
2 

perpendicular to the water planes and parallel to the axis of the columns. The chloride ions 

are coordinated with three hydrogen bonds from 3/2 water molecules. 

Presumably the same structure was earlier attributed to a tetrahydrate [W.H. Taylor, Z. Krist. 

5 91 (1935) 450], A phase transition between the pentahydrate and a second polymorphic 

form was described to occur near 30°C in aqueous suspension [S.W. Bodman, S.P. 

Kodama, P.C. Pfeil, R.E. Stevens, J. Chem. Eng. Data 12 (1967) 500]. The second form was 

also obtained by vacuum drying of the pentahydrate at room temperature, and its water 

content was indicated to amount to approximately 1 mol/mol. 

10 

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 

formulations, 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 

15 pharmaceutical ingredient. 

Methylthioninium chloride used in pharmaceutical compositions is described as a trihydrate 

(USP Material Safety Data Sheet for Methylene Blue (Catalogue Number 1428008), 2005), 

which is thought to be methylthioninium chloride pentahydrate admixed with other 

20 components. The mixture or components in the mixture are stable under different conditions, 

they may convert to other polymorphic or pseudopolymorphic species and hence change 

their composition, so that correct dosage is a problem and storage stability may be 

considered to be insufficient. 

SUMMARY 

In an aspect, there is provided crystalline methylthioninium chloride monohvdrate as Form E. 

having the following characteristic peaks in a powder X-rav diffraction pattern: 

Peak 20 values (±0.1°) 

1 9.0 

2 12.5 

3 14.1 

4 14.4 

5 18.1 

6 23.2 

7 24.1 

8 26.0 
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In another aspect, there is provided crystalline methylthioninium chloride dihydrate as Form 

D. having the following characteristic peaks in a powder X-ray diffraction pattern: 

Peak 29 values (±0.1°) 

1 7.0 

2 8.5 

3 12.0 

4 14.4 

5 25.3 

6 25.7 

7 27.5 

5 In another aspect, there is provided a process for the preparation of methylthioninium 

chloride dihydrate in fornsdisclosed herein, comprising: dissolving methylthioninium 

chloride pentahydrate in acetic acid and combining the solution with toluene, either by 

adding toluene to the acetic acid solution or by adding the acetic acid solution to toluene: 

isolating the solid by filtration shortly after precipitation: and removing the solvent by vacuum 

10 drying or in an inert gas flow, whereby the relative air humidity in all process steps is less 

than 50%. 

In another aspect, there is provided crystalline methylthioninium chloride dihydrate as Form 

B. having the following characteristic peaks in a powder X-rav diffraction pattern: 

Peak 20 values (±0.1°) 

1 5.8 

2 11.2 

3 25.3 

4 26.8 

15 

In another aspect, there is provided a process for the preparation of methylthioninium 

chloride monohydrate in form E as disclosed herein, wherein: water-containing 

methylthioninium chloride: a mixture of methylthioninium chloride pentahydrate and at least 

one of Fo~f •>1 *• - 5 discloic f' horein and Fcii • n ~-is disclosed herein: or methylthioninium 

20 chloride pentahydrate is suspended and stirred at ambient temperature in a dry solvent, 

preferably isopropanol, for a time sufficient to generate 1-J ... E, the solid is isolated by 

filtration: and residual solvent is removed from the solid by either vacuum drying or purging 

with dry gas. 
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In another aspect, there is provided a process for the preparation of methylthioninium 

chloride dihydrate in form B as disclosed herein, which comprises exposing solid 

methylthioninium chloride pentahydrate at about room temperature to an inert gas flow 

having a relative humidity from 8 to 15% for a time sufficient to generate pure form 3. 

In another aspect, there is provided a pharmaceutical composition comprising 

methylthionin^'.u ch oride dihydrate foi » . «> disclosed herein or methylthioninium chloride 

dihydrate Form D as disclosed herein, or methylthioninium chloride monohvdrate form E as 

disclosed herein. 

In another aspect, there is provided a pharmaceutical composition comprising 

methylthioninium chloride dihydrate form B as disclosed herein or methylthioninium chloride 

dihydrate Fori < s disclosed herein, or methylthioninium chloride monohvdrate fon > f 

disclosed herein and a pharmaceutical^ acceptable carrier, excipient or diluent. 

In another aspect, there is provided methylthioninium chloride dihydrate fc. : 1 >r D or 

methylthioninium chloride monohvdrate for: i E JS disclosed herein for use in therapy. 

In another aspect, there is provided the use of methylthioninium chloride dihydrate form B or 

D or methylthioninium chloride monohvdrate form E as disclosed herein in the manufacture 

of a medicament for the treatment of a disease condition. 

In another aspect, there is provided the use of methylthioninium chloride dihydrate form B or 

D or methylthioninium chloride monohvdrate k * ir as disclosed herein in the manufacture 

of a medicament for the treatment of a tauopathv. Alzheimer's disease (AD), skin cancer, 

melanoma, Hepatitis \ _v West Nile virus. 

DETAILED DESCRIPTION 

30 The present invention provides specific polymorphic forms of methylthioninium chloride 
hydrates, as well as safe and reproducible processes for their preparation. The present 
invention also provides specific polymorphic forms of methylthioninium chloride hydrates, 

which are stable under defined conditions, and which have good solubility and bioavailability. 
The present invention provides specific polymorphic forms of methylthioninium chloride 

35 hydrates, which can be easily metered to arrive at defined contents in pharmaceutical 
compositions in order to administer exact amounts of the active compound. 
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A first aspect of the present invention is MTC substantially in crystalline Form B of 

methylthioninium chloride dihydrate. 

5 
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Claims 

1. Crystalline methylthioninium chloride monohydrate as Form E, having the following 

characteristic peaks in a powder X-ray diffraction pattern: 

Peak 20 values (±0.1°) 

1 9.0 

2 12.5 

3 14.1 

4 14.4 

5 18.1 

6 23.2 

7 24.1 

8 26.0 

5 2. The compound of claim 1 having the following characteristic peaks in a powder X-ray 

diffraction pattern: 

Peak 20 values (±0.1°) 

1 9.0 

2 12.5 

3 14.1 

4 14.4 

5 18.1 

6 23.2 

7 24.1 

8 26.0 

9 24.5 

10 27.2 

3. The compound of any one of claims 1 to 2, which shows no thermal event up to the 

decomposition temperature near 220°C when heated at a rate of 100°C per minute in 

10 Differential Scanning Calorimetry. 

A A nmAAon -f^r* r\-f srvial-Kwlf Ni^runsih srr*> /H rnfo g> % i Kcl n rsl h t 
"s • ! tlTO ^ f i Kii i"S"i wuiyTO''It v'M'ir'il ut rr vi ifviiav 

in fr\rrvi SP or^r\rrli ir% nr>\t Ana r\f r*l<"ssmsg> i frt Q Tit n7i"i"ll"i 0'is'TC| tC/' OTry OtTV~vt OrCXlTTTO« %XJ 5 «¥ t iw E w st sT 

|y^^#Hyj|iniQi^ir^iyry| Cih[OH€!C Of 3 TniXfUfw pf V'SHCUS HydrStOS Of 3 SpOCiflO 

1 ̂  /r-j ST* olht/jfK i/^rt s n i t inrt r^Ktr^rsr^^t ir* e; icnonrja^ osrsr-l cfs -nf o rvs hletnl •|-^rr>r\^r^,fs ;m ;ŝ  r\ 
i v rrytarxxtv v/s r t TWoijr 1& « i i v*E su ITOT TIC?TTTOTTC3X5 SO 0'0'0|C'rv>» SXS'O'W una o ̂.s T tcs1r'Qii't wtviii' LwiTip*'W't 'O'v^'e o m cr 

rirw c-Ak?Qr>i' rtrQ-fgtroKk/ ig«r^r-s,r^r\<an^^ fr*** to nfinnrafn {Arm £T» flhga ic X3T~y CyC7rvvTTn pTXTTCrrXTCfry fOX^|>s iut, tXTf Oit' w CfTYwrxxvOrOTTTI 0~r%3 OrwTFG TO" 
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K\/ ramrt jjg» mmnuar! frr%m fKgv Kw ^jf-N^r" \WAI ;i im rlr\£irin s w w s w Iw v« STy HTCr'O'lTsOTIjCXOva rt» cn\i'XJ?Zi uvTvuiiii -«..? j "W niOTow rrXTTFI u tu OvITu 1 w|' vtu SCi V \,A \j\AKAi\i^Csv^fTttK^ 

AXJ*li ifninn vjws'fK rli-\/ 

§4. Crystalline methylthioninium chloride dihydrate as Form D, having the following 
characteristic peaks in a powder X-ray diffraction pattern: 

Peak 29 values (± 0.1°) 

1 7.0 

2 8.5 

3 12.0 

4 14.4 

5 25.3 

6 25.7 

7 27.5 

©5. The compound of claim ^ ; having the following characteristic peaks in a powder X-
ray diffraction pattern: 

Peak 20 values (± 0.1°) 

1 7.0 

2 8.5 

3 12.0 

4 14.4 

5 25.3 

6 25.7 

7 27.5 

8 6.0 

9 10.4 

10 20.9 

11 21.1 

12 21.7 

13 22.3 

14 23.7 

15 24.5 

16 26.9 

17 28.5 

18 29.0 
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19 30.4 

20 31.8 

7-6. The compound of any one of claims 5 4to 65, which has two endothermic peak 

maxima at 164°C and 185°C and a step in the baseline near 63°C when heated at a rate of 

100°C per minute in Differential Scanning Calorimetry. 

5 

§7. A process for the preparation of methylthioninium chloride dihydrate substantially in 

form D according to any one of claims §-4to 76, comprising: dissolving methylthioninium 

chloride pentahydrate in acetic acid and combining the solution with toluene, either by 

adding toluene to the acetic acid solution or by adding the acetic acid solution to toluene; 

10 isolating the solid by filtration shortly after precipitation; and removing the solvent by vacuum 

drying or in an inert gas flow, whereby the relative air humidity in all process steps is less 

than 50%. 

88. Crystalline methylthioninium chloride dihydrate substantially- as Form B, having the 

15 following characteristic peaks in a powder X-ray diffraction pattern: 

Peak 20 values (± 0.1°) 

1 5.8 

2 11.2 

3 25.3 

4 26.8 

4-09. The compound of claim 8-8.having the following characteristic peaks in a powder X-

ray diffraction pattern: 

Peak 20 values (±0.1°) 

1 5.8 

2 11.2 

3 25.3 

4 26.8 

5 15.6 

6 16.9 

7 20.3 

8 28.3 
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J 441_0. The compound of any one of claims 9 8_to 409, which has a melting peak at 186°C with a 
shoulder towards lower temperature when heated at a rate of 100°C per minute in Differential 

Scanning Calorimetry. 

5 11. A process for the preparation of methylthioninium chloride monohvdrate in form E according 

to any one of claims 1 to 3. wherein: 

water-containing methylthioninium chloride: a mixture of methylthioninium chloride 

pentahydrate and at least one of Form B accordinq to any one of claims 8 to 10 and Form D 

according to any one of claims 4 to 6: or methylthioninium chloride pentahydrate is suspended and 

10 stirred at ambient temperature in a dry solvent, preferably isopropanol, for a time sufficient to 

generate form E: 

the solid is isolated bv filtration: and 

residual solvent is removed from the solid by either vacuum drying or purging with dry gas. 

15 12. A process for the preparation of methylthioninium chloride dihydrate sufestafrtia-Hy-in form B 
according to any one of claims 8 to 10. which comprises exposing solid methylthioninium chloride 

pentahydrate at about room temperature to an inert gas flow having a relative humidity from 8 to 15% 
| for a time sufficient to generate essentially pure form B. 

20 13. A pharmaceutical composition comprising methylthioninium chloride dihydrate form B according to 
any one of claims 4~8to 3-10 or methylthioninium chloride dihydrate Form D according to any one of 
claims §~4_to 86, or methylthioninium chloride monohydrate form E according to any one of claims 9-1 
to 443. 

25 14. A pharmaceutical composition comprising methylthioninium chloride dihydrate form B according to 
any one of claims 4-8_to 3-10 or methylthioninium chloride dihydrate Form D according to any one of 
claims 6- 4 to 86, or methylthioninium chloride monohydrate form E according to any one of claims 9-4 

to 44-3 and a pharmaceutical^ acceptable carrier, excipient or diluent. 

30 15. Methylthioninium chloride dihydrate form B or D or methylthioninium chloride monohydrate form E 
j according to any one of claims 1 to 3, 5 4Jo 86, or 9 8_to 44-10 for use in therapy. 

16. Use of methylthioninium chloride dihydrate form B or D or methylthioninium chloride monohydrate 
| form E according to any one of claims 1 to 3, §-4_to 86, or 9 8.to 44-10 in the manufacture of a 

35 medicament for the treatment of a disease condition. 

17. Use of methylthioninium chloride dihydrate form B or D or methylthioninium chloride monohydrate 
j form E according to any one of claims 1 to 3, S-4_to 86, or 9 8 to 44-10 in the manufacture of a 

medicament for the treatment of a tauopathy, Alzheimer's disease (AD), skin cancer, melanoma, 

40 Hepatitis C, HIV or West Nile virus. 


