WO 2011/ 036561PCT/ 1B2010/ 002543 1 Process The present invention relates to
a process for the preparation of substantially pure 5nethylthioninium

chl ori de wenvalgessat e Form A. The present invention al secraBzuesosss t he use
of the so prepared Form A, preferably in pharnmaceutical conpositions.

Met hyl t hi oni ni um chloride (MIC) [Methyl ene Bl ue:

3, 7- bi sdi net hyl am nophenazot hi oni um chI ride, Cl161-118CI N3S, 319.85 g/ nol]
was prepared for the first time in 1&78cqSPhe Merck 10l ndex, 13th edition,
Merck & Co., Inc., 2001, entry 6085). Various synthesis nethods are knovvn
and have recent| y been summari zed in WO 2006/ 032879. This publication
descri bethg pressipeatiasrelatestod proeess fpr e ivsrpamtionrt subtentialnaeer sol uti on
by a@" nae&@&m.ammqrrpémﬁrae p%ﬂflah%rlété”'lgorﬁht ke Fl%@bﬁ&tlﬁ\%n%% blodblafds t@theer at ure
of 100C, not suitable to avol ration ofr MIC pentahydrate. WD

2006/ 0328E0fineso BieppEd Féffﬁmfe@%'ya'bﬁh@feac%tﬁ@' eAMPRSItI®PFene 15bl ue, which
i nclude the use as a nedical dye, as a redox indicator, an antiseptic, for

the treatment and prevention of kidney stones, the treatment of mel anong,
mal ar i a, Mgthyiionipipeceieside (Mdfd [WtBYiGW@Wes?' ditisdipgethylpminaphgnazodiciedn used

as an OXérﬁbr?’de”@wﬁQs@?Nﬁ%qg% FRoRaé BRIp8rddTor e ﬂstt‘%ﬁeQrfM@%(WeWérbl? and

ani | i ne poi son nown to exist in the form of drates. For
exar o, Idiie 87 6o Ml dueo it 2907 1w 6B Heians SYBINAEs PHAIDOSTRE® rmy
contain V\Fnoar%%é’v\é@é@erntl{/ EE&*@U&%E@&&QHW@%@%/@@?@?Q Ehl@@b@éﬂaﬂn BeRbed 997] .

Structures with fromone to five nol ecul es of water have been fornulated in

t he |it eingxamplel 16 are-gysiallization, of VT drema veder solutiogy agging teteahydrofyan dson,
Texti by ar%bloff meqsa&eé %ar?d?At A teARefet&h- of Tb@’o‘ %nantlaele t@favad Héwwskroaqt e has

apparentl f ound ﬁ\igea accegtance . ck I ndex,

edition, Of?/\M Gl@emawﬂrate} 206503287 @ﬂwtﬁegs]numhsm@p"cqtﬁng °E’I“S¥hbﬂ%s
al r eggly sluwm.@fimeiea@tﬂem £, meaics o%oas ﬁ%o&hﬁilm&swﬁhtﬂdeﬁtléd&(&ﬁ@“ on of

wat er by MIC proposed instead [H. Wale son, J. Am Chem Soc.

45 ( 1923tfeaif615'7t ar@ W?VGN?&P@ Phk'dGGWQ;JeSL\B\&H%ﬁ?@efﬁ "If-lmei?é\.‘?ﬁ@r ma}?r'i'él vel 71 (1946)

29-31] . .%%cﬁ&qsdaﬁ&mzhem?eIdxseayéirmt@hsbargo Baen b@&ﬂa§£}ﬁ6>€1@ihﬂ? ge@t dnd et ai |
is the enta’&/)drate of .0. Warwi cker, J. Chem Soc 5) 2531; H. E.

Marr |1]an3nt tGSf‘é'v%ﬁseqf/l f@lﬁe@nd@@t"aeepgsgﬂmgszg (1973) 847] For this
hydrate, even single crystal X-ray data are available. It consists of

n- st acked_col ums of net h | t hi oni ni um cations that are arranged in EI anes
35pe3fope nWiT s kpownptorgxist in R farmyef hyAEates: 7ot BamPle dh&klukd calBlogbe siatesy

chlori devér?§§né¥éﬂe}r@§ﬁ%€MTb%¥\F€dhtélh@E@o b2osSialer [MIRE TAYaI6NR TI7oMIGEe | ons
are concentrated in_planes al nost WO 2011/ 036561PCT/ 1B2010/ 002543 2
Fluka Chemie AG, 1997]. Structures with from one to five molecules of water have been
formulated in the literature [J.O. Warwicker, J. Chem. Soc. (1955) 2531; G.F. Davidson, J.
Textile Institute 38 (1947) T408-418]. The formation of a trihydrate has apparently found
25  widespread acceptance [e.g. The Merck Index, 13" edition, Merck & Co., Inc., 2001, entry
6085]. However, this claim was already disputed more than 80 years ago, and the non-
specific adsorption of water by MTC was proposed instead [H. Wales, O.A. Nelson, J. Am.
Chem. Soc. 45 (1923) 1657; C.M. Martin, J.W.G. Neuhaus, F.H. Reuter, Analyst 71 (1946)
29-31].
30
To date, the only hydrate that has been characterized in detail is the pentahydrate of MTC
[J.0. Warwicker, J. Chem. Soc. (1955) 2531; H.E. Marr Ill, J.M. Stewart, M.F. Chiu, Acta
Cryst. B29 (1973) 847]. For this hydrate, even single crystal X-ray data are available. It
consists of n-stacked columns of methyithioninium cations that are arranged in planes
35 perpendicular to the a-axis of the crystal. The water molecules and chloride ions are located
between these layers, whereby the chioride ions are concentrated in planes almost



perpendi cular to the water planes and parallel to the axis of the col ums.
The chloride ions are coordinated wth three hydrogen bonds from 3/2 water
nol ecul eswoRoessesiol y t he sanme structure was earlier attcirhBtrdodesza
tetrahydrate [WH. Taylor, Z Krist. 591 (1935) 450]. A phase transition
bet ween the pentahydrate and a second pgl ynor phi c form was descri bed to
occur near 30Cin a OuUS suspensi on E W Bodman, S.P. Kodanma, P.C Pfeil,
R E St ewﬁ%nd@lar@lgmwgﬁgplam&%ndlnzare' torhe gigof therrolusanso hhe CBlPFISIRES al so

obt ai ned,R\o¥aRHHEY Wity infs I%fdrédbh RPAL HBHE/ 2 WatetindiQ@rast enperature, and its
wat er content was indicated to amount to approximately 1 nol/nol. 10 MIC is

typically obtained by re-crystallization fromaqueous sol utions, whereby

NaCl or H‘éhumamylaee méra&rb%reame‘ﬁaﬁmm foi 4 tétrh teWJi Ofaylof. Z Wrisgt . 91
(1935 450 Chem Soc 1955) 2 H. E Fierz-David, L.

Bl angey, t@ﬁééhﬁ?d 2 P'M%é@é@@gn 8etwsge f%@?ﬁ(t%nmgﬁte PRt érS§e AR MARRIC YK
1949, p. wadddscAdddto 65'&6r ma@uect .rpéqdebes S@spehdisi [ . BalimaA, . BCRBEANAP.C.

noti ceabl e ampunts of excess res a subse uent dry

e o oy BaBleyage. HoCBoRnEta DAt 2 Lioon ST Thesacond romwas Aaohbbatct of

vel | def hygsusinriphg @mhtarp)éntaﬁy@ﬂateaa rorR trpdylfurd) @Rk abwakaricenteaf Wadh, by this
purification process. The t hernodynam c stability of hydrates is al ways

a funct|'Bﬁ'cétﬁdﬁ‘éﬁ’ﬁ‘éi”é{ttﬁ?Bpr&ﬁ'ﬂ‘aﬁ@}’é\th)’é“C’iOhum dity. Exposing a hydrate to
tenpgyature and relative humdity conditions outside its stabili ty dorral n
may result in its transformation into other forns. The SOIIEegyta rmof

a conpouMdCiigtygically ekipinedpyre SLWE@"‘FBW”HFP&? ABRAYS |58%EF'°"<’33pt5‘1hF may
i nfl uencgay be a@b&lnoqahera&cl.:omm RH. %ﬂbﬂ Iz kbfst0§1 (1@35%511@0@%&@&@# Jand of

its 25fornul ati ons har macokj net ics a

b oaual | Ghem: 06 (16550 AT LLE WEmriRiic Lablanonie FLaHEBENS) ARossses 2T O an

i nfl uenC@n@n/sWen@fycreaeé Mlm&lﬁk @é49 pe3arct31g. mra&mut fheae-chigdiiRdiient .
The resent .1 nvention

r oduci rocess f th
or epbt at SeANAIBT Naiseabe @ n@q?;?xg%ﬁsav%wucﬁﬁ BER b SaeRT SuP G SPahydr at o

Form A, whéstigatichs Hae 3RGWH B4t its diﬂlculﬂdikﬂitélh alprodietibedildetined B®ichlosatry!
i nvention further oVvi des@gé) E__cess iich results in a Form A content of
Mt g

at | east SUBASH PYRI pert;? oM &y by %Puré'ga}do”n‘?fg?esﬁr eferred at | east
99% based on the total weight of methylthioniniumchloride. The present

I nventiop al so provides a. st e sta l e e th| n|n|u chl ori e which is
Subst ant T2 NS ROMBEEE RN OhPERRES (RIS LIS SRPHP RS SRS R and

whi cfp canurhigit® EpbdingBhedrte toaempedafre anel restmtearmtmd.w q@hammcanmde as

conposi ti onﬁ%ﬁThe resent inventi rov

2011/ 036488 ay RSyl Insits trans ormallon info therqorms

The solid state form of a compound is of great importance for pharmaceutical applications. It
may influence the chemical and physical stability of the compound itself and of its

25 formulations, or may have an impact on pharmacokinetics and bioavailability. In the case of
hydrates, the composition has also an influence on the correct dosage of the active

pharmaceutical ingredient.

The present invention provides a safe and reproducible process for the preparation of

30 substantially pure methylthioninium chloride pentahydrate Form A, which can be applied in
an industrial manufacture. The present invention further provides a process, which results in
a Form A content of at least 95% by weight, preferably at least 98%, most preferred at least
99% based on the total weight of methylthioninium chloride. The present invention also
provides a storage stable methylthioninium chloride which is substantially pure

35  methylthioninium chloride pentahydrate Form A and which can be easily metered for a
defined content in pharmaceutical compositions. The present invention also provides a



3 storage stable nethylthioniniumchloride having a Form A content of at

| east 95% by wei ght, preferably at |east 98% nost preferred at |east 99%
based on wbeotatsadé1wei ght of net hyl t hi oni ni um chl ori de. pEThB20po/eRsB

i nventors have found that the use of organic solvents and hum dity control
during crystallization treatnents | ead ?o the formati on of MIC pent ahydrate
Form A, which can be easier dried and strmul taneously nai ntains MIC

pent ahyd$t9'tasefstﬂh|ﬁ metmyiiienisivashlaride havingiafsmd eenteitef plsagiBpde B weighh m A.

10A fir S,Lreﬁe?m%t |e£stt9'8%, 'nYBé?BFéfé?Féd' at I@aspé@%%%é 8 tﬁehstapwe@af@t ion of
subst ant1 al %}Npure hi oni ni um chl oride pentahydrate Form A, wherein

a) met hymhety fHP'HFﬂQf'I'ﬂ'@'PI de is suspended in an organic solvent with a
wat er content corresponding to a water activity of at least 0.4 at 25C, the
suspension is kept at low tenperature, and the solid is isolated and dried

to rdnmovENe Presesitdauentors BaveSAUNGingt Bigyse DERIIARIS SAYER'S aNAAMMIdIY cOBIPld: 1)
met hyl t h&tﬂmgrﬂr#%lft‘z'&h@rﬁ tré@rmremtsAb 8¢ &) tHe forAatich WT@%eh@'ﬁP&%@ RUrRSA, Iwhi@h

or ganl c solvent with a water content corres‘Pon In wat er aCtI Vi ty of
at | eastcan be egsiersitied and sy tanees!y waiptaIsdy T C prata v%rétedpfnaﬁéwdsb$tﬁe"Ws

i sol at edcaHeliofls bERTEDenRIMYRLd PemsR! vent and any excess water fromthe
solid; or 20c) nethylthioniniumchloride is dissolved in an organic sol vent

with a water content corresponding to a water activity of at l|east 0.4 at

25C, 1candAtfm a§;sécvemweMn@6w|sw6§e%s\f@fttﬁé plepaRiiBROf ithrtignydsraess of the
solid Substantially pure” as used above refers to nethylthionium

chlori demﬁﬁvltmgn'a'umhlﬁrﬁ!ememv@rﬁte AmaA. Whesgit 9596 by wei ght, preferably at

| east 98&?m@m§|§h|&ﬁﬁﬁﬁrdh%déﬁs élgaéﬁde%ﬂ%hWn@gbwelmwh%awatmog{am of
met hyl t hi oni ni um chl orid gathl oni nium chl oride may as starting

Mot 001 ol CTBIBPRING IO Swalst a5ty BLAtIPash Oviatan Che SPSRERSONICKRR APPISi ng e.

from 0. liehfpefetuiChicEift s@b(d 1888 atEd Qhd WAE 1o reRRSE thedtghme sbiIoértland@ngi ght Of
the starting material ; t hyl t hi oni nium chloride may be in the formof a

hydrht e ?ffceaﬁwé?ebf'PP‘éP?s?H@(ture of hydrates. MIC as prepared according to

WO 2006/ §33S&AXtHFNiHA cHrfitle (sad|§Jsol\l@§fatflé|e‘9aﬂaa)tembérat@e@d\é@rﬁrgﬁﬁ@wvér@ withow
the total water content of the startin

t n be tak
i nto accdWAIer capteptRoresPAINg oG Wer "E“H&'W/\&taé eaé&ﬁ%‘?% ﬁ'l"? ﬁ@ I'gen;i o

conposi t ¢ewed, Tﬂbepraab@*ted:@@we@tsom SR dHeldas e thy sbhentagranyiexedgsy or
WO 2011/ 036561PCT/ 1B2010/ 002543 4 The progress

Kar| 35Fi schﬁ ‘H %atl on.
of the cHA®EFeMdhe AW B fol | owed by appropriate anal ytical methods such as
t her 7 gr @vhémyithionilirfealorte isadusmanm al ofRin2r doleht With b WatetTcedtedpect r oscopy

or X-ray powder diffraction, rl U|t | e mstho is X-ray powder
di f f r act $YFESPARFIRH IR weﬂeaégtw&haf% %f'?l & ?t@%sé Be pelverimp ﬁ@ﬁ?é‘f‘ﬁfa)r/alto e
Form A i nateprrelapéraledad dhmespoepeserd. of

“Substantially pure” as used above refers to methylthionium chloride having a Form A
25 content of at least 95% by weight, preferably at least 98%, most preferred at least 99%
based on the total weight of methylthioninium chloride.

Methylthioninium chloride may as starting material consist of a water-free or a water
containing MTC comprising e.g. from 0.1 to 22 percent by weight of water, based on the total

30 weight of the starting material. Methylthioninium chloride may be in the form of a hydrate or
an arbitrary mixture of hydrates. MTC as prepared according to WO 2006/032879 may be
used (e.g. example 17). It is advantageous to know the total water content of the starting
material so that it can be taken into account for the calculation of the water activity in the
solvent composition. The water content can be determined by thermogravimetry or Karl

35 Fischer titration.



5residual organic solvent. The organic solvent, which includes a m xture of
at least two organic solvents, preferably possesses a poor solubility for
MIC pent avpdoatmseisor m A at the tenperature of isol ati onpofi/iBirocoryst al | i ne
product, which is typically at roomtenperature or below. Solubility for
MIC 10pent ahydrate Form A is influenced,by increased tenperature and/or
presence_of water. A solubility of less than 20 g/l and in particular |ess

than 2 gFhe riegiessAf thespayaision ayPe plgwadbyprpmprigieanabdicaldrethdsssush asnd b) .

The or gatﬂe#n&g%\ﬂr%@ltry 'di?ffe‘?érﬂfa%@ghhbhgr@aﬁﬁrh@r? |H4rérgd‘é@&cﬁfoscamﬁor\6@%§lr oWdepsure
of the organr c solvent preferably exceeds the one wat er . Partr cularly

sui t abl AiF@Rti APartireiaiy suiteale mediod isKHanapwder. %ffréﬁé?ﬁ‘owh'cﬁ-pﬁ?v&?énol

2- et hylcr%rétrtémﬁaerbnaré%ms@%htfahr{d@t,e Ffo%rrﬁai'ﬁ}dééé?fd@h 6% thd pfesdhéxemne and
acetone and mixtures thereof. Particularly preferred solvents for process

var i ént sregipuaiig)c $ei¢8nkde 1- propanol , tetrahydrof urane and acetone and
m xtures thereof. Particularly preferred sol vents for process variant c)
i ncl ude net hanol and et hanol and m xtures thereof 20 The water content is

chosen | FNesrgRnia sargntt WAICh inckiden rmslymalat ieast By IRRic SPIVRME Rt dr at e

Form A i 559688 alfvor @orbb.ﬁtye&d\n@t p%H@h?erﬁ:%?m A Bﬁth@@&ﬁéé‘rafu)’e ar rékblﬁwﬁ aat er
activity in solution fo her nodynam c stability can be det

exper i methe &rusiallingdy OMérWﬂ"‘é‘ '5§/YR',Fé‘ﬂ')é Prﬁ°ﬁl“r'f§mpﬁ@t‘%ﬁt°é Pe'ewnﬁe'HP'"fdffOWE& ution

thatqg s ;bé?\t&‘gﬁrdté Pbﬂn\lmlé’\'lnhber%ea‘bgtmﬁr@aééﬁ tERbAYKtUrE bAdYoNpréBmReNf aaydir At e Form
A and the ate that is ther rme%nam cal stabl e at 25| ower water

acti vityso ‘lﬂﬂr‘y ehiess tanr g89d and i PryRHRGIPeS tBﬂ” &9/l 8t fpare femRsratire is rh"f%f?rfﬁde of a
suspensi enp%egwdmhrsfw QR4 'B?] umenﬁgarﬁ@yaraﬂ & greferaply mRivRewhwa@edrHent i | a

m xture of the two forms in question is detected in the solid.
The wat evapebﬁreemreuoﬁtfecﬂra%%ﬁolm prefeirblyexprads e AR obwater HprtiedfAlY Fi scher

titrati %ltaﬁé%%ﬂreﬁ@ iSAhGdE ABthENHICEthARA! 1-pRparél - pidbeharogmm §stbpdHdii ty of
MTC ent ¥drate FormA is given for a water activity of or . 30hi gher,

up 2tonitgley %@h&ﬁf&mena 4rioxane|apg ScetpneRan a"{IbfchSh%!B@‘%P@é‘l'%‘ﬂﬁfWe

hum di tﬁpréferrléd)sblveﬁts\f&t;%cé‘sgWbﬁéﬁts@ § afkd Wtincided ﬂp?opléh@lpfﬁﬁ@hydratura?ﬁe@ndl S
required to achi eve the mi ni mum Waterﬁ%ctlvrt of . The necessary wat er

acti vi t yARNeASLuiXtres thatect Eagicyiprly ergiered %ﬁ'@%@r PW&P&%&%@W'H

i ncr easi methhRIEAGBRENR! ard infx@Uirestheyddrer contents are required for other
organi c solvents in order to achieve the sane mninumwater activity of

0.4. The values can be taken 35fromthe literature (e.g. D.R Lide, HWV
Kehizg anTheGiRétehasiignok ciidseh e suthiway that thaniserimdaymarsi etabiig) ofdat@, CRC

press, Boca ton_ 1994; J. Grehling, Onken, Arlt, P. . WD
D011/ 030BE ORI BbeTOAGD Ehan OB ine A e protass Eieifecassang miglugewatsr
Rar eif Ni éi‘/ﬁwltMﬁFS@rutrbrh mrlthierliﬁuyrharﬁe lswnsrn@ecta@ t@Odhdt@ﬁ‘tirhémexpBEﬁHEMHy for exa;nple "
Frankfurt/ M, 1978-1 ar.t hjs,. the te nt ent preferably
chosen i &igANGRe “E’%‘)Sf CC?E I°§?é° {Frat 'ist"y‘/e%L\I'APqW @mﬁgﬂﬂ(}area?fe FormA is
achi evedmeﬂwyltﬂn@mﬁram ;rammﬁyeraaeFamAenafthé heiratetisdtad therddypamidatpstable
suffjciently | ow so Iven at 5the r tur of the
crystal I P?’ﬁ%lwatﬁr E‘fté(By bF!r?rHP'%BVerg e AR EPBPIHGR ‘X/iaé'Ya:%‘I veﬁﬁ-@ %‘érﬁto Aydrate
Form A. dlzpengidress rﬂ@tﬂ?l%nnﬁiﬁmtde@tdﬁydméiF@hﬁA@nasyrt%fcﬁfaabéd'urﬁwesnrnmt'e efxneed 50
wt.-% based on the re prefera S no - %
and nost WorRARUBRIG quggén ﬂB‘? q'@? é% egtpd &ltﬁe @9"41”(%8 eerfﬁa{eafﬂrsgﬁ?ﬂn B¥¥cess
vari ant thgnBeyetspamet@.d. b§ Kadlrfigohier tiratioheBasedesnt suah aa experiment, at 25°C,
thermodynamic stability of MTC pentahydrate Form A is given for a water activity of 0.4 or
30 higher, i.e. up to 1.0 [corresponding to at least 40% and up to 100% relative humidity (r.h.)].
A water content of 5 wt.-% in 2-propanol, at 25°C, is required to achieve the minimum water
activity of 0.4. The necessary water activity decreases with decreasing temperature and
increases with increasing temperature. Different water contents are required for other organic
solvents in order to achieve the same minimum water activity of 0.4. The values can be taken
35 from the literature (e.g. D.R. Lide, H.V. Kehiaian, CRC handbook of thermophysical and
thermochemical data, CRC press, Boca Raton, 1994; J. Gmehling, U. Onken, W. Arit, P.



tenperature range fromO to 35C and nore preferably 10 to 30C. Tenperature
cycles within this tenperature range nay be applied during this phase

equi | i br avoampewess. The phase equilibration process a&rTaBzhid/he@s43
crystallization processes b) and c¢) nmay be carried 150out under stirring.
Di ssolution of the starting material in.process variant b) may be carried
out under heating up to the refl ux terrpgrature of the solvent, preferably

to 40 t oCnemaheusshil YVeidlichs Bi Kolbae). BareyelNies of arorrb iquis egilibgHmaPate Sioligction,

tenper at SEEHEMRO IFraHkngiML, h@7§LQb9,§)0JL\H£ﬂt REMITRY, ths \AFa?érrcbﬁQnP@Eré?Qr%blyrHH%@l y or
in steps. Seeding wth nucleating g&nts such as_MIC Form A crystals may be

advant agiBcush ax@ythat @a@i%m?'swhta@& 1§ wtqwdfﬁt%e@%f\mwwd@} theas to be

equi | i br abgehubPleniperdtingl o tHe otystaiightioh Treplhd M&erﬁ@m §6I§b|ﬁtg f‘s\/@véﬂ an.
Am)n%s;t ot her paraneters, the required tine wll depend e solid

cont ént thsawﬂ'mmete@?pféawﬁeéﬁﬁ@rw alization sm'@ror%ﬁbwwsame'dpﬁ Wé@ly, an

equi | i br Qérité’rWdth@?oﬁﬁ Al TREMWARY E§nt5@t o?%veewo@t (ﬂ@éé p'ré’el%nyfdo% ?B6t exctBE 50
progress t'he conversi on 25may descri b before. The

or gani ¢ ‘é!b'l %@?ﬁe%ff’n% '\ﬂé‘f‘i‘tpr}ﬁsﬁtfﬂPr@ R!%féfﬁbi'&fﬂ%sd@é§é°9@ﬁr2ioé(ﬁt‘°/°c?”%ﬁ@sl o have a

r easonabpptibidGd S lekbetd 1RONEX,.for the starting material, either by
itself or in conbination with water. The solubility of MTC pent ahydrate

Form A is preferably higher than 20 g/lI at room 30 tenperature, especially
pr efﬁfreﬁovhte%&rratubaﬂ prétedd l/ana?q'ﬂg ﬁﬁ?he@hﬁﬁ Ple’cRAteRi SRS ikBAdN1D0 g/ . The

vapor pressure of the organic solvent or solvent mxture preferably exceeds
the one ‘§MPgEatee range e Pde 35\ aandmere prefasally 49 #Ry39°6 - BB PRRANERCY RS

pr ef er ablhitl a8 tepiperdtliRdangd %y%b% Wi dCduriR A& Hasd dtiiBraAion pRaesp’ | at e
chem cal purity, since no puri |ca ton is rnvolved in this process c)

contrary to re-crystallization (process variant b) or phase equilibration

(processTyaphzagle @Dnbrathpp?eQééé Qﬁ’a@@ﬁﬂré’ fbiR2EKdP 110eexdés 6) M@)rmaﬁc&é es(arhé/d in

process variant ¢ el t her gﬁtow@?e as water in the I|i i d phase or

by elPapoPdtinger Sé'fr@uPﬁSE'iUB?ﬂ Pfythﬁﬁ INgMaeriadn RIPEPER W'anfrwén%%%r@ad Rt er

acti vi t yyhder hehtiHg! Lﬁﬂo@lﬁe Felﬂ@x fe%p%trétu@ STYRE Sdivent quefermgt@monbass"o s‘wrﬁuhven by
the thernodynam ¢ stability Iimts of MIC pentahydrate form A

st abi | i t Pepnsinthesenient of fhé iBysHEen ﬁ'@"?téﬁéﬁmﬂﬁﬁ%ife ﬁ°°5’f9 ofdie QﬂthoL*Ht'HB MAses to

hi gher vigd sgtfied@butioatiflious§ER # SbpE. SeediNg WhFuBRaliy AdEMPSRARIMTOFBRH IAON, a
tenperature close to roomtenperature is preferred for the evaporation

process erystalededy ROAWAPERISO¥T oad stability w ndow of MIC pent ahydrate Form
A avg | abl e. Evaporation of solvent according to process variant c) is

pr ef erabl carried out at |ow 10tenperature such as 10
rel ative WXRJ?HS(EPPP?%PC%@F%F%MP?G% e F%b%ﬁ%’"&’i%‘Sth%H%C'ef‘Hé'°§8| ution

is st oremnelmﬂéureraah@r&e @&W@téiérpmndr@sﬂ &hersda@%ete&vmq@eeottme wmlde@ahd A

ggg} IdleL| ?ergthlggsg é%goﬂg\t S‘Eﬂr\fiﬁf'z%\}%@g?%ﬁrg%ﬁg \r/]va?err concen ra on Tfyplchly aX

equilibration time of from hours to several days is sufficient. The progress of the conversion

25 may be followed as described before.

The organic solvent or solvent mixture used in process variant c) has to have a reasonably
high dissolving power for the starting material, either by itself or in combination with water.
The solubility of MTC pentahydrate Form A is preferably higher than 20 g/l at room

30 temperature, especially preferred higher than 50 g/l, and most preferred higher than 100 g/l.
The vapor pressure of the organic solvent or solvent mixture preferably exceeds the one of

water.

Process variant ¢) according to the invention preferably uses starting materials which already
35 have an appropriate chemical purity, since no purification is involved in this process c)
contrary to re-crystallization (process variant b) or phase equilibration (process variant a).



15The starting anmount of nethylthioniniumchloride hydrates in the process
variants a), b) or c) according to the invention may range from0.1 to 60 %
by wei ghtwopoafesail y 1 to 50% by wei ght and nore pref epalphp206ob@s40 % by
wei ght, based on the total weight of the suspension or solution.

20l sol ation of the solid MIC pentahydrate Form A is typically achieved by
decantation and preferably by filtration. Drying of said methylthi on| ni um
chl or i deVateh ety inprecess: arianhel savritheb e P@I"ldéa aﬁn"‘tal*ﬁ’rﬁ” thediogidiase Py 0¥ anges

of hum diaporatia® H%fﬁ’d@\tlﬂ/ﬁ&?ﬁ‘é&h% RumidiRy. Orhéi rBuited Waﬂéf%lﬁll@l@ “ﬁ%‘bldlbﬁ or the

sel ective renoval of excéss water and especially solven

t
per f or ne'glatiye Bumiskty opthe gap phaseigaiventayde &5&@%{5\%8?@{%@3%{@% by

vacuum diahitaHydralé formed Uinisedabifty %u%d&m G Iabuu@‘t IdRE4®AT . hioyse 8t he
appropriate m ninmum pressure for vacuum depend on the tepperature

and oy IBEEasas RAIhe" F7168s awﬂmréewawre;o%ﬁqr@ﬁg e RPISREIRVENIONNA L hi s

type of @merdtm%tose&@ﬁaoﬁam&ramféaé préaé/reeﬁfbgmtelévapérgtmm@@ﬁ ifh @rder to
hum di fied gas flow with a steadil I&Pe’?fé’re ative humdity at constant

t enper athLﬁ’Véabfﬁ%d flabijtytwingow ﬁfeMérQrﬁ?F‘@hﬂgra PR q¥@ilakie- short time
intervals, which pernmits to detect a change in the hydration state. Dynamic

vapor sorption curves give an approximate indication of the kinetic
st abi | i t vapgratiPR obpolvert pacdiag t\RGREH YRgiapte)dteiefarally GRraRe qrtat Ic

pentghy eftpRradrEQUEA As HE t<BaPeS arfchd teVatve Rt @VBrefétaBIp ROAX BOT M ohel 5%

relative humdity at 25C and approxi mately lgA)reI ative humdity at 40C.
These vagmeedingpfsihersgluion ifecstprggainder am?@nfcﬁondws to let slowly evaporate the

2011/ O36EHREN HiBriaHEH Mo fibw fichtas \enithaEndir nbblehiak fisWakdytbé1abplies to

undercut. Taking into account the vapor pressure of water at these

t enper at 2A°€erate Sglvem gvaperatiN. CRC handbook of chenistry and physics, 8011)
edition, CRC press, Boca Raton, 1999, p. 6-10), these relative hum dlty

val ues translate into pressures of agrlt%rg%('hﬁtel nbar and 2 %53\

r esplct i 1R Sfarting amoytefineetRvihioniniym galorde hydratss e Areqse vaiaitea). PARLDr di ng
to the psRSRING toNEMyEAtdbN rﬁa)t @ﬁgefram qetd:dsw&b;pmgme arebabwme@rm by
tenperature is generallébreeroe in order to % ar ?{[ablﬂt

domai n oYveigheanddnerg et P19 Gryaveigh, ?ﬁspﬁanﬁp%tot Mﬁﬁfﬁ@?t EiSHERETSOgi ven
to the rgdsaldtiye hum dity and the applied pressure, respectively. However,

the risk of water condensation in conbination with deliquescence and
unacceptably long drying times may result. 10 Preferred conditions to carry

out dghe BBRGESS tHEEbIRIMMTC deARINJdrnte Femi A typivaltdcaiRvad By decatationandof the
product at_ a terrpﬁrature not higher than 40C, preferably not higher than

30C, andPRIEEIONPLIEAIAY not higher than 25C, renoval of excess sol vent and
excess water by vacuumdrying or in a flow of humd inert gas; performng

! Gver L PO R e YA T B B A R, R R, G B U B o

pr essur estaifity rahRE of Ramidity aguumpet tempéragrelr ying with an inert gas flow at
a tenperature not higher than 40C and at a relative humdity of the gas not
bel 30% preferably at a tenperature not higher than 25C and at a

rel ati veDRingislintahdet férthe gélectivetretmelawf 2oddss Jdter and especially solvent. It may be

performed by either passing a humidified gas flow over the sample or by vacuum drying. The
required relative humidity of the gas flow and the appropriate minimum pressure for vacuum
drying depend on the temperature and may be estimated from dynamic vapor sorption

30 experiments. In this type of experiment, the sample under investigation is exposed to a
humidified gas flow with a steadily changing relative humidity at constant temperature. The
weight of the sample is determined at short time intervals, which permits to detect a change
in the hydration state. Dynamic vapor sorption curves give an approximate indication of the
kinetic stability domain of a hydrate. According to such measurements, MTC pentahydrate

35 Form Ais kinetically stable down to approximately 15% relative humidity at 25°C and
approximately 30% relative humidity at 40°C. These values constitute the lower limits of



Substantially pure Methylthioniniumchloride pentahydrate FormA is
obtained in high yields and good crystallinity. The kinetic and

t her modyrnwoiz2e11ai3edsil | i ty of substantially pure Form A pr ecrdBmieesygsand saf e
handl i ng and processing under the described stability conditions w thout
conversion to other crystalline formns o% dehydration, ensuring preparation
of storage 25stable, well dosed conpositions, preferably pharnaceuti cal

f or nul atre@tive hmrnldﬁnﬂtat shouig notrasr tmdArqug Takipadnte ap@OLb‘ét@t\@lﬁpépréﬁsqw §h
relativ % Lidhd rattéi’re@g’&tl%@Léérchc r%rndﬁébﬁ’éfchem,:sﬂ? hpsiéd, %@'”St abl e

at 25C. urt s ect resent invention rel o the ryi ng

of MIC p@dmhmcemress=&q¢ﬁ)3at@ ﬂ@%\peGé%éb%swvgtaéve BBy V%'B?S/E?HS'%? im@r by
vacuum rlé’s&geé)&h%% Qﬁrﬁét@@ 5 b szO)’M r%arh w@pécﬂve@efhtat §Bhd SR LAeRLE st0geN.

The conditions s esuc t hat MIC pent ahydrate form A i s not
dehydr attéése tememllffﬁmmlmpltmemtﬁﬁ@ﬁbo\%wg” B temperurgrajqsgriever BRlPVed out

by vacuu,gbﬁl{ t¥hperatdrB & %{@%WIV‘D?&@HEE‘ i d&r t?%ta% a 14188 s@bilifHbMait Bf RE rmoar.

51f the drying 1s carr out 1naflowo I nsert ‘gas, the relative
huni di t ypestahydeateavailohigulndrineipiea pa speer st Iaglvleatto the relakiyaipunigity aed e

pent ahydér%)th@d brisEA reEBeétQQ? ﬁ&pé’@‘r ”fﬁ9h§k of Wtef @dn@%hyﬁllohm&hﬁlﬁat%%{m not

be bel ow 30% ' However, farther enbodi nents, drying is
carri ed @riiauescencraand weacpewtably\mgm;waiwsmaytrﬁedlfgas shoul d not bel ow 30%
if the drying is carried out at 25C, then the relative humdity of the
10gas can be | ower, but should not below 15% A further aspect of the
present Pielastadi condiiprs/iorasy subtheaiecess variants acoesding fotthe ﬁwrem'qnﬁreh'ﬁ%'m'%

pent ahydg Jqﬁﬁpéan&]aﬁ\aw@msaratu?e ABL RGMS thdva0°e! paeﬁeramﬂb & thah 3d“teap@t hods

descri be ove ositions _One aspect of presen i nventi on pertains

to conpodPeh Rﬁﬁ@"%ﬁﬁtrh'@?%&‘%f;afﬂm%l o axGess ?ﬂ'l"@”b@?ﬂ RAPFET W' BY MAYAhi ch
is obtai d\?ﬂgl&’m Sflow of mhﬁ.anmbd;@s B¥rforthinERVdtedmastyif§ af4 tdmskri@reendl highar one

enbodi he conposition further cor‘rBrl ses a pharnmaceutical ly acceptable

car ri%r, thap Qenend 6|Pf%3§lére|d1°é|‘?("verﬂﬁ”n%ﬂf§ Gy pielfl%(EP'V\?é? teloPsauFoiishes one
aspect Ofyahhs: cpéﬁ&slb?eslsur\éermt lmrmeerrﬁ@magr berfetFanPryfidlathad inadt is Pow at MIC
pent ahydrate Form A, whi IS obtain Q}%{ IS, obt ai nabl e bly t hod as
descri beditameResathre nay h%ShﬁfaEhﬁBdoo@ an%a&%r tVPﬁg'W'ﬁya&th?g@M%ba%’M (for
exanpl e greftr N atof teipdPatBreSRTRIghLs thah @5 e hR@8: £ AaYE Hiumgdity oF fredyisireg t he
conpound into the sanple, and exposing the sanple to light. 30 Methods of

Medi cal Be'@WA¥nt
20

Substantially pure Methylthioninium chloride pentahydrate Form A is obtained in high yields

and good crystaliinity. The kinetic and thermodynamic stability of substantially pure Form A

provides easy and safe handling and processing under the described stability conditions

without conversion to other crystalline forms or dehydration, ensuring preparation of storage
25 stable, well dosed compositions, preferably pharmaceutical formulations.

In particular, Form A is thought to be stable at high relative humidity down to about 35 % r.h.
or 40% r.h. Form A is also stable at 25°C.

30 A further aspect of the present invention relates to the drying of MTC pentahydrate Form A to
remove excess water and/or solvent either by vacuum drying or by drying in a flow of humid
insert gas, such as nitrogen. The conditions should be such that the MTC pentahydrate form
A is not dehydrated.

35  This drying should be carried out a temperature not higher than 40°C. Preferably the drying
is carried out a temperature not higher than 30°C or even 25°C.



One aspect of the present invention pertains to substantially pure MIC

pent ahydrate Form A, which is obtained by, or is obtainable by, a nethod as
descri bedwvbensaimessior use in a nethod of treatnent (e.gprcTaB2modisesase
condition) of the human or ani mal body by therapy. WO

2011/ 036561PCT/ 1B2010/ 002543 9 One aspegt of the present invention pertains
to use of substantially pure MIC pentahydrate Form A, which is obtained by,
or is obtainable by, a nethod as described herein, for the manufacture of a
medi camepinef Bling Rdrfed 818 bl VeAIURE Blyidy tHe e SEASAoAAREIGH A8 théf%ﬁe@@p@ct of
the present invention pertains to use of substantially pure M

pent ahy ®&f@akor m A, which is obtained by, or is obtainable by, a nethod as
described herein, in the treatnent of a disease condition. One aspect of
the present invention CPertal ns to a nethod of treatnment of a di sease

condi® i dhtherdsying iscapiad @i in a Bewnsf hamidgnsaatgas: hedpialye hynidty of thadpent a

t her apeWHoeRd beYadflidtes &d ¥§n@trfBH@ﬁyd?&te%@ﬁﬁ@'ﬁén?éﬂyﬁra@é‘fo@mWQn&%H{eahydr ate
Form A, which is obtained by, i s obtainable b)/ a nmet hod as descri bed

her ei n. W%@S&@@n%ﬁelf@lﬁwsm“l@tyrﬁ’@H@ ’lﬂ*rﬁé@?ﬁ%’rﬁo" t Hewayasdadethedndition is a
t auopat hé’mb&ImEﬁtgqpﬁtshNthe' &ylﬁ? @Mhéd it 4t QO“@'tI@J‘re‘Ia%Ne lﬁﬁ@ﬁdﬁ% f franghsaber r ant

function OI’EPI’OCGSSI n her eo ysS a role. Al zheiner's sease | S an

exanpl e Yould Rol beiomt 3o, 'fl"ﬁé db’éi’tgrl'é(jéﬁ@gl%‘t 2576 thsn direiatine hymidity bihger s
such@s Piscdanbedbreasat sHodidHcpBER#SIswe Supranucl ear Pal sy (PSP) appears to
correlate wth an accunul ation of pathol ogical truncated tau aggregates in
20t he dentate gyrus and stellate pyram dal cells of the neocortex,

respect i X @lnher 5%6&{ oﬂﬁ%msbatanwaﬁ.bﬁgﬂwfde@%h@staﬁtmnp bate FERRMHibAIGHTD) ;
par ki nsoni sm | i nked hr onosone DP-17

)
di si nhi b¢Qrisie-Reatabmeiale Beimd Méihi i ﬁptaw@b’r@'ﬁﬁQb@BﬁBP& therpatbgds
pal | i dopge¥cAbdd sbdval degeneration (PPND); Guam ALS syndrone;
pal | i do-ni gro-1l uysi an degeneration (PNLD); cortico-basal degeneration (CBD)
and Bt hers (see, e.g., Wschik, CM, Theuring, F. 25& Harri ngton, C.R

(2000) THemp®disnd! ar basis of tau protein pathology in A zhei mer's di sease
and rel ate neurodeg@neratl ve denentias. I n Neurobiolo ?g%/g/ @g@h |rrer S

Di sease PRAIESPast OBARBEESININENtign PR[tAIAR 0 egrRASHIONR FYRPY AR d,
103- 206" M¢€R%©ta@1&ﬂbéteTﬁ&h€A@hkhtlbeb@ln@h byE&GH obfairabRssy, dinstiRess dedtribdd i S
characterized primrily or partially by abnormal tau aggregation, is
referred"®®Mherei n as a "tauopathy.” 30 In one enbodinent, the di sease
condigion is Al zheiner's disease (AD). In one enbodi nent, the di sease
conditi on is skin cancntg odi nent di sease condl

mel anonal" 8% §Mpogifeent SGP'HQﬂ?'t'o”tﬁgpﬁﬁ Q?E'ééﬁzﬁﬁﬁ?'im%ﬁ” C@"Y/Ia?%ﬁp bgeatct eri al
or pr ot ogfAér, diluent, or excipient.

Methods of inactivating pathogens

25 One aspect of the present invention pertains to use of substantially pure MTC pentahydrate
Form A, which is obtained by, or is obtainable by, a method as described herein, in a method
of inactivating a pathogen in a sample (for example a blood or plasma sample), the method
comprising introducing the compound into the sample, and exposing the sample to light.

30 Methods of Medical Treatment
One aspect of the present invention pertains to substantially pure MTC pentahydrate Form A,
which is obtained by, or is obtainable by, a method as described herein, for use in a method

of treatment (e.g., of a disease condition) of the human or animal body by therapy.



WD 2011/ 036561PCT/ 1B2010/ 002543 10 In one enbodi nent, the protozoal disease
condition is malaria. In this enbodi nent treatnment may be in conbination
wi t h anotwenoanissssicr obi al agent e.g. in conbination w PaoTabioegsine or
atovaquone. 5 In one enbodi nent, the viral disease condition is caused by
Hepatitis C, HHV or Wst Nile virus. Trgatnent 10The term"treatnent," as
used herein in the context of treating condi tion, pertains generally to

t r eat menPN@ABPachetthp PresgRinyRtion Peraint vt suhstantiatyPureMEC pentahydratsr i nar y

appl i catgQRsA  whith aémbfdhe'a%ve oﬁi@sabwﬁiadww amythb& a8 k&G bel herilifGMRE, for
exanpl e, the inhibition of pr ogr ess t he condition, and includes a

reduct i onanyfagtye Qfétfée‘i‘j?’a’b?’ﬁé?'é—% in H‘eﬁéﬁaﬁm?'ﬁ of peliseape copditignogr ess,
regression of the condition, anelioration of the condl ti on and cure of the
condition. 15Treatnent as a prophylactic neasure (i. Ehyl axi s,

pr evént | @R§ asrechpithe |Pfﬁ§lenﬂébe”t"i’ﬂé>eﬁ@f‘ﬁf° 'f.'%?e‘?féHBﬂ?Pt@éJV |pyteeM'1T PentAdYdRsuNt |

as used B&HEA whifistobtdited 1B, bPRobMIRALK bPfa REthBE bk \1Bs& BB ARG, iPthed
material, composition or dosage from conprising an active conpound, which

i s ef f ecfeaf@entn’ asfisRaseicARditi®he desired t herapeutic effect, comensurate
wi th a 20reasonable benefit/risk ratio, when adm nistered in accordance
wWth a desired treatnment reginen. The term"treatnent"” includes conbi nation

t r eat men®8e agrect ARa present inverkian Peing toe Methad of treatmest 052 giseasrrAdites are

conbjgedin of QitieR aamb@smﬁmﬁmmérmblw 88 patidht |attﬁé}%9é{$t|c}§tly EFé Bfodht of
treatnments and t eraf\)/| es include, but are not limted to, chenotherapy (the

admi ni st?%slacﬁ'ﬁa'lyfp”é% T¢ePepiatvdeate FAEY BeVhigh IsoRfainegi Py | is ghteinBRIgIbYs? ( e g.

as in i myeinet A8 daRdbedMerGs UdS (e.g., as in photodynam c therapy, GDEPT,
ADEPT, etc.); surgery; radiation therapy; and gene therapy. Routes of

Adm ni stration Substantially pure MIC pentahydrate Form A, or
phar macepibst co&pPei tion conprising it, may be admnistered to a
subj ect/patl ent by any convenient route of adm ni stration, whether

syst Bhi c'81g/4RRAdEPRI‘ AN iS§AsS eIy a{quopathiyat the site of desired

action) . A "fAGbRAIRL/i9 8 CoRdiftsalih Whidhlfa( Qﬁﬁéﬂféaﬂd]aﬂ%mhemnetforﬁ&rprme%hlhgtmeof)

i nclude, but are not limted to, or 9 té;/ ﬁstlon buc cz%

subl i ngu%{Pys ? F%‘T’ls‘ﬁ%}eﬁﬁ?rs@'ﬁ%ﬁ?dﬁ i3] exgméle Y Bﬁa pﬁéﬁyc he BP‘QQQ%’PS'S&

E rans ”UCIQ&ﬁbdefg:eﬁéﬂaWB Glgordersﬁbuchl(é‘,é Facmadugéasemhaﬁeiresme{:s&prahmwéaml ]
e. , Ssa ra Qcu r e e u nar e. ,

o9 e TEsH appearale frtaidls Wil anassnLialion SEsoIseedL rhealRy Butaduragiigs IR

thr Ozoglh b m@nm@b Ju9and'g8mdte pmm?& céli% & the byoc@ueposspsemVeert?aena)

vagl na r arent era n Cll on

el U i B IONHelRiR Rments 1 eROraTST kg shssome 17

i ntraart@mpeE-17)i diiblhﬁlbmlbdldémentlélbélfktrheﬁlédnr amPb ey icdAIplexi mummp;sanidw

i 7 abr {Pal-aere BB P RN ALY D ey %ﬁ@%@&gﬁa‘%aa GRS

I Nt r acat (FNLE)); ddificoethdsandegeheratibe (DBE) and othyrsi(sad, @Y., Wfscﬁ:kd@MtTlﬁHurmg F.
25 & Harrington, C.R. (2000) The molecular basis of tau protein pathology in Alzheimer's

disease and related neurodegenerative dementias. In Neurobiology of Alzheimer's Disease
(Eds. D. Dawbarn & S. J. Allen) Oxford University Press, Oxford, 103-206,, especially Table
5.1 therein). Each of these diseases, which is characterized primarily or partially by abnormal
tau aggregation, is referred to herein as a "tauopathy."

30
In one embodiment, the disease condition is Alzheimer's disease (AD).
In one embodiment, the disease condition is skin cancer.
In one embodiment, the disease condition is melanoma.

35

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



10reservoir, for exanple, subcutaneously or intranmuscularly. The

Subj ect/ Patient The subject/patient may be an aninmal, mammal, a pl acental
manmal , avomosvpssh (e. g., kangaroo, wonbat), a nonotremeT(iB20g0/p028ackbi | | ed
pl atypus), a rodent 15(e.g., a guinea pig, a hanster, a rat, a nouse),
murine (e.g., a nouse), a |agonorph (e g? a rabbit), avian (e.g., a bird),
canine (e.g., a dog), feline (e.qg. cat), equine (e.g., a horse), porcine
(e.g., apig), ovine (e.g., a sheep) bovine (e.g., a cow), a prinate,

siman (@ dhe enfoddRERhE pratbRal d|§eé§e’%%}dut|6ﬁ|§}nalaff§rlHﬂﬁ@émb@@h@ﬁﬂﬁeatﬁ\@nt&pe
(e.g., gorilla, chinpanzee, orangutang a human. 20

on)
Furt her neax; be jrheonaRipAtiontyith-ancker aﬁW'CH@'agﬁQeféfe 9 ﬂ%C%*P'n%t'O@fw'H\eWeM@u ,
for exangd fovayubeetus. In one preferred enbodi ment, the subject/patient is
a human. 25 Fornulations While it is possible for substantially pure MIC
pent ghydrate Form A to be used (e.g., adnministered) alone, it is often
pr ef er abjngreQniisdRimeeht, the vASI disea8EBOifidnaB cBlised Wy patitif0; HRObrWesNile
enbodi ment, the conposition is a pharmaceutical conposition (e.g.,
f or mul atY'B‘ﬁ preparation, medi cament) conprising substantially pure MIC
pent ahydrate Form A, as descri bed herein, and a pharmaceutically acceptable
carrier,_diluent, or excipient. In one enbodi nent, the conpositionis a
phar naceLﬁQEE%ﬁ-"—tconposi tion conprising at | east 35substantially pure MIC

pent ahy drig RrioirédtMenBSasifaeRanl inBE @btext YR a WbridichNBerind@érerdllyher
phar maceuti cal |y acceptabl e |n?red|ents wel | known to those skilled in the

art, WIoweimerdese ierapy phether 6ba5ugan or amaninaf (&d- BueterBen aprlitatiantlo,

phar naceptiiie domeeasHRl ARl Ep@ At BHBESs acHibuantcs exé??ﬂﬂe pthe Mhibitichddfuveant s,
fillers, buffers, preservatives, anti-oxjdants, ricants, stabl l'i ser

sol ubi | | R@pEess gfiiheLopgifien and "&'“de\ﬁé‘trﬂ’%'oﬁde%ﬁte Karerg agakhinsthe &edhir i ng
agents, proghRY! reBidsSiR Bt the coRditis\ReicABIaNEn 80MBcEndiffon, and cure of the condition.

15 Treatment as a prophylactic measure (i.e., prophylaxis, prevention) is also included.

The term "therapeutically-effective amount," as used herein, pertains to that amount of an
active compound, or a material, composition or dosage from comprising an active compound,
which is effective for producing some desired therapeutic effect, commensurate with a

20 reasonable benefit/risk ratio, when administered in accordance with a desired treatment

regimen.

The term "treatment" includes combination treatments and therapies, in which two or more
treatments or therapies are combined, for example, sequentially or simultaneously.

25
Examples of treatments and therapies include, but are not limited to, chemotherapy (the
administration of active agents, including, e.g., drugs, antibodies (e.g., as in immunotherapy),
prodrugs (e.g., as in photodynamic therapy, GDEPT, ADEPT, etc.); surgery; radiation
therapy; and gene therapy.

30

Routes of Administration

Substantially pure MTC pentahydrate Form A, or pharmaceutical composition comprising it,
may be administered to a subject/patient by any convenient route of administration, whether
systemically/peripherally or topically (i.e., at the site of desired action).

35 '



I n one enbodi nent, the conposition further conprises other active agents,
for exanple, other therapeutic or prophylactic agents. Suitable carriers,
di | uent s,wexeiseswtts, etc. can be found in standard pharomaB2oii/oebst exts.
10See, for exanple, Handbook of Pharmaceutical Additives, 2nd Edition (eds.
M Ash and |. Ash), 2001 (Synapse Inforpption Resources, Inc., Endicott,
New York, USA), Rem ngton's Pharmaceutical Sciences, 20th ed|t| on, pub.

Li ppi ncoReutes\pf adraimistrationvinglidss bupaeaot limitied-onightsid. oby ipaestieal duesabal

Exci pi en t inklOyieRtL 1 on
per Al mo B g B B e R

adni xi nge-8u by eaetshaplagtep @te); E"lt@@]i%'é%igolbalﬁéﬁ'éﬁrqw Qcpianteathy i %Xeé"'%P 'mA, as
defined &ﬁh@hﬁy <&§9%9wa|a%a Br G |onnfﬂél%p91i19|ﬁ§ dhalinmUdosohld ¥, MrRRAL abl e
i ngredi ents we now to those ski in the ar e.g., carriers,

di | uént sthegnasithpenass); regtal (eiof, W&Uﬁm%tpéloofaﬁé‘ema%d’laét”é' @9ty RESSEY): tabl et s,
etc.), e&é‘f@rl]lﬂéﬂzll tforc% l@% %t%ﬂerﬁhghﬁ%gbmhs a%m.ﬂgmmr@ﬁqugaﬁaractl ve
conmpound e term” ut| ca acceptable," as used herein, pertains
to corrpolﬂhd‘senopﬁgﬂfé%ﬁr@ﬂﬂlslntfﬁﬁ@fétapan ath@@ﬁﬁb’éﬁ’&ﬁ'%ﬁé“"%@%@ suhcaRsulan c . |

whi ch ar‘ﬁtra%\‘bftﬂ |Htr§6§|t§%‘ép‘ﬁ1tr%ftra§w%u%ﬁlcﬁ%'r ihteOER Ay su%‘é?écﬁ%l@ T | use in
contact wt e tissues of the subject In question (e human) 25wi t hout
excessi viatragamal (neluding: p@atinteasathgtar dniegtionintg fnkrain).gy "'@PW@F ofi# SINEAT or
conpig Ca#eﬁ@r%wqeffé@ﬂ?dﬂé aLBcuthidbudly ' @Rkt Gafenef i t/risk ratio. Each
carrier l'uent, excipient, etc. nust also be "acceptable" in the sense of
bei ng conpatible with the ot her ingredients of the formulation. 30The

for mul at yQN8§uBBN/REeRt €pared by any nethods well known in the art of

phar macy, “Such methods include the step of bri ngl ng into association the
active cohpoihiertirptiant mayderancanimah BRMeAIs? Pegerdal aemal afprreuri@ldedsor y

I ngredi ekarﬁardonwa%%baé mohBFerh@{dy! éuék%méd%fa@ydﬁ%ﬁl&qrb@&tby uni formy and

intimately bringing into associ ation the active conpound with carriers
(e. g5 | {ecii }9¢REF Pigr 8 hampigs|g ragiiamaese) SBYine @ rd @Puseét%'apomam Eer?

S hapl Ng {RSiHPhASNE g. hfb|r§)585rqﬁ§§@§ Ya doy)ofeﬁﬁélé Q3§5§QP§U@3(§1W R6HEe©%3 13

The formul ation may be are r ovi r api | ow. r el ease;
i medi at BOrchg(@ged, P'St)l %’&? et %ﬁ%ﬁ%ﬁr@d'"ﬁé?éa@ém’@ra 8"’86%?'?4‘&'! &9-ther eof .

For mul at in@RReyS3tidpaP latmbiiey RELh € MapMasetadBodh$ ah dpk 98 ?(@oﬁlla cﬁ%p’aﬁt@Ct ion),
i ncl ude aqueous or 5non-aqueous, isotonic, pyrogen-free, sterile |iquids

(e.g., soIRN9yaAG JLHPELERAINMEN. i n which the active ingredient is

di ssﬁ ved, suspended, or otherw se provided (e.g., in a Iiposorre or ot her
m croparticul ate). Such | |§w ds may additional contain gqr

phar nacebtithesmpie, Ht?c‘ét?te&HP '@h@?é&?@ﬁv of its;{orRs g&d %\’ﬁ{qp"@ﬁf f@MPISuff er s,
preservajoe@S, Stabilisers, bacteriostats, suspending agents, thickening
agents, and sol utes which render the 10 formulation isotonic with the

bl ood (or other relevant bodily fluid) of the intended recipient. Exanples
of exci pinegHeSpréfefrbd embolitfent X Bltgact/patiéit is #h@aswl s, pol yols, glycerol,
vegetable oils, and the |ike. Exanples of suitable isotonic carri ers for
use #h such formul ations i ncI ude Sodi um Chl oride Injection, R nger's

Sol uti onpoeuldtdat at ed Ringer's Injection. Typically, the concentration of

h di h 1
tpg/emact :c \\g\fhllleﬂ sr goslseble folr ngstaentlally ;l)Jlljrg I\}I'FC pen tnh)?db gtlétFormrl\g{orEe used g S‘ft 0

administered) alone, it is often preferable to present it as a composition or formulation.

30 In one embodiment, the composition is a pharmaceutical composition (e.g., formulation,
preparation, medicament) comprising substantially pure MTC pentahydrate Form A, as
described herein, and a pharmaceutically acceptable carrier, diluent, or excipient.

In one embodiment, the composition is a pharmaceutical composition comprising at least
35  substantially pure MTC pentahydrate Form A, as described herein, together with one or more
other pharmaceutically acceptable ingredients well known to those skilled in the art,



15exanpl e fromabout 10 ng/m to about 1 pg/m . The fornulations may be
presented in unit- dose or multi-dose seal ed containers, for exanple,
anpoul es wodouiBb®1 and may be stored in a freeze-dri edpCrypmhi/bizsed)
condition requiring only the addition of the sterile liquid carrier, for
exanpl e water for injections, inmedi ate % prior to use. Extenporaneous

i njection solutions and suspensi ons nmay ‘be prepared fromsterile powders,
gr anul esinclaging.tkubnet ligitegdo EB!’@H?SP%%“@@”YH%?@?‘P'%GGF@FWI'lﬁ"it?o%C'P'@% aspect of

the pr esé‘d?ﬁva'nfkvﬁl'igré %ﬁ@%r b%‘s@ﬁaﬁ&saarqpéﬂﬁé:hté‘ msncé@tsgstamﬁse@b%rmeé&l cal
t abl et or "capsul e) nprisin of substantially pure MIC

g
pent ahy dyusiastants( FhQA Vtﬁﬁm a&e@?%ymamnme@f%aglpwwge@tsp flayqusiag ageRtestnd ped
herei n agygbete 2utically 25acceptable carrier, diluent, or excipient.
I n one enbodi rrent, the dosage unit is a tablet. In one errbodi ment, the
dosade unit is a capsule. 30In one enbodi ment, the anmpunt is 20 to 200 ng.

I'n one elﬁ%@'éﬁﬂi&lmérﬁem@@@h\%sm&\ fRRAEH coffdrigBs oth@r Sdi0e @GbAd] raEStampidle anount
i s about 60 . I'n one enbodi nent, the anount is about 100 ng. In one

enbodi mepther thﬁ@PQWtPVQ@V%%@QeISE . 35l n one enbodi ment, the anount is
about 200 ng. WD 2011/ 036561PCT/ 182010/ 002543 14 In one enbodi ment, the
pharmaceutically acceptable carrier, diluent, or excipient is or conprises

one or bouiabisrcaxriess diupntacexcipiagts. e@pa@wéoum/'qataadarpmaamceﬁﬁ@l&@@ﬁ 32

gl yory i dese, E’é}%*l’amplésﬂ)anatswbmblhainﬁi@aeuﬁédl !Aaemvéy Qm E@ltlf}ﬁ(@dsx V2 Kshan@si | 200
e; Colliodal Silicon D oxide PhEur be a pr eci at ed

by one ofsh§«3qQ1 (Synanse "éfP[mQtWQtR%BH'PCSﬁrI%&t 5“‘36%“01 %?rkg"d%km RS pur e

MIC pent phariagé RichPsdiRbes 290h eenﬂmsdubl OPSinESHTMNilligmB @, \BMRAS, 200D2dndy pure MIC
pent ahydrate formA, can vary from patient tg%fatl ent. Determ ning the

optimal derdhgek gf F'Parmg@w:é‘?h ’FC;W'?‘?ﬁ'cﬁr\%eth@ 4ancing of the |evel of
therapeutic benefit against any risk or deleterious side effects. The

sel ect ed dosage |l evel will depend on a varl et tors includi ng but
oot T ARG SPE ! e OPeTY THENO PSRN I T1eocR TG, o P RERH el

admi ni Sté@ﬁbd&ﬂmnbb&phénﬁ@a@rﬁwlxﬂ:@r@u&b@hf alyigare ['10)@adidlkBelRd MRC pehtabydrafe t he
conmpound, the duration of treatnent, other druq%@ae ngli)unds ﬁ]nd/or

mat er i al EOTTYAAS Q?f'%‘?rﬁ?rﬁé& f‘@ﬁthe{ WéthQQGé’F Moye 958% Ph Y 255ePtaRs ¢ he

speci es, m?r‘é&en&g@ell KiRWANG thaserdilléd wthegﬁn@gabadm@ai amenwéxcﬂplems eedr cal
history of the patjent. The ampunt of co route of admnistratio

o 11Ul RiayEey B aisets HBI(S bt s, EH HhONEnaF PREpErT REY PEUNG

climei aosadd) botharacB@nesrapdundt he dosage will be selected to achieve |ocal
concentrations at the site of action which achieve the desired effect

Wi t hout causing substantial harnful or deleterious side-effects. 20
The term "pharmaceutically acceptable," as used herein, pertains to compounds, ingredients,

materials, compositions, dosage forms, etc., which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of the subject in question (e.g., human)

25  without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio. Each carrier, diluent, excipient, etc. must
also be "acceptable" in the sense of being compatible with the other ingredients of the

formulation.

30 The formulations may be prepared by any methods well known in the art of pharmacy. Such
methods include the step of bringing into association the active compound with a carrier
which constitutes one or more accessory ingredients. In general, the formulations are
prepared by uniformly and intimately bringing into association the active compound with
carriers (e.g., liquid carriers, finely divided solid carrier, etc.), and then shaping the product, if

35 necessary.



Adm ni stration can be effected in one dose, continuously or intermttently
(e.g., in divided doses at appropriate intervals) throughout the course of
t r eat nentwolBtizesi1of determ ning the nost effective neaos/Brdoosage of
adm nistration are well known to those of skill in the art and will vary
with the formul ation used for therapy, ]ige pur pose of the therapy, the
target 25cell (s) being treated, and the subject being treated. Single or
mul ti pl eThediermilatiorampy he peapardskto paevideier tpid qlisiaw relrasgoiunediate) dedaiedpat t ern
bei ng sej didRat bW YishtdndRere¥€Et €ri nari an, or clinician. In
gener al e”g&}s(é?tg%?'hgddzgsée of su%‘gﬁa{nt fdg f/repure MIC pent ahydrate formA is
in the range of 30about 100 ng to about 25 ng (nore typically about 1 pg to
about 10rdpl,ihBhs &liaﬁi}rfanbi}gﬂt)ér%liﬁmsn%iloﬁhﬁg b‘,binf‘e%orgeirncﬂéé( aqldbul?

enbodi ment, substanti al pure MIC pent ah formA is admnistered to a
humard patdrearuegye desaiomie nycpgenérqeostleawhﬁgldl&%agéolwwswspsaﬁms lowhey, 3
times dathle%ctwevﬂ;r%géﬂ\{ IQ%@@QI%E% %g@r%gl &%@é]’%ls@?f&ﬂdé&'@ F TR edipBEsHhe or

subst ant 1 al y pure enta ate formA is admnistered to a human

pati ent @tb@rdmrqwgrttcwatqieswqﬂ llqywiswgaym@a@ealr@@t%mhabmﬁrmfswﬂﬁgIv 2 tines
daily. accep kﬂﬁqweﬁmdéd&% ;arfiUkRiaAR! barkdry, d?é'sfe‘?vM& B?dﬁl@@bédr ate formA

is administered to a huiman 5pati ent according t | ow ng@dosage
regi ne: Rastrriostat shgpendingjagestsdtiokgningiapents, %ﬂrﬁ@ﬂﬁ%@hlgbwdﬁr room

tenpgy at MFrﬁulﬁﬁUr{ |§§t89i@q\§thttﬁ’e Bréo@(@rrb%egrmb%m bsamcﬂuﬁd> %meq%ﬁ@édof%e@.etnp room

tenperature and a pressure 'ow ng exanpl es explain
t he i nveRtansmes 9( grgipientringllde, fa exampigy W?é&re?'F%Oés @P'é‘o‘ﬁr@b@@dv%&?&ﬁ% ng to

exanpl esong,e&w thBeie | EkalRIed00 GLIRAAS E3tdnRVdanGery A iUS T SWRhEEMAMHORS Irtlude
corresponding to a |l ower water content than nethylthioni niumchl orjde

pent ahy dpedien Gianidernisctiogy Rinigers Belutie of Pagtpd .%nq%isﬂwﬁ@a breicalpthgker D8

Advance gagdRtratibnoftheladild fn@aéaimmmé na@a rwrréﬁallésomtaﬂ@m férbbth‘ﬁcP hilg6r ar e
cal cul ated fromthe 20 val ués usin wavel engt h of 4180 neral | Y,

0 i Qoeeemnis (pTIPAULTD ag/ b0 AHouDT BRI 2T TR AR T RS PrOBPHER I ha

d- spaci n&os\éadrm.-aésetJe%vfe%fwn@au@l#@eaﬂ&&wm ahﬂ)%ulé@%'ﬁd Ivm:sabh@may be storé8h
characteristic peaks in 20 with the correspondi ng d-val ues are, |ven in

Tabl e 1 2 Beezeofnad{yophilissd) ﬁP’ﬂﬁWWBF'f'B@%‘é#ﬁ%ﬂ%P@t% theostania) 'q GREieR, f
d- Spaci nganis wateY BdrjedtiRh&N iMnXatdtdy prig'Qb use. Extemporaneous injection solutions

and suspensions may be prepared from sterile powders, granules, and tablets.
20
Examples of Preferred Formulations

One aspect of the present invention pertains to a dosage unit (e.g., a pharmaceutical tablet
or capsule) comprising 20 to 300 mg of substantially pure MTC pentahydrate form A
obtained by, or obtainable by, a process as described herein and a pharmaceutically

25  acceptable carrier, diluent, or excipient.

In one embodiment, the dosage unit is a tablet.
In one embodiment, the dosage unit is a capsule.

30 In one embodiment, the amount is 20 to 200 mg.
In one embodiment, the amount is about 20 mg.
In one embodiment, the amount is about 60 mg.
In one embodiment, the amount is about 100 mg.
In one embodiment, the amount is about 150 mg.

35 In one embodiment, the amount is about 200 mg.



d-spacing [A] Intensity (qualitative) 5.7 15.5 vs 9.2 9.6 vs 9.6 9.2 vs
10.8 8.2 s 11.3 7.8 m18.7 4.75 vs 19.3 4.60 s
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In one embodiment, the pharmaceutically acceptable carrier, diluent, or excipient is or

comprises one or both of a glyceride (e.g., Gelucire 44/14 ®; lauroyl macrogol-32 glycerides
PhEur, USP) and colloidal silicon dioxide (e.g., 2% Aerosil 200 ®; Colliodal Silicon Dioxide
PhEur, USP).

Dosage
It will be appreciated by one of skill in the art that appropriate dosages of substantially pure

MTC pentahydrate form A, and compositions comprising substantially pure MTC
pentahydrate form A, can vary from patient to patient. Determining the optimal dosage will
generally involve the balancing of the level of therapeutic benefit against any risk or
deleterious side effects. The selected dosage level will depend on a variety of factors
including, but not limited to, the activity of the particular compound, the route of
administration, the time of administration, the rate of excretion of the compound, the duration
of the treatment, other drugs, compounds, and/or materials used in combination, the severity
of the condition, and the species, sex, age, weight, condition, general health, and prior
medical history of the patient. The amount of compound and route of administration will
ultimately be at the discretion of the physician, veterinarian, or clinician, although generally
the dosage will be selected to achieve local concentrations at the site of action which achieve
the desired effect without causing substantial harmful or deleterious side-effects.

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

veterinarian, or clinician.

In general, a suitable dose of substantially pure MTC pentahydrate form A is in the range of
about 100 ng to about 25 mg (more typically about 1 pg to about 10 mg) per kilogram body
weight of the subject per day.

In one embodiment, substantially pure MTC pentahydrate form A is administered to a human
patient according to the following dosage regime: about 100 mg, 3 times daily.



20.4 4.35 m21.7 4.10 m21.9 4.06 m24.6 3.62 m25.6 3.48 vs 26.0 3.43 s
26.2 3.40 vs 26.4 3.38
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In one embodiment, substantially pure MTC pentahydrate form A is administered to a human

patient according to the following dosage regime: about 150 mg, 2 times daily.

In one embodiment, substantially pure MTC pentahydrate form A is administered to a human
5 patient according to the following dosage regime: about 200 mg, 2 times daily.

Unless otherwise specified room temperature corresponds to 25 °C and ambient conditions
correspond to room temperature and a pressure of 1,013 bar.

10  The following examples explain the invention in more detail. Starting materials are prepared
according to examples described in WO 2006/032879 having various water contents

corresponding to a lower water content than methylthioninium chloride pentahydrate.

Powder X-ray Diffraction (PXRD) is performed on a Bruker D8 Advance powder X-ray

15  diffractometer using CuKa radiation. D-spacings are calculated from the 20 values using the
wavelength of 1.54180 A. Generally, 26 values are within an error of +0.1-0.2°. The
experimental error on the d-spacing values is therefore dependent on the peak location.

The characteristic peaks in 26 with the corresponding d-values (A) are given in Table 1 for

20  Methylthioninium chloride pentahydrate form A.

Table 1: d-Spacings for crystal form A

Angle [° 26] | d-spacing [A] | Intensity (qualitative)
57 15.5 VS
9.2 9.6 VS
9.6 9.2 VS
10.8 8.2 s
11.3 7.8 m
18.7 4.75 VS
19.3 4.60 s
20.4 4.35 m
21.7 4.10 m
21.9 4.06 m
24.6 3.62 m
25.6 3.48 VS
26.0 3.43 s
26.2 3.40 VS
26.4 3.38 VS
27.3 3.27 S
28.0 3.19 s
28.4 3.14 S
29.2 3.06 m




vs 27.3 3.27 s 28.0 3.19 s 28.4 3.14 s 29.2 3.06 m WO

2011/ 036561PCT/ 1B2010/ 002543 16 The abbreviations in brackets nean: (vs) =
very strowg2onmsesity; (s) = strong intensity; (m = nedcwnBimb/ensity; and
(w) = weak intensity. S5Methylthioniniumchloride pentahydrate formA
exhibits the foll owi ng characteristic Zﬁ values (0.1): 5.7, 9.2, 9.6, 18.7,
25.6, 26.2 and 26.4. Methylthioniniumc Efori de pentahydrate formA
preferably exhibits the follow ng characteristic 2e values (0.1): 5.7, 9.2,

9.6, 10.fhe &tﬁqrgviatﬂe%s% br%ékéis n%@n.o(fvs)zﬁv@r?/ s?r@nélinte%gitﬁ1(5)2=8$t90n%ﬂﬂte3§ty4(m) =

Met hyl t hi oni ni.um chl ori de pentahydrate formA nost preferably exhibits the
f ol | owi ngedHARIEPER; 3rd W)Zaweal infeesie. 1): 5.7, 9.2, 9.6, 10.8, 11.3, 18.7,
19.3, 20.4, 21.7, 21.9, 24.6, 25.6, 26.0, 26.2, 26.4, 27.3, 28.0, 28.4 and

29. 2.
5  Methylthioninium chloride pentahydrate form A exhibits the following characteristic 26 values

(£0.1°):5.7,9.2, 9.6, 18.7, 25.6, 26.2 and 26.4.

Methylthioninium chloride pentahydrate form A preferably exhibits the following characteristic

26 values (+0.1°): 5.7, 9.2, 9.6, 10.8, 18.7, 19.3, 25.6, 26.0, 26.2, 26.4, 27.3, 28.0 and 28.4.
10

Methylthioninium chloride pentahydrate form A most preferably exhibits the following

characteristic 26 values (+0.1°): 5.7, 9.2, 9.6, 10.8, 11.3, 18.7, 19.3, 20.4, 21.7, 21.9, 24 6,

25.6, 26.0, 26.2, 26.4, 27.3, 28.0, 28.4 and 29.2.



WO 2011/ 036561PCT/ 1B2010/ 002543 17 EXAMPLES Exanple 1: A suspension of 181
nmg of a m xture containing nethylthioniniumchloride hydrates in 2 m

5acet one/wet2er1/3ds61) was stirred at room tenperature forcdrBayeoo2Fie solid
was filtered off and dried at roomtenperature and 5 to 10 nbar for 15

m nutes. 150 ng of pure MIC pent ahydr at*a7 Form A are obtai ned as confirned
by X-ray powder diffraction. Exanple 2: " 10100 ng of a m xture of

met hyl t HESAMRLES chl ori de hydrates were suspended in 2 ml 2- propanol and
0.1 m water (corresponding to approxinmately 46%relative humdity). The
suspension is stirred at roomtenperature for 6 days. The solid was
filteredEx@plehd dried at roomtenperature and 5 to 10 nbar for 5 minutes.

fowdor. d“??s'&“%”W%pﬁgﬂm*@@cf&éﬁh&mahﬂHBﬁ|nﬂﬁ¢cmsr,@@ﬁvdréte@dw Dt X- 1 ay

powder raction hi oni ni‘um chl or| de Form
A welfe caastesieaien (1:13 wes ss@seqi ?H@Ofné?ﬁ‘aﬁ;g-ﬂéf‘lfmﬁmﬂt%?O“Q was filtgreg affcand es
crystall 2 850 M piRE AT | tered of f
and dri dg?e%t a%?ent éé%ﬁ It On%&q@gaﬂfb Wﬁﬁrﬂ%ﬁf?%etl on\&f:\e{)nf Frms pure 20

wd
MIC pent pafjaivgtate EeimmAmre Esztarmn@smnyrm bygX-63y RAdsy FiffFACY®M-ni um chl ori de
Form A were dissolved in 5 m boiling 2-propanol and 25water (4:1).
Crystallization starts soon after cooling back to roomtenperature. The
solid wabxampledred of f and dried at anbient condition. X-ray powder

di f fygact 5%ﬂ£H.ﬁ§re%4rn%tMtﬁoﬂmrﬁhm€r.@é Rydratedwhre Eeg%aﬁa&s .ﬁzmﬁﬂl% rrg of

a mxture 6 t hi oni ni'um chl ori de hydrates were di ssolved in
net hanol PFOFM*RQI §6¢ tlinrvatar(cpiresrondingdn pBRIGHMAtely 56% relativesumifge- ?hq t er and

left in gnoeR&sh elsﬁﬁéd m b t8pEMARE TGHE @dys! vhéigahe%% fibreANEH &Y arfe@nddi ti ons
with are atlve hum dity above 40% X-ray ‘powder diffraction confirns pure

MIC pent @Ry deaperatse @ﬂﬂ Sitp) 10 mebar &afi Smiutes\ saorpley S pyssIbEemertByd@ieo b9y 3

A is obtained as confirmed by X-ray powder diffraction.
15
Example 3:
113 mg of methylthioninium chloride Form A were dissolved in 6 ml boiling
tetrahydrofurane/water 2:1. Long needles crystallize upon cooling back to room temperature.
They were filtered off and dried at ambient condition. X-ray powder diffraction confirms pure
20 MTC pentahydrate Form A.

Example 4:
103 mg of methylthioninium chloride Form A were dissolved in 5 ml boiling 2-propanol and

25  water (4:1). Crystallization starts soon after cooling back to room temperature. The solid was
filtered off and dried at ambient condition. X-ray powder diffraction confirms pure MTC
pentahydrate Form A.

Example 5:
30 105 mg of a mixture of methylthioninium chloride hydrates were dissolved in 2 ml methanol.

The solution was filtered through a 0.2 pm syringe filter and left in an open glass vial for
evaporation to dryness at ambient conditions with a relative humidity above 40%. X-ray
powder diffraction confirms pure MTC pentahydrate Form A in the residue.

35



18 Exanple 6: 100 ng of a m xture of methylthioniniumchloride hydrates
were dissolved in 3 m nethanol/water (2:1). The solution was filtered

t hrough awO.2811pi3sssyri nge filter and left in an open gl agpsTuBz10/H02543
evaporation at anmbient conditions with a relative hum dity above 40% X-
Sray powder diffraction confirms pure I\/J|T§ pent ahydrate Form A in the
resi due. Exanple 7: 106 ng of a m xture of methylthioniniumchloride
hydr at esEXaRe Bi ssol ved in 2 nl net hanol / et hanol (1:1). The solution was

filterediggvhgesh nﬁxtheQOfFPrﬁEtﬁMtHdﬁGﬁmﬁ chibftle Ryfiate Werd BissdvetOnpan gl ass vi al
for evaporatron at anbient conditions with a relative humdity above 40%

X- ray posidanolgyater(2di.iThe sebiienwes filered thapeoha R Zamp gyange fitisr avdieftdn ape

resi due. AR

nydr at o5 s i for ek gpordorPl, gt cdhiots ! Ste UMM BOS R OCE: Lt on
was fa | tf@V@dWﬂﬁrr@ﬁfght'@ @rfirms purgM TG gentahydrate F@ma A \aftie reﬁ'déﬂﬁ open gl ass

vial for evaporation at anmbient conditions with a relative humdity above
40% X—ray povvder diffraction confirms pure MIC pentahydrate FormA in the
resi due. BRBI@Ie 9: 20130 ng of a mixture of methylthioniniumchloride

hydr at esyehg oflh %ﬁﬁhl‘éecq n'\éit&ﬂthmnlrﬂﬁﬁ BRIBARYe h)ﬂ?@te§ et Hl@ébl\ylﬁﬁnfz' rhit ered through
a 0.2 pmsyringe [ter ded

g to 10 acetonitril No precipitation
occurs, ranttnanﬁéetlsaﬂou&h ‘OnThessqletian wasrﬂl@c%dﬁbmgh@ro 2 nnmyrlogﬁeﬂltag laaddeflinan at
g”b'ﬁ“ PERYAY fwew?@rawc&ta&(ﬁeﬂ%gh& 6 RPN R AR EnuKdiRa0R U 46%, X.-

iffraction nflrms eformAln

Exanpl e a9 powmemm@chﬁn confitms pure MTC nemthwtratrad?wmmﬂmtbmrasrduee hydrates were
dissolved in 1 mM nmethanol. The solution was filtered through a 0.2 01
syringe filter and added to 10 ml 2-propanol. No precipitation occurs, and
the sol uExamplg8: | eft for evaporation at anbient conditions with a

30rel atiy, HEetAde bR ¥%h a\g d?ll %2\% Rf pure MIC
pent ahydré;t J@Hfr'%r ﬁaeﬁ et ﬁes‘i"ﬁ’be. BBl ?1@%%‘152012'0'?002543 19
CLAINES methanol/2- propanol (1:1). The solution was filtered through a 0.2 um syringe filter and left in
an open glass vial for evaporation at ambient conditions with a relative humidity above 40%.
X-ray powder diffraction confirms pure MTC pentahydrate Form A in the residue.

Example 9:
20 130 mg of a mixture of methylthioninium chloride hydrates were dissolved in 1 ml methanol.

The solution was filtered through a 0.2 um syringe filter and added to 10 mL acetonitrile. No
precipitation occurs, and the solution is left for evaporation in an open glass vial at ambient
conditions with a relative humidity above 40%. X-ray powder diffraction confirms pure MTC
pentahydrate form A in the residue.

25
Example 10:
130 mg of a mixture of methylthioninium chloride hydrates were dissolved in 1 ml methanol.
The solution was filtered through a 0.2 um syringe filter and added to 10 mi 2-propanol. No
precipitation occurs, and the solution is left for evaporation at ambient conditions with a

30 relative humidity above 40%. X-ray powder diffraction confirms pure MTC pentahydrate form
A in the residue.



1. A process for the preparation of substantially pure nethylthioninium
chl oride pentahydrate form A, wherein 5a) nethylthioniniumchloride is
suspendedwonroamsessgani ¢ sol vent with a water content corceapmndgiigsto a
water activity of at least 0.4 at 25C, the suspension is kept at |ow
tenperature, and the solid is isolated is?d dried to remove the organic
sol vent and any excess water fromthe s b) met hyl thi oni ni um

chl ori deCHAIME ssol ved at el evat ed terrperatures in an organic solvent with
10a water content corresponding to a water activity of at least 0.4 at 25C
the solution is cooled, the precipitated solid is isolated and dried to
remove the Biegessifer %‘Slp\/@?ﬂfa%ﬁ‘c?féH%t%%@@E BURRIPRIPYIthisYR v chiogfe He”t@PYdfatec)
met hyl t hiopRianiwEeR! or| de is dissolved in an organic solvent with a water
cont ent corres ond| ng a water activity of at least 0.4 at 25C, and the
or garﬁ c 'WU’BW'%Q%WBGWF aP@%ﬁPéPp%?r"@t”éU'“f‘éWVrf@@ée”éf t he

solid. %orr%sﬁémegst% PRSRF Qétﬂrﬁy bpat%éyt M4lat 26P€ItRE Buéﬂéﬂsi@h 1rﬁa§|@l~Vent is
m scible wt 0oCcess aCCOI’dI ng to claim 2 wher ei n

t he vapoenpeedugr andihesplid @ﬂ%‘ﬁ?@ ag%p(}@hto VQU@X%HWQ@WQSQ'&%@V‘B@&SM e of

wat er . dexcBsPWACLHEMARESHIH, Ng to any one of claims 1 to 3, wherein the
organi ¢ solvent used in process variant a) or b) has a dissolving power of

| ess t ha® 'Q@hwhwﬂ"ﬂ'i‘mr?ﬁlqﬁ'g? iSRisnaived atelenp Plt%p?fém%'?@l“ﬁr@a"f'%??f‘(%t ¥thr oom

t enpgy at alater éontet: coﬁeegs&foﬂfg&ow&éﬂww 6 ANasPNa 5 ahdBoldtidrds 4,
wherein the isolation of the product jn process variant_a) or b) occurs at

a t enper &R0l NeGtrepigied sqqudwsgt?@d and griedo praRvesthe QERRRYCRAING M BNAAYY one of

cl ai ns %%c@s@wat@ﬂﬁbﬂ'tﬁe%&ﬁi @f gani ¢ solvent used in 30process variant c) has
a di ssol vi nore than 20 g/l for nethylthjoniniumchloride

pent ahyo?)a['f‘éhlf'%‘quwrﬁtc“Pﬂg?rist‘ﬂ?ﬁﬁé’leﬁt‘%?@°'9a”'°7s°'VR”b‘P’@fb§§V§ te{ceBEdt ng to any
one of cicedBorditdPtots walBEE&ivily bh& Iéh’s(ﬂém & 25t Vfatthé SrgeRlcashvedt Aidanyt he

grO{) consi sting of nethanol, ethanol ropanol , 2-propanol,
5ny|e’@%‘?‘ﬂﬁ*&ﬁ@le"a%@{?@tt%’w}eﬁ?éfthFéPP hydr of ur ane, 1, 4-di oxane and
m xtures thereof. WD 2011/ 036561PCT/ 182010/ 002543 20 8. A process

according to any one of clains 1 to 7, wherein the water content of the
i qui d pﬁ(ﬁ%’oﬂ %ew'r&&é@dméomv%ﬁmam%%www@'%tfwa%i ght of
the liquid phase. 9. A process according to any one of clainms 1 to 8,
wherein %he wat er conf ent ?f the liquid ighase does noj  exceed 08% by
wei ght, bASRECETF 3968"NG 19Ic1aiB; 2. Wi eraibthe V3R PrprRiEe Of the EraaRiGlNeRt s
accaodi ngkckedsthy vaper préssuré@bM®atér.t o 9, wherein the renoval of the organic
sol vent and excess water is caused by vacuumdrying or in a flow of an
inert, humdified gas.

4. A process according to any one of claims 1 to 3, wherein the organic solvent used in

process variant a) or b) has a dissolving power of less than 20 g/l for methylthioninium
chloride pentahydrate form A at room temperature.

25
5. A process according to any one of claims 1 to 4, wherein the isolation of the product in
process variant a) or b) occurs at a temperature not higher than 40°C.

6. A process according to any one of claims 1 to 3, wherein the organic solvent used in
30 process variant ¢) has a dissolving power of more than 20 g/l for methylthioninium chloride
pentahydrate form A at room temperature.

7. A process according to any one of claims 1 to 6, wherein the organic solvent is selected
from the group consisting of methanol, ethanol, 1-propanol, 2-propanol, 2-methyl-2-propanol,

35 acetonitrile, tetrahydrofurane, 1,4-dioxane and mixtures thereof.



1011. A process according to claim 10, wherein the vacuumdrying is
performed at a tenperature not higher than 40C and a pressure not | ower
t han 5 nmbwo.20iiA36951pr ocess according to claim 10, whereipoTdByi10vgo284% h i n
gas flowis perfornmed at a tenperature not higher than 40C and at a
relative humdity of the gas not belo rﬁg% 15 13. A pharnaceuti cal
conposi tion conprising nmethylthioniniu hl ori de pentahydrate formA

pr epar ed8-dcRoFelsAFcoEingty apyene pf epigisnktor’, mérengin the watey. Contest af Whadiewdi cal

conposi tbrgggegggpﬁbtséxeged@%)ﬁlgne gg?, BHSEH'oﬁfﬂllné)fo'téerFb‘ﬁ%ﬁhwﬂ&@B Shh&y M A

20prepared according to any al s and a pharnaceutically
acceptable carrier, excipient or diluent. 15. Methylthioniniumchloride

pent ahyd%aet Bro ersnaceo,rafrfgqar @9 oﬁ@%ﬁélguh%% {o%s, @\méré?ﬁ‘ﬁwe%até @sn&@n bf fhe hé@ldf or use

in a method of treat uman or ani ma erapy.

Use &f neitasgidons okiexceed 201 byivrightchasan partie @talmemhxofﬁ%eﬁa id@haf&or ding to
any one of clains 1 to 12 in the treatnent of a disease condition. 17.
Use of nethylthioniniumchloride pentahydrate form A prepared accordi ng to
any one Y A3ueeessrascarding ta any ang ﬁ&'@'ﬁ@a&tﬁ?@nﬂvhéfe"hthﬁdﬁfaﬁ‘@'I?f/theﬂafam ner's

di sease {fMht agdbsbessWak is %EQE‘BWacddﬁpé&AF'o? irf-a fil ¥f 9f m@ﬁ%urﬁl’dh@d \ébé us.

18. A nethod of treatnent of a tauopathy, zheimer's di sease (AD), skin
cancer, nelanoma, Hepatitis C, HV or West Nile virus in a patient,

conpyg si Nﬁ;%&égssscesﬂdmg tb ‘3Ia$rﬁ“1d WRdrkBNhe aa&éhh&@ma%érr@hw -ehfective

anount o entahydrate form A prepared accor o any one of clains 1
to 12. MDPEMQFPGQBB'GE@@WE&@1@7@)@2@43UFEI‘°!L@WNWéﬂ%dﬂbféﬁ drying of MIC
pent ahydrate Form A to renove excess water and/or solvent either by vacuum
drying or by drying in a flow of humd insert gas, wherein the dryings
condi t i oh Peprecesscaeconing to sRinvfes Weareinriprpawith g3 oW is Peerershatdt at ed. 5

20. A mﬁe%@ra@&@?fo@h@ﬁer‘tﬁar?h@“‘d%ﬁogat aVRBRiGE Au iRy @f thed@s inst K6 136, out at a
terrperature not hi ghér than C.
13. A pharmaceutical composition comprising methylthioninium chloride pentahydrate form A
prepared according to any one of claims 1 to 12.

14. A pharmaceutical composition comprising methylthioninium chloride pentahydrate form A
20 prepared according to any one of claims 1 to 12 and a pharmaceutically acceptable carrier,

excipient or diluent.

15. Methylthioninium chloride pentahydrate form A prepared according to any one of claims 1
to 12 for use in a method of treatment of the human or animal body by therapy.
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16. Use of methylthioninium chloride pentahydrate form A prepared according to any one of
claims 1 to 12 in the treatment of a disease condition.

17. Use of methylthioninium chloride pentahydrate form A prepared according to any one of
30 claims 1to 12 in the treatment of a tauopathy, Alzheimer's disease (AD), skin cancer,
melanoma, Hepatitis C, HIV or West Nile virus.

18. A method of treatment of a tauopathy, Alzheimer's disease (AD), skin cancer, melanoma,
Hepatitis C, HIV or West Nile virus in a patient, comprising administering to said patient a

35 therapeutically-effective amount of MTC pentahydrate form A prepared according to any one
of claims 1 to 12.



21. A nethod according to claim 20, wherein the drying is carried out at a
tenperature 10not hi gher than 30C. 22. A nethod according to claim?21,
wher ei n twe 2driyizess1i s carried out at a tenperature not IricghBro1d/b@s425C.
1523. A net hod according to any one of clains 19 to 22, wherein the drying
Is carried out by using a vacuumwhich is equal to or greater than 60 nbar.
24. A net hod according to any one of cl a#frs 19 to 22, wherein the drying is
carried out in a flow of humd gas, and the relative humdity of the gas is

not bel oyg 309 method of drying of MTC pentahydrate Form A to remove excess water and/or
solvent either by vacuum drying or by drying in a flow of humid insert gas, wherein the
dryings conditions are such that the MTC pentahydrate form A is not dehydrated.

20. A method according to claim 19, wherein the drying is carried out at a temperature
not higher than 40°C.

21. A method according to claim 20, wherein the drying is carried out at a temperature
10  not higher than 30°C.

22. A method according to claim 21, wherein the drying is carried out at a temperature
not higher than 25°C.

15 23. A method according to any one of claims 19 to 22, wherein the drying is carried out
by using a vacuum which is equal to or greater than 60 mbar.

24. A method according to any one of claims 19 to 22, wherein the drying is carried out in
a flow of humid gas, and the relative humidity of the gas is not below 30%.



