, the amount is about 200 mg. In one

embodiment, the pharmaceutlcally acceptable carrier, diluent, or excipient
lyceride (e.g., Gelucire 44/14 e; lauroyl

in iS or ¢ ljgéses on or both of a g

RREIE %e(g ?BI% il ﬁ}‘?l':slﬁ‘rbj ) tight'® QbW Bilicon dioxide (e.g.,
2% Aerosil 200 CO; CoNodal 25Silicon Dioxide PhEur, USP). Dosage It

Suitghlheubmmte drattiv: Inystine of sk tleis dleetatt shahapaerp tptosiesmgas ef daes.

Tmeaﬁemme@ewﬁu@alyaﬁmmm%i@@%@qme%'m BRI Gy ation

by SHBEHERRLEDIDHAIEA AN SRMBPHO APPSO PRSI g AL

su Bg;ﬁé Et)he timal e will Jnv tﬁe%aﬁanm éof the
PR RN B APl ivep e e SPissie syalialieo eHevel ofhe

COQQ@%%{HH%BE&@%"%O@PWH%@?}@%Q&M alidated) kettemtors including, but not
limited to, the activity of the particular compound, the 35route of

in cadmamistdationt, the sutcofpstpmistitiemukrsate of excretion of the
compound, the duration of the treatment, other drugs, compounds, and/or

Formé%ﬂks used in combination, the severity of the condition, and the
species, sex, age, weight, condition, general health, and prior medical

history of the patient. The amount of compound and route of

While jhishassibin fan ihe siamisorbenstitiazialyoretorotitid p hesisiath(e.g.,

admiginteiiediialors:; #lefieraprefitablegh pesendliyhe dospgeindH beisaliocitsh.
to achieve local concentrations at WO 2007/110630PCT/GB2007/001107

ittt
prep%V ctﬂ 1 lf’lkééggaﬁtnsm 2 giaminop ﬁPREH cmgw@dwmd
he reé{l fﬁﬁaﬁr}ﬁ(@“m%@ tﬂ?&ﬁ@ﬁé)(ﬁ @ﬁe%&'&e@@r @éaﬁﬁemnwethods of

determining the most effective means and dosage of administration are
In oneetnkrastimetat. s ecofisistion tises pianthouiliteans wibolirdio BBMIGIARY at least
one uisedroprbacHmziNarn whRse.Ahihe H&@B&thér@ﬁg?& HEMARRBe or more
otheFrﬁ%ﬁﬂaa@amfg@éeg i&‘?égﬂgr‘%ﬁé%ﬁs BRSNS a({m'” il “0”
ot G AL RR Binfad . onamatRtncally %ﬁa&em R,

tn yS|C|an t%'?mﬁ‘ B?ag f table carriers, diluents, excapfents

ad;uvants Iers buffers, preservatwes anti-oxidants, lubricants, stabilisers, solubilisers,
surfactants (e.g., wetting agents), masking agents, colouring agents, flavouring agents,
and sweetening agents.

in one embodiment, the composition further comprises other active agents, for example,

©other therapeutic or prophylactic agents,

Suitable carriers, diluents, excipients, etc. can be found in standard pharmaceutical texts.
See, for example, Handbook of Pharmaceutical Additives, 2nd Edition {eds. M. Ash and 1.
Ash), 2001 (Synapse Information Resources, Inc., Endicolt, New York, USA),
Remington's Pharmaceutical Sciences, 20th edition, pub. Lippincott, Williams & Wilkins,
2000, and Handbook of Pharmaceutical Excipients, 2nd edition, 1994,
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In general, a suitable dose of the active compound is in the range of about

100 ng to about 25 mg (more typically about 1 pg to about 10 mg) per
Wﬁl%‘{j}'gﬁ%%y weight of the subject per day. Where the activd’ €5fﬁ§8§ﬂ7&9“”97

is a salt, an ester, an amide, a prodrug, or 15the like, the amount
administered is calculated on the basi$of the parent compound and so
the actual weight to be used is increased proportionately. In one
embodiment, the active compound is administered to a human patient

AngiRenREpRCkotHEBIRREM dHBRiRR REGARE ta MRl aboohTy atinm e hwamacegtical
corpesitosmbodiisiegtatnexiugiatlessh poa il adivinisize gheraihimsias or

phehriiakaecis fgdeothn: fabumedosran, legine: Ao %r@diﬁé@s
phé?ﬁi%eut:éé‘lle?r%%g%%ﬁ’%rﬁ %l%ﬁs%%?%%%ﬁ@&éssﬁﬁmm%e a%
=B R T PR W
un'ﬁﬁ@%ﬁ%\ﬁtﬂ%ﬁ%ﬁ%%ﬁﬁ QSR g?ﬁkﬁ?ﬁﬁﬂ@ﬁ@m invention

will occur to those skilled in the art in the light of these. 30 The disclosure
Theofeath rglerenass diel) beteistainasms cbashimnsiaydeaaiae donyohpsengkilled
mgﬁé‘cﬁ@ﬁt@rm@t&ﬁ@/ @%%!W%@&éﬁah@ﬁ%@)’e?@eﬁ)ﬁiﬁﬁ'Qrénwmrﬁ'@gcope of
SOUHQQ%@C%% 5The ofm%ja?(r%tjﬁeseké%w&?% éF g%w% ?or |Ilutsr::)alt(']|tlveéCt n
eSS G RO EB\{?;S'S%@EF‘?éQWEﬁRBHS%s‘” other

Pmlasgbﬂbemﬁ@mnswm@wa@wmmé@ﬁﬁmmb&mqmﬂwﬁam
carmieC IdIERT, MElpient, etc. must also be “acceptable” in the sense of being compatible

with the other ingredients of the formulation.

The formulations may be prepared by any methods well known in the art of pharmacy.
Such methods include the step of bringing into association the active compound with a
carrier which constitutes one or more accessory ingredients. In general, the formutations
are prepared by uniformly and intimately bringing into association the active compound
with carriers {e.g., fiquid carriers, finely divided solid carrier, etc.), and then shapmg the
product, if necessary.

The formulation may be prepared fo provide for rapid or slow release; immediate,
delayed, timed, or susiained release; or a combination thereof.

Formulations suitable for parenteral administration (e.g., by injection), inciude agueous or
non-aqueous, isofonic, pyrogen-free, sterile liquids (e.g., solutions, suspensions), in
which the active ingredient is dissolved, suspended, or otherwise provided (e.g., in a
liposome or other microparticulate). Such liquids may additional contain other
pharmaceutically acceptable ingredients, such as anti-oxidants, buffers, presarvatives,
stabilisers, bacteriostats, suspending agents, thickening agents, and solutes which render
the formulation isotonic with the bicod (or other relevant bodily fiuid) of the intended
recipient. Examples of excipients include, for example, water, aicohols, polyols, glycerol,
vegetabie oils, and the like. Examples of suitable isotonic carriers for use in such
formulations include Sodium Chloride Injection, Ringer's Solution, or Lactated nger s
Injection. Typically, the concentration of the active ingredient in the liguid is from about 1
ng/ml to about 10 pg/mil, for example from about 10 ng/ml to about 1 pug/mi. The
formulations may be presented in unit-dose or multi-dose sealed containers, for example,
ampoules and vials, and may be stored in a freeze-dried (lyophilised) condition requiring
only the addition of the sterile liquid carrier, for example water for injections, immediately



N,N-diethyl-p-phenylenediamine dihydrochloride
N,N-diethyl-p-phenylenediamine (5 g, 30.4 mmol) was dissolved in diethyl
WELRHY (28463 3) and hydrochloric acid (6 cm3, 10 M) was addetCAHEnRNg7/001107

mixture was concentrated to give 15the title compound (7229, 100%) as a

red/brown solid. 5H (250 MHz; D20} #&68 (4H, m, ArH), 3.69(4H, q, 7.32,

NOH2), 1.11 (6H, t, 7.32, CH); 6¢ (62.9 MHz; D20): 12.1 (CH3), 56.4
PF*O(M@PPE) %@?AW%WW%)SQQ@B%AMFWWWEY be prepared from
stetfiichybuhiensiguandbiorde 201dtdN-diethyl-p-phenylenediamine

dihydrochloride (7.22 g, 30.4 mmol) was dissolved in water (250 cm3) and

Exéﬁr‘?;l@é"cﬁ%ﬁ%ﬁ?a%ﬂ& with HOC to which sodium sulphide (>60%) (3.95

0.4 mmol) was added portionwise. The suspension was stirred until all
the sodium sulphide had dissolved. A solution of iron (lll) chloride (27.15

- Oneyaserehiiibls RISESHARYEIS0 BRARIRL 7 E95ASE HAl (a0 tRPBBIIRSF WIS
tablgtioeerrs e pumpRsing 2 itoritfiang cbhotiectinopfeshulindijhitiyetiomound as
desblitedbenshede fheisalntdbyyas dhemabraigg fonhithes abaﬁmiﬁaﬂ herein;

haviRMABIAG EQT 40 Fll@ HERFOILION AMaS 3R a LA RiB W, b@@gﬁgép
dﬂugﬁaggéggég%go remove a Ilght green sludge. Aqueous HCI ( cm3, 6 M)
was a to the filtrate, followed by sodium chloride (60 g), and the

BOsungensmn stirred for 5 minutes before filtering to give a solid product,
In o RIARREENARS hrcdrrrOrOmIt die bR magnesium sulphate, filtered,

In caacbrdineaiidiedagagenupiiiple/crpanisolid (1.28 g, 22%). This
purple/green solid was loaded onto a prepared 018 reverse phase column

in oASEMWSRBA MYt Water (J: Qﬁ rﬁﬁdr}ﬁ ellow colour ceased. WO
in O%g%%/%lg%gpf%ﬁ@&oqw %%dg The product was washed off the
wth f%g& go'ﬂgentrated to give the title

In opg AHBBAAINRBATS, aiﬁ%)’*alé 298P BiFiple solid. OH (250 MHz; D20);

In oneggrbdinestsihe MBRWIES 8BRL B BINCH?2), 7.01 (2H, s, Aft]), 7.20

In o2t RiR%e N H)e Abdy@Hs dpQRI5A kY, M/z (ESI) 340.2 (100%, [War).

In oy BHIBSiRRent, SrDimethilnab 4biopigium chloride (DMMTC) MeMe
NH2 2 NCI

in one embodiment, the pharmaceutically acceptable carrier, diluent, or excipient is or

comprises one or both of a glyceride (e.g., Gelucire 44/14 ®; lauroy! macrogol-32

glycerides PhEur, USP) and colloidal siticon dioxide (e.g., 2% Aerosil 200 ®; Cofliodal

Silicon Dioxide PhEur, USP).

Dosage

it will be appreciated by one of skill in the art that appropriate dosages of the
diaminophenothiazinium compound, and compositions comprising the
diaminophenothiazinium compound, can vary from patient to patient. Determining the
optimal dosage will generally involve the balancing of the ievel of therapeutic benefit
against any risk or deleterious side effects. The selected dosage level will depend on a
variety of factors including, but not limited to, the activity of the particular compound, the
route of administration, the time of administration, the rate of excretion of the compound,
the duration of the treatment, other drugs, compounds, and/or materials used in
combination, the severity of the condition, and the species, sex, age, weight, condition,
general health, and prior medical history of the patient. The amount of compound and
route of administration will ultimately be at the discretion of the physician, veterinarian, or
clinician, although generally the dosage will be selected to achieve local concentrations at
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Me Na2S, HCI, H20, FeCI3.6H20 N MeMe 10
3-Methyl-N,N-dimethylphenylenediamine dihydrochloride To a 250cm3

WM/ B flask was added water (100 cm3) and the tempBfSR{§FBIART01107
reduced to 5C with an ice bath. To this cooled solution was carefully

added sulphuric acid (98%, 22.5 g).‘l%lthis solution was added
and then sodium nitrite

3-methyl-N.N-dimethylanilipe (10. /4. mmol
theés% R e o e o e P gl o
delRistioYotdIaEY8fifigs (12.8 g, 229 mmol) were added and the mixture

stirred for a further 2 hours. The solution was filtered and then neutralized
Adwitfssatiorated bedifinetbyidragendcas) coaiaisnleljan minsHtIB=PHEARIES, WelRided
doReERGBEHIpLAI AR RSO BRSSPI AR We R RIS Qrer
det@ﬁ%ﬁ@ R rﬁﬂg?té% :FU X ary &%@gg r%%gi%%t%t%}?g aalgrov\év ri] %l}']v]\;ngo
th oll v¥a dis Iv\%(iln e Y/ ether (100.c and concen rar&edehy%ro etk

°3¢id ft?%ﬁ 8?3%? EOHNELY A SO RIRIRTIHEROA ISR tostippHets mugpee of
the fheramy BB GHG)pHousiantes it tp adlacibaine (RE®YcSindaor
muiipie)ad®MistEENNL 648 K€ R RAeL{ BH) IS 86 (oMb, ABFLEHO,cikg Selacted
by (@Rt prGEitan 1 B8P 3RAMHZ; D20): 7.59 (1H, s, NH), 7.50

(2H, s, ArH), 3.24 (6H, s, CH3), 2.39 (3H, s, 25CH3); Et(62.9 MHz; D20)

8 (CH?3),,122.1.(ArC), 126.2 (ArC), 127.6 , 133,
n giﬁrgs‘f%;%é cepl i e e loneti S e min pa i doste
aboljt mg ggggﬂgnqq%gk'iwggcémg 10 mg} per kilogram body weight of the
subjreh e, NV the astise plempatiathis o siltyancetiorise F0dey, 4p0@drug, or
the i dhevetmicluny asininktdved indpuitates by dredhiooptie patéht £6MEHIRd and
so tRd\i-heiareigaciy BbdphidancrE856s (Pepdliofidiaynmol) was added. Iron

(1) chloride hexahydrate (7.26 g, 27 mmol) was dissolved in water (50

n SN DS SOl R D s earich e g

the IolpwingResanalrgiyaAkutid B mens tmeridaiBsolution was added. The

mixture was cooled to 5C and filtered; the precipitate was dissolved in
in obetimpoditen(She mBjditenasbumidLadianistiysiastonisRe p436ne Bofding to

the fllowa addagdipeiimeoniRasalbtng, ek wagthen filtered to yield the
title compound (0.22 g, 16%) as a purple/blue solid. Vmax (KBr)/cre: 2926

A R R O M

the fpfispfing domage segimel RhoUEROS) Mt 2abTERAaly.DM30): 18.9

The invention will now be further described with reference to the following non-limiting
Examples. Other embodiments of the invention will occur to those skilled in the art in the

light of these.

The disclosure of all references cited herein, inasmuch as it may be used by those skilled
in the art to carry out the invention, is hereby specifically incorporated herein by cross-
reference.
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(CH3), 41.5 (CH3), 105.7 (ArC), 118.7 (ArC), 133.6 (ArC), 134.5 (ArC),

147.2 (ArC), 154.2 (ArC); Anal. Calcd. for C131-122N33.3H20: C, 51.98;
WOR067724960%0 10.11; S, 7.70. Found: C, 52.03; H, 6.59; N, 10.0BLE/GEE8)7/001107
15Synthesis 3 1,9-Diethyl-methyl-thioninium chloride (DEMTC) atEt

N,N-Dimethyl-m-ethylaniline 20To-&160 cm3 round bottom flask was
added 3-ethylaniline (10 g, 82.5 mmol), ethanol (15 cm3), sodium
carbonate (11.81 g, 111.4 mmoEXRééfbEHdide (31.63 g, 222 mmol) was
added dropwise. The mixture was then heated at 45C for 10 hours before

cooling to room tempgtatuigeand RRisgvaieriidiem3). The mixture
was extracted into diethyl ether (3 x 100 cm3) and the extracts were dried

magnesium su hat 5concentrated to |v the ti
e Y RlB TS Sy e Pl o re DB ot R A a5 ondec
to limit iy s%Re RE e W?@fmﬁsmffﬁ?ﬂq Ji&Iel7 (CFO, 1597 (C=Al), 1494
(CFO, 1438 (CH), 1352 (CH), 1225 (CFO; 6H (250 MHz; CDCI3): 7.22
(1H, t, 7.75, ArH), 6.63 (3H, WQ@A8Z4k1D630PCT/GB2007/001107 - 24 -

m, ArH), 2.97 (6H, s, NGHBhRERIGATbHbris (EHD). 1.27 (3H, 1, 7.5,
CH3); 6¢(62.9 MHg; CDCI3): 15.8 (CH3)), 29.5 (NCH2 40.8 (NCH3),

110.3 (ArC 4 (AfrC) 6 &ArC) 129 1 (A ' l'S{E(ArC) 150.9
(ArCit-5 NAN<Dimethyl-m- =p- dla |hydrochlor|de Toa

round bottom flask was added N N ime ethylanlllne (4.68
g, 31.3 @mol), water (100 cm3) and hydroc ric ac 5 cm3, 37%) and
the solution was cooled to 5C. aqueous (80 cm3) solution of sodium
nitrite (2.46 g, 3.57 mmol) was {L0then a ) 0 the aniline
mixaS dredistitad foP 3Hours troom tg C{I”I g§'(@24
g, mot) and hydrochidric acid (8%cm ) were added a d the

mixture was stirred at room temperature for 3ours. The sétspen ion was
filtered and the filtrate adjustedto pH 7 with sodium bicarbonate-solution

N, nReders- sﬁr@ﬁ%g&gﬁmlﬁg@%@ﬁéo cm3). The combined extracts

were dried over magnesium sulphate 15filtered, and concentrated to yield

own 0 e oil was d| n eth nol (1
e fi@éw ﬁvﬁeg%gd HSHohEL 12k
and fygdregbied R 42%*\’92’%?5 prHrenIRR HQB?% ?d to give
the tmmmmm)tmmmmgmepw 1582 5C Mt 1508 (CH8, (4H, m,
ArH)1889 (GH|)a 1439, (KEHL)| 1881 (@M, 1 256RMb ) [B2QB2R6AHIHD 0 AB) TChE),
56.4 @h15) AH a3 R0 Be NGt 32 5 dhfehl 1301 (ArC).

Ethyi-thioninium chioride

N, N-diethyl-p-phenylenediamine dihydrochloride (7.22 g, 30.4 mmol) was dissoived 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 (1) 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 (lil) chloride soiution was added. The
mixture was cooled to 5°C and filtered to remove a light green sludge. Agqueous HC!
(15 am®, 6 M) was added to the filtrate, followed by sodium chloride (60 g), and the
suspension stirred for 5 minutes before filtering to give a solid product, which was
dissolved in DCM, dried over magnesium sulphate, filtered, and concentrated fo give a
purple/green solid (1.28 g, 22%). This purplefgreen solid was loaded onto a prepared
C18 reverse phase column and washed with water (1 L) or until the yealiow colour ceased.



10

16

20

- 25

30

207.5, CF-i2), 1.25 (3H, t, 7.5, CF-13); 6¢ (62.9 MHz; CDCI3): 15.5 (CH3)
25.6 (NCH2), 48.9 (NCH3), 122.1 (ArC), 124.6 (ArC), 128.1 (ArC), 132.6
WEANCYHI303 (ArC), 144.9 (ArC). 1,9-Diethyl MethylthioniniunPchlaritas7/061167
25N,N-Dimethyl-m-ethyl-p-phenylenediamine dihydrochloride (1.3 g, 5.5
mmol) was dissolved in water (50-¢283) and the solution adjusted to pH
1.6. Sodium sulphide >60% (0.71g, 5.5mmol) was then added portionwise
The ptodhet pink wethesrmiToerobirpefbibie@ESidded &h i o
the titiEQFb DTN (T164(8, 23 %) 8.2 avstidyinBDle i fin425f) birtriery wiadSERH. &
6.5, dﬁgﬁ[‘%g%@t?am@lﬁ.s,h@age)wmur[_liet, }éﬂﬁraﬁ:mi%m (walsit_hmg??ﬂedgfgé 801, 4,
.befo op Ofkran chloride solution (2.23 g, 8.
9.25, %%NT?{%@%?%??&%%@%QS’P g‘l@éd. The solution was cooled to 5C
before filtering and washing the precipitate with water. To the filtrate was
added sodium chloride (50 g) aﬁm%tion was stirred for 10 minutes,

and the colout,eimgdaytoreiinsiainianhe isiir WYY Saited out. The

cm3) and noI ga%@mg)%fq%dﬁging over magn

Filtration a gnce compound (0
gredkesolid~wnax (KBr)/crtil: 3408 (CM, 2613 (@M;k B(€=N), 1399
(CM, 1316 (CM; OH (250 MHz; 020): 6.55 (2H, s, AfH), 6.23 @&, s, ArH),
2.92 (1M s, NCH3), 2,56 (4H, g, 7.5, CH2), 0.99 (&%, t, 7.5, CH3); (ESI),
340.4 (100%, [M - ClIr). Optionally, flash column chromatography was
40performed to remove iron chloride residffes, with ¥8% metharjol: 90%

dichlo th e tan 5 3 RA. WO
fomeliagc:as shicy s 0O

|
2007F [IGB2G0Z/00

1,9-Dimethyl-ethyl-thioninium

3-Methyl-N. N-dimethylphenylenediamine difi ydrochioride:

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 mmof) and then sodium nitrite (5.6 g, 81.4 mmol), and the solution was stirred at room
temperature for 1 hour. lron (Fe) filings (12.8 g, 228 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 extracied into ethyl acetate (3
x 100 om®). 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
hydrochioric acid (50 cm®) was added. The solution was evaporated {o dryness to give
the title compound (10 g, 60%) as a light tan solid. vax (KBrYfem™: 2849 (CH), 2821 (CH),
2543 (CH), 2444 (CH), 1586 (C=N), 1487 (CH), 1445 (CH), 1415 (CH), 1138 (CH); &y
(250 MHz; D,0); 7.59 (1H, s, ArH), 7.50 (2H, s, ArH), 3.24 (BH, s, CHj), 2,39 (3H, s,
CHa); 55(62.9 MHz; D,0) 18.9 (CHy), 48.8 (CHy), 122.1 (ArC), 126.2 (ArC), 127.6 (ArC),
133.7 (ArC), 137.4 (ArC), 144.4 (ArC).

Dimethylmethythioninium Chioride

To a 500 cm® round bottom flask was added 3-methyl-N,N-dimethyl-phenylene-diamine
dihydrochioride (0.9 g, 4.03 mmol) which was dissolved in aqueous hydrochloric acid



Et"N 0 EtEt 5N,N-Diethy1-3-methyl-4-phenylenediamine dihydrochloride
(10.74 g, 50 mmol) was dissolved in water (400 cm3) and the pH adjusted
WRR®E] WHieh then had sodium sulphide (>60%) (3.90 g, 50 menal-adokesdo1167
Iron (111) chloride (20.28 g, 75 mmol) was added as an agueous solution
(175 cm3) giving an immediate cole@3change from yellow to deep blue.
The mixture was aerated for 1 hour before a second aliquot of aqueous

(50 gran B Pefarsriersivol 20/pBide 56AMI05A 854 R)wel addeatidtte Iron (1)
chiogdéutiexainasateglebtg, 2C mmsbhelaatitwivedniparatoresochhemabeioes this

solufidie ing. pdipciitraternacbseginmshlesi Y8inaddedand wasifilieragdo
v i L DL T
5 solui ca% gé: c% % sigacled: %J‘Jﬁoa g@ egp e grecipitate was

d'ss‘ijégﬁVb‘?Rw@%’i?f aﬁ{flbd@rﬁwy Q@ﬁd(dmr@@mnmtg (3865, 6 M)
was ggpRd 1o doe(Geiey] Stio(CliBREY ed ﬂﬁemd%ﬁ%—the@iﬂ@)o@ﬁ@lﬁﬂﬂ*

(0.2 AT6%)6=3% @lrbiéfb&fé‘%o@wm@ H@)MH 25763810 H B4 é3@91498,

1444 tﬂgdﬁb (@3318% )( 4 AptH),
10 723??523 A}: : \ ge@gﬁi}?@%ﬁsa ?89

(CHs +/)‘és 718 m«r@ ééféé s é%ﬁi/b’@|e1t%5e@ﬁ§ﬂlbh1éﬁrﬁu(ﬁﬁ0 ), 154.2

(ACEHGAHSCaYEEPCS fiEN:S.3H,0: C, 51.98; H, 6.74; N, 10.11; S, 7.70. Found: C,
52.03; H, 6.59; N, 10.05; S, 7.66. :

15 Synthesis 3
1,9-Diethyl-methyl-thioninium chioride (DEMTC)
£t

Bt
/@ Na,CO,, Mel, EtOH /@
g Me_
HN B

Me
Et B
NaNO,, HCl H,0 NO NH,
2 HCl, H, Fe, HCI, H,0, HC, ELO
. Me : ' el ME\N
. |
I e 2 HCl
Et Et N
Na,S, FeCl,.6H,0, H,0 Z
- a®©
Me\N \8 N,Me
| ® |
B Me Me

N, N-Dimethyl-m-ethylaniline

20 Toa 100 cm® round bottom flask was added 3-ethylanifine (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 diethy!
ether (3 x 100 cm®) and the extracts were dried over magnesium sulphate, filtered, and ~

25 concentrated to give the title compound (4.68 g, 38%) as a light yellow oll. vy (neat)/om’
': 3045 (CH), 2960 (CH), 2920 (CH), 2891 (CH), 2797 (CH), 1587 (C=N), 1494 (CH),
1438 (CH), 1352 (CH), 1225 (CH); 8, (250 MHz; CDCly): 7.22 (1H, 1, 7.75, ArH), 6.63 (3H,
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EtEt 03 EtEt 5N,N-Diethyl-m-ethylaniline To a 100 cm3 round bottom

flask was added 3-ethylaniline (5.0 g, 41.3 mmol), ethanol (7.5 ern3),
Waelivirieadpbonate (5.9 g, 55.7 mmol). Ethyl iodide (17.389, 1RCHAQBROG)H01107

was added dropwise. The mixture was then heated at 45C for 12 hours

before cooling to 10room temperatur@énd adding water (50cm3). The

mixture was extracted into diethyl ether (3 x 50 cm) the extracts were

M, GHd HYEH B Gh AT FhEY, ltéR A dcan(antaikE, iy ateidaiHz:
CDEbn BN 0328, D6%6)a5 adig i geliowia. SRS MizaGREISH B20ArC),

129(3HAd, 94728040} 1)56.6Q48E), m, ArH), 3.43 (4H, g, 7, NCH2), 2.69 (2H,
g, 7.25, CH2), 1.32 (311, t, 7.5, CH3), 1.23 (6H, t, 7, CH3); .5¢ (62.9 MHz;

. +12.7.(Clia 1515 8 (CH3), 29.5 (CH2), 44.4 (NCH3 ), 109.4 (ArC),
N’@ﬁ% %&,!C]rﬁ ‘%@ﬁ(ﬁ]ﬂ@y!%%“’% f’r’é)‘fﬁﬁg %“(2 ©147.9 (ArC).

N,N-Dietshyl-m-ethyl-p-Ph.enylenediamine dihydrochloride 20 To a 250
To et ErHBbeitnasRaskhyvasdcder N tidithgthyi-etitaiininé5( g 58 2
31.3rmiod}) weter (300cons’) and hydtashdad@esich(8 enf333%0amnthihsoiution was
cookltianovastofliedds &6 o %M%H%ﬁ%@&ﬂﬂﬁ%ﬁﬁé@?é’%’&?@‘%‘f‘ rmrﬂggt&{as
noadded ARSI AdRe ioayse ig We sl Btyrc and,
fronsff-kr jag”for tf]%{ at low temperature. Iron (IE% ﬁfln S tﬁﬂ §, 87 mﬁ%ﬁ

an h{,g}%%ﬁ ofic mg m‘%ﬂfﬁg %&W@Q\Oﬂa@@&jéﬁ B miktoravers ssided and
the A GhFeOTHE S ReEWS dor W AS Wite rébiesit peasinrates fitered and
the giiRistadivsto 2 Wit vddisntivivahisariaieate kdlotohafeisre shastineime cthyl
acettiey(Gacstatentd XTHE condinbheaemiinpdextarisyyeraghiasLaYeliphate,
e e Lo ek s el P alcis Aol TR 2 o
o i P A ey
the i ‘é% J?’ Profialaie @%@a%@néthw@tﬂ@rmﬁnwwm 2894
(CHhy s 267 datibdl FBS (RT3 750 466h186| (e Weroq@IgentrstadH):
Gy (260gidthie, (e TOMUGU I AR-T 67cReHI4) Sas@)lighidvew sqtidi § L H2PH ¢,
75, gH%; nggsxmmx@ﬂm)%w@zsgmmmu ?:5%%@03 gﬁmg z@?

N , \ : : ; ;
O R A oI PR T e ) 1443 (), o)
, 127.9 (ArC), 133.1 (ArC), 139.4 (ArC), 143.3 (ArC). 101,9-Diethyl

\r \
1’9"@134 ISP EREEN@TEDiethyl-m-ethyl-p-phenylenediamine

dihydrochloride (2 g, 7,5 mmol) was dissolved in water (75 cm3) and the
N.N-Siseib anjeistelebtotairyleRedibmipnkinpivsianonen hars sdiummsifRhide
dissdRE0HMAtSOGOIENATURG haddif APHNINNIER Ji9 1Ne BIRREISIZILIES »50%
(O.beq%?ﬂnmo!) was then added portionwise to the pink solution. To the suspension
was added an agueous solution of iron (i) chioride (2.23 g, 8.2 mmol in 50 cm® of water)
and there was an immediate colour change to purple. The solution was then aerated for
1 hour before a second portion of iron (lil) chioride solution (2.23 g, 8.2 mmol in 50 om® of
waier) was added. The solution was cooled to 5°C before filtering and washing the
precipitate with water. To the filirate was added sodium chioride (50 g) and the solution
was stirred for 10 minutes, and the colour changed to red/purpie as the product was
salted out. The suspension was filtered and the solid dissalved in dichioromethane
(100 cm® and methanol (10 em®) before drying over magnesium sulphate. Filtration and
concentration gave the titie compound (0.15 g, 15%) as a green solid. v (KBrifem™:
3408 (CH), 2613 (CH), 1608 (C=N), 1399 (CH), 1318 (CH), 84 (250 MHz; D,O); 6.55 (2H,
8, ArH), 6.23 (2H, s, ArH), 2.92 (12H, s, NCHs), 2.56 (4H, g, 7.5, CHy), 0,99 (6H, t, 7.5,
CHg); (ESI), 340.4 (100%, [M ~ CII"). Optionally, flash column chromatography was
performed to remove iron chioride residues, with 10% methanol: 90% dichloromethane as
eluent and using silica 40-63p 60A,
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16

20

15an aqueous solution of iron (IIl) chloride (4.22 g, 15.6 mmol in 35 crns
of water) where there was an immediate colour change to purple. The
WEHliTiornedas then 'aerated for 1 hour before a second portiorPofiineRz(ks 01167
chloride (4.22 g, 15.6 mmol in 35 cm3 of water) solution was added. The
solution was cooled to 5C before fik@gng and washing the precipitate with
water. The precipitate was also washed with ethanol and the ethanol
20concentrated to give a sticky purple solid. To the aqueous filtrate was
added sodium chloride (50 g) ar@)tiie=sisldtion was stirred for 10 minutes

whereby the cologurshangedigradiminle asithadrefictwas salted out,

The suspension was filtered and the solid dissolved in dichloromethane
(100 gm3) and methanol (10 cm3) before dryingwaver magggsium
sulphate. Ii”_rlering and concentrationt with the ethanohgoluble product dave

25(}7€ e Compolzsel (8OG6H,3%) as a purplefSolid5F MHz, D20)e1 (5

Et-6. @ , S, ArH)-6-48-(2H, s, ArH), 3.4’-8\%, 3 464K, q,
5, CH2), 1.17 (12H, brdt, CH3), 0.93 (6H|t, 7.5, GM3); m/z (E$I) 396.2

00%, BVII€Ir). Optionally, flash colimn cHfomatography was petrformed

s ve iron chlagride residues, with 10% methanol: 90%
S et AN es sy G0 scpyesno) was
dissop(gin VABRE RT3 BpadimoRf1 peffustersio Syhtiiisls en had sodium sulphide
(>60%iHy-2Rienfiiunmoh eridedzifrowiidyictecelivel{R0szit FEZnMbI A 2dded as an
aquedBsGididiion N75)dnt®) giving an immediate colour change from yellow to deep blue.
The mixture was aerated for 1 hour before a second aliquot of aqueous iron (1) chioride
(20.28 g, 75 mmol in 175 cm®) was added. The solution was cooled to 5°C and held at
that temperature for 1 hour before filtering. The filtrate had sodium chioride (200 g)
added and was filtered to vield the crude product as a blue/purple solid. The crude solid
was purified by column chromatography (eluent being 10% MeOH, 80% DCM using silica
40-83u BOA) te give the title compound {0.80 g, 4%) as a green/purple solid. Viay
(KBrifem™: 2971 (CH), 2921 (CH), 2865 (CH), 1600 (C=N), 1412 (CH), 1326 (CH); By
(250 MHz; D,0): 6.62 (2H, s, ArH), 6.39 (2H, s, ArH), 3.30 (8H, g, NCHy), 1.89 (6H, s,
ArCHa), 1.09 (12H, t, CHy); 8:(62.9 MHz; D,0) 12.6 (CH, ). 18.0 (CHy), 46.2 (NCH,),
103.6 (ArC), 117.1 (ArC), 132.3 (ArC), 133.9 (ArC), 147.3 (ArC), 151.9 (ArC); m/z (ES))
368.1 (100%, [M-CIT", !
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11Et 0 EL.retCl 0 (0.5 ZnCI2) EtOS Et A stirred mixture of
N,N-diethyl-p-phenylenediamine (5.09' 30.4 mmol) in H20 (100 cm3) 5and

WOgUEENC., '98 %', 1 cm3) was treated with non-reducing ZaTEB2007/061107
solution (Zna2, 7.60 g, 55 mmol in 15 cm3 of 1-120 with Na2Cr207.2H20,
100 mg) to produce a reddish reaefl6r mixture. Additions of
Al2(S04)3.161-120 solution (5.80 g, 9.2 mmol in 10 crn3 of H20),
Na2S203.5H20 solution (8.0 gﬁizi%%l in 10 cm3 H20) and one-third
of a solution of NaZEPYFERAM B Riyr2 o tontadPiREIE>¢m3 of 1-120)
were followed by a rapid rise in 10temperagtire to 40C. A solution of
N,N-gliethylaniline (3.0 g, 20.1 mmol in copng, HCI, 4 cm3) was added, and

onied by ana¢iditien efshe remainin @ r207.2H20 solution. A dark
recipitate-was-observed. THe.jemperature was rapidly raised to
* VIn02 (3.80 g, 44.7 mmol in 5 cm3 of

as raised to 85C, and left to giir at
f f‘nute. A 15blue solution with precipitate was N,
NapitsendscHDhe reactionmixtuféSvas<emied b, BOCET 1-12804 |
—Lllcm3)was-slowly ad I'he reacti ledFta,
vacuum filtered to T&€ovet the precipitate, which was then was
brine (saturated saltwater). This black solid was re-dissolved i H20 (250
cm3) at 100C, and cgoled, followgd by vacgpm filtration to remove
insolubles. The filtrate was treated witn 202nCI2 (4 g) and NaCl (23 g)
6oy fferwhich the esy,l@g precipitate
A . ed with bene (30 crm), and dried
in a vacuum oven forj3 hou&, to gi‘@fﬁe title coH]poun (5.7 9,71 %) as
a rusty red powder. SH (25@¢MHz, D20): 1.20 (12H, br t, CH3), 3,50 (8H,
br q, CH2), 6.80 (2H, 'S, ArH), 7,05 (2H, br d, ArH) and 7.30 (21-1, br d,
ArH). See, for example, Fierz-David and 25Blangley, 1949, "F. Oxazine

N, N-BRETiA%NEBy@ss' in: Fundamental Processes of Dye Chemistry,
" published by Interscience (London, UK), pp. 308-314. WO

ay -

that temperature for 30

Toa %&gg’l\%gnof t%-{;/o(r;an?aosz/voaglal La g—%’c’hﬁ%‘ﬁ%iﬁﬁ M@*WHQ@QW ol

(7.5 cm®), sodium carbonate (5.9 g, 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 and adding water (60em®). The mixture was extracted into diethy!
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 fight yeltow oil. 8,(250 MHz;
CDCl): 7.20 (1H, dd, 9, 7.25, ArH), 6.60 (3H, m, ArH), 343 (4H, q, 7, NCHy), 2.69 (2H, g,
7.25, CHyp), 1.32 (3H, 1, 7.5, CHy), 1.23 (BH, 1, 7, CHy); 8¢ (62.9 MHz; CDClg): 12.7 (CHsz ),
15.8 (CH; ), 29.5 (CHy), 44.4 (NCHa ), 109.4 (ArC), 111.4 (ArC), 115.1 (ArC), 128.2 (ArC),
145.4 (ArC), 147.9 (ArC).

N, N-Diethyl-m-ethyl-p-phenylenediamine dihydrochioride

To a 250 cr® round bottom flask was added N,N-diethyl-m-ethylaniline (5 g, 28.2 mmot),
water (50 cm®) and hydrochloric acid (9 cm?®, 37%) and the solution was cooled to 5°C.
An agueous (20 om®) solution of sodium nitrite (2.14 g, 31.0 mmol) was then added
dropwise to the aniiine mixture and stirred for 1 hour at low temperature. lron (Fe) fillings
(4.72 g, 84.6 mmol} and hydrochloric acid (8 o, 37%) were added and the mixiure
stirred below 30°C for 2 hours, The suspension was filtered and the filtrate adjusted to
pH 7 with sodium bicarbonate solution before extraction into ethyl acetate (3 x 50 om®).
The commbined extracts were dried over magnesium sulphate, filtered, and concentrated
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to yield a brown ofl. The crude oil was purified by column chromatography (eluent being
ethyl acetate using silica 40-63p BGA) giving the phenylenediamine as a brown ofl (2.2 g,
41%). The oil was dissolved in diethyl ether (50 cm®) and hydrochloric acid added
(2.5cm°, 37%) and the solution was concentrated to give the fitle compound (2.76 g, 41%)
as a light brown solid. 8y (250 MHz; D,0O): 7.50 (3H, m, ArH), 3.59 (4H, q, 7.25, NCH.),
2.69 (2H, q, 7.5, CHy), 1.20 (3H, 1, 7.5, CH5), 1.03 (BH, 1, 7.25, CHs); 86 (62.9 MHz; D,0):
12.1(CHg), 15.5 (CHa), 25.5 (CH,), 56.3 (NCHy), 123.9 (ArC), 126.0 (ArC), 127.9 (ArC),
133.1 (ArC), 139.4 (ArC), 143.3 (ArC).

1,9-Diethyl Ethylthioninium chioride

N,N-Diethyl-m-ethyl-p-phenylenediamine dihydrochioride (2 g, 7.5 mmol) was dissolved in
water (75 om®) and the solution adjusted to pH 1.6. The pink solution then had sodium
sulphide (>80%) (1.35g, 10.4mmol} added portion-wise. To the suspension was added
an agueous solution of iron (111} chloride (4.22 g, 15.6 mmol in 35 cm® of water) where
there was an immediate colour change to purple, The solution was then aerated for

1 hour before a second portion of iron (!} chloride (4.22 g, 15.6 mmol in 35 cm® of water)
solution was added. The solution was cooled to 5°C before filiering and washing the
precipitate with water. The precipitate was also washed with ethano! and the ethanol
concentraied to give a sticky purple solid. To the agueous 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
dissclved in dichloromethane (100 cm®) and methanol (10 cm®) before drying over
magnesium sulphate. Filtering and concentration with the ethanol solubie product gave
the title compound (0.06 g, 3%) as a purple solid. &4 (250 MHz; D,0): 6.73 (2H, s, ArH),
6.48 (2H, s, ArH), 3.45 (8H, brdg, NCHy), 2.46 (4H, ¢, 7.5, CHy), 1.17 (12H, brdt, CHs),
0.93 (6H, t, 7.5, CH3); m/z (ESI) 396.2 (100%, [M-CIJ*). Optionally, flash column
chromatography was performed to remove iron chioride residues, with 10% methanol:
90% dichloromethane as eluent and using sifica 40-63)1 B0A.
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Methyl-thioninium chloride (2.00 g, 6.25 mmol) was dissolved_in water (50
cm3) and 5potassium iodide (1.56 g, 9.4 mmol) was added with stirring. A
Wippeeigitasetformed, which was filtered and the solid was rechMMﬁVle
boiling water (50 cm3) to yield the title compound (1.98 g, 77%) as fine
green needles. Oh (250 MHz; DM50r&.88 (2H, br d, ArH), 7.49 (4H, br s,
ArH), 3.37 (12H, s, CH3). Analysis for 0161-i16N3SI: C, 46.72; H, 4.41; N,
10.22; 5,7.80; |, 30,85; Found: CE4QiIB8i4H 4.21; N, 10.14; S, 7.86;
1,29.34. 10 Sinythesisi8iuvethidridécinaivhibhedide v waar togide Mixed
Salt (MTI.HI) lr\\lllf_e{l, MeOH | Me NN Me,..M_eI(r) HI O Mle ethyjgthioninium
iodide ((0.50rg, 1222 mmol) was dissolved in methanol (20 qh3) and
EBmethy ide (1.90 g, 13.37 mmol) was adde&iw 2 _ e
mixiure was heated at reflux for 18 hours before a flitional me Eyl iodide
(0.42 g, 6.69 mmol) was added and the mixture wastonce 8Fain feated to
reflux and stirred for 8 hours. The mixtL RS cogled to ro_orTQ
temperature, giving a solid that was fi d and ed W|_th methanol to
yield the title compound (0.30 §46%%)as branzegresy sélid. oh (250
MHz; DMS0): 7.82(2H,207d, J = 8.5, Art), .42 (4H, o @&)-), 3.34 (12H,
s, CH3). Oc (62.9 MHz; DM50): 158.8 (AfC)ji137: (Ar%), 134.9 (ArC),
133.5 (ArC), 119.1 (ArC), 118.8 (ArC), 106.9°(ArC), 106.6 (ArC), 41,1

(NCH3). WO 2007/110630PCT/GB20§7/001107 - 30 -$ynthesis 9
Ethyl-thioninium iodide (ETI) -
o Bt N _Et | ¢l (0.5 ZnCt, )
®° N
t Et

!
E

A stirred mixture of N, N-diethyl-p-phenyienediamine (5.0 g, 30.4 mmol} in H,O (100 cm®)
and HaSO, (conc., ‘98 %', 1 om®) was treated with non-reducing ZnCl, solution (ZnCls,
7.60 g, 55 mmol in 15 em?® of H,0O with NayCry07.2H,0, 100 mg) to produce a reddish
reaction mixture. Additions of Al(SO4),.16H,0 solution (5.80 ¢, 9.2 mmol in 10 cm® of
Hz0), Naz8,03.5H,0 solution (8.0 g, 32.2 mmol in 10 cm® H>0) and one-third of a solution
of NazCr07.2H,0 (8.7 g, 29.2 mmol in 15 cm® of H,0) were followed by arapid rise in
temperature to 40°C. A solution of N, N-disthylaniiine (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 siurry of activated MnO, (3.80 g, 44.7 mmol in 5 cm® of H,O) 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 o 50°C
and H.S0, (conc., 11cm®) was slowly added. The reaction was further cooled to 20°C,
and vacuum filtered fo recover the precipitate, which was then washed with brine
(saturated salt water). This black solid was re-dissolved in H,O (250 cm®) at 100°C, and
cooled, followed by vacuum filkiration to remove insolubles, The filtrate was treated with
ZnCl, (4 g) and NaCl (23 g) and left in the refrigerator for 16 hours, after which the
restilting precipitate was recovered by vacuum filtration, washed with brine (30 cm®), and
dried in a vacuum oven for 3 hours, to give the title compound (5.7 g, 71 %) as a rusty red
powder. 0y (250 MHz, D,0): 1.20 (12H, brt, CHs), 3.50 (8H, br g, CH,), 6.80 (2H, s, ArH),
7.05 (2H, br d, ArH) and 7.30 (2H, br d, ArH). See, for example, Fierz-David and
Blanglay, 1949, “F. Oxazine and Thiazine Dyes,” in: Eundamental Processes 6f Dye
Chemistry, published by Interscience (London, UK), pp. 308-314.
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A stirred mixture of N,N-diethyl-p-phenylenediamine (10.0 g, 61 mmaol) in

aqueous 5hydrochloric acid (0.5 M, 200 cm3) was adjusted to pH 2 with
Wngeaouer&ddium hydroxide (10%). The diamine solution wasREEAeR200 BD1197

before the addition of aqueous Na2S203.5H20 (16.659, 67 mmol in 20

cm3 H20). An agqueous solution of N&2€r207.2H20 (7.27 g, 24 mmol in 35

cm3 of H20) was added dropwise to the mixture over a 15 minute period

giving a black suspension. The was stirred at 5C for 101 hour

(pH = 8.07, T = 3.7C). Asnutitrionimym-erite/ (Biifine (8.25 g, 61 mmol),

H2304 (6 g) and_watei{l (10 cm3) was epoled to 5C before addition to the

suspension. A s;Softion of Ng2Cr207.2H20 (1909. g, 64 mmol in

S0 crn3ypf J-1 & the added drapwise toythe mixture over a 20

minute perivd givi thick"dark green susp nsion. The mixture was

stirred at 5£§or 2 hours (pH = 65,735 T ¥ 6C) before filtering. The 15green

purple solid obtained was washed witi water (2 x 50 cm3). The solid was

slurried in aqueous hydrochlorie acid (300 ce, R\]H 2) giving a suspension

with a pH = 6. 3 @}820 To th suspen was agided, Cu504 (1.52 g, 6 1

mmol) and_the,mlxﬁlte_healed tOg@QC A dedD blue sojgion fopmed

After stirring at this temperature for 1 ourt ixturé wa¥ cooled to SC

and filtered. The solid was washed V\Mg water (2 x 50 cmz@ 20thie filtrate

was adjusted from pH 6.33 to pH 2.00, T = 25C with hydrochloric acid (5
Metﬁvi)tmmmepiﬁm@eémm,\ﬁagmmammamcpmmhrr(ﬁmdm 4hd
potagpiwvasodiiiied 864 Lpamrool s REieN IR PEIRARIecHiasMaSormed, which
was ﬂ@%'% R EYiaWaR Y8 RIS PR AR Qr‘%ér%gﬂ\e’m%q the tltle
compEREIA! éeﬁd ) 89 .%ggf%%n(ﬁgo e, g@ 8§”%
At 2 é) eed s i ) (RBr 4 _
255528 KA( 7665 @ ), Aeiiny C ¢H7+41,

N, 16¢369.9- ﬁﬂﬂh 9@@@@@@3@%@, 171; $IZrB)N31ﬁz1(8r$ f 8;6 NCZE@)% 7.23

(2H, d, 9.75, ArH), 7.41 (2H, s, ArH), 7.83 (2H, d, 9.75, ArH); 6H (62.9
MHz, CDCI3):152.4, 138.8, 135¢%3i2.6118.3, 106.4, 46.8, 13.2. - 31 -

Synthes (ETI HI)
Syl m%%&.‘gﬁ*?%%é e S LS St (100

cn3) and ethyhodith 5 g, 175 inmol) was added while stlrrlng The
mi ture Wa | d at for
QJ@
(= HI

Methy!-thioninium jodide (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, CHy). 8¢ (62.9 MHz; DMSOQO): 153.8
(ArC), 137.9 (ArC), 134.9 (ArC), 133.5 (ArC), 119.1 (ArC), 118.8 (ArC), 108.9 (ArC),
106.6 (ArC), 41.1 (NCH3).
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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%)
wWagtaTrmade solid. 61.i (250 MHz; D20): 7.90 (2H, br d, ArH), FCA20#80 5001107
ArH), 2.45 (8H, br g, NCH2), 1.23 (12H, 10br t, C/-13). Synthesis 11
Ethyl-thioninium nitrate (ETN) 15A stBfed mixture of
N,N-diethyl-p-phenylenediamine (10.0 g, 61 mmol) in aqueous
hydrochloric acid (0.5 M, 200 cm®¥#ifeaisjfsted to pH 2 with aqueous
sodium hydroxide (10%) Efth-thianiiers aivien @iy cooled to 5C before
the addition of gueous Na28203.5H20 (16.65 g, 67 mmalin 2Qem3
H20). A sous soltitfor sk NeReP2E5207.2H20 (7.27 mmol in 35
ce.of H2Q as addetPerGowfte o the mjxture 2§t3v§ aute period
givin%a black suspension. The suspension was stirrgd at SC f(_)r -32-1
hour gpH = 8.07, T = 3.7C). A solution of N,N-diethyl&tiline (@'2%_@0%1
mmol), H2SO4 (6 g) and water (10 cm3)was. &Qoled.to 5C befdte addition
to the si&5&5i8H.An aqueous solutlzé PH20 (19.09 g, 64
mmol it S0EHEBFFR2 0} ws theThagdedharopwistxo-thg afkture over a
20 minute period giving a thick darkigreen sus enstan. mixture was
stirred at 5C for 2 hours (pH = 6.75,"T = 6C “before i iltering. The green
purple solid obtained was washed with water (2 x 50 cm3) The sqlid was

slurried in ﬁ%y,j%f grocplorlc cid (300, Ing a suspension
with a pH at the su enS| SO‘EF 29, @1
mmol) and the mixture hedted to 90C \

- polutio
formed. After stirring at this temperaturg, for 1

ur, 10the mgture as

cooled to 25C and filtered. The solid was washed with water (2 x 50 cm3),
A stiged Eh&tﬂl@&iﬁﬁv\m%yﬁﬁﬁgﬁéﬂ%ﬂ%%@(ﬁ’@@gogﬁ T*rrm%ﬁqn‘%{ ous
hydrgmlr&’r'é‘gc‘f ¥ ﬁ%CMSZHQU HFB@P(! 195 Ygﬁ'ﬁ Q(g dromde
(100)\}/ %déum nltrat adde toC

e Stiing ger T 8u€tw §/y ?Z’F r@%ﬂtﬁé’e é‘g 808'5 g,

NQZ%Q%%‘R(&%%% dﬁ&%)ﬂ 560} ﬁf@qwogww
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The inb#0rem@so$iivatd Bt \FeG faddad dropivisd Ihie=strtthefore 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 CuSQO, (1.52 g, 6.1 mmol) and the mixture heated to 80°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 8.33 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%), which was recrystaliised from hot ethanol (400 cm’®) to give the title
compound as fine purple needles. Mp 211°C; v (KBrifom™™: 3574 (CH), 3484 (CH),
3028 (CH), 2985 (CH), 1662 (C=C), 1530 (CH), 1474 (CH), 1346 (CH); 8¢ (62.9 MHz,
CDCls): 1.33 (12H, 1, 7, CHa), 3.72 (8H, 0, 7, NCH.), 7.23 (2H, d, 8.75, Art), 7.41 (2H, s,
ArH), 7.83 (2H, d, 8.75, ArH); By (62.9 MHz, CDCl):152.4, 138.8, 135.7, 135.2, 118.3,
106.4, 46.8, 13.2.
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- 33 - solution. An aqueous solution of Na2Cr207.2H20 (3.74g, 12.6 mmol
in 18 ems of water) was added drop-wise over a 15 minute period giving a
wtagkggspension. Stirring was continued at 5C for 1 hour. PCT/GB2007/661107

N,N-Dimethy1-3-ethylaniline (4.68 g, 31.4 mmol) was dissolved in

aqueous sulphuric acid (3.009 in 5 e@B-of water) and the resulting

solution 5cooled to 5C before addition to the reaction mixture. An aqueous
solution of Na2Cr207.2H20 (9.83 g, 33.0 mmol in 25 ems of water) was
added drop-wise over a 20 mingeriesiisl giving a dark green suspension.
Stirring wasipRiRigieghaidiaéonmifgberdinewndeioms tresalid was

collected by flltratlon The solid was washed with water (3 x 30 cms)

before it was o0 agy eous hydfochloric acid (150 cm3, pH 2). 10
Cug0 (785 Mas added to he suspension and the mixture
heate t\o g0 r fou St g d ep blue mixture was filtered and

the solid washed |th water (3 40 cm3). The filtrate was adjusted to pH

2 with hydrochloric acid (1 M). The selution was heated to 80C before

NaC1(2.00 g, 34.5 mmol) was added. The solution was allowed to cool to

room temperature where a precipitate was-eépesgited, The soli

collected @ fifftlon to give heegrtle C

(1.899, 16%). ki (250 MHz; 120): BY65 (2 & : %I(ZH , Ar

2.92 (12H, s, NCH3), 2.56 (4H, q,éﬁ,CH , 0.99 (61-1¢¢, 7.5,|CH3);

vmax (KBr)/cm-/ 3408 (CH), 2613 (CH), 1606 (C4\1), 1399 (CH), 1316
Ethy{@tit)nMSntERHaS 4000 d,0098 tvnOll Masfidisvayninesisnsigresesis)odhd ethy!
iodicRiternative 1 SHiesiv3 abevewhhe sﬁrﬂnﬁoarﬁ@'%w@r@%é%f #Ried at reflux for
18 hsnpghﬁeﬁ 88&@?{8%%%% SRR ﬁg‘@%ﬁr&?} #@A@Qﬁeﬂs}gﬁ L aa

re suitable tor yse on

; centratlo
e e e R B ohHE 00 Py RO 83y O
25%46%.%%&%&?5@% Hon ﬁ?r%ﬁréﬁ’&ﬁé@%ﬂﬁﬁeﬁ@ﬁé 1.23 (12H,
br t, Efyl-thioninium nitrate (ETN) | Et 0=S-OH 0 Nce 0=S-0 GEt0 -34-To
a solution of N,N-diethyl-p-phenylene (6.61 g, 40 mmol) and aqueous
hydrochloric acid (0.5 M, 132 mg) pregealed to 5C was added aqueous

sodium thiosulfate (10. 9%( Aé%ng O%qu 20) in one portion.
Sodium dichromate (4.9 %7 mmo |n f H20) was added

drop-wisgreyera:10 mjouteprEmia s ibe black soluglghrred for

JEthour b (pH = SPMQFEenma 1 8C). Meanwhile a h pgeneous
Soltkitn Behtaining N;N= g, 40 miol), Sulphgric acid
(3. QE g), and water (6.60 mL) was prepared cooledgp 5C, Q@ﬁ@ﬁ

added to the stirring black suspension in onehportron A secong sodium
_dichromate, (L2329, 42 mmol in 40 F20 tition was added
drop-viige dpteyianikise NHifade permd apeithé %rk g N/Et

r |
ét 0=8-0 Et

o
N
H,0, HCI, CuSO,, NaNo, /<:[/ D\
- Et Et | NO
\N @8 ( -~ [} @
i Et

A stirred mixture of N,N-diethyl-p-phenylenediamine (10.0 g, 81 mmol) in aqueous
hydrochioric 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 ]
Na25,02.5H,0 (16.65 g, 67 mmol in 20 cm® H,0). An agueous solution of
Na,Cr0,.2H:0 (7.27 g, 24 mmol in 35 om® of H,0) was added dropwise to the mixture
over a 15 minute petiod giving a black suspension. The suspension was stirred at 5°C for
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10suspension which formed was left stirring at 5C for 2 hours (pH = 7.23,
Temp. = 8.0C). Sodium dithionite (1.48 g, 8.44 mmol) as an aqueous
WsltioH¢¥as added in one portion and the mixture was stirre@daya2007/001107
" minutes to warm to room temperature (22C). The resulting reaction

mixture was then used in one or the &ther of the following two alternatives.

15 In one alternative (Filtration of BG (two-pot)): The dark green solid
1 howrligh foliédWwas fieiedafiuliasé dbttiatteniiha 6025 b) Ghosudkd®tSO,
(6 glaneasnsable dnfness @briNute). ddierdaddmimen satidwwpsralisredan
aqué/&a%a&ésém%@ ﬂ%&iﬁlzéymzby@ @Qb'g’f&@ﬁiﬁ@ﬂ&js‘él&ﬁ@éﬁldé? W29 added
dropf!ﬁg aa rﬂ%l}n%rg vgr aEla lt'gg)erfo {?l%%" athck Kzgll%%g’) gt rr@eedng?on

hIS tem erature resu

The %MH%W%%HFH S'&dppédiad (e re%&%a‘ m%)@%@%’iﬁf@%&” 15
greerppwinierapis alfsinathyas reesbietioithwealdiit@rs Soneinolesisebituivhsssinted
in adbevselisjurashiedonddionater ¢ 59 Biglviige Blispeneias anidiips togqbl 2t

22°W '%ﬁ%@@%ﬂ@ﬁ&@?@e@é\qdédw Wé (3o SRR was heated to
80° C? W greig .:9 r&eé) O% 'L?ep s;)r]h SOYI ution Wﬁﬁe rrrngeatzt?n %aneg%%r%t or ?%our,
the wgar@weqeom;a&ﬁ&mﬂgsmaoﬁmo&ag&waw@g@t%ﬁm%
50 ctitfs epehibeuiitage. 88g; BIsIEMITSCE A tx (K B2)IONT 3862 GH), 3dehloric
acid (G V). S04S d&ep) bR ok Eibh) i ReberG), o8 9at(aHha d Sedua e (256)
adddd A WS b debi6ldd Lo 56%"@127@7%@%%% Egﬂﬂ@ " Thé Pidkiciwas

7.39 (2H, 9 62.9
e S é%fs@ 533%3%?51%1%% SeniBins gs oLy CWF?éS 72
(8H, Greprllty (rﬁ@ﬁ%{l Hone35ds ér(é@"@hg §8|£Ri3n%§d5w%fm).e®4 629
MHzCGBOW 5H25(0.39 §, 1@6@ rﬁﬁﬁa@; W%%hd@édi HRSsdhiflon was then
heated to 90C and stirred at this temperature for 1 hour, after which the
solution had turned deep blue. FhgigShiepsolution was allowed to cool to

room temperat%%&gtﬂuﬁw&ﬁﬂtrﬁm&vﬁdmme@@émébﬂate was
adjuste to pH 2 with hydrochloric acid (5 M, 20 mL approx.) ang,NaNO3

' 8 mmol) wa ed, The sfirr ugion, was heated tg 80C and
OB GV elﬂnlghtiﬁg?él ds?.% gﬁ?r&hgwg:ﬁ% 5sﬁﬁ)ting green ngette W
solution aﬁd uckedpto dryness to give theyiitle co
(1§j, 5%). Mp 178C; vr,,,,(KBr)/cre 3564 40(CH), 3463 (CH}“ 3
2975 (CH) 1522 (C=C), 1489 (CH), 1370 (CH); 5H (250 I\/ﬂﬂ& CDTHRHy—=0
1.36 (12H,t, 7, CH3), 3.72 (8H, g, 7 NCH2), 7.23 (2H, d, 9.5, ArH), 7&3@
(2H, WO 2007/110630PCT/GB2007/001107 - 35 &ts, Ad-fl, 89 (2H, d
9.5, Arkijiinat (62 MRS D(E3),152.5, 138.8, 138,(, 1183.6 A,

46. 61\1}33;305285@;)}@@ s ctivitprand Therapeuti e@ @
eStablishing 575 described imtetdPinAO-96 66 flyMe
fragment of tau corresponding to the core reﬁgeat do @,_ hich hae@een
adsorbed to a solid phase substrate, is able 610 captulr olubleMe
full-length tau and bind tau with high affinity. This assodiafion confers

stability against proteolytic digestiop-of the aggregated tau molecules. The
process is self-propagating, and can be blockef selectively by prototype
phEintacseytic b adenisoddorespecifically, tr jdues
297-390; dGA) dituted i cartonate bigfer (K | e

“N S -

@ !

Me Me |

N,N-Dimethyl-3-ethyl-p-phenylenediamine (5.15 g, 31.4 mmol) was dissolved in agueous
hydrochloric acid (0.5 M, 100 cm®). The resulting solution was adjusted to pH 2 with
agueous sodium hydroxide (10%) and cooled to 5°C. An agueous solution of
N&»5203.5H,0 (8.57 g, 34.6 mmol in 10 cm® of water) was added drop-wise to the stirred
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159.6) was bound to the assay plate, and full-length tau (T40) was added
in the aqueous phase. The aqueous phase binding buffer contained
W06 een-20 and 1% gelatine in phosphate-buffered salireTBZod) /601167
Bound tau was detected using mAb 499 that recognises an N-terminal
epitope within the aqueous phase fuidength tau but that fails to recognise
the solid phase-bound truncated tau fragment. 20 The concentration of
solufien Pt RE yeosraduomRidiedsE Ru2t PuRdih g. B2 Boverist ieféfret totarater)
wasthdd86Qinaiueis€ elldasttiraissy porias gildhghingdcic 50sBbnEhe pEiesg i8as
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Toxicity was measured by cell numbers after 24 hrs exposure to the
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on an industrial scale.

Synthesis 13
Ethyl-thioninium nitrate (ETN)

/@/‘% H,0, HCI, Na,5,0,.5H,0., NH,
Na,Cr,0,.2H,0 £
2N N s

| ét‘ O==5—0H

1

]
Et i
N 0
Na,Cr,0,.2H,0, /@: X
N, N-diethylaniline, H,80 Et = B
Yl 22 \T !S tf@
's!
N
H,0, HCI, CuS0,.5H,0, NaNo,
- | B N (| NG =)
| @° E
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Compound 850 (pM) EC50 (pM) LD50 (pM) RxI MTC 218 20.1 (6) 0.59
0.04 (69) 65.0 5.0 (38) 110 DMMTC 3.4 0.2 (2) 0.04 0.004 (22) 2.7 -
WOL220(B)16§30ETC 49.0 8.5 (10) 0.07 0.007 (53) 32.0 4.0 (26)AS0E2007/001107

- 34 -

To a solution of N, N-diethyl-p-phenylene (6.61 g, 40 mmol) and agueous hydrochloric
acid (0.5 M, 132 mL) pre-cooled to 5°C was added agueous sodium thiosulfate (10.91 g,
44 mmol in 15 mL of H,O) in one portion. Sodium dichromate (4.96 g, 15.75 mmol in

10 mL of H,0) was added drop-wise over a 10 minute period and the black solution was
stirred for 1 hour at 5°C (pH = 8.22, Temp. = 1.8°C}. Meanwhile a heterogeneous
solution containing N,N-diethylaniline (5.96 g, 40 mmol), sulphuric acid (3.96 g), and
water (6.60 mL) was prepared, cooled to 5°C, and then added to the stirring black
suspension in one portion. A second sodium dichromate (12.52 g, 42 mmol in 40 mL of
H:O) solution was added drop-wise over a 15 minute period and the dark green
suspension which formed was left stirring at 5°C for 2 hours {pH = 7.23, Temp. = 8.0°C).
Sodium dithionite (1.48 g, 8.44 mmol) as an aqueous solution was added in one portion
and the mixture was stirred for 15 minutes to warm to room temperature (22°C). The
resulting reaction mixture was then used in one or the other of the following two
alternatives.

In one alternative (Fiftration of BG (two-pot)): The dark green solid which formed was
filtered off, washed with water (2 x 50 mL) and sucked fo reasonable dryness (30
minutes). The dark green solid was stirred in water acidified to pH 2 with hydrochloric
acid and CuSQ0,.5H,0 (0.99 ¢, 4.00 mmol) was added. The solution was heated to 90°C
and stirred for 1 hour at this temperature resulting in the formation of an intense blue
solution. Heating was stopped and the reaction mixture was left to cool to room
temperature. The biue solution was filtered {o remove insolubles and the salid washed
with water (2 x 50 mL}. The filtrate was acidified to pH 2 with hydrochloric acid (5 M, 5
mL) and NaNO; {33 g, 388 mmol) was added in one portion. The solution was heated {o
80°C and left to cool to room temperature with gentle stirring. The green needles which
resulted were filtered from the solution and sucked to dryness to give the title compound
(4.38g; 28%). Mp 178°C; viax (KBrifom™ 3564 (CH), 3463 (CH), 3048 (CH), 2975 (CH),
1522 (C=C), 1488 (CH), 1370 (CH); &4 (250 MHz, CDCly) 1.36 (12H, t, 7, CHa), 3.72 (8H,
q, 7 NCHy), 7.23 (2H, d, 9.5, ArH), 7.39 (2H, s, ArH), 7.89 (2H, d 9.5, ArH); 8¢ (62.9MHz,
CDCl) 152.5, 138.8, 135.7, 135.6, 118.1, 106.4, 46.6, 12.0.

In another afternative (No-filtration of BG (one-pot)); Once the solution had warmed,
CuS0,4.5H,0 (0.99 g, 4.00 mmol) was added. The solution was then heated to 90°C and
stirred at this temperature for 1 hour, after which the solution had turned deep blue. The
blue solution was allowed to cool to room temperature and filtered to remove insolubles.
The filirate was adjusted to pH 2 with hydrochloric acid (5 M, 20 mL approx.) and NaNO,
(33 g, 388 mmol) was added. The stirring solution was heated to 80°C and left to cool
overnight with gentle stitring. The resulting green needles were filtered from solution and
sucked to dryness to give the titie compound (1g, 5%). Mp 178°C; Vpax (KBr)fom™ 3564
(CH), 3463 (CH), 3048 (CHY), 2975 (CH), 1522 (C=C), 1489 (CH), 1370 (CH); By (250
MHz, CDClg) 1.36 (12H, t, 7, CH3), 3.72 (8H, q, 7 NCHy), 7.23 (2H, d, 9.5, ArH), 7.39 (2H,
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DEMTC 26.2 5.3 (6) 0.0016 0.0006 (13) 3.3 0.6 (22) 2,173 C DMETC
4.5 0.3 (3) 0.004 0.001 (6) 4.2 2.2 (4) 1,048 10 DEETC 3.7 0.5 (3)
WQDOUE1E0003 (3) 1.6 t 0.4 (13) 2,667 ETZ 145.4 5.7 (5) 0.06100%b«(B)001107

39.0 7.0 (4) 670
-85

s, ArH), 7.89 (2H, d 9.5, ArH); 8¢ (62.9MHz, CDCly) 152.5, 138.8, 135.7, 135.6, 118.1,
106.4, 46.6, 12.0.

Example 2 — Activity and Therapeutic Index

In vitro assay for establishing B50

This is described in detail in WO 96/30766. Briefly, a fragment of tau corresponding to
the core repeat domain, which has been adsorbed to a solid phase substrate, is able to
capiure soluble full-length tau and bind tau with high affinity. This association confers
stability against proteolytic digestion of the aggregated tau molecules. The process is
self-propagating, and can be blocked selectively by prototype pharmaceutical agents.

More specifically, truncated tau (residues 2987-390; dGA) diluted in carbonate buffer {pH
9.6) was bound to the assay plate, and full-length tau (T40) was added in the agueous
phase. The aqueous phase binding buffer contained 0.05% Tween-20 and 1% gelatine in
phosphate-buffered saline (pH7.4). Bound tau was detected using mAb 499 that
recognises an N-terminal epitope within the aqueous phase full-length tau but that fails to
recognise the solid phase-bound truncated tau fragment.

The concentration of compound required to inhibit the tau-tau binding by 50% is referred
to as the B50 value. - : ,

Cell-based assay for establishing EC50

The process is described in more detail in WO 02/055720. In essence, fibroblast cells
(3T8) express full-length tau (“T40") under contro! of an inducible promotor, and low
constitutive levels of the PHF-core tau fragment (12 kD fragment). When T40 expression
is induced, it undergoes aggregation-dependent truncation within the cell, N-terminally at
~ ao 295 and C-terminally at ~ ao 390, thereby producing higher levels of the 12 kD
PHF-core domain fragment. Production of the 12 kD fragment can be blocked in a dose-
dependent manner by tau-aggregation inhibitors. indeed the quantitation of inhibitory
activity of compounds with respect to proteolytic generation of the 12 kD fragment within
cells can be described entirely in terms of the same parameters which describe inhibition
of tau-tau binding in vitro. That is, the extent of proteolytic generation of the 12 le
fragment within cells is determined entirely by the extent to tau-tau binding through the
repeat domain. The availability of the relevant proteases within the cell is not-fimiting.
Restilts are expressed as the concentration at which there is a 50% inhibition of
generation of the 12 kD fragment. This is referred fo as the EC50 value.
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- 36 -

Toxicity in cells ~ LD50 and therapeutic index (Rxf)

PCT/GB2007/001107

Toxicity of the compounds described herein was assessed in the cell based assay used
to assess EC50. Toxicity was measured by cell numbers after 24 hrs exposure to the
compound using a lactate dehydrogenase assay kit TOX-7(Sigma Biosciences) according
to the manufacturer's instructions after lysis of remaining cells, Alternatively a kit from
Promega UK (CyloTox 96) was used, again according to the manufacturer's instructions.

The therapeutic index (Rxl) was calculated as follows: Rxl = LD50 / EC50.

Compound - B50 (uM) EC50 (uM) LD50 (uiM) Rxl
MTC 218 £ 20.1 (8) (.59 £ 0.04 (69) 685.0 £ 5.0 (38) 110
DMMTC 34022 0.04 £ 0.004 (22) 27£1.2(6) 74
A ETC 49.0 £ 8.5 (10) 0.07 £ 0.007 (563) 32.0 + 4.0 (26} 480
Bl DEMTC 2624+ 563(6) | 0.0016+0.0006 (13) | 3.3+0.6(22) 2,173
C| DMETC 45+ 0.3(3) 0.004 + 0.001 (B) 4.2 +2.2(4) 1,048
D| DEETC 3.7x05(3) 0.0006 + 0.0003 (3) 1.6 £04 (13) | 2,667
F ETZ 1454 £ 5.7 (5} 0.06 £ 0.01 (6) 39.0+7.0(4) 670
G MTI 382 0.72 120 168
H MTLHI 271 0.70 120 168
i ETI >500 0.06 - -
J ETLHI 83 - -
L ETN > 500 (2) 0.04 (1) 13.0 £ 0.5. (2) 325




ETN > 500 (2) 0.04(1) 13.0 0.5. (2) 325 37 CLAIMS 1.A compound for
use in a method of treatment or prophylaxis of the human or animal body
by therapy, wherein the compound is: (C) 1,9-dimethyl-ethyl-thioninium
chloride (DMETC), (D) 1,9-diethyl-ethyl-thioninium chloride (DEETC), (1)
ethyl-thioninium iodide (ETI), (J) ethyl-thioninium iodide hydrogen iodide
mixed salt (ETI.HI), or (L) ethyl-thioninium nitrate (ETN). 2.A compound
according to claim 1, wherein the comp@und is (C)1,9-dimethyl-ethyl-
GhiMFium chioride (DMETC). 3.A compound according to claim 1,
wherein the compound is (D) 1,9-diethyl-ethyl- thioninium chloride

{DEERGL,6,.68750 QU0 aGGRRA 19 Slaint o IGERILIE FABRAHAA 1 animal

(I) ethyl-thioninium iodide (ETD. 5.A compound according to claim 1,
whereiRHhBYBRBRG Y RS R REHRATRRAAM ™ iodide hydrogen iodide
mixed salt (ET]. HPdisatiudreippthibEiccordivgride ¢RidR TIG)wherein the
compound igrfl-} ethdrtDIQRIOL#Nbninium chioride (DEETC),

(1) ethyl-thioninium iodide (ET1), _

(J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.HI), or

(L} ethyl-thioninium nitrate (ETN).

2. A compound according to claim 1, wherein the compound is (C) 1,9-dimethyl-ethyl-
thioninium chloride (DMETC).

3. A compound accofding to claim 1, Wherein the compound is (D) 1,8-diethyl-ethyl-
thioninium chloride (DEETC).

4, A compound according to claim 1, wherein the compound is (1) ethyl-thioninium
iodide {ET!).

5. A compound according to claim 1, wherein the compound is {(J) ethyl-thioninium

iodide hydrogen iodide mixed salt (ETLHI).

6. A compound according to claim 1, wherein the compound is (L) ethyl-thioninium
nitrate (ETN).
7. A compound for use in a method of treatment or prophylaxis of a tauopathy condition

in a patient, wherein the compound is:
(C) 1,9-dimethyi-ethyi-thioninium chioride (DMETC),
(D) 1,9-diethyl-ethyl-thioninium chioride (DEETC),
(1) ethyl-thioninium iodide (ETI),
(J) ethyi-thioninium iodide hydrogen iodide mixed sait (ETL.HI), or
(L} ethyl-thioninium nitrate (ETN).

8. A compound according to claim 7, wherein the compound is (C) 1,9-dimethyl-ethyl-
thioninium chioride (DMETC).



nitrate (ETN). 7.A compound for use in a method of treatment or
prophylaxis of a tauopathy condition in a patient, wherein the compound

is: (C) 1,9-dimethyl-ethyl-thioninium chloride (DMETC), (D)
1,9-diethyl-ethyl-thioninium chloride (DEETC), (I) ethyl-thioninium iodide
(ETI), (J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.HI), or
(L) ethyl-thioninium nitrate (ETN). 8.A compound according to claim 7,
wherein the compound is (C) 1,9-dimet#f/l-ethyl- thioninium chloride
(DMETC). 38 9.A compound according to claim 7, wherein the compound
ds (D) A Soatipthytetiytditg dnriaim £ vbecé (DEESHEHUDE.A EHm Sediatthyl-ethyl-
accorging e slaifbA-viietihe compound is (1) ethyl-thioninium iodide
(ETD. 11.A compound according to claim 7, wherein the compound is (J)
ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.HI). 12.A
Eompdurminaecordieeptdnsdnidinwheredncindesempenrd is (1 ethyl-thioninium
ethyl-thigiunienm). nitrate (ETN). 13.A compound for use in a method of
treatment or prophylaxis of tau protein aggregation in a patient, wherein
the compound is: (C) 1,9-dimethyl-ethyl-thioninium chloride (DMETC), (D)
11,9-dibtAg/etPH drepitRho AT de \WhEreiT the capeasdiisiohiatbyhtivernidum
(ET1)iodide hydrogen iodide mixed salt (ETI.HI).

12. A compound according to claim 7, wherein the compound is (L) ethyl-thioninium
nitrate (ETN).

13. A compound for use in a method of treatment or prophylaxis of tau protein
aggregation in a patient, wherein the compound is:
(C) 1,9-dimethyl-ethyl-thioninium chloride (BMETC),
(D} 1,9-diethyl-ethyl-thioninium chloride (DEETC),
{1} ethyl-thioninium iodide (ETI),
{J} ethyl-thioninium iodide hydrogen iodide mixed salt (ETLHI), or
(L) ethyl-thioninium nitrate (ETN).

14, A compound according to claim 13, wherein the compound is (C) 1,9-dimethyl-ethyl-
thioninium chloride (DMETC).

15. A compound according to claim 13, wherein the compound is (D) 1,8-diethyl-ethyl-
thioninium chioride (DEETC).

16. A compound according to claim 13, wherein the compound is (1) ethyl-thioninium
lodide (ETI).

17. A compound according to claim 13, wherein the compound is (J) ethykthioninium
iodide hydrogen iodide mixed sait (ETIL.HI).

18. A compound according to claim 13, wherein the compound is (L) ethyl-thioninium
nitrate (ETN).



(J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.H1), or (L)
ethyl-thioninium nitrate (ETN). 14.A compound according to claim 13,

wherein the compound is (C) 1,9-dimethyl-ethyl- thioninium chloride
(DMETC). 15.A compound according to claim 13, wherein the compound

is (D) 1,9-diethyl-ethyl- thioninium chloride (DEETC). 16.A compound
according to claim 13, wherein the compound is (1) ethyl-thioninium iodide
(ETD. 17.A compound according to claih 13, wherein the compound is (J)
ethyl- h oninium iodide hydrogen iodide mixed salt (ETI.HI). 18.A
Compéurndnaceaddimgse iolaimetiBdf desimtiné ommpbuiaeiss{B)zheimer's disease

?th}ftl'ﬂﬂ\'@?iﬁi'm Hi&él%tfr't_a(5?;&%)[6?1%961%@%@9#1?3%%%’(@%; ﬂ&x@%h@g@f
reatment or, pr. aXis .o Z |mer |ISease Isease, | .. ..
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parkirfsorrsieiRseds@N s emeeBpRbY ICP IFER KD DT dlsiistidtippmto-nigral
de{pgﬂ%@ﬂ&ﬁfi%%&ﬂl d mﬁﬂﬂﬂmf%’sgl\lﬁﬂw, ﬁamﬁ‘hs@}mlugsian degeneration
.pal = O-Nnigr egeneration uam- narom -
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(CBD) in a J5drt dimeRsieihe- BmsbanaHerie \OVETO),
1,9-dimethytthyd-théamindim-chitoride{ DN EED AR C),

1,9-diethyl-eﬁ%{h@mmmw&ggngTC), (1) ethyl-thioninium iodide
(ETI), (J) ethyl-thioninium 1odide hydrogen iodide mixed salt (ETI.HI), or

(L) ethy|-thiﬁrﬁiﬁﬂﬁﬁ"ﬁ%ﬁ%%ﬁmﬁ%@{ﬂ%wm?d@&%?alh@ &idthinh 19,
wherein the {€patinddnidng (@) dif8xHdi(E&thyl-ethyl- thioninium chloride

(DMETC). 21.A compound according to claim 19, wherein the compound

28 () ey s e R S bound is (C) 1.9-dimethyl-ethyl-

thioninium chloride (DMETC).

21. A compound according to claim 19, wherein the compound is {D} 1,9-disthyl-ethyi-
thioninium chioride (DEETC).

22. A compound according to claim 19, wherein the.compound is (1) ethyl-thioninium
iodide (ETI).

23. A compound according to claim 19, wherein the compound is {J) ethyl-thioninium
iodide hydrogen iodide mixed salt (ETLHI).

24. A compound according to claim 19, wherein the compound is (L) ethyl-thioninium
nitrate (ETN).
25. A compound for use in a method of treatment or prophylaxis of Alzheimer's disease
(AD) in a patient, wherein the compound is:
(C} 1,9-dimethyl-ethyl-thioninium chloride (DMETC}),
(D} 1,9-diethyl-ethyl-thioninium chloride (DEETC),
(1) ethyl-thioninium iodide (ETH),
(J) ethyl-thioninium iodide hydrogen iodide mixed salt (ET.HI), or
(L} ethyl-thioninium nifrate (ETN).



22.A compound according to claim 19, wherein the compound is (I)
ethyl-thioninium iodide (ETI). 23.A compound according to claim 19,

wherein the compound is (J) ethyl-thioninium iodide hydrogen iodide

mixed salt (ETI.HI). 24.A compound according to claim 19, wherein the
compound is (L) ethyl-thioninium nitrate (ETN). 25.A compound for use in

a method of treatment or prophylaxis of Alzheimer's disease (AD) in a

patient, wherein the compound is: (C) 499-dimethyl-ethyl-thioninium

chloride (DMETC), (D) 1,9-diethyl-ethyl-thioninium chloride (DEETC), (1)
28thyl-theonipoumdiechidelittg Td)cl4id) 2thyinanitiecviogidediy (€0 dehdodithel-ethyl-
Mixe Gl I RbL @ @detiy-thioninium nitrate (ETN). 40 26.A

compound according to claim 25, wherein the compound is (C)
1,9-dimethyl-ethyl- thioninium chloride (DMETC). 27.A compound
2accorfiisqyriecchiaced divh deainith @ cavhpieimthésc(Dip e et Ry thijdthyl-ethyl-

thionipigAmetosifle g TG 28.A compound according to claim 25,
wherein the compound is (1) ethyl-thioninium iodide (ETD. 29.A compound

according to claim 25, wherein the compound is (J) ethyl-thioninium iodide
2hydroyepripeaite AfxediRa e @YD) VaBRIv iR se e usts disg vothiamnium
25, wibekineig. compound is (L) ethyl-thioninium nitrate (ETN).

29, A compound according to claim 25, wherein the compound is {J} ethyi-thioninium
iodide hydrogen iodide mixed saltf (ETI.HI).

30. A compound according to claim 25, wherein the compound is (L) ethyl-thioninium
nitrate (ETN).

31. A compound according to any one of claims 1 to 30, wherein the treatment or
prophylaxis comprises administration of the compound according fo the following

dosage regime: about 50 or about 75 mg, 3 or 4 times dally.

32. A compound according to any one of claims 1 to 30, wherein the treatment or
prophylaxis comprises administration of the compound according to the following

dosage regime: about 100 or about 125 mg, 2 times daily.

33. A compound for use in a method of freatment or prophylaxis of the human or animal

body by therapy, wherein the compound is:

(A} ethyl-thioninium chioride (ETC),

(B) 1,8-diethyl-methyk-thioninium chloride (DEMTC), or

{F) ethyl-thioninium chioride zinc chioride mixed salt (ETZ);
wherein the freatment or prophylaxis comprises administration of the compound
according to the following dosage regime: about 50 or about 75 rﬁg, 3 or 4 times
daily; or about 100 or about 125 mg, 2 fimes daily.

34, A compound according to claim 33, wherein the compound is {(A) ethyi-thioninium
chloride (ETC).



31.A compound according to any one of claims 1 to 30, wherein the

treatment or prophylaxis comprises administration of the compound

according to the following dosage regime: about 50 or about 75 mg, 3 or 4
times daily. 32.A compound according to any one of claims 1 to 30,

wherein the treatment or prophylaxis comprises administration of the
compound according to the following dosage regime: about 100 or about

125 mg, 2 times daily. 33.A compound4br use in a method of treatment or
prophylaxis of the human or animal body by therapy, wherein the '
Fompaunnisor) attyidthippinisim shletideitBREdotBbund is (B) 1,9-diethyl-methyl-
1’9'diﬂjif&}‘:|i?{iﬂﬁ#&¥|6§}iﬁ8'2i5@w& \loride (DEMTC), or (F) ethyl-thioninium

chloride zinc chloride mixed salt (ETZ); wherein the treatment or
prophylaxis comprises administration of the compound according to the
Followingodusage segindngatbaldih(®arvetzozit Temgnoond (g stbigityjopimium

about HARigr ARO IS4G tiargs fially. 34.A compound according to
claim 33, wherein the compound is (A) ethyl-thioninium chloride (ETC).

41 35.A compound according to claim 33, wherein the compound is (B)
3 ,9-dibthgrpeetisiotkisnimRimedind wi @ EvIta Rregpadmepedebpathy condition
accorgirgpisdHaivhsinvhe@imibaneqsapound is (F) ethyl-thioninium

chloride zing ghloride mixed safl1 ET .A compound for use in a
method of t:ie t?n%é/r?tﬁg?%%up 3(/: géfg* %ﬁ%@mpathy condition in a patient,

wherein the EdrholiptavsmethethignipianichlavderREMEQETC), (B)
1,9-diethyl-nrsthylythiamilim chitordderido EvbHEs, okl s ettirthitoninium

ChlonAR S (3 LA PahRk L NPRLBMIRAISAIBE R e comoound

prophylaxis comprises administration of the compound according to the
followiGPEEA e ditRyag arals BrABBRPPSAY 058P Ut fEs dhay4 dmes
~ aboutdzy) orapotit GP6rmigy2 tithesgdailynes daily.

38. A compound according to claim 37, wherein the compound is (A) ethyl-thioninium
chioride (ETC).

39. A compound according to claim 37, wherein the compound is (B) 1,9-diethyl-methyl-
thioninium chioride (DEMTC).

40. A compound according to claim 37, wherein the compound is (F) ethyl-thioninium

chioride zinc chioride mixed salt (ET2).

41, Acompound for use in a method of treatment or prophylaxis of tau protein

aggregation in a patient, wherein the compound is:

(A) ethyl-thioninium chioride (ETC),

(B) 1,9-diethyl-methyl-thioninium chioride (DEMTC), or

{F) ethyl-thioninium chloride zinc chioride mixed salt (ETZ);
wherein the treatment or prophylaxis comprises administration of the compound
according to the foilowing dosage regime: about 50 or about 75 mg, 3 or 4 times
daily; or about 100 or about 125 mg, 2 times daily.

42. A compound according fo claim 41, wherein the compound is {(A) ethyl-thioninium
chloride (ETC).



38.A compound according to claim 37, wherein the compound is (A)
ethyl-thioninium chloride (ETC). 39.A compound according to claim 37,
wherein the compound is (B) 1,9-diethyl-methyl- thioninium chloride

(DEMTC). 40.A compound according to claim 37, wherein the compound

is (F) ethyl-thioninium chloride zinc chloride mixed salt (ETZ). 41.A

compound for use in a method of treatment or prophylaxis of tau protein
aggregation in a patient, wherein the cdrhpound is: (A) ethyl-thioninium
chloride (ETC), (B) 1,9-diethyl-methyl-thioninium chloride (DEMTC), or (F)
48thy|-thimmpesmdcitoridng v Elitoftlevimxed belt6EPZInW/isd B3N, Bradethyl-methyl-
treatmeBh AR RRRYIGX (B ERMEBSises administration of the compound

according to the following dosage regime: about 50 or about 75 mg, 3 or 4
times daily; or about 100 or about 125 mg, 2 times daily. 42.A compound
4ecordingroaiaiacrerdiisdentaine! tonisorindhis Ry rayd-ihiGnihurihioninium
chloridgidfGlncdidded eaRpesn@Egegording to claim 41, wherein the
compound is (B) 1,9-diethyl-methyl- thioninium chloride (DEMTC). 44.A
compound according to claim 41, wherein the compound is (F)
4éthyl-thfGRIRRMPOCRICGd ATE At Ridr st sell PlERhids oA AlghapeRIisdisease
for usg\in) ePiieshiskaédrcabgnestios Prppdlexis Fhilz{rgmensdiseaseral

(AD), flekigeasep E,rne,ggmm&am@w%%s léwpns’%%h -17), disinhipiton-

fronto-temporal dementla (FTD), parkinsonism linked to chro ome 1

(FTD@%ﬂ%ﬁﬂﬁﬁﬁ%%@%{@wﬂm@sﬁ.%%@o%m@@mm@f@*
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degeneratio &C?:BD) in a patient, wherein the compound is:
ethyi-thionirkahT CHMER R Eplorice (£1C),

(B} 1,9-diethyl-methyl- thlonmlum chioride (DEMTC), or

) 'ethyl—thioninium chioride zinc chioride mixed salt (ETZ);
wherein the freatment or prophylaxis comprises administration of the compound
according to the following dosage regime: about 50 or about 75 mg, 3 or 4 times

daily; or about 100 or about 125 mg, 2 fimes daily.

46. A compound according to claim 45, wherein the compound is (A) ethyl-thioninium
chloride (ETC).

47, A compound according to claim 45, wherein the compound is (B) 1,9-diethyl-methyl-
thioninium chioride (DEMTC).

48. A compound according to claim 45, wherein the compound is (F) ethyl-thioninium
chloride zinc chloride mixed salt (ETZ).



(B) 1,9-diethyl-methyl-thioninium chloride (DEMTC), or (F)

ethyl-thioninium chloride zinc chloride mixed salt (ETZ); wherein the

treatment or prophylaxis comprises administration of the compound

according to the following dosage regime: about 50 or about 75 mg, 3 or 4

times daily; or about 100 or about 125 mg, 2 times daily. 46.A compound

according to claim 45, wherein the compound is (A) ethyl-thioninium

chloride (ETC). 47.A compound accordthg to claim 45, wherein the

compound is (B) 1,9-diethyl-methyl- thioninium chloride (DEMTC). 48.A
48o0mpaunchpeoal ingstoit aime b dwhieseimdhisoc oropolmdsisf(Ryheimer’s disease

ethyl-thisninimehlonfe - ginteiorigsurixed salt (ETZ). 43 49.A

compound f e in a method of tre nt or prophylaxis of Alzheimer's
disease (Adof‘?n% ﬁ?f%ﬂ’f"b\m@ Zéﬂjc?r)npound is: (A) ethyl-thioninium

chloride (ET8) 1(%)1l§t9yﬂmﬁﬂ3bllﬁﬁmﬁy|whldﬂmiﬁﬁﬁw&@b ¢DEMTC), or (F)
ethyl- thionir{ityretw)lﬂr'@wmc&mad@@lﬁe%@ks&@lﬁﬁfeﬂ@ém&min the
realmenlal PLOBLYIANS SompIes aminsalon pldha oy
accordi ing {0 the Tc ollowing re imer Ao or a O”}?O“nﬁ?
tlmesaéa‘iwj”&fat?@ﬁﬁf)iew'@ﬂ ﬁ‘éﬁ’eﬁﬂef%‘fﬁ?g ?@ﬁﬁ@@soaahyustﬁmaoﬁmwmes
accorgimng to shaim140 owhiesein 2Bengoppeenehiy.(A) ethyl-thioninium
chloride (ETC). 51.A compound according to claim 49, wherein the
compound is (B) 1,9- dleth -methyl- thioninium chloride (DEMTC). 52.A
5¢ompbdaRd r%‘fﬁ@r ?B’EI (F1AY ARNEPETRIHRECOMBBYR IS A pthyt-thioninium
ethyl-¢hiaidaiginihloride zinc chloride mixed salt (ETZ). 53.A compound
according to any one of claims 1 to 52, wherein the compound is
51. A compound according to claim 49, wherein the compound is (B) 1,9-diethyl-metiyl-

thioninium chioride (DEMTC).

52. A compound according to claim 49, wherein the compound is (F} ethyl-thioninium

chloride zinc chloride mixed salt (ETZ).

53. A compound according to any one of claims 1 to 52, wherein the compound is
provided in the form of a dosage unit comprising the compound in an amount of from

20 to 300 mg and a pharmaceutically acceptable carrier, diluent, or excipient.

54, A compound according to any one of claims 1 fo 53, wherein the treatment or

prophylaxis comprises oral administration of the compound.

55, A compotind according to any one of claims 1 to 54, wherein the treatment or

prophylaxis further comprises freatment with a cholinesterase inhibitor.

56. A compound according to any one of claims 1 to 54, wherein the treatment or
prophylaxis further comprises treatment with Donepezil (Aricept™), Rivastigmine

(Exelon™), or Galantamine (Reminyl™).

57. A compound according to any one of claims 1 to 54, wherein the freatment or

prophylaxis further comprises treatment with an NMDA receptor antagonist.



provided in the form of a dosage unit comprising the compound in an
amount of from 20 to 300 mg and a pharmaceutically acceptable carrier,
diluent, or excipient. 54.A compound according to any one of claims 1 to
53, wherein the treatment or prophylaxis comprises oral administration of
the compound. 55.A compound according to any one of claims 1 to 54,
wherein the treatment or prophylaxis further comprises treatment with a
cholinesterase inhibitor. 56.A compourﬁfaccording to any one of claims 1
to 54, wherein the treatment or prophylaxis further comprises treatment
Skith DotmpexingiatceptTmip Rivastorhifrin(EXdobd mhcoriGhRaineainiert or
(RempnybhimixR futemenapnd aceandig Jamme aariat ¢RI, iahénda™).
wherein the treatment or prophylaxis further comprises treatment with an
NMDA receptor antagonist. 44 58.A compound according to any one of
58laimé s BAnd RererditEdarEsutATS SainsphiadisiptRiErtied fRnTsest or
treatrpesphwikiMernantnadisbixachivhe M aieadaboh b fecosin@gonlst,
according to any one of claims 1 to 54, wherein the treatment or
rophylaxis further comprises treatment with a muscarinic receptor
64g0niSICHOPREBIARRAIHB G BMPRF 1B SRk PAIIRREIN S Heaimerd ol
the treaiphghiariptbphytaxisdes thestcamtprisesnti@bittent anthicd préutisor protein
of anyﬂgégsgygiw%ggd%%mdgrocessing to beta-amyloid. 61.Use of a
compound in the manufacture of a medicament for use in a method of
treatment or prophylaxis of a tauopathy condition in a patient, wherein the
6tompdsmdfis .of@pbifudimisthyleetigtithiood ai omdiddmed B DMERE)MEDIod of
1,9-digtByhethy-SgRiniuim SRl eside AR Bddiot nat haENO niRiTh igdismpound
(ETI), (J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.HI), or
(L) etlfyI-thioninium nitrate (ETN).
(C) 1,9-dimethyl-ethyl-thioninium chloride (DMETC),
(D) 1,9-diethyl-ethyl-thioninium chloride (DEETC),
(1) ethyl-thioninium iodide (ETI),
{(J) ethyl-thioninium iodide hydrogen iodide mixed sait (ETI.HI}, or

(L) ethyl-thioninium nitrate (ETN).

62. Use according to claim 61, wherein the compound is {(C) 1,9-dimethyl-ethyl-
thioninium chioride (DMETC).

63. Use according to claim 61, wherein the compound is (D) 1,9-diethyl-ethyl-thioninium
chioride (DEETC). '

64. Use according to claim 61, wherein the compound is ({} ethyl-thioninium iodide (ETI).

65. Use according to claim 61, wherein the compound is (J) ethyl-thioninium iodide
hydrogen iodide mixed salt (ETi.HI).

66. Use according to claim 61, wherein the compound is (L) ethyl-thioninium nitrate
(ETN).



62.Use according to claim 61, wherein the compound is (C)
1,9-dimethyl-ethyl- thioninium chloride (DMETC). 63.Use according to
claim 61, wherein the compound is (D) 1,9-diethyl-ethyl-thioninium
chloride (DEETC). 64.Use according to claim 61, wherein the compound
is (1) ethyl-thioninium iodide (ETI). 65.Use according to claim 61, wherein
the compound is (J) ethyl-thioninium iodide hydrogen iodide mixed salt
(ETI.HI). 66.Use according to claim 614wherein the compound is (L)
ethyl-thioninium nitrate (ETN). 45 67.Use of a compound in the
ananufzet wie cbapoedicarhe nidoufasiiia @ sretitdoéttdatmenhar method of

prophylaxizaf & gl(%cﬁ)ﬁlﬁﬁﬂ Y RLAlED &Q%%&E%ﬁ%%&ﬁ%%ﬂh é{éﬂinﬁgjé}%{g Dw)herem

the compound is: (C) 1,9-dimethyl-ethyl-thioninium chloride (DM
1,9-di¥GPERRAhi®ninium chloride (DEETC), (1) ethyl-thioninium iodide
(ETI), (J) ettS)-tiSonirstyi-etulidiéibyioyest el Oiixed)salt (ETI.HI), or
(L) ethyl-thiqpipiuriateETnBRMtiasso [gingrie) Claim 67, wherein
the compou @@éﬂl 9-dimetdh¥1l-i%3r¥§- thioninium chloride (DMETC).
69.Use accér ngt E&%\’ﬂ”ﬁ"@“}?v’v ferain'the compound is (D)
1,9-diethyl-dthpthnidrigminivne igda ey BT E)}ide rusedseddiihy Hotlaim
67, wherein thesoninesRrkis (kL8 Wtkioninium iodide (ETD. 71.Use
according to claim 67, wherein the compound is (J) ethyl-thioninium iodide

hydrogen iodide mixed salt (ETI.H1).
68. Use according to claim 67, wherein the compound is (C) 1,9-dimethyl-ethyl-

thioninium chioride (DMETC).

69. Use according to claim 67, wherein the compound is (D) 1,9-diethyl-ethyl-thioninium
chloride (DEETC).

70. Use according to claim 67, wherein the compound is (1) ethyl-thioninium iodide (ETI).

71. Use according to claim 67, wherein the compound is (J) ethyl-thioninium iodide
hydrogen iodide mixed salt (ETILHI).

72. Use according to claim 67, wherein the compound is (L) ethyl-thioninium nitrate
{ETN).

73. Use of a compound in the manufacture of a medicament for use in a method of
freatment or prophylaxis of Alzheimer’s disease (AD), Pick's disease, Progressive
Supranuciear Palsy (PSP}, fronto-temporal dementia (FTD), parkinsonism linked fo
chromosome 17 (FTDP-17), disinhibition-dementia-parkinsonism-amyotrophy
complex (DDPAC), pallido-ponto-nigrai degeneration (PFPND), Guam-ALS syndrome,
pallido-nigro-luysian degeneration (PNLD), or corfico-basal degeneration (CBD)ina
patient, wherein the compound is: .

(C) 1,9-dimethyl-ethyl-thioninium chioride (DMETC),

{D) 1,9-diethyl-ethyl-thioninium chioride (DEETC),

) ethyb‘thionihium iodide (ET1},

(J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.HI), or
{L} ethyl-thioninium nitrate (ETN).



72.Use according to claim 67, wherein the compound is (L)
ethyl-thioninium nitrate (ETN). 73.Use of a compound in the manufacture
of a medicament for use in a method of treatment or prophylaxis of
Alzheimer's disease (AD), Pick's disease, Progressive Supranuclear Palsy
(PSP), fronto-temporal dementia (FTD), parkinsonism linked to
chromosome 17 (FTDP-17),
disinhibition-dementia-parkinsonisnn- a‘?‘ﬁyotrophy complex (DDPAC),
pallido-ponto-nigral degeneration (PPND), Guam-ALS syndrome,
7falliddseigroduijgdn defereratiorePiNe Bynopeuttie (Chasatidedanethtion
(CBDhignimiatignbrabessie tag. compound is: (C)
1,9-dimethyl-ethyl-thioninium chloride (DMETC), (D)
1,9-diethyl-ethyl-thioninium chloride (DEETC), (l) ethyl-thioninium iodide
T3ET1) Ugg petaydingi Ehitlim id dieierBipdhegam rsitré ek & SalietE ety tipninium
(L) ettnibtiommenehitrate (ETN). 46 74.Use according to claim 73,
wherein the compound is (C) 1,9-dimethyl-ethyl- thioninium chloride

DMETC) 75.Use accordln%to claim 73, wherein the compound is (D)
-, 9-ditR FRERFYINEHR RN MBFEE (t‘ﬁi@"i‘f@?“‘?@ ipdbedpddhinngiwndpsige (ET)-
73, wherein the compound is (l) ethyl-thioninium iodide (ET!). 77.Use

nacco@geq,éeo%@g%iaﬂln%emh@@.ﬁ%%emaguﬁo(?g @s%}h{%mm iogisle

hydrogen iodide mixed salt (ETIAI). 78.Use ‘according to Claim 73, wherein
the cBYHRAGAIALTE IS c‘ﬁﬂrﬁ'ﬁr nitrate (ETN). 79.Use of a compound

in the manufacture of a medicament for use in a method of treatment or

7@r0pfwé@&efﬁ45*ﬂ@%&§'%&r{&% WQYLY"Q@ HidhRium nitrate
comp%mﬁ is: (C) 1,9-dimethyl-ethyl- thlonlnlum chloride (DMETC), (D)

1,9-di -ethyl-thioninium chloride (DEETC),

79. Use of a compound in the manufacture of a medicament for use in a method of
treatment or prophylaxis of Alzheimer's disease (AD) in a patient, wherein the
compound is:

(C) 1,9-dimethyl-ethyl-thioninium chioride (DMETC),

(D} 1,9-diethyl-ethyl-thioninium chioride (DEETC),

(1) ethyl-thioninium iodide {ET),

{J} ethyl-thioninium iodide hydrogen iodide mixed salt (ETLHY, or
(L) ethyl-thioninium nitrate (ETN).

80. Use according to claim 79, wherein the compound is {C) 1,9-dimethyi-sthyi-
thioninium chloride (DMETC).

81. Use according to claim 78, wherein the compound is (D) 1,9-diethyl-ethyl-thioninium
chioride (DEETC).

82. Use according to claim 79, wherein the compound is (1) ethyldchioninihm iodide (ETI).

83. Use according to claim 79, wherein the compound is (J} ethylkthioninium iodide
hydrogen iodide mixed salt (ETI.HI).



() ethyl-thioninium iodide (ETI), (J) ethyl-thioninium iodide hydrogen

iodide mixed salt (ETI.HI), or (L) ethyl-thioninium nitrate (ETN). 80.Use
according to claim 79, wherein the compound is (C) 1,9-dimethyl-ethyl-
thioninium chloride (DMETC). 81.Use according to claim 79, wherein the
compound is (0) 1,9-diethyl-ethyl-thioninium chloride (DEETC). 82.Use
according to claim 79, wherein the compound is (1) ethyl-thioninium iodide
(ET!). 83.Use according to claim 79, wHerein the compound is (J)
ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.HI). 47 84.Use
&kcording accolding FOckieT8invtieesgotimpcemdasniLiséth witthidniminam nitrate
nitrate €FijN). 85.Use according to any one of claims 61 to 84, wherein the
treatment or prophylaxis comprises administration of the compound
according to the following dosage regime: about 50 or about 75 mg, 3 or 4
§mes daflypcegdiketasourelingholzimg Shéodiciarmresilite Bhtmere eiprtpylaxis
treatmm@k@@%hy%mmpﬂiﬁ%m@aﬂ%&é@%@%r@ftﬁﬁﬁém%wge regime:

accordba?‘tggtf%gll V\gg%d%%aggém%lmde labout 100 or about 125 mg, 2

times se o poun the manufacture of a medicament
for use in a method of treatment or prophylaxis of a tauopathy condition in
&8 patiest sberdiy thexoporaaifnthiss (@9 wtby-inerinitie wddenigle dEdiephyiaxis

(B)1 8&1&3?@)4% mgﬂngﬁoé?ﬁﬁﬂ%é%g%ﬁo%é tgz)fo io in Rs?gee regime:

ethyl-thioninium chloride zinc c e ed
treatnfeRLHY SpRbRALiL2ESrepAdiEe s dAtinistration of the compound

according to the following dosage regime: about 50 or about 75 mg, 3 or 4

gimes gaily 9%@:995’&;4@9 %@h&%&@zérw aZn%H F&% .quwfoﬁﬁswa%%ﬂ{%r@

to claim 87, wherein the comfpoun is (A) eth ¥-t ioninium chloride
treatment or prophylaxis of a tauopathy cond ftion in a patient, wherein the compound

is:

(A) ethyl-thioninium chloride (ETC),

(B) 1,9-diethyl-methyl-thioninium chloride (DEMTC), or

(F) ethyl-thioninium chloride zinc chloride mixed salt (ET2);
and wherein the treatment or prophylaxis comprises administration of the compound
according to the following dosage regime: about 50 or about 75 mg, 3 or 4 times

daily; or about 100 or about 125 mg, 2 times daily.

88. Use according to claim 87, wherein the compound is (A) ethyl-thioninium chloride
(ETC).

89. Use according to claim 87, wherein the compound is (B) 1,8-diethyl-methyl-
thioninium chioride (DEMTC).

90. Use according to claim 87, wherein the compound is (F) ethyl-thioninium chioride
zingc chloride mixed salt (ETZ).



(ETC). 89.Use according to claim 87, wherein the compound is (B)
1,9-diethyl-methyl- thioninium chloride (DEMTC). 90.Use according to
claim 87, wherein the compound is (F) ethyl-thioninium chloride zinc
chloride mixed salt (ETZ). 48 91.Use of a compound in the manufacture
of a medicament for use in a method of treatment or prophylaxis of a
disease of tau protein aggregation in a patient, wherein the compound is:
(A) ethyl-thioninium chloride (ETC), (B _§,9-diethyl-methyl-thioninium
chloride (DEMTC), or (F) ethyl-thioninium chloride zinc chloride mixed salt
qETZ)Vandfwiteraiaihe itrdaarmentiocigre phylmddiconeptite ssedministtatid nf

of thetrmRBE REERYR-NG dpAbrdadiowing drsaaaHReiRoRRPHLAIEAT, wherein
about 75 mg 3 o 4 times daily; or about 100 or about 125 mg, 2 times

daily @S f?séjaccordlng to claim 91, wherein the compound is (A)
ethyl thlonlnﬁﬁh?%ﬁléﬁtﬁ’é'(‘mlW@@ Gbcording to claim 91, wherein the

compound iga(B), 4 Aetigthydtryethiphithioninismactiende(EMTC). 94.Use

according t in.the co h E%LP%inium

chloride zméﬂ%ﬁ}cﬁéﬁﬁ\ﬁ)@@ s%ﬁ@% fﬂ@%hbggéo%gegé%k und'in the

man u?&@tm‘@r&frhﬂi‘ﬁé?ﬁé%?@h?”f@ﬂ&@é‘fiﬁ‘%Cﬁféﬂﬁ'éﬁﬁ@]dﬁé@ﬁﬁﬁ@fﬂ“cﬂf the compound
prophgtaxisiag @l #leciotews dideage (Ad)ePibkis diseasiey PREgresSives times

S““%Q%@%E’&lﬁd{?«?f%u?ﬁ‘é@ nparaldgmentia (FTD), parkinsonism
linked to chromosome 17 (FTDP-1

disinhibition-dementia-parkinsonism- amyotrophy complex (DDPAC),
%gallidbgsomicerigmicddgengtatibar¢PRNDBhrGoand-a A simdtbiordnium chioride
pa||ldpgl‘jr@j‘0 luysian degeneration (PNLD), or cortico-basal degeneration
(CBD) in a patient, wherein the compound is: (A) ethyl-thioninium chloride

(ETC), (B) 1,9-diethyl-methyl-thioninium chloride (DEMTC), or
a3. Use according to claim 91, wherein the compound is (B) 1,9-diethyi-methyi-

thioninium chloride (DEMTC).

94, Use according to claim 91, wherein the compound is (F) ethyl-thioninium chloride

zinc chioride mixed salt (ETZ).

a5, Use of a compound in the manufacture of 2 medicament for use in a method of

treatment or prophylaxis of Alzheimer’s disease (AD), Pick’s disease, Progressive
Supranuclear Palsy (PSP}, fronto-temporal dementia (FTD), parkinsonism linked to
chromosome 17 (FTDP-17), disinhibition-dementia-parkinsonism-amyotrophy
complex (DDPAC), pallido-ponto-nigral degeneration (PPND), Guam-ALS syndrome,
pallido-nigro-luysian degeneration (PNLD)}, or cortico-basal degeneration (CBD) in a
patient, wherein the compound is:

(A) ethyl-thioninium chioride (ETC),

{B) 1,9-diethyl-methyl-thioninium chioride {DEMTC), or

{F) ethyl-thioninium chloride zinc chloride mixed salt (ETZ);
and wherein the freatment or prophylaxis comprises administration of the compound
according 1o the following dosage regime: about 50 or about 75 mg, 3 or 4 t_imeé

daily; or about 100 or about 125 mg, 2 times daily.

96. Use according to claim 85, wherein the compound is (A} ethyl-thioninium chloride
(ETC).



(F) ethyl-thioninium chloride zinc chloride mixed salt (ETZ); and wherein
the treatment or prophylaxis comprises administration of the compound
according to the following dosage regime: about 50 or about 75 mg, 3 or 4
times daily; or about 100 or about 125 mg, 2 times daily. 96.Use according
to claim 95, wherein the compound is (A) ethyl-thioninium chloride (ETC).
49 97.Use according to claim 95, wherein the compound is (B)
1,9-diethyl-methyl- thioninium chloride f’@EMTC) 98.Use according to
claim 95, wherein the compound is (F) ethyl-thioninium chloride zinc
ShloridsatizeddiagtiéER) 90 Wewaih dheompound ia (B Ifiatkifatioethyf a
medicamaRiiRtHBRE @Egirgd of treatment or prophylaxis of Alzheimer's
disease (AD) in a patient, wherein the compound is: (A) ethyl-thioninium
chloride (ETC), (B) 1,9-diethyl-methyl-thioninium chloride (DEMTC), or (F)
SBthy|-tisesieraidinehio glgéry e whiveid dhepasepeuid B TZ) stwbithigrdéniim théoride

treatmeRt shidpRpAKeXisagompses administration of the compound
according to the following dosage regime: about 50 or about 75 mg, 3 or 4

times daily; or about 100 or about 125 mg, 2 times daily. 100. Use
Becortffic? GRRCYod\heFeRPIERE BRI ARSI GA Bk RLTE HirAURsthod of

chlorigedimeat orldphysniacs adiagrierelaisa89, (ahereindtR aowesAthis
(B) 1 gomgga}{hrgethylthlommum chloride (DEMTC). 102. Use according to

claim 99, wherein the compound is (a&eqthyl -thioninium chloride zinc
chloride mixéd %@M’fﬁ‘?ﬂ)"“i’ﬁ:?hl%%e Sthling to any one of claims 61 to
102, whereifBthtoedivhmethylishiodiogag ehlmitie §oiNIBTIgdhe compound

in an amouru:%tfmm%ﬂimp&mg%@dnm%ﬁéﬁlgaﬂqueptab'e

carrier, dlyg]ent or excﬁ%lent 104. Use according to an one of claims 61 to

103, WA AR R RE R b RV IR 25 ?%Se%d DysiafaR L aRisRTgound
the casnootingltolDs feliseing clordior) reuiary areiditlaiae@ 1 om0, or 4 times

whereigijherEgatmeit HraBeRphyRXs, fiihes agprises treatment with a
cholinesterase inhibitor. 50

100. Use according to claim 99, wherein the compound is (A} ethyl-thioninium chioride
(ETC).

101. Use according to claim 89, wherein the compound is (B} 1,9-diethyvi-methyl-
thioninium chloride (DEMTC).

102.  Use according to claim 99, wherein the compound is (F) ethyl-thioninium chloride

zinc chioride mixed salt (ETZ).

103.  Use according to any one of claims 61 to 102, wherein the medicament is a
dosage unit comprising the compound in an amount of from 20 to 300 mg and a

pharmaceutically acceptable carrier, diluent, or excipient.

104.  Use according to any one of claims 61 to 103, wherein the treatment or prophylaxis

comprises oral administration of the compound.

1056. Use according to any one of claims 61 to 104, wherein the treatment or prophylaxis

further comprises treatment with a cholinesterase inhibitor.



106. Use according to any one of claims 61 to 104, wherein the treatment
or prophylaxis further comprises treatment with Donepezil (AriceptT"),
Rivastigmine (Exelon TM), or Galantamine (ReminylTm). 107. Use
according to any one of claims 61 to 104, wherein the treatment or
prophylaxis further comprises treatment with an NMDA receptor
antagonist. 108. Use according to any gne of claims 61 to 104, wherein
the treatment or prophylaxis further coﬁ_‘ﬂarises treatment with Memantine
(Ebixa TM, Namenda T"). 109. Use according to any one of claims 61 to
1094, wiseresaomséngriseanveameorimlapra fdxis fodtvereconipadestnaatrmenpphylaxis
with ariRHSEa6HA}EiEeS BRERNMAGoNIGL Db:Opd b erneear NGl atyaRePfeion™), or
claim%g[l ;[1931%4{3’ er%iq,{qre treatment or prophylaxis further comprises
treatmant with an INAIBIOT 0 amyloid precursor protein processing to
beta-amyloid. 111. An in vitro method of reversing or inhibiting the
1aggreystiapcofdiay preteioneosnpEsiRes Contadlngdhenang (egate ar prateifyiaxis -
with af&%P&’WﬁL@Q%ét@n’rx%fﬁ%ﬁﬁ%ﬂ%&ﬁ@@%%%&h'O“de
(DMETC), (D) 1,9-diethyl-ethyl-thioninium chloride (DEETC), (1)
ethyl-thioninium iodide (ETI), (J) ethyl-thioninium iodide hydrogen iodide
1@8xedUsalbCEdrting {ocanit drethvflethion iBium10#r ate: (&l M td@m&rcampopindsxis
for usgif& BIGthad Of RGBSR NIRRT RURIRRoRRthY,
wherein the compound is: (C) 1,9-dimethyl-ethyl-thioninium chloride
(DMETC), (D) 1,9-diethyl-ethyl-thioninium chloride (DEETC), (1)
18fhy|-tie mictordinip iy BT of Bfainte B thioHidiwheisd decHyehiowsh dodidenylaxis
mixeckaleX ErhbHBetrébinaiicHN QiR AiE Ale BT BoRsd wherein the
compound incorporates, is conjugated to, is chelated with, or is otherwise
associated with, one or more detectable labels. 51 113. Use of a
1d8mpbsnaaeetiamiaatyne e oringiah st vhpidgHwsteaterieat rprhylaxis
use et RPBis Ar-RIPERDSIS chaniabiprofeingpalbyealiRatipftiein processing
Wherg_%zn %Q é y&ggund is: (C) 1,9-dimethyl-ethyl-thioninium chloride :
(DME 8 % 5% ,9-diethyl-ethyl-thioninium chloride (DEETC), (1)
ethyl-thioninium iodide (ETI),
111.  An in vitro method of reversing or inhibiting the aggregation of tau protein comprising
contacting the aggregate or protein with a compound that is:
{C) 1,9-dimethyl-ethyl-thioninium chloride (DMETC),
(D) 1,9-diethyl-ethyl-thioninium chloride (DEETC),
(h) ethyl-thioninium lodide (ET,
{J} ethyi-thioninium iodide hydrogen iodide mixed salt (ETLHI), or

(L) ethyl-thioninium nitrate (ETN).

112. A compound for use in a method of diagnosis or prognosis of a tau proteinopathy,
wherein the compound is:
{C) 1,9-dimethyl-ethyl-thioninium chioride (DMETC),
(D) 1,9-diethyl-ethyi-thioninium chioride (DEETC),
' (1} ethyl-thioninium iodide (ETI),
(J) ethyl-thioninium iodide hydrogen iodide mixed salf (ETI.Hi), or
(L) ethykthioninium nitrate (ETN);
and wherein the compound incorporates, is con}ugated to, is chelated with, or is

otherwise associated with, one or more detectable labels.



(J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETI.HI), or (L)
ethyl-thioninium nitrate (ETN); and wherein the compound incorporates,

is conjugated to, is chelated with, or is otherwise associated with, one or

more detectable labels. 114. A method of labelling tau protein or

aggregated tau protein comprising the step of: contacting the tau protein

or aggregated tau protein with a compound that is: (C)
1,9-dimethyl-ethyl-thioninium chloride éﬁMETC) (D)

1,9-diethyl-ethyl-thioninium chloride (DEETC), (I) ethyl-thioninium iodide
1BTI),Uh etlawmmmmijmtﬁ@dmmfydwg@ﬁdMBqﬁiwd salr@hit. iébgent for use
(L) ethylrhinginiem aits §ne%m}:aw£@ ietREpe @y BOMRRANGRTBRIARS. dSmpound

conjugated to, is chelated with, or is otherwise associated with, one or
more detectable labels. 115. A method of detecting tau protein or
aggregated (G potsistoprapubihigtmiusieplodtedBMaEtng the tau protein
or aggregated) tﬁ@@f&?@irbwwttrao@@muﬂoum&w@msm@)
1,9-dimethy WI t&]’lonmlum(ﬁd g DMETC), (D)

r|d

1,9-diethyl- ionmium ch ETC), (1) ethyl-thioninium iodide

(ETI), (J) eﬂ#ilﬁfhymm@ﬁﬁumd@@ﬁww igdiere mhige §ABE(ENDHY, or
(L) ethyl-thignjritmn-thisaiteut AidyienEaTein the compound incorporates, is

conju%%%gpe,lﬁ R% %NKH'?n@er%r%ﬁ@?r}%"é&%%?ecd%e%%‘Qat%ﬂ%vﬁﬁ or is

more detectab detectin agt e présence and/or amount of

said éﬁ?ﬁﬁ’ﬂﬁﬁé%&ﬁ'ﬁ?‘f’d’”ﬂﬁh VBRI E6? dEiGRAAEEPRY protein).

114. A method of labelling fau protein or aggregated tau protein comprising the step of:
contacting the tau profein or aggregated tau protein with @ compound that is:
(C) 1,9-dimethyi-ethyl-thioninium chloride (DMETC),
(D) 1,9-diethyl-ethyl-thioninium chloride (DEETC),
() ethyl-thioninium iodide (ETI),
(J) ethyl-thioninium iodide hydrogen icdide mixed salt (ETLHI), o
(L) ethyl-thioninium nitrate (ETN);

wherein the compound incorporates, is conjugated to, is chelfated with, oris

otherwise associated with, one or more detectable labels.

115. A method of detecting tau protein or aggregated tau protein comprising the steps of:
contacting the tau protein or aggregated tau protein with a compound which

(C) 1,9-dimethyl-ethyl-thioninium chloride (DMETC),

(D) 1,9-diethyl-ethyl-thioninium chioride (DEETC),

() ethyl-thioninium iodide (ET1),

(J) ethyl-thioninium iodide hydrogen iodide mixed salt (ETi Hb, 0

(L) ethyk-thioninium nitrate (ETN);
wherein the compound incorporates, is conjugated {o, is chelated with, or is
otherwise assaciated with, one or more detectable labels; and

detecting the presence and/or amount of said compound bound to tau protein

{or aggregated tau protein).



