WO 2009/044127PCT/GB2008/003315 - 1 - Therapeutic use of diaminophenothiazines. Technical
field The present invention relates generally to methods and materials for use in the treatment or
prophylaxis of diseases, for example cognitive disorders, using diaminophenothiazint.s In particular it
relates to tredYAeHEMaldihg optimised pharmacokinetic properties. BackgR§UkigBR¢08003315
3,7-diaminophenothiazine (DAPTZ) compounds have previously been shown to inhibit tau protein
aggregation and to disrupt the structure of PHFs, ahd reverse the proteolytic stability of the PHF core
(see W096/30766, F Hoffman- La Roche_ Such compounds were disclosed for use in the treatment
and prophylaxis of various diseSEORies e aiiiaminaohenothiazinessease, and included
methylthioninium chloride ("MTC") W096/30766 descrlbes in the case of oral administration, a daily
dosage of atgggﬁ#% @Q i9 about 700 mg, preferably about 150 mg to about 300 mg, divided in
preferably 1= - 20 Other disclosures of phenothiazines in the area of neurodegenerative
disorders include WO 02/075318, WO 2005/030676. It was known in the art that DAPTZ compounds
can oscur intacparger i@xidise idessyabantyan mathalgec (redudad o Ustikaheforatréwas also
known that the.fellyiale Brariiaaotihesslilcssstnaditionally, Laasdnamibliabaneeempounds

could in principle have adverse haematological effects and other side effects at certain doses. WO
02/055720 (‘rrreticia b Riatss R FraReetiilaYS s Aolimisert A Hcetasis RIAPEtESof 30reduced forms
of diaminophenothiazines specifically for the treatment of a variety of protein aggregating diseases,
although thedisclosiire Q.[prlmarlly concerned with tauopathies. WO 02/055720 discusses a
preliminary pharmacokinetic model based on studies of urinary excretion data sets in humans, dogs
and f&ts by DiSanto and Wagner, J Pharm Sci 1972, 61:1086-1090 and 1972, 61:1090-1094 and
~Moody et al 3 BidibRéyinSE1888n2 ORRT A 58mipduritehanat psthatdlyentystanmn of nndthyéene blue
 which crossg il blgpekhiainRaweiiiar iNAdrRilRil atien s Rd relueesfR/Ro@atgeel on In vitro

activity -2- or the reduced forms of |am|no§ henothiazines therein, a suggested daladosage was

3.2-3.5 mg/REaRY A deagEE P50 hE e 8 M Gt ds BriToe g RRENEINTLEPTRRY *mg ratio of
ascorbic aciearesiegtivasth&mnee &stte fehimemtimoigthanyB@k aedutticpaesde indedtigrilyere also

descyibed. SHpWENeEWOAI055720 flidh Ak REaiGle B RAYE WIS ipiggeaied blood level data such
as that descrlbed by Peter et al. (2000) Eur J Olin Pharrnacol 56: 247-250 or provide a model

validated by clinical trial data. Indeed, as described below, the Peter et al. data contradicted the earlier
data from Dig88tsRFaoWespnbesdy parasetef wik @idstimiiztion, Eoteilf-tifsabtagf ebalt B&mY Physiol

Cell Physiol; 200t Yob 8 GarBferiph390G 139 s homrealitbas unaviesythraeriesneryentially reduce
and take up TC i.e. that MTC itself is not taken up by the cells but rather that it is the reduced from of

MTC that cr6S8e% the cell 15membrane. They also showed that the rate of uptake is enzyme
depéident; and that

Other disclosures of phenothiazines in the area of neurpdegenerative disorders inciude
WO 02/075318, WO 2005/030676. '

It was known in the art that DAPTZ compounds tan occur in a charged (oxidised) form
25 and an uncharged (reduced or "leuko™) form. 1t was alsc known that the celiular
absorption of these differed. Additionally, it was known that such compeunds could in

principle have adverse haematological effecis and other side effects at certain doses.

- WO 02/055720 (The University Court of the University of Aberdeen) discusses the use of
30 reduced forms of diaminophenothiazines specifically for the treatment of 2 variety of
protein aggregating diseases, although the disclosure is primarily concemed with
tauopathies. WO 02/055720 discusses a preliminary pharmacokinetic mode! based on
studies of urinary excretion data sets in humans, dogs and rats by DiSanto and Wagner,
J Pharm Sci 1972, 61:1086-1080 and 1872, 61:1090-1094 and Moody et al., Biof Psych
35 1989, 26: B47-858. It further notes that the only form of methyiene blue which crosses the

blood-brain barrier after iv administration is the reduced form. Based on in vitro activity



both MTC and reduced MTC are concentrated in cells (reduced MTC re-equilibrates once inside the
cell to form MTC). Nevertheless, the optimisation of an appropriate therapeutic dose of DAPTZ
compounds 20such as MTC, and their formulation, in particular to optimise desired activity or minimise
adverse sideHetE4té2¢omplex problems. A major barrier to this is the |BER/GBassItedsles
pharmacokinefic model. Thus it can be seen that the provision of such a model, and hence teaching
about addressing one or more of these problems; 8ould provide a contribution to the art. 25 Prior filed,

unpublished, application PCT/GB2007/001103 discloses compounds including: Me Me _Me N, Me
HCI Hc| for thegeduced forms of diaminophenothiazines therein, a suggested daiy dosage was

3.2-3.5 mg/kg, and dosages of 20 mg tds, 50 mg tds or 100 mg tds, combined with 2x mg
ratio of ascorbic acid in such a manner as to achieve more than 90% reduction prior to

ingestion were also described.

However WO 02/055720 did not provide a model which integrated blood level data such

as that described by Peter et al. (2000} Eur J Clin Pharmacol 56: 247-250 or provide a

model validated by clinical trial data. Indeed, as described below, the Pefer et al. data

contradicted the earlier data from DiSanto and Wagner as regards terminal elimination
10 half-life.

May et al. (Am J Physiol Cell Physiol, 2004, Vol. 285, pp. ©1390-C1398) showed that
human ervthrocytes sequentially reduce and take up MTC i.e. that MTC itself is not taken
up by the celis but rather that it is the reduced from of MTC that crosses the cell

i5 membrane. They also showed that the rate of uptake is enzyme dependent; and that
both MTC and reduced MTC are concentrated in cells {reduced MTC re-equilibrates once
inside the cell to form MTC).

Nevertheless, the optirnisation of an apprapriate therapeutic dose of DAPTZ compounds
20 such as MTC, and their formulation, in parlicular (o optimise desired activity or minimise
adverse side affects are complex problems. A major barrier to this is the lack of a suitable
pharmacokinetic model. Thus it can be seen that the provision of such a model, and
hence teaching about addressing cne or more of these problems, would provide a -

contribution to the art.

25
Prior filed, unpublished, application PCT/GB2007/001103 discioses compounds including:
)
Me. -
e/N ~g N\Me HCI
Me Me
30 These compounds may be considered to be a stabilized reduced form by comparison

with, for example, MTC.



PCT/GB2007/001103 describes dosage units comprising 20 to 300 mg of the DAPTZ compounds
described therein e.g. 30 to 200 mg, for example 30 mg, 60 mg, 100 mg, 150 mg, 200 mg. A suitable
dose of the DAPTZ com ound is suggested in the range of about 100 ng to about 25 mg (more
typically adout G874 UP%@%@'}%@PQ%@?&H%MW@W of theQuprel Ay €. 100 mg, 3
times deitygdrb 0oy s2deaveibatitinzrd06.01§0 2d 206w ifyr Sxampsiar:;ﬂoﬁ@mln@u neo mga fst aspect,
there is prowidegdhagise QL@aﬁnJo%@mﬂ@w&'%m@é QMH%' Bl anufacture of a

medicament for the treatment or prophylaxis of a cognitive or C disorder in a patient, wherein said

DAPTZ coﬁ%‘\.lHHQ§§é?eﬁ85tﬁBm%gmﬁ%Uﬁlf§@? Wbl gt IRBRRPDH eutically
acceptablebsditsvergimixétheslibjeRORUERTY NA 00\hEe? ROE=RAAHRTENerid\ S twkeriy e2ath one of R2,
R4, R9 and B Yigrds Whgrein each one of Rl and R9 is independently selected from: -H; unsubstituted
aliphatic C1_6alkyl; and wherein, in each group -NIR3AR3NA, if present: each one of R3N4 and R" is

mdependent@@ﬂgg dJEorB.l unsubstituted aliphatic and wherein, in.each group NR", if present,
R3NCc is m%p)iz:m‘ergy':mne%&%mr‘— unsubstituted aliphatic C1. 6ale¥$1 and Whereln in each
group -NR794, ﬁ%ﬁ%eﬁ’ptp&ee’ﬁﬂ”@&éﬁdéﬂ%ué? B et ERePE S thiga et t%é@é@éﬁnfjréﬂfhe '

‘manufacture of a medicament for the treatment or prophylaxis of & cognitive or CNS disorder in a
patient, wherein said DAPTZ compound is selected from compounds of the following formulae and

pharmaceutically acceptable salis or mixed salts:
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wherein each one of R, R*, RS and R% is -H;

wharein sach ane of R' and R® is independently selected from:
o
unsubstituted aliphatic G aliyk

and wherain, in each group -NR™R*™, f present:

R3NA RSNB 1

sach one of and is independently saiacted from:

o
unsubsiituted aliphatic C, galkyl;

and whersin, in each group =NR®, if present, R* js independently salected from:
-+
unsubsiituied aliphatic C..galky!;

and wherain, in each group -NR™R™ if nresent:

sach one of R and R™® is independently salected from:

-H;



3a unsubstituted aliphatic Ci..ealkyl; and wherein, in each group NRIN if present R7Nc it independently
selected from: unsubstituted aliphatic Ci..ealkgk and wherein X', if present, is one or more anionic
counter ions to achieve electrical neutrality, which use comprises oral administration of a dosage
unit containing saidDAPIEiedripbaititn:sitidised form as active ingredient to said patient,

wherein said dosageditreleases ateRa Q% afsaidantivaingredientyithin 80 wiputes under
standard LIS/E'U Pharmacopoeia dissolution conditions; wherein the dosage unit enhances the
relative cognitive of CNS.benefit vs. haematological effectsof the DAPTZ compound by enhancing
absorption in the stonsaictiiaisd Higheby Paiggitnites formation of DAPTZ ciimers favoured in the alkaline

conditions of fhe srallintestine apddANeTLaHIdR aserRNdasReEnBIsdsRIoYded dhe use of a

3,7-diaminophenothiazine (DAPTZ) compound in chr. rnnrmfarturp nf a meadicament for the treatment
or prophylaxi@8F&Bognitive or CNS disorder in a patient, wherein said DAPTZ compound is selected
from compounds of«thietfalewingfssmurizsicdmihisratinacé atitaiyyacodptablsirdadt sod DARET salts

thereof: 3b _wherein pachione:ghR2, R4,RA.aAdiER is sHiwhgtein each one of R1and R2is
independently selected from; -H; unsubstitutedaliphatic and wherein, in each group -NR3NAR3NA, if

present each one of E9EAGSh PRI RN B RRRR il ibeten #fwic astvmdupstiemetBimbBhtic ve and
wherein, in eathugroumblHRB#p eRENt FRSW B mele pendertty setetiiedsfrom: -H; o

whergin the dosage unit enhances the relative cognitive or CNS banafit vs.
hasmatological sfiects.of the DAPTZ compound by enhancing absorption in the stomach
and tharshy minimises formation of DAPTZ dimers favoured in the alkaline conditions of

the small intesiine and lowar gut.

Tn a second aspect, there is provided the use of a 3,7-diaminophenothiazine (DAPTZ) compound in
nt for the treatment or prophylaxis of a cognitive or CNS disorder in
a patient, wherein said DAPTZ compound is selected from compounds of the following formulae

and pharmaécuticaﬁy acceptable salts or mixed salts thereof:
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unsubstitute.d aliphatic DI.Balkyl; and wherein, in each group -NR2NAR7h14, if present: each one of
R7NA and R7NB is independently selected from; -H; unsubstituted aliphatic Ci_ealkyl; and wherein, in
each group =NRTh:, if present, R2N: is indepefidently selected from: -H; unsubstrcuted aliphatic
aksalkyl; and wherein r, if present, is one or more anionic counter ions to achieve electrical neutrality,
which use comprises oral administration of a dosage unit containing said DAPTZ compound in
oxidised form as active ingredient to said patient, wherein said dosage unit is gastroretained. 3c. In a
third aspect, there is providedgia dosage upit comprising at least 50 mg DAPTZ compound in stable
crystalline reduced form Whi%is selected from co?npounzds of the following formula and
pharmaceutically acceptable isalts e . it of R1 and Rg is independently selected from:
OfFA

-H, each of R3NA and Rgwg i%indepe' fromy: ,&@Ikyl; edbh of Rmk and R7Ng is

independently selected from:}-H, Cl alkyt, rnd 1-:D(2 is independently a protic acid: In a
fourth aspect, there is provided the Lise ef a-dosage unigazs defined above for use in the manufacture
of a medicament for the treatment or prophylaxis of a cognitive or CNS disorder in a patient, wherein.

said disorder {3 one which is gusceptble 1o treament by said 3,7- diaminophenothiazine (DAPTZ)

compound, which.use comprises oral agministration of said dosage unit containing said DAPTZ

compound in ¥t55T8 ERFStaNmer Baaee Ridrrderadmatingpissiedtitorsaid patient. In a fifth aspect, there
is provided a drug pt@iduct comprising a dosage unit as defined above wherein the dosage unit -
comprises at least %@ﬁ@ﬂ%&iﬁ%@y@%ﬁ table excipient and, as an active ingredient, said
isolated pure DAPTZ compound, which dgsa A’qnit enhances the relative cognitive or CNS benefit vs..
haematologicIEHeeR b AR fpdtind byrearatcing absorption in the stomach and thereby

~ minimising foemmatior of BAPIA differsifavouredniy theicalingrgonditions of the small intestine and
lower gut. 3dIna s_iggfth aspect, there is provided the use of a 3,7-diaminophenothiazine (DAPTZ)
compound in the manufacture of a medicament for the treatment of a neurodegenerative disorder in
the brain of a patiert?tWRefeiit iRt Sr@fvés labelling an aggregated disease protein associated
with the neuradegaseiativesdisogerisRrIF S aip-of SridPeientsuhereinsaidagoregated disease
protein is one which.is susceptible to labelling by a DAPTZ compound, wherein the DAPTZ.compound
is a DAPTZ compound as defined according to the formulae above, or a pharmaceutically acceptable
salt or mixed salt ther&stsiiir lsbatisipsay oral administration of a dosage unit containing said
DAPTZ compaunehinaixidisedtiarmasaeitelibeliediagredient to said patient, wherein saiddosage
unit releases %@ _said,astlve ingredient within, 30_minutes under standard conditions. In a
seventh aspe%%?lfhgéﬁrge%ig%roxﬁ%%e%thei%%e e&%ﬁ%ﬁig?%ﬁtggﬁ@%thiazine (DAPTZ) compound in the
manufacture of a meédicament for the treatment of a neurodegenerative disorder in.the brain of a
patient, wherein theuosebetinprististabellingiam aggregated disease protein associated with the
neurodegenerati isorder i f#e; 'L_[Ng{;&ai tient, wierein said regated disease protein is
one which is éﬂg\ggbg‘tll 1Ié(%§glé1%% n%@y a DAP g&“a'ﬁpgﬂn ?Wﬁg?gﬂg YSREFE EOMpound is a
DAPTZ compound 33 defined according to the formulae above, or a pharmaceutically acceptable salt
or mixed salt thereafnsubigit tse dipfanidsesalkgl administration of a dosage unit containing said DAPTZ

compound in ised.foim. ive-labelled ingredient to said patient, wherein said dosage unit is
gastroretaineﬂ?ﬁ%%&%?h sr%%%t{gt}%egr)rééé rprpg?/el Sathe TAESF 2 %?fgoi?ﬁt?fﬁﬁ%ﬁﬁéﬁ‘ﬁﬁiazine (DAPTZ)
compound intFE&REnufacture of a medicament for the treatment of a neurodegenerative disorder in
the brain of a patienihisheseisdhe st Gwiiﬁ@&m@ﬂiBg%@%%tm%‘s&]})ﬂE%SSOdated
with the neurggﬁggé}‘%r%tiggagé% r%%in tge l%aiin r(g}fdsai%gati_ent, wherein said aggregated disease
protein is one which Is susceptible to Fasbe?ﬁng B?/ A DA ia&%ﬁﬁ%%d, wherein the DAPTZ compound
is a DAPTZ compolifi a8 dafhéeragesvtiingaestinestsinadlae above, or a pharmaceutically acceptable
salt thereof, which use. comprises oral administration of a dosage unit containing said DAPTZ
compound in stable crystalline reduced form as active-labelled ingredient to said patient. 3e
Disclosure of the invention Methylthioninium chloride ("MTC") is the active ingredient of a proprietary

- therapeutic preparation (designated "rember ThA") being developed for the treatment of AD and -
related dementias. A clinical trial has been conducted in which therapeutic efficacy has been
demonstrated over 50 weeks of treatment in mild and moderate AD Utilising the results of this trial,
the present inventors have developed a completely novel integrated pharmacokinetic model applicable
to the human oral dosage of DAPTZ compounds including, but not limited to, MTC. The model has
major implications for defining the parameters that determine optimal oral dosing in terms of safety and
efficacy, and implies novel treatment modalities for the treatment of cognitive disorders. The new
model is shown to be accurate in that it predicts urinary excretion, and correctly predicts kinetics of the
brain tissue compartment verified by the pig study.




Briefly, the clinical trial showed that MTC has two systemic pharmacological actions: cognitive effects
and haematological effects, but that unexpectedly these actions are separable. Specifically the
cognitive effects do not show a monotonic doseleesponse relationship, whereas the haematological
effects do. The inyentors propose that distinct species are responsible for the two types of
pharmacologital %ﬁ ﬁfﬁegﬁﬂ%%ebgé’fﬂg%\égftﬁ‘?%fﬁc?ﬁ?@@@ﬁ%%%%?%r?ﬁ B rEsp saBisiefointhe
beneficial cogritieecastality; anthddT Grabsbibed as encaxidiseshdipoenis: siregiesheingd espansible for
the oxidationﬁgam%Mgw ' ﬁﬁettﬁﬁ?n%fégﬁts are mechanistically distinct, they may be -separately
manipulated such as to maximising the bioavailability of the therapeutically active (cognitively:
effective) species. Thus these findings have profound implications for the dosing of both oxidised and
leucoDAPTZ compounds, in each case such as to maximise therapeutic activity and therefore WO
2009/044127PCT/GB2008/003315 - 4 - reduring side effects by optimisation of desing regime and
formulation relevant to the agent in question Oxiqﬁsed DAPTZ com ounds - rapid dissolution forms 5
As can be seen from Figure 31A, heT[me is §°ste p losk of Predicted effidacy as the observed
percentage capsule dissolution at 3® mi ps-below ’Q!%E“f‘h's confirms that rapid dissolution is
critical for therapeutic activity and caf*be explained b ritigeifole of the stomach in the absorption
of the Methylthioninium (MT)-moiety in its 10therapeutically active form. Specifically, according to the
delayed dissolution hypothesis, a quite distinct form of MT is responsible for haematological side
effects. This was pd$t&faied to be a dimer, the formation of which is favoured in the alkaline conditions

of the small intestine and I@yy,grﬁ%_@uhﬂ;t?qg@ﬁ@g@ﬁ&h@pgﬁg{ggiﬁ@lnsi_(,d@, gt.f_%q@observed in the

clinical trial were a specific cqnseguenc the gelatine, capsule formulation used in the study (and in
particular its rate of dissol&ﬁé%l L:nesﬂee ﬁ%%%?fsrﬂ?%:r’?ﬂ%%n h ?ﬁif’&%ﬁ#@'ﬁtdi’é GHAEYMT moiety itself, if
absorbed via the stomach&28THERIORSHIR thes dessigryaienthirmprsietformtatihuatdMTC or other
DAPTZ compounds, the aga@amgﬂxog,mgddttgg,@fﬁg@%m}cgt%ux determined by the requirement
that the dissolution of the investigational medicinal product (i.e. tablet or capsule) be greater than 50%
in 30 minutes in standard conditions. 25Thus in one aspect there is disclosed a method of treatment of
a cognitive or BNSTdisbrelpedh thpatienijovidedeihesadiel disodiesds one whishrisdsusseptiblestoilreatment
by a DAPTZ ¢ i t f rally.administering to. said patient a. dosage
unit containingﬁsg}a!?c?él%ﬂAgE’'?fzacﬁggr;‘;!XEJE(%%EISt %@%%&g@%}%%ﬁﬁ%% gﬁ((\%/%xﬁﬁatrtgoﬁ%%ﬁ ’Sv%(g%n%&r Ei(rzlglsége

unit releases &eHsakt STSEHF sHid adiiosiengtedmdat witkih 30 miseRiPlinder seatdend benditibns7- The
treatment of thitago@iilie @l.GNSOISDIYT withe:slchasmtadadmsrdherelativecoaniive oL NS
benefit vs. hagmatalogical effects of t Z compoynd (see e.g. 35Figure 7). -5 - Capsule
dissolution is 210%3%%%% %)é'f’ﬁxém %ﬁjgri{%‘@ggPﬁFéP}]élgsérﬂ fﬁ@?hgﬁ&qﬁlé%%éeﬁﬁﬁge%ﬁiﬁm%v&

gastric fluid (MW&%M@-US/EU Pharmacopoeia dissolution conditions. This is described in
Example 11, 5Dosage units of this form will therefore maximise absorption in the stomach, and more
critically mininiinse ffoﬁgation of dimers which is favoured in the alkaline conditions of the small intestine
and lower gut a fifth aspect, there is provided a drug product comprising a dosage unit as defined above

wherein the dosage unit comprises at least one pharmaceutically acceptable excipient and, as an

active ingredient, said isolated pure DAPTZ compound, which dosage unit enhances the relative
cognitive or CNS benefit vs. haematological effects of the DAPTZ compound by enhancing

absorption in the stomach and thereby minimising formation of DAPTZ dimers favoured in the

alkalime conditions of the small intestine and lower gut.



Preferably greater than 95%, 90%, 85%, 80%, 75%, 70%, 60% or 50% will be absorbed 10by the
stomach in less than 30 minutes. Formulations and delivery vehicles suitable for this rapid dissolution
are discussed in more detail below. 15The amount of oxidised DAPTZ in the dosage form will be a
therapeutically-effective amount. However based# the disclosure herein it can be seen that very
high doses (where dissolution is delayed) will lead to only limited absorption of the nominal dose in the
stomach via the reductase mechanism leading to undesirable delayed absorption from the small

intestine lathighengidcyiadarmationdtdimers. 2Q Tinepraierabivihe fesaoeynit &%i%&ﬂﬁﬁﬁ less than
120 mg, g&%@ﬂ%&(g, ﬁsr% etcrllanm7$0t ng%te%ef%rlgbtl%grom 40-70 mg (e.qg.. 40, 45, 50, 55, 60, 65, or 70)
and is administere Siday OF A1day (see e.g Eiguras by B Egr TR E) éﬁfd?s@a ApgiA
compoudiengasHEeténtion tomns sehuebivlngecaspmotghiededsaisclosedhasmethed ofitreatment of a

cognitivenet:ciS-<lisordendnapatiertmheseinsaisdisorderds ang which js susceptible to treatment
by a DAPTZ campound, 3 'hicﬁ mﬁ,thod com%ises orally administeri g1o sai patignt a_dlosage unit
containing %év(iial%AsPsff FOMPEUREIHR T ot 151 HE SLTRINRS irtvaeie the WHEBTcemipaissisge unit is
gastrorefaidEtl. cofiipeunéatriefitaf theosiignitiverofdmilSneigareeowlll a-stehiasts maymise the
relative [t fit vs..haematological effects of the DAPTZ compound (see e.g.
Figure 7%%%5 %}O\%g%ag%g%%#\%%ﬁ%ﬁ#nﬁaﬁ%?&ffa gﬁ/?%%mﬁe %rlart]l e ]i SREER Y81 S TERr8 & inutes,
more preférabfy Sortegstd imoxdigeds fagmgas aotigerabslied oner Sliatnol atidns:aa, deliveiry wehicles

suitable fesgastinretentionardissussed nimasedetailbelow.fhe snaunt.of oxidised DAPTZ in the

gastroretc%i‘irLlﬂelgodgsage form will be a therapeutically-effective amount. By minimising transit to the
small intestine (lahd hence 10formation of therapeutically inactive dimers) higher loadings of oxidised
- DAPTZ are feasible. Thus preferably the dosage unit comprises at least 50, 60, 70, 80, 90 or 100 mg,

or more 62004300408, 200 BESHSEd DATTCORANIIS IS I ANt descriee

herein have implication% as regards the conventional approach to agﬁ}%v. gc% ore convenient
dosing rEYimMENE IR S THdSE he trireyiflearmdsasaratile derdetiasirableiiropatients with
dementigativho arefergEfulsanaiheries neediprompiingtotakaimadicatien. IRs-canventional approach
to 20achjgying. &MAR FANYRRISN! AORNG SOIRE (219,66Rle A ow-Telease formulation.

one which is susceptible to labelling by a DAPTZ compound, wherein the DAPTZ compound 1s a

DAPTZ compbgnd as defined according to the formulae above, or a pharmaceutically acceptable

salt or mixed salt thereof, which use comprises oral administration of a dosage unit containing said

DAPTZ compound in oxidised form as active-labelled ingredient to said patient, wherein said

dosage unit is gastroretained.

In an eighth aspect, there is provided the use of a 3,7-diaminophenothiazine (DAPTZ) compound in
the manufacture of a medicament for the treatment of & neurodegenerative disorder in the brain of a
patient, wherein the use comprises labelling an aggregated discase protein associated with the
neurodegenerative disorder in the brain of said patient, wherein said aggregated disease protein is
one which is susceptible to labelling by a DAPTZ compound, wherein the DAPTZ, compound is a
DAPTZ compound as defined according to the formulac above, or a pharmaceutically acceptable
-salt thereof, which use. comprises oral administration of a dosage unit containing said DAPTZ

compound in stable crystalline reduced form as active-labelled ingredient to said patient.



However, the present analysis indicates that, on the contrary, a standard slow-release formulation of
an oxidised DAPTZ form of a therapeutic product would essentially eliminate efficacy, as illustrated
conveniently by the properties of the 100mg capéﬁle in TRx-014-001 in the Examples hereinafter. 25
Thus, for the reasons discussed above, it would not be feasible to generate a delayed-release
formulation of an oxidised DAPTZ -based medicinal product. However, this would not be the case for
drug produiERREYEeRbtbeBYentiaR nound is in reduced form. This is because the leuco-forms of
such compounds cannot dimerise, since they are not 30'flat’ molecule do not have the charge which

permits stamgg?gm%m dipgsic @gyaw@rgsi@gw iSaieYs o J&;ﬂ%é%h%%ﬁ&speﬂ there is

disclosed a method of treatment o dnitive or CNS disorder In a patient,’'w In said disorder is

one which 8 EARRBTLREHITALEETEMDEY a B5BIREFHSY BSRRSHIGh = iRgiment of AD and related
2009/0441 2ERETISE 20 0B1283312bha7 baghicbnoethddroahigttiges arallic adiinisterng4s said patient a

dosage UniCoriaiRRGsSAI BYNRIZ.COrRRskng 1. SRS FYRiBliRg ofced form as active ingredlent

. As described below preferably the compound is such as to treat the cognitive or CNS 5disorder and to
maximise the relative cognitive or CNS benefits vs. haematological effects of the DAPTZ compound. In
particular, Bé8stotntresaixciitigshieatithe psssgubnwanitial nave albserpianaframiike:stomach would be

greatly redysed-sineedhematairivdndnend eysialinedoimnsae greaterdsg/uifiy.than the oxidised

equivalents and would n?t require the activity of the thiazine- dye reductase (May et al., 2004) which is
presumed 86X ?ﬁ%ﬁ%cgféﬂ%;%}ﬁf SHH"fE‘ber%g%MJ& to B E5R TR TEBHARIET % predicted
absorption fi¢FigarésSsyametdsstiimtaiomminfer rotintsh sl vkstsing atlyanigh ef effitaeyceitcsaperior dosing
regime coulghd pRgiachineduasihiRolaEy formeof-theasthy thipnivign sAaiety. fie-agrount of
reduced D%%‘Iégi i;Q éne dots e a]°orm c}/vill qE .Iheggpguticall -effective amount. In particular a
delayed-releasé formﬂ’fér}igflt%eﬁ?lfla &y orthereduce Y BAB P L8RPt 3 BEMEER 180-1000 mg
would in prifiefdis sbtfiedthio e doareiomegheed s ticoodelaged absorption (see Figure 38).
Thus in the light of the disclosure herein dosages of up to 1000mg or more (e.g. 100, 200, 300, 400,

500, 600, 100,800, 990,91 4000, v Helay. ot more may b sonsidered, . Preferably tis s a

slow or delag/éqy_re ease formulation1.e. release of less thar 01N ur, 2’'hodrs, 3 hours, 4
hours, 5 ho@@é'heliesisane drsresfrierEahgiesls s Bh Yo Py dIB¥Ra88Ns i@predicted that a
level of effisasat&tfie8. Ay the cognitive effects do not show a monotonic dose-response

refationship, whereas the haematological effects do. The inventors propose that two
distinct sgecies ére responéible for th_e two types of pharmacological activity: MTC
absorbed as the uncharged Leuco-MT form being responsible for the bensficial cognitive
activity, and MTC absorbed as an oxidised dimeric species being responsibie for the
oxidation of haemaoglobin.  Since these effects are machanistically distinct, they may be
-separately manipulated such as to maximising the bicavailability of the therapeutically

active (cognitively effective) spacies.

Thus these findings have profound impiicatio'hs for the dosing of both oxidised and leuco-

DAPTZ compounds, in each case such as {o maximise therapeutic activity and therefore



cog units could be achieved on a dosing regime of 100mg of the reduced DAPTZ (described as
"L-MTx form™) administered twice daily. This could also be achieved by 30dosing with 60mg 3 times
per day. Even higher efficacy levels would be expected using 100mg or higher administered 3 times
per day. The\fefié#tigtduced DAPTZ compounds of the present invent®iTGayiesnsiently be
described as being in a "stabilized crystalline reduced form" and are described in prior 35filed,
unpublished, application PCT/GB2007/001103. It-wili appreciated, however, that even these
compounds mu%autoxidi to some extent to_give the corresponding oxidized - 8 - forms. Thus, it is
ikely, i not TROSHIAB ORISR SEVEIE (SO HERS fre R BIE e EAaN FRevaBL BEorm DAPTZ
compoundsagetidnsregaiioninvention will contain, as an impurity, as least some of the corresponding
oxidized compound. 5In aspects of the present invention pertaining to these stabilized crystalline
reduced forrmy DAP ounds, these oxjdjsed DAP.TZ compounds may represent no more than
50% by Weigiﬁ(f, ’g?él.- 5 r’é??g?gr? gﬁn%%r 'C\iféfjﬁ{f’ (’eo.@f?%smore than 30% by weight, preferably e.g.,
no mére than 20% by weight, e.g., no more than 10% by weight, e.g., no more than 5% by weight,
e]-cgH no mlcwestmnb%%ew ﬁ@;lgﬁibtg@ﬂnptrﬁ%@st@%ié@&%@y afqya@ih i@hld @@oRP ADUE thag ﬁ% by Weiﬁjht
of the total DAPTZ content of the dosage form, Treatment The term "tre " as used herein in the
contoxt of thies BOAlioh: Baheas SreaIen 2o A GRCR 8 Pierady O RO, in which
some desirdtPiHiapipdiatr! Bineds EiticHieierrpestiaas iy hrdinmdiscrotined ogreadies the
condition, angkintindemmaericiierabsshicater alanagressionitat iMthemaiayohmeogress, regression of
the r,;gnditiom?1 gtlj@(ggﬂp&met%rgpndition, and cure of the condition. 20The present invention further
includes prophylactic measures (i.e., prophylaxis, prevention). The term "therapeutically-effective
amount,"” as used herein, pertains to that amount of an active compound, or a material, composition or
dosage frorf mamifipalyinarcordiedivet 25 compaidics antiish Hpoetfesiy/e: fouirradustnesemavdasired
e eUshs A AISHEAR ML Sdcareabin bne TR en A BlEte ™

accordance with a desired treatment regimen. Similarly, the term "prophylactically-effective amount,”
as used hefSiR3H8R G TP VLRI MO PLATERRASHERRD SEiERE, TPl {Rkaeing aB8MWSSition or
dosage fromutoiprisions dhedutrreatuingpmiindewiiisisefoaivie foe pliodating seme desired
prophylactieaifar! csREMRASHH BIRAIS300ab B-Rena A Nemtianshenadnyristered in

accordance with d;§sir d t;eatm nt regime The term "treatment"” includes combination

-9
treatments BAGTRErABIGaC A WATS Utt'%—o?efﬁgl’%%%ﬁﬁ?&ﬁ%tgﬁﬁé‘rm%@%@@gmt?lﬂ@ﬁ Mér example,
sequentiallyreresyistaichsonpec vimBinationagbatments are discussed in more detail hereinafter.

20 Therefore, in the design of an improved formulation of MTC or other DAPTZ compounds,
the attainment of predicted efficacy is critically determined by the requirement that the
dissolution of the investigational medicinal product (i.e, tablet or capsule) be greater than

50% in 30 minutes in standard conditions.

25 Thus in one aspect there is disclosed a method of treatment of a cognitive or CNS
disorder in a patient, wherein said disorder is one which is susceptible fo tréatment by a
DAPTZ compound,
which method comprises orally administering to said patient a dosage unit
containing said DAPTZ compound in oxidised fcrm as active ingfedient,
30 wherein said dosage unit releases at least 50% of said active ingredient within 30

minutes under standard condifions.

The treatment of the cognitive or CNS disorder will be such as to maximise the relative
cognifive or CNS benefit vs. haematological effects of the DAPTZ compound (see a.q.
35 Figure 7).



5Cognitive or CNS disorders Preferred cognitive or CNS disorders are described below. Further
neuro-degenerative disorders are described in the Examples hereinafter. 10The cognitive disorder
may be a tauopathy condition in a patient (see e.g. W096130766). As well as Alzheimer's disease
(AD), the palfibgéfeatdidt neurodegenerative disorders such as Pick's disgzgeravdsProsgressive
Supranuclear Palsy (PSP) appears to correlate with an accumulation of pathological truncated tau
aggregates in the dentate gyrus and stellate pyraridal cells of the neocortex, respectively. Other
dementias include fronto- 15temporal dementia gg_rTﬂD)' parkinsonism linked to chromosome 17
(FTDP-17); %%ﬁ%ﬁ%ﬁéa%%éﬁ%mﬂﬁ%%@m %EIPSW LriRiRaRs e Ke)2 B8RS -ponto-nigral
degeneratich#FPei Bin@atadoaitE: SyrtiiBETE; Yalkids anidpt U SEhRtegeasyptisn dRAHLBY cortico-basal
degeneratioAGiiAL anfiPIhaE dae) W ischikpR! 8. 2000, loc. cit, for detailed discussion - especially
Table 5.1). All of these diseases, which are characterized 20primarily or partially by abnormal tau
aggregation, are referred to herein as "tauopathies”. In this and all other aspects of the invention
relatifig to tBgepaRHBES pttisrtanty Wiktherripmtimakingetcateonftomithibdistonomsisting robthe indications
above, i.e., AEAMCKBiFiIREFSANEIOR of difdels WARNLE tRRRAGH BRN =AY 3Bk ddorsyneome, PNLD,
and CBD. Zs%lgi?nqgsgr%fgrrﬁg V%pbgpiment the tauopathy is Alzheimer's disease (AD). Where the
disease is any tauopa?hy,rf e mathod of treatment of the tauopathy may be such that the DAPTZ
compound causes inhibition of the aggregation of the tau protein 30 associated with said disease state
and also disselutinly gféatec@g FEIRe 9% e lara0w  1h% Patierdos sHBiRstwhHEasshird in the

Examples qﬁl% %%BE%%@J?%%W%S@%% éhown that dissolution of such aggregates is key effect in

opening a clearance pathway (see e.g. Figures 6A and 6B). 35In one embodiment the cognitive
disorder may be mild cognitive impairment (MCI) e.g. amnesbc MCI. Prior filed US provisional
application B&9daiR0S dharedtivepeaificatly suiddbleinganpotirdiRydiefereneaisiesetbeas the use of
DAPTZ compeiinds:iy=M |- While there is still discussion in the literature as to the nature of the MCI
concept (see Gauthier et al., Lancet, 2006; 367: 1262-1270; Petersen RC et al. Neuropathological
features of amnestic mild cognitive impairment. Arch Neurol 2006; 63: 665-672) MCI is recognised 5as
a vdlfd disebizeamaet by akidisdd MAPEZdefime ddsydrafoimgveliminatidegseatiofigogitiigsimpairment not

yet meetingalinieal qeiriiafasadiaonrinobisnraia, noansLmbodinent fhe iR isorder may be
a synucleinppathy such as Park&nso 'S JP sease (PD). 10 Prior filed PCT appliCation
PCT/GSZO&O%()‘?L%E" HReBi gSS&ﬁiﬂd’ﬂ&} ‘ﬁ%%FBSF%\!E 5P BPaPERHiRR) e RBRUH GRS D DAPTZ
compound$hRpitiearainieatred Rizsmtethenisyrieatinio dpatides abETddagypr utistndjathies currently

consist of thenfialievngiditesaes sit RignslesRairamithioheyifedies (DLB), multiple system atrophy
(MSA), drug-induced parkinsonism (e.g. produced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
[MPTP] or pesticides such as rotenone), and pure autonomic failure (PAF). 20Patient groups Suitable
subjects foll iHé PRABTBENIAS nsaggartibaompiiseiasstiArc b2 enstissalthactd s, less than 70,

most preferably from 40-70 mg (e.g. 40, 45, 50, 55, 60, 65, or 70) and is administered
3iday or 4/day (see e.g. Figures 29 & 30 & 32 & 386).

25 Cxidised DAPTZ compounds ~ gastric retention forms

Thus in one aspect there is disclosed a method of freatment of a cognitive or CNS
disorder in a patient, wherein said disorder is one which is susceptible to treatment by a
DAPTZ compound,

30 which method comprises ofaiiy administering to said patient a dosage unit
containing said DAPTZ compound in oxidised form as active ingredient,

wherein said dosage unit is gastroretained.

The treatment of the cognitive or CNS disorder will be such as to maximise the relative
35 cognitive or CNS benefit vs. haematological effects of the DAPTZ compound (see e.g.
Figure 7). '



Thus, for example, for AD the initial selection of a patient may involve any one or more of: 25 rigorous
evaluation by experienced clinician; exclusion of non-AD diagnosis as far as possible by
supplementary laboratory and other investigations; objective evaluation of level of cognitive function
using neurop&Eth&lBtidalRy validated battery. For MCI, representative criterfd o6 Bymdiwmsas MCI include
features: A. The patient is 30neither normal nor demented; B. There is evidence of cognitive
deterioration shown by either objectively measureddecline over time and/or subjective report of
decline by self and/or informant in conjunction with objective cognitive tests (e.g. secondary tests if
memory); C. Activities of daily living are preserved and complex instrumental functions are either intact
or minimallyAiggstivestialned fatsowNintdtdatil; et abi¢200@ dttildambdnitives35izpairmest mbeyond
controversigpeAQuE G BAQACONSUS: ECROE @b the Jnigrpational Working Group on Mild Cognitive
Impairment. J. Intern. Med. 256: 240-246). The patient will generally be one diagnosed with MCI, but
be one not diagnosed with AD (i.e. will not show dementia). The patient may, for example, be aged
over 45, 50 FganZaiiensTine gatieny neljcles sritapieiotggstrectardibogth diolleveitio ortieria in respect of:
(I) Braak stage:iBrid®ss, 2 or less, 1 or less; (i) MMSE score less than or equal to MMSE
524,25,26,27,28 or 29, more preferably less than or equal to MMSE 24,25,26, most preferably less
than or equal to MMSE 24 or 25. Diagnosis of PD is well known to those skilled in the art. 10As noted
above, the H&ROWErhexsiead RARVEt e arstivretaiketitdogage orogritheesor CNS disorder in a

patient sucmwasa:@mnaa«w@dh@e radive. @gmtm.gh%m@eﬂé \é%aaha@t@&mqm(ﬁfé%cts of the
DAP'BZ cor@(gm‘%gﬁ I&t %pé) n?ac{gg lfv t6h ng%ng c])?{'Elent a 38 H%Wélom is believed to be

at 15above average ris oglca Retwise be
exacerbatefFByHiRe Iﬁ@P’TE@BFﬁB’MF@ dI$Rgs Mltﬁ@mfﬁﬁ&ﬂb'ﬁ?ﬁhégpﬁﬂe?ﬁ rﬁ&;ﬁ@@ro‘r@ known or
believed to g, sufferiag.tarot s mmysdinagathy such as Sickle-cell disease, Thalassemia,
Methaemoglobinemia; an anemia (e.g. a haemolytic anemia); a haematological malignancy (e.g.
lymphoma, myeloma plasmacytoma or leukemia); a 20 coagulopathy such as hemophilia; and so on.
Above avergﬁ@ﬂﬁ Shéreangaes may be assessed using conventional criteria e.g. symptomatic,
gengdic, age, lifestyle, ethnicity (for example Sickle-cell disease occurs more commonly in people - or

their desconqerdardraf s b AR U SIBRALRELARAIGRT class of paient

risk of a haematO(“)3 |ca disorder would be those age over 70years old, who may be subject 25to

age-relatecPRRISATR CANTERS Hsige n?)}@fg?dcﬂﬂ?gméfaﬁf}gé@%’%rﬁ3f3ﬁbﬂ§ HPRY dEReRy vehicles
Within the diesingsggintrsrem, itheriptiptispweldesed-toraditevevitilldderatid emaarariety of 30factors

including, trufgéamlﬂi\@e{éﬁeeth@eaqwm@mgth@t@@ét!ﬁé&h@éa%P%W%z%Ma%n of the

trea?il ent g&her drugs compoun sdt%rgd/or materlal used in cqmblnatlon the severity of the

condition, an ?ﬁm%peﬂé?ég SEX°RGe. ng%fe%ondl%o%crﬁgﬁee?a? ﬁ‘géﬁﬁaaﬁéoﬁﬁﬂ?t?ﬁadlcal history of the
patient. BSWWO@%ﬁésﬁﬁit@r@}'@!? Hepian finduei tiealsier ay capbuddrdvitlowhrelaggeropriate loading,

dissolution j@mgREUAF N iRiiREO IR HEE dRaCoethabpya R RRANMIASSEYIME
2009/ 0441%%]3:%%%%%993&9\9 ﬁggt?ated conveniently by the properties of the 100mg capsule in

TRx-014-001 in the Examples hereinafter.

25
Thus, for the reasons discussed above, it would not be feasible to generate a delayed-
release formulation ‘of an oxidised DAPTZ -based medicinal product. Howeaver, this
would not be the case for drug products where the DAPTZ compound is in reduced form.
This is because the leuco-forms of such compounds cannot dimerise, since they are not
30 ‘flat’ molecule do not have the charge which permits stabilisation of the dimeric form by

charge neutralisation,

Thus in a further aspect there is disclosed a method of treatment of a cognitive or CNS
disorder in a patient, wherein said disorder is one which is susceptible to treatment by a
35 DAPTZ compound,



- 12 - those skilled in the art based on the disclosure herein using conventional technologies, and
those conventional technologies do not per se form part of the present invention. For example rapid
dissolution drug units (for oxidised or reduced DAPTZ compounds) or 5slow or delayed release,
dissolution ukks>¢f8fifdifiiced DAPTZ compounds) can be provided and t@$t& 3 @rd8sFOM
commercial sources e.g. Encap Drug Delivery (Units 4, 5 & 6, Oakbank Park Way, Livingston, West
Lothian, EH53 OTH, Scotland, UK); Eurand (Via Martin Luther King, 13 20060, Pessano con Bomago,
Milan) and so on. 1 ,Castrcg-retained ,dru%éunits are alsq widely known in the patent literature (e.g.
US6207197, uss&‘gﬁﬁﬁi’ 0RY GURRTSF A AEMIDIRITETSH A PaFeRhA SRR Ulee e.g. Davis, et
al., "Transitcehjstring aed RBT desatres fodhirs stlakde ghystadiiseratitotestine 2 Cadtj 2 @) 886:892 (1986);
Fara, "Physiological limitations: gastric emptying and transit of dosage forms" in: Rate Control in Drug
Therapy, L.E. Prescott, et.al., Eds.. Chyrchill 15Livingstone, New York (1985); Davis, S.S. (2005)
Formulatior1Ii ét?ﬁféngg oer’%‘%%%%.%%%%%%E’Eﬂ%'%?&88\?&??865&;’%6&%&‘?59/1 S latter notes
that tRe prode’sier @rtamarimipethaneaive teoniivicatNg fmndfitavdetivenatiegmahettaiisunderstood.
Dosage forgisrrdmipisteisdgeuaded stomach will have delayed emptying. A multiparticulate system,
such as one containing microspheres or pellets, can become mixed with the food 20and, as a
consequence, will usually empty with the food over an extended period of time. If the administered
particles art® BRGEURe PIFRERI e sehieofeseinhiessgiveHe tiismoetbpyidionfwithttee digested food,
and will ha\sa:toamai.bcbmﬂIwg@mmm&emﬁwlfagdﬂb@%ﬁ@&@ﬁc&r%!irﬁ@ Qﬁasrr?dv@?m&dgfs up toI ll?
mm.in size t . ty f e stomach, Exactly when t articles empty will also
dep1eg1d on %Et?gril?ngéﬁﬁﬂe&%%%%E%Be%é@%%ésp%@t%%@dvﬁﬂ%irne,qt‘ﬂ’ée s%rﬁélé#yﬁgtn%e{f’ ?Zd%%‘age form
larger than 46-F5vaiAsE 2R iRistt WhtR TR s e laaXin iIndhresieagirandtention. Such a
dosage forprasilhtbe olimweeasseppdoituiboisienmpie piaidhe) andhasdeitthestespach when the fasted
state occurs. 30A single unit system (or a multiparticulate) can empty rapidly from the fasted stomach.
Exactly when it will empty will also depend on the timing of the housekeeper wave in relation to dosing.
The open pyIBHIFHRLAMRTRIEA HPEIARHA L HehRLAGICATY SRR stepEataPRngTeRITRISRUNII have
diffi¢blty in passhirytdtosihe tmaiNitekiimeoirirthertdisyitoidoiniad)rstits. Basachamthis knowledge,
various appegasieshaye Bags &&‘Q&@%Fﬂhﬁﬁg@%@@?&%@ﬂﬂ&@mﬁ@ Aatg fyo main classes: (i)
small particles that have bioadhesive properties (and also a propensity to float on the stomach
contents); and (ii) large swelling - 13 - objects that will be retained in the stomach because of their
size. Thesé"RAEIRHGSY sRiAYe hrikjersador malaidoating Sl adthestcsicad BN T ovickeaty the
generationpieareen thoxideo ridwobichGeivpis RermRRy Perpmedhavadesribed:gastroretentive
tablets 'tha I],i ch which the tablet like ,undigested food, and won't let it pass into
the ?mall ir?t%éﬁ%ﬁ%%gﬁfgﬂ? I I‘%I%llﬁe:% '%%Sé?c?r}}ea%&b t&fl{sheeve?gcﬁb’ﬂ 56\7@% Q5P % hGeliver its
payload of $iHif) WORME R Guly 129 R9Gr888. 400, 500, 800, 700, 800, 00 or 1000 mg)
10(http://waived e pamedina-c enaiso doatsdgpiaeline.htm). These systems are based on polyethylene
oxide (PEO) in combination with hydroxypropyl methylcellulose (HPMC) to produce a
sustained-release matrix tablet that can swell. According to the company, candidate molecules include
metformin, GEERRA R 158 SIH S SeiAvaHdsersednmadaliasdenrpirass 1l leas deastsh9 thist Depomed
has28ompléted, Plhases |13 obersakthalsswithcons & dallys nrettamnis fautbe treatment of Type |l diabetes
and with once-daily ciprofloxacin for the treatment of urinary tract infections, and that new drug
applications (NDA) for both products have been filed with the FDA. The company is also conducting a
Phase II trf] ﬁﬂ[hbﬁﬁembpa'i’g FipEsmtie Sotasaesdinteh tird nwe! abeifinpanch dubabetied
scintigrapiiesstody sfuibherelbivetearse fosigeregiecgaistiometentiversablets imATalthy volunteers. The
dual-labelliggsereeadidra neTRibps-saRaralerRRATRCIIZRIORS daPIRRIR aBRRWeling. The tablets

ang.an immediate, release_control) were administered after a high-fat breakfast. Gastric residence
( 90 dosing with 618mg 3 times per Say. ven higher efficacy Ievel% would be expected using

~100mg or higher administered 3 times per day.

The preferred reduced DAPTZ compounds of the present invention may conveniently be
described as being in a "stabilized crystalfine reduced form” and are described in prior
35 filed, unpublished, application PCT/GB2007/001103. It will appreciated, however, that

even these compounds may autoxidize to some extent to give the corresponding oxidized



250f the swelling tablets was sufficiently long to deliver the drug to the upper Gl tract. Consequently,
the plasma concentration of the drug was extended and, furthermore, unlike previous slow release
formulations reported in the literature, there was no reduction in bioavailability. From a standpoint of
patient comphiarfée el Fastroretentive tablet provided gradual diuresis aH@FaBIPB8IS3tather than the
brief and intense diuresis 300f short onset time experienced by patients taking conventional immediate
release furosemide tablets Thus known gastroretabed dosage forms may be applicable to the present
invention, and in particular for use with oxidised DAPTZ forms. - 14 - While it is possible for the
diaminopheff8tkiaZifiant Ediffiouhretdnsyigsiss talyomprsitiee reaparine e daREsbreferable to
present it asrgstaling osdieadiofor kLD nomRpelekaidy tHcptssghbindesageaiintbigampsided as a
pharmaceuticgl, GomRqSIiPD(6edy HUBIRLIBRuRISRATBLG L MSiGament) comprising the DAPTZ
compound, as deScribed herein, and a pharmacedtically acceptable carrier, diluent, or excipient. In
one embodiment, the composition is a pharmaceutical composition comprising at least one
diamhopheincitpazinnfithe prapantickcaticteseritietidier ties detpiiinsdvthscrlino revared ¥6other

pharmaceutipgiy,aceepiahls ingredisnis weldmonaiodinse skllrdindhe Astripdiding, but not limited

to, pharmaceutically acceptable carriers, diluents, excipients, adjuvants, fillers, buffers, preservatives,
anti-oxidant® T BYid&IHLt &8biNe&rerebianife& sy t&ris (8 §ORdERG AGm Y Aksking agents,

colouring agesfesaiseouring ragerttsraditlsweeteghh ¢ agewts1ats theori@%ernpeeigher gtheccomposition
further comppise s gther, activaRAEeNts, forsramHRIe aolhg WbRFRREYIC ORRIBRIYeSiGR0eNts. Suitable

, diluent ipients, efc. found in stand tical texts. 20See, f le,
ook SR B A AT e AL N (R A ACH G KPS OO e

Information Resources, Inc., Endicott, New York, USA), Remington's Pharmaceutical Sciences, 20th
edition, pubtiipmiggott, Williams & Wilkins, 2000; and Handbook of Pharmaceutical Excipients, 2nd
edition, 1994. 25The term "pharmaceutically acceptable,” as used herein, pertains to compounds,
ingredients, materials, compositions, dosage forms, etc., which are, within the scope of sound medical
judgment, sli@SEYoraFsESAtcARtaEeIIBITNENIEELRN G temjet eipcdBSRoRsEES human) without
excessive tguirityiirstabamaltengicresponse muhanr preblesoras cesmplaabiepeotumansurate with a

reasonable eyl Al AL AOGAIRGI VAL L SHUBISH g Codlsh A R agogptable” in the

sense of being compati e other ingredients rmulation. The formulations may be
prepared bySaHG RIE BB R AITBARSH thBal P RPrREBIPISTEN RERTSAE AidGREmELtep of
bringing interaskoetation tiem@etitecompeurdonite ec88oarrier which constitutes one or more
accessory ingredients. In general, the formulations are prepared by uniformly and intimately bringing

into_association the active C_omPound‘ ) , )
20 The present invention further includes prophylactic measures (i.e., prophylaxis,

preveniion).

The term "therapeuticaliy-effective amount,” as used herein, pertains o that amount of an
active compound, or a material, composition or dosage from comprising an acfive

25 compound, which is effective for producing some desired therapeutic effect,
commensurate with a reasonable benefit/risk ratic, when adminisiered in accordance with

a desired treatment regimen,

Similarly, the term "prophylacticaliy-effective amount,” as used herein, pertains to that

30 amount of an active compound, or a material, composition or dosage from comprising an
active compeund, which is effective for preducing some desired prophylactic effect,
‘commensurate with a reasonable benefitirisk ratio, when adminisiered in accordance with

a desired freatment regimen.



WO 2009/044127PCT/GB2008/003315 - 15 - with carriers (e.qg., liquid carriers, finely divided solid
carrier, etc.), and then shaping the product, if necessary. As noted above, the formulation may be
prepared to provide for rapid or slow release; 5immediate, delayed, timed, or sustained release; or a
combination Hier&E ¢ bhbination therapies Combination treatments and‘fﬁ@f‘éﬁ?@%’”?ﬁ%mh two or
more treatments or therapies are 10combined, for example, sequentially or simultaneously, are
discussed in more detall hereinafter Thus it will beSunderstood that any of the medical uses or
methods deﬁ({:rl ed herejn sed in ac mbination ther%p e.g. another treatment for AD, MCI,

or PD respectively. Fto?aé mp\ rea‘f?rﬁ'e% 1R ESATRTRIS AT LY. TR EISPE compound of
the inventiofPré freaebnsbtaan mwn#aﬁh@ﬁmmw taitoinésy, sacheatialls Dosieplaiic@Asyeptr”),

Rivastigmingdisisiatand Mehehdanlaiamnes&amind Batalmera.gpapodiment, a treatment of the
invention (e.g., employing a compound of the invention) is in combination with an NMDA receptor

antagonist such as Memantine (Ebixa TM , NamendaT"). 20 In one embodiment, a treatment of the
invention (5P 98fAYikG'a FemBsiand 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

I T e L g e

inhibitor of am ursor protein processm o enhancec?gener Ion of beta amyloid).
Example Dﬂﬁ?ﬂ%’éﬁfﬁ&%ﬁ@gé e EraTRieH E?é?ﬂf?fén oxidised and reduced DAPTZ compounds

- can be conveniently illustrated using MTC, a phenothiazin-5-ium salt. This may conveniently be

d
Conaigereq InbeanR eI RSP R R oG e

10thenoth|a2|ne compound [-10H-phenothiazine- 3

convenientty&& M@H‘%%‘é‘%a?@dﬁ@é&%ﬁﬁ Ogﬁ'@s‘ﬁeﬁd@éﬂwnﬁﬂ\@ﬂé%tlon

such as Pick’s disease and Progressive Supranuclear Palsy (PSP) appears to correlate
with an accumulation of pathological truncated tau aggregates in the dentate gyrus and
stellate pyramidal cells of the neocortex, respectively. Other dementias inciude fronto-
15 temporal dementia (FTD); parkinsonism linked to chromosome 17 (FTDP-17);
disinhibition-dementia-parkinsonism-amyotrophy compiex (DDPAC); paliido-ponto-nigral
degeneration (PPND); Guam-ALS syndrome, pallido-nigro-iuysian degeneration (PNLD);
cortico-basal degeneration (CBD) and others (see Wischik ef al. 2000, loc. cit, for detailed
discussion - especially Tabie 5.1}, All of these diseases, which are characterized

20 primarily or partially by abnormal tau aggregation, are referred to herein as “tauopathies”.

In this and all other aspects of the invention relating to tauopathies, preferably the

tavopathy is selected from the list consisting of the indications above, i.e., AD, Pick's

disease, PSP, FTD, FTDP-17, DDPAC, PPND, Guam-ALS syndrame, PNLD, and CBD.
25 '

in ane preferred embodiment the tauopathy is Alzheimer's disease (AD).

Where the disease is any tauopathy, the method of freatment of the tauopathy may be
such that the DAPTZ compound causes inhibition of the aggregation of the tau protein
30 associated with said disease state and aiso dissolution of tau aggregates in the brain of
the patient or subject. As described in the Exampies below, the present inventors have
shown that dissolution of such aggregates is key effect in opening a clearance pathway

(see e.g. Figures 8A and 6B},

35 in one embodiment the cognitive disorder may be mild cognitive impairment (MCl) e.g.
amnestic MC1L. Prior filed US provisional application 60/945,008 (herein specifically



(-H2 + FiCi) This aspect of the invention pertains to certain diaminophenothiazine compounds and
5analogs thereof, having one of the following formulae, and pharmaceutically acceptable salts,
hydrates, and solvates thereof (collectively referred to herein as "diaminophenothiazines" or
"diaminophet&tAE2{f e ‘Edmpounds”): R8118 R1 R8I ..,. | Rme."le81A NS'CT/H§20# PR3 R6R4 R3NS
-17 - Formula (1) depicts compounds in a reduced form, whereas each of Formulae (2), (3), and (4)
depicts compounds in an oxidized form. In one emBodiment, the compounds are selected from
compounds of formula (1)1 ang‘éjharmaceuticall acceptable salts, hydrates, and solvates thereof.

In one embBERMBRSHhEY (SRFNRUSSERETdRE %8?%’8%6%8%“8%“%%%‘(2)(‘61"%5‘?1%%(1
pharmaceuticiilydiscessitalitetzalitsraye e s; thedsoleathedéfd shrinephsenbadimeest athe compounds

artle si:Iecttﬁgaﬂ@%sn%@gapﬁ@ﬂ@@fé{gﬁ@g@é@g@?@%@gﬁﬂﬁ@ﬁ%’ M;@&ESﬁ@aWﬁe_ §f|yﬁs% hydrates, and
solvates thereof. one of the above structures is only gne of many equivalent resonance
structures, %’Haeéﬂ%'f’@ﬁ‘h?ﬁ% CiIERYEY 'Pi ééﬁﬁ%&iﬁb% sseg%ﬁﬁgéﬂgbﬁggmé?ﬁfé’%lﬁ%%ture. For
exaniple, sauatvaid (@yeasnigrosidptimdriy edtivaineddsohriing Smiturssrsonheaghilivich are shown
below, andialbafrdicibeget MeRHRILIRIES ancrTBAs SR Msaluiciska Y. 20

in one embodiment the CNS disorder may be a synucieinopathy such as Parkinson's
Disease (PD).

10
Prior filed PCT application PCT/GB2007/001105 (herein specifically incorporated by
reference) describes the use of DAPTZ compounds for the treatment of PD and other
synucleinopathies.

15 The synucleinopathies currently consist of the foliowing disorders: PD, dementia with

Lewy bodies (DLB), mulliple systemn atrophy (MSA), drug-induced parkinsonism (e.g.
produced by 1-methyl-4-phenyl-1,2 3,6-tetrahydropyridine [MPTP] or pesficides such as

rotenone), and pure autonomic failure (PAF).

20 Pafient groups

Suitable subjects for the method may be selected on the basis of conventional factors.

Thus, for example, for AD the initial selection of a patient may involve any one or more of:
25 rigorous evaiuation by experienced clinician; exciusion of non-AD diagnosis as far as
possible by supplementary laboratory and other investigations; objective evaluation of

level of cognitive function using neuropathologically validated batiery.

For MC!, representative criteria for syndromal MCl include features: A. The patient is

30 neither normal nor demented; B. There is evidence of cognitive deterioration shown by
either objectively measured decline over time and/or subjective report of decline by self
and/or informant in conjunction with objective cognitive tests (e.g. secondary tests if
“memory); C. Activities of daily living are preserved and complex instrumental functions
are either intact or minimally impaired (see also Winblad, B. et al. (2004) Miid cogniiive

35 impairment — beyond controversies, towards a concensus: report of the international
Working Group on Mild Cognitive Impairment. J. intern. Med. 256: 240-246). The patient



N_R"AR64 R"'B -18- R" NI7N R6R4R3NB Carbon Ring Atom Substituents 5In each one of the
above formulae, each one of 1:21, R2, R4, R6, R8, and R9 is independently selected from: H; -F; -Cl;
-Br; -1; -OH; -OR; 10-SH; -SR; C(=0)0H; -C(=0)0R; 7C(=0)NH2; -C(=0)NHR; -C(=0)NR2;
-C(=0)NR"'RN2ABMRHE7 NHR; -NR2; -NR8nR812; -NHC(=0)H; -NRC(=BfH/CRIB (G} -NRC(=0)R;
R; wherein each R is independently selected from: unsubstituted aliphatic C1_6alkyl; substituted
aliphatic Cl_salkyl; S

will generally be one diagnosed with MCI, but be one not diagnosed with AD (i.e. will not

show dementia). The patient may, for example, be aged over 45, 50, 55 years. The

patient may be one meeting one or all of the following criteria in respect of; (i) Braak

stage 3 or less, 2 or less, 1 or lessg; (i) MMSE score less than or egual to MMSE

5 24,2526 27 28 or 28, more preferably less than or equal to MMSE 24,25 26, most

preferably less than or equal to MMSE 24 or 25,
Diagnosis of PD is well known to those skilied in the art.

10 As noted above, the methods of the present invention are intended to freat a cognitive or
CNS disorder in a patient such as to maximise the relative cognitive or CNS benefit vs.

haematological effects of the DAPTZ compound.

in various aspects of the invention the patient may be one whom is believed to be at

15 above average risk of a haematological disorder, the effects of which may otherwise be
exacerbated by the DAPTZ compound. Thus (without limitation) the patient may be one
known or believed tc be éuﬁering from a haemoglobinopathy such as Sickle-cell disease,
Thalassemia, Methaemoglobinemia; an anemia {e.g. a haemolytic anemia); a
haematological malignancy {e.g. lymphoma, myeloma, plasmacytoma or leukemia); a

20 coaguiopathy such as hemophilia; and so on. Above average risk of such diseases may
be assessed using conventional criteria e.g. symptomatic, genetic, age, lifestyle, ethnicity
(fqr example Sickle-cell disease occurs more commonly in people - or their descendants -
from parts of the world such as sub-Saharan Africa). A particular class of patient at risk
of a haematological disorder would be those aged over 70 years oid, who may be subject

25 to age-related anemic conditions {(e.g. myeloid dyéptasia).
Dosage, formulations and delivery vehicles

Within the disclosure herein, the precise selecied dosage level will depend on a variety of
30 factors including, but not limited fo, the activity of the particuiar DAPTZ 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, gensral heaith,

and prior medical history of the patient.

35 Drug or dosage units (e.g., a pharmaceutical tablet or capsuie) with the appropriate
. loading, dissolution, or gastroretention properties described above can be provided by



20unsubstituted aliphatic C2_6alkenyl; substituted aliphatic C2.,salkenyl; unsubstituted C3.6cycloalkyl;
substituted C34cycloalkyl; unsubstituted C610carboaryl; substituted C6.10carboaryl; unsubstituted
Cs_Icheteroaryl; substituted C5.10heteroaryl; unsubstituted C6.l0carboaryl-C1..4alky1; substituted
C5.10carboa®RCLA4igF 25wherein, in each group -NR8n1R6'9, indepe REEHHB2MBMaHd 1:2812
taken together with the nitrogen atom to which they are attached form a ring having from 3 to 7 ring
atoms. Examples of groups -NR8r1RN2, whereint ¥¢m and R612 taken together with the nitrogen atom

to which th I for arl ving from 3 to 7.ring.atoms, include: pyrrolidino, 30piperidino,
piperazino ?T‘érp ia(ﬁlno p rro § bs?ltagfcgsfgrr?nhser%ﬁ'c g §Rf)2ﬂ%§{ﬁ?ﬁéﬁ% %ggﬁch as N-methyl

piperazino. and ¢hosg W@Wﬁ%ﬁfé}ﬁl‘?’@@@h dmechPeR3e RPPPeREIREeant Reeiitndependently
selected from: -H; 5-F; -Cl; -Br; -1; -OH; -OR; -C(=0)0H; C(—O)OR' -R. 10In one embodiment, each one

of RI, R2 6. R nden elec dfom ne embadiment, each R is
mdependeﬁﬁy%g ecte g?n%’ﬁ%géugiu?ﬁt d m% %rﬁ%x feéaﬂ'ky? %d H}\?L%acﬁ&?aﬁ'c% éalkyl

unsuBstltuté&"éﬂ%Wﬁ@@z‘e@&%rﬂ%%’@@ﬂta’t‘é&l @Wﬁﬁﬁﬂ%@%ﬁl@’e‘?ﬁfﬂnﬂ?ﬁgd@s@ﬁm@@ Ca_6cycloalkyl;
substituted f23vibey clantkyle@ Girvaee fambagimeniapashdede ndapapdentnealesiqdfem:

unsubstiteck ROl P RSHEEH HENA s G salled dn oo mbedimenl, gaeh R i
independently selected from; - iIPr. In one embodiment, eac IS Independently
selected fro(ﬁg thar téujg, 13 20060 Pessano con Bornago, Milan) and so on.

1G Gastro-retained drug units are also widety known in the patent literature (e.g.
US6207187, US5972389) and general literature, and have been for many years — see
e.g. Davis, et al., "Transit of pharmaceutical dosage forms through the small intestine”,
Gut, 27 (8):886-892 (1986); Fara, "Physiological limitations: gastric emptying and transit
of dosage forms" in: Rate Control in Drug Therapy, L.F. F‘re'scott, et al., Eds_, Churchill
15 Livingstone, New York (1885); Davis, S.S. (2005) Formulation strategies for absorption
windows Drug Discovery Today 10:248-257. This Iatier notes that the process of Gl
transit in humans and its implications for drug delivery are now well understood. Dosage
forms administered to a fed stomach will have delayed emptying. A multiparticulate
system, such as one containing microspheras or pellets, can become mixed with the food
20 and, as a consequence, will usually empty with the food over an extended period of time.
if the administered particles are large, they will not be able to pass through the
constricted pylorus with the digested food, and will have to wait until the stomach is empty
and in the fasted state. In general, particles up to 10 mm in size can be expected to
empty from the fed stomach. Exactly when the particles empty will also depend on their
25 number and their relative positions within the stomach. Hence, a dosage form larger than
15-20 mm and administared with food is expected to achieve gastroretention. Such a
dosage form will then have an opportunity to empty after the foed has left the stomach

when the fasted state ocours.

30 A single unit system (or a multiparticulate) can empty rapidiy from the fasted stomach.
Exactly when it will empty will also depend on the timing of the housekeeper wavs in
relation to dosing. The open pylorus has a diameter of 15 mm in humans. An object
greater than this size will have difficulty in passing into the smaill intestine in the fasted (or
fed) state. Based on this knowledge, various approaches have been devised for

35 gastroretention. These fall into two main classes: (i) small particles that have bicadhesive
properties (and also a propensity to fioat on the stomach contents); and (i) large swelling



In one embodiment, the C4.6alkyl group is a Ci-talkyl group. In one embodiment, the Cmalkenyl group -
is a C2.4alkenyl group. In one embodiment, the Cs.6cycloalkyl group is a C3_4cycloalkyl group,
30Examples of unsubstituted aliphatic C1_6alkyl groups include: methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-BYRRCSERBIR, tert-butyl, n-pentyl, iso-pentyl, tert-pentyl, neRHEHHRIABIYAI 180-hexyl, etc.
WO 2009/044127PCT/GB2008/003315 - 20 - Examples of unsubstituted C3_6cycloalkyl groups
include: cyclopropyl, cyclopropyl-methyl, cyclobutyi cyclopentyl, cyclohexyl, etc. In one embodiment,
the C6.10carboar oup.is a C6carboaryl group, 5In one emhodiment, the C6_10heteroaryl group is
2 Cs. chetel BT R b S BRI I S ReE S Pr DRI TeSL I BYEUSS R e
C6carboarynight ##p1 RgiedieniinoERaraprsisiisu nsudistipineds0 dy 10z gevesayom dapeinclude: phenyl,
naphthyl. 18kxagiples of unsubstituted Cs_loheteroaryl groups include: pyrrolyl, thienyl, furyl,
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl. Examples of unsubstituted C610carboaryi-C1.4alkyl groups include: benzyl, phenylethyl.
15 InPone eMBSHipERtveRtRITRPANSEREIRE avg descaliphatstuEBativ tatliptsdiaiGy@dtkenyl,
C34cycloalind stomakboaniparyktECmevasiarnay i diddJi08 asba adil Gan ¢k DAtEinsgrendently

CLONHR ?“Laaii?n‘*o%%e;%?ﬁég%%ﬁg-ﬁ%&%f?%‘s‘f’s‘?ﬁﬁ“ﬁﬁ%ﬁ R 2 AL o). NRC(-O)
-NHC(:O)FQQ’NQ@F:@MH fsg é&SHjF@Ei’s(’ﬁ?é@’ﬁjéﬁéé‘ﬁﬁ’Vﬂéﬁlected from: 30unsubstituted aliphatic
C1.6alkyl; substituted aliphatic C1.6alkyl,

10 (hitp:/~ww . depomedinc.com/products_pipeline him).

These systems are based on polyethylene oxide (PEQ) in combination with
hydroxypropy! methyicellutose (HPMC) to produce a sustained-release mairix tablet that
can swel. According to the company, candidate molecules include m.etformin, gabapentin
15 ciprofloxacin and furosemide. Recent press releases state that Depomed has compieted
Phase Hl clinical trials with once-daily metformin for the treatment of Type 1i diabetes and
with once-daily ciprofloxacin for the treatment of urinary tract infections, and that new
drug applications (NDA) for both products have been filed with the FDA. The company is
also conducting a Phase Il trial with the diuretic furosemide.
20
A recent abstract has described a duai-tabelied scintigraphic study of controlied release
furosemide gastric retentive tablets in healthy volunteers, The dual-labelling procedure
permitted separate characterization of the erosion and swelliing. The tablets (and an
immediate release control) were administered after a high-fat breakfast. Gastric residence
25 of the sweilling tablets was sufficiently long to deliver the drug to the upper Gl tract,
Cansequently, the plasma concentration of the drug was extended and, furthermore,
uniike previous slow release formulations reported in the literature, there was no
reduction in bioavailability. From a standpoint of patient compliance, the gastroretentive
tablet provided gradual diuresis and natriuresis, rather than the brief and intense diuresis
30 of short onset time experienced by patients taking conventional immediate release

furosemide tablets.

Thus known gastroretained dosage forms may be applicable to the present invention, and
in particular for use with oxidised DAPTZ forms.
35



unsubstituted aliphatic C2_6alkenyl; substituted aliphatic C2_6alkenyl; unsubstituted Cmcycloalkyl,
substituted Cmcycloalkyl; unsubstituted C6_10carboaryt; substituted C6.19carboaryl; unsubstituted
C5A0heteroaryl; substituted C5.10heteroaryl; 35unsubstituted C6.10carboaryl-C1_alkyl; substituted
C610carboalyREW ' PaftyT. -21 - wherein, in each group -NRIN1IR'N2, ind8paH{e&8s/093341 and R'N2
taken together with the nitrogen atom to which they are attached form a ring having from 3 to 7 ring
atoms. In one embodiment, optional substituentd4e.g., on aliphatic Cimalkyl, aliphatic Cimalkenyl,

5C3. 6cyc|o%<h}ll C6. 1OCarboar leehetero ar I C6.10carboaryl-C14alkyl) are independently
selected fro ST 1CROSEiRle for F'F dERNIBIGEAZRYE) SRPRYIM 1Brke BRtEdE®hent, optional
substituentadaigistered]ipleatciCimetkyhrefepdizd coQiresikeit s € 8cboysddiatkyt, i@Guli8darboaryl,
C510heteroaryl, C6.40carboaryl-C14alkyl) are as defined above except that each R is independently
15 Rspos tutedb%) {)hatlc glmal l; unsubstituted aliphatic C2.6alkenyl; unsubstituted

selected fr ; b
C3mcycloac}5nkrﬁ eﬂ%sﬂ&l PR IS Pﬁﬁﬁ*&%’?&&@%“fﬁ ‘é%?%ﬂﬂs’mf?s%bsfltuted
C6_ Xocarb&umilalipa diigpalationerestisetientipoptisnaltiseiBRRiEnte feoundrealiehatteCimalkyl,

aliphatic Chéaikenih £shamvsleatidnCRdrasRoame CaniahetereabhidnbAocarboaryl-C1_4alkyl) are

as defined above except that each R' is independently selected from: 25unsubstituted aliphatic
Cimalkyl; unsubstituted aliphatic C2_6alkenyl; unsubstituted C3.6cycloalkyl.  In one embodiment,
optional subsffifeTpeigesntig shapedinndig iPapteateTirhetkenndilico 3oy o aliighst
C6_10carbeasyidaibdpheisnaasdimteokfisarnoary bsskdrlraie, asdelinediiave sxsept that each
R"is indepep ﬁieq_ sels bstituted ali ha Clma substjtuted I|p atic Cimalkyl.

In one embo rgﬁ% op%tl%’ﬁgg %]gt Egalr%i)tg @gre oerqggfv%a T ?mazﬂi a%ﬁé}tlc mglkenyl

35C3. 6cyc|@5|k9‘PQ:§‘E@8&FH&*§ﬂ/F°CR%ﬁ@f@I‘BW @@%@é\%@%{'ﬁw@ dilsntarecsienttined

adjuvants, fillers, buffers, preservatives, anti-oxidants, lubricants, stabiiisers, soiubilisers,
surfactants (e.g., wetting agents), masking agents, colouring agents, ﬂavduﬁng agents,
and sweetening agents.

15
tn 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.

20 See, for example, Handbook of Pharmaceutical Additives, 2nd Edition (eds. M. Ash and |.
Ash), 2001 (Synapse Information Resources, inc., Endicott, New York, USA)},
Remington's Pharmaceutical Sciences, 20th edition, pub. Lippincott, Williams & Wilkkins,
2000; and Handbook of Pharmaceutical Excipienis, Z2nd edition, 1994,

25 The term “pharmaceutically acceptabie,” as used herein, pertains to compounds,
ingredients, materials, compositions, dosage forms, etc,, which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of the subject in
question (e.g., human) without excessive toxicity, irritation, allergic response, or other
problem or complication, commensurate with a reasonable benefit/risk ratio. Each

30 carrier, diluent, excipient, etc. must also be “acceptable” in the sense of being compatibie
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
35 carrier which constitutes one or more accessory ingredients. In general, the formuiations

are prepared by uniformly and intimately bringing info association the active compound



above, except that each R’ is independently selected from: -Me, -Et, -nPr, and -iPr. - 22 - In one
embodiment, optional substituents (e.g., on aliphatic Ci_olkyl, aliphatic C1.6alkenyl, C3_6cycloalkyl,
C6.10carboaryl, Cs_loheteroaryl, C6.10carboaryl-C1_alkyl) are as defined above except that each R is
independently@étettddiffom: -Me and -EL 5 In one embodiment, each onBGT$RZIRZIRAS R5, RS, and
R9 is independently selected from: -1-1, -Me, -Et, -nPr, and -Pr. In one embodiment, each one of
Rl, R2, R4, R6, R6, and R9 is independently seteiéted 10from: -H, -Me, and -Et. In one embodiment,
each one of RI, R2, R4, R6, R8, and R9 is independently selected from: -H and -Me, 15In one
embodimefithrEigse i fodicsidcamess. Berfvipss solfl TR -RiCIn BIENSR SBAIMEME all except two
of Rl, R2, PdfRf,iREcasehR9 is -H. In one embodiment, all except one of R1, R2, R4, R6, fe, and R9
is -H. In one embodiment, each of RI, R2, R4, le, fe, and R9 is -H. 20Amino Groups In each one of the
above formulae, in each group -NR9R4R3NB, if present, each one of R3NA and R3NB is
independeﬁﬂﬁ?q'iqdcﬁbé’é"?jg*ﬁﬁmw&%r‘f&aﬁﬁ’%Prfﬁg@f,&oé?{ﬂ“l‘gﬁ/ff’él@wqé’éé{ﬁ‘ﬁ|’ AT the nitrogen atom
to which theynatizaitdelyddoimed rimgdrdaineg heders@;tor a 26minnatiomieFest. example, in one
embodiment, in each group -NR3NAR3NS5, if present, each one of R3NA and R3NB is independently
as defined above for R; or R9I4A and R3NB taken together with the nitrogen atom to which they are
attached f&?ﬁ@’?ﬁ{’@%g\ﬂﬁf}”ﬁ%m 3 to 7 ring atoms. 30 For example, in one embodiment, in each
group -NR3NAR3NBT if present, each one of R3" and R3NB is independently selected from: -H;

unsubstituteg-aliphatiGehnfiateyinauhstistadiaiphatics sl rdaunsubstitutadealipbatiesC2_6alkenyl;
substituted ali hat'cf02.6alke|nyl; unsu?si ituted C éGngWa”é}/g gggstgtuéeld CgréGBXt%Iﬁ)alkyl; - 23 -
uns%stituﬁ.ga’%%? 085%3?9?5%%%%%8 ol rT)any ;‘unsubsﬁ?uteedrbng wheteroaryl; substituted

C6.10hetehersiiiians byttt coundrraiensthat enveikyes, vadisaless comeesririsitetaalkyl;  or
R3NA andiR2iMBriakes dogethersuiibiig ditieges, atgnatoareadheynarer altached dorp a 5ring having
o 3 1o TSR~ coreamale Jnane FMRMERioINERD MAURARTAARSNG, I presen.
each one ST IR3NA and RaRE' mc?epen ently selecte f?om: uns '%’tfitu_t d aliphatic C1.6alkyl;
substituted@fﬁﬁﬁ%ﬁ:@ﬁ‘f@ﬁ@?on) is in combination with a cholinesterase inhibitor such as

15 Donepezil (Aricept™), Rivastigmine (Exelon™) or Galantamine (Reminyl™;).

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

20
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
25 invention) is in combination with an inhibitor of amyloid precursor protein to beta-amyioid
{e.g., an inhibitor of amyloid precursor protein processing that leads to enhanced

generation of beta-amyloid).

Example DAFPTZ compounds

30
The relationship between oxidised and reduced DAPTZ compounds can be conveniently
ilustrated using MTC, a phenothiazin-5-ium salt. This may conveniently be considered
to be an “oxidized form” when considered in respect of the corresponding 10H-
phenothiazine compound, N,N,N',N'-tetramethyi-10H-phenocthiazine-3,7-diamine, which

35 may conveniently be considered to be a “reduced form™:



10unsubstituted aliphatic C2_6alkenyl; substituted aliphatic C2.6alkenyl; unsubstituted C3_6cycloalkyl;
substituted C3.6cycloalkyl; unsubstituted C6_10carboaryl; substituted C6.10carboaryl; unsubstituted
C6.10heteroaryl; substituted C6_10heteroaryl; unsubstituted C6.10carboaryl-CiAalkyl; substituted
C6.10carboaf- 2444yl 150r R3NA and R3NB taken together with the RRAIGERLROATXG which they
are attached form a ring haying from 3 to 7 ring atoms. In another example, in one embodiment, in
each group -NR3NAR3NO if present, each one ofiR3NA and R3NB is independently selected from:
20-H; unsubstituted aliphatic C1.6alkyl; substituted aliphatic C1_6alkyl; unsubstituted aliphatic
C2_6alkenyl; substituted aliphatic C2.6alkenyl; unsdﬁ:)stituted C3_6cycloalkyl; substituted
C3.6cycloalkyl; or RmA and 1:23"B taken0getier with, the nitrogen atom to which they are
attached form a 25ring haﬁﬁg}ﬁ‘ém 3 1Q.7 risherk@(ample, in one embodiment, in each
group -NR3NAR3NB, if pre§° , each on?a‘}bf RMA dhd es’is ilfdependently selected from:
unsubstituted aliphatic C1.6alkyl: substitutéel aliphatic C1.6alkyt 30unsubstituted aliphatic Cmalkenyl;
substituted aliphatic C2.6alkenyl; unsubstituted Csi ) @ﬁ?ﬁ/l; substituted C3_6cycloalkyl; or R3NA
and R3NB taken together with the nitrogen atom tofwhicéh they are attached form a ring having from 3
to 7 ring atoms. WO 2009/044127P. T/682008/003i§15 - 24 - -H; unsubstituted aliphatic Cl6alkyl,
unsubstituted aliphatic Ozbgéc}gggyl; nsubstititedE3.6¢yctoalkyl; 508 R3NA and R3NB taken together
with the nitrogen atom to w é the amaa}} shed é -l»: 218 Rawiélg fror3 to 7 ring atoms. 3NB,

TC) | @ g
Me Me

16

This aspect of the invention pertains to certain diaminophenothiazine compounds and
5 anatogs thereof, having one of the following formulae, and pharmaceutically acceptable
salts, hydrates, and solvates thereof (collectively referred to herein as

“diaminophenothiazines” or "diaminophenothiazine compounds”):
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In another example, in one embodiment, in each group -NR3--NA Rif present, each one of R3NA and
R3NB is independently selected from: 10unsubstituted aliphatic Cl_salkyl; unsubstituted aliphatic

C2 6a|keny| unsubstituted Cmcycloalkyl; or R3NA and R 3" taken together with the nitrogen atom to
which they a0 AP Form a ring having from 3 to 7 ring atoms. 15 In JHot{EFASHARE, in one
embodiment, in each group -NR3NAR3NB, if present, each one of R3NA and IR3"B is independently
selected from: -H, -Me, -Et, -nPr, and -iPr. In anothér example, in one embodiment, in each group
-NR3NARBSIES, if present, each one 20of R3NA and R3"B is independently selected from: -H, -Me,
and -Et (e.g., -NR3NAR3NA is -NH2, fHMe, -NMe2, -NHE, -NEt2, or -NMeEt). In another
example, in one embodiment, in_gach roup -NR3NAR3"6, fpresent each one of R 3NA and R3NB is
independently selected from: -H arn ) R3N H2, 25 HMe, or -NMe2). In precise
analogy, in each one of th abb\ef i eagh greats NR AR7N |f present, each one of
R7NA and R7NB is independently - r %Ieflned above for R; or R 7NA and R7NB taken together
with the nitrogen atom to which tiré\} aFFe attached forrT™a ri g 30having from 3 to 7 ring atoms. For
example, in one embodiment, in each group -NR7BIAR714B, if present, each one of R7NA and R7NB
is independently as defined above for R; or R7NA and R7NB taken together with the nitrogen atom to

which theyf%‘?n%%ag?@g Bfé‘l:éH RRVING QMR 41 NERINSa 3P M Pmutae (2), %
2009/044127PCT/ 32008/003 15-25- @&f’g? embodlment -NR3NARmMs and -NR7NARMB, if both

present, ara"‘&.ﬁ@r%?ﬁﬁ‘ﬁ ‘é%[ERO(')‘HSSd?ﬁﬂg% Sffulae, in each group =NR3wc, if present, R3Nc is
independently -H or as defined above for R. 5 For example, in one embodiment, in each group
=NR3N, ifi@%%&N@ﬂ&ﬂ%ﬁtﬂﬁﬂ@é?@s@@&%@ﬁ%&ﬁ%&ds of IdTRILRXAMBHR, in one
embodlmen in eac tg{g %ID\I N R I Cy {é)re?a R3rrtljc IS nide ??ndeptly 10selected from: -H;
unsubstitut® oa anﬁeLﬂ'c i sﬁbéi halC Ches %rrefsubstltuted aliphatic C2.6alkenyl,
substituted aliphatic C2. 6a|keny| unsubstituted Cs_ecycloalkyl substituted C3.6cycloalkyl;

in one embediment, the compounds are selected from compounds of formula (2} or (3),

N

10 and pharmaceutically acceptable salts, hydrates, and solvates thereof.

in one embodiment, the compounds are selected from compounds of formula (4), and

pharmaceutically accepiable salts, hydrates, and solvates thereof,
15 Each one of the above structures is only one of many equivalent resonance structures,
and all of which are intended to be encompassed by that representative structure. For

example, structure (4} is only one of many equivalent resonance struciures, some of
which are shown below, and all of which are intended to be encompassed by struciure

(4):
R1
R2 N R?
R7NA . 3NA X @ (4-B)
N N NG
51 @ R4
R R
R N R’
RTNA RSNA x @ (4-{:)
SNF s N
® )
R R

20




15unsubstituted C6_10carboaryl; substituted 06 120arboaryl unsubstituted Cs_wheteroaryl;
substituted C6.10heteroaryl; unsubstituted C6_10carboaryl-C1.4alkyl; substituted
C6.10carboaryl-C1.4alkyl. For example, in one embodiment, in each group =NR3Ng, if present,
1:23"c is indBSeHt&AHE P0selected from: unsubstituted aliphatic Ci_salkyPSUSaHetaddIphatic
Cimalkyl; unsubstituted aliphatic C2_6alkenyl; substituted aliphatic C2_6alkenyl; unsubstituted
C3.6cycioalkyl; substituted C3_6cycloalkyl; unsubgituted C6_10carboaryl; substituted
C6_10carboaryl; 25unsubstituted Cs_loheteroaryl; substituted Cs_ioheteroaryl; unsubstituted
C6_10carboaryl-C14al substltu@d C6 10§arboaryl- 1 4alkyl. In another example, in one
embodiment, in each grpup = |}|R3|C |f ht, R3Nc ig independently selected from: 30-H;
unsubstituted aliphatic €l_oalkyk ; e ic Ci e%l%«k unsubstitu q) liphatic C2_6alkenyl;
substituted aliphatic C2; Ratken , . lo substitute Cmcycloalkyl 35In another
example, in one embodjment,Nn each gfoup ENR @lf resent, Rmc is independently selected from:
WO 2009/044127PCT/GB200g/008315 - 26 Runsebétituted aliphatic C1.6alkyi; substituted aliphatic
Cl.e,alkyl; unsubstituted aliphatic 02.6alkenyl; substituted aliphatic C2_6alkenyl; unsubstituted
C3.6¢cycloalkyl; substituted C3_6cycloalkyl. 5In another example, in one embodiment, in each group
=NR3Ne, |fdgl%§g%rfeﬂy&ﬁssl9g§,p@}ggntly selected from: -H; unsubstituted aliphatic C1.6alkyl;
unsubstituted allphatlc C2_6alkenyl; 10unsubstituted Cmcycloalkyl. In another example, in one
embodiment, in each group =NR3N(g, if present, R3Nc is independently selected from:

5 in each one of the above formulae, each one of R', R*, R* R® R® and R%is

independently selected from:
_H;
~-F; -Cl, -Br; -f;
-OH; -OR;
10 -SH; -SR;
-NO;;
~C(=O)R;
-C{=0)OH; -C(=0)OR,;
~C(=0)NH,; -C(=0)NHR; -C(=O)NR;; -C(=0)NR"' R,

15 -NH,; -NHR; -NR;; -NRY'RY,
-NHC(=O)H; -NRC(=O)H; -NHC(=O)R; -NRC(=O)R;
..R"

wherein each R is independently selected from:
unsubstituted aliphatic C4.salky!; substituted aliphalic Cysalky!;
20 unsubstifuted aliphatic C,salkenyl; substitutad‘aiiphattc C,ealkenyt:
unsubstituted Cs.scycloalkyl; substituted Cs;scycloalkyl;
unsubstituted Cg qpcarboaryl; substituted Cqqocarboaryl;
unsubstituted Cs.oheteroaryt: substituted Cs. oheteroaryl;
unsubstituted Ce.qocarboaryl-C,alkyl; substituted Cs.iocarboaryl-C,_.alkyl:
25 wherein, in each group -NRV'RM? independently, RY" and R™ taken together with the

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

Examples of groups -NRV'RY, wherein RM and R™ taken together with the nitrogen atom
to which they are attached form a ring having from 3 to 7 ring atoms, include: pyrrolidino,
30 - piperidino, piperazino, morpholing, pyrrolyl, and substituted forms, such as N-substituted

forms, such as N-methyl piperazino.



unsubstituted aliphatic C1_6alkyl; 15unsubstituted aliphatic C2.6alkenyl; unsubstituted Cmcycloalkyl.
In another example, in one embodiment, in each group =NRThc, if present, R3Nc is independently
selected from: -H, -Me, -Et, -nPr, and -iPr. 20 In another example, in one embodiment, in each group
=NR3NCc, if préséHty/'t=ide is independently selected from: -H, -Me, and -BX(&$R2609RBMIS is =NH,
=NMe, or =NEt). In another example, in one embodiment, in each group =NlI:talc, if present, Fec
is 25independently selected from: -H and -Me (e.d8 =NR3Nc is =NH or =NMe). In precise analogy, in
each one of the above formulae, in each group =NR7Nc, if present, RThic is independently as defined
above for R'N" 30Nitrogen Ring Atom Substituent Also, in precise analogy, in each one of the above
formulae, Wion# preseiheistiedeipendentty, as defiréRéhnveHbIsRaexadBme seiedéd For example, in
one embodjment, RN, if present, is independently selected from: -H, - Me, and -Et. 5For example, in
one embodiment, RN1, if present, is independently selected from: -H and -Me. For example, in one
embodiment, RN'T'T‘f present, is independently -H. 10Counter lon X-, if present, is one or more anionic
courtier ions to achie@ dectrical neutrality. Examples of suitable anionic counter ions are discussed
below under the n%giM;Salts". 15 In one embodiment, X is independently a halogen anion (i.e., a
halide). In one embodiment, XI is independently Cl, Br, or In one embodiment, k is independently Cr.
20In one embodiﬁ%ﬁg)lqg;ihﬁgﬁaﬁgéntly NO1. Isomers Certain compounds may exist in one or more
particular geometiit, optical, enantiomeric, 25diasteriomeric, epimeric, atropic, stereoisomeric,
tautomeric, conformational, or anomeric forms, including but not limited to, cis- and trans-forms; E- and
Z-forms; c-, t-, and r-fcgfms; endo- and ?ﬁ@?ﬂﬁs i};{3-1,Rg,-,a%gcézmeso-form(i_é D- and L-forms; d- and

I-fo r? s: ( +)!n one embodiment, each one o “1s independently selected

from:
-H,
-R.
15 irn one embodiment, each R is independently selected from:

unsubstituted aiiphatic Ci.ealkyl; substituted aliphatic Cs.ealkyl;
unsubstituted aliphatic Casalkenyl; substituted aliphatic Cysalkenyl;
unsubstituted Cqscycloalkyl, substituted C, ecycioalkyl.

20 in one embodiment, each R is independently selected from:

unsubstituted aliphatic C,salkyi; substituied aliphatic C. salkyl.

in one embodiment, each R is independently selected from: -Me, -Et, -nPr, and -iPr.
in one embodiment, each R is independently selected from: -Me and -Et.
25
in one embadiment, the C,saiky! group is a Cialkyl group.
In one embodiment, the C,zaikenyl group is a Coalkenyl group.

in one embodiment, the Cyecycloalkyl group is a Cascycloalkyl group.

30 Examples of unsubstituted aliphatic Cigalky! groups include: methyl, ethyl, n-propy|,
iso-propyl, n-butyl, iso-buty!, sec-butyl, teri-butyl, n-pentyl, iso-pentyt, tert-pentyl,

neo-pentyl, hexyl, iso-hexyl, etc.

Examples of unsubstituted aliphatic Caealkeny! groups include; propen-1-yi, propen-2-vi,
35 buten-1-yl, buten-2-yl, buten-3-yi, etc.



and (-) forms; keto-, enol-, and enolate-forms; syn- and anti-forms, synclinal- and anticlinal-forms; a-
and 13-forms; axial and equatorial forms; boat-, chair-, twist-, 30envelope-, and halfchair-forms; and
combinations thereof, hereinafter collectively referred to as "isomers" (or "isomeric forms"). Note that,
except as distU88YB#ISIv for tautomeric forms, specifically excluded frofCtHEEapAs Pisdmers," as
used herein, are structural (or constitutional) isomers (i.e., isomers 35which differ in the connections
between atoms rather than merely by the position8f-atoms in space). For example, a reference to a
methoxy group, -OCHS3, is not to be construed - 28 - as a reference to its structural isomer, a

hyd roxymegfﬁﬁ?@fp‘?f-@%ﬁy%%ﬁﬁw%apgf%?'aﬁ’é’é AR ELHRY PR A IOV S B ¥ onstrued as a
reference t@YeiobtriyGtayalbimnivbGysietesshletophenyl. However, a reference to a class of structures
may well include structurally isomeric forms falling within that class (e.g., Cijalkyl includes n-propyl
5and iso-propyl; butyl includes n-, iso-, sec-, and tert-butyl; methoxyphenyl includes ortho-, meta-, and
para—metho&y%%e%@ﬁ?q‘ﬁ'grgb% CERERIERAHEEL RS %éFFQW?B'%Q 8HReric forms, for example, keto-,
enol and dnenaemhediner. ilefén akatnisiarytisectolliswifgdaicomaariopairs: keto/enol (illustrated
10below), imiBedastasainmeatnisetniRABIGHNAE, aadigeiamidine,aikesQlaxi Ry ijRlsptone/enethiol,
N-nitroso/hydroxyazo, and nitro/aci-nitro. ,0,O0HHV0" -C-C/C=C \ /C=C \ \11+ ketoenolenolate Note
that specifically included in the term "isomer" are compounds with one or more 15isotopic
substitutions*3oRiex ShijrubstiHiag Be- it HRYISH piToraiudscRviRY. DERIEMD), and 3}-1(1); C may be
in any isotopic form, including 11C, 12C, 13e,, and 14C; 0 may be in any isotopic form, including 180
and,180; a ' rWis ifi ference 1o a particular compound includes all
sucﬁ%zoiso%%%?ﬂ%%r%ﬁ%@%%%% v\\%éﬁégaf gp%'ﬁ%f@jgr%a@g‘?rﬁ% ﬁér%rlgﬁettp'r%{ﬂu%ﬁthereof. Methods for
the prepardﬁb??f@iﬂ:,‘%‘?9%&?P@%?Hfhé@%?*ﬂn6%‘8]@5?%W‘(§@‘§{Lﬁﬁa’éﬁdh@w&?§ﬁélIisation and
chromatogaypimaiimegansidetisych isomeric forms are either known in the art or are readily obtained by
adapting the methods taught herein, or known methods, in a known manner. 25

Examples of unsubstituted Cg_iocarboaryl-Cqalkyl groups inciude: benzyl, phenyiethy!.

15
In one embodiment, optional substituents (e.g., on aliphatic Cqealkyl, aliphatic C,.salkeny!,
Cascycloalkyl, Cqspcarboaryl, Cs.ioheteroaryt, Ce.qpcarboaryl-Cy4alkyl) are independently
selected from:
-F, -Cl, -Br; -l;
20 -OH; -OR™
~SH; -8R’
-NO,;
-C(=0O)R";
_ -C(=0)OH; -C(=O)OR"; :
25 -C(=O)NH,; -C(=O)NHR’; -C{=O)NR',; -C{=O)NR"MR™M,
-NHy; -NHR’; -NR'y; -NR™MR™N2:
-NHC(=0O)H; -N'RC(=O)H; -NHC({=0)'R; -N'RC{(=OVR;
R
wherein each R’ is independently selected from:
30 unsubstituted aliphatic C.salkyl, substituted aliphatic C,salky!;

unsubstituted aliphatic Coealkeny!; substituted aliphatic C, salkeny!;
unsubstituted C;scycloalkyl; substituted Csscycloalkyl;
unsubstituted Cs socarboaryl; substituted Cy.socarboaryi;
unsubstituted Cs.yoheteroaryl, substituted Cs pheteroaryl;
35 unsubstituted Cq.qpcarboaryl-C,salkyl; substituted Ceq rocarboaryl-Cysalkyl;



Salts It may be convenient or desirable to prepare, purify, and/or handle a corresponding salt of the
compound, for example, a pharmaceutically-acceptable salt. Examples of 30pharmaceutically
acceptable salts are discussed in Berge at al., 1977, "Pharmaceutically Acceptable Salts," J. Pharm.
Sci. Vol. 66, PP, #029+NF0 2009/044117PCT/G132008/003315 - 29 - Forksx&itipesihehe compound is
anionic, or has a functional group which may be anionic (e.g., -COOH may be -Com, then a salt may
be formed with a suitable cation. Examples of suitélble inorganic cations include, but are not limited to,
alkali metal ions such as Na+ and K, .alkaline earth cations such as Ca2+ and MgZ2t, and other cations
such 5as AMISERa SR GretREle dRgarifderemsiaiibcRideamliRardaksn ipsrttaiifionium ion
(i.e., NH44)rétrebsoilagitute disiohtrayiar attasHed dorin B 3R hAlitd R34, NioIRdng M™Y. Examples of
some suitable substituted ammonium ions are those derived from: ethylamine, diethylamine,
dicyclohexyiamine, triethylamine, butylamine, ethyienediamine, ethanolamine, diethanolamine,
piperazine, BN FIRAET AR ADIREAL SHERHHENSHE fheon BlREETG ey aRbatie fatilisayas well as
aming acids;-sopticysihaaateatyinihe e eday fle ofateamhtnajudtera ayeaanstim ion is
N(CH3)4+ Ifdheeampaund is cationic, or has a functional group which may be cationic (e.g., -NH2
may be -NH34), trlg_n gts I'gﬂmay be formed with a suitable anion. Examples of suitable 15inorganic
anions include, but ar&'ndt litited to, those derived from the following inorganic acids: hydrochloric,
hydrobromic, hydréibdi€Bulfuric, sulfurous, nitric, nitrous, phosphoric, and phosphorous. Examples of
suitable organic anipag)neiudg=biybare not limited to, those derived from the 20following organic
acids, 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic, camphorsulfonic, cinnamic, citric, edetic,
ethanedisulfonic, ethanesulfonic, fumaric, glucheptonic, gluconic, glutamic, glycolic, hydroxymaieic,
hydroxynaphthalene carboxylic, isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic,

mucic, oleign @x%alimpadimitiat, RpHIGIS, seaRialbRs G Phenvaselic, MNeRYISHIRRt: BIQRIING, Pyruvic,

salicylic, 25ste 5: 5 Cjhic, %Lf rg_}!'c tartaric, toluenesulfonic, and valeric. Ex les of suitable
polymeric ora'gl%%cdan%ghs ?ﬁ”c% é?a s ;L’t%sfggr?c{) ﬁ?%ﬁlg?%‘,’ct 0se ZCEVeaEF ¥§oer‘ﬁetﬁse%%%%%v%ng polymeric
acids: tanniRPI¥d SX5eBLRARAFY RedlndrrerTRat seipeiar drerty also be provided in the form of a
mixed salt (i.e., thensobspntslaipBaica@daration with a salt, or another salt). For example,

methyl-thioninium&@@é@&@@gim@@@z@%g palt (MTZ) is a mixed salt of methyl-thioninium chloride
(MTC), a chloride salt, and another salt; zinc chloride. Such mixed salts are intended to be

encompassed by H’i‘é%w{”‘%‘ﬁ&ﬁﬁ&‘f'ﬁﬂ@éhtically acceptable salts thereof'. - 30 - Hydrates and

Solvates It may bercohetinienCar dashaié to prepare, purify, and/or handle a corresponding 5solvate

of the active compaynkkiifiedermnevaler is used herein in the conventional sense to refer to a

complex of solute €.9..£9 und, salt ot compound) and solvent. If the solvent is water, the solvate
T e R B sy - ni

may be convenien I)? reter o xample, a mono-hydrate, a di-hydrate, a tri-hydrate,
etc.

In one embodiment, optional substituents (e.g., on aliphatic C,salkyl, aliphatic C, salkenyl,
Cascycloalkyl, Ce.qocarboaryl, Cs.qpheteroaryl, Cq.qpcarboaryl-Cqqalkyl) are as defined
above, except that each R’ is independently selected from:
25 unsubstituted aliphatic Cqsalkyf;
unsubstituted aliphatic C,salkenyl;
unsubstituted C, sevcloalicyl,

In one embodiment, optionai substituents (e.g., on aliphatic C,salkyl, aliphatic C, satkenyl,
30 Ca.scycloalkyl, Cgqocarboaryt, Cs.ioheteroaryl, Coqocarboaryi-C,.4alkyl) are as defined
above, except that each R’ is independently selected from:
unsubstituted aliphatic C,salkyl; substituted aliphatic C,salkyl.

in one embodiment, optional substituents (e.g., on aliphatic Csalky!, aliphatic Csalkenyt,
35 Cs.scycloalkyl, Cs.qocarboary!, Cs.ioheteroaryl, Cyqocarboary!-C.,alkyl) are as defined
above, except that each R' is independently selected from: -Me, -Et, -nPr, and -iPr.



10Unless otherwise specified, a reference to a particular compound also includes solvate forms
thereof. In all embodiments, a preferred oxidised diaminophenothiazine Is MTC. 15Preferred
stable crystalline reduced DAPTZ compounds Preferred compounds are described in prior filed,
unpublished™&pPiéatd PCT/GB2007/001103, and are 3,7-diamino-10HESHERBIEZHé1Eompounds of
the following formula: 7NA R R7Ne.-N  ,RA N-.R3N13 HX1 HX2 20 wherein: each of RI
and R9 is independently selected from: -H, Clalky¥ C2.4alkenyl, and halogenated Calkyl,

each of RNA and R3NB is independently selected from -H, C14alkyl, C24alkenyl, 25and halogenated
ClAalkyl; each of R7NA and R7independently selected from -H, C14alkyl, C2_4alkenyl, and
halogenateltl G £aikytimach eftianal snbskMenis (adeperalphtiiccCakstiviasitthattiGlakemteutically

acceptab|e@%ﬁ?@@@lﬁﬁ,’[%zfﬁé%m{ﬂﬂ?@?{ﬂﬂ&‘éﬁ@?y!j@_;gcarboaryi—CMaikyt) are as defined
above, except that each R' is independently selected from: -Me and -Et.

in one embodiment, each one of R', R?, R* R® R®, and R® is independently selected
from: -H, -Me, -Et, -nPr, and -iPr.

in one embodiment, each one of R! R2, R* R® R®, and R is independently selected
10 from: -H, -Me, and -Et.

in one embodiment, each one of R', R*, R*, R®, R®, and R® is independently selected

from: -H and -Me.

15 in one embodiment, all except four of R', R%, R*, R®, R®, and R®is -H.
tn one embodiment, all except two of R' R? R* R® R® and R%is -H.
in one embodiment, ali except one of R', R? R R® RS, and R®is -H.
In ocne embodiment, each of R', R?, R*, R® R® and R%is -H.

20 Amino Groups

in each one of the above formulag, in each group -NR*™R®*® if present, each one of
R*A and R*™® is independently -H or as defined above for R; or R*™ and R™® taken
together with the nitrogen atom to which they are attached form a ring having from 3 {0 7

25 ring atoms.

RSNAR3NB RSNA

For example, in one embodiment, in each group -N . it present, each one of
and R*™® is independently as defined above for R; or R*™* and R®"® taken together with

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

30
For example, in one embodiment, in each group -NR*™AR*®™® if present, each one of R™
and R*™® is independently selected from:
-H;
unsubstituted aliphatic Cysalkyl; substituted aliphatic Cisalkyl;
35 unsubstituted aliphatic C.salkenyl, substituted aliphatic C, ¢alkenyl;

unsubstituted C; scycloalkyl; substituted C, scycloalkyl;



Without wishing to be bound to any particular theory, the inventors believe that it is possible, if not
likely, that the compounds exist in the following form:  7NA O R Rj 0,R3NA N,R 3N8 5Although the
DAPTZ compounds are themselves salts, they may also be provided in the form of a mixed salt (i.e.,
the DAPTZ ilf 8afiiBit#aioh with another salt). Such mixed salts are intend&eitEBEBREdHDassed by
the term "and pharmaceutically acceptable salts thereof'. Unless otherwise specified, a reference to a
particular compound also includes salts thereof. 183he DAPTZ compounds may also be provided in
the form of a solvate or h_}/drate. The term "solvate" is used herein in the conventional sense to refer to
a complex of solut¥' TG et ROV SUERIBLRMGY uFRIFENt. If the solvent is water, the solvate
may be convenienthpubftituta (Gsashelérpdral ssulmtioitenplehataromgihydrate, a di-hydrate, a
Lothydrate, etc. ddgsaleny seAnayIRe. AkplRRER Q- PALIRLIAARNRA also includes
solvate forms F&Ig,e\reoé. 3N§r{ %%e tembtgdiment the C|4alk¥l groups are selected from: linear CiAalkyl
groups, such as -Me- TEt, APt 8¢ RaviEhe piReFA WG disv g atirphad f9PR 2iBu, -sBu,
and Z0-113l&heviegdlienc3 alkilegabups, such as -cPr and -cBu. In one embodiment, the C2.4alkenyl
groups are selected from linear C1_4alkenyl groups, such as -CH=CH2 (vinyl) and -CE12-CH=CH2

(ally1). 25In.gne embodiment, the halogenated C1.4alkyl giouns are selected from. -CE3, -CH2CP3.
and -CR2CE S ot MR BB LS OGN, Chc o et R Rclenty -H.

-Me, -Et, oratsiy IisénreapnbeminasiectetiadtR1 and R9 is independently -H, -Me, or -Et. - 32 -

unsubstituted aliphatic C,galkyl; substituted aliphatic C,qalkyt;

10 unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.salkeny!;
unsubstituted C; scycloalkyl; substituted C; seycloaiky;
unsubstituted Cg.spcarboaryl; substituted Cg.sgcarboaryt;
unsubstituted Cs.qoheteroaryl; substituted Cs_(sheteroary!:
unsubstituted Ce.qoCarboaryl-C,atkyl; substituted Cq.qocarboaryl-C._alkyl;

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

ring having from 3 to 7 ring atoms.

In another example, in one embodiment, in each group -NR* R if present, each one

RﬂNA and R3N8

of
20 -H;

unsubstituted aliphatic C,salky!; substituted aliphatic C,salkyt;

is independently selected from:

unsubstituted aliphatic C, salkenyl; substituted aliphatic C, calkeny!;
unsubstituted C; scycloalkyt; substituted Csscycloalky!;
or R*™ and R*® taken together with the nitrogen atom to which they are attached form a

25 ring having from 3 to 7 ring atoms.

tn another example, in one embodiment, in each group -NR*™R™2, if present, each one

RSNA and RBNB

of is independently selected from: _
unsubstituted aliphatic Cyealky!; substituted aliphatic C,.salkyl;
30 ' unsubstituted aliphatic C..ealkenyl; substituted aliphatic Co.salkeny!;
unsubstituted Cjscycloalkyl, substituted Cg,acycioélkyl;
or R*™ and R*"® taken together with the nitrogen atom to which they are attached form a

ring having from 3 to 7 ring atoms.

35 in another example, in one embodiment, in sach group -NR*™AR™E if present, each one

of R®™ and R*™® is independently selected from:



In one embodiment, Rl and R9 are the same. In one embodiment, Rl and R9 are different.-5In one
embodiment, each of R1 and R9 is independently -H. In one embodiment, each of R1 and R9 is
independently -Me. In one embodiment, each ofand R9 is independently -Et. The Groups R3NA and
R3NB 10 Eati{’SfRE/fAZand R3NB is independently selected from: -H, CIIKGE2@Ba83kENYi, and
halogenated ClAalkyl. In one embodiment, each of R3NA and R3NB is independently selected
from: Calkyl, 15C2.4alkenyl, and halogenated GI#&alkyl. In one embodiment, each of R3NA and IR3N8
is independently -Me, -Et, -nPr, -nBu, -CH2-CH=CH2, or -CF3. 20In one embodiment, each of R3"A
and R3NB is indéﬁéndently -Me, -nPr, -nBu, -CH2-CH=CH2, or -CF3. In one embodiment, each of
R3NA and R3NBussiigsinestisinthatide, galkidt. 25In one embodiment, R3NA and IR3NB are the same.
_In one embodim%ﬁ%%%&g&%q@@ﬁﬁ{ent. In one emb(_)d@ment, each of R3NA and R3NB is
independently -Me. In one embodiment, each’ of R3NA and lea is independently -Et. 30 The Groups
em and leis EachBp9fiAes e royRepty independently selected from: -H, Clalkyl, C24alkenyl, and
haldgjenated &E1* d4adkiy? ' +8@n togettersithdokminigeaabroftd SfichribteR ZMRiadhde fiemcdently selected

from: Cl4glkyh Lo gARlkeayd Apgghalpgenated Cl talkyl. In one embodiment, each of R7NA and
R7NB is independently -Me, -Et, -nPr, -nBu, 5-CH2-CH=CHZ2, or -CF3. In one embodiment, each of

R7NA and R7NB is independently -Me, -nPr, -nBu, -CH2-CH=CH2, or -CF3. 10In one embodiment,
each of R7h anctie7 BBrimiade perdenthdiMebin Etchrgons eNERNB it iRERA. aachRAB are the

same. In ogezemiadigient R NB _rdiferent. 15In one embodiment, each of R7" and
R7NB is independenttl% bo irpent, each of R7NA and R7N5 is independently -Et. In one

-Me. In, )
embodiment, R3NEERY %?\Ié]'é)ﬁacef‘%g]ﬁﬂ rd R7" are the saint-.

unsubstituted afiphatic C,salkenyt;
unsubstituted Cs.ecycloalkyl,
or R*¥ and R*M® taken together with the nitrogen atom to which they are attached form a
ring having from 3 to 7 ring atoms.
15

RSNAR:‘!NB

in another example, in one embodiment, in each group -N , if present, each one

RSNA and RSNB

of is independently selected from: -H, -Me, -Et, -n¥r, and -iPr.
in another example, in one embodiment, in each group -NR*™R*® if present, each one
20 of R*™ and R*™8 is independently selected from: -H, -Me, and -Et (e.g., -NR*™'R™ i5

-NH;, -NHMe, -NMe,, -NHEt, -NEt;, or -NMek:f).

tn another example, in one embodiment, in each group -NR*™AR3E _if present, each one
of R*™ and R™® is independentiy selected from: -H and -Me {e.g., -NR™R™ is .NH,,
25 . -NHMe, or -NMe;).

in precise analogy, in each one of the above formulae, in each group -NR™R™E if
present, each one of R and R™® is independently -H or as defined above for R; or R™"
and R™® taken together with the nitrogen atom to which they are attached form a ring

30 having from 3 to 7 ring atoms.

R?NARTNB R?NA

For exampie, in one embodiment, in each group -N , if present, each one of
and R™®2 is independently as defined above for R; or R”™ and R™® taken together with
the nitrogen atom to which they are attached form a ring having from 3 to 7 ring atoms.

35

In one embodiment, -NR™R™ and -NR™R™E if poth present, are the same.



20In one embodiment! Fe" and R3N8 and R7NA and R7NB are as defined herein, with the proviso that
at least one of R3NA and R3N13 and R7" and R7NB is other than -Et. Optional Provisos 25In one
embodiment, the compound is as defined herein, but with the proviso that: R3NA and R3m3 and
R7NA and RSB 2ach -Et. In one embodiment, the compound is FEAETHOOENEFSIR, but with
the proviso that: if: each of R' and R9 is -H; 30then: F23" and R3NB and R7" and R7NB are not each
-Et. The Groups -N(R3NAt(R3NB) and N(RmA)(RﬁYs) In one embodiment: 35each of R3" and R3N8 is
independently C1..4alkyl, C2.4alkenyl,.or halogepated C1.4alkyl; each of R7NA and R7NB is
independefft ér@f ﬂ&’ﬁ’eﬁtz h‘ﬁke &nﬁé r%ted'@f@d?k?ﬁer\%@e different.

2009/044127PCT/GB2008/003315 - 34 optionally with the proviso that at least one of R"A and R"B

and R7NA&%'B$&7ngbﬁr@ES6JQ@&nﬁﬁaH‘ ABETIRAmGAOqaRQLRrand R3NS is independently
-Me, -Et, -nPr, -nBu, -CH2-CH=C1-12, or -CE3; each of RINA and R7NB is independently -Me, -Et,

-nPr, -nBu mgﬁq@ngﬁqﬂtﬁfr&s ?ﬁgﬁegﬁﬁ(?ﬁ% @f\‘f’mh the proviso that at least one of R"A and R"B and
R7NA and R"B is other than -Et. 10In one embodiment: each of R3NA and R3145 is independently

-Me or 'Et;ﬁﬁ@ié?ﬁﬁg %%@WAN%@PWF&BW =Nieor 1 Qatipraly mﬂaéb&as&wo that at
least one of R qu\l?gq R7" and R7" is other than -Et. 15 In one embodiment, the groups

-N(RSNA)(?fS R7") are the same. In one embodiment, the groups -N(R3")(R3") and
-N(R7")(R7") are dlfferent 20In one embodiment, each of the groups -N(R"A)(R"B) and -N(R7")(R7") is

independenty selagiedritene ehbddaiheM Bileabi BRORZ ~NHBY)2 orhlMaER NV elnipeh Rty
-N(GH2CH= (l:H2 In one embodiment, the groups -N(R"A)(R"B) and -N(R7")(R7") are the same,
and are 25|nc?epend%ntly selected from: -NMe2,-N(nP02, -N(Bu)2, -NMeEt, -NMe(nPr), and
-N(CH2CH=CI-12}%.

unsubstituted aliphatic C,salkyl; substituted aliphatic C,.zalky!;

unsubstifuted aliphatic C,salkenyl; substituied aliphatic C,salkenyl;
unsubstituted Cyecycioalkyl; substituted Csscycloalky!;
15 unsubstituted Cg..ocarboaryt; substituted Cqpcarboaryl;
unsubstituted Cs ypheteroaryl; substituted Cs.oheteroaryl,
unsubstituted Gy carboaryl-Coalkyl, substituted Ce.yscarboaryl-Coaalkyl

R3S if present, R*™C s independently

For example, in one emboediment, in each group =N
20 selected from:
unsubstituted aliphatic C,.ealkyl; substiiuted aliphatic C1.salkyl;
unsubstituted aliphatic C.salkenyl; substituted aliphatic Cz.gaikenyi
unsubsh’tu’ted Cascycioalkyl; substituted Cygocycioalkyl;
unsubstituted Cepcarboaryl; substituted Cg yocarboaryl;
25 unsubstituted Cs.qpheteroaryl; substituted Cq (gheteroaryl;

unsubstituted Cs.igcarboarvi-C,alkyl; substituted Cg.ipcarboaryl-C, salkyl.

R3NC R3NC

in another exampile, in one embodiment, in each group =N , If present, is
independently selected from: -
30 -H;
unsubstituted aliphatic C,salky!; substituted aliphatic C, salkyl;
unsubstituted aliphatic Cealkenyl substituted a!ibhatic Casalkenyl;

unsubstituted Cs.scycloalkyl; substituted Caqcycioalkyl.

35 In another example, in one embodiment, in each group =NR™C, if present, R*™“ is

independently selected from:



In one embodiment, the groups -N(R3NA)(R3") and -N(R7")(R7") are the same, and are independently
selected from: -NMe2 and -NEt2. 30 In one embodiment, each of the groups -N(R3A)(R3") and
-N(R7")(R7) is: -NMe24 In one embodiment, at least one of the groups -N(R"A)(R"B) and -N(R7")(R7")
is other than ¢B#?"4487 |n one embodiment, each of the groups -N(R3NAJIRB2p & t3315
-N(R7NA)(n7NE3, 1-C) is other than -NEt2.  For example, in one embodiment, the groups
-N(R3NA)(R3NB) and -N(R7NA)(R7NB) are the-5%ame, and are selected from: -NMe2, -N(nPr)2,
-N(Bu)2, -NMeEt, -NMe(nPr), and -N(CH2CH=CH2)2, The Groups HXI and HX2 10Each of HX1 and
HX2 is independéfifybs it ABRplE kanibtds BiosFofiedrigaatic fudd!dr example, inorganic acids,
such as hydrohaligeasigiaiée. gliphtdé, ¢ Baikery; nitte tacieti( Bie83, Sulahenic; acid (H2S04), and
organic acids, su rhon | ti ' H3COOH). In one embodiment, each
of HX1 and HX2 i%n?gggqﬂggﬁfsgﬁgﬁ&%ﬁggg%I%'Bg%@eggrﬁ%odiment, each of HX1 and HX2 is
independently a hydrohalide acid (i.e., a hydrohalic acid) In one embodiment, each of HX1 and HX2 is
independemtiynseiectedfisa) i Gie B bodintkht|.itneacte gronipodiRENL gt R B are the same. 25In
one embogli h%@g@&%&m different. In one embodiment, HX1 and HX2 are the same, and
are independently selected from HCI, HBr, and I-Il. In this case, the compound (a
diamino-phenothl'&ine compound) may conveniently be referred to as a "diamino-phenothiazine
bis(hydrogen haligesusatiti80 aipbate dhdadidiment, HX1 and HX2 are each HC!. In this case, the
compound may coRy@RisntY B raiRreeddeeas@ "diamino-phenothiazine bis(hydrogen chloride) salt.
In gne embodiment, HX1 an§#+x2 %e[ e@ch HBr. In this case, the compound may 35conveniently be
reféited to as a "8&%?ﬁ8t}ﬁﬁ FRISIIAG is(hydrogen bromide) salt". WO
2009/044127PCT/GB2008/003315 - 36 - In one embodiment, FIX' and HX2 are each HI. In this case,

the compojsnchier eRavBRISAbhO e FetalkRehtoiRe srdirminavpieNathiazine RMthydrogen iodide) salt”.
independently selected from:;
unsubstituted aliphatic Cysalkyl;
15 unsubstituted aliphatic C,.salkenyl;
unsubstituted C,scycloalkyl. |

In another example, in one embodiment, in each group =NR¥C, if present, R™ is

independently selected from: -H, -Me, -Ef, -nPr, and -iPr.

20
in another exampie, in one embodiment, in each group =NR*° if present, R*C is
independently selected from: -H, -Me, and -Et (e.g., =NR® is =NH, =NMe, or =NEt).
in another example, in one embodiment, in each group =NR*°_if present, R*C is

25 independeritly selected from: -H and -Me (e.g., =NR™C is =NH or =NMe).

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

R™C is independentiy as defined above for R*C,

30 Nitrogen Ring Atom Substituent

Also, in precise analogy, in each one of the above formulae, RN, if present, is

independently as defined above for R*™® (or R7NC).

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

unsubstituted aliphatic C,galkyl.



Some Preferred Combinations 5 In one embodiment: each of Rl and R9 is independently -H, -Me, or
-Et; and each of the groups -N(R31")(Fe) and -N(R7A)(R79) is independently -NMe2 or -NEt2. 10In
one embodiment: each of Rl and R9 is independently -H, -Me, or -Et; and each of the groups
-N(R3IIA)RED LHH 4R 7NA)(R7s) is independently -NMe2. In one embBafffeR0a5838H of Rl and R9
is independently -H; and each of the groups -N(R3195(R3NB) and -N(R7NA)(Rn4B) is independently
-NMe2 or -NEt2. In one embodiment: each of RI-&id R9 is independently -H; and 20each of the
groups -N(R3h/A)(R3"19) and -N(R71A)(R7N9) is independently -NMe2. In one embodiment: each of
RI and R9 is independently -H, -Me, or -Et; and each of the groups -N(R3I9A)(R3"9) and
-N(R7NA)(Reigxamipideinamaeriahodinsy B “NErresehhislindeneofen)y apidctexd Irisinttependently
selected frapa He&d,-HBr, and HI. In one embodiment: each of Fe and R9 is independently -H, -Me, or
-Et; and tiANeNA 30each of the groups -N(R3)(R3) and _N(R7)( ea) is independently -NMe2; and
each of HX1 and HX2 is independently selected from HCI, HBr, and HI. In one embodiment: each of
R1 ahd ROfenisNappiedsrene-sradimseh &) Ofitmecgrot s ingRamyRgNepaied INIRTOANR7NO) is
independengh -NMe2 or -NEt2] and

For example, in one embodiment, RY', if present, is independently -H.
10 Counter lon
X, if present, is one or more anionic counter ions to achieve electrical neutrality.

Examples of suitable anionic counter ions are discussed below under the heading “Salts”,

15
in one embodiment, X is independently a halogen anion (i.e., a halide).
In one embodiment, X is independently CI', Br', or{”,
in one embodiment, X is independently CI.
20 In one embodiment, X is independently NO;~.
fsomers
Certain compounds may exist in one or more particular geometric, optical, enantiomearic,
25 diasteriomeric, epimeric, atropic, sterecisomeric, tautomeric, conformational, or anomeric
forms, including but not limited to, cis- and trans-forms; £- and Z-forms; ¢-, t-, and r-
forms; endo- and exo-forms; R-, S-, and meso-forms; D- and L-forms; d- and I-forms; (+)
and {-) forms; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal- and
anticlinal-forms; a- and #-forms; axial and equatorial forms; boat-, chair-, twist-,
30 enveiope-, and halfchair-forms; and combinations thereof, hereinafter coliectively referred
to as "isomers" {or "isomeric forms").
Note that, except as discussed below for tautomeric forms, specifically exciuded from the
term "isomérs," as used herein, are structural (or constitutional) isomers (i.e., isomers
35 which differ in the connections between atoms rather than merely by the position of atoms

in space}. For example, a reference to a methoxy group, -OCHj, is not to be construed



- 37 - each of HX1 and HX2 is independently selected from HCI, HBr, and HI. In one embodiment:
each of R1 and R9 is independently -H; and 5each of the groups -N(R3NIA)(R3NB) and
-N(R7NA)(R7NB) is mdeg)endently -NMe and each of HX1 and HX2 is independently selected from
HCI, HBr, anttiH "% %8He embodiment: each of 121 and R9 is independenly 4B N8/ MGakch of the
groups -N(R3NA)(R3NB) and -N(R7NA)(Rms) is independently -NMe2; and each of HX1 and HX2 is
HCI. In one embodiment: 15each of R1 and R9 8ndependently -H; and each of the groups

-N(R3NA)(R3W8 nd N R/N 7" |s |nde en Me2; and each of HX1 and HX2 is HBr.
20In one emBad| %rr%ﬁ?cgac \?-éi Lérr?d =G} % éjfxlﬁgﬁ P YL RreUR T EHeP br BB giups

-N(R3111AJEEINGY aharﬂwcmmaeweg mtrﬁ@l@p@nu@mgd ‘aveefearmbeactsshbXdrand HX2 is HI. -

38 - isomer, meta-chlorophenyl. However, a reference to a class of structures may well
include structurally isomeric forms falling within that class (e.g., C,alkyl includes n-propy!
5 and iso-propyl; buty! includes n-, iso-, sec-, and tert-butyl: methoxyphenyt includes ortho-,

meta-, and para-methoxyphenyl).

The above exclusion does not pertain to tautomeric forms, for exampie, keto-, enol-, and
enolate-forms, as in, for example, the following tautomeric pairs: keto/eno! (illustrated
10 below), imine/enamine, amide/imino alcoho!, amidine/amidine, nitroso/oxime,

thioketone/enethiol, N-nitroso/hydroxyazo, and nitro/aci-nitro.

o N O K o
—C—C _ C=C S c=¢"

, ~ v AN M e ~

keto enol enolate

Note that specifically inciuded in the term “isomer” are compounds with one or more
15 isotopic substitutions. For example, H may be in any isotopic form, including 'H, 2H (D),
and *H (T); C may be in any isotopic form, including ''C, *2C, *C, and *C; O may be in

any isotopic form, including **0 and **O; and the like.

Uniess otherwise specified, a reference to a particular compound includes all such

20 isomeric forms, including {(wholly cr partially) racemic and other mixtures thereof.
Methods for the preparation (e.g., asymmetric synthesis) and separation (e.g., fractiona!
crystallisation and chromatographic means) of such isomeric forms are either known in
the art or are readily obtained by adapting the methods taught herein, or known methods,

in & known manner.

25
Salts
It may be convenient or desirabie to prepare, purify, and/or handle a corresponding salt of
the compound, for example, a pharmaceutically-acceptable salt. Examples of

30 pharmaceutically acceptable salts are discussed in Berge et al, 1977, "Pharmaceutically

Acceptable Salts," J. Pharm. Sci., Vaol. 66, pp. 1-19.



Isotopic Variation 5In one embodiment, one or more of the carbon atoms of the compound is 110, 130,
or "C. In one embodiment, one or more of the carbon atoms of the compound is "C. In one
embodiment, one or more of the carbon atoms of the compound is 13C. In one embodiment, one or
more of the CHHOAYAIAS of the compound is 140. In one embodiment, oREGE RIS WBHN® nitrogen
atoms of the compound is 15ft 10 In one embodiment, one or more or all of the carbon atoms of one or
more or all of the groups R3NA, R3NB, R7NA R7BRL3, R1, tc and 1:21 is "C. (Or 130.) (Or "C.) In one
embodiment, one or more or all of the carbon atoms of one or more or all of the 15groups R"A,

R3NE3,, af@rerampez i AMBaRmPeidisGyenEef hah dAS B AR vHie GiatksaNRINA)(R31ES, )
and -N(R"A}R"BLo@heagame;a0d, arven N30 mE3 i (Emed (BRB)2ialr cdidf4CH3)2.) 20 In one

embodime, 4e,comAONOS aslecied f1am (e faloing S OMRNRHR, AL PHRRRSRUTCl

acceptable salts, solvates, and hydrates thereof. B\
such as Na™ and K", alkaline earth cations such as Ca® and Mg”, and other cations such

5 as AI*. Exarnpies of suitable organic cations include, but are not limited to, ammonium
ion (i.e., NH,"} and substituted ammonium ions (e.g., NHzR", NH,R;", NHR,", NR.™).
Examples of some suitable substituted ammaonium ions are those derived from:
sthylamine, diethylamine, dicyclohexylamine, tristhylamine, butylamine, ethylenediamine,
ethanolamine, diethanolamine, piperazing, benzylamine, phenylbenzylamine, choline,

10 megiuming, and fromethamine, as well as amino acids, such as iysine and arginine. An

example of a common quaternary ammonium ion is N(CH3),".

If the compound is cationic, or has a functional group which may be cationic (e.g., -NH.
may be -NH;"), then a salt may be formed with a suitable anion. Exampies of suitable

18 inorganic anions include, but are not limited to, those derived from the foliowing inorganic
acids: hydrochioric, hydrobromic, hydroiodic, sulfuric, suifurous, nitric, nitrous,

phosphoric, and phosphorous.

Exampies of suitable organic anions include, but are not limited to, those derived from the

20 following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,

' camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, ethanesulfonic, fumaric,
glucheptonic, gluconic, glutamic, glycolic, hydroxymaieic, hydroxynaphthaiene carboxylic,
isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic, mucic, oleic, oxalic,
paimitic, pamoic, pantothenic, phenylacetic, phenyisulfonic, propionic, pyruvic, salicylic,

25 stearic, succinic, sulfanilic, tartaric, toluenesulfonic, and valeric. Examples of suitable
polymeric organic anions include, but are not limited to, those derived from the foilowing

polymeric acids: tannic acid, carboxymethyl cellulose.

The compound may also be provided in the form of a mixed salt (i.e., the compound in
30 combinafion with a salt, or another salt). For example, methyi-thioninium chioride zinc

chioride mixed salt (MTZ) is a mixed salt of methyi-thioninium chloride (MTC}, a chioride

salt, and another salt, zinc chloride. Such mixed salts are intended to be encompassed

by the term “and pharmaceutically acceptable salts thereof”.

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

thereof.



WO 2009/044127PCT/GB2008/003315 - 39 - Other aspects of the invention 5Where any method of
treatment is disclosed herein, also disclosed are: A DAPTZ compound for use in that method and use
of DAPTZ compound in the preparation of a medicament for said treatment. Corresponding
embodiment¥ HrafReAEEs, and individualizations, described herein applyPautmesutandis to these
10aspects. Thus the invention provides inter alia: A DAPTZ compound for use in a method of
treatment of a cognitive or CNS disorder in a 15patient, wherein said disorder is one which is
~ susceptible to treatment by said DAPTZ compound, which method comprises orally administering to
said patient a dosage unit containing said DAPTZ compound in oxidised form as active ingredient,
wherein saidydegegendribredeases at least 50% of said active ingredient within 30 minutes under
standard conditions. 20 A DAPTZ compound for use in a method of treatment of a cognitive or CNS
disorder in %Er)gtient, wherein said disorder is one which is susceptible to treatment by said DAPTZ

compound, WFERREINE RBHIP ASELabIa Ny RIBRATHSPMNg D% AFsiR A CATERSABEHNIt containing said
DAP3Z cormpaiadfithesiciseddomwes attieddngredient’ wherimsais 2odesage:nihis gastroretained.

sense to refer to a complex of solute (e.g., compound, salt of compound) and solvent. If
the soivent is water, the solvate may be conveniently referred to as a hydrate, for

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

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

forms thereof.

In all embodiments, a preferred oxidised diaminophenothiazine is MTC.
15 Preferred stable crystalfine reduced DAPTZ compounds

Preferred compounds are described in prior filed, unpublished, application

PCT/GB2007/001103, and are 3,7-diamino-10H-phenothiazine compounds of the
foliowing formula:

R M R'
N HX'E
RTNA ,RSNA )
R?NB/N 8 N\RSNB Hx

wherein:
each of R' and R® is independently selected from: -H, C,4alkyl, C,.alkenyl, and
halogenated C,_ alkyl;
each of R*™ and R*" is independently selected from: -H, C,.alkyl, C,4alkenyl,
25 and halogenated C,_alky!;

R?NA and R?NB

gach of is independently selected from: -H, Ciialkyl, C,alkenyt,
and halogenated Calkyl;

each of HX' and HX? is independentiy a protic acid;
and pharmaceutically acceptable salts, solvates, and hydrates thereof.

30



A DAPTZ compound for use in a method of treatment of a cognitive or CNS disorder in a patient,
wherein said disorder is one which is susceptible to treatment by said DAPTZ compound, which
method comprises orally administering to said patient a dosage unit 30containing said DAPTZ
compound iEe28f8/8#sYalline reduced form as active ingredient, - 40 - USEEIREOIPTZcompound in
the preparation of a medicament dosage unit for use in a method of treatment of a cognitive or CNS
disorder in a patient, wherein said disorder is one 3¥hich is susceptible to treatment by said DAPTZ
compound, which method 5 comprises orally administering to said patient said dosage unit containing
said DAPTX'ESRHSIRNN S PRIRIIMIHPARIRHAT Bratctie InHereis balievroibabibitinit releases at
least 50% qfcsaidiadtivet ikghe dfenthwititim@Qminetssindefostanspraeonditions. Use of a DAPTZ
compound in the preparation of a medicament dosage unit for use in a 10method of treatment of a
cognitive or CNS disorder in a patient, whepeinsaid glisorder is one which is susceptible to treatment
by said DAPTZ compound, which method compyiseg orally adminiga@]g to said patient said dosage
unit containing said DAPTZ compoung, i ) ' @activ ingredient, wherein said dosage unit
is gastroretained. 15 Use of a RB € din the-prepatation’dEa medicament dosage unit for
use in a method of treatment of a’€gn NS disoraje‘rRFFiB patient, wherein said disorder is one
which is susceptible to treatment by d4id DAPTZ compouhd, which method comprises orally
administering to said patient a dosage unit containing said DAPTZ 20compound in stable crystalline
reduced form as active ingredient, In one aspect the invention provides a drug unit for the treatment of
a cognitive AitHGNHS thsQrdET Mcarnpdietils wbeheNsedicsdisks IReisraieawbish jscsieeaptifie to treatment
by a DAPTReomRovAd. Whicndanaasaens eOigbRanl RGRGsamenud. i ediped Jorm 25as

0

active ingredient, and wherein said dosage unit releases at least 5| said active’ingredient within
30 minutesiRALTEaHh PG EB?RmRﬂ%.engéta%%%@é“ﬁ?ﬁtﬁ'&fmﬁ?%@?ﬂﬁy%ﬁﬁ)&ﬁ%?ﬁﬁ example, 40, 45,
50, 55, 60, 65160, 100ed2@agvckafaaRdd corfgpawadas sesectlhedo3ptuangspacte invention
provides a gigiHgit for the treatment of a cognitive or CNS disorder in a patient, wherein said disorder
is one which is susceptible to treatment by a DAPTZ compound, which dosage unit contains said
DAIﬁZ compound in oxidised form as active ingredient, and wherein said dosage unit is
gastroretainbe DA dsoapeuntis may alemiprivoridedaatissR60f 7601861299 bydt&e. nigeor more e.g.

200, 300, 48Ry S4¥hvE1er 3afe RABT 7 snRAVEKligsAesaibederat o-dRANSAWLE]KRe invention

provides a drug unit for the treatment of g cognitive or CNS disorder in a patient, wherein said disorder
is one whic%’%’sct??c%op%gl'es?gt ﬁe‘ﬁ%on‘{@aé‘%ﬁ%ﬁ?cém% ﬁ%ﬁiﬁ?tﬁgggﬁéoﬁ‘fﬁ?ﬁﬁi’ains said

DAPTZ coRfheriigeatiriesisdtalpne ivdieddoprrawlactvednefadiate, adhhidsdgedescribed above
(e.g15100, 260y5308),4000bREs 6ARWRE sBEEHISDQ: iR A AR Navimadissaklion rate

described %ﬂ)’a%é%&va gqgﬁﬂg {;ﬁg}g&r, 2 hours, 3 hours, 4 hours, or 5 hours). Also provided is a drug
product comprising said unity accompanied by a label indicating that the drug product is for the

treatment of said disease, the container containing one or
In one embodiment, the C._salkyl groups are selected from: linear Cyalkyl groups, such

as -Me, -Et, -nPr, -iPr, and -nBuy; branched Cs.alkyl groups, such as -iPr, -iBu, -sBu, and

20 -tBu; and cyclic Cy4alkyl groups, such as -cPr and -cBu.

in one embodiment, the C,.,alkeny! groups are selected from linear C,_,alkenyl groups,
such as -CH=CH, (vinyl) and -CH-CH=CH, (aliyl).

25 in one embodiment, the halogenated C,4alkyi groups are selected from: -CF;, -CH,CF;,
and 'CFzCFa,.

The Groups R" and R¥

30 In one embodiment, each of R' and R® is independently -H, -Me, -Et, or -CF,.

in one embodiment, each of R' and R® is independently -H, -Me, or -Et.



10more dosage units each comprising at least one pharmaceutically acceptable excipient and, as an
active ingredient, an isolated pure diaminophenothiazinium compound as described herein. Ligands 15
Additionally use as diagnostic or prognostic indicator e.g. as a ligand for labelling protein aggregates in
the brain is alb¥EBHtADIated. The findings herein in which cognitive effeltt (e aRHEHE B brain
concentration) vs. negative haematological effect (deduced to be from dimer formation) have
implications also for use as a ligand. 20 Such DARTZ compounds (ligands) may incorporate, be
conjugated to, be chelated with, or otherwise be associated with, other chemical groups, such as
stable and unstable detectable isotopes, radioisotopes, positron-emitting atoms, magnetic resonance
labels, dyesn fluemrsbeditmertriRirsnaRigeaihgranes, therapeutic moieties, or any other moiety 25that
may aid in g,oeRstiginiagrRostic Y thetarsutic application. For example, in one embodiment, the
DAPTZ compound is as defined herein, but with the additional limitation that the compound
incorporates, is conjugated to, is chelated with, or is otherwise associated with, one or more (e.g., 1, 2,
3, 4, tc.) detevtattetaietst ford0eikBhuie RSstopesendeitisetopes, positron-emitting atoms, magnetic

resonance [ahglseRYeainfikiAreacs itk ReskaR? ANHISRIRBIAYPROr therapeutic moieties.  In one
embodiment, the DAPTZ com ogngijas a Igg nd as well as a I?bel, e.g., a label for tau protein (or
HE0r 6yl'

aggregated“%éjlﬂ‘%?g%g?n ‘f"’gﬁ& i ?)orat%'%, I é%ﬁﬁ%ed’gf?edﬁ ( thelated 35with, or is otherwise
associated with, one or more (e.g., 1, 2, 3, 4, etc.) detectable labels. - 42 - For example, in one
embodimentysherbpPRP/Carapetind is as defined above, but with the additional limitation that the

co %ound incorporates, is conjugated to, is cheiated with, or is otherwise associated with, one or
more (e.g., 1, 2, 3, Aéfq etc.) dgqtge‘ctable labels. 5Labelled DAPTZ compounds (e.g., when ['gated to tau
protein or dERfREERET @i Fotaminarie ey RalsdadTr At tdti6d 483kein ¢ suiteaste, eshins, and the
skilled persesiogéhaepreciatgthat any suitable detection means as is known in the art may be used.
For example, the DAPTZ compound (ligand-label) may be suitably detected by 10incorporating a
positron-emitting atom (e.g., 11C) (e.q,,.as a caaﬁ%b_on atom of one or more alkyl group substituents,
e.g., methyifBRIBELREMEENESFA N Reteihb thdsdBIRPRRATI I piSSiffom émisdi¥h tomography
(PEB as istknaWeanit tne astoGarchietClahtied DAPTZ compounds may be prepared by adapting the
methods 15described herein in known ways, for example, in analogy to the methods described in WO
02/075318 (see Figures 11a, 11b, 12) and WQ,2005/030676. Thus in_ one aspect there is disclosed a
method of BREERGTERUBEGEELIReaddd R S dfrdiastinie with A'heaRSiegenerative disorder
in the brainréHa@dt€ht, whéliein 20said aggregated disease protein is one which is susceptible to
labelling by a DAPTZ compound, which method comprises orally administering to said patient a

dosgge un coniaining,sald DARTZ campoynen oxidised forn 35, active-pelled ingredient

-CH,-CH=CH,, or -CFs.

in one embodiment, each of R*™ and R*® is independentiy -Me or -EL.

RaNﬁ\‘ RS?@B

25 In one embodiment, and are the same.

In one embodiment, R*™ and R*™® are different.

RGNA RSNB

in one embodiment, each of and is independently -Me.
in one embodiment, each of R*™ and R*® is independently -Et.

30 '
The Groups R™ and R™®

Each of R™ and R™® is independently selected from: -H, C,_alkyl, C,.alkenyl, and

halogenated C,_alkyl.

35



wherein said dosage unit releases at least 50% of said active ingredient within 30 25minutes under
standard conditions. In a further aspect there is disclosed a method of labelling an aggregated disease
protein associated with a neurodegenerative disorder in the brain of a patient, wherein said
aggregated HEHEEPrdtéin is one which is susceptible to labelling by a DXHTGB3BEMBEUN,  which
method comprises orally administering to said patient a dosage unit containing said DAPTZ compound
in oxidised forrn as active-labelled ingredient, wheigin said dosage unit is gastroretained. - 43 -
aggregated disease protein is one whigch is susgeptible to labelling by a DAPTZ compound,

which metHBPRBSPrRETe L RRRRist o sEIRRFESeatH Seifed Mt Eoftafiy said DAPTZ
compound . stikeley Ceyrstalliingeretlad €_falkyl. as active-labelled 5ingredient. Preferred aggregated
disease proteins, DAPTZ compounds, and neurodegenerative disorders are discussed elsewhere
herein. 10The methods may further comprise the step of determining the presence and/or amount of
said compdtiREHBTRATeTiPaYYPL fated Bt Sein's ATGRRNSEHE 6t The BRésdUnvention pertains to
a method ofidiaghit=isioropraosis of said neurodegenerative disorder which further comprises the
step of correlating the result of the determination with the disease state of the subject. 15 Where any
method of labelling, diagnosis or progngsis is disclosed herein, also disclosed are: A DAPTZ
compound 'fb?%%&%}?ﬂqg?‘?ﬂ%tﬁ%‘:é‘ 8E§ usBG DAPTPLHAREIIY Hene20 ¥paration of a diagnostic or
prognostic iftic&idrfdt-seiddnethod. Corresponding embodiments, preferences, and individualizations,
described herein apply mutatis mutandis to these aspects. Throughout this specification, including the
claims which follow, unless the context.25reqiiges otherwise, the word "comprise,” and variations such
as '5::&0mpriif(l:ém%lrel81 bgré”rﬁlﬁﬂtsi%ag? \9v;i I'be ﬂrﬁ%ﬁtdg S Ff%”é% e‘%ﬂs‘i%%n 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. 30It imdst kenpotedthak s 4sed M fheigpeeifieation and the appended claims, the singular

forms "a,” "an, Q%bg&ﬁnéﬂﬁ'k&% g“&r@ﬁgfae{%e&%%rﬂll@ss the context clearly dictates otherwise. Thus,
for example, reterence to "a pharmaceutical carrier” includes mixtures of two or more such carriers,

and the like. - 44 - from the one particular value and/or to the other particular value. Similarly, when
valués are lexpre sseshdisappeaximaioiisaby Hi¥ ise afdbeianigceident "about,” it will be understood

that the pam%lg%w&grggnpgde]o&pﬁm@p@ghmqg_gng@dgﬁggmetjgg combinations of the embodiments

described above are explicitly disclosed herein as it each combination was specifically and individually

recited.
in one embodiment, R*™ and R*™® and R™ and R™® are the same.

20 in one embodiment, R*™ and R™® and R™* and R™® are as defined herein, with the

proviso that at least one of R*™ and R*® and R™™ and R™® is other than -Et,
Optional Provisos

25 In one embodiment, the compound is as defined herein, but with the proviso that:

R3NA RSNB R?NA R?NB

and and and are not each -Ef.

in one embodiment, the compound is as defined herein, but with the proviso that:

if: each of R and R%is -H;

30 then: R*™ and R*™® and R™ and R™? are not each -Et.
The Groups -N(R™)(R™) and -N(R™)(R™E)

In one embodiment:

a5 each of R™ and R™® is independently C,alkyl, C,..alkenyi, or halogenated Calkyl:

RTNA and R7NB

each of is independently C,_qalkyl, C..qalkenyl, or halogenated Ci.alkyl;



Any sub-titles herein are included for convenience only, and are not to be construed as limiting the
disclosure in any way. 10 The invention will now be further described with reference to the following
non-limiting Figures and Examples. Other embodiments of the invention will occur to those skilled in
the art in the®ig§HPBY8E2E. 15The disclosure of all references cited hereirB(HASRO8 16 may be
used by those skilled in the art to carry out the invention, is hereby specifically incorporated herein by
cross-reference. -45 - Figures Figure 1. TRx-0143@01 & 009 clinical trial study design. The numbers
correspond to the patients at each stage of the study. 323 patients entered the base study, one subject
was randoffeeeiyimibtenrravise fiehablsasime sfverng Eate@nd i M et Ind@ited or placebo.
After 24 weeks-a@nd 50 weeks, subjects continued into 2 extensions (El and E2) of the trial and then
continued in trial TRx-014-009. For ethical reasons, those on placebo for the first 24 weeks were given
100 mg bd in El. lid" means dosing at a frequency of three times per day, and "bd" means dosing at a
frequency B’f?\'i\'ﬁ'c%"ﬁ?é}dd&?f‘*lo Figure 2. Treatment response in CDR-moderates at 24 weeks. For this
charg the laballisiReYrmenttéisohdelsaicei@rsiie pRxcealra, oW refersip-my(bo0DFg) (see footnote 1,

Table 1) "30, guajeefers I 38mg;dase A ARA. 80 180" rsfersdp 68me-dose:fid, 1eFigure 3.
Comparison of treatment effects of rember TN as seen by fquyonaf byain imaging using SPECT.

Decreasedol‘?-f"@i‘b?{'é(l‘@&é’ﬂf?ﬂBY&?oﬂ?ﬁf\ﬁtd?éﬁPf'F‘s‘g&ﬁ 8% Feas B hite 2 ss thePbRdin. (1) SPM

analysis shtoars-E¢gions where visit 4 had significantly less rCBF than visit 1 in subjects treated with
placebo. Threshold for difference p < 0.005, corrected p < 0.05 for 20 multiple comparisons, both
voxel and cluster significance. R=right, L=left, A=anterior, P=posterior. The upper pair in each panel
reprdsent ahfEoF TR BRB posterior (right) views respectively.  (2) SPM analysis shows no regions
where visitedreef Stiticd RNl essd@BRdmly viditdr iRtsubjects treated with rember TM at 30mg or

60mg tid. Thrgshatdosdifference fphdmy 2oeairegted p < 0.05 for multiple comparisons, both voxel
and cluster sjgnificance Lj%% Lacatjons of treatment-dgpendent.differenge | %e,@ine k%etween baseline
and visit 4 % {%B%’rml% %sh Jé% 'ss?réha%e%fo{ﬁﬁ%t 8P§c§b% vers sgthogg with r%P:%o L e§O/60mg tid.
Threshold te#difierence p < 0.005, corrected p < 0.05 for multiple comparisons, both voxel and cluster
sigRéicance. 30 Figure 4. ITT/OC ADAS-cog change from baseline and fitted curves. For this chart, the

labelling conventions of "placlow" refers j who wersQrigiaally randomised to placebo and
were then %ﬁ{m&%rg%g%wgf% ?r%mé]gge %%?ﬁ??jﬁg%okg&]oﬁ&?ﬁr% og]gv?f(‘TEOmg) dose tid, "30

mg" refers to 30 mg dose tid and "60 mg" refers to 60 mg dose 35tid. - 46 - Figure 5. Dissolution of
capsules innsimuiateddintestjnad Buithy-HEsdterU8) 3eumg RN (BT 08etfeapsules dissolved initially
and following 24 months storage. Dissolution of the 100 mg capsule was slower than the 30 mg
capsule and this difference increased with time singe mgpufacture. 5 Figure 6A. rember Ti" inhibits

nuct€ation ‘8B SIRBCAIRGEL Rt gregatiEh. Pigure 889 itiiberTM dfens a new clearance

pathway fondapenggniigatdscted from: -NMe,, -NEt,, -N(nPr),, -N(Bu),, -NMeEt, -NMe(nPr), and
N(CHCH=CH,),.

in one embodiment, the groups -N(R*)(R*™®) and -N(R™(R""®) are the same, and are
25 independently selected from: -NMe;, -NEt;, -N(nPr);, -N(Bu),, ~-NMeEt, -NMe(nPr), and
'N(CH2CH=CH2)2.

In one embodiment, the groups -N(R¥™(R*™®) and -N(R™}(R™®) are the same, and are
independently selected from: -NMe, and -NEt.,

36
in‘one embodiment, each of the groups -N(R*™)(R™B} and -N(R™)(R™") is: -NMe,".

In one embodiment, at least one of the groups -N(R*™)(R*®) and -N(R™)(R™®) is
oth_er than -NEt,.
35



10Figure 7. Relationship between dissolution time and relative cognitive and-haematological effects.
Dissolution % is a adjusted based on the calculations below: A cognitive activity index (Cl) was first
determined as the normalised ADAS-cog effect size at 50 weeks at each nominal dose relative to the
maximal effé¥Psi¥e/BhEerved at 50 weeks, using the linear least-squares BSTiaBIessBf fect size. A
corresponding 15haematological activity index (HI) was expressed as the normalised change in
red-cell count at 24 weeks at each nominal dose-ragfative to the maximal red cell effect size observed.
The time-points of 50 weeks for cognitive and 24 W&gksaf&r haematg{l\ggigalae.ffects were chosen
because thd S EPRAIR L faciVBRomERTNIRL thEse litfdsNRe MéRalivescoigaititamctivity was
expressed iNtHe form C1/(Cl+HI) and the relative 20haematological activity was expressed in the form
H1/(Cl+HI), and both of these relative activities were normalised to their corresponding maxima across
doses. A similar calculation was used to express the relgtjve Rgrcentaéc{;é%f\ M'I;N% available in solution
before or aftéf SPMRRILCIS SRREEMAY e pBHRE NGR didblutiBRa iR roWR 242 #ri%old capsules,
whenrbthe dissotutiod differdstes fetwadviesadiul)sirdliBths \WwWatesn axiveahr25 Bhe relationships
explicitly cajgktl;atmgg expressed as follows: aC/14/a0 + 0- OldDVID (1) a)11XaCl +(I- cr)H11 - (1
D3:YD,0,,,,...(2) where a is a scaling parameter for relating Cl units to HI units (found to be 0.645 by
least 30squares estimation), D30 is the percentage of total MTC available from 24-month capsules at
30 minutes,Jaa&EDigaiH thadétdf nominal dose which is eventually dissolved.  Figure 8. Implied
dose-response relationship at 50 weeks. Effect sizes calculated using linear least-squares estimates at

50 V\fseks. 'E;gheégft_gye thﬁg@pseuti?p dos&aﬁ@/ailabl  from 35the 100 mg capsule was equivalent to a

dose of approxim yaﬁdmg, indics |%rg’:] { e g7 ‘apsules did not permit proportionate delivery

and absorption of the nominal dose in a therapeutically active form. Figure 9. Differences in key red
cell parametessincats HrobyaeiiMide @) eok dnipradroraisieradrallisiols Mrdansiat thedndicated daily

doses. Diff LeNnces are;s lerms hange observed with L -MTx with respect to MTC. For
example, aT a%os% O%S?XE}% Ecﬁoﬁ@r@% é’tejﬁn%grlﬂ% %&i/ﬁ%?gggélﬁ%gyvoﬁa?('ia%% g r’Ehaes mean cell
haemoglobfiEBRE bR i&IRerbacRll BYB(pEIIIOPHE statistical analysis of the data is shown in
Tabié& 4. Abbreviations and units: RBC: red cell count, 1064.1; HB: haemoglobin, g/dL; 10MCV: mean

cell volumqnfbh%%gdimnegg” mﬁm%@%%’%%ﬂgﬁé@gﬁ%%%ﬁﬁ ; r%[{i:%nocyte count, % of red

cells. Figure 10. Average urinary excretion rates Ised rom 7 adult human
subjects following 10 mg oral dose (mean, SE). (From DiSanto and Wagner, 1972b). Figure 11.
Average urinang extretiorenatescfool ¢l add HC-MRémmdéaultiydroagiiseibjgets following 10 mg oral
dose (meaﬂ,eﬁl,—;)hﬁg,r&rg“g)g%@)to and Wagner, 1972b). Figure 12. Urinary excretion rate for Ox-MTC
follwing a 10 mg oral dose. Figure 13. Urinary excretion rate for L-MT following a 10 mg oral dose.
Figdre 14. Concentration of Ox-MT in whole blood after intravenous administration of 100 mg MTC
(from Petelreen. e@@odinent, each of HX" and HX? is independently selected from HC!, HBr, and

HI.

in one embodiment, HX' and HX? are the same.

25 In one embodiment, HX' and HX? are different.

tn one embodiment, HX' and MX? are the same, and are independently selected from
HCI, HBr. and Hi. In this case, the compound (a diamino-phenothiazine compound) may
conveniently be referred to as a "diamino-phenothiazine bis(hydrogen halide) salt”.

30
in one embodiment, HX_1 and HX® are each HCl. In this case, the compound may

conveniently be referred to as a "diamine-phenothiazine bis(hydrogen chioride) salt”.

In one embodiment, HX" and HX® are each HBr. In this case, the compound may
35 conveniently be referred to as a “diamino-phenothiazine bis(hydrogen bromide) salt".



Figure 15. Concentration of Ox-MT in whole blood after oral administration of 100 mg MTC with (open
circles) or without (filled circles) 800 mg of Mesna (mean, SE) (from Peter et al., 2000). 30Figure 16.
Estimation of apparent bioavailability based on excretion of total-MT (i.e. Ox- MT + L-MT) at T-infinity
following oraf" &8k 4iiiére the curve has been fitted by the empirical eqBEEEHB WA EeCcovery =
88.9 - (88.9 x Dose) / (69.7 + Dose) -48 - Note the lower than expected value (marked "P") for the 100
mg dose result reported by Peter et al. (corrected 3r-expected 48-hr excretion). Figure 17. Rate of
urinary excrietion of t%ga_l MTCHsttmoI/h during the indicated time Sintervals after i.v. (black bars) and
oral (grey b8 2GRNSR Br ﬁfiﬁ"ﬁné%‘?@ﬁﬁ# InihiFsepdie QmROWYEtY  Figure 18. First
stage of mowekitentydlesdiened énast drizsite-iotkowihgzsivgbis(nymugao lidessatt 100mg MTC and
scaled urinary excretion data following single oral 10dose of 10mg MTC. Figure 19. Fit between
observed b|$)0d caneent(;aa lon data. following intravenous dosing from Peter et al. (Table 7) and
prediction o ME mctare e%%@djﬁ{’ﬁﬁure 18. 15Figure 20. Fit between scaled observed urinary
excrétion of Ox-MT following a single oral dose of 10mg MTC from DiSanto and Wagner (Table 5) and
prediction qfthe:medehisBawn in Figure 18) after single intravenous dose of MTC (100mg). Figure
21. Fit betweep scaled erved urinary excretion of L-MT following single oral 20dose of 10mg MTC
from DiSan%gcgnf&/f&r&?ﬁéﬂ%gﬁngﬁéiﬁedfé’t‘%rﬁ"b h&Model (shown in Figure 18) after single
intravenou£a8se S1aeresns oumg) ) BN axp-NBREOHR St deindapeutisintittivyiBlcoeNsdncentration data
following a single oral dose of 100mg MTC and scaled urinary excretion data following a single oral
dosgpf 251"%}% %d%: ke 23. Fit between observed blood concentration data following oral dosing
from Peter et al. (Ta ?e 7 ga.hd prediction of the model depicted in Figure 22. 30Figure 24. Fit between
scaled obsERFEPURNERY Bxdderamdsrint ioiiewanEsiggk oral dose of 10mg MTC from DiSanto and

Wagner (Tabté 5j thedy prastichor thtRE Thacte! ek Bty RN iguresphadtar simgle oral dose of MTC
(100mg). Figure 25, Fit between scaled observed urinary excretion of L-MT following single oral
35dose of 10mg MTC from DiSanto and Wagner (Table 5) and prediction of the model (shown in
Figure 22) SrFSHT8EBose of MTC (100mg). -49 - |

15 each of R" and R® is independently -H; and

each of the groups -N(R*)(R**®) and -N(R"™)(R™®) is independently -NMs, or -NEt,.

in one embodiment;
each of R' and R® is independently -H; and
20 each of the groups -N(R*™)(R*®) and -N(R™")(R™®) is independently -NMe.

in one embodiment:

each of R' and R? is independently -H, -Me, or -Et; and

each of the groups -N(R™)(R™®) and -N(R™)(R™®) is independently -NMe, or -NEt,:
25 and

each of HX' and HX? is independently selected from HCI, HBr, and HL.

in ohe embodiment:
gach of R' and R® is independently -H, -Me, or -Et. and

30 each of the groups -N(R™)(R*®) and -N(R™)(R"™®) is independently -NMe,; and
each of HX' and HX? is independently selected from HCL, HBr, and HI.

in one embodiment;
each of R' and R® is independently -H; and

35 each of the groups -N(R*™(R*®) and -N(R™*)(R™®) is independently -NMe, or -NEt,:
and



Figure 26. Comparison of mean urinary excretion rates of total MT as reported by Peter et al. and
those predicted by the oral model shown in Figure 22 for the same intervals. Comparison of total
excretion over 24hr is shown. 5 Figure 27. This reproduces Figure 16, but includes the model
prediction ("W§ f8PEéiéTion of MTC. The model value is closer to that pr&@ieeseftsstier studies
than the estimate reported by Peter et al. ("P"). 10Figure 28. Outputs of the oral model for C2 (blood),
C4 and C3 are shown rescaled to their corresponding maxima. These are compared with a
triexponential model applied to the measured level of MT in pig brain following a single oral dose.
Figure 29. RetagORhipseitedrnsisaenrsatblisriastesitaey 64 roRbard M- and predicted 15average
steady state level of MT in C3 for the 3/day dosing regime. Also shown are the predicted steady state
levels of MTniQng%‘{%ro (ggx gnd 1/day dosing regimes.  Figure 30. Relationship between observed
clinical efficac% of rember I'M and predicted average steady state level of MT in C2 for the 3/day
dosing regififeh iy erein ‘aradrreodprtvitteddteady state levels of MT in C2 for 2/day and 1/day
dosirfy regisaes.doF tge e aHA -DiftforEhetwer (ROBEEVEicieeh sitatyd pedicted effect size as a
function of pefEAHARAALISHILBD-ALAR WRMIES biARSKIS Hissgluiqn IS determined by the amount
of MTC released into the aqueous phase in standard US/EU 25Pharmacopoeia dissolution conditions.
Figure 318. Relationship between expected steady-state level of MT in the central compartment (C2,
i.e. blood) amdrelmmebedariess of red cells at 24 expressed (expressed as fractional change relative to

normal ranggl, 39 FigHEER3%: Relaiianshin hetygen actual dose ("dose”) and effective dose ("eff dose”)
based on urin%ré excretion data..,.. Figure 33. Comparigen of predicted fraction absorbed for MTC and

L-MTk assGRRG IS BRI ratifh of T8 TNGATf rm’fiPRRRCRBY. a¥57p88% from the stomach
(ie Cl in Figraeh 203X’ 80d Figliet82. Relationship between expected clinical efficacy of an
L-MTx-based form of the methylthioninium moiety and predicted average steady state level of MT in
03 for a range of dosing regimes from 1/day to 34day. 5 Figure 35. Relationship between expected
clinical efficacy of an L-MTx-based form of the methylthioninium mai ty and predicted average steady
state level of MT in 02 (blood) for a rang of sinmes fro ﬁféw to 3/day. 10Figure 36.
Observed dose-response relatignd¥p. VILE ',@h@%a sule: formulation used in the trial
TRx-014-001 on loss of red cells dfel for MTC-based and exiected dose-response relationship for an
L-MTx-based form of a methylthioninium medicinal product administered at the doses indicated at a
frequency of 3/day. 15Figure 37. Various quantitative models for the progression and treatment of
Alzheimer's Disease as described in Example 12. Figure 38. Relationship between expected clinical

efficacy of Brene\dhkdsimedtpreparation for 1/day slow-release formulation. 20 Figure 39. The
diffeeential gffecirat ighibitors phdfiarntisitas Lhthe tau aggregation pathway. The scheme on the left

shows the site of.inhibition o L0yt t e 1Ak ation path (input) and the site of

enhanced glaegajrg*;]{:g‘gﬁ?q%%saggig&%s f?gr?f!:ﬁ“a@pgﬁ%ff ﬁ'hné] %f)??ené{g §?( %ﬁ%&%ésa 4t both of these two
sites on PHRIRPERNnAREURIN$SIHE shown in the right panel. Inhibition of input decreases the level of
PHFs initially, before — -

| i
Me. Me
Me” Me

- —

20 in one embodiment:
each of R' and R® is independently -H; and
each of the groups -N(R*)(R*"®) and -N(R™{R™?) is independently -NMe,; and
each of HX' and HX? is HI.



" the rate of formation continues at the same level as before. Enhanced clearance of aggregated tau,
however, results in a steady decrease in the level of aggregated tau.  Figure 40. Tau aggregation
and its clearance in Alzheimer's disease. Tau oligomers can 30either assemble into filamentous PHFs
and/or enter 222 dYébmnal-lysosomal clearance pathway. Examples -5PCBUGHRHERATB0-week
Phase 2 exploratory dose-range-finding study for treatment of mild and moderate dementia of the
Alzheimer type has been conducted using an invé8tigational 5medicinal product (IMP) of which MTC
was the active pharmaceutical ingredient (API). The study was a randomized, double blinded,
placebo-controlled study whose jprimary ObjeCtIV was to investigate the effects of MTC at three doses
(30, 60 and 100mg, each three times pet day) compared with placebo on cognitive ability (as

measured by the ADAS-cog scale: Alzhe AssessmerttiScale - cognitive subscale).
There 10were 322 subjects ran orm;ed 4% 0 pleted the first 24 weeks of
treatment. Of these, 227(93%) chqg co tmu@trea meﬁ"éi&ra urter 6 months, of whom 177 (78%)

completed 50 weeks of treatme t on 2 July, 2007. The final analyses comprise analyses of the ITT/OC
(Intention to Treat! Observed Case) population of 245 subjects who completed 24 weeks of treatment,
and 177 subjects who completed 50 15weeks of treatment by 2 July 2007. The study design is
summarize,gdl%;ﬁ{gygﬁa%ﬁor reasons of ethical concems, subjects who were originally randomized to
placebo during the first 6-month phase were switched to the 100mg dose during the second 6-month
extension phase of the study ("EI"). 2024-week Analyses The primary pre-specified outcome was an
ITT/@C analysis ehbdikEaognehangerdéronthbasahine=atiid videksansiogransahalysls of Covariance
approach whisla BRlARAAR BressRRNLANUEIBLE agin fetwesn, g affeciof reatment with rember

TM and 25baseline severity as defined by CDR (Clinical Dementia Ratin sqale). This analysis

demonstrald§% BB‘QW@"S%E’PBP@H%%PM@&F at?r&ﬁff‘fleﬁ"&&mﬂw dBatiStical significance in both
the ITT/OCreent @MeOOEN{| nrentiomde Pfdbe! deastrCitsesyative GanpednEdsWard) populations. CDR

severity at haseliaRsuamaNshiPea-Dighhe SIRlisAniRlar Gk anduhenineluded in the model

showed that the effect of rember TM 30was significant at 24 weeks only in subjects who were
CDR-moderate at baseline. The lack of decline in CDR-mild subjects on placebo prevented efficacy
analysis inttresgeniedivanthentret 2wiwoeeRrE oHomevdoreatties Tmsefiicaele wedl edifirmed in this

group by fypelignRMramSeivaiVsia'aR2awerkss antl pABAS g at)50-weeks. WO
2009/044127PCT/GB2008/003315 - 52 - Table 1. ADAS-cog effect size at 24 weeks in

CDR-moderates (in ADAS-cog units) Dose) Estimate
in one embodiment, one or more or 2ll of the carbon atoms of one or more or all of the

15 groups R®™ R R™A and R™Bis 1'C. (Or °C.) (Or ¥C))

in one embodiment, the groups -N(R*™ (R E) and -N(R™)(R™8)} are the same, and are:
-N(*"CHg)z. (Or -N{"*CHa)z.) (Or -N(**CHs)2.)

20
in one embodiment, the compound is selected from the following compounds, and

pharmaceutically acceptable salts, solvates, and hydrates thereof.

N HC!I
1 M M HCI
e _Me
"N s N




95/0C | p-value) low(100mg) -0.42 -4.24, 3.40 0.826 30mg -4.02 -7.30, -0.74 0.0172 60mg -5.41
-9.31,-1.52 0.0073 The 100mg dose is referred to as the low(100mg) dose to indicate that in its
present formulation, the therapeutic efficacy of the 100mg capsule did not correspond to the nominal
dose. 2. The'Y2\l1&4€ om a test of whether the value is significantly difG&iKtHReR8REEEDO. In the
analysis of the subgroup of the ITT/OC population who were CDR-moderate at baseline (Figure 2), the
effect size of rember TM at the 60mg lid dose wags5.4 ADAS-cog units and 3.4 MMSE (Mini-Mental
State Examination) units (MMSE data not shown). 5Whereas placebo-treated subjects declined by 5.1
ADAS-cog units, there|was no evidernce of decline in subjects treateq with rember TMjat 30mg or
60mg tid over 24 weeks. Non-cognitive outcome var’i’ables (measuring psychiatric distyurbance and
activities of dajly living iskills) also canfirmed the diséase~stabilising propgrties and efficacy size of
rember TM in the Bhodeérate group. Su 'gcts e l\ﬁdat he 60mg lid dose, 10showed an
effect size of 1.4 - 1.9 units on the QGIC [Blinital” Glebarmp assi1on pf E%fange) scaleiat 24 weeks
relative to plagebo, registered by cli iciFassessors blinded to th¥btHer outcome measures. The
odds-ratio of not declining on CGIC for subjects taking rember TM at'the 60mg dose was 9 times
better than placeboThe-€CBR-sum-of-boxes parameter;another-gtobat-clinicatmeasure, showed
benefit of -1.7 units. Finally, rember 15TM at the 60mg dose showed significant benefit on the
ADFACS (Alzheimer's Disease Functional Assessment Scale) measure of activities of daily living, with
an effect si@éhef Bsperdscall timitsevérn24 weeks. In all the psychometric analyses at 24 weeks, the
100mg capsule showed minimal efficacy, consistent with a formulation defect of the capsules at this
dosage strength discus?ed flﬂher below. Eﬁo The 100mg dose is referred to as the "/ow(100mg)" dose
to indicate that h At PrESSACIIRATRTEAS HrBresbaatc BRdes'3taRE F00mg capsule did not
correspond to the nominal dose. This is discussed in more detail in the Examples below. - 53 -
Preventionobgetine eyetrd saaksinvinst Rdaranslrniie confiimed 2ynaaahsis Rk functional brain scan
changes in ;g%s%gj]egft% vn\r/}ggi ha%j %pgerr one tv¥o SItDECCT scans, 6 morghg. apart on average (Figure 3).
Whereas sﬁbj%c S receiving p?ace%o Shéwed TR ngec &??)Dé?t'f'g???o?rae? fidration in frontal and
temporo-p&fféeat PetfoAdonhedyplizations, described herein apply mutatis mutandis to these

10 aspects.

Thus the invention provides inter alia:

A DAPTZ compound for use in a method of treatment of a cognitive or CNS disorder in a
15 patient, wherein said disorder is one which is susceptible to treatment by said DAPTZ
compound, which method comprises orally administering to éaid patient 2 dosage unit
containing said DAPTZ compound in oxidised form as active ingredient, wherein said
dosage unit releases at least 50% of said active ingredient within 30 minutes under

standard conditions,

20
A DAPTZ compound for use in a method of treatment of a cognitive or CNS disorder in a
patient, wherein said disorder is one which is susceptible {o treatment by said DAPTZ
compound, which method comprises orally administering to said patient a dosage unit
containing said DAPTZ compound in oxidised form as active ingredient, wherein said

25 dosage unit is gastroretained.

A DAPTZ compound for use in a method of treatment of a cognitive or CNS disorder in a
patient, wherein said disorder is one which is susceptible to treatment by said DAPTZ
compound, which method comprises orally administering to said patient a dosage unit

30 containing said DAPTZ compound in stable crystalline reduced form as active ingredient,



5subjects receiving rember TM at 30mg or 60mg showed no evidence of deterioration in any brain
region. When the subgroup who were CDR-mild at baseline were examined separately, there was also
evidence of prominent decline over 6 months in subjects receiving placebo, amounting to loss of 8% of
functioning n&UHAP{HRIme. The treatment effect seen in the whole popRafiérBataEWkdSseen in the
CDR-mild subgroup, 10demonstrating the efficacy of rember TM in CDR-mild AD. The fact that there
was objective evidence of progressive functional-dé€terioration in the mild subgroup without
corresponding evidence of decline on any of the psychometric scales over 6 months confirms the
powerful confounding influence of cognitive reserve in mild AD. Overall, despite this effect, baseline
functional défeies 2RARHDbeSIPROT isdhe preperhighlyf Bovedickatedt vidtabaselifier Af3ABacog score, and
the benefit afdiratareriamin embaighMsp R 9 BitiRIARA S raREHSGAR VRS Hiledsrisayelated with

the functiong| be .%Et demonstrated by SPECT sc. ﬁer TM's action seen by functional brain scan
strongly sué)é}g&g[ at rente ih%s?%gﬁ%n}%ﬁ% esraslgh'tges a %’88?38%% 'CSa gl’(?éy, which is known to
occufin thecSEMRTEEST Qi heationsiserihg sessibpaiv frattideradsrant sealsitieteers! DORTE@sponsible for its
ability to preweipodesineiaisedticah beairiun plipEdiBAN /1SS sEROIRE.SivaNdBgaeater sensitivity of
SPECT in q 0N Q bo?1 decline and treatment effects, and itg ability to predict treatment response
(seo S0-woik B B BRI SRR, B AP SRS ogate or provy
marker for future clinical trials aiming to demonstrate disease modification. 25 50-week Analyses The

50-week stugy exieDdrtZeshponfioethéhediadings of she-ddaneekaisshs andisleronsirated
signjficant its | -mi ; . sybjects.in 300verall ITT/OC and
T T e e e o were

switched o B FBBHIGTRIbR D %f%ﬁ?h%é@ﬁs@‘f%@i%%%@%l ¥6isE thet"acebo-/oW' treatment
arm. Becausenpfitiee onalfijradadfitaringab thed pad at0ng desgeamiatynhaditive; paychapidric scales over

the first 24 wiaels, a8 IFRAIIISDLohA BLASERE IMNLIBAINARLAFYLoRUEniEN, ferved as the Least

Exposed Dose 35comparator arm for the 50-week study. - 54 - The miean decline observed over the
50-week stHA W PEEEDo-treated subjects was 7.8 ADAS-cog units (Figure 4). For subjects treated
withtPember TM at a dose of 60mg tid, the decline seen over 50 weeks was not significantly different

from zero apsgitharine FRARGENRGAIRMOLIBEMIAR B ScAlS s MERIas P DR ARAR §0g scale,
about 60% of % S bfj r%tgtrkrgﬁtrgyed or Qt?/ec#g% same at 50 weeks. On the MMSE scale, 62%

me% veeRS The o((jﬁ%r% rénp%ﬁ%%?%b‘f" Sfmﬁ?bd&‘f%’iﬁ’?réf'sscale were

improved or S a?/e_g the same_ataSE(? ee
about 3.4 tiPRES'BIERET SHPRPBDRTG HeRE R ML AADZ eam g ovhistpomtiing effect sizes were

-6.8 ADAS @pgptigits a8 3diMMSIng tits Ry paiBe: 2Qnaek thalcdniadmiyienidathereffect on disease

progressio Inif| ic improvement at 15 10weeks of 1.6 ADAS-cog units and
o.S%MSE%UrﬁEJaS?Wj%w%éﬁ%%@%%?ﬁ%%lﬁ% Aogclig e '\‘?v?(tgh AChE inhibitors. WO

2009/044127PCT/GB2008/003315 - 55 - Table 2. Effect sizes inferred from mixed effects analysis at
50 weeks GnoAdAspeothunitsiioaeiostimate drug unit for the treatment of a cognitive or CNS

disorder in a patient, wherein said disorder is one which is susceptible to treatment by a
DAPTZ compound, which dosage unit contains said DAPTZ compound in oxidised form

25 as active ingredient, and wherein said dosage unit releases at least 50% of said active
ingredient within 30 minutes under standard conditions. The dosage units comprise may
comprise, for example, 40, 45, 50, 55, 80, 65, 70, 100, 120 mg of a DAPTZ compound as
described,

30 In one aspect the invention provides a drug unit for the treatment of a cognitive or CNS
disorder in a patient, wherein said disorder is one which is susceptible to treatment by a
DAPTZ compound, which dosage unit contains said DAPTZ compound in oxidised form
as active ingredient, and wherein said dosage unit is gastroretained. The dosage unit
may comprisee at ieast 50, 60, 70, 80, 80 or 100 mg, or more e.g. 200, 300, 400, 500 mg
35 of a DAPTZ compound as described.



95% CI Fp-value low(100mg) -4.04 -7.21, -0.87 0.0124 30mg -3.87 -6.90, -0.84 0.0126 60mg -6.78
-9.74, -3.82 <0.0001 I. The p-value is from a test of whether the value is significantly different from

placebo, Table 3. Effect sizes inferred from least-squares analysis at 50 weeks (in ADAScog units)
Dose Estimaté’d88% ¢ H-vaT.WC low(100mg) -3.59 -5.81, -1.37 0.0015 3PATHCERER/0638;, -1.92

- 41 -

In one aspect the invention provides a drug unit for the treatment of a cognitive or CNS
disorder in a patient, wherein said disorder is one which is susceptible to treatment by a
DAPTZ compound, which dosage unit contains said DAPTZ compound in stable
crystalline reduced form as active ingredient, at a dosage described above (e.g. 100, 200,

5 300, 400, 500, 600, 700, 800, 900, or 1000 mg}, and having a dissolution rate described
above (e.g. <50% in 1 hour, 2 hours, 3 hours, 4 hours, or 5 hours).

Also provided is a drug product comprising said unity accompanied by a iabel indicating

that the drug product is for the treatment of said disease, the container containing one or
10 more dosage units each comprising at least one pharmaceutically acceptable excipient

and, as an active ingredient, an isolated pure diaminophenothiazinium compound as

described herein.

Ligands

18
Additionally use as diagnostic or prognostic indicator e.g. as a ligand for labelling protein
aggregates in the brain is also contemplated. The findings herein in which cognitive
effect (dependent on brain concentration) vs. negative haematological effect (deduced to
be from dimer formation) have implications also for use as a ligand.

20
Such DAPTZ compounds (ligands) may incorporate, be conjugated to, be chelated with,
or otherwise be associated with, other chemicai groups, such as stabie and unstable
detectable isotopes, radioisotopes, positron-emitting atoms, magnetic resonance iabels,
dyes, fluorescent markers, antigenic groups, therapeutic moieties, or any other moiety

25 that may aid in a prognostic, diagnostic, or therapeutic application.

For exampie, in one embodiment, the DAPTZ compound is as defined herein, but with the
additional limitation that the compound incorporates, is conjugated to, is chelated with, or
is otherwise associated with, one or more (e.g., 1, 2, 3, 4, efc.) detectable labeis, for

30 example, isotopes, radioisotopes, positron-emitting atoms, magnetic resonance labels,

dyes, fluorescent markers, antigenic groups, or therapeutic moieties.

in one embodiment, the DAPTZ compound is a ligand as well as a label, e.g., a label for
tau protein (or aggregated tau protein), and incorporates, is conjugated to, is chelated
35 with, or is otherwise associated with, one or mare (e.g., 1, 2, 3, 4, etc.) deteciable labels.



0.0005 60mg -6.50 -8.89, -4.14 <0.0001 1. The p-value is from a test of whether the value is
significantly different from placebo. There was no deterioration on the non-cognitive scales in
CDR-mild subjects in the placebo-low arm over 50 weeks. The non-cognitive outcomes at 50 weeks in
CDR- 5modetatéde(Bfatts confirmed the findings of the 24-week analysed CRHeBRIB I¥BEFopsychiatric
Inventory) demonstrated benefits for rember TM treatment over 50 weeks. Whereas subjects in the
placebo-low arm declined by 9.6 units on the patidat-disturbance scale and 4.9 units on the
carer-distress scale, no such decline was seen in subjects continuously treated with rember TM over

50 weeks, (MIFEIMEEpBRNR §BRNITESHre SHE B rogpasafdsArrelinsd mesvabraddhs-/ow arm
compared taithiprellifliGliomgiatihgromdechd tlaseapieismaijogatedtsletayathaiarigesign to confirm

that rembeys BildR ke aase-med hiROdA:IGHa! keguinieny seare) sibiRgls whgegan later on a dose

of minimal apparent therapeutic 15efficacy as judged by ADAS-cog over the initial 24 weeks remained
significantly different at 50 weeks relative to subjects who had been receiving the tow(100mg) dose
contimuoushybEligteAnbiecsubmotdstie atedtaniigaied iytat phedbve Hy@ragrdosaushowed retardation in

the rate of dispaseiniamassioaRbeHPhHerR RS, A HileLntRINNECaRsLISHPSage regime
between the two arms (tid vs. %%{ﬁ:] ematological side effects, 20which showed a clear

dose-respdPEEEBRTIE W ARe IH CIRHSBIETRANS ASJR AT THR BT BRY. Rfokifg regimes, supporting

the approximate equivalence of biological exposure, and hence supporting the inference that rember

TM is diseasparadiiinge This iz alsarenirmasdarambey BMG abilieaias)disease progression
oveyr 50 Weiegsragrtatgie 60m dose, aQ% reagéjnq d theh@;[? of disease progression at the 30mg and

Iow{ 00mg) do8es atb50 weeks. summiary of elinicdl'Sdrety 3B TP TRERIP8Padverse event
profile was@iybstamriaHysbeestsretie matisesrPrp sibstientoragelEtipadbetohulinad sterase)

inhibitors atfiptalitsealimesibdesadgrpretdETthe oshiang Rewsaw (Birks, 2006). There were no
significant differences in the odds of subjects taking rember TM at 30mg or 60 mg tid withdrawing,

experiencing any adverse event or withdrawing due to an adverse event, compared with AChE
inhibitors. DEthdelRRFARARA RidsEIrarpiEie AR PSP Rty GIeea!ng fiferitre®ated with rember
TMj 4 5partiestsitiyd hertomitlRitbng vaasefonaaitikelyitkestogy angit ohaapdaksedsedd gmber TM to

WO 02/075318 (see Figures 11a, 11b, 12) and WO 2005/030676.

Thus in one aspect there is disclosed a method of iabeliing an aggregated disease
protein associated with a neurodegenerative disorder in the brain of a patient, wherein
20 said aggregated disease protein is one which is susceptible to labeliing by a DAPTZ
compound,
which method comprises orally administering to said patient a dosage unit
containing said DAPTZ compound in oxidised form as active-labelled ingredient,
wherein said dosage unit releases at least 50% of said active ingredient with'zn. 30

25 minutes under standard conditions.

In a further aspect there is disclosed a method of iabelling an aggregated disease protein
associated with a neurodegenerative disorder in the brain of a patient, wherein said
aggregated disease protein is one which is susceptibie to labeliing by a DAPTZ
30 compound,
which method comprises orally administering to said patient a dosage unit
containing said DAPTZ compound in oxidised form as active-labelled ingredient,

wherein said dosage unit is gastroretained.

35 In a further aspect there is disclosed a method of [abelling an aggregated disease protein

associated with a neurodegenerative disorder in the brain of a patient, wherein said



the distal bowel, causing repopulation of gut flora due to a mild antibiotic activity of MTC which has
been well documented in literature (Kristiansen and Amaral, 1997; Gunics et al., 2000). Although
subjects receiving rember TM had higher odds of developing diarrhoea than reported for AChE
inhibitors, subféet&&kity rember TM reported 20 significantly less nause K6t 08HS5rexia and
abdominal pain, headache, fatigue and agitation. The experience from some of the trial centres
indicated that diarrhoea may be managed with su#dble probiotic preparations (eg dried lactobacillus
preparation). No changes of clinical significance were seen in any of the routine clinical chemistry
25parametERSEIRISH RRRASTINE RN ELRR MRS RSUsRRIBG B RPSYae s AfIEin and white-cell
counts weressesruind subjects treated with rember TM, and these changes were dose-related. The

changes were negligile & dhe el ARpaaRiliNeRAg'S Sialistinally.sigaificanifor the 60mg and
/ow(100 mgq) tid doses. In the case of red-cell parameters, they appeared over 24 weeks, but resolved
over 50 wesRLENE SR a0i ﬁ%@’fﬁﬁ?‘iﬁ’é%&@%ﬁﬁ!’88§ﬁ¥ REyaneafsARRBDIn levels at 24
weeks andipgabiligeid thereafter. At this dose, the mean level of methaemoglobin increased from the
normal mean value of 0.4% to 0.8% of haemoglobin, but still below the upper limit of normal (1%). In
the case of white-cells, again the changes were negligible for the 30mg tid dose, but for the 60mg
dose valueé%lecr%%%gar gﬁﬁ?\ i %?3%#2"@%”5’[ @5@% SIRgHEAANY BHLIERISRSMAtYR 3530mg dose
over 50 we@iRerdeis aEriingdestdrisandiesrioerehhaemoglobin by an oxidised WO
2009/044127PCT/G132008/003315 - 57 - form of the methylthioninium moiety is the most likely

mechanism-responsible for nges in the red cell parameters. Within the period of the study, none of
thoc chan e R e o P 1 X 1 LR RIS AFRIE: Therefore. it s

concluded fh&8ihecciagd el d e eadwaiamrhpaititedyivtheraspetiritisanestnatio to impact on
the further elelaarisseippmeahriibe SQmngrrd 60 HesRae siienathsieHaadaasent formulation of
the /ow(log@g{ dosg: %piéggl for further clinical develgpment because of a.poorer
efficacy/side;ef%iect prio?}Ig%iyscussé%lfs(b%esjlzcl)%vE\B/.Ig %8) Q&?r%rﬁia ?g‘g‘gﬁrﬁ% 5#?&{1:%%3%3%%"9{5 \Of the
Investigatidh) rdRsAsE BiHaGEITEMBYeFhe formulation of rember TM used in TRx-014-001 consisted
of SiZe 1 blue/blue gelatin 15capsules containing a semisolid fill comprised of MTC, Gelucire 44/14

and Aerosiyadne Thysrienaanal ePanirAllemnn Aol Bysiabvuiste Juailagiied it targe

strengths 30, 60 and 100 mg of MTC, respectively. A'matching placebo containing o elucire 44/14
was provid%r&: The hard gelatin capsules and the gelatin used for capsule banding complied with
current guidelines regarding Transmissible Spongiform 20Encephalopathies. Uniformity of capsules

was testedADpAPReasaneant SIOR D HRIRIY A3SAY BOAIES GABJISA2A: Chromatographic
pur% (TLC as S%%lelggaba{ USP.27) and DISSOIlrJélOI‘I usglﬁ?%lg Europegg} Pharmacopoeia and US

PharmacoBoaia FOrating: padie frethB g2 5=nsiliRg TEE8F SPSTRRHEPE produced, and
were teste@ToedmRSTiniBfepesebhikns MHridusizpiéus dissolibedineteidiespiy wattiound that the
dissolutionsfttheid @0tmrgcagside in all in vitro conditions was slower than the 30 mg capsule and that
this difference 30increased over time since manufacture (Figure 5). The 60mg capsule had an

intermediate . ‘
Throughout this specification, including the claims which foliow, unless the context

25 requires otherwise, the word “comprise,” and variations such as “comprises” and
‘comprising,” will be understood to imply the inclusion of a stated integer or siep or group
of integers or steps but not the exclusion of any other integer or step or group of integers
or steps, |

30 ft 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 dictaies
otherwise. Thus, for example, reference to “a pharmaceutical carrier” includes mixtures

of fwo or more such carriers, and the fike.

35 Ranges are often expressed herein as from “about” one particular value, and/or to “about”

another particutar value. When such a range is expressed, another embodiment inciudes



dissolution profile relative to the 30mg and 100mg data shown in Figure 5. Further studies have shown
that accelerated cross-linking of the gelatine capsules in the presence of MTC at high fill-weights (i.e.,
particularly 100 mg capsules) decreased the probability of initial capsule breach, although subsequent
dissolution ffEMANEMEAChed 35capsule was rapid. The MTC released frafiithgwapsuiesvas found to
retain the expected level of bio-activity in the in vitro Tau aggregation assay (W096/030766). - 58 -
This delay in dissolution of the 100 mg capsule is4ikely to have shifted the primary site of absorption
from the stomach to the small intestine, leading both to reduced absorption (leading to diarrhoea) and
absorption HIHEN AR AEftHREBleaRalAs e thesethes pasindesyeiwc Siyitmigtivbeadivaiuesspecies. The
implied doseeregnensairadatignokindiseissandusber lelawdpsicates hat indhg,present formulation,
the equival itivelyzactive dase ayailable from the 100mg capsule was -25 mg, when compared
with the cogﬁﬁ%%gggtl%&%%g%f’ ﬁ%é@@?nvga}gengp gB?nagn %gre%r.n%fﬁpfgee %tresent formulation limits the extent
to which higher doses of rember TM can be explored clinically in future clinical studies. As discussed
further belaw cthepetitsiseothbinegitea dyasissiab aineffisams platrpsbaldheLOPIRdPse. It is concluded
that the ap I i lects a combination of limitatjons in solubility, dissolution and
absorption %%%%gr%gcgé ill'é’lj\};‘I gg r?l(g%égg éogﬁﬁgfgogyfr% B?ée %?i-c "Rﬁgt néjrr'lré ica ‘é‘fﬁé%‘é? élnodel A kinetic
mathematical model has been developed to try to gain a better understanding of the Tau aggregation
process anshitsujutifdidbvein elationsidig With eognitivesdeigrianatinn n30ithe stvstueg of the model is
illustrated Relawy, MEIREBSrShOUipQ e relevant rate constants. A broad range of experimental data
inp BS were used to derive estimatés 01ythe key rate constants in the above model. These included
inter-aiia: quantitative clinico-pathological 25studies linking Tau aggregation and MMSE score in man,
estimation Bie atecofigrogitessiore éiBraradestabes witterationan (B raaksdiotbR ep kaHO9dijindrug
dose-respengadelHionsipinCeiRdrls AL FathtoniliR LSRR Mg Qi gipse-response
relationshi inr duction fIS’Fl'J athology in transgenic animals, and a pharmacokinetic model linking
dose to estimated avealll%% &' Braiitievels of rember TM in animals and in man 30discussed further
below. The clinical trial data were used to validate this efficacy model which can in turn explain the

relationshipsdabuesid at-agsrasationseinicablemantiacand fembe Uvke slinisal efficacy profile.

Specificall further assumptions implicating the accumulation of i3- 35amyloid protein or other
unknown r?glﬁ%targé%%ﬁf%ro ac%)ar'smé?ép %%!}Tﬁsatgﬂ?/g?é?ﬁﬁﬁ%%%{??tﬂg QS BRLAG T tRe E8Miblexity of the

pathophysiBi®§#sF AD generally assumed in the - 59 - field, that an extremely parsimonious set of
assumptions and rate constants can provide the entire basis for a set of formally definable
relationships linking the rate of progression of clinical dementia, the dynamics of the Tau aggregation
cascade illustrated above and the efficacy of Tau-aggregation inhibitor therapeutic intervention. 5
There are important inferences to be drawn from the model in explaining rember mechanism of action.
While it appears a priori, and it is generally assumed in the field, that the inhibition of the rate of Tau
aggregation via the reduction in the rate of k3 (i.e. inhibition on the input side), would be important to
explain efficacy, this is not borne out



10by the mathematical model. The Model can be used to show that the impact of a theoretical drug
that acts only on the inflow side of the aggregation cascade (e.g. strategies to reduce the upstream
feed of products into the stage of aggregated Tau) would produce only a step-wise transient reduction
in Tau aggrey&r¥eR would be compensated for over time by continuitity sigxesfatisns In other
words, the theoretical 15impact of such a drug would be only symptomatic and would not alter the rate
of progression of the disease, even though the mdshanism appears to be potentially
disease-modifying because it targets primary pathology. The model shows that there would still be
progressiv@%gﬁﬁqulation of Tau aggregates over time, and at the same rate as without the drug. This
is primarily because the clearance pathway for the Tau 20aggregates remains ineffective in an AD

RN 1o A e et A L N A i Lo S s

progression gver time. In the case of potential anti-Tau slf?ate i6s, this applie cular‘fy to

approachegﬁﬂ%ﬁtﬁﬁ‘éﬁ?ﬂesf?%eeﬁfHﬁlﬁHﬂ}’tléﬁ%ﬁ’#@Gtﬁﬁﬁﬁﬁ‘éﬁpﬁaﬁw ey ﬁﬂﬁayl@h@sfmﬁorylatlon
werebassumeeddmibedrbte rartipad fonekinatgg ragaidon, wenichdaas hegnvisid adibxidheinventors (e.g.

ok epabo A0 S LNCRE SPRIRR LM RASE 01, LS AR AL phigh Gamy o

proteln mlgf}t In some as et unknown manner, tl’l%%or Tau ac\; Ion, as asser e recent

current verSidhg tRtRECAR 8%'?9"(5‘!553\@ Bﬁh@e% ke §ose k@é?"%@ﬁ!)s TRES#Est important
therapeuticcicgbn tof teerfier ZAWielssimérs ghyitity! (0 enhisoh cetihe “B0tlrasandestiglaw aggregates by

dissolving heyaadiperineidPizAciag BIVINS SA0IRAAIPS: Lo dldhs, (R manomer which

can, he processed through a much more efficient clearance pathway, I.e., the protea rﬁ/al pathway. In
terms of the model, the key action of remberis to enhance or open up the rate constant k4b in Figure
6B. In effe€lgtifsopEPRiNPNErAeReNpESYi OO yMItevalia sic2d eaeksc e pathisvelyafotithe Tau

35aggregawauml%m&hﬁmran%@a:@%xothsc%atewmm%@feﬂ%m WY ggricted by the
k4b rate COP%IQ{,] ql)tlgs 0 The ffeq;to enhanced clearance in the kinetic

model is dué 10 the ‘atitocs alytléséﬁect oPt?l%seag%raen n?ﬁ T raﬂé"gldﬁaﬁf‘@gatlon is directly
proportional to the aggregate concentration. This is the primary mechanism responsible for the

lgonflstlerm Tﬁdi?rtg;bﬁ%m@ﬂh@d&ﬁi@n@éﬁt&?ﬁ@?\@%Fwig@e%@?ﬁ%@ﬁoﬁ@l{lﬂéiﬁ|Ut in t':je TRx-014-
clinica is gssihility that much earlier in disease
progression (i ? Bél“ at cr)]rE51 e%ven izf(?rgecc%]ialrﬁéﬂ é:é:{l grérs%%ﬁ%w Eé St TcYEFA eSS ration in the
neuron's c@éf@%écﬁéﬁhw&f% provide a further rationale for rember TM as a primary preventive

therapy. 10tASENherfesitsacofithey kinetioarodsi is ihakiywtdapresicionr eahyvarmptomatic effect
due to 'n'tlé\uﬂ&'is’MQQ&L%EHE&I%?&%@?&P&%@%&Q E nyighourst of clearange of existing

ag%regates IS‘&E edlcted by the model to contribute to an early sym ’tomat|C| provement. This too was

borfte out MY ?&%B?FW?’I%?&‘?@frﬁeglcﬂHatleﬁWTWE%ﬁ‘E@r %fé@é‘é&ﬁﬁfﬁlﬁnﬁ@%ﬁﬁon of rember Tm
depends ofrrsiexitent e watiehréic iorgoinppretecpisraductionof Fgwotigoseis; @iadiongoing
degradatiqpeqfstlrgggelem@poteasomal clearance pathways over time (which is the ultimate determinant

of the inhe érér% anal sro%[1 ssion throu h the Braak staggres over time), can be neutralised by
20enhanced clearanc /8O0 AT RSN i Uibi 7 ﬁg%ﬁ'ﬁﬂ%jﬁséﬁ%q}?é‘s‘é%&&s are directly

proportlonwtft?@?‘ﬁetf&g@@@’ﬁfef %W@éﬁffmkﬁﬁ)mlfi@hmﬁ@e§ nerelgliar ditsekiragtic praifie of the drug
capghave ada@e;mp;pagtmdm%@m@ggwe@&p%@ggg gqg@p%g{ngggd@odel were again borne

out by the gg}ebse%@o gr&p@l t ;,glén r‘lj% nEtl%l rthe nee aximising the bioavailability of the
therapeutlg 5 F}IVE Species that 1 absorbed. i paf uTaer ThaFE rfg}gﬂ%elﬁﬁ%i"ﬁqé}cﬁamsm within
the model%? ‘ﬁéwﬁ?ﬁ%‘hﬁﬁeﬁfaﬁWéﬁl@imd@%ﬁ)ﬁ@%w@r@mpmww 30/60mg tid.
Threshold for difference p < 0.005, corrected p < 0.05 for multiple comparisons, both
voxel and cluster significance.
30 : ,
Figure 4. [TT/OC ADAS-cog change from baseline and fitted eurves. For this chart, th.e
labelling conventions of “placlow” refers to subjects who were originaliy randomised to
placebo and were then switched to the 100 mg dose bd after 24 weeks, “low” refers to
tow(100mg) dose fid, “30 mg” refers to 30 mg dose tid and “60 mg" refers to 60 mg dose
35 tid.



Example 4 - Relationship Between Cognitive and Haematological Activity 30There were defects in the
formulation of the 100mg capsule, summarised above leading to increasing delay in dissolution over
time since manufacture. Further studies in vitro have shown that this is most likely due to accelerated
cross-linking"f H&détdtine capsules in the presence of WITS at high fil-RERJEB(@%003800 mg
capsules). 35Published in vitro studies have suggested that absorption of MTC is a complex process
which depends in part on the activity of an intrinsiétcell-surface thiazine-dye reductase WO
2009/044127PCT/GB2008/003315 -61 - activity §éﬁl;/ljje_rker_et at, 1998; Merker et at, 2002; May et at,
2004). A plasHRdoiRstlutian e caRsyas i sindetay folestinal did P desseenttilR mpeachased on
published SE&idies mgruapsats: (@iSeintd mitdhWagnichitPadnerbeicieiql, 2000)undtch suggests that
the half-life;Qf digaR t imar rption compartment is 30 Sminutes,
consistent \t/vgléth the gﬁ%?%ﬂ%%@ﬁiﬁaﬁggﬁgggﬁgé #§rﬂ(‘)]?a fy |Flegné:§tggrﬁ/ﬁ%f‘.5MTC is highly
ionised whEHB5iRE 53881865 m at pH 7 in a non-reducing environment. As such, it has poor lipid
soluldility. However, reduction to the reduced ("L- 10MT") form by addition of two electrons leads to an
uncharged spgRigs waisBds FepfiiahrRibaRn B A udiss Sugge st ihaL iR feguction step can only
occur physiologically at low pH. This property would explain whythe stomach Is the most likely primary
absorption site. PK studies in rodents, pig and primate, indicate that the predominant form of the
methylthiormigiirm&Roretyfeuitdpetis surews rearotoatbssy i Tafoagyragaidhat after 150oral
administration, only a small proportion contributes to the oxidised form which can be readily measured
in b*god. |tEi_SI H}gr.(efgr?agkﬁ%.thgt tonlg/ t}ae L'ilvtl‘T form can cross the blood-brain barrier, where a new
steady state 18 e<tablishad BeaaR SxiTSeH oI MER L B RiVR SoAtHiN s 2R SremRieagiif avenous
administratfactsulbisaeititisly ¥igherddivetsddfaberd oxithses fataticantisedetected in blood than after oral
administrafiomghithe Same 2RESSe IRAIETAL BkiaRNN: Eutiher PK studiosindpig haye shown that this

is due to a diffet; ce i thetIeVEE_! of the f:lrculatin L-MT form after oral administration, and not, as
suggested %%/eﬁee%r%?gﬁ AL PSBY BRI ISRKT PAR BRI R Glie ot Rire QRs5RE #hék MTC
undergoeswedlisctisiigiinsritperaleapbonpams asidnetdrsefpitest sigsué distebraiwing®5In circumstances
whaee disseidfipowgsdlelanag irrefoHhadd0me srrsdendsasinioed embes iVLiial; it is likely that

only limite S jon.of the nominal dose could have gccurred via the reductase mechanism which
has been %é%%?%gj% Wﬁ?ﬁ‘wgﬁ?i‘eg’ i ﬁea%@%aqu '\é%_f%%%% Gtk %esrﬁsﬁ ‘Ia# eCzﬁ%S at higher pH. On
the basis dtFe(ES SttrdiBeiPRitealieR wvasks freswbiive rriddcwsals fta favoatdhgidermation of a
dimer of oxifitseca0d/ thesertramess b ichrisspeilide serbsduardiieratuie drakinoweh and Epstein,

1041, Lewipgf abih 948, SRENGAN AU, 2 Uer1979) Rus 2 aralelstaddng, e dimer has no net
e e to

char@e. Therefore, delayed disso\lﬁgon would be expected to erayega sorption of MTC in the
oxidfSed stréaﬂ@”é?tﬂln‘@ﬁﬁjﬁéf%w Bttt GTe eIt DirGeeRisoteshifddiould not be
expected techéiiestiverapeutigiiaetivityhbiutwesisb3Ghavekieznatolgicakeffeetsidive to its ability to

oxidise hagmoMabinvas ©2ed to express the relative percentage of MTC available in soiution
before or after 30 minutes relative to the total, based on dissolution data from 24-month-

old capsules, when the dissolution differences between capsule strengths were maximal.

25 The relationships expiicitly calculated can be expressed as follows:
= D i e e s aaeascrrratar e
“Uocs +0-ay) = "o, v
—a YHI = (-Du)/ ...
(t-2) aCl+{1-a)Hl] © (D) o 2

where a is a scaling parameter for relating Cl units to H! units {found o be 0.645 by least
30 squares estimation), Dsq is the percentage of total MTC available from 24-month capsules

at 30 minutes, and Dy is the total nominal dose which is eventually dissolved.

Figure 8. Implied dose-response relationship at 50 weeks. Effect sizes calculated using
linear least-squares estimates at 50 weeks. The effective therapeutic dose available from

35 the 100 mg capsule was equivalent to a dose of approximately 25 mg, indicating that the



This delayed-dissolution hypothesis is consistent with the data derived from the rember T1A trial. In
essence, the trial has shown that MTC has two systemic pharmacological actions: cognitive effects
and haematological effects. The cognitive effects do not show a monotonic dose-response
relationship, WhéPeH& #HE haematological effects do (Figure 8). 5This sug§estSEAUB{fé&istinct
species are responsible for the two types of pharmacological activity: MTC absorbed as the uncharged
L-MT form being responsible for the beneficial codhitive activity, and MTC absorbed as an oxidised
dimeric species being responsible for the oxidation of haemoglobin. If this were so, it would be
expected tﬁ&?é”l‘%?aqlgHgﬁﬂf%hm@rﬁ@m}@@ﬂ%%aa?s%ﬂgﬁrﬁHﬁéhﬁ/ﬁ‘ﬁ’ﬂ‘f@i\ﬂ%sﬁi@tﬁct
10pharmacdbkogpeaitiastiyvaitiseafodifferent capsule strengths. This was indeed found to be the case, as
shown in Figure 8. A very high correlation (r = 0.996) was found between the normalised dissolution
expressed as percentage dissolved before or after 30 minutes, and the normalised 15relative cognitive
or haematdi§¥iEaT d i’f\?%%‘/’m&%?*ﬁ&dr%?m?éaa?ﬁé%ﬁfﬁdﬂfﬁH%%%‘?Eé‘ﬂf&g@"&if%%ta| dissolution that
occurred inevinroibiefercomiiafier3aiaymatdsavraicelidWaitedoIdwe Eiffeespmsdingspantitiening of total

pharmacolegigal-petbibeNas AsTvamrasahevsde Faure 7 réPikahpudphe BeLpedAgpind that the
relative coq_gltlve activity at each nominal dose is expressed as the proportion of total pharmacological

activity (i.e "eEGHitNXa i AL ARARISIREHPSE L AUR hgljrﬁr{&i HULierRRIRGHE "aRMBER the 30mg dose
has a smaltenadsoitite cognitaseetipct that. tHEnE Bhailptiedendlyres o thig Hetarslabivercognitive activity
index relatiyg g R‘?@JbBF!ﬁQﬂéﬁQ%QJ%’H‘it@PH\QB&%@%H%@Jﬁ@%ﬁ}ﬁﬁsﬁﬁﬂm i5g! ggjivity 25than the

60mg dose. Conversely, the lack of monotonic dose-response relationship observed in the efficacy
analyses OM&ﬁA@?éB@%l't‘@G‘WEefké WrblfedmRar 45l BarageRindprantei s @/ dvaitadie from the
100mg capstilinaseasimtlidatéden deigure 8, i.e., approximately 25 mg, or a 30quarter of the nominal
dose, similar to the 30mg dose in activity at 50 weeks. It is for this reason that in the analyses
presented above, the 100mg dose was indicated as "low(100 2 to signify that the formulation of
those capsU R Lbr O BB BROpSFRCIAT: AT AL o UOF b 1P B R T Binal dose in
its therapeatibihs delivefori Mowmlikbap peasth&ba hegor idaninanhiiebtiserdpéihic activity in the
braixis dependent on 35absorption in the L-MT form, which may be mediated via ability of this form to
cross the blood-brain,barrier. - 63 - These analyses. stro est that it is possible to dissociate
the benefical G i R BT e SRS o bt BERG ble
haematolo§lEaeeEfédiaioolstimgsir deesrdnnanafen. Rpuiftiaasedniy\Reoesi & ddpublished patent
application (PCT/GB2007/001103, the contents of which are herein specifically incorporated by
reference) e, ves Spplliped eauned.splt DiTidespated, ToMIbS LRIl have the benefit of
bypassing the reductase activity which is necessary tor absorption of the methylthioninium moiety of
MT€® The stable L-MTx has been found to have higher solubility than MTC, and upon dissolution
remains sufigtaatiallyirntire exscstionratk feduddd blskate fotmayentiiatedehr, permitting direct
absorption as the reduced methylthioninium species. A further benefit of the stabilised L-MTx may be
that even higher efficacy could be achieved because higher doses of the therapeutically active form
could be abS8f5etWiEGPITRIRARS PEMAL SRR RPST M G ALRE RIS AN VR AYA0 Al activity on
the one hang, Mha Heenfatiogiehl 2ifdeffects and diarrhoea on the other. These are discussed
15fygther below. As predicted from the present analysis, the L-MT salt form has been found to have
significantly less haematological toxici an . Figure 9 shows the differe between MTC and
T acr O Lo IR R ket e 81 S APRTRArL 1 PCAR8ct daly for 14
days. As cdi bevdbdppan MTiedosadtasih{fiiehaicisity @0 douridstred wehs, (SRBEYhigher levels of
haemoglolaieaBa). angdigher red-cell haemoglobin concentration ("MCHC"). The mean red-cell
volume was less ("MCV"), indicating that more mature red cells were released from the bone marrow,
and the reticulocytosis induced by the haemolytic effects of MTC was reduced ("RETI"). 25

30 Figure 16. - Estimation of apparent bioavailability based on excretion of total-MT {i.e. Ox-

MT + L-MT) at T-infinity foliowing oral dosing, where the curve has been fitted by the

empirical equation:

Urinary recovery = 88.9 ~ (88.9 x Dose) / (69.7 + Dose)
35



WO 2009/044127PCT/GB2008/003315 - 64 - Table 4. Statistical analysis of differences in key red cell
parameters in rats between MTC and L-MTx doses. Dose (mg / kg)Difference with respect to
MTCp-value Haemoglobin (g/dL) on, -0390.427 1V) 0.800.106 45(2) 1.43 0,00465 150{4 3.03 <0.0001
Mean cell ha¥féHigbtiiébncentration (g/dL) on) 0.26 0.780 15r2) 0.800.3B2UGEAN/B330:0414 150K)

6.05 <0.0001
- 48 -
Note the lower than expected value (marked “P") for the 100 mg dose result reported by
Peter et al. (corrected for expected 48-hr excretion).

Figure 17. Rate of urinary excretion of total MTC (umol/h) during the indicated time
5 intervals afier i.v. (black bars) and oral (grey bars) administration of MTC. Mean, SE, n =
7 (from Peter et al,, 2000).

Figure 18. First stage of model: fitting blood concentration data following singie
intravenous dose of 100mg MTC and scaled urinary excretion data following single oral
10 dose of 10mg MTC.

Figure 19. Fit between observed blood concentration data foliowing intravenous dosing

from Peter et al. (Table 7) and prediction of the model depicted in Figure 18.

15 Figure 20. Fit between scaled observed urinary excretion of Ox-MT following a single oral
dose of 10mg MTC from DiSanto and Wagner (Table 5) and prediction of the model
(shown in Figure 18) after single intravenous dose of MTC (100mg).

Figure 21. Fit between scaled observed urinary excretion of L-MT foliowing single orat
20 dose of 10mg MTC from DiSanto and Wagner (Table 5) and prediction of the model
{(shown in Figure 18) after single infravenous dose of MTC {100mg).

Figure 22. Second stage of modet: fitting blood concentration data foliowing a single oraf
dose of 100mg MTC and scaled urinary excretion data following a single oral dose of
25 10mg MTC.

Figure 23. Fit between observed blood concentration data following oral dosing from
Peter et al. (Table 7) and prediction of the model depicted in Figure 22.

30 Figure 24. Fit between scaled observed urinary excretion of Ox-MT following single oral
dose of 10mg MTC from DiSanto and Wagner (Table 5) and prediction of the model!
{shown in Figure 22) after single oral dose of MTC (100mg).

Figure 25, Fit between scaled observed urinary excretion of L-MT following single oral
35 dose of 10mg MTC from DiSanto and Wagner (Table 5) and prediction of the model
{shown in Figure 22) after single oral dose of MTC (100mg).



Mean cell volume (fL) ow 0.08 0.961 15(2 -1.18 0.475 45'2) -7.07 <0.0001 150(2) -9.14 <0.0001 Red
cell count (10b/mL) -0.270.171 15(2) 0.41 0.041 45(2, 1.17 <0.0001 150(2) 1.06<0.0001 Reticuiocytes

(70 of red cells) ow -0.08 0.973
WO 2009/044127 PCT/GB2008/003315

- 4G -

Figure 26. Comparison of mean urinary excretion rates of total MT as reported by Peter et
al. and those predicted by the oral model shown in Figure 22 for the same intervals.

Comparison of total excretion over 24hr is shown.

Figure 27. This reproduces Figure 186, but includes the model prediction (“M”) for
excretion of MTC. The model value is closer to that predicted from other studies than the

estimate reported by Peter et al. (“P").

10 Figure 28. Outputs of the oral model for C2 (blood), C4 and C3 are shown rescaled to
their corresponding maxima. These are compared with a friexponential mode! applied o

the measured ievel of MT in pig brain following a single oral dose.

Figure 28. Relationship between observed clinical efficacy of rember ™ and predicted
15 average steady state level of MT in C3 for the 3/day dosing regime. Also shown are the
predicted steady state levels of MT in C3 for 2/day and 1/day dosing regimes.

Figure 30. Relationship between observed clinical efficacy of rember ™ and predicted
average steady state level of MT in C2 for the 3/day dosing regime. Also shown are the
20 predicted steady state levels of MT in C2 for 2/day and 1/day dosing regimes.

Figure 31A. Difference between observed effect size and predicted effect size as a
function of percent capsule dissolution at 30 minutes. Capsule dissolution is determined
by the amount of MTC released info the agueous phase in standard US/EU

25 Pharmacopoeia dissolution conditions.

Figure 31B. Relationship between expected steady-state level of MT in the central
compartment (C2, i.e. blood) and observed loss of red cells at 24 expressed (expressed

as fractional change relative to normal range).

30
Figure 32. Relationship between actual dose (“dose") and effective dose (“eff dose”)
based on urinary excretion data.
Figure 33. Comparison of predicted fraction absorbed for MTC and L-MTx assuming that
35 administration of the L-MTx form eliminates non-absorption from the stomach (ie C1 in

Figure 22).



-0.54 0.816 45,2, -6.53 0.0063 150(4 -7.59 0.0022 1. The p-value is from a test of whether the value
of the vehicle-only dose is significantly different from zero. 2. The p-value is from a test of whether the
value is significantly different from the vehicle-only dose. Example 5 - Available studies As can be
seen from th&4ai¥ddté?discussion, the optimisation of an appropriate StR&TEEEaMSEBEROf MTC and
its formulation are complex. A major barrier to this is the lack of a suitable pharmacokinetic model.
Although there have been attempts to generate ad8K model, these are contradictory and do not take
account of all of the available data. Therefore, a completely novel approach to development of a PK
model was required. Before presenting this, the available data and models are summarised. - 65 -

There are Figuklisherksitishenipbbltdenipsprasitbassmafistsummalisadapentbemgiscussed
together. T, i r gsh d study in humans (Rengelshause al.cé 04
Parmacol e B B S R B I S R S i, ur. 0.
Olin. PharReeetingaegowy TSy \jfdeh i Heé#ised further in the present document, as its methodology
and findings are similar to those of Peter et al. (2000) discussed below. 1) Prior art study 1 10 The first

systematiC#@tﬁse&c_%%ﬁihvxeﬂ&&@gﬁ%%%%é%ﬁ%ié%ﬁ@ig@gnl_t%fﬁ%;ag AR o

of three papérs, two of which are summarised below. 1ISanto :
PharmacokiFtESigr RigMy iRl dapifsiced syriane siesey shafre'eisd afddlddss &8od Mrarmaceut Sc
61: 598-604 rehg=pdpesirgpetdmaniethdditortarsadygis of MTC in whole blood, urine and tissues. In
essence, the method consists in preparing the aqueous matrix with a high salt concentration (> 2M),
extracting MTC into dichloroethane, and measuring absorbance of 20the total dichlororethane extract

at 660 nm. AR SRESRYEE I8PmTEERTRS [alBlicesprien riiRe RAMHEIR hfheaRstHenot identified
chemicallyforiigatonlddee artaby/sad TR $t-Coverivey iftetiedsMAiCbby Bddiaged #dHCI and heating

in a boilingyalee i o3RRG Astion e dichiosasihans: ToriisreRgs between the

MTC recovered from urine following acid He%tmen.t nd MTC recovered without acid treatment ("free-
medicinal product administéred at the doses indicated at a frequency of 3/day.

15 Figure 37. Various guantitative modeis for the progression and treatment of Alzheimer's

Disease as described in Example 12.

Figure 38. Relationship between expected clinical efficacy of an L-MTx-based preparation
for 1/day slow-release formulation. '
20
Figure 39. The differential effect of inhibitors of different sites of the tau aggregation
pathway. The scheme on the left shows the site of inhibition of tau entry into the tau
aggregation pathway {input) and the site of enhanced cleararice of tau aggregates from
that pathway. The effect of changes at bath of these two sites on PHF levels in neurons
25 is shown in the right panel. inhibition of input decreases the level of PHFs initially, before
the rate of formation continues at the same leve! as before. Enhanced clearance of

aggregated tau, however, results in a steady decrease in the level of aggregated tau.

- Figure 40. Tau aggregation and its clearance in Aizheimer's disease. Tau oligomers can
30 either assemble into filamentous PHFs and/or enter the endosomal-lysosomal clearance

pathway.

Exampies

35 Example 1- Phase 2 Clinical Trial TRx-014-001




25MTC") was reported as "leuco-MTC" 1 b) DiSanto AR and Wagner JO (1972b) Pharmacokinectis of
highly ionized drugs Il: absorbtion, metabolism and excrection in man and dog after oral
administration. J Pharmaceut Sc 61: 1086-1090. 30 In this study, 7 adult male volunteers aged
between 21 %RPAHYEEE and weighing between 54,5 and 95.3 kg ingest@§ TGPIPBHMTIE USP. Urine
was collected in the intervals tabulated below. Average urinary excretion rates for oxidised-MT
("Ox-MT", also referred to as "free-MB") and leucg4MT ("L-MT") with corresponding standard errors are
35shown in Table 5, and in Figures 10 and 11. - 66 - Table 5. Excretion rates and standard error
("se") for oREBERMTC ("OX-MT") and reduced MTC ("L-MT") from DiSanto and Wagner (1972). Time
(hr) Mid-time (hr) Ox-MT (ttg/hr) se-Ox L-MT (pg/hr) se-L 0.5 0.25 2.31 1.06 14.01 6.98 1 0.75 20.59

5.05 385.09 83.-\,%

10

15

20

25

30

ge% Phase 2 exploratory dose-range-finding study for treatment of mild and
moderate dementia of the Alzheimer type has been conducted using an investigational
medicinal product (IMP) of which MTC was the active pharmaceutical ingredient (API).
The study was a randomized, double blinded, placebo-controlled study whose primary
objective was to investigate the effects of MTC at three doses (30, 60 and 100mg, sach
three times per day) compared with placebo on cognitive ability (as measured by the
ADAS-cog scale: Alzheimer's Disease Assessment Scale - cognitive subscale). There
were 322 subjects randomized, of whom 245 (74%) completed the first 24 weeks of
treatment. Of these, 227 (83%) chose to continue treatment for a further 6 months, of
whom 177 (78%) completed 50 weeks of treatment on 2 July, 2007. The final analyses
comprise analyses of the ITT/OC (Intention to Treat / Observed Case) population of 245
subjects who completed 24 weeks of treatment, and 177 subjects who completed 50
weeks of treatment by 2 July 2007. The study design is summarized in Figure 1. For
reasons of ethical concemns, subjects who were originally randomized to placebo during
the first 8-month phase were switched to the 100mg dose during the second 8-month
extension phase of the study (“"E1").

24-weel Analyses

The primary pre-specified outcome was an ITT/OC analysis of ADAS-cog change from
baseline at 24 weeks using an analysis of covariance approach which inciuded an
assessment of the interaction between the effect of treatment with rember ™ and
baseline severity as defined by CDR (Clinical Dementia Rating scale). This analysis
demonstrated a positive effect of rember ™ at 60mg tid which achieved statistical
significance in both the ITT/OC and [TT/LOCF (intention to Treat / Last Observation
Carried Forward) populations. COR severity at baseline was found to be a highly
significant cofactor, and when included in the model showed that the effect of rember ™
was significant at 24 weeks only in subjects who were CDR-moderate at baseline. The
lack of decline in CDR-mild subjects on placebo prevented efficacy analysis in this group
over the first 24 weeks. However rember ™ efficacy was confirmed in this group by

functional brain scan analysis at 24 weeks, and by ADAS-cog at 50-weeks.



1.5 38.66 7.50 659.14 104.79 3 2.5 50.56 14.50 474.29 96.93 4 3.5 40.66 8.76 384.43 49.37 6 5 53.01
12.37 290.50 49.26 9 7.5 42.86 17.55 120.29

10

15

- 20

25

WO 2009/044127 PCT/GB2008/003318
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Table 1. ADAS-cog effect size at 24 weeks in CDR-moderates (in ADAS-cog units)

Dose!” Estimate 95%Cl p-vaiue'?
Jow(100mg) 0.42 4,24, 3.40 0.826

30mg -4.02 -7.30, 074 0.0172

60mg -5.41 -8.31,-1.52 (.0073 |

1, The 100myg dose s referred (o as the “ow(100mg)” dose to indicate that in its present formuiation, the
therapeutic effficacy of the 100mg capsule did not correspond to the nominal dose,
2. The p-value is from a fest of whather the value is significantly different from placebo,

In the analysis of the subgroup of the ITT/OC population who were CDR-moderate at
baseline (Figure 2), the effect size of rember ™ at the 60mg tid dose was -5.4 ADAS-cog
units and 3.4 MMSE (Mini-Mental State Examination) units (MMSE data not shown).
Whereas placebo-freated subjects declined by 5.1 ADAS-cog units, there was nc
evidence of decline in subjects treated with rember ™ at 30mg or 80mg tid over 24
weeks. Non-cognitive outcome variables (measuring psychiatric disturbance and activities
of daily living skills) also confirmed the disease-stabilising properties and efficacy size of
rember ™ in the moderate group. Subjects receiving rember ™ at the 80mg tid dose,
showed an effect size of 1.4 — 1.9 units on the CGIC (Clinical Global Impression of
Change) scale at 24 weeks relative to placebo, registered by clinicat assessors blinded to
the other outcome measures. The odds-ratio of not declining on CGIC for subjects taking
rember ™ at the 60mg dose was 9 times better than placebo. The CDR-sum-of-boxes
parameter, another global clinical measure, showed benefit of -1.7 units. Finally, rember
™ at the 80mg dose showed significant benefit on the ADFACS (Alzheimer's Disease
Functional Assessment Scale) measure of activities of daily living, with an effect size of
3.11to 6.1 units over 24 weeks. In all the psychometric analyses at 24 weeks, the 100mg
capsule showed minimal efficacy, consistent with a formulation defect of the capsules at

this dosage strength discussed further below.

The 100mg dose is referred to as the "low(100mg)” dose to indicate that in its present
formulation, the therapeutic efficacy of the 100mg capsule did not correspond fo the

nominal dose. This is discussed in more detail in the Examples below.

' Functional Brain Scan Analysis



29.91 24 16.5 37.99 6.43 78.72 13.77 33 28.5 24.34 7.53 41.87 9.91 48 40.5 11.02 2.43 26.77 5.18.57
52.55.001.16 14.11 5.49 72 64.5 4.98

W 2009/044127 PCT/IGB2008/063315

-83-

Prevention of decline over 24 weeks was independently confirmed by analysis of
functional brain scan changes in 135 subjects who had undergone two SPECT scans 6
months apart on averagé (Figure 3). Whereas subjects receiving placebo showed the
expected pattern of deterioration in frontal and temporo-parietal regions of the brain,

2 subjects receiving rember ™ at 30mg or 80mg showed no evidence of deterioration in
any brain region. When the subgroup who were CDR-mild at baseline were examined
separately, there was aiso evidence of prominent deciine over'B months in subjects
receiving placebo, amounting to loss of 8% of functioning neuronal voiume. The treatment
effect seen in the whole population was also seen in the CDR-mild subgroup,

10 demonstrating the efficacy of rember ™ in CDR-mild AD. The fact that there was
objective evidence of progressive functional deterioration in the mild.subgroup without
corresponding evidence of decline on any of the psychometric scales over 8 months
confirms the powerful confounding influence of cognitive reserve in mild AD. Overall,
despite this effect, baseline functional deficits shown by SPECT scan were highly

15 correlated with baseline ADAS-cog score, and the benefit of freatment with rember w

| shown on the ADAS-cog scale was likewise correlated with the functional benefit
demonstrated by SPECT scan. rember ™'s action seen by functional brain scan strongly
suggests that rember ™'s ability to reverse the Tau aggregation pathology, which is
known to occur in the same brain regions as those showing functional brain scan defects,

20 is responsible for its ability to prevent decline in cortical brain function in the same
regions. Given the greater sensitivity of SPECT in detection of both decline and
treatment effects, and its ability fo predict treatment response (see 50-week analysis
below), it is concluded that SPECT couid be used as a surrogate or proxy marker for
future clinical trials aiming to demonstrate disease modification.

25
50-week Analyses

| The 50-week study extended and confirmed the findings of the 24-week study, and
demonstrated significant benefits in both CDR-mild and CDR-moderate subjects in the
30 overall ITT/OC and ITT/LOCF popuiations (Figure 4; Tables 2 and 3). Subjects originally
randomized to placebo were switched fo the low(100mg) dose bd after 24 weeks. This is
referred to as the “placebo-fow” treatment arm. Because of the minimal efficacy of the
fow(100my) dose on any of the psychometric scales over the first 24 weeks of treatment,
the placebo-fow treatment arm conveniently served as the Least Exposed Dose

35 comparator arm for the 50-week study.
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The mean decline observed over the 50-week study in placebo-treated subjects was 7.8
ADAS-cog units (Figure 4). For subjects treated with rember ™ at a dose of 60mg tid, the
decline seen over 50 weeks was not significantly different from zero on either the ADAS-
cog scale or the MMSE scale for subjects. On the ADAS-cog scale, about 60% of
subjects improved or stayed the same at 50 weeks. On the MMSE scals, 62% improved
or stayed the same at 50 weeks. The odds of a patient not declining on either scale were
about 3.4 times better at the 60mg dose than on placebo-fow. The corresponding effect
sizes were -6.8 ADAS-cog units and 3.2 MMSE units over the 50-week trial. In addition to
the effect on disease progression, there was an initial symptomatic improvement at 15
weeks of 1.6 ADAS-cog units and 0.8 MMSE units at the 80mg dose, comparable to that
observed with AChE inhibitors.



WO 2009/044127PC17GB2008/003315 - 67 - Table 6. Urinary excretion data for Ox-MTC and L-MT
Parameter Free Leuco Kel 0.2263 0.2430 K12 0.7506 0.2962 K21 0.2381 0.1040 Ka 0.1626 0.9654

hag (hr) 0.2078 0.2381 VcF (L) 29.7918 8.2607 Correlation (means, obs vs pred)
WO 2009/044127 PCTIGB2008/003315
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Table 2. Effect sizes inferred from mixed effects analysis at 50 weeks (in ADAS-

coy units)
Dose Estimate 85% ClI p-vaiue'”
Jow(100mg) 2.04 721, -0.87 0.0124
30mg - -3.87 -6.90, -0.84 0.0126
60mg -6.78 -8.74, -3.82 <G.0001
T The p-vaits is from & lest of whether the value is significantly diflerent from placebo.

Table 3. Effect sizes inferred from ieasf-squares analysis at 50 weeks {in ADAS-

coy units)

Dose Estimate 95% Cf p-vaiue'"
Jow(100mg) 359 581 1.37 0.0015

30mg -4.37 -6.83, -1.92 06.0005

50mg -6.50 -8.88 -4.14 <(.0001
7. The p-value is from a test of whether fhe valus is sigrificantly differant from pIacebo.

There was no deterioration on the non-cognitive scales in CDR-mild subjects in the
placebo-low arm over 50 wseks. The non-cognifive ouicomes at 50 weeks in COR-

5 moderate subjects confirmed the findings of the 24-week analyses. The NP!
(Neuropsychiatric Inventory) demonstrated benefits for rember ™ treatment over 50
weeks. Whereas subjects in the placebo-low arm declined by 9.6 uniis on the patient-
disturbance scale and 4.9 units on the carer-distress scale, no such deciine was seen in

subjects continuously treated with rember ™ over 50 weeks, with corresponding best

10 effect sizes of -2.2 units and -4.6 units.

The placebo-fow arm compared to the Jow{100mg) arm provided a close approximation to
a delayed start design to confirm that rember ™ is disease modifying in a formal
regulatory sense. Subjects who began later on a dose of minimal apparent therapeutic
15 efficacy as judged by ADAS-cog over the initial 24 weeks remained significantly différent
at 50 weeks relative to subjecis who had been receiving the low({100mg) dose
continuously. Furthermore subjects treated continuously at the low(100mg) dose showed
retardation in the rate of disease progression. Although there was a difference in the
capsule dosage regime between the two arms (tid vs, bd}, haematological side effects,

20 which showed a clear dose-response profile, were indistinguishable with regard {o the two
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dosing regimes, supporting the approximate equivalence of biological exposure, and
hence supporting the inference that rember ™ is disease-modifying. This is also
confirmed by rember ™s ability to arrest disease progression over 50 weeks at the 60mg
dose, and reduced the rate of disease progression at the 30mg and Jow(100mgq) doses at

50 weeks.
Summary of Clinical Safety of rember ™

The overall adverse event profile was substantially better in the rember ™ trial than for
AChE (Acetylcholine Esterase) inhibitors at optimal treatrﬁent dose reported in the
Cochrane Review (Birks, 2008). There were no significant differences in the odds of
subjects taking rember ™ at 30mg or 80 mg tid withdrawing, experiencing any adverse
event or withdrawing due to an adverse event, compared with AChE inhibitors. Diarrhoea
was the most frequent adverse event reported by subjects treated with rember ™,
particularly the fow(100mg) dose, most likely due to transit of non-absorbed rember ™ to
the distal bowel, causing repopulation of gut flora due to a miid antibiotic activity of MTC
which has been well documented in iiterature (Kristiansan and Amaral, 1997; Gunics ef
al., 2000). Although subjects receiving rember ™ had higher odds of developing
diarrhoea than reported for AChE inhibitors, subjects taking rember ™ reported
significantly less nausea, vomiting, anorexia and abdominal pain, headache, fatigue and
agitation. The experience from some of the trial centres indicated that diarrhoea may be

managed with suitable probiotic preparations (eg dried lactobacillus preparation).

No changes of clinical significance were seen in any of the routine ciinical chemistry
parameters. Small reductions in red-cell counts, haemoglobin, methaemogiobin and
white-cell counts were seen in subjects treated with rember ™ and these changes were
dose-related. The changes were negligible for the 30mg tid dose, but became statistically
significant for the 60mg and fow{100 mg) tid doses. in the case of red-cell parameters,
they appeared over 24 weeks, but resolved over 50 weeks, except for evidence that the |
60mg tid dose increased methaemoglobin ievels at 24 weeks and stabilized thereafter. At
this dose, the mean level of methaemoglobin increased from the normal mean vaiue of
0.4% to 0.8% of haemoglobin, but stili below the upper fimit of normal (1%). In the case of
white-cells, again the changes were negligible for the 30mg tid dose, but for the 60mg
dose values decreased and then stabilized at levels not significantly different from the

30mg dose over 50 weeis. it is concluded that oxidation of hasmoglobin by an oxidised



T1/2 (elimination, hr) 15.0364 16.4953 The following standard abbreviations are used in the table: Kel
(terminal elimination rate constant), K12 (rate constant for transfer from putative compartment 1 to
compartment 2), K21 (rate constant for transfer from putative compartment 2 to compartment 1), Ka
(absorption rife ¥BHS&tdM’ Tiag (absorption time-lag before drug appears iRGRHBHIKASGRIS)
compartment). VcF (Vc x F), F (calculated bioavailability), Vc (theoretical volume of distribution of the
drug in the central compartment), AUC (area undg¥ the curve, a measure of total drug in blood), MRT
(mean residence time, time for 63.2% of administered dose to be eliminated), TM - 68 - From the
urinary exdesmcr BataeOytvaninidv WiEtdifdpavithstdispbonestisisbutsropiblsdamtiangparent
bioavailabijityrdHewemepatamipsrninal elimination half-life (-16 hr) and corrected apparent central
volume (4 L) are comparable (Table 6). Total urinary recovery is 6.465 mg (i.e. 65% of dose), of which
23% is excreted as Ox-MT and 77% is excreted 5as L-MT. 2) Prior art study 2 This is described in
Peter C, HHfigAreDereshré g stedneibes PRPpE2COETATPHRE wliaskinsgdedicand arga distribution of
intrayenousaamtherAdNetnieine hidieabuhdddmBlasmacdl &ficlaiélhat ifethissiuse fauman
volunteersc4 males, 3 f males)] q‘gfed 19:5 eref(?iv n MTC 100 rgg (%é%el\rﬂ(l}‘m.‘.oq 3 occasions at

g Ria

least 1 wee uasge?re@bsie& Ker & sin Sri‘\’fiﬂfe"é’ ion ?S I [mé mih 0.9% over 56 sec) or two 50 mg
capsules if¥yelaaRenbefiite 0magedpSme smagel stinestbgethemiFtRB (U THWRHIMVE SR (sodium
mercaptoethaneswphaisate) ndthaiphas foaaokisebinrlest wiigomadnisisiissienaofddesna was included
because o jpical ATC. | r chemotherapy regimes based on ifosfamide for which
Mesna is c%)#-% %}’i%és:%eer%é t?;%%%ﬁ?ﬂ%%%%%%}szo The analytical methodology for blood differed from
thafYsed by DiSanto and Wagner in the following respects: Inclusion of an internal standard

Use of sodixarimdx@neBoiphdatide asdntiengiaiofoherinaastoatisaatibieditndberslilatoethane
Chromatogggphic separation using a Nucleosil 100-5 CN column with an isocratic mobile phase, with
efflux monitored at 660 nm. Peter et al. also measured urinary excretion of Ox-MT and L-MTC to 24 hr,
but reported 30only means of total excretion at intervals ending at 2, 4, 6, 10, 14,24 hr post-dose. The

analytical ffetfwchiration efweastsaittosbe iesERnidyORlentinsis tedthtdios Didaritbuamsletiagner.  The
VIGSS#%tS are:ae4iRRWAHEANRY, D8 HRESH AR QM Br2RiicRIN A%igRRincrdinaRFigures 14 and

Three strengths of capsule, differing only in fill weight, were manufactured with target

strengths 30, 80 and 100 mg of MTC, respectively. A matching placebo containing only
Gelucire 44/14 was provided. The hard gelatin capsules and the gelatin used for capsule
banding complied with current guidelines regarding Transrmissible Spongiform

20 Encephalopathies.

Uniformity of capsutes was {ested by Appearance, Fill Weight Uniformity, Assay (modified

from USP 27), Chromatographic purity {TLC as specified by USP 27) and Dissoiution

using the European Pharmacopoeia and US Pharmacoposia rofating paddie method. Six
25 manufacturing lots of capsules were produced, and were tested for uniformity and

stability.

Through these dissolution studies, it was found that the disscolution of the 100 mg capsule
in ali in vitro conditions was slower than the 30 mg capsule and that this difference

30 increased over time since manufacture (Figure 5). The 80mg capsule had an intermediate
dissoiution profiie relative to the 30mg and 100mg data shown in Figure 5. Further
studies have shown that accelerated cross-iinking of the gelatine capsules in the
presence of MTC at high fill-weights (i.e., particularly 100 mg capsules) decreased the
probabiiity of initial capsule breach, afthough subsequent dissolution from the breached

35 capsuie was rapid. The MTC released from the capsule was found to retain the expected

fevel of bio-activity in the in vitro Tau aggregation assay (WOS6/030768).
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This delay in dissoiution of the 100 mg capsule is iikely to have shifted the primary site of
absorptio'h from the stomach to the small intestine, leading both to reduced absorption
(leading to diarrhoea) and absorption of the majority of the bioavailable dose as a
therapeutically inactive dimeric species. The implied dose-response relationship
discussed further beiow indicates that in the present formulation, the equivalent
cognitively-active dose available from the 100mg capsule was ~25 mg, when compared

with the cognitive activities of the 30mg and 60mg doses.

The present formulation limits the extent to which higher doses of rember ™ can be
explored clinically in future clinical studies. As discussed further below, there is no
theoretical basis for an efficacy plateau at the 60mg dose. It is conciuded that the
apparent plateau at 60 mg tid reflects a combination of limitations in solubility, dissolution

and absorption of rember ™ at higher dose.

Example 3 - Mathematical efficacy model

A kinetic mathematical model has been developed to try to gain a better understanding of
the Tau aggregation process and its quantitative relationship with cognitive deterioration.
The structure of the model is illustrated betow in Figure 8, showing the relevant rate

constants.

A broad range of experimental data inputs were used to derive estimates of the key rate
constants in the above model. These included inter affa: quantitative clinico-pathological
studies linking Tau aggregation and MMSE score in man, estimation of rate of
progression of Braak stages over time (Braak and Braak,1881), drug dose-response
relationship in cell models and in the Tau & ding assay in vifro, drug dose-response
relationship in reduction of Tau pathology in transgenic animals, and a pharmacokinetic
model linking dose fo estimated available brain levels of rember ™ in animals and in man

discussed further below,

The clinical trial data were used to validate this efficacy mode! which can in turn explain
the relationships between Tau aggregation, clinical dementia and rember ™'s clinical
efficacy profile. Specifically, no further assumptions implicating the accumutation of 8-
amyioid protein or other unknown neurotransmitter factors are formally required. it is

surprising, given the complexity of the pathophysiclogy of AD generally assumed in the



Table 8. Concentration of Ox-MT in whole blood after oral administration of 100 mg MTC (mean of with
and without Mesna). Time (hr) Blood Ox-MT (ttmol/L) 0 0 0.09 0.00064 0.15 0.001 0.24 0.0064 0.33
0.017 0.5 0.041 0.63 0.055 1.01 0.064 .99 0.069 4 0.038 WO 2009/044127PCT/GB2008/003315 - 70
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field, that an extremely parsimonious set of assumptions and rate constants can provide
the entire basis for a set of formally definable relationships linking the rate of progression
of clinical dementia, the dynamics of the Tau aggregation cascade iliustrated above and

the efficacy of Tau-aggregation inhibitor therapeutic intervention.

There are important inferences to be drawn from the model in explaining rember ™
mechanism of action. While it appears a priori, and it is generally assumed in the fieid,
that the inhibition of the rate of Tau aggregation via the reduction in the rate of k3 (i.e.
inhibition on the input side), would be important to explain efficacy, this is not borne out
by the mathematical model. The model can be used to show that the impact of a
theoretical drug that acts only on the inflow side of the aggregation cascade (e.g.
strategies to reduce the upstream feed of products into the stage of aggregaied Tau)
would produce only a step-wise transient reduction in Tau aggregation which would be
compensated for over time by continuing aggregation. In other words, the theorefical
impact of such a drug would be only symptomatic and would not alter the rate of
progression of the disease, even though the mechanism appears to be potentially
disease-modifying because it targets primary pathology. The mode! shows that there
would still be progressive accumuiation of Tau aggregates over time, and at the same
rate as without the drug. This is primarily because the clearance pathway for the Tau
aggregates remains ineffective in an AD subject and deteriorates over time at a rate
which can be measured by the rate of Braak stage progression over time. In the case of
potential anti-Tau strategies, this applies particularly to approaches that might be based
on inhibition of Tau phosphorylation, even if Tau phosphorylation were assumed to be
rate-critical for Tau aggregation, which has been disputed by the inventors (e.g. Wischik
et al., 1997). This further applies to arguments based on the rate at which B-amyioid
protein might, in some as yet unknown manner, trigger Tau aggregation, as asserted by

the recent current versions of the Ap theory of AD pathogenesis (e.g. Selkoe, 2004).

The most important therapeutic action of rember ™ lies in its ability to enhance the
clearance of Tau aggregates by dissolving the aggregates and releasing previously
aggregated Tau in the form of a monomer which can be processed through a much more
efficient clearance pathway, i.e., the proteasomal pathway. in terms of the m'odei, the key
action of rember ™ is to enhance or open up the rate constant k4b in Figure 6B. In
effect, this opens up a new, previously unavailable clearance pathway for the Tau
aggregates. This new clearance pathway, the proteasomal clearance pathway, is
depicted by the k4b rate constant in the Figure 8B.



Peter et al report the following pharmacokinetic parameters (Table 9). 5Table 9. Pharmacokinetic
parameters reported by Peter et al. (2000) for MTC administered by intravenous and oral r(_)utes.
Parameter IV Oral AUG (p.mol/min/m1) 0.134 0.011 CI (Uhr)1 3 c/o of dose excreted in urine at 24 hr
28.6 18.6 EsYAated%fitAination TX: blood (1 -4 hr, hr) 5.25 urine (4 - 24PKR/6BR08$BI0I3IEI: clearance,
the volume of blood cleared of drug in unit time. Peter et al. further note that the fraction of total MT
excreted in the urine in the L-MB form was approxgmately 1/3 of the total, and this did not differ
between oral and IV dosing. 3) Prior art study 3
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The powerful effect of enhanced clearance in the kinetic modei is due to the auipcatalytic
effect of the aggregates, in that the rate of aggregation is directly proportional te the
aggregate concentration. This is the primary mechanism responsible for the long-term
predicted change in the rate of disease progression, which was borne out in the TRx-014-
001 clinical trial. The mode! i'aise_s the possibility that rember ™ if given much earlier in
disease progression (i.e., at or even before clinical MCI), could aiso modify the structural
deterioration in the neuron’s clearance pathway and provide a further rationale for rember

™ as a primary preventive therapy.

A further feature of the kinetic modet is that it would predict an early symptomatic effect
due to initiai dissolution of existing Tau aggregate ioad. This initial burst of clearance of
existing aggregates is predicted by the model to contribute to an early symptomatic

improvement. This too was borne out in the rember ™ Phase 2 clinical trial. .

The later disease-modifying action of rember ™ depends on the extent to which the
ongoing rate of production of Tau oligomers, and ongoing degradation of the
ELM/proteasomal ciearance pathways over time (which is the uitimate determinant of the
inherent rate of progression through the Braak stages over time), can be neutralised by
enhanced clearance due to soivation/solubiiisation of Tau oligomers. Since these factars
are directly proportional to the aggregate concentration, smali changes in the
pharmacokinetic profile of the drug can have a large impact on rate of disease
progression. These features of the model were again borne out by the Phase 2 clinical
trial, and emphasise the need for maximising the bioavailability of the therapeutically
active species that is absorbed. in particuiar, there is no inherent mechanism within the

model in its present form that would predict a dose-response plateau.

Exampie 4 - Relationship Between Cognitive and Haematological Activity

There were defects in the formulation of the 100mg capsule, summarised above leading
to increasing defay in dissolution over time since manufacture. Further studies in vitro
have shown that this is most likely due fo accelerated cross-linking of the gelatine

capsules in the presence of MTC at high fill-weights (i.e., 100 mg capsules).

Published in vitro studies have suggested that absorption of MTC is a complex process
which depends in part on the activity of an intrinsic celi-surface thiazine-dye reductase



This is described in Moody JP, Allan SIVI, Smith AHW, Naylor GJ (1989) Methylene blue excretion in
depression. Biol Psychiat 26: 847-858. This is a limited study of 24-hr urinary excretion during a
3-week trial period in depressed 20subjects taking 15 mg/day (5 mg t.i.d.) or 300 mg/day (100 mg
t.i.d.). Twent}$otf*Hf44#e collections were obtained in 7 subjects at the EAFEB2OBAGBEL days
treatment. The analytical method was said to be that of DiSanto and Wagner. The results are
summarised below in Table 10. WO 2009/0441-271-CT/GB2008/03315 -71 - Table 10. Summary of

data on urinary excretion of MTC in humans from the study by Moody eta!, (1989). Repeat Dose Study
(15 mg/24Ref - erisigy imtePRidferkpayd al., 204 Way o #i; 30§4). A pharmacokinetic

(“PK") model (discussed further below) has been developed based on published studies
in humans (DiSanto and Wagner, 1872a,b,c; Peter ef al,, 2000) which suggests that the
haif-life of disappearance of MTC from the primary absorption compariment is 30

5 minutes, consistent with the stomach being the primary absorption site for orally ingested
MTC.

MTC is highly ionised when it is in the oxidised form at pH 7 in a non-reducing
anvironment. As such, it has poor lipid sotubility. However, reduction to the reduced ("L-
10 MT"} form by addition of two electrons leads 10 an uncharged species which is readily
absorbed. In vifro studies suggest that this reduction step can only occur physiologically
at low pH. This property would explain why the siomach is the most likely primary
absorption site. PK studies in rodents, pig and primate, indicate that the predeminant form
of the methylthioninium moiety found in tissues is the colouriess L-MT form, and that after
15 oral administration, only a small proportion coniributes to the oxidised form which can be
readily measured in blood. It is therefare likely that only the L-MT form can cross the
bliood-brain barrier, where a new steady state is established between oxidised and
reduced forms within neurcns. After intravenous administration, substantially higher levels
of the mddised form can be detected in blood than after oral administration of the same
20 dose (Peter ef al, 2000). Further PK studies in pig have shown that this is due to a
difference in the Ievs! of the circulating L-MT form after oral administration, and not, as
suggested by Peter et al., due to poor bioavaitability via the oral route. This suggests that

MTC undergoes reduction during oral absorption and subsequent tissue distribution.

25 In circumstances where dissolution was delayed, as for the 100mg capsule used in the
rember ™ trial, it is fikely that only limited absorption of the nominal dose could have
cccurred via the reductase mechanism which has been described. This would lead to
delayed absorption from the small intestine at higher pH. On the basis of in vifro studies it
is deduced that these circumstances would favour the formation of a dimer of oxidised

30 MTC monomers which is well described in literature (Rabinowitch and Epstein, 1941,
Lewis ef al., 1943; Spencer and Sutter, 1979). Due to anti-paraliel stacking, the dimer has
no net charge. Therefore, delayed dissolution would be expected {o lead to delayed
absarption of MTC in the oxidised state at the higher pH of the small intestine. From in
vitro studies, the dimer would not be expected to have therapeutic activity, but would

35 have haematological effects due to its ability to oxidise haemoglobin.
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This delayed-dissolution hypothesis is consistent with the data derived from the rember ™
trial. In essence, the trial has shown that MTC has two systemic pharmacological actions:
cognitiﬁe effects and haematological effects. The cognitive effects do nof show a
monotonic dose-response relationship, whereas the haematological effects do (Figure 8).
5 This suggests that two distinct species are responsible for the two types of

pharmacological activity: MTC absorbed as the uncharged L-MT form being responsible
for the beneficial cognitive activity, and MTC absorbed as an oxidised dimeric species
being responsible for the oxidation of haemoglobin. If this were so, it would be expacted
that a relationship could be derived finking dissolution fime with the two distinct

10 pharmacological activities at different capsule strengths. This was indeed found fo be the

case, as shown in Figure 8.

A very high correlation (r = 0.986) was found between the normalised dissolution
expressed as percentage dissolved before or after 30 minutes, and the normalised

15 relative cognitive or haematoiogical activity indices. For relative dissolution, the
percentage of the totat dissolution that occurred in vitro before or after 30 minutes was
calculated. The corresponding partifioning of total pharmacological activity was derived as

shown in Figure 7.

20 it shouid be borne in mind that the relative cognitive aciivity at each nominal dose is
expressed as the proportion of total pharmacological activity (i.e., cognitive and
haematological) at each nominal dose. Therefore, although the 30mg dose has a smaller
absolute cognitive effect than the 60mg dose, it has a higher relative cognitive activity
index relfative to total pharmacological activity, because it has less haematological activity

25 than the 60mg dose.

Conversely, the lack of monotonic dose-response relationship observed in the efficacy
analyses of ADAS-cog at 50 weeks implies that the effective therapeutic dose available
from the 100mg capsule was as indicated in Figure &, i.e., approximately 25 mg, or a

30 quarter of the nominal dose, similar to the 30mg dose in activity at 50 weeks, lt is for this
reason that in the analyses presented above, the 100mg dose was indicated as
"low(100mg)" to signify that the formulation of these capsules did not permit proportionate
delivery and absorption of the expected nominal dose in its therapeutically active form. It
would appear that a major determinant of therapeutic activity in the brain is dependent on

35 absorption in the L-MT form, which may be mediated via ability of this form to cross the

blood-brain barrier.
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These analyses strongly suggest that it is possible to dissociate the beneficial cognitive
effects of the methylthioninium moiety of MTC from its undesirable haematological effects
by optimising the formulation. As discussed in a prior-filed unpublished patent application
5 (PCT/GB2007/001103, the contents of which are herein specifically incorporated by
reference}, a novel stabilised reduced salt form (designated “L-MTx"} would have the
benefit of bypassing the reductase activity which is necessary for absorption of the
methyithioninium meiety of MTC. The stable L-MTx has been found to have higher
solubility than MTC, and upon dissoiution remains substantially in the uncoloured reduced
10 state for more than 1 hr, permitting direci absorption as the reduced meathylthioninium
species. A further benefit of the stabilised L-MTx may be that even higher efficacy could
be achieved because higher doses of the therapeutically active form could be absorbed
without limitation by the capacity of the gastric thiazine dye reductase activity on the one
hand, and haematological side effects and diarrhoea on the other. These are discussed
15 further below.

As predicted from the present analysis, the L-MT salt form has been found to have
significantly less haematological toxicity than MTC. Figure & shows the differences
between MTC and L-MTx across a range of oral doses in terms of key red call

20 parameters in rats dosed daily for 14 days. As can be szan, L-MTx-dosed animals had
higher counts of red cells ("RBC”), higher leveis of haemogiobin {(“HB") and higher red-cell
haemaoglobin concentration ("MCHC"). The mean red-cell volume was less (“MCV"),
indicating that more mature red cells were released from the bone marrow, and the
reticuiocytosis induced by the haemolytic effects of MTC was reduced ("RETI").

25



38.6% 61.5% F (apparent bioavailability) 0.14 0.23 Single Dose Study Ox-MT L-MT Total-MT (mg)
(mg) (mg) Dose (mg) 2514.92817.7
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Table 4. Statistical analysis of differences in key red celi parameters in rats
between MTC and L-MTx doses.

Dose (mg / kg} Difference with respect to MTC p-vaiue
Haemoglobin (g/dL}
o™ -0.39 0.427
15 0.80 0.108
459 1.43 0.00485
150 3.03 <0.0001
Mean cell haemoglobin concentration (g/dL)
o 0.26 _ 0.780
15% 0.80 0.382
454 1.83 0.0414
150" 6.05 <0.000%
Mean ceif volume (L)
ot ‘ 0.08 0.961
15 -1.18 0475
459 -7.07 <0.0001
150" -8.14 <0.0001
Red cell count (16" /mL}
il -0.27 6.971
15% 0.41 0.041
457 1.47 <0.000%
150 1.06 <0.0001
Reticulocytes (% of red celis}
o™ -0.08 0.973
15% -0.54 0.816
45 -6.53 0.0063
150" -7.59 0.0022
1. The p-value is from a fest of whether the vaiue of the vehicle-only dose is significantly different from
Z210.
2. The p-value is from a test of whether the value is significantly different from the vehicle-only dose.

Examnpie 5 — Available studies

As can be seen from the foregoing discussion, the optimisation of an appropriate

5 therapeutic dose of MTC and its formulation are complex. A major barrier to this is the
fack of a suitable pharmacokilnetic model. Although there have been attempts fc generate
a PK model, these are contradictory and do not take account of all of the available data.
Therefore, a completely novel approach to development of a PK mode! was required.

Before presenting this, the available data and models are summarised.
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There are 3 published studies of MTC in humans. These are first summarised, and then
discussed together. There is a further published study in humans (Rengelshausen et al,,
(2004) Pharmacokokinetic interaction of chloroquin and methylene blue combination
against malaria. Eur. J, Clin. Pharmacol. 60; 708-715) which is not used further in the
present document, as its methodology and findings are simitar to those of Peter et al.
{2000) discussed beiow.

1) Prior art study 1

The first systematic reference studies were carried out by DiSanto and Wagner (1972)

and reported in a series of three papers, two of which are summarised below.

1a) DiSanto AR and Wagner JG (1972a) Pharmacokinetics of highly ionized drugs i;
whole blood, urine and tissue assays. J Pharmaceut Sc 61: 598-601

The paper reports a method for analysis of MTC in whole blood, urine and tissues. In
essence, the method consists in preparing the agueous matrix with a high salt
concentration (> 2M), extracting MTC into dichioroethane, and measuring absorbance of
the total dichlororethane extract at 660 nm. A stabilised leuco-form of MTC {“leuco-MTC"
was found in urine, but not identified chemically. This could be analysed by first
converting it to “free-MTC” by adding 5 N HCI and heating in a boiling water bath for 2
min prior to extraction into dichloroethane. The difference between the MTC recovered
from urine following acid treatment and MTC recovered without acid treatment {“free-
MTC") was reported as “leuco-MTC".

1b) DiSanto AR and Wagner JG (1972b) Pharmacokinectis of highly ionized drugs H:
absorbtion, metabolism and excrection in man and dog after oral administration. J
Pharmaceut Sc 61: 1086-1090.

in this study, 7 adult male voiunteers aged between 21 and 40 years and weighing
between 54.5 and 95.3 kg ingested 10 mg of MTC USP. Urine was collected in the
intervals tabulated below. Average urinary excretion rates for oxidised-MT (*Ox-MT", aiso
referred to as “free-MB") and leuco-MT (“L-MT") with corresponding standard errors are

shown in Table &, and in Figures 10 and 11.



100 84.8% 15.2% F (apparentbioavailability) 25 0.60 0.11 0.71 50 0.56 0.054 0.62 100 0.34
0.060 0.40 The single-dose data from this study has been combined with that of the DiSanto &
Wagner and Peter et al. studies to provide an estimate of apparent oral bioavailability 5based on
urinary excrefioreeiv484hz7of total-MT. Discussion of key results There are seversiamapecis in which the
models developed on the basis of the data
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Table 5. Excretion rates and standard error (“se”) for oxidised MTC (“Ox-MT"} and
reduced MTC (“L-MT") from DiSanto and Wagner (1872).

Time {(hr)| Mid-time (hr) | Ox-MT (ug/hr)| se-Ox  (L-MT (ug/hr)| se-L
0.5 025 2.31 1.06 14.01 6.98
1 0.75 20.69 5.05 385.06 97.98
2 1.5 38.66 7.50 650.14 104.79
3 256 50.56 14.50 474.29 96.83
4 35 40.66 8.76 384.43 49.37
8 g 53.01 12.37 280.50 49.26
8 7.5 42.86 17.585 120.28 25.91
24 16.5 37.99 6.43 78.72 13.77
33 285 24.34 7.53 41.87 8.81
48 40.5 11.02 2.43 2677 5.18
57 52.5 5.00 1.16 14.11 5.48
72 64.5 4.98 1.31 7.88 2.29
81 76.5 2.53 0.68 6.39 2.08
95 88.5 1.74 0.48 3.00 1.53
105 100.5 1.23 0.43 3.02 1.60
120 112.5 0.88 0.28 1.81 0.83




10tabulated above are inconsistent. The most important is that the terminal elimination half- life
deduced by Peter et al. (5.5 -6.3 hr) from analysis of blood concentration data is inconsistent with the
terminal elimination half-life deduced by DiSanto and Wagner (15 - 16.5 hr) from urinary excretion
data. It is alS8®FEBHI4téNt with long discolouration of urine observed folIRGIHGRINS/ BFStative IV
administration of MTC to localise parathyroid glands 15for surgery (Kuriloff and Sanborn, 2004). The
problem arises because Peter et al. (2000) have gased their estimates on blood data obtained of 4 hr,
or 12 hr in the case of Rengelshausen et al. (2004) who followed the same pharmacokinetic approach.
These analyses fail to take account of the terminal elimination phase, because of technical difficulties
encountergdp, %Stlﬁﬂﬁgﬂﬂe@fe%ﬁ levgls, imblpad svenumsing LC-MS (Liquid 20Chromatography -
Mass Spectroscopy) aftér the blood levels fall below detection limits. The terminal elimination phase
can be better analysed using urinary excretion data. Although it is well known that the urinary excretion

rate can preaiatestevalid way of estimating the elimifratgon rate C(znstant |he&|mple S

ystems (eg Gibaldi

there 25is

5 no ohbvious way to link the_hlood . da

and Perrier{1982) Pharmacokinetics), the-proptemwiththeava
a_and_urinary exc

that is complex, and

etion data inta a single coherent

integrated #8bdel able to account both for the

dosing of

time-perl(

Vv anf: %%gﬁd()sing

cases. Wﬁ%lng A solution to this

iskcraicial for the development of a su

A

tabIeOp:rs:chtlve model wiicegan be used to optimise

T Y AT £ £ Y . +.
| Ul OUTCT IVIT TOTNTIiS 101 arec UdL
this problem is discussed below. 3

d.llu III
e 6- Dev

ottrerthergpsuticicontexts. The

hKietic Model - 73 - 1) Oral bloavallcibilityOT*r%qDeter ef

2lopment of Integrated

al. dat&-Bfsdide g useful indication of

=Isa‘@ldﬁxw|ng oral vs IV 5administratio

n. Cmmpaﬂson of

owever, this estimate cannot

laviaele-falla
L“HClLCD I.IIO.L UIUUU TeVers IUIIUVVII u Ul
'[IO

nistration-a

to deter

the AU@Mmes over the 4 hr

hose seen after IV
pility. It is

inconsisteMofRiAtieR (Pessepat. Whi8%ecovery datd: %@7@4 hours

covery following oral

dosing was foundto 65% of that obtalned after IV dosmg (see Table 5). ThIS figure is 10comparable

|amnar o

with the Ll |a| \?{‘\\,l
The data from REEES]

I Y PN nal\A d-tha M
LCA UUl IIICU IIUIII ll IC IJI\.)CUILU cu g vvayrict ariu I.IIC VI

r%?neomn T‘—mqure 16 to provide an overall estin

udles are co

ody et al. studies.
ate of oral

bioavailability. It suggests a figure between 40% - 80% depending on dose over tH

e 15range 10 - 100

mg. It is algo apparent from Flgure 16 that there I1s dagesglependent redpcigsa In bi

oavailability as

determingd ‘“' rinary-recevery-following-oral-gdesin re-is-therefore 8 %‘ierepfmcy between the
estimate p o al bioavailability determined from direct measurenient in b‘d[oo and t

hat determined from

urinary exé&ediéi) This 20implies that the low blood8€¥é’ seen in blood%8féfving

oral dosing cannot

be explaing@Sipphrpy a imitation in absorptlon asigeggested by Petenggakg200

likeh-toreflecta lffc\ronr‘n in.the.a

0). The low blood

levels seen-after-oral-administration-are-mor

distributid #f&PM“r’(f%?ﬁMét%fé‘*éaQrauy an‘a b the%%/%éte Rapid early tigggf;e up

T erST

parent volume of
ake was confirmed

by D|SanF(M8tTdiWagner who reported that 29

8% o4l Ibintrayenous do8& 6f MTC could be

recovered ), Ngaitol{iRg, AMeT and kidney ar2

the urinaty &S8R4 "2hown in Figures 12 and?%’oqa?ﬁerefore, bIoojééddagtgacolle

early rap

INMUEESgRROWING ad MINiSITagkEyT in 1

at. This picture of an
1|SO consistent with

»cted over a 4 hr time

course as provided by Peter et al. are not sufficient to derive a valid estimate of redistribution of MT
The following standard abbraviations are used in the tabie; Kel (terminal efimination

rate constant), K12 (rate constant for fransfer from putative compartment 1 fo

compartment 2), K21 {rate constani for lransfer from putative compartrment 2 lo

compartment 1), Ka {absorption rate constant, Tlag (absorption time-lag before drug

appears in central (ie blood) compartment). VoF Ve x F), F (calculated

bivavailability), Vo (theoretical volume of distribution of the drug in the cenlral

compartment), AUC (area under the curve, a measure of fotal drug in blood}, MRT

(mean residence time, time for 63.2% of administered dose {6 be eliminated), T34

- (halt-life).



30between absorption, central and peripheral compartments. ii) Model constructed by combining blood
data from Peter et aL(Tables 7&8) and urinary excretion data from DiSanto and Wagner (Table 5) -
74 - fitted to the available data sets. The data used are the DiSanto and Wagner urinary excretion data
set for 7 subJEEt&M&AIH Table 5, taking account of differential excretion B OSEMTsanesLsMT. This is
combined with the Peter et al blood level data listed in Tables 7 and 8, also based on 7 subjects. It is
assumed that the DiSanto and Wagner data can-&d#e-linked to both 1V and oral blood concentration
data sets after a?propriate scaling on the basis that the urinary excretion profiles as determined by

Peter et al. WeTRsHIARR PYREEIORERS SR trAdbailIguite regpestdwdistibutien Digaato and

Wagner urinadyasparetiaiodesizstitys Hoaevial fdngrimiOaairsancade-ine Prighelgl. data because
_|§ and L-MT, and because the

the latter d icl t of differential excretjon of Ox-

sampling ir(l_&tgfrv%% i?g%%gﬁ?ﬁ@ﬁg@% ﬁ?gse{ avaiiabte i'r%ir% @aeb%iggﬁga%mbeﬁg}’edﬁta set. The
modelling Wh& #HB9{ i EvEtaghdonss. 1Af ihigh 38% dy exanatebes ot MIT Blwb @78 iscersteision data to 4 hr
following a ssrighéTlV dose of 100mg of MTC was combined with the DiSanto and Wagner urinary
excretion data set to 120 hr for single oral MTC dose of 10mg. The second stage was to see if the
same or simjlar compartment system can be used to fit the Peter et al. blood 20concentration data
following a BAGI& G¥ASE42E Df 100mg of MtC, combined with the DiSanto and Wagner urinary
excretion data set to 120 hr for single oral MTC dose of 10mg. In both cases, scaling parameters to

allow for thekDdalebehiesene=. 18 oSSR PEURAIRE DY IRLRUIespOLAYgY models. 25Figure 18
ponding r

shoyys the B st distribution of compartments and correspon te constants which could be fitted to
the three data TRLPSISA T\'ﬂgﬁﬁ’ﬁawﬂ%% AdNeRsgHS A Ty eTetisarfe and Wagner
urinary Ox-MT ieaaEebE524nd@a®inary L-MT data [Table 5]). The central compartment is C2. The
scaling parameters to allow for the fact that there was a 10-fold difference in the doses used in the
blood and yripe dat ts 30were explicitly estimated by the model for urinary Ox-MT (S-Ox) and
urinary Ll\ﬁh ?%;E;:%?eg?gi g&yﬁqﬁéphafkf%aﬁgslﬁé%%ﬂ%?jisqﬂg moudFEgiREMifo : ip?erz;l
compartmengs| e OB e CA ahigagiutavesk apattaéurither @ xergtiow iegraartatent (C5). There
arefg/o outagksIODEEINSDRVLYEH LeBes /M SEGRIEh NS e dLinaN L EXG PR L-MT (designated
K50 in Table 11) and a.sec nd Qutpwtwrg#c? represents 35an unmeasured loss g esignated K500 in

Table 11), Waﬁlsclhé;ss[% Simed 8 Teprata SPLLRa REMRP IR AU R S FRAIRAT BRRATUIARIF R excreted

through thd ienagRasokipstic affer £ ¢readmisishaine oTMesnatpiat firtrod@8 (desigaatatek30 in Table

11) represeitizdhesguaMity HeandeedasdiraiyQXvhEs Ths-ReICRhiagaRs P WRiLFPresent partitions

of predicteghtotal,excretion g hr, estimated from the corresponding AUG values. 5The parameters
estimated by the}mode?are%ligjtrg c}e (%/?/’?ﬁlfé%?%“ ¥ Table 11. Model parameters estimated for a

singte intravenous dose of 100mg MTC. The rate constants are as indicated in Figure 18. K50 is the

urinary exdrietienalgitestonrstanblognTér bi@RICHINERA rothenaresemplivrshaRalitiaNerpilen rate constant
from C5. igdsdifashg arpacgnt volume of distribution of MT in C2 calculated by the model. S-Ox and
S-L are the scaling parameters calculated by the model to account for the fact that urinary data came
from an experim&MYRITHIERMAERhstakAiRistered as a 10mg oral dose, and the blood data came

from an experiméesstiof whia\hECamasipASARISIR! 8 8685 RIS ALDUD A Ya805 into
25 dichiorosthane

® Chromatographic separation using a Nucleosil 100-5 CN column with an isocratic
mobile phase, with efflux monitored at 660 nm.

Peter et al. also measured urinary excretion of Ox-MT and L-MTC to 24 hr, but reported
30 only means of total excretion at intervals ending at 2, 4, 6, 10, 14, 24 hr post-dose. The

analytical method in urine was said to be essentially identical to that of DiSanto and
Wagner.

The results are not tabulated by the authors, but are shown graphically as reproduced in
35 Figures 14 and 15.



15 Parameter Estimate K23 1.60 K24 3.94 K30 0.0093 K32 0.088 K42 0.87 K45 0.28 K50 6.78 K500
0.081 S-Ox 10.6 S-L 6.3 V2 66.03 Correlations (observed vs predicted): Blood 0.98
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The data have been read from these graphs and are tabulated below.

Table 7. Concentration of Ox-MT in whole blood after IV administration of 100 mg of

-60 -

MTC.
5
Time Blood Ox-MT
(hr) {umol/L)
0.09 6.06
0.15 3.32
0.24 1.73
0.33 1.65
0.5 0.78
0.65 0.61
0.83 0.39
1.01 0.41
1.99 0.28
4 G.18
Table 8. Conceniration of Ox-MT in whole blood after oral administration of 100 mg MTC
{mean of with and without Mesna).
10 '
Time Blood Ox-MT
{hr) (nmol/Ll)
O 0
0.09 0.00064
0.15 0.0011
0.24 0.0064
0.33 0.017
0.5 0.041
6.83 0.055
1.01 0.064
1.99 0.069
4 0.038

PCT/GB2008/003315




Urinary Ox-MT 0.96 Urinary L-MT 0.98 - 76 - In the second stage; the same basic model was fitted to
the Peter et al. blood concentration data following a single oral dose of 100mg of MTC (Table 8), and
scaled urinary excretion data from DiSanto and Wagner (Table 5) following a single oral dose of 10mg
of MTC. 5 FYjir&¥3%¢H3Ws the best distribution of compartments and corf&dffotiitiy'?ate constants
which could be fitted to the three data sets (Peter et al oral-dosing blood concentration data [Table 7],
DiSanto and Wagner urinary Ox-MT data [Table 3pand urinary L-MT data [Table 5]). The oral model
assumes two further compartments prior to the central 10compartment (C2). These are Cl (the primary
absorption compartment, assumed to correspond to stomach), and a second pre-central compartment
(C6, presumed to represent a first-pass metabolism hepatic compartment). There is a loss from Cl
(designated K100 in Ta% 1 hich is presumed to represent -ahsorbed MTC, and further loss
from C6 (d%%‘.%rn%té‘cﬁé’g he gyb‘?‘é"ﬁg“ \% %ﬁor%nﬁ%s%an%ggie%rﬁe%%é%n ‘loss 15due to first pass
metabolism. The scaling parameters to allow for the fact that there was a 10-fold difference in the
doses usedapide Frachanskinane rdrdemeris wptetexplicilycestimatenbbyrehemmdel for urinary Ox-MT
(S-0Ox) anda HHG\%%JEJVEE ﬁ%?eﬁggsaargds&gw&g%gable 12. As for the IV model, the solution to the
model requires two peripheral compartments, shown as C3 and C4 in Figure 22, and a further
excretion compartment 20(C5). There are two outputs from C5, one which represents scaled observed
urinary excretion of L-MT (designated K50 in Table 12), and a second output which represents an
unmeasured loss (destgnated K500-inTabte-12);which-is a::ulE’E‘d‘I‘O’I‘EPf@?@ﬂT secondary hepatic
metabolism of MT which is exgraéﬁéﬁefﬁ?ough the pile as'n unmeasurédhetabalite. The output from
C3 (designated K30/iij [e-T27) Teépresents the 25quantly medsure rimary Ox-MT. The
percentages shown rébjrc;lg%WP gﬁ#@?&' s of predicgted tggﬁ %:()utput fromOQ?l% lléystem excretion at 120 hr,
estimated from the C‘er%%gmding AUC values. The pargmetersLestimated by the model are listed
below in Table 12. 30 Table 12. Model parameters estimated for single oral dose of 100mg MTC.
Parameter Estimate Kd 60d0sédekd6ied in urine

at 24 hr 28.6 186
Eslimated efimination T

biood (1 —4 hr, hw) 5.25

urine {4 — 24 hr, hr) 8.6

1. Ci: clearance, the volume of blood cleared of drug in unif time.

10
Peter et al. further note that the fraction of total MT excreted in the urine in the L-MB form
was approximately 1/3 of the total, and this did not differ betweern oral and IV dosing.
3) Prior art study 3

15

This is described in Moody JP, Allan SM, Smith AHW, Navior GJ (1989) Methylene biue
excretion in depression. Biol Psychiat 26: 847-858.

This is a limited study of 24-hr urinary excretion during a 3-week trial period in depressed

20 subjects taking 15 myg/day (6 mg t.i.d.} or 300 mg/day {100 mg t.i.d.). Twenty-four hr urine
coliections were obtained in 7 subjects at the end of 7, 14 or 21 days treatment. The
analytical method was said o be that of DiSantc and Wagner. The results are

summarised below in Tabie 10.



1.68 - 77 - K23 1.39 K24 0.67 K30 0.016 K32 0.091 K42 0.00095 K45 2.059 K50 1.45 K500 0.61
K600 0.20 K62 0.35 S-Ox 12.3 S-L. 19.6 Vc2 (L)

WO 2009/044127 PCT/GB2008/003315
-71-

Table 10. Summary of data on urinary excretion of MTC in humans from the study by
Moody et al. (1988).

Repeat Dose Study (15 mg/24hr) Ox-MT (mg) | L-MT {mg)
Days
7 6.1 7.2
14 5.3 8
21 6.1 8.4
24 hr urinary excretion (mg) 58 7.2
% of total urinary excretion 44 8% 55.3%
F {(apparent bioavailability) 0.39 (.48

Repeat Dose Study (300 mg/24hr)

Days
7 439 75.86
14 41.1 71.6
21 452 6C.4
24 hr urinary excretion (mg) 43.4 68.2
% of total urinary excretion 38.6% 61.5%
F (apparent bioavailability) 0.14 0.23
Single Dose Study Ox-MT L-MT Total-MT
(mg) (mg) (mg)
Dose
(mg)
25 14.9 2.8 17.7
50 28.1 2.7 30.8
100 33.5 6 39.5
% of total urinary excretion 25 84 2% 15.8%
50 91.2% 8.8%




319.9 Correlations (observed vs predicted): Blood Ox-MT 0.99 Urinary Ox-MT 0.98 Urinary L-MT 0.99
Scaling factors for urinary Ox-MT and L-MT from DiSanto and Wagner (10mg dose, oral) to fit with
Peter et al data (100 mg dose, oral) are explicitly estimated for the oral version of the model as S-Ox
and S-L respB&RERA KR rther modification required to achieve a fit for th@GFaFBus MEs1the
introduction of a time delay for the urinary excretion data from DiSanto and Wagner. This delay was
estimated as a non-linear function ranging from 0.220 1 hr for excretion times earlier than 1 hr, and a
constant time_delay of 1 hr thereafter. As can be seen in Table 11 and 12, there were very high

correlations (all greater than 0.96) betwedfthe modélBatputs arid.#e ingut data sets, 3
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d overall

t al. was half of

that predicted by the model. Excluding this value, the correlation between the two was 0.86. The total
24-hour excretion predicted by the model and that reported by Peter et al. is also compared in Figure
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indicated by "M", and the Peter et al. data indicated by "P". 15 Finally, a comparison was made
between th%‘%%nw tepredic ions and the results from an oral study in which pigs were
administered a gingFe é’%d?(ﬁsé’&e, and brain levels of MT were determined. Pigs were given a
single oral administration of MTC at a target dose level of 20 mg/kg bodyweight. Blood (0.5, 1, 2, 4, 8,
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have based their estimates on blood data obtained of 4 hr, or 12 hr in the case of
Rengelshausen et al. (2004) who foliowed the same pharmacokinetic approéch. These
analyses fail to take account of the terminat elimination phase, because of technical
difficulties encountered in estimating Ox-MT levels in blood, even using LC-MS (Liguid
Chromatography — Mass Spectroscopy) after the biood levels fall beiow detection fimits.
The terminal elimination phase can be better analysed using urinary excretion data,
Although it is well known that the urinary excretion rate can provide a valid way of
estimating the elimination rate constant in simple systems (eg Gibaldi and Perrier {1982)
Pharmacokinetics), the problem with the available MTC data is that is complex, and there
is no obvious way to link the blood data and urinary excretion data into a single coherent
integrated mode! able to account both for the IV and oral dosing cases. Providing a
solution to this problem is crucial for the development of a suitable predictive model which
can be used to optimise dosing of MTC or other MT forms for the treatment of AD and in

other therapeutic contexts. The solution to this problem is discussed befow.

Example 6 - Development of integrated Pharmacokinetic Model




and 1600 ng/g, respectively and the coefficient of variation at each level, was not more than 20%. - 79
- the terminal elimination phase is much longer than estimated either by Peter et al. (2000) or
Rengelshausen et al. (2004). In order to use the pig data to determine which human model
compartmentBréfitd4He Sbrain levels, the time-base for the pig data waBG¢&sesetswiseirespond to
the human half- life (15.7 hr) The results are shown in Figure 28. All compartments have been
rescaled to their respective maxima. It can be seepsftom Figure 28 that the central compartment (C2,
10blood) and C4 follow each other very closely, indicating that MT is freely exchangeable betwgen 02
and 04. On the other hand, elimination of MT from the pig brain can be seen to parallel the predicted
elimination frepa/Ga-angkpahfrom C4. Therefore, of the two inner compartments 150f the m(_)del (04
and C3), it can be seen that 03 provides a prediction of expected brain levels. ill) Interpretation of the
integrated pharmacokinetic model for MTC 20The main kinetic features of the IV and oral models are
now compakBel Pgjanehantiaternesisle a usefuldriiatiometicoieadUeesiofdievingraamiisitvavenous model is
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However, this estimate cannot be used to determine oral bicavailability. It is inconsistent

with the Peter et al. urine recovery data at 24 hours, where urinary recovery following oral
dosing was found to 65% of that obtained after IV dosing (see Table 5). This figure is
10 comparabie with the urinary excretion data obtained from the DiSanto and Wagner and

the Moody et al. studies.

The data from these studies are combined in Figure 16 to provide an overall estimate of
oral bioavailability. It suggests a figure between 40% - 80% depending on dose over the
15 range 10 — 100 mg. It is also apparent from Figure 16 that there is dose-dependent

reduction in bicavailability as determined by urinary recovery following oral dosing.

There is therefore a discrepancy between the estimate of oral bicavaiiability determined
from direct measurement in blood and that determined from urinary excretion. This

20 implies that the low bicod levels seen in biood foliowing oral dosing cannot be expilained
simply by a limitation in absorption as suggested by Peter et al. (2000). The low blood
levels seen after oral administration are more likely to reflect a difference in the apparent
volume of distribution for MTC administered orally and by the iV route. Rapid early fissue
uptake was confirmed by DiSanto and Wagner who reported that 29.8% of the

25 intravenous dose of MTC could be recovered in heart, lung, liver and Kidney at 2 minutes
following administration in rat. This picture of an early rapid distribution phase followed
after 10 hrs by a slow elimination phase is also consistent with the urinary excretion data
shown in Figures 12 and 13. Therefore, blood data collected over a 4 hr time course as
provided by Peter et al. are not sufficient to derive a valid estimate of redistribution of MT

30 between absorption, central and peripheral compartments.

ii) Mode! constructed by combining blood data from Peter et al.{Tables 7&8) and urinary

excretion data from DiSanto and Wagner (Table 5)

35 One approach to deriving a pharmacokinetic model from the available studies is to use

linear differential equations to determine directly a system of compartments which can be
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fitted to the available data sets. The data used are the DiSanto and Wagner urinary
excretion data set for 7 subjects iisted in Table 5, taking account of differential excretion
of Ox-MT and L-MT. This is combined with the Peter et al biood level data listed in Tables
7 and 8, also based on 7 subjects. It is assumed that the DiSanto and Wagner data can
5 be linked to both IV and oral blood concentration data sets after appropriate scaling on
the basis that the urinary excretion profiles as determined by Peter et al. were similar for

the 2 routes of administration (Figure 17).

However, the DiSanto and Wagner urinary excretion data set is used for fitting in
10 preference to the Peter et al. data because the latter does not explicitly take account of
differential excretion of Ox-MT and L-MT, and because the sampling intervals are coarse

relative to those available from the DiSanto and Wagner data set.

The modelling was done in two stages:

15
in the first stage the Peter et al. blood concentration data to 4 hr following a singie IV
dose of 100mg of MTC was combined with the DiSanto and Wagner urinary excretion
data set to 120 hr for single oral MTC dose of 10mg. The second stage was to see if the
same or similar compariment system can be used {o fit the Pefer et al. biood

20 concentration data following a singie oral dose of 100mg of MtC, combined with the
DiSanto and Wagner urinary excretion data set to 120 hr for single oral MTC dose of
10mg. In both cases, scaling parameters to allow for the 10-fold difference in dose were

estimated by the corresponding models.

25 Figure 18 shows the best distribution of compartments and corresponding rate constants
which could be fitted to the three data sets (Peter et al IV-dosing bicod concentration data
{Table 7}, DiSanto and Wagner urinary Ox-MT data [Table 5} and urinary L-MT data
[Table 5]). The central compartment is C2. The scaling parameters to allow for the fact
that there was a 10-fold difference in the doses used in the blood and urine data sets

30 were explicitly estimated by the model for urinary Ox-MT (S-Ox) and urinary L-MT {S-L)
and are shown in Table 11. The solution to the model requires two peripheral
compartments, shown as C3 and C4 in Figure 18, and a further excretion compartment
{C5). There are two outputs from C5, one which represents scaled observed urinary
excretion of L-MT (designated K50 in Table 11), and a second output which represents

35 an unmeasured loss (designated K500 in Table 11), which is presumed to represent
secondary hepatic metabolism of MT which is excreted through the bile as an
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unmeasured metabolite. The output from C3 (designated K30 in Table 11) represents the
quantity measured as urinary Ox-MT. The percentages shown represent partitions of
predicted total excretion at 120 hr, estimated from the coresponding AUC values.

5 The parameters estimated by the model are listed below in Table 11.

Table 11. Model parameters estimated for a single intravenous dose of 100mg MTC. The
rate constants are as indicated in Figure 18. K50 is the urinary excretion rate constant
from C5, and K500 is the presumptive hepatic excretion rate constant from C5. V2 is the
10 apparent voiume of distribution of MT in C2 calculated by the model. S-Ox and S-L are
the scaling parameters calcuiated by the mode! fo account for the fact that urinary data
came from an experiment in which MTC was administered as a 10mg oral dose, and the

biood data came from an experiment in which MTC was administered as a single 100mg

IV dose.
15
Parameter Estimate
K23 1.60
K24 3.94
K30 0.0083
K32 0.088
K42 .87
K45 0.28
K50 0.78
K500 0.081
S-Ox 108
S-L 6.3
V2 66.03
Correlations (observed vs predicted):
Blood 0.88
Urinary Ox-MT 0.98
Urinary L-MT 0.98
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in the second stage, the same basic model was fitted to the Peter et al. blood
canceniration data following a single oral dose of 100mg of MTC (Table 8), and scaled
urinary excretion data from DiSanto and Wagner (Table 5) following a singie oral dose of
10mg of MTC.

Figure 22 shows the best distribution of compartments and corresponding rate constants
which could be fitted to the three daia sets {(Peter et al orai-dosing blood conceniration
data [Table 7}, DiSanto and Wagner urinary Ox-MT data [Table 5] and urinary L-MT data
[Table 5]). The oral model assumes two further compartments prior to the central
compartment (C2). These are C1 (the primary absorption compartment, assumed {o
correspond fo stomach}, and a second pre-central compariment (C6, presumed to
represent a first-pass metabolism hepatic compartment). There is a loss from Ct
(designated K100 in Table 12) which is presumed to represent non-absorbed MTC, and
further loss from C8& (designated K800 in Table 12) which is presumed to represent ioss
due to first pass metabolism. The scaling parameters to allow for the fact that there was a
10-fold difference in the doses used in the blood and urine data sets were expiicitly
estimated by the mode! for urinary Ox-MT (5-0x) and urinary L-MT {S-L) and are shown
in Table 12. As for the IV model, the solution to the model requires two peripheral
compartments, shown as C3 and C4 in Figure 22, and a further excretion compariment
{C5). There ars two outputs from C5, one which represents scaled observed urinary
excretion of L-MT (designated K50 in Table 12), and a second output which represents
an unmeasured loss (designated K500 in Table 12}, which is assumed to represent
secondary hepatic metabolism of MT which is excreted through the bile as an
unmeasured metabolite. The output from C3 (designated K30 in Table 12) represents the
guantity measured as urinary Ox-MT. The percentages shown represeni partitions of
predicted total output from the system excretion at 120 hr, estimated from the

corresponding AUC values.
The parameters estimated by the model are listed below in Table 12.

Table 12. Model parameters estimated for single oral dose of 100mg MTC.

Parametsr Estimate

K100 0.44
K16 1.68 ,
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K23 1.39

K24 0.67

K30 0.016

K32 0.081

K42 0.00085

K45 2.059

K50 1.45

K500 0.61

K600 0.20

Ks2 0.35

S-Ox 12.3

S-L 19.6
Vez (L) 318.9

Correlations (observed vs predicted):

Biood Ox-MT 0.99
Urinary Ox-MT 0.98
Urinary L-MT 0.28

Scaling factors for urinary Ox-MT and L-MT from DiSanto and Wagner (10mg dose, oral)
to fit with Peter et al data (100 mg dose, oral) are expiicitly estimated for the orai version
of the model as S-Ox and S-L respectively. A further modification required to achieve a fit
for the oral data was the introduction of a time delay for the urinary excretion data from
DiSanto and Wagner. This delay was estimated as a non-linear function ranging from 0.2

to 1 hr for excretion times earlier than 1 hr, and a constant time delay of 1 hr thereafter.

As can be seen in Tabie 11 and 12, there were very high correlations (all greater than
0.95) between the model outputs and the input data sets, as can also be readily seen
from Figures 18-21 and 23-25. The model therefore provides a close fit to the
experimental data.

{fi} Comparisons of mode! outputs with other data sources

As a check of the oral model, its oufputs were compared with other available data sets.



Total outputs 28920 1. For each of the compartments, half-lives for an absorption-phase (11-734),
a distribution-phase (D- 5PA) and an elimination phase (E- T34) have been calculated in hr, using a
tri-exponential approximation to the model output data. 2. The AUCO3(prnol-hr/l) has been calculated
for MT in eadHbi¥té4#térior compartments. 3. The AUC,"(prnol-hr/1) hag@eesuakutaied for MT in
each of the post-central compartments, and these have been shown by percentage. 104.The Tmax is
the calculated time (hr) after dose at which the MTdevel in each interior compartment is maximum.
5.MRT is the mean residence time in each compartment calculated as the time required for 63.2% of
the administered dose to be eliminated. 15Central Compartments. As can be seen from Table 13, and

also from FigireuSitths fetia m&ﬁe(m@fﬁi w&ms@%@:%% GO B URRIS g peRentially

identical, sypportin Sopce éf(rmo MT i 4|s| read exchange equilibrium between
the form mlé%%ure gr{e‘?h %tgd el HE%% ‘Bpo BPHE oA ioﬁ*&%ﬁ?ﬂ%ﬁ‘?@ﬁﬁs the principal
determinant M PRPY éxEreder2Bf There WiT Soaf Jveral aardsrointusipwr frisdomeldded that the 04 form

of MT represeatidheenVhl, aisien ahidhevbtMaorted by Peter et al. was half of that predicted by the
model. Exciuding this vaiue, the correlation between the two was 0.88. The total 24-hour
excretion predicted by the model and that reported by Peter et al. is also compared in
Figure 26. The model predicts that total urinary excretion was 23% of the dose, whereas
the Peter et al. estimate was 18.6%.

10
As a further check on the model, the total predicted 48-hour urinary excretion was
compared with the data shown above in Figure 16, which compiles the urinary excretion
data from DiSanto and Wagner and Moody et al. This is shown again in Figure 27, with
the model output indicated by “M", and the Peter et al. data indicated by “P".

15

Finally, a comparison was made between the compartment predictions and the results
from an oral study in which pigs were administered a single 20mg/kg dose, and brain
leveis of MT were determined. Pigs were given a single oral administration of MTC at a
target dose level of 20 mg/kg bodyweight. Biood (0.5, 1, 2, 4, 8, 12, 24 and 48 h) and

20 urine (1, 2, 3,4, 5, 6,7, 8, 12, and 24 h) were coliected at reguiar timepoints up to 48 hrs.
Two animals were sacrificed at each of 1,8, 24 and 48 h post dose and brain samples
retained. Pharmacokinetic evaluation of the free base of MTC was performed on whole
blood and brain tissue samples. Two batches of brain tissue sampie were extracted for
each animal and analysed essentially as described by Peter et al (2000).

25
Brain tissue (500 mg) was vortexed and then extracted with dichioroethane (5 mi) and the
organic phase taken {o dryness under nitrogen. The extract was taken up with methanol
and separated by reverse-phase HPLC with ultraviolet detection. The method was
vatidated, using internal standards, over the range of 10 to 2000 ng of MTC per gram of

30 tissue. The mean inter-cccasion accuracy for MTC was 107%, 95% and 105% at 20, 100
and 1600 ng/g, respectively and the coefficient of variation at each level, was not more
than 20%. '

The terminal elimination half-life in the pig was found to be 23.5 hours for both blood and

35 brain, consistent with the urinary excretion findings of DiSanto and Wagner indicating that



Ox-MT equilibrium which exists in the body. After IV administration, the amount of MT in C4 reaches
its maximum level within 30 minutes, and is thereafter eliminated at the common terminal elimination
rate. -81 - Deep Compartment. By contrast, it can be seen that C3 in the IV case has different
dynamic propériee/t4akes 4 hr after administration for the maximum C3Hevalsadogaeached, and the
mean residence time in C3 is substantially longer than in either C2 or C4. In light of the pig brain data,
it is inferred that the C3 compartment represents thig 5pool of MT which is kinetically trapped inside
cells as described by May et al. (2004). According to May et al. (2004), MT needs to be in the L-MT
form in ordéhedeEreios! wikndratinephaearie myustidentss tbetl, abtinatist aitiew by MFer EhaMI08gUIlibrium
which is detgrrengsidna@serEinatioss pf the predominant reducing environment in the intracellular
milieu, and 10the prevailing pH inside the cell (- pH 7). Experiments in vitro (not shown) have indicated
that it is very difficult to keep MT in the reduced state at pH 7 using physiologically acceptable
reducing agBfsleft ipripsifeqlisistate dpleipiae shidritmion s othtdsarpiert pedictoliel tend to exist
predaminanityindbes xdiinstaieevereni prl dafthamadaringrily-&essiiing erNilrRRS¥Ich are
maintained MQWE }I]_(ﬁ: cell. However, in the Ox-MT form, 15MT cannot diffuse out of the cell. This
creates conditions f01)'a new equilibrium whereby MT is trapped within cells, leading to accumulation of
intracellular MT against a concentration gradient, which can be demonstrated in tissue culture (not
shown). Thighexphaifsaizeshtherwiseyparadoxicalmbatmans kinatiscehsesvaliondhmdiMT is both rapidly
disriouted fgJissyes falwing N, AAIDISIAIRR (75 Searigd 2 DiSanlo and Wagpe), 20bu
nevertheless eliminated much more slowly. Thus’ DiSanto and Wagner fotind that Within 2 minutes of a
dosédmirtetbany/Sh faltewssstoinraay ?W?@oﬁﬂ%@%ﬁ@&gm%ﬁé%%ﬁ@ans.

According testhvedru@emb/Omodel, the level of MT which is measured in urine as the Ox-25MT form is
closely related kinetically to the species which is trapped within an intracellular environment, including
the brain, ag indicated by the pig brain data. b) Oral human model 30The key kinetic features of the
human oraﬁﬂé’&%ﬂgesr ARG ORI M L OPHEGRIBLRAIN S LM ST5MIRREER'E5 BiSe case of a single
100mg doser¢gitigeimiPable: 1dnSttnarainafite Reéy Kineticréeattinesvod tveshoorranartrehBBK model (for
detats see dppinnisssiadiabia £3), WG BOQINAIRED G HIGB20ARI0NAS BreBaec Rl ipdel A-T%

D-T%
lavels.

iif) Interprefation of the integrated pharmacokinetic model for MTC

20 The main kinetic features of the IV and oral models are now compared,

a} IV human mode/

The key Kinetic features of the human intravenous model is summarised in Table 13. The

25 data have been normalised to the case of a single 100mg dose (313 uM).
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Table 13. Summary of the key kinetic features of the human intravenous PK model.

intravenous model

AUC. | %AUC-
AT B-Tv:! BT AUCY | ouf out® | Tmax® | MRT®

Central compartments

c2 0.1 1.4 17.8 286 16.3
C4 0.1 1.4 7.9 984 05| 171
Deep compartment '
| C3 | 1.3 1.4 17.9 4645 40 | 266 |
Excretion compariment
| cs ! 0.6 1.6 17.8 320 201 182
Post-central outputs
C500 2377 8.2%
Ur-Qx-MT 3707 12.8%
Ur-L-MT 22838 79.0%
Total outputs 28820
1. For each of the compartments, halfdives for an absorption-phase (A-T34), a distribution-phase (D-
5 T4} and an elimination phase (E-T¥) have been calculated in hr, using a tri-exponential approximation to the
model pulput data.
2. The AUC,, (umol-hi/l} has been caiculated for MT in each of the “interior” compartments.
3. The AUC,, (umol-hr/l) has been calculated for MT in each of the post-central compartments, and
these have been shown by percentage.
16 4, The Tmax is the caiculated time (hr) after dose at which the MT level in each interior compartment is
maximum. ‘
5. MRT is the mean residence lime in each compantment, calculated as the time required Ffor 63.2% of

the administered dose to be efiminated.

15 Central Compartmenis. As can be seen from Table 13, and aiso from Figure 28, the
kinetic properties of MT in the C2 and C4 compartments are essentially identical,
supporiing the concept that the form of MT in C4 is in ready exchange equilibrium
between the form measured as the biood level of Ox-MT in blood in C2. As the C4
compantment is the principal determinant of urinary excretion of the L-MT form measured

20 in urine, it is concluded that the C4 form of MT represents the L-MT side of the L-MT -
Ox-MT equilibrium which exists in the body. After IV administration, the amount of MT in
C4 reaches ifs maximum level within 30 minutes, and is thereafier eliminated at the

common terminal elimination raie.
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Deep Compartment. By contrast, it can be seen that C3 in the iV case has different
dynamic properties, It takes 4 hr after administration for the maximum C3 level to be
reached, and the mean residence time in C3 is substantialty longer than in either C2 or
C4. In light of the pig brain data, it is inferred that the C3 compartment represents the
pool of MT which is kinefically trapped inside celis as described by May et al. (2004).

According to May et al. {2004), MT needs to be in the L-MT form in order {o cross the cell
membrane. Inside the cell, there is a new L-MT -~ Ox-MT eauilibrium which is determined
by a combination of the predominant reducing environment in the intracellular milieu, and
the prevailing pH inside the cell (~ pH 7). Experiments in vitro (not shown) have indicated
that it is very difficuit to keep MT in the reduced state at pH 7 using physiologically
acceptable reducing agents at physioiogically acceptable concentrations, That is, at pH 7,
MT would tend to exist predominantly in the Ox-MT state were it not for the predominantly
reducing conditions which are maintained within the cell. However, in the Ox-MT form,
MT cannot diffuse out of the cell. This creates conditions for a new equilibrium whereby
MT is trapped within cells, leading to accumulation of intracelfular MT against a
concentration gradient, which can be demonstrated in tissue culture (not shown). This
explains the otherwise paradoxical pharmacokinetic observation that MT is both rapidly
distributed to tissues fofiowing IV administration (as reported by DiSanto and Wagner),
but nevertheless eliminated much more slowly. Thus DiSanto and Wagner found that
within 2 minutes of a dose administered 1V in rats, approximately 25% could be recovered

from the major organs.

According to the human IV model, the ievel of MT which is measured in urine as the Ox-
MT form is closeiy related kinetically to the species which is trapped within an intraceliular
environment, including the brain, as indicated by the pig brain cata.

b) Oral human model

The key kinetic features of {he human oral model is summarised in Table 14. The data
have been normalised to the case of a single 100mg dose {313 pM).

Table 14. Summary of the key kinetic features of the human oral PK model (for details

see footnotes {o Table 13).
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Oral Model
AUC. %AUC-
A-TY: 0-Th E-T% AUC out out Tmax | MRT
Input compariments
ct 154 0.5
cs 467 09 2.4
Central compariments
c2 0.5 1.3 15,7 184 2.0 158.7
Ca 0.5 1.3 15.7 860 |- 2.0 16.0
Deep compartment
! C3 [ 1.4 1.3 15.7 2345 50| 250
Excrefion compartment .
| C5 } 0.7 14 15.7 81 20| 185
Pre-central oufputs
C100 7329 23.0%
CBGO 8865 31.0%
Pre-central outputs
C500 3422 10.7%
Ur-One-MT 320z 10.0%
Ur-L-MT 8060 25.3%
Total outputs 31882

Primary absorption compartment. tn the oral model, there are 2 input compartments (C i
& C6) prior to the appearance of MT in the central compartments (C2 & C4). As

5 discussed above in the section Relationship Between Cognitive and Haematological
Activity, the properties of C1 are crucial in determining the biocavailability and form in
which MT is absorbed. As shown in Table 14, the mean residence time in C1 is 30
minutes. it can be calculated that 50% of MT has been absorbed by 30 minutes, and that
80% of MT has been absorbed from C1 by 1 hr. This indicates that C1 is the stomach,

10 where the low pH (pH ~ 2) favours the enzyme-mediated conversion of MT to the L-MT
form which is readily absorbed (May et al., 2004). It is important to note that 23% of
administered MTC escapes absorption, and is thereafter lost (shown as C100 in Table
14). Therefore, absorption from C1 is aiso critical in determining how much MTC passes
through the gastro-intestinal tract to the distal gut where the miid antibiotic activity of MTC

15 causes diarrhoea by repopulation of distal gut fiora. The properties of C1 are therefore
crucial for optimising the absorption and efficacy of MTC, and minimising the side effects,
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both from unabsorbed MTC (diarrhoea) and from {ate-absorbed MTC as shown in the

clinical trial (haematological side effecis).

Central Compartments. As for the IV model, the kinetic properties of the C2 and C4
compartments are essentially identical in the oral model. The significant difference
between the iV and oral cases is that the rate constant K24 (3.94) is very is 4x higher in
the 1V case than in the oral case (K24; 0.67). This indicates that following IV
administration, there is a8 major flux of the administered Ox-MT to the L-MT form. By
contrast, in the oral case, the bulk of MT has already been reduced to the L-MT form prior

to entry into the central compartments.

A further significant difference which can be seen between the IV model and the oral
model is that the estimated apparent volume of distribution of MT is very much greater in
the oral case (320 L, Table 12) than in the IV case (661, Table 11). This almost 4-foid
difference is the main explanation for the iow concentration of Ox-MT observed in the
blood foliowing oral administration than after [V administration. This was explained
erroneousiy by Peter et al. (2000) as a low bioavailability. Although it is frue that
approximately half the orally administered dose is lost by a combination of non-absorption
{the C100 loss in Table 14 and Figure 22), and first-pass metabolism (the C600 loss in
Table 14 and Figure 22), the C2 AUC in the oral case is 64% of the C2 AUC in the IV
case. Therefore the apparent bicavailability as determined by blood AUC ratios is very
close to the apparent bioavailability calculated from the DiSanto and Wagner urine
excretion data, which indicated that 65% of the administered dose could be recovered in

urine for the 10mg dose case.

Deep Compartment. The maximum level of MT is seen in the central compartments 2 hr
after administration. By contrast, the peak level is reached in the deep compartment (C3)
only at 5 hr after administration. Again the mean residence time of MT in C3 is much

longer than in the central compartments (25hr vs 16hr). Therefore, the features of C3 are

essentially identical in the IV and cral dosing modeis.

ltis important o compare the apparent bioavailability of MT in C3, which is
representative of brain ievels, between the oral and IV dosing routes. The oral C3 AUC is
50% of the IV C3 AUC. Therefore essentially half of the oral dose is available within cells

compared to the IV case.
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Example 7 — Dosing implications of integrated pharmacokinetic model

An integrated pharmacokinetic model is a critical tool required for:

e optimisation of dosing regime
. optimisation of formulation _
® estabiishing relationship between blood-level and efficacy

The key planning parameter that can be derived from the pharmacokinetic model is the
prediction of steady-state levels achieved on repeated dosing. it will be evident that a
mode! which assumes a terminal elimination half-ife of 5 — 6 hr (Peter et al., 2000;
Rengelshausen et al., 2004) will produce quite different estimates of the optimal dosing
regime to one in which the elimination half-life is 16 hr. It can be estimated from the
integrated model which has been developed that a dosing regime of 3/day will have quite
different implications as regards predicted steady-state levels assuming an efimination
half-life of 6hr vs 16hr. Thus, if the Peter et al. estimate were true, then the accumulation
factor (R, ie the ratio of steady state level to single dose level) that would be seen for 8-
hourly dosing would be 1.4. By contrast, if the estimate of 18hr is true, then the
corresponding value of R is 4.8 for 8-hourly dosing. This implies that there would be a
3.4-fold difference in the expected steady-state level of MT (in blood and in brain)
according to the two models. it is therefore difficult to determine an accurate relationship

between dose and efficacy or side effects without a valid pharmacokinetic mode!.

The key intervening variable linking dose and efficacy is an estimate of the steady-state
levels of MT in critical compartments at varying regular dosing frequencies. The model!
permits these to be determined as the préd':cted average steady state levels in C2 and
C3, as shown in Table 15.

Table 15, Predicted mean steady-state levels of MT in compariment C2 and C3 as a

function of dosing frequency {values in pmaol).

cz2 C3
3iday 48 2055
2/day 3.2 187.0

1/day 16 985
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Correlation between observed and predicted clinical efficacy based on the

integrated oral human pharmacokinetic model

We first examine the relationship between the observed clinicatl efficacy {effect size in
ADAS-cog units at 50 weeks} and the predicted ?steady~state level of MT in the deep
compartment (C3) which is, as discussed above, correlated with measured brain levels in
pig. That is, the quantity of MT in C3 and the concentration of MT in brain are related by a
constant which depends on the fraction of MT which reaches the brain, and the accuracy
of detection of total MT in brain. As this scaling factor is at present unknown in the human
case, for the purpose of further discussion the quantity of MT in C3 is taken as a proxy for

the expected brain level. The relationship is shown in Figure 29.

As can be seen in Figure 29, there is a very close relationship between the predicied
average steady state level of MT in brain and the clinical effect size of rember ™ in TRx-
014-001 for the 30mg 3/day and the 60mg 3/day doses. The relationship does not hold
for the 100mg capsule for the reasons discussed above in the section Refalionship
Between Cognitive and Haematological Activity. in essence, the delay in dissolution of
the formulation of the 100mg capsule used in TRx-014-001 did not permit proportionate

absorption of MTC in its therapeutically active form.

An identical relationship can be defined between steady-state blood level of MT (ie

defermined by C2) and effect size, as shown in Figure 30,

Dosing and formulation implications of correlation between observed and
predicted clinical efficacy based on the integrated oral human pharmacokinetic

mode]

From the foregoing analysis, there is the expectation of a clear monotonic dose-response
relationship between blood levels of MT which can be measured clinically and effect size.
From: this, appropriate nomograms can be calculated which take account of measurement
methodology. That is, efficacy could be reiated to blood levels, and therapeutic blocd

levels could be specified using appropriate analytical methodology.

A further implication of the relationship shown in Figure 30 is to calculate the relationship
between observed capsule dissolution and the efficacy deficit, ie the difference in effect

size between observed effect size and predicted effect size. This is shown in Figure 31,



Total outputs 31882  Primary absorption compartment: In the oral model, there are 2 input
compartments (Cl & C6) prior to the appearance of MT in the central compartments (C2 & C4). As
5discussed above in the section Relationship Between Cognitive and Haematological Activity, the
properties of'€} 2¥&°¢&Ad4¢Hal in determining the bioavailability and form in whicHABTHS/BlssoTbed. As
shown in Table 14, the mean residence time in Cl is 30 minutes. It can be calculated that 50% of MT
has been absorbed by 30 minutes, and that 90%.@EMT has been absorbed from Cl by 1 hr. This
indicates that Cl is the stomach, 10where the low pH (pH - 2) favours the enzyme-mediated
conversion of MT to the L-MT form which is readily absorbed (May et al., 2004). It is important to note

that 23% ofpaotm;ini;gteéf@d Mﬁfg@&@am%gg?qgmaigt@egmgsoﬂ%é@g@g W@ﬁ%ﬂggble 14).
| rminin W,
ggstrrifg r?taesgt?r% Ft&%@%% %?‘é'%?é%é?‘és‘ﬁ? (\:r}\rll {g% ?rﬁ%urﬁ%c? "BR 6%:%%‘6’ gglu}?llltv‘&ﬁ fTFET B uses g iarrhoea by
repopulatiofPBFHRGIE JaR ¢S 2ippie it dire estionf Y alienshér SeteeeruCiafirptichising the absorption
and (SfficaCW@éMTeﬁog’kEHi mnimising tbessicieneiiestt dis®3intion is critical for therapeutic
activity. As discussed further in the section Interpretation of the integrated
pharmacokinetic model for MTC, this can be explained by the critical role of the stomach

in the absorption of the MT maiety in its therapeutically active form.

10 Therefore, in the design of an improved formutation of MTC, the attainment of predicted
efficacy is critically determined by the requirement that the dissolution of the
investigational medicinal product (i.e. tablet or capsule) be greater than 50% in 30

minutes in standard conditions.

15 The relationships described herein have implications as regards the conventional
approach to achieving a mare convenient dosing regime, i.e. 2/day or 1/day. These
dosing regimes would be much more desirable in patients with dementia, who are
forgetful and hence need prompting to take medication. The conventional approach to
achieving a more convenient dosing regime is to create a slow-release formulation.

20 However, the present analysis indicates that, on the contrary, a very high loading, slow-
release formulation of an MTC-based form of a therapeutic product would essentially
eliminate efficacy, as illustrated conveniently by the properties of the 100mg capsule in
TRx-014-001. '

25 A further inference which can be drawn from Figures 29 & 30 is that the dose of an MTC- |
based form of a therapeutic product would need to be administered at a unit dosage of
120mg or greater to achieve a level of efficacy comparable to that seen in the TRx-014-
001 clinical trial with the unit dose of 60mg administered 3 times per day.

30 A further inference which can be drawn from Figures 29 & 30 is that a unit dosage of
100mg or more administered 3 times per day would be required to achisve a level of
efficacy higher than that seen in the TRx-014-001 clinical trial. However, as discussed in
the section Summary of Phase 2 Clinical Trial TRx-014-001 there is a limitation in the
amount of MTC which can be administered in the present formulation because of the

35 increasing adverse haematological effects and diarrhoea at doses at or above 100mg
3lday.



both from unabsorbed MTC (diarrhoea) and from late-absorbed MTC as shown in the clinical trial
(haematological side effects). Central Compartments. As for the IV model, the kinetic properties of the
C2 and C4 5compartments are essentially identical in the oral model. The significant difference
between the" 8d/HtHPCases is that the rate constant K24 (3.94) is veryH§ B BigteOiithe |V case
than in the oral case (K24: 0.67). This indicates that following IV administration, there is a major flux of
the administered Ox-MT to the L-MT form. By cangrast, in the oral case, the bulk of MT has already
been reduced to the [-MT form prior 10to entry into the central compartments. A further significant
difference which can be seen between the IV model and the oral model is that the estimated apparent
volume of digpikRiateR PV iSO PRI GIRNE It HEPHY /g ds20 L, Table 12) than in the IV case
(66L, Table 11). This almost 4-fold 15difference is the main explanation for the low concentration of
Ox-MT observed in the blood following oral administration than after IV administration. This was
explained e¥foredisspdy Padiatral3 (200G s & fieembios el pisticieAkfiicaghas ibarue that
appreximaiehydraditberesathyadapilisieiechdase 48 loshbutacaainalinmeatnon-absorption (the C100
loss in Table 14 and Figure 22), and first-pass metabolism (the C600 loss in 20Table 14 and Figure
22), the C2 AUC in the oral case is 64% of the C2 AUC in the IV case. Therefore the apparent
bioavailabilftyeaa et eesisy forinpreyestiesnalaiag & dECidhh atiipeseheintsictidbility
calculated #wigadhes Ribeatpcansilagnss HEResaxeratin-datre wiishipdisates that 65% of the

administergd done couldeieeo kBN Lns e A0mg dose Gasg.paResb Gompartment. The
maximum level of MT Is seen in t;ﬁ.e central compartmgn s 2 hrafter administration. By contrast, the
pealllevel BREESBS RN ReFBE IS IRpartment (C3) only at 5 hr after administration. Again the mean
residence time of MT in C3 is much longer than in the central compartments (25hr vs 16hr). Therefore,
the featuresi@f iR ARe asenialy idRm sal iR R anc. el dRR L BafleRydhdy Important to

r evels, between the

compare the apparent bioavailability of MT in C3, which is representative of brain .
oral and IﬁBgﬁ@r@Lﬁgg'.eTﬁ% BDIAPESHMRIRNEHSR T IRYIM (S2RBCOrTHEREfORe B 4FifIdIly half of the
oral dose isegvadableuitiimreelisBbe ceyrateel itoptiiedld edtbalemB4tia Extanapdefiofg Basgiimplications of
integgated RBAERRRMRSHEROISLAD iisaslsH PRABREARSlsmadel s agilisal twol required for

optimisation of dosinggre%?ime Soptimisation of formulation establishing relationship between
y

blood-level 8 GHLELT RIS, BAMRIIS DHRHTASIMAB EARHL BUIRIEG W SHE SRBrmacokinetic
model is thergsesdiatiaiwset istticatgsshae dovbiscotivyed somwepeate dodosiatpritofdh bEr€vident that a

10n;odel mabﬁ@elclmwmeé taet@rgsgi,?fal &Bﬁﬂ&aﬂ@.ﬁl&@%@iﬁa‘%\'élinﬁriféie(gﬁi@c?,tQ-Hl@pﬂéﬁengfsﬁaﬁsen
et al., 2004) will produce guite different.estimates of the optimal dosing regime to one in which the
eliminationQRSYEfﬁS%gsy]gg @re ﬁrgg?l"'etl)eesgg %3@&"1‘%‘:@1{) ﬁgeeiﬁi(lepg&rxé e‘!é"r%gdel which has been developed
that® dosing regime of 3/day will have quite different implications as regards predicted steady-state
levels assunfintharnrsdirahnatioichdaalbiferalbhonsrlahes Paus 3T ek etersbalorstimate were true,
then the aqaumyiaHRRraclariiR, I fiedalicliainedy siBleseidR Ahdle.dareigyel at would be

n
seen for 8- hourly dosing would 4. ‘{ﬁY contrast, If the estimate of 1 ﬁr_tfg F’ui(as? then the
correspond Ay EiSERIRN I AL R IRFIPTRSEmREY THTPRIARR Pothat Bserdibalfiietis-

001 clinical trial with the unit dose of 60mg administered 3 times per day.

25
A further inference which can be drawn from Figures 29 & 30 is that a unit dosage of
100mg or more administered 3 times per day would be required to achieve a level of
efficacy higher than that seen in the TRx-014-001 clinical trial. However, as discussed in
the section Summary of Phase 2 Clinical Trial TRx-014-001 there is a limitation in the
30 amount of MTC which can be administered in the present formulation because of the

increasing adverse haematological effects and diarrhoea at doses at or above 100mg
3/day.

Correlation between observed and predicted haematological side effects based on

35 the integrated oral human pharmacokinetic model



3.4-fold difference in the expected steady-state level of MT On blood and in brain) 20according to the
two models. It is therefore difficult to determine an accurate relationship between dose and efficacy or
side effects without a valid pharmacokinetic model. The key intervening variable linking dose and
efficacy is aVV&stitdiétbYthe steady-state levels of MT in critical compartieHSReWENRL regular
dosing frequencies. The model 25permits these to be determined as the predicted average steady
state levels in C2 and C3, as shown in Table 15.-Eable 15. Predicted mean steady-state levels of MT

in compartment C2 and C3 as a function of dosing frequency (values in pmol). C2 C3 3/day 4.8 295.5
2/day 3.2 190V gagsie 5 selaimshinbaitaniroarresediierdestatdoya didwiicfifical efficacy

based on thisidatogiateteaiabhumiagi@haits askinetisdnedeh e ﬁs&@?&ﬁﬁwgtd .flﬁiééigﬁshcijp between
the observ inj [ ( ize in SADAS-cog. units at 50 wee t redicte
steady-sta?eg?g%/églgc%kIagf%%%se%fgge% %g?ntégrrprﬁsétﬁﬁ@%t\f\y'ﬁi&%?%vse i g%e&‘%ﬁ%@%?”@@f‘?elated with
measured Br&RP1EVERIY R iaaeiE the quantity of MT in C3 and the concentration of MT in brain are
relat&d by a constant which depends on the fraction of MT which reaches the brain, and the accuracy

of detection, pf I in.braj [ l ctor is at present unknown.in the human 10case, for
the purposg\%lg %r%ﬁg%}gﬁf}s%ﬁ%? ( %%cri\%\t}g%{ ZK(/}I i%%sgé igeﬁasllé%ﬁ'ea rguﬁ}%gq??g? %’lag ég;](epected brain

level. The @ﬁ?fﬁ%ﬁﬁ@%ﬁmqﬁeﬁ:ﬁ & ghe biood. This is strongly confirmatory of the

delayed dissoiution hypothesis outiined in the section Relationship Between Cognitive
and Haematological Activity. Specifically, according to the delayed dissolution hypothesis,
10 a quite distinct form of MT is responsible for haematological side effects. This was
postulated to be a dimer, the formation of which is favoured in the alkaline conditions of
the small intestine and lower gut. Therefore, the haematological side effects observed in
TRx-014-001 were a specific consequence of the gelatine capsule formulation used in the
study, and are unlikely to be an inherent feature of the MT moisty itself, if absorbed via

15 the stomach as described.

Example 8 - implications for improved compositions and dosing regimes

Absorption and efficacy

20
As can be seen from the foregoing analysis, the limiting factors in the level of therapeutic
efficacy which couid be attained using an MTC-based medicinal product are a
combination of limitations in absorption and adverse effect limitations. The present
section discusses how these limitations could be overcome in the light of the anaiysis

25 made possible by the development of the integrated pharmacokinetic model.

We first compare the actual dose with the effective dose in Figure 32, caiculated using
the same relationship discussed in Figure 16.

30 As can be seen, the efficacy-limiting factor is a combination of the fimitation in absorption
and first-pass metabolism discussed above. These combine to limit severely the benefit
which could theoretically be achieved by increasing the dose. Indeed the apparent
efficacy plateau suggested above in Figure 7 is determined almost entirely by the
limitation in the effective dose which can be delivered using a medicinal product based on

35 the present form of MTC.



As can be seen in Figure 29, there is a very close relationship between the predicted average steady
state level of MT in brain and the clinical effect size of rernber TM in TRx- 15014-001 for the 30mg
3/day and the 60mg 3/day doses. The relationship does not hold for the 100mg capsule for the
reasons discl&s¥H4H6I2E in the section Relationship Between Cognitive &ad/Haawsateiogical Activity.
In essence, the delay in dissolution of the formulation of the 100mg capsule used in TRx-014-001 did
not permit proportionate absorption of MTC in its-tB@rapeutically active form. 20 An identical
relationship_can be defined between stea((jgy -state blood level of MT (ie determined by C2) and effect

size, as shdwRiHigEd RV heR enieatiasiTRRRIP MR A8 Sleswibes retiainpiafEisrsen observed and
25predictedsliniedkelficany b‘iaﬂ;edrmthwtelmagmﬁad;a;edrbmmtahawmm,%t&modeI From the

foregoing apalysiwiilR e eSO AL ACLERLIINIANICHASERSRONSR [elafipnship between

blood Ieveliof MT which can be measured clinically and eftect size FOm th roprlate

nomograms tAX B ReiRRRisAilRRY Eﬂf@r&%%&ﬁ?bpﬁﬂég%F@rﬁ%ﬁfwm&%@wwat is, efficacy
couldbbe relarsdastivotiattels;auttttth esap dutictihiredrieselsre e ldtbsaspecifiéskusing appropriate
analytical meshgdriagium Adigither implication of the relationship shown in Figure 30 is to calculate
the relationship 35between observed capsule dissolution and the efficacy deficit, ie the difference in
effect size between observed effect size and predicted effect size. This is shown in Figure 31. - 86 -
As can be efirfionFiderthe pledicied feaatisteeirlotis afmpirestioteticifibathatsdiie bbserved percentage

capstlle dissglutien @i 0awicies draps beldIERAY: Fais SO0 R coaslSiRRE seached above in
the ‘??ctlon Re%l%tl? Iglg e%vsesepo |ve and g@n |caI Actlv , and_confirms that rapid
dissolution 1S critical for therapeutic ac B NS GOy a |ﬁ%§ iOh IRtETFetation of the
integrated Wfﬁl@@&@@ﬂ@%@&ﬁdﬁ%ﬁ@vi%tb%&ﬁﬂﬁé f@nptarmw thé eritieatedibadtithe stomach in
the absodrgllm efishe 1MtTarTB@i€—%b§bﬂﬁﬁ:c§hQf@fﬁ@lﬁlﬁéuﬂeaﬁgg@rgﬂ{'@1 %@Lgﬁéﬁer@ao@ mgﬁﬁlgn %f an
improved far, ttainment r ed efficacy is _criti etermined by the
requwemer?t{%glﬁ%g sishél)%%orn@g he %@8&?53‘[?0361 cb do cingl prod”t?c é\(@]%tfgﬁ%t 5 gpsule) be

greater thaPe589%a el feEnArsTaRdiaHY herdiftiorrbresTdresaiiaiion4hR2OGEeeHitEH havein have
mptiﬁatuonma&negamm@ememtgomawppmebbmﬁa@@wé@@ BAmHESNVRIAREAOINY regime, i.e.

2idey or gy Lisdosig sGUSaIMA R e JRgTs (Ssiabie paligis i dementa, who

are forgefful and hence need prom tln%tot e me catlon The conventiona o achieving a
r

more convEhREMSESERAY RS RREIR I rBatehrs SRS ReAUE REATRI HiforTed Dise\resken efe present
analysis indisstebsragdnakelgedtiary, tacviria Iprgh:dﬁﬂdmg;@iﬁu&d@%@&:ﬁﬂﬁﬂﬁ&t@ﬂ@of an
MTC- baseééeemiyaﬁ#@{aa%ccemv%w&%s%&@'M&J}mat@ﬁﬁ e &%%é?’&‘&‘?d
corggment{y téy th? Er&&g‘[‘tles of tﬂ? 100rrgéctcapsule in TthO C urt er inference which can
fawn 57 E5tred B8M8 5% HIdPmtaHSsSof A rfies to non absorptron from C1. This is
applied across doses to estimate the expected bioavailibity of administered L-MTx

aliowing for loss due to subsequent first-pass metabolism.

Once absorption into the central compartment has occurred, the predicted efficacy can be
25 determined from the relationships described above linking steady state level in C3 or C2
with observed effect size. These are shown for C3 in Figure 34.

The corresponding relationships between expected clinical efficacy of an L-MTx-based
form of the methyithioninium moiety and predicted average steady state levei of MT in C2
30 (biood) for a range of dosing regimes from 1/day to 3/day are shown in Figure 35.

As can be seen from Figures 34 & 35, it is predicted that a level of efficacy of -8.1 ADAS-
cog units could be achieved on a dosing regime of 100mg of the L-MTx form
administered twice daily, which could also be achieved by dosing with 80mg 3 times per

35 day. Even higher efficacy levels would be expected using 100mg or higher administered 3
times per day.



based form of a therapeutic product would need to be administered at a unit dosage of 120mg or
greater to achieve a level of efficacy comparable to that seen in the TRx-014- 001 clinical trial with the
unit dose of 60mg administered 3 times per day. 30A further inference which can be drawn from
Figures 29 &8F14°F4¢ 4’ unit dosage of 100mg or more administered 3 tiffe<PE HRPHbUId be
required to achieve a level of efficacy higher thangthat seen in the TRx-014-001 clinical trial. However,
as discussed in the section Summary of Phase 2 Clinical Trial TRx-014-001 there is a limitation in the
amount of MTC which can be administered in the present formulation because of the 35increasing

adverse haggiaiaeicahetesthand et iihdrese Al UnRROUE P ARkh3/Adne B dia IMplications
for improved formulaétions ind g%ﬂnq r%gi?r}] S A' can pbe seen from Figure 31A, there is a steep
loss of pred&ASH YREAS e R e BoB<aNE g‘eergbeﬁ%g@c’@é'ﬂgmg‘algg’olution at 30 minutes drops below
20%. Therefore, in the design of an improved formulation of MTC, the attainment of predicted efficacy
is crgically ggtanming doir-iBgire e rmenirthal the diss hdinpralishminuestigatjonal medicinal product
(i.e. tablet or capsule) be greater than 50% in 30 10minutes in standard conditions. The relationships
described herein have implications as regards the conventional approach to achieving a more
convenient@stscHsEediARe VR IR B esHieNuRglatpiedio dedtrre regiveBur enltHse malehgedre desirable in
patients widrglesnensighindan: aratargeriuharsds hanaernegr-p wmplisovedakaigedication. The
Conve”".ona?ellgﬁv%%li%m 19,360ieving 3 [ore canye 'ﬁﬁedc?% reoume 13 [9,create a slow-release
formulation. However, the presen?anaﬁyss hdicates at, onthe contra?y, A Slow-release formulation
of d¥ MTCHaSRas PerireTattiRiiea) sidecchrst AR dasiiia e ivfiinatecariddbyuais flitstrated
convenientlydhytiiaetpsapirties on heulOdmgcapsyledoct RieEide00lis A Bt haninierence which can
be drawn fEQHééMS&n@o‘?b&@aiF'e%%ﬁé%%so%.Of an MTCbased form of a therapeutic product would
need to be administered at a’unit dosage of 120mg or greater to achieve a level of efficacy
comparable to that seen in the TRx-014- 001 clinical trial with the unit dose of 60mg administered 3
times per daysibvAifuFibarci fendricdie/kichteascbiod rdaiatisomib Breires 2 CE8g30vs dhat a unit dosage of
10Qeg or meLs, admiisioNas:s, imes petdaywarld barerriteddaanbievssa level of efficacy higher

than that seen in the TRx-014-001 clinical trial. However, as discussed in the section Summary of

- I

Phase 2 ClIATARPIRRI°FREE £114587 IpRa 98 DAtk At iRe st ARG BERRPE RIS can be
administerdigdustied pheseirn foersedtitio - bedative ehireindreasmbzadvessetadematological effects and
diarrhoe 3 %Q@é@%@tﬁr ﬁbi%?%%gg’y @?th'i%gr% ﬁ%mwaﬁ%g@@ma%%&etwegn th he
expected steady-stat e n 00d) and the haematological side effects observed in the
Trocora ObE SR o s Rt el Sl e THCET L 08 Mo LS B Tttt variable.
ThéGelatiofrifAgei saoRBRIVEIS P IrRMigiRmeatiB astinity cAhHgheeens!idusrRu AEBIBIoffXaaRs of loss of red
cells is veny: e ek bighestbad the peedisiathstaatyinte develef Wliindhekloed: i s is strongly
~ confirmatory,of th i i i lined in t ign Relationship Between

Cognitive gﬁ‘c‘? ﬁgg&gﬁ%ﬁ%@%}%ﬂ@b%%%ﬁg|E’)% E‘é’c%? m%q%:)%ﬁ?\gﬁ?gf)%%a %fsrg%ﬁ?tigon hypothesis,
10a quite MEHEIFLRABEMT is responsible for haematological side effects. This was postulated to be
a dimer, the formation of which is favoured in the alkaline conditions of the small intestine and lower

aubTherefaren i DacmalalgnicaL il Sffcls ahsearnal Bxc OB elg. guspec consequence

of the gelatine capsule formulation used In the study, and are un e an inherent feature of the

MT moiety"REBN FABLYIHUR SR{VEsh & QB4 BeRaea R AL the riariatisHiedor improved
compositiamstetadretibsail gregirmesha hatnitiaa saasctbdiicacyFigure 36, As can be seen, the

expected haematological side effects as indexad by decline in red cell count is expected
to be negligible.

30 _
Feasibility of delayed refease formulation of the L-MTx form of the
methylthioninium moiety
Whereas, for the reasons discussed above, it would not be feasible to generate a

35 delayed-release formuiation of an MTC-based medicinal product, this would not be the

case for an L-MTx-based form of the methylthioninium moiety. This is because the leuco-



20 As can be seen from the foregoing analysis, the limiting factors in the level of therapeutic efficacy
which could be attained using an MTC-based medicinal product are a combination of limitations in
absorption and adverse effect limitations. The present section discusses how these limitations could
be overcoméMft M RGHEf the analysis 25made possible by the developntértekbre/nateytated
pharmacokinetic model. We first compare the actyal dose with the effective dose in Figure 32,
calculated using the same relationship discussed Iin Figure 16. 30As can be seen, the efficacy-limiting

factor is a wmlﬁﬂmﬁaﬁe@fﬂﬂﬂdﬂmﬁﬁﬂQﬁdﬁo@@&@éﬂ&@Wﬁa@%fEmtﬁéQ{@tbﬂﬁprﬂmed above.
These co B 4 ever the k\g efit whic coul teticall Ee achieve ncreasmg the
dose. IndreTl dLn Ee%%rya%ént e1§ cagyng atea su}&’ae og\}/% l‘laﬁ rﬁ? PSS f %lyalmost entirely
by the limitZif5aaeHEAEREIVe dose which can be dellvered using a medicinal product based on 35the
present form of MTC. - 89 - Prior filed unpublished appllcatlon PCT/GB2007/001103 describes certain

stabgised V?ﬁétgﬁﬁl ﬂl fﬂt&% L{g % JFQilé)ansled'P[mw 3 0 %fe[rﬁjrto s o tfoII g as LMTX).

We here use the integrate armaco Inetic mo the relatlonshlp With therapeutic
efficacy ob@é’t%ﬁ‘iﬂ”’ﬁﬁ'ﬁ“dﬁﬁ%!’%'@@%ﬁﬁﬁ@%% §Wﬁéﬁ@'@tﬁﬁb@§m@ﬁ3§f matter could be used to
optimise treatseenkofsiDrsekoatbammeathylikioniniwa croirly e fitstcopsisaidhamiedicted
fraction of orally administered L-MTx that would be expected to be absorbed. This is calculated on the
basis that the loss due to first-pass 10 metabolism (ie the loss from C6 designated C600 in Table 14
and show e eliminated by dosing with the L-MTx form. However, it is
expécted that the loss due to initial non-absorption from ClI (ie the loss from ClI designated C100 in

Table 14 agdshousniFigiineay el aeininaisd e Aogiogvitiihe LT for, This is because
the L-MTx%ormég Ea%v\@ééﬁ}gg dihydrobromide salt, PCT/GB2007/001103) has 15more than twice the

solubility o gxpected to bypass the thiazine-dye reductase (May et al., 2004)
which is pre§amiedAdieiérdnethd SoltRicia Pk prekinatied mbﬂwttyeoedrmttglsabsorptlon Based on

these assuvptigess Hi@epr@ﬁ&é@%@CU%%ﬂQ%@@%@@dum'étﬂmc%&@ta provided by the
mog,:eI is stgown in Fégtér&%%%h pecifically, the total pre-central compartment losses amount to 54% of

the adminiStered 20068 for the 100mg case. Of this total loss, 43% is due to non-absorption from Cl,
This is appliedrier4<s8. dbseses é@rmﬁé%é’éﬁﬁweﬁmmwyoﬁadﬂﬁﬁmdd L-MTx allowing for

loss due tmﬂs@wt&lnbﬁrﬁmﬁﬁoﬁlm&% arldREr&RHOFPHRA BHE dbg sestEhcompartment has
occurred, %ﬂ@glﬁt&g %Ug%q vﬁfﬁﬂ C%% te {I:%%d fro %eéée %a} ships described above linking

steady state levelin C3 or C heerved etfect size: These are shown for C3 in Figure 34. The

corresponB’ﬁﬁq@lfa&l&sﬂfﬁ%"&éw\/@eﬁ'f@%@c?éafﬁlﬁﬁ%‘ﬁi‘%tfﬁéé’w'ét"aﬁPDliPﬂCT fryasdl: form of the
me2ythioMisthytembiaty-dubp tediticd taveiapentteady siads levekoiivdidning inesaed for a range of

dosing e MTH ey AU HFSUGND BERLIE 3% A psybe seen from Figures 348 35 it s

predicted that a level of efficacy of -8.1 ADAScog units could be achieved on a dosing regime of
100mg of &' ESvTx Ysieraehi NS@WW aaiﬁ? wiicHeBgic-aleHB Latprsion BSheRAlINg with 60mg
3 times pex@bddiys Bnve ndmigivereificasaldibdtion oultabEex dettediising/d@@mgior higher administered

3 Antimicrobial Agents 14:239-42.

25 Kristiansen, J.E., Amaral, L. (1997) The potentional management of resistant infection
with non-antibiotics. Journal of Antimicrobial Chemotherapy, 40:319-327.
Lewis, G.N., Bigeleisen, J. (1943} Methylene biue and other indicators in general acids.
The acidity function: J. Amer. Chem. Soc., 65:1144-1150.
May, J.M., Qu, Z.C., Cabb, C E. (2004) Reduction and uptake of methylene biue by

30 human erythrocytes. Am. J. Physiol. Celi Physiol., 286:C1390-C1398.
Merker, M.P., Bongard, R.D., Kettenhofen, N.J., Okamoto, Y., Dawson, C.A. {2002}
Intracellufar redox status affects transplasma membrane electron transport in pulmonary
‘arterial endothelial celis. Am. J. Physiol. Lung Cell. Mol. Physiol., 282:1.36-143.
Merker, M.P_, Olson, L.E., Bongard, R.D., Patel, M.K., Linehan, J.H., Dawson, C A

35 (1998) Ascorbate-mediated transpiasma membrane electron transport in pulmonary
arterial endothelial celis. Am. J. Physiol., 274:L685-L.693.



times per day. - 90 - It is therefore inferred that substantially higher efficacy and superior dosing
regime could be achieved using the L-MTx form of the methylthioninium moiety. 5Safety and
tolerability of the L-MTx form of the methylthioninium moiety As discussed above in the section
RelationshipBetee-@ognitive and Haematological Activity, a significantiimitatmnsimthesextent to
which higher doses of MTC could be administerq%o_ achieve better efficacy is due to the combined
consequences of 10increasing haematolotical side“effects and poor tolerability due to diarrhoea.

Although itedsety, Rahgad, BTijoan noukleiARAl A eR diAKORGRLS b AIgRr what the
expected hg’e ia&g{l}g%i%a# effects would bF shown in Eigure 9 and Table 4 in the section

LA
Relationship BEween Coghive a0 SALBMASSHRYT Adkvily s Saraansh. R dhE M Tx form
would haveeiisaish &toforsitain sid €18fEcks yased atinrtiod dpesulfdiessdistus SEdoalvevend-urthermore,
as discusseg:aiRve Bhihessastiathearshatign-etageen observed and predicted haematological side
effects basgd on the in ated.or man pharmacokinetic model, it is unlikely that the
hae%atoloé%%rlwe%eﬁcvt& E:Lr%% ﬁ%ﬁéﬁh?)g%h@qﬁqc ﬁgl’lgggt?/ﬂﬁ% MIRYRE L8558 Wilge Fequired for
anti-demenfi8ACELRPIUEHR RECERA UsESaSI0Sh dviThTar Exemphs iBtel&Bstudy above, it is clear that
haematologieibadvarseoonu beisiegy obpicleis MikpivdhatbesasasesAnpLlfbe wached in clinical
usage of MJ C-hased &%r%gg of f arp%%iﬁ:i%%prhqcliégﬁ._ 1%’%qsiven the dose-response relationship observed

e

in the rat study discussed above In the section ationship Between Cognitive and Haematological

Activity, thé8pectéa Aftdt DN toBiBd cBl SRuier En e iMatbriers RhpwrriatPiyiire 36. As can be
seetf} the edgpeetsdh&ishdtologital Sidssfiests as indexed by decline in red cell count is expected to

be neglioibie. A eastbilly el dlvedeiegnmlopualisnone T form gl n methythioninium
re ; i R ot BodiaSie T e

moiety Whereas, for the reasons_discussed above, it wou e Yeasible to generate a

35delayed YlELsE-SIRBRTIERYo M ar frRfel i de dMiedidh & Pidimdashid R84 not be the case for an
L-MTx-basBbaforacasirtéte: metayitbioninhionomoietgnd histig/kesailredhedRdeen aQdinsform of the

methylthiopiaiug canaRANRINS: F R hetasedbin)dadiay fmolecule (unlike Ox-MT), and it has
not gwar.ge\xyhi hp migs stabilisation of the dimeric forim by charge neutralisation. 5Therefore, it is
likely that & d%‘i%&e el Eé&grﬁuﬁﬂmﬂ%‘?’fhg'ﬁ:I\(AWZB&@%%G%WTPB?’?H@%%?%W\%H% moiety

would be feestite iviizoateeisolisgesa fpthtanharsgicorseguenees dhddimyrdabsorption. This could
be createdaissachnse raisibirdorranifavhieisiencesdas Examples E8ndt & K. . Kosik)

Harwood Academic Publishers, Amsterdam, 185-241.
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Gibaldi, M. and Perrier, D. (1982) Pharmacokinetics. 2nd edn. Marcel Dekker Inc., New 20York. Braak,
H., Braak, E. (1991) Neuropathological stageing of Alzheimer-related changes. Acta Neuropathologica
82:239-259. Kuriloff, D.B., Sanborn, K.V. (2004) Rapid intraoperative localization of parathyroid glands
utilizing metMfeif&¥itB3hfusion. Otolaryngology - Head & Neck Surgery T8T/GB8MAB3 3450
2009/044127PC1/GB2008/003315 - 93 - Examplg,9 - chemical synthesis of stable crystalline reduced
form DAPTZ compounds The following disclosure generally corresponds to that in prior filed,
unpublishe@ih&appiaesieic dGi2001064 bedapectisriioncorparaieg By retesanee) but is included
o B ATeA AL EamAle BRI U RE AN goRroried o e
corresponding nitro- phenothiazine, for example, using sodium nitrité wi acetic acid and
chloroformff?ﬁ@"ﬁﬂfgdfﬁpél?ﬁﬁéb?&%p may then be protected, for example, as the acetate, for example,
using acetic anhydride and pyrigine. The nitro groups may then-be reduced to amino groups, for
example, using tin (1) chloride with ethanolRTheramifd groups may then be substituted, for example,
disubstituted, for example, methyl disubsti ple, usi ethyl iodide, sodium hydroxide,
DMSO, and tetra-n-butyl ammoniug bro nino group may then be deprotected, for
example, the N-acetyl group m prgYQ e =l Q,\%s'ln epricentrated aqueous hydrochloride
acid. The corresponding salt is fHen prepared, for example, §sing concentrated agueous hydrochloric
acid, for example, at the same time as deprotecfion. An example of such a method is illustrated in the
following scheme. 20 huds, another, aspect of the invention pertains, to a method of
prepgrlng a §e§ (Tégrmr%l H bhen %éaz%e Cck)%:)oudﬁég %F}e Foﬂo%%d ormurﬁ}gﬁ)r u@e in the methods
of treatmentRER EHb AP @b @re Fhéteth FTRESIRERASRBRI3, R7NA, R7NB, HX1 and HX2 are as
defined herein (fov@gxampleratibershiX1 and HX2 are each NCI), comprising the step of: (vi) salt
formation (SF), In one embodiment, the method comprises the steps of: 10(v) ring amino

deprotection (DP); and
in one embodiment, the method comprises the steps of:

10 (v) ring amino deprotection (DF); and
(vi) salt formation (SF),

In one embodiment, the method comprises the steps of:
{iv} amine substitution (AS),
15 optional (v) ring amino deprotection (DP), and

(vi} salt formation (SF).

in one embodiment, the method comprises the steps of
(ifi} nitro reduction (NR},
20 (iv) amine substitution (AS),
{v} ring amino deprotection {DP}, and
(vi) salt formation {SF).

In one embodiment, the method comprises the steps of
25 optional {ii) ring amino protection (AP),
(iii) nitro reduction (NR),
{iv) amine substitution (AS),
(v) ring amino deprotection (DP), and
(vi} salt formation (SF).
30



(vi) salt formation (SF). In one embodiment, the method comprises the steps of: (iv) amine substitution
(AS), 150ptional (v) ring amino deproteetion (DP), and (vi) salt formation (SF). In one embodiment, the
method comprises the steps of (iii) nitro reduction (NR), 20(iv) amine substitution AS&, (v) ring amino
deprotection ZB%‘)?”%IE\%) salt formation (SF). In one embodiment, e HEMH ﬁsrlrﬂarises the
steps of 25optional (ii) ring amino protection (AR}4iii) nitro reduction (NR), (iv) amine substitution (AS),
(v) ring amino deprotection (DP), and (vi) salt formation (SF). - 95 - In one embodiment, the method
comprisesithenstepbafiymittadiore (O Lofiprigeg taistepsrotection (AP), (Hi) nitro reduction (NR), 5(iv)
amine substitutio& (ﬁg}!cj{x{)(ﬁeg amino deprotection (DP), and (vi) salt formation (SF). In one
embodiment, the steps are performed in the order listed (i.e., any step in the list is 10performed at the
same time as, or 8L REPHREPERbIng step in the list). In one embodiment, the step of (v) ring
amino deprotectifii} (Rf3)radckttive 8W&), of (vi) salt formation (SF) are performed simultaneously (i.e., as
onegtep). 15In 9&\3,3%98@%9&'&&@?& 'ggfation (NO) step is: (i) nitration (NO), wherein a

10H-phenothiazine is converted to a 7-d['5rgtro-10thenothiazine, for example: RgRI R1R9Rio
{v) ring amino deprotection (DF)}, and

(vi) salt formation {SF).

in one embodiment, the steps are performed in the order listed (i.e., any step in the list is

10 performed at the same fime as, or subsequent to, the preceding step in the list).

in one embodiment, the step of (v) ring amino deprotection (DP) and the step of (vi) salt

formation (SF) are pérformed simultaneously (i.e., as ane step).

15 in one embodiment, the nitration (NO) step is:
(i) nitration (NO), wherein a 10H-phenothiazine is converted to a 3,7-dinitro-10H-

phenothiazine, for example:

RQ RID R‘E 8 Rﬂ) 1
| |
N N
R
8 o,N 8 NO,
) 5
20 in one embodiment, nitration is performed using a nitrite, for example, sodium nitrite, for

example, sodium nitrite with acetic acid and chioroform. In one embodiment, R™is -H.

in one embodiment, the ring amino protection (AP) step is:
(if) ring amino protection (AP), wherein the ring amino group {-NH-) of a
25 3,7-dinitro-10H-phenothiazine is converted to a protected ring amino group (-NRP™), for

example:

Prat 1

R® H R R* R

|
=



NO2 65 20In one embodiment, nitration is performed using a nitrite, for example, sodium nitrite, for
example, sodium nitrite with acetic acid and chloroform. In one embodiment, R1 is -H. In one
embodiment, the ring amino protection (AP) step is: (i) ring amino protection (AP), wherein the
ring amino greupER2of a 253,7-dinitro-10H-phenothiazine is converte#Gd/agaotaetEdsring amino
group (-NRr01), for example: WO 2009/044127F£T/GB2008/003315 - 96 - In one embodiment, ring
amino protection is achieved as an acetate, for example, using acetic anhydride, for example, using
acetic anhyslseke sansbpysighe einh prieepaitecioraptadhiovaidrasr ad uetend R :siampis: &Hi nitro reduction
(NR), whergin.: the nitro (- 2}1 fanpr t 7-d.nitro-10H-phenothiazine is
converted %%JE %a?rﬁ?h%’ Nﬁg%ér%% o%@u:f:cr%ﬁg?ea%gyg;ﬁ% %%degpgr?] Jrci)%iment, nitro reduction may be
performed using, for example, tin (ll) chloride, 10for example, tin (II) chloride with ethanol. In one
embodimelt ptirceaibaaérrulnShktitn (ARs6eANR) step is(iv) amine substitution (AS), wherein each of

the amino (NH2)gras o & RIDIRGS 4 Adfiaminar L ARenipains e sanyeriedLip disubstiuted

amino group, for 15example: 32 In one em ment, amine su ution Is performed using an alkyl
halide, for exXatire: LHRREPRIBRENG I EXARRRS, thatAiBRIidHeb B BIEXATRIF) | iodide with sodium
20hydroxide, DMSO, and tetra-rfsuty ammonium bromide. In ghe efitbogliment, the ring amino

deprotection (DP) step is: (vﬁj ringiamino deprotection (DP) whqhein e protecting group, RPmt, is

removed, for example: O9/7PCT1@T12008/00 @

O,N S NO, H,N S NH,
4 3

In one embodiment, nitro reduction may be performed using, for example, fin {li) chioride,

10 for example, tin {lI} chioride with ethanol.

In one embodiment, the amine substitution (AS) step is:
(iv) amine substitution {AS), wherein each of the aminc {(-NH.) groups of a

protected 3,7-diamino-10H-phenothiazine is converied to disubstituted amino group, for”

15 example:
g Prot 1 Rg Rpl’cﬂ R?
= F'Q i
N N
B —

0 e L e
H,N 5 NH, R?NB/N s N\Rma

3 2

In one embodiment, amine substitution is performed using an alky! halide, for example,
an alkyl iodide, for exampie, methyl iodide, for example, methy! iodide with sodium
20 hydroxide, DMSO, and tetra-n-butyl ammenium bromide.

" In one embodiment, the ring amino deprotection (DP) step is:
(v) ring amino deprotection (DP), wherein the protecting group, RF™, is removed,

for exampie:



In one embodiment, ring amino deprotection may be performed using acid, for example, hydrochloric
acid, for example, concentrated aqueous hydrochloric acid. In one embodiment, the step is: (vi) salt
formation (SF), wherein the corresponding salt is formed, for example: HR1 NX R3NA 2a 10In one
embodimentWsai8fEdon may be performed using acid, for example, hydrochipris/@sidsfor example,
concentrated aqueous hydrochloric acid.  In ong embodiment, the steps of ring amine deprotection
and salt formation are performed simultaneously (i.e., as one step), for example, compound (1) is
formed from 15compound (2) in one step. In another approach, Eﬁsuitﬁble Hﬂoninium choride (for
example, methylthioniniumgchlﬁFiﬁeRMTC) is converted to the coire [()ﬁndi g halide, for example, by
reaction with potassium igdidenfor example, aqueous potassiurf ioghde: esulting thioninium
20iodide is then reduce ; with_(;'!qt'ﬁyrﬁdidw&m etha orrggponding salt
formed. AsimilifmB othis tegeribed n,pfew, H.D.K, g Nead, F.SH., "Derivhtives of
Methylene-blueR Journal of the Chemical \%’Ncﬁety, 1933, pp. 248-253 An example of such a method is
illustrated in the following schefhe. WO 2009/044127 Me". MeMe Clzﬁ

tn one embodiment, ring amino deprotection may be performed using acid, for example,

hydrochioric acid, for exampie, concentrated aqueous hydrochloric acid.

5
In one embodiment, the siep is:
{vi) salt formation (SF), wherein the corresponding salt is formed, for exampie:
R H R R® W R
i
N i x N HX
R?NA RSNA RT!@A GNA z
o N §7 NS Y s N s | X
R RSNB R \Raus
2a L 1 _
i0 in one embodiment, sait formation may be performed using acid, for example,
hydrochloric acid, for example, concentrated agqueous hydrochioric acid.
in one embodiment, the steps of ring amine deprotection and salt formation are
performed simultaneously (i.e., as one step), for example, compound (1) is formed from
15 compound (2) in one step.
In another approach, a suitable thioninium choride (for example, methyithioninium
chioride, MTC) is converted to the corresponding halide, for example, by reaction with
potassium iodide, for example, aqueous potassium iodide. The resulting thioninium
20 iodide is then reduced, for example, with ethyl iodide and ethanol, and the corresponding

salt formed. A similar method is described in Drew, H.D.K, and Head, F.5.H.,
‘Derivatives of Methylene-blue,” Journal of the Chemical Society, 1933, pp. 248-253.

An example of such a method is illustrated in the following scheme.
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PCT/GB2008/003315 EtOH Me"_Me N, MeMe 2 HI Thus, another aspect of the invention pertains
to a method of preparing a DAPTZ 5compound of the following formula, for use in the methods of
treatment described above: wherein R1, R9, R3NA, R3N9, R7NA, R7NB, ...1,

MA and HX2t@¥8'Hefitied herein (for example, where HX1 and HX2 are®€asFBRNS e31drising the
step of: (i) reduction and iodide salt formation (RigF). 10 In one embodiment, the method comprises
the steps of: (i) iodide exchange (1E); and (ii) reduction and iodide salt formation (RISF). 15In one
embodiment, the steps are performed in the ogdggdigted (i.e., any step in the list is performed at the
same time as, or subsequegt to, the preceding step in the Ilst) - 99 - In one embodlment the iodide

exchange (1E) step i jiiodidie exchange & Xiwherein a 3 . . ik ‘. d amino)-thioninium
salt is convertéd jothe co espanging Avi&-di(drsubstituted @;@lno Iniu de, fgr example
5(where r is an anionic cm@er ion, far example, halide, for exa‘mpl ch @rlde or brpmlde)
Me Me
Cl(=
;
Etl, EtOH
ME\N s N/Me
Me” “Me
2 HI

Thus, another aspect of the invention pertains to a method of preparing a DAPTZ

5 compound of the following formuia, for use in the methods of treatment described above:
g . f!'l R1
R?NA\ /RSNA 2
RTNB/N S N\RSNB HX

wherein R*, R®, R™A R*® R™A R™E X' and HX? are as defined herein (for example,
where HX' and HX? are each HI}, comprising the step of:
(i) reduction and iodide salt formation (RISF).

10
in one embodiment, the method comprises the steps of;
(i iodide exchange (ik); and
(ii) reduction and iodide salt formation (RISF).
15 In one embodiment, the steps are performed in the order listed (i.e., any step in the list is

performed at the same time as, or subsequent to, the preceding step in the list).
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In one embodiment, iodide exchange (1E) is achieved by reaction with potassium iodide, 10for
example, aqueous potassium iodide. In one embodiment, the reduction and iodide salt formation
(RISF) step is: 00 reduction and iodide salt formation (RISF), wherein a 3,7-di(disubstituted
amino)-thion¥fiuit?8dtdé’is reduced and converted to the corresponding 3 GLUTRAN03315
1510H-phenothiazine iodide compound, for example: - 100 - In one embodiment, reduction and iodide
salt formation (RISF) is achieved by reaction with#thyl iodide, for example, ethyl iodide and ethanol.
5In another approach, an appropriate thioninium salt, for example, ethyl thioninium semi zinc chloride,
is simultaneously reduced and the ring amino group protected, for example, by reaction with
phenylhydriizife esthedioiericticiedits endeanaied Iy stdines: The corresponding salt may then be
prepared, for exa[@ideiRenGARERIMI ARRRALE QSISO afithdih@riRie-Atihe same time

as deprotection. mple of such a trated ip the follow heme. Scheme 3 Me
b et e R R e N

3,7- cﬁamm&vwﬂYpﬁe@maﬂfazméc(WM) torexsoORiel bﬁ%ﬁé, fonswamprorehidade A R R7NB.A  ,R3NA
N.,R309 HXdbmide):

] 1 N
13 [ R
N\ @
R?NA I ana | Y
= -~
RTNB/N Cf—) N, ans
g 1 T
12 R R
N
RYNA P sna i
R?NB/N (% N R:s:»uzs

in one embodiment, iodide exchange (IE) is achieved by reaction with potassium iodide,

10 for example, agueous potassium iodide.

in one embodiment, the reduction and icdide salt formation (RISF) step is:
(it} reduction and iodide salt formation (RISF), wherein a 3,7-di(disubstituted

amino)-thioninium iodide is reduced and converied to the corresponding 3,7-diamino-

15 10H-phenothiazine iodide compound, for example:
- . 1 —
12 R R
N\
R?’NA ! e 3NA I @
R?NB/N % NO_ae
R”® H R .
11 |
N HI
e
R7NA\ /RSNA Hl
R?NB/N S N\Raua




HX2 wherein R1, R9, R3NA, R3N5, R7NA, R7NB, HX1 and HX2 are as defined herein (for
example, where HX1 and HX2 are each HI), comprising the step of: 20comprising the step of: (iv) salt
formation (SF). - 101 - In one embodiment, the method comprises the steps of ”13 ring amino
deprotectio{® B *4HE ) salt formation (SF). 5In one embodiment, the et ﬁ%{ 8%?3?&5’% the steps
of 00 ring amino protection (AP), , (iii) ring amino deprotection (DP), and (iv) salt formation (SF). 10In
one embodiment, the method comprises the steg§%f (i) reduction (RED) (ii) ring amino protection
(AP), ring amino de'protection (DP), and (iv) salt formation (SF). 15

in one embodiment, reduction and iodide salt formation (RISF) is achieved by reaction

with ethyl iodide, for example, ethyl iodide and ethanol,

5 in another approach, an appropriate thioninium satt, for example, ethyl thioninium semi
Zinc chloride, is simultaneocusly reduced and the ring amino group protecied, for example,
by reaction with phenyihydrazine, ethanol, acetic anhydride, and pyridine. The
corresponding salt may then be prepared, for example, using concentrated agusous

hydrochloric acid, for example, at the same fime as deprotection. An example of such a

10 method is illustrated in the following scheme,
Scheme 3
OYME
JOSo} IS @Sl
Et = LB e
‘.‘f?l ~s N Bt S g B
Et ® Et g £t
ci (= 0.52ZnCl, .
3
OSSO
Et Et
N 57 N
Et Et
2 HCI
15 Thus, another aspect of the invention pertains to a method of preparing a 3,7-diamino-

10H-phenothiazine (DAPTZ) compound of the foliowing formuia:

9 RI

1

HX

20

R?NB/N

7NA ' 3NA
R R

-~

N<
RINB

—_

HX?

wherein R, R®, RMA RINE RTNA oTNE LiXT and HX? are as defined herein (for example,

where HX' and HX® are each HI), comprising the step of:

comprising the step of:

(iv) salt formation (SF).



In one embodiment, the steps are performed in the order listed (i.e., any step in the list is performed at
the same time as, or subsequent to, the preceding step in the list). In one embodiment, the step
of (i) reduction (RED) and the step of (ii) ring amino 20protection (AP) are performed simultaneously
(i.e., as one B3y EL*EXample, in one embodiment, the combined reducH6®/ fREM§4ed and ring
amino protection (AP) step is: (i reduction (RED) and ring amino protection (AP), wherein a
3,7-di(disubstituted 25amino)-thioninium salt is Té8iced to give the corresponding 3,7-di(disubstituted
amino)- 10H-phenothiazine, and the ring amino grou ﬁNI—#-) of the 3,7-di(disubstituted amino)-
10H-phendfh g?iﬁ@?é’%ﬁ]’?\?éﬁ@%%&'%$§?&? *aeﬁﬁﬁe Yo yroup (-RP") to give the corresponding
protected 3,7-di(digutrstiamée denrmctiom{BRermthiazine, for example: In one embodiment, Y
represents Cr. - k0Za¢lp@ngismeesiment, the combined reduction (RED) step and ring amino
protection (AP) step is achieved using phenylhydrazine and acetic anhydride, for example,
phenylhydrazine, ethanol, acetic anhydride, and pyridine. 5 In one embodiment, the step of (iii) ring
amirfo deploegiom{Sihenidithensidpdtqivpisgs tberaemdP{SF) are performed simultaneously (i.e., as

one step). For axgamles Hravsiempediment, the combined ring amino deprotection (DP) step and

10salt formation %Sﬂ; Ste mil%;{) é)l%r{rég‘ %S'EJPO rgldeprotection (DP) and salt formation (SF), wherein the
protecting group i p?o ectecﬁjg”o",D - |‘fc§I Substitdied amino)-10H-phenothiazine is removed to give a
3,7-di(disubstitutét)dx@ftrieyredrrpRghothiazine, and the corresponding salt is formed, for example:

22 15 21 In one embodiment, the combined ring amino deprotection (DP) step and salt formation (SF)

step may qE g%fg’ggggnygmqh%cri,qet(%rdegéwﬁégsWQQQEC&J%QC acid, for example, concentrated aqueous
hydrochloric acid. '
(i) reduction {(RED)
() ring amino protection (AP),
(i} ring amino deprotection (DF), and
{iv) salt formation (SF}.
15
In one embodiment, the steps are performed in the order listed {i.e., any step in the list is

performed at the same time as, or subsequent to, the preceding step in the list).

in one embodiment, the step of (i) reduction (RED) and the step of (ii) ring amino

20 protection (AP) are performed simultaneously (i.e., as one step).

For example. in one embedimert, the combined reduction (RED} step and ring amino
protection (AP) step is:
(i reduction (RED) and ring amino protection (AP), wherein a 3,7-di(disubstituted
25 amino)-thioninium salt is reduced to give the corresponding 3,7-di{disubstituted amino)-
10H-phenothiazine, and the ring amino group (-NH-} of the 3,7-di{disubstifuted amino}-
10H-phenothiazine is converted to a protected ring amino group (-R™) to give the

corresponding protected 3,7-di(disubstituted amino}-10H-phenothiazine, for example:

g i

@ : N X HX
ana | Y

N/R —- | RN - R HX
\RSNB

30

in one embodiment, Y represents CI.



In a similar approach, an appropriate thioninium chloride (e.g., methyl thioninium chloride, ethyl
thioninium chloride) is first reduced and acetylated to give the corresponding 1-(3,7-
bis-dimethylamino-phenothiazin-10-y1)-ethanone, for example, by reaction with hydrazine (NH2NH2),
methyl hydrEAE{MENENH2), or sodium borohydride (NaBH4); and acefit V&AM {(H3CC0)20);
for example, in the presence of a suitable base, for example, pyridine (C5H5N) or Hunig's base
(diisopropylethylamine, C8H19N), for example,ii@ suitable solvent, for example, ethanol or
acetonitrile. The reduced and acetylated compound is then deprotected (by removing the acetyl
group), for example, by reaction with a suitable hallo acid, for example, hydrochloric acid or
hydrobromic aeicsrimadsuisabtbe ca0Binsbivdmntiidor BRangiey atlaingl aoind opierialyiih the addition of

a suitable efber. fon example, Hipthjinibiarinansdiic csmplRp@ rasialipns: Chemical Synthesis
Synthesis 1 3-Nitro-1QH-phenothiazine lii NO2 SOdiﬁlm n?itrite (20.00 g, 210 mmol) was added to a

mixture of RORMINEBHNE TR0 BEFYE HU VRIS 2CRBYS

Bf6im (100 cm3), and acetic acid (20 cm3),
and the mixture was stirred for 1 hour at room temperature. Acetic acid (20 crn3) was then added and

the mixturg s SHAEREIRER, MERRILE vy dhmsdsprision v lerad ang washediwith 15acetic

acid, ethanol, water %nd finall¥ ethz{ml t(ﬁ%we aﬁgrgleé%rgr%n §eolgd. The residue was dissolved in hot
DMF and ARERAES oA BRBIE IR YRt o' CompoURT 58'a purple solid. Concentration of the
DMF solution and washing the precipitate with water and methanol gave the title mono-nitro compound
(159, -50%) RS RROMI-SONE MBS RERI s tanRed\ing 321D ddbhhtSRi2A (DIH)st8d 28d(CH), 3049
(Cl—é) 1557 INP%%.SB_}%%%\IEO% ; bH (250 MHz; DMSO0): 6.64 (5H, m, ArH), 7.68 (1H, d, J 2.5, ArH),
7.78% 84 (@ RHYFLFETELINHY); ioc (62.9 MHz; DMS0): 113.3 (ArC), 115.3 (ArC), 116.9 (ArC),
121.8 (ArC), 123 6)(@ErTRming deprreytiarndB) it st SemalitS i she@irdye PEB3SY%C), 141.0
(ArC), 147 &4Ad ) a3rSipbibe sig-di(@slibstiniitoatitd)ptoenptiiactinez02 14 45NERI to Give procedure for
the synthesis, of,3-nitro- - thiazi . i -0 < lazing (10.00 g, 41
o, cHIsr AN ) ARG L ey i S0t e (1 B 0% mmol). The
residue obf&#@8/vas recrystallised from DMF to - 104 - yield the title di-nitro compound (6.60 g 56%)
as purple needles; vmax(KBr)/cm-1: 3331 (NEC, 8294 (NH), 3229 (NH), 3101 (CH), 3067 (CH), 1602
(NO2), 1558 (NO2); OHk{256MHg; DM30): 6.73-6.76 (2H, dJ) 9, ArH)R7.78 (2H, $, ArH), 7.89-7.85
(2H, d, J 9, NH). N N :

et HX
INA
R™MAL R R™ S Fan| X

R?NE-,/N .8 N\R;,NB R?NB/N N\RSNB
22 = 21 -
15 -
in one embodiment, the combined ring amino deprotection (DP) step and salt formation
(SF) step may be performed using acid, for example, hydrochloric acid, for example,
concentrated agueous hydrochioric acid.
20

in a similar approach, an appropriate thioninium chioride (e.g., methyl thioninium chioride,
ethyl thioninium chioride) is first reduced and acetylated to give the corresponding 1-(3,7-
bis-dimethylamino-phenothiazin-10-yl)-ethanone, for example, by reaction with hydrazine
(NH.NH,), methyl hydrazine (MeNHNH,), or sodium borohydride (NaBH,); and acetic

25 anhydride {{HsCCO},0); for example, in the presence of a suitable base, for example,
pyridine (C5H5N) or Hunig's base (diisopropylethylamine, CgHysN), for example, in a
suitable solvent, for example, ethanol or acetonitrile. The reduced and acetylated
compound is then deprotected (by removing the acetyl group), for example, by reaction

with a suitable halic acid, for example, hydrochloric acid or hydrobromic acid, in a suitable



5 Synthesis 3 1-(3,7-Dinitro-phenothiazin-10-yl)-ethanone O. Me 02NSNO2 A solution of
3,11-dinitro-10H-phenothiazine (3.00g. 10.37 mmol), acetic anhydride 10(15.889, 155.50 mmol), and
pyridine (30 crna) was stirred at reflux for 18 hours. The warm solution was then carefully poured over
ice water. A Yieélsitité fsrmed and was filtered, dissolved in dichlorometi4ifeGBHEg W& magnesium
sulphate, filtered, and concentrated to give a brown/orange solid, which was purified by column
chromatography (Si02, ethyl acetate : petroleumigther, 2:3, loaded as a dichloromethane solution) to
give 15the title compound (2.46 g, 71%) as a light yellow solid which can be recrystallised from
acetone tosgiventidht eamRis cHnes! ghf geienrinvdthdpe redilien sossuitably eBE0RC=0), 1575 (NO2),
1510 (NO2xhbiel ki atHePC13): 2.28 (3H, s, CH3), 7.65-7.69 (2H, d, J ArH), 8.22-8.26 (2H, dd, J
2.75, 815, ArH), 8.33-8.32 (2H, d, J 2.5, Ar/-0; Oc (62.9 MHz; CDC13): 168.2 (C=0), 146.3 (ArC),
143.3 (ArC), 133.6 (ArC), 127.8 (ArC), 123.4 (ArC), 20122.9 (ArC), 23.1 (CH3); m/z (ES) 331.0(80%,
[M]4). Synftresiuexamp ﬂ?ﬁﬁ?ﬁﬁ&l‘ﬁﬂ’@ﬁothlazm 10-y1)-ethanone 0 Me NH2 25A mixture of
1-(3#-dinitro-phenothiazin-10-y1)-ethanone (2 g, 6.04 mmol), tin (I) chloride dihydrate (14.17 g, 62.8
mmol), and ethanol (50 cm’) was heated tg,ef|lix,andssticked at this temperature for 5 hours. The
mixture was then cooled to room temperature a n"a’“%prourea over ice water. The pH was adjusted to 7
with 5% sodium hydrogen carbonate before the product was extracted with ethyl acetate (3 x 50 cm3).
The extracts were - 105 - washed with brine gyidreésied over magnesium sulphate, filtered, and
concentrated to give the title compound {J;:f448+-100%kas A rurple blue solid; vmax (KBr)/crril: 3445
(NH), 3424 (NH), 3368 (NH), 3322 (NH), 3203 gaN ), 3054 (CH), 2995 (CH), 1706(0=0), 1650 (NO2),
1590 (NO2); 6E1(250 MHz; CDCI3): 2.01 (3H, s CH3) 5.09-5.43 (4H, brd s, NH), 6.47-6.51 5(2H, dd,
J 1.5, 8.25, ArH), 6.61 (2H, s, ArH), 7.11 S .38, ArH); 5¢(62.9 MHz; CDCI3): 169.1 (0=0),
147.2 (ArC), 128.1 (ArC), 127.6 (ArC), 1R x .3 (ArC), 111.5 (ArC), 22.6 (CH3); m/z (ES)
293,8(95%, [M + H, Nar), 272.0 (20%, [M ¥ Hr) 522779 (106%, [M + H, - Acr). 10Synthesis 5

3,7- Dlamlrg) HJBF}PR FHQ@@}EOB ?@X@rm 9\@999@4%@ Mzﬂuge%g(]!—{ phenothxazme

1-(3,7- Dlamlno henothiazin- ethanone (0.25 ¢ 1 mmol) w as dissolved in aqueous
o ehio A B SR by BT AR SH B B IS P S s

stirred for 1 hour at room temperature. Acetic acid (20 cm®) was then added and the

mixture was stirred for a further 18 hours. The suspension was fillered and washed with

15 acetic acid, ethanol, water, and finally ethanol to give a purple/brown soiid. The residue
was dissolved in hot DMF and allowed to cool before filtering the di-nitro compound as a
purple soiid. Concentration of the DMF soiution and washing the precipitate with water
and methano! gave the title mono-nitro compound (15g, ~50%) as a brown solid; vy
(KBr)fom™: 3328 (NH), 3278 (NH), 3229 (NH), 3119 (CH), 3048 (CH), 1557 (NO,}, 1531

20 {NG,); 84 (250 MHz; DMSO): .64 (SH, m, ArH), 7.68 (1H, d, J 2.5, ArH), 7.79-7.84 {1H,
dd, J2.75, 6.5, ArH); 8¢ (62.9 MHz, DMSO): 113.3 (ArC), 115.3 (ArC), 116.9 (ArC), 121.8
(ArC), 123.6 (ArC), 123.7 (ArC), 124.6 (ArC), 126.4 (ArC), 128.1 (ArC), 138.8 (ArC},
141.0 (ArC}, 147.8 (ArC).

25 Synihesis 2
3,11-Dinitro-10H-phenothiazine

H
|

o,N S NO

The procedure for the synthesis of 3-nitro-10H-phenothiazine was followed using 3-nitro-

2

10H-phenothiazine (10.00 g, 41 mmol}, chioroform (40 cm®), acetic acid (2 x 10 cm®), and
30 sodium nitrite (11.86 g, 173 mmol). The residue obtained was recrystallised from DMF to



- 15for 30 minutes. Concentration of the reaction mixture gave the title compound as a light blue solid.
OH (250 MHz; D20): 6.60 (2H, brd d, ArH), 7.07 (4H, brd s, ArH). Synthesis 6
1-(3,7-Bis-dimethylamino-phenothiazin-10-yfi-ethanone 0 Me Me.,NNA/le 1;1/le 20Me
1-(3,7-Diamit8-flénsthazin-10-yi)-ethanone (0.25 g 0.92 mmol) was disBENEFIHEINSO (3 cm3).
Toluene (10 cm3), iodomethane (1.96 g, 13.8 mmol), tetrabutylammoniun bromide (50 mg), and finally
aqueous sodium hydroxide solution (50%, 1.25 dRf8) were added. The mixture was stirred at room
temperature for 2 hours. Additional aquequs 25§odium hydroxide (50%, 1.25 cm3)_and iodomethane
(1.96 g, 13’.@‘%%?0?}%@#%8‘388%3 B SRR R RIR IS RS <t R BYGRher 3 hours at room
temperatufé/iiefiaet ki b aig o Hf SQUdEEs, SIBGIL T HY dEHAJS RN %GSE. 28eind) and iodomethane
(1.96 g, 135 mmel) wrsepddedans die mixsrasireddqon frdes 18daones. dhedhiek WO
2009/044127PCT/GB2008/003315 - 106 - suspension was washed with water (3 x 75 cm3) and the
toluene exf¥4Bt collected. The water was extracted with dichloromethane (3 x 50 cm’) and the extracts
combined with the toluene, and dried over magnesium sulphate, filtered, and concentrated to give a
deep purple solid. The residue was purified by,sgldganschromatography (Si02, ethyl Sacetate :
petroleum ether, 2:3, loaded a%%? ic§lo.rorp tha%soly%q_nggt‘% ive the title compound product (0.12 g,
40%) as a light purple solid: v, aX(KBHNEHPIES8NFEEF S FD, 2856 (CFO, 2799 (0-0, 1659
(C=0), 1596 (NO2), 1502 (NO2); 5H (250 MHz® ). 2.16 (3H, s, CH3), 2.93 (12H, s, NCI-13),
6.59-6.62 (2H, d. J8.5, ArH), 6.69-6.71 (2H, d, J 2,75, ArH), 7.08-7.47 (2H, brd s, ArH); 5¢ (62.9MHz;
CDCI3): 170.3 (C=0), 148.9 (ArC), 10127.Z(AIC), 17 ArC), 127.0 (ArC), 110.9 (ArC), 110.7 (ArC),
40.7 (NCI-13), 22.9 (CH3). Synthesis 7 N /NN N1-Te tfgfl-lOH-phenothiazine-3,7-diamine
bis(hydrogen chloride) (B3) Me Me_WN " Me 2 BCI NG,
151-(3,7-Bissgdimetniaminanrheasthisznolzyetb 2098 43 2 @mbi$bpamalhnyasdgdissolved in

aqyeous hydrochlori id (5 N, 15 cm),.and_the solution was heated to reflux temperature and stirred
for@O mintﬁ%gggéoﬁ%%e%éa |0?1,}(!)1a ff?eplyé?gé %%Hr:ﬁx Lﬁ‘évag’as\}grﬁge%i{ﬁe}%?éfﬂbﬁgr}%uéss'ngﬂg\ﬁeen/blue solid;
OH (250MMBMDSBYtiIgNMEREIDRN SaTiyIUBSIVEZ itevalg s APIEFiFtals (@FreBRNs WaH): Oc(62.9MHz;

020): 144. 1A )id B Qd AN Gighbiandkthane, dried over magnesium sulphate, filtered, and

concenirated to give a brown/orange solid, which was purified by column chromatography
{SiC,, ethyl acetate : petroleum ether, 2:3, loaded as a dichloromethane solution) to give

15 the title compound {(2.46 g, 71%) as a light yellow solid which can be recrysiallised from
acetone to give light yellow needles; vpay (KBrifom™: 3091 (CH), 3063 (CH), 1680 (C=0),
1575 (NO3), 1510 (NCy); 64 (250 MHz; CDCly): 2.28 (3H, s, CH3), 7.65-7.69 (2H, d, J 9,
ArH), 8.22-8.26 (2H, dd, J 2.75, 8.75, ArH), 8.33-8.32 (2H, d, J 2.5, ArH); D¢ (62.9 MHz;
CBhCly): 168.2 (C=0), 146.3 (ArC), 143.3 (ArC), 133.8 (ArC), 127.8 (ArC), 123.4 (ArC),

20 122.8 (ArC), 23.1 (CH3); mvz (ES) 331.0 (80%, [M]").

Synthesis 4
1-(3,7-Diamino-phenothiazin-10-yl}-ethanone

OYMB
JeB !
H,N s NH

25 A mixture of 1-(3,7-dinitro-phenothiazin-10-yl}-ethanone (2 g, 6.04 mmol), tin (Il) chioride
dihydrate (14.17 g, 62.8 mmol), and ethanol (50 cm®) was heated to refiux and stirred at

2

this temperature for 5 hours. The mixture was then cooled to room temperature and
poured over ice water. The pH was adjusted to 7 with 5% sodium hydrogen carbonate
before the product was extracted with ethyt acetate (3 x 50 cm®). The extracts were



20(ArC), 120.8 (ArC), 120.7 (ArC), 117.6 (ArC), 48.9 (NCH3). Synthesis 8 Methylthioninium iodide
25To a round bottom flask was added methylthioninium chloride (MTC, Methylene Blue) (2 g, 6.25
mmol) and water (50 cm3) and the mixture stirred for 10 minutes or until the solid dissolved.
Potassium i8HFEP5E7, 9.4 mmol) was then added to the mixture and & GrEERPHIEK Sispension
formed. The reaction was heated to boiling and allowed to cool - 107 - naturally giving the title
compound (2.03 g, 79%) as bright green needled%2nal. Calcd for 016H18N3SI: C, 46.72; H, 4.41; N,
10.22; 8,7.80; 1, 30,85. Found: 0146.30; H, 4.21: N, }]#)rhl%' S‘L 7.86;!, 29.34. 5? pth?sisg
NN oA DA G SRR SR SR B S U o A SERFSBT R TVE, e
MeMe 2 HihEditercampbbottohtdgsk Was asldeuinpie thydtisitinumn(iKistide (2844 BAVMnidIZ4ethanol (100
cm3) and ety @%@?@?-%Qé}ﬁ@m@é}wﬂﬁ, t&t%mwﬁrezms(bﬁat@%t(@w fesd avtihours where
aye

the colour changed from green/blue to brown wit ow precipitate. Once cooled tg room
temperatuﬂer’,gﬂwg‘llqﬁétéi‘é u .&F‘e‘a%d?\ﬁééﬁ%dwﬁ/ 3bigtﬂ%11 tﬁ%fﬁobéﬂﬁ)'\{'é%gﬁ‘/ Yfﬁég itle compound
(1.99 g, 769, aisl a/light By ESeArsh]id S8 EA2 50K Z,. D20 B(20, d.2H8, 4rNCH3IF26 MHERH, d, J8.5, Ark)),
(7A2é )(2141'7@%)@;@%%%1 ;%&ggiz(m%?gizéﬁ@rw@x.é%ﬂr&)(ﬁrﬁ).a%R?c@, (AP (4211 (ArC), 120.9
rC), . rC), 48, H3). Synthesis 10, N o .
(3.7 -Bis AR S A R0 T o & HNEMGT 2RI 8 Y bSems round
bottom flagik va$1@8e dVethiithisiihium zinc chloride (0.5 g, 1.13 mmol) and ethanol (10 cm3).
Phenylhydrazine (0.134 g, 1.24 mmol) was then added dropwise under an atmosphere of nitrogen.
The1 ixture was stirred 25C for 1 hour and cgnrc];t%gtraged under high vacuum. Pyridine (50 cm3) and
acetic anhydride was added and the mixture stirred for 18 hours at 60C. The solution was opened to
ice/water (250 cm3) 25and theiemjaprieenditadnt Siadudrmasatriicadsldf#3 x 50 cm3). The extracts

were Pl{
N
>N s NT
H H

2 HCI

1-(3,7-Diamino-phencthiazin-10-yl}-ethanone (0.25 g, 0.921 mmol) was dissolved in
aqueous hydrochloric acid (5 N, 10 cm®) and the solution was heated to rgfiux and stirred

15 for 30 minutes. Concentration of the reaétion mixture gave the titie compound as a light
blue solid. &, (250 MHz; D;O): 6.60 (2H, brd d, ArH), 7.07 (4H, brd s, ArH).

Svnthesis 8
1-(3,7-Bis-dimethylamino-phenothiazin-10-yl}-ethanone

20
1-(3,7-Diamino-phenothiazin-10-yl)-ethanone (0.25 g 0.92 mmol} was dissolved in DMSO

(3 cm®). Toluene (10 cm®), iodomethane (1.96 g, 13.8 mmol), tetrabutylammoniun
bromide (50 mg), and finally aqueous sodium hydroxide solution (50%, 1.25 cm’) were
added. The mixture was stirred at room temperature for 2 hours. Additional aguecus

25 sodium hydroxide (50%, 1.25 cm®) and iodomethane (1.96 g, 13.8 mmol) were then
added. The mixture was allowed to stir for a further 3 hours at room temperature before a
third aliquot of agueous sodium hydroxide (50%, 1.25 cm®) and iodomethane (1.96 g,
13.8 mmol) were added and the mixture stirred for a further 18 hours. The thick



washed with saturated copper sulphate solution and dried over magnesium sulphate, filtered, and
concentrated to give the crude product as a brown oil, which was purified - 108 - using flash column
chromatography with an eluent of 40% ethylacetate : 60% petroleum spirit 40-60C and silica 40-63p
60A to give € f8/EsHJound (0.18 g, 41%) as a green glassy solid. 5H 230498/ @B3C1 3): 7.0-7.5
(2H, bids, ArH), 6.64 (2H, s, ArH), 6.52 (2H, d, ArH), 3.35 (8H, g, 7, NCH2), 2.18 (3H, s, CH3), 1.16
(12H, t, 7, CH3); Oc (62.9 MHz; 5CDCI3): 12.5-(%¥&3 ), 22.9 (CH3), 44.6 (NCH2), 110.1 (ArC), 127.4
(ArC), 146.5 (ArC), 170.2 (C=0). Synthesis 11 N,N,gll,11-Tetraethy|-10H-phenothiatzine-S,7-diamine
bis(hydrog%ﬁma‘ﬁa&%ﬂ@ﬁefd%ﬁ%@ YOS G DS Rdiew 8 a8y The
3,7-diethyhamtinedDeaicatidciitn Githiarimestbah2s Iy 6033 rarol)tee exéguiscusnhiydrbelttoric acid (5 M, 5

cm3). Theymixtire.was b eatethat iR RimiisRe e coAREG R daRmRrpgRture and was
concentrated to give the title compound (OW, 81%éas ag/hellow greenglggsg S%I)gi 5t, (250 MHz;
15 CD30DYESPPHRIRSHit, APRTeR'EE (R BTR BY) CYU BMOBRICRBRTSY 6712, bid, CH3): 6¢
(62.9 MHzateRBOPEtdd:8riCHEB ), 5. biNaHe)a Hitsld ¢mediarisnuiiprDy digd IBe(AlIE), 123,6 (ArC),

132.6 (A [ (3 4-Bisqdi nylami VA, th M
1 (YIS ATk B e rabio ke i

0 N I |
Synthesis (Qfﬁgzﬁ?étl«j‘my&?é’zglﬁ@ AR =9&0188?5{di)a1§§5 t¥vs r&ﬁﬁ%SBW?h(?%é‘gblaced under
an atmospheéfe3H argot:waPadtad meihyithidmaRia? (itbride 8 hysrdted @B 1ni#tot, Y0 g), ethanol

]glocz) ﬁms) @?}% m%ﬁvlhlxdf.a?imﬁﬁ@é W'@@(&b@zr&"@aé@)m?@tﬁw%m,h@@t@@l&ﬁ@ﬂOChagd S::‘r:red
or 2 hours, The yellow/green sus 10N \Was, coo 0 nd filte r shed wi
ethahol (25 %rr?é)xéﬁd }?r?e?j ‘Y %ﬁjvfﬁi%ﬁr%tﬁ@gng%%ﬁa% g(f%#l d{(gzrt@(gﬁa .'a#%%rlké‘yl@u co product

was added acetic - 109 - anhydride (40 cm3) and pyridine (10 cm3) and the solution was heated at
100C for

Synthesis 7
N,N,N' N'-Tetramethyl-10H-phenothiazine-3,7-diamine bis(hydrogen chloride) (B3)

%{*i
N
Me Q D\ e
>N 8 N7
Me e

2 HCl
18 1-(3,7-Bis-dimethylamino-phenothiazin-10-yi)-ethanone (0.5 g, 1.84 mmoal) was dissolved
in agueous hydrochloric acid (5 N, 15 cm®), and the solution was heated to reflux
temperature and stirred for 30 minutes. Concentration of the reaction mixture gave the
fitte compound as a green/blue solid; 6u (250MHz; D,O): 3.18 (12H, s, NCH,), 6.67 (2H,
d, J 8.5, ArF), 7.16 (4H, brd s, ArH); 5c(62.9MHz; D,0): 144.3 (ArC), 138.6 (ArC}, 122.4
20 (ArC), 120.8 (ArC), 120.7 (ArC), 117.6 (ArC), 48.9 (NCH3).

Synthesis 8

Methylithioninium iodide
N
JOPSN
M M !
E\’f & N e )
Me Nie

25 To a round bottom flask was added methylthioninium chioride (MTC, Methylene Blue) (2
g, 6.25 mmol) and water (50 em®) and the mixture stirred for 10 minutes or unti! the solid
dissolved. Potassium iodide (1.56 g, 9.4 mmol) was then added to the mixture and a

green black suspension formed. The reaction was heated to boiling and aliowed to cool



18 hours. The cooled mixture was then poured carefully over ice water while stirring to give a
precipitate, which was filtered, washed with water, and dried at 60C for 2 hours to yield the title
compound (5.82g, 66%) as a light brown solid, Mp 137C; vroax(KBO/cm"1 52910 (CH), 2876 (CH),
2856 (CI-0, ¥0#&e4§11659(0=0), 1596 (NO2), 1502 (NO2): 6H (250MHRE EBEIPOIIFI3H, s, CHI),
2.93 (12H, s, NCH3), 6.59-6.62 (2H, d, J 8.5, ArH), 6.69-6.71 (21-1, d, J 2.75, ArH), 7.08-7.47 (2H, brd
s, ArH); be (62.9MHz; CDCI3) 170.3 (C=0), 148.90{ArC), 127.2 (ArC), 127.1 (ArC), 127.0 (ArC), 110.9
(ArC), 110.7 (ArC), 40.7 (NCH3), 22.9 (CH3); m/z (ES) 284.2 (100%, [M - OAc]4), 328.1 (15%, [M +
H]4), 350. Tato{albogiving ihritls, SSpmPIRIL24 83 . 2R BAS HIPRE BRSRERRRSBReABthi SZASTBLY 1)-ethanone
Me 0 MeCtl,MahENE 24dvie( H3CCON,0,0CaH X 80, e, 8 ¢-0hdd: IA1e Bl Gl )Male 15Synthesis
using methpgq)ﬁd?sjrb%/H% 'S base in one pot. To a 5000 ems reactor vessel under an atmosphere of
nitrogen was adde 'me’thylthlo'ninium chloride trihydrate (0.54 mol, 200 g) and acetonitrile (1000 cm3).
Methylhydrazine (1.07 mot 49.36 g) was added dropwise at 1.5 mL per minute. The temperature of the
mixture increased to 32C and was stirred for 20 minutes. The yellow/green suspension had acetic
anhydride 20 (5.35 mol, 541 g) added and thé#Hi§%§'8 base (diisopropyiethylamine) (1.55 mol, 200 g)
was added. Thg mixture edat JOurs. d ' t poured carefully
into ice water (QO%’ORi c%ir%é\{l%?{gr@gg) ?m%%%ﬁﬁgagéﬁgiids%ﬁa%qgﬁ gK/BgBe%%ﬁ%ei!g%te. he precipitate
was stirred for 45 minutes before it was filtered, washed with water (3 x 250 cm). and air dried for 30
minutes. The crude material was crystallisegF?2 thanol (2750 cm3) to yield the title
compound (112.1 g, 64%) as a lightgrey p 187C; vingﬁ;(gBr)/cm-l 2910 (C1-0, 2876 (CEO,
2856 (CH), 2799 (CH), 1659 (C=0),,1596 (NU2), £502(NO2);6H (250MHz; CDC13) 2.16 (3H, s,
CH3), 2.93 (12H, s, NCH3), 6.59-6.62 (2H, d, J8.5,4ArH), 6.69-6.71 (2H, d, J2.75, ArH), 7.08-7.47 (2H,
brd s, ArH); eic (62.9MHz; CDCI3) 170.3 (C=0), 148.9 (ArC), 127.2 (ArC), 127.187Arc , 127.0 30(ArC),
110.9 (ArCh0 BrEUNdAREpm fask Nes psfesbmeeviipioninidmeasidsda o B8RRI & REF)?, 328.1 (15%, [M
+ H]t), 350(10(44:%6) vic-eiNglidoit (7 20600 MBEIGRTPATIGEB2008/60884 beatarDat Sfintesis 14

1-(3¢7-Bisdimethuamino e ReHRZ-407Y §).HBI08%E brown with a yellow precipitate.
Once cooled to room temperature, the mixture was filtered and washed with diethylether
(20 cm®) to give the title compound (1.99 g, 76%) as a light green solid. 8y (250 MHz,
D,0): 3.20 (12H, s, NCHj), 6.76 (2H, d, J 8.5, ArH), 7.22 (2K, brd 5, ArH); 5¢ {62.9 MHz;
D,0): 145.0 (ArC), 139.3 (ArC}, 122.6 (ArC), 121.1 (ArC), 120.9 (ArC), 117.9 (ArC}, 48.9
15 {NCH,}.

Synthesis 10
1-(3,7-Bis-diethylamino-phenothiazin-1 O-y})-ethanone

OYMB

_ | NID\
Et Et
SR S N~

! |
Et Et

20 To a dry 25¢m® round bottom flask was added ethylthioninium zinc chloride (0.5 g,
1.13 mmol) and ethanol (10 cm’). Phenylhydrazine (0.134 g, 1.24 mmol) was then added
dropwise under an atmosphere of nitrogen. The mixture was stirred 25°C for 1 hour and
concentrated under high vacuum. Pyridine {50 cm®) and acetic anhydride was added and
the mixture stirred for 18 hours at 80°C. The solution was opened to ice/water (250 cm®)
25 and the organics were extracted into ethyl acetate {3 x 50 cm®). The extracts were
washed with saturated copper sulphate solution and dried over magnesium suiphate,

filtered, and concentrated to give the crude product as a brown oil, which was purified



Me MeCNi MeNHNH2, Me,NSN"Me (H3CCO)20, C51-15N MeMeN,Me CIOMeMe Synthesis using
methylhydrazine/ pyridine in one pot. To a 250 cm3 round bottom flask Sunder an atmosphere of
nitrogen was added methylthioninium chloride trihydrate (26.74 mmol, 10 g) and acetonitrile (50 cm3).
Methylhydra®ife{S30% Hamol, 2.46 g) was added in four equal portions ovEf HSB2Aii¥EStime period.
The temperature of the mixture was maintained at 35C with a cold water bath and was stirred for 30
minutes. The yellow/green suspension had acetitd&rhydride (267 mmol, 27.3 g) and pyridine 10(80.2
mmol, 6.35 g) was added. The mixture was heated at 90C for 2 hours. The cooled mixture was then

poured caksinfyiasthseETIREbr et ararlyiwib R §lianbet M siiRcetRE R SR RFECP T cipitate. The
precipitategpias sipmed taidaininotes beddre givamdikesednipashe dovighyvere) 63 ¥ bem3) and air

dried for 30 minutes, The,crude material. ystallised t nol,(120, to yield the title
compoundg@b.@? Sgc,'?gS %?2% éﬁ %é‘ I%ﬁ?@r&l/@sﬁi@ﬁ&i@gﬁﬁhg& r '/gr’npfl 96%9 (@E%%{ZB% (CH),
2856 (CF@yEr SRR, a1 85009, 18661 (RS 1508 (NMO2Y: 61G ek oMBZ MbE13) 2.16 (3H, s,
CH3), 2.93(2); 52 BIRiHR)), 658@ 83, (@45 a8 51 ATHXABB16774 (Rid) hab 3. & CArH), 7.08-7.47
(2H, brd 5’135?.@%)62'9'\/”_'2; CDCI3) 170.3 (C=0), 148.9 (ArC), 127.2 (ArC), 127.1 (ArC), 127.0
(ArC), 110.9 (ArC), 110.7 (ArC), 40.7 (NCH3), 22.9 (CH3); m/z (ES) 284.2 (100%, [M - 200Ac;j+),
328.1 (15%, [M + H]), 350.1 (41%, [M + Naj+). Synthesis 15 1-(3,7-B
s-dimethylamino-phenothiazin-10-y1)-ethanone Me IVIeCN, NaBF14, MeNS,Me (H3CCO)20, C5H5N
INi MeOMeMe.,NN,Me | CIOMeMe 25SyntheSigttiediy’dodium borohydride/ pyridine in one pot. To a
500 cm' round bqftam,f t re. [ igninium chloride
trinydrate (0_34%%2&5@%’?%%%@0%%% ?gégé%%?ﬂsag&ﬁmﬁr%qggro ygﬁg}eleé(%wfgﬁ mol, 6.6 g) was
added in four equal portions over a 30 minute tim& period. The temperature of the mixture was
maintained at 35C with a cold water bath apd wz rédfor 30 minutes. The yellow/green suspension
had acetic anhydride (0.535 mol, 55 @)\an inm/qét 13.76 g) added. The mixture was
heated at 90C for 2 hours. The cool%q,milxtu & wa8 ther pod}?eg carefully into ice water (250 cm3) in
ten equal portions while 5stirring to give a precipi'tag?. The precipitate was stirred for 30 minutes before

it whks

To a 25 cm’ round bottom flask was added 3,7-diethylamino-10-acetyl-phenothiazine
(0.125 g, 0.33 mmol) and agueous hydrochloric acid (5 M, 5 cm?). The mixture was
heated at 100°C for 2 hours before cooiing to room temperature and was concentrated to
give the title compound (0.11 g, 81%) as a yellow green glassy solid. 5.:(250 MHz;

15 CD;0D): 7.07 (4H, brd, ArH), 6.65 (2H, brd, ArH), 3.35 (8H, brd, NCH,), 0.87 {12H, brd,
CHa); 8¢ (62.9 MHz; CD,0D): 10.8 (CH3 ), 55.1 (NCH_), 116.6 (ArC), 120.4 (ArC}, 121.5
(ArC), 123.6 (ArC}), 132.6 (ArC), 144.5 (ArC).

Synthesis 12

20 1-(3,7-Bis-dimethylamino-phenothiazin-10-yi)-ethanone
Me O
N \(
~ EtOH, MeNHNH,, N
ME\N & N/ME (H,CCO),0, CHN { = ‘ =
‘ { T Me., Me
Me ® Me © g?g = =t = 1?1
cHo Me Me

Synthesis using methylhydrazine/pyridine in two pots. To & 250 cm® round botiom flask
placed under an atmosphere of argon was added methylthioninium chloride trihydrate
(26.74 mmol, 10 g), ethanol (100 cm®) and methylhydrazine (58.83 mmot, 2.71 g). The
25 mixture was heated to 40°C and stirred for 2 hours. The yellow/green suspension was
cooled to 5°C and filtered under argon, washed with ethanol (20 cm?®) and dried to give

leuco-methylene biue as a light green solid. To the ieuco product was added acetic



filtered, washed with water (3 x 50 cm3), and air dried for 30 minutes. The crude material was
crystallised from hot ethanol (500 cm3) to yield the title compound (26.7 g, 61%) as a light grey solid.
Mp 137C; vmax(KBO/cm'l 2910 (01-0, 2876 (CFO, 2856 (01-0, 2799 (CFO, 1659 (C=0), 1596 (NO2),
1502 (NO2):Y6ti3¥86#4H12; CDCI3) 2.16 (3H, s, CH3), 2.93 (12H, 10s, NCHIYCHEHYOESIH, d, J8.5,
ArH), 6.69-6.71 (2H, d, J2.75, ArH), 7.08-7.47(2H, brd s, ArH); Oc (62.9MHz; CDCI3) 170.3 (C=0),
148.9 (ArC), 127.2 (ArC), 127.1 (ArC), 127.0 (Ar¢92110.9 (ArC), 110.7 (ArC), 40.7 (NCH3), 22.9
(CH3); milz. (ES).284.2(100%, [M - Aar), 328.1 (15%, [M + H]), 350.1 (41%, [M + Na]). 15Synthesis 16
1-(3,7-Bis-AMMSASRR o RKIENR 18-5H-L A0S BR &9WEY MRaRABHAC (G 3% C0)20, Cal-119h1
Me., r_Me M MeMd By othied svosivg wardioen boucklycridb/i avig’ £basteinvdrie giotingdoa 500 cm3
round botteflaskupdsi-aiimpse irtRaf MILRSE W ikasrsidesistthiewniy rhiaride trihydrate

20(80.2 mmol, 3 d acetonitrile (150 ¢m3). Sodium borohydride (104 mmol. 3,94. dded i
four oqual BEH AT 6P A S AE Pt e BB s A ROIE maimined ot

35C fith a2l (Wahe RBEFH A 2088 Ktirbed e GU-DniRARECTRD YeUOWEectPBUSNERsIBN had acetic
anhydride (323MRM@Ip32)70 @) BAdHERY'S aseAdiisopconyletbylamine (120 aumalk-45.55 g) added.

The mixture wa, d at for 25 r opled mixtur he regd. carefully into ice
water (20086#35%;1‘3[%? ’edc?uje%%%’rggi %vﬁtﬁg §7| r-@;}‘g 55 gﬁvg‘rg})pgc%)%vﬁéﬁ’h%%ﬁéc?g?a e was stirred for
30 minutes G&fdre 464 fheidd, ANAsRed 2Tith(itvaler 3.2 88emBIC&d &t dAd oy B0*hinutes. The
crude matqrnawps zoy/atallisad:ftes) bei ethanel (A0 omdhieyeid 1bs fifle cempaeend (13.55g, 52%)
as g light g(t%/scwﬁ_% 37C; v,"(KBr)/cre 2910 (CH), 30 2876 (ClI-1), 2856 (CFO, 2799 (CH),
1659(0=0), 1596 (NO % (502 (NO2); 6H (250MHz; CDCI3) 2.16 (3H, s, CH3), 2.93 (12H, s, NCH3),
6.59-6.62 (2H, d, J 8.5, Arl-1), 6.69-6.71 (211, d, J 2.75, ArH), 7.08-7.47 (2H, brd s, ArH); 6¢
(62.9MHz; CDCI3) 170.3 (C=0), 148.9 WO 20881944127PCT/GB2008/003315 - 112 - (ArC), 127.2

(ArC), 127.1 (ArC), 127.0 (Q%g)_g;fl@rge@g%i;ﬁg% e%{g%zég,g_wgwg%gg.g_ (CH3); m/z (ES) 284.2

(100%, [M - OAC]4), 328.1 (15%, [M + HY), 350.1'(41%, [M + Nar). 5Synthesis 17
e

1-(3,7-Bis-dimetfi@f%iﬁzin-lo-w&ﬁ%&myeo Me.,"Me \f
Me-. P _Me  (HiCCO),0, CeHgN N
tl\r S l}i D\ Me
Me Me S F;I/
Me

®
(=

15 Synthesis using methylhydrazine/Hunig's base in one pot. To a 5000 cm® reactor vessel

- Me\?}d
Wie

under an atmaosphere of nitrogen was added methylthioninium chloride trinydrate
{0.54 mol, 200 g) and acetonitrile (1000 cm®). Methylhydrazine (1.07 mol, 49.36 g) was
added dropwise at 1.5 mL per minute. The temperature of the mixture increased to 32°C
and was stirred for 20 minutes. The yellow/green suspension had acetic anhydride

20 (5.35 mol, 541 g) added and then Munig’s base {diiscpropyiethylamine} (1.55 mol, 200 g)
was added. The mixture was heated at 30°C for 2 hours. The cooled mixture was then
poured carefully into ice water (2000 em’®) in ten 200 cm® portions while stirring to give a
precipitate. The precipitate was stirred for 45 minutes before it was filtered, washed with
water (3 x 250 cm®). and air dried for 30 minutes. The crude material was crystaliised

25 from hot ethanol (2750 cm®) to yield the titie compound (112.1 g, 64%) as a light grey
solid. Mp 137°C; Vmax(KBr)icm™ 2910 (CH), 2876 (CH), 2856 (CH), 2799 (CH), 1659
(C=0), 15896 (NQy), 1502 (NO,), Oy (250MHz; CDCly) 2.16 (3H, 8, CH,), 2.93 (12H, s,
NCH,;), 6.59-6.62 (2H, d, J 8.5, ArH}, 6.68-6.71 (2H, d, J 2.75, ArH), 7.08-7.47 (2H, brd s,
ArHy, 8¢ (62.9MHz; CDCly) 170.3 (C=0}), 148.8 (ArC), 127.2 (ArC), 127.1 (ArC), 127.0

30 (ArC), 110.8 (ArC), 110.7 (ArC), 40.7 (NCH,), 22.9 (CH,); miz (ES) 284.2 (100%, [M ~
QAc]), 328.1 (15%, [M + HI"), 350.1 (41%, [M + Na]").



NI MeOMe CI (r) MeCN, NH2NH2.H20, (H3cC0)20, C5H3N "Me Me Synthesis using hydrazine
monohydrate/pyridine in one pot. To a 250 crn3 round bottom flask under an atmosphere of nitrogen
was added methylthioninium chloride trihnydrate 10(26.74 mmol, 10 g) and acetonitrile (50 ems).
Hydrazine mbHSASAE(58.8 mmol, 2.95 g) was added and the mixture Rab'GEHEPISHEflux and
stirred for 10 minutes before cooling to 25C. The yellow/green suspension had acetic anhydride (424
mmol, 43.3 g) and pyridine (124 mmol, 9.78 g) addéd. The mixture was heated at 90C for 2 hours. The
cooled mixture was then poured carefully into_ice water (100 cm3) in ten equal 15portions while stirring
to give a precipitate. The precipitate was stirr inutes before it was filtered, washed with

water (3 x 50 cm3), and aift déi¢eEiordB0athifrres-Phanctuideindietiathasesystallised from hot ethanol
(100 cmb) to yield the title compound (4.87 g, 56%) as a light grey soliga Mp437C; vinax(KBr)/ciiil
2910 (CH), 2876 (EF);,2856(CH), 2799 (%Qm&ﬁﬁo) 1596 (NO2), T@Z (NO2); 6H (250MHz;
CDCI3) 2.120 (X ; 93 (12fd, sN€2dPd, 8.6946.62 (2H, ¢ 3:5,.Arkb), 6.69-6.71 (2H, d, J
2.75, ArH), 7.0$’-7.4 (2H brd ) ), 1rC . 127.2 (ArC),
127.1 (ArC), 12%0 (ArC@lO.Q (Af®, 110.7 (ArC), 40.7 (N 32{ "9(CHe3); M7z $ $84.2 (100%,
[M - (Mo]4), 328.1 (15%23!@+ Hr), 350.1 (41%, [M + Nar). 25Sygthesis 18 Me
1-(3,7-Bis-%im thylamijno-phenothiazin-10-y1)-ethanone Me 0 - 113 - Synthesis using hydrazine
monohydra éﬂ&ﬁr%i@'%swgs'g?ﬁ%%é %ﬁ'."?opﬁ K 8% 80hd WuREAY FESK Al fiRiSphere of
nitro§en wasdri@edimesiorinitingehivridedtidsydethett8nhivmot@ligirapdrateetonitrile (150 cm3).
Hydrazine penahvelted by i muaehidit4:e was afdedaking pixkiewwasheaied o reflux and
stirred for S%Oergitht?%? ebe\JO{eOc Eolisngvtor 2%$ Thzey%llow/ reg#iéspension hadg etic anhydride (794
mmol, 81,28 &nH Huni S b RSE (R SOST Soy TV SRS f%a‘? nmaf, S8R Y EREE

mixture was maintained at 35°C with a cold water bath and was stirred for 30 minutes. -

The yellow/green suspension had acetic anhydride (267 mmo!, 27.3 g} and pyridine

10 {80.2 mmol, 6.35 g} was added. The mixture was heated at 90°C for 2 hours. The

cooled mixture was then poured carefully into ice water (200 cm®) in ten equal portions

while stirring to give a precipitate. The precipitate was stirred for 30 minutes before it was

filtered, washed with water (3 x 50 cm®) and air dried for 30 minutes. The crude material

was crystallised from hot ethanol (120 cm®} to vield the titie compound (5.97 g, 68%) as a

15 light grey solid. Mp 137°C; vma(KBr)fem™ 2810 (CH), 2876 (CH), 2856 {CH), 2799 {CH),

1658 (C=0), 16886 (NO,), 1502 (NOy); &y (250MHz; CDCl3) 2.16 (3M, 5, CH,), 2.93 (12H,

s, NCH3), 6.69-6.62 (2H, d, J 8.5, ArH), 6.69-6.71 (2H, d, J 2.75, ArH), 7.08-7.47 (2H, brd

s, ATH); 8¢ (62.9MHz; CDCl;) 170.3 (C=0), 148.9 (ArC), 127.2 (ArC), 127.1 (ArC), 127.0

(ArC), 110.9 (ArC), 110.7 (ArC), 40.7 (NCHy), 22.8 (CHy); miz (ES) 284.2 (100%, [M ~
20 OAc]'"), 328.1 (15%, [M + HI"), 350.1 (41%, [M + Na]").

Synthesis 15
1-{3,7-Bis-dimethylamino-phenothiazin-10-yl)-ethanone

Me O
/@N‘Q MeCN, NaBH,, \f
Me\hl! 7 IF,Me {H,CCO0),0, CSHEN-_ C[ D\
Me @ Me Me.. [ N,Me
ci® Me Me

25 Synthesis using sodium borohydride/ pyridine in one pot. To a 500 cm® round bottom

flask under an atmosphere of nitrogen was added methylthioninium chioride frihydrate
(0.134 mol, 50 g) and acetonitrile (250 cm®). Sodium borohydride (0.174 mol, 6.6 g} was

added in four equal portions over a 30 minute time period. The temperature of the



The mixture was heated at 90C for 2 hours. The cooled mixture was then poured carefully into ice
water (400 cm3) in ten equal portions while stirring to give a precipitate. The precipitate was stirred for
30 minutes before it was filtered, washed with water (3 x 10100 cm3), and air dried for 30 minutes. The
crude mater® Q4% E#3Ellised from hot ethanol (400 cm3) to yield the titl BEERHOMHIIF. 159, 65%)
as a fight grey solid. Mp 137C; vmax(KBr)/cm-1 2910 (C/-1), 2876 (CH), 2856 (CH), 2799 (CH), 1659
(C=0), 1596 (NO2), 1502 (NO2); 634 (250MHz;: €DIGI3) 2.16 (3H, s, CH3), 2.93 (12H, s, NC/-/3),
6.59-6.62 (2H, d, J 8.5, ArH), 6.69-6.71 (2H, d, J 2.75, ArH), 7.08-7.47 (2H, brd s, ArH); 5c
15(62.9MHBiIXED @) magiaiped oY 3848 WG cyldiyater patitgnd wag strre) for 3. oripaes), 110.9 (ArC),
110.7 (ArChel Geloigrttd) sdeplridndadnizctic Shifside (DOSES i 59, p3R8ide (15%, [M + Fi]t),

350.1 (410/ a 0 I ine

NaNO2, C 22‘42 HB%C%%SI—? i‘%&lsNée %5%)‘&% én}gt azmt—??n §tg°685 hfﬁ(? mTr?r}l%ISOcllc loromethane
(100 cmS)@HWr&dé%Fctﬂﬁde%ﬁﬁ‘éH EBRlIGHWHOREPE 07 i @G%ﬂ@?@%ﬂ@ﬁd the mixture was
stirred for @rminetgisat rebpieepersrechilaiicaalsdcetidadd MouanBpfciclacamethane 25(100

cm3) and g e G399 BYRaD weiedbenaddedh A ke 20:m3 phaceic acid was

added to try and break u E the thick reaction mlxture he mixture was stlrred for 3 hours. The

suspensioN TS5/ RiRdiRRs PR REARPID R s Wakhies BIRSABIPAARFEASFRLAY FtRanol to give a
purple/brougnisphid sdie napidarewas,stikeydmhab DME-aneBaliqeey mepotberediftsng the dinitro

product, Wl@gg Y@'%chﬁgggqﬁ; g%@;}n}l@%S&mg%gwg 3% fjme gh&y pg_gnd (24.88 g,

86%) as a brown solid; vmax 3294 (N N/-0, 3 )q3067 (CFO,
1602 (NO2) N5 §\RIF5:56 ME2 HMB@?%‘ 81416 E*ZIJIQJ 53@*%?&8777‘%’ 6(§H 9ArH),
7.89-7.85 2WiH): S9(6RrBNIHYVORD) /N4 |27DC T46:8 2008/003 2B 1127 SyAtiRsis 20

1-(3,7-Bisy ?&Rﬁﬁ‘yﬂ%@qﬁr@?G%W%Aml%\‘})zﬁ@ﬂﬂ%d\{@m mM e B2 NBRA 1R "EL(H3CCO)20,

C2I-li2N E E'gE
, 328.1 (15%, [M + HI"), 350.1 (41%, [M + Na]").

15 Synthesis 16
1-(3,7-Bis-dimethylarnino-phenothiazin-10-yl)-ethanone

Me O
/@N‘D MeCN, NaBH,, f
Me\l?l S/ r;l”Me {H,CCOY0, CgHeN . /@[ :@\ .
Me @ A s N
o) Me Me
Synthesis using sodium borohydride/Hunig's base in one pot. To a 500 cm’® round bottom
flask under an atmosphere of nitrogen was added methyithioninium chioride trihydrate
20 (80.2 mmol, 30 g) and acetonitrile (150 cm®). Sodium borohydride (104 mmol, 3.94 @)
was added in four equal portions over a 30 minute time period. The temperature of the
mixture was maintained at 35°C with a cold water bath and was stirred for 30 minutes.
The yellow/green suspension had acetic anhydride (321 mmol, 32.75 g) and Hunig's base
(diisopropylethyiamine) {120 mmol, 15.55 g) added. The mixture was heated at 80°C for
25 2 hours. The cooled mixture was then poured carefully into ice water {200 cm®) in ten
equal portions while stirring fo give a precipitate. The precipitate was stirred for
30 minutes before it was fiftered, washed with water (3 x 50 cm?), and air dried for
30 minutes. The crude material was crystallised from hot ethanof (300 cm®) to vieid the
title compound {13.55g, 52%) as a light grey solid. Mp 137°C; Vma(KBr)fem™ 2910 (CH),
30 2876 (CH), 2856 (CH), 2799 (CHj), 1659 (C=0), 1596 (NO,}, 1502 (NOy); &y (250MHz;
CDCl;) 2.16 (3H, s, CH3), 2.93 (12H, s, NCH;), 8.59-6 B2 (2H, d, J B.5, ArH), 6.68-6.71
(2H, d, J 2.75, ArH), 7.08-7 47 (2H, brd s, ArH); 8¢ (62.9MHz, CDCI5) 170.3 {C=0), 148.9



Et 5To a 250 cm3 round bottom flask under an atmosphere of nitrogen was added ethylthioninium
nitrate monohydrate (7.13 mmol, 3 g) and acetonitrile (20 cm3). Hydrazine monohydrate (16.4 mmol,
0.82 g) was added and the mixture was heated to reflux and stirred for 10 minutes before cooling to
25C. The br&reititAa’had acetic anhydride (114 mmol, 11.65 g) and H§ifi§8198%a13315
(diisopropylethylamine) (21.4 mmol, 102.77 g) was added. The mixture was heated at 90C for 2 hours.
The cooled mixture was then poured carefully inttifce water (40 cm3) in ten equal portions while
stirring to give a precipitate. The precipitate was stirred for 30 minutes before it was filtered, washed
with water %)2528rR3Mnd 13- Aol 200MiHed 15R foidd Wdtenanits’dNsHliged from hot.
ethanol (5Qamg). veryigld)the4titler covapatndAL]73 38680/ v sEt hght §, 35y @k [BH (250 MHz; CDCI3)
7.0-7.5 (Zl_lhalﬁgs’ ArH), 6.64 (2H, s, ArH), 6.52 (2H, d, ArH), 3.35 (8H, g, 7, NCH2), 2.18 (3H, s, CH3),
1.16 (12H, t, 7, CH3); 60(62.9 MHz; CDCI3) 12.5 (C1-13), 22.9 (CH3), 44.6 (NCH2), 110.1 (ArC),
127.4 (ArC), 146.5 (ArC), 170.2(0=0). 20Synthesis 21
N,N4N1,1\11-Tetraethyl-10H-phenothiazine-&ynthesisiri@ bis(hydrogen chloride) HI HCI (37%), EtOH Et
Et.", EItEt E_t2F|C|Et_ Toa { %ﬁdé?%%@t%ﬁm@%@é%%azm-w- h-ethanone
1-(3,7-bis-diethylamino-phenothiazin-10-y1)-ethanone (0.5 g, 1.% mmol), ethanol (5 cm3), and
hydrochloric acid 3 cm3) and the solution 25was heated at 8 sz hour. Once cooled to
room temperature xtas concerf g"% ﬁe title compound (0.54 g, 100%) as a light
green glas¥ogt (266" Mid7: ©B309 o7 (QHsF, r&, ArHE 65.65 (2H,rH)113.33 (8H, bid, NCH2),
0.97 (12H, WG} 2009/04#127PCT/{82008/003315 - 115 - g GH3):60(62: ~CI30D) 10.8
(CH3), 55.1 (NCH2), 1166,(ArC), 120.4 (ArC), 121.5 (ArC), 1236 (ArC), 132.6 (ArGy), 144.5 (ArC).
Synthesis 22 5N,N,N1,N.-Tetraethyl-10H-phenothiazine-3,7-diamine bis(hydrogen bromide) Me 0 1
Synthesis using hydrazine monohydrate/pyridine in one pot. To a 250 cm® round bottom

flask under an atmosphere of nifrogen was added methytthioninium chloride trinydrate

10 (26.74 mmel, 10 g) and acetonitrile (50 cm®). Hydrazine monohydrate (58.8 mmol,
2.95 g) was added and the mixiure was heated o reflux and stirred for 10 minutes before
cooling to 25°C. The yeliow/green suspension had acetic anhydride (424 mmol, 43.3 g)
and pyridine {124 mmol, 8.78 g) added. The mixture was heated at 90°C for 2 hours.
The cooled mixture was then poured carefully into ice water (100 cm’) in ten equal

15 portions while stirring to give a precipitate. The precipitate was stirred for 30 minutes
before it was filtered, washed with water (3 x 50 ¢cm®), and air dried for 30 minutes. The
crude material was crystallised from hot ethanol {100 cm®} to yield the title compound
{4.87 g, 56%) as a light grey solid. Mp 137°C; Vmax(KBr/em™' 2910 (CH), 2876 (CH),
2856 (CH), 2799 (CH), 1658 (C=0), 1596 (NO,), 1502 (NO,}; 8y {250MHz; CDCls) 2.16

20 (3H, s, CH3), 2.93 (12H, s, NCHj3), 6.59-8.62 (2H, d, J 8.5, ArH), 6.69-6.71 {2H, d, J2.75,
ArH), 7.08-7.47 (2H, brd s, ArH); &¢ (62.8MHz; CDCl;) 170.3 (C=0}, 148.8 (Ar(C), 127.2
(ArC), 127.1 (ArC), 127.0 (ArC), 110.9 (ArC), 110.7 (ArC), 40.7 (NCHa}, 22.9 (CHa);, miz
(ES) 284.2 (100%, [M ~ OAc]"), 328.1 (15%, [M + H]"), 350.1 (41%, [M + NaJ").

25 Synthesis 18
1-{3,7-Bis-dimethylamino-phencthiazin-10-yl}-ethanone

N Me O
/@i “I:j\ MeCN, NH,NH,.H,0., \f
M P Me  (H,CCO)0, CHioN
e\!?i s SF 3 2 AT y "
_Me

Me ® Me "N S N

|
ci@ I\Eﬁe Me




,Et ,Et EtEItEt2HBrEt To a round bottom flask was added
1-(3,7-bis-diethylamino-phenothiazin-10-yl)-ethanone (0.5 g, 1.30 mmol), ethanol (5 ems), and
hydrobromic acid (48%, 0.75 cm3) and the solution was heated at 80C for 1 hour. Once cooled to
room temper&flf¢MiE Rixture 10was concentrated giving the title compolfRE ¢&88E86%) as a light
yellow glass. 6H (250 MHz; D20) 7.05 (4H, brd, ArH), 6.79 (2H, brd d, ArH), 3.43 (8H, brd, NCH2),
1.05 (12H, brd t, CH3); Oc (62.9 MHz; D20) 12:3t(€H, ), 56.2 (NCH2), 117.9 (ArC), 121.4 (ArC), 122.4
(ArC), 124.5 (Are), 133.5 (ArC), 145.1 (ArC). 15Synthesis 23 s

N,N,1\11, NBtagsshtising DYEmdinm BIRseiudipe dunigmigiiih RTR o JaPANB SBE y*NHBr (48%), EtOH
To a rouncbbhitiomala skowa aragides S thittrdiretad andno phbpbitivainiod @rdyidethanone (1 g, 3.05

mmo), etggh 40 63130 ARCEY A IREAGIL (856, ) 405 A3R)Rp was heated at BOC

for 1 hour. Once cooled to room temperature, diethyl ether was added whil€ stirring until a constant
turbid solufibifwaEhiEifed) KA PLERE R ES TPHEMesbaReAda SR AL REISd and washed
with Sliethyl @thew{@Oben®) givimg thefitle dompaimdat@98:gsBokdmbaa lghtigaeendsdid. Mp (dec)

230C; 35005 - (O - . 2679 (CH),
2601 (1) NG04 SHELE 4%?&‘5%3%9?&"&@@ G IS0 BEREISNICHS) e et o

J8.5, Ark, TASTHETBIES NRASH 8 OHeS GRAIRUT20) e AR ASARIUIRYS (RYE POLRE4 (ArC), 120.8
(ArC), 120 carefuly)ind ZEWAEC [4a8 Sr(NG KB)eanit $ES)238M( $00% Mhivela 2CRIpIta85.1 (40%),
284.1 (41%nDb3idide Ws WIR2ANYOHIAIPGTIG B INRGANZI Loasds wibpihesis.24
,\Nﬂ’é\’%”é\‘,\';":r'T&&rgr@ﬁtQX&aglPA?‘;é%hf%P86“&%&?353*759'9.—%‘ 0¢,Dslyarogen bipride) Met) HBr (48%), EtoH
ethanal (400 cm®) to vield the title compound (17.15g, 65%) as a light grey solid. ‘Mp
137°C; Vi KBr)fem™ 2810 (CH), 2876 (CH), 2856 {CH), 2799 (CH), 1659 (C=0), 1596
(NO,), 1502 (NC,); 8y {(250MHz; CDCl3) 2.16 (3H, s, CH3), 2.83 (12H, s, NCH;), 6.59-6.62
(2H, d, J 8.5, ArH), 6.69-6.71 (2H, d, J 2.75, ArH), 7.08-7.47 (2H, brd s, ArH}; 5¢
15 (62.9MHz; CDCly) 170.3 (C=0), 148.8 (ArC), 127.2 (ArC), 1271 (ArC), 127.0 (ArC),
110.9 (ArC), 110.7 (ArC), 40.7 (NCH,), 22.9 (CHa); miz (ES) 284.2 (100%, [M — OAcl),

328.1 (15%, [M + H]), 350.1 (41%, [M + Na[").

Synthesis 19
20 3,11-Dinitro-10H-phencthiazine

M H
i NaNG,, CH,Cl,, [

O,N s NO

5

2

10H-Phenothiazine (20.00 g, 100 mmol), dichloromethane (100 cm®) and acetic acid
(40 cm®) had sodium nitrite (20.07 g, 300 mmol) added and the mixture was stirred for
10 minutes at room temperature. Additional acetic acid (40 cm®), dichioromethane
25 (100 ecm®) and sodium nitrite (20.07 g, 300 mmol) were then added. A further 120 cm® of
acetic acid was added to try and break up the thick reaction mixture. The mixture was
stirred for 3 hours. The suspension was filtered and washed with 100 cm® each of
ethanol, water, and finally ethanol to give a purple/brown solid. The residue was stirred in
hot DMF and altowed to cool before filtering the dinitro product, which was washed with
30 ethanol (150 cm®) and dried to give the title compound (24.88 g, 86%) as a brown solid;
Vmax(KBr)fom™ 3331 (WH), 3294 (NH), 3229 (NH), 3101 (CH), 3067 (CH), 1602 (NO,),
1558 (NQy); 64 (250MHz; DMSO) 6.73-6.76 (2H, d, J 8, ArH), 7.78 (2H, s, ArH)}, 7.88-7.85
(2H, d, J 9, ArH).



Me.,,,MeNSN NSNII [IMe2HBrMe MeMe To a round bottom flask was added
1-(3,7-bis-dimethylamino-phenothiazin-10-yl)- 5ethanone (1 g, 3.05 mmol), ethanol (10 cm3), and
hydrobromic acid (48%, 4 cm3) and the solution was heated at 80C for 1 hour. Once cooled to room

temperature‘,)vé) 6?8%’%&5% formed, which was filtered and washed with dié)tﬂf/lcéqﬁg’ﬁ@é‘“’&?n@ giving
the product (1.22 g, 89%) as a light mustard solid. Mp (dec) 230C; vm"(KBr)/cm-1 3500-3229 (NH),
3061 (CH), 3021 (CH), 2948 (CH), 2879 (CH), 2879 (CH), 2601 (CH), 1604 (CH), 1483 10(CH), 1318
(CH); 5H (250MHz; D20) 3.18 (12H, s, NC/-13), 6.66(2H, d, J8.75, ArH), 7.15 (4H, s, Art-fl; Oc
(62.9MHz; D20) 144.3 (ArC), 138.9 (ArC), 122.4 (ArC), 120.8 (ArC), 120.7 (ArC), 117.6 (ArC), 48.9
(NCHB3). Synthesis 25 15N,N,Nith.fl-Tetraet@yRti@sisodinothiazine-3,7-diamine bis(hydrogen bromide)

Me 0 To around bottom {lask wasiaddeshinGpfrstdicthylaminarirenpsthiazin-10-yl)-ethanone (1.0
g, 2.60 mmol), methanol (10 cm3), and hydrobromic acid (48%, 2.94 cjp) and the solution was heated

at 80C for 1 hour. Onge dbgledito 5C, the é(é%r%{ %qjle(&hyl ether 20ad8ﬁ3|, giving a cloudy solution.
The solution was § nut and,gaue, cyﬂlez,g;bmpoun Q.831Ny, 63%) as a light yellow
solid. 5H (Zgé\Mz, F20)%7.05(4RNDr ,Agzi,ﬁw,_b;dg d ArCHZ), 1.05 (12H,
brd t, CH3); 5c @2.9 MHZ D20) 12[.1:3 (CH3), 56.2 (NCH2), 1 '7.Q-(ArCY, 121 AT NfﬁZA (ArC),
124.5 (ArC), 133.5 (Ar@é @¥5.1 (ArC). WO 2009/044127PCT/G§2008/003315 - 11@- Example 10 -

other cognitive or CN§ disorders Methods of treatment, prophylaxis, diagnosis or prognosis of the
present invehacR0 GiSiPig Oy EasktdRHaN R BREaREFH! RERRRUMBRAYYRLY in any aspect be
applied to sayranenammaratehibscfolpwing diseasels 3 Diseasasofriedl0 aggregation Protein

Disease AQ%?QQHQ%QR&H%?J‘H’@&%H@“%@@Wés added and the mixture was heated to
reflux and stirred for 10 minutes before cooling to 25°C. The brown solution had acetic
anhydride (114 mmol, 11.65 g) and Hunig's base (diisopropylethylamine) (21.4 mmo,

10 2.77 g) was added. The mixture was heated at 90°C for 2 hours. The cooled mixture
was then poured carefully into ice water (40 cm?) in ten equal portions while stirring to

give a precipitate. The precipitate was stirred for 30 minutes before it was filtered,

washed with water (3 x 25 cm®) and air dried for 30 minutes. The crude material was
crystallised from hot ethanol (50 cm®) to vield the title compound (1.73 g, 63%) as a light

15 grey solid. &y (250 MHz, CDCls) 7.06-7.5 (2H, brds, ArH), 6.64 (2H, s, ArH), .52 (2H, d,
ArH), 3.35 (8H, q, 7, NCHj), 2.18 (3H, s, CHg), 1.18 (12H, 1, 7, CHy};, 8¢ (62.9 MHZ;
CDCl3) 12.5 (CHy ), 22.9 (CHy), 44.6 (NCHy), 110.1 (ArC), 127 .4 (ArC), 146.5 (ArC),
170.2 (C=0}.

20 Synthesis 21
N,N,N',N'-Tetraethyl-10H-phenothiazine-3,7-diamine bis{hydrogen chloride)

Me\f() E

N HCI (37%), EtOH /@ ID\
Ete. _Et
Et @ Ij\ ~Et N S N
N S N

E x
! ! 2HCI Et
Bt £t Et

To a round bottom flask was added 1-(3,7-bis-diethylamino-phenothiazin-10-yl)-ethanone
(0.5 g, 1.30 mmol), ethanol (5 cm®), and hydrochioric acid (37%, 1.3 cm?®) and the solution
25 was heated at 80°C for 1 hour. Once cooled to room temperature, the mixture was
concentrated giving the titte compound (0.54 g, 100%) as a light green glass. &y (230
MHz; CD,0D) 7.07 (4H, brd, ArH), 6.65 (2H, brd, ArH), 3.35 (8H, brd, NCHy}, 0.97 (12H,



subunit size (kDa) Reference  Neuro-de generative disorders  Prion protein Prion diseases
Inherited and sporadic forms 27 Prusiner (1998) (CJD, nvCJD, Fatal familial insomnia,
Gerstmann-StrausslerScheinker syndrome, Kuru) PrP-27-30; many mutations.  Fibrillogenic
domains: 11@9122@?/&4?82191’ PCT/GB2008/003315

-115 -

brd, CHa); 8¢ (2.9 MHz; CD;0D) 10.8 (CHs ), 55.1 (NCHy), 116.8 (ArC), 120.4 (ArC),
121.5 (ArC), 123.6 (ArC), 132.6 (ArC), 144.5 (ArC).

Synthesis 22
5 N,N,N' N'-Tetraethyl-10H-phenothiazine-3,7-diamine bis(hydrogen bromide)

Me\fo E

/@:NQ\ HBr (48%), E1OH /@E Q\

Bt et
Et _Et
~N N N S N

s i ;

| i ‘
Et Et Et 2HBr Et

To a round bottom flask was added 1-{3,7-bis-diethylamino-phenothiazin-10-yl)-ethanone
(0.5 g, 1.30 mmol), ethanol (5 cm®), and hydrobromic acid (48%, 0.75 cm®) and the
solution was heated at 80°C for 1 hour. Once cooled to room temperature, the mixture

10 was concentrated giving the fitle compound (0.65g, 100%) as a light yellow giass.
{250 Mz, D-0) 7.05 (4H, brd, ArH), 8.78 (2H, brd d, Ari), 3.43 (8H, brd, NCHyj, 1.05
(12H, brd t, CHa); B¢ (62.9 MHz; D;0) 12.3 (CHs ), 56.2 (NCHy), 117.9 (ArC), 121.4 (ArC),
122.4 (ArC), 124.5 (ArC), 133.5 (ArC), 145.1 (ArC).

15 Synthesis 23
N,N,N' N'-Tetramethyi-10H-phenothiazine-3,7-diamine bis(hydrogen chioride)

MeYO E-}{
N N HCI (37%), EtOH, 6,0 /@N:@\
e o Me
Me.. Q D\ e -~ -
N s N N 5 N

t
! i
Me Me Me 2HCI Me

To a round botiom flask was added 1-(3,7-bis-dimethylamino-phenothiazin-10-yl}-
ethanone (1 g, 3.05 mmol}, ethanol (10 cm®), and hydrochioric acid (37%, 3 cm®) and the

20 solution was heated at 80°C for 1 hour. Once cooled to room temperature, diethyl ether
was added while stirring until a constant turbid solution was obtained. After some time, a
precipitate formed, which was filtered and washed with diethyl ether (10 cm®) giving the
title compound {0.98 g, 90%) as a light green solid. Mp (dec) 230°C; Vmad KBr)iem™ 3500-
3229 (NH), 3081 (CH), 3021 (CH), 2948 (CH), 2878 (CH), 2879 (CH), 2601 (CH), 1604

25 (CH), 1483 (CH), 1318 (CH); &4 (250MHz; D,0) 3.18 (12H. 5, NCHj), 6.67 (2H, d, /8.5,
ArH), 7.16 (4H, brd s, ArH); B¢ (62.9MHz; D,0) 144.3 (ArC), 138.9 (ArC), 1224 (ArC),
120.8 (ArC), 120.7 (ArC), 117.6 (ArC), 48.2 (NCH,); m/z (ES) 286.1 (100%, [M —H,
2CIT"), 285.1 (40%), 284.1 (41%, [M —3H, 2CIJ").



202-218. Gassetetal. (1992) Tau protein Alzheimer's disease, Down's syndrome, FTDP-17, CBD,
post-encephalitic parkinsonism, Pick's disease, parkinsonism with dementia complex of Guam
inherited and sporadic forms 10-12 Wischik et al. (1988) WO 2009/044127PCI/GB2008/00 - 118 -
Diseases of pio®ii?d¢tjeégation Protein Disease Aggregating domain and/ormatatkas Fibril subunit
size (kDa) Reference
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Synthesis 24
N.N,N'.N'-Tetramethyl-10H-phenothiazine-3,7-diamine bis(hydrogen bromide)

|
N HBr (48%), EtOH /@:NQ
Me e
Me Q :(j\ e ™ -
L be e
Me Me Me 2HBr Me

To a round bottom flask was added 1-(3,7-bis-dimethylamino-phenothiazin-10-yi)-

5 ethanone (1 g, 3.05 mmol), ethano! (10 cm®), and hydrobromic acid (48%, 4 cm®} and the
solution was heated at 80°C for 1 hour. Once cooled to room temperature, a precipitate
formed, which was fillered and washed with diethyl ether (10 cm®) giving the product
(1.22 g, 89%) as a light mustard solid. Mp (dec) 230°C; Vaad{KBrifom™ 3500-3228 (NH),
3061 (CH), 3021 (CH), 2948 (CH), 2878 (CH), 2679 (CH), 2601 (CH), 1604 {CHj, 1483

10 {CH). 1318 (CH); By (250MHz; D,0) 3.18 (12H, s, NCHj), .66 (2H, d, JB.75, ArH), 7.15
(4H, s, ArH); B¢ (62.9MHz; D,0) 144.3 (ArC), 138.9 (ArC), 122.4 (ArC), 120.8 (ArC},
120.7 (ArC), 117.6 {ArC), 48.8 (NCH,).

Svynthesis 25
15 N,N,N'.N-Tetraethyl-10H-phenothiazine-3,7-diamine bis(hvdrogen bromide)

Me\fo Z

s N HBr (48%), MeOH, Et,O /@ i Rt
i Et A _Et
Et CL &t ~ g
\N s N N s N

S I I

i I
£t Et Et 2HBr £t

To a round bottom flask was added 1-{3,7-bis-diethylamino-phenothiazin-10-yl}-ethanone
(1.0 g, 2.60 mmol), methano! (10 cm®), and hydrobromic acid (48%, 2.94 cm®) and the
solution was heated at 80°C for 1 hour. Once cooled to 5°C, the mixture had diethyi ether

20 added, giving a cloudy solution. The solution was stirred for 30 minutes and gave the title
campound (0.83 g, 63%) as a light yellow solid. 3y (250 MHz; D,0O) 7.05 (4H, brd, ArH),
6.79 (2H, brd d, Ark), 3.43 (8H, brd, NCH,), 1.05 (12H, brd {, CHy); ¢ (62.9 MHz; D,0)
12.3 (CH3 ), 56.2 (NCH,), 117.9 (ArC), 121.4 (ArC), 122.4 (ArC), 124.5 (ArC), 133.5
(ArC), 145.1 (ArC).

25



Truncated tau (tubulin-binding domain) 297-391.  Mutations in tau-in FTDP-17. Hutton et al. (1998)
Many mutations in presenilin proteins. Czech et al. (2000)  Amyloid 8-protein Alzhe mers disease,

Down's syndrome
WO 2009/044127 PCT/GB2008/003315

- 117 -

Example 10 — other coghnitive or CNS disorders

Methods of treatment, prophylaxis, diagnosis or prognosis of the present invention,

utilising DAPTZ compounds in oxidised or reduced form, may in any aspect be applied to

5 any one or more of the following diseases.
Diseases of protein aggregation
Fibril
Aggregating .
: subunit
Protein Disease domain and/os . Reference
size
mutations
{kDa)
Neuro-degenerative disorders
' ) ) Inherited and .
Prion protein Prion diseases , 27 Prusiner {1898}
sporadic forms
(CJD, wCJ0D, Fatal
famitial insomnia,
Pre-27-30; many
Gerstmann-Straussler- )
) mufations.
Scheinker syndrome,
Kuru)
Fibrillogenic
domains: 113- Gasset et al.
120, 178-191, (1992)
202-218.
Alzheimer's diseass,
Down's syndrome,
FTDPR-17, CBD, posi-
) encephalific inherited and Wischik et al.
Tau protein . ‘ i 10-12
parkinsonism, Pick's sporadic forms (1988)
disease, parkinsanism
with dementia complex
of Guam




Inherited and sporadic forms 4 Glenner &Wong, (1984) Amyloid 3-protein; 1-42(3).
in APP in rare families. Goate et al. (1991)
with expanded glutamine repeats. 40 DiFiglia et al. (1997)

11 mutations

Huntingtin Huntington's disease N-termini of protein

WO 2009/044127 PCT/GB2008/083315
-118 -
Diseases of protein aggregation
Fibrit
Aggregating
subunit
Protein Disease domain and/or . Reference
size :
mutations
{kDa]}
Truncated tau
{tubulin-binding
domain) 297-391.
Mutations in tau Hutton et al.
in FTDP-17. (1998
Many mutations
) Czech et al.
in presenilin
) (2000)
proteins.
Amyloid Alzheimer's disease, Inherited and 4 Glenner &
B-protein Down's syndrome sporadic forms Wong, (1984)
Amyioid B-
proteir; 1-42(3).
11 mutations in
, Goate et al.
APP in rare
- (1981)
families.
N-fermini of
protein with .
) ) Dirigha &t al.
Huntingtin Hunfington's disease aexpanded 40 (1997)
giuiamine
repeats.
Proteins with
Ataxing Spinocerebellar ataxias | expanded Paulson et al.
(1,2,37) (SCA1, 2,3, 7) glutamine (1999)
repeats.




Ataxins (1, 2, 3,"7) Spinocerebellar ataxias (SCA1L, 2, 3, 7) Proteins with expanded glutamine repeats.
Paulson et al. (1999) WO 2009/044127PCT/GB2008/003315 - 119 - Diseases of protein

aggregation Protein Disease Aggregating domain and/or mutations Fibril subunit size (kDa) Reference
WO 2009/044127 PCT/GB2008/003315
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Diseases of profein aggregation
: . Fibril
Aggregating
subunit
Protein Disease domain and/or . Reference
size
mutations
{kDa}
Proteins with
) Dentarubropaliidoluysian | expanded Paulson et al.
Atrophin _
atrophy (DRPLA) giutamine (1989)
repeats.
Proteins with
Androgen Spinat and butbar expandad Paulson et al.
receptor muscular atrophy glutamine (1989)
repeats.
Familial encephalopathy . )
. ) _ Neuroserpin; Pavis ef al.
Neuroserpin with neuronal inclusion 57
. S48F, 352R. {1999)
bodies (FENIB}
Parkinson's disease,
dementia with Lewy Inherited and Spillantini et al.
a-Synuclein _ ] _ 19
bodias, multiple system | sporadic forms {1988)
atrophy
A53T, A30P in
rare autosomal- Polymeropoulos
dominant PD et al. (1987)
families.
] Cystatin C iess
Hereditary cerebral . Abrahamson el
Cystaiin C opathy (loefandic) 10 residues; 12-13 L (1992)
angiopa celandic al.
giopaty L88Q.
Superoxide Amyoirophic lateral . Shibata et al.
] SOD1 mutations.
dismutase 1 sclerosis £1996;




Atrophin Dentarubropallidoluysian atrophy (DRPLA) Proteins with expanded glutamine repeats.
Paulson et al. (1999)  Androgen receptor Spinal and bulbar muscular atrophy Proteins with
expanded glutamine repeats. Paulson et al. (1999)  Neuroserpin Familial encephalopathy with
neuronal incitRigiih¥diés (FENIB) Neuroserpin; S49P, S52R. 57 Davis et Qf/GB2068/043315
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10 This method is suitable for use as a Dissolution Test Method for the purpose of providing
data for the determination of % dissolution over time of DAPTZ containing dosage units in
simulated Intestinal Fluid (SIF), as described in the USP (hitp://Mmww.usp.org) as

dissolution media.

15 The method is exemplified with 30mg, 60mg and 100mg MTC capsules formulated in
Geiucire 44/14 and empioys the standard USP«711:Dissoiution, Apparatus2(paddie and
sinker). Where relevant beiow, the MTC can be replaced by an alternative DAPTZ

compound at the appropriate lcading and .
20 2. METHOD CONDITIONS

2.1. Reagents

Water - Lab. grade or equivalent

Potassium Dihydrogen Orthophosphate - Lab. grade or equivalent
25 Sodium Hydroxide - Lab. grade or equivalent

Pancreatin - USP Grade

Hydrochloric Acid - Lab. grade or equivalent

2.2, Safely
30 Reagents are poss. irritant and poss. harmful.

2.3. Dissolution Conditions

Dissolution Apparatus

Apparatus - USP«7 11 Dissolution, Appartus2(paddie and sinker)
35 Sampie - 1 capsule placed in a sinker

Rotation rate - 75 rpm
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2009/044 TR FERE 0%5%76(5’3%%0”&?2’“ @ RibRE 48 £ 8ihllia m‘é&t‘!ﬁ}ﬁmt&qoﬁﬁﬂle Simulated
Intestinal Floixlsbigsoiuics ferrDABREZ Tesliamengdapsules. S5Performed by: Encap Drug Delivery, Units
4,5 & 6, Oakbank Park Way, Livingston, West Lothian, EH53 OTH, Scotland, UK. 1. Purpose

20  2.5. Standard Solutions {prepare in duplicate}

Accurately weigh approximately 100mg of MTC into a 100mi volumetric flask. Dissolve
it BOml of 50/50 ethanol water with 15 mins sonication and then make to volume with
50/5C ethanol/iwater and mix well {(1000ug/ml). Transfer 5.0ml of this solution to a 100ml
25 volumetric flask and make this flask to volume with SIF and mix well (50ug/mi). Transfer
4.0mi of this soiution to a 100mi volumetric flask and make this flask to volume with

water and mix well. {2.0ug/ml). This is the standard solution.

2.8. Dissolution Procedure

30 Add 1000ml of Simulated intestinal Fluid to each of the six dissolution vessels. Insert the
paddies at the correct rotation speed and allow {o equilibrate to 37°C+0.5°C. Place six
individual capsules into stainless steel sinkers and add one to each vessel noting the
fime.
At each of the specified times withdraw a 5mi sample.

35
2.7 Preparation of Background Reference



10This method is suitable for use as a Dissolution Test Method for the purpose of providing data for
the determination of % dissolution over time of DAPTZ containing dosage units in simulated Intestinal
Fluid (SF), as described in the USP (http://www.usp.org) as dissolution media. 15The method is
exemplified With?38¥i¢#:80mg and 100mg MTC capsules formulated in GAIGEFEBAAYAZHE employs the
standard USP(711>Dissolution, Apparatus2(paddle and sinker). Where relevant below, the MTC can
be replaced by an alternative DAPTZ compound‘@dthe appropriate loading and . 202. METHOD
CONDITIONS 2.1. Reagents Water. - Lab. grade or equivalent Potassium Dihydrogen

OrthophospFatier AN FERE & 240RRRAIIPSESRRH AR VLAY B 8IE 4R alent Pancreatin
- USP Gradexiadrdttsarituiaids-ie &b ugeades trestpakaiamdrdfeRakayr30REsgents are poss. irritant
and poss. gggmgbr%@”g{ggolution Conditions Dissolution Apparatus Apparatus -
USP<711>Dissolution,Appartus2(paddle and sinker) 35Sample - 1 capsule placed in a sinker Rotation
rate - 75 rpm WO 2009/044127PCT/GB2008/003315 - 123 - Temperature - 37C 0.5C Dissolution
Medium - 2008ammSifinéaardtiatestinal Fluid Sampling Times - 15, 30, 45, 60minutes Test duration -

60minutes P ampiensiZsapaiied (BRiEeBlaREd) (Rosaatitika A3bRpastiaphetmmeteiiGanditions
Determinalion avelehai . CERNMRSIF e g iy Ute SIF
Forthe 60mg capsules transfer 3.0ml of this soiution to a 100mil volumetric flask and
make to volume with water and mix well (1.8ug/mi}.
10 For the 100mg capsules transfer 1ml of this soiution {o a 50ml volumetric flask and make

to volume with water and mix well (2.0pg/ml). These are the sampie solutions.

2.9. Procedure
Determine the standard and sampie solutions on a UV Spectrophotometer that has been

15 turned on and allowed to warm to operating temperature.

2.10 Standard Verification
Verify the mean response factors of two standard solutions. Standard 2 must verify as 98
— 102% of standard 1.

20

2.11 Calculations

Conduct alf caiculations to 2 decimal places

Determine the MTC % release of each sample relative to the reference standard using
25 the appropriate equation:

% release for 100 mg capsute = Asam/Astd x Wstd/(100mg) x P x 100

% release for 60 mg capsule = Asam/Astd x Wstd/(60 mg) x 2/3 x P x 100
30

% release for 30 mg capsuie = Asam/Astd x Wstd/(30 mg} x 1/3xP x 100

Asam is the MTC Absorbance for the individual sample at 665nm

Astd is the mean MTC Absorbance of the two standards at 665nm
35 Wstd is the mean weight of MTC standards used {(mg)

P is the Purity of reference standard used, as a decimal (eg .983)



Path Length - 10mm 10Band Width - 2.0nm 2.4. Preparation of Simulated Intestinal Fluid (SIF) For
each litre required, dissolve 6.8g of potassium dihydrogen orthophosphate in 250m1 150f water, mix
and add 77m1 of 0.2N Sodium Hydroxide and 500m1 of water. Add 10.0g of pancreatin mix, USP, and
adjust the re8(tki8°48#186n with either 0.2N Sodium Hydroxide or 0.2N HydmGBmig@adsto a pH of
6.8 0.1. Dilute with water to 1000m1. This solution must be prepared fresh every day. 202.5. Standard
Solutions (prepare in duplicate) Accurately weightapproximately 100mg of MTC into a 100m1 ,
volumetric flask. Dissolve in 80m1 of 50/50 ethanol water with 15 mins sonicafion and then make to

volume witf S0 SIS IREARER 4R HSPHER 8 Flensatha AT R ClPa fastr B0l agbierd o fition to a 100m1

25volumetric flask and make this flask to volume with SIF and mix well (50pg/m1). Transfer 4.0m1 of

this solutiop i Rt orelinel sk Apd dalinghin gk daolue with water and mix well

(2.0pg/m1). This is the standard solution. 2.6. Dissolution Procedur Hﬁjrifﬁl of Simulated
Intestinal FIERER6 85Ut sesr aie¥olution vessels. Insert the paddles at the correct rotation speed
and allow to equilibrate to 37C0.5C. Place six individual capsules into stainless steel sinkers and add

one 10 cachyegachaaH 15,k AL <Akt RGHlecigles WINKUaYARTRSATYle 35 27

Preparation of Background Reference - 124 - Transfer 4.0m1‘o SIF to a 100mlvolumetric flask and
make to voitAR& with water and mix well. This solution is to be used as the background reference in
the UV Spectrophotometer. 52.8 Sample Preparation For the 30mg capsules transfer 3.0m1 of this

solution to mﬁg%y@lmrﬁgiﬂﬁmﬁ@k&pb@g% with water and mix well (1.8pg/m1). For the
t

60mg capsules transfer 3.0m1 of this solution to a 100mlvolumetric flask and make to volume with
water and mix well (1.8pg/m1). 10For the 100mg capsules transfer Iml of this solution to a 50m1
volumetric asleasrifon xHeacansiima daamidate paidstaitkvelt (2F0pdMA1). These are the sample
solutions. 2.9. Procedure Determine the standard and sample solutions on a UV

Spectrophatometer that has heen 15turned on and, gllowed to warm to operating temperature. 2.10
Standard \?levrmc,‘ggt%r? R?ggr?%c{%getrﬁ%%ensréﬂs?gdﬁs@heefgg%]raé 0 f\s/vtg'es SREsHS %6Iﬁ%ﬁ%dsr%€1dard 2 must
verify as 98Ut SGMEERIgRGration as in step 2.8 above.

15
2.12 Standard test for Simulated Gastric Fiuid (SGF)

This standard test is carried out as described above but using SGF in place of SIF. SGF
is prepared according fo USP29 as follows:
20
Gastric Fiuid, Simulated, TS-Dissolve 2.0 g of sodium chioride and 3.2 g of purified
pepsin, that is derived from porcine stomach mucosa, with an activity of 800 to 2500 units
per mg of protein, in 7.0 mL of hydrochioric acid and sufficient water to make 1000 mL.
[Pepsin activity is described in the Food Chemicals Codex specifications under General
25 Tests and Assays]. This test solution has pH of about 1.2.

Example 12 - Quantitative models for the progression and freatment of Aizheimer's

Disease

The chemical process underlying Alzheimer's Disease is the aggregation and truncation
30 of tau proteins. In this Example, we use kinetic models of the tau reaction pathway in

order to describe the progression of the disease and the effect of treatment, and to

compare the effectiveness of treatments which target different parts of the pathway.

1. Formulating an equilibrium model
35



20 2.11 Calculations Conduct all calculations to 2 decimal places Determine the MTC % release
of each sample relative to the reference standard using 25the appropriate equation: % release for 100
mg capsule = Asam/Astd x Wstd/(100 mg) x P x 100 % release for 60 mg capsule = Asam/Astd x
Wstd/(60 mgy& 2824157100 30 % release for 30 mg capsule = Asam/AStE K GH6H(BOI1Tg) X 1/3 X P X
100 Asam is the MTC Absorbance for the individual sample at 665nm Astd is the mean MTC
Absorbance of the two standards at 665nm 35W#28 s the mean weight of MTC standards used (mg) P
is the Purity of reference standard used, as a decimal (eg 0.999) - 125 - (Where the input material is

used as a SlgHaS " ShRmEhRoANdRRP G 1AL RBIGHRIP A PI9BTGRIR QNI ISR AL R ainst the
dissolutiorfdliimesdropite ¢raplativh efdliadivigudtindsdets ar & plettagh sepse atéliyinRiet dbletimean MTC %

Release, 3gIs,All S NRRRRIS 9215t 0@ WSS AIUHiBR S, RQPE-a5ARR nTHUs.gRaRIAlY the following

equation can be used. % release for x mg capsule = Asam/Astd x Wstd/(x) xdxP x 100 It will be
appreciate¥ By ¥HOSE'SRIADGSPIRELFEREY 'd' is the correction, if required, for dilution in sample
prepgaration as in step 2.8 above. 2.12 Standard test for Simulated Gastric Fluid (SGF) This standard

test is carrigd UL AS e iDadmhovp it uring SEhRdRPRerloatt oS6hHR RIePANeM according to
USP29 as fo(l_ljow : 20 Gastric Fluid, Simulated, TS-I%issoéve 2.0 g of sodium Chloéi?jie and 3.2 g of

purified peP&i! A AR W95 APEHANET THRCIEHIRRH HRIAES? RITHVSR 260G BPET0S 2500 units per
mg of protegeditpEeeaify @hes/diisckioro Heitkmuieutfistanesndinsr ebtavdkeraes WD JFepsin activity is
delscribeﬁ iﬁélaﬁaiﬂﬁﬂﬁh?ﬁi@gkﬁmébﬂ@@Sﬁiﬁﬁmi%ﬂd@[ %‘a&fﬂﬁﬂ;}dszﬁtes@mclfkgzays} This te?t
solufion utl.2. = Quantitative. mo or the progressiqon and treatment o
Alzﬁ%imeﬁgo is“ga‘ggp #ﬁ@g%eé%grﬁ%%e%%%ﬁﬁ‘é%?aﬁfrglg'%zqur%%?@ ig%gé%eié ﬁ?g %ggregation and
truncation ZTRsegaLOHrBYSNENPthiR ESTrsiRediietISENGaoRR AeRIBIthel faieRsaetidR‘pathway in
order to desgrihe the progressianatlhe diseaseantdheicHest gl dce atmpahianchioieampare the

effectivenqgg (:Orfetart%%tg}eé],tgnvc\mliﬂg @gg%[edr'ggr&nptrggﬂgoq SI?‘JS B'%‘E%W&‘é’ bn the amount of S
[Lai, R.Y.K, Gertz, H.-J., Wischik, D.J., Xuereb, J.H., Mukaetova-Ladinska, E.B.,
15 Harrington, C.R., Edwards, P.C., Mena, R., Paykel, £.S., Brayne, C., Huppert, F.A., Roth,
M. & Wischik, C.M. (1995} Examination of phosphorylated tau protein as a PHF-precursor
at early stage Aizheimer's disease. Neurobiology of Aging 16, 433-445.]. For the other
pathways shown, we will make the standard kinetic assumption that the rate of a reaction

is proportional to the amouni of reagent.

20
This gives us the kinetic model shown in Figure 37C. By this picture we mean, for
example, that if Sff) is the amount of soluble tau protein at time ¢ then
didt S(f) = (S - kse S - kK A(f) S(t) [equation 1]
25
Timescales of disease progression and of kinetics
A crucial aspect of this model is the timescale over which Aizheimer’s Disease
progresses, and its retationship with the timescale over which equations like equation 1
30 operate. It is our position that the dynamics of the kinetic equations occur over hours or

days, and that the progression of the disease is a due to the slow change of parameters
like kao overthe timescale of years. A contrary position was adopted in Wischik et al.
(1995), namely that the timescale of the kinetics is measured in years, and that the
progression of the disease reflects the gradual increase of A(f) as modelled by the

35 kinetics.



|. Formulating an equilibrium model WO 2009/044127PCDGB2008/003315 - 126 - Figure 37A shows
the binding of a tau protein to an aggregate of truncated tau proteins, followed by the truncation of the
tau protein to form a larger aggregate. Within the cell this reaction is embedded in a larger pathway,
with paths fol th&¢#@4tién of new tau proteins and for the clearance of agBf8(§aBaIs8EiEsre 3M shows
a natural model. ,Here, S denotes the amount of soluble tau protein, and A the amount of aggregated
truncated tau. In order to produce a kinetic modeli3fe need to specify rates. It is known that the rate of
aggregation of tau increases with both the availability of S and the availability of A [VVischik, C.M.,
Edwards, P.0er8 2[eve Rain pigerA, AR Mo RNsH 195108 Sepaalieo of fimessalrse Mimibiisi o Alzheimer
disease-likexgeriaggte patiss/ By no thivet nertRy onee dirgsatdvat adinnahAeardemyteal Sciences,

USA 93, 1233 0d8l Hds BrIkEal R s sume el JRTain 3 (Rsdbash mre s ipoived in the

creation of S, and thus that the rate of production of S depends on the amoun %F?ngi, R.Y.K., Gertz,
H.-J., VVisBIiRe B.5VISeneretsmes: T K460 G AeH IR LT E BN SISl FriRg WHC R Ewards, P.C.,
Meng, R., Payiel iaS:atBdaynerdeirHWipefi0EASORTtesk micd/disahjliduddp (AR8G)Hexamination of
PhosphoryaiRddav.RIRIRRG BVEHbaRic RbahealRIans AEBRTBP EsAiRgERR R ODiology of

Aging 16, 433-4451. the other pathways shown, we will make the Standard kinetic assumption that
the rate of 3rBEABATOISAN AIGHAN SRS %uﬁt'é?‘?gé'gém.sﬁn?ﬁiggﬁ%eﬁ%tﬁé—kinetic model
shown in Fitprre @3¢ (By. tRisepioigré waeme dhiViidy Biesump) €. Watd &t Eisrthenamounicef soluble tau
protein at tipgddaemY\Rare MioMe(Bhsdsa B kAMDS O lnaatian 3 @ Hmescales of disease

progression and of kinetics A c¢rucial aspect of this model is the timescale over which Alzheimer's
ggession.g Eheaas

Disease profrSeigs® SRF Rereraliaeshy with e titfe St By Y Nomi U algd aibiretke@quation 1
30operate.desssoriipUsicvrs theerthe dyhassrs tethizhginsitsatisemiemstictugyovas koursor days, and
that the lprqgmm of theickisragesis ﬁdw@ﬁcot.hﬂﬁwtmﬁmﬁ f-lHe‘.lx@é i;Rg@;ﬁﬂi&EKS#,:‘@.ﬁVer r:he_ |
timescale af years. ntrary Qosition was in Wischik et a : y that the timescale
of the kineﬁfcs lfgnrﬂ'eéiSuFen&'igy[%agr‘s, Eﬁ\g%méiﬂ’ﬁzégggwee&&(i&‘%? %F\'Lem('ji%@ggée:@%@%sa%seaéradual
increase ofARH 2ggteERiiNdaRitd BEkinatkediutarimadeimanst sexpesas dawn arihsiesednof evidence for the

seper ationtendgmeeAlies. ik is BIAEMEHREE MeEisd WGBS Clomfevdaehssoli gt dS incubated
with solid-phasg Iuasaler BsTol Yigbmasheldiesaldble.au has bond ilin g matter of hours.
The second piece of evidence comés from in vivo experiments on Wansgenlc mice WhRich express
5human tréhE Qe S FREIN I DRSS a the eepiarsior Bl disraen ARYRIRER disease tau
pathology owespedddsrofitmofthiseas mieasured both by cognitive tests and by neuropathological
examination [Zabke, C., Dietze, S., Stamer, K., Rickard, J.E., Harrington, CR., Theuring, F., Seng,
K.M..& Wischik, C.W. (2008) Early and advanced stages of tau aggregation in transgenic mouse

motils. IntaYh SR EGATENHBUSHISAIDRETE RS BiscUes UerRESJBAtANBRAYER) De0RIP1-054].
When treat@asiittsddilghotabend on how long he has had the disease, say kag(a) etc. where a is

the number of years since onset; and we suppose that the resuliing levels of S and A are
the equilibrium values of the dynamical system. To be concrete, we need to solve
equations like this modified form of equation 1

25
MS)-ksg S-KAS=0 [equation 2}

We have omitted {, since we are not interested in the dynamics of the system but only in
the equilibrium behaviour. We will sometimes write S(a) etc. to emphasize the

30 dependence on the values of the rate constants.
Accounting for the creaftion of new aggregates
The aggregation reaction (Figure 37A) starts with one aggregate molecule and finishes

as with one aggregate molectuile, so it describes the growth of existing aggregates and not

the creation of new aggregates. Likewise in the kinetic system (Figure 37C), if we do not



doses of MTC over a period of 17 days, the Alzheimer's disease pathology was reduced [Harrington,
C., Rickard, J.E., Horsley, D., Harrington, K.A., Hindley, K.P., Riedel, G., Theuring, F., Seng, K.M. &
Wischik, C.M. (2008) Methylthioninium chloride (MTC) acts as a tau aggregation inhibitor (TAI) in a
cellular mod& @A TE¥EEes tau pathology in 15 transgenic mice models 8EMzRzIMBIS tisease.
International Conference on Alzheimer's Disease, Chicago, 26-31 July 2008, 01-06-04]. Therefore the
timescale of the kinetics is of the order of days,ilBe the timescale of the progression of the disease is
much longer, measured in months for these mice. 200ur mathematical technique must therefore be
this: we supiSgettiRsreaippatref roRisa B ie AR ol AV SigrsiHy dnrieasr I PRANEHAG had the
disease, sayckdpditriata.salotse ia rs=the number of years since onset; and we suppose that the
resulting levels of S and A are the equilibrium values of the dynamical system. To be concrete, we
need to solve equations like this modified form of equation 1: 25 k(S)- kso S-kAS=0[equation 21 We
have omitté8% SEMRES VR AIR FECHREIRI R IHRNRT TS RAIGTIRES R ABIRDFIn the equilibrium
behaviour. sfvemithsoystinees gveiaiStalattion BpepliasiyewhevBldeperdeaceramtehwalues of the
rate constapts, &%WHH&JBM%%E@@%QE Rew ggg;p%%%knémﬁlaggregation reaction (Figure
37A) starts witﬁ one aggregate molecule and finishes 35with one aggregate molecule, so it describes
the growth of existing aggregates and not the creation of new aggregates. Likewise in the kinetic
system (Figare3ingeiffwe=8S aot MFO.2D00H44TIRCETGLR20ES/608305 aghP&atmodel the creation
of aggregatesidhiassthenept e Adlhsipastity derLease oragring that the equilibrium solution is A=0.
Th résimplest way to account for the creation of new aggregates is by altering the 5stoichiometry of the
agj egation reaction. Specifically, we will assume the scheme shown in Figure 37D (though the actual
values of n3uapriar? eferadrkhown). For example, if n1=2.3 and n2=1.87 then from 230 tau molecules
and 100 aggregate molecules there are 87 new aggregate molecules produced. 10 Summary of model

We have proppsed the d ical syste odel shown in Figure 37E. 15The equations for the
RS TR R R

equilibriu e of this'system equ N2 k AS = k AS + kAo(a)
Alequation 4]
15 The equations for the equilibrium state of this system are:
AS) = koS + N KAS fequation 3]
N k AS = k AS + Kagla) A fequation 4]
in the remainder of this Example we describe several experiments which let us quantify
20 the rate constants and thus to predict the effect of treatment.

2. Quantifving the progression of disease

Lai et al. (1885) studied a number of Alzheimer's patients post-moriem and found a
25 relationship between A and S:
S=fAy= /AP -1 [equation 5]
where a=2450 and p=0.3458.

Mukaetova-Ladinska et al. (Mukastova-Ladinska, E.B., Garcia-Siera, F., Hurt, J., Gertz,

30 H.J., Xuereb, J.H., Hills, R., Brayne, C., Huppert, F.A., Paykei, £.8., McGee, M., Jakes,
R., Honer, W.G., Harrington, C.R. & Wischik, C.M. (2000) Staging of cytoskeletal and B-
amyloid changes in human isocortex reveals biphasic synaptic protein response during
progression of Alzheimer's disease. American Journal of Pathology 157, 623-836) studied
a number of Alzheimer’s patients pre- and post-mortem, and found a relationship

35 between PHF levels and the patient's Braak stage 8.



In the remainder of this Example we describe several experiments which let us quantify 20the rate
constants and thus to predict the effect of treatment. 2. Quantifying the progression of disease Lai
et at (1995) studied a number of Alzheimer's patients post-mortem and found a 25relationship between
A and 5: S =WAPL¥E 1 [equation 5] where a=2450 and [3=0.3459. MukBefdB2Resdinsia et al.
(Mukaetova-Ladinska, E.B., Garcia-Siera, F., Hurt, J., Gertz, 30N.J., Xuereb, J.H., Hills, R., Brayne,
C., Huppert, F.A., Paykel, ES., McGee, M., Jaked2®R-, Honer, W.G., Harrington, C.R. & Wischik, C.M.
(2000) Staging of cytoskeletal and pa myloid changes in human isocortex reveals biphasic synaptic
protein response during b gr&68icnForaBiethers dised&@akipfetican Journal of Pathology 157,
623-636) sidied.asnupberetAdzhgimer's patients pre- and post-mortem, and found a relationship
35betweer]tF.>HF Ievelgka?d the atlﬁr}t'tgl_ﬁr?ak sta\}\%]e B: wo lé%%]]9/044127PCT/G132(_)08/003315 -
129 - PHF ='§(B5* rl'fxpe(y%f’(%s-ﬁ%e- PG lRtor T WhRIPY R BN P89 e asonable to
assume that PHF levels are prépFortithital to leweloofdau aggregates: A = E P1-IF[equation 2] 5though
eis gnknomug}hgr;sg}r%‘m,fﬂm, T.G., Muller, H., Braak, H. & Bohl, J. (1995) Close-meshed prevalence
rates of different stages as a tool to uncover the rate of Alzheimer's disease-related neurofibrillary
changes. Neuroscience 64, 209-217] studied the distribution of Braak stage 10 within a population,
and in the &ppeeidik {hdeScEb&bitan flomraak datd BehCan(0BE&iInCioselatonehiprbetlsesn mean Braak

stage B angthetiniferningssthie0nsehrbdpmpntitd Ry ar suzndias isdeualion 8l Using these

three relationships, we can rewrite the equilibrium eguations 3-4 to obtain; 15X(S) = kso S + n1 k
P1(S) S [l EMTIR PR SRR TR P T SR EH 1S SSRGS BrebAtEnt a crug
20D 02/085600 miwstritses 2nddll theoakidoinivhdaswibe dine froe) hindiabeasuramediiin demonstrating
the effect QEMibRsAR leuRlschfeathNgsalisiave heengsngticalimpdifiedieonioduas spluble tau Sat a

constant rate.rg)n its own, this does not spontaneously form aggregates, and so the cells have been
further moditied to produce truncated tau Tat a constant rate. We assume that the cells have a normal
mechanism for destroying T, ad #6that thdastiétemBthe drug is to open up a pathway by which A is

dissolved athins ek ERAISHONISI e WanasarBeriagife.S isuRbbHS 8dlin hiraMzheimer's
patpé/vay. We therefore have trl?%i_r_]itsic §11+orc}zle‘l< §h&/)vr§ in Ei %rt%gé?
- C 1
kaol@a) = (n-1) ke g(h(a)); [equation 10]

3. Quantifying the effect of a drug

20 WO 02/055720 describes a cell model for Alzheimer's disease, and measurements
demonstrating the effect of MTC on levels of A. The celis have been genetically modified
o produce soluble tau S at a constant rate. On its own, this does not spontaneously form
aggregates, and so the cells have been further modified to produce truncated tau Tata
constant rate. We assume that the celis have a normal mechanism for destroying T, and

25 that the effect of the drug is to open up a pathway by which A is dissolved and turns into
T. For simplicity, we assume that here S is only used in the Alzheimer's pathway. We

therefore have the kinetic model shown in Figure 37F.

We have writien k47{d) to emphasize that this rate constant depends on the dose leval d,
30 and we will assume that kar{0)=0. We should strictly write Kao{ace), where ag is the time
in years since the onset of the disease for these cells, though we will suppress this in our

equations.

The equilibrium equations for this system are;
35 A=KASH fequationr: 11]



We have written km(d) to emphasize that this rate constant depends on the dose level d, 30 and we
will assume that kAT(0)=0. We should strictly write kAo(aceii), where ace is the time in years since the
onset of the disease for these cells, though we will suppress this in our equations. The equilibrium
equations folRi¥¢Yetéi are: 35X=kASn1[equation 11] WO 2009/044127PEFRAMS0GBAI03315 - 130
- p + km(d) A = (kro+km)[equation 12] km T + n2k A S=kA S+A (kAT(d)+kao)[equation 13] Using
equations 11 and 12, we can eliminate S and Tfrd#% equation 12 to obtain: A = [(fl2-1)/n1A +
km1(km+ktA)1-Ok . 40 KAT(COKTO/(kTO+kTA) Writing A(Q) for the baseline level of aggregate tau, in
the absence of any drug* THEOA(LT < {367/ x, {ORHRIBE-02 -kia111/ k40 10These two equations

cancel conveniently, ané;ell 4sthat: kmkdd/BAORKIAdkmitkgio ) (Al&)d#skeh -1y (We have written A(d) here
to emphasize that the observed level of aggregates A is a function of the dose d). 15WO 02/055720

reports that: A(cl)lA‘Sl%: ﬁd%ﬁ de/(ne-i-de)+1[equation 14(]there &-1.0665, n=51.735 and 8=1.3328.
4. Quantifyii{th&U8HIBH & 36 A8 EARABE ARINGIPED sRuateped kRl would alter the
progsession of the dif@as®d Dunkifitticinpold||igpotidieiawnkin) Figure 37G, with equilibrium
equations: A(S) = ksoS + nl1 k AS [equation 15) k47-(d) A =T (ki-o+km) [equation 16] 25km T + n2 kA
S=KkA S+A (kAt(d)+kAo(a)) (equation 17] We wish to solve these equations for A=A(a,d). To do this, it
is most cotVBHiaM(® REdrabaastir iy ebd agrsegaisiawrindsraksance AIaRAHHEE*¥Rm) 30 and then to

substitute into 17 A@find(an1@xpressikiprniangd(@ke) (n2-1) k S(axl) = kAo(a) +kiekto+krA)

10 These two equations cancel conveniently, and tell us that;
karl{dYKao = (1+koalkro)(A(OYA(D)-1)
(We have written A(d) here to emphasize that the observed level of aggregates A is a

function of the dose d).

15 WO 02/055720 reports that:
A(DVA) = g(d) = L d®I(nf+d®y+1  [equation 14]
where (=-1.0665, n=51.735 and 6=1.3328,

4. Quantifying the combined effect
20
We can now ask: how to we expect the drug would alter the progression of the disease?
Our kinetic model is now that shown in Figure 37G, with equilibrium equations;
MS) = ksoS + 1y kK AS fequation 15]
kar{d) A = T (kyotkra) feguation 16]
25 : Kea THn kAS=kAS+A (kaflth+Kkag(@) [equation 17]

We wish to solve these equations for A=A(a,d). To do this, it is most convenient to use

eguation 16 to express T in terms of A:
T = A kardd){krotkra)

30

and then to substitute into 17 to find an expression for 5=5(a,d)
(-1} k S{a,d) = ka{a) + Karld) kro/fkrotKra)

and finally to use equations 15 and 9 to turn this into an expression for A{a,d)
Ala,d)=f'(S(a,d)) [equation 18]



and finally to use equations 15 and 9 to turn this into an expression for A(a,d) A(a,d)=
f4(S(a,d))[equation 18] -131 - The expression for S(a,d) can more usefully be written as a ratio
involving S(a00) where ao is the time since the onset of the disease at which treatment was begun.
We shall als8"8Li8ti#E I the expressions we have obtained for kAo(a) aRdkABEIYS W EHIE:
S(a,d)/S(a0,0)= kAo(a)fkAo(ao) kAo(aceli)/kao(a0) (1ig(d)-1) (equation 19] 5 The formula for g(d) is
given above in equation 14, the formula for f is gi¥&h-in equation 8, and the formula for k40(a) is given
in equation 9. Interpretation of the result. 10If we let d=0, equation 19 gives: S(a,0)/S(a0,0) =

kAo(a)/kacl(Xd P RLSESIRE dsdle, Therp ARIFHF BRI e WallRTt Sg A 6atia e aine §aeBeredttes, and
kAo(a) decte&sbs toveasinseOththass8( afMaleicepasas whichtisathamd wacaeargiingie enalbsies 18, A

1oincreases, iRipADi ofelseaEntih he duaieamaliatise yepigyent S from decreasing
below a certain tr%eshold: triresh = kAdacetlYkao(a0) (vg(cO0-1) which méans that we prevent A from

increasing above 32 8iifeRiadhe el@idesieam vt HHdrdhmieaigas Aot merely retard the

progression of the disease, it stops it. 20 5. An alternative treatment model It has been suggested that

one might featdkhsimeseisgrss iiRleoHeRaiRNRENAdRS ANt Anging feagliggayischik, CM.,
Edwards, P.C., Lai R Y K.Roth, M. & 25Harrington, C.R. (1996) Selective inhibition of Alzheimer

disease-lik& T RIPRYRARH A VTR AIER} Sceedings of the National Academy of Sciences,
USA 93, 11213- 11218). What effect would this have on the progression of the disease? Consider the
kinetic mogiakshewron dfigidras i1 where k(d) is the value of the rate constant, after the reaction has
beqta inhibﬁe“g l’])é@%_h_; putaz;[i}/e qu %t dose d. The equilibrium equations are: 30x,(s) = ksos + n1 k(d)
AS n2 k(d)yAS = k(a§'/3°§ +m<Ao%a‘{) §olving these, and substituting in equation 8, we obtain:
S(a,d)/S(a0,0) = [kAo(a)/ktio(a8§HIK&(0) F Babdaad-1(S(a,d)) | [k(d)/k(0)] - 132 - It can be seen

that the level of S(ad) decreases to 0 as time a increases, for any fixed dose d. Therefore the level of
oLl otegd e A R S e S Ve eidls B g reaction
decreases fowards 0; thus S(a,0) decreases towards 0 and, according fo equation 18, A
15 increases to infinity. By treating with the drug at some fixed dose, we prevent S from
decreasing below a certain threshold:
Stwvesn = Kaol dcen)kaolas) (Vg(d)-1)
which means that we prevent A from increasing above a certain threshold £ {Sivesn). In
words, this treatment does not merely retard the progression of the disease, it stops it.
20

5. An alternative freatiment mode!

It has been suggested that one might treat Alzheimer's disease inter afia by inhibiting the
tau-tau binding reaction (Wischik, C.M., Edwards, P.C_, Lai, RY.K,, Roth, M. &
25 Harrington, C.R. (1896) Selective inhibition of Alzheimer disease-like tau aggregation by
phenothiazines. Proceedings of the National Academy of Sciences, USA 83, 11213-
11218). What effect wou'id this have on the progression of the disease? Consider the
kinetic model shown in Figure 37H where k(d) is the value of the rate constant, after the
reaction has been inhibited by this putative drug at dose d. The equilibrium equations are:
30 AMS) = ksoS + g k{d) AS
k() AS=kid)AS + A kno(a)

Solving these, and substituting in equation 8, we obtain:
S(a,d)/S(a0,0) = [kao(@MKaolao)] / Ik{a)/k(0)]
35 Ala.d) = {(S(a,d)} / [K()/K(O)]



6. Numerical results Figure 371 illustrates these results numerically. The left plot shows the effect of a
drug which creates a new pathway A-.T, as described in Section 3; the left plot shows the 10effect of a
drug which inhibits the pathway S+A-'A, as described in Section Error! Reference source not found..
Rather than PHEtEH/ & ével of tau aggregates A, we have plotted MMSEaipg:theasiationship
between MMSE and Break stage B derived from data in Ohm et al. (1995). MMSE = 15where
- a=56.2204, t=6.5969 and p=11.599, together withathe relationships in equations 6 and 7, and setting
c=1. We plot this as a function of number of years since the beginning of treatment, for a patient who
started tre4tAfErReIIIMVIBE NsleTelotittted Haeretrnm toth@dltmgio intieassisMM SEyWittno treatment;
thhe other(Ifimshqureillg@%ﬁagt;@jgrgzaomm ; gggééng}?m@ﬁ:m W@%QT}&%@MO g,gggg)sp;g%@re illustrating
ere are (for t ft =25, 5 n .an r the right plot =45%, 20%, 7%. 7.
Implicationgsnf'cﬁg g@%@‘ﬁ&e& éﬁ%%@?ﬁ’g%i%% b"r”d’.’éé%’s’ee SF(‘%%BS R ﬁ%&&‘?iﬁﬁr@’si‘ﬁawe 371)
illustrate whigti e 0atdrb ddy explained algebraically, namely 25that inhibiting tau-tau aggregation
can ®nly retard the progression of the disease, whereas it can be halted by opening a new pathway for
dissolutionapw%ﬁggggs‘];@s can be depicted schematically in Figure 39. Tau aggregation can be
prevented by affecting two sites: firstly by inhibiting the input of tau into the cycle of aggregation and
secondly by enhancing the clearance of aggregates from the aggregation cycle (Figure 3039). The
level of aggipgateti tiusvatpairedhalicakilamentsiprogsassesosteaddyivdrasha@ncingsage. If the input
of tau is PrgueRiEatben i isxahal RHRe willdecieass L.acrHRInIRueliredigiedpy Braak staging
after which time the rate of progression will continue as be?ore. n Wehen the clearance of

agdfegatefat ¥ BAREREWIM S MeRab PR Bayfh 36 RGiesEbIEFIRREMEure 39). In such
circumstarRefsrendelsp8itranatdauch. &abiettacasidiing aie tevbbotliaeaggmpdilyimgydt has been

ciscussed by erlal bRl (VM5 GMorkih Bot b ANRTEBIOR SR 0973 Moslpling prion-ke

WO 2(10914044 27F?CT/GBZO?8 03315 - 133 - processing of tau protein in"Alzheimer's disease for
pharmaceJﬁgb ?f&)%"p’m&ﬁﬁ 1 RAdtotubule-Associated Proteins: Modifications in Disease. (Eds. J.
Avila, R. Brandt, & K. S. Kosikyiaevooe-8ggd8mic Publishers, Amsterdam, 185-241) that tau

cadegatap G asede L1y ISLCIne AR L AR AR IURShONICR Lypyet 2 0. core

protein 2 50f complex Ill, porin and ATP etast uni ese ag regatggaof) fau’can either
assemble it PRIESSEHIBDF Enibetretdhig dsoidnjen sbminkss af anees saprnthy, begdinigdo the

congestionfafdhis@ativwaypatithadvaseingagethigit Ml)sEatmnorteleaanseridathaggregates
from this %&W&&t?@ﬁ%“ﬂh@%ﬁﬁ?ﬁotﬁ%éﬂ%ﬁﬁ%'& (ﬁiﬁ%ﬁiﬁé‘e‘é@ﬂ%%&%ﬁ%{ S t-r[eral\'%a%n %Pple

demonstrates how this could halt the progression disease, er than just retard its
progressi O\ﬁa_nqu:fﬁge tavalpy Bhe dose levels we are illustrating here are (for the left plot) d=25, 50

20 and 80; and (for the right plot} k(d)/k{0)=45%, 20%, 7%.
7. Implications for clearance of tau aggregates for disease progression

These figures (Figure 371) illustrate what we have already explained algebraically, namely

25 that inhibiting tau-tau aggregation can only retard the progression of the disease,
whereas it can be halted by opening a new pathway for dissolution of aggregates. This
can be depicted schematically in Figure 39. Tau aggregation can be prevenied by
affecting two sites: firstly by inhibiting the input of tau into the cycle of aggregation and
secondly by enhancing the clearance of aggregates from the aggregation cycle (Figure

30 39). The level of aggregated tau or paired helical filaments progresses steadily with
advancing age. If the input of tau is prevented, then the level of PHFs will decrease to a
certain level, predicted by Braak staging, after which time the rate of progression will
continue as before. Only when the clearance of aggregated tau is enhanced will their
levels of tau begin to decrease over time (Figure 39}. in such circumstances, a drug

35 having such an effect can be said to be disease-modifying. It has been discussed by
Wischik et al. (Wischik, C.M., Lai, R.Y.K. & Harrington, C.R. {1997) Modelling prion-like



1Use of a 3,7-diaminophenothiazine (DAPTZ) compound in-the manufacture of a medicament for the
treatment or prophylaxis of a cognitive or CNS disorder in a patient, wherein said DAPTZ compound is
selected from compounds of the following formulae and pharmaceutically acceptable salts or mixed
salts: (2) (3MB@P*kHEREIN each one of R2, R4, R9 and R9 is -H; whereirercBmnewosiR1 and R is
independently selected from: -H; unsubstituted aliphatic C1..6alkyl; and wherein, in each group
-NR3NARS3NA, if present: each one of R3NA and B83N6 is independently selected from: -H;
unsubstituted aliphatic Ci_ealkyi; and wherein, in each group =NR3wc, if present, R3i4c is
independeRtRFRBIBSEHIROBRRET iAFhsITefErBnFaaie ChavaasaAutiaatidRYRiPemeTh dAch group
-NR7I4ARFhtctifHuiesanteael mmswmﬁadﬂimaésdsaqae@demw;,s@eatedd&m 135 -

unsubsitued ol o oy AT MBI (VSRR AIOHR SN T et R

independently selécted from: -H; unsubstituted ali present, is one
or more arﬁ@rﬁ%eé’%%P”B*ﬁﬁ‘?oaﬁ?ﬁ%%‘%F?:QﬁﬁEEF%ﬁ‘EFaﬁW“d”aWﬁs@ @o?ﬁf?ri%’@éeﬁ'rél
administratibtcefred dsggeinaiccanfaspimgesaid NBRTR Cohpes agoratidisethioran ashactive ingredient

to said patiaftl el S losAus HOLIBIRaRRA ALISBHA QLA SEARp DaiRglgnt within 30

minutes under standard US/EU Pharmacopoeia dissolution conditions;
the congestion of this pathway with advancing age (Figure 40). Enhanced clearance of

tau aggregates from this pathway that will decrease the metabolic burden within the
neuron. This Example demonstrates how this could halt the progression of the disease,

10 rather than just retard its progression.



wherein the dosage unit enhances the relative cognitive or CNS benefit vs. haematological effects of
the DAPTZ compound by enhancing absorption in the stomach and thereby minimises formation of
DAPTZ dimers favoured in the alkaline conditions gééhe small intestine and lower gut. 2The use as
claimed in claim 1 wherein the dosage unit compris&s less than 120, 100, or 70 mg, and optionally
40-70 mg DAPTZ compound and is administered 3/day or 4/day. 3Use of a 3,7-diaminophenothiazine
(DAPTZ) compound:-in the manufacture of a medicament for the treatment or prophylaxis of a cognitive
or CNS disorder in a patient, wherein said DAP%ound is selected from compounds of the
following formulae and pharmaceutically acceptable salts and mixed salts thereof; - 136 - Ri X (r)

(4) " R?’NA 1 N Réslézt%'g%tﬁdiam‘mophenothiazine (DAPTZ) compound in the manufacture of a
' medicament for the treatment or prophylaxis of a cognitive or CNS disorder in a patient,
wherein said DAPTZ compound is selected from compounds of the following

formulae and pharmaceutically acceplable salfs or mixed saits:

T RQ . RT T
R2 N R
THA - INA X @ (4)
R N R _
TN s N
| @ P
R R R RNE

wherein each one of R%, R*, R® and R%is -H;

wherein each one of R’ and R” is independently selected from:
H: "
unsubstituted aliphatic Co.palkyt;

and wherein, in each group -NR™R™ if present:

R3NA and RSNB

each one of
_.H;

unsubsiituted aliphatic Cysalkyl;

is independently selacted from:

and wherein, in each group =NR™C, if present, R™ is independently selected from:
H:
unsubstituted aliphatic Cyalkyl;

and wherein, in each group -NR™R™A, if present:

each one of R™ and R™® is independently selected from:
H:



wherein each one of R2, R4, R6 and Fe is -H; wherein each one of R1 and R9 is independently
selected from: H; unsubstituted aliphatic C1..6alkyl; and wherein, in each group -N R3NAR3NA, if
present: each one of R3NA and R3N5 is indepengsleggly selected from: -H; unsubstituted aliphatic
Cl..ealkyl; and wherein, in each group =Nee, if present, R6912 is independently selected from; H;
unsubstituted aliphatic Ci_ualkyl; and wherein, in each group -NR2NAR144, if present: each one of
R7NA and R7NB is independently selected from; H; unsubstituted aliphatic Ci.ealkyl; and wherein, in
each group =NR29{24PHiuts#pbeitSetitdpendently selected from: -H; unsubstituted aliphatic
C1.6alkyl; archaviiesetin X dbgresent SRR drmeeetaRithis taspteriony teiackieveralectrical
neutrality, Whict;_Hse comprises oral administration of a dosage unit containing said DAPTZ
compound in oxidised form as active ingredient to said patient, wherein said dosage unit is
gastroretained. 4THEUESHEL AR M ctAYS wherein the gastroretained dosage unit is held in the
stomach for atdesist3D: Kiiriteseat ik optomatigrateiasiclooRnBrdons iGathiddehwensian more. 5The use
as claimed inglaim? or claim 4 wherein the gastroretained dosage unit comprises at least 50, 60, 70,

80, 90 or 100 mg DAPTZ compound. o -
which use comprises oral administration of a dosage unit containing said DAPTZ

compeund in oxidised form as active ingredient to said patient,

whersin said dosage unit releases at least 50% of said active ingrédierf{ within 30
minutes under standard US/EU Pharmacopoeia dissolution conditions;

wherein the dosage unit enhances the relative cognitive or CNS benefit vs.
haematological effecis.of the DAPTZ compound by enhancing absorption in the stomach
and thereby minimises formation of DAPTZ dimers favoured in the alkaline conditions of

the small infestine and lower gut.

2 The use as claimed in claim 1 wherein the dosage unit comprises less than 120,
100, or 70 mg, and optionally 40-70 mg DAPTZ compound and is administered 3/day or
4fday. |

3 ~Use of a 3,7-diaminophenothiazine (DAPTZ) compound in the manufacture of a
medicament for the treatment or prophyiaxis of a cognitive or CNS disorder in a patient,
wherein said DAPTZ compound is selected from compounds of the following

formulae and pharmaceutically acceptable salts and mixed salts thereof:
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-137- 6 The use as claimed in any one of claims 3 to 5 wherein the gastroretained dosage unit
comprises either (i) particles that have bioadhesive properties and a propensity to float on the stomach
contents or (H) a swelling system, in either case sych as to achieve a size after ingestion of greater
than 15 mm. 7The use as claimed in any one of claims 1 to 6, wherein each one of R1 and R9 is: -H.
8The use as claimed in any one of claims Ito 6, wherein each one of R1 and R9 is independently
selected from: unsubstifuted aliphatic 9The use as claimed in any one of claims 1 to 8, wherein each
one of R1 and R9 is indeperidently selected from: -H, -Me, -Et, -nPr, and -iPr. 10The use as claimed in
claim 9 wherein each one of R1 and RYis indepeidently selected from: -H and -Me. 11The use as
claimed in any one of claims 1 to R0 where; i Group INR3NAR3NS and -NR7NAR7NS, if
present, each one of R.311/4iA:and R3Na and !-NB Neigsrnd RT , IS indéﬂendently selected from:
-H, -Me, -Et, -nPr, and -1Pr.{12Thélusema Imed in &y one of claims Ito 10, wherein, in each group
=NR3Nc and in each group FNR7Neeiffresent, :RR3NaRd 3NRThe are independently selected from:
-H, -Me, -Et, -nPr, and -iPr. I3The use as claimed in any one& of clairns 1 to 12, wherein X" is selected
from a-, Br, fygrBPsaddoRatse rS claneckingany one of claims 1 to 13, wherein the DAPTZ
compound is selected from the following compound, and pharmaceutically acceptable salts and mixed
salts thereof‘?’vﬁeﬁg ‘?’acrig%?50Fgagagdu§?g8gﬁ%3?§?§8f§$ﬁ8%%??8 J"'DAPTZ compound in stable
crystalline reduced-¥6rm which is selected from compounds of the following formula and

pharmaceutically ageapiahle-galfpiberenfalkyt;

and wherein, in each group -NRM™R®™ i present:
RINA RN '

each one of and
...H;

unsubstituted aliphatic C,salkyl;

is independently selected from:

and wherein, in each group =NR™C, if present, R™C is independently selected from:
H: |
unsubsiituted aliphatic Cisalkyl;
and wherein, in each group -NR™R™ if oresent:
each one of R™ and R™® is independently selected from:
_H—,
unsubstituted aliphatic C,galkyl;
and wherein, in each group =NR™°, if present, R™ is independently selected from: |
H: ‘ o
unsubstituted aliphatic Cyalkyl;
and wherein X, if present, is ona or more anionic counter ions to achieve elecirical
neutrality,
which use comprises oral administration of a2 dosage unit containing said DAPTZ
compound in oxidised form as active ingredient to said patient,

wherein said dosage unit is gastroretained.

4 The use as claimed in claim 3 wherein the gastroretained dosage unit is held in
the stornach for at least 30 minutes, and optionally at least 1, 2, 3, 4., 5, 6, 8, 12 hours or
~more.

5 The use as claimed in claim 3 or claim 4 wherein the gastroreiained dosage unit
comprises at least 50, 80, 70, 8C, 80 or 100 mg DAPTZ compound.



wherein: each of R1 and R9 is independently selected from: -H, C1.4alkyl; each of R3NA and R3145 is
independently selected from: -H, C1.4alkyl; each of R7NA and R7N8 is independently selected from: -
-H, CiAalkyl; each of HX11 and HX2 is mdependeq a protic acid. 16A dosage unit as claimed in
claim 15, wherein each of R1 and R9 is independently -H. 17A dosage unit as claimed in claim 15 or
claim 16, wherein each of R3NA and R3N3 and el\ and R711/418 is independently -Me, -Et, -nPr, or
-nBu. 18A dosage unit as claimed in any one of claims 15 to 17, wherein the groups _N(RaniA)(ikas)
and ,N(RNA)(Rme) are the same, and are selected from: -NMe2 and -NEtz. 19A dosage unit as
claimed in afly oneTokalainas taitoed Ty wiheseinotaehmsf the PravpainN(R IBLAHRBNBY abchge

NETNAR NG 2 Y apageinh o dBALI00Y 006,018 5 fg g, wherein cach

of HX1 and HX2 is independently a monoprotic acid 1A dosage un ifed in any one of
claims 15 to 85! FhERReaad B?Wséﬁé"W@[iﬁ%éﬁﬁﬁbr‘ﬁl?‘@?fﬁﬁﬁﬁ!ﬂbaﬁéfdamédésage unit
as claimed isizngienegéstiains dbaterdtawtienem HX1 and HX2 are each HCI. 23A dosage unit as
claimed in any one of claims 15 to 22 wherein the DAPTZ compound i is selected from compounds for

the foII0W|ng7formu_ra RO HR1 11 R9911 B 7NB N R3N =
he use as clarmed in any one of claims 1 1o B, wherem eachone of R’ and RYis:

-H.

8 The use as claimed in any one of claims 1 to 8, wherein each one of R'and R%is
independently selected from:
unsubstituied aliphatic Cy.salkyl.

9 The use as claimed in any one of claims 1 io 8, wherein each one of R and R% iz
independently selected from: -H, -Me, -Et, -nPr, and ~iPr.

10 The use as claimed in claim @ wherein each one of R' and R¥ is independently
selected from: -H and -Me. ‘

11 The use as claimed in any one of claims 1 to 10, wherein, in sach group
-NR™MR™® and -NR™R™®, if present, each.one of R™ and R™ and

-NR™ and R™®, is independently selected from: -H, -Me, -Et, -nPr, and -IPr.

12 The use as claimed in any one of claims 1 to 10, wherein, in each group =NR*C
and in each group =NR™C, if present, =R™° and =NR™ are independently selected from:
-+, -Me, -Et, -nPr, and -iPr,

13 The use as claimed in any ong of claims 1 to 12, wherein X is selected from CI,
Br, I, or NOg'

14 The use as claimed in any one of claims 1 o 13, wherein the DAPTZ compound is
selected from the following compound, and pharmaceutically acceptable salts and mixed
salts thereof:



wherein: each of R1 and R9 is -H; each of R3NA and R3N6 is -Me; each of R2149 and RMB is -Me;
each of 1-IX1 and HX2 is independently onoprotic acid. 24Use of a dosage unit claimed in any one of
claims 15 to 23 for use in the manufacture of a m’eggga“ment for the treatment or prophylaxis of a
cognitive or CNS disorder in a patient, wherein said disorder is one which is susceptible to treatment
by said 3,7-diaminophenothiazine (DAPTZ) compound, which use comprises oral administration of
said dosage unit containing said DAPTZ compound in stable crystalline reduced form as active
ingredient to said patient. 25Thejuse as claipedsn claim 24 whergin the dosage unit is a
delayed-release formulation of the reduTUnd at between 100-1D00 mg. 26The use
as claimed in claim 24 or claim 25 Mm% *hedelayeg-re ﬁ&k’@f rmulation releases less than <50% in
1 hour, 2 hours, 3 hours, 4 hours, 5 holrs, 6 F@Jrs, 7 hours, or 8 hours . 27The use as claimed in any
one of claims 24 to 26 wherein the del¥§ed-release formul¥ffon comprises no more than 5% by weight
oxidised DAPTZ compound. - 140 - 28The use as claimed in any one of claims 1 to' 14 and 24 to 27
wherein the cognitive or CNS disorder is a tauopathy. 29The. use as claimed in claim 28 wherein the
treatment of the tadop=atneisrsucinthddith etusesoftheINITZ compaunidrcatasascipkibitien of the

aggregation ahiedMHRARIA Rscaieduiitonid disease SRk and Alsa.issplution of tau

aggregates in the brain of the patient or subject. 30The use as claimed in claim 29 wherein the
cognitive or BREEREHIFEIYSEERIABE FMm AT imer's disease, Pick's disease, Progressive
Supranuclear Palsy (PSP), frontotemporal dementia, parkinsonism linked to chromosome 17,
disinhibition-dementiaparkinsonism-amyotrophy complex, pallido-ponto-nigral degeneration,
Guam-ALS syndrome; pallido-niglro-iuysian @égeneratign, cortico-basal degeneration. 31The use as
claimed in any one of claims 1 to 14 and 24 1o 29,iwhe ein the cogpitivg or CNS disorder is mild -
‘cognitive impairment. 32The use as claimé f claims 1 t6°14 and 24 to 27 wherein the
cognitive or CNS disorder is a sy &leinppathy which is-6 Hoﬁimy Paykinson's Disease, dementia with
Ley bodies, multiple system atropt®/;"tifug-induced parkinsonisfi? or pure autonomic failure (PAF).
33The use as claimed in any onelgf claims 1 to 14 and 24 to 32 wherein the patient is one who is
believed to be at above average risk of a haematological disorder, the effects of which may otherwise
be exacerbated byWHB"BAPTZ compound. 34The use as claimed in claim 33 wherein the patient is

one known or believed todeisufRiiagifRIg adaemegiopieaagamemichisoptignally Sickle-cell
disease, thalassemia, meéggﬁg*?atggg@m an.an gnhaem[%%gi%%tggq%%alMa&ma&wglytic anemia; a
haematological malignancy whic ;‘%optlog I I‘ym homa, myeloma, plasmac tBmaor leukemia, a
coagulopathy which is opﬁéﬁé%%enﬂf}s‘rma. is independently selected from: -H, C,alky;

each of HX' and HX? is independently a protic acid.

16 A dosage unit as claimed in claim 15, wherein each of R' and R® is independently
-H.

17 A dosage unit s claimed in claim 15 or claim 16, wherein each of R™ and R™®

R™* and R™® is independently -Me, -Et, -nPr, or -nBu.

and and
18 A dosage unit as claimed in any one of claims 15 to 17, wherein the groups

NR™WR™MBY and -N(R™YR™®) are the same, and are selected from: -NMe, and -NE&,. |

19 A dosage unit as ciaimead in any one of claims 15 fo 17, wherein each of the
groups -N{R™HR®E) and -NR™YR™®) is: -NMe,. '

20 A dosage unit as claimed in any one of claims 15 to 19, whersin each of HX' and

HX? is independently a monoprotic acid.



35The use as claimed in any one of claims 1 to 17 and 24 to 34 wherein the DAPTZ compound is
provided as a pharmaceutical composition comprising the DAPTZ compound and a pharmaceutically
acceptable carrier, diluent, or excipient. - 141 - 36 use as claimed in claim 35 wherein the
pharmaceutical composition is for a combination thérapy and comprises in addition to the DAPTZ
compound,a further active ingredient selected from: a cholinesterase inhibitor; an NMDA receptor
antagonist; a muscarinic receptor agonist an inhibitor of conversion of amyloid.precursor protein to
beta-amyloid137U4e5Fa08 08 FS GiFimes defneam Hnpbre Bt Gatneheses oadh sheprephration of a
medicamentiidsageiamittiantie thedtsheiteof@ccognitive or CNS disorder in a patient. 38A drug
product comprising a dosage unit as claimed in any one of claims 15 to 23 wherein the dosage unit
comprises at least one pharmaceutically acceptable excipient and, as an active ingredient, said
isolated puréDAPTESHBOHIES ClRimiRiEhamy gl FRTBRAENe (N PemRive camhiitea® CNS
“benefit vs. haeshattiogical effects of the DAPTZ compound by enhancing absorption in the stomach
and thereby minimising formation of DAPTZ dimers favoured in the alkaline conditions of the small
intestine and lower gut. - 39Use of a 3,7-diaminophenothiazine (DAPTZ) compound in the
manufacture?of a metfeaRTeft8r frRIMehih N BrLheRIvaddn e aiedre&MAR the brain of a
patient, wheremhend seetavipd Sesn abeltiognds fagtire iidited dj Seasdzprotein associated with the
neurodegenerative disorder in the_brain of said patient, wherein said aggregated disease protein is
one which is susceptible to labelling by a DARTZ gompound, herein the DAPTZ compound is a
DAPTZ compound as defined acc¢ording to the fo’;ignul of any ong clajms 1 to 14, or a
pharmaceutically acceptable salt or mixedSaltJheresf, ) which usé®€omprises oral administration of
a dosage unit containing said DA 2e e, Ich fari s aetive-labelled ingredient to said
~ patient,  wherein said dosage LRitréleases at feast 50% ofss8id active ingredient within 30 minutes
under standard conditions. 40Use of a 3,7-diam nophenothiazine (DAPTZ) compound in the
manufacture,of a medicament for the treatment of a neurodegenerative disorder in the brain of a
patient, wheléifi &8 use comprises labelling an aggregated disease protein associated with the
neurodegenerative disordeicidhR’Rigirrbissaig patient, wherein said aggregated disease protein is
one which is susceptible tg labelling. RTZ,compound, - 142 - wherein the DAPTZ
compound is a DAPTZ cc%r%%oﬁn sgﬁéﬁ%fgﬁgfding to the formulae of any one claims 1 to 14, or a
pharmaceutically accepta?ﬂéhs‘érlf%r ARl salf thisreof, which use comprises oral administration of
a dosage unit containing saith BB Zrebryfas ndidpaxidisst fermoascactiverlabelled ingredient to said
patient, wherein said dosage unit is gastroretained. 41Use of a 3,7-diaminophenothiazine (DAPTZ)
compound in the manufacture of a medicament for the treatment of a neurodegenerative disorder in
the brain of &batiehEMEr&rrass Hak damprideanksairheairny iidy dtluiseasdfotein associated
with the neuroslegecteratiVe cistirdersin thetiwaireafrsaitop atigitylwiese in aiclivg grepRied disease
protein s ongiYieh e spisReRIibiR A0 aBeling R ADUE T CRTRAU i HASIRIBHNR DAPTZ
compound is a DAPTZ compound as defined according to the formulae o? any one claims 15 to 23, or
a pharmace Gy BRI IHEFRR LB T2) RAmaPEEE comprises oral administration of a dosage
unit containing saicvBidPIEE compendiia stimlestakialinesid dussgk fotitncastaiativestabelled ingredient

to said patiepa @27 BS-hse.AsifIaBRAIDANNSRESIAIRS 38 12:4L MheminhesRAPLagompound

25  The use as claimed in claim 24 wherein the dosage unit is a delayed-release
formulation of the reduced DAPTZ compound at between 100-1000 mg. '

26 The use as claimed in claim 24 or claim 25 wherein the delaved-release
formutation releases less than <50% in 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6

hours, 7 hours, or & hours .

27 The use as claimed in any one of claims 24 to 26 wherein the delayed-release

formulation comprises no more than 5% by weight oxidised DAPTZ compound.



incorporates, is conjugated to, is chelated with, or is otherwise associated with, one or more detectable
labels optionally selected from: isotopes, radioisotopes, positron-emitting atoms, magnetic resonance
labels, dyes, fluorescent markers, antigenic groups, or therapeutic moieties. 43.A dosage unit as
claimed in any one of claims 15 to 23 comprising aH%ast 50%, .60%, 70%, 80%, 90%, 95%, 97%, 98%
or 99% by weight of said stable crystalline DAPTZ compound.

28  The use as claimed in-any one of claims'1 to 14 and 24 o 27 wherein the
cognitive or CNS disorder is a tauopathy.

29 - The use as ¢ aimed in ciaxm 28 wherein the treatment of the tauopathy is such
‘tha’f the use of the DAPTZ compound causes inhibition of the aggragatmn of the tau
protein associated with said disease state and also dissolution of tau aggregates in the
brain of the patient or subject. | |

30 The use as claimed in claim 29 wherein the cognitive or CNS disorder is selected
from Aizhairﬁer’s disease, Pick’s disease, Progressive Supranuciear Palsy (PSP}, fronto-
‘temporal dementia, parkinsonism linked to chromosome 17, disinhibition-dementia-
parkinsonism-amyotrophy complex, pafiido-ponto-nigral degeneration, Guam-ALS
syndrome; paliido-nigro-luysian degeneration, cortico-basal degeneration.

31 The use as claimed in any one of claims 1 to 14 and 24 to 20 wherein the

cognitive or CNS disorder is mild cognitive impairment.

32 The use as claimed in any one of claims 1 to 14 and 24 to 27 wherein the
cognitive or CNS disorder is a synucleinopathy, which is optionally Parkinson’'s Disease,
dementiz with Lewy bodies, multiple system atrophy, dmg—iﬁduced parkinsonism, or pure
autonomic failure (PAF).

33 The use as claimed in any one of claims 1 to 14 and 24 o 32 wherein the patient
is one who is belisved to be af above average risk of a haematological disorder, the
effects of which may otherwise be exacerbated by the DAPTZ compound.

34 The use as claimed in claim 33 wherein the patient is one known or believed 1o be
“suffering from a haemogiobinopathy which is optionally Sickie-cell disease, thalassemia,

methasmoglobinemia; an anemia which is optionally a haemolytic anemia; a

haematological malignancy which is optionally lymphoma, myeloma, piasmacﬁoma or

teukemia, a coagulopathy which is optionally hemophilia.

35 The use as claimed in any one of claims 110 17 and 24 to 34 wherein the DAPTZ
compound is provided as a pharmaceutical composition comprising the DAPTZ

compound and a pharmaceutically accepiable carrier, diluent, or excipient.



- 141 -

36 The use as claimed in claim 35 wherein the pharmaceutical compasition is fora
combination therapy and comprises in addition to the DAPTZ compound.a further active
ingredient selected from: a cholinesterase inhibitor; ar; NMDA receptor antagonist; a.
muscarinic receptor agonist; an inhibitor of conversion of amyloid precursor protein io

beta-amyloid.

37 Use of a dosage unit as dafined in any one of claims 15 to 23 in the preparation of
a medicament dosage unit for the freatment of a cognitive or CNS disorder in a patient.

38 = Adrug product comprising a dosage unit as claimed in any one of claims 15 to 23
wherein the dosage unit comprises at least one pharmacauticalfy'acceptébie excipient
and, as an aclive ingredient, said isolated pure DAPTZ compound, '

which dosage unit enhances the relative cognitive or CNS benefit vs.
haemaiciogicai effects of the DAPTZ compound by enhancing absorption in the stomach
and thereby minimising formation of DAPTZ dimers favoured in the alkaline conditions of

the small intestine and fower gut.

-38 - Use of a 3,7-diaminophenathiazine (DAPTZ) compound in the manufacture of &
medicament for the treatment of a neurodegeneréﬁve disorder in the brain of a patient,
wherein the use comprises labelling an aggregated disease protein associated with the
neurodegenerative disorder in the brain of said patient, wherein said aggregated disease
protein is one which is susceptibie to labelling by & DAPTZ compound, o

wherein the DAPTZ compound is a DAPTZ compound as defined according fo the
formutae of any one claims 110 14, ora pharmaceutically accepiable salt or mixed salt
thereof,

which use comprises oral administration of a dosage unit containing said DAPTZ
compound in oxidised form as active-labelled ingredient to said patient,

wherein said dosage unit releases at least 50% of said active ingredient within 30
minutes under standard conditions.

40 Use of a 3,7-diaminophenocthiazine {(DAPTZ) compound in the manufacture-of a -
medicament for the treatment of a neurodegenerative disorder in the brain of a patient,
wherein the use comprises iabelling an aggregated disease protein associated with the
neurodegenerative disorder in the brain of said patient, wherein said aggregated disease

protein is one which is susceptible to labelling by 2 DAPTZ compound,



-142-

wherein the DAPTZ compound is a DAPTZ compound as defined at:c:ording to the
formulae of any ons claims 1 {0 14, ora pharmaceuticaliy accepiable salt or mixed salt
thereof, | _
which use comprises oral administration of a dosage unit containing said DAPTZ
compound in oxidised form as active-labelied ingredient to said patient,

wherain said dosage unit is gastroretained.

41 Use of a 3,7-diaminophencthiazine {DAPTZ) compound in the manufactufe of a
medicament for the treatment of a neurodegensarative disorder in the brain of a patient,
wherein the use comprises labelling an aggregated disease protein associated with the
neurodegenerative disorder in the brain of said patient, wherein said aggregated disease
protein is one which is susceptible to labelling by a DAPTZ cdmpcund, .
' wherein the DAPTZ compound is a DAPTZ compound as defined according to the
formuiae of any one claims 15 to 23, or a pharmaceuticalty ac‘éeptabie salt thereof,

which use comprises oral administration of a dosage unit containing said DAPTZ

compound in stable cryétalfme reduced form as actiire-iébeiled ingredient to said patient.

42 The use as claimed in any one of claims 38 to 41 wherein the DAPTZ compound
incorporates, is conjugated to, is chelated with, or is otherwise associated with, one or
more detectable igbels optionally selected from: isotopes, radioisctopes, positron-amitting
atoms, magnetic rasonancé labels, dyes, fluorescent markers, antigenic groups, or
therapeuiic moisties.

43. A dosage unit as claimed in any one of claims 15 to 23 comprising at least 50%,
60%, 70%, 80%, 90%, 95%. B7%, 98% or 88% by weight of said stable crystaliine
DAPTZ compound.



