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- 1 - 3,7-DI AM NO 10H PHENOTHI AZI NE SALTS AND THEI R
USE RELATED APPLI CATI ON 5This application is related
to United States patent application nunber 60/ 786, 690
Wo b@eiee® March 2006; the contents of which ate/ceao07/001103
i ncorporated herein by reference in their entirety.
TECHNI CAL FI ELD 10 This invention pertains generally
to the field of phenothiazirde conpounds, and nore
particularly to certain stabl reduced henoth|a2|ne
Conpounti&-DIBYING ADHHHENCTHIAZING, SALTS AND THEIR USE
3, 7-di am no- 101-1-phenoth|a2|ne (DAPTZ) conpounds,
for example, N, NN RELATEDAPPLICAT}ON _
t et ramet hyl- 10H phenot hi azi ne- - anlne
bi s(hydrogen chloride) and N, N N
Thlsé’lpplﬁ-i?@?%?lre'ﬁ?f tq Up) ales paten ’ga@ht;ataap RHMhar 60/786,690 filed
29 bi=s¢th3@Nco therconiedisdd yhic aesiscarporptedigssimberafimennaed in as

théﬂ-réhg,%tyfor exanpl e, in the treatnent of tauopathies,

such as Al zheiner's di sease, and also as prodrugs for
t he correspondi ng oxidj.zed thi gnini um drugs (for
exanpl e, met hyt hi oni n@%ﬁ-@eﬁw D MrC). 20BACKGROUND
A nunber of patents and publications are cited herein
Thisine@hB&T pdrRin¥Qjctelallf lofthslRae bf fRnaifzRe £6MPsendshend more

pallh@M fo%rﬁﬂq eéﬁ hglg i né”lﬁdmﬁo n}ﬂ@' chﬁ&ﬂy certain
EETAAR N s U e

ietnaﬁ@tfp'l-é%lémbelmhlazle%ﬁ dgiiareine bis(hytiegemehioride) end NDEN| -
tet@athyl-noH-phehuhiazies-8, 7 eideiny\bis (hyiregeid ioﬁﬂlel yrmd compounds are
uséfﬁ\(as‘ﬂrﬁ’dﬁa#dr )éﬁérﬂﬁ b Clmlr%%éaﬂngﬁ of @E?{Sd?ﬂé@‘tsﬁ A hejmer's
b B S o A o AP e
IspFRe: BIAAIRE AT il %WW[‘?ﬁP 4 H&i<ed SE&'P'UP‘e t¥s
exaspie rogtbithiopipmehieridecig).i se, * and vari ati ons such

as "conprises" and 30 "conprising,"” wll be:

understood to i nply thgackelréan@y of a stated integer

or step or group of integers or Steps but not the

excl usion .of any other integer or step or gr oug of
A ﬂ“ﬁlbég%fr%at%}ts %'ide‘id@“cqi@mh%@tc't%h?f indiordghto, merg fulysigseripe and
distlbse thp drosehiicednddhe atatd df e alﬂpeﬂutﬁdhe irgemimn pettains. Each of
theSé RAGHbAesIBinkOHBRatedEherein B referdfdh in it EntirbHGhid ¥ Rbsdnd!

dts&ﬁ{]u‘?é B éé%eééer‘& e 8041 ﬁﬁu(ndﬁél‘??fr eYucchvS% $b&rically and

'“dmﬁ"a{?]h’degﬁi't%&] b‘:{:'ﬁ?‘?’P@FteF’rl?Elr?fﬂ@gc?n xtures of two or
nore such carriers, and the |iKke. Ranges are often

Thie o%ﬁﬁ%(fé@iﬁ@tﬁn SRcilidifhe BRARE Whioh RIBR! &dié‘dé'tﬁé context

é?g%her%% 5 viohd "c%Rm%Hée v 4 &?8&3?1@ rsyﬁ%é Jc%gggesv ahde.

COF‘HE?’ERJI e‘é’"'fbiedﬁ’i‘\d?’%@oﬁ r‘g? glusion Paf sietesdpleger qr éfecprPé group

of intedrrs opsieps builnet thealxclaswrepfmny athey intageeor step argroup ofdntegers

or SR, expressed as approxi mati ons, by the use of the
antecedent "about," it will be understood that the

articu val ue forrrs an r enbodi nent ndi ti ons
Bt neuspled et 36 USed Batiesrengeaion AR 1 areatss,claime, the Shgulr

forms ‘agr“ar.8 A "t dugdeaturalisiefents urlessdies tantent clendy dictates
oth@niisea qelub, fbitdxatpR) tdféren@ to P4 phtasstiealcafridrUREIUdR nixtures

Off\?ﬁlﬁ%)@ﬁa &cﬁ%ﬁ@%@aﬁéﬁ\ﬁ?&ﬁé and neurofibrillary tangles

in the brains of affected patients. The
appearance of these lesions largely correlates with
Rangies laes eftfincexbrasee efriih @k froar ‘pbeld gensanasticutsn valnel dndér to “about”
anoftisf ppaiyulamgaiuee | Whéarbsush bitamROS bkpregsel MRt HeTeRiboliFRet includes

rong glt%hogle'wé“tﬁzﬁ{aw%%é}%%ﬁg g-:e dgf%r pggﬁﬂ%%\al@eo %mi!ﬁw, when values

Met hyt hi oni ni um chl-ori de (MIC) and ot her

di am nophenot hi azi nes have been descri bed as
inhibitors of protein aggregation in such di seases,
that is, diseases in which proteins aggregate

pat hol ogi cally (see, for exanple, WO 96/ 30766 and WD
021055720). Met hyt hi oni nium chloride (MIC) is
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pp. 953-956) or in conbination with chloroquine (see,
e.g., Schirnmer, H, et al., 2003, 25"Methyl ene bl ue
as an antimalarial agent," Redox Report, Vol. 8, pp.

wi 2orfiesz7Rengel shausen, J., et al., 2004, PCT/GB2007/601103
"Phar macoki netic interaction of chloroquine and
nmet hyl ene bl ue conbi nati on agai nst nmal aria," European
Journal of Cinical Pharmaed-ogy, Vol. 60, pp.
709-715). Malaria in humans is caused by one of four

arp eagrogsed as sppokiesations, b thegisa géthplaataseding rabopt,” it will be

urid@tsEdoRahat e Fartioliif @¥lue Brme vAdther edibddimetitnel ari ae. Al
species are transmtted by the bite of an infected

f emal e Anophel es squj t 0. Qccasj.onal | t.ransm ssi.on ..
CRHEPE ot APPSR 81 TeERTBCERRAL 4 PIEHISSE AR Pt Myfgton of
intnanetilar aidér extpcetitarcisngstsiof Blofginaceen fmchiess sigh pe bagyloid
pliled Bh@ ne@bERMary AshgiRQNRTS)lin the bralfeoftdiecisd watidntui The
ap?)@graﬁ LKL JTBE LG 1drgBly lchir@Re S GRS BanaBERHA! Helirofibfiide)

esi stance, however~ Is mayl,or _concer n. and

degieReraUR syl atpal, i Mp A VTR oD ki (o8 S o
Masfetavadiatipsia, KIB. efell, 200% Ane JaPathold &8t A87, Ny dgBP-§23-636).
Méethyigiofipiiai cHadriderMTChakd aher diamineptiehythizeinesharedendescribed
asﬁﬁ@?ﬁ@é# rr?tg@fagg_géfglé{i%rﬁiin 'r?géH Hts6h hiRh R0 HisBRLnOEHBR ploteins
gl RSO B Pt e A Eop g B 00570

Bi oenvi sion Inc., New York) has shown potent
MéBythiohivetathiaiziei (MTOY isl qurrentlyrused Bpiessit retieimoglobinemia
(a}'oé&ﬁc;rﬁbéﬂ' c?clciéé \».ﬁeﬁ gﬁ‘é bIYSY (%%t?ﬁeﬁvéf ok} SwiRE i isAetibdn the
ol 4G talye etz somedlen 37 6t Rl sy Gein Dbt e body
befere ok tiinng SURENd e Haanosie FoREMBips PeAR Infigalar dyg)fg detect certain
camgjoands presdnt innfrive); edniftaoiphey antisdplis rostimidany tasisdays surfaces; a
trSMTB QR pRIveRiativh fof KdhdykGona¥. NG Ehe HikiRodis ah@itedtmantthf

headache. About one in 150 will| devel op severe
m 'ﬁﬂ%ﬂ'%rrs including trenors, convul sions, nuscle

weakness, vision |oss, nunbness, paralysis, or coma.
MBS rhas hbényyseditivireat rsajansaeithbysindhe(see.teeg.obutimam, it ard Elytich, P.,
18R SUbct Gie Wikling @b bt es mialria n Gar KIpOWoschenr., Vol. 28,

p% BR85S Wéomb‘?ﬁaﬂi?ﬂ with %ﬂtﬁ é‘iﬂ% gseeﬁé.gé‘%t:ﬂiﬁﬁ&{ A9 tePéL, 2003,
Mo phAR AR OB oA FEPT Vo PO 2T
Rerfgetshagsencd. Hepht 20045 "Rbarmraelinetid iste@ctien of ghjoreguine and
mbth{I86d biad cehbihitfonl dgemit mdlbea, VEurdseanoVnal of Glinital or
AR, TS plCPOSPIY! et ot s ity dhé g
PR oRly SReSion gt B SRR BRSO FAORATHE o RGP el 6 .
matajias: A spegiss ase iacymitted bicihe dite alban iglkcied fapale Aoaphses
mbEffs aeRasiomllip Oebrishidthustws by bland tramsfusien, ofgandedsantation,
n ?%Fs‘h?éfi Z%]%?éﬁg*éﬁ%@ﬁ% rﬂ&{:erbcg Ftu2 ARAHR Sdukes 300-500 million

: th O t )
infpsins oW A0 PR oEmat iR Anl) Bl weipince,
hawsyenojsi ameier sorgesroindtinareaigst far B. falsipaiuat tishspegies that accounts

fof alfreet MtnatbridiroldEd4 derths. (Drugy srelsugamshirdtivabihpt &y currently
reE&ﬂhQﬁhedFB@pr@ﬁlﬁYﬂse&%iér ihdiRie\dRIoksufRidro@iAfl hadrodhichte,

.9 l. le. Egypt h
mlagHP R YOI SR BRI , 62 11 11 on and cont ai ns

t he hi ghest preval ence of hepatitis Cin the world,
MES iriet @ naimeOlirrsta?® %ot Biobrvigiat InanNew Xop) dws sisdvel potent

viladdibthvinpin vRRE R eciféQy N Gutaldh 18 RHEGID LARAs Wirlides! suibs HIV and
R G e, A A Byl e

contain nuclear DNA or RNA. Wien MIC i s introduced
into the blood conmponents, it crosses bacterial cel
wal l's or viral nenbrane then noves into the interior
of the nucleic acid structure. Wien activated with
l'ight, the conmpound then binds to the nucleic acid of
the viral or bacterial pathogen, preventing 25




10

15

20

25

30

wherei n: 10each of RI and R9 is independently

selected from -H, Cl.4alkyl, C24al kenyl, and

hal ogenat ed Cl4al kyl ; each of R3NA and R3NB i s
wodgpsdent |y sel ect ed from - H, C2_4al kenyl jpcanghzo07/001103
hal ogenated G . 4al kyl; each of IRVA and RVMB is

i ndependently sel ect ed from -H d Aal kyl,

15C2. 4al kenyl, and hal ogenat®d C Aal kyl; each of HX1

and HX2 is mdependently a protic acid.
affgcirg Hesaniral nervebhpisia- | tie lewpmraigivhef l@'embwzople will show no
visibiespmpidreor ddd doiibe dyriygomE sudna faveplaad aadachée.cAbduy one in

. 1%@9&@%&&%@%@& lﬂbll.idﬂﬁé‘{remé’rg eﬁJn%&’{s@hsg %L%él@%éaﬁn@s

S Q
i L A A ey pgtig o
'“%@Qﬁ‘ﬂ%}"@ ggtrqapé\lsooqpreaﬂq tﬁr@H@h blood ‘I"ff‘f‘sgﬁ"tﬁ“ﬁe?rg%%‘c% fants,
brehglieeding opdiing dezghancyeitdio thotifer rabdadr i ng a

phar maceuti cal conposition 25 conprising adm xing a

VlPﬁFTé ,SCQQE%)&H}%Q 1P cﬂﬁ%&l%%ﬁ%r [h%rﬂ%aﬂne% gf %ur?mc Hﬁpaﬂlﬂs C.

e carri
tig g uipal idertiep of ‘Pﬁ Y- i'Ee My H&é’d‘sé‘ RAChHERYSH pf acute
hepemarmdr@rmwer dzseﬁaeblnclumgg titthosiarddiyat cancenfHGV is spread
pr@lﬁé?ﬁﬁbyrtju(e@t @ntacawmaumﬁé@blebm THe Rjorsduebdof L infactibrdr
neur Ie are usg't Ié‘% ﬁggé tréh %@ﬁ;:aré%g{é bf"r‘ie%‘&ie\é"ahé‘ sftinges
?.ngﬁghﬁ @3%%?3/ L eend. ShSh gl ol i et
h@ﬁmﬁ agicbgl BANT Brabistp wdthappresiniéalic 3Yoiné thehworidisnopalatian
inRciB Wi MGma!nchevmé fconsistablnbyichlon, TAE pravalehydin the U4 &

tion

FE’B‘H‘BP tg[y 6 mj qnhsgthg td)l‘%lal?flté%? f}fplaF tis C in the world,
esimgsidyat gveri29% efihenationsrappeimately 63 milidngeaopige 5
anmount of a DAPTZ corrpound as descri bed herein,

MPE SlRdnaimbired WifGighOEMR Sevéht Blé%ﬂﬁﬁﬁ‘dﬁ diGRbleic acid (DNA or RNA).

PSRRI ks Sy SFRS o BN ol o

' esﬁm’g‘l %]t ‘4'33/% Cgﬁat@ig@% AR REofIE. e@%\fﬁ Was populatton of
o i Egg

: mtr@ug%mtqthp load FaMporIntsy ft@fgqua%bacgnebcqg wallg pr yral membrane

theh &emenbdhnﬂmtenonc)f thé nadieic heidraruoture. 1 Qdnen rativabsiyithdight, the
D;%Pﬂ‘nen bihdy & thaRabiBR acRYPBelviral JFPE&etia p@f%&éﬁj Previhhg

el Lty o SRID S S (e s
pogantighte peipca Hegisk of Harfndesiaeof patasensghat wayldiegain undetected by

teambodl ment, the disease condition is a disease of
protein aggregation. In one enbodi ment, the disease

oSEI 4%2 et Jof HAHABA I 5 SRR B AEAE PR Un s states

uspaty d¥r R ?“amﬁéhﬁﬁ@%§§6 condition is skin cancer,
e.g., nelanoma. - 5 - In one enbodi nent, the dlsease
condition is a viral, bacterial or protozoal di sease
condition, e.g., Hepatitis C, HV, Wst Nle Virus
(WAV), or malaria. 5ln yet another aspect, there is
provided an in vitro nethod of reversing and/or
i nhibiting )
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the aggregation of a protein conprising contacting
the protein with an effective amount of a conpound as
defi ned above. In yet another aspect, there is
‘provided a nethod of inactivating a pathogen in a
sanpl e 10(for exanple a bl ood or plasma sanple),
conprising the steps of intT%ducing a DAPTZ conpound,
as described herein, into the sanple, and then
exposi ng the sanp THE| osed is a kit
conprising (a) a DAPTZ conpound as descri bed herein,

Disg{?g&%r%béo%ﬁpﬂ# %9 ciftSa JRAIRE Ak 0f Q:’ﬁ@ﬁéthfaki‘ﬁ@ (DAPTZ)

ina'’s ner and/or with suitab
comBPHER o ‘Fﬁjcr‘%ﬁﬁ’dhf(%y‘ instructions for use, for
exanple, witten instructions on how to adm nister

In drldSa Q&préFEjlfg e i 4 c@rﬁ &Pﬂrs%@c@dqﬂ)nbkfo:ﬂfi@urﬁfs ¥ id following

t t t
s BT U BT REATRRAD N Bt b N e
aspect of the invention. 20 - 6 - BRI~ DESCRI PTI ON
OF THE DRAW Fi gure R1 its aRgraph of | the percent

ol[lx1each of

three conpound
(N, N, N, NT-Tet r
5bi s( hydr ogen
(N, N, Nr, N1- Tet fanet hy1- 1OFLphenoth|aZ|n -3,7-cliamne
bis(hydrogen i odi de)), as determ ned using absorbance

at @Rerefym Figure 2 is a graph of the percent reduced

form (% v ti

compoundgered g5 TS 1 FgBbbiiehyy PeciBt Bofk, 41, 6.E8kyt, Coalkenyl
absanbhalogenstedsT Al 10 Fi gure 3A shows the

UV/ vi si bkgchadiFoMpandR™E peintiegenidentlyospletedsremmpl, €5 .akyl,

ggge ketnglggf ﬁglgagﬁmggeé%}k%open circles, maxi num at

Xi mum a 60_nm, d

(open trfRHLP ﬁ%&ﬁnur'ﬁ ipperpsen S:eﬁ%F?‘?‘&m'B)O'H’ i

m n(I;@kenngaﬁd galbger%ed;ﬁamkyl he UV/vi si bl e absorption

spectra k dep@g B pRdtictdtiee

(:orrpoundIsegéhB@fq'?@S%EILEI %ﬁg [rg%p%mam %ur%eé\t 605 nn), 83

(open squares, maxi mum at 605 nn), and B6 (open'
Alsbrdisziuged &5 a cempositinratongoBingrg DABTZ spmpouit pssdescribed herein and
a phhShdRuitally BeMsptade cAMEVbrSdilkst. absor ption spectra for

aqueous saipl es of each of three Wcorrpounds Bl

(open circles, maxi mum at 605 nn), n_squares,
Alspaidcingad it a am@mwuﬂceh@pr%osct@ﬁéﬁ"tpﬂ?'aa gl ES%PT%ﬁWH‘EHﬂd as
dedthib68 Refeif) andd pesrmdBeliivaly acdeptibleccatriertom\diudriie

crystal structure of .

N, N, N, N1-t et ranmet hy1l- 10H p heno%hl azi.ne- h a}éc |i1e it
In agjotianpapershets s r ﬂ&’é%ed Beihiog Gf BBl ?rﬁéacﬁ al composition
corpriingadmiixiey adPAPTZ compound as described herein and a pharmaceutically

; nmet hyl- 10H phenot hi azi ne- 3, 7-

ac%pgr%[\%%é{t)' tﬁ%ér@gen brom de) . Figure 6 shows

-part of one helical colum of
In et BindtheNaspeet, t?mnets‘igrbwdeﬂ-la prrsinst ¢firearaiag @Bd/pr mhdiingdhe
ag&béétmhcﬂ'f% &e C@T)au bt@fﬁ%%ﬁndcﬂalﬁ ke, \; forsdx@ahple, agdregation

of ﬁ\,B'{qlEE B ﬁf’%)r?l'eﬁ ngP %'SJSEF d¥§§5 a%}or cllnlcal dementia,
comemsmg eontadiing éhe( WRjein Wik ﬁ9 Wﬁ?’%ﬁﬁ@uehﬁo% P&E’TZ compound, as

H)Z"" di am ne

dedcPbe@RBichy | $lthaninathoathay belperfdmeéd i @ird,i aret kiyb.am no)

phenot hi azi n-5-ium 5chloride; C I. Basic Blue 9;
tetranmet hyl t hi oni ne chloride; 3,7-bis(dinethylam no)
phenazat hi oni um chl ori de; Swiss blue; C 1. 52015;
C.1. Solvent Blue 8; aniline violet; and Urol ene
Blue(r)) is a | ow nol ecul ar wei ght (319.86), water
soluble, tricyclic organic conpound of the foll ow ng
f or mul a: '
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AATC Met hyt hi oni ni um Chl oride (MIC) (al so known as
Met hyl ene Bl ue), perhaps the nost well known
phenot hi azi ne dye and redox i ndi cator, has al so been
used as an optical probe of biophysical systens, as
an intercatator in nanoporouys materials, as a redox
medi ator, and 15 in photoel®ctrochom c i maging. WC, a
phenot hi azi n-5-ium salt, may conveniently be

consi dered to be an "oxidized fornm when consi dered
in respect of the correspondi ng 10H phenot hi azi ne

hyl-10H phenot hi azi nea - di: ami .
compfRIEn SRS INOAR BRI BETEE RS AL Sr PRIl BRective
amothEsTUCRAP T Drothpound, Bhaleseripgd detein, greferabhha theiks of a
pha&%&ﬂ%%mﬁéo%ﬂ&%ﬁwﬁo be unstable, and is readily and

rapi

y oxI di zed to give the correspondi ng "oxidi zed"

form - 8 - My et al. (AmJ Physiol Cell Physjc!,.
In y@QhétheVespech dgrepp pro@ﬂgga@ﬁ%b%yomawdﬁ%mc{?l@ higréin for use
in a Stosafha ok prophgraKeE ibalof ¥ disedse eorafitibn) aktde ligman or
;dtpa WWC itself is not taken up by the cells;
g@ YPY"e'9RYe reduced from of MVthat crosses the
cell nenbrane; that the rate of uptake is enﬁﬁne _
In y&eﬁ\%ﬂﬁf @bpeogl,rtﬁerbhﬁbllrndﬂfﬁfh tgmsgﬁﬁrr lzéamz.. @gmm Fﬁ;ﬁf ;glscrfbei
concgll icArREMG: i tieStréAtheht ¢ axis of a
h?r%'ﬁd%ﬁ}en@?ﬁdg ?tH{sé @‘éa{ I é?‘o form MIC).. MIC and similar
disegpe §NAWE. t aken up in the gut and enter the
bl oodstream Unabsorbed drug percol ates down the

ani

| in otk LHRBHA t,ﬁ@é‘;@iseaéé’cdr{aﬂioﬂiié;é Alsedsy of (Powir myvedadinb.
Si

undesire -effect is the effect of the unabsorbed
drug in the distal gut, for exanple, sensitiﬁg}ion Q..
In 00 etfvedidiest,ahe diseasmennsitionrs R iAUIPERY of-Je PEU WGP ALY
wﬂg,s rpedklimeroniskhey.a in the distal gut, both
tay ea V%ép?g di arrhoea. Therefore, it is desirable to
mnimze the anount of drug that percolates to the
In oie snatodignant, the diseape sy 1H ki CAYFSS: %S-dglezaﬂ"ﬁ‘af he
gut (i.e., by increasing the drug's bioavai)ability),
dosage may be reduced, and the undesired
side-effects, such as diarrhoea, may be aneli orated.
5 Since it is the reduced formof MIC that is taken
up by cells, it would be desirable to adm ni ster the
reduced form This would al so reduced reliance on the
rate limting step of enzymatic reduction. W The
inventors have identified a class of conpounds that
may al so be considered to be in the 'reduced fornt
. when considered in respect of MIC, and which are
~surprisingly and unexpectedly stable. The conpounds
may therefore be described as "stabilized reduced
forms,"” for exanple, of MIC. 25 These compounds are
t hensel ves active as drugs, and nmay al so serve as
prodrugs, Yyielding, upon oxidation, the correspondi ng
oxi di zed conpounds (e.g., MIC), which are also active
as drugs. -9- One representative nmenber of this o
cl ass of compounds is shown bel ow. Anot her
representative nmenber of this class of conpounds is
shown bel ow. N...M '
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1 oxidation ( -112) - 10 - The Conpounds In

general, the present invention pertains certain

3, 7-di am no- 10H phenot hi azi ne conpounds of the

following formula (collectively referred to herein as

"di am no- 5 phenot hi azi ne conpound? and/or "DAPTZ

conpounds"): wherein: each of RF and R9 is

‘i ndependently selected from*“-H, Clalkyl,

C2_4al kenyl, and hal ogenated C .tal kyl; Oeach of RONA

and R3"8 is independently selected from -H, Cmal kyl,
In ERahiaeinpént, thediseabe gemdiiicrds Gvithk hacterial oh protozRNAsease

iBN% S H est Rlie ired ViReor nidiarfal - al kyl

Co%gﬁﬁ?ﬁgﬁ§r%g§%§ﬂﬂgpggenated Chaﬁky??beach of HX1 and

FI X2 is independently a protic acid; 15 and o
In yhanothee aspashl thgreae pepidasl @n duvitra mesfand, aft reyersinggand/or inhibiting
the Sl LN R oHinplSHG o SaT B8 PreRSiy WK Srpoamount of
a cpwpsins as défihedebovd. kel y, that the conpounds exist in

the following form 20 Al though the DAPTZ :

conmpounds are thensel ves salts,, they, . al sg be .
In y5t OPthePSPACY tEre SriRp e el o m%ﬂ\(%s.a, PRRHeR i sample
(fori exaogieba blabd onplasing sample) eronsaisin. theSstiehs of intsdduning s DAPTZ
corfbSundNAEALLALE PhdRiIrE MO tHRaRRAk, Bid te &x@bBihg #fsample to light.
pharmaceutically acceptable salts thereof'. Unl ess
otherw se specified, a reference to a particular
Also gligstvaed isa Ivbcdmrisinge@) a A TiZscansued Bs depwibedirepein, preferably
proViABH aY BdhaiRyccatiss cBmpbsiavn gedlini suithBlefconi@ined aAd/or with suitable

ol vat e rat he t y v [
pagolesbi B0 Er 1 dReuB Sarlfe e Akt ke
adrgipistaréhg eorgeoundonmpound, salt of conpound) and

~solvent. If the solvent is water, the solvate may 30
As R &O{Bé)‘?@éiﬁga 'bg ohggﬁélfil?ﬁ tﬁ@gﬂﬁe@tgt@édé’rﬂt (fefefr@l embodiments of

exanpl'e, “a_ nond- hydrate, a_ di- rate ) .
onq #sneRyefitag Everion Wilaise Seriane oiies aSkest ef e dayention.

reference to a particular conpound al so incl udes

sol vate forms thereof. In one enbodi nent, the

Cl4al kyl groups are selected from I|inear. Grmal kyl

groups, such 5as -Me, -Et, -nPr, -Pr, and -nBu;-

branched C3. 4al kyl groups, such as -Pr, -113u, -sBu,
and
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-tBu; and cyclic C3.4al kyl groups, such as -cPr and

-cBu. In one enbodi nent, the C24al kenyl groups are
selected fromlinear Cmal kenyl groups, such as
woh@iRestvi nyl ) and -CH CH=CH2 (ally)). O | nper&B2007/001103
enbodi nent, the hal ogenated Cmal kyl groups are
-selected from -CF3, -CH2CF3, and -CF2CF3. The G oups

Rl and Rg 15 In one enbodi mént, each of RL and R9 is

i ndependently -H, -Me, -Et, or CF3 In one

enbodi nent, e&RUELPERLH Tigh BAENGIS | y - H,

-Me, or Et In one embodi ment R1 and R9 are

Figh8 1 WErapg @ B pRALNERBALLAE R (% ES%I‘S%Q Q{m@m s) for each of

differe t u%9
s sbfiion, £ 080" B NI ey obEpintinigna sy -sigrine
biﬁ(qurm@ﬁ@maﬁé |apd BOEN.NLY, f&ﬁ@tr@mﬁufr%hpher@ﬁuazsws Vwdiamine
big(hylirdg@niigide)l) ep deidanined usitg absbibants aLges rirg" A and R3"8
Each of R3NA and R3"8 is independently selected from

qudﬂe 2%15' @'}—.—E% 8f tﬁegﬁg%%bthgﬁ%gg fo%]d({laal 2dE al gr%fnél es 5)¥ leélch of
thiep a@ﬁ%%@ﬁt% BlepRELBS Psretsrmines aaing phsorizanes pi @A mm.

and hal ogenat ed Cmal kyl . I n one enbodi ment, each

Figre B8 HAvIRE NRisiBle aPSRPRA QétFanor deoudbam éfl@?éf ,each of three

e e T e
Hh and§iplopep-iapdies, maxis 2 nm)oﬁf&eféﬁmwtﬁ%m
each of WNA and R3i ndependently -Me or -Et. - 12 -

_F{dd?e weh@mad UmKible BESMpIRNGER I8 RfuRoldISariREPof dabh of three

cofiB6u HEn‘cIésmnﬁxwgnﬂg légl(lcjg%ﬁrsgﬁgres maximur at
Hawﬁﬁ RRCISS P HE BB SRUF. of | Ra"
and R3NB |s |ndependently -Et. The G oups R7NA and

ngﬁi?e 3C Eggj\:d:_taé U\mfz%maﬁlg?f%peﬁfa fbl* léiﬁj@@ﬂsﬂéﬁiﬁ I¥s of each of three
con% tﬁﬁ e tirg: t'6 Ln s@ifes. maxi t
o) cach oI RA
6‘0%#165‘ ﬁﬁ}%%ﬂ% 0?%&83%%% mw%é"té@? f?\wé BdPiy |
C24al kenyl , and hal ogenated Cnal kyl. 15 In one _
Figarmoehmwthe cryatahstoictuRy 5f NMNIN',R7Zd8aimsthy R (P eRsHRIHIdAhe -3, 7-

d[anh{%b,g(ﬁydrogé}ﬁgmmwgf, -CH2- CH=CH2, or -CF3. In one
enbodi nent; each o RMA and R7" is independently -M,

- or -CF3. 20 I n one
F'Qé'r-?o%%hq\f@ﬁt'e th@é@ﬁ’-%\‘ VI¢W 0f YN - efmmethy-hefdphernnihazive-3,7-
diamivie bis(hydebgenl tmoraide), enbodi nent, R7" and R7" are the.
sanme. | n one enbodi ment RVA and RML3 are different.

% BT 85 s oA R ¥ v S i onporipe
37w'n§basme@sﬁ@ém@ﬁ)n@ecuieﬁ inoie caivibdi ment, 123" and
R3NB and R7" and RMB are the sane.
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30 I n one enbodi nent, R 331A and R3" and RMA and RMVB
are as defined herein, with the proviso that at |east
one of R3NA and R3318 and R7" and R7" is other than
W@goe-,,g%bonal Provi sos 35 I n one enbodi nent, Pt’h@B2¢]07{001103
conpound i's as defined herein, but with the proviso
that: R3NA and R3" and RNVA and R7" are not each -Et.

I n one enbodi nent, the conpwund is as defined herein,

but with the proviso that: 10if: each of Rl and RO is
-H,  then: RUETAMERBEBCRIRITIGN OhidE WNENTI®OM 0t each

-Et. WD 2007/110627PCT/ GB20071001103 - 13 - The

Vet Cropds MTC BlsadRfln B ﬁé@ﬁ%)né E‘?Zémblg nﬂi(s_ﬁégmomne

chigrides tefreirethyioning ffderde; 36’rb=%€da4m8§l¥ﬁ51“é§ bﬁ%ﬂ?
chlofidea C'). Bumit: BiIMBY] etrameibpihichine ¢hjoriced. WIS(dlf@thﬂamkléhyl

hﬁazﬂﬁioﬁ%@ﬂ&ﬂe%%gﬁiue opRotRId.lySwérh Biles; pnitivd ddlet; and

t hat e
Urglgne 'H%G?) 't %%W '%E% C&%bﬁgﬁﬁéne b og?ﬁ%ﬁ]ﬁtb@ E'(}gﬁ@g’{ da‘?’%
corgprina®t thedoliowingfemeldat Iy - Me, -Et, -nPr, -nBu,
-CH2- CH=CH2, or -CF3; each of RVA and RVMB is
i ndependently - M, - Et,, -*mPr,1 nBu, -CHCl-1=Cl-12,
or -CF3; opti nal | ya ‘ avi~so {hat at | east
one of R3" angd R3NB RVB | sCéther than
-Et 15 In one| MbggiTien ofy-MENA and R3NB i s
i ndependent | y] - Me br -BE@seac‘h ofl RMAjand RMB is
i ndependent |yl - Me Mg -Et; offi ondl Iy with the _
provi so that at | east onm‘cof R3NA and R3NB and | RTNA
and R7NB i s ot her 20t han -Et. In one enbodi ment, the

e(ﬁ}ry(t) UDS h RBNA) ﬁ:@%n 3?‘8‘&'% a ﬁq@tfﬁagﬁ ?%%Ost well
knevi( Wanaame)dya laed moroxmdmtor e A5 lf@ﬁré ug?ﬁb%@mlﬁaf probe of
b)oﬁﬁﬁd‘bapéystéh% g¢ ot fierchibBBiNRRGdtR)s rasidrialdi(aRal rédyx(RFdijtor, and
in &rﬁ a{bﬁ?‘gﬁ.ﬁ% el ected from -Nwe2, -NEt2,
- NMeEt, -Nwe(nPr), and

-N CHZCH:CHZ 2. 30 In one enbodi nent, the groups .
MTQ}J@ mmtbl%n-ﬁ-lméalt M(tmwgmqrmgfbe)cogﬁnéerp% E)ngeaqu oxidizgd form
whah Eonsiie@Ein tespltiof tied entespbridingrtOH-giebathiaziNEc@mpound,

N, NW@QW&%OM&%G 7-R{rPishich & conveniently be
248

[

I'n oné enbodi nent, the groups
%ﬁﬁm ‘N(R714A)( R7") are the sane, and
are 35 independently selected from -Nwve2 and - NEt 2.
In one enbodi nent, each A\ ps - N( RBN5( R3")

and - N(R7peddded) is. -N :@ 0 enbodi nent
at | east omemof thie OROUPS ‘ IREE and
-N(R7NA) (R7") is 40 ofther than -NEt2}, -14- s In one

enbodi nment, each of the groupsddaidae: A(e) and
-N(R71A) (1e8) is other than | (-H,+HC})

N
iclizad i
oxi
form Me- N e c=

(MTC) 'f ®
M

The “reduced form” (the “leuko form”} is known to be unstable, and is readily and rapidly
oxidized to give the corresponding “oxidized” form.
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25

- NEt 2. For exanple, in one enbodi nent, the groups
-N(R3NA) (R3N8) and -N(Rmd) (Rns) are the 5 sane, and
are selected from .LNWe2, -N(nPr)2, -N(Bu)2, -NWeEt,

WB"YE‘((’/HE’J& and N(CH2CH:C1712)2 The Goups %T/(?ﬁ}%mmms
10Each of HX1 and FI X2 is independently a protic

aci d Exanpl es of protic acids include, for exanple,
| norgani ¢ acids, such as hydrohalide acids (e.g.,
, EIBr, H), nitric acid (HNG3), sul phuric acid
%D Am Jafrgsaercg@mrcysm; POS4, VOU 0BG, 3p. CaIduonioshbavd shown that

&%{géﬂﬁ%y@dgce( %ﬂd) MTbnthgpﬁTerﬁé@gis%maken up

i fhé‘*dﬂ%”@ﬁﬁ@tﬁeﬂé’ﬁf" SRR e Copebo e Peleiate: thatthe
rate mflaptekeie entymeddppaderizariddeat dethd TG aed recuces/ MT G i ¢
coAdnthteli 6318 (reabedi VD te-eqflibhated ondX Insiiedth&al foForm MTC).

i ndependently selected fromHC, HBr, and H . In one

Mﬁ(ﬁngrgcgi?i gﬁdrqu)efegqlﬁg sztg u’{]thﬁeé\?egﬁ‘te b% ngﬁgm Unabsorbed

drenitsoeiaten down-ke afmantenragaletorthrdisiahgut. Qﬁa igpetant undesired
siderdfepias therdficyt & eleagizbsbrbsdiruiid the bHista) gatpfdr bkample, sehsitisation
of fH3fstal %;U?amﬂiﬁﬂ@r&?a! gﬁé%ﬁ mhé)m%rhbéléh@%n%@iﬁliﬁhdd!sta}

ooh bt ieanchies Theeie. i sirecsbls Byminimis e e
thatﬁe@n@teémm digtaitgut. %In@rﬁasw@%lw "EépdateNeh 5 gt Citeni by
ince&sing thddrugsmivauaikbiiy, doemeenaehd tegudss, pad thenmpdegiredsiie-
eff@cts ‘Euéﬁ“aé‘@naﬁﬁ&ébohﬁwé'aﬂ%n&bt%ﬁhydf ogen chl ori de)

I'n one” enbodi nent, HX1 and HX2 are each
HBr In this case, the conpound may 35conveni ent]y be
Sincefitds fedeqused form of MTSNALS (AFeR 8P RY 59/IsnE Wl heydesisahisto
adivirdsterdiag reslabdd forrh.nThis ecsidiadiredured réfidceaontthieix@le dimging step of

en%%;c"ﬂaduch& this case, t he conpound may conveniently
be referred to as a "di am no- phenothl azi ne

bi s(hydrogen_ i qQdi de) sa
The y$A@EdEYS mr'@z&o@%% f&‘@@"””di #hat mey pisofeAopsifiergd to be in
theCoathicediforphshemcamsidemdiirodispet of MACharst wirkeh aredsurgisingly and
unbpEeReN debld. YShe"éompNEndeﬁal‘\l (%re;o?é& ge )Eeeﬁﬁﬁbd gé “sﬁdbg;zed lreduced

an I'S I naependently

fo{g‘kn\/g@%xa%i%fyﬁn one enbodi nent: each of Rl and RO

is independently -H -M, or -Et; and each of the
Thyammpoum@memm@ye; aglihvg asmqwmmay alsg serve as prodrugs,
yieldide Destoediatiyn, thiBotrespbhdin odizcaindonpbumdy (e. gaaﬂ’C)QWhle are

dependently -H, and each of the
a‘sg%gtb‘ggas-‘ﬁl(% "Y(R3") and -N(R7")(R7s) is independently

-NVe2 or -NEt2. 15 I n one enbodi ment: each of Rl and
RO is independently -H and



each of the groups -N(R3NNR3N13, ) and -N(R7") (R79)

i s independently -NMe2. In one enbodi nent 20 each of
Rl and R9 is independently -H -Me, or -Et; and each
Vﬁ%ﬁ%@@h ently -Nwve2 or -NEt2; and each of 1-1X1
and HX2 is independently selected fromHCI, HBr, and

H . 25 In one enbodi ment eagh of Rl and RO is .

i ndependently -H, -Me, or -Et; and each of the groups
One NigRSsehfdide ineiber of iR Elabé Bonpotndsissipandssidw.y - NVe2;

and each of HX1 and HX2 is independent sel ect ed

fromFICl, HBr,}{and H. 30 | jn one enbodiment: each of

Rl and R9 is independently 4H and each{of the groups

-N(113" + 18] and - J i s ingepd¥ident |y
-NMe2 of st 2; {apd_e f d 21 Sic
i ndependent |y s¢l gctiéd ont . HBRyye2 d . 35 1n

one embodi ment: [edach of Fe and RO is In ependent |y
-H, and each of *the groups ") (R3149) and

N(R?) (RTMb i s independentl 4 T%ﬁ and each of HXL.
and HX2 is independently sdél ected fromHC, HBr, and

H . WD 2007/ 11 27PCT/e.2097/001103 - 16 - In one
enbodi rren%%each of Rl RO ndepengently -H, and
\t /)

each of® gr olipsie< N 32 LandmeN| RENB) (HRINB)
i s-independently -NM2; Seac 0@ HXljand HX2 is
HCl . 51n ong e sl ment: each &fe Rlland RO is

i ndependently -H and As each of the groups

-N(R3N7(12. 3_N(Rnxe) "9) andis independently -NWe2;
ARG rLPreS 8RR MR Bordf thid Biss!ch cdibounds is shown below.

—

i
B N HI
reduced al
fonmn Me
MeN s N
Me ‘ Me

- oxidation
{-H,}

/N .
oxidized
o Me-. ,[ I\SI :l\N,Me 1 (& H
® {

"
Me

oups -N(R3")(123149) and N(R”A)(esﬁchénmmwmnun
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Me Me HBr HBr In one enbodi nent: each of Rl
and RO is independently -H and 15 each of the groups
-N(R3N5(R3N9) and -N(Rnl A) (R718) is independently
\;5\'%%;11 each of HX1 and HX2 is H . |SO"1:@@}(§32007/001103
riation- 20 I n one enbodi nent, one or nore of the
carbon atons of the conpound is 11C, 19C, or 14C. In
one enbodi nent, one or nor.egaef the carbon atons of
the compound is C. In one enbodi nent, one or nore of
Thébsmgéuda@n atons of the conpound is "C. In one ,
odi ment , one or rmre of the carbon atons of the
is I n. ong_epbadi 0
n g%,”g.?g?e e PR PoAFRR AN SA %“3’“6“&%%‘ n
coropasnasrbichie feanving dermuls (coltselivelyrreterpd i haralB agafipBINC-
phéiofigirefconpeunts” and/er ‘tﬁIAP&IZIcombommia")gr oups R3I 1A,

R3NI3, R7” NARMS, R,

and Rl

is

1C. (O 13C.)

(O 14C.) 5 1n one enb@%ll mant r'one or jnore or all of
the carbon atqns of oné or), nofe or aII of .the
gr oupsRSNA, ‘RANB,. RM &" “c| % 13C) (Or
"C. ) TNA RNA 2
7'NB/N aNB HX
wherein:
each of R! and R® is independently selected from: -H, Cysalkyl, Coqatkenyl, and
haiogenated Cqaalkyl;
each of R and R*™8 is independently selected from: -H, Cy.4alkyl, Czqalkenyl,
and halogenated C,.4aikyl;
each of R™ and R™® Is independently selected from: -H, Calkyl, Caalkenyl,
and halogenated Calkyl;

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

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

RB li{ R‘l
N x'®
RTNA\‘ (:? ?{ R3NA XZ @
RYNB/ l S l \R3NB
H H

Although the DAPTZ compounds are themselves salts, they may also be provided in the
form of a mixad salt {i.e., the DAPTZ in combination with another salt). Such mixed saits
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 aiso be provided in the form of a solvate or hydrate. The
tenm “solvate” is used herein in the conventional sense to refar 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



i5

20

25

30

35

40

In one enbodi nent, the groups -N(R351A) (R3NB) and
-N(R7A) (R751B) are the sane, and are: 10-N(1CH3) 2.
(O -Ne3CH3)2.) (O -N(4CH3)2.) Conpatible

Al'l conpati bl e conbi nati on
vg:t(;:)rrg&'d)?mants descri bed above are explicitly §CWGBE&%OHM
15di scl osed herein as if each conbi nati on was
specifically and indivi dua_Ljo1y_ recited. Sone Preferred
Enbodi nent s In one enbodi nent, the conpound is

ri-Rfdrae! &d 05!%@ 6th8nnﬁé@ drRWHEY aci'@fﬁ'fé%@ﬂﬁa paficliad Gompound also

u I ca ccept abl e salts, solvates, and
‘"Cﬁ@&?m\% ‘Pi@?é'b% ety 'NO H N110 Ae
,1S. 1e HC FIC12 EEVAOH N 1110 : Et

In bhe embocﬁherlﬂ(}he BcLaig! groups &e.selected fripmy lingar QMaIky! groups, such
as -Me, -Ef, -nPr, -iPr, and -nBu; branched Cs.4aliyl groups, such as -iPr, -iBu, -sBu, and 7
4Bu; and cyclic Cs.qalkyl groups, such as ~cPr and -cBu.

fn one embadiment, the Ca.catkenyi groups are selected from linear Cs._catkenyl groups,

such as -CH=CH, (vinyl) and -CH,-CH=CH; (allyl}.

* In one embodiment, the halogenated C,4alkyl groups are selected from: ~CFs, -CH,CFs,

and -CF,CF.
The Groups R and R°

in one embodiment, each of R! and R? is independently -H, -Me, -Et, or -CF.
In ane embodiment, each of R' and R? is independently -H, -Me, or -Et.

In one embodiment, R' and R® are the same,
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 -Ms.
In one embodiment, each of R' and R? is independently -Et.

The Groups R* and R

Each of R¥™ and R®™™® is independently selécted' from: -H, Ci.alkyl, Coalkenyl, and
halogenated Cs.,alkyl.

In one embodiment, each of R*™ and R*® is independently selected from: C,salkyl,
C,salkenyl, and halogenated Cqalkyl.

In one embodiment, each of R and R*™® is independently -Me, -Et, -nPr, -nBuy,
-CHQ-CH=CH2, or “CF:_J,.

In one embodiment, each of R¥" and R¥® is independently -Me, -nPr, -nBu,
-CHz-CH‘-“CHg, or -CFa.

In one embodiment, each of R*™™ and R™® is independently -Me or -Et.
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In one embodiment, R** and R™® are the same.

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

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™2

Each of R™ and R™8 is independently selected from: -H, Cysalkyl, Coalkenyl, and
halogenated Cqalkyl.

In one embodimert, each of R™ and R™2 is independently selected from: Cyalkyl,
C..4alkenyl, and halogenated Cyalkyl.

in one embodiment, each of R™ and R™® is independently -Me, -Et, -nPr, -nBy,
-CHpCH=CHj, or -CFs.

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

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

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

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

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

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

Optional Provisos

In one embodiment, the compound is as defined herem but with the proviso that
RNA and RVP and R™A and R™8 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*M and R™* and R™® are not each -Et.
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The Groups -N(R™)(R™) and -N(R™)(R™")

In one embodiment: _

each of R™ and R*"® is independently C,.4atkyl, Caaalkenyl, or halogenated Calkyl;
each of R™* and R™® is independently Cy.salkyl, Cz4alkenyl, or halogenated Cy.4alkyl;
optionally with the proviso that at least one of R*™* and R*®® and R™"* and R™® is other

than ~Ef.

In one embodiment: .

each of R™ and R*® is independently -Me, -Et, -nPr, -nBu, -CH,-CH=CH,, or -CFs;
each of R™* and R™@ is independently -Me, -E£, -nPr, -nBu, -CH-CH=CH,, or -CFs;
optionally with the proviso that at least orie of R* and R™® and R™ and R™® is other
than -Et.

In one embodiment:

each of R®™ and R®® is independentiy -Me or -Et;
each of R™ and R™8 is independently -Me or -Et;
optionally with the proviso that at least one of R**
than -EL.

and R and R™ and R™® is other

In one embodiment, the groups -N(R™)(R*®) and -N(R™KR™®) are the same.
In one embodiment, the groups -N(R™)(R*™®?) and -N(R™R™2) 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(CHQCH=CH2)2.

In one embodiment, the groups -N(R™)(R*M?) and -N(R™)(R™F) are the same, and are
independently selected from: -NMe,, -NEL,, -N(nPr)z, -N(Bu);, -NMeEt, -NMe(nPr), and
-N(CH20H=CH2)2.

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

In one embocdiment, each of the groups -N(R*)(R™®) and -NR™)HR™®) is: -NMe;".

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

For example, in one embodiment, the groups -N(R*™)(R*™?) and -N(R"™)(R™?) are the
sameé, and are selected from: “NMe,, -N{nPr),, -N(Bu),, -NMeEt, -NMe(nPr), and
-N{CH,CH=CHy),. '

The Groups HX" and HX?

Each of HX' and H)Z is independently a protic acid.

Examples of protic acids include, for example, inorganic acids, such as hydrohalide acids
{e.g., HCI, HBr, HI), nitric aciq (HNOg), sulphuric acid (H.S04), and organic acids, such as
carbonic acid (H.COs) and acetic acid (CH;COOH).

In one embodiment, each of HX' and HX? is independently a monoprotic acid.

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 HC1, 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) sait”.

In one embodiment, HX' and HXZ are each HC!. In this case, the compound may '
conveniently be referred to as a “diamino-phenothiazine bisthydrogen chioride) salf”.

In one embodiment, HX' and HX? are each HBr. In this case, the compound may
convenientiy be referred to as a “diamino-phenocthiazine bis(hydrogen bromide) salt”,

In one embodiment, HX' and HX? are each H!. In this case, the compound may
conveniently be referred to as a “diamino-phenothiazine bis(hydrogen iodide) salt”.
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Some Preferred Combinations

In one embodiment:
each of R* and R? is independently -H, -Me, or -Ef; and
each of the groups NERMYHR™) and -NR™)(R™) is independently -Niie, or -NEtz.

in one embodiment:
each of R? and R? is independently -H, -Me, or -Et; and
each of the groups -N(R™)(R*"®) and NR™)R™?) is independently -NMe.

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

in one embodiment:
each of R and R® is independently -H; and
each of the groups -N(R™)R*"®) and -N(R™4)(R™F) 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 -NR™)(R™*) is independently -NMe; or -NEt;
and _

each of HX' and HX2 is independently selected from HCI, HBr, and HI.

in one embodiment;

each of R' and R® is independently -H, -Me, or -Ef; and

each of the groups -NR¥)(R™) and -N(R™)(R™*) is independentiy -NMez; 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 mdependently -NMe, or -NEt;;
and

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

in ohe embodiment:

each of R! and R® is independently -H; and

each of the groups -NR™([R™®) and -N(R™(R"*) is independently -NiMe,; and
each of HX' and HX2 is independently selected from HCI, HBr, and Hi.
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each of R! and R® is independently -H; and ,
each of the groups -N(RP™)R®®) and -NR™)(R™®) is mdependently -NMe; and

each of HX' and HX? is HCI.
—
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each of R' and R? is indeperidently -H; and
each of the groups -N(R™MYR™®) and -N(R™(R™?) is independently -NMe;; and

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

each of HX" and HX® is HI.
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.
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In one embodiment, one or more of the carbon atoms of the compound is 11C B¢, or "C.
In one embodiment, one or more of the carbon atoms of the compound i is !

In one embodiment, one or more of the carbon atoms of the compound i is

In one embodiment, one or more of the carbon atoms of the compound is 140.
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In one embodiment, one or more of the nitrogen atoms of the compound is ™N.

In one embodiment, one or more or all of the carbon atoms of one or more or all of the
groups R¥™ RM8 R™MA R™8 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®M, R*™8, R™A and R™® s "'C. (Or ®*C.) (Oor™C.)

In one embodiment, the groups -N{R™)R*®) and -N(R™)(R™F) are the same, and are:
“N("'CHg)a. (Or -N("CHs),.) (Or -N(**CH3)2.)

Compalible Combinations

All compatible combinations of the embodiments described above are explicitly

“disclosed herein as if each combination was specifically 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.

— —
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in one embodiment, the compound is sefected from the following compounds, and
pharmaceuticaily acceptable salts, solvates, and hydrates thereof.
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In one embodiment, the compound is selected from the following compounds, and
pharmaceuiically acceptable salts, solvaies, and hydrates thereof.
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Purity

The DAPTZ compounds of the present invention may conveniently be described as being
in a “stabilized reduced form”. The compounds oxidize (e.g., autoxidize) to give the
corresponding oxidized forms. Thus, it is likely, if not inevitable, that compositions
comprising the DAPTZ compounds of the present invention will contain, as an impurity,
as least some of the corresponding oxidized compound.

Thus, another aspect of the present invention pertains to DAPTZ compbuhds, as
described herein, in substantially purified form andfor in a form substantially free from
contaminants (e.g., the corresponding oxidized compound, other contaminants).

In one embodiment, the substantially purified form is at least 50% by weight pure, e.g., at
least 60% by weight pure, e.g., at least 70% by weight pure, e.g., at least 80% by weight
pufe, e.g., at Jeast 90% by weight pure, e.g., at least 85% by weight pure, e.g., at least

97% by weight pure, e.g., at least 98% by weight pure, e.g., at least 99% by weight pure.

in one embodiment, the contaminants represent no more than 50% by weight, e.g., no
more than 40% by weight, €.g., no more than 30% by weight, e.g., no more than 20% by
weight, e.g., no more than 10% by weight, e.g., no more than 5% by weight, e.g., no more
than 3% by weight, e.9., 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 obfained by, or is obtainable
by, a method as described herein.
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Chemical Synthesis

Methods for the chemical synthesis of DAPTZ compounds of the present invention are
described herein. These and/or other well known methods may be modified andfor

5  adapted in known ways in order to facilitate the synthesis of additional DAPTZ
compounds within the scoper of the present invention.

For example, a suitable phenothiazine may be converted to the corresponding 3,7-dinitro-
phenothiazine, for example, using sodium nitrite with acetic acid and chlorocform. The ting

10  amino group may then be protected, for example, as the acetate, for example, using
acetic anhydride and pyridine. The nitro groups may then be reduced to amino groups,
for exampile, using tin {Il) chloride with ethanol. The amino groups may then be
substituted, for example, disubstituted, for example, methyl disubstituted, for example,
using methyl iodide, sodium hydroxide, DMSO, and tetra-n-butyl ammonium bromide.

15  The amino group may then be deprotected, for example, the N-acety! group may be
removed, for example, using concentrated aqueous hyd rochloride acid. The
corresponding salt is then prepared, for example, using concenirated agueous
hydrochloric acid, for example, at the same time as deprotection. An example of such a
method is illustrated in the following scheme.

20
Scheme 1
NaNQ,
@i D = X j@
O Me 0 _Me
Ac,0, pyridine N SnCIZ, EtOH

' J(l Kj[ :@l
oN"~ > s NO,

Me
Mel, NaOH,

DMSO (nBu)4NBr HCI H,0

Sy
Me 2 HCI
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Thus, another aspect of the invention pertains to a method of preparing a 3,7-diamino-

R H =~
N
R _RA
R‘INB/N S N, e

" 10H-phenothiazine (DAPTZ) compound of the following formula:

HX'

HX?

wherein R!, R®, RMNA R3B R7NA R7NB Liv T and HX2 are as defined herein (for example,
where HX' and HX? are each HCI), comprising the step of:

(vi) salt formation (SF).

in one embodiment, the method comprises the steps of:
(v) ring amino deprotection (DP); and
(vi) salt formation (SF).

In one embadiment, the method comprises the steps of:
(iv) amine substitution (AS),
optional (v} ring amino deprotection (DP), and
(vi) salt formation (SF).

in one embodiment, the method comprises the steps of
(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

dptional (it} ring amino protection (AP},
(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
{1 nitration (NO),
(i} ring amino protection (AP),
{ifi) nitro reduction (NR),
(iv) amine substitution (AS),
{v) ring amino deprotection (DP), and
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(vi) salt formation (SF).

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

In one embodiment, the step of (v) ring amino deprotection (DP) and the step of (vi) sait
formation (SF) are performed simultaneously (i.e., as one step).

In one embodiment, the nitration (NO) step is:
(i} nitration (NO), wherein a 10H-phencthiazine is converted to a 3,7-dinitro-10H-

phenocthiazine, for example:
RQ R1O R1 ) RS R1D RT
{ : |
N N
—_——e
‘ s O,N~ 7 g7 NO,
6 ' ' 5

in one embodiment, nitration is performed using a nitrite, for example, sodium nitrite, for
example, sodium nitrite with acetic acid and chloroform. In one embodiment, R is -H.

In one embodiment, the ring amino protection (AP) step is:

(i) ring amino protection (AP), wherein the ring amino group (-NH-) ofa
3,7-dinitro-10H-phenothiazine is converted to a protected ring amino group (-NRP™Y, for
exampte:

R® H R R® R™ R!
| )
N N
_—_‘——-WP
O,N s NO, aN s NO,
5

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

In one embaodiment, 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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Proi Prat 1
3

In one embodiment, nitro reduction may be performed using, for example, tin (lf} chloride,
for example, tin (Il chloride with ethanol.

Z—

In one embodiment, the amine substitution (AS) step is: .

(iv) amine substitution (AS), wherein each of the amino (-NH) groups of a
protected 3,7-diamino-10H-phenothiazine is converted to disubstituted amino group, for
example: _

9 I;i‘,'F’rol R‘l
N
7NA

H,N S NH, mH/ NS 3'NB

10 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.
15 - . ' '
In one embodiment, the ring amino deprotection (DP) step is:
(v) ring amino deprotection (DP), wherein the protecting group, R is removed,
for exampie:

Prul
R™A_ ! I | I
R™M_ :©\ ma/

RTNB/ \. SNB

\ 3NB

 2a

20 . }
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:

25 (vi) salt formation (SF), wherein the correspending salt is formed, for example:
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iv) am ne substitution (AS),
j on (DF’)Y®nd

P P 3INA

S N\RaNB

@

(NR),

r ol

-

©

In one embadiment, iodide exchange (IE) is achieved by reaction with potassium iodide,
for example, agueous potassium iodide.
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(vi) salt formation (SF). 30 In one enbodi nent, the

nmet hod conprises the steps of (i) nitration (NO,

(ii) ring amno protection (AP), (iii) nitro '
webEhi@sy (NR), (iv) amine substitution (AS) pc3rtnsboro01103
ring am no deprotection (DP), and - 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 perforned at the sane tinme as, or subsequent
intome etnhediperic thairaductibe pnd indidb ealk foﬁi’ﬁétton?(RISF) GRP is:

mbgghi r%non 55@[0@’6@ Eal@for&é(t)onr(Rm) %é?&n cﬁ&fbtsf?(ﬂtéd

oA i  Eladlsgtiopteptghed g I N S ——
fﬁhﬂ@a Wﬁmequwmwﬂéwquestep i s: 10(.)
mtratr—on (NO);, wherein a 10H~phenot hiazine is
converjt Q to &3, 7-di R tro-10 phenot hi azi ne, for
exanplle: R RL_RIggR11 65 In one
en‘oodi"rrent, at i 3 using a nitrite,
for ey @ L 'Igﬁﬂa"“fo 5 exanpl e, sodi um
nitrit@™#th acetjk acid hl oroform In one
enbodijment, RlL is~H In one gnbodi ment, the ring
am no protection (AP) step is: (5) ring
am no protection (AP), \A/ﬂﬁLel n ﬁhegl ng'an no group
(-NH) of a 3,7-dinitrag-1 phej otmazmels
(NI RAnt Y

converted to a protected ring 0 ol 50
for 20 exanpl e: 57 |im™ne eabddi ng | oefelm e
protection is achieved qgmaH acéet at®, Tor @x@&ple,'
usi ng acetic anhydride,| for exanple, using acetfc
anhydride and pyridine. "I n one enbodiment, the nitro
reduction (NR) step is: (ii1) nitro reduction

In SMmbMﬁérﬁ' n%dt?tﬂﬁﬁ Ak IJ et ?Jrﬂlaﬁ r’@é@g{; g&@%gggay : aoc]:tion

W"ﬁo%ﬁ"’gﬁ?%” mq%,t&\yba deg'étfntgﬁré le: In one

enbodi nent, nltro reduction may be perforned using,
in émnth&mampheh, ah iapprobtiate dhibomiiid ealt, ffarexample byl thioRiniihd Jemi

zing RhBFide & sihlitanBbid Alduced and the ring amine group protected, for example,
by reaction with phenylhydrazine, ethanol, acetic anhydride, ahd pyridine. The
corresponding salt may then be prepared, for example, using concentrated agueous
hydrochloric acid, for example, at the same time as deprotection. An example of such a
method is illustrated in the following scheme.

Scheme 3
OYMG
JOB S i
1. . e
\T & $,Et Ep\N/[:::I:S:I:::l\N,E
Et ® Et Bt Bt
cl (2 0.5znCl,
H
N
- Et : :I::]\ Et
Y S NT
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5 In one enbodi nent, the am ne substitution (AS) step

is: (iv) am ne substitution (AS), wherein

each of the am no (-NH2) droups of a protected
Vﬁ@Zmﬁhﬁﬁ}ﬁo 1OFLphenoth|a2|ne is converted tocT/GB2007/001103

di substituted am no group, for. exanple: 1032 In one

enbodi nent, am ne substitution is perforned using an

al kyl halide, for exanple,-g- al kyl iodide, for

exanpl e, nethyl iodide, for exanple, nethyl iodide
Thus,tamothedadpantof theninvettion PiEs 18 athdtrdd ¢f-phegavihy b 3,7-diamino-
10RTFRALHIELRE AAsICr cé)l?BP R S5 BRI BRAlta: LNe 11 NG

am no epro ction 3 step is: (v) ring

am no deprotecjtion (DPkg m@ergyn t he protecting

group, RPrnt, is renoved, for exanple 22a 20 _ In

one enbodlnent ring ¢

per f or med u3|nq¥30|d

ydrochlorlc aci d,

_for exanple, conge ; FOUEOU N %?glg dioric acid.
In one enbodi t, the step is: 25(%i)| salt formation
( SF), vvherei n e correspondi ng salt +s forned, for
l 3Bl 7na T QIS e
h%ﬁa\%l o‘n Rt af ﬁs tlg 2 Hn)g?zﬁﬁ fa?es.% m8¢§ héljaﬁ': (for example,
wherezH; aid Wiﬁb’ﬂ'&t‘%‘?mﬁ’ﬂ% Iﬁfﬁpl‘% conpound of the
comptigingnina gteparnul a: wherein RI, Rsi gAi R3Na, | RVA,
' HX1

R7 N, salt formation (SFf)
and HX2 are as defined herein (for exanpl e, 5 where

HXI and _HX2 ach Hi risi gthe step of:
in prg ?m'i’%’ém%'?t 'ﬁ 4 CBB’lp%l%esstE? EP%P mation (RISF). In
one (i§ivg diminodepreibgdiondPRband onpri ses the steps of:
(1) (h)odk demassh@mge (1E); and 10(ii) reduction and
iodide salt formation (RISF).
In one embodiment, the method comprises the steps of
(if} ring amino protection (AP},
(iii) ring amino deprotection (DFP), and
(iv) salt formation (SF).

in one embodiment, the method comprises the steps of
~ (i) reduction (RED)
(i) ring amino protection (AP),
(iii) ring amino deprotection (DP), and
(iv) salt formation (SF).

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

in one embodimerit, the step of (i) reduction (RED) and the step of (i) ring amino
protection (AP) are performed simultaneously (i.e., as one step).

For example, in one embod:ment 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(disubstifuted
amino)-thioninium salt is reduced fo give the comesponding 3,7-di(disubstituted amino)-
10H-phenothiazine, and the ring amino group (-NH-) of the 3,7-di(disubstituted amino)-
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In one enbodi nent, the steps are perfornmed in the

order listed (i.e., any step in the list is perforned

at the sanme tine as, or subsequent to, the preceding
whehhiechhe list). 15 In one enbodi ment, the pcadigdorno1103
exchange (1E) step is: (i) 1odide exchange :
(1E), wherein a 3,7-di(disubstituted

am no)-thioniniumsalt is copverted to the

corresponding 3, 7-di (di substituted am no)-thionini um

1@!@%hé¥f?‘othi££ﬁe ﬁéleﬂﬁﬁért%d (B0 ﬁfof‘ecfe-rdi rﬁg%iﬁ@é@ﬁagb ?.OR?Q}étefggr% the
ohfbpriha 5480855 Bph i Ll Sresdh oo

and i odidg salt fornati (RISH)™ step is: (i)

reduct i off de sal} formation (R 8F),RWhet'ein a
3, 7-di (g ed am ho)=t hijoni ni um j 'ﬂje i HX'
r egluced ted §0! ¥he coprespo

} Seiranmoigthpiengr R agi ne= odR e, cots N,R?’N‘”‘ HX?
dgkanpl e: @1 INAR R’ " RN 5 I n one ~R™®
lenbodi ment, rteduction iodide salt for m§2 on ]

(RISF) is a2di eved by reaction with ethyl iodide, for
exanpl e, ethyl iodide and ethanol. 10l n anot her

indPReAeRimeAR FRBkaFe thioniniumsalt, for

exanpl e, ethyl thioniniumsem zinc chloride, is

si mul t aneously reduced and the ring anmino group
Insngestedinent. dhe eomitigadaedysfion FRER)i sirP FiidtTing amino protection (AP)
stpihisrachleyelf asingghenghdragihe aratadetic astydyid, ifetexampld,

pHAYihfdrBAne, BRRin60 hEie RARNRE, SaldyridiBy, then be
prepared, for exanple, using concentrated aqueous

hydrochl oric acid, for exanple, at the same tinme as
Ing8p eatbadimeph therfierfiihring yying deprotection®h gad fhe step of (iv) salt
foinhdtigs (B} arel penfortried sinolitapeausly (b hanene sehene 3

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

(i) ring amino deprotection (DP) and salt formation (SF)}, wherein the protec_ﬁng '
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 Prat 1 B 9 1 N
R Fl'{ R R }I-I R
. N - N HX'
R?NA\ . RSNA RTN'&\ /RSNA 5
RTNB/N S N R3NB R™MB~ N S N\Rana HX

22 - -
‘ 21

In one embodiment, the combined ring amino deprotection (DP) step and salt formation
(SF) step may be performe_ad using acid, for example, hydrochloric acid, for exémple,
concentrated aqueous hydrachloric acid. :

In a similar approach, an appropriate thioninium chioride (e.g., methyl thioninium chioride,
sthyl thioninium chloride) is first reduced and acelylated to give the corresponding 1-(3,7-
bis-dimethylamino-phenothiazin-10-yl)-ethanone, for example, by reaction with hydrazine
(NHzNH,), methyl hydrazine (MeNHNH,), or sodium borohydride (NaBH,); and acetic
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- 33 - Thus, another aspect of the invention pertains

to a nethod of preparing a

3, 7-di am nol0H phenot hi azi ne (DAPTZ) conpound of the

‘,Egké&%\gggl for mul a: wherein R, RO, R3NAr/cB3NBoe1103
, N173, HX1 and HX2 are as defl ned herein (for

exanple, 5 where HX1 and HX2 are each H), conprising

the step ot conprising the_gé_ep of : (iv) salt

formati on (SF). I n one"enbodi ment, the nethod

an E'@ﬁéo %}l%?&%nﬁﬂe #gcﬁlé'g)e Q@E&%f@@hl%léjﬁﬁeofoﬁﬁidn%

PVE%%H?‘%{W Er Mg o e Cats f?ffex gpy. na

sultahrh@sqimnndormxema pibangl Apgcetopg(ilm e fqdﬁgec{aﬁq@etylated

coflRBlR i8 @ldniRploiidted @) erfdviny thahdetyl graupy, Farexa@Fle, by reaction

wifd ¥osuft 8% 4%2 ik NRRr e ABRE A3E S ﬂyﬁ?ob?érﬁi&%c@f in(d shiitable
e B?’

so[v,eipt, §)r Fﬁﬂ’@f’ ?tgg%\llgraﬁ{n (t%&)cfltéh d:? gt%ner for
expopiepdiciby etigF) . In one enbodl ment , the st eps are
perfornmed in the order listed (i.e., any step in the

CclnH[%tsmbﬁs 15performed at the sanme tinme as, or

nt to, the preceding step in the list). In
one enbodi nent, the step of (i) reduction RED)é 1@
Arother gsnept offthe invgntion mgrtain 196 GorpPOEEeN AMRTIS
coppblie, e desiribed harppasd ¥ plidrmeceutically eneeptatdgpyarrierr Ayent.
exanpl e, in one enbodinent, the conbined reduction
u RED) step and ring am no protection (AP) step is:
) reduction (RED) and ring am no protection (AP),

wherein a 3, 7-di (di substltuted am no) t hi oni ni um sal t
Raversingcimelfod [rihibitinovi i 2o

3,7-di (di substituted am no) - 1OH- phenot hi azi ne, and

Org)eha?spraﬁl;t%thgd W t| %lﬂge &seWa)DA@fT\%ga d f S?cnbed herein, to '
replte (20197POTIA VO N3 fh%%ﬂﬁ!ﬁﬂ?&%?frﬂ RI91eHe 9r gxample,
aggmegutiont afck [ratein gssotiged wih a hagodedenerativeodipegse RpAApr gligical
detHeriBa. t THE: SRFSREH0 RAY BE irDVitd, @€ hadvolant wiby Bé asdiiatdd it

e U e R &US&%‘J&&?'”G for exanpl e:

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 effective 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 freatment
comprising the step of administering to said mammal in need of said treatment, a
prophytactically or therapeutically effective amount of a DAPTZ compound, as described
herein, that is an inhibitor of said aggregation.
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5 In one enbodi nent, Y represents Cr. In one

enbodi nent, the conbined reduction (RED) step and

ring am no protection (AP) step is achieved using
wihsiyidydr azi ne and acetic anhydride, for expopPGB2007/001103
phenyl hydr azi ne, ethanol,. acetic anhydri de, and
pyridine. 10 In one enbodi nent, the step of (iii)

ring am no deprotection (DP3sand the step of (iv)

salt formation (SF) are perforned sinultaneously

Mdth&ds, of Afec@NéntSt ep) . For exanple, in one
enbodi nent, the conbined ring am no deprotection (DP)

salt .for
ATIRY a%nﬁch%%a%ﬁfﬁs‘?@afwea A tsBRng R eﬁ@@&ﬁﬁﬁffﬁ%m{f%ﬁ?%
aditirdstering to lneaperdtie sesdy tigrioapt @ prophylpdicaliytas gherapeutically
efBctieirodihissfAIdARTE eshsutind,cs-dbSdribkd et bhefarablp & the form of a
phaRREREEE Al SondiosRiod. 3. 7-di (di substituted

am no) - 10H-p enoth|a2|ne and the correspondi ng salt
S forned for exanpl e: 22 20 21 1In one

fT ombi ned ring ami no deprotection (DP)
step and salt formation (SF) step may be perforned

Adéﬁ'lep Qsp'é‘éi %‘ ér}]ef: tsé‘ﬁf Bhon fvEine &b r@F\PEZ%SMQmurdeés described
hefeHn r LisF;nlrr %Fneg’gm oi&%%meﬁﬁ(%%gporf g%j?ﬁe%% J:t{?'ﬁhxg?])aoq ﬂ‘fje hlﬁg’an or

angal Bpdviey 1eragy., et hyl thionini um chloride, et hyI
thioniniumchloride) is first reduced and acetyl at ed

UdeGh tHe\BaruRRuFO bf BE@EARMY 143, 7-
bl s dr met hyl am no- phenot hi azi n-10-yl) - et hanone, for

nple, by reaction wth hyd Z|ne net yI
AT BHERLo L RBRPE VeBHonSERHR  g AT G

deastihed Detsirg in the Banufagiurg ofs rdedi@a(mmyse)y‘rtra‘ament (e.g., ofa
d[@émrﬁ;tmh)’] the presence of a suitable base, for
exanpl e, yr| di ne (C5H5N) or Huni g's base -

(diisopropyl et hyl am ne C8|-11
In % PRBRUNGH) Demod RaIonspsEes TG cogfbound.
acetonitrile. The reduced and acetyl ated conpound is

Diddaes Cdadiisiselbated ¢ Diseassuy Prieih Paa@astionl group), for
exanpl e, by reaction Swith a suitable halic acid, for

e e, hydr lLoric acid or hydro m ¢ ac
e AP prcombhiral 159 trps et mlon B skl g et b
prmiawnafﬂiyeaaeﬁﬁfmﬁtemwwgaaw of a suitable ether, for
exanpl e, diethyl ether. Conpositions Another aspect

Thd, i .ita@e érﬂM@ci%b&nth@Qﬁsteéééeggorr{dﬁmﬁ ICORRORE Ok s.ratéwaggrég?dnaﬂ and,

forbpaniis log CORERSNy s BB oY o DIREF ol o decpe

heréy spiiriag ta m;hﬂrtht? ﬁmrm’ﬂpﬁ §f hAerotg pespatpies ity syl disease

coRidrei n  One aspect of the invention is the use of a
DAPTZ conpound, as descri bed herein, to regulate

In ée'}???}ttg? ??rort?eu\é ?t&ér%%%aq {hihv%ggl?ﬁs)eg% @r?ngﬁél%% tc@nl%grmatlonal
polymeHeatian dderaFion, be-nelerio wbigh ﬁé?"ﬂioi'm@"?&?‘s@é@%e afﬁtﬁ Brrofe'n or in
a frdg mmnttaéredfe gives rige totheplatpgrbirglivial and aganegbiion of furthier (precursor)

prc%m 'n{b[éemég in éleétf-ﬁma Ineﬁfaﬁﬁératcﬁr@e\méseat@;ndé PRBEA, an

aggrﬁggtmnl cgﬁ gmaarl %'Eu? g%;cﬂ’ﬁézp{q&é thecir'?cﬁlcg% E%rﬁérm%;ftl?rg? g.

polymessaiion gf pEheidyreiein meeeas iegsing Fféthagtgv@&a} pTdpxigproguet
frapmenisimaggfeyataxainth are sabsamipiy fesistanf todunthep paiteplysis. The
prcﬁéﬁ %‘éw@%;&gs Wb 'i’or?heﬂ QU DEEGEHE NS4 bRinfll éﬁﬂs‘é%f alehRrstates

B R Rl e S

descri bed hereln The nethod may be perfornmed in
vitro, or in vivo.




30Simlarly, one aspect of the invention pertains to
a nethod of regulating (e.g., reversing and/or
inhibiting) the aggregation of a protein in the brain
wh 2007meovBl , whi ch aggregation i s associ at ed rRATI¢EB2A07/001103
di sease state as descri bed herein, the treatnent
conprising the step of administering to said mamml
in need of said treatnent, -& prophylactically or
t herapeutically effective anount of a DAPTZ conpound,
Thedollpudng Taklsipra¥Hes aiisting ofivariois digeasierdssbiiated agdregaiing proteins
areighe egaispontiing dis¥es olibledggRatidreat ment  Anot her
- aspect of the present invention pertal ns to a method

of—tvrnnt it commri-si-ng st arl n

CT CTATTT T T C T COUTT L o Ty " CXOTT 1T

b + ryr oot Urr:ni' §ea§%rm‘ wr¢ga 'rqp

-reet—et—t-eatrert—d-pHopn

therapeutjcally 5 effectivg
Pradeinpound, | Riseakescri bed her gidomait efidfonbl
nmaceut i cal conposn tmutatlo:tse i n

ﬁmgpegﬁt f a #
be f“%’hr“tt hiefearenae

N%TZA dcp of

of a phar
O-Anothet a‘prL[ _hT tre

P W_SP_N

Therapy—16
to&a LJ/-\rlﬁ}jlg)l ’éﬁe‘gh fﬂ/%dls

et tarns
na-nethod ot et

for—use+
) of—tte—huran—ot er':féda'ﬁ

—TomnditTot ;
ePrivirdifeaseaur e of VEghCaHs he Prusiner (1998)

ry £
LU UStT Ul

the

d

Priqpguotein t h
BapTS conolg RICHERel ol zgrzr'n‘“: .

DAPTZ conpomshingtsm

manuf act

(e.g.,
t he nedi

of

ur@ere:fnaam@ usasent
Sehdink@asyRaerRdi ti

QadEMt conprises th

Pr%ﬁ_?'@emﬁmvt
Givfationy | n or
e DAPTZ conpc

r eat nel
e enbo
bund. D

Nt
li ment
sease

s Treated - Diseasemrifdgehicol €1 AGgT e
conmpounds of the ﬂbmgmatﬁlgnvemti on a
the treatnment or |220,pi7eqby] axis of d
n_aggregati on. Thugp2-gmg,one enpodi nent,

Condi t1 on
The DAPTZ
useful i
of protei

jat i on

Gasset et ai.
EB83ES
t he

di sease gondition is a dise¢ase of protein

dricheanst’s dismasexanpl e, the treafnment 1§ with
Liwng S9ABDIeconpoyind, as described hefein,

tFTOF-1/ 1080, posthe hggregation of the ptotein

¢nogrtalitiai d di seagéhBliedadd ti oh. (hn,gpWéschiketal.
t he pr ot giPATKNggRIEGaliCER | s | spriadigfren ari ses”f [ 61988N

- induced ¢&isFBYGRETKERANSHOl yreri sation i hteract| on,

i one“&ﬂg%mem‘?aor%%o mati onal chapge of |he

aggregati
an anount
suf fici er

TauPPGQAI at ¢

ﬂﬂ'ﬂ nt gJ ves rise.to
t enpl at ed bi ndi ng and aggr

"t her
(precursg¢r) 35protein nole f-prop
naar Heloat i An 1 A

agat i ng

ti on

MNap
rafher— ree—nrueteatton—ie —agg-e

_ Hutton et al.
cascade |y ensue whi ih,.l,j dug(regf (1998)

al
L.UIII Ul ||un ofé pUI _y||C| —Sat PToT e

nol ecul e, leading to the f | OXi.C pyOzhthiet al.
fragnents in aggr egat es wh ant i al | y(2000)

resrstan{—tofurther Pt ote oteth

AmyGDT Egat lzhé'i%r‘é‘d sﬁi are ]l e &

g-pré@mse of es 40( gupljes
neur ooeg,neT all Ull crTimrTa AMF‘HEI L
pat hol ogi cal synpt orrE.l D protein; 1-42(3),

52 TPCT/ GBZ007/ 0011

Wong, (1984)
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Fotowg
Goate et al.

200/117T0 1 mugfons i e
pbvides a listing o
1991)

Tabl e pr . AMB (S
di sease- pssoci at ed aggregaltiapgiepr ot ei ns{ and th

cor respopdi ng di SEASEs of [pr ot i M aggregat i omn.

Di seases of protein aggregati on Protein Di SEase



Aggregating domain and/or nutations Fibril subunit

size (kDa) Reference

di sorders

(A0,

nyCJD, Fat al

Neur o- degener at i ve

Prion protein Prion diseases
woles#ii@d7 and sporadic fornms 27 Prusiner (1998)/GB2007/001103

fam i al

i nsomi a,

Ger st mann- St r aussl er Schei nker syndrome, Kuru)
PrP-27-30; many nutations. _3g. Fibrillogenic domains:
113- 120, 178-191,

Diseases of protein aggregation

Aggregating sSme't o
Protein Disease domain andfor | ™ NI | Reference
mutations Size
{kDa)
N-termini of
_ o profein with o
Huntingtin Huntington's disease expanded 40 DiFiglia et al.
: . (1997}
gluiamine
repeats.
Proteins with
Ataxins | Spinocerebellar ataxias | expanded Paulson et al.
(1,2,3,7) (SCA1,2,3,7) glutamine (1999)
repeats. -
Proteins with |
Atrophin Dentarubropallidoluysian | expanded Paulson et al.
P atrophy (DRPLA) glutamine (1999)
repeats.
~ Proteins with
Androgen Spinal and bulbar expanded Paulson et al,
receptor muscular atrophy glutamine (1999)
repeats.
Familial encephalopathy - .
Neuroserpin with neuronal inclusion gz;[raoss gg'lg‘ 57 g%\gg)e,t ‘f"
: bodies (FENIB) ' '
Parkinson's disease,
) . dementia with Lewy Inherited and Spillantini ef al.
a-Synuclein bodies, multiple system | sporadic forms 19 (1998)
atrophy - : :
A53T, A30P in
rare autosomal- | Polymeropoulos
dominant PD et al. (1997)
families.
. s Cystatin C less
. Hereditary cerebral - . ; . | Abrahamson et
Cystatin C angiopathy (lcelandic) Egggmdues, 12-13 1 (1992)
Superoxide Amyoirophic laieral . Shibata et al.
dismutase 1 sclerosis SQD1 Mmutations. (1996}
Non-neuro-degeneralive disorders
L . i , Haemeglobin Carrell & ,
Haemoglobin Sickle cell anaemia beta chain (S). Goopiu (1998)




202-218.

Al zhei mer'

Gasset at al.
s di sease,

(1992)

Tau protein
Down' s syndrone, FTDP-17, CBD,

post - encephal i ti c parki nsonism Pick's disease,
warkimsent sm wit h denmentia conpl ex of Guam | nirgrdgg@obno1103
and sporadic forns 10-12 Wschik et al.
Truncated tau (tubulin-binding domain) 297-391.

(1988)

Miutations in tau in FTDP-1%38-Hutton et al. (1998)
Many nutations in presenilin proteins. Czech et al.
(2000) Diseases of protein agdregation
Aggregating F ;Jbr "'t
Protein Disease domain and!or i Susilz’: Reference
| mutations (kDa)
Inclusion body g
hasmolysis | Many mutations.
. G1~Antitrypsin'deﬁciehcy . ‘ Lomas et al.
Serpins (emphysema, cirrhosis) Mutations (1992)
Antithrombin deficiency :
{ (thromboembolic Mutatons gage&%ggé),
disease) 0op
C1-inhibitor deficiency . Carrell &
(angioedema) Mutations Goaoptu (1998)
lfﬁmunog[obuiin gz;rg?ycglssg:gaif ® | light chain or 0.5-25 Westermark et
light chain amyloidosis) - fragments. al. {1985)
Serum amyloid | Reactive, secondary 7B-residue Westermark et
! : fragment (critical | 4.5-7.5

A

systemic AA amyloidosis

residues 2-12).

al. (1985)

Chronic inflammatory
disease

. . Tetramer
Familial amyloid A .
Transthyretin polyneuropathy dissociated to 10-14 | Gustavsson et
| (systemic; FAP 1) conformat;ongl al. (1991)
| monomer variant.
Many mutations
(some not
associated with
amyloid; several
different types of
disease),
Senile cardiac Normal 10-14 Gustavsson et
amyloidosis transthyretin al. (1981)
D187Q leads to o
. o truncated 173- .| Maury &
Gelsolin Familal ta"g"(‘,’:'i?fﬁo” 225/243 (critical | 9.5 | Baumann
e residues 182- (1990)
192).
p2- , Haemodialysis . . Gorevic et al.
Microglobulin amyloidosig f2-Microglobulin 1225 (1985)

Prostatic amyloid
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Anyl oid 8-protein Al zhei mer's di sease,
syndronme I nherited and sporadic forns 4 d enner &

Wong,

al .

(1984)

Anyl oid 8- protein;
wobhadenssin APP in rare famlies.
WO 2007/ 110627PCT/ GB2007/ 001103 -

1-42

Down' s

(3).

Di seases of protein aggregati on Protein Di sease
Aggr egati'ng domai n and/ or mutgt.i ons Fi bril

11

(1991) Gogigc@/(aizoomouos

Diseases of protein aggregation

References for the above Table:

Aggregating SS ;:’J :1lit
Protein Disease domain and/or size Reference
mutations {kDa)
. . Familial amyloid N-terminal 83-93
rpolipopreten | polyneuropathy residues; G26R, 0 5‘;‘3‘7‘)3" al.
(systemic; FAP [H) W50R, LEOR
Lysozyme or
Familial visceral fragments (with Pepys et al.
| Lysozyme amyloldosis or without 56T, 14| (1993)
D67H)
, Fragm'ents
2‘2&? d(ISIet Type Hl diabetes (critical core of 39 Westermark
polypeptide) (NIDDM) 20-28); no : {1990)
mutations
Fibrihogen Hereditary renal Fi‘brinogen ] 710 Uemichi et al.
a-chain amyloidosis fragments {1992)

" Medultary carcinoma of | Calcitonin Sletten et al.
Procalctonin thyroid fragments 8.4 (1976)
Atrial natriuretic . N ' Johansson et
factor Cardiac amyloidosis ANF, no mutants 3.5 al. (1987)
neuin Injection localised neulin Dische et al.

amyloidosis (1988)
Other proteins | . . . Chiti et al.
forming amyloid {(in vitro) Other proteins (1999)

Abrahamson, M., Jonsdottir, S., Clafsson, |. & Grubb, A. (1992) Hereditary cystatin C
amyloid angiopathy identification of the disease-causing mutation and specific
diagnosis by polymerase chain reaction based analysis. Human Genstics 89, 377-

380.

Booth, D.R.; Sunde, M., Bellotti, V., Robinson, C.V., Hutchinson, W.L., Fraser, P.E.,
Hawkins, P.N., Dobson, C.M., Radford, S.E., Blake, C.C.F. & Pepys, M.B. (1997)
Instability, unfolding and aggregation of human lysozyme variants underlying
amyloid fibrillogenesis. Nature 385, 787-793. o

Carrell, RW. & Gooptu, B. (1998) Conformational changes and disease - serpins, prions
and Alzheimer's. Current Opinjon in Structural Biology 8, 799-809.
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subunit size (kDa) Reference ~ Huntingtin
Huntington's di sease N-termni of protein with

expanded gl utanm ne repeats. 40 Dinglia et al. (1997)
woawirAtstd, 2, 3, 7) Spinocerebel |l ar ataxias pe®eBkoo7/001103
2, 3, 7) Proteins with expanded gl utam ne repeats.

Paul son et al. (1999) -

-41 -

Chiti, F., Webster, P., Taddei, N., Clark, A., Stafani, M., Ramponi, G. & Dobson, C. (1999)
Designing conditions for in vitro formation of amyloid prbtofilaments and fibrils.
Proceedings of the National Academy of Sciences, USA 96, 3590-3594.

Czech, C., Tremp, G. & Pradier, L. (2000) Presenilins and Alzheimer's disease: biological
functions and pathogenic mechanisms. Progress in Neurobiology 60, 363-384.

Davis, R.L., Shrimpton, A.E., Holohan, P.D., Bradshaw, C., Feiglin, D., Colflins, G.H.,
Sonderegger, P., Kinter, J., Backer, L.M., Lachawan, F., Krasnewich, D., Muenke,
M., Lawrence, D.A., Yerhy, M.S., Shaw, C.QM.,'Gooptu, B., Elliot, P.R., Finch,
J.T., Carrell, RW. & Lomas, D.A. (1999) Familial dementia caused by
polymetrization of mutant neuroserpin, Nature 401, 376-379.

DiFiglia, M., éapp, E., Chase, K.O., Davies, S.W.,, Bates, G.P., Vonsattel, J.P. & Aronin,

N. (1997) Aggregation of huntingtin in neuronal intranuclear inclusions and
dystrophic neurites in brain. Science 277, 1990-1993.

Dische, F.E., Wemnstedt, C., Westermark, G.T., Westermark, P., Pepys, M.B., Rennie,
JA., Gilbey, S.G. & Watkins, P.J. (1988) Insulin as an amyloid-fibril protein at sites
of repeated insulin injections in a diabetic patient. Diabefologia 31, 158-161.

Gasset, M., Bladwin, M.A., Lloyd, D.H., abriel, J.-M., Holtzman, D.M;, Cohen, F.E.,

~ Fletterick, R. & Prusiner, S.B. (1992) Predicted a-helical region of the prion protein
when synthesized as peptides form amyloid. Proceedings of the Nafional
Academy of Sciences, USA 89, 10940-10944.

Glenner, G.G. & Wong, C.W. {1984) Alzheimer's disease: initial report of the purification
and characterisation of a novel cerebrovascular amyloid protein. Biochemical and
~ Biophysical Research Commumcat.fons 120, 885-890.

Goate, A., Chartier-Harlin, M.~C., Mullan, M., Brown J., Crawford, F., F{danl L., Giuffra,
L., Haynes, A., Irving, N., James, L., Mant, R, Newton, P., Rooke, K., Roques, P.,
Talbot, C., Pericak-Vance, M., Roses, A., Williamson, R., Rossor, M., Owen, M. &
Hardy, J. (1991) Segregation of a missense mutation in the amyloid precursor
protein gene with familial Alzheimer's disease. Nature 349, 704-706.

Gorevic, P.D., Casey, T.T., Stone, W.J., DiRaimondo, C.R., Prelfi, F.C. & Frangione, B
(1985) b-2 Microgiobulin is an amy!mdogemc protein in man, Joumnal of Clinical
Investigation 76, 2425-2429, ,

Gustavsson, A., Engstrom, U. & Westermark, P. {1991) Normal transthyretin and
synthetic transthyretin fragments form amyloid-like fibriis in vitro. Biochemical and
Biophysical Research Communications 175, 1153-1164.

Hutton, M., Lendoen, C., Rizzu, P.', Baker, M., Froelich, S, Houlden, H., Pickering-Brown,
8., Chakraverty, S., Isaacs, A., Grover, A., Hackett, J., Adamson, J,, Lincolh, S,
Dickson, D., Davies, P., Petersen, R.C., Stevens, M., de Graaf, E. Waﬂters E.,
van Baren, J., Hillebrand, M. , Joosse, M., Kwon, J.M., Nowotny, P., Che, L.K,,
Norion, J Morris, J.C., Reed L.A., Trojanowski, J.Q., Basun, H., Lannfelt, L.,
Neystat, M., Fahn, S., Dark, F., Tannenberg, T., Dodd, P.R., Hayward, N., Kwok,
J.B.J., Schofield, P.R., Andreadis, A., Snowden, J., Craufurd, D., Neary, D.,
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Atrophin Dentarubropal I'i dol uysi an atrophy (DRPLA)
Proteins wth expanded gl utam ne, repeats. Paul son
et al. (1999) Androgen receptor Spinal and

v hddafiogasscul ar atrophy Proteins with expandedT/GBzonwoonm
gl utam ne -repeats, Paulson et al. (1999)

Neur oserpin Fam lial encephal opathy w th neuronal
i ncl usi on bodies (FENIB) ._JQNeuroserpin, S49P, S52R
57 Davis et al. (1999)

Owen, F., Oostra, B.A., Hardy, J., Goate, A,, van Swieten, J., Mann, D., Lynch, T.
& Heutink, P. (1998) Association of missense and 5'-splice-site mutations in tau
~ with the inherited dementia FTDP-17. Nature 393, 702-705.

Johansson, B., Wernstedt, C. & Westermark, P. (1987} Atrial natriuretic peptide deposited
as atrial amyloid fibrils. Biochemical and Biophysical Research Communications
148, 1087-1092.

Lomas, D.A., Evans, D.L., Finch, J.T. & Carreli, R. W. (1 992) The mechanism of Z at-
antitrypsin accumutation in the liver. Nafure 357, 605-607.

Maury, C.P. & Baumann, M. (1990) Isolation and characterization of cardiac amyloid in
familial amylond polyneuropathy type IV (Finnish): relation of the amyloid protein to
variant gelsolin. Biochimica et Biophysica Acta 1096, 84-86.

Paulson, H.L. (1999) Human genetics '99: frinucleotide repeats. American Journal of
Human Genetics 64, 339-345,

Pepys, M.B., Hawkins, P.N., Booth, D.R., Vigushin, D.M., Tennent, G.A., Soutar, AK.,
Totty, N., Nguyen, O., Blake, C.C.F., Terry, C.J., Feest, T.G., Zalin, AM. & Hsuan,
J.J, (1993) Human lysozyme gene mutations cause hereditary systemic
amyloidosis. Nature 362, 553-557.

Polymeropoulos, M.H., Lavedan, C., Leroy, E., ide, S.E., Dehejia, A, Dutra, A, Pike, B.,
Root, H., Rubenstein, J., Boyer, R., Stenroos, E.S. , Chandrasekharappa, S.,
Athanassiadou, A., Papaetropoulos, T., Johnson, W.G., Lazzarini, AM., Duvoisin,
R.C., Di lorio, G., Golbe, L.}. & Nussbaum, R.L. {1997} Mutation in the a-synuciein
gene identified in famifies with Parkinson’s disease. Science 276, 2045-2047.

Prusiner, S.B., Scott, M. R DeArmond, S.J. & Cohen, F.E. (1998) Prion protein biclogy.
Cell 93, 337-348.

Shibata, N., Hirano, A., Kobayashi, M., Slddlque T., Deng, H.X., Hung, WY Kato, T. &
Asayama K. (1996) Intense superoxide dismutase-1 immunoreactivity in
mtracytop[asmlc hyaline inclusions of familial amyotrophic lateral sclerosis with
posterior column involvement. Journal of Neuropathology and Experimental
Neurology 55, 481-490.

Sletten, K., Westermark, P. & Natvig, J.B. (1976} Characterization of amyloid fibril
proteins from medullary carcinoma of the thyroid. Journal of Experimental
Medicine 143, 993-998.

Spillantini, M.G., Crowther, R.A., Jakes, R., Hasegawa, M. & Goedert, M. (1998) a-
Synuclein in filamentous inclusions of Lewy badies 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, 731-738.

Westermark, P., Engsfrom, 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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a- Synucl ei n Parkinson's di sease, denmentia wth Lewy
bodies, nmultiple systematrophy Inherited and

sporadic forms 19 Spillantini et al. (1998) A531,
w3ahhetar e aut osomal - dom nant PD fam | i esPCT/GB2007/001103
Pol ynmer opoul os et al. (1997) Cystatin C

Hereditary cerebral angiopathy (lcelandic) Cystatin C

| ess 10 residues; L68Q 12-233-Abrahanson et al.

(1992) Super oxi de di snmutase 1 Amyotrophic
| at doredatise | RroadsiySCbe Matianal Acewlemy of Sciences, USA 87, 5036-
5040. '

Westermark, P., Johnson, K.H., O'Brien, T.D. & Betsholtz, C. (1992) Islet amyloid
polypeptide - a novel controversy in diabetes research. Diabefologia 35, 297-303.

Westermark, P., Johnson, K.H. & Pitkanen, P. (1985) Systemic amyloidosis: A review
with emphasis on pathogenesis. Applied Physiology 3, 55-68.

Wischik, C.M., Novak, M., Thegersen, H.C., Edwards, P.C., Runswick, M.J., Jakes, R.,
Walker, J.E., Milstein, C., M., R. & Klug, A. (1988) Isolation of a fragment of tau
derived from the core of the paired helical filament of Alzheimer's disease.
Proceedings of the National Academy of Sciences, USA 85, 4506-4510, -

As described in WO 02/055720 and US patent application number 60/786,700 filed on
29 March 20086 (title: inhibitors of Protein Aggregation), diaminophenothiazines have
utility in the inhibition of such protein aggregating diseases.

Thus it will be appreciated that, except whare context requires otherwise, description of
embodiments with respect to tau protein or tau-like proteins (e.g., MAP2), should be
taken as applying equally to the other proteins discussed herein (e.g., B-amyloid,
synuclein, prion, etc.) or other proteins which may initiate or undergo a similar
pathological aggregation by virtue of conformational change in a domain critical for
propagation of the aggregation, or which imparts proteolytic stability to the aggregate this
formed (see, e.g., the article by Wischik et al. in “Neurobiology of Alzheimer’s Disease”,
2nd Edition, 2000, Eds. Dawbarn, D. and Allen, 8.J., The Molecular and Cellutar
Neurobiology Series, Bios Scientific Publishers, Oxford). All such proteins may be
referred to herein as “aggregating disease proteins.”

Likewise, where meniion is made herein of “tau-tau aggregation”, or the like, this may
also be taken to be applicable to other “aggregating-protein aggregation”, such as g-

amyloid aggregation, prion aggregation, synuclein aggregation, etc. The same applies for
*tau proteolytic degrédatién” efc.

Preferred Aggregating Disease Profeins

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 microtubuies during repeated cycles of assembly and disassembly (see, e.g.,
Shelanski ef 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-ferminal segment, which are
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Ref erence , , -44 -

developmentally regulated in the brain, a characteristic tandem repeat region consisting
of 3 or 4 tandem repeats of 31-32 amino acids, and a C-terminal tail.

MAP2 is the predominant microtubule-associated protein in the somatodendritic
compartment (see, e.g., Matus, A., in “Microtubules” [Hyams and Lioyd, Eds.] pp. 155-
166, John Wiley and Sons, New York, USA). MAPZ isoforms are almost identical {o tau
protein in the tandem repeat region, but differ substantidlly both in the sequence and
extent of the N-terminal domain (see, e.g., Kindler and Garner, 1994, Mol. Brain Res.,
Vol. 26, pp. 218-224). Nevertheless, aggregation in the tandem-repeat region is not
selective for the tau repeat domain. Thus it will be appreciated that any discussion herein
in refation to tau protein or tau-tau aggregation should be taken as relating also to tau-
MAP2 aggregation, MAP2-MAP2 aggregation, and so on,

In one embodiment, the protein is tau protein.

In one em.bodim_ent, the protein is a synuclein, e.g., a- or §-synuclein.

Where the protein is tau protein, in one embodiment of the present invention, thereis
provided a method of inhibiting production of protein aggregates (e.g. in the form of
paired helical filaments (PHFs), optionally in neurofibrillary tangles (NFTs) in the brain of
a mammal, the treatment being as described above.

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 neocoriex, respectively. Other dementias include fronto-
femporal dementia (FT: D); parkinsonism linked to chromosome 17 (FTDP-17);
disinhibition-dementia-parkinsonism-amyotrophy complex (DDPACY); 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 Aizheimer'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 diseaées, 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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In one embodiment, the disease condition is Alzheimer's disease.

In one embodiment, treatment (e.g., treatment of a neurodegenerative tauopathy, e.g.,
Alzheimer’s disease) may optionally be in combination with one or more other agents, for
example, one or more cholinesterase inhibitors (such as Donepezil (also known as
Aricept™), Rivastigmine (also known as Exelon™), Galantamine {also known as
Reminy!™), NMDA receptor antagonists (such as Memantine (also known as Ebixa™,
Namenda™), muscarinic receptor agonists, and/or inhibitors of amyloid precursor protein
processing that leads to enhanced generation of beta-amyloid.

Disease Conditions Treated - Other Disease Conditions
in one embodiment, the disease condition is skin cancer.
In one embodiment, the disease condition is melanoma.

In one embodiment, the disease condition is a viral, bacterial or protozoal disease
condition.

In one embodiment, the (protozoal) disease condition is malaria.

In this embodiment, treatment may be in combination with one or more antimicrobial
agents, for example, chloroguine and/or atovaquone. ’

In one embodiment, the (viral} disease condition is caused by Hepatitis C, HIV, or West

Nile Virus (WNV).
cher Uses

Another aspect of the present invention pertains to use of a DAPTZ compound,

as described herein, in a method of inactivating a pathogen in a sample {for example a
blood or piasma sample), comprising the steps of introducing the DAPTZ compound into
the sample, and exposing the sample to light.

For example, in one embodiment, the method comprises the steps of infroducing the
DAPTZ compound into the sample, and then exposing the sample to light.
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The DAPTZ compounds that are capable of inhibiting the aggregation of tau protein will

also be capable of acting as ligands or labels of tau protein (or aggregated tau protein).

Thus, in one embodimept, the DAPTZ compound is a ligand of tau protein (or aggregated
tau protein).

Such DAPTZ compounds (ligands) may incorporate, be conjugated to, be chelated with,
or otherwise be associated with, other chemical groups, such as stable and unstable
detectable isotopes, radioisotopes, positron-emitting atoms, magnetic resonance labels,
dyes, fluorescent markers, antigenic groups, therapeutic moieties, or any other moiety
that may aid in a prognostic, diagnostic, or therapeutic application.

For ekample, in one embodiment, the DAPTZ compound is as defined herein, but with the
additional limitation that the compound incorborates, is conjugated to, is chelated with, or
is otherwise associated with, one or more (e.g., 1, 2, 3, 4, efc.) detectable labels, for
example, isotopes, radioisotopes, positron-emitting atoms, magnetic resonance labels,
dyes, fluorescent markers, antigenic groups, or therapeutic moieties.

In one embodiment, the DAPTZ compound is a ligand as well as a label, ¢.g., a fabel for
tau protein (or aggregated tau protein), and incorporates, is conjugated to, is chelated
with, or is otherwise associated with, one or more (a.g., 1, 2, 3, 4, etc.) detectable labels.

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

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

For example, the DAPTZ compound (ligand-label) may be suitably detected by
incorporating a positron-emitting atom (e.g., ) (e.g., as a carbon atom of 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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ThuS 2mMiHer 8gieelss ihdprédent mvéittion yerdaing toad method of labetling tau protein
(or aggregated tau protein) comprising the step of: (i) contacting the tau protein {or
aggregated tau protein) with a DAPTZ compound that incorporates, is conjugéted o, is
chelated with, or is otherwise associated with, one or more (e.g., 1, 2, 3, 4, etc.)
detectable labels. ' '

Another aspect of the present invention pertains to a method of detecting tau protein (or
aggregated tau protein) comprising the steps of: (i) contacting the tau protein (or
aggregated tau protein) with 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, and (ji) detecting the presence. andlor amount of said compound bound ,

_ to tau protein (or aggregated tau protein). -

Another aspect of the present invention pertains to a method of diagnosis or prognosis of
a tau proteinopathy in a subject believed to suffer from the disease, comprising the steps
of: (j) introducing into the subject a DAPTZ compound capable of iabelling 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.) detectabie labels); (i) determining the presence and/or amount
of said compound bound to tau protein or aggregated tau protein in the brain of the
subjei::t; and (ji}) correlating the result of the determination made in (if) with the disease
state of the subject.

Another aspect of the present invention pertains to a DAPTZ compound capable of
labelling tau protein or aggregated tau protsin (e.9., a DAPTZ compound that
incorporates, is conjugated to, is chelated with, or is otherwise associated with, one or
more {e.9., 1, 2, 3, 4, etc.) detectable labels), for use in a method of diagnosis or .
prognosis of a tau proteinopathy.

Another aspect of the present invention pertains to use of a DAPTZ 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 @ 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 farm, for conversion to the active form
(e.g., ligating form, labelling form) by an activating agent present in, or administered to,
the same subject.
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The ligands disclosed herein may be used as part of a method of diagnosis or prognosis.
It may be used to select a patient for treatment, or to assess the effectiveness of a
treatment or a therapeutic {e.g., an inhibitor of tau protein aggregation) administered o
the subject. : | o

7 Treatment

The term “treatment,” as used herein in the context of treafing a condition, pertains
generally to treatment and therapy, whether of 2 human or an animai (e.9., in veterinary
applications), in which some desired therapeutic effect is achieved, for exampie, the
inhibition of the progress of the condition, and includes a reduction in the raie of progress,
a halt in the rate of progress, regression of the condition, amelioration of the condition,
and cure of the condition. Treatment as a prophylactic measure (i.e., prophylaxis,
prevention) is also included.

The term “therapeutically-effective amount,” as used herein, pertains to that amount of a
DAPTZ compound, or a material, composition or dosage from comprising a DAPTZ
compound, which is effective for producing some desired therapeutic effect,
commensurate with a reasonable benefit/risk ratio, when administered in accordance with
a desired treatment regimen.

Similarly, the term “prophyladticaliy effective amount,” as used herein, pertains to that
amount of a DAPTZ compound, or a material, composition or dosage from comprising a

-DAPTZ compound, which is effective for producing some desired prophylactic effect,

commensurate with a reasonable benefit/risk ratio, when administered in accordance with
a desired treatment regimen. | )

Thé term “treatment” includes combination treatments and therapies, in which two or .
more freatments or therapies are combined, for example, sequentially or simultaneously.
Examples of treatments and therapies include, but are not limited to, chemotherapy (the
administration of active agents, including, e.g., drugs, antibodies (e.g., asin
immunotherapy), prodrugs"(e.g., as in photodynamic therapy, GDEPT, ADEPT, efc.);
surgery; radiation therapy; and gene therapy.

For example, it may be beneficial to combihe 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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The agents (i.e., a DAPTZ compound as described here, plus one or more other agents)
may be administered simultaneously or sequentially, and may be administered in
individually varying dose schedules and via different routes. For example, when
administered sequentially, the agents can be administered at closely spaced intervals
{e.g., over a period of 5-10 minutes) or at !onger intervals (e.g., 1, 2, 3, 4 or more hours
apart, or even longer periods apart where requwed) the precise dosage regimen being
commensurate with the propetties of the therapeutic agent(s).

The agents (i.e., a DAPTZ compound as described here, plus one or more other agents)
may be formulated together in a single dosage form, or alternatively, the individual agents
may be formulated separately and presented together in the form of a kit, optionally with
instructions for their use. :

Routes of Administration

The DAPTZ compound, or pharmaceutical compdsiﬁon comprising it, may be
administered fo a subject/patient by any convenient route of administration, whether
systemically/peripherally or topically (i.e., at the site of desired action).

Routes of administration include, but are not limited to, oral (e.g., by ingestion); buccal;
sublingual; fransdermal (including, e.g., by a patch, plaster, etc.); transmucosal (including,

- e.g., by a patch, plaster, etc.); infranasal (e.g., by nasal spray); ocular (e.g., by eyedrops);

pulmonary (e.g., by inhalation or insufflation therapy using, e.g.; via an aerosol, e.g.,
through the mouth or nose); rectal (e.g., by suppaository or enema); vaginal (e.g., by
pessary); parenteral, for example, by irijéction, including subcutaneous, intradermal,
intramuscular, intravenous, intraarterial, intracardiac, intrathecal, infraspinal, '
intracapsular, subcapsular, intraorbital, infraperitoneal, intratracheal, subcuticular,
intraarticular, subarachnoid, and intrasternal (including, e.g., intracatheter injection into
the fxrain); by implant of a depot or reservoir, for example, subcutaneously 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 hamstér, a rat, 2 mouse), murine (e.g., a mouse), a lagomorph (e.0., a
rabbit), avian (e.g., a bird), canine (e.g., a dog), feline (e.g., a caf), 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.g., gorilla, chimpanzes,
orangutang, gibbon), or a human. :
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Furthe'rmore, the subject/patient may be any of its forms of developrent, for example, a
foetus. ’ '

In ane preferred embodiment, the subject/patient is a human:
In ane embodiment, the subject/patient is not a human.
Forrulations

While it is possible for the DAPTZ compound to be used (e.g., administered) alone, it is
often preferable to present itas a composition or formulation.

In one embodiment, the composition is a pharmaceutical compaosition (e.g., formulation,

_ preparation, medicament) comprising a DAPTZ compound, as described herein, and a

pharmaceutically acceptable carrier, diluent, or excipient.

In one embodiment, the composition is a phannaceutical composition comprising at least

- one DAPTZ compound, as described herein, togethet with one or more other

pharmaceutically acceptable ingredients well known to those skilled in the art, including,
but not limited to, pharmaceutically acceptable carriers, diluents, excipients, adjuvants,
fillers, buffers, preservatives, anti-oxidants, lubricants, stabilisers, solubilisers, surfactants
(e.g., wetting agents), masking agents, colouring agents, flavouring agents, and
sweetening agents.

in one embodiment, the composition further comprises other active agents, for example,
other therapeutic or prophylactic agents. '

Suitable carriers, diluents, excipients, efc. can be found in standard pharmaceutical texts.
See, for example, Handbook of Pharmaceutical Additives, 2nd Edition (eds. M. Ashand .
Ash), 2001 (Synapse Information Resources, Inc., Endicott, New York, USA),
Remington's Pharmaceutical Sciences, 20th edition, pub. Lippincott, Williams & Wilkins,
2000; and Handbook of Pharmaceutical Excipients, 2nd edition, 1994.

Another aspect of the present invention pertains to methods of making a pharmaceutical
composition comprising admixing at least one ['Cl-radiolabelied DAPTZ compotnd, 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 predeterrﬁined amount {dosage)

" of the DAPTZ compound.
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Feiglin, D, Collins, G H_, Sonderegger
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vegetable oils, and the like. Examples of suitable isotonic cafriers for use in such
formulations include Sodium Chloride Injection, Ringer's Solution, or Lactated Ringer's
Injection. Typically, the concentration of the DAPTZ compound in the liquid is from about
1 ng/m! to about 10 pg/ml, for example from about 10 ng/mi to about 1 ug/ml. The
formulations may be presented in unit-dose or muiti-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 Formulations

One aspect of the present invention pertains to & 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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Preferred Aggregating D sease Proteins Preferred

enbodi nents of the invention are based on tau

protein. The term"tau protein," 35as-used herein,
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Edition, 2000, Eds. Dawbam D. and Allen, 35 S. J.,
The Ml ecul ar and Cel | ul ar Neur obi ol ogy Series, -Bios
Scientific Publishers, Oxford; especially Table 5.1).
Al'l of these diseases, which are characterized
primarily or partially by abnormal tau aggregation,
are referred to herein as "tauopathies". Thus, in one
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10 processing that |eads to enhanced generation of
bet a- anyl oi d. Di sease Conditions Treated - O her
Di sease Conditions . In one enbodi nent, the di sease

Ww@hshigesy 1 s skin cancer. In one enbodi ment, pch@&s2007/001103
di sease condition is nmelanoma. |In one enbodi nent, the
di sease condition is a viral, bacterial or protozoal
di sease condition. In one ehodi ment, the (protozoal)
di sease condition is malaria. In this enbodi nent,
treatnment may be in conbination with one or nore
antim crobial agents, f N any e, chloroqui ne and/ or
at ovaquone. 25 In one e e Dﬁbqﬁﬁ%giral) di sease
condition is dddgdainig-phepaibipgindOal-ahahony, wast Nil e
Virus (WNWV). Other Uses 3@ % her aspect of the
present invention pertains to use of a DAPTZ

conmpound, as descri bed e M s a met hod of
. inactivating a pathoge a @ e (for exanple a

bl ood or plasnma sampie) > "cospr rsi ndithe steps of

i ntroduci ng the DAPTZ conpo I_Nnt a , X
A golpienichd 11 ﬁ@mg%}%-@hqr@ﬁ]u%ﬁgs.%g 28 {gg:r’f} E\)?(na;g?‘%tlﬁiaﬂﬁ%bﬂl%: .
(128 G8Etmmoh @ndwyhdde (GHrapT) Wasstied e Tedge 1 18 hours.
wdnﬁtsﬁﬁﬂ&? wvBihkth eadsARY Bomedpoerice ,q\ﬁtem A4 precipiiatp famed gpd was
itorad g J ' nesivdGuiphbeefilesed, and
flltﬁ%ﬂ%%ﬁfg éﬁﬁé@%ﬁg@; %;doi‘fﬂegggi%‘?\ka%’%&iﬁgé Bép %iﬁmﬁfchrdmatog raphy
(o A ’ ey B)SI Y lt%o to give
(Site, ethy) @obtateofpeticieimgthes, 3:3.deadigd 284 qlcgg q»rgetgl?nq gﬂu i.n) g
the it @infboliRd (404, 79 25) ed atlight yefiow eviid)which cam e reprstalfiged from

. a e{ggg gc'? ﬁgg@qht ggﬁm%gés%mﬂﬂﬁﬂnf@:%@ﬂ (CBREDEB {CHRUEEO (C=0),

gre t Qe ). L8P ‘
1576 kNGein 10((Np%éﬁ’d%%5§ﬁ7“ ?‘ﬁgg#%o%a@g S‘b%éﬁaggh zg%i%ggdhﬂii
A, 8.27%08.0b et el A7BH8. T rArkl, Beiori-2e(2Hedakd c*%\f : -
cHbhh 166b (G£0)C 818 (R(C), gHALEIAr C)s 1856 @g_cs_ﬂ. ABBdALR123.4 (ArC),
t + radi oi sot opes,

1%0%2‘??502-%3109?%! %@?Z%1§?ﬁdg'ﬁg??% resonance | abel s,

dyes, fluorescent markers, antigenic groups,

t herapeutic noieties, or %gi'iﬂiger nmoi ety that may

aid in a prognqsi7biamiticagrasthiaein-10rytdteargpeut i c

appl i cation. For exanple, ¢ enbodi nent, the

DAPTZ conpound is as definedf herein, but with the

15addi tional |imtation_thatNthexconpound
i ncorporates, is conj .@. to chelated with, or
" is otherw se associ ghet™~uwThg ORE D

more (e.qg., 1,

2, 3, 4, etc.) detectabl e | abel s, ff)“;lz exarrél-e,g . : \ ,
Alinshalnens 9(3,7 atihito-pazropearin-ioyh-sthencner s PRG Mpghtn (n t_zhlorlde
di;rﬂif?gé‘t@t(ié 17 §SEWBRERN) éﬁﬁﬁétﬁancﬂi yaBssm’y W@h@eﬂa&ﬁgﬂﬂ;&cra(érsﬁgred at

antigenic gdr QLR thén STkeRIth FSom ihpeRat@aeand
th 'Z?g?’ﬁhﬂ? %r? ﬁgﬁrﬁAg%E coppou NN
poureh e icaavaer, THeIPkbIAS FUIRL f{}'t’"tﬁ‘tase)f’ ﬁ&@ﬁ hggmpgﬁ%?t.rg@ate
héfere the ploeietwas amtiadted witp ethiltasstatq @%ﬁ“&baﬂé"dgﬁ@, Swere
w&é}%d%ﬁ:g% bhd d%éd g\:r gfabzésldlrﬁ suiémdiltanegg;m :nmg;?w@ed to give

Qi ReE b iad1 54 9, 1008 EGide 6k GCL ARBHIcha®4S . (NH), 3424
the fifle G qng%‘!.lﬁﬁ o /%)r%oad?tﬁ@nt, T he dyd ~
(4 0 G S5, R (SR g (A 1765 1 ),
150UNGEY; 50 (250 Mtz; DI AP0 (B si Giddr HeF-Birtdd4Htyd s, NF), 6.47-6.51
(PR UPRECSI28 P, B.03NEHAS, FHNITLIM-7.05 (2Hs d 0f BeAnk) T (62.9 MHZ;

~ Cﬁ@i@bébﬁ&“%t&g@%%gi?ﬁgﬁ 829 6 (arg), 727 3(Ar), 182.8-(AO),

Z 0
1RPB AT GRGETEb mia (FrA908 (5% M5 Rabe ade P4 + HI,
297900, [MeyH, bécy).sual i sed or detected by any
suitabl e means, and the skilled person will 30
appreci ate that any suitable detection neans as is
known in the art may be used. For exanple, 'the DAPTZ
conmpound (ligand-1abel) may be suitably detected by
i ncorporating a positron-emtting atom(e.g., 110
(e.g., as a carbon atom of one or nore al kyl group
substituents, e.g., nmethyl group_ substituents) and
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35 using positron em ssion tonography (PET) as is

known in the art. Such 11C | abel | ed DAPTZ conpounds

may be prepared by adapting the nethods descri bed
‘Qgrﬁdr,gldﬁgﬁ known ways, for exanple, in anal ogpchrGH:8/m001103
met hods described in WO 02/ 075318 (see Figures 1lla,

11b, 12) and WO 2005/030676. - 47 - Thus, another
‘aspect of the present invepéé_on pertains to a nethod

of labelling tau protein (or-aggregated tau protein)
conprising the step of: (i) contacting the tau

protein (or aggregated tau protein) with a DAPTZ
compound that incor poratggﬁi-és—ionj ugated to, is

chel at ed v rhjiaminciphenathiazing bia(hydregen NXWEEh, one

‘or nore (e.g., 1, 2, 3, 4, étc.) 5Sdetectable | abel s.

Anot her aspect of the presemt iRvention pertains to a
‘et hod of detecting taot aggregated tau
protein) conprising.the MH contacting the
tau protein (or aggr@gat ed tau protetn) with a DAPTZ
conmpound t hat |ncor porates2HCs conjugated to, is

- éQ/Cﬂ;g' e & ohl EO{/IE& ﬁr‘iﬁ# .88 g a@ﬁ@ﬁhﬁo@dvd@'dié%olv@@m

ete
awﬁwqhvﬂyoca@rlé @P‘F’ 45Ny HREmP é‘&gfh?eg 5‘?!8’? e g%%%i“a@?“’%a“dds:‘ﬁd
foE3NTRDULRS. mmunehtr,atmmofttb@rq@pmr@wﬁfU(WaV&gj@Q ilg-oBtpopage s 4 g
bR i8] 8)(250WPENBI0)28 Be ¢iH, fd d,harH)y Re2MH, brieAriion
pertains to a method of di agnosi s or prognosis of 15
a tau proteinopathy in a_s Eec believed to suffer
fromthe di sease, conp

i nt roduci ng—(B,ﬁtEﬁS-ﬂfh‘@ffylﬂﬁ}!@tph%mww{)%ﬂ}?ﬁ%ﬁw ®capabl e

of labelling tau protein o®@ egated tau protein,
particularly tau protein (e. a DAPTZ conpound t hat
i ncorporates, is conjugats S s chelated with, or

i s otherw se associ at ed or rW)re (e.qg., 1,
2, 3, 4, etc.) detta & s¥ det er ni ni ng
the presence and/ or fmount 20 of saMg conpound bound

to tau protein or aggre tedtau eindnt
145.7-haiba bhertiszim 0y EIRER 0S4 b f IR TesclepRE i DMSO
(3t dmé) daimrna (matmdniodadethane (1,969, UBBImMAR tefrawiidamngeniyne

3 Jé?ﬁltfma BBlis SHURAE hydPbxidehsdiution $80%, 1.25 cm’®) were
at%lcgée F%{ﬁr sél{rgl % O?Rﬁgﬁq rgf& Ha ﬂo&épgt%nﬁor% addeous
sqciung hydrgxi }]anq iﬁg%n? H ég B rﬁélf]were then |
a6dea] u’gah&ﬁuieomasi aﬂlowhdetcmhetbr wifyrther &hou@ aéf‘l}?é“r {gmpgrature before a

c@]o@% dé’b&@socﬁm@ hfdro0a @0%e 125 cmi) ardl icdymetharet(¢.95 g,
gﬁt = %f\gl S 5&% S* l rﬁa tgefnﬂﬁu}éss% rbd it aWH%PqIS Abud] 2B HRdS

susppegen Wes washagmatoter { ﬁ‘@‘g%t Fihe '%@ﬁ‘?!ﬂ"ﬂ? St dlscted. The

- wRIbPWas extrqvtathaittodighirbmetiiing (eb9 pmg and theypdpets gogpined with

Q&E&%ﬂfaﬁé dﬁédimfy‘r AoBh&siurh atilphate)| fiteley, drailcopeatimiad to give a
f el ] Trfe BERLURLGRBE b eae.memmgmpmy (SO, ethyl

agalal cpawaumetw 25hdragpd ﬁ%P\g oéthjﬁ‘sé Sk §£)VVQ§R,Q the fitie

- caﬁmaamcmct (@bt s $i0%) s a lighbtpvene Y simen RBOBAT 280 G, 2676

%%S {Cr$, @fggﬂbm%%é (@—d))ewﬂ\!dzpnsm@wozn k@50 MHz; CDCly):
ﬁfb 900 70 P RBES NEH, 6o ts”@z% D Ojffb' tdbg-ns 71 (2H,d, J
UL AT O LRI O f¢ <P ?‘% o
12palardyet 2rdnianC) teT.edAid), o O @l éiﬂ?wpmc;of? CHa), 2 9-(CHa).

conversion to the active form(e.g., ligating form
| abelling form) by an activating agent present in, or
adm nistered to, 40 the same subject. - 48 - The

| i gands di scl osed herein may be used as part of a

met hod of diagnosis or prognosis. It may be used to
select a patient for treatnent, or to assess the

ef fectiveness of a treatnment or a therapeutic (e.g.,
an inhibitor of tau protein aggregation) adm nistered
to the subject. 5 Treatnent The term"treatnent," as
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15

25 commensurate with a reasonable benefit/risk ratio,
when adm nistered in accordance with a desired

treatment reginmen. The term"treatnent"” includes
WwohiAakion treatnents and therapies, in whiearioso0noitos
nore treatnments or therapies are conbined, for

exanpl e, sequentially or simultaneously. 30 Exanpl es

of treatnments and therapi esg}nclude, but are not

limted to, chenotherapy (tﬁe adm ni stration of

active agents, includingg,8nékis7 drugs, antibodies

o o L 5 Al LAy st 09

radi ati on therapy; and geneﬁ{herapy. 35 For exanpl e,

it may be beneficial tao 2 eatnment with a
DAP' TZ conpound as desg @ n with one or nore
806 g€t api es. The

other (e.g., 1, 2Ma, .2 Y
particul ar conbi na’md’gn woul d be at tHé discretion of
t he physician who woul d selze®td dosages usi ng
| sLher ¢ N@WNE A8 ¢h.5§51.84 nin@g) viEsdissolved
iian g VR, é.iféz’éﬁkéﬁgﬁ?ﬂ')%ﬁ? - ;u@a s heltgng?@.%ﬁm s
in @Ruous hydnoamane agidEtn? L), §8Y 815 BAeR LR plus one .
temperhire and Rirredfgesi mjnuiesyConsepiiption ok ihg reaption mixture gave the

it BHEbAMEALS bk eRlblUBam Bl (ZB0Mylz; Ru0): 3§ (124, s, NCH), 6.67 (2H,

d,gfjag%‘”):\f}% ef‘j? giﬁ‘ b9 At Salsb YS! BiG)91 4105 eAarsy sl (8sC), 122.4
a9 B (B E0Sh RSt 1A BB MBRLE (an°he

adm ni stered at closely spaced intervals 5 (e.g.,
over a period of 5-10 m r8yhibedis8r at | onger intervals

(e.g., 1, 2, 3, 4 or yimhfmkAem REREt, or even |onger
periods apart where requifged),  the precise dosage

regi men bei ng comren exyll th t he properties of the
therapeutic agept(s e 24 (Mee. , 1@ DAPTZ

compound as descri;EJed er@, p us'}‘one or nore ot her
agents) 10 may be meor mul &ed tog#eher in a single

dosage farmo of altelnal LkSinidiiEchitifie(vea MegRine Biue) (2
TaaJgo a ’
R oo D om i

. dissulvedhdlotassien ioBida (656 09 Atwoniviasithan asided o gdnijguperend a

20

25

9B BRIR HuspRhsiBR flrMBE CThé Rattivhavgstrbted dobaitimpandsalieged to cool

"étgwg%¥@ﬁt QA0 D RicGhE .6309,9’9%?‘915 Sﬁér{tﬂgﬁeineﬁbdlb& ARy, Calcd for

route of adm pi \ e : 24 N
Coishet CatP 7Pt 00 A5 7 o ooy EPPEE, 46.30: H 421N,
18.14;68,0T8&16329r3d action). 20Routes of adm nistration

i nclude, but are not limted to, oral (e.g., by

i ngestion); buccal; subl 'fﬁﬁ_ﬁ'ﬁsﬁé ransder nal
(i ncluding, e.q., C man ind
{r MG b Baranietir Qireghetbighe B, pEfalqoen foside) 9
etc.); intranasal (e.g., by ﬁ’asal spray); ocul ar '
(e.g., by eyedrops); pulezegahy by i nhal ati on

or insufflation ther apyng, | a an aerosol,
e.g., through the MSujh orne aglal (e.g., by
suppository or eneMef; vaginal (e.g., My ?5pessary);
parenteral, for exanple, by 4Hjection, including

TS YRGH PRRRHSAask WsAHBERbthy kHdrlimiR Seide2,g, 4.86 mmol), ethanol

| ntraven dotr laal . d j da for 18
(cheay ARG ot D25 & 08 i ACHERPUAS wes foston ot et
hiows miereihe gplouy ehangpefpm grreRfbiug R BFlr Wit B 4 OW precipiiae.
Chidh ebsled to rabm tempemturs, itoainadure we ikesechans wWashgf yith diethylether
(GOLATH G it Colifdonith (1908, 76%Dss RTGH beioarsolid ALSTHHE;

Into'the brain); by inplant of a depot or reservoir,

for exanpl e, subcutaneously or 30intranuscularly. The

Subj ect/ Pati ent The subject/patient nay be an ani mal,

a manmal, a placental mammal, a rodent (e.g., a

gui nea pig, a hanster, a rat, a nouse), nurine (e.dg.

a nouse), a |agonorph (e.g., a rabbit), avian (e.qg.,

a bird), canine (e.g., a dog), feline (e.g., a cat),
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10 Wiile it is possible for the DAPTZ conpound to be
used (e.g., adm nistered) alone, it is often

preferable to present it as a conposition or

W8 LBk ek PN I'n one enbodi ment, the conposiciriciedr@e1103
a pharnaceutical conposition (e.g., fornulation,
preparation, nedi canent) conprising a DAPTZ conpound,

as described herein, and a_ggpharnaceutically

acceptable carrler di | uent, or excipient. In one

% i C@%’% td' 9851 A, m@%gaam , IAGHY; 5 (62.9 MHzZ;
OSItl on I e C), 48.9
"ﬁg&wg@a il WG lrrE Tl PR reser Rt
@ﬁﬂ&)naceutlcally acceptabl e ingredients well known to
those skilled in the art, including, 20but not
limted to, pharmaceuticgldiestcrept abl e carriers,

or eser vat | vEGHT BTy ARHHRB gt (O3] Snaridhé <

stabilisers, solubilisers, SET Qctants (e g., wetting
' | Hu

agents), rraskl ng agents, co ring agents, fI avouring

agents, and sweeteni ng @g S. I n one enbodi nent,
the conposition fuggher pr i 8 ot her active
agents, for exanpl e, th f tferapeudli ¢ or

prophyl actic agents. UI tabl e carri éts di | uent s,

1Y oS i P&k 2 étﬂ]lltﬁlbﬁﬂﬂﬁ'r £inc chioride (0.5 g,
e
1Eﬁgpm@b@m qitianol {40, Baeribyst itk 1 B é@%ﬁ?&ﬁgﬁim added
dFpdisk unBer ahsdtinps 04 of iByeesps §h¢ mwwrs shTeb S igielhour and
cbﬁh%ntratg@ thé‘?th %%@M\br?( 0 Pkr;dtdé&ﬁ O;EE@&M meigﬁalmydr{de was added an)d

' ' h WRB op&hEd: to icefwater (250 om®
tq_q L(rred ?%'18 W%t 2

o) it o g
msm%thcﬁatmﬁed pommiphméﬂptlmﬁqg@rpgpy@' rmagnesitmgiylphate,
fi ﬁére@‘%JﬁH REh@nPRREABGRY HieomidedFodintae silirdvemoit; winjphi vesisipgrified
u8'8 ash cg)l J:I‘ﬁ@l?&to rqﬁ{( gviﬂlq ﬁﬁ @ﬂér‘ﬁleo?ﬁgif'eﬁ@ AHEQBTEZ 60% petroieum
SR} @Q"ﬁ.:—;qnd i5a AEESY g\gﬂ: piye glg[EP%rB?ode { 1§§r 4‘9%) as a green
gsby sdhdommﬁmt-lhn@@dsk i710-B8l (3H, bedseAdD 6.6¢ (41, s, ArH), 6.52 (2H, d,
AR, BIB (S, qﬂvlt NGHE)SZ 18X(BIH [, SAL)ST. 16(&; 1,17, ColeXrdit ;@ﬂ@d\ﬂtd:s
a ArC

cﬂjocﬂgﬁ ﬁ{(éﬁ‘grz}d ?c 44 BRNELS 116%30 ) Aﬁ L1465( rC),

ned anmount sage) e DAPTZ
1¢8adeTAY. WD 2007/ 110627PCT/ GBZOO?/ 001103 - 51 - The

: term pharmaceutically acceptable,” as used herein,

pertains to conpounds, i rgmedsientts, nmaterial s,

conp i e bishRiroyérl dhiohide

The BauNopradinant E‘."%@'ﬁﬁ?ﬁ%ﬁ?ﬁ*su.? o e

in contact with the tissues df the subject in

guestion (e.g., human) A/ REUT 2essive toxicity,

irritation, aIIergl e(ﬂu theErt 5 probl em or

conpl i cati on, connengw S N ;nable

benefit/risk ratlo EfEach carrier, dild®nt, excipient,

etc. nust al so be acceptabﬁ@c'ln the sense of being

ﬁ%@@émbﬂoﬁnd%%ns AR g iteidnine O4abetyl-phenothiazine

QR 9%%5%@‘“*09”8“@%*’ RS B The BaREas

heater &8 409° QJP’L%BO‘{rﬁ BR80T P SN F‘Je"tfated o

giteeth®nteTebngoopd (hi g s%)asweﬂqwégrem gtaﬁsx:%m@t |5t1 {7oaMH

éiﬁl%rﬁf 7.5P(481, BRE ASHY BY65 (DA Rei /oA, $.35/(BH IREENAH,), €. Bé(12H brd,

gyl %é PR3, Bh B, GB3 (Ef, PeUTNEANT 6 8Nc) MaONBMRL)Y 121.5
b conpound with

(6éﬁr| Uv@)é32 I ra4% rpérs finely divided solid

carrier, etc.), and then shaplng t he product, if

necessary. The fornul ation may be prepared to provide

for rapid or slow rel ease; imedi ate, del ayed, tined,

or sustained release; or a conbination thereof.

Fornmul ati ons suitable for parenteral administration

(e.g., by injection), include aqueous or
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- 52 - (e.g., obtained by, or obtainable by, a nethod

as described herein; having a purity as descri bed

herein; etc.), and a pharnmaceutical Iy acceptabl e
\ﬁﬁﬁ&hﬁﬂwzﬂ'luentz or excipient. - In one enmbegirBRbo7e01103
the dosage unit is a tablet 5 In one enbodi nent, the
dosage unit is a capsule. In one enbodi nent the

amount is 30 to 200 ng. |n.egye enbodi ment, the anmount

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

about 60 ng. 10 In one enbodinent, the anount is

about 100 ng. In one enbgdinent,, the amount is about
150 nmg. I n one enbodi nment, mount i s tﬁbout 200
ng. | n onel-€hbE&E-dEstYiaie-HicRPiRE Bl Wsphgnons \

accept abl g carrier, diluent, or excipient iM&@fﬁlS
corrp ONE bot h oftor, MeNyisielg,i de (e.g., Gglucire
M4114 atl oyl _maas 0g@ILCCER,OgCyEer i des PHEwe t3P

an} corl oifal ~si I'con droxide—(erg: 4,.2% Aer oki f 12 e
0; Mol | i ol#dl Siliden Dioxide PhEur, USHJ. “Bosa¥e 20 N

It will b®(ppreciated by one of skill men the art Me

t hat _approprj ate dosages. of the DARTZ ound
StnasisaPRE SRR Ed I RSP, dhaathan: B Gl fesk
plégedrungertdneaimosphepe of asgen waeadsiedinathyihionisiugpehiefige trihydrate
(2893 agRolMd d), @ameslal doer el methylhgirhehea(5siasgnabl, 2I7¢ g). The
i lra? f*%%@ﬂc’?@ié;éjj ShPRAbl 2 n808, T %e“e*’giéé?“@%“*‘“*""ﬂ”as
coRIeE 1o B BIHIBFLTiaf RGP RPN REFEaN| LT and Bl Blave
lewrstmpthyieneblue 8s atlinbt geari salid.y Tothetletiso papductypppdded acetic
arh9afRLA0l crf)@dipgtidige 0 auefjramd the seltdianyad fsted ated 007C for
1891%00 Hr%'un o%t'b eg '?-.g)lji‘riﬂ;éew/%s;’]‘thg? Bs%ug@d‘&a\;rgﬁlitlﬁ&r?ﬂcegb&er while stiring to
it piRe: Wie) WS Plere Map el o B il 8- it ours o
yigld they tite gompounsdd 5838 Ba%)R$, 2 lightibrowe selide iR 437°Ge Ymex(g/cm
2900i(GHY, 28T (CH)| R8AE (30 2719aI(CHE dBSh(C=8N d1586i (KO- HLAO2); Oy
(2§o!€1h2fdt%(9£)i{ﬁaﬂ??g@%;z.@ 2ﬁﬂQﬂﬁH39fggs%06§.s@mugas.%nﬂrm,
o BB 23 g0 9% AL e gl Wt e (e Snile B8y 170
(GO 4G HATCR TR I o G 131 R AIEE J3B AT, B19-7 (ArC), 407
(N5 QRO CHg); ad(ES) €84.8 ¢ H10%: GV c-ePha] At 328 (1406, (Me i)t 360.1
(499, Aft-inggh.whi ch achi eve the desired effect w thout

causi ng substantial harnful or deleterious

side-effects. 35 Adminisfration _can be effected in-:

one dose, continuously d@ﬁiﬁﬂﬁiﬁttently e.g., in
 di vi ded do$€37-&is-dipethymniat-phanathiazingl Osyl)-ethaarnghout

the course of treatnent. Methods of deternm Megahe

nost @ rexfgeans andeipBegNtpf adm nistrat|on are

I ohn 1 NTTR S -
MV%EN tHe 19r af Me
t hiret her afy, A Vs , N~
the subjegtobeing treated. Single or 4dmultiple e

admi ni strations can be carried out with the doge
Synihesls using npetinythycdnazineMupigebasstie andpott e a $008tam geactor vessel
uridBY & SthRBphare bEmitrogin vidd, adaed flethyltideramium dABride trihydrate -

R ot e v

€ 0 32°
acifed disguiss 3.l PEF Tots: 198 (P RES! IymRiH oltgat o 22°C
antl iy stivecifon 30 rmiXutey) Theeyellpwiytsgn sHinsodion Wed gatticanhydide:
(538 CB41R8 d@aYandXhbmHARE's dagodiispripyletyeaniMe) [2.55 mol, 200 g)
wéis%%&”fh% fhi amg%stfes dt é@'_o%:@ﬁ'@k. PAld EtleARERFSHEDthen
to the follo

payEsd cﬁfx_refully into }équ,an @ro @ﬁfg(ga%ﬁglh{gg 2[:";511 gr%%tg\ Oosc%oﬁﬂh'g{{ga ive a

adm ni stered to a human patient according 10 to the
foll ow ng dosage regi ne: about 150 ng, 2 tines daily.
I n one enbodi nent, the DAPTZ conpound is adm ni stered
to a human patient according to the foll ow ng dosage
regi me: about 200 ny, 2 tinmes daily. WO

2007/ 110627PCT/ GB2007/ 00 103 - 54 - EXAMPLES The
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Chem cal Synthesis Synthesis 1

3-Nitro-10H phenothiazine 1i1l N N2 Sodiumnitrite
(20.00g. 210 nmmol) was added to a mixture of -

w8y Phngiet hi azi ne (20.00 .9, 50 nmol ), chl or ofpefieH288%01103
cnB), and acetic acid (20 cnB), and the m xture was
stirred for 1 hour at room-tenperature. Acetic acid

(20 cm) was then added and-tfhe m xture was stirred

for a further 18 hours. The suspension was filtered

@H&téf@ﬂ%rwmtéﬁa@ stiried facisdnineteh hefote, it was ffereda m@shed with

wcfitep dJ ?gﬂb alr 9119%1‘6?3@ iR %en:ﬁmlns&éméi wad bﬁ/stalhsed
o PRl B2t A IR B 1 Co%ngﬂ B ‘W» 593 orey
said] Mg, 130icealKBIYeroh 2810 (Ohd 3608 (8 aﬁﬁtb@?@ Hg5°

(GJ@ B GNOD)! F02 (wdz)haweﬁﬁemmmns)t:hme ga&!s's)t 1@3 (12H s,
Nght) @5&%&(21—1%{{ BolelbGpH: éof@ 7@30« cm\mw (2H, brd s,
(F&[f-éc (6§§Mg1z( |§) R%: 3134% i@; 27.0

(h0G), (1260 (MG, ngws@qc:) 80 AN(BHH, prc (sghlsbnyfz E M -

ok]? 528. A(fﬁ)/a M+719F)73&41 (4, Mk Nl 75, 6. 5, ArH) oc
): 113.3 (ArC), 115,3 (ArC) 116.9

(ArC) 121 8 (ArC) 123. 6 (ALQ), 123 7 (ArQ), 124 6
(NC), 126.4 (ArC), 128.1 8§ P

(ArC), 147143, (ﬁl@!m@mﬁﬂwe@@fwm-m' fefanore
3,11-Di ni tro- 10H phenot hi azi ne H 02NSNO2 N‘Fe\f
proc (o e \- e synt hesinsMaiHNH,,

2 ni 10 ot m@zuna@cms ¢.6ilN ovved u

3 Nl t o101 ph not i azi re—(16-60—gr

chM@rofor@(4O cm&) acetic acid (2 x ON

sodi um nigi@te (11.86 g, 173 mmol). Thger esi due

obt ai.ned vvas recrystallised from DI%: 25 cpgtt fiask
Syrithesés tgﬁxnwgmyjhwﬂ%@ﬁjmnc(l@e iBeng Pal5oAC & %ﬂp jound bottom
undee dh atnosphere 'of KBOsENwds agz8 Ine(‘lwmome@gncmqqq)e trinydrate
(Z(SI\H)mm ﬂ@égﬂéﬂa’)aceﬁﬁﬁﬂle ﬁﬂma) 1ﬁl@ﬁlyl@mﬁme 1EB5BmM(Y02)46 g) was

%q(m our %\?ﬁ P %%0\(7@@ 8 (rg %ﬁ&d I hg terfbdidiure/of if6
RGO WEE 0BIEed dRE36 KN GoP ‘°t il J9%30 minutes.
The {Slow/gtken suspensiariediicatid zmhw:qﬂ (F6mAigh3A S @ akd pyridine
(Wl 8.35 g) was added. The mixfure 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 precipitatg 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 crystalhsed from hot ethanol (120 cm®) 1o yield the title compound {5.97 g, 68%) as a

light grey solid. Mp 137°C; Vmax(KBr)/om™ 2910 (CH), 2876 (CH), 2856 (CH), 2799 (CH),

1659 (C=0), 1596 (NOy), 1502 (NO,); 5y (250MHz; CDCI5) 2.16 (3H, 5, CHy), 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, ATH): Bc (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 + HI"), 350.1 (41%, M + Na}').
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5 A solution of 3,11-dinitro-10H Phenot hi azine (3.00
g, 10.37 mmol ), acetic anhydride (15.88 g, 155.50
nmmol ), and pyridine (30 cm) was stirred at reflux

wb2o07hGed3eur s. The warm sol ution was then cargfniBio7/001103
~poured over ice water. A precipitate formed and was
filtered, dissolved in dichloronmethane, dried over
nagnesiun1su|phate, filtergd, and concentrated to
give a brown/orange solid, which was purified by

col umm chromat ogr aphy nfhek84s ethyl acetate :
petrol eum EI d éiﬁé;%gghane
sol uti on) gf%m?'ﬁ%‘a?‘ﬂ& Z‘ “aﬁ""%&ﬂ z g, J19 as
a light e||WSO|Id whi ch can be recrystal edfrom
ac tjg | i ght Mg@ilLINsRHpeedl es; V.

.N

ﬁ | &6@@0)@@1?@*)‘5(4 15752@&

Me-30

™) nS(250 COCT3)— 275 7 3., )8

Me5-7. 68 (20, #e 39, ArH), 8. 22-8. 281 (2F d

2.75, 8ciB), ArH), 8.33-8.32 (2H, d, M2.5 NH); H)
Synﬂwg(sglzs@gglseihuml@goi%rsgr(;f‘aéalndﬁeg(? %gg?np )To alétﬁ) o m Eottortn
flasl DAded apAtrEysphers of n 5 Ia_P rfn ydrate
(0. 1S MBI ) afid acetonitrile (250 cma) Sodlum borohydride (0.174 mol, 6. : g) was

o r%ftﬁepé Bo ﬂ\lriU’Ee ﬂrﬁe pérode tTharamperatungof the

:ﬁ%@g@g& %ﬁ utr ; " h| az er bath and was stirred for 30 minutes.

ThepyalemigrRsmSLSERTOR RS SEFCAT d&. %Eé:t'aﬁ%igw Adpiidine )
(0. 17208l TB0TE) g) smideld eTHramixturg glgs bagtpd ﬁ}a%O & dor qo gle |

mid@d wak kfengfbuild dahifsly o Renedien®sd an’) i1 led eagal pwﬁ'ens while

st %ur %Cﬁ,m@rgcrﬁijgaqg P [!;rga%é?e ﬁv@@@ﬁﬁe%'f@le&ﬁhmmes dafbre it was

ter

t
filtehod, Q@.h&ﬂﬁ\llﬁ‘y\ﬁ?t@b@r{ 50 érﬂ‘fj éeuréi@'a é fc?or lﬁgs the chWé rt:l{atenal
waserystalsacticara dotsthanobsRg kmilde visidkhe s il casppaunl (Forhg ©1%) s 2
lig néf‘e&%%ﬁc? Mﬁﬁgﬂ@ﬁha@(ﬂwwdw F10MEHR 2676 (GrHI28ABICH), 2799 (CH),

? SpbangL %fg H2NEDERNE ¢8I EECH]2.93 (12H,

Ay T i T B

s, Arw)ac (GMH@MDGIM@@ mﬁb) 145654

(A 11’1@5 cm@)? (L3N 2emna) wmzwmo% IM-
%3%1@5 23%0 13&1&% [Ms Qarp- 43 (414, brd s,

.5, 8.25, ArH), 6.61
(2H, s, 711715 (2H, d 18, ArH); 5c(62.9
MHz ; CDClS) '169. 1 (C—O)§Y_t:|3§i_i—-(ArC) 128.1 (Arc),
127.6 (Ar G AR dﬁnéﬂﬁylﬁhmomndih!@mﬁp yl)sthangng Ar C)
22.6 (CHB); rn/z(ES) 293.9 (95% [M + H, c2720
227.9 A[KA + H - Acn

200/ 1162 7PCT/)GB2 07%@ ynt ssi 8N
Me3,, 7 DA fenat al\gen 0 | ) _Me
Hl 21 -1 1- (3 frDi ani no- phenot hi ha on@l

(8'9259 §: 21 mml) was di ssol ved in ggueous
hydr ochl c acid (5 N, 10 cnB) and the sol ution wa
syhfatig shg sbailinboranyaticetiurigislbassrn 806 petn To@s500 om round botiom

rate
sl e e ree el ey
w; added Tn four equal port:ons over a 36 minute ttme penod 1111 ?é’r%e?&ﬁrle of the
mikufAwds RaptAhdueit Byicwimns o6t ermbar bathzind wes-sjingd for A2 AHEes.
Tq% ))I%Eo l e"\nlsuspensmn had acetic anhydride (321 mmol, 32.75 g) and Hunig's hase
(dusopmpy!ethy!amme) (120 mmol, 15.55 g) added. The mixture was heated .:tt 90°C for
2 hours. The cooled mixture was then poured carefully into ice water (200 cm®} in ten
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1- (3, 7- D am no- phenot hi azi n-10-y1) - et hanOne (0.25 ¢
- 0.92 mmol ) was dissolved in DMBO (3 cnB). Tol uene (10"
cnB), iodonethane (1.96 g, 13.8 mmol), )
W& bdedRikyd anmoni un 15 brom de (50 ng), and f ipo@ide¥es7/001103
aqueous sodi um hydroxi de solution (50% 1.25 cnB)
were added. The m xture was stirred at room
tenperature for 2 hours. Adstiional aqueous sodi um
~ hydroxide (50% 1.25 cnB) and i odonet hane (1.96g,
eqlid. portion® While\stiréng fogiveadstedipitaeh The preupitatevass siirediRid

Otrf'? Fﬁt[eé BefoH it \ﬁag f‘d etere Wa&éﬂ%fh%aﬂér (Bmdiwﬁ?m& alrdried for
30 rgla%es ?l}%crblgs mg adso ﬁyéstt%?sléﬁ ?nlégﬂlgsg g{hﬁ%lgé&m Id the
teﬂmprepmdae B S2MR aﬁﬁ)&'ﬂ‘ﬂfrgéeysft"l ighy rofe 0 (CH),
2816 (m) 28%6(0H)] 2309 G ERES (BFQatcRdiel 1092 (NQitde (250MHZ;

8L, &nsh @93‘ leesnwcws raéwts soieat £8.5, Aitg, 6.69-6.71

e
(Acﬁ? &Y%(Pé@ 186 SAn 20 PFGh & 1o ity 37@1@ 47 @By, 22
(cex@)nmmtzwzwcmm-a)ﬁmwm@% B IiHT), 306! (44%i Bhs
%@S purified by colum chromatography (S102, ethyl
acetate : petroleumether, 2:3, |oaded as a
di chl or onet hane sol uti on 0 giye the title conpound
product (0.12 g, 40% asg—\'&itlﬁg-ﬂé urple solid;
v. (KBr)/cnt ﬁ?—%l@m(etbb‘l)am"@&ﬂ"@n?ﬂlwm %thmnon‘@?gg ,
(CM 1659 (C=0), 1596 (NO2), 1502 (NO2); GJN{C\:N%Q MHz;

1-1, s, ueb®nni980(12H s
M%ﬁ 2 SR ﬂne Pyptolo g o mz@\
cwi@ls) @D, 3 (Cm) "f48.6 (ArC),
127.1 (Ag 127.0 (ArQ), 110 9 (ArC) wd10.7 (ArO), e
40.7 ( . 22.9 ( chj
SynO@Eis Lising ydraTinepruodge/pyBine ig pne pafy fio2§eny’ round bottom
fiabk Dhder bh ahospatiecsTaitbyén W bdreemadthjithiphinenciioritiedrivdeate

@ ?'72 M ng e% gmﬁ I%l:ﬁt’érﬂ'ffé (r?b B3¥). ltiydfd¥he monohydrate {58.8 mmal,

% %4 X@,{% Was & fg gr&@t géfg&larr‘d %eré(d]%r % n\%%%efore

congumtg @ﬁrfér The yailpw/greenigusaessiopdid agels Etnmédféd@l €24 oL 433 9)
anldegtidide (124marhbluS 78 gjrpdded! The nixidrestasrheatediab PO Shfor 2 hours.

THY J&Hieﬁ%ruxtﬁ%%a%%éﬁ bbiR8d Qefreﬁ;hﬁnfoqé&ﬁvht@nummehﬂ)ﬂﬂ Pl

t he t Ltle conl% eg t
PI\{G a Erectﬁ@% h% % §s i ﬂiﬂ
be‘ﬁorqﬁomagf ﬂereg r\wsel;ned Mt te@@% %60 Q’WEzgngﬁb riedfgr: Q;mln

oy rodteridi s TrystallSed frd@hollethai) (100200°Bto(Yigldihe title @ompound
(4 @?fg i%gés? a figHt BFy) solidtBMmB 16NC19)... (KB /oRy A RS(CE), 8876 (CH),

|
2o, BT 16, @%@3%%‘5%@#%%(&. gt oos 21
(BNE CHaV2: IR (1 s, BIGi). 6(58- 667 (7. g, H55 S Tdat . 275,
AriR (. GBTRIT () brche, AriH ty (82.SMIHZ; rQQle)dﬁ 0 ﬁd%dﬂé@ (87C), 127.2
(AHAL 37 4 C?GIL'Z'T@J (ﬂk@)SﬂO/@ghrcht1a$S(Amp amdideHs 125@(@43) miz

) A2 B P o DS oS58 ot B

boiling and allowed to cool naturally giving the
title conmpound (2.03 g, 79% as bright green needl| es.
Anal . Calcd for C181-118N381: C, 46.72; H, 4.41; N
10.22; S, 7.80; I, 30,85. Found: C, 46.30; H, 4.21,
N, 2010.14; S, 7.86; |, 29.34. Synthesis 9

N, N, N, 1V- Tetranethyl 10H phenot hi azi ne- 3, 7- di ani ne
bls(hydrogen i odide) (B6) 1
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Me 2 141 25 To a round bottom fl ask was added

nmet hyl t hi oni niumiodide (2 g, 4.86 mmol), ethanol

(100 cnB) and ethyl iodide (75.8 g, 486 mmol) and the
Wwo XoWifeas heated at reflux for 18 hours whececBb®7/001103
col our changed fromgreen/blue to brown with a yell ow
preci pitate. Once cooled to roomtenperature, the -

m xture was filtered and washed wi th diethylether (20
cnB) to give the title conpound (1.99 g, 76% as a

light green solid. 6H (Zhfthbkig;18 WO

e 11?2)27&C?‘?%B%%%@%%%mﬁiﬁw@5@)‘3‘“‘*"‘“’39 i

ArH) MHz; D20): 145. 139. 3 C)
122. 1.1 (Ar Ni%% ‘ArC) 1172. 9
MéLS Mg S @CO)ZO CaHﬂ;

183, 7-B

“di et h)ﬂlgam no- phenot hi azime L N/Me
oWe tEMREt To dry 25cne round botiom flask was n'tt
added etﬁb@t hi oni ni um zinc chloride (% g, 1.13 e

sy 120 HGHNBRE Imdndfly dp%(g’humﬁ@%é [AisHeapRL TEo 4050.3° @Lnd
R e

e Was 'S
trifiyalratd (SmZJmnthSOCQ:)l@OéﬁWtQ’G"é‘@ (@bRien) hHY#ragiaE qapphycrate
1%’ 5 nfhdles.65) waBddcrading eetrigtussningscinatias! tnaefluecnd glirgdior

1%@@ E)teHJ dee?o%tn Eoeﬂi f:or‘l'hg eifb%réerﬁéusﬁ%on'rm aeliciringdride

her e H Wy bisRigp e V'ggﬂef e *‘iw@? g added

Theahixbice wasbeatedntsHEE foli 4 housat IheL08 pqifed
caF@LtihRccAnstedigne drd)a temmg g tions mll@ﬁaﬂ@ tog;ve a precipitate.
T@é ;':r%&é Gl waé‘gtfr % %ﬁ%ﬁé@ bbféré?il't was fifkped; WaRedwitiduater (3 x

1A G BRY far Brranes T lds %‘Sf ﬂ*‘i‘ﬁ?ﬁ Eb:"m‘
ot p@owm“’bmrwezqommre&emmdam@ BE%] o0 5 TS A e M

b, o “Ei”so&“ﬁﬁ%”%‘%ﬁéiwﬁ&%@?g?% )‘”’ -

(NO 5582 BP0 HY, 2®3713H 36-

s Ja%“f’fi%*mi%?i -?53511@ g Ay

(62H9BJHz; 6OCH:2 1T0. me@~om /g)c:) 123.24A 0) 110.9
é) 616.NCKIR), 40l INGHY A2 (%27%(&%)1 2 (m%aw @y} ), 328.1

(1470 SN
(1;% N{rﬁl+ q) eotﬂ; /ﬂ? 101 1- phenothl azi ne- 3, 7-di am ne

bls(hydrogen chloride) N_Et--"N N Et Er. 252 HO To
a 25 cma round bottom f| S¥Ehesis X dded
3, 7-di et hyI am no- 16;1deRinirb-1pHehordihiazing e

H
NaNO,, CH,Cly, !
@E ‘ _ ON”

10H-Phenothiazine (20.00 g, 100 mmol), dichloromethane (1 00 cm®) and acetic acid
(40 cm®) had sodium nitrite (20.07 g, 300 mmol) added and the mixture was stirred for

~ 10 minutes at room temperature. Additional acetic acid (40 cm %), dichioromethane

(100 em®) 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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. round bett

(0.125g. 0.33 nmol) and aqueous hydrochloric acid (5

M 5 cnB). The m xture was heated at 100C for 2 hours
before cooling to roomtenperature and was

Ww696BAldeat ed to give the title conmpound (0. 1bcGica2ddHoo1ios
as a yellow green glasiy solid. 6E1(250 WHz; 30

CD30D): 7.07 (4H, brd, ArH), 6.65 (2H, bid, ArH),
3.35(6H, brd, NCH2), 0.97 (4#H, brd, CH3); 60 (62.9

MHz; CD30D): 10 8 (CHS ), 55.1 (NCH2), 116.6 (ArQ),

vmfﬁ%vg r% é% (A )3224 BBB3 (AT (CH), 3082 (BHY, ABT) (NO»),
A

r\%Q /613253 (RS GRRRAG1P94 188 5; AR, 7.89-7.85

(21, 6(3’979\8‘[05 di met hyl ami no- phenot hi azi n- 10-yl) - et hanone
EtOH, MeNHNH2, NN, Me (H3COO) 20, CSHSN Me MeOMe' . - 1\1

NI CI OMeMe 5 Synthesis gimitegis 20
t hyl hyd ’ s
e by fglngsnﬁégyaﬁét A nd gl fo.yTaundhd ;:

Tl ask an at hsphey,

ar gon pas_nadd met hyI t hi on| n| um chI or| de tr| dr ate
: (26 DI et hi¥etdl N “h8) and
.« 8Et83 ﬁ'?'s&ﬂo)z C@“rns'i'g) 2‘? UE‘
he§t ed to

0oC andrstl rred for 2 hourBi
yeFt ow gr n suspBhsi on was cool ed to HC and $1tered)
under alN@@ washed with ethanol (20 cf8) and dried Et

74 8?96 s T']"g ﬁeb&fd?r& BRI RndSprtse & ritagjeh v edded

thylihipginiugnniirats %r%geo l‘igtmd% ﬁ'ﬁdaﬁ ‘?Jtr'ﬁ& (20 cm“)
Hmm mnnq{é@rq@tﬁ%ﬁ%mwl Q@@@) FV@? a 1ge 8\188 lhe%Fed o
refinxdndr Stirred Sortioeningtes befdreommliia b 125° GV Ehe brewn waltlign had acetic
PTM}P & G4 i 1tes @'éﬁa mm@rs&fase didbmropydthydmina)s(21.4 mmol,
2ﬁ6g}\§£§e %dcgﬂ\ggﬁjg\em%mwie %’ﬁeg{ed 428 a’,d@'sf ﬁo@s PR Fixture

whs e powTeGearsBil d 198 WeEr @0 U8) L RERYT 4 BppiegebRsgfing o
gi(ShiprecP@de. (TEblpreckia® WBHfiTed 70 S0 (ramjtes heleg iivwasdiiered.
w&é%ﬁ mﬁsh%er 3302 mr)d aibiied 26BdHAINUSRCTBY ciRdd fafedinl was

c tgﬂi:sed topk b gtlﬁ@cﬁn&ﬁhaﬂ 78lg, 65%)%s a light
i go(g%, H cn g ?%ﬂ %_ 64(%H(3§H)br6 25(2Hd
oy solid. Om( 25! 9@9 Jer 15> (%ér
Aﬂ-ﬂ73 25 (8N, @) 7, NOH)12. (R3S, 5. sza w B t, 7260:)0dq
T2. 6?@1@) 24 0. (@HONEHB \NCRZ, P10(1ABY), 187 .4 %rBSS)MﬁMAEC)
OAcr), 328.1 (15% [M+ Hr), 350.1 20
M + Nan. 25 Synthesis using

met hyI hydrazi ne/ Huni g' s base in one pot. To a 5000
cnB reactor vessel under SythesigdEphere of nitrogen

vas Rden rrgtrgyghﬂmlopmmnutEnazheaﬂ-diemmlHig(ht{dm@n(cblosﬂﬂ)
no) , 200 apd acetonitrile (1000 cnB).

Met hyl hydra ne (1 07 no), 49.36 g) was a de
dropvvl o~at nL per m:@m%REtOTHhe tenp e
the m e i ¥ se t 0 32C and Waskts /Et

m R treen suspensi on had acet| c

anhy%gl de 3 (5 35 Em)l 541 g) added afl t hefSbuni g' Et
base

di i sopropyl et
Taadeend beamiexk ies aaé%“a Ry ey B“g’g’% ik %‘7’ .
(@Bg) £ mmauebanel <5 cmBnanstivdershiofs asid (34761 d 1% Solution
v heited 08P CaoB) hd:r.rr Opide EG@ecbimﬁo@n rtetmmanaturmtheemxture was

ekﬁ'étgcg QMPIP Aj/ %lr LRP B4 Q@a%?gé AR QPNYNEO By (250
d \ﬁé

d
L el SnP b BT o
bd, 256); 56r@R.9 Mhig; GO 10e&(GHb1. 481 (N 65 1AD e )
1R B AI0Y, 12@§(ﬁ@s¢ﬂléﬂ/\$@ﬂ1hﬁr@ﬂﬁm et hanol (2750 cnB)
toyield the title corrpound (112.1 g, 649% as a |ight
grey solid. M 137C, v" ,(KBr)/cm1 2910 (CH), 2876
(CM 2856 (CM 2799 (CM 1659 5(C=0), 1596 (NO2),

1502 (NO2); 6E, (250MHz; CDCI3) 2.16 (3H, s, CH3),

2.93 (12H, s, NCH3), 6.59-6.62(2K, d, J 8.5, ArH),
6.69-6.71 (2H, d, J2.75, ArH), 7.08-7.47 (2H, brd s,
ArH); 50 (62.9M#z; CDC s) 170.3(C0), 148.9 (NO),
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10 Synt hesis 14
1- (3, 7-Bi s-di met hyl am no- phenoth|a2|n 10-yl) - ethanone

Ve MeCN, MeNFI NE12, "Me (H3CCO) 20, C5H5N

W dhobR1oWeMe  Synt hesi s usi ng net hyl hydr azi nekct/GB2007/001103
pyridine in one pot. To a 250 cnB round bottom fl ask

15 under an atnosphere of nitrogen was added

nmet hyl t hi oni ni um chl ori de trbhydrate (26.74 mol, 10

g) and acetonitrile (50 cnﬁ) Met hyl hydr azi ne (53 5

mol , 2.469) was added in four equal portions over a

30 n1nutes time period. The tenperature of the

m xture was mai ntai ned a@@ﬁﬁgégah a cold water bath

and NN ,M—Teirmihsﬂd pHIBemithigtines3, 7 Theenipebib thyigger promide)
suspensi @._h acetic anhydride (267 mmol, 2143 g)

and pyrldln 20 (80 2. mol, 6.35 g) was a-dem

mxtu NRe d at 9O@ff4@)9f>} ECHhour s.
tur ou £d careful l'y |rEt@N' S : )
neu rtlons while stirring to i

z%éve a |
precu;pltate The p eol p|tate was stirr®d for

Tén agﬁ}n?fpgfl ﬁla ¢ Wwas d 1I t7et51 nath%ﬁm%dpN&nﬁfﬁl%t-ﬁf—ylﬂ—&hanone

e

(B¢ ek %mmnasetlaa ﬂ%?m Q\VP OHB‘E a‘-‘éﬁf fﬁ’@r{m F %‘}% the
stloiiopivedschetted o BOTCefoc 6 inpigru Rhcg SOTkR {9, ro@BdgMmpRratires ge mixture
wlaé SbHceliFRYd :Qﬂng Ghe te cbmpbina/(D.659,(10BrY) be mdigRBklow Glsks. By

z( ((E‘Mbr 485 %93 SHLBRONCH,), 1.05
(%hg;)rd to,Clgg; qq@ﬁd@Hﬁ,@g%a nggﬁc(: ’r)| Wﬁr@) d21.4 (ArC),

122 #ACE. 6BLB(ATC),(B3SUAIG), 145.D(A8). ArH), 7.08-7.47
(2H, brd s, ArH); 50 (62.9MHz; CDCI3) 170.3 (CO,

148. 9 (ArC) 127.2 (NO), glhifecks 487 O, 127.0 (ArQ),
12 N N graetin b plpiotigei %?@a‘%%g%fh 1@%# Higrice)

H), 350.Me~(4%% [M + Nar)

2007/ 110627 CT/G112007¢,&Q#&,Q§(0H E@b ‘Syn

1- (3,7 amn B‘n %}g@iet ne
Meudve 2Bl Mede Me (1 - 13CCO) 2

M eONi eNK'ME M e CIY eMe Synthesis usi nige SodiaHm

" boroMgdri de/ pyridMie in one pot. To a 500 cnB round

Thatrbiait Hottbinaakk wad addesin -68; 7vois-dhveatleylarhinpripheaiazinvd8-yvl)- -
e@ﬂﬁ&ﬂe t 85 Lhan 'eﬂ‘la‘rlHF @hLAni AR Hytidanerebed ($%,3m®) and the
5%0 ngﬁwrr%)&ge%?% 8@% gﬁ:hto{nl l%g%%gge& {Bg’ée %%b ure, dieth g{ ether
weo pddashilg sifing uatl sngansiaat tirbiesoluliph was Ohfgined. X&Ef Sditc time, a
pteemsnaeairmee wifich ves fiketediarat wmemthﬂethyb@thattﬁgsm Miving the

8 §0%)3RG ABgreéh dlied MpQlied 23010 WiL,LEKBrIdNE" 3500-

tiffe

%@rj Aﬁl&&f ??Qﬁg‘é ?@%Be{%ﬁ’: ket %‘;’%@E gbﬁ%\ﬁo 1604
B mw %@5% DA 15 S 2Hrfle/ 85,
AV a8 (41, birdis A Dt (B2 BMPaiLP B0 1648 A6, 4BBiSPeC), 824 (ArC),
1968 ArCh, 220 7(ARD), I1m73%o;q4$tad(mfazr lfr;rﬂﬂ@ESMEBBﬂt(‘I?O% [M-—H,

i e precipitate was

[1 %égg%@%)%ﬁe] @u?e@ﬁb 2@' |t vvaspflltgred washed
with water (3 x 50 cm, and air dried for 30 m"nutes.
The crude material was crystallised from hot ethanol
(500 cm to yield the title conpound (26.7 g, 61% as

a : - : : _
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15 light grey solid. M 137C, vmax(KBOQ' cre 2910 (CH),
2876 (cH), 2856 (A-)), 2799 (CH), 1659 (C=0), 1596
(NO2), 1502 (NC2); 6H (250MHz; CDCI3) 2.16 (3H, s,
‘ﬂj@bmﬂﬂ)ﬁ% (12H s, NCH2), 6.59-6.62 (21-1, edcrdBodno1103
ArH) 71 (2H, d, J 2.75, ArH), 7.08-7.47 (2H,
brd s, ArH) 50 (62.9MVHz; CDCIS) 170.3 (C=0), 148.9
(ArC), 127.2 (ArQ), 127.1 0, 127.0 (ArQ, 110.9
(ArC), 110.7 (NO), 40.7 ( “13), 22.9 (CH3); mz

(ES) 264.2(100% [M- 0%@ g 328.1 (15% [M +3501
% [M+ Nan
bortotNIAY dersstig- HSs B, fta?mm?%'%‘%@&%i@"néOm‘de)

round bo¥eqxEtf | ask under an at m)sphere of ni tWogen
was added thyI t hi oni njymsghEei de tri . 2
o

mol , 80%g acetonitrile (150 cnB) Me
bg]reoh w' / e, 3.94 g) was Stoed™~AR four N
equal” pdrti®ns ovel a 30 minute tine d@rl od.ouEhe  Me

t enpiés at ure of theMsri xture was nmintaine' d at 35C
T [dund b@t@&rﬁﬂmveés &Rieh 130 ¢-visdimethiytaninb-plancgazin-10-yi)-

' e’cgn Ik ?13 & %Ew% &?15 H &) aﬂH%P@Bﬁﬂoﬁfﬂc hag (489 i on®) and the

i,
sofidion ¥ h at B IRt 1 ?)ilgg ﬁg?%?dd toﬁ&g éém @ precipitate
fﬁm mhghmmi% lod wed @EWIQU@’EFHP*@ bl iﬁﬁ‘éqﬁ&% gt
c&%% ?@ﬁ i[éﬂl%%gdvé?u E6d. Oy edfe::)l 23p°C; ngwg;métaéao @fﬁdNH)
SopPlny, 2948 (C (@PIS PR ECANBE® @H)T 16084CHR 1483
STl e sn o o
(43 XA 55392.91He: 240) 1&443@@013%&&@}1(5%%& Fﬁié o

1908 ercpli1nesagyysd.aliicsgd from hot ethanol (300 cnB)
to )@lﬁe d thg I:tlr)tle compound (13.55g, 52% as a l.ight
grey solid. M 137C; vrm Cr‘t Br é:l\/\l 2910 (CH), 5
2876 (CH), 2856 (CH), 1659

- (NOYN, M,N}Iet(amm{«‘l Oﬁu-aheggmme Mngtpe %lsita)d(qgfn %ror@de)

),2% @H, s, NO13), 659662(2H dHJss

6. 69-¢. 71 (2H d 32,7 4 N
brd s 6 W%L%E )%?EC}O 3
,gt27 1 (ArQ), 127¢'f9N NG

(ArC)\l os C)N 40.7 (NCH3), 22.9 CHS) ZII,'ng(E
284. 2 (100% [M GAcr), 328.1 (15% | , 350. 1

| 6 éq'o/%nd[ dmjﬂggf@ﬁvlas addedOW B NEIS dfetiifiniigo- bbl@ifoﬂﬁamm-yl)-ethanone

g L OlN%o LieO ; Goid 959 MBod 7 Gind the
(ARt wmelicnthany o A R °'°f°F?° ¢
ARSIl T W R R
amsa.il gmih@ a@)oudn dolatiat. OTtiet golutien WEO shrrﬁzf)for W@mﬁsr?@d gave the fitle

' %HUH 5.8% ﬁﬁya‘%m@it yel%\r\lg{bh(ﬂ)ﬁgm HEED,CH DR (MH, brd, ArH),
iR

51 ¥8%45H Ighd £EHP'5:162.9 MHz; D,0)
12.346Hns 563 (i%j)%aéﬁ FEE& 3 i%%ﬁ q%‘gg?f"") wge

(&l wEeni@ie)e (124 ol , 9 789) added The m xture was
heated at 90C for 2 hours. The cool ed mi xture’ was
then poured carefully into ice water (100 cnB) in ten
.equal portions while stirring'to give a precipitate.
The precipitate was stirred for 30 m nutes before it
was filtered, washed with water (3 x 50 cnB), and air
dried for 30 mnutes. The crude material was
crystallised fromhot ethanol (100 cnB) to yield the
title conpound 25(4.879" 56% as a |light grey solid.
Mp 137C, vm,, (KBr)/cre 2910 (CH), 2876 (CH), 2856
(CH), 2799 (CH), 1659 (C=0), 1596 (NO2), 1502 (NX®);
6H (250MHz; CDCI3) 2.16 (31-1, s, CH3), 2.93 (12H, s,
NOM), 6.59-6.62 (2H, d, .18.5, ArH), 669671(2H

d, ./2.75, -ArH), 7.08-7. 47 (2H, brd s, -

(62. 9MHz; 00C13) 170.3 (C=0), 148.9 (ArC) 127.2
(ArQ), 127.1 (ArC, 127.0 (ArQ, 110.9 (ArQ, 110.7
(ArC), 40.7 (NCI-13), 22.9 (CH3); mz 30 (ES) 284.2

- (100% [M- OAc]'), 328.1 (15% [M +350.1 (41% [M +
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trihydrate (80.2 nrnol, 30 g) and acetonitrile (150
cnB). Hydrazi ne nonohydrate (176.5 mmol, 8.84 g) was
added and the m xture was heated to reflux and
wb bdohBhei-0r 10 minutes before cooling to 25CpcTh®2007/001103
yel | ow green suspension had acetic anhydride (794
mol, 81.2 g) and Huni g's base
(di i sopropyl et hyl ani ne) (23% 29.97 g) added. 10
The m xture was heated at 9 %Tfor 2 hours. The cool ed
n1xture was then poured carefully into ice water (400
S@h@@' XyHiRsen equal portions while stirring to give a
precipitate. The precipitate was stirred for 30

| THE AR ES chRidngs bitthaVB@sént iriventien, arsvainhig dedvictd (Weataps in(2Bstably

reéu Ao iiB Eor SRhHH, the! ak@&aﬁi@fm 1B sHldTbHne Sor e'EBﬁ\ Rl foelgt least 1
wqe%;geﬁ ,gelﬁag:g 22\{?% gégl Eﬁ@‘?ﬁfﬁar on}}.lhot %‘i %%%)i m(nﬁ% 9 eicggg%t least 1

yegr syg.sairpem tampergure3e.g; 1&%&&@ W'é‘rfﬁa?éfen ’@?I))-, 2876
(CFO, 2856 (CH), 2799 (CM 1659 (C—O) 1596

[fo BB I (@%%ﬁethga@-@he%oﬂq@zhgﬂ ,7-8iamine
%&g@ %g% 7l FEIF f’ﬁp_lg\)a’s f%tﬁ'l%g% e%%&k’enﬂgd@ e§7e§en after 2
ysamHn starabes, ArH); 6¢ (62.9MHz; CDCI3) 170.3 (C=0),
148.9 (ArQ, 127.2 (ArC-, 127.1 (ArC) 127.0 (ArQ,

Oggli\g Wt co Q r?ds(a?é GibsoldR-if wh in .16 ?H)-\ aqmlédt;s
2 fg}’ X ‘M‘&Z ang%%gghtliﬁﬁ?aab 1 L(f)l Mca l%\i'ér pariod of

esl’s
1® 3houmkni t r o- 10H phenot hi azi ne || 11, 1NaNQC2,
CH2012, H3GCOOH O02NSNO2 2510H Phenothl azi ne (20.00g.

zeo )MO%IQ*’I;*Z% E@ﬁgﬂﬁ ; O;M,gwe%&gh m;dbﬁagﬁcaﬂy,
SR 10 fHehbth ine ch ), and
A T T e el

wak gdddasengadtene (100 cn?) and sodiumnitrite (20.07
g, 300 nmmol) were then added. A further 120 cnB of

Tl?aec \ggg{)é:ouﬁgé Qe%ez@r%%?ﬂo LRvAEY c@ﬂg nRfsS %oHﬁh {ARr (Wak Géded to
Vilg g LDy 6’H¢‘€Kﬁ§ﬁrfefdle‘[’g?58%f"%ﬁ‘8 3 kg frypance was

det@nineTBatdd 0 Inn‘cﬁndeﬁﬂfia\ﬁbfm 5Quak amplan i Fickeatehof efphedre
sdl@tioRls WBvaios! iRk @bibt0 Wihe $Mlidl thne Phiet inksi Wamatvtlsmisties pe the

c%\[nb u?hs Rk t|§\§g? aﬂsé\ﬂ%ﬁ%rﬁp%t&? Ok Lhﬁ\fléiﬁl@ shidthuf whakd Rxcorded at

washed with ethanol (150
t“B‘?’rB?’"té’ 'H‘PFté’a’?t'bo”gﬁ? \?Qd\%vﬁgowﬁl e conpound (24. 82(3 g,
86% as a brown solid,

TROPErErt peicBObh L% Gag bﬁl&léi@d; assufing thatrthe 10 (KBS feading for

M?é_&p!e%%%d %&B@mﬁ%% tﬁa!ﬂﬁ)reprg%égﬁ'\ﬁ(z ﬁd)’%e’%l?@gd (colourless).
6.73-6.76 (2H, d,

Figugol iz a%a;(rmﬁ thedpergerg redApepq; forrg %hyqqg&si tgnez@mutes) for each of
thied bmpoidhds, Gi1eBB)ydAndiEiBnas pétemondt wrrigrnbsGropnge &tBfamme

Me MeCN, NH2NH2. H20, N(H3CCO0) 20, 021112N EtEt Elt
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, 38, and 3C show the UVAvisible absorption spectra for aqueous samples of |
each of three compounds, B1 (open circies), B3 (open squares), and B6 (open triangles),
after 20 minutes (Figure 3A), 3 hours (Figure 3B), and 18 hours (Figure 3C).
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NO2 (r)Et To a 250 ens round bottom flask under an

at nosphere of nitrogen was added et hyl thi oni ni um
‘nitrate nonohydrate (7.13 mmol, 3 g) and acetonitrile
wthosARe2; 10 Hydrazine nonohydrate (16, 4 nmobcr/@sZid/o01103
g) was added and the m xture was heated to reflux and
~stirred for 10 m nutes before cooling to 25C. The

brown sol ution had acetic aphydride (114 mmol, 11. 65

g) and Huni g's base (diisopropyl ethyl ami ne) (21 4

Thgse @@rd%’%%té%ﬁ %%A’P{z%%rgﬂuﬁ&y stablieed Fé@ﬁ&—.%q‘oﬁﬁs) remain

was t
substeatiallysjablerbB0ToL o7 aklpast 10BH SR INaF FOTDRRNG G JPaS
smfmnauystam (-80%} for minrast 3 bours. Goveves, gfiebabqit fl & heurshe
Sfh@d bRt éﬂ%ﬁfn@éntlﬁ fiEerehOford T, rBdecor bedrople, Rigured€, where

f||t red er (3 x 25 cnB) and air
th§SPg raf%? g's e‘%&hﬁﬁ% crude material was

crystal lised from hot ethanol (50 cnB) to Yield.t
Aﬂmﬁdmtm d:}mtatﬁmi apitoxipatien wasioyndie he aquforéh%yocg‘%ﬂ Pa'“P°““d
s coripatdd) to thd cRioBdd" 2mpburas(Corpbiind B3)6auggesting

t He . 'f'\ doddatiof d28erid oo thelotiterich. 3fBligh fe dfference in rate
vl:éggmgﬂ N}:ﬁa%r %& é tog %3%2?" Eéﬁ#:’ay %ﬁ%re Rble

agai@it oxigtion 10. 1 (NC) 127 4 (ArC) 146.5 (Are), 170.2

(C=0). - b E}/nt hesi s le
H A@ '\J}I‘gllr}k N'ec% &t [2@#nRi3Z BN, bis( c&b‘Qeﬂ&Jromlde)
wps gqpqu@gﬁépm ﬁgan a %’(fﬁa %ﬁﬁ\\@% ggw‘x\émhs c’r:fégﬁ ik the dark

atlrop®, t@mberetuet, drensalid MARIIADYABAR srﬁeafr'?P 'TS"W fka was
sdufd Bo B iddniRQl. el olouebitha eblid(rBmeingy consistiertt puerdiste df appears
tl'%g%% ngagc{ﬂ 3 Ris GO, Jsaéiéblé NRdet Bhdsbiconditivas oveathiedin@tperiod.

for 1 Hour. once cool ed to roomtenperature, the
m xt ure vvas concentrated giving the title conpound
Blatoghoi! §ludie80% as a |ight green glass. 5H (250 30MHz;
CD300) 7.07 (4H, brd, ArH), 6.65 (2H, brd, ArH), 3. 35

ol bit!, COHB): 6¢c (62.9
"ﬁ%ﬂo‘js InQ’itf‘?)As]-E% 8 (%%?Sﬁrgéﬁf (NICH2) 1125. 6 ((:A$ Q.

RCSNCLIPCRACNET T Yt

cSysdpbading todBe core repeat domain, which has been adsorbed to a solid phase
Eb Sl islbieTBtcap@iWdiati i RaOkbiand bing 448 Witdhighvaffisity. This
aﬁorjagg g o’gﬁn ISE‘E@B; efb‘é!rf %oﬂy% digBLtioh 48k aghidgbteltdd mblecules.

The process is self-propagating, anc can be blocked selectively by prototype
pharmaceutical agents.

" 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
recognise the solid phase-bound truncated tau fragment. '

The concentration of compound required to inhibit the tau-tau binding by 50% Is referred
{o as the B50 value,
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5 To a round bottom fl ask was added

1- (3, 7-bis-diethylam no- phenot hi azi n- 10- YO et hanone

(0.5 g, 1.30 nmmol ), ethanol (5 cm, and hydrobromnc

\@6'2%7(140%% 0.75 cnB) and the sol ution was heatedmbozoo1103
OC for 1 hour. Once cooled to roomtenperature, the

m xture was concentrated giving the title conpound

(0.65g, 100% as a light yeldpw glass. 6H (250 Mz;

D20) 7.05 (41-1, brd, ArH), 6.79 (21-1, brd d,

05 10(12H, br dt,
%als) Cel??aégd g@#&foP%g%fkﬁgE)zc 4. 555 !
117.9 (ArQ, 121.4 (ArQ, 122. (ArC 124.5 (ArQO),
TheS: memmlx})re dgacgibed gmm@)e detjiin Wes024055320. Briefly, fibro last cells
(B¥d)eMRedeiun-RABihRsd (100 phven obiiobafiandndiciblatbamotse, and low
EJ%MQ QSEER}@Q 'IEI‘P{#- ) aMEfra Qeﬂrt’(%@ iklb@lagl_&%t% wWHeh G0 expression

I'.‘?DIB Lllt.‘ﬁ':h Rgoﬁagg%{&g% n-cl\/%endoént truncr'g/t'E ion WIthin {h%%réﬁ N-terminally at

~lao 205 argiGtedninativral i~a0d 3R8- heeaky PrIdesing bighereyels of the 12 kD PHF-
cetdwﬁwefra(ghe@t Brogbctivnef the 1@tkDarmghetiléandr®)lockad th a dose-
? Qﬁdgg é:\?ﬁuda %ﬁéﬂorﬁmﬂﬂﬁor@nﬂdéefbett%cddéhh@fﬂoﬁ/\éf%hlbitory

8} GAMpegnag,y B’{ ecgf%%rp ﬁ}gﬁ %98'\8@?} m‘” ﬁhgolg?gp fragment within
oai!ﬁ Gan bg q@a@w@eéﬁntm ribfeams of the sene wgrr@fﬁr%th@éaescﬁk\@% %P'b*’ﬂon of

taekm binding,in dr@ 0Thates i exadnt of woteekitic gdnecdionathe 12 kD fragment
V\flthintc%ﬁﬁg d@@ﬂnfﬁ@& BtteMinl Phethx@drin i ta@tdilindidPthedlidh the repeat

ingish TogAralabiy G 8@“@%8&‘09%%%& ey %@Cﬁiﬁ%@%ﬁ@@zg
(NH), 3061 (01-0, 3021 (CH), 2948 (CH), 2879 (CH),
R26U8 4r€klpresza0 bs (@HqncaBtaios ahyhichlthe® ig TEPY mm@on of

Q(a@w’;’.‘.aieu:»ne;ckf| tk(azw\ﬂ'ﬁ'%glﬁgr@) TRis @eﬁeﬁ%ﬂ*’to &s thBIEId3D, vakeb7 (2H,
16 (4H, brd s, H); 6o (62.9VHz;

020) 144 (AY% 138.9 rC) 122. 4 (ArC), 25120.8
Mefpad: Toxiody 1n Gels D54 prd hff/apﬁjﬂc "H?Xé&’( NC-13); mz

(ES) 286.1 (100% [M- H, 2Cir), 285.1 (40%, 284.1

Todid®p oflid codipoundeldeskribedMerein was assessed in the cell based assay used
tﬁgs% ?L%%eé(fz—k &t@%?%éfg%é@:gq?ﬂ @ﬁnqeﬁﬁé&\gﬁéﬁ éeef’ 24 hours
SIS R RSIPRSBSHEIEY 31250 O v'érf’g aEssay i O

awspmw@ a¢com-15rtmﬁemmwsctmr arrnstnunﬂqnm‘tetr duspist qfa@nalwag ceHS-
rageathely, b%it ol Frofleg® URYCHET 60967 vas abdd, aighin-aboerding 1o fie

n%tnggg%;@sg,qsﬁgm <05 mml), ethanol (10 cnB), and
' r

obrom c acid (48% 4 cnB) and the solution was
heat ed at 80C for 1 hour. Once cooled to room
The theeareutic index Rph)avassialcutatediasy REF LIKIR/EC3Was filtered
and washed with-diethyl ether (10 cnB) giving the

ég%é%%é@“%g'%e@& J@E’u@‘d%%%g 3298, ?Irr\lgl) SOI3logl '(vID CH) |

3021 (CH)..2948 (CH). 2879 (CH), 2679 (CH) 2601

(CH), 1604 (CH), 1483 10RidpgicalD3i® (CH); 5F, (250MHz;

OZBmpsuntd | ( I2HB5S, NC/[3),” 6680 (21-1 d, 08505, Rxi

Af '“733' Y573 0.50 440 5
B4 23.5 - 223 - .
B6 494 0.38 115 303
MTC | 218 0.59 65.0 110

B3: N,N,N' N-Tetramethyl-10H-phenothiazine-3,7-diamine bis(hydrogen chloride).
B4: 10H-phenothiazine-3, 7-diamine bis(hydrogen chioride).
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(4H, s, ArH); Cc (62.9MHz; D20) 144.3 (ArC), 138.9
(ArQ), 122.4 (ArC), 120.8 (ArQ, 120.7 (ArQ, 117.6
(ArC), 48.9 (NCH3). Synthesis 25

wbNoM 1Nz - Tet raet hyl - 10H phenot hi azi ne- 3, 7-piTAB20€7/061103
bi s(hydrogen brom de) Me O HBr (48%, MeOH, Et20
Et...,NE Et....., EtS NNI | EItEt2HBr Et To a round
bottom fl ask was added

1-(3,7-bis-diet hyI am no- Pheno({ hi azi n- 10-y1) - et hanOne

NE%: (RHQ' N FeRm %OH-@:/?an%ne(nsé dﬁﬂﬁ% tblﬁﬂ?dr gen IOdidE)
a

C. Aacl 8 he so ution
E@g‘yﬁgn oRiRiEM o(rﬁ; ®hour. Once cooled to 5C, the
m xture had diethyl ether 20 added, giving a cloudy

Pagkioh CotficiameSteddat i on was stirred for 30 minutes and

gave the title conpound (0.83 g, 63% as a |ight

I%sel @Iﬂtvyfi\l%lj‘fhgg}ﬂedp%tll ‘%?ﬁ%? imght fgrz Oérﬁg \rbgraérgmﬁ%\aseiﬁ%gps%tem

(tyrically ap mgpotanotivatpr sx@tﬁc@zuwaiw@poms the Ioga(r@pqg(’ e., l5gyoB), is a

(Jcbd[ii'ﬂi):atoﬁfbﬁ’th@ bﬁdﬂ@lcat ﬁ&ilntﬁoi(that@’ug 13, ég( AraB¥ch, I)Zébt Bl., 1964, J.
1611651 26,(1Qibfnyi, HR997Y\Q Med. Chem, Vol. 20, pp.

presen
Partiien Betwesn bediojqgics! memb@nﬁ@na the %ﬁyusf%a%eaa? B?'}ﬁoefﬁmen’fs
afeoalscensai Iresepriatipn technigteddnel in thetfnedicioh iofitheeolpilify of drugs.
exanple, for at least 1 5week, e.g., at least 2

Invﬁg %ﬁnteﬁ ogdrug%? Eﬁ@sﬂr}cg& QFo h tﬁcn’g i re ec! tg%ﬁgoxgt{on

bnpgyﬁﬁléplgtytny ropgoRjc druggregeRior @te@c’uoqsnmgt %lm &nd toxicity.
Low bydiophilidties, andGherefaerpigh lqgﬁng,uney @Rise poor absorption or
pérwzééluar\ 1if hdslBech@hbaiedr RpdpdGidsid ﬁmtahﬂeagcbrraare:’praba&mmf being

w’t@f?a J&%ﬁ{eﬂgﬁ] Yr}alh% th Q)n))t bd eﬁi% #hgn %%ﬁﬁﬁibﬂt%‘lr}ﬁ
PSR DB 1oloF AE BTN SRR i B LU g e fat

water (i.e., in the formof an aqueous sol ution),
Mahyamemoes\/w dewkiflindg Hadlitish Rgeflidients arlelknbwn Emthilsls&!dy aqueous

JghY ro} AolngY R&H Qfh R ct‘l—.utnd? aﬁ ﬁ&l'.lrofs coiliéentratlons
@ﬁé EH%‘? Ea';d&g,\’ %%g%ggp r@g{ﬁ%} T%g lo P RESHEN Satoulated

fomaw qnmpoyncj,lusmetth%fﬁéw'ygquaphenoth| azi ne- 3, 7- di am

ne bi s(hydrogen chloride)), and B6

(N, met. h he 7

bi S(N ﬁyar(])—gégrf |oE'i§’of‘a %%I'@_hﬁ?mﬁgg%o g?rgﬁgd%gr{ ru gm“"’éo
The conpounds were melghed i nto_uni versal contai ners.
Tienérig Brasinapanced g deliowinoyirlie d Tee BARIA sempeyngh of thg gresent
intdretionwerefoand td have dod, ¢ ehlisssaxpectedier dmpilibe m‘B[wu!es

absor bance was determ ned at 610 nm and 665 nm for 50

I (‘ﬁm\l o5 LI__h I J cat n ne=e | : C he S_Ul_ull U'lIO
;I various time poi nf@m'ﬁgo WF'??tgaY' ine point taken
s at’ éo ni nudes as tlheAtEBriponpisnng dbsasbanaeifae t o oduP
ﬂp 10 wérﬂ/eﬁater) A %mrﬁw blmespeWatsnmwm al s6°9
ﬂ'l_ IIILS LU reS, O ”U dIU J.O
hourwtd Th p?pgzﬁgbjr educed ??ul-(;ln (% was zgg ’cul ted -1.35
assB3 ng | ha6¢ hE6A.0 i nut e0-P&%di ng {f or OMIE -0.13
repBesent =65§@'/qvg§m¢ec, ando_t;‘rgit a anlo,aaapresent axl4o8

J.UU/U T CUUuCU \bUI UClTI DD) . 'Q_U

6%%%3%]1%,1?% Z%v%ih 09 Js%%he aés {ptloﬁ)fag %é\%n@d@%% onits

B3: N,N,N',N-Tetramethyl-10H-phenothiazine-3,7-diamine bis(hydrogen chloride).
BG: N,N,N‘,N-Tetramethyl-10H-phenothiazine-3,7-diamine bis(hydrogen iodide).
MTC: Methylthioninium chloride.
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Figure 1 is a graph of the percent reduced form (%
versus time (mnutes) for each of three conmpounds,

Bl, B3, and 66, as determ ned using absorbance at 665
wWdo7/11062771 gure 2 is a graph of ‘the percent pewwseah7/001103
form (% versus time (mnutes) for each of 35 three
conpounds, 61, 63, and B6, as determ ned using
absorbance at 610 nm Figures-3A, 36, and 3C show t he

UV/ vi si bl e absorption spectra for aqueous sanpl es of

_ each of three conmpounds, Bl (open circles), 63

_ res), and 66 (open triangles), after 20
ORRGERE

igure 3A), 3 hours (Figure 38), and 18
hours (Figure 3C). WD 2007/ 110627PCT/ GB2007/ 001103 _-
Figge 4 shhws theduirsiel giwaiirs of NeaNtWetramathybAPhizpheBotpBaRES: 7~
didratnabis(liyaeden edintds). The omyjtal snetune shibvstthreeicalstafiographically
di%@@%r@mfdﬁ%@ Hr P andBr RBSly shebRlbositiBRshwiii atiol€ SFREIRE

remal ns _substanti al t.apl >b0%. far._al
whidegsahe pog ran apiegpe af Bl B e pigier Tike o overat
stejefdomnelty isiCoahl=tN-8Bft | y different from MIC. See, for
exanpl e, Figure 3C, where 5the spectra are al nost

Fibﬁ‘rté is%bﬂtg kHe%H@QH@fon AR dr N, N¥tetrhi@thyif0pt-SHenothiazine-3,7-
-auf oxi datlon was .t qun _ i

RS Sl roRBn B e ra@aRine heHhnd Y, hd ot sifie potween
the gHisobergepeingsds AH 083 degig§gest i ng that the rate of
~aut oxi dati on depends upon the counterion. Although

Filte 6binbive bAR 6Corlceliadl Boidfn VAR, N NE Letrarhethayl OBigphenothiazine-

Lani.fi [ . ' salts may be
gl BB B InitpAks e BBl OF

N, N, N1, N1-t etranet hyl - 10H phenot hi azi ne- 3, 7- di am ne
bi s(hydrogen brom-de) was prepared in April 2006 and
anal ysed by NVR After 10 nonths of storage in the
dark 15 at roomtenperature, the solid material was
anal ysed once nore and the NVR data was found to be
i dentical. The col our of the solid remained
consistent over tine. It appears that the nol ecul e,
inthis form is stable under these conditions over
this tine period. Biological Studies 20 Methods: In
vitro Assay for Establishing B50 These nethods are
described in detail iin WD 96/ 30766. Briefly, a
fragnent of tau corresponding to the core repeat
domai n, which has been adsorbed to a solid phase
25substrate, is able to capture soluble full-Ilength
tau and bind tau with high affinity. This association
confers stability against proteolytic digestion of
the aggregated tau nol ecul es. The process is
sel f-propagating, and can be bl ocked sel ectively by
prototype pharnmaceutical agents.” 30 Mre
specifically, truncated tau (residues 297-390; dGA)
diluted in carbonate buffer (pH 9.6) was bound to the
assay plate, and full-length tau (140) was added in
t he aqueous phase. The aqueous phase bi ndi ng buffer
cont ai ned 0. 05% Tween-20 and 1% gelatine in )
phosphat e- buffered saline (pH 7.4). Bound tau was
detected using mAb 499 that recogni ses an N-term na
epitope within the aqueous phase full-length tau but
that fails to 35 recogni se the solid phase-bound
truncated tau fragnment. - 69 - Methods: Cell-based
Assay for Establishing EC50 These nethods are
described in nore detail in WO 02/055720. Briefly,
fibroblast cells (3T6) express full-length tau
("740") under control of an inducible pronoter, and
low 5 constitutive levels of the PHF-core tau
fragnment - (12 kD fragnent). When T40 expression is

i nduced, it undergoes aggregati on-dependent
truncation within the cell, Ntermnally at aa 295
and Ctermnally at - aa 390, thereby producing
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within cells is determned entirely by the extent of
tau-tau binding through the repeat domain. The
avai lability of the relevant proteases within the

w6 hdorhfoepon-limting. 15 Results are expressedras:600001103
concentration at which there is a 50% i nhi bition of

generation of the 12 kD fragnent. This is referred to
as the EC50 val ue. Methods: 7hQxicity in Cells (LO50)
and Therapeutic Index (Rxl) 20 Toxicity of the
conpounds descri bed herei pvagsassessed in the cell
based assay used to assess EC50. Toxicity was
nmeasured by cell nunbers determ ned afteF 24 ho

116X p oA GIBPOERd SRIECISS IS PRIMRASPAR,O/4NG QU formula and
dehyghipgasasealiasacyptiic sTEXEINBisgand iBidrates bawEes)
according to the manufacturer's instrugtions after
lysis of renmirning cellg 25 Arternatively, a kit
from Promega UK (CytoTo s used, lagain
according to the manuf re nstru tions.
The therapeutidg tq_g(zas: RxI =
LD50 / EC50. 3@ 'Ehae"\blata ar% sum’raﬁ"r@3 in the

foll ow ng Tabl €. Bi ol ogi cal Data Conpound 850 EC50
LD50 RxI B3 57.3 0.50 44.0 88_ 23.5.2.23 - - 86 494
0. 38,,drain303 MIC 218

each of R and R® is independently selected from: -H, Ci.4alkyl, Ca.qalkenyl,
and halogenated Cq4alky!, ' :
" each of R and R**® is independently selected from: -H, Cyalkyi,
C,4alkenyl, and halogenated Cialkyl;
each of R™ and R™" is independently selected from: -H Craatkyl,
C,.4alkenyl, and halogenated Cialkyl;
each of HX! and HX? is independently a protic acid.

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

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

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

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

6. | A compound according to any one of claims 1 to 5, wherein each of R¥MA ang RONB

is independently -Me, -Et, -nPr, -nBu, -CH,-CH=CH,, or -CFs.

7. A compound according to any one of claims 1 to 6, wherein R¥™A and R*® are the
same.
8. A compound according to any one of claims 1 to 7, wherein each of R™A and R™®

is independently -Me, -Et, -nPr, -nBu, -CHy-CH=CH,, or -CFs.



0.59 65.0 110 B3:
N, N, N, N1- Tet ranet hy1l- 10H phenot hi azi ne- 3, 7- di am ne
bi s(hydrogen chl ori de). B4:
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- 70 - 136:

N, NR, N1- Tet r amet hy1l- 10H phenot hi azi ne- 3, 7- di am ne

bi s(hydrogen i odi de). MIC Meg hyl t hi oni ni um chl ori de.
Partition Coefficient Studies 51t is well known that

ot he pabinbbirNadeeRfirig t6 afP bnd Sclaims N 498 IvthedEin MYNIR™® are the

phasg/water system (typically an n- oct anonvater
systerrﬁ}‘? usual Iy reported as the logarithm (i.

| ogi oP), is a good indicator for the biol ogi cal
18ct i mcplylp@tﬁnc& gvaprdingig ansens, ofelagms 1 Mad g, th&€provisd that:.

1964zt Idast Ane of GEFTENERE® and/BIM* aRER™B s oth6AMHaA GR6,

Kubi nyi H, 1977, J. Med. Chem Vol . 20, pp. 10
25 It is believed that s IS because t he
Foec 6?m8?ﬁ“'15’fa°5°f9 %a%%&f S bip 9.tvdthihe provisg fhat:

bet wée'aaclnn%R rglRgsdil nenbrane and t he aqueous

phasiben:RREM and RH® anefzmﬂene RI'S apg got@dagle-Btsef ul in
separation techniques and in the prediction of the

12 pst apptdiast drﬁﬁﬁa? o o o S8y Lo e sty trsproues
15bi M@a. M(F‘a’.% iangy 5 isdndepandaptly selepted from -NMe,, -NEt;,

i nt eMnR@zonﬂBu)geM\mﬂtl-NMe raamg] ah@>N(CHLOH=Clas.
hydrophilicities, and therefore hi gh | ogi oP val ues,

1 hovih CPe OJ%E” it 'iré?rtf“ e sBFLE R, Serdt e
of Uéi('ﬁ ) agd s AR hérerthEP BRin® AN greseeieaied fromt-NMe;

be qmelaNEtz than 5.0. The distribution of cal cul ated
| ogl oP val ues of nore than 3000 drugs on the narket

145 2? t'% k;érgr?c%nﬁ I%f? %ﬂg&ﬁ ar%/oornwh metp @%9 Ii dd ‘&ualberem tng
aqu%ﬂ@seﬂf%t 0%3 )é‘f‘ds’&Q%ci BHsRIe- wer e shaken

Wi th n-octanol and aliquots concent rations in each

15‘{32%@0@@%8‘&6@1@@9 td/éuﬁllt“d?lle%g §lrﬁiﬁf’st1rtgry‘éﬂdofﬁbr1ﬁ wﬂ_rhfﬁe proviso
i 3
FEY T oAt gt S

I ogi o Pru9l vvatel— I ogl o ( (Drug:claw / [Drugh, ater)
16The Aleampaane asepnding fosary dne of Hainfsdl to Svandg! 1ttaiBewhefbia the

DAP Broupe NIRIFIR ) ahd EN(RF"@RR dr8 HR Hah) aH@ b JefidRA from:

: :rgl Egbgllgzélsﬂg{g?:t_l ?é %ﬁS@éEﬁ Cl en%stfar{%r H‘% %@CA-I%X

(oct anol / water) Absorbance for n-oct anol phase
17pbs &y gsaneend aecof@ingio ghlypse of dgjime 7 UVBCVBESIN a6 0f the groups
NR™MH(R™®) and -NR™(R™®) 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.

18. 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?
is independently selected from HCI, HBr, and HI. :



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, NI X, N1L1- Tetranet hyl- 10H phenot hi azi ne- 3, 7- di am ne
Wi sbhvidéRgen chloride). B6: PCT/GB2007/001103
N, N, WV Tet r amet hy1- 10H phenot hi azi ne- 3, 7-di am ne
bi s(hydrogen iodide). MIC. Methylthioniniumchloride.
71 - Crystal Structure Figaure 4 shows the crystal
structure of ' :
21N, NaNor¥oubd héadrdadiolank @he Bhaaek Mita 27 Rehedeird HXS and HX? are
di a'@a&f Bj s(hydrogen brom de). The crystal structure
shows II—wlr ee crystallographically distinct brom de
ions. Brl and Br2 occupy special positions with
222- f &l @mpphndesoprdivghisrangone heclamg drie 47.rehameinbDeé and HX® are
and gBeBHBECUpY general positions. Hence, the overall
stoichionetry is Cl6H21N3Ser7. 10 Figure 5 shows the
t he side-on, vi ew, of . . 1 2
23N1, R S9MmACHNd pRACFURRLIOY 1R Ff YR diRil A fifgeis H and HX are
di ageeteHbi s(hydrogen bromi de) and reveal s the
non-pl anarity; the dihedral angle between the outer

242 ﬁgé‘%ﬁgﬁkw Gégﬁcg&%@%iéﬁﬁl)t gé?iﬂﬁ&nﬁﬁoor? compouridd f fieGollowing
N, N\,&?{f“@ r ng f@@(%f?ﬂ%aeqlﬂ%?%&asﬁwﬁEEfSa@ i}[d&;i\tg?ﬁhﬁléeof:

2REEE
crystal. WO

10

bi s(hydrogen byom de) nolecules in th
20071110627PCTy GB2007/ 0011§3 - 72 - CLAIMS 1. A

conmpound sel ecft ed from-conl s of the figl | ow ng
formul a and phiar mace @: eptabl e salts,
solvates, and h g

aY

eHeal n:

h: each of
R and R9 is ipdédendently sel ectedMdrom -H,

25.

15

28.

20

27.

Cl4al kyl , C2. 4 kenyl ,

A compound according to claim 1, selected from compounds of the following
formula, and pharmaceutically acceptabie salts, solvates, and hydrates thereof.

H
|

N HBr

S HBr

'A compound according to claim 1, selected from compoundé of the foilowing
formula, and pharmaceutically acceptable salts, solvates, and hydrates thereof:

—
Hl

Hi

A compound according to any one of claims 1 to 28, in substantially purified form.
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and hal ogenat ed Cl4al kyl ; each of R3NA and R3Na is

i ndependently selected from -H G Aal kyl,

C24al kenyl , and hal ogenat ed Cl4al kyl; each of RmA and
W S0P dos27l ndependent ly sel ected from - H, “PCT/GB2007/001103
C2. 4al kenyl , and hal ogenated C. 1. 4al kyl; each of HX

and HX2 is independently a protic acid. A conpound
-according to claim1l, wherelrf-each of Rl and RI is

i ndependently -FlI, -Me, -Et, or -CF3. A conpound
281 C 6K chnmguh® acdoading tb, anyiver ef daiewciito@l7, WheraindhnBdr ivere of the
I ndeRAH @R Yorthd coMoung@is *&t . A conpound accor di ng

to any one of clains 1 to 3, wherein 1:21 and R9 are

t he same. A conpound according to claimi1, wherein

2% I\ GIMBPSHAN AP SCTRALPE ASRIRAING to.any o;sze@éﬁ'ﬁm?nuto 28,

ac c and iamratneecantcatinacceptableadamier tr dilmedt, wherei n each
of RrrA and R3N6 i s independently -Me, -Et, -nPr,

3 any one%%ce%a?mmptg%hogggugnén§ Q%H&gndsacc%{dggqg aé)Pone of
t he CiRe] toed @ﬁﬁamar%eavceﬂh@c%taaﬁfaaﬁ opfilugntyi s 1
to 7, wherein each of RmA and ea is i ndependent | y

31. Me.A mbthed of eparin %rrﬁé‘&uﬁéﬁ?@éﬂ nosfion thinprising admlxmg a

Rco e paticbordias SR o7 g 26 na et RN
R71ff€e q "’H%er&’\ fidenty A corrpound according to any

one of clainms 1 to 9 with the proviso that: at |east
320 E e Mona@un@a&o%:wtm@ ohd biclaing 1HE imferusetihe fne_ﬂhﬂrb{

- Et. . ai ns

to ESFE; t"ﬁoﬁﬁi gr ovfgg%tqam%r%ﬂm?g%ﬁg ?3 t&%rag%d RO is

-H then: R3" and R3NB and RMA and ea are not each
33 Et A qqmppgnd acoouhipigray ot of daimg tte 24 fgr usadn @metiogiois

1 t erebtmanber mbphybarivf afdidehss gimoteln agbeganues) and
_N(RmA) (Rna) is independently selected from -Nwe2,

34, N ARt sgarnd b 3k i iRt 42 COR i 1 P she

of dnegimpnt ar Rf@fﬂlaxﬂﬁéﬁéfﬁwpﬁ groups - N(R314A) (el3)
and -N(R7") (R71411) are the sane, and are sel ected
35{ I O corfidbra Q:Eb@rd'ﬂ\éﬁb%ny bfle ofLISRERAY DY t RGN Hﬁtﬁo@l of

rein the

200 SaieR Rra s & Aauhlestivafr i ar o ( ne
same. 15. A compound according to any one of clainms 1
36t o B @ngpolidd sarotting tniahin ohd of gaimes 140 2F Faxtuse drag metifod toh e

9r ouBatnTehk &Fpro; Jof ARHeinldrRaiseaddTL11) is other than
-NEt 2. 25 16 conpound accordi ng to any one of

claims Ito 5 and 11 to 13, wherein the gr

37N MRS’NB?‘}G&WMRI@RV 05‘? pifgimgrido £h @fé‘&?fﬁ‘ a ﬁ‘ﬁ@mﬁ%
sel tettewnf orgmophylddedf skitNCarR@Ror mélam2, - NVeEt
-NMe(nPr), and N(CHZCH:CH2)2 17. A conpound

382 e %rc%hw'?;guﬁa"ac%ﬁéém%% afl} ofid 81 dlEimb 4% 37 roMISL # S'mERGH of

trgatment or prophylaxis of a viral, bacterial or protozoal disease condition.

39. 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).

~ 40. A compound according fo any one of claims 1to 27 for use in a method of

treatment or prophyiaxis of malaria.



30-N(R3") (R3") and -N(R711A) (Rnb is: -Nwvez. 18. A
conpound according to any one of clainms 1 to 17,

wh. erein each of HX1 and HX2 is independently a
nmonoprotic acid. 35 19. A cg&iound according to any
one of clains Ito 17, wher each of HX1 and HX2 is
i ndependently a hydr ohaI i de acid. 20.A conpound
accor di ng to any one of clainms Ito 17, wherein each

gé} HX.l f%%obﬁ;ohﬂgea%%[i%ﬁ'@t 4 a% | Gt 6f gfa‘frﬁ@ 1%d .27 in the

oun according to an
one of mhaﬁamrelot o nEdicawtest tor msmtr@rtteamentawr @redylaxis of a

[ro 17 SRR D,  oach ter. 23 A

compound accordlng to any one of clainms 1 to 17,

\A%%g(reldpﬁ% Yo rl‘1%a| m _DL&I seﬁ@@[b g‘llfar mnc%gPrﬁg%n s o?&lt%? in the

foll O\Amaguho’uumtha neditapteat foaceatn theltreptraeriastaenhylaxis of a
salts, sol Y and hydrates thereof: Me 25. A
corrpoutr?(lj' %% rdl ng to claiml1, selected from

corrpounds of the foll owi ng 15fornul a, and

pQ rat g t' C o%p%%ﬁgzéézﬁgd% %ta% SR ¥ E-ﬁ‘msaln% 27, in the

oind Accor ing t I"ai m
1, sel mhefdcturmni g ovedlmanest foff ushdn thel trealinernt or mFWLHYQXIS of a

and pharmaceuti tabl e salts, solvates, and
hydr at 'é%”rf’ﬁeegr%é‘ ?awa{{/%@%@/ 110627PCT1GB20071001103 -
75 - 28. A conpound according to any one of clainms 1

27, \wherein _on C h
cHhpouHE 14 2 FeMHHRe SRBRIR 4 Ay BT OF BRERL B 27T the
conpoundnaiacmrejoﬁg me;dleawerurfer u$e il therteeatment arapropldaxis of

a phar eut| cceptable carrier or diluent. 30.
A phar %'U}ergﬁs%gﬁpo& tion conprising a conpound

according to any one of claims 1 to 28, and a
phar mageut i:cal | v, aeeePl ARl fnd 36 Tdn§" o oflidd#fiftt to 27 in the
manufacture of a medicament for use in the treatment or prophylaxis of

skin cancer or melanoma.

48. Use of a compound éccording to any one of claims 1 to 27 in the
manufacture of a medicament for use in the treatment or prophylaxis of a

viral, bacterial or protozoal disease condition.

47. 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
Hepatitis C, HIV, or West Nile Virus (WNV).

48. 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.



10 31. A nethod of preparing a pharnaceutica
conposition conprising adm xi ng a conpound accordi ng
to any one of claims 1 to 28, and a pharmaceutically
acceptable carrier or diluent. 32. A conpound
according to any one of clainms Ito 27 for use in a
nmet hod of 15treatnent or pflophyl axis of the hunman or
ani mal body by therapy. 33. A conpound according to
any one of claims 1 to 27 for use in a nethod of
#8.eat Aent wiro praibdr) lobxeversafig andi seabbitolg theocaggregation of a
aggre [.0n. . d rding.t f
or'ai meiei GoPrp g GuBRIRG 4 pRAGR At cBp Bk, Arof o
pr ophybraposdadccardiraiopsy lope oB8aiascdtgpdlind accor di ng
to any one of clains Ito 27 for use in a nmethod of
treatnment or prophylaxis of a neurodegenerative
b@uopat metho@mf dtactivating reppathabesco @rsdnmie, tacompnging e sitps of
cl ai 1.t0 27 for in_a. f .

or opnygsiéng ftpdiig acLaRidTbIay Mo b GAETEl, 2 into the
accor damplet anditmen@xposihg theasampleltotlighR7 for use in a
nmet hod of 30treatnment or prophylaxis of skin cancer
or nelanoma. 38. A conpound according to any one of
clainms Ito 27 for use in a nethod of treatnment or
prophyl axis of a viral, bacterial or protozoal

di sease condition. 35 39. A conpound according to any
one of clains 1 to 27 for use in a nethod of
treatnment or prophylaxis of Hepatitis C, H 'V, or West
Nile Virus (VNV). 40. A conpound according to any one
of clainms Ito 27 for use in a nethod of treatnent or
prophylaxis of malaria. -76 - 41. Use of a conpound
according to any one of clainms 1 to 27 in the :
manuf acture of a nedi canent for use in the treatnent
or prophylaxis of a disease of protein aggregation.
42. Use of a conpound according to any one of, clains
1 to 27 in the manufacture of a nedicanment for use in
the treatnent or prophylaxis of a tauopathy. 43. Use
of a conpound according to any one of clains 1 to 27
in the manufacture of a nedi canent for use in the
treatnment or prophylaxis of a neurodegenerative
tauopat hy. 44. Use of a conpound according to any one
of claims 1 to 27 in the manufacture of a medi canent
for use in the treatnment or prophyl axis of

Al zhei ner' s di sease. 45. Use of a conpound accordi ng
to any one of clains 1 to 27 in the manufacture of a
medi cament for use in the treatnent or prophyl axis of
skin cancer or nelanoma. 46. Use of a conpound
according to any one of clainms 1 to 27 in the

manuf acture of a nedi canent for use in the treatnent
or prophylaxis of a viral, bacterial or protozoa

di sease condition. 47. Use of a conpound according to
any one of clainms 1 to 27 in the manufacture of a
nmedi canent for use in the treatnent or prophylaxis of
Hepatitis C, H'V, or West Nile Virus o(NV). 48. Use
of a conpound according to any one pf clains 1 to 27
in the manufacture of a nmedi canent for use in the
treatnment or prophylaxis of malaria. - 77 - 49. An
in vitro nethod of reversing and/ or inhibiting the
aggregation of a protein conprising contacting the
protein wth an effective anmount of a conpound
according to any one of clains 1 to 27. 50. A nethod
of inactivating a pathogen in a sanple, conprising
the steps of introducing a conmpound according to any
one of clains 1 to 27 into the sanple, and then
exposing the sanple to |ight.



