10

15

20

25

30

35

40

WD 2006/ 032879 PCT/ GB2005/ 003634 -1 METHODS OF
CHEM CAL SYNTHESI S AND PURI FI CATI ON OF

WO@RAMOMBPHENOTHI AZI Nl UM COVPOUNDS | NCLUDI NG PCT/GB2005/003634
METHYLTHI ONI Nl UM CHLORI DE (MIC) 5 RELATED APPLI CATI ONS
This application is relatedsto: United Ki ngdom patent
application GB 0421234.6 fi?ed 23 Septenber 2004,

Uni t ed K nodom-natanic APSY i faE S @A FUIRBRIRHON OF ed
17 February —20 T Eé_lalﬂlé? 'gg"ﬁﬁgkgca&bon

U0, 1
PCT/ GB2005/ (BAMINORH

contents IICLAIDINGMERHYETHIONINAM CHAORIDE MG n by
reference in their entirety. TECHNI CAL FI ELD Thi s
i nvention pertains Eal t dield of chem cal
synthesis and puri %ﬁ%&%‘gﬁf@—mre specifically
to nmethods of synthesizing and purifying certain i
This Aplicatiemismelatqahtendnitidaingdan paienicanpiealiedCR P42 33A&Ied
23 58 FHb%r 9604; UrikBl W&_@Mdférﬂégﬂicgﬂm GBr5asads 5 filed 17 February
2008; IntgAga '%gg%egy%u_egw PR ERD054/66344Nfed £ 8RN ERPRADS, the

_ r e present 1.nvention also
conteyts ohalhef which A ineasppreieddierein g ety ' DeRsatTaNs
conpositions conprising them(e.g., tablets,

capsul es), and their pseHNICAEEIEQDS of inactivating 20
pat hogens, and net hods of nedical treatnent and

di agnosi s, etc., for ex e, .for tayopathies, . .

This Aaventiompertangigeriesally tp maf?e‘?iaﬁ Ghepugal 8¥“f{h%é? a%%%:f'ceﬁ'%“aﬁnd
morélbsesifvally toraetheds af synthiesiging @od aHtlingedaibal 7 diastiaes .
pheWFﬁi—g’(m c%o&hﬂ@@@%ﬂ%ﬁ %Uiaéilnsa&édiafngmieﬁgmiazinﬁm .

LNGE EALNG , 8DY MasRAiBnidUmChid e (IFC) YR58 RRowm 8s MetHyRehe Blue).
com S I . h
e e L i M. ppators
combesing thens (eomdtablets, wppsulesheandribeiugsedn nagthedssefdpasvating
patﬂogéﬁ% @hd %etﬁiéc%_tbf%eonﬁaweatn@ﬁt Arief dHEETOSis) etcstf«ta'pmgarrmﬂ, for

n . X | lyi bacterial
iy S04 3 Pl ) ) o i e,
disegses @rhipolpzoRlizg?8€$f i cati on and any appended cl ai ns,

the singular forns "a," "an," and "the" include

plural referents unl esgAdKGROUNEXt clearly dictates
ot herwi se. Thus, for exanple, reference to "a

pharmaceutical carrier" includes mxtures gf
Threyghat taissperifieation; BFIYding agY PRI Wiugh ¥°38Wg,%@e%ﬁ_‘§g§?¥@’ﬁt
requipcsotissswisehtteaiard Seonfnrisen” and variatiopn suGhaas IcETIPEPESy ANdje,
“corAPYiY,” Wit bedl@istoodad ahpig theraclisionibia statddintegeth@rstapuatgroup
of irg?g{)e%] gﬁ%tlegﬁ BAPhEIRE gfclm cffearny %ﬂ%? girté%aéﬂtor sf2pl g dfsup of integers

e particular value an o the other
orsggRsti cul ar value. Simlarly, when values 40 are
expressed as approxi mati ons, by the use of the

It mABLIREHEMhat, 23QsEd In the spkdificakion andlenysapmechded alairid) ¢he singular

forng%‘%%'/%é!’z %Bgvtg%%ﬁc&g%fge@y% %%ﬁfs RTERE B Htext WRarly dictates

otherwise. Thus, for example, reference 10 "a pharmaceutical carrier” includes mixtures of
two or more such carriers, and the like.

Ranges are often expressed herein as from “about” one particular value, and/or to “about’
another particular value. When such a range is expressed, another embodiment includes
from the one particular value and/or to the other particular value. Similarly, when values
are expressed as approximations, by the use of the antecedent “about,” it will be
understood that the particular value forms another embodiment.
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-2 Met hyt hioni nium Chloride (MIC) (al so known as

Met hyl ene Bl ue) Met hyt hi oni ni um Chl oride (MIC) (also
w32z Met hyl ene bl ue (MB); nethyl thi oni ne PCT/GB2005/003634

chloride; tetranethylthionine chloride;

3, 7- bi s(di et hyl am no) phenet_hi azi n-5-iumchloride; 5

C 1. Basic Blue 9; tetramet yIth| oni ne chl ori de;

nAzahinyidepigs) ori de; Swiss
ue o, an|I|ne vi ol et ;

| and UroI ene Bl ue(r)j is a low nolecular weig
MetHyBrienigioin, Ciiatids (MBEUlalse, knowh ag Metirylestedilve é,MBb mﬁs*mhtaloame
chloﬁcﬁlae tétFHrﬂ\éiM\ylﬂﬁbnlﬁé)éch% 39- b”ié{dﬂne%hyllarfﬂnb ) bhehofHidzin-BayrhlcBloride;

%P#onl\i#e CM|M§7'W%QW ﬁ’é’lhi'ﬂbg enazathlonlum

PO

oot o S] gt B BT ol e EH D i
a low nbileratap weidhé 3 14 85), Wetensoustw teeycimorgppiceampgramhef e following
formRiPPhysi cal systems, as an intercalator in nanoporous

materials, as a redox nmediator, and 15 in

phot oel ect rochom ¢ i magi ng. See for exanple, Colour

I ndex (Vol. 4 3rd edi%i orrlr 1971) and—Lillie et al.

1979, and referenceg”Cchred ¥ ein. 2 é{l@was first

described in | (ermp t\en 187fe (Badi~sche Anilin-

and Soda- Fabrjk, 7 SNt atsd"gaten , MIC was

)SO

synt hesi zed by nit ison &f t hyl ani i ne,
subsequent re uctl% to form N, N-di methyl -1, 4-di am no
benzene, and subsequent M&&i dative coupling in the
presence of hydrogen sul phide (H2S) and iron(ll1)

Metgghlaplgynbf}g@ﬁl% @gcﬁgﬁlﬁq{ﬁ%%‘i%%ﬁﬁgﬁé QEIQ) %‘éhﬁa?g W Wnost well
knowe pheneikiazing 9y gnd 1%@&%@9 as qﬂﬁcéﬁéerﬁé%({]a opehcal probe of
biopBlysingIsgstembOddan mtsoalawa;mmamsoms hetyialp s @H@dox mediator, and

BLB&dPoRiic i idgrom 30 di net hyl aniline, as
in pftEIRIchoRe MeSIg 001 1 ovi ng scheme WD 2006/ 032879

P 2 -
Seegj, g/eggmglg?&gl%ﬁfﬁwgw Q?qls hrcjm dition, 15191)and LNrQetg} qg?év%nd
references cited therein.

MTC was first described in a German Patent in 1877 (Badische Anilin- und Soda-Fabrik,
1877). In that patent, MTC was synthesized by nitrosylation of dimethylaniline,
subsequent reduction to form N,N-dimethyl-1,4-diaminobenzene, and subsequent
oxidative coupling in the presence of hydrogen sulphide (H,S) and iron(lll) chloride
(FeCla).

Bernthsen described subsequent studies of MTC and methods for its synthesis (see
Bernthsen, 1885a, 1885b, 18809).

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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Me Me Me dinethylaniline p-nitroso-dinethylaniline

p-am no-dinethylaniline \ NH2Z N \ ¢ d Me-, N/ S Mew
WO 200sE287Me SOBH Me SC8 G M O e Thiosul foni ¢ BCI/GBRG05/003634

Thi osul fonic acid of p-am no-dinethylaniline

Bi ndschedler green e ( \ \gCIOrMeSNWMe ZnCl2 L Me Me

MIC 5 In step (a), nitrosodinethylaniline is prepared

fromdi nethylaniline by ggeaid®nt with nitrite
(NaNC2) i n aqueous acid%%crj— lution. In step (,\}pJ)

the nitre onpound i s geduce £,0 form
p- am nodi ylanil jpe i 30 eous aci dyé HCl | ution
usi ng m nc“dust sol utll? n steps (c), ffd), and (e),

t he p- é@ nodi met hyl ani jgqtne is oxidi zed i nv@queous aci d
solution with 10 anot her nol ecul e of di nethylaniline,

and GheMidARE0US! Yo-RirdsBidpfykaitiec aci p-agiroupimatis/laniline
i ntroduced; the ring |I_lls t hen closed u3|ng nanganese
u

di oxi de or co fate. I\/bre L\@\'I ear
neuter al | utijon of p-amon d; me yI a

acidifie ro~/ nd a non-r or\ Me
solutlonlsM'gdded( @2 wth Na2 Fjrg?
thiosul fate (A12(S203)3) and sodl umthl osul

(Na2S23) ahps@dsleskid Sodi um di chr onmat midshedicrazidd) 15
i s added. phhnoniivdtiytaailines heat ed and diindstiedler green

Di et hyl aniline is added. Sodium dichromate
(Na2Cr207) is added. The Nyre S heatjed, and

beconmes dar k ¢gr egni sh- | |n duect@)t he
formati on of—time tl\lna\o g coacidhQf M n%@'hedl er
green. Manganese |de or> copper ‘pul flate fs added,

and the m xture eaté@ and @1e dye M ecji pitates from
the concentrated Zinc chloride solution. 20 Very

simlar synthesis nethods aMCdescri bed in the Col our
I ndex (Vol. 4, 3rd edition, 1971), p. 4470 Masuya et

in stgh &é)ngl? ﬁ%%dgr‘rj\g Ira{\ﬁge %eﬂr%@érgd %ﬁﬂg@ ﬁ gg Erb¥@idnY &t nitrite
(NaNBotio dgveavsactHHCAPISoNC HhEEP Ble iR aMpALL educed to
forrrulb-bhlmdngethyjhmhné mraqueeuseamda(HCHhsiolldtmp@mﬁld@mh(ﬂl@t solutlon In
stepl', &’)pg{ ob(% rtl‘ilau |§dd’ﬂ1&ﬁh§/lahmné RBAXRIiZ$d96 dgseis aahimaotution with
anot er mo e%{J lmeth\ﬁ%% I%ZQRE’ mgﬁedbusry% thiosulfonic acid group is
introduced; the ring is then closed using manganese dioxide or copper sulfate. More
specifically, a clear neutral solution of p-aminodimethylaniline is acidified (HSO,), and a
non-reducing zinc chloride solution is added (ZnCl, with Na,Cr07). Aluminium thiosulfate
(Al(S205)s) and sodium thiosulfate (Na,S,05) are added. Sodium dichromate (Na,Cr,07)
is added. The mixture is heated and aerated. Dimethylaniline is added. Sodium
dichromate (Na,Cr,0) is added. The mixture is heated, and becomes dark greenish-blue
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 concentrated zinc chloride solution.

Very similar synthesis methods are described in the Colour Index (Vol. 4, 3rd edition,
1971), 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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Leventis et al., 1997, describe nethods for the

synthesis of certain MIC anal ogs, which enpl oy
wWEhb®eosisrazi ne as a starting material and whi cPCEHG82G08003634

desired 3,7-substituents by hal ogenation foll owed by

am nation. The authors assg ?1 that MIC is synthesized

connerC|aIIy by oxidation of N, N-dinethyl-p-phenyl ene

Leveptbﬁ r?ane d&%'} I?i}g&?’ﬁ)h stho M‘foHH’e s?nfi’n@@@ RN6&HM MWQ?F%\%,S which

el OXI ony\1n r

emplgy Rprmqt,@gﬁpqa gaAstarting pa '3‘ clr_%gd e Qi%ggéo% Hsubstituents
by halegenatirefolloted pyiaininatian Ghe eﬂth@@rﬁ‘f’é?'& Ff}iﬂt WS&M@F"?@%&%
comrﬁ’e@éll 80 b¥iaBtioreaftN, Rcdimethy g henyyateadidrisa withriNa,Thy in the

pres%mefoé eaa&g% ?oﬁ&g&g Canﬁ%%&&ﬁloﬁlmhétﬂﬁéééﬁcébf NN-dimethylamine.

e separated by extracti on Wi th
carbon tetrachl ori de. The carbon 10 tetrachl orid Bb
Marshelinane kewise19%5a; desgrines the nustigating of srmmrecial i tCh%nd Azure B by

solveMl URPattioh a8 lorysTENRMtior. UTHdyesssars that aqueuat MTWAzure B mixtures at

a bu%efre p%lgof:gr“?m Q@ (?I %’(éﬁ% r%?téégtloﬁ/mh %Erb@ggé’c%ﬁlﬁnﬂélt TRE carbon
tetraigaidaemares ih @Mz eﬂgéﬁﬁ AR Sadi i ayer. They
furtheepssettdidattiove iefnperatgrebqsggtam@ailw 1of NI @fconcentratlon of 0.25Nw

hy drsa'fl@rfaaéc‘?cgfe’hﬁ’é\/)és nYéthl Goniamimaits. stioweler, ehé organic purity analysis
L G851 o AhiRda etrlaﬁro'fﬂ SRENRA Which i Rét stiaRE fdred
epof S b 218 if {

quargifieation @dsq él@«,t%%cgpg\ta IS:{@W%JRAE\ > qsgrﬁ%gginng ng 10? g‘rﬂ?’tal free

sampler §Tiad prefercbditectiniquelin 1665 wae stamipaksarptio na)na| ysis of
nmetal contam nants in commercial thiazine dyes by

@{?ﬂ,ﬁ é %%Rﬁ‘ By r&eﬁ&%@% "tr%oé}%tlﬁ[ﬁ%frﬂetal-@aﬁbénf & In cdfhmercial

thiazieg w@@rbyoater@%a&ﬁarpﬁsg 389 faPF'&ﬂ@ b 1“3?3} fseéali ?8%%@#&“
metatebatentmtians thetivane wiselyr aiween®.83%i angh 25:3xdh eﬁmawa’uah sr%nples
the mhBRYs &labfinéEReetirdnhpdtasdilnar sodiuet ahdzinay They gsespatt that other

%:nglqbagrpe Sér%séh?&vh?éﬂ%éfé%@t arﬂl%%nhwmlmﬁm Biffokhim, manganese, and

(ofe) a al ve
Copmﬁro%récﬁJr"é‘éo“{eér'” W@?%H’cprg?e@ufﬂsrfg wec( fge é&o‘%ﬁ@érﬁ% tobe
present sleTportahtiyp tey aepadrylargenyiatiensdp the raﬁfebcwmntaf FQm%‘eTCn‘?'
sampl® dfkiTad. content of commercial sanples of MIC. 25

Lohr et al., 1975, describes the purification of Azure

| t

Lohcetls 4075 MeEGReS SRR T ERUPr Lt AEPECP F# e %% Parpato ]
spetificallg by lseparatitratoksalate thedesingd prodyet fo bysion exchahge back to
the eﬁlbﬁde CPHdyQi¥s6rt dweath%ucdmoais: dVEﬁlsmztnaéul‘dTﬁmanfqeemurlﬁgd by this

metéa . HRW ng\tig}o?% rﬁp}éﬁﬁé todrBHTEn6tH SUIBbRIRGASY for e iirifidation of

t e purification of 30 MIC on a
MTE gn@dargeicale: Fi er z- David et al ., 1949, describes the

synthesis of the zinc chloride double salt of MIC and
Fielz h?a\)‘dﬂéw ahogd, desenbebhesyetiaisisal the it sriatiderdovibletsatiaf MTC

andrpﬁl L9 gg.?lﬂé !))} élﬁeqétﬁﬂ v&lfﬂ sogﬁlﬂ'?éa%&a%é MoWvE®By filtration to
LA Gl e TR

techréquEusamnbhle ysasl afsa rge pasts: besapseitie velds él‘ﬁ H’%Prused to
treat nethenogl obinema (a condition that occurs when

MT&H%CWE dﬁ@%s Wéatqrfétﬁé’rﬁé l Q(%&{o@cldntthétsocﬁﬁ’@d\#\@nltlﬁle

bloeskgagobUelivgT SRGER WEETR LS Ios 5{?(15 g B @*T&d K Bicpl Hed 20 @
medioalidyg (Bneganple; tostaim certaiy ﬁ@é& ofdhe bexy l@f%{ﬁrﬂr gun%s%gery),
a diaaﬂbé%@t(ﬁfr esdaraplb cagl@ dicaloe tjeiordetent pertainl somppaseatprésent in
uringy.. nﬁ)ﬁd uﬂn%&la tléérphgaa{éﬁnﬁf‘édﬁ@ﬂhb&:s durfabédnaltRatmén and

preventatlve for kidney stones anc? tREHIaQHOS(?S and treatment of melanoma.
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preventative for kidney stones; and in the diagnosis
and treatnment of nelanoma. WO 2006/ 032879

wEFONABRMN5/ 003634 -5 MIC has been used to trBEL/GB2005/003634
mal aria either singly (Guttmann & Ehrlich, 1891) or in
combi nation with chloroquing (Schirmer et al. 2003;
Rengel hausen et al. 2004). Malaria in humans is caused

MTcgﬁaé’BS%Pust% rgreeg ﬁ’n‘a%%ﬂhé&%@;ﬁ@a%énh@ EﬁmHﬁ 1891) or m

. vivax, P. ovale, or

combixiation wish CNoroosatr@c(JSeblrraereettai 2Q9%i Renggihayrsemet al; %QQ"*bf
Malaridi Hupr{a%%t@gaJs%ﬂ‘@geoné%‘Prm gn%?oio'gﬁ%éél@s of 6 geh @ Phsntodium:
rransm ssion occur ood transfusion, organ
P. falciparsipl, 8 vixex,dh ovaleeol % ralariaen §l SBECiRDAGSFANSANtISA byithg pite of
r f by blood

an ifRH 8 erh e Ao Yitkglic? &eﬁﬁﬁﬁgﬁ?’é%“d et by bloo

tranefeatohsorgan traasplgntaiin, geﬁdig-lsgafm% er canggaially fiogr motbg tpfetus.

Malé Eaegﬁfs@s %ﬁg 508 iSRS c;tlo é)\FV ﬁ’dwﬁ@laﬁél E%M%atél?q million deaths
at account s tor: ar l'ari a-rel at ed

anndeuyt H3rug Desigfenas, hdwevgr 99 rr@ctqmph%tm éﬁé i grgatesgtfer P. falclparum:

thes %queesntﬁwgy%%cﬁﬁmrﬁﬂ tfa‘i’lrmeﬂé J’éYét@d(Héatﬁ:g [ﬂ%@&ﬂ &ug

or oqui ne proguan hydroch| orid
conrmﬁdtloqmthae predxielly Fdoammendeg far mﬁyl@éls of mﬁerwn@me
' d ain)
chch ‘g“'@%@’ﬂh%@f@ﬁ ch\l/cfr{dlggr}n | Lh\éf I&d\)/)f?i?g//éhﬁ% and F '}Jﬁ\"ﬁaﬁ |
Specifically Virostat is effect i ve agai nst VI ruses

MTézgﬁde?%\éu\%‘n%vﬁoétgt %ﬁ\t? \/?Slq\ﬂ IBHS Nefy \}&P)Qﬁe\%ts‘%y(m potent

e VIirus potentla Iy seri ous
virididd| metidty iravifrec Spagifieaii Viresta 'aleﬁﬁ@WQ@Qg'@S/‘é'tuéﬁ*F stgheas HIV and

Westlal\sl’ %beYlF[EI if rIe\bto}’at&fy th&th e?\fﬁpwﬁ@@msww is 8hewnhaly senous illness

tons 'or m tons such
aﬁe‘camgameauedtralemm@ysm The Isige mAIOLBUP! ipsipd AEURE aﬂ/ﬁ' show no

w&éﬁ@n@tdﬁ?@pﬁﬂﬁﬂu e %[ﬁ&né El?d”ﬁoissfev&%\ﬂqe‘éti@éh% ABB&INe in 150

VI SI OoNn nbness, ara ysSI'S or conma.
wmcaemeoarse\;erewmomsgml%m Bwpﬁecwwe'%\ﬁ BHSGIe gaknegs Adsion

los{n@ns IHnESs. lgpélys‘?@& Hnpf G%lﬂél%ﬂ'}d WNV%J%}eQJi 99 @he bite of an infected

sy or gan trans%@an s, breastfeed |n%
modqmtongutmae@lm'ﬂwead’fbmwbtb d tragsfipiong . orgAn hansgian

breg%t?e%%iﬁ%rcfr%}_é% g?é&naﬁéﬁ fIFHn‘F FHotﬁerr 't@érﬁldf Qﬁro&t’&?usta‘ls%aédr‘ﬂeﬂﬂy in

is a viral
cliniaaf triatsi fontheftreatiaent|of glypnic atyt|erJSHepgt}ys Gis aawrﬁhme,ctlon of the

liveY. aH%ev df&fs aeyt & NRRRF bédg@ ofBelit& REPANItS ahdl \éﬁfoniﬁ Iﬁélaéigease

€ tTROSIS and | 1ver cancer. HCV |
lncpdmgwrrhoplstgnddive@@qncg@ HCGeis spieed PRI bz;ll@pmtac’q—wgh human
bloB& e rﬁ% s%g HCMV' lﬁ‘fte?lﬁotg' SHAWRIE QWU@S oﬁﬁﬁsc%@éhe@fblood

unscree transfusions, and re-use of need
transfasiong; an@; E%ussewaftnq&diﬁé andsyringen thai dauanel Rﬁeﬁtaéﬁﬂ‘l'%tez')éater"'zed

ThJqu%ﬁi{a‘i’tn’ﬂﬂ@%ﬁu%tE}h E'déaﬁte‘afheﬁaéﬁtusct?ﬁ'g?dbeﬁhémm bile, With

approxi mately 3% of

apprbmmmﬂ'lv a%sofw@wpm $ gwulaﬂoamfe@ed\mth HG/anhi Varies\coppidgrably
by Fe @fﬁé %Pevﬁle{nlaé i HQiYs ebfiRatet %Y @'3%81%;56?0)&%8& 5 $nillion

Yo or approximately
Pem@rﬁm’m mag/propidation 9f @piroximataly 62 n‘dqun @%i ﬁ@dtfenﬁ/ﬂej"ghest
t. I

profalshbs B AIRHEOC TR Lo ERRE ofF IR SHIENSt e
appraxlnmheI}sGZaplbO@RWniQ ely 62 mllion people. MIC, when

combined with light, can prevent the replication of

nucleic acid (DNA or RNA). 35 Plasma, platelets an
MTrCEdvfbhmomba”@ldIVwﬂd@hh o8N pEsvent the FRiFatieh dbRkCI8ie aRNADNA or RNA).
PRGN 2 ‘F%t d réH {)189&‘[5@% dofkfo@cérhﬁn%elegr BRARS RNK, SVhdrfMTC is

$ses ce wal |'s

Cro Perta ' or viral nbr ane
introduced into the blood components, it crosses bacterial cell walls or viral membrane
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WO 2006/ 032879 PCT/ GB2005/ 003634 -6 then noves into
the interior of the nucleic acid structure. Wen
w@ewsesaserd with |ight, the conmpounds then bi NBICT/GBRIVE/003634

nucl eic acid of the viral or bacterial pathogen,

preventing replication of ghe DNA or RNA. Because MIC

designed to inactivate pathogens, it has the

pot ent | i S &d fwith light, the
e RBULRind R EidEs PhBekiatts Aol SRR SdABieR uith it
compi@da titerotsing tathieveisleichagicoffthe wiraj or bacterial pathogen, preventing

replicglicR T RRABRRGY RinE I HRLATRAUBH R 1o AKSIVERASINIGRHE Ut has the

e us e treatnent o tauopatlr\{l es (such as,
potehtiarl tereainpe the riskfidianemission of pathegens tkatavouichremaim ppgetected by
testiW schik, CM, et al., 1996, 2002). 10 Oral and

B%\'renteral formul ati ons of MIC are commercially
avai lable in the United States, wusually under the

MTCS%% de h/gg\ﬁ%gpge%?gé, ‘gmﬁéf&feg?“é‘iﬁﬁlrﬁ e6ABb M ds9ave been

ant| . al npurities, .
foungtfe b uw&gbipﬁ@q: geatyept ﬂﬂgﬁ?%ﬁrﬂ%@ﬁ aﬁlf%r@xgmﬁ%melmer s
disefse)dsee, forrexaonglen YVigehik, G-M., Bbal., 3996.e3088kd t he safety
limts set by European health agencies. 15

Oralgagm%zo%?e%?ﬁ{aa\r %E’E‘Ee‘% JISrgs +f§v|?% aFe%tmrﬂ&%QuJ NailBbHe thd Uik Ystates,

. e purl €.0.. a puri.t .
usualydpne RameDiclne it ofone s, g piiniaor SHRR upgtant
amauatsadf n@aitimpﬂr)’tiesddemSa optusities aredighly unestiaRleuaismany (e.g.,
inclidittd AACRIVES) exddbelige baregitrits SeltaVEurdpyi logtth agentiess

for the 'synthesis of diam nophenothiazi nium conpounds

(i ncluding MTC), that viel rogucts wth extrenel .
Conbpgiieniiurthelp I Agrodt nepe o IR s P Sl Giade purty,
e.g.ex purityrehfe foohurhavedrnsugiptiom desi wittlowrgs ueduced sngtalsentent)
dianfihSsHEn6tHRBshiurRbalpbukdiinciiiRig MEQd of ten exceed) the

safety limts set by European health agencies (e.qg.,

t he Eur opean Pharmacopoeia). 25 W thout. exaager at.i on
Thelimenisie pRYSH Sy e S aiBsSrLe St eain g TRt um
compoteds (inchuging MBCE thasniekhpipductswilivariverasty high pughEand ioN
partRRiaP RodRewith ektrérhély Bueis@dlé of undesirédimueitissiboth érgamic and
metgf R L Y HRE ShiSodth incSly AARSISAT) T RégebiBatn agencies
(e.gdithFHOPRRMBIRIMBSCPRPRIA  conpounds. 35 Anot her aspect

of the present invention pertains to a method of
Witk EkadgaRtdtion, MTC slepared op renatthbde described berpiniia the. purest
ava%ﬂ:ﬁ’%{%&ﬁ%ﬂagem of the invention pertains to a high

B y di an nophenot hi azi ni um conpound which is

obt ai ned by, or obtainable by, a nethod as descri bed
herein. 40 SUMMARY OF THE INVENTION

One aspect of the present invention pertains to a method of synthesis of
diaminophenothiazinium compounds, including high purity diaminophenothiazinium
compounds.

Another aspect of the present invention pertains to a method of purification of
diaminophenothiazinium compounds.

Another aspect of the invention pertains to a high purity diaminophenothiazinium
compound which is obtained by, or obtainable by, a method as described herein.
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WD 2006/ 032879 PCT/ GB2005/ 003634 -7 Anot her aspect of

the invention pertains to a conposition (e.g., a
w@b@sosaseut i cal conposition, e.g., a tablet, BCT/GB2005/003634

capsul e) conprising a high purity

di am nophenot hi azi nium conpound as descri bed herein.

5 Anot her aspect of the invention pertains to a high

sl oty L BOBAER R umpsammaT, st

r ; . .
compgstgy, gk 2 By 2R eEk Spyprang,a % Ry ofémib Qe R nium
compaundafs deserikliddieiei®s or i ndi cations di scussed herein.

10 Anot her aspect of the invention pertains to a high
Anotéf ééaécfé AL RRBLMR é?ﬂaﬁlﬁ't%ﬁan FRRPAERthopResiRRiasihbAd

érei'n tor use in g nmethod of | i :
compic sSSP Aoy vetae ey o g RIS animal
bodhbygthepapyi foy exarapie froisiseedoh paw ohihe fiseasss s inficatigns discussed
hereffescri bed herein for the manufacture of a nmedi canment

for use in the 15 treatnment of, e.g., a tauopathy

e.qg., Alzheiner's disease). .Another. e

Anoing st PeiVaTIRD REaTed Gial MEVE A B Con e,
compotmdyss gesciibgd hetetarfpidsshe sanethed phinagtivatiigainegenss

descri bed herein, as part of a nmethod of
Ano{fgpgéepae%{ 5f thg%v@nm&éﬁq uEQbf ¥R h iplritytfarhinehdmHiazinium

, €.d., a uopat e zhei [

comppiuichas dsspl h%%ntfa%thw%m e 5L PRolEeD £ 3P RGhe
treatpiertt o &tgvemtauopathy (9., Aheimespdisegse)(e. g., Al zhei ner's

di sease) in a patient, conprising adm nistering to
Anoﬁ]%# %s&&E bERE gﬂlenﬁ&%ﬁ%tb @Rk bia alcttnsl df $§ntABBIY BE a Bighdpurity

“Thirgh pur Lty diam nophenot hi azi nLum. c

diarpjadRhanB AR CATPAL 35 (ST DR DPTRIT Spegtiy 2 inod &
marskadtdringra mhdicament forugedn & tEaaimental.&-9-ea tIBEHVrent s
(e_ggfp\lzﬁénﬁer%&ﬂ@asepf the invention will also pertain to

ot her aspects of the invention. 30 DETAILED

DESCRI PTI ON . The,Co unds | n gen S
Ancfies @Rpecof BB ST POTHIEn B ap of fertpeaEars B o ugeathy
(e.gc zheimerssdigsapeliingnpationt kemprsingadAnisteriiehte SAH FGHEY 2of
ther%b@tfc@lly}-@ffédgge émbnmlhoma mggi pueityt diamiryopheicélnigédiunt thgpmpounc(l), as
| "di am nophenot hi azi ni um conpounds”: Rl X
des&%%\%\ré\ﬁ. R3NA R7NE OS R3NB WO 2006/ 822879
PCT/ GB2005/ 003634 -8- wherein: each of Rl acpd RI.is
As Will heppptisiated bysencefiskil in therart, fagtures ang pigfgrred embodiments of
oneladpéetl df eeyihveraiod will also pertain to other aspects of the invention.

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, collectively referred
to herein as “diaminophenothiazinium compounds”:

- o w ]

N
R7NA ~ R3NA X @
N s N

L }Lma @ |L3NB
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hal ogenat ed Cl_4al kyl; each of R3NA and R3NB i s

i ndependently selected from Cl_4al kyl; C2_4al kenyl ;
wa@pae/ o8l ogenat ed Cl_4al kyl ; each of R7NA anPCRGBBI05603634
i ndependently selected from Cl_4al kyl; C2_4al kenyl ;
and hal ogenated Cl4al kyl;_gnd X is one or nore
anionic counter ions to achieve electrical neutrality.
10 The above structure is only one of many equival ent

F'QSOnanc strugt ures ar
an@pchl qf 3)1'9 %d?l'”éj?%éqcﬁf]gﬁﬁeg%d%ﬂégh e em:de 51[2@ EJeHWhand
halogenatesi Cefatkybture: RO RL N XQ N R7M N\ S / R3NA R7NB

R?MehFa FREA DNINE RTiRdpendénty seBidfed3Bn: iNBlklS CRealRnyiNand
h }F%?‘EI \ N, RBNA R7NB R3NB I n one enbodi nent, the
alo ng

7&%%&%7%3 ar. e S el CttﬁnﬁgﬁeC?erq férh rE;}n‘;élkﬁl Bg%l@ﬁlyl and

halogn'rmm’@d‘zaml_aaﬂkyl gr oups such as -iPr, -iBu, -sBu,
ang is 8 of MRbie @fishi€ysUntesr 623 té alckiple glectipal nestralfty.as
-cPr and -cBu. In one enbodi rrent, the C2 4a| kenyl

roups are sel ctedfromllne Cl 0
The 3bos SICILERISEDY PRA PTIV-GVaD gg@% of which
are showndreovdiamd @l of whishisee épndad gub@gn%mwpe
strudGkected from -CF3, -CH2CF3, and - CF2CF3. V\D

2006/ 032879 PCT/ GB2005/ 003634 -9 |In one enbodi nent,

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

-CF3. In one enbodl msrat eac& of R1 dnd RO is

I ndependent |y or -Ety I'n one enbodi ment, each
of Rl and RO s o-~o- . o€§
embodi nment, eac*]A of nd ' er?%l tly -Me.

wher

-
X
7NA /@[ j@\ R3NA @
N/ ril’
F|{7NB R3NB |
-

7NA /<j: :@\ RONA X@
7NB ’

In one embodiment, the C,.alkyl groups are selected from: linear C4.4alkyl groups, such
as -Me, -Et, -nPr, -iPr, and -nBu; branched Ca.alkyl groups, such as -iPr, -iBu, -sBu, and
-tBu: and cyclic Cs.salkyl groups, such as -cPr and -cBu.

In one embodiment, the Cs.4alkenyl groups are selected from linear Cq_4alkenyl groups,
such as ~-CH=CH, (vinyl) and -CH,-CH=CH (allyl).

In one embodiment, the halogenated C.4alkyl groups are selected from: -CF3, -CH.CF3,
and -CF.CF3.
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In one enbodi nent, each of RL and RO is independently

-Et. In one enbodinent, RL and RO are the sane. In
won@eesdsedi mnent, RL and RO are different. 10 PEI/GB2005/003634

enbodi ment, each of R3NA and R3NB i ndependently - M,

-Et, -nPr, -nBu, -CH2-CH=CH2, or -CF3. In one

enbodi nent, each of R3NA and R3NB i s independently -M

or -Et. In one enbodi nent, each of R3NA and R3NB i s

I ndependent | N _one e n R3NA
In ongmeatBents © gﬂagfb ?ﬂéinl%l' '”dEPefr‘Eb‘i“ﬂygﬁ e, AP atre
In oiSdtAbeinieRt asctmfe‘%}m Balmdepﬁncméy e"MIMﬁ ﬁérﬁt R3NA
EmBSdRent eash bf RY &t R® i2thdepedemtipAbodi ment, each of

|: orﬁ{%b@]&éﬁé %@cﬁ BASPSRARNE llﬁﬁep entlﬁlvle nPr, -nBu,

nt, each of R7NA
In opgempkadigent e?ﬁ'?;l@?) n%%l'?'nq%e% nﬂtnﬁ In one
enbodi ment, each of R7NA and R7NB is independently
In oné\/@mbbdﬁm‘éﬂ? ReEpgR Rathe Rarh of R7NA and R7NB is

I tn9 ne enbodi nent, R7NA and
In O'ﬂfi%ﬁggé}%%%# anER ar%élf%%gpenbodl ment , R7NA and R7NB

are different. In cgjne errb%dl ment , RSNA and R3NB and
In of StAbaditheRY, MBcapERT A and RIS independentbieMenti dinfenfBut he

-CH bp;:k@:ﬂz,&l(ﬁ;ﬁ}IA)(RSNB) and -N(R7NA) (R7NB) are the sane.
In on 5@%@%@3@& R3N‘“%ﬁd9¥3"mq%de%ﬁ% Ny (NrsbB)etand

| ected from
In Onmizodlmqef gach Rf %Pr )an ('%l???pe“%ﬂﬂﬁé’s"ﬁ “NMe(nPr),
In oaeaelmboenm(e@Hzeeeh@FBi N ang &ris telepeesotly rFén the groups
-N(R3NA) (R3N6) and -N(R NA) (R7NB) are the same, and

In o@%‘%g@g&h ect q?smf L OfTRane p@ﬁg%g -NEt2. In one

t ( R3NB d
In onN(BPz’PI AT %IﬁB)E%'?CL ot ﬁ‘éerd' WSHNA NMVe2. ) 28 In one

enbodi nent, one or nore of the carbon atons is 11C or
in oﬂl@@mbohhéﬁﬂ eaerp R ent R"¥risdapendertly -be, tte-nPar-nBn,

CHai‘?—Eﬁ': . | n one enbodi nent, one or nore of the
éar bon 2af)orrs IE %%@A V\QJ)% QQ6/ %3287 6]FCTr{q ZQRQS/ 003634
In ong gMbRAFIFALSASB G Rent” I3 NRBEIERHY tME OhiR'r ogen
In oae embodinerteachof BAE 8@%% i ipingeperseatyrMepre or all of

In oh8 @nfbatidht AR BT cing Ri‘i'B istrdependently -Bf the groups
R3NA R3NB R7NA and R7NB is C.

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,, -NEt,, -N(nPr)3, -N(Bu),, -NMeEt, -NMe(nPr), and
-N(CH,CH=CHb)s.

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

In one embodiment, the groups -N(R*™™)(R*™®) and -N(R™*(R™®) are other than -NMe;.
In one embodiment, one or more of the carbon 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 3¢,



5 In one enbodi nent, each of the groups -N(R3NA) (R3NB)
and -N(R7NA) (R7NB) is -N(13CH3)2. in one enbodi nent,
weawh/0sf87R1L and R9 is -H, and each of the groupSI/GB2005/003634

-N(RsNA) (R3NB) and -N(R7NA) (R7NB) is -N(13CH3)2 10 In
one enbodi nent, each of Rl ghd RO is -H, each of the
groups -N(R3NA) (R3NB) and -N(R7NA) (R7NB) is
- : ; = d OfNment , X- is

In °ﬁ‘%%é%§ﬁ@éﬁ? P@é‘grﬁé’féogetﬁégaﬁ'?%ﬁn?ioﬁg, halide). 15 In
one enbodi ment, X' is independently Cl-, Br, or I In

In ommemboedimantrene or more er aliei dreerigt atgmeof ong Ar gqee or all of the

groupB RS peH R hed@Nbisdiel is in the formof a mixed

5 salt, for exanple, a ZnCl2 mxed salt. 20 Exanpl es of

o3y SRS L B g .

ETCEt NnNn-Pr,, N\ \S/ N.n-Pr 0 GPTC n-Pr n-Pr
In oN:R066HeRR 846 BT 4H3RRYE /A &Rshch-of thetgrpaps MN(RE)(RBuand

NEC: Oy 13 Bu n-Bu / aClQ ATC Ilyf allyé \ N
NG ﬁt'soéf(( GEMIC N M OS NE S N n Py \ n-Pr
10 CQ PMIC M OS Me N
In one embodiment, each of R' and R® is -H; each of the groups -N(R™")(R™™) and
NR™YR™E) is -N(**CHa),; and X' is CI".

In one embodiment, X" is independently a halogen anion (i.e., halide).
15  In one embodiment, X is independently CI', Br, or I'.
In one embodiment, X" is independently CI.

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

20
Examples of such compounds include the following:

N |
OSSN e
Me~n Ng e | 0O (Methylene Blue)
I ® N

Me

OGN
AEt ETC
RO S R
Et Et |

L -

N
z
n-Pr< /@ :©\ npr| cl(® PTC
N S
@ a

|
n-Pr -Pr

5 —2Z




Me Me / CIQ1,9-DMMIC Me~N \
\ CQ1,9-DVETC Et~N \
WO 2@6QB2879- DEETC  Et -,
PCT/ GB2005/ 003634

~S NVe Me M2 Me Me /

~S/ N'Et Bt OEt Et Bt / N
NS NEt Et Et WD 2006/ OBCBEB2005/003634
-12- CF3 CF3 / N\ d (r)

1,9-D(TFMMIC Me,, N\ S/, N-M MM MM NIJ,::
13CH\N S 113G d 1,9-DM 13cMIC 3 73CH3 O 13CH3 / N
—aiN-13 ""\ 3CH3—CID 1ot,|vu\., 3", NLT IBCH3+ 13CH3
Synt hesi s hodNA One i nportlant differepce between
known rreth presently claimed Method Ais 5
the |sigp O A-. a and.nBu|i Gi@ati on of the BTC
ZW tjteri nlc [ rrredlat'\é 6(IAPOZI) This step of
i sollatio Eﬁ‘nd rlflcatlrp@uglves rise to|inproved
yi el in the subsequent ring closure stgep (due to,
rmter atia, Tnproved stabiTily of the zwtterionic
i nt ar medi at e.andNr edyced sidg reactions), as well as
i nprloved p /of final {di am nophenpt hi azi ni um
conpoalinid, allyrgt I€0@, the pwitteri 6ACc
i ntar msleat e i @ﬁot ted,| and the reaction
allyl allyl
o N h
J OGP
_Et Ct EMTC
Et\T @\)s \ ©
Me Me |
pr—— N |
-
nPrs Ji IGSSI 1 hIl/n-P.r ci® PMTC
|\l/|e Me ]
B Me Me h
/N
cl® 1,9-DMMTC
Mew N /Me
N S N
| @ I
L Me Me ]
B Me Me ]
N‘ \
2 !
[®) 1,9-DMETC
Et- = JEt |
e
Et Et |
B Et Et ]
N
/
| c® 1,9-DEETC
Et~ X _Et
I e
Et Bt |




10

15

20

25

10 m xture i s used,
Anot her

unchanged,

in the subsequent step.
i nportant difference between known nethods and

wao bwepsassent |y cl ai ned Method A is the step of PCr/GBRY05/003634

reduction. Cr(Vl) is used (at
coupling step. Residual
serious problens. First,

| east) in

hlgh Ievels of

t he oxi dati ve

CrQZVI) presents several

hi ghly toxic

1 5 cont

PN
conrtan-rants—steh—as—+esidual UKVI)

are

unafcept abl ecg,n prodwgt s destined for use in,

phat macy. By requ g residual Cr (V) tag Cr(ll11),

which is a 3 oxi ¢ form -~ pharngceut|cal

st apdggds rel eagi | ymbe| satsfi ed. SecchgrD(TFM)MTC
res| dual’NCr (W1 )~s"desfabN i ze$ the zwittdrionic
internedjate a i npedeg, .t hef subsequent |ring cl osure
(RC}- st ?J and thus reduces"the yield of the final
diarrnophenothit-aziniumconpound. By 20 rjeduci ng
regidual Cr(Me) to Gndlll),

di am nophenotlhi agi ni
Infadditio

i n| they t halfcmhen
cr(v).’ g esN:IuaI
possi bl e 'teH,obtdi n a 25

of Lresi dual

m conpound
an nor

is gre

{1y ber
In thel for

(M) to Q@ (IIl), it is
Perwdugt with very
chrom um WO 20067032879 PCT]

the yield ogthe final

tly increased.

NGBt

| ow | evel s
@GB2005/ 003634

=—}3—Anottrer—Tmpor tant
and the present| M Al
st ¢p, that (re
or | nBBete,

‘{; CT)

(D]), carhonat

ditrer

 eHateCHy) di t hi

¥I engdi am net et

ce between

t of the chloride

known net hods
he treat nent
sal t Q%h one
pcar bamatMTC
raaceti.c 5

Thi s

acild (EDTAQ% or an organ & sql vent (CE)
additional step (or these additional steps) greatly

I nproves the purity of the di am nophenot hi azi ni um
t he net hod of synthesis

S nﬁgggwﬁlod An one enbodi nent,
Conmprirses the steps of, in or der : oxidative coupl i ng

: 10 isolation and purifjcation of zvv| terion
Ona(lmp)grtﬁ@(glf@r@nqugbmr) no?nm,rﬂ %éqi{l@ en I¥ la éfl\ﬁethodAls
the eiBp oflisoRation ahdpurifieatiodofdiie s\ynttemmrm @tafmﬁéuates @s(V’tPrS%Z') This step

of I?%E thg uhﬂ’baﬁérﬁj&(/es ris8<o 0 I*o\#éd gieldh itmgs(b9Ey uent fing closure

%ru?tg @ Inmrgé o éabll t28 é"% ﬁgﬁlcﬁ}ﬂér‘rﬁéﬁé E?grébfuced side
reac(umjg), as weh s insprevefl P xo n mpound In

conddhiibhalonethoys, mKwﬁtamnotlh@rmematea?p n@ttlgqbatgd andgbe reaction
mlxﬁlﬁé B%E{i}%cﬁaﬁ’é‘éddmftﬁé @'Qﬁdegﬂer{t'Eﬁa‘bE) I n one enbodi ment,

od of synthesis a dltionally conprises the
initial steps of:

nitros reducti o N
Anct e EesTa bEBISRRATBD ("P%)Qﬂ‘f 340 Pigsapfy claimed
MetRod 0ds therdtep dher(vi révidtiart. GyYW Isaused (alderst) iphke cp)s;datlve coupling

ster? ORBLiY G Srivprb8iritd 8dverdl 8BFoukfproblems. First, high levels of highly toxic
contaminants such as residual Cr(VI) are unacceptable in products destined for use in
pharmacy. By reducing residual Cr(Vl) to Cr(lll), which is a much less toxic form,
pharmaceutical standards can more easily be satisfied. Second, residual Cr(VIy
destabilizes the zwitterionic intermediate and impedes the subsequent ring closure (RC)
step, and thus reduces the yield of the final diaminophenothiazinium compound. By
reducing residual Cr(Vl) 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(lll) than when
in the form of Cr(V1). By reducing residual Cr(VI) to Cr(lil), it is possible to obtain a
product with very low levels of residual chromium.
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nitrosylation (NOS); nitrosyl reduction (NR);

thiosulfonic acid formation (TSAF); 30 In one
weeiodssent, the method of synthesis additi onaPCHGB2005/003634

conpri ses the subsequent step of: chloride salt

formation (CSF). 35 In one gmbodi nent, the nethod of

synthesis additionally conprises a subsequent step

selected from sul phide treatnment (ST);

di met hyl di t hi ocar bamat e treatnent (DT):
Anothereimpﬁéﬁ@t qifferpncehriwaen K f@%@'&f’%ﬁﬁ‘%ﬁe&r%r gt%%%%\dci d
MetHodeaksitea tredtEBTIASED, et is0eBtoazaf therbigridezali syithpe 3 more of
sulphidd (31, SRRSO ARHmaté (T)neirberhte {C By athhlesediaminetetraacetic
acid ?glgm*)g gfl rlpnxgg’é\ﬂ%g\lt%ﬁgﬁ?E)s ;l‘? CdRBhartt&Por #ds8Ghflonal steps)
grealy irerrayasdne muBkyHf M?@'Wé@ othiaginiERAPMPoRNd. A honat e
treatment (CT); ethylenedi am netetraacetic acid

In 0%{] %ﬁﬁ%@gnﬁe E@;ﬁﬁgﬂwbd @\"é*){nlic]rﬁlﬂ,fdsﬁaac?irr(}arieésf1 ﬂ'lé@tépisl(’jbé,( idkorder] N
. | mer e method of synthesis additionall
CO%E?_%V Scogp@nl?p@e uent step. .10 se(%ject m Y
suispltige and gHtiliratien pigwitteriogicipler)s ??ﬁﬁgjccgilganat e
t r eing oestre((BT); carbonate treatnent (CT); and
et hyl enedi am netetraacetic acid treatnment (EDTAT); 15

f ol | d b . . iC: i
in ong ppBEAGY igfiotal B et hebieiRttin order
sy RXiHalvescoRgling {QYnal |y conprises a subsequent step

selceptieddbetoom (CRY, sul phide treatment (ST); foll owed
by idoRRios BRE QEHEdHios bERwiRonih@ANEdiateXtARQZI);on ( OF) .
In one enpo@icgent, t he net hod of synthesis
ad@N? R ' %onpri ses the subsequent step 25 of:
In one embodiment, the method of synthesis additionally comprises the initial step of:
thiosulfonic acid formation (TSAF).

in one embodiment, 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);
nitrosyl reduction (NR);
thiosulfonic acid formation (TSAF);

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

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

sulphide treatment (ST);

dimethyldithiocarbamate treatment (DT);

carbonate treatment (CT); and

ethylenediaminetetraacetic acid treatment (EDTAT).
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organi c extraction (OE). In one enbodi nent, the nethod
of synthesis additionally conprises the subsequent

w@e@p/032s79 30 recrystallisation (RX). Thus, i nP@IEB2005/003634

enbodi nent, the nethod of synthesis conprises the
steps of, in order: nitrosylation (NGS); nitrosyl
reduction (NR); 35 thiosulfonic acid formation (TSAF);

oxi dat j.ve .c | ; : ' 1
o A8 b . 8l st s
selegtad &Pedi ate (I APQZI); ring closure (RC); 40 chloride
saktiphide trettnemt (8$5F) ; one or nore of: sul phide

trg ith{oeatbamdle rehiiydnd (b ocar bamat e treat nment
(DT?% 006/ 0 9 PCT/ GB2005/ 003634 -15- carbonate
t r S3PRRT _%r(e%%?n%iéﬁjet 1yl enedi a@%ﬁx raacetic acid

{ r eHviPBREIaTEIAARCAGHA HPRmERt (ERUA o eoE)

r eergasicadxtrastaoni @E)(RX). 5 I n one enbodi nent, the

nmet hod of synthesis is a 2-pot nethod. In one

enbodi nent, ..t h Lig, e
in o aoodfeenp it RpTEN T o BAERA, comieth B oS RR e
selegiediofbphenot hi azi ni um conpounds 10 wherein Rl and R9
ar gulphlde Tleaeent¥®fods are especially well suited for
th%ﬁé{ﬁ&l&nﬁﬁé&rﬁa‘mé\’sft@wﬁér@?mum Chloride (MrQ (also
known as gEt Er%{éqRETﬁlaHs)' 5 Purification Methods
An(?f'W@Pat& 'fc?g 'S tfie present | elr}H on pertains to
netetiyiesedipnpatetraacstic a¢d Hﬁataéﬁni % )
follo@ed by itkarsubsephamstdpi afzi n- 5- i um conpounds,
sp%gég,.‘iiccgh,lagﬁoﬁd@)'_'di am nophenot hi azi ni um conpounds"
descr | bed above under the headi ng "The Conpounds"”. 20
I n one enbodi nent, the nethod, of grification iHsa "
In o embadisrent the Methedioh syResiredditonal,comapHsSE AmkREedUehbster
seleardfaih.of purification is applied to a
di %mpﬂ%h%@gﬁémquﬁl um conpound (e.g., MIC in
follo&%ggw& ?Jé%s%tg/hs%éuérﬁ’stetph&t may or may not have been

organic extraction (OE).

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

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 (NOS);
nitrosyl reduction (NR);
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 (ST),
dimethyldithiocarbamate treatment (DT);
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25 nmet hod of synthesis as described herein. For

exanpl e, the nethod of purification may be applied to
w@2@ensasrei al |y avail abl e  di am nophenot hi azi nP@IMGB2005/003634

compound (e.g., MIC), e.g., that is relatively inpure

or that contains undesirabjge or unacceptably high

| evel s of certain inpurities (e.g., organic 30

| mpur i ¢ DR RreR(ET) anffor eXample, In one
enmbodi nEnt P € net ho o?,’ urificati lied to
conmer ¢ ieg]yigmdlgmqt%{[ﬁagewg%q( Ifﬁﬁt@?ng&d-'?bﬁ%C

i niotgamid gxtracton @&, by Medex Medical Export Co. Ltd.)

35 [ EQystSsHtiBh @RX).n one enbodi nent the net hod of
purification is applied to commercially available

Urol ene Blue(r) (e.qg,, to MIC init,i al rovi ded as
In ong emep@msnt; s ')1?610# %f RN §i 2’2%‘?¥t“?‘*dP‘¥°‘elomet hod of
In opeiembodiatent the metog lof eyhthesisis @i dapetmegihechot hi azi ni um
compound (e.g., MIC) that has been prepared by a
net had of n [ i i ko i .
Thefig et e N6 SBTadfe ST Bt fiRoRT Rl el 8 porfpBunds

wheegim R\ @8f & &€ dbscri bed herein. WO 2006/ 032879
PCT/ GB2005/ 003634 -16 In one enbodi ment, the nethod
The8é lrrfé‘bl{ddfsla?é‘bé@&iaﬂ@wgﬂ sﬁieﬁa femeepntmfosmmthicjnmim @Higride
ct i sation ; organic
RS o FHTRRY BB CT1 1 Poation (RO
treatnment step, selected from sul phide treatnent

Purifi&¥ion Methodst hyl di t hi ocar bamate treatnment (DT);
carbonate treatnent (CT); and 10

t h | | . i i . of T . .
AnofidluLEne dl Al DEL. At Bhigertafis th hefRLEBNburkichihdr certain
Ml ORGSO G
compeuhds] descrinediabpyeatndsn theomgadingedhe Comppurds’. a

treatment step, selected from sul phide treatnent

T - ot S= . oAy

in ogg Fbgﬁg?&eéﬁ?’rtg% tn%ﬁ]o{a'o? @g@%mﬁ f\torﬁglﬂB@%f‘ﬁur(ﬂ@a—t)on of MTC.

et hyl enedi am netetraacetic acid treatnment (EDTAT). In
In coaemdodiotintehe method afptfination is@ppligd te & qdigminophenothiazinium
con%@hél (@gaMTC) apgdrcrsicmatissthefmayf or may hotermivebaén pteppred by a
mefRS4 %Féﬁ\%ésfsoég deatlity (geihr eat ment (ST)

For example, the method of purification may be applied to a commercially available
diaminophenothiazinium compound (e.g., MTC), e.g., that is 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. Ltd.)

For example, In one embodiment the method of purification is applied to commercially
available Urolene Blue® (e.g., to MTC initially provided as Urolene 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 initially provided as the product of a method of synthesis as
described herein.
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25 di net hyl di t hi ocarbamate treatnent (DT); carbonate
treatnment (CT); and ethyl enedi am netetraacetic acid

wo e@ansasme ( EDTAT). I n one enbodi ment, the netPOOGB2005/003634

purification conprises a step of: 30 sul phide
treatnent (ST). In one embogi ment, the method of
purification addi ti onal |y conprises a step of:
sul I
in ot REBpht 7 1By f R QuffgegPROE FBR stebelh order,
selegledl frRBY i on (GE) In one enbodl ment , the met hod of
puredrysiaihsaunnz{alalﬂ) tionally conprises a step of:
orgﬁdyn;bé;@g,taw&{ o), (OE). 40 In one enbodi nent, the

5?%,%S(t%[sra?§ ,f;g( atl on conprises a step of:
re

RXI‘) WD 2006/ 032879
PC’F/tHO%ISGﬁIBéS@Cte M n one enbodi nent, the nethod

of puri Sulphidedreatdeht(®dhnal |y conprises a step of:
recryst @Hwétﬁﬂaitmébacf%ateltreamtgnnodl ment, the nethod

of purifica e steps of, in order: 5 a
tr eat neffe 3“8%““3 gl eﬁ)sfam

rom su e_treat ment
(ST): @FW&WWW?%P%%@ Heqt F@EP Fent ‘&-IE)DT)
cardopstalésationdRKEnt (CT); and
ett&y Mediartineicr) aasetic acid treatment (EDTAT); and
t tion (OE). In one enbodi nent, the
rretr?]"tfgg%l*'saﬁﬁﬁ (Pﬁgatl on conprises the steps of, in
order: sul phide treatnment (ST); and organic
In ore bmbotiment, HEE)ethotf pwifisatioresrmoriise BtsteR #fe met hod of
purdt?ééiﬁbhmeﬁ%%ttea%m he steps of, in order: a
treat rrent e?rﬁ g from sul phl de treat nment
(ST); [ car banpt e tLr)_F)at ment (DT); 20
car bonatdém?‘ihé tt'ﬂﬂﬁ?ﬁrb‘("@ﬁ*)e tregﬁ%en t
et hyl enedrtzmatetrettmaaid€i);@ndci d tr eat nent (EDTAT); and

recryst alhyisididdfinétBXdacetic acla ereatiiznd (FBTAT). t he net hod
of purification conprises the steps of, in order:

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

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

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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25 sul phide treatnment (ST); and recrystallisation
(RX). I'n one enbodi nent, the nmethod of purification

w@eoupsses the steps of, in order: organi c exeCHGBR@N/003634

(OE); and 30 recrystallisation (RX). In one
enbodi ment, the nmethod of pwrification conprises the
steps of, in order: a treatnent step, selected from

In orfeuérﬁlEBo(ﬂﬁeﬁtr 'HBRbd Gﬁarlflc%ndéa@fﬁbm{”ﬂoﬁﬂrﬁééél%?e’ﬁedfe

| 5 Z‘@f) car bonat e treat nment
tFeHM Ht/et raacetic aci d treatment (EDTAT);
organl c extraction (OE); and recrystallisation (RX).
In orfderhBodiiente theatéthied bf pirtiieationt doarprieés {herstépsoatt inamder:

co LEfsntls §él$&éd% in order: sul phide treatnent
g% 0h (CE); and WD 2006/ 032879

260ange s[5

PCT/ GB2868 '58§§§ N AB) recrystal |isation (RX). In one
enbodi néimethyldithioparhaventetrepintant (KMt i on conpri ses the
st eps OtarbbRaten@atment €Ty, yad al | i sation (RX); and 5 a

treatne h%ge'hERI @ﬁ*&gﬁ% £c§’dﬁreatﬁ1‘éhp@[ﬁ9\1’?r ﬁ;ﬁ ment
t

(ST); I ocar bamat e treat nent

caPEQ@ﬁ&t%drtaF (CT): and
et hyl enedi am netetraacetic acid treatnment (EDTAT). 10
In oh@etﬂﬁ@dl@l@hpmdmémodtohpurifbhﬂmﬁcoa‘fpripew tHel stepis afnin order:

Pg{g;hﬁggre’apﬁe in order: recrystallisation

‘ﬁb treat ment (ST). 15 In one

rath thod of purification conprises the
steps of, in order: recrystallisation (RX); and

In o8 EABbEIMeXL, tthEbiod CORrifichtiorosveneisbotherserts oft ineoradet hod

?ggﬁ%{t@ ﬁt%ﬁé ogelﬁé\fﬂrfﬂoﬁﬁs :he tstepts of, in o:rder: ; 20
fromy Ilphudetreap R>&T) reat men step, sel ecte
dlmethyldlthlocarbamate treatment (DT);
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:
sulphide treatment (ST);
dimethyldithiocarbamate treatment (DT);
carbonate treatment (CT); and
ethylenediaminetetraacetic acid treatment (EDTAT);
organic extraction (OE); and
recrystallisation (RX).

In one embodiment, the method of purification comprises the steps of, in order:
sulphide treatment (ST);
organic extraction (OE); and
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sul phide treatnment (ST); dinethyldithiocarbamate

treatnment (DT); carbonate treatnment (CT); and 25
werdvoglzasedi am netetraacetic acid treatnment (EDIATGB2@AM03634

organi c extraction (OE). In one enbodi nent, the nethod

of purification conprises tfg_steps of, in order: .

recrystallisation (RX); 30 sul phide treatnent (ST);

ﬁg?%%)%q%?srgsﬁ? ??)ibléactl on (CE). In one enbodi nent, the

ation conprises the steps of, in

order: a treatnent step, selected from 35 sul phide
In one embediment; $E)methad eEpunficatiareapuuisp gt ders fainasger:

( Dfacrystalmgdion are); théat ment (CT); and

et I;;{}e pﬁ%tgmgnggg&% glic acid treatnment (EDTAT);

recrysta | h,s i’log‘&ﬁ%. “and 40 organic extraction

(OE). | gulghige At WAt the method of purification

conpr i sdimathgditiegasbamate treaiprané(DT); sul phi de treat ment

(ST); VeadRRskARaBIentRCTY, @Ba005/ 003634 - 19-

recryst %wg‘e‘?\g&ﬂaﬂﬁhé acefACi@r8a Rt @iTast i on (OE).

I n one empodinent, the organic extraction (OE) enploys

di chl oromet hane (DCM 5 CHzCI Z). In one enbodi nent,
In ondhembedimest, &id method o periticptian eqsnirises theotersaefi i arder:

r e¢sypdtalliddtisatiRr ang RX- CAR) step. 10 Nitrosylation

( h{d@ tnteginﬁerﬁ';( , an N, N-di substituted-3-optionally

substituted anil'irne, 1, is 4-nitrosylated to give an

N, N-di substituted-3-optionally substituted-4-nitrosyl
In oag embnadiment, thesmithiod of parifisgtiomcanpigises 19 Bapef, Hicteere:

RO 1EystalliddBon RER); en®7M N N | R7N6 R 7NB

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 treatment (CT); and

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

In one embodiment, the method of purification comprises the steps of, in order:
recrystallisation (RX);
sulphide treatment (ST); 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:
sulphide treatment (ST);



151 2 1In one enbodinent, an N, N-di nethyl aniline,
1', is 4-nitrosylated to give an N, N-di net hyl -
wa@200608283y| aniline, 2', as illustrated in thePCT/GB2005/003634
foll owi ng, schene: / NO Mew\ Mg, N\ Me Me 21 20 In
one enbodi ment, the nitrosybation is performed using a
nitrite. In one enbodinent, the nitrite is or
co ' ) | ne enbodi nent, the nitrite is or
cd%%b%%@%agﬁﬁ )Q’QK?aI nitrite. In one enbodi nent, the
ni @7ERRIE XYARONEBFYri ses sodiumnitrite or potassium
nitrite. 25 In one enbodinent, the nitrite is sodi um
In orfdi drhbhddimémiaiNe tganid éxtidBore(UE) Enpmays, didhieromettane (REVMO
5 CH(gf nitrite to anil i ne, 1,_|s_0.8 to 1.5. In one
2 ﬁbodlnent, the nolar ratiois 1.0 to 1.5. In one
enbodi nent, the molar ratiois 1.1 to 1.5. 30 In one
In orendrnishdireant, thelrecryshliisationt(RY) step is a ced agidip regrysigjjgation
(Rxgﬂ@g@kgpnt, the nitrosylation is performed under

acidic conditions. 1In one enbodi nent, the
~nitrosylation is perforned at a pH of 1 or less. WO
10 mmmé@&b PCT/ GB2005/ 003634 -20 In one embodi nent,
the nitrosylation is perfornmed at a pHof 1 to -1. 1In

In th%frkﬁep?,{%W,Nﬂ@éubl.sﬁmt&-mbpﬂmw Qildsﬂﬂmft?'%@argmef E,{iaegitmjyatqﬂ—io
ve 2 istituted- 5 opti 2 ilife,! 2, REiBLraeE in the
aive g 2N dlalhstiy i DRI BRISPERI s A eniiac, 2, R TIRl
followiMgeNe®Rt , the acidic conditions are obtained using a
strong acid. In _@ne enbodi nent, the acidi &R condi-tions
are obtai ned usi [
proton). In ongsegbodi nent, the nolar
protons tQ,ani ¢

ermbodi meRt nge is 2 to 4. |n ope enbodinent,

t he range ist%@t(a 4. I n one enbodineng™ the ratio is

about 3.2. Rn ope enbodinent, the range i§ 2 to 3. 15
15 In one enbodi nent, the range is 2.25 to 2.75. In one

enbodi ment, the ratio i s a_bout 2.5. I n one _enbodi ment ,
In ohd EmbEGiien? i N LRI flink N2 2AHEStedRAGEEN N N-dimethyl-

4-nitrosyl aniline, 2’, as illustrated in the following scheme:

NO
0 — W T
Me-

N
N I
I\l/I Me
1" 2'

e

20

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

In ohe embodiment, the nitrite is or comprises NOy'.

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

In one embodiment, the nitrite is or comprises sodium nitrite or potassium nitrite.
295  In one embodiment, the nitrite is sodium nitrite (NaNO5).

In one embodiment, the molar ratio of nitrite to aniline, 1, is 0.8 to 1.5.
In one embodiment, the molar ratio is 1.0 to 1.5.
In one embodiment, the molar ratio is 1.1 to 1.5.

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 embodiment, the nitrosylation is performed at a pH of 1 or less.
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20 I'n one enbodi nent, the reaction tenperature is 2 to
25C. In one enbodinent, the reaction tenperature is 2
W 2006582879 | n one enbodi nent, the reaction tenpPCEGBR@®S/003634

is 2 to 10C. In one enbodinent, the reaction
tenperature i s about 5C 2_52d_n one enbodi nent, the
reaction tine is 10 to 240 m nut es. In one

In oSS BRELATER e, tid1trb&toh NpdridiRed St #BHIHP 1360 M nut es.
o e ot o o SRS B 00
(Unless othenwiskusrasifiethall phbualu¢oaresnegsuredy ragm teygperature.)
Reduction (NR) In this step, an _ _
ol O B SHRSE VISl B TR bfal i tn b 0!
In ong amAPdimESt Fftelﬁfé"?ei‘-’ E‘?%ﬂf&ﬂ”arﬁr HoRtaingR LpBR &1 fwhigh bas onf &Pnd
acidipeoizane, 3, as illustrated 35 in the foll ow ng
schenme: RO RO NO/ NH2 R/N\ \ | R7Na~N N | 7NB

in oy SadS et e B A e e S T o) e, "
2', is reduced to forma

In oifé; dintibdietehy; thelrangdisadions- benzene, 3', as illustrated
In ohdlembBdifeht, @ REge@®me. NO/ NI-12 Mew \  Me, N\ Me

' bment, the reduction is by
In OJP\%%\@PP%@W\?{%@%gsdﬁ;cgggg'zagent . I'n one enbodi nent, the
In o aMePHEeRY & range &t o%pri ses Fe(0). In one
In operbmblodiment, theheange s 2dtp 4dent is or conprises

In of& Ebbéifent, @b ratibis sttt Bbodi ment, the reduci ng agent
is netallic iron. 10 Metallic iron nay be obtained
commercj al | for, exanple I n one

in OQ%B‘HPWF’){%%?G‘%‘?@P preg?ri’n@%ﬁ@ g?@?&i‘f&isld{"g(ﬂﬁﬁ“: ne, 1, is
1.0 to 4.0. In one enbodinent, the range is 1.5 to

In ofle @mboditnent tiehRaenidro@irpenituretid2ta 28fge is 1.5 to 3. 0.

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 (NR)

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 illustrated
in the following scheme:

NO NH,

R7NA I R

I 7NB R
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In one enbodi nent, the range is 1.5 to 2.5. 1n one
enbodi nent, the range is 1.5 to 3.5. 1[In one
wepdvenizasent, the range is 2.0 to 3.0. I n one PCT/GB2005/003634
enbodi nent, the ratio is about 2.4. 20 In one
enbodi nent, the reaction isyperfornmed under acidic

conditions. |In one enbodi nent, the reaction is
In o#)er f E?Cgrﬁ tag ﬂl @?}nﬁég%-lﬁﬁltrb §n| Illlé] @W@re’ﬂ””@é’&j{d"l‘%ﬂ*\ a the

N, N@m@aylﬁmhanwfé SREE| ot & %@?ﬁdo'm%f%l?w'agﬁﬁ"%mel to
0. 25 In one epbodigent, the aci dIC | are
obt ai ned usi ng strong acid. In o entp nt t he

“

acidic cgedit are obtained u5| v i ch has
one strong “Nacid proton). 30 In one erbodi ment, the
nmol ar ratloI f acid protons to anilinde 1, is I to 4.
In one enboﬁlnezt the range is 2 to 4. 13'one

enbodi ment, the range is 3 to 4. In one enbodi nent,

the ratio is about 3.2. 35 |In one enbodi ment, the
in oh@B&Bodifmedt, e Rduttionda ey esdatich witma redusingragegb is 2. 25

In oﬁgeg\bégmgn hePRu H@%géﬁf?{‘gnncﬂtﬁsé@l:é@)l s abogtn 2.5 In
In oaasgwagm?eg%aﬁﬁedvﬂ%@% d%%‘é“f’@pﬂ%% @%3766‘83634 - 22

In ohe embedigebb dheraducing Reentdametalis i1°8- perforned at a
tenperature of 2 to 35C. In one enbodi nent, the

Met%rﬁé‘%.i. %x,i[t)% d:%fra{éﬁ&r Dimdlcidlly EBRFMILE ntdtalfing® 30C.

one e t he reactlonls perfornmed at a
tenperature of about 10C. I n_one enp g) t he
In one&otbiodimeing trotar figtip q’f(ﬁe(Qit‘i’ ARGyl '1301‘5 ‘ggo m nut es.
In one enbodi nent, the reaction is perforned for a

1 ikt I nbodi t, th
:: iéﬂggﬁ%ﬁzbﬁgﬁ mlﬁ::gga t Pngngf eabgult rrﬁgo m nﬁt es.

reaction mxture is stirred
In colereimigdintent,teacandens $6dp2% n one enbodi ment, when the
In dhe@HodBnetyané rargeri®t Atbidc.i ron, excess met allic iron
In dn\i, enfb%ﬁWé?ﬁj tEé pé‘ﬂg%hgzroqa@to on mxture after reaction

filtrat 15
In Wﬁl%’éﬁﬂdmﬂté Q\E?tlﬁ’ '?—gg?ﬁtzl on (I'I'SAIr:;j1 IIgnt his step, an

N, N-di substituted-1, 4-di am no-5-optionally substituted
In dMerEREIRIMEht, the seantibnliszemtformed hrrlep reidisrroadigpns
in %E{Wdfrﬁ’érﬁ th rédcYidn & ﬂerr‘foﬂﬁéﬁ 5t b1g oR ¢ oflless.

~In %ﬁé‘?k?q%ﬁ?%'g)thg r?%q?g%ss'?ea}to &3 & 01 ! éﬁwgnyl } ester, 4,

In ere embqgiywratféa regetipp és performed at a p

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 aniline, 1, is 1to 4.

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.

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 aqueous medium.



20 follow ng scheme: RO RO NH2 NH2 s203 2 R7/N\ \
R7NN NS R7NB R7/NB 0S=0 3 4 off In one enbodi nent, an
wORdeai32824 hyl - 1, 4- di ami no- benzene, 3', is oxi dPZEGBRIVS/003634
the presence 25 of a thiosuifate to give a
thiosul furic acid
S-{2- (am no) - 5- (di met hyl am no) phenyl } ester, 4', as
|IIustrated in the followi ng scherme: NH2 NH2 5203 2 /
Me, Me 0=S=
In ommemgaq“m&ﬂte th%rea?t'%ﬁﬁﬁrf%r&ed@Géefﬁpef?wf%HEJEQ%& ment
in otdiembbdioent, thet reactionds pedopredsat 2 tepSatoBe of 10 tn0°C.

In oﬁfémgbafﬁﬁht thdv@attinas gbﬁéﬂ-&d & aNaRpaERIrebf abdw doxt.e
eof . WD 2006/ 032879 PCT/ GB2005/ 003634 - 23 Nazszoe

may be obtai ned comercially, for eg?ng cg\
In o@mﬁmap@m@ngm regetiond’s preormseh e P of &9 19 74 W@Ufes
In ossremBbdimehi, thereadtinnas pedoineddor a tine o B9 ta £8Q Binditesni ne,
In ofe etBo@innt ‘Phe]feﬁctlonﬁs Br6fifedg8 tin®h hbout 20 milh@tes.

ratio is 1. .5. I'n one enbodi rrent t he nol ar
rat|0|sllt015 I n one enbodi étheﬁlar
10  In opaembodigient, the rgagtion mixrg ifestised SHIMR L reeHiEN&ERat i on

is by reaction with an oxidizing agent. 10 In one
In o@rgggl@bmht wWHaR teXtediuging Gga@a8 netaliicaront exgess sretallic iron is
n_one |
remgisprora 26 PO BRRR BBl reabish Btoieh TR SRHle 1 tfaton.

agent is or conprises Na2Cr207. In one enbodi nent, the
15  Thisxifohic Aoi ation (FSWE2Cr 207 or a hydrate thereof. 15
Na2Cr 207 may be obtai ned commercially, for exanple, as

In tigs gt'gpydr trxgd.gﬁ]@sﬁﬁﬁg%‘?’E%Qrbl@%opt@hgnﬂqbéﬁtu{e@Béhzerﬁe 3

is O@d@g@pm@ﬁpr%@ﬁge P&ﬁ tg\sos,uggtpéo pyeg t|2|O§LBfUiIC acﬂeﬁw{zoﬁguno) 3-
(optmmmsmntuxeot)me(drsubstrtutee\tannuno)@henﬂ} esiern4gas illggrated ipiee
20 follikPEinERg: . the nmolar ratio is 0.3 to 0.7.

9

R® R
NH,
NH, 50,2
2Y3 RV
R™MA_ . - N ?

| IL7NB 0=S=0
R7NB |

3 4 OH

In one embodiment, an N,N-dimethyl-1,4-diamino-benzene, 3’, is oxidized in the presence
25  of a thiosulfate to give a thiosulfuric acid S-{2-(amino)-5-(dimethylamino)-phenyl} ester, 4,
as illustrated in the following scheme:

NH

NH,
2 S,0,2 ,
—_— Me< ‘
Me~ «

30  The thiosulfate is or comprises S;04572.
In one embodiment, the thiosulfate is or comprises Na,S,0a.
In one embodiment, the thiosulfate is Na,S;0; or a hydrate thereof.
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I'n one enbodinent, the reaction is performed in an
aqueous nedium I n one enbodi nent, the reaction

WO e0wpesarure is 2 to 25C. 25 I n one enbodi nent PCT/B682005/003634

reaction tenperature is 2 to 15C. In one enbodi nent,
the reaction tenperature is,2 to 10C. In one
enbodi nent, the reaction tenperature is about 5C. In

NaZ%P)E a‘felé@)%d%giﬁgd c&nﬁeﬁ%ﬂg} fﬁgﬁ)t(e{nlu?ﬁ dsithd niyRirédlsalt or as the

_ A" one e e reaction time 1s 30
Pe”t_PBVdIQt@- m nut es. In one enbodi nent, the reaction tine
is about 60 m nutes. I n one enbodi nent, the reaction

In o8 &rhbéBmbst Hd mhbladradio oF thibstlfdte te dbrin) 3$Isem to B5.

In ong ?rggéﬂ %\%n |lnb 9@%@ bliloﬁlgl S step, a thiosulfuric

In 0%??4'""?@@}"—%‘“? F & tlﬁ? éé ani no) - phenyl } ester,
In orfe embodimiedathemblar cdias €d to d.3an
N N-di substituted-3-optionally substituted-aniline,

in O'E,ér q}ﬁl 9\{3 an Ox&%eﬁlﬂﬁ% agr%gt‘.tlotn%{h a5 oliiziRG EREALS €S

In ommemtzoqlmﬁnb 1A PdIEng aogniisensomgeRbrvh.

In omnémbddifieqn titd ofdizihy agerids ortaondipepREMT- i mi no} - 3-

In ori&ﬁﬁ@b@d’lﬁ‘ﬂehv the oxidizing agent is or comprllses Na,Cr,05. _

inofd GRbudeFAne S ARG agert ionehcrry) & dafplanpurdoubst 1 1

scheme: WD 2006/ 032879 PCT/ GB2005/ 003634 -24- Ri R9
Na,®10; Ry IbRbdARed cammezially, Fansampie, Readinydraiay N \ S
INR3 A N S R7NB 0=5=0 R7NB 0=5=0 R3NB OH 4. 6 O In one

In oe@nb%g%gﬁr%t tl‘?%%ggpf‘éﬁlofdgb'r 16 'd%ane 3, 13 0.2 to 2.0.

ester, 4', is
in °@§(P@§P¢'\T@F‘§/ theymplap ERtipds G 1Ry dl met hyI aniline, 5',
In onis embodimenk ititk molag raliges©. 2t081\.i s or b conpri ses

In oﬁ@ EMbddirient, @he/@okir ratio is 0.3 to 0.7.
[4-{2-(thi osul f at e) - 4- (di et hyl am no) phenyl -1 mno)-cy
cl ohexa- 2, 5-di entyl iden ‘¥ N, N- di met m 6'
In o8 omppATenh HRRISPITS PRGN g1 SENEHS e N 5
M/ I NM,, N\ I S M,N\ S Nw I\/bOlOI\/bO:S:O
in ol® efddoBimeRt, the rdaBticnempekade iedto 28°0e ester, 4, is

In oR& g%‘%o&xh{eﬂ th@RlRfich fehpefRirbid'€to P5°C. S added. 10

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.

QOxidative Coupling (OC)

In this step, 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(V1), to give a
[4-{2-(thiosulfate)-4-(disubstituted amino)-6-(optionally substituted)-phenyl-imino}-3-
(optionally substituted)-cyclohexa-2,5-dienylidene]-N,N-disubstituted ammonium, 6, as
illustrated in the following scheme:
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In one enbodi nent, the oxidizing agent is or conprises

Cr20i 2. In one enbodi nent, the oxidizing agent is or
w@ovpi3ses Na2Cr207. | n one enbodi nent, the oRCTGBRIVG003634

agent is Na2Cr207. 15 In one enbodi nent, the nol ar

ratio of ester, 4, to anilige, 5, is 0.5to 1.5 In

one enbodinent, the range is 0.8 to 1.2. In one

enbodi nent, the range is about 1.0'. In one

enbodi nent, the nolqr ratio of C(Vl) to aniline, 5,

is 1.0 to 4.0. 204w, one enbodinent, the range is 1.6

to 3.0. In one e .@- ai he range igRgZ.O toRB. 0.

' C4(3 ma%ge is about 2y 2. In ghe

NRe reaction,Ls perfornmed gndergerdi
condi t i 25 In %e @ﬁ%odi menjy, th
rEYf ored at_a pH-ef—tor—tess. R Tryone Ny
t he r'weacti on?i s perforned at a pHof 1t _-é.L.OV\D |

3NB

2006/82879=PEW GB2005/ 003634 -25 Rn ong)_emToodi meft,

the reactionpoHs perforned at a pHof 1 to ® In one
enbodi medt, the pH at the end of the r &act @n step, is
2to 6. In one enbodinent, the pH at the end of the

reaction step, is 3 to 5 5 In one enbodi mans, th QH y
In ot enbedimedt, @fthioaefurie#eid %f?—@ﬁéfp@-ﬁ-@"%‘gwmmc’ 1F’He®§}e_ ster, 4, 1s
oxidag\‘%m&cr@mci, totdheN pltimettyhanilrmed 5o Lising e\nrog?ftimgﬁgﬁ 8t isics
conp |8éf§t%|%\/8,4to e ROO-ETRRAAERAY dinfchy1Mhe)-shergRitiind} @plohexa-
e obtalned usi a_strong, aci .
2,5-dgeydena AN BRe o i oGt e A Eeme
has two 10 strond protons). In one enbodi nent,
ieo

the nolar ratio of d rgtonsto aniline, 5, is 1.0
to 4.0. In one e RAT, the range is 1.5 to 2.5.

I n one ephodiNHENt, téve fange is about 278 L5" Ry one

enbodi ne the rea®i of®is perf@r medn 5 QUS e
ek qne enbodiTENT, The 1'&agti o tepperdt UNE 3)
is 2 to 20C. I n one enbodi nent, thelreac '__' IJA
t enparat ur@ K52 to 15C. 20 In onéMnbo ignt, t he®

reaction tenpérature is about 5C. In o emodi nent ,
the reacion tinme is 10 nminutes to 12 Mour I n one
enbodi nent, the reaction tine is 30 mnutes to 4

in cpelgoiHedmes 1 egite e mAHEiaIR prie T BiTb & el dPe s
stirred during the reaction step.

In one embodiment, the oxidizing agent is or comprises Cr,072.

in one embodiment, the oxidizing agent is or comprises Na,Cr,0;.

In one embodiment, the oxidizing agént is Na,Cr20;.

In one embodiment, the molar ratio of ester, 4, to aniline, 5, is 0.5to 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, 5, is 1.0 to 4.0.
In one embodiment, the range is 1.6 to 3.0.
In one embodiment, the range is 2.0 to 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 embodiment, the reaction is performed at a pH of 1 to -1.
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In one enbodinent, aniline, 5, is the sane as anili ne,
1. 30 & (VI) Reduction (CR) In this step, the product

w@boobla28oxi dati ve coupling (OC) step is treat ePICT/GB2005/003634

convert residual C(VI) to Gr(ll1l). 35 In one
enbodi nent, at |east 25% of,4esidual Cr(Vl) is
converted to Cr(Ill). In one enbodl nment, the range is

at | east 35% (i : enmbodi nent ,
In °Qen%nl?°adrsﬂ'85r%i gﬁegeazﬁ@ggfég%@n%ggg% ,pH 1tq g©100% I n one
enbodi ment, the range is at least 60%(i.e., 60 to
in oriEDé}%odlmémt thepHbatibe iend of thetreactipa pigd. i52 18t6.1 east 70%
In od erﬁbodn%@ntt fhe]&@%theéﬂd lonthengadtiohettpnBrE to 8. he range is

In orfe]%ms%qit Sgt] é IH ?’c the%ﬂgé)?)h%qga@non Sg; B”a%oﬁmpo‘j' Imnnf)ne
In ommd‘mﬁﬁt th@H@* phihgend of the rpactiop s %5(%3508"/% %5 ¢

100%9. In one enbodi ment, substantially all of
In or;éegﬂgz R thd Acidie C&Qﬂ%ta%ioﬁtaln&i (u$ihg . strdBY acid.

In oag enmpe O%@thd t@?ééog?{ggl%w 09303 80tané® udif I-fﬁ?‘}&hlﬂ& néé"ﬁvo

0 achréve conver s| sui tabl e
stropg 8@ PEates)-of Cr(VI) to Cr(111). 5 In one enbodi nent,
the reaction mxture is stirred during the reaction

In oﬁé ERboditBnO B :ﬂmapf’dtumtacudtpmomﬁa@qmae 5,95 p@rtbaored in
1 o0 GRBHEOUS, TRULMOL 1| Ns g senbodi ment | Ehie treatrrent s

FEdugin agent 10 Hydrosuifite: In
In Ooﬁ@mé%wr‘hﬂ?ﬁﬂangﬁ@?@(ﬂ‘ﬁ Png agent is a hydrosulfite

(al so known as dithionite). 15 The hydrosulfite is or

In oﬁ@%ﬁb&%nﬁ%e%cﬂdﬂs @BRor@TEAae bivaglicousheediyidr osul fite
I's a netal hydrosulfite. In one enbodi nent, the

hydrosulfite is an al kal i % hé/@&osulflte 20 In
In opeembagiBteNhif reactn tﬁmne[?é‘ﬂﬁeﬁ o or conprises
In ohla 2GR6dimeat, $tee eaotion tempetatirars 2 toyth 6sul fite and sodi um
in offe SRBAIeRY, nd feasish epesttarens abdune-cydr osul fite | s
or a hydrate thereof. Wthout wi shing to be
bound to any particul ar tﬂ)r bg bel i eved t hat
In ooe(embydlrr@abtt@e reagtiof ¥rAe iy W HY eﬁ"‘?é 8% orm or(111)
In oaadénbodiment, $he feacton #megis 3%@@@@74#\0%25204 - Cr203 +
In ode NadS@hent, lthe RRGtiGMIAdig@EBUt 2 hbgrsnol ar anount  of

hydrosul fite is from0.02 to 1.0 tinmes the total
nmol ar apount of

In onpiesPpiMmsAt. éh%@aﬁtl%wmfﬁdﬁwst(f?éﬁﬁj‘“% thed e’t‘&'P“
performed, and if perfornmed using Cr(VlI)) and the

In oPSieHolivfert HnRine g, i§ ) sabiecas arlilmeptie enbodi ment, the
range is O 03 to 0.7. 1In one enbodinent, the range is

0.05 to 0.5.
Cr(VI) Reduction (CR)

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

cr(vl) to Cr(lll).

In one embodiment, at least 25% of residual Cr(VI) is converted to Cr(lll).

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

In one embodiment, the range is at least 50% (i.e., 50 to 100%).

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

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

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

in one embodiment, substantially all of residual Cr(Vl) is converted to Cr(ill).
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In one enbodi nent, the range is 0.05 to 0.3. 35 In one
enbodi nent, the range is 0.1 to 0.2. In one
wenodsasent , t he nol ar anmount is about 0. 16 tiPEFGB2(105/003634
one enbodi nent, the hydrosulfite is aqueous
hydrosul fite. 40 In one empodi ment, the reaction time
is 1 mnute to 6 hours. In one enbodi nent, the
reaction tine is 2 mnutes to 1 hour In one
enbodi nent, the reaction tine is 1O%g%£utes..VK%C“VD
The repObP DS TOsalestedER 8D Mws&on"eﬁmi‘ H B Retabls ePRERE ©
to Ci(li® reaction tenperature is 2 to 50C In one

enbodi nment , the reaction tenperature is 5 to 30C. In
one enbodi eactiQ h&adtiS to 25C.
In Oqene'BWg‘P'é'ﬁB% erf%ﬁ?t'o trwxf'ﬁ? gcstq"gg %e e?étur'en %{s% Pt oom
tenperature. 5 Alkanol: In one enbodi nent, the
In orieeehibodigenly ¢t rebstioaris pekarmed.in 20 aquecssenesidndi ment ,
the al kanol is or conprises a Cl.6al kanol. In one

In o DS BdE R, theecthefAl kaRRle & tﬁa@&@t@%ﬁﬁ;h phat i c

ethanol . Wthout w shing to be bound to any particul ar
HydkdRemtey, it is believed that Cr(Vl) reacts with 15
al kanol (e.g., ethanol) to formCr(Ill1) and the

cor ond
in ot FRRATE e RO daY et £ bt s Sndhm as ditjonie).
In one enbodi nent, the nolar anmount of al kanol (e.g.,
The@iyb@aalfide i or Eoroprises@04D 1.0 tinmes the total nolar
anount of Cr(VlI) that was used in the thiosulfonic

acid for |on ' rformed, and if
In OB%F'F‘BP%EW §hen@;dé?§6t? awg{a?ﬂ)é&g%lﬁgt i ve coupl i ng

(OC) step. |In one enbodinent, the range is 0.03 to
In ofRe émbbdineng testnalosuifite js am@kalangfel hydrgsulite-t o 0.5. I n
In oﬂﬁg é iﬂ@nmﬁg hydrBﬁJlﬁtéh’kg& do&pﬂs&ﬁNéﬁgm Bilso Rpwinrascsogium

t 0. t 0.2. 1
hYdE—&?H ?Rgfﬂ dd'%g'thrjr@{lgf Ia?munt . aﬁ) 5 onef“ mes. In
In opeembrBimenkdne hyctrﬂ%i'frt%é%:'}‘?@ﬁot ?rrPe ¥‘€atf rI’fifﬁ? ‘to 48

hours. |In one enbodi nent, the reaction tine is 2
wnﬁ&h‘ (Wshirfy tg‘i)e%%é to &% Mmam tigsdop di isBBiievet freat 02) reacts

Q¢ AERY, + t he
wntmyg&ctqumt]e o‘%ﬁ{% ﬁ(”ﬁ%%%omﬁ'h{m%%é@@bl n zonzg7 enbodi nent ,
Na:Bk@: PetlePs 57 N%ﬁﬁ’e)r ature is 5 to 30C. In one

enbodi ment, the reaction tenperature is 10 to 25C. 35
In ohB AR dFMER dhaRdar aiftRint sfgtifonifitesisreoma0.02 & 1.6 timesithe total
moltare %Sarﬁtolf' I&)?(VI) that was used in the thiosulfonic acid formation (TSAF) step (if
performed, and if performed using Cr(V1)) and the oxidative coupling (OC) step.

In one embodiment, the range is 0.03 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 embodiment, the range is 0.1 to 0.2.

In one embodiment, the molar amount is about 0.16 times.

In one embodiment, the hydrosulfite is aqueous hydrosulfite.
In one embodiment, the reaction time is 1 minute to 6 hours.

In one embodiment, the reaction time is 2 minutes to 1 hour.
In one embodiment, the reaction time is about 10 minutes.
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| odi de: In one enbodi ment, the reducing agent is an

i odide. 40 Wthout w shing to be bound to any
w@aoobiozasrar theory, it is believed that C(VlI)PCEEGBR®S/003634

with iodide to formOCr(lll) and iodine. WO

2006/ 032879 PCT/ GB2005/ 003634. -28 I n one enbodi nent,

the iodide is or conprises alkali netal iodide. In one

In oﬁggfhgb%t tﬁé‘ sl Qﬁ'\p'eﬁatﬁ}re |§Q'H’5(‘)°%es sodi um i odi de

SS| 0 the iodide is

In OB‘? eg"gﬁ%'me@gg?‘ g‘%ﬂ ﬁ?mpe@gvf&és g?‘hg&é e enbodl nment, the
In onaen@edlmnpdh@@acuwn feoupetaiure i510 0 Zh€- enbodi ment, the
In oA® kalbodifiaine) tth®feactish @mpefatfireasnddnO2niperdtu@. ti mes t he

total nolar amount of Cr(VlI) that was used in the

thi osul fonic acid formation (TSAF) step (if
/%’@Fforned and if perfornmed using Cr(Vl)) and the

oxi dative coupling (OC) step. 10 In one enbodi nent,
In oh&enbabigfent, thé rdifdicing a@ent.is ah alkand. enbodi nent, the

range is 0.05to 0.5. 1In one enbodinent the range is
05 t enbodi nment nge is 0.1to
lnoneﬁmbP§MEﬁ%taﬁﬁ@avﬂﬁ%?f“¥M%$ﬁ%?§% i s about 0.18

In oné eEodiniEdt Ithe Enealieamobidiaratirated w@phaﬂeﬁa@alkgn%q ueous

In oh&@hbedinterg.the BqLLAcN3| 8 @thans). i odi de). I n one
enbodi nent, the reaction tine is 1 hour to 24 hours.

v IR B SR S R Rk T8 B A rebs i
alkabobietg. 16thannix to fommCr andthecioneapondingsaldehyge; igh, alkanal (e.g.,

ethdrRPRhigh Bae ebsilyetrembléd by évaporatioambodi ment, the
reaction terrperat ure is 5to 30C. In one errbodl nment ,

I OBRBEUPABIAT. I EVFAESB1LBE O\ BiAPak &t ol 38 608 P 1.0 tmes
the tatal onearearbereit @éﬁf(VI)ttm@ wagaised Bthe diiputianigrasid fermatien {TSAF)

sted @Sserforrhéd, @ind ifgrepfacheteading CHY )y et theaxidativepesupling €OC)sstep.
to 25C In one enbodi nent, the reaction tenperature

[ s 2.t
o afehli e FgB R AT L one embodi ment. the
In ope eothgdimeand therangeds AR Blse) to achieve a pH of 5.70
In ohe efbddimereaRe FR@edd 0.06em0.Benper at ure) .
In one embodiment, the range is 0.1 to 0.2.
In one embodiment, the molar amount is about 0.12 times.

In one embodiment, the reaction time is 1 hour to 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.
lodide:

In one embodiment, the reducing agent is an iodide.

Without wishing to be bound to any particular theory, it is believed that Cr(VI) reacts with
iodide to form Cr(lll) and iodine.
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35 Wthout wishing to be bound to any particul ar
theory, it is believed that, at a pHin this range,
waeqwhy2sreacts to formCr(111). In one enbodi neC/GBR4WE/003634
pH range is 5.80 to 6.25. 40 In one enbodi nent, the
pHrange is 5.90 to 6.15. L& one enbodi nent, the pH
range is 5.95 to 6.10. In One enbodi ment, the pH is

bl JEcHR0 B P o5

in 089 e RSk e PHIdS = OLSARRISRERIUT 1RO LR ©IRe: 1
In osé¢ embhadibest the iodivleds end:mirttbrlseslpqtaw@mtw@@ ment is wth

In oRCIERBEGMRADhd RdBie.is pOM@sium fodide. one enbodi ment, the
reaction time is 1 hour to 48 hours. In one

enbodi nent, the react t 2

 opnanel R el S Tt EOPLS 13

amdgmuasfscr(\wm thah wvae nised imtba thiosulfenic asid tferoratipe fheARt sier(ifi s
Hormted. 2R&if pelBrrhdl G818y EADFAREIAE oxidBtve EARIIME(OC) step.

pe rén’per aturpe is 2 toﬁ915§bg}jl n ong enbod?ﬂrr‘epnt?(?h)esep
reaction tenperature is 5 to 10C. Isolation and

In opeipmbpdiEenb thefanggiit 08P {OMc | ntermediate (1 APQZI) 15

In oh@ einbbdingng phe tadmgeisw.06&r 0.6ni c i nternedi ate, 6, is

|nohée}n%&*%eaﬂtih@wrigfeh@dostofﬁsRl / I N3NA R/IN\N\ S

O 6 Ol n one enbodi nent,
|nop%8mlbggl B IUCF)IRFQEI caL rba s by filtration. 20 In
In oaﬁéméﬁélamnﬁém mOEEH@"iOé’B 3@ 1&1"' ‘ification is by

filtration followed by washing. [In one enbodi nent,

In oﬁ EmiBaiIdMg thes iodRENEs BFuadut ibditQe.d. rhc@lé@u@&’ﬁtﬂtﬁ*hﬁ@ﬂde)
e washing is washing with H2O and tetrahydrofuran

(T F). In one emhodi nent lume ratio of H2ZO to
In omeieribediment.ithe fepction fingfs} & ‘Pﬂrj §2four325 In one
In oagleadiodierdnt, thérecaction time én2 bewts puits howati on is by

In ohk |eHb6€lin%t fiRb 'réé&!ﬁﬁ'n fie gdouD g2 heand. drying. In one
enbodi nent, the drying is air- drylng In one

enbodi nent, the drying is air.- for 2 to 72
In oRg gmbodimgnt, the gact SHREHE, 'S @%’I ng i s air-drying
In oherenotimetB the wastion temperature is 5 to 30°

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

In one embodiment, the reaction temperature is 25°C or less.
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 5.70 to 6.35 (measured at room temperature).

Without wishing to be bound to any particular theory, it is believed that, at a pH in this
range, Cr(VI) reacts to form Cr(lll).

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 5.95 to 6.10.
In one embodiment, the pH is about 6.02.
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In one enbodi nent, the drying is air-drying for 2 to
24 hours. In one enbodinent, the drying is

W@®6/0828yY Nng. | n one enbodi ment, the drying i SPCT/GB2005/003634
oven-drying for 2 to 72 hours. 35 In one enbodi nent,
the drying is oven-drying for 2 to 48 hours. |In one
enbodi ment, the drying is dVen-drying for 2 to 24

hours. . WD 2006/ 032879 PCT/ GB20 230 I n one
In oS RRAIFRRR, DS A0P o1 T GO Bh o1 T 3 o 60C  or
In ore gerabarmeriuthe treafrpentds with sEong bsne enbodi ment, the
In oricc@fbadiment] thieltreatmentfis Witk agusouaMNhQHhée.g.e$0%he  (e. g.,
-100 nmol crude product) is washed with H20(e.g., 4 x
250 cm. and,THE_ 5 (e.0.,,,100. ¢C nd then air-dried
In ong R RRREN %rfea%?ﬁﬁ!"é‘%g!sﬂrl‘°8ﬁ%’ ?n%ooudrlérrent, t he
In onecerobodiment sheueaction time iserhayrg . 24.NoUshr ough a Buchner

In ofid érhBddimeate thewaactiomtimd isabsall 16chauesoved, added to
anot her vessel with fresh water, the mxture stirred

i goroysly, .and filtered [ T
In °'>‘/‘|?gmt’%‘ﬁm?étcHl?erfe??tl&‘l}g%@ﬁ@?&%Esgzctgsisseﬁhy 10 be repeated
In ore emhbdiment; the regetionttampeatise 152 Botafned solid may be

In oS &HbbdImeHb frgeattion emppaturis@todBEure (RC) 15 In
this step, a [4-{2-(thiosul fate)-4-(disubstituted

|so|gatﬂg n,ggo}d_) 'Pg'rigi%gpt ip o Z¥l’!| ltgerighﬁké?rtutértm%td?a‘?é IRPERY! -

substi tut ed)-cycl ohexa- 2, 5-di enyl i dene] - N, N-di substitu
In tHiSste@ @ Bivittationi® intérmeslizing, &¢ tsasblated rhdhguidiedsure to give
a 3, 7-bi s(di substituted-gm no)- & 9-(optionally
substi t ut ed) - phenot hi azi h-5-ium|salt, 7, as
illustrated in the fol pbowad : RORLRO RL N/
RN\ \ |\ RSWRZI\IA\ N SN R7NB 0=S=0
R3NB R7NB R3NB 60 7N on” gnbodi ment, a
[{2-(thiosulfate)-4-(4i rreblgggz_egri no) lqmnenyl -im no}-cycl
ohexa- 2, 5- di enylidene] - N, N-Idi net hy'I:{ amonium 6', is
subjected to ring closur tégi ve a
3, 7- bi s(di net hyl am no) - rﬁen hi azin-5-iumsalt, 7, as
illustrated in the followng schene: / / Na ., M S

In olr\llé g%bodim%’(}’tf\e is'olalcioh g purMc&ticm S bl/\lfiltrah/gn.ozszo Me Me Me

In one embodiment, the isolation and purification is by filtration followed by washing.
In one embodiment, the washing is washing with H,O.

In one embodiment, the washing is washing with H.O and tetrahydrofuran (THF).

In one embodiment, the volume ratio of H,O 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 one embodiment, the drying is air-drying for 2 to 24 hours.

In one 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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6' O7 X~ 25 In one enbodinment, ring closure is

achieved by treatnent with an oxidi zing agent. |n one
wepdvenizasent , t he oxi di zing agent is or conpri SBGI/GB2005/003634

Cu(ll). In one enbodi ment, the oxidizing agent is or

conprises Cu(ll) sulfate. 1gqpne enbodi nent, the

oxidizing agent is Cu(ll) sUlffate or a hydrate

t her eof.. ): f teal
in b RBPAmsn e Yisrols sy 8y 2o REae B! PEFAS noye
2006/ 032879 PCT/ GB2005/ 003634 -31 Wthout w shing to
For branslenid ohg eatbpdinzant,i toe Feactiomemixtyre i filtered, Bad tha/edidueat
(e.gL RRoFHderid® pro@ityas Washd PwRIKLO (¢.6., 8R250@A¢ b THEN
p_rﬁ ICE\IBt at Sj’ as . _@@l&%‘t@gr@zo. I n one enbodi nent,
(e-gpj! @ )030 qng pertor under acidic conditions. 5
I n one enbodi nent, ring closure is perfornmed at a pH
For @kardpleoin Dne lembodienentttbe repetion miiturg isfiltpsedt @.g. sthrough a Buchner
fitePFdePURANT! 8 sBhd Rindeli Cadeled td Bnsther @sba% b difitpish wakstthe
. u I | ug L )
il B AR sbell B e co i yogees v
be repeated a numpepaitinegss ddiefisatly obtaigd SPIEMAL LS USerbinsypRRten
stepd! a pH of about 3.8. 10 In one enbodi nent, the
desired pHis obtained by the addition of strong acid.
. 1 n, one odi ment, the desired pH is obtained by the
Rin S f HCl. In one enbodi nent, the nolar ratio of
Cu(ll) to amonium 6, is 0.02 to 0.10. 15 In one
In tieTbled] aph{2-(thibeilfatehgedissbLin@ed auird)-§7optivngliesubstituted)-phenyl-
imirfoid Qg‘)ﬁﬂﬂézly s%t%%t&éﬁ‘)zgsbﬁe@b@%i&lyﬂﬁnel-n,NJﬂBubstituted ammonium,
.emo e [eackti on,i-S.
s wﬁw%m.cﬁosaﬁéﬁ e R T A
subskisisel-Bbernathipgn 30UmGaBat 25 isisaed e s RS shpme
reacti og® tenpergdture is 50 to 90C. |In ong® enbodigtrent,

the reagtiqgp teinperature is 60 to 90C. . n q
enbodi, i eacti on tenperature is/arb
¢ 0

odi aently t R&r eacti-om- t (M i s 0
m niitesy” ' oné efbad nent, the reacNiontirf i ZOITI
to 9Bem rteso | ngeve enbodi ment, thgmwseact (Bn ti megane
i s abouj 6Q0ym nutes. In one enbodi ment, the x@éyction
IS perf®r until the reaction m xture changes

colour, 307e.g., becones a deep blue colour. In one
enbodi ment, the reaction mxture is stirred during the

In JrEAid & ER {2 (thi R 0at P shinBBPlamird) fpaEnylaainb]-oytiohicke 2, 5-

cenyrp s dopiu BLESERGA By oSt g
3, 7hisfdimethyiamige)-pligngHiazin-o-ium sal‘t:, , @s illistrated in the fol?owmg scheme:

N\ N\
Me< X, oM T Meo | Z _Me

TP -
Me  O=$=0 Me Me ® Me
0 CXG

& 0O 7

In one embodiment, ring closure is achieved by treatment with an oxidizing 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(li) sulfate may be obtained commercially, for example, as a pentahydrate.
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In one enbodinent, the filtration is perfornmed at a
tenperature near to the reaction tenperature, to give
w@200h08287¢ i | trate. 40 In one embodi ment, the reEGBRIVS/003634

m xture is first cooled, and the filtration is
performed at about roomtepperature, to give a "cool"
f||trate WD 2006/ 032879 PCT/ GB2005/ 003634 - 32-

W|th§u |g|e &?S §%%)8Fﬁ)ci BS?EH@P%%& (ﬁ%: )ﬂlécgy itk %eﬁé\)%ﬂ 'theﬂ the Cu(ll) is
com@m@gm Puﬁlb@)th@ FRAcE®MiAY PreaiRitalRf asé%%'“*’ &Y % r eact ed

with chloride, to give a
In ore %meﬁﬁq@hfS wh§ Ciokbieas pambrifet vhd8r 4akit bomitidng. 5
In onq ?rabi)(ﬁlg\tegg}mﬁ I@F)E ené ?%r'f&m%d af @ﬁ‘i‘“h&folrfo%e salt, 8, as

R1 R9 R1
In orgrermixadiment, fing C@ﬁwe IRPRICTRISH AESFPH2 18 5- R7NE R3NE 7“8
In o6e ERABBdIMEniX@ng cosQie is perfamedatrbet efehio 4.2
In oﬁe ngb&(r@hf“?ﬁwaldo%méwbe@&ﬁi&@tdﬂb% S-H5taMnsalt, 7, is
l b g nhé ;:;’.'ol Ore'lg erfé} YS @Iof out38
nogegm PLI '{‘H 0] ? Elothi azi n-b-ium chl ori de

salt, 8 (i.e., MO, 10 aS|IIustrated|nthe

In oﬁ@bhbwm@nis tihedesiretl pNHs Gbtained|bythg addition of strogd RNE. Me, N
In omgn‘fb M\‘%nt Mre desf@dMp1 ibRbRinedBy@hdBddlion die@it ment with

et o rlcﬁmd as a Source of Chloride: 15 In one
enbodi nent, the chloride |s hydrochlor id. . Lp one
In oeerBm@PEiETANt, the B1ofas £3t0) b G U(1D to aMMarHIY 6,45 G0¢ g‘? % Pyel y
In oh@empbidiment) toammngrix@D8EN0.07t he rel atively low pH is

in on&e@‘u‘Bo&nme‘nF 1R Ar@EtOshdie0l05. the relatively low pHis O
I'n one enbodinent, the relatively low pH is

O to 2. |In one enbodi nent, therel t [y | H
In o 6wbedment ing BB ERTEIE I B8 SHET IS HRTHE, o 1 b & he

relatively low pH slowy. In one enbodinent, the pHis
In oﬂgJe B@i%é?ft’fiﬁe fecRB6n Rfhpefatdreti®3d #095TCnut es. 25 In one

in oFp exppRap thy el Enllatas e i e h uted
In opg embgdimant.dhe Fraction @”@Gr%‘rﬁd? @% 0 q ~one enbodi nent,
In ohbembiddineerddhe stastiomtepperatyers abpwBS5dbout 10 ni nut es.

In one embodiment, the reaction time is 10 to 120 minutes.
In one embodiment, the reaction time is 20 to 90 minutes.

In one embodiment, the reaction time is about 60 minutes.

In one embodiment, the reaction is performed until the reaction mixture changes colour,
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 mixture is filtered and the filtrate collected.
(The filtrate contains the desired product in solution.)

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 mixture is first cooled, and the filtration is performed at
about room temperature, to give a “cool” filtrate.
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In one enbodi nent, the reaction is perfornmed at a
relatively cool tenperature. 30 In one enbodi nent,

W0 bwotsdszd i vel y cool tenperature is 2 to 40C. PCI/GB2005/003634
enbodi nent, the relatively cool tenperature is 2 to
30C. In one enbodinent, theg,relatively cool
tenperature is 5 to SOC In one enbodi nent, the

chid | at éégﬁ%sénperature is 10 to 30C. WO
2005/ 003634 -33 I n one enbodi nent,
the relatively cool tenperature is 15 to 30C. In one

In thisvitepli n® Athis(tisabstitlted-amino)-1¢H@tienatp skkatinted - ghepothiagin-5-ium
salt 306z reatidd Wit chreviae] tlaSEwe a BTaig(@lbatstivetd-amira)-1,9-(optionally

r
soo BBT IO By o B ESRROE Ry Scneme
(initia?ly, e, a deep bl ue col our) bé’corres I!Rght

bl ue taol colypurlless. In one enmbodi nent,
. ad during t¥e reactjon
Chl gf'de Sart’ asRa: S
g oie ehbodi ment, the chloride isgghlori de
sal tms | n ok enbodigpent , the chlori de’™ al kati net aR™
chloride. x@n one enbodinent, the chlorid® i SOdI um
chloride. 15 In one enbodinment, there is a | & ge nolar
excess of (sodiunm) chloride. |In one enbodinent, the

In ogg, 8%9@%&@% 7%5%'@ nwﬂ'iey mc%aﬂhehotzlafbs? ﬁjrézgalflgo is erécted with

chlosidbdgigivsra 3,7thixdimstaarniae)-phansthigzin-g-iusp chiogge paft, ghike., MTC),
as iRshraidne the, folldvdngettame:at i o i s about 20. In one
enbodi nent,the reaction is performed in_an z
medi up N anbodi ment , Ck he reactio

20 B5C_ n_ Qe embodT fent Med he i e
t enfer a ureS|s 0 ™o 95C. In one enb dlmentsthe |
reggtl on t@?peratuq\’,@3 is 50 to 80C. Imeone e%odi menkile
the'fea tl Qtenperature I's about 65C. |ngbn

enbodi he reaction tenperature i s aboutClr oom

t enper at ure 30 In one enbodi nent, the reaction tine

is 10 to 30 )1 % ne ea}y&ﬂ? the reaction
Treatg1anb it FAEPCHREF 10 i‘?e%f %\%’?‘? ure (initially,

e.g., a deep blue colour) becones light blue to

In ofi8lefibotiRssht, tRS chibrigée hytiveHibrieatid. t he reaction mxture
is stirred durlng the reaction step. In one

enmbodi nent, the reaction m to cool
In opg iembRainerdF fFasHoDS R%@rm%%%&re@vgi’ L"‘@E'i d the
In ope ethrotlingant.ghe relativelvtleve®H igel Iaddi t i onal Tr eat nent
In oneldhMskimger Ae edibtveiydewpal is oftosnati on (CSF) step, one

In oRE eMoRinAdfl! this PLvely IER LIRS b t§bEPS

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

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

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 to 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 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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(i.e., ST, DT, CT, EDTAT, OE) may be perforned, as

described next. If two or nore of WD 2006/ 032879
WEONERBA05/ 003634 -34 these treatnent steps BCEGB2005/003634

performed, they may be performed in any order. These

treatnent steps give rise tg inproved purity,

especi al |y reduced netal content and reduced organic

i mpur i 0 e or nore
inongameadait Pedaitusly o6y %ﬁpe"féﬁ?’éjk%% PaUST. DT, CT,
In ow@mwaﬂ@ rglatiyely reel termegraiiis Sul phi de
In orir @abadiment( BE)relblveln codiitemperefore i about 25°C

3, 7-bi s(di substituted-am no)-1, 9-(opti onal 'y

In o%eugr%é?c&u%ﬁtghﬁprgg{:}%%g% Sér'mrﬂ%j uﬁmgth% ?éatctlorz mI >{i’ure6t|n|t|ally, egd.,a
dee@b'b@tcpbuﬂé@?m'ﬁﬁ%mtM@ztpﬁf@uf%ﬁ?r chI orl de salt 8, is
treated with a sul phide. I n one enbodi nent, t he salt,

In orz%eﬂﬁﬁ%?urn%ﬁtt ;703 ﬁé’b&tibn%&tﬂr@l%‘ Hfred dbridgthe Iﬁ@adﬁﬂb@tﬁpne nt,

oride salt, 8, is treated with a sul phide. The

sul phide is or conprises S2 |In one enbodi nent, the
Treatuipptwitiea péloﬁdﬂﬁﬁlassﬂﬁ%?%@’c”? € n one enmbodi nent
the sulphide is an alkali nmetal sulphide. In one

! HbdiEht, tﬁef@n&Menbbﬁisndess&tr conprises Na2S. In one
o Z%M@%ﬁf i i telin ol el Bidiad™ | 0 one

I'S a transition netal
In owerphp@l@ent the Qh"f@"d@d’ﬁéa‘i"%rﬂ“ orifige sul phide is or
conprises ZnS. In one enbodi ment, the sul phide is ZnS.

In ond'eMBEdi %hp%é?@ Halak éﬁﬁémesgﬁf @ubini) delotige.0. 01 to
I: gl@e %@b?cﬂw Y n 3tar r%%ﬁngh@ﬁc?e faorgéﬂd'f NeRYo, 16d1e range is

enbodi ment’, the range
In om%e@b@@meot 1h%'@9|a{'/éqt'@ﬁ§% tq 8. one embodi nent, the
In ofé BInbbdiment; tmeciantar etiodn10fo 8&It 7 or 8 is 0.005 to

In o@e mbdiimehd R oRFRABI igBPdut 20ange is 0.02 to 0.30 M.
I'n one enbodiment, range is 0.05 to 0.20 M In one

enbodi nent, the (ini t| al ér concentratio about 0.10
In ong eth@ﬁ@ntaﬁ%Eﬁaﬁ%?n is peffrmedda eRantequs 'P?‘i%\'i"nent with

a sul phide and a chloride. In one enbodi ment, the
In oR® bRIbbEifen® IR réé@fﬂ?f’deﬁfb‘érdﬂaﬂls 20D 95‘1C0ne erbodi nent ,

In OPE reg&o%@{égﬁihé ?ea'\ﬁ? ten‘!&)%ra‘?@% |§§6’fbdé it m;]?er tehles a
In opgrembpedigtent Aine reaghion f@”@ef%”rﬁ(ﬁ)gi tents. WO
In 086 eMmbO3IRRNE tROEaCBRA0BHPeCBd84s ab®s 65°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 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.

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

Additional Treatment

Following the chloride salt formation (CSF) step, one or more additional treatment steps
(i.e., ST, DT, CT, EDTAT, OE) may be performed, as described next. If two or more of
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In one enbodi nent, the anmount of chloride is 5 to 40

equi valents. In one enbodi nent, the anount of
w@ehdoendse is 5 to 30 equivalents. I n one enmboRPCTEBR005/003634
the amount of chloride is about 20 equivalents. In

one enbodi ment, the amount _a@f chloride is about 200
equi valents. 5 In one enbo |ment the treatnent is

the%@éjﬁ‘u@ﬁ%t@ﬁs etfeWBFrﬁé”’é "ﬂl‘iel'j/ by Be I)Qi’fo%%@d in !aﬁ‘y ‘éf These

R e R e e ?Sgﬁg@"x Gadoqmstiontin g
redmﬁﬁ*ddgﬁ@ﬁtmpltrﬁ)ewfé%er ature is about 10C (e.g., 10
2C). 10 In one enbodinment, the treatment is perf or med

In on@ e%}g@ﬂh‘&ﬁ?g‘@%ﬁagdw g'ﬂ% grig?géﬂggﬁg§lf?tgﬁgrom $T, DT CT,
and Qg d fpl s p

erformed at a pH of 9 to
12. .15 I n one enbodinent, the treatnent is perforned

SulgideTdtraéntk8T 0 11. I n one enbodi nent, the treatnent
I's perforned at a pH of about 10.5. In one enbodi ment ,

t.he treatnent, i erforne t hat t he Hof
In tingiep; 6 npRcinBstHRHR - eetally SR Hu b otiagin-6-fur
saltefrbwdi Iréwis(disthstitutechamion)-1.9s(oplianplly shbstitiéed) phenathieziptd-ium
chig@didetshR, 8 datrbatod with atsulphider eaches at least 10 to 11. In
one enbodinent, the treatnent is perfornmed so that the

H of the r cti m, X reac at | east about
In 0?'8eg‘boﬂgn?'ﬁetgﬁéalg&bﬁéf%g#w“ ?18”?6@3‘[ ment is perforned
in Oaﬁewmélf@@ﬁdhaﬁblome%ﬁb@t'si@@fe@wtﬁ‘aswld@@ and at a
pH of about 10.5, or is perfornmed so that the pH of
t tder e reaches at |east about 10.5. In
Thet%]lgpﬂéﬁggrgem F&%&hsg reaction mxture is stirred during
the reaction step 30 For exanple, in one enbodinent,
In O@E@ﬂ@()mrﬁ,rtb@l%'@hlﬂg isamelel gulsBigeved in water at a
concentration of about 0.1 Mat a tenperature of about

In oﬁégmbm eQrQltHf: 59|Bh|§ |scéipélﬁé1r maPsulfigd.ed solution is

d with
In °&§€mob°3 ﬁh?\?ﬁlpﬁ' Bis foconﬁ)&'g%sl‘oﬁgz sgdlt Lre}]atsﬁl p\m Eje or
In cap earaedimtend.uhn

¢ pulpbide isNazdchi eve a pH of about 10.5 35
(e.g., 10.5 0.5). The resulting mxture is stirred

Ino @ egnbodfn?ént QHQ %Ipﬂ@e ‘i‘@ é‘H&r%‘?t)on rﬁétLaneJ Hfbe.and the

I nt, alar ge excess

Y Iphid
In 08? eg&%adwrght %P\"B ! ?és %Cmﬁ‘%ﬁ 3 equivalents) is
In oag @atodinartiehe syiphide & Z4S-h stirring, and the resulting
precipitate is collected. Al ternatlvel y, in another

In oﬁgté%oﬂﬁﬁént th@ %ml%hhtocff shi?oﬁldﬁ(?@b 0§ %o 8.20 30RHIENROC)
sing HCl, and the

In °|n§§mb[°% rﬁ’rtgﬁjﬁﬂgﬁéﬁ gtogé? pggtegglval% *I'n one enbodi nent
In Oﬂélelmhmdﬁi@ertt,rtéaﬁmﬁtls abauh Osl gpivialedts e, g. , and before
treatnent with

In one embodiment, the (initial) concentration of salt 7 or 8 is 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.

In 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 chloride is or comprises NaCl.
In one embodiment, the chloride is NaCl.

In one embodiment, there is a molar excess of chloride.
In one embodiment, the amount of chloride is 5 to 300 equivalents.
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chloride), the product (e.g., in solution) is

additionally washed with an organic solvent. WO
wWQ6/0882879 PCT/ GB2005/ 003634 -36 | n one enbpdi/GBRG05/003634

the organic solvent is selected from dichl oronet hane,

1, 2-di chl or oet hane, chlorofggnq et hyl acetate, diethyl

et her, chl orobenzene, petroleum ether (e.g., 40:60),

In oS BAE0AmehC tHERR ourt 3 iYL SQBﬁb%Hﬁwalleﬁtsone
I?\ Zg%ggggdlgﬁggﬁmpuntg? hlon(fedt?égw R '%Pgﬁor omet hane. 5

wth an
In one gmhodimeot, m@moum@fpwme is ko Ub/ﬁlen - the washed

In oft BRAB6diImeht, d6H aRbest of ohialdit aflodt 200 egbivalents. 5, or
about 5.0. In one enbodinent, the solutionis (e.g

is additionall heat ed/ ool ed .t OC
In OB apAUTeSL BT eqYS OBGpTTIed 2 2 R PULAF (] &1 205
In ooee@bodlmdnadmmwratweabmﬁ|s12tgéﬁng HCl, 10 and the
In oﬁ@émbbdnﬁ@npnle@tamﬁeaétereqahéeeletsetd)l5°ctn an al tfr nat : ?/e)
i ona
inofi g S she Ernmrlbicie st 10T g, 192200 ' hor
salting out. For exanple i n one enbodi nent, crude

In oMT Empodichent, thestréatimient idipedormesdn an agaeess raedigm.
concentration of about 0.06 Mat a tenperature of

In og\ggﬁ’lﬁoog %%nt Tll?@ réé)ch'lléf-ll lg 'E)]glfﬁm‘r‘e‘a%n%g dstc J&ﬂltfbﬂ@' ed

ion is
In opg GWPQG'W”M gﬁ%ﬂ{“eﬁ periqfd Al e gf%% 1;”gueous sodi um
In oselemhbdinent Hie treatment lﬁ@eﬁvrmagiraé aipH et 10tedd. (e. g., for

In oA® BRtbodikRenilitRelirésinent isIpeordtbd aiachbH bieakfout 10.61 e
collected. The filtrate is washed with

di chl or onet hane ver t ..Jn.,one . .
In oBRBBUPHEIRT [ Eedirinba PEIPIISA S E G Bl 19 sagipg pixure
readd@€ at adt &itd . ge excess of sodiumchloride (e.g.,

In oﬁ@@hﬂboaiﬁﬂsn@qm wahtrfehsis peFodikdasictaat the pHie tifeneaption mixture
reaéhl a‘EPetagtWS hystirring. The hot solution is allowed to

I I
In oa? smbﬁfﬂw{a@ fhgréatme@gksé’&ﬂ? @Seé" S%ﬁ 3k *hé f%gzﬁc’“)m"‘t”fe
readkieset feast atgluy 1050 anot her enbodi nent, the pH of the
cool (e.g., about 20C) washed filtrate is adjusted to
In oﬁQ% 08H1 t Eat'ﬁlgnt Fotnhie 4@t b%r@rﬁﬁb&ltﬁ@i@
(e. g|, 10?::2 § §nng g l-Fef ab% t?ﬁ) o(r)?:sapreb 3MRed so jc’hail hréeprﬁ of(tPe }eactlon

mlxﬁlré’rdaCbeﬁatslewtabwﬁ@eﬁ am no) -1, 9-(optional ly
substi tut ed) - phenot hi azi n-5-ium salt, 7, or a

In oRe én{ﬂ &?éerg Yhe hééc%r‘? e § @Qtlrrjed%uﬁﬁfmquaétlo)ﬁ step.

suab enot hi azin lum chloride sal 8, is

treated W|thadlnethyldlthlocarbamate Ino
Forexbogienimmne ernkodiment, crade MJ Crpradidch is flliv qﬂs%plved in water ata
condéntritioy lodhbdlit Ocrza BasraperbiureofabenbefCrelite, solutien is cooled. The

co0 ls% tlgﬁ d§ Fona rﬂlﬂae?r%ot th%ts% ti¥h fstréited W|th about 0.1 equwaléants of
aqqeg%f»o 55%5 elspeS Rl Ige By ﬁﬁgfq%@%@qﬁ

(e.gli 10c8 PR tThe ting rreixterg is stirect @repr fos aloyt @@)l@%@zﬂ&;md and
the Fifira@éolietead iimems embdit&mdmtn&idngé dxdelss of sodianehlerides(e.g., about

23 épﬁ@%ﬁ‘%ﬁ’g B'ﬁdeol 13 t@é‘ﬁltr HE ahd'@ie28RUitHy ﬁsémpltate is
°°"P?Fggné\}/%fﬁﬂ&‘tﬁ%ﬁh?“&??{@"}bgﬁé‘% ey dno s fip G 6 EL207c)

solwipoiiv afljested to about pH 1 using H and the resulting precipitate collected.

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.
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40 I'n one embodi nent, the range is about 0.1

equi val ents. In one enbodiment, the (initial)
w@orveesasrati on of salt 7 or 8 is 0.005 to 0. 25P®A/GBRG05/003634

one enbodi nent, range is 0.02 to 0.30 M WO

2006/ 032879 PCT/ GB2005/ 003631 -37- I n one enbodi ment,

range is 0.05 to 0.20 M In one enbodi nent, the

in ortd Srhbddhbnt BREGBARiBLHIOENtS s fré HEhMrorhsthans,

e.n%gdilsmsnt, he'tre nt . 1s t '
1 2GR e rsa g oetates Al EFEE ohibhdéngene, petroleum
ethee (e d#@rBR) beranectolusnedend reely! acsials | Ceergriodiment e
orgaRERelicREBdichidtemetiiaae de is Nad . In one enbodi nent,
there is a nolar excess of chloride. 10 In one

o elBA =0 SRSl gt A ot or e slaton
of thehwashed pradscHs eejustpdda @b eniesbous H5 oA SbSHHR i HeoRe
embblfheaiaba olafiorcis (g, teadditicably) he@edieqolied & apnreximatelpSC
and %ﬁsﬂx‘ﬁ{@%&igo}ct}@l etc'io?%fc gainsét%naergf,Wuéted gl @ @ivg HC,

) one I, ment r i ' |
and e reswlting recipiaterrdicded A gl{erﬁ%ﬁﬁ/ Srtdiriehtth SHfufion #
(e.ge iebastiiitivoally) h@gt@géo moﬁ:ﬁI@&m §5°%£affq§oqrbiﬁ%)é%a£%h&%\*/ gelling ot

water at. a concentration of about 0.1 Mat a

For %%!Fg@%ﬁé 1E eRiboRPuH:, §ide MTBréRictisifaly dissohealiedatel bea
ot 5 L IR RO o ey s oo
Theamoled sslubbmist apfpRlbitgtssl TARPEIVESN '8 TEelRf Wil 2304 0.0
equivERHIstdfaguasUst o sulphitie.r Bk esulting mbouredpstirredi(e.g., for about
15 rﬂfgpfééfseﬁ))z%re&' éﬂo?th@qlil rRDEbIbBRAS Thé filBb@ is Wabked @ith A
seapAtenly s A it g s v
to ahnd GOFG, anskAISFIEXops EESIIMTRELONS (Egh 1 BoLLaRD SR &
addeaROMerTRAY filtrbied withétindng. r Eret ok eelutiirt i allowed to cool very slowly, and
the ﬁ}igﬁﬁ{l Eﬁt{{%t%hihgy & ﬁé&ﬁ% Sollk&ed ée.g.@fh@t bafiy 6ut’)t Adtatnatvdly, in
anolfistPmESHI T eH G 1R R Gre- ot 20°CT waBhdt iRk ¢ Sdjusted to
abogbpid i using Hiloged mrregwjﬂiwra@!pif%t%a%eﬁ?: 30 I'n one

enbodi nent, e.g., follow ng washing with an organic

Din%%y)’o‘?tﬂl Fo’cartbg%a%*n%fatﬁt\é\ﬂ gpj ution of the washed product
escri bed oagosu . . tlo zﬁbgut 5.5, or about 5.0,
as e
In e stepnB AT S UDSBUR ATHRY- Be-epioBaly A BER e R -5-ium
salt37 Torki % disgdibutistitutedamino)-h8) (ontjcalipptisivéad)yphenothiazin-5-ium
chl@@_ss%llt,ts%{t?%%@@Wﬂﬁtarﬁiﬁéthyrdﬁhibééﬁfbarﬁﬁb.t, 7, or a

I substituted-am no)-1,9-(optionally

substi t ut ed) - phenot hi azi n-5-ium chl ori [
e o D Aot i D4 it & Amethyhiscartatidte, & 19
In one embodiment, the chloride salt, 8, is treated with a dimethyldithiocarbamate.

The dimethyldithiocarbamate is or comprises (CHz)2NCS;".
In one embodiment, the dimethyldithiocarbamate is or comprises (CH3)oNCS;Na.
In one embodiment, the dimethyldithiocarbamate is (CH3)o.NCS2Na.

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 equivalents.
In one embodiment, the range is about 0.1 equivalents.

In one embodiment, the (initial) concentration of salt 7 or 8 is 0.005 to 0.25 M.
In one embodiment, range is 0.02 to 0.30 M.
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40 I n one enbodiment, the salt, 7, is treated with a
carbonate. In one enbodinent, the chloride salt, 8, is
WO e@ansas7 t h a carbonate. The carbonate i s oPCT/GB2005/003634
conpri ses C032 WD 2006/ 032879 PCT/ GB2005/ 003634 - 38

I n one enbodi nent, the carbgpate is or conprises
al kali netal carbonate. I n"one enbodi nent, the

carhb j L. I odi um carbonate. I n one
In 0%%%’855@@%@ P%’\?FS '%grﬁg(#ﬁgt%@ @'s_sgq%i r@p&& bonate. 5 In
In orshemBedipant s (nitiaheonrpntratiopss QY 3);:“ bonate is 0.01
to 0.20 equivalents. 1In one enbodinent, the range is
In ot SRbsAmBnil heafititmahas tisatridht @Nie aciirhettlyldiibcarbdraate
a Fn.t is about 0.1 equivalents. In one enbodi nent,
and & {B15%

iitial) concentration of Nséglt 7 or 8is 0.005 to
In ore embagimenty thechipridledsBbermrises Nakhge is 0.02 to 0.30

In ofé embodiment tHeochloriietis Na@hge is 0.05 to 0.20 M I n one
enbodi nent, the (initial) concentration is about 0.10

erb: . . 10
in ofe erPpdErETGTF Moy FREES PRI | 8 L Po T ™ he
In opepwPPdiment ths arpairsof shleridgierd to AR egHIERS0di nent, t he

* In osé bmbbdiment thdahouritof onleridais Sdp @8 eauivalgeise i s a nol ar

In oﬁiﬁﬁlﬁédiﬁi‘eﬂﬁ M OahBEnt of BhiBfid: i€EBect AtRdtjuivaldnes. anount  of
chloride is 5 to 40 equivalents. 20 In one

enbodi ment, the anmount of chloride is 5 to 30
In opg ampadiatent the reateisat is REERIMASHE 2N AAKSAHFITRHYTs
chloride is about 20 equivalents. In one enbodi nent,

In ohD8mbb&RIE Me fcacihi hkEUTB dtiredduAnyeusactiedistsp. 25 | n
one enbodi nent, the reaction mxture is stirred during

the reaction step. For ex le, . in. nbodi,ment

For exarmRieATTeNB eEIRRBTSS, qruf §1 1 Rassicbisduly igeelige 10 eter at a
concantetion piakionh0dfM abatemeratung eftabaut Gaie rThesobition isgaslad. The
coof®l SolufibieisSepibhalR itk fedC dpadiutidi treatsd with stmlut Difosyuivalents of
a uogt ' é)lnal | Yd'tf'\i'olcér%%ﬁ\?c acTcP%o @lﬂ%éltpﬁ'hb%étﬂtﬁ@trﬁs&u\“é Isfstirred

qUERLR FmGthy cqurvarents o eoys Sodi,im car bona(&fe. g
(e.o7tier ahouty Q miyten) sigredh pad T file i o ATBIgSBGRr Yigodium
chiarida(é.gs aboutf23| eqeivetentsiirdadded to fhetfilteate wit stisipg eand the resulting

prebipifd€iseenessd.of sodium chloride (e.g., about 23
equi valents) is added to the filtrate with stirring,

i compigntt i e e e abiin o1 i oo
treatmentvafhaohiorides shevprotiudti(e 8., I5salufion) isslyitionally washge wiith an

orghific SolveritNass@dsdfibétnabdve fedlighidenteddiientashed with an
organi c solvent, as described above for sul phide

in opp emERARSN89 < RUBFDE REshER LN droaniEe i i HR R soluton
of thehwasteesiddyst iscasgustédstoztiout. bip alkpuhbSuer abayt 6. apdascribed

above for AlphRfdQtdatrhe®, as descri bed 40 above for sul phide
treatnment. WO 2006/ 032879 PCT/ GB2005/ 003634

Carbonate Treatment (CT)

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)-1,9-(optionally substituted)-phenothiazin-5-ium
chloride salt, 8, is treated with a carbonate.

In one embodiment, the salt, 7, is treated with a carbonate.
In one embodiment, the chloride salt, 8, is treated with a carbonate.

The carbonate is or comprises CO52.



10

15

20

25

30

35

40

-39 Et hyl enedi am netetraacetic Acid Treatnent (EDTAT)
In this step, a

W@ 200600328(di substi t ut ed-am no) -1, 9- (opti onal | y PCT/GB2005/003634
substi tut ed) - phenot hi azi n-5-ium salt, 7, or a
3, 7- bi s(di substituted-am no); 1, 9-(optionally
substi t ut ed) phenot hi azi n- 3¥Um 5 chloride sal t, 8, is

treate | enedi am net etraa EDTA or
In o STBbsTMERY the CApralric i uaPTAm A1) e gafichate P C
In orte embediment; theRBTIONGEE igor DTSSR SO 'Ump%h?anaé%odu rrent

In ondEmBdiPeh] heSetrionals isisdiufredirisshatd.t h EDTA or an EDTA
salt. 10 In one enbodi nent, the EDTA salt is or

conpri ses EDTA al k t al | t ,
In one Ry ReTL e ra0ust ok e cabopit e (o8BS0 BegH Rt |
in orenembodimentythet rangehis EOHR &H5 equiedletTA di sodi um salt.

In ordleRPEJIRBRY tHadidunt idEboaroUrdguivtleRSTA is 0.01 to 0.20
eqU|vaIents 15 In one enbodi nent, the range is 0.05

to 0.15 equival e on , t 1s
in ongembOBmene 5 Wl A coob S S DAL i 0085 s
In orfé emboﬁtn)ent;oangen& p&RitoA.3Msalt 7 or 8 is 0.005 to
In orQe %bb@nmehﬂra}@% i©0loedb oE0tM. range is 0. 822t00M0 I30 M
[ n one
In o%%%rggocﬂn%{] F%@t@n@o&c é’ﬂ Iggh%aeér%tj?gslbgﬂn i s about 0.10
M |In one enbodinent, the treatnment is treatment wth
In olEDFMbodiment, BRTireatment ia frgatmenhwish pgarbonpte apge chioride.
In oﬁé’f‘@%b@iﬁféht, thehénlerttleas brleomysrises NaGhpr i ses NaCl. 25 In

In oﬁ%gmg pe F%%chlérﬂfe IQNa@“ de is NaCl. In one

ere 1s a nolar excess of chloride. In
one enbodl ment, the amount of chloride is 5 to 40
In opgainbatliorent there is @melas eerssPEANIONdehe ampunt of
In 0f8ERbbEIeNS e AP0 of ghlbrdd ierstts 40 eglivhlentsne

In oﬁg’%‘%‘ Uy, hdEmBRR ngeﬁdecels%lsd%quﬁa@h@ut 10

inops prEREHT e Amatas taoa a1 SHREEREG: ment . tne

reaction mxture is stirred during the reaction step

In oRS efrdbdMERlRhEtredtmentie perfomttidinat aquearsanddi@npr oduct
|s fuIIy d| ssolved in water at a concentration of

Mat a erature
In °§%Ie[]tq°8'ﬁ“qn§ 38 n% XELfISbSn? irr%%igﬁrgfﬁnre gé&tlo-ar%%?en t he
solution is treated with about 0.1 equival ents of
For @8s@pksin driebMmisbidastit LerusaMTC pFoduct sdullyt disaplveiin water iata

con?éﬁt a[tlgﬁ of %c?,jt 0.1 10" §t Q?&Hﬁeré’cu?@é\‘r avouf 69°Ce e soieh Acdoledl. The

coote,g S@lUthB%QRtIOT%l yz ﬁﬁéal-@}?%e U?Pﬁ ?sst?eéx déd Wi é 6h1| %{O'i\gfents of
aquabuhsardiim carpgnatgn hem@swt@gdpﬁw@ls&p@%ql ﬁﬁ@ a éapgut mmutes)

filtefed, hBE tHRiltrANOCcARREI0 I2RTRE XCT4CH200BMTBBBIS (e.94@bput 23
equ%%nbég? 094451 thd ﬁ?trét@%tﬂ%tlﬁfnﬁaéﬁ@tﬁé rédulting ERdipifats 8-collected.

ore treat nent loride), the product

(e.g., in solution) is additionally vvashedv:‘zl .
in coegariodinserityietawing eatment with carbonaté (e.g., and before treatment with

chloride), the product (e.g., in solution) is additionally washed with an organic solvent, as
described above for sulphide 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 to about 5.5, or about 5.0, as described
above for sulphide treatment.
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descri bed above for sul phide treatnent. 5 In one
enbodi nent, e.g., follow ng washing with an organic
w@olosesas79 t he pH of the solution of the washePCPGBWSN03634
is adjusted to about 4.5 to about 5.5, or about 5.0,
as descri bed above for sul %9 ide treatnment. Organic
Extraction (OF) 10 In thls te
1-

a

3, 7- bi s(di substltuted am no) 1,9-(optionally
In tisislsteip] & (3{ i (dHubstittitedeaaniine)5t, Qmptlonaﬂyaubdtﬁu@d) pher®thiazin-5-ium

salt2f USRS 7w(w§um.t@§d §ﬁf‘d§$m@asuoﬁaﬂy &umméh)whbhotﬁ@za 5-jum
BT &1t Mo il AR Bkt b ST g an 0T ot

suspension, is treated with (e.qg. vvashed W th) an
In cmemrﬁodlmmtvthatsaltlm imlrmtahmﬂmlEBEAtor anlDThsalt | de sal t,

In pe énﬁ’bo@ﬁ#@rﬂ Utﬁe%ﬁioHHé QA B isIHBRANGHOFDTA or bf EBtTRAGa t h
(e.g., washed with) an'organic solvent. 20 In one

errbodl ment, the organic solvent is _dichloronmethane

In qnerepatopimentie E%walfeas ar eqmprises EDTARIRlIdRetal gt h
In gperem odenerd athe \EDDfpssiis er ¢dpijizjses EDJ Ardigatiiyn shlh one
In SRERAHIRALNt, hBEDT 4418s EBtTAQiRfiagsgous sol ution or

suspen5|on of salt, 7 or 8 to 25 organic solvent
is 0.1 to 10. In one enbodinment, the ratio

(e DCM
In dng e@ﬁ@@'tn@ers the payRkofeERIA SR to G 2Eequivalgiisi s 0.5 to
In cde enbodimeerdnthe danpgeris 0.05He 0t1|5muwalents( e.g., washing) is

In dAEehtfoiRRkrt! BB AhoURt i¥ aWSitT 8qibakmsity 30 of
allquots of the organic solvent (e.g., DCM. For

exanp in one enbodi ment, 250 nL of agueous solutlon
In a5p emh@dwrtt the (ipitia con%entrm&amqﬁ 839000

In dneeenidodineent, faoge & 0.02 &l 0.8@Mune of 250 niL DCM and a

In o\ﬁ@'éﬁﬁﬂ%duﬁéﬁt' @ngé islo.03® d.20 AMe enbodi nent, aqueous

In o(ng ﬁb odi ent tﬁgilﬂﬁgﬁagﬁc&{raﬁcﬁ‘hg ’ab%‘;t%rmgm has a pH of 8

range’ is 9 to 12. In
one errbodl ment, the pHrange is 9 to 11. In one
In opetendiodinent, mbereptmmweeatmemmmmm 8r antBDITA salt@nd a chioride.

In PBpsidiRRENnt, thB&hlofiéals®’bm ﬁs@Na(WaShl ng) is performed
In c}%tgéébo imeer{tatﬁ'\g [ RioRfie ?szl\tlz%bo T I'n one enbodi ment, the

rature range Ts I n one enbodi ment t he
tenperature i s about 10C. WO 2006/ 032879
In dREENGRRIOVEN D834 a molar excess of chloride.

In one embodiment, the amount of chloride is 5 to 40 equivalents.
In one embodiment, the amount of chloride is 5 to 30 equivalents.
In one embodiment, the amount of chloride is about 10 equivalents.

In one embodiment, the treatment is performed in an aqueous 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
concentration of about 0.1 M at a temperature of about 65°C. The solution is cooled to
room temperature, and then the solution is treated with about 0.1 equivalents of aqueous
EDTA disodium salt. The resulting mixture is stirred (e.g., for about 1 hour), filtered, and
the filtrate collected. A large excess of sodium chloride (e.g., about 10 equivalents) is
added to the filtrate with stirring, and the resulting precipitate is collected.
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-41 Treatnment (e.g., washing) may be perforned, for

exanpl e, using a reaction vessel equipped with an
w@®ohem® nechani cal stirrer attached to a shaPdT/aBRv5M03634

paddle as well as a run-off tap at the bottom of the

flask. Aqueous solution or_gyspension of salt, 7 or 8,

is 5 placed in the vessel, and an aliquot of organic

In oSOI i PEI m(et‘f‘nt QOIIoWeét%ewa ﬁﬂq éé p 5 H@#ﬁfﬁ) ﬁ'@ﬁf%‘éﬁt with

rred f ar
Ch‘%‘P‘Pb\f/ﬁ@oPrPéu‘%é%Qr'éﬂ golutiogh i a(dﬁs!on lx,éfvas 8¢ %?%%ﬂ'ye"t as
destribegrabosge thrsophiiedraatraenthe run- of f t ap. Anot her

al i quot of organi c solvent (e.g., DCM is added and

In otgggp&g? Fent, dEpﬁ)lﬁé\ﬁﬁ 'sﬁm ﬁ\éﬁrﬁ#arﬁd SBent, tRe PHIAMLsolution

b PH
RTINS AP AA0C PAR LER
aboyefay sulpbidgdteatrhémie) product ultimtely obtained. In

one enbodi nent, one or nore additional treatnment steps

sel §¥ ec{ fr@@ ST, DI, CT, and EDTAT are perforned

d by organic extraction (CE) 15

Recrystal lisation (RX) In this step
In ti3s gteb) a;emms(kisubastumted-aama)d)9—(pp90rqaﬂptsub$télute9) phenothiazin-5-ium
saltsﬂ'J Rtaid, ﬂb%@lSLﬂJ&ﬁfﬂl@édlérﬂ%bm R (bMfﬂnallﬁﬁ]b@ﬂtu?ed)@her@oth|azm 5 ium

g i TSR 8RBl BRI . ey o

mg?@Cﬁ@tﬁystalllsed In one enbodinent, the salt, 7, |s
recrystallised. In one enbodinment, the chloride salt,

o?ie e'trr?ooHFPr?érﬁ( Shakhit, ¥eth a@féo@ﬁ:ulntmw Sbﬂié(?lsmt isomaaﬁde/{nth
ur er, | and al so ovi des a r oauc
ey e Bl TP B A p p

e Size, gart cle &ed with

In °§§|etf376’|dt§“?"!§:rthﬁ§@°f'ﬁjme §%Jb§e'a@€H?°‘1§r§3ﬂWﬁEé’ﬂ fPEnston, 8 ésted wi

(eg‘ ovaahked witbhan Ergantcr&elv&ubl dance of doubt, note that
‘crystallisation” and "recrystallisation" are used 30

In olgglteerzrip% h%?qp{e%{%wgeéﬁehﬂsm %rﬂ {a Z'C‘PnD@MI"" n or
DCMAJ3 BERISTA, chemeal il & permiltpafy agiig (PDE) of 6 maida

“recrystallisation" does not require that the newy
In dhEYePiRldInh&rR the L eIl el ratie6f fuedlisstiutionion saseisiod obsalt, 7 or 8, to

or %‘%(%@%ét (QS f?q?lm IS%@p idic Recrystallisation

one odi ment, the recrystallisation

|nqn§ﬂ”@9ﬂ%ﬁ"ﬁltf‘%%it°i'6|q5ftf" water (e.g., froman
In oheleataeslingeit uthe oatiooris Adtedus suspension) at a
relatively cool tenperature by adjusting the pHto a

n OE‘I.eE I ﬁﬂﬂ\éﬁ%”é]t tlﬂg’#i % wﬁ%%ﬁ%&%wfd lteﬁztlvel}qusmg a plurality
of %GPQ@P@@‘%%QEH@C

%goﬁgﬂlﬁn‘oodl ment, the reI atively
cool tenperature is 2 to 40C. |In one enbodinent, the
Forl &a lé/ & é(neCQﬁbodlmﬁﬁBlZB@ hiL&f b§uedut @oliléh ofihe salt, 7or 8, is

wa%}?% y @%Qgﬁ(egqug’eotal vél?:m'erbf@@@ rfﬂ_r@@m BRA& volume

tenperature I's
ratio of 1

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 pH range is about 10.8.

In one 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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In one enbodi nent, the relatively cool tenperature is

10 to 30C. In one enbodinent, the relatively cool
wao egopesarure is 15 to 30C. I n one enbodi nent, PETI6EB2005/003634

relatively cool tenperature is 20 to 30C. 5 in one

enbodi nent, the relatively_ggol tenperature is about

25C. In one enbodinent, the relatively lowpHis -1

to 3. In one enbodinent, the relatively lowpHis 0 to

3. In one enbodinment, the relatively lowpHis 0 to
Tregiiment (p-§.We WG AIBHRRHTOTMER O SRS 00 Digapiipn wsse
equipiped with an| avediead endnhanicelratiret aitached fosa alfiiwitied paddie jge well as
a runedithp Wethe dotsmmdftisd kY AquBo@édltish ad suspnsioh g spti7ic 8, is

. e : n r

i MR I A
hetesgPRanyE GYXtUrene fora SulgBcReRER The BiE"e allaedlorsegarate,
anddtie toveer p@ganid solfers) tayei3io discandied gia the rusnel apb deriothen gliquot of

orghhl€ s@l%ﬂtﬁe.@gj[}m)qg aQYEd aid PRIprévdsotepabtad| e H0 several tirdes.
Cool acidic recrystallisation (RX-CAR) is particularly

effective at greatly reducing the tal .coptent of it
Orgents esaiongOBS 15 AT SHIazh SHep e ateTaalE fodsis e Srasp Pty
leveBabt tha golElite.d. RXy$i8d)e) drodush eltimatshyophiained. t he
recrystallisation is recrystallisation from water
e. q. o
in o ehiedlghl 05%9#%%?'&?9%?**‘3%%%385%@ 9@%&[@3 from 9% FRST
andisD P B 3espasforned fitsh) fef “@é,byﬁﬁ%‘??'%%’“%ﬁ)m hl or i de

(e.g., "hot salting out"). In one enbodi nent, the
Re%j!g{gmgaqib}‘ (@rncentration of salt 7 or 8 is 0.002 to

: n one enbodi ment, range is 0.005 to 0.04 M

In one enbodi ment, range is, 0.01 tq 0.04.M 30 In.,one ..
in G St5 L S(HRODE RO iyl SR e SBar ey -5-tum
saltl\¥, drra Ditbisédibausititvtert-aminae1i9(opticnialle substitutef) trdgpetpiaEinrgium

chibriie3Ritt ® iORGrystdlike@ne enbodi ment, the range is 40 to
80C. In one enbodinent, the range is 50 to 80C. 35 In

one enbodi nent, initial. elevated tenperature is
In Oaﬁcﬂn‘i!b@!;@ntdtheéﬂ'ivh’:f?o@a'iyﬁ%hlﬁ?d-t he (initial)
In aneresvdinaenitdhe chlofide galti$) isaperystallied. s 0.1 to 3.0 M

In one enbodi nent, the range is 0.5 to 2.5 M In one

e - i ) : -
TRt dfon 1108 %P.ﬁ%j;@%%ﬁ%%%ﬁ“?? Eé’?ﬁg‘“ﬂ“ﬁ“ 2
suitgpleiRaisigescti fBRTICIe g AALS 1orugp JEsksBgyent phadiacsptica
forraglatiérun) chl oride. I n one enbodi ment, the nolar ratio

of (sodiunm) chloride to salt, 7 or 8, is 5 to 100. WO

Fortztﬁée) g(ﬁ%ﬁé%égof 8816@%% t@&gﬁaﬂsatibﬂ’aaﬂdn‘r%tﬁﬁmgh’@g ysed

interchangeaﬁ{/ héraell;nI tg ni1ean etfoormagon 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.

Cool Acidic Recrystallisation (RX-CAR):

In one embodiment, the recrystallisation is recrystallisation from water (e.g., from an
aqueous solution or aqueous suspension) at a relatively cool temperature by adjusting the
pH to a relatively low pH (e.g., “cool acidic crystallisation”).

In one embodiment, the pH is adjusted using HCI.

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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In one enbodi nent, the nolar ratiois 50 to 80. 1In
one enbodinent, the nolar ratio is about 65. 5 In one
wepdvenisasent, the recrystallisation includes subPGEGB20VE/003634
drying of the recrystallised (highly crystalline)
preci pitate, for exanple, _i‘%an oven at a suitable
1

tenperature (e.g., 50 to )IC) for a suitable time

e. .1 to. 24 ur,s). For ex isRo nbodi t,
in one RSdER T EVa tostisthaRREs o6 oTP oML T
In onti ersoddimant, therpativaly godl deraestetusr isdR 18F%dbout 0. 03 M
In orémBédimppt, thel rertiedly c6d GempddptureisdlSity 30tGie sol ution is
In oriﬁ %ﬁé SenSR WEiEdN 06 dsmpsrafidRdo dhe @i xture is

to ,cool. for anpl e, t ofO0M
in o pbedimge Pl ood FBRara S RO EL0 0 hour s,
The resulting (highly crystalline) precipitate is
In orf@érhsfdimdnt, &Mel;;ﬂ?télplw}ﬂégi?ﬂited, for exanple, in an
In oY &EAbSRmBnt, 1 rePROY 106PSH if @fo BN appropriate tine
e.g,, .abou 16 houl s). "A5 Trituration (RX TRIT): In
In ogﬁgwmp%r’ela{!ﬁeﬁy fgg‘é’?éést%h #'sat ion i g :
In oneeempedinient, &t etatively oy MAiseabovkly. . from an aqueous
sol ution or aqueous suspension) at an initial elevated
ino Q?E@fzb%ﬁ the i f MLl MRS RIRIR SR Lol BLIWE. e
e ek DS e heoRoES LT
In oe @@bdliment theneH énastierterbeier argrgd of ¢ tpPQRINEDH. 20 M
In ohéleMBBdifTERg dha B is adj@eterboves athefibd pD5 G AGMINULEE | n one
In oﬁ{@{h@b&iﬁ%t, the6H (d AHjlidtad dver ApeRbl bRabouR 10 sinkesit 0. 13

n one enbodi ment, the initial elevated tenperature
is 30 to 90C. In one enbodi ment, the range |s éo.to
Coobeaic recrustalieation dRKWHAR) is Rartipdrgerestuna doatycedugng fhe meta
confeREofah® astiuresslid (el drysitdliire) peddevtat ed tenperature is
about 65C. In one enbodinment, the ratio of water to

THE is ; 2:1, by volune. 1In one enbodinent, the
H"trséﬁ’é'g@é?’i%?"&so@o 2:1. In one enbodinment, the range is
7:1to 3:1. 35 In one enbodinment, the ratio is about
In ohé &mbbainwne, teerizadistatisttiort iseecrgstalijsatian Ifr'psauat_gh(a'-gw creraes
B o L e B B e Ovan ot a
preséiie ahp EMPaNmEV S oy eoq it giofle i oL salh 87
suitable time (e.g., 1 to 24 hours). 40 For exanpl e,
in oh@ efib@diendnt,dhertnitial) concdetraitd of saltitiot 8 ésy 0.0024et GBS bk ude
In op(gg LAk rhfge dioSBlty@d4aim. Water at a concentration
of a oat O't13 . @Rﬂ' aty GPRr oxi mately 65C.
In opg € syt Tepge s L P |s'f_ilter(83B he mixture is

In oak lepihedinent.dbe (inigalp Gprpentzaiipnis ROGU 006/ 032879
PCT/ GB2005/ 003634 - 44

In one embodiment, the initial elevated temperature is 30 to 90°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 (initial) concentration of (sodium) chloride is 0.1 to 3.0 M.
In one embodiment, the range is 0.5to 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) chloride.
In one embodiment, the molar ratio of (sodium) chloride to salt, 7 or 8, is 5 to 100.
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added when the tenperature reaches about 25C, at a

wat er: THF volune ratio of about 5:1. The m xture is
wa@g@sn3zard owed to cool, for exarrpl e, to about PBCI/GB2005/003634

slowy, for exanple, over to 10 hours. The

resulting (highly crystall_i&e_) precipitate is
coll ected, and optionally led, for exanple, in an

0 an appropriate tine
In °'teeefab‘g‘f @%Btfh%“g‘g H‘ﬁ'P]‘ 2 410? h Met hod B On
HOWWPQ%W?“U?HG@P@hE%'ObZ?& t ﬁ:l Enovvn ?ret hodseand t he

In orﬁHaﬁquﬂuhmnt;tlm meldr ratio isvettdubd5B i s t he use of sodi um
sul phi de (Na2S) instead of other sul phides, such as

In orﬁ/ dr 88’@21 sy ]tlgetveg;eyg Is%on"\ﬁ@hcge sru'bggciljelﬁfH&fhglcgirbgpecrystalhsed

(hlngmm@Hmehgr@p@g@tﬁ fon PRl in aneyen ahRPYiARiegRIPSRIUTg AR Y- 5O
to 120°Ch drfa diitbble dirlet (endi toe2dpenss)ve to use in an
i ndustrial process. By using sodi um sul phide, these

vant a es.are o
For g)ﬁﬂnbxﬂ? da p eg1b§>8||med1 crngaoeg@y) é)lrocﬁg%]llﬂe%?ed gé N/ﬁqg %roduct is
dissoluedsi k2 at aeenceatiaionyof aheutA03 Maand 3t a&%%“ﬁé&rﬁﬁ oF
Optibedllyetheaohitionls fiferdcheSadiuac thioride isladdede Teermpdinedsaljowed to
coolt2 f elth @dto%%f r'o%ﬁxste Brafir& Iy, for ébﬂanﬁmélcﬂr@r { - 1@hours.
Theé Hgs(ElghF Ergeé Dec ngge?gca%?;te%d (#b[?ﬁb%lallydn?d for example,
in arf gvamﬁepgamt(a@sﬂl@ C) fOﬁ ap @ep@%@alt' 9-t3houp ﬁ%‘é{s
additionally conprises the initial step of:  nitrosyl
Tr/tJr C(ﬁXOﬁRKTWR' 2). 25 In one enbodi nent, the nethod
Ititonally conprises the initial steps of
nltrosylatlon (NGCS-2); nitrosyl reduction 30
In oneremhedisenb dharestystallisationds ﬁ%?dysfi%lkﬁa@'%?{ fé‘&% an
aquédLes doitiohalr agtieps sruépenanNamrsmtbatele\lﬁ’ted)’@n(mm-eZm;the

pre%éhf:é 8Ftrahy R ukdNPHE) (e.g. n’dn(dré’t%b‘r‘lb reduction (NR-2). 35

I n one enbodi nent, the nmethod conprises the
steps of, in order: Nl\l-dlsugstltutlo é&g\l
In opg ?W@Q?‘Hﬁnﬁ dne (inliad) goncentratiop 9ESalt 1 @b & §- W‘%M
In ohé BEbbUigient ramye i2)0;0140 020 Mr i de salt formation
In oﬁgéﬁbgailme\qpr t éj@&%&g% @/ GB2005/ 003634  -45 This
| [ he synthesis
'”QS‘F%“Q%M%’B @ﬁéﬁ#‘agchﬁ?e\lﬁ{rFr}]lah%nzlﬁﬁgﬁﬁﬁ H éerein R and RO
are other than -H, as in, for exanple, 1,9-diethyl
In one embodiment, the initial elevated temperature is 30 to 90°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 7:1 to 3:1.

In one embodiment, the ratio is about 5:1.

In one embodiment, the recrystallisation includes subsequent drying of the recrystallised
(highly crystalline) 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).

For 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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met hyl t hi oni ni um chl ori de (DEMIC). 5
N. N-Di substitution (NNDS-2) In this step, a
w@2mpossmal |y substituted-aniline, 9, is PCT/GB2005/003634
N, N-di substituted using an al kyl halide, an al kenyl
hal i de, or a hal oal kyl haljglfl to give a
N, N- di substituted-3-optionally substituted-aniline,

adddO i8R theytoiBhIAIE fed dhel BBolt Y5t @ U Ady REPATP Lollihe Flio of about
5:1. 3Tha Mixtura i 3gaipalloyed;tg CRE"I\f-OEJ?i‘ﬁé‘?FH?Ita au&%fshﬁloylyn{ﬂr ﬁig?rnple,
oveiato tehours  The essubingl(iighly oxystaliine)Pprecinijate imedliepted, arel optionally
ie@Sol elanidid, at 86 oléh 8, Aolbboi quecsehanepprdriddetimdNelg., about
gr:&HZRI I\/g]\v}g)t| . 10'0 1{§hfn one enbod;isnent,p?hg reacteiNong
YSs an alkyl halide. In one enbodinent, the reaction
uses an al kenyl halide. [In one enbodinent, the
SyntheaistMatiodiBes a hal oal kyl halide. 20 In one

enmbodi nent, the halide is a chloride, brom de, or

i.odi de., .. dj I ' i
ord it R R bl vty
MetoorkB énibedisarehsodivm sulpbisier(NasP) instrad RIAT sfpaice. suchgs
hydiogen seiphidb ¢diSyemthe rirgsusion (RF-Restep See,dbksande.iMiehaelis et al.,
194|§.|S hgﬂ%{/?rgﬁ%drg&r} QlipHidd @Qﬂx{gé%ell? Abhgtoud and BMjokh Bigficul® and

2. .4, 0, X - ois

oxpyeiie § usSin'ap jnol R HTaETR e TSRl ol Tbrfe, e
disagiientageReare ONEEP M 4n B0GHR SEHIASUIPhis 1 A Gli, IS easier to handle,

andeah @diwaigied rhdre aasiycandaccusately ithis patritsdetigr pentesi oBthg reaction.
nore. | n one enbodi nent, the reaction is perforned at

In oﬁlﬁ%lélwggi 8 ggb?%@‘?%h%\ac%%%gégé@ég%p%g/ GB2005/ 003634 -46

( ; e'reactron’is perforned at a pH
of r@gtfesiap(RF-Bh one enbodi nent, the reaction is
perforned at a pH of 8 to 10. In one enbodi nent, the

In o@@?h&g&@%i,t’cﬁ@ﬁw‘étlﬂfd%dahfbﬁéwlftﬂmpﬁbf@thé(s?bstfqﬁ?f ihte;:ﬂ _az e.
X e | ge nolar rati o or al Ky al | de,
al ;&&M‘Beﬁg%ﬁ‘?{@ﬂ%ﬁ % kyl halide to

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);
nitrosyl reduction (NR-2).

In one embodiment, the method additionally comprises the initial steps of:
N,N-disubstitution (NNDS-2);
nitrosylation (NOS-2);
nitrosyl reduction (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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base (e.g., sodiumcarbonate) is about 2.0. In one
enbodi nent, the reaction tenperature is 25 to 65C. 10

w0 pooenz2senbodi nent, the reaction tenperature i BCBEBR@®5/003634
55C. In one enbodi ment, the reaction tenperature is
about 45C. In one embodi mept, the reaction time is 1
to 24 hours. In one enbodi nent, the reaction tinme is 2

.10 0 ' , i LA
1 Bt i N
comppyEdR Bhergngt | aCd ABcieS ey Balk 95T, TordieBYle
methyithishiniemtchlotitie (PEMEC).on is term nated by the addition

of water. 20 Nitrosylation (NOS-2) In this step, an
N-di.. ' efd-3-optionally substituted aniline,
N. N3l S'ﬁ"-g (RS ated to give the corresponding
N, N-di substituted-3-optionally substituted-4-nitr osail )
In thas slep e 3-opfionaily sulSituted-asiinatdeis N.N-disibstigtacougingyan alkyl halide,
an alkdHMRalidB %R MR alk NAtRd\GivdNa NN B ub&ifdNEd Wodtibnaltyn

sunp e T e 4Rl kBT S g "

N, N- di net hyl - 3-eghyl -4-nitrosyl aniline, 1
illustrated in the followng 30, schene:
N\ ~ N | M &0 11' W 2006/ 03287
PCT/ GB2005/ 003 -47 |mmone—enbo® ;
nitrosyl atiwn’i S¥performed using a nitrjite. In one
enbodi nent, the nitrite is or conpriseR"™N02- in one
enbodi ment, the gitrite is or conprises allgi netal
nitrite. In one &rbodi nent, the nitrite is or

conprises sodiumnitrite or potassiumnitrite.

In one embodiment, a 3-ethyl-aniline, 9, is N,N-dimethylated using a methyl halide, to give
a N,N-dimethyl-3-ethyl-aniline, 10, as illustrated in the following scheme:

H,N |
9" . 10'

In one embodiment, the reaction uses an alkyl halide.
In one embodiment, the reaction uses an alkenyl halide.
In one embodiment, the reaction uses a haloalky! 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 iodide.

In one embodiment, the molar ratio of alkyl halide, alkenyl halide, or haloalkyl halide, to
aniline, 9, is 2.0 to 4.0. In one embodiment, the molar ratio is 2.5 to 3.5.

In one embodiment, the reaction is performed under basic conditions.
In 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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5 in one enbodinent, the nitrite is or conprises

sodiumnitrite. In one enbodi nent, the nitrite is
waowsssm trite. I n one enbodi nent, the nol ar PEL/GB2@E5/003634

nitrite to aniline, 9, is 0.8 to 1.5. 10 In one

enbodi nent, the nolar ratioss 1.0 to 1.5. In one

enbodi nent, the nolar ratiois 1.0 to 1.3. In one
no,&"]grgg f,t tl‘ieﬂ% Eﬁb|n6|£ pb rh%d'a?a%l—poft@tolizé- | one
In OWEPWf rierféaﬁtiﬂ“d? p?’?x‘i’m@ éaf °f8t° .15 In one

enbodi nent, the reaction is perforned under acidic

In oOBSibbAiRIRS, thd BhsRirabAs bresbainédesingsatiimtaitonate.
performed at a pH of 1 or less. In one enbodi nent, the
reaction is perforned at Hof 1t

In opgyemBesHERNt themolapealioioh ﬁ'k?‘sﬁpaﬁ%? '3‘%{%9 a°r;5‘ﬁ'°6‘F<th%"8e to

basd®(e.g.28odium caopatedisiapeut 2.0t he aci di ¢ conditions are
obtai ned using a strong acid. In one enbodi nent, the

In o%eh'%ndwégdl&%ﬂg yhd l%gétlo%rtgmﬁ?rta@.gg 3ig¥cHC  (which has

acCl

rrbodl ment, the
In 0%?@?’0?'5@“6 tfaﬁreéeti'q&' tﬁ‘?"@?'@ltfgefsogétr?rkl%ﬁ 9, is 1to 4.
In oherembedismen dhemeattjont thepeeatige i @@tf’r@Ql In one
enbodi nent, the range is 3 to 4. I n one enbodi nent,

In of)%% @3&%%5 ?héa%getﬁon%rge is 1 rho%FBe enbodi ment, the

nment, the range is 2.25
In Oﬂ%e@b?@'ment rﬁh%‘?‘?écm tP, '}? US-atio is about 2.5.
In oheremibedieTent) diieneaction tinee isebout hhewss.per f ormed in an
aqueous nedium 35 In one enbodi nent, the reaction
te L& ! o [
i ohEIRBORREE f3iBeich A o e auipa aRabn dde
the reaction tenperature is 2 to 10C. In one
In oerbothodieTent, theneearctiarcis tesminateebley e @dditips ohwalel- 5C. 40
In one enbodi nent, the reaction tinme is 10 to 240
N Il one enbodimsnt, the reaction tine is 30
%%Mes. In one enbodi nent, the reaction tine
i s about 60 m nutes. WD 2006/ 032879 PCT/ GB2005/ 003634
In thist 8tep naroNd\-distiertifuiedhB-optionally sdestitued Al A8, is -rifrpsyfaied to
glveché'cBQeéﬂwdfngaQNldNMbSﬁtetéd -3-optionally substituted-4-nitrosy! aniline, 11, as

illustrated in the following scheme:
9

R’ R
@VW
7NA
. R
Rm&\N \\T
||Q7NB R7NB
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-nitrosyl aniline, 11°, as illustrated in the following
scheme:

NO

—_— Me\

Me- . N

10" 11°
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Nitrosyl Reduction (NR-2) 5 In this step, an
N, N- di substituted-3-optionally substituted-4-nitrosyl

wamiobjoses79 11, is reduced to give an PCT/GB2005/003634
N, N- di substituted-1, 4-di am no-5-optionally substituted
benzene, 12, as illustrated,in the foll ow ng schene:

s RO RNO/ NHa RZ/N\ \ RFANN N | 17Ne R 7NB R 11

12 0,.ln ope e I er : o

nong saapoens e ENHoR T pories v i -

In onecernleediment, fiamitriggis or comprises I\YOz'-

In o émblodimishy thelnittitalisamconpdseataiidli nsalzéwts. 12', as

In oﬁéd‘lﬁédi@%ﬁg tHéHlifrﬁ\@ifgq? |cbr‘%éﬁ§l,% A leFitrite P@cﬁ?é&ﬁnt hMiMVe.\

in ongieedBen, e gtie by cobisdb Rl Rl O agent | 1 n

In orgnembedive@nhiia Ntk is sodyoChitiée-agent is or conpri ses
Fe(0). In one enbodi nent, the reducing agent is or

In oﬁ@%ﬂﬂbb@iﬁénm@%biaﬂ; rdtio QP nitritk fo MMhee IR gRM 5. t he
reducing agent is metallic iron. 20 Metallic iron nay

be obtai ned corrmsrci_al.l%'/n,9 for_ exanple, as netal
In on¢ emhgdiment, theomelae FASEd® #orie 1-5% he nol ar ratio of Fe(0)
In oh®embbdimaat, tis mokar fatid i¢ ©.0400.3.1 n one enbodi nent, the

nof}bodint it g1 10 ore Sood [oAk e
. 3,4 Q-,. n one enbodi ment, the

In 0%?@Loqutepgﬂ?esmf!aérqt!8 !%fl'g.tol1r??one embodi ment, the

In oneembpdiment thmply fatie itihdde leki dic conditions. In one
enbodi nent, the reaction is perforned at a pH of 1 or

In ogééﬂb8§iﬂmeﬂﬂ EheSFERRLNTS 'Ibbﬁfoﬁﬂ%,% Un@aL£adid@ip coadifigist or med at

.1 -1, .30 [n e e reaction
i ofe SgbpfigEph s Eegtigis gpges H A U o b bIetss oo g
In opegMbpdioesl. dseeagtion ig gerformed at a pH of 1to -1.
In one embodiment, the reaction is performed at a pH of 1 to 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 aniline, 9, is 1 to 4.

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.

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 aqueous 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 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.
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In one enbodi nent, the acidic conditions are obtained
using a strong acid. In one enbodi nent, the acidic

W@ o0vdi0si8ens are obtai ned using HCl (whi ch has PCEGB2005/003634
strong acid proton). 5 In one enbodi ment, the nolar

ratio of acid protons to anjdine, 9, is 1to 4. |In
one enbodi ment, the range is 2 to 4. In one
enbodi nent , t he range is 3 to 4. In one enbodi nent,
the ratio is about 3.2. 10 In $p

In onexgiyRogigent, the reactjqn 'B?f@r%ﬁb%ﬂﬁ H‘t’“g ﬁée?“gﬁaétqps 2.25
to 2.75. In one enbodinent, the ratio is about 2.5.

NitrdsQl @é}ﬁ,cﬁm%'@nt, the reaction is performed in an
aqueous nmedium 15 In one enbodi nent, the reaction is
perfornmed at a tenperature of 2

In th@ﬁ%l%f“ digypstifubec-giopHonay phst fiﬁ?‘ﬁé‘g“&&”&' %@Wﬁe?%ﬂ%?egu‘:ed

to gio ah O, NalisR®&ituted- ohdiaambodioptionally sukstitded bearenes12, as

musp&ggq{trﬁgqoﬁowngasdhleﬁ% of 10 mnutes to 12 hours. 20 In
one enbodi nent, the reaction is perforned I{gor atinme
of 30 m nutes ttR 6 hours. In one enbodi ment t he

reaction is perforrrﬁgfor a time of abou s, 1In
one enbodi ment @ reaction m xt urﬁAl S red during
t he reagy’Mon 25 Ring Fusi on”( Ry this

step, two nmiyecules of |,
N, N- di subst ||lymat ed- 1, 4-di am no- 5-opti on%FI y substituted
benzene, 12, arefused in the presence of fp2kali netal
sul phi de and iron(l1l), at a pHof 0.6 to 2.6, to
give a 3,7-bis(disubstituted-amno)-1,9-(optionally
In of¢l Bbbdinieat] aniN Nrditmbthylz3-ethl- %@ltnoayhmme,, 11 3is redyiced to give an
N,N@Hﬁgf Al &b rhiRo 30N I Pchgaden §2°s s fRFatéPinRhe RloWing scheme:
NV N~ RNV NV I+ 1 / /RINA R7NA\ \ 1" / /R3NA
NNNSN R/NB R7’NB R7TNB R3NB' 12 12 13 (XO I n one
enbodi ment, two|nol ecul es of NH,
N, N- di net hyl - 12~di¥&i no- 5- et hyl - benzen , are
fused in the nce of—atkabt+ et de and
iron(l11MeagaNpH of 0.6 to 2.6, to gl'i\/e a 35
3, 7- bi s(di rrét hyl -anmi no) - 1, 9- (di et hyl ) y@henot hi azi n- 5- i
um salt, 13Meas jllustrated in the follo g schene:
VD 2006/ 032879 ﬂ&T/ GB2005/ 003634 -50 / ﬁ?I—QN/ N
Me, \ I +1 / Me Me,N\ | S Nwe

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 aniline, 9, is 1.0 to 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 molar 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 110 0.
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O M 12" 12° Me M IT X G M2 In one enbodi nent, the

al kali netal sul phide is or conprises sodi um sul phi de
W@e006/08282%si um sul phide. 5 I n one enbodi nent, PEEGB2005/003634

al kali nmetal sul phide is or conprises sodi unrsurphider © -

In one enbodi nent, the al ka J;é nmet al sul phide is sodi um

suI phide. In one errbodl menT the iron(lll) is or

in o pedinpnt, Becdic fonticsd Aeke PR s ACHoRE Berg, ' [
In ommewmenwﬂ acidig eorditions [are ybta@Ed HERE HG! \wiaigh bas ere sffong

acidprétghly. ate thereof. Iron(ll1) chloride nay be obtained
commercially, for exarrpl e, as the anhydrous salt or as

t he exah dr at e. n_on h iction is
In 0%?9159%8 hmfe’ino'ﬁ[:fa&'o@f égﬁtﬂ’irqu%shtgn%%ﬁ %nsgé odi nent ,

the reaction is perforned at a pHof 0.8 to 2.4. In
In on%@mﬁ&@ﬁ@hﬂ%rang@&zwelig 1. 02t8 2. I2 In one

| to n one

in of T RABbARR tﬁﬁnégﬁgﬁ 04 I4to 18 201n one
In O%?TB@HPWEWPf triehr@t' g‘? 5§3ut 1.6. In one enbodi nent,
In ondnemivodiinent, &he r@nge lSsimop'hl de to aniline, 12, is 0.5 to
In ofe Bmbodimefn ehembgeis®eps to 2.8 nolar ratio is 0.8 to

In oé%émbb&m%ﬂﬁtl%%ﬂg'i%t tshe nolar ratio is about 1.0.

one eénbodi nent e molar ratio of Fe(lll) to
aniline, 12, is 2.0 to 6.0. In one enbodinent, the

In oneEmbodistent thesreactiprtis parformedrin an @0UeRNSANSRIWD. t he
molar ratio is about 3.0'. 30 In one enbodi nent, the

In oﬁﬁgl‘ﬁgbg Fhe#‘n? tﬂf(efagtr bﬁorﬂ’fédaﬂ %Q&Hﬁeﬁﬁﬁlé ¥ td 5°@ne
In opg gMKP W“Bfthea'i?ﬁf"ﬂg\ﬁﬁﬁ%g{’ ﬁ‘aeg’%tgltem%%ﬂﬁoﬁ# fo %’53(1 " one

enbodi nent, the Fe(lll) reagent is added in two
in oﬁ@@ﬁm&ﬂlmﬁhbe @3uidn ip petforares]. folMtiRe @61 0 828#Es to 12 hours.

In oﬁgh%& gtlon 8 éek&n%qoﬁm?ﬁ@oﬁgmnmdt@@to@‘??tg%
i ofs eg?»faﬁlﬁben%% et roy e € i R EhAEr

sul phide is added, and one-half of the Fe(lll) reagent
In oh& epbaaichent hite réaxtion mixtue ishstired eludne the(reactionsstamp| e,

for 1 hour), and then the remai nder of the Fe(lll)
Rin reagen 3 added. 5 In one enbodi nent, the reaction is
n t a tenperature of 2 to 35C. In one

enbodi ment, the reaction is perforned at a tenperature
In t19§ steP, @ mel€cules of N,N-disubstituted-1,4-diamino-5-optionally substituted

benzene, 12, are fused in the presence of alkali metal sulphide and iron(lll), at a pH of 0.6
to 2.6, to give a 3,7-bis(disubstituted-amino)-1,9-(optionally substituted)-phenothiazin-5-
ium salt, 13, as illustrated in the foIIowing scheme:

R™MA_ RN — 7NA RN
/ R
7NB 7NB 3NB

7NB

12 12 13 X@

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(lll) at a pH of 0.6 to 2.6, to give a
3,7-bis(dimethyl-amino)-1,9-(diethyl)-phenothiazin-5-ium salt, 13, as illustrated in the
following scheme:
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In one enbodi nent, the reaction is perforned for a
time of 10 mnutes to 12 hours. 10 In one enbodi nent,

W0 bwewget i on is perforned for a tinme of 30 mi PC/682G06/003634
6 hours. In one enbodinent, the reaction is perforned
for a tinme of about 3 hours.,Iln one enbodi nent, the
reaction mixture is stirred durlng t he reactlon st ep.

15 I n one enbodi nent, after reaction, the reactjon

e hedr

e reaction tenpe Ji ve
e ho |Itr.,ate ¢

n _ane emrbodi Meqt :
m¥Nuré’is first codledy and the filthation @
penfjorned at about ro tenperature,méo giv " coojre
flltra,!lﬁ Chl ori de It Formation (CSF-2p3-25(®1 this
st ep, 3, 7- bIS(dIg stituted-am no)-1,9-(optionally
substi t ut ed) - phenot hi azi n-5-ium salt, 13, is reacted

In o@é %P\bﬁgﬁhﬁh{ @ alk& AbiéEs@phide is or comprlses sodium sulphide or
-b|§ di substituted-amno)-1,9-(optionally
potasgiyay $YRIYH) - phenot hi azi n-5-j um chl ari de sal t

In on¢ pubeditest th%alkﬂbmfa‘@i SRfifi IS IS EMRTISqRo o Uingg I éé/ N
In ofié embodiment, the alk&i et SNphiddisgodiun sylphig®NA S N 81 5;
|7NB OI3NB 7NB1 3NB R 13 X(r) R14 C1 (2) 30 In one

In oge §n%ogE mnﬁéﬁ%wr}j{w 3r comé)rls?%lron%llli ||de msalt, 13",

In one embadimeant. ihe ﬁon(IIQpﬁ grqog@rlsg.solrcm (/l or e.

In oBe érribloa(nthnlmndﬂ irbra(Hi) isaiyongiip cdotidesorianhygirata tharedfor i de
salt, 14" (i.e., DEMIC), as illustrated in the

Ironjl@&cw%cregm Eengtgln}é@é;g%ﬁg 8%6;7 g Eﬁé/gagwééﬂ%éaq O?cﬁ‘g@s salt or as

the hexahgdrale.0 14' cl Treatment with Hydrochloric Acid as
a Source of Chloride: 5 In one enbodi nent, the

In ohBlefdodfndr, thy FHaREM i@rdeﬁ‘o@\%dhndieﬂaaﬁle conttiishisent , t he
In orgea%tm'oﬁgﬁn% tﬁ% Fga%{@:?g p%f‘ff)ﬁlnff pLhHS* 0. 85(9?’49 H. I'n one

s - In one'

In oapisaHofisARNt, the Eange i P\’%P-yo- low pHis 0 to 3. 10 In
in opBendodmaintethe rangkds t.&ltaiOvely low pHis 0 to 2. In

In oﬂe%nﬁdﬁam%mﬂéraﬁg%mlt@msvely | ow pH is about 1. In
In q%g\eﬁn&r_{i‘% Wép#u?gb&m'@ adjusted to the relatively

In one embodiment, the molar ratio of sulphide to aniline, 12, is 0.5 to 2.0.
In one embodiment, the molar ratio is 0.8 to 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 to 6.0.
In one embodiment, the molar ratio is 2.6 to 4.0.
In one embodiment, the molar ratio 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 plurality of approximately equal
portions.

In one embodiment, the Fe(lll) reagent is added in two approximately equal portions.
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In one enbodi nent, the pHis adjusted over a period of

5to 120 mnutes. 15 In one enbodi nent, the pHis
wW@oasss®m over a period of 5 to 60 mnutes. |PCDGB2005/003634

enbodi nent, the pHis adjusted over a period of 5 to

30 mnutes. In one enbodimgat, the pHis adjusted

over a period of about 10 m' nutes. In one enbodi nent,

In 051 %rr{b%aﬁﬁén‘?n(hé H? Eﬁjﬁgtgﬁ sf'r&i @éluég g, P)Q?']e addition of strong
acnc{:@{oqtropg haeelather kqllsm%ta %,ﬂ |s|gﬁ e, and o5 l-yq(ilg) reagent
is ad@échtThﬁemeufem thes mpeatert (orexampte, fa5 13@@0 amqhtr@néhe remainder of
the@@’gwﬁeagém is hdiear el atively cool tenperature is 5 to

In one enbodi nent, the relativel y cool
tenperature is 10 . to SOC In one e h
In ang |emh09@n§nt686|rea6él%mﬁrf@frae¢ at aﬂ?ﬂ}P&f@Bfémnf%éo e
In carleodiodimment, thieeackibais pasloymedal a tearpseatatenfdOite 3.t o

30C. In one enbodinment, the relatively cool
In olngggr{eo gLntljén? the %R:?Hﬁ (fzp?e%onf\&z PSrtﬁ;{an@ﬂ'orﬂ%ﬂhtesttﬁz hours.

In opp raogimg, e geaciah I ReEgTBRLY aGR AYSRRBU RS0 PingHe
In dok eenkodincaitdbe resgion BOparierroedtfoe atbio ut 3 heureact i on
m xture is stirred during the reaction step

Tr eat '

in off e SgRNenteth? Sackth R Btedtfurflo BUHEEHA! sep.
chloride salt. In one enbodlnent t he chlorlde is

In amkleaitiodimsrd) aftsh Feactide, the reactioremixitiye i fitterad andhiae filtrate collected.
chloride is sodiumchloride. WD 2006/ 032879

In qﬁgggn?%gﬁgtqgg ?iﬁr%tlon Fspflri% dﬂébﬁ?tei'%ﬁ%'r f%ﬂ‘r‘e neaP RS the kSacon

I n one
temp Pn"@rﬁ“’e?H?é’ nfﬁti%{? ratio of chloride to salt, 13,
is 5 to 100. In one enbodi nent, the nol ar ratlois 10

In dn@ Atbodimérit, 8B PefilibA eixtaretis fisheodie, and tta filbation id Perfamed at

abq%grooﬂ {g%';%tg,tgog% ()%%E eodiMfgi@! ar ratio is about 20.

one e e reaction is perforned in an
aqueous nedium 10 In one enbodi nent, the reaction

Chlbs I tiog (@SFR)30C. I n one enbodi ment, the
reaction tenperature is 2 to 20C. In one enbodi nent,

In thi Q%ter&)eg%t') Bid cﬁlﬁfggﬁtﬁféhua{n%nb)% 9?@d{ﬂon§ﬁ:} sub'sﬂu@a?- henothiazin-5-ium

NSl e NN et
substtatsd)-ohendthigindg- @W@le@@ﬁ,o% as illgsigated Bb@@rﬁ@@wmg scheme:
red/ pur Rbe as tﬁre product precipitates. IR one R

enbodi t helreacti on mxturels stirred r|n

reacti

7NA 3NA — - 7NA 3NA
7 7NB 3NB

NB 3NB

13 x@ 14 C'®

In one embodiment, a 3,7-bis(dimethylamino)-phenothiazin-5-ium salt, 13’, is reacted with
chloride, to give a 3,7-bis(dimethylamino)-phenothiazin-5-ium chloride salt, 14’ (i.e.,
DEMTC), as illustrated in the following scheme:
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If desired, one or nore of the treatnment steps (ST,

DT, CT, EDTAT, OE) described above, my additionally
wheopesior med. | f desired, a recystallization BCESB2005/003634

(RX), described above, may additionally be perforned.

25 Synthesis Method C This_gethod is particularly well

suited for the synthesis of di am nophenot hi azi ni um

conmpounds wherein the groups -N(R3NA) (R3NB) and

-N(R NAY{R NBjyare other than 30 -N(CH3)Z, for

g

- N( R7¢8)GR N e the sar¥ and are -

lhe et hod conPri dés. SAQ
or T - 1 Risdsurf onlNc aci d for mati on SAF- 3) S 35

OXI ative ﬁbupllnglgoc 3); ring closwe ( . InMe
%enbodi t, the nmet hod additionally es the

subsedUknt Step of: <chloride salt fornﬁf&on (CSF-3).

40 Thus, in one enbodi nent, the nethod conprises the

e th| sul f id formati
Tf%tf"f'sﬁ\é"’@) HY‘?{Q?’@%({ A g5 g Ci“ﬁcge %9%’ VIO 2006/ 032879
PCT/ GB2005/ 003634 -54- ring closure (RC-3); chloride

In of@binbb@maat, ittacHi§ife-i8 hydrodtiloricsadid.oni ¢ Aci d For mat i on
(TSAF-3) S5 In this step, an

am no-.benze iy di '
In op, gMBPRETEHE DRI RS & B Bk et f uri o
In oae puibsdinent thelaivaly dwPHaniIH8-3phenyl ) ester, 16, as
In oh bHBbaiRieat thewddiieel dow phiing tsdheme: NH2 ~ NH2 - Eta
in obﬁgnbo W ent thd r%la{ﬁ/elgtlo@pﬁ'r@olo'sz 16 04 10 The

In Oﬂﬁlgfﬂ?’ﬂp Fiﬂlﬁ @?qtlg/elg ﬁd SO%Q:} 2. In one enbodi ment,

Na2S203.
In one embodiment, the pH is adjusted to the relatively low pH slowly.
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 to 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 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.

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.
Treatment with a Chloride Salt as a Source of Chloride:
in one embodiment, the chloride is chloride salt.

In one embodiment, the chloride is alkali metal chloride.
In one embodiment, the chloride is sodium chloride.
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In one enmbodi nent, the thiosulfate is Na2S2Q3. 15
Na2S2083 nmay be obtained commercially, for exanple, as
w0 bwoasdsydr ous salt or as the pentahydrate. |PCDG82005/003634
enbodi nent, the nolar ratio of thiosulfate to di am ne,
15, is 0.8 to 1.5. In one_n%ﬁoodi ment, the nolar ratio
is 1.0 to 1.5. 20 In one enbodi nent, the nolar ratio
is 1.1 to 1.5. Inoneerrbodirrent them)lar ratio i s

1.1 to 1.3. In one enbodinent, the 8 gawlon is by
In onecerebediment therals iRTas @P'ﬁg%@éﬁ?f (sog $bodi ment

In ofidvembediatient, ttg: raglentatio®f ohloddenorsalie®3, & § 4 100.25 1 n one
Ino@é"@:ﬂ%&ﬁ@hb tﬂehﬁo@xréﬁbaét. m@tog@ﬁgltz:ﬁ or gg{rplrlssgf Cr 207
In oRg,Ep B?@@?n%ggpa&'b 'Sn?@Ee%énbodl ?ren? the oxi di zi ng
In Ofmg%'ﬁboqil@eﬂfaﬂ@r@@?r rati ipaRCWRBodi ment, the molar ratio

of Cr(Vl) to diam ne, 15, is 0.2 to 2.0. 30 In one
In oﬁéggﬂgbmﬁ thd¥@aBRINAE pEASihidii§ af aduédusiméliurhn one

di ment, the nol ar rat|0|302t008 I n one
enbodi nent, the nol ar rat|0|503§) In one
In orseyolpdiEent, thensagianderarptug dn 135Gt | onal |y conprises

In o émbbdimelt thareacmnarinpdiatwats 2 th20°6xi di zi ng agent
In oﬁ%gﬂnbb Rreht, Yhé?r%a&fdn%ﬁ]f;é}a?dré@é&ut 5@ one enbodi nent,
ar ratio of AI(Ill) to diamne, 15, is 0.2 to

I n one enbodi nent, the no] ar ratiois 0.2 to
In one embpwn@ﬁbtf@maatﬂWH?e ist3@ 3gnaHteSatio is 0.2 to 0. 8.
WD 2006/ 032879 PCT/ GB2005/ 003634 Rol f UU wv , .. o0

In ofie 8k ém\oBm%ﬁt FbRACABNG peﬁ&%émirﬁrthéaéaduoh #ifu drangescolour,
8- C%?ﬁ?megég /Bur theg’t‘b%é‘%%# bléité}gs agent further

enbodi nent, the
oxi di zi ng agent further conprises sulfuric acid
In oh&RHBYin{en itedreabtidvarsixtune isstimed glutied thegeationsfer- 1 n one
enbodi rrent the nolar ratio of acid protons to

ne, : : TEYPEHTTRIE) debBibed above,
If d?séfﬁé 1< oringe Ogth%t%aﬁqerﬁ SgeeD Sé#golgpsrce-ﬁt t he rgnge 0 anove
mayassliionallobe parfermgdone enbodi ment, the reaction is
performed in an aqueous nedi um In one enbodi ment, the

If dés%et ) Fé?syétﬁmﬂﬁroh QIO dedclitesipaiont Unsy additldnallpbs p&formed.
I'n oné enbodi nent, the reaction is performed for a

tlms of 10 minutes to 2 hours. In one enbodi ment, the
SynthegistMethodCut ure is stirred during the reaction step.

I n one enbodi nent, after reaction, the reaction
ThidThestHedgs bartibilhdyawarsuad fériee Byrithias of diaphihegtiemdthiazinium
compounds wherein the groups -N(R*™)(R**®) and -N(R™A(R™B) are other than
-N(CH),, for example, wherein the groups -N(R*™*)(R***) and -N(R™)(R™®) are the
same and are -N(CH3;CHo)..

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:
chloride salt formation (CSF-3).

Thus, in one embodimeht, the method comprises the steps of, in order:
thiosulfonic acid formation (TSAF-3);
oxidative coupling (OC-3);
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20 I'n one enbodinent, the filtration is perforned at a
tenperature near to the reaction tenperature. |In one

wenodsasent , the reaction mxture is first cooP@GBaNG/003634

the filtration is perforned at 25 about room -
tenperature. Oxidative Coup%)‘ng (OCC-3) In this step, a
t hi osulfuric acid S-(2-am no-5-diethyl am no-phenyl)
ester, I (hg; xi datively 30 coupled to an

Nf\'p%lc&s PR rine, 17, to give a

[401{“2”@ salblormatiandCSF-3)di et hyl ani no) - phenyl -
i m no} - cycl ohexa- 2, 5-di enyl i dene] - N, N- di et hyl

Thlogm?gmg! A Fdfnatfh (q-bhpsj)r ated in the follow ng schene:
Ea\Et,,NS SN Bt Bt O+
Et 0=S Et 0= 1 5=0 EQO—IO 16 18 35 | n one
In thisrateriiandhiN-diethgl- biidipminehenzengetd. é %Q'Z% inige gresence of a
thiosuifatdi taighg saiieostifuridREDS42-a828¢S-dREWIEBR0PELD0CEE, 16,56

illusttérl?@fffth%'m%%rﬁﬁeﬁheniehe oxi di zing agent is or conprises

I'n one enbodi ment, the oxidizing aggpt is or
conprises Cr2 NHn one errbodl ment ,

agent is or | ses Na2Cr2Qy7. I Rt.ONE
t he oxi dFta

the nolar rjatio of ester, 16, to anil e, d%s=He 0. 5
to 1.5. | retone enbodi ment, the range is 86tHo 1. 2.
In one enbodi M, the nolar ratio is abo 1.0. 10 In
one enbodi nent the molar ratio of Cr(Vl) to aniline,
to In,one enbodi ment, the range is
Theih'BS‘i'f@t%'s@rCP'ﬁpE‘ﬁ?é Bl odi ment, the range is 2.0 to
In ofie 8mbbdiment tethinsiifate is ordempiseaNasSaOs0 i s about 2. 2.

In oA®emBo@iRfne MiROthiosamite is N&S:@act i on is perforned under
acidic conditions. In one enbodinent, the reaction is
erforned at.a p

Nazg

ss. In one e di ne t
0k palaser Rrisacial! o Erargpiegag e FRABI S or &5TFe
pentahipdrdierent, the reaction is performed at a pH of 1 to
0. ZQ In one enbodi nent, the acidic conditions are

In oRPLALBEherS tIYnBIas t4tRM G fate to diamine, 15, is 0.8 to 1.5.

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 oxidizing agent.
In one embodiment, the oxidizing agent is or comprises Cr(Vi).

In one embodiment, the oxidizing agent is or comprises Cr,0,2.

In one embodiment, the oxidizing agent is or comprises Na,Cr,0y.

In one embodiment, the oxidizing agent is Na,Cr,0.

In one embodiment, the molar ratio of Cr(Vl) to diamine, 15, 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 oxidizing agent additionally comprises Al(lll).
In one embodiment, the oxidizing agent additionally comprises Aly(SO4)s.

In one embodiment, the molar ratio of Al(ill) to diamine, 15, 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.



I n one enbodi nent, the acidic conditions are obtained

using HCl (which has one strong acid proton). In one
werwoedsasent , the nolar ratio of acid protons tBCT/GB2005/003634

aniline, 17, is 1.0 to 4.0. 25 In one enbodi renty ke’ v ~ v v

range is 1.5 to 2.5. In one gn‘oodl ment, the nol ar

ratio is about 2.0. In one errbodl ment, the reaction is

erf 30 In one enbodi nent,

in ofpemPRdtrl e Mo YARE OFEYL o %9sc” Ph one

enbodi nent, the reaction tenperature is 30 to 80C. In
In on@ emmawnmm oxitlizmg ragaot fudirertcomprises a strerigadds to 12

In oRQ ¥fBodindet, Qn@ofaaﬁmg dgemfﬁn%ﬁgomg%sl Qngﬁ?¢ HEd i(19,S18)) (which

t he
5 has:]]\ggg{r?rbqnaql %Ot?'%s about 30 minutes. In one enbodl ment ,

the reaction m xture is stirred dur_i ng t he 'reacti on
In oRé embodiRieny ti owlareat{oRE-a8)d ptotohsta digrsinet & is 4.0 to 4.0.

In okéeﬁ%oéh@n@%h’é Fa%%)m 45(tglogt hyl am no) - phenyl -i m no}-cyc

N-di et hyl amonium 18, is
In OP%%‘PQG ”anﬁ %Eﬁrfé%? %%O%rr%r@ganese di oxi de WO
10 2006/ 032879 PCT/ GB2005/ 003634 -57 (Wn02) to achieve

In ohé Bgbotiosnt,e¢hé reagtioreisgerformed in an aqueous medium.
3, 7- bi s(di et hyl am no) - phenot hi azi n-5-iumsalt, 19, as

|IIutrat in th [ ] N\
In opg em%\o thﬂf reg org% peﬁml.:nqgi %%}8%%%&&% o?‘lés %c{\b(?zcl
G 18 O5 In one enbodinent, the nolar ratio of I\/h02to
15  In odg@mbodiment &he 'racﬂior@istp@rfﬁrrmed for a timeeof d Avodutas in 2 heyrs.
molar ratiois 1.5 to 2.5. In one errbodimsnt t he

In Ogglz?%{borgaﬁnte}ng tb%F%%?ﬁi@%“%eéén&g%ggdgﬁgg me Eﬂon 5%%FI n one

enbodi nent, the reaction tenperature |s 30 to 95C. In
In opB @miobinesneafter reduton, dbetsaction wixee istfilkered andgbe filraorollected.
20 In one enbodi nent, the reaction tenperature is about

in o%g%mbégm%wt,otgeﬂ@n‘pgms %rméor'gt %t%@ﬂa}a%}etnie tol tRe I]é%lction

n one enbodi ment, the reaction
temper@ures 10 ninutes to 4 hours.

In one embodiment, the reaction mixture is first cooled, and the filtration is performed at
25  about room temperature.

Oxidative Coupling (OC-3)

In this step, a thiosulfuric acid S-(2-amino-5-diethylamino-phenyl) ester, 16, is oxidatively

30 coupled to an N,N-diethyl-aniline, 17, to give a [4-{2-(thiosulfate)-4-(diethylamino)-phenyl-
imino}-cyclohexa-2,5-dienylidene]-N,N-diethyl ammonium, 18, as illustrated in the
following scheme:

S ? N@
0O
16 O 18 O

35
In one embodiment, the oxidation is performed using an oxidizing agent.
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In one enbodi ment, the reaction tinme is about 30

m nutes. In one enbodi nent, the reaction mxture is
wa@iosozas7duri ng the reaction step. 20 | n one PCT/GB2005/003634

enbodi nent, after conpletion of the reaction (a blue

solution with precipitate i $ observed), strong acid

(e.g., concentrated H2SO4) i g'added. Wt hout wi shing

to b oun any. particul ar t it 1s believed
In °Pﬁ§f“%f’ﬁ!é“ rtﬁ%axng%lng agféﬁai°§§%'}”'€’§%5t rgh)t'ganganese salts
In oap @mbedisiant the RKidigingAsgnbis e ForaRiises Cri47 present). In
In o8 entistintknirethe pxidizingrageatie tor oomprisee Nee@rOr.on ni xt ure
' ' i f ; ected. In one
In °@§€Eﬂ<§’!°ﬁ~@fwe?‘g ttﬁﬁg“??ﬁgrdglteﬁgﬁqﬁééggkf ormed at a
tenperature near to the reaction 30 tepperature, to
In ok embadiment, the moalgraato ofiestesnts, &ndiinemdAtis 08 teact i on
In offe éirbodinent fthe sdngedeD8dp 1end the filtration is

ehoARiLrRithe ARt PREbETPEr at ure, to give a "cool "
In Oﬁgle%@gt e. WO 3006/ 032879 PCT/ GB2005/ 003634 -58-

Chloride Salt Formation (CSF-3) In this step, a
In oge thogimeansithy makariatic ofifetdh o aling. BLiith0daH0- 19, is
In ohea@idinvérit fthe rdreyeiislé.6 tot3d.gi ve a

In ome enitlodittri thY ksHuen9 b-okBenpt hi azi n- 5-ium chl ori de zinc
cﬁlorl em’éﬁd s?ta.ZO, 035 gillustrated in the
In ongiemRRdierddie melarrafo1sabRit 42 N Era \ | i Bt Et~-N'S /

NEt SEt Et Bt Bt X 20 C O 9 ZnCa Treatnent with
In drig@htsalngerit chéeéattias isspefioumedtunder @hidisrdogdition® | n one

n @m@bﬁ%o i, e o B r e a i at{ vel y
e
in g grhgaimart, BREeABR e Ted e BABES 1€ 0 [ O o TS
In ong erepogiment, tha seasihipo if Rastermed a2 PRICAT (81 y 1ow pHis 0
to 3. 15 In one enbodinent, the relatively low pHis

In ogiggeml?odim%rﬁ, tﬂﬁ?ci@ nblat%o biFBRS are:db@aiﬁéﬂ @HigV2 byoroaig H ia
. | .pH i
in g apesianst B SGRCTONITDI ors' BRI At e A drftrons
aciggiol@ed over a period of 5 to 120 minutes. 20 In one
enbodi ment, the pHis adjusted over a period of 5 to
In $ MYt the tnd¥eaeBOstidBdions thianiind, 13, isdjaimiao
over a peri.o of . 5 %3 §t% Jgnutes. In one enbodi ment,
In Qe SRSl NE L3 B8 4 Beri od of about 10 i nutes.

In ane esrRodinert dinenalar refieisrabebt28n i s perforned at a
rel atively cool tenperature. 25 In one enbodinent,

In dridSerhsddithémeling ré&%lbon iSpafrabd rfarl &qudoli®médiim.

In one embodiment, the reaction temperature is 20 to 95°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 Closure (RC-3)

In this step, a [4-{2-(thiosulfate)-4-(diethylamino)-phenyl-imino}-cyclohexa-2,5-
dienylidene]-N,N-diethyl ammonium, 18, is reacted with activated manganese dioxide
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In one enbodi nent, the relatively cool tenperature is

2 to 30C. In one enbodinent, the relatively cool
wao ewpesnrure is 5 to 30C. I n one enbodi ment, PEEGB2005/003634
relatively cool tenperature is 10 to 30C. 1In one

enbodi ment, the relatively gpol tenperature is 15 to
30C. 30 In one enbodi ment he rel atively cool

MnOF RS @ém@oa?&{? tPqid tda ?3r7e bl ARG HbBH Rhniadifi®-ium salt, 19,
as iligatriad ifbtll‘??foioﬁl@gr Smeon is performed until the

reacti (initially, e.g., a d INe
col ou co i ght blue to col our | es b | m
Eivhoediae Etl onmxture i6&t Bg 4 e

e
reaction stle_p V\D @b/ 032879 PCT/ GB2P05/ 003634 - 59|
Tr ettt msnp‘vrfﬂ a Rl oride Salt as a Saurce o Et
Chloridegg 9 n one enbodinent, the chlori dlﬂl’%@hl ori de
salt. In o® enmbodinent, the chloride is alkali netal
chloride. 5 In one enbodiment, the chloride is sodi um
chloride. In one enbodi nent, the chl orl de |(§r%%5al [

In omgembodiniest: thremalanratiort Magl¢e peaoniung, 1§nis 1 ment ,

In ofid1émBbliitvent] ¢nd mokapditions ¢sltoRisSde and zinc chloride. 10

oft 2 | arge nol ar excess of

In o%@e@?ﬁ%ﬁ%ﬂg%ﬁg;’arﬁ’gl:age‘;l@%e. I n one enbodi nent, the
nmolar ratio of chloride to salt, 19, is 5 to 100 In

In onmembatiognhiha reactian ifppEprmeskin 8" PgUSRYSTRSAN. | one

enmbodi nent, the nolar ratiois 10 to 50. In one
in of “gbm‘"t e s by | an adueous
In °Pr%85“ ﬁinnePh ﬂb%rgagt%'ogt"%né[t&reefée ?’eé? on tenperature
In ohe embpdinBOLthe TeasliRn EMpSEAtYRe s ab C{Lﬁg ‘eaction
tenperature is 2 to 20C. 20 In one enbodi nent, the
In oﬁﬁ@Fntbbeﬂ‘letn?rﬂP@Fe%Eﬁ’&ﬁlmé iATOMInuRS to 2 heme. enbodi ment ,
In oeﬁggﬁ)%ﬁfmtﬁln?%%te%?téon ttln;)fg |s"1d“M[n‘ﬁFestt84%u&°UfS I'n one

rred during the
In one gatbodimest. dpe reagtion §me issagoskS0 B nore of the

treatment steps (ST, DT, CT, EDTAT, OE) descri bed

In R @K DodinfEY, tRE FiakliG @I te RestpREdaring the rbéctid;astarped a
recystal lization step (RX), described above,

addi tionally be perforned und Th
In ope SBTHOBBRET el T PIENaD it HBHEAGH SR AP 6 RS
obsenep) strdisy atid ée.gucorogntréted H.SO,) is added.

Without wishing to 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 filtered and the filtrate collected.

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 mixture is first cooled, and the filtration is performed at
about room temperature, to give a “cool” filtrate.



until now, has been unavail abl e worl dw de. 35 For
exanpl e, many of the nmethods described herein yield
WO egog/0s08gh purity MIC with extrenmely | ow | evePGI/6B2005/003634
both organic inpurities (e.g., of Azure B and
Met hyl ene Violet Bernthsen éI\NB)) and net al
inpurities (e.g., neeting b]:’ exceedi ng the European

Chi PiEar @?roe'.a |{g ts). 40 Thus, one aspect of the
'Mrt ains to a di am nophenot hi azi ni um
conmpound as described herein, obtained by, or
In thahétep, a7 diditiettylamen d)qrheasthdemes-ivpesalt, K8y ieirenctaNBvith chloride,
to gitgg 06{ BRI ASHiEHpRRR6R8AA Hiunr Gfibrida zHreheimae Mikgi4alt, 20, as

I.nvention pertains to MIC obtained by, or

) e pres :
'"”%@?Qi'rh'z'ﬁl &‘Wgs ®f hod as described herein. 5 In one

enbodi LN bexgconmpound (egg., MIC) hagZa~puN of
great/@@an I n one_enhodi rreg @lc@ £t
Eeng- ghassapuFl ty of greater tian™e ¥ onR”

enbpdi ment .zt he corfpound (e.g., MIQ) has a p@ity of |
grepter th 96% Etn one enbodi nent,Ethe c mEgund Et
(e.g.q M@ has a purity of greater thgp 95% ~In one
enbodi irent, the conpound (e.g., MIC) has a piiFkty of
%realter than 94% 10 In one enbodi nent, the conpound
as |less t

an 2% Azure B.as i rity. |n one
Tregimsghiv i iy orop B¢ BHE AR ML g’g@yoq%an 3% Azure B as
impurity. In one enbodi ment, the conmpound has | ess

In oh8 ambddinfsnY tee Bnldsdd ispwdiothloridacidn one enbodi nent, the
conpound has |l ess than 0.13% WB as inpurity. In one

enbodi nent, the c ound has, l.ess, t.han % MVB as
In OPRBTICPRIeN e At S TR 2t LUp M Thas | oo
In ohéx@mbodityt, N redativelydew pHys - (13- percent age purities
In oh&ehibedinttet, @hd ratelyompHIS 0 taidl ess ot herwi se
in o Efliffenl, tniatlonw pAIEG NPT 11 BOTpOUD (o0
In 0@,3"'!5@,3'”?\9}5‘:" tRe ,req‘%ﬂ,e VoW %%HS a%?l‘équ) that is better
than the European Pharmacopoeia (EP) limts. 25 The
In oh&efMbodingsie thabh ipadjusted to tbeelntabiyt lowhpdt gowlyper t ai ns
in ohf ShBSARRIING phlis BAGEL BUAT fekilof 83 Abo piies. T\ oo Y
in oy emgingayt. s Pr1 I8 AGUB0 oqsrd eriegst 510 ppTnuEs. O
In ong embksdinegnsrthe @Htie adiested QVerapeyiod @b atto PR MiKEes-ap| e
in dagleevsodindéht abIp! id 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 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.

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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Eur opean Pharnmacopoeia Limts (lag/g) Al um nium (Al)
100 Chromum (Cr) 10 Zinc (Zn) 10 Copper (Cu) 10

wo e@wn/0§Be) 100 Manganese (M) 10 Nickle (N ) BOI/GB2005/003634
Mol ybdenum (M) 10 Cadmum (Cd) 1 Tin (Sn) | Lead
(Pb) 10 WO 2006/ 032879 PCT/%BZOOS/ 003634 -61 In one
enbodi ment t he conpound (e.Qg., MIC) has an el enentals

urit ter .than mes the European
T’eqlg‘ﬂ tﬁ% gélogg?gﬁgtalsarﬁqugce ?’qﬁﬂthé"eenbodl nment, the
compound (e.g., MIC) has an elenentals purlty that is
In oférhBsdiment, trencHlorfletis olisridensaltEur opean Phar macopoei a
Ino b%dn’ﬁbhtstheléhl&r% ﬁﬁlgﬁjhw@%n&hlg‘;c{éel gogg?ggfl (tehg 0.5
an
In opg EO(?W@”“EH}G %ﬁ%ﬁeﬁﬁg? b%’é’ s (EP) linits. In one
enbodi ment, the conpound (e.g. MIC) has an el enentals
In ofIEMbYditnBAL theschieatdess alkaihmetad chlotideamrs Zihecttofidgpean

0.5t
" 05’%1%@@%@@?1 Sideds Sodiin °§“‘38§5 gf?n@*i‘i‘e?'?ﬁ%% bl oA

pag/g Cr, pg/ g Zn, etc. b@l ausi bl e
In on@mphodlmleet @Jmmmtargm@o@f exqseés 9@%‘@%3}“@ rcak%ée are
in o @begie@nt) &ieeinolar idioas chibrideatorsaitnt, v6 a0k onbi nat i on

In ogémﬁ&‘ﬁﬁn’eﬁ{ hﬁla?%lo%ﬁ’b tfsd.ly recited. Conpositions
gé} C g" r%squto ention pertains to
In o ARG Bh ec'@ %H A di ani nophenot hi azi ni um
In on@ﬁmbgwmenhéhej@ Féﬁ@ds Re?wWi2R. One aspect of the
present invention pertains to conpositions conprising

In o@e eﬁ%b@%ﬂpl?@@a%&ﬁ%%H&‘n%ﬂﬁ@H RfuddisGhedigmobt ai ned

I's dbtainable by, a method as descri bed
hereln 25 I n one enbodi nent, the conp05|t|on further
In coermbbdiment themestiereiemperatyre ine (3R b carrier,
In oflé Eh®Btiment, tiex cdapti@ntempetitreds?2 tf 20°ﬁ}act i vating
In oﬂé‘tenﬁ}gﬁi%nt, 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 unavailable worldwide.

For example, many of the methods described herein yield very high purity MTC with
extremely 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 limits).

Thus, one aspect of the present invention pertains to a diaminophenothiazinium
compound as described herein, obtained by, or obtainable by, a method as described
herein.
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30 One aspect of the present invention pertains to use
of a di am nophenot hi azi nium conpound, as descri bed
whesoeioses879 N a net hod of inactivating a pat hogePCT/6B2005/003634
sanple (for exanple a blood or plasnma sanple) the
met hod conprising introducigg_the compound into the
sanpl e, and exposing the sanple to light. 35 One
aspect of the present invention pertains to use of a
di am ngphenot hi azi ni.um conpound ich,i.s pbtai ned,
In opg emiodiment pe Presatdn¥stion PREFIADE '\Véfé QBEIIAH Onghiainable by,
a method asmiestriddieréimact i vati ng a pat hogen in sanple (for
exanpl e a bl ood or plasna sanple) the nethod

l'e a bl p' ast .
in o o Rintkhe e %‘8’“E%ﬁ%-&i\%?%t%ﬁﬁ%@%%%g@g%ﬁ%
in ope-prBSESH, ShmEamPoUss oW FioHasH PYLHPHIPateE G
In oBaendediatant,dhe toreppuresierd., MTQEhas puriieet gieater than6%.
In ofib 2 JeaRR Ak E@ﬁbéﬁdﬂ@eﬁ,@?@ﬁ%s Dputhy oRgesatebtrin 95%.

herein.. for t r 0
i og cauRgrishdls Sahfodi Bk ¥rGhy PP Bl orpRBpantiaes
therapy. One aspect of the present invention pertains
In ohe emnkabdamdnt,dpé eoropbiraizihas lesa themPWuiriire Busiipuiity.
In oﬁ@%ﬂb@ﬁr&éﬁ,’th@ EomBo@Hy resNad tﬂarbs%oﬁzw@mﬁdmﬁﬂrity. -
escri he i : JLeat men
inang 2goodffent ¥ elnpa i Hipodingh 4 RS Rk Bk 281 T
body by therapy. One aspect of the present invention
In operendiodandnt, the eompoundihasnesttbar AdBH MYB@sumpudgnpound,
In o«’ﬁéde@kﬁo%a, rn@e,gha e6@pbund s |é§betham.uf4?pmvr3@s?ﬁqparity.
nedi ca [ : sease
i ofg et it o4 Beirt itessiah DIBUTOE A imPufl
pertains to use of a di am nophenothi azi nium conpound,
(Allpliaehtags polities neeiteddygreiorare by wisight uriesseothsgrwise speciied) as
descri bed herein, for the nanufacture of a nedi canment

for uyse.jn.t t. of ' i
Ino en%o%nﬁ%}nt, tpg c{zl%sgﬁﬁge%,%Té) USHASEMERBR furiBe.c2Gor Al Cr,
e _aspect "of {he_pres I nyenti o rtains to .
Zn, Gt oMoy Ny MoaCHent. 60 1) i it (g dig Fyigbeay BRarmacopoea
(EPpéimitent , conprising admnistering to said patient a
t herapeutically-effective anmount of a

i A HORASARE R i SbHEY RPRREH RS (RS SHIRRAR fehEtBven (11)
Th%ﬁf%;gggs ect 5®F{ﬂ% resent inventj o rtal 0
me{ela FREGTIS DY fIR RGP NIMaPRRaEEt AL (5 (bl e, Mb. Cd, sn,
andoRlb.i ent, conprising adm nistering to said patient a

t herapeutically-effective anmount of a

TheSE&%Q%@FR&%%F@&%@ !irHﬁ% &?é%g Herehrelbel Elétglbﬂfg 861 HR¥bw:

ai na a ne as descri herein. 30

Di sease Conditions In one enbodinent, the djsease
condition is @ tauopathy. Table1
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 (Pb) 10
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A "tauopathy" is a condition in which tau protein (and
aberrant function or processing 35 thereof) plays a

WO 2006/032872hei ner' s Di sease is an exanpl e of a PCT/GB2005/003634
tauopat hy. The pathogenesi s of neurodegenerative
di sorders such as Pick's diggase and Progressive
Supr anucl ear Pal sy (PSP) appears to correlate with an
accurrul ati on of pathol ogical truncated tau aggregates

in the dentate gyrus and stell ate ram dal cells, .o
In oppembREBRD i SRR B, TC) st SRR BIRES] hel B et
tharf 0.8rtintest toekorepead Bimamdcpo&iaEP) lnotspar ki nsoni sm | i nked
in 038 eﬁﬂ)ﬁ_@iﬁﬁb“rﬁ,ﬁﬁe sdmpbudaRel/)MTC) has an elementals puri‘;]y that is better
I.nhi =on- - . ; anmyot r ophy
thaq:Q.ﬁ&n&g‘%%ﬁggﬂ%?ﬂ?g%fnﬁ%%?é%hQ%Pﬂffﬁ'{%l d gner. t O pett
In opP PRI AN e TGLTFS ALSATENES Ry thal s better
thartl@ @etinersathe Gurdpeih Bharmeanopoeia{BBXlhitsdegener at i on ( CBD)
in of8 @n%@ﬁﬁ&t,%;ﬁ@?or&?@d %,ﬂ‘ﬂh@)’)yhﬁ arﬁéleTettﬁIE&QJuri%hat is better
especi a rep; o ese
thar}é@é%@%&@%ﬁ% 5%6& 8%@4?)-52@&& seases, which is
characterized primarily or parti alque/ b¥ abnormal tau
(Forgamagatl. btimes the Ewbpeareiharmabenasian(ERS liaits isaRfbale . 5'1a/g Cr,
Angicgnbodi nent, the disease condition is
SU% NEtcH . . ,
zheiner's disease (AD). In one enbodi nent, the
di sease condition is skin cancer,. 5 |In one, enbodi nen .
All pingsicle 658 SampaHils erBRRFiSTs Doy pifty SRR AP herein
as if bachdhdieidsal coobitiativowas spedifically anhexrlieityrecged.
protozoal. I n one enbodi nent, the protozoal disease
c condition is malaria. In this enbodi nent treatnent
Comaosalls; y onbi nation with another antimcrobial agent
e.g. in conmbination with chloroquine or atovaquone.
Ond @spett ofihe erdsedt imeention iegains taeonaposdigne COBALRINY 8n i s
diafHeRRENWiakRRA ddnsouRd, 44 déseribedkisgreidi | e virus.
Treatment 15 The term"treatnment,” as used herein in
the context of treatjn condition,. pertains
Onganedch i rempesenbarsation PaRans HRsapRPSRRE PHEPTY9 & hunan
diaminophemuthiaeihiufrecanpound whishds phiaingd bypf s epliainghié)by, a fnethod as
desthbsdnhsere desired therapeutic effect is achieved, for
exanple, the inhibition of the progress of the
condition, and inclugdes reduction in the
In Qe Rasmentaing comPPRUSh W nEE EoririsRt g gairisoel By Bhoeptobie
cardér, tihent,ameixcipient. anel i orati on of the condition, 20
and cure of the condition. Treatnent as a prophylactic

Meﬁgg%ﬂ% {:ﬁ “ﬁn; ;%ggﬁl axis, prevention) is also
; erapeutical l y-effective anount,”
as used herein, pertains to that ampunt of an _active
One @speai 0fitheqaresentrinventioal perteipmtouse olendighingpBerpihipzigiHn
corPEIHd, 85 B8scBedtibicis irl® ethvda irdctivating b pathogkh écsammpe (for

exaripie i OHE L Earfe) hE fotitRf apisig tlcddihg the compound
inteukierBagtlg. FNd €EPRYNY Wes?@%[}%grlfg‘ét' with a desired

treatnent reginmen. The term"treatnent" includes
OreQRBE&RK iR pres@rinventich pundinshie uspbies diammopherndihiazioiuor
cor%gl?nd, 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 sample) the
method comprising introducing the compound into the sample, and exposing the sample

to light.
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30 treatnents or therapies are conbi ned, for exanple,
sequentially or sinmultaneously. Exanples of

wo e@ansasme s and therapi es include, but are notPCT/GBR@®E/003634
to, chenotherapy (the adm' nistration of active
agents, including, e.g. gg anti bodies (e.g., as
i n inmmunot herapy), prodrug {e.g as i n photodynam c
t herapy, GDEPT, ADEPT, etc.); surgery radi ati on

therapy, and gene therapy. 35 Routes of Administration
pgR0 hreatmenti azi ni um conpound, or pharmaceuti cal
corrp05| t| on conpri si ng | t, nmay be admnistered to a

One %&E&C&/ rPe%%H €0t |rti% ft aecﬂémfngldﬁ&d?ﬁlazmrum compound
as dgecrtbgl ,St hergip )for( useern ane 9% 8{ tgeai{ cal i %/a?jsee g I&gwfh o%f the

hurr@ﬁ%/aﬁmwd)’:’bymm%/ 003634 -64 Rout es of
adm nistration include, but are not limted to, oral

One asrogf:t’ oékﬁ)(e b.%géﬁttlh ion PAIESA fo a fé’rkﬂHoBSétﬁJthlailﬁl@ﬁﬁéWMhd

whig |g,q>§m(@gg o gro@(qj%qqiegg 6,“ C_ %t %itdgsr IQ% ﬁe e’iq for.usein a
metbomot)treatmenta(am,ajf a(cisegse cgydrm af the fuggn: or@@@padlbody by

therbfy.0- . by eyedrops); pulnonary (e.g., by inhalation
or i nsuf flation therapy using, e.g., via an aerosol,
5 throu nout h .or ose
OneasliB P oF §reSEMNERIDD PITH S o ;J a%qy% nergitfhzin b
conpausdtesrdgiscriiesk hesgiantor the fb%’“tfﬁﬂtlé’éto ame Q?@mnafqtglse in the
treafHOR W afRa8e comditigider mal , i ntramuscul ar,
i ntravenous, intraarteri aI i ntracardi ac, intrathecal,

t I t bca |
Onq FseapEl e Dissam: Mt PaPPats R eeat B Al Tingp Ry o ezt
compoundarhicttislabtainedshib ar Ectéasnable /am mﬁthpééﬁ gesptibed herein, for

the hidnGfdedird 8f a edicamient for0sd inghetreatnjeatofi aodiséaseaonbigion.
br ai n) by 10 inplant of a depot or reservoir, for

subcut aneo tr a [
on 3L oSSR H RSSB e St 4 AR AL tronf B cpegee
conditinmin a patigit.ceoemriging mdmmsptenrg tﬁﬁamugr\t a ti\grep@uﬁcally -effective
am&t 8R4 dRmitispreabihiazmium verhpemel, dedescribed bédein. | ed
pI atypus), a rodent (e.g., a gui nea pig, a hanmster, a

One gspgec?ofnge g%@pﬁvgﬂrpa%e?%n to am thso%) tr%a n?egt? gpiegease

condltldog) a phignteonipsisig, adgtrr@%teymg @(f@qq;@tr@@t @theraépqu oaallg)ejffective
amO@Ht of Q@raﬁtﬂn@:henatmazm)um oompm_rr(dewgtch isolthive@ by, drdy obiginable by,
am%?ho)% as ?esﬁﬁ’t’li@d héferﬂ“ mate, siman (e.g., a nonkey or

mar noset, baboon), an ape (e.g.,
gorilla, 20 chlnpanzee orangutang, gi bbon), or a
Dishagea@onditignisher nore, the subj ect/pati ent nmay be any of

its forns of devel opnent, for exanple, a foetus. 25

In dnn'e &ﬁ%%@ﬁte{hﬁ%eﬁgge%dﬁﬂtrs atdlRpamb) ect/patient is a
unan

orhul’ations Wiile it is poSsible for t he
di am nophenot hi azi ni um conpound to be used q
A “adopaihgtie asapdiiominavhich tap projeip é?ﬂ%?@t'@t’b‘b’ﬂ@“‘t"o" o %@é?f{‘g
theréof)é}ﬁa@ L oslzhéimer e Diskasans|aatexample df m tenepathy. The

pat ﬁ %g‘:o@keurt Qé 'dtéo%ré Such JRIAENREI8EAdeCad Progressive
Supranuc éc’ajlrtlia?sy ( abpears {m corre\a?e Wwith an accumulation of pathological
truncated tau aggregates in the dentate gyrus and stellate pyramidal cells of the
neocortex, respectively. Other dementias include fronto-temporal dementia (FTD);
parkinsonism linked to chromosome 17 (FTDP-17); disinhibition-dementia-parkinsonism-
amyotrophy complex (DDPAC); pallido-ponto-nigral degeneration (PPND); Guam-ALS
syndrome; pallido-nigro-luysian degeneration (PNLD); cortico-basal degeneration (CBD)
and others (see, e.g., Wischik et al., 2000, especially Table 5.1 therein). Each of these
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preparation, medi canment) conprising a

di am nophenot hi azi ni um conpound, as descri bed’
wheeioses7and a pharmaceutical |y acceptabl e carPCEGB2005/003634

di l uent, or excipient. 35 In one enbodi nent, the

conposition is a pharnaceutiggal conposition conprising

at | east one di am nophenot hi azi ni um conpound, as

0o SRRSO Y AT S o
referigd 4@ Nl 228 t?ﬁol?eﬁ*éy'art, i ncluding, but not limted
In one emtedinmand.cthe disebss cendlitioptiaBlzbeingr's disegse A)uent s,

exci pi Y f.i Ll ff ,
in cif Eoiogisin 08 bt Eidonie MiFdicelant o 5t i1 sers,
In apeleniiodingent sthe diseaseacoralition i§ mepnomaet t i ng agent s),
In Jg%?ﬂ%gm?&ﬁ%é dls%Qéét)H&ﬁc@%ng%g%?,Osb??é:gé?gf"&%'rbtﬂgoé}.g ents

sweet eni ng agents. /03 i ' _
In opeEmiRdDuEItdh8 frAozaabdiseasesondiEipmh isdnafana-, Intthis embodiment

tredtAERMARAY bOM domidifion GRRinoTRS aftinliefobREAg et eaf @NESmbih&Ton with
ot her therapeutic or prophylactic agents.

exanpl e,
°h|%ﬁﬁq{£%9%at8‘éﬁ‘%°8?s, di l uents, excipients, etc. can be
In ohe whtbodimesit ahdairal dideasearacsditidnda bausedthy . HepatiBe®, H\oor West Nile
Virugxan‘pl e, Handbook of Pharmaceutical Additives, 2nd
d

ition (eds. M Ash and |I. Ash), 2001 (Synapse
I nformati on Resources, Inc., Endicott, New York, USA),
Treglsifinhgt on' s Phar maceuti cal Sci ences, 20th edition,

pub. Lippincott, WIlliams & WIkins, 2000; and

T Rl ARk, JRSEBIRIIA e SHALR of HbSting Corktlin, pétains
ool 1 K B SEL BE0S 5 R e AV Y n ey
applieatipps), i whick seperidesirryl thermpriticeiiget ip aghipvesh for example, the
inhibitich of thdippbgrbed bfettle pbraditicnh aiadzinnledes a reduction in the rate of progress,
a hAPRNAE it 8 Bidyldsk ore§RBIBH BFthe R8ndIRSH, RARIIBIAKIEH BS the condition,

t . t I .
and Q8 ot B clhaer? credl P Aipele e FREE F dtobbiess,
preyepdiop) is alse ipcludedcarrj ers, diluents, excipients, etc.

If fornmulated as discrete units (e.qg., tablets, etc.),

TheERFN “therapBificalRBiakNE aRRETUR! RelinBRsh, PEREME té 6 aMBlint of an

of the active ¢ u | " ' YA
actie o, of & pEATRE Rftmodiin bRicRagEREM ARG Ry derve
compaynd viiph is efiegtive fopproduciogprras egiied therareldie sfisFims,
con@hensurathiwith aareasonabterbamefitrisk satmp@heh admiustereddnl acairdance with
adgg,@gm{merﬁ%qiﬁahe for use in contact with the tissues

of the subject in 20 question (e.g., human) w thout

excessive toxicity, irritation, allergic response, or
Theylerartreginghl’ énplusies compinahian Feaiments Fhd MairRIED i #hieh qwo or more
treatmasts wa becapienarte dombirsk, foaekanplEassqueriatly er simuttaheowsly,
ExdigléPbrrdatmEits andidragibSnclige, baE SRR iinRed td) cﬁé}ﬂotﬁér?ﬁ? (the

e

of . bei c atl ble.with t er. ntg . of
oAty SIS ildhg Eﬁrsﬁﬁ@%@“b’ééﬁeé?é@aeéﬁ By
immapthasamoRI ol (kaofh i RcEHNBPIC thraph ¢ ADERGgte.);
surgary hradiatiomtherahy; amdbganecthe@py.bri ngi ng i nt o associ ati on

the active conpound with a carrier which constitutes

ne I cessory ingredients. In general, the

Rogt {ilstrafid re prepared by uniformy and intimtely

bringing into association the active conpound wth
Thecdinmirepberfathigziniulri a:pmhrmbuodrmiphgasnacbhﬁrzal yordpesititeccosdrisitg it,
ma§ BE blifinistéled-td a sBBEclAEBntyay REntdhtent route of administration,

whether systemically/peripherally or topically (i.e., at the site of desired action).
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30 product, if necessary. The formul ati on may be
prepared to provide for rapid or slow rel ease;

w0 paveni3are, del ayed, timed, or sustained rel eBGEGBR005M03634
conbi nation thereof. 35 Fornul ations suitable for
parenteral administration (§ g., by injection),
i ncl ude aqueous or non-aqu % i sot oni c,

Rou%soggﬁ&r{lﬁr{e ion ,rﬁFr L @Hla'rég ﬁc'é &%8 1 orralgtgggtbg‘?ﬁbsesnon) buccal;
sublmggelotrMer@@Jéwéwa@e, egr, byarRaieh; B@Sﬁﬁf & hé@“ﬁ'@uaosa' (ipeluding,
e.g. 2oy 4 pstsaster, etot)hietrandsat (@A iy maskbsredy); Sutar (Biggiydeyedrops);
pul nm?'?é ddo’lt %ﬁﬂﬁélamﬁh&ﬁgﬁﬁ khePAR UBARE ld. 084 b aerosol, e.g.,

iroll Fe G pLFR e oL o il PRudRlor HhVetinal e, by
pessap) eanen@rait for exanplerky 'h@C%’eﬁ‘P@ ingisupRAnSRYSaigltadmal,
intradfliscalal, itesendus: ntaaneida, intrecardia, intlathecel intraspioal, ntracapsular,
subc‘fgr?tsnlaf' ﬁ@ra@rﬂ@ﬁj u(tPJpeﬂfo'?m@él fn?rbﬁé(cﬁ‘ﬁbl Bastutivuldd, witdartRlilak, he

subqlraphr&(g r#&rg?l (Ingllﬁglgﬂo?g rg thﬁ%epfn {lén lnﬂ?:{hléq)‘?am) by

|mplaeg@t3acﬁﬂp@t OrdeS%fVOl&rflr exeanle, L@ébCL@Qﬂ?HF'é§ fagl!ﬁSP‘élB%
i sotonic carriers for use in such formul ati ons WO

The PBafsR PCT/ GB2005/ 003634 -66 include Sodi um
jection, Ringer's Solution, or Lactated
Ringer's Injection. Typically, the concentratl on of

Thetshibjeatipatieat Inay be @n@nimalmameal, BqiAceNa MAKRelad A1 SUp'al
(e.gN%hAbarbe, werhieat), alformieme (sfgorduskizilesl @atypush abwient 10

(e. gn% lnéao%&lbééﬁ%rrr\]%ttert %Q‘é’g‘a (;?6033 Uit (@bl @ﬂﬁod&)’ a Ibgomorph
e L P S R P s
(e.ghe lsarep)epboreine 46.9r 849 OYINR(E-q.1 § BhAP) 'ubé’éﬁ')e Bnd ‘i°i r@ primate,
simAqslg!, iangorkal Yr tibe), aaakshkey (eng.oMmatrhese thabpo), An gpe ae g., gorilla,
chlrﬁﬁér{zbgrorarﬁgﬁfta@(gt BBbR), WRAALUmBRr i nj ections, immediately

enpor aneous injection solutlons and
suspensi ons may be prepared from sterlds
Furfpeemerectie sah:ectire?@pemay he 2y, gfits feEnsaf V%'Pgmﬁ% or'example, a
foethgr mul ati ons One aspect of the present invention
- pertains to a dosage unit (e.g., a pharnmaceuti cal

I og B HEE RO 501 IS RAGRE 2 Uk Phod her ei

(e.g., obtained by, or obtainable by, a nethod as
ForfRstibhded herein; 15 having a purity as descri bed
herein; etc.), and a pharmaceutically acceptable

While it ar ' | m%éedfjahﬁ\g qL igmi ﬁo?l‘?%lg I'ﬁ)ézﬁmm cblﬂggur}fgot%?éqgeﬂ?é‘%;
admiw@g@d) e, 14 eftepgpearable togesent bAB 2GHBEAFHENE! fofjgaton
armunt is 30 to 200 ng. In one enbodi nent, the anount

me?tﬁ tHe comst@cﬂﬁs% fhhagtical bbmpaéﬁwme d.Sformulation,

preg@r@%j me;@anﬁengﬂc %gﬁ%g.@’% I{{ﬁg{)hentohﬁa o %uﬁ@%tdescnbed
hergig, an ﬁpbar@aéﬁbtmilhﬁ?ﬁeptatbi?ecaérr'ﬁfu juey °5B’£ﬁﬁ'e'§oo ng.

In one embodiment, the composition is a pharmaceutical composition comprising at least
one diaminophenothiazinium compound, as described herein, together with one or more
other pharmaceutically acceptable ingredients well known to those skilled in the art,
including, but not limited to, pharmaceutically acceptable carriers, diluents, excipients,
adjuvants, fillers, buffers, preservatives, anti-oxidants, lubricants, stabilisers, solubilisers,
surfactants (e.g., wetting agents), masking agents, colouring agents, flavouring agents,
and sweetening agents.
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In one enbodi nent, the pharmaceutically acceptable
carrier, diluent, or excipient is or conprises one or
whoioh/0387a gl yceride (e.g., Celucire 44/ 14 (r)PCT/aBe@§i003634
macr ogol - 32 30 gl ycerides PhEur, USP) and col | oi dal
silicon dioxide (e.g., 2%A§503| | 200 (r); Colli odal
Silicon D oxide PhEur, USP). “Dosage 35 It wll be

iate one
BB Bty ik Rl A 0 g g o
othesdigrepeHiic A REPRYRPULAGaNERs conpri sing the
di am nophenot hi azi ni um conpound, can vary from pati ent

Su:ttaBIeQ%Fr?e‘?QtdlluQﬁE SoEipiinkd efch Ban BPidufBlin Stasdge phalnaceutical texts.
Seg, ﬁ)ger & .0, Eﬁ "% anC| ﬂd&i{lvetshfnci EYi {: fgds M. Ash and .

Asrmwésvrmsg lnfwmat@@|P@é9@rae%d%c‘ag%nq'we?‘ew Crfk %‘&nd on
Rering@n‘sAtiaeycaitichlBriancss,i20tH editiamg pulb Udppirsott] Yilianag &tWilkins,

2oobh§n LidHdo o@fbhéxﬂﬁaceétrcfal ExtifEnts PRI, 1981, route of

dm nTstration, i me of adm histration, the rate
of excretion of the conmpound, the duratio

of the .
Ancthes aspesiof ther present iny 9%"'0”&9'?‘66‘& e grethods o maﬂ@p & Rhargaceutical
comfﬁ)eiﬂioh dompeisihg aamlxmg at tdast e;tm/[ék]]-lrgdl@ab@hé phenethiazipg or

phel§ 8—% |RBRo defesy hé’i@hgﬂargeth@pwm bhe@ b mWé other
phaﬁppgﬁu 732035 Ig?razgc}oé ér%g %%?fﬁnovy Fo t?&%@ledhﬁm L eagjqd
cardespptiuaots aensipienss ke df foRmHRIRIF AT R UAIS (41 P f?&% gigp, each
unifneding & predisteemizied amoaht (Hheageh pEiheiastive sampaungdar i an,

or clinician, alt hough gener ally the dosage w ||l be

sel egted to ch eve e
T Brl R TR R AN AP OEe, 8 é%" ”%'Leﬁ* E? Bnfla st
|ng@g|9§\taqg1a§q|§éq sAMpasitions, dgsgee frms, efe e hln the scope of
so@ddﬁecﬁéa‘l pelgmenduiatilestor ase inrcootaat \M@ﬁ @bﬂeew@doflﬂme sihdect in

ﬂér‘? e. goﬂﬁr‘ngh*)%moﬁt lcebsieloRicty, Ffitati¥n, (Beic resportbiey bidsther

pro I@n} o cgmpi ﬁ%}lo%lr?@?'rﬁ%ggél@%tg r\/\)étglt :r agé}{agiégc%&%t/ﬁéﬂ%ﬁ@ UESR carrier,

dilught, exeipieat, pisamyiskalee bR Asgertaklednthes et PORS spEPallyls with the
oth&niayredientslér tharfosrmulafiorski | | in the art and will vary
with the formul ati on used for therapy, the purpose of

Th%ﬂ)émglglforbsg%ﬁ B %? eg!ec;ysa%& r{'étﬁadst\ﬁélnﬁw neiml*?edart él'%ahh%y

Suetumefioge mtqd@ﬁae S13R OhR BT TS PSSORAY RS PRIV FomPOp Bith
cardiadvipielt terstitubes orge Geh@etaecessbiy indredientsain gepeasaly thiederaations
are Jﬁéﬁérb@ B? 'uﬁﬁbmﬂv arfd ihfith&teRTbrinding lifo assiztibn tife Sdivé abinpound

W|tl156rnﬁ55 g qlg@%i c{aYrg%g QIHBI? lﬂiﬂ/fjdédssoila‘ chigr, 'é?b@gSn@gheﬁl%ﬂHﬁmg the

re typi cal
progyefull NeEPSEAY- per ki | ogram body wei ght of t he subJ ect
per day. \Were the active conpound is a salt, an

ThE frAllatieR A HSreparéd RArb@de o ragidier éld)\)meleédaaewmﬁgdm@
delaz)e;ﬂpg' 2 eﬁ etnetdt l%%éato?g cBfhb nlaﬁ?rp@%%of of the parent

IS Re“aeCual used is

i ncreased proportionately. 20 In one enbodi nent, the
Fomuilations Goitgie fot parenteral admd)istration derp n by inggadidn), mcaldp @AHePus or
onﬁ’%&h&fﬂs lsafb%?:r gWB@eﬁ—ﬁeé Rexrifeiuiiel (89, BRIEGEs, Bagpemeions), in which

the %c? e g\g&%q“%g is s{ol\;ga s&%ha ed, l)PotggﬁnseémQHQ@ g ﬁ‘\hael I%%::Isome or
otrﬁamlgﬁpartlculate) Such liquids may add’?lona contain o‘?lﬁer pharmaceu%J
acceptable ingredients, such as anti-oxidants, buffers, preservatives, stabilisers,
bacteriostats, suspending agents, thickening agents, and solutes which render the
formulation isotonic with the blood (or other relevant bodily fluid) of the intended recipient.
Examples of excipients include, for example, water, alcohols, polyols, glycerol, vegetable
oils, and the like. Examples of suitable isotonic carriers for use in such formulations
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25 according to the follow ng dosage regi ne: about 150
nmg, 2 tinmes daily. In one enbodi nent, the active
W@ o0vposes® (e.g., MIC) is administered to a hune@I/GB2005/003634
patient according to the follow ng dosage regi ne:
about 200 ng, 2 tines daily,..30 EXAMPLES The
foll ow ng are exarrpl es are SPOVI ded solely to

bt E5O08 GBSO AT Y S 0 L e i

Tydicailyithe comeniatgs] @c tl1e agjve iarediein FhedWP@HF gPPb%b%R/ﬂ'C?/ ml to

abo&t F@pglﬁ’}mﬁ)h esgarspla $iomgatidytit @ agrhdl ta abonit fl luglnslo | Tanei formugdtions may
dc;'é% d’?‘ n’itﬂﬁlagsebégaiéairﬁo“ar’\%fs (fOEERanis fbs and

walé qkiim%ﬁ& lgr k7 eﬁ%gG Jg}%i lyop I%eg)(l\.ftfvgn%@@[ﬁe UAI”I Yﬁﬁe
addities ofithe %tﬁ@le\hﬁwdﬁﬁleédo"t Rampiwates o HECRN% mmediaiely prior to

usc doeshmpsrapeéLscinjatticncaotdioss and suspensiofs sy ibeprenared frem sterile
pov&% ulé\éwaﬁ tdbletd2- 6 9, 0.183 nol) in water (100

e resu tlng suspension was stirred at a |l ow
tenperature (5 10Q) for 1 hour. The m xture was cool ed
Exanaples of Breferes gationgd 2006/ 032879 PCT/ GB2005/ 003634

-68 lron fillings (Fe, MANW55.85, 22.0 g, 0.40 nol) and

On?%pé&gg/ﬂwe 4e§éﬁl |n‘0'§r'itﬁ>n ﬁgﬂs't@a@B%geauth(é@t apﬂfeirmaa@tlcal

tabl%%%“??ﬁ% cqrﬁgrlsuﬁq ;{)Eﬂ? E? F%ﬁ{l@ d)%te ga?ﬁﬂﬁrﬁ hﬂTé r}g.as
dessib¢dbereth (em. Tovdained by, é’(eb*\%@b'@dm aq *60 ?ﬁaﬁ’%%?f "Rt REIHN
haviég a phsty fasldesatbedimseit;reda), @dd wiphbrraacsoltically @ecerftable carrier,

ul fate pentahydrate (Na2S203. 5H20, MW
dll%ﬂgoggkﬂ@é%sg, 0.181 nmol) in water (50 cm . A
sol ution of sodiumdi chromate di hydrate
In grecerah iment-the, dospgeunt gatolely g, 67.1 mmol) in water
In ¢rdCeragdimast, tecdipdagks opitvs secapswe. a 40 ni nute peri od.
The sol ution was then stirred at |ow tenperature

about 5C r r nous sol ution of 10
In f&ﬁ\?’ﬁ?%@‘f‘% k g’k"r?"i‘%@ltj %g 2, MW121.2, 20 g,

In @wel@sbcvﬁymynt ﬂm%ow@ B9 H2SO4 (98% 16 g) was
In driteemibstiiednt, thet dneouwsthid dbedt 8Mingt i on. Then, a sol ution
in §fe b irNRER & ébohvmoah gl\lazg 207, ﬁ)Hzo MWV

er c was
In %fbed%ab%‘?'& 0 %%@nﬁsﬂ%@u éaperl od. The nixture
In me@bmdlméat Hie APPHSIS fﬁ%’%? mQC for 2 hours. A

sol ution of sodi um hydrosul f| te (Na2S204i MW 174. 1,
In 3|5e ngodlﬂﬂéntB?hezpﬂﬂ?‘i‘ﬁb&emlﬁaliv'%@cép?@olé ehrriensilasidest dx@uptdn&ns or

COWPH%ES cg'\e oéitbogb%fﬁet &g%)n\ég%gt Bk ru%f?cte EQ[M (@%rb}@ mé'cpogol 32

glygarw@@&sﬁ UER) and calb el = iogh orEs (e SH-EOHAL AN, pHoda
Sillsaih Blox{de RhEAFOUBRAB) and tetrahydrofuran (THF) (200 cm

to provide a green solid. The solid was air-dried
plver night. 20 The solid was added to an aqueous HCI

S tion (900 cnB, pH 2) of copper (Il1) sulfate

pent ahydrate (CuSO4.5H20, MW 249.7, 2.06 g, 8.25
It virBé JapprEbiatddenypareedfski ivthe artithatrappestiategia@agss qfitee
dldﬂlﬁé&%ﬁomlrﬁﬁm b@Podid, bhd BorheaRRING IcomPrising the hour. A
dlqnan(]?@gﬁl G oquﬁﬁﬁx{ﬁ%&ﬁ‘Fﬁy frEerpaH‘eﬁtttH GtidRS DetRhfing the
optimal dosage WI| generally involve the balancmg c‘a’ﬁhe level of therapeutic benefit
against any risk or deleterious side effects. The selected dosage level will depend on a
variety of factors including, but not limited to, the activity of the particular compound, the
route of administration, the time of administration, the rate of excretion of the compound,
the duration of the treatment, other drugs, compounds, and/or materials used in

combination, the severity of the condition, and the species, sex, age, weight, condition,
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filtered. The residue was washed with water (4 x 200
cn) . The filtrate was collected. 25 The filtrate was
wao ewanzas7ovi t h sodi um chloride (NaCl, MN 57. 96, PRDGBN05/003634
3.45 nmol ). The mxture was stirred until the deep
bl ue col our di sappeared. Ths m xture was filtered to
provi de crude met hyl t hi onin Zlm chloride (MIC) as a

soljd (18, 359 .. T crude d t]
gengiabpsaie i bt it nEfS B B PR 1Fid alfEnC ol and
routeof péininistratier Will ultiatglyderat tegdissretionfineRhysidian, yateriggipn, or
clinitiag nalthptiglogehdryily( the dbbage) wip be istleetdd by achieve local concentrations at

] igh WwhiRAtlRi ' i h§s Bnful
o BEESAI i 8 AFES Lot caiah sy b r

e t hy
del fﬂq'gééqeéef(% Sng  Et hanol with Isolation of Internediate

To a round bottom flask (RBF) was added
Adniinidbrationedah\Heaafiecicden S Hbdd Chijrdpusiyoriblerdjttentiy (., in divided

i b ditleafndeito MBEhSH)of -

ot L T e eI Gl Boun t
deterpinied tediont SESHNC MRS FEY S8rTHS B RIBY S HaCUR hIET [t &
thogenefrskill jin thearivandeeill garyevith the famulatipmisgd fon thesery, thegyirpose of
the @i8rapy, tHeaarges cdii(s) meirng tegmésts od theesibject beiegitrasted. Single or
mullifERAFRidtRohSEM be Sirtied Bfit With1AY HoseT RNl p4tterBEing selected

co?l etd tlf% RPI OXI rrrrlate.lﬁ oSr% 'ci:e_ubon fillings (Fe, MW
by tBe trggting;pnyg E‘ JFTATEM O (37% 22 cm) were

added in one WD 2006/ 032879 PCT/ GB2005/ 003634 -69
In gahéral) atsupaislé doses of tha ectiiexdompeundis is therraede bbabauit ABAING to

aboft @"ﬁq@iﬁb%ﬁy 25w 398 abdie o rﬁqweu Kkifoghas bty velghtlof the
t t [ | ect The f =00

sublgst e e 1 b St EpnRinglia ol 4 G 4 o grod . o

the ke, (ine amownt admirjstaragis calryaigr radtle brsix aﬁga Pafegt compound and

so thBla’GaD3ecighi2ObeMééd £fin@eadRl Hapatior8ely5 nmmol ) in
water (25 cm) . A solution of sodiumdichromate

di hydrate 2Cr 2072H20 9 . 0 . ;
i ik B dR A o iag g T s utra i P paten
accpestingi@. therfallowing |dgsagmregiRe: ehev 190img. Sdings day\,

tenperature (about 5C) for 1 hour. A honbgenous

In oim%l é@do‘aﬂné}ﬁ, e Mol @ntbauaa (d.§ NRITCERHRIN RSy 8d toMuman patient
. 0 82. 15 ) r ; and H2SO4
accpistg g oMt el ralne: RO RS0 . AU o1
Then, a solution of sodiumdichromate di hydrate _
In driasiboadTaitizfe abive2@ndund 6e.4.5MJ C) B7administargd forg hrman patient
accoffind Dhd AfloRRPASLGORYIAE 2BYGI200 A e Gailper | 0F.

xture wasS stirred at approximately 5C for 2
hours. Ethanol (C2H5OH, MW 46.07, 1 cnB, 2.4 g, 52
nmmol ) was added to the EARMELES The ni xture was
stirred for another 16 hours (at 5-10C). The 15

Thé fibhink 28 SXF8lePaR\WIoRUSIPISY R llVaatd the foesseet inVérion and are
! h . 4 . ; d
notiRpdatl BT P AR e nbiHiEh Asucbcndtherlh. SC

solid. The solid was air- dried overnight. The solid
was added to an aqueous HBlangd §iti on (450 cnB, pH 2)

mgggper q :)) SU'MeQ!‘i??hioaﬂ upechhysinate) ( CuSO4. 5H20,
. . O, ,]. !ﬁ her
i ncr easé’gof §V'g5‘%'s Sl hlpgp&u":':tewﬁ Iéb T Ur”edgwé{té ﬁr[]é[@?%e

tenperature for 1 hour. A deep bl ue
To a round bottom flask (RBF) was added N,N-dimethylaniline (CsHsN(CHs)z, MW 121.2,

20 g, 0.165 mol), water (100 cm?®), 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 cm®). 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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col our was forned. The m xture was cooled to room

tenperature. The m xture was filtered. The residue
wor®ensesned with water (4 x 100 cm) . The fil tPEE/6BMAS/003634

collected. The filtrate was treated with sodi um

chloride (Nal, MWN57. 96, 1%@ 1.73 nol). The 25

mxture was stirred until t deep bl ue col our

o LA AT BT L 8 L gy e
aliqugt @Qé'oﬁﬁ odibe mixtue vmﬁstkﬁrﬁdlfw QAT éfcfi ReFAtiey halw 30°C. The

mixtureewbsiitered, eand the filtrbfe coliettedn  sul phi de, etc.), as
described in Exarrpl es 9 to 13, and then optionally

The&itga&e }N%é)&o@ E(I ed %\aifiy %rcl:d Clrlrésf @t& \/\I%?ttljegfe'd Wfith a solution of
sodivat thipsuifate ﬁsnﬁahvﬁrm (Nep0- oSy MYV %5{ Pt B 1871 mgi) iy water

(50 b8 cresottidn dfsodiami dichromalerdilgydnate i(da£r,BRHE, MWAE9BD, 20.0 g,
67. 1b ;46 Eﬁ?wé’é@?d q4ed ‘E!l?éﬂ)m}\!sé\b\@r BRfoihihatei deri8. The solution
wasct n stll-:z ?ZCaB ]1q5 g)ﬁ%%rﬂ]oﬁf m%%bg%fsrso ﬁﬂngg of
N,N= csmethv@nthne éCerHsN(QIT'séz WY 13&1@6380 ar Spte B apates (rhre) and
H,S80Q1(88% 016 @)f waiten addéd toi the clfildei\N&itytionMAhes,. Dsolaticdh of sodium
dmh?&n&e’ﬂ?ﬁi}d}ﬂé Né(‘@i'&fd 50, (MW 208 ess. §§;Ubt1 7B EnrRdIP RERREION 40 cm?)
Wasladzi&a |dlr°pm%e ?H%EtaL?r eml%ﬁg %eénﬁ fﬂrﬂ? g{ e Br oé;sl %a{édﬂaqgégo%%ately
5°Cifeichheurs) Arfgitioref sodivrs hydrosulfite (Uagéo I 3, 15'&19 HCl

87.4 BiR94l) iR B,ONR0 el jewadatiziddito themaixtuse.i Guomixhoe wasreired

anofflef b nN@§(§ttab5ut&ﬁC °The2r QYA gl%fenfbrémp@héibﬁ wae lfifyyed.

e A R A o

proYide 8 osgan spid. CooPRld was AppiskoveEtigity 5C. The filtrate
was treated with a solution of sodiumthiosulfate

Theos%ﬂ M%a&&tc{ @ﬁs PI? Qoluthdl @66 c’®, @22)5& BppSQUIY Sulfate

t

penﬂ%‘éﬂ i s G g 665375%56?“%5@% G*H%atg@ s
incrgasest3o@5ngoll e WP‘tW&tV@S S(tlzrs @hihisfeapgeatyE o bt & dReePiue
coldur 3B s ivmueide Tiremhiridre Wascoder totroom temperatied §|tl¢ mididreayas
filtehRWV THRITRSHAE Was washatkittPitef of x 20deM?). ThAe fiprg@aoUslected.
Thelfgtié{tg'v?a%d%f e '\hﬁ%o'&ﬁ}n'i‘?éﬂ)ué‘r“dé Né%l( bﬁd ). The
mixjuog veas sliged Ut therdaerRirerle CIRBPSAPH & W'ﬂfﬁ"ﬁﬁ% ltered to

proviie bruda nsathylthicpimiwh chistdi (MTC) asha sofieit(28.digh $8Yoat e
(Na2CrZO72H20 MWV 298.0, 26.15 g, 87.7 mmol) in vvater

Tha}cﬁg 25 Cn}t W% P g?ﬁ& éj%@@d%gf@t‘ﬁgf tr@atﬁ‘é\ mersﬂé lth

sulpidey @tc a8 gpearibad lmﬁxwl%%tmﬁ?? Pag e qpkpnaliuriss’ d?fr'f'ed by
recrsflligationd 3s Gesaribky in ExdrRley 19andy5.was added to the
m xture. The m xture was stirred for another 12 hours

(at roomtenperature). T ti ng green-brown

suspensi on was flltered.r,ﬁfai-h'g-re?euéy d was washed with

vater (4 x 250 cﬂﬁ%ﬂ%ﬂ%@@aﬁ_@m (THF) 15 (100
: . 50 of | n

over ni ght . The soI id was added to an aqueousHCI

To 5 LU Skof ik GREr) WAL Zddeln, KRREMhybhtite BLHEREGH,), MW 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 aqueous solution of sodium nitrite (NaNO,
MW 69.0, 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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pent ahydrate (CuSO4.5H20, MW 249.7, 2.06 g, 8.25

mol ). The tenperature was increased to 85C The
WwWOorRRoobs7mas stirred at this tenperature for 1P¢IDGB2005/003634

deep blue 20 col our was forned. The m xture was cool ed

to roomtenperature. The mixdure was filtered. The

resi due was washed with watér (4 x 100 cn). The

f
stausy i 7 e inon ot S SR erttalf i anig, me
mixteecves Biafed apdithe Wiatgollectedhe deep bl ue col our

di sappeared. The m xture was filtered to provide

The‘?ﬂt}%wﬁ?%@&lé& b pr&livBleR o0 iR flitMi&Evag sreatesiatiinth §dutibn of

sodi tpwgplm? 8%@%&%#9{ 3ﬁ C§20W%f-lﬁ8 %Wﬁ'@é byZ % ?Ot'%jmﬁﬁl) in
waterg28 e8C) i daefution @ﬁgﬁlﬁrére@cfyoma terdih vda#a @ 2080,
10.0084r33(6 mehdiyin wabe (93 traf) wasatdded dropavisteeer ak?@dnmnte perlod The

SOIL\% QAURS fenldin@Btt ibﬁfte%geﬁmﬁ BRAout 5°BYEbNY hbln GnhdrhogBnous
iy

sol ﬂ{ A@gp &}WM rﬁy‘nquf Meg% M1@ 1&? §§J1H$ﬁrﬂﬁ?‘ ater (10
cm’] &BHh:9Rs(98%d @) NartanRsided t %\mq VN 3 50 SK of
sodiligildighromate dibydrategRai5,Cavaii)Q, M\é[t?@ﬁ q 260 5(9@37 ramal) jHoyater
(35 (‘,r%y%/aszgddé@ afefJ b oErat 26 RintRSpetieal Tee hiixturebias Stpreidhit s

i

appw%ﬁ&é\é@% Lﬂé@ﬁ%li&%@@)%%ﬁ qldr“‘"’%ﬁa goﬁsg mmol) was
addgg tethersatugy Themw@wams insef tor, apthes Bnous By
resuiting greet-enqreT suspemsi¢ravautitebed. 0Te fesidug wasvashewith water 4x

&‘f@ﬂﬂré?ﬂ relide aGreer sadid. fThe lsblitowas air-
§5OIE£§5 gﬁ&t%ﬁ% % g, er[108)r7dharr\:?’rt)I and (I—éiCI (37% 22 cm
' 8 ed in one 40 aliquot portions. The m xture was
stirred for 2 hours at a tenperature_bel ow 30C. The
Thergolit Was added fd 4rt aquedys KiGdselhiont (46 el ekt 3) ofceopieey, (Il)vwlfate
n?é?-gl 28150 PSH/ORRAGE6 003684, 828 b Thé tangleeatumsvas
cO

mcr\%\ 8258 aRRL ?ﬁﬁdp}%tv%sé’stlﬁ'gd agﬁ‘ﬁ’s tfe|'rJ biAle féﬁ\a@thJreﬁttﬁéép blue

ution O atepent?é/mﬂf&\
coqugu@gjwegm@e Wﬂ\ga§co 97 %m teygperatyie., uré was
filtevaat. eFhe(r2Siduer)vas wasksesl with wateot4 X 3eR om)diTorilraig was collected.
Th@ﬁlﬁ%@fm%qréaw\ﬂﬁmmehlom @281, (MW 57096) 100 g33.76 rmotpl The

xbg wga% %@B%tﬁ qcﬁ%ﬁ bﬂ?ed&%ﬂﬁ%gﬁgéﬁe@v?ﬁe ﬁ\l)&&)remldétfﬁt@red to

en stirred
Provléﬁﬁ&d&t"ﬂﬁtﬁylmmﬁ ”¥Va {l&rﬂﬁﬁ solig. hom)genous
solution of N, N-dinethylaniline (C6HSN(CH3)2, MN
Thel&rlided proHchQNas%’ptllaﬁalmBabﬁecteﬂﬂb eurthed PeataieB) (ean dwitiPKGHIm

suh‘slkﬂien etcg) 23 u |b'éHﬁPE%%ggs é® j3and Iﬂ‘\én‘ cﬁﬂmﬁ&l L{Fdrt@i@r) purified by

| n’]"iil C 5 ra e
feCM@?M?H@GSCT %X%“p% an 87 7 mml) in wat er
(25 cm) was added dropw se over a 25 minute peri od.
The m xture was stirred @Exahfpleapproxi mately 5C for 2

hours (final pH 4I\/ Cmgﬁdé’ , t he react| on
mxture was ad] C

(109 whidezkee S W

m xt ure was stl rred for anot her 16 hour s at room
To bGHRRI l%tt&ﬁflasW(RBF)?ﬁélé hddegl N, grdeBthplaniline $TusE (GHHn Mg 21.2,
10f :,'%é 5 e(l:inol Q/%terr?‘?’dod&ﬁ")% H@S(Q?% ¥ bR Wathe miktrewadeboled to
~5°C.  To this mixture was added dropwise an aqueous solution of sodium nitrite (NaNO,,
MW 69.0, 6.3 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 to approximately 5°C.
Iron fillings (Fe, MW 55.85, 11.0 g, 197 mmol) and HCI (37%, 22 cm®) were added in one
aliquot 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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and tetrahydrofuran (THF) (100 cm) to provide a green
solid. The solid was air-dried 15 overnight. The solid
wormemshded to an aqueous HCl sol ution (450 cnBPCPEB2)05/003634
of copper (Il1) sulfate pentahydrate (CuSO4. 5H20, MW
249.7, 2.06 g, 8.25 mml)._'?FQe tenperature was
i ncreased to 85C. The m xtu was stirred at this
tenperature for 1 hour. A deep blue 20 col our was
formed. The mxture was cooled to roomtenPerature
TheTitteaterves greleddg aprrpxitataltd° CrhEne filtsate Yeas e tara ey soltian of
sodiv@t Bilos(Hats ptARhywdrate (NBES,CLiSH, OalMEV 248 2,c29.5201 ¥U75 mtod) in
wat%l?(bg gﬂPF A(‘@éluﬁér?@ft&‘élu\% &;Bhr%%tét!ﬂhya?é@r(ng:rg@lﬁﬂtzo Wiy 298.0,

10,046 ool gt (R0 v Aied A QT3 2l Rpegoa. e
solufias W |tltlssn siiredaat Iqyy tomngeatenefaloutsi G\t hNew: : b Opogenous

solutibh of Nde-dﬁth@lamlmea(csletN(ng)gmwv 12152, iveg, BR UGenmpby,duater (10
cm Xﬂ@ﬁ plgé l’/c|> kt%i ﬁet‘?QdJe‘a tb Wd dMledtdoRBBAE Mher, & diution of
?1 odf £ %

sodym dorgmait nidels OffeerieiP AR AR 2oL 7 B et

(25 cady was addeidgdiopwiae ouer afelmirutsReriof- @artwféée was afHEPdl%
appeskirrXtayra°e for 2 Medirsy 1At doilutioh iof potasiio idditie (UG TB6REH, 7.3 g,

43. WJ‘)‘%FI'I—EOLH Hta)CV\'/lasb‘Qdi ttﬁ?r@m?&ttﬁé‘omﬁe hb@lirdtviastifkd for
SO e A i
filteg2l. ﬂ&memugue wnamershqdm@ waer (4 %40 amt%atyérqfwn THHE)

(10T B@°)foprauide agreenaolid dThesolid MEE. airfdriediivernightt ur e was
added dropw se an aqueous solution of sodiumnitrite

Theigada s ackes p ol Bipt Sauar B0 bt Seghp (M
pemwmtetm@(@ﬂzﬂb@jwf%ﬁ 7121069 8-2premad x Te @matet?owea
mcrteés@ﬁbr%xmm‘helnyxtﬁt@ wdg stired fak this tegwe(dfare WY BBUrg 3\ deep blue

7 Trﬁé%ﬂdu?é‘@aé’golécﬁ%%or%aeﬁmzramé eTRE ddurewas

el LE i e e
Thef fillrateveas, tregtad Wlﬁesqqlttft' chlpadeNaCh L. %1@@@6/1 d’§z"@0)>9 The
mixted vaB2005d (a3 Gddeepiueltmodridisappéaretva$he ovtteng was filtered to

pro@iﬁ?E%E'métﬁtl%loﬁtﬁlurﬁf&ﬁloflué INPELas@Bolldr@atHd wWith a

utiron o SO |umth| osul fate pentahy ate
(Na2S203. 5H20, MW 248. 22.52

Thenerude P{aISCicwgs optianaly aatbteet?dd? ﬂé’%&r tﬁﬁ?’fmeeh(%ﬂra‘t'@“ sodiur
sulghidey, dt@), @s (b iBed OV BxitpledVM@ 83 a0d tharO(f0thgr) 1Baified hyrol )
recb/gtra:ﬂ%éﬁ‘én (R UeStHhehaS ERAIANES tU aRvise over a 20 minute

The 5 solution was then stirred at | ow
tenperature (5C) for 1 hour. A honpbgenous sol ution of
N, N- di net hyl ani | i ne (CoHERj@mA % |vw121 2, 10 g,

82.15 mmol ), wateM hionfihiuan@hloti 8% 8 g) was
then Sﬂ-%ﬁs%rﬂhé&euétgg b %@ltﬁ.maéﬂt MR- IsoTatl%ﬂ ofmtémteatat@n
of sodlU I cnromat e |yrae

To aroid haston GaskARBE) WenedeHu N SRt ne k@mtkel%z R 212,
10 §1 82. 1®ehnad]), aafer ¢100@N Y and HICIFE7 %22 dmfyo Tihe (Mhiikiuee was-booled to
~ \§ 59 thlsTrhﬁ(td?é"m/éE aHBEd 8RBRisk AR ARLESIY DINRE oRdbdih eftrileGNaNO,,
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 to approximately 5°C.
fron fillings (Fe, MW 55.85, 11.0 g, 197 mmol) and HCI (37%, 22 cm®) were added in one
aliquot 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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8.6C with aqueous NaOH (10% whil e keeping the

tenperature bel ow 10C. The mxture was stirred for
wW@ewb328790 m nutes at this tenperature (8.6C)PCHeBRI06/003634

readjusting the pHto 3.80 with 10% aqueous HCl .

Copper (I1) sulfate pent ahy? rate (CU S04-51-120, MWV

249.7, 2.06 g, 8.25 mmol) %eterrperature was

Thetf@C f g?@g %Pctélgg gc% %prg gﬁ'nra[gly h]egf,ItY\Qé \A%lts'tlre'é?e‘él Vi t}é By G ﬁim of
cldiitia e sl iohion 299 150, M 244 Prd a2 el 75 mimol) i
watén (6enéd. A Sbletioredfi swdmrrv@shmamtmdjhymath (Na1@rO2H0, MY®98.0,
gﬁ‘% 6 ARl ih Wakér(80 %ﬁﬁ) W&y éd%%ﬁ éivﬁ&oielr lat 20 BIuMRSeriod. The
solu&oasflaﬁgh tjlﬁj-rﬁé q‘ﬂ_’ le\?égre about 3 dC) fofYhaur %Hoﬂlgg%rﬁus
solutigh 6T, Mﬂ@ﬁﬁw Bg. ( ?*ﬁ@‘ e W 1/38?32 f | Igv é%gg W'BOB water (10
cm®p ey HSO £(988ke 8rg) Waglthéri addedito thectililledisglaitionT Then, 20sodusion of
sodﬁj bighiofhattBdif drgﬁ%}\lezd_@@ QF-I&G* VIV BBUE DEWESy, Bp17 ramal) liywater

(25 gm \ﬁ:ﬁj%dddegtdéi ls%gvecfescr | n@get pe(n%gx The%lhn es\ﬁgé edat |
appmx@natgkytﬁ Brien 3 joyrs l(fmahglflﬁ Op?lﬁt 187 @ TW pl-?oft e reac ion mlxr%ure was
adjus%tr B @bl 8.6%¢ witin aqeeousddaOH bid36)i whilBkeaphe theliemprthturs below

10° FRUR Was %Fé@ﬁfbﬁ m&%rﬁBqﬁhgﬁt%mﬁ eeripdr&lure’ - Pigd resulting

gre -qugﬁnz'ﬁlgssrgus' anN Plllelfjgc] ! oun %kl\{ag \A)’é‘gjgcpﬂl& % ?Ek%o cm®)
anddatﬂ@wdmfwaau(ﬁiéfw Pasm’) tﬁé’r?‘ﬂ@% ‘§ 1S alrﬂped

ovefhigt2. 15 mmol ), water (100 cnB) and HCl (37% 22 cnm.
The m xture was cooled to -5C. To this mxture was

Th ﬁ@ﬁwdr E/W gcgarggq%%ggm églﬁg 4% cmc3 T:;;E%F I} Sulfate
oAt (PG gSHb b SO, 206 e?q Pailire was
incrie@saRioad50C e The nXi@e War stitredatithis téne)emtwpljp@ he. Aodgepdiue
coldf vARREPREdTB R rﬁlx@% wh§ 88018dtd robiniteperabife. WHé biixtti®,was

ﬂlteaqgeoﬂr% resi 38? %E\w asﬁgodwrgh/a{e?’m/ % 16 ) 'IW\%rfi‘f’craft‘é1 d chiRcted.

T ons rre
Thevitiate Vt@ts it sadima chlerida “%% M ‘?Sn 190 &d@'g The
mixkure vas eticrednotil theeddepl bluacaow slidappeardd. The nixturerwasdiligegs to

proGnee'cﬁﬂietrﬁetﬁ @ﬁdmuﬁmtcﬂioydé@mé)“@ 4 bblior@0o®)was treated
a sol ution of 40 SOdI um t hiosul fate pent ahydrate

(Na28203 5H20, MW 248. 52 g
Thexgftide P(oigCiwys optianally biestrass fuiar fratdieah iR gl sodum
sulphidiey éta), @s @mm@@v&mlemqg’s ad theyoomiogallydfirthenpyrified by

recN&tdﬂ@Eﬁ‘dn 62 QeSeRbe AP ERGIAGIES d4 apnii5e over a 20 minute
period. the solution was then stirred at |ow

terrperature (50 for 1 ho;gr. A Eom)genous sol uti on of
WD 2006/ 032879 PCT/ GBZOO - 73
N, N- di met hyl ani | i M& BN

82. 15 papPEynthadd @ind 319 A@iﬁ%im@rl’d mthbmwat(oel&%ntsrngsd.am
then added to the chilled solution. Then a sol uti on of

roSa e S TBLE, YL SRR ARA L0, 2SN o1
10 dr 86 senal) emten (2B ernhuarel eI EE, 227w’ )mThedpistiuigyas cooled to
~5& | T6 ff5 Rixtre RS XHIERd elopwieh dqeods dtution of Bediiinlritritet(MaNO,,

MW 280 §%% 8688y %P\%t‘él’“(éb\’é?ﬁ?sﬁ*ﬂ:é idshitihd@dspabion WS stirred at a
low temperature (5-10°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
aliquot 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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-83% 9.2 g, 43.9 mol) in water (10 cn) . The m xture

was stirred for 10 mnutes at -5C (final pH = 3.05).
wabh@ejpbstms adj usted to 3.85 using agueous SodPTIGB2005/003634

hydroxi de (NaOH, 10% . Copper (l1) sulfate

pent ahydrate (CuSO4. 5H20, 249.7, 2.06 g, 8.25

mol ). The tenperature was |Ifcreased to 85C. The

The At FaRed e Ao BRIeh od e fRERS 18} Hoel Qltra (fillon of
soditiy th@S@fatQ'h@ntﬁ'PWQI?éNﬁé&Oﬁﬂ"t@f MW 2482 2239 @R0- {Rargmol) in
watebd2h em’wiA Solutneof sodium di€iiomate dihytnate (NajQrsQyt2Han W 298.0,

10. 0C |3|3Q5C ) il W%tefr '(id 6@‘)%&%’%&& %ﬂip@ﬁ%e%ﬁeh a20thiHRe period. The

so'uﬁfe@(waf %%lrrg? o} P Bperature e & S it AlighnpgEBus soluton o
N, Neiingetbplenifieg! (Ceilahd(Ghisks MVE 1208519 01 é)?e‘rfém‘""to@ WAt ( Heem’) and
H.SO, (@39/ reghyad thee atidddte thé thille ol (tCIT has, asduliandof (s3dide)

dICh?Om%g dﬂaﬁe? 09261%! B' Rifiobs. Wa§6 Y] @F?Hrﬁolﬁlﬁﬂlm&&t(%’ cm®)

ekl O G e TR g Y et
5°C ot 1 bouil(final pHUE 2 Hhedhe phwffthee@asqon ixkirg wag adjustedite /02 at
8. 6 aswitteaqudons aDM ERsHYPINiS kddpianthe1mp&atuEx hefpivel 07C. The

\Wé Elr} é%f‘ﬁopgﬁoﬁgrolr()' ﬁu{e%@hlsgfe%%re@(r@t@ @SC)S bbfrd&adjusting

the B ttc@ a,ﬁ%fvylgnsﬁ) )M 'ch%o(? (I sal?eh%nﬁg t%hﬁdr%—t% r@uég %gl?_O
MW(23eH5 |SH(Q§-B)8225 mnel 2 I he temggatgloe yas mcgp@ge S dhgdpixture
was(stifred amhid tenfperature féret Rowwg dndsepdlua odicwrevas'fbrmed Xtherraixture
was\'%%le&? %LSQ@ ﬁ' indure [RastiitErepio aingfedliiud WaswisfedaigPElater (4 x

100rﬁ"3< f;\lggte 88%(&% \?\;‘l' Igeeﬁléﬂtem 1L utlt’e%tedo\ﬁlF ?&"IUI’I %Pltoh&e?‘ (NaCl,

WFTECUS S0
MWsayd96, rh2A gk 240t7ém(|)|\laTm@QmXW9 Bas stirecburgil ghe @emé@en?ﬂ"aun n
dlsép@é%d( 186 nuxtreovas filerétDio3Povidencrude prethiyiiblionifin chloride (MTC)

as 6{&@'@)(%4@% Q%PGHSI on was stirred at a | ow terrper ature

our. The m xture was 30 nmint ai ned at
-5C and HCl (37% 44 cm) was added over a 5-10 m nute
Thepwwdeprodpgtives apHonaliyistPigRigH tSIURNPILTRAMERL (§g- rifiRpdium
sulphiden efd.)| bs ogsribédin BManipiestBio B2 a0d then®ptonatiy|(further) purified by
rec@agtgmgat%\ﬁeés BeserbddinB Rt ARfFs. i n order to

tan reaction tenperature below 30C during the
addition. The m xture was stirred for 2 hours at a
temperature of -10C. Th&aMRlefe was filtered. The

solid residue wasMathghigohimuthChiatider MTX) cnB) and t he
35 4.pbi éggtgs‘?soﬂjél:@}é@djum Hi@rd‘siuﬂé RRIDUMRDIEOR bﬁﬂ\térﬁhedlate
floltrate was treatedI \rI]VI ?h a_ sol umtlngtneofegl d
To a reusslnognen flask (BBIGweS addeeh V. Mﬂf@a@vlgn"'%(%ﬂg‘*&%nw 121.2,
10 g‘rt82)15 mmad watet BO0nt) armsHOhE@7%, 28 got’). i Theamixtire was cooled to
vf th@fﬂmxtﬁfeﬁﬁééiédo%a Rbp\ssl b By dd e iselutionst odilinh MEtita (1eaNO,,

EZ "HH%]QAN%E}%% @O%%goﬂgégreg&ﬁ?#s@bgloh Wa‘é\@fl &d at a
loww@p@r@m@ (B A0 IHRr ST e MHAUTR WSRO eddABRPT maégy 5°C. Iron

funr(gatzsegtmms $%5)r11D d¢)dO7 mnioly and HEH(379% @R chidhwererasided in one
ahi;; AR Ghe b aBEMEa0F 2 hogs GEB Eridraia)ebeldW80°C. The

Lo 38 sl (20 o) ano U0

The filtrate was cooled to approximately 5°C. The filtrate was treated with a solution of
sodium thiosulfate pentahydrate (Na,;S;03°5H,0, MW 248.2, 22.52 g, 90.75 mmol) in
water (25 cm®). A solution of sodium dichromate dihydrate (Na;Cr,07°2H,0, MW 298.0,
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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H2SO4 (98% 16 g) was then added to the chilled
reaction m xture as one aliquot, at once.
w@ Repzeszd i on of the solution prior to additi oPCT/GB2005/003634
N, N-di met hyl ani I i ne and water were cooled in an ice
bath to approxi mately 5C, az% t hen concentrat ed
sul phuric acid was slowy a over a 15-25 mnute

eri d in or h 3
Bl RS Kl .2 %6805 18 bl gl and
H.Sh 98%nhe)ewvas theaedded tomageh@@zscz 2’9%’ iffion of sogium
dlch%méleliﬂﬁdmfél(magﬂng@y&ﬂlﬁo WM Qo8.0) 2@\/&1@ ga&iﬂémmlbpvwsﬂ@ (25 cm®)

was \G‘aéd @r lé@ Nétrea ﬁerﬁingfiz peribfe ThE Akl 4B stirétiat WBSroximately

5°c§efd{ fw et Vs B ﬁéﬁvéﬁaa&uwﬁov?%uﬁﬂe Q\?é'& Mgl 15511,
~831m812 9,i43. 04)20 wetgr ( emaddbg nigureas ﬁtirSGdJP(e mingites at
~5°@lfirpupH = NOSNETHRUH Wasddiustedito 3. BBeisimyagueausssiiun hydrexdde

(Naéi?llIr 1899t BEEper Qi Quidie Béntshy bidte 56D, Me4pgsplobigng.25
mmagsﬁaﬁgqmééa%% \&?s Slﬁroe% %@ @#ﬁﬁggﬁlxtuﬁm&e&w& at &S

de a
temperiatute fordenaio Adie@a@lt@. qolayr wag forgieey rﬂhgm'xtu"ﬂw\@a%mq'%ﬁ to

65° @/asrh@ddﬁdret Wasiltehetl e'mésrelslﬁhe sk washed (RO @atar®s x 9BO 2in°). The
fultratté’vJaQ e esﬁg}ﬁt‘raﬁ@ CARRE sodlum csideANRCI, MW 57.96, 120

g, Z\Msmagd rsﬂ\éasahrr}_% gptll w\/ iee k?lu?(éoléé cﬁsa&kgaéﬁméhﬂure
wastféhemttatmwde/\@ryde mﬁﬂygbléalntum ehjeride/MTQ) aps snhd (R4 gp 29%)-

perlod The m xture was stirred at this tenperature

The (9{1 SHofdQHE wd Sﬁalﬁlsﬂg 618l ' furthePFedtMeB@.g., Mith sodium
sulthcﬁjpi;% as a%%cr (ﬁ ad I EX é ?ﬁn%({ e{?é%ﬁ@éﬁ%ne r{?gﬁélg?fl.l?tﬂer) gurlfled by

recrastaélsmnl ee desaiibpd in EXﬂﬁ'@P'@ﬁ datias filtered at about
20 60C, however, the filtrate can bunp under the
reduced vacuum) The resu:_q(gﬁ, yep  washed with water (2

x 200 cm . Thefllt!E ﬁe @é gg The filtrate
was heated to 65('5’I Dinfop! r'dg I(ﬁe period. The
(hot) fwmmmmm
(NaCl, MWN57.96, 200 g, 3.45 nol), and allowed to cool
To L?oﬂf%o%ﬁ{ iRk TRBF)\0AY adREiNA- dumahy@hmhé (@:geisrﬂ(mﬂ%%ww 121.2,

20 g\fl%b éﬂﬂgb 3R Ma)&rg & waﬁ t? f&?rﬁ %th%ergg eLbru§ atTé%hﬂl%re was
cootestiny 156G 3AthmeasiRbGEe PR esiadHE G3Hh. 44 (cmq pysr @ 10-15 minute
er'pbaalTe thid Sniddregwas a®Eddropwise 8n aqmmnb@oluﬁm ebsagliugn nitrite

f&g/wer ??eg rBTe deoRBIHiddtin Water @00 Ylolyr H2BBe elimde beriod. The
reSlalll NG SUSPENRIRN Wag SL&% faelgw\gﬁ%gel%gﬂé gr?fC? rHrHogl 'glﬁéaﬁl ;(}yure was
maintainachairp° @ @i HE B 1. 443en ) was )?gfj%q PYL &ty njge period. After
an d@ﬂﬁdnabemmute&fasﬂmr@slrdmllm (E8, MBKSH PS5, é?g) g, O 40 mol) were
tcﬁ%} L RESR iU dehb&d, liflsrdeMbehain@imP®Feadish faffplefativetoalow

% @Féggat' 2oy ”Yﬁg{ gtéﬁﬁs Siire oﬁzhggggé% ?Eé {&%10 .

Thel mixtare waﬁcfﬂtgreds 7 hf@OHﬁﬂS)dueMtséNas TR wpte igyand the
fitra@clle@d.cn) . The mixture was cooled to -5C. To this
m xture was added dropw se an aqueous sol ution of

The'mglgr@ V(p%ct:o@' tdeto(a||;:|\l‘r’lreoxmas’feIp/fv)l(sS antglasa% 0;’ 1§m|n%ﬁ’e %@%@ lg'l’he fitrate
waatreated@vqulléw@tf gedivra thigsu] ue:ga @4 245,04,
0.181 XAdlyie viaks (60 omndchstameaglipuadin mqwk ydﬁﬁbn | A gplution of sodium
dichromate dihydrate (Na,Cr,0,+2H,0, MW 298.0, 20.0 g, 67.1 mmol) in water (80 cm?®)
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-dimethylaniline (CsHsN(CH3),, MW 121.2, 20 g, 0.165 mol), water (20 cm®) and
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fillings (Fe, MW55.85, 11.0 g, 197 mmol) and HCl

(37% 22 cn) were added in one aliquot portions. The
woroobs7mas stirred for 2 hours at a tenperat BEEGB2I06/M03634

30C. The mxture was filtered, and the filtrate

col l ected. WO 2006/ 032879 PﬁT/ GB2005/ 003634 - 75 The

filtrate was cooled to approximately 5C. The filtrate

I

o T OV L P T M il
(Prepwatign Pfrfhexﬁalvté?” prRs & mpciiors AT PBABBIIS B et viere s
an icé ket tonadpeoxdinbietir 310 aqiNERBraFertad sultwrio @cd was sigwlp added
overh 1535 Ehifli® beriddinVkréi& to prYe Rt iBemyR surpalikgdofth® BxétR&mic
reacgrt"n 5 rTZ\&%gq ggflgﬁstrf of ’%VQ dﬂ?%g a%e QQIlnHJg QQy%iégﬁﬂ 0, I%W 298.0,
52.0r, Rrigéroms) Inwelet (0 oY) WanPararkArARER oVer 290 Minite period.
The (&tBNAGHBEAyas\lifEd bt ApprogintatelB8°CLIpr aitouys. Avaelalion of godium
hydn%Eﬁfﬁe?Ng %%%%W 1% B9, eeBmhidhn AJOgR0 t°)tvaes added to the
i T ol e
mingjes Gt apoukSC). The TRetiing ateendBownFUSHERSIAN HEg f ?f8 wi %fes'due
wasQveshe@wb waiteTu(2 & 250rdmojito prbvddera graenesolighsT st $alig as gir-dried
overARRE. oxi mtely 5C for 2 hours. The resulting

green- br own suspen5| on was filtered. The residue was

washed with water 250 cm) and tetrahydrofura
The (spligryag i@)@eobmantaﬂues%vpa%f)"&w&r(%%c@o|Fﬁ tefImLg pysgension.
Coppess(IRbulfats pedaloxdeatei(Gh80, 58, THENS2A9. H An2sg, dcfermmad) was added

as oﬂglé |r{'g:hu§9 Lygition turead)incrtassp85°¢ bigr a 15-20
mmlgtefgrlpﬁiorﬁe%?ﬁlérg%a%ts%rrg&ﬁ& grﬁagratdygvfgrd'lghgur 3\ %p%]l%e colour

. e
wasformas d NREIXYS R Gogled {oioem temperatlre Péerf%? 5‘.“ g perioq, and
the Aeure Wasdilteal ginanalteriativeregamiacheimixtureavasBtesesbatepout
60°E ShdwR Bt kiRdMRAR cah Humbddet theWeRiceasacdunh § emhedesidirewas

washa«? Wi ﬁyvg\{%g%m??p%& }M'Qlk f?%ét%ﬁ/vag%orf?c]t&o 'Fﬁgflltratyﬂ\?as (?ated to
65°Giover 3230 MiRHE Peried '{‘I’p@@jot |mej\7ya§%eatf6\8ﬁ§ sogluy‘gc% oride
(NaGhIMW 57168, 200 gt 3148 ma)sast dllowed teinedlito BHE eMasp 3 heur period.
Cry QtQInHéJ ro@u&mét%bsema aftbXABHLE2 BaBUFY dridestemdolind0°C. The
cr

mlx@l{ﬁ: Was ﬁliege%go pr'ggé ﬂ&hﬂfhﬁﬂ\ﬁ#k%ﬁ%@@ A ogpst 1@%0#2 (On this
scaley hB-2¢ 9t 35(4’ enhbscle B g]pr with sodi um 25

sul phide, etc.), as described in Exanples 9 to 13, and
The $6de HU&WAS' optiohallytshiBfelted to fuffthéldtréalment (e.g., with sodium

%%F @ qé‘sac'ikgé]l CSHO %\/ hﬁ%gﬁfhﬁﬁ@r‘}’ ptirffied by
recrgsiafipaties, a%éew'aa%'mﬁ’@ %'Sdﬁ‘c? 373 90, 4.5 g,
-12.0 mmol ) was fully dlssolved in HO (125 cm at

65C. The sol uti on was coqj fhpledg r oom t enperature. The
ﬁm%‘%

cool ed sol uti on V\ﬁ.‘%th% 5!‘\! ngrydef(imtd)atl on to ensure
conpl ete di ssol utTor, —tne._sol treated with a
sol ution of &BetSwithegiswittulso In AL >60%

200 ng, 1.54 mol, 0.1 equwal ent) in HO (10 35 cn).
To 4 RSUNKSsbinl 8k (RBF)LU(/@S AR AN, NrdirRethfianilidd (CEHIN(GH),, Mne121.2,

104, IE{%‘PJI ?‘g‘m@a"é’y& @g‘?ﬂ §yang\f-gﬁmh% Enﬁ %*I‘E &mr% \was cooled to
~5°67 T@ghlsm re was added dropwise an aqueous so ufio sodium nitrite (NaNQO,,
MW 69.0, 6.3 g, 90 8 mmol) 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. Iron
fillings (Fe, MW 55.85, 11.0 g, 197 mmol) and HCI (37%, 22 cm?®) were added in one
aliquot 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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0.276 nol) was added to the filtrate while stirring.
The resulting precipitate was collected by vacuum
wo pdobrozasron. WO 2006/ 032879 PCT/ GB2005/ 003634 PET6B2005/003634
Exanpl e 10 Treatnment of Crude Product with Sodi um
Sul phi de Crude MIC product _ 913/W373 90, 5 ¢, -13.3
mol ) was fully dissolved in"H20 (230 cn) 5 at 60C.
The sol ution was cooled to roomtenperature. The

ution was treated with_ a solution of SP
Thesfutﬁ‘fﬁ e conlgg & anaipmatly 53 obhe Eale Es tepiey ‘ﬁ‘ﬂ%‘? solution of
sodiutn Bibsuliataipeatabydrate (Nap&0:(5HRO0c MV 248 235201 90. ?@mmol) in
wat8i Sléhfé) WRSolGlidr méfdfuﬁ dléﬁromawalﬁﬁdraﬂilmazm@{ DFED WAR/ 298.0,

|

104y éf@&we@%s PRI b i o 30 M oy
SOILf“PPWa&t“éeW\ﬁ§r ioitepgeratied APRH SrEH AL OWrpA\fromegspios
solution of MN-dinHtieyldrilineHCalflsN(B&ls)aad Ve tR 12, 110rga 8. Tweangmol), water (10
cmdhd ﬂE@@ (98%118 vars ¥lerfaddddio the dHiRdSOIWtibH. OTheYaS: dohaien of

sodLouenZtgl% s s OW%ragégﬁ'diq\/lM@E ZW/Sg;é 896/ m%%? irBwater
(35 G@ah\t’ﬁ) qeasqrom@swwa LIy BRI afe W at

appeatiraatelyl6aC fei? hourenThe rd:awhpg)gr@lWW@@WWﬂWrW@d‘tﬁé@ The
resueﬁe wa® m}éeh@oﬁ\)ntmuﬁeem msdﬂw)hanaﬁemhymatmﬁr(ﬂdﬁ) (1600/E65) to

prowﬁ%grggé:e(rpsto &t $nd Qolﬁil Xrbé:cf éf\%‘i’l‘ﬂ%ﬂt' ne form The

e was CO vacuum 15 filtration and
dried in an oven at 6OC Exanpl e 11 Treatnent of Crude
ThePsatid wes addedhtoumaquspuel HOh isolotioroidhp emAdiHi 23 dioppergH) sulfate

pentdhy Q?a‘t@' @dW 240\ 3.08.998.254noll, The &nfheratate)was
lncrgsﬁf{ d'rﬁé 1%{8% \{IQS ﬁ%@d Q‘ﬁ#s @mgera%reﬁéq hJJ}e d ep blue

vvas (e30]0)

col%w\@ls,fgm%g he|mixiurg was cg,cg}eq }ol ng@tt?'BHefﬁB"%nib? g'nxture was
filtecahplhet residis wab wiashed withwatep (4ix 1o cmis The dilitaéelwas collegted.

éﬂiré{blm% tdatedditFRddAiUrA bhlbnw@{akmnmw 57%9a] 100 @l T3 rsal). tThe

mi LéﬁCH% g%«i&%l t%]eé 'ﬁ pea’)?eé;A'THém'hxtur% V\?Jars é‘llt\%%eg to

provigle £rusg npeshylthioninim; Hll9f' MRS 3 ﬁ‘ﬁ‘t‘j&é ﬁéSB‘A/O}(T ered by
vacuum filtration. The filtrate was coll ected. Sodium

TheE&u8E bRUENaE optlwhil@?suaﬁcteuﬁo €Lrth@r fdament (e.g\asitrastdiuhm

sul%l'ﬁ%t %?c f %%?ctnge ﬁ @i Ed ﬂg and 1R I(f‘p?théllyr(ﬂlrther) purified by

o p| € Was CQ tration
reciystaftispiiom gs §93°f'|b§%ld éﬁ'&‘g %r oduct with Sodi um

Carbonate Crude MIC product (MWNVN373.90, 4.5 g, -12.0
mmol ) was fully dissol vedxampl®® (125 cm) at 65C. The

S0l Ut on Vg LA OudLRRLLATHEI IS Subhfiec ! o

solution was ctarrtred ritration to ensure
conpl ete di ssol ution. The solution was treated with a
CrusleIMITC prodott BBV $3300d.6 ar bbharungNaaoioy dissgleersings:0 (125 cm®)

at 6698, Mhe sblufidfwasBbolediolrobmuitbmpératurg. Tie tEHRd ddutiocmnids. clarified
by ﬂanttiJnetg lélngur@ ?%ttéjé@.% JEfonS tiesd tléﬁ’(lvag- BreHicl \',f]fﬁsa sol@®n of
Msvg&%

rati
e T RS g e o
cmy7 To6 residiing, mixtore2was stisted fant0 ednikes. tThetrpisture was Hitesed by

vaclli iratioh! Mhagitrald\Ras egikekted N SopiuRTHMidRt(RaBRMW 57.96, 16 g,
0.298 lnjlo‘?)%a%dadded to the filtrate while stirring. The resulting precipitate was collected
by vacuum filtration.
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by vacuum filtration. 40 WO 2006/ 032879

PCT/ GB2005/ 003634 -77 Exanple 13 Treatnent of Crude
woemdosas7ai t h EDTA Di sodi um Salt Crude MIC pr oPCIYGBEMR003634

373.90, 10.0 g, -26.7 mmol) was fully dissolved in HO

5 (270 cm . Ethylenedi am netetraacetic acid (EDTA)

di sodium salt dihydrate ( 72.24, 1 g, 2.68 mol,

0.1 equivalents) was added. The i xture was stirred at

65C for approxi nat el E—ﬁ%%lphehe n xtyre was

filtered bylieadnemmai PiogH :

coll ected. Sodium chlori de (NaCI MV 57. 96 16 g,

Cru ggm HRJduct](QIV?@‘?'B 8| @QLS% ﬁ\’ﬁ't?no?)dﬁ@éjfullyt @sédhedfihIH,0a280 cm®)

ot B; T ST Fas (ed b PilpBiait Lrh@bshuinas treated ith a
SO'W@GW%@PM%MM@#N@;JS BB 7804, aPE%RAS? gk 9t 1-Pirangh oA 07

equivalete) iIMHEOHROdmE) Toe resuirigedixture das BiGfoo A otingtbdV The
m|x%?§ folltgr%d% vaedurf fiffaBbn. YRsStiltrdte V\Fiissc‘éﬂéd{&ﬁ THE 14 ©F the filtrate
was, f{g |_pe gt% v&?{\gh?eségdﬁ cﬁ:f@a ha%@SCMS §§ 1Q_&)O Er‘?ﬁ) The
pH g’éﬁhérvweﬂsm@ filrate ugreadieied P19 TH0R I BY. EIsolilien wasen
heat&bidl 60°Cg Sedaih shlaidesiNalCl, iNig Eﬂrgﬁj a60 gwa45 oull) veast glalvip pdded to
the@:’pﬁft é’rmlt;dnl t Qﬂﬁo‘?\r}nuéf%@ ex@Fdls%g He@a@b‘é re¥i8ilal WCM Bfa fdéﬁséﬁ]e

cold py30) Bkt Srsey LT o) o
(MTE)30 gcecintetegn aghlviciypiglline \fﬁi@ ThegyetiRitae was P@'@Ctef' gracuum
filtratio®)anaitdried G arsodéruah6OCor i de (Nad, MW 57.96, 200 g,

3.45 nol) 25 was added. The m'xture was allowed to

cool slowy to 22C over Iy The resul ting
hi ghly cryst alline produgéwgs%iﬁcol | ect ed_ b _vacu_um
fi | Trestment of SrudedProductwith Iimesthylditaiocart aid 9adiHm $3
Exanpl e 16 30 Recrystallisation using THF/ H20 Cr ude
Cr%}!g%ﬂﬁ BFB&EEt (thsvgébeﬂsgr ugle o MirkolpRas MY disbMNET B 19D (125 cm?)

% Tlﬁﬁgo[yg?rb\{v?%% %ﬁg@to r ﬁﬁ%rln%égr%tdrg lfﬁ?c&ﬁ&?scﬁ Vs clarified

by fitisatieaHp @netrgcampleteissqlulipne rﬁhe\ﬁagmaa Waa resied g %f?'k!ﬂ?" of
dimateyldithioombamicoacit) sbdisihosality((G5:) NCSNpr XY 43.21,y6560.n

3. 8@'?\1111860 BalqhivalkRe) isRXE (R criQUTRe reBORing @siktlitd vags Stirglaliyr

10 mlr?/ "’rgﬂn%lx%ﬁ% %g% ?@ed%%y Qgédu%:ﬁlﬁgt[cm{ 013%(? JaIL ?aﬁ collected
Socmuarﬁbl%ndma@t MY BR8] g 78 mah Mas aiiacso the s whle
stir@yont Tresiesyltidy precipiate, wasnmbllexed by vaduuinsfdtraton. of MIC

Example 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,O (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,CO3, MW 105.99, 163 mg, 0.154 mmol, 0.1 equivalent) in H,O (10
cm®). 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

N, N-D net hylaniline (20.0 g, 165 nmol) was placed in

the reaction vessel [VI] and stirred. To this.vessel
woer®eastderd H2O (200 cm) in one aliquot over 1 PETGBE05/003634

and the WD 2006/ 032879 PCT/ GB2005/ 003634 -78

het er ogeneous m xture was C-?f)_[ ed to 5C ( 2C) over a 15

m nute period (5 mnutes) usi ng an ice/water bath.

37% Hydrochloric acid (4élx as added over a 5

m nut e perlod (.2 mnut

t enper at urléeatment of Gk

exot herm c reactl on.) The reactl on vessel was

CruJEaM*?b r&ﬁﬁ:t aiVPE7 92 GD.J 91~28!7 ramal diasifallyadissolvati mHES
(270D E Ieng?1 armpjrlieﬁ t)raacgtléegcﬁ{f @Df‘l}fd?{q?lﬁﬁ Ih&ﬂ? {EO(N/RN 372.24,

Was con

19, &6@@@@9! Oee%w&ﬂem qqgﬁhoéh% m'weaqlfa Léf Blai.' ércefd’f
appriyaiMzRely 1hobr. gThésmdlﬁemaslf)temgnyqlap@lkh fnltraa@m ethefiitsatewas
coué& Ut ditn %hl%ﬁ@@(r@é@ r(/ll/\ﬁ§#9@01r6tg-mommgnslt 10 equivatRiis) idladded
to thg Ba(te] gﬁﬁe %t?rﬁﬁ%t ZH? resi!l g?rc‘e% lntéfe%s?c?o@%&%%&& %acuu%:ﬂlzratlon

2C) was observed. The corrpl ete di ssol ution took 5

mnutes ( 2 mnutes). AExangalf vol ume of

appr oxi mat elge MRl BE Bbblethidid Recryetdilisationi trit e

sol ution was sSTow y adde ropw se to the reaction

vessel [V1] over a 15 20 m nute ri m nut es
CrudmiI TS rbdadt phireeiag erish MEG B MRy S 620y 54 3t was
dlssobétﬁ? irviggD (700N BESSAEd Thie omixtu(eCaas alloweddg 60¢lde g2 The pH
was éoOtB pH f\lsiRf 3RS HOIUGendgingbspersiorowhieh thigld be

fllterg '8?%1@@%%7 Qr?ls{aﬁlﬁg bko%gcmﬁ J{{ﬂlggﬂé@mﬁy Shédune firb®n, and

drieghin an ayen #g X ot ¥Rt ure at 5C ( 20) usi ng t he
ice/water bath. At this stage in the reaction, an
orange solution with a IE% & 160l oured 20

preci pitate was I of foam was
precipiiale was RESSLUR tioh. 'PPdtsﬂ lﬁﬂtm [ Foam was
to the reaction m xture [V1] over m nut e erlod
Cru@e MTiQupregictwir treatzd wbi@dwmlpr@upfe@m/l% A-edPer @mol) was
d|ss'b|v§8 lrf Hm’ﬁ;@ot&rﬁ%t 65°CCaBHdiupm chievides (INSICI MY 37091, 200 g) 3.45 mol)

T 'rr%r(]tu \ﬁéyélﬁv‘)@ggo 5&5] sfo% {2 @'6%11@5 h%w@ Rk @&sulting
hlgrfly pr]yﬁtﬁ@lge ngiug \ejas P I§gtg I"?CW altragcg'g gnd grletﬁ I Ah oven at 75°C

for t&haurs.on vessel in aliquots of approximately 2 g over
a period of 15 minutes ( 5 minutes). A tenperature

rise from8C to 12C was E% |§l¥% during-the iron

addition. (Caution; exo} ) (Caution:
orange fumes are B&%@@%W@Md ) The
reaction mxture was stirred for an additional 120

Crqu Wit BrodudiQrFeatédaside MPCWddust (MWr3Ta@0i 0B g, ~26.7 mmol) was

dls%)irgﬁgﬁ ﬁ%ﬁr(qu:)éma%?é% eeéﬁgﬂ(%/a{s c%@ed‘%@% ﬁ%klﬂb@éli‘?ﬁ’c
t

Tetiaby @ ORsmN GRS g™ & SPEfomwas al@equd tg opdi Slowly
to appmxmatélyrﬁ@um en igedhattoover squtalrhgpu@eg,)Thedﬁngmgehlghly crystalline
proH@dTWa@'cBgec?éH blvaduubd®trdtioh! £1d drigdne bn\vaen aetited fovi2 fours.

(20 c The filtrate (a clear brown |iquid)
vvas ret a| ned and contained the desired N, N- di et hyl - p-
phenyl enedi am ne di hydr o? l saI t. The total
vol ume of filtrat §lefryithigniniunxCiig i

The Synthesis, Treatment and Recrvstalllsatlon of MTC

N,N-Dimethylaniline (20.0 g, 165 mmol) was placed in the reaction vessel [V1] and stirred.
To this.vessel was added H,O (200 cm®) in one aliquot over 1 minute, and the
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400 cnB8. The pH of the solution at this stage was 2.59
at 20C. The solution was 40 nonitored using
W@ kdorasi8od et spectrophotonetry throughout the PEHCBR@®N/003634
in order to confirm reaction conpletion and to
cal cul ate the f| nal concentration of the
N, N- di met hyl - p- phenyl enedi ne. Typical conversion

82%. 2 VO 20 7 634,

85T Ao U 0B <§@§§ﬁ%&§q§%ﬂ§ Ridog iy S minutes)

usirfo\a] iceli@ter dsthe B 1% Hydrachipdy agid é44 em) peasi asdled ovara 5 minute
peridt H R @sin(te$) Witk eSgervslld@niprdtere/risetiom & o.8°8 (+ 2°C).

(Caﬁgggfgétﬁé%ﬁag %32%8% thequi&%%%og%l @E@%aw@gmg& g{i’éi’c?g 2°C) for an

addifiongiominuéessarioddy mekes)otomﬁur@\?e@nwﬁ%terhomménoumélxture
stirfiggwhé torgindossthiraughont thispresedet hermic and a
tenperature drop from22C to 10C was observed. This

at ure z then Istl rred f or_ ﬁ?,\[%gf%\%& gpéfs%f]gw %nqumkly

SPIULIQ oL
addee 0@%1 rrwtt@ tce@l semyatﬁf@smmlug stiped HefP (19Gemadhe resulting
@dﬁ#ﬁ;ﬂ roBeg?1€ eAdotHa@ic ANEE témperaiurd/drep mefi 20 CLto 17PE (+ 2°C) was

obsgﬁl%gl gﬁg fog?n)é otd Sla%&%ltn%ﬁt]gf)k g nﬁndtgféti B?nugésﬁ: Kheov@%ﬁ volume of

appipvimatelyal 1Qcam rﬂeﬁ'{,fteldhe reaction tenperature at 5C (
2C). 15 Separately a solution of Na2Cr90 2H20 was

TheP$RIRMh Rithite 'é'@l@l%n?@;s iy éd%rgd Qrébwisedtb-thRe FERRLIdN V@s%eﬁdd?&/er a
20 e Rl o aesL ae mvEec oA heffa P 740 8 s

obsp@/ieséiuanmﬂ@ giont (eavtipprexathermic regetion.)nf\R plANge\falpur was
obsehet osté theeatidition KEgani Mhé esactiorbmixiure wes )stitred émauradditional

60 ﬁ‘ng{r@ G(Ik% rﬂ\;nﬁf%g thé? 'ﬁ‘naﬁglﬂlng W@?atm 58@Q b rhs}f‘@Sthe
cofitping oaoc ir PBES (N erEriPBoY OPRd reliort Wi a e icirec

pre¢ipitate Wan obegrped.af small@masiat @ cfomvwasz@o formeghut i on:
exotherm c reaction.) The reaction m xture was then

37"/SHXEIFO%HI0F19 beif mzlﬂ“)tv@a?s adﬁ@H ;osﬂweq@%dglroﬂ'nﬂgﬂ% ['(\:/g over a 5 minute

perigdh 2 mIBuESl Ui AY OSSN FeaHUY PRI REPRYPHYA LitRE"C

(Cantien: pretharmeid reamtmh IDi Theet ragdtianintiktes Wa0stOreg, foanoties 5 minutes

(+ ZTMHU%(es ﬁgéiéjdif?tﬂ)n' WaPEnRbte AUBH filING (22 d@rmgﬁ thél) dere added to
con 1 Nnl.Nn

eyt bn e lfeR o e 16 v Lo sy

(+ mininytess A temperaiwie B89 fromidig tah2iCwaswalsarvaskdusing dhgiron

addrRINC ¢0autRine IxdtRé iic fsdctidrly (Caution:corgdde ngs anaformed,@skys

evoﬂféq§dTrgev : 5ct"?or12rﬁ{XFUrQ We Sfifed R o aBaifib 158 ided et hutes),

whltsbazqac@ow%nwgferw@pp(wmtﬁlaﬁw o? 113 MasInaiBtgined aising the

icef@@tddbath. conpl eti on of the acid addition, the m xture
was stirred for a further 10 mnutes ( 5 mnutes) to

Thq?%fcc’:%%s:‘rﬁé@ﬁrgg%l v%g% ﬁ’eg%%e %}P%%P%gfg}%tlgn oV %\J é? E%@E\%r% FBhute
periodds Ringnutee)s aad ﬂ[wz]nammgesqwgr e ffiltgunnel waggvashed with H;O

(20apdy.oxi mately 48 cnB. 35 The chilled acidified aqueous
N, N-di met hyl aniline mxture at 5C ( 2C) was added to

Thq.lﬂﬁﬁtteég aéla[ @rawn-mgl ggé{ert%l %ggf ﬁ‘?’“@gﬂg %ud%tswga/ RI N-§ mlethyl -p-
phenylenedlamlne dihydrochloride 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 ultraviolet spectrophotometry throughout the reaction in order to confirm
reaction completion and to calculate the final concentration of the N,N-dimethyl-p-
phenylenediamine. Typical conversion was 82% * 2%).
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then stirred for another 5 mnutes ( 2 m nutes) whil st
bei ng nai ntained at 5C ( 2C). No tenperature changes
woweee/0sd33er ved with this addition to the mai n PEEHGBR®A/003634
m xture. 40 Separately a Na2Cr207.2H,0 sol uti on was
prepared. Na2Cr207.2H20 (52,9 9, 174.4 mmol) was added
to a flask containing stirred H20 (140 cm over a 1
m nute period. WD 2006/ 032879 PCT/ GB2005/ 003634 -80
The Na2Cr 207. 2H20 sol uti on was added dropw se to the
Therfiitsate Wga PACRE it anatherreagtionwesseh [VA) @n%w?%fop%rq GR°C) pvera
perigt RE B AinutéLEB Ininlged) Usidg bAngEanateLbathr i se in the
reaction from5C to 1OC ( 20 . (Caution: exothermc
reactl on

aiely for%ﬁa@g‘fq Pon

181 mmspi)ervanmidgﬂ iy ma,eja*fqyuot tpzsurrm:l hiz@é%o CARiavet oseiningite. The
restlfiig disdoN&@n &\tasféﬁd()th%@)uc ahd& té@]@éﬁaltl.ﬁ@ drepStdh 2270w 10°C was

obsgiag; 3B TRl ShSeB ired fataStindifs or SRS i aftorete
dissobttian. OA oyerafl Npime: 8. cmﬁﬁ@sumét e effluent (filtrate)
was nonitored at this point to determne the |evels

Thequ % 05111 @ééﬁht)on »@ys éd&eeaﬁ b@@awubho@m%wné B&dlth the

o RV e bl G ity RN &

(= 20nincteshwhite maintainiag therf@a@tfonlt@mmramab’éf’ct Ee3Eed
appropr| ately. Separately a solution of Na2SO4 was

Se es%mtl%'ﬁ%ﬁ%%r (32214, a§3reaa|‘@aowaz®@@7 QHS’@‘?QO 69,

67. 6%'?0?5 e TGS SYERY Be) (B) %gerrﬂrwpgteﬁsson&ﬁ"ﬁv@d The
resdlting disscdidhtwasreridoB@rmicrandedtepsrattire drapsffore 82¥ntaut8C. The

mixkPERES ten Hhed Rrulb rﬁFﬁuteEQE 5%3@8@% SALUHE IcBMPWAS didsigtbn. The
Naghﬁ%?z-l Q eﬁpfugar(l) nwaamraI tﬁédr %ﬁ{v th]lie regggﬁog%lk(&vg }nc[glﬁﬁcgve? a]30 minute

periad £ 5 ojRees)e i order temaieiainl aiepelion tomPeRiUe LS4 &°pdﬁ 2°C).
(Califich: eRetBbintlt ratickbnly erheasadtieh mixtoresids t_hélo stireed for 60 eninuies

. r
whifdl Hgﬁ-ﬁaﬁm&? ﬁ]e[ngéé{ gﬂﬁﬁmgefgﬂﬁe 'égﬁg] K—g?k(?‘llj?é a% |b%7w5t\4121:)ath

vacuum over a 30 m nut e per iod (5 mnut es) The

S0, g ani AS prepdrae .né/l,N—@M‘dethplBalbl@Qj(ZO 0g,

165! fimal) waw a‘daédsml orw él’quatctssuef i ﬂﬁnlﬁé td & Badk ovatairing 2frfedciio
(20 mﬂ' 'ﬁwerﬂ %%grﬁ\%g nﬁ%uéﬁﬁ% Qﬁ?ééiyto%t’brﬁ[ E‘tr:?fo(?/rer Jr? m dnt*tes ‘n 5

minytes) qu é'F icefwaterdath, And cenceniyated{@d %) alﬂ'ehlv@saé?éil (1\%0( ¢ was
slovily @addled\aiet ia Z&ﬁﬂutﬁ'@enoﬂt(t smanytes)rid pfaviehtea exgbid tehiperature rise.

Ate\f’f?p?egétﬂ%snér%q g‘a %q/vﬁ-r ﬁ%h gcélﬂi'oﬂsé%omg?ﬁl cCreQEtloﬂ)
C
UP QR s i s EB TRy obﬁiwﬁlf 1R Fputes
(+ Smainutdspnensescd cmnph‘es‘MOQ{eVGws miggper Ahie InyixteEOvao@intained at
5°CC d@%nﬁl"éd@ﬁi‘oH% & thRinREhctioR véssBi [Rp]. UBd\&vepalbiBhurhe Was
[oric acid. This acidified water was
applr a§ o‘yrf'o the reaction vessel containing the
t hi osul phoni ¢ acid of Bindschedler Geen in [V3] over

Thechllled atidifRedrRiubogs NN ginreiiamilihe 3Tixtafe 4t5°S (¥ esSplad aied to the

rea% d‘ﬁ Qﬁﬁ] ﬁle[\é@g%nne-ré]ﬁuw%\@?%‘lmﬁﬂﬁ‘t'e‘beﬁfi% drd reélc}wn mixture was
thep,gtiregd fPVQTOt 63 mm@ss(ugﬁawgf%a W '\?é?e'ﬂﬁg‘aéﬂi%l'@%d at °C (& 2°C).
No @ngistatbi2hanges were observed with this addition to the main reaction mixture.

Separately a Na,Cr,07.2H,0 solution was prepared. Na,Cr,07.2H,0 (52.0 g,
174.4 mmol) was added to a flask containing stirred H,O (140 cm®) over a 1 minute
period.
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(4.0 g, 16.0 mol) in one aliquot over a 1 mnute
period. No exotherm c reaction was observed on this
W@ e@b®328The reacti on vessel [V3] was then heatPdI/GB2@5@03634
( 2C) over a 25 minute period ( 5 mnutes). A blue
col our was first observed atg40C ( 2C). Once 40 85C (
2C) had been achi eved, the reaction vessel [V3],
stirring was continued at this tenperature for 60

T
90 minuteeprrodve 2aninhutesk lfwﬂttrbrnm adémperBlchniss infthareaictiadrom 5°C to
10°é89@/’@)'3 %&%ﬁug’r@&&ﬁ@%é/r%@@ge grréén H%@"tat‘é%tfmrﬁé/&ﬁp&x

adoipob e Ne R oo shutlioh- 58 keachip e el Lt 120 minutes

whilsbbeing swintaised eb5€ (. 2°Bp c Busteacln mixiuianew yesegwleg a dark green
sluMastie BiRlsuBhoslE Bcidef Bmdsafed@ IGréemig Sheeyresn predipstaiavia the

solLﬁi% %(t: Iﬂhgs ?teéga e w@&@ée?ﬁﬂ\ﬁaﬂg il ale) é%&rt\y?e%taq tRe k)bqt @afstermine
the ﬁl@ Shromim e/ Bt Rtion ) an%ﬁen'vwrea{ 1) SypnatS.1 W) in the
presericerof perchlodc aaidtand gsutpbnmaacrid,ttheledels iof ee{Vhpanibg calculated so

thattRé effiuent canlheetréttePagiroistiadsiyieous filtrate containing
the MIC was heated to 65C ( 2C) over a 25 minute

Ser iom ol NaS: anddlu hlofﬁg&(Z%}%mﬂ% s added

to anha@k gomtatnnngrstwad I-b@dﬁ@ dmé’)on @se:aﬁq@tpvef\ae‘r mwui@p@s@i his

mixflré Was sBieéd f ah aaduﬂbrﬁwtsesammt@s 2 shrﬁhdt&? t@é@sﬁﬂ#@bo:ﬂﬁle@
dislign9r een solid. (Total crude mass

approximately 40%) Alternatively: Hydrochl or| ¢ acid
(15 cnB, 5 M was added to the deep bl ue aqueous
Thef NaSp@4 wluttoorwas avidad ta the ridic@ion cnixtueenlVRl/asaene2dliguotoover aa

1m3antéTﬁ e d¥d wwtgrﬁ n@ tFhFBiAtERS cHaRg &Y Wele dRervéd. Aa:aCEbripdibtion
enerated a
o ths gl SRR e U HRE T B 1 i‘r“?ﬁ‘rtﬁ%ﬁgﬁﬁh&%l%“f mipe)
was cooled to 20C ( 2C) over a 360 m nute period
Therrleacttoaa*)uxtwe yl [¥Rpwadinep lfllbﬂ'ed thrasgtea Blicteg funen! waler vjacuum
ovef %%g@bug S v § nﬁrﬁut ' sglloﬁ'\g% d@&l Fodh tﬁ@%ﬁt«%r N and
placeghis e Eu{esHe GE# 'Omsﬁ Sl 201 2 DS B v
vigarousty stisrasdfor %Wu’fwd\ﬂﬁ@f&ﬂasﬂ‘ﬂﬁ@hd wey ggain rergeeddam e filter
funisd] pladearin hysephats Vasseladith fréshrwatér (289 amd)c stiraydi, andfiitetted. 1Al
was?@qg‘é‘?:vér@%%*&aﬂ'é’dl The solid MIC was coll ect ed by

tration residual MICin the filtrate can be
recovered with the addition of Nad . 25 The product
Theyeedid thiesulrhevjceatidef Bindschedierieen satiecsacyatefilter funnel was
brolesti ligiitd small PiBées(dndplaceidtivia med deapmesdiien pesset (8] e
descri bed above) was placed in a vessel, contalnlng

wa ated to 65C
Senfr g &-DaOPB MY wikioH Adasisa g or 24 -rquzf'ngsﬁe AT Y
hydeashtarinaeid. Jdihist adidifiqdengier wasithen faddedito thel thactiomegsseB®niaining

the ffieBuldhoh dbidefERSdschedigh Gleen iieR/G b@dt aM phinuteCpdiRE. tTRBRontent

of ttﬁg%%‘%l é}ggtl{en%g re8 V&he F}\ ?s%g)hm\?lé %'Hdg%édlé Gre was
o0y ol Yo HadElat,
‘Q’i§ FUTPPRSIOTHY QLWP%@ ¢4 CyRPepHz0
(4 O(QZQGd]mmv)em one alinuet nmr@ ‘einutsdpgriod. iNoraxoteymighieaction was
obsBRieABn3hisSERE.: The reaction vessel [V3] was then heated to 85°C (+ 2°C) over a
25 minute period (+ 5 minutes). A blue 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
(+ 5 minutes) to 60°C (+ 2°C) and the contents were filtered through a Blchner funnel
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35 (Sodi um sul phide has a strong repugnant snell.) The

cool ed MIC solution at 10C ( 2C) was treated with the
w@e@pass® sodi um sul phide solution in one aliPCDGB2@E/003634

once. The conbi ned solutions were stirred for 15

mnutes ( 5 mnutes) while gii ntaining a tenperature

of 10C ( 2C) and then the r uItlng 40 preC| p|tate was

renoved b

undREYERGm VP @ AT el ok ein @Sl ang Sl B g Weshea wit
freshovatieri (800 cm’x Hehefgdlid waste Waaﬂmarde\maﬁfdneﬁe@eeepprommately
68 & @Iét@%%ﬁ)@fd Qf%fg?ﬂ’r of sofid wEf) s @bsdrired T € 1Did soa, apprasimately

146?92\%& n;?ate@”ﬁ'né atgp aan% Wllﬁ‘gﬂe%g\%@%gned and
wergmﬂy.fehgu"f*ﬁ@twﬁ et grdpaHing g thy Aggied LG in soluton.

pI aced in a reaction vessel equipped with an overhead
Wecﬁcﬁue%hé ilt@fe c@ﬁa.mﬁ@mé mwnca,ash@atedwsaoewmmer a

at b
25 wgée%ertoa& ng@s&enc& Lfl‘? Ftelpr’i&ile &Ibbé m'nbb? \I/esa%ctded over a
10 mimsiseperiodi(¢ 2l roingtes). hH’lﬁeSOGLB@n aves)copled i@ QérG (£ 2°C) overa
SGONHHUQ Wr 8, rMﬁht@E) tb%l)eld ﬁme@ir@dbctﬂgﬁﬁﬁlde@réél?scﬂﬂﬁ??tal crude
neous m xture was stirre or

maisoéf?n%nb% eastrc()%H%t%EY rorret hane is imnmiscible in

water and fornms a separate |ayer bel ow the water
Altdragtivelycdydraciiongadith ¢ 5\VIC, 5 Miveas asiged taltherresp dits: dnugeus filtrate
con?eﬁ‘ﬁfl ﬁé H@S}TC uEhngnftl e CS g@rﬁcﬁﬂlﬁu@ﬁ@ﬂoﬂ% aqHiaoes) iNbrder to

t 1

RSO ARAICRE A < e FoP R G 8 65 62°C)
oved at25ofunuied+t5a'p|,nutea) shdwas doated 19G20° Ot 24P aver ARER minute period
@ efJ'%Fan‘e% td ylaib tﬁé‘ Hrddh@c éiaer ﬂﬂu@bﬁé@h RbE: K TerNerRds MdES of 24.1 g,

app§?>¥ qnaf }l" Erﬁvmtnl&r&?ﬁvglw %age 8!080& aﬁ&aha%% |8‘w8|“.1n§ta| content

[Fayer,
purenthen n@mmemlaﬂysavaame MI€ t enperat ure was mai nt ai ned at
10C ( 2C) throughout this extraction process. (The

A/té’%ﬁ nﬁ 1*h% VB WAL GheM dripsthilisedAeod soTlhtﬁzmtbgfttaé sibly aaltiaref
&

hydé A 'Cg g\?)t hane E'Efgta gﬁﬂ%[ Mﬂq, %va@ec%g c%cf@y fél?fBﬂer C/\ny

reSldQBH‘QT@(DW/SheH%ﬁt%éWP B@ r%coa%?a W'ﬂme aetiangt % n was
then heated to 65C ( 5C) over a 20 mnute period ( 5

Thgb'd@gg&%as tﬁéﬂ E@S&ec?éd {d tRhtm SR GHnd Brgdhivsxtdetidd2 g) was

to the 20 solution, fol \A/edlmTedlater by
cooling to 25C ( 2C) over a 360 mnut

MTgi (@t eBtpinetie aHroqué@ dpsgihsy Faove) 'B’r‘%’g'f‘ﬁﬁ \e58ely
corRalhing fwater (280 om®)aach hemed 108500 ¢+ 62C)mvef al20mainiternpetiod

(£ %{'n!ngl}%gp\!lt\\j %Flg{nﬁe%élﬁmgtﬁas(c%n? anEdgat?us Mer&u@e for an additional

1 hadd Oranelve). sed e reagiang B es s saged 1 491 Loae) oera
30 Afhué petiel @€F intrilitds).2 i nutes) in order to reach pH 1;
this generated a suspension. The suspension was

Separalaics w0 SR iiEnaled RO Y ion B Saf fes iy
dispaveéchid Watér (20 eot’eever 8d Oymiatitg peEed (+ 9 minktes) yrhilst heingestired.

(SMLFE‘: 88pRidBIhHE a@teRy réRighsht saRIN t ernativel y: The deep-
ue top MTC aqueous | ayer was pH adjusted to between

p etenperaturealo d toriset .
TherﬁeolﬁAtMT\@a%OllﬂtwerﬁtéPﬁf—é O waa tregigd With g PiaPAsT 56’3'”51 tHiphide
solagis inions atiudtyatroncél Dné coralinetl ¢dutidns were etiedd foH13 minmites

(& §min|.ﬁlemile maintaining a temperature of 10°C (+ 2°C) and then the resulting
precipitate was removed by filtration. (This removes the complexed metals.) The metal-

free MTC is now present in solution in the filtrate liquor.
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was collected by filtration to yield netal-free highly
pure MIC as a blue green solid. Any residual MIC in

W@ b@e0318ry at e can be recovered with the additiPCI/6B2005/003634
NaCl . 35 An MIC sanpl e was prepared using the nethod
described in Exanple 1. Thegrude product (CM pd-378)
was then crystallised using cool acid

The REtoi r?éslyﬁgé ét?%'?‘% gl%g @ﬁ?{a%ﬁa%lk kg gr gn‘&d;éy%la HNES awustems have a

oH o pprasimataly ARG USINcAAEous Ner g4l baep B Caoptionpt 0°C
(+ 2 v Ylddetl dl aireadiion vpbee! 2quippki mtryarebvmbleaﬂ myachanital stirrer
attac&% 0 Mgﬁ' Hinkth o ad%d@fe%‘\h@ll R4 HinVorPlap 2Bthedstiemssidnd! ek, Once

&
the Msﬁsa&t'ﬂ@*ﬁ%%ﬁ S5 nshe YSisph o aibBh BRG] CGion:
Non-tabinzabie, (rlatiie) is afsaraddgd & thepameaersat AN e 'mﬁ?nos%%fuw@dure
was a8rré®ioer mnﬂﬁlﬁieby (THdFdi&\Iékbﬂiemne is\iffEhi Sole drewMECabd farms @

sep%ﬁ)P g @é rm?aé ar%ﬂ‘rg%ﬁe Teh &hé%v@r%hloromethane
rys-fo

layepwa n%ﬁeé’éfat 68 a%‘b%"&? W&" @P’ ?)Eg ﬁ‘*éf?eé i 2I
impdssibte to see; haweyer ftbe DEdrsuen i @Hr%alﬁb@&e it has\gome @Ui@? he tap,
a clédr aiEn bR daheRanadt betaeed thagatdthBxarkpblee/black Iaelmeous MTC

Iayegﬁ%'(ijqoéum on%ffdrcﬂm'(ﬁg%léﬁ% 105n|(1@tl§| sfiv, 'and ran-éf ©f the lower layer,

fromcrud

wasqm%qg @ygrrp?eetgpgﬂ aw‘d{% %3&:% raflrg was malnfeamed%t 10°C (x 2°C)
throtigheit thil ewtesction procestst(@te fetre Bjemerapvem@ﬂam REMA Tecotal

voluﬁ%cdf%&irbm&manémm%b%m aqueous | ayer using HO (pH
1); = 10-25C). 10 Exanple 18 Ethylthioninium

Chi orj de (ETC h
Theuqesé’ioiupﬁyp i ratips B WP rg PR R S & £ i 0%
hyd(oCRIDKDS Bt THE BH3) olutidvi@sthes heated tp 6F44(ERTE) pvaras20 mipute
penS'di {ﬁﬁ@ln}gﬂeé Ny RilsE SitYdd. ES4RIm (:Rl@@dé?p!b_ w;hétyda@m@ﬂhemm

e SRS B 3
(+ 5NhiNutBE)et Thel metal-free highlyrpei warpée@mlm @uimf é@‘lﬁd@ 2yl was

recdy‘e&!&‘ bﬁlt?é(%nstg |gi\/@ éﬁﬁe éféeﬁ solﬂcp@fofﬁ-dr 9?"96%502%9*2 D20 :
m 4H, q, 1.19 (6H,
t, 7. 25 CH3) . 20 N N- @ et hyl - phenyl ene [n ne
Altegiatiyely daydrestieris 3G9 NEERING M-)IZ@F@FQ?@ ’fhwlﬁéeg ug-jop MTC
aqu58us7 By&H ovédd 10mmihdtewasiod (353 olinugeh) imordat ©rre¢d?elo 1ctijs .

gengrag?q[:{lsu %n@%u%ggug&r}gﬁng g her%'dri %(;%/% %Vér e\'ﬁ minute

our Wwas m Su
peripg (D4 mlnggs)gqndﬂm/goom%%q& $+ 0 minu egpﬁrlod

(+ SyfinLiRg) BOojield nBtalMidehighlgpae MTC esh piueagreewmj;d

Alternatively: The deep blue top MTC aqueous layer was pH adjusted to between

pH 3.5-4.5 and the temperature allowed to rise to 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 filtrate 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 crystallised using cool acid re-crystallisation as described
in Example 17. The material was then further purified by organic extraction and
recrystallised using HCI at 25°C, also as described in Example 17. This yielded highly
pure MTC with an organic purity of 98.53% based upon HPLC analyses. The purity data
are summarised in the following Table.
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formed. An aqueous solution of iron(lll) chloride

hexahydrate (FeCl3.6H20, MW 270.30, 25 98.75 g, 365
worwb/p328m wat er (400 cnm) was added to the m xtRCEGB2005/003634

There was an i nmedi ate col our change to blue. The

m xture was then aerated for_1 hour. A second aqueous

solution of iron(lll) chl of Pde hexahydr at e

(FeCLS—@#QO—MMO—Wm%J—)—Fn—waLeL
(404 cm) was added to the & The sol ution was

cool|edngenis CurityrfSynthesizee ang Bufified: MT € @s Determirsd biue
was vvashed vvlth wat er . HPECfAHaEyé@te was col |l ected. 3:)

Sodit < gl 9 % )
Sod MTﬂdﬁubg e Mgy OB 0. 7 BRidrs

m ndt edledere’ col o@ﬂ-%angedﬁ?& red/ pLﬂ*BQe as a0-44
predi ptNpde3ABas| f @6mBed. | The.88 xtyre 083 filt ed.6d an(

t he seh-BiReEH dIEe Jg¥4 eEqt et 2pTe ol ighas|di SQghveo‘

i n  ldiehoreorethane{CH2C2—1000-'enB)—and-+ethanol

(CH3OH, 100 cnB) and dri ed over magnesi um sul fate
Not¢gSO4) . The mi xture was filtered, and the filtrate

MedeRF€ @btdiridatbnt Medbx Medal B aptr ©slugd. foradomplatiSoropurpbses.

e e

© D20): 7.35 (2H, d, ArH), 704(2H d,
CMMH)?SbﬁplBé MTHprepareti frdm cruge AST G 6H- pq 373_t®51,tedwjmylgzs and
trealedh@adhbdldxtrhcted witk DGR 10°C @fithe®MTTTeEysRMBED GoRMARY

7 iN. prder renove residual iron 5
aqug Solrg?%ﬁgml?gﬂnlz(,i Hf@’r-PeSlg)rrzpﬁ&e) an el uent of 10%

nmet hanol : 90% di chl oronet hane with silica 40-63 pm
60A. Exanple 19 1, 9- Di et BydmpetiByl t hi oni ni um Chl ori de

_|—’

(DEMIC) 10 Synt heSF_F_tﬁ |WM;§@H}MI de and
ronCll1) CRlRGidRin upHf A HInfidl B ask was
added 3- FAFCHZCHS; 12113, 0 g,

82.5 mml ), ethanol (15 cm , and SOdI um car bonat e
N, Nt @gBphevilenesiage (HuNSIHA(CHIQH:)4 MWIB#.25M8 By244 mmol) was
dissoRdH 4 diefhyBéthe\P08 4A°)0 4y dsdchfoBic icid34@ cf8 70 \Wess adbided The
resmﬂtr ﬁ%l&@n W, cE?germe?féouBf o‘f@? eI7 dlllyﬁ% ?Rlle% NARSh{ 19~ 10
Pheﬂ\é‘ﬁ%@?‘%ﬁﬂ?é" W@P”@ﬁ@@@ *\/559""%88 5%(%7'7&9 %% Ur e was

Oy (B85 Midzt BgO): {68 (@HemhirH)eBKE(4H, (B 7251 08 Hehy! - En@H he 25, CHs).
extracts were dried over nagnesium sul fate (MS04).

NN ISR b n\é’é‘émﬁrilé& %ﬁgcr@& t(hﬁNé iH N{@LLH,)-2HCI, MW 237.17,
AR

usmg49)‘%£3qu€ml88'l@, Aacinlscqiwlwasseweedas'sc@hum gwiphlgl@l(l}l@aﬁ MW 78.04,
32 dH60%0 042 ehribiizwadB¥ded) (A ligh? Yelloly édluti‘on w'(th7eﬁgreécﬁ bbempﬁaﬁGNas

for %tu of (m g‘@ﬁk 13 WA 270.30,
98%@ 031%[29 n§‘§9tes( '%E' dgedt ?(RSJ@' Ureﬂbe@ %g

imnietiatd célomrhangd & lsu¢ AF I@) mlx_ttzrg V\@s(tmra)erat_edef,olgl Iowrcf\ second
aqubbls Sol(tInGf iron(TiP chlc?Ee herdhytrite (FSDNEa1HO, fITASR70/8G 98.75 g,

36%%&%%&%%@&@3 é hgﬁgéaéhe iugofn wa? glooled to5 (OJI
TheRikiire WeBRIteiRy. The fRpidrsras e wih iy, (TBiilae wag pellecte
SoddF#chlofitie (NasH UMDY .88 0O IBanolbwgs:addEdst@Itm filsateofThe mixture
wasS@ftedTomid tinutss. (TNaNoRur bAHg8d & red/plifplg as 3 pratipitatd Was formed.
TheWbdilre WRY fitdhd WRS thd $ha PTG HiORYE. SPhe 4R was dissolved in
dichloromethane (CH,Cl,, 1000 cm®) and methanol (CH;OH, 100 cm®) and dried over

magnesium sulfate (MgSQO,). The mixture was filtered, and the filtrate concentrated to
give the product, ethylthioninium chloride (ETC) (MW 375.96, 4.28 g, 11.4 mmol, 9.3%) as
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m xture was stirred for 3 hours at room tenperature.

lron fillings (Fe, MAN55.85, 5.24 g, 94 mmol) and
whyasosdsroric acid (HC, 8.5 cnB, 37% were adPedGBIi08/003634

m xture was stirred 30 at roomtenperature for 3

hours. The mixture was filtgged, and the filtrate

collected. The pH of the flltrate was adj usted to pH

oy RSP  AES T2 ) P
34%@%%@85@’%@?@0%9\‘/@ td??%cp er magnesi um sul fate

(MgSH). The m xture was filtered and the filtrate
Flash QRS EffbR@tdgPaphyi eaytbelpdfPiBd M drderltd@e®ile Medfdual iron

Chl(z&ﬁ%@ r'\geg?r:égxaa %t Q% hﬁ?k#@%@t H@g@}%ﬂ( é@‘)l)dlcft‘«éngmg%ne \%ﬁh silica

n was flltered to give the product,
N, N- di net hyl - m et hyI p- phenyl enedi am ne
di hydrochloride ((CH3)2 é@bIZCHS) NH2. 2HCI , MW

237.17, 4. 44%&%%@7,\,,& tﬂfh,o;ﬁ IRorfie! (DERFTET OV

solid. 6H (2 v
(2H 5, ASynihesisaisinagSodiim Sij
CH2) , 125(3H t, 7.5, CHS) be (62.9 Mi: CDC13)
a1$oc5crh%hd%'étt&n(ﬂmhs added8efh (ahmTBIHZI\ﬂ:%Q,;GI-lZ(O‘HaOMW 121.18,

10 glﬁagm %% é 6@5{%5@8 9,1181g,
114 Y qu chm W YVIHARSreHe0F 8 s acded cropuise.
ThedniRipde weh theni lated {t @83 mmgwmmemthewoled to room

temB&Etu’LZ V\ﬂat@r 400dm% waBBkdedVaFhethxane Was ekiftacted @ito dié®hQl ether

(3 xi@) Chk) D& E‘u %gctéq\}eyé &ﬁ?d ORr ﬁ‘ﬂgé %uM%‘uﬁ& Iﬂp/ gy @%;tmxture
wasyfikeras! qmi thg fllﬁrftqgcongg@t%te%t@l gt yl iline
((CHupNGcbiaBIH =, MW 448.88u568 ol 3.8 mmqif38%)m(a light yelleavoeil. ofe (250
MHb@mde@tzqmFte@I?S A3 06 65N8H, 2d,06rB, 2.97 @B, 8, N8H3), B188I(2H, g,

7.5, CHyef &7 5) 9%%#1?066@3)"‘13%‘{ 3)56% 40.8
e e SR R

iron(lll) chloride hexahydrate (Fed 3.6H20, MW 270. 30,
To 283 c@? rdtind U@&Bﬂn)ﬂablﬂwwbedec(ﬁw mnietwam @td;ztemnﬁeo t he

((Cﬁ‘)gﬂd‘ 'HeCH R/ﬁ)v%b 2, 4@5? gfgf;? ggé%é and hydrochioric
oL B 5 e 71 Thecscllion ogp capleglp a'Hf sy it
(NaNRa QW 68ND57.48 6, 350 nynolDindeGterd B cisvasdhien added drepwise. The
mixfuré Wadbfrred fof 3HolifsLkit foorsingseraturee drdndilling® (Pé, IMUVESS, 85T B24 g,

94 nﬁmoﬁn;érnd%li}?%%ﬁﬂné ?cn& 6P§r5q!n’? 'S‘?%?wglrgd(ﬁht "ﬂ'\i ﬁre was stirred

at roQRy fefRETeLS oE BRUrST S ts ek N7l ang Qe Thgats coliected. The

pH dfi thé Fitiatewah adieste Sz usingGodign bicrrbarate A COIgeloton, and
extr&@tea ¥R emw.a@&tat@ {3 Q60 1cn°)L STHE@REShadaxdrakbisatere ANIEEYEr .

fank ﬁé‘ﬁlfra oncentrated to

ma% Si %ﬂﬁl ! 4f) H‘ﬁ@ﬁﬁﬁura% Jﬁtgﬁed d{l g b g
vield abige A oﬁhenplﬁwgh%%'ve@inpr SheRiipadlsTaLN 7 ond.
Hydbootlorierasid (HB94 cmd 33 %) M%radd@%ﬂ i the mlut(OZIBIQBSI\fHEFedJQ@)VG the
producd IV, (dinethyl-Adthyl-gSphdsyleAttiamine difydiochri@d (12H, s,

(c ot éﬁc I-%ﬂ\h!’lz /My 29%? 4.8 9. éﬁr‘ﬁgqo; 6rO7A: %'s Qg brown
o TR ) B T
(2Heq afp) @Hy) ah28 I(3Hmt 7.6fCHOPB B2 RAAMdL;:CIIgk 15.5 (CH3) 25.6 (NCH),
48.91(NOHYT frret RS, 1H4tEYASC), e 1 (AFD)SBENACH. 143.3 (ArC), 144.9
(ArC).




10

15

20

25

30

35

40

Exanpl e 20 25 Et hyl t hi oni nium Chl oride (ETC) Zinc

Chloride (Double Salt) Synthesis using Manganese
WOR@%0887A stirred m xture of PCT/GB2005/003634

N, N- di et hyl - p- phenyl enedi am ne (( CH3CH2) NCGHANH2, MW

164.25, 5.0 g, 30.4 mmol) ig H2O0 (100 cnB) and

sulfuric acid (H2SO4, concentrated, "98%, 1 cm 30

c@ﬁ %M@%% ghitp eﬂ‘r‘ﬁﬁé Bfdlobfionli | e sol tion
(« o 2HGWME67. 169, 55 M0y Wasissofvgd in water

(50mnyguche aHrvemdsmsteetamH o6 uslrngt1lﬁ)|°/eaqmustl-iGjné pofik eolour was
for@ed UEb@lUeréulprIé’é @%$3MW57@@4 (788, B0 525 M) wadladde®

2;:4 &Rm%ﬁ) An R g@%@%@ 2 gl ")WE%]*%%W@%J Sf‘e%%o MW

D0 gAY waeaqdedin thy M) hergrvassan
lmmedjatemotnuc hhmte pdrmay dFtaet mix{uxa 2@s FETAe2ted fONN 2AB. BGecond

aqibolis GoluBbh &f lmmm) chiBridétxahyiratd)(FYErSH.0! Movero BY 223 g

A 8 e e Gl A T

The giquig RS g@vewea waghed with witefya Sheyfilyate, was co"ected
Sodliginl cmmuewaeu HMWi531960 50 yh@88 mulliwesragided o thefiltrate. The mixture
wa$l PRt € nfinlityslr B caSirichbRded té rédplirpRr R precipitate was formed.

Thé h%&un@'v& tfﬁte\%aé g@?hd r-ggﬁu% 8&1%%{%@ l’l'rhg sollwal agsal/e\,{d in

di ncr eas e
dichiprsgicten w1 oR] wene) (BHFPLE)d 6e Rnsksbied over
mageesi@n sgwate BMSSO@ He. mixturepivas filtered @nd thechilfrateasneehdiated to

givd iR ér@ﬂmrﬁgiél’éthw%ethw:ﬁroﬂmﬁ.ﬂﬂcﬁl@ndes(@@M'ﬂ@)e(MW >3175 08, V@S g,

04691% le%‘?&ni@ FedrPERAT B 158 A MY l% ;8 SSLARE. Tﬁ} 1683 o1 s,
Atflog SR 6k, NCHD@ 58 (i Bl Br i B89 i A BcCHdi 1

(H2S™, 11 cm) was slowy added. The m xture was
Flagwabnamntcﬁro?ﬁat rapl h;emaybbtpeﬁom i @Fd& B Fenddverresldual iten

chltr?a% V@Fe& & r éiléerﬁlgfj‘l ?Dﬂan‘% @é §IEM8LP etha}ne vy(th silica

ous sodi um c
‘was re-dissolved in H20 (250 cnB) at 100C,
cooled to room tenperature and vacuumfiltered to
renove i nsol ubles. The flgxgmgkaowas treated with zinc

10 chl or i 1iifehdm rlgjﬁ' S iftc © Io%ge i_b " Ay

sodi um chtorTae b\l&%ul p
left to stand i n=¥0% agganes = . The
resulting precipitate vvas recovered by vacuum

A sfifréd madirerdf Nyvasifiel] wmhnyaéméwanﬁnﬁ@((@l-@mgmhlm MW 164.25,

5.0 Sgb H;Ha[ B@Pr[] Qf(mo ané”%lﬁﬂ@éc é ﬁ&rdeﬂtré’teﬁ A8HYUT 1 om?)
Wa%iﬁ?%?ﬁi ith pewd%%g%ﬁmw &éOEdﬁerm W1 58328y 549 9785 mmol,
in 15, cm°cpf HbO withoNa.Crs0-48H-8s MV 298 09, 108 ma . Howmtd)to peeduce a

red(iigﬁ@ed\zﬁhlanrrm&)e 1.20 (12H, br t, CH3), 3.50 (8H, br q,
6. 80 (2H s, Ph), 7.05 (2H, br d, Ph) and 7 30

Ph I ng i i ve Anal
Ad“bi‘t”él"g a’f@' ) Sé\Féacg% Briow B i 25%8'&@1”%?61 1 ap blae?PéJtlon
of seriye thiosulfate pentahydrate (NazS,03+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, 29.2 mmol) in H,O (15 cm®) were followed by a rapid rise in
temperature to 40°C.

A solution of N,N-diethylaniline ((CH3CH_),NC¢Hs, 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 (MnQO,, MW



10

15

20

25

30

Quantitative analysis was perforned on a comercially
obt ai ned sanple of Urolene Blue(r) as well as a
W@ 20004082804 t he high purity MIC product obtai neRPCTIEBR@S5/003634
the nmet hods described herein. MIC (" Cbtained
Product") was obtai ned by n_i%d_osyl ation of 25
N, N-di net hyl aniline, followed by nitrosyl reduction,

i v i.ng.
3 BT TR s ot 4B o
85Ch B Bt s S ol TRt CeOP R e S ONBIBLTES T gy sohuion with
pregipiiete was@bsanvedh was further purified by sodi um

sul phide treatnent, followed by chloride salt

o B 4 9 010 N DI SR B RL i)
slopl@segb) | (o BIretAS ek 29580 (e Mgt ey YRR Nigrech The
resigivg waistdelbented, @adtwashed wiith brinel ésafuratpyl aqSzeusl sediumeclioride, NaCl).
Th@blaparesifiuaaRerrdidigolved in RSO $158) gt F0DTD| eodicERAbahHI ON

te tepgr;[ %ﬁﬂrrd v%%ugkﬁltél%g?b Pé;%l}é{%%?#@e slaf]T Qgﬁ%l&ﬁfg%}eﬁted with zinc
ChIg ZNC A0 3 265 ormmPlgnn 659 o SBlside (N9 MyNRe 44, 23 ¢
0.4meqleand lefi tasptene inea Bifiiggrator Ohtl@ihnerd. Phe destttinBupregipitate was
rec&?efr&? By vé&h?}i fil’gbtﬁﬁri, waBRe Wit ﬁgwﬂgaﬂiia‘!&d t%qudo@@/sﬁhliu_m chloride,
Na&f 385 iefdan c%\gﬁi/o-r ; r efflylthioninium
SRR R
redpwder; & (260 Mhz, 005 102®(12HsbritpCHASs 36048H 0brgy, €13,2 5.80 (2H, s,

Ph)or.08.(ZR, Br¥ PRPard@ 7:30$2H0brG PRP. 68 <0.68 1 Pb 0.07 0.3
2.4 10 UO0.01 0.5 <0.01 - In addition, the follow ng

el enents were al so detected iln rol ene Blue(r), but
were not detected in the: e_ ity MIC product
obt ai ned usi ng t heQuantliatiye Aelysisiof betaier ei n:

scandi um  IgoaiBarision wt Obidiied Pio@it With Upalbh@Biue®
| ant hanum neodym um samarium 5 gadolinium terbium

QRS ol BB ] B B T L e
Blue® amwe @sdazamplepbihe égepuiigy MY Caxedustigbtaingd using dlemmethods
deseais@bhergihe M T (‘Obtained Product”) was obtained by nitrosylation of
N,N-dimethylaniline, followed by nitrosyl reduction, thiosulphonic acid formation, oxidative
coupling, Cr(VIl) reduction using hydrosulfite, ring closure, and chloride salt formation
using cold NaCl. This gave crude MTC, which was further purified by sodium sulphide
treatment, followed by chloride salt formation using cold NaCl. Analysis was performed
using inductively coupled plasma-mass spectrometry (ICP-MS) (using an Agilent 7500®
instrument, with and without reaction cell mode (H,)). Samples were prepared according
to the standard sample preparation protocol. 10 ppb rhodium was used as an internal
standard. The data are summarized in the following table.
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exceeds) the European safety limts for several

nmetals, including Al, C, Fe, Cu, whereas 10 the high
WEeosng28kTC product obtai ned usi ng the net hodsPCT/GB2005/003634

descri bed herein not only neet these standards, but

have substantially | ower Iev§7l s of these and ot her

metals. Exanple 22 Analysis of Synt hesi zed and
according to the nmethaods d ¢ Phed _herein. The
resul {i Metertieauc UGN (_T@\Eﬁlleés woBt%haB‘ﬂer anl%Ufan@f_’ Safety
Matdlal | pur Limit Thie re urts are %{g&; N the Limits
D
oLl ot naugap eo, VO o3poro FAKERZ00% 00903y

Mec D=terr918r§ed bv HpL nnal veis M Sour ce

Rdcryst al i9%at i on MIG989Azure B % MB % Qthers % 100

Medex| n/ ap94. 22 5. 20 1@311 0. 87 Urolgpe Blue(r) nfa -

G427 5—2 : o' NFP—T+-a8—94 20@81'3 03— 041—
1PS1Pa oL nH1 6 37 B 07 0. 15 0. 07 | DIPS13a

@0/ Ho!', Br391 96, 85 21073 0. 16 0. 27 2Rotes: (1) Mede¥TM

Mmtai hed Drosm Medex MB@di cal Export<@@s Ltd.| (2) 10

ofefre bblgﬁ(rinl‘(jlwlb fgyurared as @ygar- copated qp0
s)

t:\hln t:u“ from St-ar E. Phar ot i ~al o
10

@I”orl Bs‘Z“ (3 NFPA5 ‘g an 1C oo fromthe
(4) D¥S12a & DIPS13a 1ére

C sanple fromthe
Mat i owal ?&%i col ogy PP&gram
ni trog;gl atron of N;d\le met hyl ani T1 ne,

WEC Obt ar 03 by
e t+p; lllég.l?éll phonfc—acid—

Al
romation " Oxidative coupling,  Cr(\ reduction using
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MIC salted

In asigitioby thiidaiowfingr elementsarase also detestedldn Sielems Plge@abutmese aot
det5ctb@ﬁ7 Mo h@kﬁbutﬁy MTCf pridhick bbiamet aging aind methodd/HEsHivap hemin:

sca EIQJ %ﬁt%gmsﬂ}éég@r? fg@f{{)&ﬁqgﬂhgﬁlﬁﬁ rﬂ% l%'m"1 shinBHbr,

'aﬁ? (A VSRR, HOE ST e S EGurghatrium,
tanta_lu)n thorium.

As can be seen from the data, Urolene Blue® exceeds (and in some cases, greatly
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 meet
these standards, but have substantially lower levels of these and other metals.

Example 22
Analysis of Synthesized and Purified MTC

MTC was synthesiezed and purified according to the methods described herein.
The resulting product was analysed for both organic and metal purity. The results are
summarised in the following Tables.
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2 Uolene 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 DIJPS1l2a <0.80 <0.21
We008/83280 39 <0.23 6 DIPS13a <0.80 <0.21 <0. 1PCKGB3®5/003634

<0.23. WD 2006/ 032879 PCT/ GB2005/ 003634 -89 Table 5

(continued) |ICP-M5 Anal ysis Met al Cont am nants of

MIC Sanpl es from Cormerci al” o'urces European
PDhAarnmeanaot | + ual o) r‘r CH— o 1.00 10
I

0107100 30 & MIC SouceotRE Al content ( 'g“;% “““““
MVEQegRNE Ryuritypef Synthesized and PupfiepMI ¢ Dezermmde LGAnajysis
Na%:%owce? 0R€c@§taﬂisétﬁi‘l 0. I\ZTCC% NTTAZEredB 30. |1 MUBO, 2020thers %

I’Mcs 5 DJ 79,41 16§50 07 —FH
ke Al oY B4 T AN 2 A N G N (R

UTQE‘“? ﬁﬂﬁe@at es tH¥adet ecti 8A2i m t 23 nstlr uref® o t et
dayN‘fFPlat the anal/gsis was94g36rfprmedi3 5 Not ed.idat, 0.41

UDJPQ?Z& ne qfl’é@”fﬁb?'pﬁh F’Tro%%‘?s Theg g C Symd‘%” Z&d 007

T 1 + hode A
T \¥ ]

h FP )ﬁz’had g'lu%gq tpHa v Péﬁécedbé' Zﬁ?i c °°'('b?’$tv 0.27

| evels, and had netal |levels that are | ess than the
NoleB- limts for each of the 11 EP netals. Exanple 23 10

(1)%&@(‘3" &t&ﬁe@ﬂ%%é@l\% lé\(g%@rpbs IM§C Products Purity
@ Diaad Blugh QBN oublialey sl somed Bt Pl tass
PharpacevtinalsChianidadlSRef er ence Subst ance, al t hough

(3) NalPat M@ JC samprfichathe)Niohal, Toxolog) 8rdgraiy i mpure in
(4) P@ggrl 82 1@pIB (ﬁ% re%*ﬁc bRl dtt& rﬁ\?&glahgﬁ o rl\Pﬁ’i iline,

1
followi) B PR £ ﬁgg‘@r%ar S oee Pf@%ﬁ%eswa? o Ervi)
redsgtigyl using mwdmﬁutﬁéem@g@iogwesem eldleridarsalideimaiion Msingdwot NaCl. This

gavdzhé eruded0 MYBuiliciOovhe fusthte pUrifivt @¢ xolbodRinbsulbhifle frdatthehl]

foII éﬂg ngll Bé’f? Ghy tt?efh &bl Zeidis ribg%j aﬁc"m 3TM B m%‘é @%esidual MTC
8| .15
salge i RTae Tt he s AT O 23 .
Table 5
ICP-MS Analysis of Metal Contaminants of MTC Samples from Commercial Sources
European Pharmacopoeia Limits (ug/g)
Ni Mo Cd Sn Pb
10 10 1 1 10
# MTC Source Metal Content (ug/g)
1 Medex™ <0.65 <0.47 <0.12 <0.90 1.0
2 Urolene Blue® 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 DJPS13a <0.80 <0.21 <0.12 <0.39 <0.23
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6 Garuda 93.72 5.74 0.12 0.09 7 Tianjin 91.15 7.52

0.21 0.28 8 Jonas 94.16 4.65 0.92 0.06 9 Anresco
w©®20060324773 0. 10 0.11 10 MIC CRS 96. 06 3.59 OrOPGB2®8/003634

11 Aldrich 94.26 5.20 0.10 0.11 WO 2006/ 032879

PCT/ GB2005/ 003634 -90 Table_,y | CP-M5 Anal ysis of

l\/bt al Cont am nants of MTC Sa %1 es from Cormerm al

Sn Pb 10 10 1 1 10 e 8‘&!? bt al Content (ug/ g)
ICRM$ehnatypis el Metal@ortgmirmntsoof §4T QL Semplesfiop) eamngirgial(Gources

1;\ ,,9. 30 <0.03]<0.68 0. Euro%eEH'Phé@nicbpéé]a&ﬁmt@(u@@)

< S < < 4 <

NN NG U S SN i il e A T L

<056 <0.49 <3|5 80 od 707i g |TP<4 58100, g6 48049 10

#3.[SNAL 86urc8 Jonas <4. 58 <0. MetalCotent3udgigk2. 05 9

SRR 1089 <1, 1958 1 35 LI ([0 ST
22 5@0'6?36%‘@@ (égﬁ?l ruem I E-I\?SQAn I\?u‘s,d’lzg f N/ggal 5.2
Bont ani N&Ats of M@ SgnpB®d f|r ol Gormerdi2al |Sob8.Fes| 0.8
Burlopeapsitbar mhcapgei § Litg TS| (¢ndg) | AT26r 4n (BigFe| M.07

001058301616 ' IVI btabsGarntrent=—{oy
$ d‘f?)?”b§1gél1? N éqb’éq Or; iﬁo 50.1 ol pnég'éfg ©%0.07
Blue(r) 1939 10.2 0.9 34. 4 132 5.2 3 NTP 3.4 30.1
Notelthat 20 hdiBied tbe 8etedtiddi limibafinst@hedt 821 doy.tB&t tBQ 8ndlysis was
pe,@&m%d7 2 5 Martindale 161.0 175.1 76.4 1541 309.1 5.7

6 Garuda <24.9 85.2 <6.93 263.5 101.6 6.5

Note that, unlike the commercial products, the MTC synthesized and purified according to
the methods described herein had substantially reduced organic impurity levels, and had
metal levels that are less than the EP limits for each of the 11 EP metals.

Example 23
Analysis of Commercially Available MTC Products

Purity data for a range of MTC products obtained from commercial sources are shown in
the following tables. Even the Chemical Reference Substance, although relatively
organically pure, is relatively impure in regard to metals, and fails to meet the European
Pharmacopoeia (EP) standards for copper and chromium.

Table 6
HPLC Analysis of Organic Constituents of MTC Samples
from Commercial Sources

# MTC Source MTC % Azure B % MVB % Others %
1 Medex™ 94.22 | 5.20 0.11 ( 0.47

2 Urolene Blue® 94.27 5.23 - 0.09 0.41

3 NTP 94.33 5.13 - 0.13 - 0.41

4 Simpson - 9522 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 0.21 0.28

8 Jonas 94.16 4.65 0.92 0.06

9 Amresco 94.69 473 0.10 0.11

10 MTCCRS | 96.06 | 3.59 0.09 - 0.08

11 Aldrich | 94.26 5.20 0.10 0.11




7 Tianjin
<24.9 3.0
W& B00983876.

<24.9 259.6 198.8 64.3 1.8 ng 11.2 8 Jonas
204.2 70.5 27.2 6.1 9 Anmresco 27.2 1.0 ngy
196.16.0 10 MIC CRS 1.3 31.4 2. 6PGI/GB2005/003634
38.6 0.6 11 Aldrich <24.9 53.5 <6.93 208.7 62.4 6.5

Note that "<" indicates the getection limt of

instrunent on the day that the analysis was 5

performed. Note that all of the comrercial products
failed to i (EP) limts
for copper. Most fail for ®APBFi um Many fail for

RIS natysis ofiidetab@antambrantsSsF\WEFG Bavpleg (o671 08@&%dcial Sources

PLIIFEsZ005/ 0053§4 "9l T@UrbpéaWPr%hﬂ%opﬁiEFaq_u%lts& as
ni oAl .1 BV anl v
LRI V-1 )9 o e L \v | ry Ty T7]7US, nmecT
linits for _ir am ganée. roI%%eBue($r‘\ fdi | effP
to jneet the EP | im0 fc edBh of cofdper,| chiiomigm 10
aﬂ Um mTor8oussed | ron. Not e 1 hitbtal aoiteht QgR) 1 Y,
yedexT Trad FIIEU oth ant—b, 13, 1TET a0V, e
etlect eaé) Limlit: éb%rﬁ at < lriZI ene 3 :Ilie(r n<IL6Qn 1.0
cont HTQ'\%Q? BiHe® Ievé}Qs of| meyesi um <493 ani ui®-&hd 0.3
St riont i INMRand | eved0s7fabqve<0i3e det edd.0®n I | MOL37 or 0.6
YT 3T OBy sSEATTd T [OM<gBETTT e g ¥t T UMk 4817 OPT UH3 5 <2.05
pahagita-—t-edi-ne; M‘es' um—ant-haht eertm
eddy Maiipdals, 9 ur opim _gadt 9% dm 8% Jm 4554
@y pr osiammda hol | Lﬂ4}5& hL| i 586yt fertl. 4 || ut€d.pum| 162.05
Rraf|ni unnaﬁjmnt al um<4t5mg<t erao 5gnd thqmgum Detapl s <2.05
cydal Ul IIC IVII\, 'S | JIIII dl U TS fdl
'QSPT mltjt;hngt he_If ol ]l 0W.nd §3 Tnalﬂ 4’9 Sources af <2.05
Eormrer AMEESCAITC |SarftaSs F’rodﬁ@@ G ad®- 4%atch 8olurcq TKE-05
et hyIMeT(éCRSJe USRD4B5 Medex0.5&di cal 0RTporit G0.54 1 1.2
eX BRlidh NO- 0308 Nasehgs NOTTIGHE S, [ UKz BUal <505
romeatitt cal ol St ar. PhA nrnr\ollfi halc | ne ’) licolioanao
BI ue(r) fornul rida
USA 0501-03; Lot 0337§3b|w5t(¢q11tlemd)bl ue trihydrate,

e eAhdR bifdetbbCortaninahitl of TS aaples fran ChinRRAtiAl Bources

oL i T 5. S L PER R b o)
N TTA T Cr Zn Mn
100 10 10 1 0 100 10
# MTC Source Metal Content (ug/g)
1 Medex™ 8.0 125 <1.25 269 92.2 <0.17
2 | Urolene Blue® 1939 10.2 0.9 34.4 132 52
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 161.0 175.1 76.4 1541 309.1 5.7
6 Garuda <24.9 85.2 <6.93 263.5 101.6 6.5
7 Tianjin <249 259.6 198.8 643 | 1.8mg 11.2
8 Jonas <24.9 3.0 204.2 70.5 27.2 6.1
9 | Amresco 27.2 1.0 mg <6.93 276.1 96.1 6.0
10 MTC CRS 1.3 31.4 2.6 61.1 38.6 0.6
11 Aldrich <24.9 53.5 <6.93 208.7 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 Pharmacopoeia (EP)
limits for copper. Most fail for Chromium. Many fail for aluminium, zinc, and iron. Several



10

Met hyl ene bl ue BP73; Sinpsons UK Ltd., Caldicot, 4
Si npson . Batch No. 092002 Gaent, UK Injectable USP
wo oooa32v9 on Marti ndal e Pharnmaceuticals, 5 MaprcT/682008/003634
(1 %wv) ; Lot 507565 Ronford, Essex, UK 6 Garuda
Met hyl ene bl ue(Tabl e XX); G?ﬁ;uda Chem cal s, Andheri
Batch No. 021222 (East), M India 7 Tianjin

fail tor’EN%rquee(a lye aélm %ﬁ[ &IgeaTl %, @?@Mﬂgﬂt ﬁ%g{:?hg%ep limits for
lronmwb@am%nﬁseal r%meB'ue@rfelm tg imeegthed fof gag of copper,
chramiAQ aNminlusA aniMirbhy| ene bl ue, Reagent 9 Amesco

rade; Code 0722; Batch Anresco Inc Ohi o, USA No.

SRR BRI\ LR RSB B gl Bt

"m'BzﬁnéHh%dUP@@e Blea@h3ise RoHaNad msh&wekﬁq d‘@gﬂﬁS'UEJF'ta“@RS and
strdBtitim aridueogde abovei the détectidrdinfibfor titaaiund, GcaMdirtRBommme, yttrium,

nlo%&oggl%’lunsg?&me njcgé&i%w Fa)ﬁtrféﬁumbgérﬁj'nn%od rhiERMmarium,
&Q‘P 98&%'“&1"‘ zer?) ui”hﬂ& %? ! msf“a r| gh%:gem cgﬁ&&m

hafm'lJMFQIF@IEW tuRgsteArgdhonymat ch No. Pool e, Dorset, UK
KU05126C Exanpl e 24 Preparation of Capsules 5 Gel atin
Defaﬂ@?égb]a?cﬁn HENT TS IsBehpMEGran Bofminidr 8Bl SoUk s are set out in the following
tb%aar maceutical use were prepared. The drug product
s Size 1 blue/blue gelatin capsul es containing a
greeni sh/blue waxy material, which is a m xture of

the active substance, nethyddidBoni ni um chloride (MIC)

N a waxy SUSDGRHHRR otChnbHAUTE Sitfplds (1) (Laur oyl
#;:rb;pgpswéfveh’;r'e' SIS 0511 1200 (1) ( I Fodal
(Sili ﬁlge JBaxi de Mrthylene BBR)USR24, |t hi Medexd@pdical Export Co.,

suspertdi g agent, Jitiemososmagt hs of coipsstiyeNarthants, UK

mahuf-acturedw [ hg—of oU, oU and 10U

st D i i ot e

t he dose control | @&D1:88; Lak 03K7Pén ijn fill weight with

the Tormul ati onMethylene blue trihydrate,

Sample from the National RTI International, Research

3 NTP Toxicology Program Triangle Park, North Carolina,

(NTP); Sigma Batch No. USA
68H3728
4 Simpson Methylene blue BP73; Simpsons UK Ltd., Caldicot,
. Batch No. 092002 Gwent, UK
5 Martindale Injectable USP formulation Martindale Pharmaceuticals,
(1% wlv) ; Lot 507565 Romford, Essex, UK
5 Garuda Methylene blue(Table XX); Garuda Chemicals, Andheri
‘ Batch No. 021222 (East), Mumbai, India
_ . Tianjin Sanhuan Chemical
7 Tianjin Methylene blue, zinc free Co,.Ltd., Tianjin, China
8 : Jonas Methylene blue, zinc free; | Jonas Chemical Corp., Brooklyn,
Batch No. 17040 NY, USA
Methylene blue, Reagent
9 Amresco grade; Code 0722; Batch Amresco Inc., Ohio, USA
No. 0972B70




conmposition being constant for each dose. Table 9 -

Capsul e Content Nane of Quantity (per capsul e)
wao-20060328m Ref er ence I ngredient 30 ng 60 ng 100PEMGB2005/003634

Pl acebo MIC Active USP 30 60 100, 01 44/14 Celucire

Filler PhEur 117 ng* 234ng* Omg* 300 ng 44/14 (r)

USP Aer osi | Suspendi ng PhEu'r ' ng* 6 ng* 10ng* O 2000

oaont LD % Naora ~rancil

uyCIIL Uonr IWIII IIO.I I y LU O.[JDUI TS VVCI T

manuf actured to cGW by M/\T%l?j § Lt d (aI so known as
Encap Drug Del iSRS Of@@mm@@?ﬁw5ﬁ Saieless t ypi cal

#bat ch Frodmtl a | s sh@mderBattdﬂe fol Ilowi ng Tabl Sour¥¥®

NAl Ao = W Y. W.Y. W

200671032879 PCT. F%gg 2o 3 |aD|e 10— |ypi bdl
Batch Fornmul a %% a{c B‘T

kg| Gelucire 44/1 Aer03| ur%%a eofg@tedorthe
16y MTC &$sEPes o;ﬂé‘tﬁ@@Q%rBatm le M nQQ@ItDGUVle@lha%"l EDQm)
kg| (excess) Puri fGreehisstRefershdel t rles (exstesddurghBrance
Gelucire was nelted gf, &Qrﬁ’ée‘?)(i mat gl y 65C and hel d at
(streened t hr oudEY'EEPYEATGYERE) |an

Mefe Aldded and Galk 84480i;iBatehido.mi|xt %}Q@ﬁ%?;rkh&@nﬁéj co.
hofrogeneous. The ni xkwos1y&s degadsed by OGP Eh gy Ka
vactum-For—approxrmatety—i5—mnutes—and—then

transferred to the hopper_(set at a tenperature of
approxi mately 55C) of a &X8¥Bl&24i11ing nachi ne. Hard

gel atin capsul es (fPoepaCappoiélapsuiese filled and the

target fill weight checked at frequent intervals
5 Ge{aﬂﬁ RE Sy rans oZ*rr%ﬁesgw I\'/ﬁ'@ léhg shlgb?ér %%ﬁ%rmal&?t&%ﬁ@%%&% p%ﬂa?ed.

bandi ng sol ution (gel atin in purified vvater) was
Thepdrigaredict ves Sive thips/bluegelatin sapsuietecbntaining e doeerdshigue waxy
mafERial) Whechvib binikilePemthé astivesubstBlcd, AietiBihRum 8Rleride (MTC) in a

wahﬂ&fég'g{lﬁ& ﬁae?ucwgqgf/ﬁ%) l W@é@gg@qjﬁ@e?gﬁ PhEur USP) as
10 thewgpwmveﬁ%e L hrAcafA0BS (Galral Silcpreigie RS USP) as a
thixatrdpinsdegenoting agent.

Three strengths of capsule are manufactured with target strengths of 30, 60 and 100 mg.
A bulk mixture of 25% MTC (on anhydrous basis), 73% Gelucire, and 2% Aerosil 200 was

15  prepared and the dose 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 Reference
Ingredient 30 mg 60 mg 100 mg | Placebo
MTC Active USP 30 60 100 0
Gelucire PhEur
H * * *
44714 ® | Filter USP | 117 mg 234mg 390mg 300 mg
Aerosil Suspending | PhEur . . .
200 ® agent USP 3mg & mg 10mg* 10
* Nominally.

20  The capsules were manufactured to cGMP by MW Encap Ltd (also known as Encap Drug
Delivery), West Lothian, UK. A typical batch formula is shown in the following Table.
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—
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I ol Sl S i
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Théeasduiss were handédhenine, badding nkdfineith ifspetBén on-line for bubbles
an%&ﬁ@P%ﬁ-ﬂTed@gﬂg caphtishere AkH g%@géld' tﬁro@ﬁﬁ a dryin% oven at 25 to
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augr uppe, " Justus Liebig's Annal en er

em e, Band 230, pp. 137-211. Bernthsen, August,

1889, "Studien in der Methyl enbl augruppe,” Justus
Li ebig's Annal en der Chem &**Band 251, pp. 1-96. 10

Col our Index, Vol. 4 (3rd Edition, 1971), p. 4470,

oo fors i FaRCbeqt oo e P B3 ool S oG ki, B moces o
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art pithpfienarting fromethp prepreofthe preggntimvention ah Aesatibas herein.
Nucl eophilic Aromatic Substitutions in Tandem A
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29, RR .1006;13- 1q0.92. .
appended ‘claims, which claims pertain to only some of many preferred aspects and

embodiments of the invention.

REFERENCES

A number of patents and publications are cited above in order to more fully describe and
disclose the invention and the state of the art to which the invention pertains. Full
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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20 Lillie, RD., et al., 1979, "Zinc Chloride
Met hyl ene Blue, |. Biological Stain Hi story, Physical
wW@h@emsasey i stics and Approxi mati on of Azure B EONG8Ri05/003634
of Commercial Sanples,” Stain Technol ogy, Vol. 54,
No 1, pp. 33-39. Lohr, W, ubhoffer, N., Sohner,
thekl nd, D., 1975, "The azure dyes: their
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oxi di zing agent that is or conprises C(Vl), to give a
[4-{2-(thiosulfate)-4- (disubstituted

W@Ri0n0328@ (opti onal |y PCT/GB2005/003634
substi tuted)-phenyl -i m no}-3-(optionally
substituted)-cyclohexa-2,5-gé§pylidene]-N,N—disubstitu
ted ammonium 6: R RO 6N,,RSNA RO R / NH2 5 R3NB /

R7N S| \\ LS N \ 17 =0 RINB O=S .. .
WiEgiRs G et by 082, NSteree P thotts RERS TR P Aofagation i

zwi NesFedegpeerplivePigpafeatrublisheddpteinational WA Ehpatentiagplication

[ 4- pRbl{dation auhbet \WD-0R/¢3H720 pablishat dd July 2002.

am no) - 6- (optionally substituted)-phenyl -

i mno}-3-(optionally

substi tut ed)-cycl ohexa- 2, 5-di enyl i dene] - N, N-di substitu

ted amonium 6, is isolated and purified; 15 ring

closure (RC), in which said isolated and purified

[4-{2-(thiosulfate)-4- (disubstituted

am no) - 6- (optional |y

substi tuted)-phenyl-imno}-3-(optionally

substi tut ed)-cycl ohexa- 2, 5-di enyl i dene] - N, N-di substitu

ted ammonium 6, is subjected to ring closure to give

a 3,7-bis(disubstituted-am no)-1,9-(optionally

substi tuted)-phenothiazin-5-iumsalt, 7. RO RL RO R

NR/NN \ I \ RBAR/NNNS NRBNA N S N' O R7TNB 0=5=0

R3NB R7TNB 0 R3NB6 G 7 XO 20 wherein: each of Rl and

RO is independently selected from -H Cl1_4al kyl;

C2_4al kenyl ; and hal ogenated Cl. 4al kyl; each of R3NA

and R3NB i s i ndependently selected from Cl.4alkyl;

C2_4al kenyl ; 25 and hal ogenated Cl1_4al kyl ; each of

R7NA and R7NB i s independently selected from

Cl4dal kyl ; C2_4al kenyl; and hal ogenated Cl1_4al kyl ; and

X is one or nore anionic counter ions to achieve

el ectrical neutrality. WO 2006/ 032879

PCT/ GB2005/ 003634 -97



2. A nethod of synthesis according to claim1, wherein
sai d oxidizing agent for said oxidative coupling (OC

WG L@p/03287Na2Cr 207. 5 3. A nmethod of synt hesi s BCT/OBRG08G03634
to claiml1l or 2, wherein said oxidative coupling (QOC
step is performed under aci ¢jzc conditions. 4. A method
of synthesis according to any one of clains 1 to 3,

wherein said isolation a ification is by
filtration. 10 5. A net hogﬂ"émgynt hesis according to
any one of clainms 1 to 3, wherein said isolation and
1. purA hietizdd afrsynthebig cbimptising therstéps dfpinediddsy washi ng. 6.
tAorret h \%ﬂmﬁ’cﬂatﬁ% %b?ﬁ&b%o@‘?,%’ WHichG: thRsaIRficRR si{%-;eioraihayss-l
by PPIGREY ?éﬁs@%ﬁ%é@é@%“@%gh%’"ﬁn&é}oﬁﬂéf“gé%%%g; I3 Bygtively
ot pRslesito sr Necdpubstsissh ppiipnaly sRptigingt ety §; yiingan
t o Exidizihgagent thatiislor camgprises GsWil)eto JRE) a $4-Eh(thissuliatd) e ed
by (di<BBLETBRY amihd)-EHptibnall§ dLibit@ed)ZSheByl-iMinB3@@tieHally

aber e BT bkt s ARy R g RdRed aobu. o

under acidic conditiBns. 9. A nmethod of synthesis
according to any onelof clainms 1 to 8, further

conprising, foll oY) sai d oxidative coupling (1OC)
step, andrrecedi ng R

2hd RGl ation and ®5 purifRcation
of zwi ttelione i nter med) at e (1 APQZI)
additio epg of : 5Cr(|=£5’t‘9) Reduct i on
t g@npr o of the_axidative,cofMng X ,
treatyd to copvert residual C (Vi) th O (11F). 10 ®
Qyzﬁ 5o
S

met hognef A@si s according to cl g™ 9,0w{?€|0ei n s
treatnment to nvert 30 residual C (V) tooCr(I11) i
treatmentgw th a reducing agent. 11. A @get of
synthesis according to claim9, wherein sai th?@t merﬁ_
to conveiselationnandipyificatiqnafl zwtieriepic inteymediate (IAF04n i1 which
W t $aid [Afdtissuifbie)d-(dBEbstRutedamirtoGel optiorsiin sfestituded)-phenyl-
accipyil isb&titut loReeRp 8-disBAEEMRIMN, i Qlisubstituted
con?%ﬁigﬁgg%p%qgﬁ?t% '(ali{mﬁgg (ren) lirglﬂt r eat mentlsuwistl He
sod /drosul Tite, 13" A net hod of nt hesi X

accor di ndng elosyrgi(R{ in whisp epid | t@‘??Pié%'rl‘ﬂ?ﬁt["’%%'(th'osu'fate)"”'
c on{disubstitutesi athind)-&(plibnally sulgstituted)y phesyltiméra}defoptioualln

aln ﬁhdégnu%d)-c?&pﬂé«a-ﬁsmﬁnpmn@r-Nwareb@éﬁiuﬁe@amﬂfo@him & R

cl al. m. ef ei re Lt

& (Sl R fhdts & e f s T oSk aind G tRonaly
200855 Ee)-PhenottiazindsIBUss - 98 15. A et hod of
synthesr® accorgling to claim9, wherein satd treagnent

to convert yrestdual Cr(VI) to G(Ill) is]treg
with gf ipdi te 6. A met hod of synthesi

Al hher & 521 R eat-reAtst eonv
Cr (W) (1Y) i"’;{:,@eatrrent with sodi
R7NB O:?:O R3NB
6 O 7 X©
©
wherein:

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

each of R®™ and R*® is independently selected from: Cy_salkyl; Co4alkenyl;
and halogenated C,.jalkyl;

each of R™ and R™® is independently selected from: Cy_salkyl; Co.4alkenyl;
and halogenated C.4alkyl; and

X is one or more anionic counter ions to achieve electrical neutrality.
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17. A nmethod of synthesis according to claim?9,
wherein said treatnent to convert residual C(VI) to

wW@eobi0B2879 s treatment with an acid or a base tPCHCB2@3©03634

10.

11.

12.

13.

14.

a pHof 5.70 to 6.35. 10 18. A nethod of synthesis
according to any one of cl qigg,g 1to 17, further
conprising, before said oxi‘dative coupling (OC) step,
the additional step of: thiosulfonic acid formation
(TSAF), in which an N, N-disubstituted-1,4- i
di afvimedhost of synihasie Bgcarding e claimed Weaigigseid axidiziag agent for said
oxi akidagide cougling (PCe siepdeNajiCrgO/15 t hi osul fate to give

said thiosulfuric acid S-{2-(am no)-3-(optionally

e R o
N | (OQatap iRprafomsstender acidiq cenditionsret hod of synt hesi s

according to claim 18, wherein said thiosulfate is or

. 20 £AHO IS SyNRESIE DBeordBg tdamEsHOst Rfims Y16 BeRhérein said isolation

accordi nﬁ ttoncll ﬁl @?trlﬁ or 19, 'wherein said oxidation in
sai P RUATE A FBRY E8EY £ or mat i on (TSAF) step is by
reaction with an oxidizing agent that is or conprises

Cr (AMhjethadiof 3§nthésisatturdingfto ayyndrieesfickairas ddo @i wherein said isolation

cl aiiy difiridtiohds by BaBdAoRaVEL Bxivaddihgn i n said
thiosulfonic acid formation (TSAF) step is is by

reaction with an oxidizing agent that is or conprises
Na2foretiod ofigypihesis @3zwdiog %cwmmwmgééa 3, whereppsaigysolation
nmet daratbwiticationtis by fikratiorc fotldwerhbyt washiyg amdbdrgingc| ai s 18

to 21, further conprising, before said thiosulfonic

20 A IR SRR kG R sl r IS 13b 62 said ring
N, NelesUEe (RE) stel scRchieypd Py rgptmenswith Cu(ll) sulfate.

substituted-4-nitrosyl aniline, 2, is reduced to form
sai gl n{&t%oddf%gmﬁtegig le\t:&ﬁ;iiﬂagéo atll G dt@taim® Rltd PN@héréin said ring
Schslgs'utré' iF@g) S gp‘? Izsep%?forn?i’ed der acidic conditions.

A method of synthesis according to any one of claims 1 to 8, further comprising,
following said oxidative coupling (OC) step, and preceding said isolation and
purification of zwitterionic intermediate (IAPOZI) step, the additional step of:

Cr(VI) Reduction (CR), in which the product of the oxidative coupling (OC)
step is treated to convert residual Cr(VIi) to Cr(lll).

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.

A method of synthesis according to claim 9, wherein said treatment to convert
residual Cr(VI) to Cr(lll) is treatment with a hydrosuilfite.

A method of synthesis according to claim 9, wherein said treatment to convert
residual Cr(V1) to Cr(lll) is treatment with sodium hydrosulfite.

A method of synthesis according to claim 9, wherein said treatment to convert
residual Cr(VI) to Cr(lll) is treatment with an alkanol.

A method of synthesis according to claim 9, wherein said treatment to convert
residual Cr(VI) to Cr(lll) is treatment with ethanol.
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NONH2 RZ/ZN\ V' I R7/Nn\ I. NN I7NB R/NB R 2 3 23.
A nmet hod of synthesis according to claim22, wherein

w@ atod/osxducti on in said 10 nitrosyl reducti onP¢TRB2005/003634

19.

16.

17.

18.

19.

20.

21.

step is by reaction with a reducing agent that is or
conprises Fe(O. 24. A net hg? according to claim 22,
wherein said reduction in Sdrd nitrosyl reduction

or A malspR.es Svesis Ao g Sy ED SERHGH B RGRor R torBn
synesieudl SradiiorGiiNgs tigatmgnt with asfiodderi ms 22 to 24,
wherein said reduction in said nitrosyl reduction

(ZQB) R dégyﬂgﬁéé@égeﬁgﬁh@w@%ﬁ{%gﬁe%m said 3@%&@&@ 5 corart
cl é?ﬂgggfpr )tQBQraﬁﬂiFtirﬁ@b“@‘g%t iy ,i&%ggfore sai d

nitrosyl reduction (NR) step, the additional step of:

ni tA eyHoatdf epnth&éShccordingw €ldined) wherein said treatment to convert

N, Nedh éi*éﬁ{\h} édtcﬁgrlﬁis%tatn‘?élﬁk/ditx PURRE dridad to aBhILV&S pH of 5.70
1, |§ -nitrosylated to give sad

N, X &i%ubst i t ut ed-3-optionally substituted- 4-nitrosyl
aniline, 22 RO RO NO R/N\ RFIN\ N N R7NB R7/NB 25 1

2 \MOm2eHa/ i 3 &sidaddotdhad bari3 @t claimd 0@ 12 Furtier comprising,

md&g@s 360Ul LAURG(TLPep WHE bakTorRLEp of

et hod dPosgpleaeiEiomRe T TSAR & Biaf ah a8 fpo-1.4-

s aidieminprSoentionellyoibpiiuted hearens: kel oxigizeg intheqipeapce of a

ni tthiob@ifat . give sad thiabutiliricsycid Be2i(smmop-8+(dptivpalyoswdstituted)-5-
on oy ein said nitrosylation is
pe??%pﬁ%&%ﬁgﬁ%&%ﬁgﬁ@%ﬁ?h ons. 10 30. A nethod of
synt hesi s accorgfng to any one of clains

further conprising, ywafter said ring closx
step, the addi aﬁ\lH%tepsz@fa'z. chl orjde s

NRE)

fornmati on

( CSF), imerr]\li dh s@id 3, 7-bBis(drsubBt it 'Ino) -
|7NB éma 0=8=0
R OH
3 4

A method of synthesis according to claim 18, wherein said thiosulfate is or
comprises NazS;0;.

A method of synthesis according to claim 18 or 19, wherein said oxidation in said
thiosulfonic acid formation (TSAF) step is by reaction with an oxidizing agent that
is or comprises Cr(VI).

A method of synthesis according to claim 18 or 19, wherein said oxidation in said
thiosulfonic acid formation (TSAF) step is is by reaction with an oxidizing agent
that is or comprises Na,Cr,0;.
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1,9-(optionally substituted)-phenothiazin-5-iumsalt,
7, is reacted with chloride, to give a

W@ 200600328(di substi t ut ed-am no) -1, 9- (opti onal | y PCT/GB2005/003634

22.

23.

24.

25.

26.

substi tut ed) - phenot hi azi n-5-ium 15 chloride salt, 8:

RORR RRRL NC- / 7NA I 5%IAR7NA\N(ISNR3NAR~N\

S NCR R/NB O1 3NB 7NB & 1 B7 X08C 31. A

nmet hod of synthesis according to claim 30, wherein the
chloride is hydrochloric acid. 20 32. A nethod of

sy it met1od of sytherimacaordiog to anyene afisiaies 8 tht bifyrther samprising,
f orvesdre eaid thicSHjonicsacabfiofroatioad TSAF pstep) the additignal stepifi

of 0 to g 3red&ctr8%t(NR§i |ﬁ’f/vh§;}’\rbtnh¢§l'-cﬁsmﬂﬁsﬁ@l[éh B8piichally

et Biidae e adlhe 2 (5 Fedll etSI-ff) BAREP  ARulSl 5.
metdirsainefo-estienalyssubstibied benzrpes 8 cl ai m 31 or 32,

wherein chloridegsalt formation (CSF) is gperforned at
a relatively cod} ~tenperature of 20 to 30Q 3

' %‘2*%5 A

nmet hod of synt N&ccordi ng to cl aim 3
wher ein cm\orl aIt formatiop (RSBE) g perforned at
a rel atl'iiel\y t enperature of aboutN25C” 36. A

met hod of sypt heS| s according to clai n%\v%@, wherein
said chlori d®®™s_sodium chloride. 35 2006/ 032879
PCT/ GB2005/ 003632 - 101 37. A nethod of sy#thesis
accordi ng to any one of clains 30 to 36, further

AN l§¥e§('§j|0‘é peion i r%qﬂcws)asfnbtﬂat i or

(opﬁorrmmaéis Fe@)bst i t ut ed) - phenot hi azi n-5-i um chl ori de
salt, 8, is treated V\nthaSSquhlde 38. A nethod of

Sy'}%rrhﬁio%l a%%&%ﬁn tg %Ia R fg %&bﬁé’ald\’\‘égg&'oﬁ irs 8kif nﬁMs@h‘é&ﬁ:ﬂon
acdDRSiRp 18 SV EEFa&F‘?ﬁ with aferticingpoght Hakisop ﬁ‘?%@”?? racialfic, ien.

sul phide. 40. A method of synthesis according to any
ONen RfetifddadfEGntBésié BcodPdinyvtedri dheSof cRith122 td 24 aihedih said

( T)educ%loﬂ?tl; geﬂ& m:%sﬂtred%chgm)asttég g p%ﬁ'foﬁnéooln]tﬁ@er acidic

conditions.

A method of synthesis according to any one of claims 22 to 25, further comprising,
before said nitrosy! 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

R

R°
R™MA
R™MA_ \ N

lL7NB
1 2

e
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15 41. A nethod of synthesis according to any one of

clains 37 to 39, wherein sulphide treatnent (ST) is
w@eohosaserl at a tenperature of about 10C. 42. PCTeBh@d/003634

of synthesis according to any one of clainms 37 to 41,

wherein the 20 sul phide trqphrrent (ST) is perforned

at a pHof 9 to 12. 43. A od of synthesis

2&08\ HQ%HQ? % gﬁﬂe%?&(ﬁg% 28 é"%}%er'? g%lﬁ%@ro%%atlgwgp%?fg CEIIISIng a

10. Bitrit®5 44, A nethod of synthesis according to any
one of clainse 37 to 43, wherein said treatment with a

2asul thé“{ﬁodl 5f éynqﬁsw&omﬁghg ?{?ﬁf gls nhm?gm(r:yéﬁnrfb%ﬂoﬁ%
WheP%rf ggﬁ‘%m %arqq%g%ﬁ@%sodl um c%l oride. 30 46. A

met hod of synthesis according to any one of clains 37

29t 0 Adnethbaplsyntresiscaccomégtioeny one bhelainsudGtbi2Bewherein said
U T eAkBBAtioN i& Beﬁor%d%d@?am&@%ﬁﬁ%sby washing with an
organi ¢ sol vent. . A method of synthesis
accordi ng to any one of clains 37 to 43, wherein said!

30+ r eAtPRtRed O SYRthesisaceRidig te any peaph@aimsyl toredafurther comprising,
sul piterdwaid ring ¢loswed (RY) steys, Hhengddiidnial stap obr gani ¢

sol vent, cﬁl@ﬂldé).?!ﬁlq‘om{aﬂohﬁéépﬁfﬂ whith Baig ThbR[dis®stithid- a‘?hlno)
T A e R S
L1 AR T-ie{dHbstshaTED)-1.B1(pRinBal3HdaRkarghaRataziR-5-ium
or gelnoridessAlty8nt , fol | owed by adjusting the pH to about

4.5 to a .2 followed by treatnment wth a g
chlori d& WD 2006/ 032879 PCT/ GB2005/ 003634 - 102| 49.

A et hge~gfNsyrthesi s accorgi.ng to clai
A8 In .ﬁn ganj,c —solvent jns sel G RINA
Rii < chl or oet hane, e fos -

SR g
acet]a}lg e, hyl et her, chlorobenzene |petr oI@Jm et hdr3NB
(e.®, 40 6 . benzRne, toluene, and t%l etat el
5 50. Afethed of synthesis according to ne of
clains 30 to 36, further conprising, after said
chloride salt formation (CSF) step, the additional
31.st ep nodthod dii sypthegisdiccondingde blaimaBe, whesein e chlQHiEiE) is hiydrochloric
whi g&dsai d
3, 7-bi s(di substituted-am no)-1, 9-(optionall y
b t t d th 5- 10 chl
32Su | u %aygﬂ}egg(ﬂclﬁ% | n| @pl@uﬁnmg&dyh%ﬁlﬁt%glongg salkformatlon
met (Ga%':)zﬁ pejormed it ¢ relett\@!)dpwgpl-twf Ocodd. m 50, wherein
said dinethyldithiocarbamate i s sodi um
33. di ”RtnE%ﬂl]éjd {J#Eyﬂﬁﬁggaag@r@mggiclgﬁn 3‘?‘ %ﬂ#&ﬂ%ﬁ%}ldé%‘l Qﬁﬁét?on

‘acc n
Wi t Sg per?ormeg ata relatlvely low p of about

34, A method of synthesis according to claim 31 or 32, wherein chloride salt formation
(CSF) is performed at a relatively cool temperature of 20 to 30°C.

35. A method of synthesis according to claim 31 or 32, wherein chloride salt formation
(CSF) is performed at a relatively cool temperature of about 25°C.

36. A method of synthesis according to claim 30, wherein said chloride is sodium
chloride.
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di met hyl di t hi ocarbamate is treatnent with a

di met hyl di t hi ocarbanate and a chloride. 53. A nethod
wo@Roosysasimesi s according to claimb52, wherein sBCTGB2005/003634

chloride is sodium 20 chloride. 54. A nethod of

synthesis according to any eraz_of claims 50 to 53,

wher e| n said treatnment with di net hyl di t hi ocar banat e

hyl d
37,y OISR O sybielserBieel S i) bR pPEITRERb e, hettsbrising,
sy neftersiall elerislediadormmtianyCoRksten. tag ajdigonabstep 063
wher ei n saphide treetatent (BT)nintwhich shicrB{7Hyi$(distibstidatadzatimd)el,9-
I S tdp%aﬁér@@hbm&tad)aphéhotmém b Qirh RhRAdE bamst % tre’a@éd wied

ng wth an organi c solvent, fol
treﬁ'ﬂﬂ%ﬂ? with a chloride. 30 56. A rrethod of
synthesis according to any one of clains 50 to 53,

38 Wwhe Aanethedioitsynthesstaveortding tb ltlaim a7 ehdrgindiatchs ualad dzrametal
i's tne@hgent with a dinethyldithiocarbamate, followed
by washing, with an organic sol vent, foI I ovved by
adjusting the pHto about 4.5 to about . f ol | owed

39py Arrectherbat svpthesisacennding ta slaim 38, \sl'rerema@t%eh!@ﬁ is sodium
syntlipisids. according to claimb54, 55, or 56, wherein
said organic solvent is selected from
dIC | or 2-di chl.oroet han et h
05 ePdrenogpLRTestdraptemb B Ry AR D Eoad o 8 3R Hhe Blyaifprice
(e. fjeatment () is prify@rd at atempriaire %frﬁ:ltorﬂ@t Gyl acetate.

40 WO 2006/ 032879 PCT/ GB2005/ 003634 - 103 58. A

41! met RGHetREd éNé%Hfé%lssac@&faﬁtg% g bﬁe aﬂdalﬁi&%ﬂB rsph@hggit&mmde
f or ﬁﬁt‘tf"c?ﬂ{@' ed aﬂ%”‘%ﬂi@‘? % onal {;6 T:

carbonate treat rrent (CT) i n which sai d
423, 7TAbnethod sidysthesistaedeminigrio ani pBe of d@imis@Tab l4yt, wherein the

subghiphibé adamihe hHh p&idimeniayBprdrertbde, salt, 8, is

treated with a 5 carbonate. 59. A nethod of synt hesi s

according to claimb58, wherein said carbonate is

435 odPunsthedplynthesis afeordtmg te ape PR af %‘”@thﬁ @4 wherein the
ac c sulphidg treatnedni (S1h) 38 perforb@d ahvh eHeaif mbeati 1@.5.r eat nment
wth a carbonate is treatnent with a carbonate and a

C hi R\m&ﬁ%ﬁ! gfl sglgtohggﬁ a{?:ggrd%fg t3 %Hi Q@g bfsclgtﬁt%%% 3% \w%r%lnaéam

" treatment with a sulphide is treatment with a sulphide and a chloride.

45, A method of synthesis according to claim 44, wherein said chloride is sodium
chloride.

46. A method of synthesis according to any one of claims 37 to 43, wherein said
treatment with a sulphide is treatment with a sulphide, followed by washing with an
organic solvent.

47. A method of synthesis according to any one of claims 37 to 43, wherein said
treatment with a sulphide is treatment with a sulphide, followed by washing with an
organic solvent, followed by treatment with a chloride.

48. A method of synthesis according to any one of claims 37 to 43, wherein said
treatment with a sulphide is treatment with a sulphide, followed by washing with an
organic solvent, followed by adjusting the pH to about 4.5 to about 5.5, followed by
treatment with a chloride.
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62. A nethod of synthesis according to any one of
clains 58 to 61, wherein said treatnent with a
W@ 20060887 IS treatment with a carbonate, fol|PeEGBRYS003634
washing with an organic solvent. 20 63. A nethod of
synt hesi s according to any of clains 58 to 61,
wherein said treatnment wit “carbonate is treat ment

a e,. hj anl
49,501 ot DB By oG e S T 47 & 13 oher il Bl
met SRNENGTS sejasterieon’ dishigiometaneo Arjchineethang cchiopefoms ethy!
t 0 &ktatehdietbiylretiser| chi@bbémzzmt nEattolenint thar @ag. bthéd)eberszene,
tr e@uZRBt and hbBihgl £Rtdenate, fol l owed by washing with
an organi c solvent, followed by adjusting the pHto
about 4.5 to about 5.5, followed by treatnment with a
50.chi Amedeod efsynikesis ereriding te gny e piClaiwe 30dP /6 fBhen comarising,
62, afte8 saidrchfotide whit fermatis@ (CSF) refia) the adsitiosel stembdf: i s

sel ect edd:HeW%tﬂlo%Qr'b‘éﬁ%’f@in@ﬁﬁ%nt (}:?Tﬁ iflwhithaaRet hane,

hl
chi SF Bl % oo - ety d¥est B ntspotmiagin o
t ol €hegride safid8 rietrpgted é(\&t@taa‘i'@etmﬁlth'ﬂ\cﬁfé?mé@ of synthesis
according to any one of claims 30 to 36, further
51.C°r‘Rrrﬁéchﬁgmf sy?i@leélgta%!ioraﬁ\b‘iio eBInP50, %e’?@htsaﬁor mation

it10
e AR R s8R SbehvEitieenrrateeoran . i1
whi ch sai d
52.3, TAImetiiat sfidyathiesistaecbrding o Flain 90 oot ivdreadih aid treatment with a
N Ub&HeEH%cﬁtﬂDot%%ﬁ@H‘lh qeelafinent Witia d?rhb@n&!dﬂﬁoé&?béma@ aridsa
WI th ethyl enedi am netetraacetic acid (EDTA) or
®salt. 40 67. A nethod of synt hesi s according
to cl a| m 66, wherein said EDTA or an EDTA salt is
53. EDTA nehtisaxtiofisynihakit actidipg 66 cla B 87, vHeGHh CBRDETi6 36tium
- 10d1&%4e. A met hod of synthesis according to claim66
or 67, wherein said treatnent with EDTA or an EDTA
salt is treatnment. with EDTA or an EDTA salt and a . .
54.chl dmedleod ofgynthesigaeerigingfo 3pnenrefi daime o8 tePAgrigsein said
cl atreatt@nt withea dinmetddithiadaremade is tseadroemtwyithsa chl or i de.
70. git\etRAdMRRDcATbafrue, ReIRIved B GG Yith @nadyarid Soldnt.
claims 66 to 69, wherein said treatment with EDTA or
an EDTA salt is treatnent with EDTA or an EDTA salt,
55.1 ol A g¥ateechof SKBERFIA Georrding 4 any epmpfcialge PB/e 53, hergin said
met theximeht \sijina diasitisyldithiomadhanpte & teaaymentaviibfa cl ai ns 66
t 0 GfhettWitithRicArbamiate, folloRal B% WasHihg Q/ltﬁ@-ﬁ"br?énlélébl@'mollowed by

Esl Rtl\%%ﬁlehgﬁ@; %“éﬁ‘l&né{!th EDTA or an EDTA salt

an organi c solvent, followed by
treatnent with a chloride. 15 72. Amsthod of
56.synA hethad efyothdsingctadiap yo emeorss ofcllaiinad 066 58 ovtgdein said

whegr&dtmhehBlith a dimethyldithiocarbamate is treatment with a
dimethyldithiocarbamate, followed by washing with an organic solvent, followed by
adjusting the pH to about 4.5 to about 5.5, followed by treatment with a chloride.

57. A method of synthesis according to claim 54, 55, or 56, wherein said organic
solvent is selected from: dichloromethane, 1,2-dichloroethane, chloroform, ethyl
acetate, diethyl ether, chlorobenzene, petroleum ether (e.g., 40:60), benzene,
toluene, and methyl acetate.
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treatment with EDTA or an EDTA salt is treatnment wth

EDTA or an EDTA salt, followed by washing with an
woe@ansas7sol vent, foll owed by adjusting the pHCDGRR®EWN03634

4.5 to about 5.5, followed by treatnment with a

chloride. 20 73. A net hod paoiynt hesis according to

claim70, 71, or 72, wherel aid organic solvent is

58. sel K % of 5@3&}\“\%@ I;I gd‘;(ﬁlg? cp an %rt):%ofzclé#n% I%'O% %gtflaﬁner’ comprising,

chl or
chl B@'H ipside sait fosmation (Q&Férstqpe *1? a dﬁ@”@'(ﬁtep penzene,
t ol uene, calbchatetragtmenat @1t ia.whidh sbid 3A—b1$(uisoblstmﬂted -amino)-1,9-

SY Nopgstiatly G5t b bHeRoAREINSRINPENISTR $83t, 80is tratéd WIth a
furt DESnFOPr i si ng t he subsequent addi ti onal step of

orga ic eXtraction (OE), in which said
3, 7-bis(di substituted-am no)-1,9- (optionally
59. s ubs methadeaf)sypthe sistab¢ading 1 G elainb 8, Whareid saidladathonte ik Bodium
aguepbsnat®l ution or suspension, is treated with
(e.g., washed with) an organic solvent. 30 75. A

nmet hod of fynt hesis according to claim74, wherein

60. s ai A MsithpstefEyaibesis gecqrding & elRiN P RESH mrqn@:ﬁe@t@atment with a
DCMarbattate i treetrhent voth ssganbdrede andie cblodderg to cl ai m 74
or 75, wherein the volune ratio of 35 aqueous

61,50 A bl SHARGR RN BE 1 DRET S6I5RAL sl icnloPg8 0
accd¥did®g to any one of clainms 74 to 76, wherein the
treat ment with an organic solvent is perforned
62. Iotr A et of syARihBSis @céﬂr&ihg;d by e of@ldifiy 8B o 81, WHein said
e Py by By v BN PR Rl bt v
aqL?éb‘EIQa%'EISB'tVPUn or suspension of salt, 8 has a pH of
9 to 12. WD 2006/ 032879 PCT/ GB2005/ 003634 - 105 79.
63.A MR hR@bddf sHHREES BbsordiRg &F SHyshel &F ciiis 88% 61, WHeRéiBaid
74 tFeoat%gnt vWﬁweé ?érﬂoﬁ%g is, t?e[a‘?lﬁgmfh %Aﬁérgor?e? ggﬁaweféﬁ W%S(Snng with

A rﬁftq’fsa”'ﬁﬁog’?'htt f?@%‘i"%d %E%tmeﬁbw'ﬂba shioridme of clai s
30 to 79, further conprising 5 the addltl onal fi nal

64. St Q@n@fthodrcﬁ‘ Nihbaib bbsordih@tb 4fpone dfidiaMis 68 1S4, Avherein said
3, tr rf\grqt' tﬁz %érggﬁaﬁg |squa[f\géntjwt% %é)r%ﬁ QQ% l:k%ovedSby washmg with

subs

r eary%reawp ﬁg'éﬁnt fogqwednbyadivitng e EW& H%%Lfté‘ Stochout 516 followed
t o yl tedatmet, witthaclondesai d recrystal lisation is 10
recrystallisation fromwater at a relatively cool

65. tr :r&g qﬂr & sgﬂthgﬁg 9&:&9@ ?Yo %5’1%@25 %2”(9{ t%ﬂ ﬁlgg}%ﬂ &aid organic
@@ S S& r% dichlcpraethana, 1.3Hichlorqptiiane. chloroform, ethyl
r eI aetate| dietby ithert ehirebenzane peia“oteomtajhéiaélg ¥9:60), benzene,

toluene, and methyl acetate.

66. A method of synthesis according to any one of claims 30 to 36, further comprising,
after said chloride salt formation (CSF) step, the additional step of:
ethylenediaminetetraacetic acid treatment (EDTAT), in which said
3,7-bis(disubstituted-amino)-1,9-(optionally substituted)-phenothiazin-5-ium
chloride salt, 8, is treated with ethylenediaminetetraacetic acid (EDTA) or an EDTA
salt.

67. A method of synthesis according to claim 66, wherein said EDTA or an EDTA salt
is EDTA disodium salt.
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83. A nethod of synthesis according to claim 81,
wherein the relatively cool tenperature is about 25C.
w@2006/832%2¢ hod of synthesis according to any oneCDGB2005/003634
clainms 81 to 83, wherein the 20 relatively lowpHis
O to 2. 85 A nethod of syn(ﬁw sis according to any one
of clains 81 to 83, wherei'n ' relatively low pHis

abo H}e}(’zﬂdz %ﬁgnt@fm? 3c%c§ Ié%h%] ﬁrs é?s '\_lﬁcegé%ﬁ dl lﬁﬂ@ta&aent)évlth
LN e BT 1t oihont v £B A7 SR TEA e iorde

synthesis according to any one of clains 81 to 85,

69. VmeA ﬁieﬁh&cm? sghlhle&s @ rH@b%?le’Y@GS vHRPEih QelidhiAB W sobflim

syntheS|s according to
cI a‘? @8 vvherel n sal d recrystallisation is
recrystallisation fromwater at an initial elevated
70.t enp afetiiddr & syhihebib @cedrding e anyodnesof otdime 66 de 69 3bhd8in sAid

"Ettﬂé%@meﬁt vﬁmlép?ﬁ'o? aﬁ“E‘m’fAdéd}gs fr&atmeﬁt WSED TS RIEDTA salt,
sal isation IS fSﬁIz [Isation from

ecryst
vvathVOV‘éqdr%/ W??ﬂ'?q With ap 8(93?5’650 erature, in the
presence of tetrahydrofuran (THF). WD 2006/ 032879

71. PCTA Wf&g)ﬁﬁaéis acddBing o arfy oret dfathiab 68y0 69 eslhaein said
ARGy ?A%?%n ‘EfDJA' é%g% ﬁ'é‘étmeﬂi Mr@éb*rﬂtdr%ﬂ EDTA salt,

qwq#‘%vdw sfmﬂq i proapt spivat, [elyEd LBt in a chioide

sal d N, N- di substituted-3-optionally substituted-
72. 4 theﬂﬁ}d ofaghihicsie ,acébrdﬁ@ tdR8ny orle MfOlaifRE B6\to B9, RiiAsiN shid

:f\i rﬁELJ)T/& org éaltrlseﬁé’é?cmeﬁf‘wﬁﬁ\BbTA' dt SAMHEIEIA salt,

s %vdwiéfiﬁé* R g oo aent olpwep by agigtng, e aFHp bot

sal‘bl5ltd> wat&ﬁ)@liovv@ﬂédirfaﬂme%lw%ﬁrm losidgpt i onal | y
substituted benzene, 3: RO RO NONH2 \ \ | R/NA\N

73. 7N Blethod of synthesis according to claim 70, 71, or 72, wherein said organic
solvent is selected from: dichloromethane, 1,2-dichloroethane, chloroform, ethyl
acetate, diethyl ether, chlorobenzene, petroleum ether (e.g., 40:60), benzene,
toluene, and methyl acetate.

74. A method of synthesis according to any one of claims 30 to 73, 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 chloride salt, 8, in aqueous solution or

suspension, is treated with (e.g., washed with) an organic solvent.

75. A method of synthesis according to claim 74, wherein said organic solvent is
dichloromethane (CH,Cl,, DCM).

76. A method of synthesis according to claim 74 or 75, wherein the volume ratio of
aqueous solution or suspension of chloride salt, 8, to organic solvent is 0.5 to 5.

77. A method of synthesis according to any one of claims 74 to 76, wherein the
treatment with an organic solvent is performed iteratively using a plurality of
aliquots of the organic solvent.

78. A method of synthesis according te any one of claims 74 to 77, wherein the
aqueous solution or suspension of salt, 8, has a pH of 9 to 12.



N R7NB R7/NB 10 2 3 thiosulfonic acid formation
(TSAF), in which an N, N-di substituted-1, 4-

wWaele@riosas7%b- opt i onal |y substituted benzene, 3, PGI/GB2005/003634
oxidized in the presence of a thiosulfate to give
said thiosulfuric acid S—{2_-1()$r_ri no)-3-(optionally
substituted)-5 15 (di substituted-am no)-phenyl} ester,

4. o ;

79 g Tt L €edine ¢ @W@ﬂ%ﬁfﬁ%&&ﬁ%%ﬁﬁwf‘;
thi Begirmeat wih g Sesasic SNk msTTonted B eBIRafatye of 5to 15
substituted)-5-(di substituted am no)-phenyl} ester, 4,

801 S AthétRbd ¥R MtheBRWIcEM™irdgo @Ry one of claims 30 to 79, further comprising

N, .'\'fh%ia?d‘ﬂiﬁr%jaltff&?ﬁé -ogpti onal |y substituted-aniline, 5,
usi ng an ox| di zTﬂ%fagent that i_s or

L Al , _ .Of._ conprises
(Vi) teshgialisation BRI whichgaif frhi(dipubstituted-amino)-1,9-
(di gapbisnally stibstitatetaph)er®itiagin-bdaumalichipride salt, 8, is recrystallised.
substitut ed)-phenyl -i mno}-3-(optionally

subgt j - I - - d] [ el - N ] J: t
815 o T s G A B e dle i gy ol Btk
- 107RcryRtaflisafien REMAVaES Fie refativgl cep! FesRiperaturgsRi? toRANC\bY|
R7 NAtljusting: the NHSo I r&lati@ly [oR7ABoD46803. R7TNB O = 3=0 R3NB
OHO46 0C(VlI) Reduction (CR), in which the product

of ' ' Q ' t ] t

52 o e L Sy kel UEatR b Bl p i che AR Bl
pur faMResRtpERs 4P 9 @G eri oni c inter nedi at e (I APCZI), in
which 5 said [4-{2-(thiosulfate)-4-(disubstituted

gzam Aginetﬁoi @Péy!nﬂﬂa@is' atcsrditpttb tiair 8) e elthe relatively cool
i m - 3- [
sub% i%eu?te'%%@gg‘lﬂo D a2, 5. di enyl i dene] - N, N- di subst i tu
ted ammonium 6, is isolated and purifi ed;

84. A method of synthesis according to any one of claims 81 to 83, wherein the

relatively low pH is 0 to 2.

85. A method of synthesis according to any one of claims 81 to 83, wherein the
relatively low pH is about 1.

86. A method of synthesis according to any one of claims 81 to 85, wherein the pH is
adjusted over a period of 5 to 30 minutes.

87. A method of synthesis according to any one of claims 81 to 85, wherein the pH is
adjusted over a period of about 10 minutes.

88. A method of synthesis according to claim 80, wherein said recrystallisation is
recrystallisation from water at an initial elevated temperature, in the presence of a
chloride.

89. A method of synthesis according to claim 80, wherein said recrystallisation is
recrystallisation from water at an initial elevated temperature, in the presence of
tetrahydrofuran (THF).
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ring closure (RC), in which said isolated and purified
[4-{2-(thiosulfate)-4- (disubstituted

W@Ri0n0328@ (opti onal |y PCT/GB2005/003634

90

substi tuted)-phenyl -imno}-3-(optionally 10
substi tut ed) - cycl ohexa- 2, 5- q'gbenyl i dene] - N, N-di substitu
d

ted anmonium 6, is subjected to ring closure to give

a 3, (-hi ' it -.a[m,no). - - ionally
-subéﬁ%?"&?sf’é%')s?fé?‘%%‘8&%29??}5@% %lﬁﬁ}gs‘gﬁ itg.' @ér RO RL R9 RL

I N\ Wiresyigtom(NOS)AB which aezNAL-fisubstifiagnd-oRtignatly gubstituted
R7 Nhilg 80 1R3 MEnifRySyR t&B Ry ide Said NXO-disGbstiiltedi3deptionalty substituted-
f or pRticRM dnffRE) 2: 1 N which said

3, 7-bi s(di substituted-am no)- 15 1,9-(optiq
substi t ut ed) - pherdt hi azin-5-iumsalt, 7, ig reacted
with chloride, t give a

3, 7- bi s(di substt uf ed- am no) - 1, 9- (opj}d ona
subst i t utggd) - pH i hi azi n-5-Tum cHht ohge
Rl RO Rl / -~-R7NAI3NAR7NN\|7I.SNR3NANS
N/ R R7NB O/#8NB 17NB O 13NB 7 X0 8 OR'&  sul phi de
t r eat ment (S%, yn which said 2

3, 7-bi s(di substituted-am no)-1,9 20 (optionally

substi tut ed) - phenot hi azi n-5-iumchloride salt, 8, is

t reat ed nitro$y! sedustivrptiNR)ein wiisrpadB/Nydizggituted-3-optionally

S\’hC_T é@ﬁ@%’-&lﬂ%@% anilib@82, ¢ @ANESd t@ﬁbﬁnﬂ@?iﬂ qlxnr\é(dﬁbstitht@d-1 4-
[ [ . 7-hi ; .am no) -1, 9-
(op%?gﬁ‘g’l'?gégou%@f ?é%‘egg %;%%@g% azi n-5-iumchl ori de

salt, 8, in aquegus solution or suspensioRf, is
shed wi th) an organig.soNNgnt ;
), in which sai7
3, 7- bi s(g('m\ubs ed- ammmo)=1,"9- R Iy
substi t ut ed)’Nphewnot hi azi n-5-ium chloride salt, 8, is
recrystal |iséﬁhh wherein: each of R amd®R9 is

i ndependent |y sehected from -H Cl1_4al kyl 3

C2. 4al kenyl ; and hal ogenated C1_4al kyl ;

e

recrystallisati

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:

9

R

, "
NH,
NF, $,047
7NA - R7NA\
R \N lrl ?
lL N R7NB o:?:o
3 4 ©n

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-
(disubstituted amino)-6-(optionally substituted)-phenyl-imino}-3-(optionally
substituted)-cyclohexa-2,5-dienylidene]-N,N-disubstituted ammonium, 6:
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each of R3NA and R3NB i s independently selected from
Cl _4al kyl; C2_4al kenyl; 10 and hal ogenat ed Cl_4al kyl ;

we2awha/0387R7NA and R7NB i s i ndependently sel ect BAI/GBO0US/003634

Cl. 4al kyl ; C2_4al kenyl ; and hal ogenated Cl1_4al kyl ;
and X is one or nore ani onlg?:ounter ions to achieve
el ectrical neutrality. Oi A nmet hod of synthesis
according to claim9Q, wherein said organic solvent is

di chl or onet hane ( 2, DCM. 92. A nethod of

synt hesi s accordin claim90 or 91, wherein said
recrystallisation recrystallisation _fromwater at

a relati i@y cool ,\ﬁﬂjre of 10 to 30C by 2B

adj usting\thaypH to a rqlatively |ow pla . 93.
A net ho synt hesi® adlor di ng to an @ of s .
8R™0 sher ei N sai-d—reeryst & | hgat Rgrhpeiudesy, R

subsefuen dr%/l ng of the recrystallijsed
25 **3m94. Ofgmehod of purificati onRIf a
3, 7- blS(dISUQﬁ-ﬁItuted amno) -1, 9- (opti onaII
substit ut46d) phenot hi azi n- 5 [ um chI orl dée sa%), 8,

From ' 50 ReEMpeRGioIER it iRRage Bredli e e douping (00)

chisbep dresigd fo @nvertresisealGH WD I SEWY-  or gani ¢

extracti |9dsla(<ﬁ£and pmlflmﬁnwmf gwitidriohit orterdedidd (JAPB®ZI)| in which

aq U R- {%9( tHigduRBte QRdl%éﬁ%?iﬁﬁéd %moé% -(bpiRAbAFsWstitiited)-phenyl-

r eaﬁvzq}%@ﬁ%ﬁoﬁ%q%ﬁﬁ%ﬁ%te@ %‘?{a\seh AGVidensi Ny dsgpstiveed

8, armeBRY &t islisqlaiediand puifiedat ment step, sel ect ed

f rom 3irgudigdure (RCY, eawinemsaid $bjated andipurdied $4{24(thiosulfate)-4-
Lgfshgﬁlt%btamlr% )-6-@p ﬁc‘fr?aﬂ? gtbstiitdd)- @eﬁ%llﬁmo@@ (0}9I lonally

0 TR G522 BB W g Bl

di ristojpetadt tPHi“é@&sb@rfﬂtgé’e a4 i diswbstifuted-amimo)( @rQOPtIQr}?"y
\/\hlsﬂbsstaterdl)-phdamtmldnn@aum saB,7:is treated 40 with a
and g8t hyl enedi am net etraaceti c_acid 1

in which said chlorld salt, B, is

byl enedi ami net et r aacet i c PTA)

wWo a&%/ 032879 PCJ(,GB20 036- A

Say (RX), in whRi Chysard-chiorige~y-R

saI ﬁ,NBS d_s? gcrystlalsti sed;  organic ¢xtract%§ ( OE) ISNB
d

precl BI tat eT @

Z

#hi ch sa chiofide salt, 8, i'n agBeous tion
or susp@nsian, is treated W|th (e.qg., vvasH’e th) an
organi c solN¥ent; and recrystalli sati on (RX), in which
sai d chl gndritie satlidrmalion (GSF)eRWEEHRSdid STbis(dBsubstituted-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)-phenothiazin-5-ium
chloride salt, 8:

\
R™MA_ RN T R™MA_ ReNA
7NB 3NB

7NB SNB

7X® 8@

sulphide treatment (ST), in which said 3,7-bis(dlsubstltuted-amino)-1 ,9-
(optionally substituted)-phenothiazin-5-ium chioride salt, 8, is treated with a
sulphide;
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95. A nethod of purification according to claim 94,
conprising a step of: a treatnent step, selected

wo ear03280d phi de treatment (ST), in which said B¢T/OBR@SE/003634
salt, 8, is treated wth a sulphide; 1 b
di met hyl di t hi ocar bamate tregpgent (DT), in which said
chloride salt, 8, is treated with a

di et hy! g ggnbgltw Wy b%g’lﬁg{hﬁﬂ% I3, ARk ERM e drmirloft1,9-

h sal
oo ERHARY s RSB CPBRLS 7l B b Rfiieous solution or
t r esuspensior, Emrﬁm)ed with (a4gi, svasbed dith)1# elghoicisdvestal t, 8,

| s treat pérstdlifsaabMRONRAIREA H8Y etwaa(@ehbemuteeia%mo) 1,9-
acC{%oﬁélly%ﬂb&ﬁ&%ﬂf@%noth?aaﬂn & Jﬁ?tchl%ﬂd?galp '8 |s rle&?gtﬁfﬁged

Pein
treatmen he'§ify i n which said chI ori de salt 8, iIs
treated edchofR' arel RUs pldependently Setected frotherdt @ifsalkyl; Co4alkenyl;

pur hhd RAbyeHAtALCQflkyng t 0 claim 94, conprising a step
of - or ga@ééﬁ cﬁ)ﬂm’agﬁd ﬁﬂ‘a st%epénGem;)} scehe&@d ﬁjorﬁh&) a|k9IeC2 salkenyl;

uspensi on, '

al t ou
tre%%%'%?r}?t%g alky{Nashed wi th) an organic soI vent .
25 98. AcanitdfdR(VdanchRP P is inderiepdentyceplattertfraro: GLalkyl 84;alkenyl;

Comd Balbgerritsd €R,aMyl angecrystal lisation (RX), in

whi ch sald ghl ?Ir hE& Sfdic co%’ngir?or{s% %ﬁ&@é EIsgt?gal netralty.

nmet hod of "purification accor
conpri si ng the steps of, in order 30 a treatnent
91.st efy metdcbofi ydthesisraccarding e dlaint Peavimazein saETgrganio selkent is

sai glciiblonfdtihes@H,Cl,80CiM. treated with a sul phide;
d| met hyl di t hi ocar banat e treat rrent (DT) in which said

r eat ed

:Tgr i de a# IS
9. fofl o v thesis avRerting 46 Seish BB ALS s Whessin saidregrestyllisation i
in mnry@talleatlwn immvatereateaefatlvew caod termpesiatae ofviOtth 38°C by

car ffisting th@pH te bitberadbapHsteforaacet i ¢ aci d _
treatnment (EDTAT), in which said chloride salt 8, is

treated t;w ethJenedlamnetetraactlc acid EDTA)
B.or AN s%(mhe 934°98ing tyamy e Fairsisgio fepyhersin said
whi renrystalligation iociudes subisequedt divingaefdkoesrystiliised precipitate.
suspension, is treated with (e.g., washed with) an
organi c solvent. 100. A nethod of purification
according to claim94, conprising the steps of, in
order: WD 2006/ 032879 PCT/ GB2005/ 003634 - 110 sul phi de
94.t r ammthad ¢fpmyification wha Siv-biaidisubsiitetet deninet 1, 9-(@ptionally

t r equfbetitutd)-phénothiazin-5-ium chloride salt, 8, comprising one or more steps,
in order, selected from:
recrystallisation (RX), in which said chloride salt, 8, is recrystallised:;
organic extraction (OE), in which said chloride salt, 8, in aqueous solution
or suspension, is treated with (e.g., washed with) an organic solvent;
recrystallisation (RX), in which said chloride salt, 8, is recrystallised;
a treatment step, selected from:
sulphide treatment (ST), in which said chloride salt, 8, is treated
with a sulphide;
dimethyldithiocarbamate treatment (DT), in which said chloride salt
8, is treated with a dimethyldithiocarbamate;
carbonate treatment (CT), in which said chloride salt, 8, is treated
with a carbonate; and
ethylenediaminetetraacetic acid treatment (EDTAT), in which said
chloride salt, 8, is treated with ethylenediaminetetraacetic
acid (EDTA) or an EDTA salt;
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sul phi de; and organic extraction (OE), in which said
chloride salt, 8, in aqueous solution or suspension,

WO g00b/08mred with (e.g., washed with) an organi BCT/GB2005/003634

95.

96.

97.

908.

solvent. 5 101. A nmethod of purification according to
claim94, conprising the stgps of, in order: a
treat nent step, sel ect ed fr sul phi de treat nent

ST
o sul phivge BB, B B8 ot oo, B ReEbipiBe)
in whi cHPreani ezsimqslpn béﬂ' which gaidichlorifie §al6 $. i aquegus solution
di netsugpetisidn, sdedbehwitie (e.g.awbsheatvith) pe atgesit sqIVER);,antin

whi ch S%er@‘sféhl@éﬂld?\eﬁF@@' ihwhibh dafi &HiGHRIcst, 8Yiid Fwystamsed
carbonate; "and et hyl enedi am net et raacetic acid

treatment (EDTAT), in which said 15 chloride salt, 8,

i s A metfiadpficriicaipR preardng dveiaist ¥4, CRRPERING 2 sken of:

(EDTA) oo trestmieDi step adellectafdom:ecryst al | i sation (RX), in
whi ch sai d chiggHigetreathient &T),ii$ whRA ¥Rl Midride@alt, 8, Iieated
A method of purifi ciﬁlgul ﬁﬁgordl ng to claim94,
conprising the ste P or der: 20 sul phi de

treat ment ( STdimefhyldithicsarbamate traatrmentd BTy AN wh'CB sajdchloride salt,
treated with a su8phirdatpd avtd ardiroethgitidhibcaabamate; ( RX) ,

in which sai deapbdritd f#8athrtht (CT8, in whidhessid/eighdel s5RU8, is treated
103. A net hod of eV fi ing to claim 94,

| n, accor di
conprising the step h%f:gr%oﬂé]tg’r%}éf 25 organl
extraction (@Wenw%minewtrgaqe@c@ﬁ'ﬂéﬁaa@erg FPTARB), in which said
aqueous sol uti on ochlgideEaiiss, dtreatsd witle athytEnadiamir(etetpacetic

washed wi th) an organiEDHlor aREDTAWAIL.
recrystallisation (RX), in which said chloride salt,

8, is recrystallised. 104. A nethod of, purlflcatlon

ac b rethey 4f pueticatian ggcordiparn ¢13iMmeft cABPESiBS S AP ofi n
order: 3Hiphider teeatment (S39,dp whishIsaictabtbritie satt, & id jpdatetbwith a
tregigmiy-.(ST), in which said chloride salt, 8, is
treated wth a sul phide; dinethyldithiocar bamat e

treatment (DT) n which said chloride salt, , IS
t r anetag Qflﬁ’uﬁf"?ﬁt'ﬁ%?ﬁ‘}ﬂr@'ﬂg i eJeiny $hsamerising a@éﬁpo‘ifn ate

t r eat mermrgdr@d gxtraatiomkOE) irswiinich s#iti shiodde salt, 8, inBquiesus solution

t r etsB8pendidnisdreatdDRIRLLy., Walhed with) an organic solvent.
et hyl enedi am netetraacetic aC| d treatnment (EDTAT), in

which said chloride salt, , Is treated with

et Hy Metdi of RrHigadien asesding to %l%'FbQA( EPTRIISIBY 2SEPEPHTA
sal t; 40emygiathsatloe1x(%,cn wiich (s@l8) ghlaridesalt, o iseictystallised.
chlorlde salt, 8, in aqueous solution or suspension,

' S A Fn%?'fo%ldofgﬂuhpcaglgn gccormg Ebeaalm éz{] )cor%Brlgﬁgﬂ'@ &eps of, in order:

a treatment step, selected from:
sulphide treatment (ST), in which said chloride salt, 8, is treated
with a sulphide;
dimethyldithiocarbamate treatment (DT), in which said chloride sal,
8, is treated with a dimethyldithiocarbamate;
carbonate treatment (CT), in which said chloride salt, 8, is treated
with a carbonate; and
ethylenediaminetetraacetic acid treatment (EDTAT), in which said
chloride salt, 8, is treated with ethylenediaminetetraacetic
acid (EDTA) or an EDTA salt; and
organic extraction (OE), in which said chloride salt, 8, in agueous solution
or suspension, is treated with (e.g., washed with) an organic solvent.

100. A method of purification according to claim 94, comprising the steps of, in order:
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recrystallisation (RX), in which said chloride salt,
8, is recrystallised. WO 2006/ 032879 PCT/ GB2005/ 003634

WO 2080328195. A nmet hod of purification accordi nBCT/6GB2005/003634

claim94, conprising the steps of, in order: sul phide
treatnment (ST), in which sai g%ghl oride salt, 8, is
treated with a sul phide; o? nic extraction(CE) in

uspen: BIPTAS FeaEnE ) o ey SR UTSR AR s fosied uith

g%H"H’*'ﬁd%@Went and recrystallisation (RX) i n which
sal d chl aganie estaadtion 8OE), 3n waich saidadhloride dalt, ﬂ)fh adieous solution
et fadisPénsiil, sl trezddd Wit EE owgsm \Mﬂh) &h drdBnisolvent.
conprising the steps of, Th ord recrystalllsatlon
(RX), in which said chl ori de salt 8,

10 e o yrathad ofpuidficalinn acaqydingte élam%tcogtpélﬁmg dfeq lepedf, in order:

from sud pbateent stepfsabetted ©&, i n which said chloride
salt, 8, is tdpHiedredricht @51?% Wﬂicﬂ%ald chloride salt, 8, is treated

di et hyl di t hi ocar bar@\t e té@ , in which'sald
chloride salt, dvmtha ) _ _ .

di net hyl di t hi dj@&trmftﬁloearbwa@atr@:ﬁyﬁaﬂté%,érawh@htsa(d@ryqude salt,
i n which said chl o8,iislFestat wjth &, dimsthyiditibesdbamateh a

car bonat e; an&r@&ﬂ“a‘lé ﬁ@ﬁ%eﬂf?dﬂ‘?hﬁ%%%‘id éhléﬁ’dedsalt 8 is treated
treat nent (EDTAT), sald, chloride salt, 8,

treated with ethy |‘%‘Hb%ncar#ﬁ°ﬁ%‘?e?’}daaceu c acid "' ?1
or an EDTA sﬁthylewlqmmetexaﬁ%qﬂﬁ@@lddfeaﬁuwtf(ﬁ%ﬁ b which said
according to cl ai ncHetidecsaltps,iistreafed vith stryfenedbminetetraacetic

orlder: recrystal Iéép@ (d%)é)., EDTA ¥4K gha sai d chl ori de
, 8, !
(57 1 iR z% B i P a4 R

a sul phide. 25 108. A nethod of purification

102accA mtéthirg:l dfpudfication @dcordinppe claimn@4,tdompsisiag sheodteps of, in order:

order: |d’e$ttr§éthieﬁﬁﬁ@T§’rln(Mﬁ?é}1 saldchiddelsaf 28, & §84t8d lwile a
sal tul recrystalli sed; and orgam c extraction
p'??w Pch said chloride salt, in aqueous

soI ut i onrecpystalisairmEXann whichy saichghler "{ﬁl%aﬁ ?és fecrysiplisredd
with) an organic solvent. 30 109. A nethod of

1030UfAfn#é¥ﬁ>6d &rbuﬁﬁ@é? bHiaB&orlifg & aqu 94, coR PRBiR %ﬁé"ﬁeﬁé"@f |n order

S e e e

st e?f suspensiane ip tfﬁ%?ﬁl W% u(epgn Wéshe\dé’ﬂ PréﬁPrS(aSB solyert.\@Afch
sai d chlreciydwllisatidn (RX), insvhichessicechlorBe sait} 8) isresuispdiisdd,

104. A method of purification according to claim 94, comprising the steps of, in order:

a treatment step, selected from:
sulphide treatment (ST), in which said chloride salt, 8, is treated
with a sulphide;
dimethyldithiocarbamate treatment (DT), in which said chioride salt,
8, is treated with a dimethyldithiocarbamate;
carbonate treatment (CT), in which said chloride salt, 8, is treated
with a carbonate; and
ethylenediaminetetraacetic acid treatment (EDTAT), in which said
chloride salt, 8, is treated with ethylenediaminetetraacetic
acid (EDTA) or an EDTA salt;
organic extraction (OE), in which said chloride salt, 8, in aqueous solution
or suspension, is treated with (e.g., washed with) an organic solvent; and
recrystallisation (RX), in which said chloride salt, 8, is recrystallised.



di met hyl di t hi ocar bamate treatnment (DT), in which said
chloride salt, 8, is treated with a

walesenspgrdi t hi ocar bamat e; car bonat e treat ment ¥CUGB2008/003634
whi ch said chloride salt, 8, is treated wth a
carbonate; and 40 et hyl enedhalm net etraaceti c aci d
treatment (EDTAT), in which said chl oride salt

105! S0k Skl b S BB AL peL Sl aRes &@%%%m
-112 or @a‘lﬂhtdeéf&%tfa@@tl (8. (rophichisgid |°<5' esaft.$. lﬁff?ﬂt?qj\é“

salsulphflle; i n aqueous sol ution or suspension,

tlflgat 20' d"?érﬁc éﬁra&tllojr; g@éﬁgfk?/ﬁg%ﬁ gald ARloAdE 84N, B, mcslqweams solution
5 CorﬂSrSF§H lophlg%fselageg &}(Ceq - Vas é%ﬁjéﬁ]grgtaﬂlc‘goﬁ)em %ﬁd
r ecr yst deerystatisaien(RX),,in Wﬁ'OW‘ﬁa@fPhé%dS sl &g gervstallised.

8, is recrystalllsed sul phide treatnment (ST), in

106Wh'A3E1 gﬂd lﬁl:ra'tlgl"‘r‘ a8@rding & clhifn 94, @8inPHsiMG tHe Aeps of, in order:

§ﬁ| gr, déégrgﬁtﬁlllsg nQﬁ%&eﬁgfhﬁgt gq‘c&o%le sa|(§?8 grlse%@stsaﬂfsgd and

10 i s treataiieatment §t@p @elecﬁﬁgﬁéﬂ wi th) an organic
sol vent. 10 Isliphid® tretinent (ST), pruwhfchealdlcdﬂiorlde@ekcﬂ iectreated

claim94, conprisigeh 4 Bgpmteprs of, in order:

LTI o i A B FALTSED g
a sul phide; 15 di nfefshieaipd with 8 lipetdtithiecashamatfi (DT)
15 in which sai ccatidrzie teateaht (CT),9n wihichtsaiachdatidgisah, & is treated

di met hyl di t hi ocar bggps earbeRdtbosRt € treatnment (CT), in
whi ch sai d gﬂ% @I?ﬁel S%%ﬂetrgaceln? {:ldetl%taﬁﬁ nt\(‘EH‘ f‘) in which said

car bonat e;

treat ment (EDTAT), Ch"ﬁ'dﬁlfﬁaghs isaQr%ate@gylti&ﬁ rwppa@a@g]egetragcetlc
is treated with etdojd @i¥A)aman&E S rsalicetic acid
20 (EDTA) or an EDTA salt; recrystallisation (RX), in

107 me@wal qfr%glg c?ag ralhg ?d %f‘n ‘}512? %@ﬁg}lghf 'tl%e%epsa&dm order:
8. gL.gn - Jesusalisaha (%%m I el T e SalteD. 3 ket e
(e.g., vediide Wdthn)en'e(ﬁTmrngamcb saigl mue sal, 81 iptreated with a
methpghigd, purification according to claim94,

95 conprising the steps of, in order: sul phi de treat nent
(ST& in which said chloride salt |streated it h
1084 il %}4 In order:

e¥cR!PUFitication eaeqriag {q Gl %ocompﬁs'm tharsters
chl or i deresp/stallis8tion (RX) o Mymeaaid chietidezmal, 8, is recrystallised; and
organic extraction (OE), in which said chloride salt, 8, in aqueous solution
or suspension, is treated with (e.g., washed with) an organic solvent.
30
109. A method of purification according to claim 94, comprising the steps of, in order:
recrystallisation (RX), in which said chloride salt, 8, is recrystallised;
a treatment step, selected from:
sulphide treatment (ST), in which said chloride salt, 8, is treated
35 with a sulphide;
dimethyldithiocarbamate treatment (DT), in which said chloride salt,
8, is treated with a dimethyldithiocarbamate;
carbonate treatment (CT), in which said chloride salt, 8, is treated
with a carbonate; and
40 ethylenediaminetetraacetic acid treatment (EDTAT), in which said
chloride salt, 8, is treated with ethylenediaminetetraacetic
acid (EDTA) or an EDTA salt; and



30 organic extraction (OE), in which said chloride
salt, 8, in aqueous solution or suspension, is

wo e@anzs7ni th (e.g., washed with) an organi c sPCTEBR005/003634
113. A nethod of purification according to any one of
claims 94 to 112, wherein sajgd organic solvent, if
present, is dichloronethane 2 cl2, bCM. 35 114. A
met hod o ri i ' I.ng: ! [ ;
04 o 1198 ekufdoh 10E7iF Ry e il 2%, i adiledl.bBoluion
r e CONEYERENSIU 1S 9Ated WD (8- Wagliedqvithd PROrqatS Syt
tenperature of 2 to 40C by adjusting the pHto a

110. €l Ahetifdd/of puirieddoRTacedrding t6 claf? 94, Jdomphisimg tihesteps of, in order:

purificat] j ] [ : rei; P
el at i varcreBsaibLlrad, bt it 8! fpodibtaise
2006/ 03 28RN greeimenb 008 8ich said dhlaridg sl Bt figatedpith 2

pursuiphide;iand according to claim 114, wherein the

r elt ﬁt ' Veérﬁaﬁi@%!{xtraét%ﬂﬂ@EﬂtwMich%a@bﬁhlﬂridgﬁ@rt, 8l IWaquous solution

met ho rific cco : Y, ai ms

TR 8t Bl G REMIR it BMengits ey, §

2. 118. A nethod of purification according to any one
1110f Abhstin dfprificatibhGccatlipged nlatnin@4, qosipdising dihey stepsvoip I order:

i s about g freathtbnl 3Rp, LidBéd@smof purification according

acj ust ed. over SR Tt BTty VHRGE, Qubiep . giSteatea

adj usted over a" perio ! mn

met hod of purifi catitha s4®bErdi ng to any one of clains

114 to 118, whierethyidithivearbeimatsstreatinest @J).00 ahich saist ¢hiafide salt,

of abg_ut 1? M nut eg, is ¥reatéd WithA diRkirgRitRibcaBambiecat i on

according to 94 1. - n

ohi o e sal ot ulyferflB. Rfurich SR bR EieTe.irbated

purification accorYitthg CBPORAY: 8t of claims 94 to 120,

wher ei n sai d etb@leoedianingtetraatatic a@jd traatmma (ERTAThlin which said

provi ded as MedexThidide saft, 88 freste@ivith &thyidrediahfitetraacetic

according to any OQ&dK’}ﬁ%fA)adr% %Aganlzo, wherei n said
initl

chloride salt, 8, IS [ ] a dvi ded as Urql ene
Gl ol 1) ress/siatisation [RAINGANTRh St PHPIAS 320 Bols CorMRtslls hgand
any one ofgasicaixtrect@n (OE), i ohichiseidedhtoridaisalt, & fin ayueggs solution

sal ér, supehgioMirédted vith (/g Phvayheieitd antdigarid sshasit. of a

nmet hod of synthesis according to any one of clains 1

to 93. 30 125. A di am nophenot hi %i ni um conpound of . '

113. heAerﬁthQﬂ,\pfr@mflgqtmp&pord texclaim R\ comprigigiAhe stepsRiaingerder:
sulphide treatment (ST), in-which said chloride salt, 8, is treated with a
sulphide;

recrystallisation (RX), in which said chloride salt, 8, is recrystallised; and
organic extraction (OE), in which said chloride salt, 8, in aqueous solution

or suspension, is treated with (e.g., washed with) an organic solvent.

113. A method of purification according to any one of claims 94 to 112, wherein said
organic solvent, if present, is dichloromethane (CH,Cl,, DCM).

114. A method of purification according to any one of claims 94 to 113, wherein said
recrystallisation is recrystallisation from water at a relatively cool temperature of 2
to 40°C by adjusting the pH to a relatively low pH of -1 to 3.

115. A method of purification according to claim 114, wherein the relatively cool
temperature is 10 to 30°C.
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R R/NB @S 1R 3NB wherein: each of R and RO is
i ndependently selected from -H Cl4alkyl;

w@200dmbisenyl ; 35 and hal ogenated Cl-, al kyl; eB€ChGB2005/003634
R3NA and R3NB i s i ndependently sel ected from
Cl_4al kyl; C2_4al kenyl ; gal ogenated Cl1_4al kyl; WO
2006/ 032879 PCT/ GB2005/ 00361 - 114 each of R7N and

7N

1165 8 hdnb BPRHIERI decB R St O witheIhdiaately goo
or f?ﬁ?r@r%%f%'ﬁlat?o%?tﬁn?er i ons to achieve el ectri cal
neutrality; obtained by a nethod of synthesis

117&0 CAMtAEd bPp@iikatiiiCacebrdiilgat By bnk f 83ims0114 t8 1@@@%&@9 the

cl aélémggqg”%hg%b%l cat 1 on ‘accor ng to any one

26. A di am nophenot hi azi ni um
conpound of the follow ng fornmula (MIC) obtained by a
118ret Aooktbéd sipuriiiestion awcomingi togny onanj/claine 14 tol1dsmeherein the
to &fatively lowkHas agsutdy a method of purification
accord| ng to any one of clains 94 to 124 / NL\
CCD M M 10 12

1 1%. aﬁ%i&% %F?‘Hlf'ﬁ%tl%‘u AFRPEBIIO @AY OB 96¢larrﬁg1 1ddo dr & whereip the pH

or s2@ljustelovey agperipdiof § fo 3F mgnuésst er t han 98% 15 128.
A di am nophenot hi azi ni um conpound according to claim

120125A(?rlieﬂ]rgc§5 er;nﬁ*ﬁhﬁ%naaccgrﬁrn tg ao)(I ﬁ%—g g cté%l{mal ﬂgq? 3?{ | 1er21}$|n the pH

Fazium ¢
125'30‘?}d | OV @i PREO% Of Fraut Q"H?U%eat er than 96% 20
130. A di am nophenot hi azi ni um conmpound according to
121c| apmekR&d oF p&ﬁ@atuoh%‘ébdﬂﬁm to BHY bhed odlaifs@Att6 1 2b r\/Wibreln said

95%n1diRik phenot hi azi ni um conpound accor di ng
to %hr% one b? 'gimﬁs 125 to 130, 25 having |less than

2% Azure B as inmpurity. 132. A di am nophenot hi azi ni um
122 onf ongtbiochefonrrificatipntaccerding dmenybne bfailaims D250 t120, MdErein said

havirgrideasss, 8aMTR/nfiaW sroRdéd as Medex™y. 30 133. A
di am nophenot hi a2| n| um conpound according to any one

of cl ai s 15% hawng | ess than 4% Azure B as
123 n,pémqttgpd of puri lcatlon accordmg to any one of claims 94 to 120, wherein said

chloride salt, 8, is MTC initially provided as Urolene Blue®.
124. A method of purification according to any one of claims 94 to 120, wherein said

chloride salt, 8, is MTC initially provided as the product of a method of synthesis
according to any one of claims 1 to 93.

* k *®

125. A diaminophenothiazinium compound of the following formula:

B R’ R ]
N
R7NA\ ~ /RSNA X @
N ) N
|L7NB @ I 3NB

wherein:
each of R' and R’ is independently selected from: -H; Cy_alkyl: C,.4alkenyl:
and halogenated C44alkyl;
each of R*™™ and R®\®
and halogenated Cq_4alkyl;

is independently selected from: Cy_4alkyl; C,.4alkenyl;



134. A di am nophenot hi azi ni um conpound according to

any one of clains 125 to 133, having less than 0.13%
woBMeasrnpurity. 35 135. A di am nophenot hi azi PCTIGB2005/003634

compound according to any one of clainms 125 to 133,

having | ess than 14% MBV. gﬂ dnpurity. WO 2006/ 032879

PCT/ GB2005/ 003634 - 115 1

di am nop ()% 8

of clains é%%ﬁ%gﬁ Zalfgé:g I%avr ﬁHﬁk?e t@l%gl‘reﬂgrohg% %@ﬁ”@z alkenyl,
i mAneinajegenated %@”‘ﬂn@"ﬁ’ophenot hi azr ni um conpound

accor di ngistaneamynare @niohicalorntesions > achiavgalectioah nettralty:

an (ﬁlteﬁrﬁ@ﬁﬁ)aé $ndthidd 6f)éybtﬂb§r§écédidﬂﬁg tdeényEsHeodTeRims 1 to 93; or

d| a noﬁﬁ@)ﬁ%ﬁeqm of. pumréa%zm a&gbgdrn@to arg/ one of claims 94 to 124.

i"aZzl nium conpound accor to any o

of clains 125 to 136, haV| ng an el enent aI S purity
126betA diamiduphetotbiazinivescerhgoubdrof fednllowing fennoledMTE) ( EP)
' l mbiaﬁnedey 3 3fbthd FTRQAIABSIS Ubédtdihg tadyedneOst s ulte 93; or

::%? rﬁodq %&%8} gls?oosoqg)uﬂﬁca?]ora %8cog¢ |ﬁ@"tcp£’rﬂ;'@r{%zgyla€i'rﬁ% gé Y824

15 and a phar ceutlcally cceptable carrier, diluent,

or excipient. |140. A pha cal tapl et or capsule
conprising 30(tp 200 of Mgp e@ i azini um
conpound acco dlh@N o} .n ne of to 138,

and a pharnaceutic IIya eptable arr er di l uent, or
exci pient. 20L141. ?\ di am nophenoltVI i azt ni um conpound
according to any one of clainms 125 to 138, for use in
a nethod of treatnent of the human or ani 16 bzoﬁlé' bg,

127t heh diggninoppgnothiaginisi GRIPPRAGATFALI i ﬁ\a%ﬂg Qh {26, having a
ac qurriti ofgréatesthgn 88%. of clainms 125 to 138, 25 for use
in a nethod of treatrrent of a viral, bacterial or

128%2%; gzoal gr?ngtﬁ\aarnﬂrfm o&%r%gor%rn Q'Cfmrlr 199 gyﬁ’é’ having a

Pensthirazi vi um conp
ac oBH i efpreafenthan §he- of cI aims 125 to 138, for use in
a nmethod of treatnment of a tauopathy, Al zheiner's

129}‘2| II \57@aéﬁrnoﬂ%notﬁrﬁzﬂrun?’@orﬁ}f%l,fﬁfaCﬁmir@ﬂ@mrm ngslat ﬂ%6 ?a@gg a
0 us o e human or anima ody by
By e tn S5

“a di am nophenot hi azi ni um conmpound
according to any one of clains 125 to 138, for the
130manAl timotinopheobthi@zimoi cempeundfasconding t glailnd 2% peh26Grdaving a

Of ﬁurw 6reatdPthBA@b® i @l or protozoal disease. 145.
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132. A diaminophenothiazinium compound according to any one of claims 125 to 130,
having less than 3% Azure B as impurity.

133. A diaminophenothiazinium compound according to any one of claims 125 to 130,
having less than 4% Azure B as impurity.

134. A diaminophenothiazinium compound according to any one of claims 125 to 133,
having less than 0.13% MBV as impurity.

135. A diaminophenothiazinium compound according to any one of claims 125 to 133,
having less than 0.14% MBV as impurity.
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A pharmaceutical tablet or capsule comprising 20 to 300 mg of a
diaminophenothiazinium compound according to any one of claims 125 to 138,
and a pharmaceutically acceptable carrier, diluent, or excipient.

A pharmaceutical tablet or capsule comprising 30 to 200 mg of a
diaminophenothiazinium compound according to any one of claims 125 to 138,
and a pharmaceutically acceptable carrier, diluent, or excipient.

A diaminophenothiazinium compound according to any one of claims 125 to 138,
for use in a method of treatment of the human or animal body by therapy.

A diaminophenothiazinium compound according to any one of claims 125 to 138,
for use in a method of treatment of a viral, bacterial or protozoal disease of the
human or animal body by therapy.

A diaminophenothiazinium compound according to any one of claims 125 to 138,
for use in a method of treatment of a tauopathy, Alzheimer's disease (AD), skin
cancer, melanoma, Hepatitis C, HIV or West Nile virus of the human or animal
body by therapy.

Use of a diaminophenothiazinium compound according to any one of claims 125 to
138, for the manufacture of a medicament for use in the treatment of a viral,
bacterial or protozoal disease.

Use of a diaminophenothiazinium compound according to any one of claims 125 to
138, for the manufacture of a medicament for use in the treatment of a tauopathy,
Alzheimer’s disease (AD), skin cancer, melanoma, Hepatitis C, HIV or West Nile
virus.
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A method of treatment of a viral, bacterial or protozoal disease, comprising
administering to said patient a therapeutically-effective amount of a
diaminophenothiazinium compound according to any one of claims 125 to 138.

A method of treatment of tauopathy, Alzheimer’s disease (AD), skin cancer,
melanoma, Hepatitis C, HIV or West Nile virus in a patient, comprising
administering to said patient a therapeutically-effective amount of a
diaminophenothiazinium compound according to any one of claims 125 to 138.

A method of inactivating a pathogen in sample comprising introducing into the
sample a diaminophenothiazinium compound according to any one of claims 125

to 138, and exposing the sample to light.

A method according to claim 148 wherein the sample is a blood or plasma sample.



