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WO 2009/ 044127 PCT/ GB2008/ 003315 -1 Therapeutic use

of di am nophenot hi azines. Technical field 5 The
w@e@oemii2i nventi on rel ates general ly to nmet hodBCEHG®$2008/003315

materials for use in the treatnment or prophyl axis of

di seases, for exanple cognitjve disorders, using

di am nophenot hi azines. |In particular it relates to

treatments haybng -0k Lk 9f didMiRbBREREthRRIES.
properties. I

3, 7-di am nophenot hi azi ne (DAPTZ) conpounds have
y been shown to inhibit tau protein
Tecﬂh?c\glﬁg on and to disrupt the structure of PHFs, and

reverse the proteolytic stability of the PHF core

 The Vé@?en!%@fn tiof erg@? g(—.ﬁ%&élﬁ@ mlﬁsg'\o?rg ég? zrrnearﬁ‘?ﬁég%fg? Bg@fﬂlmgﬁeatment

or ppopbylaxisafidiseasesy foriexamplgi cognitess disprdetsu dsing diamindphamethiazines.

: et
L R S T
oral admnistration, a daily dosage of about 50 ngy to
@QQ&HJQ[Q ny, preferably about 150 ng to about 300 ng,
n preferably 1-3 unit doses. 20 O her
di scl osures of phenot hi azi nes |n the area of

3,7- Q%g{ﬁ%%g@%fﬁfn BAE“r %&mﬁé@ﬁh revbéﬁﬂ?%%%g@vﬁx to Mhibit tau

proteraggregition and tn:@snum theastasieture eﬁPchBsuamdsretgrscf therproteglytic
( F B
oo SR BB OUHRETL e L) R b douncs
werejdistlgsedfor agelin the trepiment and peephiiggigef varipus liserses, including AD
b S e L T
certain doses. WD 02/055720 (The University Court of
wob@@g&;&e%ugcﬁbée/ rgthg%agé Gﬁ&a adthi PRERSE aldfly Hé&g@fof §Qout 50 mg

i am nophenot hi azi nes speci fica
to abeyt 40Rang. heeferablytabeut bﬂ/@ﬂ |t‘éﬁ9°l6f300 mgatdéﬁ%da@ greégaglvﬁgﬁ unit
dos&d seases, although the disclosure is primarily

concerned with t auopat hi es. WD 02/ 055720 di scusses a
prelimnary pharmacokinetic nodel based on studi es of

Otht's’rr dl&%éﬁr@s}(é‘fr ;ﬁfeh@tﬂla%\%@ |§tﬂ5%ré§omm AdIsbriérs include
Sant o _and %ner har m Sci 72 61 1086- 1090
WOQV%O@'@?Q We1200081306 (D 4 and I\/body et aI Bi ol Psych 35

1989, 26: 847-858. It further notes that the only form

of nmet hyl ene bl ue which crosses the blood-brain .
It waspknqwsyin g ait thay DARTH foaPeHpdsoeAn QCCHRB & errrast{oxigisgd) form

and WGE OS?SUhééo(bra%hkU b }o¥mVVR WAOREO AW that the cellular
absorption of these differed. Additionally, it was known that such compounds could in

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

WO 02/055720 (The University Court of the University of Aberdeen) discusses the use of
reduced forms of diaminophenothiazines specifically for the treatment of a variety of
protein aggregating diseases, although the disclosure is primarily concerned with
tauopathies. WO 02/055720 discusses a preliminary pharmacokinetic model based on
studies of urinary excretion data sets in humans, dogs and rats by DiSanto and Wagner,
J Pharm Sci 1972, 61:1086-1090 and 1972, 61:1090-1094 and Moody et al., Biol Psych
1989, 26: 847-858. It further notes that the only form of methylene blue which crosses the

blood-brain barrier after iv administration is the reduced form. Based on in vitro activity
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-2 for the reduced fornms of di am nophenot hi azi nes

therein, a suggested daily dosage was 3.2-3.5 ng/Kkg,
war@gedages of 20 ng tds, 50 ng tds or 100 ngPCTE&B2008/003315

conmbined with 2x ng ratio of ascorbic acid in such a

manner as to achi eve nore than 90% reduction prior to

i ngestion were al so descri bed. 5 However WO 02/ 055720

o 08 R B TSl 00 e e v
3.2-E6mglkd;land dekageseaf @0 ragtds280rmgads or 146 g itdke cambimed mith 2x mg
. val i
ratlobogr'agc%%?%cl%ye%yr:ﬁ]h?r?:JnInEF %saﬂto a@ﬁfggera] Plog% Iﬁ\%ﬁe é)@sﬁ%%gl‘gd L?rl%g to
ingestitravéreamoRieSanived. and WWagner as regards termn nal
elimnation 10 half-life. May et al. (AmJ Physi ol
Cell Physiol, 2004, Vol. 286, pp. C1390-C1398) showed
Howehertt WOHIMBs5720\dichnatpyodde 3 egdelnthich infegrated dbiodrielet ddte such

== o By £l o0 000 Bl ) Gl P TS, 482 fovie o

modehﬂﬂldaiedsbsehnlcddetnaieilata l6deeeivhs deseribathbglowl the Retenatdl. data

cont{) Qift& C;\)ﬁﬂ‘é eaﬁ u rem, ﬁﬁaeltoz?rgp\é%ﬁﬁ eﬁﬁ}%ggrgigtternﬁrgﬁ(i‘ eﬁrnﬁﬂtatlon

half-feeduced I\/ITC re equi l i brates once inside the ceII to
form MIC). Neverthel ess, the optim sation of an
appropriate therapeutic dose of DAPTZ conpounds 20
May tieh (As JNHIGsich el Physiol, 2¢Hnbh 28 mp. £ 38RH1388) showed that
r
rum 3 ElyRrEBASE S AN ellcelarlals i, YT ¢ M MRS ngt taken
up by ¢het ¢edis Ibait tathfr taatstus tlwtrleéuchﬁmmﬁ:l\zﬂfmb@h cgosses the cetfthus
merjtha il "1 GIFP SRRl 1nb{ 1o PAOY! Gtk lonsiiid B dReR nd W
bothg BB landsedused IMII G assaneeniratedintcellh(edunedi\bT ¢ rerequilibrates once

iR el BgTTOMITS "ai Scl osea compounds i ncl uding:  H |

N HCI Me, | | / Me HC Me"N S N~Me 30 These
Nev Qnﬁﬁ YhidiFioh BPSH g;ﬁﬂr@ latt@tr}%%p%uﬁé aééé bfztﬁqz"ff%lﬁﬁ&nds
orm by ari son exanpl e

schI@4QOep¢qTﬁM@08m(ﬁgg@y@r to optlmlse desured act|V|ty 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 one or more of these problems, would provide a -

contribution to the art.

Prior filed, unpublished, application PCT/GB2007/001103 discloses compounds including:

H
|

Me _Me HCI
>N s N

Me” “Me

These compounds may be considered to be a stabilized reduced form by comparison

with, for example, MTC.
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-3 PCT/ GB2007/ 001103 descri bes dosage units conpri sing
20 to 300 ng of the DAPTZ conpounds described therein
we2@9/080210 200 ng, for exanple 30 ng, 60 ng, RODGBYY08/003315
150 ngy, 200 ng. A suitable dose of the DAPTZ conpound
i s suggested in the range of; 5 about 100 ng to about
25 ng (nore typically about 1 pg to about 10 ng) per
kil ogram body wei ght of the subject per day e.g. 100
ng, 3 times daily, 150 ng, 2 tines daily, 200 ng, 2
PCTH/GB2807e0 1193 sts‘che@s:leege)tﬂmtsiwmpmlegtde@u 30Q g of the DAPTZ
0
com!}éﬁh@% dﬂ%hrﬁﬂg hw@ir‘:gb 56?) Mg?%eieﬁ%&lggo ﬁ%ébﬁﬁg, 100 mg, 150
mg, Q@ésmggn&tseldable dobeof the' D@PTEstqng)oded@ sm;sdstbdnn thheange of
t t [ i .
abol 843 0Bl A3 Mol aHtBT Db Stodd 1Binhd) b liogram
bodhweightefithe dabjestpter dayd.go¥@e mgo3 timek siady, 160 owt, @dimesidaily, 200
noderate AD. 15 Utilising the results of this
mg. ?rtl'#? ad%qﬁe present inventors have devel oped a
conpl etely novel integrated pharnmacokinetic nodel
; I.Cal human oral dosage of DAPTZ
D's%%’l&. "gé'h%."%' |ﬁng, but not limted to, MIC. The
nodel has major inplications for defining the

AP el T R 0% Lt ook Dol it
prenm@t@hu(dewateﬂ ‘remben ¢ éahamﬂeverops@gmﬂné treataiesbefdd) gnd related
demgﬁfe?acf.n Wcluﬁ@‘fjﬁ,al hss ﬁé&"%nhgctgg irf\vfith ﬁ{e‘?ay.?emmﬁ Qﬁlﬁaaéa; has been

ts urinary excret and correct
demionsicated ovesfSOtwreks roétrﬁatme@s lmem@banﬂampmrﬁte M@r ified by
the pig study. Briefly, the clinical trial showed that
MIC has two system c pharmacol ogi cal actions: 25
Utiligingthietrestdtsef thie trial, sheipiesentdnventsgs bave davelnped a apmpletelynovel
mte%g | Ca%o\émteﬁ@ ﬁ\%d@lcédp%‘aqbl@goethe “ﬁ@ﬁ’\%ﬁ %Pél%os age of DAPTZ

e cognitive effects do not OW a

comnewmsomﬁl@dl@mw n@dmﬁgéo VECailhe ﬁWﬁbhast@Jpémoh@ﬁ@ns for
defi rt]ﬁ&mégﬁlré?ﬁét@?g th&8f dR&HTind Bptinddl Brdl @Mgﬂb 9{ t%rr{% Gpéb?&y taR@%kfficacy,

I stinct species are responS|

and inyplies ngvel ireatment Anestplities fopthetigatrgent mfrgogrgygmpé@pras The new
modeli€ sHOWR &) B dcdupate O Mkt # eréaid@seumry éﬁﬁé’ﬁbﬂ Qh@c&eécup Bﬁadlcts

beneficial cognitive 30 activity absor bed
kinetigs Qf)%thP@éU“%Pﬁ@Pm@agfﬁéﬁ'i%‘f%Phﬁ‘er%@;%'ﬁ%l ble for tho

oxi dati on of haenogl obin. Since these effects are

mechani stically distinct, they 3( separ at el

BrleﬂuaHﬂ%@!ﬂ&@b@a&meaéh@wﬁ%am FHFIaTiE pb?m!quaﬁqﬁpps

cogritfivel e clshiaaRRHItA8giEH eff@al | HIR tHat QEBIJeciRiMnedd sdtibhy e
species. 35 Thus these findings have profound

separablei HeCHRAINIBE cout R ATaRtP 35 nas SAW Gy ERAIRIC dege response

relatidhdgip; wl%ea—;tﬁéq'm%é?&ﬁglcél RFBAS HoC THE iflehtdrépropBse that two

maxi m se therapeutic activity and therefore
distinct species are responsible for the two types of pharmacological activity: MTC

absorbed as the uncharged Leuco-MT form being responsible for the beneficial cognitive
activity, and MTC absorbed as an oxidised dimeric species being responsible for the
oxidation of haemoglobin. Since these effects 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 leuco-

DAPTZ compounds, in each case such as to maximise therapeutic activity and therefore
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WO 2009/ 044127 PCT/ GB2008/ 003315 -4 reducing side
effects by optim sation of dosing regine and
wo oooamoka27 on rel evant to the agent in questi oPCT/GB2008/003315
Oxi di sed DAPTZ conpounds - rapid dissolution forms 5
As can be seen from Figure 3A there is a steep |oss
of predicted efficacy as the observed percentage
redQélﬁé side eﬂ‘é§t§ 8y BE)ilrﬁﬁa@Jn ot Qo8hg lr'ég??n%e(yne RSB tRW ré’lg\/ént to the
his confirmns rapi d diSsolution is critical for
agq%éﬁﬁﬁ@UW]c activity and can be explai ned by the
critical role of the stomach in the absorption of the
Met hyl t hi oni nium (Ml -nmoiety in its 10 therapeutically
Oxiglised i’é‘ﬁ@rqﬁ?{"@ﬁ%ﬁ gy dlysoltg@edwm% g to the del ayed
di ssol ution hypothesis, a quite distinct formof M is
responsi bl e for haemat ol ogi cal side effects. This was

As crishe seandtpr Sigyee A1Aithere is 2 pleep {ass phpregictest effipacytasitee
obsbANE %?&n{d@etcaﬁs@é b@kblﬂﬁ’orpél%'rﬁlhﬁt@§ ngpsttflgz?ovﬁﬁﬁﬂ/o This confirms

i ntestine and | ower Therefore

thatyaeidtissrbype il cridiea] é°féh$@8?l§'°cﬁ§§\éw\ﬁé‘6‘ Gan berpxplained; kyshe critical

rolel dfitfd st%'é@h f thé BBSdrbiich SRS %Hﬁ/ﬁlﬁignlﬁﬁm{ @ﬁg%&@fy' iffs
capsul e formul ation used in thé study

theraawtfcew agtivefmat e of dissolution - see Figure 7)
rat her than an inherent feature of the MI' noiety
itself, if absorbed via the stomach. 20 Therefore,

Specifigaliye 375HIIn (e delsed Blasalian IVROITGRISoR AMNRTISHNG faryof MT is

respNSible 6P AREHAERgical dige aﬁé&é AR WasPosRISEH & s&a@frﬁércﬁtﬁy
is critically determ ned hy the requirenent that e

formption of Whichyis Groyred in W&@&ﬁ"@%ﬁr&ws Qb temal 'ntsmﬁmd lower

gut. (Th&ef&@bh@ﬁa&ﬁat@@gﬁﬁi $ide EfcE GskRledtim Be clinfe%p tial v?é?e 2
m.nutes in standard conditions. 25 Thus jn one as

speifie FRnseguenceqf Hieee!aingeaans e Mrmulalign peed indhe tudy ( ndin

particQgniits rate oﬂ&s%mndl S [iglirel 7) rath@tha® Bh inHebett Gdaburs ¥ the MT
which is susceptible to treatment by a

m°'6xﬁ§?dcﬁﬂ§8[ﬂ‘?ﬂ Vig e SHMaH hod conprises orally

admnistering to said patient a dosage unit
sai d. DAPTZ co di se

Thefeltrents IhE e ligh 8% migo AP gi st o et aner AP T2 Zompounds
the gtﬁima_éﬁtsof@tredld&séffﬁﬂ%|§>f:nt‘&)allydda§tmm©d byl%eeéh&af&mdbitm’fdt the

. ..m tes ur r stan e tre ment
dissgtiof o B dReEaAIoBs oo LG (5 BBlet & GApSHeR5e Bipater than
50%1GoTinatdshe staptiadicenditiomgni ti ve or CNS benefit vs.

haemat ol ogi cal effects of the DAPTZ conmpound (see e.g.
35 Figure 7). WD 2009/044127 PCT/ GB2008/ 003315

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 to treatment by a
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 dosage unit releases at least 50% of said active ingredient within 30

minutes under standard conditions.

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

Figure 7).



10

15

20

25

30

35

-5 Capsul e dissolution is determ ned by the anount of

DAPTZ rel eased into the aqueous phase of sinulated
w@amonia2f | uid (SG-) under standard US/ EU Phar per/oBo@sm033is

di ssolution conditions. This is described in Exanple

11. 5 Dosage units of this formw |l therefore

maxi m se absorption in the stonmach, and nore

Capfsﬁletdlwld%nrg @étgﬂnﬁﬁeé BY thRtdntBunPbf @AP’?Z %Ié’ﬂ%be rhtb ?he aqueous
favoured in the al kaline conditions of

phase pesimuptedigrptiicoitdd (). undeestapdase yséli%hémmﬁelgs%soluﬂon
con&i@e{ﬁ.s Sh¥8 isSi¥eritean E&Q%lerl% or 50%w |1 be absorbed
by the stomach in | ess than 30 m nutes.
For mul ati ons and delivery vehicles suitable for this

Dos%é@ ufitSbARIfoH @ tRERToH ﬁﬁ%ﬁﬁf@a&s‘&rptﬁﬁﬁ?th@%ﬁ&h&chb 8h@Wore
he anount of oxi di sed t he dosage form

critigglly mipignige @ﬁ@?%@fﬂ"ﬁ%’ﬁl“{}“@f'ﬁ é%'lOP‘IPé’ in f1ecalikaline pgogitians of the
smaNasestirhrdd16wsi gt osure herein it can be seen that

very high doses (where dissolution is delayed) wll

lead to only limted absorption of the nom nal dose in
Prei*ehﬂalﬁér%ﬁlé? khati 9504, oot BYE 18a5E 75%C RoR é@%'o‘?@d%ﬂﬂull%@ absorbed

undest rabl e del ayed absorption fromthe smal
by the,gtogtach én lges HiaghidmigHtesi a f or mati on of di rrers 20

Thus preferably the dosage unit conprises |ess than

, less than 100, |ess than 70 nost preferably

F°”7‘P'@H?’an"ﬂﬂ%efé’é’eb'c'eéﬁu'taﬁe fag this E?P'd ¢psolgion ahe dizgyssgH dp
moreSeffillPelwpt ered 3/ day or 4/day (see e.g. Figures 29 &

30 & 32 & 36). 25 Oxidised DAPTZ conpounds - gastric

retention forns Thus in one aspect there is disclosed

The%nﬁ'ﬂi‘.ﬁwh Bfloxidisdd BAPTR i thefdosaged@ith WilMise @fheﬂﬁb%unéélﬁféfféerve
atient, wherein said dlsorder is one whic

amayt, JaBWetsr Gapes! O thetdiRsIRSUER hereinpigen e asRp SRt eron doses

(whébﬁldié%omﬁbhwibélé%ﬂ; aiasadoAdniylinfithdl dbs6iplbh BEthk dofiiall dose in
e unit contaipi tg_%ﬁl d DAPTZ conpound
|

the FRMBEH QR SbE AP SIB TR 1e9rUpa i eI P IR Plon
fronfiipe Igealliite étineSat BRyher PH &laNofifation bhdinidgreat ment of the

coghitive or CNS disorder will be such as to maxi m se
the relative 35 cognitive or CNS benefit vs.
Thud prst@rably dlge d@éageftfn&Q:bﬁl fifed Iss RARTZ0 wﬂdan(ﬂmelees ¢han 70,

o s B D o 0L R i et et

3/daytop ariy (§&¥ e.at Fnbe@stzgaosmmtaass nor e
Oxidised DAPTZ compounds — gastric retention forms

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 to treatment by a
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 dosage unit is gastroretained.

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

Figure 7).
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preferably at least 1, 2, 3, 4, 5, 6, 8, 12 hours or
nore. 5 Formnul ations and delivery vehicles suitable
wo 00099a8LT Or et enti on are di scussed in nore deP@i/iGB2008/003315
bel ow. The anmpbunt of oxi di sed DAPTZ in the
gastroretai ned dosage formwJI| be a
t herapeutical ly-effective anount. By m ni m sing
transit to the small intestine (and hence 10
formation of therapeutically inactive dinmers) higher
A gagtremtaiged frmoxdll grefer@blpArieldindhe siggiagh éor arfaast 30 minutes, more

pref@Fa%ffét@éEs‘t’ 115163 dosageg Upi HourOsMhbees at | east 50, 60,
0, 80, 90 or 100 'ny, or nore e.g. 200, 300, 400, 500

wg. Reduced DAPTZ conpounds 15 The rel ati onshi ps
ForflBRESALSH MO&’yWeh@é@ sulfddié ?&‘bb&?&eéﬂtléf?gérd?&ug% in more

conventional approach to achieving using a nore
detaldielemi ent dosing regine, ie 2/day or 1/day. These

dosing reginmes are in principle nore desirable in

patients with denentia, who are forgetful and hence
Therpsaqun pboidisesDABTE ikibe gagirerataingd dosage fasmwelhbe anal

ther@B&fti‘Eélﬁ)’-‘effé&tn?@aﬁ\%bhte\ﬂyﬂﬁmﬁ‘n|§H§ ?raﬁQf‘t\SQHé §ﬁ‘|tall ARsshing (and hence
regime is to create a slowrel ease fornulation.

formabiae pktheraprutigally inastiverdimeys inighen Ipadinge of exidised BAPTRare
feastI&t IS r@fe?élf}\]‘@i@rd?os%é)%lf &8s af RASHAEH O, 96 g'Ubr 100

oxi di sed DAPTZ ormof a therapeutic product woul
mg, 05 ¥ £ @ PO, 390; #9208 M- i cacy, as illustrated
conveniently by the properties of the 100ng capsule in
TRx-014-001 in the Exanples hereinafter. 25 Thus, for
Reduprd DARIE semgraiedfissed above, it woul d not be feasible
to generate a del ayed- rel ease formul ati on of an
oxi di sed DAPTZ - based nedij ci nal product. However, this

The ffatienshis dsscribse hesaia have implicRiions 38 iegadsiieconygrgional
appreAtH % mmwwgmgs al rﬁor‘é%@H@é’?‘ﬁ’er‘ft Ab8ihg reding, ieD/IRHGRYRRY. These

the | euco-forns of such conpounds cannot dinerise,
dosigg FRAMER ALP iR PENEiBle mere: qu'éﬂb'e iRgratientsevidhAemantia o anke

forg@thﬁbﬂ@ hdhdeCheddigirbinpngforBkd m&afbhﬁlfh The tcbﬁvéﬁh&ﬁl lapprogéMo
char e neutralisation. Thus in a further ect

achl{e%gg 8 "“%’ GPRYENRIE JOsiNg189irBe 'SotP Feals AR -reisasy Tormulation.
HoWéOQn tHel pfesemt ahBigsis mmébethatl Bn ehdoairitram a sHdiiafi Slow-aélfase

ord i S.,0Nn 2@%0 bletotre mentb a
formylsTiB o ERHBETRAPY pprds il ereaialy
enmmate/ém@da;yn@d h@armm&ﬁ@nww thi paslertidsSdfetid MDrﬁg)cé?pi%Ulé in
TR 5 %a B]qgsa F &ontalnlng said DAPTZ conpound

X400 4 W‘?‘iﬁ HenAlefuced form as active
|ngred|ent
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 products where the DAPTZ compound is in reduced form.
This is because the leuco-forms of such compounds cannot dimerise, since they are not
‘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
DAPTZ compound,
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As descri bed bel ow preferably the conmpound is such as

to treat the cognitive or CNS 5 di sorder and to
woreooboide7 t he rel ative cognitive or CNS benef i PET/G82008/003315

haemat ol ogi cal effects of the DAPTZ conmpound. In

particular, based on the teaching herein, |oss due to

initial non-absorption fromthe stomach would be

9 r SRRiLY neBfbdCRrhptis8s SraW‘ Sdﬁ@%périﬁgrtg d5a e 8&%?&% éé gﬁlt

forms have greater solu e oxI
conaining said rﬂ@’g%@mmnd 'mﬁi?b|9@q{§ﬁa4|@etfﬁéuf‘@@tfpw 8y adivetingredient.
thiazine dye reductase (May et al., 2004) which is
presuned to exist in the stomach and is presuned to
As grscribedielaw prefeiablyihe cpmpernd(is sechrslgiteaat thextogoitipe POGNS
disdr@erdrdub %ﬁ%lse tHe r‘eﬁatlt/{' Stk r 'C‘steﬁérfe‘ﬁtst\;}ahaematologlcal effects
substantial |y hi gher |cacy and superi or
of theaQAREZ €oMPAUNAL5 be achi eved using the L- M form of
the nethyl thioniniumnoiety. The anpunt of reduced
DAPTZ in the dosage formw || be a
In padisylap dgsed an [he-tepghing hereinaless ﬁve tq initipknan-aksiosptio from the
storﬁ'S&W&ﬁd B@l RN rE QUBH sREE BHe diSb redycg%%é/(%%{l)m%b@rms I'rage greater

reduced DAPTZ Conpound at bet

solubfitythap Slepr’@d'?Rﬁ equivaipntpandhwould net @euwﬂw@mwh@féh@ﬂnazme-
dye 29%&?35@(%% abap rﬂfoh?\nhl(:ﬁ ?sepr@lﬂﬁ'éc?to@st in g?@%tdﬁaéhhﬁd is

of the di'scl osure herein dosages
prestiRshig bgmegpssary r gbsorpiipn (seepredipte atv@rptsom Fig 33).
700, 800, 900 or 1000 ngy) given 1/day or nobre may be
considered. Preferably this is a slow or del ayed
Itis therefgesdnfegieainatsubstantially highprefieacyfandsugerioresiaggegimg could

be al:hlezéd UQH?1 the2L m‘*rf&m 8f the WicthyltflioRRiIN® moret}) OtHeSam&unt of

hours_ . As ‘can be seen trom Fi gures
fed%c&d Q@%TZ 'Ptth? eowsd?ret wi berptherapeutically-sifedtiveiamat. of
-8.1 ADAS- cog units could be achieved on a dosing
regine of 100 of the reduced DAPTZ (described as
In parficyina fig/appd T relpsive fPEUANEE (¢ 6 HEaY te regrgad T4 compound
at bétln@en heoaobo mgaﬁoma in3SHrdRrd Ml 1eMdttB tﬁ@%e%sé tméq@&fces of

Even r effic | evel s wou be expected
delay Agsor 'még% MR WRlinivihe tanin dipeiesirg Bpreiagosages o
up td’ heomﬁgbembmd(ergedoo e2b0DAGY, 40005010 600S70% 8bhS0RI 31600 mg)
glvengy ntion na nvenj ent ly be descri bed as bei ng in

iarimAEs ASidREeYd educed fornt and are
descri bed in prlor 35 filed, unpublished, application

PCT 2007/ 0011 reclated however,
Pfefsﬂ?eﬁr Y spesvrﬁf&@ﬂygd ﬁ%a%ﬁfp ylakiond & FFlegneeof é%‘tSéhen f%O% in 1
hourg2Wweuitsh8 hears! @ $parsd5mguexe Hodred7 Weurd 09 R6G44127

PCT/ GB2008/ 003315 -8 forms. Thus, it is likely, if

not inevitable, that conpositions conprising the

As csh ab Isbeﬁ from mgmk 3ul8 38 .tngﬂm&dad‘taém BeaToZ effABP N 1 ADAS-
i nvention w ||

cog s eI B Sdheva B L isrtuorne SCQMas ot PaPTZ
(descritigaias Tl -MBx forme)aeatinhisterdd tite diles Bhik doOM%Md' Ieachieved by

d05|$ Ty h€68 % tm?est Sgrsdeay.slti\iaetgll Allgrwzeer%ff?cratgy }eetlalls I\ApoeuIJ &9 leJ)((:pe(g:ted 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 crystalline reduced form” and are described in prior
filed, unpublished, application PCT/GB2007/001103. It will appreciated, however, that

even these compounds may autoxidize to some extent to give the corresponding oxidized
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DAPTZ conpounds, these oxidi sed DAPTZ conpounds nay
represent no nore than 50% by weight, e.g., no nore
wo b@n/040% by wei ght, e.g., no nore than 30% byPeEGHRE08/003315
preferably e.g., no nore than 20%by wei ght, e.g., no
rmre than 10% by wei ght, nore than 5% by
ght, e.g., no nore than A)by wei ght, e.g., no nore

% g .0 i.
fomé$ aﬁwé b R0 By PRk ol
cryétal&rm redatedfosm DARRZ' ctanmnundsmf the aeesaetsdvetmipe will gomtaimeas an
text re 15 generally
e kesheshieiRd Forfbspihilpd bRBred EmAAY, -0, 90T
desired ther apeut| c effect is achieved, for exanple,
the.inhibition | L
In qu%ctﬁage}ée 8Fes?rét nlttlgﬁ p?hg ﬁ{lg%é tt}%fse E{L‘Bm%’&g‘?@éﬂgﬁtﬂ% rﬁd;w@?d form
DAPTZ tbrepounidis, tbésepoxtglsed; PAPTEgompeungs rody tepeeseohink mormthan
o lioration of [ a r 0
508 B oG 20 oty el 300 & B B e Sy ot
pretermhhgbaobmmrm% by wegght, emommtylba:@sn 10% by Welght e.g., no
r n [ .- ef %
molg e eiond oy, B hort WEIPRE Y W e &, Al fhan 22 by
welglutt €.g9e no amgre threoh, 1% by aveigitt ef ihaltotacARBE content of rthejwage fOfm-
fromconprising an active 25 conpound, which is -
effective for producing sonme desired therapeutic
Tregfnfemtt, commensurate with a reasonable benefit/risk
rati o, when adm nistered in accordance with a desired
t reat nent regimsn. Simlarly, the term _ )
The'terro freatraenti” @aluspd kfeit nithe contextof treating acanditioar periains
genBFJn,g@d f?éatﬁtgn{Mtheégy%ﬁggﬁptnggglg%hl%r gm’eg%é‘sﬂ%r HI gtlﬁ@r'l:gpetﬂifz effect
is aglvevedefar cmulndthewmmblhom of the pmgresxs&f ﬂmcq@ﬂ@euawgn@'@% a
red UGk iEH) 95@9)'?#0%? dsC a%%ft ﬁtctthe rat%%'fr ﬁ%rsafte re¥sioh éﬁ_the condition,
reas_ona ItI's mnrstered in
ameliocatiod @hthe oandition,aandessire efdhe pe@dltméht regi men. WO
2009/ 044127 PCT/ GB2008/ 003315 -9 The term "treatnment”
i ncl udes conbination treatnents and therapies, in.
Theyreednt inentinn furiperdneludas: prephyiacie mereyrapiies. RIpehylaxis,
pre %@ )ned for exanple, sequentially or sinultaneously.
i'nation treatnments are discussed in nore detail
hereinafter. 5 Cognitive or CNS disorders Preferred

Thectggﬂ'thér‘éﬁetﬁfca@\l&fégtﬁé’ LARLA dssd8 hefdiP @ rtaRk @Mhat amount of an

t her nheuro-'degenerative disorders are described in
actlvmorBth eisa Fatasiah sprpPsitigmordpsage fRMGOPPrging ANRstive

?QNI’QCH: |§%ﬂ’@@t‘»’3¥0ﬁ&39h& ,&fgbdé? %l&gtth?gg?gg%?ﬁ% g.

t he
conpmm;ggaﬁ] yg?: a rgqasqm@gted{p@g@tﬁ@,ké@qq, whgn admipistered in accordance with

a desired treatment regimen.

Similarly, the term “prophylactically-effective amount,” as used herein, pertains to that
amount of an active compound, or a material, composition or dosage from comprising an
active compound, which is effective for producing some desired prophylactic effect,
commensurate with a reasonable benefit/risk ratio, when administered in accordance with

a desired treatment regimen.
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such as Pick's disease and Progressive Supranucl ear

Pal sy (PSP) appears to correlate wth an accunul ati on
wo@toopasdiet ogi cal truncated tau aggregates in tPE€r/GB2008/003315

dentate gyrus and stellate pyram dal cells of the

neocortex, respectively. OQhgr denmentias include

fronto- 15 tenporal denentia (FTD); parkinsonism

i.nke ; T,
o BB BAkTEh s rapes  wrchip
mor(eD[amm;ntspamar@mewﬁtcombﬂ‘gdaﬁor emrgrdﬂeermexmllﬂ PP$®)J|taneously.

degener ation

Co'ﬁ”ﬁ ag')cérg % Is sbggﬂgﬁger% ?'L%%E@% and ot hers

(see W schi k et aI 2000 loc. cit, for detailed

[ i - cially Table 5.1). Al of these
CO%H'@%;UZZ};@%? %:re characterized 20 primarily or

partially by abnormal tau aggregation, are referred to
Preﬂ:‘?lre%' d&gﬁiﬁ}le {)P@ﬁg%ﬁﬁ\'@és are & cﬁt%osbs?tw; ?theqtngﬁrro degeneratlve

aspects o he 1nvention relating t auopat
disqsdersaradescribke in the Fxpaples heeeinafleect ed from t he | i st

consi sting of the indications above, i.e., AD, Pick's

di sease, PSP, FTD, FTDP-17, DDPAC, PPND, Guam ALS
Thesspgaitivendisorier maydedc t@gopathyepnditionrie apatiéd ($esce.g. WO96/30766).

\ ' h
0N e o A i S
such eg dtigieadisesfsetand Rregrepgiteh§upragyudiear Ralry{PERaapneaes DARTEIate
wnthmﬂﬂllé?i%H%?éath% lgéltﬂu‘ﬁgatga t%mg%gﬁ‘%ggﬁtthgﬂeﬁgte@l?us C1and

roteln ass clate | sease st at
ste"at%@yramwbwlﬁ|06thedieop@n@>ageypégtmeé/s Qther drmentias inclyde figoto-

temE@ftai Séﬂler‘&fa @b Zﬁ?kms’%ﬁsﬂ?lﬁﬁ@ﬂ p@éhrbﬁ\o% E’fﬁﬁﬂ)lﬁ 317);

el ow, pres i nventors have

disinfilaitien)- QGmGM'%PGFSIOWl%QQWQHPW ¢Qf,nm@y(l¥9%@c palfido-ponto-nigral

(5] C
deg@ﬂ?rﬁ‘n&g(ﬁ’l\ﬂi) ébaﬁnb lglaﬁf’ﬁ\}erﬁrﬁ'%{% e;fagigsn rle u) daa généén&mmo)

cortigg-hasplrieggperiation (CBMmadratkars (g chik gt al. 20Rfb4aq eit, mdeta"ed

dlscﬁéélsﬁ Eéﬁe%ﬂallP$a9lE‘?5V‘l)S'AQ%?lheégms'eQé’éé ViR YO ERar9Erized
(herein specifical WO 2009/ 044127 PCT/ GB2008/ 003315

primafily qrm&faab by abeerpiAl tarfagaeasation. (e raferrdstothesein 86 “taropathies™.
DAPTZ conpounds for MCI. While there is still
discussion in the literature as to the nature of the

In thygand; g elBBE aRsele atihin iRYaRtiop elaling to tagpalives. praigably e
tauo}%ﬁ%’@gzlgcteﬁ’ BoRT the NstRenSiktir] of thE INIRBASAYAHRUE G, AD, Pick’s

res of amestic mld cognitive inpairnment. Arch
disegeeyfrP. JUds FT6E-166DRYR)P FM@ Guam-dd Sy gr@m%Pa%Daand CBD.
valid disease target by the FDA. It is defined by
having a mnor degree of cognitive inpairnent not yet
In Oﬂ%e'i%f%ed&mm%faﬁn be tauppathy irAlzheingps ispaserDenent i a.
I n one enbodi nent the CNS di sorder may be a

lgnucl ei nopat hy such as Parkinson's D sease ( PD? 10
Wheré the disease is any tauopathy, the method of treatment of the tauopathy may be

such that the DAPTZ compound causes inhibition of the aggregation of the tau protein

associated with said disease state and also dissolution of tau aggregates in the brain of
the patient or subject. As described in the Examples below, the present inventors have
shown that dissolution of such aggregates is key effect in opening a clearance pathway

(see e.g. Figures 6A and 6B).

In one embodiment the cognitive disorder may be mild cognitive impairment (MCl) e.g.
amnestic MCI. Prior filed US provisional application 60/945,006 (herein specifically
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Prior filed PCT application PCT/GB2007/001105 (herein
specifically incorporated by reference) describes the
WaQIs@90i41DAPTZ conpounds for the treatnent of PECEHG$2008/003315
ot her synucl ei nopat hi es. 15 The synucl ei nopat hi es
currently consist of the fold owi ng disorders: PD,
denentia wwth Lewy bodies (DLB), nultiple system

ancogiogagg@g& iégg%%ce)d&é&ﬁéék%& Gk BADAP TS Q8hBOUAR 18 MCI. While there
is stil-disstission in-thé teyature, 25 18 g natunead $hir MEY ¢¢rwepts(spe/|@‘ap}hienet al.,

I
Lanet 4008, S5 4221225, CERIERMC L a R BUE R OABs of
amnebtie migd mltmympelrmehteé\toecNagmlt2ﬁ@6 3 BE5-6F2) MCI is recognised
] ' |

as ai(i/%m’ ?g%ésge';tgt%e{t Iﬂgtrt]r%o ED%. -I{hfi"‘&efmtea kﬁ‘ﬁé@iﬂg aq'\‘,'é‘t’g‘ﬁ g%& Bﬂ%lgmtlve
impaimment 0bt yet Pieeting olinica ceteaa foaiiai dmgrtoylsex demestir ed

clinician; exclusion of non-AD diagnosis as far as

possi bl e by suppl enentary | aboratory and ot her
In oneneresedigeant tba SN biserier may be alsyaudieinopsthy swaheds Rdrkinson’s
D'Seéggptrl ve functl on usi ng neuropat hol ogi cal Iy vali dat ed

y. For , representative criteria for
syndr omal I\/CI |ncI ude features: A The patient is 30
r i
Pnongfgé&n F? n'ﬁfo rTa{%%gﬁ(WS/ﬁéj! 10§éhe-';9@is?>ﬁhﬁcﬁl "g‘%tp&)\?%t]% by

refeneeaemeeghhmdhe nee of/ BAPTZ nematmmdg rforsthbjtreemaré of BR@nd otiTer
Synqugoi Qfidyy self and/or informant in conjunction with
gt Ive cognitive tests (e.g. secondary tests if
menory); C. Activities of daily living are preserved

The @gmc&mayaﬁfeg amdﬂy%sﬁs?ét of %%nm .geﬁe'- bbe ee,heﬁmith

see al so Wn

Lewy bodiay (EMB)dm@tt@ 3)stam atsonhmMSAMtlg-mdyé%n@rkmsomsm (e.g.
prodﬁQéHe é}ﬁlﬁ%ﬁﬁ%—pﬂ&yﬁﬁ 9% @te@@ﬂﬁ@ﬂt‘ﬁm&r[ﬁmﬁ] to?@e&i'&%es such as
rotenanghianddnre agtonothefawrel(f%F) 256: 240- 246) The pati ent

WD 2009/ 044127 PCT/ GB2008/ 003315 -11 will generally

be one di agnosed with MCl, but be one not diagnosed
Patieqt grous® (i.e. will not show denent i a). The patient

may, for exanple be aged over 45, 50, 55 years. The

patient may be one neeting one or all of the foll ow ng

Su'ta;hle suhiedds fof themgtiod may bg selegtpdian thedhagiseof gopyentigaal facéOfs

or less, 1 or less; (ii) MVSE score |ess than or equal

to MVBE 5 24, 25, 26,27,28 or 29, nore preferably | ess
Thus, fefreXampleq (RIIAD Henivkel selection ofea patigat map inuolve a5y Pnp 98 more of.

rlgorbb‘sagva%at%ﬁ b3l ex PenéA\éféE cheiciah; eXelusich ¢ H@ﬁi-!AD dlégr%@us‘ &5 far as
known to those skilled in the art. 10 As not

ed
possitiR, i SURRIISEaBoTato Y FRS SihBABYRSG ANREIS: PIRCIN veluation of
levell i cBEKIRR fuActidr@indPndREpHtidIddcaMy validitedbatirger in a

patient such as to maxim se the relative cognitive or
CNS benefit vs. haenmatol ogical effects of the DAPTZ

For IACITRERBSENtative criteria for syndromal MCI include features: A. The patient is
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 ai. (2004) Mild cognitive
impairment — beyond controversies, towards a concensus: report of the International
Working Group on Mild Cognitive Impairment. J. Intern. Med. 256: 240-246). The patient
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In various aspects of the invention the patient may be
one whomis believed to be at 15 above average ri sk
wobooa/okaerat ol ogi cal di sorder, the effects of miI/GB2008903315
ot herwi se be exacerbated by the DAPTZ conpound. Thus
(without limtation) the pajjent may be one known or
believed to be suffering froma haenogl obi nopat hy such

will ﬁg\e%@'ﬂee?r%ed égr\‘i')%é@ R MCITﬁﬁlb%So?l%rHo@dlaﬁnosed W|th AD (i.e. will not

ob I nema; an anem a . aenol
showslefriea) Ia) Jhepetieatsnay forxamale; g«n QQ@?Q/O‘(QJS 48, 50, W@rﬁa The

patlgﬁ‘(%% ey rﬂéﬁﬁf@y&% agrof {h%l’fglfd%ﬁd crit@ridih rESRIULP E)aétl%lék

such “as so on. Above average ris
stage i or lesss 8@5 Lﬁ§3n’a9f leﬁ% (l&s%@pm lesy th?@mf@ﬁt'?'dﬁ MMSE
r [ [
2422057 2902 ot BRSPS oot GRS SERK Frost
Pfefﬁ@#)b"% PWQ%'I@GM SE 24 o525 helr descendants - from
parts of the world such as sub-Saharan Africa). A
particul ar class of patient at risk of a
Diagiwsisedf BPJg wel knewrs tr these gldliaddn e arhose aged over 70
years old, who nay be subject 25 to age-related
anem c cond| ti onsdge g. nyeloid dysplasia). Dosage,
As roggchgioyei tha snedireds ﬁha/@'ﬁyenﬁermeet'@saw'atﬁmiﬁq tedreat a cognitive or
CNSP'H|§6r|d@§Hraepd?|%Hteéd%h ashe nﬁxﬁﬁiéé fheTBlafifd S5hritRe 38 SNV efit vs.
depend on a variety of 30 factors including, but
haeWéP'qg'Qﬁ' eitasts of the RAPIiGompoyngdf t he particul ar DAPTZ
conmpound, the duration of the treatnent, other drugs
conpounds, and/or materials used in corrbl nation,

In vasioys @FP‘?Ft%Pf tha@veprl the atiend man W@dﬁ'&qr@é,s bafigyed té?d?? at

aboVEh@ge FRHL 'atHa@Hwatcg@%'I@Jl AlsohfRR! thd effe A9 8f WHiti® nayRthrdise be
hi st orgﬁof the patien 5 Drug or dosage units

exacerbied Ruthe RAREL cemprund. oTthsa({ggtnpg)llmMay(pp)ttp@patlens mag be one
kno@rﬁ) Bf seieléd ® be Mha@ﬂoﬁh SHRMBdIdYinopathydish b8 rS‘in%”éélle‘sease

erties descrjbed above can be provi ded by

Tha'zmwm'\ﬂ&tﬁ?efpea*%e%@sﬁo@93'33@ (e.91 8 hegpoltic EI"?’I"@@J- an
haehA®Icaidal Pa @erﬁbl&ﬁﬁ@ﬁﬁve%rﬁ@rpﬁéémééﬁoﬁ& or leukemia); a

conventi ona tec hose conventi ona
CoagUIRRZY B @8 h86‘°HB'!'a p%}d 0P oﬁh?‘t%ﬁ\tef%ﬂe 5! spehdngases may
be ab§B&88d USIAg corlﬁmmaﬁdeaa led)) sgmploffatit Wdnefic, %agnfelgtylb Sethmcuty

or o reduced DAPTZ co ounds
(for él’@ é C? ﬂ%eaﬁﬁ 9%%%[‘106?10%"‘9 Wi B?Odee d?,rctg%rf ﬁ)ﬁﬁ?zda"ts }
fromCQsHMe & més«)/l ormch Qs sDbCSthﬁﬁh AXAEa)t eﬁb@lldl_cblar Qéﬁeﬁd&f ;{ah@rﬁﬂ at risk
onmmer cl a our.ces . 0. nca u lver ni
of 2 BgmgloloBiRL A ISR thae ORE SV 0 X2 Ol i ey be subject
to ade-fetatéd Bhenfic @bhdifishs (1§ myElvicddplasid).a Martin Lut her

King, 13 20060, Pessano con Bornago, M Ilan) and so on.
10 Gastro-retained drug units are also widely known in

Dos&dis; fariutatibnd ahedélvenevdpclas US6207197, US5972389) and
general literature, and have been for nany years - see

e.g. Davis, et al., "Transit of pharnmaceutical dosage
Withirotheglisclos aredieréin &hs peddisel selettdd didage Ié@é[ will dépend on a variety of

facto&glﬁ'\c[%%g gwétr&h?@?%\ch@':ﬁ]eaﬁ%ylglh%%eo;)gr%cﬁ D)\H:% tcgrtnlpc(a)unnsd the

duration of the treatment, other drugs, compounds, and/or materials used in combination,

the severity of the condition, and the species, sex, age, weight, condition, general health,

and prior medical history of the patient.

Drug or dosage units (e.g., a pharmaceutical tablet or capsule) with the appropriate
loading, dissolution, or gastroretention properties described above can be provided by
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of dosage forns"” in: Rate Control in Drug Therapy,

L.F. Prescott, et at, Eds., Churchill 15 Livingstone,
wolewoNorik7 (1985); Davis, S.S. (2005) Fornul at i BET/GB2008/003315

strategies for absorption w ndows Drug Di scovery

Today 10:249-257. This lattes.notes that the process

of G transit in humans and its inplications for drug

thoSEEKilBirY tHar £t BHRWd \WRl the HBQS&&E ﬁ@ﬂﬁn l@?ﬁ@%veh@éd’é‘f’technologles
adm nistered to a fed stomach will have del a

anddRpfaygamyentional fPeineiadiescdn rat eer ss/foramanl e %rgsmﬁ dnvention.
containing mcrospheres or pellets, can becone m xed

with the food 20 and, as a consequence, wl| usually
For gxpmpleiapie dseelutienparugwsits der exdisasRidesiisen dAREZ §qROUNds) or

sIoW br &é]ﬁye@qﬁieaéé to@Js%QmQ@DhltsC(hﬁ%cﬁfc%d IDAFIE, cdnhisdun¥s) dan 'E)@t
be abl’e to pass through constricted phorus W th
B

proyiged andyesteddo pwiss ffoﬁrﬁﬂ"ﬂmqfﬂam\v‘@eﬁ@ Gvdincap Brug Delivery (Units 4,
5 &%t QEMK'FsarI?WHyYLNFhQQOh e ot s, EH53t AYtHE -Scoftarite UK &turand

particles up mMmin size can be expected to
(Viaartip '—Pm?ﬁ{(trlgew 89059 &reganc cep ZornagonNiankand s9n i cl es
enpty will also depend on their 25 nurrber and the|r

[ ositions within, the stomach.

relative
Gasfey S@@elddﬁ W P@Fsg@? ahqa!ﬂdelnsnw W%Hﬂteﬁﬁ'ﬁ?rﬁﬁ? é‘? ed

useyzotr |i19‘i %9'7?38395 %atg%ﬂertapmé@tur@%dg@s& rbeé.et&mﬁar@ryea.%ucébe
dosage formw || then have an opportunity to

€g. é?%"@r etfle 'T@Bﬂt ﬁfa%barr@weus'm! desagederms traught %SF‘agt"éﬁF ine”,

Gut32ﬁ€8§‘89@-@92 $1988§ FArs i"paYfolbditd! ligaicH éﬁtrl@emftymg and transit
mul tiparticul ate) can enpty rap |g€\/ fromthe

of desagiedims” inRate ConiplamDruo Therapve bt Frescett %|%0E%p%fa+ach"l

Livify3tdndENEW o (1985); mvEOS@IGZi‘EE?For\hﬂ)léildnrhtra[éﬁleﬁstfbpébsbﬁbtlon
| orus has _.a.dj aneter of

osin The oR/e TadD}//
wingQseig Digroys) gt®249%454% th}'F '@H?%"‘%?%@awhﬁlpr%ﬁ?é of Gl
transit fnfhtﬁﬁdnts)éntjntsmﬂﬁlﬁaﬂﬁnd fot @rub fdi@h\fdmlaie ndw WEN LAderktdod.Mosage

formis RS s Al SRR i BY6 (ANeG RIS b MUliparticulate
systems blich & (?ﬂi TMI?IE@ ?ﬁﬁo&f,p’cﬂetesl ditp@IIéthdmid&oﬁJeaﬁuS@@ with the food
altl Cl es a ave | Sl.ve 0 | es
and o Coanisties vl egy 5y Wi R Bon s SBandad ecbd B time.
If thgg_drr/n(mst%rgg }@ggmes\wé \drgig) tIW? vaDasy tﬁhé‘léb'la o pass through the
st hat

consticteq Ot I 11 Sigsea 1670, BRI Ve o Wait 4BF B8 SRTAR s emety
and W&bﬁﬂed Eﬂagahlén @ér‘ieﬁalhﬁaf&cléé opto Tlgmﬁh?rsmacﬁnl lietexpﬁcted to

sya royi de the erati.on o i oxi d
emely i e B St Eractl SRy Bt a Shebvil elko, depatd 6 their
nun@asamdaﬁhetreﬂbmveﬁadsabhewﬂhnnttlhmﬁom\aelh IHermg ? hesagecmrm farger than

t he, t te

15-Jfprariin o SR g i e bocifif S Eeoqg i fl@n. suen a
dosagetfbeh wilsthem havenart ofyyortunity tot emitg bftécthe mdernaai left €nerstomach
Whe\é\fiﬁéﬁ‘gﬁt"f?ﬁg Oa%grjf_lr\égr |1tos payl oad of drug as quickly

(ht tp: // www. deponedi nc. com pr oduct s_pi peI ine.htm.

A si ﬁl}]g}{g %'ﬂ?% a(arhﬁltlpaﬁlcaatep cé’noe':r%&tyr}xp&'; rom he%aét <'i:' Q)omlarc]:h.
Exactly when it will empty will also depend on the timing of the housekeeper wave 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 small intestine in the fasted (or
fed) state. Based on this knowledge, various approaches have been devised.for
gastroretention. These fall into two main classes: (i) small particles that have bioadhesive

properties (and also a propensity to float on the stomach contents); and (ii) large swelling
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hydr oxypr opyl nethyl cellul ose (HPMC) to produce a
sust ai ned-rel ease matri x tablet that can swell.
wa@emondiirzy to the company, candi date nol ecul esp¢TGBREB/003315
met form n, gabapentin 15 ci profloxacin and furosem de.
Recent press rel eases stateqghat Deponed has conpl et ed
Phase Ill clinical trials with once-daily netformn
objdc®y thEhﬁ Il'bl'e(?é‘ltaméatm fHe slorR&cH Eec‘gh%’@fttﬁér apdl Th\%é Bwelling systems
once- dali oxacin for e treatnment of uri nar%/
might3isq hawfé@tlngamara@ﬁ@sttcﬁ,atsuawrow%baamslgeea'ta«fle'ﬁ gf carbon
dioxiddDA) for both products have been filed with the FDA
The conpany is also conducting a Phase Il trial with
the diuretic furosem de. 20 A recent abstract has

' The%égf&élﬂ@ﬂl &n?’dé"f\b ﬂe@gﬁlleti%vé Gé&tnbg& ?%&&etﬁﬁt%ﬁa@gts 'that swell in

| ed rel ease furosem de 3_ ric retentive

the stapyagh which treats tha jakjef| lise uadigested freddansl wenitel it pags into the
smalTiRESH! The RBITId r%%i’néo%%ﬁh@"sﬁanﬁ&ﬁ LGP REUrS W/erJre ftla&n

erosion and swelling. The tablets (and an inmediate
de“‘f%l'téﬁéﬁlo%ﬁwwg)as\ﬂeiicﬂya?dﬁiomws@se‘#@de@fter a hi gh-fat
breakfast. Gastric residence 25 of the swelling
tablets was sufficiently long to deliver the drug to
(hitp: sy sieeemegling. ca{produckn RGP, t he pl asma
concentration of the drug was extended and,
furthernmore, unlike Prew ous sl ow rel ease | )
These sYRiAMES ARased 98 holygthyienepxide; (PEPAINgabinatier witlas no

hydrroﬁ?ﬁ%yl %thﬂcé‘ﬂhfé@é{ atPRe) td prédude @%@alﬁé@mb 'Bﬁatﬁbf tablet that
ent conpliance, the gastroretentive abl

can ﬁWSblﬁféBrdg}ga‘etﬁ% cQMeAnYs Fandigate melactigs é‘§’|’u§’e ’P%ﬁ%’@f“ gakgpentin

cipréffdRadih afl flﬁf&%rhlﬁé RE@Hbrek€ FdISasdS siifte RODEPEISEhad ctdﬁﬁpleted
erienced patients taking. conventional imedia

PhaF%Fb%{@é’a' V'E\Sd@@rﬁrﬁé daily, metfermifrfps dhe heatmegbtves é‘tdé?t??é"r‘f and

wuthdﬁ@a@aw @bﬂ?ﬁﬂoiﬁt}h foetrRFdathed o uhmary Ractirfestts, and that new
i nvention, n particul ar | sed

drugrpgstigatiogs ﬁfﬁDAé@rmhﬁe@f%aaa@me@ﬁfeéB%d%? B4 %Be comgany is

also\Wbhbécting al Fhagesistisl vt e didistictueempiehenot hi azi ni um
compound to be used (e.g., admnistered) alone, it is

often preferable to present it as a conposition or
A reténtiubteddt 08s destribbe h&i@aylabelmdwcmg@rphd@&ﬁgeaf dontiolled release

furoddgmils 05 ia FetensPia JaEE o heSi iy AP AIRara. T e BHelTaling ragedure

pernbi@éd’ Zeﬁdbé@@hﬁﬁcte@:iaﬁiﬂﬁdfﬂl&éﬁ@@smh %hGIsWelllﬁ@ drha tablets (and an
e c

mmEgiElaTeleRee oo STE ARt Rermd aleha Pdbr/ablrParias Pastic residence
of thgh;Wel‘mg O%ﬁldetﬁ ?lﬁS&Oﬁﬁ@&tlj’r iong t& aarwer merc@ugatto the &[S;ber Gingact.

I am eno I azl ni SC
ContefEpfi e, BB ABM G ALP LT 18 A3i0:6ee SRS ety LEBF TP
unlikeqsrens@siew lragaawlﬂoaﬁmsnml rbpdfrtwm theDlitératise thdrelwascha n

reaush fiecarpHRi o teadibiot oL ot il fpg gastoretentive

tablet peoideringradual diuresis and natriuresis, rather than the brief and intense diuresis
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.
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adjuvants, fillers, buffers, preservatives,
anti-oxidants, lubricants, stabilisers, solubilisers,
waeniobactiant s (e.g., wetting agents), maski ng apenGs2008/003315
col ouring agents, flavouring agents, and sweetening
agents. 15 In one enbodi meny, the conposition further
conpri ses other active agents, for exanple, other
& 0 ers
Wh'ﬁ'?ﬁi’%?é‘?’fegg’ghe %faﬁr@@%k@?“hﬁazﬂﬁ.ﬁﬁ%ﬁ@g do‘tgkﬂe s%@
admpnisteresi} alone cibis qffempseferabte tepegsenbit aenanmpesntumwdbmation.
of Pharnaceutical Additives, 2nd Edition (eds. M Ash
and I. Ash), 2001 (Synapse Information Resources,
Preflerably, thEdgig ot dosagie univisriovidétiras a Reaimageoticas composition (e.g.,

fornﬂ?ﬁfo hcop%rlaﬁ% rﬁ& %ﬁw%%rﬁlsn%qhégg%T &C)[n?_%ungb ﬂescpbed

her@haandm:marmeaetutﬁalm giceptable carrier ediiventonr exci@ent. 25 The
term "pharmaceutically acceptable,” as used herein,
pertains to conpounds, ingredients, materials,
in op® epdsdirient she mmidnd$ aphamaceutigahicompaesiign camgrising at least
t:fb% Syj £0
one |ﬁ8p§’f¥é§uoﬁ1ﬁaz€rﬁ8ﬂ {53583’@03%% dg%&ﬁ%@er%ﬂ%lﬁ,géééﬁér%l{h Bne'bt ore
Otheqlmb_strmamu( ally accemtmm)ngvectmm;weuzkmsthbosaﬁ&iilleﬂtiryt,he art,
incilditd A AARrmiBh 16 oAalinL SBROHY Scotfiati B iersD HARNR b Rlipients
adjuyenfsf fillers; bgﬁersanreservaa/@h @oi-axigantse lubrigants,estabilisers, solubilisers,
Wa) c
sufBHENEI G, wolnadBE). ko henSy Dl ent<s tpltRras pachts
andﬁweﬁi@h@glagnntSThe forrrul ations nay be prepared by any
met hods well known in the art of pharmacy. Such
met hods i nclude the step of bringing into association
In opgremiedimeat, thengropnsitiantfurther campasgs other agtive agents, for example,
thefr B Apdutit S5 pRABRYIQ&t ftsdccessory ingredients. In
° gener% ﬁ 'Q’?o)rlnu%eons are prepared by uniformy
and inti rrately bringing into association the active

SuitSgRaYReL, \9@:&@@%&96@%&7e£<€a{n@e’%‘{lﬁé 9p§§|4(§_’ard pﬂé'nYMcEﬁ‘llcal texts.

carrlers( . g. carrilers, f1nel di vid
Seeigf pxaspple éﬂ@nqboobﬁa%afmacgmal Additives. 2@9 beitien edﬁfM Ash and |

Ash))©06% ?@Jn‘éf)se“ﬁuf&%ﬁgn RBSY G ced, r}?c fEHdBHttaNbﬁ"(di‘I?XJ

prepare rovi or slow rel ease;

Renimgta? Bhermaf@vaﬁgzaé&c'eﬂp%ao&ﬁd'twf,m M'wﬁe\é’%am%& Véilkins,
2006;%4HaI HEHdb 6K SR RRBceutieBBIchHMritd DrbileRitidR! F594.

mbi nation treatments and therapies, in which two or
nore treatnents or therapies are 10 conbi ned, for

The €rANMPh8mKLULE@NY adtdptatké,” 86 D38d I@é}éi@uuﬁér}’alnsaﬂb%oﬂ"lp%@h@ssed
in nore detail hereinafter. Thus it will be

ingred{ens. JrEHRIE [RAMRosioRs. dogagdeoame catc.uwhish gre. iithindhe scope of

sourttePedicAgadgniett edunabiB Yol eUs 86hth & vAthtRE SRS 0P thel iBfedPi
e.g. another treatnment for AD, M, or PD

question (e.g., human) without excessive toxicity, irritafion, allergic response, or other

problem or complication, commensurate with a reasonable benefit/risk ratio. Each

carrier, diluent, excipient, etc. must also be “acceptable” in the sense of being compatible

with the other ingredients of the formulation.

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

are prepared by uniformly and intimately bringing into association the active compound
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respectively. For exanple a treatnent of the invention
for AD (e.g., enploying a conpound of the invention)

WO 200004410mhi nati on with a chol i nest erase i nhi bP¢DGB2008/03315
as 15 Donepezil (AriceptTM, Rivastigm ne (Exel onTM
or Gal antanine (Renminyl TM 4¢1n one enbodi ment, a
treatnment of the invention (e.g., enploying a conpound

. of .th i nvent | =S, et §-t\h :
with Gicrp T . ST GatRls, Wl A ERHRBAT AR, M afffRaping e
proditriemete$sgry20 | n one embodi ment, a treatnment of the
invention (e.g. enploying a conpound of the
invention) is in conmbination with a nuscarinic

As ndted apdva;, tregformsiation may he peapiacadi topnavidesfor rapic ereslaw rlease;
. the i t. . ' .
mmedie R ot b SusBRA oA B £ EBHRSorhe ke B

anyl oid precursor protein to beta-anyloid (e.g., an

inhibitor of anyloid precursor protein processing that
meb@3%¥7¢gmgﬁﬁanced generation of beta-anyl oid).

Exagpl edDAPTZ conpounds 30 The rel ationshi p between

xi di sed and r DAP .

Com@'BﬂR'Péhtfee%TFQts aﬁﬂﬁﬁé’??lgg é@l%n@ﬁ @8 k%]_%’%r%ﬁé‘at%nts or therapies are
comyineet) Gdr lexamiple; Sequemtialyl dr sinirifapeonsly, aomndiseussad inympee detail

consi dered . " oxi di - ' .
rre5, S8 vl B e Rep A PO A B P crbes
hereio amgychengsed in a combination therapy e.g. another treatment for AD, MCI, or PD

NN NN - - 10 enathi azi 7 di_and
ol e PRI LRI 51 oy
compaued ot the: ifaEmtivn) D CpaEnBion With srdiplicsterase ahigessuchas

Done?)c(elzi d(é&r!ggﬂtﬁ?)?%@g&@@?(&el&l\"}??}%ya%mié l(RéminlyF’Mj\./b |

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™).

In one embodiment, a treatment of the invention (e.g. employing a compound of the

invention) is in combination with a muscarinic receptor agonist.

In one embodiment, a treatment of the invention (e.g. employing a compound of the
invention) is in combination with an inhibitor of amyloid precursor protein to beta-amyloid
(e.g., an inhibitor of amyloid precursor protein processing that leads to enhanced

generation of beta-amyloid).
Example DAPTZ compounds

The relationship between oxidised and reduced DAPTZ compounds can be conveniently
illustrated 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-phenothiazine-3,7-diamine, which

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



NI \ oxidized formM. /| M C Q (MC i e S M M

Thi s aspect of the invention pertains to certain
walc@gionaphenot hi azi ne conpounds and 5 anal ogs POEGBG08/003315

havi ng one of the follow ng formulae, and ,

pharmaceutical |y acceptabl e;e salts, hydrates, and

sol vates thereof (collectively referred to herein as

"di am nophenot hi azi nes" or "gj am nophenot hi azi ne

conpounds"): RO RNIO R Ra NJ/R2Z R7TNA\ \ | | / / R3NA O

N SN R/NB Ra R4 R3INB RONRL™s R/ N\ R (2) R7N

i\ S\ NeRerd R7 Ra '=s' W%NRZIII

3NA (3) HPRC~-N S N Ra™ R 8" W 2009/ 044127

PCT/ GB2008/ 003315 -1ff: RO R s z /4N ~ R X Q (4) 3NA

R/INA I "R oxidation
(-H,+HCI)
N
2
oxidized
form Me X Me | c(®
N S N
(MTC) l @ |
Me Me

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

“diaminophenothiazines” or “diaminophenothiazine compounds”):

R’ R™ R
R® N R
R7NA R3NA (1)
S N~
| ne R® R* 'lasus
R’ R’
R? Ny, R’
)
No
R4 R3NC
10
R1
RZ
R3NA (3)
N/
R* AsNB
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\N\ +S N R7NB Rs R4 R3NB Fornula (1) depicts
conpounds in a reduced form whereas each of Fornmnul ae

w@ 2009/0§4»7 and (4) depicts conmpounds in an oxPdi/&BA08/003315

form 5 In one enbodi nent, the conpounds are sel ected
from conpounds of fornula (4), and pharmaceutically
acceptabl e salts, hydrates, and solvates thereof. In
one enbodi nent, t he corrpounds are _selected from
compounds of for muka (2) qg (3), 10 and
phar maceut|i cal lgy acepta e sahts, hydrates, and
sol vat es tlher 3 ment @9 corrp unds are
sel ected fir, (zf) and
phar maceut|i cal . g€ sa'ts, |hydrates, and
sol vat es tlher edf,, A6TFach e lof t e above structures
is only one of erny equi va ent® resdnance structures,
and all of which are intended to be enconpassed by
that representative structure. For exanple, structure
P B o T e e ST omuize (2,
and (i depicts eompausd8lsvan oxidjzectioFBnpassed by structure
(4): 20RR R 82/ N~ R7NA 1 3NA X G (4-B) R\ R
R7NB R6 R4 RBNB RO RL8 2 R/ NRX G (4-C R7VN\
In onereNbodimgniNtheRraB Re dRarerigstanlraro gompgunds of formula (1) and

phar?rgye%qg §(:Wsalfs,1§ydrﬁ%s,%nd%oglates thereof.

In one embodiment, the compounds are selected from compounds of formula (2) or (3),

and pharmaceutically acceptable salts, hydrates, and solvates thereof.

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

pharmaceutically acceptable salts, hydrates, and solvates thereof.

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 structures, some of

which are shown below, and all of which are intended to be encompassed by structure

4):
R?
R™A_ _RMA x© (4-B)
N~

|
7NB R® RN®

.

7NA 3NA X @ (4-C)
N ’

7NB R® 3NB

po—
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R X O (4-D)

R/ N1 R7/NA\ \ |

/RBNA NS N O R7TNB R6

R4 3NB Carbon Ring Atom Substituents 5 In each one of

wo b@oabawre f or mul ae,

each one of R1, R2, R4, RBCT/B82008/003315

and RO is independently sel ected from -H -F -0;
-Br; -1; -OH -OR 10 -SH SR -N®2; -C(=OR;
-C(=0OH, -C(=O0OR, -(C(= O)NI—E =O) NHR; - C(=0) NR2;
-C(=O NR'" RN2; 15 -NH2; -NHR; -_NRZ; -NR "' RN2;

- NHC(=Q) H, -NRC(@O)H -NHCO(=O R'|-NR(=O R -R

wher ei n| each, nden; ly el ected from
unsubst] t ut 5 NP Bal kyl ; bstituted 4.D)

al i phat | gnCL_6 subsad | E&d al i phat i ¢

C2- 6al keny N’ atNphat | ¢ C2- 6al kenyl ;
unsubst | t ut el k kyllsxsSupsti tut ed

C3- 6¢cycloal KyI; ~ unsubstit ufed C6_10car boaryl ;

substituted OG_lOcar boaryl; unsubstituted
C5_10heteroaryl; substituted C5_10heteroaryl;
tAe L Lt car boaryl - Cl. 4al kyl ; substituted
Car@%@@zﬂ%@ﬂf@ﬁgal kyl; 25 wherei n?/ in each group
-NR N RN2, independently, RN and RN2 taken together
In e4&H &hef &he QML quﬁx%l?é,%‘cg%n&’@f RN RENRY RAI €, 3hi o fed
orma rin avin rom to7r|ng atons.” Exanpl es
Inde@enwmpslecmfromm wherein R and RN2 taken
toggther with the nitrogen atom to which they are
attached forma ring having from3 to 7 ring atons,
i ncF,u8b:-Bpykirol i di no, 30 pi peridino, piperazino,

rmr_@Eoldpgo pyrrolyl, and substituted forms, such as
N-substit'uted forns, such as N-nethyl piperazino. WO
2008MDBR127 PCT/ GB2008/ 003315

-NO,;

-C(=O)R;

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

-C(=0)NH,; -C(=0)NHR; -C(=0)NR;; -C(=0)NR"'RM?,

-NHy; -NHR; -NR;; -NR"'R"Y,

-NHC(=0)H; -NRC(=0O)H; -NHC(=0O)R; -NRC(=O)R;

-R;
wherein each R is independently selected from:

unsubstituted aliphatic C4salkyl; substituted aliphatic C,.salkyl;

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

unsubstituted Cs¢cycloalkyl; substituted C;scycloalkyl;

unsubstituted Cg.1gcarboaryl; substituted Ce.iqcarboaryl,

unsubstituted Cs_soheteroaryl; substituted Cs.igheteroaryl;

unsubstituted Cs.iocarboaryl-C,_salkyl; substituted Ce.socarboaryl-C4alkyl;
wherein, in each group -NRV'R"?, independently, RN' 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 -NRN'R"2, wherein R"" and R™ taken together with the nitrogen atom

to which they are attached form a ring having from 3 to 7 ring atoms, include: pyrrolidino,

forms, such as N-methyl piperazino.

* piperidino, piperazino, morpholino, pyrrolyl, and substituted forms, such as N-substituted
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-19 I n one enbodi nent, each one of Rl, R2, R4, R6, RS,
and RO is independently selected from -H 5 -F

wo ghoy/o4fe7 -1; -OH -OR -C(=0 OH, -C(=0 OR PeRGB1®8/003315

In one enbodi ment, each one of Rl, R2, R4, R6, R8, and
RO is independently selecgqg_ from -H -R 15 1In
one enbodi nent, each R is independently selected from
unsubstituted aliphatic Cl_6al kyl; substituted
al i phatic Cl_6al kyl; unsubstituted aliphatic
In orfe2erfieddiraent| eachudret af iRl RY R) RH IRt and Ris Gradepengdntly selected
fromunsubstituted C3_6cycl oal kyl ; substituted
C3_6cycl oal kyl. 20 I n one enbodi nent, each Ris
i nedependently selected from unsubstituted aliphatic
Cﬁg§a¢,y ;45ubstituted al i phatic Cl_6al kyl. In one
enbod t,” each Ris independently selected from
-MOH--BR; -nPr, and -iPr. |In one enbodi nent, each R
is An ngen selected from -Me and -Et. 25 In one
enb agﬁ@ﬁtgﬁfégﬁal.Galkyl group is-a ClAal kyl group.
I n-Rine enbodi nent, the C2_6al kenyl group is a
C2. 4al kenyl group. In one enbodi nent, the
C3_6cycl oal kyl group is a C3 4cycl oal kyl group. 30
In orfex@mipddiraentf eantsaresdfiR' URR &R* 2R, RiaandcRUs iseprpdenyly selgsted
fromlnclude: nmet hyl , ethyl, n-propyl, iso-propyl,
h- butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl,
i seHpentyl, tert-pentyl, neo-pentyl, hexyl,
isg%hexyl, etc. Exanples of unsubstituted aliphatic
C2 _Gal kenyl groups include: propen-1-yl, propen-2-yl,
35 buten-1-yl, buten-2-yl, buten-3-yl, etc. WO

0 7 » les of
in oo dRiAe a3 RIdR AP ea o e ©
cy ohsystitpted aliphaticoprsalsyll suhstitwed aliphglic Gyl
Cyﬁh%‘émﬁgd'aliﬁxﬂc%‘z%ﬁﬂanyl;egtﬁ)stituted aliphatic C,salkenyi;

unsubstituted Cjscycloalkyl; substituted C;.¢cycloalkyl.

In one embodiment, each R is independently selected from:
unsubstituted aliphatic C,.salkyl; substituted aliphatic C1.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.

In one embodiment, the C;¢alkyl group is a Cy.alkyl group.
In one embodiment, the C,.¢alkenyl group is a Cy4alkenyl group.
In one embodiment, the Cs.scycloalkyl group is a Cj.4cycloalkyl group.

Examples of unsubstituted aliphatic Cqsalkyl groups include: methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, tert-pentyl,

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

Examples of unsubstituted aliphatic C,.salkenyl groups include: propen-1-yl, propen-2-yl,

buten-1-yl, buten-2-yl, buten-3-yl, etc.
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In one enbodi nent, the C6_10carboaryl group is a
C6car boaryl group. 5 In one enbodi nent, the
wE0090khater oaryl group is a Cs56heteroaryl groupCT/GB208M03315
enbodi nent, the C6_, ocarboaryl -C, 4al kyl group is a
C6ear boaryl - C, _Zal kyl groupyg_ Exanpl es of
unsubstituted C6_10carboaryl groups include: phenyl,
t 1
Exa %@Mb%%%gtgﬁwykﬁ?ﬁﬁylﬂ eny|UHH ﬁfélo%p]ypﬁfg%rg%ﬁethyl,
CYC|9b<l$2|o¢)$d0Pehblb>©a<2|9m§Nyl etchl azol yl, isothiazolyl,
pyrazolyl, pyridyl, pyrazinyl, pyrimdinyl,
pyri dazi nyI Exanpl es of unsubstituted
In owembe@umotamﬂ Cicarhparyl greumoig @sCem@pawbgroyenzyl
In OR@E@%@@E& the és wll‘%{e'%gﬁll gmﬁa tic T hftégg aI I phatic
In o edhpdtioent, | the @Bw@fb@ﬂ%'a@d@lky' mmng@a@dgamm -Cs. zalkyl group.
C5_10het er oaryl C6_10car boaryl - C1- 4al kyl ) are
i ndependent | y sel ected from -F, -d; -Br; -1; 20
Examgies of grsubstituigig Ce..gRIrboaryl gegups mcﬂ;(@@lppnyl nagbtbm) OH:
-C(=OOR; 25 -C(=O NH2; -C(=O NHR ; -C(=O NR 2;
-C(=O NRi NlRN2; -NH2; -NHR ; -NR 2; -NR ' NLR N2;
Exampjlas(of gpsybstinter] = atproanHaroupy influde:pyrolyk djiemyl, furyR -
. o e q
i e B et B P SR SRR, PHEBYE Py Pyt
pyrirgidinyh #yfidazamy!.6al kyI :unsubstituted aliphatic
C2- 6al kenyl ; substituted aliphatic C2_6al kenyl;
unsubstituted C3 6¢cycl oal kyl; substituted
Exaples ©f enssstitiited CappariprarnyiGuualyl geoups inplustea pgnzyl, phenylethyl.
substituted C6_10carboaryl; wunsubstituted
C5_, Oheter oarP/I ; Ssubstitut ed C5_10het er oary
In onmembediment eatiang! sekstitugbigr(910., o aliphatig| G ee'bws@'mhat"éG1 salkenyl,

Ca. G%ba&gggggﬁ%%ggﬁl'C%%h%)@roamgggﬁb%ﬁléualkyl) are lndRependentIy

-21 wherein, in each group -
seleflerbffom: i ndependent |y, RN1 and RN\2 taken together with
t her; -gi;tgogen atomto which they are attached forma
rlng haV| ng from3 to 7 ring atons.

-SH; -SR’;
-NO;;
-C(=O)R’;
-C(=0)OH; -C(=0)OR;
-C(=0)NH,; -C(=O)NHR’; -C(=0)NR’;; -C(=O)NR™M'R™N%,
-NHy; -NHR’; -NR’;; -NR™'R™?,
-NHC(=0)H; -N'RC(=0O)H; -NHC(=0O)'R; -N'RC(=0O)'R;
-R’:

wherein each R’ is independently selected from:
unsubstituted aliphatic C,salkyl; substituted aliphatic C.salkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic C,¢alkenyl;
unsubstituted C;scycloalkyl; substituted C; ¢scycloalkyl;
unsubstituted Cs.1ocarboaryl; substituted Ce_socarboaryl;
unsubstituted Cs.ioheteroaryl; substituted Cs_(oheteroaryl,
unsubstituted Cq.iocarboaryl-C_qalkyl; substituted Cs.1ocarboaryl-C,_salkyl,
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I n one enbodi nent, optional substituents (e.g., on
aliphatic Cl.6al kyl, aliphatic C, _6al kenyl, 5
w@3e080x@koal kyl , C6_10car boaryl, C5_10het er oar p¢T/GB2008/003315
C6_10carboaryl -Cl_4al kyl) are independently selected
from -F, -C; -Br; -1 -Gy -OR -C(=0 OH;
- —O)CR 10 -R . In one éenbodi ment, opti onal
S; C RIND QG oy,
whe%%p ih! e%gﬁg o%p @g 6oy CF}F%FEP#REI@R 1%251;%?%0 atrgk?r?tlob&hért\hlﬁ the
mtr@nlamcbmttcewbah ythey 408 amemdlforzm 9Irmg:lhawag kym)3 tarieringsatoms.
defi ned above, except that each R is independently
selected from 15 unsubstituted aliphatic Cl_6al kyl ;
In one sotbetiment, cxptional phmtnt@rltszéea;ai dregliphatic Qn@umtsahnhatle& salkenyl,

o ERBRSt b  SRASSREPOgcepncorty

seleCiedifuar boar yl - C1_4al kyl . In one enbodi nent, optl onal
sub tl ugptp (e.g., on aliphatic Cl1_6al kyl, aliphatic
Cl. enyl C3- 6CYd oal kyl, C6. 10car boaryl
C5 Q@he@Br oaryl C6_10car boaryl Cl4al kyl) are as

def cept that each R is independently
sel egf@é}? oﬁb)gg‘unsubst ituted aliphatic Cl1_6al kyl;
unsBbstituted aliphatic C2-6al kenyl; unsubstituted
C3- 6cycl oal kyl . In one enbodi nent, opti onal

substituents (e.g., on aliphatic Cl_6al kyl, aliphatic
In o@2 edwbitiept, optigial eBbBiDeDt @Iy altgeath)@eaawataa&nhatlc Cs¢alkenyl,

Cs. s%ﬁawgg 2| %@ﬂ%la @ﬁ&%?é}ﬁ?r?ﬁ@é'c' %cé@'l -kyla ggra‘?e §§d?fnned

ove exce tt I'S |n endent
aboye|excepidhdtcant Ru\ssmmehd%ntlaf@eactqdﬁm ic Cl_6al kyl ;

su%ghg#,{lﬁg%gwhgh@bl S 6al kyl . I n one enbodi nent,

opt1ona stituents é.g., on aliphatic Cl 6a|ky|
al iypRulstituted) alphptiefysalkenyls C3- 6CYC oal kyl ,

%&Qﬁﬁs’tuhﬁé’dlzﬁ 4 Qéall heteroaryl,

C6_10car boar 14al kyl) are as defined above, except

_t hansebtifted 6@0@%@5 ndently selected from -Me, -Et,
- NRihsutidtitlted EL ( .hAGARAR9/ 044127 PCT/ GB2008/ 003315 - 22
I n one enbodi ment, optional substituents (e.g., on

al |Lﬁﬂﬁﬁ@ﬁt'8‘tQ§L06aF?{bPaW'a¢1 9kt c c1_6al kenyl

C3_6cycl oal kyl , C6_10car boaryl, C5 oheter oaryl ,

C6_, ocar boaryl - C, 4al k}/l) are as defined
In one embodiment, optional substituents (e.g., on allphatlc C1 salkyl, aliphatic C;salkenyl,

Cs.ecycloalkyl, Ce.qpcarboaryl, Cs qoheteroaryl, Ce.jocarboaryl-C;alkyl) are as defined
above, except that each R’ is independently selected from:

unsubstituted aliphatic Cqsalkyl,

unsubstituted aliphatic C,.salkenyl;

unsubstituted C; scycloalkyl.

In one embodiment, optional substituents (e.g., on aliphatic C,.alkyl, aliphatic C,.calkenyl,
Casecycloalkyl, Cg.qocarboaryl, Cs.oheteroaryl, Cq.1ocarboaryl-C,.salkyl) are as defined
above, except that each R’ is independently selected from:

unsubstituted aliphatic C¢alkyl; substituted aliphatic C,.salkyl.

In one embodiment, optional substituents (e.g., on aliphatic C,salkyl, aliphatic C;.calkenyl,
Ci.scycloalkyl, Cs_qocarboaryl, Cs.ioheteroaryl, Cs.qocarboaryl-C, 4alkyl) are as defined
above, except that each R’ is independently selected from: -Me, -Et, -nPr, and -iPr.
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above, except that each R is independently selected
from -Me and -Et. 5 In one enbodi nent, each one of
weR200982412R4, R6, R8, and RO is independently sPCECBe@8/003315
from -H -M, -Et, -nPr, and -iPr. I'n one enbodi nent,
each one of Rl, R2, R4, RG, and RO is
i ndependently selected 10 %ron1 -H -Me, and -Et. In
one enbodi nent, each one of Rl, R2, R4, R6, R8, and R9
is independently selected from -Hand -Me. 15 In one
In orerbmbipdiment, optidnad gdestituentsu(e.gafonRAliph®IT, C1RalkyIRetipr8g: Castikenyl,

Ca_sglc}a&){[, %cg{éggﬂlg n‘%%gérgﬁ'w Ce. ,*&m‘éé@?é a?é ?B&efﬂed

aboex expapt thrat eath Riis imizpeRigntiréelested frand Meang EiH In
one enbodi nent, each of RlL, R2, R4, R6, R8, and RO is
-H 20 Am no Groups I n each one of the above fornul ae,

In ohgrermbodimgnt epch dIRSNIARBRG, R, R® R getiR? isdadé¢pendentlyfselected

fromfR?1—|NAHPen %n% Ag}dependently -H or as defined above

R3NB taken together with the
nitrogen atomto which they are attached forma ring

r O Rk at e
In ort@n%hggdlﬁn ﬁfnegcnﬂ 8ne7 % ; g up@ﬁﬂ*& r3| @g\ég?}tfgééegc
fromorid, -Hfe, REINAEL. and RSNB is independently as defined
above for R or R3NA and R3NB taken together with the
nitrogen atomto whi ch th4y ar e attached forma ring
In oeagmhedifmeptneach oneofrR Wg2RORE.R®, 30d Rdis inseneprently selestas
in each group -NR3NAR3NG, if present, each
from 'WQH?"%NA and R3NB i s i ndependently selected from
-H, unsubstituted aliphatic Cl_6al kyl; substituted

o B o e gl
In ongrembediment ati ecEpstwacefddl RGIR®, BUHRY amd]Ret; -H.
In or@e:ﬁgé(&.lneﬁi Eubxce\époﬁé’gﬁéoﬁ“@'ﬁ RPHY Qﬁ@ﬁz@g 9p3315 -23

unsubst it ut ed car oaryI substitute
In ongsembedimebia egeh OﬂﬁnBuH%t Rf.(R%eandB’ sohet er oar yI ;
substituted C5 10heteroaryl; unsubstituted
C6 , ocar boaryl - Cl- 4al kyl ; substi t ut ed
AmingsGrauPsr boar yl - CL. 4al kyl © or R3NA and R3NB t aken
together with the nitrogen atomto which they are

attached form a SNAm 3NB
In each one of the above formulae, in each group -NR™ R, if present, each one of

R®” and R*™® is independently -H or as defined above for R; or R*™ and R*N® taken
together with the nitrogen atom to which they are attached form a ring having from 3 to 7

ring atoms.

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

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

For example, in one embodiment, in each group -NR®*™R3"8 if present, each one of R*"*
and R™® is independently selected from:
-H; ,
unsubstituted aliphatic Cqsalkyl; substituted aliphatic C¢alkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.salkenyl,

unsubstituted Csscycloalkyl; substituted C,¢cycloalkyl;
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5 ring having from3 to 7 ring atons. For exanple, in

one enbodi nent, in each group - NR3NAR3NB, if present,
weawh/oore7 of R3NA and R3NB i s i ndependent|y sPCEGBe@8/003315

from unsubstituted aliphatic Cl-6al kyl; substituted

al i phatic Cl6al kyl; 10 unsuBstituted aliphatic

C2_6al kenyl ; substituted aliphatic C2_6al kenyl ;

UoSsbliibad Safeubl atblikheo BUbRkIES. |
su bmsubatltuield C@whewmalyiasqusptuteswﬁuhhatemanyb d

ung?w%“?t?@t?@?é@ga%é%@‘ FoiGh e AR ce et e ety
R arotRT"B takentogetheratithythe nitrgen ateBNA vdmh tReNBre atkashed form a
nngﬂ%ﬁzﬁ% ?‘”té'?nw%td%é rogen atomto which they are

orma” ring having from3 to 7 ring atoms.
In another exanpl e, in one enbodi ment, in each group

R B SRR i

andaﬂll bisandepeaderglyiselectedstdrst i t ut ed al i phatic Cl-6al kyl ;

d
S EL 6 Do SI E °
s u bm!sulvslim&dd aiphatig staike(yl, substitutaialiphatic R3ddkengk en

to [ h they are

at ?@%E@%‘t%r ms_%é}@lggikﬁlr %ﬁ%\@%"g@‘%yom to 7 ring

at omsubstitutesh 6 hearbearyinshistitited Gaecabbanyi nent, in each
%‘é%@@ubéﬁ%ﬁ%%‘ eteh anﬁJr Siitlite ?C'}}%‘i’é@a pf R3NA and

IS 1 ndependent ecte un ubstltuted
al iq@hmst@tﬁqcaabwbarylsab@myt stleslituted phatarbo@yl-Galalyl; ;

R3O SRS L LY '

of al i phatic C% t&)d;‘ﬁ%t )\/ﬁf&h qujﬁ%u sf%ﬁ‘?gyh&%ﬁggig {:ﬂ?d form a

"ngéﬁb@ﬂlﬁpm%tp Cengatomsoal kyl ; or R3NA and R3NB taken
together with the nitrogen atomto which they are

attached forma ring having from3 tq 7 ring atoms.
In apgtherexanpie &t or&awppglmenh ieRchagrRRINRENTR 1. ff Rsgant, each one

of RIPoINR RAMRINARPRRdently s‘%fe%ﬁe%lrﬂom each one of R3NA and
R3NB i s i ndependent I y selected from WD 2009/ 044127

PCTHGB2008/ 003315 -24- -H unsubstituted aliphatic Cl
al kinbubstitiedBihiatisl bechidh; isebaxitiited Shprak s Datkyi:

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

unsubstituted C;.scycloalkyl; substituted C;scycloalkyi;
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.

3 3N
R NAR B

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

R3NA R3NB

of and is independently selected from:

unsubstituted aliphatic Cqalkyl; substituted aliphatic C,¢alkyl;
unsubstituted aliphatic C,¢alkenyl; substituted aliphatic C,.salkenyl;
unsubstituted Cj ¢cycloalkyl; substituted C; gcycloalkyl;
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.

R3NAR3NB

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

R3NA R3NB

of and is independently selected from:
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unsubstituted C3_6cycloal kyl; 5 or R3NA and R3NB taken

together with the nitrogen atomto which they are
wa@tbdoaokads forma ring having from3 to 7 ri ngpet/GBR008/003315

In anot her exanple, in one enbodi nent, in each group

- NR3NAR3NB, if present, eaﬁg one of R3NA and R3NB is

i ndependently selected from 10 unsubstituted

al |l_ghat| c C7_6al kyl; unsubstituted aliphatic

" Bal kenyl ; unsubstitut ed C3- 6cycl oal kyl ; or R3NA
anghsuBMRuted letiphdtio@atdleyl; wi th t he nitrogen atomto

whi ch t ar. ttached forma ring having from3 to
7 ?’?WBSIHP%HQE'S’@CFC%@E%}YLH exanpl e, in one
enradibs®oated Gacyealkygr oup - NR 3NAR3NB, if present,

or R"’fﬂ‘ﬁ1 %IIIH & take'oéogel}lé?r Wlﬁi'lnt§' N%gﬁgn aﬂ)%? %Wﬂ&g{rpg a?ee!at?a%hggform a

ring IEav@gorem 3ito 7aing atordi ment, in each group - NRSNARSNB,
if present, each one 20 of R3NA and R3NB i s
i ndependently selected from -H -M, and -Et (e.g.,
In anoti@r 3RARBIRNIdBe embiddimeniytiVeach dibbe -NRIYRY'?, if piEsent, each one

anANME )NB In anot.her e in one enbodi ment, in
of R'ead f—'év )fecrt%oéfg?nésent each one of R3NA

antdws‘BBNBuﬁea anmbmp@qgamu y selected from -H and -M
25 -NHMe, or -NMe2). In
pr@%”?@t'tglﬁglalg@"@%s% ‘one of the above formulae, in

eamﬂsugsmutpd-ﬂﬂla:yEMéWNB if present, each one of R7NA
Rg’m an &R'l?,\ékc’enl tﬁ%&%@ﬁﬂhé%tro{é‘eﬁ L toqﬁltubﬂ i K%pé’gﬁ‘aéh@& form a

oge er wt e nitrogen
ring I@d\m'rgfrmn\ahodmrgrwqmare attached forma ring 30 having
~from3 to 7 ring atons. For exanple, in one
enbodi ment, in each group -NR NAR NB, |f Jresent, each
In arotrer ekaRBRAN auecniioNBnerd, in edeperode Ry “BE® dépresert, each one

of R OP{%RE"” Edﬁ?%ndR mﬁ%ﬁ&? OB fakes, ggﬁbh%dv\ﬁh t he

gena ey are’atta forma ring
haV| ng from3 to 7 ring atons. 35 R |f both present,

in arf8iger Q8B B 0ns R Gu IR Fallb Bloup SN JRARS é&ﬁgﬁ%ﬁ one

of R¥bod R s indepergianmpsaeciedifromrH, AMe; #nd &t (§8+ HN

pr t, e f ach one of the above
-NHz '\?ﬁﬁl N“ﬁézh hgg%thq\{gér? or- N'kl%tilc if present, RBNC is

In another example, in one embodiment, in each group -NR**R*"?, if present, each one
of R® and R*® is independently selected from: -H and -Me (e.g., -NR™R** is -NH;,

-NHMe, or -NMe,).

In precise analogy, in each one of the above formulae, in each group -NR7NARTNE if
present, each one of R and R™® is independently -H or as defined above for R; or R7NA
and R"™8 taken together with the nitrogen atom to which they are attached form a ring

having from 3 to 7 ring atoms.
For example, in one embodiment, in each group -NR™™R™8 if present, each one of R™*
and R™® is independently as defined above for R; or R™* and R™® taken together with

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

In one embodiment, -NR*R*N® and -NR™*R™® if both present, are the same.
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I ndependently -H or as defined above for R 5 For
exanpl e, in one enbodinent, in each group =NR3NC i f
w@e@dont127 R3NC i s i ndependently as defined abPUEGBI08/003315
R For exanple, in one enbodinent, in each group
=NR3NC i f present, R3NC is Jgndependently 10 selected
from -H  unsubstituted aliphatic Cl 6al kyl ;
] They e, t
In ong %&aﬁ#&ﬁ&ﬂ%aﬁ":nérﬁd %R’ﬁ‘ﬁ it lIthbg %é%@ent
C2 6al kenyl unsubstituted C3 60yc| oaI kyl;

R I T SR e L

mdepmﬁebﬁst 4H utaadde{ﬂﬁgd@bev&eiooar yl; substituted
C5_10het eroaryl; unsubstitut ed
C6_, ocar boaryl - C 4al kyl ; substit ut ed
For mmpdﬁ;ar mmembementillmgach group RN itpresentoRE " is independently
n each group =NR3"c if present, R3NC is
an‘iglngg e)gye;ndtrldy 20 selected from unsubstituted
al i phatic Cl-6al kyi; substituted aliphatic Cl.6al kyl;

o IR B BB S A S

selegtedb foint ut ed C3 60yc| oal kyl ; unsubstituted
C6. I_}.Ocar boaryl; substitut ed C6_10car boaryl; 25
unsubstituted C5_10het er oar yl; substituted
%ua@lbehtetedailphathfn@atkslt suhstitsted aliphatic Cysalkyl;
r I,
%Q{tgfe% éﬁ}nﬁ%{c 42431@4'1)11 %@ﬁhfeﬁté‘i ifhtic C.calkenyl;

CG carboary n anot her exanple,” in one
enbmbammed Gncmk)@rwbﬁiltﬁmypbaﬂfﬂesent R3NC i s

ubstituted
aI ?ﬁ%%gﬁggéldsésﬁ%lk I A ‘{)sﬁtlﬂltegf(g c'adlrt?d|c"§lllﬁs;:rat| c Cl_6al kyl ;
unsmﬂ&@sﬁlmt@ﬁé& mmmalryi sulstitged kenbetercamtist i t ut ed
i Ul s ?%’g[&;ay}ql | ;
@@t&ﬁtt&eg?%?aéc c ola 4HIR§1 35 ?t&téfg;l%t er exan(glgglkwl n
one enbodi nent, in each group =NR3NC i f present, R3NC
L Smp ; ! o @ARDR s independentl
For L PP SRR HE SR DO MR PRRILAIRIE G ncepancenty
selegted famky| ; substituted aliphatic Cl.sal kyl;
uné ﬁthféfd%gﬁéﬁoo@%w Q?os@ﬁlté@&l%hatn@@b&“dyt ut ed

al 1 phatic
ur?substltuted aliphatic C. ealkenyl substituted aliphatic C.. salkenyl

3NC ;

unsubstituted Cj.scycloalkyl; substituted C;.¢cycloalkyl;

unsubstituted Cg.1ocarboaryl; substituted Cs.ocarboaryl;

unsubstituted Cs.ioheteroaryl; substituted Cs.oheteroaryl;

unsubstituted Cs_1ocarboaryl-C,_salkyl; substituted Cg 1ocarboaryl-C4_4alkyl.

In another example, in one embodiment, in each group =NR*°, if present, R*'® is
independently selected from: »
-H;
unsubstituted aliphatic C,salkyl; substituted aliphatic Csalkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.salkenyl;
unsubstituted Cs¢cycloalkyl; substituted C;scycloalkyl.

In another example, in one embodiment, in each group =NR*"°, if present, R3NC is

independently selected from:
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unsubstituted C3-6c¢cycl oal kyl; substituted
C3_6cycloal kyl. 5 In another exanple, in one
weniomidarent, in each group =NR3NC i f present, R3NGB2®S8/003315
i ndependently selected from -H, unsubstituted
al i phatic Cl_6al kyl ; unsg?gt_i tuted aliphatic
C2_6al kenyl; 10 unsubstituted C3_6cycl oal kyl. In

2 eshBsticd e O SRRt T 28R DL 01E

f r@substingted atipHatit €d salkenyh aubstit@zd 8lighatit C. calenyl;

unsubstituted alj [ k ~unsubsti tut ed
CSL’_Q?Eé%tItY}STj %fqyckﬁmgﬁ]sﬁsgﬁltegoig -%Pé'%’a'l‘# one embodi nent,
in each group =NR3BNC if present, R3NC is
I pdependent.|y sel ected f{r. - - ancEfe .+ N
i ancfHsf BRI, o 2p BEPOEegieif Bact goup SRE clpresBt RE
indepmabntiy selaztetNRINC i f present, R3NC is independently
selected from -H -M, and -Et (e.g., =NR3NC i s =NH,
= , or =NEt). In another exanple, in one
entirsubstituted aliphatia@sakyup =NR3NC i f present, R3NC is

25 i ndependent.!y. sel from -Hand -Me (e.g.,
=N#§§Ng,stﬁgtegﬁﬁf”bﬁ¥'°m%n%ﬁn preci se anal ogy, in each
onénsobstitited &y eayelobtkylhrul ae, in each group =NR "c, if
present, R "C is independently as defined above for
R3"c 30 Nitrogen Ring Atom Substituent CAI so, in NG -

In anpthec examplegih ogy eribodiesart, ioeactogrouheNRSGY & presentiRiE, is

. RN1O...i f  pre . IS independently as defined above

'nde'?e@giewl\ﬁ%&?é%ﬂﬁm 35 For exanple, in one enbodi nent,
RNIrubstituted eiphatic G salkyidependent |y sel ected from -H
and t§ £ Ut i tic Cl_6al kyl. WD 2009/ 044127
pdt’)%é%ﬁ@'%ﬁ@h@%@tg%gé}&gr exanpl e, in one enbodi nent,
RNIrgubstituted €5 ecycloalkyl. i ndependent |y sel ected from -H,
- Mg, and -Et. 5 For exanple, in one enbodi nent, RNLO,

if present, is independently selected &?rom -H ang. .
In anotvier eFamplexinmpk embiodingné, insBetofR=NRINL 6 Presenp Res it |

indeé&di—.\w&?mwﬁ&% -1-‘?"-Me, -Et, -nPr, and -iPr.

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

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

R3NC

In another example, in one embodiment, in each group =N , if present, R¥*C s

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

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

R™C is independently as defined above for R*".
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 R™°).

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

unsubstituted aliphatic C,.alkyl.



10

15

20

25

30

35

10 Counter lon X-, if present, is one or nore anionic
counter ions to achieve electrical neutrality.
waEx@aph4as7 of suitabl e anionic counter ions ar ePCT/GB2008/003315

di scussed bel ow under the heading "Salts". 15 In one
embodi ment, X' is independestly a hal ogen anion (i.e.,
a halide). 1In one enbodinent, X- is independently
ad-, Br, or 1-. In one enbodinent, X- is independently
cl-. 20 In one enbodi Jent, X i s i ndependent|y NO3.

For exasnpie.5n Ore eaibadiowamb Rind pmynfeia isgependently ssieqigst feom: -H, -
Me gﬁat%cu!ar geonetric, optical, enantiomeric, 25
Iasterionmeric, epineric, atropic, stereoisoneric,
tautoneric, conformational, or anomeric fornms,

j i it ok AN beSie smE
For %%EJ‘@%'@ rgrrré’ ;Hrng_gf’?ﬁr}é_n"t,rﬂan dﬁ Ipré%th‘r: @?d%geﬁ%ﬂﬁd@om. H and
-Meexo-forms; R-, S-, and neso-forns; D and L-forns; d-

and |I-forms; (+) and (-) forns; keto-, enol-, and

enol at e- forns syn- and antr-forns synclrnal- and
For exanipi¢.iimahe mbadimeat, RYdif prestot: issndependentiyi.

equatorial forns; boat-, chair-, twist-, 30 envel ope-,

and halfchair-forns; and conbi nati ons thereof,

Counhter @mafter collectively referred to as "isomers" (or
"isoneric forns"). Note that, except as discussed
bel ow for tautoneric forns, speC|f|caII excl uded from
X, iftrivesent,ds ame psmATer anioniqgountasdosde achieve plectical neuiraly-

(or constitutional) isoners (i.e., isoners 35 which

differ in the connections between atons rather than .,

Examples [of siiableranionie peunter igffs afe dissussed bgke uyder thyy heading “Salts”.
exanple, a reference to a nmethoxy group, -OCH3, is not
to be construed WO 2009/ 044127 PCT/ GB2008/ 003315 -28

In ongsergbedimente Xcie independently A alagenianjondher a halide).

In OW%QMMEHPX} |S%d§&nder@§%r Jrrilarly, a reference
to ortho-chi orophenyl 15 not to be construed as a

In oneprabediment; & istndepepdrntifiCll i soner,
nmet a- chl or ophenyl . However, a reference to a class of
structures may wel | i ncl ude structurally isoneric

In oResemBOGIRENE; Kg's\}ﬁ'qqfi’ieﬂd@]’ﬂé{t'\‘%l ass (e.g., Cl_7alkyl
i ncl udes n-propyl 5 and iso-propyl: butyl includes n-,

i so-, sec-, and tert-butyl; nethoxyphenyl i ncl udes
anﬁﬁho- neta-, and par a- net hoxyphenyl ). The above

exclusron does not pertain to tautoneric fornms, for

exanpl e, keto-, enol-, and englate-forns, as

Ceﬂaraarﬁmp@un%@ay 6?"P"o‘W°H§ of m%mlelgarﬁolr@etnq( é)pgqaé,rﬁﬂantromenc

dras{ehbrlnléﬁé re%‘rﬁé’nclgtrbﬁb Cﬁt‘éreorbﬂmért% méﬁb coRfoftRAtioNal @r anomeric
di ne/ dine, nitr

: o)
formrsh'nere@mﬁer@#émrﬁero °f- Afd Fa%%ﬂya %x%ﬁgz%fm@ﬁuc t- and r-
form@i HddL aRd exd-fdrMs; 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 B-forms; axial and equatorial forms; boat-, chair-, twist-,
envelope-, and halfchair-forms; and combinations thereof, hereinafter collectively referred

to as "isomers" (or "isomeric forms").

Note that, except as discussed below for tautomeric forms, specifically excluded from the
term "isomers," as used herein, are structural (or constitutional) isomers (i.e., isomers
which differ in the connections between atoms rather than merely by the position of atoms

in space). For example, a reference to a methoxy group, -OCHs, is not to be construed
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H, OSOHH+ ,O -i-C /CQ /CC \ H keto enol
enol ate Note that specifically included in the term
w0 p@omer127 are conpounds with one or nore 15 i SPE€DEBL008/003315
substitutions. For exanple, H may be in any isotopic
form including 1H 2H (D).sgand 3H (T); C nmay be in
any isotopic form including 11C, 12C 13C, and 14C 0
fdRcd b itsOMctur A i h
o ERAecd (L0, LSt SRR S,
reference tp @rthp@blompreowpsmwdo be @pnﬁi@@dasla refecenceqits structural
[ n t
isom &P Pkt Ehlgégﬂbﬂgnhyl Rolveing rdrifeatd ¥ é)Elafiéfr%n‘géﬂurégrm?mVé/ell

racem c an m xt ures t her eof

inclpqd@gtgpc&;r‘a%s@r@e@c_ forms {atinatwithin ahelagssies), Guindlkyl includes n-propyi
I ael isgpa I

anoslﬁ@gf@%iogpt ?Igd?rse g n;%% Qsh?: félrrtglgkrg rhét%?w @n)ﬂ%ludes ortho-,
met@rtaﬁ\érpamwmquwhqnué art or are readily obtai ned by

adapti ng the nethods taught herein, or known nethods,

in a knowm manner. 25 Salts It may be conveni ent or
Thegrboive gitlusion dpepeimertapde taujomericfoons, ferrexpeple, keto-, enol-, and

eno% FSGROAIINNGr éﬁéﬁp@fmet@@@r@&uﬂ%nc Eg. s: %@gewgﬁe.uuetrated

p armaceut | cal accept
belgynaintiae/etemieal Wda&r@@ataéﬁﬂhel gaidire/amiding; sirasyeximen

thloﬁ&’bggleﬁéthi%‘ N- nlﬁggﬁgdrgiﬁ&g%%t'r&%llnﬁm Agce\r;\;)abl e

2009/ 044127 P('.T'I’/ (GB2008/ 0Q33150H - 291 For \exanple, if the
conpound i s @i oR| c=dr H&sC f uresti onajc=g’oup whi ch
may be ani oni c| (e.q. pCCI]—Srmy be - )\then a
salt may be fogqed Wi th aesdfi tabl e catigpe Exanpl es
of suitable inorganic cations include, but are not
limted to, alkali nmetal ions such as Na' and K+,

Not& Iﬁagrgbécbzf CQ%@E[&E% ‘nglﬂg térﬂf% ﬂ?eéx%e%omﬁgg?%lm rgﬁngi' more
lsot@mg avbstitutians. oher éxaoipled & mbyibe ar:mmmtopuc farme ihctuding 'H, ?H (D),

andaﬁrﬁp 'dJrWay b8 rl',_él‘[g IERE(—)IB gzmn Wé' Lyt eé @J 51'Ray be in

anymlgtmrmalbpled@gﬁm andi{°6x) andrtherikem i ons ar e those
derived from ethylam ne, diethylam ne,

di cycl ohexyl am ne, triethylam ne, butylan ne,
Unlessiaghesisgisartified. a refetients!ta i n@etlculw eomapckintlkdes all such

.sonpérfe%m@ %qudam%m%r@gf&%mw L ixtufdaQhb a6y,

g um ne, and tromet as we as am no
Metb@dSofgr the psepasatian (signeasymimeliigsynthesis) ;am separation (e.g., fractional

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 a known manner.

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
pharmaceutically acceptable salts are discussed in Berge et al., 1977, "Pharmaceutically
Acceptable Salts," J. Pharm. Sci., Vol. 66, pp. 1-19.
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exanpl e of a commopn quaternary amoniumion is

N(CH3)4+. If the conpound is cationic, or has a
wao poveiaral group which nmay be cationic (e.g.,PeNEB2008/003315

may be -NH3), then a salt may be forned with a

sui tabl e ani on. Exanples of, qsw tabl e 15 inorganic

?nl onshl nclude, but are not“limted to, those derived

rom t ol | ow a rj T~
For RN ComRE s G B fas At Einal LB SNy be anionic
(e.gnFCOOUsMay pdmﬁ(pﬁonhen aaalil mayeefomonesimith Esaitgbleecation. -

Exa:?\giets?)ﬁ lg@ga%ge(%ﬁ?r{géal %aom t h&]&(ljezgﬁ% @lﬁtot %fr‘ecpt%t alkélnﬁ‘l{at%ijlons
sucraas Na' art Kt atkpliney bativeitions suabtascGa 4800 Mgzc anagp'ar tations such
ETERk S FUAB o IRU. B béﬂ'%'teﬁq&td"ﬁﬂon'um
ion (gé.uclhﬁbtan:iisubstg.htaa aminwniuh wr:]wame Ko Waﬁcd‘lmziﬁ,z , NHR3*, NR4").
roxynal ei
oo 4P S SO 6o RO s o
ethylmhm@, dlétbylhmmlesdlbycmheoxylammel triethylamiine, sbdamine, ethylenedlamlne

ethagﬂlléaﬂves ﬁifelﬂgqﬂ mua? %E&g%x%e% R%y&%glggyé@%?ﬁaéﬁzylamlﬂg choline,

meghingiaé,i and temeatharhioe, asvélbas émmp achist such@s Iysme and arginine. An
t ol uenesul f oni ¢ s. of suitable
exarBBI @%@g%%terﬁgﬂlaéﬁéﬁl%@Il%ﬁéw@h% are not limted
to, those derived fromthe followi ng polyneric acids:

o R Pl o AR
maytheNl:-taT)‘pthand siait m&@becforrhedhwith asuitakidanios.a Fxamples of suitable
|nor%an% an| 'ﬁ&h%e B Ereg%@ﬂ{ﬂ t&z @o@g ldeFl\halde% 'tmoﬁmiﬁé ifd&yanic

m xe
acudarmmydohtdmpomyombmmmhmroldém(W(D)lc salf@muarmtaé nlts%HSt
zinc chloride. Such mxed salts are
pho?ﬂp}%ne}%th{os I%Me):lrﬁsconpassed by the term "and
pharmaceutically acceptable salts thereof'. 35 Unless

Exar%%'%@ro%gfabl &@hﬁlh%ﬂfgnélr{c d@r?g%?e h& Iﬁlﬁﬁrt@)'tﬁbgeaéenved from the

es Sa er eof
fouowtr@gdroamqamdp@m@m&@m%wﬂc aworkig @spardis, kengoic,

camg%r\é?ﬁd?ﬁ’ e, chn %Y gﬁr g&¥t%”bﬁ§ﬁec‘ﬁ§ulf3ﬁﬁ' étﬂQh@suﬁf@m@rf@ﬁﬁﬁ@

correspon I n sol vat e of
glucheptonie, gjwqymgtﬂxtannﬁwlywm hydegxyealeic, %xdreéﬂwph%\a@nﬁ C?H’OXV"C

|setﬁ|g|'ﬁaqg’a}€el%ﬂogi‘8ﬁ’c Iaﬁﬁ@%léle rﬁslfceheﬁr%n@s@m ftckf oleic, oxalic,

oY ound, salt of conpound) and sol vent.
palmific, ppmucsgantgﬁpnqcspm@peth p@erydﬁtxygplg pfﬁgloBlg pyruvic, salicylic,

steafi€ rk\ﬁ%ﬁihfgngulﬁénﬁlgftgﬁérﬁgtJI&’erfEul?onl:B/ gﬁé‘/ﬁlerlé 0Exarﬁi§lé§"@f SitaBle
drate, a tri- éwrate etc

10
polymeriegsgammwsseclg% @uf arediot limited toy theea detived from the following
poly{'}%'hE 'aE@lsat'énﬁle%Qu&ﬂ}b&yﬁ%tHW%Im solvate forns

hereo I'n al'l enbodi'ment’s, a preferred oxidised
di am nophenot hi azine is MIC.

The compound may also be provided in the form of a mixed salt (i.e., the compound in
combination with a salt, or another salt). For example, methyl-thioninium chloride zinc
chloride mixed salt (MTZ) is a mixed salt of methyl-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”.

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

thereof.
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15 Preferred stable crystalline reduced DAPTZ
conpounds Preferred conpounds are described in prior
wao doed441enpubl i shed, application PCT/ G32007/ 00Q1/GB2008/003315
and are 3, 7-di am no- 10H phenot hi azi ne conpounds of the
following formula: RO HR _od_/ N HX R7NA\ \ | |
R3NA HX2 R7NB~, N S N~R3NB wherein: each of Rl and
RO is independently selected from -H, Cl4alkyl,
C2. 4al kenyl , and hal ogenated Cl_4al kyl; each of R3NA
Hydeates #8NBolvates ndependent |y sel ected from -H,
Cl. 4al kyl, C2-4al kenyl, 25 and hal ogenat ed Cl_4al kyl ;
each of R7NA and R7NB i s independently selected from
It mayrhe @hvdoibkiydr,deSkabla tkprephare, perifyl amdlosendie @dorresponding
solv&%'o?mekélcku/e S%E dﬂ% h%e té.‘?ﬁ' 43?% %"%s h&%?é}gw{hley 0 entlonal
protic armaceut ca y accept abl
sensedb vefeet, a compley df stlde (¢.pe cempound3Salt/ed mﬂemmolvent If

the %%lgnﬁ@r%? Qgr/ ﬁw %%te m%} bgvcton\%ﬁ'ie mﬁé}bn Q a?g h?cﬂg{édfo'i' 0

I'cl eory he I nventors |eve
exampgle, powpodihydrate, famdjiydllatecalty-,hydrhm etche conpounds exi st
inthe following form RO HRL N X10 RTNA O\ I I / O

R3NA X2 O R7/NB~ i S N,R3NB H H5 Although the DAPTZ
Unless ntieowisds speaified) areieranse ta apagiculahegmprupdaispangledes solvate

I dinthe formof a mxed salt (i.e., the DAPTZ
formErt]tQéé%%I nation with another salt). Such m xed salts

are i ntended to be enconpassed by the term "and

In aIP SHRREMS! é’ %(rré"oc&gﬂgé”ob#@mﬁﬁkﬁéwotﬁi@ﬁﬁ@Qfl\'/ITC Unl ess

erw se sp led, a reference to a particular
conpound al so incl udes

Preferred stable crystalline 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

following formula:

— .
R 'f' R'
N HX'
R™MA /RSNA )
R7NB/N S N\R3NB HX

wherein:

each of R' and R® is independently selected from: -H, C,,alkyl, Cz-4alkenyl, and
halogenated C,_4alkyl;

each of R®™ and R®™8 is independently selected from: -H, C,.alkyl, C,4alkenyl,
and halogenated Cqalkyl;

each of R™™ and R™8 is independently selected from: -H, C,alkyl, C,alkenyl,
and halogenated C,alkyl;

each of HX' and HX? is independently a protic acid;

and pharmaceutically acceptable salts, solvates, and hydrates thereof.
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salts thereof. 10 The DAPTZ conpounds may al so be
provided in the formof a solvate or hydrate. The
wo esoamodgot vate” is used herein in the conventiP@EIGB2008/003315
sense to refer to a conplex of solute (e.g.,
conpound, salt of conpound) f’;\_nd solvent. If the
solvent is water, the solvate may be conveniently
Withd2h G0 b ?g%ﬁuﬁdlgy%{y%taﬁlcg DineSRAME RyprfodBAfaALAL €
possiblecif ﬁbtdmt;alyathabthe nempeunds eaasp arthe (nilbwmgdompxo und al so
i ncludes solvate fornms thereof. In one enbodi nent, the
Cl. 4al kyl gr c[_ﬁps are ﬁsel ggt egyfrom linear Cl4al kyl
groups, suchj as - M, -EtL r, -iPr, anE% nBu
branched C344l kyl gre «cheas -i P, X1 Bu, -sBu,

and 20 -tBu; vt geadp uch as -cPr
NC%A&@I 3‘1@ groups are

and -cBu. In
sel ected fromRi néar C14al kenyl “Bups, such as
-CH=CH2 (vinyl) ahd -cHe-cHecH2 fallyll). 25 1n one
enbodi nent, the haI ogenat ed Cl. 4al kyl groups are
selected from - -CH2CF3, and -CF2CF3. The G oups

Althgﬂr%ﬁtﬂen iR ﬁcdrﬁhq%ﬂ&igﬁéqﬂ%b@ws sa&%gtne)?fna%ls%% SRvilisd in the
forn‘ecpf‘@omxné salt (l@adlhe BAPRZ imerimipt@ation withdanothetsat) ySuchimixed salts
are mMﬁde&’ to bggnco %Qé@éfﬁ\%&?ﬂ ‘P%/ %%u@:?ﬁ?%@cep’tﬁe sél{é

ne enbodi nent, are the sane
ther@tpf’boumm@therwlswqﬂgd,@ wefefendetoaparticularcogpeund also includes
saltEMBRIE nent, each of R and R9 is independently -H In
one errbodl rrent each of R and R9 is independently
I n one enbodl ment, each of Rl and RO |s

Thel R3NA aingh%%méblalssoﬁ% rﬁl 'ﬁtﬂﬁg selacggt ro y ﬁ The
termdio!n%ipkwusewewm Inélng/convampnah@sr@géﬁ an@de@ELQP&‘I’ﬂ{% of splyte
(e.9. OBEmBohd hﬂ?ﬁoog%@ﬁﬁh)ojnd%wénlarhdthg%'(\.ﬁehfls W&@&pﬁ\@%@ﬂaé’may

elected from

be Cﬁ'&‘f@ﬁ‘{f@%f@f@l”@ﬂ@aﬁ%hﬁ%@- fonexampie.d mnp hyératqa agf-hrdrRig, a
tri- hﬂﬂQeF@tNB Unfesk %ﬁ%ﬂﬁ@g §Béd|ﬂéd‘ YeferdRte to BBarticuldPtompound also

lncludes solvate forms thereof

In one embodiment, the C,_jalkyl groups are selected from: linear C,_4alkyl groups, such
as -Me, -Et, -nPr, -iPr, and -nBu; branched C;_4alkyl groups, such as -iPr, -iBu, -sBu, and

-tBu; and cyclic Cj_4alky! groups, such as -cPr and -cBu.

In one embodiment, the C,_4alkenyl groups are selected from linear C,_alkenyl groups,
such as -CH=CH, (vinyl) and -CH,-CH=CH, (allyl).

In one embodiment, the halogenated C,_4alkyl groups are selected from: -CF;, -CH,CF;,
and -CF,CF..

The Groups R' and R®

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.
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20 I'n one enbodi nent, each of R3NA and R3NB i s
i ndependently -Me, -nPr, -nBu, -CH2-CH=CH2, or -CF3.

wo nooofetieTbodi nent, each of R3NA and R3NB i s PCT/GB2008/003315
i ndependently -Me or -Et. 25 In one enbodi ment, R3NA
and R3NB are the sane. In p%ﬁn‘oodi ment, R3NA and R
3NB are different. In one enbodi nent, each of R3NA and
R3NB i s i ndependently -Me. In one enbodi nent, each of
R3NA and R3NB i's i ndependently -Et. 30 The G oups

In oRF babadicheRY, RE dRdRY 06 tHe7d¢neand R7NB i s i ndependent |y

sel ected f -Ho C1 kyl, C2-4al kenyl, and
In °H%F6‘§8ﬁ5’teé'g%gf_“ﬂgf &7 éﬁ%?v% 2009/ 044127
PCT/ GB2008/ 003315 -33 I n one enbodi nent, each of R7NA
n /NB is independentby .sel ected from Cl4alkyl,
in ofB b IebT. <l GPRDARTR: & A oBIiGy L™ | one
In orerbmbibdintent, eaals bf R amy RsamikpBiddBtly sMendependent | y
- -Et, -nPr, -nBu 5 - - CH= or -CF3. I n one
in ofdErmpodinent, 2abn o7 & ohe RASITREPRIAGEY =, nepondent |y
-Me, -nPr, -nBu, -CH2-CH=CH2, or -CF3. 10 I n one
odi t Zﬁﬁm of R7NA and R7NB i s independently -Me
ThegérT’B‘-’%WFHd e enbodi nrent, R7NA and R/NB are the
sane. I n one enbodi nent, R/NA and R7NB are different.
Ba0n fh.od] n ach _of R7NA BAi S
Eactt B R« A )8 HdEBBAder SleBleg FAN A, GkI Cp falkeny( and
haloganht&Y NBJalleyl.i ndependently -Et. I n one enbodi nent, R3NA
and R3NB and R7NA and R/NB are the sane. 20 In one

enbodi nent, R3NA and R3NB and R7NA and R7NB are as
In oneéinbedimiet, each ofiRY'h atd &*"°ps mdepandehtiit sedéctédiism: Gnalkyf,

7 and R7NB is other than -Et.
Cz"%‘%@é%ﬁ hgﬁg\%n%ggcgéw one enbodi nent, the conpound
is as defined herein, but wwth the proviso that: R3NA
AN N Ras BE. (
in o e St R i 1 <8 e R e, e A B

-CHnCHRCHaeorpEbyi so that: if: each of RL and RO is -H

R3NA R3NB

In one embodiment, each of and is independently -Me, -nPr, -nBu,

-CHZ-CH=CH2, or 'CF3.
In one embodiment, each of R** and R*™® is independently -Me or -Et.

R3A and R®*E are the same.

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

In one embodiment,

In one embodiment, each of R®™* and R*"® is independently -Me.

In one embodiment, each of R® and R*"® is independently -Et.

R7NA R7NB

The Groups and

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

halogenated C,_alkyl.
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30 then: R3NA and R3NB and R7NA and R7NB are not each
-Et. The G oups -N(R3A1A) (R3NB) and -N(R7 )(R7l B) In

wor@mmiori ment: 35 each of R3NA and R 3NB i S PCT/GB2008/003315

i ndependently Cl1_4al kyl, C2_4al kenyl, or hal ogenat ed
Cl4al kyl ; each of R7NA and §7NB IS i ndependently
Cl_4al kyl, C2_4al kenyl, or ?1 I ogenat ed C1.4al kyl; WO

2009/ 044127 PCT/ N08/ 0315 | - 34 opt ] gnal wi t.h
In ofF STESAMERL 25 o antrB e of MesRGc D PERREA aMHoRaMIE
C.,.4alRenyR aNB Hatogehited CqLdlleyl. - Et . |1 n one enbodi ment: 5 each
of R3NA and R3NB i s independently -Me, -Et, -nPr,
-nBu, -CH2-CH=CH2, or -CF3; each of R7/NA and R7/NB is
In oherdmpoedichent, legch BER™ Bhd R'f¥Rs indepdBulentyCiiRe, CEE GHEL, -nBu,
-3, optianally with the proviso that at | east one
'CHEEFEE&@& grn'g?:PBNB and R7NA and R7NB is other than -Et.
10 I n one enbodi nent: each of R3NA and R3NB i s
i ndependent | y - Mk - Ftzve .€ach of . RINA. an 7 is
in opd SEBEAGERL pher MRS angR 45 PRGRdaetvaid PRE Bov: so
-CHi-Cai=Cat,, bre@8t. one of R3NA and R3NB and R7NA and R7NB
is other than -Et. 15 In one enbodi nent, the groups
-N(R3NA) (R3NB) and - N(R7NA) (R7NB) are the same. In
In onsembntiioentyeath ot RE* gnd RFY is INGBE20Eeh RBMB ondfd
-N(R7NA) (R7NB) are different. 20 In one enbodi nent,

each of theﬁ%roups - N(R3NA) (R3NB) and - N( R7NA) ( R7NB)
In onhs einbddipent &Y andcsR 2 atedttie samer - NVe2, - NEt 2,

- : - NFBU) 2. 57N . Pr), d
In 09%%%&{3&% Z.QrﬁnRong%Eéﬁ%%rgmgtn, r% heagr oups

-N(R3NA) (R3NB) and -N(R7NA) (R7NB) are the sane, and

i A he - 2, -NEt 2,
i offf BrmpidioleRE RIETOGR™ Kpd R 5L Rgpéiiiey M
In one\EBbRMeaLRRch of R™dard BAdslindependenthe-Efr oups
-N(R3NA) (R3NB) and -N(R7NA) (R7NB) are the sane, and
are independently selected from -Nwe2 and -NEt2. 30
In oneremhedieent R*feand RE%and BfVtand R bangdhe s#msNA) ( R3NB)
and -N(R7NA) (R7NB) is: -Nwe2+. In one enbodi nent, at
| east one of _the groups - NNQRSRIA'27£BR3NB) and o
In oneneRpoGiNERy RE)® and R*™® and R™* and 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

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

RSNA R3NB R7NA R7NB

and and and are not each -Et.
In one embodiment, the compound is as defined herein, but with the proviso that:
if: each of R' and R® is -H;

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:

each of R® and R*® is independently C;.salkyl, C,.4alkenyl, or halogenated C.alkyl;
each of R™™ and R™® is independently C,.salkyl, C,.salkenyl, or halogenated Cy.4alkyl;
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ot her than -NEt2. 35 WO 2009/ 044127 PCT/ GB2008/ 003315
-35 In one enbodi nent, each of the groups

WO bifoRBNA2T R3NB) and - N(R7NA) (R7NB) i s ot her theelT/GBRI08/003315

Et 2. For exanple, in one enbodi nent, the groups
-N(R3NA) (R3NB) and - N(R7NA)(R7NB) are the 5 same, and
are selected from -Nwe2, -N(nPr)2, -N(Bu)2, -NWeEt,

SO T o S e Y

thanERanpl es of protic acids include, for exanple,
i norgani ¢ acids, such as hydrohalide acids (e.qg.,
HCl, HBr, HI), nitric acid (HNG3), sul phuric acid
In or{d&h6¥imemnd or gani ¢ aci ds, such as carbonic acid

caciihgoh RO GLEHeTeRRY MR Fha T PROSIErEr o OF
o R andnt 1y gy ORI (5 (B o LA i o
optipgl i R o RSt GRE CERBOATRENT SisHEh B AR i ifer

thanF&R i s i ndependently selected fromHClI, HBr, and HI.
I n one enmbodi nent, HX1 and HX2 are the sane. 25 In
one enbodi nent, HX1 and HX2 are different. In one

In orydérapddiment; HX1 and HX2 are the sane, and are

[ d s | ected, f 21, HBr, d H. In thi
eac'{:‘g{j%?@??fgﬁyo#piggﬁggwgnw 'Mﬁm o-phenot Li a?inne corrpgundl) >
eacrlil‘lﬁf}Rm'??@rm/R?ﬁBGthgpém!enibf e @dEto as a )

o SR e A AR 9

thancBse, the conpound may conveniently be referred to as
a "di am no- phenot hi azi ne bi s(hydrogen chloride) salt".
In one enbodi nent, HX1 and HX2 are each HBr. In this

in orzaerabodimentc thegrouyss MNR>V3BEREBrarenNeRT  YRBE) areftee sadet o
as a "di am no- phenot hi azi ne bi s(hydrogen bromni de)
salt".. WO 2009/ 044127 PCT/ GB2008/ 003315 -36

In one embodiment, the groups -N(R*™)(R*"®) and -N(R™*)(R™®) are different.

In one embodiment, each of the groups -N(R*)(R*"®) and -N(R™)(R™®) is
independently selected from: -NMe,, -NEt,, -N(nPr),, -N(Bu),, -NMeEt, -NMe(nPr), and
-N(CH20H=CH2)2.

In one embodiment, the groups -N(R*)(R*8) and -N(R"™™)(R™?) are the same, and are
independently selected from: -NMe,, -NEt,, -N(nPr),, -N(Bu),, -NMeEt, -NMe(nPr), and
-N(CH,CH=CH,),.

In one embodiment, the groups -N(R*™)(R*™®) and -N(R™*)(R™®) are the same, and are

independently selected from: -NMe, and -NEt,.
In one embodiment, each of the groups -N(R™)(R*®) and -N(R™)(R™®) is: -NMe,".

In one embodiment, at least one of the groups -N(R*)(R*®) and -N(R™)(R™®) is

other than -NEt,.
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In one enbodi nent, HX and HX2 are each H. In this
case, the conpound nay conveniently be referred to as
w@20odioaseNno- phenot hi azi ne bi s(hydrogen i odi de) PeEIGB2008/003315
Sonme Preferred Conbinations 5 In one enbodi nent: each
of R and RO is independen;%%- H -M, or -Et; and
each of the groups -N(RI NA) NB) and - N( R7NA) ( R7NB)

.S .l r 3NB I 7NB, ;
I o o SRRl R R s NRe Ry g pter than
-NEtaVe, or -Et; and each of the groups - N(R3NA) (R3NB) and
-N(R7NA) (R7NB) is independently -NMe2. In one
enbodi ment: 15 each of R1 and R9 is independently -H

Foramamplacin cok entdinentbe ghurs NUYRCH3(8)°) and -N(R™*)(R™®) are the

= 7 | S. INRELEPE t LN VB -
samﬁéﬁ%%ﬁ%ﬁr@%@@agﬁﬁe i %’g@ﬁﬁ (Igé&%s |%%tep%édéﬁpr %/Rq H;
-N(GCHCHch of the groups - N(RI NA) (R3NB) and

-N(R7NA) (R7NB) is independently -NMe2. In one

enbodi nent: each of Rl and R9 is independently -H,
The-GroupoHX: gnd HXAd each of the groups - N(RI NA) (R3NB) and

-N(R7NA) (R7NB) is independently -Nwe2 or -NEt2; 25

and each of HX1 and HX2 is independently selected from
Eachiof HXHBnd HXA s intlepententtyreeprstibeddnent : each of Rl and

RO is independently -H -M, or -Et; and 30 each of

the groups -N(R3NA) (R3NB) and -N(R7NA) (R7NB) is
Exampisnf pesin tacigs inglusiz, foredamplacinotganiedatidsnslididés Hydrohalide acids

i t Ly, . f . r .
(0.0, FRARTBL ! e R ARG s im0 0 Ml brpadiE pABE, syon s
cart®Biceacich(Ha € Os handpastip ecid (ICREGAPHRINB) and
-N(R7NA) (R7NB) is independently -Nwe2 or -NEt2; and
WO 2009/ 044127 PCT/ GB2008/ 003315 -37 each of HX1 and
In opgxembadiment gt ehidX yantbH X is dedependentizia, memiprotigragid| .
.I'n one enbodi nent :
In one embodiment, each of HX' and HX? is independently a hydrohalide acid

(i.e., a hydrohalic acid)

In one embodiment, each of HX' and HX? is independently selected from HCI, HBr, and
HI.

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

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

In one embodiment, HX' and HX? 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”.

In one embodiment, HX' and HX? are each HCI. In this case, the compound may

conveniently be referred to as a “diamino-phenothiazine bis(hydrogen chioride) salit”.

In one embodiment, HX' and HX? are each HBr. In this case, the compound may

conveniently be referred to as a “diamino-phenothiazine bis(hydrogen bromide) salit”.
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each of R and RO is independently -H and 5 each of
the groups -N(R3NA) (R3N8) and -N(R7NA) (R7NB) is

wo nabependent |y - NMe2; and each of HX and HX2P¢BHGB2008/003315

i ndependently selected fromHCI, HBr, and H. In one
enbodi nent: each of Rl and_g9_is independently -H, and
10 each of the groups - N(R3NA) (R3NB) and

) \ o VN .
i opeERRgR WL o X e BadRAL, I iRk, o Yo SR8 nfy
conxgnierglyyereferied de as ernthaniineenienothmzingdtis(bydr@jersindide)osailts

i ndependently -H and each of the groups

-N(R3NA) (R3NB) and -N(R7NA) (R7NB) is independently
Some\Reeferreghdombiagonst HX1 and HX2 is HBr. H | N HBr

Mew\ I I/ .M HBr Me~N S N, Me 20 In one

enbodi nent: each of RL and RO is independently -H and
In opgembediment gr oups - N( R3NA) (R3NB) and - N( R7NA) ( R7NB)

et SRS M . 120 11

eachypfithe groups/-N(RE")HR*"®)nasd -N(RS"NRE®) is indepgridentiiarNMez asnNEt..

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,.

In one embodiment:
each of R' and R® is independently -H; and
each of the groups -N(R**)(R*"®) and -N(R™*)(R"™8) is independently -NMe, or -NEt,.

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,.

In one embodiment:

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

each of the groups -N(R*™*)(R*8) and -N(R™*)(R"™®) is independently -NMe; or -NEt,;
and

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

In one embodiment:

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

each of the groups -N(R*)(R*™8) and -N(R™(R™8) is independently -NMe,; and
each of HX' and HX? is independently selected from HCI, HBr, and Hli.

In one embodiment:
each of R' and R® is independently -H; and
each of the groups -N(R*)(R*"®) and -N(R"™*)(R"8) is independently -NMe, or -NEt,;

and
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5 In one enbodi nent, one or nore of the carbon atons
of the conmpound is 11C, 13C, or 14C. In one

weedonit4areht, one or nore of the carbon atons oPCT/B82008/003315
compound is "C. In one enbodi nent, one or nore of the
carbon atons of the conpoung, is 13C. In one
enbodi ment one or nmore of Yhe carbon atons of the

nor e of
eactf AEFRRT BRLAR: & diaopehlis Rty e REBANGIFRC) LR HIT' P %0
enbodi nent, one or nore or all of the carbon atons of
In e pL oore or all of the groups R3NA, R3NB, R7NA
HRBPOWICRg  and R10 is 11C. (O 13C.) (O 14C.) In
eacronfeR‘em'hua‘-i mmuepeodmtlgr-Hnmde or all of the carbon atons

ne or a, | of N
eaci R rdee SRESCIT B o NI Fofr 1 P B SRRL, U
eacteattaXi arehit X SMe@eodmﬁly-sh(emoo(rFENBﬁ&Md HI.
-N(R7NA) (R7NB) are the sane, and are: -N(11CH3)2. (O
-N(13CH3)2) (O -N(14CH3)2) 20 In one enbodi nent, the
In omsoarpborﬁmehs sel ected fromthe foll ow ng conpounds, and

naceud i p salts, solvates, and
eac*ﬁf}@? é@k}t' i "8%'?’ F'k%"e Mew JaN)a Me HCI Me' N S
each\bﬂ\tbe\ym@@emm’ﬂ%ma)m/-wwea’d‘basmseper@i@nﬂy -NMe;Narnd

1 HBr Me' N Me Other aspects of the
eacrlz r%\r/%%t%\éedHé I\7\#1ﬂled|r\{l(§ any method of treatnent is disclosed
herein, also scl osed are: A DAPTZ cefrpound for use

in that nmethod and use of HDAPTZ conpoupd in the

preparation of a nedi mer}'t f said tr ealyrent .
Cor respondi ng| enbodi s erence:, and
i ndi vidual i zali mas 2 ﬁl LMeapplys nmutatis

mutandis to t eﬁ@/NlO aspectts “Me

In one embodiment:

each of R' and R’ is independently -H; and

each of the groups -N(R*™)(R*"8) and -N(R™*)(R™®) is independently -NMe,; and
each of HX' and HX? is HBr.

Me _Me

—

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 HXZ is HI.
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Thus the invention provides inter alia: A DAPTZ
conpound for use in a nethod of treatnent of a
w@ogniot412e or CNS disorder in a 15 patient, WheT/€BR008/003315
said disorder is one which is susceptible to treatnent
by said DAPTZ conpound, whjch nethod conprises orally
adm nistering to said patient a dosage unit
cont ai ni ng said DAPTZ conpound in oxidised form as
active ingredient, whereinysaid dosage unit releases
at |l east 50% of said actlve i ngredient \wi thin 30
m nut es under 20 A HDAPTZ
compound for ( L ent of a
cognhitive or ( ' $ Al entj, Wherein said
di sorder is oreNWhlch S susceptlbIMet treatment by
said DAPTZ canpound, which nmethod conprises orally
adm nistering to said patient a dosage unit
cont ai ni ng said DAPTZ conpound in oxidised form as
gredient, wherei n said 25 dosage unit is
lsot«%%{/%{rgartfg ai ned. A DAPTZ conpound for use in a nethod
of treatnment of a cognitive or CNS disorder in a
| 1M~ 13
In o&%ﬁgmlmgmgﬁﬁgbﬁwégﬁéﬁ% é%f)&"?gtogéDA&?e m&&hn'gﬁsn C, C, or “C.
In orwhembpdmentoqne;gwpmesdéhewqborya@m afitha @qmmgmﬁcbs S&i d
In or%aér{'lﬁéglra@ntdgﬁ?glemki@ 3f tilc P&“ Bofs 1AL S fIRG4s °C.
abl'e crystalline reduced formas gctive
In one@nb@ﬂl@nnt ONYOORID0S @Ak carbeTators B8y oumpund is 46- Use
In orgaf erfioddiRdét GASBAMBRL dfind ﬁ‘iﬁﬁgérﬁ%ﬁétdf e &mpburB @ SRMENT
osage unit for use in a od of treatnment of a
cognltlve or CNS disorder in a patient, wherein said

In oftl érﬁﬁ hS oné’BtemWRe' &r!all'o?tr%‘&%?l%ﬂ étBJn% df Bné BﬁﬁbF@G}tallQ‘ithe
% ngb method 5 conprisgs orally
grouagnlﬁ nh Bfer R SRR pamci Bntis s & dodoé%l)géobnpt)
cont ai ni ng Sald DAPTZ conpound in oxidised form as

active ingredient, wherein said dosage unit rel eases
In ong empedients gng ef Maea of e theecarbryt AT OUF PhmAree 2 of the

grous RAVERIENHBR 3hQRArig g0 r(@r“qco)n%Or ¥gg of a DAPTZ
conpound in the preparation of medi canment dosage
unit for use in a 10 nmethod of treatnent of a

In or@&ﬂbédlh‘:@ntofhe%ﬂi -NQRWQ)"(R*N") FhdN(RENJ(R™greqhd saheé thnd are:

,gdi sorder h i S susceptible to treatnment by
N 'Chishp- MRP?% éﬁhbduﬁﬂ' NGB het hod conprises orally

adm nistering to said patient said dosage unit

contai ning said DAPTZ conpound in oxidised form as

active ingredient, wherein said dosage unit is

In orEEhbEHIREA, HRGbompoukls & stlected 36 ﬂ\&@ﬂ@ﬂh@@otnﬁoﬂrﬁ‘d% and

preparati on of a nedi cament dgiag nh Pr use in a
pharmaceutically acceptable salts, solvates, an ates thereo

H
N HCI
1 Me_ _Me HCI
SN s NZ
Me Me
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nmet hod of treatment of a cognitive or CNS disorder in

a patient, wherein said disorder is one which is
wa@omeeptiecbl e to treatment by sai d DAPTZ conpouPdl/GBRI081003315

method conprises orally admnistering to said patient

a dosage unit containing sq#d DAPTZ 20 conpound in

stable crystalline reduced %rm as active i ngr edi ent ,

A-ohe

t he treatnent of [@ cognitive or CNS disofder in a
pati ent, wherein|said disordédf is one whigh is
suscepti ble to treat ment by 4 ARTZ conpoup@, whi ch
dosage|unit contains s pound i|n oxi di sed
form 25 as active Migpedients qandAhgedien |s4iBd dosage
unit rel eases at || st 50% of said actiwee| ingredient
Wi thi nj30 m nuteg under standard conditions. The
dosage|units conprise nay conprise, for exanple, 40,
45, 50, 55, 60, 65, 70, 100, 120 ng of a DAPIZ
conmpound as described. 30 In one aspect the invention
provides a drug unit for the treatnent of a cognitive
Othéaspbes oflinsahidgtion n a patient, wherein said disorder
is one which is susceptible to treatnment by a DAPTZ
conmpound, whi ch dosage unit contains said DAPTZ
WheF8 BRPEhddbf @¥hheiR é disdldBed1erens, tdlstedisdicieddirent ,  and
wherei n said dosage unit is gastroretai ned. The dosage
unit rmay conprisee at |east 50, 60, 70, 80, 90 or 100

A DARTZ 66mpaUrRi 6 @se iAQRat ndlfod diluseS I DAPIZ cdmpund ilPiNeTZ
conpound as,_described, WD 2009/ 044127

Prepaeafiopeh e (EiRFe e for sa tiedtmenl SOPERROKY SPRANTPYS:
preféreAsdsdaad mdiidi@liziliohs fdekcrited Here@bpplp nutdtisanatagdis to these
or CNS disorder in a patient, wherein said disorder
aspPeals- one which is susceptible to treatment by a DAPTZ

compound, whi ch dosage unit contains said DAPTZ

compound i n_stabl rystalline reduced formas active
Thu?ﬁ'&r"é"(ﬁ"gﬂ'? Proé{ldgﬁ"ﬁﬁrsaj@e descri bed above (e.g. 100,
200, 5 300, 400, 500, 600, 700, 800, 900, or 1000 nm),

o LS A8 B PR o

patidm,_wgma)ei_n Abigiadigurder isl _edc;:j 'wﬁica isﬂlsusge;rtitm:ilm_dteahpamtrbyss'aichAPTZ
uni C ani e ala 1 Nnal cal | .

comirur: YRt n@RSEER PSR o Betriprind ol 2 BBtads o

contaiomba;iamelDAEﬁnblempbmgd iorwidd:ed fdrth aadtive oxmedientnwhereaesaid
e ) . Coal Ly |
dos 8IS st 1oL 304 S S R OB G bIET iy 30 7GR} R ffoer

stanpandecodditiomsnophenot hi azi ni um conpound as descri bed
herein. Ligands 15 Additionally use as diagnostic or
prognostic indicator e.g. as a ligand for |abelling

A DARPTZ edmpound 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
containing said DAPTZ compound in oxidised form as active ingredient, wherein said

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

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



10

15

20

25

30

35

aggregates in the brain is also contenplated. The

findings herein in which cognitive effect (dependent
wo@Roobnaiir7 concentrati on) vs. negative haemat ol pQI/GBR008/003315

effect (deduced to be fromdinmer formation) have

inplications also for use agga ligand. 20 Such DAPTZ

conpounds (ligands) may incorporate, be conjugated to,

be chelated with, or otherw se be associated wth,

ot her chem cal groups, such as stable and unstable
UsereftaddAB DY eompeungiie the praparatigroeiopredicaimenttdosageewiit for uge in a
metfb@ Eﬁﬁemgﬂte&f'acco ﬁlﬁQ@@PéﬁSlo{i’% et in a?¥€eﬁ1t vméﬂ&ﬁ%g‘a%order is

mar ant i roups erap nol et |
onegwfyjchois Isgscemblettsy tre&ntelmaby iy Dd\PJZ w_anpn@grvm@t nnethod

I | - ;
conﬂin@%gﬁl draﬁ\fstérlﬁs t@%&ﬁ%’g ﬁ_@%@'g rr%%h%%u?'ts g(%ial@?églgﬁé ?APTZ
contpored im oxidisedAiorrh as laetivedtigriedieoh aheteimsaiddosagetundreledres at
least 86%06%%9.& U0 ﬂﬁfe‘?ﬁéﬁ WIthlﬁ %Whmghﬁg?rts%ndaﬁd &nﬁhi@hgd
'S erw se assoclated wth, one or nore

(e.g., 1, 2, 3, 4, etc.) detectable [abels, for 30
eSS LR AR Ak AP ASEmBESRLABEID b B i
methed Ritreatmenttdf genopaitive oGNS dinorden ér a patiant.whengie saidglisorder is

[

one%ﬁ?@ﬁ?ﬁeﬁﬁﬂé to fr@ﬁrr]@ﬁ{ J)fzs%@ m‘?’?'gf}:o gtﬁrécly vﬂf?&ﬁdm@t‘ﬁowe
comgg&%@;atlse@ﬂmla@tqﬁmgtt@ paiy patiend saﬁ@t@sm anitepntaining said DAPTZ
conﬁGUhdJ&%xﬁfjsetdcforrﬁ as Q&%%ﬁgdler’#wﬂ’éftehw sdid gbssaggtu'ﬂﬁ'i M Se)

assocli at ed h, one or
gastferetainedbl e Iabels VE)2009/044127 PCT/G82008/003315

-42 For exanple, in one enbodi nent, the DAPTZ conpound

is as defined above, but with the additional _
Use|of gi QAR Toepreprundimteqsapriatinn ofrcpegierraendslosage unit for use in a

metﬁﬁ‘bﬂ%ﬁrﬁ%tt&a co§nifebE Y dWokder irP4 pat'ie?mt Q\H&%l%@@ dlsorder is
associated with, "one or nore 4, )

one HHBR ABHCEPIHD B SOAT T LB B EAS R iU ey
com‘ﬁ!ﬁ@é& érb%&ﬁtnfsiénh@‘tb %IQPQ!I&t Qrdo§9§3é’ @rgla&ﬁ@alﬁlﬁé‘ sBH PaiT?)

be visualised ect ed sui t ab neans,
Comﬁﬁ!d'"'q iRstable F'lyété"'ﬁ% f%déﬁe%fqr'f" asa&?él’%lf‘igéﬂdée”lt hat any
suitabl e detection neans as is known in the art may be
used. For exanple, the DAPTZ conpound and- | abel )
In ong3shsst hgiinveRtion provides g uméfqrﬁ%V%mgﬂ? *f ¢ qegnitive br ons
disoRfes iirf 4 Pahé?mvmérélﬂ sQFdQJ'Bcfr&ergs one which & slisceftibletot@afRdht by a
atom or one or nore alkyl group substituents,

DARTZ: sampaypa hich desase u@mce')\ta@ﬁ&atﬂ’é%%ﬁ ﬁ@’"?%dd'a) ﬁﬁa'aﬁ‘aform

as aUﬁa)eﬂﬂgdéei%hi BAa meie'irssm dbéﬁ&&!rﬁtﬁ@héaéé%@f)le@ﬁ 50% of BQ%ctlve
art. Such "C | abell ed DAPTZ conpounds nay

mgfiﬁ‘%rﬁavatea‘ Fyminyies:undgr stRRdar cReditionss B*é'seqsas%anmtfemwse may
compfise Fsh&RatBes 40,f 45, 56X581B0€65,170, €0R120Ynd & 4 DAPTEEOAPSUN as
iggrl bed in WD 02/075318 (see Figures 11 a, 11 b,
desc[ipfdand WD 2005/ 030676. Thus in one aspect there is
di scl osed a nethod of | abelling an aggregated di sease

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 least 50, 60, 70, 80, 90 or 100 mg, or more e.g. 200, 300, 400, 500 mg
of a DAPTZ compound as described.
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protein associated wth a neurodegenerative di sorder
in the brain of a patient, wherein 20 said aggregated
walc@easda2protein i s one which is susceptibl e tBCT/GB2008/003315
| abel i ng by a DAPTZ conpound, which method conprises
orally adm nistering to saigh patient a dosage unit
contai ni ng said DAPTZ conpound in oxidised form as
i o bt 2R PREIEL! g 4 ThdaRhL-£ORLEGAE b oNs
disogier irP4 paiienttwheraindaid disqiderds dnewhigh ts smseptibhe to tfaatrérd by a
DAﬁ%p&%gpohH rﬁh.bﬁ dQé:fg% PR EInBintR RSt Z E&H?ﬁ&dﬂﬂ stBle
rotern assocl at ed
crystaémuead@tggdéom ay ectdnesmrdd;enn at a desage giescrivledabpye (eeght100, 200,
[ r a -| -
3007410, 808 608, o, 308 AL bF o RgF 8 RAfigs BirsBu e ratfudibrives
abowghiech <ﬁ@%hod hown? hawss, Johauird, y heoding, o Sthenisig t 0 sai d
patient a dosage unit containing said DAPTZ conpound
in oxidised formas active-|abelled ingredient,
Alsovitevidéchis sadrdg gossugbcamprisingssaighurtity @ceerapaniel b a Igbel iadicating
t
that FI’%QL)%I’P? Faaogﬁgﬁg tafl%rttﬁg Erg?t'n‘%ng!l)ésgiooﬁgéjarsgt féﬁ%néaﬂgs@g cont?lnlng one or
morgiosage unds eaciegemprising atdeatit ooe glearmaneutwe"bamemabfe excipient
{
R i R S T S S
descgubsd@ptanbl e to labelling by a DAPTZ conpound, which
met hod conprises orally adm nistering to said patient
~a dosage unit containing said DAPTZ conpound in
Ligagdsibl e crystalline reduced formas active-labelled 5
i ngredient. Preferred aggregated di sease proteins,
DAPTZ conpounds, and neurodegenerative disorders are
Addifiprally sise @s siageaplia @ iegnostic indigatphe.gnes Adaandiey labgling erotein

aggre§ams 'ir?‘tﬁetbpﬁn % 880 etf)ntgr%bﬁfe@ FhRGintiRgs Hér‘ae%?ﬂ%lﬁ{‘éUgﬂftlve
amount of sai d conpound bound to said F] Eate
ogira

effeqh (darendent ARdiraiacopsgiationvst rroaiyebagmato gffesh(deduced to

be fBR difePorhatich) Male RRbIREtidHs 3WasH $selds PligeHyosi s of said
neur odegenerati ve i sorder which further conprises

the step of correlating the result of the

SucfdQﬁ\P‘TZ‘cBﬁfprHds QNEMHS‘) h‘%y%c%ﬁfb?ﬁesﬁé‘&&j@atéch@ BeBh&sted with,

Wer e any Iabel | q'gOSI S Or

or otb?@gﬁ%%q asxobiatckwith oo RRFTEICH STdinse SaTLES Hell and ugstable

detectable isotopes, radioisotopes, positron-emitting atoms, magnetic resonance labels,
dyes, fluorescent markers, antigenic groups, therapeutic moieties, or any other moiety

that may aid in a prognostic, diagnostic, or therapeutic 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, etc.) detectable labels, for
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

with, or is otherwise associated with, one or more (e.g., 1, 2, 3, 4, etc.) detectable labels.
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A DAPTZ conpound for use in that nethod and use of

DAPTZ conmpound in the 20 preparation of a diagnostic
we@eoopnegedsti ¢ i ndi cator for said nmethod. CorrepSpoBAIREO3315

enbodi nents, preferences, and individualizations,

described herein apply nmutatjs nutandis to these

aspects. Throughout this spécification, i ncI udi ng the

For SRR ane PRESHERE MEREPTZ EOReGfR § %5 aafied AR CIR yin tre
addiﬁarmlrmhl ﬂtat;]ea thalmlmb _cbmmr?fdl |s¢otngc;rétew i Icoh;egaxede:r & dmdatédawuth, or
. t he ion of a sta r

s otfyish Ssgecinthd wi, & et e By 218 B Blediitd @ﬁe'af

any ot her integer or step or group of |nt¢gers
RS N YN e p—
mayfberviuuatiszm"or'detecfeciamcbﬁytdmable mdausl earral the akillecepersemivil
ear

I h h Thus,

appr P a3 et Al siAHT BbeRta s ns i RhRin kPR & Shs {otE

i ncl uples m xtures of two or nore such carriers, and
ror b4 % AP T EOF B B e B ety O
incopocdtihga poaitronantitiing aédni ée.g V\Hem (esgichs a cadogeatars of one or more
o S8 e85y GBS A o S BB 450 SRR P
using poitoon ¢noissioe tahbgrappa(RET) @k &y knownue.the‘Sarm larly, when

val ues are expressed as approxi mati ons, by the use of

the antecedent "about,” it will be understood that
Such 16 Igetied DAPIZ opaippsendomay bamosdaced eyradagiting thie. methats

desc?ggﬁjﬁéremlﬁ kﬁ&P:? l/vg?% f&”e}aﬂfget f‘he a{!@ qb%@%@tr@ﬁ% gé#ﬁ?}gd in

are ex

WO ﬁﬂﬂ‘bﬁa‘iat(smﬁgaess‘qdecﬂfb da) and W&IZOO&AOMGGIGaI ly recited.
Any sub-titles herein are included for conveni ence
only, and are not to be construed as Ilimting the

Thusdin 9ot aspeat themne srdisclesed al@ethhd of labelling am aggrepated wisease

protég]ﬁééé_%algi%te?ﬁﬁg{ 4 Eggro%éghe'?%fvgg%?ferﬁrpthgbﬁ |F|% ‘ﬂg\ﬂ dém whereln
said gggrepated disease mmtem Is| ongowhieh 6®us¢ﬁv§ble§mlaueéldg ibyi a E@/H%TZ
Com&ﬁ%‘ gin the light of these. 15 The disclosure of all

erences cited herein, inasmuch as it may be used by
t hwhieh giethadegpmprises n@"matim!rmtermty seigt patinet 3 desageiuoit,

R e e e
wherein said dosage unit releases at least 50% of said active ingredient within 30

minutes 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 disease protein is one which is susceptible to labelling 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 is gastroretained.

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
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Figures Figure 1. TRx-014-001 & 009 clinical trial

study design. The nunbers correspond to the patients
w@booeaet2st age of the study. 323 patients ent epenGBR@®S/003315

base study, one subject was 5 random sed but not

gi ven nedi cation. Subjects re treated with MIC as

i ndi cated or placebo. After 24 weeks and 50 weeks,

oo SO B o e SBT3 AR 21,

compbhnd,al reasons, those on placebo for the first 24
we [ 0 n sin
at et iefhol ciBrized brdl MhiBiehg fo HipallHREER IR, o
contémmmgauaDAﬁ’TZroeqweumymca‘talile\myetathee reih:ped idymFascaatiee-Babelled
ingrgﬁgﬁtt ment response in CDR-noderates at 24 vveeks For
I's'chart, the Iabelllng conventions of "plac"
refers to placebo “low' refers to | owm( 100ngy) (see
T "3 ! e Lj
Prefsfth ABoab aipdoEploing APz Elirled 2ndRelifuligRrdig
disoGarp ard disqusedd elseshare heregf.f ect s of renmber'"" as seen
by functional brain inmaging using SPECT. Decreased
regi onal cerebral blood flow (rCBF) is seen as areas
Theafetiadst reanturtbescanh@isbitizg step el detShhiag Hheysresersiecansl/or amount
i .y S amifi C
o s§A5B3udb fels $ob sSpBdl L, St gt of BB
invehtion pirfirer teraceethoe oDdiagrmsiscarmregroeid of said eO®degenerdtive
. V. . C L.
dlsogqgémrﬂh?gﬁrgéﬁgﬁgﬁlg%ﬁitp? Q%f_prbef f@r%kggﬁﬂ'neer r]iegﬁl? &f the determination
withthepdisease state ofthe aubjest. pair i n each panel represent
anterior (left) and posterior (right) views
respectively. (2) SPM anal ysis shows no regi ons where
Where ahy methogdbf dabghingi diagnosis dr gsegnoeiBis dibelpsed herein Jalsgdisclosed
e:Subjects treated with renber TM at 30mg or 60ng tid.
‘Threshold for difference p < 0.005, 25 corrected p <
0.05 for multiple conparisons, both voxel and cluster

A Dﬁl:’?? bbhpEHEror (b i in. LG M st arf %ster SUAEH cHRERL e

ference in decline between baseline and visit 4 in
prepariioniof g diagppatier el pregagskicindicater for saidiseethed. sGarrespesding
embWHan'ise 'ﬁt@ére@ésatané %%Hanidngns dEEErﬁJ%BCHe% f prly mutat|s
ference p < 5, corrected .05 for tiple
mUtM’ﬁ)@rthmpeﬁéth voxel and cl uster SI gni fi cance 30
Figure 4. 1 TT/ OC ADAS-cog change from basel i ne and
fitted curves. For this chart, the |[|abelling

Thrayigho s sheciiisation ingyding thestaims whish dellove splesshs GRatext

requites Glh@ﬁklké/ tﬁ@%ﬂiﬂcéﬁgnéé’ ary @Qﬁﬁ&s@tﬂh%r&rﬁ&%s and
svmtce dose after 24 weeks, "I ow'

“commse a0 wlbbe HOYRTIGORES PPDLBS INckONG aysiated eMegds of 5leET group
of infEgeFOs&tddshuR A6t thé BxdiBsiod &f &y the? iftEgdFbr @RpFor gddud dflntegers

or steps.

are

It must be noted that, as used in the specification and the appended claims, the singular
forms “a,” “an,” and “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a pharmaceutical carrier” includes mixtures

of two or more such carriers, and the like.

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

another particular value. When such a range is expressed, another embodiment includes
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Di ssolution of capsules in sinmulated intestinal fluid
whyodosage: (A) 30 ng and (B) 100 ng capsul eSPCT/GB2008/003315

di ssolved initially and follow ng 24 nonths storage.

Di ssol ution of the 100 ngléﬁpsule was sl ower than the

30 ng capsule and this difference increased wth tine
nce manufa enber

S| ctyre. Fi qure 6A. T TM.nhi pi t
fom e PR PpahuEL Al andlobatt Sne barl i da by siBRib; bhen values
are &xpgessed QB-aprﬂbﬁlﬁgﬁh{! BRe Giaoﬂéﬁ?Vaﬁt!ee@deﬁi_ﬂ C‘abgpe,l’t inwibef or
t au regat es. igure 7. Relatiqgnship between
underEof ik B PaT oA Al aSR FHRUE sIORRA ang
haemat ol ogi cal effects. Dissolution %is a adjusted
based . on the cal cyl ati ons below A c itive activity
Al BRRESPIE BB Raicheil 6 HRPGIRENS Heation bt S ealaHY
disclo&¥bherem &fif €8dh combiatioh wal spedficallptne malvidiany reltedlose
relative to the maxi mal effect size observed at 50
weeks, using the |inear |east-squares estimtes of
Any sifib-60ds 15dréif.ardineRiiee $? @B ahiEnte oRgeamd alea@t tatbe construed as
_.acti vi.t‘%/ i ndex ng was expressed as the nornalised
"m't'%i[?'?g@s"?ls‘i’%& W&¥-count at 24 weeks at each nomi nal
dose relative to the maximal red cell effect size

The JREoh it oW Heh MR BiRsR i Ro eI EEr de 8 PR hlytdmiting
FiguhsscamdExanipless aDthes praboldimgnts fof ehetisventior witltodcamrto thdse skilled in

t hese ti The rel ative cognitive activity was
the %C'B?%%@g%fweﬁ'e formd/(Cl+H ) and the relative 20

haemat ol ogi cal activity was expressed in the form

H /(Cl +HI nd both af these relative activifie .
The flspbSirgdtal [d8Ene irdinereis abBifan rabit hitdpifese sied
in thelagtes carfy sitrthé aventioml, slHeadbyspevifisally srexbrijapates heesirs by tress-
referk eleat i ve percentage of MIC available in solution

58f%re or after 30 minutes relative to the total

based on dissolution data from 24-nonth- ol d capsul es,

when the dissolution differences between capsul e

strengths were maxi mal. 25 The rel ationshi ps

explicitly cal cul ated can be expressed as foll ows:

aCl D(1) aCl + (1- a)H ] soD,0,Q

(1-a)HJ/ ad +(1-a)H] (2-Dan/ .......... (2) rorol

where a is a scaling paranmeter for relating Cl units

to H wunits (found to be 0.645 by least 30 squares

estimation), D30 is the percentage of total MIC

avai |l abl e from 24-nonth capsules at 30 m nutes, and

Dtota, is the total nom nal dose which is eventually

di ssol ved. Figure 8. Inplied dose-response

rel ati onship at 50 weeks. Effect sizes cal cul ated

usi ng
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i near | east-squares estimtes at 50 weeks. The
ef fective therapeutic dose available from 35 the 100
woooeapdet e was equi val ent to a dose of appr oxP@BGBR0S/003315

25 ny, indicating that the WD 2009/ 044127
PCT/ GB2008/ 003315 -47 capqﬂ%es did not permt
proportionate delivery and sorption of the nom na

e ina therapeutically active form Figure 9.

ferences in key red cell paraneters in rats between
MIC and L-MIx 5 adm nistered orally for 14-days at the

o) S8 o0 ol GO ERRD, R A 5 o v
patiemtampéae:h stgeaf thessudy. 32 patiegtslegtered/ e, base dtutly) dnecsubject was

rand’ﬁﬁm ée%cc{u? agt rﬁvé?\y m@ c 10410§Jb e%&quére ?re%%ﬁmi%}eﬂ/ljgc 5\5 /ir&ﬂi_cfated or

ratl SHGS HEr ease
placathee Aften24s¢medxalandrﬁalwks swbjectsecodtiniged istoshextensiams (E1 and E2)

of th%%%l%né }_ﬁbcﬁanﬁ%e‘% %g{ﬁ?‘ TﬁQ%&HrHO%O FﬁE@%ca{ %%Sgr?ﬁ }hogg ldﬂt

placetod fonthe firét; 24Nﬂ}bd£Rs wmaguvean DO Iegetmebigl Eolb i “fid” onewﬂqsmlaba
freq%n%h 'of BIE%J tere Hocalj}l 5 tb% &%Hﬂé d?sﬁgﬁgtr% ft?g%u%fl ¥ 5f twice per day.

urinary excre
oxi di sed- Mrc (()( l\/rl') from 7 adult human subj ects

F igugeg%l %ﬁtﬂ%nftr%fg% |R|Cfg-'9 E)%dgm?éasnagf ﬁ?eek% Fggﬂ?r*‘.@@gﬂt fRe
labekﬁm cenvieptionsaiféglaé’ mefelrsztoqﬂadabo( lowiigfers t@ﬁow(wamm (slae featnote

h)e'%b%g;] %{%F&E"‘Eo% r?@ 8[33%?‘5 er\c’:%‘gjﬁ% (r%%‘?g]ﬂ ho d db&d 41

anto gner
excretion rate for Ox-MIC following a 10 ng oral dose.

. ar .
F‘Q“%S?&%%Séﬁ ey Tt
imagiifg @nd\BPEGTwReceeased mpianat egrebrat blogdfiowm §rCBF) is seen as areas

t of 100 nmg MIC (from Peter et al.
dw@%r%;%sgtééymure 15. Concentration of Ox-MI in vvhol e

(1) SV aialysis ehrowsrrgpions wharestisitd hagh signifigandly heps rigiBE than visit 1in
subjéé???rgat b Wth %ﬁz)ce?& Hrd dHOW fok Elﬁlerleﬁge P'J (ﬂ)@§ )co§Q OETE <93.05 for

Mesna nmean from Peter ure
multiple. camparigens. éﬁthomxalmmr%ertﬁlqu@ameatﬁiﬂngt\y plgh A aserior,

P= p&s’f&{o‘?tﬂ%rhﬁbfer Féﬂ' N edvh p@helerepl%entl\éﬁteﬁok-(léﬂ_ )artposterior (nght)

T-infinity follow ng oral dosing, vvherethe curve
viewpgrspeetivelled by the enpirical equation: Urinary

(2) SPREQNAY s ShAbi 1 regloB8 whete WoiB£ had sighficdntiy IERSEBF tBan visit 1 in
subjects treated with rember TM at 30mg or 60mg tid. Threshold for difference p < 0.005,
corrected p < 0.05 for multiple comparisons, both voxel and cluster significance.

(3) Locations of treatment-dependent difference in decline between baseline and visit 4 in
CDR-mild subjects treated with placebo versus those with rember TM at 30/60mg tid.
Threshold for difference p < 0.005, corrected p < 0.05 for multiple comparisons, both

voxel and cluster significance.

Figure 4. ITT/OC ADAS-cog change from baseline and fitted curves. For this chart, the
labelling conventions of “placlow” refers to subjects who were originally randomised to
placebo and were then switched to the 100 mg dose bd after 24 weeks, “low” refers to
low(100mg) dose tid, “30 mg” refers to 30 mg dose tid and “60 mg” refers to 60 mg dose
tid.
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WD 2009/ 044127 PCT/ GB2008/ 003315 -48 Note the | ower
t han expected value (marked "P") for the 100 ngy dose

wo e@walot4ieeported by Peter et al. (corrected fPET/GB2008/003315
expected 48-hr excretion). Figure 17. Rate of urinary
excretion of total MIC (nol/h) during the indicated
time 5 intervals after i.v. (black bars) and oral

i €W I a) ! f. : n.= 1
Figd /5. s Bfn B CHpplist s iRy WA Ry cSFaag (B oo and
(B) 1afded capsulesi digsobleddmitialiyrand ficlloavirigd?# manths Stdrageni Digsolution of
' I ptr Q 1d | ed.
the s Bap i Y SOREEPRTR. 3 wlitAERur R R pRPREEingisaged
with difnelsimg iviiifadturgur e 19. Fit bet ween observed bl ood
concentration data follow ng intravenous dosing from
Peter et al. (Table 7) and prediction of the nodel
Figude@A.c temtber ™ inhjhitsenutBatidrbeventjamdeatOcatlitic taetaggeagation.
scal ed observed urinary excretion of Ox-MI follow ng a
single oral dose of 10ng MIC from D Sant o and Wagner
Figuteral®| eenther 3% opensea newvictararice phthway darl tau @gdregatesn
Figure 18) after single intravenous dose of MIC
(100ng). Figure 21. Fit between scal ed observed
Figuer 7.rieiaticexloip detverenadissolutin time|andirelgtiv cogindiveraat ha@fatological

. of 10np .MIC f Di S Table 5 d

efedly SRR e o iRLosST h B R b 2 0L, "
A coghitigd activity inde (OI) vad Gigst deternvinéd 64 tHznprmalisegliRAS20g effect
sae GESEVR Q8RS BT o B B BL B ORBRD i hgen s
weelss; abiag ther linear leasikequatescastiohates df efféc sizegAzosespndingr al

d f 25 10 Ej 23. FEit bet bser.ved
naorift3Bael Ama ot D wat SSred ity oo BlRELpRRE e
counPat 24 weéksadt.eaCh abiminal Yosemelativeetd tbé naxinod! redh eelheftbel size

, 0 Ei ! Fi t _

obsef 8} The petheli b 70 Réo W alelthg and e et Rrd R atoopea
effects weleechosern bechuse tiod car@sgoMiig éffesta WberSamaximahat thesgriiones.
e (1R oy g 1 UeE 1Rl U8 ARG GAHIN 0 o
haerfatglogical2itiviii wahexmesseddn tiedarmo bR EHvEL, and bath pf these relative

ool RO Bl ik B s B o fed R e
calcybatiodiveas useddé expressitiegblatifespryogntage ¢ UIC evaipbleintsetution

ot 13083 e Y 0 o SRR o 2 v
old capsuies; yher ¢hecdissniuticat diferemnces dretweelTcansuteegitangtis ware maximal.
The E}%@ﬁﬁsrﬁéﬁ ?@é‘ﬁ‘}'geg'ﬁb'?%?e%aﬂ rb%qa'xﬁigggecpé's *orﬂﬁvggr al nodel

€ sa I nterva
aC%aC[ +(-a)Hi] = D% R (1)
et ey = O e (2)

where a is a scaling parameter for relating Cl units to Hl units (found to be 0.645 by least
squares estimation), Dy, 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

the 100 mg capsule was equivalent to a dose of approximately 25 mg, indicating that the
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Conparison of total excretion over 24hr is shown. 5

Figure 27. This reproduces Figure 16, but includes the
wo@el4qerdi ction ("M') for excretion of MIC PAY6B2008/003315

nodel value is closer to that predicted from ot her

studies than the estimate jeported by Peter et al.

("P'). 10 Figure 28. Qutputs of the oral nodel for C2

capélpés 38 g)nbt np%mﬂ%ﬂg&)%?’no%r Jﬁ%\@ and b n,gfiiont (%‘ thé Fﬁr”nal dose in a

correspo e e’are co
therapetmxapﬂyrm:nmwmrmdel applied to the neasured | evel of

MIin pig brain followng a single oral dose. Figure

29. Rel ationship between observed clinical efficacy of
Figurezﬁbléiffer‘éh(b@d kpy ezl celllgrarari&ersvie ratg beteeadyTG asd b-Mbvel

admgr],lstereﬁ orallcie [ C(géé}éeat g(egfﬁicggg tdg cﬁeossg ”BIf?eA%\rﬂ:gs §Raéﬂ>]wn terms
of cl%r@a)obaerdedﬁvdlay Mibswitly respgd:trteMTG:l @umarﬁﬁle at a dose of 150
onshi p between obs b ef ficacg

okt Bl A el O e eB8e S by €1 1 Jo Ay ek 35Y fogipon
cond\érl]itrlafbrﬁg ufc@efjasbb by 3/ gl dls stgtlstlleglamalySIAIosmeaim sho@n in

t he redi ct t ate |ey
Tanls 6 A hamBb e gy bl KBS i rGeourt ghRu sk happfBbbnpaL:
MC\Reh¥Redel QbRATey R MEHEOhesn eal mdngro@di soneehtedtibe cd/dis i REETI:

a funct f percent capsul e dissolution at 30

ret'°H°ﬁ¥fF§Q“"tcé’p§u?‘g ‘ﬂfssol ution is determned by the

anmount of MIC rel eased into t he agueous phase in

. Standard US/ EU 25 Phar

Figuie, A AvetRes rBrg ereben BReRet axaisrt it o ik omdpadutpman
subjgite aslipwitigatoemd; ekt bosd (Mdan, BE). {EropeDISaato areiovpgnidrredn2b).

(C2, i.e. blood) and observed | oss of red cells at 24

expressed (expressed as fractional change relative to
Figureot ﬂBAvérég@&ﬁnar;B@xdFétgmr ratesZor IR@&@MWQD—W ) piroh'e’l aeg@hhuman

subific Kou oD i Pi Sude Bfapr ShEAEOEPEARE e Moo yzsy

of predicted fractl on absor bed for MIC and L- MI'x

35 f h L- f
Figuf T rtBnt Stetion T SR ORIl ng = o ial s 207
Figure 22). WD 2009/ 044127 PCT/ GB2008/ 003315 -50

o PGy Bk LD B Re s R S 8 !

met hyl t hi oni ni um noi ety and predicted average steady
Flgu? g %/ng a[tlgfngﬁéill\ﬁlf ggw}];o% b%o&%ﬂglemtrg\fengesc'Eé}ginfs‘:t‘rg{igf?éf100

mg MTC (from Peter et al., 2000).

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).

Figure 16. Estimation of apparent bioavailability based on excretion of total-MT (i.e. Ox-
MT + L-MT) at T-infinity following oral dosing, where the curve has been fitted by the

empirical equation:

Urinary recovery = 88.9 — (88.9 x Dose) / (69.7 + Dose)
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Figure 35. Rel ationship between expected clinical
effi cacy of an L-MIx-based form of the

woredobpi41b7 oni ni um noi ety and predi ct ed aver agePGI/6R0408/003315
state level of MIin C (blood) for a range of dosing
regimes from1l/day to 3/day,, 10 Figure 36. Cbserved
dose-response rel ati onshi p"?%'r effect of MIC in the

ot BE30uFr thar etncred Valke Faadie M bR Bhato dosaepiltyenoied by
Petelas at. (cosieotesidor @ipatieddstirexéretioryn L- MIx- based f or m of

a net hyl t hi oni ni um nedici nal product adm nistered at

the doses indicated at a frequency of 3/day. 15 Figure
Figuse gl 7.:/Rb'te?¢f&|ritﬂdﬁy:c’éxklfeﬁﬁh betofdp wm%pw/h; dilﬁir@gﬁ@ frﬁ_ii;‘t‘a)ie‘gl’time
_.an reatnent o zhei nper' s sease as described in
inter@lg Altee! v 2blagk B%rﬁ)ea@s?fadsredtqaéﬂﬁm'ﬁa%@ﬁN&Qp&aaadsﬁ n=
7 (fro Petedt aBf poamgcy of an L- MIx-based preparation for

1/day slowrelease formulation. 20 Figure 39. The

differential effect of inhibitors of different sites

Figupé 18 Marst staga @gmmegalt fitiig blead byweentrdtitn dtd RIMBWRG siryfe

.. left shows the si of .inhipition of tau en into
intraV RO PSS 26 4P UG M T AR P RRICTetis et el ipg siggle ora
dos€bhfeEMTC. ear ance of tau aggregates from that

pat hway. The effect of changes at both of these two

sites on PHF Iev_el_s in neurons 25 is shown in the
Figuré O1FipsEneeen bibddnad bledd &nckitiafion dags foRGMRg inf@vémueldosing

fromieetet et ablechand arEicanef thaénasef derlereiaRvEd
clearance of aggregated tau, however, results in a
Fiowfs 64 SRvearL sl e e e PP ELOR PEGK S lefiging a singe oral
dosé*bfzﬂli'hglﬂﬁ'lﬂ'j(ﬁftrdih fsm J ail'diWa@gtlth'ﬁBléSS) @aa pﬁ?jic&ib? Eethe model
assenbl e ila ous S a e e
(oI5 S 1P\ st shEF o Sapair e Ml Bl es 35
Exanpl e 1- Phase 2 Cdinical Trial TRx-014-001 WO
. 2009/.044127 PCT/ 008/ Q03315 -51- A .50- week
Figufh ALd LPgT P S anea Wataexrefion ALV ayoioy SR bra
dosé ofetlinmeMT CaformiDiShardm dnd Wageer({Tabld &yand ipeedidtiot lnéthe model
Al zhej h duct '
snot TR Eltie DGy SAGeIBEN SRR SRR T (0B ot wini cn
MIC was the active pharmaceutical ingredient (API).
Fioul Za St W0 Bt RRREC TGS Snad EO%Frrdlid it raloingen e ora
dosd of 100weRVIT Gaend schied efihany texcrefioridta ddllowinge® sidols axsal (d86¢ of

10mg%ﬂ9d 100ny, each three tines per day) conpared wth
'acébo on cognitive ability (as nmeasured by the

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.

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
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).
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ADAS- cog scal e: Al zheiner's Di sease Assessnent Scal e -
cognitive subscale). There 10 were 322 subjects

wo andomiized, of whom 245 (749 conpl eted the fPECEHGB20D8/003315
weeks of treatnent. O these, 227 (93% chose to
continue treatnment for a fupther 6 nonths, of whom
177 (78% conpleted 50 weekKs of treatnent on 2 July,
2007. The final analyses conprise analyses of the
I TT/OC (Intention to Treat / Cbserved Case) popul ation

FlgufEf zéﬁmﬁaﬂabne of medh Qricaekarbtsh rafesvet edtal T ab fﬁﬂiﬂ@ﬂ Bl Peter et
du who compl eted. 5
ol a0 osmoruialbd BY Tia GouDow SHoth SyHiay S 2 dpighe same intervals

Con@uﬂwm@@ é%r&to@t&v@r@hrﬁ@ﬁhov«neasons of et hi cal

concerns, subjects who were originally random zed to
pl acebo during the first 6-nonth phase were sw tched

Figuten21. hals]:eﬁfww&sagdwmgutt;hﬁu@@qae%o@ermaa:bt.ore«m%ﬂ on

the stud ses The
excrBRTTRL AT Gr Bt Pplbia et Mk e ria oo ah auges dhan the
est.mﬁteﬁé%ﬁea@? el frem baseline at 24 weeks using an

0

anal ysi s covari ance approach which included an
assessnment of the interaction between the effect of

Fig utdmbmts of thB of & el %Iic/mr(dloaé) BaseldiCEare@newh réscakd to

b ni cal ting scale). Thi
their GRU PR MG JARUAG L TR e cDETER Wi G erPNER Y Hinel aPeled to
the méastititlete! &f WIT ia pigaisraincfeioving akinglel aralldosel gni fi cance
in both the ITT/OC and I TT/LOCF (Intention to Treat /

Last Qobservation Carried Forward) popul ations. CDR
Figuseea® Relafioaship aseenabearved olirchl éfﬁcbm/ af réinper E’/‘ and predicted

ifi of I ded del
averggrd et e Byr ST C3pr BB el YR Ecaiiag. ARG AP arsthe
preditted’steadyctate tavleys offMB oL B fir 2/ddy aindelrdaydoSingoegimase at
baseline. The Ilack of decline in COR-mld subj ects on

pl acebo prevented efficacy analysis in this group

Figum3e. Rela%ioﬁs'shhsbeﬂ\éemmbkmed!-lowmcx&eﬁicmmmrerﬁw dndc;mx;rcted
r.Q functi onal ral sca

averdfis e aaE o Retates caier s YaaxddEih e Rish ahet g e
predmw%wlsﬁe IRQ'EJS(BMDBV OD R Phday-abd 1/ddyldesihg ré@th.c 0g

effect size at 24 weeks in CDR-noderates (in ADAS-cog

units) Dose Estimate 95%C p-value |ow(l00ng) -0.42
Figure/3 124 Differdricetheb@éerB8 ez rvedi. d¥fdct size3énd pr@d?kd&aﬂ@d:t?é&ze &Dag

tnctiolfbefgn? Gzbiecfuron i o e, KPR ERRPLIG s cpgrmine

by theramdust pir M$Emeleasedintosthe anyedusephaté er sigredard USEEU i cacy
d not correspond to the nom nal
Phar acggoeflglgggut?o%p%%u%o%

e I's froma test of whether the
value is S|gn|f|cantly different from pl acebo.

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).

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
administration of the L-MTx form eliminates non-absorption from the stomach (ie C1 in

Figure 22).
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In the anal ysis of the subgroup of the ITT/OC

popul ati on who were CDR-nbderate at baseline (Figure
wQrqoonka2ef f ect size of renber TM at the 60ng PCTHGBO®S/003315

was -5.4 ADAS-cog wunits and 3.4 MMVSE (M ni-Mental

State Exam nation) units ( E data not shown). 5

Wher eas pl acebo-treated subjects declined by 5.1

ADAS-cog units, there was no evidence of decline in

subjects treated with renmber TM at 30ng or 60ng tid

Figupy/ 84. watuowemis@emw@ne&pgﬂéd thiicaP BfficadyEof \Gar Li- mtrkrtfased form of the
tle

metISynF?)Ql%{lﬁlnq/nﬁwga?g 4 prgylcgﬂdﬁye%%%?%%g&?a?% éea\t/(élt of MT in 83 for arange

of débireragiendstfalmh hiday eg3mapperties and efficacy size of
rember T" in the noderate group. Subjects receiving
renmber TMat the 60ng tid dose, 10 showed an effect

Figufé % lelatibnéhuf) bétweH @xbéct@dlfltd'tﬁl a@b&y(c@ainrt-mark beb&bmtm of the

ression o sScal e a

metiyBIOBRE Mot BTl AAveTde Sto SEas Invel §IN hine? {eipoa) or

a randeeofdobiag rédihes remmrastoe¥daylhe odds-rati o of not
declining on CA C for subjects taking renber TM at

the 60ng dose was 9 tines better than placebo. The
Figute86. Dbveied oX€ SespRAsarBtiohship fup teffect o IMItGIn thé capsiid

ure, . .showed nef | f -1.7 unjts. Finall r enper
formQ gt S Pilee BaKERA L4 00R Bdesf 4l el 2n "l opSpana
expdchi dNSEAESpOnse Zélaidmehlpffoﬂrsle-m basuth Odrhmffai mé&?ﬁﬁﬁﬁiﬁﬁm
Scal e asu iVvities I Vin th an
medgfpLEPalF et ipczt s goseS s ard redpepBecdnh 31\
t he psychonetric anal yses at 24 weeks, the 100ngy
. C | e. showed. m ni mal cansi s with o
FigufE YAl AURRELE Broainier (EfaeresSs ang fifamifal  feneimers
Diseate asdéderited nlBaetpld 42.t her beI ow. 20 The 100ng dose is
referred to as the "l owm(100ng)" dose to indicate that
inits present formulation, the therapeutic efficacy
Figuef 38. Iﬁ&elahﬁﬁsl‘gp betp&ah expealedclinicabeffiesqyar @dntloMT kbased preparation
forﬁé% w-re Qse, u%)glo' s discussed in nore detail in the
3 egg?(gwn Punctional Brain Scan Anal ysis WO
2009/ 044127 PCT/ GB2008/ 003315 -53 Preventi on of
FIgU%ﬁ;q 'ng gﬂ%fénﬂ%ﬁefﬂ??éfﬁg% orr§a Qﬂg’ g%%ﬁpg s36f 't:hoeqfabr %g?t}'on
pathwaypj 'élm scheire dreithe Ieftishayertbe sumofSﬁﬁmTos oﬁt_ass e@try o thestau
aggrggagié)h \Pg{;]hv@%?fnggﬁ agg 'tr%%%ff)ehhyxg:%rggc é§ pacﬁgﬁet{c‘#%?gates from
that pathway. oF ket éfact phcHanges al badimdf thesgptwoositea oindtHff levelgiironaurons
' P ) D act
is shg\{vn&gﬁnﬁpfgﬁ{oé\%ngﬁn@@bﬁ eor?i g: gﬁ?&écﬁéa{&srtﬁ{%t%looglﬁ% u‘loigéw before
the rateadf formatjerocontinliesat the samb develias biforendzihaGDRd niear@ne& of
e .
a0ar GGG e ndfé r FERTENF S tOFH HBlsELY O T UFRlaifed ta
subj ects receiving placebo, anpbunting to | oss of 8%

Figu%f4d Y35 tab&%b%nnm i%ar?«.{r‘?&euimlzh-gnﬁertsr cﬁéééggml'au oligomers can

either assemble into filamentous PHFs and/or enter the endosomal-lysosomal clearance

pathway.

Examples

Example 1- Phase 2 Clinical Trial TRx-014-001
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effect seen in the whol e popul ation was al so seen in
the CDR-m | d subgroup, 10 denonstrating the efficacy
wotiwemier TMin COR-m|d AD. The fact that thPCPGRa®S/003315

obj ective evidence of progressive functiona

deterioration in the mld subgroup w thout

correspondi ng evi dence of -¢dci i ne on any of the
sychonetric scales over 6 nonths confirnms the

S"”B@&@fful confoundi ng i nfluence of cognitive reserve in

mld AD. Overall, despite this effect, baseline

functional deficits shown by SPECT scan were hi 15
A SOugskdrhase? euPIaratensdase é”gﬂﬁ@ ’lgoij“%Yc oF keatgiept ?fHE"d a”d

modb@[@&é%eﬂfa dfﬂl@AﬁﬁéﬁneﬂﬁpE has BBéN cJMucféBQ)th% |N'é%tlgat|onal
S-cog scale was |ikewi se correlated with

medFmbPFOGH%‘l("\ﬂPe)rféﬁ"rWCh WEG s thepatie Wa@m‘-’eﬁff@é 5}9' FediehAR)

The E{Nhﬁ was tal raRd&Rieed, Rivubld bhihde) glacawtdht@ﬂ@mstaay wneée/pnmary
ests that renber TM s abi | 'y reverse th
obje g eg

dPiiestRata SIeaipcts g M ?tsth r‘u’&ﬁiﬁs 39, 8¢ and 199f“9 rRach
thre GBS géradawt) b&ggaoxaa with pleese of lbsgmm @m@smsumﬂﬂhe
scan defects i s responsibl e its
ADA&rCé"Qesﬁ?redé@hP'ﬁ?r SiPigesse f\?%ﬁ’ssmeﬁf %Cafl"il nE?qrt')tlY €i *L%/‘?‘?iegs dhere
were' :ﬁ.? .Qitbfects@ahé&nfzb@ @W@hﬁ‘%ﬁ(@'ﬂ%b toMpletedhe FRELS wieBks of
detection o

cline and treat nent

treatmegt. L) |th‘?SFy£¥7 ng"r@d‘fgefe iorceat"ﬂﬁife%"agfaaws% ”(Q‘S’é W”&EeRf
whorananm%) caiaplerst, 501 wedks oﬁﬁé&th@ﬂﬁﬂ\ ] b?w Zﬁﬁfﬁc?’hémél Anfigses

use a I OX mar or u
compliserraRees pt g AP LDG (TeRion b HRL | DRseived Cask)dopulation of 245
subjéﬁt)?wﬁdé @gﬂhp@gad %wé&s%@’téﬁmf 3@31681 ﬁha?JEtSlEWM o‘ﬁipl@tyd 50

ex e an C e I NQl ngs O e Wwee
weeky i HEStFaE1H BY Aot 200 o oGP SO S S At Re FLFBiy el For
reas@B‘:bl fgt{illéblaﬁﬁgré_ﬁ;ﬂﬁ&ﬁgﬁe&&ﬂ? mbjoﬁghgl]w rﬁnﬂchjftze@ll b p‘ld@d‘bﬂ during

n ti S | re a

the fizgh K-aonth Qiate weE SrichPnta 16 1BaRaSReS dh e the Farermie-ioptt
exterssiori pHesd of thel dtedy OB(').00ngy) dose bd after 24 weeks.

This is referred to as the "placebo-/oW treatnent

arm Because of the mnimal efficacy of the
24-wleekiAdrsgs dose on any of the psychonetric scal es over

the first 24 weeks of treatnent, the placebo-/ow

treatnment armconveniently served as the Least Exposed

The priraary 3e-spegifiadadudconde waé an | TTHOCEMhalysislof aDABycod\Ehange from
441 7 PCT/ 3B2008/ 0Q3315. -54 Th i ne
baseﬁ eS%{ 2k AJsifg an ang 9 Qngaréance ﬁpprpg%hngﬁlcp ?nch{o’eg
assessrbgarﬁcuf mamera'cnen baR/ESn ¢mrgeft:act Ofstre(aﬁngmrvatmoemb@oif and
ect t S
basef ev(% nogq Sg Ry gtdg? {Cglalc n%n% F?at% s%al%L 1?1?82%}#‘){8%
demmstrfamdemposﬁtwemﬁzetmj remberi ‘i“m somg edmmmcayee stetietiaat
al
signillgBet HeoRi g1 8105 2B TERRE Shptiaf 1 ot A, Db8urRaton
Carrib0 Fopveded) pdpuldtions. NNBE sevarityeat tﬁﬁ%nervmsd\benb 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 ™s efficacy was confirmed in this group by

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



10

15

- 20

25

or stayed the sane at 50 weeks. The odds of a patient

not declining on either scale were about 3.4 tines
whedwms4121 t he 60ng dose than on pl acebo-/ow. HEEGB2008/003315

corresponding effect sizes were -6.8 ADAS-cog units

and 3.2 MVBE units over the 50-week trial. In addition

to the effect on disease 'p$20'gressi on, there was an

nitial synptonmatic ilprovene at 15 10 weeks of 1.6
Tabip AABOS SR A EOLae § 2 WRRSE T HDRGmaRereies (BothyerBeeUits
Dos&fipar abl € t o Hdfigdate ObS¢rved wstdr|AChE 1nhi bpivae® WO

2009/ 044127 PCT/.GB2008/ (003315 -55 Tablaé 2  FEffect

lovg100m9)i nf arr ed Pr¥Pm ni xed ef ¥4 $48nal ysi s at 0886weeks

30N ADAS- |COg URIgH) DoSe ESkiggaig;A5% U p- G
/ow(100my)| -4 04 -7 21 _|-0.87 0 0124 3Qny -3 87

60mg 90, -0.84 0.6%¥6 60Ny - 6989189274, 3. 82 &POT001

1. THe. 100hg BosPis NIHed B ak e To(@0bIng)” doS3 Thindldate NAVE KsIpRSentfoRuialom HdE 1 S
ther%ﬂ@éﬂfcécﬁ@mg ;Oym Jstl@rﬁoeﬁttcoiegpgrmto%eamgoseTabl e 3. Effect

2. TR A 19 10 §1ods G nelbr B BRI M Bt &Hg&&é&i s at 50 weeks
(in ADAS- cog units) Dose Estinmate 95% C p-val ue

/ ow( 100ny) -3.59 -5.81, -1.37 0.0015 30ny -4. 37
-6.83, -1.92 0.0005 60Ny -6.50 -8.89, -4.14 <0.0001

1. The p-val is f t of wheth t | [

In thgagabee D1 Barotp oF B T IS bomationainc ess SRR Biograte
base:lietg ¢Figaea) j the ﬁﬁélcttsrze dﬁmF@gTﬁiat il"reESO‘BrtgﬁﬁchkosierwﬁDR_?mm,dS-cog

. L he o-| ow ar.m.over S. e
it £EMSE PnMeBlan SES Exanglith S, 0t B o S
Whesetyj adebodated subjctshieclingtibyngs ATAS-bey dritsyweke was no
o P ke LREMSHAVERRR! 48 BTS2t
weeke dlo-coghitive astcomb jvaditses (ndasarifng asyebiagl_caﬂstﬁrbamce and activities

ent- di

decline yv.9.6 units, on.the i tur ban .
of oG TupS SRIFVPIS rffraccline e deaBBbl§Ph prapstieg adfSTegy size of
remisarci irdibe Imaterata graspe8ubjacts sedeiving embent™ atibei§0mg tid dose,

t reat i.th ef o IM ove S, WAt .
shond 3 Ssshirngl Fdst! o IbHT e Qi Edfispl6Ba Imprepsion g
Changk)Gcalaiat 24 webics relatige tmplaceboareyisterep by etinita askessors blinded to

I | 00 rm praqvid a_.cl gs r.oxi ' Q.. .
the yfi et Stk Sl Bk P FRENAY BB Cpf s tlang
remigkird @ atthe BOhgfdosagvas1® tinésobetter thanqgadeabo'_l’fye_ CGBRsem-of-boxes
para?}%gérrg%ioEQeY@?oblgF&ﬁ[&a‘ r%%ggurg,nsh%mgg%%ngﬁt of {1 m?its. %PBW ?Qrtnber
™ at the 60mg dose showed significant benefit on the ADFACS (Aizheimer’s Disease
Functional Assessment Scale) measure of activities of daily living, with an effect size of
3.1 to 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 “Jow(100mg)” dose to indicate that in its present
formulation, the therapeutic efficacy of the 100mg capsule did not correspond to the

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

Functional Brain Scan Analysis
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15 efficacy as judged by ADAS-cog over the initial 24
weeks renai ned significantly different at 50 weeks

WO edoai4de7 t o subj ects who had been receivi ng tPer/GB2008/003315
| om(1 00ng) dose continuously. Furthernore subjects
treated continuously at the /ow(lI00ng) dose showed
retardation in the rate of 9di-sease pr ogr essi on.

Al t hough there was a difference in the capsule dosage
Preveetianaf deelingeaver 2 weelipway ingependgntisconfigmed by analysis of

functt@ﬁmtam %h%bn&ésﬂiﬁ 195 test&s wae h4l iuRBergBRYRTD 9peb¢@5ans 6

dose-response profile, were indistinguishable with
months gaad op @veragefiguird) 20ihereaa subjsctpragetdinppiareiphwed the

expecied ﬁﬁél’d"& de?é}iopéiﬁm iS HOMAN dridNEmpb@- ;?a‘?@fé??‘éd?@{s%f the brain,
eqU|va ence ol ogi cal exposure, and

subjeoqﬁ)iggfamngge{rﬁgr | AtS0me s 6Pmgshpwae ap e“q]epge of detenoratlon in

any &hﬁ%@lgn "Relkh YHJ‘QJbgTJUpSNHOSN&E%DR-ﬁQIGfdt baESinE ek € BRffined
to arrest disease ression over_ 50

sepajatelicthate waiﬁea'egﬁgldews@ prcawaemté@e \er € mefitias igrsubjects
recelqi'né%%%bmé?g&ﬁﬁﬁg@@lo@g ofm oﬁﬂmnom% hEW6AS YBRIMed PRE freatment

weeks unmar Ainjical Safety of renber
effectragerna tm/whalmpoaulaé%wa%%'éﬁﬁe% prthe @Qﬁa@"@ §HRgra¥Ri al | y

dem&%rtr‘éﬁﬁg? tre defiacy @FRehbel M il BR-nfifdarD fHe fa&tQhé’t@?&e was
Acet yl chol i ne” Est erasg? i nhibitors at optina

obJthwe@Mﬁleﬂ@e eloyegiespiye fupgligng! @%ﬂoreﬂﬁmf‘é%%wwup without

corre@ﬁbﬁdiﬁg e@@&@e of-l_fé@ﬁr% MBSy I heSpsyBhdrhEAbcaled bRir@nhesths
of j ects taking renber TM at 30n‘g%\qi‘é?ﬂ

configgps H’g nqw@rw FM‘P%'WQ””L@%% Pf eqsnitivg reseveaBveldRP

despﬁé thié bkt %s@ﬁhéjfdlﬁcﬁdha%f BV SHoWR W@F"ECT %@ﬁpﬂél%duyﬂli h
E inhibitors, D arrhoea was

| cor%%wga basline ARARTEPR LS aé‘ﬂﬁheet??%e%f ggta%%mem%lﬁ" regbsEr

show-ﬁMnltﬁe RATAS-CHY 8¢dIy whb fkdwas éd?ﬂa‘lﬂ]éd AfB the ﬂﬁ&tonhl ﬂ)’éﬁeﬂt

due to tranS| of non-abgprbed renber TM .t
demeqstiptad ByoRIFCT 8531y W@bﬁépoaﬁﬁt@f'.ssﬁn Yﬂgl?t'm-ra' BFaéP SRR trgnaly

sugg@st8ithal ré‘r‘ﬁbérbT”‘%t AuHlitp et reverby tHef TAUTdggrardution pbmldgg ewhigels|
docunented in literature (Kristiansen and

knowpdg pccys ip thessaspe brain reg@g§)3§ thogptshg\wgﬂ flénLﬂgpéga b§aln scan defects,

is resfp%ﬁ@ibhé' 180t SoTRGto B_Mé}ﬁﬁeblir@hﬁ Eodigsloraih falRieh athegame
di arrhoea than reporte

ors, subje
regionic YK B BT PBUY 6 SPES 9 GrieFmp 1y pedeand  °
treattﬂéh'tsé?%cd htsV 9?&1 Ets BBilityad preditct ﬁtteﬁ?ﬁnﬁ*%@_ﬁrgﬂlsfwdse@ 804week a][\alyms
eadache at | itation e experience
pelowpies GAnclued AP ELeh Eo-BEos (2R 2 BUHTasR® of BIPPhDBe Y
futurd ElinicER G SimMg 1o demdnatbbte diweabe piodificpticrpar at i ons (eg
dried | actobacillus preparation). No changes of

clinical significance were seen in any of the routine
50-wekk Anaf)seehem stry 25 paraneters. Small reductions in

red-cell counts, haenogl obi n, nethaenogl obi n and

white-cell counts were seen in subjects treated with

The 5@%@& sﬂ]M/ eﬁléddédﬂ aﬁ@c@mfatﬁg@me\mamgs dothe-2delvedlestudyl had

oo S e B R D LB LGkl ot i m e
overdIAWF/AS® aﬁQ)TT/LdCqu%@ﬁlatiMs (FlareaSrabtds 2 @l B iSubjects originally
randgmlzgg% placebo were switched to the low(100mg) dose bd after 24 weeks. This is
referred to as the “placebo-low” treatment arm. Because of the minimal efficacy of the
low(100mg) dose on any of the psychometric scales over the first 24 weeks of treatment,
the placebo-low treatment arm conveniently served as the Least Exposed Dose

comparator arm for the 50-week study.
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t hey appeared over 24 weeks, but resol ved over 50
weeks, except for evidence that the 30 60ng tid dose
w0 p@wmaded net haenogl obin | evel s at 24 weeks apdI/GB2008/003315
stabilized thereafter. At this dose, the nean | evel
of net haenogl obi n increased %ron1the nor mal nean val ue
of 0.4%to 0.8% of haeanTB but st|II beIOM/the

mt, of norma e ca
The [R¢4 e&h g Qbseryed qyer h@(%h\fﬁﬂ%%uwﬂ@'%s P trgﬁtﬂdéupsptsmé 7.8
Aomn@g anitd (argsse 4)ber §ubjectdieeHENWith casiserVAbtg Soske6r 6DRREM, the

t hen ized at |eyels n Si nlflcantl
decfiiérsegh o 10 eSSt SR can M Rrer 6w GeBice Sther the ADAS-
cog@ﬁ:ﬂg lgggx/egﬁﬂggﬁt?scgvélfdgj%ﬁgtfbgggem&@%h&lé a]pol%oo}a §ed

! ormof th
SublEClS ADPRHFS i SRR B8 A S0Meeks g2t (e MIPE saler 8% dmprove
or sfa@é@ﬂﬁ%ah‘le@tfwrw&ik@%oddsrbf talpRtiemthot 8édlinPaonngther §oale were

f the stud none of _t hese chan
abolf 4 lifie F%%#eﬁ} hg @q?ws Peskan gf plagero-on TheeAGEsRABANS offect
sizewiwierd 16.8 hBABQJ"o@&Jnlté angs.2 WISERXE @ver the 56-WeREiAl dlﬂ%ddltlon to

cause sufficient concern

e chan
the ¢k2) o" JRe TR PBERSR T A5 AR e SRA P TaF at 15
weeks$ bfl.6 ADASdesRIrmsENAt0. ®MMSEUREND tt@@brﬁ%aaséi @5mPErable to that
ob str ﬂikﬁ tgh Fresent formul ati on of t | owm( 100ny)
SYYERW BE NRHOLH1 e for further clinical devel opment

because of a poorer efficacy/side-effect profile

di scussed bel ow. 10 Exanple 2 - Formul ation and

strength of the Investigational Mdicinal Product

(IMP) The fornulation of renber TM used in TRx-014-001

consi sted of Size 1 blue/blue gelatin 15 capsul es

containing a semsolid fill conprised of MIC, Celucire
44/ 14 and Aerosil 200. Three strengths of capsule,
differing only in fill weight, were nanufactured with

target strengths 30, 60 and 100 ng of MIC
respectively. A matching placebo containing only
Celucire 44/ 14 was provided. The hard gel ati n capsul es
and the gelatin used for capsule banding conplied

wi th current guidelines regarding Transmni ssible

Spongi form 20 Encephal opathies. Uniformty of capsules
was tested by Appearance, Fill Wight Uniformty,
Assay (rodified from USP 27), Chromatographic purity
(TLC as specified by USP 27) and Di ssol ution using

t he European Pharnacopoei a and US Phar macopoei a
rotati ng paddl e nethod. Six 25 manufacturing | ots of
capsul es were produced, and were tested for uniformty
and stability. Through these dissolution studies, it
was found that the dissolution of the 100 ng capsul e
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inall in vitro conditions was slower than the 30 ng

capsule and that this difference 30 increased over
wo 2ome/0silece manufacture (Figure 5). The 60ng cREEGB2008/003315

had an internediate dissolution profile relative to

the 30ng and 100ng data shown in Figure 5. Further

studi es have shown that act® erated cross-|inking of

t he atine capsules in the presence of MIC at high
Tabtej 2. |E(%Kﬁeﬁ rasdnferred fromypiked effedly ARAlVSIDALRD wegks UINADAS-
cogYppg)eased the probability of initial capsule breach,

alt houoh ubsequent dissolution fromthe breached 35

d&?ﬁﬁjl e wds rapEﬁ'matﬁe MT'C relgé%s@bI frlom t her-kalpellll e

(1 ﬁézrltu ret }.U4lll& expe(,7l B?V —of

, . .0124
biro-a ty i.n the injvitro au aqqr gati on assay

(M/ 030766) . V\B 2'009/ 04412'5 SFQ'.ZW 8B2008/ 003191(5126 58

Thisdetay—tn—di gt-iton—of 2519y L,apog
ﬁq@‘iy to |have Shl?? d |t he prgll%r%%l tle %SOI‘DtI on

—J

1. The ks /¢ Tre adestatydietber eovatvdesiogiealtly differnt Bt Aapao. I eadi ng bot |
to reduced absorption (leading to diarrhoea) and

ahcnr nfl on nf t ha nmpiorid v nf t ha h| f\ﬁ\lﬁl | nhl e r{nco as
UUUUU P Crre IIU(J A A B ] l.ll\t LA} U O U TA

a 5 therapeutically inactive dinmeric species. The
Table3. Effeéctdpes infesaDineh |¢.t-8duapes indlysidlatBoussskd (ihWDAST
bel indicates that in the present fornulation, the
CO%HTJ%yaI ent cognitively-active dose available fromthe
DoddOny capgqul e EAimate?d m;, \Ah@s%conpared V\Ii;b-halhé\‘@

coanitive act | \/| tl es nf 20Nnm :\n daseac

’Om’fﬁ@"ﬂﬁ)esert for A%t i on Ian +81.Eha’ ext (;Ht t P-GMieeh

3o,hggher doges of-4r$;rrber M caigdet.g9expl ¢red oo,oamsca1 [y

in future iclinical studie As discusseéed further

60188 ow, thdre isOGmP theoretlat:%? $d8i's {or afO9PPi cacy
T TR b IEaLofE ek e AT velG SIS gniichnt drerobralpeded T hat the

apparent plateau at 60 ng tid reflects a conbination
of limtations in solubility, dissolution and
absorption of renmber TM at hi gher dose. 15 Exanple 3
There ﬁkﬁH&Eh&r@{lorﬁéﬁ {h%eh%)’l J@?ﬁnﬁbe @céféﬁﬁtdlﬁ? ﬁ'ﬁlH Qﬁﬁ@&t& GRihe
been devel gain a
placebmbws@rmw@w §Oaveeks. hTé"e'ITm f&ggmé@; avﬁcerneﬁ ab%%\yge'%a GORs
mod@F@é‘Ehﬁjé‘&é E&ffrﬁ%@ﬁﬁ@f‘ﬂﬁﬁig@ o\ﬂ’tﬁehzzfi\ﬁgél{ ﬁﬁa‘ﬁ‘f‘ses The NPI

deterioration. he Structure of

(Neqrppw@eﬁwéw%%awmﬂg@ﬂ@eeef'tg FfU\KFWBe'E ﬁgrqasv%rvmr 50
week@WFhere SOSIEHMESin the Bfaeé'&) o HH d?—:fcllﬁ‘ébow 0. W‘t@bn ?Hét;?atlent-

I nputs were used to derive estimates of the rate
dlstt{faameaﬁw@ and 4 enitRstee satpsidistrepeseale. Q| S&eaee?'\%é\@s seen in

sub,eétg %ontﬁM@Uély frahted Qvutﬁ'rbﬂb@@wpﬂfbhs’d) RBERS With 2Brr8$peHiRg best
l'inkin auagregatlon and MMSE score in man,

effedt sizepel ihurjts angk-8-6oMitsr ogr essi on of Braak stages over
time (Braak and Braak, 1991), drug dose-response

relationship in cell model s and in the Tau binding . .
The plaggho-faw ym sampated tp the dan(f g@ﬂ@}@'@ 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
efficacy as judged by ADAS-cog over the initial 24 weeks remained significantly different
at 50 weeks relative to subjects 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,

which showed a clear dose-response profile, were indistinguishable with regard to the two
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relationship in reduction of Tau pathol ogy in
transgeni ¢ ani mal s, and a pharnmacoki netic nodel
woO 2ovkiomg2tdose to estimated avail abl e brai n | eveCBHEGBR008/003315
renber TMin animals and in man 30 di scussed further
bel ow. The clinical trial data were used to validate
this efficacy nodel which Tan in turn explai n the
rel ati onshi ps between Tau ageg glatl on, .clinic

dosipg regines, syReCTtiRg e appraximate; ence¢irhiclagical ﬁP‘B‘P%UIf% and
hen&)ﬁmpﬁhmgItlhymfe"r@ncfeuhhh@mbas g piskassmbtpling Thisg atsbe

accunul ati on | oid protein or other
CONREGA By 1 SmLE | tseﬁ‘b"%a afreig Q'P%aﬁecﬂ’ﬂ%[ra?i}m? RYRIIPNE V<f’ gt the 60mg

dosé& L!arnB rré&lc@@ ’théJiaY@Bf diskasE PraYréssidnyat Me 301y and low(100mg) doses at
pat hophysi ol ogy of AD generally assuned in the WO

S0 wesl®/ 044127 PCT/ GB2008/ 003315 -59 field, that an
extrenely parsinonious set of assunptions and rate
constants .can prow de thg,, entire basis for a set of
Summareah GfindealiSalety of F&MEE% onshi ps |inking the rate of
progreSS| on of clinical denentia, the dynam cs of the
atl on cascade illustrated above TMtt

P
The ool A0S S P W eI Y, RAED N e KA than for

AChEr(t«eéty@ﬁbnr@rEstéa %}%Kﬁbl&ﬂ@ al SPiATA) BB84trichf @cssén@pméoqnbtee
drawn from_the no i n explaining renber

CocfYaER At (s 005, Thole Weare b SELarGerBRsern the-4rds of

subjeéts SRRy Rimiber A5atB0REY or6d Mg tid I\Aﬁithdr,awu'tgf'l éf(pdriéﬁcmg any adverse
inhibition of the rate of Tau agg ation via

evert O UEPAgHINgrAuerie anAaduerse exant( ¢o sareq Wi BCHEGR B!FP’T friarmoea
was tiPmbsiStedRibnt Advetsé dvent repertddasit s%@éc@tﬁéa@émwmﬁ ferﬁmyM

partiopary 5P gRGL dosta asEIke ety HEnTa NepALBPrEsR rgmber ™to

the dlﬁﬁ%dﬁél Rlsiflg l#éb&pﬂ%*twﬁ@i @Jt‘ﬂB}aydl@rtotahﬁlld aNitibfvtic %bﬁiﬁﬁy @f MTC
he aggregation casca

é ratelestorgy
whichfigs BeR el dpraaertad MireatEs ishetseniddasal 4587 Ginics o
al., 2000y. emab?gh ngichtts muhmggémdm@ rﬁﬁ|h}gh@r Sﬂ@of\ge&élorlgg
ran en re . N au a | On WOu

d'arri? thize deretrndor ACRE higla, SH9EE Brrreast MusReTh
mgm\ﬁBarﬂth'éHsl ﬁg@:&é'é , vohiitthg! Besregh laﬁdlabd&mhﬁnﬁa@rt I"@tbdawfehfaﬁgue and

WwWou e o no er
agitgtign oThe SXPgFRREdRer SAVBIY (it coRies NS0 S 141 SLROeR ey be

manB§&dalth SiitaBRPSAbBtIE Preparatione@yidiiet Yactabiasas prepaditibiy). ng
because it targets primary pathol ogy. The nodel shows

that there would still be progressive accunul ati on of
No cﬁaﬁ?] rcﬁ@aél%fgrmtﬁhcé WoiR, seef th aty dfliee Rartine cll‘rﬁttaﬂé cla@mistry

e dr Th| i S prinari eca the, ..
parafleietRearael RS 1 o esiiboRlts, BHsmhihit el Gee bialobin and
whité-oelf Eéaoits werel seeann Sibjeatbireated avitn rdﬁb@TTi“oaraiteese)M&!nges were

arate whi ch ca e ur b th rate
doser{elied o2 shanges,varedealio e o B a6 Bl dBie L betife Satistcaly
signifiedrit fidrithé 6ampiand 26w (300 aigr gd GSsest I the 2p$8 bfagd-cell parameters,
partic IarI to ap Eroacﬂes t ha

they,3pRFHEH o8 4t if B 9Ky, ont oy gideRce tht the
60m§ Ifid B Intezisk @ mettdetnaificbiinedels at Beweeks and stabilized 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 values decreased and then stabilized at levels not significantly different from the

30mg dose over 50 weeks. It is concluded that oxidation of haemoglobin by an oxidised
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rate-critical for Tau aggregation, which has been
di sputed by the inventors (e.g. Wschik 25 et al.,
wa2®sp441Thi s further applies to argunents baseRPCDOBRIVS/003315
rate at which (3-anyloid protein mght, in sone as
yet unknown manner, trigger_Tau aggregation, as
asserted by the recent caPfént versions of the A(3
t heory of AD pat hogenesis (e.q. Sel koe. 2004). . The
form G5 eI el e e £1cat BhetmER o v ErsPoRsip 68 hanaes
in thd fedl calbhidmetérd. enhance the 30 cl earance of Tau
aggregates by dissolving the aggregates and rel easing
previously aggregated Tau in the form of a nononer

WithiWhe Perfcdinbf e SIUAY 6088 @f thake ugdhgas Was tlimtally sighificant, and all

cl earance pathway, i.e., th rot easomal , paf hway. |n
remanen el griH e RSBE! r2iets TREGFTO B st o OreLPALMe Fijanastdg not
caus8BURBIERt IncORER taHstdN Aisk/Bérefi€ eatis t@ Mipaction the fhitigatrctiniGdd.

In effect, this opens a new, previousl navai | ahl e
developanbsidbe 3amaasy 08 dHhaoearehavts. JhEPEsa LR Rl ite
Iow(fﬁoﬁfg'()j aBﬁ,eisFP?t a\ﬁ@&sb lﬁeﬂ:mkr)tﬁémnaaammfelo@mt muaeh s?;gt&wer

is _depicted by the rate constant in the Figure
efficagysidarsTE6LR PR HISSHSIRehReB008/ 003315 - 60 The power f ul
effect of enhanced clearance in the kinetic nodel is
du2to the augoc%t al yti K Lhe agareoat gs. . |

Exa

(ampj o the aggregate concentration. This is the primry
mechani sm responsi ble for the long-term5 predicted
change in the rate of disease progression, which was

The foRhMBticHf rembene J98¢-i0 TRx-03@00¢ | donsistat of Sizal1. bidefkiue gelatin

npdel rai t h i bilit ' '
cansige onsaPie sy Qoo prt g 8%, GRURFE afMteghd afhokfago.
Threb efreigh<bfi dapsalk, differing arduiindill alesght nete nyarufestised with target

deterigrati int euron..s cl ]
stengfisofou80 &he {0 g ATTC e KRR AR ontiting oniy
Gelupiré #21¥ was @vaidedv €T Helteardipylatirl Gapsufesranddine gelatiruuseddér capsule

the kinetic, nodel, is, that i L ct y
candirgftaies i SR B SR 08 oprd R 1EnghESKE bafap
EncephalepathigsTau aggregate |load. This initial burst of

cl earance of existing aggregates is predicted by the

model to contribute to an early synptomatic -
Unifdrmjty of/eapsales wEsitested by wapedrancees FillWeight Ynitormityrifssayrmodified

P 2.¢linical ftrial [ 5 i £
wrom TRF En Ghr el ik Se e ielbitise o7 fadospii s
usingthg dunepeaatRhanhapopmeiscandinS Phameacopbeigooteting padsdie method. Six

0i.n eqr ' f t I e

R A e e A e TS
stabitity. t he i nherent rate of progression through the Braak

stages over tine), can be neutralised by 20 enhanced

cl earance due to sol vation/solubilisation of Tau
Throogh these dissolSiarcetudinesewésiouod that the dissolution of the 100 mg capsule

in all in vitro conditions was slower than the 30 mg capsule and that this difference
increased over time since manufacture (Figure 5). The 60mg capsule had an intermediate
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 from the breached
capsule was rapid. The MTC released from the capsule was found to retain the expected

level of bio-activity in the in vitro Tau aggregation assay (WO96/030766).
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are directly proportional to the aggregate

concentration, small changes in the pharmacokinetic
w@ewbioka2pf the drug can have a | arge inpact oOPCT/&Be008#003315

di sease progression. These features of the nodel were

agai n borne out by the Phase 2 clinical trial, and

enphasi se the need for nmaxiai-si ng the bioavailability

of the therapeutically 25 active species that is

absorbed. In particular, there is no inherent

Thls%ﬂ‘é}%‘ H%gblmldrmfﬁhé 6o nﬁ%ﬁéulé i IikE@ t® hﬁ\&egﬂlfté@fh@ XQ iRty site of

pr edi ct a dose- TGSEOI’]SG | at eau.

abs%‘l’%’tfrqmg‘m somashedhe emgthintgstiae, dﬁ@'%@%ﬁ% r%’g'ic%?bsmpﬂon
(leao‘h‘?ﬁ tonlﬁtho%Q) ANEEBsoMRIoR ol eieanh dj%ﬂﬂyrbf H@blf)é\fd‘lﬂﬁl@ﬁb@é‘ adh

Ong capsul e, summarised above | eadi ng
ther@ﬁ%ﬂtl@ailmlrwgtmeewa}eﬂp §PeFiess of et implied dese-fespenss: rﬁ@éonsh'p

dlscﬂfg%@HffLﬂfﬁ{e\" B@IOWFHJlEJi% th%i indh& BresBntbinifatidhaiR: sxfufMient hat
his is nost likely due to accel erated cross-1Iinking

cogrwfvetwtlg%pa%q ﬁ\@"afelaﬁfgm b8 10Amg kaPpie wahces Mo, hen gpmpared
with lﬂ"l&&)g‘ﬂtlbé 2¥RitRL6F tHd 30Mn dgaﬂcp@o My desdesul es) . 35
li'shed in vitro studi es have suggested that
absorptl on of MIC is a conplex process which depends

The F&s@ﬁﬁfbrnﬂﬂaﬂ&hﬂmﬂ&tthé b¥téntab whithi rrgrrer@:@s@s kb ™ &fhtoe
hi azi ne-dye reductase WO 2009/ 044127

explpred clmicalya Brs chnical sludies: AR deusars lugherhelay, thereqago

theoP&EKleas%tforaén efft ,pld‘t’éyu @ttth@BOmngQQé It |§concluded that the
phar macoki neti c del (discussed furth

app%mtca}ate%gt ag ti é%f@cmaomg%t@ndﬁ "m}ﬁﬁ'%sn@ golubiify; gigsolution
andhssﬁumr&rér%wt&h@hdrmner 1972a, b, c; Peter et
2000) which suggests that the hal f-1ife of
d| sappear ance of MIC fromthe primary absorption
Exapleost MaBi¥maticabefffealy Mddes, consistent with the
stonmach belng the prinmary absorption site for orally
ingested MIC. MIC is highly ionised when it is in the

A kirf®Xit ma‘smlnétmélrr]maael ihls Beemd@/elmiéd € € € gin acsatier Qndestanding of
t as

u
the 125 HBL4gHOR BERSS FatiiR wlpnptaRve PtonsAo iR oGl drterigation.
The strudtive of treohodd $s ulumeksect iselew inUFigliversy e Howipg theerelevahtotate
is readily absorbed. In vitro studies suggest that
CoNStINtS r eduction step can only occur physiologically at
| ow pH. This property woul d explain why the stomach is

R A B B B 0 i eyt
consfartsliartheabével model. 'Ufeste hﬁ:ludbtim)tblt Miaoquamtitutlvgmilﬁtty pétfhuloglcal
n Afte

st RS P OSSOl S
prognassiohiolb Btk stageisivweotirhel (Bradk &ad Braakj 1081 ):zalmgmoserrembnlsg
relatRETp Iy et dR St e 13 hsGing e 5 A Sl sgrrBesonse
relatiohstiip lrardedew(?\tcﬂa'dy patl'@tagyurstrawtgﬁblk:ianhWS Jmrtdveeplmarmacokinetic
. a n.Neur o

moctfifind EReflE st e e e APl Tl B )i Qi and in mar
discussee fusthepbelbwe oxi di sed form can be detect ed i n bl ood

than after oral adm nistration of the sane

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

surprising, given the complexity of the pathophysiology of AD generally assumed in the
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20 dose (Peter et al., 2000). Further PK studies in
pi g have shown that this is due to a difference in
wo b@loemet of the circulating L-MI form after PeEIGB2008/003315
adm ni stration, and not, as suggested by Peter et
al ., due to poor bioavail abi bity via the oral route.
Thi s suggests that MIC und@ goes reduction during

WU IR G e rE LU

the}ehﬁre%l%foﬁ@p@tltdﬂﬁ?rmﬂ deffhablé&elaﬂ@l’ﬂi%flu?ﬁkﬂwhg tHelate oftprogression
| t hat .on i | sorption of the nom na

of cijSel deptnte e Ematn PFon Ton Fob eSS e hEH e and

the \efficaty SfaFaubRRyiegirivn linHisidr thEfipeuti®ivteivdntiasl to del ayed

absorption fromthe small intestine at higher pH On
the basis of in vitro studies.it is deduced that

Theré eﬁeemmortemnﬁfem% tdl\ﬁélhrdwﬁd:\bﬁmhetnﬁtﬁief mfd%Blairﬂﬂg Rimber ™

MIC nononer ch
mehaBlar Hastpt, WHiEH APRraEs ¢ RADH ROt RerrlvgsSer n the il
that]tﬁélnhlblticmefShétatéibf Taul@fPegatipe Niaake ARIUCIRH ih @ie ralddii3 (i.e.

B B8 14T B S B oL G AT st i Pol e out
by th pestiiematical dnea@I traedvedcﬁyeadw bah&ert@th@mm tHdlikapatt df e

. di d t t t th h ft
therslical Bftigdhetkicls Sy on G b FiaB oLl dofoRlofas5ats (¢ Srot
strdmgi@qp eedue the ubﬁr&n’( feed approtucts antd theldtagbe dfdggregated T3Hu)
eto ts abl

h d
woul Bibal 8 AR 3 b st RSt R e Rn I o Sad et iguaqud be
comp@ﬁséﬂad ﬁordﬁéﬁt}igd b_9| Icsgtmfu:ltgl ag;tgrr]é’gﬁrg’i m:rslh:?_olfvl wsrdrsiptmlsit&fcﬁeﬂcal
. tht t rpve ) .
mpBkel el Rl ¢ PRl UBleiai 2P ipruc ik abRe e B
prograssionacithe disease, aveh thosigh theagacHdnisen eddeacd & tenmbtentially
o ET A hro s pEA RI T0  iR P e
wouldhstillteepragressige eedunafldtentad Tdo agdnegates ofgr.tinke, Bind aat the same

rate %%?\%L?&h%%sg t S igi ﬁHaH@tqeé&%%'t clg l%ﬂC? é&%%k%ﬁhé Phu

ar macol 6qi ca
aggeﬁg@tﬂsbemams lmdﬁecw&:lhangw slibjédr ahd datebenam;; oves pimesit birate

whlérbéantlgé @QS&E‘&’] B%me dfapegcg' éd!agkestgﬁé ér\éé@és:oﬁ%%me In the case of

as an
potengiglantisTau strategiey, ithis eppligatpadiculafly waapm@obbs that frfigttt e based

Lot .
on 45 1 oAy D B Py A A0S0 g o
rateenrlgcalmTalloag@lmaﬂao ovtigh bad beentdisputeddsy the invientoes Geng. Wischik

et aF a&?ﬁ %’h?stfkﬁlr\]«grqbﬁmis-r 'asrgl\f@gntaggge%do%tﬂg rrlge a?m}ﬂﬁ:a Bhgmyl?iéj

case, correlathon
protein0nigbi5 )n sumse ésnaetdmhad)wmemnnéretrlggerr?édu ageteghtios cAsudsserted by

e BRTFEESA o BRL SR Alnh SPhY SERB 5 Bl b o

haemat ol ogi cal activity indices. For relative

ne T s g BB 0, % Sl b the
cleawiceu:lf Jthe dggrehates by rdisguivie g tige ngrbghte@rdrﬂg‘ebésmg)bﬁdwously
aggl%gg{egalcagl ir? ieC\“fcjlalrm o?gln%nt Yner w%ncﬂec[a\ln Y)e processed through a much more
efficient clearance pathway, i.e., the proteasomal pathway. In terms of the model, 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 6B.
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shown in Figure 7. 20 It should be borne in mnd that
the relative cognitive activity at each nom nal dose
W0 20098x4eessed as the proportion of total PCT/GB2008/003315
phar macol ogi cal activity (i.e X cognitive and
haemat ol ogi cal ) at each non‘ég dose. Therefore,
al t hough the 30ng dose has smal | er absol ute
coghitive effect than the 60ng dose, it has a higher
relative cognitive activity index relative to total
The[pvavenfaceffeapofamhancdd olédriincedif tirelifeticd mbdst id dto the autocatalytic

AT TR RN -

aggreglatd comaenfitrglionb Fhis\iethel p’mntdityé nechariisit yespansibi 6h@fong-term

ADAS- t 50 ks i that th ffecti
predietel afidioe o eal? Sl yinePaE PIooressgi WHER 18R i the JRa-014-
001 atinical diiat AT recmodie] Faigey e Hossibifity that perhbe TNB:T given AlachBarlier in
si.m | ar

. or a 30 quarter_of the t he
diseGfi roabredion Soatarieven B nisalGeh; eidaig ety ke Stuctural
deterreaamn it tmatneurbnts”meamdeyﬁamw a&fp}belde alfortesr ratloalkGo@mber
was indicated as "low(100ng)" to signify that

a?ﬁeorwreé{?nttyﬁtmra%ese capsul es did not pernit

proportionate delivery and absorption of the expected

RSB BBl el o5 PR MR Aot

due ae tnitial digsdlutiontod ebllsﬁngWTéLsagbImd toald. Oinis itiah benst cftdlemnadd@ of

. the L- M f ' b di at. b
exishif aqrsontet 5 Rrdieet By R mpGuE v is 1o 1 ot qubisati
imp20&aLM4 T2 TodEas GidA6 @81 iDABS fember 68 Phass2 climial friaes
strongly suggest that it is possible to dissociate the
beneficial cognitive effects of the nethylthioninium
The faterdigeast-n\idBying actior ef ranﬂbesT”IrMeedhamﬂ‘mt&)dt@g taahich the
ongg% ?a% %f pnj%?cq‘% lFnllj'rg]u g& cﬁrg of on#\gﬁt | (%B[a%%tl n %ﬁHssed
Eme@ﬁemeammthwm ayentlraet(whuolﬁ isvthe ulhnmteadétemmnant of the
mheﬁ{?\? gét% of @ngyes |§§ gﬁa&‘}é‘rﬁh%%% %tgé(g cg\%gﬁpng),ieﬂ%%eytralised by
enhanpet dlcarancedue to balvationtsobubilisgtrassfiTag dibemersdliotathese factors

oe BB kol b ARERIE PR S LRt e,
pharpsakinetinrfofile oftheairtg garehavesalardsi ivipagt thrate MfEizeaand
progm‘ﬁ d'l'ﬁ lfsu.stg&%e% %B?el%? taggi];\ bd Aey dt By iﬂ%ephase 2 clinical

uncol oure at'e nor e
trial, @adremphapige ther rasd falbr@exlptISImthamavellab@@uefetue therapeutically

Y S rs ; :
actn/é%?@ﬁh& gHeagEL Nﬁfﬂed W;%J aarlﬁhébé e’% RE" ngrﬁgl{h?g#ekr%g%@mhm the
modebin ity présentform @wéwoulsidagélet mﬁ@ﬂeeﬁesums:lajeau. he

therapeutically active formcould be absorbed w thout

limtati on by the capacity of the gastric thiazine dye
Ll.:“J 4 + Relationship; BetweeniGas e anthriaemateo gical Activit

haemat ol ogi cal side effects and di arrhoea on the

ot her. These are discussed 15 further bel ow
There 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 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 cell-surface thiazine-dye reductase
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As predicted fromthe present analysis, the L-MI salt

form has been found to have significantly |ess
whamamtabogi cal toxicity than MIC. Figure 9 shpe®wGBh@®s/003315

di fferences between MIC and L-MIx across a range of

oral doses in ternms of key_.ed cell 20 paraneters in

rats dosed daily for 14 dé)%.' As can be seen,

s MBS 5 e Pl o 2 o S 200 bt
(“PK? ihnﬁﬂu@r (cnsiﬂsfj@i mn?mﬁmglmb ibBel;it devtopedaiasod ob pivBlidBEY studies
. e an red- VO " "), . . indi i
in huae (Gl Naopae R S et ¥ gl Aodwhieh spiges R e
half-if@&6f @ilwa;:mdarfccfbeaf :vnmfrm krecptingay absargtiarecbrinyartniemnt is 30

no IC € ClsS O

h n [1]
rin 3o St eRS art a6 o S iCh e o ol Hesto
MTCStati stical analysis of differences in key red cell
paraneters in rats between MIC and L- MI'x doses. Dose
(myg / kg) Difference with respect to MIC p-val ue
MTCHaRIgAY iofised whélit)s i theDoxidisdd féa at pi 70n &hob-réBécingt 5

.1.43 0.00465 . .,150 3.03 . 000 Me [ .. h LN
enviiERAS LBt T e o 391U HaRevereguigh s T o8l 1
MT") ¥ord3bP afdiidh oftd efecons@addfdlan Wchargedl dpevies whieh (i tepdily
5 -7.07 <0.00

r

sy ok o 08 e B s
at low pHOTHi$ pPoedty walfid éxplain wly GH&0stomach is the most likely primary
absorption site. PK studies in rodents, pig and primate, indicate that the predominant form
of the methylthioninium moiety found in tissues is the colourless L-MT form, and that after
oral administration, only a small proportion contributes to the oxidised form which can be
readily measured in blood. It is therefore likely that only the L-MT form can cross the
blood-brain barrier, where a new steady state is established between oxidised and
reduced forms within neurons. After intravenous administration, substantially higher levels
of the oxidised form can be detected in blood than after oral administration of the same
dose (Peter et al., 2000). Further PK studies in pig have shown that this is due to a
difference in the level of the circulating L-MT form after oral administration, and not, as
suggested by Peter et al., due to poor bioavailability via the oral route. This suggests that

MTC undergoes reduction during oral absorption and subsequent tissue distribution.

In circumstances where dissolution was delayed, as for the 100mg capsule used in the
rember ™ trial, it is likely that only limited absorption of the nominal dose could have
occurred 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 vitro studies it
is deduced that these circumstances would favour the formation of a dimer of oxidised
MTC monomers which is well described in literature (Rabinowitch and Epstein, 1941;
Lewis et al., 1943; Spencer and Sutter, 1979). Due to anti-parallel stacking, the dimer has
no net charge. Therefore, delayed dissolution would be expected to lead to delayed
absorption 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

have haematological effects due to its ability to oxidise haemoglobin.
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150 1.06 <0.0001 Reticulocytes (%of red cells) O

-0.08 0.973 15 -0.54 0.816 45(2) -6.53 0.0063
wa@omy4127. 59 0.0022 1. The p-value is from aPCEEB2@B/003315

whet her the val ue of the vehicle-only dose is

significantly different froegl zero. 2. The p-value is

froma test of whether the a'I ue is significantly

rent fromthe vehi cIe
This A{?IQVF%'HISQOE{;%*‘!@Q |sd§ﬁorb3é éﬂtﬂQ$%ﬂ§t@%nP% E@ra tIPF\grember
trial.dh 8S46p8é Ahe trt;in Ra®hidwn that MTC hab had sy’m@ﬁ@mhla&ha:o%gmal actions:
eut i ose

th
couE R R0 aPaAt oo STt Theceuflve pick G RotGhoy 2
monswhtca:bb@-rﬁ”p@hwﬁ‘eﬁnldhehlp owharess the/Nateimatw:tyddn effectday ¢Figure 8).

This Sgage st el B AR S Cireore teRomila e ey peso’ e

phar&\\éablbglbblfacﬂﬁtya MTCTiilﬁ’oﬁidbf # tha uﬁﬂrﬁﬁéeﬁ‘t leMT foat ®king respon5|ble
evel opnment was,. I

for tRERASRRC T o0mYS B A MEG ShSApLgs an apised dindre fpegies

being FespBhisIBIE ForIRel oxMﬂu&%Wa@ﬂ%@BBmP@THn@@% GQGJ’EJkﬁbe eXpected
udi,.es ese

There are she
that bl Sufhe JHES s s op e et GeBg dindct
phar?ﬁaeblegl'bsl agtifitied atediffepemt! caphuel stséngthys. TRisiwEBRRGeed found to be the

el shausen et al . (2004) Phar macokoki netic

casq At é'?%’(m NGB 8chi or oqui n and met hyl ene bl ue

combi nat i on 5 aga| nst malaria. Eur. J. din.

macol 9- t used further.in

Avep{ AR BERAiRh (5 B 1o LMo B0t B e e S i g

expréssed s petantdge dim&ed @iafd?ebeafteelsomlnuteé 241iGhe dbsealissed

bel . 1) Pri [
relatig pdhivelor e fiatdbgied iy naidh® i rplpls isslenne ©
perc¥idtggeof thd $otal)dissahuion ¢pad otadrednn aitrodefaes ooaftérB0aeinutes was

ca 50! Rl S4B AT A gy oo

showromFxganiedr ugs |: 15 whol e bl ood, urine and tissue
assays. J Pharmaceut Sc 61: 598-601 The paper reports
a method for analysis of MIC in whole blood, urine and
It should be bernelim mirgsthahthe, relatiee cminhivel activity iab each mominalptose
o [ c . >
exprbia MR B ORBR et kg PuteReise i RR SRR |7
haemﬂjglogrbajhataem 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 relative to total pharmacological activity, because it has less haematological activity

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 8, i.e., approximately 25 mg, or a
quarter 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(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
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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anal ysed by first converting it to "free-MIC' by
adding 5 N HCl and heating in a boiling water bath for
2 mn prior to extracti om83rto di chl oroet hane. The
di fference between the MIC recovered fromurine
followi ng acid treatnment and MIC recovered w t hout

The?{é#ah}sreg/%&ﬂﬁﬁlﬁl lé)gfe%l aﬁ?ns'\%g& Q)Ie alsgﬁd?élégﬁéjtzé}%f cnal)cogmtlve

ant o g ner
effeqth afiihammfb@tnlrwrbmqiﬁt)g Al MTCémwurmeég%bw haematological effects

by ogﬁ’rﬁgfrﬁtthgr&mgﬁl{@p sl FLBuREh lﬁ)écﬁrﬁfﬂee %nb@blgﬁ&j ?él@ntdé?i&hcatlon

ora ni'stration. ar maceut
(PCT/GER2000/001 1080 therconteints eftwhigh arg hetrin spefif] ce"w'amr Rerataddy

refe%ggg Q%évg E[kgﬁ %e@ﬂ,qjuégd ¥ %ﬁn g%#i gf@ie‘lih‘l_ N PROVE BBve the

I ngest e USP.” Uri ne was
benefiblof bypassing thet rnéuctasﬁ aqtivity \yhlplame&eéwrwr atsorpticsy of dlee

metﬁv'ltrﬁﬁfn)ﬁn’?ﬁﬁfe%‘ bﬂ?Téaﬁ?ess%ﬂé Lﬁ%T)ghgsegeMo&n% Hele hlg"ﬁbﬁo

erred to as | euco- MI'

solubitityrtearp¥i §i and ypamdisgalutien rr@mamaﬁ@bst%'a&mvthe pncol%%reduced
stat% &ﬁ@%g@g Ooggéf‘rﬁq.ti'i@%&%& %sor%l@nzégoﬁé Rttt ed methylthioninium

speait AdEHBETENGR of hecstabiiss LoWTA Mt pelirel remaer siiesy could
be aﬁﬁg%‘cﬁﬁe%m% glgHeMBs)es bf tﬂ@’tl@l N??é’lﬂl@alﬁl%tlwwﬂﬂrcoﬁla%(%@bsorbed

Se- L- MI
witha. Ilmltat»orsbxothzsaea@ty oitf@@afmcdmaeng gye fedyctase agtivify %5 Hagsone

han&3 %d%@e%gto%lcagsﬁe efféds GRd araﬁﬂoéasgn % &Qér TResedre dicussed
50.56 14.50 474.29 96.93 4 3 .76 384.43

furthgobeglow. 6 5 53. 01 12.37 290. 50 49. 26 9 7.5 42.86 17.55
120.29 29.91 24165379964378721377 33 28.5
24,34 7.53 41.87 9.91 48 40.5 11.02 2.43 26.77 5.18

As peediced from thg preser anglysis. %1649'\/”752" fumenag begn foupg to hgge

sugn@icglﬂly 165k ﬂa@nﬁt@ogﬁgal %)&Qty @hé?ﬂvlicoﬁlgure 9 shows the differences

between MTC and L-MTx across a range of oral doses in terms of key red cell
parameters in rats dosed daily for 14 days. As can be seen, L-MTx-dosed animals had
higher counts of red cells (‘RBC"), higher levels of haemoglobin (“HB") and higher 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").



96 88.5 1.74 0.48 3.09 1.53 105 100.5 1.23 0.43 3.02
1.60 120 112.5 0.88 0.28 1.91 0.83 WD 2009/ 044127
wEOweBAO0D8/ 003315 -67 Table 6. Urinary excrep¢DOBA@BA0331S5
for Ox-MIC and L-MI Paraneter Free Leuco Kel 0.2263
0.2430 K12 0.7506 0.2962 .21 0.2381 0.1040 Ka
0.1626 0.9654 Tlag (hr) 0.2078 0.2381 VcF (L)
Tabl%% é@ét%n&l AAQIYsis PHiFfEleALEDIN ke R Sall pAPSM¥Rriheats

0. 9920_ Non-conpartnental secondary paraneters
bet"\tee@ ME%@“@LzME’Szd%&? (L) 4.4188 4.1152 C (Unr) 6.7420

ZD&Qf(lﬂ Ilép(' ( 99piRbrbnce WA resflectioMrco°  Uri N@ny,excretign
(%0 ?otal\ 22.94% 77, 06% WMRT (hr) 24 5000 16.8774
T% (di stribution, h#3emegiskintg/dt) 1530° TV2 (el im nation,
hr) p9.0364 16| 4953 TheoB®l | owm ng [st andar do.427
—abbrgwattons |Ere used §gp the tabter Ket—(§ g nat
—el—i—m—?azaf'nn rate cor‘ﬂ,{afs), K12 (rate-copnstantfor
tran§ er fromputative tOhpartnent| 1 to COMSart nent
2), B9 (rate constant $& transfer from putAtive
conpart nent Mbaheeu mwﬁmnéen&atgon@dm absorption ratsg
——constgant—Tiagr (absorptisprtime=tag—beforeggigug—

t ral (| e h nnd\ fa¥a) ]
) ?f’z(cal cul at ed b| 0a¥%¥ | abl [ tv), \Vc (t‘ﬁ%ggr etical
vol uff’ of distfribution 593 the drug i n the Ofdtt ral
COITDBD"E’ITEHI) AUC (ar easopnder the [curve, apeoeasure of
[ 1\ N " " a1l " -y 4+
l Ul Cll UI Ug l II T UU ‘ﬁ?i; ;‘;slﬁl M T TOST UTIICT U111, T 11
for 6'2 2% of adm n;Mg??:é deIHnQpC’ o _he elimnat pri)1 T%

( hal P-(|) i fe). V0 2009/ 04%%¥7 PcT/ cH2008/ 003%%H
15

-1.18 0.475
459 -7.07 <0.0001
150" -9.14 <0.0001
Red cell count (10°/mL)

o' -0.27 0.171
15% 0.41 0.041
45" 117 <0.0001
150" 1.06 <0.0001

Reticulocytes (% of red cells)

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 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 the foregoing discussion, the optimisation of an appropriate
therapeutic dose of MTC and its formulation are complex. A major barrier to this is the
lack of a suitable pharmacoki'netic model. Although there have been attempts to 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 model was required.

Before presenting this, the available data and models are summarised.
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-68 Fromthe urinary excretion data, Ox-MI and L-MI
differ with respect to distribution phase and
wa@p@anent7 bi oavail ability. However, the term nedT/GB2008/003315
elimnation half-life (-'16 hr) and corrected
apparent central volune (4 é.% are conparabl e (Table
6). Total urinary recovery "1s 6.465 ng (i.e. 65% of
dose), of which 23%is excreted as Ox-MI and 77% i s
excreted 5 as L-MI. 2) Prior art study 2 This is
Thetesrer3 fudlished dhadies ofMT Eldmpwvaand) ThEsphrerfird sulmatdrieedaeing then

disclipseiogetien Jeraing Onar Helstee eyl e Heposlthadpen et al,
(2003 PhameadokSinetiddnte2dution bichidroguis taind ynethyleneesiue combination

vol unt eers (4 nal 3 fepnl ed. 19 - 53 r .
agalf A Eurob ClRyPRarmacRy o0, 08 40 aBI i notispd Rifres in the
presshtdocapent, addts endthedolayysanddingingy aregimilan to thds2®f Poter et al.

zoqgiém i n ?P P% NaCl over 30 sec) or two 50 ng capsul es
( 5EYSSEA RSO, two 50 my capsules in gel atine
together with 800 ng of Mesna (sodi um
rcapt.oet hanesul phonate). The pharmacoki netic effect
7 PBnG%’E%-Sé fistration of Mesna was included because of
the clinical use of MIC in cancer chenot herapy

r.egi nes based on i fosfanm de for ich.. sha
The I STEmAG: Bros e s R o Sty [y/S558 38 Pagner (1972
and sepmirtgt ircasenest dfdlslek g perfsptwodf ediichdare fsemerdhrised belowat

used by D Santo and Wagner in the foll ow ng respects:

I nclusion of an internal standard Use of sodi um
1a) DiSaatveSR lapt ¥Yagner 46 (897 2ap Phpamacokinetirshd ihighlysanizedt diugs |:

' 2 Lchl.or get hane r I aphi paration
wholgHifod. Bof BRA QLB STANC ) SR RLP 8 BR bdaafibe | 2. | OF

nobi | e phase, with efflux nonitored at 660 nm Peter

The Fepflepg ARG AT 1 Bl B Bptke.
essance/ the inmathat cansists ingrepaging itreyaqueols matrix@yitildhigh4alt 24
congdouffii 0 AR Pl g BT Hld fBarRBraRe orly HEdlnd BheiButte o

the totajdighlororétbanesxttact abiad nrotA stabilised lkedcdy{ormiat MG (ilense-MTC”)

O e e

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 |l
absorbtion, metabolism and excrection in man and dog after oral administration. J
Pharmaceut Sc 61: 1086-1090.

In this study, 7 adult male volunteers 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", also
referred to as “free-MB”) and leuco-MT (“L-MT") with corresponding standard errors are

shown in Table 5, and in Figures 10 and 11.



The data have been read fromthese graphs and are
t abul ated bel ow. Table 7. Concentration of Ox-MI in
wobabe44ibood after |V administration of 100 ngrOf/GBRINEI003315
5 Time Blood Ox-Mr (hr) (nmol/L) 0.09 6.06 0.15 3.32
0.24 1.73 0.33 1.65 0.50.78 0.65 0.61 0.83 0.39
1 01 0.41 1.99 0.26 4 0. I$%Table 8. Concentration of
in whole blood after oral adm.nistration of 100

Tab'ﬁg" ﬁﬁ@et“{f}ﬁ%ﬁ? a5 shprdardgronfisendat Ofaise i T C1(xMie) and

redu@é@ﬂﬁ'CQ(L-W") ﬁ&ﬁblé@ﬂ@hﬁd—Wagﬂelo(@?ﬁ)g 0. 00064 0.15
.0011 0.24 0.0064 0.33 0.017 .5 0.041 0.83 0.055

1. 01 0. 064 1. 99 0.069 4 O. 038 V\D 2009/ 044127

PCT/GB200§/ 003315 F /0 .

Time (hr)| Mid-time (hr) [ Ox-MT (ug/hr)| se-Ox [L-MT (ug/hr)| se-L
0.5 0.25 2.31 1.06 14.01 6.98

1 0.75 20.59 5.05 385.06 97.98

2 1.5 38.66 7.50 659.14 104.79

3 25 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 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 52.5 5.00 1.16 14.11 549
72 64.5 4.98 1.31 7.88 2.29
81 76.5 2.53 0.69 6.39 2.05
96 88.5 1.74 0.48 3.09 1.53
105 100.5 1.23 0.43 3.02 1.60
120 112.5 0.88 0.28 1.91 0.83




Peter et al report the follow ng pharnmacokinetic
paraneters (Table 9). 5 Table 9. Pharnacokinetic

w@asoasetiers reported by Peter et al. (2000) forCMGB2008/003315

adm ni stered by intravenous and oral routes. Paranet

er

IV Oral  AUC (ol /min/m) 0.134 0.011 O (Unr)' 3 %

of dose excreted in urine-®3-6 18.6 at 24 hr
Estinmated elinmnation T% blood (1 - 4 hr, hr) 5.25
urine (4 - 24 hr, hr) 6.6 1. d: clearance, the

Tablé’@l WiRal) exehetiph dalA8F ORLNPIC Sl unit time. 10
Peter et al. further note that the fraction of total
MI' excreted in the urine in the L-MB form was

oximarelry 173 of The[Tol glge and T S O O dih

Pardr%]p:, ) .
differ between oral and |V dasing 3) Prior art stug

3 15 This is described {n l\/body JP, Allan SM SmtH

4-O-0-O-\

Kol AW Naytor—GI—(1989) v ny| B 6P Ue EXCTelg 5o N
depression. Biol Psychia ri247 858.! This is a

K12l imted study of 24-hr u |na9)75@6<cret| on duﬂ?ﬂfZa

3 week—trial—pertod—n—depre 20—sphbject Ki11d
K21 15 mg/day (5 mg t.i.d.) br SBOL day (100 5100 g

Ka Tvventy four hr urine coll ec0il688 ver e obt a|(h@§4| n

and-aof

~N

hao 14
T'agZ'HZi yt i caI net hod was sa dlsgﬁgég;h;?y& l b??an?fgo and

VcF gner. The results are surrﬁ&r?%&ad beI ow i 18.268l3l e 1

\I\ﬂ ')ﬂﬂOl ﬂ/l/l1')7 PCTL.CR200 221LC T

CoraiirpaF0F. S8 % Bur  naly eROPLEion of MG O TP Rurar
Repe

fromthe study by l\/body et aI (1989). eat Dose
Studv (15 i/ 24hr)Y Ox L - NMNF—{ ) Pava 7 6 1
Non-gomsparimpentaksegondary parameler M) I i
F 0.1483 0.4982
Ve (L) 44188 41152
Cl (L/hr) 6.7420 2.0074
AUC (ng.hr) 1483.24 4981.55
Urinary excretion (% of total) 22.94% 77.06%
MRT (hr) 24.5000 16.8774
TV, (distribution, hr) 0.5930 1.1530
TY (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 rate constant, Tlag (absorption time-lag before drug
appears in central (ie blood) compartment). VcF (Vc x F), F (calculated
bioavailability), Vc (theoretical volume of distribution of the drug in the central
compartment), AUC (area under the curve, a measure of total drug in blood), MRT
(mean residence time, time for 63.2% of administered dose to be eliminated), T
(half-life).

\/

fhe
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21 6.1 6.4 24 hr urinary excretion (ng) 5.8 7.2 % of

total urinary excretion 44.8%55.3% F (apparent
whewawailkabi lity) 0.39 0.48 Repeat Dose St udyP(BGB2008/003315

ng/ 24hr) Days 7 43.9 75.6 14 41.1 71.6 21 45.2 60.4

24 hr urinary excretion (rrgé 43.4 69.2 % of total

urinary excretion 38.6% 61. %A) F (apparent

Frorﬁ'tlﬁﬁ?&%?kﬁﬁé’%ﬁﬁz]@)ﬁw %q@-wlﬁfgegowﬁtﬁﬁ?sépue% to%is?t&@tﬁi_og phase
and Bpparenbifioildbilty 7H8Wewer, the GerBithdbelimidStidn Ralfdffe (~otiGer) and
rinary excretion, 25 84 2% 15 8% 50-91. 2%_8. §% WO
cormsi b5 <Ples T 1 keis bampera Tl Bl eyl iy recovery
is 6.46P pay (eat63% obdaese) adfiwhidhy23%2 5 éxcEledaslOx-BAT7and B0% @s &zreted
0 g54 0.62 100 0.34 0.060 0.40 The singl e-dose data
as 'T"YI mthis study has been conbined with that of the
D Santo & Wagner and Peter et al. studies to provide
estimpte of apparent oral bioavailability 5 based
Z)Pgﬁrﬁgisﬁ‘z&ﬁexcreti on at 48 hr of total-MI. D scussion
of key results There are several respects in which the

. hodel s., deve e n_the is of ,the dat bul at ed
This R HE oS R AREE, BBnduih BRI, LalerfePh B BobGhnt °) e
Phatreaiqokinaticsedndorgan distribuéidr ef intravenous and oral methylene blue. Eur J
Clin Pharmacol 56; 247-250.

In this study 7 human volunteers (4 males, 3 females) aged 19 — 53 were given MTC 100
mg (313 uM) on 3 occasions at least 1 week apart as either a single IV injection (20
mg/ml in 0.9% NaCl over 30 sec) or two 50 mg capsules in gelatine, or two 50 mg
capsules in gelatine together with 800 mg of Mesna (sodium mercaptoethanesulphonate).
The pharmacokinetic effect of co-administration of Mesna was included because of the
clinical use of MTC in cancer chemotherapy regimes based on ifosfamide for which

Mesna is co-administered to prevent urotoxicity.

The analytical methodology for blood differed from that used by DiSanto and Wagner in
the following respects:

. Inclusion of an internal standard

) Use of sodium hexanesulphonate as an ion-pair to enhance extraction into
dichloroethane

) 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
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
Figures 14 and 15.
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There are several respects in which the models developed on the basis of the data
tabulated 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 also inconsistent with long discolouration of urine
observed following intra-operative IV administration of MTC to localise parathyroid glands
for surgery (Kuriloff and Sanborn, 2004). The problem arises because Peter et al. (2000)
have based 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 approéch. These
analyses fail to take account of the terminal elimination phase, because of technical
difficulties encountered in estimating Ox-MT levels in blood, even using LC-MS (Liquid
Chromatography — Mass Spectroscopy) after 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 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 model 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 below.

Example 6 — Development of Integrated Pharmacokinetic Model
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K30 0.016 K32 0.091 K42 0.00095 K45 2.059 Kb0 1.45
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There is therefore a discrepancy between the estimate of oral bioavailability determined

from direct measurement in blood and that determined from urinary excretion. This
implies that the low blood levels seen in blood following oral dosing cannot be explained
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 tissue
uptake was confirmed by DiSanto and Wagner who reported that 29.8% of the
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

between 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)

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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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.

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 blood 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
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
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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bloog data cFmedrasy ap @efe?rgaerﬁwwe'cwﬁ% Wps A ﬁdfm"tSt%te? g &single foomg
IV délet ection. The nethod was validated, using internal
standards, over the range of 10 to 2000 ng of MIC per
gram of 30 tissue. The nean inter-occasion accuracy
for MIC was 107%P S%tand 1D5% aéstgoat 100 | and 1600
ng/ g, respectjivel f "ANEChe toeffTei BNt of |variation at
each | evel, wasnot spretham 2090, The—tdr m nal
el i mination Half-| |I§e in the pig vvas found to be 23.5
hours for both bl odf24nd 3b br ai 8,94consi §tent with
the urinary gxcretiggy fndihgs—of Santojand Wagner
i ndi cating tHat V\DPS%)Q)Q/ 044[27 P&qd8§2008/ 003315 -79
the term nal |eli rri nmz on phase is0.88&h | onger than
esti mated ei tifher K4' ter at- ’b"""G) qr
Rengel shauser| et al . ;2004) In order to Use the pig
data to deterlm ne WEh human m)delzsconpartnent
predi cts the [5br allsocvclo the 55e- basq for the pig
data was resqgal ed to"correspond tg the human hal f -
life (15.7 hr]). Th&soesults|are sh08n in Hi gure 28.

Al'l conpart mgpat-s—have—been—tesecal ed t-o—t-hgi r
respecti ve ngxi ma. ‘Sfpxcan be seen Prﬁom Fi qure 28 that
the central donpartgent (C2 8.3

V2 66.03

Correlations (observed vs predicted):
Blood 0.98
Urinary Ox-MT 0.96
Urinary L-MT 0.98
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10 bl ood) and C4 foll ow each other very closely,

indicating that MI is freely exchangeable between C2
w@r@9It#M120n t he ot her hand, elimnation of Ml PE€DGBRIVS/003315

pig brain can be seen to parallel the predicted

elimnation fromC3, and no_} fromC4. Therefore, of

the two i nner conpartnents 85 of the nodel (&4 and

I tng g 1G5, asarhe perie mode ey fHeaa e et 2o

condentra@ired A4l fdubarr@eecakgne @tal dos®ofel 00hy of WIC 2able®), Hﬁd 8caled
klnetlcf res the and oral {rfoﬂesare

uringiy Ferpion data romp \Wabher Bt o Bfichite &'siolk dlatgose of

10m@fof MTE. hunman |ntravenous nodel is summari sed in Table
13. The 25 data have been nornalised to the case of a
single 100ng dose (313 NM. WD 2009/ 044127

FlgulF(E:ﬂ Wé?@&&i&n?ut&@ oTabrhﬁadrﬁentSumbr)‘esﬁonﬂlhg rdﬁeyzonstants
inetic features o u t ravenous
et it eR el seleestenel s orapgetig biogd Joncsntraton
athEle G} D’fsamb and eag 3 &NRgr&arﬁwtl\!ll‘gbgﬁgsdf 052@?17@!{63/ O-MIT data
u ab&ﬁpﬁv&% cBaSsmps v Tyies CARRRRS TS PO hSesURY o
comﬁ@rﬂ’ﬁ@ﬁtt((mﬁﬂ'hbséﬁremﬁ(tﬂe prichdry&b3a®tien BorhBarinent, assumed to
uts

corraspoRYfo TpmRchirasba SEo<TS. R eoTEH 2P BRRDER S CagEB med [y
repr&®ia fifst-bhss metapaldnraspatic dofrpharthiert) STHede isanloabomdi on

ool R0 0T P3RBT B iy,
furtheBloBglfremtCe (dexignatedtkeab impatle R whiclois gresunhed tomeprekent loss
due g);rrgttﬁagg Z’tbe??%%s'iv}?ﬁ%égg@ﬂ %5;591{%%2%} ﬁﬁog\ﬁog ﬁu%q‘act that there was a
10-fal@ dffferdnice Mt the doses used in the blood and urine data sets were explicitly
estimated by the model for urinary Ox-MT (S-Ox) 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 compartment
(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 (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
quantity measured as urinary Ox-MT. The percentages shown represent 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.

Parameter Estimate

K100 0.44
K16 1.68 ,
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15

3. The AUC,,, (pnol-hrA) has been calculated for M in
each of the post-central conpartnents, and these have
whe@n/ostiown by percentage. 10 4. The Tmax i s tP€T/GB2008/003315
cal culated time (hr) after dose at which the Ml |evel

in each interior con‘partms\n;7 maxi mum 5. MRT is
the nean residence tine in each corrpartmsnt
cal cul at ed asrthe—t L.2 Feetr-ed fers 32%of the
adm ni st ered [dose t’é %e el'i i nat ed3%5 Cenral
Conpartments.| As caKk2dpe seenp fromolewwl e 13| and al so
fromFi gure 28—the —kineti¢t properties of {MI in the
C2 and 4 conpartrre'ﬁ%% are ¢ssent p&ﬂpy i demti cal ,
supporting the concegd that|the Toiogyof MIfin C4is in
ready exchande—equilibrium lbetween the fofm nmeasured
as the bl ood |l evel 42 ox-Mr|in bPO8EASSn 2] As the &4
conpartment ijS The g4g nci pal detepgsgant of urinary
excretion of |the |-M formpeasured 20 in Wrine, it is
concl uded thgt the &P form pf Mr et esents the L-Mr
side of the LU=Mr—= oM eqjlllorloLgmvvnlcn exists in
the body. Aftler |V administration, the ampunt of M in
C4 reaches itls maxiKéQth | eve| withiOr2BO minlites, and is
t hereafter elfirmmatgghat—the L,un;gglsterni al
/

elimnation rjate. 009/ 044127 GB2008/ 003315
-81 Deep Conpgart ne®OxBy coptrast 12i3 can be seen that
C3inthe IV di-ffeftent L‘_ég:llllb pfoperti es.

It takes 4 hr| after adninistration for the|nmaxi num C3
| evel to be reachéﬂ(L)and t he msa311993| dence tinme in

C3 i s subst antt+atty—tonrger—than—+n——etrther—C2 or C4.
In Iight of tlheyrRidioRs @du%e%aa/s p'rédlétéd)* nfefred that
the C3 conparltnent represen 5 poal _of MI which

i s kineticallly tHeash@¥Mhsi de ceI Iosggas des¢ri bed by
May et al. (200@fipnary®CMTdi N0 tO0 GG et al| (2004), M
needs to be iln thpry ML formin order to cross the
cel | nenbrane. UrindntleMThe cell, Of% e is a new L-M -
Ox- MI' equi | i brrommwhith 175 determned by
conbi nati on of the predom nant reducing environnent in
the intracellular mlieu, and 10 the prevailing pH
inside the cell (- pH 7). Experiments in vitro (not
shown) have indicated that it is very difficult to

Scalipg dactans forriringly @eMicans kvt sorg DiPante apd VYpgner (10mg dose, oral)

to fltWi’PéPérQQ laF@dth Y1003R§ ABsA ) 8) 5RUELBIIGY SdRHi&d R the oral version
physi O|E§)’§_I cal I%Saccept abl e concentrations. That is, at

of thp ppoglel a 1 dnePachvalyiAturthermerifieation rgayiredite achieve a fit

for tl@‘orWda‘ié a8 tEIRRodUctiBR bf 4 BeldafayRbefie mnﬂ@rﬁ}te'xﬁretlon data from
reduci ng conditions which are maintained within the

DiSaptq and e hisjdglay yasgstimmtedas namslinger f4eHen ramging drogn 0.2
to 1 BUbr Sfcrétldd thlsl earlEtitfarC! f2LAS a%ﬁ&ihhﬂtﬁﬁ’édélgﬁ ofi1 Retereafter.
equi | i bri um wher eby MTlstrappe hin cel
| eadi ng to accumnul ation of intracell uI ar Mr aga| nst a
As cé?rOBé‘ e&dr AtTablk Of &¢H ?Z‘Qher\é@e‘?@v&?%dﬁcdﬂ%@iﬁ% (At patbithan

tissue culture (not shown).
0.96) between the model outputs and the input data sets, as can also be readily seen

from Figures 19-21 and 23-25. The model therefore provides a close fit to the

experimental data.

iii) Comparisons of model outputs with other data sources

As a check of the oral model, its outputs were compared with other available data sets.
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expl ai ns the ot herw se paradoxi cal pharmacoki netic
observation that MI is both rapidly distributed to

wo eased2f ol | owi ng |V admi ni stration (as reporP€dGBR008/003315
Di Santo and Wagner), 20 but neverthel ess elimnated
much nore slowy. Thus D Sapfo and Wagner found that
within 2 minutes of a dose adnministered [V in rats,
approxi mately 25% coul d be recovered fromthe najor
organs. According to the human 1V nodel, the |evel of

The Mi]tpl\(tﬁ &fhhé sraeael (Eguren22)wenefi QScdrﬁﬁar@ W|t8 5hé\/ﬂ'rnfaw Bidrétlon

rate% F%)%ggé bw%te?ﬁrﬁg a{s (#Zﬁb Q‘LCL?% tn%b%o% S@gﬁ%w& comparlson is
showit Belodi in Figuhe 2@ rThere wﬁﬁgmﬂig\lé_?_élle@r@mém eam!_rgfrc]i?h #Mea-4 hr
n no | eat

collgiog ntsHial e Ve, FRrie BL BAAE ol Gvwat RSkfinalaaitis oy the
modf&%i’iclubﬁﬁ thbgﬁlge,rl\tlﬁé W{elsﬁ HleZJvédfiﬂhé awe m;s o;aehes rrEe |tdta| 24-hour

ose e U (0] e .
excrpfoareg L e ! e AT a oot PR kb ARp ptpared i
Figue 2@ THe modxs pfémitmmae&tatl aridap kegcréfign wad 230 of HdddiéddRereas

008/ 0 3315 2- Oral Model AUC- %AUC A-T'/:
thegq’?qB% 5% ot Tmax MRT | nput conpart nents

Cl 154 0.5 C64670924 Central conpartnments C2
184 3 15.7 60 2.0 16.0

1 . .
As TEETDRERPY HErTode e e predieted Fa-hoi iy, Smdtgn sk
comﬁamdetmhdhe deﬁmmebbvd)E Figufe 16 AwHiEh Zorfipile.tAe Libindry excretion
dataFgfog] @gﬁn}%?ncgwagn?r an godzlse %I. %’%lsqgﬂ)shé:v?rg gga9|r§ flsngFlgure(%), with

the model output indicated by “M”, and the Peter et al. data indicated by “P”.

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
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, 12, 24 and 48 h) and
urine (1, 2, 3, 4, 5, 6, 7, 8, 12, and 24 h) were collected at regular 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 sample were extracted for

each animal and analysed essentially as described by Peter et al (2000).

Brain tissue (500 mg) was vortexed and then extracted with dichloroethane (5 mi) and the
organic phase taken to dryness under nitrogen. The extract was taken up with methanol
and separated by reverse-phase HPLC with ultraviolet detection. The method was
validated, using internal standards, over the range of 10 to 2000 ng of MTC per gram of
tissue. The mean inter-occasion 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
brain, consistent with the urinary excretion findings of DiSanto and Wagner indicating that
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C500 3422 10.7% Ur-Ox-Mr 3202 10.0% Ur-L-Mr 8060
25.3% Total outputs 31882 Primary absorption
w@ommpassizent. In the oral nodel, there are 2 iPQINGB2008/003315
conpartnents (C & C6) prior to the appearance of MI
in the central conmpartnents_(C2 & C4). As 5 discussed
above in the section Rel atl’g ship Bet ween Cognitive
i,cal . Activit t he pr rtie Cla
the S0t PR RSl RRe s b Ioobts oan SrPiRT P B etz oo
orthmgeIshMi'sen&ataMmOaled As shown in Table 14, the nean
residence tinme in Cl is 30 mnutes. It can be
cal cul ated that 50% of MI has been absorbed by 30
in ondentib ase thamib tdtatto B6tmihe Mhichdginz@anodad sompartiméntqnedidts the

ates that Cl he stomac 0
orafles. Pisd MRS oy T8 56 S5t8ias i aieci SaRbSER R drediianen halr
life CIGtWie).si on of MI to the L-MI formwhich is readily

absorbed (May et al., 2004). It is inportant to note
that 23% of adm nistered MIC escapes absorption, and
Thel resulfsesre shéver il Rigtire(28halMoorapartiéerls haveﬂaekdrﬁesdatléd to their
Therefore bsor t ion SO critica
SRR TR, TG0 e (P [age a8 Iliesiil ffpartent (o2
blocgiz)lshd Cifallovséachedthérmvacy clbsely, redichitiag dat YTt is eelyextiengeable
b d%gntl oti c activity of MIC 15 causes di arrhoea by
etvyee Fﬂq h of distal gut flora. The properties of Cl
are therefore crucial for optimsing the absorption

nd,.ef f cy. of MIC m, ni n h
on i buits 68 el asth B Tk B e Sosiofar el e
predictad stiminatiorMTGn(CB, and inotagm &4d Therefore, af Ereatimonriee gofvpartments
I | pQi ' :

of thgef 89@ \£¢4 aE:%tCl%? gA@o n’péaet%tn &@%‘t@ pr&g@?%?i)?%ag&f)@%heo%d&g%d brain
levelshe ki netic properties of the C2 and C4 5

conpartnents are essentially identical in the oral

m)del The Si gm f| cant d| ffer ence between the 1V and

very is 4x h| gher in the IV case than in the oral

case (K24: 0.67). This indicates that following IV
Theanhin Kinstic teatwes of thed'é and ozl medels afe now epmpéared.

adm nistered Ox-MI to the L-MI form By contrast, in

the oral case, the bulk of MI has al ready been reduced
a) IY bumaemod®fT formprior 10 to entry into the central

conpartnents. A further significant difference which

can be seen between the IV nodel and the oral nodel
Theikey kinatic telatures; of thathathaaipraveneusvoddakis ssimmarisediibhiableri3. The

20 L,

cateioubeb nUfHalisB Y6 B o Lol OB Rsp RIESLMET, ¢
al nost 4-fold 15 difference is the main expl anation
for the | ow concentrati on of Ox-MI observed in the
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bl ood follow ng oral adm nistration than after IV

adm nistration. This was explained erroneously by
weedoe44e7 al . (2000) as a | ow bi oavail abi |l ity. PE&/GBowgl003315

it is true that approximately half the orally

adm ni stered dose is | ost by .a conbination of

non- absorption (the C100 T%@é in Tabl e 14 and Figure

a1 S ma BB T G s epput P!

is 64% of the C2 AUC in the IV case. Therefore the

apparent b oavait-abii f\]l as—determ-ned h\l bl ood AUC

Intfayepgus P?‘(‘?Ery close to the apparent bi oavai l abi | | ty

calculated fromthe D Sgnto and VWagneraug:i he,auc-
excreti on dat i ehrdigpied W08t | 650 Of bhe | tmeyt | wrr

dministerled doselcoul dlbe redovered uine far the

ad
CenfialimaaERenSase. 26 Deep Conparlt ment . The maxi mum|| evel

of [ MI' i £25een &1 {he &éntral’7Sdonpads& nents 2 hr after | 163

adn ni Stgagti on. g Py CORgrasiyzol|ne peaK tevel 1S reacioed 171
Deé; '“o:h la"?tm:éfﬁt"p eorpaftrert{E3)r—enty 5 hrt+after
g{?ﬂ ISstration hain the nean resi nce tinme of [MI i

C3lis meH lonbef thiAlin YR cftrjal conpart mepts40| 266

Exo(-ezublﬂcommrtdaahr) Therefone, thg features of [C3 arg¢ 30

€S emlcy5|y raegg T cat 1 g t e ot [V amsh orat—dpsi g 501 182

——models i s—impprtantlto co.par-e—t—he_appfrent
3 1 ; ; ; .
° F%S’Géﬁ“f"gﬂ& lity of MI im C3, ich ils repftesentative

of | B¥®&i n llevel s, between the dral an/d 337 dps$ g
rofitésxmifje oral 3 AUC[TS 5U% of tjes7on [F2AUC,

T caornt i bl Ll v, Al £ af bao ~rinl P

1me FL T TS OSTIIU1 IIy g1 Ul l.IIC Ul [Al po) o b

m/:nUI ablejwithin rells [35 conpared “%2#3 e If\s;/ﬁéasp WD

20p9/ 044127 PCT/ 3832008/ 003315 | -84 Exanple{7 - Dgsing

i npretdautpatss of i ntegrafed phdrmacokl negseac| nodel | An

iMtegrated pharmacoki neti c mouet— 75 a crit cai [ 0]

re uired for: optimsation of dosing
T opfPirdaf the,somprtmet fiaf-ies Bren aé%’fpé{%’rﬂhéﬂ‘h(’h / )r éF’sa’{’qu?.ﬂ’?é’ﬁ?sﬁ (0-
T%) @é?mafmh olzde (EeV/@ havaeenahifylatesidgyhr Thsieg X \exqohenfial pamgpximation to the
moddpduimah@taer that can be derived fromthe pharmacokinetic

2. nD Q’FJ AUCS (Mﬁhrr/l) Qgsetgbr%a églgtetp):)r lﬁ QQ:X f)f%);ea%gnclfecglgl)a%meﬁs
3

10 Tﬁ% KRR h?fs‘?ﬁ{h‘@gu’g{eq @rrl\(ﬁ' Iﬁ aqch 2] tl'lzerﬁoﬁéfqtlalﬁompartments and
thesethavef bebri shewrdtly pgeentage.hr (Peter et al ., 2000;

4. Rengetnskauseic@iteddine (hr)%@%)se\bf Wiich e QLHU& ! iiB&ch Bterior compartment is
max,,gunl;ferent estimates of the optimal dosing regi rre to
&Rkntv\hlchthe etllmnatlon hal f-life is t d 3.9% of
calf"h& eLePHET eIt 5N PRECPHTEG %ﬂ%’a‘%&’a ’"\ﬁ/ﬁ‘iqe’ﬁ F?é% 00
‘hea%@ﬁe’W@fe%@W"hfaf a dosing regine of 3/day will have
quite different inplications as regards predicted
-state | evel s assu [

Cenfsrcgfle(fEl pan‘men s. As can be seen rfnomgTaable 1% Iand ?stol f(r)c?m Figure 28, the
kinetic properties of MT in the C2 and C4 compartments are essentially identical,
supporting the concept that the form of MT in C4 is in ready exchange equilibrium
between the form measured as the blood level of Ox-MT in blood in C2. As the C4
compartment is the principal determinant of urinary excretion of the L-MT form measured
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 its maximum level within 30 minutes, and is thereafter eliminated at the

common terminal elimination rate.
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15 half-life of 6hr vs 16hr. Thus, if the Peter et al.
estimate were true, then the accunmulation factor (R

w0 eoovloetieat i o of steady state |level to singl e POFEB2008/003315
| evel ) that would be seen for 8- hourly dosing woul d
be 1.4. By contrast, if th 1estlmalte of 16hr is true,
then the corresponding valle of Ris 4.8 for 8-hourly

Thi h h
DeofXiniiareat Ty PRy ke b L Bal L IIng Ty Bosg eyl
dyndmit pbdpeatibsalt takes 4thr aftan acﬂﬁinatraﬁn’rcfontjpetm)nMBmt@mlevel to be
ne. a

reaclEf i the sl rr TR fed e b Ak B gr b e e c2 or
C4. b It eff the pigsbraintdata, it mlnfelielddhapthbe Eawokipasineot repoksknts the

poot i ich 5 ey VanbBbubbiot 2 SSShrGRRY AR g (589

critical conmpartnents at varying regul ar dosing

nec ISR, BT e RE g Mo s e e o

menbeaed. $ndide B2 célﬂdher@iis a aswd HATR- Ox-MTaddudlibtibm Whith is defermined

by a&gﬁ)&g}aﬁl%ﬁ &fr%é? Q%{t zéﬁg%g:c{r\\/{ﬁ{;rﬁg%t énggioigﬁr%cgllular milieu, and
the rfréﬁllumlr(smhweeli (® D). Exp&indis @3vitr@(rbagheirf hadsinGicated

oo R e A e kGOS0 b

acceptublereaidiag agdents iahploysioladidallg aceepbatse dormentrations. That is, at pH 7,

ot A 638 e PHTSBPHTTBE 3 B 5o ek bty

redueihficoaditiorfsalthielr bresnaiatained viathikAS-cethgHowevies, imtheS0x-MT form,

MT Qarqglélé%gﬁs%doué ﬁggvg{cggln'ﬁi?e %g?tte\%%lgﬁﬂﬁénastfgr L ﬁé\ﬁlqu I|bNErIn Wﬂereby
MT islrapped withiin eblst, dmde'gttbl apamsUaten diirdracellwardVE against@ g.

concléléﬁ tleéﬁwrg{ilgﬁt % L%e%r%ﬁﬁfr%?é%r g?tcgﬁge (not shown). This
explaiomﬁteanheMmecwarmUshanmacmétlcmSewatlmthMﬂ\ﬂ\‘Km béth rapidly
distr{bgfe;dﬂgﬁﬁéllneﬁ fglgog\{i&r; | gl |g§atg>gig(gg ?ég)ﬁ{tegfbgﬁégr‘r\tzj laHg V\‘I)Jgner
but navedhkelesaelionioated imuch Imprh slowly. Tbug BiEantd and Yagneifopasibat
8o

Wlthlﬁ Zkrt'nMMeQle aq{ro%)g( léﬁ?\'in%ielieﬁg\lﬁég%t Eérogi;mae%\l/% y lzg \f:&%u‘lo?t?]e recovered
fromrtbe atalqmsmﬂrp is shown in Figure 29. As can be seen in

Figure 29, there is a very close rel ationship between

the predicted average steady state level of Ml in
Accdsdiag ito thechuntan Y| medet.dhe tevelef M whieh if measuyed inTuneras the Ox-

MT %@( éssc}ésfﬁ;elr%la(??dl'klﬁ&fcaw‘% tﬁg gyeéésd@%cﬁgdlréd?)%d QAR 23 iHE¥cenular

ati1ons oes
environment, including the brain, as indicated by the pig brain data.

b) Oral human model

The key kinetic features of the 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 to Table 13).
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for the 100ng capsule, for the reasons di scussed above
in the section Relationship Between Cognitive and
whla@amsabogi cal Activity. In essence, the del apCT/6B2008/003315
di ssolution of the fornulation of the 100ng capsul e
used in TRx-014-001 did not_ permt proportionate .
absorptlon of MTC inits t'h% apeutically active form
Ap—i-denttecal—+elati-enshi-p—ecan—be—defi-red-between
Orélt“hggw state bl ood level of MI (ie determned by C2)
and efféct size| as shown T h FigufeABG. [Dasiuty and
formul afi onaim®p| | @afh Pnse.ph | coppell atduen (betdyeen| tmax | MRT

-observ-ed gnﬂ 25predi-tt-ed—clinical-—effig sed-on
I s . .

npghtempanmentat ed loral hliman phar nacoki netilc  model From
the fBtegoing anal ysis, thefe i¥4the exgectationh of a 05

cl ear cevpnoti oni c[ dose-| esponge 4eellat1 onghi p De[ YWEedlo 24

i A 1 bl o ofl AT f\ rh ok hao S Qiir ol YRV
cedﬁla‘.ad.éwi ? th“ﬁ'l'ts‘:' Ul AL Tl ia II"D’C oSt C.U 157 e B o 7 y
and effect sizd 30 Fromthis approprilate nonphgrans

can bE? tal culfftled whi kh 1%kE ac®lint of |neasurepem®| 157
nmet hodo ogy. 0OBhat 13| effis.Thcy 6oyl d be |rel ated|{t 0| 16.0

Degglcg,gpa IneWEr s, and—therapeut Tt btopd—tevyets ctouf{d be
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furthérlinplicdtionof the el onshi p |shown in

Excrgtigyeemr3gmert t g cal cuj ate the rel ationship 35 betwegn
l obsera&e capsul|e disspl utsoh an@1ihe efijficacy defixef, 165
Precgntf'al'&lt té‘fm efce—+—effect st+zetbetwegn—obseryed
fect size and predigcted effect $ize his | s shown
9‘H° Figufe 31. WO 2009 04412 PCT/ B2¥38/[00B38s |-86 As
@ah be seen frgm Figure 31,|there|i 8868 4t eI ops of

re;as,am&ma,& effigacy as| the opserveq pergentage capsuf e

$SoHt-onr—at30—rnptes—dreps—belon-200%—Thi-s
3422 10,7%

confirng the oncl usj ons reachedfabovelin the sectipn
U=Or-MTi ohshi p Bgt ween [Cogni tj ve anfl 32%agnat®@og| cal
uretMTVI t Yy, and qonfir that| rapi d| demsolfutasaes |
L,IILIL,d for—tterapeuttc ——acttvity—As discusse
wtherlin the Isect] Fpretation off the
T|°ﬁ WU ed  phdr macokli net i ¢ model | fOPEMIC, this| can be
expl ai ned by the critical role of the stomach in the
absorption of the MI noiety in its therapeutically
active form 10 Therefore, in the design of an
Primiarypalieauioh @ompiadinieoh lrothe idiiaCmadek there arenPinput cdmpartments (C1
8 C)phdt BURE apSLdrbaACef W inhé ELAE bomBSHREAL 165 sita)! RE
qui remen e disso
discussed abpsainitos a¢ctiopn diatatioakhip Betiveen Gagnéivetaald|Haensatological

Acti\gl?,gtﬁg lgfad)eﬁ?es f %.ait gk c['{&?q &(Qr r$ ther%@é{}aﬁ%nl'ltg ap%god'm in

condi t1 ons ons
which@feisrablsarbedi Apbhavert nndrra@lea‘et, tl”@gae@rsretsmnc@hmem Cd 80
mlndl?%g 'it%%/ﬁ %gy&éc}%@%cﬁféb?% gg@ﬁa%%\éﬁ ng&Beg B§ 56%15&8%,%!1 that
90% of MT has been absorbed from C1 by 1 hr. This indicates that C1 is the stomach,
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 also critical in determining how much MTC passes
through the gastro-intestinal tract to the distal gut where the mild antibiotic activity of MTC
causes diarrhoea by repopulation of distal gut flora. The properties of C1 are therefore
crucial for optimising the absorption and efficacy of MTC, and minimising the side effects,
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dosi ng regi mes woul d be nmuch nore desirable in

patients with denentia, who are forgetful and hence
woe@d/oprionpt i ng to take nedi cati on. The convenPCTDG&RR008/003315

approach to achieving a nore conveni ent dosing reginme

IS to create a slowrelease_formnul ation. 20 However,

t he present anal ysi s i ndi clt®s that, on the contrary

a very hi | oadi sl ow rel ease formulation

bothyjam Ba%t@e MG dihers) ape fremdatgrabaaroed Wi as showr 1 the

cIrnr@aﬁWtHa@Ha‘folo%&él%'idéaéf%c@\;f' cacy, as illustrated
conveniently by the properties of the 100ng capsule in

TRx-014-001. 25 A further inference which can be drawn
Ceniram‘ﬁrﬁ,bé}ﬁﬁ@ﬁs 23 tér thE rwnddeathé m.eetré%@oeaﬁesad’f trMF €2 ahagad

formof a therapeutic product woul d need
compatnants aes %?fe&f'ala '%ﬂt@aldﬁm a'dT‘Odei 2%‘%1”‘@%%&%@"%

betv@:%h'tﬁé/ﬁ/ afahd &\éﬁ&aseé ithbi thacate @eﬁmartmuqs l0@) fsRaty isarRighBr in
the TRx-014- 001 clinical tri he unit dose of

the [yAge inmi iR the Upkeass <K?ﬁé§67aeTh'a wlcae@ t%@tffet

admirdtefim dRerefid § lﬁqé}@rrﬂdszebf dreaé@mlﬁ.gt@redlfogmas tROL KN BfdrrnSBy
that a unit dosage 0 nore adm nj ster

conigasira gcirakeapoviDg ks MIctHn 410y BoSTLiRORGAS B e fsm pricr

to e®fyf ih@3RY cOhtelebmphdfehtdat seen in the TRx-014-001
cllinical trial. wever, as discussed in the section

Summary of Phase 2 di nical Trial TRx-014-001 there is
A fuﬁhér's‘iﬂrﬁf@bh@?ﬁé_zr@néé"ﬁhrcﬁ%ﬁ# Bé s&én bétiveshinehV eadteband the oraI

dm ni stered in the resent fo tio ecauseo
modghfs Rt g5t SHbRRRSEM AR erdrafg%eﬁpn LR Gty fpyh orester i
the 6taPddsB 982 RIT MRS ED thdn Wthé'lhpb’é%el@émg'ab@/ ‘dc’)lYThlé/@most 4-fold
2009/ 044127 PCT/ GB2008/ 003315 -87 .| npl |cﬁ+ g
serbeéJln the

differenge /188 Maln mplaratioRdordhg Iwbeansgntratign pE O
blood Qﬂﬁmﬁﬁg‘ﬁ?hl’%dﬂrﬂhr@tr@t% thhh aft& IV admirstetipn Tiswasd explained

eroBbs e e A58 e o A Bk 5
apprmara@élp h&if therbrélryadahaﬁ.swemosens lostisyoa esmbinatinn aftrioarabsbrption
(e 853 TR TR 2 S e BB g o oss
Tabléimsambtmgme 20, trtehez AUT igthé gedll caeds 64%0f then@l AbiGidube IV
case, THEEIReS The RIS AP Vol o e oieed B Bppliadcs 8 beny
closél esthieiabparehebioavailbbility dalmlatacﬂ‘tormt‘r& ISantegmddNagdee urine
excr%@cg] %gt Iv@@%d%ﬁ%%gﬁat%gp Pﬂﬁ gvtnl? gg ggaeogo dhE nec%%red in

uring fog thetOmwddsd dasemuch nore desirable in pati ents with
denmentia, who are forgetful and 15 hence need
pronpting to take nedication. The conventi onal
Deeﬁmmnmn‘hveho Taermnawmu@\ level oDME |s:saenen trmrnenttemamg)armpntaaZ hr
t.o creat

el ease f o Ty
ateqgbIngacER, By Ep b mEa ey 4R Ao SRR parirbht o
only at 6\ aftdreminenisivation. Agaiothefmean rd\sﬁl‘i@nce 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 oral dosing models.

Itis important to compare the apparent bioavailability of MT in C3, which is
representative of brain levels, 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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based form of a therapeutic product would essentially
elimnate efficacy, as illustrated conveniently by
wo b@opuaperti es of the 100ng capsul e i n TRx- 01BeDGB2008003315
A further inference which can be drawn from Fi gures 29
& 30 is that the dose of an MIC- based form of a
t herapeutic product woul d ng d to be admnistered at a
Exalfflib 79938880 Mholid it inflar 28 prafmBchifese fogsl/ S ©f
trial with the unit dose of 60ng adm ni stered

3 b er 25 fur j nfer 1ich can be
An '8?%?25?’8 g%?eets Q@ie&%ﬁ@rﬁfsca{tﬁgltre l5]ﬁeﬁjif "dosage of
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reclui red 2.0.%?hi e a level of efficacy higher than
thdt sedRUMFafiaRoHRIMYIYOTH01 clinical trial. However,
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Clinical Trial TRx-014-001 there is alimtation in

the 30 amount of MIC which can be admnistered in the
Theﬁ(@?%ﬁhﬁin@‘l{aﬁqﬂlé}bi l;hat ;b@ﬁ@élg@ra\@ﬁ fnbﬁﬂheimtﬁfnmkihgtic?ﬂm@élsséthe

laenat Ol 0gl Ca e ects an | arrnoe a (0] S a (0]
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mod¥l f‘/ﬁicﬁ tategtarhééﬂférmhr@gémﬁihaﬁdrdmmﬁé eEs s d}&ﬁpidteﬂét al320007e

| Nt egr at e or u n ar npco neti c.node . .
RengBlsGAsmn £ i (0P LAD GRS B0 SaS el petmigies BUAE oRpaldosing
regi@ltdbh® iBWhiph bRt sipfmatioRthafifcis t16thr St estthe Sétixiated Rotlthe
nq t he haemat, ol oegical

intepteiipade) BDish\ 23 DR CREFIaRe 2L DO (RS oL S48/ Wi have auit

differ@fl iiglldatiorty asZréguielpsedicted slcaty-atitd leeelsassuning an tvhination

AR5 LT EA B B e A e Lt
factbrqRele thé ratoss stfady thte Riveioisihgleedasereed) thatgvoetd bdiseen for 8-

el GRS T Al Ml 6

corré$mdingtviatue diyRoie tdteefor 8-houtly doshag. iTiis iglisethit thare would be a
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venige 3BT RicEe O SIRAT it Bve Bt B0l it

is favoured i nI t he al kal i n(ﬁ conditions of the snmall
i, nt i . . T he.,. i
The B} itdrh Ping Qerigefeiir dase ENEIEFICET 1o A GuPARIBIAL SRbffbate
levetsaf d£T inemitieal cbmiphedmgelsat vayingapgulbreddstngfrdquences. dbednodel
i. t i. f .
per o B B e YPLAB bdBo 5y KIFERGE m o2 an
C3, as shown in Table 15.

Table 15. Predicted mean steady-state levels of MT in compartment C2 and C3 as a

function of dosing frequency (values in ymol).

c2 c3
3/day 48 2955
2/day 32 1970

1/day 16 985
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15 the stomach as described. Exanple 8 - Inplications
for inproved conpositions and dosing regi nes
waebmonptieon and efficacy 20 As can be seen fr oPCT/B82008/003315
foregoi ng anal ysis, the Iiniting factors in the | evel
of therapeutic efficacy which could be attained using
an MIC-based nedici nal prodidct are a conbination of
lim.tations in absorpti d_ adverse, ef f ect
Corfelghion befivken ohseryed and predicleq Flcal SrgecEbasaslon fies.c
intelgrated oraldnanaropharnistokimticongdeé/n the |ight of the
-anal ysi s 25 nmade possi ble by the devel opnent of the
i nt egrated pharnmacoki netic nodel. W first conpare the

We fist eadmide s Ma&nbnﬁ‘tﬁbaﬁémtﬁe\kﬂ)sdme climcaiiegfivaey @BHect size in
sane,. e J $ns hj

AORS bR it s weator st g eRBieied Srebartoicnats) S TS fhegece

compaginent (C3) whithid)ias afiscasseaf abbh@ dolrrmaitai witi refisured brain levels in

e ThaCh b Reni Sl 3£ B8 e B e g Bt

con§t@rht|vd1|¢H1@éh’e©Hs caltrhe/eroachme\f»?ﬂctbneabm Badraig, dridehe accuracy
rent effi

| at
of 8830 of RABIHT i Bratf BRYEY Soaifia ety alpr b SNr RPED fipuman
caseld Ifc:Sﬁ th@bu:tcpl)bse of ﬁJhBeIthlsf@G_tle Pe@&ﬁdtlt\yfﬁm maﬂB beakgg atsha proxy for
el l re S| a | C| ha o U a on e
the W&&'&ﬁtb'?'ﬂ Jeebit hF/rI‘%S‘C'i‘Vﬁ“Qd% ?79 BE-PCR2008] 003315

-89 Prior filed unpublished appl ication
/ GB2007L001 d b [t
As CPRGRBHN S5 BUPGTUEH ShE ORI SHICORT RN T e predicied
average bieady dtate)levei of Vet infondih ang treesclihical éffiect guze Yerendree "lisdRx-

h
014907 giriths S S TS B Bl S, e 3o daeg oy oid
for tlmebﬂ;@(nge dacsmIeTﬂaKtr(élréamﬁt discuskside abovean tfeesddiibs Relw/ehslﬁp
Bete ot i B Ghore 4B RS o B fetPY disselign of
the fdémdilaticst oftlben $0@eg capeailepusediic T Rd-mnalmldl:dmotfpemmalprqportionate

absoqgsor%fsf\’l'% ?lhttsl‘thgp—a)ﬁeh{qc%w X‘@W&q expected to be

is 1s'ca onthe basis that the
| oss due to first-pass 10 netabolism (ie the | oss

I i .

An I@n?gglqglfg%%v\gﬂ?agn %%gd b tlw%%ﬁ as eaéiﬁ-s"mg (t))gorcﬁ\él\gﬁl P%MI I%lg
detetminBd by @@2)nandieffectsize, ag shcavren@gltreémt hat the 1o0ss due
to initial non-absorption fromCl (ie the loss fromCl

designated C100 in Table 14 and shown in Figure 22)
Dosinguant! feemeilatiocmimpditalipnsl of comgelatioh between Myserved and

ored g TSRS o8 e P O A B

mOdeIhan twice the solubility of MIC, and woul d be
expected to bypass the thiazine-dye

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 related to blood levels, and therapeutic blood

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.
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reductase (May et al., 2004) which is presuned to
exist in the stomach and is presuned to be necessary

wo evo9alpHeT pt i on. Based on these assunptions, tP€T/GB2008/003315
predi cted fraction of dose absorbed, cal culated from
the data provided by the nogel is shown in Figure 33.
Specifically, the total pre=tentral conpartnent |osses
amount to 54% of the admi nistered 20 dose for the
100nmg case. O this total loss, 43%is due to

As danrbecdeenfiphi Bigufer DIMtkste isENdteep Bss aredierkdatficass asl G&beserved

perqePiaRs CoRRig dlsAgFo 4 Banntiss P iR Te PR A
conmm’mleaehm ﬁm‘/e uabemepﬁome/aﬁdn@mbmetwem Cad]nltlve and
Ire

1 th ¢
kAT AT A EnS Hhat tabl B SBhiES o iral Bf gespecti
actl\&ﬂywsdﬂstmﬁseti urtriee tityre Sbétiod /htemebtation &Xhe Vnt@atew th

observe effe These ar for,. in Fjgure
phagcoigle GPPELBRIAT s B i REIE o he i e hegfomach
in thelabsomébn ef the QT shoidty iarnts hhévﬂ'yelhasl@(hctlf/@fdnmof t he

nmet hyl t hi oni ni um noi ety and predi cted average steady

state level of MI in C2 30 (blood) for a range of
Therbfre g thiee desigrs of aroimpidved Yoriruladiod ayMa Ce tredhattainrhént lof pretieted

. 35.. As.can be seen . from Fi ure ST
eff'cs?ye'ai.CE'P%ag‘thﬁge{mé{‘epé{)’é“e Gy ?’F?'i'é'&‘ij R g'-s%‘?"it'%‘[?i ® cog
mvestlg'atlenaﬂ muedicitial peaduice(i ectablet ar chpsiulegbe ggiater thedfn 5090 B f
adm ni stered twi ce daily, which could

rind € S5 TS Gosi ng i th 6o 3 1 mes per 95

“day. Even hi gher ef ficacy | evels woul d be expected

The YotsBPS P peBeR e BbarBlBa s hoad FE BRisriPl

apprioa¢tetor athievingt a swhstanveniant| dosing gégimeei é.i 2deyyoraliday. These

dos@é;j Eﬁ‘.‘gﬁ\?% W&&g;b%ﬁﬁ ?% ace% %tg% in npah%ﬁﬁov? éféjenli'%{tl g\f\/ﬁ? gre
forgetfull acd hemwbndeldtgrombtmdte takel\ﬂﬁedléailom Oie cdsra/entlonal approach to
achié@rﬁcg?ixigw?égp rla{nﬁér& ﬁgé ﬁ%yelﬁ té%n%%f"eeg 3@9/a\égeasg f&rnl%lahon
Howemmﬁlemre%em ahalysistndwate,s that, en @alcbnt:arryt a lvenyi Hight lioading,rslow-

releésg%ml cg %tnvml'@ tBaEéogBE'é t FQ ﬁ%c‘?;gu g/g&aﬁ%é}ulg %ssenﬂally

m ni S ere o achreve
elimipateirficagy camilesiitercexveriety byrtbe propertigsiohtheatWimg ¢apsbile in
< ffects and poor tolerability due to diarrhoea.
TRxﬁgﬁ)oﬁ hitis likely that the |_ Mrx for m woul d

subst antl ally reduce diarrhoea, is not clear what
t I
Aol e A R 462 5 49Uy o

baseRfpem pbfmmr@pj@éc weastyciOuepid neacctohecadmigistasechat avmydasage of
120rﬁg5+ Yleber td heHisveX %‘lto?gff&; o‘ngfa{ %’F&%wfa% n"m%eﬂmx -014-

["'ess aerrato ica ase on t
001 elmicag triabyvitls the unitidose @f 80y edmmft@mé Brines, pegsiay.
di scussed above in the section Correl ati on bet ween

observed and predicted
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
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.
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haemat ol ogi cal side effects based on the integrated
oral human pharmacokinetic nodel, it is unlikely that

wo b@lagent ol ogi cal effects are inherent to theCMGEB2008/003315
noiety itself, in the 20 dosage range required for
anti-dementia activity. At hlgher oral doses, shown
for exanple in the rat st u®§ above, it is clear that
haemat ol ogi cal adverse woul d be seen, but it is
unlikely that these doses woul d be reached in clinica

Implig ashsOfor Whprdvasirerhlations and doSRY relghiés pr oduct . 25

G ven the dose-response rel ationship observed in the
rat study di scussed above in the section Relationship

As G3RAthaaREn G Fihiree3 1a) ﬂwe‘r@%@ét@é&@w af prégiticy 'e‘fﬂbaci Bethe
ected effect on total re count can

°b5%%{€9: perae@iage 5%9%‘%%59“14'%3@ §P @"’3‘6‘55 dopg Qﬁ'OWezos/een t he

expected haemat ol ogi cal side effects as |ndexed by
decline in red cell count is exgected to

The|:1-:‘(_§<§'fa1 'Ql“Eﬁ geSQ;DoqugHg]pmqeptf?,rWatg |0£W&: they zgtggg‘nent of predicted

effich6y m&.ﬁéaus? aeséfrmtnea blmhéT Péqﬁﬁérﬂbﬁtfthéthﬁe d.gﬁmhudntdwml nl um
noi et er eas, he reasons di scussed above

'”Veﬁfdﬂﬂt'ax’i‘l Grediging! 85%‘1”51 %et tébﬁéﬂfe?aé’?‘éebb%sfea@f H}ﬁ@oﬁor/elne?s e
mindite$ Mtatdaed céditmnsMIC- based nedi ci nal product, this
woul d not be the case for an L-MIx-based form of the

nmet hyl t hi oni nium noi ety. This is because the | euco WD

The ZQQ@Jn@HIﬂaQ 4ésdrbbl RPN RaRDgPlifationd s Feyfadstthe 1Z:Bﬁii\/entlonal
| t hi oni ni um cannot. dij rise.. This is bec use
PGSty SchiovNGR MOTREBTIE SIS MO E9aY ol dhdht Thess dosing

regn’ﬂ9§ w@hlarwenmm B Brendisirablg irspatlints w‘uﬁt dererttib, WHe af¥l foRjetfGl and
neutral i sa Therefore

henqq AR Pr ORI LD Jer S PP bao T b ConyRRIOTE] Feosih forpghieving a
morécmni@ag@&lﬁg)r{eglnwsf istte ereat“?é bly&bvtrbleaﬁb mémmaﬂm.e{qwewu ks
0 cou er|n adverse
presgfi Arghats detst VoL o BE SRty A Stk FefiesSirantprya an MTC-
baségx femth Ieﬁla lthierzpe%ic gfdmxbi wondoe%ugéwdmméi@émwm as illustrated
a s.1- Bir | i nest erase

conySiY BE HE ararenis fisfe 1powd &Fgﬂ%'%@ AT et abase

Syst. Rev. (1): CD005593. Di Santo Vﬂgner J.G

Ph k f l:

A fulge (i Bene BB 8N S i o ey 2 &%s fieg B se ot pu MTc-
baseltfurrm af a d‘feréﬁmtlupmeiutl walld ndéd BSdiecatineisisteted #3Burfitiibsage of
120r89 ohgrgmey tcr %cfn ezvgoaqlgye} gog effG F\cy( co?"nrizargblg) voat%nPge%lﬁl |r|11 Fntel 'FRQ'X-OM-

001 clinical trial with the unit dose of 60mg administered 3 times per day.

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
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

the integrated oral human pharmacokinetic model
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(1941) Pol ynerization of dyestuffs in solution.

re AR BE OB AT R e eI BP  rrsc

efficagyuyictooulth be mtiminae usidg ap M ECrbasddonedininef produst lagd &ne

comii 3 RSN MRRERS) B8 g2V e Jpegresen

sectipn gliseHssasi hoMothaselimitatioss esuldpe evercbmalin thei light ofthe adalysis

0430 S s Aoy

(1989). Methylene blue excretion in 10 depression.

o G ) 2 PR R BBUAER, g

the samegelatiopshipdiscussed in Figure 16.

As can be seen, the efficacy-limiting factor is a combination of the limitation 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

the present form of MTC.
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Mul I er, 0., Hoppe-Tichy, T., Haefeli, WE., Mkus, G

& Wal ter-Sack, |. (2004) Pharmacokinetic interaction
wobooehkaeoqui ne and mnet hyl ene bl ue conbi nat i onpEy&BR®B/003315

mal ari a. European Journal of dinical Pharnmacol ogy

60: 709-715. 15 W schi Kk, C Lai, R Y.K , Harrington,

C.R (1997) Model ling prion- ?I ke processing of tau

P8 AR P RS AL G bt

redigedisalt éermsef thel melbylhieninium(radisty (eferrad todn wRat flBHewslas ‘L&

MT{%%I% ﬁﬂféﬁjé@ég? @?{g‘f’%ﬁg gﬁ%ﬁ%%%uﬁ%tﬁméaeﬁ,?%@% B SHsHR Befined

by iRmithr thacapeiticefficacy observedin TR t4-00 Diskdatermime how Maswnozd
) |
com}tgélg%rii ﬁ{g rﬂgﬁfe ﬁéuwel ntgsfélartg l'égttu{uég ?ré)at%%PR@%‘&Qé&Sh%
methgtanpraumohalefyca 82: 239- 259. Kuri | off D. B., Sanborn,
K. V. (2004) Rapid intraoperative | ocal i zation of
par at hyroid gl ands utilizing nmethyl ene blue infusion.
We (ixsb censideg theoprpdicteddragtian dearkllySudnyaisteradi-Mixahatagoulgoe

expgzﬂ%ﬁ] oC ‘%431?5&63@4' ﬁé@ Pﬁé@%%ﬁ éﬁ the 8% ﬁﬁgmlﬁo due to {i[)srt-r%ass

synt esiIs o I ne readuce
metgiaghsm (iectbaensiips ¢ﬁelefs'enateWiQ$QOm Eattle ddand gbown il Figure 22)

vl SRR ) Ul RT3 ) i vt o

loss; de initiah nertabsorpidrefrem €d) (iegthe IQS§ fiomc € de@ignated &i1A0frpFable
14 a?m@@b@ﬁ?rpﬁﬁﬁr YvoufdPbe @Imﬂyteg b%l gﬁﬂ%%hltﬁe L-MTx form. This is

henot hi azi'ne y be converte correspondl ng
beC@JSE-tm hiM Poformp ieartieuiarythe dihydobramidergalt, PQJTéGBQOQHaGJUr%) has

morBitdn thizeWhd Qol@ﬁlﬁl? of Nﬁ% %na%umeoéﬁ%etre@to b s%'tﬁ@thla]zﬁwe dye

am no group hen be protected or exa ) e
redugtasedMVay et alr, QQQéhWhléh is prPsIMertiotexist ivthy Gidmashaand is presumed

to bOUEELLRT- forTznfsoFBt&JB %ﬁ&%ﬁh@a&h%ﬂ&% 'E ﬂi@tetdcﬁ ction of

am no groups, for exanple, using {in or|
dos\pbgprigd, &ﬁ@#'ateﬂﬁ@%mwt@ provisled i yhe Wéﬁe|b‘e8h°wn In FIQUfe 33.

Speénﬂ&ﬂl&' thla'tt&gl prE QEnfABRIpartmBhSIBEsHs dmtiuplto $49% oﬁfﬁﬁmnﬁmstered

di substituted, for exanple, usi

dosg @aﬁ%1 O0segiease B Histetal ioss A0S womﬂggswpbm {rpm C1. This is

applfiiNGfdd4ao0RES é%lealéth-Er@(péEfé@ Blogflélhﬁ?ty'm)édﬁ\hﬁ‘dier*é@ L-MTx
deprotected, for exanple N-acetyl group may be

a"°"|"@9rfﬁfé%§s dusito sybsaquUaNt fugtrn?gs El?ﬁ%t?é’ﬂiﬁmat ed aqueous
hydr ochl ori de aci d. The corresponding salt is then

prepared, for exanp usi ng concentr at ed agueous
O"Cﬁ}?BF‘ETEPﬂ’rb'lnF%thS&Pﬂtra'fCSF‘Pé%@ﬁm has ogeurrerh theypredictesefficacy can be

deteflifipEQ oAt the rﬁelat’?dhsﬂ?ﬁﬁ'&%&ﬂéﬁ &Hﬁé‘llrﬂ(md@émm@ level in C3 or C2

illustrated in the ovmn‘g schene.
with observed effect size. These are shown for C3 in Flgure 34

The corresponding relationships between expected clinical efficacy of an L-MTx-based
form of the methylthioninium moiety and predicted average steady state level of MT in C2
(blood) 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 60mg 3 times per
day. Even higher efficacy levels would be expected using 100mg or higher administered 3

times per day.
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Scheme 1 HH NaNO2 / | NI\ CHCI3, AcO= aN 1l \ S 02N
S/ N2 OM 0 M Ac20, pyridine SnClZ1 EtOH N~ ~, (N
wapbog/ok41R7/ \ I | / O NS NOZ HZN S NH2 O/ MePEE/GBRI08/003315

NaOH, ~" | DMSO, (nBu)4NBr N HCI, H2O/ N\ M, "C( |
/ Me Me,, N\ 1 SI / Nve %S| MwM M M2 H
WO 2009/ 044127 PCT/ GB2008/ 003315 -94 Thus, anot her

aspect of the invention pertains to a nethod of

It is EHeRgford inferrad thal sdbaantiafly higRéH a9 R adpeipr a@m?)ké@dn@&ould
for use in the nethods o

the follow.n roul a,
be APEUFPAIG HELCMT R melS RpioRpm mply i R7NAL |
I I RBNA HXZ R7NB~N S N~R3NB 5 wherein Rl, R9, R3NA
R3N6 R7NA R7/NB, HX1 and HX2 are as defined herein (for
Safely apg telerakjfity,of the kA femotihe rgethyithiepiniug neiefisi ng
the step of: (vi) salt formation (SF). In one

[ ' h t f: 10
As d?qnqagge% !Ewn E‘fé thtglg &ng%o%ﬂgt?mnpr i;oSB}zlgéeneCcs)gn%)vse a%d Haematcg/\o/g)yical

Activity, a significant limitation in the extent to which higher doses of MTC could be
administered to achieve better efficacy is due to the combined consequences of
increasing haematolotical side effects and poor tolerability due to diarrhoea. Although it is
likely that the L-MTx form would substantially reduce diarrhoea, it is not clear what the

expected haematological effects would be.

As shown in Figure 9 and Table 4 in the section Relationship Between Cognitive and
Haematological Activity, it is expected that the L-MTx form would have less
haematological side effects based on the rat studies discussed above. Furthermore, as
discussed above in the section Correlation between observed and predicted
haematological side effects based on the integrated oral human pharmacokinetic model,
it is unlikely that the haematological effects are inherent to the MT moiety itself, in the
dosage range required for anti-dementia activity. At higher oral doses, shown for example
in the rat study above, it is clear that haematological adverse would be seen, but it is
unlikely that these doses would be reached in clinical usage of MTC-based forms of a

medicinal product.

Given the dose-response relationship observed in the rat study discussed above in the
section Relationship Between Cognitive and Haematological Activity, the expected effect
on total red cell count can be calculated, as shown in Figure 36. As can be seen, the
expected haematological side effects as indexed by decline in red cell count is expected

to be negligible.

Feasibility of delayed release formulation of the L-MTx form of the

methylthioninium moiety

Whereas, for the reasons discussed above, it would not be feasible to generate a
delayed-release formulation 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-
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(vi) salt formation (SF). In one enbodi nent, the
nmet hod conprises the steps of: (iv) am ne
wagadpsi4ier i on (AS), 15 optional (v) ring am noPCT/GB2008/003315
deprotection (DP), and (vi) salt formation (SF). In
one enbodi nent, the net hod Gn'pri ses the steps of
(iii) nitro.r.e_ductioans‘i (iv) am ne substitution
form ofthie methyithippigiugmsanno E?PB%%Jhlsdﬁ begguse itds got q fial melecule
(unlikOOFRIT)OBnd Phks nbﬂch‘&@ \RRTEXP e PR statiii3BtidES IR dimeric form by
conprises the steps o 25 optional (ii) ring amno
charge pewtealisatipn. AP) | (| ii) nitro reduction (NR), (ivV)
am ne substitution (AS), (v) ring am no deprotection _
(DP), and (vi) salt formation (SF). 30 WD 2009/ 044127
Therpfor. digs blody 563 Pslayedeleasedomnuation i fhek-MTxthasae farecpf the
metHyRABAIhRAS mble8y wb&E De Hasitld Withbdt 'éﬁ&étﬁﬁbr‘nb@ue a&l\Pér%\'eR; I 'ng

am no protection (AP), _(ili) nitro red uctlon(I
consgqvgncgpnoﬁgelgmwspmtqo@nﬂ'(mg,uld pqyrqaﬁqqign arfngg-daily dosage form.

deprotection (DP), and (vi) salt formation (SF). In

one enbodi ment, the steps are performed in the order
References forfixagplesshd step in the list is 10 perforned at

the sane tine as, or subsequent to, the precedi’ng step

inthe list). In one enbodinent, the step of (v) ng
Birksa i WQOM%WS%t?T%ﬁ 'Q@P‘)Ofsafﬁa/\izh@"?( 8 gisgpsg. \ﬁofh%aé'letDatabase

Systfﬁém{)l @@o()§§g3 are performed sinultaneously (i. as
I n one enbodi nent, the nitration (I\IO)

D|Sa§{oe|g\ R S&an)ar i G-r(AP72) P@R@aco{mgyc@ qf highly ionized drugs. I:
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enbodi nent, nitration is perforned using a nitrite,

wo ot09exaepl e, sodiumnitrite, for exanple, SOPECTIEB2008/003315
nitrite with acetic acid and chloroform 1In one
enbodi ment, R10 is -H. I|T9§we enbodi ment, the ring
an no protectlon (AP) ste ring am no

Petep @t Hergwan, Das§upfemar élaHtefWég rEf Hg(Z)QﬁPh%Wajmégwqeﬂwyd organ
dlstrFBtm(% Santhavéndidad &?ﬂn@ib’lﬁ}'&‘ﬁ@ ‘BH%' E&f' UeClln°' Pham{&dl. e§6 1237-250.

protected ring am no ?rou - "), ftor exa
y

RablewntthE Rpstan. d{ (141NPa Neumoo oédnmufszmsvlu@r) ??vm and
metf@le‘i'ae%equglnpm J3ET64H52.988/ 003315 -96 In one

nmbodi nent, rin no protection is achieved as an
Spe’éf@étvélt Sutter . '%)(g?ﬁﬂ) &inetis stygy ofthetmenomafiiperrquilibgym of

met@l@m@mhﬁe m%h@&saéi% ér‘a‘slé}{]m’ﬁﬁysd@h@ﬁud gayf57diiage. | N one
the nitro reduction (N

Se'kﬁﬁi tl? é (?6%&q||d}'9'?mf Profeiy istelding: Hh%?xatﬂl‘féeﬁw?ftﬁr'ﬁ‘ecmﬁmnd

ParkiHsBHB glisBhsed. RaPICE! BRI, §1(754j'l(561t ro-1 OH phenot hi azi ne
Is converted to an am no -NFQM?\'(% oup, for exanpl e:

Mooftpnkf» MBS Ve BaRInRR H.| Naylor, - 528) Migthyiens bamiekgson i
depréssmg2 B*@Nbéycﬁa(ry WBéb g52.1 n one enbodi msnt n| t r O

reducti on performed using, for exa

Renggishaugef), o, .Eﬁ'éhennfoJf Brohligh M1 Bavroydn Yt nﬁlwgfbﬁ o7 RisgPWkeR-

MuliéH barmippelvbr@nt ebrdl vent mikuBec agVigter sask, i t(Qboqn
step is (|v2 am ne substitution (AS), wherein

Phar(gga@%qklagtlctlht@ragﬁprhe ?NNFE?'"@ 284 ﬁ};tl@ﬂer@ bltﬁ Eﬂr’g@p@t{pn against

ma|a%a7aﬂba§am&bulr%ﬂnpbﬁmeé|mr@zma®wg@ gooroeerfsed to

Wlschikség\ﬁ %lu%%ﬁﬁarﬂaﬁﬁng on, C,p R. (f1 997) Mgdelllng%pnlon I|k5?3r0|35£5|rtmg of tau
0
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I I N NV I I / RZNA"l (SI R3NA H2N S NH2 R7NB~N
NRSNB 3 2 In one enbodi nent, am ne substitution is
w@edobos4tet usi ng an al kyl halide, for exanpl e, PCEGB2008/003315
al kyl iodide, for exanmple, nethyl iodide, for exanple,
met hyl iodide with sodi um28-hydroxi de, DVSO, and
tetra n- butyl ammnl um brom de I n onde enbodi ment t he

comﬁﬁﬂﬁ@é ecti on (DF’) wherein the protecting group, RPrt,
ved, for exanple: WO 2009/ 044127

PCT/ GB2008/ 003315 -97 -9 RProt R R H Rt N )t~ 7NA /

o g ¥l il b SRR S B,
5 appligetinndt CT/GE2A0/A0 1 113 (seedifisalikinceropiatedhiey wfererge éu%iﬁmcb{ded
hereﬁﬁgF&ﬁﬁl&%hgssa&{lyﬁ for exanple, concentrated aqueous
ydr oc

oric acid. 5 In one enbodinment, the step is:
(vi) salt formation (SF), wherein the correspondi ng

For %@Hpj}all\é sfuﬂétﬂgglﬁ\@cﬁg Rﬁﬁ@gﬁ& %ﬁ c&WerﬂdR& trgcl:\lc%gre%acérl\\éjl{l~ 7~ dlnltro-
phermiftiging, ©riexampiENBsing spdium@itrite vitheacetie aeir madchlogefprm. he ring
10 aminh %&?PE; rh?? tﬂgﬁynebﬁgf%@#eﬁ %F@)@ﬂ‘\’;ﬁé N tRE LlletafeOfor %%?fﬂ.ﬁlle €using

oric aci or exa concentrat ed aqueous
acetip pahysttide @nd ®yeding. The nitro groups may then be reduced to amino groups,

for example, using tin (Il) chloride with ethanol. The amino groups may then be

substituted, for example, disubstituted, for example, methyl disubstituted, for example,
using methyl iodide, sodium hydroxide, DMSO, and tetra-n-butyl ammonium bromide.
15 The amino group may then be deprotected, for example, the N-acetyl group may be
removed, for example, using concentrated aqueous hydrochloride acid. The
corresponding salt is then prepared, for example, using concentrated aqueous
hydrochloric acid, for example, at the same time as deprotection. An example of such a

method is illustrated in the following scheme.

20
Scheme 1
';l ' NaNO,
S
O Me O Me
ACZO pyridine SnCl,, EtOH
— . K I X A o J@E I)

Me
Mel, NaOH,

DMSO, (nBu),,NBr HCI, H,0
KI D . KI 2L e

2 HCI
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I n one enbodi ment, the steps of ring am ne
deprotecti on and salt formation are perforned
waelsapreously (i.e., as one step), for exanpP€l/GB2008/003315
compound (1) is formed from 15 conpound (2) in one
step. In another approach,-% suitable thioninium
choride (for example, net hy| t hi oni nium chloride, MIC

Thus sanether asrastiof the inventien pertansraiarmethed plrreparing a3 ArdiAraino-
10K P Rl bohiollng BB loH i B o e IR fode ot
treaimrfit desdrived pbeve: educed, for exanple, with ethyl iodide
and et hanol, and the corresponding salt formed. A
simlar nethod is descgibgg i gtDrew, Hf D. K, and Head,
F.S.H, "Derjvatives of th | ene- bl ue, " Journal of
the Chem cal Yociety : 248- 258. H@n exanpl e of
such a met hod| .8wi l | t he ol | ovm ng schene.
VIO 2009/ 044127 BLTNCBRR08Y NZBR, ScHEme 2 / | N \
H2O, KI N\ N\S/NI\/EI\/E,NSR NiVe l\/bl\/bl\/bl\/b
CIQHI(r) I Etl, EtOH MeN Ja)a' SMe Me-' Me 2 HI
Thus, t i nvgntion pertains to a
whergi Rb@oR SJR 36‘% RN Pa{g%pﬂcbgzns %maﬁegfmdth@@m (for example,

wheF@HkOQMdWIQXf%'Bé'cﬁﬂ(fl}?ﬁ:o%?ﬁsnh{mﬁe@e thods of treat ment
descri bed above: H N HX 7NA\ \ | | / R3NA
Hx@vi) sitiiprmation (BFRBNB wherein R1, R9, R3NA, R3NB R7NA,
R7NB, HX1 and HX2 are as defined herein (for exanple,
where HX' and HX2 are each H), conprising the step
In onst embedimepte thedelpad sAAPTiTRSi the Sieas F f or mat i on (RI SF).

(v) ring amino deprotection (DP); and

(vi) salt formation (SF).

In one embodiment, the method comprises the steps of:
(iv) amine substitution (AS),
optional (v) ring amino deprotection (DP), and

(vi) salt formation (SF).

In one embodiment, the method comprises the steps of
(iii) nitro reduction (NR),
(iv) amine substitution (AS),
(v) ring amino deprotection (DP), and
(vi) salt formation (SF).

In one embodiment, the method comprises the steps of
optional (ii} ring amino protection (AP),
(iii) nitro reduction (NR),
(iv) amine substitution (AS),
(v) ring amino deprotection (DP), and
(vi) salt formation (SF).
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10 In one enbodi nent, the nmethod conprises the steps
of: (i) iodide exchange (IE); and (ii) reduction and
wo oebdetigal t formation (RISF). 15 I n one enbodP@EGB2008/003315
the steps are perfornmed in the order listed (i.e., any
step inthe list is perfo®ed at the same tine as, or
subsequent to, the preceding step in the list). WO
In orecyabagimentthpOTRtEm owRpses Y¥sstepDd | n one enbodi nent,
t hg L.0ck change (IE) step is: (i) iodide exchange
(1 #Qaﬁgﬁggé'a 3, 7-di (di substituted am no) -t hi oni ni um
saliif ring aminerivretecken ¢AF)t he correspondi ng
3, dinief i [ ed am no)-thi oni nium i odi de, for
ex@nggg%§H?§héPgsV¥ is an anionic counter ion, for
ex@yFnine pabstitision {A%). exanpl e, chl oride or bronide):

13 - \ / TRBNA'Y R7NBiN S N11
(g apindyeerSiectBROPadd, /1 ERA R7NB, - N S

N. BNt fermatien €¥fodi ment , i odi de exchange (1 E) is
achi eved by reaction with potassiumiodide, 10 for
exanpl e, aqueous potassium i odide. |In one enbodi nent,

In onetrimbastiinent; te sigrs are apdemedin theorrden listad (w1 sy stgp iyghe listis
perfdvr\f?éd Gk the JapflGhd ?5‘,_ FRObdeRMbAG 0 SRE b_refdéﬂ[i‘\?ts'témn ¢ i26) .

erein a 3, 7-di (disubstituted am no)-thioninium
i odide is reduced and converted to the correspondi ng

2 di anino PR A A Afsalt
nor g S PGLS bl oo o
formation (SF) are performed simultaneously (i.e., as one step).

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:

R9 $10 R1 RQ $10 R1
N N
_—
S O,N S NO,
6 5

In one embodiment, nitration is performed using a nitrite, for example, sodium nitrite, for

example, sodium nitrite with acetic acid and chloroform. In one embodiment, R"Yis -H.

In one embodiment, the ring amino protection (AP) step is:
(i) ring amino protection (AP), wherein the ring amino group (-NH-) of a
3,7-dinitro-10H-phenothiazine is converted to a protected ring amino group (-NR”), for

example:
1 R9 RPmt R1



R7NB~N S NR3BNB 11 RO HRL NH 7NA/ I I \ 3NAR\ R
H R7/NB ' S N. R3NB WD 2009/ 044127 PCT/ GB2008/ 003315
wo 1@9/0k412Dne enbodi nent, reduction and i odi de Bel/GB2008/003315
formation (RISF) is achieved by reaction wth ethyl
i odi de, for exanpl e, ethyIQQmﬁ de and ethanol. 5 In
anot her appr.oach, an appropriate thioniniumsalt, for

In ong,embpdiment; A9 amfoRAPISEARR is @Rieves 35anagetate Jar example, using

acetieldMH{drRIeE %L(HmblédUQ@@a@éii@ anRfdride Ad ptidiRe 9" oup
protected, for exanple, by reaction with
phenyl hydr azi ne, ethanol, acetic anhydride, and

In orfeYerhtsbditRentT{he n.te@ferdaémmmgtépaét may then be
prepared, for exanp ggpconcentrat ed aqueous

5 hye'r)aetm BeLetioadNg), wfaﬁre'@@a bthe gitrq (O GrRURS 2 pgtected

3,7- diﬁ@beﬂ%HeﬂBthlaﬁfheﬂg @meﬁeeﬁo anl Qﬁur\% (W—!J%@K'Jmﬂfdr%xam
lustrated in_th | owi ng schene Fgrre'j
Et

|N~\/RNR?ét \S/ N Et Et,NR

OOEt Et ”5ZnC|2H | N _kta Fh
Et"IN S 15—Thus—affot hepectt he
|nve t met hod NoF

g# m no- f O+ phe'?@i hi azi ne?{Z'TbAPTZ) cson‘poundNHf
thefollovmng4forrrula ROHR | &( NH

In one embodiment, nitro reduction may be performed using, for example, tin (If) chloride,

10 for example, tin (ll) chloride with ethanol.

In one embodiment, the amine substitution (AS) step is:
(iv) amine substitution (AS), wherein each of the amino (-NH;) groups of a

protected 3,7-diamino-10H-phenothiazine is converted to disubstituted amino group, for”

15 example:
9 |$Pmt 1 RP™
N
7NA
H,N S NH, 7NB/ NJ RoNB
3 2

In one embodiment, amine substitution is performed using an alkyl halide, for example,
an alkyl iodide, for example, methyl iodide, for example, methyl iodide with sodium

20 hydroxide, DMSO, and tetra-n-butyl ammonium bromide.

In one embodiment, the ring amino deprotection (DP) step is:
(v) ring amino deprotection (DP), wherein the protecting group, R™™, is removed,

for example:



R7N / R3NA HX2 R7NB,,N S N, RBNB wherein Rl, R9, R3NA
R3NB, R7NA, R7NB, HX and HX2 are as defined herein
w@ baw/oenanpl e, where HX and HX2 are each H )PCT/GB2008/003315
conprising the step of: 20 conprising the step of:
(iv) salt formation (SF). \83-2009/044127
PCT/ GB2008/ 003315 -101 In one enbodlnent t he net hod
conprlses othepsteps of  (iii) ring ani RO d?pr 'ection
salt formation (SF). 5 ONe
et hod conprlses t he ps o | i)

3NA

RJ 2

prQL.e .o (|v) sayeAbor mati ofl (SF). "%QgNB
| ROhe enbodlnent thH?Wbthod conprises the steps of
(1) reductloQ(RED) (ii) ring am no protec2gon (AP),
(iii) ring amno deprotection (DP), and (iv) salt
formation (SF). 15 In one enbodi nent, the steps are

erformed in the. o h
In O'F? %TQ?@%eBte F'?%?Wénd) cg r?tﬁctlobzvg%‘?e ﬁ,erforr%ex uglﬁg %Bfé:lef& %mple,
hydroohlotidaciqh rfercedmple, sbeentratediaguboss hydroahlasiceacid.
enbodi ment, the step of (i) reduction (RED) and the
step of (ii) ring amno 20 protection (AP) are
In opeermbodimments thewste@iseousl y (i.e., as one step). For

ex @gjéa?t fo}nmat%ﬁ ?Slgﬂ)%)\g}e“?ﬁ% ’coFrQ o%iamgi S%Fiﬁv@ﬁq?& tfé)r.o&ample:

ste am no pro
(|) reductlon (RED) and ri am no protectlon (AP)
wher eRh a3, R'di (disubstitjuted 25FRini Ho) - Rhi oni ni Um
salt js r,édu ed to give the correspQondnQg HX!
' t uted—armno) - 10+ ot hi e, and

’”‘*Lh aro»aﬁ“‘( NH- DRTBE, t He NS

R HX
r™e3N7- d|(d|§ubst|tlmﬂﬁwean1no Rmﬂiﬁ+-pheno§h|a2|nerQWB
converted éo a protected rfing am no gr;iup (-RP ") tjo
gi ve the % rresponding protected 3, 7-di'(di substituted
am no) - 10H phenot hi azi ne, for exanple: RO R RO RProt

R
10 In one embodiment, salt formation may be performed using acid, for example,

hydrochloric acid, for example, concentrated aqueous hydrochloric 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.S.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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15

NO/ NHX R7NAV \ | / /RBNAY R7NA | | R3NA HXzZ
7NBIN S N BNB\N\ S/ N~3NBRORR-NB~ R 23 22 30
WO pooofetienbodi ment, Y represents C-. WO 2009/ PABEGBZ008/003315

PCT/ GB2008/ 003315 -102 In gne enbodi nent, the
conbi ned reduction (RED) st%p and ring anino
protection (AP) step is_achieved using

phenyl hydrazi ne and acetﬁ%"ﬂ?ﬁ@dri de, for exanpl e,

phenylhydmazi ng, ethanol, acetic anhydride, gnd
pyri f 5 ne enbodi HEhKl the step A i ng
Magi peydel n_KBP) —amd—the™stgp of l) _Me

fo'?'matl on%SF) aré' performed simul ta\rtlteou y 6i.¢eY7, dF
onde st ep) PFor exMepl e, in one enbodivent, tEe Me
combi ned @i(®g am no deprotection (DP) step ql@ 10
salt formation (SF) step is: (ii)',"ring am no
deprotection (DP) and salt f on{SF), wherein the
protecting dtioEpHOf a proﬁw& dil (di subst it ut ed
ami no) - 10H- phemothirazi Mes |, : g Ve a

3, 7-di (di substituted ameho)- 10H phenot hi azmee, and the
corresponding salt is forned, faH exanple: RO RProt

R RORHR R/NA\ I | / RBNARZ/NAL \ | | / RANA 2 \

R7NB~N S N'R3NB R7NB,-N S N'R3NB HX 22 15 21 In one
Thuse ahottienaspiect éfitiee inoeritiongedrtaing ¢o ametiooddef pregdagiat) iadPARTP)

comr?éq%ﬁ go?ﬂgq fgﬁ%vitngé ?oré@%f)on usé?ﬁt}g%ﬁﬁqﬁo’( gggtgf)e%? fggstcrlriggd above:

exanpl e, congentrat ed aqueous hydroch| oric acid. 20
In a sinmlar approach,R°anHappRbpri ate It hi oni ni um

chloride (e.g}, nethyl thi,lpni ium chl ofride, ethyl
t hi oni ni um ch| ori de) fir duced ¥ acetyl at ed
to give the cak’r"éshﬁn 1g - _R™ 2

R7NB/ S N ~ R3NB

wherein R, R®?, R®M R3N8 R7™A R7NB X' and HX? are as defined herein (for example,
where HX' and HX? are each Hl), comprising the step of:

(i) reduction and iodide salt formation (RISF).

In one embodiment, the method comprises the steps of:
(i) iodide exchange (IE); and
(ii) reduction and iodide salt formation (RISF).

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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bi s- di met hyl am no- phenot hi azi n-10-yl ) - et hanone, for

exanpl e, by reaction with hydrazine (NH2NH2), nethyl
whyavaziiee ( MeNHNH2), or sodi um bor ohydri de ( Ne®FHEB2008/003315

and acetic 25 anhydride ((H3CCO) 20); for exanmple, in

the presence of a suitabl e_@%l_se, for exanpl e,

pyridine (C5HS5N) or Huni g's base

(diisopropyl et hyl am ne, C8H19N), for exanple, in a

sui tabl e sol vent, for exanple, ethanol or
In ope embeadiment, ¢he ipHide exchanee (R @tepdst yl ated conpound i s

xR R, Kb Iy o 10 R ARG arid) Rbnyrifcat s
coneriemte the qoyresperding 3.¢-di{distbsfitutey amiie)-trieniniami iddide, forexample
| _ . - .
(Y, Er P BRI 4, tfe P, RS Btarelr g o
broraidell: t i on of a suitable ether, for exanple, diethyl
ether. Specific exanples are as follows: 5 Chem cal
Synt hes{i Synghesis 1ot 3-Nitrg-1 OH phenot hiazine H
1 N (a0 Sodjumpitrjte (20.Q0 g, 210 nmol) was
added|to a m N OH phenot @azi ne (20.00 g, 50
nol ) ,| el or ¢ m »andacetic acid (20 cn) ,
SO
and the,gCN S T rmed, fz;9r 1 hour at room
terrpergture. Aceti(®) acid (26 cf) was then added and
the mxture was stirred for alfurther 18 hours. The
suspensi on was filter and washed with 15 acetic
acid, ethanol, water, finagly ethahol to give a
purple/brown solid. The residue was dissolved|in hot
DVF and al | owed _tg copl befo i1 tafinyg the di-@Gtro
conmpound as a purple|gOR d. on gt Ne DVF
sol ution and washing {pespNecipitdt e Wt hNwgter and
met hanol gave the title rmno-nitr@corrpound (1%g,
-50% as a brown solid;y Vmax (KBr)/cm': 3328 (NH),
3278 (NH), 3229 (NH), 3119 (CH), 3049 (CH), 1557
(NO2), 1531 20 (NO2); 6H (250 MHz; DMSO): 6.64 (5H, m
In onfr édhbodimé&d, iodlidiel, exdhanbeZ1E),is AcHi§ved by F8actioB 4vith Jpothssiucrdipdide,

5, 6. he (62.9 Miz. DVBO : 113.3 (ArQ),
for eYqplE ?‘3&’%&??"%%'5%?%?' 7121, 8 (Ar)C), 123, 6((Ar)C),
123.7 (ArC). 124.6 (ArC). 126.4 (ArC), 128.1 (ArQ),

In orﬂe%%nt?ooﬁrﬁér%,) the r&é‘l}cﬁgn (a’r% Qd’idels%art'fgrn‘é%g)(r\’ls%? s@é%:heSi s 2

(i) reduction and iodide salt formation (RISF), wherein a 3,7-di(disubstituted

A

amino)-thioninium iodide is reduced and converted to the corresponding 3,7-diamino-

10H-phenothiazine iodide compound, for example:

R7NB/ @ ~ ~3NB
1 1 R9 'I' 1
N HI
—
R7NA\ /R3NA HI
R7NB/N S N\RBNB




10

15

20

3,11 -Dinitro-1 O4phenothiazine H I N \I I/ NS
NO2 The procedure for the synthesis of 3-nitro-1
worboplhenot hi azi ne was foll owed using 3-nitro- PCT/GB2008/003315

10H phenot hi azi ne (10.00 g, 41 mmol ), chl oroform (40
cnm) , acetic acid (2 x 10_ggy_., and 30 sodiumnitrite
(11.86 g, 173 mmol ). The residue obtai ned was
recrystallised from DV to WD 2009/ 044127
PCT/ GB2008/ 003315 -104 yield the title di-nitro

In onepembedime s regibctipre®w) iodide palt formoatinre(RISE), is wnbigved by reaction

with %E‘,ﬁ; i}:ﬁ@%‘at'?r %}We%@ioﬁ%ﬁ%%%@ ol (3%2) ( NED H ( gégll\/l—iz

DI\/SO):673676(2H d, J 9 AH, 7.78 (2H s, Arm

In ar{oﬂ?eza;p%%ﬁﬁtzirﬂo ;gxrr]%o} Ihgfzﬁlfrﬂ} aI§|3f§\‘t ﬁ'lé)ﬁed%thyl tBiqnirMem Rlemi

zinc gQImngi)iss@unmzequslg(geQmed randthe ring amino group protected, for example,

o e AT g B

corrgspohding galf B@y ¢hgn hearreparedrfetexamplefusing chnpemaatm)en@ous
hydrd
ydr MOrlé%JnféééééléH %nétalé\fﬁ gtrannmggl A dseé%lrwéfﬁcﬁp egﬁ%\(ﬁﬂle bfuch a
meﬂmmssﬁuﬁﬁaeﬁﬁnbe@wpwmgm@hﬁaﬂe, dried over magnesium

sul phate, filtered, and concentrated to give a

br own/ or ange solid, which was purified by colum

chr omat ogr aphy (Si 02, eﬁﬁyliagetate . petrol eum

ether, 2:3, |oaded as a dichl oronethane solgiti @) to

give 15 the title conpound (2.46 g, 71% as I'i ght

yel | ow th can be recrystallise aget one

to g [ Il ow needl es; Vmax (KBr

B Gy, 3063 680 (C=0), 1575E( oR).: _Et

C]—|E(250 VIrR; CDCI% 2.28 (3H, s, CH3 .69 (2R,
8.26 (2H, dd, J 25t75 8. 75, ArH)Et

8 33 8 38 (QHO5EC 2.5, ArH): bc (62.9 Mz: CDOl 3):
168.2 (C=0), 146.3 (ArQ), 143.3..;(ArC) 133.6 (ArQ),
127.8 (ArC), 123.4 (ArQ),

2 HCI

Thus, another aspect of the invention pertains to a method of preparing a 3,7-diamino-

10H-phenothiazine (DAPTZ) compound of the following formula:

[ R® ';l R’
N | HX'
R7NA\ /R3NA \
R7NB/N S NJ RoNB HX
L .

wherein R', R®, R¥A R3MB R™A R™B HX' and HX? are as defined herein (for example,
where HX' and HX? are each Hl), comprising the step of:
comprising the step of:

(iv) salt formation (SF).



20 122.9 (ArC), 23.1 (CH3); mz (ES) 331.0 (80%
[M+). Synthesis 4
wa2q03/0¥412f ani no- phenot hi azi n- 10-yl ) - et hanone OMVEGBRI08N03315
I 1/ HZN S NH2 25 A m xture of
1- (3, 7-di ni tro-phenot hi azi pg4.0-yl ) -et hanone (2 g, 6.04
mol ), tin (Il) chloride dihydrate (14.17 g, 62.8
mom?hao Jﬁ@ﬂ @\Ehﬁé\%d S testepeat €d to reflux and
stirre hi' s tenperature for 5 hours. The m xture
\/va@")tfﬁérﬁmlmfbﬁ%‘éfoteétmb@ﬁ)t%’iﬁper ature and poured over
| CE\)\BIt FErmalibf (P was adj usted to 7 with 5% sodi um
hydr'ogen car onate bef ore the product was extracted
with ethyl acetate (3 x 50 cn) . The extracts were WO
5 In or?e()%%%ér%nhgqét%Q&ﬁﬁr%gwstepslgﬁ washed with brine
dried over magnesi um sul phate, filtered, and
coﬂ&ém patinacbretectipnvéP)t.he title conpound (1.64 g,
Ebrmgsdnﬁn& I\E%féc%rpg) oé,god vimax (KBr)/cnt': 3445
424 g , 3322 (NH), 3203 (NH),
306\0) sattfgrmation 'f)CH) 1706 (CO, 1650 (NO2), 1590
(NO®2); bH (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,
10 In org, %bod;mwt the reathpdrpmpriseathg steps af1- 7. 15 (2H, d, J 8,
gp,edm,og,qﬁ pyMiz; CDCI3): 169.1 (CO, 147.2 (ArQ),
128.1 (ArC 1%7 6 (AAC, 127.3 (ArQ, 112.3 (ArQ),
11&1)5nq¢m@ppr2tzcmr((ém) mz (ES) 293.9 (95% [M + H,
tl"))nng%Rncpdér?rgf)éanMDPs}"ﬂn@g 227.9 (100% [M+ H -

Sﬁ esi s Di am no- phenot hi azi ne

b| \()H‘»ylmig‘@ ogBfride) (B4) H 1 NH | | / H HENS

15 N 2 HCQ 1-(3,7-D am no-phenot hi azi n-10- yI) ethanone
(0.25 g, 0.921 mmol ) was dissolved in

In oneyRiplRdiMet e stans a(rs Priformeddnriie offer lisiad 6%} 8 BAP iRabe listis

perfdtfat @ftHeQ afrRf thrh’é‘ aé‘ﬂﬁ siibddquest to Ithe bRicedig Btdplih @Se list).
Concentration of the reaction mixture gave the title

conpound as a |ight
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 embodiment, 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(disubstituted 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:

9 R R° 'Prot R'
N N HX'
AN
™ /@ 3NA Y® NA 3NA 2
RN\ s7 N - | R™M _R™M| HX
R7NB~ @ ~R3N8 R7NE _N S N\R3NB
N 23 B N 22 B

30
In one embodiment, Y represents CI'.
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bl ue solid. bH (250 WMHz; D20): 6.60 (2H, brd d, ArH),
7.07 (4H, brd s, ArH. Synthesis 6
wQ2(09/0#41B7 s- di net hyl am no- phenot hi azi n- 10- yl ) - B€TY&GBVS/003315
O\ /M N MwlJa)D'' M NSI 20 M M
1- (3, 7- D am no- phenot hi azi gpd0-yl ) - et hanone (0.25 g
0.92 mmol) was dissolved in O (3 cnm . Toluene (10
cnm), iodonmethane (1.96 g, 13.8 mml)
tetrabutyl ammoni un  brom de é , and finally
In ongembedimeotd thensambinasidedection |( EDbatep 309¢ing apinocprpteaiane(AP)

ure for

stepdé RBflevelf i oKl Ryt g ohi b T AT KT ERINAE ! Sous
phertylip@irazirs) ethadol achiis@nhydiisle( andpyrigine13. 8 nmol ) were
then added. The mixture was allowed to stir for a
further 3 hours at roomtenperature before a third

In ord émbediment, theusteriof (Hid dngiaminpdieprdteleionX0P) and the stapaf (iv) salt

ol PSPy § T e 0020 200

WO 2009/ 044127 PCT/ GB2008/ 003315 -106 suspensi on was
\i
ég%ﬂ}g t@%h@ﬁ@%&heﬁmg iffe \Agozntgr)ﬁ(@t@r% ée’raﬁu\tllm%teh@té{:‘ﬁeﬁ(@ﬁ‘) dt&F hind
saltwrmhlim(@tﬁSMn% (3 x 50 cnB) and the extracts conbined
ﬁ P I’Iné %ﬁ\l Ht%ctlo%r@P{)i 'éla@ galpfb%at'fﬁ?ﬂg(@?? 'vlg{'QFr)éH ltr‘érﬁbﬁctmg

concentr

groug(gf |acprot¢mgd ngﬂlfﬂj%]bﬁhtgtqglﬁmlﬂ(p)e i—byhmmmne IS removed to give a
- ( dine aft SrespOdih éﬁ%ﬁ med, f

L e S O by e
examgplee the title conpound product (O. 12 g, 40% as a

l'i ght purple solid; vmax (KBr)/cm': 2910 (CH), 2816

, 2856 2799 1659 O , H159%' (NO2
‘183’2( ) ff"ﬁ”ﬁ**zzso Tl se (S0 wiske (N,

A{{ (G0,

RTY 127. 2 (ArC) 127 R (ArC) 127. 0 (ArC,
110.7 (Ar@2 40.7 (NCH3), .9 (CH3). Synthe5|s 7 -
N, N, N, N -Tetranet hyl - 10H phenot hi azi ne24, 7- di am ne
bi s(hydrogen chloride) (B3) H |

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 aqueous hydrochloric acid.

In a similar approach, an appropriate thioninium chioride (e.g., methyl thioninium chloride,
ethyl thioninium chloride) is first reduced and acetylated to give the corresponding 1-(3,7-
bis-dimethylamino-phenothiazin-10-yl)-ethanone, for example, by reaction with hydrazine
(NH2NH,), methyl hydrazine (MeNHNH,), or sodium borohydride (NaBH,); and acetic
anhydride ((HsCC0),0); for example, in the presence of a suitable base, for example,
pyridine (C5H5N) or Hunig’s base (diisopropylethylamine, CgH1gN), 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
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N Me, \' I I / M M"NS NM 2 HO 15
1- (3, 7-Bi s-di net hyl am no- phenot hi azi n-10-yl ) - et hanone

w@ 2005/0g41271. 84 mmol ) was di ssol ved in aqueous PCT/GB2008/003315
hydrochloric acid (5 N, 15 cn) , and the solution was
heated to refl ux ten‘peraw(]r}]f_and stirred for 30
m nutes. Concentration of the reaction m xture gave

th title c 0 S.. r 4 S0l i.d; ;
solvgghdpr Sxgiryfe, GHHRY o Rpudyahy B4 Sfinh gr 8 fllue er
exampld,Glidtéytletdimrd s, ArH); bc(62.9MHz; D20): 144.3 (ArQ),
138.9 (ArC), 122.4 20 (ArC), 120.8 (ArQ, 120.7 (ArQ),
117.6 (ArC), 48.9 (NCH3). Synthesis 8
Spedifi dxahiptescare msdofiomsdi de / | N\ M, N\ S/ Nwe I G
Me Me 25 To a round bottom fl ask was added
met hyl t hi oni ni um chl oride (MIC, Methylene Blue) (2 g,
6.25 nmol ) and wat er Ghednicai®ynthesist he m xture stirred
for 10 minutes or until the solid dissolved.
Pot assiumiodide (1.56 g, 9.4 mmol ) was then added to
the m xture and a greerdybthasik 1suspensi on forned. The
reacti on was heate i .allowed to cool WO
2009/ 044127 PCT/ GB%O'S@’P%%@%@%%T%M ural l'y giving
the title conmpound (2.03 g 79% as bright green
needl es. Anal. Calcd fqr NCI6HI8N3S1: C, 46.72; H,
4.41; N, 10.22; S, @] I, B5. Found: C, 46.30; H,
4.21; N, 10.14; S, 's 29" Ab 5 Synthesis 9
N, N, N , N - Tetranet hyl - 10 phenot hiI"&zi ne- 3, 7- di am ne
. . | . . '
Sodin I 120 9BY, 290 Wil e daacd o a mRLITY for pheronaind'®
(20.09eg, 5Inempdrdhtrirefierm ¢iAQem ) 2ang, acatigacid @ ¢m’) caneihgmixture was

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 filtered and washed with
acetic acid, ethanol, water, and finally ethanol to give a purple/brown solid. The residue
was dissolved in hot DMF and allowed to cool before filtering the di-nitro compound as a
purple solid. Concentration of the DMF solution and washing the precipitate with water
and methanol gave the title mono-nitro compound (15g, ~50%) as a brown solid; vmax
(KBr)lcm™: 3328 (NH), 3278 (NH), 3229 (NH), 3119 (CH), 3049 (CH), 1557 (NO;), 1531
(NOy); 64 (250 MHz; DMSO): 6.64 (5H, m, ArH), 7.68 (1H, d, J 2.5, ArH), 7.79-7.84 (1H,
dd, J2.75, 6.5, ArH); d¢c (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).

Synthesis 2
3,11-Dinitro-10H-phenothiazine

H
f

S SO\
ON S NO

The procedure for the synthesis of 3-nitro-10H-phenothiazine was followed using 3-nitro-
10H-phenothiazine (10.00 g, 41 mmol), chloroform (40 cm®), acetic acid (2 x 10 cm?), and

sodium nitrite (11.86 g, 173 mmol). The residue obtained was recrystallised from DMF to

2
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(100 cnB) and ethyl iodide (75.8 g, 486 nmol) and the
m xture was heated at reflux for 18 10 hours where
wo b@ooeiiour changed from green/ bl ue to brown weTGB2008/003315
yel | ow precipitate. Once cooled to room tenperature,
the mxture was filtered apghy washed with diethylether
(20 cm to give the title conpound (1.99 g, 76% as a

y;e|d’t\ﬁfék;e dTRE o‘(ir%ﬂg (é.?()%@b)%urpl?%%%dlfg maxék%ﬁ)ém $3331
(NH)AB294 (Nb9, 322D (BIHYHE101 (DPAD)30BTAEHD 1BORONO,)L 396BINGH); O,
(250 i\@%ﬁn&@fﬁgﬁ%% gl-ﬁi ! g)sgl é}‘@g-%é OHCs: Akh 77 8o 651, 0, J 9,
ArH)1- ( 3, 7- Bi s-di et hyl am no- phenot hi azi n- 10-yl ) - et hanone
O\/Me N EtaJdal / Et NSN I | E Et 20 To a dry
25cnB8 round bottom fl ask was added et hyl t hi oni ni um
zinc chloride (0.5 g, 1SiBthesivl3) and et hanol (10 cm.

Phenyl hydr azi L ﬁB‘ 1‘(?’0 Ig%no%h gz‘h? mb)et%%nghen added

dropwi se under a rogen. The m xture
was stirred 25C for 1 hOLFP concentrated under
hi gh vacuum Pyridine (50 cn8) and acetic anhydride

was added and the m xpoxe ed for 18 hours at
60C. The sol ution vvas ce/water (250 cm 25
and the organics NS

s o, et hyl acetate (3
x 50 cm) . The ext rfacts were washed W th saturated
A solatigrpefr3, stilipitat t0Hs-pherdtitiaziae (B.00 g .etD. 3% mmahpgeatisianhydride

(158§%35§%§ m%li,labg rpgﬁgup%&m% %ﬁ c\:lvee‘%srtuartﬁg %Fe(ﬁﬁ)g’forqB%gs%The
warn2 48t dpdwidis2t e P €are Gy @BBv/eGOﬁBELBe wa]fﬁ8 Ausedigitdte &gitmed @hd mvas
l Ly 4 % :
ier 330 ilorkielel, FtedGies Rrody s I ARSh Rt apg
concgntvated toegive & beovadonaoge sIoI(dOw[h%h gvaszplzrlﬁted by cdu:gn cbromatography
el X 12, AN | Py :
ORI b i 15%, 85 9 byl ov
the title cAmMpN@IEAR, 463y, 78 %) Bbsia light yaHdv, solid abich2ni betrecrystaliz4s) from
b 62. 9. ) : - , _
s e s 2 S0y 0. 5 16 0.
1575((E), 158y (WO SH,H(280 MHz; CDCl): 2.28 (3H, s, CHs), 7.65-7.69 (2H, d, J 9,
ArH)%.&#ﬁgﬁg@lﬁd,ﬁ%ﬁ%@% NP Repet B 244 e 3 4 8. 1.9 MHz,
CDCl;): 168.2 (C=0), 146.3 (ArC), 143.3 (ArC), 133.6 (ArC), 127.8 (ArC), 123.4 (ArC),
122.9 (ArC), 23.1 (CHa3); m/z (ES) 331.0 (80%, [M]").

Synthesis 4
1-(3,7-Diamino-phenothiazin-10-yl)-ethanone

OYMe
LI
H,N S NH

A mixture of 1-(3,7-dinitro-phenothiazin-10-yl)-ethanone (2 g, 6.04 mmol), tin (ll) chloride

2

dihydrate (14.17 g, 62.8 mmol), and ethanol (50 cm®) was heated to refiux and stirred at
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 ethyl acetate (3 x 50 cm®). The extracts were



10

15

20

25

H I NEaJdal / Bt Et~-NS NI Et 10 2 HC To a 25

cnB round bottom fl ask was added 3, 7-di et hyl am no-1
wW@2@0084127 phenot hi azine (0.125 g, 0.33 nmol ) BETGB2008/003315

aqueous hydrochloric acid (5 M 5 cm . The mxture

was heated at 100C for 2_heurs before cooling to room

tenperature and was concentrated to give the title

wasliel c{T\Bgy B%ﬁ %E%% %%Q}Té%)syﬁ%tg!ﬂ%Fﬁe QBQ 881?%2/1}_@ted to give

the tﬁleﬁ",f»rr(pbhhd br.84 g, Ar0ap4) a3 .a35urpl8 Hjuelsotid; WNGHRBY)/don B B444 Ovt), 3424

N e Y o X g
1590 N, 5,250 BIHzACOL):): D0, BH( SrCH,), BODSHSIHUS, Bl QOIH), 6.47-6.51
H. G 31k §2%aﬂg{531|%¥ k@ﬁmaﬁh?qqt?@@ﬂ‘ o8 Eé@@%)%g@m
CDOIQ%NBQG\KG Y, M7 DArC) S 28, NAVE), m/e 6QA)VE2NB (AN 183 (ATC),

111 B TR A (B Ol GRS St b NP A28 00 o 8.

227.ateov. vis+ Hddad et hyi t hi oni ni um chl oride trihydrate
(26.74 mmol, 10 g), ethanol (100 cnB8) and
nmet hyl hydrazine (58.83 mml, 2.71 g). The 25 m xture
was heated to 40C and stSynthedisfSor 2 hours. The

nder ar gbr DRLERGRePT R R Bt Ses’ alfe orf a to

give |euco-nethylene blue Rs a |ight green solid. To
the | euco product was addednaceti c WD 2009/ 044127
PCT/ GB2008/ 003315 - 1(@ hy (40 cnB) and
pyridine (10 cnB) Hand § wht heated at 100C
for 18 hours. ThngB'oI ed mXture vvé“sq hen poured
carefully over ice water wwdie stirring to

1-(3,7-Diamino-phenothiazin-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 rgflux and stirred
for 30 minutes. Concentration of the reaétion mixture gave the title compound as a light
blue solid. 6y (250 MHz; D,0): 6.60 (2H, brd d, ArH), 7.07 (4H, brd s, ArH).

Synthesis 6
1-(3,7-Bis-dimethylamino-phenothiazin-10-yl)-ethanone

l\llle Me
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 aqueous
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 aqueous 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
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give a precipitate, which was filtered, washed wth
water, and dried at 60C for 2 hours to vyield the

wWo Raobe4genpound (5.82g, 66% as a |ight brown BOI/GB200R003315
137C, vmax(KBr)/cm'' 5 2910 (CH), 2876 (CH), 2856
(CH), 2799 (CH), 1659 (C=Q)gg-1596 (NC2), 1502 (NQ2);
6H (250MHz; CDCI3) 2.16 (3H, s, CH3), 2.93 (12H, s,

suspg&%} gaggg%ﬁi n\]ﬁ@h7\§\l§f8élr {7:9)& igﬁin?angﬁﬁﬂoluen@ﬁ)@(ﬁég-czﬂecﬁgdﬂ, The

2 rd s, ArH); 6e )
wate( §as exfractedomith diphlommethaned3®)20 cra’y and therexfracts zpmpined with

the 1) and et ofdfipanedioly Qg tterkd brd seficbrardi e o
deep[rple spiis). +Jhe reaigue WasPugifigdpyicaiyme chrggatopramhy (20:04thyim
acetalic_e ?@é@lﬁ@%ﬁf&é’?%}s}l?%d as a dichloromethane solution%to give the title

am no- phenot hi azi n- 10-yl’) - €t hanone

compdern@®prodiict (0. 1M OVNIENHIGht pirple, so(icﬂ{;@@@(@(){cnﬂg ROONQH). RB76

\ e ﬁzﬁg [ ' :
(CH),T%@%Y(P%QQ% é%’ [ (ﬁd) 'Hﬁérﬁgg' S %’gssgg i(&éghigopo . #?é%%@gggcw%cm'
2.16 (34, 6H:) @S 2HURNGHAS. 59-6162(Ridr & Jff- 5.t FehBudd2H. d, J

[ .thi oni Niyum. shl-Grq dad A yd I
276318 B ) L, Bl OO 5 G ol
127.2 (ArCY, 12311, (M0), 387 @) (Ana)s 11R8dAE) AT BpiMASE). 0. ZLINC ), 3268 (CH).

m nute. The tenperature of the m xture increased to

32C and was stirred for 20 m nutes. The yel |l ow green

suspension had acetic anhydride 20 (5.35 nol, 541 Q)
added and then Huni g's S¥8&egidi’i sopropyl et hyl ami ne)

BB PR3 i MR g i A fEF o
poured carefully into ice wpter (2000 cnm) in ten 200

cnB portions while stirgingyto give a precipitate.
The precipitate was st B d 0 A5 m nutes before it
was filtered, wasteed M = 3 _wme250 cm) . and

air dried for 30mfutes. The crud&-ggterial  was
crystal lised 25 from hot efhanol (2750 cm) to yield
the title conpound (112.1 g, 64% as a |light grey
1-(3, 3 Bis-dimeMylah3in&;phenathialinr )0ty rethakGieq0 6@-)1, 84286 ) Waks)dissolved

R b AR5 b

tempefialine amd stibdEitif)r,306min0te§. Géhdehtration, of heBreBetiolr mixture gave the

e S by Vol 8 B QR o i o o

d, J 8.87 AgH)( Ar6)(4H 18rd.s] ACHY; 6} (62 BRIHZ) D30): (1A#.G)(ArQ)1 0389 (AQT) 122.4

e} 1308 ME o pdo R T 0L 12 (59, 74,7,

[M+ Na] +).
Synthesis 8

Methyithioninium iodide
N
/@ D\
M M I
e\r}l S/ l}l e @
Me @ Me

To a round bottom flask was added methylthioninium chloride (MTC, Methylene Blue) (2
g, 6.25 mmol) and water (50 cm?®) and the mixture stirred for 10 minutes or until 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 allowed to cool
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-(3, 7-Bis-dinethylam no-phenot hi azi n-10-yl) - et hanone
wokeo04412N \ MeCN, McNHNH2, Me, NI S/ N, Me ( HBCLGB2@8/003315

CSHSN I\ N\ Me M M, NS | NM CQM M Synthesis

usi ng met hyl hydrazi ne/ pyr h@}_ne in one pot. To a 250

cnB round bottom flask 5 under an atnosphere of

ni,t roge added | t orid
natuf31y Gyng T Sfsbrtie Y s ¢0 B wE M R s, ApalyCaledfor
C16HGeN:SI: I UByi2hiMo4 .41 Mel O BB .S5 7180pl, 30 B54Bog)d: Bad6.3addlet21; M,
101f_o r glffségg‘grti ons over a 30 mnutes tinme period. The
¢ f the mxture was naintained at 35C with

a cold water bath and was stirred for 30 m nutes. The
yel | ow green suspension had acetic anhydride (267

mol, 27.3 g) and pyri di 0.2 mmol, 6.35 g) was
added. The m xture was ég’ahqeg"("g’tg 90C for 2 hours. The

SOQINE -‘F‘éﬁ‘érHétﬁy!V\@ﬂ BREPRtHIAHEES! 7 Citdriihe Iblsyhydrddeniiédide) (B6)
water (200 cm in ten equal portlons while stirring

to glveapreC|p|tate The reC|p|tate was stirred for
30 minutes before it d washed with water
(3 x 50 cm and air S\r;.ior m nutes. The crude
material was cr 'o Aoty #hanol (120 cm

to yield the titMe corrpound (5.97 g WS% as a 15
light grey solid. M 137C 2‘me(KBr)/cm 2910 (CH),

To a(??%é%tg ?@gbféas? %?—I"I%@%M&?Om eg(z(g1 Q%Sﬁ_‘%glz ethanol
(100GHiB) andZetaa |édu2é-|(75 &g, %{KBl-llﬁmpl)&nS%dSmﬁer(e Nds hgafa B reflux for 18
houréryvglarest?ue ’&Pﬁj.lr clbag 2%—' EO@M&%EB%F%@[ %dN%! % %;I&w pliéééé

Oncé éodled to]rBBmZer@éer@)ure 1R nixtrerv@s, filteRst and \@.’M’@i withidietBylether
20 S35 oy B Bt o 4 Vo el g5 e
020)33(20](12H§15,%Q/‘[13M 61-76\(2}-!1-)1, J 8$yAtHﬂ)e$1'2§_(ZB, brd s, ArH); &¢ (62.9 MHz;
0.0 2430 (T SERCHEB ST T2 AR To0 0 Fi7 045 40

(NCHH3CCO 20, CAN I/ \ N\ Mo M Me~N S| / Nve CIQ M
Ve

Synthesis 10
1-(3,7-Bis-diethylamino-phenothiazin-1 O-yl)-ethanone

OYMG

N
Et KI D\ /Et
Y S N

I [
Et Et

To a dry 25cm?® 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 60°C. The solution was opened to ice/water (250 cm®)
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 sulphate,

filtered, and concentrated to give the crude product as a brown oil, which was purified
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25 Synthesi s using sodi um borohydri de/ pyridine in one
pot. To a 500 cnB round bottom fl ask under an
wa@aromsptier e of nitrogen was added met hyl t hi oni PETIEB2008/003315
chloride trihydrate (0.134 nol, 50 g) and
acetonitrile (250 cn). Sodiggn borohydride (0.174 nol,
6.6 g) was added in four equal portions over a 30

o T BE el Y B S 5 g s

splrltmi-611°eiameltillah 4853uvd0Atogivedhe titkeatenpdumti {0 4B, Wﬂi%) as a green

olassy st Bt 0 i, BRI o7 538 s, &b STt S R 582 an

ArH) (834 (8H, %17, NCBI,)( 8. 18) (3Hds|aZH,;), ilts (12Kl t)17e Chig)s Sl 62t BlHat

cocfR 2t 18YE toe S ORI LA 125 gD R8¥ it

170.p@<0Ns while 5 stirring to give a precipitate. The
precipitate was stirred for 30 mnutes before it was
filtered, washed with water (3 x 50 cn) , and air
dried for 30 mnutes. The crude material was
crystallised from hot esmmﬂls (600 cn) to yield the

t|tIe co ound (26.7 61 % as a ht reé/ lid
N ek emerlotrzga@e o eqiaming e peligeriieice)
(CH) 2799 (CH, 1659 (C- 1596 (hKE) 1502 (NQ2);

6H (250MHz; CDCl 3) 2. 16 (3 2.93 (12H, 10 s,
NCH3), 6.59-6. 62 (2H ., 6.69-6.71 (2H,
d, J2.75, ArH), .08 dE$, ArH); 6c

(62. 9MHz; CDCl 3) }@)I3 c_ 78. 0, 127.2

(A Q), 127.1 (A}, 127. O%s'_érC) 11 Y9 (ArQ), 110.7
(ArQ). 40.7 (NCH3). 22.9 ( mz (ES) 284.2 (100%
Toa by'cm:‘%d*ﬂotto%?-ﬁask waks34del ¥ #dlé&\?kmlﬁb'i@@%cé&llpr%ho{hﬁdzlhe

th
(0.120.8, .3 neb HBe G SEESPISEA 3P (3.5 o, T it YRR
heaté\@étqo\o (L\'fér M& bé@%‘@oollh?\/ed\@%hﬂefnpbrdture ' (Wdd Cokletirated to

give wmﬂﬁ @§F‘§°H@ﬁ' (1 58,8 17 350 YRipwarers) slassygsalid bgs &%Ph@%e
cosdimt 707}Q4ﬂ é:Qi?Aﬁ%BGre@l(ﬁld mtAmsﬁs(ﬂaﬁ wcﬂlg@%l;gno .97 (12H, brd,
ioniniu
CHa)oh 67 B e CRYADLIEBI6H 55551 (Nt 4O g 204 tRre), 1215
(Arciiqgser(AFd:)l he2. éﬁﬁzR:JCM4 5 @) um bor ohydride (104 mol
was a in four equal portions over a 30
mnute time period. The tenperature of the mxture
was mai ntai ned at 35C wgjhhésicod d wat er bath and was

stirred for 30 mn
1-(3,7-Bis- dlmethyFamlno -phenothiazin-10-yl)-ethanone

N
N EtOH, MeNHNH,, N
Me\N S/ N/Me (H,CCO),0, C;H;N /E:li j@
| | Me _Me
Me @ Me I}l S l}l
Me Me

ci®

Synthesis using methylhydrazine/pyridine in two pots. To a 250 cm® round bottom flask
placed under an atmosphere of argon was added methyithioninium chloride trihydrate
(26.74 mmol, 10 g), ethanol (100 cm®) and methylhydrazine (58.83 mmol, 2.71 g). The
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 blue as a light green solid. To the leuco product was added acetic
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The yel | ow green suspension had acetic anhydride (321
mmol , 32.75 g) and Huni g's base

w@ diovsepeppyl et hyl am ne) (120 mmol, 15.55 g) apdiPdB2008M03315
m xture was heated at 90C for 25 2 hours. The cool ed
m xture was then poured cgqﬁ]ylly into ice water (200
cn) in ten equal portions ile stirring to give a

an 115 B B E10 ) BF b e b oy
18 hblrsc iTBE coalad maxturedrascttien poured caiefilly over iGhwater wdide stirring to
glve%ﬁ;ergﬁb'gn e%ﬁchtc\fl%ss@gelrédda\ﬁa h%ci%ﬁ%@gfer %@;ﬂ?@h aq gﬁ‘% @F& hblrs to
yieldghe titles cdmplhuniif{5.833. @6%’%@6( kgt brogym sbli@. 9 Mp 13CF,, Vmamr)/cm
201 35, 578,58 P A b T 4550 S5 19 w0
(250R1H23 CDLH2. 16, (SINCHI) Hs) 2. 59¢ 1@H 8, QH,), 6.595.62 @H, Ar 1.5, ArH),
e $P00, B3 hyth LB SF s e ol oo
(C=Q0098.044r1 71 FCX (KeBR023/10@8G1 327.0 (AdD), 1108 BrC),1D1P.2(ArC), 40.7
ol B bl Al g oraty SR 0ER
(41%.NM-+ RS} +), 328.1 (15% [M+ H/+), 350.1 (41 % [M+
Na]+). 5 Synthesis 17

1- (3, 7- Bi s- di et hyl ani no- phenot hi azi n- 10-yl ) - et hanone
MeYO N~ MeCN, NH2NH2. H28ynthasis i3, Me ( H3CCO) 20, C5H5N \

S N M,, ) nt hesi s
usi ng hydTr] rl?e &n@ﬁg%ﬂt E‘?er?‘y%'dg'lr']e |!¥%t$1%0§%t To a

250 cnB gound bottom flask under an atnos oof
ni t 0Ls ded metM8AN: MetHNi. um chi ori de

tr| o tﬁ 26ug 4 (RAO:0LE:HN and ac Sait 50
&r azine noh ITMD| g) Me
adaded an@the mMé ure was heat ed to rérﬁ uxang st ret?l’

for 10 gi@ytes before cooling to 25C yJhe
yel | ow green suspensi on had acetic anhydr| de (424
Syntl‘rmié usiA@ mathy)hydeaztheftyuriigls base ib2herpob| To §.5080 gm exchdtod vessel

he d f | ed
undef 35 aneSetefe SFRpotER s Atosd BreshiicAimia Forigel PRy SRR 0
(0.54mipl, 200 pandapetdnitiie (1000 crof)s Methylleydsszime (1cQY mol, §9.36 gaiwas
t Th t ' . : .
soo GEBE 3 25T B B TRt 8 ke Wpareq g
and wa$ 6tiroad) for 2@mihuaés. The ysllofvigree3Osuspensiashadlidetic anlydiside

(5. 3%@[3 ghf‘h)eé!‘@q%tdfarer%itééﬂ %‘Hﬁ@% dak0 Rill85roB1BRYhirde} 9P 55 Mot 10 g)
was added. The mixture was heated at 90°C for 2 hours. The cooled mixture was then
poured carefully into ice water (2000 cm®) in ten 200 cm?® portions while stirring to give a
precipitate. The precipitate was stirred for 45 minutes before it was fiitered, washed with
water (3 x 250 cm®). and air dried for 30 minutes. The crude material was crystallised
from hot ethanol (2750 cm®) to yield the title compound (112.1 g, 64%) as a light grey
solid. Mp 137°C; vmax(KBr)/cm™ 2910 (CH), 2876 (CH), 2856 (CH), 2799 (CH), 1659
(C=0), 1596 (NO,), 1502 (NO,); by (250MHz; CDCl;) 2.16 (3H, s, CHS3), 2.93 (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); 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 (NCH,), 22.9 (CHs); m/z (ES) 284.2 (100%, [M -

OAc]"), 328.1 (15%, [M + H]"), 350.1 (41%, [M + NaJ").
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(4.87 g, 56% as a light grey solid. M 137C,
Vmax(KBr)/cni' 2910 (CH), 2876 (CH), 2856 (CH), 2799

wQ@ ap/o441869 (C=0, 1596 (NO2), (NO2); 6H (250M&T/GB2008/003315
CDCI3) 2.16 20 (3H, s, CH3), 2.93 (12H, s, NCH3),
6.59-6.62 (2H, d, J 8.5, Arf), 6.69-6.71 (2H d, J
2.75, ArH), 7.08-7.47 (2H rd s, ArM 6e (62. 9M1z;
CDCl 3) 170.3 (C=0O, 148. LChg 127.2 (ArC), 127.1
(ArC), 127.0 (ArC), 110. 110.7 (ArCQ), 40.7
(NCH3), 22:(8,7¢kt 'methylammpﬁ)enqtamzm ‘(Olﬂbé’lha[\cMe-
QAc] +), 328.1 (15% [M+ H+), 350.1 (41 %ud M 3

Syrthesis 18 J\f
myl am@%ﬁ?@?ﬁham n- 10- af_hanone
Ve J N.
&%3 C8H19N JaN | Me Me~ NS/ML\IL\/E/\GQ@\M%
2009/

%4127 / GB2008/ 003315 - 113\'synthesis usi nf§
hydr azi & nohydrate/ Huni g's base in Mme pot. To a Me

SynfiBs SGEH TEEY UREM SV HIIE i) STh RAtwp B0 Bdound Bottom flask
undérrdrhgtahoapiteré 30nitrogeroivas 38ded) methgtraariiami dhidride trihlakite m

@5 24 9 S Vene HEePITE (G A ST (50 SHh ol 2 pcpaes

addédin f5ur]eQ;um porties dvef ar39 nﬁ:lﬁﬁtles ﬂ@etpené’&CT hd tegnperature of the

d
mixie® S 4R iR ebuBErbaf B8 e syinee il ngs.
The (yalﬁﬁv/gmseh ,sué’[ﬂar@'bngbdaﬂémﬂanhyafm (PeX i el, DRS ghand pyridiie
(80 20T 79] e sl VIR Bl s byt o Bt poue e
coolpd ntixtanesvashthee pelhned rcaregxll]lcydntg iceavatep(200 icpi’) iatten equ'EIn Portions
t or
whll$ § %ﬂég? E 05\ ﬁ rg?lplfage yaiﬁ{' rﬁfb}%&ﬁ? mlnlgﬁ%m%fs)lie it was
filtereld,i veabhed wvutﬁ@vaterr(abcem cn‘ﬁ) and ainddedrfr 80ingihuteds The crude material
d O
was %Fygfatgggé 'fr%g'\urh é ?’%@E@ 20 %é},s)(%) eécgin thla n%)m&)gl)(é go% %%‘%’@ asa
Iughtmohvnwp( KBrE m(KB@@cirO‘ Z%H)(CHXEQB%((CFD 283856HI Q@9 (CH),

165%%%‘%@( %@ @?(?%E] 56919%?55&%03@0%@3 H éﬁ?%mm

s, NGHR96. 69@262 @bHd, 48.5) ABH)56.606M 1 @H68, 5275, A&H. 7.68-747 (2H, brd

o, AT Rp Ptz PRI 16 50620, VB et T 2ipgy 1273 S 1270

(ArC).Ar10)9, (AL@) 100{7AAGY), 40.7 (NCH3) 22.9 (CH,); miz (ES) 284.2 (100%, [M —
OAc]"), 328.1 (15%, [M + HJ'), 350.1 (41%, [M + NaJ*).

Synthesis 15
1-(3,7-Bis-dimethylamino-phenothiazin-10-yl)-ethanone

Me O

N

Me — _Me (H;CCO),0, C,HN

\I;l S I;l 3 2 sg . /E:[ D\

Me ® Me Me\;?j s ;I(Me
C|@ Me Me

Synthesis using sodium borohydride/ pyridine in one pot. To a 500 cm?® round bottom
flask under an atmosphere of nitrogen was added methyithioninium chloride trihydrate
(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
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110.9 (ArC), 110.7 (ArC), 40.7 (NCH3), 22.9 (CH3); mz

(ES) 284.2 (100% [M- QAc]+), 328.1 (15% [M+ H +),
wW@@N441241 % [M+ Na]+). Synthesis 19 20 PCT/GB2008/003315

3,11-Dinitro- 10H phenot hi azine H H NaNQ2, CHCl 2, |

'\ N N\ H3CCOOH S 02N S/, NO2 10+ Phenot hi azi ne

(20.00 g, 100 nmol), di chT?Jromet hane (100 cnB8) and

v il 35 D AT GO

The ydllowigeserauspension bapacetic anbydritieéd0.5B5 medll, 58ap tand pgddice

T T T e T

mixtut@ Qvas tirofoured: edrefullpntalicemsaterd2siicrnd) in tep egudl durtials while

s Y4 ek S5k, e B o S5 R
filteren, WasH&Dwith@atachx 60 cne), aadalr driedifoz 130 nsingtes.i Tibé tyde material

was Gyl i el End () B Mo 832875, 879 o0 2
light §riely ts6lid. Ngp 1B CliviLLKBY)/PM3 29¢0 (CHY) 2816 (@), 2BSHERHWRTIO (CH),

e B o LA oL 1514 645, 2.0

s, NOA 6 4886 p2qoH, d,3685, Al 6.68894 (N, ,J B22 ArINH)08-B#0 12H, brd

s o2 el 303 O o 35, DR AP v

(ArCy 1880.91ARD), 1{@H(A), 40.8 (NCHE)) 22 SR 0S/204ES) 284.2 (100%, [M —

OACIE;F?(%%.%%Q/SZ@P%?@'I 3&%%@@%2’&4%@%@2?2 10-yl) - et hanone

MeYO \ N~ \ MeCN, NH2NH2.H20, Eta / i / Et (H3CCO) 20,
C8HION \ N\ N'a |l Et 1L 1/ Et COOEt NS N N3
OEt Et 5 To a 250 Cﬂﬁmtomﬂ ask under an

at nos phenre3(7-Bistdimethglamivas plsshdérdazin-10-yl)-ethanone

N MeYO
Me = _Me (H;CCO),0, CgH ;N
\|Tl S r}] 3 2 8 197 M
Me @ Me Me\rﬂ s r?l/ ©
Me Me

c™

Synthesis using sodium borohydride/Hunig’s base in one pot. To a 500 cm® round bottom
flask under an atmosphere of nitrogen was added methylthioninium chioride trihydrate
(80.2 mmol, 30 g) and acetonitrile (150 cm®). Sodium borohydride (104 mmol, 3.94 g)
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
(diisopropylethylamine) (120 mmol, 15.55 g) 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 (300 cm?) to yield the
title compound (13.55g, 52%) as a light grey solid. Mp 137°C; Vmax(KBr)fcm™ 2910 (CH),
2876 (CH), 2856 (CH), 2799 (CH), 1659 (C=0), 1596 (NO,), 1502 (NOy); &y (250MHz;
CDCl;) 2.16 (3H, s, CH3), 2.93 (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); &¢ (62.9MHz; CDCl;) 170.3 (C=0), 148.9
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ethylthioniniumnitrate nonohydrate (7.13 mmol, 3 @)

and acetonitrile (20 cn). Hydrazi ne nonohydrate (16.4
wonab/044282 g) was added and the m xture was heet/eB2a08/003315

reflux and stirred for 10 m nutes before cooling to

25C The brown sol ution haql cetic anhydride (114
11.65 g) and Hunig's Base

v PBERA R 5, ey 5 Bl . 2
(CH#yoalze 8 Sh284.2 ( H00%\dM! -t OAD]" pGBB ad15%rs M tiIH]3), 350 b(418e M +
N ]gater (40 cm in ten equal portions while stirring to

ive a precipitate. The precipitate was stirred for 30
m nutes before it was filtered, washed with water (3

x 25 cnB) and air dri ed§ g s%s@ﬁ" nutes. The crude

material was crystalli hot ethanol (50 cm to
yi el d t he1-(3,1{Bés-diowpylamuindg- ]}hé’lﬁ)tlgamﬁ-a%yl)aeihwdnieght 15
greysolld 6H (250 MHz; CDCI3)7O 5(2 brds,
6N ,s,Ar,652(2 35(8H
’ 18(3H %1016(12H N7
Me. 9 4 Die3) (HECLEdN 22, 9
Eel\LCHz) %o 1 (Ao, 274 (A O,
=0) . Synt h&¥ s 21
N, N, N, ®GTet r aet hyl - 10H phenot hi azi neMe3 7- d| am ne e
bi s(hy_drogen chloride MO | HN HC 37/% EtOH N
SyntBesis HRING BYGTBEIRS MonphydratelPYRFIGE PR KPS TR SRS fophd bottom
flask'-:JndEF arl GtnfospAbiatbf PRtdgemwak aglledaietafiFiedinium chloride trihydrate
7- bi s-di et hyl am no- not hi azi n-10- w{) @_g none
(26 Jiiol 10:0) 300 ARBIRINR(RATSY. (oage MO Spis GRTATOMDk
2.95 '\Aﬁi\s(aaa%/d ﬁﬂd ﬁeﬁﬁmﬁﬁur@ﬂrds hbﬁet&@d tfluR and 2frrevefor m@&ﬁr&ﬁesaibefore
or our ce coole 0O roomte r at t he
ool 2 28 - WES YRHREBRRSNAERC BTN PR eric AT B e b el 233 9
and bﬂ'qdﬁ‘?e @24 heRé0 978 gaahdélhtﬂ'@rrﬁﬁfmgh@s $ieatet af 96 folvBthpurs.
The equ‘ed bnéurgrwggztpen Bomggd (.:il';}#lllywtj) ﬁd@%ﬁ@@gfm”\{@wn equa?
portibhs W2 PSR TNDa precibitate. [The prédififate was 6fiPeddfolVBz minutes
55.1 116, 6 ( Ar 20 4
befogezt’%&jag flljfelrgg vga Blth V\ﬁ%{ (%N%')@ ) %(gr(egrcf%s (}‘ T}{wt%s The
crudé Aidterial Qé@tch&fdll&eafﬁoﬁl hot ethanol (100 cm?®) to yield the title compound
, , N -Tetraet hyl benot JcRer - i, AN
(4.8%‘9’&'%)&%% ool }A%:jggf ?K@% 7916°BH59678 (CH).
2856 (CH), 2799 (CH), 1659 (C=0), 1596 (NO,), 1502 (NO,); 61 (250MHz; CDCl;) 2.16
(3H, s, CH3), 2.93 (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); 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 (NCHs), 22.9 (CHs); m/z
(ES) 284.2 (100%, [M — OAc]"), 328.1 (15%, [M + HJ"), 350.1 (41%, [M + Na[").

Synthesis 18
1-(3,7-Bis-dimethylamino-phenothiazin-10-yl)-ethanone

Me (0]
N Y
A MeCN, NH,NH,.H,0, N
Me\N &7 N,Me (H,CCO),0, CgHN /@[ j@\
I | M _Me
Me ® Me e~ | s N
Cl @ Me Me
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N N\ HBr (48%, EtOH Eta / i \%Et Eta Et N S N N
SNI I | | Et 2HBr Et Et Et To a round bottom fl ask
woawadden PCT/GB2008/003315
1- (3, 7- bi s-di et hyl am no- phenot hi azi n- 10-yl ) - et hanone
(0.5 g, 1.30 nmml ), ethano 14_5 cm) , and hydrobromc
acid (48% O0.75 cnB) and the solution was heated at

oC f . :
SRS (0 B RGBS AR RITDA TR 58 oy
botton®fl&skgind@Nad@tnasspheilei af nttrogen esvaddertsmeth@lthioridibth dilidride
rinyqPal) @ 2 el o) o aEGhiist (168 oy it gahofyrade
(176)8HmmoDB®EY d) vad 4d0EB ajd tHemRtufNEER heated To @fAR®) stirterilfor

10 msrﬁrt% Qefarézcé?ﬁqé@%%czé’%g yéllo(/v%rggn s&s%%hg’lm(w '?\‘ra&:)at:etilcd'a%'h%dride

(794 yrhbINB 1. Xg) Ard Hanigtshhydse 1diisopriopylethiliaemen) €232, mal, 29i197eg) added.

o BRI 8 R S o R4S

caref2fiCintdViee wWislter (800 om3) im temrediublqiariaoms fwhils lstiniag tadisle @ precipitate.

e gl b3 SIBICLE SOBRPL DA b aags

100 @mi)dar(d3FeAried for8) rmimdest. HEne @@desmbterialomaserysthilisedsigorahot

8 [ Qur.,. e 1 :
ool Y VB SR 15028 SUORER e v o
137°CONSI(EBE)/dnit 291D (GH)L2876r OM285B L &HN &1 99 ACHE 1658 (E=0), 1596

ol e e PSR s B s e Koo oo
(2H, dpUrBGUACH) 6.69%.11 (B0%) J 2F5pAIH)gDB-gr4Te(@Hs bid =] Al .
(ez.égﬁgz‘i)c@%@%% %ésg@;g),(%%}'mg@';32%.%r0)32%%o E@@
110.9 64€) 261 O(TOAY C), UOBB(NGEH),, 22 B(CH, ; @iy {E S} 2845 0108, [D20PAC]’),
328.7 (15%, (W25 3s0 o, fn G 45H d. J 8.5,

Synthesis 19
3,11-Dinitro-10H-phenothiazine

H
NaNO,, CH,Cl,, |

I
s O,N s NO

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

(100 cm?®) 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

2

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 allowed to cool before filtering the dinitro product, which was washed with
ethanol (150 cm®) and dried to give the title compound (24.88 g, 86%) as a brown solid;
Vmax(KBr)/cm™ 3331 (NH), 3294 (NH), 3229 (NH), 3101 (CH), 3067 (CH), 1602 (NO,),
1558 (NO,); 64 (250MHz; DMSO0) 6.73-6.76 (2H, d, J 9, ArH), 7.78 (2H, s, ArH), 7.89-7.85
(2H, d, J 9, ArH).
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ArH), 7.16 (4H, brd s, ArH); oc (62.9VHz; D20) 144.3

(ArC), 138.9 (ArC), 122.4 (ArC), 120.8 (ArQ, 120.7
WO 20000441217. 6 (ArC), 48.9 (NCH3); mz (ES) 286rQT/GBO@®%1003315

[M- H 2d]+), 285.1 (40%, 284.1 (41 % [M -3H,

2C ] +). WO 2009/044127 PCT4{2008/ 003315 -116

Synt hesi s 24

N, N, N , N - Tetranet hyl - 10H phenot hi azi ne- 3, 7- di am ne

bi s(hydrogen brom de) MeyOHI NHBr (48%, EtOH ja

N\ Mew/ ,Me Me, I\/EI\QBLLE_SMNI I I 1 Me 2HBr Me

Me Me To q (é gd%%th gﬁotﬁﬁﬁgg@ d%}han3ne

1-(3,7-bis eno
et hanone Nl g, 3. 05 mml) et hanol (10 cm Me?@
hydg"oh r%\d (48% méene mBNHHjot he  sol ut i was

Ett het @ or g hooul;cc@gto;e: g.gol ed to
thrrp at 8r e, p]*em piHate—forred f| ed
and wash@l with gl et hyl et her (10c g1e

pr oducfo .22 g, 89% as a light rrust d sol id. M E
(dec) 230C, vmax(KBr)/cm' 3500-3229 ( , 3061 (CH),

To a3B0%n{*@dnd b'&ﬂté& ﬂﬁH)undQ:Séant(rﬁlsbheréﬁ‘ﬂﬁltréﬁd) wa® 6dded( CH)
ethylé%grgfni%r%?}l_‘raté ! rgt%éélsla &%gd gce}émé%véf) cm??
Hydradibe nsonoRydiite (1v6.4(nbRol0 B182;g) 26 Jaddddiadd tharmixturel 88s Beated to
reflu% %g%t:irre}@é_%bfq M%s b ér%tq%gén rt(g)z%.) El%ﬂe Erc‘v(/ar‘" s@lutlo?'l:hgd%cetlc
anhyldritie N 14Nhmaket n.astd)mhd Hohigfshease t(dlisagiopgleByamine (2 hé mmol,
2773y KPSl s PSR op' ' Bl B B
was HenZidBrediarefully 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 yield the title compound (1.73 g, 63%) as a light
grey solid. 8y (250 MHz; CDCl3) 7.0-7.5 (2H, brds, ArH), 6.64 (2H, s, ArH), 6.52 (2H, d,
ArH), 3.35 (8H, q, 7, NCH,), 2.18 (3H, s, CH3), 1.16 (12H, t, 7, CHa); &¢ (62.9 MHz;
CDClI;) 12.5 (CHs ), 22.9 (CHs), 44.6 (NCH,), 110.1 (ArC), 127.4 (ArC), 146.5 (ArC),
170.2 (C=0).

Synthesis 21
N,N,N',N'-Tetraethyl-10H-phenothiazine-3,7-diamine bis(hydrogen chloride)

MeYO E

/@ND\ S /C[ jj\

T Bt _Et
Et _Et
N N N S h

| S |
Et Et

|
Et 2HCI 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 hydrochloric acid (37%, 1.3 cm?®) and the solution
was heated at 80°C for 1 hour. Once cooled to room temperature, the mixture was
concentrated giving the title compound (0.54 g, 100%) as a light green glass. &y (250
MHz; CD,;0D) 7.07 (4H, brd, ArH), 6.65 (2H, brd, ArH), 3.35 (8H, brd, NCH), 0.97 (12H,
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Et Et To a round bottom fl ask was added
1- (3, 7-bi s-di et hyl am no- phenot hi azi n- 10-yl ) - et hanone
w@ 2009/0¢4122. 60 mmol ), methanol (10 cn) , and hyPeDOBIBEO03315
acid (48% 2.94 cnB) and the solution was heated at
80C for 1 hour. Once cool eesto 5C, the m xture had
di ethyl ether 20 added, g \ng a cloudy solution. The

SLLI 0)
ord, G ‘%@3%?’5‘&9@@%@-8&%@’ B JHNETaf 190 B3AT K Mo AV
121.5 &60) Miz3.6 DR@)), ‘VBZ)&(Kr@b—J,14b15cXAr@)r.I—|), 6.79 (2H, brd d,
ArH), 3.43 (8H, brd, NCH2), 1.05 (12H, brd t, CH3); 6c
(62.9 MHz; D20) 12.3 (CH3 ), 56.2 (NCH2), 117.9
(ArQ, 121 4 (ArC), 122Syhtiiedis®2 124.5 (ArC), 133.5

weenabrirantdh i ote i s 4R sy reme

Dders Met hods of treatnent, prophyll axi s,

dlagn05|s prognosi s of the present inyent on
utili B" RZ, conpoums“4h. & 'i*dl sed 0 duc flor m
/@g{i @ applied to 0f Et
he f di 3 ases Di seases of p otein

aggregation Fibrige Aggregating subunft Pr BT”& n
D sease domai n and/ or Reference size nutations

To a reunddrotferliask aas\asdag 4o detisdieHaninesahenainiprindR- i thanone

(0.5 c_f{’ﬁoﬁcﬁnﬂwﬂr bﬂ’lﬁnéﬁ' (§%ﬁ$ﬁ%n§ H?&r@gﬂoﬁmé 2Eid8%, ﬂyém%@nd the
i nsomi a

solutb g neatsd S0 R Bhn RS op et e IgRe s, the mivture
was cSTRBhtRAEH gRIHYhe KBe compound (0.65g, 100%) as a light yellow glass. 3

(250 MHz; D,0) 7.05 (4H, brd, ArH), 6.79 (2H, brd d, ArH), 3.43 (8H, brd, NCH,), 1.05
(12H, brd t, CH3); 8¢ (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).

Et

Synthesis 23
N,N,N',N'-Tetramethyl-10H-phenothiazine-3,7-diamine bis(hydrogen chloride)

MeYO H
|
N HCI (37%), EtOH, Et,0 J@EN:@\
Me Me
Me /E:[ :©\ _Me ~ -
N N N S N

S | [
f f
Me Me Me 2HCI Me

To a round bottom flask was added 1-(3,7-bis-dimethylamino-phenothiazin-10-yl)-
ethanone (1 g, 3.05 mmol), ethanol (10 cm?®), and hydrochloric acid (37%, 3 cm®) and the
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; Vmax(KBr)/cm™ 3500-
3229 (NH), 3061 (CH), 3021 (CH), 2948 (CH), 2879 (CH), 2679 (CH), 2601 (CH), 1604
(CH), 1483 (CH), 1318 (CH); by (250MHz; D,0) 3.18 (12H, s, NCH), 6.67 (2H, d, J 8.5,
ArH), 7.16 (4H, brd s, ArH); 8¢ (62.9MHz; D,0) 144.3 (ArC), 138.9 (ArC), 122.4 (ArC),
120.8 (ArC), 120.7 (ArC), 117.6 (ArC), 48.9 (NCH3); m/z (ES) 286.1 (100%, [M - H,
2CI}"), 285.1 (40%), 284.1 (41%, [M —3H, 2CI}").
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Kuru) Fibrillogenic domains: 113- Gasset et al. 120,

178-191, (1992) 202-218. Al zheiner's disease, Down's
waeydnee;7 FTDP-17, CBD, post Tau protein ence@haBrioso0331s

Inherited and 10-12 Wschik et al. parkinsonism

Pick's sporadic forms (1988ys. di sease, parkinsonism

with denmentia conplex of Guam WO 2009/ 044127

PCT/ GB2008/ 003315 - 118gPys&asep of protein

aggregation Fibril Ag subunl t Protein

DNghe NS - Trsramiathydr1 @HenhespthiaziRef B 7-isgrine higthadiogas braomds)

Truncat,@éj tau (tubulin-binding domain) 297-391.

Mut at i ons ntau Hutton et at. in FTDP-17. 1998)

Czech eliBrt8%), BQH pr eseni .u
. é‘\d Alzhve1—1're1-'—rd1—se@§e 2d_dnd e
: N
Ve

2HBr

To a round bottom flask was added 1-(3,7-bis-dimethylamino-phenothiazin-10-yl)-
ethanone (1 g, 3.05 mmol), ethanol (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 filtered and washed with diethyl ether (10 cm®) giving the product
(1.22 g, 89%) as a light mustard solid. Mp (dec) 230°C; Vmax(KBr)/em™ 3500-3229 (NH),
3061 (CH), 3021 (CH), 2948 (CH), 2879 (CH), 2679 (CH), 2601 (CH), 1604 (CH), 1483
(CH), 1318 (CH); dy (250MHz; D,0) 3.18 (12H, s, NCH;), 6.66 (2H, d, J8.75, ArH), 7.15
(4H, s, ArH); d¢ (62.9MHz; D,O) 144.3 (ArC), 138.9 (ArC), 122.4 (ArC), 120.8 (ArC),
120.7 (ArC), 117.6 (ArC), 48.9 (NCHj3).

Synthesis 25
N,N,N',N'-Tetraethyl-10H-phenothiazine-3,7-diamine bis(hydrogen bromide)

Me (0] H
\f rll
N HBr (48%), MeOH, Et,0 J@[ Q\
Et Et
Et /@ Ij\ /Et ~ g
N S \ N S N

| |
| |
Et Et Et 2HBr Et

To a round bottom flask was added 1-(3,7-bis-diethylamino-phenothiazin-10-yl)-ethanone
(1.0 g, 2.60 mmol), methanol (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 diethyl ether
added, giving a cloudy solution. The solution was stirred for 30 minutes and gave the title
compound (0.83 g, 63%) as a light yellow solid. &y (250 MHz; D,0) 7.05 (4H, brd, ArH),
6.79 (2H, brd d, ArH), 3.43 (8H, brd, NCH,), 1.05 (12H, brd t, CHs); &¢ (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).
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Amyloid Alzheimer's disease, Inherited and 4 Glenner &
B-protein Down's syndrome sporadic forms Wong, (1984)
Amyloid B3-
protein; 1-42(3).
11 mutations in
Goate et al.
APP in rare
(1991)
families.
N-termini of
protein with o
DiFiglia et al.
Huntingtin Huntington's disease expanded 40 (1997)
glutamine
repeats.
Proteins with
Ataxins Spinocerebellar ataxias | expanded Paulson et al.
(1,2,3,7) (SCA1,2,3,7) glutamine (1999)
repeats.
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Papaetropoul os, T., Johnsop, . WG, Lazzarini, A M,

Duvoisin, RC, D lorio, , Golbe, L.I. & Nussbaum

R L. (1997) Mutation in the a-synucl ein gene

identified in famlies with Parkinson's disease.
Refefgices for E2@fple2@5- 2047. 10 Prusiner, S.B., Scott,

MR, DeArnmond, S.J. & Cohen, F.E. (1998) Prion

protein biology. Cell 93, 337-348. Shibata, N.,
Abrahlimsaerg M. AlgnsHottig 52 SDiafsson, ,|. SicGdabbgde (1982) HEediary ldystatin C
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Czeolﬂnégm%rﬁglé é?aﬁ} ﬁ_ (gbﬁq&?%eaapﬁgpgg\%gﬁﬁdeqr o‘fscgagmdlgglcal
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Hutton, M., Lendon, C., Rizzu, P., Baker, M., Froelich, S., Houlden, H., Pickering-Brown,
S., Chakraverty, S., Isaacs, A., Grover, A., Hackett, J., Adamson, J., Lincoln, S., Dickson,
D., Davies, P., Petersen, R.C., Stevens, M., de Graaf, E., Wauters, E., van Baren, J.,
Hillebrand, M., Joosse, M., Kwon, J.M., Nowotny, P., Che, L.K., Norton, J., Morris, J.C,,
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conmpound at the appropriate loading and . 20 2. METHOD

CONDI TIONS 2.1. Reagents Water - Lab. grade or
weouwowailient Pot assi um Di hydr ogen Ot hophosphat BCFGBad®8/003315

grade or equivalent 25 Sodium Hydroxide - Lab. grade

or equivalent Pancreatin -,1ISP Grade Hydrochloric Acid

- Lab. grade or equi val ent .2. Safety 30 Reagents

il SN LG, B15e AR, e MciatPoty misgense and -

splice- shﬂSH(uTétib)wE)llrstmlvuﬂhl tbe jnApptad des@(fi@ BTADE- 1an Yakire Be3, )702-395.

Paul§%r§',‘ﬁ-i)ﬁ] (\}@92 S U| 8‘3‘;&9./ t@é@%‘g“}jg E%gffgo tA%&ééngn U&riarof

Humbarpeictit 3164 :}393716 0.5C Di ssol ution I\/ledi um - 1000mM

Poly%oerrrgp@g[ﬂenwifgts Stéalggrq lo%rg ro&nE S%ggé IEn ﬂg PSaDA{’aé A30P|ke B,

Root, Ho/Alubenstiein; 8 BageadR., (Skenroat, EfS$.| Chan)drasﬁkharappa S,

e BESRAPC ABE oS L0 S (AR

Di |olaanG \Goteh L. 82N@s§ba21m4R [Pr(¢9e) Mutationoh tHsi amyrmc@m gene

FlL.u Sl F Far ol
'de"h tf%'?%s ‘ﬁ'&’ ?rk 3?% fseﬁ’?ed%ﬁcrbé’rc %)%ﬁ iorg #opﬁosphat e
Prusirer 258111Scot V&, DeArerondn$ M. &lﬁhbhadd: B 7(11998) Prinroot8nchiolngy.
e and 500mL of water. Add 10.0Og of pancreatin
Ce”ﬁ%d:;ﬁ&%, and adjust the resulting solution with
Shibata, hErHlfhnB]\ASdeayashil,—WrdedidlE dr, @er@NHRY.dHord VB.Yi,dato, T. &
aci d e
Asam}{ ?1%?5’( NSP 5 %Jg%rrc])%ﬁ% g %Jéé’stgrg Wladr;]e rcglg A ||4tracytoplasm|c
hyalit@ynclusions of familial amyotrophic lateral sclerosis with posterior column

involvement. Journal of Neuropathology and Experimental Neurology 55, 481-490.
Spillantini, M.G., Crowther, R.A., Jakes, R., Hasegawa, M. & Goedert, M. (1998) a-
Synuclein in filamentous inclusions of Lewy bodies from Parkinson's disease and
dementia with Lewy bodies. Proceedings of the National Academy of Sciences, USA 95,
6469-6473. '

Wischik, C.M., Novak, M., Thagersen, H.C., Edwards, P.C., Runswick, M.J., Jakes, R.,
Walker, J.E., Milstein, C., M., R. & Klug, A. (1988) Isolation of a fragment of tau derived
from the core of the paired helical filament of Alzheimer's disease. Proceedings of the
National Academy of Sciences, USA 85, 4506-4510.
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20 2.5. Standard Solutions (prepare in duplicate)

Accurately wei gh approximately 100ng of MICinto a
wQa0@gio44a0t unetric flask. Dissolve in 80nl of BOY/EB2008/003315

et hanol water with 15 mins sonication and then nake to

volunme with 50/50 ethanol/ ter and m x wel |

(1000pg/ M ). Transfer 5. Ol this solution to a

100m 25 volunetric flask and make this flask to
Exa = agg gl tantest || (50pg/m ). Transfer
4. O of this solution to a 100m volunetric flask and
e this flask to vol it ter .and m x
Titlef Birigipntestinl Bt op Srmarl 2t iinga copuss
Di ssol uti on Procedure 30 Add 1000m of Sinul ated
Intestinal Fluid to each of t six. di Iu ion, ..
Perfoumed by: EpgapPrug 'ﬁ%llvefya@aﬁ)se% Qg 6, Rakhask g %Wadt Livinggton.
WesSESREn 395 2bTRV6édNangUIK i brate to 37C0. 5C. Pl ace six
i ndi vi dual capsules into stainless steel sinkers and

add one to each vessel noting the tinme. At each of
1. pdrpesépecified tinmes withdraw a 5m sanple. 35 2.7
Preparation of Background Reference WO 2009/ 044127
PCT/ GB2008/ 003315 -124 Transfer 4.0m of SIF to a

This Hmdd i¥ eLitaBré for €sé ke akDiggilition Fest Metholl Esreha\pliposedieroviding

S, so] ution ed,as t
cata ot e PefSran PP iSSPl Ve e s DRFA R oy dsaog uns n
simulatéd Ipessaha FRli@ PSIFRt dsidesEidbedtit theA0SM) (ttthsulesisp beg) sber
3.0M of this solution to a 50nl volunetric flask and
dissolgtion mediay ol yne with water and mix wel | (1.8pg/m).
For t he 60ny capsul es transfer 3.0OmM of this solution

a 100mni nme c flask a ma Q_volune wth..

The (igtree e Retar omas BTGNS TgoMEATG Ra i TErmitidida in
Gelu@@]ﬂalu’h &3nd reaméysrthé stahdatl USR31 ’Slblssblhtnmn Apparafii2{paddle and
. VO tr| n vol u vvlth
sk W risvach B e LG 6o e HAFE aitsc 881Gl BA T2
compouhd dPtrecashiosriaiie toatimgraadt he st andard and sanpl e

sol utions on a UV Spectrophotoneter that has been 15

turned on and allowed to warmto operating
2. MEBHOBrGONDETIONSLO St andard Verification Verify the

mean response factors of two standard sol utions.

Standard 2 nust verify as 98 - 102% of standard 1.
2.1. Reagents

Water - Lab. grade or equivalent

Potassium Dihydrogen Orthophosphate - Lab. grade or equivalent
Sodium Hydroxide - Lab. grade or equivalent

Pancreatin - USP Grade

Hydrochloric Acid - Lab. grade or equivalent

2.2. Safety

Reagents are poss. irritant and poss. harmful.

2.3. Dissolution Conditions

Dissolution Apparatus

Apparatus - USP«711)Dissolution,Appartus2(paddle and sinker)
Sample - 1 capsule placed in a sinker

Rotation rate - 75 rpm
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20 2.11 Calcul ations Conduct all calculations to 2

deci mal places Determ ne the MIC % rel ease of each
waa0ploetieel ative to the reference standard usi PQI/GB2008/003315

the appropriate equation: release for 100 ng capsule =

Asaml Astd x Wstd/ (100 ng)_j4 x 100 release for 60 ny

capsul e = Asanf Astd x Wtd/ (60 ng) x 2/3 x P x 100 30

Tem;ﬁe}erét%?es -’feribég éArgacapsul e = Asanif Astd x Wstd/ (30 ng) x

mis the MIC Absorbance for the
DissolutstimMelliarh - éaﬁ@hbSIatulaie@hmsﬂgalthind the nmean MIC

Sam@ﬁg%g@gc% ﬁwgandards at 665nm 35 Wstd is

nean wei Standards used (ng) P is the
Test Buratiory - thmmefeerence standard used, as a deci mal (eg

sam@ 380 wfp(goqgeg“gﬁ@}ggoﬁg% 2008/ 003315 -125 (Were

I'sS use s a standard a correction
uv S‘pactrcmhotﬁmaen@ormupmsed for P) Plot the MIC % Rel ease

Deteﬁwgigg%%t :5\{%?en S él’\H on time on one graph where
I'ndi vi dua

esse are plotted separately. 5 Plot the
Referemaa - Mil@e%lRel ease, across all six vessels, against

[ tion time on one graph. Thus generally t he
Pathﬁgﬁ?tgwslﬁg'lngquatl on can be used. 10 %release for x ng

BandcWjtlut 2.0emAsant Astd x Wstd/(x) x d x P x 100 It wll
be appreciated by those skilled in the art that 'd" is
the correction, if required, for dilution in sanple

24. lbteopeatmqfrslamlatﬁdbnteptuzalsﬂwﬂdw) 15 2.12 Standard
test for Sinulated Gastric Fluid (SGF) This standard

test is carried out as descri bed above but using
For gagh filracasiuised, Sligsolve @89 plpqirssiyan dilydregest @”WW@W@QWW

of w%&r 4o ér?y@dd i@ BIIN Sodili f@/drﬁ d@"én"bt ﬁfbml-{)ﬁ/v@le? SAddVR0.0g

di um chlorlde an puri f
of paperpgtlmmm. KiSP, iand adiust/tbe f¢9rtﬂirﬂg|§QMP'h é"tgﬁﬁliﬁ'c%z'}‘n?@%'ﬁ‘

Hydr84ilid 0P8 2RHydVddhlorRfacRB & gH 8P68 +WH Gilute with water to 1000m.

This solution must be prepared fresh every day.
2.5. Standard Solutions (prepare in duplicate)

Accurately weigh approximately 100mg of MTC into a 100ml volumetric flask. Dissolve
in 80ml of 50/50 ethanol water with 15 mins sonication and then make to volume with
50/50 ethanol/water and mix well (1000ug/ml). Transfer 5.0m| of this solution to a 100ml
volumetric flask and make this flask to volume with SIF and mix well (50ug/mi). Transfer
4.0ml of this solution to a 100ml volumetric flask and make this flask to volume with

water and mix well. (2.0ug/ml). This is the standard solution.

2.6. Dissolution Procedure

Add 1000ml of Simulated Intestinal Fluid to each of the six dissolution vessels. Insert the
paddles at the correct rotation speed and allow to equilibrate to 37°C+0.5°C. Place six
individual capsules into stainless steel sinkers and add one to each vessel noting the
time.

At each of the specified times withdraw a 5ml sample.

2.7 Preparation of Background Reference
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per ng of protein, in 7.0 mL of hydrochloric acid and
sufficient water to nake 1000 nmL. [Pepsin activity is
wale@enidied in the Food Chem cal s Codex speci f i PEL/GBR®S/003315
under General 25 Tests and Assays]. This test solution
has pH of about 1.2. Exanphg, 12 - Quantitative nodels
for the progression and treatnment of Al zheiner's
S e, I X d
TrangeR S50 of S, a0 yoRIrRER Yok B8 ikt R0 AL BRI on
mix elbThisrslutibn i thibe USed @p the baskgsied kefarenice imthddl\s of
t.he. tau reaction pathway in order to describe the
Specérroga?tggn&'ieorh of the disease and the effect of
treatnment, and to conpare the effectiveness of
reat nen ch target different parts of the
28 %aﬁﬂﬁal%?ﬁ%a\{\"éhr mul ati ng an equilibriumnodel 35 WO
For tA8 30MQ44pATePEaHsBB 2008 J IS $6lutiorl 26 Forglmodundstrc Baskvand make
he bi.ndj f jh to an aggregate of
to Voﬁur"&%g'grt] @'3{%9 ﬁdgﬁﬁﬁvgwﬁgé'ﬁlﬁgl | oned by the truncation of
For the 60tng capsuéesiransfer ¥ @miofshis aolgton tagyt meltvelumatricflaskend
cell S react] | in a larger pathway,
mak?\n%tEOI%rg%t%wvéthfv%?ertéﬁem&'@vae :(gﬁ‘g%& %hew tau proteins and
For ther00mhg cepadestnaresfarf1 mi gfjthiscsaiuion t6 afs0gu velugEBicSlaskand make
af I - t Adbl e
to vefL ety B B i (SR, P b U g o B e
tau. In order to produce a kinetic nodel, we need to
29 ﬁpoec%id[:}’ rates. It is known that the rate of
"aggrega?ion of tau increases with both the
Deteamimieltibstandard @hd Sampte sohsionsy an bAlY Bpestraphotenfefgrdbatinas been

turncg O and-AIeGlo warrrio gudtbtiogtertpraturtd K01 M S

Al zhei ner di sease-li ke tau aggregation by

Az Proceedi ngs of the National Acadeny of
210?&@%@5@@?"53, 11213-11218]. It is natural to

Verifg dhamean responsreiastorssofdwp stamgardeationandtandard 2anysd yerify as 98

- iop of S, and thus that the rate of
10%?’50(53%1?]?%#0& S depends on the anount of S [Lai,

RY K, Gertz, H-J., Wschik, D.J., Xuereb, J.H,

2.11M§f@|ﬁ fyRs Ladi nska, E.B., 15 Harrington, C R,
E vvaréls, P.C., Mena, R, Paykel, E S., Brayne, C.,

Congyghplealculgtions to Rstegimal placgs \W schi k, C. M (1995)
Exam nati on of phosphorylated tau protein as a

PHF- precursor at early stage Al zheiner's disease. ,
Determinedir MTEg% r@'leampfr@ac}ﬁ@,am@ elatige fo thegefefaqice giangard using

th LOMaSei Ay, we will make the standard kinetic
edg)gsd&nptioﬁﬁtﬁ@t the rate of a reaction is

proportional to the anmount of reagent. 20
% 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 mg) x 2/3 x P x 100
% release for 30 mg capsule = Asam/Astd x Wstd/(30 mg) x 1/3 xP 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

Wstd is the mean weight of MTC standards used (mg)
P is the Purity of reference standard used, as a decimal (eg 0.999)
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This gives us the kinetic nodel shown in Figure 37C
By this picture we nean, for exanple, that if S(t) is
wo b@oasaent of soluble tau protein at tine t thencsbais/0033is
S(t) =a,(S(t)) - kso S(t) - k A(t) S(t) [equation 1]
25 Tinmescal es of disease progression and of kinetics A
crucial aspect of this nodel is the tinescale over
S BRI o Rt 85 ol R B0 oL} B appliseor P
|i ke equation 1 30 operate. It is our p03|t|on t hat
) r e
Piot R L% 38 Refeyof ngpinfit BBb0rTucTANE b BBl Bl EhallR®
vessdlsearepldttbésebamte(yhange of paraneters |ike kAO over
the tinescale of years. A contrary position was
adopted in Wschik et al. (1995), nanely that the
Plot themasaraM@ Co% Refeaske| acroscall sisvemsals uagainst theydisgodytioatiche on one
hat the progression of the disease reflects the
gmpbradual i ncrease of A(t) as nodelled by the 35
ki netics. WO 2009/ 044127 PCT/ GB2008/ 003315 -127 There
are [ for the separation of
Thug ?e”&%&ltﬁgbqﬁ‘%gte%at%f” A b%e&%gperl ments [ W96/ 30766]
in which soluble tau is incubated with solid-phase
0 S l e tau has
e relgR TR chPilte SABKIR SRR AR S O 2L o
evi dence conmes fromin vivo experinments on transgenic

A L S IHOC AL t t e
twily Sodlifioo BASERel HIFE o HACA i fhe' BRIt Byt for
dilutioh sresaneple prepasatioolasdy sieper8 gimveods of nmont hs, as

measured both by cognitive tests and by

neur opat hol ogi cal exam nati on [ Zabke, C., D etze, S.,
2.12Standard test for Riroulatetl Gastric FluigdbGFhgt on, C R,

Theuring, F., Seng, KM & Wschik, CW (2008) Early

and advanced stages of tau aggregation In transgenic
This standerdrtestds sarripd et aradessnibed ahove dubyrieg 8GFimplace of SIF. SGF

go, 26-31 July 2008,
s p’@‘l’ﬁg@ﬁf@@@%r@ l?ggg?g%g\jlmb\?ﬁ dai | y oral doses of MIC
over a period of 17 days, the Al zheiner's disease
Gastﬁg?hﬁ’& %Bﬁ&% 'quﬂgﬁﬂle 3 b"%rcff bwﬁﬁ%hlogde aﬁh %kzagi Gﬁ pu]rrflgd
Har ri ngt on, , ey,
peps@, that Wwpﬁ érorq:porcngg ﬁ@ma&h muc&sm@mq@cﬁ@tmf B(OQGggﬁbo units
Bhyrlofé“ GOy Hﬂbf:mo?&hqjd?lcmnd%%mﬁ?wat%r tthake 1000 mL.

gregati'on inhibitor (TA) in a cellular npdel and
[Pepﬁ@\ﬁ@tw%s teseripad othe dor ¢ hemicalsyGedax firecififationsindgrseteral
restﬂaﬁﬁﬂkws] Srhiy 888 Mutioh RaS bR hesdl1 Lonf erence on

el mer” s, seasei Chkcago 26- 31 July 2008,f-
aH B MOGLIS F REOOF @S i z ea .
Dmeggethe order of days, while the timescal e of the
— progression of the disease is nmuch | onger, neasured

in months for these mce.

The chemical process underlying Alzheimer's Disease is the aggregation and truncation

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
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20 Qur mat hematical technique nust therefore be this:

we suppose that any patient has rate constants which
wale@endiion how | ong he has had the di sease, sapCkRABE@B/003315

etc. where a is the nunber of years since onset; and

we suppose that the resultj | evel s of S and A are

the equilibriumval ues of t%% dynam cal system To be

FiguFeO% ﬁogvsft}é\? rt%]frllg le 8 é?t? Er‘é?eit‘? fbu%gé%%gété %Etr%rnfgfed tay prg proteins,
folloWed by thedtuncatiar] of\m_e tag\proteimite farm a Iar@r@ggreggteav\éthmhe cell this

reac{ (ﬂ’\é geqm Fllg%& hd E@&éQQWagfwt&gp Wﬁf or Y GELHYA of‘ﬁ@{:vXad Proteins

rium viour. somet 1 nes w i
and f8f e adearandepofagpregetese t he 30 dependence on the vaI ues
of the rate constants. Accounting for the creation of
new aggregates The aggregati on reaction (Figure 37A)
Figust 378 shamisthnatueal eggele diare, Sroenaten eantpunt of soiuble tagprotein,

and Wtﬁ%r%QS?taog gpgr%ggt%d IRhESHY ?au ﬁ\oorg& t@%?&d%@%%ﬁéi@ model, we

aggregates an e creation of
neeohmwpagg'r ratest Bés kn_wemtqbe rate phaogeegation of taudneraagesiviiraeth

the a%%%uu n%é #‘%Pﬁ Gnenévan%lﬁutggpﬁ/[\ﬂﬂséﬂnﬁc Wéﬁg&]@&ﬁ @03_:515{ YK,

e crea of “aggr egat es
RothAMa& Hargng;am CR. d@ﬁbgglgctlmla‘nlplh@ pﬁfﬁghelmﬁédlsease I|ke tau

aggrsgé{o N nA& t?%léweb BrobSedids of NI R@JdeW?yyoftS%ences USA

Creation new ag ates I's
93, ‘dlZﬂéﬂnagB]t I|h(§ ratgrabio@sswne thay there tsmgfegglgaqlgggeqh@nlsm involved in

the Jr%ﬁ%h'o? rgpﬁ\% ftﬁ%% %tehéfﬁ)gﬁ\ﬂdc |0@§§S'G€ rm% oHthe Bﬁlount of S

ure t he act ua val ues of n,
[Lai, &h¥. MZG%(tZeFUdeVJWDIK D¢ Xesrglpl- ., Mukagptova-Lgdigsiep. E.B.,

Harrﬁér A b§7R 1 ar%&olﬂbzz)l\geﬁaaﬂ BYREVERS, Bragnd @0 ﬁgﬂfeﬁgﬁ%e Roth,

ul es ere ar e hew aggregate mol ecul e

M. 8iVisdhits. @M. 109%01 Framinpation aRhesPherylntegda piaiRa @a atR{dF-precursor
at eéil%re Cﬂﬁheﬁﬁéé? seﬁkége‘ie}\let?rrég%g'y Iof PQ\B”% 33%445. ﬂ&oﬂh@ other

1 ons briumsta ISSSt

pathwgys shou®) we wilk mRke tme stanged reatfaﬁsempy?n tigbthe rats of ageaction
is prérﬂowtﬁé afouRfibratagint 4l In the remainder of this

we describe several experinents which let us
quantlfy 20 the rate constants and thus to predict

Thisighes ek e kindtic ﬁ\Bé‘éltsHSWﬁ in Rigur@srat BY Yhi8 gicture we mean, for
progressi on of disease Lai et al,. 199% studi ed a

exammweiﬂ ibB(np shecameunt of pelbible FAuPralsit atitng EHFAnd found a
dldt S(t) = M(S(8)) - kso S(f) - k A(t) S(t) [equation 1]
Timescales of disease progression and of kinetics

A crucial aspect of this model is the timescale over which Alzheimer’s Disease
progresses, and its relationship with the timescale over which equations like equation 1
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 ka0 Over the 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(t) as modelled by the

kinetics.
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25 rel ationship between A and S S =f(A) =cc/AO- 1
[equation 5] where a=2450 and (3=0. 3459.

wodoamsaea- Ladi nska et al. (Mikaetova- Ladi nskaPCEGB2(08/003315
Garcia-Siera, F., Hurt, J., CGertz, 30 HJ., Xuereb,
J.H, HIlls, R, Brayne, C_:127Huppert F. A, Paykel,
E.S., MCGee, M, Jakes, Honer, W G, Harrington,

e oo b A e BBACk ik oo
expériémné‘rﬂsAl [r\]NOQ@/Gama]pmmmdresdmeaauommeutthed wg;?&;élrdamqa;lemuonated
o, Sho IR e S5 HATBEEAP A i BnCES kQbon
piecp &f eﬁdémemoaéesafrmln pogto aﬂsmehlailft.fntrsalrndrd'neglesrticfI mice wr_uch express
numaf ot 8P B e b sy Tse B ok s Blok Fikneimers
diseB84dFtan pg(lﬁ)gca)égz dwep peritids Bf B)o)"lths7és heqmaéc:i bothly coghitiveetests and
! t

by npeP RO SRE AL p iR atie. b DIFtRE Jor Rlafe. s, (RREKAE, 1,82
Harrangytp Fheurin Se BaWisohik 20. V6. (P rlg and ad d
St:runkprﬁgﬁ?ed}eu.retg:;ﬁ g%nl{(wT. G:so I\/Iﬁql\'ll r( 0:&:):%(2? agka \gnce

gésmge?:ﬁhaggreggﬁ%gs 4 g@?h@gﬁ%a“s?svgfeéﬁ;g" ! ?r%i:s?e on
Alzh [(:E35) Ghi LEB1t 2008, BhOSYErWhéeretreated daily oral
dozs lcﬁ:ﬂ% ras:at dlgl:a%;gg rdgl\g?ﬁd ﬁelur(ranL%l% rgtx Ighan ayd::ed
i cPlro b Mad Stestiints’ - re P iR e

ar r

d k% ha f Wl v é)

The&} IS)én pﬁ@%‘c\y\hs ik 8% e%ftm)&g oﬂ@Yﬁn gﬁlphg {I\ﬁ"‘ne) ?cts as

| ons Ween mean
a tatsaggregatime nutnlsltm (OAl) deareeituian deal anderaverseBtau patlglogy in

trangg%ﬂ}iarﬁlcg { o%]els%'ﬁngb rngrSs dlgﬂs elg%ei*%{oh&[%&“é%%g?%n ﬁ%@eimer's
D|se}i$6)Crncag902$34 Joly 2008 O1(OS)O4$ Thewmiareitiontidpsdatedpithe kinetics is
) ( |
o it by Bl G Ve o Bl SLn AL X o oner
meapwedlin monthalfertbeseemice. di sease, and neasurenents
denonstrating the effect of MIC on |evels of A The
cell s have been genetically nodified to produce
Our g@mﬁmaéicalatacf&kme rmugidheretore b¢ mise weGuppose iahanyt patient has rate

cons‘#ﬁﬁ%""ﬂﬁave een ur t#ﬁe(;r ?%Q%J%Sb ﬁ@g’“’ a?%ﬁ% gﬁ\gr ais
the numbet af years siope raset; ang we smzpoag m*rﬂ\et neatitinghlevelslof S and A are

the J&%}fiﬁri@n NGIUER of {FECJWQWJE gy%'ienqeﬁ)t BLYdrarbtd  wéhékd to solve

equations like this modified form of equation 1.
MS)-ksoS-kKAS=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

dependence on the values of the rate constants.
Accounting for the creation of new aggregates
The aggregation reaction (Figure 37A) starts with one aggregate molecule and finishes

with one aggregate molecule, 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
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25 that the effect of the drug is to open up a pat hway
by which A is dissolved and turns into T. For
wa@emlokaety, we assume that here S is only usePCT/OBRVS/003315
Al zhei mer's pathway. W therefore have the kinetic
nodel shown in Figure 37F. ()¢ have witten kAl (d) to
errphasi ze that this rate constant depends on the dose

modfiifEpieton PadBfFalth e g Rt e (hsRhe, Wegning tnt
the dqumbrlumrsolja&msﬁsqmce the onset of the disease for
these cells, though we will suppress this in our

equations. The equilibriumequations for this system
The ammlesﬁﬁ'ay(to%dcoﬂntﬁ’»omw [cezptian obnevt 49gre@ates BA\oaleting the

stoncF> 8&3%%?%%0&&3@%9@? ép&%i@cgl&d\)liﬁgrasgx&\lé-me gért@me shown

in FxgthA'Bm)(tHoAgt) tHeeaptizet! valned 8f) nydsidiTy aegurknionns 11 and 12,
we can elimnate S and Tfromequation 12 to obtain: 5
A=1[(n2-1)In,A + krA/ (krot+kra)] | [ kao +

For dm%iﬁ(mb kfm;#:{ B mod kip4).87 theniftorm2B04a0 mdlegulastando@Oeddaragate

| evel a e of any drug,
molecHigy the’?x(’ﬁﬁggf gf]’?gggr%%ef}l\&eé%ﬁ%gwm)] / kAo 10
These two equations cancel conveniently, and tell us
Su thgt kﬁé’d)l kAo = (1 +kTA/ kro) (A(0)/A(d)-1) (We have
mis rtyt d) here to enphasize that the observed | evel
of aggregates Ais a function of the dose d). 15 WO

we s R Y el Spter Rl rin M 475 E11°00 08

4. QJantlfyl ng the conbined effect 20 W can now ask:

r the progression

The gw%t{?gsgﬁt@(&g‘@hn%ﬁ%tééﬁﬁ\%ws IaFéles now t hat shown
in Figure 37BS)wkskS equklADri um Eguatianods: |1 B(S) =

o 0 Sl BRSEERS Thdih Khlaon
(KAT(d) +kA(Xa)) [equation 17] W wish to sol ve these
n g o YGOSRt S el ARl g gty

the rafe dnstants and thus to predict the effect of treatment.

2. Quantifying the progression of disease

Lai et al. (1995) studied a number of Alzheimer’s patients post-mortem and found a
relationship between A and S:

S=flA)=a/A?-1  [equation 5]
where a=2450 and 3=0.3459.

Mukaetova-Ladinska et al. (Mukaetova-Ladinska, E.B., Garcia-Siera, F., Hurt, J., Gertz,
H.J., Xuereb, J.H., Hills, R., Brayne, C., Huppert, F.A., Paykel, E.S., McGee, M., Jakes,
R., Honer, W.G., Harrington, C.R. & Wischik, C.M. (2000) Staging of cytoskeletal and (-
amyloid changes in human isocortex reveals biphasic synaptic protein response during

progression of Alzheimer's disease. American Journal of Pathology 157, 623-636) studied
a number of Alzheimer’s patients pre- and post-mortem, and found a relationship

between PHF levels and the patient’s Braak stage B:
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T = A kAT(d) I (krot+tkra) 30 and then to substitute into

17 to find an expression for S=S(a,d) (n2-1) k S(a,d)
wWe20000§4a27 + KAT(d) krd(kro+kra) and finally toPCBEEB2008/003315

equati ons 15 and 9 to turn this into an expression for

A(a,d) A(a,d) =f""(S(a,d))q]equation 18] WO

2009/ 044127 PCT/ GB2008/ 003 -131 The expression for

S(a, d) be vvrlt en_.as ratio
i nvol vi ﬁ@ES(%(@ O;E)\Rhé (é)é))ao is tlf 8“‘?tforqe since the
Whergn,&gt%gfg ah#6=gg$smse at which treatnent was begun Ve
al so substitute in the expr r@fl ons we

Itis rset»qn*@de%%um%&%f%ﬁ@vwwmopw {pdevels o1 35 SGgregates:
S(a, )/ S(ao, Al £pHAQ alelididhag) + kAQ(aceu) / kAQ(ao)
(11g(d)-1) [equation 1 5 The formula for g(d) is

though vsrunkbowe. i n equation 14, the fornmula for f is given
in equation 8, and the fornula for KAQ(a) is given in
equation 9. Interpretation of the result. 10 If we |et

Ohmcet@). [eqmaTi®nMitergHy @saaks(-la&@phsgaﬁ 9@§) Glose-meshed prevalence

rateské?gf?e)rééi'%%g%g)as ol th gﬁ%ﬁ@?ﬁ% rafe A%EEH%BQ §§%a\§@ IrQbted

gregates —are cleare ener at es
neurdfdzrdlerasmangem\medmsorencm% ZQ@@@) stydied thesdisiripefipara Brapk stage
W|th|§QquRﬁféﬁ5’rﬁ %n’&% fp%@ﬁ&lk k8 d]aﬁcrlb% h&@frbMW§@§§Wetc%n obtain a

eat rug at sone fixed

relatidoship bakwq@nem@lit Brgak sf@g@ Bc%@ﬁ@%gmﬁ@ sirdediie gneatiof derpentia, in
J.hreshol d: Sthresh = kAo(acell)/kAo(ao) (11g(d)-1)
whi ch nmeans that we prevent A fromincreasing above a
certain thre8obl@) £ (fgmatiesrd. In words, this

Usin% Fﬁe@%%@g rglgﬁénsﬂgg \H@E&k béangé l%'é(iaqhhﬁrul% QYLETHs 3Y Rf obtain:

year

i sease, 1t alternative
treat ment nodEs) —Iltsoﬁasrhb(efelﬁs)s&gg@gtl@@ntqjat one mi ght

treat Al zhei e nhi biting the
tau tau bi nd?‘ﬁga)r—e(a%ftl o@ ?W@’?m-’% lI%.AI%/’IW,C,]Edwar ds,
Lal, RY K, Roth, M & 25 Harrington, C R
5 hi bition of Al zhei ner disease-like
s Q«? i g et ed

rup%enot hi azi nes. Proceedi ngs of the
Nat i onal Acaderry of Sci ences, USA 93, 11213- 11218).

o DRl AR Lol b0 I e B, S5PhER Pl
dem@wtiatingthe éffed) ofi MTC loa levalsud AoTThe kellsrhave t@@ngeaﬁtcally modified
to prgc];l}c%rso“?)?e 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 cells have a normal mechanism for destroying 7, and
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 written ka7{(d) to emphasize that this rate constant depends on the dose level d,
and we will assume that k47{0)=0. We should strictly write Kao(8cer), where acey 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:
A=kASn [equation 11]



10

15

20

25

30

reacti on has been inhibited by this putative drug at
dose d. The equilibriumequations are: 30 X(S) = ksoS
Wo2000/0k(1d) AS n2k(d) AS=k(d) AS+tAKAQ(a) Sol vi ngpeTreB8e008/003315
and substituting in equation 8, we obtain:
S(a,d)/S(ao, 0) = [kKAQ(a)/k ao)] / [k(d)Ik(0)] 35
A(a,d) =V (S(a,d)) / [k(d)I'k(0)] WO 2009/ 044127
PCT/ GB20 15+, 1 It en that the |evel
of S(a, ﬁ;ls,édggfgé'sggk?%ﬁ asfe?'pﬁg&aflﬁncreases, for any
fixed #&ase+d, kAherdfhSer Alerldpngd) of [equatimr t3ises to
infinity. In wrds, a treatnent based purely on
i nhibition of the tau-tau binding reaction woul d
Usingeaatibns Hd andd@; eesiaareliminatén8 add Jfese equdtionh 12tto obtalnd

" pairepli et bene S Rt eI I Tere pl o
shows the effect of a drug which creates a new

e O o pr T R BuSRObE e EAPTER o
paj(oyay(i3HAm A kA kAeRS] PR i n Section Error!

Ref erence source not found.. Rather than plotting the
| evel of tau aggregates A, we have plotted MVSE,

ThedétWd @qliBfons@lantédl @BAVENRAN! MREBI Y PRat.and Braak stage B
derived fromdata in Chrjget al. (1995). MVBE =

a( CarlBffpq pUfrablgolfMHOVa(B186. 2204, i =6. 5969 and

(We Ravelwhitsh Alo) getehtelenyihiabizé fitat () csefieddvesof dygesyatds A ksa
and setting 6=1. W plot this as a function

6 nd 7,
functign ‘%G?ﬁ)@?seoq)' years since the beginning of treatnent,
for a patient who started treatnment at MMSE=15. The
deterioration of MVSE with no

| i ne shows the
WOS?’bggﬁ?@rff’Po’f%@aBt her |ines show the effect of
t r eat meA{d)ai(0) ~gtd) edsd Hader®evel pgudtion tigse | evel s we

are j tr hep.e (for the left plot) d=25, 50
wherf&-atéé%én-ifqégf?mf‘f@fh@fifﬁ-gm pl ot) k(d)1k(0)=45%
20% 7% 7. Inplications for clearance of tau
aggregates for, .di segse progression These figures
4. Qt‘%?‘({&'?'g ‘%f)""i‘ﬁ'ﬁ"i@?&%‘f‘e what we have al ready expl ai ned
al gebraically, nanely 25 that inhibiting tau-tau
aggregation can only . retard th ogressi on .of .
We GATRRERN (e flle SRpet 1F B8 el iR Ryot of i cisease?
Our kia¢tivwayddi & nadv habshdwroin Ridura §JGewii equilibFlunsequatinnde
depicte che ically, . in Fi e 39. Tau aggregation
can be /S(rsivgﬁ%gg%"bgf‘%feﬂgéﬁ"ggg]tm sites: firstly by
i nhi bi tk@@i)té\heTi(kn,ptkm)oteqUaﬁod tJo the cycle of
aggregail on, ANk s o _ ik A 5 + A (k) +keola) [equation 17]

We wish to solve these equations for A=A(a,d). To do this, it is most convenient to use
equation 16 to express T in terms of A:
T = A kar(d)/(krotK7a)

and then to substitute into 17 to find an expression for S=S(a,d)
(1) k S(a,d) = Kao(@) + kar(d) kro/(KrotKra)

and finally to use equations 15 and 9 to turn this into an expression for A(a,d)
A(a,d) =f'(S(a,d)) [equation 18]
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secondly by enhancing the cl earance of aggregates from
t he aggregation cycle (Figure 30 39). The | evel of
waogpregated tau or paired helical filanents prpgress@s/003315
steadily with advancing age If the input of tau is
prevented, then the |evel PHFs wi || decrease to a
certain level, predicted by br aak staging, after which
r
The BB 8 o r T SERPt Whl  HAT 003 51 G
ao is the ﬂlme siace thel enset of the disaasepalgvhicht isealeentuasbenuer Ve shall also
I e V|ng
subst it Sithesaithele faf SRS AERH Dol ol
haS(adE¥HadP)st ketdEad3o) +Widahd/ Kaotsto) Ara(d)- W s@lquatlond SU/I
Lai, RY.K & Harrington, C R (1997) Mdelling
prion-1like W 2009/ 044127 PCT/ GB2008/ 003315 -133
The f@rmulesferi g(d) isfgiveaabor@inegquation ¢, zhe:fommplagoulf is givee irf eguation 8,
M cr ot ubul e- Associ at ed
and@ rgﬁﬁag*&%?)f'ggwﬁ] gﬁéﬁan rb%)sease (Eds. J. Avila, R
Br andt S. Kosi k) Harwood Academ c Publi shers,
@lasa[a ¢ 241) that tau aggregation can be
Inter %é%gy eprg—zo eins arising fromage-rel ated
If werléttdsdn eanationl19taivesover (e.g. core protein 2 5 of

conplex |11 a etase subunit 9).
These aggr ega{%ao@ﬂf'i 't'au cg% é’ﬁﬂ assenbl e into PHFs
and/or enter the endosonal-lysosonal cl earance

As a\?\rﬁrﬁéf@;é,{/ tg ‘Q{H% vzﬁ'il fadd! 40§§ Lti&dred Bééer%?ﬁt@é"@)‘ad ?o(a)

I ng TS% Enhanced Tl earance o
decr@@@sé@@ardgat s SXaf) derreasgatawaigs O lagd, ageprdingtorasyation 18, A

increggé‘s f&qﬁfﬁﬂ fﬁ@éﬂn?;%th%éh l% 4t I%Sme"f&ls‘& @Bse, WY Srele M $n

enDnstra hi's cou he progression of
decwawwn%@ag@ertamdhﬁeahw@f t han j ust retard its

pr ogr essi on. St{"ﬁh Q&?‘/”%M}fg) i 332008/ 003315 - 134-

CLAIMS 1 A rea nt” or prophyl axi s of
whick gpans that werpreyest di fsasm insreasing abpyg fiéﬁt‘tam thgehald A (§anesd) In

wordd] tﬁ%rst%%fméﬁt J2BE nbhinefely |%ta$él'( S T%t‘%'s@ioﬁ of %Qﬁéé&@@tlt lepsait

di am nophenot hi azi ne compound, whi ch
mst hod conprises orally adm nistering to said patient.

5. AR all&afiPe WabimerQhbgéni ng sai d DAPTZ conpound in
oxi di sed formas active ingredient, wherein said

dosage unit releases at |east 50% of said active

It had BQérﬁQJg@@EteWtﬁéi'oﬂe mghtmééﬂﬁ&ﬁeﬁféﬂg rdlS‘éb@él ﬁﬁércbl/!ajs& ibiting the
har macopoei a di ssol ution conditions. A net hgd as

tau-t%tr binFigE reactien AMSCh Ik e FAWRIHE, RGsdgi F&M BothaMe

Harrih§®n! €IR{(1965) ser@tid inMitioh o%h@iﬁ{é@ﬁjlsbayéihke tau aggregation by
haemat ol ogi cal effects of the DAPTZ con%)

phenothiazines. Proceedlngs of the National Academy of Sciences, USA 93, 11213-

11218). What effect would 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:

AMS) = ksoS + nq k(d) AS

na k(d) AS =k(d) AS + A kao(a)

Solving these, and substituting in equation 8, we obtain:
S(a,d)/S(a0,0) = [kao(@)/kao(@0)] / [k(d)/k(0)]
A(a,d) = f"(S(a,d)) / [k(d)/k(0)]
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3 Anmethod as clained in claiml1l or claim2 wherein

t he dosage unit enhances 15 absorption in the stomach
wa@pahobhaeeby m ni m ses formati on of DAPTZ di mePGT/GB2008/003315

favoured in the alkaline conditions of the snall

intestine and |ower gut. 4 met hod as clained in any

one of claims 1 to 3 wherelim™ the dosage unit

I
tcary B Seer B8BTS eL et doartdeee 8 0ok tulle RS BE AT e
doseat. Théxé&ye tie lavetef Adocredsesite atfiniyntin worqsrapbyﬂnwnt bassfd purely
. nit | e' '

on mﬁ‘%glgp (% etgu 63#6 Wﬁnéﬂéaﬁ:ﬁ&g hlglélg @QH tﬁgﬁ)rog[rr oK 6f2tt1§§14§g%se,
but itToldld rdit dalt hophenot hi azi ne (DAPTZ) conmpound, 25 which

nmet hod conprises orally admnistering to said patient

a dosage unit containing said DAPTZ conpound in
6. Numedcaedsd/ts m as active ingredient, wherein said

dosage unit is gastroretained. 6 A nmethod as cl ai ned

in claim5 wherein the gastroretained dosage unit is
Figurleed7d ill'uatraté@tl‘tehe resuitsracimefically athd lethptot Sitowd theteffect afadirug

nal I east

whicfBicaféha ek B B Liasisied n s he f g dpSwene
effectvbfea eviug vitieh ighibits theqtathweydS+esagas deactlbecbmrﬁ‘zﬂ'dﬁgleﬁrm!

| east_50. 60 .70
Refer3 i n favto Pty Ransitpdia M T ogag Uspfites e
haveqlattedeMMBSE, asiyg thecetationship betwBen BMIMSEvar Biaakistage B derived

osage unit conprises either (i

fromg’ﬁfat'[‘?fh@ig r] 69%% ve bi oadhesive properties ant(j 23

pr openS| ty tMMSE)ab(neB)/(blfB) stonmach contents or (i i) a

e su

wherg o356 2004, *LP 15088 ang S41- 569 45gfertiliing Bates BB ridduaons 6
and ﬂ%ﬁ%@ttﬂ@ ekl EWEW%@ és Bff@rmﬂhih aKmusmisdr of y€4rg Binkck \tite ﬂégmnmg
di sorder in dISR
of tregtyenthios A PAtery u@eé&ﬁ%& (L M'\Ag%ﬂagos hg dat &l $iows the
deteﬁ’draﬂ‘emmhmeetvfiﬂlha?d tgéatn&u%tF’T%)otﬁérrm@y %Jv thei effe cnafttieathent at
ri ses ora adm ni sterjn ai
variog QR CHRlP ¢ TPEUHGSS EVRIIVA G S g Rare %@Isuﬁ‘& ffplot) d=25, 50

and §0; 2Rk ¢fof teSight plot) &(d)BdoIeas.f 209%) 2%. acti ve ingredient.
10 A nethod as clainmed in claim9 wherein the dosage

unit is a del ayed-release fornulation of the reduced

7. ImphiR3dosOraristitanée bFlaverRiyrdgiles firdisanse Progdesdioret hod
as clainmed in claim9 or claim 10 wherein the

del ayed-rel ease
These figures (Figure 371) illustrate what we have already explained algebraically, namely

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 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
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
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
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formul ation rel eases less than <50%in 1 hour, 2

hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours,
woroos/okaers . 12 A nethod as clained in any oneCDGB2008/003315

claims 9 to 11 wherein the del ayed-rel ease 20

formul ati on conprises no np%f t han 5% by wei ght

oxi di sed DAPTZ conpound 13 nmet hod as clained in any

procgﬁnsir}g?% égu é)?gjln tjr%l b%héﬁe‘?@%&s%bge Fﬁ%hgﬂﬂﬂghﬁc\é?d eloﬁggnt In

MicratlibiilenAkSoaisited é’mtetnhe!\llodlisaltlmm Riseaske(Bdsud fuilayR.jBrandt, & K.

s kG kPR A TR AL G208 209 Wl
be seb@elet&q:rstem's arising frahsagedietader mitbahondfial turnovey ge-egear@ protein 2
of coH%o(l ﬁ bcgr% } gOA(TP y}\?hquiaé %ﬁ&;ﬁ@%%s@%%;ﬁreﬁgte%%f fiu can elther

e“cognitive
asse@iife mtoslamﬂseand/er erger tbe endoson@idyapsdned! giearance |pgt§u@a, addlng to

Pi ck' | I
the opiyBn PLHER A Fint g B REUE A, ERfark deBiante of
tau agbregatesdm this pajhwamﬂnabwﬂhdgnrease the metabolic burden within the
[ Ki
neurBrz'nle it g§ p@ﬁ[ derr]r’?o?\gir?gg @%gé%gﬁ@é #%Rg}al &%SQIXLgon of t <ra glr?gase
rathgpahdn jdst-refagd its pmgasalpndegener ation, cortico- bas aI
degeneration. 35 WO 2009/ 044127 PCT/ GB2008/ 003315
-136 16 A nethod as clainmed in any one of clains 1 to
14 wherein the cognitive or CNS disorder is mld
cognitive inpairnent. 17 A nethod as clainmed in any
one of clains 1 to 12 wherein the cognitive or CNS 5
di sorder is a synucl ei nopathy, which is optionally
Par ki nson's Di sease, denentia with Lew bodies,
mul ti pl e system atrophy, drug-induced parki nsonism or
pure autonomc failure (PAF). 18 A nethod as cl ai ned
in any one of clains 1 to 17 wherein the patient is
one who 10 is believed to be at above average risk of
a haemat ol ogi cal disorder, the effects of which my
ot herwi se be exacerbated by the DAPTZ conpound. 19 A
nmethod as clained in claim18 wherein the patient is
one known or believed to be suffering froma
haenogl obi nopat hy which is optionally Sickle-cel
di sease, 15 thal assem a, net haenogl obi nem a; an anem a
which is optionally a haenolytic anem a; a
haemat ol ogi cal mal i gnancy which is optionally
| ynphoma, nyel oma, plasmacytoma or | eukem a, a
coagul opathy which is optionally henophilia. 20 A
nmet hod as clained in any one of clains 1 to 19 wherein
the dosage unit is
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20 provided as a pharmaceutical conposition conprising

t he DAPTZ conpound and a pharnmaceutically acceptable
wa@a0ioer127 di |l uent, or excipient. 21 A nethod aBCTIGRR2008M03315

in any one of clains 1 to 20 wherein the

pharmaceutical conpositiopsjs for a conbination

t herapy and conprises in addltlon to the DAPTZ 25

compound a further active,iggeedi ent selected from a

chol i nest erase i nhi bitor; VDA receptor

antagoni st; a nuscarinic receptor agonist; an

1 1 NRIRI oﬂfea?@gxt%$+%@g.s§w'ce SltivePs %%'bro%rrmfb?ient,

to beta-a Ia I'med in any one
wherelnaaamlsdlionder B onatvérich in sg%neetlmmtzeaimepbbmw 730 is

. “ﬁﬂﬁ the follow ng fornul ae and
d'amﬁhﬁ‘?@@ﬁ |F182q> ccept E salts, mxed salts,
s oWwhigh maath@m@brwmeatoaly tau@rru&scring\ﬁ@sa@owiemmage unit

cont 538 SR8 PR oy SR PR R rdlidR, 77

R7Whérein said dasege RBICEIRTIE aRicab0°%R0f said aptive ll\ngdlznf/W'Ih'“ 30

minu@@@%}\mz&%@ﬁeg ARRecdBabl oidiffon orditidik. \ X Q (4)

2 A method as claimed in claim 1 wherein the dosage unit enhances the relative

cognitive or CNS benefit vs. haematological effects of the DAPTZ compound.

3 A method as claimed in claim 1 or claim 2 wherein the dosage unit enhances
absorption in the stomach and thereby minimises formation of DAPTZ dimers favoured in

the alkaline conditions of the small intestine and lower gut.

4 A method as claimed in any one of claims 1 to 3 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 4/day.

5 A method of treatment or prophylaxis of a cognitive or CNS disorder in a patient,
wherein said disorder is one which is susceptible to treatment by a 3,7-
diaminophenothiazine (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 dosage unit is gastroretained.

6 A method as claimed in claim 5 wherein the gastroretained dosage unit is held in
the stomach for at least 30 minutes, and optionally at least 1, 2, 3, 4, 5, 6, 8, 12 hours or

more.

7 A method as claimed in claim 5 or claim 6 wherein the gastroretained dosage unit
comprises at least 50, 60, 70, 80, 90 or 100 mg DAPTZ compound.
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5 wherein each one of R, R2, R4, R6, R6, and RO is
i ndependently selected from -H, -F, -d; -Br; -I;
WO @M9/044R] -SH, -SR, 10 -NO2; -C(=OR, - C(=E)12EB2008/003315
Q=0 R -C(=OQ NH2i -C(=O NHR -C(=0 NR2Z;
-C(=ONR"' RN2; - NH2; - NHRy35 NR2; -NR "' RN2; 15
-NHC(=O H, -NRC(=OH, -NHC(=O R -NRC(=OR -R

8 WENEIHo £ afheddSnlaR %H@ Fa5 ¢ Redreth tfxé troretained
Ty dgmgd g odme e

unsubsti i phati substit
dosa@buqnh aoinprises adthek{) paﬂlﬂmmbtslnavletmwhaﬂi/@ h@tpredles and a

prop Strsiy to b@{%&'\’thé %ﬁtﬂc"\ %Bﬁ@f\%l t1rrmaat v&allfﬁ?s?@ﬂgkr? r}yélther €5se such

cl oa
as taGRhiye @l sizel atgar mga@uzoofsyreamman PE™MNEB2008/ 003315 -
138 unsubstituted C6_10carboaryl; substituted
C6_10carboaryl; unsubstituted C5 10heteroaryl;
9 suBswéthed @‘dreta@nemmmmmayls of areoaDitive erUENY disorder in a patient,

wher%\—sa%:aggrggrr ¥lon gjwj'ﬁ’#l'tl}élsus Bikitd te&fhen

b
ocar aryl erern, 1n tea){:ﬁs'group NR
diamitoRiEnothinzie EPARTHT) <§10mFR4\rndand RN2 t aken toget her with

t h\?/hlcﬁ n{HtﬁJoo r@%g '&JI@ a\ﬁmlrﬁgeﬁrgbﬁté SAldp @é:B@éjagEQ{nm a

rin avi ng ere| , in
contaaalog sgndc[Q&PTZ\RSmﬂmdAn sta‘blqocrrm%telhme reéa@w forre asfactgNpgredient.
and R3NB i s i ndependently selected from -H; 10
unsubstituted aliphatic Cl_6al kyl; substituted
10 al Apirthoctasailaigediip iclaim Srwhesein |tmmdwgalun|éwaa flelayed-release

form&%fn@r@!)#‘tﬁ@wduaé%?%ggz‘gf %o@y’tiﬂ ?h@ét&v@eﬁ?&@ abEEmY

unsubstitute _ substi tut ed
C3-6c¢cycl oal kyl ;  unsubstituted C6_10car boaryl;

11 S URT&%&%{% ?%g%ﬁhq Jﬂﬁ@réflcialm l’mw&h tHY &dayed- rflease

stituted 10het er oar 5
formulaiemrsigases legs ten, fm% Bohhoyr. tmoural %ypurSsﬁgewt%h%’s 6

hourQGLh &' 8ao\iks | C,_4al kyl; or: R3NA and R3NB taken
ogether with the nitrogen atomto which they are

at tached forma
12 A method as claimed in any one of claims 9 to 11 wherein the delayed-release

formulation comprises no more than 5% by weight oxidised DAPTZ compound

13 . A method as claimed in any one of claims 1 to 12 wherein the cognitive or CNS

disorder is a tauopathy.

14 A method as claimed in claim 13 wherein the treatment of the tauopathy is such
that the DAPTZ compound causes inhibition of the aggregation of the tau protein
associated with said disease state and also dissolution of tau aggregates in the brain of

the patient or subject.

15 A method as claimed in claim 14 wherein the cognitive or CNS disorder is
selected from Alzheimer's disease, Pick’s disease, Progressive Supranuclear Palsy
(PSP), fronto-temporal dementia, parkinsonism linked to chromosome 17, disinhibition-
dementia-parkinsonism-amyotrophy complex, pallido-ponto-nigral degeneration, Guam-

ALS syndrome; pallido-nigro-luysian degeneration, cortico-basal degeneration.
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ring having from3 to 7 ring atons; and wherein, in
each group =NR3NC if present, R3NC is independently
waedeotad7 from 20 -H, unsubstituted ali phatiBCT/GB2008/003315
Cl_6al kyl; substituted aliphatic Cl_6al kyl;
unsubstituted aliphatic Cq4al kenyl; substituted
al i phatic C2_6al kenyl; unsubstituted C3_6cycl oal kyl ;
Sy or CNS
16 SRpskiod S ,ﬁiﬁ%’;??”e%?’t%a'"‘g“i‘%ﬁiﬁ“ﬁ%ﬁ'@“‘f Fgnitve
disordersis pildicognitive @®airoweat er oaryl ; substit ut ed
C5_10het eroaryl; unsubstitut ed
C6_, ocar boaryl - c1 _4dal kyl ; substituted
17 CoA mathadrsselgimed,in aay fi of claimg \ip dpavherein theaamitiye SLENS
dlsord&lgg @%eréﬁatw GHeRtis ﬁ%gllfﬁgrkmsoﬁzlmsé@g B tia Swith

ent ecte rom -H, unsubstituted
Lewyd@qqzﬂwsamudilpelss@éﬁnk9tr0pfyu1érsagrlmdnced ParkinsrasMe OCRUE AUIgREMIC
failurd TSA stituted aliphatic C2_6al kenyl; substituted
I phatic C2_6al kenyl ; unsubstitut ed C3. 6cycl oal kyl ;
substituted C3_6cycl oal kyl; unsubstituted

18 oa ﬁd'doé’saé%lhggsiﬁ‘ gﬁ)‘e bﬁéjtsfeéfjalr%_‘l]tngmw{ Ithe sAtient is one who

unsubstitute teroary substi t ut ed
is belEyed 4t be @t akavpl avem@u@b of 2 heeratologicak diperasr fhe effects of which

-4al kyl ; WO
may giggwf'fﬁg%géd% BB 05/ oossi.igaﬁqélugg or: R7NA and R7NB

taken together with the nitrogen atomto which they

19 arg n@tﬁ&cﬁgalﬁ%ﬁ% Rairh HBWhBARYH tha ﬁ‘ah@rﬁ'ﬂlé%oﬁ@ krfowrl &believed to
at ons; d wherein, in each group =NR i f present,

be SueRiqo from mhmai@bwwﬂyé«'@eh BPPtipRAty S'@NQ-FP" disease,
thaIaH Qs%bfh'éteﬁ\@glﬁbin@n@é laf admRANKiYh is Gpti Bﬁéllytéilﬁﬁﬂnolytlc anemia; a

I phatic C,_sSalkyl; unsubstituted aliphati
haen@olegepwén%gnag%mm istaptionally hmrhognacsysignia plasmacytoma or

ketfia UPe thyGhhiSiE ¥ Dphaidily hemdphifd.i t ut ed
leu éhﬁi cy(?:égtoﬂgpgy y, unsugstltxt gd kj06 10car boaryl ;

substltut ed C6_10carboaryl; 10 unsubstituted

20 OB HUMesLEL@hiIMed is URpbhd o smEHi_ 1 AbeiRERaT ik dosage unit is
unsubstituted C6 , ocar boaré/l -Cl1- 4aL%i6ﬁ“ ubsti t ut ed

provided apanhpgagsputied cglgpg@qlon amRIIs{Rgd 1 Gompgund and a

pharRBE&RRAly dctepBERRARELHiENS 6 @@igRshtf rom -H 15
unsubstituted aliphatic Cl1_6al kyl; substituted

al i phatic Cl-6al kyl;
21 A method as claimed in any one of claims 1 to 20 wherein the pharmaceutical

composition is for a combination therapy 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-amyloid.

22 A method as claimed in any one of claims 1 to 21 wherein said DAPTZ compound
is selected from compounds of the following formulae and pharmaceutically acceptable

salts, mixed salts, solvates, and hydrates thereof:



unsubstituted aliphatic C2-6al kenyl; substituted

al i phati c C2-6al kenyl; unsubstituted C3_6cycl oal kyl ;
wamei4iat ed C3_6cycl oal kyl;  unsubstituted  PCT/GB2008/003315

C6_10car boaryl ; substituted C6.10car boaryl;

unsubstituted C5_10heteroayyy: substituted

C5_10heteroaryl ; 20 unsubstituted

C6_10car boaryl - Clg’lal 4 ;R1subst ituted

C6. 10car boaryl8 14al kyl ; and ,wherein X-, if present,

IS one or nore ap & ions to achieve

el ectri cal 23 A,pgethod as clgined in

cl ai m 22, Riegef i e “ofRL, R2,. R4, R6, R8, and

RO is |ndepe|1|den 4y sel eted Jgrom -H -F -d; -Br;

-1, -OH - ORR™30%-C(=0 O =OOR -R 24 A nethod

as clainmed in cla’® 22 oR'claim23, wherein each Ris

i ndependent | y& sel ectygd flr ongz 35 unsubstit ut ed

al i phatic Cl_6a htuted aliphatic G} 6al kyl;

unsubst i thNQd 3 6al kenyl ; substituted

al i phatic C2-Wal RenylS~ Wy 2009/ a44127

PCT/ GB2008/ 00384 5R° - 14OR unsubstituted

C3-6c¢cycl oal kyl'; substituted C3-6cycloal kyl. 25 A

met hod as cl ai rredRQI n any ggne of clains 22 to 24,

wher ei n substit ue ts 9N R_ike present, are

i ndependently 3e ™ 5 -F, -d; -Br; - OH;

“OR -C(=0 OH; R ™0 26Amsth(8)d as

cl ai med i pnel8FM¥5, Sther@i nNeach R is independently

sel ected from ugfsubsti trit ed{sral i phatic Cl_6al kyl;

unsubstituted aliphatic C2_6al kenyl; unsubstituted

C3_6cycl ogt kyl ;  unsubstit ut ed 06-100ar boaryl; 15
unsubstitpted C5_1®het ero®'yl ;
R8 N R2
R7NA\ ~ /R3NA X @ (4)
S N
L ll.\,ms R® ® R* Il_-‘,SNB
wherein each one of R', R?, R* R®, R, and R® is independently selected from:
_H,
-F; -Cl; -Br; -I;
-OH; -OR;
-SH:; -SR;
-NO;;
-C(=0O)R;

-C(=0)OH; -C(=0)OR,;
-C(=O)NH,; -C(FO)NHR; -C(=O)NR;; -C(=O)NR"'R"?;
-NH,; -NHR; -NR;; -NRY'R"?;
-NHC(=0)H; -NRC(=O)H; -NHC(=0)R; -NRC(=O)R;
R;
wherein each R is independently selected from:
unsubstituted aliphatic C,.salkyl; substituted aliphatic Ci.salkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.¢alkenyl;
unsubstituted Ci¢cycloalkyl; substituted C;¢cycloalkyl;
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unsubstituted C6_10carboaryl - Cl_4al kyl . 27 A nethod as
clainmed in any one of clains 22 to 24, wherein each

wor@9ni4iRl, R2, R4, R6, R8, and R9 is i ndepenP&nGBR008/003315

selected from -H -M, -Et, -nPr, and -iPr. 20 28 A
met hod as clained in clai %7 vvherel n each one of R1,
R2, R4, R6, R8, and RO is |ndependently sel ect ed

from - d in any one of
cl‘glsHBStE%te?%SQ‘gsrb\?é@# é"g&mg&l éé“ﬁ’g b%ﬁ}'} 55 -NR and- NR
7 NARuUbRitutiet q;n&hsmnmaryleaddstlmtaﬂ @5‘10*F€8¢maald1d R3NB and - NR

T N R A e
whereih, itl esichgrad -NRR?, intepapidantly, R"banhR{ teken tOQNRSN@ﬂ'HWQ

v R A G oshd i B3 PO B PR B

and -iPr. 31 A nethod as claimed in any one of clains

2 10 VA LESent, is independently
and @ik, i aeafc H ﬁ'i bg Ifﬁ’oe% . D 2009/ 044127
eachBﬁ'é/dEB?'t‘f%"IdRFg%IhEndepemdently32Ie¢\tedétdmd as claimed in

any, one of clainms 22 to 31, wherein X-, if present, is

one" or nore ani onic counter ions to achieve
eI weslbstitated ratiphatial G 63ikylopbstitoted afipsaticcC Leatkylf r om C -,

cl l(lﬂsH‘tggtfu{éQ 35 ;]_ha‘rfxc%é g‘ﬁﬁ Qﬂgstﬁsq fﬁbmg ﬂﬁé}?ﬁ,g one of

S ﬁhrtsubetdutfed @newwalkyl Isobatmged: Gmglna‘kylan d

| d |
P IPERU LS A BERE N BRlRS ' ParBakE , 5T 'Ry |
~81dsubl_kmmlw G\{Bohenc(DoM| subsbtutestiCashetpeianéd in any one
Oflfn%' %ﬂﬁmﬁ d.0 c%?bo%gyl-gAgéluEﬁ sh%st‘it&tegjcs 1§Ca%%?f"éﬁnélkyl on

oun

or: REVyesd R taéem m@ﬁ@u wit the nitsogas @@méq quhdhﬁ(:@rm?étaﬁl%’ forma

ring @%égﬁa%%gggmn?gat&%wl a and pharnaceutically

sol vates, and hydrates thereof: 15

and wherein, in each group =NR*N, if present, R*\ is independently selected from:
-H:
unsubstituted aliphatic Cyalkyl; substituted aliphatic Cy.calkyl;
unsubstituted aliphatic C,.salkenyl; substituted aliphatic C.salkenyl;
unsubstituted Cs.scycloalkyl; substituted C;¢cycloalkyl,
unsubstituted Ce.iocarboaryl; substituted Cg.qocarboaryl;
unsubstituted Cs.icheteroaryl; substituted Cs.ioheteroaryl;
unsubstituted Ce.iocarboaryl-C_salkyl; substituted Cq.1ocarboaryl-Cy.salkyl;

and wherein, in each group -NR™R™ if present:
each one of R™™ and R™® is independently selected from:
-H:
unsubstituted aliphatic C4.alkyl; substituted aliphatic C4salkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic Cz.salkenyl;
unsubstituted Cj.scycloalkyl; substituted C; ¢cycloalkyl;
unsubstituted Cg.gcarboaryl; substituted Cg.jocarboaryl;
unsubstituted Cs.iheteroaryl, substituted Cs.oheteroaryl;
unsubstituted Cg_iscarboaryl-C,_4alkyl; substituted Ce.1ocarboaryl-C..4alkyl;
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RO HRL | / NHXI R7NA\ \ | | R3NA HX2 R7NB~N S NI |

R3NB wherein: each of RL and RO is independently
waedeotad7 from -H, Cl_4al kyl, C2_4al kenyl, apdr/GB2008/003315

hal ogenat ed Cl-4al kyl; 20 each of R3NA and R3NB i s -

i ndependent |y sel ected frogg-H Cl4al kyl,

C2_4al kenyl, and hal ogenat ec? Cl- 4al kyl ; each of R7NA

or: RAAG R H:B’ faFeﬁ fb%g@%?ﬂgm%ymﬁ%éﬁ%&q timlﬁh thdy ar@]a‘ft%tl@d form a

C2-4a genat ed” Cl_4al each of

ring kavihgHpam Béo 7rlitng|@é¢1U%ntly a protic acid. 25 35 A
met hod as clained in claim34, wherein each of Rl and
R9 i s independentl YoH WO 2009/ 044127

and WwigTeicspeeeh goa®1=NR ™ iimresars, R fristindrpeadentlyselasted from:
cl @, m 34 or claim35, wherein each of R3NA and R3NB
and’ R7NA and R7NB is independently -Me, -Et, -nPr,
- nsubstitied alipt@tiz CiealkylCripstitgtedalinkatieden akylel ai med i n

Ry Reg Rl Ciialehyd oGRS aoHaE LaKERS
arunsybstiuted €:Eeysipalkyhisubstittted Cinpyoloalkgs A net hod as

Cngr{ng%Gutgd@ ;%] ﬁ%b?ﬁtiﬁ’éd%m?@ I\{kF]nggl)nu gach of

ngbstimee@sﬁo oarl; a@bsé'tlé@%dwhﬂe@ﬁw .one of claims
: J{sgbgigutemﬁo%bfbo%ﬂﬁ '@1%Ikmb§tﬂ9tegﬁ%wda?ooa C1_4a|kyl,

epen nmonopr ot ¢ aci d nmet h o
clainmed in any one of clainms 34 to 39, mhereln each of

and W%iﬂ'ﬁ“ ‘H?%Jreée%t '|§‘9\%QS&%HW Yeléetby fipmhal i de acid. 15

larmed in any one of clains 34 to 40,
whet ei n each of HX1 and HX2 is independently sel ected

fr@{&fg@tvtewgﬁphﬁﬁ‘t F&|kyl4&bétnﬂréd@&ha& @maxgﬁd in any

one O al ns , Wherein are

eadsubgtituted aliphatisGreafkery! GuRstitigd AliPhatly Condkeylc) a| s
34,sQbéhute ¥t icibatil sapditdd calcioalkyl;

unsubstituted Cs.iocarboaryl; substituted Cq.1ocarboaryl,

unsubstituted Cs.ioheteroaryl; substituted Cs.igheteroaryl,

unsubstituted Cq.1ocarboaryl-C,_salkyl; substituted Ce.1ocarboaryl-C_4alkyl;

and wherein X, if present, is one or more anionic counter ions to achieve electrical

neutrality.

23 A method as claimed in claim 22, wherein each one of R, R%, R*, R®, R®, and R’ is
independently selected from:

H:

-F; -ClI; -Br; I,

-OH; -OR;

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

-R.

24 A method as claimed in claim 22 or claim 23, wherein each R is independently
selected from:

unsubstituted aliphatic C;.salkyl; substituted aliphatic Cqsalkyl;

unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.calkenyl;
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each HBr. 25 44 A DAPTZ conpound for use in a nethod
of any one of clains 1 to 43. 45 Use of a DAPTZ

w@ommpowid7 i n the preparation of a nmedi canent dPSEGB2008/003315

unit for wuse in a nmethod of any one of clains 1 to
43. 30 46 A drug product cfypguwising a dosage unit as
defined in any one of clains 1 to 43 wherein the
dogiag ' j | rmaceutically
acceptS gg%a Gég%gagﬁtﬁ Sg%séll,uﬁgib?gﬂgggggé i ngredi ent, an
i sol ated pure DAPTZ conpound, which dosage unit

2 L B o G D ents on R

presemhriadidegendrndy selesiedifiem:he st onach 35 and t hereby
m . [@'lsjg;g_,.for mat i on of DAPTZ dinmers favoured in the
al kalThe conditions of the small intestine and | ower
gutOH\WDR2009/ 044127 PCT/ GB2008/ 003315 - 143 47 A
meio ._L;&Ib@_ p'Ng an aggregated di sease protein
as?gcgéﬂ’d 'tjnng' neur odegenerati ve disorder in the
br&l'n of a patient, wherein said aggregated di sease
protein is one which is susceptible to |labelling by a
DAPTZ conpound, 5 which method conprises oral I?/

26 adfvimnthadeas ¢l@med is alaim B‘é,twf@wm@aeg%égémﬂﬁﬂendem y selected from:
co Wt bl onmpound in oxidised form as
acltuﬁs?gg{tg%g%ﬁ%%tfipﬁ%%g?ém, wherein sai d dosage unit
r elinsybetguted aliphatic Gealkenylsai d active ingredient within
30undtbuitited dindrloafdyandard conditions. 10 48 A nethod
of labelling an aggregated di sease protein associ ated
wi #nsupstiteled Codsger9anst i ve di sorder in the brain of a
PaliseBLtitutel e, SinBteSdrgl: aggr egat ed di sease protein is
one which is susceptible to | abelling by a DAPTZ
c ovisebstiutediGecisarhorRtl & «dri ses oral |y admini stering
to said patient a dosage unit containing said DAPTZ
compound i n oxidised formas active-| apel]|e

| ed
27 i pymedicshas claimsdip apePRe Qk6IaIme d248 @4 uiiere|ngeach one of R', R?,

R*, FOaRY Al §C & inBEberdiBniy s@édiadifrérh: IHAb@IE! iEROnRA aAggiPegat ed
di sease protein associated with a neurodegenerative
di sorder in the brain of a patient, wherein said

28 A0AMRARILES ElhiFRASE clalth OF Aiherdi efdreorthdfHl, R, R*, R®, R®, and R% is
., susceptible to |abelling by a DAPTZ conpound, 20 which
indepridRpt teeRtd ke of and ﬁ%dm nistering to said patient

a dosage unit containing said DAPTZ conpound in

stable crystalline reduced for s.actjve:-| abel | ed
29 | Rymeineshis claimes IRahygee 9 Claimg; e anwhﬁrﬁ"bﬁbe"éﬁh group
NR¥MRENI RN S ENROARD® Wh pFeieht, Bheh SMETTRED RO RAE and

-NR™* and R™®, is independently selected from: -H, -Me, -Et, -nPr, and -iPr.

30 A method as claimed in any one of claims 22 to 28, wherein, in each group
=NR*N® and in each group =NR""°, if present, =R*® and =NR""° are independently

selected from: -H, -Me, -Et, -nPr, and -iPr.

31 A method as claimed in any one of claims 22 to 30, wherein R"'’, if present, is

independently selected from: -H, -Me, and -Et.
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25 is as defined in a claimaccording to any one of 22
to 43. 51 A nethod as clained in any one of clains 46
WO 00080441er ei n t he DAPTZ conpound i ncor por at eBCT/iGB2008/003315
conjugated to, is chelated with, or is otherw se
associ ated with, one or npfe. detectable |abels
optionally selected from isotopes, radioisotopes,
32 POR 'rﬂé'tﬁ’cfb’ £tihinidadn 3Ry aﬁ&aﬁola.ma@mb B¢, ww&e.n@oqepﬂeeml i8 one
dyes, uorescent markers, antigenic g
or meriganigmia quUateriansttp @ghiewelactieal REHtraldy. @Pﬂ@rmﬂu ssalﬁctﬁﬁ;ﬂrom c,
Br, IOBEN®- cl ains 46 to 51 wherein the DAPTZ conpound
|ncorporates a p03|tron emtting atom 35 53 A DAPTZ
conmpound for use in a nmethod of any one of clains 46
33 0 ﬁ%thé@%szagﬁ{pegﬁﬁ%]oﬁgféﬁﬁ%@qgté)@?3%5rem 9P BA cbgound
reparation of
is se@ﬁied frogy thedellawingacompaung danst Pharpacaiically @Pamtﬁele@@'t% dnixed
saltsﬁ?ydra':{eésarﬁs‘afv‘éfés%é’r‘éklfct conprising a dosage unit as
defined in any one of clains 46 to 52 wherein the
dosage unit conprises at | east one pharmaceutically

accept abl e ci pient and, as an actiwve ingredient, an
i sol ated pur¢ DAPTZ goupatnd
Me\N \s O N Ve
| | ® |
Me Me

34 A method as claimed in any one of claims 9 to 12 or claims 13 to 21 as dependent
on 9 to 12 wherein said DAPTZ compound in stable crystalline reduced form is selected
from compounds of the following formula and pharmaceutically acceptable salts, solvates,

and hydrates thereof:

R° '? R'
N HX'

R7NA\ RNA )
R7NB/N S N: RoNe HX

wherein:

each of R' and R? is independently selected from: -H, C,_alkyl, C,4alkenyl,
and halogenated C,alkyt;

each of R*™* and R*™® is independently selected from: -H, Cy.4alkyl,
C,.;alkenyl, and halogenated C,alkyl;

R7NA and R7NB

each of is independently selected from: -H, C,.alkyl,
C..;alkenyl, and halogenated C,_alkyl;

each of HX' and HX? is independently a protic acid.

35 A method as claimed in claim 34, wherein each of R' and R® is independently -H.
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36 A method as claimed in claim 34 or claim 35, wherein each of R*™ and R*"® and
R™ and R™8 is independently -Me, -Et, -nPr, -nBu, -CH,-CH=CH,, or -CF..

37 A method as claimed in any one of claims 34 to 36, wherein the groups
N(R™)(R™B) and -N(R™*)(R™®) are the same, and are selected from: -NMe;, and -NEt,.

38 A method as claimed in any one of claims 34 to 36, wherein each of the groups
N(R*™)(R®®) and -N(R™)(R™®) is: -NMe,.

39 A method as claimed in any one of claims 34 to 38, wherein each of HX' and HX?

is independently a monoprotic acid.

40 A method as claimed in any one of claims 34 to 39, wherein each of HX' and HX?

is independently a hydrohalide acid.

41 A method as claimed in any one of claims 34 to 40, wherein each of HX' and HX?

is independently selected from HCI, HBr, and HI.

42 A method as claimed in any one of claims 34-to 41, wherein HX' and HX? are
each HClL.

43 A method as claimed in any one of claims 34 to 41, wherein HX' and HX? are

each HBr.
44 A DAPTZ compound for use in a method of any one of claims 1 to 43.

45 Use of a DAPTZ compound in the preparation of a medicament dosage unit for

use in a method of any one of claims 1 to 43.

46. A drug product comprising a dosage unit as defined in any one of claims 1 to 43
wherein the dosage unit comprises at least one pharmaceutically acceptable
excipient and, as an active ingredient, an 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 alkaline conditions of

the small intestine and lower gut.
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47 A method of labelling an aggregated disease protein associated with a
neurodegenerative disorder in the brain of a patient, wherein said aggregated disease
protein is one which is susceptible to labelling 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 within 30

minutes under standard conditions.

48 A method of labelling an aggregated disease protein associated with a
neurodegenerative disorder in the brain of a patient, wherein said aggregated disease
protein is one which is susceptible to labelling 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 is gastroretained.

49 A method of labelling an aggregated disease protein associated with a
neurodegenerative disorder in the brain of a patient, wherein said aggregated disease
protein is one which is susceptible to labelling by a DAPTZ compound,

which method comprises orally administering to said patient a dosage unit
containing said DAPTZ compound in stable crystalline reduced form as active-labelled

ingredient.

50 A method as claimed in any one of claims 46 to 49 wherein the DAPTZ compound

is as defined in a claim according to any one of 22 to 43.

51 A method as claimed in any one of claims 46 to 50 wherein the 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.

52 A method as claimed in any one of claims 46 to 51 wherein the DAPTZ compound-

incorporates a positron-emitting atom.

53 A DAPTZ compound for use in a method of any one of claims 46 to 52.
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54 Use of a DAPTZ compound in the preparation of a dosage unit for use in a

method of any one of claims 46 to 52.

55 A drug product comprising a dosage unit as defined in any one of claims 46 to 52
wherein the dosage unit comprises at least one pharmaceutically acceptable

excipient and, as an active ingredient, an isolated pure DAPTZ compound.



