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PROCESS FOR THE PREPARATION OF 3,7-
BIS(DIMETHYLAMINO)PHENOTHIAZINE-5-YLIUM IODIDE

The present invention relates to a novel process for preparing 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide, this method making it possible to
obtain a product with a high degree of purity, while at the same time being very simple
to carry out and providing high yields. This method makes it possible to obtain other
halides, in particular 3,7-bis(dimethylamino)phenothiazin-5-ylium chloride, in a few
steps. Thus, this process constitutes the first step of a route for obtaining a methylene

blue of high quality and with good yields.

Prior art

Various processes for synthesizing phenothiazine derivatives, substituted in position 3
and position 7 with groups that may be identical or different are known from the prior
art. The common factor in all these processes is that they are carried out in several

steps.

The document “A synthetic Route to 3-(Dialkylamino)phenothiazin-5-ium Salts and
3,7-Disubstituted  Derivatives Containing Two Different Amino Groups”
(L. Strekowski, D. F. Hou and R. L. Wydra; Journal of Heterocyclic Chemistry; 1993,;
30; 1693-1695) describes the preparation, in several steps, of phenothiazine derivatives
substituted in positions 3 and 7 with distinct groups. The first step of this process
consists in converting the phenothiazine into periodide, also known as phenothiazine-
5-ylium tetraiodide, which is purified and isolated. The second step of this process
consists in adding two molar equivalents of dialkylamine to the periodide, in order to
obtain a phenothiazine derivative substituted in position 3 with a dialkylamine. A
treatment with at least four molar equivalents of another dialkylamine makes it
possible to obtain an asymmetric phenothiazine derivative substituted in positions 3
and 7. This process was adapted to the synthesis of 3,7-bis(dialkylamino)phenothiazin-
5-ylium iodides by K.J. Mellish et al., Photochemistry and Photobiology, 2002, 75(4);

392-397, with C, to Cs alkyls. This process calls upon the use of solvents such as
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chloroform, the industrial-scale use of which is not very desirable. In addition, the
yields are at best 55%.

The document “A novel set of symmetric methylene blue derivative exhibits effective
bacteria photokilling — a structure - response study” (Anita Gollmer, et al., Photochem.
Photobiol. Sci.; vol.14, n°2, 1 January 2015, p.335-351) is the only one to describe the
multistep preparation of 3,7-bis(dimethylamino)phenothiazin-5-ylium chloride via 3,7-
bis(dimethylamino)phenothiazin-5-ylium periodide. The first step of this process
consists in converting the phenothiazine to periodide which is purified and isolated.
The second step consists in treating the periodide with dimethylamine dissolved in a
mixture of methanol and dichloromethane. An ion exchange makes it possible to
obtain  3,7-bis(dimethylamino)phenothiazin-5-ylium chloride. No precise and
reproducible procedure is disclosed. This process calls for the use of solvents such as
dichloromethane, the industrial-scale use of which is not very desirable. When an
attempt was made to reproduce this process, low yields (42.7%) and a product having a
purity of 85.36% (HPLC) were obtained.

The document N. Leventis et al., Tetrahedron 1997 vol. 53, N° 29, 10083-10092, 1997
describes a two-step synthesis of 3,7-bis(dimethylamino)phenothiazin-5-ylium
bromide: firstly, a treatment with a large excess of bromine in acetic acid makes it
possible to form 3,7-bis(dibromo)phenothiazin-5-ylium bromide, followed by a
treatment with dimethylamine. The first step of this process has numerous drawbacks:
the use of a large excess (20 equivalents) of bromine and of acetic acid in which the
oxygen has been removed, and also the instantaneous nature of the bromination
reaction, which is difficult to control, are not very compatible with industrial-scale
application. The second step of this process calls for the use of solvents such as
chloroform, the industrial-scale use of which is not very desirable. The product must
be purified by silica column chromatography, a method which is not very suitable for

the production of large amounts of product.

3,7-Bis(dimethylamino)phenothiazin-5-ylium chloride is a compound that has been
used for a long time as a redox indicator and dye, as an optical revealing agent in

biophysical systems, in nanoporous materials as a separating material, and in
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photoelectrochemical imaging. It is also known for its applications as an antiseptic,
and anti-infective, as an antidote and as a diagnostic agent. It has uses in particular in
gynecology, neonatology, cancerology, oncology, urology, ophthalmology and
gastroenterology, and the reduction of pathogenic contaminants in blood
(GB 2373 787). New uses in the therapeutic field are in the process of being
developed, such as the prevention or inhibition of an excessive hemodynamic reaction
(WO 03/082296), the treatment of Alzheimer’s disease and more generally the
treatment of degenerative diseases of the central nervous system (WO 2008/007074).

[oo1]. For these applications, it is necessary to have a methylene blue composition

comprising few organic and metal impurities.

Several known processes for preparing methylene blue call for the use of metal
reagents (WO 2005/054217; WO 2006/032879) and result in a product contaminated
with metal residues in a large amount. The reduction in the amount of these impurities

requires fastidious purification steps.

It is limited by the metal-complexing nature of the 3,7-bis(dimethylamino)-

phenothiazin-5-ylium molecule.

Methylene blue and its organic impurities: azure A, azure B and azure C, have very
close structures which make it difficult to separate them using conventional separation

techniques.

Methods for purifying methylene blue, in order to remove therefrom the metal and
organic contaminants, have been described (WO 2008/007074; WO 2008/006979).
However, the synthesis of crude methylene blue, to which these purification methods

are applied, involves the use of toxic reagents such as chromium derivatives.

Consequently, there thus remains the need for a process which makes it possible to
directly obtain a 3,7-bis(dimethylamino)phenothiazin-5-ylium halide of high purity,
with satisfactory yields, this process not calling for highly toxic reagents such as

chromium oxides.
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[002). There is in particular the need for a process which makes it possible to prepare
methylene blue for use in the therapeutic field by virtue of a process that is simple to

carry out, with a high yield and a high degree of purity.

3,7-Bis(dimethylamino)phenothiazin-5-ylium iodide makes it possible to easily obtain,
by various methods of conversion, 3,7-bis(dimethylamino)phenothiazin-5-ylium

chloride.

The objective of the invention was to develop a novel process for preparing 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide. Such a process makes it possible to
obtain 3,7-bis(dimethylamino)phenothiazin-5-ylium chloride or methylene blue, by
simple ion exchange or by other known methods that will be described below.

[003). The applicant has sought to develop a process for synthesizing 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide which is rapid, inexpensive, efficient,
with a high yield and degree of purity and can be easily extrapolated to the industrial

scale.

Summary of the invention

The invention relates to a process for preparing 3,7-bis(dimethylamino)phenothiazin-5-
ylium iodide, this process using phenothiazine as starting product and comprising the
following steps:

a) treating phenothiazine with diiodine,

b) treating the reaction medium directly resulting from step a) with dimethylamine.
According to one preferred embodiment, the treatment with diiodine is carried out with

an amount of diiodine, relative to the phenothiazine, ranging from 2.5 molar

equivalents to 3.5 molar equivalents.
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Even more advantageously, the treatment with diiodine is carried out with an amount
of diiodine, relative to phenothiazine, ranging from 2.9 molar equivalents to 3.3 molar

equivalents.

According to one preferred embodiment, before step b), the reaction medium resulting
from step a) is conditioned at a temperature ranging from 5°C to 50°C, preferably from
10°C to 45°C, even better still from 20°C to 35°C.

According to one preferred embodiment, the treatment with dimethylamine is carried

out with at least 7 molar equivalents of dimethylamine relative to the phenothiazine.

According to one preferred embodiment, in step a), the solvent is chosen from: an
aromatic solvent or acetonitrile, or mixtures thereof, preferably toluene or acetonitrile,

or mixtures thereof.

According to one preferred embodiment, in step b), the dimethylamine is introduced

into the reaction medium in the form of a solution in water.

According to one preferred embodiment, a precipitate forms at the outcome of the

treatment of step b), said precipitate being recovered by filtration.

The invention also relates to the use of the process described above, and in detail
below, for producing a composition comprising 3,7-bis(dialkylamino)phenothiazin-5-
ylium iodide, wherein the 3,7-bis(dialkylamino)phenothiazin-5-ylium iodide represents
at least 95% of the composition, the % being measured by HPLC with detection at
246 nm.

The invention also relates to a process for  producing  3,7-

bis(dimethylamino)phenothiazin-5-ylium chloride, this process comprising:

1) producing 3,7-bis(dimethylamino)phenothiazin-5-ylium iodide according to the

process described above and in detail below,
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i) converting the 3,7-bis(dimethylamino)phenothiazin-5-ylium iodide into 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride.

The invention also relates to a process for producing a medicament comprising 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride, this process comprising the
production of 3,7-bis(dimethylamino)phenothiazin-5-ylium chloride according to the
process described above, and in detail below, and the introduction thereof into a
pharmaceutically acceptable medium.

According to one preferred embodiment, the process for producing a medicament
relates to the production of a medicament intended for the prevention or treatment of a
pathological condition selected from: a tauopathy, a tau protein aggregation disease,
Pick’s disease, progressive supranuclear palsy (PSP), frontotemporal dementia (FTD),
FTD and parkinsonism linked to chromosome 17 (FTDP-17), disinhibition-dementia-
parkinsonism-amyotrophy complex (DDPAC), pallido-ponto-nigral degeneration
(PPND), guam-ALS syndrome, pallido-nigro-luysian degeneration (PNLD),
corticobasal degeneration (CBD), mild cognitive impairment (MCI), skin cancer,
melanoma, methemoglobinemia, a viral infection, a bacterial infection, a protozoan
infection, a parasite infection, malaria, visceral leishmaniosis, African sleeping
sickness, toxoplasmosis, giardiasis, Chagas disease, a hepatitis C virus (HCV)
infection, a human immunodeficiency virus (HIV) infection, a West Nile virus (WNV)
infection, synucleinopathy, Parkinson’s disease (PD), Lewy body dementia (DLB),
multiple system atrophy (MSA), drug-induced parkinsonism, pure autonomic failure
(PAF), septic shock, excessive hemodynamic reaction, breast cancer, manic-depressive
disorders, Alzheimer’s disease (AD) and more generally the treatment of degenerative

diseases of the central nervous system.

The expression “consists essentially of” followed by one or more characteristics means
that components or steps which do not significantly modify the properties and
characteristics of the invention can be included in the process or the material of the
invention, in addition to the explicitly listed components or steps.

Detailed description
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The invention relates to a two-step process for converting phenothiazine into 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide carried out in one and same reaction
medium.

This conversion process comprises:

a) treating phenothiazine with diiodine;

b) treating the reaction medium directly resulting from step a) with dialkylamine.

H
N a) l: N
b) NH(Me), _
e
S HeCon s% N~ CHs
I | |
CH, CH,
Scheme 1 One-pot conversion of phenothiazine into 3,7-

bis(dimethylamino)phenothiazin-5-ylium iodide

This preparation process makes it possible  to obtain 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide, with a high degree of purity, while at
the same time being very simple to carry out and providing high yields.

It is known from the prior art that the addition of diiodine to a phenothiazine produces

an oxidation reaction.

The oxidation of phenothiazine with iodine makes it possible to form periodide, an
intermediate product of the reaction, which, in the prior processes, is purified and
isolated.

The invention relates to a process for preparing 3,7-bis(dimethylamino)phenothiazin-5-

ylium iodine which does not require the isolation and purification of the periodide.



10

15

20

25

30

NO/EP3589622

Indeed, it has been noted that the isolation and purification of the periodide in an
additional step results, after treatment with dimethylamine, in a 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide of relatively unsatisfactory quality

and that such a process provides low yields.

The process of the invention is characterized in that the two essential steps are carried
out in the same reaction medium. Such a process is also usually referred to as “one-
pot”, literally “one reactor”, which means that the succession of reactions is carried out
without complete or partial isolation or purification of the product of step a) before the
involvement of step b). The composition of the reaction medium changes over time,
but the intermediate products are not isolated and/or purified, only the final product is
separated from the reaction medium. In the process of the invention, at least two
successive reactions take place, the composition of the reaction medium changes over
time, but the phenothiazine periodide is not isolated and/or purified, only the 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide is separated from the reaction

medium.

Such a process has the advantage of being easy to carry out and of requiring few
manipulations. Usually, one-pot processes have the reputation of producing mixtures
that are less pure than those which are carried out with isolation and purification of the
intermediates. However, in the present case, surprisingly, it has been noted that the
process in two steps a) and b) carried out in one and the same reaction medium results
in a product of higher purity than a similar process carried out with isolation and

purification of the phenothiazine periodide.

Phenothiazine:

The starting product is phenothiazine which is a commercial product.

Preferably, the phenothiazine used as starting product has an organic purity greater

than or equal to 98% (in % of area) measured by high performance liquid

chromatography, with detection at 246 nm.
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Advantageously, a phenothiazine comprising few or no metal impurities is used.
Preferably, a phenothiazine comprising less than 200 ppm of metal contaminants,
advantageously less than 100 ppm of metal contaminants, even better still less than 50
ppm of metal contaminants, and even more advantageously less than 20 ppm of metal

contaminants, is used.

The term “metal contaminants” is intended to mean all the metals of the periodic table
of elements and in particular: Cd, Cr, Hg, Mn, Ni, Sn, Pb, Al, Fe, Cu, Zn, As, Mo, Mg,
Ti, V, U, Co. More particularly, the term “metal contaminants” is intended to mean the
“heavy” metals and in particular: Al, Cd, Cr, Cu, Sn, Mn, Hg, Mo, Ni, Pb, Zn.

Step a): Treatment of phenothiazine with diiodine:

According to the invention, steps a) and b) are carried out in a solvent or a mixture of

solvents.

In step a), a single solvent or a mixture of solvents can be used. In step b), the
dimethylamine is introduced into the reaction medium in the form of a solution in a

solvent which may be identical to or different than that of step a).

The phenothiazine is treated with diiodine, then with dimethylamine, in a solvent, or in
a mixture of solvents, which is chosen in particular for its ability to solubilize
phenothiazine and diiodine.

Among the solvents that can be used in the process of the invention, mention may be
made of: alcohols, such as methanol or ethanol; tetrahydrofuran; aromatic solvents,

such as toluene, xylene and ethylbenzene; acetonitrile; mixtures of these solvents.

Preferably, the treatment of phenothiazine with diiodine is carried out in a solvent

chosen from aromatic solvents and acetonitrile.

Advantageously, the solvent is chosen from toluene and acetonitrile.
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Advantageously, the treatment of phenothiazine with diiodine is carried out with at
least 2.5 molar equivalents and at most 3.5 molar equivalents of diiodine relative to the
phenothiazine. Outside this range of values, a significant decrease in the 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide yields has been noted. Preferably, the
treatment of phenothiazine with diiodine is carried out with at least 2.7 molar
equivalents and at most 3.3 molar equivalents of diiodine relative to the phenothiazine,
even better still with at least 2.8 molar equivalents and at most 3.2 molar equivalents of
diiodine relative to the phenothiazine.

Preferably, the treatment of phenothiazine with diiodine is carried with approximately

three molar equivalents of diiodine relative to the phenothiazine.

According to a first preferred embodiment, step a) is carried out in toluene in the
presence of at least 2.5 molar equivalents and at most 3.5 molar equivalents of diiodine

relative to the phenothiazine.

Preferably, step a) is carried out in toluene in the presence of at least 2.7 molar
equivalents and at most 3.3 molar equivalents of diiodone relative to the
phenothiazine, even better still with at least 2.8 molar equivalents and at most

3.2 molar equivalents of diiodine relative to the phenothiazine.

According to a second preferred embodiment, step a) is carried out in acetonitrile in
the presence of at least 2.5 molar equivalents and at most 3.5 molar equivalents of

diiodine relative to the phenothiazine.

Preferably, step a) is carried out in a acetonitrile in the presence of at least 2.7 molar
equivalents and at most 3.3 molar equivalents of diiodine relative to the phenothiazine,
even better still with at least 2.8 molar equivalents and at most 3.2 molar equivalents of

diiodine relative to the phenothiazine.

Preferably, step a) is carried out with stirring at a temperature ranging from ambient
temperature to 100°C. Since this step is not exothermic, the reagents and the solvent(s)

are introduced into the reactor which is then conditioned at the selected temperature.
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Advantageously, the treatment of phenothiazine with diiodine is carried out at a
temperature ranging from 30°C to 90°C, advantageously from 40°C to 80°C, even
better still from 50°C to 70°C.

Preferably, the total duration of treatment of phenothiazine with diiodine is from
15 minutes to 6 h, advantageously from 30 minutes to 4 h, even better still from 1 h

to 3 h.

It is possible to monitor the progression of the reaction by thin layer chromatography

or by HPLC (high performance liquid chromatography).

Advantageously, the treatment of phenothiazine with diiodine is carried out:

. at a temperature ranging from 30°C to 90°C for a period of from 15 minutes
to 6 h,
. preferentially at a temperature ranging from 30°C to 90°C for a period of from

30 minutesto 4 h,

. advantageously at a temperature of from 40°C to 80°C for a period of from 1 h
to 3 h.

Unlike the prior art, the reaction medium obtained at the outcome of this reaction is
directly subjected to a treatment with dimethylamine, without partially or totally

isolating and/or purifying the intermediate product.

Step b) Treatment of the reaction medium with dimethylamine

Dimethylamine NH(CHs)2, which is advantageously introduced in the form of a

solution in a solvent, is added to the reaction medium at the outcome of step a).

The dimethylamine solution may be in a solvent or a mixture of solvents chosen from:

water, tetrahydrofuran, methanol, ethanol, a mixture of these solvents.
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Preferably, the dimethylamine is introduced into the reaction medium in the form of a

solution in water or in tetrahydrofuran or in a mixture of these solvents.

Even more preferentially, the dimethylamine is introduced into the reaction medium in

the form of a solution in water.

According to a first preferred embodiment, the reaction medium after the introduction
of the dimethylamine comprises a mixture of toluene and water in a volume ratio
ranging from 99/1 to 50/50, advantageously from 95/5 to 60/40, even better still from
90/10 to 70/30.

According to a second preferred embodiment, the reaction medium after the
introduction of the dimethylamine comprises a mixture of acetonitrile and water in a
volume ratio ranging from 99/1 to 50/50, advantageously from 95/5 to 60/40, even
better still from 90/10 to 70/30.

Preferably, the treatment with dimethylamine is carried out with at least six molar
equivalents of dimethylamine relative to the phenothiazine, advantageously at least
seven molar equivalents of dimethylamine relative to the phenothiazine, even more
advantageously at least eight molar equivalents of dimethylamine relative to the

phenothiazine.

Preferably, the treatment with dimethylamine is carried out with from six to fifteen
molar equivalents of dimethylamine relative to the phenothiazine, advantageously
from seven to twelve molar equivalents of dimethylamine relative to the
phenothiazine, even more advantageously from eight to twelve molar equivalents of

dimethylamine relative to the phenothiazine.

The addition of dimethylamine results in an exothermic reaction.

Advantageously, the temperature of the reaction medium is controlled before the

introduction of the dimethylamine. Preferably, the temperature of the reaction medium
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is from 1°C to 50°C at the time the dimethylamine is introduced, preferentially it is
from 2°C to 40°C, even better still from 5°C to 30°C.

The exothermy of the reaction results in an increase in the temperature of the reaction
medium for the duration of the introduction of the dimethylamine. After all the
dimethylamine has been poured into the reaction medium, the temperature stabilizes.
Advantageously, the temperature of the reaction medium is then controlled and
maintained at 20-25°C.

Preferably, the reaction medium is then kept stirring and at a temperature ranging from
20 to 25°C for 20 minutes to 6 h, preferably from 1 h to 5 h, even better still from 2 h
to 4 h.

The addition of dimethylamine to the reaction medium results in a change in color of

this medium, which goes from brown to dark blue.

According to the invention, after this period of time, the formation of a solid in the
reaction medium is observed. It is possible to monitor the progression of the reaction
by HPLC.

After the reaction with dimethylamine, it is possible, in order to promote the
precipitation of the 3,7-bis(dialkylamino)phenothiazin-5-ylium iodide, to treat the
reaction medium by adding another solvent in which it is insoluble or sparingly
soluble. Depending on the choice of the solvent in which the reaction was carried out,
it is possible to use, a choice of: toluene, tetrahydrofuran, acetonitrile, ethanol, acetone,

water or a mixture of these solvents.

According to a first preferred embodiment, the reaction medium comprises toluene
and, at the outcome of step b), a solvent is added that is chosen from: tetrahydrofuran,

acetonitrile, acetone, ethanol, water or a mixture of these solvents.
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According to a second preferred embodiment, the reaction medium comprises
acetonitrile and, at the outcome of step b), a solvent is added which is chosen from:

tetrahydrofuran, toluene, acetone, ethanol, water or a mixture of these solvents.

The 3,7-bis(dialkylamino)phenothiazin-5-ylium iodide is then isolated from the
reaction medium by filtration on a suitable filtration support, which may for example

be a sintered glass funnel or filtering cloth.

The fraction retained by the filter is a composition comprising 3,7-

bis(dialkylamino)phenothiazin-5-ylium iodide.

The filtrate is eliminated, while the precipitate is washed one or more times with a

solvent.

Preferably, the filtration is followed by a step of washing the solid with a solvent
which may be chosen from: toluene, tetrahydrofuran, acetonitrile, acetone, ethanol,

dichloromethane, water or a mixture of these solvents.

Another subject of the invention is the use of the process described above, for
producing 3,7-bis(dimethylamino)phenothiazin-5-ylium iodide with a good chemical
purity, in a manner that is reliable, reproducible and applicable to the industrial scale.

[004]. The process of the invention gives access to compositions comprising 3,7-
bis(dimethylamino)phenothiazin-5-ylium  iodide having a  3,7-bis(dimethyl-
amino)phenothiazin-5-ylium iodide content of greater than or equal to 85%,
preferentially greater than or equal to 90%, even better still greater than or equal to
95%, and advantageously greater than or equal to 98%, as % of area measured in high
performance liquid chromatography (HPLC) according to the method described in the
European Pharmacopeia 8.6 (published in 2015) for 3,7-bis(dimethylamino)-

phenothiazin-5-ylium chloride.

The process of the invention gives access to compositions comprising 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide having a 3-(dimethylamino)-

7-(methylamino)phenothiazin-5-ylium iodide less than or equal to 3%, preferentially
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less than or equal to 2%, even better still less than or equal to 1%, as % of area
measured by high performance liquid chromatography (HPLC) according to the
method described in the European Pharmacopeia 8.6 (published in 2015) for 3,7-

bis(dimethylamino)phenothiazin-5-ylium chloride.

The process of the invention thus gives access to 3,7-bis(dialkylamino)phenothiazin-5-

ylium iodide of high purity and with satisfactory yields.

The process of the invention uses starting materials and solvents which are not
particularly dangerous. It calls for steps that can be easily extrapolated to a larger
scale. Consequently, this process can be industrialized without any difficulty linked to
safety, to yield or to quality of the product.

These qualities are essential for obtaining 3,7-bis(dimethylamino)phenothiazin-5-
ylium chloride, also known as methylene blue, of satisfactory quality and with high

yields.

This process is fast and calls for inexpensive and non-toxic starting materials, and
consequently its application to the industrial scale may make it possible to replace the

current processes for producing methylene blue.

A subject of the invention is also a process for producing 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride. This process comprises the
production of 3,7-bis(dimethylamino)phenothiazin-5-ylium iodide according to the
process described above and an additional step of converting the 3,7-bis(dimethyl-
amino)phenothiazin-5-ylium iodide into 3,7-bis(dimethylamino)phenothiazin-5-ylium
chloride.

According to a first embodiment, the conversion of the iodide into 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride is carried out by ion exchange. The
exchange of the iodide ion to a chloride ion is carried out by virtue of an ion exchange
resin such as, for example, an Amberlite® resin, in particular an Amberlite® IRA958

resin. Such a step is well known to those skilled in the art; reference may in particular
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be made to Anita Gollmer, et al. Photochem. Photobiol. Sci.; vol.14, n°2, 1 January
2015, p.335-351, for details of the operating conditions.

According to a second embodiment, the conversion of the iodide into 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride is carried out by implementing the
process described in application WO 2008/006979, in particular in the experimental

section.

Briefly, 3,7-bis(dimethylamino)phenothiazin-5-ylium iodide is converted into 3,7-
bis(dimethylamino)-10-benzoylphenothiazine. This is then purified by filtration on
silica and washing with dichloromethane. The purified product is debenzoylated and
oxidized by treatment with a quinone, for instance 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ). The 3,7-bis(dimethylamino)phenothiazine is then salified with

HCI, neutralized and optionally recrystallized.

A 3,7-bis(dimethylamino)phenothiazin-5-ylium chloride of high purity is thus
obtained, having used, as starting product, a phenothiazine which is a commercial
product, the synthesis of which does not call for the use of highly toxic reagents such
as chromium derivatives which are commonly used for producing crude-quality

methylene blue.

Moreover, during the benzoylation reaction, 3,7-bis(dimethylamino)phenothiazin-5-
ylium iodide is preferentially benzoylated, whereas 3-(dimethylamino)-7-
(methylamino)phenothiazin-5-ylium iodide, 3,7-bis(methylamino)phenothiazin-5-
ylium iodide and 3-methylaminophenothiazin-5-ylium iodide are very weakly
benzoylated. In addition, when they are benzoylated, 3-(dimethylamino)-7-
(methylamino)phenothiazin-5-ylium iodide, 3,7-bis(methylamino)phenothiazin-5-
ylium iodide and 3-methylaminophenothiazin-5-ylium iodide are also polybenzoylated
in not insignificant proportions. These specific characteristics of the most frequent
contaminants of 3,7-bis(dimethylamino)phenothiazin-5-ylium iodide facilitate the
removal of these contaminants during the purification of the benzoylated form of 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide. Thus, the process of the invention,

optionally followed by the process described in application WO 2008/006979, gives
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access to a methylene blue substantially free of its usual contaminants: azure B, azure
A and azure C.

According to a third embodiment, the conversion of the iodide into 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride is carried out by implementing the
process described in application WO 2008/007074, in particular in the experimental

section.

This process comprises the acetylation of 3,7-bis(dimethylamino)phenothiazin-5-ylium
iodide to give N-3,7-bis(dimethylamino)-10-acetylphenothiazine. This is then purified
by recrystallization from ethanol. The purified product is deacetylated and oxidized by
treatment with FeCls. 3,7-Bis(dimethylamino)phenothiazinium chloride is optionally

recrystallized from water at acid pH.

The process of the invention gives access to compositions comprising 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride (methylene blue) having a 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride content of greater than or equal to
97%, preferentially greater than or equal to 98%, as % of area measured by high
performance liquid chromatography (HPLC) according to the method of the European
Pharmacopeia 8.6 (edition of January 2012).

The process of the invention gives access to compositions comprising 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride having a 3-(dimethylamino)-7-
(methylamino)phenothiazin-5-ylium chloride (azure B) content of less than or equal to
2%, preferentially less than or equal to 1%, by % of area measured by high
performance liquid chromatography (HPLC) according to the method of the European
Pharmacopeia 8.6 (published in 2015).

The process of the invention also gives access to compositions comprising 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride comprising few or no metal
impurities. The process of the invention gives in particular access to compositions
comprising 3,7-bis(dimethylamino)phenothiazin-5-ylium chloride and comprising less

than 200 ppm of metal contaminants, advantageously less than 100 ppm of metal
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contaminants, even better still less than 50 ppm of metal contaminants, and even more
advantageously less than 20 ppm of metal contaminants. The metal content is
measured according to the method of the European Pharmacopeia 8.6 (published in
2015).

The term “metal contaminants” is intended to mean all the metals of the periodic table
of elements and in particular: Cd, Cr, Hg, Mn, Ni, Sn, Pb, Al, Fe, Cu, Zn, As, Mo, Mg,
Ti, V, U, Co. More particularly, the term “metal contaminants” is intended to mean the

“heavy” metals and in particular: Al, Cd, Cr, Cu, Sn, Mn, Hg, Mo, Ni, Pb, Zn.

The process of the invention makes it possible to obtain compositions comprising 3,7-
bis(dimethylamino)phenothiazin-5-ylium chloride which are substantially free of 3,7-
bis(dimethylamino)phenothiazin-5-ylium iodide.

3,7-Bis(dimethylamino)phenothiazin-5-ylium chloride, also known as methylene blue,
has been used for decades in the treatment of various infections. It is used as an
antiseptic, an anti-infective, as an antidote as treatment for methemoglobinemia and as

a diagnostic agent.

Its antiviral activity has recently been demonstrated and it could be used for the
production of a medicament intended for use in treating: a tauopathy, a tau protein
aggregation disease, Pick’s disease, progressive supranuclear palsy (PSP),
frontotemporal dementia (FTD), FTD and parkinsonism linked to chromosome 17
(FTDP-17), disinhibition-dementia-parkinsonism-amyotrophy complex (DDPAC),
pallido-ponto-nigral degeneration (PPND), guam-ALS syndrome, pallido-nigro-
luysian degeneration (PNLD), corticobasal degeneration (CBD), mild cognitive
impairment (MCI), skin cancer, melanoma, methemoglobinemia, a viral infection, a
bacterial infection, a protozoan infection, a parasite infection, malaria, visceral
leishmaniosis, African sleeping sickness, toxoplasmosis, giardiasis, Chagas disease, a
hepatitis C virus (HCV) infection, a human immunodeficiency virus (HIV) infection, a
West Nile virus (WNV) infection, synucleinopathy, Parkinson’s disease (PD), Lewy
body dementia (DLB), multiple system atrophy (MSA), drug-induced parkinsonism,
pure autonomic failure (PAF), septic shock, excessive hemodynamic reaction, breast
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cancer, manic-depressive disorders, Alzheimer’s disease (AD) and more generally the

treatment of degenerative diseases of the central nervous system.

The 3,7-bis(dimethylamino)phenothiazin-5-ylium chloride could also be used in

cosmetics or for products intended for ophthalmic application.

For all these therapeutic applications, and in particular in a context of prevention and
treatment of Alzheimer’s disease, and more generally of treatment of degenerative
diseases of the central nervous system, which require a recurrent administration of
methylene blue during prolonged periods, it is necessary to have a methylene blue

which has a high degree of purity and very few metal impurities.

A subject of the invention is also a process for producing a medicament, this process
comprising the production of 3,7-bis(dimethylamino)phenothiazin-5-ylium chloride

and the introduction thereof into a pharmaceutically acceptable medium.

Said medicament may be in any form suitable for its use in these applications.

In particular, mention may be made of: in the form of a tablet or of a gel capsule
comprising from 1 to 500 mg of methylene blue; in the form of an aqueous solution

comprising methylene blue at a concentration ranging from 0.05% to 2% in g/I.

Such compositions comprise, in addition to the methylene blue, excipients well known
to those skilled in the art, such as for example citric acid and/or citrates, a phosphate

buffer, polymers, cellulose derivatives, lipids.

In medical applications, the methylene blue obtained by means of the process of the
invention has the advantage of a high purity, which avoids introducing into the body

materials that are needless for the application.

The efficiency of the process of the invention makes it possible to access a product that

is lower in cost, is easily reproducible and is applicable to the industrial scale.
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Experimental section:

I- Materials and methods:

1- Starting materials and equipment:

The diiodine was purchased from the company TCI.

The phenothiazine was purchased from the company ALFA AESAR, ACROS
ORGANICS.

The dimethylamine was purchased:

. from the company ACROS ORGANICS under the trade reference
Dimethylamine 40%wt solution in water

. from the company ACROS ORGANICS under the trade reference
Dimethylamine 2M solution in THF

. from the company TCI under the trade reference Dimethylamine, 2M solution
in MeOH.

2- Analysis method:

HPLC/MS

Method: Pharmacopeia EP 8.6 published in 2015

Apparatus: HPLC Agilent 1260 + MS Agilent 6120

Column: Waters XBridge Phenyl 100x4.6-3.5um

Detection: 246 nm
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Sample concentration: 1000 ppm

Sample dissolution solvent: TFA 0.1% aq./ACN (70/30)

Elution solvent: acetonitrile / 0.1% (v/v) trifluoroacetic acid in water

lonization source for the MS: Electrospray (ESI)

Analyzer for the MS: simple quadrupole

Detector for the MS: electron multiplier

Computer system for the data processing: Agilent Chemstation Open Lab

I- Protocols:

Example 1 (comparative): Two-step synthesis of 3,7-

bis(dimethylamino)phenothiazin-5-ylium iodide (according to Anita Gollmer, et al.,
Photochem. Photobiol. Sci. ; 2014 ; DOI : 10.1039/C4PP00309H ; p.1-47) :

1) Synthesis of phenothiazin-5-ylium tetraiodide (1294-X15)

10 g of phenothiazine (50 mmol, 1.0 eg.) and 200 ml of dichloromethane are
introduced into a 500 ml three-necked flask. The mixture is stirred at ambient

temperature.

38.3 g of diiode (150 mmol, 3.0 eq.) are then added with stirring, and at ambient

temperature.

The reaction medium is then kept stirring at ambient temperature for 2 h.

The reaction medium is then filtered on a frit, pore 3.
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The precipitate is washed with 20 ml of dichloromethane, then filtered on a frit, pore 3.

The solid is dried in an oven at 40°C.

31.6 g of black-colored, crude phenothiazine tetraiodide are obtained. The vyield is
89.5%.

2) Conversion of the phenothiazine tetraiodide into 3,7-bis(dimethylamino)-
phenothiazin-5-ylium iodide (1294-Y19)

4.5 g of phenothiazine periodide (7.1 mmol, 1.0 eq.) are introduced into a 500 ml
three-necked flask and dissolved in a mixture of methanol (180 ml) and
dichloromethane (22.5 ml), with stirring and at ambient temperature.

35.5 ml of a 2N dimethylamine solution in methanol (71.0 mmol, 10.0 eq.) are run in,
with stirring, over the course of 50 min, conditioned at a temperature of between 20°C
and 25°C.

The reaction medium is then kept stirring at ambient temperature for 6 h at 22°C.

The reaction medium is then filtered on a frit, pore 4.

The product is obtained in the form of a powder and dried in a ventilated oven at 40°C.

1.39 g of a black-colored solid are obtained, and the reaction yield is 47.7%, which

corresponds to 42.7% relative to the total amount of phenothiazine used in the process.

The product is analyzed by the HPLC/MS method described above.

The 3,7-bis(dimethylamino)phenothiazin-5-ylium iodide content in the solid obtained

is 85.4%. Among the impurities, phenothiazine dimers in an amount of 11.11% were
identified.
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Example 2: One-step synthesis of 3,7-bis(dimethylamino)phenothiazin-5-ylium
iodide (1294-AD2):

88 g of diiodine (346.2 mmol, 3.0 eq.) and 1.15 | of toluene are mixed in a 2 | three-

necked flask. 23 g of phenothiazine (115.4 mmol, 1.0 eq.) are added, with stirring and

at ambient temperature.

The reaction medium is then kept stirring at ambient temperature for 3 h.

575 ml of a 2N dimethylamine solution in methanol (1154 mmol, 10.0 eq.) are then

rapidly added (less than one minute) to the reaction medium conditioned at a

temperature of 20 to 25°C, with stirring.

The reaction medium is then kept stirring at ambient temperature for 2 h 30.

The reaction medium is then filtered on a frit, pore 3.

The precipitate is washed once with toluene, then filtered on a frit, pore 3.

The solid is dried in a Rotavapor® at 40°C.

40.9 g of a black-colored product are obtained; the yield obtained is 86%.

The product is analyzed by the HPLC/MS method described above.

The 3,7-bis(dimethylamino)phenothiazin-5-ylium iodide content is 85%.

Example 3: One-step synthesis of 3,7-bis(dimethylamino)phenothiazin-5-ylium
iodide (1294-AD68):

5 g of phenothiazine (25.1 mmol, 1.0 eq.) and 100 ml of acetonitrile are added to a 250

ml three-necked flask. The reaction medium is heated to 40°C.
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19.7 g of diiodine (77.8 mmol, 3.1 eq.) are added and the heating is continued for 2 h.

The reaction medium is cooled to 25°C.

31.8 ml of dimethylamine in the form of a 40% by weight solution in H,O (250.9

mmol, 10.0 eq.) are introduced while keeping the reaction medium between 25 and

30°C.

The medium is left to stir for 2 h at 25°C.

The medium is diluted with 100 ml of acetone and is left to stir for 30 min at 25°C.

The reaction medium is filtered on a frit, pore 3.

The precipitate is washed four times with 20 ml of acetone.

The solid is dried overnight in a ventilated oven at 40°C.

6.9 g of a black-colored product are obtained; the yield obtained is 67%.

The product is analyzed by HPLC/MS according to the method described above; the
purity is 94.4%.

Example 4: One-step synthesis of 3,7-bis(dimethylamino)phenothiazin-5-ylium
iodide (AD97):

The process is carried out as in example 3, with the following difference: the

dimethylamine is introduced while keeping the reaction medium between 10 and 15°C.

4.28 g of a black-colored product are obtained; the yield obtained is 41%.

The product is analyzed by HPLC/MS according to the method described above; the
purity is 98.3%.
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Example 5: One-step synthesis of 3,7-bis(dimethylamino)phenothiazin-5-ylium

iodide (AD98):

The process is carried out as in example 3, with the following difference: the

dimethylamine is introduced while keeping the reaction medium between 35 and 40°C.

6.21 g of a black-colored product are obtained; the yield obtained is 60%.

The product is analyzed by HPLC/MS according to the method described above; the
purity is 88.1%.

Example 6: One-step synthesis of 3,7-bis(dimethylamino)phenothiazin-5-ylium
iodide (AD99):

The process is carried out as in example 3, with the following difference: the

dimethylamine is introduced while keeping the reaction medium between 60 and 70°C.

4.82 g of a black-colored product are obtained; the yield obtained is 47%.

The product is analyzed by HPLC/MS according to the method described above; the
purity is 73.3%.

Example 7: One-step synthesis of 3,7-bis(dimethylamino)phenothiazin-5-ylium

iodide (AD55)

5 g of phenothiazine (25.1 mmol, 1.0 eq.) and 100 ml of acetonitrile are introduced

into a 500 ml three-necked flask. The reaction medium is heated to 40°C.

19.1 g of diiodine (75.3 mmol, 3.0 eq.) are added and the heating is continued for 2 h.

The reaction medium is cooled to 18°C.
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31.8 ml of dimethylamine in the form of a 40% by weight solution in H20 (250.9
mmol, 10.0 eq.) are introduced over the course of 5 min. The reaction is exothermic
and, at the end of the addition, a reaction medium temperature of 24°C is observed.

The medium is left to stir for 2 h at ambient temperature.

The medium is diluted with 100 ml of acetone and is left to stir for 30 min at ambient

temperature.

The precipitate is filtered off on a frit, pore 3, and washed with acetone.

The solid is dried in a Rotavapor® at 40°C.

6.2 g of a black-colored product are obtained; the yield obtained is 60%.

The product is analyzed by HPLC/MS according to the method described above; the
purity is 96.2%.

Example 8: One-step synthesis of 3,7-bis(dimethylamino)phenothiazin-5-ylium
iodide (AD62)

5 g of phenothiazine (25.1 mmol, 1.0 eq.) and 100 ml of acetonitrile are introduced
into a 500 ml three-necked flask. The reaction medium is heated to 40°C.

25.5 g of diiodine (100.4 mmol, 4.0 eq.) are added and the heating is continued for 2 h.
The reaction medium is cooled to 20-25°C.

31.8 ml of dimethylamine in the form of a 40% by weight solution in H,O (250.9
mmol, 10.0 eq.) are introduced over the course of 5 minutes. The reaction is

exothermic and, at the end of the addition, a reaction medium temperature T<30°C is

observed.
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The medium is left to stir for 2 h at ambient temperature.

The medium is diluted with 100 ml of acetone and is left to stir for 30 min at ambient

temperature.

The precipitate is filtered off on a frit, pore 3, and washed with acetone.

The solid is dried in a Rotavapor® at 40°C.

4.0 g of a black-colored product are obtained; the yield obtained is 39%.

The product is analyzed by HPLC/MS according to the method described above; the
purity is 98.1%.

Example 9: Synthesis of 3,7-bis(dimethylamino)-10-benzoylphenothiazine (1294-
ADB86)

100 g of phenothiazine (502 mmol, 1.0 eq.), 394.8 g of diiodine (1555 mmol, 3.1 eq.)

and 2 | of acetonitrile are introduced into a 6-liter reactor.

The reaction medium is heated at 40°C for 2 h.

The reaction medium is cooled to 25°C.

633 ml of dimethylamine in the form of a 40% by weight solution in H20

(5020 mmol, 10.0 eq.) are introduced while keeping the reaction medium between 25

and 30°C.

The medium is left to stir for 2 h at 25°C.

The medium is diluted with 2 | of acetone and is left to stir for 30 min at 25°C.
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The precipitate obtained is filtered off on a frit, pore 3, then washed 4 times with 400

ml of acetone.

The solid is dried overnight in a ventilated oven at 40°C.

128.4 g of a black-colored product are obtained; the yield obtained is 62.2%.

The product is analyzed by HPLC/MS according to the method described above; the
purity is 95.5%.

Example 10: Synthesis of 3,7-bis(dimethylamino)-10-benzoylphenothiazine (1294-
Z18)

30 g of 3,7-bis(dimethylamino)phenothiazin-5-ylium iodide (72.9 mmol, 1.0eq.)
prepared in example 9 are introduced into 600 ml of water, in a 2 | three-necked flask.
The mixture is stirred under an N2 stream until complete dissolution is obtained, and is
then cooled to 12°C. 44.8 g of 85% sodium hydrosulfite (218.7 mmol, 3.0 eq.) are then

added to the solution over the course of 5 min and with stirring.

The reaction medium is stirred at 12°C for 30 min. 58.32 g of an aqueous 30% sodium
hydroxide solution (437.4 mmol, 6.0 eq.) are then added over the course of 10 min.
50.8 ml pf benzoyl chloride (437.4 mmol, 6.0 eq.) are added to the reaction medium

over the course of 25 min.

The reaction medium is then stirred for 2 h at 12°C. 600 ml of dichloromethane are
added, the reaction medium is stirred for a few minutes, then 150 ml of an aqueous
30% sodium hydroxide solution are added and the resulting mixture is left to stir for
1hat12°C.

The reaction medium is extracted in a 2 | separating funnel under N2. The aqueous
phase is extracted twice with 300 ml of dichloromethane. The organic phase is washed
twice with 150 ml of an aqueous 1N sodium hydroxide solution, passed over silica and

then evaporated under vacuum. The solid is dissolved in 300 ml of ethanol, and the
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solution is placed at -20°C for 45 min. The precipitate is filtered off on a frit, pore 3,
washed with ice-cold ethanol and then dried overnight in a ventilated oven at 40°C.

The quantitative determination of the iodine is carried out by ICP/MS. The product

obtained contains 1203 ppm of residual iodine.

The metal impurities are analyzed by inductively coupled plasma mass spectrometry,
provided with a collision cell (CCT mode). Indium is used as internal standard. Gold is
used as mercury stabilizer. A mineralization of the samples is carried out under high
pressure with a laboratory microwave oven. The method used is a metered-addition

methodology.

The results are reported in the table below:

Parameter Result
Ruthenium < 0.03 ppm
Rhodium <0.03 ppm
Cadmium <0.03 ppm
Iridium <0.03 ppm
Mercury < 0.03 ppm
Chromium 1.0 ppm
Manganese <0.15 ppm
Nickel <0.15 ppm
Tin <0.15 ppm
Lead <0.15 ppm
Aluminum <1.2 ppm
Iron <1.2 ppm
Copper <0.6

Zinc <0.6
Arsenic <0.15
Molybdenum | <0.15
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Example 11: Synthesis of 3,7-bis(dimethylamino)phenothiazin-5-ylium chloride
(1294-AG10)

Debenzoylation:

In a 500 ml three-necked flask, 5 g of 3,7-bis(dimethylamino)-10-
benzoylphenothiazine (12.8 mmol, 1.0 eq.) obtained in example 10 are introduced into
200 ml of acetonitrile. The reaction medium is cooled to -20°C. A solution of 2.97 g of
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (13.1 mmol, 1.02 eq.) in 13.4 ml of

acetonitrile is prepared and is conditioned at -20°C.

The cold solution of DDQ is then poured into the three-necked flask and left to stir for
3 hat -20°C. 50 ml of ethyl acetate (EA) are added and the resulting mixture is left to
stir for 30 min at -20°C. The reaction medium is filtered on a frit, pore 3, then washed
twice with 10 ml of ethyl acetate. The precipitate obtained is washed with 50 ml of an
EA/THF mixture (25/75), and drained.

Salification:

The solid obtained is taken up in 40 ml of EA. The mixture is cooled to -20°C and 39
ml of ethyl acetate/HCI (4.3M) (165.12 mmol, 12.9 eq.) are rapidly added. The
reaction medium is left to stir for 3 h at -20°C. The precipitate obtained is filtered off
on a frit, pore 3. The solid obtained is taken up in 75 ml of ethyl acetate. The mixture

is stirred for 30 min at -20°C then filtered on a frit, pore 3.

Neutralization:

A measurement of the pH is carried out on 100 mg of precipitate in 20 ml of water,
then the pH is adjusted to 3.8 with 200 puL of 0.2M NaOH. The product obtained is
taken up in 50 ml of acetone and then cooled to —15°C. 2.3 ml of 2M NaOH, volume
previously determined, are added and then the resulting mixture is stirred for 2 h at -
15°C. The precipitate obtained is filtered off on a frit, pore 3. The solid is taken up in
20 ml of acetone. The medium is stirred for 30 min at -15°C, filtered on a frit, pore 3,
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and then a measurement of the pH is carried out under the same conditions as
previously. The precipitate is dried overnight in a ventilated oven at 40°C.

Purification and hydration:

In a 100 ml three-necked flask, 2.67 g of salified methylene blue are introduced into
43 ml of a DCM/EtOH mixture (50/50). The medium is heated to 43°C with stirring
and then hot-filtered on a frit, pore 3. 1.33 ml of water are added to the filtrate and then
the dichloromethane is evaporated off under vacuum. 75 ml of ethyl acetate are added
to the medium cooled to -20°C, then left to stir overnight. The precipitate obtained is
filtered off on a frit, pore 3, then reslurried in 40 ml of a THF/EA solution (75/25).
After filtration and drying, for two days in an oven at 40°C, 1.45 g of methylene blue
are obtained.

The quantitative determination of the iodides is carried out by ion-exchange

chromatography. The product obtained contains less than 0.015 ppm of residual iodide.
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Patentkrav

1. Fremgangsmate for fremstilling av 3,7-bis(dimetylamino)fentiazin-5-ylium-
jodid, hvor denne fremgangsmate anvender fentiazinet som utgangsmateriale og

som omfatter trinnene som fglger:
a) behandling av fentiazinet med di-jod,

b) direkte behandling av reaksjonsmediet som kommer fra trinn a) med

dimetylamin.

2. Fremgangsmate ifglge krav 1, hvor behandlingen med di-jodet blir
implementert med en mengde av di-jod i forhold til fentiazinet som gar fra 2,5

molekvivalenter til 3,5 molekvivalenter.

3. Fremgangsmate ifglge et hvilket som helst av de foregdende kravene, hvor
reaksjons-mediet som kommer fra trinn a) blir kondisjonert til en temperatur som
gar fra 5 °C til 50 °C, fortrinnsvis fra 10 °C til 45 °C, enda bedre fra 20 °C til 35
°C fgr trinn b).

4. Fremgangsmate ifglge et hvilket som helst av de foregdende kravene, hvor
behandlingen med dimetylaminet blir implementert med minst 7 molekvivalenter

av dimetylamin i forhold til fentiazinet.

5. Fremgangsmate ifglge et hvilket som helst av de foregdende kravene, hvor
i trinn a), lgsemidlet er valgt blant: et aromatisk Igsemiddel eller acetonitril, eller

deres blandinger, fortrinnsvis toluen eller acetonitril, eller deres blandinger.

6. Fremgangsmate ifglge et hvilket som helst av de foregdende kravene, hvor
i trinn b), dimetylaminet blir introdusert i reaksjonsmediet i form av vandig

Igsning.
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7. Fremgangsmate ifglge et hvilket som helst av de foregdende kravene, hvor
det danner seg et presipitat ved slutten av behandlingen i trinn b), hvor det nevnte

presipitatet blir gjenvunnet ved filtrering.

8. Fremgangsmate ifglge et hvilket som helst av de foregdende kravene, hvor
fentiazinet anvendt som utgangsmateriale har en organisk renhet stgrre enn eller
lik med 98 % malt med hgypresisjonsvaeskekromatografi, med en deteksjon ved
246 nm.

9. Fremgangsmate ifglge et hvilket som helst av de foregdende kravene, hvor
fentiazinet anvendt som utgangsmateriale oppviser mindre enn 20 ppm av

metaller.

10. Anvendelse av fremgangsmaten ifslge et hvilket som helst av de foregdende
kravene for & produsere en sammensetning som omfatter 3,7-bis(dialkylamino)-
fentiazin-5-yliumjodid hvor 3,7-bis(dialkylamino)fentiazin-5-yliumjodidet utgjgr
minst 95 % av sammensetningen, hvor %-en blir malt ved HPLC med en deteksjon
ved 246 nm.

11. Fremgangsmate for fremstilling 3,7-bis(dimetylamino)fentiazin-5-ylium-

klorid, hvor denne fremgangsmate omfatter:

i) produksjonen av 3,7-bis(dimetylamino)fentiazin-5-yliumjodid ifglge et

hvilket som helst av kravene 1 til 9,

ii) omdannelsen av 3,7-bis(dimetylamino)fentiazin-5-yliumjodid til 3,7-

bis(dimetylamino)fentiazin-5-yliumklorid.

12. Fremgangsmate ifglge krav 11, for & produsere en sammensetning som har
et innhold av 3,7-bis(dimetylamino)fentiazin-5-yliumklorid stgrre enn eller lik med
97 %, i % av arealet malt med hgypresisjonsvaeskekromatografi ifslge metoden i

den Europeiske Farmakopeen 8.6.
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13. Fremgangsmate ifglge krav 11 eller ifslge krav 12 for & produsere en
sammensetning som omfatter 3,7-bis(dimetylamino)-fentiazin-5-yliumklorid og

som oppviser mindre enn 20 ppm av metaller.

14. Fremgangsmate for fremstilling av et medikament som omfatter 3,7-
bis(dimetylamino)-fentiazin-5-yliumklorid, hvor denne fremgangsmaten omfatter
produksjonen av 3,7-bis(dimetylamino)-fentiazin-5-yliumklorid ifglge et hvilket
som helst av kravene 11 til 13, og dets introduksjon i et farmasgytisk akseptabelt

medium.

15. Fremgangsmate ifglge krav 14, for fremstillingen av et medikament beregnet
pd forebyggingen eller til behandlingen av en patologi valgt blant: tautopati,
sykdom med aggregering av tau-protein, Picks sykdom, progressiv supranuklezer
parese (PSP), frontotemporal demens (FTD), FTD og parkinsonisme knyttet til
kromosom 17 (FTDP-17), desinhibisjon-demens-parkinsonisme-amyotrofi
kompleks (DDPAC), pallido-ponto-nigral degenerasjon (PPND), Guam-ALS
syndrom, pallido-nigro-luysian degenerasjon (PNLD), kortiko-basal degenerasjon
(CBD), mild kognitiv svikt (MCI), hudkreft, melanom, metemoglobineri,
virusinfeksjon, bakteriell infeksjon, protozoinfeksjon, parasittinfeksjon, malaria,
viceral leishmaniasis, afrikansk sovesyke, toksoplasmose, giardiasis, Chagas
sykdom, hepatitt C-virusinfeksjon (HCV), humant immunsviktvirus (HIV)-
infeksjon, West Nile virusinfeksjon (WNV), synukleinopati, Parkinsons sykdom
(PD), Lewy-legeme demens (LBD), multippel systematrofi (MSA), medikament
indusert parkinsonisme, ren dysautomi (PAF), septisk sjokk, overdreven hemo-
dynamisk reaksjon, brystkreft, manisk-depressive lidelser, Alzheimers sykdom
(AD) og mer generelt behandlingen av degenerative sykdommer i sentralnerve-

systemet.
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