WO 2011/036561PCT/1B2010/002543 1 Process The present invention relates to a process for the
_prepar.ation o%glgs}t&pt&all}y pure 5methylthioninium chloride pentahydra_&;%f&rm @m;ﬂg present
invention also'TaIAtes 16 the use of the so prepared Form A, preferably in plfmarmaceutlcal
compositions. Methylthioninium chloride (MTC) [Me}hylene Blue:
3,7-bisdimethylaminophenazothionium chloride, 01eH1eCIN3S, 319,85 g/mol] was prepared for the
first time in 1876 (The Merck 10Index, 13theditidH°ff&fck & Co., Inc., 2001, entry 6085). Various
synthesis methods are known and have recently been summarized in WO 2006/032879. This
publication desgrhasrnexamnpleidtsiserprysisdizatiepebMatcrwrusiaaielysalttion by adding

tetrahydipfurga i i, of edsaialageale-ghademreiaiug ARG Jaetsuililade avold

dehydration ot MTC pentahydrate. 006/032879 also statejs a number of applications of
methylene 185f& NAHRRTRAGIL 998 Q¥ LR EAERTIRE VUL L ER8R R0 ator, an antiseptic, for the

treatment and prevention of kidney stones, the treatment of melanoma, malaria, viral infections, and
Alzheimer's diseaggioMinhapals NEBNEREAS BN SidiBisgragenaandmemaantidote in the case of

cO. nirite and Apline RORANNB0, ALt HAQURIGEXIS! IR KD AT Bygli RS fror example, the

Fluka catalogue states in veg] general terms_that MTC may contain up to 22% w%ter Fluke Catalogue

1997/1998, Ffies: hefIP RIS St PO FRY F8FR oME B HiTL IS URELEE ARter have been
formulated inktieevtirhhave 300y apRACkerMBriTeemVe 3E0RILREY 257 rutticaaRES6APEE Textile
Institute 38 (3P&AmMpAOR 4 F8krdtaitarmabon e Rotikywkriesblasoappakantb érangidinidespread
acceptance [Sng-d% Mereksindex <t SUN9R MEIRKF160 ¢ 16 satidle £UT%SA8RSIRWever, this

claim was alread puted more than 80 years ago, and the nonspecific adsorption of water by MTC
was proposeff Mffea‘af*tﬁ‘.yw&?eéf‘,’ %?R?’?(Pe%%ﬁ? %ﬂ?ﬁe@,ﬁéﬁ g‘?dé’. ﬂgp{ﬁ%‘c’f g‘?;{@‘?\?ﬁ Martin,
J.W.G. Neuhbius, Whish Relutiethanedyast Fqdicalalyeaga [edex indicator, an antiseptic, for the

treatment and prevention of kidney stones, the treatment of melanoma, malaria, viral

infections, and Alzheimer's disease. MTC has also been used as an oxidizing agent and as
an antidote in the case of CO, nitrite and aniline poisoning.

20  MTC is known to exist in the form of hydrates. For example, the Fiuka catalogue states in
very general terms that MTC may contain up to 22% water {Fluka Catalogue 1997/1998,
Fluka Chemie AG, 1997]. Structures with from one to five molecules of water have been
formuiated 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 aiready 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.O. Warwicker, J. Chem. Soc. (1955) 2531, H.E. Marr lll, 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 methylthioninium cations that are arranged in pianes

35 perpendicular to the a-axis of the crystal. The water molecules and chloride ions are located
between these layers, whereby the chloride ions are concentrated in planes almost



To date, the only hydrate that has been characterized in detail is the pentahydrate of MTC [JO.
Warwicker, J. Chem. Soc. (1955) 2531; H.E. Marr Ill, J.M. Stewart, M.F. Chiu, Ada Ctyst. 829 (1973)
847]. For this hydrate, even single crystal X-ray data are available. It consists of It-stacked columns of
methylthioninium catiops that are arrangegd in planes 35perpendigular a=axis e crystal. The -
wator TROTELUELI dA oR e Ml B o e e B e

concetR AR Hinpian &¢th ihiss hydserpe Aardidrad té WalR'PRFRESInd parallel to the axis of the

columns The chloride ions are coordinated with three hydrogen bonds from 3/2 water molecules.
Zg%?uga@a%mys@@%%%mmsml@éraévigmqté@ E!d%@’ﬂb&ﬂﬂalﬂ%{él\/[w =_r~'{avé<yrosz.z.<rﬁs-ts@é (3935)
: transiti r : ibed to
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occur ne _In dgqueous suspension an, S.P. K§ anrgg), P.C. Pf(j;l,rg%& Stevens, J
Chem"Eh{eBsaRRY I 1567 BEB3 Y 1re BARBIRPSI PSS U SHthired BFVardurh HHIRE ot the
pentaR{eitafi it ftomrempéirentefagdeiavatet iTiepRWashindieatsd feramuanalscappiaRifately 1
mol/mg}. MEGuis typjasdlycs bieinedrwiarenestallizadian thomeastuanusrsbliutionsatevhanslayiNagd or HCI
may he added @A%EH%%IJB‘VWWJ}MM faylag Z. Krist. 9/ (1935) 450; J.0. Warwicker, Chem. Soc.
(1955) 2531; HE: Fierz-David, L. Blangey, Fundamental Processes of Dye Chemistry, Interscience,
New York, 1949, p. 3111-314]. The product of the re-crystallization contains noticeable amounts of
exceskWatisr tyiifeHyrehtaieadaymsensEiizian Q@ nHeesERRIBIRNSavd RN IRk RMidiikficult to
obtaimeaproel ucidetiviel ialedinits sitictitp vty Saghrag akise MTAIBENEHYdidle Fammigkehythis
Purificgiamprasess 36y thssmodyariesiaeliy of hukiaiey SrMRIRGAINEoRetemizeybIre and
relative humidity. Exposing a r erat e IQIt (0 : s
stabilit?/hc'f3 or r{ﬁgg%y r‘ﬁ%/%g‘sefﬁ%?h %)sévtvr?r?sr%rtrﬁéa%gérf) inl%)cr])‘31 oﬁggrd{f') jn“;é 4}#@5%”%?2{%;%0@88#?%{? r{lll pound is
of gre&PTHSTAREESTRPIBhAMALLEURE PSS TCAIRIRE. WNEKY TRAHER AHRYBRRIHRA SRdghySeal
stability\afstiytorm guvedsitsath dhet of its diiinwi ddaridaior anasptiaciechiviehsiefined shaehemskinetics
and bigaailabilsyrd Mvthe sasaiRidueratem e gampasifieatibapaigesan influence on the correct
dosage of the active pharmaceutical ingredient. The present disclosure provides a safe and
reproducible process for the preparation of substantially pure methylthioninium chlorid tahydrate
Form ANG ARaieasyBa a6 R il aﬁ?ir{a’gé?liﬁﬂ rﬁaﬁm%gnae.%fﬂ%'%?eg At ﬁ\%%%&]’% i h%?%%?/ides a
processimiditeh Feagisint & ok dontemnst altieasndsos alive digtcive feBHICRE |<ud8id8 oS most
prefereeghait)ersh 909 Hasadiom thetiatafoneight-ohtoethyltifivemimium chloride. The present disclosure
also provides a storage stable methylthioninium chloride which is substantially pure methylthioninium
chlori entahydrate Form A and which can be easily metered for,a defined.content in..

pharma 3&%5%:%?%38&%(;%3 %rgpﬁr%%eﬁ% é%s%ﬁggﬁlrgé%g ?:)Cr%v?é shggrgasct%%%% é%a{gil%ahons'_ it
methytRBniRfl4eneRiolige AaRRIGRA PO ROvEIRtEniaPit e 8t By, Y RR1GE:, Treferalty 8f 1dSst 98%,
most peefiertaibas, |east@9dvasan pmpHu totgiheeipnobfnatichyatrdobivauatiahildyide. hhecpeeseht
inventayg e foundtiasdbramsenat orNiesolMass N bhuRisitoeeatralsiadeg erysiallizedien
treatmerpat%g ?Q u%;@g}é?g%%ﬁgn of MTC pentahydrate Form A, which can be easier dried and
simultaneous y maintams pentahydrate form A under stability conditions of MTC pentahyd rate
Form A. In an aspect, there is provided a process for the preparation of substantially pure
methyFhiorirsaantchiisgds yenrinyidestes vohE eincayeReCHyRINEN RIRFASSH Y dESs BIRFEARRSH M an
organig selyanatyithLravaiehganteiicorrespaaeing i ay drater Beitinity, ovaidleastrO Heah 2564 tie
SuspegsionIR KePhAOMWJERPSIRIWE8NIBG 0N 15RRIAlROLRIY ArRdiateinKR HReREIANIC

solvent and any excess water fr he salid: b) methylthionini loride is dissolved at ted

tem peé&fﬂr‘é% ?ﬁ%{fﬁ% i ‘3@8?\% t }{H"S‘%?‘&té?rr %grr]qe}/lr}{tac:%,%r%séjpg()hﬁ/é} r%ot% r\e/agg EF aﬁ?\ﬁ?f % at least 0.4
at 25Chaprdseutinieia vsisht wiepbuigiansy Wbl idslkEe BIfE AN SRR RIS IRIVIGERR solvent
and anyoexge Ssabatiendtopitieisnlid; die)imethidthis nistardiibrideres disibyltrediiniam afgaride solvent
with a YalghERIENE SATRSARNAINBHR M WatehastivbipbatiRast it 2fednd Hravrgasiasplvent
and ar&y excess watg[ Is 93/8%%(?%%%(?)&0{%!@@?5%%&@? §0|Id; wherein 'substantially pure' indicates a
methy RiBAmIum ehlofide pentahydrate con eht ot at Iéast 95% by weight based on the total weight of
methylthioninium chloride; and wherein the removal of excess water and/or solvent is effected either
by vacuum drying or by drying in a flow of humid inert gas, wherein the drying conditions are such that

the methylthioninium chloride pentahydrate is not dehydrated.



An embodiment is a process for the preparation of substantially pure methylthioninium chloride
pentahydrate Form A, wherein a) methylthioninium chloride is suspended in an organic solvent with a
water content corresponding to a water activity ofsat least 0.4 at 25C, the suspension is kept at low

]Eempeﬁ@aé@% @%@l@‘%é@ﬂﬁt&ﬁﬁﬂléﬁ?@@ﬁﬁd{éﬂ%&bﬁ%&%@T& thec@rlgmi@ﬁai\@atsagao,@rwwgaﬁ water
rom the solid; met ioninium chloride is dissolved at elevated temperatures in an organic
solverR Bt EERnen Cor SR FG 5% Rt Rb oA 418 J5E WS St i

coolecn¢ke/lpriecipitatechBolttk is isolated and dried to remove the solvent and any excess water from

the solid; or c) methylthioninium chloride is dissolved in an organic solvent with a water content
correSf)onding to a water activity of at least 0.4 at 25C, and the solvent and any excess water is

evapotafePIBERINBYEBPTA G foLith stk 135F e b OTHREIF aBRIVRNTE A HIBIHDIABATM
chloriderrayiogadieticA ceatenirgd aédeart #d/ddynatightf pvaferabhtattyeast 9B%m niosypieferred at
least 99v0 hased;on he Jotal e %HL%%)%Q%R{HM&"Mfﬁ'gie'ﬁ%?%‘l\é%@é'%%”}i“% Hlogdemay as
starting material consist of a water-free or a water containin comprising e.g. from 0.1 t6 22
percefPBiligampt M waertaiyssaohame fotal 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 ma Pe sed (ie.g. example 17). It is ac}van{ﬁ equs to l§now tpe tcga{ wfa\t(ﬁr content of the
startincj' n?a{'teﬁgi)g% thatitcal b%r%\égr@ irfto ACEStRt 18F the cAICThAIDIT o e Wa e?%&\)’itf In the
solvernmetyifrdsiipumTvondtepardatydtaianviwe tire mimethltheimog relvirridejsosusper et frer
titratiogy, JNErOIHRARAAR A BHEND oS SoHamBredaRs & ABf APBY RIS Moy AeBsltowed by

appropriate analytical methods such as thermogravimetry, differential scanning calorirne@/ infrared

. dif ry,
spectrbEcBRPEPSRMIF dERUBH (Rt I TBAEA ARG SR SHIBIRS AR ENS) MR WHBP irfhEction,
which gravides that atid Hstie stgoaledar M€ the sl dnate: Fotthickimdepariokidelis cithayarbsence of

Sresidyg| gy @é%@%%%sT 1P SROBErROVSINER G Iclies ﬁ:y@"@ﬁwg%r?éﬁdﬁaﬁgw QTgaRIC

solvents, preferably possesses a poor solubility for MTC pentahydrate Form A at the temperature of

isolatigRtuitye ahjeastife @othi&t, thaisplidapdicany'ed rdsnpierinisiatselsr ipétolRtesssifisfor MTC
10pentahydiate Fmordeisidnibieasedray dngreases tomperatmetan dleipresencaghyiatesiriusolubility
of less %han 20 %/.I and iQ i%articular less }haq 2.0/1 at room '[?gl]l erature ig{cﬁref{arred f?r racess

. lotide Is Wissglve an organic solvent wi water cofresponding 1o a water acy
varlan?s as ancf bj. e organic s%éfven IS pre}l‘éraﬁy mlscfb e with water. The*vapor pressure gf the

organief sbleant Prérirdbiy exoddbs dneaoitesoMaritendrarcXeeBs VAtabIE svhrandésinudeaeshanol,
ethangk HPrepRNAlZRIRPANM A RMNYIZPIRERRS a methylthioninium chioride pentahydrate

content of at least 95% by weight based on the total weight of methylthioninium chloride; and
wherein the removal of excess water and/or solvent is effected either by vacuum drying or by
drying in a flow of humid inert gas, wherein the drying conditions are such that the
methylthioninium chioride pentahydrate is not dehydrated.

An embodiment is a process for the preparation of substantially pure methylthioninium chioride
pentahydrate Form A, wherein

a) methylthioninium chloride is suspended in an organic solvent with a water content
corresponding to a water aclivity of at least 0.4 at 25°C, the suspension is kept at low
temperature, and the solid is isolated and dried fo remove the organic solvent and any

excess water from the solid;



15 acetonitrile, tetrahydrofurane, 1,4-dioxane and acetone and mixtures thereof. Particularly preferred
solvents for process variants a) and b) include 1-propanol, tetrahydrofurane and acetone and mixtures
thereof. Particularly preferred solvents for proces%avariant c) include methanol and ethanol and
mixtures , ontent. i ' h r ' Wity of
TG B B et
activity ivasIuGERteH PRTRRONITEISIdSRINHEEAFBEld b @ilRaseRpbfthéntaily e r &P dShy
deterrpiing, theawsiansententefd soludiarsthahts Wriequibibrimmawittha sukiere shdnetyykhiesinium
pentaW?raée Fotlhm A (_p_d the hydrate that is thermodynamically stable at 25lower water activity. For
this p ng the ceosr’ﬁﬁds?trion of a water/solvent mixture of a suspension of methylthioninium
pentakydnzsth P thioniaiunay didookande ddinsthemiiurnofofiggmeo gavamorplitc Rrmgter gtriyesh is
detected Nt GRYcoT HeRIELEARIE BN SRUID May hisbe determingide. Grdy 4R ldiseher

titration. Based on such an experiment, at 25C, thermodynamic stability of MTC pentahydrate Form A
is givelPiBF s RERRIRRIR Y OSSP IE0RIGHE, 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 25C, is required to achieve
the MIRTABEIE" AGILTGO"kds TR DE RISV WAL ARIIBH drCTEASRSIBAREI8ARN A
temperature and increases with increasing temperature. Different water contents are required for other
organkeBBINE s # &R 98 AchievestaitsamE AR RInteRske S e MydroeieTre %Ifﬁ?g%gﬁ%e taken
35frorpdbey|darmisiieideveeighPoflidehiMotisibiaianofidRC handbook of thermophysical and
thermochemical data, CRC press, Boca Raton, 1994; J. Gmehling, U. Onken, W. Arlt, P. 5
Grenzheuser, U. Weidlich, B. Kolbe, J. Rarey-Nies, Vapor-Liquid Equilibrium Data Collection,
DECHeahyI it/ b ar8iEs -mag2 psa séttiiemntiais it e oatist coht@ntiaipréraealsty éha¥@ifin such a

way thaj-cammietereobiinid S reptahydmte marde is,anbigivesk afdle, hasdanem dempgrature of
the crystalliza'%lon ste%‘?nd a Su%ﬂeéqtlf ﬁt{}/ so_ll{bilityﬁif iven at tge nr?ilﬂ}m nr”l terEpeRa%Jrra eog;;he
it s 1 o S e

e liga ' reidrably e el [ Py y
does r@%@?&e&d%gﬁﬁ’éié%t ANG MOshPLRIELRBIY dReRN SXEEBGLAMYE %okeM GMRASTalal

process variant a) may mean in the context of the present disclosure a temperature range from 0 to
35C aRdieiessrdhatathigarn b6 SefenTainRasRHR &icibs wRIsHaHRS bl 28y R applied
duringsthis phasepsklilibration: pretesschienphase ieguikisatioveproge §sapagrehtinestry stallization
proce%sseshgp AN ig% may be carried out under stirring. Dissolution of the starting material in process
varian bf may b& Carried out under heating up to the reflux temperature of the solvent, preferably to 40
to 100C, which means in the context of the present disclosure elevated temperature. Cooling of the hot
solution may be carried out continuously or in steps. Seeding with nucleating agents such as MTC
Form A crystals may be advantageous. The suspension according to process variant a) has to be
equilibrated for sufficiently long time to insure complete conversion. Amongst other parameters, the
required time will depend on the solids content, particle size, temperature and water concentration.
Typically, an equilibration time of from hours to several days is sufficient. The progress of the
conversion may be followed as described before. The organic solvent or solvent mixture used in
process variant ¢) 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 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 present disclosure preferably uses starting materials which already
have an appropriate chemical purity, since no purification is involved in this ocess C) contrary to

re- crystalllzatlg Eﬁwwg"élvarlant b) or phase equilibration (process varfant Sy 6 Water activity in
process variant ¢) may either be provided as Water |n the liquid phase or by evaporatlon at sufficiently
high relative humidity. The required water activit rfsolution or the relative humidity of the gas phase
is given by tHEREPATEATAIRIEOSSHHRY ’I"ﬁi’t@?é‘?‘ BetrarpaERSTEHIFA MR SaBTH%imit amounts
to about at |ehstmtQfavintetxt @6Eeatial sserpmsemitoihagicnivaled spatingtmmy teripeyatowesr According to

the present q;me; aatﬁea@amrﬁa@mﬁ&a remﬁm@@éa&mdﬁomrm&e&waébe evaporation |
process in orger iadiaeabiaad st WDdaN PLML BENAINIAUR RO avalable. Evaporaton

of solvent accorglng 0 pr cess varian c) ISpre w temperature such as 10 to
30C and® reRHEIRIRAMESORteferably 40 to 80%. In one embodiment, the solution is stored under
ambient conditions to let slowly evaporate the solvent. A humidified inert gas flow such as a nitrogen

or noble gas v mak Qsmpwcmm@mw@ RY3PWEbRANTReIEAEI peeRMBYNt Of
methylthioninium Ch'o'%rdg%o'? 1 to Dﬁ@ve%n?%ﬁa’%%%% T‘P n%s §5¥3&88I dipadahe present

disclosure mgy ran referabl welg ht and more preferably 5

to 40 % by WBRFYS @éd’@ﬁ‘iﬁe"‘f@f‘é’l '&/@@‘Fﬂ”&ﬁﬁ@wgﬁ@ﬁ?&ﬁe&’ S5leiion° o8 d¥ M8 the solid MTC
pentahydratepfroshydiats Brpicallp athéeved tyyrdecantdtvneaaidrp rskérablpdspdéietdiatiar. Brying of said

methylthioni@&m;mvl&ﬁ% pRAtadYAeiFesicA eSS Rencogiralledmitrpdisistabiiiyeasges of
o o F AR (SRR Al i &) YIS RIRER PLICR SHIRRIEIRNALET Sigocs oty ant

Vet
especially solvent. It may fAorme assing a humi ow over the sample or by

vacuum drylﬂﬁquﬁée?éaﬁ?i %@F&Qﬂ?&pﬁﬂ%%ﬁf%?’ﬁ%\’ ﬁé%eﬁﬁwww ‘ﬁﬁtﬁFoPp?fg‘ﬂé F¥nimum pressure
for vacuum dsyitagjedepemnts owithie testiperhtetrarmhdimrayabel.eBtirmpandl, Ronsttyirfaprearabor sorption

experimgnts. . dsiyneahgreRisREN iR arRHe baelais BMe shigatanisrexp eertin humidified gas
ot = = GRithe ShalaNI PRI R A PRI MBS L HAIR MBS SaTPe o

determined dt Short time interv ermits to detect a c an e In the hydration state. Dynamic
vapor sorptlﬁ@ﬂP@@%W@tﬁrﬁ%ﬁﬁmnﬁﬁ‘&Wﬂﬂ WEBERGHBH ol ?J?Fﬁsfﬁf: %Péﬁﬁwad'gf}ﬁﬁ ek %enydrate.
According to setbthnticad stbaneisg MkGreeteapgidrate Form A is kinetically stable down to
approximately 15% relative humidity at 25C and approximately 30% relative humidity at 40C. These

values %3:‘“4‘#6 WIS IO '@'éﬁoeanﬂnr@@ﬂ\my%q%ﬁﬂ@%ﬁ&@;ﬂ%&%&mﬁw Taking into

account the vapor pressure of water at these temperatures %f ide, CRC handpook of
chemistry anaeﬁﬁ%fggteB:c?fﬁ’ SufighetiRoMhagad I%t@ﬁ BN %@@@ebeséa@b'f PRLB Yal%tive humidity
values translattivibtin pebsisaries *Mfamﬁmmm@?*fﬁymeaﬁﬁi%"FﬁégFPPé'ﬁ}?@&iWeW #RMERould not be
undercut at theseisampesaturesicAesasding 4@ dnaopresantrisclasiuie wattenpeatedufe close or even

below room tﬁ\g}g‘ﬁ{%%ﬁ&ﬁ 98&1&&?#%@%%%%’3 mgﬁmtéw @ iaRalARkbamBIn A1 the

pentahydrate av e In&nnccrp e, No ug) er limit is %lven the rela ive humldltx and the applied
pressuré®resBEEAIES FFHIIEVEY THE IR %%8?@8ﬁgé’ﬁs§oﬁo‘ﬁaiﬁr5‘8m hBELHSGA deliquescence
and unaccepsabiprisiat efnyiiyiinreinivapeathidPieferred amiditchanaeEary DuPeHE pfdttess variants
according to the pigserinliseios ine@aidsrlatiried impsottdhatwateropesatireanabhigaer than 40C,
preferably “O%Qg%%?&e@mrﬁé% e ﬁ%ﬂ%&%‘%@ﬁ%ﬁoﬂ%é&'&&‘&ﬁ then 2RGpiamayalighaxcess solvent

and excess wat vacuum or.in a flow of inert performi um drying at a
temperature H5{TR N%?’W?aﬂa%g%g\ﬂ 'S prOaalR ‘?HU\/eH‘*tﬁ rg r?%rrﬁﬁvaarer e f% ELp %Lé 5{:1 4 temperature
not high&} thaigEBCang & presresrrodionieraieass eiband ﬁéﬁb?ﬁﬂ%g’%i??ﬁ?d‘mﬁ‘%{rﬁf imdrt gas flow at
a temperature, fetehigheitan ¢ anglmbpanelashves fo) iidigyiefthesgeisveotdeioimB0Hatareferably at a

temperature eammwhﬁ@%égés@gfymreawm%ugéwme@cm sl UnoSubstantially
pure Methylthioninium chlorid e entahydrate F m A is btaln d Jin h| le;(ralg?o tgegood ccystalllnlty

The kinetic aﬁﬁrﬁ?é?mﬁgi/ﬁfﬁ? B R RS L L aﬁﬁﬁ:ﬂ’ S Pravides casy antr safe handling
and processingugntsan eidetitostgiinvg Sapang WHGHBH@WWH‘EWM@WW?&W@P eR/st&fline forms or
dehydrag®n, easurngepseparaion.af sidsade . HakiktanyeRdbsedooormy dstioos) ypiederably
pharmaceutial Qg GREIGAY dieiR iy IbONTNLABRIADIE Hehioh rafasive humidiy
down to about 35 % r.h. or 40% r.h. Form A is also stable at 25C. In a further aspect, there is provided
a method of drying of MTC pentahydrate 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 is not dehydrated. The present disclosure 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. This drying should be carried out a temperature not higher than 40C. Preferably the drying
is carried out a temperature not higher than 30C or even 25C.



8 If the drying is carried out by vacuum drying, the vacuum should be greater than or equal to 60 mbar.
If the drying is carried out in a flow of humid insert gas, the relative humidity of the gas should be
adjusted so as not to dehydrate the MTC pentahyi@rate form A. In some embodiments, the relative
humidity should not be below 30%. However, in further embodiments, whilst if the dry%ifrl]l is.carried out

at 20 EENERSRIe YuRIHiFDs thelpREsHo (A" RETBRToW AR5 1tk RV i HRBRIES Y5 C, then
the reREGHBUAIdRofiththad a8 BERwapabutrsimotiiid nbebeidey tevten fanreiewiibolipsent
providassidpstantiallytimat e shasfayihionisiiun ehimide pemtatymisate Form A whighhisebtaineekby, or is
obtainghle-hynthe-memers desrabadahenaCanposiions Qnremhodimeniueligeprasentdisclosure
pertains to compositions com rISTJr'{ substa tlalliy ure MTC P ntahydrate Form A which, i tained
by or [EoBUARAERe 507 ot A0S0 ALEANBI o Br e UG, B SRRBERIOH Tother
comphsatahysrmreutcallyancipiaiateafihgillieid sheseiprefrrahbidogs opinaxtrasting
pathogens, Gaseemirodimdiniuid thesaee seokdli setdstatsypardainadd asesefispdstantiallgmpiinaddl C

pentabygtaie, b oBs hovbichda ebtained 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. Methods of

MedicsP¥ rARREATUSHE BFRBBRINTBARDF B FedBer/HiBcibsuraTerathdte BlfrtahtismPpYie fTC
pentabydpate tBor madgentioh Gstoliai feahbynordspoieaiab [E0y, 20Mtethehperalesedhddsheitin, for use

in a metbeshafdreatemgeraay Haaisrasespadiio phaddha hupatioaredasl body by therapy. 9 One
embodiment of the present disclosure pertains to use of substantially pure MTC pentahydrate Form A,
which_is obtained by, or is obtainable by, methodgﬁ_ described herein, for the manufacture of a

medichPfetase SSEIRHET RS 2F Agidea S ERIERIRD BIRees RSN ARR CoMRY BFe&¥fEfisclosure
pertainstiongss sfisingstaissaliipure’ MEGiBEnanyeicie FoRPzeskiveriar! shtaineddygasiad ebtainable
by, a metbpt@stidgagsihedrereinxindhedreatmenthé ascisaaseetadiionoCitetembotinantosf the
presept JiScIpsiie RAIAINS B & pEieaimerlata AreRssGRNEHBME & BRIIRSLsERAMISING
administer neg to said patient a thera eutlctall -eéfe(glve a%ounH oftsubstan ia l}ﬁ fure lML‘II'(g:Fpentahydrate
Form W%ﬁ.cﬁ%%ét%?f&a'%&?? ST obtAivanie bﬁea Hethou aS GRLFiBEa hersn” &° orm

A crystals may be advantageous.

The suspension according to process variant a} has to be equilibrated for sufficiently long
time to insure complete conversion. Amongst other parameters, the required time will depend
on the solids content, particle size, temperature and water concentration. Typically, an
equilibration time of from hours to several days is sufficient. The progress of the conversion
may be followed as described before.

The organic solvent or solvent mixiure used in process variant ¢} 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
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 present disclosure preferably uses starting materials which
already have an appropriate chemical purity, since no purification is involved in this process c)
conirary fo re-crystallization (process variant b) or phase equilibration (process variant a).



Disease Conditions In one embodiment, the disease condition is a tauopathy. A "tauopathy” is a
condition in which tau protein (and aberrant function or processing thereof) plays a role. Alzheimer's
Disease is an example of a tauopathy. The pathogenesis of neurodegenerative disorders such as
Pick’ i ase.an d Progressive Su nuclear sg/ PSP?j é)pears to correla]t with (an acc mulation
e
o] ta

of pat dl@é;m’r'dn@a? RED é’&&' ga SN t% Pemg\]/ Vit Sﬁd'vgttgra{]et%e rami deﬁ s D the
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J. AllenboafosthUitiveisiyPeé 4T Orfnidh193i20B msharkilapieable 5.1 thereln) Each of these
diseases, which is characterized primarily or partially by abnormal tau aggregation, is referred to

e e
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2011/6B3656 TPt/ MEZ0 $0/0i2543 §®'Iﬁdoﬁé@ﬁﬁt%m*ﬁéhtCQﬁé'ﬁéﬁﬁ%i%d?él@%é &yﬁlﬁratﬁéhﬁmana In
this egdeshmenhtreaffehiraaysbe fliveosabination witbganotherobidigasr dbial rage heecappifed dmbination
with chloroguie; ok 8P ¥agHaRgor. In one embodiment, the viral disease condition is caused by

Hepatitis C, HIV or West Nile virus. Treatment 10The term "treatment” as used herein in the context of
treatin ﬂ\a condition, pertains generally to treatment and therapy, whether of a human or an animal

(e.g., i 9&@’%@?&@%@&@%@“"’%%%%&@%@&@@@@%&Lﬁﬁ’: RipseETs ‘GRS R: foF @x@ple, the
inhibitescotithg fprigresssenthigscoaditonaanshige fucieDd reditfoirinbighaterefepblyréds, 5@ halt in the

rate of,progtpsareaessinBieiking sendision vamelipratanf shareoREi i FRbEHE Ristegendition.
15Tre nenkas a prophylactic measure (i.e., prophylaxis, prevention) is also included. The term
“"therapeutically-effective amount," as used hereln pertains to that amount of an active compound, or a

material, composition or dosage from comprising an active compound,
Isolation of the soiid MTC pentahydrate Form A is typicaily achieved by decantation and

preferably by filtration.

Drying of said methylthicninium chloride pentahydrate Form A must be controlied within its
stability ranges of humidity, vacuum and temperature.

Drying is intended for the selective removal of excess water 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 frorm dynamic vapor sorption
experiments. In this type of experimeni, 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
Form A is 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



which is effective for producing some desired therapeutic effect, commensurate with a 20reasonable
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

theraggsaLe £ m@yf'%ép sﬁ?&@ﬂﬁt %?e%%@ Morrémﬁ't?rﬁdgoéﬂé%uﬁ?‘%@p IRHOf BralpRNts/and
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2011/@@@@%8&@%@2@&@9@5F N ALAIRINIEAIER Bcldeduiha faAIK A hedral
(e.g stlon% buccal; s Lﬁd trans mal‘gn?lu ling, e e‘?(% nga?c?ats%hc IaDster etc“)

é U] res

transm %osal |nc an h as er, etc iNtfanasa y nasal spray); ocufar (e.g.,
by eyE6IGHEFSORAGH rvrk%c‘@epépmllfﬁlﬁt g ﬁ'%?ﬁffﬁ%ﬁeﬁ‘r@rapy usmg e.g., via an aerosol, e.g.,
through 5the mouth or nose); rectal (e.g., by suppository or enema); vaginal (e.g., by pessary);
parentaeifrfer exanipteshy icgestion, inelpdingss wsciaein eowerdinigattetimabréseahtlisdotareiatavenous,
intraarteralomifaeargiagubiiatheeapariiaspidahiieacaps wienC sphdapsifatointiganbitaln 30°C,
intrapgHEP AR 'BFé?éFRéEP%@l ﬁ@%wtﬁalarzsﬁ@a@émy &ug&r@@eei%ﬁngd@t@&@é@%mlggmg eg.,
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platyp‘i.t]?)" a pressure not lower than 5 mbar performmg drymg wrth an mer% gas flow at a

temperature not higher than 40°C and at a relative humidity of the gas not below 30%,
preferably at a temperature not higher than 25°C and at a relative humidity of the gas not below
15%.

Substantially pure Methylthioninium chloride pentahydrate Form A is obtained in high yields
and good crystallinity. 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
stabie, well dosed compositions, preferably pharmaceutical formulations.

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

in a further aspect, there is provided a method of drying of MTC pentahydrate 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 is not dehydrated. The present
disclosure relates to the drying of MTC pentahydrate Form A fo 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.

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.



15(e.g., a guinea pig, a hamster, a rat, a mouse), murine (e.g., a mouse), a lagomorph (e.g., a rabbit),
avian (e.g., a bird), canine (e.g., a dog), feline (e.g., a cat), equine (e.g., a horse), porcine (e.g., a pig),
ovine (e.g., a sheep), bovine (e.g., a cow), a primgte, simian (e.g., a monkey or ape), a monkey (e.g.,

marmesek BRREEN, GIRBEKR- Oy 98Filan CiIRANFEe;RIARE Wahdd HBRABMET BdmaEn 20 to
Furthegégnd%e, the subject/patient may be any of its forms of development, for example, a foetus. In one
r

prefe iAbodiment, the subject/patient is a human. 25 Formulations While it is possible for
substantially pure MTC pentahydrate Form A to be used (e.g., administered) alone, it is often

prefergbigluRIRGER! Kaffed CUPROSILARP LIOHMUIAURR.AORONG S RIS MBS, compesiian is a

pharmaceutical composition (e.g., formulation, preparation, medicament) comprising substantially pure
MTC SERthyRFafASIRY S LaetetiRdIRpErianta ﬂﬁgﬁnﬁﬁaﬁﬂﬂé’gﬁ?ﬁc@maﬁe i iluent, or

excipientbddioratemiiesineatiythercomippskiosuid anphabeabeisiicaBo@mpositiesveemprisiadhat least
35substantialiepure MiS pe e;f Ay a5, deorpad hereln dngetheriih apeer mare other
pharm%%%?l@gdccef)tsgb e{_?’rtl%ir%gl{e_ ts weﬁ‘ﬂ k%own to those ékﬁl%é%n Ej\?(:-‘:-ear_t, 129n_crrudh(|gr}1 H,%ut not
limitedReUpshaghaebwicaly. dbdepranietdriagicgiicehal exdipidhfs, hgjiciatie fmsridiyupfelee
preseyaiives bantvddantshdubricanisicstatglisers, solubilisers, surfactants (e.g., wetting agents),
masking agents, colouring agents, flavouring agents, and sweetening agents.

A further embodiment provides substantially pure methyithioninium chloride pentahydrate Form

A which is obtained by, or is obtainable by, the methods described above.

Compositions

One embodiment of the present disclosure pertains to compositions comprising substantially
pure MTC pentahydrate Form A which is obtained by, or is obtainable by, a method as
described herein.

In one embodiment, the composition further comprises a pharmaceutically acceptable

carrier, diluent, or excipient.

Methods of inactivating pathogens

One embodiment of the present disclosure perfains to use of substantially pure MTC
pentahydrate Form A, which is oblained 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 sampie), the

method comprising introducing the compound into the sample, and exposing the sample to light.

Methods of Medical Treatment

One embodiment of the present disclosure pertains fo substantially pure MTC penfahydrate
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.



In one embodiment, the composition further comprises other active agents, for example, other
therapeutic or prophylactic agents. Suitable carriers, diluents, excipients, etc. can be found in standard
pharmaceutical texts. See, for example, Handboak of Pharmaceutical Additives, 2nd Edition (eds. M.
Ash and I. Ash), 2001 (Synapse Information Resources, Inc., Endicott, New York, USA), Remington's
Pharnfieuticardisientedl doth awsem, sinslaseisinestanglitnsse WikmbsEtie! anetrfardbbok of
PharmecéttichbiexEgpienms w2iich ésl ibiota jEaG2), Anddhertandide inge atroétine pre sleatdisd dsuee pertains
to metgpgi phanariedi@ Bhatmasesieat RAMORIIAR FeRPRING admbdrg sshstantially pure
[11C]-radiolabelled MTC pentahydrate Form A, as defined herein, together with one or more other
pharmaceutically acceptable ingredients well known to those skilled in the art, e.qg., carriers, diluents,
excipitli, erPeciowntisledss pressslte RS s, RETRIRS, K yseath ﬁHﬁsé%rr‘ﬁaﬂéfs %“b‘?e&ggrmined
amoune(tasatieleof the Actividatoin pbiaikdThe wria Splanaiaeduticalhpiockpratsecribedise@inerein,
pertaifsie ¢aRRAHIdS slagedieRisydilaterials, 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) without excessive toxicity, irritation, allergic response, or other. problem or complication,
commBREUFHIRFIELS §8ﬁa?fﬁesﬁ%gﬁﬁ?§1?5%tfbeﬁ@ ‘Rarigie G Rt, WIS %o, HRFE R Iso be
"acceprasigomitersdivss eemeRflcorpiniblernaiake dnriianigdorsers diogly-RifartiMiamoThe
formulsitionsstaayabe pliepdMed peaniyetaobsrmel, knbish in thesarddbpharntaopsuabiargthads
includg, the step afduiagingdnta 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.qg., liquid carriers, finely divided solid
carrieEgasedrRnEi?Nghaping the product, if necessary. 13 The formulation may be prepared to
providia forerapitatireklow; tedediseasmmedidite, ideldgaethatmed, or sustained release; or a combination
thereok, feQuBpdations sutakliedenmatapkeral aarrnistAtoRbRrant Byrigisatinirdelsieyanbrms or
.“0”"'2% 58.”2’ .'%%0nAgz%m@reg‘-Hg%aééer&e Qﬂub‘iz%ﬁfpgs ’ cﬁP"é“?Q?oﬁ%{ﬁg.eWQ“Bétﬂﬁgﬁa@Qsth& active
ingredient is dissolved, suspended, or otherwise provided (e.g., In a liposome or other
micropSHICARAEN MG |SRISSSay HdtiBS nalcEchidiFFBtfe A PR aFRIALERRICIY HEBBPERRE MP¥dients,
such d83Rlianpgartsobtifesiaipreise reataesintidiinocps nedoeairabts) rippendingasiesrteatitkening
agentshandessalitesowhichaender=ibasfoppalaiien iseirniewithethaddentbior athesowleyanCioastily fluid)
o the {RIRBARS"SRIRIGE!ErRMBIRG AL AGRIRHL (Reidfien IkRSAIRICINKAIP T 30BRISs 106 Of?.

glycer ble,oils, and the like. Examples of suitable isotonic carriers fo in,such formulations
it S BTSSR AR R LTSN R e A CH i e
conceRgifotgRtHEegengelingrdBRRNPIh Bramdéss HERTAPBURIRPMRIGE ABEIAN CRFR7rTEPEXample
from aFditdy) agtinbibsabbdedepafatiom HEBETardtichsrmésebe preséfitetikn Orlit-ddsewmguliti-dose
333'?%C%iﬂ_§_{<§n,f0@%amlﬁ))?‘?‘}&ou]rf‘o‘?e%[l%\/ i%_lr%,i_@né# Mgy BRcRN egd%a&g@e%@'ﬂﬁkﬁj@iﬂ)@@hiﬁsed)
condiign.requiling anly ingaddiion of e sigulecligud carir, fan sxamRle xalerfar nisalians
immediately prior to'usé. Extempotraneous injection solutions and suspensions may be prepared from
sterile FderLgrbReE %nd-tﬁﬂf‘é&.%ﬁ&@%’?fﬁﬁ%?é?ﬁéd B dicnEnESRpBtnam f the
preserit titeltsorebfrataihshesa dssagesumiti@hgs, ehphemierassliicalanlyler erdigiyuiy) avmaprging 20 to
300 mgebgyksianiially pirerdd e nRestnbydrataigramA obtained by, or obtainable by, a process as
described herein and a pharmaceutically acceptable carrier, diluent, or excipient. In one embodiment,
the dosage unit is a tablet. In one embodiment, tp dosage unit is psule. In one embodiment, the
amoun? 5 B8ENHY: fﬂ%ﬂ@e&%%}’ﬁig‘?fi’,'ﬁé%ﬁmﬁﬁ SISABRR g%ﬁ)?)ng In one embodiment, the
amount is about 60 mg. In one embodiment, the amount is about 100 mg. In one embodiment, the
amoun isrebatbdditheng. the ez esehodiitent jdlseiammest is about 200 mg. WO
2011/G3638 WA bAH32AL Y0843 d 4dAaRe amhodipeiat, the pharmaceutically acceptable carrier,
diluent, or excipient is or comprises one or both of a glyceride (e.g., Gelucire 44/14 OD; lauroyl
macrogol1-32 glycerides PhEur, USP) and colloidal silicon dioxide (e.g., 2% Aerosil 200 0; Colliodal
Silicoﬂ'mﬁﬁiﬁﬁ"mfﬁ'ﬂﬁr@ §}E)g:£isease condition is viral, bacterial or protozoal.




5 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‘fﬁﬁ%’ﬁf‘}?ésﬁhtient. Determining the optimal dosage will 1058?(@?%{”9/ Hdkie 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, bl® not limited to, the activity of the particular
compound, the route of administration, the time of administration, the rate of excretion of the
compound, threode rationiiofethicttecatrioerd| dehesadrorgiiticcompeaiarnal dn dngforooditenbiseatsetitin

combination,{ae meredHebiAtE QRSN BnBRE IR FRRFIES g SAtoRBMaNRIgh ondiien general

health, and porli,%rtomedical 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 withoutrcenesiny sliinsteritialvinairdisi dserodetitorisus wiek beffEea it @ Admatidteatiditecan be effected
in one dose, gputinuously 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 &ﬁ%@?@lof the therapy, the target 25cell(s) being treated, and the subject being treated.
Single otmulhsi¢ead irigngtentidas esad bergairide cantaitioftiieatiuse dendiliedetainsracheialy selected by
the trehat(ijng nbfy@aiaemt\@wrf#@ad@nw@étmmumm SeesAimal wgt@mafma@f@ghﬁm%aﬂy pure MTC
pentahydrate form.A is.in the 0 I ically about 1 pg to
about 10 mgjnp“('gr}I *}|?,°‘?§r§ Sg%%/ﬂv%z?gh of tﬁ%ﬁl‘s}%g‘%‘&g gtg)'r%g%%ﬁ%%ﬂggmf?fﬁgnﬁtﬁgsubstantially pure
MTC pentahPReEStFiacabpmifetdreydes Fﬁ#‘fﬁ%ﬁﬁ'ﬁ%ﬁ%%%ﬁﬂ?f&% ARG R sage
regime: aboutrt@esngeBesnmsad tib/cBBIitWICE 2810086 §BthP CTHIRP048I60R3Y e condition.

15  Treatment as a prophylactic measure (i.e., praphylaxis, prevention) is also inctuded.

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

20  reasonabie 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
Exampies of treatments and therapies include, but are not limited to, chemotherapy (the
administration of active agents, including, e.g., drugs, antibodies (2.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 '



15 In one embodiment, substantially pure MTC pentahydrate form A is administered to a human
patient accordir%gg to the following dosage regime: about 150 mg, 2 times daily. In_ one embodiment,
substantially ﬁ”ﬂ ez{W’éé?féntahydrate form A is administered to a huma® %BH%&W{“&%SC“Srding to the
following dosage regime: about 200 mg, 2 times daily. Unless otherwise specified room temperature
corresponds to 25 C and ambient conditions corresb_ nd to room temperature and a pressure of 1,013
bar. 10The fERIENef esainipleteniprfertiArari SRR o St WRARTEPMaRErRAs are prepared
according to axdingptsreeseribediviWioy 200663283 enhpluiter \seib trenwanaced ftenitdinrresponding to
a |0W?r Watg&.ﬁ?@%&B&%%dg&%@y&@i?ﬁli&ﬁ%ﬁhﬁ@(@@id@ﬁ%@é@%@tseﬁ@%r bé-egydRdisEaction (PXRD)
is performed on a Bruker Advance powder, X-r iffractometer ys radiation.
D-spacings a%%%ﬂ%ﬂlé?@d Pr’()'rrﬁq %g d?/gﬁ%ﬁaﬁ%?n@é{ﬁ%yvgécglgf%té%)ﬁ%%L%gl%'égﬁﬁe}éally, 20 values
are withif antedBeush of T3S cTerRb@ 4p OHSHPRESIER OF SFPTIHE YA RS S vRILRES 8 herefore dependent
on the peak Iggatiersl, for ékamgharactecisiic ipeatisgnRButdtiedbe vordspehditigdsalars (A) are given
in Table 1 for 2QMethytiRRiAE FiRtdG.RenanEERt TRt Fakialus-Sesiasdor crystal form A
Angle [C 20] d-sp mqu@Q Intensityig‘%glitﬁtive)s

intracrbita peritoneal; acheal, sﬁjc?uiicular. intraarticular, subarachnoid, and
intrastemal (including, e.g., intracatheter injection into the brain); by implant of a depot or

10 reservoir, for example, subcutaneously or intramuscularly.

The Subject/Patient
The subject/patient may be an animal, mammal, a placental mammal, a marsupial {e.g.,

kangaroo, wombat), a monotreme (e.g., duckbilled platypus), a rodent

15 (e.g., 2 guinea pig, a hamster, a rat, a mouse), murine (e.g., a mouse), a lagomorph (2.g., a
rabbit), avian (.9., a bird), canine (e.g., a dog), feline (e g., a cat), equine {e.g., a horse),
porcine (e.g., a pig), ovine (e.g., a sheep), bovine (e.g., a cow), a primate, simian (2.g., a
monkey or ape), a monkey (e.g., marmoset, baboon), an ape (e.g., gorilia, chimpanzee,
orangutang, gibbon), or a human.

20
Furthermore, the subject/patient may be any of its forms of development, for example, a
foetus.
in one preferred embodiment, the subject/patient is a human.

25

Formulations
While it is possible for substantially pure MTC pentahydrate Form A to be used {e.g.,
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 skilied in the art,
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including, but not limited to, pharmaceuiically acceptable carriers, diluents, excipients,
adjuvants, fillers, buffers, preservatives, anti-oxidants, lubricants, stabilisers, solubilisers,
surfactants {e.g., wetting agents), masking agents, colouring agents, flavouring agents, and
sweetening agents.

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

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

Another embodiment of the present disclosure pertains to methods of making a pharmaceutical
composition comprising admixing substantially pure [''Cl-radiolabelied MTC pentahydrate Form
A, as defined herein, together with one or more other pharmaceutically acceptable ingredients
well known fo those skilled in the art, e.g., carriers, diluents, excipients, etc. If formulated as
discrete units {e.g., tablets, etc.), each unit contains a predetermined amount {dosage) of the
active compound.

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)
without excessive toxicity, irrifation, 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.

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
necessary.
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The formulation may be prepared to provide for rapid or slow release; immediate, delayed,
timed, or sustained release; or a combination thereof.

Formulations suitable for parenteral administration (e.g., by injection), include aqueous or
non-aqueous, isotonic, pyrogen-free, sterile liquids (e.g., solutions, suspensions), in which
the active ingredient is dissolved, suspended, or otherwise provided (e.g., in a liposome or
other microparticutate). Such liquids may additional contain other pharmaceutically
acceptable ingredients, such as anti-oxidants, buffers, preservatives, stabilisers,
bacteriostats, suspending agents, thickening agents, and solutes which render the
formulation isotonic with the blood (or other relevant bodily fluid} of the intended recipient.
Examples of excipients include, for example, water, alcohols, polyols, glycerol, vegetabie
oils, and the like. Examples of suitable isotonic carriers for use in such formulations include
Sodium Chioride Injection, Ringer's Solution, or Lactated Ringer's Injection. Typically, the
concentration of the active ingredient in the liquid is from about 1 ng/ml to about 10 pg/mi, for
example from about 10 ng/ml to about 1 pg/ml. The formulations may be presented in unit-
dose or multi-dose sealed containers, for example, ampoules and vials, and may be stored in
a freeze-dried (lyophilised) condition requiring only the addition of the sterile fiquid carrier, for
example water for injections, immediately prior to use. Extemporaneous injection solutions
and suspensions may be prepared from sterile powders, granules, and tablets.

Examples of Preferred Formulations

One embodiment of the present disclosure 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 acceptable
carrier, diluent, or excipient.

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

in one embodiment, the amount is 20 to 200 mg.
in one embodiment, the amount is about 20 mg.
in one embodimeant, the amount is about 60 mg.
In one embodiment, the amount is about 100 mg.
In one embodiment, the amount is about 150 mg.
In one embodiment, the amount is about 200 mg.
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In one embodiment, the pharmaceutically acceptable carrier, diluent, or excipient is or

comprises one ar both of a glyceride (e.g., Gelucire 44/14 ®; lauroyl macrogol-32 glycerides
PhEur, USP) and colloidal silicon dioxide (e.g., 2% Aerosil 200 @; Cotllicdal 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 generaily
the dosage will be selected 1o achieve focal 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 fo 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 genera!, a suitable dose of substantially pure MTC pentahydrate form A is in the range of
about 100 ng fo 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.



3.14 29.2 3.06 m WO 2011/036561PCT/1B2010/002543 16 The abbreviations in brackets mean: (vs)
= very strong intensity; %? = strong intensity; (m) = medium intensity; and %\%% weak intensity.
5Methylthioniﬁ7l9rﬁ‘}3:}%8? b pentahydrate form A exhibits the following chb AYLCY8 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 28 values (0.1):1§.7, 9.2,9.6,10.8, 18.7, 19.3, 25.6, 26.0, 26.2,

26.4, 27.3, 28 angRInbacdiment RAEHRAHAI ARG M TGhRAREYIER e AR AdR R AR L0 BREA0ly exhibits
the followingpeianbatesistig 28tvafolesvi thsBge, roghng . 8Hdld B0Tig3? 8 43, 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

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

Unless otherwise specified room temperature comresponds to 25 °C and ambient conditions
correspond to room femperature 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, 20 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)
5.7 15.5 VS
9.2 0.6 Vs
9.6 9.2 VS
10.8 8.2 $
11.3 7.8 m
18.7 475 VS
19.3 4.80 g
20.4 4.25 m
21.7 410 i)
21.9 4.08 m
24.6 3.62 m
256 3.48 VS
26.0 3.43 5
28.2 3.40 L]
26,4 3.38 VS
27.3 3.27 5
280 318 g
28.4 3.14 s
29.2 3.06 m




17 EXAMPLES Example 1: A suspension of 181 mg of a mixture containing methylthioninium chloride
hydrates in 2 ml 5acetone/water (1:1) was stirred at room temperature for 4 days. The solid was
filtered off and*@4 4+Fdm temperature and 5 to 10 mbar for 15 minutB&™} W‘é’%?l%ure MTC
pentahydrate Form A are obtained as confirmed by X-ray powder diffraction. Example 2: 10100 mg of
a mixture of methylthioninium chloride hydrates Wer‘bssuspended in 2 ml 2- propanol and 0.1 ml water
(corresponding to approximately 46% relative humidity). The suspension is stirred at room temperature
for 6 days. Theesiidewiaiofitterockaftandalriéd )t reonsttem peeasiye(silsEdegidansiur §oF 5 minutes. A
sample of pure MhGrrsRIghycd s FREak Adsaptained 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 filtdted Yataaienrismeirreramenaiab o Ag bttt it aiorh st sinessmTc
pentahydratg 4601 £7 Bxamplaslz, 208, neafnenadwIlthioninium chloride Form A were dissolved in 5 ml
boiling 2-propanol and 25water (41). Crystallization starts soon after cooling back to room

temperature. The salid was filtered off and dried at amhient condition. X-r owder diffraction
confirms pur yw&wﬁgma\ﬂﬂ}%ﬁgeﬁgmgﬂgrate orm A preterably eﬂ’ubilis th%ot%xv%g chatac erls‘:ﬁc

28 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 29 values {0.1°): 5.7, 9.2, 9.6, 10.8, 11.3, 18.7, 19.3, 204, 21.7, 21.9, 24.6,

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



Example 5: 30105 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 td"(ﬁ‘r%é@éﬁa'ilambient conditions with a relative humidity ab%%lﬁab}é)@&? powder
diffraction confirms pure MTC pentahydrate Form A in the residue. 35 WO
2011/036561PCT/1132010/002543 18 Example 6: 160 mg of a mixture of methylthioninium chloride
hydrates we@¥4i¥E4&&d in 3 ml methanol/water (2:1). The solution was filtered through a 0.2 urn
syringe filter and left in an open glass vial for evaporation at ambient conditions with a relative humidity

above 40%. X;.pray powder diffraction confirms pure MTC pentahydrate Form A in the residue.
Example 7: n2ml
rgﬁ%ﬁp ;

mgqg of a mixture of methylthioninium chloride hydrates were dissolved |
methanol/et F%ﬁ'?.n -Fﬂ]iééofl’ fbr? \’Fv’axg}/rfﬁt%or'éaﬁt’hnr%wgnhgh E?fﬁ%msﬁ%ﬂﬁ e ﬂ?’tef arﬁ‘ ?g#‘ fn an 10open
glass vidh foraspigpefuaien(&f hivasisviteoHdRMIh SRR AU N Fel R i BRy AB (Rs Hrsd R B powder
diffraction comftng ponetbierpenrtahy drateOmasan 1y ith thénvesidiss. rigkeimple 8TCLO1 mg of a mixture of

methy'thionifﬁ&mﬁywﬁoﬁx%@wﬁem%mﬁue & Rlrdpdaeibaagbizapropanol (1:1). The solution

was filtered through a 0.2 pin 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
pentahydratEEpe&in the residue.

10 100 mg of a mixture of methylthioninium chioride hydrates were suspended in 2 mi 2-
propanol and 0.1 mi water (corresponding to approximately 46% relative humidity). The
suspension is stirred at room temperature for 6 days. The solid was filtered off and dried at
room temperature and 5 to 10 mbar for 5 minutes. A sample of pure MTC pentahydrate Form
A is obtained as confirmed by X-ray powder diffraction.

15
Example 3:

113 mg of methylthioninium chloride Form A were dissolved in 6 m! boiling

tetrahydrofurane/water 2:1. Long needles crystaliize upon coaling 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 & ml beiling 2-propanol and

25  water (4:1). Crystaliization 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.

Exampie &:
30 105 mg of a mixture of methylthioninium chloride hydrates were dissolved in 2 mi methanol,

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

35



Example 9: 20130 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 J¥EHE4ifd%he solution is left for evaporation in an open giad&Rai 4% hbient 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'8f methylthioninium chloride hydrates were
dissolved in Ex@nes8hanol. The solution was filtered through a 0.2 pm syringe filter and added to 10
ml 2-propandbNagpriecipitatio nf oty amoitmeisiolistiorydsatet iersedisgpdredior atlambient conditions

with a 30relafiye, fnydity gPﬂV?h%%%%%mmw@@mHUm% conlymgee MiVdentahydrate form A
in the residue. 19 CLAIMS 1. A process for the %re%?ratlont of SlfthtaEtlalg&P re m%g)ylynonlnlum
chloride penif)#ats RHar &P AR PR IR XM e I Bl SRSl iAP81F ofgAHIE solvent with
a water ontean rydesgfirashing orivnateyraMipertaivsats Cranad P5LE wiidyBspension is kept at low
temperature, and the solid is isolated and dried to remove the organic solvent and any excess water

from the soliq:-;(amgpemethylthioninium chloride is dissolved at elevated temperatures in an organic

solvent 10with a watéer content corresponding to a water activity of at least 0.4 at 25C, the solution is
cooled, the pTQ%fEﬁa?{mgff&eigfi@ng % %i'%‘c;% fig?eWéésstﬁ%rSngésrﬁgeéde%m}and any excess water

e
from the solidhetranol/ethanoi (1:1). The solution was filtered through a 0.2 um syringe filter and left in an

10  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 8:
101 mg of a mixture of methylthioninium chioride hydrates were disscived in 2 ml

15 methanol/2-propanol (1:1). The solution was filtered through a 0.2 um syringe filter and left in
an open glass vial for evaporaticn at ambient conditions with a refative 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 mi methanal.

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 chioride 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 feft 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,



¢) methylthioninium chloride is dissolved in an organic solvent with a water content corresponding to a
water activity of at least 0.4 at 25C, and the organic solvent and any 15excess water is evaporated to
dryness of the solid; wherein 'substantially pure' indicates a methylthioninium chloride pentahydrate
content of at least 95% by weight based on the total weight of methylthioninium chloride; 20and
wherein the removal of excess water and/or solveriis effected either by vacuum drying or by drying in
a flow of humid inert gas, wherein the drying conditions are such that the methylthioninium chloride
pentahydrate is not dehydrated. 2. A process according to claim 1, wherein the organic solvent is
miscible wifrA¥&. 25 3. A process according to claim 1 or 2, wherein the vapor pressure of the
organic solvent exceeds the vapor pressure of water. 4. A process according to any one of claims 1
to 3, wherefn ARISRESRS SNRERPHEYAN P BIRRRINY AHE G B ALY §¥8BRAing power of less than
20 g/l for meEAARTBAIRINHRSERRIde pentahydrate at room temperature. 5. A process according to any
one of &lairasmeldvhinnisiein thieigs| B HRIERIPGILRCRN S Sekes iAMDY I urs at a
temperatureansshigiiinctian water 38iviy Af pideesddctiotdlify teavyrRansien RS at '3, wherein the
organic soltemperstasanaorbitessoidiiisplgidthard ditsbivirnevwthesiraroie hAML ey e
methylthioreroass eld@n derpemadvjidrate at room temperature. 407. A process according to any one of
claims 1 to i), méteytirotivd wongamici o v eifdsichsel et @evhiea tHrepgratypesonsistimgaofareliwntol, ethanol,
1-propanol wpropaaekodtert ity le e qrtipgnol wstionitivie; téalepdrofdratrzs°C.4rdisrhmieraind mixtures
thereof. 20:00led, the precipitated solid is isolated and dried to remove the organic solvent and any

excess water from the solid; or

¢) methylthioninium chloride is dissolved in an organic solvent with a water content

corresponding to a water activity of at least 0.4 at 25°C, and the organic solvent and any

15  excess water is evaporated to dryness of the solid;

wherein ‘substantially pure’ indicates a methylthioninium chloride pentahydrate content of
at least 95% by weight based on the total weight of methylthioninium chloride;

20 and wherein the removal of excess water and/or solvent is effected either by vacuum
drying or by drying in a flow of humid inert gas, wherein the drying conditions are such that
the methylthioninium chioride pentahydrate is not dehydrated.

2. A process according to claim 1, wherein the organic solvent is miscible with water.
25 _ :
3. A process according to claim 1.or 2, wherein the vapor pressure of the organic solvent
exceeds the vapor pressure of water.

4. A process according to any one of claims 1 to 3, wherein the organic solvent used in
30  process variant a) or b) has a dissolving power of less than 20 g/l for methyithioninium
chloride pentahydrate at room temperature.

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

35
6. A process according to any one of claims 1 to 3, wherein the organic solvent used in
process variant ¢) has a dissolving power of more than 20 g/l for methyithioninium chioride
pentahydrate at room temperature.

40 7. A process according to any one of claims 1 fo 6, wherein the organic solvent is selected
from the group consisting of methanol, ethanol, 1-propanol, 2-propanol, 2-methyl-2-
propano!, acetonitrile, tetrahydrofurane, 1,4-dioxane and mixtures thereof.



8. A process according to any one of claims 1 to 7, wherein the water content of the liquid phase does
not exceed 50% by weight, based on the total weight of the liquid phase. 9. A process according to
any one of claims 1 to 8, wherein the water content of the liquid 5phase does not exceed 20% by
weight, based on the total weight of the liquid phase. 10. A process according to any one of claims 1
to 9, wherein the vacuum drying is performed at a #mperature not higher than 40C and a pressure not
lower than 5 mbar. 10 11. A process according to any one of claims 1 to 9, wherein drying in a gas

flow is perfgrnG 2k JempaIgtIE.PahbigasMian d9C,ABH A Rlabe: uAlel i fdlie gas not below
30%. 15 21 12.A method of drying of MTC entahédr%tett [emave exc ss.\c/’va{g‘ggeand/or solvent either
by vacuumPHRFRGCSP BY GRRRS IR A AW B R RARP e G2\ IR TiR he Y B E8nditions are such
that the MTC pentahydrate is not dehydrated. 513.A method according to claim 12, wherein the drying
is carried o%itaPRIBTHPETRIHING uRHgRE CHFRMAL P4 FFRITBE WRIEORIMGTS LIBRNS wherein the
drying §s catiieag dosatch éecape EAUrbyvatithy hestdan BeastalvdightAftiethmddagesrding to claim 14,
wherein the drying is carried out at a temperature not higher than 25C. 16. A method according to any

one of claims 12 to 15, wherein the drying is carried out
10. A process according to any one of claims 1 to 9, wherein the vacuurm drying is performed

at a temperature not higher than 40°C and a pressure not lower than 5 mbar.

10
11. A process according to any one of claims 1 to 9, wherein drying in a gas flow is performed

at a temperature not higher than 40°C and at a relative humidity of the gas not below 30%.

15



15by using a vacuum which is equal to or greater than 60 mbar. 17. A method according to any one of
claims 12 to 15, wherein the drying is carried out in a flow of humid gas, and the relative humidity of
the gas is not below 30%.

21

12. A method of drying of MTC pentahydrate 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 is not dehydrated.

5 13 A method according to claim 12, wherein the drying is carried out at a temperature
not higher than 40°C.

14. A method according to claim 43, wherein the drying is carried out at a temperature
not higher than 30°C.

10
15. A method according to claim 14, wherein the drying is carried out at a temperature
not higher than 25°C.

16, A method according to any one of claims 12 to 15, wherein the drying is carried out

15 by using a vacuum which is equal to or greater than 60 mbar.

17. A method according to any one of claims 12 {o 15, wherein the drying is carried out
in a flow of humid gas, and the relative humidity of the gas is not below 30%.



