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WO 2006/032879 PCT/GB2005/003634 -1 METHODS OF CHEMICAL
SYNTHESIS AND PURIFICATION OF DIAMINOPHENOTHIAZINIUM

COMPOQUNDS INCLUDING METHYLTHIONINIUM CHLOE;IDQE &I\{Iﬂ'{l"%ﬁgm
YREMRPESAPPLICATIONS This application is related to: Ul edPRMNG

Ingdom
patent application GB 0421234.6 filed 23 September 2004; United
Kingdom patent application GB 0503343.6 filed 17 February 2005;

Internafional, patent appligation ROHEEZR0R(QY S dilesricreptember
i2lnot(?]5e,i :F\é@i‘%ﬁ;ﬁun IDI\IE)'R% X QVﬂ C %m%gmﬁggrem by reference

CHNCAE FHEED T | enerally to
the field of cHYRHERINGME LIEIQNIN uuc?.,g%&%—ﬁ specifically

phenothiazin-5-ium comjpitinds-fe 849 BWaEein as
"diaminophenothiazinium compounds”) including Methythioninium
ThiShiprisii SV CI4als aoknonsy asniytetinyeteatBinpcarne BR4AIRGSHiioh
23 BISARBLAIBGD se sHieigtmiyicatonpBRINES 08B Eisitiafisebruary
2o TRLIR I DR £R S SRURSS: SO PRIIS BhoRIBB HARifileEe iBapethioal 2005, the
corg%as%‘é?gl?gf%%gﬂtﬁ%%éﬁf,&%@ﬁémm raedicakirertmentand

0sIs, etc., for example, for tauopathies, Alzheimer's disease (AD),

skin cancer, melanoma, viral dise ial diseases and protozoal
diseases. BACKGROUND e Ltﬁg 0 specification, including any
claims which follow, unless the context reF?guires otherwise thefwotllrg nd
Thicconspiiss peiirinoacaatHy KUBR Gld b AIBRLER SERT SRS HaIng " Will Be
mansdpestieiyterimplodroi pItiRIEBEA8tREE e FerBF S 8up of
phisERESe5-aiepsrinuds thief exedsiberein &y GamRPRREGH A2 or
coBEBR@Fjnienensy MRiapslepsiutBbsride TS thiae wwses Matilene Blue).
TrehgelisRIRRARA aRY poReRRMiiaiastitoe sirgplaty forms datsapmangitions
coniBBeiREiHgS Rlualdsiaserissimissaibereonisxicieatipdictatestivating
oafihCINISE, Thiis, J6L SARRLE: Felpreneare daghiisiace iicakearsierfor
ta '”Cgﬁeé MxtUres Qf 32 W0 R sych carigrormnd tediienRangesrial
ReGHEY express %%ereln K Hom about” one particular value, and/or to
d‘%ﬁt“““&rﬂﬁp RrBaTTEGTar value. When such a range is expressed,

another embodiment includes from the articular value and/or to the
other particular value. SimiIarI5,?—ﬁﬁ’}gﬁ—\1%%’2:@%P 40 are expressed as

approximations, by the use of the antecedent "about," it will be
Throughout this specification, including any claims which follow, uniess the context

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.

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

two or more such carriers, and the like.

Ranges are often expressed herein as from “about” one particular vatue, and/or to “about’
another particular value. When such arange is expressed, another embodiment includes
from the one particular value and/or fo the other particular value. Similarly, when vaiues
are expressad as approximations, by the use of the antecedent “about,” it will be
understood that the particular valus forms another embodiment.
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understood that the particular value forms another embodiment. W(c)
2006/032879 PCT/GB2005/003634 -2 Methvthioninium Chloride (MTC)
Ealso known as Methylene Blue Methythioninium Chloride (MTC&ézj\{lﬁglﬁm634
W Oé@?\%ethylene blue (MB); methylthionine chloride; PO )
tetramethylthionine chloride; 3,7-bis(dimethylamino) phenothiazin-5-ium
chloride; 5 C.l. Basic Blue 9; tetraméthylthionine chloride;
M 3,7-bis diecl)% phphenaza r%)i\%i ; réq;@yg gblue; C.1. 52015;
. Bitre8c S VIotet, is a low molecular
86), water soluble, tricyclic Qrganic compo of t lowing
iforaa D R TR BB SRR G DI gy Hes
chigivrresNeTiigexs wﬁas%mgﬁwmﬁmagu?@efma@%‘%'?ﬁ%&trov_%fri"”d&
C.IkRasimEi Ak tanat viiioning rblpoidehditRisimeEnyaB BebA aaERIoGH™
chieptigaspieatituef tiopPysical. byistizans Biedn anilreaiatel rastigigardiiee®) is
a IdRalRYiSaaagedor aTBsliatatr antiblES fivytiotomietoempmindpiEbmigliowing
forr§§@z for example, Colour Index (Vol. 4, 3rd edition, 1971) and Lillie at aL,
1979, and references cited therein. 20 MTC was first described in a
German Patent in 1877 (Badiche,fAnilip- and Soda-Fabrik, 1877). In that
patent, MTC was ynthesisze hy IN i?)n of dimethylaniline,
subsequent reduction to fo -1,4-diamifbbenzene, and
subsequent oxidativVécqupitng 1t Mgy ydrogen sulphide
(H2S) and iron(lll)chloride (PeSly). 25“Bernthsen described subsequent
studies of MTC ané meti§ds for its synthesis ?se Bernthsen, 1885a,
1885b, 1889). Fierz-David and Bfftgley, 1949, also describes methods for
the synthesis of MTC from 30 dimethylaniline, as illustrated in the
vdelianbngeenemerdéQNR06/032 87OWR GT IGEB0OBIRIOSH 34rhaps Hrormrstivel
known phenothiazine dye and redox indicator, has also been used as an optical probe of
biophysica!l systems, as an intercalator in nanoporous materials, as a redox mediator, and

in photoslectrochomic imaging.

See, for example, Colour Index (Vol. 4, 3rd edition, 1671) and Lillie et al., 1979, and
references cited therein.

MTC was first described in 2 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 A-diaminobenzene, and subseguent
oxidative coupling in the presence of hydrogen suiphide (H.S) and iron(li) chioride
{FeCls).

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

Fierz-David and Blangley, 1949, also describes methods for the synthesis of MTC from
dimethylaniline, as illustrated in the following scheme
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NH2 NO al~~ Me~N Me~N Me.N Me Me Me dimethylaniline

p-nitroso-dimethylaniline p-amino-dimethylaniline NH2 N~ ¢ d Me Me,N |

/S =Me(r) NS N O Me 503H Me SO(r) Me Thiosulfonic agj
W?ﬁl%)gﬁﬁ%%%i% acid of p-amino-dimethylaniline BindschedIeraxg:'#‘:(ejfef%r’{gézOIO\F”{RW\634

CIO Me N~\S M zZnCI2 L Me Me MTC 5 In step (a),

nitrosodimethylaniline is prepared 'f|%Fn dimethylaniline by treatment with

nitrite (NaNO2) in aqueous aci%é_#&:&slolution. In step (b), the nitroso

compound is reduced to form p-aminoginethylaniline in ag eoumgc_id
(HCI) soluti ing azinc dust sa 1. In steps (c), (d), & ¢), the
p-amipQdi nilnedsioxidized jraquesusacidisalutionwith 10

another Rolecule of dimethylﬁlniline, and simultaneougly a thiosulfonic
acid grodffis introduced; the"f’ﬁ‘ng is then closed using ' manganese dioxide
or copper. sulfate. More §r&?o%i£iﬁﬂllé{h Glear neutr@gﬁmgﬁ%ggganmne
p-amiﬁ%aih lrlgﬂ?{l{}leaniline ?s idified (I—%SO4), and a non-reducing zinc
chloride solution isgadd '

ed (ZnC12 with Na2Cr207)SAkmisidirthiosulfate
(A12(5203)@).and. 500 thiosuliafe.(Na%,@%Ode'ur;me
dichromate (Na¥Cr207) 1% is added. The mixiure 75 hedted ahd aiérated.
Dimethylaniiine ¥ added. $&#ium dichromatd#Na2Cr269) add¥d. The
mixture is heated, agd bec mes dark greenish-blye_in.colalr.dye to the

formation of lipgimﬁ fehihRcid of Bindschedlermgreeneddagganese
dioxide or copper sulfate i1s added, and the mixture heated, and the dye

precipitates from the concentrated zim c:u ride solution. 20 Very similar

synthesis methods areidescribgd in the ¢ r Index|(\¢o(=4, 3rd edition,

Q>

1971), p. 4470. Masuyat-gl; 19 ’ et phetiothiazine
derivatives, and methods fof their @ o

MTC

in step {a), nitrosodimethylanitine is prepared from dimethylanitine by treatment with nitrite
(NaNQ,) in agueous acid (HC) solution. in step (b), the nitroso compound is reduced fo
form p-aminodimethylaniline in aqueous acid (HCH solution using zinc dust salution. In .
steps (¢}, {d), and (g), the p-aminodimethylaniline is oxidized in agusous acid solution with
another molecule of dimethylaniling, and simultaneously a thiesulfonic acid group is
introduced; the ring is then closed using manganese dioxide or copper sulfate. More
specifically, a clear nautral solution of p-aminodimethylaniline is acidified (H304), and a
non-reducing zinc chioride solution is added (ZnCls with NazCr,07). Aluminium thiosulfate
(Al{S205)s) and sodium thiosulfate (Na,S,0,) are added. Sodium dichromate (NaxCr,07)
is added. The mixture is heated and aerated. Dimathylaniline is added. Sodium
dichromate (Na,Crz0;) is added. The mixture is heated, and becomes dark greenish-biue
in colour due to the formation of the thiosulfonic acid of Bindschedler green. Manganese
dioxide or copper sulfate is added, and the mixture heated, and the dye precipitates from
the concentraied zinc chioride solution.

Very similar synthesis methods are described in the Colour Index (Vol. 4, 3rd edition,
1071), p. 4470.

Masuya et al., 1992, describe certain phenothiazine derivatives, and methods for their
preparation and use in photodynamic therapy of cancer and in immunoassays utilizing
chemiluminescence. The compounds are prepared by routes similar to those discussed
above.
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25 preparation and use in photodynamic therapy of cancer and in
immunoassays utilizing chemiluminescence. The compounds are

wpre‘%ared b% routes similar to those discussed above. WO 2006/03@3208370%3634
PEYREBB005/003634 -4 Leventis et al., 1997, describe methdd&ior e
synthesis of certain MTC analogs, which employ phenothiazine as a
starting material and which add thé Yeésired 3,7-substituents by

Levgﬁg%gg at%%ﬁg%%&@@ﬁ&g&a&%ew B ALhoEs aseastife MEfds which

lz¢

R N L S

b ' i 2 erF t%%.% Oléos fiHedzed
y trelpgraeERmtaieSH BYSIRRSTL OISy lamine... Iar and _
compescil ST RSETS AN RBAYESG A RER CS AL 6
predsncsaltbiat SXeatstioweshey dryenrRsian ThEY 253ET R &N AfatiE™Y |
MTCIAzure B mixtures at a buffered pH of 9.5 can be separated by
MarKHIBSHO D Witd) qarbemﬁmabmmepmﬁmbbmmmbmm@@Ciéﬁfdf@e% by
sonbig AgigiShwhilelpanatbe NSy btbe mgemwlw@ﬁ TheyrefBrihigiures at
2 b@esed [hatiew iempe ik ely ladisatiamaliv taianaaontenidatiGinofarbon
tetrac Fér'i\Llié’vgépmoh%%rﬁ?%hﬂu%@%fﬁ%%\ﬁ@ metaeoRtaBiaaRs.d ayeeveEnshe
fuﬂgf%?g%%{%g\”a xﬁw?e}ﬁssfgﬁp@%%m Lo i RREedianhiBsladion of 0.25 N with
atography, which Is not suitable for guantificaion. 4180yl gnalysis
s U e e
rep farre atomic absorption. rshall an
it S0 e TR IR T S LT B A LS AL
satifigzifEhdysefbyesitreiviana s iRon YpeetrspRSRHEI They report 38
samples with metal concentrations that vary widely between 0.02% and
MaEn@P3hcf vy itertis ammpiimsa0ahealistts meiatmstwapstyghoommercia
thiRASSHLETSaRiH a8 piitn sheeycalsaaeptyt tiaepthpo AR adopirde
AL SENLHIER YYaHa Nk ARRLG B AITITRYA seHIRETEETh ofialigdne seyrenies;
the a%’&%?nﬂue@mpéqgam SMataekic BrReeE dFRSZfer. Wﬁé}@ﬂﬁ) %ﬁoﬁ thesbther
meﬁ%%?ﬁ%tyt %Teéeare%re%%v%fm%tﬁ&ﬂéf?é §¥dr.eﬂf2ﬂﬁi%[9ﬁt, \égfigggﬁ Eﬁﬂg@g@ﬁahnd
ent of commercial sam , daseikas
GOH?@pBPﬁi%‘éﬁ’&ﬁ‘r‘]’;‘? A2 &P’e"‘%gettf B g%ff’?%e Aoy o

| ‘ i
P*’%%*‘;B‘érdﬁl«?ﬁ'?aﬂ% g@ytf?é)% cyircg \Varg%ign?r?éﬁ%o %ntéﬂ?&' éSﬂ{mé?é‘iak

d produc owed by ion exchange back to
Safﬁ@'%%ﬁ@@They assert that other cationic dyes such as MTC can be

purified by this method. However, column chromatography is not a h
Lebwitable tABhdastaionsatupHiEaRiATGl ABAF b ROLERGE Quafograrny.

spEigzabevycbepaiidongsdetsiisatssiedsyinecs folsmed Biferderrige back 1
hE oHlpkE A BEMEG e thtareratinaib of 2sres:bly shEG sAMRPeTaRdY this
medhonate folevemihy Sliratiendaaphy is not a suitabie method for the purification of
MTC on a large scale.

Fierz-David et al., 1949, describes the synthesis of the zinc chioride double salt of MTC
and the removal of zinc by chelation with sodium carbonate followed by filiration to
generate zinc free methylene biue, However, the authors acknowledge that this
tachnigue cannot be used on a large scale, because the vields are poor.

MTC is currently used {o tfreat methemoglobinemia (a condition that occurs when the
biood cannot deliver oxygen where it is needed in the bady). MTC s alsoused as a
medical dye (for example, to stain certain parts of the body before or during surgery);
a diagnostic {for exampie, as an indicator dye to detect certain compounds present in
urine); a mild urinary antiseptic; a stimutant to mucous surfaces; a treatment and
preventative for kidney stones; and in the diagnosis and treatment of melanoma.
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generate zinc free methylene blue. However, the authors acknowledge
that this 35 technique cannot be used on a large scale, because the yields

are poor. MTC is currently used to treat methemoglobinemia ition
W@]ﬁ?}%@éaﬁgwhen the blood cannot deliver oxygen where itﬁg(ﬁégarbeg )?83634

the body). MTC is also used as a medical dye (for example, to stain

certain parts of the body before or dlﬁ’ﬁng surgery); 40 a diagnostic (for
MT >}%?‘am%'see;n"ﬂls an paicatardys Qetant cediheARRORISDHI9R NI

r nes); & mild urinary antiseptic; a stimulant to mucous surfaﬁ:e%'oﬁ

comeiaaiReni e IBFRREARE TE1ok iy O BE SR TAR 1B 0 and
MalEgatmeninahsielenamh bW\ D20 06/0828 7047 GTHEBR 0050 096 84” IS5t m:
o 3 heen use 10 #eal malara. Giiarsingls feutmABR & EHic LB biterr

In “"Combihation with chloroquine (Schirmer et at. 2003§' Ren elg%u%%'uogt
an ifepto e Ao pR BT APRIEIR DA Bl e S MR PP B 10T 6 5h Species
raféfthegestysiaseptatitaion MheiadEmhaning, Pr ¢Rperialblians oofer to fetus.

MABAR kﬁfﬁeéﬁé@%ét?ﬁ\m&\tmamﬁé%ﬁarma@_ biie glpRamideciadiiomadaths
Anop eles mosquito, Occasionally, transmission gcscurrgapélspggﬁgf (cinarum

a”fﬂ&ﬂﬁfu?fé‘ﬁ,rﬁ?&&?ﬁ%wﬁ?ﬁ%ﬁoﬁ%ﬁ@é&P&%%@r?r?g, Bcongentally from

thdrptherstthie sovia driatuesed BREBOG HROIeRFecbYEsWhAMEide and

cofBRAimatelydr-anilios-deathsmarndal Yol drug Hpaietanceal haxvavetis a
major concern and i 8reate t for AD falglpc%r#rg dtlpg %g)c?g;_gﬁa%éa\ccounts

ch@pgwggr%%]gxii SRR SIS BRGSO tfug 10 combinations that
are currently recommended for prophylaxis of malaria include

vFEIRIRAYinR/ REpgsonidwdreshioddeimefliaguiNewdaxyryetintandpotent

_primaquine. MTC (under.the name Vir Jfrom Bi is] :

O R A e ron RS A o A anc
Wete\tiv ¥inugdinisboiiaienstesieh WedtiNjeaficrs SNV ABGRRIE saturtIssS
aftESlag WesbHe Ninys (YRS Thacierntimijosiy ictisfines seafietifightie no

vi%%%%g%%vo“& %Yfé?@@%ﬁfﬁﬁ%%@&j%i% ¢Linfesied frapie WillRhowene 150

!
ptoms or mi e symptoms such as fever and headache.

wik Jevsiom ey RIS BY AP BRS SEVERS LHniBEBMIE TEIBITG TrERFES S, Vison
I0§OMMINSINNS, M@ﬁ%@i&\&ﬁﬁ&dﬁiﬁﬂy, M%V ﬁﬂﬁptme@a{ ther bifieshs Y in_fected
coms b%@%ﬂ%&%&%dé spread iothehite.9ba0 infrrtedndfamesauito,

ut can also spread through blood transfusions, organ transplants, .. .
oloreHsAREa I R RFRS TREGHERy IR IR o L i
cRiEEentisifrcliaitaktnals focthentcdiapatiie Of ciiepaiiHe paivisatinfaeiiniricine
nGdSRMRlINfeation ghiaR  ivEe DReciEIS 3G R ARBIRs RakImedscute
.\ﬁepatltls. and chronic liver dlse&%&, mcludman.cwargio 'Sé%ndt“ggrtc%%ﬁrhuman
indledings Ashesia ArARPBYEIrett ORGPV TR ROMan 25 biood. The major
bRausEseoh b \tantestisiHRginfattenareridyidefam seretiiEg BrsHad bicod
trggﬁééwgf%@%%% uephineadies,aRgksyHages asthave sesheesy steriized.
Tgee gr?é?—i)éasi’}t?rél!réggfzaﬂon has declared hepatitis C a giobal health problem, with
approximately 3% of the world's population infected with HCV and it varies considerably
by region. The prevalence in the US is estimated at 1.3% or approximately 3.5 mifiion
people. Egypt has a population of approximately 62 milfion and contains the highest
prevalence of hepatitis C in the world, estimated at over 20% of the nation's

approximately 62 million people.

MTC, when éombined with fight, can prevent the replication of nucleic acid (DNA or RNA}.
Plasma, platelets and red blood cells do not contain nuclear DNA or RNA. When MTC is
introduced into the blood components, it crosses bacterial cell walls or viral membrane



The World Health Organization has declared hepatitis C a global health

problem, with. approximately 3% of the world's population infected with

HCV and it varies considerably by r@gion. The prevalence in the US is
then resisnated alslidiérior apprexinaksly Scki silienad) yeepleabiyytdadta light, the

opulation of appraoximately.62 millign and contains the hi .
comp e Lo tont], Lo Aba aL30a Bhdenepey preventing
replicatigtion ha bbb amBiify EzeanserbEsslesiumeg toasbaisbRetPastligHias the
potent@@MoPFEYER the reRrlisetiansalissisieisr aeitidEOM araRWAId 3eriiasiidetected by
. platelets and red blood cells do not contain nuclear DNA or RNA. When

estingTC is introduced into the blood components, it crosses bacterial cell

walls or viral membrane 6 then moves into the interior of the nucleic acid

MTC THGLERVLRGRAEHY Aes Wi - ARG ERDRAUAGS IRSSLRIRG IRINE been found
to be [WSlSiC g ofhie el ribaierialbaliagen, pisvenlng JeRSAAR AT Eeace)
© % BRAof RREA., I@ecauseqwjia(g esl ne?isgo inactivate pathogens; It Las the

(see, fRLRxAMIfo %ﬁ%é’tﬁ%sﬁtﬁf'trﬁ%@n%% 6h of pathogens that would

remain undetected by testing. MTC and derivatives thereof (e.g.,

Oral dmiapamsoptientoimerdtions coMpSuats tonaverbedyn fvaieb!o ibdhiséfoitas States,
usuallfherdeatme nhofddliiomtbi St chHasydoeretanyel dovizidiomnar'sodisgasepstantial
amountBE R+ faleexamplaitddschike be Mniriks 1896 hidPh2 ufdeiand parentely (e.g.,

incluaiTRHIatans ef MELERIeReRunalSiAl Juaiotie s Haled iatess.

uSually under the name Urolene Blue(r). However, these formulations

contain substantial amounts of metal impurities. These impurities are
ConsR o B E ARG SR R (4 G oh RN . REP el AL GTR AT .
a  puidyfeifimier SEUBIAE LRSNSHRT RN BGendE® dONsQuErfiyCSHerdsieh content)
diamingrehaanttkidfoiunigtrenpoingsenslugharMbeeutical grade purity, e.g., a

purity safe for human consumption, e.g., with low or reduced metal
The ROBKESD AiRinRRBRPRMIAzéNHINECRINPeENdsnineticling MiZ&inbBRenocthiazinium
comp&?;\‘u%@_tﬂﬁ%m@i\’@t feMejoped ﬂé@&m@a&e{s,thﬁr%%%ﬁ@#% h purity and in particular,
oroc, SRR VA S IRELOF EHIDG MTfrb TRl OGSt mees

With extremely Righ urﬁ and in particular, products with extreme w
(and qHGBI KL AT ITpUIIEs TBODK SRR RIS T CEE (dg —UroPean
PharmtaiR@sigked) the safety limits set by European health agencies (e.g., the

European Pharmacopoeia). Without exaggeration, MTC prepared by the
Withottethadsatesonbddiiilerpiapsrétk purést mediiablie tesddbede NSEMNMNARYE purest
avaitaBE IEHRWNEENTION In a first aspect, the present invention provides a

method of synthesis comprising the steps of, in order: oxidative coupling

(OC), in which a thiosg{[yﬁmﬁq %‘&%@WE@MWWHY

In a first aspect, the present invention provides a method of synthesis comprising the steps
of in order: oxidative coupling (OC), in which a thiosulfuric acid S-{2-(amino)-3-(optionally
substituted)-5-(disubstituted amino)-phenyl} ester, 4, is oxidatively coupled o an
N,N-disubstituted-3-optionally substituted-aniline, 8, using an oxidizing agent that is or
comprises Cr(Vl), to give a [4-{2-(thiosulfate)-4-(disubstituted amino)-6-(optionaliy
substituted)-phenyl-imino}-3-(optionally substituted)-cyclohexa-2,5-dienylidene}-N,N-
disubstituted ammonium, 6:



substituted)-5-(disubstituted amino)-phenyl} ester, 4, is oxidatively coupled
to an N,N-disubstituted-3-optionally substituted-aniline, 5, using an
oxidizing agent that is or compriseP&r(V1), to give a
[4-{2-(thiosulfate)-4-(disubstituted amino)-6-(optionally
substituted)-phenyl+iino}-3-(optionally

substituted)-cyclohe) a—2,5-dienylidene]-N,N- disubstituted ammonium, 6:
6a R'R/NR3N i NH2 5 R3NB N\ R7NA\ NJ: (S R7NAWN S
~N~R3NA 0=S=0.RZNS 0-/“0 R3NB R7NB R’ OH O 4r 0 isolation and

purifigation, of ZW|tter|on|cf\]|ntermed|ate (IAPOZA), in whlc said [4-
thioguifatd)-4- (dﬁubsﬁf’tﬁ?ed amino)-6-(o o@

% -pheny-imine}-3-teption&lly~.
ubstituted)-cyclohexa-2,5-dienylidene]- I\FN dlsubstttuted amrmo@m 6,

rs"SolatédEnd purified; ring closure (RC)Q n Whl8ﬁ§a|8 isolat&d and

purified [44B-(thiosulfate)-4- (disubstituted amipo)-6=(optionally

subsTituted)-phenyl-imino}-3-(optionally substitdted

cyaizhiexashb-pienytdenedNzNitisohititute chamiaton{UAP R lls subjettedsaid [4-
{2-(thitsuifsgedteqdimitetigitest aBnihb) Kedispilistiiite dubstingdd); Dh@ptidmalh)-3-(optionally
substiiipdinyeehgrachbtiienyicsrahiNsiidisuiRbtRerR RMOMNUMS BR78\ splated and
DU“f'eRSNA R:?N\ R3NA NSSNNSN R7N8‘0 =S=0 RPSNB R7NB O R?%NB GEfate)—z%

f 108U -

cisuzgy c?%lf{ﬁm@i%m r.%g%ﬁé? Saitpl G%)é% Mf i e attutod).
cyclol'%x? |e Tlﬁ- fﬁ 15 aiu 15 subjec ed to ring closure to
give a t%% i ﬁ\nﬂ og «ff?\éﬁ st:tutgd\xn hen thl :n 5 ium salt, 7:

eno 1|a2|n 5 -iu iS reacte or| give a
37mq

substltute amlno) -1,9-(optionally
substi zin-5-ium chloride salt, 8:
Rmﬁ\ /R3NA TNA RN
N S N
' ®
R 7 BNB

NB

g © 7x®

SNA

further comprising, after said ring closure (RC) step, the additional step of:

chloride salt formation (CSF), in which said 3,7-bis{(disubstituted-amino}-1,9-
(optionally substituted)-phenothiazin-5-ium salt, 7, is reacted with chiloride, to give a
3,7-bis{disubstituted-amino)-1,9-(opticnally substituted)-phencthiazin-5-ium chioride salt, 8:

RY R’ R R
N
TNA g e RTNA . /Rarxm
R N s7 N’R | S i?
! 7NB @ FI{SNB 7NB @ sza
7 X 8 %?

further comprising, after said chioride salt formation (CSF) step, the additional step of:
sulphide treatment (ST), in which said 3,7-bis(disubstituted-amino)-1,9-(optionally
substituted}-phenothiazin-5-ium chioride salt, 8, is treated with a sulphide;
wherein:
each of R' and R® is independently selected from: -M; C,.,alkyl; C,.alkenyl; and
halogenated C._;alkyl;
each of R
halogenated C . alkyl;
each of R™ and R™® is independently selected from: C,.alkyl; C,.4alkenyl; and
haiogenated C,,alkyl; and
X is one or more anionic counter ions fo achieve electrical neutrality.

RSNS

and is independentiy selected from: C,.alkyl, C,,alkenyl, and



RRROR'/NCIN\R\.R3NAR7NA\\I//R3NA NANNNS N R7NB
R3NB 1 R7N8 O R3NB 7X0 8 0 CI further comprising, after said chloride
salt formation (CSF) step, the additional step of: sulphide treatment (ST),
in which said 3,7-bis(disubstituted-agrgino)-l,9-(0ptiona||y
substituted)-phenothiazin-5-ium chloride salt, 8, is treated with a sulphide;
wherein: each of R' and R9 is independently selected from: -H; C1.4alkyl,
Aneien SRBASIMEN TSy BFREE (L oniR PREEReoPRRRIRRY oM Teaton o
diamigepeperihgyisitiactedfromdsC1.4alkyl; C2.4alkenyl; and halogenated
CB_4alkyl; each of R7NA and R7NB is independently selected from:
An&iefalfodidatalkemd; ianshtioal pgetmie t GlMgkylirianditrim ofreostAgt@ium

corAPHRINE CRERIEINAMED BEhie W BIeSHICH) NE wikality. £ LA0abRaherein.
embodiment of the present invention pertains to a method of purification of

In %Iagg%%hgg é@a%@uﬁ\/%%%m()g dé’ngt%%ﬁnﬁgf:ﬂ?'.@%%ﬂgg]}%noth'azénium

OAQvoentéo&%e ains 1o ?orr'%;)é:).um laminophenhothiaz nium compoun

CoMiERso amed"ﬁ}?, Or obtainable by, a method as described herein. In a
second aspect, the inventionRQrovides high purit
diaminophenothiazinium compound of the following formula: R X O R
R7NB IR3NB wherein: eactrof- is indep ng] ly selected from:
-H; C,_.alkyl; C2-4atkenyl; i d Cra#alkyl; each of RSNA and
R$NB is independently Belecte m: ,_4al§yl; CR_4alkenyl; and
halogenated C, ,alkyl; ezch of A and R7NB is independently selected

from: C1.4alkyl; C2.4alkenyl; and
wherein:

each of R' and R® is independently seiected from: -H; Ci.alkyl; C,.,alkenyl; and
halogenated C,.4alkyl;

each of R* and R*® is independently selected from: Ci.alkyl; C,alkenyl; and
halogenated C,_.alkyl;
each of R™ and R™® is independently selected from: C..alkyl; C..alkenyl; and
halogenated C,alkyl; and .

X is one or more anionic counter ions to achieve electrical neutrality;

that is obtainable cbtained by a method according fo the first aspect of the
invention;
and that is characterised by one or more of the following:

having a purity of greater than 98%;

less than 2% Azure B as impurity;

less than 0.13% MBV as impurity;

an elementais purity better than the European Pharmacopoeia (EP) limits.

In a third aspect, the invention provides a high purity diaminophencthiazinium compound
of the foliowing formula (MTC) that is obtainable by a method according to the first

aspect of the invention:
N
JOGHN
Me . M cl
"N NS NS ©
1 ® |
Me Me

and that is characterised by one or more of the following:
having a purily of greater than 98%;
less than 2% Azure B as impurity;
less than 0.13% MBV as impurity;
an elementals purity better than the European Pharmacopoeia (EP) limits.



halogenated C,_4alkyl; and X is one or more anionic counter ions to
achieve electrical neutrality; that is obtainable obtained by a method
according to the first aspect of the invention; and that is characterised by
one or more of the following: having a purity of greater than 98%; less
than 2% Azure B as impurity; less than 0.13% MBV as impurity; an )
Ancl EREAS BT P REC PHESHAR SR LBD A8 PAEIRRSLERAE N (@B AR
Conéoﬂﬁﬁtf?%rs’fr@ct?IF@*F&/@rﬁﬂﬂ?‘ﬂ%ﬁﬂ’é‘Q%'ﬂﬁgﬁ 8[%‘?[;9”““’ diaminophenothiazinium
COIRRHIAGSHISSERRBERRRR-compound of the following formula (MTC) that is
obtainable by a method according to the first aspect of the invention: CC
In 3\foUEMRSAGIMENEINKABTINR PERIECERT iRNRRARSEHS B N CBPIHIG BB RHRNS
20 91 3Rh g ch 20iRg OB PTG F GRSAROPHFASIOBAN YES SHTRPYY ASEREIBGRL the
seqpguitytiigsasprat 6f18%, SULLS iRty PRRTERARIEIY SGrRyBBIReFare"
dilugpinah@*eBifSpean Pharmacopoeia (EP) limits. 7 Another embodiment of
the invention pertains to a composition (e.g., a pharmaceutical
In &Bffpesnaeinthe ivertisplerod den3 R EBeRHISRAaPRIgH pERRyle comprising 20
to FRArmEcPFeethRiHIHAOPRPBUPIH 3% HESCFRIBACHEFERSCRICE thigrihe second
or Hijseaspare MVBAtBYEpevideafpRREcaU el tasRaripia saufer. diluent, or
exgpiriprising 20 to 300 mg of a high purity diaminophenothiazinium
compound according to the second or third aspect of the invention, and a
Angiharrasbedialty ddbepraséiearpiitaing e st Ngrereiietamnanien abigerium
coripeindertioespribeitiperaipframsade aicethaplef beaaptief sepipmeangepenimal
body BOthatgrof EohiyappistindraptsbphenotiitheriinereeprponAidaiiocs rdiryssed
het@rthe second or third aspect of the invention, and a pharmaceutically
acceptable carrier, diluent, or excipient. Another embodiment of the
In ansisthtespeEthinsverdidrighqyidity alighinoptyetiathizuihaneiheginpouperund
accledinitedheesemfdougerihaapacthbthoftveatirerivofshétumethat efriiaainent

of hedwinatherapyndidrceiydmplerapyespect of any of the diseases or
indications discussed

In a seventh aspect, the invention provides a high purity diaminophenothiazinium
compound according to the second or third aspect of the invention, for use in a method
of treatment of a viral, bacterial or protozoal disease of the human or animal body by
therapy.

In an eighth aspect, the invention provides a high purity diaminophencthiazinium
compound according to the second or third aspect of the invention, for use in a method
of treatment of a tauopathy, Alzheimer's disease (AD), skin cancer, melanoma, Hepatitis
C. HIV or West Niie virus of the human or animal body by therapy.

Anocther embodiment of the invention pertains to a high purity diaminophenothiazinium
compound as described herein for use in a methed of inactivating pathogens.

Another embodiment of the invention pertains to use of a high purty
diaminophenothiazinium compound as described herein for the manufacture of a
medicament for use in the treatment of, e.g., a tauopathy (e.g., Aizheimer’s disease).

Another embodimeni of the invention pertains to use of a method of synthesis of a high
purity diaminophenocthiazinium compound, as described herein, as part of a method of
manufacturing a medicament for use in the treatment of, e.g., a tauopathy
(e.g., Alzheimer’'s disease).



herein. In a sixth aspect, the invention provides a high purity
diaminophenothiazinium compound according to the second or third
aspect of the invention, for use in a method of treatment of the human or
animal body by therapy. In a seventh aspect, the invention provides a high
purity diaminophenothiazinium conﬁ@ound according to the second or

third, aspec o%th.e inV{ention f8r useina ngethoc% ;}‘é:g.tmgn 91f a viralyi
ingn invention provi e use of a hi urity dia enothrazinium
R R LR
of PREFINARGGhIMRANERIOTLRARY I ¢RRBRIOS BHi¥oal disease.
diaminophenothiazinium compound according to the second or third
in AapEckopse iIyanEarofairugeds thanathofia oigheatritg disofiactshenpétiaginium
corddpheiecsrdisgaseheAR)oakivchitcers pael avidheankpatitifor dyenamfacture
of wemdiirmant St the Hertaabrdnmiauesel by ARBRIHST Arbtrase (AD), skin
cangigih SHfilHENt B Hse kR R BV RIRR Raviigh purity
laminophenothjazjnium. compound as described, herei '
AT P D R et P e Lol e i o e 2
tauBRAGIN G P uSEBE TRiGh P >dianﬁn8%*ﬁéﬁpﬁﬂ%ﬁ?u“,%,@éf‘n*%%%%ras 0 s&
Patippd ALK RERMICRIY SIS ARG 6f 2 M cAMEhIaMiIRPlipaREaznium
corrpeinte @S slekcped Retmpathy (e.g., Alzheimer's disease). Another
embodiment of the invention pertains to use of a method of synthesis of a
As hghbpariy «tiaminoplbes athiiitiniutmecam frinesasdgsefived kereidjragnts of
ondathateomethadepliomanudactwenainimedisospatfos use invéhedieatment
of, e.g., a tauopathy (e.g., Alzheimer's disease). 7a In a ninth aspect, the
invention provides' the usgg&@ﬁg@hﬂjﬁ%ﬂpphenotlhiazin@um
compound according to the second or third aspect of the invention, for the
manufacture of a medicament for the treatment of a viral, bacterial or
Th ease. In a tenth aspect, the invention provides the use of a
high purity diaminophenothiazinium compound according to the second
In @ettsirel alijse oresahie NYeehviorPab?i tiettmaiifasiider dha MesrcalinBrefeertan
3, thistréatmbenahaiaddpaimpvideheinef thelisdasingApmekircaapdeatly referred
to Meedanasta diepaitis&hisMion\Mespdlitelyirus. Another embodiment of
the invention pertains to a method of treatment of,-¢.g., a tauopathy (e.g.,
Alzheimer's disease) in a patieht, compRsing administering to said patient
a therapeutically-effective ambount@f a High purity diaminophenothiazinium
compound, as de cri?tlgAed h/ @ appreciated @y one of skill in
the art, features and preferrad etihodimet @fRon aspect of the

invention will also pertain 1o othéPaspects ofél;;g inyention.
R
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DETAILED DESCRIPTION The Compounds In general, the present
invention pertains to methods for the preparation of certain
3,7-diamino-phenothiazin-5-ium compounds of the following formula 634
Wé’oﬂ@éf?%’fflgreferred to herein as "diaminophenothiazinium 8%886?%‘8’3““
RI9 Ri\\N X RJNAI/R3NA RJNB OS R$NB WO 2006/032879
PCT/GB2005/003634 -8- wherein® 8ach of R1 and R9 is independently
wheZe?iECted from: -H; Cl14alkyl; C2 alkenyl; and halogenated C1.4alkyl; each
3NA ¢§§ B.is independently, s %ﬁlg%%frgmbcgai%ﬂgl; alkenvi: and
I Cé%ﬂj‘é‘%(%%l' e é%lgp(?@egﬂé%ggyé%%% yl: each of RNA and RN Is
halggeRae Eeﬁ?gj" lected from: C1.4alkyl; C24alkenyl, awa&% ated
Claamypiahd yand Bne &'WSP@W@%%%&V?&%SCM ie gai?ggﬁic%rfd
halogeotisityz 28 e above structure is only one of many equivalent .
resenanoeritHiatar 8 sierndapkndaoty spiedReTATTowrliahCatediantiand
haldysnintRNdeaiglbenencompassed by the above structure: RV S R1 R7N
I\ WRINA of NBrONBiR RidkeRdRsah achiR7AN BN RENAD R7TNB
R3NB 15RR X G [FWN\cIJN/R3NAN O
The above structure is only one of many equivaient resonance structures, some of which
are shown below, and all of which are intended to be encompassed by the above
structure:

R® R'
N
”a 3
l 3N X @
Sy R
&

TNA
R \N
F!{ma 3N
| W— —
B R’ R }
/N
THA A X
R~ R
@ N7~ S I\‘I
ELTNB R oNe

-“_ ¢ 1

R R |

. N L

RN
TNA 3INA X @
R

RN s SN
| W2 |
| R

I.
R’?NB

in one embodiment, the C..alkyl groups are selected from: linear C4alkyl groups, such
as -Me, -Et, -nPr, -iPr, and -nBu; branched Cs.ealkyl groups, such as -iPr, -iBu, -sBu, and
4Bu: and cyclic Caualkyl groups, such as ~cPr and ~cBul.

in one embodiment, the C.4alkeny! groups are selected from linear Cyaalkeny! groups,
such as ~CH=CH; (vinyl) and -CH,-CH=CH; (allyl}.

In one embodiment, the halogenated C...alkyl groups are selected from: -CF3, -CH2CF3,
and -CF,CFa.
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R7NB R3NB In one embodiment, the C14alkyl groups are selected from:
linear C1. 4a|ky| groups, such as -Me, -Et, -nPr, -iPr, and -nBu; branched
C3 4a roups, such as -iPr, -iBu, -sBu, and 20 -tBu; and ¢

F roups, such as -cPr and -cBu. In one embodlmeﬁ?ﬁ 2005/003634
C2 aalkenyl groups are selected from linear C1.4alkenyl groups, such as
-CH=CH2 (vinyl) and -CH2-CH=CHZ (allyl). 25 In one embodiment, the
halogenated C1.4alkyl groups are selected from: -CF3, -CH2CF3, and

-CF2CF3. WO 2006/ Q/G 005/0036 4 embe@diment,
In Qg STBPRTENRY |59|?1§e Ee nQ = QMFC% {;(?r?é'
-H; r-Et. Inone

-Et
In Qo BBARABIRTL AR LTI a%%gs.@#ﬁa%%de%ﬁﬁ‘én i\
in m@@@#ﬁ@ﬁﬁ“éé@‘i@fﬁﬁ AR SRRRSIAY -H. 5 In one
In @mbodivdEnbassoetR ardREindeaeptatidniie-Me. In one
in @tabodindentneacttiobiR sand RYighineegysieaéntiyi-Et. In one embodiment,
R' and R9 are the same. In one embodiment, R1 and R9 are different. 10
in SROERIRARRHiNENing &S tR3MMAand R3NB independently -Me, -Et,

in AP EniBRHnsGH2 &idT8HR @fefeR- In one embodiment, each of R3NH
and R3N8 is independently -Me or -Et. In one embodiment, each of R3NA

oD d Y M h g5, R3NA
N e e

embodgment RQL\IA and R3 B ar dlffer nt. 20 In one

in %‘?’ﬁl?ﬁ“d?ﬁ?’éﬁ? K 1° gﬁ’dﬁﬂ I@Ire “Et, -nPr, -nBu,
ln oo ETOpTeIS QHONER |n%ﬁe"‘eml§daﬁ%?ﬁ @& R7NA and R"B is

In imgcyermiENgY! MREOOLRL 1A GrTRRFRRISE MR of R'INA and R7NS is
independently -Me. In one embodiment, each of R'NA and RIND is
In Bidepenstntyt: BEVoanthRSesembodiment, R'NA and R7NB are the same.
in lhoBgusmBaimeht, MbAthgRifdBeare different. In one embodiment,
R3NA and R3NB and R'NA and R7N8 are the same. 30 In one
In %mbagm%ﬁb%gmpw (RINANRINRBhaashyNIR7 NA RTINS @re the
_C}S_I@ eapbodiment, the groups -N(RINA)(R3N8) and
in on&%mb'&g rla\gBe;a%Fle l%l}g,ﬁaamg Ramqs%%ependently -Me or -Et.

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

S

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

in one embodiment, R and R*® and R™™ and R™™® are the same.
in one embodiment, 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 the same, and are
selected from: -NMe,, -NEf, -N(nPr)s, -N(Bu),, -NMeEf, -NMe(nPr), and
N(CH,CH=CHa).

in one embodiment, the groups -NR™)(R*™®) and -N(R"™)(R™®) are the same, and are
selectad from: -NMe, and -NEf.

in one embodiment, the groups -N(R®™(R™®) and -NR™YR™®) are ofther than -NMe.
In one embodiment, one or more of the carben atoms is "'C or **C.

in one embodiment, one or more of the carbon atoms is "'C.
in one embodiment, one or more of the carbon atoms is °C.



selected from: -NMe2, -NEt2, -N(nPr)2, -N(Bu)2, -NMeEt, -NMe(nPr), and

-N(CH2CH=CH2)2. 35 In one embodiment, the groups -N(RINA)(R3NB)

and -N(RINA)(R7NB) are the same, and are selected from: -NMe2 and
WRAEPSRIGhe embodiment, the groups -N(R3NA)(R3NB) arfd-T/GB2005/003634

-N(R7NA)(R'NB) are other than -NMe2. 40 In one embodiment, one or
more of the carbon atoms is 11C or P3C. In one embodiment, one or
more of the carbon atoms is 11C..In isent, one or more of the
In °€§r8’6‘§°a$6’r%’§ié’?§8f %@f%&?&%%ﬁ%%m} (%%%5/003634 -10 In one
embodiment, one or more of the nitrogen at%ns IS ¥5N. In one il of th
In EYABBERAERRM b RELPTHLIE B@'fl AR RS R oF SHESFHI0FE Or &
groopet Bt psR SNAFINER 7RA and R7NB is 13C. 5 in one
5 embodiment, each of the groups -N(R3NA2\!%F)23NB) anQ;N(R?NA)(RZNes
in dfe NEIRCHR)R. chrionéteabodimatR SRR G Rnentl(RE R HisdNaSirat:
the groups -N(R3NA)(R3N8) and -N(R7NA)(R7N8) is _N(CH3)2. 10 In
in GRERBhagiRe i @ashFOfR MidsRY, ind-beenalt bkthe greHR™ )(R™) and
_N(ﬁd@ﬁgﬂﬁg(@m&m& -_N(R?NA)(R7N8) is -N(13CI—_|3)2;_ and X is Cl.In
10 one emgog!men:, X Is !ndependen:Iy a halélogen anion (i.e., halld.e).%ﬁ;n
one embodiment, X- | ) = [ -
I R TR T ARG (e Fotmminer e e oo a
‘Nﬁixég@aﬁ,‘?d ExANHAE ZnE12 mixed salt. 20 Examples of such
compounds include the following: MTC [Mef_l(fIN_zM%C_léw) (Methylene
In BlaemhadivRIN X BN epenfRn CIRegeT@nion (e, halids).

15  In one embodiment, X is independently CI, Br, or I,
i one embodiment, X is independently Cf,

in one embodiment, the compound is in the form of a mixed salt, for example, a ZnCl,
mixed sait.

20
Examples of such compounds include the following:

(Methylene Blue)

— "
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O+ Et Et n-Pr CI(r) PTC [n-Pry ,a-,),/jj O n-Pr n-Pr WO 2006/032879

PCT/GB20051003634 -11- N n-Bu, n-Bu CI~ BTC 1 (r) I n-Bu n-Bu CI(r)

ATC %aHYK I/Hallylllyt/ N\Et./'Et CIO EMTC OS MerMe l/N\n-Pr
WRBHBMTC Me OS Me Me Me N\\S |/ N CID 1,9-DMMFECRERIGF63

Me O Me Me Me 1 N C6Q 1,9-DMETC Et,,N\\S/INEtEtJ EtEtEt /
~N CI(r) 1,9-DEETC -11-

N ] |
n-Bu. ~ __nBul ci(= BTC
N ] N
|

n-Bu n-Bu B

- -
% |
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| ® 1 |
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JEt | S EMTC
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® |
Me

e
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Et~N\\S N.Et I. Et Et WO 2006/032879 PCT/GB2005/003634 _12- CF3
CF3 N CI(r) 1,9-D(TFM)MTC 7Me,N N Me Me O Me Me Me aCH3~
i3CH3 CIG 1,9-DM1acMTC N {S 13CH3 O t3CH3 / N 3CH3\ J~/" %3CH3
WEIRPYSERITC N S N L 13CH3 0 i3CH3 Synthesis Method & GHEFI05/003634
important difference between known methods and the presently claimed
Method A is 5 the step of isolatior #Ad purification of the zwitterionic

intermediate, 6 (IAPQZI). This step of iselation-and-purificatton-gives-rise
to improved yieI@;’tQ the sugsequent ring closure step (due to, inter al/a,
impraved stability of the zwitterionic intermediate and reduced side
reactions), as well"™#S improve ity of thefinal diarninoppgm%%mw

antionakm the ZWitterionig intermediate is not
isolated, and the re@gtion 10 mixture is used, unchanged, in the

subsg¢quentistep. Another impd\%nt difference between known methods
and the presently claimed-Methed A-is-the e

is-the-step of-Cr V) reduction: CI(‘V'i)
is ugéd (at least)na the oxigative coupling step. Residual Cr(VI) presents
s. Eirst, high levels of highly toxic 15
contaminants @ re I Cr(\1/3I) are gitagceptable in W%QFSCMTC
destin8dHor, usenn pharmacy Mm@ﬁ‘s ng residual Cr(VI) to Cr(lIl), which
is a much less toxic@rm, pharrfft%gputi al standards can more easily be

satigfied. Secgnél, residual Cr(VI) déstdbilizes the zwitterionic
. intermediate and-impedes-the-subseguentringclosur

: P e-(RC)—step, and
thusireduces the 'el/ f the.final diaminophenothiazinium compound. By
1IECH3\N \-.S N‘/?GCH:S C[@ 13CMTC
i .
gy, oy,
i
Synthesis Method A

One important difference between known methods and the presently claimed Method Als
the step of isolation and purification of the zwitterionic intermediate, 6 (IAPOZI). This siep
of isolation and purification gives rise to improved yieid in the subsequent ring closure
step (due to, infer alia, improved stability of the zwitterionic intermediate and reduced side
reactions), as well as improved purity of the final diaminophenothiazinium compound. In
conventional methods, the zwitterionic intermediate is not isolated, and the reaction
mixture is used, unchanged, in the subsequent step.

Another important difference between known methods and the presently claimed

Method A is the step of Cr(Vl) reduction. Cr{Vi) is used (at least) in the oxidative coupling
step. Residual Cr(VI) presents several serious problems. First, high levels of highly toxic
contaminants such as residual Cr(Vl) are unacceptable in products destined for use in
pharmacy. By reducing residual Cr(VI) to Cr(l1), which is a much less toxic form,
pharmaceutical standards can more easily be satisfied. Second, residual Cr{\t)
destabilizes the zwitterionic intermediate and impedes the subseguent ring closura (RC)
step, and thus reduces the yield of the final diaminophenothiazinium compound. By
reducing residual Cr{Vi) to Cr(lll}, the yield of the final diaminophenothiazinium compound
is greaily increased.

in addition, chromium can more easily be removed whan in the form of Cr(iil) than when
in the form of Cr{V1). By reducing residual Cr(V1) to Cr(iil}, itis possible to obtain a
product with vary low ievels of residual chromiurm.
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20 reducing residual Cr(VI1) to Cr(lll), the yield of the final
diaminophenothiazinium compound is greatly increased. In addition,
chromium can more easily be removed when in the form of Cr(I111) than
WA HAHE form of Cr(VI1). By reducing residual Cr(V1) to CRHiyGi#Fe05/063634
possible to obtain a 25 product with very low levels of residual chromium.
WO 2006/032879 PCT/GB2005/003634 -13 Another important difference
between known methods and the presently claimed Method A is the
treatment step, that is, treatment of the chlorlde aIt with one or more of

AnaliIRSHRCRO[ST THRHRIAS foRMRRA A Tateet i RS RANY clamed

Metithy lsirtiatriniterisiondsa Ecleprmpnad rGQFP'ES‘?Sé"ﬁI R oRge of

sulFthie 28T@)tionadts it iocaieapate RTOnedrsasess (GroabliRpreREIRR

ac,gf(gmﬂramn@pbmib|azummrtﬂ)£am“pimsnaddmm1§f6m(§tﬁmdﬂ$@na S’ﬂeps)

greRBiRskSfcsvnthesis, camhRIisaniHpiseaaiafninorcenpaidative coupling
(OC); 10 isolation and purification of zwitterionic intermediate (IAPOZI);

rin | redefsysthegseomprises
In ?queeq gﬁé!é%%sﬁ @éﬁﬁe&%gﬁﬁ%@%ﬁg%ﬂ %g%%t 15 CrR&%) reduction (CR);

gglsagc%n g%(} ‘#: I]ll(;ggc ?rr]l WII erlonIch| E,|¥rgtt(reﬂr10 C@Q@WP‘%%QZI) ring

men the me synthesis additionally
comB?%é@?HEelml step of: 20 thiosulfonic acid formation (TSAF). In one

embodiment, the method of synthesis additionally comprises the initial

In stepandfodineosyheenatwsrP{ RITHERID SAFBHRSSENE RFRT:RIOR CFEAF); 25
In onxieatibedimging (8- method of synthesis additionally comprises the
initiabsteipsedfictiitrgSiation (NOS); nitrosyl reduction (NR); thiosulfonic
acid fymetiend boAhti @0 eiteremibodemesdised ARG of synthesis
additignallysGrmrEses the subsequent step of: chloride salt formation
(CSF).

in one embodiment, the method of synthesis additionally comprises the initial step of:
thiosulfonic acid formation (TSAF}.

in one smbodiment, the method of synthesis additionally comprises the initial steps of.
nitrosyl reduction (NR);
thiosulfonic acid formation (TSAF);

in one embodiment, the method of synthesis additionally comprises the initial steps of:
nitrosylation (NOS};
nitrosyi reduction (NR});
thiosulfonic acid formation (TSAF),

In one embodiment, the method of synthesis additionally comprises the subsequent step
of:
chioride salt formation (CSF).

in one embodiment, the method of synthesis addifionally comprises a subseqguent step
selected from:

sulphide treatment (8T);

dimethyldithiocarbamate treatment (DT);

carbonate treatment (CT); and

sthylenediaminetetraacefic acid treatment (EDTAT).
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35 In one embodiment, the method of synthesis additionally comprises a
subsequent step selected from: sulphide treatment (ST);
dimethyldithiocarbamate treatment (DT); carbonate treatment (CT% and
VADRMKRREdiaminetetraacetic acid treatment (EDTAT). WO $3687642 8983+
PCT/GB2005/003634 -14 In one embodiment, the method of synthesis
additionally comprises a subsequent4tep selected from: sulphide
treatment (ST); dimethyldithiocarba % {g tre megfg ({I%)S‘Ie' ) arbo ‘fi’ﬁestep
In qreAmRatTET R RINRL A RB RTINS B ER meniﬁd ~and
Selw@ﬁrﬂéf@xtra(ztlon (OE). In one embodiment, the method of syntheS|s
addgidettly tepeRdS A subsequent step 10 selected from: sulphide
treatinestbSMio@irnetapidittitoarb diate treatment (DT); carbonate
treaynebhifeieandnelbilenediaminetetraacetic acid treatment (EDTAT);
15 f@%@%%t@ﬁbé@@%@tﬁamm(gmmﬁxmttion (OE). In one
HH&%@(’:FQ&:B?\&} ed of synthesis additionally comprises a
subsequent step selected from 20 sulphide treatment (ST); followed by

in 3¢ %% SALER! SUER e dO50NIR U ACHRBAFJolioAREs TRAcAIRR Jop
s additionally

syn he5| comprises the subsequent step 25 of:
€ 8? Extraction iJOE In one embodiment, the method of synthesis

addlﬁﬁlﬁg g@ﬂ t esubsequent step of: 30 recrystallisation (RX).

Thu§“ﬁ?’6’|ﬁﬂ§i WB@“&E‘H@*\? tREMRIHGY of synthesis comprises the steps
of, ircekimate treatment (CT) and

ethylenediaminetetraacetic acid treatment (EDTAT);
followed by the subsequent step of,
organic extraction (OE}.

In one embodiment, the method of synthesls additionally comprises a subsequent step
selected from:

sulphide treatment {ST),
followed by the subsequent step of.

organic extraction (OE).

in one embodiment, the method of synthesis additionally comprises the subsequent step
of:
organic extraction (OF).

In one embodiment, the method of synthesis additionally comprises the subsequent step
of.
recrystallisation (RX).

Thus, in one embodiment, the method of synthesis comprises the steps of, in order.
nitrosylation (NO3);
nitroayi reduction (NRJ;
thiosulfonic acid formation (TSAF),
oxidative coupling (OC);
Cr(VI) reduction (CR);
isolation and purification of zwitterionic intermediate (IAPOZI),;
ring closure (RC);
chloride salt formation (CSF);
one or more of.
sulphide treatment (8T);
dimethyldithiocarbamate treatment (DT);



10

15

20

25

30

35

40

nitrosylation (NOS); nitrosyi reduction (NR); 35 thiosulfonic acid formation
(TSAF); oxidative coupling (OC); Cr(VI) reduction (CR); isolation and
urification of zwitterionic intermediate (IAPOZI); ring cIosureT(RC : 40
WOABHAE & formation (CSF); one or more of: sulphide treaE[%e”(l/wﬁ{;zg)'f’ﬁ(;mﬁ3’4

dimethyldithiocarbamate treatment (lDT); WO 2006/032879
PCT/GB2005/003634 -15- carbonald freatment (CT); and
ethylenediaminetetraageti id.treatment (EDTAT); organic extraction
(OE); recr%% Psaa? |_c% (E%%%ta@?% grr?é d;—:-tmbpdir"q Eb’mﬁ' method of
synthesis Ay SS{EW\] %Scﬁ.aal%e%cn%%m%(a)é?r%eﬁt, the r?fethod of synthesis
is aBYFHTREIRGEOTIRISE methods are well suited for the synthesis of
diarrerosiriisetisaLiHiim compounds 10 wherein R1 and R9 are -H.
These methods are especially well suited for the synthesis of

in Methythidimeinth€ hetide of ifietidde xAdwhragiéthylene Blue). 15

in drardiaptiomMethedsAnolbesyasieds afallepptesahoihvention pertains to
methods of purification of certain 3,7-diamino-phenothiazin-5-ium

ThEXRAHBES arPgeilisalby handigminaphenaiiatipiontteammnomsipounds

Whg%c&beaglggaé%lgmer the heading "The Compounds". 20 In one
emBodiment, the method of purification is a method of purification of MTC.

| bodiment, the method af purification is. aPRfiSd. {0 8 .
e AR A TROTAI Bl IS Lo NPT o Sl ke et

(MAGay@miag AR MRBIESR BSlared by a 25 method of synthesis as

described herein. For example, the method of purification may be applied
Putificatiomivietirotislly available diaminophenothiazinium compound (e.g.,
MTC), e.g., that is relatively impure or that
Ancther aspect of the present invention pertains fo methods of purification of certain
3, 7-diamino-phenothiazin-5-lum compounds, specifically, the “diaminophenothiazinium
compounds” described above under the heading “The Compounds”.

et

in one embodiment, the methed of puriﬁcatioﬁ is a method of purification of MTC.

in one embodiment, the method of purification is applied to a diaminophenothiazinium
compound (e.g., MTC) in general, that is, that may or may not have been prepared by a
method of synthesis as described herein.

For example, the method of purification may be applied to a commercially availabie
diaminophenothiazinium compound (e.g., MTC), e.g., thatis relatively impure or that
contains undesirable or unacceptably high levels of certain impurities (e.g., organic
impurities, metals, etc.).

For example, In one embodiment the method of purification is applied to commercially
available Medex™ (e.g., to MTC initially provided by Medex Medical Export Co. Lid)

For example, In one embodiment the method of purification is applied to commercially
available Urolene Blue® (e.g., to MTC initially provided as Urclene Blue®).

In one embodiment, the method of purification is applied to a diaminophenothiazinium
compound (e.g., MTC) that has been prepared by a method of synthesis as described
herein (e.g., to MTC inltially provided as the product of a method of synthesis as
described herein.
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contains undesirable or unacceptably high levels of certain impurities
(e.g., organic 30 impurities, metals, etc.). For example, In one
embodiment the method of purification is applied to commerciall
WM RedexTM (e.g., to MTC initially provided by Mede&XTAE§RU4F003634
Export Co. Ltd.) 35 For example, In one embodiment the method of
purification is applied to commerciall$ -available Urolene Blue(r) (e g., to
MTC initially provided as Urolene BIue(DI[% In one embodime tn d m order,
In qif ARRPEIMHHOSHOR TS & SR EB R USSR SRS RIAUMRLF o pound
sel¢etefl fIMMC) that has been prepared by a method of synthesis as
desuritngsaiisatiend®r{e.g., to MTC initially provided as the product of a
metbearot syirthésis (@) described herein. WO 2006/032879
PCT4sB2a0p4036R%);-16 In one embodiment, the method of purification
comprisgseResRigiedsangnin order, selected from: recrystallisation
(RX); organi ﬁég%gg%@@r} -5 recrystallisation (RX); a treatment step,

selected frgﬂ)glllL &Y @mggayﬁg}g%ﬁgmm?thyld|th|ocarbamate

treatment reafat%t{ (CT) and 10

ethylenedlamlne raace rystallisation
(RX); orgaﬁ?@yé%&? é?iBW? a%?r%‘a arcgac:r%%?ftﬁhsat ﬁff 15 In one
emb’@ﬂﬁfﬁ BfHod of purification comprises a step of: a treatment

stepo@@lé@t@éfﬁ@fmn £afnME treatment (ST); dimethyldithiocarbamate
treatemystaliFtiosd®déhate treatment (CT); and 20
ethylenediaminetetraacetic acid treatment (EDTAT). In one embodiment,
in e eretbarheh tificatiom ad ditidnatiiyncomprises asttepof. a treatment

stepg seiseied: fam; sdphidedreatment (ST); 25 dimethyldithiocarbamate
treatment (Raide treatment (ST);

dimethyldithiocarbamate treatment (DT},

carbonate treatment (CT), and

ethylenediaminetetraacetic acid treatment (EDTAT).

In one embodiment, the method of purification add:tfona!{y comprises a siep of.
a treatment siep, selected from:
sulphide treatment (ST);
dimethyldithiocarbamate treatment (DT);
carbonate treatment (CT); and
ethylenediaminetetraacetic acid treatment (EDTAT).

In one embodiment, the method of purification comprises a step of:
sulphide freatmant (ST).

in one embodiment, the method of pusification additionalfy comprises a step of.
suiphide treatment {(87).

in one embodiment, the method of purification comprises a step of:
organic extraction (OE},

In one embodiment, the method of purification additionally comprises a step of:
organic extraction (OE).

in one embodiment, the method of purification comprises a step of.
recrystallisation (RX).
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carbonate treatment (CT); and ethylenediaminetetraacetic acid treatment

(EDTAT). In one embodiment, the method of purification comprises a step

of: 30 sulﬁhlde treatment (ST). In one embodiment, the me};f&%}j of 003634
additionally comprises a step of: sulphide treatmentG&zﬁu} e

In one embodiment, the method of ﬁ)urlflcatlon comprises a step of:

organic extraction (OE). In one embgd‘ment the method of purification

In addltl%oQ{rXenﬁ r‘,ﬁg ggso Bu?? &f&@%ﬁéﬂéﬁtm@@sﬁ%@%@e

Waia f purifi catlon comprises a step of:
reciVEIETRETON (RX), WO 2006/032879 PCT/GBZOOS/003634 -17 In one
embodiment, the method of purification addltlon comp ises step of:

In %ﬁ%‘?ﬁﬁi@%&ﬁ"{@%?thﬁ%ﬂfe"éﬁ’?ﬁﬁiﬂﬁ?r@‘i‘ipﬂ?& 6%P8f° R %n

conmipireaigené SeppsAFCIAIFEEE: 5 a treatment step, selected from:
sulphide tredghigntre8Meditéthyidithiocarbamate treatment (DT);
carbonate dreatigeith(@f)h andiedtbgteasidi@iinetetraacetic acid treatment
(EDTAT); aggorgotganitexiGiiiemi(OE). In one embodiment, the
method of guyifiraliamrempasesitheisepsabnnBIIT) safghide treatment
(ST), Qﬁq Oémﬁomtlon (OE). 15 In one embodiment, the method of
purification comprises the steps of, in order: a treatment step, selected
from: hlde t atm T I (DT);
w@gfg e g %15 A

treafiviBAF recrystalllsatlon (RX).

organic extraction (CE

in one embodiment, the method of purification comprises the steps of, in order:

a treatment step, selected from:
sulphide freatment (ST);
dimethyldithiocarbamate treatment (OT);
carbonate treatment (CT); and
ethylenediaminetetraacetic acid treatment (EDTAT); and
recrystallisation (RX).

In one embodiment, the method of purification comprises the steps of, in order:

sulphide treatment (ST}, and
recrystallisation (RX).

in one embodiment, the method of purification comprises the steps of, in order:

organic extraction (OE); and
recrystallisation (RX}.

in one embodiment, the method of purification comprises the steps of, in order:

a treatment step, selected from:
suiphide freatment (ST});
dimethyidithiocarbamate treatment {(OT);
carbonate treatment (CT); and
ethylenediaminetetraacetic acid treatment (EDTAT);
organic extraction (OF); and
recrystallisation (RX).

in one embodiment, the method of purification comprises the steps of, in order:

sulphide freatment (ST);
organic extraction (OE); and
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In one embodiment, the method of purification comprises the steps of, in
order: 25 sulphide treatment (ST); and recrystallisation (RX). In one

W rrg(t))(%ddgngnt the method of purification comprises the step p&? th} s%os -
g)rganfc &itaction (OE); and 30 recrystallisation (RX). In one'em {
the method of purification comprises the steps of, in order: a treatment

step, selected from sulphide treatment (ST); 35 dimethyidithiocarbamate

treafm (s %Rz)nate treatment (CT); and
ethye |am|nete cetic acid treatment (EDTAT); organic extraction
OE); and rec stallls ti 5[) one emb e me od of
I AT OR AR BB S B R Sk b e

eatment
orgéﬁ%yéﬁ?ﬂtﬁéit%@%)a%d WO 2006/032879 PCT/GBZOOS/003634
recrgstafiseibATRBpItAtehEBMbodiment, the method of purification
comprisessiiehidepreafnrnol®Ex: recrystallisation (RX); and 5 a treatment
step, seleatiea:frglitheshrhitesemeateet{ 8T} dimethyldithiocarbamate
treatment dabhreasheatettqamentd(CT); and
ethyfenediginjpptalianpetisrasidteaimesitthdT &DTATY. In one
embodiment, the method of purification comprises the steps of, in order:

In Ofis &M j?zlttﬁﬁ% AR%)etﬂBg &%BH@'Q&H@@UH&H&@% dtedd &M@ order:

emb 0 eaqt purlflcatlon comprises the steps of, in order:

recry ?Qi%s& IS% 3%{ 5% organlc extraction (OE). In one embodiment,

the & comprises the steps of, in order:

in ohe embodiment, the method of purification comprises the steps of, in order:
recrystaliisation (RX); and
organic extraction (OE).

in one embodiment, the method of purification comprises the steps of, in order:

recrystallisation (RX};
a treatment step, selected from:

sulphide treatment (ST),

dimethyldithiocarbamate treatment (DT);

carbonate freatment (CT), and

ethyienediaminetetraacstic acid treatment (EDTAT); and
organic extraction (OF).

In ohe embodiment, the method of purification comprises the steps of, in order:
recrystallisation (RX);
suiphide freatment (8T); and
organic extraction (OE).

in one embodiment, the method of purification comprises the steps of, in order:

a treatment step, selected from:

sulphide treatment (ST);

dimethyldithiocarbamate treatment (DT);

carbonate treatment (CT); and

ethylenediaminetetraacetic acid treatment (EDTAT);
recrystallisation (RX); and
organic extraction (OE).

in one embodiment, the method of purification comprises the steps of, in order:
suiphide treatment (ST);



20 recrystallisation (RX); a treatment step, selected from: sulphide
treatment (ST); dimethyldithiocarbamate treatment (DT); carbonate
treatment %CrI]T); and 25 ethylenediaminetetraacetic acid treatment ‘

W(%M“Ff? d organic extraction (OE). In one embodiment?ﬂéqﬁ%(lﬁ%wzb 4
purification comprises the steps of, in order: recrystallisation (RX); 30
sulphide treatment (ST); and orgain”i@ extraction (OE). In one embodiment,
the metho%ﬂ_of ﬁ%ﬂ%‘;@ﬂon comprises the steps of, in order: a treatment

stepSEERE st g

; : 53§ulphide treatment (ST); dimethyidithiocarbamate
treRFARRIE @ T5<UCAYRate treatment (CT): and
ethylenediaminetetraacetic acid treatment (EDTAT); recrystallisatiopn (RX);

In carcBdreHicheeraaicEXOEjiom GFe Giff E‘ﬂ%gm%?ﬁéﬁ% :
5  CHggification comprises the steps of, in order: sulphide treatment (ST); WO
2006/032879 PCT/GB2005/003634 -19- recrystallisation (RX); and
in HOaRIsRHaatIoR (QRstHlienpe R diapdat trelegdnitenstditatiqOE)
RE \geghichloromethane (DCM, 5 CH2CI2). In one embodiment, the
recrystallisation (RX) step is a coot acidic recrystaflisation (RX-CAR)

10 Nitrsoteﬁ't?‘oo ﬂlﬁsﬁylaﬂon (NOS) In this step, an N,N-disubstituted-3-optionally

line, 1, is 4-nitrosylated to give an
In %’%{;‘gfﬁﬂg%&ﬁ%@g@ﬁ%ﬁ%ﬁ%ﬁa@%ﬁ|r%r,‘ Ying 42niftSsylated to
give an N, N-disubstituted-3-optionally substituted-4-nitrosyl aniline, 2, as itlustrated in the

following schemae: 9

R® R .
pZ E NO
N
a7 e R A\N .
|
éﬂéﬁ R7®
1 2
i5
in one embodiment, an N,N-dimethyl aniline, 1, is 4-nitrosylated te give an N,N-dimethyl-
4-nitrosy! aniline, 2, as illustrated in the following scheme:
NO
W
MB\NQ \!?
E Me
Me 4r ot
20

In one embodiment, the nitrosylation is performed using a nitrite.

in one embodiment, the nifrite is or comprises NO,".

In one embodiment, the nitrite is or comprises alkali metal nitrite.

in one embodiment, the nitrite is or comprises sodium nitrite or potassium nitrite.
25 in one embodiment, the nitrite is sodium nitrite (NaNQ,).

In one embodiment, the molar ratio of nitrite to aniline, 1, 1s 0.8 to 1.5.
in one embodiment, the molar ratio is 1.0te 1.5.
in one embodiment, the molar ratio Is 1.1 10 1.5,

30  in one embodiment, the molar ratio is 1.1 to 1.3.

in one embodiment, the nitrosylation is performed under acidic conditions.
In one smbodiment, the nitrosylaticn is performed at a pH of 1 or less.
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NO /~R7NA\R7N\N I RIR 7N5 R7N8 15 2 In one embodiment, an

N,N-dimethyl aniline, 1', is 4-nitrosylated to give an N,N-dimethyl-

4-nitrosyl aniline, 2', as illustrated in the following scheme: NO Me, Me. N
wa W"%@ . 2" 20 In one embodiment, the nitrosylation is*héf FF MR p03634

using a nitrite. In one embodiment, the nitrite is or comprises NO2. In one

embodiment, the nitrite is or compri@é’s‘alkali metal nitrite. In one

n ;gbog ment, rth rtel E: r??sm rr%?rﬁ sdodtlum |tp 3\é}potassmm nitrite,

A ARE5E%E n| 1] e 2). In one

In %?ﬁl?&?ﬂﬂﬁleﬂ?nfh@% ‘é}s?éem‘?'blsrﬁﬁﬁ%"%e ﬁé’ t0 1.5. In one

(Unlesp otiianeise aReqHismhralrid yaiues ae @%ﬁ%&%%ﬁ?ﬁ%ﬁ%ﬁ@ﬁf%%mar
ratiois 1.1 to 1.5. 30 in one embodiment, the molar ratiois 1.1 to 1.3. in

In enecearhbdidientrihetbeiditsyiition dssphifingredsingdepleridieadsdnditions.

in dhoaeenibedineratdide niindifidatiareishiaEneimsdeti@l pvhohhas tessstang

aci®Pp208a/032879 PCT/GB2005/003634 -20 In one embodiment, the
nitrosylation is performed at a pH of 1 to -1. In one embodiment, the

in &Hté%%%fa%éﬁt RedtmsdabapktiahlleR «Einiass atherwise specified, all

pH values are measured at room temperature ) 5 In one embodiment, the

i acidic E adltlo %ri%gbtalrhe{j gsmg a strong acid. In one embodiment, the
" A RBRGITORS 5 obtar n:E e sing HCI (which has one strong acid

In BREEMPANBTY dNTSB0ARL molar ratio of acid protons to aniline, 1, is
in gng embegiment, the ratio is about 3.2

in one embodiment, the range is 2 to 3.
in one embodiment, the range is 2.2510 2.75.
In one embodiment, the ratio is about 2.5.

In one embodiment, the reaction is performed in an aguaous medium.
in one embodiment, the reaction temperature is 2 to 28°C.
In one embodiment, the reaction temperature is 2 to 15°C.
In one embodiment, the reaction temperature is 2 to 10°C.
in one embodiment, the reaction temperature is about 5°C.
in one embodiment, the reaction time is 10 to 240 minutes.
In one embodiment, the reaction time is 30 to 120 minutes.
in one embodiment, the reaction time is about 60 minutes.

in one embodiment, the reaction mixture is stirred during the reaction step

Nitrosyl Reduction (NE)

in this step, an N,N-disubstituted-3-optionally substituted-4-nitrosyl aniline, 2, is reduced
to form a N,N-disubstituted-1,4-diamino-5-optionally substituted benzene, 3, as illusirated
in tha following scheme:

NO

THA A —— R

I TNB
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In one embodiment, the range is 2 to 4. In one embodiment, the range is
3 to 4. In one embodiment, the ratio is about 3.2. In one embodiment, the
range is 2 to 3. 15 In one embodiment, the range is 2.25t0 2.75. In 0

ditAHt, the ratio is about 2.5. In one embodiment, the r‘é%(&ﬁ%ﬁ"?"“f‘““
performed in an aqueous medium. 20 In one embodiment, the reaction
temperature is 2 to 25C. In one enFddiment, the reaction temperature is 2

S ene TR RSB A, none
N"éﬁﬁ‘@@ﬂﬂ‘héﬁfdiﬁ’é“@al&?f&‘??ﬁn gl‘{grffﬁpmlnuteoglo i S%ﬁﬁ%odlment

t_he reaction time is_3Q to.4@0 mlnutes In one embogh reaction
time is about 60 & actign mixture is
stirred durirfthe-réaction step. 30 Nitrosvl Redugtion (NR) In this step,
an N,N-disubstituted-3-optionally substituted-4'-nitresyl aniline, 2, is
reduced to fordf%a N -disubstituted-1,4-diamino-5-optgnally substituted
benzene, 3, as illustrated 35 in the following scheme: R9 R~ NO / NHz
R7NB\ 1 R7N~N\R7NB R7NB 2 3 WO 2006/032879

in ae]aem@emcmwu@m e AR e HHEATCAHN N e thyl-4-nitrosy

in apdia@paditseredbeeddicciug moaniNsierdienetisesiC#@lamino-benzene, 3', as

in bustiateditndhe tfelleuinthgclremds oN@rivieisehl Mztallewon] Me Me 2' 3'

In one embodiment, the reducing agent is metallic iron.

Metallic iron may be obtained commercially, for example, as metal filings.
In one embodiment, the molar ratio of Fe(C) to aniline, 1, is 1.01ic 4.0,

in ona embodiment, the range is 1.5t0 4.0.
In one embodiment, the range is 1.5 10 3.0.
in one embodiment, the range is 1.5 10 2.5.
in one embodiment, the range is 1.510 3.5.
in one embodiment, the range is 2.0 to 3.0.
in one embodiment, the ratio is about 2.4,

in one embodiment, the reaction is performed under acidic conditions.
in ona embodiment, the reaction is parformed at a pH of 1 or less.

.. In one embodiment, the reaction is performed at a pH of 1 fo -1,

in one embodiment, the reaction is performed at a pH of 110 0.

in one embodiment, the acidic conditions are obtained using a strong acid.
in one embodiment, the acidic conditions are obtained using HCI (which has one strong
acid proton).

In one embodiment, the molar ratio of acid protons to aniling, 1, is 1 to 4.

in one embodiment, the range is 2 to 4.

In one embodirnent, the range is 3 to 4.

in one embodiment, the ratio is about 3.2,

in one empodiment, the range is 210 3.

In one embodiment, the range is 2.25to 2.75.
In one embodiment, the ratio is about 2.5

in one embodiment, the reaction is performed in an aqueous medium.



5 In one embodiment, the reduction is by reaction with a reducing agent.

In one embodiment, the reducing agent is or comprises Fe(0). In one

embodiment, the reducing agent is or comprises metallic iron. In.on
W@rﬁ%‘%ﬁﬁ%}ﬁt the reducing agent is metallic iron. 10 Metallid %F?ﬁ%g?f’g’gyﬁ

obtained commercially, for example, as metal filings. In one embodiment,

the molar ratio of Fe(0) to aniline, 1,3%1.0 to 4.0. In one embodiment, the

range is 1.5to 4.0. 15 In one embodiment, the range is 1 5t0 3.0. Inone

embodiment, the range is 1.5tq 2.5. In one emh d|m }%%Dr@nge is1.5
In qaeER DI BRELRDLGAHINIS BREPHAGR 3 218 gle ® Smigadiment,

In ane sERSEMERH IS BCHRN iF Gﬁé"éﬁ%ﬂ%&%‘pﬁﬁ@ ‘r'é%%i formed
In Wb@ﬁd@@bmﬁﬂ@ﬁ@mﬁ%@@f@mmﬁéﬁmﬁﬁ?wﬁﬁ &l??é'tp@fermed at
5 a pH of 1 or less. In one embodiment, the reaction is performed at a pH of
in dntterkbolinase, embeatitivans, shsareaction asiperfdrifdel 24anprlies1 to 0.
in o Brieahogisnentithaasidis eeddiiersaref dotiriéd mingea strong
in, AL B oG &M bedizae the asifis-aapdiiinne oraobtaineehisirg. HCI
(which has one strong acid proton). 30 In one embodiment, the molar
ratio o a Jd 0 Al ili 5! the range
1 I ?sf'%? n onégg% %i@rﬁ%e‘rﬁt?dt e r%%{&ﬁ%]%g%%%%ﬁ&gﬁggdlmem the

S R I

rempysst 599 mw%mwﬂmﬁm@em@%&% iy iafen
medlum WO 2006/032879 PCT/GS2005/003634 -22 in one embodlment

ata temperature of 2 to 35C. In one
embodlment the reactlon is performed at a temperature of 10 to 30C. In

In 90€ Lapbad MrRtisthetteretiop-tipeirfortred etdtenstidast bakaho Ll

is ags@zaﬁ in the presence of a thiosulfate to give a thiosulfuric acid 8-{2-(amino}-3-

(optionally substituted)-5-{disubstituted-amino)-phenyl} ester, 4, as illustrated in the
20  following scheme:

15

‘l‘
)=

8

R

t :NHZ
TNA

RSy s
7NB

i e
o NE o_%w(}

3 4 OH

In ohe embodiment, an N,N-dimethyi-1 4-diamino-benzene, ¥, is oxidized in the presence
25  of a thiosulfate to give a thiosulfuric acid $-{2-(amino)-5-(dimethylamino}-phenyl} ester, 4',
as illustrated in the following scheme:

" NH,
TS M /@E
N ey ol e
Me- ~N Si

30 The thiosulfate is or comprises $,057.
In one embodiment, the thiosulfate is or comprises NapSz0s.
in one embodiment, the thiosulfate is Na;8,0; or a hydrate thereof.
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In one embodiment, the reaction is performed for a time of 10 to 240
rlnégutes. In one embodiment, the reaction is performed for a time of 30 to
minutes. In one embodiment, the reaction is performed for a time of
Wt 438 hinutes. 10 in one embodiment, the regctlon mixiGregE Yo

during the reaction step. In one embodiment, when the reducing agent is
metallic iron, excess metallic iron is2emoved from the reaction mixture

Nazggsl;l[&eﬁagcﬁ%n c’g&n)gletlon for. qﬁe:fnrpl(}e(h%igltraast a‘;llh%(;l'rghosssué {)&I%&ﬂg

pertaNHRiEibstituted-1,4-diamino-5- -optionally substituted benzene, 3,
oxidized in the presence of a thiosulfate to give a thiosulfuric acid

In dBe{Brantintsrs-tieptionalstie ahtiestdia) 639(69 iaRgitdtEChithbRphenyl}

in eriemdodisidhistnatedian thie 20 .foiboiving scheme: RB R NHz S203-2

in SRENMNENRENAS WM R%SRTNE RENEE0-S=0 3 4 OH In one embodiment,

In %Mﬁm@my{%,ﬂr@mwﬁp@ma@na?, is oxidized in the presence 25
of a thiosulfate to give a thiosulfuric acid

in ?O%Zerg%@é%%n? Qﬂ%?@éﬂgm?@ RaakhReeh 6x1d§§1§|!§§érlﬁted in the

ST e e bs e e 0.0 54 of

In eARETPLRITS Sy KI5RY gér%g %\?ff@éc?rq] Hseeg(@ (C)? iment, the thiosulfate

In PERAD AT é"ﬁm@wsﬁffw@%wﬁ%@ﬁg T
In 0P8 R0 In ki BEGENG RBENESNRSTERNT foRiras, H-Jf_gGE ?hOeS/ 003634

anhydrous salt or as the pentahydrate. In one embodiment, the molar
Nasatiphihjosutiateineddiamimssialiisior @k, as a dinydrate.

in one embodiment, the molar ratio of Cr(Vi) to diamine, 3, is 0.2 to 2.0.
in one embodiment, the molar ratio is 0.2 to 1.0.
In one embodiment, the molar ratio is 0.2 to 0.8.
In one embodiment, the molar ratio is 0.3 to 0.7.

in one embodiment, the reaction is performed in an agqueous medium.
In one embodiment, the reaction temperature is 2 to 25°C.
in one embodiment, the reaction temperature is 2 fo 15°C.
In one embodiment, the reaction temperature Is 2 to 10°C.
In one embodiment, the reaction temperature is about 5°C.
in one embodiment, the reaction time is 10 to 240 minutes.
In one embodiment, the reaction time is 30 fo 120 minutes.
in one embodiment, the reaction time is about 60 minuies.

in one embodimant, the reaction mixture is stirred during the reaction step.

QOxidative Coupling (OC)

In this step, a thiesutfuric acid S-{2-(amino}-3-(optionally substituted)-5-(disubstituied
amino)-phenyl} ester, 4, is oxidatively coupled o an N, N-disubstituiad-3-optionaily
substituted-aniine, 5, using an oxidizing agent that is or comprises Cr{Vi), o give a
[4-{2-(thiosulfate)-4-(disubstituted amino)-6-(optionally substituted}-phenyl-iminc}-3-
(optionally substituted)-cyciohexa-2,5-dienylidene]-N,N-disubstituted ammonium, 6, as
iltustrated in the following scheme:
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5 In one embodiment, the molar ratio is 1.0 to 1.5. In one embodiment, the
molar ratio is 1.1 to 1.5. In one embodiment, the molar ratio is 1.1 to 1.3.
In one embodiment, the oxidation is by reaction with an oxidizin ent.
Wszf'ﬁ“éfﬁésé‘?mbodlment the oxidizing agent is or comprises E?M%“%%?%ﬂ@(“
embodiment, the oxidizing agent is or comprises Cr207 2. In one
embodiment, the oxidizing agent is 8# tomprises Na2Cr207. In one
embodiment, the oxidizing agent is Na2Cr207 or a hydrate thereof. 15
e¢d commercially, for example, as a dihydrate. In
wratio of Cr(VI) to diamine, 3, is 0.2t0 2.0. In

0.7.Inon fiment, tige repetion is performe 5 medium.
In_ene e ent, the reaction temperagite s R

emboch t; thereaction temperature is 2 to I5C. In ong embodmn @
the rea‘bmn teyRmerature is 2 to 10C. In one eriBodinTert, the readtion
temperature is ala@ut 5C. In one embodiment, the rgactigq time is 10 to
240 minute4. 30 In one embodiment, the reaction tifhe is-30 to 120
minutes. In one embodiment, the reaction time is about 60 minutes. in

one e F}%& HQBI&W Irgissiisadiduinmiageselion sk, 4, is
;cax%%;g X %ﬁ;ngnét 1 o héﬁ@gpﬁ -8, fhiosfubiciaeig agent that is Oﬂ;
| | o
copgrieHCTEY @a‘ilv%l fﬁu {fHie ?dﬁéﬂ% E:\%%g pﬁéﬂW%ngF&é hex

2 %@@éﬂi\ﬁ@ﬁ’ﬁﬁﬁ]’n@“’@%ﬁﬁ@%%&@d%na& agen éu |e§ or comprgs%es T,

to give a 40 [4-{2-(thios i fe)-4- (dlsubstltuted amlno) -6-(optionally
substituted)-phenyl-iming optignally

substituted)- cycl 1exa- -2,5-dien Ildene] -N,N- dISUbS utedhkammonium, 6,
as |IIustr foIIOW|5¢1 saxhaeme WO 2006/G328 19 m
PC]{}{@SZ 3634 24-R1-RB-R3Nk R‘FRBN,

““‘SG E

0
4! OH GE @

in one embodiment, the ester, 4, is added first, before the aniline, 5, is added.

In one embodiment, the oxidizing agent is or comprises Cr042.
in one embodiment, the oxidizing agent is or comprises NaCral+.
in one embodiment, the oxidizing agent is Na;Cr:07.

in one embodiment, the molar ratio of ester, 4, to aniling, 5,i1s 0.5 t0 1.5.
in one embodiment, the range is 0.8 to 1.2,
in one embodiment, the range is about 1.0.

in one embodiment, the molar ratio of Cr{Vl} to aniline, §, is 1.01{0 4.0,
In one embodiment, the range is 1.6 to 3.0.
In one embodiment, the range is 2.0 10 3.0.
In one embodiment, the range is about 2.2.

in one embodiment, the reaction is performed under acidic conditions.

in one embodiment, the reaction is performed at a pH of 1 or less.
in one embadiment, the reaction is performed at a pH of 1 to -1,
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R 7NA R N\N \ S NIRaNA O=S =0 R?NB 0=5=0 R3NO R7N9OHO046
O In one embodiment, a thiosulfuric acid

amlno) -5-(dimethylaminc)-phenyl} ester, 4', is oxidatively coupled
Wgéww &fﬁfethyl aniline, 5', using an oxidizing agent that i is B %’ om%’ ?3 =
Cr(VI), to give a

[4-{2-(thiosulfate)-4- (dlmethylamlno)"-?)henyl imino}-cyclohexa-

5-dienylidene LmeI mmo lustrated in the followin

In %ﬁwgﬁ% i “lr{ﬁiiag %‘? ?ﬁo%éd 0 Mo ‘Me D2Se0 Mo
4F In one embodlment the ester, 4, i ed first, before the
In aipmRbosmentdHec s TRedis il ERrTioR, TR I% %??g agent is or
in mmwzmzﬂ%ﬁ@ ERebidNe ERCHAR SRRIIBIA Oaient is or
In oeeprisdsNER OOV at hosrdarmbederian HRP JRidRsHY%Agent is
in MMa2GIRRmAG ihepE etthodimenthteasiomsieridsciiesic?,X; to aniline, 5,
is 0.5to 1.5. In one embodiment, the range is 0.8 to 1.2. In one

in S0RAMIRBAN NG dARARISAERIhE Lelsheneenhegimenrhdheimolar ratio of
In &(é\é é&%&m% IS A0 AR RERRMBRY M, heangs 9.6

Stfaqg ac;d nrg S mbodiment, the range is 2.0 to 3.0. In one embodiment,
range Is about 2.2. In one embodiment, the reaction is performed

under acidic condltlons 25 In.one em Odl t e rq@qtﬁ) L%Jerformed

In oRe;SHIR TR ILEE. MeIS IR PSR Re ?n%he reactlbn is performed at a pH
In e sHRATNRDADBEAS5 879 P FISB20051003634 -25 In one P
In enslrscfiasinenthEeeapasrisiaetféined at a pH of 1 to 0. In one

embodiment, the pH at the end of the reaction step, is 2 to 6.
in one embodimeant, the reaction is performed in an agueous medium.

In one embodiment, the reaction temperature is 2 to 20°C.

in one embodiment, the reaction temperature is 2 to 15°C.

in one embodiment, the reaction temperature is about 5°C.

in one embodiment, the reaction time is 10 minutes to 12 hours.

in one embodiment, the reaction time is 30 minutes to 4 hours.

in one embodiment, the reaction time is about 2 hours.

in one embodimant, the reaction mixture is stirred during the reaction step.

in one embodiment, aniline, §, is the same as aniling, 1.

Cr(vh Reduction (CR)

In this step, the product of the oxidative coupling (OC) step is treated to convert residual
Cr(vi) to Cr(I).

In ohe embodiment, at least 25% of residual Cr{V1} is converted to Cr(fil).

in one embodiment, the range is at least 35% {i.e., 35 to 100%).

in one embodiment, the range is at Isast 50% (i.e., 50 {o 100%}.

In one embodiment, the range is at least 80% (i.e., 60 o 100%).

In one embodiment, the range is at least 70% (i.e., 70 to 100%).

in one embodiment, the range is at ieast 80% (i.e., 80 to 100%).

In one embodiment, the range s at least 90% (i.e., 80 to 100%;.

In one embodiment, the range is at Ieast 95% (i.e., 95 to 100%).

in one embodiment, substaniially ak of residual Cr(V1) is converted to Cr(il).
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In one embodiment, the pH at the end of the reaction step, is 3t0 5.5 In
one embodiment, the pH at the end of the reaction step, is about 4. In one
embodiment, the pH at the end of the reaction step, is about 3.94. in one
WEhBUAINETY, the acidic conditions are obtained using a stro%%%%?&?‘fﬂ“%@‘

embodiment, the acidic conditions are obtained using H2SO4 (which has
two 10 strong acid protons). In one Zmbodiment, the molar ratio of acid
protons to aniline, 5, is 1.0 to 4.0. In one embodiment, the range is 1.5 to
2.5. In one embodiment, the range is about 2,0. 15 In .%r%?eembogtimer}

. t
ThereadiRBiveiLs SEIfGIFASHE 7S 47 4NRIGIFOMEIANTT BB b RRRe the
to Gedbtion temperature is 2 to 20C. In one embodiment, the reaction

temperature is 2 to 15C. 20 In one embodiment, the reaction temperature
In ¢8EBALLERSM, ereremtwdimidnts ihetiretdonngrie kadienisies to 12

hours. In one embodiment, the reaction time is 30 minutes to 4 hours. in
in ARERBOAMIBRE LR EeaetiOptimithiss abaubdousm@siumone

embodiment, the reaction mixture is stirred during the reaction step. In

one.amaodi g6 isiibaRemGiRs-AlNgnd «g8E (V1) Reduction
n ?&Fﬁ% [rE? %@%Egﬁ?ﬁ%%rogucit of the oxidative coupli%g (OC) step is treated

to convert residual Cr(VI) to Cr(lll). 35 In one embodiment, at least 25% of
HVFE%?HG%?'Cr(VI) is converted to Cr(lil). In one embodiment, the range is at

least 35% (i.e., 35 to 100%). In one embodiment, the range is %tfl%%a
I GOV 0SS RRRIFRH RS SR LT i)

(i.e., 60 to 100%). In one embodiment, the range is at least 70% (i.e., 70
THOHAA%) itk mrocenerissedisfeit, the range is at least 80% (i.e., 80 to

100%). in one embodiment, the range is at least 90% (i.e., 90 to 100%).
in UhOBESHARRSMeRth jamsamgeiiseat e styBaM%ulite., 95 to 100%). in one

embodiment, substantially all of residual Cr(VI) is converted to Cr(lll). WO
1n 2006/032879 BGTIGRRO0MI0R63Ax26Tha) Igastiairtime is selected so
In %%e%r%%gl ;r\{x%rﬁ,o{?w\éenr%?&&fﬁ?e%5@9&%%9@9“%&@&5@6'){n0wn as sodium
hydrosuifite and sodium dithionite}.
in one embodimeant, the hydrosulfite is NagS:0, or a hydrate thereof.

Withott wishing to be bound to any particular theory, it is belisved that Cr(V!) reacts
with hydrosulfite to form Cr(ill} and sodium sulfate (e.g., Na;Cr,07 +
N328204 - Cr203 + 2 N82804).

In one embodiment, the molar amount of hydrosulfite is from 0.62 to 1.0 times the iotal
molar amount of Cr(V1) that was used in the thiosulfonic acid formation (TSAF) step (if
parformed, and if performed using Cr(V1)) and the oxidative coupling (OC) siep.

in one embodiment, the range is 0.03 10 0.7

in one embodiment, the range is 0.05t0 0.5,

in one embodiment, the range is 0.05 to C.2.

in one embodiment, the range is 0.1 fo 0.2,

in one embaodiment, the molar amount is about 0.16 times.

In one embadiment, the hydrosulfite is agueous hydrosuifite.
In one embadiment, the reaction time is 1 minute to 6 hours,

in one embodiment, the reaction time is 2 minutes to 1 hour.
In ohe embodiment, the reaction time is about 10 minutes.
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to Cr(Ill). 5 In one embodiment, the reaction mixture is stirred during the
reaction step. in one embodiment, the reaction is performed in an
agueous medium. In one embodiment, the treatment is treatment with a

WEdR41328Hent. 10 Hydrosulfite: In one embodiment, the réGU&HF Hgarte4
is a hydrosulfite (also known as dithionite). 15 The hydrosulfite is or
comprises S204 2. In one embodiméAt; the hydrosulfite is a metal

hydrosulfite. | e emhodiment, the hydrposulfite is an alkali metal
ing a&B@E%?Hedﬁ%"gﬂ%SH}%?E%PE%% %dgggg?lﬁte is or comprises
In RERYPESAETES KIFoRACIY BRI H R Hitd éffnd sodium dithionite). in
in BHe FRASSINERE D IHEAARSIIRREATR 2828281 hydrate thereof.
In Wigrrsolbegisting e beastemigrpainUiRitay BBRRAH s believed that
Cr(VI) reacts 25 with hydrosulfite to form Cr(lIl) and sodium sulfate (e.g.,
AlRdadCr207 + Na2S204 - Cr203 + 2 Na2S04). In one embodiment, the
molar amount of hydrosulfite is from 0.02 to 1.0 times the total molar

In 3MOLNLOkREY bR e yiagshinsths Hngssilfonic acid formation (TSAF)
step (if 30 performed, and if performed using Cr(VI)) and the oxidative

inGAPIREEh P RR JRAF EMhadimRaL e [aparde 003 10 07, In one
ST RRpmegt ihe _ea%ﬁgn-qf?stg stirata b RAY %‘i'g';lg%&o&he range Is
1“(5’.'3%%‘ s mf,gl InN ong"é oglmerﬁ, range 1s 0.1 10 0.2. In one
'”&%B@i%gm?m’é%&a%%ﬂﬂﬁ ®7368ut 0.16 times. in one embodiment,
the hydrosulfite is aqueous hydrosulfite. 40 in one embodiment, the _
Witsautivietintstosoe ARG RBTHRIABRRNe tisdalRueE R readtitRtimeth
aliedohinuteshang/HodermiCob andiiorlrpeerP eneirgaaidey dméas alberdl {99
ethaimeljes W 20060328 7ZINPCT/HBRORTB0B634 27 in one
embodiment, the reaction temperature is 2 to 5000. In one embodiment,
inth8:' eRBHBREM BR AtUrE ish et BkakbPRee Rbadinentothe Baeting times
thiERBEkAe iR LA 256 Hh ARG RN hiRR feAc iR IRMREIRIITS AF)

stg%o(fpptgx%ﬂ'%ﬂ:[% if%erformed using Cr(V1)) and the oxidative coupling (OC) step.

in one embodiment, the range is 0.03 t0 0.7,

In one embodiment, the range is 0.05 to 0.5

in one embodiment, the range is 0.05 to 0.3.

in one embodiment, the range is 0.1 {0 0.2.

in one embodiment, the molar amount is about 0.12 times.

in one embodiment, the reaction time is 1 hour 1o 48 hours.
in one embodiment, the reaction time is 2 hours to 24 hours.
in one embodiment, the reaction time is about 16 hours.

in one embodiment, the reaction temperature is 2 to 50°C.

in one embodiment, the reaction temperature is 5 to 30°C.

In one embodiment, the reaction temperature is 10 to 25°C.

in one embodiment, the reaction temperature is room temperature.

fodide:
In one embodiment, the reducing agent is an jodide.

Without wishing to be bound to any particular theory, it is befieved that Cr(Vl) reacts with
jodide to form Cr{llf) and iodine.
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Alkanof: In one embodiment, the reducing agent is an alkanol. 10 In one
embodiment, the alkanol is or comprises a C1_6alkanol. In one
embodiment, the C1_salkanol is a saturated allphatlc C1 6alkanol. In on
W&ﬁ%%&ﬁ%ﬁt the Cl.6alkanol is ethanol. Without wishing I to' be iy BZ" na fo o
any particular theory, it is believed that Cr(VI) reacts with 15 alkanol (e.g.,
ethanol) to form Cr(lll) and the corré%%ondlng aldehyde, i.e., alkanal (e.qg.,
etha ,.which can easily be removed %L In one
tn @Fﬁﬁ ng]g‘ne 0 (fa}rl%gru% ﬁ?(a a\mgfﬁg#%ng is from.0.02 to
I g SRR e '8#?{0"&#%?%'?&%6\98‘ R
in eRpemRsHiRESdEIREHRIS of SARHrsRF SRASEIBLIS §P¢:§ed and if performed
In orreEedimgriniietiedisiadaiv@IBpIIPYY®C) step. In one embodiment,
the range is 0.03 to 0.7. In one embodiment, the range is 0.05 to 0.5. In
in GnesaTBboieioTe it dmetanaeds ) B5tide.B.ro® higre tMbogntentoanolar
arangefis Vi) B & Jabnese imbanimseifinithecin Ganatino (A8~ abent(®. 12
oeliBifg |Brneambrdimany brVepsio hmeadstilhaupiod Bl utsp. In one
embodiment, the reaction time is 2 hours to 24 hours. 30 In one
embon%rg nt tmhre%% %qsmlt%@bput 16 hours. In one embodiment, the

reac m ture | one embodiment, the reaction
5\% mg%& %E%q g%odlment, the reaction temperature is
'ﬂ 9@%@%@“@%“ ntd %@8%88. ent t

e reaction temperature is room

in @lﬁﬁé’ﬂﬁd?@e%maéa‘“ﬁ%ﬁ@ Gdiment, the reducmg agent is an iodide.

In g0aithedimeRhiRg forlee BHovd t%%ﬁﬁ’s‘ftp%? theory, it is believed that
Cr(VI) reacts with iodide to form Cr(lll) and iodine. WO 2006/032879

In BEST4EBA005/00BE3MIdOB atvems indido tirfiesg YRR BRIAITS igAide).
comprises alkali metal iodide. In one embodiment, the iodide is or

inGHR BHISBaisRALIR: eshideoaripaiassihsariadidenolmsone embodiment, the

inBRINS {5 LA FATRAS ASBAsASHAT iDdisdes 1 tmBcRrsbodiment, the iodide is

n%%@éﬁﬂ'}mimgﬁd%eﬁeacﬂon time is about 12 hours.

in one embodiment, the reaction temperature is 2 to 50°C.
in one embodiment, the reaction temperature is 5 fo 30°C.
in one embodiment, the reaction temperature is 10 to 25°C.

In one embodiment, the reaction temperature is 25°C or iess.
in one embodiment, the reaction temperature is 15°C or less.
In one embodiment, the reaction temperature is 2 to 25°C.
in one embodiment, the reaction temperature is 2 to 15°C.

pH Adjustment:

in one embodiment, the treatment is treatment with an acid or a base (e.g., a strong acid
or a strong base) to achieve a pH of 57010 8.35 (measured at room temperature).

Without wishing to be bound to any particutar theory, it is believed that, at a pH in this
range, Cr{V!) reacts to form Cr{ii}.

in one embodiment, the pH range is 5.80 to 6.25.
In one embodiment, the pH range is 5.90 to 6.15.
In one embodiment, the pH range is 5,950 6.10.
In one embodiment, the pH is about 6.02,



In one embodiment, the molar amount of iodide is from 0.02 to 1.0 times
the total molar amount of Cr(VI) that was used in the thiosulfonic acid
formation (TSAF) step (if performed, and if performed usin qB
“# 200%&%&@ coupling (OC) step. 10 In one embodiment, th%(gdr%Bé)(}(z% g3
to 0.7. In one embodiment, the range is 0.05 to 0.5. In one embodiment,
the range is 0.05 to 0.3. In one emisgdiment, the range is 0.1 to 0.3. In
one embodime r.amount is abo %%rt €3, 15 Inone

In o BBGRAGR %ﬁ G} %'%d %‘ug“’é‘ é’ gs aq%%ous sodium iodide).

in %Pcﬁ%%ﬁ‘fﬂ%‘&ﬁﬁt@ﬁ’%@?@%‘ét%‘th%@% %our:f 24 h%; s. In one
In e BEURABINtHETEREHDRANIRAE SREGHS IR HE s DB 1n one
embodiment, the reaction time is about 12 hours. In one embodiment, the
in deactitndempt thtureiionttnsoig 1 hvwrie €hisement, the reaction
in deewehatiieis, Stor8Son rone ermnbodimédthebesreaction temperature is
in AR Gdesimat Imer b agigienkdhel aaetion temperature is 25C or
less. In one embodiment, the reaction temperature is 15C or less. In one
@%%%Hénthﬁéeggmg@mgmggeég E%!th‘%;gc In onelembodlment
ct era ustment: In one
m % ggg) en?;g%r??rreé%t%ﬁe%ntﬁeﬂaﬁ 2i

eat reatment giracid or a base (e.g.,, a
In %’E‘Foﬂ@b(f&’&]e a setlrg rpBaseT 0 ac m%eéngng of 5.70 to 6.35 (measured

at room temperature). 35 Wlthout W|sh|n9 to nd to any particular
p : ' Fefe ) reacts to form

Cr(III) In one embodlment the pH range is 5. 80 t0 6.25. 40 In one

in embmbrﬁmmermcra‘ﬁg@ﬂ@ﬁm%%'%t% Hereri8diment, the pH
range is 5.95 to 6.10. In one emBodiment'the pH is about 6.02, WO

in one embodiment, the isolation and purification is by filtration.

In one embodiment, the isolation and purification is by filiration followed by washing.
in one embadiment, the washing is washing with H0.

in one embadiment, the washing is washing with H.O and tetrahydrofuran (THF).

in one embodiment, the volume ratic of HeQ to THF is 1:1 to 10:1, preferably 4:1.

in one embodiment, the isolation and purification is by filtration followed by washing
and drying.

In one embodiment, the drying is air-drying.

In one embodiment, the drying is air-drying for 2 to 72 hours.
in one embodiment, the drying is air-drying for 2 to 48 hours.
in che embodiment, the drying is air-drying for 2 to 24 hours.

in ohe embodiment, the drying is oven-drying.

in one embodiment, the drying is oven-drying for 2 to 72 hours.
in one embodiment, the drying is oven-drying for 2 to 48 hours,
in one embodiment, the drying is oven-drying for 2 to 24 hours.
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in one embodiment, the treatment is with strong base. in one embodiment,
the treatment is with aqueous NaOH (e.g., 10%). 5 In one embodiment,
the reaction time is 1 hour to 48 hours. in one embodiment, the reaction
W& Burs to 24 hours. In one embodiment, the reactlg)r?ﬂﬁgﬁ'gl%{g{gdf"
16 hours. In one embodiment, the reaction temperature is 2 to 25C. 10 In
one embodiment, the reaction tempéfature is 2 to 15C In one
embodiment, the reaction tem ature
I BE AR PIREAERE (R OUEE d D 18 @“Bgthe
zwitterionic intermediate, 6, is isolated and purlfled RO R7 N\ N
FONRENIE. I FUPIEIROSISIEES HSNERB® GHERE 3’:‘85%.%‘?86%‘%%‘%%ﬁauon
(e.gnd I9aritiowtiortis yortueiie NaBb a6 Wil FEM B Einfoh 2P ETSbARSOH Eind
(e.guriticatcn msdyHitratiohi€ditwmitbly washing. In one embodiment, the
washing is washing with H20. In one embodiment, the washing is
FoMashipE Viitbrid2e: sahisttatheckaftron ikl isifiliensd e othimeit atBgchner
QB FatQeh HRO48id Ffndvdd loiid@1d pefrallsd: hitt2fekn onger, the
mlﬁﬂ?@% fogy 85 IQHQHI@F%%Q icafiongbyv-fifsatiordodewvrd B¥cess may
ve gibiad S /280N HRD SR B AYING BISHDNGL e

rylng Is air-drying for 2 to 72 hours. 30 In one

steBbodiment, the drying is air-drying for 2 to 48 hours. In one
embodiment, the drying is air-drying for 2 to 24 hours. In one

=the drying is oven-drying. In one embodiment, the drying IS
oven-drying for 2 to 72 hours. 35 In one embodiment, the dr
In weatmym@{@r(mmw&mr@iaW@mtma%éﬁewaMmé% uted)-phenyl-
mPNSI-(byiRadly SiteiBddhins WaRDO6IEB BRI CTHGERDEEIBgBMoniUM,
& 139U RelenRdiant iheid iy isisidniingcaaBdap GOCoftioRaly 48

suBQﬁi’t(ﬁed} phenoéhiazin 5-ium salt, 7, as illustrated in the fo!iowing scheme:

S
3NB TNB 3NB

ms o—-:s_uo
g 92 7 X@
©

Ri

In one embodiment, a {{2-(thiosu!fate)-4—(dimethytamino)-phenyl-imina}-«cyciohexa«2,5—
dienylidene]-N,N-dimethyt ammonium, &, is subjected {o ring closure o give a
3,7-bis(dimethylamino)-phenothiazin-5-ium salt, 7*, as fflustrated in the following scheme:

- N i N
Me. . s R, AME T e P NKME

\ 3 ) N 2 %
Me o:§:o he Me ® Me
0 . X&
& o 7

in one embodiment, ring closure is achieved by treatment with an exidizing agent.
in one embodiment, the oxidizing agent is or comprises Cu(ll).

In one embodiment, the oxidizing agent is or comprises Cu(ll) sulfate.

In one embodiment, the oxidizing agent is Cu(ll) sulfate or a hydrate thereof.

Cu(ll) sulfate may be obtained commerciaily, for example, as a pentahydrate.
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For example, in one embodiment, the reaction mixture is filtered, and the
residue (e.g., -100 mmol crude product) is washed with H20 (e.g., 4 X
250 cm) and THE 5 (e.g., 100 cm3), and then air-dried overnight. For
W . i ! 3
Qxﬁ}ﬂ?ﬂ ¥} one embodiment, the reaction mixture is filtered fﬁgg %%’r%{ﬁ}éﬂﬂ

a Buchnc_ar filter under vacuum), the solid removed, added to another
vissel with fresh water, the mixture3$tirred vigorously, and filtered again.
_The "filter-recover-resuspend’ process ma g‘p&gﬁ%g of
W’*ﬂ?ﬁf&&’.“%‘wﬁﬁgﬁ 85?&@%5 @oﬂéf){liﬁléa,r be Use ?rslq%ee sgg%nt%sé:ggy%ng
CO'W&H@ B pk N RS f’ﬁ?@gfﬁﬁeossﬁfg{%&%(ad|3Lfos'tituted
amino)-6-(optionally substituted)-phenyl- imino}-3-(optionally

in M@@@d@ﬁéﬂ@%@% e spreReaiasShtliat ammonium, 6,
in dacsaibjesteetd, ing closurgtogfoangd at a pH of 1to 5.

In ohd dia{eisubstititediasniedisGefoptiontalyH of 2 to 5.

in SHbstisieraphenetbiagine Tsierealbd7atasptiustidted. i the following
i SEEME RBAR Fing/dNMNNRERANL SRQA BANANSI NRINA 3NB
In ﬁg%ﬁ%ﬁ%ﬁﬁ RUB# R EA-XQ 20-nRanp@mizodiment, a

LI ate)-4-({dimethylamino)-phenyl-imino}-cyclohexa-2,5-
ienylidene]-N,N-dimeth mani ol ' ' ure to
}n @rl\%g a b§d7 - %@h@%ﬁ? gilamf-éé algg%g%’%ﬁ%%?ﬁ%ﬁa%&? @1% %ﬁgtrated in
n 9Re FENRRAA Yo ARSI PRI R “ﬁeﬂ@b %/?eai#@‘c%)) &ﬁ Vle Me 0=5=0
Me Me Me 6(r) O 7'x(D 25 In one embodiment, ring clos ire is.achieved b
X ; L, . y
in mﬁﬂéﬂ@fmﬁﬁiaﬁ‘%ﬁwiéi@“ﬁg’é%“Iht%ﬁg‘@ﬁfﬂ%irgeﬁt?#‘?etggﬁéing agent
In inerctminses Ge(tdnda sl tadbdiment, the oxidizing agent is or
in eaenpTiseditnl) suttates Imabnet &Mbodiment, the oxidizing agent is Cu(ll)
sulfate ora hydrate thereof. 30 Cu(ll) sulfate may be obtained
in SARRISIRNEnOmeXamRRlR: iapaipenany drateuiu( RRR/632879
PCT/GB2005/003634
In one embodiment, the reaction temperature is 30 to a5°C.
In ane embodimant, the reaction temperature is 50 to Q0°C.
in ohe embodiment, the reaction temperature is 60 to 96°C..

In one embodiment, the reaction temperature is about 85°C.
In one embodiment, the reaction time is 10 to 120 minutes.
in one embodiment, the reaction time is 20 to 90 minuies.

in one embodiment, the reaction time is about 80 minutes.

in one embodiment, the reaction is performed until the reaction mixture changes colodr,
e.g., becomes a deep blue colour.

in one embodiment, the reaction mixture is stirred during the reaction step.

in one embodiment, after reaction, the reaction mixiure is filtered and the filirate coliectad.
(The filtrate contains the desired product in soiution.)

in one embodiment, the filtration is performed at a temperature near to the reaction
temperature, fo give a “hot” filirate.

In one embodiment, the reaction mixture is first cooled, and the filtration is performed at
about room temperature, to give a “cool” filtrate.
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-31 Without wishing to be bound by any particular theory, it is believed
that the Cu(il) is converted to Cu(l) in the reaction, and precipitates as

insolu/ble Cu20, In one embodiment, ring closure is perfor %
WO 2006/033870 ”1} H% {smoﬁsaz
acidic conditions. 5 In one embodiment, ring closure is performe

of 1 to 5. In one embodiment, ring closure is performed at a pH of 2 to 5.
In one embodiment, ring closure is pagrrformed atapHof 3to 4.5. Inone

f d at Hof 3.5t04.1. |
o R o P formed at a SH of about 3.8, 10 In one
m%%’ﬁe%fé‘fé‘.%é%%ﬁje‘féﬁﬁé’ug B BL AR B “f‘?%@téa %%ﬁ?ﬁ%‘?ﬂ-é”um
salb o @A Wie Shiisdrabre s rﬂaﬁﬁwﬁﬁs 2O by PP 15
subptibfedemisoathierin-Elsmeshierivg @@3&@9 @%FW%%%MRW&& spheme:

range is q@out 0. 05;Rl'n one embodiment, the reaction 8d in an

perature is 30
N ,

ent, the reaéfion temg\gratu @ In ong,
ribodins eagte J;évmberature is 600 9GE. mlhadimy
the rgactlon te @oerature us about 85C. 25 In one b,pgbodm@]t the lus
reactiolf time i$-10 to 12Rminutes. In one embodime theyeaction time
is 20 to 90mifitEés. In one embodiment, the reaction tfime tg about 60
minutes. In one embodiment, the reaction is performed until the reaction

in mﬁé:%g?i) chang{es g%aoél;% I)?(riglémigo oinr L ?&?z?rR%Ht% ggf{:’ 9{ @rgeﬂz?ed with

re.1s e react ons

ChSFERe RO baﬁams@"l%wnw}%ﬁ@ﬁ%%’" S a e e O
asﬂllﬁaéf@'fééll%@f?éciﬂi SS"Wﬁé}fﬂfFﬁte contains the desired product in solutlon )

ien eflltratlon is parformed at a tegipetatlire-near to the
era oglv a “het—filtrate. 441 In ome | . thaye
S m eﬁ and the filtration |szer IJF

room mperat@e to g|v a "cool" filtrate. WO 2Qé]@/03287 Me
PCT 2QPS/Q@634 -32- Chlorlde Salt Formation (CgF)

Treatment with Hydrochloric Acid as & Source of Chloride:
in one embodiment, the chloride is hydrochioric acid.

in one embodiment, the reaction is performed at a relatively low pH.
in one embodiment, the relatively low pH is -1 to 3.

in one embodiment, the relatively low pHis 0 fo 3.

In one embodiment, the relatively low pHis 0 to 2.

In one embodiment, the relatively low pH is about 1.

in one embodiment, the pH is adjusted to the relatively low pH slowly.

In ene embodimeant, the pH is adjusted over a period of 5 o 120 minutes.
In one embodiment, the pH is adjusted over a period of 5 to 60 minutes.
in one embodiment, the pH is adjusted over a period of § to 30 minutes.
in one embodiment, the pH is adjusted over a pericd of about 10 minutes.

In one embodiment, the reaction is performed at a relatively cool temperaiure.
In one embodiment, the relatively cool temperature is 2 to 40°C.

in one embodiment, the relatively cool temperature is 2 to 30°C.

in one embodiment, the relatively cool temperature is 5 to 30°C.

In one embodiment, the relatively cool temperature is 10 to 30°C.
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In this step, a 3,7-bis(disubstituted-amino)-1,9-(optionally
substituted)-phenothiazin-5-ium salt, 7, is reacted with chloride, to give a
3,7-bisq(fdisubstituted-amino)-l,9-(optionally 5

WE B 1@&3-phenothiazin-5-ium chloride salt, 8, as illustrated M Tha 03634
following scheme: R R R N~ CI- Na\ R7N\N 'S N/R3NA - R7NB /R3NA
N S N R7NB O 3NB R7NB () R3NB¥"X(2) R8 O Cl In one embodiment,

a 3,7-pis(dimethylamino)-phenaqthiazin:5-it t~faAS reacted with

In cBmGREES) e@f’/gé E?l?'? V%s‘( ﬁa?ﬁﬂg‘?ﬁ?ﬁ%?%g%[gg%h-&ium chloride

in %@%b?ﬁ@,emﬂt&?,ﬂﬁ%@ﬂ rﬁ?t}éaqwft e%)? wWing.seheme: Mew i / Me

In oraMbEPRIL e LRIV MROMEMBEREE R Eg%“tg'lss teatment with
Hydrochloric Acid as a Source of Chloride: 15 In one embodiment, the

in chlendedriepdriehienidionid. nerforieed b ihmeactipr Tedetpingally, e.¢. @

dedqperfosrosicual e cetativéiphidiupld. chivomesembodiment, the relatively low
pH is -1 to 3. In one embodiment, the relatively low pH is 0 to 3. 20 In one

in GIORAMARL-he dekalivelyimapdsBrta duringane remttiodistant, the
relatively low pH is about 1'. In one embodiment, the pH is adjusted to the
relatively. low In.Qn i he pH is adjusted over a

T’eﬁé?%%’&%yfé ?od?f}g)ég %ﬁ%&%%%%%%%pgﬁn%%%%ment, the pH is adjusted
over a period of 5 to 60. minut .,4n one embodiment, the pH is adjusted

In RRPRIEHObAEE f?jﬁiﬁu‘fg@f‘ R one embodiment, the pH is adjusted

In g ERGSSHBRNG tab U TR A DA LiABodiment, the reaction is

In prefenpednegny IBREVENFESHPRIHPSTINTE: 30 In one embodiment, the
relatively cool temperature is 2 to 40C. In one embodiment, the relatively

in cooktepogarattirthéscdita BOG: nianexespboldipedivintiidipsiégively cool

In (R BRKRItIRe:IS, FHe B0E: riticoofcaimbiedinselyt 7thedrétatiRikly cool

In IPRBRIGMISI, kRetendRCratio is 10 to 80,

In one embodiment, the molar ratio is 10 to 50.
in one embodiment, the motar ratio is about 20.

in one embodiment, the reaction is performed in an aqueous medium.

In one embodiment, the reaction temperature is 20 to 85°C.
in one embodiment, the reaction temperature is 30 to 95°C.
In one embodiment, the reaction temperature is 50 to 80°C.
in one embodiment, the reaction temperature is about 85°C.
In one embodiment, the reaction temperature is about room temperature.

In one embodiment, the reaction time is 10 to 30 minutes.

In one embodiment, the reaction is performed uniil the reaction mixture (inkially, .0, &
deep blue colour) becomes light biue to colouriess.

in one embodiment, the reaction mixture is stirred during the reaction step.

In one embodiment, the reaction mixture is allowed fo cool following addition of the
chioride, to yield the product as a precipitate.

Additional Treatment

Following the chioride salt formation (CSF) step, one or more additional freatment steps
(i.e., ST, DT, CT, EDTAT, OE) may be performed, as described next. If two or more of
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WO 2006/032879 PCT/GB2005/003634 -33 In one embodiment, the
relatively cool temperature is 15 to 30C. in one embodiment, the relatively
W ozvotﬁeﬂgn erature is 20 to 30C. In one embodiment, the relatlve 391/003( .

%mpera {ifé is about 25C. 5 In one embodiment, the reaction” |s PETO
until the reaction mixture (initially, e %% a deep blue colour) becomes light
e

blue to colourless. In one embodiment, the reaction mixture is stirred

thé’éér %IR%EF&%HQQ%S&QW%@%V‘S% WétBéHS}HQé'ﬂ?aﬁ Erﬂé@ﬁ@&éce of
trea{' en sete 14 8[‘8 Ffs if] higfl ﬁ(?é%ﬂggd%%!a alncb rl;lccgnt ang
\1'1e C |0I‘I |s a '[’ rHé?aP In one em ment, the
Fe@t‘ﬁgﬁd’ég%n% 8]8%’ RENEE: 15 1n one embodiment, there is a large molar
excess of (sodium) chloride. In one embodiment, the molar ratio of
In eRRAEIEBERL PIRCS RPTIBIIHIRN EaRBhRERS elerRsidromiTiPTo s
arg=DiRAdnereRsbetie@rieligvetheid?Fatio is 10 to 50. 20 In one
embodiment, the molar ratio is about 20. In one embodiment, the reaction

SuppadammcentaTaqueous medium. In one embodiment, the reaction
temperature is 20 to 95C. 25 In one embodiment, the reaction

In BIORRIAIHE 1% 3RS Bt R S MROGHNERAI FReKEAGHRN- FREHEREFS Aim
saﬁo-ztooﬁ% 7 I LREBEARALMER: ! h?d HRR P SREHRNES-IShaROMIERG. Lin
l‘?&%g '@?J&E{Q&W%EE erature is about room temperature 30

n one em odlment the reactl n tlme is 10 to 30 minutes. In one
embodiment, the reactlon Js%E)erfotg5 d un h§ reaction mixture (initially,
R 15"

InQTP, e&”%‘@é'ﬁ ) 5o ?Bﬂf(’e colourless. 35 In one
lnmﬁﬂﬁmémefﬁé%ﬁﬁﬁgﬁerﬁﬁ&u?e'f’s“?ﬁ??@d"&ﬂﬁrﬁ\j‘% feaction step. In

one embodiment, the reaction mixture is allowed to cool following addition
Thef shiphistddsidesamyiers §ie product as a precipitate. 40 Additional
Treatment Following the chloride salt formation (CSF) step, one or more
inashdidanaldreatinestssiphise (sa ntEtal Bpiide. EDTAT, OE) may be
performed, as described next. If two or more of WO 2006/032879
infkd éﬁ%@@i@@&%@%g@ﬁ&e is an alkali metal sulphide.

in one embodiment, the sulphide is or comprises Na,3.
in one embodiment, the sulphide is Nag8.

In one embodiment, the sulphide is a transition metal suiphide.
In one embodiment, the sulphide is or comprises ZnS.
in one embodimant, the sulphide is ZnS.

in one embodiment, the amount of sulphide is 0.01 {0 0.20 equivalents.
In one embodiment, the range is 0.05 to 0.15 equivalents.
In one embodiment, the range is about 0.1 eguivaients.

in one embodiment, the (initial) concentration of salt 7 or 8is 0.005 to 0.25 M.
In one embodiment, range is 0.02 to 0.30 M.

In one embodiment, range is 0.05 to 0.20 M.

tn one embodiment, the (initial) concentration is about 0.10 M.

in one embodiment, the treatment is treatment with a sulphide and a chloride.
in one embodiment, the chioride is or comprises NaCl.
In one embodiment, the chioride is NaCl.

in one embodiment, there is a molar excess of chioride.
in one embodiment, the amount of chloride is 5 fo 300 equivalents,
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these treatment steps are performed, they may be performed in any order.
These treatment steps give rise to improved purity, especially reduced

Wrg%t%%cgzr%tent and reduced organic impurity content. 5 In ong GR2005/003634
mbo qﬂment one or more additional treatment steps selecte HER gg':l'j
DT CT, and EDTAT are performed, followed by OE. Sulphide Treatment

(ST) 10 In this step, a 3,7- bls(dlsubé’tﬂuted -amino)-1,9-(optionally

in SHCSHUEINEREND -am‘fﬁ gsmrg?"sg’tgﬁé‘equwalents
in %neogﬁ{b?e it ttlijm cjﬁtor rsoi{' f¥0e jvalents,

mount

p enomiazin- |st ited with a sulphide.

I AR5 e AL uém%gﬁé%? S BRI, 15 1 one

In QIAISORATRENI e ABALR ShRNEHE fRaahait %ﬁ&eaq‘éu%?ﬂ e. The sulphide
is or comprises S2-. In one embodiment, the sulphide is a metal sulphide.

In @telergrelisrmbiotimicrairiset st hieiesdal aRapaTatdest|ghmded "t one

In eneloatiouintth s ipmdeisreragapEizés 1942S. In one embodiment, the

in SHERkigR AR SheXariipenriemiedinart tB&Gulphide is a transition metal

in SHPRig dilRepRerR RSk it sulpbide ésgor 1wosmsiges ZnS. In one
embodiment, the sulphide is ZnS. In one embodiment, the amount of

In 8’%?%%5%9‘*% t}%‘frgaqnﬂ?&w%%%?mé& ﬁ%ﬂ%h@@@pmgew the range is

equivalents. In one embodiment, the range is about 0.1
equivalents. In oRe em ent |n|t| J&:gncentr pqagf salt 7 or 8is

in gnSoRToE e ! ﬁwﬂgﬁ Bol men ?&’r? 5 {;f 30°M. 35 In one
in éﬁﬁﬁﬂmﬁ’t&%%@eﬂgwtﬁ@ e ér’?ﬁ) g] nt the (initial)

In epa caMmPRIDANS he HeeEeotig, WBHBeQrﬁb%Hf%@cﬁt {Re freatment is

In weaEmeNCiviEn atbalkpatBeaniS ReshroMRIbat hRshe! 8RsbdRfent, the chioride
is or comprises NaCl. 40 In one embodiment, the chloride is NaCl. In one

in empadiosinizthdne tsatmalnis eecdessaf shibatibe|pHboidemeasiienenikitre

refénesiat ehshdadde.is 5 to 300 equivalents. WO 2006/032879

n BETLGABRANRM0RE Hatprinepaombadimant tiseRmOHB redablonteis 5

rel it GOMNAIERIS 11,

in one embodiment, the treatment is performed so that the pH of the reaction mixture

reaches af least about 10.5.

In one embodiment, the treatment is performed at a temperature of about 10°C
(e.g., 10 + 2°C) and at a pH of about 10.5, or is performed so that the pH of the reaction
mixture reaches at least about 10.5.

In one embodiment, the reaction mixiure is sfirred during the reaction step.

For exampie, in one embodiment, crude MTC product is fully dissolved in water at a
concentration of about 0.1 M at a femperature of about 85°C. The solution is cooled. The
cooled solution is optionally filttered. The solution is treated with about 0.1 equivalents of
aqueous sodium sulphide, or an amount sufficient to achieve a pH of about 10.5

(.., 10.5 + 0.5). The resulting mixture is stirred (e.g., for about 10 minutes), filtered, and
the filtrate collected. in one embodiment, a large excass of sodium chloride (e.g., about
23 equivalents) is added o the filtrate with stirring, and the resulting precipitate is
coliected. Alternatively, in another embodimert, the pH of the cool {e.g., about 20°C)
solution is adjusted to about pH 1 using HCI, and the resulting precipitate collected.

In one embodiment, following treatment with sulphide (e.g., and before treatment with
chioride), the product (e.g., in solution) is additionally washed with an organic solvent,



10

15

20

25

30

35

40

In one embodiment, the amount of chloride is 5 to 30 equivalents. In one
emgogiment the amount of chloride is about 20 equivalents. In one
embodiment, the amount of chloride is about 200 equivalents, 5. In one
Wé’rﬁ%%é%%ﬁt the treatment is performed at a tempeqrature O?ET{GE%S)&% Hfge34
one embodiment, the temperature r E%1ge is 2 to 15C. In one embodiment,
the temperature range is 5 to 15C. IN"one embodiment, the temperature is
in FEAAN O 085, L GoeRmRedReBieinRireaiErR i
o éﬂeagh?q;‘ii’%s&h?t.o%%*at%r?ﬁ#@f%&.”ﬁ‘g%é“%@aﬁw‘f?
e"hﬁreﬁcﬁ'm"ébeg g ,_r‘:%}egtpf S Y o méq:w}tﬁ%h%ﬁfgggﬁn%@? Eé
DrQBEﬁ@H‘?‘féﬂté&%{Cﬁ'ﬁ@Wﬂ In one embodlment the treatment is
performed at a pH of about 10.5. In one embodiment, the treatment is
In qrerfonietisntiagtHelowied weshisscuhanigraicRaliaNtstae RIASE Biesdistion
of 1RO Washeel eroboctimeniysted treziinubAGi o FhIHMEISSRALL tHe HHBPthe
emiRRTHER MistssRtitpdshies atsledstidfaty) Tbatadieeoemiscriintexmetly 20°C
andBRIMER|ds RefomeskRDrtaaisthesatiboldhe, redetipstmixuatoubhchiag HEL
aﬂ%é%@&%&&%&%ﬂ!@ Qnempadineatethaiveatbetiriermatiosvietbata
tem ecf&%ﬁ% R AR ABG {5 ShirkReig €3 -2 shatsadiktel abaut by ouis

ér orme sot at the pH of the reactlon mixture reaches at least about

Fo;lgég e e TBoUEnl e f&gmpw %Ws'ﬁlﬂ'ﬁﬁggo%ﬁqgv@?er ata

exam €, Inon S
conGRLERESD ﬁ‘l‘Wangf"El B%rﬁfpé%on Koik a%]fdg SO -E%\nqg%%r%%‘re
Th@f@l@@&t%@%’ﬁé’%ﬁ?ﬁ%ﬂ@%ﬁ%lg&‘eﬁg} R e ﬁ‘lci)tn IS Optio Ily
eqfiluaients PheossRiRPPRUTE BURTHAh ISP B L RUARIE ‘HF‘%%U%O about
159nives ) e Aod e fivelermoietirde ThoMRHR FeELYhout 10,5 35
did@denQiare. B gTsevasLitings mixtane rithdiee(s. §iensrelsg fitae is heated
1o AHBULes) ilkpresl g eibesklsbsedtatietioddidr{ one am iiPretivalaatgds
%6955 Goditraehintidgiteg. . Blot Zagnivaitnusiivaddedtp dawly. and
thu%lr: a?#ﬁ‘n IheBlinHDghRBRG [esulipaPissipiasesiatsgbeciod b itetetively,

anogwer e E& mQ&d{% PG OELSf g carlketrcrbaukRDiRtaORIHONdR to
t}é’mg‘%% d%h%S#Q&kﬂ%' oRNEh e residlting precipitate collected.

Dimethyidithiocarbamate Treatment (DT)

In this step, a 3,7-bis(disubstituted-amino)- -1,9-(optionally substituted)-phenothiazin-5-ium
salt, 7, or a 3,7-bis(disubstituted-amino)-1 S-(optionally substituted)-phenothiazin-5-ium
chloride salt, B, is treated with a dimethyidithiocarbamate.

in one embodiment, the salt, 7, is treated with a dimethyidithiocarbamate.
in one embodiment, the chioride salt, 8, is treated with a dimethyldithiocarbamate.

The dimethyldithiocarbamate is or comprises {CH3)2NCS;
In one embodiment, the dimsthyidithiocarbamate is or comprises {CH3)2NCS;Na.
in one embodiment, the dimethyldithiocarbamate is {CH3)NCS,Na.

In one embodiment, the amount of dimethyldithiocarbamate is 0.01 to 0.20 equivalents,
in one embodiment, the range is 0.05 o 0.15 equivalents,
in one embodiment, the range is about 0.1 equivalents.

In one embodiment, the (initiai) concentration of salt 7 or 8 is 0.005 o 0.25 M,
In one embodiment, range is 0.02 to 0.30 M.
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In one embodiment, following treatment with sulphide (e.g., and before
treatment with chloride), the product (e.g., in solution) is additionally

washed with an organic solvent. WO 2006/032879 PCT/GR2005/003634
WA BHE"mbodiment, the organic solvent is selected fronh CT/CB2005/003634

dichloromethane, 1,2-dichloroethane, chloroform, ethyl acetate, diethyl
ether, chlorobenzene, petroleum etﬁér (e.g., 40:60), benzene, toluene,

and methyl acetate. In bodjment, the organic solvent is
I R ABRBFA S e drbepittent

éolbo ing washing with an

in %%W&iﬁéﬁt?ﬁﬁé‘%ﬁ‘bﬁ%@%ﬁ?%‘%ﬁﬁi@ Wasf\l?(ed product is adjusted
to about 4.5 to about 5.5, or about 5.0. In one embodiment, the solution is

in C(eegemb@d‘dmhﬁaﬁﬂﬂﬂé’a@@w%@m@m@@tdﬂ%éﬂWE?BWFE‘@EC%WH%

andualyjaote@.to cool acid recrystallisation (e.g., pH adjusted to about | using

in ¢t kriBoanctietie shltiridepsasipitaiaisadideteld). In an alternative

In ShBhkedinmnbiiheshibiadeir QM. is additionally) heated to approximately
65C and subjected to hot salting out. For example, in one embodiment,

In %ﬁg%?n%ﬁ&em%gmfa lyflissolad ip WRigseat @ concentration of about

| 3R SREraIG LRk PG LagaipRacoed 19 e

" 2Golea soml ogtl éf g I ted with about 0.07

In %ﬂ%ﬁﬂ’f’é’ﬁ@%‘? a eou%ugo o“ ‘%’f C?'W%tl -mixture is stirred

In eageMBPmSH 18 ﬁﬁﬂ?ﬂﬂ—f‘é’f "}fﬁg's ?%) th ?}lﬁ?a s coﬁsécted The filtrate

is washed with dichloromethane (e.g., several times). In one embodiment,
in tne wrakpdit it dhe @ﬁ%@éﬁ‘ﬁ@%&%é@%?ﬂé’rﬁ@@%%sg of sodium

chloride (e.g., about 260 equivalents) is 20 added to the (hot) filtrate with
in Gt gbddiedro; teelwiotids mlbdwedbtsiirr@dlm $hovippctinn st (highly

crystalline) precipitate is collected (e.g., "hot salting out"). Alternatively, in
FoRagihniembadimensahen et mTOekteus: ichiy ARG sddsiveddilttate

@%ﬁ%?%%ﬁ?@tmh*al AsiRgirabrathrresultingpragifisate cooled. The
coCP” :Eg{ i Qﬁ’ Gitaiagar Igidreatrasit (A 4pdiis $tefuitalents of
aque é%o r%n% Ogc?dgs hqgg”y‘fhe resulting mixiure is stirred
qgusg%tu?a- Ao s % s =

(eg 7f%r| mmkéas r?o 1a§\cf i L Botiected. A large excess of sodium

B ST HLSIL - G S LETR e
prefipiéakRisiRaise®Pamate. 30 In one embodiment, the salt, 7, is treated

with a dimethyldithiocarbamate. In one embodiment, the chloride salt, 8, is
IntoeatedheitmardintohjiditreetaebhnitndimFing ditFearRiams (e ba Rkt BSETe
reitieempibes (THS) NCBRABE frporie sintwdiineddjiiprally washed with an
orflimetsyidithiacahamaie dsae donspitses (EHHSMCS2Na.

in one embodiment, e.g., following washing with an organic solvent, the pH of the solution
of the washed product is adjusted fo about 4.5 to about 5.5, or about 5.0, as described

above for sulphide freatment.

Carbonate Treaiment (CT)

in this step, a 3,7-bis(disubstituted-amino}-1,8-(optionally substituted)-phenothiazin-5-ium
galt, 7, or a 3,7-bis(disubstituted-amino)-1,9-{optionalty substituted)-phenothiazin-5-ium
chioride salt, 8, is treated with a carbonate.

In one embodimant, the salt, 7, is treated with a carbonate.
in one embodiment, the chioride salt, 8, is freated with a carbonate.

The carbanate is or comprises CO5”
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In one embodiment, the dimethyldithiocarbamate is (CH3)2NCS2Na. In
one embodiment, the amount of dimethyldithiocarbamate is 0.01 to 0.20

equivalents. In one embodiment, the range is 0.05 to 0.15 e%uwalents} .
Wi Bh&Eribodiment, the range is about 0.1 equivalents. In g CB2005/60363

embodiment, the (initial) concentration of salt 7 or 8 is 0.005 to 0.25 M. In
one embodiment, range is 0.02 to 6380 M. WO 2006/032879
PCT/GB2005/003634 -37- In one embodi nt r 0.05t0 0.20 M. in
In rreBRRNRHE AR SRR AT S RASASES Lty 6%!5%? i one
in enmBoBiPdERENtHBIreahRTIEs FeermriteR ARCHE TRV Rithiocarbamate 5
in eneceanobiitrics, thecrasbensio i snstimisarepiiifie is or comprises NaCl. In
one embodiment, the chloride is NaCi. In one embodiment, there is a
in sRelamBreRsEsDhEhorislent HOJrinmneambeatinie At) tHe Adibemtivdienivride is
in ShioAR SaHI¥RIaRESraigORS emkaslimentiiierasnount of chloride is 5 to 30
in SAYAISAIS N AR ABIRRWmERE she-amaustiof chloride is about 20

equwalents In one embodlment the treatment is performed in an

in %{\ﬂinﬁta Raime nedium, é itia OG%c%mE?E%H%?Qé the reachommixguse j3 stirred

aCtlon e, In one embodiment, crude MTC

In P8 IR TR d@&ﬁv%a ﬂ?Waqggl zﬁl ‘a concentration of about 0.1 M at a
in pempmhadiracst ABRR BSOSHRE-€BItion is cooled. The 20 cooled solution

In poestiRaipateleainial sorrow HEanda ke ith 986ut 0.1 equivalents of
aqueous dimethyldithiocarbamic acid, sodium salt. The resulting mixture is

In stieres bieigeforiabbeshtnhin eaaNersd 2 aNPaERARIA IR, A

In BHgesycaseal sadihiridhliorndectepgsealdmiti23 equivalents) is added to

in the tlratinith: stingompddheat@sulting precipitate is collected. 25 In one
embodiment, following treatment with dimethyldithiocarbamate (e.g., and

in %g Oé%b%ﬁmem%&\t@%@%tgﬁéx&a@w@@m&@ .g., in solution) is

in 30 LRNBRNASNECLIN s BUPRIE SQPRS angariibed above for

Fbﬁ% eatm 3 nfect%m;d% éng da uigligwdng washing with an

m&"&a é@gﬂ e D ?} FLlom s yvashed product is adjusted

‘“t@“ﬁﬁﬁ‘ﬁoﬁi‘ﬁ‘?&ta%&ﬁp%ogmo? SPles 52 escrqrgJt da ove for sulphide
treatment.

In ongtemebc;[d'zment, the treatment is performed in an aqueous medium.

in ohe embodiment, the reaction mixture is stirred during the reaction step.

For example, in one embediment, crude MTC product is fully dissolved inwater at a
concentration of about 0.1 M at a temperature of about 65°C. The solution is cooled. The
cooled solution is optionally filiered. The solution is treated with about 0.1 equivalents of
agueous sodium carbonate. The resuiling mixture is stirred (2.g., for about 10 minutes),
filttered, and the filtrate collected. A large excess of sodium chicride {e.g., about 23

equivalents) is added to the filtrate with stirring, and the resulting precipitate is collected.

in one embodiment, following treatment with carbonate (e.g., and before treatment with
chioride), the product (e.g., in solution} is additionally washed with an organic solvent, as
described above for suiphide treatment.

in one embodiment, e.g., following washing with an organic solvent, the pH of the solution
of the washed product is adjusted to about 4.5 fo about 5.5, or about 5.0, as described
above for sulphide treatment.
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Carbonate Treatment (CT) 35 In this step, a

3,7-bis(disubstituted-amino)-1,9-(optionally

substituted)-phenothiazin-5-ium salt, 7, or a e
wo '?“Bfé‘t%fl% bstituted-amino)-1,9-(optionally PCT/GB2005/003634

substituted)-phenothiazin-5-ium chloride salt, 8, is treated with a

carbonate. 40 In one embodlment tHe salt 7, is treated with a carbonate.

s Jreated with a carbonate. The
: Ste- iSO comprises eEPI504/032879

PCT/GBZOOS/003634 -38 In one embodlment the carbonate is or
In SiPioes kA Eistas i BemaR0 i R iRRBICRYRAHUIRR ehRsainiagnSIH™
saffornprieds/seisidisrbatitteragminglohe- entisvalinerestidasirposnstbisgin--ium
chimilielsait o iEaes Withhatheenbddmirsitidaseiineout(6PIddionsrc & Dha.

is 0.01 to 0.20 equivalents. In one embodiment, the range is 0.05 to 0.15
In@AUiYABSIEnSALONR earbpdimeat-dhaRFDUAtdSAPDTA darquivalents. In
InQRE SRRREimaNtnthe (nliiab.gonas patianah $altrA of Snis 60080 0.25

M. 10 In one embodiment, range is 0.02 to 0.30 M. In one embodiment,
W L e
”65}%‘8??8 ﬁﬁ%ﬁ}* Sh O eBEe G R RR S S

n one ?ﬁe chlorlde is or

'”éiﬂ‘?lﬁi’@é@m%’t@ hﬁ@l‘?&%ﬁ?&dﬁﬁ%ﬁtqﬁ%dw&? e is NaCl. In one
embodiment, there is a molar excess of chloride. In one embodiment, the
Inamrembofionottheis oo BB &S 1B 4R emévalfbisdiment, the
Inam emboficteoti deeisabde i80.85 thvkhidraguivalent® embodiment, the amount
inafrehdarideiissmhdbie 26:eontiizadents 0lh engraeriodiment, the treatment is
performed in an aqueous medium. 25 In one embodiment, the reaction
inBheerRoisaRHERGRLIIRgd edinaptiancRiePsfor GXaBRIeDBHONRS M.
nEDOHEA iR ooty dissolved in water ata

C t; perature of about 65C. The solution
:Dgl&%f?jg%ﬁﬁc@% :g{gy?igb%é%%qg%ag% dicar%iMThe solution is treated

Uralen O aqueols sodiuim carbonate. The resulting
mixture is stirred (e %)25 for about 10 minutes flltered he iltra rg% i
I etaP el ANedeRierids drAtreRionleRlg, SN rigdypride.

IngrrerplgmeefafhMitr RN hEFesulting preC|p|tate is
incotkeeteipdiment, the chioride is NaCl.

in ohe embodiment, there is a molar excess of chioride.

in one embodiment, the amount of chioride is 5 to 40 equivalents.
in one embodiment, the amount of chioride is 5 to 30 equivalenis.
in one embodiment, the amount of chioride is about 10 equivalents.

In one embodiment, the treatment is performed in an agueous medium.
In one embodiment, the reaction mixture is stirred during the reaction step.

For example, in one embodiment, crude MTC product is fully dissolved in water at a
conceniration of about 0.1 M at a temperature of about 85°C. The solution is cooled to
room temperature, and then the solution is treated with about 0.1 equivalents of agueous
EDTA disedium salt. The resulting mixiure is stirred (e.g., for about 1 hour), filtered, and
the filtrate collacted. A large excess of sodium chloride (e.g., about 10 equivalents) is
added to the filtrate with stirring, and the resulting precipitate is coliscted.



10

15

20

25

30

35

40

In one embodiment, following treatment with carbonate (e.g., and before
treatment with 35 chloride), the product (e.g., in solution) is additionally
washed with an organic solvent, as described above for sulphlde
MPAERE T one embodiment, e.g., following washing with a 85%“5/0“3634
solvent, the pH of the solution of the washed product is adjusted to about
4.5 to about 5.5, or about 5.0, as ded€ribed 40 above for sulphide

in téieﬁa trlglﬁncémer% %q %91 rea%aeglw% E’ 62§1Aﬂ %r treatment with

Ch@;-?j@r §(& éﬁ?r%l,ﬂ'ﬁ% % éaa et Lét;?r@ tf H)nﬁyy -iI:IAJ l{lli tarllso%gﬁic solvent, as

desgiiRse AR M HRRILS FesteAt salt, 7, or a
3,7-bis(disubstituted-amino)-1,9-(optionally

in substitbecifpastienothioliaiBaiwesBnenidiicRs SaaeTHc RolVERt@swIA of the solution

of efbylesiedianihetdt adicetaiaciab(EDTNp abant BT shwut Mae described

abetelsedimemtichesaient, is treated with EDTA or an EDTA salt. In one
embodiment, the chloride salt, 8, is treated with EDTA or an EDTA salt.

Oégnl,@ @ﬁﬁaa{gp??ent the EDTA salt is or comprises EDTA alkali metal
n one embodiment, the EDTA salt Is or comprlses EDTA disodium

'“0” badime 9&9@{@&5 L B R3-5-ium
In z?ﬁb (%ts{r% {1& te Tde
: n?bgaﬁﬁf i %F%S%% ey 6%‘%’3 ‘°“ g‘*?“ gﬁze o 9“% o
chipedgFriuft 1@%&?{”@?&&'&&8@1’1@8%' mén Stfe TR |gf]3W[ ) en

orgapiesatyaiion of salt 7 or 8 is 0.005 to 0.25 M In one embodiment, range

is 0.02 to 0.30 M. 20 In one embodiment, range is 0.05 to 0.20 M. In one
Inembeuimeints thahErsati)7coneeureas SRR AU AR NN SOFRated with
(cqmbedinenitithantteganesbigtieatment with EDTA or an EDTA salt and a
InGiHoddBodmene makmsime siliteicBlprdes sdoitanphsssaNsi@], BSréatetheith
e%ﬂ%@g’g@%ﬁpgnwmgg MNaCl. In one embodiment, there is a molar

excess of chloride. In one embodlment the amount of chloride is 5 to 40

e%“"’a'ﬁo zé% L S AL D e s Sdm30
t 10
kA f i T}. o DAL poea b o

aqueous medium. In one embodiment, the reaction mixture is sprr - o
e R AR e A S P BN STLRR AR, e et
ofgasiiee iS5 @lidde et h Watkt at a

In ohe embodiment, the ratic is 0.5 10 5.
in one embodiment, the ration is 0.5 fo 2.

In one embodimeant, the treatment (e.g., washing) is performed iteratively using a plurality
of aliquots of the organic solvent {e.g., DCM).

For example, in ohe embodiment, 250 mL of agueous solution of the salt, 7 or 8, is
washed with 50 mL of DCM, five fimes, for a total volume of 250 mL DCM, and a volume
ratio of 1.

in one embodiment, agqusous solution or suspension of salt, 7 or 8, has a pH of 8 to 12.
In one embodiment, the pH range is 9 1o 12.

in one embodiment, the pH range is 9to 11.

In one embodiment, the pH range is about 10.8.

in ohe embodiment, the treatment (e.g., washing) is performed at a temperature of 2 to
20°C.

In one embodiment, the temperature range is 2 to 15°C.

In one embodiment, the temperature is about 10°C.
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concentration of about 0.1 M at a temperature of about 65C. The solution
is cooled to room temperature, and then the solution is treated with about
: ' nts of aqueous EDTA disodium salt. The resultj Ixture |
W%i%‘r@ﬂgéggf for about 1 hour), filtered, and 40 the filtrate co%%%@% %@%@4
excess of sodium chloride (e.g., about 10 equivalents) is added to the
filtrate with stirring, and the resulting precipitate is collected. WO
2006/032879 PCT/GB2005/003634 -40 In one embodiment, following

TGNt Fwiwasﬁ%gﬁrﬁ%riﬂe?g%‘c?%%efgﬁ i withechlange), PR sel
A fl h |
e e e a8 R pea b o

o A TS RN 43P i SUTOUR PO e SO B  fr & '
plaged iciipyeeRRt 3 hafdiasihpsane soeabEd 5B Bissides andihe
hetfeegeieniisabsiuersiirsedinidesuitalineatod rdasiE st tsighouse o agnarate,
anthiseskeperd Byt disuistiyret-distadpd e (betiunalfitap. Another aliquot of
orGaths e (ple Mt sreddisangatte pravess repeated, e.g., several times.
3,7-bis(disubstituted-amino)-1,9-(optionally
ouhRtittediphenothiazinciiimepalarids: srdttl. it aciHg aus HERMIOMPUrity
levats BEIN 'Qﬁud?é.r?e:?‘ WitRdESoaiasheshiviraRnegganic solvent. 15 In

one embodiment, the salt, 7, in aqueous solution or suspension, is treated
with (e.g., washed with) an organic,solvent. In.one i h
PR TCR: 5, Sl e SR R B o
ang EShT BT PG AT s SRIRBHECSY IR 3@@8&% At,’the organic
solvent is dichloromethane (CH2CI2, DCM). DCM is a "class 2" chemical,
Reginstalisationi&dbaily exposure (PDE) of 6 mg/day. in one embodiment,
the volume ratio of aqueous solution or suspension of salt, 7 or 8, to 25
in@Kgenip soyEnti{eligurB@NBds:Bitce 119 (drtionae substiivhesiitpisnathtigins 5-ium
sdit. 1o 3n-prejemkomiraeatntg-lediostsGaByteuBstinen pmbottiazentium
cHiedEeaiment (eceystamsking) is performed iteratively using a plurality 30
of aliquots of the organic solvent (e.g., DCM). For example, in one

m%ﬁé)%%gggm?gé%%mfﬂqg%mlyg@n of the salt, 7 or 8, is washed

in or]e embrcr)]tliirr?er% '\Q’CEJ\Y&HQ‘&?{, Qri?r&@ét\éﬁéég@.e of 250 mL DCM, and a

volume

The recrystaliisation step further improves purity and also provides a product with a
suitable particle size, e.g., a pariicle size suitable for use in subsequent pharmaceutical
formuiation.

Eor the avoidance of doubt, note that “crystallisation” and "recrystallisation” are used
interchangeably herein to mean the formation of a solid precipitate (e.g., crystals) from a
solution or suspension, and that “re-* in the term ‘recrystallisation” does not require that
the newly crystallised product was previously in a solid or crystalline form.

Coof Acidic Recrystallisation (RX-CAR):

ln one embodiment, the recrystaliisation is recrystaliisation from water (.g., from an
aqueous solution or aqueous suspension) at a relatively cool temperature by adjusting the
pH to a reiatively low pH (e.g., "cool acidic crystaliisation™).

in one embodiment, the pH is adjusted using HCL.

In one embodiment, the relatively cool temperature is 2 to 40°C.
In one embodiment, the relatively cool temperature is 2 to 30°C.
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ratio of 1. 35 In one embodiment, aqueous solution or suspension of salt,
7 or 8, has a pH of 8 to 12. In one embodiment, the pH range is 9 to 12.
In one embodiment, the pH range is 9 to 11. In one embodiment, the %)/H

Wr(a)lr‘%&oe6 CHBout 10.8. 40 In one embodiment, the treatment (S%T,%gg?i %3«334
is performed at a temperature of 2 to 20C. In one embodiment, the
temperature range is 2 to 15C. In ofié-embodiment, the temperature is
about 10C. WO 2006/032879 PCT/GB2005/003634~-41 Treatment (e.g.,

in ‘Wﬁsqm% UERS epri???g?(ﬁﬁ}é&?? PR RIS ff’s(%q 0%%r S ction vessel

in %?ﬁﬁ&i’%ﬁﬁtatﬁ%ﬂ@ﬂ%éﬁ'ﬁﬁﬁﬁ%ﬁﬂﬁe}%gt ascqu; d to a shaft with a

In engembadient dae elfivalyrae) mRerEyth Brithe%ibsk. Aqueous

in euhaivbodinsnipbasriativr s shotenser BeRBPIRtHe vessel, and an

in aligjaoboliorgaintbesaiativt(ecgo] ROMYibEaigaPardee. heterogeneous
mixture stirred for a suitable period. The layers are allowed to separate,

in SRdRBdewen{araasistsely ent)dayerisuiiscarded via the run-off tap.

in GEhoalinsat AF RigARIG fvetd@ .6 3DCM) is added and the process

in 55?%%89&%&1{,%ﬁg%ﬁhﬁ}g&%&&ﬂéwlﬁ_,eXtr&_‘Ctlon (OE) is partlc_ularly

in ef ée(?:tl\%% glt rrg-t\at% %I(%Wé% g&eggrgaéygmpunty levels of the solid (e.qg.,
crysta imately o

Ine) product u tained. In one embodiment, one or more
additional treatment steps _selg%t

¢ eciﬂ‘ron? ET,i [%T CT, a@i EDTAT are
In eERRERIMRSE: R ENAY SRR e ALY BN RIES P B crystallisation
In pRPIRPANSSIEINS B ASASI e QYR RBRARAD -i?é{g%ﬁ?fSH‘g%y
In sopstbestyeHehetiibisiacipied Q& aPPd of o to 60 minutes.
in 8ri&-bistorintestittite dkhin avbysted-guptionaligd of 5 to 30 minutes,
in stbstitbtelihaitchetbihzinduriad Rerchisride sbib@i is0radmytallised. In

one embodiment, the salt, 7, is recrystallised. In one embodiment, the
cahissisle salBaisdgsryRialisgy i2baRhrisagrystatizssionatepriibey the metal
Comoaﬁﬁe%g%aggﬁ@@gﬁ@ymg)%gm with a suitable particle size,
e

e.g., a particle size suita or use In subsequent pharmaceutical

f lation \voidance of doubt, note that "crystallisation” and
Hg‘t?gé]r@ aﬁfg io'gge?z used 30 interchangeably herein to mean the

formation of a solid precipitate (e.g., crys from.a
in one embodiment, the rpecrysPaEiisaﬁgn 7ed stig{l?gatlormfrom water (e.g., from an

aqueous solution or agueous suspension) at an initial elevated temperature, in the
presence of a chloride, such as sodium chioride (e.g., "hot salting out”).

in one embodiment, the (initial) concentration of salt 7 or 8 is 0.002 to 0.05 M.
In one embodiment, range is 0.005 to 0.04 M.

in one embodiment, range is 0.01 to 0.04 M.

in one embodiment, the (initial) concentration is about 0.03 M.

in one embodiment, the initial elevated temperature is 30 to 80°C.
in one embodiment, the range is 40 to 80°C.
in one embodiment, the range is 50 fo 80°C.
in one embodiment, the initial elevated temperature is about 65°C.

In one embodiment, the (initial) concentration of (sodium) chioride is 0.1 to 3.0 M.
in one embodiment, the range is 0.5 to 2.5 M.

in one embodiment, the range is 1.0 to 2.2 M.

in one embodiment, the (initial) concentration is about 2.0 M.

in one embodiment, there is a large molar excess of (sodium) chioride.
in one embodiment, the molar ratio of (sodium) cnioride to salt, 7 or 8, is 5 to 100.
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solution or suspension, and that "re-" in the term "recrystallisation" does
not require that the newly crystallised product was previously in a solid or
Wcrystalllne form. Cool Acidic Recrystallisation (RX-CAR): 35 In

%66‘?%%}% the recrystallisation is recrystallisation from wit%?’?é%"“?t"“rﬁ 34
an aqueous solution or aqueous suspension) at a relatively cool

temperature by adjusting the pH to %relatively low pH (e.g., "cool acidic

Qci%st tlong 0 In one emb%l 8 ggt the pH is adjusted using HCI. In
I

H‘é)[raéﬂlgt?\?e' co mperature is 2 to 40C. In one

in %Satﬂﬁﬁ’éﬂt”th@?étﬁtﬁfé@“%% PRimBBrature is 2 to 30C. WO 2006/032879
In e praRduusbiTene e B ARk HBodiment, the relatively cool
temperature is 5 to 30C. In one embodiment, the relatively cool
in tem@etatiineers, 16808 alisatineiechided imbﬁ@gmtrémmetf/tbeotcrystalﬁsed
(higay peratiieiplaideGor kxemelermbadivent! theuitdblitvelysosture (e.g., 50
io {eOPSFatY 6RaRR 1rRAG.o5 Inwae mepdiment, the relatively cool
temperature is about 25C. In one embodiment, the relatively low pH is -1
Fot%)gé 18NG SHRAGHIMEREAN S RIRIMAY W RIS B4R BerlRONEC product is
dlssollve n?‘f%) Ethecon% ?A}‘A o 8'5'0@196% ﬁ‘t gl%l%t QB&W W@'}n& the
VC\ZI)] fgil’ c?um Cﬁn 3 elmeﬁge&]e-ﬁﬁlé' éﬁ)ﬁg}g§§ a(t'(cg@etg?o
pﬁ@ﬁ el ?O?N LIBW ?n one (f i

His a

oA THPRHIE RN t%%mﬁﬁ SR b,
ThRgras SXGSOHFRIGE) PSSR B A B HIL PP
in anppRodos 5abeBoUM AR SN ATRRPERIFIRIRTENE ﬂteﬁ?PPqu Q(ﬁ]ﬂ‘éﬁ%d over a

period of about 10 minutes. Cool acidic recrystallisation (RX-CAR) is
Trinattion| gRy-REDtive at greatly reducing the metal content of the results

solid (e.g., crystalline) product. 20 Hot Salting Out (RX-HSO): In one
in SAAGHIBERiheneaysRdination is weeyysiadispiaroframtaraiey (grom tom
a aea@squ%%@ameg %%Hbtérﬁ%%ﬁﬁiﬁgt)e%%m%glﬁm&hﬁw the

r ide, such as sodium chloride

Pr SQFBS ﬁfo{tgé?g%%dg gfjrtg ?(ﬁt%%gcgnﬁjg%ﬂ%% the (initial) concentration of
in S@?tg Zn%o%x'r?agnto (th t(O n%ag conce!gtr%ggne saqp MeRtares § §4PR 10 0.04
In one embodiment, range is 0.01 {0 0.20 M.
in one embodiment, range is 0.0510 0.15 M.
in one embodiment, the (initial) concentration is about 0.13 M.

in one embodiment, the initial elevated temperature is 30 to 80°C.
in one embodiment, the range is 40 to 80°C.
In one embodiment, the range is 50 to 80°C.
In one embodiment, the initial elevated temperature is about 65°C.

In one embodiment, the ratio of water to THF is 20:1 to 2:1, by volume.
In one embodiment, the range is 10:1 to 2:1.

in one embodiment, the range is 7:11c 3.1,

in one embodiment, the ratio is about 5.1,

in one embodiment, the recrystallisation includes subsequent drying of the recrystallised
{highly crystaltine) precipitate, for example, in an oven at a suitable temperature (e.g., 50
to 120°C) for a suitable time (e.g., 1 to 24 hours).

Eor example, in one embodiment, crude MTC product or treated crude MTC product is
dissolved in water at a concentration of about 0.13 M, and at approximately 65°C.
Optionally, the solution is filtered. The mixture is allowed to cool slowly, and THF is
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In one embodiment, range is 0.01 to 0.04 M. 30 In one embodiment, the
(initial) concentration is about 0.03 M. In one embodiment, the initial
( perature is 30 to 90C. In one embodiment, the range is 4
Wg%)e%}gglgﬁ]gc#?egnembodlment the range is 50 to 80C. 35 to one e?r%% 005/0?3634
the initial elevated temperature is about 65C. In one embodiment, the
(|n|t|al) concentration of (sodium) chiftide is 0.1 to 3.0 M. In one

adgngw% %ﬁe@%ﬂ% sagh%(;soa e A mw%mersagwﬁw

nitia out 2
sty 1 GHE R BT IRer e 1 Joyi iy il eSS ot e il
ovgh oife! BRI BR¢ R '%ﬁa@w.m B &a%ﬁase 'eifd 738F §¥>f§>%a“y
drieg, ORRXATP IS0 lIGA0 387§ Pkl ?0638%‘4?“ ARPIARSIAEIRB Sarn ot
2 hhirsnolar ratio is 20 to 80. In one embodiment, the molar ratio is 50 to 80.

In one embodiment, the molar ratio is about 65. 5 In one embodiment, the

SyreesystRIEsaiioR includes subsequent drying of the recrystallised (highly

crystalline) precipitate, for example, in an oven at a suitable temperature
On@;&poﬁ%n&%#@%ﬁq{e@m@éﬂﬁhﬁﬂm (@edhoddarfiRwprsdelgr @xadple, in
?@ %'%%f QSH%M‘J&BEOM Fgéj’fn%ﬁ%%l’:?&'r SiHsiesMfagsoglustds 10
'SSOnveu Wc!é' lﬁ ﬁ%%ﬁ%?ﬁﬂ% Egﬁg 083 Moﬁél&ﬁtp%oi%{e%g&%t%%:
. ORIe "5 &%ﬂ'“g hL N %5%% 05

or exa ra ure,

e

QXE%WKP %F@?(éﬂ‘r?ﬁ‘lé‘ Piﬁfé’%%o@&s%é‘%mﬁ W‘ll h%?/ crystalllne

diHEEPRARS & 2 ONELTRAC Mt BPIHRaRG TR JUIRR IS SFRmRIC A7 YT (B

angtcab PGt WEIEerd Mare ARGHY dacaHiaFl: éh'%ﬁ%'m'*fé)%ﬁ@ﬂﬁs‘ ﬁmﬁmon
(RX-TRIT): In one embodiment, the recrystallisation is recrystallisation

in beerewbbeinterg, (Heometnndagueoesssbkitien of. aqueous suspension) at an
initialyedervisigel/Fraperature, in the 20 presence of tetrahydrofuran (THF)
(e.g., trituration). In one embodiment, the (initial) concentration of salt 7 or

in 88 SNRIALL M dhaDSBIRRHIRE HTa80RIS0sddda:R: 2% ern one
emb%'&ﬂﬁ@%é@%ﬁéﬁ&%@# 9)15 M. 25 In one embodiment, the (initial)

concentration Is about 0

in one embodiment, the method additionally comprises the initial step of:
nitrosy! reduction (NR-2).

In one embodiment, the method additionally comprises the initial steps of.
nitrosylation (NOS-2};
nitrosyt reduction (NR-2).

In ohe embodiment, the method additionally comprises the initial steps of.
N, N-disubstitution (NNDS-2);
nitrosytation (NOS-2);
nitrosyt redguction (NR-2}.

Thus, in one embodiment, the method comprises the steps of, in order:
N,N-disubstitution (NNDS-2);
nitrosylation (NOS-2};
nitrosyl reduction (NR-2);
ring fusion (RF-2);
chloride salt formation (CSF-2).
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In one embodiment, the initial elevated temperature is 30 to 90C. In one
embodiment the range is 40 to 80C. In one embodiment, the range is 50
80C. 30 In one embodiment, the initial elevated temperature is about
W&@O(ngﬁeg embodiment, the ratio of water to THF is 20:1 89 PWW 003634
volume. In one embodiment, the range is 10:1 to 2:1. In one embodiment,
the range is 7:1 to 3:1. 351n one etff ddiment the ratio is about 5:1. In

Thr%:get od| nt tlge Je rtj}taélrsr on |n ?HB%%HH&%%%QQ;\%&PG

||s rec ate
cORRRIRAS r3(5’ Sri%b féfa Stﬂ?{a%ﬁ e eéagg! e ¥o 24

m%‘dﬁ%}’”@ﬁbﬁ’@&qﬁﬁ T@re embodiment, crude MTC product or

treated crude MTC product is dissolved in water at a concentration of

ik 1112 ii-approximately 65C. Optionally, the solution is

f||tered The mixture is allowed to cool slowly, and THF is WO
In 2RSS} 287 9JAEHBIY B2BAN/RA3GHIH 44 iadusdialietitthedtesmacaatalikyl halide,
an"SREAAHARRULZR GaiBhRMRIRIET hivelimeiratatstinpaliB-Suliodde

<ulREHER 5-A0ain @llawrd 19:e99h R BIGRHY & cHRe@bout 5C, slowly, for
example, over 1 to 10 r;ours The resulting (highly crystalline) precipitate

is collected, and optio®ally dried, for example, in an oven (e.g., at about
100C) for an approprigte time (e.g., about 5 2 hours). esis Method B
One important differ nce} between-the knewn m&thod the presently
claimed 10 Mei;hg the use of sodium sulphldé“(Na S) instead of

other sulphides, Such as hydrogen sulphide (HZS) #"the ring fusion

(RF-2) step. See, for egample, Michaelis et al., 1940. Heygever, hydrogen
sulphide is extremely dangerous and is both difficult and expensive to use

in an industrial process. By usi L#ﬁsodlum sulphide, these dlsadv%%tﬂ%eg} give

Ingne GRReSIMENr? it rningi it PHTe L HS RO Qg
a mwwm@amiﬁeetb@@ﬁ@l%meaédkﬂwatﬁa 'ﬁéﬁﬁrfﬁt@wmﬂt%c%ﬂﬁts better
control of the reaction. In one embodiment, the method prises the
step of: ring fusion (RFf2). 20 In one embodiment, the mgthod additionally
comprises the subseguent step of: chloride salt forma SF-2). In one
embodiment, the m additiOHaHy—emﬁprisesMhehi i ep of:
HN
2 e
o 10

in one embodiment, the reaction uses an alky! halide.
in one embodiment, the reaction uses an alkenyl halide.
in one embodiment, the reaction uses a haloalkyl halide.

in one embodiment, the halide is a chloride, bromide, or iodide.
in one embodiment, the halide is a bromide or iodide.
in one embodiment, the halide is an iodide.

In one embodiment, the reaction uses methyl jodide.

In one embaodiment, the molar ratio of alkyl halide, alkeny! haiide, or haloalkyl halide, to
anifine, 9, is 2.0 to 4.0. In one embodiment, the molar ratic is 2.5 to 3.5.

In one embodiment, the reaction is performed under basic conditions.
tn one embodiment, the reaction is performed at a pH of 8 or more.
in one embodiment, the reaction is performed at a pH of 8 to 14,
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nitrosyl reduction (NR-2). 25 In one embodiment, the method additionally
comprises the initial steps of: nitrosylation (NOS-2); nitrosyl reduction
\JRNF%EZ! 30 In one embodiment, the method additionally comprises the

BHER %%’?of: N,N-disubstitution (NNDS-2); nitrosylation ( 6@%?905’003634
nitrosyl reduction (NR-2). 35 Thus, in one embodiment, the method
comprises the steps of, in order: N, fEdisubstitution (NNDS-2);
nitrosylation (NQS-2); nitrosyl reduction (NR-2). fing fusion (RF-2); 40

n %%?ﬁ?%Odﬁteégr%Stfgﬁzgé%ﬁ rPWE?gB%é@éi O91Q‘T/G|32005/003634

i 038 YRR HERbd 16 BARIGD&r TRTEA LA Fol Shé Sinesis o
diaminophenothiazinium compounds wherein R1 and R9 are other than

In ope ambediveakhapesia wnibien arabiitae MR GeRpEGTC). 5
N.N-Disubstitution (NNDS-2) In this step, a 3-optionally

In sudbstitbiveltnant]ithe, Boiar Iile-distityStinlitkd alkiny!dalisikydhzdidelkvhhalide to

pagdkeny) swdide, @risohalediybhalze, to give a
N,N-disubstituted-3-optionally substituted-aniline, 10, as illustrated in the

in SPAQUMBERARRMEE RoBoltrNaHRM RIYG 18 & 18°¢n one embodiment, a

in e EHEBANIG Sl DudiABRIAIRD wsBE eIy hallde, to give a

in NS ¢ RN RRRE A 25 izioe - the following scheme:

it ohe embodiment, the reaction time is 1 to 24 hours.

in one embodiment, the reaction time is 2 to 18 hours.

In one embodiment, the reaction fime is about 10 hours.

in one embodiment, the reaction mixture is stirred during the reaction step.

In one embodiment, the reaction is terminated by the addition of water.

Nitrosyiation (NOS-2)

in this step, an N,N-disubstituted-3-optionally substituted aniline, 10, is 4-nitrosylated to
give the corresponding N,N-disubstituted-3-aptionally substituted-4-nitrosy! aniline, 11, as
fliustrated in the following scheme:

9 R

R i NO
RN
RTNA\N/@ \P‘\l
IL‘FNB R
10 11

in one embodiment, an N,N-dimethyl-3-ethyl-aniline, 10, is 4-nitrosylated to form the
corresponding N,N-dimethyl-3-ethyl-4-nitrosy! aniline, 11, as iliustrated in the following
scheme:

NO

B Me\

Mew N

10° 11
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9'10 15 In one embodiment, the reaction uses an alkyl halide. In one
embodiment, the reaction uses an alkenyl halide. In one embodiment, the
Wreag&cl)%zu%es a haloalkyl halide. 20 In one embodiment, the halide is a

(91for|d[e, %romide, or iodide. In one embodiment, the halide s A BrOmigE s>
or iodide. In one embodiment, the halide is an iodide. In one embodiment,
the reaction uses methyl iodide. 254Aone embodiment, the molar ratio of
alkyl halide, alkenyl halide,.or haloalkyl halide, o _.apiline, 9, is 2.0 to 4.0.

In 4ASGHRC] ,@88%mﬁé%ﬂft{t?gy}ﬁ%?grlsré’t?g%%f L{(S)‘%gé TF? Eérafe embodiment, the

In a3 eSS IR BH thissr FATREBROANS. 30 In one embodiment, the

In yeeemAesatiShRBHrER 1§ pHPOPRsPHAR MEBHEE R bodiment, the

In peaetihedinraiidhnatiia ik prromEissaaodvo DHHE/r3dFesium nitrite.

in PEENBBANCH 0863 1iteds inonwrsabedlimemiti reaction is performed

In @tcaepttoafiBaat, tBe ditride & eodbodlivtdtat, the reaction is performed at a pH
of 8 to 10. In one embodiment, the basic conditions are obtained using

In SR SARReRARR nfolarear enadimentidBesnielagratiofnf alkyl halide,
alkenyl halide, or haloalkyl halide to base (e.g., sodium carbonate) is

in air')eog% b%,l Iréi%ng,‘gm %gm%q& m)engqgé:.tion temperature is 25 to 65C. 10
fhone em odih}ﬁgtmto grrreggtglsoy &(—:t-[grpgrature is 35 to 55C. Inone

In %'?ﬁbegﬁ?%éﬁﬁnﬁﬁ reaction temperature is about 45C. In one embodiment,

Ir fg ?%%ﬁ%@%rﬁf 624 'ﬁdﬁiﬂﬁ bne embodiment, the reaction time is

in engyemEP ANt 185 M8RE '8HB difmEntSthe reaction time is about 10 hours.

in propaaaibsminiBatgler raliefioh hitdute is stirred during the reaction
step. In one embodiment, the reaction is terminated by the addition of

in watemi2giNitrdsiiatioactiNOS #2) fhmntkib Lstegy, anidic conditions.

in bhdlegisub@isutcthsraptionadlpatdstittited ahilifid, dk0ess.4-nitrosylated to

in ShecthBsenrsaperRdngNNsdisHbsittad: oprianally.

in SHRSHiUIREARItIOSYL AR Jekicfied at a pH of 110 0.

in one embodimant, the acidic conditions are obtained using a strong acid.
In one embodiment, the acidic conditions are obtained using HCI (which has one strong
acid proton).

in one embodiment, the molar ratio of acid protons {o anfline, 8,is 1 lo 4.

in one embodiment, the range is 2 to 4.

in one embodiment, the range is 310 4,

in one embodiment, the ratio is about 3.2,

in one embodiment, the range is 210 3.

In one embodiment, the range is 2.2510 2.75.
in one embodiment, the ratio is about 2.5.

In one embodiment, the reaction is performed in an agueous medium.

in one embodiment, the reaction temperature is 2 to 25°C.
In one embodiment, the reaction temperature is 2 to 15°C.,
in one embodiment, the reaction femperature is 2 to 10°C.
in one embodiment, the reaction femperature is about 5°C.

in one embodiment, the reaction time is 10 to 240 minutes.
in one embodiment, the reaction time is 30 to 120 minutes,
In one embodiment, the reaction time is about 60 minutes.
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25 illustrated in the following scheme: R R NO / R7NA\R7NA"N\ (N
R7NB R7NB 10 11 In one embodiment, an N,N-dimethyl-3-ethyl-aniline,
Wk? KP%4 nltrosylated to form the corresponding

(fA&th, yl-3-ethyl-4-nitrosyi aniline, 11", as illustrated in the SIIRIRG 3634

30 scheme: NO Mew Me i Me Me 10' 11' WO 2006/032879
PCTIGB2005/003634 -47 In one erfiBodiment, the nitrosylation is
performed using a nitrite. In one embodiment, the nitrite is or comprises

NO2. odlme t, the nitrite is or.c mo r| es li metal nitrite. In
‘“‘a‘rf-‘e@}%%@ {ent QY nfrred i "ga@ e

e nitr or comprises S0dIUm Rtrite oF p%tassmm
nltrlte 5inone embodlment the nitrite is or comprises sodium nitrite. In
pRBdERERT e nitrite is sodium nitrite. In one embodiment, the

molar ratlo of nitrite to aniline, 9, is 0.8 to 1.5. 10 In one embodiment, the
In thioltepatio AN st 4B Iten-Oruplmilycinbetiutaseimiiapybaivilis=1 1 tis teduced
to diveas KNahlibstntsthe, makaniratit-ipthaly substintedbembalifdeas, the
iluSRkaH iatigeifolloditey Edhedizone embodiment, the molar ratio is 1.1 to 1.3.

15 In one embodiment, the reaction is performed under@cidic conditions.

In one embodiment, the reaction is performed at a pH of | or ,@gs In one

embodiment, the regetiop-t¥performed at a pH of 1 tq
RTNA et R?NA y
: |
FI{T’NB R?NB
11 12

In one embodiment, an N,N-dimethyl-3-sthyl-4-nitrosyl-aniline, 11’, is reduced to give an
N,N-dimethyi-1,4-diamino-3-ethyl-benzene, 12', as illustrated in the following scheme:

NH
NO 2
e e
e
!
Me

I
Me

11 12'

In one embodiment, the reduction is by reaction with a reducing agent.
In one embodiment, the reducing agent is or comprises Fe(0).

In one embodiment, the reducing agent is or comprises metallic iron,
in one embodiment, the reducing agent is metallic iron.

Metallic iron may be obtained commercially, for example, as metal filings.

in one embodiment, the molar ratio of Fe(0) to aniiine, 9, is 1.0 fo 4.0,
in one embodiment, the molar ratio is 1.5 to 4.0
in one embodiment, the molar ratio is 1.5 to 3.0.
in one embodiment, the motar ratio is 1.5 to 2.5.

in one embodiment, the reaction is performed under acidic conditions.
In one embodiment, the reaction is performed at a pH of 1 or less.

In one embodiment, the reaction is performed at a pH of 1 to -1.

in one embodiment, the reaction is performed at a pH of 1 to C.
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In one embodiment, the reaction is performed at a pH of 1 to 0. 20 In one
embodiment the acidic conditions are obtained using a strong acid. In one
diment, the acidic conditions are obtained using HCI (which has one
S(Erz(md 03?6?5’ proton). 25 In one embodiment, the molar ratio ‘Q?E(éi&@?a’&?ﬁ?“
to aniline, 9, is 1 to 4. In one embodiment, the range is 2 to 4. In one
embodiment, the range is 3 to 4. In4he embodiment, the ratio is about

3.2. 30 In one embod Olment the range is 2 tﬁ 3..In one embodiment, the

In 985 §ERODBEN e AR SRR BER AL tHe PAN IS ESRZS. In one

In QIRIEERATERENND?SRIBRIBHE AR AR AR dﬁ%ﬁglﬁwamﬁﬁa%@ﬁﬁgﬂ%g

acidmitliment, the reaction temperature is 2 to 25C. In one embodiment,
the reaction temperature is 2 to 15C. In one embodiment, the reaction

In tenpetatineis, 2rori 6. raficorfaseithiotinsdntatiieg chdtidridemperature is
about 5C. 40 In one embodiment, the reaction time is 10 to 240 minutes.

in %@Qﬁﬁamﬁgtra%rgq%m time is 30 to 120 minutes. In one

%%n@“%é%ﬁﬂ@%@?@ 4s about 60 minutes. WO 2006/032879

PCT/ % %1% é%ﬁra&r&ezembodlment the reaction mixture is
in %?I?I‘% reac%(i)n Nltrosyl Reduction (NR-2) 5 In this step,

In
In Qe Iﬁrﬂf) gf]%%& ?e&%gogﬁ%%aéli stituted-4-nitrosyl aniline, 11, is
In BgEERPIE B 15T APSE :1,4-diamino-5-optionally substituted
In B@h?@?@dwr&&ﬁlE@i?d?e@ﬁ?iﬁéfollowmg scheme: RO R9 NO NHZ 7
RN N/,
in one embodiment, the reaction is performed in an agueous medium.

é

In one embodiment, the reaction is performed at a temperature of 2 to 35°C.
in one embodiment, the reaction is performed at a temperature of 10 to 30°C.

in one embodiment, the reaction is performed for a time of 10 minutes to 12 hours.
In one embodiment, the reaction is performed for a time of 30 minutes to 6 hours.
in one embodiment, the reaction is performed for a fime of about 3 hours.

in one embodiment, the reaction mixiure is stirred during the reaction step.

Ring Fusion (RF-2)

in this step, two molecules of N,N-disubstituied-1,4-diamino-5-optionally substituted
benzene, 12, are fused in the presence of alkali metal sulphide and iron(lil}, at a pH of 0.6
fo 2.6, to give a 3,7-bis(disubstituted-amino}-1,9-(optionally substituted)-phenothiazin-5-
ium salf, 13, as iliustrated in the following scheme:

i @ |
R?NB' R3NB'
13 *©

in one embodiment, two molecules of N,N-dimethyl-1,4-diamino-5-ethyl-benzene, 12, are
fused in the presence of alkali metal sulphide and iron{lif) atapH of 0.6 10 2.6, to give a
3,7-bis(dimethyl-amino)-1,9-(diethyi}-phenothiazin-5-ium salt, 13, as fllustrated in the
following scheme:
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RN : 17Ne R7Ne 11 12 10 in one embodiment, an

N,N-dimethyl-3-ethyl-4-nitrosyl-aniline, 11', is reduced to give an

N,N-dimethyl-1,4-diamino-3-ethyl-benzene, 12", as illustrated in the
“f8|r’c9\9!ﬂ%2§é¥neme: NO NHZ MeyMe.N Me Me 11' 12' 15 In‘gngGB2005/003634

embodiment, the reduction is by reaction with a reducing agent. In one

embodiment, the reducing agent is-dfcomprises Fe(0). In one

embodiment, the reducing agent is or comprises metallic iron. In one

obtained mm@gci@zﬂy podiment,
the mol§t rafjo of Fe(0) 20

25 Injone embodiment, the molar ratio is 1.5 to 2.5. In one@nbodimeh;[, .
the ri&ction is performed undeM&cidic conditions Mfn £ odimermethe

reaction i@%erformed at A%H of 1 or less. In one embddiment, the
react!on ?s performed at a pH of 1 to -1. 30 In one embodiment, the
in (RRGIRRdgiRenonaaat Akl afipHiaddis \W ot I3R!l sulphide or
ooRCH/FRANARD03634 fV 0 i w —-_ _ _ -49 In one embodiment, the acidic
I B o).
. . C ng acid proton).
In ksl eﬁwaérgﬁ?ﬁer?ta%ae'ﬁéﬁgr ratio of gcidggrir)%ﬂ#\?gﬁt%géniline, 9,is 1to 4.

In one embodiment, the range is 2 tq 4. | di t, th is3
in 08 SO ERERRIFEH e SRS 2B ST AB. 85, ona cmbotmont.

Intpree @R adigeniptae iron(lll) is or comprises iron(lll) chioride.
In one embodiment, the iron{ill) is iron(lll) chioride or a hydrate thereof,

fron(iil} chloride may be obtained commercially, for example, as the anhydrous salt or as
the hexahydrate.

In one embodiment, the reaction is performed under acidic conditions.
In one embodiment, the reaction is performed at a pH of 0.8 fo 2.4.

in one embodimant, the range is 1.01o 2.2.

in one embodiment, the range is 1.2 10 2.0.

in one embodiment, the range is 1.4 to 1.8.

in one embodiment, the pH is about 1.6.

In one embodiment, the molar ratio of sulphide to aniling, 12, is 0.5 {0 2.0,
in one embodiment, the molar ratio is 0.8 fo 1.5

In one embodiment, the molar ratio is about 1.0.

In one embodiment, the molar ratio of Fe(lll) to aniline, 12, is 2.0 10 6.0.
in one embodiment, the molar ratio is 2.6 to 4.0

Iin one embodiment, the molar ratic is about 3.0.

in one embodiment, the reaction is performed in an aqueous medium.

in one embodiment, the Fe(lll) reagent is added in a pluraiity of approximately equal
portions.

in one embodiment, the Fe(lll) reagent is added in two approximately equal portions.
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In one embodiment, the range is 2.25 to 2.75. in one embodiment, the

ratio is about 2.5. In one embodiment, the reaction is performed in an

agueous medium. 15 In one embodiment, the reaction is performed at a
VERIEIERTE of 2 to 35C. In one embodiment, the reaction i§QEHEHITEE ¢34

a temperature of 10 to 30C. In one embodiment, the reaction is performed

for a time of 10 minutes to 12 hours: 530 In one embodiment the reaction

m#%f%f%%%’#%“ﬁéﬁé%%@? o) ”%%%3%%%%%"%%& % S ol one
aqdRERIRNARESR: beaiatimiahe iide sardsiPdepd %e i &%Sﬁ( rfeiﬁe”f

is pige Stap, mivtvraddeencetiod Koo R@sRRit o8 L e4iafih %ﬁ.mﬂs‘) er of
theiestitunerpanéiszadnedl 2, are fused in the presence of alkali metal

sulphide and iron(lll), at a pH of 0.6 to 2.6, to give a
indrickisisiauhstiutedarion)shariontionallytsuipstittited)f 2hertstidazin-5 30
inigAe %ﬁ%bohﬁné&,iﬂh@@&%mstaeﬁelm@gasféteﬁeeatﬂm ROGRIoNH2 HZN

I\/NNJR3NA R7N N + 14 Ni RNA -- R7TNA\N \ s x:--'~ R7NB 12 R7NB
InJANE: g Toﬁk\eﬁt%elr%ﬁﬁﬂ% DGR R REL LANRRIRSUE S ours.
mgﬁggg Yl daming 10n5.seth§?f>en&%@§ S%F%ofHﬁ:%ﬂéQ iDg pigsence

e]r d.iron Ive a

InpRes ﬁigﬁplgﬁ%fﬁgf PRXARR ghdthic |a2|n- Ao sa% %3, as
illustrated in the following scheme: WO 2006/032879

InroT AEB 0TI 532 actery INKYHE /RHTad 8UTNa- hRISTHOR SR Me 11 (1) |
13' XO Me Me IT 12' Me me in one embodiment, the alkali metal sulphide

Inswr compiisestsaithurasstivhitle wagtiotamsitire duffisigd apdnherfétrate collected.
embodiment, the alkali metal sulphide is or comprises sodium sulphide.

in one embodiment, the filiration is performed at a temperature near to the reaction

temperature, fo give a "hot” filirate.

In one embodiment, the reaction mixture is first cooled, and the filiration is performed at
about room temperature, to give a “cool” filtrate.

Chioride Salt Formation (CSF-2)

In this step, a 3,7-bis(disubstituted-amino)-1,9-(optionally substituted)-phenathiazin-5-ium
salt, 13, is reacted with chioride, to give a 3,7-bis(disubstituted-amine)-1,9-{optionally
substituted)- phenothiazin -5-jum chioride saft, 14, as illustrated in the foiiowing scheme:

\ \
mA R3NA S TNA RPNA
/ .
7NB SNB

3NB

3)(@ A 4:o|®

In one embodiment, a 3,7-bis(dimethylamino}-phenothiazin-5-ium salt, 13, is reacted with
chioride, to give a 3,7-bis(dimethylamino)-phenothiazin-&-ium chioride salt, 14’ (i.e.,
DEMTC), as illustrated in the foliowing scheme:
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In one embodiment, the alkali metal sulphide is sodium sulphide. in one

embodiment, the iron(lll) is or comprises iron(lll) halide. In one

embodiment, the iron(lll) is or comprises iron(lll) chloride. 10 In one
WEHIBHUIARERY, the iron(111) is iron(lll) chloride or a hydrate thete&fCREKAH§3634

chloride may be obtained commercially, for example, as the anhydrous

salt or as the hexahydrate. 15 In on@embodiment, the reaction is

performed under acidic conditions. In one embodiment, the reaction is
performe ap 3

2.2. In one embodiment, the range is 1.2 t0 2.0. In | hodiment, the
range i 0 T§. 209n one embodiiment, the pH ig dne
ambodiment the-olarrativeof sulphide to arfiifing13; o0~ e

embddiment, molar ratio is 0.8 to 1.5. In one émbodiméht, the moar
ratioWs about 50, 25 In 8%e embodiment, the mdfar ratio efEe(lll) to ¢
aniline, #2%is®'t0 6.0. In one embodiment, the mofb'atio is 2.6 to 4.0.
In one embodiment, the molar ratio is about 3.0. 30 In one embodiment,

the reaction, js performed in an agueou um. In one embodiment, the
Tr fﬂﬁﬁ’?rgﬁéé—bﬁ}’fg%@o & fﬁdaa%lﬁfsg?ﬁ’{/cgfg ggﬁ%%ately equal portions. 35
In one embodiment, the Fe(lll) reagent is added in two approximately
in ap@AMPORIBRSL O AERS I8 FE BT REE9005/003634 -51 in one
embodiment, the pH is adjusted to the desired value (e.g., by the addition
in ohseotgdauititolhstrongivaisa)eteemar i afetaiaifjAries added, and
in one dralfodinthet Rbé B labege wipth$dddo Bhe mixture is then aerated (for
in exa PRl dntehihprnslatvbihiew thie isstiaitider of the Fe(lll) reagent is
in addedhidimene eahasivegnbvhsineaciian is performed at a temperature
1n 8h2 0856 mdh ARe emrsireniHhearaction is performed at a
temperature of 10 to 30C. In one embodiment, the reaction is performed
{01 2me 5120 MDUIER AZBAWSCI0URARAGMBPYIR. the reaction
S prarmetiar alime oL pInuIes 1.0, 00UrS 9B Riipgdiment. the
In Q0 AERILBENo T 15 W time of abotit §Oho%r§. )
in one embodiment, the pH is adjusied over a period of b to 80 minutes.
in one embodiment, the pH is adjusted over a period of 5 to 30 minutes.

in one embodiment, the pH is adjusted over a period of about 10 minutes.

In one embodiment, the reaction is performed at a relatively cool temperature.
In one embodiment, the relatively cool temperature is 210 40°C.

In one embodiment, the relatively cool temperature is 2 to 30°C.

in one embodiment, the relatively cool temperature is & to 30°C.

in one embodiment, the relatively cool temperature is 10 to 30°C.

In one embodiment, the relatively cool temperature is 15 to 30°C.

in one embodiment, the reiatively cool temperature is 20 to 30°C,

in one embodiment, the relatively cool temperature is about 25°C.

in one embodiment, the reaction is performed untit the reaction mixture (initially, e.g., a
deep biue colour) becomes light biue to colouriess.

In one embadiment, the reaction mixture is stirred during the reaction step.
Treatment with a Chloride Salf as a Source of Chiloride.
In one embodiment, the chioride is chioride salt.

in one embodiment, the chioride is alkali metal chioride.
in one embodiment, the chioride is sodium chioride.
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In one embodiment, the reaction mixture is stirred during the reaction

step. 15 In one embodiment, after reaction, the reaction mixture is filtered

and the filtrate collected. In one embodiment, the filtration is performed at
Wé’l’é’ﬁ%@?ﬁ?ﬁre near to the reaction temperature, to give a --ﬁéf’“’ﬁ%ﬁ'@("ﬁ%ﬁ“

In one embodiment, the reaction mixture is first cooled, and the filtration is

performed at about room temperatd®; to give a "cool" filtrate. Chloride
Salt Formation (CSF-2) 25 In this step, a
3,7-bis(disubstituted-amino)-1,9-(optionally . .

In egmRrdmephdmsminzigamelasaces ¥ (Radivay Sl ERioride, to give a

In @7 oniiersnBRtithecacienfiady-of shispte Hasgit 13, is 5o 100.

In swbatifotdid)ephdhethideinaBoeiimi &t@bde salt, 14, as illustrated in the

in Jadewingdsobentas RAERBERLINLGD) ~~ R7NA\ /R3NA R7NA ! // R3NA

In SN B AR INBRENRR TANB RSB 13 XO 14 CIQ 30 In one
embodiment, a 3,7-bis(dimethylamino)-phenothiazin-5-ium salt, 13, is

in SRESIAH NI EhIRLide, R 9@ &tormed in an agueous medium.

3, 7-bis(dimethylamino)-phenothiazin-5-ium chloride salt, 14’ (i.e.,
DEMTQC), as illustrated.in the followin eme~WO 2006/032879
In %ff@gﬂ&%‘?ﬁg@%&?ﬂ?ﬂ ?ﬁmﬁﬁé\a}v%?%%]?\%e@\ IS/N.Me NSNS Me
In g R RATESRS FREI LR PERIHENE With S\gﬁrochloric Acid as a
In S AEHICATGNE TP BHEBRFSURIE AL Chitoride is hydrochloric
acid. In one embodiment, the reaction is performed at a relatively low pH.
In tnoae ErbuditribategrioaBriodhSEnspMidieso 3. In one embodiment,
the relatively low pH is 0 to 3. 10 In one embodiment, the relatively low
in Bk isriotaitetn oneemtodspentrthedrettititrel ydastigpHrixtalsothangls onleur,
e.ENbResRS RbaIperRk 6 Bejpaiestierdpriatatively low pH slowly.

in one embodiment, the reaction mixture is stirred during the reaction step.

If desired, one or more of the treatment steps (ST, DT, CT, EDTAT, OE) described above,
may additionally be performed.

If desired, a recystaliization step (RX)}, described above, may additionally be performed.

Synthesis Method C

This method is particularly well suited for the synthesis of diaminophenothiazinium
compounds wherein the groups -N(R™)(R*"®) and -N(R™)(R™") are other than
-N(CHy), for example, wherein the groups -N(R™)(R™®) and -N(R™)(R"*) are the
same and are -N(CH;CH,},.

in one embodiment, the method comprises the steps of, in order:
thiosulfonic acid formation (TSAF-3),
oxidative coupling (OC-3);
ring closure (RC-3).

In one embodiment, the method additionally comprises the subsequent step of:
chioride salt formation (CSF-3).

Thus, in one embodimeh’{, the method comprises the steps of, in order:
thiosulfonic acid formation (TSAF-3);
oxidative coupling (OC-3};
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In one embodiment, the pH is adjusted over a period of 5 to 120 minutes.
15 In one embodiment, the pH is adjusted over a period of 5 to 60
minutes. In one embodiment, the pH is adjusted over a period of 5 to 30
WHIHIAE 28T one embodiment, the pH is adjusted over a perfcf STEBBH363
minutes. In one embodiment, the reaction is performed at a relatively cool
temperature. 20 In one embodimeng4the relatively cool temperature is 2
to 40C. In one embodiment, the relatively cool temperature is 2 to 30C. In
one"BHBBEHFIRCHE relatively cool temperature is 5 to 30C. In one
emisBiseRatHerreRsa0 iy *od! temperature is 10 to 30C. In one
embodiment, the relatively cool temperature is 15 to 30C. 25 In one
et Rbreediati VEBAEER) temperature is 20 to 30C. In one
embodiment, the relatively cool temperature is about 25C. In one
in {RBRAINE N, NhgtaRctianisAsiBEmachsnE, leaxrpaiion Mbdrsestitiielly,
thideElia@ tISRR BlUAL0IRMD Resames okt hlusioisoinunnssy BAdROME, as
mugtgg%%qmﬁgmg@@}g%@|xture is stirred during the reaction step.

Treatment with a Chloride Salt as a Source of Chloride; 35 g, one
embodiment, the [dd't§ chloride salt. in one em i
is alkali me In one-embodiment, tiEe.chle is. sodium
chloride. WO 2006/832879 PCT/GB2005/003634{ -53 In_ one embodiment,
there is a Iargell:_molar excess of (sodium) chloridest In on%‘é?ﬁt?odiment,
the molar ratio of chiiffide to salt, 13, is 5to 100. In orsenbdiment, the
molar ratio is 10 to 80. 5 In one embodiment, the molar ratio is 10 to 50.

. Into_ne ﬁmbodiment the néo@rgratio is about 20. In one embodiment, the

A %‘?bse?fo?ﬂﬁnéjci‘?r?sanza&lJeous medium. 1%In one embodiment, the

in pog ATBRPEMFBLr AR RS IRt 08, ﬁ?{‘b‘ﬁ@e&%@% ©nt, the reaction

in pavh pekatifaciat e Hiseulitedhdlaaradiment, the reaction temperature is
about 5C. In one embodiment, the reaction time is 5 to 30 minutes. 15 In

NagBe mbp tintbkaingrbawarotielly perforandeu atitiitearsud s aakaires the

peatapg@s=colour, e.g., becomes red/purple as the product precipitates.

In one embodiment, the motar ratio of thiosulfate to diamine, 18, is 0.8 to 1.5.
in one ambodiment, the molar ratio is 1.0 fo 1.5.
in one embodiment, the molar ratio is 1.1 to 1.6
In one embodiment, the moiar ratiois 1.1 to 1.3.

in one embodiment, the oxidation is by reaction with an oxidizing agent.
in one embodiment, the oxidizing agent is or comprises Cr(VI).

In one embodiment, the oxidizing agent is or comprises Cr072

In one embodiment, the oxidizing agent is or comprises Na,Cr,05.

in one embodiment, the oxidizing agent is NayCr.O-.

In one embodiment, the molar ratic of Cr(Vl) to diamine, 15, is 0.2 10 2.0.
In one embodiment, the molar ratio is 6.2 fo 1.0
in one embodiment, the molar ratio is 0.2 10 0.8.
in one embodiment, the molar ratio is 0.3100.7.

in one embodiment, the oxidizing agent additionally comprises Al(lil).
In one embodiment, the oxidizing agent additionally comprises Al(SO4)s.

in one embodiment, the molar ratio of Aill) to diaming, 15, is 0.2 to 2.0.
In one embodiment, the molar ratio is 0.2 10 1.0.
In one embodiment, the molar ratio is 0.2 10 0.8.



In one embodiment, the reaction mixture is stirred during the reaction
step. 20 If desired, one or more of the treatment steps (ST, DT, CT,
EDTAT, OE) described above, may additionally be performed. If desired,
e rzeogf/gt%ﬁ@ation step (RX), described above, may additio 51 &32(10:51003634
performed. 25 Synthesis Method C This method is particur}arly well suited
for the synthesis of diaminophenothi&mium compounds wherein the
roups -N(RI R3N6) and - NA)(R'N1) are other than 30 -N(CH3)2,
In w&%%ﬂ%ké%ﬁg?emﬁﬁ@a?sa%é% NA)(RIN') and -N(R'NA)(R'NB) are
the same and are -N(CH3CHZ2)2. In one embodiment, the method
In eanfseetTRElsiap BT ARG RIEP HIBSLISHRG SRS RIFPRGRTF(TSAF-3); 35
in opicieribedimapite@Eizng ArgEfoshre TRUVIPRY S YHERATSOEIROR: (Hhich
5 hamthetloadditidnutitoeemprises the subsequent step of: chloride salt
formation (CSF-3). 40 Thus, in one embodiment, the method comprises
In B SiRPSdRficift, ardarioittinaidisniaasiotastatiomeS AR -8)1 Oxidaive
In GAN RN &fHerd ind/@rd06/08287 % PCT/GB2005/003634 -54- ring
in SIS USSR GaRh Flokide.saltformagion (CSF-3). Thiosulfonic Acid
10 Formation (TSAF-3) 5 In this step, an N,N-diethyl-1,4-diamino-benzene,

15, is oxidized.in, the presence of a thiosulf [ .6péosulfuric acid
In50&?%%@%9&%%%&%%ﬁgjﬁﬁgﬁ)% eestgr,&1 éa%aégﬁﬁeﬁ%te "in the following
0

scheme: NH2 NHZ Et~N\| Et~N S Et 0=S=0 Et
In one embodiment, the reaction is performed at a temperature of 15 to 50°C.

15  In one embodiment, the reaction is petformed for a time of 10 minutes to 2 hours.

in one embodiment, the reaction mixture is stirred during the reaction step.

in one embodiment, after reaction, the reaction mixture is filtered and the filtrate collected.
20

in one embodiment, the filtration is performed at a temperature near to the reaction

temperaiure.

In one embodiment, the reaction mixture is first cooled, and the filtration is performed at
25  about room temperature.

Ouidative Coupling (OC-3)

In this step, a thiosulfuric acid S-(2-amino-5-disthylamino-phenyl) ester, 18, is oxidatively

30  coupled to an N,N-diethyi-aniline, 17, to give a [4-{2-(thiosulfate)-4-(diethylamino)-phenyi-
imino}-cyclohexa-2,5-dienylidene]-N,N-diethyl ammonium, 18, as iliustrated in the
following scheme:

X
Wz N‘/Et N
JOQRLENIEY 4 )
Bt l Si - Et\lT[ _?— \T/Et
Et 0:2:0 Et O—g—o Et
16 18 O

35
In one embodiment, the oxidation is performed using an oxidizing agent.

rae: UMM T W W W W
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15 16 Off 10 The thiosulfate is or comprises S2032. In one embodiment,
the thiosulfate is or comprises Na2S203. in one embodiment, the
thigﬁsn%lf%te is Na2S203. 15 Na2S203 may be obtained commercially, for
W&amﬁ?e?sé{% the anhydrous salt or as the pentahydrate. In Jihd/6BL005/003634
embodiment, the molar ratio of thiosulfate to diamine, 15, is 0.8 to 1.5. in
one embodiment, the molar ratio is 196 to 1.5. 20 In one embodiment, the
molar ratig is 1.1 to ]%fg In one embodiment, th8 lar ratio is 1.1 to 1.3.
In W%ﬁg’%ﬁ%e&\ RO SR8 S ChS PR On Wi fﬁ,’gn oxidizing agent.
in Wﬁﬁ@ﬁ?ﬁwmgﬁt?ﬁ%zg%&%%‘ﬁ@éﬁ?@'&?e@oﬁﬁb fses Cr(V1). 25 In one
In epsaheinethd a8 HBSRAEH i& o ompPrRRNEr#7 2. In one
in ensoerdiedinenh &heduidirioterisnt is ¥esariprises Na2Cr207. In one
embodiment, the oxidizing agent is Na2Cr207. In one embodiment, the
in M ANBONeEE A ol sliaatinel, ddberist®, 2otar@ite, 3D, In @Adoehibodiment,
inlheRakyaabaisHe 2atqd 8.018 anezembodiment, the molar ratio is 0.2 to
In&& dREembedimsnt e nelatie is 0.3 to 0.7. In one embodiment,
the oxidizing agent additionally comprises Al(lll). 35 In one embodiment,
the oxidizing agent additionall rises; e
tng&%%ﬁ%rﬁdﬁ??ﬁ%hr%g?é?éga?t%%gééf%rgﬁ ég%ﬁ%ﬁ%ﬁ ig '6852 '[[éd 2.0. Inone
‘“@&%86‘#85%, %Zﬁ%&?&??&{ﬁo‘ls .2'10 1.0. In one embodiment, the molar
IR aEerdiRse BP9 038878 PCT/GB2005/003634 -55 In one
ingap saRAdRte R SIAFAREASFRR B21n one embodiment, the oxidizing
agent further comprises a strong acid. In one embodiment, the oxidizing
inagerarhbrticvent herisesticnlfanertaiieHr8 e Aok RsmdBieRs two strong
inagid aromhskErn tbe esantibodsmeritytivel aiclai-ratid oflegsd protons to
inciagnReolibrdat Lifetasddbon is e @maDaimpHtotiedange is 1.5 to 2.5. In
InUHe EMRRARBRNInER 48NGeidoaRewsd 8t alfH of 110 0.

In one embodiment, the acidic conditions are obtained using a strong acid.
in one embodiment, the acidic conditions are obtained using HCI (which has one strong
acid proton).

in one embodiment, the motlar ratio of acid protons to aniline, 17, is 1.0 10 4.0.
in one embodiment, the range is 1.51c 2.5,
in one embodiment, the molar ratio is about 2.0

In one embodiment, the reaction is performed in an agueous medium.

in one embodiment, the reaction temperature is 20 to 85°C.
In one embodiment, the reaction temperature is 30 to 80°C.

In one embodiment, the reaction time is 10 minutes to 12 hours.
in one embodiment, the reaction time is 10 minutes to 4 hours.
in one embodiment, the reaction time is about 30 minutes.

in one embodiment, the reaction mixture is stirred during the reaction step.

Ring Closurs (RC-3)

in this step, a [4-{2-(thiosulfate)-4-(diethylamino)-phenyl-imino}-cyciohexa-2,5-
dienylidene]-N,N-diethyl ammonium, 18, is reacted with activated manganese dioxide
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In one embodiment, the reaction is performed in an aqueous medium, In
one embodiment, the reaction is performed at a temperature of 15 to 50C.
15 In one embodiment, the reaction is performed for a time of 10 minutes
W8 PHEUE I one embodiment, the reaction mixture is stirré& HERYHHR3634
reaction step. In one embodiment, after reaction, the reaction mixture is
filtered and the filtrate collected. 20 %A one embodiment, the filtration is

performed at a temperature near tqQ the reaction. temperature..In.on
R SAALSS 108 FRRAE, Fe AT EOBIaT ol (o S st 19,
as fusfEriad i e 39 anhadsMEemperature. Oxidative Coupling (OC-3) In
this step hiosulftiRg acid S-(2-amino-5-diethylamige=pheityl
[ [ y. 30 coupled tean I\LN;d'LelhyI-an[i__Jgne,
[4-{? thiosulfate)-4 dietNy@nino)-phenyl- N 8 N
iminﬂ-cycloﬁm%&@,&dieﬁy dene)-N,N-diethyl anﬁponium,@& as iEt
illustrated.i the following scheme: NEt N /1) NH2 17—Eg/>§EEt~Ni\/erg
Et~N\1g NEt(1 18 Et 0=S=0 Et O'S-0 Et OH 016 18 O 35 In one
embodiment, the oxidation is performed using an oxidizing agent. WO
2006/032879 PCT/GB2005/003634 -56 In (o]s] , oxidizing
in 3‘&%%?‘.%088%”&%%%?%5“5‘% 3&(5) ?Fﬁnéé g ag‘é‘"’§ &%ﬁq t ’ego@%?éiégfagent is or
In eBHTIRARLBIRONS MR'Y), é"‘@d%%%ﬂﬁeﬁ? the oxidizing agent is or
In epRpRcedRendio P iR aRRddifent, the oxidizing agent is
Na2Cr207. 5 In one embodiment, the molar ratio of ester, 16, to aniline,
In 6ffe Rredimans thnrerrtienid saifaeredthePAMEEORHT2. In one
embodiment, the molar ratio is about 1.0.
in one embodiment, the reaction temperature is 30 fo 95°C.
in one embodiment, the reaction temperature is 60 to 80°C.

in one embodiment, the reaction temperature is about 85°C.

in one embodiment, the reaction time is 10 minutes to 12 hours.
in one embodiment, the reaction time is 10 minutes o 4 hours.
in one embodiment, the reaction time is about 30 minutes.

In one embodiment, the reaction mixture is stirred during the reaction step.

in one embodiment, after completion of the reaction (a biue solution with precipitate is
observad), sirong acid {e.g., concentrated H,S0,) Is added.

Without wishing fo be bound by any particular theory, it is believed that the strong acid
dissolves the manganese salts and chromium oxide (and other salts, if present),

in one embodiment, after reaction, the reaction mixture is filtlered and the filtrate collecied.

in one embodiment, the filtration is performed at a temperature near to the reaction
temperature, to give a “hot” filtrate.

in one embodiment, the reaction mixiure is first cooled, and the filtration is performed at
about room temperature, to give a “cool” filtrate.
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10 In one embodiment, the molar ratio of Cr(VI) to aniline, 17, is 1.0 to 4.0.
In one embodiment, the range is 1.6 to 3.0. In one embodiment, the range
s 2.0 t0 3.0. In one embodiment, the molar ratio is about 2.2. 15 In
b i}ﬁg{t the reaction is performed under acidic conditidifst Kfﬁ%ﬂg{mm“
embodlment the reaction is performed at a pH of | or less. In one
embodiment, the reaction is performé#i-at a pH of 1 to -1. In one
embodiment, the reagtjon. is performed at a pH of 1 to 0. 20 In one
m&%&%@%@&mmmons are obtained using a strong acid. in one
embodiment, the acidic conditions are obtained using HCI (which has one
In tieorgP R phisGipthHeB R RTISOATRR; TG 113 'ERSIEH BB
to giniling, Bisigietayienirg)-peneibissiembotribAta R SAlEde Mixad saib 4R as
mummﬁmmmmbemm ratio is about 2.0. In one embodlment the
reaction is.perfermed_in an agueous medium. 30 In gr
reactloraﬁ g 20 to 95C, Ir?ong embodime
teEhpﬁ At % Nwﬁbne embodiment E?ﬁe«x it D
minutes to 12 @urs In dne embodiment, the regttion tlm@ 10 mmé;es
to 4 Héurs. 33 fmone emBodiment, the reaction time is aboudt80 minutes.
In one etBbodinient, the reaction mixture is stirred d#ting thecfeaction
step, Ring Closure (RC-3) 40 In this step, a
(4-{2-(thiosulfate)-4-(diethylamino)-phenyl-imino}-cyclohexa-2,5-
Trefémenitefbdrecibiffaasshrasce s’ Ved&ed with activated
manganese dioxide WO 2006/032879 PCT/GB2005/003634 -57 (Mn02)
in thaehievdinagt dlosunetidgivea@chibis(dihylamino)-phenothiazin-5-ium
salt, 19, as illustrated in the following scheme: Et~N S\ N Et Et~N\6 /N
in BheN\boEhisr® Fektsieh kBpetdfredonr:pimkadisngst, the molar ratio
In%y%gg&ﬁgﬁm@@mﬁmyi@@pw i3-9.tdm one embodiment, the molar
In ‘S RduBitRAt e relatively low pHis O o 3.

In one embodimant, the relatively low pHis 0 to 2.
In one embodiment, the relatively low pH is about 1.

in one embodiment, the pH is adjusted to the relatively low pH siowly.

In one embodiment, the pH is adjusted over a period of 5 to 120 minutes.
in one embodiment, the pH is adjusted over a period of 5 {o 60 minutes.
in one embodiment, the pH is adjusted over a period of 5 to 30 minutes.
in one embodiment, the pH is adjusted over a period of about 10 minutes,

In one embodiment, the reaction is performed at a relatively cool temperature.
in one embodiment, the relatively cool temperature is 2 to 40°C.

In one embodiment, the relatively cool temperature is 2 {o 30°C.

in one embodiment, the relatively cool temperature is 5 fo 30°C.

in one embodiment, the relatively cool temperature is 10 to 30°C.

in one embodiment, the relatively cool temperature is 15 to 30°C.

in one embodiment, the relatively cool temperature is 20 to 30°C.

In one embodiment, the relatively cool temperature is about 25°C.

In one embodiment, the reaction is performed until the reaction mixture (initially, e.g., a
deep blue colour) becomes light blue to colourless.

in one embodiment, the reaction mixture is stirred during the reaction step.
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In one embodiment, the molar ratio is about 2.0. In one embodiment, the
reaction is performed in an agueous medium. 10 In one embodiment, the
reaction temperature is 30 to 95C. In one embodiment, the reaction
W@rﬁﬁ’é’fﬁﬁﬁ?@ is 60 to 90C. In one embodiment, the reactlon]fgﬁfﬁg?ﬁf’a/r‘m?“

about 85C. 15 In one embodiment, the reaction time is 10 minutes to 12
hours. In one embodiment, the readifon time is 10 minutes to 4 hours. In
one embodiment, the reaction time is about 30 minutes. In one

TregtsEaIiB & GHE" f%%éﬁ’gﬁ‘?rﬁﬁﬁf’éc%@tﬁpzo 'Wiring the reaction step. 20 In
one embodiment, after completion of the reaction (a blue solution with

In precphatimsnbibivepieidsisomipadssed.g., concentrated H2S04) is added.

in ahétleoutovishivigtite bedvderisl diahmetsaditailde theory, it is believed that the

in GhEOngLaciche?h, tisstilveigdhe smtimgahesidasalts and chromium oxide (and
other salts, if present). In one embodiment, after reaction, the reaction

In SRRBHBgiHleregaprdhefiiralaicakestadoriit g embatbment, the

in GHLAON, I8 Reropmesala EHRsIAlURRESL IR tisraasken 30

temperature, to give a "hot" filtrate. In one embodiment, the reaction

mixture is first cgoled, a d the f|| ration |s EQR&u&ﬁ%ﬁ&Q
In ?é‘ﬁ‘B Eﬁ Pée% ere [§, ar & %
In pRe-BRRSIRENH IV%E a%%' W&ﬂ%’@% %(gémg‘?gg &é?lo?,) In this step, a
In gre-enlpariiRIA R 8) R ERERARaA 192 um salt, 19, is reacted with chloride,

in eogjrebedimenistoratiata ol pRéhSthiazin-5-ium chloride zinc chloride
in onixethsadip2t dbe Fitlastrilel abehé4Bllowing scheme: \ /N ~\\ CI- N Eta

\~\\.Et Et~N | SN'Et S Et Et Et C O Et 19 x(r) 20 znCI2 Treatment with
in BhslepghiareACHaactauicpetbEdiden 26ueconeedibodiment, the
chloride is hydrochloric acid. In one embodiment, the reaction is

in BROrBEd AL A 'BlativsdddaeRberature is 2 to 30°C.

in one embodiment, the reaction temperature is 2 to 20°C.
in one embodiment, the reaction temperature is about 5°C.

in one embodiment, the reaction time is 30 minutes to 24 hours.
In one embodiment, the reaction mixture is stirred during the reaction step.

if desired, one or more of the treatment steps (ST, DT, CT, EDTAT, OE) described above,
may additionally be performed.

If desired, a recystallization step (RX), described above, may additionally be performed.

Compounds

The methods described herein yield diaminophenothiazinium compounds at a purity that,
until now, has been unavallable worldwide.

For example, many of the methods described herein yield very high purity MTC with
extremaly low levels of both organic impurities (e.g., of Azure B and Methylene Violet
Bernthsen {MVB)) and metal impurities (e.g., meeting or exceeding the European
Pharmacopoeia Himiis).

Thus, one aspect of the present invention pertains to a diaminophenothiazinium
compound as described herein, obtained by, or obtainable by, a method as described
harein.
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In one embodiment, the relatively low pH is -1 to 3. In one embodiment,
the relatively low pH is 0 to 3. 15 In one embodiment, the relatively low
H i to 2. In one embodiment, the relatively low pH is about 1. |
v 2[‘)%60‘}?%%7& the pH is adjusted to the relatively low pH sIowFT/
embodiment, the pH is adjusted over a period of 5 to 120 minutes. 20 In
one embodiment, the pH is adjusted%{/“er a period of 5 to 60 minutes. In
one embodiment, the pH is adjusted over a period of 5 to 30 minutes. In
one emb dlm nt, the is ad sted over o 0 m| ute
Lt
@r%gtﬁ%scrﬁ‘?qm%‘?@embodlment the relatively cool temperature is 2
to 40C. In one embodiment, the relatively cool temperature is 2 to 30C.
In one eNisGPRNh T THRNG(P 6o MTEMIRE ALaHEYs S AFRSISCthan BRé.
in ensbardiradints théheetaivedyneb(e.terivJéittaserisurty tof STteIthand7%.
in enshadbugintsthehe tatvedyrab @l e i€ pitaseai s Ut By tof 80213 0an @680,
In 8RSHEIBEIR et aHe ativedyep @ fe IeY il scai 9t By tof 3BsEtetntaNes %.
In SAPOHBE e thane el AP Rl te MR PHEC P Ut eGlelt RN 4%

embodiment, the reaction is performed until the reaction mixture (initially,

I I |n one
In or%b ?Hb%%?rrf'g tltuﬁ"r%%ctl Qﬁ?ﬂ%ﬁ%&%@ /dlﬁﬂ&it%g %Bg 'step. WO
Infﬁﬁ@/@éﬁ@ﬁ'ﬁ@ﬁ@ men |f£h ﬁlorlde Salt as
’”Q@WQ%WB%SD"W @Ht éh?onge iTRAOride salt. In
one embodiment, the chloride is alkall metal chloride. 5 In one
in eptbebrdimehdehionie 1S bemps T Hinitd 3 MYS amByiiiient, the
In cink FiodsiisiRali rretantitoridbaarieszietRIdABMMR anérediivbdiment, the
in cinle B dslisestil thectionderahtbsirs ciaritd S1OMNYBBe Bmbddiment, there
is a large molar excess of (sodium and zinc) chloride. In one
(ABPhedingR s thecRatd@tiereh chitsidedgraalhicke, dthorinstARetions
embodiment, the molar ratio is 10 to 80. In one embodiment, the molar
InSHPdRB0sIRST; 118 CRRIRPL BN RLDalAL KSR BAY 38 g 1Rr AL, Cr,
Zn, Cu, Fe, Mn, Ni, Mo, Cd, Sn, and Pb) that is better than the European Pharmacopoeia
(EP) limits.

82003/003634

The term “elementals purity” referred to herein pertains to the amounts of the sleven (11)
metals specified by the European Pharmacoposia: Al, Cr, Zn, Cu, Fe, Mn, Ni, Mo, Cd, Sn,
and Pb.

The European Pharmacopoeia limits referred to herein are set out in the table below:

Table 1
European Pharmacopoeia Limits {ug/g)

Aluminium (Al 100
Chromium (Cr) 10
Zinc (Zn) _ 10
Copper (Cu) 10
iron (Fe) 100
Manganese (Mn) 10
Nickle (Ni) 10
Molybdenum (Mo) 10

Cadmium (Cd) 1

Tin (Sn) 1
Lead (Ph) 10
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In one embodiment, the reaction is performed in an aqueous medium. In
one embodiment, the reaction temperature is 2 to 30C. In one
embodiment, the reaction temperature is 2 to 20C. 20 In one
W&ﬁﬁ%&ﬁ%@ﬁt, the reaction temperature is about 5C. In one e"rﬁE’&ﬁﬁq%‘ff}“M
the reaction time is 30 minutes to 24 hours. In one embodiment, the
reaction mixture is stirred during the $daction step. 25 If desired, one or
more of the treatment steps (ST, DT, CT, EDTAT, OE) described above,

may additionally be performed. If desired, a recystallization step (R

" aa%eng@a=aﬁaeémoymgaan§%aqw%ijaﬁéaﬁﬁ%%%?% B R e

than i treadee Fyapr SRR WM RBEPh R hiazinium compounds at a

In poeismbedimenti e womacUBE 4R NS5’ WG RMTAER! SR, hakirhater

thandnfy tvhehdhm Ethopsad ddwireddnerisr e [invitry high purity MTC with

in extremsiyiioeniettel sehpoathdomanid idpastias gersnidiApuity Bralig better

ihddethyviere WokeirBermtPsam{Addm)iaEPietas impurities (e.g., meeting or
in BXeepsiRgiths EHORsRAPoRiaRERAGAPOpIRdImite)erdOnTAIs BuO aras poial

th%%%Hfﬁﬁ%@%@%‘a@mﬁl;%lﬂﬁa%eoglé@@ﬁmh@aOthIazmlum compound as

escribed herein, obtained by, or obtainable by, a method as described

herein. WO, 2006/032879 PCT/GB2 '
(e TR WS L AETarca B, B Shier g by, o O
5 WAHSY HE-tescribed herein. 5 In one embodiment, the compound (e.g.,

MTC) has a purity of greater than 98%. In one embodiment, the .
Alcomystimane Wmﬁé’y RaRRINFIARY B lRcaRayRLrs peRds R gisclosed herein
assifresotiimdint thicenhipginnaves. gpeniialvrand SBURHY 6egietter than 96%.

In one embodiment, the compound (e.g., MTC) has a purity of greater
chandfdes In one embodiment, the compound (e.g., MTC) has a purity of

greater than 94%. 10 In one embodiment, the compound has less than
ORYLARMEBRSIBRHI MveliNsmkodimpRiott RO BPQIRHAaS less than
dig%(iﬁ%ﬁ%%@nﬂ%imﬂ&‘npound, as described herein.

One aspect of the present invention perains to compositions comprising &
diaminophenothiazinium compound which is obtained by, or is obtainable by, a method as
described herein.

in one embodiment, the composition further comprises a pharmaceutically acceptable
carrier, diluent, or excipient,

Methods of inactivating pathogens

One aspect of the present invention pertains to use of a diaminophenothiazinium
compound, as described herein, in a method of inactivating a pathogen in sampile (for
example a blood or plasma sample} the method comprising introducing the compound
into the sample, and exposing the sample to fight.

One aspect of the present invention pertains to use of a diaminophenothiazinium
compound, which is obtained by, or is obtainable by, a method as described herein, in a

method of inactivating a pathogen in sample (for example a blood or plasma sampie) the
method comprising introducing the compound into the sample, and exposing the sample
fo light.
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In one embodiment, the compound has less than 4% Azure B as impurity.
15 In one embodiment the compound has less than 0.13% MVB as
ug%l)r} Vsndh) one embodiment, the compound has less than 0.14% MVB
urlty ﬁ n one embodiment, the compound has less than 5% PM‘%?@"&%“
|mpur|ty (All percentage purities recited herein are by weight unless
otherwise specified.) 20 In one emitf@&iment, the compound (e.g., MTC)
has an elementals purity (e.g., for Al, Cr, Zn, Cu, Fe, Mn, Ni, Mo, Cd, Sn,
and Pb) that is better than the European Pharmacopoeia (EP) limits. 25
m&&&%&m}my referred to herein pertains to the amounts of
the eleven (11) metals specified by the European Pharmacopoeia: Al, Cr,
OrigrgsPest Be{w praserviovatospertaing s cﬂl’ﬁ@tﬁ%ﬁ@aﬁ#ﬂﬁﬁma@w@éﬁﬁ
aslifgitsiveteheditpfbesemimrerssholibifrehtnedil lgelohe GEIehtertition) of the
huRdrOReMmRhesoesppeeiat. imits (pJg/g) Aluminium (Al) 100 Chromium
(Cr) 10 Zinc (Zn) 10 Copper(Cu) 10 Iron (Fe) 100 Manganese (Mn) 10
'gg,!;%éwa 8 pMelvhdaniimb MRSk 6 adimitmdShehdiTiRibkm dorkgashd,
Jo%f‘évf%o? %P%%%?é?fﬁ 5820081003634 8L dnaem sBkrdimsnt
§ le% men zegﬁ P% a lggassg @a%l Eglg{' ?%%ep HW&W@J&%%@&W 0.9

uropea armacopoela Imits. In one embodiment, the
t ¥8Mpound (e.g., MTC) has an elementals purity that is better 5 than 0.5

times the European Pharmacopoeia (EP) limits. In one embodiment, the
Oropepatird e @TeRprE VR Bh SRS eSS BT A RIS BN BRLY B 2
cotimesnthaEdpppim pwﬁmggdb@mgn@jqrmf{ga medicament for use in the
treatment of a disease condition.

S

One aspect of the present invention pertains to use of a diaminophenothiazinium
compound, which is obtained by, or is obtainable by, a method as described herein, for
the manufacture of a medicament for use in the {reatment of a disease condition.

One aspect of the present invention pertains to a method of treatment of a disease
condition in a patient, comprising administering to said patient a therapeutically-effective
amount of a diaminophenothiazinium compound, as described herein.

One aspect of the present invention pertains to a method of treatment of a disease
condition in a patient, comprising administering to said patient & therapeutically-sffective
amount of a diaminophenothiazinium compound, which is obtained by, or is obtainable by,
a method as described herain.

Disease Conditions

in one embodiment, the disease condition is a tavopathy,

A “tauopathy” is a condition in which tau protein {and aberrant function or processing
thereof) plays a roie. Alzheimer's Disease is an example of a tauopathy. The
pathogenesis of neurodegenerative disorders such as Pick’s disease and Progressive
Supranuclear Palsy (PSP) appears to correlate with an accumulation of pathological
tfruncated tau aggregates in the dentate gyrus and stellate pyramidal cells of the
neocortex, respectively. Other dementias include fronto-temporal dementia (FTD);
parkinsonism linked to chromosome 17 (FTDP-17); disinhibition-dementia-parkinsonism-
amyotrophy complex (DDPACY); pallido-ponto-nigral degeneration (PPND); Guam-ALS
syndrome; pallido-nigro-luysian degeneration (PNLD); cortico-basal degeneration (CBD)
and others (see, a.g., Wischik et al., 2000, especially Table 5.1 therein). Each of these
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In one embodiment, the compound (e.g., MTC) has an elementals purity
that is better than 0.1 times the European Pharmacopoeia (EP) limits. 10
For exam le, 0.5 times the European Pharmacopoeia (EP) limits is 50
? g/g Cr, 5pg/g Zn, etc.) All plausible and compaPS'E{GBm"’ms“"‘
comblnatlons of the above purity grades are disclosed herein 15 as if
each individual combination was spegifically and explicitly recited.
oS ne a of the, presen ntion pert ns to
SRS S SRR S e SR RS Btreptan '
relgse B8 R BR2 CS?‘&‘éo?a &ct of the present invention pertains to
In S5ABHERBMEoftp ASFRSE candlintdp ARSIREAHERAEBMR¥und which is
InQptadneshbiiyhcor, itho kiiaiablednyitarmeihiodascalescribed herein. 25 In one

*ﬂ2@?;%@&”*3@?m‘%%%%%‘%ﬁﬁ%ﬁ%”ém%s . th.iémﬁﬁefﬂ‘g: W
IS RIS GG LSRR ST Bl PRRB P hBeAey se of a
1“@%%9%@%@%ﬁTQFﬁZ%ﬁf%%ﬁ@d}%é'%@rlﬁé@ﬂ?er@iﬁbiﬁ%ﬁw%f

trdafeiivating @ patagaminsamipiading: exmpisbalkiged ergplasimabination with

ﬂg%{g\g Qghgomprising introducing the compound into the
sam Ie a dexp sm mplet

h sa ht. 35 On ect.of th

R A B30 L4 5T 2 a BTSN AR T T G oLt U ER e
viidsobtained by, or is obtalnable by, a method as descrlbed herein, in a

method of inactivating a pathogen in sample (for example a blood or
Tnskdment sample) the method comprising introducing the compound into

the sample, and exposing the sample 40 to light. WO 2006/032879
TIRG-B200500)363dse6 ReMiptinads afridedi¢ sichtiegtmemid@ioe, aspeiot of
gdhe-RNfeRARidBNERtaN Pestabys e seiaminaphanethiaaifiven eumnousifary

apiARSREPSANRIR RordRY d30dR ASNBIDAR Sl MantV8drorEaRigessR
.nﬁf%%kﬁ'%%@fp%sr&%m@&mm AN JBE PR ORGA FPRRGLES BBrogress,
a RERSH RN Pp%%?é%as'%é%és%ﬁ‘m'{ﬁg%%ﬁ&ﬂﬁ?{%'r%%?a‘%‘aH‘&QHQ%ﬂdmon

and cure of the condition. Treatment as a prophylactic measure (i.e., prophylaxis,
prevention) is also included.

The {erm “therapeutically-effective amount,” as used herein, pertains to that amount of an
active compound, or a material, composition or dosage from comprising an active
compound, which is effective for producing some desired therapeutic effect,
commensurate with a reasonable benefii/risk ratio, when administered in accordance with
a desired freatment regimean.

The term “treatment” inciudes combination treatments and therapies, in which two or more
treatments or therapies are combined, for example, sequentially or simultaneously.
Examptes of treatments and therapies include, but are not limited to, chemotherapy (the
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.

Routes of Administration

The diaminophenothiazinium compound, or pharmaceutical composition comprising It
may be administered to a subject/patient by any convenient rouie of administration,
whether systemically/peripherally or topically (i.e., at the site of desired action).
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which is obtained by, or is obtainable by, a method as described herein,
for use in a 10 method of treatment (e.g., of a disease condition) of the
human or animal body by therapy. One aspect of the present invention
W&?P&fﬁ‘?% Use of a diaminophenothiazinium compound, as PGSRy 003634
herein, for the manufacture of a medicament for use in the 15 treatment
of a disease condition. One aspect- (ﬁ‘4the present invention pertains to use
of a diamingphenothiazinium compo fy\{hlch 'F obtabned b

Rogisi i 20miIH5 t*ﬁ’i‘éﬂ%ﬁjﬁsbb'@@l‘b%téj LrRis: R hE m nupae)é[t'oré) uccas
sublesiiah FRISORTESATBS: Edtmial e BRI HRESES ESnHBRe e L noluding
e.gaspeereiche gséegem%\faﬁﬁe?ﬁaaﬁﬁn§>taaa?%éw% m@\gﬁ@ﬂp@s@aedm
puidisease/egpnlitiorelatiarpatisatitdiepisiagadriig Serinif B P peltiest a
threraieuticatyeeffest)yescah gt by augiensiinopbrensthrlzivioimattmgpdund,
pedsnflgssaioadagrein@maasesion theudesenbintersios, frrtaiersto, a
mtm‘ﬁm@d;é}f realeirnkohe digense rgeraitian, intaprianintaspitisingracapsular,
B‘QABQ&EFGHGQoﬁ%;éﬂl%9@5@%@&5\8{@%@&@3&&%@%@aama&@t@r

sugarachn%)i%ﬁ %@%%gm%%vm&tﬂg@ SEhYn RldsbiRinabls

AR bl ot P A sy KRy
condition in which tau protein (and aberrant function or processing 35
role. Alzheimer's Disease is an example of a tauopathy.

The pathogenesis of neurodegenerative disorders such as Pick's disease
TrarsReotretui meg bsran aoiow. MERyER SP)asspeh e B8 e IR HRifan
(e@cdumgsaiinwohpathelogivalremmeage ditakbilgd rghiusinardeintate
(e QYru@neasirl)ataspysamidaiicellsabt) emngoz (rtex arespestivelyg @heh
(e%efﬂ%@ﬁ inehile Bonterempeiat dementiofFEMe pasiiagpaisine

&?"k&@l&%&hmﬁ?\%c(@ﬁ A @Tgﬁnéfég a sheep), bovine (e.g., a cow), a primate,
si %}'9}%@3@?@%5@”& WQFFR@Q% GRENIBX RRRARY., gorilia,

onto-n| gen agc%ph nf) D) Guam-ALS syndrome;
ﬁﬁf nlg%an }L?s?i egeneratlon (PNLD); cortico-basal degeneratlon

CBD and others , Wischik et al,, 2000 ciall
FRRENY) e LR T AU G35 LR SO v, 2
f?éﬁ%@ases which is characterized primarily or partially by abnormal tau

aggregation, is referred to herein as a "tauopathy.” in one embodiment,
Intheedisgasedconbiionast Alxhainieftydisebise (RN n one embodiment,
the disease condition is skin cancer.

Formulations

T

While it is possible for the diaminophenothiazinium compound o be used (e.g.,
administered) along, it is often preferable to present it as & compoesition or formuiation.

in one embodiment, the composition is a pharmaceutical composition (¢.g., formulation,
preparation, medicament) comprising a diaminophenothiazinium compound, as described
herein, and a pharmaceutically acceptable carrier, diluent, or excipient.

in one embodiment, the composition- is a pharmaceutical composition comprising at least
one diaminophenothiazinium compound, as described herein, together with one or more
other pharmaceuticaliy acceptable ingredients well known to those skilled in the art,
including, but not limited to, pharmaceutically acceptable carriers, diluents, excipienis,
adjuvants, fillers, buffers, preservatives, anti-oxidants, iubricants, stabilisers, solubilisers,
surfactants (e.g., wetting agents), masking agents, colouring agents, flavouring agents,
and swestening agents.
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5 In one embodiment, the disease condition is melanoma. In one
embodiment, the disease condition is viral, bacterial or protozoal. In one
embodiment, the protozoal disease condition is malaria. In this
WOMBMRER treatment may be in combination with another'arfHéonigse+
agent e.g. in combination with chloroquine or atovaquone. 10 In one
embodiment, the viral disease condifién is caused by Hepatitis C, HIV or
West Nile virus. Treatment, 15 The term' treat ent,” flas used.h e|n

in ﬂﬁ@@gm‘émél&%ﬁwgﬂﬁ%f Hhﬁre??gﬁgsﬁeneralﬁ/ SRR ARG ple,
othaethgipP e aPY RGIRAIB SN animal (e.g., in veterinary

applications), in which some desired therapeutic effect is achieved, for
Suitablmpherithe ditebisionaipigntspeby esheffthed SR dabameaggatical texts.
sgeductiaamiplshelaateakmidtpiessacautialt initfiivestnd priiipe ssisddréssiond 1.
AsB thecaomgitigncametininsioRrabliessondifibndzotahewerofuise,),
rR&ARIEAR. PHAMMEN@S ScRiRpBYRRN edrieaspe. (Lisnimuepwlmgias & Wilkins,
2 0BFE LeR eSS PElided. kRS iEsRLiherappulisally-efiective amount,”

as used herein, pertains to that amount of an active compound, or a

terial, composiion o1 dosags, o, cORAKSIGALAGINR 29 SARALRACa
?Oqgﬁg ﬁaggﬁpgc&éﬂejgc{%\{%%%) A UVCen B%Sir?]%el:effﬁrj CI-El f&ibé?l%g %% %RIQZPS of, .

ministered in
ohecetTaRHed R FPEPaUET f?@féﬁﬁﬁ*é?ﬁr e S
pnn@m@gt@@wmnﬁwé@@fﬁé%%wa”tﬁmm fodhesG il Aofl-30
camEEnSivents; eiipis aie EoMBIHEERN R Siasainanis faendahiptsy etc), each
ursimantaine ausiydeExamplesrotbinddsagaschtie thdipiesinsiode, but are

not limited to, chemotherapy (the administration of active agents,
THBGAINGh SaacdlnesPaiteating (@gusas irrénperathetapynmadisigs
infFedieAS IMRBARI ARG R BYs 43P itls, ARE RAicR &9, WitHiBeRy scope of
sgﬁ%%g&ﬁ @gﬁ&@%&%@%tﬁaﬁ[@% 35Beuam Al siRlalsHalieR bR in
al g{n*‘g'“ L S%é%%g'ﬁ r%%%%ﬂ"%ﬁsu ﬂ%?%%!l ﬁq%}iﬁ%@%hgéh
PRRIR PH‘PH%% H Omﬂ? Whether Sya reas ripher otr topi e
difyent, PRIet aaﬁ}@&%EﬁoﬂSC?ﬁié%o %%%}5 o Ry e
otfgy RyeEesT aldhniFaRANnclude, but are not limited to, oral (e.g., by

ingestion); buccal; sublingual; transdermal (including, e.g., by a patch,
Tpm’aerpletinr)gmmﬁlmmgﬁxmaam@?thods well known in the art of pharmacy.

Such methods include the step of bringing into association the active compound with a
carrier which constitutes one or more accessory ingredients. In general, the formulations
are prepared by uniformly and intimately bringing into association the active compound
with carriers {e.g., liquid carriers, finely divided solid carrier, etc.), and then shaping the
product, if necessary.

The formulation may be prepared to provide for rapid or slow release; immediate,
delayad, timed, or sustained release; or a combination thereof.

Formulations suitable for parenteral administration (e.g., by injection), include aqueous or
non-agueous, isotonic, pyrogen-free, sterile liquids (e.g., solutions, suspensions), in which
the active ingredient is dissolved, suspended, or otherwise provided (e.g., in a liposeme or
other microparticulate). Such liquids may additional contain other pharmaceutically
acceptable ingredients, such as anti-oxidants, buffers, preservatives, stabilisers,
bacteriostats, suspending agents, thickening agents, and solutes which render the
formulation isotonic with the biood (or other relevant bodily fiuid) of the intended reciplent.
Exampies of excipients include, for example, water, alcohols, polyols, glycerol, vegetable
oils, and the like. Examples of suitable isotonic carriers for use in such formulations
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e.g., by a patch, plaster, etc.); intranasal (e.g., by nasal spray); ocular
(e.g., by eyedrops); pulmonary (e.g., by inhalation or insufflation therapy

using, e.g., via an aerosol, e.g., 5 through the mouth or nose); rectal (;e.g.,
%@E%%:i?gi‘lt%ry or enema); vaginal (e.g., by pessary); paren‘f Féﬁ‘f&?"- /083634

example, by injection, including subcutaneous, intradermal,

intramuscular, intravenous, intraarte®&l; intracardiac, intrathecat,

_intraspinal, infracapsular, subcapsular, iptraorhital, intcaperitaneal, .
o8 ORI COTERU L R Al 8 el AU et
Typireliing, PReTRAeR e AR AR LA Br A %?@f% e o
aboehdP vl épveramte amproLBawan & aRIb! HYFEmJLERIMpatpRs may
beSubjeotiRdtienitTivesobiudtidate seres costainaihifAaeXsaRRnamepules and
vigitaeettalan bestabdimedreepralria® ((pogh)lisedy apoditiaiorapetingonly the
adfasetemeders, Idurkkiliest flatypus)lawadefr (ejeriienguimeedimels prior to
udB RSB e USRI BbIlNSES:0 SuspeHSIBhsaragbenatparde Gonasterile
pc;@QgJQ‘, mbg?éhd %Q;éqt)‘, canine (e.g:, a dog), feline (e.g., a pat), equine
(e.g., a'’horse), porcine (e.g., a pig), ovine (e.g., a sheep), bovine (e.g., a

Ecow eg g{iig@lerfegi J%‘J&ﬁg-’sa monkey or ape)_, a monkey (e.qg.,

; .g., gorilla, 20 chimpanzee, orangutang,

gibbon), o'r a human. Furthermore, the subject/patient may be any of i
Oy ARG s PAGEATER PRI Sob e 28 I by BALeco el

tblR HAREHIE R SRIISBEAOARIY A ten Rt RBAL WL FRmpRInd as
demmsbitle Eseithe diantirbisidnoTia2inRAN T B golRIIAS BrdssetPrs 578
havingiaistetig dsalesribirddofeim piefcrab erloapraseHticaks 2SI RFGTEOr
diiosmutatingipismione embodiment, the composition is a pharmaceutical
composition (e.g., formulation, preparation, medicament) comprising a
rFATIRRRERe 7B B GOmRG AtkiAs described herein, and a
PHRImAGEMRaIY RS GRRIRRle-RaVieEssiluent, or excipient. 35 In one
embodiment, the composition is a pharmaceutical composition comprising
at least one diaminophenothiazini pound, as described herein,
'3 SGEREP \9\%&@%%&%? rﬁno%n?é?r?&r%f Hérﬁgdg]e utically acceptable ingredients
IR IGTRAA oo ls BRIAEE' R ik Meluding, but not limited to,
‘%Hﬁﬁ@@@ﬁ%ﬂ@%@%ﬁ?ﬁﬁﬁ@@&ﬂ%@, Tuents, excipients, 40 adjuvants,
Ifipepseafdaepdae ATRGVES 3RALbX AN, lubricants, stabilisers,
Isohebiliserdmentfsetamoyal i ahedtimgPadents), masking agents, colouring

Lagentsy Hadiowemndgregentsintan doouisdtieéniag agents. WO 2006/032879
PCT/GB2005/003634 -65

In one embodiment, the pharmaceutically acceptable carrier, diluent, or excipient is ar
comptises one or both of a glyceride (e.g., Gelucire 44/14 ®; lauroyi macrogal-32
glycerides PhEur, USP) and colloidal silicon dioxide (e.g., 2% Aerosil 200 ®; Colliodal
Silicon Dioxide PhEur, USP).

Dosage

It will be appreciated by one of skill in the art that appropriate dosages of the
diaminophenothiazinium compound, and compositions comprising the
diaminophenothiazinium compound, can vary from patient {o patient. Determining the
optimal dosage will generally involve the balancing of the level of therapeutic benefit
against any risk or delsterious side effects. The selected dosage level will depend on a
variety of factors including, but not fimited {o, the activity of the particular compound, the
rotite of administration, the time of administration, the rate of excretion of the compound,
the duration of the treatment, other drugs, compounds, andfor materials used in
combination, the severity of the condition, and the species, sex, age, weight, condition,
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in one embodiment, the composition further comprises other active

agents, for example, other therapeutic or prophylactic agents. Suitable

carriers, diluents, excipients, etc. can be found in standard pharmaceutical
WGBSR for example, Handbook of Pharmaceutical Ad8fti/E8281703634

Edition (eds. M. Ash and I. Ash), 2001 (Synapse Information Resources,

Inc., Endicott, New York, USA), Renfifigton's Pharmaceutical Sciences,

20th edition, pub. Lippincott, Williams & Wilkins,, 2000; and_Handbook of

geperal ARaliby AR PERCIRRSIRR! riaraaliib PRues: Toseoar aLpREPBIHEN
roipealeatmiVBIFIN pEHAiReighRaRbHe Srmiaiaf P BiphBRRR M esprinaran, or
clivoipaditiers ssieindhadivrruryvel hesleriedie RraigiRdpralsancentrations at
thepbienothizme/ vehplebieythiae itrsiite afeipdtod! ervdeBrilsientiahharmful or
delegethersiigheineisor more other pharmaceutically acceptable ingredients
well known to those skilled in the art, e.g., carriers, diluents, excipients,
Adtmidtiannuaied agadisarpiedaisse Gntiaioty sitatermielnt W, in divided
d0%8@-&!aﬁﬁoerﬁ?@ﬁ@wgeﬂmehﬂﬂ%s@&ﬁgéaﬁ%aﬁm qeEMR: The
deterint %’%%%P%@?A%S‘%r?neeﬁg%ﬁ% dé‘(s)?%gégﬁdi#ﬁg{ L&Jrgﬁéﬁ‘g%‘é r&r%;! known to
i AR e e
the ERER TSI DR ORSAIACHTH 96 HAChOrota RSt ARiSbut
migEleca RGNS AAARE FAIRSHGHE w&ﬁsﬁggﬁsﬂ%ﬁ@mcﬁ%ﬁw&w@ selected
bydbmiptistnionhyaitiahaieierarEanithr &' ¥éelddnable benefit/risk ratio. Each
carrier, diluent, excipient, etc. must also be "acceptable” in the sense of
Ineingr canpditible duith ohéheotbibreingradiemidsof the fargrititbruRBThe to
afBinng atip nsdnRaydraiprapaued oy tarpsuethons) wellkingnam botiyereigitfof the
sUMKpacYay SUeRRelbedaaelisoliia Riesal kiingirg, Mieassgciaticmieor
@ HLCROTRAR DMK Rie RS TSI KDISR FONTEHES ORI PEAR B6ABEEAYANG
sm%eadogaﬁvéi HepsLals haderaudaliops RBradgagred by uniformly and

Intimately bririging into association the active compound with carriers

(e.g., liquid carriers, finely divided solid ler, etc.). and then shaping t
AT PR L ey TR R ey i SR e
asepidnsrieiir Iieues daTRaR GRAIRS AR it d ,tg?essu(g?é!}(ned release;

or a combination thereof. 35 Formulations suitable for parenteral .
Ineehe iehestioantetoe, as¥ivnjeenBRyth@ B U adorisisrehifa Bygan patient
atsotoni jpiroipiovwiresictegiadzjnesapely. | SdmgonEmassiriisions), in

which the active ingredient is dissolved, suspended, or otherwise
irPsaYigedd@tenintiel pasemerpoueih e gnittdD pidietiatej<sert to [rjuidsanyzgtient
2845iHNa ERNEELRIL ebaity ragerinally 200captaindsgragients, such as

anti-oxidants, buffers, preservatives, stabilisers, 40 bacteriostats,

suspending agents, thickening agentgsae solutes which render the

formulation isotonic with the blood {Gr other relevant bodily fluid) of the

TWJ?&%%?nrgegr! Ieegatfnpies are provided solely to itlustrate the present invention and are

not intended to fimit the scope of the invention, as described herein.

Example 1
Methvithioninium Chloride (MTC)

3-Pot Synthesis using Hydrosulfite with Isclation of Intermediate

To a round bottom flask (RBF) was added N, N-dimethylaniline (CeHsN(CHaz)z, MW 121.2,
20 g, C.165 mol}, water (100 em®), and HCI (37%, 44 cm®). The mixture was cooled to
~5°C. To this mixture was added dropwise an aqueous solution of sodium nitrite (NaNO,,
MW 69.0, 12.6 g, 0.183 mol) in water (100 em®). The resulting suspension was stirred at
a low temperature (5-10°C) for 1 hour. The mixture was cooled to approximately 5°C.
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Examples of excipients include, for example, water, alcohols, polyols,
glycerol, vegetable oils, and the like. Examples of suitable isotonic
carriers for use in such formulations WO 2006/032879
W B2H85/003634 -66 include Sodium Chloride Injectiof CRiG#Ies103634
Solution, or Lactated Ringer's Injection. Typically, the concentration of the
active ingredient in the liquid is from&bout | ng/ml to about 10 pg/ml, for
example from about 10 r;g/ml to about | pg/mi, T% % (}atlons may be
oD AR MNP BS 3 R R Sl LT M R Ak I o
aligyppeRkENandns WARraMaT st raein %ﬁé@?@e&%&@%ﬁhﬁ%&) The
migoriviemfittagediagichiy/filistesapdiribdedof the sterile liquid carrier, for
example water for injections, immediately prior to use. Extemporaneous
Thinfeetieneslutioss anahsuspessipBsonaydéltprepasedréden stdinitesolution of
soRRWARKSs e Biasarata leiss 1) Bxam pes pffxefartey] fosnuialanwater
(5@&??%&%6&%% BEGRANLINBRTIRD RG/ERIDS (Ia30RasRBIe, BN 08, 20.0 ¢,
s7PPANTA (ﬁﬁ%&‘t@ %béﬂs%geaéuﬁ&emgm&r?@é@rﬁmt@ge%a The solution
was di %en S n:aei a %e% g}g}%@ 3 5 é‘g ?Hggrdl ﬁq{% rgoug%?trﬁlﬂgrq%f
ﬁ?@' 1 %}%E ’ arnfg eut?c %8 ‘t“@l er'ld!(la o) e
z&%ﬁ? b b% R SHE e AR o e R T B g _
d!%@@%ﬁﬁﬁ'{éﬁﬁ (HradeRage-tm My 38R 92 T bREEBIRIRR RO o)
wahadsie S QERe OMTNUI SAHCEMBRRITREHES thes Siitrmes SRBTatsly
5°Mpr hones embadiivrent stidaerhpdnsisfitddia-80m IV ohaé. dhBadiment,
g7thermmbuntHiaRoutPPEam gddsdit trerarilvedifment)itheeanasrtitisddbout
anbBMO. nlinese (etmabodisgre)t, The eR0imt gssahaubROBungesiconeas filiered.
THAlineas dhebaimasselcalb, sccaiable watigs-silvantraFpxripient) to

orisRE SQMDASERONGOLRRINAS #Aveariferig e Gelucire 44/14 (r); lauroyl
macrogol-32 30 glycerides PhEur USP) and colloidal silicon dioxide (e.qg.,

A Wgé'azuodoggr CnO'”OO"'a‘I sol 10X U HoR) %%%? @é&elﬁ]
id

Ll e il i
'”H%ﬁﬁﬁﬁ’o‘ﬁk?ie”n@thﬁ%ﬁ?ﬁﬁf’&dﬁﬁébrﬁ%d B AT RRTAIBATEd IO atoAEsP e

COEESKATARIE SF e The mixture was cooied to room temperature The mixture was
fiitered. The residue was washed with water (4 x 200 cm®). The filtrate was collected.
The filirate was treated with sodium chioride (NaCl, MW 57.96, 200 g, 3.45 mol). The
mixture was stirred untit the deep blue colour disappeared. The mixture was filiered to
provide crude methylthioninium chioride (MTC) as a solid (18.1 g, 35%).

The crude product was optionally subjected to further treatment (e.g., with sodium
suiphide, efc.), as described in Examples 9 to 13, and then optionally (further) purifisd by
recrystaliisation, as described in Examples 14 and 15.

Example 2
Methyithioninium Chioride (MTC)
3-Pot Synthesis using Ethanol with 1solation of Intermediate

To a round bottom flask (RBF) was added N,N-dimethylaniiine (CsHsN(CHg),, MW 121.2,
10 g, 82.15 mmol), water (100 cm®), and HCI (37%, 22 em®). The mixture was cooled to
~5°C. To this mixture was added dropwise an agueous solution of sodium nifrite (NaNOy,
MW 6.0, 6.3 g, 90.8 mmol) in water (50 cm®). The resulting suspension was stirred at a
low temperature (about 5°C) for 1 hour. The mixture was cooled to approximately 5°C.
iron fillings (Fe, MW 55.85, 11.0 g, 197 mmol) and HCI (37%, 22 cm®) were added in one
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optimal dosage will generally involve the balancing of the level of

therapeutic benefit against any risk or deleterious side effects. The

selected dosage level will depend on a 40 variety of factors includin
Wbt o, the activity of the particular compound, the rautd G :”%3(34

administration, the time of administration, the rate of excretion of the
compound, the duration of the treatﬁ?ent other drugs, compounds, and/or

materials used in ¢ mblnatl th r nd the

SISt GRSt A5 TGRENE SHIGH ) S00T0 R L v 3. The
m"ﬁ@??@ﬁﬂﬁ?f?ﬁ)@@@éﬁe @?a&e??é?gf‘?ﬂjealth and prior medical history of the

patient. The amount of compound and route of administration will
Thalfitrriteabecsiar doisereimatenthCoipaditiate MRYFRaTISA Wi 8 mefdtian, of
sodilthothigisuiate paihjatiyerdtss it Syl 1k s2| dBé 348. AcHEAIHF 5 mmol) in
wataneenrirdjionsattifresitediiracticnaviaietgkiete (e Ceirét gHddry 298.0,
1oWitheutearsingrsibsiantiantiamal daied dieirsaversides effects period. The

ipistraiancahe slfestaskini@ae e seonuausly. of iiaogitensly

ol dP/@N'Qﬁ?et@éﬁﬁn%t(%Bﬁme@Se ifiRryals) thEoughous lagowaeho
cniffa;g‘m ISquV(,'i 5 § %@H'Q&BQ& Oaméaegatﬁﬁewemaaqmﬁm

t
o G ﬁ‘é% 3 LANE eﬂﬂ?ﬁw‘%
(3eHHervanadosdif %é?e‘a’eéﬁ& B t%el ?reae g
apRTQNTPRIAAPR St th%scaﬁﬁhﬁaoéé?ﬁ‘é A% gbsE Ie e B‘é‘ff’ yas

addeihig meewéur%miréatﬁq\gaﬁmevaw @@f&ﬁﬁa??aho‘ﬁﬁ GreiSnChst f??
regeier ahcarstitabic dasasiieaBivedomsoesitis WahwaahRiWh siet (4 X
25008 A0atal @baby@bfanen ({TioFe tiislcall) Bboavided wredsoslito Thg)spli was air-
drigtpgramdpedy weight of the subject per day. Where the active compound

is a salt, an ester, an amide, a prodrug, or the like, the amount
Tr?edgelfa'%%%d%&?é% alkan the: baskfonf§se PAfepHCHBRIHE AN IRt

% '8b8, W!@'?Cﬁ%sﬁ%@@%téﬂnq{%e%é%%was
.nggﬁ% ‘; { er a?"Hi’ gw&&gﬁ}f’e agfmé’@%&a%&@vaﬂ%{&ﬂ 10, 34Uy BRR
aCCO ?mi gloning dosage el 'mg?eﬁat%s & Prdiaes

f“"é‘tﬂ‘?ﬁlnﬁ%r’éﬁ“ﬂU%"Yﬁfﬁ’féﬁhﬁgﬁ‘@%‘tWQ a@c’é g’% theh\‘e fOWI %ls G%?%Ed'
Theditirie 56 Hese W sodiastiarie MiaHe ¥ b{'gd%eﬁ O d g e
midurpoensiteeg. UNITIDY fieari A SRAWIBRARAARSEN E%%"ri’é“ﬁéé’b%{ *&f&&f to
pritddtotiowing abgiiyenisyimeniaiseiMIch #d Sotithes daily. 30 EXAMPLES

The following are examples are provided solely to illustrate the present
THV&DHS Rrang-arsWtisHanded tatithis Hetsatpmvi¢he(nyentibspdsm
sElpseEbed Netelidscribed in Examples 9 fo 13, and then optionally (further) purified by
recrystaliisation, as described in Examples 14 and 15.

Example 3
Methvithioninium Chioride (MTC)

3-Pot Synthesis using lodide with Isolation of intermediate

To a round bottom flask (RBF) was added N,N-dimethylaniline (CsHsN(CHa)z, MW 121.2,
10 g, 82.15 mmol), water (106 em®), and HCI (37%, 22 cm®). The mixture was cooled to
~5°C. To this mixture was added dropwise an agueous solution of sodium nitrite (NaNQx,
MW 68.0, 6.3 g, 90.8 mmol) in water (50 cm®). The resutlting suspension was stirred at a
fow temperature (about 5-10°C) for 1 hour. The mixiure was cooled to approximately 5°C.
iron filiings (Fe, MW 55.85, 11.0 g, 197 mmol) and HCI (37%, 22 cm®) were added in one
afiguot portions. The mixture was stirred for 2 hours at a temperature below 30°C. The
mixture was filtered, and the filtrate collected.
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35 Example | Methylthioninium Chloride (MTC) 3-Pot Synthesis using
Hydrosulfite with Isolation of Intermediate To a round bottom flask (RBF)
was added N,N-dimethylaniline (CsHsN(CH3)2, MW 121.2, 40 20 g
“6’1?8%6’%?)79water (100 cm) , and HCI (37%, 44 cm3). The rﬁﬁﬁj@%{)%‘m‘ﬁ“
cooled to - 5C. To this mixture was added dropwise an aqueous solution
of sodium nitrite (NaNO2, MW 69.0,782.6 g, 0.183 mol) in water (100
cm3). The resulting suspension was stirred at a low temperature (5-10C)
for 1 hour. The mixture was cooled to apprOX|mater 5C. WO
ThedtierB38T crPle IGCHIIOSIR 8B 31C- 6B R IR AIRRS (FRAIRAN Bragwsiufipnyf
sogiua A0andiyterns MalyB 7 (M $10)-ahbie. Atettfrlone Sk 6t Fommoels in
watdre aBiathile Avashgiimed forRrhaiitts @hateaihpediattuiid=he ey 3010 W/ 288.0,
1oniytaeevasdilteregiendihefilwatcagode diegwisd becfibratenvimscpalod tThe
sofRBFHR Bielsafred Rl BRR AR WD) osaluban of remdiydhous
S0 b‘ﬂﬁﬁt&m%&ﬁﬂﬂ@w@lﬁﬂm&l&aﬁ BERL1 4R BN 248 3, 425 8nfdlBkane it

ey 5 '9 ¥ t{ﬁ& Jildg}i %(ihéocfﬂﬁé‘a QH&Y@J@% a solution of
50 3%10 romaél 8% ydraieﬁa z‘% éBE‘{? %g."t\é' t eg(?n%%m ater
i e overa 40 rmg é d ufion , as then st rr
R AT ARSI 2 S H o cms a 545
amrwmﬁtﬂn@@ﬁmﬂe%ﬁm pie0 MWﬁimz r%%ﬁ %Zu%rg

43(@@%9)%@%@3%%@%%%%%@ Hﬁléaf?él fRion.
anbtien 12 kolusitr slosotioperaigrfton e R0 e aRAPOYR OFEDHISION KRR/
filt2RA 0THR B x@: 174 masbidimithateref 4 &6f) omdsand deicrbivepyinesn ¢Vl a
(186 ¢mif) ubeppettada §remistidreThasditimed atr-ajppdoxiaraigiy 5C for 2
hours. A solution of sodium hydrosulfite (Na2S204, MW 174.1, 15.2 g, 15
‘rr%?s&:ﬁ]%%')aﬁaEBZQ ARQGBLasREGaR:I0 3D BIRIpE 2T BEcBHKEHIR) Walkate
oo HESAARE U@Be-%modﬂmwaag@t abeyt BSY dhki iesmla RehGaRNRIRKY)
mgi%s S0 n I ? urg— ng-ﬂ{— %lﬂieaw %ﬂﬁ%‘? a\{yétl?oWﬁ%’uG X 3&% blue

ur n I'OVI

to reen
Coi%‘l' glgogﬁe rle overn| \fvaf e ngl 0 %ﬂe'gg eq ?ﬁgrsnewﬁ d
iR PR 3 B P e O € e coflecis
T*aeﬂé@a%étﬁamw@aw* gri ﬁ%ﬁh%‘l ?ﬂ@?eﬁ‘?ﬁ&aw 3 s The
miNereawsstiresentt e ﬁmb&ym%{r ﬁ@aw@teﬁhﬁmé peasTHRSER. 1A
praeidp blude celbyitvignsform e TR MK dReavsalidcGeledl- to room
temperature. The mixture was filtered. The residue was washed with
THRERIIPKc206: ey optierfiltyaiebiras d bl lectest RETe il gtewila sdidated
sMHBSO8iEMN A ed e 8N FOExMWIE7596 1 308hd, tReATTOrDIRr TSI Xiure
rabRssliegdr il fasHsepiklEgaplrurdigapreared. The mixture was
filtered to provide crude methylthioninium chloride (MTC) as a solid (18.1
g, 35%). Exampie 4
Methylthioninium Chioride (MTC)
3-Pot Synthesis using pH Adiustment with Isolation of Intermediate

To a round bottom flask (RBF) was added N,N-dimethylaniiine (CeHsN(CH;)z, MW 121.2,
10 g, 82.15 mmol), water (100 cm®), and HCI (37%, 22 cm®). The mixture was cooled o
~5°C. To this mixture was addead dropwise an agueous solution of sodium nitrite (NaNO,,
MW 89.0, 8.3 g, 90.8 mmol) in water (50 cm®). The resulting suspension was stirred at a
low temperature (about 5-10°C) for 1 hour, The mixture was cooled fo approximately 5°C.
Iron fillings (Fe, MW 55.85, 11.0 g, 197 mmol) and HCI (37%, 22 om®) were added in one
aliquot portions. The mixture was stirred for 2 hours at a temperature below 30°C. The
mixture was filiered, and the filirate collected.
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The crude product was optionally subjected to further treatment (e.g., with
sodium. 30 sulphide, etc.), as described in Examples 9 to 13, and then
optionally (further) purified by recrystallisation, as described in Examples
WO A998 Example Methvithioninium Chloride (MTC) 35 3HS3YGRAtHI&4R34
using Ethanol with isolation of Intermediate To a round bottom flask (RBF)
was added N,N-dimethylaniline (C8H3N(CH3)2, MW 121.2, 10 g, 82.15
mmol), water (100 cm3), and HCI 37% 22 cm). The mixture was cooled
The filale wes sARISS AR WEaEeR! r Wil 2R %{aagsatswm.sﬁwfm of
soditiuvositiaie pealanzrae MaSs0.05%:8 10028 ShnTel)h WA FIZUahE).
wafaeaémimgo@mgmmwgmdmtadhwwmwﬁm@?(w@mmmo,
1010hp 33.5 henolituneterd@ Coolb avts apisoximatédy 8@ 42 filhnigspdried Me
soRRiGOwad B, stitrédrmioly anbbiEl (3 (SoodZen) IpnviareuaddeatbinogasoléO
scohARA/OBR AL S RGH/GRRRADIPARGEA.): At prross, TBhamaixtuegenas
orty LR lfpéé 98% 3R IR RRALIEhelaNs 3Rfed BRuMRtUR N as SRS of
= ;ud e it ool &Eﬁg (B! @Q%"@WQ@M%H@ Xﬁ?@}tﬁ% 3Fin Wafer

iﬁaﬁﬁéif%%%w%f”%”t?g higsel %@ %2?%% ém
MU e @2@5 i %w@ e was
adjgptyeiosd bahhiofy WithAREES %‘é’ HH’@&eoﬁ% MR TR
1@ EricdheThistusB NEBATIES iﬂaféﬂgth%a%%ﬁ/%mﬁ'@r @@B%tﬁ@)%fﬂing
grheurpvitcTesong D fligortof TheNedidne thgranARe{ CHR SIRIE KBy 25Uw)
arkPbtPaHOrgiush TBHAN 600 wateto( pOvidecngBemeblitl SOA 0868 gj-giriss
ovBeryagided to the chilled solution. Then, a solution of sodium dichromate
dihydrate (Na2Cr207.2H20, MW 298.0, 26.15 g, 87.7 mmol) in water (35

Tﬁggomﬁdm&{eew&ﬁ@y@g AA3MminieBeriad. Jheyabdursavas stivkesl
&% as%v 8, @fnﬁv(?%s? Ethanob E2HRQf T PN QA1 kS0
:ncrea %E @r 'é{ld{ t&'}\sémeéﬁléf %Wﬁcﬁ'”ﬁ%é@ﬁ blue
S

anot er [u s as CO SU tl en YOWE} I%S

Wﬁ'&
ﬁtt@f?ah fﬁ?&h’?ﬂﬁ ?6 |cfé §W sﬁ?% A 85 ai-°’o|‘3°”§‘>*‘e“‘
R T T R
mixhe prasBigEesphdhe Desifite irperieanpe (éh%@%fﬂﬁms mww to
pARF cRGSRiBYRBionimo. chimiderierarn e welid ($ie¥dased to 85C. The

mixture was stirred at this temperature for 1 hour. A deep blue colour was
THereresk beuxtiviae @pios:g clatdaad anuttrapesatusnt The. mikburedivas
stiltares «ldhe sesisiuanuasvashadew ihonatentfheh QR wnity Thetibinaiariissby
réQ85IR ion, as described in Examples 14 and 15.

Example 5
Methvithioninium Chioride (MTC)

2_Pot Synthesis using pH Adjustment without I1solation of infermediate

To a round bottom flask (RBF) was added N,N-dimethylaniline (CsHsN{CHa)o, MW 121.2,
10 g, 82.15 mmol), water (100 cm®), and HCI (37%, 22 cm®). The mixture was cooled fo
~5°C. To this mixture was added dropwise an agueous solution of sodium nitrite (NaNO,,
MW 69.0, 6.3 g, 90.8 mmol) in water (50 cmi®). The resulting suspension was stirred at a
low temperature (5-10°C) for 1 hour. The mixiure was cooled to approximately 5°C. lron
fillings (Fe, MYV 55.85, 11.0 g, 197 mmol) and HCI (37%, 22 cm®) were added in one
aliquot portions. The mixture was stitred for 2 hours at a temperature below 30°C. The
mixture was filtered, and the filirate collected.
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The filtrate was treated with sodium chloride (NaCl, MW 57.96, 100 g,

1.73 mol). The 25 mixture was stirred until the deep blue colour

disappeared. The mixture was filtered to provide crude methyithioninium
WRRIRIERITC) as a solid. The crude product was optlonalIy‘l’glfkﬁfé?:zt@cﬁ/?83(34

further treatment (e.g., with sodium sulphide, etc.), as described in

Examples 9 to 13, and then optionalRg {urther) purified by 30

recrystalllsatlon as described in Examples 14 and 15. Example 3

ThefiRRHIBR IR CHIBRERTARY) B P ol kiR Waed RSB @Ruton o
sodguratinedfaieepabydtateIb s Ontitind® N At idsRIRBR) Wl aupelyn
waheyN28innethytesilinie( CstadN(CHG) Rnata dildte 1D 818 inamh SV eaEeP.
10(1.9033m)mand) MGIaf87H) 22°;may.afdeddivpwissersca R thitoutes@ridd this
soltistRsvasaered gropwiseRisaseests soluteofAsadivogerititesolution of
n ANRNENR1 M6, P R(319,) ABvMm0D) o wakerEmer)). wher esudiftgand

H %SQ@@% O@d’)"%é{ﬁéﬁ%@&e@l PdigmPssRige (@hatSdEoNar ook -

ichro mte ﬁ%ﬂg APRIOMatalY e g%”éﬂ'ﬁ%@fﬁnw}%ﬁé§éx’n
. h %:g:gl)wzs er? m1 uz 8 1%32 ¢ é’\f‘ﬁﬁéﬁg Erﬁr%}?aﬂla %aé{eﬁy

e mlxture Wwas Slirre

B e ol s
8. @@W@%@%w@ﬁ“%W@hﬁl‘ﬁ%ﬁ@%&%&m@ﬁ?@ mat%
mixieeimpatetinrisiorerebanith Bisuiesishie EHMERNHRJ fEt>e ?}‘éﬁﬁ% FRAAILEENS
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Maoh4tion psarlitias diofrpnTite einpdraiteq Nag O2@FHRAGSIWT28gikige
waDsBrebd3ad - Hisrapeiatwatier (2Hoam3) dees addadiduopaisierovat. a7R6 mixture
wabiBsiR Peyios CTheesaltinnwiasitari stire desfdaywanpalaiureifabaiat (4 x
10%% r #@M{ra(é hemagepREs BelulienalA Nadiselvlanding chioride (NaC!,

)% CMWOF}ZJT@B %%Jr@%&éﬁW@@QﬂW%@rd@é% (0% s

d;s?pge%f n% Z‘S’S%ﬁ’;“’rate?fﬁ%eg Shiled sabition, Fhen A seupr:,)

r2072H20, MW 298.0, 26.15 g,
asgysp HFWo % {ér 10 (25 cm) was added dropwise over a 25 minute

period. The mixture was stirred at approximately 5C for 2 houyrs. A
T@%ﬁﬁﬂ@%mpwhggﬂﬁﬁth@m&ésa@ewf@éwfr oRtm ea%%%m*&g%dﬁﬁb
suipbidmpiaadaeeritsdiine Frammes T Hisddwasdinraly rrBro #ielies by
rensis!{sativorseeapredird)xamelse ddiang treen-brown suspension was

filtered. The residue was washed with water (4 x 250 cm3) and

tetrahydrofuran (THF) 15 (100 craxsenpogide a green solid. The solid was

air-dried overnight. ThegaliginasiargediRse adgepus HCI solution (450

cm3, PHALLPHHRRREEHE SYiaRe Hydrosuliite without Isolation of Intermediate

tem perat re

To a round botiom fiask (RBF) was added N,N-dimethylaniling (CeHsN(CHa)z, MV 121.2,
10 g, 82.15 mmol), water (100 cm® and HCI {37%, 22 cm®). The mixture was cooled to
~5'C. To this mixture was added dropwise an agueous soiution of sodium nitrite (NaNO;,
MW 63.0, 6.3 g, 90.8 mmol) in waler (50cm™), The resulting suspension was stirred at a
low temperature (5-10°C) for 1 hour. The mixture was cooled to approximately 5°C. lron
fillings (Fe, MW 55.85, 11.0 g, 187 mmol) and HCI (37%, 22 om®) were added in one
aliquot portions. The mixture was stirred for 2 hours at a femperature below 30°C. The
mixture was filtered, and the filtrats collected.

The filtrate was cooled fo approximately 5°C. The filtrate was treated with & solution of
sodium thiosulfate pentahydrate (NazS:0,5H,0, MW 248.2, 22,52 g, 80.75 mmol} in
water (25 cm®. A solution of sodium dichromate dihydrate (Na;Cr,072H,0, MW 288.0,
10.0 g, 33.6 mmol) in water (20 cm®) was added dropwise over a 20 minute period. The
solution was then stirred at low temperature (5°C) for 1 hour. A homogenous solution of
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pentahydrate (CuSO45H20, MW 249.7, 2.06 g, 8.25 mmol). The

temperature was increased to 85C. The mixture was stirred at this

temperature for 1 hour. A deep blue 20 colour was formed. The mixture
WP %0 room temperature. The mixture was filtered. THhE ¢&gfa03634

was washed with water (4 x 100 cm). The filtrate was collected. The

filtrate was treated with sodium chleri@e (NaCl, MW 57.96, 100 g, 1.73

mol). The mixture was stirred until the deep blue colour disap eareg The
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g, (B07an2Y. chhe)wikreaicttiiiedHothhaigap b telas” FRaRRFRIGH Wagmixture
waiifleddotphoids etddemibyihionmibel ohBBE (VHE) At gridfd < filge rif0).
and the filtrate collected. WO 2006/032879 PCT/GB2005/003634 -71 The
Tﬁ@t@%wgwl@@bt@pmwam sirbefilteatenwasareatet! wdtiuen
Lpréef? spAiumhiasH e RRIE ey drigdNALS 8R3ARN 20 tAAW 2Afed, by

solution of sodium dichromate
reng §r”g‘§g? a%ﬁ%%?‘#%‘g{gg %&V@%gglgénﬁo 0 g, 33.6 mmol) in water (20

cm) was added dropwise over a xmlnFtPT period. The 5 solution was

then stirred at low temperature (afi or r. A homogenous

solution of N, N dlmethyl . T g,.82.15

mm0|)’wa eSS LIS EEREGER VI RO O LTS Cl S

chilled solution. Then a solutlon of sodlum dlchromate dihydrate
TENa2Qr2 Oatiat 2@5NRBR0B0 addetidvgV-g8inrinmasiing (veteh (Etentf4d ! 2,
2agded 65omyisadwetea(260minlite Fencthdihmoenears wiksistirrBtanitgre was
cARBIASIFRLElYTB GhEntod bouisi(finalasHdieR lC BT, Fheph) ofgha 10-15 minute

éﬁé&“% RIXtR MR 28 e drispRifb ainta g Ge it saut 60 U NG ({80)
(N‘QN@ KRRDIBS SN e MIREIBEAR PRIQWter (100 om®) over a 20-30 minute period. The
resulting suspension was stirred at a low temperature (~5°C) for 1 hour. The mixture was
maintained at ~5°C and HC! (37%, 44 cm®) was added over a 5-10 minute period. After
an additional 5 minutes of stirring, iron fillings (Fe, MW 55.85, 22.0 g, 0.40 mol) were
added over a 15-20 minute periods, in order to maintain a reaction tempserature below
30°C during the addition. The mixture was stirred for 2 hours at a temperature of ~10°C.
The mixture was filtered. The solid residue was washed with water (20 cm®) and the
filirate collected.

The filtrate was cooled to approximately 5°C within a 10-15 minute period. The filtrate
was treated with a solution of sodium thiosulphate (Na;S:0:+5H.0, MW 248.2, 48.0 ¢,
0.181 mol) in water (50 cm®) as one aliquot in a guick addition. A solution of sodium
dichromate dihydrate (Na,Cr.0,+2H,0, MW 298.0, 20.0 g, 67.1 mmol) in water (80 cmS)
was added dropwise over a 40 minute period. The solution was then stirred at low
temperature (about 5°C) for 1 hour. A chilled (~5°C) homogenous solution of

N, N-dimethytaniline (CsHsN{CHa)o, MW 121.2, 20 g, 0.185 mol), water (20 em®) and
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10C. The mixture was stirred for another 16 hours at room temperature.
The resulting green-brown suspension was filtered. The residue was
washed with water (4 x 250 cm3) and tetrahydrofuran (THF) (100 cm) to
WRHNMKERYPeen solid. The solid was air-dried 15 overnight. ThECHRAHES634
added to an aqueous HCI solution (450 cm3, pH 2) of copper (lI) sulfate
pentahydrate (CuS0O4.5H20, MW 249.7, 2.06 g, 8.25 mmol). The
temperature was increased to 85C. The mixture was stirred at h|s
3 R S ToPASHD 4R BE IS B AL RO o7 igturbonee
(Prapasasisniatiths FobiicreRRvE R RTdtiank & MHITIRFWILS TeRRM WRIRS rssrigreled in
anveadaih shepnimetas 54 xandthempoTerninfele WelEs Rsidars sipwly added
ovéiltsats-REasitraiateerndtin sodkuin pleleid dheNba LU away éha egot ety
redB@h. TR ixsetiomstsitdieeh widirtheatiedinyohate dblair s edbheatdd] T80,
soitare/wasditeredder pravidess iusleampihylidlianiaioverchiorideid peoas
THa Rl 3 0Ru e ER e rradle RIGALGARS ertiaBal sirkieptedl dackBRKium
hyf(r%%gﬁﬂ%@\fig oWW??&JW sulghides ainanas desesbesindasamplestne

tonal rt r t
mla?ggcn Pu% g iy Qg u %W%F%%%%ﬁm afer 0
[lee ro n ns:o aﬁ]oﬂeriaso e res jdue
Wﬁﬁt@?ﬁ‘?@&hﬁf@ T"@tﬁrr H‘ﬂa Ffl%gs 8 3ohd wiss alr&ned

oVRINgdimethylaniline (C6H5N(CH3)2, MW 121.2, 35 10 g, 82.15 mmol),
water (100 cm), and HCI (37%, 22 cm3). The mlxture was cooled to --5C.
THEGthiswaedrenasaddetodsopGliseiuivm o’ sphlifbie frrsbaisHPansies.
CADRNOLsuAW GhhGcBaty GRS PBsiDirvaRA9(BO4CH ). THE resaltings added
asHIRPSRRIONWAS St ERrdiabe Tow tempesatisred5it66)ded bI8SEE. dieea 15-20
RS RSTHRAURA IR JRRIONIRALE S Griperarlitings (FouMW deeiBbiué bdlour
wik hHAEMAL %ﬂﬁdﬁ&h&ga{%@@t&%gwyﬁﬁ%%ﬂﬁg RIREBAHALRriod, and
thg"%@% JAGifd e Eéé‘gg{v%% %JQ ‘rgstﬁé AhigDSA e RaIEAE-

e e CHR Al e
SO g §C
w%#.wem&%sas ?réé%%%t)ﬁ%é %oﬁs % m e aohees o

|osul ent

655 B 2SR BNV 155 fs“? figg! SSRGS 8?@%‘ ?#, A
(NaSHIOF 67 S5dRRA @h@tﬁ%ﬁﬁ&’ﬂe%ﬂ@tﬁ}ﬁifﬁé NEEREIB7 519985 aM BHBRGT0d
CrstalineaBeBlunimsy fisivelesryzd afie) ARestaHEd HFoWIsk 308k 4050 nififute
mpesiedvab G siaporvidasttiermsinsibionionkimiderdlife Ga) woid Potis
sdAlBOoTRageNoLS5I0  utiensdf shiN:dilveRigydaniiis)(C6HSN(CH3)2, MW

121.2, 10 g, 82.15 mmol), water (10 cm) and
The crude product was optionally subjected to further treatment (e.g., with sodium
sulphide, efc.), as described in Examples 9 to 13, and then optionally (further) purified by
recrystallisation, as described in Examples 14 and 15.

Example 8
Methyithioninium Chioride (MTC)

3-Pot Synthesis with Isolation of Intermediate

To a round bottom flask (RBF) was added N, N-dimethylaniline (CHsN(CHz)p, MW 121.2,
10 g, 82.15 mmol), water (100 cm®), and HCI (37%, 22 om®). The mixture was cooled to
~5°C. To this mixture was added dropwise an agqueous solution of sodium nitrite (NaNO.,
MW 69.0, 6.3 g, 90.8 mmoi) in water (50 cm®). The resulting suspension was stirred at a
low temperature (5-10°C) for 1 hour. The mixture was cooled to approximately 5°C. lron
fillings (Fe, MW 55.85, 11.0 g, 197 mmol) and HCI (37%, 22 om®) were added in one
aliguot portions. The mixture was stirred for 2 hours at a temperature below 30°C. The
mixture was filtered, and the filtrate collected.
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H2S04 (98%, 8 g) was then added to the chilled solution. Then, a solution
of sodium dichromate dihydrate (Na2Cr207.2H20, MW 298.0, 26.15 g,
87.7 mmol) in water (25 cm) was added dropwise over a 25 minute
VL HBE Y mixture was stirred at approximately 10 5C for PhorEHEAPHIG4
4.51). The pH of the reaction mixture was adjusted to 6.02 at 8.6C with
aqueous NaOH (10%) while keeping/he temperature below 10C. The
mixture was stirred for another 10 minutes at this temperature (8.6C),
before readjusting the pH to 3.80 with 10% aqueous NCI. Co F per ()
Tf@ﬁfﬁ?éepy@ﬁaﬁyﬁrgaﬁ% eIy RSC. MDe Sigte wepEepied mthARslippof
sotBnpthasutiate aerirbisiisied Mo 850:- i@ midd( 24515 \%Pa§?sﬁrﬁ£u7§trtﬁi§i) 1y
wamsranije foscluliounf Acdesp ditheooaieuiidsate thadrT ey Re% 0,
1000|353 Brin6)) Rheateixirentne fittatedd ThevwisidwenaZ)wasiteevitd. The
soWBbAN4sX4h &R RtRAIS bt Thetéliisdmuias epdeded) fohe fidiiate\ wambpaing
soWl't {BrS QNN GRIDRFSINRCEE ANV, D Bnh2(29.22 7gmeal 1 STien B XEer (10
§n%tH%U ‘J’h% @Q lﬂr@w%‘&'@éﬁt@'ﬁ?@o@ﬁ@@goﬁ%wea%ﬁﬂon of
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bptlongl ¥ U,Ql,e
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rea'égewaﬁl%mm&aﬁ %r?blzf o B TSR IR AY A [niiamem®) to
proiderider¢rmeld-Poe syistMesisingirg SerniahiHvdrosulfite without

Isolation of Intermediate 30 To a round bottom flask (RBF) was added
Ti, Abittimethydaailitteal CRIHSOUETIHID )Mtk #B5.8n°1 o288 teppeml) sutater
pdA@Averad) @b iBHIT %N 243 R The, MidurenvipsTtedtadieratbrOydo
infhis Jaidy s wasTaddesconud seims af UpousHelalies ©f Sodium AiEE bilue
cIDNINGS oM B9 x@&tt@e%@ QWL kRAcmBe. TR BRulingas
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to approximately 5C. The filtrate was treated with a solution of 40 sodium

Thisi oisitcpeopesitaRy eriienaliasbEsisHe uringyiveetmen fegp, ¢itgEadium

sulpiiod), it ater€2&ibaieh RxavkiaeR tsf thdinwnitdiomienaty dinjoeateuriiied by

relONARANISAIBR H 2 DetideB BB EXarbPlE:d 43816 TBmol) in water (20 cm3) was
added dropwise over a 20 minute period. The solution was then stirred at
low temperature (5C) for 1 hour. Ahganppgenous solution of WO

2006/032879 PGLGR2A0FBARRHroduct with Sedium Sulphide

Crude MTC product (MW 373.90, 4.5 g, ~12.0 mmol) was fully dissolved in H,O (125 em®)
at 65°C. The solution was cooled to room temperature. The cooled solution was clarified
by filiration to ensure complete dissolution. The solution was treated with a solution of
sodium sulphide (Na,S, MW 78.04, >60%, 200 mg, 1.54 mmol, 0.1 equivalent) in H;0 (10
cm?). The resulting mixture was stirred for 10 minutes. The mixture was filtered by
vacuum filtration. The filirate was coliected. Sodium chioride (NaCl, MW §7.96, 16 g,
0.278 mol) was added to ths filtrate while stirring. The resulting precipitate was collected
by vacuum filtration.
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-73 N,N-dimethylaniline (C6H5N(CH3)2, MW 121.2, 10 g, 82.15 mmol),
water (10 cm) and H2S04 (98%, 8 g) was then added to the chilled
solution. Then a solution of sodium dichromate dihydrate
WRANEPIEE2Hz0, MW 298.0, 26.15 g, 87.7 mmcl) in water FEF/EHRI0H443634
added dropwise over a 25 minute period. The mixture was stirred at
approximately 5 5C for 1 hour. The {it6ate was treated with sodium
hydrosulfite (Na2S204, MW 174.11, -83%, 9.2 g, 43.9 mmol) in water (10
cm). The mixture was stlrred for E@Qﬁﬂ@ﬂ& at -5C (flnal pH 3.05). The
pH was adjusted {22378 2| LIES)! adEBWRIEIZN aOH, 10%),
Copper (Il) sulfate pentahydrate (CuSO4 5H20 MW 249 7,2.06g,8.25
Cnmndl)T T heotertgENAGTE. 8B S incréaSadriolB5Es T disbdives inas,tif2a0l an®)
atthisd. OteangaiatHr@do edokaub BaieepbhiatoaloThwasidtsmeds Tragted with a
sIMbEHTS YWRRRPAIRMIR 6RGE, T Mituresyss filsirg. Jhe fesiiue . vas
RS Wi We X H0Q RO Wﬁmﬁk%%g/\@%@@tmg% Thediltrate
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(MM Br&2ntitSienithe Sighls oTgskalitheokutfiteThithrssipét atsnes lenbentediateaToun
firatmshbettiemitlask (BB poras added N,N-dimethylaniline

(C6H5N(CH3)2, MW 121.2, 25 20 g, 0.165 mol) and water (200 cm3) to

form a heterogeneous mixture. Thegmpfiie was cooled to -5C. To the

cooled mixtuire was added HG W Mn A omi-RYeHA M Aeiiadiemreiod:

To thiSTmixture was added dropwiSeé an agqueous solution of sodium nifrite

6 O 3 mal).in water (1

EH e[ﬁé% ‘:?ﬁ%\&%fﬁ%ﬁig 1583 e;’f]:HSIOI’] Wa@ % QO! r(?gsP ?anz}q 8 125 Cm
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distestivisiigiaearpamisgsid-ectme %@téﬁi%@%@iadw%wgﬂe Sa8d&d over
384 6vR0 rhin seupreoldn -0 (& s thalhearrsyteactibhire mpestitae foelow
18@hdizein G itherddditi oras Theredikiuvrecnas Bimmbehfor R:Hitute aaa collected.
stempesaisiesoNdOOVNT 58 saixtare, wasditteledad hadsdlid tesitivatavesic
sivashethyitbsnate pReismR)varcsinects i airueeteatatnl he filtrate was

cooled to approximately 5C within a 10-15 minute period. The filtrate

Exampie 12
Treatment of Crude Product with Sodium Carbonate

Crude MTC product (MW 373.90, 4.5 g, ~12.0 mmol) was fully dissolved in H,0 (125 cm®)
at 65°C. The solution was cooled to room temperature, The cooled solution was clarified
by filtration to ensure complete dissolution. The solution was treated with a solution of
sodium carbonate (Na,COs;, MW 105,99, 1683 mg, 0.154 mmol, 0.1 equivalent} in H,O (10
em®). The resulting mixture was stirred for 10 minutes. The mixture was filtered by
vacuum filtration. The filtrate was collected. Sodium chioride (NaCl, MW 57.96, 16 g,
0.276 mol) was added to the filtrate while stirring. The resulting precipitate was collected
by vacuum filtration.



10

15

20

25

30

35

40

was treated with a solution of sodium thiosulphate (Na2S203.5H20, MW
248.2, 45.0 g, 0.181 mol) in water (50 cm3) as one aliquot in a quick
addition. A solution of sodium 40 dichromate dihydrate (Na2Cr207.2H20,
WHAP$E878720.0 g, 67.1 mmol) in water (80 cm) was added drbSREESGY&3
a 40 minute period. The solution was then stirred at low temperature
(about 5C) for 1 hour. A chilled (-5€Yhomogenous solution of
N,N-dimethylaniline (C5H5N(CI;J%£2, MW &21.2, 20 g, 0.165 mol), water
(20 cm) and WO 2006/032879 5/003 S04 (98%,
16 g) was therZ&EEd gf deide gyl it F LI s aliquot, at
once. (Preparation of the solution prior to addition: N,N-dimethylaniline
CratedTaterwece (MY 8d390ahlife baih. Torapphoyam Bibises vasdnireR
(27naeNtEditel s Emirietelcidoris siioBDAA) dibodiven selt BUREIrain il paTidEL,
1 dreaslainiel prevemtithesmmgvan away. oftibensxathenn ibaeac@eTCfdhen,
apSrSaiutian afirpeiumdishionaie dikvdiale ARIGRACHRAHZE, Ma{eAREs0,
coltré%tgcg’ ol BRI NLEE M, TB) 1535 @%;@%er,omgm@lﬁms a[céded.
Inute .period._.The reaci
o e e A Py A oty o
87.2 mmol) in H20 (20 cm3) wags added to the mixture as one aliquot in
\%’%’%‘i%‘é% far another 10 10 minutes (at
; (DAL RECVSIBIISBUER. 4 The
residue was washed with water (2 x 250 cm3) to provide a green solid.
CridreéBlichrduchir: disatecovers HHC Predystid a3 aRfe 444 arPaduenial was
disd@iesbitioh (9000cmS) @HF o Taermisiggspansiomed B Cepperdly stitardt
waRenfabydraie IAURDE. s4260 NI, 2486Taihd 2 gud:Bsimmutjoivastéditied
filde@nerRlindakinagHigkssdiienprbbecterpemiamediys nuensitdiord 561
driRYEH anlRrdPaimisndiepal ogyEhe mixture was stirred at this temperature
for 1 hour. A deep blue colour was formed. The mixture was cooled to

room temperature over a 30 mingggérg lré% and the mixture was filtered.
(In an alternative example, th .m“?‘m‘r‘s; !e %: g about 20 60C;
however, the filtrate cﬁ%ﬁaﬁh&? ks gﬁﬁ dD%Euum.) The residue
was washed with water (2 x 200 cm3). The filtrate was_collected. The
CreatbT o psadesten 52 s crute M 9 5rsausi YK ;%%8%: e ~§§§ FifpgEL vas
digpalyerciatbeitR0SoemineLRioRd S cdrItiofife M ag) Y o 404508 4Rd)
wadlotved 1T bo ol Be PR, B 1se0k sivip &0 LEriseafing pheHisct Wagesulting
hidinst obsetiredadtireaboscRiSdweslios vemben dimiicaogdthied b s are avZ8°C
fofitenedite provide crude methylthionium chloride (MTC) as a solid (On this
scale: 18-24 g or 35%; on a 5 L scale: 60-65 g or >30%). The crude
product was optionally subjectedggafyibgstreatment (e.g., with sodium

sulphide, etc.), as descriped, in frxaiRles tp-knand then optionally
(further) purified by

Crude MTC product or treated crude MTC product (MW 373.80, 10 g, ~26.7 mmol) was
dissolved in H,O (200 cm®) at 85°C. The solution was cooled to approximately 22°C.
Tetrahydrofuran (THF) (40 cm®) was added. The solution was allowed to cool siowly
to approximately 5°C in an ice bath over several hours. The resuliing highly crystalline
nroduct was coliected by vacuum filtration, and dried in an oven at 100°C for 2 hours.

Example 17
Methvithioninium Chloride (MTC)
The Synthesis. Treatment, and Recrystaliisation of MTC

N,N-Dimethylaniline (20.0 g, 165 mmol) was placed in the reaction vessel [V1] and sfirred.
To this.vessel was added H,0 (260 cm®) in one aliquot over 1 minute, and the
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30 recrystallisation, as described in Examples 14 and 15. Example 8
Methylthioninium Chloride (MTC). 3-Pot Synthesis with Isolation of
intermediate 35 To a round bottom flask (RBF) was added
W RYiER 1aniline (C6H5N(CH3)2, MW 121.2, 10 g, 82.155hHEH WA
(200 cm) , and HCI (37%, 22 cm3). The mixture was cooled to ~5C. To
this mixture was added dropwise an &jueous solution of sodium nitrite
eiﬂaNOZ MW 69.0, 6.3 g, 90.8 mmol) in water (5Q cm). The resulting,
SBERRIHR AL G HERCPIEA 5k t%rﬁﬁara‘(&fg’ (IO FPeL 9o Fhiutes)
usigAIrERIE ARG /Y GppYaiastirenasia (4fofMmh M?@saﬂﬂ@dmwsié@sﬂqff 0
pegiod 87 Znmrofeanditd @h @R vadcieBpevatrecatiiciion dife taftfidt pudlions.
(Chbgomixstoneemas eilictshfpITAd s el detenparatuiatlewa36¢ JHEeC) for an

addbgtuEswasfilieredioand ihﬁlﬁ'ﬁ@@&@”ﬁﬁ@g 08\4%!8{%%{9%%@%&5 mixture.
gt &g/‘?a%%%gg %ﬁougﬁoahﬂ gllé;e.{:%s\g/as cooled to approximately 5C.

he filtrate was treated with a solution of sodium thiosulfate pentahydrate

SRR R R
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digaiiine pratest FIRICEEIGHDIS WasatRiAPstRide atq@\i\vq@rﬁaé?afm?@ (abotic) was
otsEyvéar Thouwmb biemegentos (s dtioimaéNN2dmnethylarinrmesrall volume of
afGOHHRAG HR) 2nVWsiiRdd2, 10 g, 82.15 mmol), water (10 cm3) and

H2S04 (98%, 8 g) was then added to the chilled solution. Then, a solution
T SSAMicRmBIHD ake AMad Grafafad ik MWVRR8 L 8B Bver a
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icafwatgtibaths Adhisslatein(UE5 B pRh 2y afasoppdion yEh isdighter coloured

pleeptay drato{fenS04 SR, 249 G2 0618028 rmedol). The

temperature was increased to 85C. The mixture was stirred at this

3?%%&@8&[@:1%&&%%@%@@ Qs ealeusa@pionnede e ook imiage

SMR&%& JOmParAtUR AR ma@wﬁwéemisf@isg ﬁ%;ﬁe@@ lt’@sﬂ’cﬁs

A 1&%%@20@%%&% be fitate asseplasiad g e liae

W?ﬁﬁre%i%nsm S i P A b i) S s

R aeeht @?é&%@'&&f@%ﬁ&%ﬂﬁ{@ zsa.ﬂ.awaﬂ%ﬁfﬁé avm’agtassond
HEFdgiesB o) temperature rise from 8°C to 12°C was observed during-the iron

addition. (Caution: exothermic reaction.) (Caution: orange fumes ars formed, gas is
evolved,) The reaction mixture was stirred for an additional 120 minutes (x 10 minutes),
whilst a reaction temperature of approximately 10°C (£ 2°C) was mainfained using the
icefwater bath.

The excess iron fillings were coliected by vacuum filtration over Celite® over a § minute

period (£ 2 minutes), and the remaining solid in the filter funnel was washed with H,C
{20 cm?).

The filtrate (a ciear brown liguid) was refained and contained the desired N,N-dimethyl-p-
phenylenediamine dihydrochioride salt. The total volume of filtrate was approximately
400 cm®. The pH of the solution at this stage was 2.59 at 20°C. The solution was
monitored using uliraviolet spectrophotemetry throughout the reaction in order fo confirm
reaction completion and to calculate the final concentration of the N,N-dimethyl-p-
phenylenediamine. Typical conversion was 82% + 2%).



10

15

20

25

30

35

40

The crude product was optionally subjected to further treatment (e.g., with
sodium 25 sulphide, etc.), as described in Examples 9 to 13, and then
fitlonallé further) purified by recrystaliisation, as described in Examples
28094 %xample 9 Treatment of Crude Product with Sodifm o3
30 Crude MTC product (MW 373.90, 4.5 g, -12.0 mmol) was fully
dissolved in H20 (125 cm3) at GSC.Tﬁhe solution was cooled to room
temperature. The cooled solution was clarified by filtration to ensure
complete dissolution. The solution was treated wijth a solution of sodium
T@Jrhrﬁ@érfeﬁaﬁew’?%@r rsagiinn veRsehy 2l 84 Arels B P Eytivaiertysh?
perkx{10 BBeies (Theniesighirtsimiauicsivatestadd for 10 minutes. The
mixture was filtered by vacuum filtration. The filtrate was collected.
sebaditem sbloide ONREIS)MEEDGad frapafta 7 GladlDwais.addaty, the
18 lUaienwivlasSHaEBg inf eramidbng BrirsiPHate BeeCplosiamayivaeu ume
redliA a%%sW@ | SRR AR b T AR Qgﬁﬁé‘éro%&%%%%cc was

Tre ude Pr uct ith
By 73 e s el %ﬁr SRR TS s B e
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treated with a_solution of sodium sulphide (Na2S, MW 78.04, >60%, 135
Thadia:BH i, soldipnevpivsided) irePREIIPE eYRBR *rﬁ@*fé%@m}f i9isR8re
reaviiorstirpderdan M2mifhaasadtive minkiewasaiifite fetamaddivom Jimiias.
(= Bheifiliatenniasnesitetide hoegzidiof: tomfiltettes el C@R2CH. The filtrate

was washed with dichloromethane (DCM) (5 x 100 cm3). The 10 pH of the
svashed Hitraieonas Raidsiedfm wlsnilada Ne,3Ne salltiopyes, then
S e i it
i e s B e
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pdiltrdibh mitdideiedhiorder bveraiateb0T B pranparatrsaehet &f Efude2°C).
(CRubidncexuttizii athstidithi Gter beaviior it e dianitBals 20eC fod0MilQtes
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cm) at 65C. The solution was cooled to room temperature. The cooled

s%‘%i%& &V@&L&laﬁiﬁrg g@eiﬂ%@i ineRaYReomAele AissbiiaanTie 0.0 g,
mmoﬂ Wgss acri g eln <\)Arlr|e aﬁqﬁ% %{r%p P inute to a flask containing stirred H,0

(20 em®). The heterogeneous mixture was cooled to §°C (+ 2°C) over 15 minutes (+ 5
minutes) using an ice/water bath, and concentrated (98%) sulphuric acid (16.0 g) was
slowly addad over a 25 minute period {x 5 minutes) to prevent a rapid temperature rise.

A temperature rise from 3°C to 21°C was observed. {(Caution: exothermic reaction.)

Upon completion of the acid addition, the mixture was stirred for a further 10 minutes

(x5 minutes) to ensure a complete homogenous mixture. This mixture was maintained at

5°C {x 2°C) uniil addition to the main reaction vessel [V2]. The overall volume was
approximately 48 cm®.

The chilled acidified agueous N,N-dimethylaniline mixture at 5°C (z 2°C) was added to the
reaction mixture in [V2] as one aliquot over a 1 minute period. The reaction mixiure was
then stirred for another 5§ minutes (£ 2 minutes) whilst being maintained at 5°C (£ 2°C).

No temperature changes were observed with this addition to the main reaction mixture.

Separately a Na,Cr.0-.2H,0 sojution was prepared. Na,Cr,0,.2H.0 (52.0 g,
174.4 mmol) was added to a flask containing stirred HO (140 cm®) over a 1 minute
period.
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dimethyldithiocarbamic acid, sodium salt ((CH3)2NCS2Na, MW 143.21,

550 mg, 3.84 mmol, 0.1 equivalent) in H20 (10 cm3). The resulting

mixture was stirred for 25 10 minutes, The mixture was filtered by vacuum
WikPEUI 2 e filtrate was collected. Sodium chloride (NacCl, Wﬁgﬁ@é’“ﬂ%z"‘

g, 0.276 mol) was added to the filtrate while stirring, The resulting

precipitate was collected by vacuuni #ftration. Example 12 30 Treatment

of Crude Product with Sodium Carbonate Crude MTC product (MW

373.9 .5 -12. dissolved in H20 (125 cm3) at 65C.
TR A S SRS A AR ah e R SR ERLTR AR
godl%iﬂH?oPﬁ?ﬁIQ?a%B’r‘FtBeéh§8?é’@6ﬁﬁbl%fé’?ﬂ§§%tfﬂfﬁdﬁe%§‘§6ﬁ§ﬁ8mﬁé§“ 5°Cto
10fe dtelf WitH CasbiuntionctidBisadantivedrbanats (RaIEOS WeR/ior08daPob63
addlitic) of BdeNm Ok, 0; 2 deivallaint). iIITH2Eaclon enikivieheae stittsadgon dDabirinuies
whiigsoeligaddiatalidaninies - theymiieieuas ke Rvwiaseim dHEadiaR green

slu d/¥ £ ated oPHULLLE Rhe din
Fhe fitaisapicaliesisd oBadluthehigBie dNAGheMMER fraBipiSJin the 76
solll &n"& el tor Hé@t&f‘{&% ({g(% ?%5&%&&%‘@9@%@ % ine
th gt y vacu a{ or{ 328 CT/G 21
E%‘fﬁ g Ml et ol 50%% ’Eﬂg
p“&ﬁﬂbcf 8’ BHBE‘F ‘Cﬁf' a&f Rﬁcﬁ*é?&lﬁ??éia”
thifh e BTl DARR bl reém?maﬁﬁ?ﬂ%tetraaceflc acid (EDTA) disodium
salt dlhydrate (MW 372 24 1 g, 2.68 mmol, 0.1 equivalents) was added.
Sepl Eoliding ofiay 7S fele ARl ommﬁtayii%grﬁﬁe'nmumewged

tommgdmwwmwwatmmmmmwemguobuwed iBivdtepechibritks

mEae v Ad\MiBdd90r diPpidtichA Joohidfiequisaitizkiasaddedottpibe
diddtrateMvhile stirring. The resulting precipitate was collected by vacuum
filtration. 10. Example 14 Recrystallisation by Cool Acidic Recrystallisation

Th%rHQE‘sW%R&%‘MéSO ﬁ\%ﬁﬁé‘#@&c% GRiadYeh ﬁ%"\ér?é %«?@ot%@ag a

1 nute o fin c?anot pera e Ocm 605C eAR'Xt”re :on
nYlowe 0 cool't 92‘5@ he was ad| ugte%efc' usmg aqueousrﬁef

A o AT RIS BT B SRRy g AyIeS)

crystalline product was collected by vacuum filtration, and dried in an
Theyeadionsuderels halirgobeddispiethiough a Btichner funnel under vacuum
over a 30 minute period (+ 5 minutes}). The solid was removed from the filter funnel ang

placed in a new vessel with addition of fresh water (250 cm®. This mixture was
vigorously stirred for 15 minutes and filiered. The solid was again removed from the filter
funnel, placed in a separate vessel with fresh water (250 cm?), stirred, and filtered. All
washings were discarded.

The solid thiosulphonic acid of Bindschedler Green collected in the filter funnel was
broken up into small pieces and piaced in a new clean reaction vessel [V3].

Separately H.0 (900 cm®) was pH adjusted fo pH 2.0 (£ 0.2) using 5 cm® (1 em®) 5 M
hydrochloric acid. This acidified water was then added to the reaction vesse! containing
the thiosulphonic acid of Bindschedler Green in [V3] over a 1 minute period. The content
of this vessel [V3] was then stirred. The thiosulphonic acid of Bindschedler Green was
suspended in the acidified water [V3]. To this suspension [V3] was added CuSQ,.5H,0
(4.0 g, 16.0 mmol) in one aliquot over a 1 minute period. No exothermic reaction was
observed on this scale. The reaction vessel [V3] was then heated fo 85°C (+ 2°C) over a
25 minute period (+ 5 minutes). A biue colour was first observed at 40°C (= 2°C). Once
85°C (£ 2°C) had been achieved, the reaction vessel [V3], stirring was continued at this
temperature for 60 minutes. The vessel [V3] was then cooled over a 20 minute period

(£ & minutes) fo 80°C (+ 2°C) and the contents were filiered through a Blichner funnal
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Recrystallisation by Hot Salting Out Crude MTC product or treated crude
MTC product (MW 373.90, 20 g, -53.4 mmol) was dissolved in H20 (1700
cm3§ at 65C. Sodium chloride (NaCl, MW 57.96, 200 g, 3.45 mol) 25 was
§°F& mixture was allowed to cool slowly to 22C over NGRS e’
resulting highly crystalline product was collected by vacuum filtration, and
dried in an oven at 75C for 16 hours'Example 16 30 Recrystallisation
using THE/H90 Crude MTC product or treated crude MTC Product (MW,
UGB R <12P I BREEdisSeRdER HEES EU8 A BebgRs pavn
fregblvrtitsn (68 eB0ledhe SAYBURHRaver dserdqbsaify d BRGRYSS FPryfrmtely
peanWastassaltiti ety Mok tioid waste) leasceh e osIGWIY BSorle, approximately
148 RPrRs ety WEE inttpitedoalheoveales ashindaotsiiEie wesa timgbnghnd
werbyeladiner piagsitionagicotiReiechiy wasungrbittidne desl-adietrhiasolution.
oven at 100C for 2 hours. Example 17 Methylthioninium Chloride (MTC)

Th40ck-?r heb%)é”éﬁﬁé ;%Q‘c%%a%ﬂ%n ISafonof MAsc (1 22¢) over a
-Dimeth th fi |
SR T R e.éﬁc?#?e'? i
10gENtRRRE, (ARIAEIHD ?mwwzawwi@é%é Shovpe?

380aténogarrevdd-nixnineteshtn otribiapBAuEDE) okise a@%ﬁﬁﬁiﬁte(’ﬁ@ﬁb@“(@

maBEeftes)! ysingranincattiiedefdlath. 37% Hydrochloric acid (44 cm) was
added over a 5 minute period ( 2 minutes) with an observable

AJ%&%WF@&@%H@(@ A5 1936 20 Weantion Rwkhesspoieastier)diieate

con g\!}{ e F‘Eéﬂ | 2’5@@ %tvélcé(‘% BGidafcA Roaddisional4ningtas: to

erio minutes) to,ensure a comple

LY AT %%ﬁ?s'g??é@’ssg%é”%%%?‘ﬁih%{% e

OVRRE FRapAHER NN fﬁzﬁ%dgfva%@e it ng&a‘s*&u

(zrhimingtes)dosEpariie ﬁfaék%@ﬁ@hﬂw&ﬁwiﬂzﬁﬂﬁwwﬁ aRe Pégﬁif‘u

aﬁt@odimwwmc%wlmendbtWQMW&mdrmmF@&jﬁdp‘ffﬁﬁmezei@%tem

pukéGHaRGhrvasrohatgvedadib@icomplete dissolution took 5 minutes ( 2
minutes). An overall volume of approximately 110 cm3 resulted. The

AR Ritritg SRttt Q@SS loydwisides) o Byiger o fhise castignivesse|

h M’go%yg{caac?z? ?% NHigoRetcf (heinReENdLHRSABS BRGiATIon. Any

retse.é”%ﬂﬁef g% 9hn Wtk SNSRI Gl Png: i delicy). (Caution:

exothermic reactlon An orange colour was observed once the addition

began. The reaction mixture was stirred for an addition
The groduc’t was then subr?ecteg? treatmen an:? organic xtarac 1on.

MTC (5 g, obtained from the procedure described above) was placed in a vessel,
containing water (230 cm®), and heated to 65°C (+ 5°C) over a 20 minute period

(+ 5 minutes) with stirring. Stirring was continued at this temperature for an additional
1 hour (= 10 minutes), and tha reaction mixture was then cooled to 10°C (£ 2°C) over a
30 minute period (+ 5 minutes).

Separately a solution of Na,S was prepared. Sodium sulphide (135 mg) was fully

dissolved in water (20 cm®) over a 10 minute period (& 5 minutes) whilst being stirred.
(Sodium sulphide has a strong repugnant smell.)

The cooled MTC solution at 10°C (= 2°C) was treated with the prepared sodium sulphide
solution in one aliquot, at once. The combined solutions were stirred for 15 minutes

(+ 5 minutes) while maintaining a temperature of 10°C (£ 2°C) and then the resulfing
nrecipitate was remaoved by filtration. (This removes the complexed metals.) The metal-
free MTC is now present in solution in the filtrate fiquor.
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60 minutes ( 5 minutes) whilst maintaining the temperature at 5C ( 2C)
using the ice/water bath. At this stage in the reaction, an orange solution
with a lighter coloured 20 precipitate was observed. A small amount of
WQM%&%S&?SO formed. 37% Hydrochloric acid (44 cm) was BHHEBIBH3634

reaction mixture [VI] over a 5 minute period (_ 2 minutes) with an
observable reaction temperature ris84rom 5C to 8C. (Caution exothermic
reaction.) The reaction mixture was stirred for rs m utes ?ﬁ

?gg 8I§?N8re

Tk RELFEE QHaiFoVARARE W Woh FIfhGE
pHaigeer a8 maShe IR Aot SsarsdirRaSote diosp %?ﬁa‘t p) @%\}@P grioc

(+ P&iioheplEBatinaseaciomingases ponireaipda RO YRIBSRIM 8D a0 e eliifls
attabhseryed shatingitthe peoid|cagitlitishay € aurtiofi taxetieeiritieaeetivn Jask. Once
ind Paationamestenes aredormps veasistieMolvetidhe (BlantiriCaixtome
NoW@aratEeE (AR pEdiienaldbdQdninuen: vk saliarten) Betembylsicdus mixture
wa%&ﬂg%pf&? %E@%@ thrﬁ@rawtmﬁe IHaGs (R WSS MaRiinRd WEiNta
se???at Va\é%eeroé)lz e v ?e??é?%?‘%dﬁ?&n flings Nh’?@? C?H@%ﬁ@r@(c‘l’aﬂﬁb‘h‘lgihane

er Inute peri u

G R e (A PO ‘ﬁf&ég@ 5
RO I R E%E CRAPIoNR RGP ITAS AL Ty ey T
a Qe Wil R PRAVARREE ﬁﬁﬁ@“a War@aﬁaﬁa WERATHEISRANY u§16
lavef JiliFate adddiappraianraeengtrng iR gine it areEnseft sioheowas l8¥5he
was espRadiSido@0a0 T Hiseslatid the éarporaivisilvrs dnadianerral 1816 (+ 2°C)
thispgetiaphistomettivthragboufThe Aeaetbis ironted WwitbdhéMENaattieotal
vokPmBRieteRisbthighaptcwiaiesbefihal concentration of the N,N-dimethyl-p-

phenylenediamine. Typical conversion was 82% 2%). WO 2006/032879

eG;féﬁE89@5%!%@%&ue%@sTQ&F'M%Wﬁﬁﬁb@f%a@@ﬂmwugn 10%
Eﬁg%s Hols s LR DRk @ggs?gﬁfh%aa%%‘r{%@% @@f&%&@% rinute

usmg an |ce/water tely a solution .o

e s oAeLE M S s gﬁy% SR SER R IS

sohigacfoowied GG caaNIIY5B ey ok e FrRRfRInpfperiod

(= resuttingpdiSSel mizialires Bodeteehid Qnaitéatgrbest wisdibioraim 22< to

red@erasy alsapred.ghhis miduresnasiitenzstrsey $6r:lb aMnutes (5
minutes) to ensure complete dissolution, An overall volume of 76 cm3

ARERHIEL, 10, ARBNARSR0T 1 120 S@MI%V&@@%%@%&J%W@ a

LM RS20 9 116 (R ORI PSYH I Bl 8 S RElaLmTtiyig was
2Ured T an sda monaE (gin% ute m|nu ﬂ ntainin t&%
gef‘é%éf%haté?ﬁﬁ‘é?ﬁme %&J?%ﬁlﬂn was hea eCTaﬁ 8 Over a 25 minute

period (+ 5 minutes) and was cooled to 20°C (& 2°C) over a 360 minute period
(= 5 minutes) o yield metal-free highly pure MTC as a blue green solid.

Alternatively: The deep blue top MTC aqueous layer was pH adjusted to between

pH 3.5-4.5 and the temperature allowed to rise o 25°C. The MTC was then crystallised
out of solution by slow addition of hydrochloric acid (1 M) to reach pH 1. The solid MTC
was collected by filtration to yield metal-free highly pure MTC as a blue green solid. Any
residual MTC in the filirate can be recovered with the addition of NaCl.

An MTC sample was prepared using the method described in Example 1. The crude
product (CM-pd-378) was then crystalilsed using cool acid re-crystaliisation as described
in Example 17. The material was then further purified by organic extraction and
recrystallised using HC! at 25°C, also as described in Example 17. This yielded highly
pure MTC with an organic purity of 96.53% based upon HPLC analyses. The purity data
are summarised in the following Table.
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15 Separately a solution of Na2CrO,.2H90 was prepared.

Na2Cr207.2H20 (20.0 g, 67.2 mmol) was added to stirred H20 (80 cm)
over one minute as one aliquot. The resulting dissolution was

ShOHERTE and a temperature drop from 22C to 15C. The PG va o34
then stirred for 15 minutes ( 5 minutes) to ensure complete dissolution.

The Na2Cr207.2H20 solution was-d@dded slowly to the reaction mixture in
[V2] overa 30 minute 20 period (5 minutes) in orderto maintain a._
reaction temperature of 5C to 8C (TZ’@F 2(Cautlon exothermic reactioh.)
The readdi@RTaRHHE WaviHbeserereadhuglemMiteds WalRTwamRining
the reaction temperature at 5C KIRAG) Asilygian ice/water bath. Separately
a solutidnTef Bhinegin etmétrﬁtinq wasrprepared. /Bl Dimettytharnilne (20.0
g, 25 [65maam™wag adgledsin one aiguot over 1ommute) o aglask
contai |Q§V§Bg%¢lg—| O g%@ms : T'ng Tg@tero eNE@Es MIXtuTey yygrs cooled

to 5C Ad% it n%' it tSHIG agl ,M_CIvvaLci' "‘6&2, affl
conc nfroh:. 80/\ -::In ure arlrl [ n\ was cfn\mly dded over al?25

o=

LAC I o= g

mlnute period ( 5 mlnutes) to prevent a rapld temperature rise. A
perature rise from 3C to 21 C was observed. (Caution: exothermic

M?@%tloﬁb}%fbe@ 6 MsfipreviericH theeitiaoadiiititon camrmiRRrewiPesatirred
Cobd F(trendrOMh (i bieB T & ransatdiny (o Eratirdeal chRpREES RbMRSLERTD I O/HC
(pliytdre. 2B mixture was maintained at 5C ( 2C) until addition to the
CNMpdREsRC iiare WBselBbated hermvarad MoItitMwaIS3 ZppearmaitiNg S ema.
trededRsiiledpeddifionkRoiens 19N -SHneRl landinsopddisse &b h8C)
ané’&zQ‘i‘%{%ﬁj deitheicegelion Mjyresur[V2] as one aliquot over a 1 minute

period. The reaction mixture was then stirred for another 5 minutes ( 2

minutes) whilst being malntalned%zt 5Cle( ‘?BC) No temperature changes
were observed with this addjtion

n mixture, 40

Separately a Na20r207 _ ‘ g@%?a%i&% Na2Cr207.2H20

(52.0 g, 174.2¥ARSiPHaEha8es RBBRETR 20 (140

cm) over a 1 minute perlod \We; 2006/032879 PCT/GBZOOS/003634 -80
N MdetabeppernigreizobiaibmNvdd Mt trbmpiiidei it e f@dbtist mmol) was
disnpltadarinipita) etier £28Domihutygredbidricaeidrigtesy, régtilingsmaded. The
reteiie satulienisasi ndines nerateitiosy freamSS 40012063 (RN e (T adiothy-p-
pHRXQRIRIERIMIRAGHOBp AAIBHEe BDEARIN R EWaSIt[BTE YponoS:addition of
5. S NRZGET BN 2HRQ50 i apH Rerseactign7mixtiieryas stired for 280cH,).

minutes whilst being maintained at 5C ( 2C). The reaction mixture now

o,
d
b e L

32 g, »60%, 244 mmcl} was added. A light yellow so!utton with a green premp:tate was
formed. An agueous solution of iron(lll) chloride hexahydrate (FeCl;*6H,0, MW 270.30,
98.75 g, 365 mmol) in water (400 cm®) was added to the mixture, There was an
immediate colour change to biue. The mixiure was then aerated for 1 hour. A second
aqueous solution of iron(lll} chioride hexahydrate (FeCl*6H0, MW 270.30, 98.75 g,

365 mmol) in water (400 om®) was added to the mixture. Tha selution was cooled to 5°C,
The mixture was filtered. The residue was washed with water. The filirate was collected.
Sodium chioride (NaCl, MW 57.96, 400 g, 6.9 mol) was added fo the filtrate. The mixture
was stirred for 10 minutes. The colour changed o red/purple as a precipitate was formed.
The mixture was filtered and the solid residue collected. The solid was dissolved in
dichloromethane (CH,Cl,, 1000 cm® and methanel (CH;OH, 100 cm®) and dried over
magnesium sulfate (MgS0,). The mixture was filtered, and the filtrate concentrated to
give the product, ethylthioninium chioride (ETC) (MW 375.96, 4.28 g, 11.4 mmol, 8.3%) as
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10 presence of perchloric acid and sulphuric acid, the levels of Cr(VI) can
be calculated so that the effluent can be treated appropriately. Separately
a solution of Na2S0O4 was prepared. Na2S204 (15.2 g, 87.2 mmolg
WO & P rlask containing stirred H20 (20 cm) in one ahqﬁ’&%% 03:’@03634
minute period. This 15 mixture was stirred for an additional 30 minutes ( 5
minutes) to ensure complete dlsso1t§ﬁo‘n The Na2S5204 solution was

a e % ﬁ{hﬂ‘ e S R LA AT B AT B

urlng é ES wer observe com ioh

3454 5F i :g dHS %{ r’%u?é'lﬁ?/as left to stir for a further 5

minutes ( 2 mlnutes) The reactlon mixture in [V2] was then filtered
Flaghcolitna BUBHREIS@RAE FMACRE RefUted BVIEE 30 RIMYRpRifivd e
chigrifetesidr fer sstithmasreshigned oY ethiiel: Ritthaicdiriopiaibedsvith silica
s0r vkl with addition of fresh water (250 cm). This mixture was 25

vigorously stirred for 15 minutes and filtered. The solid was again

removed from the filter funnel, pigepgik @ separate vessel with fresh

water (250 cm), stisradaneiikeiech-Ahnyasiings wesgrhscarded. The
solid thIOSU|p|§%[r]1 e%%ng @W ﬁ%@é%%ﬂﬂﬁﬁ%\ﬂrm filter funnel

was 30 brokenupmnio small pleces nd placed In a hew clean reactlon

TR SEar eﬂi‘?&?t%'%ﬁ“s %&%H?;X“e‘i‘%ﬁh.ge %f‘aﬁﬁ mﬁ? 18
10448 f@fﬁ?@rsﬁ@ﬂah ég% édﬁta SRS 56, 11815,

TBihasepedMplydediss (VB oY A4 - n%‘t@%éné% moama ﬁtﬂé%dd#ﬂwse
Theasbdi/8psvisnthaaistraeds therthfbenphoricedtig R miAs Hioenpaled to room
terGremiuras/Vstesiddtted invaseaddidifi§bemartup/B8hs Butthidesinpetisibyl fi8Y
(3 wasmaed GBS OSEE2ONrk At dl6.8 magolsiarne e (g 87e). aTbe mixture
wadRide Pen0thNinanotbasaneateaeligRaras ppbsely aghedithitpoalethl@iline
((cfﬁ@gia@@%%@my%wm@nm@@ge@m 8akol 28k PNeR ARSI 5, (250
ﬁaer mﬁw ?ﬁ)#‘y k‘?@@\ﬁ%‘%é?f"c’%ﬁf'ﬁ?t&l@ﬁeﬁ@ﬂ BUA9GiERG) 28808, g,
% P‘ %e&ff‘ hée‘(gf'e £eéBE‘9ri VeSS h’ ] ﬁ%érm&ﬁv 130.8

odlgd Nera" mlnutZ'& € |oc118(% n%%ﬁtgpé@gﬁ%% an HE0.STRR:).

'the
contents yvere filtered through a Buchner funnel WO 2006/032879

dosnsoses sk ser et i SNaty 8 RitAR HEriod (5

fﬁhiﬁah&%%%nd’\%&%@ﬁ Ha8Ked Wit MRYs W aatét {200 énﬁ‘dﬁﬁéf%h&ﬂmc
aoiiabtewia® eiscarded Shfctpltietvasseniptoxiniatefyseigtigneiseditnaitds
(NahBNVSSi0, Raste) Hs robséivehtsn @0L.onyseatehapprisktdtetyist4 6 e
misasieves|iiveaSarginqased rddme teraperakashimgnaiichfidtyBte MI65.85, 5.24 g,
sLAMBINashadrachere adytr peidfitation) Waesfitiase. antkwashiagvas stirred
atGentRiBRe desi et MidaiD SelIHMAure was filtered, and the filirate collected. The
pH of the filtrate was adjusted to pH 7 using sodium bicarbonate (NaHCO,) solution, and
extracted into ethyl acetate (3 x 50 cin®). The combined extracts were dried over
magnesium sulfate (MgS0,). The mixture was filtered and the filirate concenirated to
yield a brown oil. The oil was dissolved in diethy! ether/iethanol (1:1) (175 cm®).
Hydrochlorie acid (HCI, 5 cm®, 37%) was added. The solution was filiered to give the
product, N,N-dimethyl-m-ethyl-p-phenylenediamine dihydrochloride
((CH3)aNCaH(CHCHNH+2HCI, MW 237.17, 4.44 g, 1.87 mmol, 60%) as a light brown
solid. 8y (250 MHz; D.0): 7.66 (1H, s, ArH}, 7.56 (2H, s, ArH), 3.29 (6H, s, NCHg}, 2.74
(2H, g, 7.5, CHy), 1.25 {3H, t, 7.5, CHa); 8¢ (62.8 MHz; CDCly): 18,5 (CHg) 25.6 (NCH,),
48.9 (NCHy), 122.1 (ArC), 124.8 {ArC), 128.1 (ArC), 132.6 (ArC), 143.3 {(ArC), 144.9
{ArC).
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The deep blue aqueous filtrate containing the MTC was heated to 65C (
2C) over a 25 minute period ( 5 minutes) and sodium chloride (200 g, 342
() was added over a 10 minute period 2 minutes). The_solution wa
Wé)o%)llﬂ (RGNS (2C) over a 10 360 minute period ( 5 mlnutesf?(ﬁ/ ?8“{%03(34
product as a blue green solid. (Total crude mass of 24.1 g, approximately

40%. ) Alternatlvely Hydrochloric acujB?IS cm3 5 M) was added to the

i{g g,g&g %gyl,té £ %%t%mm& d%l:rrently at 25C, over a
§ d‘ ;

I e 1; this generated a
BASGN Wagl?‘lei ~ )RS %S%%Yﬁﬂfﬂt‘ga(ter

(5§ H’?"n?ut@@ Bh‘d"mé%& Ry E’o”ﬁote(“ﬁ@g N %ﬂ%%‘é)”ﬁw‘i?ﬂte’b%‘ﬂﬁ&owf was
fOFmﬁ‘érte%‘a%’vué‘rﬁPﬂﬁ‘éedHﬁﬁeM &1t CgibenEia, FromirehitesAddesof
partionvseafidt GRAaHS Bl aien) G ren(iHishelisis ey dvdietp rEeGee Bidual W
2Ha¥0ad@Fer S mhednenetpuiEr ehdnvesradiedialteaviitatie THEE@ w28 an
inAvtetaativebur TherlyE © wasishdine ryistallisest dutrobselistionrbyHihe  skovecond
aqiduiosontidiyerpehiny ciacil¢ hdtiiparerclF ol b Hboe Bl M BE, was g,
8.00HRRIe M afiliraiom A s sresidya Md qilnthe fliaieican hrdecrieredsc.
T thishrAditiaR QLNaRL 28 RS RRMHWIRitheRaUbIRSRgdR eatBRMteq,
&EM %%egm?tmw MG (50% Ahiaing &g& %%{e&edm{.% geﬁ%“bed ure
Q5 aS1Baced ccﬁdur G alndn,( Gl at Eormed

W%%ﬁ! O era mln e I‘IO ’E u{es S%Ir FF %?l I% \?/Sa )
T i e e e e o e SO P
dighioramethangitiHatidurtol 59 the et SHeOH 9 We)raé‘ds‘b"ﬂqlﬁ!ﬁé
mgerRRH iRy SSepal ARy duEp MR B Fed a2 WissTifeig aee st
givalipRideduss hegyinhy mehvikeoved minider DEVGIR) 606t ¥ 106rhlie,

0 geriudo], 3 i ates rekitsididingSEREMHAD(SNAHES @iHphide-Has 28 $BidNg
ArdpagrRrLsmeINCHE edeletHVHT € saution 36 16Q ¢ 203) oag treated with

the prepared sodium sulphide solution in one aliquot, at once. The
FEORMRIRATH SAMHRRSINEIIS, $HEVESE IO AP BINUIB RIE O MR S) NI iron
cRARAIRIAG fiemnasmULs of 10186 ARd hendhe 5?&%@%9883 with silica

sPked t; was removed by filtration. (This removes the complexe
met he metal- free MTC is now present in solution in the filtrate
liquor. WO 2006/032879 PCT/GB2005/003634 -82 The pH of the MTC
filtrate was approximately 10. 8 was adjusted to have a pH of
approx|mat ; ".i ALY Y J .' ! b7 ¢ ia R /1
10C ( 2C) was place A RS ISR Maans
mechanical stirrer
A stirred mixture of N, N-diethyl-p-phenylenediamine ((CHCHp)NCgHNH,, MW 164.25,
5.0 g, 30.4 mmol) in H;O (100 cm®) and sulfuric acid (H,S0,, concentrated, “08%”, 1 cm®)
was freated with non-reducing zinc chioride solution {(ZnCl,, MW 136.29, 7.60 g, 55 mmol,
in 15 cm® of H,O with Na,Cr0-+2H.0, MW 298.00, 100 mg, 0.3 mmol) fo produce a
reddish reaction mixture.

Additions of a solution of Alp(S04)s.16H,0 (5.80 g, 9.2 mmol) in HO (10 cm®); a solution
of sodium thiosulfate pentahydrate (Na,S,0;°5H,0, MW 248.18, 8.0 g, 32.2 mmol} in H,0
(10 cm®); and one-third of a solution of sodium dichromate dihydrate (Na,Cr,07+2H,0,
MW 298.00, 8.7 g, 28.2 mmol) in H,0 (15 em®) were followed by a rapid rise in
temperature to 40°C.

A solution of N,N-diethylaniline ((CHzCH2)o2NCeHs, MW 149.24, 3.0 g, 20.1 mmol) in
concentrated HCI (4 cm®) was added, followed by addition of the remaining sodium
dichromate dihydrate solution. A dark green precipitate was formed. The temperature
was rapidly increased to 75°C. A slurry of activated manganese dioxide (MnQ,, MW
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attached to a shaft with a paddle as well as a run-off tap at the bottom of
the flask. Once 5 the MTC solution (filtrate liquor) was in the vessel,
dichloromethane (50 cm) (Caution: Non-flammable, voIatHekls also ad

t8 38 vessel and the heterogeneous mixture was sti &d' Fo%zfﬁmsm"‘
minutes. (The dichloromethane is immiscible in water and forms a

separate layer below the water layer égntamlng the MTC.) The lower

Béj‘ﬂ‘”? me%'?ﬁﬁ‘ﬁ%ﬁﬁ Wlaé (5' %n?ﬁ \BQ Barﬁ’@i éﬁﬁ* a gfe)%u% ased {0

0
RS liee |t€ﬁ§1f1§aélc{)nrrr$§§%iu5% B Dl
prﬁé{%%f& 8%W?Hat and the dark bluelblack aqueous MTC layer.) This

addition of dichloromethane, 10 minute stir, and run-off of the lower layer,

ThpaBixk e dRsIoRIPiBROTMeRY aenFentdiepfaioReil AS-SRintinmd wes
slQIg §dpie). threughue ks exoiadtiodpiCcdss PHerArasevBaisire fiieved] The
resithetheDoMo&h endtabshBd/elitmeref @ithiatenetians wmiubehamicTRECH.
Tictespdalussite MIS adlseonsday Ly asoer pht adjustediiomdia 5.0
tenBgLanhydmehiatieeit oM TGsahtionwasithenhasted:ta GREAnc
cSrHe\BRAZRMINGES PRNPDE B AN UGS LoiDHPLREHED SR ode o
02,8 wasaddehin the, B&Qt th&l 0"“:%% Fé"ﬁﬁ% %% 9(390,9,1-1%15‘9

re%o\?eﬁ é(;i QU f %tltraglorbt O? ﬁ%e” o (? aturl;aei agygg%s }%g[rlxocﬁl ide,
i a?uzfraa i AR KR RIGSR bR
%ﬂ% AN it %&% AuRlE SBHIERY HiBiets M?@@Q'a Lk @8 Fassr
rEG\RIMEIAD FrifARe 'Hé‘ﬁo@ Rt iar driibhetor8aéBHpar &, (k). 8.80 (2H, s,
Piyeréated. &istidperaidr. Ih&-dubpéridivn was heated to 65C ( 2C) over a
25 minute period ( 5 minutes) and was cooled to 20C ( 2C) over a 360
minute period ( 5 minutes) to yieldxaatad-free highly pure MTC as a blue
green solid. 30 AlternativglysnfibgigcamibiedopdilC aqueous layer was
pH adjusted tochehwerndphmaptiiriamperaine milawed to rise to
25C. The MTC was then crystallised out of solution by slow addition of

alyeRRlosicREld (h M) te rea RHE.'U 9 %eé!"?én?cf”e?tﬁd BY,
ey il

oaceeal I - e L G
NdrerigeaniyBR felioera. H”s‘t?%ﬁyvxfﬁé‘{ﬁ@ﬁ éﬂ&iamgéﬂ%%%f%%ﬁ‘%?&&x‘dawe
cqenbigstelliighirsitclionesiiadrasitaiptetprurh anv stderidevat faepption
ugingtserdoiifie d by sreapiciediativhishdasdunsalistieUbingpHiCh auipbics
tregboans fdsudiddyy ichBraengli fofmats ysrigedit bl 40rpiyssMEEpattrand
ushngamiagiveity coL9R G BUs hasedssppackitthairanalyses) Tthmpuarihdgiata7aoee
instweAtisss dmdheitfallavdngidabld mode (Hy)). Samples were prepared according
o the standard sample preparation profocol. 10 ppb rhodium was used as an interna)
standard. The data are summarized in the following table.
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WO 2006/032879 PCT/GB2005/003634 -83- Table 2 Organic Purity of
Synthesized and Purified MTC as Determined by HPLC Analysis MTC
C % Azure B % MVB % Others % Medex 94.22 5 i%%zi
“@l\%l%%@%ggges.eso 2.890.330.06 CM-pd-378b 98.53 1.29 0.14 bt
Notes: MedexTM: obtained from Medex Medical Export Co. Ltd. for
comparison purposes. CM-pd-378:"d%de MTC prepared according to

,GM,% : _G_p.r_g.pamd frnr*. crude MTC (CM-nd v 8 tre
with NapS %?% PBateldiwramheHridenttetbuihDeitat 0C ANHIRE a%r\gﬁf&ty

MR stallised-#m theé aqu layer! using HldpH 1); T = 10- 25yits o
Examplée 18 (##§YIthigninium Chloride! (ETC) Synthesis using Sodft#g)
Suiphide andBdn(lll) Chlorid@N,N-diethyl-p-pheénylenediamine -
(H2NCEHAN(CI82CHS)2, MV93E64.25] 40 g, 2400mmol) was 15 disssived
in@iethyl ethgr{&00 cm). Hyi@rpChioric acid (4% em3, 37%) was added.
TRETES ilirlggségudon was L(.ﬁl&(:‘lllrdl =d by rtgel.rolsevapor tiontogive

NN _diaetbyvdr-nhbhemdanadismine H H I A eatid
LA\l —UICT Ilyl My ICIIyI ,IICUIQLP I2C Ullly IUL;IIIUI asS d IIQIIL DTOVWIT SEHRTO

(51-76-g 10n /n\ 5H-(R50-M D20)-7-68 \2!4 m, ArH)-13-45-(4H—g-
7\@@;, NCH2) Y ﬁq (6H. t 7 (‘H?\ 20N N 2 hyl-p-phenylenedidmine
diffdroéhlorié {H2aNCeHANIEH2CHB)>2HC1 S 237,17, 57.76 P44
nipHol) was disédlved in waté#@200 cm). The P was adjusted to pid 1.6
ug€img 10% adudous HCI. A girtk colour was forhted, Sodium sulphidé@
(Na2S, MW 18204, 32 g, >6@%, 244 mmol) waszadded. A light yellow
SQHToN WIth g gfeen precipifgie was _formed BAGUEoUs Solution af
il@h(iii) (i iliUlilétBéleXdl yumtqdlsguo 6 AO, fv"nytB'(‘S_I'O.SO, 25987574365

r (A -} AA Q- addad-tah-the H Tharerrrac—man

muaal) a

i ';b'b ) te CO.FO'.f cha 1r1}n fnpm Thelmixty wnA%lelac’j'hnn jaa‘ed_‘gﬁf____‘

hotlJJr A Lm‘or? 1aqu(= NI qnl'plﬁon of iron(lll) (‘ﬁ?ﬁq‘ldp hexahydrate

(FeCI36H20, MW 270.30, 98.75 g, 365 mmol) in water (400 cma3) was

Ingsidiiionotied alawinessiTmenis Nt Ala s eleBie foseiere ARk fifewaEsnot
défiretetiinmthe higbiduetndd Wversidadt withivegtueinoHbefilneitovsadestikatddr 4o
sc@odium bhioide (e, NOWILEY, 8824000 |28t8amot), warsigohiled, tobimeium,
gddmirird hetniWigsprosium, hoimium, erbium, thulium, ytterbium, futetium, hafnium,
tantalum, thorium.

As can be seen from the data, Urolene Blue® exceeds (and in some cases, greaily
exceeds) the European safety limits for several metals, including Al, Cr, Fe, Cu, whereas
the high purity MTC product obtained using the methods described herein not only mest
thase standards, but have substantiaily lower levels of these and other metals.

Example 22
Analysis of Synthesized and Purified MTC

MTC was synthesiezed and purified according o the methods described herein,
The resulfing product was analysed for both organic and metal purity. The results are
summarised in the following Tables.



was stirred for 10 minutes. The colour changed to red/purple as a
precipitate was formed. The mixture was filtered and the solid residue
0 he solid was dissolved in dichloromethane (CH 1000
“% %&}(B@methanol (CH3O0OH, 100 cm3) and dried over magr%e%sjﬁicrﬁzgﬂ?fg
(MgSO4) The mixture was filtered, and the filtrate concentrated to 35 give
the product, ethylthioninium chloride 88TC) (MW 375.96, 4.28 g, 11.4

i mmal n on/) A \I\If'\ 2(\!’\&2/(\‘3’)(270 D[‘TI("D’)('\!'\EI(‘\(‘\O@Q/I

solid. 5H(250 M "MHz-D20): 7.35 ( (2H, ﬁ IR UWWNEH d, Ar
At AN B SR RS PR Ty SV

3634

/I_a nronn

6.86 (2H, s,

pﬁlyﬁzs
CMMB%D h&ﬁﬁ%ﬂ?&'%%rmé@" f érdel'%if%ﬁlo’?/e re@l\d@aﬁlrc n@hers % |
chidtidex'lisind, for exalple, an el@éaof 1L.0%h#éthanpl: J094 0.47

tictdaroRhedane withrgdica 40
Metnyﬂtplonml um Chigygde (DE

-63gdM7B0A. Exagiple 19 1,943iethyl 0.41
MT63 39 Synthesig using Sodigm SUIPHIGE

ang JEF0L CIMoHgs Ty ¥ g0 Emggaenc bottggtaskiwasg gued 5 o7
||||c: Hqiz\'ﬁm H4CH '%C: 13 '\'/"“ iyt e 166 O 82- 5||U| eth a6
/’I ?hm :\nhl oditim n::r ohate (I\‘!ga62vﬁ’2’ I\/I\I:?Igf\ OO Qil 111,

J.J. u.l.v

mmol) Methyl lodide (CH31, MW 141.94, 31.63 g, 222 mmol) was added
s[e 15 The mixture was then heated at 45C for 10 hours. The

(Drihadre wabtaiss dspiddederddpdicaiRyentGre Lilater (100cm) was
(Zhdeidlane BaiiViE Jais wRipdae guaedrenetpy tellets) eBIRINBOMGM)AAd the
Pextrecsiicie, fiwdinve$magnesium sulfate (MgSO4). The mixture was
(3hlFRdsamdine filinatls Goncirtiddtonts Tovedheproogiaty.
(ANDNrebethy EpRetiodanding o (BhHadNsy ot tiions: VNVOIASHEardies
follonddb I MRIsR 3%l @@ tiabsuisome Qibididralbr itz I3ty /o)

relchldsidn 4l ﬁ Eﬁas@i@é 7 Lid8urArkRy ghﬂ?x’r&‘@"&'&ﬁf%ﬁﬁ%}v &ﬁ (RtNacd: This

ng 'i%)d Eh?w@s %'F!ﬁ’ér G 8%‘51 E-} .ﬁi Hs%

fc§8 %%\V?Zv Eé 'g‘rr%: s%La%l roun d 61](')@?&% ﬁ % n c?IuaiLMTC
Shis R %%

8%H4CH20H3, W
149.23. 4.68 g..31.3 mmol), water (100 cm)..and hydrochloric acid (HCI,
8.5 cm3, 37%). The solution was cd@R# %o 5C. A solution of sodium nitrite
(NEND2 Avialy 5900 MeabGprasinamsalf Wiwdiem@esdrinviasnthersiadBieidces
dropwise. The mixture was stiriegrdpeshihasatsposntempetagire. [ron
filings (Fe, MW 55.85, 5.24 g, 94 mgwl) and hyclgochipric ad (HCT, 8,
Tm3 6("/0) were aocﬂid. e T TTEFFas S red §u at ToOMT {ETmpETalry

£ ALl ~f
I O ll%m I MATUTT WdAdS |||l."|cu dall lCu I II P Ul
t;\:ﬁv $b&éq ed to-nH-~ ||c~|nﬂ rﬁ |mdl§b\ﬁ§ﬁi\ a@z (NaHCO2)

1 ate (’Jl X R r‘m\

LL IS U/
solution nr‘? Bixtracted fnfn eth Lhe pt?rghlr{é .0
§ <0.03"7

efirachriRe BHER gver 10 <0.68 .3

e
lLacéeta

0.30

[S4]

NTP

<0.71

<0.30

<0.06

<Q.37

0.6

o

DJPS12a

<0.80

<0.21

<0.12

<0.38

<0.23

[&)]

DJPS13a

<0.80

<0.21

<0.12

<(.38

<0.23




10

15

magnesium sulfate (MgS04), The mixture was filtered and the filtrate
concentrated to yield a brown oil. The oil was dissolved in diethyl
ether/ethanol (1:1) (175 cm). 35 Hydrochloric acid (HCI, 5 cm3, 37%?] was
VRHEE & solution was filtered to give the product, PCT/GB2005/003634
N,N-dimethyl-m-ethyl-p-phenylenediamine dihydrochloride
((CH3)2NCGH4(CH2CH3)NH22HCi~I9F¥N 237.17, 4.44 g, 1.87 mmol, 60%)

ArH 3.29 (6H, s, NCH3), 2.7430%f (f"?"@“&‘ﬁ)lz 1.25 (3H, t, 7.5, CH3);
9 W%@B@@iﬂh‘%@m@sﬂmﬁ@v% #819 GAmMgcialBotroes
(ArC , 124.6 (ArC), 128.1 (ArC)EuB2& (G Mar3 el ONHA®g|ArC).

WO 2006/032879 PCT/@B20Pn/03634 -&n Cu Fe Mn
N,N-dimethyl-m-ethyl-pspbenylenegliiamine fehydrochiorid 100 10
(G FSTNE S aEEH _L,Hd)f\iHé.AHbi, ) Wé@?; et g ,g;"mmnui) was

wll.aa |

di?auwc\mgaé\gﬁﬁﬁ IU) Fhe was %ijg 1510 Luglé o /Mg gJ.L /u 20 17

agueays l—l("| A nlnk r\f\Q H-\Was rl [agal HHAR-SH Ta 'I\[\I

Z ur;:ﬁﬁo.gep B;ng% :.ffgc m'ml\ \Alﬁ% ac dn‘rri)g no. tm?wmp Ani?f‘%cﬁ us 5.2

sotution of BRI chlortt hexaifdrate (EHc93 6H2892MW 27$730.12.238
9.58.2 mRMiiPiRwvater (0Em3) was added tPhe middre. TheVe §vas ar0.07
iffmedidted”RBldar chante/to purples The mikitre wadthén aerdtdd for x0.07
hour. A second aqueous solution of iron(lll) chloride hexahydrate

Ndte Gzt 641 2{ichWY BéQiSRcor Brgit 8 hermabninbwaie ttSGramhwassfddads
pisiagdnixture. The solution was cooled to 5C. 10 The mixture was -

f||tered The residue was washed with water, The filtrate was collected.

@g %@Qggﬁu@%qu% s 0 SOl es AR R oo
i e eI o o

8 G DRSS e s

%%ﬁbﬁ%%ﬁﬁ@% SR wass?a@@éﬁaa %t cAorSiAhane
(CH2CH2, 100 cm3) and methanol (OH30H, 10 cm3) and dried over 15
magnesium sulfate (MgSO4) Théﬁﬂm&,@éﬁlas f||tered and the filtrate
concentrated to Aynalyss Oucifediidbhe hiodiggtsm chloride
(DEMTC) (MW 375.96, 0.15 g, O. 40 mmol 15%) as a green solid. bH

P10 ddtd 2022Q) e DBMZ H  pso Aidth) bt 2 BRirhra, cdwimherZ D24 12EL Sre shown in
tSGHIBNiFaI80(4E], Blveh Thdithe B9 RdfBrbnbe’ Suntibe, 2R iagh erlien
ﬁ;ﬁmm@wrmw?I%U@m%bmﬁaﬁ{eﬁgiéeaﬂe\fsﬂmm W European

ride olsinge M1 EramBln R0 pliea SLARYA Iiehanal: 90%
dlchloromethane with silica 40-63 pm 60A. Example 20 25

oD Keid

Ethydthioninium-Chioride (ETC) Zing-Chloride (Double-Salt) Synthe
usmg Manganese D|0X|de abls
HPL.C Analysis of Organic Constituents of MTC Samples
from Commercial Sources
# MTC Source MTC % Azure B % MVEB % Others %
1 Medex™ 94.22 | 5.20 011 047
2 Urolene Blue® 94.27 523 - 008 | 041
3 NTP 04.33 | 513 - 043 | 0.4t
4 Simpson 95,22 4.38 0.15 0.08
5 Martindaie 93.34 5.91 0.16 0.02
6 Garuda 83.72 5.74 0.12 0.09
7 Tianjin 91.15 7.52 0.21 0.28
8 Jonas 94.18 4.85 D.g2 0.06
-8 AMmrasco 94.69 473 0.10 0.11
10 MTCCRS | 96.06 | 3.59 0.0 | 008
11 Aldrich - 94.26 5.20 0.10 0.11




A stirred mixture of N,N-diethyl-p-phenylenediamine

((CH3CH2)NC9H4NH2, MW 164.25, 5.0 g, 30.4 mmol) in H20 (100 cm)

and sulfuric acid (H2SO4, concentrated, "98%", 1 cm) 30 was treated
W\ﬂﬁ?%@ﬁ?gaucing zinc chloride solution (ZnC12, MW 136.25?75882(3?%%}3634
mmol, in 15 cm3 of H20 with Na2Cr207.2H20, MW 298.00, 100 mg, 0.3
mmol) to produce a reddish reaction ¥flixture. Additions of a solution of
Al2(S04)3.16H20 (5.80 g, 9.2 mmol) in H20 (10 cm); a solution 35 of

ala 2 41Q 19

Mm..thio ate pentanhvara N\la 0 H20)  M\A

mmol&én H20 (10 cm;&; and one-tﬁﬁweo?a solution of sodium dichromate
diffdMRe RksE A3 derhSertaminanis iddT 8. S Bes S R i ereiel Bosirces
cm) were followed by a rapid risgurepesn Faaitnacaera@dimits Augdution of
N,N-diethylaniline (CH3G¥2)2NC6H& MW 14924, 3.0 g, Zh1 mmol) #b
concentrated HCI (4icm) ywas added, jtollowed by1add|tﬁon ofthe remainpg

sgdiumAigrEgTRae finydrate solution. AzgalicaRen RIGEpate was
A Tl + H P Y A

£ R | NP At "
TUITTTEU. Tel !irliiﬂipelc[tljlg @eb I IJI\Q | 'S ST L O, _y Off
arjti\vl Mggénnnnc d:o?drle (!\v nﬁ’)g'% \A@Qk’?h‘i;\zﬁlﬁ’ ’)Qg'?)'[gld 1.0

tad
peTICHISAE A5k 8d: 86 o 3 Qr?% 437 r?\h'%) i 138 cm) wak>
added. Thé\’tBPmpera ureﬁ%&é in rea%%anto 85 04% ixtu?%'%\?as Stirredi®
attthat te®ip@Eiure for 3 Mehutes. 2088 soluiBr¥vith preSipitate wag 05
observed=Bimtwemixture Was cooleddd 50C antPdBhcentrate@Gulfurictasid
(2S04, thedy was slewbgaddeds<d Be mixtur®v@as ¢ooled ® 20 C. hes
MXTUTE WataMgrcuum Teresl The Tegigkic was GoHgCiad, arglavashedyigs
bEne (SatulgHEd aquUEoUS SERtuTT Cigyge; NaCl) 4 4 e bltack esidue wags

e didealiad in llOVorn ama) o 1000 - Analad-toramnatanaoorat arl

|c9uu SorEL i rav; LJE/—&&JSQ} at .Lugb/ §UU Gt mremperatie aéé; 3
/ﬁ =Y y e.filtrate Wwaes tteated with lzine R
} le-Hitrate\was-treateg WHR-ZIRc—L

vacupm | reérﬁn remove-solubles; The
chloride %t‘(‘q —M 1'2??';55:40, i anl andsodium (‘ﬁ?ﬁ?#‘ip \Na("];
MW 58.44288%9. 0.4 mdtf-aRd left 5% 8nd in aRdfigenatorfor 16 houté:%s

The resulting precipitate was recovered by vacuum filtration, washed with
brine (saturated aqueous sodiliablehdemtdipuedCl, 30 cm3) and dried in a
VECBUWIS caraiyéer 3 Meta! toglamitheiprafdict SthyltkiofhdniudonehetideSources

(ETQ) zinc chloride [(double saltx{Mpépdrhitnacdridekl iHmOludi§%) as a
rustyrI5Ted powder: SHy250MHAZ, D20) E20 (2R o t CH3§: 350 (8ft,
br-e;1EH2) 6:86(21 -1 55Ph) 7-8g(2h g Ph) an]t“@'/.S) (2H-br; P.?‘
Example-21 -Quantitative Aralysis-et-Metals-20-Comparision-et-Obtained
Pt#nrl m’t\n\ms\n%cl%n Blue(r) IQlmnfifat'ﬁaﬁa%ggﬁ%n\é\l@gglrfnrmprl n.a
cdmmer >é;gtained §aﬁnplb of Bolene™!-25 269 92.2 <0.17
2 | Urolene Blue® | 1839 10.2 0.9 34.4 132 52
3 NTP 3.4 30.1 <1.0 202 58.7 .8
4 Simpson <24.9 82.2 <6.93 228.1 62.8 7.2
5 Martindale 161.0 175.1 76.4 1541 309.1 5.7
8 Garuda <24.9 85.2 | <6.83 2835 | 1018 | 658
7 Tianjin <24.9 250.6 198.8 | 643 | 1.8mg 11.2
8 Johas <24.9 3.0 204.2 708 L 272 | 841
@ | Amresco 27.2 1.0mg | <6.93 | 2761 | 981 8.0
10 MTC CRS 1.3 M4 | 26 ¢ 811 38.6 0.6
11 Aldrich <24.9 53.5 <6.83 2087 62.4 6.5

Note that “<" indicates the detection limit of instrument on the day that the analysis was
performed.

Note that all of the commercial products failed to meet the European Pharmacoposia (EP)
limits for copper. Maost fail for Chromium. Many fail for aluminium, zinc, and iron. Several
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Blue(r) as well as a sample of the high purity MTC product obtained using
the methods described herein. MTC ("Obtained Product") was obtained
kﬁ/ nitro%/Iation of 25 N,N-dimethylaniline, followed by nitrosyl reductionh

W i%)ﬁsﬂﬁf% 8fic acid formation, oxidative coupling, Cr(VI) redu&%ﬁ}?ﬁgﬁ]ﬁ@ 3634
hydrosulfite, ring closure, and chloride salt formation using cold NacCl.
This gave crude MTC, which was furfier purified by sodium sulphide

treatment, followed by chlgride salt formation using cold NaCJ. Apalysis
e el St N S SRR R R BN
PN AL ol G ORI AP IREELIE R WS HARRMBLEoPPe"
CEHEHEN LB R AR PSamples were prepared according to the
standard sample preparation protocol. 10 ppb rhodium was used as an
Notedhablagtitivtalty, Meddizenaisadmtrizdihentisefolung g aubkbe \WaBection
lin20 GO B28 VooRGd FABROASIQ0BGHEd Bibh Talls 8f DetgetshmEtirapaanand
stRafkiv éﬂ@tab@%béﬂ@{ﬁéleeﬁddﬁ(ﬁ)lﬁhtﬁmazﬁmdu@éddmiﬁs bioaies, (Meue)
ni6BRIY) FROAIIMYiSuHR 28R s 1AhHABrA 939100 AOY RO 343342 - V

0.94.6'10 As 0.22 0.9 <0.22 - Sr

PP R 38Rk St s mrsitth M08 tanol: QedBii® Riddutd?
hag Ci) g 5

o L

Prg:?’
% té 681 Pbh0.070.32.410 UO0.0105

<0,01 In addition ollowing elements were also detected in Urolene .
DRI SR TANE NAC SREEIER T SRR SR S oS T aLPUTRa v
taBﬁﬂg the methods described herein: scandium, bromine, yttrium,

niobium, palladium, lanthanum, neodymium, samarium, 5 gadolinium,

terbium, dysprosium, holmium, erbitgbietBulium, ytterbium, lutetium,
hafnium, tantalum, th®siuoes of Commercial MTC Samples

# Product

Grade; Batch

Source

1 Medex™

Methylene biue USP24;
Batch Ne. 030928

Medex Medical Export Co.,
Naseby, Northants, UK

2 | Urclene Blue®

Star Pharmaceuticals
formulation; NDC 0076-
0501-03; Lot 033787

Star Pharmaceuticals inc.,
Pompane Beach, Florida, USA

Methylene blug frihydrate, |

Sample from the National

RTI international, Research

. Batch No. 082002

3 NTP Toxicology Program Triangle Park, North Carolina,
{(NTP}; Sigma Baich No. USA
68H3728
. Methylene blue BP73; Simpseons UK Lid., Caldicot,
4 | Simpson

Gwent, UK

5 Mariindaie

injectable USP formuiation
{1% wiv) ; Lot 507585

Martindale. Pharmaceuticals,
Romford, Essex, UK

Methylene blue(Table XX),

Garuda Chemicals, Andheri

No, 0972B70

6| Garuda Batch No. 021222 (East), Mumbai, India
I . Tianjin Sanhuan Chemical
7 Tianjin Methylene blue, zinc free Co, Ltd., Tianjin, China
' Methylene blue, zinc free; | Jonas Chemical Corp., Brooklyn,
8 Jonas Batch No. 17040 NY, USA
Methylene blue, Reagent
9 Amresco grade; Code 0722; Batch Amresco inc., Ohio, USA
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As can be seen from the data, Urolene Blue(r) exceeds (and in some
cases, greatly exceeds) the European safety limits for several metals,

includiné;zAI, Cr, Fe, Cu, whereas 10 the high purity MTC product
Wbt ESing the methods described herein not only meetfh&&g2005/003634

standards, but have substantially lower levels of these and other metals.
Example 22 AnaIyS|s of Synthe5|zed @nd Purified MTC 15 MTC was

resulting product was analysed for bl gr anic and metaI purlty The
results are summarlsﬁﬁ'ifﬁstﬁéffﬁﬂdﬂm#@‘ﬁ*%T&8@\?@3’*?@06/032879
PCT/GB20OBE®M03684 -88-LTadseBsiCirganic Purity of Syntiesized and
Purified MTC DetermiviethiytibtiticnAnmabysis IMTC Source
Recrystallisation MTC %pAzeie BrS; \¥B % Othezerdpebietpxchial4ctte

5¢0 QFE GRS Erolene ﬁi#@i@b&aﬁ%&ﬂ 5.23 089t bt MIEN&O4EE M)
5.130.13 0.41 DJF 51%@ &Pt 1 96.87 3.07 thagbq,% FMS 13a

H2Q/HCI, pH 1 96.85 2.73 Q120,27 Notes: 1) MedexTM obtained from ‘
MWW%WW
sugar-coated tablets Mﬁ@%? gy Wg hargigeeuticrils, Elmtaal Co.
UsA. (C’-))’i\félF ifs an|mPet M fgfl%???qﬂ\éoNatlonal ToxieplogyBsogam.

(4) DIPS12a & DIRS13a art40T'@8btained by nitrosylation of
N,N-dimethylaniline, followed by nitrosyl reduction, thiosulphonic acid
formation, oxidative coupling, Cr(&tangiduiztion using hydrosulfite, ring
closure, and chloride salt formatipatitisisiChpslaCl. This 10 gave the
crude MTC, which was further purified by cold sodium sulphide treatment,

cloinved QYL ehwanly AR hencealiasidicHanysialisation EReRapasq
no resi uaI MTC salted out by NaCl for the samples DJPS12a and

g‘]grﬁqlg aé é é&ﬁé’ ée%a%t ca gulg ”é%‘ﬂ'rﬁ}%‘ S Or];ae'avlf %} ue waxy
om erc#a% C ean E? J) #‘a c’”n

el}l IW 1?:3 of the active subs an a, meth sonmi m chlori TClina

waxy suspenszon with Geluclre 44/14 ® (Lauroyt macrogol-32 glycerides PhEur, USP) as

the suspension vehicle and 2% Aerosil 200 ® (Colliodal Silicon Dioxide PhEur, USP) as a

thixotropic suspending agent.

Three strengths of capsule are manufactured with target strengths of 30, 80 and 100 mg.
A bulk mixture of 25% MTC (on anhydrous basis), 73% Gelucire, and 2% Aerosil 200 was
prepared and the dese controlled by variation in fill weight with the formulation
composition being constant for each dose.

Table 9 - Capsule Content
Name of . Quantity (per capsule)
. Function Refersnce
Ingredient 30 mg 80 mg 100 mg | Placebo
MTC Active Usp 30 60 100 0
Gelucire , PhEur . . .
sanse | Filler USP | 117 mg 234mg 390mg’ 300 mg
Aerosil Suspending | PhEur . . .
200® agent uspP 3mg 6 mg 10mg 0
* Nominally,

The capsiles were manufactured to cGMP by MW Encap Lid (also known as Encap Drug
Delivery), West Lothian, UK. A typical batch formula is shown in the following Table.
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10101110 # MTC Source Metal Content (ug/g) 1 Medex <0.65 <0.47
<0.12 <0.90 1.0 2 Urolene Blue(r) 1.0 0.30 <0.03 <0.68 0.3 3 NTP <0.71
<0.30 <0.06 <0.37 0.6 5 DJPS12a <0.80 <0.21 <0.12 <0.39 <0.23 6
WOAHEP3H 0,80 <0.21 <0.12 <0.39 <0.23 WO 2006/03287F CT/GBL005/003634
PCT/GB2005/003634 _89 Table 5 (continued) ICP-MS Analysis of Metal
Contaminants of MTC Samples from @ommercial Sources European
Pharmacgpgeia Limits(ua/ \ ALCrZn CuFe-Mn-100101010100.10 #
MTC Saurce Metal Con gh (Jgfo-{"f[mﬁ/ ﬁaﬁ?‘% (‘?%qéd 25269 92.2 <0117
2 Urol érfe Bfaisi#'1939 10.2 0.9 34.4 185i5MHO4aP 3.4 30.1 <1.0 202
58.7 0/4T6 DIPS12a <0.75 1.5 <1.05 P14 68 <0.07 6 DIPS13a <0.7b
1.4 <1 B8wD68443.82 <0.07 Note that B00ikdicates the detection limit pf
instrupp@ﬂf,gm@lumday that the analysi$ ygag performed. 5 Note that, unlike

the cmrg,gée{qgg,gg@g%gg%w By mﬁsgggbgna purified accordingto
the m é‘i’ @UCDLIIUUU heretrrhad-sth ﬁuﬂg 8&!&{ ls%t)luucu Ulgoum, ||||pun ty

|eve|c T‘{ d.&u Illel.a! !D‘IDIC "'hﬁf ara I gT T Iul 19 N AY I == I:III:tS 'FCF Cach G
the 1 ERIE }qu anmnln 23 10.An I\ Qthen ncr%?'nsprmnll\/ Availahle

MTC Products Purity data for a range of MTC products obtalned from
TeoRphsiaaonriss sterprowmale RS TolrwiRgda RRPEVER IR She ity

mikiste rereel. SUisshAe dseirpoed) fhiedativedP0 orgaairuallpsuierosit@Rftiangre
atiogslaed misghrdticha etidsirancdditsrag eneetithd Eundpeien vids degassed by
apihvinmacapaearafdEa)pstaimteds 18 nooppe s theh tomiferradiatite: GddPdrCeet

afRlypisalQgapereanstiENeTPbM tepSiastilpg Marniteormmargeadtin
caUISE G BT 4psauGRM File¥0aNd e 1B Gt MMB Y na&dtat frequent
intervais (approximately 30 minute intervals), The capsuies were then transferred to a
banding machine. A gelatin banding solution (geiatin in purified water) was prepared.
The capsules were banded on the banding machine with inspection on-line for bubbles
and incompiete seals. The capsules were then passed through a drying oven at 25 to
30°C.

The foregoing has described the principles, preferred embodiments, and modes of
operation of the present invention. However, the invention should not be construed as
fimied to the particular embodiments discussed. Instead, the above-described
embodiments should be regarded as illustrative rather than restrictive, and it should be
appreciated that variations may be mads in those embodiments by workers skilled in the
art without departing from the scope of the present invention as described herein.

The present invention is not limited to those embodiments that are encompassed by the
appended claims, which claims pertain to oniy some of many preferred aspecis and
embodiments of the invention.

REFERENCES

A number of patents and publications are cited above in order to more fully describe and
disciose the invention and the state of the art to which the invention pertains. Fuli
citations for these references are provided below. Each of these references is
incorporated herein by reference in its entirety into the present disclosure, to the same
extent as if each individual reference was specifically and individually indicated to be
incorporated by reference.
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1 Medex 94.22 5.20 0.11 0.47 2 Urolene Blue(r) 94.27 5.23 0.09 0.41 3

NTP 94.335.13 0.13 0.41 4 Simpson 95.22 4.38 0.15 0.06 5 Martindale

93.34 5.91 0.16 0.09 6 Garuda 93.72 5.74 0.12 0.09 7 Tianjin 91.15 7.52
WPHHDBEE Jonas 94.16 4.65 0.92 0.06 9 Amresco 94.69 £GBBRHFPF634

10 MTC CRS 96.06 3.59 0.09 0.08 11 Aldrich 94.26 5.20 0.10 0.11 WO

2006/032879 PCTIGB2005/003634 -®b- Table 7 ICP-MS Analysis of

Metal Contaminants of MTC Samples from Commercial Sources

B AR PrHfhae0poaY! hﬁﬁ%’f’ "grgﬁaﬂrﬁmé%ﬁ%ﬁ%ﬂwaélibei Feitgtoffe
MTCASUrEBaIERANED MB?\NH&@“ T RTeen A91eatisean Meremingroh Gegnan
2 UrotetenBiige (1§86.000bEehed BB Rare8B3I 8 NTP <0.71 <0.30 <0.06

BadiBZed, A\ S i8S6n, L3168 sr0rb6ex 01diB 3 Bla@I05pS, Mastindakb g8 Aithdlen
<0.03is022Ma5BENG SErusa 73658 <0.56 <0.49 <3.5 <2.05 7 Tianjin

BerhP8R0ARR T, 48658, 3stdilth 8 donmstrivleaBialhhppd)- 49stis 2isBiPS ABnalen
Amreggocrimi Baabr99.4% Sizy29p 10 MTC CRS <0.35 0.50 0.27 <0.54

B%rﬁm%érﬁlm t%é@ @ﬁeﬁ(?n‘%?efﬁe‘?h Rrbha ﬁ@é%g"mﬂgﬂﬁeg}glggn%n
Anal ygls gta g: %@ fMTC Samplés from Commercial
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oS Hiy R YA Z ) Fe M 100
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# MTC Source Metal Content (ug/g) 1 Medex 8.0 125 <1.25 269 92.2
<0.17 2 Urolene Blue(r) 1939 10.2 0.9 34.4 132 5.2 3 NTP 3.4 30.1<1.0
202 58.7 0.8 4 Simpson <24.9 82.2 <6.93 228.1 62.8 7.2 5 Martindale

WMR10P78H 76.4 1541 309.1 5.7 6 Garuda <24.9 85.2 <6.98FEERG005/003634
101.6 6,5 7 Tianjin <24.9 259.6 198.8 64.3 1.8 mg 11.2 8 Jonas <24.9
3.0204.270.527.26.1 9 Amresco 22%2-1.0 mg <6.93 276.1: 96.1 6.0 10
MTC CRS,1.331.42.661.138.60.6 11 Aldrich <24,9 53.5 <6.93 208.7

Véschils § Note! flad2inrisialsrddeseadh Trnfes IRGratiafasreantiony
that thEeEiPdREseHAtveDissasrmed Nt MetalionahE eohmalentipplication
produResfeakeat i miess tiffe G2(HoBEX pRishad dSpbBIZYER) limits for
copper. Most fail for Chromium. Many fail for aluminium, zinc, and iron.
Several WO 2006/032879 PCT/GB2005/003634 -91 fail for other metals,
such as nickel, tin, and lead. Many only just meet the EP limits for iron
and manganese. Urolene Blue(r) failed to meet the EP limits for each of
copper, chromium, aluminium, and iron. 5 Note that, additionally,
MedexTM contained both iodine and bromine above the detection limit;
and that Urolene Blue(r) also contained high levels of magnesium,
titanium, and strontium and levels above the detection limit for uranium,
scandium, bromine, yttrium, niobium, palladium, iodine, caesium,
lanthanum, cerium, neodymium, samarium, europium, gadolinium,
terbium, dysprosium, holmium, thulium, ytterbium, lutetium, 10 hafnium,
tantalum, tungsten, and thorium. Details regarding the MTC Samples from
Commercial Sources are set out in the following table. Table 8 Sources of
Commercial MTC Samples Product Grade; Batch Source 1 MedexTM
Methylene blue USP24; Medex Medical Export Co., Batch No. 030928
Naseby, Northants, UK Star Pharmaceuticals



2 Urolene Blue(r) formulation; NDC 0076- Star Pharmaceuticals Inc.,
Pompano Beach, Florida, USA 0501-03; Lot 033797 Methylene blue
trinydrate, Sample from the National RTI International, Research 3 NTP
Toxicology Program Triangle Park, North Carolina, (NTP); Sigma Batch
No. USA 68H3728 4 Simpson Mettfifiene blue BP73; Simpsons UK Ltd.,
Caldicot, Batch No. 092002 Gwent, UK 5 Martindale Injectable USP

formulation Martindale Pharmac . (1% w/v) ; Lot 507565 Romford,
sex UK da Meth Iene Tr%ble XX aruda Chemicals,
el %%g hich T‘%@gzj Sihyiens,
-s-{optionally
Iél%sﬂﬂfetf |§ ?’? lid lsaﬁ Hfipled 1o an

%@% szg tRfa QQ@s@thu%Hl%li QVB (BIRYLN B BAlEkt is
I\k&é&@ﬂ&é&cmﬁtd\@&e qng-hluacREagsDI-Ail-APMRSER AFFR)-E986tonally
Oga2stRatel)-pargsanihos.3- Qpiteotih s idetiQRIPSR QWX 2006/83A3Rne]-N, N-
PEIUBROOSAHOB684mOR- Table 8 Sources of Commercial MTC Samples
# Product Grade; Batch Sgurce Methylthioninium chloride Ph. Eur. CRS;

Cat. "European Directorate for the 10 MTC CRS-EP M1800900; Batch |
Quality of Medicines", ( M) (Chemlcal Reference Strasbourg, France
SubstanceRMetherne slyeArihyerate, Sigma- AIdrchR?:hemlcano., 11

Aldrich CaiM44R07; Bat%h Nog JLoole, Dorset, UK 05826CExample
24
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isolation and purification of zwitterionic intermediate (IAPOZ), in which said
[4-{2-(thiosulfate)-4-(disubstituied amino}-6-(optionally substituted)-phenyl-imino}-3-
(optionally substituted)-cyclohexa-2,5-dienylidene}-N,N-disubstituted ammonium, 8,
is isolated and purified;

ring closure (RC), in which said isolated and purified [4-{2-(thiosulfate)-4-
(disubstituted amino)-8-(optionally substituted)-phenyl-imino}-3-(optionally
substituted)-cyclohexa-2,5-dienyiidene]-N,N-disubstituted ammonium, 6, is subjected
to ring closure to give a 3,7-bis(disubstituted-amino)-1,9- (opt:onalty substituted)-
phenothiazin-5-ium sait, 7:

Ri
N\
RT’NA\\ ~ /R3NA — ?NA GNA
N ? E\f @
'IQTNB O:?:O R3NE TNB 3N8
g © 7 X@

further comprising, after said ring closure {(RC) step, the additional step of:

chioride salt formation (CSF), in which said 3,7-bis(disubstituted-amino)-1,8-
{optionally substituted)-phenocthiazin-5-ium salt, 7, is reacted with chioride, to give a
3,7-bis(disubstituted-amino)-1,9-(optionally substituted)-phenothiazin-5-ium chloride

salt, &
N
D
Y P RSNA s —r TNA /@: I\/il\ R3NA
N S NT
@ I I

E!QSNEE TNB @ SNB
7 xO 8 %?

2 R‘I



Preparation of Capsules 5 Gelatin capsules comprising MTC and suitable
for pharmaceutical use were prepared. The drug product was Size 1
blue/blue gelatin capsules containing a greenish/blue waxy material,
which is a mixture of the active substance, methylthioninium chloride
(MTC) in a waxy suspension with-GéRicire 44/14 0 (Lauroyl macrogol-32
glycerides PhEur, USP) as 10 the suspension vehicle and 2% Aerosil 200
0 (Colliodal Silicon Dioxide PhEur, USP) as a thixotropic suspending

ﬁé@tegé‘%%%?%{%”%g S R e PR OEba ot ) ey oSS e
i Cel nﬁdg%%a%rﬁef*ﬁ I%O&W%@f%iggm 8 S9580) 1.0

c 0 | .
cmu% for eg?:{ﬂ?d%@e%able 9 - Capsule ContentHNgarcr;i{Tc%nggﬁd%tyg(%\g?hlde’

capsulel:dpgRenhEwicionBeinmnas Sdldnedhang HOTmeiRiacshaikenyt;
MVEhG AaitiyeridER GQ,60100 0 44114 Gelucire Filler PhEur 117 mg*

234mg* Saoneg RIGENMyRA% B4rtieteRoAstiysibBasEntin R, Tmgtkenyl;
Ry IGregeaatddn sgkvit USP * Nominally. 20 The capsules were
manufac@BfePIRCG B B Vigitdeess deatiaralearsivicas EncliyDRagalkenyl;
DRI ERIPORNRLET StralYIUR Aty pical batch formula is shown in the

following 1361 B IBRIBISEHR P ERARRIGHSSEF 163 TariEiy
-Typical Batch Formula Raw Material Batch Quantify MTC 1.25 kg

Gelucire 44/14 (r) 5.00 kg Aerosil 200 (r) 100 g Size 1 capsules opaque

dark blue Min 20,000 Gelatin 1 kg (excess) Purified water 3 litres

(excess) The Gelucire was melted at approximately 65C and held at
approximately 65C in the



10.

M.

12,

13.

mixing vessel. The MTC (screened through a 600 pm sieve) and Aerosil
200 (r) were added and mixed until the mixture was homogeneous. The
mixture was degassed by 5 applying a vacuum for approximately 15
minutes and then transferred to the hopper (set at a temperature of
approximately 55C) of a capsule-fiidg-machine. Hard gelatin capsules
(from Capsugel) were filled and the target fill weight checked at frequent
intervals (approximately 30 minute intervals) The capsules were then

transf rred andl chine tln bandln solution ( elatl

8 gap%t % &ﬁ?&%@e%%%%‘&&a‘%r%?ﬁ@? or said
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bandmg mac |ns ctlon or? Fle for bubbles and incomplete
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embodiments, and modes of operation of the present invention. However,
thferateodioh sihowddinatberdiogstraad ase binitechtothe pavtietdar said isolation
eambigulinieat® disdusSkcitibistead, the above-described embodiments

should be regarded as illustrative rather than restrictive, and it should be
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disclose the invention and the state of the art to which the invention
pértagisod-ofl sitdtiesis foctheisg tefergpncessticapnevided betensit-asih ahg
thessuref@tEnetepiss hectrpuratetthessidibpaefiiente in its entirety into the
present disclosure, to the same extent as if each individual reference was

sﬁeem*@&ﬁy%ﬁmmwmwwéa@awewfﬁt%%bﬂa%a6 B FOMRY ISy,

ﬁol ng and
s%'é(é eﬂ%ﬁg @fg% g t@%q & oX| a Ve cou m
g (OC)
Gerr%tz[%n élg{a?g;nt N %??Egedlj @g{‘@ St;:ereln87$n§$nthsen

Augﬁéwﬁéﬁgmﬁme&éer@lwgww}ﬁr@l@k@H@f&ﬂ&%m%ﬁHﬁéﬂ'ﬁ@g&wen
Aralenl Ordar Chemie.iSpastms: Wilh 43st8Ring agent.

A method of synthesis according to claim 9, wherein said treatment to convert
residual Cr(Vi) to Cr(lll) is treatment with a hydrosulfite.

A method of synthesis according to claim 9, wherein said treatment to convert
residual Cr(V1} to Cr{iil) is treatment with sodium hydrosulfite.

A method of synthesis according to claim 9, wherein said treatment to convert
residual Cr(V1) to Cr{lil) is treatment with an alkanol.
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erkle,

sgﬁgﬁ,{/“éfﬁ,s C H., Eubel, J., Becker, K., Becher, H., Muller, 0.,

Zighndihcacttigkniie < KetyaiRy B E2RA3NSBHY IR RiHG APARiBTon in said
antinlesiat agenemedex Rerr Seg 1209 Faaction with an oxidizing agent that is

or comprises Na,Cr,O-.



20.

21.

22.

23.

24.

Wischik, C.M., et al., 1996, "Inhibition of Tau-Tau-Association," published
international (PCT) patent application publication number WO 96/30766
published 03 October 1996. WO 2006/032879 PCT/GB2005/003634 -95
Wischik, C.M., et al., 2002, "Materials and Methods Relating to Protein
Aggregation in Neurodegenerative #isease,” published international
(PCT) patent appllcatlon publlcatlon number WO 02/055720 publlshed 18

I QW@S@@ E$i% AN gg tﬁ'@%&ﬁﬁ%r in ?g pPHsing,
o yﬁ%i%%?% R .§-
Sz l% ? ossuﬁe r'% hﬁﬁl‘y&

eStRG i S% %gg 40 an N,N-disu stltu 30pt|

Su stltuted anlllne 5, usmg an OXIdIZIng agent thatis ogeomprises Cr(VI),
to give a [4-{2-(thioSH fate) -4-(disubstituted amino)-6-(op |ona\M
substltuted) phenyl-imino}3-(optionally
2,5-dienylidene]-N,N- distibsti ammonium, 6:
HZ 51 R3NB N R7NA\ R'![N AVYz~R3NANSN
SN R7NB | RT\NB O=S =0 R3NB O=S =0 OH O"8 isolation and
purification of ZWittegonic intermediate (IAPOZI), in Whlcia said

[4 {2-(thiosulfate)-4-(disubstituted amino)-6-(optionally

Qﬁg Hg%d%w D gﬁésﬁg‘%%%ﬁ&%%{jg whe%fé%s“aid reduct:on in s&ﬁsg;t;c()gy)/?

is |solated and purified; ring closure (RC), |n said |solated and
PArifiethé4-t2SfhinssidaiedAditdi sy Rt Y Amdnsir@=lantanaivn in said nitrosyl
suhsiftisedNphetyd-isinopa:(optidtaiyeducing agent that is or comprises metallic
surbstituted)-cyclohexa-2,5-dienylidene]-N,N-disubstituted ammonium, 6,

is subjected to ring closure to give a

34 med(@ib ahsyintieainATPRITIDDPatioPRE PlstiBshis ABdy. 22, wherein said
reduction in said nitrosyl reduction (NR) step is performed in under acidic conditions.

A method of synthesis according to any one of claims 20 to 23, further comprising,
before said nitrosyl reduction (NR) step, the additional step of:

nitrosylation (NOS), in which an N,N-disubstituted-3-optionally substituted
aniline, 1, is 4-nitrosylated to give said N,N-disubstituted-3-optionally substituted-4-
nitrosyl aniline, 2;
9
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25.
26.

27.

28.
29.
30.

31.

phenothiazin-5-ium salt, 7: RO R'"R9R' NN, b/R7N\\(\\/R3NA R7NA
\(SR3ANANSSNONSNR7NB O=S=U R3NB R7NB R3NB 6 O 7 XO

. further comprising, after said ring closure (RC) step, the additional step of:

chloride salt formation (CSF), in which said

3,7-bis(disubstituted-amino)-1,9- (oplidrally

substituted)-phenothiazin-5-ium salt, 7, is reacted with chloride, to give a
3ﬁ%@@%85§mméﬁ%ﬂ$ﬁ%wm@t?dé@iﬁhaﬂwhefe‘n said nitrosylation is performed
stBSGaEH) Bhenothiazin-5-ium chloride salt, 8 RRR R N//CI R7NA\

R3NA R7NAN S N/R3NA ~J: X, N S N.R7NB O. R3NB R7NB R3NB 7 XS
o O NS SN Rl KRS S AT o e

stuesfjr,‘qhaesg ditional es'tep of: sulphide treatment (ST), in which said

34 hiskdigPshitnedrantanih Prd QR IRRIV claims 24 to 26, wherein said
suhssdpiRdhph saethiseinhderehleddadnaihg, is treated with a sulphide;

wherein: each of R' and R9 is independently selected from: -H; C14alkyl;
C2_4alkenyl; and halogenated C1.galkyl; each of R3NA and R3NG6 is
independently selected from: C1.4alkyl; C24alkenyl; and halogenated
CAsegilpded sty shRINACeRTdIRD B RNindepehaaing ddréfediieigin the chioride
cusethikyiaie shiggfe Rl feirpHan e aisdhrdrorilayic 25t X is one or

more anioni¢ counter ions to.achieve.electrical neutrality. -97- . )
A method o syn%wesirs according to claim%%, wﬁereem c one salt formation (CSF) is

performed at a relatively low pH of 0 to 2.

A method of synthesis according to claim 28 or 29, wherein chloride salt formation
(CSF) is performed at a relatively cool temperature of 20 to 30°C.

A method of synthesis according to any one of claims 1 to 27, wherein said chloride
used in said chloride salt formation (CSF) is sodium chloride.



32.

33.

34.

35.

2. A method of synthesis according to claim 1, wherein said oxidizing
agent for said oxidative coupling (OC) step is Na2Cr207. 3. A method of
synthesis according to claim 1 or 2, wherein said oxidative coupling (OC)
step is performed under acidic conditions. 4. A method of synthesis
according to any one of claims 1 te B}Wwherein said isolation and
purification is by filtration. 5. A method of synthesis according to any one
of clalms 1 to 3, wherein said |solat|on and purlflcatlon |s by filtration

By [ PYEHIRE S AN frfopiaipg Y aRiPBrRagrsulphide
clléﬁﬁ%"lst ﬁ’g\ RS ?ﬁ[ﬁgg is by filtration

fol elho yO ; C ¥ r i
Aoy 3 f‘a‘ﬁ%% B I

by treatment with Cu(l ) sulfate 8 A method of synthesis accordlng to any
openpitslainsslindsivhereimisaid HRg oslost (RS serBisvpertaineghide
undemeaidiSTPRAMGDENEd Atraathaseaitayntiesis astording to any one of
claims 1 to 8, further comprising, following said oxidative coupling (OC)
steprethddorbeptiiresisaidcissiagde and opadficiaiomn dfte\diterestien the sulphide
irfteatieena (S [lAPes7yrstes ae ridafidifal 3tep of: Cr(VI) Reduction (CR), '
in which the product of the oxidative coupling (OC) step is treated to
convert residual Cr(VI) to Cr(lll). 10. A method of synthesis according to
claim 9, wherein said treatment to convert residual Cr(VI) to Cr(lll) is
treatment with a reducing agent. 11. A method of synthesis according to
claim 9, wherein said treatment to convert residual Cr(VI) to Cr(lll) is
treatment with a hydrosulfite. 12. A method of synthesis according to claim
9, wherein said treatment to convert residual Cr(VI) to Cr(lll) is treatment
with sodium hydrosulfite. 13. A method of synthesis according to claim 9,
wherein said treatment to convert residual Cr(VI) to Cr(lll) is treatment
with an alkanol. -98- 14. A method of synthesis according to claim 9,
wherein said treatment to convert residual Cr(VI) to Cr(lll) is treatment
with an iodide. 15. A method of synthesis according to claim 9, wherein
said treatment to convert residual Cr(VI) to Cr(lll) is treatment with an
acid or a base to achieve a pH of 5.70 to 6.35. 16. A method of synthesis
according to any one of claims 1 to 15, further comprising, before said
oxidative coupling (OC) step, the additional step of:



36.

37.

38.

39.

thiosulfonic acid formation (TSAF), in which an

N,N-disubstituted-1,4-diamino- 5-optionally substituted benzene, 3, is

oxidized in the presence of a thiosulfate to give said thiosulfuric acid
S-{2-(amino)-3-(optionally substituted)-5-(disubstituted- amino)-phenyl}

ester, 4: RO R NH2 S2.03-2 NA NH®Z R"~N RN /S R7Ne R7NB p-S-p

34 H 17. A method of synthesis according to claim 16, wherein said
tHiodelzed ff syibasisrirecoriiag Soayy. o K ARIAB 5 3niwilags comprising the
aéé@?&ﬁf@‘-‘fﬁ %%W‘PTB‘ Eﬁefﬁfwhereln sald oxidation jn said thlosulfonlc

id fgl’grg? %ﬁg W% &ﬁ)r,@ %Eg I&JE%’EO&%SO Lil?n or

ens&on
e said OXI |on In s hIOSU on|c matlon AF) step is

b)é\fﬁ@ﬁﬁwc}ﬁl%ﬂ{é%'gb’d&%@%u&% % %ﬁ‘é}@ﬁré%%d}@%@%@\kn?%
ZQ,ﬁgwmgmqggglmpr ing to any one of claims 16 to 19, further
comprising, before said thiosulfonic acid formation (TSAF) step, the
additieshatisté pyathaiirosydosiugtorr(iNete of whicls dric 37, wherein the treatment
NyhidsubstiniedeBaptionalty sgbsiitetdtctomtiOby lapdie N dstesaliveddusing a
torforatity sitiaNgNot St st RIgaiie gobi@mtino-5- optionally substituted

benzene, 3: R9 R9 5-1 NO / NI-12 R7NA\\ -- R7TNA\N \ R7NB R7NB 2 3

2 MethoghBHYP goaéeara nga%%”\ﬁlﬁéf’eﬁ? wherel E"Wqﬁ
SRS o LB B B e S R SR S o
|s or comprlses Fe(O). 22 A method of synthesis according to claim 20,
wherein said reduction in said nitrosyl reduction (NR) step is by reaction

with a reducing agent that is or comprises metallic iron. 23. A method of
synthesis according to any one of claims 20 to 22, wherein said



40.

41.

42.

43.

44,

45,

48,

47.

reduction in said nitrosyl reduction (NR) step is performed in under acidic
conditions. 24. A method of synthesis according to any one of claims 20

to 23, further comprising, before said nitrosyl reduction (NR) step, the
additional step of: nitrosylation (NOS), in which an
N,N-disubstituted-3-optionally subsfifited aniline, 1, is 4-nitrosylated to

give said N,N-disubstituted-3-optionally substituted-4- nitros%l aniline, 2;

R Reid oRthesis RECOTEING o7aly YN Aams| b 98, WhRTEIRdE 71
s%mﬁa%ﬁ&%w Eg@%w&w B ERRIFRRGSANROR TsRFERBRRR 4! @

u Hﬁ’%‘“ﬁi‘r‘fﬁe?fz’%?”A thod of synthesis according to claim 24, wherein
said_nitrosylation,i f [ ' itri o
R T et L
nitrosylalien s Derigemadhungdenasiia rondiinngisdBshiuretbamel-1 o-
sysphesis RecREaine: A0 BBABMRBhCEAIING chierdié, sahegeis i ehinide.

used in said chloride salt formation (CSF) is hydrochloric acid. 29. A
miethethod syriindsisiaeccordiipt claim 28, wineesinselt oeidy Salisatiomnaiton -
(GSF)sislisationrfronh ataercthivielptivelvptedtenyeraBoe Afrhéerid Gy adjusting
s{atidie adekrtively towaihP28 & 39, wherein chloride salt formation

(CSF) is performed at a relatively cool temperature of 20 to B?C. 3?.. A
n%iﬁ&@’%%ﬁﬂﬁ@%ﬁ'é@&&%ﬂ@t SR8 A6 o BRI e P P R EPEIRRp rature
chiortd® d in said chloride salt formation (CSF) is sodium chloride.

“J0 P AFEACAE SYURGSISECRARIRG (0rRRY AR OLGRINS chiPidhperature
whegginssdasulphide used in Said sulphide treatment (ST) is a metal

sulphide. 33. A method of synthesis according to claim 32, wherein said
sulphigieodssid jntaaids sulphitie tealiment (STodmeodilm sl phiskeirdtheAelatively
methell &f 8yathesis according to any one of claims 1 to 33, wherein

sulphide treatment (ST) is performed at a temperature of 5 to 15C. 35. A
miethethot sfsiiskesiaaserifioot any ene of elkints4E fo 44, Winspirhpgelatively
siﬂ’&?hitﬁ’éis about 1.

A method of synthesis according to claim 41, wherein said recrystallisation is
recrystallisation from water at an initial elevated temperature, in the presence of a
chioride.



48.

treatment (ST) is performed at a pH of 9 to 12. -102- 36. A method of
synthesis according to any one of claims 1 to 35, further comprising the
subsequent additional step of: organic extraction (OE), in which said
3,7-bis(disubstituted-amino)-1,9- (optionally
substituted)-phenothiazin-5-ium chlb@idle salt, 8, in aqueous solution or
suspension, is treated with (e.g., washed with) an organic solvent. 37. A
e Rt &t @Wﬁﬁ’ﬁé&'ﬁé‘éé@ @P{:faﬁm Beansing dagoeinpaAlicisokdsht is

ichlorofEPRAREQE Nl Batbfe
o e el o aﬂpapaﬁ% it

i alﬁyo?aanlc éxtraction (OE) is performed iteratively u%mg a plurality of
aliquots of the organi solvent. 39. A method of synthesis according to any
one of claims 1 to 38, wherein, in said organic extractioaOE Sthe
agueous solution e@ pension of salt, 8, hasRaNpH of12. - 103 40.
A method %Psy& ccording to any one of claimig 1Y 39, wherein, in
said organic ex;tractlon (OE), the treatment with anprganic solvent is
performed at a Ftemp rature of 5 to 15C. 41. A method of synthesis
according to any one‘of claims 1 to 40, further comprlsmé the additional
gnalbsteg] ot rec stalllsat n (R i Wh r\]s%%gubstituted 3-optionally substituted-

47 2 zs red ciL {0 f:ﬁ&? isubstituted- 1 4-diamino-3-

ol {0t aIN g ISrecrys ah’lseaa 215 X

eB ﬁ{b‘?é'a Be W& €S y
m i syn heS|s accor ng to claim 41, wherein saldF{gecrystalllsatlon
is recrystallisation f dm water at a relatively cool temperture of 2 to 40C
by adjusting the p e
synthesis agcordi
10 to 30CR44~p-methe '
relatively cool teqperature is about 25C. 45. A megred of synthe5|s
according to anfy one,of claims 42 to 44, wherein the relagively low pH is 0
to 2. 46. A method o synthe5|s according to any one of ¢laims 42 to 44,

WherelntWe ! aa:t'all\ée rﬁﬂ IS g?q@ !#ZNA W%O& tptu%ed 1,4-diamino-
3%08;591)@%19 &%@t ﬁE%HL.S 'S cy %%} IR 8?):'§sence of a thicsulfate to

give said thiosulfuric ac:d S-{2-(amino)-3-(optionally substituted)-5-(disubstituted-
amino)-phenyl} ester, 4.

R’ R

NH
NH2 8203‘2 @E 2
TNA
TNA RN

| T
_ R?NB O:?:O

3 4 o0

oxidative coupling (OC), in which a thiosulfuric acid S-{2-(amino}-3-(optionally
substituted)-5-(disubstituted amino)-phenyi} ester, 4, is oxidatively coupled to an
N,N-disubstituted-3-optionaily substituted-aniiine, 5, using an oxidizing agent that is
or comprises Cr(V]), to give a [4-{2-(thiosulfate)-4-(disubstituted amino)-6-(optionally
substituted)-phenyl-imino}-3-(optionaily substituted)-cyclohexa-2,5-dienyiidene]-N,N-
disubstituted ammonium, 6:

9

;EQ?NS



recrystallisation from water at an initial elevated temperature, in the
presence of a chloride. -104- 48. A method of synthesis according to
claim 1, comprising the steps of, in order: nitrosylation (NOS), in which an
N,N-disubstituted-3-optionally substituted aniline, 1, is 4-nitrosylated to
give said N,N-disubstituted-3-optieri@¥¥y-substituted-4- nitrosyl aniline, 2:
R9 R9 NO R7NB | R7NfV N R7N8 R7N8 1 2 nitrosyl reduction (NR), in
which an N,N-disubstitute 3 optlonally substltuted 4- nltrosyl aniline, 2, is
reduced to form said N,
substituted benzene 3: 9 NQ/ NHZ R7N \~- R7NN N 7NB R7NB
R23 thio§ llifonic acid fewrati n‘i‘TSAF) in which aB
titutenaH] ,4- dlaglno [§N9ptlonally substit

og{gized @ presence a thosulfate to Qgive sa cid _.ua
8§ 3~optionally substituted)- 5-(%|sﬁb;s tuted- @in TheRy

ester, ;4 R9 /NHZ SZ03 2/ INARNLIRN S é\l_ISBgNB R
0-S=B'34 O%Nyzo -é

4 6 @

Cr(Vl) Reduction (CR), in which the product of the oxidative coupimg (0OC)
step is treated to convert residual Cr(V1} to Cr(HI).

isolation and purification of zwitterionic intermediate (JAPOZI), in which said
[4-{2-(thiosulfate)-4-(disubstituted amino)-6-(optionally substituted)-phenyl-imino}-3-
(optionally substituted)-cyclohexa-2,5-dienylidene]-N,N-disubstituted ammonium, 6,
is isolated and purified: '

ring closure (RC), in which said isolated and purified [4-{2-(thiosulfate)-4-
(disubstituted amino)-6-(optionally substituted)-phenyl-imino}-3-(optionally
substituted)-cyclohexa-2,5-dienylidene]-N,N-disubstituted ammonium, 8, is subjecied
to ring closure to give a 3,7-bis(disubstituted-amino)-1,9-(optionally substituted)-
phenothiazin-5-ium satlt, 7:

R
N\ ‘
R S - G A R™MA_ RINA
N s | N
| TNB 3NB

g © 7X®

chloride salt formation (CSF), in which said 3,7-bis(disubstituted-amino)-1,9-
{optionally substituted)-phenothiazin-5-ium salt, 7, is reacted with chloride, to give a
3,7-bis(disubstituted-amino)-1,9-{optionally substituted)-phencthiazin-5-ium chloride
salt 8:

\
TNA SNA —_— B TNA SNA
TNB 3NB 7NB BNB

7><® 8®

sulphide treatment (ST), in which said 3,7—bis(disubststuted amino)-1,9-
(optionally substituted)-phenothiazin-5-ium chloride salt, 8, is treated with a sulphide;



49.

50.

51.

oxidative coupling (OC), in which a thiosulfuric acid
S-{2-(amino)-3-(optionally substituted)-5-(disubstituted amino)-phenyl}
ester, 4, is oxidatively coupled to an N,N-disubstituted-3-optionally
substituted-aniline, 5, using an oxidizing agent that is or comprises Cr(VI),
to give a [4-{2-(thiosulfate)-4-(disubstifited amino)-6-(optionally
substituted)-phenyl- |m|no} 3- (optlonally

substituR@pepasHasien Kby RNENG- GRS tatraBiam! 8:
-18BU9R Y F\TJ&UWQ) H‘QW“H@@&EN‘B %I*Rﬂ@e/sa“\% JR?WBOR%BN‘@% or

P e e

purlflcatlon of Zwitterionic

mtermet@g&% GP@%B AP WhigH 6}1@%@&'@3‘*@?)14 @isyfstitetedikenyt;
aBiaMaRrdenteaadly sustituted)-phenyl-imino}-3 (optionally
substituteghnayarshesaLE irnytidpaetdidy-dissdstitited: @anBRIuD). Sikeny;
isasolabéeh amatealibiigalkying closure (RC), in which said isolated and

purified pa¢R-¢fRO%uUHateR A2 (disdbsttutent arearta: foptioBalgikyl; Cx.alkenyl;
s@hsthateasnstrch (-t} Bdoptionally

substitutddy-25e IeheRas 28R iEnsAdife|oRENCHRS ISR Gleet HRAMEHIAYY 6,

; S:(LLJ,B,b (Elﬂ d é?f{%%f%ﬁ%g% It\égﬂaﬁgﬁgﬁy\glaggﬂﬂﬁg& organic solvent is

pheno Boina 9 R' /N R7NA\R3NA -- R7TNA\R NSN

SNAR Y bt 05 RcO BB BINBRING 6,486 Giahaddesalbion is
foﬁéﬁﬂ&@é]b@@ P flERVRiRRrSAId EETW&%@%M@%%‘B@X‘@@ 'Bj}‘%w}hstmg
suksiiyieRRethirgiE-bim galt, 7, is reacted with chloride, to give a

A method of synthesis according to any one of claims 41 to 50, wherein said
recrystallisation includes subsequent drying of the recrystallised precipitate.



52.

3,7-bis(disubstituted-amino)-1,9-(optionally
substituted)-phenothiazin-5-ium chloride salt, 8: 9 R'R R /N~\CIN 1: :
R7NA\R3NN R7N\N\ (S NR3Nn NS N R7NB R3NB R7NB O R3NB 7
XO 6 0 ClI sulphide treatment (ST), in which said
3,7-bis(disubstituted-amino)-1,9- (eptidnally
substituted)-phenothiazin-5-ium chloride salt, 8, is treated with a sulphide;
-106- organic extraction (OE), in which said
3%}5@@§w§{m@mmw§2@wtmwnd of the following formula:
substituted)-phenjothiazin-5-iugn chloride,salt, 8, in‘aqueous solution or
suspension, is treated with (e.g., wash with) an grganic solvent;
recrystallisation (RX), in whiet his(disubstituted-amino)-1,9
(optionally substi Lged) phe N chlc%:\dee saﬁt [

recrystallised; w ereinNsach-6f Rsand-&o T ep ndently selected from:
-H; C1.4alkyl; C2 4a|keté!ynb;a an alogenatquﬁiA lkyl; each of R3NA and
R3NB is independently selected from: C1.4alkyl; C2.4alkenyl; and
hatbgemated C1. 4a|ky| each of R7NA and R7NB is independently

-~ selectedefremefdy, aafk @Man@wiﬂntfamlﬁm@@érnatedic@malm Gnalkeny!;

|S%ﬁ@’§l°ﬂﬁﬁ%t Qter ions to achieve electrical neutrality. 49. A
methad aﬁgz r? :% d.rfa K eReRARIN RIS IR IR (gaifit Wofverdtieny!
dlﬂﬂ 8#?1%? 3% ?El [2, DCM). 50. A method of synthesis according to
claim 48 or 49, wherein said recrystallisation is recrystallisation from

water at a relatively cool temperature of 10 to 30C by adjusting the pH to

a relatively low pH of 0 to 2. 51. A method of synthesis according to any

one of claims 41 to 50, wherein said recrystallisation includes subsequent
drying of the recrystallised precipitate. -107- 52. A high purity
diaminophenothiazinium compound of the following formula: R9 R R3NA



53.

54.

55.

56.

R7NAN \\s NI N X O R7NB O R3NB wherein: each of R' and R9 is
independently selected from: -H; C1_4alkyl; C2.4alkenyl; and
halogenated C1.4alkyl; each of RINA and R3NB is independently selected
from: Cl4alkyl; C2,4alkenyl; and halogenated C1.4alkyl; -108- each of
R7NA and R7NB is independently-seélgcted from: C14alkyl; C24alkenyl;
and halog7 enated Cl ,alkyl; and X is one or more anionic counter ions to

aehivef é’iectﬁ@dl%eutﬁaﬁ@ﬁRﬁ@@@@b@&fﬁéﬂl@l@ 9ra: rethibd; SFaftRBYisand

' aBé‘ e &ny %’ﬂé @MElaims 1 to 51 and that is characterised by one

Sﬁymﬁ e %%&%fﬁ? 4 gl ag\%%sﬁifgaﬂ&:;% am%&“

purlij e]ied' r S%Q%QR%’@@?COpOGIa limits. 53. A high
purity dl%’g nd of the following formula (MTC)

that is obggmlg}e@y%%b%%&m esis according to any one of claims
110 51: 4 PaiiMesGliryMedanana-d atis sbarautariaacdpyaaer) limits.
more of the following: having a purity of greater than 98%; less than 2%
Azunig Brasifypamiyo dessothazifid3oednBytag whihrfylannglémentaldiTC)
ptirayivehiainabie tyeaFuetnsel Pridhesieopoeiditg M anvirnesd cringh to 51:
purity diaminophenothiazinium compound accordiny to claim 52 or 53,
having a purity of greater #ran-98%: A high purjty
diaminophenothiazigigm coqpound ¢ ling ig.any eneof claims 52 to
54, having less than 298/Azure %:fs impsurityN56. A high purity
diaminophenothiaziniurgggompound accordingeto any one of claims 52 to

55, having less than 0.13% MBV as impurity. -109-
and that is characterised by one or more of the following:
having a purity of greater than 98%,
less than 2% Azure B as impurity;
less than 0.13% MBV as impurity;
an elementals purity better than the European Pharmacopoeia (EP) limits.

A high purity diaminophenothiazinium compound according to claim 52 or 53, having
a purity of greater than 98%.

A high purity diaminophenothiazinium compound according to any one of claims 52
to 54, having less than 2% Azure B as impurity.

A high purity diaminophenothiazinium compound according to any one of claims 52
to 55, having less than 0.13% MBV as impurity.



57. A high purity diaminophenothiazinium compound according to any one
of claims 52 to 56, having an elementals purity better than the European
Pharmacopoeia (EP) limits. 58. A pharmaceutical tablet or capsule
comprising 20 to 300 mg of a high purity diaminophenothiazinium
compound according to any one of ¢l2ms 52 to 57, and a
pharmaceutically acceptable carrier, diluent, or excipient. 59. A
pharmaceutical tablet or capsule comprlsmg 30 to 200 mg of a high purity
57 giarkipi pHEWSHAZUARE SCEREHY RPSPIFIBALAB AR SiEIMs 52
t0 56 é*?vawoaa PARRREEBIRE 8&3&56&? GRS GERIMACEReRITRIR S OTAS:
high purity diaminophenothiazinium compound according to any one of
claims 52 to 57, for use in a method of treatment of the human or animal
body by therapy. 61. A high purity diaminophenothiazinium compound
58. aQCAHANGamaPReief slaps a2 ciinpfisieg paadseomaiied Alghaatment
obminadphastenialpipraiozeRlaiseaserohthe Atynde of aaimebhadsbyand a
theirapya2utidaiiy haoapityttbarairiep kidnethiaziexsipi@dmpound according to
any one of claims 52 to 57, for use in a method of treatment of a
59.  taRiopamiariAinanrire diseariiENekFIng atcer 205k eheahipfe patitis
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tagopatiyy, A e pesta i Ae(EAEN: SN fan el gRRofiapaliisde of the
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60.

83. Use of a high purity diaminophenocthiazinium compound according to any one of
claims 52 to 57, for the manufacture of a medicament for the treatment of a viral,
bacterial or protozoal disease.

64. Use of a high purity diaminophenothiazinium compound according to any one of
claims 52 to 57, for the manufacture of a medicament for the treatment of a
tauopathy, Alzheimer’s disease {AD), skin cancer, melanoma, Hepatitis C, HIV or
Woest Nile virus.



65.

66.

-110 -
A method of inactivating a pathogen in sample comprising introducing into the
sample a high purity diaminophenothiazinium compound according to any one of
claims 52 to 57, and exposing the sample {o light.

A method according to claim 65, wherein the sample is a blood or plasma sample.



