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Claims

1. Crystalline msthylthioninium chioride dihydrate as Form C.

2. The compound of claim 1 having the following characteristic peaks in a powd?f“’x-ray
diffraction pattern;
Peak | 26 values (£ 0.1°)

1 B.1 f

z 111 f

3 176 /

4 259

5 27.2

3 The compound of clairm 1 having the following chgfgéterisiic paaks in a powder X-ray
diffraction pattern: |

Peak | 26 values (£ 0.1°) | f”'

1 8.1 Ve

2 K i
3 178

4 2549

5 27.2

] 18.2

7 7.8

8 244

8 30.8

10 313

11 33.0

-3 Tge*“’ﬁbompound of any one of claims 1 to 3, which has fwo endothermic maximes at

%5‘%"(}@% 183°C when heated at a rate of 100°C per minute in Differential Scanning

Cal Qrim etry.
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5. A process for the preparation of methylthioninium chloride dihydrate substantially in
form C according to any one of claims 1 o 4, wherein a water-containing methylihioninium  /

P
#

chioride or & mixture of various hydrates or 2 specific hydrate thereof is suspended and ’“

stirred at ambient temperafure in a solvent selected from the group comprising isoprop%ﬁié,
5  i-propancl, t-butanol, Z-butanol, tert.-butanol, tetrahydrofurane, dioxane, acetons, 2f '

butanong, and acetonitrile containing a small amount of water, for a time suﬁiciaﬂgﬁi

generate form C, the solid is then isolated; and the solvant is removed from the‘g{#s}%iid.

6. Crystalline methylthioninium chioride monohydrate as Form E.

10
7. The compound of claim & having the following characteristic géiks i & powder X-ray
diffraction paitern;
Peak | 20 values (= 0.1%)
5.0

12.5
T
44
18.1
23.2
241
25.0
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15 diffraction pattern:
Peak | 26 values (£ 0.1%) |#
1 9.0
2 12.5
3 14.9
4 144
5 81 7
6

7

8

9

1

233
4260
ﬁﬂfa‘f 24.5

é” 27.2

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

28 ‘ 7

9. The compound of any one of claims § to 8, which shows no thermal event up to the f

Differential Scanning Calorimetry.

10, A process for the preparation of methylthioninium chloride monohydrate subsiandally
ity form E according to any one of claims §'to 3, wherein:

water-containing methylthioninium chioride or a mixture of various hydrates ora specific
hydrate of mathylthioninium chioride is suspended and slirred at ambiant t_gf‘?;perature ina
dry solvent, preferably isopropano, for a time sufficient to generate fo rmE. the solid is
izsolated by fAliration; and resikiual solvent is removed from the solid k;;_,eféiﬁhear vacuum orying
or purging with dry gas. '

11, Crysialline methylthioninium chioride dihydrate as Form D,

12.  The compound of claim 11 having the following _;ﬁéramerisféc peaks in & powder X-
ray diffraction pattern:

FPeak |28 values 20.17)

70

g5

12.0

4.4

28.3

25 7 . ;3_\:.{;‘!

~i h{ Al B W A

27.8
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13, The compound of ciaim 11 having the follawing characteristic peaks in a powder X-
ray diffraction patisrn;

Peak |28 values ( 0.1°)
i 70
2 85
3 126
3 144
5 1253
5 257
7 275
g 60
g 04
0209 /
1 211
12 217 & )
3223
& |27
% | 245 i
% 1269
7| 285
8 290
T8 | 304
35 |38

i4, The compoungf?;f any one of claims 11 to 13, which has two endothermic peak
maxima at 184°C rgggﬁﬁ 185°C and a step in the basefine near 83°C when heated at a rate of
100°C per minuté in Differential Scanning Calorimetry.

s

15 A ;a?gcess for the preparation of methyithioninium chioride dihydrate substantialty in
form D acccrdmg to any one of claims 11 to 14, comprising: dissolving methylthioninium
chlgmde pentahydrate in acetic acid and combining the solution with toluene, either by adding
t@luane to the acetic acid soiution or by adding the acetic acid solution to toluene, isolating

s the solid by filtration shortly after precipiiation; 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%.
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18.  Crystaliine methylthioninium chioride dihydrate substantially as Form B

17.  The compound of claim 16 having the following characteristic peaks in a po éer A
ray diffraction pattern: -

Peak | 28 values (£ 0.1°)
1 5.8

2 11.2

3 253

4 268

18.  The compound of claim 16 having the following characteristic peaks in a3 powder X-

ray diffraction patierrn:

Peak |26 valuss (£ 0.1%)

1 5.8

11.2

253

268

15.8

16.8

07~ i ownl| b Y R

1 18 to 18, which has g melting peak af 186°C with
a shoulder towards lower femperature when healed at a rate of 106°C per minute in
Differential Scanning Qg@brimetry.

20, A processﬁ; the preparation of methylthioninium chloride dihvdrate substantially in
form B, which gﬁnprises exposing solid mathylthioninium chloride penfahydrate at about
room tempg;ﬁrﬁﬁure to an inert gas flow having a relative humidity from 8 {0 15% for a Hime
suﬁicientg}é’gﬂgenera%e essentially pure form B.

21 ﬁ;)harmaceuiical composition comprising methytthioninium chloride dihydrate form B, C
orD or methylthioninium chioride monohydrate form E according to any one of olaims 1 to 4,
09 1ttoldoristo 19




10

18

20

iz
22, A pharmaceutics] composition comprising methylhioninium chloride dihydrate form B, C
or D or methyithioninium chloride monohydrate form E according to any one of claims 1 to 4,

. &
5108, 11 1o 14 or 16 o 18 and 2 pharmaceutically scoeptable carrier, exciplent or diluent. &
#

23. Methylthicninium chioride dibydrals form B, C or & or methyithioninium chioride ﬁ
monohydrate form E according to o anyone of claims 104, 510 9, 11t 14 or 1610 ’}9 for

use in & method of treatment of the human or animal body by therapy, f

24. Use of methylthioninium chioride dihydrate form B, C or D or methylthioninitm chioride
monehydrate form E according to o any one of claims 110 4, 5108, 11 {o :{E__Jﬁ',o{ 618 in
the treaimant of a disease condition.

25, Use of methyithioninium chloride dihydrate form B8, Cor D or me’thylthionmium chioride
ronchydrate form E according fo o any ons of claims 1 1o 4, 5 tﬂ 9 TMiot4oriBlo 18in
the treatment of a tauopathy, Alzhelmer's disease (AD), sk:n cxanc:er melanoma, Hepatifis C,

HIY or West Nile virus.

fu
x‘.'(.

28. A method of treatment of a tauopatiy, Aizheimeﬂ “disease {AD), skin cancer, melatioma,

. Hepaiitis C, HIV or West Nile virus in g palient, compns ng administering io sald patlenta -

therapeuticaily-effective amount of m@tﬂylthiomﬁmm chiotide dihydrate form B, CorDor
methylthioninium chioride monchydrate form E according to to any one of claims 10 4, 5 o
9,110 14 or 16 0 18
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Claims

27

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

characteristic peaks in a powder X-ray diffraction pattern:

Peak 26 values (+ 0.1°)

1 9.0

2 12.5

3 14.1

4 14.4

5 18.1

6 232

7 24.1

8 26.0

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

diffraction pattern:

Peak 26 values (= 0.1°)
1 9.0

2 12.5

3 14.1

4 14.4

5 18.1

6 232

7 241

8 26.0

9 245

10 27.2

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

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

Differential Scanning Calorimetry.

4.
in form

water-c

A process for the preparation of methylthioninium chloride monohydrate substantially
E according to any one of claims 1 to 3, wherein:

ontaining methylthioninium chioride or a mixture of various hydrates or a specific

hydrate of methylthioninium chioride is suspended and stirred at ambient temperature in a

dry solvent, preferably isopropanol, for a time sufficient to generate form E; the solid is




28

isolated by filtration; and residual solvent is removed from the solid by either vacuum drying

or purging with dry gas.

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

Peak | 28 values (& 0.1°9)

1 7.0

2 8.5

3 12.0

4 14.4

5 253

6 257

7 27.5

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

diffraction patfern:

Peak 20 values (= 0.1%)
1 7.0
2 8.5
3 12.0
4 14.4
5 25.3
6 257
7 275
8 6.0
9 10.4
10 20.9
11 211
12 217
13 22.3
14 237
15 24.5
16 26.9
17 28.5
18 29.0
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19 30.4
20 31.8
7. The compound of any one of claims 5 to 6, which has two endothermic peak maxima

at 164°C and 185°C and a siep in the baseline near 63°C when heated at a rate of 100°C

per minute in Differential Scanning Calorimetry.

8. A process for the preparation of methylthioninium chloride dihydrate substantially in
form D according to any one of claims 5 to 7, comprising: dissolving methyithioninium
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
drying or in an inert gas flow, whereby the relative air humidity in all process steps is less
than 50%.

9. Crystalline methylthioninium chioride dihydrate substantially as Form B, having the

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

Peak 28 values (£ 0.1°)
1 5.8

2 11.2

3 253

4 26.8

10. The compound of claim 9 having the following characteristic peaks in a powder X-ray
diffraction pattern:

Peak 28 values (£ (.1°)

i 58

11.2

253

26.8

15.6

16.9

203

GOl =3 G W] e W2 o

28.3
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1. The compound of any one of claims 9 fo 10, 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.

12. A process for the preparation of methylthioninium chloride dihydrate substantially in
form B, which comprises exposing solid methylthioninium chloride pentahydrate at about
room temperature to an ineri gas flow having a relative humidity from 8 to 15% for a time

sufficient to generate essentially pure form B.

13. A pharmaceutical composition comprising methylthioninium chloride dihydrate form B
according to any one of claims 1 tc 3 or methylthioninium chloride dihydrate Form D
according to any one of claims 5 to 8, or methylthioninium chloride monchydrate form E

according to any one of claims 9 to 11.

14. A pharmaceutical composition comprising methylthioninium chioride dihydrate form B
according to any one of claims 1 to 3 or methylthioninium chloride dihydrate Form D
according to any one of claims 5 to 8, or methylthioninium chloride monohydrate form E
according to any one of claims 9 fo 11 and a pharmaceutically acceptable carrier, excipient

or diluent.

15. Methylthioninium chioride dihydrate form B or D or methylithioninium chloride
monohydrate form E according to any one of claims 1 10 3, 5t0 8, or 8 to 11 for use in

therapy.

16. Use of methylthioninium chioride dihydrate form B or D or methyithioninium chloride
monohydrate form E according to any one of claims 110 3, 5t0 8, or 9 to 11 in the

manufacture of a medicament for the {reatment of a disease condition.

17. Use of methylthioninium chioride dihydrate form B or D or methylthioninium chloride
monohydrate form E according to any one of claims 110 3, 510 8, or 8 to 11 in the
manufacture of a medicament for the treatment of a tauopathy, Alzheimer's disease (AD),

skin cancer, melanoma, Hepatitis C, HIV or West Nile virus.




