METHODS OF SYNTHESI S AND/ OR PURI FI CATI ON OF DI AM NOPHENOTHI AZI NI UM
COVPOUNDS RELATED APPLI CATION 5 This application is related to United

St ates provisional patent application nunber 60/819,627 filed 11 July

2006, t hewgombgmbeE40f wWhich are incorporated herein by reference in their
entirety. 10TECHNI CAL FI ELD Thi s invention pertains ge]ﬁ %ﬂ"ﬁ'ﬁﬂfﬂaﬂphe field
of chem cal synthesis and purification, and nore specifically to nethods
of synthesis and/or purification of certain 3,7-diarni nophenothi azi n-5-ium
conpounds (referred to herein as "di am nophenot hi azi ni um 15 conpounds™)

i ncl udi ng Met hyl t MGH; YNTHES! RUREIGATION @s Met hyl ene Bl ue).
The present invention AASBNGPHERDTRIAANIUM CORPHUNGDS (high purity)
conpounds, conpositions conmprising them(e.g., tabiets, capsules), and

their use in nethods of inactjvatin at hogens, and net hods of nedi cal
treatment, prophylaxis, and @%@%&&iﬂf or exanple, a tauopathy; a
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and t h%égbk&ation (CBD); mild cognitive impairment (MCI); skin cancer; melanoma;
25  methemoglobinemia; a viral infection; a bacterial infection; a protozoal infection; a

parasitic infection; malaria; visceral leishmaniasis; African sleeping sickness;

toxoplasmosis; giardiasis; Chagas' disease; Hepatitis C virus (HCV) infection: human

immuno'deﬁciency virus (HIV) infection; West Nile virus (WNV) infection; a

synucleinopathy; Parkinson’s disease (PD); dementia with Lewy bodies (DLB); multiple

30  system atrophy (MSA); drug-induced parkinsonism: and pure autonomic failure (PAF)

BACKGROUND

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

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



5 Ranges are often expressed herein as from "about" one particul ar val ue,
and/or to "about" another particular value. Wen such a range is
expressed, anot her enbodi nent includes fromthe one particul ar val ue

and/ or t owbhesebaes particular value. Simlarly, when Pg@}é@gmﬁbg-,@xpr essed
as approxi mations, by the use of the antecedent "about,” it wll be

10understood that the particular value forns anot her enbodl ment .

Met hyl t hi oni ni um Chl oride (MIC) (al so known as Met hyl ene Bl ue)
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chlorid . vent Bl ue anil'ine violet; and
Ur ol enegflstwg\gﬁﬁmre Suﬁﬁlcsﬂﬂle%ﬁ'%%%‘ﬁi"evvel ght (319 86), water soluble,

tri c§/cl I ¢ organi c conmpound of the follow ng formula;, 20MIC
- Met hy| t Rengesrareiofid@rxpreiseied idiR)es fralsabtudowe mstidvizal byile n@dBr tehboyter haps

ngd nggénd@@éﬂpalfl@ﬁlmdﬁfée 'WﬁééH Aeh MG aleSs R5te5LH0%ndid 'eﬁi%%&?neg?i@arcgétsz (r) Pﬁe n
nanopor oﬁg t na‘%rlecpaalﬂfcefappaque L?(}?Jc)fg %%ﬁ%tpgﬁ%ufghgaﬁ%aﬁwﬁﬂyt 8’%?'@&? ¥Schr oni ¢
i magi ngPres¥RresyesasapRrRsimations by (e ysedi she ansecedant “ahaut slmliken, 1971) and

Lil1G e mdewtood thai209e pathichlarobkeedoossnotheeembimentn. 30 MTC may conveniently
be considered to be an "OXI di zed fornt when considered in respect of the

&orNr ﬁspﬂeﬁl} Bfforiild %%ﬁ Q%RBWRHQ e SYELE , Which nmay conveniently

be considered to be a "reduced form (al so knovvn as the "leuco" fornm.
r educedMebyliniankiien Lalprite (MTCMREP knivin 4s Met@lenSbie NEBE methylthionine

15 chloride; tetramethyithionine chloride; 3,7-bis{dimethyiamino) phenothiazin-5-ium
chloride; C.I. Basic Blue 9; tetramethylthionine chloride; 3,7-bis{dimethylamino)
phenazathionium chloride; Swiss biue; C.I. 52015; C.I. Solvent Blue 8; aniline violet; and
Urolene Biue®) is a iow molecular weight (319.86), water soluble, tricyclic organic

compound of the following formuila;
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20 MTC
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Methyithioninium Chlioride (MTC) (also known as Methylene Blue), perhaps the most well

known phenothiazine dye and redox indicator, has also been used as an optical probe of

biophysical systems, as an intercalator in nanoporous materials, as a redox mediator, and
25  in photoelectrochromic imaging. "

See, for example, Colour Index (Vol. 4, 3rd edition, 1971) and Lillie et al., 1979, and
references cited therein.

30  MTC may conveniently be considered to be an “oxidized form® when considered in
respect of the corresponding 10H-phenethiazine compound, N,N, N’ N'-tetramethyl-10H-
phenothiazine-3,7-diamine, which may conveniently be considered to be a “reduced form”
(also knewn as the “leuco” form).



Synthesis and Purification 5 MIC was first described in a German Patent in
1877 (Badi sche Anilin- und Soda-Fabrik, 1877). In that patent, MIC was
synt hesi zed by nitrosylation of dinethylaniline, subsequent reduction to
form N, N-gigseédidier4, 4- di am nobenzene, and subsequent i J pling in
the presence of hydrogen sul phide (H2S) and iron(lll)q*ﬁﬁﬁ%?%ﬁm%g FeCl 3) .
Ber nt hsen descri bed subsequent studies of MIC and nethods for its

synt hesis (see Bernthsen, 1885a, 1885b, 1889). 15 Fierz-David and

Bl angl ey, 1949, al so describes nmethods for the synthesis of MIC from
dinethylaniline, as illustrated i&cHehe foll owi ng schene Me.,,Me NI MeMe
MIC In Step (a), nitrosodinethylanilipe is prepared fromdi nethylaniline
by treatment with nitrite (NaNQ2) in équeous acid (HCl) solution. In step
(b), the nitroso conpound is 5r T rm p-am nodi methylaniline in
aqueous acid (F{J)mg ﬁtionmg§i nc somgtion. In steps (c), (d),
and (e), the p-amno nethylaiL; e i8 oxXidiXed in aqueous acid sol ution
wi th another nolecule of dinetiyl aniline, andesinmultaneously a

t hi osul fonic acid group is introduce O”EWQ” ng is then closed using
manganese di oxi de or copper sulfate. %20|fically, a clear neutra

sol ution of p-am nodi methylaniline is aC|d|f|ed (~142504), 10and a
non-reduci ng zinc chloride sol ut} 2 wi th Na2Cr207).
AIunlnlun1th|osulf@$#mﬂAl (S5203) : un1 hi BEbﬁte (Na2S203) are
added. Sodlun1d|chr§ VAN ad . el re is heated and
aer at ed. Di net hyl ani |ne s adged. dlun1d| romat e (Na2Cr207) is added.
The mixture is heated, an#& becohes dark greenFsh |l ue in colour due to the
formati on of the thiosulfonic acid of Bindschedl er 15 green. Manganese

di oxi de_or, copper_sulfate is added, '‘and the m xture heated, and the dye
preC|p|§¥ﬁﬂ§§—ﬁ&&#ﬁ@ﬁ§m88ncentrated zinc chloride solution. Very simlar
synthesi s nethods are described in the Colour Index (Vol. 4, 3rd edition,
1971), MTC 44EGrst d8scribed in a German Patent in 1877 (Badische Anilin- und Soda-Fabrik,

1877). In that patent, MTC was synthesized by nitrosylation of dimethylaniline,

subsequent reduction to form N,N-dimethyl-1,4-diaminobenzene, and subsequent

oxidative coupiing in the presence of hydrogen sulphide (H.S) and iron(lll) chloride
10 (FeCly).

Bernthsen described subsequent studies of MTC and methods for its synthesis (see
Bernthsen, 1885a, 1885b, 1889).

15 Fierz-David and Biangley, 1948, also describes methods for the synthesis of MTC from
dimethylaniline, as ilustrated in the following scheme
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Masuya et al., 1992, describe certain phenothiazine derivatives, and

nmet hods for their preparation and use in photodynam c therapy of cancer
and in i munoassays utilizing chem | um nescence. The corrpounds are
prepar ed Wy 26@bGs Si Ml ar to those di scussed above. kﬁ%ﬁd} gt al .,
1997, describe nmethods for the synthesis of certain nmethylthioni n| urn
brom de (MIB) anal ogs, which enpl oy phenothiazine as a starting materi al
and which add the desired 3, 7-substituents by hal ogenation foll owed by
am nation. The authors assert that MIC is synthesized conmmercially by
oxi dation of N, N-dinethyl-p- phenyl ene 30 di am neywith Na2Cr207 in the

presence of Na2S203, foI | o d by idation in the presence of
N, N- di net hyl ani | i ne. Ma 1975 Cldscribes the
purification of conmercial re M| \Zaﬁtg extraction and
crystal lisation. They assert t,\)fgat aqt@ous MIgLAzire B m xtures at 35 a
buffered pH of 9.5 can be separated by extracti w th carbon

tetrachl oride. The carbon tetrachl ofsrgde renoves the Azure B while | eaving
the MIC in the aqueous | ayer. They further assert that |ow tenperature

crystallisation of MIC at a concentration of 0.25 N w th hydrochloric acid
r enpoves misema). cdrrsadimethivianiinggs prgrared froe dgreiatanding by itieptmamawiisi s report ed

t her ei nnitrite {eNED}) Dredubous dcaky @4CIcduludiont mgitapby, thanhitredo ¢oenpoabd sui t abl e f or
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spect r opteop énvtreduced Hias/ringeip dinan BB ed asipy pengartche ddxideoatoppensudater at i ons
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| ar ge vgbdiatiduhtonae (SCRELPis agast. ee rfikiuROSTBEd, nd bacaasgdss of MIC.
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cati oni QYW%'P'%{V% “‘lﬂmné%mraw Zib'lfrthqﬁé@s@iyflqﬂhl s 20 met hod. However,

col um chromat ography is not a suitable nmethod for the purification of MIC

on a Iavg@ shfifdk @yntﬁésesnﬁe@aaé éire%s@”bed Mﬁé%mﬁﬁﬁ@&@@ 4 5@ SMighhesi s of the
zi nc ch (ch ble salt of MIC and the renoval of zihc by chelating with
n

sodi um carl?f ate’followed by filtration to 25 generate zinc free nethyl ene
bl ué? However, the authors acknow edge that this technique cannot be used
on a | aMgeuysamIaE. 1998 cdmssubd twptain hedathiazive perdativeSphm] méB98s fodthetrr i bes

met hOdSprfaﬁérah&ﬁal&b’tmehﬁ§h&o@5fnaﬁf%¥r|ap @ﬂt%ﬁcéf%l?l(ﬂ BRSUrdaL: @Uﬂlzﬁabhw ene
2006, QSRR rE S Surpl LG AR B SR Phoos Bt & 2

2006, descri recent e synthesrs an
di am noﬁtPfé’ﬁot hi azi ni um conpounds such as MIC. Uses 35
25

Leventis et al., 1997, describe methods for the synthesis of certain methylthioninium
bromide (MTB) analogs, which employ phenothiazine as a starting material and which
add the desired 3,7-substituents by halogenation followed by amination. The authors
assert that MTC is synthesized commercially by oxidation of N,N-dimethyl-p-phenyiene

30  diamine with Na;Cr0y7 in the presence of Na,S,0s,, followed by further oxidation in the
presence of N,N-dimethylaniline,

Marshall and Lewis, 1975a, describes the purification of commercial MTC and Azure B by
solvent extraction and crystallisation, They assert that aqueous MTC/Azure B mixtures at
35  abuffered pH of 9.5 can be separated by extraction with carbon tetrachloride. The



MIC is currently used to treat nethenogl obinema (a condition that occurs
when t he bl ood cannot deliver oxygen where it is needed in the body). MIC
is also used as a nedical dye (for exanple, to stain certain parts of the
body bef ok fdis/élHé74N0 surgery); a diagnostic (for exa as_an _indi cator
dye to detect certain compounds present in urine); a%ﬁﬁ"ﬂ’??’%&?"ﬁ
antiseptic; a stinulant to nucous surfaces; a treatnent and preventative
for kidney stones; and in the diagnosis and treatnment of nelanona. MIC has
been used to treat nmalaria either singly (Guttmann & Ehrlich, 1891) or in
5conbi nagiton tetizchioddd remoges the AzGelB Wil ledlingathe MR thdanesldapsen et al .
2004) . MboRfirfied sl FR0BW B RLCPUaRR0R br f1PL ot BEORGARARSRCC! €5 Of the
. OV or P.

genus Pl fal ciparu P. viva, . oval e, malariae. All
Joae; oo e ik Mlonborydif aploBinslRs masalonBiinagis e et g Sosioabl oo

nosqui t Gnakeis ropdpkhineiein is basrchensibindayes sbrgmetogyanby odalch isawnssuitsblefor or gan

t r an$pl aweetticaion. Abedihe nitrasnaigsis for suldagetish abbyndthimedi® htal free f et us.
LOMBI ar isameRugrte HOn5ORoMhihld AN oh8 bee blokfianiBrdig de_and approximatel y 1
mllion deaths annually. Drug resistance, however is a nmajor concern and
is grea Sthg[ or P. falciparum the species that accounts for al nost all
mal ar i aMaEshat 8¢ bewE NP7 Shydegarikes thir anglvsismbmetal peiaminpats ingammerciakbnt | y

r econmmre tidezine dyes py ejvinit absiosptioh spadtraphaomeln). Uthey edpontr SBcaapRispa@guani |

hy dri0c hinestdl dencef®étlons tah fary deaenchihedien. 699 aRi bEBEYI ff fraiviRial Mifpidsunder the

name Vi : n SUY U fraom Biqenvision Inc., New York)
has sho&%%%%%ﬁ%r??@@ﬁ%@&%% SBi P ginc 1Y bt oy irethes

ef fect | Véef%@@?% ¢ PIFRPRMRChIVRTR nglsanalyged i Alpingsm, ighspmiwm, MaRganskd.e Virus in
| abor at 8P cerpst. sre ghgpvoived|im syrthaiis pfogetivies fos M Cparident nmhdsy caiiiritows i | | ness
af f ect i pepseiite lrnpottahty, BTy EXBIaRESBAMONT HEthd MBS cSRER B bbhwherfal | Nf ect ed
peopbe WhdihlesBOWr®@o Vi sible synptons or mld flu-like synptons such as
fever and headache. About one in 150 will devel op severe synptons

i ncl udi ng. tremors, convul sions, nuscle weakness, vision |oss, nunbness,
par al ys &t alo J9E5, dessiibes thepuriiealion 6 Azire Bdyisplurinechimmatogréptan i nf ect ed
nosqui t epeciigllydyrseparstiorspristede terdasidt frbaet fRlswasbyivh @Rehang§é BAR to

transpl wtchiors. ey f64H e &Henddéﬁ&rﬁtgd;{érs%ga‘?‘ M brc%p“b%%ﬁﬁﬁéaﬂg he chi | d.
Suvgs(r). ks a r ly. in clinjlca rlaé? 1Ior etreat,r,¥e_ of chronic
HopaL | ti"@?"“é?- A o fuoitabsih Fopla Fiegretpertier Ipuriicpfen i o,

HoV, i sBCHAY%R9eSGY8 of acute hepatitis and chronic liver disease,
including cirrhosis and liver cancer. HCV is spread primarily by 30 direct

cont act FiefztDawtleran, {84008esciliss B AindsRUS 8% Mo dHicYid AbAGE kAol dW de are

use of uNSH I t ons nd, re-u of , needl es and syringes

t hat, have ga(%(ta ) e&h&zf%%%agb %lﬁ;ﬁ/g@%hr%dfuﬁ%?rbwg ‘\s?ﬁ?"]’eﬁi %@ﬁ‘t’ﬂ"@ gani zati on
has=HecYAIFE° ABpHES MPEviene Biuge Rowgreshlie aHibarstaskpevdedaarthatthish appr oxi mat el y
3% of t tgehnigiiel agneothepigbdon etarge fexid, ddcavse the@idsame picbr. var i es consi der abl y
by region. The prevalence in the USis estimted at 1.3% or

35appr oxg | L I a _popyl ati of

appr oxioaq%%ﬁ gégégésnﬁﬁ Pﬁ %%{hgﬁ%ﬂgg%tsgf‘wgg%ﬁiteac_%ﬁgﬁgg‘?mﬁﬂ‘geﬂﬁg%@”gf hepatitis

Cin the Yt bc&",'e'@g’fﬁ'r?&g’éﬁ'”&ta%%?”hi"@%eoﬁndt% Re¥ELN' s approxi mately 62

ni 199 on peopl e. MIC, - when combined with light, can prevent the

repl i catoey ebél., 12008, elesoriveirebanDiNAthols M- syAReStS agdBuriikbfinedret s and red

bl ood  cbrhifostenb@lazRif &nfhdines §&h %@r RNA. When MIC i's” introduced
ses

into the blood conmponents, it cros acterial cell walls or viral
menbrane then noves into the interior of the nucleic acid structure. Wen
activat<¥iwith |ight, the conpounds then bind to the nucleic acid of the
vi 138l or bacterial pathogen, preventing replication of the DNA or RNA
Becausauid & dlfshgNRdd tPirdf At [ he potential to
reduce bﬁ&ﬁ Cra'h% %ﬁveP é%sm' %ﬁ:aéé?%gﬁi%tlﬁﬁédl{uﬁ%{hﬁ@%@g V?ﬂger%ﬁ% undet ect ed
by testi ng. feivsh eFVEE Ve depHrEry'R eROQY)g.MTG!ﬁ%ﬁWﬁ?ﬁﬁéﬁot hi azi ni um
conpouﬁ'&es“?‘)a’ fipfer sxampleda sipin eerigdn Resisfofitheibody hefote eraturiemsurgdry), auopat hi es
(such agliadnosticfanepirepie Adszreindiestosdydits Ga@e)celtsil @ombBlind@pdeehen W schi k,
C.M, at al., 1996, 2002a). Oral and parenteral fornulations of MIC are
comercially available in the United States, usually under the nane

Urol ene Blue(r). However, these fornulations contain substantial anounts
of nmetal inpurities. These inpurities are highly undesirable, and many
(e.g., including AI, C, Fe, Cu) exseed the safety limts set by European
heal t h agenci es.



Consequently, there is a great need for higher purity (e.g.,
phar maceuti cal grade purity, e.g., a purity safe for human consunpti on,
e.g., with low or reduced organic and/or netal inpurity content)
di am noph@iplpszgi-ai um conpounds, including MIC. The i rs _have
devel oped net ﬂ%@zdj'?or t he synthesis of di am nophenot hiéﬁzﬁ#ﬁﬂ?@&%ounds
(including MIC), that yield products with extrenely high purity and.in
particular, products with extrenely low | evels of undesired inpurities
(both organic and - netal inpurities) that neet (and often exceed) the
E ﬁf ety lurink) & nsikituribyry Butiepaam dnaldnh taaests @.ﬁrfa(c%s;ga btr)eét{?lﬁnt@r'lﬁ ?Eeg”

ar mac ; ; g r e e net hods
descri bce%g&?g?e“ﬁwgﬁﬁﬁ}eﬁ%ﬁégﬁ@3%?@3%%%%9 ﬁ%\%ﬁf&toéﬂﬁ}%W' One aspect of
the present disclosure pertains to a nethod of synthesis and/or
puri fi cdfT@Ravbean used i fFrab matasiasithern sinaliniGutimaon &ERRAPTED) ofincl udi ng, for
exampl e,combiriajidrt Witoctilorbguine (Hohinngeet MBOD3; Rungeigagschked). bedsgi n.  Anot her
aspect Qﬁaléﬁiﬁn@bﬁﬁh&%%@se%%ytﬁ'e@fotupﬁﬁﬁo%s JELPHY g%fnué I"‘ﬂ%rggcﬁ' 3. and/or

Nl um conpound  as

purificati.qn. of di.am gophgnot hi azi ) escri _%'B:rei n, as
part of %a farr%P?{BIH?%fv’ nﬁf@@@u?ﬁ ﬁjd“éarl’?@di@aﬁﬁ’ﬁ £s are frangRiisg Pe thepitersti canent
for use 3infesied famaig Aeaphelss Meseiey | Qocasiondlly Aratissisaive ocanrgby blond (e. g., a
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(MCl); skin cancer; nelanoma; nethenogl obinem a; a viral infection; a
bacterial infection; a protozoal infection; a parasitic infection;

mal ari a; visceral |eishmaniasis; African sleeping sickness; toxoplasnosis;
gi ardi asi s; Chagas' disease; Hepatitis Cvirus (HCV) infection; human

i mmunodeficiency virus .(H V) infection; West N le virus (VWNV) infection;
“a synucl ei nopat hy; Parki nson's di sease (PD); denentia with Lewy bodies
(DLB); multiple systematrophy (MSA); drug-induced parkinsonism or pure
autonom ¢ failure (PAF). Another aspect of the disclosure pertains to a
di am nophenot hi azi ni um conpound, as defined herein and including, for
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exanpl e, ng%gé{g& %@L@ um chloride (MIC), that is obtained by, or is
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obt ai nabl'e of synthesis and/or purification as descri bed
her ein, and/or that has a purity as defined herein. In a first aspect,
t her e i sMiCowiddesdivativee titeoebl {og., tdimmisypitdnetizzinamdtonppundsT) hees beem of a
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( PUR) a 5’ ‘Cfr E’fy cﬁ'@ﬁ“é&feggh‘? g G'é(r{‘f“'téé %féc'f)ea th Elglemc"*’deacyl ating
(DAC) said acyl ated reagent conpound (ARC) to give a correspondi ng
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The inventors have developed methods for the synthesis of diaminophenathiézinium
compounds (including MTC}, that yield products with extremely high purity and in
particular, products with exiremely low levels of undasired impurities (both organic and

metal impurities) that mest “('"and often exceed) the safety limits set by European health
agencies (e.g., the European Pharmacopoeia). '

Without exaggeration, MTC prepared by the methods described herein is the purest
available woridwide.

SUMMARY

One aspect of the present disclosure pertains to a method of synthesis and/or puﬁﬁéatiou

of a diaminophenothiazinium compound (DAPTC), including, for exampie,
methylthioninium chioride (MTC), as described herein.

Another aspect of the disclosure pertains to use of a method of synthesis and/or

purification of a diaminophenothiazinium compound as described herein, as part of a
method of manufacturing a medicament, for example, a2 medicament for use in the
treatment or prophylaxis of a disease condition (e.g., a disease condifion as described
herein). ‘



In a second aspect, there is provided a high purity di am nophenot hi azi ni um
conpound of the follow ng fornul a: - wher ei n: each of Wand RO is
i ndependently selected from -H G .4alkyl; C2_4al kenyl; and hal ogenat ed
G- each of R31" and R3NB is |ndependently sel ected from

C4. . 4al kyl ; C24al kenyl ; and hal ogenated G each of Fel" and R7/NB is

i ndependent ly selected from Cl1_4al kyl; C24al kenyl; and hal ogenat ed

Cl4al kyl ; and : X is one or nore anionic counter ions to achieve

el ectrical neutrality; that is obtainbale by a nethod as defined above and
that is characterised by: a purity of greater than 98% I|ess than 1% Azure
B as inpurity; less than 0.15% Azure A as inpurity; less than 0.15% Azure

C as '"p%bﬁléfaép‘z fhﬁ%ﬁcfogﬁgpgmﬂg% MYBind phiBHlabibdim coldposnd B rd aspect,

there is provi I am nop henot hi azi ni um co und of the

f ol | owi ngefinsd igrein Qﬂﬁ‘d’t‘quéﬂgoB%@P‘WﬁB‘Pé“e"BW%O%‘EVHGBbQQE T Phd® Boove: and
that is ohimasberdr sebidinableabyp a migtiyocodf sgntbasie and/bapuriiggion| sssiesteriperd 1% Azure

B as i MPHEiehandcR it bikap it B4 NREE BerlirAS | NPUTity;

Another aspect of the disclosure pertains to a composition (e.g., a pharmaceutical

composition, &.¢., a tablet, a capsule) comptising a diaminophenothiazinium compound,
as defined herein and inciuding, for example, methylthioninium chioride (MTC), that is
obtained by, or is obtainable by, a method of synthesis and/or purification as described
hersin, and/or that has a purity as defined herein.

+

Another aspect of the present disclosure pertains to a diaminophenothiazinium. compound,

.as defined herein and including, for example, methylthioninium chioride (MTC}, that is
obfained by,‘ or is obtainable by, a method of synthesis and/or purification as described
herein, and/or that has a purity as defined herein, for use in a method of freatment (e.g., a

method of treatment or prophylaxis, e.g., & method of treatment or prophylaxis of a.
disease condifion, as described herein) of the human or animal body by therapy.

Another aspect of the present disclosure pertains to the use of a diaminophenothiazinium

compound, as defined herein and including, for example, methylthioninium chioride
(MTC), that is obtained by, or is obtainable by, a method of synthesis and/or purification
as-described herein, and/or that has a purity as defined herein, in the manufacture of &
medicament for use in the treatment or prophyiaxis of a disease condition (e.g., a disease
condition as described herein).

Another aspect of the present disclosure pertains to a method of treatment or prophylaxis

of a disease condifion {e.g., a disease condition as described hergin) in a pafient,
comprising administeting to said patient a therapeutically-effective amount or a
prophylactically-effective amount of a diaminophenothiazinium compound, as defined
herein and including, for example, methylthioninium chloride (MTC), that is obfained by,
or is obtainable by, a method of synthesis and/or purificafion as described herein, and/or
that has a purity as defined herein.

In one emboedimeanti, the disease condition is: a tauopathy,; a disease of tau protein
aggregation; Alzheimer's disease (AD); Pick’s disease; Progressive Supranuclsar Paisy
(PSP); fronto-temporal dementia (FTD); FTD and parkinsonism finked {o chromosome 17
(FTDP-17); disinhibition-dementia-parkinsohism-amyotrophy complex (DDPAC); paliido-
pontc-nigral degenerafion {PPND); Guam-ALS syndrome; pallido-nigro-iuysian
degeneration (PNLD); cortico-basal degeneration (CBD); miid cognitive impairment



| ess than 0.15% Azure C as inpurity; and |l ess than 0.05% WB as inpurity.
In a fourth aspect, there is provided a pharnmaceutical tablet or capsule -
conprising 20 to 300 ng of a di am nophenot hi azi ni um conpound as defi ned
above, and a pharmaceutically acceptable carrier, diluent, or excipient.
In a fifth aspect, there is provided a pharmaceutical tablet or capsule
conprising 30 to 200 ng of a high purity di am nophenot hi azi ni um conpound
as defined above, and a pharmaceutically acceptable carrier, diluent, or
excipient. In a sixth aspect, there is provided a high purity

di am nophenot hi azi ni um conpound as defined above, for use in the treatnent
of the hufrl: §Kin s#ncsaMeR@Ray nethamagishinemia; a viehinietiionas pecttrial iffestian] S

provi ded @apteiagbaljrdedioy, edpaaasiioipfeetion, hapiaiVistd 4 MRIMEMLsRS AfREY ned above
for use ig=dhi® didkBakNBRS - nadl Glsease of..tau proteal
aggr egat i *9%5::% ﬁ J}?ei:ﬂ%r - plg%m%%ég?ﬁ% t%?%% ggg?sgegg%ﬁfmﬁ,?:ovgg%@gﬁ{g
Supr anucl ear Pal'sy" ( 5@'9 FIENEL Y B dffeciomeWestNilepirns (WNYDnEastion:

par ki nson? SYRUFRIRRRANY Bakmeens isaesel(PDj; RiEDRN T With Lewy bodies (DLB); multiple

di si nhi bi syisem atepsniVSH) adrprEioed ParRIYSHiSHO R YLk Rid BRPAGPAR).

pal I i do- ponto-ni gral degeneration (PPND); Guam ALS syndrone;

pal | i do- Mmptler hspys bbthe iedednny iR to FdbhopeRih A% i neration

(CBD) ; m%% cognitive inpairment (MI); skliJ nﬁ){:t%h%]g?g%g@g%u%?fgﬁ

met henogl GHNFFRTER 2 ipriuding, iRf examrim methyBhiotisumathisriteaMTChthatds pr ot ozoal

i nf ect i oreblaingyyawiis ditainabie by, omathon bbsyinthieski=nark lirifcaiisuPdtisagay African

sl eepi Ng el RAGS; thaheRR MRAPS Sefingl ASEAINAR} See m%?ﬁﬂ@gﬁﬁﬁ Hepatitis C

virus (HQGhdBfEction; human i munodeficiency Vvirus ion; West
Nile virus ( ) infection; a synucleinopathy; Parkinson's disease (PD);
dementi a

Lev odies (DLB); nmultiple system atrophy (NMSA);
drug-i nduceg]%bzg' 'f(‘%(ﬁ%tgﬁ’rg?ﬁ“ ‘ﬁi%?ﬁ)ﬂwé’e%‘f‘b‘ﬁ@rﬁl%hqda’if ingetévai@Ataihogéms an ei ght h
aspect, tthatetplops i eidctiesamolh®®T 8 ittt phBndiEsihim iR Lazi ni um
COMbound i) ARG Eerb . AU TN B B R CRter Use'l
the treatment,  of: }téu%&)at = Bodr seasduigepnge g hrletat sghaest ion;
Al zhei mer™ & Ffalhie by, apyEthgs; f pyrthegisanddéer pupiicstipr g8 HessriSedhersinc hmtior Pal sy
(PSP) ; f tisgibas & awfvaudeitheddersim (FTD); FTD and par ki nsonism |inked to
chronmosone 17 (FTDP-17); disinhibitiort-denmentia-parkinsoni smanyotrophy
conpl ex. (DDPAC); pallido-ponto-nigral degeneration (PPND); Guam ALS
syndrone; pallido-nigro-luysian degeneration (PNLD); cortico-basal
degeneration (CBD); mld cognitive inpairment (MI); skin cancer;
mel anoma; net henogl obinem a; a viral infection; a bacterial infection; a
protozoal infection; a parasitic infection; malaria; visceral '
| ei shmani asi's; African sl eeping sickness; toxoplasnosis; giardiasis;
Chagas' disease; Hepatitis Cvirus (HCV) infection; human i mmunodefi ci ency
virus (H'V) infection; West Nile virus (WNV) infection; a synucieinopat hy;
Parkinson's disease (PD); denmentia-with Lewy bodies (DLB); multiple system
‘atrophy (MSA); drug-induced parkinsonism or pure autonom c failure (PAF).
In a ninth aspect, there is provided a nethod of inactivating a pathogen
in a sanple, in vitro, conprising the steps of introducing an effective
anount of a conpound into the sanple, and subsequently exposing the sanple
to light, wherein the conpound is a high purity di am nophenot hi azi ni um
conpound as defined above. As will be appreciated by one of skill in the
art, features and preferred enbodi nents of one aspect of the disclosure
will also pertain to other aspects of the disclosure. BRI EF DESCRI PTI ON OF
THE DRAWNGS Figure 1 is an HPLC chronmatogram for the MedexTM starti ng
material used in Synthesis 1. Peaks at the following retention tinmes were
observed. 2.765, 2.907, 3.445, 4.033, 4.365, 5.259, and 6.230 m nutes.
Figure 2 is an PLC chromatogram for high purity MIC-5C product obtained in
Synthesis 4. Peaks at the following retention times were observed: 3.226,
5.415, and 8.335 mnutes. Figure 3 is an PLC chronmatogram for the high
purity NI TC 5C crude product obtained in Synthesis 5. Peaks at the
following retention tines were observed: 5.148, 5.418, and 6. 315 m nutes.
Figure 4 is an HPLC chromat ogram for high purity MIC-5C-recrystallised
product obtained in Synthesis 6. Peaks at the following retention tines
wer e observed: 5.439 and 6.346 m nutes.
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DETAI LED DESCRI PTI ON The Target Conpounds 5l n general, the present

i nvention pertains to nethods for the synthesis and/or purification of
certain 3,7-di am no- phenot hi azi n-5-i um conpounds of the follow ng fornul a,
collectively referred to herein as "di am nophenot hi azi ni um conpounds”
(DAPTO) : wherein: 10each of IRL and RO is independently selected from

-H firs . .
RQ’NBC?'S4?ﬁfmﬁg’@i&ﬁ;?ﬁ'?ﬁ%%&#@m%oﬁ%’;%a@%%I%ya'e@Eﬁfw%aﬁinifgéeﬁél?ed
Gi .. 4al kyl ; eac °“ﬂ3rzbéﬁ’a’cpw eifgliowirdefpengignt | y sel ect ed

from Cmal kyl; C2_4al kenyl; and 15hal ogenated G _aal kyl; and X is one or
nmore anionic counter jons to a&thievewslectrical neutrality. The above
structure is only one| of manylequjyvallent resomance structures, sone of
whi ch are shownl bel ow, i a whi ch;are_intended to be
enconpassed by the abdVe&.20sts uktu ,Rm pn€ @nbodi ment, the Cl4al kyl
groups are selected flrom ’Iine L .Ttalwyl gfoups, such as -Me, -Et,
-nPr, -iPr, and -nBu;__brarthed T3_4al kyl g8&0UpS, such as -iPr, -iBu, -sBu,
and 5-tBu; %nd,cyclic C3. 4al kyl groups, such—as -cPr and -cBu. In one
enbodi ment YBREC2_4al kenyl groups are selected fromlinear G ...talkenyl
groups, such aseadd cfGHRAng ve Ry - CH2- CHEOH2 (allyl). 10ln one

enbodi ment and AglofHaRGan gglgﬂ. oh%ﬁp%@?e“é’h? ﬁﬁgteﬂrf@"?; el eGtseltylf Comken@F3,

- CH2CF3, and - %FQ%/@SMLE eyembodi ment, each of Rl and R9 is

NB = -
i ndependent.l y, - F, R*0ris ingegndentipsse@sdpsth ent. . each of R and RO
is i gdepen{a@\épﬁGQVIL #1d halagenated Chialkyl; d Rélh Lo
each THNA 7NB . .
ach of R™* ang R™® j5 Independently selected from: Ciaatkyl;

Caqalkenyl; and halogenated Ciealkyl; and

X is one or more anionic col ions’
. unter ions to achieve electri i
: cal ;
which met[?o.d comprises at isast the foliowing steps, in order: o
::I'Ifyl;’lg. (PUR) a corfesponding acylated reagent compound (ARC);
a?:y ating (DAC) said acylated reagent compound (ARC) to gi ’
Comresponding deacylated compound; meves
op“tac')riaﬂy purifying (PURPACOX) gaiq deacylated compoung:
o exidizing (OX) said deacylated compound to give said ‘
laminophenothiaziniym compound (DAPTC); and

optionally purifyin I

(DAPTC). -

Qx . . .
g (PUR™ said drammophenothiazinium compound
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151 n one enbodi ment, each of IRl and RO is independently -H In one
enbodi nent, each of RlL and R9 is independently -Me. In one enbodi nent,
each of Rl and RO is independently -Et. I n one enbodi nent, R1 and R9
are the sane. 20l n one enbodinment, RlL and RO are different. In one

enbodi ment; each of R3NA and R3NB i ndependently -Me, -Et, -nPr, -nBu,

- CE12- 0@&4@?‘3"89 a-see‘iié“éfe Is prqvfleg ahighBadiy diaminorhariethiszim@ndA and R3NB i s
i ndependearopgund\i thy folldwing &shuleone enbodi nent, each of R3NA and R3N6 i s

i ndependently -Me. In one enbodi nent, each of R3NA and R3NB i s

i ndependently -Et.[1n one egbodi nent, R3NA—=and R3NB are the sane. In one
enbodi ment, R3I4A land R3NBFare difflerent. 30 In one enbodi nent, each of
RVA and RThe i ndependent| By _-nPr, {nBu, -CH2-CH=CH2, or -CF3. In
one enbodi nent, edch, of D is | ndemdRdently -Me or -Et. In one
enbodi ment, each dfR RMA.argd Rad3+s=t\ndeBendently -Me. 35l n one

enbodi nent, each qf B endently -Et. WO
20081007074PCT/ GB4007/ 32570 Tn one enkd8i mgent, R7TRM 8 are the sane. In
one enbodi nent, R7NA and R7:49 are different. 5 In one enbodi ment, R3NA
and R3" awingrdmeNA and R7" are the sane. |n one enbodi nent, the groups

- N(R91491) ( R3'shohBR* DR ¢ (A%g,, kd%nﬁpge%@tggfrg}n?-lqn@gga@gdi ment the groups

-N(R314A ! \nd - N(R71 4 ar e’ 1 ndependent 'y ted from -Nwe2,
- NEt 2, -ﬁ%ﬁi‘%’?’i%ﬁ(@f‘ﬁgﬁna- BREYSNMe(nPr), and 10 - N(CH2CH=CHO2. In one

enbodi ment, t keclypbBPE ansiEENA)ridepiendentty sekédRed #OrORT; Jaligr.e | ndependent | y
sel ect edCh akanyt; MiMa % nafdBl®.alkgt n one enbodi ment, each of the groups

- NCR3NA) ( 33'\‘5%3&%‘91' RM angl@7 J is 'ir)dépsendently selected from: C,_alkyl;

Ca.salkenyl; and halogenated C,alkyl; and :

X is one or more anionic counter ions to achieve electrical neutrality;
that is obtainbale by a method as defined above and that
is characterised by:

a purity of greater than 98%;

less than 1% Azure B as impurity;

less than 0.15% Azure A as impurity;

less than 0.15% Azure C as impurity; and

less than 0.05% MVB as impurity.

in a third aspect, there is provided a high purity diaminophenothiazinium compound
of the following formula that is obtainable, by a method as defined above:

N
JCL/ D\
Me =~ M
“N s NMe =
| ® I
Me ) Me

and that is characterised by:
a purity of greater than 98%;
less than 1% Azure B as impurity;
less than 0.15% Azure A as impurity;
iess than 0.15% Azure C as impurity; and
less than 0.05% MVB as impurity.
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I ndependently -NMe2. I n one enbodi nent, the groups -N(R3N5(R3") and
-N(R7NA) (R7") are as defined herein, with the proviso that neither group
is -NMe2. In one enbodi nent, one or nore of the carbon atons is 11Cor 13c.
I n one enbodi nent, one or nore of the carbon atons is "C. |In one

enmbodi nrent, one or nore of the carbon atons is "C. |In one enbodi nent, one
or nore of I®EAdowth aspgeh there isspriogidetla pharpacewichlddblireot capsole amprising 200 al |

of OIt ge"car ke n360 ongp d?faO&awmfopﬁEﬁ&h@&mﬁJﬁrk &fng;%&‘uﬁdgéQurﬁb?ngéNﬁbo@S ,,%?7 |
an IS ach of e _groups - an
_N(RmMA(e) |sgnﬂ%§b&?ﬁ§g@ﬁa%ﬁe c%rﬁ'ﬁf (Sﬁ O FHR"bf R1 and RO is -H and
each of the groups -N(R9")(R3") and -N(R7") (R7NE1l) is 4\1(3cH3) 2. I n
one enbodi meatfftheépébt aheldlis prolided & pharthaceasdal Rbict Bﬁcw‘cﬂﬂ@éﬁomﬁﬁm (33")
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In & seventh aspect, there is provided a high purity diaminophenothiazinium compound
as defined above for use in the treatment of: a tauopathy; a disease of tau

protein aggregation; Alzheimer's disease (AD); Pick's disease; Progressive -
Supranuclear Palsy (PSP); fronto-temporai dementia (FTD); FTD and
parkinsonism linked to chromosome 17 (FTDP-17); disinhibition-dementia-
parkinsonism-amyotrophy compiex (DDPAC); pallido-ponto-nigral
degeneration (PPND); Guam-ALS syndrome; pallido-nigro-luysian
degeneration (PNLD); cortico-basal degeneration (CBDY); mild cognitive
impairment (MCI); skin cancer; melanoma; methemoglobinemia; a viral
infection; a bacterial infectiqn; a protozoa! infection; a parasitic infection;
malaria; visceral leishmaniasis; African sleeping sickness; toxc)piésmosis;
giardiasis; Chagas' disease; Hepatitis C virus (HCV) infectiori; human
imj-nunodaﬁciency virus (HIV) infection; West Nile virus (WNV) infection; a
-synucieinopathy; Parkinson's disease'(PD); dementia with Lewy bodies
(DLB); multiple system afrophy (MSA}; drug-induced parkinsonism; or pure
autonomic failure (PAF).

In an eighth aspect, there is provided a use of a high purity diaminophenothiazinium
compound as defined above, for the manufacture of a medicament for use in the

treatment of. a tauopathy,; a disease of tau protein aggregation; Alzheimer’s
disease (AD); Pick’s disease; Progressive Supranuclear Palsy (PSP);

~ fronte-temporal dementia (FTD); FTD and parkinsonism linked to
chromosome 17 (FTDP-17); disinhibition-dementia-parkinsonism-amyotrophy
complex (BDPAC); pallido-ponto-nigral degeneration (PPND); Guam-ALS
syndrome; pallido-nigro-luysian degeneration (PNLD); corlico-basal
degeneration (CBD); mild cognitive impaihnent (MCI); skin cancer;
melanoma; methemoglobinemia; a viral infection; a bacterial infection; a
protozoal
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infection; a parasitic infection; mataria: visceral leishmaniasis; African
sleeping sickness; toxoplasmosis; giardiasis; Chagas' disease; Hepatitis C
virus (HCV) infection; human immunodeficiency virus (HIV) infection; Wast
Niie virus (WNV) in’fection; a synucieinopathy; Parkinson’s disease (PDj;
dementia-with Lewy bodies (DLB); muitipie system airophy (MSA); drug-
induced parkinsonism; or pure autonomic faiiure (PAF).

In a ninth aspect, there is provided a method of inactivating a pathogen in a sample, in
vitro, comprising the steps of introducing an effective amount of a compound into the
sample, and subsequently exposing the sample to light, wherein the compound is a
high purity diaminophenothiazinium compound as defined above.

As will be appreciated by one of skill in the ar, features and preferred embodiments of

one aspect of the disclosure will also pertain to other aspects of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an HPLC chromatogram for the Medex™ starting material used in Syntﬁesis 1,
Peaks at the foliowing retenfion times were observed: 2.785, 2.907, 3.445, 4.033, 4.385,
5.259, and 6.230 minutes.

Figure 2 is an HPLC chromatogram for high purity MTC-5°C product obtained in
Sypthesis 4. Peaks at the foliowing retention times were observed: 3.228, §.415, and
8.335. minutes.

Figure 3 is an HPLC chromatogram for the high purity MTC-5°C crude product obtained
in Synthesis 5. Peaks at the foliowing retention times were obssrved: 5.148, 5.418, ang
£.318 minutss.

Figure 4 is an HPLC chromatogram for high purity MTC-5°C-recrystaliised product
obtained in Synthesis 8. Peaks at the following rstention times were observed: 5.438 and
6.348 minutes.
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The Target Compounds

In general, the present invention pertains to methods for the synthesis and/or purification
of certain 3,7-diamino-phenothiazin-5-ium compounds of the following formula,
collectively referred to herein as “diaminophenothiazinium compounds” (DAPTC):

R? R’
/N
TNA 3NA xQ
R~ N R
N ®S N

wherein: . ‘

each of R and R% i independently selected from: -H; C,alkyl; Coalkenyl; and
halogenated C,4alkyl;

each of R* and R*™® is independently selected from: C4alkyl; C,alkenyl: and
halogenated Cyalkyl;

each of R™ and R™® is independently selected from: Cyalkyl; Coalkenyl: and
halogenated C,.,alkyl; and

X is one or more anionic counter jons to achieve electrical neutrality.

The above structure is only one of many equivalent resonance structures, some of which
are shown below, and ali of which are intended to be encompassed by the above
structure:

R’ R
o N @
X
R'!NA — P RENA
s N
[ NG @ éaNE i
L |
B R’ R! ]
N
e w| X
R R
é\w/ S N~
]IQTNB f aNB _J
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In one embodiment, the Cy.;alkyl groups are selected from: linear C,_4alkyl groups, such
as -Me, -Et, -nPr, -iPr, and -nBu; branched Ca.alkyl groups, such as -iPr, -iBu, -sBu, and
<tBu; and cyclic Cysalkyl groups, such as -cPr and -cBu.

In one embodiment, the Cz.alkenyl groups are selected from finear C44alkenyl groups,
such as ~CH=CHj, (vinyl) and -CH,-CH=CHj (allyl).

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

in one embodiment, each of R' and R%is independently -H, -Me, -Ef, or ~CF,.
In one embodiment, each of R' and R® is independently -H, -Me, or -Et.

In one embodiment, each of R' and R® is independently -H.

In one embodiment, each of R' and R? is independently -Me.

In one embodiment, each of R! and R® is independentiy ~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®™® independently -Me, -Et, -nPr, -nBu,
-CHo-CH=CH,, or -CFs;.

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

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

In one embediment, each of R™ and R™® is independently -Et.

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

In one embodiment, each of R™* and R™® independently -Me, -Et, -nPr, -nBu,
~CHz-CH=CHj, or -CF3.

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

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

In ene embodiment, each of R™* and R™® is independently -Et.

11
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In one embodiment, R™ and R™® are the same.
in one embodiment, R™* and R™® are different.

5 In one embodiment, R*™ and R™® and R™* and R™® are the same.
In one embediment, the groups -N(R™)(R®™"®) and -N(R"™™)(R™?) are the same.

In one embodiment, the groups -N(R*™)}(R®™®) and -N(R™)(R™®) are independenily
selected from: -NMe;,, -NEt,, -N(nPr),, -N(Bu),, -NMeEt, -NMe(nPr), and
10 -N(CHoCH=CHy),.

~ In one embodiment, the groups -NR*)(R™®) and -N(R™)(R™?) are independently
selected from: -NMe, and -NEt,.

15 In one embodiment, each of the groups -N(R™)(R*) and -N(R™)(R™®) is
independently -NMe,.

In one embodiment, the groups -N(R*™™)(R™®) and -N(R™)(R™5) are as defined herein,
with the proviso that neither group is -NMe,.
20 _
in one embodiment, one or more of the carbon atoms is ''C or °C,
In one embodimert, one or more of the carbon atoms is 1'C.
In one embodiment, ane or more of the carbon atoms is °C.
In one embodiment, one or more of the nitrogen atoms is ™N.
25
in one embodiment, one or more or all of the carbon atoms of ohe or more or all of the
groups R™A, RWE RTNA gnd R7NB jg 13,

In one embodiment, each of the groups -N(R™)(R*™¥) and -N(R™™)(R™®) is -N(PCHs),.
30
In one embodiment, each of R" and R”is--H, and each of the groups -N(R®M)(R™) and

NR™Y(R™) is -N(PCHj),.

In one embodiment, each of R and R® is -H; each of the groups -NR*™) (RN ang
35 -NR™HR™?) is -N(*CHa),; and X is CI,

In one embodiment, X is independently a halogen anion (i.e., halide) or nitrate anion.
In ohe embodiment, X is independently a halogen anion (i.e., halide).

40 In one embodiment, X is independently CI, Br, or I, or NOy".

12
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In one embodiment, X" is independently CI', Br, or I'.
In one embodiment, X is independentiy CI.

In one embodiment, the compound is in the form of a mixed salt.

Examples of diaminophenothiazinium compounds (DAFPTC) include the foliowing:

Me-_ N Me | (= MTC
: N S N (Methylene Blue)
| ® |
Me Me

— -

N
X
Et . Et
“N s N cl= ETC
| @ |
Et Et

N
/
n-lf’r\N GSS:@\N’WW ct> PTC

I |

B n-Pr n-Pro |
— y _
e
n»—Bu\N /@[\SDN,-H-BU 1= BTC
l ® l
B n-Bu n-Bu |
- N “
-
a!lyl'\Nl/g\S]@\N/auyl = ATC
l @ |
allyl allyl a
— N _ .
OGS
Et
N Ng E [ OO EMTC
I @ )
| Me Me |
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B Me Me ]
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The Acylated Reagent Compound (ARC)

The methods of synthesis and/or purification of a diaminophenothiazinium compound '
(DAPTC), as defined herein and including, for example, methylthioninium chloride (MTC),
proceed via an acylated reagent compound (e.g., an acetylated reagernt compound) ‘
(ARC).

The acylated reagent compound (ARC) is a compound of the following formula:
Rm

R A ) RaNA

wherein:

R', R®, R™A R®™MB R™A and R™® are as defined above; and

R'® is independently saturated aliphatic Cqsalkyl, phenyl, p-methoxyphenyi, or
p-nitrophenyl.

in one embodiment, R" is independently saturated aliphatic Cysalkyl.
In one embodiment, R is independently saturated linear Ci.salkyl.

15



"cH3 _cl O 1,9-DML3cMIC One especially preferred di am nophenot hi azi ni um
conpound (DAPTC) is MIC. N'Me C (r) MeMe 5 The Acvl ated Reagent Conpound
(ARC) The net hods of synthesis and/or purification of a

di am nophgrpis@zé-l um conpound (DAPTC), as defined heggjn_and including,
for exanpl e, ?féﬁ‘; t hi oni ni um chl ori de (MIC), proceed %@Ggﬁ)ﬂ'g%flgt ed
reagent conpound (e.g., an acetylated reagent conpound) 10(ARC). The
acyl at ed reagent conpound (ARC) is a conpound of the follow ng formul a:
\z0 RO-v R714A.,,N'A R7"R'B wherein: 15R1, R9, RmA, R3N1B, RmA, and RTNB

are as drbhdembehus; R&Mlindependentyl -MeS-EtNfiePaeBt Inpesat urated al i phatic
C zal kyl , phenyl, p-me hoxyphenyl,” or p-nitrophenyl. In one

embodi nent, R19 is independently saturated aliphatic C.salkyl. 20In one
enbodi neR e grbedimentgBp dhHamrangeatit-Med{prdithejapdaled cyaggnkgampound is an
acetylated reagent compound).
5
The acylated reagent compounds may conveniently be referred to as "3,7-diamino-10-

acyl-phenothiazine compounds”.

When R" is -Me, the acylated (i.e., acetylated) reagent compounds may conveniently be
10 referred fo as “3,7-diamino-10-acetyl-phenothiazine compounds”.

In an especially preferred embodiment, the acylated reagent compound (ARC) is
3, 7-di(dimethylamino}-10-acetyl-phenothiazine, shown below:

MEYO

N
Me Q D\ M
~ S N

N
e v
15
Such acetylated reagent compounds are known, and may be prepared, for example, from
corresponding 3,7-diamino-phenothiazin-5-ium compounds, for example, from
methylthioninium chloride (MTC), using the following synthesis scheme, which is aiso
illustrated in the examples below, or by using an analogoﬁs scheme.
20

Scheme 3
N
/@: D\ EtOH, NaBH,, ¥
/ O
\N g N/ 40°C, 1 hour - @i j@\
N s N
1O) l . I

<85% organic purity

{H,CGO),0, pyridine, Y

0
100°C, 18 hours /@j"@\
"\T s T/

Acylated (e.g., acetylated) reagent compounds may alse be obtained using the following
25  synthesis scheme or an analogous scheme. See, for example, Cohn, G., 1900,

16



In one enbodi ment, Rl is independently -Me, -Et, -nPr, -ni3u, or -nPe. In
one enbodinent, RID is independently -Me (and the acyl ated reagent
compound is an acetyl ated reagent conpound). 5 The acyl at ed reagent
conpounds wggapyani ently be referred to as "3, 7 di am

acyl - phenot hi azi ne conpounds". Wien Rl is - M, th‘éCTa{{%Wﬂatf@Hﬂ@. e.,
acetyl ated) reagent conpounds may conveniently be 10referred to as
"3, 7-di am no- 10- acet yl - phenot hi azi ne conpounds”. In an especially

preferred enbodi nent, the acyl ated reagent conpound (ARC) is
3, 7-di (di met hyl am no) - 10- acet yl - plwReiRisazi ne, shown below. Me 0 M, , NWe
MeMe 15 Such acetyl at ed reagent corrpounas are known, atnd may be prepared,

for exanple, f 2spondi ng 35,7/ @i @1 no- phenot | um conpounds,
for exanple, f [hi onl_lll_um_cfhl_o_u_d_e (Mo i ng ¢ follow ng
synt hesi s sdhene, Wi CF “also illustrated i ™~k et’ow, or by

usi ng an anafl ogous@che 120 schene 3 Acy! at ed (e g ]acetyl at ed)
reagent conpounds ar&) al so be obtai ned using the fol ~withg 25 synt heS| S
scheme or an anal ogous schene. See, for exanple, Cohn,| G, 1900,

2008/ 007074PCT/ GB2007/ 002570 Schene 4 Altern ng agents for
the first step above have al so BEER-G:PEHine| ncl ud@ dra2| ne. See,
for exanple, Drew et al., 1933. Acylated (®.g.,{acetylate agent

conpounds nmay al so be obtained using the foIIo syntheS| schene or an
anal ogous schene. In regard to the first two steps of this synthesis

schene, Abweativeoedurimgmyents faithe filssteh aBbve hal® 8o baéh RLACABUGNg
5  phenylhydrazine. See, for example; Drew et ai., 1933.

Acylated (e.g., acetylated) reagent compounds may also be obtained using the following’
synthesis scheme or an analogous scheme. In regard to the first two steps of this

synthesis scheme, sese, for example, Tomiiin ef al., 1996,
10

Scheme 5

- i}
0 == OO
g O,N 5 NO,
{H,CCO),0, pyridine @[ ]@\
Pd, H,, THF /@ D
H,CO, NaCNBH,, H;,CCOOH /E:[N
N ‘ D\
A

Acylated (e.g., acetylated) reagent compounds may alse be obtained using the foliowing
15  synthesis scheme or an analogous scheme. 'In regard to the first step of this synthesis -
scheme, see, for example, Leventis et al., 1997.

17



Acyl ated (e.g., acetylated) reagent conmpounds may al so be obtai ned using
the followi ng 15 synthesis schene or an anal ogous schene. In regard to the
first step of this synthesis schene, see, for exanple, Leventis et al.,
1997.  V\OwiPa8saRdq74PCT/ GB2007/ 002570 Scheme 6 5 A@ylﬁ eg %F.@P

acetyl ated) reagent conpounds may al so be obtai ned usi %P R0t/ ?@mﬁng
synt hesi s schene or an anal ogous schene. In regard to the first step of
this synthesis schene, see, for exanple, Glman et al., 1944. Schene 7
What ever synthesis route is taken, an acylation (e.g., acetylation) step
is involved, specifically, a step of acylating (e.g., acetylating) an
upstream precursor of the acylate% % %? acetyl at ed) reagent conpound,
and, ultimately, an acylated (e.g> yl ated) 15 reagent conmpound (ARC)

is obtained. Th Non Acvl ated Precursor of the A Reagent Conpound
( NAPARC) rrmi;cmtmaw(aﬂayzlmécﬁdabaagent hARC) (e.g., the
f the acetylated reagemw ~-'--

acztyl at ed gcuris o] ’ yobtained from
a correspondi'ng ¥ion=acyl at ed precursor of the acyl at e@ reagept conpound
(NAPARC) (e.g., a correspondi ng non-acetyl ated pr ecugggj of the acetyl ated
reagent conpound). In one enbodi nent, the non-acyl ated precursor of the
acyl ated reagent conpound 10 (NAPARC) (e.g., the acet §l at ed precursor of

the acetyl ated reagent conmpound) is a corrpound o] -- wing fornul a,
wherein R1, R9, RmA, R3, R799', anteBHeRLS are as |ne rein: 15In an
especially preferred enbodi rrent —t—l're—nm'r—ac-yl aned m’ t he

acyl ated reagent compound (NAPARC) is
7-di (di nmet hyl am no) - 10H phenot hi azi ne, shovvn bel ovV\f

{H;CCQ),0, pyridine /@ :@\
I A

5 Acylated (e.g., acetylated) reagent compounds may aiso be obtained using the following
synthesis scheme or an analogous scheme. In regard to the first step of this synthesis
scheme, see, for example, Gilman et al., 1944.

Scheme 7

N .
[:::I: :I::i] CH,COOH, HNO,
: . JiZ

IEL

NaBH,, NiCl,, EiOH /Ji:j: D
NaCNBH, H,O, GH.COOH /J::::[: :I:::l\

Whatever synthesis route is taken, an acylation (e.g., acetylation) step is involved,
specifically, a step of acylating (e.g., acetylating) an upstream precursor of the acylated

(e.g., acetylated) reagent compound, and, ultimately, an acylated (e.g., acetylated)
15 reagent compound (ARC) is obtained.

Q=tn

10
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Me., MeMe The Oxi di zed Precursor of the Non-Acvlated Precursor of the
Acvl at ed Reagent 20 Conpound ( OPNAPARC) In one enbodi nent, the
non- acyl ated precursor of the acyl ated reagent conpound (NAPARC) (e.g., a
non- acety ursor of the acetyl ated reagent co und) is obtained
froma cong%é(ﬁz‘ﬁ%\g oxi di zed precursor of the non- ac;}}) %#Wr“@&ﬂ?sor of
the 25 acyl ated reagent conpound (OPNAPARC) (e.g., a corresponding
oxi di zed precursor of the non-acetyl ated precursor of the acetyl ated
reagent conpound). In one enbodi nment, the oxidized precursor of the
non-acyl ated precursor of the acylated reagent conmpound (OPNAPARC) (e.g

0

the oxi q"hé%n&r féﬁ%‘?écu?éortopﬁe%% : the acetyl ated

r eagent “Tonpour e~ 1610 v e wherein R,
R3NAT R3NI 3, R7NA, and .-:7NB are as defined
her ei n, e skadishent.the scyated efagem dofmpound, (ARG (1 thecétlategame as or

di 1o elptecnd&a;r]bfme aﬁwme&eagéampbwm@omd fronh B cBfe féﬂ&ﬁ%a' |y preferred
enbodi ngp rsor o e
2oyl atgﬁ aokd é‘;%% &%‘*’J"e‘ %%ték%ﬁéi{:? Jﬁﬁ%ﬁ“ﬁ%&(ﬁﬁﬁ.

rrep é @%eghl oride 5
(MTC), GRen-acetyigied pregweprd

r%’SW?t AT CQ'F'P@Jﬂﬁhti ve approach,
t he acyl atl on step is perforned further upstream to give an acyl ated
upst r eam @reetnbiosionent fthd Reh- a@y]ét@dﬁdcdrﬁﬂ%ﬁﬂk APERAY eﬁ%ﬁ%@. (e g., an

acety! apgsbARGELS ‘R{e etytléggd LE: hrdd r‘aotf ﬁ% Jc%ﬁ:%‘?é?} re%& gclilrﬁg ng |§
5'
ﬁg%ﬁﬁﬁg"'ﬁﬁkﬁ:&%ﬁ”%ﬁ?q% b SR Rag< o acgf@i u@fgtapregﬁqge”t

pr ecur sB#NEH hered: acet yl at ed reagent conpound) 15 The Non- Acyl at ed
Upstream Precursor of the Acyl at gl Reagent Conpound ( NAUPARC)
§
7NA 3NA
RN s N
F!QTNB llquNB

-

15 In an especially preferred embodiment, the non-acylated precursor of the acylated
reagent compound (NAPARC) is 3,7-di(dimethylamino)-10H-phenothiazine, shown below:

N
Me._ @:SD\T,ME

The Oxidized Precursor of the Non-Acylated Precursor of the Acylated Reagent
20  Compound (OPNAPARC)

2z
o

=

o

In one embodiment, the non-acylated precursor of the acylated reagent compound
(NAPARC) (e.g., a non-acetylated precursor of the acetylated reagent compound) is
obtained from a corresponding oxidized precursor of the non-acylated precursor of the

25  acylated reagent compound (OPNAPARC) (e.g., a corresponding oxidized precursor of
the non-acetylated precursor of the acetylated reagent compound).

in one embodiment, the oxidized precursor of the non- -acylated precursor of the acylated
reagent compound (OPNAPARC) (e.g., the oxidized precursor of the acetylated precursor

30  of the acetylated reagent compound) is a compound of the following formula, wherein R?,
R?, R, R™E R™A and R™® are as defined herein, and wherein X2 is as defined for X,
and may be the same as or different than X
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For exanple, in one enbodi nent, the non-acyl ated upstream precursor of the
acyl ated reagent conpound (e.g., the non-acyl ated upstream precursor of
the acetyl ated reagent 20 conpound) falls within one of the foll ow ng

cl asses ayeante) s, wherein RL and RO are as defi ned, X _one

pr ef erreg&]g%bodii‘r{r)gﬁt, t he non-acyl ated upstream pr ecu(ri)s?g%%cl)zﬁmfoﬂ%ﬁ%cyl at ed
25 reagent conpound (NAUPARC) (e.g., the non-acetyl ated upstream precursor
of the acetyl ated reagent conpound) is a conpound of the follow ng
formula, wherein R1 and R9 are as defined herein: N2 An exanple of a
pr.ef erred non-acyl at ed—upstream precursor of the acyl ated reagent conpound
(NAUPARC) is 3,7-dinityo-10H penot hi azi ne, shown bel ow. The Acyl ated

Upstream Precursor of fhe Acvl gt edyReagent Compound (AUPARC) In one
preferred enbodi nent, fhe ac 7 Fleam pr 39(u8§or of the acyl ated
reagent 10 conpound ( Oy, A acekrYt at ed upstream precursor of

8 a confoundj of the follow ng fornula,

15 An exanple of a

the acetyl ated reagent
wherein R1, R9, and R1P9 as gi#fi ned herei ng®™02
preferred upstream acylated precursor of the acyl ated reagent conpound
(AUPARC) is 3,7-dinitro-10-acetyl - phenot hi azi ne, shown bel ow. N. NrO

In an especially preferred embodiment, the oxidized precursor of the non-acylated
precursor of the acylated reagent compound (OPNAPARC) is methyl thioninium chioride

(MTC), shown below:
N
IO DO
M
e\'rI S/ i}l/Me
e @ Me

=

5

Upstream Precursors

10 Inan alternative approach, the acylation step is performed further upstream, to give an

acylated upstream precursor of the acylated réagent compound (AUPARC) (e.g., an

acetylated precursor of the acetylated reagent compound) from a corresponding

non-acylated upstream precursor of the acylated reagent compound (NAUPARC) (e.g., a

corresponding non-acetylated upstream precursor of the acetylated reagent compound).
15

The Non-Acylated Upstream Precursor of the Acvlated Reagent Compound {(NAUPARC)

For example, in one embodiment, the non-acylated upstream precursor of the acylated
reagent compound (e.g., the non-acylated upstream precursor of the acetylated reagent
compound) falls within one of the following classes of compounds, wherein R and R® are
as defined above:

20

9

) R
R
H
N
O,N

O,N NO

2

R‘c

ZE

e}

NO,

|
O

In one preferred embodiment, the non-acylated upstream precursor of the acylated

25

reagent compound (NAUPARC) (e.g., the non-acetylated upstream precursor of the

acetylated reagent compound) is a compound of the following formula, wherein R* and R®

are as defined herein;
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Acyl at ed Compounds Cenerally 20 Wthout wi shing to be bound by any
particul ar theory, the inventors believe that the use of an acylation step
(e.g., an acetylation step), and the formation of an acyl ated reagent
conpound &R ., an acetyl ated reagent conpound) or _an acyl ated
upst r eam pr ecusr/dsﬁgorﬂof the acyl ated reagent conpound (AFLYEA‘E@""?%?%}.", an
acetyl at ed upstream 25precursor of the acetyl ated reagent conpound),
facilitates the easy renoval of nmany undesired inpurities and by-products,
and | eads, ultimately, to an acyl ated reagent conmpound (ARC) (e.g., an
acetyl ated reagent conpound) W thehighergpurity, which, in turn, leads to
a target di am nophenot hi azi ni um clonp undR(DAPTC) with a higher purity. For
exanpl e, Azure B is an undesire p often found in sanples of 5
met hyl t hi oni ni um chl ori de (MIC) neglci al | y avail abl e Medei rm cont ai ns
nore than 5% by wei ght of AZue (see affal W&, s details below). Renoval of
Azure B from m xtures of MIC and Azure B is particularly difficult.
However,. when su?h a m'>éture is used as a starting material, and an
acet y| af SHATPIE ST p orefennd s\Phepcylated: Upsisears Rresrsend theyamviatesl reagend to a
di - acet ypPaPeUNIMBIAUPABG) iglH EdbijroptUbtiplenothieaine nenpwedslowy be separated from
t he desired 10 organic-sol ubl e acetyHated reagent conpound, for exanple,
by washing with water and recri\I attgn. For exanple, the synthesis
and precipitation of the desir =@ etyd reagent conpound, optionally
fol lgpwed by recrystallisati OgNof “t'hespre€i piNbat ed desired acetyl ated
reagent conpound, readily achieves renoval of much or nost or all of the
undesired Azure B (presumably in the formof the di-acetylated Azure B
by- pr od+88RCEHED VBelfqag) Prspugen of thedigulate pompreunde4 cetyl at ed
reagent conpound. Azure A and Azure C, anong other inpurities, are
Si M | ar Iyoricsiereset Bybddieathe APpaRahSBar? SSaIENRY theEiaRisl Lidert t to
sepgg at gom%unw,&@PAﬁb)‘ ('gﬁ;.,l\éhe acetylated upstream precursor of the acetylated reagent

compound) is a compound of the following formula, wherein R', R®, and R as defined

herein:
R10
R® \?O R’
= O,N s NO, _

15 An example of a preferred upstream acylated precursor of the acylated reagent
compound (AUPARC) is 3,7-dinitro-10-acetyl-phencthiazine, shown below:
0

BO !
O,N s NO,

Acviated Compounds Generally

b2 o o
G_BeagenhhempeunddAUPARCH

20

Without wishing to be bound by any particular theory, the inventors believe that the use of
an acylation step (e.g., an acetylation step), and the formation of an acylated reagent
compound (ARC) (e.g., an acetylated reagent compound) or an acylated upstream
precursor of the acylated reagent compound (AUPARC) (e.g., an acetylated upstream

25  precursor of the acetylated reagent compound), facilitates the easy removal of many
undesired impurities and by-products, and leads, uffimatefy, to an acylated reagént

21



Hel MeMe CI() ii reduction "MeMe 1-1 M N, Me Me acetyl ation
Me,."Ale NN I MeMe "an acetyl ated reagent compound” WO
2008/ 007074PCT/ GB2007/ 002570 Met hods Ceneral |y For conveni ence, nany of

et hods d@sffhdsdeAerein may be illustrated using a prPe(IjT%éz%gw&éggpl e as
representgﬁfl n the foll owi ng schene.

compound (ARC) (e.g., an acetylated reagent compound) with higher purity, which, in
turn, leads to a target diaminophenothiazinium compound (DAPTC) with a higher purity.

For example, Azure B is an undesired impurity often found in sampies of
5 methylthioninium chloride (MTC). Commercially available Medex™ contains more than

5% by weight of Azure B (see analysis details below). Removal of Azure B from mixtures
of MTC and Azure B is particularly difficult. However, when such a mixture is used as a
starting material, and an acetylation step is employed, acetylation of the Azure B leads to
a di-acetylated water-soluble by-product that may easily be separated from the desired

10 organic-solubie acetylated reagent compound, for example, by washing with water and
recrystallisation. For example, the synthesis and precipitation of the desired acetylated
reagent compound, optionally followed by recrystallisation of the precipitated desired
acetylated reagent compound, readily achieves removal of much or most or all of the
undesired Azure B (presumably in the form of the di-acetylated Azure B by-product) and

15 other organic impurities from the desired acetylated reagent compound.

Azure A and Azure C, among other impurities, are similarly reduced by the same

mechanism.
20 Scheme 8
Azure B
Difficulf to
Me l = .
“l?l s E s

Me ® ®
ci® cI®
¢ reduction ‘ reduction

H
§ N
Me\N/@:SmN,Me ME\N /@E D\

i H |

Me Me
$ acetylation ¢ acetylatlon

(8] 0
Easy fo
ivie :
\'I\[ s N,Me ME\T g N,Me
Me l /& ;

“an acetylated reagent compound”
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Schene 9 Purification (PUR) Deacylation (DAC) "Me MeMe Opti onal
Purification (PURDAo-ox) xidation (OX) Ks_ "Me Me Optional Purification
(PURox) Synthesis and/or Purification of D am nophenothi azi ni um Conpounds
- A Thus, wonRespegt of the present invention pertain hod for the
synt hesi s and/ or Iﬁggri fication of a di am nophenot hi azi %%%%3%@5%8
(DAPTC), as defined herein and 5including, for exanple, nethylthioninium
chloride (MIC), which method conprises at |east the follow ng steps, in
or der purifying (PUR) a correspondi ng acyl ated reagent conpound (ARC);
deacyl aMetigpdé BARYrapai d acyl at ed reagent conpound (ARC) to give a
correspondi ng deacyl ated conpound; and 10oxi di zi ng (OX) said deacyl ated
compound to give said diam pophenothiaziniumco und (DAPTC), For
exanp o %1 RUTINOBARY ke ey B b1 Bt SR Bt ¢ he
synt hes@¥ample as represented in the following scheme.

5
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and/or purification of a di am nophenothi azi ni um conpound, as defi ned
herein and 15i ncl udi ng, for exanple, nethylthioniniumchloride (MC,

whi ch net hod conprises at |east the following steps, in order: purifying
(PUR) a c ng acetyl ated reagent conpound; acyl ating
(DAC) sai ?%i?gdt?@ﬁg%ed reagent conpound to give a corre‘%%%"%&{nsm
deacet yl ated conpound; and 20oxi di zing (OX) said deacetyl ated conpound to
gi ve sai d di am nophenot hi azi ni um conpound. |In one enbodi nent, the mnethod
is as illustrated by the follow ng schene, in which RL, R9, R10, R3NA
R3NB, R7NA, R7NB, and X are as defgcpeHe berein. 25 Schenme 10 Fee\ RO tP R

purification (PUR RNA N W 1W f c7NB3NB™ Thus, in.one enbodi nent, the
nmet hod is a net orsyf henysynt hesi s and/ or purlflcatl-lon of 5 a

di am nophemgt_hi uplcoppoungs (DAPTC), as defl and i ncl udi ng,
for exanple, ﬁiet hyl t 18 onini Uk chl ori de (MTC) corrprl ses at
| east the foljpw ng S eps, ifje Order: NI ns

correspondi ng acyl ated reagent conmpound (ARC) of the oI I oW ng f ormul a:
R l

. Acyiatlon (AC2)
Reduction (RED)

H Y
N
ISQ PN ”
M
"y s e /G[ D\
] j O,N §7 ™ “No
Me ‘ Me
Optional Purification (PURRED-AGT) Optional Purification (PURAG2-GON)

Acylation (ACU\ YO Anversion {CON)
N
Me /@ :©\
\T s N,,Me
M

Me

Purification (PUR)

4

Deacylahon {DAC)

OED

Optional Purifi catlon (PURDAC-OX)

b

Oxidation (OX)

e LI

"y
Me

?.—mz

01®

Optional Purification (PUR®X)
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/LCNI A7NBI 3NB 10 deacyl ating (DAC) said acyl ated reagent conpound
(ARC) to give a correspondi ng deacyl ated conpound of the follow ng
formula: RgRL 7NA R R "Fel B and oxidizing (OX) said deacyl ated

conpound i d di am nophenot hi azi ni um conpound APT For
exgprrpl e, F‘g}%tr’\gemﬁr’%odl ment ("acetyl"), the method is é‘%‘f’ %57'?06'*?70the
synthesis 5 and/or purification of a di am nophenot hi azi ni um conpound
(DAPTC), as defined herein and including, for exanple, nethylthioninium
chloride (MIC), which nmethod conprises at |east the follow ng steps, in

order: synthesi®Hhd/érRurBcdiByD) D%nﬁr%%h@&ﬁﬂ%iﬂ‘rﬁ c%&%b%ﬁ' reagent conpound
of the follow ng or mul a: deacyl ati ng
(DAC) s | d acetyl ated rea ent conpound to give correspondi ng

deacet yl P% qres (i‘lheoFPre Pid "?"GP’FW%'“’? & ?rﬁ'leﬁ'f’d fey they MtheS'S and/or

purification of a diaminophenothiazinium compound (DAPTC), as defined herein and
5 including, for example, methylthioninium chloride (MTC), which method comprises at
least the following steps, in order:
purifying (PUR} a corresponding acylated reagent compound (ARC);
deacylating (DAC) said acylated reagent compound (ARC) to give a
corresponding deacylated compound: and
10 oxidizing (OX) said deacylated compound to give said diaminophenothiazinium
compound (DAPTC).

For example, in one embodiment (“acetyl"}, the method is a method for the synthesis
and/or purification of a diaminophenothiazinium compound, as defined herein and
15 including, for example, methylthioninium chloride (MTC), which method comprises at
least the following steps, in order:
purifying (PUR) a corresponding acetyiated reagent compound;
deacylating (DAC) said acetylated reagent compound to give a cofresponding
deacetylated compound; and
20 oxidizing (OX) said deacetylated compound to give said diaminophenothiazinium
compound.

in one embodiment, the method is as illustrated by the following scheme, in which R, R¥,

R R¥MA R R™MA R™E and X are as defined herein,
25

25



RJr R3NA A7NBRI 3NB and 15oxi di zi ng (OX) sai d deacetyl ated conpound to give
sai d di am nophenot hi azi ni um conpound (DAPTC). For the avoi dance of doubt,
the word "corresponding” in the phrases 'correspondi ng acyl at ed
reagent ceypamsshoand "correspondi ng decyl at ed corrpounlggICTltég2 ,gépﬁnded to 20
mean "corresponding to the target di am nophenot hiazi ni um #B and so
the groups R1, R9, R3NA, R3NI 3, R7NA, Th7NB

rt of the acyl ated reagent conpound and the decyl ated conpound, if
present, are the sanme as the correspondi ng groups Rl, R9, R3NA R3N13,
R7NA, R7NB of the target di am nopBemgtdii@zi ni um conpound. 25 The acyl at ed
(e.g., acetylated) reagent conpound used non said purifying (PUR) step may
be obtai ned fromany source or nay be o ;JSI ng any net hod of

synt hesis, for exanple, using a nethod of s nt esis as described herein.

In a preferred enbodlﬁg ol he method i d for the synthesis and/or
purification of 30net iﬁ |on|n|un1chl de ( mnhph nmet hod conpri ses
at | east the fO||OMkﬂg—SPep&r i orger Dty UR)

3, 7-di (di net hyl ani no) - 10- acet yl - pherhg,g hi azi ne; SNB deacyl ati ng (DAC)
said 3, 7-di (di net hyl am no) - 10- acet yf- phegnot hi az fKto give

3, 7-di (di nmet hyl am no) - 10H phenot hi azi neR and oxidi zing (OX) said
3, 7-di (di met hyl am no) - 10H phenot hi azi | sai d 5net hyl t hi oni ni um
chloride (MIC). An eleamplatonof this e ment |II15|D§\trated in the

fol l owi ng scheme. SchéRef)i1  plr '*N

7NB 3NB

oxidation
(OX) "
SNB

XG

Thus, in one embodiment, the method is a method for the synthesis and/or purification of

5  a diaminophenothiazinium compound (DAPTC), as defined harein and including, for
example, methylthioninium chloride (MTC), which method comprises at least the following
steps, in order:

purifying (PUR) a corresponding acylated reagent compound (ARC) of the
following formula:
10

7NB BNB

deacylating (DAC) said acylated reagent compound (ARC) to give a
corresponding deacylated compound of the foliowing formuia:

?'NB 3NB

10

and
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(PUR) Me,, N'"Me MeMe Synt hesis and/or Purification of

Di am nophenot hi azi ni um Conpounds - A+B I n one enbodi nent, the acyl ated
reagent compound (ARC) used in said purifying (PUR) 15step is obtained by
acyl at i nowlbhestenracy! ated (e.g., Nwunsubstituted) pr BEQJ?/OPIS'/& he
correspondi ng acyl ated reagent conmpound ( NAPARC). or exanpl e, in one
enbodi nent, where Rl is -Me, the acetyl ated reagent conpound used in said
purifying (PUR) step is obtained by acetylating the non-acetylated (e.g.,
20N10- unsubstituted) precursor of the correspondi ng acetyl ated reagent
conmpound. Thuosidizing (OXesadriextyatsdtcompbend e ighe alduidrhias pHepbRi:mre, t he

fol | ow rempdisia.(DREfrEs e said purifying (FUR) step: acyl ating
(ACl) a correspondi ng non-acyl ated precursor of said acyl ated reagent 25
conmpoun él\lAPARC) to give said acyl ated reagent conpound (ARC). For
exanpl e o FreBlpe: Entnsoraradiment faeetyll): the meafwdie amathddiot hesyntesm i ses t he
fol | Bwi mYd/at pypificaiien of e deainbpbendthiytinigm(dehigbust @APTC), as defined her@g Y| at i ng
(ACL) aaf@NERERGITEl Sk nRditibahRh d?a'id?iew(rﬁ%)ﬁhic’ﬁ%&h@ac&wrﬁg eg Sreagent
conmpoungl.tOn gk V&t |5% gqﬁ’toﬁde?t ed reagent conmpound. In one e _ods! ment, the
met hod urtner, COHﬁJI &R Che follow ng step, before said purifying (PUR)
st ep: purifying (F{R) aa‘iqr'ﬁap‘lnﬂﬂﬂ)acﬁtygiﬁdrréﬁﬁﬂhWWL&!‘!@ of theyolawisd precur sor
of an atynHieed reagent 10 conmpound (NAPARC) to give said acyl ated reagent

conmpound (ARC), wherein saigl onyacyl ated precursor (NAPARC) is a
conpound of the follow ng forml & R’
R7NA SNA
o RNy S R
10 FL?NB é:ma

| deacylating (DAC) said acetylated reagent compound to give a corresponding
deacetylated compound of the following formuia: '

RQ H R1
R?NA\ RSNA
P
R

7NB 3NB
R N

and
15 oxidizing (OX) said deacetylated compound to give said diaminophenothiazinium
compound (DAPTC).

Far the avoidance of doubt, the word “corresponding” in the phrases “corresponding
acylated reagent compound” and “corresponding decylated compound” is intended to

20 mean “corresponding to the target diaminophenothiazinium compound”, and so the
groups R', R®, R™A RMNB R7NA RTNB of the acylated reagent compound and the decylated
compound, if present, are the same as the corresponding groups R, R®, R R3NB R7NA
R™® of the target diaminophenothiazinium compound.

25  The acylated (e.g., acetylated) reagent compound used in said purifying (PUR) step may
be obtained from any source or may be obtained using any method of synthesis, for
exarnple, using a method of synthesis as described herein.

in a preferred embodiment, the method is a method for the synthesis and/or purification of
30 methylthioninium ehloride (MTC), which method comprises at least the following steps, in
order:
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15For exanple, in one enbodi ment ("acetyl"), the nethod further conprises
the followi ng step, before said purifying (PUR) step: acyl ating (Ad)
a correspondi ng non-acetyl ated precursor of said acetyl ated reagent
conmpound @ »6lisfrsai d acetyl ated reagent conpound, \/\h%@d}n&ﬁ)ﬂ@lﬁm
non-acetyl ated precursor is a conpound of the follow ng fornula: Rl "AMA
2047NBlI 3NB Thus, in one enbodi nent, the nethod is a nethod for the

synt hesis and/or purification of a di ani nophenot hi azi ni um conpound
(DAPTC), as defined herein and including, for exanpl e,

met hyl t hi oni mnwg:ml_m)l:ﬁzadﬂm@&mylawﬂopho-aeéth%eﬁ&ﬁmmges at |least the

fol | Wi ng 2554 FP5nd B Efdsvaﬁ IRt BE aPeGaRRRR gpon, 2y at e

precurs rea ent to give a
cor respgﬁo‘?&i’ﬁ‘“% 38"1‘"&‘!‘8)6 6" d (ARO); purifying (FUR) said
acylated r ea@@ﬁttn@:@@cﬂﬁlﬂ@ (ﬂﬁdl)netfw@dm;ﬂpémhﬁgot BACY tsgivelsaidy| at ed reagent
conpodunehefrARSipnihiomahieida (MPCy.espondi ng deacyl ated conpound; and

oxidizing (0X) said deacyl at ed corrpound to give said

di am h t . F |
elng?dino le(?m%QﬂWrg%Jm ﬂﬁnﬂﬁ&ﬁ a"ﬁé?“r%’ﬁ‘gg%?g%%gpsgnt Ih(ra]s:)geSand/ or

purification of a diam nophenot hi azi ni um conpound, as defined herein and
i ncluding, for exanple, nethylthigmemeurnh chl oride (MIC), which nethod
conprises at least the follow ng steps, igrg/bder:

N
purification
{PUR) Me M
S \T S IN/ [
Me Me
deacetylation
(DAC) ‘Me

A e ITI
- Me
oxidation
(OX)
_ - Me\T Me
Me
10 Cl @

Synthesis and/or Purification of Diaminophenothiazinium Compounds - A+B

In one embodiment, the acylated reagent compound (ARC) used in said purifying (PUR)
15 stepis obtained by acylating the non-acylated (e.g., N'®-unsubstituted) precursor of the
corresponding acylated reagent compound (NAPARC).

For example, in one embodiment, where R" is -Me, the acetyiated reagent compound
used in said purifying (PUR) step is obtained by acetylating the non-acetylated (e.g.,
20 N™-unsubstituted) precursor of the corresponding acetylated reagent compound.

Thus, in one embodiment, the method further comprises the following step, before said
purifying (PUR) step:
acylating (AC1) a corresponding non-acylated precursor of said acylated reagent
25 compound (NAPARC) to give said acylated reagent compound (ARC).
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acylating (ACl) a correspondi ng non-acetyl ated precursor of a
correspondi ng acetyl ated reagent conpound to give said acetyl ated reagent
conmpound; 10purifying (FUR) said acetyl ated reagent conpound,

deacyl at i p@ foRfar97aal d acetyl ated reagent conpound to gl e a correspondi ng

deacetyl at ed conpound; and oxi di zing (OX) said GBI L2 conpound
to give said di am nophenot hi azi ni um conpound (DAPTC). 15 In one
enbodi ment, the nethod is as illustrated by the foll owi ng schenme, in which

R1, R9, R10, R3NA;- R31413, R/NA,. 7NR R -, and X are as defined herein. WO
2008/ 007074PCT/ (B2007/ 002570 Scheme 12 Thus, in one enbodi nent, the met hod

I s a metrwdxdnitie, ihEheSHg LG g r Joof | lon of .5 ' ,

di ani no@ﬂ%g r;gjeagﬂﬁ? Uﬁl Cﬂﬁﬁ%ﬁé%@%@, t(lj'lgﬁ éﬁiog% ﬁ'iqeé icﬂma'fﬁ%?sﬁﬂ%wﬂ’l”%, f or
exanpl e, ? VICtRICSHT W%E@ 8¥Pde (MrC), which conprises at |east the
fol | owi ng st 8pdating A hdtorresponding npoyacelylareg HrewDigor af sod hesylasdi ng
non- &cy Ireggedt greouncsorgivef sady atyl#speagiMGoRpyindt ed reagent conpound
(NAPARC) to give said correspondi ng acyl ated reagent conpound (ARC),

wher ei nys gl Ao I d.precursor (NAPARC) is a conpound of the

10f ol | O\g @r‘%ed? or il A tﬁ%(%f\l*%ﬂ%‘&'ﬁ?%cﬁ‘?fgnsﬁ? gigecliowing step, gfofp said pyrifieg d
acyl ate Y aﬁ%‘ht conpound (ARC) is a conpound of the follow ng formula:
WO 2008/ 007 0Fa/UMg (AB20) @1o08&Eonding non-acylated precursor of an acylated reagent

10 compound (NAPARC) to give said acylated reagent compound (ARC),
wherein said non-acylated precursor (NAPARC) is a compound of the following

formula;
R® 1
" R
N
sy
R R

THE 3aNE

15 For example, in one embodiment (“acetyl”), the method further comprises the following
step, before said purifying (PUR) step:
acylating (AC1) a corresponding non-acetylated precursor of said acetylated
reagent compound to give said acetylated reagent compound,
wherein said non-acetylated precursor is a compound of the following formuia:
] 1
R

o

N

R7NA\ ﬁ\ RaNA
ey

i
20 RNB RNB

Thus, in one embodiment, the method is a method for the synthesis and/or purification of
a diaminophenothiazinium compound (DAPTC), as defined herein and including, for
exampie, methylthioninium chioride (MTC), which method comprises at least the following
25  steps, in order:

acylating (AC1) a corresponding non-acylated precursor of a corresponding
acylated reagent compound (NAPARC) to give a corresponding acylated reagent
compound (ARC);

purifying (PUR) said acylated reagent compound (ARC);

deacylating (DAC) said acylated reagent compeund (ARC}) fo give a
corresponding deacylated compound; and

30
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A7NBRI 3NB purifying (PUR) said acyl ated reagent conpound (ARC);

deacyl ating (DAC) said purified acyl ated reagent conpound (ARC) to give a

correspondi ng deacyl ated conpound of the following fornmula: HR 7NAN, R3NA

SR7" 153" ¥aoesiwore74 0X1 di Zzing (OX) said deacyl ated conpound to give said

di ani nophenot hi azi ni um conpound ( DAPTC). 10 For exarrplng‘?T’?ﬁz“BH@%@ﬂbodi ment

(acetyr), the nethod is a nethod for the synthesis and/or purification of

a di am nophenot hi azi ni um conpound, as defined herein and including, for

exanpl e, nethyl thioniniumchloride (MC), which conprises at |east the

fol I owi ng st efgizing QORY SRS deacylated compound t@%%%%?d%réiﬁﬁ%en%hﬁ%ﬁuﬁnspond' ng
yl"at'e

non- acety, I sor of a corresponding 15 ace reagent conpound
to give égﬁﬁﬁgé§@§ﬁ§¥ed reagent compound; wherein said non-acetyl ated

precursor is a conmpound of the followi ng fornula: RO R7N.)33NA RnmeR3NB
wher ei nFebgx@mptee inonstembodivegnt (facetyipthe nethcs iwa emtpddadheyritigis ol | owi ng
f or &Il aand?8r NirifiEaticn 6NAdRImiSINReMthiZSMdNB3MBound, as defined herein and
including, for exampie, methylthioninium chloride (MTG), which method comprises at
least the following steps, in order:
acylating (AC1) a corresponding non-acetylated precursor of a corresponding
acetylated reagent compound to give said acetylated reagent compound;
10 purifying (PUR) said acetylated reagent compound;
deacylating (DAC) said acetylated reagent compound to give a corresponding
deacetylated compound; and
oxidizing (OX) said deacetylated compound to give said diaminophenocthiazinium
compound (DAPTC).
15

In one embodiment, the method is as illustrated by the following scheme, in which R!. R?
R, RA R¥MNE R7TNA RTNE and X are as defined herein.

¥
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I R purifying (PUR) said acetyl ated reagent conpound; deacyl ati ng
(DAC) said purified acetyl ated reagent conpound to give a correspondi ng
deacetylated conpound of the following formula: R9 and 5oxidizing (0X)
sai d deacg; (ﬁ% onpound to give said di am nophenot hi azi ni um conpound
( DAPTC) . (he avoi dance of doubt, the word " cor r es ptrdEBYe790350he
phrases 'correspondi ng non-acyl ated precursor of a correspondi ng acyl ated
reagent compound”, "correspondi ng 10acyl ated reagent conpound" and
"correspondi ng decyl ated conpound” is intended to nmean "corresponding to
t he target dlanlnophenoth|a2|mtng&@g@qgnd" and so the groups R1, R9,
R3NA, R3NB, R7NA, r-,7NB rc of the
non- acylated prgpursor ,the acyl ated reagent conpouﬁﬂ @nd t he decyl at ed
i Bt } gRoups R1, RO,
2 conpound 15
‘ lﬂe@
precurscﬁ ofy-a ; ] @/ _ai(ﬂﬁjLLa.L d)R reggen > Mfea in said
acyl ating (Ag%) step may anthalned from any $ource or may bp obt ai ned
usi ng any nBt hod of synthe%ls for exanpl e, usRng a_ret hod a’descri bed
herein. 20 In a preferred enbodi nent, the method isfa tbpd for the

synthesis and/or purification of nethylthioniniumhi r| de (MIC), which
met hod conprises at |east the foll ng steps, i g

acyl ating (ACl1) 3, 7-di (dinethyl aﬁ‘i"’é‘é‘”‘lorp phgnot i i ve
253, 7-di (di net hyl am no) - 10- acet |‘nﬁ,

3, 7-di (di met hyl ami no) - 10- acet yl - phenot hi azi ne; | deacyl atl ng (D@Q sai d
3, 7-di (di met hyl ami no) - 10- acet yl - phenot hi azi ne Fo g| ve

3, 7-di (di et hyl am no) - 10H- phenot hi azi ne; and

said 3, 7-di (di net hyl am no) - 10H phenot hi azine to

30met hyl t hi oni ni um chI ori de ( MI@acylation
{DAC)

R' oxi di zi ng (OX)

R7NA\

ILTNB

oxidation
(OX) R
aNB

xe

Thus, in one embodiment, the method is a method for the synthesis and/or purification of
S  adiaminophenocthiazinium compound, as defined herein and including, for example,
methylthioninium chiloride (MTC), which comprises at least the following steps, in order:
acylating (AC1} a corresponding non-acylated precursor of a corresponding
acylated reagent compound (NAPARC) to give said corresponding acylated reagent
compound (ARC), wherein said non-acylated precursor (NAPARC) is a compound of the
10 following formuia:

g R1

R
H
N.
o ST o
N S N~

FI{TNB FLSNB

and wherein said acylated reagent compound (ARC) is a compound of the
following formula:
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An exanple of this énbodi ment is illustrated in the followi ng schene. WO

ion (AC 1
2008{\/8:\)/;074PCT/ GB2007/ 002570 Schene 13 acetyl ati ( ?ve Ve Mo MeMe
"Me

oxi dat i onw(d%hsdodraN'Me SN 11 MeMe PCT/GB2007/002570
R1U
O .
=9 \f =
N
R’“’*\N S N,R‘”""A
A?NB R'SNB

purifying (PUR) said acylated reagent compound (ARC);
deacylating (DAC) said purified acylated reagent compound (ARC) to give a
carresponding deacylated compound of the following formula:

R R'
H
R?NA . R3NA
T

3NBE
RTNB R

and

oxidizing (OX) said deacylated compound to give said diaminophenothiazinium
compound (DAPTC).

10 For example, in one embodiment ("acetyl), the method is a method for the synthesis
and/or purification of a diaminophenothiazinium compound, as defined herein and
including, for example, methylthioninium chloride (MTC), which comprises at least the
following steps, in order:

acylating (AC1) a corresponding non-acetylated precursor of a corresponding
15 acelylated reagent compound to give said acetylated reagent compound:
wherein said non-acetylated precursor is a compound of the following formula;

R® y K
R?NA /RaNA
N

SNB
R?NB R

wherein said acetylated reagent compound is a compound of the following

formula:
R? \\T;7C) R1
/@ND
R?‘NA 3NA
\T S iT,R

7NB aNB
R

R
purifying (PUR) said acetylated reagent compound:

20
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Cl (r) Synthesis and/or Purification of D am nophenothi azi ni um Conpounds -
A+B+C S I n one enbodi nent, the acylated (e.g., acetylated) reagent
conmpound used in said acylating (ACl) step is obtained by reducing a

cor r espongiggesiho@Ai nophenot hi azi ni um conpound. 10 Th“%cf)&zﬁ%aWOdi ment ,
the nethod further conprises the foll ow ng step, before sai acyﬂ ating
(ACl) step: reducing (RED) a correspondi ng oxidi zed precursor of said
non- acyl ated precursor of said acyl ated reagent conmpound ( OPNAPARC) to
gi ve said non-acyl ated precursor of said acyl ated reagent conpound. 15

For exanpl e, désoylaiiigy (BAOPsaiapoiifidd @eiad rbagdnh Gorfifiuna e fivé kher conpri ses
the fol kﬁmSB&\aﬁ{g%acgﬁgféﬁ%oﬁ@ggrbcﬁ&%earroh&vﬂn éﬁ%lazﬁ ep: reduci ng

(RED) a correspondi ng” oxidiz rgcursor ol sard non-acetyl ated precursor
of said acetylated reagent conpotind to ¢ive said non-acetylated precursor
of 5 said acetyl ated reagent coppaurid one enbodi nent, the nethod
further conprises the foll.Qw o@ re spid acylating (ACl) step:
reducing (RED) a correspo';ﬁd| Ay~ O T ﬁ,u'?sor of said non-acyl-ated 10
precursor of said acylated reggent conmpound|{OPNAPARC) to give said

non- acyl ated precursor of saifl acyl ated reafjent conmpound (NAPARC), wherein

sai d oxi di zeghdpr ecursor (OPNARC) is a conmpound of the follow ng fornula,

e ngxﬁoié‘g’%%ﬁf’%’ o e 6 g S BB Rt St L rer

cbrrpri sed RHe I"l oWt ng step, before said acylating (ACl) step:
reduci ng (RED) a correspondi ng oxi di zed precursor of said non-acetyl ated
pr ecur sBor t awidadcaciadopbia thedverd ageesparaigbinnge bleragis eorfdipendi- acet yl at ed

Pr ecur sgin-adyiakdd sréduis R LS %l‘?é@gncﬁiﬁ‘f%l;é&eo% REmpound”, "forP@@ g S@l d .
X1 MR o St TR oL GGy el Wit " ¢ 1
mean “corresponding to the target diaminophenothiazinium compound”, and so the
groups R', R®, R®™, R®™® R™A R™® of the non-acylated precursor, the acylated reagent
compound, and the decylated compound, if present, are the same as the comresponding
groups R, R®, R®™, R™5 R™A R™E of the target diaminophenothiazinium compound.

15
The non-acylated (e.g., non-acetylated) (e.g., N'*-unsubstituted) precursor of an acylated
(e.g., acelylated) reagent compound used in said acylating {(AC1) step may be obtained
from any source or may be obtained using any method of synthesis, for example, using a
method as described herein.

20

In a preferred embodiment, the method is a method for the synthesis and/or purification of
methyithioninium chloride (MTC), which method comprises at least the following steps, in
order:
acylating (AC1) 3,7-di(dimethylamino)-10H-phencthiazine to give
25 3,7-di(dimethylamino)-10-acetyl-phenothiazine;
purifying (PUR) said 3,7-di(dimethylamino)-10-acetyl-phenothiazine;
deacylating (DAC) said 3,7-di(dimethylamino)-10-acetyl-phenothiazine to give
3,7-di(dimethylamino)-10H-phenothiazine; and
oxidizing (OX) said 3,7-di(dimethylamino)-10H-phenothiazine to give said
30  methyithioninium chioride (MTC).

An example of this embodiment is illustrated in the following scheme.
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x. G '7NA RAVA A7NBAI 3NB 25 Thus, in one enbodinent, the nethod is
a nethod for the synthesis and/or purification of a di am nophenot hi azi ni um
conmpound, as defined herein and including, for exanple, nethylthioninium

chl ori de (MHedsnovdrk ch method conprises at |east the fcﬂdmﬁg’@;ﬁps, in

order: reducing (RED) a correspondi ng oxidi zed precursor 0
correspondi ng 30 non-acyl ated precursor of a correspondi ng acyl at ed
reagent conpound (OPNAPARC) to give said correspondi ng non-acyl at ed
precursor of said acyl ated reagent conmpound (NAPARC); acyl ati ng
(ACl) said non-acyl ated precursorgdeARC) to give said acyl ated reagent
conmpound (ARC); 5purifying (PUR) said acyl ated reagent
deacyl ating (DAC) said acyl ated reagent conmpound (AR
correspondi ng deacyl ated conpound; and oxi di_zi
deacyl at ed cd i ve sai d agetdgatiomophenot hi
10 Me-. Me (ACT) Me,

N —_— N

N
i | ! l
Me Me Me Me

N
purification
(PUR) Me‘N . _Me

| "
Me Me
H
N
deacetylation /@
___(I_)f_c_;)__-_ ME\T S T/Me
Me Me
oxidation N\
(O%) Me I o M
—— i
-
Me @ Me
o=

Synthesis and/or Purification of Diaminophenothiazinium Compounds - A+B+C

In one embodiment, the acylated (e.g., acetylated) reagent compound used in said
acylating (AC1) step is obtained by reducing a corresponding diaminophenothiazinium
compotnd.

10 Thus, in one embodiment, the method further comprises the foliowing step, before said
acylating (AC1) step:
reducing (RED) a corresponding oxidized precursor of said non-acylated
precursor of said acylated reagent compound (OPNAPARC) te give said non-acylated
precursor of said acylated reagent compound.
15
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For exanple, in one enbodinent ((acetyl"), the nethod is a nethod for the
synthesis and/or purification of a di am nophenot hi azi ni um conpound, as
defined herein and including, for exanple, nethylthioniniumchloride
(MTC), whi conprises at least the followi ng steps, in order:

15r educi nﬁﬁ@@@qcorrespondi ng oxi di zed precursor ofPQQWPE@ﬁﬁHdi ng
non-acetyl ated precursor of a correspondi ng acetyl ated reagent conpound to
gi ve said non-acetyl ated precursor of said acetyl ated reagent conpound;
acylating (ACl) said non-acetyl ated precursor of said acetyl ated reagent

corrpoun#ort@campxé?imecén%emenﬁz“sé&mﬁa@metrfaemféﬂéémgr%@yfﬂgwno% (PUR) said
acetyi arst%g ﬁe%}geg.t o n@o%ﬁe') ton: deacyl ati-ng (DAC) sal d acetyl ated
reagent "C ’rrpouna_ P@% A éo??%spo,ndi ng deacetyl ated conpound; and

oxi di zi ng ( ORFudRg (REX ACorpsranding skEes REpcHgolwaiddwndostylated

di am nopteswrsoihif azidricetmatdmpayenticqnipdClo gidbsaid noroasheated dicomsbr, oft he net hod
is a5 i bdigstaphed dageh@nielh@w ng scheme, in which R1, R9, RL0, R3NA,
R31113, R7NAT Rnm and X are as defined herein, and Xa is as defined for
X, and {Ta be the sane as or different than X. I n one enbodinent, X and X
are t he'"SreEMbogimeng b Hethod Hohe esavises BeIYipyingstepbsiere said  Thus, in one
enbodi neetating KChistdrod i s a nethod for the synthesis and/or purification
of 5 a diam @em@m@)&%ﬂbsﬂ%awﬂwﬂ% preudel drRed ndRlejiae@nd i ncl udi ng,
for 1(?Xaﬁ%k&s?ﬂmggﬁxlat:ﬂé@m"éyg%@c% ggﬂﬁgﬁbﬁM@R%%b&g s%ﬁﬁéﬁ?—gcﬁ&gg rises at

| east the fo0 ILP?V\AB% sitggs, In order: reducrng & correspondi ng
oxi di zelfSHEUR SBF 26Yad IRRoPRPBRArIRNBHIRCy | at ed precursor of a

cor r espondi rihesel) said sdidized geastrsebIRFNARC)(IOPRNAPPROY of thefdloginge sai d

non- acylfoaheld, vhicesit X8 Brasafefisai @r Acatldah@dod Bagemt as onmFsae taARARC) , wherein
sai d oxidi zed precursor. (OPNAPARC) is a compound of the follow ng fornul a:

r® R
N
X
R™A N _RMA
N ®s N
! Lave

7NE

15
For example, in one embodiment (“acetyl"), the method further comprises the following
step, before said acylating (AC1) step:
reducing (RED) a corresponding oxidized precursor of said non-acetylated
precursor of said acetylated reagent compound to give said non-acetylated precursor of
20 said acetylated reagent compound,
wherein said oxidized precursor is a compound of the foliowing formula, wherein
X?is as defined for X, and may be the same as or different than X:

R® R

) N
-
JO
\T S N,R

B R éSNB J

25  Thus, in one embodiment, the method is a method for the synthesis and/or purification of
a diaminophenothiazinium compound, as defined herein and including, for example,
methylthioninium chloride (MTC), which method comprises at least the following steps,
in order:

redueing (RED) a corresponding oxidized precursor of a corresponding
30 non-acylated precursor of a cerresponding acylated reagent compound (OPNAPARC) to
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ReNA RI3NB x. G | and wherein said non-acylated precursor
(NAPARC) is a conpound of the following fornula: Ram N R3" 5acyl ating
(ACl) said non-acyl ated precursor of said acyl ated reagent conpound

NAPARC) @ @si@¢al d acyl at ed reagent conpound (ARC), ' i d
gcyl ated reagent conpound (ARC) is a conpound of the fpowgévﬁ%hg‘m?%?wl a:

R3NA Re" purifying (PUR) said acylated reagent conpound (ARC);
10deacyl ati ng (DAC) said acyl ated reagent conpound (ARC) to give a

give said corresponding non-acylated precursor of said acylated reagent compound
{NAPARCY);

acytating (AC1) said non-acylated precursor (NAPARC) to give said acylated
reagent compound (ARC);

5 purifying (PUR) said acylated reagent compound (ARC);

deacylating (DAC) said acylated reagent compound (ARC) to give a
corresponding deacylated compound; and

oxidizing (OX) said deacylated compound to give said diaminophenothiazinium
compound (DAPTC). '

10 .

For example, in one embodiment (“acety!”), the method is a method for the synthesis
andfor purification of a diaminophenothiazinium compound, as defined herein and
including, for example, methylthioninium chloride (MTC), which method comprises at
least the following steps, in order:

16 reducing (RED} a corresponding oxidized precursor of a corresponding
non-acetylated precursor of a corresponding acetylated reagent compound to give said
non-acstylated precursor of said acetylated reagent compound;

acylating (AC1) said non-acetylated precursor of said acetylated reagent
compound to give said acetylated reagent compound;

20 purifying (PUR) said acetylated reagent compound:;

deacylating (DAC) said acetylated reagent compound to give a corresponding
deacetylated compound; and

oxidizing (OX) said deacetylated compound to give said diaminophenothiazinium
compound (DAPTC).

25
In one embodiment, the method is as illustrated by the following scheme, in which R, R®,
R™, R™A, R™8 R™A R™8 and X are as defined herein, and X® is as defined for X, and
may be the same as or different than X. In one embodimert, X® and X are the same.
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correspondi ng deacyl ated conpound of the followng formula: R 7NA R

NAt e" R7"R'e and oxi di zing (OX) said deacyl ated conpound to

gi ve said di am nophenot hi azi ni um 15 conpound (DAPTC). For exanple, in one
enbodi rren{,m( o@a%%% , the nmethod conprises at least the foll ow ng steps,
in order reduc ng fRED) a correspondi ng oxi di zed precufSBEBHP7/257
correspondlng 20 non-acetyl ated precursor of a correspondi ng acetyl at ed
reagent compound to give said non-acetyl ated precursor of said acetyl ated
reagent conpound; wherein said oxidized precursor is a conpound of the

following formula:. wherein sai &G;pap=ggetyl ated precursor is a conpound
of the foll ow fornmula: ROR1L 1474 7NA3 A7N13R'13 acyl ating (ACl) said
non- acet yl at ed recur spr of said acetyl ated reagemﬁ 5 und to gi ve
sai d acetyl at gd~ e8fg conmpound, wherein said a N d eagent conpound
is a cogp@\ur\rlld s IoNV\n 1o} fote(dtuzgt)al 01 R R
_—_— - N
[!‘(TNB @ F[{:ENB ma Fz{aNB
x*©
RQ o R'
acylation TNA BNA
(AC1) R \N S R
i
Loe
1
purification
(PUR}) RNA
—_—— - N
TNB IIQSNB

deacylation
(DAC) JRNA
—— N
TNB
oxidation
(0X)
S el
7NB

X@

INA
R

3NB

A—=Z

Thus, in one embodiment, the mathod is a method for the synthesis and/or purification of
5  adiaminophenothiazinium compound, as defined herein and including, for example,
methylthioninium chioride (MTC), which method comprises at least the following steps,
in order:
reducing (RED) a corresponding oxidized precursor of a corresponding

non-acylated precursor of a cerresponding acylated reagent compound (OPNAPARC) to
10 give said non-acylated precursor of said acylated reagent compound {NAPARC), wherein

said oxidized precursor (OPNAPARC) is a compound of the following formula:
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RO 7NA NR I 7NBlI 3NB purifying (PUR) said acetyl ated reagent conpound,
deacyl ating (DAC) said acetyl ated reagent conpound to give a correspondi ng
10 deacetyl ated conpound of the following fornmula: RL R AreNA R'BR'B and
oxi di zi ngwd¢ps/@asd deacetyl ated conpound to give sai

di am nophenot hi azi ni um conpound (DAPTC). 15 correspongP%gGg¥Pnggg
precursor of a correspondi ng non-acetyl ated precursor of a correspondi ng
acetyl at ed reagent conpound For the avoi dance of doubt, the word
"correspondi ng" in the phrases 'a correspondi ng 200oxi di zed precursor of a
correspondi ng non-acetyt ated precursor of a ceyrespondi ng acetyl ated
reagent conpound”, "co respondmﬁg non-Rlcyl at ed| precursor of a
correspondi ng acyl at ed} r eagent ~ , "corfespondi ng acyl ated reagent
conmpound” WD 2008/ 007 zﬁfCT/ 370 and| xe@dr espondi ng decyl at ed
conpound” is intended t® mea 2 ‘Png”?o t he target

di am nophenot hi azi ni um conpound” (Hand so fhe groups R1, R9, R3NA, R3NB,
RVA, R71413 of the oxidi zed®Srecursor, the™hon}acyl ated precursor, the
acyl at ed reagent conpound, and the decyl ated conpound, if present, are the
sane as the ¥srwheseiosaif ngnBgriated prarutser (RAPARBE a RSNRUNE RBf the

following formula:
RQ 1
N
3MA
S I]\!’R

7NR 3NB
R

RTNA
Y
f
R

5 acylating (AC1) said non-acylated precursor of said acylated reagent compound
(NAPARC) to give said acylated reagent compound (ARC), wherein said acylated reagent
compound (ARC) is a compound of the foliowing formula:

purifying (PUR) said acylated reagent compound (ARC);
10 deacylating (DAC) said acylated reagent compound (ARC)togive a
corresponding deacylated compound of the following formula:

R® y R'
RTNA INA
, Y S N R
| f
R

" L7NB
R ang

and

oxidizing (OX) said deacylated compound to give said diaminophenothiazinium
16  compound (DAPTC).

For example, in one embodiment (“acetyl"), the method comprises at least the following
steps, in order:

reducing (RED) a corresponding oxidized precursor of a corresponding
20 non-acetylated precursor of a corresponding acetylated reagent compound to give said
non-acetylated precursor of said acetylated reagent compound;

wherein said oxidized precursor is a compound of the following formula:,
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R - , R7 of the target di am nophenot hi azi ni um conpound. The oxi di zed
precursor of the non-acylated precursor of the acylated reagent conpound
(OPNAPARC) (e.g., the oxidized precursor of the non-acetyl ated precursor
of an aceyplgdsperete£agent conpound) used in said reducippgdebRPoestEp My be
obtained from 10 any source or may be obtai ned using any method of
synthesis, for exanple, using a nethod as descri bed herein. In a
preferred enbodi nent, the method is a nethod for the synthesis and/or
purification of nethylthioniniumchloride (MIC), which nmethod conprises at

| east the follow ng steps, in 15 order —+educi ng (RED)
met hyl t hi oni ni um chl orli de (MI@® to gi re 3, 7-di|( di met hyl ani no) -
101- 1- phenot hi azi ne; | acyl at iNag ACl) sai|d

3, 7-di (di met hyl am no) {10H ph¢ 1 a2 R%IVEXE@

3, 7-di (di net hyl ani no) { ®3%ace aheH azi 20purifying (PUR) said

3, 7-di (di net hyl am no) 410- agety -@?enot h| d%l ne; deacyl ati ng (DAC)
sai d 3, 7-di (di net hyl arfi no) g?'®- ac€t yl - phergitthi 4zi ne to give

3, 7-di (di net hyl am no) -10H phenot hi azi ne; and oxi dizing (OX) said
3, 7-di (di metdhgrensaidhorlddtyidted ptdtlimar ina compgundeof siz ©llovdtdipirbiaoni ni um
chloride (MIC). 25 An exanple ofgsthis egbodinent is illustrated in the

foll owi ng scheme. WD 2008/ 0070 GB2007/ 002570 Schene 15 reduction
Me."...Me(RED)Me." I (r)lll MeMeiEME a~€Dxi n one enbodi nent, the oxidized
precursor of the non- acetRyﬂ@te of pm Sacetyl ated reagent
conpound (e.g., nethylthioni'Biun i C)) is provided in an inpure
form for exanple, as a m xt I conpri sing MEC and one or nore organic
inmpurities, for exanple, nore than 5% (or nore than 4% or nore than 3%

of one or nACHaEIIfART Lsaidhpei-regtdated pracUrsRERfSRIE acaliatesieraie of Azure B,
Azurse Aopmipundio@iveasaitl acetylated reagent compound, wherein said acetylated reagent
compound is a compound of the fo!lowing formuia'

TNA 3NA
/é[ ﬁj\ R
ma

3NB

purifying (PUR) said acetylated reagent compound,;
deacylating (DAC) said acetylated reagent compound fo give a corresponding
10  deacetylated compound of the following formula'

ﬁ ﬁ SNA
TNB 3NB
and

oxidizing (OX) said deacetylated compound to give said diaminophenothiazinium
compound (DAPTC).
15
corresponding oxidized precursor of a corresponding non-acetylated precurser of a
corresponding acetylated reagent compound

For the avoidance of doubt, the word “corresponding” in the phrases “a corresponding

20 oxidized precursor of a corresponding non-acetylated precursor of a correspeonding
acetylated reagent compound”, “corresponding non-acylated precursor of a
cortesponding acylated reagent compound”, “correspending acylated reagent compound”
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MB, for exanple, nore than 5% (or nore than 4% or nore than 3% of one
or nore of 10 Azure B, Azure A, Azure C, and MVB. For exanple, in one
enbodi ment, the nethod is as illustrated by the foll owi ng schenme, in which
R, RO, R NB, R7NA, R7148, and X are as defined herein, and X is
as Elcgﬂ ne@ ¥0g§sx, and may be the same as or diffrEREBIRANZ® | n one
enbodi nent, Xa and X 15 are the sane. WD 2008/ 007074PCT/ GB2007/ 002570

5 Synthesis and/or Purification of Di am nophenot hi azi ni um Conpounds - A+D
I n one enbodi nent, the acyl ated reagent conpound (ARC) used in said

purifyigg "e&kfﬁomwdéewaiéa MR PYs HRAYET fo Mdhn(“c65MispaRdimstoltad ed upstream

' : g sagh at ed
D loskiah SR Kl SOOI LWL STl B st ed
the aceRyl %6%%@5@@5%%%8%@0-%@@ PFECYEROl tht AGvijadvgadsttR) step i s

obt ai neebnippund #ed the degyiCONpmmeut dtpydsatic draips sareaas reavuesondiog t he

cor respiogis Y, RE ), REBARME agthbf 15O taagst BRntibphSftiRgAkih dorPoliRRgENt
conmpound. 15 Thus, in one enbodi ment, the nethod further conprises the

fol |l ow st ep,, before id purifyin FUR)_ st ep:; converting (CON)
corres pﬂ%’o‘?"f%ﬁgm“é‘f@ﬂ Oﬁ'_gstﬂf’ AR i%%%E%Fé’ﬁPr %Iﬁh%%@@t%ﬁﬁ%%aorﬁ%sm
conpoun@FNABARRLe-u o theatxdlizsorres e di thg nac predyiaed pessyenat ofonpound (ARC) . 5
For exaselyiited Ragae combostidyesdd intshid réRichgdREDY £t mag @apbisaRE fiche f ol | owi ng
stefy De{AUECERF fah UEiobidhid &ﬁgﬁ%gﬁe d of r}TfI%stbge m L%iﬂ%%\r respondi ng

acetyl at & ‘ﬁ Sstrea Cgr ecur sor acetylated reagent comnpound to said
cor r espORdP 83 A DeLRLE Ny eagent conpound. 10 In one enbodi ment, the
met hod further conprises the follow ng step, before said purifying (PUR)
step: Ina prefenay embodigeftCHs)methebis rasgiationte agythadieshdigpuridativpsiecur sor
of sai dnahyirdnilm SRGRI (VESPRHBIMeMIR AR Prided of Rt thOTISRRG Bdha % acy! at ed
r ea,%ntorgé)rgrpound (ARC) ,
reducing (RED) methyithioninium chiotide (MTC) to give 3,7-di(dimethylamino)-
10H-phenothiazine;
acylating (AC1) said 3,7-di(dimethylamino)-10H-phenothiazine to give
3,7-di{(dimethylamino)-10-acetyl-phenothiazine;
20 purifying (PUR) said 3,7-di(dimethylamino)-10-acetyl-phenothiazine;
deacylating (DAC) said 3,7-di(dimethylamino)-10-acetyl-phenocthiazine to give
3,7-di{dimethylamino)-10H-phenothiazine; and
oxidizing (OX) said 3,7-di(dimethylamino}-10H-phenothiazine to give said
methylthioninium chloride (MTC).
25

An exampie of this embodiment is illustrated in the following scheme.
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15wherein said acyl ated upstream precursor of said acyl ated reagent
conpound (AUPARC) is a conpound of the following formula: 02N NO2

For exanple, in one enmbodinent ("acetyl"), the method further conprises
the fol | owdsheghishAap, before said purifying (FUR) step; converting (CON) -
correspondi ng acetyl at ed upstream precursor of said acEtVFEFAHOREDgent
conpound to said correspondi ng acetyl ated reagent conpound, whereiri
sai d acetyl ated upstream precursor of said acetyl ated reagent compound is
a corrpound of the follow ng formul a: Thus, in one enbodi nent
("acetyl"), the nethod is a nmethogcHeie 151 synthesis and/or purification
of a di am nophenot h| a2| ni um conpound, as defined here| and including, for

exanpl e, met m chl oride (MIC), which yN.conpri ses at | east
the fol l,p e n or der: Tedypfiper t i ng (CO cor rndi ng acyl ated
upstream p c oso ]r %spon Eﬁ acyl af‘“@d g 1 spgroLndie AUPARC)
to said acyl at ed @agent ¢ompound (ARC); purlﬂyl ng (I§U saigd acyl ated

reagent coffpound ¢ &RC), © deacyl ating (DA} said acyl at éde r eagent
di am nophenot hi azi ni um 5 conpound (DAPTC). For e
exanpl e, net hyl t hi oni ni um chl orige—(™Mrey, whi ch met hod corrprllses at

conpound (ARC) to give a correspondi ng deacyl ated c ond; and
("acetyl"), the method is a nethaeien t he wnt h
purification N
{PUR) Me._ Me
—— N [ -

oxi di zing (0X) said deacyl ated conpound to give said
\ one enbodi nent
aurl fication
of a di am nophenot hi azi ni um conpou&aet) as defThgd A aat eud| ng, for

| !
Me Me
H
N
deacetylation /@ :@\
DA Me
(DAC) \T S T/Me
Me Me
oxidation N\
—-—-—-—...___—.
\i?l s f“J _Me
Me @ Me

in one embodiment, the oxidized precursor of the non-acetylated precursor of an

5  acetylated reagent compound (e.g., methylthioninium: ehieride (MTC)) is provided in an
impure form, for example, as a mixture comprising MTC and one or more organic
impurities, for example, more than 5% (or more than 4%; or more than 3%) of one or
more organic impurities, for example, one of more of Azure B, Azure A, Azure €, and

MVB, for example, more than 5% (or more than 4%: or more than 3%) of one or more of
10 Azure B, Azure A, Azure €, and MVB.

For example, in one embodiment, the method is as illustrated by the following scheme, in
which R', R%, R0, R*NA R¥NE RTWA RTNB S04 X are as defined herein, and X? is as

defined for X, and may be the same as or different than X, In ohe embodiment, X? and X
15 are the same.
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10l east the follow ng steps, in order: converting (CON) a corresponding
acetyl at ed upstream precursor of a correspondi ng acetyl ated reagent
conmpound to said acetyl ated reagent conpound; purifying (PUR) said

acetyl ate conpound, deacyl ating (DAC) said

acetyl at egvégygggdrﬁmcorrpound to give a corresponding 15£%§ HOYPEEEd
conpound; and " oxi di zing (OX) said deacetyl ated conpound to give

sai d di am nophenot hi azi ni um conpound ( DAPTC). I n one enbodi nent:, 't he
method is as illustrated by the follow ng schene, in which R, R9, 20R10,
R3NA, R3NB, R7, RnlIB, and X are as defined herein. WO

2008/ 007074PCT/ GB20071002570 Sch 17 ,JThus, in one enbodi nent, the nethod
is a nethod for the synthesis anMification of 5a

di am nophenot hi azi ni um conpound, a?s defined herein and including, for
exanpl e, net hyl t hi oni ni um chl oriRie }erIT R' which method conprises at |east
the followi ng steps, in order: converting (CON) a correspondi ng
acyl at ed upstream precursgr of orrég di ng acyl ated reagent conpound
(AUPARC) to said acyl at eB reageat 40 < nkR*"ARC) , wherei n said
acyl at ed upst r esayatips ecur sor H@ﬁgﬁ% pnpoundeagflatilhe f ol | ow ng
formula: R' \--&S1RRL_O2NENRE® compound (ARC) Fé?‘f‘d r(@ﬁ?'? sai d acyl ated
reagent conpound ( ) is a cofgpound of the oW ng f or mul a:
purifying (PUR) ,said agyl ated reayedisaticoo ound QARC) deacyl ati ng

(DAC) said acyRat eqd rdagent co YR to |veHa s, rrespondl ng
deacyl ated co u he foll ow n or rrul a:
R o R?NA
B

N s N
] NB Il:zaNg R““B deacylafed 3”
non-acylated prectrsor compound
of acylated reagent
compound (NAPARC) ox:dation {OX)

reduct:on (RED)

TNA /@ ﬁ SNA
7NA ENA
7NB 3NE
7NB SNB

X @
X @ Ultrapure Product
Crude Sfarting Material

oxidized precursor
of non-acyiated precursor
of acylated reagent
compound (OPNAPARC)

5  Synthesis and/or Purification of Diaminophenothiazinium Compounds - A+D

In one embodiment, the acylated reagent compound (ARC) used in said purifying (PUR)
step is obtained by converting {CON) an acylated upstream precursor of the acylated
reagent compound (AUPARC) to the acylated reagent compound (ARC).

10
For example, in one embodiment, where R is -Me, the acetylated reagent compoeung
used in said purifying (PUR) step is obtained by converting (CON) an acetylated

upstream precursor of the corresponding acetylated reagent compound to the acetylated
reagent compound.
15
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R9 HR1 and oxi dizing (0X) said deacyl ated conpound to give said
di am nophenot hi azi ni um conpound (DAPTC). 10 For exanple, in one

enbodi ment ('acetyr), the nmethod is a nethod for the synthesis and/or
purificat| i am nophenot hi azi ni um conpound, as defined herein and
i ncl udi ng@é’g"’é@&?rm e, methyl thionini um chloride (MECVSEOEHORIP hod
conprises at least the following steps, in order: converting (CON) a
correspondi ng acetyl ated upstream precursor of a 15 correspondi ng

acetyl ated reagent conpound to said acetyl ated reagent conmpound, wherein

said a | at ed upstream precursor. of a correspqondi ng, acetyl ated reagent
compound DR Ry EHOT Bl et Pr L R R NP Mo HEG R 02NSN2
wher ei nP&ifing Z&EDwlekt ed reagent conpound is a conpound of the follow ng
20f or mul a:  RoAvertitgRCONY o camesiifanig RtBated nipblyéangpreElB)r 8 ahid aagatby | at ed

r eagent rea QMR @bmiflound (AUPARCHRAGH @rleBSorldiGoydRl feehl é@r@éﬁ%ﬁ} g@f&ge“t

com%ound to give a correspondi ng deacetylated conmpound of [l owi ng

formula: RO 7NA o
For example, in one embodiment, the method further comprises the following step, before

said purifying (PUR) step:
converting (CON) a corresponding acetylated upstream precursor of said
acetylated reagent compound to said corresponding acetylated reagent compound.
10
in one embodiment, the method further comprises the following step, before said purifying
(PUR) step:
converting (CON) a corresponding acylated upstream precursor of said acylated
reagent compound (AUPARC) to said corresponding acylated reagent compound (ARC),
15 wherein said acylated upstream precursor of said acylated reagent compound

(AUPARC) is a compound of the following formula:
10

R
R? \(O R’

N

oN” X g NG,

For example, in one embodiment (*acetyl”), the method further comprises the following
20 step, before said purifying (PUR) step:
converting (CON) a corresponding acetylated upsiream precursor of said
acetylated reagent compound to said corresponding acetylated reagent compound,
wherein said acetylated upstream precursor of said acetylated reagent compound
is a compound of the following formula:

R YO R'

N
25 O,N s” NO,
Thus, in one embodiment (“acetyl”), the method is a method for the synthesis and/or
purification of a diaminophenothiazinium compound, as defined herein and including, for
example, methylthioninium chloride (MTC), which method comprises at least the following
30  steps, in order: ‘
converting (CON) a cofrespending acylated upstream precursor of a

corresponding acylated reagent compound (AUPARC) to said acylated reagent
compound (ARC);
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, R3" R A7NBI 3NB and 5oxi di zing (OX) said deacetyl ated conpound to give

sai d dianinophenothiaziniun1conpound (DAPTC). For the avoi dance of doubt,
the word "corresponding” in the phrases 'a correspondi ng acyl ated upstream
pr ecur sor wef zds/dmei74 espondi ng acyl at ed reagent Conpounqmﬁniﬁowmns
locorrespondlng acyl at ed reagent conpound, and "a corresponglng &%acylated
conpound” is intended to nean "corresponding to the target

di am nophenot hi azi ni um conpound”, and so the groups Rl, R9, R3NA, R3NB, MA
and en of the acyl ated upstream precursor, the acyl ated reagent comnpound,
and t he deagyriirgdPURNBaidadyiated rqagesiednpoaic(ARDY, sane as the correspondi ng

groups Ri1, A
15di am %%he%nég?ﬁgt Zi PNR%m [of0) g d%@%’cg{)gb%g@hgﬁon%‘éed? ment, the method
is ame pqngpgt %@}ﬁ? Regy n%ﬂdor purification of nethylt hi oni ni um
chl ori de ( MREFZING{CX) SaiddRaeyiateshgamprapsd fa givesaid diaminopbérobuaziniust eps, in
order 2@egmound (DARTECON) 3, 7-di ni tro- 10- acetyl - phenot hi azine to

3, 7-di (di et hyI am no) - 10- acetyl phenot hi azi ne; puri fyi ng (PUR) said

3, 7-di ( m_no Oacet ot hi clatlng(DAC)
o4 3 ?5% D alolF SpRUe ace Bl R HefEs Rrsmetnec fop s e
3, 7- di (RSP C&H%Qf)a%Pmsﬁmemzaﬂﬁh@ommdmfmwgn@0«) sai d
3, 7- di (idélvding; ydramxemple; hetHyittieniotricalpiide(MTC)gwiieh sethddeeinpydesiat oni ni um
chlmr i deast MEGhHowiy ST &d&f this enbodiment is illustrated in the
fol l ow ng SGREMRNg (CON) a corresponding acstylated upstream precursor of a
corresponding acetylated reagent compound to said acetylated reagent compound;
purifying (PUR) said acetylated reagent compound,
‘ deacylating (DAC) said acetylated reagent compound to give a coresponding
15 deacetylated compound; and
oxidizing (OX} said deacetylated compound to give said diaminophenothiazinium
compound (DAPTC).

In one embodiment, the method is as fllustrated by the following scheme, in which RY, R®,
20 RY R™ R®™8 R™A R™E and X are as defined herein.
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WD 2008/ 007074PCT/ GB2007/ 002570 Schene 18 oxidation (0X) Me'' ' 1'11 ,Me

| IN MelMe C (r) Synthesis and/or Purification of Di am nophenothi azi ni um
Conmpounds - A+D-FE I n one enbodi nent, the acyl ated upstream precursor of a
cor r espongiphgosapihat ed reagent conpound (AUPARC) used piysahfoRisd fYi ng
(FUR) step is obtained by acylating the non-acyl ated (EJe.g., i

N10- unsubstituted) upstream precursor of the correspondi ng acyl ated
reagent compound (NAUPARC). For exanple, in one enbodi ment, where Rl is
-Me, the acetyl ated upstream precursor of a correspondi ng acetyl ated
reagent conpound used in said puschameg7 (PUR) step is obtained by
acetylating the non-acetylated (e.qg. Nutunsubsthput ed) upstream precursor
of the correspo ng%acetyl at ed reagent conmpound, 15 d’hqs in one
enbodi nent, the® k'further conprises the fo Io tep, before said
purifying (FUR sirﬁp acyl at i n‘ij’é&e ) a correspongd -acyl at ed
upst r eam pr ec@r spf 0 e pongdi ng ate agengNA conpound
( NAUPARC) to @ | at ed upstrean$20\ pT %

correspon@n‘\ﬁg acyl§te reglé’ent compound (AUHAARC). For exarm,Le in one
enbodi ment ("acetyl"), the nmethod further cd:h'prl &8s the fofl owi ng step,
before said purifying (FUR) step: acylating (AG) ORf espondi ng

non-acetyl ated upstream precursor of the 5 corrsp d| g acetyl ated
reagent conpound to give said acétsidrat ed upstr or of said
correspondi ng acetyl at ed reagent(P rrpourpgéM RINA

NB

3NB

7

deacetylation
(DAC) R™MAL /@i ]@\ R™
S -
7NB 3NB
oxidation
(0X) R R
TNE SNB

X@

Thus, in one embodiment, the method is a method for the synthesis and/or purification of
5 adiaminophenothiazinium compound, as defined herein and including, for example,

methylthioninium chloride (MTC), which method comprises at least the foliowing steps,
in order;

converting (CON) a corresponding acylated upstream precursor of a
corresponding acylated reagent compound (AUPARC) to said acylated reagent

10  compound (ARCY,
wherein said acylated upstream precursor (AUPARC) is a compound of the

following formula:
R10
O
R \( R

O,N s NO

and wherein said acylated reagent compound (ARC) is & compound of the
15 following formula:
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In one enbodi nent, the method further conprises the follow ng step, before
said purifying (PUR) step: acylating (AC2) a correspondi ng non-acyl ated
upstream precursor of a 10 correspondi ng acyl ated reagent conpound
( NAUPARC) w9204 ai d acyl at ed upstream precursor (AUPARC wh
sai d non-acyl a!tyg(goﬁpstream precursor (NAUPARC) is a co'ﬁ%ﬁ%%?“g?“zﬁ‘fe
formula: NO2 . 15 For exanple, in one enbodi nent 'acetyl"), the nethod
further conprises the follow ng step, before said purifying (PUR) step:
acylating (AC2) a correspondi ng non-acetyl ated upstream precursor of a
correspondi ng acetyl ated reagent cgapound to give said acetylated upstream
precursor 20 of said correspondi ng yl,at ed reagent conpound, wherein
sai d non-acetyl at ed upstream preq a conmpound of the fornula: RsRI
Thus, in one enbodi nent, the ne ] axpet hod for the synthesis and/ or
purification of 25 a di ani®oph i m cgmpound (DAPTC), as defined
herein and i ncludi ng, for example;” het’hyFt hiyoni ni um chl oride (MIC), which
net hod conprises at |east thelf0l1owing stepgs in order: acylating (AC2) a
correspondi ng non-acyl at ed upstream precursor of a correspondi ng acyl at ed
reagent conpRifing (RNBPARCaCYIBted ireagesthdahpmoyd GRE); upst ream 30 precursor of
?Eci:ioﬂl) corr r:i: paﬂmdyltﬁtgmgqmb@g@e abPAEE MageRNBRRIsBaNd Aﬂ?fs\%‘gﬁ,‘% a Convg_r ting

S : re . . to said corresponding

Pisgons %%%%%&né&?%di Bﬁeﬁﬁﬁoyﬁﬁg%ﬁﬁ@a

acyl at ed reagent ) said acyl ated reagent

conmpound (ARC); H
. N
o T e
B \T s 'l\I/R
R

erein

5 TNB RaNB
and
oxidizing (OX) said deacylated compound to give said diaminophenothiazinium
compound (DAPTC).

10 For example, in one embodiment (“acstyl), the method is a method for the synthesis
and/or purification of a diaminophenothiazinium compound, as defined herein and

including, for example, methylthioninium chioride (MTC), which method comprises at
least the following steps, in order:

converting (CON) a corresponding acetylated upstream precursor of 2
15 comesponding acetylated reagent compound to said acetylated reagent compound,
wherein said acetylated upstream precursor of a corresponding acetylated
reagent compound (AUPARC) is a compound of the following formula:

RB YO R1
’@N:@\
O,N s NO,

wherein said acetylated reagent compound is a compound of the following

20 formula:
R° YO R!
RTNA 3NA
\'f\i s T/R
R R

7NB 3NB

purifying (PUR) said acetylated reagent compound;
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deacyl ating (DAC) said acyl ated reagent conmpound (ARC) to give a
correspondi ng deacyl ated conpound; and oxidizing (OX) said

deacyl at ed conpound to give said di am nophenot hi azi ni um conpound ( DAPTC).
5 In one gﬂ?ﬂ,' it ("acetyl"), the nethod is a nethod for the synthesis
and/or purifl géa{@?@%\ of a di am nophenot hi azi ni um corrpoﬂﬁ”?ﬁ’&ﬂ”f@)zgmas
defined herein and including, for exanple, nethylthioniniumchloride
(MFC), which nmethod conprises at |east the follow ng steps, in order:-
10acyl ating (AC2) a correspondi ng non-acetyl ated upstream precursor of a

correspondin I ; to give said
acetyl aégd &%ft% ﬁgﬁarél (ﬁrﬁdggffgg%}?gﬁg[%tegg%@g%n@g@gﬁﬁaﬁée %8%'?%"8‘?‘@'&9 r eagent
conpound A Ppotind oF tag IURYINE JIMUIBON)  sai d acet yl at ed upstream
precursor (AUPARC) to said corregpondi n®'acetyl ated reagent conpound
(ARC); 15purifying (PUR) said , reagent conpound (ARC);
deacyl ating (DAC) said acegﬁyl at j eagg compound (ARC) to give a
correspondi ng deacet yl at Rl sqppaupd; _ak R™oxi dizing (OX) said
deacetyl ated conpound to giveg said df ani nopHenot hi azi ni um conpound
(DAPTC). 20 In one enbodi menR™the nmethod i8™as illustrated by the
follow ng schgne, in which RL, R9, R10, R3NA, R311B, R7NA 1?1 R7-B, and X
are s def i ng(d her(%ixsl. WO 2 8{ 807074PCT/ @GB2007/ 002570 Schenme 19 , Re V
said deacetylate

R conversi$ I|1dizing compound to give said diaminophenothiazinium

compound (DAPTC).

For the avoidance of doubt, the word “corresponding” in the phrases “a corresponding
acylated upstream precursor of a corresponding acylated reagent compound”, “a

10 corresponding acylated reagent compound’, and “a corresponding deacylated compound”
is infended to mean “corresponding to the target diaminophenothiazinium compound”,
and so the groups R', R%, R, R™® R™A, and R™8 of the acylated upstream precursor .
the acylated reagent compound, and the deacylated compound, if present, are the same
as the corresponding groups R’, R®, R*™A, R¥E R™A RN of the target

15 diaminophenothiazinium compound.

In a preferred embodiment, the methad is a method for the synthesis and/or purification of
methylthioninium chloride (MTC), which method comprises at least the following steps,
in order: '
20 converting (CON) 3,7-dinitro-10-acetyl-phenothiazine to 3, 7-di(dimethylamino)-10-
acetyl-phenothiazine;
purifying (PUR) said 3,7-di(dimethylamino)-10-acetyl-phenothiazine:
deacylating (DAC) said 3,7-di(dimethytamino)-10-acetyl-phenothiazine to give
3, 7-di{dimethylamino)-10H-phenothiazine; and
25 oxidizing (OX) said 3,7-di(dimethylamino)-1 OH-phenothiazine to give said
- methylthioninium ehloride (MTC).

An example of this embodiment is iliustrated in the following scheme.

47



( R'' LNN, , R314A I NB acyl ated reagent |deacylation , R conpound (ARC)
R31413(DAC) purification (PUR) 7NAAz3NA R 02NSNO2RI 3NB R'9deacyl at ed
conmpound non-acetyl ated upstream precursor of acylated reagent conpound

( NAUPARC) ] od-h one enbodi ment, the nethod is a nethod for the

synt hesi s andlor Barification of 5 a di ani nophenot hi aZt i/ GRCHIBTAnd
(DAPTC), as defined herein and including, for exanple, nethylthioninium
chloride (MIC), which method conprises at |east the follow ng steps, in
order: acylating (AC2) a correspondi ng non-acyl ated upstream precursor of
a corresponding acyl ated reagent gpapeygd (NAUPARC) to give said acylated
upstream 10 precursor (AUPARC), whereirn sai d non-acyl a d upstream

precursor ( NAUPARC) d)s a conmpound of the formula: 0 and
wherein said acyl ated upstream precursor (AUPARCT: |sNa cQnmpound of the

follow ng for a N converting
(CON)
0
purification N
TR L 00
Me
\T s hll,.W’Ie
Me Me
H
N
deacetylation /@ D\
D, Me
(DA) \T s T,Me
Me Me
oxidation
{(OX)
—_— Me\

!
M
00

'lq/
Me

]

Synthesis and/or Purlfication of Diaminophenothiézinium Compounds - A+D+E

In one embediment, the acylated upstream precursor of a corresponding acylated reagent
compound (AUPARC) used in said purifying (PUR) step is obtained by acylating the
non-acylated (e.g., N"%-unsubstituted) upstream precursor of the corresponding acylated
reagent compound (NAUPARC).
10
For example, in one embodiment, where R is -Me, the acetylated upstream precursor of
a corresponding acetylated reagent compound used in said purifying (PUR) step is
obtained by acetylating the non-acetylated (e.g., N"-unsubstituted) upstream precursor of
the corresponding acetylated reagent compound.
15 '
Thus, in one embodiment, the method further comprises the following step, before said
purifying (PUR) step:
acylating (AC2) a corresponding non-acylated upstream precursor of the
corresponding acylated reagent cempound (NAUPARC) to give said acylated upsiream
20 precursor of said comresponding acylated reagent compound (AUPARC).
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02NSNO2 conver.ti ng (CON) said acyl ated upstream precursor (AUPARC) to said
acyl ated reagent conpound (ARC), wherein said acyl ated reagent conpound
(ARC) is a conmpound of the following formula: R7/NA N ARSNA I 71 53NB R

NB puri fyj sai d acyl ated reagent conmpound (ARQ): _
deacyl ati ng i‘%ﬁ%@%ai d acyl ated reagent conpound (ARC)])qTéGE%"Q/'@”“é’m

correspondi ng deacyl ated conpound of the following fornula: RORI 7NA R'A

R I 7N6RI 3NB 10oxi di zi ng (OX) said deacyl ated conpound to give said
di am nopheno hi azi ni um conpound (DAPTC). Thus, in one enbodi ment _
("acetyr), the method is a nethod for the synthesis and/or purification of

I am LAzl i fined hereip and
51 ol ugons o%?‘ﬁgﬂaé@f?@dﬁﬂgﬁﬁ“gﬁ%‘?%ﬂf@ﬁ? Fene BT hBB iR G ol et nod
conpri s@gepal?ef?r@asé'[dxp[”ﬁ&mﬂcﬁ: %B steps, in order:
acylating (ACZ) a corresponding non-acetylated upstream precursor of the
S  corresponding acetylated reagent compound to give said acetylated upstream precursor
of said corresponding acetylated reagent compound.
In one embodiment, the method further comprises the following step, before said purifying
{PUR) step:
acylating (AC2) a corresponding non-acylated upstream precursor of a
10 corresponding acylated reagent compound (NAUPARC) to give said acylated upstream

precursor (AUPARC),
wherein said non-acylated upstream precursor (NAUPARC) is a compound of the
formula;
R R’
H
N
O,N s NO,

15
For example, in one embodiment (“acety!”), the method further comprises the following
step, before said purifying (PUR) step:
acylating (AC2) a corresponding non-acetylated upstream precursor of a
corresponding acetylated reagent compound to give said acetylated upstream precursor
20  of said corresponding acetylated reagent compound,
wherein said non-acetylated upstream precursor is a compound of the formula:

R*’H R
N

o,N S NO

2

Thus, in one embodiment, the method is a method for the synthesis and/or purification of
25  adiaminophenothiazinium compound {(DAPTC), as defined herein and including, for
example, methylthioninium chleride (MTC), which method comprises at least the following
steps, in order:
acylating (AC2) a corresponding non-acylated upsiream precursor of a
corresponding acylated reagent compound (NAUPARC) to give said acylated upstream
30  precursor of said corresponding acylated reagent compound (AUPARC);
converting (CON) said acylated upstream precursor (AUPARC) to said
corresponding acylated reagent compound (ARC);
purifying (PUR} said acyiated reagent compoUnd (ARC);
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acylating (AC2) a correspondi ng non-acetyl ated upstream precursor of a
correspondi ng acetyl ated reagent conpound to give said acetyl ated upstream
precursor of said correspondi ng acetyl ated reagent conpound, 20wherein

sai d non- agRidmbed upstream precursor is a conmpound formul a: RORL
02NweNO2 and wherein said acetylated upstream g‘%‘é%f%?“"eﬂﬁpmq i's

a conpound of the following formula:  02NSNO2 converting (CON)
sai d acetyl ated upstream precursor (AUPARC) to said acetyl ated reagent
conmpound (ARC), wherein said acetyl ated upstream precursor

(AUPARC) i s demplathayflEhCG)fsatchuyfated| rbapshtieprippird{ARC) g @NNSNA A7NBI 3n8
purifyi r&grrégggﬁ)mgsgééiy[g%tdb ﬁﬁd raﬁ&lgent corrpound deacyl ati ng (DAC)
said acetyl ag)g% g@g f:%r;%y %gcg ﬁ%l \ | & corresRondl ng

deacet yl at ed Gt o WPy 819 g/d digginophenothiazinfigy i dj zj ng

(OX) saCBmpREgdp Fﬁ@bd conpound to give said diani nophenot hi azi ni um
conmpéund (DAPTC). For the avoi dance of doubt, the word 'correspondi ng" in

tC grer g[;lro &sg& enaoo@mﬁézﬁ?‘ag%t ';gg‘e%%tmﬂs Qﬁf'ett%dd%recﬁe Hﬂﬁéésgsaéﬂ Rl ﬁﬁh%g;ﬁ{? affe £
cpst r cag pr APy uh 3l %ﬂ?ﬁ(ﬁ%& 4L g debireineimio Ate BoHptuAeT
cor r espSHATRYY Mgyt HPBH”%E'@{@’H‘? &Bi me’faﬁﬂjcofﬁpf@@s ablsﬁﬁimfn@\ﬂdmcyl at ed
conpoundteps,dn ordernded to mean correspondl ng to the target
di aﬂvnophen%dwaaﬂgén abuiding ndRdcatPiatel LpSiFQMP rea:]rs e R3NA, R3"

’ a@t‘}r l}ﬁ Sd l%% Frﬁco\éhw%&?n% (HREE’A?{%[)H(OD grn%: sai acétylatec? acyl at Ed

upstream SQr ecu
ream precursor o sald correspond[ng acetylated reagent compound (AUPARC);

converting (CON) said acetylated upstream precursor (AUPARC) to said
corresponding acetylated reagent compound (ARC);
15 purifying (PUR) said acetylated reagent compound (ARC);
deacylating (DAC) said acetylated reagent compound (ARC) to give a
corresponding deacstylated compound: and
oxidizing (OX) said deacetylated compound to give said diaminophenothiazinium
compound (DAPTC).
26
In one embodiment, the method is as illustrated by the following scheme, in which R', R,
R™, R™A R¥E R™A R7NE and X are as defined herein.
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reagent conpound, and the deacyl ated conpound, if present, are the sane as
the correspondi ng groups RlL, R9, Ram R3NB, R7NA, 7NR R - - of the target
di am nophenot hi azi ni um conpound. 25 The non-acyl ated (e.g., acetyl ated)
upstream of the acylated (e.qg., acetylated) n ound
used in sg?) @%ﬁ@%?tlng (CON) step may be obtained fro qﬁ%%‘égﬁggg

be obtai ned using any nethod of synthesis, for exanple, using a nethod of
synthesis as described herein. In a preferred enbodinent, the nethod is a
met hod for the synthesis and/or purification of nethylthioniniumchloride
(Md), which nethod conprises at kgaste {d1e foll owi ng steps, in order:
S5acylating (AC2) 3,7-dinitro-10 pﬁenothlazine to give

3,7-dinitro-10-acetyl - phenot h|9 , 1 converting (CON) said
iazine; purifying (PUR) said

, 7- di ni tro- 10- acet yl - phenot tha2|
, 7-di (di met hyl am no) - 10- ace H
, 7-di (di met hyl am no) - 1% ace phe | azipge; lOdeacyl ating (DAC) said
7 o
7-
7-
I
I

3

3 di

3 di

g, g (di nmet hyl am no) Rne té)eagda
3 di

c r

f 0

(di et hy -10H pestdag AAR@ o gi v met hyl t hi oni ni um

de (MIC. 101’59',26?1“rexarrpl of th| s dnbodinent is illustrated in the
wing schefe. o \Wp 2008/ 0 d’F{pﬁ I‘ 2007/ ‘bzsij heme 20
jou’!

i
|

: i (di met K r o) 10H-FB mqﬂdmdaﬂagm lapd (DA %1 di zing (OX) said

, i he |\e\sai

h i

0

TNA

OaN s NO, 7“9 deacy!afed RSNB
acylated upstream precursor compotind
of acylated reagent

compound (AUPARC) idation (OX)
! oxidation

T acylation (AC2)

R® R’
HJ@\ /@ Ij\
= N RONA
NO 3NB

NN
o ° ’ XG
non-acelylated upsitream
precursor of acylated reagent Uttrapure Product

compound (NAUPARC)

Thus, in one embodiment, the method is a method for the synthesis and/or purification of
5 adiaminophenothiazinium compound (DAPTC), as defined herein and inciuding, for
example, methylthioninium chioride (MTC), which method comprises at least the following
steps, in order:
acylating (AC2) a corresponding non-acylated upstream precursor of a

cotresponding acylated reagent compound (NAUPARC) fo give said acylated upstream
10 precursor (AUPARC), wherein said non-acylated upsfream precurser (NAUPARC) is a -

compound of the formula:

R° R’

e e
N
O,N s NO,

and wherein said acylated upstream precursor (AUPARC) is a compound of the
following formula:
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oxidation (0X) Me" N'.Me MeMe CI a Optional Additional Purification Steps
5 Optionally, after said reducing (RED) step, and before said acyl ating
(ACl) step, said non-acyl ated precursor obtained in said reduci ng (RED)
step IS Py ki URRED- An. This is preferred. 10 Alternatively, said
reduci ng ?R%%ﬂg/g?ég and said acylating (ACl) step are E@T’F&?W&‘}/ZPW
sequence and wi thout isolation or purification of said non-acyl ated
precursor obtained in said reducing (RED) step. In this way, both steps
may be perforned in a "one-pot" procedure. WO

2008/ 007074PCT/ GB2007/ 002570 Optiggal |y, after said deacyl ati ng (DAC)
step, and before said oxidizing gOX) gp, said deacyl ated conpound
obtained in said deacylating (DAC) step is purified (PURDAc-c)x). However,
this is not preferred. 5Alterng aihd deacyl ating (DAC) step and
said oxidizing (0X) step are pg sequence and w thout isolation
or purification of said deaBN at&d c®npotlindNept ai ned in said deacyl ati ng
(DAC) st ep. i ) i "one- pot'
ockag o AR O RS B Y VTR B o

step, sardedi 8‘?9?%‘815&@‘ o YRS FRIThAEWEE dRrgelireaPReed (ARQAS @ oxi di zi ng (OX)
step i sCPWHUd efithe felrwing formmias purification step is discussed in nore
detail below. Optionally, after sap® acylating (AC2) step, and before said

converting (CON) step, 15said acpbat stream precursor obtained in said
acylating (AC2) is purified (puRAc2- onif . The Reducing (RED) Step
TNA A
RN s N
5 éTNB IiQaNB

purifying (PUR) said acylated reagent compound (ARC);
deacylating (DAC) said acylated reagent compound (ARC) to give a
corresponding deacylated compound of the following formula:

R’ R’
H
R?NA\ R3NA
LY

7NEB
R RaNB

10 oxidizing (OX) said deacylated compound to give said diaminophenofhiazinium
compound (DAPTC).

Thus, in one embodiment (“acetyl”), the method is a method for the synthesis andfor
purification of a diaminophenothiazinium compound (DAPTC), as defined herein and
16 including, for example, methylthioninium chloride (MTC), which method comprises at
least the following steps, in order:
acylating (AC2) a comesponding non-acetylated upstream precursor of a
corresponding acetylated reagent compound to give said acetylated upstream precursor
of said corresponding acetylated reagent compound,

20 wherein said non-acetylated upstream precursoris a compound of the formula:
9 1
v K
N
O,N S NO,

and wherein said acetylated upstream precursor (AUPARC) is a2 compound of the
following formula:
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The reducing (RED) step may be perforned using any suitabl e reducing
reagents and/or 20conditions. In one enbodi nent, the reducing (RED) step
is by reaction with one or nore reduci ng reagents, under reducing step
condi tiong, Eg -£one enbodi ment, the one or nore reduci ng reagents include
sodi um bor c%y Fide (NaBH4) . I n one enbodi ment, the oneP@VCRWPEREduCi ng
reagents include nethyl hydrazi ne ( MeNHNH2) . 30 I n one enbodi nent, the one
or nore reducing reagents include hydrazi ne (NH2ZNH2) and/or hydrazi ne
hydrate (NH2NH2, F120). I n one enbodi nment, the reducing step conditions

include a reaction tenperature for.a Q,Sreactl on time. In one enbodi nent,
the reaction tenperature i s abou I n one enbodi nent the reaction
tenperature is about 30-50C In badi nent, the reaction tenperature
is about 40C. 40 In one enbodi eaction tinme is about 10 m nutes
to 6 hours. In one enbodi = 2864 ime is about 10 mnutes to 1

hour. In one enbodiment, thé reaction time 15 about 20 nminutes to 3 hours.
| n one enbodin¥anting (CQN)rselEiciceylatead upstréam aleutsoR?AURARC) @Ssdi® 40 mi nut es.
51 n oneacetytxosli @Egéntcb@ggdrﬁa(ﬁkcpn tine is about 1 hour. In one enbodi ment
the reactio odi nent e reducing
step cqqﬂl tlm‘g]%g&i?nc ?%d%ggtg@ ao rgéurrseé éﬁﬁé@gﬁ %°8PR98'?\‘1 "?1 one
enbadi g ﬁgmf‘%dum ng step solvent is ethanol. In one enbodi ment, the
reduci ng step solvent is acetom&sr o kh one enbodi ment, the reducing
step conditions include the use -f i ert at nosphere. In one enbodi nent,
the inert atnosphere is argon rgon). In one enbodi nent, the
i nert atnosphere is nitrqgeQ( trqg&n)

N

éms 3“‘3

purifying (PUR) said acetylated reagent compound;
deacylating (DAC) said acetylated reagent compound (ARC) to give a
corresponding deacetylated compound of the fo[lowing formuia;

/@ ﬁ aNA
7NB 3NB

oxidizing (OX) said deacstylated compound to give said diaminophenothiazinium
compound (DAPTC).

10

For the avoidance of doubt, the word “corresponding” in the phrases “a corresponding

15 non-acetylated upstream precursor of a corresponding acetylated reagent compound”, “a
corresponding acylated upstream precursor of a corresponding acylated reagent -
compound”, "a corresponding acylated reagent compound”, and “a corresponding
deacyiated compound” is intended fo mean “‘corresponding to the target
diaminophenothiazinium compound®, and so the groups R', R, R™ R3NB R7NA 504 R7NB

20 of the non-acylated upstream precursor, the acylated upstream precursor, the acylated
reagent compound, and the deacylated compound, if present, are the same as the
corresponding groups R', R, R, R™8, R™A R™® of the target diaminophensthiazinium
compound.

25  The non-acylated (e.g., acetylated) upstream precursor of the acylated (e.g., acetylated)
reagent compound used in said converting (CON) step may be obtained from any source
or may be obtained using any method of synthesis, for example, using a method of
synthesis as described herein.
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For exanple, in one enbodi nent, the di am nophenot hi azi ni um conpound (-27
nmml ), 20 ethanol (75 cnB) and sodi um borohydride (-53 mml) are conbi ned
under an atnosphere of argon, and the resulting mxture is heated at -40C
for -1 hoyy .§/§)7(§7t4i rring. The resulting suspension is then cooled to -5C
and filtere er argon, washed with ethanol (-20 cnBjCT/GRBOWREE under
vacuumto give desired reduced product. 25 For exanple, in one enbodi nent,
t he di am nophenot hi azi ni um conpound (-27 nmol ), acetonitrile (50 cnB) and
sodi um bor ohydride (-35 mml ) are conbi ned under an atnosphere of argon,
and the resulting mxture is heated at -65C for -20 mnutes with stirring.

The respyltin i on n,cool e 5C to give desired reduced
producth!]%‘afe Hegﬁg'&ﬂ‘i‘pe@(%;’%ﬁ"%@ tﬁ?}%ﬁ%fi%r%" e?i@a?ﬁ'{?ﬂ purificsionpfpl ) i s
used i nBEWREhierinidy ehigrtd whictl gmetho somptsdsert leastihp Falipwing dteag,i ne
nmonohydinataer( - 120 mmol ; -59 mmol ) is used instead of sodi um borohydri de.
The #cyl ati r&yﬁﬁ@%@)% @t 10R e REACi NP 7 I JGRgy | a1 ng (ACD)

step an ating (AC2) step may be per usi ng ary suitable
acyl at i &etn?%[a%%% ace | ati ng%ﬁr eagents and/or conditions. In one

enbodi nent , qoﬁéefB@M Wrigid ACHniter Khacehitrbenethiesjiedpi ng (AC2) step is by
reacti O&TW(dlmeﬁw@mmo)mmF&e&tphatotmq;wreeagents under acyl ating step

ggndi lti;lnf] unfynrlgrrpemsﬁﬂfsomutm‘rﬁéth !érﬁiﬁoﬁfd&éﬁ Her( tep ;S an
acg%l af 0 &%gﬁat'n r‘BAeggalg aﬁ@%ﬁ“y'ﬂrwa‘%o C(? ea*ﬁgf% reagents
i ncl ude” légg‘i“f”@ et 19E- Q’l BEng2md 101 n one enbodl rrent t he acyl ating

step condi t|QXNSZIHQKQX)6&!dﬁh’édl(mmebﬁlammo}itwﬁhemi&ﬁrﬁlo%@e\@am’[. I n one
enbodi rmahyltmdm;@ﬁyh[ahd@@nm)ep solvent is a basic solvent. In one
enbodi nent, the acylatlng step solvent is pyridine. 15In one enbodi ment,
the1 cy atln sol v is. N Ndiisopropylethylamne. In one

enmbodi ritht*? mﬁ@??ﬁ'tbf’ @%f@ﬂ'“&%@ﬁ itenigliowieg srlieme- r eacti on tenperature
for a reaction tine. 20l n one enbodi ment, the reaction tenperature is
about 90-150C. In one enbodi nent, the reacti on tenperature i s about
110-130C. In one enbodi nent, the reaction tenperature is about 120C I n
one enbodi nent, the reaction tenperature is about 80-110C. 25In one

enbodi ment, the reaction tenperature is about 80-100C. In one enbodi nent,
the reaction tenperature is about 90C. In one enbodi nent, the reaction
time is about 30 mnutes to 30 hours. In one enbodi nent, the reaction tine

is about 12 hours to 24 hours.
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30l n one enbodi nent, the reaction tine is about 12 hours to 18 hours. In
one enbodi nent, the reaction tinme is about 18 hours. In one enbodi nent,

t he reaction tine is about 30 mnutes to 4 hours. In one enbodi nent, the
reaction t 7@ﬁout 1 hour to 3 hours. 35In one enbodi nent, the
reaction tlne |s about 2 hours. For exanple, in one entoHGEGT/0025He
reduced conpound (-20 nmol ), added acetic anhydride (-40 cn) and pyridine
(-10 cm are conbined, and the resulting mxtures is heated-at -120C for
-18 hours with stirring. The mixture is then cooled and then poured
40careful ly over ice-water while g togive a solid, which is
filtered, washed with water (- 1E§%é% ? and dried in an oven at -60C to
give the desired acetyl ated reagent conpound. For e le, in one

enbodi nment, the reduced conmpound (-20 nmol), added a etic 5 anhydride (-25

cnB), and N | et hyl| apdtpgiof -9 cnB) ar | and the
resulting mx ated at A88IC for -2 ho ring. The
m xture i ®,4herc 9 € ohad wat er (%Ocnﬁf)z"édded V\ﬁl l €”stNPging to give

a solid, WhICh is f||tered washed with water (4 x 6 cgB), and dried in an
oven at -60C to give the de5| red acetyl ated reagent npound. 10 The
Purification (PUR) Step The purification (PUR) epnay. be perforned

usi ng any suitabl e neans of purdefyegioni on. 151 n enb ent, the
of 8 rmactlon

purification (FUR) step conpriseSW egi pi tMed on
product) to forma precipitate, followed by cIIect|8n of tffe precipitate

(e.g., by filtration). Optional ly, the pun\lleflcatlon (PURMest ep further
conprises the subsequent step of washing of the pr tate one or nore
(e.g., 1, 2, 3,4) tinmes, for exanple, with a swtab washl ng 20sol vent.

I n one enbodi ment, the purificakik@fon( PUR) step eonprisesyprecipitation
(e.g., of a reaction product), f(RlJFt)owed b coII on the recipitate
(e.g., by filtration), followe €1 A€ one or nore
(e.g., 1, 2, 3,4) tinmes, for exanple, wlth alswtable washl hg 25sol vent.
Optionally, the purification further conpri s¥e  after coll i ng t he
preci pitate and/or after washing the precipitate, a step of drying the
precipitate or the washed precipitate, for exanple, dr ng in an oven
and/or drying under vacuum 3I@adefyiaftie enmbodi nethe |f| cation (PUR)
step conprises preci p| tation (dD#C), of a Wes Q. -- M6| | ection of

the precipitate (e.g., by f||trat|on5' follyved by 8ry| ng the washed
precipitate. Me

.

c:@

Optional Additional Purification Steps

Optionally, after said reducing (RED) step, and before said acylating (AC1) step,

said non-acylated precursor obtained in said reducing (RED) step is purified (PURREPASY,
This is preferred.

10 Alternatively, said reducing (RED) step and said acylating (AC1) step are performed in
sequence and without isolation or purification of said non-acylated precursor obtained in

said reducing (RED) step. In this way, both steps may be performed in a “onc-pot”
procadure.



351 n one enbodi nent, the purification (PUR) step conprises precipitation
(e.g., of areaction product), collection of the precipitate (e.g., by
filtration), followed by washing of the precipitate one or nore (e.g., 1,
2, 3, 4) &i exanple, with a suitable washing solvent. followed by
dryi ng of {vlto[l%ﬁg\fxﬂ/aoi‘ﬂ%d precipitate. In one embodi ment, TEHEEAIT0I% i on
(PUR) step conprises, or further conprises, recrystallisation. In one
enbodi ment, the recrystallisation conprises: adding the conpound to a
suitable 5 solvent; heating the mxture to dissolve (preferably fully
i s o tnor AR e SR [
) Ci d a i . . B
t he preqjicﬁli,évglt %gﬁgp Q oy fb?)( filtra ?%ﬁgﬂﬁ&%éggeﬁéﬂ’ ,legﬁlgéﬁRA )
recrystallisation Purp[ﬁg e%orrpri ses the subsequent step of washing the
10precipitate one or nore (e.g., 1, 2, 3, 4) tinmes, for exanple, with a
sui t &bl eAligerstivaiy ssid keaaytating (DACK&BPER] sdideiGARE (DO ¥ bre pafsimed il SSOI ve
the conmeytshos BA wiRERbBtior Or RRFACABR SR TP Mlacy bl HRELYRF el SAL! on 15

f ; j d . g.
e o marlcheaBttB Sl R Sy ot ey mey Bopstiagms< ins toomaRbl 15 (- 25
cnB), hé’é?(%éﬂ'd{et ﬁ@'sl'ﬁ Xelgrredt o - 78C, cooling the heated mixture to -5C so as

to all ow the conpound to precipitate, and filtering the m xture to collect

t he 1pr eCiptibkally exfieT b BAGBNG (GRS Sop, SakRMNGBRGANALE D LAMARhg (8- 9+ 3 X 6
o) . TheaiRIPiPbERIR IBhSelDis N QEQ%\?@Q an oven a['?’- ot For
hours. 20lLn gge enbo {a‘; ) e BUme; i on ' PIBBRYICSIULSteRIS or furt her
conpri sS85 RS UBOGAS 88PWent with activated charcoal (al so known as
activated carbon); for exanple, adding activated charcoal, followed by
filteri ﬁl}pti?rcaf{_y,eﬁtewmid ditgriaﬁh@(mzyls{gp',l'ambgg,%ga{a%n%i@e@ gﬁi%h for exanple,
usi Ny assekbyaeg W] it e vent , one

enbodi Raﬁm) sﬁrﬁgﬁf" r%%g%t? lrég%{de\g\j"?%aﬁ%%?y%@gg gg&@ﬁ%‘?%ﬁ conpri ses:

addi ng the_conpound to a suitable solvent to dissolve (preferably fully

di ssol m&%@ﬁt&@addi ng activated charcoal to the m xture;
filtering the mxture to renove the charcoal. The resulting filtrate
may be Ukerbduéin & : t he deacyl atjon 30 (DAC)

st e %d.ldg@ﬁy%mﬁtﬁgl ?ﬂgﬁvﬁobigé\rﬁng%?%%ﬁq 58 %uﬁa%{%ﬁ%'gwgéga@ﬁ%@li P’ may be
perforned, for exanple, in conbination with recrystallisation. 35For

exanpl e, in one enbodinent, the purification (PUR) step is, or conprises:
addi ng Neecomedimedt, the radwing GREMD sl iy Btsactit@atiihingeldd fhord #dlikifg t 0 di ssol ve
( pr ef ermbbants, whbist reliRQlskd) cdridics®mpound; addi ng activated charcoal to the
m xture; filtering the mxture to renove the charcoal; cooling the heated
m r r_allown he heated m xture to cool so as to allow the conpound
t o)g;?feg'f‘%l”? Sf"é’?wﬁ‘ﬁgf» @&q"@e{ Mi¥e faducipg egopnts inclide eodjum bogohfdnder at i on) . 40
For exa(f?gpblﬁ)-i n one enbodi ment, the recrystallisation is perfornmed by

addi ng the conpound (e.g., 3,7-dinmethylam no-10-acetyl -phenot hi azine) (-20
mol ) 118 oRd BRB&imEail I I xture tqg -78C until all of the
Comouqﬁﬁgﬁﬁhﬂ s?o?t{/@g?ﬁgﬁjp}ﬁg& getgp Qg%{egge"rcp%5‘?@8%[“9?11&13’853?'“?i ltering to
renpve e ché&rcoal; cooling the heated nixture to 5-5C so as to allow the
co?fgourlld to precipitate, and filtering the m xture to collect the

pr eci piln gbeembidimenteihe phé at BotsSrebbE@Ry MassHRS W hanolu,Qud- - once, with
- 20 cnhd/of RRirtdve18drats BQLRL, 1,6 ] s[ﬁgt he% dringga?plﬁén ov@rﬁggﬁg- 60C for -3

hour s.

in one embodiment, the reducing step conditions include a reaction temperature for a
35  reaction fime.

In one embodiment, the reaction temperature is about 10-70°C.
In one embodiment, the reaction temperature is about 30-50°C.

in one embodiment, the reaction temperature is about 40°C.
40
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The Converting (CON) Step 10 The converting (CON) step nmay be perforned
usi ng any suitable reagents and/or conditions. I n one enbodi nent,
the converting (CON) step is by reaction with one or nore converting

15r eagent o 263R6f07£ONVerting step conditions. In one epbedi, 5@@5 (;he
converting (CON) step conprises (i) a nitro reduction step an Z(SI

subsequent am no al kyl ati on step. 20For exanple, in one enbodi nent, the
step of: converting (CON) 3,7-dinitro-10-acetyl- phenothiazine to

3, 7-di (di met hyl am no) - 10- acet yl - phenot hi azi ne conpri ses the steps of:
(i) rednuoheigmBodimetitnihé feactldh timeis\Hbophaivinbics 2o G Rodre. gi ve _ N

3 7 di 4bAferty cﬁrﬁ@ﬁtyﬁlgré%@%ﬂrﬁéls%oﬁir% ABRERIEAbLY (i)

no-1

met hyl atin Zi.n giv
3, 7-d Z@Pﬁ?mgﬁwﬂ"&e% oyt bR @PH%&%?%EW% one enbodi ment, t he
nitro rnedween i@@@pth?@%WW*@@%@Q&QUWQW“@W@%W mBEEsSni tro reduction

r eagentis pnaiagBsdinertts the rezdtind firogissbept thadi ti ons. 30l n one enbodi nent, the

one or nﬁeﬁ@embsd;meﬁt%?éac@&ﬁﬁ@&%ﬁtsminu% pal | adi um In one embodi ment,
the one or nore nitro reduction reagents include palladi umand hydrogen.

I n one enbodi ment, the nitro reduction ste(f is by reaction with palladium

and hydi BRRATbEEMERt, R EduAe ieRenpditentdnaiidethe PeRivict TledYEiRg ¥BP condi t i ons

i ncl udeolwemteacti on tenperature for a reaction tine. I n one
emjgdi nent, the reaction tenperature is about 40-100C. 40l n one

gggg?bﬁB%ﬁ%&?@%%d%? %ésggﬁﬁ%%w’eﬁt E%T%thggaUt t l,sot Egcl’ ea\é\ﬁ on tenperature

i s abolft cgpembodimantfhe redysing steeselveptis acieRifii®on time is about 1 to 36
hours. I n one enbodi ment, the reaction tine is about 12 to 24 hours. 5 In

one enweheBmbodimb, the aecdubiﬂg stgp®ntisordtinsiideliBe D8dI6fan ihért SRRseeedi nent
thq5n|tro reduction step conditions include the use of a nitro reduction

steps vent | n _on dinment,. the nitrqg reduction step solvent is
tetr ah yuPes Waﬁm%rthﬁﬁ’gﬁ%%ﬂosniﬁmo‘ﬁ Bé&ir ﬁ@’rﬂrg"'ﬁ m xture of acyl ated
upst r ediPpR ewbediment( ibe fert atmosphere is nitrogen (e.g., dry nltrogen)

For example, in one embodiment, the diaminophenothiazinium compound (~27 mmeol),
20  ethanol (75 cm®) and sodium borohydride (~53 mmol) are combined under an
atmosphere of argon, and the resulting mixture is heated at ~40°C for ~1 hour with
stirring. The resulting suspension is then cooied to ~5°C and filtered under argon,
washed with ethanol (~20 cm®), and dried under vacuum to give desired reduced product.

25  For example, in one embodiment, the diaminophenothiazinium compound (~27 mmol),
acetonitrile (50 cm® and sodium borohydride (~35 mmol) are combined under an
atmosphere of argon, and the resulfing mixture is heated at ~65°C for ~20 minutes with
stirring. The resulting suspension is then cooled to ~5°C to give desired reduced product.

30  In another example, methylhydrazine (~59 mmol; ~54 mmol} is used instead of sodium
borohydride.

in another example, hydrazine monohydrate {(~120 mmol; ~59 mmol) is used instead of
sodium borohydride.

35
The Acylating (AC1) Step and the Acylating (AC2) Step

The acylating (ACT) step and the acylating (AC2) step may be performed using any
suitable acylating (e.g., acetylating) reagents and/for conditions.
40



3, 7-dinitro-10-acetyl - phenot hi azine) (-6 mml), palladium 10% on dry
carbon (-0.2.9) and tetrahydrofuran (- 20 cnB) is heated to 60C under an
at nrosphere of hydrogen and 15stirred at this tenperature for -18 hours.

The m xtu ioc?s(](ﬁ%hed to roomtenperature, poured over_celite filter aid,
and washed Wi th tetrahydrofuran (-10 cnB). The THF fi IRGTEERRPLOZTPdifi ed
with hydrochloric acid (-10 M -4 cnB) to precipitate the product as a
solid. The suspension is filtered to give the desired conpound, whiich:is
dried at -60C for -3 hours. 20 In one enbodi ment, the am no al kyl ati on

aniho Sy SREaR, Bl A01TEF ATk ERoRatd Ao BB oD e or more

ami no A BYPFG BAYPURS LeadRRiP RS IIARY SFRAEPDEPNBor ohydri de ( NaCNBH3)
and par af or mal dehyde ((H2CO)n). In one enbodi nent, the am no al kyl ati on

step i 9nbye sipBedimern, thetddylS@l (ATMEMEP & diceiting giep.( NaCNBH3) and _
par af or;ﬁghg&g%{:ﬁmg&t&%gg%{mg A9 Qegﬁ%n%@%?@%?_ the am no al kyl ation

step conditions inc reaction tenpera a reaction tine. In
one enbodi nent, the reaction tenperature is about 20-80C. In one

enbodi riaee embedimenictheene vempes anyiatieg feagets incluge aZ@ic.anBBiride one enbodi nent ,
t he redCH@M),0enperature i s about 50C. I n one enbodi nent, the reaction
time is about 10 mnutes to 6 hours. In one enbodi nent, the reaction tine

i s.abo 1 to 3. hours. In one enbodi.nment he reaction tinme is about 2
noue hate SrmEo e s BB HBBR b I To HES BTN o6 ho_an no

al kyl atselyAntst ep conditions include the use of an am no al kyl ation step
solvent. In one enbodi ment, the am no alkylation step solvent is acetic
o o B ERLA, e BARSGRRANIRY o Bcachesal L of 2 nitrorreduced

di q drgcﬁ%‘jegrl %‘5 [&7@]%%@%[]"}9 S?%"g%‘?"’ses‘ofﬁ%r' '?_Ef‘l wat er and sodi um hydroxi de
sol'dt i o oBRIRBEPdmerpihg iaRyiaingrsiRn soiveat s N Nwlisopsnyigthyieniing.t ered to gi ve the
free am ne, which is dissolved in acetic acid (-20 cnB), and 10

p- f or mad dedwiaBodimaOthe ey tird SRR CHANEDS FRbYSH tbdSeratuferorED! ) 1S
added. rg’gbﬁgmgﬁéure Is stirred at -50C for -2 hours, after which water (-50
cnB) is added and the solid is filtered to give crude product, which is

crystallized from et hanol .
20 In one embodiment, the reaction temperature is about 90-150°C.

In one embodiment, the reaction temperature is about 110-130°C.
In one embodiment, the reaction temperature is about 120°C.

In one embodiment, the reaction temperature is about 80-110°C.
25  In one embodiment, the reaction temperature is about 80-100°C.
In one embodiment, the reaction temperature is about 90°C.

In one embodiment, the reaction time is about 30 minutes to 30 hours.
In one embodiment, the reaction time is about 12 hours to 24 hours.

30  In one embodiment, the reaction time is about 12 hours to 18 hours,
In one embodiment, the reaction time is about 18 hours.

In one embodiment, the reaction time is about 30 minutes to 4 hours.
In one embodiment, the reaction time Is about 1 hour to 3 hours.
35  In one embodiment, the reaction time is about 2 hours.

For example, in one embodiment, the reduced compound (~20 mmol), added acestic

anhydride (~40 cm®) and pyridine (~10 cm®) are combined, and the resulting mixtures is

heated at ~120°C for ~18 hours with stirring. The mixturs is then cooled and then poured.
40  carefully over ice-water while stirring to give a solid, which is filtered, washed with water
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The Deacvl atino (DAC) Step 15 The deacyl ating (DAC) step may be perforned
usi ng any suitabl e deacyl ating reagents and/or conditions. In one
enbodi ment, the deacylating (DAC) step is by reaction with one or nore 20

deacyl at i s, under deacylating step conditions. In one
enbodi rren?‘g) {{ﬁ@%@% or nore deacyl ating reagents incl Rf&/GBWPBIIRd aci d.

I n one enbodi nent, the one or nore deacyl ating reagents include an
i norgani ¢ Bronsted 25acid. In one enbodi nent, the one or nore deacyl ating
reagents include a hydrohalic acid, for exanple, hydrochloric acid (NC),

hydr obr g i r): [ rahodi c. H.). .30 In .one enbodi nent, the
one or ﬁgpgc@%%q(gﬁd%aﬁg\é%ﬁ% gbﬁtglgﬁ%ggﬁ%sﬂ%gﬁF%}"P@déﬁg&? For exanpl e,
in one ENMSHMPrent, the deacylating step is by reaction with hydrochloric
acid (HCl). 35 In one enbodi ment, the deacyl ation step conditions include

a react FarexkpBER dinyembb@iment, HRaeHIRE chinfBund (~20 MrMCagidRcedbgent , the

reac¢i o el I ) - 0, nbodi ment, t reaction
{onpor a5 LD, %?é@fé s Sp o (05 SR S, and o

t enper a'iea?@”q @'xg'ﬁ%%‘? hgafed at 190°6 for ~2houeR WiRimingh dhe edvrednthen me i s about
10 i nuteslediand dad wiates (50om’bagsied mibikelstirdmg to divesa sadidokfiicnis fiiitered,i s about 20
M nut eswashed with Water (4 R 6QAF), @AY G TR Bh ovél 8t Y6088 td ik fik MBsifledt @bout 1 hour.

I n one g&ﬁ%’mg tRengdGacY! ating step conditions include the use of a
dea,? | ating step&%r(l)tl Q@Ht. [n one enbodi nent the deacyl ating step sol vent

is water. For eg(anBI e, in one enbodiment, the acyl ated reagent conpound
(-3 e P len(PYR) tep) , and hydrochloric acid (-10 M -3 cre) are
conbined, and the resulting mxture is heated at -80C for -1 hour with
sti rri Nthe ptiBedii i L £ 0] i he. deacyl at ed
product . 1p5 E%E{usiﬁtr}r%{%?ﬁ ﬁ%?g%g@gﬁ@%g:&%& tgh %%ﬂ%ﬁgg@%? 8@@@%&‘8& conpound
(-ﬁ% mmol ), water (-14 cnB), and hydrochloric acid (-10 M -6.6 cnB) are
conbl nel 2R tig

prhpdiEep the Rurifieatisn (RIRIGHEN epmnarises pracipitation &g ofa redctionar coal (1
g), filnredust)to fomd a frecipitde; tfollowedrbx telfeetidnsof the precifiets @ch. My fitd@ien)f or - 1 hour
wWith stirring. The resulting reaction product m xture contains 20 the
deacy! abQflnRlyOfe Blrification (PU R) step further comprises the subsequent step of washing
of the precipitate one or more (e.g., 1, 2, 3, 4) times, for example, with a suitable washing
20  solvent,

In one embodiment, the purification (PUR) step comprises precipitation (e.g., of a reaction

product), followed by collection of the precipitate (e.g:, by filiration), followed by washing

of the precipitate one or more (e.g., 1, 2, 3, 4) times, for example, with a suitable washing
25 solvent.

Optionally, the purification further comprises, after collecting the precipitate and/or after
washing the precipitate, a step of drying the precipitate or the washed precipitate, for
example, drying in an oven and/or drying under vacuum.
30
~ In one embodiment, the purification (PUR) step comprises precipitation (e.g., of a reaction
product), collection of the precipitate (e.g., by filtration), followed by drying of the washed
precipitate.

35 In one embodiment, the purification (PUR) step comprises precipitation (e.qg., of a reaction
product), collection of the precipitate (e.g., by filtration), followed by washing of the
precipitate one or more (e.g., 1, 2, 3, 4) times, for example, with a suitable washing
solvent, followed by drying of the washed precipitate.
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The Oxidizing (OX) SteD The oxi dizing (0X) step may be perforned
usi ng any suitabl e oxidizing reagents and/ or 25conditions. In one

enbodi ment, the oxidizing (OX) step is by reaction with one or nore

oxi di zi ng under oxidizing step conditions. 30ln one enbodi nent, .
t he one oyr&n%rg%&g‘i’?di zing reagents include a Lew s acitET/¢R0gH02570

enbodi nent, the one or nore oxidizing reagents include FeCl 3, provided for
exanple, as a hydrate, for exanple, as Fe013.6H20. 35l n one enbodi nent,
the one or nore oxidizing reagents include a nitrite. I n one

enbodi ; OX el iy i . 6al kyl

nitri t(ram.ﬁ %erfg)nﬁa?'@%@bg}%r@ﬂﬁ%n? ﬁgﬂéﬁeﬁ%réowgg%% %ﬁg%ﬁ%ﬁ}p Zigég%nt s include

i soany! RYEAITECM 401 n one enbodi ment, the one or nore oxidizing reagents
include t-butyl nitrite. WD 2008/ 007074PC T/ GB2007/ 002570 I n one

enbodi nanine einbedimBe, ik reBY stalixdtioh zompriseeagiaing Shd euthpiiad &z BBkl i te resin

| B lefeh@Redting B rﬁwéfw@sgo%gpa%eﬁét{ﬁw @p]y di'géwae. SheRlofiB0ha; %&agﬁ{)act s as

an oxidizin ent . 5l.n one enbo e oxidfzin con i ons
" nol ude!™ "PRSE PP PERIRITE U7 DOri5H MAE 18,6905 75 Heelow the ORI Rbod ment
t he r eaREFRIRLS @R ERligeiinadhe pragipiaie (a.02Bdiltratipndne enbodi nent, the reaction
tenperature is about 1-15C. 10l n one enbodi nent, the reaction tenperature
I s aboupptbndfCine réorPaNiE9 B domphiB&s the 3Gibdeliter SRS AhiMify the about
1- ' . | nent reaction te rature Ls about” 2-10C. In one
erioh AP AERNIE o, Lk B BB, W e B roai men
the reat¥eBh o exgeriate same salyeiused todissplve BigcormeBed- nent , the reacti on
tenperature is about 1-8C. In one embodinent, the reaction tenperature is
about m%Fo‘B_Gxam;ﬂe,Qﬁlen@@i’ﬁ@@Hiﬁemt, thetrg&ysftiﬂﬁ’s%ﬁbrﬁ)@ preﬁmﬁ%datiy;ﬂu@ing%e?bom 1-7C In
one e r aho - 7C. one
embod fglp% @-i_’g?e?ﬁﬁ?ﬁ*‘l’t‘%ﬁsé’?2%‘5%@5&“&%%@35&2%%“?° 9 ethahdl, O ment, the
reatti ofi E"ﬁé sging Benixtypsyigr 786 eooling tisnieaisdypiriuse i ~5°¢ 158 apéact i on
t enper aallawdhd epmpouod tolpredpitate, apd élterimg dli mixhire tot dollect dmcprodpitate nfier at ure i s
about 2r&épitateis € veRbedlivik Bthandiieg! e&@_tdné?l T1IRPadHal prRipitateadPth 5C. 25
W t houtdﬁ%mrg&,eh% Dsy-BoUNDs Ré{lfrény particular theory, the inventors

y

bel i eve that enploying a relatively | ow oxidizing step tenperature
(e.q9., below -10C e.g., below -5C), the production of undesired
by-4% od0@pe embedimersi g pudliption (ER)rstdrris. o futher ermprisenasted & etc.) can be
m ni m Zeghtreerd with ectvaiedtchacbalt (ABo khaval agpactivhted carbon)bror Bxnipd, 28ding 30

activated charcoal, followed by filtering to remove the charcoal. This step may be

performed, for example, using a solution of the compound in a suitable solvent.

25  Inone embodiment, the step of treatment with activated charcoal comprises: adding the
compound to a suitable solvent to dissolve (preferabily fully dissolve) the compound;
adding activated charcoal to the mixture; filtering the mixture to remove the charcoal.

The resuliing filiraie may be used in a subsequent step, for example, the deacylation
30 (DAC) step. ' '

Optionally, this step of treatment with activated charcoal may be performed, for example,
in combination with recrystallisation.

35  For example, in one embodiment, the purification (PUR}) step is, or comprises: adding the
compound to a suitable solvent; heating the mixture to dissolve (preferably fully dissolve)
the compound; adding activated charcoal to the mixture; filtering the mixture fo remove
the charcoal; cooling the heated mixture or allowing the heated mixture to cool so as to
allow the compound to precipitate; and collecting the precipitate (e.g., by filtration).

40 -
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In one enbodi nent, the reaction time is about 5 mnutes to 3 hours. In one
enbodi nent, the reaction tine is about 15 mnutes to 2 hours. In one
enbodi ment, the reaction tine is about 30 mnutes. 35l n one enbodi nent,

t he oxi dlmogﬂfoﬂp,;COﬂdl tions include the use of an Oﬁﬁﬁéﬂzﬂ&/ﬁis‘-ﬁ/@
solvent. In one enbodi nent, the oxidizing step solvent Is water.

exanpl e, in one enbodi nent, the reaction product m xture obtained by t he
deacyl ating (DAC) step and containing the deacyl ated product (-3 nmol) is
cooled to -5C, and a cool ed aqueous solution of FeCl3 (-3 nmol FeCl13. 6H20
in -10 Ear@xyvapielin ofé emb&dimbst, tddestystdiieuib® B\etibiedByddding the hel d at -5C

fC or (;ﬂ?’g dmaauﬁ&fea 14 g ;ﬁ/ n'ﬁﬂo—'lEQ%eéfﬁ%HLﬁnlagﬂe)F@%Hn?@&ﬁ e%%HS;t fr?ext ure
enbodl @51 SRR %%@F Pdaukg C}ﬁ@@f ﬂf@ff%wﬁl%ﬂd Bgs #'ﬁ%olw@aefgﬂmu ng (DAQ)
step argtieased lhiangaag(~tt e f&f@mﬂoaﬂ@d\lqﬁh@@moa{l -c@0lingrtbé heqtsd obdiredd t o - 5C,
and & cepCed saq aipusths obpeund i6 brcipfbte, Andditemithe E@@br% t@btalécﬂtne 80 cn8

wat er, Bakiate Fnd Fedsidids tErGvdRed with @Qlaﬂai(ygé y! Sndgs §fefor -30
uc m Xt u

m nutes w.th stirr The resultin econtalnsthe
di am no‘%%sgﬁ%wcyﬁ?tﬁ.%H?%ghea%uaa.weﬁ?ﬁ 0 R BIEnal Pur fication S eps
15Each of the optional additional purification steps (PURRED- AG puRDA- OX,
puROX, HErd ouRAGR (TN Step j if present, may be perfornmed using
anygsui tabl e neans of purification. In one enbodi ment, one or nore or all

of the -gptiona nal _purifj catlon ste D- Ac URDA- ox, puROX,
puRACZ(% coﬂverlr?ga@‘,%l\@eg ai“}s)b AEEE %i“%%’?ﬁ%"t%ﬁiﬁ Qeragﬁﬂfga%(ﬁ%adl ng "The
Puri fi config PP PUR) Step". In one errbodl ment, one or both of the optional
addi tional purification steps PURRED- Ac and PURDAnK, if present, is as
def i nednahe¥mbbasent, fh@%oh%?ﬁ’dm INDR&pRY by Fdainl vtth &%LJB}no% Bhvertipt | onal

Addjet i o ngsuﬁhéér%gﬁ\}eﬂﬂ}g g’}%n!ﬂ@io ne enbodi nent, after said oxidizing (OX

step, sal I'am nophenot’h ni"um conpound obtained in said oxidizing (0X)
step is purified (PURX). In one enbodi nent, the purifying (PURbx) step is,
or conpn pségmbﬂﬁmeyﬁsH‘alcbh‘mﬁﬂgiﬁZON)thmﬁM) @gnitrq redhetionetapyestial | i sati on
conpr i Sice subdbdq@nt HRine ampatididste® a suitable solvent (e.g., water); heating
the m' xture to di ssol ve (preferabl y fully dissolve) the 35 compound;

the heat.ed m x eor allowi_ng th d mxture to cool so as to
o Pl ik SRR, R A BB 1 ele S il na G Biae gt oy ¢ ot o
(e.g., Rbgnethipripaiq %ﬁ—)ﬂl(dlmethy amino)-10-acetyl-phenothiazine comprises the steps of:
(i} reducing 3,7-dinitro-10-acetyl-phenothiazine to give 3,7-diamine-10-acetyl-
phenothiazine and subsequently
(i) methylating 3,7-diamino-10-acetyl-phenothiazine to give 3,7-di(dimethylamino)-
25  10-acetyl-phenothiazine.

In one embodiment, the nitro reduction step is by reaction with one or more nitro
reduction reagents, under nitro reduction step conditions.

30 In one embodiment, the one or more nitro reduction reagents include paliadium.
In one embodiment, the one or more nitro reduction reagents include palladium and
hydrogen.

In one embodiment, the nitro reduction step is by reaction with palladium and hydrogen.
35 :

In one embodiment, the nitro reduction step conditions include a reaction temperature for
a reaction time.

In one embodiment, the reaction temperature is about 40-100°C.
40  In one embodiment, the reaction temperature is about 50-70°C.
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In one enbodi nent, the recrystallisation includes a step of adjusting the
pH of the m xture of conpound and suitable solvent (e.g., water) to be
about 0.5 to about 2.5 (e.g., about 1 40to about 2), for exarrpl e, using
HCl . Thi swapbdd | step nay be perforned, for exanpl fore cooling
the heated m ?(t{mtﬂ}?g@or allowi ng the heated m xture to cpg%[ilcmﬁwmﬁﬂl
preferably, before heating the m xture to dissolve the conpound. |In one
enbodi ment, the recrystallisation conprises adding the conpound to a

sui tabl e 5solvent (e.g., water); adjusting the pH of the m xture to be
about Qnéné&nBMHéntzthéréd%tugnten%Q%re%éb%u?é@ét 2) using Ha; heating the
m xture to dissolve (preferably I'l'y di ssolve) the conpound; cooling the
heated m xture or allown the _heated m xture to cool so as to allow the
conpouicrephetnent: the ssackpriting s bevl bie 3ghotise precipitate (e.g., by
filtrath omg emidiBpentothalréaction tiree isaboyist2atb 2¢ satwison furt her conprises the
subgequedhe ShBRIMEN @RS RdiboPlimé RebBlieR Rjukat € one or nore (e.g., 1, 2, 3,
4) tines, for exanple, with a suitable washing solvent, for exarrpl e, the
same sol vent used to di ssolve the conpound. Opt i onally, t he

r ecr ystTaPhg @abediRent the pilio redrien sler Co'?ﬂ'ftoéF insyde e ysgref amitioredystiori pi t at e
and/ or stepabtvent. washi ng of the precipitate, a step of drying the
precipitate or washed precipitate, for exanple, drying in an oven and/or
dr yhng the recrystallisation
i SMBEI’ %%%n%&%% thg?’[t m%mg%rgﬁtﬁ%g?ﬁ&? .ﬁ%&}%{{ﬁ}%l ‘oniniumchloride) (-1
g, -3 mol) to water ( 40 cnB), adjusting 20the pH of the m xture to be

- 1. 7 u$pnexantpie duenshgrirasinenir mimédfé\im&d Wpstbgm presatson@.g.he m xture to
-80C uBt7- &nm&bhoca‘ce@hﬂxsmemmm@ﬂ(%aﬁmd) pamiaiesl10%lon@iy Bgbéheodigst ure to cool

nat uralhy té?h%h LlZ@ 15 hbDdd @élfn A aQW LReE QL3 Ly
oo P e A A e vy
r ecr ys PayER 9y cohiteiiferid, fand waaheswitidigirahydrafierae 6ri®omiyl The THF filtrate

net hy| tshacidifieni with hydtoehiotdehcid (~10gM, ~4Tmfyl p)'ectuﬂtawﬂ"lerprc(duacbscd’@ild adj usting

t he pHTRE sl &b ‘i@?&l‘ﬁ acid (HC1,
10 Ni, §éb%rrr'ﬁ)%kﬁggre}jﬁ%gtﬁﬁgﬁe?#efﬁdﬁ?@%u- 80C unt P?{ of i[: e conpound

has_di ssngéq'd allowing the m xture to cool naturally to -25C whi l e
st??rlng so as to allow the conpound to 30precipitate, fittering the
m xt ur & ene @obddguenttthe apirecalipietian etep dig) rdagtiongvithionaer mesamiho - 60C for - 18

hours. aRwéii6Wre§§enT§1@nﬂ&tdhmmm)ﬂ%nls%d:oh&&&ssn yi el d di am nophenot hi azi ni um
conmpounds as defined herein and including, for exanple, nethylthioninium

chl or:A)j (el\g_&)’ _at a ur|t|y that, until now, has been unavail abl e

wor | dwitd! n@Or&faW'malhaé%twad@ag@é@dm'w@ﬁq#mmny| eld very
hi gh pb@rﬁhydrm@l&ﬁ?*NBHd)@edﬂoammldlekmid(%603") of both organic inpurities
(e.g., of Azure B, Azure A, Azure C, and

in one embodiment, the amino alkylation step is by reaction with sodium cyano
borohydride (NaCNBH,) and paraformaldehyde ((H.CO),).

30 In one embediment, the amino alkylation step conditions include a reaction temperature
for a reaction time.

In one embodiment, the reaction temperature is about 20-80°C.
In one embodiment, the reaction temperature is about 30-70°C.
35 In one embodiment, the reaction temperature is about 50°C.

In one embodiment, the reaction time is about 10 minutes to 6 hours.
In one embodiment, the reaction time is abeut 1 to 3 hours.
In one embodiment, the reaction time is about 2 hours,

40
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WO 2008/ 007074PCT/ G82007/ 002570 Met hyl ene Vi ol et Bent hsen (MB)) and net al
impurities (e.g., neeting or exceeding the European Pharnmacopoei a (EP)
limts). Azure AAzure B NN Me.,...Me NHNN lal0OS H MM C (r)eCl G Azure
CWB N sNvé/Boosmorerd NMe. N c.,.2 Hkat)l CI Gwe Thus, 0”%(:@18%‘5‘60%/0?57& he
present invention pertains to a di am nophenot hi azi ni um conpound as defi ned
herein and including, for exanple, nethylthioniniumchloride (MIC), that
has a purity as defined herein. In one enbodi nent, the present invention
pertains to nethylthioniniumchloride (MIC) that has a purity as defined
her ei nin cMNeMIREINAMR A afinotak§lapsresieptoriditioas inclitle BRY (sdionan mind

diam n thl azhni.um conpound 15 as defined herein and including, for
exanpl %Qﬂ%‘e}&%ﬁ%ﬁ?m um chloride (MIC), that is obtained by, or is

obt ai nabl e by, a nmethod of synthesis and/or purification as described
her ei nin coeembedimanksherapineialiylation elef seternt egcetipacid. | n one enbodi nent, the
present invention pertains to nethylthioniniumchloride (MIC) 20 that is
obt al neet RhmpRY inl ShoWMIBLARRR, nAia Bt GPA NAG.RhucRY BLNASH SpdildmOr |
puri fi grae%llirggr (g.sg., ?ﬁgira}n%%—1O-gge%!-gﬁen%ﬂl%zﬁneaéihy%?gch%rigéﬁr(LI7.¥> rr?n%ol)qgf ' ned herein.
dissolved in water and sodium hydroxide solution added to obtain a precipitate. The solid
is filtered to give the free amine, which is dissolved in acetic acid (~20 cm?), and
10  p-formaldehyde (~150 mmaol) and sodium cyanoborohydride (~75 mmoel) is added. The
mixture is stirred at ~50°C for ~2 hours, after which water (~50 cm®) is added and the
solid is filtered to give crude product, which is crystallized from ethanol.

The Deacylating (DAC) Step

15 )
The deacylating (DAC) step may be performed using any suitable deacylating reagents
and/or conditions.

in one embodiment, the deacylating {DAC) step is by reaction with one or more
20 deacylating reagents, under deacylating step conditions.

In one embodiment, the one or more deacylating reagents include a Bronsted acid.

In one embodiment, the one or more deacylating reagents include an inorganic Bronsted
25 acid. ‘

in one embodiment, the one or more deacylating reagents include a hydrohalic acid, for
example, hydrochioric acid (HCI), hydrobromic acid (HBr), or hydroiodic acid (Hl).

30  In one embodiment, the one or more deacylating reagents include hydrochioric acid.

For example, in one embodiment, the deacylating step is by reaction with hydrochloric
acid (HCI).

35 In one embodiment, the deacylation step conditions include a reaction temperature for a
reaction time.

In one embodiment, the reaction temperature is about 60-100°C.

in one embaodiment, the reaction temperature is about 70-90°C.
40  In one embodiment, the reaction temperature is about 80°C.
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I n one enbodi nent, the conmpound (e.g., MIC) has a purity of 99.7% or
greater. In one enbodi nent, the conpound (e.g., MIC) has a purity of 99.6%
or greater. 25 In one enbodi nent, the conmpound (e.g., MIC) has a purity of
99. 5% or erEeAbHEzon one enbodi nent, the conpound (e %:

purity of 99% or greater. In one enbodi nent, the corrpounHG%/‘g" %j°°257IQ/rI'C) has
a purity of 98% or greater. In one enbodi nent, the conpound has | ess than
0.1% Azure B as inpurity. 30 in one enbodi rrent, t he conpound has | ess than
0.5% Azure B as inpurity. In one enbodi nent, the conmpound has | ess than 1%
Azure a as irrpuri ty. WD 2008/ 007074PC T/ GBZOO?/ 002570 I n one enbodi nent,

the co i.ty. I'n one enbodi nent, the
corrpoun W{%EME f,l?het %g% R}Aézl 8‘39&%&@ t °U$H one enbodi ment, the
conpoun Ct'i'ﬁ?“] Q ’@et‘héh? T2giin, tioa iF about 28 MinkieR tor3Houss. | n one enbodi ment, t he

conpountt agsnbedigient, dre @aditotitaLis ebdut ddoimpurity. I n one enbodi nent, t he
conppund has | ess than 0.05% Azure C as inpurity. In one enbodinent, the

compoun . . Inmpurity. In one enbodi nent, the
co rrpou n@ Jﬂé%m{bgg@em cgeaqulé} '% u%pecogaignﬁnﬁéﬂqq usg 89? ﬁe%ngt'%%l nent ,
t he co has | ess than 0.02% M/B as inpurity. In one enbodinent, the
corrpound has less than 0.05% MVB as inpurity. (Al percentage puri ti es

r eci t edinlae embodifrenyveiegddacyei@ e stvaRsis Asher Wi se specified.) In one
enbpgi ment, the conpound (e.g., MIC) has an elenentals purity (e.g., for
each of AI Mo, Cd, Sn, and Pb) that is equal
to or bectr ?m?lﬁéﬂOP%QWQ?IWE%Q’BWQ@?%“@&WRWMV@r@m@h veEter (~1t Table 1
bel ow (1€} i38¢ &ydroehieic adic(~HAMb pdmm’ Ritacombiopdeind te@pultingnbaurd ier  Ver si on
EP4 setheated2062)°C fon~bdheurarithagimimgnThe tésat.ﬁg)raaewpbré@cemmdt@ GnthAs an

el enentiad Gedfatddpréducg- . for each of A, G, Zn, Cu, Fe, Hg, N, M,
Cd,4sSn, and Pb) that is equal to or better than the val ues mentloned in
colum "Version EP5.4" in Table 1 bel ow (believed to be the European
Phar macShEAEPIE EPPN¢ pRbpAMER) fhe@cslaeﬁ regEsNYcoswoUeh (~2008hol), Fatert er m

" el ener(t# enpuandthytiracklibec neid (+10 Mevos smard @iniinddoahdBead@uings of the

t wel ve doliign IRicated vapartitated citcdah@ Lfﬂt@%aﬁhcf) HerdRGAPAG e i O 2N,
Cu, Fe,pMaqg aWSO“H'for “@hou%:th%ﬂmng ?he resulting reaction product mixture contains

20  the deacylated product.

The Oxidizing {OX) Step

The oxidizing (OX) step may be performed using any suitable oxidizing reagents and/or
25  conditions,

In one embodiment, the oxidizing (OX) step is by reaction with one or more oxidizing
reagents, under oxidizing step conditions.

30  In one embodiment, the one or more oxidizing reagents include a Lewis acid.

In one embodiment, the one or more oxidizing reagents include FeCl,, provided for
example, as a hydrate, for example, as FeCl;.6H,0. -

35  Inone embodiment, the one or more oxidizing reagents include a nitrite.
In one embodiment, the one or more oxidizing reagents include a Cy.qalkyl nitrite.

In one embodiment, the one or more oxidizing reagents include isoamyi nitrite.

40  In one embodiment, the one or more oxidizing reagents include t-butyl nitrite.
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WO 2008/ 007074PCT/ 82007/ 002570 Table 1 .Elenmentals Purity (pg/g) Elenent
Versi on EP4 Version EP5.4 Alum nium (Al) 100 100 Cadmum (Cd) 1 1 Chrom um
(Cr) 10 100 Copper (Cu) 100 300 Tin (Sn) 10 10 Iron (Fe) 100
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in one embodiment, the one or more oxidizing reagents include an Ambetlite resin
I. R. 120 (an anion exchange resin), which, in the present case, acts as an oxidizing

agent,

In one embodiment, the oxidizing step conditions include a reaction temperature for a

reaction time.

In one embodiment, the reaction temperature is about 1-25°C.
in one embodiment, the reaction temperature is about 1-15°C.
In one émbodiment, the reaction temperature is about 1-10°C.

In one embodiment, the reaction temperature is about 1-10°C.
In one embodiment, the reaction temperature is about 2-10°C.

In one embodiment, the reaction temperature is about 1-9°C.
In one embodiment, the reaction temperature is about 2-9°C.
in one embodiment, the reaction temperature is about 1-8°C.
in one embodiment, the reaction temperature is about 2-8°C.
in one embodiment, the reaction temperature is about 1-7°C.

In one embodimeni, the reaction temperature is about 2-7°C. -

In one embodiment, the reaction temperature is about 1-6°C.
In one embodiment, the reaction temperature is about 2-8°C,
In one embodiment, the reaction temperature is about 1-5°C.
In one embodiment, the reaction temperature is about 2-5°C,
In one embodiment, the reaction temperature is about 5°C.

Without wishing to be bound by any particular theory, the inventors believe that by
employing a relatively low oxidizing step temperature (e.g., below ~10°C; e.g., below
~5°C), the production of undesired by-products (including, e.g., the reintroduction of
Azure B, etc.) can be minimized and the purity of the final product can be maximized.

In one embodiment, the reaction time is about 5 minutes fo 3 hours.
In one embodiment, the reaction time is about 15 minutes to 2 hours.

in one embodiment, the reaction time is about 30 minutes.

In one embodiment, the oxidizing step conditions include the use of an oxidizing step

solvent.

In one embodiment, the oxidizing step solvent is water.
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200 Manganese (M1) 10 10 Mercury (Hg) 1 1 Mol ybdenum (M) 10 10 Ni ckel
(Ni) 10 10 Lead (Pb) 10 10 Zinc (Zn) 10 100 In one enbodi nent, the
conmpound (e.g., MIC) has an elenmentals purity that is equal to or
than 0.9 {ig¥dohtes val ues quoted for "Version EPA" in labl

enbodi nent, the conpound (e.g., MIC) has an el enental & pur]ﬁfxi/mtoﬁsla'{
to or better than 0.9 tines the values quoted for "Version EP5. 4"

Tabl e 1.
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For example, in one embodiment, the reaction product mixture obtained by the
deacyiating (DAC) step and containing the deacylated product (~3 mmol) is cooled to
~5°C, and a cooled agueous solution of FeCl: (~3 mmo! FeCl,.6H,0 in ~10 cm® water, at
~5°C) is added. The resulting mixture is held at ~5°C for ~30 minutes with stirring. The
resulting reaction product mixture contains the diaminophenothiazinium compound.

For example, in one embodiment, the reaction product mixture obtained by the
deacylating (DAC) step and containing the deacylated product (~20 mmol) is cooied to
~5°C, and a cooled agueous solution of FeCl; (~40 mmol FeCl;.8H,0 in ~80 cm® water,
at ~5°C) is added. The resulting mixture is held at ~5°C for ~30 minutes with stirring.
The resulting reaction product mixture contains the diaminophenothiazinium compound.

Optional Additional Purification Steps

Each of the optional additional purification steps (PURFEPAC, PURPA?X PURYX and
PURASCONy [if present, may be performed using any suitable means of purification.

In one embodiment, one or more or all of the optional additional purification steps
(PURREPAC pURPAOX PURCX, PURASEONy it present, is as defined above under the
heading “The Purification (PUR) Step”.

In one embodiment, one or both of the optional additiona! purification steps PURREPAC
and PURPYX, if present, is as defined above under the heading “The Purification (PUR).
Step”.

Optional Additional Purification; PUR®*

In one embodiment, after said oxidizing {(OX} step, said diaminophenothiazinium
compound obtained in said oxidizing (OX) step is purified (PUR®%).

In one embodiment, the purifying (PUROX) step is, or comprises, recrystallisation.

in one embodiment, the recrystallisation comprises adding the compound to a suitable
solvent (e.g., water); heating the mixture to dissolve (preferably fully dissolve) the
compound; cooling the heated mixture or aliowing the heated mixture to cool so as to
aliow the compound fo precipitate; and collection of the precipitate (e.g., by filtration).

In one embodiment, the recrystallisation includes a step of adjusting the pH of the mixture

of compound and suitable solvent (e.g., water) to be about 0.5 to about 2.5 (e.g., about 1
to about 2), for example, using HCIL. This additional step may be performed, for example,
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I n one enbodi nent, the conmpound (e.g., MIC) has an elenmentals purity that
Is equal to or better than 0.8 tines the values quoted for "Version EP4"
in Table 1. 10 In one enbodi ment, the conpound (e.g., MIC) has an

el enent al wopdésidoy7d hat is equal to or better than 0.8 jd | ues
quoted for "Version EP5.4" in Table I. I n one enbl]t(gl .’rreﬁ‘é%%%ﬁ\?@

conpound (e.g., MIC) has an elenentals purity that is equal to 15or better
than 0.7 tinmes the values quoted for "Version EP4" in Table 1. In one
enbodi ment, the conpound (e.g., MIC) has an el enentals purity that is

$qg?| Hoefogég Edtﬂih@tHehbh’t@ﬂ_nﬁx’tl?lretdrfﬁﬂ@.uih@&e%téﬁ%iﬁﬂ@t@‘l\éﬂ%%lg’érh%v&! Si on EPS. 4'|' in
abl e 28h0 S, i Tcglmg : as an el enental s
puri ty%tr%at P's eqﬁﬁ?&@%ttﬁ)@;ﬂ%r%gtr?dltg énqgggmﬁ%n"gg' t he val ues quoted for
“Version EP4" in Table 1. In one enbodi nent, the conpound (e.g., IVITC
has an lepemembedimenpihe reprystallisaiicn eauptises adding the compourkdm aGulakie mes t he

val 8es souettdel gf, aatenVeadjssting theP5H 4f the miale!te bd abalk 0.5(tb@bosecsl e, 0.5 tines

the valygs 148 b&d 2 Qing MET: ﬁé&mﬁ%’é %)& eT@ﬁtfolvtjeﬁgfe;feréay %@Qiféglve) 0. ‘E/"_g?/ ﬁas

Cd, 5 pa/g Cr, etc, n, ofie e I ment onpo e. g’ ,

a chr oﬁi%u‘%nm?”@f"f’%gtmﬁ '.%e.aé%ﬁf%?l"%{r% 0619' OMG;t %Pe?*%'ﬁ“x%e Ry s¢ T?'ls ¥ne
enbodi ¢ theraempedifie prasinitateyand safieytions the rrediniateuingplyifitationat i s equal
to or better than 100 pg/g. 10l n one enbodi nent, the conpound (e.g., MIC)

h ' At . I
embo gl The. *4‘3’93‘5"@5“"”*“@"“""%k/%“égséﬁézé’ﬁ%*?‘?“é““%p PR ol o

n h n |

or bet eerc}pritg ehoi'ﬁ%ﬁ) Peg@/%g.('ﬁz\lg?’, PR BY Xaainlg: ngﬁﬁgﬁﬁ%wm nations of
t he ab8§O¥eHUPT BXppien HiesaResoliiestsssdel disasled the gempeurdach i ndi vi dual
conbi nati on was specifically and explicitly recited. 20 Conpositions One
gis DE_CE optiofidNe, tRE Eé%ﬁ,{%fal!i%ﬂ%ﬁﬁﬂtﬁé? cBﬁbﬁ%&sniﬁfﬁéer golﬁcﬁﬂ{?%ﬁékgﬁﬁiﬁ Hii?&/&s i ][‘gr a
exapl 8‘?%%%“%#?’%@%@2%#Eé%oé@?vgsﬁl PReplge oL Vet 5 18 | o
obt ai nSKBPIEAVIRg AN RYEn grd/osdryiRg HEFYagWIM-or purification as descri bed
herein, and/or that has a purity as defined herein. One aspect of the
pr esenfor exadipld, @norRadnibkigent, dhreBRRMABEKINOS pSRITREH B B8difg the
di am neBREARE B2 hUHGAMBALRbria8S 1! L8R Glafbr (b dods kg T or
exggrp ﬁ'ie pH of the mixture to be ~1.7 using aqueous hydrochloric acid (HCI, 5 M), heating the

mixture to ~80°C until all of the compound has dissolved, allowing the mixiure to cool

naturally to ~25°C while stirring so as to allow the compound to precipitate, filtering the

mixiure to collect the precipitate, and drying in an oven at ~60°C for ~18 hours,

25  For example, in one embodiment, the recrystaliisation is performed by adding the
compound (e.g., methylthioninium chloride) (~1 g, ~3 mmol) to water (~20 em®), adjusting
the pH of the mixture to be ~1 to ~2 using aqueous hydrochioric acid (HCI, 10 M,
0.33 cm®), heating the mixture to ~80°C until all of the compound has dissolved, allowing
the mixture to cool naturally to ~25°C while stirring so as to allow the compound to

30  precipitate, filtering the mixture to collect the precipitate, and drying in an oven at ~80°C
for ~18 hours.

Purity

35  The methods deseribed herein yield diaminophenothiazinium compounds as defined
herein and including, for example, methylthioninium chioride (MTC), at a purity that, until
now, has been unavailable worldwide.
For example, many of the methods described herein vield very high purity MTC with

40 extremely low levels of both organic impurities (e.g., of Azure B, Azure A, Azure C, and
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30net hyl t hi oni nium chloride (MIC), that is obtained by, or is obtainable
by, a nmethod of synthesis and/or purification as described herein. One
aspect of the present invention pertains to a conposition conprising a

di am nophay@bdaka®h7ai um conpound, as defined herein and_including, for
exampl e, 35net hg(lﬁgﬁi oni ni um chl oride (MIC), that has aPplEBeY7485Wef i ned
herein.. One aspect of the present invention pertains to a conposition
conpri sing a di am nophenot hi azi ni um conpound, as defined herein and

i ncluding, for exanple, nethylthioniniumchloride (MC), that is obtained

by, or MsthgishairbBemiisen VB)) BAE nftal HOSHALLEH. SndHL OF RULLEL faL T on as
descri b@%ﬂ’%{“qd'”g“mﬁ%gg%@?%@nﬁ“g pura: ty as dgﬁ ne%é!ﬂ%rm i ed‘?% ne

enbodi ment’, the co phar maceuti cal conposition. In one
enbodi ment, the pharmaceutical conposition further conprises a
S5pharmaceutical |y accépreadl e carrier, diluent, AggregXxci pi ent. Conpositions
and fornul ations are digcussed in nore detail bel ow Methods of

| nactivating Pat hg§ 5 3O aspect of the 9 avention pertains to

the use of a md.anmiy me& ni um cogpoun s dafined pﬁrei n and

i ncludi ng, for %ﬁ 51 exS et hyl NHj oni ni umighl or1 ge” (MFC)SnyThat is obtai ned
esi s

by, or is obtai | e a net hod of synt,he hd/ or pdtification as
descri bed herein, and/ ©that has a purity as defned herein, in a method
of inactivating 15 a pgjpogen in a sample (for e@}ﬁpl e a blood or plasm
sanple), for exanple, in vitro, the nethod conprising the steps of

i ntroduci ng the conpsaundNipta.the sanple, and._s ent |y exposing the
sanple to lig < A\r\ gt of the prese @ pertains to a
met hod of inactiwit Mg dspatdiogen. i n 20 "a~genple~dorvexagpl e, in vitro,
conprising the st*bps ofDi ntroducizng an effective anount of a conpound into
thessarrpl e, and subseque@®|y exposing the ¥anple to |ight, wherein the
conpound i s a di am nophenot hi azi ni um conpound, as defined herein and

i ncluding, for exanple, nethylthioniniumchloride (MC), that is obtained
by, or Tihds.¢#He aprsb pith presantrimiehtich pdriampnd besinandneh@hiaghiuii | cation as
descr | bodpbariisnictinatherein shainchamgdroPstdrigle, SoiRfiShnilafigLel n. Use in

Met hodsmeé), Medlhsah J{ngggggm{ed%?eir@spect of the ‘present i1 nvention pertains
to4g di am nophenot RI azi nium conpound, as 30defined herein and incl uding,

for exanple, nmethylthioniniumchloride (MIC), that is obtained by, or is
obt ai n¥hPRe Hybodimensthe aresentdyentierspestainsds omthyliibrhinioatchpAdeavTiescr i bed
her ei nthadhald @purithas défeed ket i ty as defined herein, for use in a nethod of
treatnment (e.g., a

Another aspect of the present invention pertains to a diaminophenothiazinium compouhd

15 as defined herein and including, for example, methylthioninium chloride (MTC), that is
obtained by, or is obtainable by, a method of synthesis and/or purification as described
herein, and that has a purity as defined herein.

in one embodiment, the present invention pertains to methylthioninium chioride (MTC)
20 thatis obtained by, or is obtainable by, a method of synthesis and/or purtfication as
described herein, and that has a purity as defined herein.

In one embodiment, the compound {e.g., MTC) has a purity of 99.7% or greater.
In one embodiment, the compound (e.g., MTC) has a purity of 99.6% or greater.
25  In one embodiment, the compound (e.g., MTC} has a purity of 99.5% or greater.
In one embodiment, the compeund (e.g., MTC) has a purity of 99% or greater,
In ene embodiment, the compound (e.g., MTC) has a purity of 98% or greater.

!n one embodiment, the compound has less than 0.1% Azure B as impurity.
30 in one embodiment, the compound has less than 0.5% Azure B as impurity.

In one embodiment, the compound has less than 1% Azure B as impurity,
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met hod of treatnment or prophylaxis, e.g., a nethod of treatnent or
prophyl axis of a disease condition, as described herein) of the human or
ani mal body by therapy. 35 One aspect of the present invention pertains
to a diam i azi ni um conpound, as defined herein _and including, for
exanpl e, rre“ﬂt@y tﬁclbhc:ni nium chloride (MIC), that is obtalneaEy/ %70 g

obt ai nabl e by, a nethod of synthesis and/or purification as descri bed
herein, for use in a method of treatnment (e.g., a nethod of treatnment or
prophyl axis of a 40 di sease condition, as described herein) of the hunman
or  ani MabndaodierdtBE 20 pouri-3 008 HARTH7 4BGT/HBANNGHH02570 One aspect of
the present invention perPal ns to a di am nophenot hi azi ni um conpound, as
defined herein and including, for exanple, nethylthioniniumchloride
(MIC) , Ir Res embedimens the compaungdtasiess thast LP5% Azdie ARSIMPHTY. et hod of

t r eat mdmbng empodimentntbt ool podnd hasdegsdimn ©10% Agurehsd impudtyof a di sease
Congi t ii9Bne SfbsHRAEH 18 GoMBbE I NasWsstihsh 614878 Az0k /A4 ifRlrifpody by therapy.
One aspect of the present invention pertains to a di am nophenot hi azi ni um
conmpound, as defined herein and including, for exanple, nmethylthioninium
chl or i d@eppfeyodimeni the sompogist hashess tian 0-83% Aeurstt as WmIy- by, “a net hod of
synt hedi sheagrdbadimenir thé coapown fes lebsditan hEdhs Bevreithas imparityhat has a purity
as def ijnefk Sab&iiMent] AE cb®Bold asBisash ®15% neak®ad infperig. . a net hod of
treatment or prophylaxis of a disease condition, as described herein) of

t he human or anjmal body by therapy. 15 Use in the Manufacture of

Medi caﬁ%ﬂ?%e@l@'@?ﬁet@?%mpgw 'ﬁség%ﬁ'ﬂar\ %%ﬁw&asp'mwaﬁvns to the use of a
di anm ndphehenboediméni thencemppawites lees tokef §.0&% MM &8 impanilyl. | ncl udi ng, for
exanpl e, methylthioniniumchloride (MIC), that is obtained by, or is

obt ai NaR} Gorbintadh ARHEORCATY SO BRSLSRRUH LU Sh& Al Uodifbeds descr i bed

her ei [ or as a purity as erein, | nuf act ure of
a nmedi canent for use in the treatnment or prophylaxis of a disease

condi t ifbAne erabesingenti the gompewide. 9o Qdpe an sismentils piridses. foraaehef on
pert ai w8, GroZi, [T, He avim fHgR NiliNgTION) Bhesmait i) &t Bl agioml25 eobaterthen s def i ned
her ei n vafids mBhtiohdl ffcollrf RSO EP4" iNELIY 1 IMANLBENEY fbthb BardpM) .t hat
is obt @g nre%ac%é;eioélﬂ ?i ch%]oari\}%aspl eEpj 3 g&%&o@of synt heés)%s aﬁ@%r
purificatlion as %IEse MR P & a9 hs il t'h nuf acture of a medi canent for
us@%in the treatnent or prophyl axis of a disease condition, as described
h_ere! n.in 82 émbc_v:ﬁmgﬁgheobmphmme@sémmihayentelmnm;rmmitﬂs:_.g;,do:témfh oBe of a
di am P@m@nmgﬁ:}ua?,rmmmgq%m, sa,s?r@qfs)ﬂ%?isf&hsﬂw oaﬁlﬂ;a%hgsy ng, for
exanp [ O | ME@E . ed by, or is
obt ai n%glluéw{?%/x '02'11 Preﬂ.[]%d of\F?, [ﬁrE Eggf's, an [Fc;r&%%g“r’ tb%l'ca??%ﬁeﬁg descri bed
her ei n,~Y5H&? ﬁﬁ?m}?&gp%'apﬁ) %"tﬁg"réféﬁ‘%eﬁf%?"éi'm‘?oqfsh t he manufacture of a
medfcament for use in the treatment or prophylaxis of a disease condition,
as desahk kesh “3iehenispuritye rdfarsd ©fhedie péridiidito the amounts of the twelve (12)

metals specified by the European Pharmacopoeia: Al, Cr, Zn, Cu, Fe, Mn, Hg, Ni, Mo,

Cd, &n, and Ph.
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in one embodiment, the compound (e.g., MTC) has an elementals purity that is equal to

15

or better than 0.7 times the vaiues quoted for “Version EP4” in Table 1.

In one embodiment, the compound (e.g., MTC) has an elementals purity that is equal to
or better than 0.7 times the values quoted for “Version EP5.4” in Table 1.

20

or better than 0.5 times the values quoted for “Version EP4” in Table 1.

In one embodiment, the compound (e.g., MTC) has an elementals purity that is equal to

In one embodiment, the compound {e.g., MTC) has an elementals purity that is equal fo
or better than 0.5 times the values quoted for “Version EP5.4” in Table 1.

25
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D seases which are characterized primarily or partially by abnormal tau
aggregation are referred to herein as "tauopathies" or "diseases of tau
protei n aggregation”. Exanples of such diseases are discussed in the
article b / Lk et al. in Neurobiology of 5 Al zheiner's Di sease 2nd

Edi ti on, ?&%&9@3‘@ Dawbam D. and Allen, S.J., The MIGERRP74230 Cel | ul ar
Neur obi ol ogy Series, Bios Scientific Publishers, Oxford, UK In one

enbodi ment, the disease condition is Al zheiner's disease (AD);. Pick's -

di sease; Progressive Supranuclear Palsy (PSP); fronto-tenporal denentia

G ot nii oroRibie: OBAENAO TAIBES Qi Ardo @I SOTRNS | SEITTGGAY

di si nhi bgh@r&]dgrrgptéra-e@ rki nsoni sm anyotrophy conpl ex ' ;

pal | i do-"p 0- Ni (j’ 3 deégeneration (PPND); Guam ALS syndrone;

pal | i do-ni gro-1uysi an degeneration (PNLD); or cortico-basal degeneration
(CBD), h%haeohediewbitherenipoutdés.glj ME@pieascocdormiumpurity Azb equgeto ¢ di sease
(AD)5 |petieppagAbpgynent, the disease is a disease of tau protein
aggregation, as described herein, and the effective anmount is an anount
sufficient to inhibit the aggregation of the tau protein associated with
sai d di S48 EMEPHMEnt. Hy SR B Gl i HE), hastrechiiersiupsairisithaliis pais! forni | d

cogni t i kedtef thpml®dwgis. (MCl). I n one enbodi nent, the disease condition is
skin cancer. In one enbodi nent, the disease condition is nelanoma. In one

( o nt, the n on ts M
ctrca e ohpEbACREE-ARREN |Of, it G EBR B ods o Bdroar . or
par asi {Eaée'aqn'g'éi%léglgondi tion (e.g., a viral infection, a bacterial

infection, a protozoal infection, a 30paraisitic infection). In one
enbodi ment, the disease condition is a viral infection. In one enbodi nent,

the di SR388mBOSINES [ [ | t.d : ne ' , the
di Sgase§, ¢ rﬁ@ﬁt %ﬁg?tgﬁg cg;ng?gicg(ﬁg{. i “ﬁt%}c%lg%ﬁ."log @ PH&@?{% %e??gjéglﬂ%% ﬁ?ﬂ‘ t he
di s€ase condit%n is a parasitic infection. In one enbodi ment, the di sease

condition is parasitic infection with a parasite of Trypanosona,

Lei shneili pigusBienai camphititsls pombinat@ye lobthr@bave Bty GdéOaRUidcRbe hddh! y. I n

one enhedi R individisl GhibRasitn g@ggbédﬁggw shdl &Bﬁﬁﬁ' FQQE?\@ th Pl asnodi um vi vax,
sno

Pl asnmodi um fal ci parum Pl asnodi um nel ari ae, I'um oval e, Trypanosona

prQt.oz Ent ar noeba hi stol ytica, Trichononas vaginalis, Gardia |arnblia,
Tr an%s%?&—% R ei ganbi ense, Trypanosoma brucei rhodesiense, Trypanosonm

cruzi, Leishnania 5major, Leishmania tropica, Leishrnania aethiopica,
Lei shmedrieaspadt antheresenl iRVEHBh Peldird fold @RHositiol- Sy £ NMexi cana,
Le! ShTRRlfn G BAGABARSHSconlgth SR IARA T E R Tofo At Ant um corpl ex,
Crypt ospos i di urn parvum . Toxopl-asma gondii - Encephal 't 8268 speci es,
Nosena "298';1)/& Qgipiugf %@F AMIC ,ﬁﬁgﬁ ohaipedby, or is obtainable by, a method of

25  synthesis and/or purification as described herein, and/or that has a purity as defined
herein.

One aspect of the present invention pertains tc a composition comprising a
diaminophenothiazinium compound, as defined herein and including, for exampie,

30 methylthioninium chioride (MTC), that is obtained by, or is obtainable by, a method of
synthesis and/or purification as described herein.

One aspect of the present invention pertains to a composition comprising a
diaminophenothiazinium compound, as defined herein and including, for example,
35  methylthioninium chloride (MTC), that has a purity as defined herein.

One aspect of the present invention pertains to a composition comprising a

diaminophenothiazinium compound, as defined hersin and including, for example,

methylthioninium chloride (MTC), that is obfained by, or is obtainable by, a method of
40  synthesis and/or purification as described herein, and that has a purity as defined herein.
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10l n one enbodi ment, the disease condition is nalaria, visceral
| ei shmani asis (often known as kal aazar), African sl eeping sickness,
t oxopl asnosi s, giardiasis, or Chagas' disease. I n one enbodi nent,

t he di sea ifi,on is malaria (i.e., an exanple of a protozoal
15di sease%@o%og#}ﬁ’?@ﬁ). In this enbodiment (i.e., the di ¥e4SB208EHAIPion is

mal aria), the treatnment nay be in conbination with one or nore other

antim crobial agents; for exanple, one or nore of chloroquine, atovaquone,
qui ni ne, prinmetham ne, sulfadiazine, and primaquine. 20 In one enbodi nent,
t he di sease condition is, or is caused by, Hepatitis C virus (HCV), hunman

i mmunodef j ci - VI I WS | V) .. Or st Nil irus (VWNV). In one

enbodi (r?gr?tnfé eﬁﬁ%ﬁ@}eg{égwseeéogwﬁﬁhw 5@%%%3&?4?@"@5&?%5 (HCV) infection.
251 n one enbodi nent, the disease condition is human i nmunodeficiency virus
(H'V) ilnfoseeimbadinient, theephambastiutioen tompdsitiodiigthaseonamisgs ki on is West Nil e
virus (phevhadeutieal a8sbptdok QngerediRest m&ifiehbe di sease condition is a

synucl ei nopat hy. 30 As those skilledin the art will be aware, the term
synucl el nog%thi es is used to nanme a group of neurodegenerative disorders

char act €1'TReEHRY 279 WFMylptions amdipaigaedia e dstallibelevn protein, particularly
a-synuclein, in the cytoplasmof selective popul ati ons of neurons and
glia, Mhbds@amédtjmihglpaih@gm ch the presence of synucl ei n-containing

I ncfgusi ons are 35pat hognom ¢ for the disease. This should be distinguished
from noy-s nuctlcgihno at hg, di sorders in which synuc| ei n-containing

i ncl usi ONE IREY B NS RIGSSTbINVRRIoR PeLRIRt o the Weri9 e diamipephsnatbiazisihol ogi es.
The syrfa8IPeHps BadRined hetgin ard ingludiva.Joraxamplet methfyithibromilimg:htbrider der s:

Par ki nimggﬂewmnwgyk Bjs obeknabd by2 a\Wdtbdle? wynthasl ﬁﬁ/&r%ﬁﬁoatiaﬁﬂbt' ple
syst emztdeq 4 VRN 2 . SIT roduced. by

1- gt hyal 'aﬂﬁ og;%ﬁri]ryla' 1 ngiﬁgﬁta g%ﬁ‘gﬁ‘?‘%%ﬁ%ﬁ@%@%ﬁ%@%%é??"@?’%‘é‘% such as
r ot enonegf il het] %h%’fﬂ'fboefﬁ 1081 8 RSy sanrie)ois ex3reie i, the he

di seas " ¢BRHIFAIMRIIFING dharsiphs ofdmrpdycing thesomppmm)into the sample, and

subsequently exposing the sample to light.

Another aspect of the present invention pertains to a method of inactivating a pathogen in
20 a sample, for example, in vitro, comprising the steps of introducing an effective amount of

a compound into the sample, and subsequently exposing the sampile to light, wherein the

compound is a diaminophenothiazinium compound, as defined herein and including, for

example, methylthioninium chioric':le (MTC), that is obtained by, or is obtainable by, a

method of synthesis and/or purification as described herein, and/or that has g purity as
25 defined herein.

Use in Methods of Medical Treatment

One aspect of the present invention pertains to a diaminophenothiazinium compound, as
30  defined herein and including, for example, methylthioninium chioride (MTC), that is
obtained by, or is obtainable by, a method of synthesis and/or purification as deseribed
herein, and/or that has a purity as defined herein, for use in 2 method of treatment {eg., a
method of freatment or prophylaxis, e.g., a method of treatment or prophylaxis of a
disease condition, as described herein) of the human or animal body by therapy.
35
One aspect of the present invention pertains to a diaminophenothiazinium compound, as
defined herein and including, for example, methylthiohinium chloride (MTC), that is
obtained by, or is obtainable by, a method of synthesis and/or purification as described
herein, for use in a method of treatment (e.g., a method of freatment or prophylaxis of a
40 disease condition, as described herein) of the human or animal body by therapy.
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I n one enbodi nent, the disease condition is denentia with Lewy bodies
DLB). In one enbodi nent, the disease condition is multiple system atrophy
(MSA). In one enbodi nent, the disease condition is drug-induced
par ki nsonyw@yoslédene enbodi nent, the di sease condition,A ononi ¢
failure (PAF). 10 Treatnent The term "treatnent," as 3?%%“%@?@P%H§n t he
context of treating a disease condition, pertains generally to treatnent
and therapy, whether of a human or an animal (e.g., in veterinary
applications), in which sonme desired therapeutic effect is achieved, for
15exanpl e, the inhibition of the progress of the condition, and includes a

reduction in the. rat f. pr ; 1 L8t S,

r eqr esSTBo6se pFge e@%@%l?\%ﬂ?“ﬁé%fﬂé%??%#f%@h%@%@%%h@wﬁﬁﬁ?%ﬁécur e of

the codglineddgreinmprekinauding, 4 examplspRGihylthioninivm gelgrige (M1G thalfiasdhy | axi s,

pr evenpiniip ps defirel Soreim ddrude th a @@ied of keaiment{e.ga paoethehif theataienéot | ve

anoygnt propApiaxls 60h HiSsReRondifid 8t Bsschibed MASINPSAMNhuRAn & hndkdl byd wonpound, or

a nat efl ¢ conposition or dosage from conprising an active conpound,

whi ch i's é%yf ective for producing sone desired therapeutic effect,

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

accor dme@spidt bf the desentdoventierapeartsins to 8 giamineph2eotSiapihiuer dopnpountk as er m

" pr ophyb@eldineadid dndshélegihd, ¥ér XaMBRL méthgthictiEcm kBloaiO(MTEY thatiss to t h?t

amynt . ct,i. , : dasage from
MaYNt oBlaikl b7k EnGABMOUP $&h @oﬁghméégg?nwspamm@tfoh%e aQ4crifs

5
(

co rirsin an’ ‘ac wni C S efrectiyve r I OQuUCI N sone
ol 1 e herih, B 13bh352 BITRDE S BRRHERELIPE IS WATESs chteghbBT Ebeter 1/ 1 sk
rati o, nthad ofiredtniest ersephylaxigof a disaassccopditinn, 39 dgserived hewing pERE ment

r egi memumah er aeinal body eqatieeady. | ncl udes conbination treatnments and
therapies, in which two or nore treatnents or therapies are conbined, for

ex Ihﬁﬁg%%m%neousl y. Exanples of treatnents and

thgggp?J ' = Spyicaen mted to, chenotherapy (the

35adm ni stration of active agents, including, e.g., drugs, antibodies

(e.g., Cam aspedt ohtha ptdsentipyontiopperthinsgs theaisg.of adamimopbkottbidziniami ¢ t her apy,

GEE/F;} cbiRblhd, 83 eeran'ﬁd ﬁe{egﬁé.w:iniwmgt-:tmr@ﬁarh@s,r.ﬂmynmﬂﬁ@ﬁ BRoddeer apy. t Roult es

o] m K on..The . i azi ( ceutica
(QATCh s bl 41, BrisBBRIRRE )} Sricllod s SR Yo buBBRIIRT UL 0

conposi

by 28ny 28 Ia¥EReS ?feWoa@%OFdhaféﬁﬁ?mug%5@atdF@?ﬁd hsffiRIp e manufacture of a

syst enminuslidayepeiorn padesn éd treatmert op proahylgxig ¢f sedisease comrdition, aedestrittdsi r ed

acti onhereifRout es of adm nistration include, but are not limted to, oral
(e.g., by ingestion); buccal; sublingual; transdermal (including, e.g., by

D1 ot enelEeBss o fapresmbiayerie Boramo e & fidiincintEpdng " Cp,
ey @8r ogeippound, as defined herein and including, for example, methylthioninium chloride
(MTQC), that is obtained by, or is obtainable by, a method of synthesis and/or purification
as described herein, in the manufacture of a medicament for use in the treatment or
prophylaxis of a disease condition, as described herein.

30  One aspect of the present invention pertains to the use of a diaminophenothiazinium
compound, as defined herein and including, for example, methylthioninium chloride
(MTC), that is obtained by, or is obtainable by, a method of synthesis and/or purification
as described herein, and that has a purity as deﬁned herein, in the manufacture of a
medicament for use in the treatment or prophylaxis of a disease condition, as described

35  herein.

Methods of Treaiment

One aspect of the present invention pertains to a method of treatment or prophylaxis of a
40  disease condition, as described herein, in a patient, comprising administering to said
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10pul nonary (e.g., by inhalation or insufflation therapy using, e.g., via
an aerosol, e.g., through the nouth or nose); rectal (e.g., by suppository
or enemm); vaginal (e.g., by pessary); parenteral, for exanple, by

i njection subcut aneous, intradermal, i ntranuscul ar
|n{ravenoggiﬂﬁﬁﬁﬁgg?terlaI i ntracardiac, intrathecal , $HEBHEHREM0,

i ntracapsul ar, subcapsular, intraorbital, |ntraper|toneal i ntratracheal,
subcuticular, 15 .intraarticular, subarachnoid, and intrast enal

(including, e.g., intracatheter injection into the brain); by |nplant of a

depot %at.éms&ﬁtw:@r%éuncé BLeRXARArfount BS HoaMARHSIIY- e@féct!vefafrﬁgﬁmsd%'al' arl 4 The
Subi eCté%ﬂﬁquﬁé&P (b éé% ‘?ﬁ%’ apsa&e‘rﬁé‘c[(hé@% ﬁ i a”'{é‘f‘ xag

pl acent notrerre (e.g.,
duckbi |W%f8r¥§'|'%tfym§'ylm%? @@r&anthaf(feofgfamefé%ﬂfmfw@fe!av Ramaihasof a rat, a
nmouse) , symhesinend/er pyrifi cetlorrwsleyqnbad hergomandstr that.hgs a parityalshlefifed avi an (e g.,
a big d)hergani ne (e.g., a dog), feline (e.g., a cat), equine 25 (e.g., a
horse) porcine (e.g., a pig), ovine (e.g., a sheep) bovine (e.g., a

']]orl mat e, . .Sim an %} q nmonkey or ape), a nonkey (e.g., narnoset,
baboon)O e75PsHe" the RyesengbveT ﬂoﬁ,peﬁﬁi‘?ﬁﬁ’aﬂﬁ%@"d Sfrtéﬁ?ém?‘ﬁﬁgpmgh fa or a
human. disease cergiitioheaswlseribadterainlin e phiigntdomptisingpdrbiaistenivig &f sgid s f or s of
devel oprsgait, ath@rép@)tn@ﬁl@l-@fecﬁ\le%ﬁ&mbﬁa prb yﬂﬁﬂcaﬂ! RffesihvedrRiRefLment , the

SUbiOeCtdlé?ﬁhb;gﬁhoﬁw%zﬁl ({v;%tmuﬁﬁ ésacrélf'ﬁeds ?%Iﬁ%é@gmﬁldm&% g?a%h ds i nvol ving

Al zhei ner con ntl onal

fact or "¢ t?’ﬂﬁ?”'"ﬁ%‘:mﬂ" @et %td? P’Ef ”6‘["5% Oh StqhEabiaRy, agdeofany one or
nmor e ofSY”ﬁhPﬂeﬁfﬁﬁlgr M@‘Fﬁjlaﬂlaéﬁewlba%h@lﬁperl enced clinici an ech usi on of
non- Al zheiner's di sease diagnosis as far as possible by supplenmentary

| abor atoHe/aspest o@%HéedreééﬁYﬁ%ﬁtBﬁﬁobﬁé} toamev]ﬂpds Bifda erﬁ‘éﬁbﬁég hidik &fa, | CVel of

cod e IEEN HLALEERRIN g L LG RIS o, I one
pOSS| bI Ratien|a ﬂﬂ?fepwha#iv ﬁ‘féﬁ@cnmugk@rrﬁ rarﬁpfwdﬁep@ﬂjmﬁe@vgemw@f ge.g.,
adm ni giiasinePhendtbmeiniunt cqnspcmﬁd exs defieddctisndih @nd clbipg &bt extalmpRs @ conposi tion

or { or mtAfii@Rinium cHisicRNRITOYRASHIB BlourilyHE SAMAARIGAON | S a phar maceuti cal

corrp03|t| on (e.g., formulation, 10 preparation, nedicament) conprising a

di henot hi azi ni um corrpound as descri bed her ein, and a
ph qepetiof the eessrbipy ention Peitains tod MefEed of tisatrasnt oppreRkylaxis pfene

enbodi rfiagese eanditionasoisistited Hegeing lrpaaam@ummhg admipeeiihg rsaltbnpr i si ng at
| east cmaerdeaiﬁaramiﬁeﬂ@Idﬁe&mmmmhﬁ&rmﬁaﬂ@aacﬁ@au%ﬁ%wSﬁhobﬁro%n t oget her
Wi th ongmq ﬁopﬁﬁ@h& é%ﬁﬁ%e&%hm%%ﬂe%q}er 2N an afs %Eﬁ.l?’ n%efP ! e il ents wel |

|T &

known to Se. Pt%d to,

phar naé%%‘ﬂliqﬁ @(g"h%%@?é éhoﬁ‘tr""? %912’”‘9‘64’1 ﬁéﬁtoé’ta”@k(ﬁtm éﬁ"teéh"d&ﬁj uvant s,

fi PPer $ynthemis andior nyriticatien ae desssbedibareinpariddbalthes alpubityi asatefissd rsteihi | | sers,
solubilisers, surfactants (e.g., wetting agents), masking agents,

col oUr ich APEALBihe ok ALAURIHEoR ISR to HHetRYPEERIAH I N Pagafidh of

a tau protein in the brain of a mammal, which aggregation is assaciated with a disease
statem as described herein, the treatment comprising administering to said mammal in

30  need of said treatment, a prophylactically- or therapeutically-effective amount of an
inhibitor of said aggregation, wherein the inhibitor is a diaminophenothiazinium
compound, as defined herein and including, for example, methylthioninium chloride
(MTC), that is obtained by, or is obtainable by, a method of synthesis and/or purification
as described herein, and that has a purity as defined herein.

35
Disease Conditions

In one embodiment, the disease condition is a tauopathy.

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

74



I n one enbodi nent, the conposition further conprises other active agents,
for exanple, other therapeutic or prophylactic agents. Suitable carriers,
di | uents exci pi ents, etc. can be found in standard pharnaceutical texts.
25 See, +7g Handbook of Pharmaceutical Additives, 2nd Edition
(eds. M As an Ash), 2001 (Synapse |nformation ReZOUrFBHE70RE

Endi cott, New York, USA), Rem ngton's Pharnaceutical Sciences, 20th
edition, pub. Li ppi ncott, WIllians & WIkins, 2000; and Handbook of

Phar maceuti cal Excipients, 2nd edition, 1994. 30 Another aspect of the

pr esent inventi on pertains to met hods of maki ng a pharmaceutical
CONpPosi | sin m x | east O i am nophenot hi azi ni um
conpound n[5 éea%g ﬁ’&““%éaﬁ i [ﬁe‘i P %ff“h%frpﬁ\%faé*% Ebﬁ@‘%‘?‘a‘ﬁﬁ'ﬁ a9y egripn are

phar rrade@frreééﬂfveyefaeééa@%p@maﬁ 0y iegpegstaf tayeirptelragaregetiont” h Esemmsds ¢ofl ed in t he
art, e.sych diseases aresdisclisbatbintiss ardiole bpinisthik.et ak & Nddrodligibgirat ed as discrete

uni tss (ReBimerlsaN RS, 2rBtEitlon, SRHN a%"dawﬁ%t B! é\ﬁ]ﬂfeﬂ@ge‘rﬁé [é‘é&anam)“”t

(o0l Kbl S Bk e bbb G e LY

materi al s, conpositions, dosage forns, etc. V\:hl ch are, within the scope
of souritloneeibedimpnidiyreistassetndtibh & Algieimas digeat® (RAC Picktk Hideddae tissues of

t he sut}?r@g}ésdl\@a %&l@h%iéﬂp@m PRI p Wil %@nﬁﬁ ﬁﬂ§)3 rﬁ ah@xicity,

i Trint at on ig catjon,
confendararstar Thee RRATe Ty PRy res AP EPBET a1  ven
exci pi GHYOUgRIY copplex (ngﬁcbd?amﬁ‘?:}?@ﬁ?'&lﬂlf% degeneration $RANR); GuameAlSy conpati bl e
Wit h t sgndsomerpallidgmigd-aiysian dégerieeatibo (PNILR)t orosortich-bhbal degénsdtiali ons may be
prepar €dBby any nmethods well known in the art of pharmacy. Such net hods
include the step of bringing into association the active conmpound with a

carrl er, which c nstl ut €S one Qr nore accessory mgb)gdl ents. |In general,
t hd°f o/ hETSETY ‘f)F@ﬁ%?ee‘E?”B?’o%ﬁlﬁ‘%}efﬂ‘ifsﬂﬁ?aF%ﬁ tely bringing into
associ ation the actlve conpound with carriers (e.g., liquid carriers,

finely indong elebbdiméntcthe aiseasis a@lisease ofafdploRfaddiediing dsRsckBag oduct , i f
necess§kin, Eh@tﬁe%?@&lv@%%g@%ng (?Bﬁtes%ﬁfc%q tIo(?n dPtKe ?g%re@é’uor‘u apyd or S| ow

gt e e o o ¥ corbinal o

%tf"‘ parenteral admnistration (e.g., by
ctlon) i ncl ude aqueous or non-aqueous, isotonic, pyrogen-free,

sterilén dma]aemidzdlr(lmtghe disehaet dondition Swﬂldemgmm)npainﬂemlmd) the active

i ngredient is dissolved, suspended or otherw se provided (e.g., in a

| i posoj Such liquids may additi onal contain
ot her rT’ﬁan%rmac JZ’fhlr'caltf"l': gggéze Ctoggf %ﬁé‘P@BP%% S, such as anti-oxidants,
buf f er & °"5r €8 ‘?rl'\} 'Sm%ﬂ'rw%iémelar@aa eri ostats, suspending agents,
t h2&keni ng agents, and sol utes which render the formul ation isotonic wth
the bl me(e:mmnmm thebie¥aRtcoR@tbd ¥ nidthbntbgidbindnfte | Nt ended reci pi ent.
Exanpl es of exci pi ent s i nclude, for exanple, water, alcohols, polyols,

gl ycerﬁgd veget ablrﬁ and the |ike. Exanples of suitabl e isotonic
carrie g "%%E!'ﬁe"‘fsﬁr‘ﬁ‘?ﬂ‘ﬁ'ﬁ?rl 8 Ryirpl Baciereal, oretpangl, chpaesiie | nj ect i on,

Ri nger d'§e@(§=lqgiﬂﬁ't3¢ﬂ (edx, 2 ¥iel infestiorRiartgetesial2Fectioacs potuzodlipkctioh) ¥, the

coBe enparalsitioinfeftiohfpe active ingredient in the liquid is fromabout 1 ng/ni
to about 10 pg/nm., for exanple from about 10 ng/nmL to about 1 pg/nL. The

f or mul t| ons sent ed | unit-dose or nulti-dose seal ed
cont ai bn?ﬁ%?i&@? ‘gseaér?rﬁSG‘F‘ i3 Aq1reli fectionand may be stored in a

freezeJ‘cﬁriee‘&IfP1 Wﬁlfh"-‘f%le%ﬁ)se@endthn ol braefqualnmfagloonl y the addition of the
steri | ki driecambebdivemt, ities diséae conditign ie awadtoal Bfectish.ections, inmediately 30
Pra9r ndrisSnoSHIAIIRS G8eRNLohdliihs hBrife ibagh and suspensi ons may be
prepared fromsterile powders, granules 1 ets. Exanples of

Pr ef erred Formul ations 350ne aspect of the present invention pertains to a
dosagenfRptenhedient, shafisgasa cendiiiands parasifie infestion withs alelasitoorpr i sing 20 to
300 nyTryparwsdmant esiptanizn Emeia, Nesuporn TpeIbstbra, &3 Cegltds M?@,(ﬂj,é‘l@ﬁﬁq n and
including, for exanple, mnethylthioniniumchloride (MIC), that is obtained
by, or is obtainable by, a nethod as described herein, and/or that has a
purity as defined herein, and a pharmaceutically acceptable carrier,

di l uent, or excipient.
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One aspect of the present invention pertains to a dosage unit (e.g., a
phar maceuti cal tablet or capsule) conprising 20 to 300 ng of a

di am nophenot hi azi ni um conpound, as defined herein and including, for
exanpl e, i-oni nium chloride (MIC), that is obtained b or is
obtainablgﬁggﬁhgakgthod as described herein, and/or trEﬁTﬁﬂﬁﬁﬁ%mﬁﬁPity as
5defined herein. In one enbodi nent, the dosage unit is a tablet. In one
enbodi ment, the dosage unit is a capsule. 10 In one enbodi nent, the anount
is 30 to 200 ng. In one enbodi nent, the amount is about 25 ng. In one

embodi MRt cifbBaiAERY e dista8bedaii iKhrectdh \Qﬁheplgﬁggﬂﬂug'&ﬂ% the amount is

about 3 N | ent e. anpunt 1S . 15 In one
enbodi n@fﬁgﬁoq%@ fagﬁ%adﬁwgérggﬁw "B%ar??ﬁnp IPFMEdim SKEIB T HRAOSOPRe anount i s
about 7#7°lPga: BnfprperbadistRidicareHichomprasamainatis, iGiardip darabliz0Trypenosbma one

enbodi nirHesi gambicase Tinypaiicsoaiaduiticel RodagienskNT9pehoe e dHiFE Dbishhifa anount i s

abow 1hGjofYeisRAatitroien, €8RAMA ' LTS nid ¢ i . I'n one
35 e s SR R
about 8 e 'R one SaTERE SRR ASSaRSIRAt2 fAoVHET conpri ses a
phar macet |3 Fanium S RISk e Cygiosperidiim pavieFexoplesmagongii ent . I n one
enbodi nieneephaliteaogrhspenias dNnseow dppcias, ce Stptatanteainaiier, di l uent, or exci pi ent
is or conprises one or both of a glyceride (e.g., Celucire 44/14 0O,

| augoyl . ' hEur ., USP) . and. col | oi dal silicon dioxide
(e.UIgo? , :E%%@ggél“még%%l%;%gé%??&g@gpvs@’B@F‘%’é’_@ﬁerﬂ oxi de PhEur, USP). Dosage
It will e'B%m%?ﬁ’Se fieft Knpwip\psdiqiaagan). Afiiqan slagpingsickpesst hat appropri ate dosages
of t he S%¥PpifsEeBAGHNdiass Hir&Hagasidiseasgpound, and conpositions conprising the
di am nophenot hi azi ni um conpound, can vary from patient to patient.

Det er miRibR8 =iBsyi | B lid Q5205 41 2ral.ly involve the bal ancing of the
I evlgl OJis ol Qg?ﬁ%ﬁﬁtbﬂ%gﬁg?lt ag}g}owsstlggﬁﬁg @Fééng)r(a'g%?(?{%ﬂ%qua'si de effects.
The “select &d '86)e | evel will depend on a variety of factors including,
but not limted to, the activity of the particular conpound, the 40route
of adnilmirés eralddonent (ilee thé aiveask caddfidt is taddriadhe khmEALRaye iRXCT eti on of

t he - conpaBmetion WitheorfdWr #idr® BtHaf aﬁtﬂﬁcr&ﬁiﬁla%?%ﬁ@éf\% %E !%?)rntg %gmoFeo ounds,

and/ or I i n conbl nat,) on, t condi ti on, and
thg spechj g@f“'“%é%?‘}%gg,e'%wgﬁt ;?nrg?;hﬂpl{\?,oﬁnllﬁa e 210 RERRFNE. and pri or
medPcal hi story of the patient. The anmount of conpound and route. of

adni ni 31 pag eroboditént, thé tiseageatonditien it ortis eawlies oy Sidpaliof virke(HPWSi ci an,

vet er i mamaaimmfodefidienty Girad(HIa), bhALSINIBEABS Avivy).t he dosage will be
sel ected to achieve | ocal concentrations at the site of action which

achi ev . trpee de%s&j. r%? X ffect wthout causing substantial harnful or
del et el Blfserupesimen iag flscasg fonpiiiaq isdtapatiiscaMrusdHEM ifectioni n one dose,
coRPi niborg gmisndiment dheriseasetdopdifien &g humian indinuhctieficidtoyd@se gy appropri at e
i nt er vadfedtioh.hr oughout the course of treatnent. Methods of determning the
most el 6 drisocia heade 0520801 1ok RS Ul (AR aligce! | known to i hose
of skill in the art’ ang V\:%% vaFlé}Il\'/S\,i Nﬁ%wb%r {8e0sed for therapy,
the purpose of the therapy, the target cell(s) being treated, and the
subj ecn ¥ ggpadineant.dbe dispasgl conditiomia latsyplidieiaahathyi st rat i ons can be carri ed
ouBlwith the dose | evel and pattern being sel ected
As these skilled in the art will be aware, the term synucleinopathies is used to name a
_ group of neurodegenerative disorders characterized by fibrillary aggregates of synuclein
protein, particularly a-synuclein, in the cyloplasm of selective populations of neurons and
glia, and in particular in which the presence of synuclein-containing inclusions are
35  pathognomic for the disease. This should be distinguished from non-synucleinopathy
disorders in which synuclein-containing inclusions may or may not be present in addition
to other pathologies.

_The synueleinopathies currently consist of the following disorders: Parkinson's disease
40  (PD)}, dementia with Lewy bodies (DLB), multiple system atrophy (MSA), drug-induced

76



15by the treating physician, veterinarian, or clinician. In general, a

sui tabl e dose of the di am nophenot hi azi ni um conpound is in the range of
about 100 ng to about 25 ng (nore typically about 1 to 10 ng) per kil ogram
body meigg&)ﬂ$séﬁgmsubject per day. Were the di am nophenot hi azi ni um
conpound i's & W4 an ester, 20an amide, a prodrug, OFCHER0PTNERS70t he
anount adm nistered is calculated on the basis of the parent conpound and
so the actual weight to be used is increased proportionately. In one

enbodi nent, the dianinophenothiaziniunlconpound (e.g., MICQ) is

adm ni n i.ent or di of th fol | ow ng dosage
r egi rre?%ﬂé@gg'%% (ggoblro egeb& 1n‘§§tha]“fP “@ﬂ%%o&f%@%mw @ i y; about
75 ny, D§SW SUEHPY ’Fe”&B@u?”disurﬁ’@"-'toﬂowcrf@éﬂ@@ﬁﬁ about 100 ng, 2 times

daily; 30 about 100 ng, 3 tinmes daily; about 125 ng, 2 tinmes daily; about

125 ny,ln dnd embsdislent! the drBasE cokalioR® Pa?*klﬁédﬁ%sdt%bé YPD about 200 nmg, 2 tines

dai y d, Ther.a he nedi cal uses
or % iﬁ”én % 6%%&31%&3%?&&%&@ A deénc?g{ '&ﬁ?‘”’btf’o @FTQE nation treatment
or thEI]%. m?’%t thg d FP@%&?%'HF'OBI‘S mwm!%xstemammw% or nore 40

treat né'h@@e @ﬂquﬂaeraﬁhedrsaa@ eoodtion edirud-mduesdgradtiesonisequent i al |y or

si mul t amecuismhyodimdm, 108 dises&EHNARBA is dp’inré B@8hdmPtailliR- (BAF). €NPI oying a
di am nophenot hi azi ni um conpound as described herein) iI's in conbination

Wi tIB ﬂﬁ g gore ot her antim crobial agents, for exanple, chloroquine and
atovaq I n one enbodi ment, a treatnent (e.g., enploying a
di am nophenot hi azi ni um conpound as described herein) is in conbination

Wi th aTobdrintesiterais'asiusbl il inShcdoniskt ARSRRZA Hlséaﬁrfe' ©ABtid
Ri vast i gﬁ'&lﬁ@ ér%my%‘t-{égtmgﬁt aﬁ@lt W@t Br-an Hhindl (& %el e”bOd' rent,
no h| n‘é)(j 8

ge%(r:(raa%(% hef & Bﬁqognfﬁ'o‘ké@g@f%? F%ﬁ‘lrean?'feﬁ ZI 'rrs“@(l:"mﬁ‘((:%i O&int agonl st such
Ren&rRTRE: tt‘E

ool e sestieseAf the conditwrm aodwcmtib@dmmnmm ia ther eat nent

(e g. enpbhybogsa adialtin the péte mOpldASS MegesdaMEabcorAfiod 2iegBriibesr her ei n)

s I n G@thbbl, af bidfor heBoRGRAO. MBalRAERL SbrBAfRLR neaklheqle. embodi ment, a
treat "F%)hﬁgx@ r&gﬂ{lwgsnagsoam?ngaﬁnopheno Zi Nl um conpou as descri bed

her ei Is1n nbinati"on w i nhi bitor of anyloid precursor protein
processing that | eads to enhanced generation of beta-anyloid. 20 Kits One
aspect Toe tearméthprppevticatyneffrstiveaameurt.d a ubdd herainyperiains ¢ that)arﬁount of an

di am nagtiverombowd, 6i Aiffaterial, corfSEERRM D d8sacdHDRT doRRRisE BF laBhv a

COMPOS idrhSArAVTRE /o tﬁ,efaiﬁudmeQs&gtdggf@atg?rgp%@ﬁt gg(goung as descr bed

her ei n er and/ or
COmmgnSurﬁ a reas)éngble enefit/risk ratio, when administered in accordance with

a desired treatment regimen.
25
Similarly, the term “prophylactically-effective amount,” as used herein, pertains to that
amount of an active compound, or a material, compaosition or dosage from comprising an
active compound, which is effective for producing some desired ‘prophylactic effect,
commensurate with a reasonable benefit/risk ratio, when administered in accordance with
30  a desired treatment regimen.

The term “treatment” includes combination treatments and therapies, in which two or
more treatments or therapies are combined, for example, sequentially or simultaneously.
Examples of treatments and therapies include, but are not fimited to, chemotherapy (the

35  administration of active agents, including, e.g., drugs, antibodies (e.g., as in
immunotherapy), prodrugs (e.g., as in photodynamic therapy, GDEPT, ADEPT, etc.);
surgery; radiation therapy; and gene therapy.
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wi th suitabl e packaging; and (b) instructions for use, e.g., witten
instructions on how to adm ni ster the conpound or conposition. The
witten instructions may al so include a list of indications for which the
active 30| Eﬁgdo’?(ﬂ& is a suitable treatnment. For exanple, in one
enbodi ment’,” the is a drug product for the treat merRCIFBHIHIT s e in
a manmmal suffering therefrom conprising a container |abelled or
acconpani ed by a | abel indicating that the drug product is for the
treatment of said disease, the container 35 containing one or nore dosage
units eRGR-LAMMiTidoat | east one pharnaceutically acceptabl e excipient
and, as**arr*actrve—*ng'redl ent, a di am nophenot hi azi ni um conpound as
described herein. Liciands and Label s The diami nophenot hi azi ni um
conpount disreicedeacthiaeinigimcaamundar phareaceytialll compbsitiorhédnigirising itf he
?ggr Fgavg%mre éﬁm[hiéﬁére@lrt@b%hﬂeWHaherﬁ'b?QnP?orﬁéﬁi@@t' rButBlof a&ﬁhﬁgat%% l'i gands or

abel s r I n one
enb%dl nentheqﬂt?*l%% p'%rué é%’@g%@?“%ﬁfﬁm %{(’)Lt#%osg%‘éhre)s:r%d T“ftﬁﬁgnd of tau protein
(or aggregated tau protein). Such di am nophenot hi azi ni um conpounds
(l'igan U Goey afmistrptiordneydey duicarajradimited te, oral keg.c beingestidnivbudral; or
ot her Wwbllr@eafaﬁmemteﬂidndm&rﬁg e@ Nera ;i‘é@ﬂblé@ibr @EcOUPEnsnRie6skl AscigdiP! € 10and

unst ablegy @Eétab' ?ﬁs{e'?%tt@)oﬁﬁranéé(ﬁ é;hﬁ (G el ol chaP{]e g‘;%?éd)em pS t ons,

magpet i ¢ escen gr oups,
thg;éap mﬁ'saﬁ’o(ta gé‘%a%i“og FENHSNGa P gmﬁk’i‘ aé‘lél?“?st‘?' » §-9r ognost i c,

di agnos‘f‘i"ioligl'biiheﬂ?é'ﬂ'a%é\?ﬁ?)cf (ei @alw MPOW@I’Y ®ranphk vaginal ¢ne., bybodi ment, the
di am ngyehkeamyt parateri, fonegampie Lindinjestions indeing e ocLiEmeoNe intBuérmal,t h t he

addi ti oitaimustihit %ﬁ@%oh@%tréah@n&qmmad ﬂlﬁ'ﬂfh@@él %t‘?a%ﬁalrfaﬁ Co(nj ugat eg “2) i?)S

chel at 0
et ngra%;g{ﬂﬂar JUb‘l:gpSH'ar %&"@é‘@@‘“?fs%%’%?ﬂ%h "Erﬁ r?‘ﬁ'\eﬁb S‘éqcb‘ﬂ%“?arnagnet ic
reé‘éna @aﬁQB@T Subaygehnoids anshptasiensl (Ralilies.s.g.antracpites igjediopénto or

t her apdhg breinjby énplest.of 2@epot oo nesenmisoidi amniple, shiscutinasigho@henot hi azi ni um
conpoundrafusaulaiygand as well as a label, e.g., a label for tau protein (or
aggregated tau protein), and incorporates, is conjugated to, is chelated

Wi th, i.s, ot herwi se associated with, one or nore (e.g., 1, 2, 3, 4,
etc.) 3@?@@@5—8‘@% els. 25 For exarrpl e, in one enbodi nent, the
di &M nophenot hi azi ni um conpound is as defined above, but with the
aﬂd: ti a"nalsuu;,empwémmybbah aninfal GRSRAENE pla@éx&élﬁﬁl&r%sxsa rda$s®%nl( ugated to, is
chel at edgWirdard?! whhipQ e Ci re (e.g., 1, 2,
%élwé %@a[ ec‘INa Fe I 2’[‘)&? "%3%%‘1? lg\bﬂle ﬁqpt@pﬁé e{'ﬂvam ni um corrpounds
(e g , R OFN gw & aig? O?E]OHS murine (e.g., a mouse), a lagomorph
{e.g., a rabbit), a\nan (e.g., a bird), canine (e.g., a dog), feline (e.g., a cat), equine
25  (e.g., a horse), porcine (e.g., a pig), ovine (e.g., a sheep)}, bovine (e.g., a cow), a primate,
simian (e.g., 2 monkey or ape), a monkey (e.g., marmoset, baboon), an ape (e.g., gorilla,
chimpanzee, orangutang, gibbon), or a human.

Furthermore, the subject/patient may be any of its forms of development, for example, a
30 foetus.

in one preferred embodiment, the subject/patient is a human.

Suitable subjects for the methods involving Alzheimer's disease may be selecied on the
35  basis of conventional factors. Thus, the initial selection of a patient may involve any one
or more of: rigorous evaluation by an experienced clinician; exclusion of non- Alzheimer's
disease diagnosis as far as possible by supplementary laboratory and other
investigations; and objective evaluation of level of cognitive function using
neuropathologically validated battery.
40 -
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aggregated tau protein) may be visualised or detected by any suitable
means, and the skilled person will appreciate that any suitable detection
nmeans as is known in the art may be used. 35 For exanple, the .
di am nophe@cdiazdzni um conpound (i gand-1abel) nmay be MI&]?J%'MOOQS%& ected by
incorporating a positron-emtting atom(e.g., 11C) (e.g., as a carbon atom
of one or nore alkyl group substituents, e.g., methyl group substituents)
and detecting the conpound using positron em ssion tonography (PET) as is
known in the art. Suitable methods for preparing these and sim lar 11C

| abel | eid ode ambodipbeN BislbuBRCMHAIEH: iSh6t a AN, for exanple, in Wischik,
CM, et al., 2002b (lsee ggggm Eci)lwl y Fi gu[ esf 13ﬁ’e érleg’en'}zi LC::}?: 231 and
Schwei ger FE., et al., . e aspect o _
pert ai %@Hﬁgmﬁet hod of labelling tau protein (or 5aggregated tau protein)
conprising the steps of: contacting the tau protein (or aggregated tau

pr otsei rijhit it i passiblafer frepdiampbbhictathbziHNne 6GREaURE to BS uslRSCr | _beﬂ herein, that
ot her v g cariSSLENIAHE R ic SnipRLlBRLE Prdstn f  FYRMERN L1 ) et ot abl ¢
ot her wi : .9., I, 2, 73,74, :

| abel s.%%ﬁazﬁ%t her aspect of the present ‘invention pertains to a nethod of
detecting tau protein (or aggregated tau protein) conprising the steps of:
(i) corltace embodinentt ta compbsition i arphaggcegidaeebntisitipn 6.6 AIMWkLdA, a

S S e SRR 36 LSl Bl Siogy |

addi ti - r . N, ,

ot herwq{ségé"giégg%ﬁ)a? }e?'géc\%hﬁ??ly 8%Ceepgﬁb!el ﬁ[f?lr'ed'it’.%'?tgor,ex'i‘f"eﬁt; 3, 4, etc.) :
detect abl e | abel s, and ‘ _(| i) det ecting t he presence and/ or anoun
of sai dneberpoberimeduite compositiorps atphamsconticatigmegation! coraprisigait @iasy) . _
Anot heronawﬁop%natﬁaziﬁmswmpww@atdegai_be@h&@tnﬂﬁagbmeawm%rtegg nﬂﬂcr?d'oﬁqugZ I's
i s g baraceticlly AORah o Lol Kb B icB St 3 o 1 he- suby ect
al 3iean1"?1°&5ﬁ@5¥tmc’£@]ﬂ}ﬁddﬂw ST 'Gﬁli_&ﬁaﬁpéﬂbgGar%aciﬂv?nj&tea@ptpgﬂ_t&t ein or

aggr eg@ddyantafilgrschusfers, presewvatives aantioxidantsplubticints, stabitisers, aolubilisers,

di ani neolanarithisay | wétthiy SEERR)UNESKIrdSag@RBCENIRRHg BESRE, Mavalitflg Eag@rﬁs, ,

addi ti oRglshetbRf@LpM@t €s, is conjugated to, I's chelated with, or is

ot hgrwi se associated with, one or 25nore (e.g., 1, 2, 3, 4, etc.) f
detect abl e | abel s), (1i) determ ning the presence and/ or anount o
sai d cAhPRUPBPIENFR. the comuosiion fuither spmpiaps elfwer edive agents,doréxampte, t he brai n
of t he odhebjrecdpeutinat prophylactic 4dents) correl ating the result of the
determination made in (ii) wth the di seasels_tatetof t he subject. 30

Anot her, : . resent.inventio ertain 0. .a )

G e S R et

a e S “.""-.9 G A E Y VRS . 1 .
dgscr iglﬁ@hL AR eiSnapsadnfotradtion dReisburoesa lincy, Endiott, (MuvaY @&, USA), conj ugated to, is
chel at ¢@mdidh's Mﬁarhécéﬁﬁtib@rSMe%IQes%‘QE@@rdﬁiog,dpt%ﬂh[inin&ﬂg ﬁ%@?%iﬁ%ﬁggi . é,r 2,

3, 4, . , ‘ _ . ( :

pr ogno??go')gpggeﬁg%gkgp .5‘2"*‘%%5‘&%%‘??&?"83&28‘? ?d'ﬁ?{gﬁ% Agsent invention
provides use of a di am nophenot hi azi ni um conpound capabl e of labelling tau
pr 8Pei Anetherrsgreigiiheresant jpventioh mertaias toiroethaad of making Ry Phagrhate(foag. | a_I I

di ami nﬁn’nmtdmoa@mmwamﬁmglaméast&ﬁmedﬁammﬁ?@ﬁothﬁﬁﬁmv coH%&nctﬁqg'ru onally
401 nCOoyRRA RN, keyekRNIMABHE Dr h8re dﬂ?er%ngllf?atcggtic\évhg} %chgt%bllaz}gg S e | abel s),

[ t.h, or . e (e.g., . % B
o el Ko O s elledindPo e i seess lkerss, exbipgniasatn.lffsmdeied T or uSe
i n t he 28 MiggiRteINits (r-0.pleblptro stog, edchanit somipiat lypredetermined amount (dosage)
35  of the active compound.

The term “pharmaceutically acceptable,” as used herein, pertains to compounds,

ingredients, materials, compesitions, dosage forms, etc., which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of the subject in
40  question (e.g., human) without excessive toxicity, irritation, allergic response, or other
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i am nophenot hi azi ni um l'i gands/| abel s may be administered directly, or
;rﬂgydlngy bep5adm' nistered in g precursor form for conversion to the
active form(e.qg., ligating form hI abel | i ngbfor{'r) _tl)_Kean activating agent

ent | j,ni stered to, the sane subject.
girgfri nophgbrrl%?fr(\]?laz{igﬁi um | i gands/ | abel s may be used as pB¥VGBI0Z0REMhod of
di agnosi s or prognosis. They may be used to select a patient for
treatment, or to assess the 1lOeffectiveness of a treatnent or a-
t herapeutic agent (e.g. an inhibitor of tau protein aggregation)

adri ni Sebeh & Soh BRaMIDISAmenEXANIES LThenL oLl a0 sxamles are

' to Lllustrate the present 1 nven ) fhot_ i nt ended
to I %egarﬁ?ﬁ#e&@%'&tp?‘%‘%’e S PR AP g,aca@i%%dfﬁ fhsegnsrpidieing eymetidei s 1
3, 7- Di n¥thiPatienBotEdianistd e fermuleties. 20 To a 250 cns round bottom flask
pi aced under an atnosphere of argon was added net hyl t hi oni ni um chl ori de

Sod um o oatens ey MOEArl shy et GollRBoln, lfe B S RBmode T
o t 1 onSernAtdsfeulds g Sron oh buineta sesostiion e ackte Gcbmpounivin g The
Pg;m t | PRy BhisB PRl deeetr SUBpemstassoingTasinmite dnbendd, thei forgnuteiohs e- wat er
bat h anefefrdparsdeg upiforoynandintimaidy bringigPinto ms&iﬁ%nqwsgt%b?ﬂséd?ﬁlfle (20
cnB), avith chrieRsl(el .,d%ﬁidvc%?ﬁéﬂ@fﬁéiy'aﬁlgﬁjgh %@%&%\%ﬁ@’%ﬁ% Hehsnbdty

t her
compu green sol,id: _ Wi ur
pu[piﬁ?i 2’%%@%%%"&5 ynrtyhesi S 2. Synthesis 2

-Di 1 no- 10- | - phenot hi azine 0 The .
§; ; ([j): %{e%u{n&nﬁﬁggnég é&%ﬁﬁoaz@m fortapid Re downeiSusy; ahédatd, Was pl aced in
a 250 odeyseuntbdbatdusrirckiaskas r a6ahbisaidR s drde ((H3CCO 20, 40 cnB) and
pyri di ne
15 Formulations suitable for parenteral administration (e.g., by injection), include aqueous or
hon-aqueous, isotonic, pyrogen-free, sterile liquids (e.g., solutions, suspensions), in
which the active ingredient is dissolved, suspended, or otherwise provided {e.g., ina
liposome or cther microparticulats). Such liquids may additional contain other
pharmaceutically acceptable ingredients, such as anti-oxidants, buffers, preservatives,
20  stabilisers, bacteriostats, suspending agents, thickening agents, and solutes which render
the formulation isotonic with the blood (or other relevant bodily fluid) of the intended
recipient. Examples of excipients include, for example, water, alcohols, polyols, glyceral,
vegetable oils, and the like. Examples of suitable isotonic carriers for use in such
formulations include Sodium Chioride Injection, Ringer's Solution, or Lactated Ringer's

25  Injection. Typically, the concentration of the active ingredient in the liquid is from about 1
ng/mL to about 10 pg/mL, for example from about 10 ng/mL to about 1 pg/imL. The
formulations may be presented in unit-dose or multi-dose sealed containers, for example,
ampoules and vials, and may be stored in a freeze-dried (lyophilised) condition requiring
only the addition of the sterile liquid carrier, for example water for injections, immediately

30  prior to use. Extemporaneous injection solutions and suspensions may be prepared from
sterfle powders, granules, and tablets.

Examples of Preferred Formulations

35  One aspect of the present invention pertains to a dosage unit (e.g., a pharmaceutical
tablet or capsule) comprising 20 to 300 mg of a diaminophenothiazinium compound, as
defined herein and inciuding, for example, methylthioninium chloride (MTC), that is
obtained by, or is obfainable by, a method as described herein, and/or that has a purity as

defined herein, and a pharmaceutically acceptable carrier, diluent, or excipient.
40
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(10 crn3) were added, and the resulting solution was heated at 120C for 18
hours with stirring. The reaction m xture was cooled to roomtenperature
and then poured carefully into ice-water while stirring to give a |light
brown sol | i was filtered using a standard Buchner funnel apparatus
wth a wa%‘gjrm%@ig&ét or, washed once with water (100 cr$U/GIEAH/92XI0| ed in
an oven at 60C for 3 hours to yield the title conpound (MVN 327.45, 4.63 g,
14.1 mmol, yield 53%, which was recrystallised from ethanol by dissolving
it in hot ethanol (100 cnB), adding activated charcoal (1 g), filtering to

renmove har cpal i N he solution to 5C using an ice-water bath so
that a %‘ﬁ%%#gﬁogﬁﬂg Ay %S%%hvﬁ‘g'lg BEHIEG ,%Qeaﬁ'fgtﬁ?-gaﬁ&qﬁarm%‘f@w% using a
st andart@PElE GRRsUle) pomRISng 200 B0Rmant aigipenhenothiazinbioy etwnpound,@sl | ect t he
cryst aldsfingthieerein pad @klsding doretahmte, drcttetthioniniam anoside aUTE) Gk or 3 hours. of i
(250 MdbiaikdaBysdr is Bbtéﬁa&@b!}(f, Smefrbd hs dlschBed etbln, a;ndé%‘%ﬁﬁl?s ? B?@@ QEGZ (2H,

d, I 8. . 6.69-6.71 (2H, d, J 2.75, ArH rd s,
%; cdéf%%r?{?%‘w; CDCI 3): 170.3 (C=0), 148.9 (ArC), 127.2 (ArC), 127.1

(ArC), 127.0 (ArC), 110.9 (ArC), 110.7 15 (ArC), 40.7 (NCE13), 22.9 (CHO
m z ( ES) opsembodimenthe pivsage@AitigataBB8. 1 (15% [M + Ht), 350.1 (41% [M +

Nar) . 3yBehdeabsdident Maé ByddgRi PRI dpsaiel or i de (MIC)

3, 7- Di et hyl am no- 10- acet yl - phenot hi azi ne obtained in the Synthesis 2 (MV
3271 45’1 1% 3. 05 | ) was ,gl aced in a 50 cnB round bottom fl ask, and
wat'8r griﬁn %a’%@%ﬁ%‘@m‘% PR10d"g-10 M 3 cnB) were added, and the

r esul t ilmgnegnbadinentithe amewnidelabaut 89@gt or 1 hour with stirring to give a
green dobnd émbodiniéie, theadbingns gbotlt 80 thgwas cool ed to 25 5C using an

ice-wtn@bn@%&dsm,tﬁgg#nsgn@gg 85hion chloride hexahydrate (FeCl3.6H20,
. MW 27 8 sﬁé?@m was added, giving an i nedi ate deep

0. .03
bl ue cg’? glgér?m?gfﬁ'@gg’gﬁ%SWQW%ﬁ de hexahydrate was prepared by
di 480l 7 ARP eRedimentdhe pBRURHS APAUEE0 Mexahydrate in water (10 cnB) and
cool i ngn one &thadheny, the amoenti@bisout BAtdy. bef ore bei ng added to the reaction

M Xt Ur g dnelétfibdc@Ait] tRO bt SodtRFodibrred for a further 30 30 mnutes at
5C, fild gﬁee&nﬁb%'ir}?%}t,qg%é%%ﬁrig@%uuﬁt?fbeﬁq filter wth a water aspirator, and

dried in an oven ur’s Pb'givethe'title conmpound ( MWV

319. 861N pneamkpdimedheappuntys apqut 858M9as green needl es. 6H (250 MHz;
D28%: & 0% qRibdindent ghe smovntiig abcit 875 k@11, d, 8, ArH), 6.58 (214, s, ArH),
2. 98 3% dBtmisodindAlE|tB amoit i Ak SodmlyEt hyl t hi oni ni um chl oride (MIC)

In one embodiment, the amount is about 250 mg.

in one embodiment, the dosage unit further comprises a pharmaceutically acceptable
25  carrier, diluent, or excipient.

In one embodiment, the pharmacettically acceptable carrier, diluent, or excipient is or

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

glycerides PhEur, USP) and colloidal silicon dioxide (e.g., 2% Aerosil 200 ®: Colliodal
30 Silicon Dioxide PhEur, USP).

Dosage

It will be appreciated by one of skill in the art that appropriate dosages of the
35  diaminophenothiazinium compound, and compositions comprising the
diaminophenothiazinium compound, can vary from patient fo patient. Determining the
optimal dosage will generally involve the balancing of the level of therapeutic benefit
against any risk or deleterious side effects. The selected dosage leve! will depend on a
variety of factors including, but not limited fo, the activity of the particular compound, the
40  route of administration, the time of administration, the rate of excretion of the compound,
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The product was prepared as described in Synthesis 3, except that the
reaction mxture 5 was cooled to 25C (instead of 5C) before the iron
chl ori de hexahydrate was added. Sanples of the Medeirm staffing nmateri al

and the Synthesis 3 (MIC-5C) and Synthesis_4 (MIC-25C) were
conpar edpw%\l}g&ﬂ;ﬁ;&. Chr onat ograms for the Medei rmsta’r’?m("lﬁzoﬂﬂ?"é? Pal and

MIC-5C are shown in Figure 1 and Figure 2 respectively. The 10 inpurity
level s are summarised in the follow ng Table. Azure A Azure, B, Azure C
and WB (Met hyl ene Viol et Benthsen) are common undesirable inpurities

i ' _ w.w. % Azure B ww %
ot galthéﬁ'@v@%}p&ﬁﬁﬁbﬁ%?f&?&%&mﬁﬁ%Lﬁ’&%’ ?3?’9%"%5%&“&8%% 93.76 5. 46
0 18 olAéf?bma ion, the severity of the condition, and the species, sex, age, weight, condition,

general health, and prior medical history of the patient. The amount of compound and

route of administration will ultimately be at the discretion of the physician, veterinarian, or

5 clinician, although generally the dosage will be selected to achieve local concentrations at
the site of action which achieve the desired effect without causing substantial harmful or
deleterious side-effects.

Administration can be effected in one dose, continuously or intermittently (e.q., in divided
10 doses at appropriate intervals) throughout the course of treatment, Methods of

determining the most effective means and dosage of administration are well known to

those of skill in the art and wilt vary with the formulation used for therapy, the purpose of

the therapy, the target cell(s) being treated, and the subject being treated. Single or

multiple administrations can be carried out with the dose level and pattern being selected
15 by the treating physician, veterinarian, or clinician.

In general, a suitable dose of the diaminophenothiazinium compound is in the range of
about 100 ng to about 25 mg (more typically about 1 to 10 mg) per kilogram hody weight
of the subject per day. Where the diaminophenothiazinium compound is a salt, an ester,
20 an amide, a prodrug, or the like, the amount administered is calculated on the basis of the
parent compound and so the actual weight to be used is increased proportionately.

In one embodiment, the diaminophenothiazinium compound (e.g., MTC) is administered
to a human patient according to one of the following dosage regimes:
25 about 50 mg, 3 times daily;
about 50 mg, 4 times daily;
about 75 mg, 3 times daily;
about 75 mg, 4 times daily;
about 100 mg, 2 times daily;
30 about 100 mg, 3 times daily;
about 125 mg, 2 times daily;
about 125 mg, 3 times daily;
about 150 mg, 2 times daily;
about 200 mg, 2 times daily.
35
Combination Treatments and Therapies

Any of the medical uses or methods described herein may be used as partof a
combination freatment or therapy, that is, a freatment or therapy in which two or more
40 treatments or therapies are combined, for example, sequentially or simultaneously,
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0.09 0.28 MIC-25C 98.98 0.92 0 0 0 0.10 MIC-5C 99.65 0.27 0 0 0 0.08
15Synthesis 5 Methyl t hi oni niumchloride (MIC) N..-MC (r) MeM -
3, 7- Di et hyl am no- 10- acet yl - phenot hi azi ne obtained in Synthesis 2 (MN

327. 45, 2% swsigor®3 nmol ) was placed in a 50 cnB roundp&q,&ig%%fmlz%%
water (25 cnB) and
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20

25

30

35

In one embodiment, a treatment (e.g., employing a diaminophenothiazinium compound
as described herein) is in combination with one or more other antimicrobial agents, for
example, chloroquine and atovaquone.

In one embodiment, a treatment (e.g., employing a diaminophenothiazinium compound
as described herein) is in combination with a cholinesterase inhibitor such as Donepezil
(Aricept™), Rivastigmine (Exelon™) or Galantamine (Reminyl™),

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

In one embodiment, a treatment (e.g. employing a diaminophenothiazinium compound as
described herein) is in combination with a muscarinic receptor agonist.

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

Kits

One aspect of the invention pertains to a kit comprising (a) a diaminophenothiazinium
compound as described herein, or a composition comptrising an diaminophenothiazinium
compound as described herein, e.g., preferably provided in a suitable container and/or
with suitable packaging; and (b) instructions for use, e.g., written insfructions on how to
administer the compound or composition.

The written instructions may also include a list of indications for which the active
ingredient is a suitable treatment.

For example, in one embodiment, the kit is a drug product for the freatment of a disease
in & mammal suffering therefrom, comprising a container labelled or accompanied bya
label indicating that the drug product is for the treatment of said disease, the container
containing one or more dosage units each comprising at least one pharmaceutieally
acceptable excipient and, as an active ingredient, a diaminophenathiazinium compound
as described herein.
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20 hydrochloric acid (10 M 7.5 cnB) were added, and the resulting
solution was heated at 80C for 1 hour with stirring to give a green

sol ution. The reaction m xture was cooled to 5C using an ice-water bath,
and a coo s iron chloride hexahydrate solution_ (FeCl3. 6H20, MW
270. 30, 2. 2 mol, 20 cnB) was added, giving dFTERAATURY0deep
bl ue colour. (The aqueous iron chloride hexahydrate was prepared by

di ssolving 25 the solid iron chloride hexahydrate in water (10 cnB) and
cooling to 5C using an ice-water bath before being added to the reaction

m Xt ur on m xture was stirred for a further 30 m nutes at
5C, flq'I anl %néﬁ%‘ig standard Buchner filter with a water aspirator, and
dried in an oven at 60C for 18 hours to give the title conmpound (MN
319. 86, The diamigophengiDiaginiim caadundssdigrusest imreid lapg thaThlescapattieof al  was
R/g;:ryﬁ[ﬂifibltlﬁgﬂdeaggrégﬁﬁbhldﬂ@dl priteinvll £18Xbe S3tbRAF a8tingDa ﬁc!l_&.ﬁo”r'lébe@d of

e product o
Syntwhesﬁk%r%m rgcr %gﬁ%ltg ?553) nus: Onee%d"ﬁ?rtn t\IE\{‘%/f;lter (40 cnB) and the
T et T (R T B R

suspensi on was then heated to 80C and allowed to cool to 25C naturally
whi | e s3uch riangndphegitiiazihine dongolivdsQligaRdt) haeinespvatdN Be asnjid-iai ©r een

need| ee dABiaRd WL 6r Slhdrfe] &E’o%\{é‘d“wﬂ% Cof r@é%% e 207 .

1561, 1 i:%;i: G “AF 6.72 (2H,
le (anggm%%% I f%d)aye' bE 8?3 (ﬂ"s R §ft’5‘t‘gﬂeﬂ‘§;%§rrat erial (and

the pr dﬁ%ﬂf@g%lﬁb%&rﬂvﬁeéluerescwm@@c ApligsnicarePsy thelspsltis ngoisties, or

( MTC- 5@ny ethey sto@hy thatadjy sieirea pogpestie diamiosils difhdrapstfic ehsliesminogr ans for the
MIC-5C crude and MIC-5C-recrystal lised are shown in Fi gure 3 and Figure 4,

respect are su rised in th wi ng Tabl e.
oygzé{nplgﬁr&hgg“%&%al}t t¥'§ PREIH(PEREMFogIPepn '&?P ﬁlg are common
u n&ém ral?BYee bf‘trf?ﬁ'ﬁ‘rlih? |a€§‘t'?’ﬁ)§"E‘Faé'PF hat Bigr@mpRURiRpAreerates, inFanjug e 3
is chelated with, or is otherwise associated with one or more (e.g., 1, 2, 3, 4, efc.)
isotopes, radioisotopes, positron-emitting atorns, magnetic resonance labels, dyes,

fluorescent markers, antigenic groups, or therapeutic moieties.

20 In one embodiment, the diaminophenothiazinium compound is a figand as well as a label,
e.g., a label for tau protein (or aggregated tau protein), and incorporates, is conjugated to,
is chelated with, or is otherwise associated with, one or more (e.g., 1, 2, 3, 4, efc.)
detectable labels.

25  For example, in one embodiment, the diaminophenothiazinium 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, ete)
detectable labels.

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

35  For example, the diaminophenothiazinium compound (ligand-label) may be suitably
detected by incorporating a positron-emitting atom (e.g., "'C) (e.g., as a carbon atom of
one or more alkyl group substituents, e.g., methyl group substituents) and dstecting the
compound usihg positron emission tomography (PET) as is known in the art. Suitable
methods fer preparing these and simitar "'C labelled diaminophenethiaziniums are
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Sanmple MIC ww % Azure B ww % Azure A ww % Azure Cww % WB ww % Q her
w w % Medexl m 93.76 5.46 0.18 0.23 0.09 0.28 MIC-5C (crude) 99.35 0.31 0
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shown, for example, in Wischik, C.M., et al., 2002b (see especially Figures 11z, 11b, 12
therein) and Schweiger, L.F., et al., 2005.

One aspect of the present invention pertains to a method of labelling tau protein (or

5 aggregated tau protein) comprising the steps of: contacting the tau protein (or aggregated
tau protein) with a diaminophenothiazinium compound, as described herein, that
additionally incorporates, is conjugated to, is chelated with, or is otherwise associated
with, one or more {e.g9., 1, 2, 3, 4, eic.) detectable labels.

10 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
diaminophenothiazinium compound, as described herein, and that additionally
incorporates, is conjugated to, is chelated with, or is otherwise associated with, one or

15  more (e.g., 1, 2, 3, 4, efc.) detectabie labels, and

(ii) detecting the presence and/or 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

20 atauopathy in a subject believed to suffer from the disease, comprising the steps of:

(i} infroducing into the subject a diaminophenothiazinium compound capable of
tabelling tau protein or aggregated tau protein, particularly tau protein (e.g., a
diaminophenothiazitium compound, as described herein, and that additionally
incorporates, is conjugated o, is chelated with, or is otherwise associated with, one or

25 more(eg., 1, 2, 3, 4, etc.) detectable labels),

(ii) determining the presence and/or amount of said compound bound to tau
protein or aggregated tau protein in the brain of the subject, and

(iiiy correlating the result of the determination made in (i} with the disease state of
the subject.

30 :
Another aspect of the present invention pertains fo a diaminephenothiazinium compound
capable of labelling tau protein or aggregated tau protein (e.g., a diaminophenothiazinium
compound, as described herein, and that additionally incorporates, is conjugated to, is
chelated with, or is otherwise associated with, one or more (e.g., 1, 2, 3, 4, etc.)

35  detectable labels), for use in @ method of diagnosis or prognosis of a tauopathy.

In another aspect, the present invention provides use of a diaminophenothiazinium

compound capable of labelling tau protein or aggregated tau protein, particularly tau

protein (e.g., a diaminophenothiazinium compound, as described herein, that additionally
40  incorporates, is conjugated to, is chelated with, or is otherwise associated with, one or



0 0 0.34 MIC-5C (recrystallised) 99.73 0.27 0 0 0 0O Sanples of the
MedexTM starting material and the products of Synthesis 5 (MIC 5Ccrude)
and Synthesis 6 (MIC-5C-recrystallised) Wer(e ?]r:l)ﬁ/lsglse_(lj_hfor {re][ al c;)nttent
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Limts (Nig) (Version EP5.4) MedexT34 MIC-5C (crude) MIC-5C

more (e.g., 1, 2, 3, 4, et¢.) detectable labels), in a method of manufacture of a diagnostic
or prognostic reagent for use in the diagnosis or prognosis of a tauopathy.

The diaminophenothiazinium ligands/labels may be administered directly, or they may be
5  administered in a precursor form, for conversion to the active form (e.g., ligating form,
fabeliing form) by an activating agent present in, or administered to, the same subject.

The diaminophenothiazinium ligandsflabels may be used as part of a method of diagnosis
or prognosis. They may be used to select a patient for freatment, or to assess the

10 effectiveness of a treatment or a therapeutic agent (e.g. an inhibitor of tau proiein
aggregation) administered to the subject.

EXAMPLES

13 The following examples are provided solely to illustrate the present invention and are not
intended o limit the scope of the invention, as described herein.

Synthesis 1
3,7-Dimethylamine-10H-phenothiazine
H

BN s N~

20 -l |
To a 250 cm’ round bottom flask placed under an atmosphere of argon was added
methylthioninium chioride (Medex™) (MTC.3H,0, MW 373.90, 10'g, 26.7 mmol} and
sthanol (75 cm®). Sodium borohydride (NaBH,, MW 37.83, 2.0 g, 52.9 mmol) was added
in portions. The mixture was heated to 40°C and stirred for 1 hour. The resulting

25  yellow/green suspension was cooled to 5°C using an ice-water bath and filtered by
canular under argon, washed once with ethanol (20 cm®), and dried under vacuum at
room temperature fo give the title compound as a light green solid. The product was
used without further purification in Synthesis 2.

30 Synthesis 2
3,7-Dimethylamino-10-acetyl-phenothiazine

The 3,7-dimethylamino-10H-phenothiazine obtained in Synthesis 1 was placedina
250 cm’® round bettom flask and acetic anhydride {(H:CCO)20, 40 cm® and pyridine

86



(recrystallised) Alum nium (A) 100 8.0 8.3 2.1 Cadmium (Cd) 1 <0.12 <0.04
<0.04 Chromium (Cr) 100 125 (1) 3.7 <0.76 Copper (Cu) 300 269 1.6 <0.69
Tin (Sn) 10
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(10 em®) were added, and the resulting solution was heated at 120°C for 18 hours with
stirring. The reaction mixture was cooled to room temperature and then poured carefully
into ice-water while stirring to give a light brown solid, which was filtered using a standard
Buchner funnel apparatus with a water aspirator, washed once with water (100 cm®), and
dried in an oven at 80°C for 3 hours to yield the title compound (MVY 327.45, 463 g,

14.1 mmol, yield 53%), which was recrystallised from ethanol by dissolving it in hot
ethanol (100 cm®), adding activated charcoal (1 9), filtering to remove the charcoal,
cooling the solution to 5°C using an ice-water bath so that a precipitate formed
(colourless crystals), and filtering using a standard Buchner filter with a water aspirator in
order to collect the crystals. The crystals where then dried in an oven at 60°C for 3 hours.

Bu (250 MHz; CDCly): 2.16 (3H, 5, CHs), 2.93 (12H, s, NCH), 6.59-6.62 (2H, d, J 8.5,
ArH), 6.69-6.71 (2H, d, J 2.75, ArH), 7.08-7.47 (2H, brd s, ArH); B (62.9MHz; CDCl):
170.3 (C=0), 148.9 (ArC), 127.2 (ArC), 127.1 (ArC), 127.0 (ArC), 110.9 (ArC), 110.7
(ArC), 40.7 (NCH5), 22.9 (CHs); m/z (ES) 284.2 (100%, [M — OACT"), 328.1 (15%, [M +
HI), 350.1 (41%, [M + Na]").

Synthesis 3
Methylthioninium chloride (MTC)

.
/CE :@
M %
. S e ci®
I ® l
Me M

e

3,7-Dimethylamino-10-acetyl-phenothiazine obtained in thé Synthesis 2 (MW 327.45, 1 g,
3.05 mmol) was placed in a 50 cm® round bottom flask, and water {10 em® and
hydrochloric acid (10 M, 3 cm®) were added, and the resulting solution was heated at
80°C for 1 hour with stirring to give a green solution. The reaction mixture was cooled fo
5°C using an ice-water bath, and cooled agueous iron chioride hexahydrate (FeCl;.6H.,0,

'MW 270.30, 0.82 g, 3.03 mmol, 10 cm®) was added, giving an immediate deep blue

colour. (The aqueous iron chioride hexahydrate was prepared by dissolving the solid iron
chioride hexahydrate in water (10 cm®) and cooling to 5°C using an ice-water bath before
being added to the reaction mixture.) The reaetion mixture was stirred for a further

30 minutes at 5°C, filtered using a standard Buchner filter with a water aspirator, and
dried in an oven at 60°C for 18 hours to give the titfe compound (MW 319.86, 0.51 g,
1.59 mmol, yield 52%) as green needles.

Gu (250 MHz; D0): 6.99 (2H, d, 9.25, ArH), 6.82 (2H, d, 8, ArH), 6.58 (2H, s, ArH), 2.98
(12H, s, NCHs).
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0.7 Ilron (Fe) 200 92.2 687 (*) 18.9 Manganese (Wn) 10 <0. 17

<0.90 1.0 (") (Ni) 10 <0.65 <0.51 <0.51

4.9 0.3 Mol ybdenum (M) 10 <0.47 0.5 0.3 Nickel
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Synthesis 4
Methylthioninium chioride (MTE)

N
,@: :@L
M C
Moy s e | 9O
l ® !
Me Me

The product was prepared as described in Synthesis 3, except that the reaction mixture
S  was cooled to 25°C (instead of 5°C) before the iron chioride hexahydrate was added.

Samples of the Medex™ starting material and the products of Synthesis 3 (MTC-5°C) and
Synthesis 4 (MTC-25°C) were compared using HPLC. Chromatograms for the Medex™
starting material and MTC-5°C are shown in Figure 1 and Figure 2 respectively. The

10 ~ impurity levels are summarised in the following Table. Azure A, Azure, B, Azure C, and
MVB (Methylene Violet Bemthsen) are common undesirable impurities typically found in

samples of MTC.
Table 2

Sample MTC | Azwre B | Azure A | Azure C MVB Qther
P wiw% | wiw % wiw % ww% | ww% | ww%

Medex™ 93.76 546 0.18 0.23 0.09 0.28

MTC-25°C 98.98 0.92 0 0 0 0.10

MTC-5°C 99.65 0.27 0 0 0 0.08

15 Synthesis 5

Methylthioninium chloride (MTC)

N
X
M 3
e\?! . s T,Me cl®
_ Me M |

[}

3,7—Dimethy!amino-10-acetyl-phenothiazine obtained in Synthesis 2 (MW 327.45,259,
7.83 mmol) was placed in a 50 cm® round bottom flask, and water (25 cm®) and

20 hydrochloric acid (10 M, 7.5 cm®) were added, and the resulting selution was heated at
80°C fer 1 hour with stirring to give a green solution. The reaction mixture was cooled o
5°C using an ice-water bath, and a cooled aqueous iron chloride hexahydrate solution
{(FeCls.6H,0, MW 270.30, 2.06 g, 7.62 mmol, 20 cm?®) was added, giving an immediate
deep blue colour. (The aqueous iron chloride hexahydrate was prepared by dissolving

25 the solid iron chioride hexahydrate in water (10 em® and cooling to 5°C using an ice-
water bath before being added to the reaction mixture.} The reaction mixture was stirred
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Lead (Pb) 10 1.0 0.3 0.4 Zinc (Zn) ..". 100 < 1.25 10.5 (*) 6.9 eno es
a tailure to neet the European Phar macopoela (EP) limts. Synthesis 7
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and pyridine (10 cnB) were added, and the resulting solution was
100C for 18 hours with ‘Svnthesis 6

Methylthioninium chioride (MTC)
N
o
Me\N/@\SmN,Me
| ® I
Me Me

The product of Synthesis 5 was recrystaliised by dissolving 1 g in water (40 cm®) and the

10 pH was adjusted to 1.7 with 5 M aqueous hydrochioric acid (HCI). The suspension was
then heated to 80°C and allowed to cool to 25°C naturally while stirring to give the highly
pure titie compound as fine green needles, which were dried in an oven at 60°C for 18
hours (0.90 g, 90%).

15 84 (250 MHz; D;0): 7.16 (2H, d, 9, ArH), 6.97 (2H, d, 9, ArH), 6.72 (2H, s, ArH), 3.08
(12H, s, NCHj).

Samples of the Medex™ starting material and the products of Synthesis 5 (MTC-5°C-
crude) and Synthesis 86 (MTC-5°C- -recrystallised) were compared using HPLC.

20  Chromatograms for the MTC-5°C-crude and MTC- -5°C-recrystallised are shown in Figure
3 and Figure 4, respectively. The impurity levels are summarised in the following Table.
Azure A, Azure, B, Azure C, and MVB (Methylene Violet Bernthsen) are common
undesirable impurities typically found in samples of MTC.

Table 3

Sample MTC | AzureB | Azure A | AzureC [ MVB Other
wiw% | wiw% | ww% | wiw% | ww% | ww%

Medex™ 03.76 5.46 0.18 0.23 0.09 0.28

MTC-5°C (crude) | 99.35 0.31 0 0 0 0.34

MTC-5°C
(recrystaliised) 90.73 0.27 0 0 0 C
25

Sampies of the Medex™ starting material and the products of Synthesis 5 (MTC-5°C-
crude) and Synthesis 6 (MTC-5°C-recrystallised) were analysed for metal content using
fon-coupled plasma mass spectrometry (ICPMS). The metal contents are compared with
the current European Pharmacopoeia (EP) limits in the following Table.
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Synthesis 7

3,7-Dimethylamine-10H-phenothiazine

H
N
I I

To a 250 em® round bottom flask placed under an atmosphere of argon was added

™) (MTC.3H,0, MW 373.90, 10 g, 26.7 mmiol) and

ethanol (100 em®). Hydrazine hydrate (NH,NH,.H,O, MW 32,05, 3.0 cm®,.68.0 mmol)
was added in portions. The mixture was heated to 40°C and stirred for 30 minutes. The
resulting green suspension was cooled to 5°C using an ice-water bath and filtered by
canular under argon, washed once with ethanol (20 cm®), and dried under vacuum at

room temperature to give the title compound as a light green/grey solid. The product was
used without further purification in Synthesis 8.

Synthesis 8

3.7-Dimethylamino-10-acetvl-phenothiazine

90

s, and
4 drops)



m xture was allowed to stand for 4 days. Then the mxture was filtered and
the precipitate WD 2008/ 007074PC T/ G82007/ 002570 was washed wi th water
(-2 cnB) and air-dried to give the title conpound as green crystals (MN

319. 86, Owigl2gsmnderA4 mol, 869% . The purity levels, o) ducts
are surrrrarise'?i in the follow ng Table. Note that 5 the (Vt\}g{ci “?ﬁﬁ’s% rting
material had a corresponding purity of 93.86% Table 5 Method Reagent
Purity (w% A Iron chloride hexahydrate 99.09 B Anberlite Resin I. R 120
98.94 Synthesis 10 3, 7-Di net hyl am no- 10- acetyl phenothl azine 10 To a 250
cnB r ouiite BFtdirmethflhraimls- 1|0Haﬂ'®domwi‘i@éo§@mé S aggeg ol )
met hy t BEOBhTVolHR GAHoAT R abY By

and acepQn Hydrazi ne afe 06, 2.85
cnB, 58 @ mTLW?re\ﬁggedaé‘g%F% @’Fgﬁ'%‘ﬁ'g Wﬁ@eﬁ?‘?@m‘)@ Q/é@’%é‘é’tl@d\"ﬁ’fo 65C and
sti rr edSHH- 2Uleﬁ?aﬁ§p@gﬁlxtqrﬁeva§aoglgmtq iony tempemtusuapEhen pouredsarefay ed to 5C
usi Ny aintd icewalet whildstining tdgivei :ightbiye 56, LhIEBREDNRS ed A, Q%taﬂ@a (g2 CnB,

267l Buctg: dhik dhisans %Mb%&?&r‘é%&%& &&%N o Do it Wafdy F100 oy a0 ) VeT €

added, &‘ﬁé% ut\ Qﬁ ovérod 65*6' B %%old'}sl tg Igne'-.\ fsme 'L]tFe compound, which was recrystallised

from ethanol by dissolving it in hot ethanol (100 cm®), adding activated charcoal (1 g),
filtering to remove the charcoal, cooling the solution to 5°C using an ice-water bath so

10 that a precipitate formed (colourless crystals), and fi iitering using a standard Buchner filter
with a water aspirator in order to collect the crystals. The ciystals where then dried in an
oven at 60°C for 3 hours (MW 327.45, 4.25 g, 13.0 mmol, yield 49%).

B4 (250 MHz; CDCls) 2.16 (3H, s, CH,), 2.92 {12H, s, NCH,), 6.60-6.62 (2H, d, ArH),
15 6.70-8.73 (2H, d, ArH), 7.08-7.47 (2H, brd s, ArH).

Svynthesis 9
Methylthioninium chioride (MTC)

N
ol
Me /©;‘ D\ ~M
N S N
| ® l
Me Me

20  3,7-Dimethylamino-10-acetyl-phenothiazine obtained in Synthesis 8 (MW 327.45, 1 g,
3.05 mmol) was placed in a 50 cm® round bottom flask, and water (10 cm®) and
hydrachioric acid (10 M, 3 cm®) were added, and the resulting solution was heated at
80°C for 1 hour with stirring to give a green solution. The reaction mixture was cooled to
5°C using an ice-water bath, and divided into six fractions (6 x 2 em®. Individual fractions

25 (2 cm®) were used in each of the foliowing synthesis methods.

Method A: To one fraction (2 cm®), aqueous iron chloride hexahydrate (FeCl;.6H,0,
MW 270.30, 0.17 g, 0.63 mmol, 2 cm *) was added, giving an immediate deep blue colour.
After 10 minutes, the mixture was filtered and the precipitate was washed with water

30 (~2 cm?) and air-dried to give the title compound as a green powder (MW 319.86, 0.16 g,
0.51 mmol, 100%).

Method B: To one fraction (2 cm®), Amberlite resin I.R. 120 (0.1 g) was added, giving an
immediate blue colour. The mixture was heated to 80°C for 30 minutes, and then

35  hotfiltered to remove the resin. Hydrochloric acid (10 M, 4 drops) was added, and the
mixture was allowed to stand for 4 days. Then the mixture was fi ltered and the precipitate

n



2 hours wth stirring. The reaction m xture was cool ed to 5C and had wat er
(50 cnB) added while stirring to give a |ight green solid, which was
filtered using a standard 20 Buchner funnel apparatus with a water
aspirator yy ? M th water (4 x 6 cnB), and dried in an oven at 60C for
3 hours to yie The title compound, which was purifi EHEBHIHYRSBt hanol
(27 cnB), cooling the solution to 5C using an ice-water bath so that a
precipitate formed, and filtering using a standard Buchner filter with a
wat er aspirator in order to collect the crystals. The crystals where then

dried iRaRashee it ivaf? éjg é}(% 2 tud 2 Gag 17.4 mol, yield
65%. 5 | 8;5 U gEoRREa g as greetiors
6. é% 6. %‘&ét%‘g&“%'gﬁg 136‘92 %ﬂl d, ir 7. 3)08 7.47 (2K, %)rd s,
ArH). Synthesis 11 Methylthioninium chI ori de (MIC) N, Me Cl (r) MeMe

3, 7- Di nitehyurigrievets fbotha peddubisiie sehibassdne S IRIMIRCr bl SYRt iesi s 10 (MV
327.845,th8 MbdeS™ LiurithG HBtBlidl W& CB}f%gq?‘Q%Pﬁﬁf‘?Qf ;‘;’%} ound bottom fl ask, and

wat er (10 cnB) and hydrochloric ac ens) were added, and t he
resulting solutionwas heated at 80C for 1 hour with stifling to give a
green solution. The reaction m xtumbledas cool ed to 5C lising an ice-water
bat;], and di \éi ded |i Méthod qur evenRM@tl ons (z p)@rlﬂ, G:f‘%‘)’ One frac';]i gn (4
cnB) was used in gachyofitt hest thefds. 10 Method A1 To
one fraction (4 GO ?—\Q,) I'r'6p Hl'ohél’é{‘hék%hy te phlq‘; th exahydr at e

(FeCl 3.6H20, MW 270.30, 2 kf‘.?"“"? 3‘"%”2015 c®8)%4sol uti on was added,
giving an i medi ate deep bI ue colour. After 30 mnutes, the m xture was
filtered and the precipitate wass gdowith filtrate (-5 cnB) and
air-dried to give the 44 2 en powder (MW 319.86, 1.22
o 3 82 mol . 100% . 3 -blrfet Y9-8 oS! Ccrs. 3.82 mol). i soamyl
nitrite (MNll? 5 0.45 g, 3. 82 m"rﬁlf in 8 cnB of ethanol) was added,
giving an i medi ate deep bl ue cgloug, After 30 mnutes, the m xture was

=
I.I.

G.

filtered and the precipitate sh'th filtrate (-5 cm 20 and
air-dried to give the title green powder (MN 319.86, 0.64 g,
1.98 mmol, 52% . Method C Tq one fract|0n|(4 cnB, 3.82 mmol),

tert-b I3n|t t 103. , 3.82 mol, in 8 cnB of ethanol)
was adﬁle ﬂ urﬁilrp‘)ﬁ?ﬁg?g%\'/ﬁ'él’@c% eb%@“@&!"@ﬁﬁ? of atpPreWas8ddW i nut es, t he
m xt ur @1%}%* 'PF‘PPéT‘é'tﬂﬂr@ﬁ@ﬂ@(ﬂ@f ﬁr(b‘ﬁ"ﬁpﬁﬂz@t BIVWAE3. 9@ S0 el 26W7 tnfim b1} Jaricr ate (-5 cnB)
and ai acetonibritk $50 coi’) eHyiiheirial Hydieats (NFRNHD 61,@ SMWV K1, &ED. g@qgmeg MAhLO. 86,
0.67 gwagaa@embrtloﬁ@%he Wdﬂ@@a?hea-@d %% % gﬁg H LY fgr lng'iuteﬁ gﬁ nmol ),

Colgy e E*m&mw&g BRietle Meusiay Sac Wb, Memip g © 0 °
hot - f i I((ﬁé gg 2P0 MY 1R/ tzﬁé’”‘r e@7ﬁ1mqwdd¥;ﬂrdﬂﬁ¢m0mdﬁﬁ&vié\(rmﬁeI‘(MV\&129rﬂB}) was

adde](cj sm &w ﬁ%?;gmg wee Mdaadmmmn.nggﬁnﬁmnr@ﬁ?m od49ei, t he ;ﬂ xt gr e
was fi Rthenedvitngmringe TR R AbRINRas Y& 54 GHq %%m cng) an
g' r-dr h%dt\ﬁ'#ig'sﬁﬁ'in& REgibd 5 hight &R ch whichJvas Hitered Us us;%:'lgf‘a,%stemo:iarclcg%3 486, 1. 059,
3[? ucHner unfiel apparatus with a water aspirator, washed with water {4 x 6 cm®%, and
dried in an oven at 60°C for 3 hours to yield the title compound, which was purified from
hot ethanol (27 cm®), cooling the solution to 5°C using an ice-water bath so that a
precipitate formed, and filtering using a standard Buchner filter with a water aspirator in

order to collect the crystals. The crystals where then dried in an oven at 60°C for 3 hours
25 (MW 327.45, 5.68 g, 17.4 mmol, yield 65 %).

B (250 MHz; CDCls) 2.16 (3H, s, CHy), 2.92 (12H, 5, NCH), 6.60-6.62 (2H, d, ArH),
6.70-8.73 (2H, d, ArH), 7.08-7.47 (2H, brd s, ArH).
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35 WD 2008/ 007074PCT/ GE2007/ 002570 The purity levels for the products are
summari sed in the following Table. Note that the Medeirmstarting materi al
had a corresponding purity of 93.86% Table 5 Method Reagent Purity (w%®

A lron chiAll ahydrate 99.09 B Isoanyl nitrite 98, tert-Butyl
nitrite %aféﬂﬁoﬁ%erl ite Resin |. R 120 98.94 SSyn?'ﬁimBgooi@Oism
3, 7- D et hyl am no- 10- acet yl - phenot hi azi ne

Synthesis 11
Mseihvithioninium chioride (MTC)

N
e
Me\N /CE\SD\N Me Ci @
! @ |
vie M

e

3,7-Dimethylamino-10-acetyl-phenothiazine obtained in Synthesis 10 (MW 327.45, 5 g,

5  15.27 mmol) was placed in a 50 cm® round bottom flask, and water (10 cm® and
hydrochloric acid (10 M, 5 cm®) were added, and the resulting solution was heated at
80°C for 1 hour with stirring 1o give a green solution. The reaction mixture was cooled to
5°C using an ice-water bath, and divided into four even fractions (4 x 4 cm®). One fraction
(4 em®) was used in each of the following synthesis methods.

10
Method A: To one fraction (4 cm®, 3.82 mmol), aqueous iron chloride hexahydrate
(FeCl;.6H,0, MW 270.30, 2.06 g, 7.63 mmol, 15 cm?®) solution was added, giving an
immediate deep blue colour. After 30 minutes, the mixture was filtered and the
precipitate was washed with filtrate (~5 cm®) and air-dried to give the fitle compound as a
15 green powder (MW 319.88, 1.22 g, 3.82 mmol, 100%).

Method B: To one fraction (4 cm®, 3.82 mmol), iscamy! nitrite (MW 117.5, 0.45 g,

3.82 mmol, in 8 cm® of ethanol} was added, giving an immediate deep blus colour. After

30 minutes, the mixture was filtered and the precipitate was washed with filirate (~5 cm®)
20 and air-dried to give the title compound as a green powder (MW 319.86, 0.64 g,

1.98 mmol, 52%).

Method C: To one fraction (4 cm®, 3.82 mmol), tert-butylamyl nitrite (MW 103.1, 0.39 g,

3.82 mmol, in 8 cm® of ethanol) was added, giving an immediate deep blue colour. After
25 30 minutes, the mixture was filtered and the precipitate was washed with filtrate (~5 cm®)

and air-dried to give the fitle compound as a green powder (MW 319.86, 0.67 g,

2.10 mmol, 55%).

Method D: To one fraction (4 cm®, 3.82 mmol), Amberlite resin I.R. 120 (1.25 g) was

30 added, giving an immediate blue colour. The mixture was heated to 60°C for 30 minutes,
and then hot-filtered to remove the resin. Hydrochloric acid (10 M, 1 cm®) was added,
and the mixture was allowed to stand for 4 days. Then the mixture was filtered and the
precipitate was washed with filtrate (~5 cm®) and air-dried to give the titie compound as
green crystals (MW 319.86, 1.05 g, 3.28 mmol, 86%).

35
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To a 1000 cnB round bottom fl ask placed under an at nosphere of argon was
added net hyl t hi oni ni um chl oride (Medeirm (MIC. 3H20, MW 373.90, 50 g, 134
mol ) and 10 acetonitrile (250 cnB). Methyl hydrazi ne (MeNHNH2, MW 46. 07,
14. 26 cnBwohtssp®l) was added in portions. The mxturle fgﬁﬁmh,g&t% to 35C
and stirred for 20 m nutes. The resulting brown suspen5| é8l ed to
5C using an ice-water bath. Acetic anhydride ((H3CCO 20, MN 102.09, 101
cnB, 1.0 nol) and N, N-diisopropyl et hyl am ne (MN 129. 24, 46.7 cnB, 268 -
mmol ) were added, and the resulting solution was heated at 100C for 15 2

hour s wrmp&ay |@oé|@am£fb°m<f&@% Qbhhridddlif 1B Sd 'ﬁ%legﬁ\éog% gof'l }jheghlhgg

wat er

was fi Iﬁg(j@e&eﬁm gad-g% @%@ﬂﬂiﬁ@%ﬂ%ﬁi’g’Pgﬂf‘%?fH@v g Atus with a water
aspirator, washed with water (4 x 30 cnB), and dried in an oven at 60C for
3 hours to yield the title corrpourmlzb[evﬂnch was punﬂ@bg from hot et hanol

(120 cnB) by cool i Mgzkgg SO utTo pEustng ter bath 20so that
a precipitate for meﬂnf LF Regir? Jr]i":Yr@F{%“hner filter with a

Il ter ISt ha—a..stian
wat er aspirator in “orfler dm@d’hiog‘g?h?’ﬁgy%’ﬂ‘i’stal F9-6he trystals were then
dried in an oven gt 68C for 3 Imamslr(lﬂﬁW327.45 B/l g, 93.8 mmol, vyield

709 . 6H (250 N2, [CO0 SbrBulfPpkidsl S, |Ofoar2- 92 (12H s, N13),
6.60-6.62 (2H, d, m\'}u o FH —08{7.47 (211, brd s,
ArH). synt hesis 1 n'ﬁ‘rﬁﬁ‘eéﬂr{?ﬁr%usfhjr%lgpu e ; Me. , NN, .. MeCl (r) 0s

MeMe 3, 7- Di net hyl am no- 10- acet yl - phenot hi azi ne obt ai ned in Synt hesis 9 (MNV
327.945, 24 59, 575 mol) was @yatedisit2 a 500 cnB round bottom fl ask, and

wat er (50 cnB) and hydsatihehi |§ma511@ dedf1-MhendBisdid) were added, and t he
resulting solution was heated a BCCB %h’our wth stirringto give a
green solution. The reaction mxtur was cooled to 5C using an ice-water
bath. A cooled (5C aqueous i e hexahydrate sol ution
(FeCl13.61-120, MV 270.30, 40. 6/‘?50 300 cnB) was added, giving an
i mredi at e 10deep bl ue col ours yges stirri ng, the suspension
was filtered and the precipi t]ate was washed with filtrate (-25 ens) and

gi)lrl-gr '1_?)% i&foéﬁr@r% JHdmf Baslg :%&d‘dﬁh%e‘r‘ér‘ﬂgt?nc{shrﬁe'ég gra f@géj %%gacﬁg; p;ﬁd

hydr ocﬁv%lbﬁ@m&@i"ﬁ“ all?f‘ (M?d?‘ OrfhT GoiHaRe MW $43.68 504 184 me)énd cool i ng to
2500 TiRsepniyde @Eém hd\éethﬂbydmr@ (MENl-EﬂﬁdMWvé&hEdwnBtdmsnaStrﬁmbl@ (50 cnB),

and ovevescided inldorikins 60ke inddturd &b BB4Ed tP3FTV@dlshPed fof bS mERHER0 YR

cont ai Gééiﬁhg%%r&@r{ 8sp éﬂ}é{égﬁﬂ%e%t@ed%ﬁ 5@99&:15 5%4?{%%@ Acgg(fhaem&pé)r ted yield
pr oductem_{ %P"'%Nagﬂ’é{tﬁ%"ﬁ 1{961' disprsenyteliviasina (MM ae ed. The

char act/8r’ % ??ﬁ]mﬂ’é’!)éﬂ'%@dcieﬁea@dh% n @slf’fmﬂ pglnﬁwm&abnombhem s 6.

2039nt Rdwiuss Mith GirfhgDiTiis reaatibremodne &k 860182 NINCand then had water

(250 cm®) added while stirring to give a light green solid, which was filtered using a
standard Buchner funnel apparatus with a water aspirator, washed with water {4x30
cm®), and dried in an oven at 60°C for 3 hours fo yield the title compound, which was
purified from hot ethanol {120 cm® by cooling the solution to 5°C using an ice-water bath

20  so that a precipitate formed and filtering using a standard Buchner filter with a water
aspirator in order fo collect the crystals. The crystals were then dried in an oven at 80°C
for 3 hours (MW 327.45, 30.71 g, 93.8 mmol, yield 70%).

Sn (250 MHz; CDCl3) 2.16 (3H, 5, CHy), 2.92 (12H, 5, NGHy), 6.60-6.62 (2H, d, ArH),
25  6.70-6.73 (2H, d, ArH), 7.08-7.47 (2H, brd s, ArH).
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Phenot hi azi ne (MW 199. 28, 20.00 g, 100 mmol ), dichl oromethane (100 cnB)
and acetic acid (40 cnB) had sodiumnitrite (MN69.00, 20.7 g, 300 nmol)
added and the m xture 25was stirred for 10 m nutes at room tenperature.
Addi tion i cid (40 cnB), dichloromethane (100 cnB and sodi um
nitrite MB’@@"B@@O. 7 g, 300 nmol) were then added. KW $ODH02790 cnB of
acetic acid was added to try to break up the thick reaction m xture. The
m xture m xture was stirred for 2 hours. The suspension was filtered and
washed with 100 cnB of each of ethanol, water, and finally ethanol to give

a purpl e/ brown 30solid. The res@g?h V\%Slsstl rred in hot DM (100 cnB) and

all owed to cool before fl|egln ,the title dinitro product, which

was washed with ethanol (MahwthieninkmehigridgdMifiy 289. 27, 24.88 g, 86.0
mmol, 86% to give a hrown solid. yr"a2 (KBr}/crril 3331 (NH), 3294 (NH),
3229 (NH), 3101 (CH), {3067 (CH $ 2) 558 (NQ2); OH (250 MHz;
DVSO) 6.73-6.76 (2H, f’é N (2H w 7. 89- 785(2H d,
.J 9, ArH). 5Synthesi < gl T ﬁ henot hi azi ne 02NSNCO2-

A solution of 3,7-di nltropHenot Fazi ne ( 28 .27, 24.0 g, 82.96 mmol),
acetic anhydride (MN 102. o¥e 151 g, 1.48 1) and pyridine (100 cnB) was

St'”e%‘?‘bnﬁ?‘?wt%mggb LB OIS T Bl hes, £0! o0 o

roomte $itate
fored AwdBMPY VR plaged ’6‘ agwecnﬁ Heurd fzqﬂemd‘@ﬁb@laﬁavammgn)aed 21.14 g, 63.81
mol , Adechigricach i@ M,o?!ﬁmmaeWeBsoddddd vemid die remslting solytivhatasineatdd it om acet one

t o gi vesobT @ittt hoal Wivsiars é%e&ﬁ sditftbRO/THE Redktia® iktirEks c@&?&i?to(CH) 1680

gcég) b 51'§7 Ef)%:) ws]tgrl atﬁ | §?%M§é lil"’r)fg c?% h%g }é&;? sogjtu?% Ar H) |
8. 33-8.(89 '2 ‘\6‘}3’ 2y 4936‘3' 3] 150(&!“‘?'6%‘3%0 ias @ggs pviggnimngdisle, ' 146. 3
( Ar*@ dms btme(cAiocu) AfteB 30 eniguteCHtirringe thegugpension wedJiltdred AnQhe 122.9 (Ar C),
1 ( Giregipitatd was( waBhed ith GitkaBD0@S bif).and Giryil fa Bosmiddtes to give the
3 7-di e QoSN adEBkRLRZ TRE ntlidhat k8E RIs8Sidifin a mixture of water
(480 cm®) and hydrochloric acid (10 M, 7.9 ¢cm®) by heating to reflux before cooling fo
25°C. The fine green needles were fittered, washed with filirate (50 cm®), and oven dried
15 at80°C for 18 hours to give the title compound containing 9% water (MW 319,88, 23.46g,
74 mmol, 88%). (The reported yield has been adjusted to represent anhydrous MTC).
The mass of purified product that was obtained was 25.78 g, which contained 9 % water.
The characterisation data was the same as reported above for Synthesis 6.

20 Synthesis 14
3,7-Dinitrophencthiazine

|
OO
ON s NO,

Phenothiazine (MW 198.28, 20.00 g, 100 mmol), dichloromethane (100 cm®) and acetic
acid (40 cm®) had sodium nitrite (MW 69.00, 20.7 g, 300 mmol) added and the mixture

25  was stirred for 10 minutes at room temperature. Additional acetic acid (40 cm?),
dichioromethane (100 cm®), and sodium nitrite (MW 69.00, 20.7 g, 300 mmol) were then
added. A further 120 em® of acetic acid was added to try to break up the thick reaction
mixture. The mixture mixture was stirred for 2 hours. The suspension was filtered and
washed with 100 cm® of each of ethanol, water, and finally ethanal to give a purple/brown

30  solid. The residue was stirred in hot DMF (100 cm®) and allowed to cool before filtering to
give the title dinitro product, which was washed with ethanol (150 em®) and dried (MW
289.27, 24.88 g, 86.0 mmol, 86%) to give a brown solid.
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2HCI A m xture of 3,7-dinitro-10-acetyl -phenothi azi ne (MV 331. 26, 2 g,
6.04 mmol ), palladium 25 10% on dry carbon (0.2 g) and tetrahydrofuran (20
cnB) was heated to 60C under an atnosphere of hydrogen and stirred at this
terrperatug,ﬁ)&,% oovergnours. The m xture was cooled to room tenperat ure,
poured over celite filter aid, and washed with tetrahydrBFBLHIRTE cnB) .
The THF filtrate was acidified wth hydrochloric acid (10 M 4 cnB) to
precipitate the product as a solid. The suspension was filtered to give:
the title corrpound as a-light 30 green solid, which was dried at 60C for 3

hour s ( 5 t 6) 2.12 (3H,
s, MN 13§313("’J}§D%%94](’#’?f% o (i 12%("3&‘623%% %76%2 d, .18.25,
Ar H) ; 85 % @Hi%%ﬂﬂ? M§@85€ BEEdH, dls!@, &rFOAr“fG)B (zmss/ﬁ@ffxm@& 132. 8
(ArQ), I8 EH.(C!\I@)Q,A!I‘BO 8 (Ar C), 22.6 (CH3). 5Synthesis 17

3, 7- D net hyl am no- 10- acet yl - phenot hi azi ne

3, 7- gi am no- 10- acet yl - phenot hi azigne, di.hydrochl oride (MWV344.26, 2.59 g,

7. 55gmml) was di ssolved in vvaterSlM) in a conical flask (25 cnB)

and to this solution was 2dddBiredCaselylphensthiagne de sol ution (10% to
obtain a precipitate. The solid wa8sfiHtered to give the free am ne

3, 7-di am no- 10- acet yl - phenot hi a2| n MV 271. 34, 2.05 g, 7.55 nmmol) which
was di ssolved in acetic acid ( 8 )~arith, p- f or mal dehyde (MW 30. 03, 4.53
g, 151 mmol) and sodi um cyanob MN 62.84, 4.74 g, 75.5 mmol) was
added. The m xture was stirogd Nopurs, after which water (50

Lid. 1 o o0 d duct . Thi
ot o i 2?%0%59‘@% AR T MYL«%% 50 2408 S PRy AT conpound
( MN 327M¢' 108.09 b‘5 Qsé(ﬂeﬁ ag!) ancb@fr@@m(@@g:nsbwwsﬁm at BafOx fori1BdibuGKBr ) / cm 1
(2282)(; ( cg; ?%®£am@moéo§fgé;&mm@a?§e aﬁr,g?omre&earefuiﬁ&@r (0%32) 1502
pital d was Rl 0 give | cof IEH?’
6. 59- 6. 5242k .
7.08-7. g ]T"mg 7?’1 ’BEASS éﬁ‘%g"’ LE%"G@"%‘“‘&B& Sﬁ'%‘eé(@“bﬁw 289 (ArQ),

127.2 (H gjh%iﬂ erF%lP%:) 127. o (ArC), 110.9 (ArC), 110.7 (ArC), 40.7
(NCH3), 22.9 (CH3); mz (ES) 284.2 (100% [M- OAcn, 328. 1 (15% [M+ Fln,

35014 (RLAUKBMF Mh)(CH?EBEE @E@ YRS (05,) PP 1) y\,@ J.cations

are cit f e "I nvention
and th é%:%ﬁ?d &?é_g art {597:5% @Flr Ctlf{gyf"%e%%# B%s gﬁ't 75F§rl? citations

f or theé retEP-dh &8 day &S AW é@@zﬁéﬂ%@vcﬁdﬂﬁﬁéﬁ (Qﬁ@té‘iﬁéf(ér@nces i's

30i ncor Yératred), Ha3. @(&TCBMZFEE @renaes.4 (ArCy, 122 9t(Ar@)t ¥3.1 019, 1he (psesent

di scl os3ate) (80%, (M. sane extent as if each individual reference was
spegjfically and i ndi vi dual | y indicated to be incorporated by reference.
Badi sche Anilin- und Soda-Fabrik, 1877, "Verfahren Zur Darstellung Bl auer
Far bst offe 35Aus Di net hyl - Ani | nSWpthesisd8er en Tertiaren Aromatischen

Monami nen, " GCer man R&EE AR peitibzisdditlvdrociieridenber 1877. WO

2008/ 007074PCT/ GB2007/ 002570

2HCJ

A mixture of 3,7-dinitro-10-acetyl-phenothiazine (MW 331.26, 2 g, 6.04 mmol), paliadium
25 10% on dry carbon (0.2 g) and tetrahydrofuran (20 em®) was heated to 60°C under an

atmosphere of hydrogen and stirred at this temperature for 18 hours. The mixture was

cooled to room temperature, poured over celite filter aid, and washed with tetrahydrofuran

(10 em®). The THF filtrate was acidified with hydrochleric acid (10 M, 4 em®) to precipitate

the product as a solid. The suspension was filtered to give the fitle compound as alight
30  green solid, which was dried at 60°C for 3 hours (MW 344.26, 4.3 mmol, 1.49 g, 72%).
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Ber nt hsen, August, 1885a, "Studien in der Methyl enbl augruppe,” Justus

Li ebi g's Annal en der Chem e, Band 230, pp. 73-136. Bernt hsen, August ,
1885b, "Studien in der Methyl enbl augruppe,” Justus Liebig' s Annal en der
Chemi e, Bgph, p. 137-211. 5Bernthsen, August, 1889 "Stud| en in der
Met hyl enbl augﬁ%ﬁ)ﬂgp" Justus Liebig s Annal en der Chemi'® VAR oy
1-96. Cohn, a, 1899, "Verfahren zur Darstellung von

Acet yl | eukonet hyl enbl au und -at hyl enebl au,” Chem Zentralblatt, Vol. 70,
1, p. 503. Cohn, , 1900, "Zur Kenntniss des Leukonet hyI enebl aus, "

Cheni sc o 0 4 (3rd
Editio g'eg% bﬁs§ 8)231 IJ{ : fnié é%%l% B%Héﬂm) %%gﬁé(ﬂﬁe "F. (S H.,
1933, €y gs(ﬁ 5313) 165,68 K5ty B36- 1 {%CMéﬁﬁdéwd)&m ety pp.
248- 253132.8 (ArCKile8. i(/’EDé?WH@U&{d\F@ angl(erls). 1949, "F. Oxazine and Thi azi ne
Dyes," in: Fundanental 15Processes of Dye Chem stry publ i shed by

| nt &5 sci ence (London, UK), PP. qmm%we |l mn, H, et al., "Sone
Derivatives of Phenot hjazine Jour t he, Anprican Chem cal Society
1944, Vol . 66, pp. 88 Sinylaning i yhohenofNaZine.h p. Cper die W rkung
des Met hyl enbl au bei Mal ar| a. Berl9Klin 20Wchenschr 1891; 28: 953-956.

bstituted Phenot hi azi ne Anal ogues to

Leventis, N.,et al., "Synthesis of
philic Aromatic Substitutions in

Met hyl ene Bl ue by El ectrophilig AR
Tandem A Mechanistic Perspect]i edroon, 1997, Vol. 53, No. 29,
pp. 10083-10092. Leventis, NN et~ al 8" 1997 ,N" Synt hesi s of Substituted
Phenot hi azi nes Anal ogous to iSMet hyl ene Bl ule by El ectrophilic and
Nucl eOWNdIa&mﬁ-!Iﬂ@ée'tﬂ- ﬁérkbm,aﬁme bBfdrodtibri Qgﬂm@e’@%@%ﬂﬁ%hﬁnmwpectl ve,
Tg[ r ah orl 8;% \Ea?t ﬁg%g: QPOm%?Q%% Qr?”fgpd to thﬁsg n wa éﬁéﬁcélg?g
actS@PiUg} ?Végoxaﬁc? ?ﬂ%@ ? PBRAINGE prsewtaée Fhesaidnes alrer forgivecthel
SOSaanféﬁﬁ amig 37 riliardieh hdoeiyl-pheobthiaging (W8/ 271,34pP.05 §37.59 mrhafwhich/
G ubhofwas disshlived Bolvers acud (20 MY he&wﬁmadehﬁa%iﬁw 30.bs, pzai8 854 Y80l hegl r
pur 1 il B a6 06 624004 vJa'ﬁ%%g&mrh% i e o
Stain Tech oI (g%%/ 0§ 'F‘ﬁ X T&W WS,
1975a, §9 & &4 pu S‘f W?%W%e é’ma)n‘ﬂaSA@‘{?le@ apd i spid o vent
ext'Pactf] lfewdémwe Ede piodiaa Tihisrmatedal aian crmetafiers! foagy stiiob.( (1BO6B)o givp.
375- 381the it wivgloLind RIW327 Weyd 359, 30M) as dehbressBical contami nants in
commercial dyes "Stain Technol ogy Vol. 50 (3), pp. 143-147.
Mp 137°C; viex (KBr)/em™ 2910 (CH), 2876 (CH), 2856 (CH), 2799 (CH), 1659 (C=0),
A 1596 (NOz), 1502 (NO,); 3y (250 MHz; CDCly) 2.16 (3H, s, CHj), 2.93 (12H, s, NCH,),
20  6.59-6.62 (2H, d, J 8.5, ArH), 6.69-6.71 (2H, d, J 2.75, ArH), 7.08-7.47 (2H, brd s, ArH);
Oc (62.9 MHz; CDCl3) 170.3 (C=0), 148.9 (ArC), 127.2 (ArC), 127.1 (ArC), 127.0 (ArC),
110.9 (ArC), 110.7 (ArC), 40.7 (NCH), 22.9 (CHy); miz (ES) 284.2 (100%, [M — OAc]"),
328.1 (15%, [M + H]", 350.1 (41%, [M + NaJ").
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each of Rl and R9 is independently selected from -H C24alkenyl; and

hal ogenat ed Cl1_4al kyl ; each of R3" and R3" is

i ndependent|y selected from G alkyl; 10C2..4al kenyl; and hal ogenat ed

. Cl1. 4al kyl wo 2008007@ach of RmA and RM B i s i ndependent | yP@ﬁéEﬁ’@ﬁ‘gzg"’ﬁﬁm
Cl4al kyl ; C2_4al kenyl ; and hal ogenated Cl_4al kyl ; and _ I'S e

nore anionic cotinter ions-to achieve electrical neutrality; which nethod
conprises at least the follow ng steps, in order: 15purifying (PUR a
correspondi ng acyl ated reagent conpound (ARC); deacyl ati ng ( DAC)

sai d a@éngélel@buse@glerﬁurt@ém@wndolﬁli&m traygiy &, as%r 5as PR Ng-sleacyl at ed
conpound; ~ORl g8y 5@8 ﬁ'f‘gﬁéé?éﬂ?%%r e Ybal efl spppound;

di
(2)>C()Id| :';r: Egpg rt"fﬁcg ﬁ%@& ﬁ’ °95}3l|5‘13é}‘ "g‘ﬁlﬂ'fene blue cogpinadiprl |y puri fyi ng
(PUR') sai daﬂﬁiaﬁ?hmﬂﬁﬂﬁeEQ@RE@&JW%&W&@WH&W@A@E@GO 209-R1%et hod accordi ng
t o &l aiSchitmenhicCiubag @) SKkh L., saméwmn NG, MBGRDEINeRBEI ¥ B&ker® M2, -Et, or

-CF3. 3. Agemmamérdcng or e wﬁa&r% BeB8H Mhethi eamew's
% MU LRk

i ndependent | m 1, wherein

each of Rl %8”@“']”‘ a‘f‘?’lﬂ% 7oA rret hod accor di ng to any one

of cl aSFBvaigelplE,. shakbr28P® "Mf?ﬂ’mg?@ MC}wa!(na?hpnethezmm@mm) (R7") are

i ndependent Phesghigznediké Compourdst: IbubhsiNEﬁ &tern:ﬁﬂ(olﬁﬁ’lr(PZT) padmapglicatid¥Ve Et

- Nig(nPr), Mcatﬁ\éﬁﬁlﬁ%ﬂéF@d?ic?os/oaﬁeﬁ@ @& 4 0 any one of clains 1
SlS n

?ﬁdipe“‘o’ﬁﬁ)‘?%mﬂ?gfé% 255, Hinoay éh%m' bt tbr i o

ording to any
one of clai “1“%[5'9@{0"“%@'%1 W@%f&ﬁd%fncﬂﬁ@géﬁﬁiwblonwwwylﬁmmﬁ)énd

- N( R714A) ( Re®)lished intedregtional ¢PC T)patddivegplicAtiongiubiehtios a@nbdrvgot o any one of
clainms 1 tOzﬁoezwéwmbubn&edéoMaﬁéﬁ%@s’ent|y cr, Br, or r, or NGB-. A nethod

I a.
acq8r dirBfiihCo M Met AN EsPlinElLiSLIP Pr%per? les of %not?uazme Denvatrvgéj’GBﬁgrﬂ SRty
of Heterocyclic Compounds, 1996, Vol. 32, No. 9, pp. 1105-1108.
Wischik, C.M., et al., 19986, “Inhibition of Tau-Tau-Association,” published international

(PCT) patent application publication number WO 96/30766 published 03 October
1996.

20 Wischik, C.M., et al., 2002a, “Materials and Methods Retating to Protein Aggregation in
Neurodegenerative Disease,” published international (PCT) patent application
publication number WO 02/055720 published 18 July 2002.
Wischik, C.M., et al., 2002b, “Neurcfibriliary Labels,” published international (PCT) patent
application publication number WO 02/075318 published 26 September 2002,
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A nmet hod according to any one of clains 1 to 9, wherein one or nore or all
of the carbon atons of one or nore or all of the groups R3NA, R3NI 3, R7NA
and R7NI3 is 13C. A nmethod according to any one of clainms 1 to 10, which

met hod cogpy t least the follow ng steps, in order: _ purifying
(PUR) a cgrra’rié@ @F\@f‘ng acyl at ed reagent conpound (ARC) RST/6BRE0FTMRITBW ng

formula, wherein R1L is independently saturated aliphatic G _sal kyl,

phenyl , p-nmethoxyphenyl, or p-nitrophenyl: Rio® R90 \---;" R R7NAJ, R3NA
N Al NBR31, 1B deacyl ating (DAC) said acyl ated reagent conmpound (ARC)
to give a correspondi ng deacyl at eq: ound of the following fornula: IRl
optionally purifying (PURDAcC' ex) i eacyl at ed conpound; oxi di zi ng
(OX) said deacyl ated conpound to give said di am nophenot hi azi ni um
conpound; andi method fordhe syiadsisyandlor parjficatipr( RERKImisapHENothiazinium

di am nophenoddipaihé (DA 1) e HetelioidRdmula: WO 2008/ 007074PCT/ GB2007/ 002570
12. A method according to claim1l, wherein Rl is independently saturated
al i phatic 13. A nethodf accordipg to claim11, erein R is independently
-Me, -Et, -nPr, 5-nBu,{or -nPe] 14. Ainethod according to claim 11,
wherein Rl is independently -4 et hod chédi ng to claim1l, for
the synthesis and/or puygi i CaL] tha(am hi’o¥¥ni um chl ori de (Mro,
whi ch net hod conpri ses at\llre

7NB
R

5
wherein:
each of R' and R%is independently selected from: -H; C,_alkyl; Cosalkenyt;
and halogenated C,_alkyl;
each of R and R®™® is independently selected from: Cy_qalkyl;
10 Cosalkenyl; and halogenated Cyalkyt;
each of R™* and R™® is independently selected from: Ciualkyl;
Coalkenyl; and halogenated Cqalkyl; and
X is ohe or more anionic counter ions to achieve electrical neutrality;
which method comprises at least the following steps, in order:
15 purifying (PUR) a corresponding acylated reagent compound (ARC);
deacylating (DAC) said acylated reagent compound (ARC) to give a
corresponding deacylated compound;
optionally purifying (PURPA*%%) said deacylated compound:
oxidizing (OX) said deacylated compound to give said

20 diaminophenothiazinium compound (DAPTC); and
optionally purifying (PUR®) said diaminophenothiazinium compound
(DAPTC).
2. A method according to claim 1, wherein each of R' and R® is independently -H,
25 -Me, -Et, or -CF,.
3. A method according to claim 1, wherein each of R and R® is independently -H,
-Me, or -Et.
30 4. A method according to claim 1, wherein each of R' and R? is independently -H.
5. A method according to any one of claims 1 to 4, wherein the groups

NR*™)(R™®) and -NR™(R™®) are independently selected from: -NMs,, -NEt,,
-N(nPr)z, -N(Bu),, -NMeEt, -NMe(nPr), and ~N{(CH;CH=CH,),.
35
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steps, in order: purifying (PUR)

3, 7-di (di net hyl am no) - 10- acet yl - phenot hi azi ne; deacyl ati ng (DAC) said

3, 7-di (di met hyl am no) - 10- acet yl - phenot hi azi ne to give

3, 7-di (di %%J#@{%PO) - 10H- phenot hi azi ne; 15optionally purifying (PURDAC ")
said 3,7- gﬁ | f’l am no) - 10H- phenot hi azi ne; oG HGB2AHHRYN) sai d
3, 7-di (di net hyl am no) - 10H- phenot hi azi ne to give said nethylthioninium
chloride (MIC); and optionally purifying (PUR') said methylthioninium
chloride (MIC). 20 * * * 16. A nethod according to any one of clains 1 to
10, whigh meghod c rises at least the follow ng steps, in order:

25acyl at% i ng b °°'g§?§8frdf"8§ q%?rr’fg?ﬁ@ﬁ"sd?:% 4egrelt egrals of a

cor r espondi né)“(acy)(%t e MR N D (R OrpeundepeNAPARS e tied gbme-NMe @nd espondi ng
acyl at ed reagt conpound (ARC); purifying (PUR) said acyl ated
reagent conpound (ARC); deacylating (DAC) said acyl ated reagent conpound
(Al te giv correspondi ng deacyl ated c ound; optionally
purifyi ﬁ'g (ﬁﬂ%&é%?%é%ﬁ@a & f@fé@m&%&ﬁvg’g&&?‘i‘ﬁhﬁ g qreRs sai d

deacyi at ed c“ﬁ‘«%o tangdi- MR s RS dlisdndenepdaatin thMii@zi ni um conpound; and
optionally purifying (PUR") said di am nophenot hi azi ni um conpound

35( DAPTE) . N\mea@a&{ce&a%awsﬂv SARZR QAHRAOP R AD whéﬁeﬁﬁc@ﬁqﬁB%@S@@[cﬁgcmgntgo any

one of claing 1.9, i ch ‘'method conprises at |east
st eg(?, in ordér: 'acylating (ACl) a corresponding non-acyl ated precursor of
a correspondi ng acyl ated reagent conpound (NAPARC) to give said
cor r esp®ndi fy"SHey lagearding Eaganinemd nipmattio(7ARGE:einkas Btispendbstyyn- acyl at ed
pr ecur sor
10. A method according to any one of claims 1 to 9, wherein one or more or all of the
carbon atoms of one or more or all of the groups R®™™*, R*™E R™MA gng R™M8 g 3G,
15
11. A method according to any one of claims 1 to 10, which method comprises at
least the following steps, in order:
purifying (PUR) a corresponding acylated reagent compound (ARC) of the
following formula, wherein R™ is independentiy saturated aliphatic Cy.salkyl,
20 phenyl, p-methoxyphenyl, or p-nitrophenyl:

19

R
o \&o .
ﬁINﬁ\
S /RaNA

RrTNA
N N
qums |]Q3NB

deacylating (DAC) said acylated reagent compound (ARC) to give a
corresponding deacylated compound of the following formula:

¥ ’ R'
‘N
R™MA 3NA
\T s R
R

N
7NB II?:QNB

25 optionally purifying (PUR™®) said deacytated compound;
. oxidizing (OX) said deacylated compound to give said
diaminophenothiazinium compound; and
optionally purifying (PUR®) said diaminophenothiazinium compound.
(DAPTC).
30
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(NAPARC) is a conpound of the following formula: Re 7NA "R3NA R 1 3N R'BR
B and wherein said acyl ated reagent conpound (ARC) is a conpound of
the following fornula, wherein 1i19 is independently saturated aliphatic

G _sal kyl . 10phenyl, p-nethoxyphenyl, or p-nitrophenyl: Rac RO vz R 7NA
R1: ( 91my4mﬁgo"l7¥“puri fying (PUR) said acyl ated reage?fT/EBIputRsro( ARC) ;
deacyl ating (DAC) said purified acyl ated reagent conpound (ARC) to give a
correspondi ng deacyl ated conpound of the follow ng fornula: RORI .
optionally purifying (PURDA9nX) sai d deacyl ated conpound;

12. A method according to claim 11, wherein R |s independently saturated aliphatic

Cy.salkyl.

13. A method according to claim 11, wherein R" is independently -Me, -Et, -nPr,
5 -nBu, or -nPe.

4. A method according to claim 11, wherein R™ is independently -Me.

15. A method according to claim 1, for the synthesis and/or purification of
10 methylthioninium chloride (MTC), which method comprises at least the following
steps, in order:
purifying (PUR) 3,7-di(dimethylamino)-1 O-acetyl-phencthiazine;
deacylating (DAC) said 3,7-di(dimethylamino)-1 O-acetyl-phenothiazine to
give 3,7-di(dimethylamino)-10H-phenothiazine:
15 optionally purifying (PUR™%) said 3,7-di(dimethylamino)-10H-
phenothiazine;
oxidizing (OX) said 3,7-di(dimethylamino)-10H-phenothiazine to give said
methylthioninium chloride (MTC); and
optionally purifying (PUR®) said methylthioninium chloride (MTC).
20

* & &

16. A method according to any one of claims 1 to 10, which method comprises at
least the following steps, in order:

25 acylating (AC1) a corresponding non-acylated precursor of a
corresponding acylated reagent compound (NAPARC) to give a corresponding
acylated reagent compound (ARC);

purifying (PUR) said acylated reagent compound (ARC);

deacylating (DAC) said acylated reagent compound (ARC) to give a
30 corresponding deacylated compound;

optionally purifying (PUR™%%%) said deacylated compound;

oxidizing (OX) said deacylated compound to give said

diaminophenothiazinium compound; and

optionally purifying (PUR®) said diaminophenothiazinium compound

35 (DAPTC).
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oxi di zing (OX) said deacyl ated conpound to give said

di am nophenot hi azi ni um conpound ( DAPTC); and optionally
puri fying (PUR' ) sai d di am nophenot hi azi ni um conpound 20( DAPTC). 18. A

met hod acg‘g1 ﬁr)@(fo claim 17, wherein Rw is independent Ily sat ur at ed

al i phati c Chaal Kyl'? 2519. A net hod according to clai m FCUGRPENORTRIO i s

i ndependently -Me, -Et, -nPr, -nBu, or -nPe. WO

2008/ 007074PCT/ GB2007/ 002570 20. A method accor di ng to claim17, wherein
Rl is independently -Me. 21. A nethod according to claim1, for the

synt hesi$ an I I th oni ni um chl ori de
(KATC) e i C Q%{'}?Hglégrh]ﬁgﬁd 8@&{ © qf glairys 1 101G %’Fﬁ@ 5°§F@B§e 4th order:
acyl ating ( E’ﬂs) he folloing$18R%: HYP™H# no) - 104 phenot hi azi ne to give

3, 7-di (di net hyl arficylalingl{d.Car etcyiregpoadiog hmraaoymaed weacirboriong (FUR) said

3, 7-di (di met &byﬂeawnamba&ﬂatéﬁ%édenw Cato glve safd cprres ondln%l ne to

Jeany ating d&:g@ingééﬁqﬁ% chnfa g TAREL DYERH 3@93 igraietdoraied 0 Ty
puri fyi ng (F@ Sas%ﬂ”ép 9%’5‘”‘?(&‘?“%&"&37‘!"5“4%0) 10Hphenot hi azi ne;
oxidizing (0X) said 3, 7-di (d| met Ryl anmi n® - 10H- phenot hi azi ne to give said

met hyl t hi oni nium chl oride (MIC); and(}lS tionally purifying (PUR') said

met hyl t hi oni ni um chl ori de (MIC) . hod according to any one of
claims Ito 10, which net RI® comarises | g8t the following steps, in
or der reduci ng ( RED) corres%on ing'}‘oxi di zed precursor of a

correspondi ng non-acyl at ed leé‘Eursor of a ce¥fespondi ng acyl ated reagent

o L A o A P o
( PURREG- Aci ) ¥ E’&‘ gf B 5 Bdehergently &A@E@? aliptiatic C;. sa'kvl
10 phenyl p- methoxyp enyl, or p—mtropheny[

/@ ﬁ\ SNA
TNE 3NB

purifying (PUR) said acylated reagent compound (ARCY;
deacylating (DAC) said purified acylated reagent compound (ARC) to give
a corresponding deacylated compound of the following formula:

7NB SNB

optionally purifying (PUR"%%) said deacylated compound;
oxidizing (OX) said deacylated compound te give said
diaminophencthiazinium compound (DAPFE); and
optionally purifying (PUR®) said diaminophenothiazinium compound
20 (DAPTC).

15

18. A method according to claim 17, wherein R™ is independently saturated aliphatic
Cysalkyl.

25 19. A method aecording to claim 17, wherein R" is independently -Me, -Et, -nPr,
-nBu, or -nPe,
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acylating (ACl) said non-acyl ated precursor (NAPARC) to give said acyl ated
reagent conpound (ARC); purifying (PUR) said acyl ated reagent conpound
(ARC) ; deacyl ating (DAC) said acyl ated reagent conpound

(ARC) to 30correspondi ng deacyl ated conpound; optionally purifying
(PU RAC' " %’%@Pﬁﬂﬂa@écyl ated conpound; oxi di zi ng KCBBmed/@2steacyl at ed
‘conpound to give said di am nophenot hi azi ni um conpound; and

optionally purifying (PUR') said di am nophenot hi azi ni um conpound -
35(DAPTC). WD 2008/ 007074PCT/ G112007/ 002570 23. A net hod according to any
one of clains 01 whic ses at |east the follow ng steps,
in orderb@ A e Q‘Péaﬁm’%g%@ wﬁ?rgﬁ oﬁd"q?@e@ﬁﬂnﬂi’ﬂ\é%l precursor of a
correspondi ng non-acyl ated precursor of a corresponding acyl ated reagent
conpound? 6 ( OPNABIBCkcdondind toeclaimi 1 fon - YAYESE QRk/BF RAERRR pf sai d acyl ated
reagent COWD%@Q/I&M%RQMOM&QM‘?‘U)‘ hqn&ﬁb 1sBS SGMES Bl Jg NAPARC) is a

conpaund of t w ng formula, ereln als as %, and may

be t he sane as oY f'erent than X N, R31 4A R3NB
acylatmg (AC1)3 7—d|(d:methylammo) ~10H-phenothiazine to give

3, 7-di(dimethyiamino)-10-acetyl-phenothiazine;
purifying (PUR) said 3, 7-di(dimethylamino)-1 0-acetyl-phenocthiazine;
deacylating (DAC) said 3,7-di{dimethylamino)-10-acetyl-phenothiazine to
10 give 3,7-di{dimethylamino)-1 OH-phenothiazine;
optionally purifying (PUR™“%) said 3,7-di(dimethylamino)-10H-
phenothiazine;
oxidizing (OX) said 3,7- -di(dimethylamino)-10H-phenothiazine to give said
methylthioninium chloride (MTC); and
15 optionally purifying (PUR®) said methylthioninium chioride (MTC).

L3

22. A method according to any one of claims 1 to 10, which method comprises at
20 least the following steps, in order:
reducing (RED) a corresponding oxidized precursor of a corresponding
non-acylated precursor of a corresponding acylated reagent compound
(OPNAPARC) fo give said corresponding non-acylated precursor of said acylated
reagent compound (NAPARC);
25 optionally purifying (PUR®®*%") said non-acylated precursor (NAPARCY);
acylating (AC1) said non-acylated precursor (NAPARC) to give said
acylated reagent compound (ARC);
purifying (PUR} said acylated reagent compound (ARC);
deacylating (DAC) said acylated reagent compound (ARC) to give a
30 corresponding deacylated compound:;
optionally purifying (PUR™“%) said deacylated compound:
oxidizing (OX) said deacylated compound fo give said
diaminophenothiazinium compeund: and
optionally purifying (PUR®® said diaminophenothiazinium compound
35 (DAPTC),
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10and wherein said non-acyl ated precursor (NAPARC) is a conpound of the
followng formula: TWA RN'I RVA RI3NB optionally purifying (PURRED Ad)
sai d non-acyl ated precursor (NAPARC); acylating (ACl) said non-acyl ated

pr ecur sorwghogabfacy! ated reagent 15conpound ( NAPARC ctrﬁ}ﬁbd’ftm?s%d
acyl at ed reagent conpound (ARC), wherein said acyl ated reagent conpound

(ARC) is a conpound of the following fornula, wherein R19 is independently
saturated aliphatic C zal kyl, phenyl, p-nmethoxyphenyl, or p-nitrophenyl:
R19\ 0 R9 20purifying (PUR) said acyl ated reagent conmpound (ARC);

deacyl a23.ng A PeEbd S8tdiAg 10 atyashe!dF AR 1 ROMPAKBE meM3S)cokPrisds s 2

correspondi n 0 .of the following fornula: optionally
puri fying (P%Rsﬁﬂrr%?éﬁ(ﬁs dséé@ggggz %fe conpound; oxi dizing (OX) said
i

deacyl at ed conpodifficig SFPANGRY PEYERIRSBPUIS i0hR GRIRPRPIId ( DAPTC) ;
and 5opt i ondlonyecyatet pyacipol PURCYresqbriliingi aoyiatedpeagent targziunt um conpound
(DARTC) . 24.(0PnePhed) acgies shiflgoi-acBatad Pleddrsor ¥ 84i8 iabylidd rsagepidependent | y
saturated aldRfaldd (NAPARC), wherein said oxidized precursor (OPNAPARG) is a

compound of the following formula, wherein X® is as defined for X, and may be the

same as or different than X:
Rf
N
o
fi S
S RMA
@ "
R

R9

R?NA
Y

GNB

}[QTNB

10 and wherein said non-acylated precursor (NAPARC) is a compound of the

following formula;
R’ R’
N
/RSNA
)

R?NA
N
. F!QTNB RNE
optionally purifying (PUR™*%") said non-acylated precursor (NAPARC);
acylating (AC1) said non-acylated precursor of said acylated reagent
15 compound (NAPARC) to give said acylated reagent compound {ARC), wherein
said acylated reagent compound (ARC) is a compound of the following formula,
wherein R is independently saturated aliphatic C,alkyl, phenyl,
p-methoxyphenyl, or p-nitrophenyl:

R‘EB
R® \40 Rl

RN \ : anA
\N 5 N R

EE??‘NB [LSNB

20 purifying (PUR) said acylated reagent compound (ARC);
deacylating (DAC) said acylated reagent compound (ARC) to give a
corresponding deacylated compound of the following formula:
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Cl. 5al kyl . 10 25: A net hod according to claim 23, wherein Rl is
| ndependently -Me, -Et, -nPr, -nBu, or -nPe. 26. A nethod according to
claim 23, wherein RI is independently -Me. 15 27. A nethod according to
claim1l, nthesi s and/or purification of net
chl ori de ‘%ﬁ/ﬁ%{”%‘ﬁ‘?ch nmet hod conprises at |east the fq)\#ll[cévldzndgmg%sgp
order: reducing (RED) nethylthioniniumchloride (MIC) to give
203, 7-di (di et hyl am no) - 10H phenot hi azi ne; optionally purifying
(PURRED- Acl ) said 3, 7-di (dinethyl am no) - 10Hphenot hi azi ne; acyl ating
(AC1l) said 3, 7-di(dinethylam no)-910H- phgnot hi azine to give
3, 7-di (di net hyl am no) - 10- acet yl - henot hivazi ne; 25purifying (PUR) said
3, 7-di (di met hyl am no) - 10- acet yl -4 8zl ne; deacyl ati ng (DAC)
sai d 3, 7-di (di net hyl am n%mlo Dt hll@m ne to give
3, 7-di (di met hyl am no) - 10F phe azg optional Iy purifying
(PURDAG') said 3, 7-di(di rret h I,,@m no) 10the ¢ hi azi ne; 30oxi di zi ng (0X)
said 3, 7-di (di net hyl am no)-1 phenot hi azine to give said nethylthioninium
chloride (MIC); aptioray parigihy (PURMTFY saig demiyRitdd smimbuneit hyl t hi oni ni um
chloride (MIC). *xiiitindROXY\6hid A0Sy RRHMARCEA ERAUNLAD 2570

diaminophenothiazinium compound (DAPTC}); and

5 optionally purifying (PUR®) said diaminophenothiazinium compound
(DAPTC).

24. A method according to claim 23, wherein R' is independently saturated aliphatic

C1.5alkyl.
10
25: A method according to claim 23, wherein R* is independently -Me, -Et, -nPr,
-nBu, or -nPe.
26. A method according to claim 23, wherein R is independently -Me.
15

27. A method according to claim 1, for the synthesis and/or purification of
methyithioninium chloride (MTC), which method comprises at least the following
steps, in order:

reducing (RED) methylthioninium chioride (MTC) to give
20 3, 7-di(dimethylamino)-10H-phencthiazine;
optionally purifying (PURR®*C") said 3,7-di(dimethylamino)-10H-
phenothiazine;
acylating (AC1)} said 3,7-di{dimethylamino)-10H-phenothiazine fo give
3,7-di(dimethylamino)-10-acetyl-phenothiazine;
25 purifying (PUR) said 3,7-di{dimethylamino)-10-acetyl-phenothiazine;
deacylating (DAC) said 3,7-di{dimethylamino)-10-acetyl-phenothiazine to
give 3,7-di{dimethylamino)-10H-phenothiazine;
optionally purifying (PURPA%®%) said 3,7-di(dimethylamino)-10H-
phenothiazine;
30 oxidizing {OX) said 3,7-di{dimethylamino)-10H-phenothiazine to give said
methylthioninium chleride (MTC); and
optionally purifying (PUR®) said methylthioninium chioride (MTC).

L. 4

35.
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28.

10

15

20

25

30

35

29. 10 30. 15 31. 20 32. 25 30 33.
WO 2008/007074 PCT/GB2007/002570
28. A method according to any one of claims 16 to 27, wherein said acylating (AC1)

29.

30.

31.

32.

33.

step is by reaction with one or more acylating reagents, under acylating step
conditions, wherein said one or more acylating reagents include acetic anhydride
(CH;CQ),0.

A method according fo any one of claims 16 to 27, wherein said acylating (AC1)
step is by reaction with one or more acylating reagents, under acylating step
conditions, wherein said one or more acylating reagents inciude acetic anhydride
(CH,C0),0, and said acylating step conditions inciude the presence of pyridine or
N,N-diisopropylethylamine.

* %k %

A method according to any one of claims 22 to 29, wherein, if a reducing (RED)

.. step is recited, it is by reaction with one or more reducing reagents, under

reducing step conditions, wherein said one or more reducing reagents include
sodium borohydride (NaBH,).

A method according to any one of claims 22 to 29, wherein, if a reducing (RED)
step is recited, it is by reaction with one or more reducing reagents, under
reducing step conditions, wherein said one or more reducing reagents include
methylhydrazine (MeNHNH,).

A method according to any one of claims 22 to 29, wherein, if a reducing (RED)
step is recited, it is by reaction with one or more reducing reagents, under
reducing step conditions, wherein said one or more reducing reagents include
hydrazine (NH.NH,) and/or hydrazine hydrate {NH.NH,.H,0).

f
* % %k

A method according to any one of claims 22 to 32, wherein, if an optional purifying
(PUREAY step is recited, it is included in the method.

A method according to any one of claims 22 io 33, wherein said optional purifying

(PURREPACY sten, if included in the method, comprises precipitation to form a
precipitate, followed by collection of sald precipitate.
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34. 35 A nmet hod according to any one of clains 16 to 27, wherein said
acylating (Ad) step is by reaction with one or nore acylating reagents,
under acylating step conditions, wherein said one or nore acylating

reagents wasiesif;égeti c anhydride (CH3C0)20. A net hod }a((s;/gr di n‘g) 1o any one
of clainms 16 to 27, wherein said acylating (ACl) step 1 92193 éton with

one or nore acylatlng reagents, under acylating step conditions, wherein
said one or nore acylating reagents include acetic anhydride (CH300) 20,
and said acylating step conditions i nclude the presence of pyridine or

N, N-di i s33pr opymethby heddtdiRy to'any one 6f dRINE2¢ t@§§%rghtﬂgs§|@o€t% P&ﬁ f cl ai ms
22 to 29, V\/n .Ad1 { B’ t

W th one or ?‘é‘“?e‘é |t ity W] SBrThet peeciieione dma ane.
wher ei n sai d PHfPitgle. H{B%? rté’ eqhign Pé%ﬁj%ﬁrteglpifaﬁdeeg@w@ﬁhnb@piﬁwr| de

(NaBH4) . A mbrasipitatecoeodinoge tircesany one of clains 22 to 29, wherein, if a
reduding (RED) step is recited, it is by reaction with one or nore

reduci nggsr eag&hitfod é«%gﬁiﬁn EAHe LAY NS wherel n said one or
nor e reduci ng%wg,@g@g)%?p e‘pEm?p%dﬂ?h@@nq%od 115%8" M@ﬁ A Ryvingd

according to KPVEPriseR, or fyrther EaraRriseng ( RED) st ep
is recited, racrystallisptianeacti on with one or nore reducing reagents, under
reduci ng step conditions, wherein said one or nore redu0|ng reagents

i nclyde akydr e H2 H2. H20) . A net hod
accor di ng toﬁ%ﬁi%zc%%gm 0% é'géomﬁgébﬁsé]m '%'Wa %9 onal purifying
A met hod acc& ng t i e81’“ %‘FQ’%C@EOWWB&% OFWT@PéFQWI%f&iE%I opt i onal
purifying (plrimehiawtyachyaied charcdahcl uded in the nethod, conprises
precipitation to forma precipitate, followed by collection of said
precipitate. WD 2008/ 007074PCT/ GB20@¥/ 002570 35. A nethod according to
anyqpne of claims 22 to 33, wherein said optional purifying (puRsso-Acl)
step, E i ncI uded in the nethod, conprises precipitation to forma

preci pi tat e, At IQS’\/@GOTHW‘QG%F“%%W drelains $40 10, phisbinpatiet eomfristd awed by

washi ng of s@a%ttlpﬂb&wmngmps dmerder. nore tinmes. 5

converting {CON) a comresponding acylated upstream precursor of a
corresponding acylated reagent compound (AUPARC) to said acylated reagent
20 compound (ARCY);
purifying (PUR) said acylated reagent compound (ARC);
deacylating (DAC) said acylated reagent compound (ARC) to give a
corresponding deacylated compound,
optionally purifying (PURP") said deacylated compound:
25 oxidizing (OX) said deacylated compound to give said
diaminophenothiazinium compound: and

optionally purifying (PUR) said diaminophenothiazinium compound
(DAPTC).

30 39 A method according to any one of claims 1 to 10, which method comprises at
least the following steps, in order:
converting (CON) a corresponding acylated upstream precursor of a
corresponding acylated reagent compound (AUPARC) to said acylated reagent
compound (ARC), wherein said acylated upstream precursor (AUPARC) is a
35 compound of the following formuta, wherein R is independently saturated
aliphatic Cysalkyl, phenyl, p-methoxyphenyl, or p-nitropheny!:
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36. A nethod according to any one of clains 22 to 35, wherein said
optional purifying (puRsso-Acl) step, if included in the nethod,
conprises, or further conprises, recrystallisation. 10 37. A nmet hod
accor di nggrt 0, @?% one of clainms 22 to 36, wherein said purifying
(puRsED- APPYHERH™ it included in the method, conprisdCT/GRIEHIRTIR
conprises, treatnent with activated charcoal. * * * 15 38. A net hod
according to any one of clainmns 1 to 10, which nmethod conprises at |east
the follow ng steps, in order: converting (CON) a
correspondi ng acyl ated upstreamiirgcursor of a correspondi ng acyl ated

reagent conpound (AUPARC) to sai dg%b\%@t gd reagent 20conpound (ARC);
en
o] ¥
0

purifying (PUR) said acylated re cdipound (ARC) ; deacyl ati ng
(DAC) said acyl ated reagent co N(ARL) to give a corresponding
deacyl at ed conpound; pt I ly purifying (PURDAG ") said
deacyl at ed conpound; 25oxi dbg‘l\i 3 fgacyl ated conpound to give
sai d di am nophenot hi azi ni um conpound; and * optionally purifying
(PUR') sai d #idaupeieip saif geylatedirenoem eanmpeth (ARDART @mpamdadthe net hod
accor di ng t dofobowingivemaé: clains 1 to 10, which nethod conprises at |east
the followi ng steps, in order: g converting (CON) a corresponding
acyl at ed upstream precursor of a_gor pandi ng acyl ated reagent conpound
(AUPARC) to said acyl ated reagenf{ co thd (ARC), wherein said acyl ated
upstream precursor (AUPARC) is d of the follow ng formul a,
wherein Rl is i ndependentlJ(ryA sat hat |4, C1_5al kyl , phenyl,
p- met hoxyphenyl , or p-nitroph 76 KL ~and wherein said acyl at ed
reagent conpound (ARC) is a |e,«gpound of thelfwllowing fornula: purifying
(PURb) sai d acyl ated reagent npound ( ARC); R

purifying (PUR) said acylated reagent compound (ARC);

deacylating (DAC) said acylated reagent compound (ARC) to give a

corresponding deacylated compound of the following formula;

RB . RT
| /@Nb\
RTNA SNA
\T s r[\[/R
R RSNB

7NE

optionally purifying (PUR™ %) said deacylated compound:;
10 oxidizing (OX) said deacylated compound to give said
diaminophenothiazinium compound (DAPTC); and

optionally purifying (PUR) said diaminophenothiazinium compound
~ (DAPTC),

15 40. A method according to claim 39, wherein R' is independently saturated aliphatic
Cr.salkyl.

41, A method according to claim 39, wherein R s independently -Me, -Et, -nPr,
-nBu, or -nPe.
20
42. A method according to claim 39, wherein R* is independently -Me.
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deacyl ating (DAC) said acylated reagent conpound (ARC) to give a

correspondi ng deacyl ated conpound of the follow ng formula: ROR S

optionally purifying (PURDAc'd") said dea_cél gjt g(rjri ﬁggﬁgﬁg?hi i umoélo(rjrlpglugg
[ d conmpound to give sai i

ESX?DT?:?I dqﬁgﬁﬁé’/&%ﬁ opt imc))nal |y pu?i fying (PUR") said FCT/GB2007002570

di am nophenot hi azi ni um conpound (DAPTC). A method according to claim 39,

wherein Rl is independently saturated aliphatic A nethod according to -

claim 39, wherein R is independently -Me, -Et, -nPr, - nBu or -nPe. A

WO
28827’80?%%2%’?& ki ’g §'{§? GEH ol SSBEISL Y 1 O
synt hesi s andJF8V ﬁ'?‘i“\‘"f’(? f‘ i C)rrﬂ’gﬁ Fﬁﬁ%‘rﬁ%?ﬂ?ﬁscﬁﬁl%ﬁﬂbéfq"ww whi ch
net hod conpr PigRs iperdereast the fol l owing steps, in order: converting (CON)
3,7-dinitro-10- acettnydarfn@@{mha”&Zllnﬂﬁ:—'tmacetyl—phenothlazme to q
53, 75di (di ne@hyd.@méa@)an%pome;o\é{w-ﬁm geine;  purifying (PUR) sai
3, 7-di (di met hyl a P 2| ne, deacyl ating (DAC) sai
3, 7- di (di net hyl a%ﬁ@%nglg’“g‘gé?'él?’ ‘F'@I?IB? tytampinqly1 §-aeelyhphenothiazine;
3, 7-di (di net hyl anfsseyletingPpRbRi¢ ﬁﬁatiidneethylammo) 10-acetyl-phenothiagid tonal | y
purifying (PURDAGCHIGimetiytandnd)-1diH-shemeihRiginani no) - 100 10phenot hi azi ne;

oxi di zi ng (OX) sadﬁao,‘?a"ypg,n, e ﬁwsgﬂ)gﬁgﬁuﬂgﬁﬁg&mﬁ%bﬂe to give said
BB

met byl t hi oni opti oDaIIy

pur F?(yl ng ( saln ' rret hyl t hi_ oni ni um chl ori de (MIC). 15* * 44. A

met hod accor di ng Q"Eﬁi‘zé[}ﬁ’)/(oeﬁ}uéaléﬁ Tetidimethylamino) 00H-phensthiavine o givecsaiar | ses at
methylthioninium chloride (MTC); and

optionally purifying (PUR®) said methylthioninium chioride (MTC).

15 * R w

44, A method according to anj/ one of claims 1 to 10, which method comprises at
least the following steps, in order:
acylating (AC2) a corresponding non-acylated upstream precursor of a
20 corresponding acylated reagent compound (NAUPARC) to give said acylated
upstream precursor of said acylated reagent compound (AUPARCY;
optionally purifying (PUR"®*CN) gaid acylated upstream precursor
(AUPARC);
converting (CON} said acylated upstream precursor (AUPARC) to said
25 acylated reagent compound (ARC);
purifying (PUR) said acylated reagent compound (ARC);
deacylating (DAC) said acylated reagent compound (ARC) to give a
corresponding deacylated compound;
optionally purifying (PUR™%%%) said deacylated compound:
30 oxidizing (OX) said deacylated compound to give said
diaminophenothiazinium eompeund: and
optionally purifying (PUR®®) said diaminophenothiazinium compound
(DAPTC).
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| east the following steps, in order: acylating (AC2) a
correspondi ng non-acyl ated upstream precursor of a 20correspondi ng

acyl at ed reagent conpound (NAUPARC) to give said acyl ated upstream
precursor_ af i cyl ated reagent conpound (AUPARC); optionall urifying
( PURAC2- 20@%3 7@ acyl at ed upstream precursor (AUPARE/GE2007/00 70
converting (CON) said acyl ated upstream precursor (AUPARC) to said

25acyl at ed reagent conmpound (ARC); purifying (PUR) said acyl ated reagent

conpound (ARC)' deacyl ating (DAC) sai d acyl ated reagent conpound
(ARC) t Ve a.cqrrespon a C u optionally
pur i fyl%g Iﬁﬁﬁﬁm‘?g cog@ﬁ% oa% ('i'% f éaﬁl ﬂ% @nﬁﬁlc@@g)ﬁoglc?WRdse(sa}() sai d
deacyl at ed d B@feliowinggiiers. E‘eﬁr 'di am nophenot hi azi ni um conpound; and

optional |y puri f \cyigingRER?) a sarrebpdnding narpastatddhimsirear pracosopafend ( DAPTC) .

V\iD _20982 0?7%8%n%ﬁggﬁét@@?%@nt &%pﬁuﬁ@iﬂmﬂ’ﬂmqg glvfgiatlﬁ%cﬁé‘ﬂéd 0"["3 of

cl ai o] es a o] steps, in
or def{rs ups%eatp grt'ecHrs @f\%ﬁeﬁem Eéld d‘loﬁ%é\%l%t% ggt gﬂec%sc%rr eam
precursor of Né“@&ﬁﬁé%?ﬂﬂ“ﬂ?@'” efhafamuleagent corrpound (NAUPARC) to give
sai d acyl ated 5Supstream precursor® (AUPARC), wherein said non-acyl ated
upstream precursor (NAUPARC) is ccﬂrpo nd of the formula:

O,N s NO,

and wherein said acylated upstream precursor (AUPARC) is a compound of the
following formuta, wherein R' is independently saturated aliphatic Cy.salkyl,
10 phenyl, p-methoxyphenyl, or p-nitropheny!:

10

R
=S \(o .

O,N S NO

optionally purifying (PUR**°™) said acylated upstream precursor
(AUPARC);
converting (CON) said acyiated upstream precursor (AUPARC) to said
15 acylated reagent compound (ARC), wherein said acylated reagent compound

(ARC) is & compound of the following formula:
10

ﬁ ﬁ 3NA
TNB BNB

purifying (PUR) said acylated reagent compound (ARC);
deacylating (DAC) said acylated reagent compound (ARC) to give a
20 cotresponding deacylated compound of the foliowing formula:

/@ j\ 3NA
TNB 3NB

optionally purlfylng (PURPA®0Xy gaid deacylated compound:
oxidizing (OX) said deacylated compound to give said
diaminophenethiazinium compound: and
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[ [ AUPARC) is a
2NSNCG2 and wherein said acyl ated upstream precursor (
Sgrrgound of the following formula, wherein Rl is independently _saft ur at ed
al i phatic G zal kyl, 10phenyl, p-nethoxyphenyl, or p-nitrophenyl: io RO0 R

' NOZy ' I urifying (PURAcC2 -coN) said acylated upstream
pregﬁrNgor (‘gﬂgiggﬁc iy P converting (CON) sai f%??’&?@@zﬁﬁstream

precursor (AUPARC) to said l1l5acyl ated reagent conmpound (ARC), wherein said

[ i | a:
ent conmpound (ARC) is a conpound of the follow ng formnu .
%‘%l gtged e rTBurifyi(ng (PUR) said acyl ated reagent conpound (ARC);

: i COl ARC) to give a
deacyl ating (DAC) oghsllyasithEGURRASN 4iGRNRHLAd (AR Sptynd
20co¥respondiﬁgp-g®acyl ated conpound of tﬁgﬂ?éﬂél own "%’%P ! C di i 0
optionally purifyi'ng (PURDAc-cl x) said deacyl ated conpound; oxidi zing (

sai d deacyl ated conmpound to give said di am nophenot hi azi ni um conpound; and
A method according to claim 45, wherein R" is independently saturated aliphatic

5 C1_salkyi.

47. A method according to claim 45, wherein R* is independently -Me, -Et, -nPr,
-nBu, or -nPe.

10 48. A method according to claim 45, wherein R" is independently -Me.

49. A method according to claim 1, for the synthesis and/or purification of
methyithioninium chioride (MTC), which which method comprises at least the
following steps, in order:

15 acylating (AC2) 3,7-dinitro-10H-phenothiazine to give 3,7-dinitro-10-acetyl-
phenothiazine;
optionally purifying (PURA*%%M) sajid 3, 7-dinitro-1 O-acetyl-phenothiazine;
converting (CON) said 3,7-dinitro-10-acetyl-phenothiazine to
3,7-di(dimethylamino)-10-acetyl-phenothiazine:
20 purifying (PURY) said 3,7-di{dimethylamino)-1 O-acetyl-phenothiazine;
deacylating (DAC) said 3,7-di(dimethylamino)-1 O-acetyl-phenothiazine to
give 3,7-di(dimethyiamino)-10H-phenothiazine;
optionally purifying (PUR™“%)} said 3, 7-di(dimethylamino)-10H-
phenothiazine;
25 oxidizing (OX) said 3,7-di(dimethylamino)-10H-phenothiazine to give said
methylthioninium chloride (MTC); and
optionally purifying (PUR®) said methylfthioninium chloride (MTC).

* & &

30
30. A methoed according to any one of claims 38 to 49, wherein said converting (CON)
step comprises (i} a nitro reduction step and (i) a subsequent amino alkylation
step.

36  51. A method according to claim 50, wherein said nitro reduction step is by reaction
with palfadium and hydrogen.

52. A methed according to claim 38 to 5 1, wherein said amino alkylation step is by

reaction with sedium cyano borohydride and paraformaldehyde.
40
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WD 2008/ 007074PCT/ GB2007/ 002570 optionally purifying (PUR') said

di am nophenot hi azi ni um conpound ( DAPTC). 46. A nethod according to

claima45, wherein Rl is independently saturated aliphatic 5 47. A method

according_to claima45, wherein Rl is independently -Me, -Et, -nPr, -nBu,

or -nPe. Y& A&R%&t hod according to claim 45, wherei PGUCB20TdFpendent | y

-Me. 49. A nethod according to claim1, for the synthesis and/or

purification of nethylthioniniumchloride (MIC), which which nethod

conprises at |east the follow ng steps, in order: 15acylating (AC2)

3, 7-di ni tro- 10H phenot hi azine to giye, 3, 7-dinitro-10-acetyl -

phenot hi azi ne; optionally purifying (PURAC2-en said

3, 7-dinitro-10-acetyl - phenot hi azi ne; converting (CON) said

g, ;- gl ?gﬁr OE ﬁﬁmﬁo?l‘g@ﬁefahj{ 8aé Brecldifs 44 to 52, wherein, if_a]p acylatin fj% Y q
, 7-di (di me = Rk : ifyin sai

3, 7-gi (di met gg%men% '10-@52%%%%@%E’:'ﬁéﬂf%g?la‘%’%pfg‘["ge%%é@?;ati ng (DAC)

sai d°3, 7- di (APHELHY ,ﬁ%‘?‘e%- ENFAId.00E Qb RISV IRling FRagpyie include

3, 7- di (di nmet AsAliagnkeyida SHHSKB hi azi ne; optional Iy purifying

(PURDAC") said 3, 7-di (di met hyl am no) - 10Hphenot hi azi ne; 25oxi di zi ng (OX)

sai d 3, p4di (AinvEptdaydcasm ; D A7 Y 1.4, et t hi oni ni um

chl oride (M, bisﬁggteggg}ﬁ %%ﬁgbﬁg?g% E\{rﬁéﬁg%d& e?rg!% gaﬁn%f" ﬂ@tWﬁ‘%ﬁl ni um

chl ?%de ( - 155 B §°9CtRR HR BN IBITE RRGANG TaAgPEMANGT clains 38 to

49, "hher ei n 8X18HE 8ig eprdiiinns(WimppinSeidFne onppiesanylafing reagents inpludeduct i on

step and ( H)atic aiweiue(@HO0)5Mm anb kyib atylatmgsteptondfidis ifcli® fhed accor di ng

to claim 50,pr\é&@fo@ioﬂpﬁiair{éd}iﬂ,mii&%%khﬁ!&nmeep is by reaction 4052. A

met hod according to claim38 to 51, wherein said am no al kyl ation step is
by reaction with sodi umcyano borohydride and paraf or mal dehyde.

15 :
55. A method according to any one of claims 44 to 54, wherein, if an optional purifying
(PURACZCON) step is recited, it is included in the method.

96. A method according o any one of claims 44 to 55, wherein said purifying
20 (PURA®#C%N) step, if included in the method, comprises precipitation to form a
precipitate, followed by collection of said precipitate.

§7. A method according to any one of claims 44 to 55, wherein said purifying
(PURACON) step, if included in the method, comprises precipitation to form a
25 precipitate, followed by collection of said precipitate, followed by washing of said
precipitate one or more times.

58. A method according to any one of claims 44 to 57, wherein said purifying
(PURA*S%™) step, if included in the method, comprises, or further comprises,
30 recrystallisation.

59. A method according to any one of claims 44 to 58, wherein said purifying
(PURAZCO) step, if included in the methad, comprises, or further comprises,
treatment with activated charcoal,

35

* J %

60. A method according to any one of claims 1 to 59 wherein said purifying (PUR)
step comprises precipitation to form a precipitate, followed by collection of said
4G precipitate.
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*** A method according to any one of clains 44 to 52, wherein, if an
acylating (AC2) step is recited, it is by reaction wth one or nore
acyl ating reagents, under acylating step conditions, wherein said one or

nore acyl @Jdﬂ)g rgaﬂents i ncl ude acetic anhydride (CH3C0)20. A nethod
according to W‘b e of clains 44 to 52, wherein, if RCHCHIATPAFO( AC2)

step is recited, it is by reaction with one or nore acylating reagents,
under acylating step conditions, wherein said one or nore acylating
reagents include acetic anhydride (CH3C0)20, and said acylating step
conditions include the presence of pyridine or N, N-diisopropylethylam ne.
* ** A nethod according to any one of clains 44 to 54, wherein, if an
opt i onal®pur AFYetAee agsamingrio @pipne plglrimg 1ite 69, tvéwgrein said puiifpioy (R4R) i n t he
met hod. A nestepdompdsss irenipitatioratoyforene pakipRata) fofowdd by @ofidztioybrayafi N sai d
puri fying (pyRERateBlovdeR washing B¢ 5416 B ﬂatglaﬁe HPIII‘IPI% imee0TPM | S€Ss.
precigpitation to forma precipitate, follgvved y collection of said

preci pitate. A nmethod according to any one of clains 44 to 55, wherein
sai d purssf yi AdNeRerRascodingNy agy e of daifna d it &b avhierein #aid perifyioal (PURINDr i ses
preci pi t at i optep gomprisesaorfurtiar pomptises, reodybialiesdiony col | ection of said
precipitate, followed by washing of said precipitate one or nore tines. A

met hod ggcor g c;oo' : f clalns 4 RAc2-coN) step, . if. included in
t he et hod, rﬂe"(q:@hst% Prl)élsngg :Sgﬁy mi? ‘?fectla}‘l'gﬁé}é‘%ggryv&ﬁeﬁ{‘ ?%g B'r‘fﬂfy'&@:l&?) claims 44
( pURAC2- CON) S1EP SRTPisEs; o dyrthes gompriserdrantimers with petivgtasdeaharopgl h act i vat ed
charcoal. * * * A nethod according to any one of clains 1 to 59 wherein
said purifying (PUR) step conprises+precipitation to forma precipitate,
foll owed by collection of said precipitate. 61. S 62. 63. 10
64. A method according to any one of claims 1 to 63, wherein said deacylation (DAC)
15 step is by reaction with one or more deacylating reagents, under deacylating step
conditions, wherein said one or more deacylating reagents include a Bronsted
acid.

65. A method according to any one of claims 1 to 63, wherein said deacylation {DAC)

20 . step is by reaction with one or more deacylating reagents, under deacylating step
conditions, wherein said one or more deacyiating reagents include hydrochloric
acid.

L

25

66. A method according to any one of claims 1 to 65, wherein said optional purifying
(PURPA™% sten is included in the method.

67. A methed according to any one of claims 1 to 66, wherein said optional purifying
30 (PURPA®) step, if included in the method, comprises precipitation o form a
precipitate, followed by eollection of said precipitate.

88. A method according to any one of claims 1 to 66, wherein said optional purifying
(PURPA“) step, if included in the methad, comprises precipitation to form a
35 precipitate, followed by collection of said precipitate, followed by washing of said
precipitate one or more times.

69. A method according fo any one of claims 1 to 68, wherein said optional purifying

(PURPA®) step, if included in the method, comprises, or further comprises,
40 recrystallisation.

114



64. 15

10

15

20

25

30

35

20 25  66. 67. 30 68. 35 69

WO 2008/667074 PCT/GB2007/002570

70.

71.

72.

73.

74.

75.

76.

77.

78.

A method according to any one of claims 1 to 69, wherein said optional purifying
(PURP*®%X) step, if included in the method, comprises, or further comprises,
treatment with activated charcoal.

LA

A method according to any one of claims 1 to 70, wherein said oxidizing (OX) step
is by reaction with one or more oxidizing reagents, under oxidizing step '
conditions, wherein said one or more oxidizing reagents include a Lewis acid.

A method according o any one of claims 1 to 70, wherein said oxidizing (OX) step
is by reaction with one or more oxidizing reagents, under oxidizing step
conditions, wherein said one or more oxidizing reagents include FeCl,.

A method according to any one of claims 1 to 70, wherein said oxidizing (OX) step
is by reaction with one or more oxidizing reagents, under oxidizing step
conditions, wherein said one or more oxidizing reagents include a nitrite.

A method according to any one of claims 1 to 70, wherein said oxidizing (OX) step
Is by reaction with one or more oxidizing reagents, under oxidizing step
conditions, wherein said one or more oxidizing reagents include a C,alkyl nitrite.

A method according to any one of claims 1 fo 70, wherein said oxidizing (OX) step
is by reaction with one or more oxidizing reagents, under oxidizing step
conditions, wherein said ohe or more oxidizing reagents include an Amberlite
resinl. R, 120.

A method according to any one of claims 1 fo 75, wherein said oxidizing step
conditions include a reaction temperature of about 1-10°C.,

A method according to any one of claims 1 to 75, wherein said oxidizing step
conditions include a reaction temperature of about 1-5°C.

ok

A method according to any one of claims 1 to 77, wherein said optional purifying
(PUR) step is included in the method.
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40 A nmet hod according to any one of clains 1 to 59, wherein said
purifying (PUR) step conprises precipitation to forma precipitate,
foll owed by collection of said precipitate, foll owed by washing of said
precipitate one or nore times. A nethod according to any one of clains 1
to 61, wherein said purifying (PUR) step conprises, or further conprises,
recrystal ¥9.sat A atethod avebhihay mearyratierng clanahyo 68eviereinlsaidrptionalo 62,

wherein said
treatment w tpﬂ’”“‘i o (EUR PY Rleo? %%F'”Q@W 8 Fain CBH*P*'Q%P@%S‘@%*E’EE% one of
claims 1 to 63OM\AEFH aé%.fa

a)ﬂCgP?C&'ﬁn(oiBﬁ@jj Piey'Y %’s by reaction with
one or nore deacyl ating reagents, under deacylating step conditions,

wher ei n sgj d OAﬁﬁleg{omcsrdﬂega@vA@tdna%f &:smgsemcsm rwe%ts sBidBuAREied acid. A
met hod accor di ald deacyl ati on

(DAC) step is (E??R%g)a%?gdﬁnﬁh“gﬁd B’r@e Hleﬂ??ﬁir 80'88'3 e?"lpé??ﬂ'gau%éogé’ﬁrpsa under
deacyl ating strepcipitaielifolawes! bysnieetion of spid rseepitate. fellaweddyyashing reagent s
i ncl ude hydr ocPpregipiste bne’or’mdre im@BL hod according to any one of clains 1
to 65, wherein said optional purifying (PURDAc-") step is included in the
met hod. A nethod according to any one of clains 1 to 66, wherein said

opti onal . §uri ft'yme@o@mmnqtom;smepf claims 1,&80.iwhereie Sﬁgtﬂﬁ'ﬂﬁ"ngcorrprl ses
preci pitation (PURP@rsmam ifinelatéed inabemeftaid, ovvaprides, southet domprieés,sai d
precipitate. EFﬁl; %j cording to any one of clains 1 to 66, wherein said
optional purifyi @ Ac-") step, if included in the nethod, conpri ses
precipitation to forma precipitate, followed by collection of sai d
precipitate, followed by washing of 8a*d precipitate one or nore tines. A
met hod according to any one of clains 1 to 68, wherein sai d opti onal

puri fying ( PURDAC-" ep, uded in the %?
furt her %@rrpri%@gt‘p ﬂ/%f'ﬁ‘PP'i' ’W'Um\@%@rﬁg OIETBER] 00 002570 70.
A nmet hod according to y one of cI ai s 1 to 69 wherein said optional
purifying (PURDAc'") stiep, if i ¢l uded Rh the nethod, conprises, or -
further conprises, tregtnent w n i vated charicoal. 5 71. A nethod
according to any one of| cl ai erei n sak Goxi di zi ng (OX) step
is by reaction with ong ROV eag"%h s, under oxidizing step
10condi ti ons, wherein said e or re OXI zi ng| reagents include a Lew s
acid. 72. A nmethod accgrdi ngg®0 any one of gTai 1 to 70, wherein said
oxi di zing (0X) step
wherein: _
each of R" and R® is independently selected from: -H; Cy_alkyl;
C..salkenyl; and halogenated Cqalkyi;
each of R*™™ and R*® is independently selected from: Cyaalkyl;
- Cy4alkenyl; and halogenated C,4alkyl;
each of R™* and R™® is independently selected from: Cq_alkyl;
C..4alkenyl; and halogenated C,.salkyl; and
X is one or more anionic counter ions to achieve electrlcal neutrality;

that is obtainbale by a method according to any one of claims 1 to 81 and that

is characterised by:
a purity of greater than 98%;
less than 1% Azure B as impurity;
less than 0.15% Azure A as impurity;
less than 0.15% Azure C as impurity; and
less than 0.05% MVB as impurity.
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is by reaction with one or nore oxidizing reagents, under oxidizing step
conditions,- wherein said one or nore oxidizing reagents include FeCl 3. 73.
A nmet hod according to any one of clainms 1 to 70, wherein said oxidizing
(0OX) step is by reaction with one or nore oxidizing reagents, under
oxi di zing step conditions, wherein said one or nore oxidizing reaqents

i ncl ude 28%i t rA high pRoty tiaminephénathiazisivmasompound ahihedaliowing formpiadhatt o 70,
wherein said qxbfiafiaB@, (Y4 niiesd ddcokling ©amliods oftibimeon® ®1: nore oxi di zi ng
reagents, under oxidizing step conditions, wherein said one or nore
oxi di zi ng reagents incliude a 01., 7ajkyl nitrite.| 75. A nethod according to
any one of clainms 1 to|70, whe “sa P\b idizing (OX) step 25is by
reaction with one or I g1eXi g g, r gagent s,maindeg(Oxi di zing step

condi tions, wherein saild oné¥or oxi'di zZ¥ng rjeagents include an
Amberlite resin I. R 120. 6 A hod acg@sding to any one of clainms 1

to 75, wherein said oxitdi zi nge step 30conditions—include a reaction

t enper at ure of t. A . \ met hod according to any one of clains 1
to 75, wherei ﬁ‘?’?ﬁﬁ a%é?%?c%eﬁég%?@p conditions include a reaction
tenperature of aboutPuisef grggierthan 98361 A et hod according to any one of
clains 1 to 77, whdessithas abdAeyreiBasimpuity;f yi ng (PUR') step is included in

the method. 79. A gmthodoaceondiiad hoirliene of clains 1 to 78, wherein
said optional purif ' it 1 d in the nmethod, conprises

ing (PU step. Lt _inglud
precipitation to fd%/ﬁﬁtga Pegobi‘\?'a\rteec? a?BT'ﬁ"E&XE&“ﬁy col l ection of said _
precipitate. 80. A lesstthanl 05 MVEhgs impugity one of clains 1 to 78, wherein
said purifying (PUR') step, if included in the nethod, conprises
precipitation to forma precipitate, followed by collection of said
precipitate, followed by washing of said precipitate one or nore tines.
81. A nethod according to any one of clains Ito 80, wherein said purifying
(PUR") step, if included in the nmethod, conprises, or further conprises,
recrystallisation. 82. A high purity di am nophenot hi azi ni um conpound of
the followng fornmula: RTNA\r3RNA r'r
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|  7NB3NB.R wher ei n: each of RL and RO is independently sel ect ed

from -H, Cl.4alkyl; C24al kenyl; and hal ogenated Cl4al kyl ; each of
R3NA and R3N8 is independently selected from Cmal kyl; C2_4al kenyl; and
hal ogenated G -sal kyl ; each of R7NA and R7NB i s independently

sel ected from Cl4al kyl; C24al kenyl; and hal ogenated Cl4al kyl; and.
X i's one & noA highpiurtyi dianinopheothiazisiutnoccnutued a@cedrdiog i claim B20t B3l i ty;

- that i's obtai nhajy %,—R%rgggrgﬁg(yg%ng to any one of claims 1 to 81 and

that is characterise a purity of greater than 98% | ess than 1% Azure
B as inpurity; less than 0.15% Azure A as inpurity; less than 0.15% Azure
C as i npus.t y;A higl pustysiiarhianpl@:redsiazinBmesonipgeind aegording 3o plajm 88 op8d.i t v

di am nophenot h{aa,g.jgrg ng’@}gg@gtr@h gdwfollowing fornmula that is
obt ai nabl e, by a frethod according to any one of clains 1 to 81. M, , NMe

MeMe and that is characterised by: a purity of greater than 98% _|ess than
1% Azur e 88.as A highputity:didraingphenpthiazinigm, grpasnd ageording e Flaim 82 8683+ han
0.15% Azure C ring@Urit) of greadr tresodiémen 0. 05% MVB as inpurity.

87. A high purity diaminophénothiazinium compound according to claim 82 or 83,
having a purity of greater than 99.7%.

88. A diaminophenothiazinium compound according to claim 82 or 87, having a
purity of greater than 0.5 % Azure B as impurity.
- 89. A high purity diaminophenothiazinium compound according to any one of
claims 82 to 88, having less than 0.10% Azure A as impurity.
80. A high purity diaminophenothiazinium compound according to any one of

claims 82 to 88, having less than 0.05% Azure A as impurity.

91. A high purity diaminophenothiazinium compound according to any one of
claims 82 to 90, having less than 0.10% Azure C as impurity.
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84. A high purity di am nophenot hi azi ni um conpound according to claim82 or
83, having a purity of greater than 99% 85. A high purity

di am nophenot hi azi ni um conpound according to claim82 or 83, having a
purity of greater than 99.5% 86. A high purity di am nophenothi azi ni um
conpound according to claim82 or 83, having a purity of greater than:
99.6% 8792.A hh blghpwrityt giamirephershierioiuli comprunthageergbarielaaxens 6f ng to
claim82 or 83ahAWNE 9B, RAHind Ks8 thai RESBIAZARAD a8npifity.88. A

di am nophenot hi azi ni um conpound according to claim82 or 87, having a
purity of greater than 0.5 % Azure B as inpurity. 89. A high purity

di ami nophehot hA bighrpurity diampeghenciitiegnigmeproreuad acesrdingfto amapisoB2 t o 88,
havi ng | ess t hagim@. sb0¥00Az HaBnd\eas tHamo2% WV 8s infpuritgh purity

di am nophenot hi azi ni um conpound according to any one of clains 82 to 88,
-having less than 0.05% Azure A as inpurity. 91. A high purity

di am nophenot hi azi ni um conpound according to any one of clainms 82 to 90,
havi ng | ests t hanigh.plafe ddmireple@shiazpium ¢ompouda acdortinglto poy oneyof

di am nophenot hj.azi i nd accor di , : i 82 to 90,
i ng | ace t G Bl HERAGT SC oD Ly (s Hnol RN GG AlfE

ure"C as inpurity.

di am nophenot hi azi HFW“@B%SW%E‘HB&@"% to any one of claims 82 to 92,
havi ng | ess t han 0.iethkivB0agg/grdhuemium (B8%. A high purity
di am nophenot hi azi NbddinsRAPOHGE gF@y)g to any one of clains 82 to 93
havi ng: | ess than 1q%%gl/(\%PAl um nlumF QI ; less than I pg/g Cadm um (Cd); |ess
t han- 100pg/ g Chr omi e T Opgrg N E n 300pg/ g Copper (Cu); less than
10pg/ g Tin(Sn); | edesathan2200pgigni(Fex (Fe); |ess than 10pg/ g Manganese
(M); less than | pgést ﬂ}.{gﬁqug/g(mmg;ané%?wﬁ)ban' 10pg/ g Mol ybdenunm(Md); |ess
than 10pg/ g N ckel [‘éﬁl—\f“ X I1e Cht,lhralrjl (];,(Q'ﬁg g Lead (Pb); and |l ess than 100pg/g
~Zinc (Zn). 95. A hi aPi P§Fg Gl pHénot hi azi ni um conpound accordi ng to
any one of clains d&gsatbandOugigolybdenum(Mo);

less than 10ug/g Nickel (Ni);

less than 10ug/g Lead (Pb); and

less than 100ug/g Zinc (Zn).

95. A high purity diaminophenothiazinium compound according to any one of
claims 82 fo 93. '
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96. A pharmaceutical tablet or capsule conprising 20 to 300 ng of a

di am nophenot hi azi ni um conpound according to any one of clainms 82 to 95,
and a pharnmaceutically acceptable carrier, diluent, or excipient. 97. A
pharmaceutical tablet or capsule conprising 30 to 200 ng of a high purity
- di am nophenot hi azi ni um conpound according to any one of clains 82 to 95,
and a pharnaceutically acceptable carti®er, diluent, or excipient. * ** 98,

AI hi gh gggﬂtityQﬂllpﬁHInﬁEt@bﬁéHPHB!é%r%Héﬂlé?@@m%% @@mob g ok@ any one of
cl ai ns (0]

n.or.an ody by
Chor apy. 99 ATRTURPASIHG 284 porBR RN e Sinet® Goy SBRb ARITSEL B g t o
any one of cl a@’?ﬁ;a ggawcggthadjy aQ%@tﬁbiepﬁf@et rdélaﬁn’mftexgmlena t auopat hy; a
di sease of tau protein aggregation; Alzheinmer's disease (AD) Pl ck's

di sease; ogr r 0 I rrentl a
(FTD) . FT%’ E’ﬁ?%faﬁ?om 2%'!1%%2"85@'&%”(‘5%’}5‘3036 tﬁ’% ’Eﬁf i pu )

di si nhi bi t i on-4anEePheneihirziRkhtARPRHAFRACCRISHINg t@@ﬁbl"éﬁ of 2 to 95,

pal | i do- pont o-aridy phardageutaty botepldRNEirriedivenilLcs exyibidhone;

pal | i do-ni gro-| uysi an degener ati on (RNIJD) .cortico-basal degeneration
(CBD); m co ive ippai rrTF |(' ; skin cancer; nel anong,;

met henogl Bbi n Q PAITIYY; INORPERQIIgAN ug1 SRBRQUNA ACCOTRING P 189K ONG %r ot 0zoal
infection; a pdaimsié2itc 95foeuse orthemeiatment of theswaraal orlamirshirmay &gi s; Afri can
sl eepi ng si ckngsgpyt oxopl asnosi s; gi ardi asis; Chagas' disease; Hepati tis C
virus (HCV) infec | on; human i rrrrunodefi ciency virus (H V) i nfection; West
Nile virus (WNV) infection; a synucl einopathy; Parkinson's disease (PD)
denent i a % t h Agigh pbomc@ﬂmmmnotmzmium eoragasing mceending iy apivBng of

drug-induced piditk 8296 BS fr 1B iR SRR § tdudbhityCa (RARe ofkBQ- Use of a
o8 oo Y o R RCRRRRBBh S8 UMD STBOU A Bk S Bk AeBiga T 1 7L
a tauopat hy; aswwkﬁéf Bealsy AGSPY: drostrtemperal gamestia (AIDhETR@ds di sease
(AD); Pick's dﬂaﬁ&@ﬁlsnﬂiﬂ@ﬁ&ﬁ&hmc@d@f@mﬁm1ﬂa¢!|§iy’lhi@>!?§ﬁ)dementla-

17 CFTop- 17y PardRaRAnbsiny cohmiEMICy, BINEL BEMGAEE  Compl o
( DDPAC) ; paI | i9ggeRRIALQN (PP Gd@gbﬁh@éﬂ?@ﬁm@wn@?dh*v%ﬁ@ syndr oneg;

pal | i do- ni gr o-degyrssratiorc(@&Hrmy s edirtlombéﬁtlk:la)enamrml caaaid c@b}ameer ation
(CBD); mld cegpiitrhaf (M@Balsﬁiﬁ%ﬁﬁcérwﬂe)ano Iot;gr@?ﬁlﬁng

nmet henogl obi n ectl on; pr ot ozoal

A _
i nfection; ﬁ?%@ﬂt?ga?tﬁ?@d?f{eﬁwn Ff‘eﬂra‘ioF%g[ qu?gtpgrgpa[aé, @H’Ffﬁ?ﬁoé'sl s; - African
sl eepi ng si ckm@i@ﬂa visserp| lesirosingsisy iAlnainadgepngGickpess; tokapmsrwsist—lepati tis C

virus (HCV) 'gfa@&as@rchd@,umSéégéun@fsﬁtls% emsvma\f)we&dﬂnvhuﬂnaﬁectl on; Vst

et oy BLGELE Y OB BSRRL I i HORE) g2 (70

denmentia with
drug-i nduced p#tueainRpathyafatsinganisedisgaser(GF) c,demnltlameth(uembodml A met hod

of inactivati (OLE); paltipROSRIdM abroPMNMISA); drugvhéiliced paAPRSdridnGripars st eps of

i ntroducing a t t of a cornpound into the sanple, and
subsequent |y gx%hérﬁ%dcb%/ﬁe@ﬁgl e to light, wherein the conpound is a high

purity di am nophenot hi azi ni um conpound according to any one of clains 82
to 95. 10Q0.A et lbbd hyhqaurith digmirophieasthiakiym shrapeunt ddterdingial #nyidhea bl ood

or plasma sangf aims 82 to 95, for the manufacture of a medicament for use in the
treatment of. a tauopathy; a disease of tau protein aggregation; Alzheimer's
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101.

102,

infection; a parasitic infection; malaria; visceral leishmaniasis; African
sleeping sickness; toxoplasmosis; giardiasis; Chagas' disease; Hepatitis C
virus (HCV) infection; human immunodeficiency virus (HIV) infection; West -
Nile virus (WNV) infection; a synucieinopathy; Parkinson’s disease (PD);
dementia with Lewy bodies (DLB); multiple system atrophy (MSA); drug-
induced parkinsonism; or pure autonomic failure (PAF).

A method of inactivating a pathogen in a sample, in vitro, comprising the
steps of introducing an effective amount of a compound into the sample, and
subsequently exposing the sample to light, wherein the compound is a high
purity diaminophenothiazinium compound according fo any one of claims 82
to 95.

‘A method according to claim 101, wherein the sampie is a blood or plasma

sample.
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