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PROCESS FOR PREPARING DIAMINOPHENOTHIAZINIUM COMPQUNDS

The subject of the present nvention is a novel process for praparing compounds
of the diaminophenothiazinium type, in particular a process for purifying these compounds.
i relates in paricular to methylene blue, and also describes products resulting from this
process, for which the degree of purity is greater than those known from the prior ard. i also
discloses the use of these compounds in the preparation of medication.

Mathyithionimium  chioride,  also  known  as  methylene  blue  or
3.7-bis{dimethylamine)phenothiazin-S-ylium chioride, is an organic compound represented
by the following formula:

? 5 3
o N 1
Y 8
SIN PUAL RN -
' Y i
Ma AT Rigel A 4 Mie
s
\\N.»f 5 NN T NN S $;.¢ 5 \1‘.\.{ o
3 w
g o o 5 & ;
fis Ke
. “

The compound has long been used as a redox indicator and dye, an optical
discioser in biophysical systems, In nanoporous materials 8s a separating materdal, and in
photoelectrochromic imaging. it is also known for its uses as an antiseptic, anti-infactiva, as
an antidote and diagnostic agent. i finds uses in particular in gynecology, neonatology,
canosrology, oncology, wology, ophthalmology and gastroenterology. New uses in the
therapsutic fleld are in the process of being devsloped, such as the raduction of pathogenic
contaminants in the blood (GRB2373787), or the prevention or inhibition of an exaggerated
hasmodynamic reaction (WO0R/082286).

Many methods of synthesis have been described for this compound, the first
being in 1877 {German patent No. 1888). Al these methods have in common the use of
metal compounds in at least one synthetic step

Patent DE-1886 describss g process in which oxidalive coupling of NN-
dimethyl-1.4-diaminobenzene is performed using Hx3 and Fells

Figr David eof &, ‘Fundaments! Procssses of Dye Chemisty”, 1848,
Interscience, 308-314 describes a process in which the thiazine ring is formed through
traatment with manganese dioxide of copper sulfate. Thig process also involves freatment
with zinc chioride, sodium dichromate and aluminum thiosulfate.

Document WO 2005/054217 describes methylens blue derivatives and a
process for thelr preparation. The preparation method for these compounds employs
phenothiazine as the starting product. Al known methods for preparing phenuthiazing
require metal reagents in which the metal atoms chelate the phenothiazine at the end of the



synthesis. The products obtained via this process are therefore naturally contaminated with
metal residuss, in addition to the usus! organic contaminants such as azure B

Docurmnent WO 2008/032879 desaribes a process for preparing methylene biue
consisting of & reduction step using iron, an oxidation step using sodium dichromate and an
oxidation step using coppsr sulfats,

These processes require tedious and expensive purification to be performed in
arder to raduce the impurities, in particulsr metal impurities in methylene blue. Despite the
subseguent purification steps, these various processes inavitably produce & methylens blue
containing many metal impurities and organic impurities, in particular azure B, azure C and
azure &,

Documant WO 2008/032879 claims that it is possible to achieve a level of metal
impurity  representing  10% of the maximum threshold fixed by the Eurapean
Pharmacopeeia, butit has been sstablished fram the examples that thiz level is not oblained
simuftanieously for afl metals, and that the resulis of the purification steps are not always
reproducibie. A detalled analysis of the metal content of various commercially avatlable
methylene blues is provided in this document,

The Europsan Pharmacopoeia was recently amended {April 2008} so as ‘ia}
increase the olerance tresholds for metal impurities since no producer of methylene biue
was able to produce, and sven less so to preducs in industrial quantities, a methylene blue
of a quality compliant with the previous requirements.

A first subject of the invention was therefore the development of a process for
preparing methylene blue offering accass to 2 methylene biue with a high degres of purity,
in particular one that contains a very low level of metal and organic impurities, that can be
extrapolated to an industrial scale under satisfactory economic conditions and thel is not
subject o variations in quality. According fo one variation, the grocess of the invention 8 &
process for purifying methylens blug,

The process that has been developed applies not only to methviene blue, but
aiso to other derfvatives of the diaminophenothiazinium type.

The process of the iwvention Is a process for preparing compaunds
carresponding to the following formula (I}
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in which sach of By, Ra Ry, Re. Fs, Rs, Ry, Ry, Re and Ry may be chosen,
independantly of the othars, from the group consisting of.

- & hydrogsen atom,

- saturated or unsaturated, linear, branched or cyclic C4-Cy slioyl groups, that
may be substituted by one or more funclions chosen from among a halogen atom or a
- alkoxy function in G0 alkyloxycarbonyl or ~CONH; function,

- ary! groups optionally substituted by ong or more functions chosen from: a
GGy alkyl, & halogen atom, and a CrCs alkoxy, Cr-Cs alkyloxycarbonyl of CONH;
funotion,

it being understood that two Ri groups (i=1,2...10) placed successively in
figure {1} may be joined o form a ring. For example, Ry with Rs, or Rs with Rs, Ry with Ry, Bs
with B, Ry with Ry, R with Re, By with Ry, or Ry with Ry may consist of a single alkyl chain
wihat could be substituted so as to form a fourth ring.

Furthermore, each of Rs. Re. Ry, Rs, Re and Ry may be chosen, independently
of the others, fram the halogen atoms: F, O, Brand {,

X raprasents an organic or inorganic anion,

The anions that can be used include, for example, anions of inorganic acids such
as, for example, hydroohioric acid, hydrobromic acid, suffuric acid, phosphoric acid of nitric
acid: the anions of organic acids such as, for example, acetic acid, trifluoroacetic acid,
axalic acid, tartaric acld, succinic acld, maleic acld, fumarle acid, gluconic acld, citvie soid,
matic soid, ascorbic acid or benzoic acid; they also include OH

This process is characterized by the fact that it includes at least one slep during
which a compound of the foemula ()

is sublected to g purification step under conditions that make i possible to
sepatate the metal compounds from the formula compounds (I}, the Ry, o, Ra, Re, Rs, Ra,
R, R, Re and Ry groups having the same definition as In formula (1), and R rapresenting
group chosen from:

-a phenyl or banzyl group, optionally substituled by one or more funclions
chosen frony: a C+Cy alkyl, & halogen atom, a $4-Cy halealkyl and a nitro group,



- & finear, branched or eyelic G4-Ca alky! group,

- a 0-Cy atkylamino group,

- a $s~Cs alkoxy group,

- & phenyloxy or benzyloxy group optionally substituted on the aromatic nucleus
by one of mare functions chosen from: a Ci-Cy alkyl, & halogen atom, a Gs-Cy haloalkyl and
a nitra groug,

7 regresenting an atom chosean from Q and 8.

The purification of the compounds of formuta {1} is performed under conditions
that make it possible to separate the metal compounds from the compounds of formuta (1)
fitration through 2 medium capable of retaining the metal compounds, crystaliization in an
apgropriate solvent, or any othar method known 1o those skilled in the art.

When purification is performed by means of filtration through a medium capable
of retaining the metal compounds, such a medium may be chossn from among: a silica gel,
an asluming gel {neutral, basic or adidic), an optionally modified distomite, celite, &
microporous membrane, resing grafied with metat-capturing groups and fibers grafted with
metat-capluring groups, such as thinl, carboxylic acid or tertiary aming funclions, or any
other medium having the property of retaining metals. Among the grafted fibres, mention
should be made, in particular, of the products sold by the Johnson Matthey company under
the Smapex? trademark. Of the the diatomites, mention should be made of the products
sold by the CECA company under the Clarcel® trademark.

The formula (1) compound may be obigined staring from the formule ()
compound, through reduction of the formula {1} compound, then by reaction of the amine
function of the phenothiazinium ting with a sultable protective group R-CZ-Y in which R and
Z have the same definition as shove and Y represents o starting  group chosen from: a
halogen atom such as F, CL L or Br, a GGy alkoxy group, a ~-OCOR {anhydride) group, and
a hydroxyl group, possibly in the presence of an activator of the dicyclohexyloarhodiimide
{DCC) type. Advantagesusly, R is chosen from a pheny groug and a toluyt group.

When the compound of farmula (1) is obisined from a compound of formula .
the overall process is one of purification of the formula compound {1}, Howaver, the formula
compound (1) may be obtained through other prosesses that do not use the product (i} as
starter produsnt,

Soms compounds of formula (1), such as benzoy! leuco methyiene blue, arg
available commercially.

The compound represented by formula {1} may be represented by several
equivalent resonant structures. By way of non-restrictive llustration, other slructures are
represented below that are equivalent {o the structure of formula (i)



R«
i{@ B
Rg : 5 " R
AN AN s
N \g’f;’ S R &
p gt \{ ‘
& | I |
3 g 2 i
R AR fi'»\\ A LNy 2y
N . N AN, A PR
N v TN Ny
E. i ,§,_ é ¥ -
: 34 ~a
Ry L i R
) LN /"’;\i R /‘/\“\\\‘\ S
:x 25 el g S .\‘.':v\.,:
s ¥
1 s
RQ “'§° .«-"}E ‘»'f ~. fj'\, ‘,r’j'i' - R
\'\, N ::"'f \‘\,\f,:: M S 7 \:ff “ \(r‘ 7 3
™ YER =™ . &
s S~
Ry ?“’ |
Ry J 5 R |
A N PRk 3 ./:\,\ K 8
A ‘:.':/f"f \\ - \\\',\\\x'ﬁf '\t 7 3
T T z |
RA ¥, i'i _,i ~. 4 + R i
\ »‘/\\ //‘A‘\\ e RO o~ \\ I a :
N i\‘ v \\z o ., ‘3 ’\\_»‘;;«./‘ b §\g o
3 : :
¥ pd E -
Lk SR S

in formuta (1) and in formula (1), Ry, Ry, Ry, Ry, Ry, Rs, Ry, Rg, Ko and Rya, which
may be identical or different, ave chosen from a hydrogen atom and a GGy alkyl
Advantageously, Rs, Rs, Be and Ry represent M.

Again advantagsously, one or more of the following requirements have been
yerified:

- X represents Gl or OH,

- Ry, Ra, Ry and Ry which may be identical or different, are chosen from a
hydrogen atom and mathy,

~ Ry represents a hydrogen atom,

<Ry represents a hydrogen alom,

- Z represents O,

Advantageously, the compound of formula (1} i telramethylthionine chioride or
methviensg blue,



According to another variant, the compound of formula (1) is dimethyithionine
chioride or Azure A, or trimethylthionine chioride or Azure B, or monomethyithionine
chioride or Azure C.

According to the nvention, the pracess for preparing the compound of formula (i)
consists of at lsast one step for purification of a compound of formula (1), In particular, this
purification consists of at least one step for fitration of a compound of formula (1} through &
medium capable of retaining metal compounds, such as 2 silice gel, an aluming gel
(neulral, basic or acidic), an optionally modified diatomite, a resin functionalized with metal-
detecting agents, fibres functichalized with metal-detecting agents, celite, a microporous
membrane or any other medium capable of rataining metal compounds,

in greater detall, according to this varant, the compound of formula (1} Is
solubliized in an appropriate solvent, and a filter is prepared with the filtration  medium
introduced into an appropriate vessel, such as a glass column, & sintered glass filter or an
industrial spin-dryer. The vessel packed with the chosen filtration  medium is moistened,
preferably with the same solvent as that in which the compound of formula (I} was
dissolved,

The solution containing the compound of formula {11} is deposited on the filter,
the solution passing through the filter is recoverad, and the filter is rinsed several times with
a solvent which may be identical to or differant from that which served to solubliize the
compound of formuta (1. The sluted fractions are recovered and optionally concentrated.

Among the solvenis that can be used to solubilize the compounds of formula (1),
mention may preferably be made of! chiorinated solvents, for instance dichloromethane or
chioroform, aloohols such as isopropanal, ethano! or methanol, or acetonitrile, ethyl acetate
ae tetrahydrofuran, or a mixturs othargof.

The solution of the formula {11} compound fs advantageously in a concentration
ranging from 1 gf o 10° g/l Lower concentrations result in the use of solvent volumes that
ave too great, that could impact on the safely and the size of the material. Higher
concentrations are difficull (o envisage owing to the solubility of the products.

it is planned to use approximaiely 0.1 o 10 kg of fillration medium per kg of
product to be filtered. It is advantageously plarmed to rinse the filter with 0.1 to 801 of
solvert per kg of formuta (1) product untl complete shution of the formula () product. The
proosss of the invention has the advantage of fresing the product of formula (1) from is
metal impurities.

When a solvent is chosen to purify the compound of formula (i) through
crystalfization, it may be advantageously chosen from: an alcohol such as ethanol and &
chiorinated sobvent such as methylans chiorids,

Advantagsously, the compound of formula (1} s produced steding from the
compound of formula (1) which is made to react with & protective group R-OZ-Y in which Y
is advantageously chosen from: ¥, G}, Br, § a C-Cs alkoxy group, an -QCOR {anhydride)}



group, and an hydroxyl group, optionally in the presence of an activator of the
dicyclohesylearbodiimide {(DCC) type.

The reaction is petformed conventionally in 2 basic ar neutral medium in water or
in a mdure of water and another solvent such as, for example, acetonitrile, tetrahydrofuran,
dichloromethane or any other appropriate organio solvant,

The reaction is exothermic, means of cooling are preferably used in order o
make it possible to maintain the temperature of the mixture at about amblent temperature.

The starting product (1) is either commercially avallable or is prepared by known
methods, such as those described in WO 2008/032878.

in general, the products of formula {1} are prepared by means of synthelic
processes that call for the use of the metal derivatives that are found as impuritias in the
products {1} That is the case as far as methylene blug is concerned, but also for azure &,
azure B and sxure C.

The compounds of formula {1} cannat have thelr matal and organic impurities
removed directly, simply and efficiently. The prior art methods call for successive
recrysialiizations but this does not produce satisfactory yields and products are produced
whose leve! of residual impurities is difficult fo check.

in addition, the products of formula (1) have the property of chelating the metals,
whereas the products {II} are non-chelating. They are thus much more efficiently purtfied
than through direct puwification of the formula (I} compounds.

In the various steps of the process of the invention, care has baen laken fo use
non-metal materials and reagents and solvents free of metal residues so as not o infroduce
any external contamination.

After the product of formula (1) has been purifind, and In particular subjectsd fo
fitration, according 1o the process of the invention, a step for deprotection of the amine of
the phenothiazing ring of the compound of formula {11} is advantageously performed. This
deprotection may be performed by any means known fo those skilled in the art, while
avoiding the introduction of metal confaminents and under conditions thal pravent
degradation of the formula (1) compound. Among the means that can be used for
deprotection of the R-CZ- group, mention may be made of quinones, for instance 2.3
dichloro-§ 8-dicyano-1,4-benzoquinons (DDQ), HNG:, HCIO, b, HOL H804 HOy, and
treatment with witraviolet radiation. A guinone is preferably used for this slep, end very
preferably 2,3-dichiore-5,8-dicyano-1,4-benzoguinone. Advantageously, this deprotection
reaction s performad using a solvent chosen fromn ethyl acetals, acelonirie,
tetrahydrofuran and acetone. The solvent preferred for this step is acetonitiile.

Advantageous deprotection conditions plan for the use of between 0.80 and
1.1 molar squivalents of DDQ relative to compourd {if), even more advaniageously from
(1,85 to 1.05 molar equivalents of DDQ relative to compound (I}, sdvantageously from 0.90
to 1 molar equivalent. This deprotection should praferably be performed st 8 temperature of
between ~40°C and -5°C. Although not completely excluded, a lowsr temperature would



have the drawback of lengthening the reaction times, and a higher temperature could lead
o the formation of by-praducts,

Depending on the means of deprotection used, it may be nacessary to perform
sn fon exchange In order to oblain the formula {f) compound contgining the desired X
anion. Praferably, this lon exchangs is carrdad out by treatment with HCLL advantageously in
sthyl acetate. Other solvents could be used, but some are capsble of causing the formation
of by-products.

The conditions for deprotection of the compounds of formula (1) disclosed above
are particularly advantageous in that they meke it possible fo achieve a compound of
formula (1) without infraducing metal impurities during this step or the formation of crganic
impurities. According to one variant of the invention, the compound of formula (If) could be
purifiad by means other than filtlration in a medium capable of retaining metals, for instance
by orystaliization from an appropriste solvent. According fo this variant, the compound of
formula {1} is subsequently deprotected, using any means of deprotection not involving the
use of metal compounds, in particular using & quinons, in particular DDQ, preferably under
tha conditions disclosed above,

Another subject of the jhvention is therefore a procsss for preparing compoeunds
corresponding to formula (1) described above, characterized in that # comprises atleasi one
step for deprotection of the R-0Z- group of the amine of the phenothiazing ring of the
compound of formula (1) using deprotection means not involving the use of metal
compounds,

The “means of deprotaction not involving the use of metal compounds” is taken
to mean the use of non-metal resclants, and solvenis nod containing metal residues
{preferably <0.01 ppmy, in reactors not containing any metal parts, for instance enamellad
reactors.

Among the means that can be used for the deprotection of the R-CZ~ group,
mention may be made of gquinones, for instence 2 3-dichlore-8 8-dicyang-1,4~
benzoguinone (DDQ), HNG:, HOW,, §z, HOL HaSO0,, Hu(y, and treatment with ultraviolet
radfiation. A guinone is preferably used for this step, and very preferably 2.3-dichlore-5,6-
dicyano-1,4-benroquinone.  Advantagenusly, the conditions for using DDQ which were
described above should be employed.

The methad for deprotection of the compound (i1} so as o result in compound (1)
makes it possible o achieve g compound {1) that does not contain any additional metal
impurities compared with the product (). In addition, these deprotection conditions prevent
the formation of organic degradation produsts. In fact, the compounds of formula I} have
limited stability and the use of cedein treatment conditions resulls in degradation, for
example of methylene blue fo Azure A, B and © which are than difficult to separate oul

The procass of the invention makes it possible to access a compound of formwia
{1} devoid of metal confaminants and having 2 high chemical purty, in a manner thal is



refiable, reproducible and applicable on an industrial sgale. These properties are essential
for the ability to provide a product of formuta (1) of pharmaceutical guality.

in particular, the preparation or purification process of the invention makes #
possible to obtain, In industrial amountz and reproducibly, & methylerne blue or
tetramathyithioning chioride containing 0.02 pgfg or less of cadmium per g of methylens
tlue. The prooess of the invention glves access
i 2 methylens blue or tetramethyithionine chioride with a degree of purity greater than
§7%, preferably greater than 88%, or even better, greater than 98%. measured by HPLC
{(high pedormance Hguid chromatography) under the conditions of  Ewopean
Pharmacopeela 5.4 {April 2008 edition} and containing less than 4.5 pgf/n of aluminum,
advantageously less than 3uglg of aluminum, even more advantageously less than
2.5 ugfy of aluminum per g of methylene biue,

The prosess of the invention gives access fo a methylene blue or
tetramethyithioning chioride with & degree of purity greater than 87%, preferably greater
than 98%, even befter, greater than 8%%, measurad by HPLO under the conditions of
Europsan Pharmacoposia 5.4 (Aprit 2008 adition} and containing fess than 0.5 ygfg of tin
per g of methylene blue. The process of the invention gives access 1o a methylens
blue or tetramethylihioning chioride wwith a degree of purity greater than 87%, preferably
greater than 8%, even better, greater than 98%, measured by HPLC under the conditions
of the Europsan Pharmacopoeia 5.4 {editfion of April 2006} and containing less than
0.95 pgfg of chromium, advantagsously less than 0.90 ugfg, even befler, less than
0.80 pgfa per g of methylens blue,

The process of the invention is the only one to give socess, in an industrial
quantity, to a methylene blue or a tetramethyithionine chloride containing less than 3% of
impurities, prafarably less than 2%, even batter, less than 1%, measured by HPLO under
the conditions of the Ewapean Pharmacopoaia 54 {Aprll 2008 edition=} and a level of mutal
impurities  of less than 20 pglg. sdvantageously less then 1S8ugfg, even more
advaniageously tess than 10 pugfg.

The application digscloses a compound of formula (), with the exciusion of
methylena blug or tetramethyithioning chioride and containing an overall level of metal
impurities of less than 100 pg/g, advantegeously less than 50 pglg, In patticular less than
30 pofa. The application discloses that this compound s able o satisfy one or more of the
following requirernents:

- purity grester than 97%, praferably greater than 98%, even better, greater than
99%, measured by HPLC under the conditions of the European Pharmacoposia 5.4 {adition
of Aprif 20083,

- aluminium level of less than 5 pgly, advantageously less than 4 ugly, even
more advantagsously less than 3 ugla.

~ cadmium level of less than 0.1 pg/g, advantageously less than 0.05 pgfg, even
better less than 0.02 pgia.



~fin leval of less than 0.5 yglg, advantageously less than 0.4 /g and sven
maore advantagenusly less than 0.3 pglg.

Mathyiene blue has been used for decades in the treatmant of various infections,
i iz used as an antiseptic, anti-infective, an antidote and a diagnostic agent. #ts antiviral
activity has recently besn demonsirated, and it could be used in the preparation of
medicines for combatting such pathological conditions as infections, in particular a seplic
shock, the presence of pathogenic contaminants in blood or plasma, an exaggerated
hasmodynamic reaction, HIV infaction, West Nile virus or the hepalitis © virus, Alzheimer's
dizeaze, malaria, hreast cancer or bipolar disorder.,

Finally, it can also be used in cosmetics or for products destined for ophthalmic
application.

For afl these therapeutic uses, and in particular in the context of the prevention
and treatment of Alzheimer's disease, it is necassary 1o have a methylene blue with a high
degres of purity and in particular ong that contains very few metal impurities.

The application discloses a medication consisting of a methylene blug of the
mvantion, in 8 pharmaceutically acceplable carrder,

The carrer and the amounts of methylene blus to be adminisiered are well
knowry lo those skilled in the art

Another sublect of the invention Is 8 process for preparing @ medicine containing
a compound of formula (1), characterized in thal this process comprises at least one
process step as described above, in particular a step for purification of the compound of
farmula {1} andior a step for deprotection of the compound (1Y) to produce {1},

EXPERIMENTAL SECTION

A commercially available methylene blue & purified in accordance with the
process of figure 1

1 - Synthasis of benzovi lsuco methylene blue (glep A}

The following are introduced info a 120 | jackeled reactor sgquipped with a stirrer,
and under nitrogen:

- 8{ { of distilled watler,

- 4.2 kg {10.7 moi) of methylene blue sold by the Leancars Lid company under
reference C 52015, containing large amounts of metal impurities (Al Fe, Cu, Cr).

The mixture is agitated for 15 min and then 8.9 kg of scdium hydrosulfite
Na;5:04 In an agueous solution at 85% is added. The colouwr changes from blue to beigs.
The mixture is agitated for a further 45 min, and than 2.60 kg of sodium hydraxide in the
form of pellets is added. The reaction temperature is maintained at between 18 and 20°C,
The addiion fime is 30 min and the resulting mixture is agitated for a further 30 min. 7.801
of benzoyl chioride is  subsequently added drop-by-drop. The reaction mixture tums a
greenish-beige color. The time of the addition is 2 h and the resulling mixlure is then
agitated for 20 h




Processing:

After agitation has stopped, the mixture is lefl fo decant for 15 min and the
supematant is drawn off, 801 of water (25 volumes) are added and, after stirming and
separation by seftiing out, the supematant is again drawn off. 241 of EIOH is added and,
after stirring for approximately 5 min, 161 of water is added. After agitating for 15 min, the
mixture is fitered into 2 recipient. This operation is repeated 3 times. After drying, 2.9 kg
{yield: 68%) of benzoy! lsugo methylene blue is oblained.

2 - Purification

4.25 kg of benzoy! leuce methylene blue derived from the first step, sclubllized in
301 of OHChL, is used. The solution s fiterad through 3 parts of silica (Merck Gerudan
KIB0) {11.5 kg) and 0.5 kg of Fonteinebleau sand, rinsing being performed using 30 litres of
OHLCh. The CH:OL is eliminated through evaporation in a vacuum. 81 ethanol is added.
The mixture s cold-agitated then filtered into a reciplent. The resulling product is dried in a
vacuurn. 3.4 kg of purified benzoy! leuco methylene blus is obtained {yield: 80%).

Purity: +88% HPLC

Metals: the matal cortent {(in pg/g) is shown for 3 tests intable 1

Table 1 -

Tesat Tast 1 : Test 2 Test 3
Al 0.5 0.5 0.1
Cy 0 o 0.4
Fe o 0 0.1
Zn 0.9 0.7 05
Ni 0.1 0.1 0.1
Cr 0.3 0.3 0.03
Mo 0.1 0.1 0.1
din 0.02 _ 0 &
Sn 0.5 0.4 0.5
Pb 5 3.2 24
Cd 0.2 0.2 0.07

3~ Debenzovistion

The following are infroduced infe 8 100 | jacketed snamaded reactor at ambient
temperaturs:

- 45 | of acetonitrile (ACN},

- 1.8 kg of benzoyl leuco methylene blue derived from the second step, and
aghtated. The mixture is agitsted for 30 min at ambient temperature and the temperaturs is
then reduced fo ~18°C. One 950 g portion of BDQ solubllized In 41 of ACN is added. Tha
mixture I8 agitated for 2h at -18°C then filtered. A complex of the




3,7-bis{dimethylaminephenathiazing with the DDQ s obtained and s used directly in the
subsenuent step.

4 - Salificatin

The cake derived from the third step is reintroduced, In several pieces, into the
jacketed enameled reactor. 41 of E10AC are added. The mixture is stirved for 30 min at
ambient temperature, The temperature is decrsased fo ~18°C. 25kg of HCI in 181 of
ErQ8c (4N solution] fs added. The mixture is stirred for 2 b at -18°C. The mixture is filtaved
and the cake is then refurned to the reactor. 301 of EtOAc is added at -18°C and the
mixture is again filtered,

5 - Neutralization

201 of acetone i added, followed by a solution of 200 g of NaOH dissolved in
500 mi of water. The midure is filtersd. The product derived from the fourth step is
infroduced info the reactor with 301 of acstong. The medium is agitated for 1 h at ambient
ternpersture. The pH s 4.0, The medium is fitered. it is left it a vacuum inthe racipient.

8 - Purification and hvdration

1.9 kg of product from the fifth step and 301 of & 50/50 mixturg of CHCIZEIOH
are introduced into a 40 | enamelled reactor under Np, at ambient temperature. The
rasulting mixture is refluxed (43°C). It is filtered under hot conditions using 2 microfibre fillter
{Whatman GF/D). This operation s performed twice. The reactor is cleaned with
demineralizad water. The Sitrate is reintroduced into the reactor. 24 litres of solvent are
distiled in a vacuum at 28°C {3 h). The medium is returned to the reactor. 11 of
microfilterad water s added. The mixiure is cogled to -18°C. 401 of EtQAc are added and
the resulting mixture is left overnight in cold agitation. It is then filtered. It is tumed into &
pasts with 10 1 of EtOAc. 1.4 kg of purified methylens blue in irthydrate form s obtained.

The metal impurities have baen analyzed and are reported in table &,

Elament Amourt {ugia)
Al 1.3
Cu i _ 0.5
Fa 1.8
Zn 1.7
Ni 0.5
Cr 0.8
Mo 0.8
Mn L .08
Sn ; 0.4
Pb | 0.1
Cd | 0.04

Table 2
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ELJARAS DIAMINOG- FENOTIAZINIUM VEGY ULETEK
ELOALLITASARA

Szabadalns igénypontok

1. Elidrds egy vegyliler eldallitdsin, amely az aldbbi (I} képletl:

X

shol mindegyik Re, R Ry, Ry Ry B By, By Re ds By kG2, egymistd fggetiendil, &
Kbvetkezékbdl a6 L.sap@rim}. vitlaszihatd:

epy hidrogén atom,

teditett vagy telitetlen, sgyenes Moo, oldgard Mook vagy ciklusos (- Cgmallil-
caoportok, amelyek adot “esethen szubsaringdliak eoy vagy t0hb funkeids csoporttal
a kévetkestk kel vilasztva: epy halogénstom €5 egy C-Usealkoxi-, Cy-Cealkil-
oxi-karbonil- vagy ~-CONHy-funkeids vaoport,

aril-csoporiok, amelyek adolt csetben m.uqumakak egy vagy whb funkeids
csuporttal a k@\ie.i&b&&)k kol valasstva: gy C-Ca-alial, egy halogénatom &5 egy
CoCgealkoxi- C-Ce-alkii-oxi-karbonil- vagy ~L{}}\H »-funkeics csoport,

tovabhd mindesyik R, Re R Ry, Re &8 Ryo kbziil, egyméstol figgetlenil, a kivetkezd
halogénatamok kel valassthatd F, CL Brés §,

¥ telertdee eov szerves vagy szervetlen snion,
& v Poc =

%

Low

azzal jellemenve, hogy az magiban foglal legaldbl epy ipést, amely sordo a kivetkezd
{11} képletd vegyilet:

(i

v esoport, amsly a kivetkerdk kézi! van vilasaiva:



w

8%
<
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- ey fonile vagy benwib-osoport, amely adott esetben szubsetitoall egy vagy 10bb
funkelds ceoportial a X Roveteertk ozl vilasztva: egy  CpCealkil, ogy
halogénatom, sgy Ci-Crhalogdn-alkil és egy nitro-csoport,

-« epy egyenes lanet, eldzazd lnch vagy cikluses Cr-Usalkit-csoport,

3

- gy OpCealkil-amine~-csoport,

o

3

~ ggy Cr-Cealkoxi~esopaort,

- epy fenil-oxi- vagy benzil-oxi-csoport, amely adot! esethen szubsztitudlt az aromas
agon egy vagy tobh funkeids csoportial a kovetkezéhk kel valasatva: egy Ci-U
alkil, egyv halogdnatom, egy C »Lafimiagx,fz -alkil s egy nitro-csoport,

7 jelentésee cgy atom, amely O &5 § k&l van vélasatva,

alé van vetve egy tisztitast Iépésnek olyan kirilmények kéizii, amelyek lehetbed teszik,

>4

IOQY izm\we&}umek lopvenek elvalasetva a (1) igs,,pit.tax vegyvitletekbal, ahol ez a kpds

magiban foglal legalabb egy seliedst egy selivgsi hordozdanyagon herssatlll, amely @

kovetkerfk kdzt! van vilasetvar sgy swilikageél, ey semleges, bamikus vagy savas
aleniniom-oxid-pél, egy wikropordzus membrin, egy ferr x,.g,k(:»w*gwmmkkai oltott
gvana &8 &mmegksmmsnpartc&\&z; oftoit rostek.

Riiaras ax 1. igéaypont szerint, ahol Ry, Ra, Ry, Ry, Rs Sx Rg, amelyek lehetnek azonosak
VEEY kﬁ%ﬁnb\m,ak, exy hidrogénatom &s egy Cr-Ca-atkil kozil vannak vilasztva,

Flidras sx elded i ;feiwpmmi\ barmelyike szerint, shol ¢ kovetkezd kdvetelmények koztl
eey vagy tibb van teljesiive

~ Rs, Re, Ro €3 Ryg jelentése K|

- X ielentése O vagy OH,

- Ry, R, Ry 85 Ry, amelyek lehetnek aronosak vagy kitlonbdadek, egy | hidrogdnstom
Sx p mettl kontl vannak valasaiva,

« Rgjelentése ey hidrogénatom,
< Rj jclentése epy hidrogénatom,
-~ Z jolentése O

Eljdrhs az olé28 igénypontok birmelyike szerint, ahol az (1) képleth vegylilet a fetrametib-
tionin~klorid vagy metilenkek.

irds gz L-t8l 4-ig igényponiok birmelyike szerint, ahol ax (I} keplet vegytlet o
kivetkendk k&l van valasztva:

dimetiltionin-klorid vagy Azl A,

irimetib-tonine-klorid vagy Azir B,

monometit-tionin-klorid vagy Azl €.
Eligras az elbzd igénypontok birmelyike szerint, ahol a szlvdshez a () kepletd vegyitlat
fol van oldva ey oldészerben, amely & kbvetkezdk kozill van vélasztvar kldrozett
oldoszerek, mint amilyen a dikidrometin vagy kloroform, alkoholok, mint anulyen az
stanol, izopropancl, metsnol, scetoniiril, stil-acetdt, tetrahidrofurin, vagy exek aw
olddszerek egy keverdke,
Elidrds az 1181 6.-ig igdnypontok bérmelyike szerint, ahol & szfindsi hordoadanyag 2
ke ‘vk w8k kel van valasatvas egy seilikagél

1204
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Eiidras az a6z igénypontok birmelyike szering, ahol az tovibbd magdhan faglal egy

Iépést, amely a (D) kép?c&'& ¥e g;'v'i}iet fenotigzin-gyliriiiének az amin- mémﬂs&)_p& tianak
eltavolitisabal &1 egy eszkifiz révén, amely & kOvetkezdk kaxil van vilasztva: kinonok,
mint amilyen a 2.3~ uﬁ\iﬁr~§,t~~dmazm-,;@ benzokinon, HNQy, HCWO, b, HCL HSO
Ho0n, egv kezelés uitvaibolys sugdrads dltal.

Eliards g & igénypont szerint, szzal jellemenve, hogy @ véddesoport-eltavolitds & 2,3+
diklér-S 6-{3;@13&@ 1 4-benzokinon altal van toljesitve,

Eljdrss a R & 9. inényponick barmelyike szenint, aweal jeHemezve, hogy az tovabld
magiban foglal egy loneserdld 1épdst, HUL-val torténd kezelés dltal.

Fljards az olfizd igdnypontok barmelyike szerint, ahol egy metilénkek (3,7-bisa{dimet I«
amineenotiazinS-tlium-Korid) van kapva, amely 3%-ndl kevesebb szennverddést
tartatmaz &8 egy 20 pg/g-ndl kisebb mseennyezddés-szintiel rendetkezik.

Elidrds a 11, igénypont szerint, shol egy metilénkék van kapva, amely 3%-nal kevesebb
szevmyerddest tartalmaz & egy 1Y pegndl Kisebb, elonyisen 10 pgfe-ndl kisebb,
femszennverddés-sxinttel rendetkexik.

Eliards egy gydgyszer eldallitisdm, amely tartalmaz egy (1) képletdh vegylletet az L.
igénypant szerint, azzal jellemerve, hogy az (1) képletlh vegyliler egy cljards revén van
elddllitva, amely mogiban foglal legaldbb ey pést ax 16l 12.-g igénypontok

barmeltyike seerint,

Fhdrds o 13, igénypont szerint, abol ax (I) keépletl vegyilet a metilénkék.

2

o3



Drawings

Summary diagram for Methylens Blue
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A, HaOiNg;80, NaOH, Benzovl chioride
8. DDQICHCN

C. lon sochangs then NaORMDO pH 4
D. Hydration {H0)

Figure 1
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