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WO 2007/ 110627 PCT/ GB2007/001103 -1

3, 7- Dl AM NO- | OH PHENOTHI AZI NE SALTS AND THEI R USE
weBWATIES2APPLI CATI ON 5 This application is rel aCeB2007/001103

United States patent application nunber 60/ 786, 690

filed 29 March 2006; the contents of which are

i ncor porated herein by ref erfence in their enti rety.

TECHNI CAL FIELD 10 This invention pertain eneral 'y

Lo t he 31 BIAMBO-SAERAENQEHINEING SAYTRUANDTHEIROY

particularly to certain stably reduced phenot hi aZ| ne

conmpounds, specific [
3, 7-di am no- 10H phe @ééL TEf)eAlf’ ICATION compounds, for
exanple, N,N, N N
Thig mmiaamrﬁy relateﬁlicp Haitert Biatesi paters applitiation nembersg0iyef, ofkiied
29 MiAcR 006 tha BEntthid, dilwhi¥h k& inceiporat8®hébelr by reference in

enot hi azi ne- 3, 7-di am ne bi s(hydrogen i odi de).
the'}r%gkglpconpounds are useful as drugs, for exanple, in

the treatnent of tauopathies, such as Al zheiner's
di sease, and al so as TEQHNIGALRELD he correspondi ng
oxi di zed thioniniumdrugs (for exanple,

f hioni nium chl ori . 20 BACKGROUND A
This oo SR gRE SRDETAPR (s He CLPhesTiharEe Chpaains, endmore
partiputbely to oemmm etablyl reguatd phenttbiaaing codipsuhds epedifically, certain
3,7-tRMARS -1 OR- phedothréemet(ehemf cdnli}ﬁ)u%lé fb:oe%.&@ N, Rev N-

f
terd B P REIck B Re 3§a°° A L L
tetrqrﬁethwr%nfﬂe@meﬁ'@,%ﬁ sdjar@metbdﬁ(lamomdléﬁk thesa§ompounds are
useftiad diugd] for dxarhple cih eficetnemenisof Smeplatriesblish addizheimer's

diseiaQ a‘Hddé@é eélf_ﬁrloﬁ %ﬁﬂe%@rr ohaﬂ %QQ[ZQHWOHXIU %{Uﬂs (for

ere I ou peci |ca on, 1nc

exartnn OV\'/H'quh ‘Hl'qeo CunI ess the context requires

ot hervvl se, t he word corrprl se," and variations such as

"conprises” and 30 "compydicsROUNDM || be understood to

i mply the inclusion of a stated Integer or step or

gr oup integers or steps but not the exclusion of
A mémger(gf p@teni:sn@ bligations afe eteddiesrip indrdemioggeredullygtescribe and
disciisefiise inventiansdndliie satest thdakt o hich siedinvéntioRgertains. Each of

theé&@?e'réﬁc%@t;é ﬂEo@B%té&ﬁergm%?r}g@pen%E% fé@entf E‘t? |ﬁtb@l9¢‘ér%§ent

rents

disc H&éO%éam%%%t agrezeh y‘da"c&taéfeé%reneﬁ Ya® fpedicanard
indiiduallg yratigateq torlef iecempomtadoby rafqperamenaceut i cal carrier”
i ncludes m xtures of two or npbre such carriers, and

t | i ke. Ranges are n expressed. here fro
Trrdifl R spERRE R C PTG S A Ris ARGT ollgh - uftne ©
requiies toftarwisar the siArd rcomgrige..” anthsariatioo swhem@empgses” and
“conmpri¥iresSeitl beamaeResodaiasly RIThclugieh bEgstated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers
or steps.

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

Ranges are often expressed herein as from “about” one particular value, and/or to “about”
another particular value. When such a range is expressed, another embodiment includes
from the one particular value and/or to the other particular value. Similarly, when values
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fromthe one particular value and/or to the other

particular value. Simlarly, when val ues WO
wWQe®7116e627 PCT/ GB2007/ 001103 -2 are expressrdr/as2007/001103

approxi mati ons, by the use of the antecedent "about,"

it will be wunderstood that the particul ar value forns

anot her enbodi nent. Conditiohs of denentia are

frequently characterised by a progressive accunul ati on
aregixprepsethag apiokimations il Mg Usexafibe anteaedant tabout] it willdfe
und¥r§tb&d hatBRYsarduldt VhleesmBLRbtHRS ebafment.d  pl aques

and neurofibrillary tangles (NFTs) in the brains of

affected patients, The appearance of these |esions .
Condjiiqqs| of deprentia aisdeeaenty Yrarartgrisgr bxia pragiessive argunaigtion of
intrdesdlelze aad/onaxtexvdilldaadepositsy ofphgteinaseous| struaisires suth as B-amyloid
pla%@%“ér{gt ﬁ’&llréfrﬂﬁg%rgg&{btké (%?% A thk braifdlBfaREAKE phicHtd S¥iRe

: , , . Pathal., Val-.. 157 2,
appsarangs ot B IESIansi oY TG R RAlpdier] TERiREp R
degsinieatiodiaaehbrain Btrophyh pa el es with veghiteninbagmnenbisge, &s.,
Mukadiblai-L &disskal £, @t 8il, 000 0ARIAHABHbL VoS UsT N, 2286 6693-636).

. . i.se i i i , .
el o Bum SR TR a8 gy BamyBoRego BPhEY RS pepn ggscrived
as plbiieis73 protein pgsrRgekie v HEh diseasesy thakis( isegsesdn which proteins
aggregate pathplogioatly (seet foe akampelé NYOOEH/ S0Yi6BemdaVO0DA/@65720).

condition that occurs when the bl ood cannot deliver
xygen where jt | eeded jn th bod MIC is al.so
el ot diTe) B FsphEysii 4ot G teRogiaties -
(a gndition difat heurb adnen threblopd cannotidelivagoxygey avhgye it is needed in the
bodl) aMTESik iafso(Ufset a8XaniBligal dé (fBNexXdnsiis ab @fahﬁif.’éﬁeﬁ@ p&ed 6Ghe body
r n nds. _pres. N ne): .., nal, .
be@ﬁet c}rgléxg{\g %8!'5%%/3,{ ig %Eé?ﬁ%lg?ftgr 125 - dés’_as ua}r}.@glgét;og g% {o et certain
compaidaPrrseahia Ysinex il yrpary yitisgpticn aptigulanste, myerysisyrfaces; a
tredthenthmppresestativedor kidadynaoriespandd the dagoosis aMl Celtarent of
melfEhaused to treat nalaria either singly (see, e.g.,
ttmann, P. and Ehrlich, P., 1891, "Uber die wrkung
des nethyl enbl au bei malaria," Berl. Klin. Wschenr.,
MT{ohas z@p uspp to 868 -redid)a either singly ifdrien &td. dButithanm, P. and Ehrlich, P.,
1864 *‘?6&% Wﬁkli(r@edés RetdylenSHln bfiﬂ‘ﬁ’é_larlidﬂf Ber®IKiiAl Wosd¥he,, V3h 28,
! 1.4 ri agent,.. edo
oo () BB cBiinain 4B SNl 2%, SO Sy % g1, 2008,
“Methyleneblgg as epraatimaieoirl agent cRedrxdrRerar Rl 8f PRAEr&§ui ne
Reagmshameémw.,m%iim, %ﬁmaﬁmg&% &Mhﬂ&fn ﬁ&hbg?cfuirﬁ'e;&d
me Te‘ﬂggag’d%éggrﬁi onHgalrist H;ﬁﬂ "E Egﬁ‘ggurﬂgb’ f Clidlcal Y
. - . e a I n nans 1s cause D 0
PhRGIAOI0RY. s (1) BB Bl four

| one

FTRA" URARS 9 c2URBAIPYARe
protaroen ppedieg ofRhe genualafmodiviat B, falsipafum 30. vinsdxalPi avale, Ar P.
mafaglﬁé.: ARPs g%ﬁta{r@g§ﬁé&tﬁi§t8ﬁib g'letlﬁ't@ d?'glh %gg{te@ fbri?éflg ;Aglbﬁlg%lieso
mos iy Srg Ry s TR s Byt FaPstnians AT Hsh 2biShation,
negsie-ahasingharr sangenitally Fremyspihertolfotus r Melaristaeeises 308-50Qmillion
infddibey Werldwits and 3pProRiataly H Inilieh dédiheahmeny. DRid @eistimice,
hom,qggrn?%b%%% And% Héa?é%t %? pt fé?cé@d?ﬂﬂﬁa{ﬂeysgegeg that accounts

resistance, . owever, S aimmjor C ncerh an | S
for glneast all majasia-rplatacdeativnr Rikgs pheug seEPistionatare sureaty

recommended for prophylaxis of malaria include chloroquine/proguanil hydrochloride,
mefloquine, doxycycline, and primaquine.

MTC (under the name Virostat®, from Bioenvision Inc., New York) has shown potent
viricidal activity in vitro. Specifically Virostat® is effective against viruses such as HIV and
West Nile Virus in laboratory tests. West Nile virus (WNV) is a potentially serious iliness



10

15

20

25

30

35 for alnost all malaria-related deaths. Drugs or

drug conbi nations that are currently recomended for
w@e@phwieaxi s of mal aria i nclude chl oroqui ne/ preguaB2i07/001103

hydrochl ori de, nefl oqui ne, doxycycline, and

pri maqui ne. MIC (under the name Virostat(r), from

Bi oenvi sion Inc., New York)-%has shown potent 40

vi rici dal 3ct|V|ty in vitro. Specifically Vi rostats 2‘
affectingsthe Sepirqlenioss sustem; (iedaras maioriy ofinfectasdpeoplesyill show no
visiie Isgmptomssorimild fablieadyorpjorhesich. asiésér dNdlHeadadches AbSOne in

- 1500l aem%@éﬁ\.‘e?é Sofn Sﬁ%%dlﬁ t?&ﬁérs\/@r@rggyn%mﬁgﬁe weakness,

/00110 ecLin ral

Vi U B, JEGAY 0 PTG Gt DY e bebie of an
infesfednarguite;ibst parealsy spreathrongmblbed fransfiisidnes, srgaptiGmsplants,
bregdifeBdiag of AUy FraghdivgdashothéPridhigne in 150 wil |

devel op severe synptons including trenors,

convul si ons, nuscl e weakness, vision Ioss nunbness,
Virostat®)is,alse cursently dnalinieah tisdsAor (e thartmend of ghrenie HgpatitiseC.
Hegatiti®Caé aamalinfiectiomodfeiae es.0Thé virush HIC\G &a Alafy capsedfchcute
hep'émsoélﬂ;‘cm Qﬁ\/érrd §§é‘§hc9urkﬁng e %ﬁ@ﬂ%?lcal%e? {-iCV is spread

ri'n rom not h
prigafi B et satat v Hanety oot Theceiol Cases o Hwaection
wortdwidsl arefuse of hesqrée%wrhémd tefnsttisionnj andHepassei of insedles and syringes

thatiRR@nbt béenCadeguately dt@lizedf Tied Wbﬂd Health®r éMEdtuonﬂ&@ declared

hepghtzfué ﬁ r%!% h%ﬁth&r@%@eggﬁgﬁ rﬁ%m?géi% A ?f:ﬂi)eﬁ ﬁ@t b ation

infeted dfithdHn¥ apd it Manies eonsisiecakdy b fegion; | ;hewe\mler@@tm the USis
estimatedaat t1. 3%bhaﬂmrmmatélp3($ millibe peepler Egaptd@s a0popdiaiion of

ap H)(frﬁ %I V&2 mitoh cgﬁtaﬂs%é'ﬁ@hggt %gnﬁg%?ﬂe&ltﬂgém the \?Iorld

usi o “Use of need ringes
eSt'WQ Hov erb@ﬁ og@édﬁg?'éﬁ FPRIPEPAEY, @é mi ¢ d Heal t h

Organi zati on has declared hepatitis C a gI obal health
MT® rﬂk&rﬁé’ﬁm%éd\mﬁpﬁb’lﬁ"ftéﬁrﬂéﬁ t%é’r@f:hdah@h ¥OhEiS acid (DNA or RNA).

Pt ey Boch &f &hd il o pffeen o
introsiyiceghinte thedtiood comprenerispit sresses kaolerl eslkwallsi asivirglgpgnbrane

therﬁgyjms instha inennrlofithieaiucitic adip pEutirant/ehen dotivatel Witnight, the

n‘Iﬁ‘JBgn& %Bgilﬁb% th % m&%@ a&id BF ﬁ%@g’gl'p}%fae{eﬁ@?&%ég}én gl%vérﬂmg

rep'ﬁﬁ%%%{ fh%Pé‘V‘y"f FF%G%UE) F& inggtivateatiipganse & ABs Hed
potamtlaholrecg.me the dsk gfiteanemisstdneof peihogers thatwaidld nerodieiundetected by
testitgl d (DNA or RNA). Plasma, platelets and red bl ood
cells do not contain nuclear DNA or RNA. When MIC is
i ntroduced into the bl ood conponents, it crosses
Oralyqict Rarentprat Brmulationssofdd Tq iareasorarmatsialiv avaitahisnin e Waited States,
usuallytundehthel maihey UienefBlitd®. nucl ei ¢ acid structure. \Wen
activated with light, the conpound then binds to the
nucleic acid of the viral or bacterial pathogen,
preventing 25 replication of the DNA or RNA Because
MIC can inactivate pathogens, it has the potential to
reduce the risk of transm ssion of pathogens that
woul d renmai n undetected by testing. Oral and
parenteral fornulations of MIC are conmercially
avai l able in the United States,
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30 usual ly under the name Urol ene Blue(r). WD
2007/ 110627 PCT/ GB2007/ 001103 -4 SUMVARY OF THE

WO MENTU6EN One aspect of the invention pertai nBCT/GB2007/001103
certain conpounds, specifically, certain
3, 7-di am no-1 OH phenot hi azi ne (DAPTZ) conpounds, as
descri bed herein. 5 Another-4spect of the invention
pertains to a conposition conprising a DAPTZ conpound

as described her eBUMAARY OFHEHEIGENTION | y accept abl e

carrier or diluent. Another aspect of the invention

onb us Bt npaiEb R Rb cElanGoBRRNr. Shecat, o °
3,7 shaminad @bcpheapthiazinedBPHPIB) eorapeurider asodescdbédiperein.
Anot her aspect of the invention pertains to a nethod

A ERRY T BB BRSNS 2o URIRL I TBEE  Mimpoung
as %SCBﬁ%CP e ANd@phaymaceisliaceertable;carrias or dilyanent .

Anot her aspect of the present invention pertains to a
Andmér;gagsgzoé i/iRlBe penghgg o g!tq%ﬂgcbg&g E{J}ﬁ?%‘iﬁ%fnecgﬁ:dr'%g a
oAz SalkiiLAs desfibed Sorb BrprBie inPapaiRe bidsep bl i o
dilugntheur odegener ati ve di sease and/or clinical 20

denentia, conprising contacting the protein with an

B S PO 8 BT GRS By

compagiion cappfisiag adepdia BAPTREompadrthas fesrshed barein and a
phapeataitingliytaccaptablelvadicobr tilueat.mrent or prophylaxis of a
di sease condition in a subject conprising

dmi ni stering to said subject 25 prophylactically or .
AnqHiel SREChaT L Rrgsesk MepiarEbestans de SorEaopAr YIS Mhibiting
the gaggrggaiian efedproleét @it a faudireteiabh pynuclaimets. b fon example,
aggpdURtioReea bitéh aeSImaAsd Mtl@@-nteﬁfdﬂb @fe_lr_é‘t%%ﬁéea@fe 2hBRY clinical

e . : a oun
dorf Pt R ol R REIHE 8 m R Pop e RBRIG e
compoypfyASHgssriped hereing Sugh gimgthedmay haiperfermecin vitrrs or Bovivo.
human or ani mal body by therapy.' Another aspect of

ANGtHE? SBpES IR thel FrRESIME i@@rgﬁﬁ%ﬁaﬁé 69 Hfétﬁ%@gf t?e%@%gﬂ_tiorr é)r%;%hylaxis

C ound, .as . descri herein, 1n t) manyf ac
of ofNERRE RNl Gy oLbiSst FompTRING S RISHS 49 S SBRG B s
propiylastically v sherapmdically effecth® anmount of @ PRI Zmompounteas described

herélh Seafeathpindhé fPM df e phafth&Rus6al @bmpb&tiei.n aggr egati on.
In one enbodi nent, the disease condition is a

t auopat hy, e.g., a neurodegenerative tauopathy, e.g.,
Anot)es qepert of theqirasasé ivention pertains to a DAPTZ compound as described

herein for use in a method of treatment or prophylaxis (e.g., of a disease condition) of the
human or animal body by therapy.’

Another aspect of the present invention pertains to use of a DAPTZ compound, as
described herein, in the manufacture of a medicament for use in the treatment or
prophylaxis of a disease condition.

In one embodiment, the disease condition is a disease of protein aggregation.

In one embodiment, the disease condition is a tauopathy, e.g., a neurodegenerative
tauopathy, e.g., Alzheimer's disease.

In one embodiment, the disease condition is skin cancer, e.g., melanoma.



10

15

10 I n one enbodi nent, the disease condition is skin
cancer, e.g., nelanoma. WO 2007/110627

wean/EBBR07/ 001103 -5 In one enbodi nent, the PCHERI@®7/001103
condition is a viral, bacterial or protozoal disease
condition,,e.qg., Hepatitis C, HV, Wst Nle Virus
(WNV), or malaria. 5 Anotherd-aspect of the present
i nvention pertains to a nethod of inactivating a
pat hogen in a sanple (for exanple a blood or plasnma

In oa@eﬁibewianemrtm tisbage édnaitivh &ps vied!, M&ér@da.cgbreaalzaal d%‘ég's@
. o i . anpl e, an
‘””@ﬁ@ﬁ%%ﬁpﬁéﬁﬁggﬁﬁgnggﬁgﬁgakﬁép #gﬂ%8’§3%ﬂ%8?her aspect
of the present invention pertains to a kit conprising
Ancftey agpdaABfe presgmdinventas pdeainsiib adndthsdotinagivalirey apatiiogen in

s . in; .

Sty A TSR Uy d oo
R SRR es BRTPed Nefsl, INine Spie, ad tign PRgAg the Sample

to lighist ructi ons on how to admini ster the conpound. 15 As
w Il be appreciated by one of skill in the art, :

Aol et oPfHE e F I SRR TRRALRTE bk Somefili PORDAR T e
compRYRh s 8eSCrigs! hewin, pisieranly peavidsebero poarmegsuticabeampasition and
in a BEGER BdHtaNeIC dToMwiBRAWANES aBkatinge ahd (15 inst@ica@ts fof usd) for

c 2 j L qutes) for

exalBier il FRMEGns SnTbi 2 YERnbs BB
N ,N -Tetranet hyl - 10H phenot hi azi ne-3,7-diamne 5

As will b¢ Rpoiesigtat yhdne dfcisil)in theredt, BSatures and preferred embodiments of

one EBb&t I th invtibR WL A1¥d péridih RIGAS J4paEl dinedinverftioRM ne
bi s(hydrogen iodide)), as determ ned using absorbance
at 665 nm Figure 2 is a graph of the percent reduced
form (% versus tine (mnutes) for each of three
conmpounds, Bl, B3, and B6, as determ ned using
absorbance at 610 nm 10 Fi gure 3A shows the
UV/ vi si bl e absorption spectra for aqueous sanpl es of
each of three conpounds, Bl (open circles, maxi num at
605 nn), B3 (open squares, naxi mumat 660 nm, and B6
(open triangles, maxi mumat 660 nn), after 20 m nutes.
15 Figure 3B shows the UV/visible absorption spectra
for aqueous sanples of each of three conpounds, Bl
(open circles, maxi mum at 605 nn), B3 (open squares,
maxi mum at 605 nm), and B6 (open triangles, maxi num
at 605 nm, after 3 hours. Figure 3C shows the
UV/ vi si bl e absorption spectra for aqueous sanpl es of
each of three 20 conpounds, Bl (open circles, naxinmm
at 605 nm, B3 (open squares, maximm at
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605 nn), and B6 (open triangles, maxi numat 605 nn),

after 28 hours. Figure 4 shows the crystal structure
w@booRi1NGDY , N -t et ramet hyl -1 OH phenot hi azi ne- 3pGF/GB2007/001103

di am ne bi s(hydrogen brom de). ?5 Figure 5 shows the

the side-on view of

N, N, N, N -tetranethyl -1 04 p®enot hi azi ne-3, 7- di ani ne

bi s(hydrogen brom de). Figure 6 shows part of one

hel i cal col urBRIEE DESCRIPTION OF THE DRAWINGS

N, N, N , N -tetranet hyl -1 OH4 phenot hi azi ne- 30

igue {4 8M 1 | @8) | &rﬁni B
e A ke ettt

bis(iiydr@en(chlsidel nanvhBagN MLV Tetremiethye 1 Qi4Bhenothiazine-3, 7-diamine
bi Li6dia8N) N deFdtvirid Agsing £isb } @Rl ne
ls(m%%e;l ?I) 7-bi s(di net h;qgtamsngmgﬁé{r}%?h@gzi n-5-ium5
_ chloride; C|. Basic Blue 9; tetranethylthionine
Figuse R dy 2 geaphdf theppercent ieduppt fvnn(80) veptusritneainting@as)fan each of
three kbmpoutels, BN B3, dokdBB, a€dbterhid8d Dsing absorbahoesto1Blrine 8,
aniline violet; and Urolene Blue(r)) is a |low
. ol ecyul ar wei ght . (319.86), water soluble, tricyclic
Figyse agﬁﬁews H&M\%’Mﬁ@g%?b%@ww@w 195 a¢i¥RqpsIsampies1af each f three
comigotinds, B1@bpen difeles/ miixivaini\at-605 ritn), B3 @apeh sduahds, maxiMiugh at
660 M) e B® e h WirighlsO radin VA %ﬂ@’\m .
mhyl enewglgue)I ,r@g:'lgr hgps t he n%og'?\(‘)\?\grt kng&mges
__phenot hi azi ne dye and redox indicator, has also been
Figuiie 8@ shews fhedpy/visile gheorrtiopfspegtiadiohaauasais seywlesmé caclsof three
compoundsf B ¢erient diclelsmBRARRAOAIBIS g Bﬁi(@r_iem sqRared, ﬁ\%ﬂmug at
i . n r I Ng. :
005 B K080 (DO ekl RO A Ll B0 B G 0 e
considered to be an "oxidized form when consi dered
Figuren3€ ebpes thediVivisible absogstiparsgect for Glhquue satipledzdf each of three

compOIH¥RUB ' i i

cos N M B TRV SHE ) PR o sy
MY ANARR (PG5 R0l gl EdER RS PR a
“reduced forni: H

Figure 4 shows the crystal structure of N,N,N',N'-tetramethyl-10H-phenothiazine-3,7-

diamine bis(hydrogen bromide).

Figure 5 shows the the side-on view of N,N,N',N'-tetramethy!-10H-phenothiazine-3,7-
diamine bis(hydrogen bromide).

Figure 6 shows part of one helical column of N,N,N',N-tetramethyl-10H-phenothiazine-
3,7-diamine bis(hydrogen bromide) molecules in the crystal.



reduced formMe, NS NMe | | M M oxidation
(-H2+HCI) / N1 \ oxidized formMew/ Me C Q (MIC

w0 2@F1Me2Me The "reduced forni (the "l euko formd)/GB2007/001103
known to be unstable, and is readily and rapidly
oxi di zed to give the correspondi ng "oxidized" form 25
WD 2007/ 110627 PCT/ GB2007/ 091103 -8 May et al. (AmJ
Physi ol Cell Physio 2004, Vol . 286, pp. C1390-C1398)
have shown DEHAILERURESCRINTIONIOY THE INYENHONal | y
reduce and take up MIC, that MIC itself is not taken

. by, | 8; it : ,
wietfhiprips e B Epihold st M RfiFte tHEFh Rl MGnine
chiotigs; steamehdthiopine digsisieddrtois(dimetiiaipingbehenofhiazieium

5  chlofi®s] e 8adll Bl ® tétrarnaidgitiioraneechioriter 8/7Hsis(mestyiamink)l C

pheﬁéﬁ%ﬂ&lﬁ Eﬁlﬁfi@é sgﬂé:seblhg,scb.ﬂ %2008 CELlSoeft BREE: Mifide violet; and
and simlar r‘ggs are é%g@ up, i lt e E.ut [F‘r},d nic
Urolgng BlueBhis Bioydnaieruaniveiphid et polyolSe et g e
compowmd dftiiee @llowingtfermuldanal , to the distal gut. One
i nportant undesired side-effect is the effect of the
unabsorbed drug in the digtal gut, for exanple,
sensitisation 0 of thé digtal!gut andror antim crobi al
effects of tHe unabi6rbed d o florla 4oyt he di stal
gut, both | egdiveg t oxdi 2 g Thaweeflore, it is
desirable to |m ni A Ze Sam)ynti f drjug that
percol ates tqg theylistal gut. By picr €asing the drug's
update in the-gut (i.e., Eé increasimg the drug's
0 bi oavai l ability), dosag y be reduced, and the
undesired side- effects, such as diarrhoea, nay be

Me’t@ﬁ@%ﬁiﬁ@ﬁ% gﬁgrid%ughg)e(alsfa Kndwh 38 M&WBIBS& i'ﬁlﬁg%lpgﬂ_}tﬁ most well
knowy Rhenathigzing fye

|,
Hen

cells, 1t woyl'd be ]

thelo et WA LS BRTLISER POl probe of
biophgsicalsgsiemn, ashan interealatonintiangperpepmaterialsn 2y graedqx mediator, and

15 in pﬁ@ggggt}d@nemfgqmgb@gj nventors have identified a class of

conmpounds that may al so be considered to be in

MTC, a phenothiazin-5-ium salt, may conveniently be considered to be an “oxidized form”
when considered in respect of the corresponding 10H-phenothiazine compound,
N,N,N’,N'-tetramethyl-10H-phenothiazine-3,7-diamine, which may conveniently be

20  considered to be a “reduced form”:

H
N
reduced /@ :@\
Me Me

oxidation

(- H,+HCI)

N

=
oxidized
form Mewy N e | o ©)
(MTC) | @ !
Me Ve

The “reduced form” (the “leuko form”) is known to be unstable, and is readily and rapidly
oxidized to give the corresponding “oxidized" form.
25
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the "reduced form' when considered in respect of MIC,
and which are surprisingly and unexpectedly stable.
wab@7aowspounds nmay therefore be described as PCT/GB2007/001103
"stabilized reduced forns,"” for exanple, of MIC. 25
These conpounds are thensel ves active as drugs, and
may al so serve as prodrugs;8-yielding, upon oxidation,
t he correspondi ng oxi di zed conpounds (e.g., MIC),
Maywhik bArarJePhyalos GelbEbysiad, 20940V aig286,\W0. 208JU-C18%3) have shown that

humgﬁ% Bdd Q&R&Q@llyT@d@%n@Qﬂ(@&?ﬂﬁ@t thse MT@%\‘ i®hot taken up
i i oaesin ey g e
rate of ystpke is ankyme ggpentiert @anfghatiboth-MEC @nd cedyced MB?» aiave

cond¥ptratbE gt BSIIs (FRRESSRITCatiakgilibRfdcsncefindided thedetssfonh MTC).
corrpounds |s shovvn bel ow. reduced aN HI form l\/b,, Ve

MT oxi dati on ‘) Q/E

chi S”@'M drugﬁ A tﬁ'&ﬁfhﬁ'FNn the gyl andl\?é\t%he loogsties0Y/ ﬁ%ﬁ’ed
drugReT¢dERa29 aaw Bslditnentdk® canal, to the distal gut. One important undesired
side-effect is the effect of the unabsorbed drug in the distal gut, for example, sensitisation
of the distal gut and/or antimicrobial effects of the unabsorbed drug on flora in the distal
gut, both leading to diarrhoea. Therefore, it is desirable to minimize the amount of drug
that percolates to the distal gut. By increasing the drug's update in the gut (i.e., by
increasing the drug’s bioavailability), dosage may be reduced, and the undesired side-
effects, such as diarrhoea, may be ameliorated.

Since it is the reduced form of MTC that is taken up by cells, it would be desirable to
administer the reduced form. This would aiso reduced reliance on the rate limiting step of
enzymatic reduction.

The inventors have identified a class of compounds that may also be considered to be in
the “reduced form” when considered in respect of MTC, and which are surprisingly and
unexpectedly stable. The compounds may therefore be described as “stabilized reduced
forms,” for example, of MTC.

These compounds are themselves active as drugs, and may also serve as prodrugs,
yielding, upon oxidation, the corresponding oxidized compounds (e.g., MTC), which are
also active as drugs.



The Conpounds In general, the present invention
pertains certain 3,7-di am no- 10H phenot hi azi ne

we@eemwpouses of the follow ng formula (collecti veCHGB2007/001103

referred to herein as "diam no 5 phenot hi azi ne
conpounds" and/or "DAPTZ conpounds”): RO HRL N HX1
R7NA~ | t / R3NA HX2 R7NBFBN S N11 R3NB wherei n:
each of Rl and RO is independently selected from -H,

One@épréaditgiive ra2mber dfdhig iclasanticorhpdunde issghosn@elaval kyl ; 0

each of R3NA and. R3NB i s independently | ected from

-H, Cl4al kyl, . 4ai kenyl , and hal ogenat ed Cl4al ky1,
each of R7NA and R7NB i s ing{ppendently sel ected from
-H, Cl.Ag)dew . 2. 4al kefiyty; al ogenat &dc!
Cl1- 4al kyformeach| ofge HX1land I ndgpe den@l y a

pt"é l e salts,

protic acid; 15 a]pd/fp armacedt i ¢al M'Ylacc
sol vates, and hydiates thereof. WtholUf W shi ng to be
bound to any patticular thepry, the invenhtors believe
that it is possible, if noE qxllglﬁté’lny, that the
conpounds exist in the foll Wi g)form RO HRL N X1 Q
R7NA~" | / O RBNA X2 O R7TNB:N S N-R3Ne H 20

Al t hough the DAPTZ conpéungs “ar'exthensel yes salts,
. lht forgeo a@x&& sal t

they mayidikedo be provi
(i.e., tH&DAPTEZ in> D o TR anot her—sal t) .
% i nt dto bé‘ encpnmpassed by

Such m xed salts ar
the term"and phkarma %utically accep?ab salts
thereof'. Unless otherw se specified, a reference to a

articular conpound al so includes 25 salts thereof.
Anogﬁ

e repAESERtativepeRinkes ofije elpssorfisempeundsdie ghown PAEW or m

of a solvate or hydrate. The term "solwvate" is used
herein in the cgnventional sgnse to refer] to a conpl ex
of solute (e.g.j, conpound ,ﬁalt of conpdund) and
sol vent yedced he |sol vent wat g he sollvat! may 30
be converbent |y |rejerred to a vdr atee,| far exanple,
a nono- hydrate, |a,di-thydrate$ a™ Ny,

oxidation

(- Hy)

N
LI
oxidized
torm Me Ny e 1 ® H
@ (
Me

|
Me
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etc. Unless otherwi se specified, a reference to a
w@20viteskar conpound al so i ncl udes sol vat e f oPe®GB2007/001103

thereof. "I n one enbodi nent, the Cl.4al kyl groups are

selected from |inear Cl.4alkyl groups, such 5 as

-Me, -Et, -nPr, -iPr, and--10Bu; branched C3. 4al kyl

groups, such as -iPr, -iou, -sBu, and -tBu; and
The Cgmbounds3. 4al kyl groups, such as -cPr and -cBu. In one

enbodi nent, the C2.4al kenyl groups are selected from

in aepaty e 15 4%}2@”@@ R ey
comprindg efthedelloging naylfé (epllsatvelvaeteriod)te bein s GiaMiners,
phenoffiEdfslcompotthds Grdfdr3DAFIE compupsdsy: and RO 15 In one

enbodi nent, each of RL and RO is independently -H,
-Me, -Et, or tCF3. |ngong enpodi nent, jeach of Rl and

RO is indepenflently - ’\'{F gr -Et. Ip one

enbodi ment , and R "theSane. 20 HX' one

enbodi nent Rasnd R e di ent .onhk one

embodi ment, ehch, of s Nﬁ%@,p nidéntly -H In

R%each of Rl and RO i% i pdependent!y
odi ment, each of Rl a RO is

one enbodi nen

-Me.  In one

| ndependently -Et. 25 The G oups R3NA and R3NB Each
Whergi" R3NA and R3NB i s i ndependently sel ected from -H,

Cleachi ¢\R’ andR 4 indengndently, aelestad Hgem t.cCi«atkyl, SpafenyBend
halo§éhRstEC £/aRae | rregjt, each of R3NA and R3NB i s

I ndepe R4 B € ] . n

anga(%‘a&g?e nél'%(de CTS. ﬁgg&%r{dgﬂﬁyn%}cg@eﬁ%diHﬁe%ﬁf‘é%gggﬁ’\éng i,
and R@Rﬁ@%‘ﬁf’gwyﬁs i ndependently -Me, -Et, -nPr, -nBu,
35eadB-F-FCM=-aidPR 8 1iis in@&3endkntlyosededterbivalinneh (G ..alkd hCofalkenyl,

B3Igl§<y'|;s i ndependently -Me, -nPr, -nBu,

dﬁ%&éé :

- - ros.CE3, 40 I n one .enbodi ment, each of
e SRee A e el AR T

and po@matedB2lly ARCEPERE0SHs 0V, and hydrates thereof.

an

Without wishing to be bound to any particular theory, the inventors believe that itis .
possible, if not likely, that the compounds exist in the following form:

RQ }I’ R1
@E]@ =
7NA @ 3NA 2
\T s /R X @
H

R
R7NE~ '}' ~R3Ne
H

— —

Although the DAPTZ compounds are themselves salts, they may also be provided in the
form of a mixed salt (i.e., the DAPTZ in combination with another salt). 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
salts thereof.

The DAPTZ compounds may also be provided in the form of a solvate or hydrate. The
term “solvate” is used herein in the conventional sense to refer to a complex of solute
(e.g., compound, salt of compound) and solvent. If the solvent is water, the solvate may
be conveniently referred to as a hydrate, for example, a mono-hydrate, a di-hydrate, a
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-12 I n one enbodi nent, R3NA and R 3NB are the sane.

I n one enbodi nent, R3NA and R3NB are different. In one
weerwodicsent, each of R3NA and R3NB i s i ndependeeit/iG$2007/001103

-Me. 5 In one enbodi nent, each of R3NA and R3NB is

i ndependently -Et. The G oups R7NA and R7NB Each of

R7NA and R7NB i s independeniy selected from -H,

Cl _4al kyl, C2_4al kenyl, and 10 hal ogenated Cl_4al kyl .
tri-hydnatenetce Winkeds wHErwise aphcifdd, RFdfarancd td:a [Brticslar compound also

incid Mns@logct ed from Cl_4al kyl, C2.4al kenyl,
mddg%ggﬁgﬂggﬁ‘{at ed Cl-4alkyl. 15 In one enbodi nent, each

of R7NA and R7NB is independently -Me, -Et, -nPr,
In orenBubodiment2 therEartky! groupCme. selagtedifeons ibean Greatky! Egeps, such
as -ME, B{NApanc BAYBnBE; Braﬁ@féﬁl fmgélkirl)grod\%, sudh\?.fs-iPrn;mu,f-sBu, and
- - Ck - i _embodi ment, each o
'tBUR%%CY%%%%OU%%(%é%Seﬂ?rl%&g- %:?'or -Et. In one

enbodi nent, R7NA and R7/NB are the sane. |In one
n osd@bbdirRht, tHE/OAatkedyIFfdibsaare sdietted frent lineal B+.4atkangegroups,

L@t o QEHRENA BFNB i s independent |y
Sucﬁi%ﬁ%&\@@ﬁggd%ﬁ%& ngg?ﬁéf R7NA and R7NB is

i ndependently -Et. In one enbodi nent, R3NA and R3NB
[n oamemBIdineat thekTBy enated Bealkugroupssae salegied feaoGF meft!,CFa,
and%ﬂ,ﬁ?@ﬂd R3NB and R7NA and R7NB are as defined herein,
with the proviso that at | east one of R3NA and R3N8
and R7NA and R7NB is other than -Et. Optional
ThergreupssB5am6Ri n one enbodi nent, the conpound is as
defined herein, but with the proviso that: R3NA and

In oé%%@ G&Q\eﬁz %ﬁ@BﬂRRZMBRafsﬁndngn 8 -HEMe, LBt, @RS,

nen 0 L efi ned, herein, but

in o SHOPHENSH S2PS 8 KhBRd R lsgdapEnganth " -M&s oL HE: R 1 s
-H, then: R3NA and R3NB and R7NA and R7NB are not each

In on&bmb¥in2R0 R BheG2 arE@e $dgz)07/ 001103 - 13

In one embodiment, R' and R°® are different.

In one embodiment, each of R and R’ is independently -H.
In one embodiment, each of R' and R® is independently -Me.
In one embodiment, each of R' and R? is independently -Et.

The Groups R™ and R*8

Each of R®™™ and R®® is independently selected from: -H, Cqalkyl, Cs.alkenyl, and
halogenated C_,alkyl.

In one embodiment, each of R*™ and R*® is independently selected from: C,.qalkyl,
Casalkenyl, and halogenated Cq4alkyl.

In one embodiment, each of R* and R*® is independently -Me, -Et, -nPr, ~nBu,
-CHZ'CH=CH2, or -CF,.

In one embodiment, each of R* and R*® is independently -Me, -nPr, -nBu,
-CH,-CH=CH,, or -CF,.

In one embodiment, each of R*™ and R*® is independently -Me or -Et.
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The G oups -N(R3NA) (R3NB) and -N(R 7NA )(R 7NB ) In
one enbodi nent: 5 each of R3NA and R3NB i s

w0 pabepewseent |y Cl_4al kyl, C2_4al kenyl, or hal openaBew@7/001103

Cl_4al kyl; each of R7NA and R7NB i s independently

Cl_4al kyl, C2_4al kenyi, or hal ogenated Cl_4al kyl ;

optionally with the proviselZhat at |east one of R3NA

and R3NB and R7NA and R7NB is other than -Et. 10 In
In obeembrbiouinteRit” anchBH® efe fReMAm@nd R3NB i s i ndependent |y
In on&Bmbobiment, Y andBY? ardiBerfehECH2, or - CF3;  each of

R7NA and R/NB is i ndependently -Me, -Et, -nPr, -nBu,

- CH2- CH=CH2i or - ? clé% Jonally with the provi so
In opg ginbagiment sgach REROT ard dn iNdRRAIeAtY -WMZNA and R7NB
In ohs epibbdiment, kaih oFR™ hbd RIVosihdepbaddintp i, each of R3NA

and R3NB i s independently -Me or -Et; each of R7NA

d R7 is | pendently -Me or -Et; optionally with

Theté}'é’“lﬁ? aA%’t aBte at | east one of R3NA and R3NB and
R7NA and R7NB is other 20 than -Et. In one

Each 6P IV rgpiatR7Ne EanQ!p@H@é‘mtlyNQBEM)fbﬂ Iy, @E%Iké/l Co. 4a|kenyl and

NB th
ha'°§Fé§6§@ Rﬁﬁﬁf N)A) ?ngNB) eaﬁgmeN( R?RlA? ?E?ﬁIB) alrge "

different. 25 In one enbodi nent, each of the groups
In ondlemibbdi(dn8 BEh anR™: MO ERRWS) i§ mawéndeﬁtly s&ldetee mdantd, Yalkyl,

t NEt 2, -N(nPr)2, -N(Bu)2,
0245@%@@ m'[ﬁﬁ@é‘g“ﬁ&)h%éa'éw -N(CH2CH=CH2)2 30 I'n one
enbodi nent, the groups -N(RI NA) (R3NB) and
In oneleRPINA)T(ERT, MBLh af B hed 84 irseperatently iMelefenoRnthBuy,
-CHseHReiredof 1 -Nwe2, -NEt2, -N(nPr)2, -N(Bu)2i
- NMeEt, -NMe(nPr), and -N(CH2CH:CH2)2. In one
enbodi rr_ent, t he Qups - RI NA) (R3NB) and
In ongyeRPRAJMERY BN 9? t'laad &4 msS insigpengestly 3de.i-nBepeBdent | y
-CHs€lreCtedof 01 - NMe2 and -NEt 2. I n one enbodi nent,
each of the groups -N(RI NA)(R3NB) and - N R?NA)(R?NB)
NVe2+. | n ong,enbodirent, at | east one of the

In oa? smsgd'whmw eﬁm and §nc? is KdppRuseptiyy g of €t 40 ot her
than -NEt2. WO 2007/ 110627 PCT/ GB2007/ 001103 -14 In

In ofEMBBEIRENIEITHA arﬁﬁﬁm Qf'e thBeameoups - N( R3NA) (R3NB) and

In one ngodl?n(eRz e Ly QDS GiRhan .

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

In one embodiment, R*™ and R®*8 and R™ and R™® are the same.

In one embodiment, R** and R®2 and R™* and R"™? are as defined herein, with the
proviso that at least one of R* and R*® and R™"* and R™® is other than -Et.

Optional Provisos

In one embodiment, the compound is as defined herein, but with the proviso that:
R A and R*B and R™* and R™® 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.
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-NEt 2. For exanple, in one enbodi nent, the groups
-N(R3NA) (R3NB) and -N(R7NA) (R7NB) are the 5 sane, and
wae@7seleert ed from -Nwe2, -N(nPr)2, -N(Bu)2i P¢IvEBR007/001103
-NMe(nPr), and -N(CH2CH=CH2)2. The G oups HX and HX2
10 Each of HX1 and HX2 is independently a protic acid.
Exanpl es of protic acids inRdBude, for exanple,
i norgani ¢ aci ds, such as hydrohalide acids (e.qg.,
, HBr, HI), nitric acid (HNG3), sul phuric acid
) QNWW 7vguch as carbonic acid
Thé@%@% Ngﬁgqggg?fgg]uam d ?@—BﬁOOI—D. 15 In one
errbodl rrent, each of HX1 and HX2 is independently a
In omeeophogdimentaci d. 1 n one enbodi nent, each of HX1 and

eachD6? RF'Y dradRPe pdead e)ﬁdéntf}')’@r@ ga cggimyldor ﬁéio@enatéu Craalkyl;

eacEDgg 'Rm 7’"‘6 lsﬂ%d %ndgnt&r@t“g ﬂ%@ od ggélﬂ 4aﬁi<yl

epe
opt'pnaltyn@tfbtﬁs%mhhat shtaashae PR aﬁ@d qmrfg“’* anbR('R is other
thaorit. enbodi ment, HX1 and HX2 are dlfferent. In one
enbodi nent, HXl and HX2 are the sane, and are
i ndepe dently selected from HCI, HBr, and H. In this
In opg 8%05 onpound (a di ami no- phenot hi azi ne conpound)
Cha);'R”@camidﬁl istingepeadentyeMee Ett mPasnBu, -CH,-CH=CH,, or -CFj;

eac'h@)‘f RmA%dﬁW@h%tlﬁdéHe'nH@ntF}' %h}ﬁir-@l@?nnﬁé“ -)Cl%ﬂi‘lll or 3.9:3,
ool Vi R BEN B el Bl R 200 B (o

than-Btdi ami no- phenot hi azi ne bi s(hydrogen chI ori de) sal t"
In one enbodi nent, HX1 and HX2 are each HBr. In this
In chBSfbo pﬁerﬁorrpound may 35 conveniently be referred to

| NP- phenot hi azi ne bi s( hydr ogen brom de)
eacg{ﬂf SNA '%:Ron@‘ GPGR-Megr1E “'(and HX2 are each H . In

eachlof R ¥ame, RThis indepeodentlyndie oreBaveni ent |y be referred

ophbﬁ?al@SNlﬁh the ippsligOmBNRNSdN bAE b P had RINGIpEeT™ éWd H2% s other
007/ 110627 PCT/ GB2007/001103 -15- Sone

tharﬁ,r ferred Combi nations in one enbodi nent: each of R
and RO is independently -H -M, or -Et; and 5 each of

In ohb @niodinnt,-this GRS R@NB))(W?H‘%) anbiREES) (FRYYBYe it same.
i ndependently -NWe2 or -

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(CH,CH=CHy).

In one embodiment, the groups -N(R™)(R*™®) 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=CHy),.

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*™Y)(R™®) and -N(R™A)(R™®) is: -NMe,".

In one embodiment, at least one of the groups -N(R®™™)(R*®) and -N(R™4)(R™®?) is
other than -NEt,.



10

15

20

25

30

35

In one enbodi nent: each of RL and RO is independently

-H -Me, or -Et; and each of the groups - N(R3NA) (R3NB)
w@ea7ANGR7NA) (R7NB) i s independently -Nve2. 1BCT/GBR0V/001103

enbodi nent: each of Rl and RO is independently -H, and

each of the groups -N(R3NA) (R3NB) and - N( R7NA) ( R7NB)

i s independently -Nwe2 or -MEt2. 15 In one

enbodi ment: each of RL and R9 is independently -H and

in oea@mbotiintamé, egich wpthe- groRINARTINEN®oanrd! -NRRFIRYERENBer than
-NEtS independently -NMe2. In one enbodinment: 20 each of

and RO is independently -H -M, or -Et; and each
of the groups -N(R3NA) (R3NB) and -N(R7NA) (R7NB) is
Foriexamplenitemel gmbadivaentothe-anmtpe;-N (R (RS randf-NExA 4R A Hoce the
samé ahf dePSIsREd frymS s, EN’(nf’%Q DN(%)%WEEL anmhetirr), ahd
an

) 1€ odi nent: each of i s independently
N(({‘,lﬂ_‘z(ﬂ-lnf@l% r -Et; and each of the groups - N(R3NA) ( R3NB)

and -N(R7NA) (R7NB) is independently -Nwe2; and each

TheoGrodis Hxthanti¥X?i s i ndependent |y sel-ected from HCl,
HBr, and H . 30 In one enbodi nent: each of R and RO

IS iy -H d h of the groups
Eac{hk%gws ﬁﬁpe-qqf%}%%&?ﬂ%ﬂ' i S| gdepgndent ly

-NMe2 or -NEt2; and each of HX and HX2 is
Exémmmrw&[&éﬂdsﬁﬁ&l@@é,e&féx%%éﬂﬁo%dﬁ%’ aqi&sg duéh as hy"?:ﬁohéliﬂ_e acids
(e.g%ﬂ-@lgggﬁﬂgﬁﬂﬁ%agg @H%@a), %afﬁs@§b ng&? g%%rrﬁc e%id's, such as
carbqiqaqigh{H-RABaNG gcetw@b*e(aﬁﬁ@ -NMe2; and each of

HX' and HX2 is independently selected fromHCI, HBr,
In o di 1 2 RGH4 . idSaig! N
el D Lo T
and
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) salt”.

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) salt”.

In one embodiment, HX' and HX? are each Hl. In this case, the compound may
conveniently be referred to as a “diamino-phenothiazine bis(hydrogen iodide) salt”.
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each of the groups -N(R3NA) (R3NB) and - N(R7NA) ( R7NB)
is independently -NMe2; and each of HX and HX2 is

woigsioz/akee27 N HC Mew \ | |/, Me HC Me' N SPdr/GBR003/001103

In one enbodi nent: each of RL and RO is independently
-H, and each of the groups -N(R3NA) (R3NB) and
-N(R7NA) (R7NB) is |ndepende%tly -NMve2; and 10 each of
%}Nang%Z iIS HBr . I -N%HBr Mew \ (1 / .M HBr
n one enbodl ment: each of Rl [
Somerittefesrd &tambjnalifis and 15 each of the groupgncI o
- N(R3NA) (R3NB) and - N(R7NA) (R7N6) is independently
in one odifBAk: each of HX and HX2 is HI. I NH Mw

Me' N S
s s Wi O A of s ion 20 "y
eacwoﬁtpegrmxpssNCR‘f“%@E‘P) o6 tﬂ )(Fi )éhiad @%@&P%W =
more of the carbon atons of the compound i s 11C In

odi rent, one or nore of the carbon atons of the
In 0'&%?1‘656&5'3” 13C.  In one enbodinment, one or nore of
each hERtandbBhisdndapeneentyn. bUrd®1s 14C.

WO
cacik 0Pk HHOGAZLNBT T GEEBHIOUR Y (R™ ) s independently -NMe..

In one embodiment:
each of R' and R® is independently -H; and
each of the groups -NR™)(R®*®) and -N(R™4)(R™?) is independently -NMe or -NEt,.

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

each of HX! and HX? is independently selected from HC, HBr, and HI.

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

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, or -NEt;;
and

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

In one embodiment:

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

each of the groups -N(R®™)(R™®) and -N(R™)(R™®) is independently -NMe;; and
each of HX' and HX? is independently selected from HCI, HBr, and HI.
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In one enbodi nent, one or nore of the nitrogen atons
of the conpound is 15N. In one enbodi nent, one or nore

wo@eooaiiiosof t he carbon atoms of one or nore or BECT/GBR007/001103

the groups R3NA, R3NB, R7NA , R7/NB, Rl, R9, and Rl is
11C. (O 13C.) (O 14C. ) 5 In one enbodi ment, one or
nmore or all of the carbon-dfons of one or nore or all
of the groups RINA, R3NB, R7TNA , and R7TNB is 11C. (O
In ongZMmBodin@nt14C. ) In one enbodi ment, the groups
each- dﬂ%h’é\ﬂg%ﬁﬁ'dbp@mﬁnﬂwcﬂ'ém%ﬂg R7NB) are the sane, and
B A ],_f{m-e@
eachgﬁhe ?'%gf’s Ngo ?Sﬁ(gNAﬁ @Hggs ﬁ\)#ep%g%@lynat [ o)nin(%f
eaChtqf\gP R e HQ descrl bed above are explicitly 15
di scl osed hergtn as if each conbi nation was
specifically pand indivi duqll I y recited.| Sone Pr eferred

Enbodi nents I h one enbqQdi Ke the conpngpl
selected fromthe fo | ng rpounds
phar maceut i cal | Meaccept ah] ersg . 8ol Vatep, and

hydr at es t her porf,‘e/')‘-l JaNxs: ~ Hal NﬂMeMe_ S NN Me HC
M' NMH <f(NaHC E, s \\Et HCl{ Et Et H NI
HCl 3 n- Pr,,LS N n-Pr HCO n-Pr n-Pr WO 2007/ 110627
PCT/ GB2007/001103 -18 H 4/ ~ N1 \ HC n-Bu%N\ |
l%u HCl n-Bu n-Bu vy

In onSe émbodlme
each of R' and R%is indeperidently -H; and

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

— -
H
N

O: j@\ -
M _Me
<N S N 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™4)(R™®) is independently -NMe,; and
each of HX' and HX? is HI.

— —

/@ND\ )
Me Me
SN S NZ Hi

Isotopic Variation

In one embodiment, one or more of the carbon atoms of the compound is "'C, *°C, or ™C.

In one embodiment, one or more of the carbon atoms of the compound is "'C.
In one embodiment, one or more of the carbon atoms of the compound is '°C.
In one embodiment, one or more of the carbon atoms of the compound is *C.
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5JaNHC allyl~-N S N, ,ally) HJd allyl~ "ally) H 6

/1 N. I\ HO M,N\ SNv HJO E'Il Bt H 7/ ( N
W@ 2007M@627 Me, \ S/ N Me HCl n-Pr n-Pr M H MCBGB20107801103
HCI  Me, ,Me HO M"NSN ME HE 9/ 1 N:: HC

Me, J: Me M'N\ S NIMe HCI WD 2007/ 110627

PCT/ GB2007/ 001103 -19- Me-¥yMe N HCI 10 Et/N S/ N

Et HCI Et Et Et HE / | (/ HA 11 Et~N\ S N\Et

In o&@bnﬁ;l@%}n@nt, ©ng drintdrd oNthk ritkdgen HEbridwr the chiebourldEis "IN S

In one embodiment, one or more or all of the carbon atoms of one or more or all of the
groups R*™, RN R™A R™E R, R®, and R"is "'C. (Or"C.) (Or *C.)

In one embodiment, one or more or all of the carbon atoms of one or more or all of the
groups R™, R*™& R™A  and R™® is 1'C. (Or ™*C.) (Or “C.)

In one embodiment, the groups -N(R*™)(R*®) and -N(R™")(R™®) are the same, and are:
-N(""CHg)z. (Or -N("*CHg),.) (Or -N(**CH),.)

Compatible Combinations

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

Some Preferred Embodiments

In one embodiment, the compound is selected from the following compounds, and
pharmaceutically acceptable salts, solvates, and hydrates thereof.

—— —

0
1
Me Me HCi
N S NJ
Me” Me

H
N HCl
2 Et Et HCI
~N Ve
N S N
Et” Et

- —
0
N Hel
3 n-Pr P HCI
= ~ /n" r
N S N
n-Pr” “n-Pr

- —




JaN)a HCI 13 13CH3.,, 3CH3 HCI 13CH3 N S M 13CH 3

M HMe N:: HC 14 13CH3\ N "&S j 3CH3 HCI 13CH3
wWORM3TH637 WO 2007/ 110627 PCT/ GB2007/ 001103 - 2BCT/GBR0VZ/001103

enbodi nment, the conpound is selected fromthe :

foll om ng conmpounds, and pharnmaceutically acceptable

salts, solvates, and hydrategs-thereof. H 15

[zl l:o0h:l;AMe HBr MeHBr M Me H/ NI \ HBr 16
Ft,, SN Et HBr -&t"INE H NHBr I7 n=Pr~ \ S (
N, n-Pr HBr n-Pr n-Pr H/ NH\ HBr 18 HBr n-Bu, 9%\
5 N “n-Bu n-Bu n-Bu H / _N I\ HBr

4

HCI

n-Bu n-Bu) HCI
n Bu>N N<
- n-Bu

h
NS Hel
5 Iyl l
a
N . et | He

allyl” “allyl
L —
H
[
e O e |
Me- _Me HClI
N S
Et” Nege
L |
H
1
7 O e |
Me._ _Me HCl
N S
n-Pr” N~ rpr
Me li’ Me
é O |
Me _Me HCI
N S
Me” N\Me
— —

— —

BOH R
N HCl
o M M
e
- S yMe | v

Me” Me




19 MA-,N\ S/ Nallyl HBr ailyl~ "allyl WO
2007/ 110627 PCT/ GB2007/001103 -21 H [/ N HBr
wo2071Mes2HBr Et' NEt H NHBr 21 M \ S I/ RCWVBBRI®IT/001103
n-Pr n-Pr Me HMe NHBr 22 Mew, Me HBr Me'N S N~-Me
Et HEt N HBr 23 Me/ N N~-Me HBr M M M HM NI
HBr 24 Et,, \ S N\Et HBr -|®g-Et Et HEt N HBr
Et HBr Et"N N' Et WO 2007/ 110627 PCT/ GB2007/ 001103
F22- CH3 H CF3 N £ U HBr _
Me !? Me
N Hcl
10
Et _Et HCI
Et/N S N\Et
Et 1‘1 Et
N HC
11
Et-_ _Et HCI
B S N‘Et
— p—
CF, I}l CF,
N HC!
12 Me Me HCI
Me/N S N\Me
— —
H
N HC
18 13CH3\N S N/“’CH3 HCl
1By g~
Chy \13CH3
. _
[ ]
Me li' Me
N Hcl
14 PCH, A%CH, | Hel
13(3H/N S \13
3 CH:3




26 | Me, ,Me HBr Me"NS N M H 27/ N\ HBr
13CH3\N\ S/ Ni3CH3 HBr 13CH3 \13CH 3 Me H M / N

WO 2007/1106RBr 28 13CH3\N \ | S/ NYBCH3 HBr 13BHBGBLBT01103
3 In one enbodi ment, the conpound is selected fromthe
foll om ng conmpounds, and pharnmaceutically acceptable
salts, solvates, and hydratzs- thereof. H 29 ~aN a H
MNMH M MH / N\ H 30E,, \ S/ NN\Et H

In orfe eftbodierf) 8% dobhiERind RCSN¢aRaDbath IRl 0 Bwing 23 midourndsNahti

phartadBifilally abceptdble Bai! sélated) aRb HdaBles therdbor,! -\ HI

— -—

t
N HBr
15
Me” “Me

H
N HBr
16
Et\N S N/Et HBr
Et” “Et

i i
N HBr
17 n-Pr n-P HB
- -Pr
>N S NZ f

n-Pr” “n-Pr
L_ |
- =
0
N HBr
18
n-Bu\N s N/n-Bu HBr
n-Bu” “n-Bu
- _
0
N HBr
19
allyl\N s N _allyl HBr
aliyl” Sallyl

L— —




32 n-BuN\ S/ Mn-Bu HH n-Bu n-Bu y 33 JaNa H
ally)-" S\allyl H allyl allyl H 34/ | N1 \ H
woreo1Y06% / N, M H Et" Et H 35/ ( NI \ HPCM:B200%001103
/ NM H n-Pr n-Pr M HM 36/ I NI \ H Me,,
M'N\ S/ N M H W 2007/110627 PCT/ GB2007/001103
-24 Bt HEt 37 NI \ H M241.S/ NMH M NM M
HMe NH 38 Et,, SXt:~ NN Et H EI-INE E HEt
H 39 EC%N ) XI U H BB CFR3 HCOR3 N HI
-
N HBr
20 Me\N SD\NxMe HBr
Et” “Et
- -
)
21
Me>N s N:Me HBr
n-Pr n-Pr
— ]
Me Iii Me
22
Me_ -
e/N 5 N\Me HBr
Me Me
Et 'T' Et
N HBr
23 Me Me HBr
\N ~
Me” S N\Me
- _
Me Pl-l Me
N HBr
24 Et Et HB
~ - r
N
Et” S N-gt
F Et l;l Et
N HBr
25 Et\N S N/Et HBr
Et” . “Et




40 H Me,, S I / N, M M NM y 41 JaN)a H
13CH3\N S N3CH3 HI  13CH3 \13CH 3 Me HMe NH 42
wQa3@mA3Yoek7 1 /3CH3 HL 13CH3 N S N\ 13CH 3 WO 20C71/GBO®2/P01103
PCT/ GB2007/ 001103 -25- Purity The DAPTZ conpounds of
the present invention may conveniently be described as
being in a "stabilized redpged fornf. The conpounds
oxi dize (e.g., autoxidize) to give the 5 corresponding
pbxi di zed ffornms. ThusS, 1t IS IiKely, if not_inevitable,
{hat conpgsitions |conprisidg t|.he BAPTZ co ounds of
t he present invent{on will kontlain] &s an ippurity,
0S I%l some of the corrgspo d| i di zed| c&Bpound.
Thus<® anot her aspe‘tMQi t [ es nveﬂg n gertal ns
o DAPTZ gonpounds s descri%e ersin, in
substantially purifi €d formand/or in a l?""c’)r
substanti al |y free—from cont am nants (e.g— the
correspongingoxidized L.Ulrpvtmu, other—econtamna
n one enfodi nent,[ the substant jally purifi ed form
at | east 0% by vvmght pur e, e/g at | east |60% by
iei ght pure, e.g., at lea 0 wWei ght purledBre. g. ,
at | 8ast E%O% by V\Ei@{ﬁ @ m:a gst_90% by
\ei ght pute, e.g., NG5y Y KB NG e",'Bre. g.,
at |east 97% by wei g‘Fﬂs pure e.g., at Ie\é%m 98% by
wei ght purne, e.g.,Lat |least 99% by wei ght pu_r.e. In

ne-enbodilnent-—the cont

TC — T TSty

t han 50% by wei ght[; e.g., no nore than 40%Ty weight,
6. g., no fnore than 30% by Y., no re than
P0% by ?0;wei ght, |e.qg. A aR. 10% by hght ,
£.g.28n0 nore than 5% by : no,norle than
3% by wei ght, e.g., ok Pt HBrg,
ho nore than 1% by ’mght. Pr oduct-by- RELSs

R
u

In one embodiment, the compound is selected from the following compounds, and
pharmaceutically acceptable salts, solvates, and hydrates thereof.

] ;
N Hi
29 M M
e\ g e Hl
N S
Me/ N\M

H
N HI
30 Et Et
~ - Hl
N S N
Et” “Et




25 I'n one enbodi ne

i s obtained by, or
waelemcnidsed herein.

-26 Chem cal Synth

synt hesi s of DAPTZ conpounds of the present

are described her
net hods may be nod

nt, the DAPTZ conpound is one which

i s obtainable by, a nmethod as
WO 2007/ 110627 PCT/ GB2007/ ORA/GB2007/001103
esis Methods for the chem ca
i nvention
ei n. Thesesand/ or other well known
ified and/or 5 adapted i n known ways

ifm order t
DAPTZ con

0 fact i1t
pounds wi thin the scope of the pregent

e the synt nesi s of —addititonal

ilnvention.| For exanple, a suitaﬁle phenot hi agi ne may
be caonvertled to the| corres dale %y di ni trp-Hl
p)heno?*ﬂhi azlii ne, for ﬁ(_pp‘pl/e@nm:; ',t_”e with
acetic acijd and chl rBtQVn1 hesfi ng 0 an1 0 group
may then He pr ot ect for exanple, as t P acetate,

flor exanplle, using etic anhydri de and pyr+di ne. The
mt+-o—grodps—ray—then—be-+educed—to—am-nro—greupss—For
exanple, using tin (1l) chloridg wth ethano . The

am no groups nmay then be subst ituted, for exanple,

di substituted, for exanple N fsubstituted, for
g¢xampdRe, |using nethyl iod so hydrox de, DMSO,
and tetra-|n-butyl apffohiumBrom Jh% Wi Ao gr oup
may then Qe depr ot ecréd, for exanple t hen-Buacet yl
group may |[be renoved, for exanple, using caoncentrated
agueous _hydrochloride acid The corresponding salt is
then prepgred, for anpl e, u3|ng concent r d aqueous
hydr ochl orji c acid, for exanple, at the sane finme as
deprotectijon. An ex@anpl e of __su N a thod i
il luggratgd in the oIIovviche 0O Scheme 1 H
NaNo2 |1 |/ | N\ A CH g |y mMo2 O
Me O Me Ac20, pyri dauyle"\énCI 2, EtOH 02N"SuWoR H2N S
NH2 \/ Mgl, NaOH, 0 "~ M H | DMVMSO (nBu)d4NBr N
HC, H2O /| N\ O\
IIl
N HI
34 Me M Hi
~ ~ e
EF/N S N\Et
Jes D .
35
Me_ HI
n-Pr” “n-Pr
— —
Me }? Me
N HI
3 Me M
>N S nove |
Me Me




Mew \ |/

, M Me,N\ | S

/ NMe NI
Me 2 HCI WD 2007/110627 PCT/ GB2007/001103

S1 Mew~Me M

-27 Thus,

w@pwrhaw2aspect of the invention pertains to aPeEGBR@7/001103

of prepari

conpound of the follow ng fornmula:
R3NA HX2 R7NBiN S N'R3NBppherein R1, R9, R 3NA

ng a 3, 7-diam no- |

OH phen
R9

ot hi azi ne ( DAPTZ)
H RL N HX R7NA\

R3NB, R7NA, R7NB, HX1 and HX2 are as defined herein

for exanpte, 5 re HXT and HXZ are eacn_HCI),
gonprising the steg of: (viktsaht fgrmation |(SF). In
pne enbodijnent, thg nethod ¢onp, |se the stdps of:
V) ring am no deprlotecti gf P) 10 (vi)) Hal t
forméfion|{(SF). In lopg enhqdifent mefdhdd py
conprises|ithe step Q%:/N(i afl ne“subst | tuti on (AS),
pptional (v) ring ani'tio deprotection (DP),° gnd 15
vi) salt |formati on—(SF). I n one errbodi ment~- t he
ret-hot—cof Pt ses—t hcﬁfcps of \i - ) At+t+o _l_chCtJi on
NR), (ivV) amnesbstltutlrel( S) 20 (v) rjing am no
depr ot ectijon (DP), jand (vi rrmtlon (SF). In
bne enbodijment, thed met hodceppl he st gpsHiof
ppt i 8@al (ii) ringlanno ct| 25 (i)
nitro reduction (N )nét ' S Nj’tE[Btl orf'"(AS)
v) ring amno deprlotECti on (DP) and (\Bt) |sal t
tormation|{(SF). 30 lLn one enbodi ment, the nethod
anm'gri ses it he steps of
Et III Et
N HI
39 Et. s N/Et HI
Et” “Et
CF, 1‘4 CF,
N Hi
40 Me Me Hi
> S NZ
Me Me
HI
41
‘3CH3\ / *CH, | HI
1SCH/ \13
Hi
42 1
_ wCH/ \13
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(i) nitration (NO, (ii) ring amno protection (AP),
(iii) nitro reduction (NR), (iv) amne substitution
W@ 28y/11827 (v) ring am no deprotection (DP), anpPCEMZB2007/001103
2007/ 110627 PCT/ GB2007/ 001103 -28- (vi) salt
formation (SF). In one enbodi nent, the steps are
performed in the order listgd (i.e., any step in the
list is perfornmed at the sanme tine as, or subsequent
purit/0, the preceding step in the list). 5 In one
nbodi nent, the step of (v) ring am no deprot ecti on
(DP) and the ste (vi) salt formation FJ
The P&PT 6mm09hdm®fttgﬁ p@mssnijinygntien maé(sszoavw@iﬂé!é)ﬁ elSﬁ"hﬁﬁ*eaS being
in a edMZaRuced R Thatbrapodryeoxilizefeigs, auldkidize) to give the

corr&g%é\ké Bgd%w}m@@h eﬁhﬁé r] i@ u&%ﬁ_ﬁ%‘% 'ﬂ%w Z1{AS do?nposntlons

'azi,ne,
comprisighing: /’r&azmwmmﬂg ﬁi@masen n@n@z cap N@Qa%a%'mw'ty»
as leasesanmbofidhereatrespontiing toiiolized someofind. ned usi ng a

nitrite, for exanple, sodi um nitrite for 15 exanple,

o Aoplieharnect i Pl fiarod retafin i fik e SoPhlinds g
descaibiet bersioiressttistamtialyurisied frmsand(ariin a formysubstangally free from

cont%maﬁﬁst (egn thé\Bdrrestdasiag dxidized comgoait, Bthed Contaminahtd).)
di nitro-1OH phenot hi azi ne i s converted to a

prot ected ring am nQ rou q( NRPr OQ far 20 exg
In o epqnppctqgepgpﬂ@ts%tant@ nyyped fogmyis atleast 50% Pypwelg &.9. at
leasi\m/ by 4veight paree egyylzn thaseT% by iweiptd piiveo ey cit destst &@%lby welght
pure ?Yfae%sf"‘@o%% Q\%Pﬁ‘tpﬁre Y, RIREPHR%, bV%éE;?ht p@ﬁae%'gc at least

acetic a

97%33y ﬂgiﬁé)ur%%ogg at)ﬁearlg? Qg% léjys\;vglght pure, e.g., rgtr]ga tgg% by welght pure.

In one embodiment, the contaminants represent no more than 50% by weight, e.g., no
more than 40% by weight, e.g., no more than 30% by weight, e.g., no more than 20% by
weight, e.9., no more than 10% by weight, e.g., no more than 5% by weight, e.g., no more
than 3% by weight, e.g., no more than 2% by weight, e.g., no more than 1% by weight.

Product-by-Process

In one embodiment, the DAPTZ compound is one which is obtained by, or is obtainable
by, a method as described herein.
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In one enbodi nent, the nitro reduction (NR) step is:

(iii) nitro reduction (NR), wherein each of the nitro
w@ 20d02)06gT oups of a protected PCT/GB2007/001103

3,7-dinitro-1OH phenothiazine is converted to an am no

(-NH2) group, for exanple: WO 2007/110627

PCT/ GB2007/ 001103 -29 RO Rpsot RL RO RProt R N\ -

/ NO2N S NO2 H2N S NH2 4 3 I n one enbodinment, nitro

reduction may be perf ghaRfbaUS|MHbesid Or exanple, tin

(I'1') chloride, for exanple, tin (Tl) chloride with

ethanol. 5 In one enbodi nent, the am ne substitution
Methps) fos thepchiemical Bynthesis efDATITA sormpauNsls of K breg@ns inyeption are
desBitsddl dreihhahags aw/dr-dWe)welineuna nidtheds papbe edcitfied and/or

adagted .gkﬁmg gs %@éﬁa@éamé ;ﬂéesynﬁqe%%ref%rdhﬁggéu DAPTZ

comppupgty withinthe WONG Oﬂtr& er VEDHENS NH2 R7NB, -N S NR3NB
10 3 2 In one enbodi nent, am ne substitution is

For%?&ﬁw?ferg | g@dlé‘?hé}ﬁtlﬁéiﬁ% mQ?‘lbé Q:Snvérﬁéﬁ témr%spoﬁ’ding 3,7-dinitro-
phe,qg

e o SR U35 e A AOM o
aminegreuprmatheh barpretattadh for exdntle, apghe Aceple, farssamAlenysing
aceti® anfiydiidle 2R PYridieR T Pheehitrb @RoupPiaysther be seduced to amiho groups,

for %gﬂé}ﬁe qjesﬂwrgrot f@g/&lﬁ&léefth ethl%le'Tﬂe r%hﬁ%&-! % %{p,
subptltmted;\fom‘swplggmbsw for/qz(gmleR:ﬂqg)y igUbgptitrgh for example
usin mBAYBolidS, ddiurRBNRIraxida D8O, and tetra-n-butyl ammonium bromide.

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.

Scheme 1
NaNO,
CI O e KI J@L
O Me Me
Ac20 pyridine SnCl,, EtOH

Mel, NaOH,

DMSO, (nBu)4NBr _HOLHO

v
Me 2 HCI
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35

In one enbodi nent, ring am no deprotection may be
perfornmed using acid, for exanple, hydrochloric acid,
wo e007ax@mepl e, concentrated aqueous hydrochl or i BCHGBR007/001103
In one enbodi nent, the step is: 25 (vi) salt formation
(SF), wherein the corresponding salt is forned, for
exanpl e: WD 2007/ 110627 PCT#7/GB2007/001103 -30 Rs HRL
RO HRL N\ -/ NHX R/NA1T 3NA7NA T I 3NA\ RR\ \

Thué, aRotl¥Z astBehEr thdlinveMich [RridisR0 M rfethbd BBpr%Q%anﬁa 87&diamino-
1R ERR o AP S R RO o e.

concentrated ggueous hydrochloric acid] 5 In one
enbodi nent, the steps Bf r'{l’ ng Ram ne deprotection and
salt formatio , oHiiy(i.e., as
one step), fo ornmed from
conpound ( 2) Ro%e aRproach, a
sui tabl e thi oniRAPGM chori de (for exaitl e,

met hyl t hi oni nijfum chl oride, MIC, also known as
l\/bth | ene Bl u& is converted to the correspondi ng

wheteir R &°, RISy RER AR R X' emdtHGrarevas defirdasssein fior example,
Whei'eovq)(d%id f-IW aRSHER H1), BOMBRsIRy BRIASSHM | odi de.  The
g 79 QJ 02$EI um iodide is then reduced, for
‘ﬁ)paé e §7I i odi de and et hanol, and t he
correspondl ng salt forned. A simlar met hod i s
In ordseérﬂbbdlméni thdmetiod tomptrideshe aeds bead, F. S. H.

o I)ﬂr%?ér?f@éd%rg%%ﬁ%@ﬂearm ue, " Journal . of the

248-253. An exanpl e of
subW spltfeemalieni(8F) | | ust r at ed in the followi ng schene.
Schene 2 N/ )\ ;M HO KI / I NV I / NN\ M,,

In ofaibddimeht, M@me%d MemMBsdihe Hepbed H1 G
(iv) amine substitution (AS),
optional (v) ring amino deprotection (DP), and
(vi) salt formation (SF).

In one embodiment, the method comprises the steps of
(i) 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).

In one embodiment, the method comprises the steps of
(i) nitration (NO),
(ii) ring amino protection (AP),
(iit) nitro reduction (NR),
(iv) amine substitution (AS),
(v) ring amino deprotection (DP), and
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Il N Etl, EEOHMN\ = ST / NN M M M 20 2H W
2007/ 110627 PCT/ GB2007/ 001103 -31 Thus, anot her
wa@zpeatosef the invention pertains to a nethod PET/GB2007/001103
preparing a 3,7-diam no- 1 OH phenot hi azi ne ( DAPTZ)
conmpound of the following formula: RO HR N HX R7NA
| /R3NA 2 R7TNB~N S NR3NB HXowherein R, R9, R3NA
R3NB R7NA R7NB, HX1 and HX% are as defined herein
AR S ere HX and HX2 are each HI),
3p?|§éll ng tﬁkon é@g (ki) reduction and iodide salt
forrmtl on (RISF). In one enbodi nent, the nethod
In one eprbogiasent,Hbe stepp sreperformigd iri thaicoder disiet] divrgyearyl 9p inghel list is
perfbfnéd bi the 8aetintNa Bf siisadbGsht 36 the pRICEEIRY SRp(iffthafist). | N
one enbodi nent, the steps are performed In the order
Ilsted(i.e.,an step in the list is erfornmed
In onpembernent rthe step QSKV)SE@B@éHMé%QPTP@C“Qm@D R eee & ﬁap §f p sait
formdtiohI8F) argtperfoirbed simultanecxiublg di.aTeas ond $tep). odi de
exchange (I E) step is: (i) iodide exchange (1E),
wher ei n g di (di sa{@t i tufed am no)-thioniniumsalt
In ong e"@@ﬁ\?‘@?"ttet e pirafipR (NG $18R [Sondi ng
3, Ti)diittatios (NS i whereid aatfithpenpiiarinenis ganvestédde 2 3 binitro-10H-
phe%t’h‘i’g%in% f&\@)}gﬂhgeY" |s an ani onic counter ion, for

exanpl e, |deo, f exarrple chl orlgde QJ brom de) :
13R9R/N R7N\/ / R3NA Y R R7 IR S N. R3NB
o “@Eﬁiﬁ Q

6

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 is -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 (-NRP™Y, for

example:
Prot

@U@ QJ@

In one embodiment, ring amino protection is achieved as an acetate, for example, using
acetic anhydride, for example, using acetic anhydride and pyridine.

In one embodiment, the nitro reduction (NR) step is:
(iii) nitro reduction (NR), wherein each of the nitro (-NO,) groups of a protected
3,7-dinitro-10H-phenothiazine is converted to an amino (-NH,) group, for example:
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R7N\ / / R3NA R7/NB.-N S N. R3NB I n one enbodi nent,

i odi de exchange (1 E) is achieved by reaction with
w@oitassicem i odi de, for exanpl e, aqueous potasRCTIGB2007/001103

i odi de. WD 2007/110627 PCT/ GB2007/001103 -32 In one

enbodi nent, the reduction and iodide salt formation

(RISF) step is: (ii) reductagn and iodide salt

formation (RISF), wherein a 3, 7-di (disubstituted

ani no) - t higgni pPemgi odi de is reduced apd cgivet'ted to

t he corresjpongj ng |3, 7-di am no- | OH phen

i odi de cp exanple— M RO

3NA 19 [R3NB RO HR N 3

R7 NBIo,,N I'NOgne enmbodiMent” r éducty on Nl

i odi de sal t fo mation (RISF) is achieved Ry reaction
with ethyl iodtde, for exanple, ethyl iodMde and
et hanol . 10 In another approach, an appropriate

In oﬁ@én‘ﬁ%ﬂ{n‘ém gﬁrlo reducﬁ{onw Ferfq‘?rtngbf lisihbi BPERIWIR SR chioride,

eous reduced and t he ring
for exgiMple, §p ﬂuﬁhlﬂ“éj?é‘ﬂtp@#‘am r exarrpl e, by reaction with
phenyl hydrazi ne, ethanol, acetic anhydride, and

In oﬁé(éhgbﬂ‘iﬁ‘rent-r U arﬁﬁl%rsﬁﬁﬂﬁg‘ﬁsﬂrﬂg\ﬁgﬂeb |ér:?y then be
P it s Bl TS iU GRBE FR A SANFROUS, o

proteieipd StTediaining- 10khplsnstippznais 0901#?116&' to @l%ﬁ%@d agnino QFOUP' for.

exa,}nbleustrat ed in the following scheme. Scheme 3 0Y Me /
"N\ No Et-N\ S/ Net Et~N1 S| 6 NettEBt: O Et

rt

Et Et ZnCIZ H
- OO

7NB/ \ 3NB

3 2

In one embodiment, amine substitution is performed using an alkyl halide, for example,
an alky! iodide, for example, methyl iodide, for example, methyl iodide with sodium
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, RP® is removed,
for example:

Prot
7NA 3NA

7NB/ \ 3NB
7NB/ \ 3NB

2a

In one embodiment, ring amino deprotection may be performed using acid, for example,
hydrochloric acid, for example, concentrated aqueous hydrochloric acid.
In one embodiment, the step is:

(vi) salt formation (SF), wherein the corresponding salt is formed, for example:
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2007/ 110627 PCT/ GB2007/001103 -33 Thus, another
wa@zpeatosef the invention pertains to a nethod PET/GB2007/001103

preparing a 3,7-diam no- | OH phenot hi azi ne ( DAPTZ)

conpound of the followng formula: Rs HRL N HX1

R7NA\ R3NA 2 R7NB~N S N'R3BB-HX wherein R R9, R3NA,

R3NB R7NA R7NB, HX1 and HX2 are as defined herein (for

exanple, 5 where HX1 and HX2 are each H), conprisng
t he snép erf gonprising the step of R® (iw) At
. In one embgdi nent, {he fethod HX'

g A1 s @ ' eps-'O‘f——'iRiwd 0 (igNiaji\) ol am P
RTRE | oy R), (i vyrSalt At i on 2
R™ ' , theawet hod | gorpli ses t Fe stepsNeiaNB ke

(ii) ring 1 N0 protection ?AP) 15(||{ ring amnc

i 0

deprot ecti (DP), and (ivy salt for n (SF). M
one enbodi ment, the nethod conprises the steps of (i)

redu tlon RE i) rin rote
i g P Pt o h e AT B S OB
hyde@hl?ﬂP pod, f(oss)(amwlﬁ, qonecriraiedaguaous hvdreclsloecpsmdr e
performed in the order listed (i.e., any step in the

In ohé %Fn boﬁumep? th€ Et[ ﬁg g?r‘?né;aéraﬁ'\g %e@{%?@ctlgh QF% ggl oi{w?tloq Aene

pe @%%ij'fﬁyﬁ@neqtﬁb! (k9. e?ﬁ one step), fcg@aemp@ncqrmm)ndamhlsm@ed from
congbapd (&) if ong stepng am no protection (AP) are perforned
Si rrultaneously (i.e., as one step). 10 For exanple, in

In ap?tﬁ [ éﬁoﬁ?%%c a shltgblee th?o%rlmugeﬂonc?ed&grtelxgpnp‘eRE\@thyﬁt%lommun?

chloride, MTC also known as Methylene Blue) is converted to the corresponding halide,
for example, by reaction with potassium iodide, for example, agueous potassium iodide.
The resuiting thioninium 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.

Scheme 2

o SO 2 @@@

“x‘
Me

H
N
Etl, EtOH /@[ D\
Me Me
N s <
Me” N Me
2 HI

cu@
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protection (AP) step is: (i) reduction (RED) and ring
am no protection (AP), wherein a 3,7-di (disubstituted
w@peiona)osehi oni nium salt is reduced to give thePCT/GB2007/001103
corresponding 3, 7-di (di substituted am no)- |
OH phenot hi azi ne, and the ring am no group (-NH) of
the 3,7-di (disubstituted an3ho) WO 2007/ 110627
PCT/ GB2007/ 001103 -34 10H phenot hi azine is converted
Thus$, @nather agget eftheiim@nten partainsttom roetRBY 0) preparfigv# 37hdtamino-

[ Pﬁ"Z? = b (16l [ Lut ed
10“3’?5%2@%@%@%%0 E@géﬁﬁg%fg%e?kg%ﬁ%ﬁ&h Rl RO RPr ot
RIE N\ O/ NV HXt R/N: /R3NA Y R7/NB¥N O N. R3N6 - -
R7NeN S N, R3N§ Hx2 23 B2 K one enbodi nent, Y
represents C 4. In ong-e Lreat, the|cppbi ned
reduction (RED) ,step ) I no_pLotection (AP)
step is achie DRFTTRPTE: azhne |apg? aceti c
anhydri de, forRERample, phenyl hydra?fpe, ethanol,
aceti c anhydrilde, and pyridine. 10 I n_one enbodi nent,
the st ep QJA é{!wl i )7N|;\i n Bam'1no deprotection (DP) and the
wheggieB',d1°, R'V) REAI R™fRT X aind(HBE)are pe dpfineddrareinl (for example,
whef X! &N ERE Sfeyedch.Hl), coRriSing trel g of: For Sxanpl e, in
one. ; e | am no deprotection
(D@ﬁ%ﬁb’gﬁﬂa '°f'g% Ssaﬁﬁ*ém#aﬂ?ﬁg@'.ﬁ (SF) step is: (ii)
ring am no deprotection (DP) and salt formation (SF),
in omghembodimieht ther methoticomprigesahe staps af:pr ot ect ed
3, (iy Bulddi SeRSdd @ityedn@m no) - 10K phenot hi azine is .
renpved t.0o giye 3,.2-di (.di ituted
amzﬁ('ﬁg“f%?p gﬂ‘gf?gf%l’ﬁ Sﬂtif?f@ag'%gg'g%i correspondi ng sal t
is formed, for exanple: RO RProt RI RR HR | N----
In ofé é&RibodimerRiNhe stbpSA peRéhhad ih IS BieRistedRi EXany BN bheist is

perf&lrr‘%%'\g t@mé\kirﬁe'&ss&l\&bsg&eﬁ)to?%e preceding step in the list).

In one embodiment, the iodide exchange (IE) step is:

(i) iodide exchange (IE), wherein a 3,7-di(disubstituted amino)-thioninium salt is
converted to the corresponding 3,7-di(disubstituted amino)-thioninium iodide, for example
(where Y™ is an anionic counter ion, for example, halide, for example, chloride or

bromide):
1 3 R9 R1
J@Ii v©
R7NA _— /RSNA
N s N

R7NE~ @ o 3NB
. —

12 R® R

N
— KEE fl ©

RTVA _ RONA

7NB>N S N _ans

R @ R

In one embodiment, iodide exchange (IE) is achieved by reaction with potassium iodide,
for example, aqueous potassium iodide.
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I n one enbodi ment, the conbined ring am no
deprotection (DP) step and salt formation (SF) step
woreap7heeper f or med usi ng acid, for exanple, hydpOoBRKT7©001103
acid, for exanple, concentrated aqueous hydrochloric
acid. 25 In a simlar approach, an appropriate
t hi oni nium chloride (e.g.,-8thyl thioniniumchloride,:-
ethyl thioniniumchloride) is first reduced and
In oae empbdimedt, tiee duetidmnddedide saitlothatpnl(RISF) Btep is:

bi %n)%cﬂtﬁttlbb( bAd JRIPRATONRA FQTS’F(? Wherai ﬁlt;tﬁz%ﬁgrsuﬁﬁ ut
Ten

e B i PR e %‘ﬁ@%&ﬁﬁ?@%ﬁ TPSROTAKMHasiino-

10HaAN¢nalkiazine igwivie ogmpaurst for emmplgszoow 001103 -35
anhydei de ((H3CCO) 20); for exanple, in the presence of
a suijt lﬁoe bage, for |e1xarrpl e, | pyridine (C5H5N) or
S

Huni ase (diigopropylethyljam ne, C8HI9N), for
exanmpl e, in HUl T sol verjt Géor exanpl e, et hanol
or a $¢7'&Ql ty T uc ghrg |d cetylated conpound
ist @émadé'pro ect ed y wiing the acetyl group),

for exanple, by (®action 5 tth a suitable halic acid,
for anpl e, hydrochloric acré or hydrobronic acid, in
a suitable solvent, fg¢r exanpleg ethangl, and™)
optionally with the addi tlifon ofRa p|t.ole et heny, for
exanpl e, diethyl ether. Anot hen  Hi

aspect of the invenwto pOSi t,j,on
conprising a DAPTZ co M Rs~ tegcNyed \y8r eiln, Hand
a pharmaceutically acc ﬁ%aﬁle carrier or di "adht
Uses 15 Reversing and/ @r Inhibiting the Aggreggﬂlon of
a Protein One aspect of the invention is the use of a
DAPTZ conmpound, as described herein, to regulate

In offeeegbodiinent; eacrictien amtliogideisall fdvnkliort {’REISE}JEYa%E@K/é@By fdacon
with RAA Rlulde, foPExNARPERY icladGay gfatyon of a proteln

ocl at e egenerati ve di sease and/ or
cI inical denentia. The aggregation may be in vitro,
In amathérappioash, anabmmldbetmmasab,domxdmme atiyd érdarenium semi

zinc Shidtige, 38 sifURENSRRA B8l anﬁhh@ rind 8@ t‘?)ftec,ttébe for example,

t t
by 400 W BB ng. S1rmPL Pt yf?{@%aaaé e
correshending salf mayé'mm Rrepaigdr o axarapie ofsing gnnseedrated aqueous
hydrasisiond adid; donéxampte, R€ tHeQ@REies aé t¥foficGERASAn aRghBIE of such a

metlﬁ‘dd lﬁ'illﬁeijrat?&m%'f&romﬁb{hbﬁﬂ ng contacting the protein

an effectrve a DAPTZ conpound, as
descrl bed herein. The nmethod nay be perforned in

vitro, or in vivo. Scheme 3
Oﬁ/Me
Et ———ee e
\,?, & ?,/E'f Bt /@SD\N/B
Et @ E Bt Bt
cl(® 0.52znCl,
H
]
N
- Et< :©\ _Et
N
Et” S Nkt
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30 Simlarly, one aspect of the invention pertains to
a nethod of regulating (e.g., reversing and/or
WO pwrhideehg) the aggregation of a protein in tPer/oBa0M/001103
of a manmmal, which aggregation is associated with a
di sease state as described herein, the treatnent
conprising the step of adm¥sstering to said mammal in
need of said treatnent, a prophylactically or
Thus, reotiyee aspasi bf the dfvieation pertaimoiors method oDétepZritpapYudidmino-
1OHap%eﬁsmra&wéq@Aﬁfrzgsérﬁbéundémefoﬁovﬁﬂ kdppfl tor of said
aggregation. WO 2007/ 110627 PCT/ GB%OO?/ 001103 - 36-
Met hods of Treat nment r pect of |[the present
i nvention pertains to @& nmethod of treatiment conpri sing
adm ni stering|to a pati \p-rged of tragtment a
prophyl acti caljl_yy.0r 1y Sa.effective anmount
of a DAPTZ co h@g, s 0es )6 N&z@gN%i nHxpr ef er abl y
in the formofiRa “pharnmaceutical coRposgition. Use in

Met hods of Therapy 10 Anot her aspect t he present
i nvention,perfai t DAPTZ conpound, as descri bed
wheggin By (R R%'?\ s“g, r?ﬁ“", O’r’%@tﬂ?@oﬁnéquraéa@ﬁéﬁﬁne(d&agem (tor example,

whert ld6ham EXhdietéanh)HIpfcommpesihg trarstew of: ani mal  body by
combhSh@ e st i N the Manufacture of Medicanments 15

Angt her aspect the present invention pertains to
us@voﬁaltaforﬂ%g‘?ﬁ(g ound, as described herein, in the

manuf acture of a nedi cament for use in treatnent

in orﬁeﬁelﬁbodi@fan@thedh&ﬁ@&@pﬁ@ﬂgéstth@%A _sr%@ I'n onedenb%dl ment,
t he. i ca conpound. sease
Coﬁ'c'?{%%oaqnﬁlnﬁrlaé%@g%%ﬁ Bsé)etglgis of Protein Aggregation
ThEVEREoraepdBRds of the present invention are
useful in the treatnment or 25 prophyl axis of diseases

in off erRbHifdkht, gﬁ%%% iceﬂpagé?sl{ﬁe s{eg? gpe embodi ment, the

di sease con on | | sease protein aggregation,
anaf,_ g MR Cﬂ?” . treatnent (5 with an amount of
a (kPN ansinpdeprdiection (Rcandbed herein, sufficient to

i nh{gmdtfbm@tiaggsg)gati on of the protein associated with
sai d di sease 30 condition. In general, the protein

aggregation is that which arises froman induced
In onegpinlrdimenio el methed pamprisasttheptepnotr action, i.e., one
I n(iwedattion (@&M)or mat i onal change of the protein, or in

a fi : jves rise to tenpl ated bindi ng
tlﬁﬁgﬁmné%{&%n,?ﬁ)t er (precursor) 35 protein
chop g

ang..agar egat i,0on
mﬁ’adﬁ‘gaﬂmdaﬂ&% i ng manner. Once
nu€v)es@itifomation ($fF )t i at ed, an

In one embodiment, the steps are performed in the order listed (i.e., any step in the list is
performed at the same time as, or subsequent to, the preceding step in the list).

In one embodiment, the step of (i) reduction (RED) and the step of (ii) ring amino
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
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)-
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aggregati on cascade may ensue which involves the

i nduced conformational polynerisation of further
w@e@vaie2nol ecul es, |eading to the fornati on OPCT/GBR@7/001103

product fragnments in aggregates which are

substantially resistant to further proteolysis. The

protein aggregates thus formad are thought to be a

proxi mal cause of disease states 40 mani fested as

10HIphErRUegaMEIsoh%sHedtb larprat@btedemg @mlﬁo gRE (ko give the

B S R S

Tlisting of variaqus di sease- ass at ed aggregatl n
protein§ and tfie corregpondi ng di seasexR’of RBF'oREI N

aggr egati o Disgases of| proteijn aggregatio HX'
Agar eg I Plr3 tiey W D gease do ang

Rs Uspyp : ] ijons—ei ZlerR™{ k urg _RMA HX?
R@Eﬁerat ive sordersRP’?‘al on protleime-Pion di Seases N awe

L Inherited d sporadic florns 27 Prusiner (1998) (CID,

" nvCID, Fat2B famlial insomia, PrP-27-30; ny

Gerst mann- St raussl er- mutations. Schei nker syndrone,
Fi brillogenic, domains: 113- Gasset et al. 120,

In °T9§ gim '\éﬁ%re%?@l& Al zhei ner' s di sease, Down's

syndronme, FTDP-17, CBD, post Tau Inherited and

In oM¥ SaiboKinRint, &he conBiHe® Fé?}tu%hcfh @@Wsﬁbﬁpﬂosm Fhink otectlon (AP)
TS iR o

phenylhydrazme ethanol, acetlc anhydride, and pyridine.

In one embodiment, the step of iii) ring amino deprotection (DP) and the step of (iv) salt
formation (SF) are performed simultaneously (i.e., as one step).

For example, in one embodiment, the combined ring amino deprotection (DP) step and
salt formation (SF) step is:

(if) ring amino deprotection (DP) and salt formation (SF), wherein the protecting
group of a protected 3,7-di(disubstituted amino)-10H-phenothiazine is removed to give a
3,7-di(disubstituted amino)-10H-phenothiazine, and the corresponding salt is formed, for
example:

9 Prot 1 [ 9 9 7]
g i
N -~ N HX'
R7N/§\ /R3NA R7NA\ RSNA »
R7NE N S N RONE R7NB/N S N:RSNB hX
22 — —!
21

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-y)-ethanone, for example, by reaction with hydrazine
(NHzNH,), methyl hydrazine (MeNHNH,), or sodium borohydride (NaBH.); and acetic
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(tubul i n-binding domain) 297-391. Mutations in tau
Hutton et al. in FTDP-17. (1998) Many nutations
w@z@chiwe7 al .  in presenilin (2000) proteins. PENEBR10E/001103

Al zhei ner' s di sease, Inherited and 4 d enner &
3-protein Down's syndrone sporadic forns Wn 1984
Anyloid P rotein; 1-42(3)._.4d.mutations in Coate et
al. APP in rare (1991) famlies. WO 2007/110627

anhydribe @200 ItdxamdR, IHtAEBRREN&S of QUitBbiB REE/ BPakdnilk,

PYidip (et o Lk\?i%hﬂgﬁ% R BHYBSER el RS ple p @
suitgiie selventuior Bxamnipegithancber agetonitrientThededuceriandiasgtyiated
comPb G ehaxpairordiedQby Adibiing tBé dtetligneup) foperdraple, by reaction

witg SH BNl o/ T ey SEfiphoshith 3t i, SR Sitavie

solveq@@gyxamgﬁegmgpol, andertional \,Wl{mthmapglaﬂri\ gf a gu#a {Iieetpler, for

exaibplef diethyf etbat.| i dol uysi an expanded Paul son et al.
atrophy (DRPLA) glutam ne (1999) repeats.

Compositions

Another aspect of the invention pertains to a composition comprising a DAPTZ
compound, as described herein, and a pharmaceutically acceptable carrier or diluent.

Uses

Reversing and/or Inhibiting the Aggregation of a Protein

One aspect of the invention is the use of a DAPTZ compound, as described herein, to
regulate (e.g., to reverse and/or inhibit) the aggregation of a protein, for example,
aggregation of a protein associated with a neurodegenerative disease and/or clinical
dementia. The aggregation may be in vitro, or in vivo, and may be associated with a
disease state as discussed below.

Thus, one aspect of the invention pertains to a method of regulating (e.g., reversing
and/or inhibiting) the aggregation of a protein, for example, aggregation of a protein
associated with a neurodegenerative disease and/or clinical dementia, comprising
contacting the protein with an eifective amount of a DAPTZ compound, as described
herein. The method may be performed in vitro, or in vivo.

Similarly, one aspect of the invention pertains to a method of regulating (e.g., reversing
and/or inhibiting) the aggregation of a protein in the brain of a mammal, which
aggregation is associated with a disease state as described herein, the treatment
comprising the step of administering to said mammal in need of said treatment, a
prophylactically or therapeutically effective amount of a DAPTZ compound, as described
herein, that is an inhibitor of said aggregation.
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Proteins with Androgen Spinal and bul bar expanded

Paul son et al. receptor nuscul ar atrophy gl utam ne
W@ 1®99)062T epeat s. Fami | i al encephal opat hy Neur PREGBR09;/001103
Davis et al. Neuroserpin with neuronal inclusion

S49P, S52R. 57 (1999) bodies (FEN B) Parkinson's
di sease, denentia wth Lewy3d6nherited and Spill antini
et al. - a-Synuclein bodies, multiple system sporadic
Methodg'sf Tk8atikP98) atrophy A53T, A3OP in rare autosomal -
Pol ymer opoul os domnant PD et at. (1997) famlies.
reditary. cerebral statin C.|ess Abrahanson et .
A"@@awcﬁ 0 h&rfﬁ??%‘éﬂ’{%'{q”c@”éﬁ'&ite? meghed el rplmentigompsising
admahiste(in@ 8P patied® @ nedualpsd trerinunt Apyapihytaoticatly loa threrapeuScilly
effeblilicPdrh QUM of SDAFAAcIhpdtind, asdeBBHbRPRerbinSSefrA8Y f the form of a
ha&%%%;gc lNon- ASUL O- de enerative di sorders Haenpgl obin
P GELEPIMPRRER N a Haenogl obin Carrell & beta chain
(S). Goo to 1998 WO 2007/110627 PCT/ GB2007/001103 -39
UseDn $daiseds affThpraplyei N aggregati on  Aggregating Fi bril
Protein D sease domain and/or subunit Reference

tations _size kDa)  1nclusion body Many mutations.,
An%ﬁﬁw‘é okt é’r’%?%gﬁ‘é l%mmnqrﬁayﬁé?ﬁ T2 sUMRIHNG AR dPEsHEed
her¢infasuss inal methpe whhiyateent (eq. r of laadisemse ChBAIRYN) of the human or
animal body by therapy.

Use in the Manufacture of Medicaments

Another aspect of the present invention pertains to use of a DAPTZ compound, as
described herein, in the manufacture of a medicament for use in treatment (e.g., of a
disease condition).

In one embodiment, the medicament comprises the DAPTZ compound.

Disease Conditions Treated - Diseases of Protein Agaregation

The DAPTZ compounds of the present invention are useful in the treatment or
prophylaxis of diseases of protein aggregation.

Thus, in one embodiment, the disease condition is a disease of protein aggregation, and,
for example, the treatment is with an amount of a DAPTZ compound, as described
herein, sufficient to inhibit the aggregation of the protein associated with said disease
condition. '

In general, the protein aggregation is that which arises from an induced conformational
polymerisation interaction, i.e., one in which a conformational change of the protein, or in
a fragment thereof, gives rise to templated binding and aggregation of further (precursor)
protein molecules in a self-propagating manner. Once nucleation is initiated, an
aggregation cascade may ensue which involves the induced conformational
polymerisation of further protein molecules, feading to the formation of toxic product
fragments in aggregates which are substantially resistant to further proteolysis. The
protein aggregates thus formed are thought to be a proximal cause of disease states
manifested as neurodegeneration, clinical dementia, and other pathological symptoms.
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el’ns
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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.

Uemichi, T., Liuepnicks, J.j. & Benson, M.D. (1994) Hereditary renal amyloidosis with a
novel variant fibrinogen. Journal of Clinical Investigation 93, 731-736.

Westermark, P., Engstrom, U., Johnson, K.H., Westermark, G.T. & Betsholtz, C. (1990)
Islet amyloid polypeptide: pinpointing amino acid residues linked to amyloid fibril
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extent of the N-termnal domain (see, e.g., Kindler

and Garner, 1994, Mol . Brain Res., Vol. 26, pp.
wWQ1i®72M%)»7 Neverthel ess, aggregation in the  PCT/GB2007/001103

tandemrepeat region is not 10 selective for the tau

repeat domain. Thus it will be appreciated that any

di scussion herein in relaty®n to tau protein or

tau-tau aggregati on should be taken as relating al so

t o formatioNAPRcagiingoaiithe NativviaPAcddsnyd, afitiargas, (994 8aBD36-
SO o I n one enbodi ment, the protein is tau protein.

et 425 SR8, B et ch bty Bol A 8 Byt
pr qrodipeptiden- anevet phrithivetsytin dibbethe rqzeambn Didbatodrgia 85,297-303.
We%tf@ﬁﬁeﬁ‘lé,it%, JdHr@Mli;,g@.Pllt. 25@2&@? pj@tmisgj;s g%hf&%nﬁyl%%ﬁ%zirﬁg%view
el dhsR PHROERRCE: Aunibd philifod T S5-08° P
Wisglilir @M- oNevakaMy Thesgrses, i QrEdwards, Fhe., RuapwiclsiM.Ja Jakes, R.,
garwalker, U, Mitsteih N@.NM. bR 818Iug sA @ 988)i 9@ gticrbsi\eefragment of tau
r . : | NOT;.
ORI B iR T bt
pr STBPFPANGS P! HisNRUaral ARIEMY AN SCERcey H¥sT ig0P el €of )
may play a role. The pathogenesis of neurodegenerative
As HsSABSHEIIVOD2I55250 Bh& KisSpdibrit 8BSIR aBG nithB&r &7 286/ 200 filed on

u l.ear LS RSP) . ears to.correlate, . wth, an
29 0N A8 R i o Erbin 2Rt a R Shiyieinsr 5ave
utility dn thednijitiera pbesuppmiieteiaragaregating diseasepr ani dal cel I's of
the neocortex, respectively. Qher dementias include
k ' :
Thutfs 63@ ?‘8 %@gﬁgﬁ%@l& ﬁéﬁ%&%ﬁ‘%&e&%ﬁ@h reQﬂfré% QRGNS b5 EHERGh of
embRAMEHHS Yith retPeakiRaay Pretgin PKiaHdks PrisiaRh{fed r VAR chrpidde
takenDiPA)yingped ally to i;tmeruthmym’r@eia# disdesged egeaaim Geng.( Bllah@)qid,
syn@éﬂfg} le'ﬁ §%r):b’r %{F%kr) pF?ﬁélaih% Qﬁrcﬂ'ngiy?ni{iér%%'r ngdé’rﬁggrh‘ﬁ?ﬁér' on
patfelfgica oarE8aanis iR ot BB iplarh| oo T2 dprfain crifcaitor
propagetiet bl tHE @ggregation, shwhigh imparts wetgolytic stahtlityHaithe aggregate this
formi0@ee, g, theaaise By Wikchiket af\in &fbur&ﬂol@gy]of, AlZigimer’s Disease”,
LeC U i @l,0 |
2nd KU 200, B35 O dth . RN, 8. the Wilociar sl
Neuphiolggy Paase BifsRaritiic PSR saPToRa i GUER pradins may be
refepet haherein asr“apanepatid disedsy padieins.fral t au aggregati on,
are referred to herein as "tauopathies". Thus, in one
. enbodiment, the disease.condition is a.tguopathy. . .40
LikeFs (BB A TacEier el ShirEiat GaBieo U™ & e MK, ths may
alsoRatakeretpchroariticakie taotbprniabgregwiiDoAvotrin agiBegation”, such as B-
amyR§id. é@%@&?d@ﬁﬂd@gggreéﬁiohﬂs ( anmfﬁg@fﬁg@ﬁm,,et(‘r;igﬂaéjééﬁfléﬁplies for
" : nmer's disease. I n one enbodi nent,
tauﬁ:?@g%%cg@ed(éqég"_o? ?ﬂrc'eat ment of a neurodegenerative
tauopathy, e.g., 5 Al zheinmer's disease) may optionally
Prefeeret WggaghatimpDiseasa\Ptdieionnie or nore ot her agents, for

Preferred embodiments of the invention are based on tau protein. The term “tau protein,”
as used herein, refers generally to any protein of the tau protein family. Tau proteins are
characterised as being one among a larger number of protein families which co-purify
with microtubules during repeated cycles of assembly and disassembly (see, e.g.,
Shelanski et al., 1973, Proc. Natl. Acad. Sci. USA, Vol. 70, pp. 765-768), and are known
as microtubule-associated-proteins (MAPs). Members of the tau family share the
common features of having a characteristic N-terminal segment, sequences of
approximately 50 amino acids inserted in the N-terminal segment, which are
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exanpl e, one or nore cholinesterase inhibitors (such
as Donepezil (also known as AriceptTM, Rivastigm ne
w@ adognideeown as Exel onTM), Gal antam ne (al so kpomeBa®7/001103
Rem nyl TM, NMDA receptor antagoni sts (such as
Memantine (al so known as Ebi xaTM NanendaTM,
muscarini c receptor agoni stg4-and/or inhibitors of
anyl oid precursor protein 10 processing that leads to

deveppmeatatly gjuited indhe bfai) et dhapatdristicltandBnSeps&4 region consisting
of 3RMhdORPepbeRArA. 30 ShiB il SamPecTaRhbian® |0 one
nment t S

enbo I sease con 1on I's cancer. 15
I n one enbodi nent, the di sease condition is nel anonn.
MAP2 iaﬁle peedmmimm nticrotubeleeﬁssedaied eosteintin tre senatodandetiG

Blee08 g PIRLRZ 28l in dlIRRASKIIe S PH 4 gﬁut LiIg{h, |F.Qis‘?'b§ 155-
i TR A
prof@tmﬁ ithatandemiprest agion buheffer semiamlajwmﬂaln the geqitence and
extdr@ bf eaRErRinaCiddaiaqsed)e. qandhdier MG aten @94 Aloll BraiRes.,

Volffb?gﬁ %’Pa"ﬁ%t) B‘%\/&HHJ!QJ% ?dréi@ﬁ)ﬁ u‘f%%ﬁ!i%psea%&&qs RYt

se'qg@é% or 4t taH Seneat darpibe (Thys itilbbe prRrERiRted i@ ANY G¥scussion herein
in rgdatidretorigu protais er tabi-tau BfdPegatmorshouldde talserdﬁm‘atlbgdllso to tau-

MA#?%S%;:%gahdh MWMﬂﬁz%fggr‘é@%ﬁéd \éﬂH'se%na pat hogen in a
sanpl e exanpl e a or plasma sanpl e),

conprising the steps of |ntrodu0| ng the DAPTZ conpound
In opaeqborient dhp peteinirtasppdieinng the sanple to light. 35
For exanple, in one enbodi nent, the nethod conprises

f PT into th
in opGRrcBferftog BIGAINES Sthkleh, o ?L\ I
2007/ 110627 PCT/ GB2007/ 001103 -46 Use as Liaands The
Wh&aRAE poxdeip sutad prdtéiat inane eododinhent of theminédant invgntidmethere is
proAdét & gﬁtﬁﬁbf%m&% ;S’r'b@&&ioﬂ oWthem @bgﬁ‘éggl%s ‘%é‘ aflife RFm of
Pa'rsébf%@%g?%wef%ffgg?& plgans Pfeeorbyiay fanaie S Tab e brain of

a mamanabARe Fealognboeing as dascrribgéabowf tau protein (or
aggregated tau protein).

Preferred Diseases of Protein Aggregation

Notably it is not only Alzheimer's disease (AD) in which tau protein (and aberrant function
or processing thereof) may play a role. The pathogenesis of neurodegenerative disorders
such as Pick’s disease and Progressive Supranuciear Palsy (PSP) appears to correlate
with an accumulation of pathological truncated tau aggregates in the dentate gyrus and
stellate pyramidal cells of the neocortex, respectively. Other dementias include fronto-
temporal dementia (FTD); parkinsonism linked to chromosome 17 (FTDP-17);
disinhibition-dementia-parkinsonism-amyotrophy complex (DDPAC); pallido-ponto-nigral
degeneration (PPND); Guam-ALS syndrome; pallido-nigro-luysian degeneration (PNLD);
cortico-basal degeneration (CBD) and others (see, e.g., the article by Wischik et al. in
“Neurobiology of Alzheimer’s Disease”, 2nd Edition, 2000, Eds. Dawbarn, D. and Allen,
S.J., The Molecular and Celiular Neurobiology Series, Bios Scientific Publishers, Oxford;
especially Table 5.1). All of these diseases, which are characterized primarily or partially
by abnormal tau aggregation, are referred to herein as “tauopathies”.

Thus, in one embodiment, the disease condition is a tauopathy.

In one embodiment, the disease condition is a neurodegenerative tauopathy.
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Such DAPTZ conmpounds (Iligands) may incorporate, be
conjugated to, be chelated with, or otherw se be
wa@s®oai@weed with, other chem cal groups, such BCI/&Baimm01103
and unstabl e 10 detectabl e i sotopes, radioi sotopes,
positron-emtting atons, magnetic resonance | abels,
dyes, fluorescent markers,-48igenic groups,
therapeutic noieties, or any other noiety that nay
aid in a prognostic, diagnostic, or therapeutic
[ ' ' ¢ j t, the DAPTZ
in o B ERHIERE e AedRERTR fan ENAREECIRHR. 15
additional limtation that the compound i ncor porates,
In ohs emboglirgat, éebatroent (&g ¢ redtatentiofd néyrodegeneative trRvoRRkY, e.9.,

Alzhgﬁﬁé’r“é @%{&e}"’iﬂa@ op@E1IlP be TPESHBiRatn with oré ordnoré otiedr @ggnts, for
ccafis vt e e b EHEE G S8R R a trowm
Ariceptd¥n Rivastigraipel(also kegnesas Exalen s Galantaminedplso known as

Rend@f Ii”‘afNMDAGIVe@éﬂ%r arfthgdriiets el Memmdntink éaiso RfowmnaoBiixa™,
Nanieﬁ)d%be)?%écar‘nﬁ@ae@éﬁé@&o&ﬁg léﬁgloF ﬁlpafbtitéfsgcﬁ %gr}ﬁg% 8?53??2 %rotein
proqessing Kest e 0 SARRNICAE PRRIRHETE Dot eiRftigat ed (o, |

chelated wth, or is otherw se associated with, one

Dis%se'@c{n%it&)ﬁs §reatdd - BthePDishas€E6nditighdt ect able | abel s.

. I n_one enbodl ment, e DAPTZ conpound is
as defined above, but with the 25 additional

In ohé eimbatiment itha diseage euwiiionitiskimeNcgbr at es, s
conjugated to, is chelated with, or 1is otherw se

assQei | e (o] 1, 2, 3, 4, etc.)
in o EBEAk TR h s B e imERndne ormounds (e.5.
when ligated to tau protein or aggregated tau protein)
In o entbedineniiahe sisdase catelitioatieal visgl, avferil ot profozoatshisrase
confiiflnt he skilled person will 30 appreciate that any
sul'tabl e detection neans as is known in the art may be
used. For exanple, the DAPTZ conpound (Iigand-|abel)
In omaenipedinent abe yprdtozed) digease condidon [onalgliag a
positron-enmtting atom(e.g., "C) (e.g., as a carbon
at gm, of.. on [ vl ' ; i
i 8 8RR BL R et Bt Tpay e oo Ao TUAA bhe eF ok afircratia
agest, ffiergmples FlpEgUBRiagdiop AtoVaIA Paphy (PET) as is
known in the art. Such 1C | abel | ed DAPTZ conpounds nay
In o8 eg{b%‘aﬁﬁé%ﬂ ¥ (@%Fbﬁée‘ae EBSuifiER I8 e8lgseddf 396 daBs ChAINBIoR West
. 1n kno ways, ‘for exanple, 1n analogy to the nethods
N"ed\é'%ﬁvﬁ'g\ﬁ)-i n WD 02/075318 (see Figures 11 a, 11 b,

12) and WD 2005/ 030676. 40 WD 2007/ 110627
othBAE&82007/ 001103  -47 Thus, anot her aspect of the
present invention pertains to a nethod of |abelling

tau protein (or aggregated tau protei g{’%’co risi ng
Anather aspegt aithe present diveatian pritaintdouss opp |T@%P°Un )
as @EEFiBgRhedint ia mitrodiof )nasiivating alpatibgen imp samglet (fratexample a
bloécPSP@g&ﬁ&‘%&ﬁupieg,%oﬁfb%ﬁg HeedepLof ihtfodutinglthd BAPHZIIdmMIBUNd into
I's of herw sSe assoclrated wth, one or nore (e.g., 1, 2,
the sample, gp¢ exPasinging spapledofigel s

For example, in one embodiment, the method comprises the steps of introducing the
DAPTZ compound into the sample, and then exposing the sample to light.
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Anot her aspect of the present invention pertains to a
nmet hod of detecting tau protein (or aggregated tau
W@e@raiaw)7 conpri sing the steps of: (i) contactPemyGBR@®7/001103
tau protein (or aggregated tau protein) with a DAPTZ
conmpound that incorporates, is conjugated to, is 10
chelated with, or is otherwge associated with, one or
nore (e.g., 1, 2, 3, 4, etc.) detectable |abels, and
Useldd DigdlRisect i ng the presence and/or anpunt of said
conmpound bound to tau protein (or aggregated tau
protein). Another aspect of the present invention L
ThefARBE pemperngls ieatiese casrabl eidikiting He ageegaben f tgp protgn will
alscebd dpaplendieictiaas iyands oplabelbjoétau eteinsfoe dggregatati tar protein).
r: [ GNP q%% :
Thulg’n'ﬁ %é%@%&ﬁﬁ%ﬁ’gh?he Sl;b(j%ggjt% ug@%A% coor];g%uu% {e}:r}ig{;g?geregated
tau groteidlhe| | i ng tau protein or aggregated tau protein,
particularly tau protein (e.g., a DAPTZ conpound that

Such AP OERhSSundk SligePRE)UAAL BEorb8ratd, eERjughRd ¥ B bheRited with,

I,S of herw se .associ at.ed th, ,one_or re .
orayisc B Y8 oidteq Kb E e eial BB S st Syt g yiptabe
deteatrblpisetopre.gadinigotopeamesiton-puttipg atamsl Magmshie FRsopYipsdabels,
dyeb FluofascBntah &ikersp AntR@alcegeiRthetdpentiomdities,nortang obifedmoiety

. ' » i) i DG result of
el 98 £ B b Baghbbe) of RbieBLa e Bn: 200 State
of the subject. Another aspect of the present
Forieraraple] iproneenttaidirsertothe DIARHAZcangrmuiod iglas defiteddrecdin, g with the
additBRSiniR8oh B4t MeloPhgbuRE irRBNoRASS, #8lcd ity aiéPlolistheRitdd with, or

. DAPTZ conpound that 1ncorpo S, 1.S,C0 t,e
s offeF i ASTatAa M. UE O Z1HE Moo e SatctiE) SEMAHR ek o
exagple, igstapegeragiojsolopes, paitrap-eraitting yateras, saagiistie resgpanas labels,
dyeb ducksiRehtmarker! Bahenic flo@@nostherapeutiomogaesi s of a

tau proteinopathy. 30 Another aspect of the present

i nvention pertains _to use of a DAPTZ c ound capabl e
In oge embagigrantrige PAT TgrcamacHne s aawneg?ét@ a%'ag?'o?@r 7, label for
tau peat¢in ¢erl aggrsgatexiitap pottein)y ahe irgorposatB¥\RT Zonjogatpd tm @ dhekted
witH, BF R rRiBSassbFate@ WithIHESH hste (8.9.,AN8! Rl dic defectie labels.

I's otherw se associated wth, oné or nore (e.g., 1,

2, 3, 4, etc.) detectable |abels), in a nethod of )
For examplgc uang estbodimentatie BARTE enmpnuogivas fefinedahewe, bubwith the
additidAall initafién eHad §RNTHodhd Picogponges ivEorfudatel B5is chelated with, or
. rot. . | e
s offgRl G HEREIB IR IRE Bty R - 47y YRlpyte oo

i gands/ |l abels directly, they could be adm nistered
LabeliectDAPEZ eospourids (eg. fvirendigatedrts taanproteirt reagaedédated faamnotein)

e e e
aprEfiAte L1t SOpP i delerPR M e DGR daar Ty Y ed.

| i gands di scl osed herein may be used as part of a
ForRRAMPR, Be BMRTINBSHhSouHd (Ri-PANASESmay bé slabpEetosed by O
incoz%»rggrﬁq %‘ gﬁgg'gﬁg%itgﬁé attane(%Fd:',B%)’ (e.od., Jsoa 8586 §toW8f one or more
alkyl group substituents, e.g., methyl group substituents) and detecting the compound
using positron emission tomography (PET) as is known in the art.

Such 'C labelled DAPTZ compounds may be prepared by adapting the methods
described herein in known ways, for example, in analogy to the methods described in
WO 02/075318 (see Figures 11a, 11b, 12) and WO 2005/030676.
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treatnment or a therapeutic (e.g., an inhibitor of tau

protein aggregation) adm nistered to the subject. 5
wae@atneet The term "treatnment,"” as used her eP@I/GB2G0M01103

context of treating a condition, pertains generally

to treatnment and therapy, whether of a human or an

animal (e.g., in veterinary40 applications), in which

some desired therapeutic effect is achieved, for
ThueX& e aspdut of ih@hir&dn't pientfontpedains ¢g s @sshaf oftihigslling tau protein

(or &c%’? attéd)l'&u p?&%m 9% ﬂ?’g@leat?eg) Iél)%n’ca'&tlﬁiﬁwert% ?ro?ém or

agolfoaibidag BrRts ) \eslﬁh a, ot e rRaroRRIEe s gwugea?fﬂfo s
chelatadewitif, ot ise:tlu&rwcﬂetasemlatﬁd adthnenetorasora (egadhl Ack ets.)

deté'é?éﬁélfaﬁel@'- ., prophylaxis, prevention) is also
I ncluded. 15 The term' therapeutl cally-effective

amount ," as used herein, pertains to that ampunt of
AnothyrREpRa AHBEMIEses InYentnderains te amsbiad ofuietesting b%tblgetem (or
aggfdgatadauprdtsinygpraprisiigihe stepsph dindontadtinglthe taugdrbiedt fove
aggﬁeyaté%‘y tQQ;&FAt&%@mﬂE 57 &fh Jﬂﬁ&ﬂ’%? b o?étgf% conjugated to, is

bene

chelafRehWH AT 4 heiis 4H0SRRA IR GTHTE 8- Ak P
detaataizé abals, arbipdetectBigrthé ardsgnce drel/ereanmount of said compound bound |

to tauPSraRiy o@ﬁb@r@ﬁéﬂeﬁtﬁjﬁr‘éﬁim yve amount, " as used herein,
pertains tot ambunt of a DAPTZ conmpound, or a

material, conposition or dosage from conprising a
AnotlyrBEped whtherRicsankinvaNtion Rertping te @ anatiaed %P diANSsEPr PEramosis of
a tal @soteROpthp Py bulsédt Gedviedi ¢d suffth froanine disetsd, cowiptiking the steps

of: (Q%‘?t?&né@ (lg?ntg ﬂihﬁédbié& bﬁ?\ﬁ?% o‘ﬁmﬁ %aﬁ'ﬁﬂé Bt Ebéﬁr?ﬁ%tahtrbé?t%n or
a00raGARR B RO AT IBH I HEIR 15 AR HerRTEP o

incdrperates| issonjupatetiitalis chaated withpoarés otheatisseassciated with, one or
mor%"l@ rgap|| 9539 %tc‘)%@étﬂ‘é’die Iafbgfs) ?%%rﬁmnﬁ%%&éeﬂcbhn@ﬁbr amount

I't ane

of S?'Hé‘P 089,8 Bﬂ‘ﬂfm&éa” BE?EG'EB a%?galt‘?ifat“é’& tte!S‘ in #S'brain of the
subjsieh @pd Iﬁlé)r eapiplating éhearpsiih pithe defepningfionmere in Giywith §re disease

state o tHecHuBR:ct.€. 9., drugs, antibodies (e.g., as in
imTunot herapy), prodrugs (e.g., as in photodynam c

erapy, GDEPT, ADEPT, etc. rl) ; surlgtﬁzﬁy radi ati on
Anthraaa&;ct of g RyesRRt ineRtighypertgins ie @ DATA,PANPaUNd rapahig of
labddenyethu praitin too aggnebated t4u prateire(ety. wh DAPAZDARPoULdthedund
mc@ﬁorafé%si%rc’oﬁﬁaaigﬁ &1 cNIAtEd RS, é?rls BPEAviSE BSdoclaedwith, bne or

Mo G Sk Pt P Ll B e B B eamosis or

progriipgss ofiadau wrateinerdtiy.sel ect  dosages usi ng hi s/ her
conmmon general know edge and dosing regi nens known to

Ano@ﬁ%&é%ﬁ%ﬁ%&%%%ﬁ fn‘\lé%%rpert\gﬂsgg Qgé grf]:Q B%ETZ.compound capable of
labelling tau protein or aggregated tau protein, particularly tau protein (e.g., a DAPTZ
compound that incorporates, is conjugated to, is chelated with, or is otherwise associated
with, one or more (e.g., 1, 2, 3, 4, etc.) detectable labels), in a method of manufacture of
a diagnostic or prognostic reagent for use in the diagnosis or prognosis of a tau
proteinopathy.

Those skilled in the art will appreciate that instead of administering DAPTZ ligands/labels
directly, they could be administered in a precursor form, for conversion to the active form
(e.g., ligating form, labelling form) by an activating agent present in, or administered to,
the same subject.



10

15

20

25

30

35

40

-49 The agents (i.e., a DAPTZ conpound as descri bed

here, plus one or nore other agents) may be
wa@odimnieeer ed sinmul t aneously or sequentially, POTGBaY7/001103

be adm nistered in individually varying dose :

schedul es and via different routes. For exanple, when

adm ni stered sequential ly,-48%e agents can be

adm ni stered at closely spaced intervals 5 (e.g., over

Thedigpreds distladed hefin mag beaskd @e patt of amgihod oft dkgrasis or prognosis.

It méygtr)@ usa%d]'to sglretcfga wﬁétrlégﬁ ;@eﬁt%& t?] P&k gfrésjé Yi6hds9 BOSr
treafTRRt R4 tHATAREIC bt BN STV EOE o2t TSR Ag0tsSlion) camiysteteg to

the sUbgechpeuti ¢ agent (s). The agents (i.e., a DAPTZ
conmpound as descri bed here, plus one or nore other

TreA9ER s) 10 may be fornul ated together in a single
—*%@S%{Je form or alternatively, the individual agents

may be fornul ated separately and presented together in
Thettéren *ﬁn@ﬁaﬂ‘n@‘ft " as kiséd herein intied ¢ontent bihtreating tar cotitiition spertaims

genbf fo ¢ %E%ergé ﬁlﬁlr%? LaLM2R o 1R bl G T vetermary

C (6] n ar co
appigOTR: i ot S A A
mhxlmtmvca‘rthe ptogresstof thef camdition) artdriatiudas a regletidnen the rate of progress,
a ha‘&Mﬁir%ma@J)f' dr‘éd?@ésl Pélﬁé?dlédloﬂﬁe toitionl bivelidrafion ofdhe EbWlition,

ens Sk TR TSN g 0 PR TR S gt

previeptierdtis algp inchidedal :  subl i ngual : transder mal
(including, e.g. byapatch plaster etc.);

Theﬁ%rﬂpﬁ%ﬁ%ﬂ’cal a} é‘Ffé 'g\% émounte a8 use{]’}ﬁef%lrp%ﬁgi ﬁ‘l%f &thount of a

ocu.
DARZ {AmPa e AT lsSs comRPSATGT Aopege romsomPHED 2RARTZ
comppundsidH iateffestive fiarmpguairg saye desired thﬂrapamlc &fedsol ,
confindhsurdtd il g Red BB abB WeRefrisk £8) whéR §dminist&ed in a&brdance with

|tor or _enemm); vaginal (e.g., by 7?5 pessary);
adeﬁﬁ?@ﬁ qggpeqéxan'pl e, by injection, including

subcut aneous i ntrader mal, i ntramuscul ar,
Simildrlyr ﬂ?é&@@mspro;bﬁyldoﬂeéﬂy%ﬁéﬁﬁv,e dnmdungt as déektherbint patdiectalthat

amdu% 5135‘5%@"1‘&’(:0%?5&?& %pﬁlﬁlwﬁémalscfbh%g idh %F do dg%rft%% RérhGhsing a

DART, (aipaLndieh s cFod ciag aom%?iﬁéﬁ% rRgihylactic effect,
conﬁmen‘sbwb widh aeeagaonablaﬂoeaefahhbtsmo whereedinmistérad @ acdoedance with

a ddairdd Bbatnidnt idghant of a depot or reservoir, for
exanpl e, subcutaneously or 30 intramuscularly. The

 Subi ect/Patient The subject/patient may be an ani mal,
Thédenmmitiegtment” ipriudesmeambinatiomdreatraents gae therapies, in whiczgvo or
morg icBfRerit$ B tharapRIFBIr€ EomBinEatfor @afpis &pqudntiainer ditukaneously.
Exa%p@%ﬁ%atnﬁerﬁ@%@% e{sqn%ud Bu 5@% ﬁl%lrtecﬁt\é' %r&&héj}apy (the
adnwgfqﬁlgn'(o&a@tlve agehisy @éwd‘”gp%gc FH’QS( @t@odleg%%ggjas Hvi ne
imm{ueotherapy), phedzqgs (etgovasnia phetodynanaic trendpy, &OERTYRIEPT, etc.);
g%w" Adlatich raRJEhe pe) a monkey (e.g.,
sur r;osgt bgpgggn% an g%éé}ép)a gorilla, chinpanzee,
For example, it may be beneficial to combine treatment with a DAPTZ compound as
described herein with one or more other (e.g., 1, 2, 3, 4) agents or therapies.

The particular combination would be at the discretion of the physician who would select
dosages using his/her common general knowledge and dosing regimens known to a
skilled practitioner.
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or angut ang, gi bbon), or a human. LO WD 2007/ 110627
PCT/ GB2007/ 001103 .50 Furthernore, the
W@ aaotetpat i ent may be any of its forns of PCT/GB2007/001103
devel opnent, for exanple, a foetus. In one preferred
enbodi nent, the subject/patient is a human. 5 In one
enbodi nent, the subject/patdent is not a human.
Formul ations 10 While it is possible for the DAPTZ
Thecgeptsuine., 8 EART Zsetbouead gs deactibed ihgtee pe)onel op Rgare iother agents)

mayobd Sdnitlsedred 3 ftahSoRES R uddtiaff aAd Wé&rﬁiﬂ@té}éd in
%

R Bl e R SFNE Bt i o et
adniinigtgeadassauantiatidhe agents par berpdininistered abelpFaty spanediintdrvals
(e.gaDVEES périidIPsk S1€0 ﬁiimutes_ﬁlidfiaﬂonéé? irﬂ@r@ég‘?{é@gpi, Q,IafB,Wor more hours
C -l er [ eXCi n .
apaf 581k BT ol e Py LA gqolgPlmen b
commsssSte VR theoprpperéenhef the thesapautic ggentSAPTZ conpound,
as described herein, together with one or nore other

TheRIGRHMIREE U TRE T crffotiRt 3B |d,@sér'?98§l Iﬂ@*ee B%% ofldr nidfOWhet 9gents)

those skjlled jn the. art, inc ng, bu ot, ..
mayf KR metes St b AGTE 95596 ST 5t alsraetvaly, fhgyiadividual agents
maydee figemulstedesephitainard predpnied tngether ini the dors) oftaukkif, eptignally with
instiocERIfgethey @se. anti - oxi dants, lubricants, stabilisers,

solubilisers, surfactants (e.g., wetting agents),

maski ng .agents, colouring agents, flavouring agents,
—Rﬂﬁi«ﬂﬁﬂ%@g@lﬁ’ﬂg agents. 25 In one enbodi nent, the
conposition further conprises other active agents, for

The PR SompRInACHr BHAR Eélccomggﬁfi@rpwhﬂ% gl(t: ?ﬁ%{;ﬁéb

Suitabl.e carriers, diluents, cl prents, can be
iRk o S bl ophi Srikative st il o Sdmigisg atippwhether
systeminept/eerinherally o6 kopidallyptizr, reh thewite of Hegioadi adtives, 2nd

Edition (eds. M Ash and 1. 30 Ash), 2001 (Synapse

f Qr.opt d . e | NG, 0 i,cott,, New York, US .
Roujed! ¢t 82 B RAIGE By ot o Brdntare, e bl
sublinghal; franssieragl (incluging) ¢-andy @ PAShK pigster, etoddrangmycosal (including,
e.g. Haralpatok, ptdstéth atcypiatrandsable. d-xi9j msanémay)?26€ll&delg., By, eyedrops);
pulmePfy ((e@?,o&hiﬁﬁalg findfi igﬁtf@rgpaﬂféﬁnaq, @%emié an agl%%%,ﬁb%tc’,
throdch HE! hoLﬂsOPf rég |§g aqp ar mac ttch: 5. Conpositri o

FiMQUY OL0RSk TR HE 9y SUPBPRIOTY N ene i) viagingf (&g, by
pespApTPareniepUauexample, dyfinjeetbnhinciefing stbgeamsusintrademeal,
intraffusbWAE irﬁﬁab@tﬁou%ﬂ ﬁtfrﬂ&‘f&_léll, :irﬁa?éc!a?iat%ﬁ ﬁ'@r@?ﬁ@ébf? irtraghiRgk ent s
, il | . . q. .
L g e iy
intragptigelak sEbaAFiRoid, @ng intrastasnal iscluding, 9.9., intrenathater injection into
the twain; diyiispRnpofedddpet o rReevaRToNéxatihs agBdutaneously or
intramuscularly.

The Subject/Patient

The subject/patient may be an animal, a mammal, a placental mammal, a rodent (e.g., a
guinea pig, a hamster, a rat, a mouse), murine (e.g., a mouse), a lagomorph (e.g., a
rabbit), avian (e.g., a bird), canine (e.g., a dog), feline (e.g., a cat), equine (e.g., a horse),
porcine (e.g., a pig), ovine (e.g., a sheep), bovine (e.g., a cow), a primate, simian (e.g., a
monkey or ape), a monkey (e.é., marmoset, baboon), an ape (e.qg., gorilla, chimpanzee,
orangutang, gibbon), or a human.
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of the DAPTZ conpound. 40 WD 2007/110627
PCT/ GB2007/ 001103 -51 The term "pharmaceutically
w@ewepimbt e, " as used herein, pertains to conpPCrG82007/001103
i ngredients, materials, conpositions, dosage forns,
etc., which are, within the scope of sound nedi cal
judgnment, suitable for use80r contact with the tissues
of the subject in question (e.g., human) w thout
FurteeffRees ithesiijedt/phtignt mayrtet axtyi b its farmiseof gevelopmaersfopexaspple, a
foet® her 5 problem or conplication, conmensurate with a
reasonabl e benefit/risk ratio. Each carrier, diluent,
exci pient, etc. nust also be "acceptable" in the sense
In o priefsirreg evtmolanens| the supiept/aaientds RAWMAaAgr edi ent s of the
formul ation. The fornul ati ons nay be prepared by any

met hods wel |, k L0 harmacy. 10 Such
In o?ree?'ﬂg%@”\eﬂlcl%edgeh% W:gb g&'ée@%o@q%rhﬁkamhg into association
t he DAPTZ conpound with a carrier which constitutes

Forfilgtiés nore accessory ingredients. In general, the
formul ations are prepared by uniformy and intimtely

bringing intqg a i_ation the DAPTZ cQ | s WM o
While lﬁip@%§b'€39rg}h? B?‘%?{J | PeRgHpS e “?eﬁn@ri;? %ﬁ'&tgﬁé@ %l".“&’ itis
often araféerable tepraspnt ihasl achewositeperigriHationor oduct , i f

necessary. 15 The fornul ati on nay be prepared to

n BB eS| 4 SRicd L o, ot
prepdaticsomedicament) £OMBAEING @ QAT ECcaeroYnd %Sn‘[‘%sf’ﬂge erein, and a
phaffisdantisdlly alcbepralfle cgrrier, mluéntj @sdicipient. i ncl ude aqueous
or 20 non-aqueous, isotonic, pyrogen-free, sterile
liquids (e.g., solutions, suspensj.ons L D i.ch.
incppATEltegh dcPEP e LR et b s syt Rt east
oneDART Zeampaung, as descibed hpieko tagetier withepe or more other
phathSEURaAIly feubRbBIE ingPo@iBints M@w kAowRythastslékillsdriathecar tirdluting,
ot Bl e DS AR, GG s vans
filersy bufars.sspesrvasives cnticaqaants, lubrieantn efahyisggefplubilisers, surfactants
(e.d. NMethRnadunts gnasiing agehts ablotissg agents) flaeoutiog a@sntsheand

] isotonic with the blood (or other rel evant
sw egéchﬁpfd/g#‘%"géﬂd) of the intended recipient. Exanples of
exci pients include, for exanple, water, alcohols,
In goeleyrddogiimagitytoe compositieryturthen eompirises othrtiagtive agpris, for example,
oth ﬁg@kg&iﬁrﬁwﬁyﬁ}éﬁ@a'&ﬂgoni c carriers for use in such
ornul ati ons include Sodi um Chl oride Injection,

Ringer's Solution, or Lactated Ringer's Injection. .
Suitpplsi esatierg, dilupets cexeients ate. 6An §e fQLm% 'm#ﬂ?iafg’lcﬂ%ﬁwﬁ‘aﬁuf'ﬁa' texts.
Sed, h6r dxaftipied Handbsokaf EHharrhadtidal Additives, @nd Bdition 1€dsp ¢l ish and 1.
na o ST R ARl B . ERaeh el voul o The
Remingtan' 2 —_ ience n&ﬂ%,edlkim, Py aHBP'B?Ote Msms &Wilkins,

'''''' A LS

20007 dnov Hahdhookred Phragmareutica Exdpientsa21id editien, dPPéd
(I'yophilised) condition requiring

Another aspect of the present invention pertains to methods of making a pharmaceutical
composition comprising admixing at least one ["'C}-radiolabelled DAPTZ compound, as
defined herein, together with one or more other pharmaceutically acceptable ingredients
well known to those skilled in the art, e.g., carriers, diluents, excipients, etc. If formulated
as discrete units (e.g., tablets, etc.), each unit contains a predetermined amount (dosage)
of the DAPTZ compound.
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only the addition of the sterile liquid carrier, for
exanple water for injections, imediately prior to
wais@7/1B62npor aneous i njection solutions and PCT/GB2007/001103
suspensi ons nmay be prepared from 35 sterile powders,
granul es, and tablets. Exanples of Sone Preferred
Formul ations One aspect of-g8the present invention
pertains to a dosage unit (e.g., a pharmaceutical 40
The t&h ‘Bharfiaceaiamy 8c | 86 ngpdderéin, ROBINEHo cbmpoDARTZ

Y Bdcepeinn,| ad
ingr%&%ﬁ%ﬁ%ﬁs rg‘s%ﬂ&gsz %?é%&o%t%ggz\glﬁéggr%? (\Svithin the scope of
sounshmatiisaltindgmst, saitale fiygisgd entestiibdhe, isibien O theiuRigeLn
quetivhi (k). asmadpaitidub ededssivetoxicityf ioitatioraaltieraic response, or other
prob‘?&ﬁ‘!&ﬁ@&ﬁ@kbﬁ@%ﬁ |l ¥Rt RtaADN B § AédsbRbble BehetfMfiek ralio. Each

excl pl en one e di,ment ,do it .
camEhIGER. ool SRR Sesorot R of ph Eomate
withahg sthieeingredientmef teerfoaiulation., t he anount is 30 to 200

ng. I n one enbodi nent, the anount is about 30 ng. In

The ﬁ%ﬁb}?@%b%ﬁ%o%ﬁ%ﬁﬁ@ 387 eﬁ’@?g%ﬂ <ABwAT%h trbQrl &1 phBnacy.
Such mhstedreneiude the sigroRliringiag iKie GFSOJ?@?@Oﬁgie D%\ETZ campound with a
carrfsr@fihroonstitufes @na o tote baceabmy inggdilenty. Inlgeneral, the formulations
are gf%%%gérmr}if&engg iaﬂla HRAEY bHifGhd MtPESLERASH theTIAPTZEompound

withgFarigys (R & figHéd ¢ lsres%raé? gig{dfag %g{l}glp%gﬁ) rrir %L’%.S)I %ﬁft&g/f‘ SRQF;“I?Q the
prodieet, riogswessSRy. gl ycerides PhEur, USP) and col | oi dal
silicon dioxide (e.g., 2% Aerosil 200 (r); Colli odal

R U e DR o e

delayegr bped, ar susiaived egease; P Cm‘Pi*F%ionctBﬁTﬁB{: nd, and
conposi tions conprising the DAPTZ conpound, can vary

[ i i . 1 i n . t H
For&g@aﬁé@?\%ﬁ@ﬁ% é‘éﬁ%arrgﬁt{el'aq ?ﬁvgﬁ%ﬁ?ﬁﬂ%éﬁyﬁﬁ@gg& inﬁlﬁgé aqueous or
oy gieps oS PSR Ep SR GUEE o e O pEgpebins). i
whicie thet AP B sorspalsda$ Hisselved, Bhepandpe.car ethantisgpeovided @k in
npoléélnkr?]!etoiigm%gQuicﬁébea@tidutwtéﬁtsucﬁﬂiqﬁiagh@wd'u@ﬁoh?ldion@jn sther not

A actiVvity, o I ;
phargee ol Sporlane e ibs oquch B erfi Kb BlrerS ReteRvhtves,
stabiliseirsiibaciesiostals, suspending agents, thickening agentt: apd solutes which render
the §SHMtIBE isdtdrfc @it fid noodfor bimer televabntetily floidh ef the intepded

0 ' ol . . :
recfége\%r E_%ﬁ%l?épﬂéeﬁ[ ;Q:_erll'ngl?{nsggé‘, fgr% t?rfhb%é,glag%l'scaﬂé,%@y%éﬂslycerol,
veggiakimeils, aphHedken Exguaples 8F syiehlediso °@E83r|5'|er§019 ﬁéédﬁnc afe’
forrulati@tsyincade ﬁm_liwatahiqrtde lmpetimqﬁmger'@So@@O@Wg@@dﬁiager‘s
lnjefgﬂb‘r‘i.eTiHicaW,Wpé‘ bﬁﬁdeﬂliqrb@cb’h Yithd DAPTZ BBEpbind® thé liglie is from about
1 ngimi 16 Shod o Qg for BRYRBE'#h about 10 ng/mi to about 1 ug/ml. The
formulations may be presented in unit-dose or multi-dose sealed containers, for example,
ampoules and vials, and may be stored in a freeze-dried (lyophilised) condition requiring
only the addition of the sterile liquid carrier, for example water for injections, immediately
prior to use. Extemporaneous injection solutions and suspensions may be prepared from
sterile powders, granules, and tablets.

Examples of Some Preferred Formuiations

One aspect of the present invention pertains to a dosage unit (e.g., a pharmaceutical
tablet or capsule) comprising 20 to 300 mg of a DAPTZ compound as described herein
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veterinarian, or clinician, although generally the
dosage wll be selected to achi eve | ocal
w@oncanieeati ons at the site of action whi ch achCBGB260M©01103
desired effect w thout causing substantial harnful or
del eterious side-effects. 35 Adm nistration can be
effected in one dose, conti+82susly or intermttently
(e.g., in divided doses at appropriate intervals)
(e.¢.holntainho by, drivbtamablsiky, @f methed asesscriob haants Mafing a purity as
deSifh8A RbRirGtch N End D Bhai{dcBlidanP LZRRbIEBMH A0 SRMA Ur excipient

admnistration are known’ t o 0ose 0
the art and will vary with the formul ati on used for
In erecgralpadimentethedopagreunit is attablet her apy, the target

In &R drisadiraehtNBhetdoSadedhit @RCdpb@esubj ect being treated.
Single or 40 nultiple adm nistrations can be carried

out with the dose |evel and pattern being selected by
In gnecerpheipentgthsramaust B0 t9e08Mtari an, or clinician. WD
In @eOsmiddiraent, SEMdR0R A013a®MAg. - 53 I n general, a

' : T, ound is in the range of
In gtfoirﬁwfﬁngﬂ?ﬁfgm&l@?ts%gg%dﬁ |

0 ng about nore typically about I
In o5 gab E%{’Tﬁ%bc)“ng@rabﬂii@r fh body wei ght " of the
In engtgreadipent, theyamdint is aboat tafbmdi ment, t he DAPTZ

In SHYMBABEMIMESR, Rdmnttupt RIBPut 2ooBmguman pati ent accordi ng
to the foll ow ng dosage regi nel about 100 ng, 3 tines

daily. In one enbodinent, the DAPTZ conpound is _
In ograrPbastineertdthedharmrashticaliyeicesntalie carian Wijuent cortexciplest is or
corhprises\wha @r dotbag egh&:g'ﬁd@(e.@.beélucﬁé@ét/ﬁg ®; ?atgrdaancdigol-sz

i \ b/S ] e

O e ool A PP TR P 2R 20 oG oo
S"'F‘éb‘s'r?é'. i ‘ny, 2 times daily. WO 2007/110627

PCT/ GB2007/ 001103 54 EXAMPLES The foll owi ng exanpl es
Dogdge provided solely to illustrate the present

Invention and are not intended to limt the scope of

the invention, as described herein. 5 Chem cal

It wilh het Frpseciatedphione §f skillin the pit thas apprappate sosagesf e DAPKZ
cor@pdund, and compositions comprising the DAPTZ compound, can vary from patient to
patient. Determining the optimal dosage will generally involve the balancing of the level
of therapeutic benefit against any risk or deleterious side effects. The selected dosage
level will depend on a variety of factors including, but not limited to, the activity of the
particular compound, the route of administration, the time of administration, the rate of
excretion of the compound, the duration of the treatment, other drugs, compounds, and/or
materials used in combination, the severity of the condition, and the species, sex, age,
weight, condition, general health, and prior medical history of the patient. The amount of
compound and route of administration will ultimately be at the discretion of the physician,
veterinarian, or clinician, although generally the dosage will be selected to achieve local
concentrations at the site of action which achieve the desired effect without causing
substantial harmful or deleterious side-effects.

Administration can be effected in one dose, continuously or intermittently (e.g., in divided
doses at appropriate intervals) throughout the course of treatment. Methods of
determining the most effective means and dosage of administration are well known to
those of skill in the art and will vary with the formulation used for therapy, the purpose of
the therapy, the target cell(s) being treated, and the subject being treated. Single or
multiple administrations can be carried out with the dose level and pattern being selected
by the treating physician, veterinarian, or clinician.
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10 S N2 Sodiumnitrite (20.00 g, 210 mmol) was added

to a m xture of 10H phenot hi azine (20.00 g, 50 nmmol),
we@bdognofeer m (100 cm , and acetic acid (20 cmPCHOB2G0MH01103

m xture was stirred for 1 hour at room tenperature.

Acetic acid (20 cn) was then added and the mxture

was stirred for a further 1&3ours. The suspensi on was

filtered and washed with 15 acetic acid, ethanol,

water, and finally ethanol to give a purple/brown

In Meké]’ a Jtﬁlf%b[eeéds‘éttﬁ th'BRP Y §§:ﬂ*)&ﬁ% lﬁfh t@gtrala@: ofdddut 100 n ng to

ool ore ro conmpaoun
abdll 23 W o e ditea GOl in eyt TGl PeHOBIR BEFFGH of the
SUWP%@W ng the precipitate with water and net hanol

gave the title nmono-nitro conmpound (15g, -50% as a

to tm%ﬁk&m@ 3%5@%%1% wﬁ%@‘@ %ﬁg %ﬁég?@@%%gﬁgﬁ%@ccommg

qQs8ge regipe’ dhosty 00'@ t"(nsﬂdalM ArH), 7.68 (1

olf,rl:g c;]h(ﬁiégtzhgr@l—ziﬁ779784(1 , J 2.75, 6.5,
In dNe@mpb t TZ und-is 2dmin to m t 'according
1o s e S g

141.0 (ArC), 147.8 (ArQ. 25 Synthe3|s 2
In é’neﬂn&d?hérﬁt%h&%ﬂ”ﬁ@ﬂ&ﬁ Lﬁ‘iélh@&dmiﬁlstérea% 4 hbm% MNaferScording

to thb oIBAR RS | gjrm%haeotogﬁts(a@ Zufkedall { ron

I(}l-phenothl azine (10.00 g, 41 mol ), chloroform (40
cn), acetic acid (2 x 10 cm) , and 30 sodiumnitrite
(11.86 g, 173 mml ). The residue obtai ned was
recrystallised fromDW to yield the title di-nitro
conmpound (6.60 g 56% as purple needl es, vimax
(KBr)/cm1: 3331 (NH), 3294 (NH), 3229 (NH), 3101
(CH), 3067 (CH), 1602 (NO2), 1558 (NO2); OH (250 MHz;
DMSO): 6.73-6.76 (2H, d, J 9, Arm 7.78 (2H, s, Arm
7.89-7.85 (2H, d, J 9, ArH. WD 2007/110627

PCT/ GB2007/ 001103 -55 Synthesis 3 1-(3,

7-Di ni tro-phenot hi azi n-10-yi)-ethanone O0\/Me 'C(N
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02N S N02 5 A solution of 3,11 -dinitro-1
CH phenot hi azine (3.00 g, 10.37 mmol), acetic

wandwydriede (15.88 g, 155.50 mmol ), and pyri di PeT/GB007/001103
cm was stirred at reflux for 18 hours. The warm
solution was then carefully poured over ice water. A
precipitate fornmed and was-54tltered, dissolved in
di chl oronet hane, dried over magnesi um sul phat e,
filtered, and concentr aEXAMPOESi ve a brown/ or ange
sol i d, mhich was purified by colum chromat ography 10

(SI 2, eth t at {
melSliin Spes SR P L e P AR e o
intendettouint th@ satperf tainygnties, as desghbed/Beelw sol i d whi ch
can be recrystallised from acetone to give |ight

yel | ow needl es; val (CH), 3063 (CH),
1680 (C=0), 1575 ( ; ; 6H (250 MHz;
CDCI3): 2.28 (3H, s, CH3), 7.65-7.69 (2H, d, J 9,
ArH), 8.22-8.26 (2H, dd, SyntResi$1 8.75, ArH), 8.33-8.32

(2H, d, J 2.5, ArH) 3,\9@0@@@&&%{%2@5 CDCl 3): 168. 2
(C=0), 146.3 (ArC), 143 133.6 (ArC), 127.8

(ArC), 123.4 (ArQ), 122 91(ArC) 23.1 (CH3); mz (ES)

331.0 (80% [M+). Sypthes

1- (3, 7-Di am no- phenot 4 n ) et hanone 0 /M

<)~N 20 HZN S NH2 A Trx --

1- (3, 7-di ni tro- phenot hi azi n- 10- 1) -ethanone . 0. 04
SodiurInjtritet(2H 00 I 21¢ M) Was adsieryel P&@'@U(elgf - E;’S g‘”%z'“e
(207000, 50 nanél), ehlvastorm (B1D e, adsachii@aad (20cmBf andchamxture was
stlrt%%{' £5¢ ﬁﬁlod?tat rcfo!'r]ﬁ &l ﬁFéatAH'eﬁc %g{j lgr®e Brg?rv%s thE8® aided aHdthe
mige vah ehinec i@ TRENAS PR, ot P e s BERYEE S iEEned with
acetiy dtidgethanaly wates taad Zisakhedtbans| tohaivera dumie/biue solid.r Abe egidue

thotE‘EWﬂér% AIRwéd 9 cédrbeford fiteriay thieagitritrovesrapound as a

pur?%sﬁbg g‘o gr h gﬂﬁ?lpié gg%t%%egnd%?ﬁé'tﬁ%féé‘p?g%t\@bhnwater
anc( thethangl, gave ¢t tltlasnanqm\trplcerrmpu@d €16D; 0% nas@ Rigw s&w, Vimax

ézg‘ (48, N 23‘?78 32@@@&4{ rshﬂg(@a)zzo@mwm 388B(NO,), 1531
(N

Oﬁe Fg-f)d (4%%%9 -7.84 (1H,
dd,5/ D5, @ ag\rwmc g Ny-l ,qiqysog 14.2, 34AED). % g;g,;[C)d (ArC), 121.8
(Art),51.23%. (APC), ARBTY, Z(Agz)(l\s/&é:( BI(-ACr% 132)&4%&87 12&333(9)16) , (12818 2(6rC)
169. 1 147.
14}]9@3 Mzsé@xr?

ArC), 127.6 (ArC), 127.3 (ArC), 112.3
(ArC), 111.5 (ArC), 22.6 (CH3); miz (ES) 293.9 (95%
[M+ H Naj+), 272.0 (20%ynfhesis 24 +), 227.9 (100% [M
+ H - Ac]+). WO 2997/0ldiP640HpRENEIRREME/ 001103 - 56

H

Synt hesis 5
|
SO Bt
O,N 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
yield the title di-nitro compound (6.60 g 56%) as purple needles; Vmax (KBr)/em™: 3331
(NH), 3294 (NH), 3229 (NH), 3101 (CH), 3067 (CH), 1602 (NO,), 1558 (NO); &

(250 MHz; DMSO): 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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3, 7- Di am no- phenot hi azi ne bi s(hydrogen chl ori de) (B4)
H I NH \al/ H HNSNI H 2 Ml 5

wa@2(03/1 70621 am no- phenot hi azi n-10-y1) - et hanone (BCREB07/001103
0.921 mmol ) was dissolved in aqueous hydrochloric
acid (5 N, 10 cnB) and the solution was heated to
reflux and stirred for 3Qsgg-nutes. Concentration of
the reaction m xture gave the title conmpound as a
light blue solid. 6H (250 MHz; D20): 6.60 (2H, brd d,
ArH), 7.07 (4H, brd s, @g hesid Synt hesis 6
1- (3, 7-Bi s-di net hyl am no= ot hi_azi n-10-yl ) - et hanone
OYMe N Me, \1-(3,7-Dinitro-phenqthiazig-1y1)-ethanorie
1- (3, 7- D am no- phenot hi azbg- e yl ) - et hanone (0.25 ¢
0.92 mmol ) was dissolved iniDMSO (3 cn) . Tol uene (10

cm), iodonethane (1.96 g~ 188 rupl),
'de my), and finally
okuThatT ()% 1.25 cm) were

t et rabut yl amoni un 15
aqueous sodi um hydg Qg
added. The mixture tas stirred at .rodmtenperature for
A solutionef 3,11Affitire10Heiheagthizgine (3.60¢i 1P3RyRMeIXiagetic arfyride
(15@%@1 5573%9 d@ﬁﬁgﬁsﬂﬁ%s c(nl).\ﬂiﬁs girreg%taeﬂn@bbw\nms. The
war ok e i Sl Gl AT AP Bbcele oRfdand wae
filteratlj disssivedfin dighiopensetsars. (et P¥RTRaANesuapgYPhatediterad. aag)
conéanRitbane o Broff/dangalokd, whichmwhy puvifiee I:tydldilﬂinar_ad%om@graphy
; re J [ Iselution) to gi
(&d?ﬁ%b@ Ie%&é Mﬁﬁeﬁ%\l/éu&fﬁg@m&%ﬁﬁ@dsé%s QitrtorohihanBiselution) to give

3
the His spsmroues (3469, <10l &% Adan veliar Sqlghrct] fa B fediifaliyt rom

. acettht o ive hgitryen®i hasdies; Inmx (KB)/cmy": 301 (GH8, 3663 Gds 1680 (C=0),

157E QNBILANEEY PPN 1850 MHBeaBCLRRbBIHES, OMS! 7.6BITBERMM, J 9,
L VEE S o it g e
CDC: 06m2¢G+ApHY6 BIA0R), 148 AYATGIS13HR(AICH 12756l ddhd (ArC),

: 3 ult: o8 ret hane sol ution) to
12 O R A e o athcl (0. 12 g, 40% b

light purple solid; Vmax (KBr)/cm'': 2910 (CH), 2876
(CH), 2856 (CH), 2799 (cBunthesiadsg (c=0), 1596 (NOR),
1502 (NQ2); 6H(d 25as phemhiayin-102)i¢hédie s, CH3),
2.93 (12H, s, NCH3), 6.59-@.6%e(2H, d, J 8.5, ArH),

6.69-6.71 (2H, d, J
H,N S NH,

A mixture of 1-(3,7-dinitro-phenothiazin-10-yl)-ethanone (2 g, 6.04 mmol), tin (1) chloride
dihydrate (14.17 g, 62.8 mmol), and ethanol (50 cm?®) was heated to reflux 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
washed with brine and dried over maghesium sulphate, filtered, and concentrated to give
the title compound (1.64 g, 100%) as a purple blue solid; vmax (KBr)/cm™: 3445 (NH), 3424
(NH), 3368 (NH), 3322 (NH), 3203 (NH), 3054 (CH), 2995 (CH), 1706 (C=0), 1650 (NO»),
1590 (NO2); 8y (250 MHz; CDCls): 2.01 (3H, s, CH3), 5.09-5.43 (4H, brd s, NH), 6.47-6.51
(2H, dd, J 1.5, 8.25, ArH), 6.61 (2H, s, ArH), 7.11-7.15 (2H, d, J 8, ArH); 8¢ (62.9 MHz;
CDCly): 169.1 (C=0), 147.2 (ArC), 128.1 (ArC), 127.6 (ArC), 127.3 (ArC), 112.3 (ArC),
111.5 (ArC), 22.6 (CHs); m/z (ES) 293.9 (95%, [M + H, Na[*), 272.0 (20%, [M + H]"),
227.9 (100%, [M + H, - Acl").
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2.75, ArH), 7.08-7.47 (2H, brd s, Ar"; be (62.9M;

CDC13): 170.3 (C=O, 148.9 (ArCQ), 30 127.2 (ArQ),
wazwragesr C), 127.0 (ArC), 110.9 (ArC), 110.7 ¥&r/GB2007/001103

40.7 (NCH3), 22.9 (CH3). WD 2007/110627

PCT/ GB2007/ 001103 -57 Synthesis 7

N, N, N1, N - Tet ranet hyl - 10Hfgenot hi azi ne- 3, 7- di am ne

bi s(hydrogen chloride) (B3) "H I NM, \ 11 / M

M"N SN M 2 HC

1- (3, 7- Bi s-di et hyl am n%-ggenotéwl azi n-10-yl ) - et hanone

(0.5 g, 1.84 mmol) was i n agueous
hydr ochl o8 7eDiamirg-gEnrthiazmeds( hydramn eeided (Bd)i on was
heated to reflux tenperatuHe and stirred for 30
m nutes. Concentration of tRe reaction mxture gave
the title conmpound as gt eem e solid; 6H (250MHz;
D20): 3.18 (12H, sy Nd 6 ,_Hd, J 8.5, ArH),
7.16 (4H, brd s, }ﬁ*’ﬂ 6C(62. 9Nz ; 'rbg@): 144.3 (ArQ),
138.9 (ArQ, 122. (ArQ, zillép 8 (ArC) 120.7 (ArQ),
117.6 (ArQ), 489é I): &jég
1-(3NePiagiinarplasnatiaain Bafe ?ﬂqnﬁ/é 9, ‘i%k/i”lm Yas figsqyeadin
aquémdmwmdcida(sm wasnd)l dedithersohwibn hes fieatedre £3{lusand stirred
gut REtﬁh %?)hue(r%act%bﬁ ixtufe gavelmdtile atﬁrdpw&tdexs a light
AR oL e Iy o groer

9.4 mmol) was then added to the m xture and a green
bl ack suspension forned.gs _S[ﬂitaesneactl on was heated to

boiling a é

- (37 -Bis- hehd hoLyQetianené he
title con‘Bg(ahd %ﬁﬁ%ﬁ’ga ﬁﬁzﬁg ylg?een rr]1eedl es.
Anal . Calcd for Cl6H18N3 Y@? 46.72; H, 4.41; N,
10.22; S, 7.80; 1, 30 85. d C 46, 30; H, 4. 21; N,

ﬁONlﬁrM S, 7.86; I, @ S|s 9
b1 s(hydr ogen | S‘HFNeX' PR e S, T diam ne
Me
1-(3,7-Diamino- phenothiazm-10-yI)-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
suspension was washed with water (3 x 75 cm®) and the toluene extract collected. The
water was extracted with dichloromethane (3 x 50 cm®) and the extracts combined with
the toluene, and dried over magnesium sulphate, filtered, and concentrated to give a
deep purple solid. The residue was purified by column chromatography (SiO;, ethyl
acetate : petroleum ether, 2:3, loaded as a dichloromethane solution) to give the title
compound product (0.12 g, 40%) as a light purple solid; vmax (KBr)/cm™: 2910 (CH), 2876
(CH), 2856 (CH), 2799 (CH), 1659 (C=0), 1596 (NO), 1502 (NOy); 81 (250 MHz; CDCls):
2.16 (3H, s, CHs), 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; CDClg): 170.3 (C=0), 148.9 (ArC),
127.2 (ArC), 127.1 (ArC), 127.0 (ArC), 110.9 (ArC), 110.7 (ArC), 40.7 (NCHj3), 22.9 (CHs).
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NM, \'l i/ M MNSNM 2H 25 To a round

bottom fl ask was added net hyl t hi oniniumiodide (2 g,
wa2@6/1mspt ), et hanol (100 cnB) and et hyl i odi B&r/GB2008/001103
g, 486 mmmol) and the m xture was heated at reflux for

18 hours where the col our changed from green/blue to

brown with a yellow precipigate. Once cooled to room

tenperature, the mixture was filtered and washed with

di ethyl ether (20 cm to§%’tp{é§ighe title conpound (1.99

, 769 _as a |igh reen.sori 6H.(2 X :
BOD N TR BT PB TG -<Iag s B3 ogsh Spsride) (B2)
NCH3), 6.76 (2H, d, J 8.5, A/), 7.22 (2H, brd s,

ArH); bc (62.9 Miz; DO M5 8 (AC), 139.3 (ArQ),
122.6 (ArQ), 121.1 (Ar AN O, 117.9 (ArQ),
48.9 (NCH3). 5 SYetpesis e

1- (3, 7- Bi s-di et hyparfi no- phenot hi azi n-me- yl ) - et hanone
O/M N Eta\ I / ~Et NS4y Et Et To a dry 25cn8B

round bottom fl ask was adde t hyl t hi ani nium zi nc .
1-(ihBbr ety NG Phand BT ON LR ARI0. (25 TR was dissolvee
in afliesus Hyyebcalrio @cidd5 284 5gm®) agd thenssilytioneast estecaiadedyx
tem#gr)ze\%g RAH SBrHDER 303RiInALE SR ERPatRh oftHe regétibn rhixture gave the

) re was stirred 25C_fqr Of|F~\a C
e GhETBPURY B S SEeTUbIEE B B BTG iy S84 FATGE NS o7 2n
d, Jetnby Arfid@. 1e4H alerdesd Asii Sc (BB Mz PefP)e 1448 AL 1839 {AFC), 1224
(ArbPYD6.83ArE0 620 TRArGOH 116 QRrCYas. DPETHRYL to i ce/ wat er
(250 cm ‘and the organics were extracted into ethyl
acetate (3 x 50 cm. The extracts were washed with
saturated copper sul phat n and dried over
magnesi um-sul phat e, Mehyfithiohimitedjodiled concentrated to
gi ve the crude product_asna _Qrown oil, which was
purified wusing flag Iu romat ography with an
el uent of 40% | agetdt et 68% pder ol @ spirit
40-60C and silical40-63p B0A T o QPve the title
conmpound (0.18 g, M1 % & a grede glassy solid. off

To 5700 %ﬁéogq%k% 4 a?nxe?h t%idginggn‘? nloAid MM TS 1fdtn(iRRb Biue) (2

g, @éQqu@}gncg,wat@p@O’ cm’) apd thfzmxtU(e Stiyt %gphfo n‘é@t?%%r_ il the solid
disddtized. FotERMMB Jadide2(156 1934 o vas theragdedde tiee (mixtye)and a
greth Biatk 60Efensichddried. AfHelreaditf-was(ated to boiling and allowed to cool
naturally giving the title compound (2.03 g, 79%) as bright green needles. Anal. Calcd for
CisH1sN3Sl: C, 46.72; H, 4.41; N, 10.22; S, 7.80; 1, 30,85. Found: C, 46.30; H, 4.21; N,

10.14; S, 7.86; |, 29.34.

Synthesis 9
N,N,N',N'-Tetramethyl-10H-phenothiazine-3,7-diamine bis(hydrogen iodide) (B6)
|
N
Me< /©i D\ Me
Me/N S N\Me
2 Hl

To a round bottom flask was added methylthioninium iodide (2 g, 4.86 mmol), ethanol
(100 cm®) and ethyl iodide (75.8 g, 486 mmol) and the mixture was heated at reflux for 18
hours where the colour changed from green/blue to brown with a yellow precipitate.
Once cooled to room temperature, the mixture was filtered and washed with diethylether
(20 cm®) to give the title compound (1.99 g, 76%) as a light green solid. oy (250 MHz;



170.2 (C=O). Synthesis 11

N, N, N, N -Tetraet hyl - 1L0H phenot hi azi ne- 3, 7- di am ne
whe®ihygeogen chloride) H | NE., \ (| /NCEGB2007/001103

Et~-NS. B 25 2 HC To a 25 cnB round bottom fl ask

was added 3, 7-di et hyl am no- 10- acet yl - phenot hi azi ne

(0.125 g, 0.33 mmol ) and agggous hydrochloric acid (5

M 5 cn) . The nmixture was heated at 100C for 2 hours

D,00e 56 B 608! NBG1 8. 76Q2R § SIS A E22(H WG s, ArH); B¢ (62.9 MHz;
t k)
i p A A e e R
(NOEBBOD): 7.07 (4H, brd, ArH), 6.65 (2H, brd, ArH), 3.35
(8H, brd, NCH2), 0.97 (12H, brd, CH3): br, (62.9 Mi;
5 CD30D): 10.8 (CH3 ), 55%@% 116.6 (ArQ), 120.4

ArC, 121.5 ArC), 1237 . 132, Q). 144.5
EAr Cg . WO %@)7#@&‘9@7}"%‘1‘?'@ Pﬁ@‘fédg'é@r%@)rgynt hesi s

12 o) Me
1- (3, 7- Bi s-di net hyl am no- phﬁot hi azi n- 10-yl ) - et hanone
MeYO \' N~ \ Et CH, MeNHNER NEW , / , Me (H3000) 20,

CSHSN N\ | S N Me~ Ja NSN C GM M
5 Synthesi s using Fegp 8 by li ne in two
pots. To a 250 cnB r%gnd bottom fl agk = pl aced under an

at nosphere of argon s added net hyithioni ni um
To alhy2Sote rounchipattam Hask(\ess sislethethylthiooinim ziee salrtde (G190,

1.18 Folash SREAN (Y EMdZ iFtRn{iRfirSane 1 34 . 1724 @moljTes then added
t heat ed t :
10 ot iiigracananeiuns o Nal nompAENEEdnEa A8 or Hehr anc
congauteted Hgdsr highreasetmi Ryiidiae KBhEIN ) @2d acRYC By OgPe uas pjded and
theGhiXerel&iriediei018TRéUTg e 6@ | The satutian Wiagltpegedtnicg/viated (250 cm’)

o g0 ALY oy tlupcol o o vk
waghed mithsatyptefsoRga /PhaY Sﬁ@tﬂ“@@

v fad R et
15 filteped)med concetratddyto@irer the caidamrastuctiais lacbrewn oili wijch was purified

using flash column chromatography with an eluent of 40% ethylacetate : 60% petroleum
spirit 40-60°C and silica 40-63u 60A to give the title compound (0.18 g, 41%) as a green
glassy solid. 8y (250 MHz; CDCls): 7.0-7.5 (2H, brds, ArH), 6.64 (2H, s, ArH), .52 (2H, d,
ArH), 3.35 (8H, g, 7, NCHy), 2.18 (3H, s, CHs), 1.16 (12H, t, 7, CHs); 8¢ (62.9 MHz;

20 CDCly): 12.5 (CHg ), 22.9 (CHs), 44.6 (NCHy), 110.1 (ArC), 127.4 (ArC),.146.5 (ArC),
170.2 (C=0).

Synthesis 11
N,N,N',N'-Tetraethyl-10H-phenothiazine-3,7-diamine bis(hydrogen chloride)

0
N
Et< /@ j@\ ~Et
N S N
Et” “Et
o5 2 HCl

To a 25 cm® round bottom flask was added 3,7-diethylamino-10-acetyl-phenothiazine
(0.125 g, 0.33 mmol) and aqueous hydrochloric acid (5 M, 5 cm®). The mixture was
heated at 100°C for 2 hours before cooling to room temperature and was concentrated to
give the title compound (0.11 g, 81%) as a yellow green glassy solid. 8y (250 MHz;

30 CD,OD): 7.07 (4H, brd, ArH), 6.65 (2H, brd, ArH), 3.35 (8H, brd, NCH), 0.97 (12H, brd,
CHa): 8¢ (62.9 MHz; CD;0D): 10.8 (CH, ), 55.1 (NCH,), 116.6 (ArC), 120.4 (ArC), 121.5
(ArC), 123.6 (ArC), 132.6 (ArC), 144.5 (ArC).
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give a precipitate, which was filtered, washed wth
water, and dried at 60C for 2 hours to vyield the
W paoze1wenpound (5. 82g, 66% as a |ight brown BOI/G#2008001103

137C, Vmax(KBr)/cm 15 2910 (CH), 2876 (CH), 2856

(CH, 2799 (CH), 1659 (C=O, 1596 (NO2), 1502 (N®);

6H (250MHz; CDCI3) 2.16 (3%9-s, CH3), 2.93 (12H, s,
NCH3), 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); be

(62. 9MHz; CDOI3) 170.3 $48.9 (ArQ), 127.2
AQ), 127. %’ 110. 7
EAr cg, 4017(% 7(%?@5@@2%0( fh"%"ri”ﬂ%ﬂssjé{*?%ﬁ“ 100%

[M- QAcly), 328.1 (15% [M+ H+), 350. 2@'6 h [ M

3 SI S 13 EtOH, MeNHNH,,
Mel- (B Bi S~ )N@m meqn:be)pocmslam n- 10-
I\/t;I MEEN, 0)2 H1
Nvie 1 Me Bk, S/Mel\ll\/b CIOI\/EI\/E 2 ISSSI

met hyl hy@t@m ne/ Huni g's base in one potMe To a 5000 chGMe

reactor vessel under an at rmsphere of nitrogen was
Synésiscusingt thethy by drazinetpmiding ortvaeots: i Toai2o@ @m?m@d hefipm flask

placddQrder N sinfssphérel df aidod UiakiHdes MethyMBidnidin dhidrd® erihydrate

(263 n?rﬁol”%rﬁ)e‘é&a%@l @ho W) arHfiEly Hy HENRS Toeihs g}?PS)’ The
mixtypEwag Healaa S0 401G Ratetied Torc? Reurait Ats Veflowh gféﬁ'ﬂ 6\7\?%“@'% was
cookdgp &AG and filtkerdd anddr argam wpdhedieit!8 6thabol330 kot’), aridrieg)to give
Ieu&dﬂggy%ﬂ? biaSy dyH @re%n%ﬁc? f&j{Hesl&EHooﬂ?M&@ét %%%B@Lcetlc

el GlebE) Soh e Gt ti p le eH al) er

18 hsus.eThecenalsdimixure itas therepavaedearciaiipoverrige water whil@etgring to
giv ithieD WhicHN dseiltefdd Whstkdtvathdlater, andVaridd @Y 60°T0R2Z hours to
ynel%ﬁifﬁ%{co%yg(ag& ?g i%g 6%9 )% %legR# rg\twﬁ S{)l-ird1 eMB?%?t(E“J T(P@Br)lcm
201 AP AEEE (U 3109 60 ABed (. 1596 UYO SR, NG):
(250\/12;12 @BCZ);%I;SQIBHLCEE (07528 QrQﬁh;M@s ﬁff’ﬁ,t@iﬁ@ Bm]z ;g@'m EMrH)
66@% MO, 4,4/ 10047 Q721 Vd & {52 170.3
(2 rﬁ) %g 1544 é% 2@ *ngg&ﬁv PABQ%OJ @), 407

(NQHaR@2,9 (CBhR nQ/N«:E& 280D 0! OOMOM - %1()2%2}3»/11-&1 5%:[5@1@]4] "2.366.1
(41%3gu +Naj§H3) . 2.93 (12H, s, 6.59-6.62 (2H, d,
. rm669671(2HdJ275 ArH), 7.08-7.47
(2H, brd s, ArH: 6c (62.9MHz; CDCI3) 170.3 (C=O),
148.9 (ArQ), 127.2 (ArC)_,JLIEﬂ.S_llg(ArC) 127.0 (ArQ),

110. 9 (Ar@)(3,71B8- d?méfAyléibnlnM;ﬂ'neﬁo(l'MithO yR-2tthnoaei3) ; m z
(ES) 284.2 (100% [M - OAc]+), 328.1 (15% [M\A+ 4 +) .

350 + Na] +) MeCN, MeNHNH,,
Me- /@?ﬂi\@\ Me (HsCCO)0, CSH19N
A Q D

Me @ Me

c>

Synthesis using methylhydrazine/Hunig’s base in one pot. To a 5000 cm® reactor vessel
under an atmosphere of nitrogen was added methylthioninium chloride trihydrate
(0.54 mol, 200 g) and acetonitrile (1000 cm®). Methylhydrazine (1.07 mol, 49.36 g) was
added dropwise at 1.5 mL per minute. The temperature of the mixture increased to 32°C
and was stirred for 20 minutes. The yellow/green suspension had acetic anhydride
(56.35 mol, 541 g) added and then Hunig's base (diisopropylethylamine) (1.55 mol, 200 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
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10 Synthesis 14

1- (3, 7-Bi s-di net hyl am no- phenot hi azi n-10-yl ) - et hanone
worooR I MsEZN, MeNHNH2, Me, , N NMe (H3000) 20, CS5H5PCT/GBR2007001103

I QM Me~N/ S/ Nve Me C G M2 Me Synthesis using

met hyl hydrazi ne/ pyridine in one pot. To a 250 cn8

round bottom flask 15 unde®Oan at nosphere of nitrogen

was added net hyl t hi oni nium chl oride trihydrate (26.74
predipiate. Tite g)aclpmie acetstined farl4é niisates hpford wag lfikgied awashed with

wat%rf/’(g rx52 a%dAa@r cgbedvr@sso @m@%@ weefcﬁhtre REteAk] Wa dristaiised
ronpbtisipancpad el o il s gl LEEFG R ey ey

solmnupmg%wn@gg?)mm 280 0rCH 2846 (Cl‘rfh@8§@l(¢ld)mﬁ69%é¢!'/) 1659
-@V%@@S{ 9@@5)4 @BbVEE] CBCLRET6 BM|s, CH), 3. 9;3)(1aHds
NC;% ﬂgg glf 8op&s B ol 589 %5719(b1fl‘“’83J é‘%eﬁrH) f‘@§ %ebrd s,
A Fer{O RO BICDEIR 0. By CeM 4P S AR 427 0TI T IR 2!
(Ar@UUad.9RAFC)| OTGR7 (AVT) | 40. B (NICI4) N2R. (Cldd) e/zx(ES) @84 ﬁl(ﬂ ea%. M-
OA%SGQ’QE{ ?‘f 53)0 g‘t_gmﬁ%5§t1im{4qu\[]\ﬂsri\ja’ig m nutes before it

(3 x 50 cnB) and air
dried for 30 m nutes. The crude material was

crystallised fromhot et$unthdsist®w0 cm) to yield the

title CO'THO(lsf’PdB&-%Ir%t lanfa®pherdtitazip1byphthaioay sol i d.

Mp 137C, vnax(KBr)/cni 2910 (CH), 2876
79 1659 (C=0), 1596 (NOQ) 150?{(5%2)

3) 2. 18/cFN}eNH 2.93 1

: 682 (W gﬁ%%és m '6. 69

N2.75, A&H, 7. 58 7. 47 (2R, brd " smedr B L Me
(M2. oMz, cDal 3) M£70. 3 (C=0), 148.9 (ANO), 127S N
(ArQ), BO1 (AFQ), 127.0 (AC), 110.8e(ArC), 110.7 Me

by NFBLIne? dES¥kn 2 0% flask

Syrigsrysicg Py Hoagng E*aée“ff%%apﬁ{j RS 8, g@gﬁ S
Lpnptmm%zgﬁf/nﬂ&mzw@ R @EMG{%" c '8'51

26375 mmol, 10 g) and acetonitrile (50 cmd). Methylhydrazme (535mmol 2.46 g) was

addbd B l% bglsb ﬁé’ &lidy: }ﬁTthle gidhare@R the
ml;ﬁeg/ag%gﬁam ith a col% watévbbaEh arcléj\?/)as stirre 133 |mir\utes.
The yellow/green suspension had acetic anhydride (267 mmol, 27.3 g) and pyridine

(80.2 mmol, 6.35 g) was added. The mixture was heated at 90°C for 2 hours. The
cooled mixture was then poured carefully into ice water (200 cm®) in ten equal portions
while stirring to give a precipitate. The precipitate was stirred for 30 minutes before it was
filtered, washed with water (3 x 50 cm®) and air dried for 30 minutes. The crude material
was crystallised from hot ethanol (120 cm?®) to yield the title compound (5.97 g, 68%) as a
light grey solid. Mp 137°C; Vmax(KBr)/cm™ 2910 (CH), 2876 (CH), 2856 (CH), 2799 (CH),
1659 (C=0), 1596 (NOy), 1502 (NOy); &y (250MHz; CDCls) 2.16 (3H, s, CH3), 2.93 (12H,
s, NCHS), 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; CDCls) 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 (CHa); m/z (ES) 284.2 (100%, [M —
OAc]), 328.1 (15%, [M + H]"), 350.1 (41%, [M + NaJ").
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Me.. M M, N/ S/ NM M C GM M Synthesis

usi ng sodi um bor ohydride/ pyridine in one pot. To a
wG®7and2T ound bottom 5 flask under an at npspPer/6BoG07/001103

ni trogen was added net hyl t hi oni ni um chl ori de

trihydrate (0.134 nol, 50 g) and acetonitrile (250

cm . Sodi um borohydride (Qg%?4 nol, 6.6 g) was added

in four equal portions over a 30 nminute tinme period.

The tenperature of the gyt méggesmas mai nt ai ned at 35C

with a co ter M‘%ﬁ r m nut es.
The yel | O{/\/%g '?%%%ﬁ@l%ﬁ él‘ﬁ ai(:léglgg’l) nﬁ |ed

(0.535 !, 55 g) and pyridine 10 (0.174 .76 Q)
add h t ure wadelblanait.at 90C for 2 ho The

Me. COQ war t KidgSCPnMr edisdar ef ul |
Yat e (2%0 cm ith t emequat—porTIoNg, Whi & _Me
e gi ve@ pr eci Metate The preci pitat 8¥was stlsrre fo

30 m nuggs) before it was filtered, Waﬁd‘led W|th wat erMe

3 50 d d d f
S ol oo e S et TR ot o
flask $hdér 8h trhbsphietd dfenitcogen avaschdd2é mtrgnth@mwgur@ghlgnqq,tnhydrate
(0. 1%% g %nég %tg? gl%(z%%;cgrg) VEBxtkBoldryaride 80104 h61B.6 g) was
addqc}\myur e_pg@tp?rﬂm ove PI%Z%‘BN%%@ gf@'@%%r &ﬁg Bf the
mixtGidyas RadBaiGdPs, 35°€ with@H3Id watesbath, a@g wasptirgd for Z’éf rginutes.
The@%'ggwlg@eﬁ%uépgr%l&aﬁd dbetid arhydfide 0.595 mdl, G8-gY add pyrktne
(. 1(%’:‘@} 131@;9 d?ﬂ ( ?%e ﬁ%ﬁr vﬁ%ﬁ‘gﬁ d]%t%ogC G‘&Aﬂcciuré-.df?%?coo.led
mixtUre as thﬁnoaowqdmecgfullymgto?cef N@qu‘ZSOﬁn él té‘(l@’q '}RO%“O(E%SMG
stlrr%%‘lo %IV@ \ﬁ itave. ;}?i ch]pﬁge v;lf&tllre(l _E%O mivitestgefgre it was |
fllter a ﬁh Jtm d'5in 8% Pfor 30 mlnutes The crude materia
e R L SR
lig gblid. Mp 13¥°Q, ngcKBry/crﬁ” R910 m;ﬁoezsm(q
165%% Sbgt1'%§§ é lh-L8m bsm\mhz/dmdg/ﬂmm o, AR 2190 (12H,

e S R ot

s, AtH); 6 |(@R39Mth§256bl €70.3 §0=0), AP (AD, P27 Marc), 127.0
(Ar %ﬁ@@'(i\rct)' ¢1d. i Rcyd0.7 &ngmm@(ahy?mmxeso 2642@?(;% M~

S b ortlions over a
OA )ng%% {} % [B)grl é#’h{e&q/ e:Jrat J?e of the mxture

was mai ntained at 35C with a cold water bath and was
stirred for 30 m nutes. Synthesis 16

1-(3,7-Bis-dimethylamino-phenothiazin-1 0-yl)-ethanone

)
Me

N
AN MeCN, NaBH,, T
Me- = _Me  (HiCCO),0, CgHygN
S N - M
| Me\ ~Nie
@ Me [ij S ‘TI

cl=

Synthesis using sodium borohydride/Hunig’s base in one pot. To a 500 cm?® round bottom
flask under an atmosphere of nitrogen was added methyithioninium chloride trihydrate
(80.2 mmol, 30 g) and acetonitrile (150 cm®). Sodium borohydride (104 mmol, 3.94 o)
was added in four equal portions over a 30 minute time period. The temperature of the
mixture was maintaingd 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 @) added. The mixture was heated at 90°C for
2 hours. The cooled mixture was then poured carefully into ice water (200 cm % inten
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30 The yell ow green suspensi on had acetic anhydri de
(321 mmol, 32.75 g) and Huni g's base
w@ ciorsopeopyl et hyl am ne) (120 nmmol, 15.55 g) apdEGB200M©01103
m xture was heated at 90C for 2 hours. The cool ed
m xture was then poured carefully into ice water (200
cnB) in ten WO 2007/ 110627- 6%/ GB2007/ 001103 -62
equal portions while stirring to give a precipitate.
equiilterjonseihile stiriag wa give i precpitate r Thegpregipitateawststifred &ori t

30 MYﬁﬁteE 'bleFo‘?é R asWRerR8 dwHdHA Wit \Ritek @ %S@Qm@)”ind aifBfechiof

00 Ry T sl s L SelEh S gl Bog ) o yied e
tlﬂepomb@uriﬁb(r‘récﬁﬁld5%%233356@9ht52%30&9 Mn 1HRE: yrdifBam 29 10dCH).
2876§$ 2\86@(@»4)32799 ((DH)Z%@Q (GEH)), 1586 aﬁm KB@ED(NOZ)SB@(ZSOMHZ

cDd| g‘ﬁj@ WGQ -6.71
(2H NG 75 @ré—/@, 7609@ 47 431 Alg‘v’)sﬁc 03 ) 148.9

(Ara:) 127, 2 (AE), 1a7H) (ArT), 02770, (ATC), 2HD. guAcC)sﬂw @rC)mo 7 (NCH,), 22.9

ool - 9, ( 1 ("}
(CHE’) g’r(/:?{\ﬁ'% 28@@96(12?/ ﬁ\@lgA%i?géAzrscglé%/? 9#]2 (3:5@21 (42°/ e, M +
Naldar ), 40.7 (NCH3), 22.9 (CH3): nmiz (ES) 284 2 (100%
[M- OAC]+), 328.1 (15% [M+ H+), 350.1 (41 % [M +
10 Na]'). Synthesis 17 gynthesis 17

6 st 3 TRAGBEEUgef D g

(H3 N\ N\VI OM Me,, I/ S I/
Me si s usi MeChNi:HZ; 1¥)
Me 1D a

guﬂe i :eP@. PctsHNTo a 25
Bottom £ ask unfler an—‘éT‘rTﬁ—b‘rTe‘ré’ofV,emt

dtrded ey t hi oMeni um chioride trihydNat e

mmol , 1@I@) and acetonltr| I e (50 crr) . l;lydra2| ne
m)nohydrate (58.8

e Sen T
Synthests fsina fygiraring @B“Q’Udfaé?’l’m@ 19 QO§0F- Jio PPV £" Found bottom
flaskiinddress dimbspleere obaitrogen was add@ad métby{hidrinjwhghteside trinydrate

(26. ?H%Prﬁ@ls‘!@a Wa@éfc%t‘nlé (90'& a%gfréﬁ@mﬂﬁ@tﬁydré@ (58.8nmal0

2 BB 2 Bl e AR e
coolnatod$ Sarlee wellqw/wa suwnﬁz@né\ad(af@tm anfydride {424 ragolaft3.3 9)
andfitine Ns2aMairoR 518 §) ddigd !t Th@midu Wasitaged att J°CTore2 hours.
ThepJo%Ed% g@?gwwlgﬁwﬁ Véoruhéaodce{r&[ﬂly?’gtcﬁbg 8/3%? (1&,9&91 n feh ei@al
portigrs #filp sHiring thIiRICCiRitRle: e ecRireas St%sé f61 90 minutes
befare ytatam fliliesset] wiasled Wit wateh &0 50 €8 andiir tideq fazl3@ mihates. The
crudd ﬁ'ngfen‘éﬂ%’soél'?ﬁ mgecf florfl hoflethakd 1@550@3) ké GiBld t8E Y 86thpslind

(4. 8% J.Sg AS:as aqai%grey solldm Mp %g%’% (/max(KE?r)/cm 916 %pl) 2876 (CH),
2856 (CH), 2799 (CH), 1659 (C=0), 1596 (NO,), 1502 (NO,); By (250MHz; CDCl3) 2.16
(3H, s, CHs), 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; CDCI3) 170.3 (C=0), 148.9 (ArC), 127.2
(ArC), 127.1 (ArC), 127.0 (ArC), 110.9 (ArC), 110.7 (ArC), 40.7 (NCHs), 22.9 (CHs); m/z
(ES) 284.2 (100%, [M — OAG]*), 328.1 (15%, [M + H]*), 350.1 (41%, [M + NaJ").
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2856 (CH), 2799 (CH), 1659 (C=O, 1596 (NO2), 1502
(NO2); 6H (250MHz; CDCI3) 2.16 (3H, s, CH3), 2.93
W@ 1@AH1127 NCH3) , 6.59-6.62 (2H, d, J 8.5, Ar/4pCT/GB2007/001103

6.69-6.71 (2H, d, J 2.75, ArH), 7.08-7.47 (2H, brd s,
ArH); bG (62.9MHz; CDCl3) 170.3 (C=0O, 148.9 (ArQ),"
127.2 (ArQ, 127.1 (ArQ),-824.0 (ArQ, 110.9 (ArQ,
110.7 (ArC), 40.7 (NCH3), 22.9 (CH3); mz 30 (ES)

284.2 (100% [M - OAc] +)synthe8Bistig(15% [M+ H +), 350.1

(41 % | Ng.;z;,ﬁg)dtmé’tﬂléﬂP\lelw%%t%?azﬁ’;qrd-ﬁ%%%@&1103

-63 Synth

1- (3,7- Bis- diget hyl ami no- phenot hi azi n-1 0- y'Y'?*f,‘t%anone
Me v, NH2NHESHR SHM 0N / S / NMe |,
Me-( 0 Cap 9N ME( NHECC P, LN Ve, | E@:m
& cmwe nt _Me
a 750 €n8 i

ﬁesis Sing nhydrazi pg
rdnohydr\&¥ e/ Hunies base in one pot. TE§
round SI@dttom flask under an atnosphmee of nitrogenMe

was added net hylthioni ni.um ch| qri ' .
Syrifesis, v yragie raea?feyﬁr%t?/ﬁvalglﬂ ggﬁ,{,g} P2 A R0 o round
bottﬁmmzlsydhaéreanhétmmgn&rmg%?&@\ﬂagydwdﬁml@‘dorgﬁiywqﬁﬂpride
trihﬂré‘tte%@.z‘f’ﬁ?ol, 86 b5ehd AcdtditileX(1806mS)t Hydesririedmondiydrate

nut'es re coqlin Q 25C The :
(178585 o oz e B G A A AR s for
10 mingtesihefore soplingesio 87 ¢ s 3w pRIPWArRSN awsPsasiop P89 agallg anhydride
(792 thrfd, ®).2 3F8edHUAG's Hage Niksbpropylethglatvie) ¢232ammB0 QDT g)Rdded.
Th ho?(gusf? wgg%e?%%l %856 ¥ Y HOUMBSTHNGIB I RAH R wad ifinduYed

GREG"T dESwat er 03<_:n2ﬁ|nteneual.o.tJor%sv\,hlle -
carefpliycrige WS'a5i(449 e o ranakrertonen Sicngite glie = gcipitate
Thespretipieate faas sifledforB0esinbies befere it wae iltérets washed wiknswider (3 x
mdrlr\%ﬂ‘t%@t&j%@cf& 3%9%{%53. iTgxleélia@d@hr@te@i@i \J'efbl Jér?étaﬁ@ed fromthot
et G Ly S B gL 150 5500 g i B Ble
13786 m.AKBE/dri h2R100(CH), 2316 (GH) MBSEECHE AFIRHX (1 9)«05&,11596

oé@gﬂggégﬁ 00D COtS6. 16N, 5,279, 4. 83412HL 65RCH;), 6.59-6.62
3 H) 6.6

(NC%?‘I% ,

=0, 0 - : ,
ek il R PR et
(62(9Miz; £DT1)8178,3 ), 6489 g Cr 1127 2HATG), 1373 (AEC), (ArC), 110.9
(Ar®),0807. AFCK AbL7 (NOHR 224 (BH,); ez (EH28MHA00TDIMN 3)OAJD), 328.1

(=0 (A 2 (A0, 127.1 (ArQ), 127.0
“V‘ﬁ'@)ﬁ”ﬁg‘j@“ (?L%CSM a7, (A&:), 40. 7 gNCHg%) 22.9
(CH3): mlz (ES) 284 2 (100% [M- OAc]"), 328 1 20

(15% [M+ H +), 350.1 (8intbgsig A+ Na] +). Synthesis 19
3,11-Dinitro-10H-phenothiazine

NaNO,, CH,Cl,,

H H

‘ N
@[NI) L. IOV SN

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®), dichloromethane

(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
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;
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3,11-Dinitro- 10H phenot hi azine H H NaNO2, CH2CI 2, N i
\' \ H3CCOCH ( \SI \ / @&@N/ / No2 25
wda o Rhseot hi azi ne (20.00 g, 100 mmol ), di chl opCreBR@MNE01103
(100 cm and acetic acid (40 cnB) had sodiumnitrite
(20.07 g, 300 nmol) added and the m xture was stirred
for 10 mnutes at roomtengerature. Additional acetic
acid (40 cm), dichloromethane (100 cnB) and sodi um

vmaxgoatr)vérhe 3é§0<f@/%é 829800H)TBRE9 (NI B1 G‘lh(en-l)am(i?o(c}—g, fan2t(Nex),
1554 (1051 BopuBEs DAY 878 QALE pubi Y oD ok oo .o

e’'m xture was
(Hgst W% 89k or 3 hours. The suspension was filtered and
washed with 100 cnB each of ethanol, water, and

finally ethanol to give ®nHesRl2e/ brown solid. The
residue was stirred. in °-ho .an I cool
before.fil ?Q#@S'ﬁ'ﬁﬁ‘ygﬁﬁﬂﬁ‘?f’%@; EF%%%%{I ay!h% :{\%ﬁ‘o&gs shed
Wi th etl‘.\?nol (150 cnB) and dried to givetN@ Ftl e

qound” (2d. 88 g, 86%9Med!, HHNHpWEO, S0l i d; WO N
1 D622 PCII GB2R07/(BEL00,B, CsHaeN vimax ( MY 3331
(I , 73299 ( , 229 Wt 3 CH) @m _Et
(82), 1858 ( © bH (250VMHz; DVBO) BY73>6. 76 (2H N

d, 3 OndME), 7.78 (2H s, ArH), 7.89-7485 (2H d, J Et
9, Ar I—g Synt hesi s 20 .
To a 25Gem: muaddiodemyilaskinderanaippsrness Al ABogAN Was Adifsne
ethg(ﬁ@nfnid\h Zm@\h«ome‘;ez%g gmm? gé} aﬁ?ﬁu@gp@m. I N
Hydrazmémon hﬁrﬁg . 082 5Y washd ixtute wa®heated t.o
R e
anhyoriden¢ids atreol( 71.63 girand Hugigig)oage ddigeropyipthylaming) 4316 gymol,
2'#@5 \W%xﬁ b@ddd! frﬂmﬂ&hké ik hiehtbl af 907TDlor 2BoB. Phevmsledduietire
a e X re .Was 3 I i
s SRR S st dgpor
givhagresinitetes Thawrpeipitaie wes Bireghiar 30 mingss 55* 05%@ WeR |ti{ ed,
wadrRasvithdiaten(3 opy bret)ardean drie)i f¢r23D. minmtes| TheZriie rgytefialsvas
cry@fiedh 1 IR Bolbirbtsies 3)*188&%?&@@%2@9&?6&%&1 o, 5397 a light
areviasiet agbe e £ el adar ALt B Ao g
ArH), 3.35 (8H, g, 7, NCHy), 2.18 (3H, s, CHa), 1.16 (12H, 1, 7, CHy); 8¢ (62.9 MHz;
CDCls) 12.5 (CHg ), 22.9 (CHs), 44.6 (NCHy), 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)

Me\fo E
/@[ND\ HCI (37%), EtOH /C[ D\
T Bt _Et
_Et N s N
Bt s N

| !
! l Et 2HCI Et
Et 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. 3y (250
MHz; CD;0D) 7.07 (4H, brd, ArH), 6.65 (2H, brd, ArH), 3.35 (8H, brd, NCHy), 0.97 (12H,
brd, CHa); 8¢ (62.9 MHz; CD;0D) 10.8 (CH; ), 55.1 (NCHy), 116.6 (ArC), 120.4 (ArC),
121.5 (ArC), 123.6 (ArC), 132.6 (ArC), 144.5 (ArC).
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15 give a precipitate. The precipitate was stirred for
30 mnutes before it was filtered, washed with water
w@ 2021282t and air dried for 30 m nutes. ThePCT/GB2007/001103

material was crystallised fromhot ethanol (50 cm to
yield the title conmpound (1.73 g, 63% as a |ight

grey solid. 5H (250 MHz; 3) 7.0- 7.5 (2H, brds,

ArH), 6.64 (2H, s, ArH), 6. (2H, d, ArH), 335(8H,
g, 7, NCH2), 218(3H s, CH3), 116(12H t, 7, CH3);
be (62.9 MHz; 20 CDCI3) 12.5 (CH3 ), 22.9 (CH3), 44.6
(NCH2), 110.1 (ArQ), 1275vnthesis®2 146.5 (ArC), 170.2

( CON, N' ByTelrastingl- AH-phenothiazine-3, 7-diamine bis(hydrogen bromide)
N, N, N, Nye Tebr aet hyl - 10H phenot hi azi ne- 3, 7-di @m’ ne
bls(hydrog chloride) Me~OHN N HC (37% Et OH

: Et ~N NEtHBN48%), EtbHl Et 2
Et To un tomfl*crsk—was—ad’d ekt _Et
1Et(\3q @t no- phenot hi azi n- 1(§ yI'y - etthanone

g, 1 30 rrm)I)'t et hanol (5 cn) , afAd hydeeehl ori ¢t
aC| (37% 1.3 cnB) and the solution was heated at

To gogiricdrottorhitask wasrigded ddBddbis-disthylamipenpencibigria; 10 leethanone
(0.574 X1.80 ;nvalS efraR6IRBIchE), efld Giylob®niit acit i(48%, €.o5pminahd the

sol{tfin3d: 00 h tcﬂ{ E€Hol84 BProo ure391e mixture
g e ATt S g e
(250Miiz; w@m)om(@Hsm(chm 65’9 (ZH (tfm:aza\rH);Laes@ar@mrq;) NCH2) 1.05
(121&9rd4t éﬁg)C)sc( 2113 12 2.3 &3 GBZOO?/ %i’l%?(ﬁ\?@mz14(ArC),
12@#@& géAP@? .%S’ %F

N, NN N, N -Tetraet hyI -1 OH phenot h| azi ne-3, 7-di am ne
bi s(hydrogen brom de) Myrthédis\e3a N HBr (48%, EtCH

Et o4 N t&ﬂlethk/ﬁ ﬁ-%hen%‘hnaz‘ine’% 7455 hinEois(Mydf e dhiiad)

(3, 7 b %\@ et hyI ani no- phenot hi azi n- 10-yl ) - et“hanone

1
(0.5 g, I etmﬁm%) é@m@o and
aC| d ‘. nd-the —solUtion eat
c,eMecooI ed to room“’{ e e N
2HCI

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)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, NCHSj), 6.67 (2H, d, J 8.5,
ArH), 7.16 (4H, brd s, ArH); d¢ (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,
2CI1"), 285.1 (40%), 284.1 (41%, [M =3H, 2CI}").



10

15

20

25

was concentrated giving the title conmpound (0. 65g,

100% as a light yellow glass. bH (250 IVHz; D20) 7.05
w@ dd7/1bwel7 ArH), 6.79 (2H, brd d, ArH), 3.43 (B&T/GBe@;7/001103

NCH2), 1.05 10 (12H, brd t, CH3); 6e (62.9 Miz; D20)

12.3 (CH3 ), 56.2 (NCH2), 117.9 (ArC), 121.4 (ArQ,

122.4 (ArQ), 124.5 (ArQ), 183.5 (ArQ), 145.1 (A Q).

Synt hesi s 23

N, N, N , N - Tetranet hyl - hhl a2| ne-3, 7-di am ne

bi s(h drogen chlori

ENN NwTﬁBafNeihYH%*ﬂ?\‘@n%@am? "ag e Wléﬁﬁ&ﬁ%emfemﬂﬁ)

Me 15 We-g.@ound bottom fl ask was added

1 (3 7- b| s di met hyl ami ﬂ% nggg{olgll azi n- 10-y

, et ha and

Cld % 3 d the sol ut | onMevgsh

o?N ours ooI ed to roomtenper ture 1-94 et hyl | Me
vvas added Wﬁl le stirring until "% const&it

Tog, trlﬁoré:gdﬁ ﬁ %lgwﬁggﬁd%ﬂ Z%?%% i ff@fan‘ﬁﬁ%héh&ﬁ” azxﬁ-@\%)
ethaione k5, 50H QI GiaRpI GPFTD 2R QYD SO RAGH EB g e
solufion 9R%heardat BotUhforgrrmen ©oté coolédito(rdem)tedgorature, a preC|p|tate
formA ds% as?%@%vnt@m%thyl 30t ({dEh3) ghdd the@rbduct
e e (ot (G g St zs o
306f X2H), 3921 NCHR)2948 (6’7’) (2BFD (@H)JGBQ BCH), BEBY (CH), 1804 (Fk), 1483
(Cl-}? %&%( /502 mH Mg (1DROY, NeIH-) 36 681, d, L3879 ArH), 7.15
ol é O)

(4H él A%§ @?rgqf\r?ﬁg% (fx@’r‘)c)lgpy(lré?

1202D{ArC),,112@E(AIC)(46% NCZB):L 1 (41% [M-3H, 2C]i" WO
2007/ 110627 PCT/ GB2007/ 001103 -66 Synthesi s 24 .

N, N, N, N - Tetranet hyl - ﬁg&%\%}%{]l azi ne-3, 7-di am ne
bi s( hydr ogen br onj de)
Bt N, W T ragtnKELoy- LA ELT ARG 5 bR}

a round om fl ask was added
1-(3,7-bis d| met hyI am no- i n-10-
et hanorma 05 i ¢ gﬁ‘%ﬂ 6(10 C/@[ﬂj@\
hgtdro (48% 4 crrB) and t He~
S r}j 2HBr
Bt 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. 8y (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, CHa); 5¢ (62.9 MHz; D,0)
12.3 (CH; ), 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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solution was heated at 80C for 1 hour. Once cooled to
roomtenperature, a precipitate fornmed, which was

wo dovared’ and washed with diethyl ether (10 cnPChGBR00G/001103
the product (1.22 g, 89% as a light nustard solid.
Mp (dec) 230C; vmax(KBr)/cm 3500-3229 (NH), 3061
(CH), 3021 (CH), 2948 (CH), .2879 (CH), 2679 (CH), 2601
(d-1), 1604 (CH), 1483 10° , 1318 (CH); 6H

250MHz: D20) 3.18 (12H, s, NCH3), 6.66 (2H, d, J
Sfaé.ﬁfif%&?sro, 7.15 (4H, s, ArH): be (62.9MHz: D20)

144.3 (ArC), 138.9 (ArC). 122.4 (ArC), 120.8 (ArQ),
ThelZAP T2 (:Ah&)und%b?tkfé réédn) invétidh 4riictad)y. re&MdSédl(eél are2ih aldiably

red%'\ée'& fymc?r gog%( htﬁg)j gﬂ%@%@ [hothg S@Bﬁﬁﬁfgg r at least 1
weeky 9@ et leqtR Weels, .65, 9t 193t T oo, 2.5 Jtilepst 2rm<mths B9 Ffeast 1
yeaR(dBy., &t rooftteiperfiture, &.gun8254E, teogy) il sessalatasondaloksl

1 (3 7- bi s-di et hyl am no- phenot hi azi n- 10-yl ) - et hanone

1 nd dro

One,gariplg i bprpoda ) Nk P Ry E s pAi R P ine
bis(ByxTogen chiortg)), in wiid éorovpvlae dound tebe suhstantially igdiiced @ven after 2
yeaft iAtsforhg&t her 20 added, giving a cloudy solution. The

sol utlon was stlrred for 30 mnutes and gave the t|tIe

conpound (0. 83 glasall ght yellow solid.
aneztgg DG Z qumoupdggre( $$olveddn wg}qq}n e., ig ﬂmfopgpf aB,agu%ous
solutioh), the3. 34(81\/!{/ BkidizbngivindiGd23qlutibnGEbl(d 2bloutyy tdpitally@ey a pégod of
1t PRoJsM; D20) 12.3 (CH3 ), 56.2 (NCH2), 117.9

(ArC), 121.4 (ArC, 122.4 (ArQ, 124.5 (ArC), 133.5

(ArC), 145.1 (ArC). 25 WD 2007/110627
Thm:mmw DARTDZompemdsSt His presgnt Bivgatierswas stugisdTspecifically,

NP N Atr@fnetHYE 1 H-PREMSthib AMEBLF-GBmaebisthidoger elllbt®s)), and
?gl\{?\l N FeFahii- ?6ﬁ?héno§%«$%kj&§grr friﬁS e br?@gdr%p&mfd%e))a e
Waﬂ'é’i?ﬁtaslas@r‘%f k, e.g., at least 2 weeks, e.g., at
| east nonth, e.g., at least 2 nonths, e.g., at |east

The]toﬂﬁﬁ‘fndé Frefh we (?a ed F?\‘&mxﬁl 'eBhialers. eEl% h%‘a‘t@ﬁﬁas added to
yle@ggT mM soh%xon and the mlxture .Qurr d'to %hssolve Eﬂ% sohg The gt?so%ance was

det¢ryingaat, N0-Meandi689 hilfot BHulpsamilen (iatiniieats) gt echiel He
solllioh§ BY GRS fimedonits dehe initiantirA® bblﬁt faRémMvayas 10 eimded 8s the

con&ogﬁggg oﬂ%h‘leatl L%sso%%%&%%le?e:ﬁgouna}éﬁépé S %’gtsr,o z3\/3} élgb recorded at

timguaeiats 4Q miautes; 3 hows, arst 18 BIUr&n aqueous

The percent reduced form (%) was calculated assuming that the 10 minute reading for
MTC represented 0% reduced, and that a blank represented 100% reduced (colourless).

Figure 1 is a graph of the percent reduced form (%) versus time (minutes) for each of
three compounds, B1, B3, and B6, as determined using absorbance at 665 nm.

Figure 2 is a graph of the percent reduced form (%) versus time (minutes) for each of
three compounds, B1, B3, and B6, as determined using absorbance at 610 nm.

Figures 3A, 3B, and 3C show the UV/visible absorption spectra for aqueous samples of
each of three compounds, B1 (open circles), B3 (open squares), and B (open triangles), -
after 20 minutes (Figure 3A), 3 hours (Figure 3B), and 18 hours (Figure 3C).
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solution), they slowy oxidize (giving the solution a

bl ue colour), typically over a period of 1 to 3
whowra10626 The stability of two DAPTZ conpoundBCDEGBRGVE/001103

present invention was studied, specifically, B3

(N, N, N, N -Tetranet hyl - 10H phenot hi azi ne-3, 7-di am ne

bi s(hydrogen chloride)), angg.B6

(N, NN, N -Tetranet hyl -1 O+ phenot hi azi ne- 3, 7-di an ne

> | #hain

BB R on o 08 g it
subistRs gl Sable -30%8) 'REBRd noyT¢nd tBetEompeuRy BEranang g
sulistentiaiiyxstable (s50% ¥ fedalnmstid Sewky Elowerers eftércaborh 8 hours, the
coPSHIRBRE Rotiishificaptpéifferaatiréth M) 582 aBtex@fipld) Figups 360where

pL san‘gﬁ g)ltn é'rfiﬂol lsgg&%) of each of the solutions
thepegiiy MPPRINEISNEEe™ he initial time point taken

was at 10 minutes as the 25 conpounds took tinme to
AdditiesMl Vite ¢8TRF atitokitatioh Wh4 fousd btd ies sipwett foumev&‘iaxiio@gsmnpound

[ | ’ .
CoipiriE s 58%5%0"*?é*%%@ﬁ?ﬂ?%l%ﬁpo%?"a&&‘gzﬁg‘ﬁg@@@wt“g
thethsuraierf ALkXCaEAB dgPTA WRPB ISR IRIOP oA Tqed te cfference in rate
was epraii sSiemig de Gignifiecnide drugefoumulation. Otbersalts mgyresioateeiable

aggiﬁg}%,go%q&ged (colourless). 30 Figure 1 is a graph of
the percent reduced form (% versus tine (mnutes) for

each of three conpounds, 131, B3, and B6, as .
A tebécheofrV, N, Nietraethi d Oblpheaotiiazis3, fngjaming gigthydpogeg bgomide)
wad pRsparad intAisil RETE &R ardbied &g NMRIMA(tS) 10/ebaths of toeage in the dark
at %?mnt;éﬁep?att&r%r thg%gﬁd 9&1@%@! @Qé Sﬁaliégmﬂég re Bhd tR3NMRGhta was

, asdeterm ned using, absorbance at 610 nm _Fi gur es
fouge o 8 daniier 3ENS FBIRUT HAneRPIR TSN 20REET Bier Se iy dppears
thaft Eie Makeals sin sisdres isoftable acderdiiesemoaditicnsprantitls impperiod.

(open circles), B3 (open squares), and B6 (open

triangles), after 20 mnutes (Figure 3A), 3 hours
B"(’W’@‘ﬂ%@“@%}, and 18 hours (Figure 3C). 40 WO
2007/ 110627 PCT/ GB2007/001103 -68 These data

MSEERAH vigd Astdydror EXvabMpRGBsmonpounds (stabilized
reduced forns) remain substantially stable (>50% for
at least 1 hour, and that. conmpoun

ThesmBelids are gessriaed & ?%U%W@Qﬁ@%ﬁ%?g?; iflina Agment of tau
cotrespneing tatiestorabepent d@maiouwisich hirebearoadsothredido araplit phase
su%t%‘ué,gé g%@% aeﬁbrfef%'iﬁg fugfléé@rlr\’fgggrng%g]d tEg Wit HAgHPARRity. This
sk ot r a0 oA e ot D8 greosted tu molcues
Thawraocisd it seffrpropagatiograndtaanthe kioakae selpglivehyHy protadinge”
phgﬁmﬂgm agé&mepound B6) as conpared to the "chloride”
conmpound ( Conpound B3), suggesti ng
More specifically, truncated tau (residues 297-390; dGA) diluted in carbonate buffer (pH
9.6) was bound to the assay plate, and full-length tau (T40) was added in the aqueous
phase. The aqueous phase binding buffer contained 0.05% Tween-20 and 1% gelatine in
phosphate-buffered saline (pH 7.4). Bound tau was detected using mAb 499 that
recognises an N-terminal epitope within the aqueous phase full-length tau but that fails to
recoghise the solid phase-bound truncated tau fragment.

The concentration of compound required to inhibit the tau-tau binding by 50% is referred
to as the B50 value.
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that the rate of autoxidation depends upon the

counterion. Although the difference in rate 10 was
wa@pmbi1jo62t nay be significant in drug formul at POIGB2007/001103

O her salts may be nore stable against oxidation. A

bat ch of

N, N, N, N -tetranmet hyl - 106 phgnot hi azi ne- 3, 7- di am ne

bi s(hydrogen brom de) was prepared in April 2006 and
Meg‘lb%‘syégﬂb&)éd'ﬁ@ n*‘%ﬂ&%fabh@h/ Eb@ﬁ of storage in the

k room t enper at ure, e solid material was

anal ysed once nore and the NVR data was found to be

Thestemeihods areTesciikgdiinmare deted is\WIQ 82/0857#A0n Rtieflpfiirghlasitcells

(3T®Y EkprebsRill-1digtRRRGETAD") driddt cdii®! BRArEiRtlidble ipforhbted and low
colglygevel SR Sle GBS bR B3 g Bpssior
is indycegsit amqrgwwgmﬂ%@@@ewmw@aa%wa@géhe; pRib N tﬁrmma"v at
~ o2 dndi CHaNirBY 30+ 66.39Br thefdby praiutingdinghiet Ievklstaithe 12 kD PHF-

cor%%foﬁpﬁ%&g 'P?o&l.l&ﬁoﬁ’ 8\r fhe r1§W®6H' b8 bdBjoSRed R cﬁose-
SO a

been ad bstrat e,
depesdanE IS B s PA0TPaFon IBBIds- GHeatdne Arnitaliphal fbitory
acthvitgof edrhparindy withirespeatioqudtedly ingerendtonsof $heabh? kP fragment within
celBdint déébn%&ﬁér}fﬁélﬁ lrﬂbﬁﬁéﬁgﬂ tgé‘ s&he tp@%n@d;tgrlfs%ﬁto@écm%inhlbmon of
tauf SR e viey Tt Befe Sl BEiehee 8§ el o} 15RB fragment
withigeetissis determiied eméeé Y thel qxpnt pttaHday binding dhropgls theyegeat

domif: 3N, aveilabiiitglof the eslevamt protdanaainthibhé esll ispidn-lithitig.
was bound to the assay plate, and full-length tau

was added jin the yeous hase. Th Qus
R o e A L o A
gegmrhtidn ofdhe m2 kpHiegpteat. et s fsfrefeeetd dabs the EQSO Valdg.. Bound
tau was det ected using mAb 499 that recognises an

v Pl Bali Bt it ToPe YR RIS ce «ne

solid phase-bound truncated tau fragnent. The
ToxiGifcsfihe 8drnpsurel destrbed hdrdie gt bssksted inthi leell bade assay used

o ek 24 T8 A Sl s
exqssiTe 19488 QOMBRUF 3410 £iacialy FeNErRpcRRsR A RRUKE ThRk-Alima
Biosriences raccdnéndg it theomanudadtanel’s instr@iod8 A085YES of Braifihy cells.
Altét‘ngﬁmi it 1R b?omég%-r@k f(@%@f@)@%)fv%'{s' use8Nsdin Eéébrdm% to the

er_..control an i nduci bl e pronoter

' m%“B(ﬁcg‘" rosn'g?qmcd?n%e |l evel s of the PHF-core tau fragnent

(12 kD fragnment). Wien T40 expression is induced, it
The IEER5E04i5 irdigd (RYRvad Bald@pRadsNRxIt+ UDS@! EQBOW t hin t he

cell, Ntermnally at as 295 and C-terminally at - as

390, thereby produci ngf hi gher |levels of the 12 kD PHF-
The gata %Sﬁﬂmﬁ‘af‘ﬁﬁfgwéh?fOIPWtﬁ‘@uT&bfeon of the 12 kD fragnent

can be bl ocked in a dose

Biological Data
Compound B50 EC50 LD50 Rx|
B3 57.3 0.50 44.0 88
B4 23.5 2.23 - -
B6 494 0.38 115 303
MTC . 218 0.59 65.0 110

B3: N,N,N',N'-Tetramethyl-10H-phencthiazine-3,7-diamine bis(hydrogen chloride).
B4: 10H-phenothiazine-3,7-diamine bis(hydrogen chioride).
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dependent manner by tau-aggregation inhibitors.

I ndeed, the quantitation of inhibitory 10 activity of
w@ompousds wWith respect to proteol ytic gener at POGBR007/001103

the 12 kD fragnment within cells can be descri bed

entirely in ternms of the sane paraneters that describe

inhibition of tau-tau bindi-ag in vitro. That is, the

extent of proteolytic generation of the 12 kD fragnent

W RN € WS, 1.9 6 851 tai ¥ 8l Y ‘ .

CoMAN I el SO S )
v XetyBhiPpip(nh $hIORAE. el evant proteases within the cell
is non-limting. 15 Results are expressed as the

Pakifsrs EbbfigibhiaSrudesWhi ch there is a 50% i nhi bition of
generation of the 12 kD fragnment. This is referred to

.as the EC50 value. Methods: Toxicity in Cells (LD50)
It isanel! knoundpalitbe eartifiere gogffisient farg dragiinam gragnictrtase/water system
(ty?gamp gu md@ctaieﬂmaémglstbm),aisnampmmd_lcbg"artmﬁ (ieel1bgoP), is a
godARGEBERAIh gichf cﬂ§ig:vg§hﬁ . @E@Wﬁﬁ C., etal, 1964, J.
sur ed cell™n er rmpe ter our
AmERRE, 56 Yol B ne AT AB2 SR o7 2t & Mih SRRy ek, P
62582yt s helid@d thaiShipria be@iuss thealogtioaof arcdmpguinddefeands on its

parfifdHbARELH Ble Bolb§iedmiihbrans a_ﬁ? tr%raduéghssp%er FEMith tBefficients
l. ro I O

e S o P T g A o PRI o o e
manufacturer's instructions. The therapeutic index
In th&xsbntexias daay-ike! sibe@ness, hirtkbpiroblidp @s leldtédd absdthtibhe

: iR, e ' [ ; N : ' jcal

ol S LR o A
Lovghydiepaickiogs and thersfoiegiioto/og s Velies 3oy, fruss 90y abtpreliorpr
perfre@tioB3lt has been shown for compounds to have a reasonable probability of being

weifk\)lialﬁ\!;d?*ﬁedc{,\rthelﬁé% 1@'?2%% Imuk® RbtHacstehtt @vah B0, Iné-diltMULBR of
cal QYRR IR SN 1808 Pl 300 cugs g anavtse engirggs g fect.

WO 2007/ 110627 PCT/ GB2007/ 001103 -70 B6:
Mahy Mebiioddlfor Idteraiimting partitiéhtqpifienidar@Aind®n 3 1Y thil $tody) @queous
LS A S o S g
in elaﬁé PPass fetegnned Ry ¥ i?l%f%?ﬂec?r%‘?hoéorﬁ?t{}'g The lagnold mgs g calculated
for phctsedmyetuad, ssisg the following formula:

10g10P = 10910 [Drugloctanel - 10910 [Druglwater = (0g 10 ( [Drugloctano / [Druglwater )

The data are summarised in the following table. The DAPTZ compounds of the present
invention were found to have logsP values expected for drug-like molecules.

Partition Coefficient Data
Compound Amax Absorbance for | Absorbance for Log:oP
(octanol/ water) n-octanol phase water phase
MTC 665 / 660 0.217 4.83 -1.35
B3 664 / 660 0.083 0.111 -0.13
B6 658.4 / 662.4 0.179 0.563 -0.498

B3: N,N,N',N'-Tetramethyl-10H-phenothiazine-3,7-diamine bis(hydrogen chloride).
B6: N,N,N',N‘-Tetramethyi-10H-phenothiazine-3,7-diamine bis(hydrogen iodide).
MTC: Methylthioninium chloride.
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18

(typically an n-octanol/water system, usually

reported as the logarithm(i.e., log,0P), is a good
wo p@7aateer for the biological activity of thatPdr/Gg2007/001103

See, e.g., Hansch, C, et al., 1964, J. Am Chem

Soc., Vol. 86, pp. 1616-1626; Kubinyi, H, 1977, J.

Med. Chem, Vol. 20, pp. 107625-629. It is believed

that this is because the absorption of a conpound

depends on its partition between the biologica
nggpgf and t he agqueous phase. Partition coefficients

Are al 8o useful in separation techniques and in the

predi ction of the solubility of drugs. In the context
Figwt 4ashoys ihkerystabsttushre s{ NIN/NY biodmethyly10H-phetahiezing-8,7-

dlarﬁi’%%‘is?ﬁ)} en B'rémt?ie ayRe bl dtfubtyrO¥AEWPHPEL Erystallographically
dlstwaﬁﬁﬂ%ﬂfeaﬁm | BY qr\de@‘i SR SRR BTRHoRe i Stphrime

wheyeaa tbs orgemic mamsreolpw aabBoY prdupy generalensitivas bigncs, fthe overall
ﬁmbmgmggp@(agﬂm%égw conmpounds to have a reasonabl e

probability of being well absorbed the|r | ogj OP

val ue nust not be greater than 5. he distribution
Figge 5 ame dnathedidengs e PN bA! Hffeﬁam@thyhéwmeoofaﬁa'gﬁ -3,7-
diarnine thieghydrodest bramitie) kna esvetisitise hareplan2iity Mha vireetdi adgle between
the bffer B84 E‘nﬂ 8% P6 1) tdbgl%esoef ficients are known. In

I's stu gueous utions of sel ected conpounds

wer e shaken with n-octanol and aliquots concentrations
Figuira Sesiovs padtsé ote helioal eriemp pf NilNs NN etetspraethy b pPtdpberatiigzine-
3,7-thenih® Bis Ay daen bi@hideprheleb@éemh thé efysech conpound,

using the following forrmula: 25 1o0gl0OP = | 0gl0

[ Drug] octanol - 10910 [Drug]wer= loglo ([Drug]octano

/| [Drug]water) The data are summarised in the

follow ng table. The DAPTZ conpounds of the present

i nvention were found to have |ogj OP val ues expected

for drug-like nolecules. 30 Partition Coefficient Data

Amax Absor bance for Absorbance for Conpound LoglOP

(octanol/ water) n-octanol phase water phase MIC 665 /

660 0.217 4.83 -1.35 B3 664 / 660 0.083 0.111 -0.13

B6 658.4 / 662.4 0.179 0.563 -0.498 B3:

N, N, N , N - Tetranet hyl - | OH phenot hi azi ne- 3, 7- di am ne

bi s(hydrogen chloride). B6:

N, N, N , N - Tetranet hyl -| OH phenot hi azi ne- 3, 7- di am ne

bi s(hydrogen iodide). MIC. Methylthioniniumchloride.

WD 2007/ 110627 PCT/ GB2007/ 001103 -71-



10

15

20

25

30

35

Crystal Structure Figure 4 shows the crystal structure
of NNN,N,N -tetranethyl -1 O+ phenot hi azine-3,7- 5

waolc@miins2bi s( hydrogen brom de). The crystal stprarGBR@7/001103

shows three crystallographically distinct bromde
ions. Brl and Br2 occupy special positions wth 2-fold
symetry, whereas the orgarmipc main nol ecul e and Br3
occupy general positions. Hence, the overall

stoi chionetryis CL6H2IN3SBf2qmg0 Figure 5 shows the

t he side-on view of

N, N N,N -tetranmet hyl -1 O+ phenot hi azi ne-3, 7- di am ne

. bi sAlspaiogmhseleded faly eoRPoradee the folawingfomuimand ¢ v:

t hepilirhRdédicalngicepleiaits, sdvates)ahe hydratesdmgreofi ngs i s
11.0 (3) degrees. Figure 6 shows part of one heli cal
colum of N N N, N -tetgeangf hylz*1 OH phenot hi azi ne- 15
3, 7-di am ne bi >(hydroge briom e) nol ecil es in the
crystal. WO 20p7/1106 B2S07/ 001103HX- 72 CLAI MB
1. A conpound sgmecte und§3m1 the foll ow ng
formul a and pﬁa;Nﬁmeu g4y accepntahk e H4its,

sol vates, and hffdrates thereof: RO RRL NHXI R\ \
/ RBNA HX2 R7NB~N S N. R3NB 5 wherei n= each of Rl
and RO is independently selected from -H Cl_4alkyl,
C2_WAPW¥hyl, and hal ogenated Cl_4al kyl; each of R3NA
and R3NBeash ofiicarshiiaaindgperdendy seleeted from: kH, Crealkyl, Cosalkenyl,

Cl_4a4é k¥bgenatéh €2,a4a1;kenyl , and hal ogenated Cl. 4al kyl ;

each of R L FFRA Rié\lﬁaﬂaﬁs |ngg8&§1'%ﬂﬁxf1§él¥ct§@l‘r8ﬁt 84 dr, %ﬂ?l

-H Cl.a ogenat ed Cl-, al
eacﬁz&ﬁ‘kﬁﬁx aﬁ@aiqﬁénﬁ‘t@d bndent |y a protic acid.

15 2. A easpolrRid” an«tRF“&l|$1g1de;»eruieatlyrsélectedhﬁromt H,&aealkyf
N %“dau@wgl %n&@\%lgs%ﬂ&@&@ Yalfth | -Me, B, or -CF3. 3.

and RO |§a?"hae|‘8?é %ngﬁwyus 1%%pep_f}é "x/@er{rgﬁ” e ch of Rl

A compound according to claim 1, wherein each of R' and R? is independently -H,
-Me, -Et, or -CFs;.

A compound according to claim 1, wherein each of R' and R® is independently
-H, -Me, or -Et.

A compound according to any one of claims 1 to 3, wherein R' and R® are the
same.

A compound according to claim 1, wherein each of R' and R® is independently -H.

A compound according to any one of claims 1 to 5, wherein each of R*** and R*®
is independently -Me, -Et, -nPr, -nBu, -CHz-CH=CH_, or -CF,.

R3NA R3NB

A compound according to any one of claims 1 to 6, wherein and are the

same.

A compound according to any one of claims 1 to 7, wherein each of R™* and R™®
is independently -Me, -Et, -nPr, -nBu, -CH,-CH=CH,, or -CF.
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4. A conmpound according to any one of clains 1 to 3,

wherein RL and R9 are the sane. 25 5. A conpound
wa@ewondiory to claiml, wherein each of RL and ROI/G82007/001103

i ndependently -H 6. A conmpound according to any one

of clains 1 to 5, wherein each of R3NA and R3NB is

i ndependently -Me, -Et, -nPryz:-nBu, -CH2-CH=CH2, or

-CF3. 30 7. A conpound according to any one of clains

9.1 t @& @mpeuadactorRBbito angofMBdiEIame 11th®, whaf@h RB% aAd R™® are the
conpgyad according to any one of claims 1 to 7,
wherein each of R7/7NA and R/NB is |ndependently - Me,
-Et, -nPr, -nBu, -CH2-CH=CH2, or -CF3. 35 WO

102007 correRRd RGTUrdBR GO ANV 6 laimE 3 9 9, Witls GHEXSIUVISD that:

accaf Bh&thrieQf WV AHERDS aﬁé R"N*%n& e 8, gtﬂé??ﬁa% g R7NA

and R7NB are the sane. . A conpound according to
any one of clalrrslto9 Wlththe proviso that: 5 at
111 eaétCopROUBH areping el MBNI efrihimg Ao SnditiRindrowsotHaer

t haif: edeh. ofmanARBprund according to any one of

cl ajgs, pone 3 he vieSO . 1 hat each of R

and l|-JQS %ﬁgﬁh é%%shlﬁﬂg%d F?%\lg tg%%hR#\IA and R7NB

are not each -Et. 10 12. A conpound according to any
12.0neAgmplodhdrsccordiog i amhenessfrtlarash tob, Wherelly €4tRDf the groups

g

compound according to any one of clainms 1 to 5,

13.wheAebompbbed gdscmumSg to Mﬂd&‘@f@@ﬁﬁﬁ t@a duhéﬂéﬁ%h@g é&'B)

ar e_Nhengane 18y S s

14. (h ﬂ ?18 accord ]s_;{e ? g'tegtne 55 r}J\I%rfeg,elggPefl ff°6"5 Me,
11, a% 2, wher ei n the 20 groups -N(RSNA)(RSNB) and
-N( R7NA) (R7NB) are the sane. 15. A conpound accordi ng

14.10 ARYMBBENPHcBHhdT dhyldher R 1 td 8 143 nn¥ib Nubdl&in the
i e o o g o B g gt e

according to any one of clains 1 to 5 and 11 to 183,

15.wheh ebmpbirel @cotinsy toNNFINA)E EBRIND 1 &%l andNg R?CN@ (vﬁw\t'%? g\éowso

SR ok TP st b

conpound according to any one of clains 1 to 5,
16. whet edmpewrchacsbrdittetogmgwps of claims 1 to 5 and 11 to 13, wherein the

groups -N(R*™)(R*E) and -N(R™")(R™?) are the same, and are selected from:
-NMe, -N(nPr);, -N(Bu),, -NMeEt, -NMe(nPr), and -N(CH,CH=CH,),.

17. A compound according to any one of claims 1 to 5, wherein each of the groups
-NR*™M)(R™®) and -N(R™*)(R™8) is: -NMe,.

18. A compound according to any one of claims 1 to 17, wherein each of HX' and HX?
is independently a monoprotic acid.

19. A compound according to any one of claims 1 to 17, wherein each of HX' and HX?
is independently a hydrohalide acid.

200 A comp_ound according to any one of claims 1 to 17, wherein each of HX' and HX?2
is independently selected from HCI, HBr, and HL.
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wokerais2each of HX and HX2

21.

22.

23.

24,

25.

26.

27.

30 -N(R3NA) (R3NB) and -N(R7NA) (R7NB) is: -Nwe2. 18. A
conpound according to any one of clains 1 to 17,

i s i ndependent | yPETr/GB2007/001103
nmonoprotic acid. 35 19. A conpound according to any
one of clains 1 to 17, wherein each of HX1 and HX2

i ndependently a hydrohal i de7deci d. 20. A conpound
according to any one of claims 1 to 17, wherein each
of Ad¥bmpouhd-iZordirgy forhgpepdédiainys & € vedrdin $IX' HRH HX? are
HBrapcfihyHl . 40 WO 2007/ 110627 PCT/ GB2007/ 001103 - 74
21. A conpound. according to any one of clains 1 to

17, wherein HX1 and HX2 are each HCl. 22. A conpound
ac chedhpoundmacsaidingiie any ook af alginds t to 177 whehain DA ahXHX? are
anteddkimre 5 each HBr. 23. A conmpound according to
any one of claims 1 to 17, wherein HX1 and HX2 are

each H . 10 24. A conpound according to claim 1, )
sel A gerapoyndaacetstinsbiorrny oo of plaimsol toold, ndergin Hulead H@re

is

phagawhdettut i cal |y acceptable salts, solvates, and
hydrates thereof: H/ N ~ HO MN! S/ N M HC
conmpound according to claim1, selected

me" Me 25. .
fr&?%%‘&&@b@ ng Ry saiesgd frem gamnawngs obthg following
phdomada gndgaianpacmtieptyavieptshit salts, solvataseand yutates thereof:
hydrates thereaf: H,~ N M, | HBr -Mg MB'N\ S/ NI
Me HBr 26. A gompound accogding to claijm1, selected
from conpounds of the foll QV\A ng formulla, and ‘
phar maceuti calil y acme sol Vat g,
hydr at es t her ofMe>HN/ HI NNS:,\,{e I\fl\l\/ECIHI

20 Me 5 Me

and

Me' Me

A compound according to claim 1, selected from compounds of the following
formula, and pharmaceutically acceptable salts, solvates, and hydrates thereof:

)

N
>N s N Me

Me” “Me
L _

HBr

HBr

A compound according to claim 1, selected from compounds of the following

formula, and pharmaceutically acceptable salts, solvates, and hydrates thereof:
i "
N

Me _M
SN s NOe L H

Me “Me

A compound according to any one of claimé 1 to 26, in substantially purified form.
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wEaN/EBBe07/ 001103

28.

29.

30

31.

32. ¢

33.

34.

35.

36.

37.

38.

39.

40,

27. A conpound according to any one of clains | to 26,

in substantially purified form W) 2007/110627

-75 28. A compound accor di PgI/GB2@npo1103

one of clains 1 to 27, wherein one or nore of the

carbon atons of the conmpound is "C. 29. A conposition

conprising a conmpound accordbRrg to any one of clains |

to 28, 5 and a pharmaceutically acceptable carrier or

di | AepmpoBdEl ackoptirey iy wWne o blaitmnp s, ivherein Bpe os mdee ¢ the

ConRpbdiate et tHaWbnipdualys oge of clains | to 28, and

a pharmaceutically acceptable carrier or diluent. 10

31. A nethod of preparing a pharmaceutical conposition

condEPBPRRitiTeaNKristigza caramayod racerdingrtdiany ote obelginsricto 28,

of aridea parihabeutR8lly asepbRiwimReediig@l | y acceptable

carrier or diluent. 32. A conpound according to any
laims 1 to 27 for use in a nmethod of 15

one OL@C
-t r SAPHAECEHIGS BURRISHIONLOBPIIERG aRoMPRUBY ageardiaD thamyone of

by dléimsdpy.2838nd A pbanmpmentitally acoeptaiie tarriangr diinentof
clains 1 to 27 for use in a nethod of treatnent or

di f
2 RRUBH S afcplod rprEe G o BRas B e acrgng o
f 0 rcqn@@unﬁ ageqiding drlary one efedaimeitio 88, prcop hiparmacsutisaliyn

t auggeeptale cafrier Ar uEapuUNd according to any one of
clains 1 to 27 for use in a nethod of treatnent or

pro axi s of a neur odegenerative tauopathy. 25 36. A
o BB ARG 0 GmseS BT Hats loc Her rss 1y methon of

us dreahnentrmipmnuzyiak:s of thesatiumeant oramimaldioly baxheapyf.

Al zhei ner' s di sease 37 A conpound accor di ng to any

one, of claiyme 1 to od of

o r PR Resrsldy b ful She PGl Dloiuier 4o° e BRRe o

38. treatraesss eraphilexis ofip disense afyyotsiteaggregationns | to 27

for use in a nethod of treatnment or prophyl axis of a

vi r@ om&&&tdqcagrld:ngrtogﬁggg% gﬁé{%mssﬁ@szgf g' F{]lgaor%ew8§ %1}
forre@gﬁemﬁrgr%t/'ﬁ@é ohA tﬁ‘tfoé?aﬂ"ﬁent or pr ophyl axis of
Hepatitis C, HI'V, or West Nile Virus (WNV). 40. A

Cg@@éﬁﬁo@ﬂ%ﬁ%ﬁ% tb %n?BMe Bf"&auﬂ\f 1‘:40"’27’?6 hsd B rhethBl of
e e B bighudhe oL SRS reerabo e s * 7¢

A compound according to any one of claims 1 to 27 for use in a method of
treatment or prophylaxis of Alzheimer’s disease.

A compound according to any one of claims 1 to 27 for use in a method of
treatment or prophylaxis of skin cancer or melanoma.

A compound according to any one of claims 1 to 27 for use in a method of
treatment or prophylaxis of a viral, bacterial or protozoal disease condition.

A compound according to any one of claims 1 to 27 for use in a method of
treatment or prophylaxis of Hepatitis C, HIV, or West Nile Virus (WNV).

A compound according to any one of claims 1 to 27 for use in a method of
treatment or prophylaxis of malaria.
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41. Use of a conpound according to any one of clains 1
to 27 in the manufacture of a nedicanent for use in

wo b@7tits2at ment or prophyl axis of a di sease of PCDGBRIW7/001103

41.

42,

43.

44,

45,

46.

47.

48.

49.

50.

51.

aggregation. 5 42. Use of a conpound according to any

one of clainms 1 to 27 in the manufacture of a

nmedi canent for use in the 4meat nent or prophyl axis of

43. Use of a conpound according to any one of clains 1

t gu%@ of 8 cbpotimnadaaeding ® @y ore affedinesafren?? fcthe nemufacture of a
t t . ' . .

Us regeReRElch uBE (RRGRENERHE St fopfyafe OPFlistaee ot pidein,

27 apgregaionmanuf act ure of a nmedi canent for use in the
treatnment or prophylaxis of a neurodegenerative

gﬁgﬁ(@){%ﬁ‘ g?ég mbaudPacddp@in@fo dhyCHER? UREn& ¢ QLT imee htandiftture of a

1to,27 1pn the facture of a
ne@?eflécﬁﬂ}ﬁ"‘{ 6F3ﬁ§bth?£re?ﬁ%e'}tPég@%ﬂ?ﬁ%w prophyl axi s of
Al zhei ner' s di sease. 46. Use of a conpound accordi ng
t 0 LB AREmPbukd atdtkdihg tddard forierof ichmeritai DA o1 the enariufature of a

u _ . ot
clm R s R ok ebfor P RBRg S b 2LARBMEY 5 ©

according to any one of clains 1 to 27 in the
manseat buompotind acereding &namyt orfecaf claires il o 2hén theeranwvéasture of a

or nﬁ’éo‘?@ﬂ%’ér@ﬁir%s@fin ﬁ‘le‘ﬁied%fghenbs I%gﬁﬁg?hiﬂakis f a nBliiRHegs¥rative

di sease, condition. 25 a compound accordi ng
tot@¥Patie of clains 1 to 27 in the manufacture of a
medi cament for use in the treatnment or prophyl axis of
Hen#del dfiaScofmpothy acédrdilg 3¢ anyNbriecof\diaims 1({¥\BY)n théInaruacture of a

; . T
' DA RETEIS s ARl of hBhEncl s dbetfe
treatnment or prophylaxis of malaria. 50. A nmethod of

t 1 agdergt alcoatpopnd pb@dramg $o arfy md@fw@se 1d6 .25 ﬁmﬂgi rnanufacture of a
ag qg&ﬂ nhéHt for'lis8 in Q'Léklfe%@ﬂwerﬁ Fdphl1Bgis 3 8kiA icBR&T o thelaoma.
said s y

ubj ect a prop actically of therapeutically
effective amount of a conpound according to any one of
c| disesof b coBfpaund 2zcorging teameentoef dFims Ada Ridmthegpanufacture of a

|0(r]I %&B{&at?%érﬁ féusa it wwrgyntic{ﬂ pﬂ)p&vbkiﬁ@r ao‘/:mlp bfulsémm or
admi ni st eri n subj ect a prophylactically or
thé’fgtﬁé%qqid&sggfélg% angtive anount of a conpound

according to any one of clains 1 to 27. 40 WO
200J4eldrGosbmpdunt GB26rang @6 adPane ofclaims 1 to 27 in the manufacture of a

medicament for use in the treatment or prophylaxis of Hepatitis C, HIV, or West
Nile Virus (WNV).

Use of a compound according to any one of claims 1 to 27 in the manufacture of a
medicament for use in the treatment or prophylaxis of malaria.

A method of treatment or prophylaxis of a disease of protein aggregation in a
subject comprising administering to said subject a prophylactically or
therapeutically effective amount of a compound according to any one of claims 1
to 27.

A method of treatment or prophylaxis of a tauopathy in a subject comprising
administering to said subject a prophylactically or therapeutically effective amount
of a compound according to any one of claims 1 to 27.
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52. A nethod of treatnent or prophylaxis of a
neur odegenerati ve tauopathy in a subject conprising

wa@elwrni®eeri ng to sai d subject a prophyl acti cab¢HG8r007/001103

52,

53.

54,

55.

56.

57‘

58.

59.

60.

therapeutically effective amount of a conpound
according to any one of clainms 1 to 27. 5 53. A

nmet hod of treatnent or proplyl axis of Al zheiner's

di sease in a subject conprising admnistering to said
S uhjn%zhocaofareanhyhmtpir@miylaylsmf atnercalpgenerative tauopathy in a

ef gl?oﬁ,sét\fs § 525 @? 'TB%HB%B}%%P{ ?gdbﬁylb@tlo@Woﬁne of
rapessisaly egtwe@naoawe 3 bl s ag | oy Bl osim 1

cotqﬂﬂ sing adm nistering to said subject a
prophyl actically or therapeutically effective anount

d di
SsATERET RbERRerr et ?r@“ﬁ(iag"sadm%’ﬁﬁ’% axﬁéé’asgﬁ%g she’
bacerspiiging @(ﬁmmﬁb@rﬁwdalsa'dls%lgﬁfea proghylagtisally grihpigpgutically

subji&ive @At 61 igonasbindiastarding do by s df daibiselclo 2.
prophyl actically or therapeutically effective anount

of d d f
6 ATeiReR RUBCIMrT R A O SO Rp P S g € bl
C, cbindrising atbsiistélirigeo Waidusib2ot § ylp@ilcglhggrbqhggqpeutlcally

Co%ﬂﬁ&tﬁlb%cﬁﬂ%ﬂ SbRpduMa dcBorlmigdo SHPLES bf laims 1 to 27.
prophylactically or therapeutically effect [ ve am)unt

of a conpound according to afy one of cla

57 A metied Isbtieaiment erragimtiaxsy ofir \digh pesteria! fopf?utaF%ﬁ' dé?eF‘?F

a TURIIBSH inGPSIYjéct cogpadngadministriey it gaitl sukjatia probhyagtically
a R %b%%e%%ﬂ@ae!fﬂe&l\%rarﬁm 8P% H&hﬁé\lr’dyac%rfdﬁ'fgt t'o\é%yfbﬁﬁ WAtlaims
of "a comnpound“accor to any one of clainms 1 to :
58.1tA2fet hod of reversing and/or inhibiting the
aggregation of a protein conprising contacting the

Prof & fl‘\oW'otf reaimeh Bﬁﬁrbe;ﬂaﬁéT@fLH‘épaﬂf" is 8, BPTRP Wkt Nile Virus

acc ) 6’?3 F@Q@P{? r'iW&/ag&' &ﬁ%ﬁl s |J %lhbigct afop@lactlcally or
of tberppent@aw ¢ffﬁotw@ampgntrpf gfcomgom%gor iDgh oC e of Claims 1
aggsegation is associated with a di sease state, the

treatmant conprising the step of adm' nistering to
manmal i n need of
o dbReRGat SRRSO PiogR ARy ot AR Tt PEIER pemerisng
of e&imimmpougmb said sulgesia nrophyawcailm or Hierapautipally effestiveramount

60. o1 dBFRH AJ& 9bcdring té wd)rr&of@nemghwem in a sanmple,
conpri Si e steps of " introducing a conmpound

according to any one of clains | to 27 into the
s anfpmethod4d revedsiog end/exipbisiting therrggsegatip of 8 Protgipcomprising

contacting the protein with an effective amount of a compound according to any
one of claims 1 to 27.

A method of reversing and/or inhibiting the aggregation of a protein in the brain of
a mammal, which aggregation is associated with a disease state, the treatment
comprising the step of administering to said mammal in need of said treatment, a
prophylactically or therapeutically effective amount of a compound according to
any one of claims 1 to 27.

A méthod of inactivating a pathogen in a sample, comprising the steps of
introducing a compound according to any one of claims 1 to 27 into the sample,
and then exposing the sample to light.



