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EP 2 285 799 B1
Description
Field of the invention

[0001] The present invention relates to a method for preparing argatroban monohydrate. Said method enables arga-
troban to be obtained in three different crystalline forms i.e. in the form of argatroban monohydrate, purified argatroban
and argatroban anhydrous, each having specific and new physico-chemical characteristics. The present invention also
relates to a different isolated form, namely purified argatroban.

State of the art

[0002] US patent 4,201,863 (6th May 1980) and EP 8746 (filed on 22nd August 1979 with priority based on the
application for the cited US patent) describe a class of N2-arylsulphonyl-L-argininamide drugs, with anti-thrombotic
activity, and the processes for obtaining them. Of these, the compound 4-methyl-1-[N2-(3-methyl-1,2,3,4-tetrahydro-8-
quinolinesulphonyl)-L-arginyl]-2-piperidine carboxylic acid (argatroban, isomers mixture) is described. The described
process comprises the synthesis of an intermediate NG-substituted-N2- quinolinesulphonyl-L-argininamide from which
the desired compound is obtained by catalyzed hydrogenolysis or acidolysis and catalyzed hydrogenation. The general
conditions provided for the hydrogenolysis and hydrogenation reaction are: i) inert solvents (methanol, ethanol, tetrahy-
drofuran or dioxane); ii) presence of a catalyst (Raney nickel, palladium, platinum, ruthenium, rhodium); iii) hydrogen
atmosphere at a pressure between 1 and 100 kg/cm?2 and preferably between 5 and 50 kg/cm?; iv) temperature between
00C and 2000C and preferably between 500C and 1500C; v) reaction temperature from 2 hours to 120 hours. The crude
product obtained is then purified by trituration or by re-crystallization from diethyl ether-tetrahydrofuran, diethyl ether-
methanol or from water-methanol or by chromatography. No example is given of this purification step. In particular, both
US 4,210,863 and EP 8746 in example 1 (E) describe the preparation of argatroban, isomers mixture. This compound
is obtained in amorphous form by hydrogenation of [N®-nitro-N2-(3-methyl-8-quinolinesulphonyl)-L-arginyl]-4-methyl-2-
piperidine carboxylic acid in ethanol in the presence of Pd/C with hydrogen pressure of 10 kg/cm?2 at 1000C for 8 hours.
The catalyst is removed by filtration of the ethanol solution which is then evaporated without further purification and/or
re-crystallization steps. In the US patent at issue as indeed in patent application EP 8746, no mention is made of
polymorphic forms of the compounds and, for the obtained compound, the following characteristics are reported: Amor-
phous solid, I.R. (KBr) (cm™) 3400; 1620; 1460; 1380; Molecular composition (%): theoretical C 54.31; H 7.13; N 16.52;
found (%) C 54.01; H 6.98; N 16.61.

[0003] US 4,258,192 (24th March 1981) (continuation-in-part of the aforesaid patent application US 4,201,863) and
the same patent application EP 8746 describe the sterecisomers and the preparation thereof, including argatroban used
as an active principle in medicaments, i.e. the stereoisomer (2R,4R)-4methyl-1-[N2-(3-methyl-1,2,3,4-tetrahydro-8-qui-
nolinesulphonyl)-L-arginyl]-2-piperidine carboxylic acid, with the following characteristics: melting point (m.p.). 188-191
°C; L.LR. (KBr) (cm™1’) 3400, 1620, 1460, 1380; Molecular composition (%): theoretical C 54.31; H 7.13; N 16.52; found
(%) C 54.05; H 6.94; N 16.65. The compound is prepared according to the description given in examples 1 (E) in US
4,258,192 and 2(E) and 3 in EP 8746 respectively by hydrogenation of (2R,4R) 1-[NC-nitro-N2-(3-methyl-1,2,3,4-tet-
rahydro-8-quinolinesulphonyl)-L-arginyl]-2-piperidine carboxylic acid in ethanol in presence of acetic acid catalyzed by
Pd/C. After filtering the mass to remove the catalyst, the solvent is evaporated and the residue suspended in chloroform,
the solution treated with a saturated sodium bicarbonate solution or 1 N sodium hydroxide solution and after washing,
the solvent is evaporated. The compound is then re-crystallized from ethanol. Again in this case, no reference is made
to the obtainment of monohydrate polymorphic forms.

[0004] Said polymorphic forms are described instead in the publication Biochem. Biophys. Res. Comm. 1981, 101,
440-446 in the context of stereoisomer preparation. The monohydrate polymorph of the (2R,4R) stereoisomer is prepared
by re-crystallization from ethanol/water and the reported characteristics are: m.p. 176-180°C; [o]p27 +76.1 ° (¢ 1, 0.2N
HCI).

[0005] US 5,925,760 (20th July 1999) and EP 0823430 (filed 4th August, 1997) subsequently describe a new method
for preparing argatroban by means of a new intermediate N2-(3-methyl-8-quinolinesulphonyl)-N€ nitro-L-arginine. In
particular the patent makes reference to the preparation of a crystalline monohydrate form of argatroban, referring back
to examples (D) and (E) of Japanese patent publication No. (Hei)-2-31055/1990 and generically to an |I.R. spectrum
identical to that of the commercially available argatroban compound. The relevant example in the cited patent publication
is example (E), while example (D) concerns the preparation of (2 R,4R)-1-[NG-nitro-N2-(3-methyl-8-quinolinesulphonyl)-L-
arginyl]-4-methyl-2-piperidine carboxylic acid. This compound represents the starting compound for argatroban prepa-
ration by catalytic reduction in the presence of Pd/C. The crude argatroban obtained is then purified by extraction with
chloroform, treatment with a saturated sodium bicarbonate solution and, after solvent evaporation, re-crystallization from
ethanol or from 15% alcohol in water. It should be noted however that the Japanese patent makes no mention of the
monohydrate form of argatroban being obtained and that for the compound the following characteristics are reported:
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m.p. 188-191°C; molecular composition (theoreticallfound) (%): C 54.31/54.01; H 7.13/6.98; N 16.52/16.61; I.R. (KBr)
(cm7) 3400; 1620; 1460; 1380. These analytical data, with the exception of the unreported melting point, are the same
as those indicated in the cited patent documents describing a mixture of (2R,4R)-4methyl-1-[N2-(3S-methyl-1,2,3,4-
tetrahydro-8-quinolinesulphonyl)-L-arginyl]-2-piperidine carboxylic acid and (2R,4R)-4methyl-1-[N2-(3R-methyl-1,2,3,4-
tetrahydro-8-quinolinesulphonyl)-L-arginyl]-2-piperidine carboxylic acid isomers of argatroban, but do not correspond to
the melting point given in the publication, being the only document that identifies the monohydrate form of argatroban.
[0006] More recently, patent application CN 1,951,937 (filing date 10th November 2006) described a method for
preparing hydrated argatroban by treating argatroban with large quantities of water (more than 60 and up to 80 volumes
of distilled water per gram of argatroban) at a temperature of 80-1000C for a time of 0.5-1 hour and crystallization by
cooling. The water content reported is comprised between 3.3 and 3.8% and the ratio of dextroisomer R to levoisomer
Sis R:S =63-67 : 37-33. Argatroban is a compound of wide therapeutic use, for which reason the need still exists to
provide a compound of pharmaceutically acceptable quality obtained by easily industrialized and economically convenient
methods. With regard to the monohydrate, this form is preferable for the applicative purpose since the anhydrous form
is unstable and tends to become hydrated and/or wet. Moreover it crystallizes only with difficulty at the correct ratio
between the diastereoisomers.

[0007] A first main purpose of the present invention is therefore to provide a method for preparing argatroban mono-
hydrate usable as active principle of pharmaceutical quality for the preparation of proprietary drugs. A further purpose
is to obtain said active principle by a synthesis and purification process which enables it to be obtained with a good yield
and very high purity.

Summary

[0008] For the previously indicated purposes the preparation method of argatroban monohydrate according to the
invention consists of preparing crude argatroban, preferably starting from the compound (2R,4R)-1-[NG-nitro-N2-(3-
methyl-8-quinolinesulphonyl)-L-arginyl]-4-methyl-2-piperidine carboxylic acid according to the known synthesis process
of catalyzed hydrogenation and hydrogenolysis, then treating it to be purified and separated from the reaction mass into
the monohydrate forum by controlled crystallization in a methanol/water solvent. Preferably argatroban monohydrate is
prepared by separating an intermediate consisting of purified argatroban which is then treated to be transformed into
the monohydrate form by the previously mentioned process of crystallization from methanol/water. The preparation by
separation of the purified intermediate is to be preferred, as this intermediate presents new and distinctive characteristics
and allows argatroban monohydrate to be obtained with high purity and with the correct diasterecisomer ratio.

[0009] Furthermore, it has been surprisingly found that an argatroban anhydrous having new and distinctive physico-
chemical characteristics can be subsequently obtained from argatroban monohydrate.

[0010] In a first aspect the invention hence relates to the preparation of argatroban monohydrate and optionally to
argatroban anhydrous.

[0011] Therefore, the presentinvention provides a method for preparing argatroban monohydrate comprising at least
the step of:

- concentrating a reaction mass containing crude argatroban to a stirrable residue;

- dissolving the residue containing crude argatroban with an organic solvent and separating a purified argatroban by
crystallization by treating the organic solution with a crystallization medium solvent selected from isopropanol and
normal-propanol;

- separating argatroban monohydrate by re-crystallizing the purified argatroban isolated in the preceding step from
a methanol and water mixture solution by adding a decolorizing carbon, heating the mass at the reflux temperature
then subjecting it to carbon filtering and to controlled and gradual cooling from the reflux temperature to a temperature
between 15-25°C in a time comprised between 11-17 hours.

[0012] The crystalline precipitate consisting of argatroban monohydrate, obtained either by the continuous mode or
in two steps by separating the purified argatroban intermediate, can be dried under nitrogen flow or under vacuum at a
temperature comprised from 50°C and 800C for at least 8 hours. By subjecting the obtained argatroban monohydrate
to re-crystallization from water by quickly cooling to atemperature of 150C in a time not greater than 2 minutes, argatroban
anhydrous can be obtained, shown to possess new physico-chemical characteristics.

[0013] In a second aspect, therefore, the invention relates to the obtained and isolated purified argatroban having the
physico-chemical characteristics described below and reported in the claim that follow.

[0014] The advantages attainable with the present invention will be clear to an expert of the art from the following
detailed description of particular embodiments of the method and from the compounds obtainable therewith given as
non-limiting examples, with reference to the following figures.
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Figure 1: the figure shows a representative |.R. spectrum of crystalline argatroban monohydrate obtained by crys-
tallization from a solvent consisting of methanol and water according to the described method.

Figure 2: the figure shows the differential scanning calorimetry (DSC) for a representative sample of argatroban
monohydrate obtained by crystallization from a solvent consisting of methanol and water according to the described
method.

Figure 3: the figure shows a thermogravimetric analysis of a representative sample of argatroban monohydrate
obtained by crystallization from a solvent consisting of methanol and water according to the described method.
Figure 4: the figure shows a diffractometry (XRPD) profile of argatroban monohydrate obtained by crystallization
from a solvent consisting of methanol and water according to the described method.

Figure 5: the figure shows a representative |.R. spectrum of argatroban anhydrous obtained from argatroban mono-
hydrate by the described method.

Figure 6: the figure shows the differential scanning calorimetry (DSC) for a representative sample of argatroban
anhydrous obtained from argatroban monohydrate by the described method.

Figure 7: the figure shows athermogravimetricanalysis of arepresentative sample of argatroban anhydrous obtained
from argatroban monohydrate by the described method.

Figure 8: the figure shows a diffractometry (XRPD) profile of argatroban anhydrous obtained from argatroban
monohydrate by the described method.

Figure 9: the figure shows a representative |.R. spectrum of purified argatroban obtained by the described method.
Figure 10: the figure shows the differential scanning calorimetry (DSC) for a representative sample of purified
argatroban obtained by the described method.

Figure 11: the figure shows a thermogravimetric analysis of a representative sample of purified argatroban obtained
by the described method.

Figure 12: the figure shows a diffractometry (XRPD) profile of purified argatroban.

Figure 13: the figure shows a comparison between the DSC for argatroban anhydrous (2°peak) and the corre-
sponding monohydrate (1°peak) form obtained by the described method.

Figure 14: the figure shows a comparison between the thermogravimetric analyses of argatroban anhydrous (upper
curve) and monohydrate (lower curve) obtained by the described method.

Figure 15: the figure shows a comparison between the XRPD diffractograms of the monohydrate, purified and
anhydrous species obtained by the described method.

Detailed description of the invention

[0016] The process for preparing argatroban monohydrate of the present invention derives from the following scheme:
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[0017] In the argatroban monohydrate preparation method of the invention, comprising the steps reported in the

Summary, the starting compound for preparing argatroban monohydrate is (2R,4R)-1-[NCG-nitro-N2-(3-methyl-8-quino-
linosulphyl)-L-arginyl]-4-methyl-2-piperidine carboxylic acid (ll) already described in US 4,258,192 and EP 8746.
[0018] Forthe purposes of the presentinvention said compound (ll) is subjected to a hydrogenation and hydrogenolysis
catalyzed by a catalyst consisting of palladium on carbon (Pd/C) in a solvent formed from methanol in the presence of
acetic acid in which the v/v ratio between the two is comprised between 1 (acetic acid) and 4-16 (alcohol) and the ratio
between the starting compound (ll) and acetic acid in w/v is comprised between 0.5 and 2.5. The hydrogenation reaction
is conducted under hydrogen atmosphere in the manner known to an expert skilled in the art and preferably at a pressure
from 6 to 12 bar and at temperatures from 500C to 1000C for a time comprised between 6 and 18 hours.

Continuous mode process

[0019] When the process is in the continuous mode, after cooling to room temperature, the Pd/C catalyst is removed
from the reaction mass, said obtained mass then being heated to temperatures between 400C and 800C and concentrated
to at least half its volume.

[0020] The mixture thus obtained can be optionally treated with an aqueous solution of a base preferably chosen from
sodium hydroxide, sodium bicarbonate and ammonia at a concentration between 10 and 30%, to bring the pH of the
mixture itself to between 7.0 and 7.5.

[0021] The solution thus obtained is diluted with water to obtain a crystallization solvent for argatroban monohydrate
(1) formed of a mixture of water and methyl alcohol in which the methyl alcohol has a concentration between 10 and
20%. The MetOH:water crystallization solvent is in a quantity up to 50 volumes per gram of argatroban (lll) and preferably
up to 40 volumes and more preferably comprised from 25 to 35 volumes, the MetOH:water ratio being preferably 1:7
v/v. Crystallization is subsequently achieved by: adding a decolorizing carbon, heating the mass at the reflux temperature
and maintaining it under stirring for a time comprised between 1 and 3 hours followed by filtering the carbon and controlled
cooling for a time comprised between 11-17 hours to bring the mixture from reflux temperature to 15-250C, but preferably
to 200C. In particular the mass is subjected to the following temperature gradient; heating to 90-950C, maintenance at
reflux temperature from 1 to 3 hours, preferably for 2 hours, cooling to 70-750C in at least one hour and maintenance
at this temperature for at least one hour, cooling to 200C in a time comprised between 2 and 6 hours, preferably in 4
hours, and maintenance at this temperature for at least 6 hours. The crystalline precipitate which forms is argatroban
monohydrate () with the physico-chemical characteristics described hereinafter.

[0022] Considering all the step hereinabove reported in this first embodiment the preparation method of argatroban



10

15

20

25

30

35

40

45

50

55

EP 2 285 799 B1
monohydrate comprises the steps of:

- preparing the crude argatroban from (2R,4R)-1-[N®-nitro-N2-(3-methyl-8-quinolinesulphonyl)-L-arginyl]-4-methyl-2-
piperidine carboxylic acid in methanol/acetic acid;

- concentrating the reaction mass up to at least half of the volume;

- optionally treating the reaction mass with an agueous solution of a base to bring the pH of the mixture itself to
between 7.0 and 7.5;

- crystallizing the argatroban monohydrate by forming a crystallization medium solvent consisting of a mixture of
methanol:water, wherein the methyl alcohol has a concentration between 10 and 20%, and subjecting the mass to
an addition of carbon and to a heating at the reflux temperature then subjecting it to carbon filtration and to controlled
and gradual cooling from the reflux temperature to a temperature between 15-250C in a time comprised between
11-17 hours.

[0023] In particular, the controlled and gradual cooling is at the following temperature gradient: heating to 90-950C,
maintenance at reflux temperature for a time between 1 and 3 hours, cooling to 70-750C in at least one hour and
maintenance at this temperature for at least one hour, cooling to 200C in a time comprised between 2 and 6 hours and
maintenance at this temperature for at least 6 hours. A step of drying under nitrogen flow or under vacuum at a temperature
comprised from 50 °C and 800C for at least 8 hours can be further comprise.

Process with isolation of the purified argatroban (IV) intermediate

[0024] The synthesis reaction is conduced as aforedescribed and on completion of hydrogenation, after cooling to
room temperature, the Pd/C catalyst is removed from the obtained mass. Said mass is then heated to a temperature
from 400C to 800C and concentrated to at least a stirrable residue.

[0025] The residue containing crude argatroban (lll) is dissolved in an organic solvent, being preferably dichlorometh-
ane.

[0026] The mixture thus obtained can be optionally treated with an aqueous solution of a base preferably chosen from
sodium hydroxide, sodium bicarbonate and ammonia at a concentration between 10 and 30%, to bring the pH of the
mixture itself to between 7.0 and 7.5. Optionally in case of excess, the base is then removed either by washing the
organic phase with water or under vacuum.

[0027] In this case a crystallization solvent selected from isopropyl alcohol and normal-propyl alcohol is added to the
obtained mixture after treating the crude argatroban (lll) with a base. Preferably for the purposes of the present invention
the crystallization solvent is isopropyl alcohol; the mixture is heated to the solvent reflux temperature, the chlorinated
solvent being removed by distillation, then cooled to 0-20°C. In this step, purified argatroban (IV) is obtained which, from
the analyses carried out, proves to be solvated with the crystallization alcohol, in particular isopropanol, and has the
physico-chemical characteristics described below.

[0028] This crystalline precipitate is then treated to obtain argatroban monohydrate (I) as previously described after
solubilization of the purified argatroban (IV) in a methanol:water mixture as previously described.

[0029] Separation of the purified argatroban by crystallization from normal-propanol or isopropanol allows a more
efficient preparation in terms of argatroban monohydrate yield and purity and moreover a better processability of the
product and reliability of the process, as propanol alcohols are better for these aspects than ethanol. As a crystallization
solvent, ethanol, in case of even slight volumetrical errors, can actually cause significant yield reductions with negative
consequences on the diastereoisomer ratio. This would lead to greater difficulties in achieving the correct diastereoisomer
ratio in the subsequent crystallization. With methanol, this effect is accentuated. The solvate obtained, indicated herein
as purified argatroban, as well as being new, instead exhibits crystalline characteristics such as to greatly facilitate its
purification and isolation without negatively affecting the diastereoisomer ratio.

[0030] Considering all the step hereinabove reported in this second embodiment the preparation method of argatroban
monohydrate comprises the steps of:

- preparing the crude argatroban from (2R,4R)-1-[N®-nitro-N2-(3-methyl-8-quinolinesulphonyl)-L-arginyl]-4-methyl-2-
piperidine carboxylic acid in methanol/acetic acid;

- optionally treating the reaction mass with an agueous solution of a base to bring the pH of the mixture itself to
between 7.0 and 7.5;

- concentrating the reaction mass containing crude argatroban to a stirrable residue;

- dissolving the residue containing crude argatroban with an organic solvent and separating the- purified argatroban
by crystallization by treating the organic solution with a crystallization solvent selected from isopropanol and normal-
propanol;

- separating argatroban monohydrate by re-crystallizing the purified argatroban isolated in the preceding step from
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a solvent medium consisting of a mixture of methanol:water, wherein the methyl alcohol has a concentration between
10 and 20%, and subjecting the mass to an addition of decolorizing carbon, a heating at the reflux temperature then
subjecting it to carbon filtration and controlled and gradual cooling to a temperature between 15-250C in a time
comprised between 11-17 hours.

[0031] In particular, the controlled and gradual cooling is at the following temperature gradient: heating to 90-950C,
maintenance at reflux temperature for a time between 1 and 3 hours, cooling to 70-750C in at least one hour and
maintenance at this temperature for at least one hour, cooling to 200C in a time comprised between 2 and 6 hours and
maintenance at this temperature for atleast 6 hours. A step of drying under nitrogen flow or under vacuum at a temperature
comprised from 50°C and 800C for at least 8 hours can be further comprise.

[0032] The preparation method of the argatroban monohydrate according to the invention proves to fulfill the purposes
of the same.

[0033] In fact, the yields of argatroban monohydrate obtained, either in the case of a continuous step or a two step
preparation, are between 65% and 70%; the obtained compound has shown a purity at least equal to or higher than
99%, a KF of at least 3.4% and an isomer ratio of 65:35 * 2.

[0034] With regard to the purity, the argatroban monohydrate obtainable with the method according to the invention
has an impurity profile where any single impurity is less than 0.1% and preferably below 0.03%. Accordingly the purity
of the argatroban monohydrate is at least equal to or higher than 99.0% and preferably at least of or higher than 99.8%.
[0035] Optionally, argatroban anhydrous (V) can be obtained from argatroban monohydrate, this being obtained either
in a continuous mode or in two distinct steps, by re-dissolving in water the obtained crystalline precipitate, consisting of
argatroban monohydrate (), heating the solution to a temperature between 750 and 1000C, preferably 800C, removing
the un-dissolved residues, then quickly cooling the solution to 100C-200C, preferably to 150C, in a time of 2 minutes
and maintaining it at said temperature for a period of up to 1 hour.

[0036] The argatroban obtained in this manner is anhydrous and has the physico-chemical characteristics described
hereinafter.

Characterization of argatroban monohydrate

[0037] The analytical data of (2R 4R)-4-methyl-1-[N2-[(1,2,3,4-tetrahydro-3-methyl-8-quinolylsulphonyl]-L-argi-
nyl]pipecolic acid monohydrate (l) are given below:

Empirical formula: Cy3H3gNgO6S;
Molecular weight: 526.65;
Molecular
composition:
C H N S
Calculated (%): 52.45 7.27 15.96 6.09
Found (%): 52.46 7.30 15.95 6.11;
Purity by HPLC: 99.0% - 99.8%;
I.R. (KBr): 3416, 1272, 1157 cm1. A representative |.R. spectrum of argatroban monohydrate obtained
by the described method is shown in figure 1;
Optical rotation [o]pZ7= +78 (c=1 mg/ml in 0.2 N HCI);
power:
Melting point: 176-1820C. Melting point was determined using glass capillary tubes;

[0038] Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA): Differential scanning calorimetry
was carried out using a perforated aluminium crucible. The argatroban monohydrate shows an endothermic event at
about 1500C. Figure 2 gives a typical DSC profile. The endothermic phenomenon represents water loss and subsequent
melting of the compound. Water loss is clearly demonstrated by the thermogravimetric analysis profile in figure 3.
Thermogravimetric analysis shows that the compound appears as a monohydrate, as the water loss is 3.68% in a
temperature range from 85-177°C, a value which totally fits the theoretical value of 3.42%. The high temperature range
for weight loss, being greater than 1750C, also indicates that the nature of the contained water is of crystalline type;
[0039] Analysis by X-ray diffractometry: argatroban monohydrate appears as a white crystalline solid. The peaks
relating to argatroban monohydrate and shown. in figure 4 are summarized in the table 1 below:
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Table 1
Peak No. | Angle (26) | Relative intensity (%)
1 4.680 43
2 9.230 100
3 13.850 18
4 15.980 23
5 17.120 12
6 18.040 10
7 18.430 14
8 18.950 10
9 20.080 16
10 20.560 12
11 21.260 10
12 21.590 11
13 22.820 24
14 23.740 8
15 24.480 11
16 26.140 12
17 27.620 16
18 28.980 8
19 31.320 10
20 33.440 17
21 37.210 8

Characterization of argatroban anhydrous

[0040] The description of a representative sample of (2R,4R)-4-methyl-1-[N2-[(1,2,3,4-tetrahydro-3-methyl-8-qui-
nolyl)sulphonyl]-L-arginyl]pipecolic acid in anhydrous form (V), and a comparison with the corresponding monohydrate
form are given below:

Molecular formula: ~ Cy3H3gNgOsS;

Molecular weight: 508.63;

Melting point: 2200C with decomposition;

IL.R. (KBr): 3432, 1265, 1164. A representative |.R. spectrum of the argatroban anhydrous obtained by
the described method is shown in figure 5;

[0041] Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA): Differential scanning calorimetry
and thermogravimetric analysis were carried out under the same conditions adopted for the argatroban monohydrate
analysis. Figure 6 gives a representative DSC analysis of an argatroban anhydrous sample. The argatroban anhydrous
shows an endothermic event at about 2150C. The endothermic phenomenon is associated with melting of the compound.
[0042] The thermogravimetric analysis is shown in figure 7. The loss of around 1% in weight within a temperature
range of between 250 and 1400C is ascribable to the presence of a small quantity of water of imbibition;

[0043] X-ray diffraction: the XRPD analysis was carried out by following the procedure described for argatroban mono-
hydrate. The following table 2 gives a summary of the peaks shown in figure 8:
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Table 2
Peak No. | Angle (26) | Relative intensity (%)
1 7.790 64
2 9.560 95
3 10.480 27
4 11.320 75
5 12.120 61
6 14.640 23
7 16.010 25
8 16.940 14
9 18.030 45
10 18.900 100
11 20.960 47
12 22.550 53
13 24370 61
14 26.170 81
15 28.300 32
16 30.960 40
17 33.970 40
18 38.930 23

Characterization of araatroban solvated in isopropanol

[0044] The analytical data of purified (2R,4R)-4-methyl-1-[N2-[(1,2,3,4-tetrahydro-3-methyl-8-quinolyl)sulphonyl]-L-ar-
ginyl]pipecolic acid (IV) solvated with isopropanol are given below:

I.R. (KBr): 3399, 1270, 1160 cm™!. A representative |.R. spectrum of argatroban solvated with iPrOH obtained by
the described method is given in figure 9;
Melting point: 183-1850C. Melting point determination was carried out using glass capillary tubes;

[0045] Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA): differential scanning calorimetry
was carried out using a perforated aluminium crucible. The argatroban solvated with isopropanol has an endothermic
peak at about 1600C. Figure 10 gives a typical DSC profile. The endothermic event represents solvent loss and melting
of the compound. Solvent loss is clearly demonstrated from the thermogravimetric analysis profile in figure 11. Thermo-
gravimetric analysis shows that the compound appears as a solvate with isopropanol, as the solvent loss is 9.0%, a
value which totally fits the theoretical value of 10.55% for a monosolvate form. The high temperature range for weight
loss, being between 700C and 1760C, also indicates that the nature of the contained solvent is of crystalline type;

[0046] Analysis by X-ray diffraction: the argatroban solvated with isopropanol appears as a white crystalline solid. The
peaks obtained for argatroban solvated with isopropanol and shown in figure 12 are summarized in the table 3 below:

Table 3
Peak No. | Angle (26) | Relative intensity (%)
1 6.800 100
2 7.840 12
3 9.800 13
4 10.020 13
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(continued)

Peak No. | Angle (26) | Relative intensity (%)
5 10.700 6
6 11.780 5
7 13.080 12
8 13.540 32
9 14.540 21
10 16.900 8
11 17.540 18
12 18.640 14
13 19.060 13
14 19.620 13
15 20.000 20
16 21.420 16
17 21.780 21
18 22.660 15
19 23.680 15
20 24.080 16
21 24.740 25
22 25.340 9
23 26.480 10
24 27.580 10
25 28.220 7
26 29.120 8
27 29.740 11
28 31.820 9
29 34.840 7
30 40.580 6

Comparison of argatroban monohydrate, argatroban anhydrous and purified argatroban

[0047] Differential scanning calorimetry (DSC): as can be seen by comparison, the DSC profile of argatroban mono-
hydrate differs considerably from the profile noted for the anhydrous compound. In this respect argatroban monohydrate
has an endothermic peak at about 1600C whereas that of argatroban anhydrous is shown at 2200C (figure 13).
[0048] Thermogravimetric analysis (TGA): with regard to the thermogravimetric analysis, a substantial difference
between the curves of monohydrate and anhydrous argatroban can again be seen, indicating the fact that the respective
weight losses are different in nature (fig. 14).

[0049] Figure 15 gives a comparison between the diffractometry profiles of argatroban anhydrous, argatroban mono-
hydrate and purified argatroban. As is evident from the superimposition, the three crystalline structures are clearly
different.

[0050] The examples given below for the purposes of non limiting illustration of the synthesis process of the invention,
relate to the different steps that form the method in its entirety and refer to the previously reported scheme.
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Experimental part

Examples of the synthesis of purified argatroban (IV) from (2R.4R)-1-[NS-nitro-N2-(3-methyl-8-quinolinesulphony!)-L -
arginyl]-4-methyl-2-piperidine carboxylic acid (Il)

Example 1: treatment of crude argatroban with NaOH and separation of the purified argatroban with isopropanol

[0051] A one-litre glass autoclave was fed with 60 g of (2R,4R)-1-[NC-nitro-N2-(3-methyl-8-quinolinesulphonyl)-L-
arginyl]-4-methyl-2-piperidine carboxylic acid, 480 ml of methanol, 120 ml of acetic acid and 20 g of palladium on 5%
carbon (60% wetted). The mixture thus obtained was treated, under vigorous stirring, at 850C in a 8.5 bar hydrogen
atmosphere for 8.5 hours.

[0052] The mass was then cooled to room temperature and the catalyst removed by filtration. The obtained solution
was concentrated to a residue under reduced pressure. 600 ml of methylene chloride, 300 ml of water and 75 ml of an
aqueous solution of 30% sodium hydroxide were added to the oily residue obtained until the residual acetic acid was
neutralized (pH=7.5). 30 ml of methanol were then added and the mixture maintained under agitation for 1 hour. The
aqueous phase was removed and the organic phase washed twice with 300 ml of water adding each time the necessary
quantity of methanol to achieve a good separation.

[0053] The solution in methylene chloride (a third of the total solution) thus obtained was then percolated into a 500
ml jacketed reactor containing 120 ml of 2-propanol. The mass was then heated and 200 ml of solvent were distilled off.
The solution was then cooled to 00C over a period of 2 hours and maintained at this temperature for 3 hours.

[0054] The solid obtained by crystallization was filtered off and dried at 500C under vacuum for 16 hours, giving 16.0
g of purified (2R,4R)-4-methyl-1-[N2-[(1,2,3,4-tetrahydro-3-methyl-8- quinolylsulphonyl]-L-arginyl]pipecolic acid (IV).
Yield = 86%.

Example 2: treatment of the crude argatroban with NaOH and crystallization from normal propanol

[0055] A one-litre glass autoclave was fed with 50 g of (2R,4R)-1-[NG-nitro-N2-(3-methyl-8-quinolinesulphonyl)-L-
arginyl]-4-methyl-2-piperidine carboxylic acid, 375 ml of methanol, 95 ml of acetic acid and 16.4 g of palladium on 5%
carbon (60% wetted).

[0056] The mixture thus obtained was treated, under vigorous stirring, at 850C in a 8.5 bar hydrogen atmosphere for
8 hours.

[0057] The mass was then cooled to room temperature and the catalyst removed by filtration. The obtained solution
was concentrated to a residue under reduced pressure.

[0058] 570 ml of methylene chloride was added to the oily residue obtained and the solution divided into two parts.
Half of the obtained solution was fed into a jacketed 1-litre glass reactor and to it 120 ml of water were added. The acetic
acid residue was then neutralized by addition of a 30% sodium hydroxide solution until pH=7.5 was achieved. In order
to obtain a net separation between the organic phase and aqueous phase 12 ml of methanol were then added. The
mixture was maintained under stirring for 1 hour, then the aqueous phase was removed and the organic phase washed
twice with 120 ml of water, adding each time the necessary quantity of methanol to achieve a good separation.

[0059] The solution in methylene chloride thus obtained was then percolated into a 500 ml jacketed reactor containing
140 ml of 1-propanol. The mass was then heated to 550C to distil off the dichloromethane present. The solution was
then cooled to 00C over a period of 2 hours and maintained at this temperature for 2 hours.

[0060] The solid obtained by crystallization was filtered off and dried at 500C under vacuum for 16 hours, giving 17.0
g of purified (2R,4R)-4-methyl-1-[N2-[(1,2,3,4-tetrahydro-3-methyl-8- quinolylsulphonyl]-L-arginyl]pipecolic acid (IV).
Yield = 73%.

Example 3: treatment of crude argatroban without neutralization and with crystallization from isopropanol

[0061] Half of the compound (lll) solution in dichloromethane obtained in example 2 was extracted twice with a mixture
of 120 ml of water and 12 ml of methanol.

[0062] The solution in methylene chloride thus obtained was then percolated into a 500 ml jacketed reactor containing
140 ml of 2-propanol, the mass obtained was concentrated by distillation.

[0063] When the distillation was complete the temperature was brought to 900C, the mass left under agitation for 1
hour, cooled to 200C and finally to 00C where it was maintained for 2 hours.

[0064] The solid obtained by crystallization was filtered off and dried at 500C under vacuum for 16 hours to give 21.5
g of purified (2R,4R)-4-methyl-1-[N2-[(1,2,3 4-tetrahydro-3-methyl-8-quinolylsulphonyl]-L-arginyl]pipecolic acid (IV).
Yield = 93%.
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Examples of argatroban monohydrate (1) synthesis from (2R 4R)-1-[NG-nitro-N2-(3-methyl-8-quinolinesulphonyl)-L-ar-
ginyl]-4-methyl-2-piperidine carboxylic acid (1)

Example 4: treatment of crude argatroban with NH 3 to directly obtain the monohydrate form

[0065] A 250 ml glass autoclave was fed with 20 g of (2R,4R)-1-[NG-nitro-N2-(3-methy|-8-quinolinesulphonyl)-L-argi-
nyl]-4-methyl-2-piperidine carboxylic acid (Il), 160 ml of methanol, 10.4 ml of acetic acid and 5.6 g of palladium on 5%
carbon (50% wetted).

[0066] The mixture thus obtained was treated, under vigorous stirring, at 850C in a 9 bar hydrogen atmosphere for 8
hours.

[0067] The mass was then cooled to room temperature and the catalyst removed by filtration. The obtained solution
was concentrated at atmospheric pressure.

[0068] After having distilled 60 ml of solvent, the solution was cooled to 00C and neutralized with 12 ml of an aqueous
solution of 30% ammonia.

[0069] Excess ammonia was removed under vacuum, then 700 ml of water were added to the reaction mixture. The
solution obtained was heated at reflux (at about 950C), maintained under stirring at this temperature for 1 hour, then
cooled to 200C over a period of 4 hours and maintained at this temperature for 8 hours.

[0070] The crystalline precipitate was filtered off and dried at 800C at atmospheric pressure and nitrogen flow for 8
hours to give 15.8 g of argatroban monohydrate (I) (HPLC purity = 99.8%; isomer ratio = 63.8:36.2; KF = 3.5%). Yield
=82.4%.

Example of crystallization for obtaining argatroban monohydrate (I) from purified argatroban (IV)

Example 5: crystallization with 35 volumes of water and 5.5 volumes of methanol

[0071] A jacketed steel reactor was fed with 2218 g of purified (2R,4R)-4-methyl-1-[N2-[(1,2,3,4-tetrahydro-3-methyl-
8-quinolylsulphonyl]-L-arginyl]pipecolic acid (IV), 12192 mlof methanoland 77647 ml of demineralized water. The mixture
obtained, to which were added 66.6 g of decolorizing carbon, was heated at reflux and maintained at this temperature
for 1 hour under nitrogen. The carbon was then removed under hot conditions by filtration.

[0072] The solution was then brought to reflux and maintained at this temperature for 2 hours, cooled to the temperature
of initial crystallization (750C) over a period of 1 hour, maintained at this temperature for 1 hour, then cooled to 200C
over 4.5 hours and left under stirring for 6 hours.

[0073] The solid obtained by crystallization was filtered off, washed with 2218 ml of demineralized water and dried at
550C under reduced pressure for 12 hours to give 1998 g of (2R,4R)-4-methyl-1-[N2-[(1,2,3 4-tetrahydro-3-methyl-8-
quinolylsulphonyl]-L-arginyl]pipecolic acid (I) monohydrate. (HPLC purity = 99.9%; isomer ratio = 63.2:36.8; KF = 3.5%).
Yield = 87%.

Example of crystallization to obtain argatroban anhydrous (V)

Example 6: Crystallization from water

[0074] A jacketed glass reactor was fed with 100 ml of water and brought to 800C; 0.8 g of argatroban monohydrate
was added at this temperature. The mass was maintained under stirring for 10 minutes at this temperature then the un-
dissolved residue was removed by filtration. The mother liquors were quickly cooled to 150C (in about 2 minutes) and
maintained at this temperature for 1 hour. The obtained solid was separated by filtration and dried at 800C at atmospheric
pressure for 10 hours in a nitrogen flow, giving 0.5 g of argatroban anhydrous (HPLC purity = 99.9%; isomer ratio =
60.6:39.4; KF = 0.26%). Yield 65%.

Claims

1. A method for preparing argatroban monohydrate comprising at least the steps of:
- concentrating a reaction mass containing crude argatroban to a stirrable residue;
- dissolving the residue containing crude argatroban with an organic solvent and separating by crystallization
a purified argatroban by treating the organic solution with a crystallization medium solvent selected from iso-

propanol and normal-propanol;
- separating argatroban monohydrate by re-crystallizing the purified argatroban isolated in the preceding step

12



10

15

20

25

30

35

40

45

50

55

EP 2 285 799 B1

from a methanol and water mixture solution by adding decolorizing carbon, heating at the reflux temperature
followed by carbon filtering and controlled cooling from the reflux temperature to a temperature between 15 and
250C in a time between 11-17 hours.

2. The method for preparing argatroban monohydrate according to claim 1, wherein the crystallization medium solvent
is isopropanol.

3. The method for preparing argatroban monohydrate according to claim 1, further comprising the step of:

- preparing the crude argatroban from (2R ,4R)-1-[NG-nitro-N2-(3-methyl-8-quinolinesulphonyl)-L-arginyl]-4-me-
thyl-2-piperidine carboxylic acid in methanol/acetic acid.

4. The method for preparing argatroban monohydrate according to claim 1, wherein the reaction mass is treated with
an aqueous solution of a base to bring the pH of the mixture itself to between 7.0 and 7.5.

5. The method for preparing argatroban monohydrate according to claim 4, wherein the base solution is selected from
sodium hydroxide, sodium bicarbonate and ammonia at a concentration comprised between 10 and 30%.

6. The method for preparing argatroban monohydrate according to claim 1, wherein the crystallization or re-crystalli-
zation from methanol and water is achieved by subjecting the mass to the following temperature gradient: heating
to 90-950C, maintenance at reflux temperature for a time between 1 and 3 hours, cooling to 70-750C in at least one
hour and maintenance at this temperature for at least one hour, cooling to 200C in a time comprised between 2 and
6 hours and maintenance at this temperature for at least 6 hours.

7. The method according to claim 1, wherein the methyl alcohol and water mixture medium solvent has a concentration
of between 10 and 20% of alcohol and is in a quantity up to 50 volumes per gram of purified argatroban.

8. The method for preparing argatroban monohydrate according to claim 1 further comprising the step of drying the
obtained crystalline precipitate consisting of argatroban monohydrate.

9. A method for preparing argatroban monochydrate comprising the steps as defined in the claims from 1 to 8.
10. A method for preparing argatroban anhydrous comprising at least the steps of:

- preparing argatroban monohydrate according to a method as defined in one of the claims 1-8;
- re-crystallizing thereof after dissolution in water by quickly cooling to a temperature of 10-200C in a time not
greater than 2 minutes.

11. Purified argatroban characterized by having:

- melting point of 183-1850C;

- L.R. spectrum (KBr) (cm1) of 3399, 1270, 1160;

- differential scanning calorimetry with an endothermic event at about 1600C;

- XRPD: Peak No. 1 Angle (26) 6.800, Relative intensity (%) 100; Peak No. 2 Angle (20) 7.840, Relative intensity
(%) 12; Peak No. 3 Angle (28) 9.800, Relative intensity (%) 13; Peak No. 4 Angle (26) 10.020, Relative intensity
(%) 13; Peak No. 5 Angle (20) 10.700, Relative intensity (%) 6; Peak No. 6 Angle (26) 11.780, Relative intensity
(%) 5; Peak No. 7 Angle (20) 13.080, Relative intensity (%) 12; Peak No. 8 Angle (26) 13.540, Relative intensity
(%) 32; Peak No. 9 Angle (20) 14.540, Relative intensity (%) 21; Peak No. 10 Angle (208) 16.900, Relative
intensity (%) 8; Peak No. 11 Angle (206) 17.540, Relative intensity (%) 18; Peak No. 12 Angle (268) 18.640,
Relative intensity (%) 14; Peak No. 13 Angle (26) 19.060, Relative intensity (%) 13; Peak No. 14 Angle (20)
19.620, Relative intensity (%) 13; Peak No. 15 Angle (206) 20.000, Relative intensity (%) 20; Peak No. 16 Angle
(20) 21.420, Relative intensity (%) 16; Peak No. 17 Angle (20) 21.780, Relative intensity (%) 21; Peak No. 18
Angle (20) 22.660, Relative intensity (%) 15; Peak No. 19 Angle (26) 23.680, Relative intensity (%) 15; Peak
No. 20 Angle (20) 24.080, Relative intensity (%) 16; Peak No. 21 Angle (26) 24.740, Relative intensity (%) 25;
Peak No. 22 Angle (20) 25.340, Relative intensity (%) 9; Peak No. 23 Angle (20) 26.480, Relative intensity (%)
10; Peak No. 24 Angle (20) 27.580, Relative intensity (%) 10; Peak No. 25 Angle (26) 28.220, Relative intensity
(%) 7; Peak No. 26 Angle (28) 29.120, Relative intensity (%) 8; Peak No. 27 Angle (20) 29.740, Relative intensity
(%) 11, Peak No. 28 Angle (208) 31.820, Relative intensity (%) 9; Peak No. 29 Angle (26) 34.840, Relative
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intensity (%) 7; Peak No. 30 Angle (20) 40.580, Relative intensity (%) 6; and

being solvated with isopropanol.

Patentanspriiche

1.

Verfahren zum Herstellen von Argatroban-Monohydrat umfassend wenigstens die Schritte von:

- Konzentrieren einer Reaktionsmasse, welche Roh-Argatroban enthalt, zu einem riihrbaren Rest,

- Lésen des Rests, welcher Roh-Argatroban enthalt, mit einem organischen Losungsmittel und Abtrennen von
gereinigtem Argatroban durch Kristallisation durch Behandeln der organischen Losung mit einem Kristallisati-
onslésungsmittelmedium ausgewéahlt aus Isopropanol und normal-Isopropanol,

- Abtrennen von Argatroban-Monohydrat durch Rekristallisieren des gereinigten Argatrobans, welches in dem
vorstehenden Schritt isoliert worden ist, aus einer Methanol und Wasser enthaltenden Lésungsmischung durch
Zugabe von entfarbendem Kohlenstoff, durch Erhitzen bei der Rickflusstemperatur gefolgt von Kohlenstofffiltern
und gesteuertem Kihlen von der Rickflusstemperatur zu einer Temperatur zwischen 15 und 25°C in einer Zeit
zwischen 11 und 17 Stunden.

Verfahren zum Herstellen von Argatroban-Monohydrat nach Anspruch 1, wobei das Kristallisationsmedium Isopro-
panol ist.

Verfahren zum Herstellen von Argatroban-Monohydrat nach Anspruch 1, welches des Weiteren den folgenden
Schritt umfasst:

- Herstellen von Roh-Argatroban aus (2R, 4R)-1-[NG-Nitro-N2-(3-methyl-8-chinolinsulfonyl)-L-arginy[]-4-methyl-
2-piperidincarbonsaure in Methanol/Essigsaure.

Verfahren zum Herstellen von Argatroban-Monohydrat nach Anspruch 1, wobei die Reaktionsmasse mit einer wass-
rigen Lésung einer Base behandelt wird, um den pH-Wert der Mischung selbst auf 7,0 bis 7,5 zu bringen.

Verfahren zum Herstellen von Argatroban-Monohydrat nach Anspruch 4, wobei die Base-Ldsung aus Natriumhyd-
roxid, Natriumbicarbonat und Ammoniak bei einer Konzentration zwischen 10 und 30% ausgewahlt wird.

Verfahren zum Herstellen von Argatroban-Monohydrat nach Anspruch 1, wobei die Kristallisation oder Rekristalli-
sation aus Methanol und Wasser durch Unterwerfen der Masse dem nachfolgenden Temperaturgradienten erreicht
wird: Erhitzen auf 90 bis 95°C, Halten bei Rickflusstemperatur fiir eine Zeit zwischen 1 und 3 Stunden, Abkihlen
auf 70 bis 75°C in wenigstens einer Stunde und Halten bei dieser Temperatur flir wenigstens eine Stunde, Abkiihlen
auf 20°C in einer Zeit zwischen 2 und 6 Stunden und Halten bei dieser Temperatur fir wenigstens 6 Stunden.

Verfahren nach Anspruch 1, wobei die Methylalkohol- und Wasser-Lésungsmittelmediumsmischung eine Konzen-
tration zwischen 10 und 20% des Alkohols aufweist und in einer Menge von bis zu 50 Volumen pro Gramm gereinigtem
Argatroban vorliegt.

Verfahren zum Herstellen von Argatroban-Monohydrat nach Anspruch 1, welches des Weiteren den Schritt des
Trocknens des erhaltenen kristallinen Prazipitats, welches aus Argatroban-Monohydrat besteht, umfasst.

Verfahren zum Herstellen von Argatroban-Monohydrat umfassend die Schritte wie in den Patentanspriichen 1 bis
8 definiert.

10. Verfahren zum Herstellen von wasserfreiem Argatroban, welches wenigstens die nachfolgenden Schritte umfasst:

- Herstellen von Argatroban-Monohydrat gemaR einem Verfahren nach einem der Anspriiche 1 bis 8,
- Rekristallisieren hiervon nach Lésen in Wasser durch schnelles Abkuhlen bei einer Temperatur von 10-20°C
in einer Zeit von nicht mehr als 2 Minuten.

11. Gereinigtes Argatroban, gekennzeichnet durch:
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- Schmelzpunkt von 183-185°C,

- .R.-Spektrum (KBr) (cm™) von 3399, 1270, 1160,

- dynamische Differenzkalorimetrie mit einem endothermen Ereignis bei ungefahr 160°C,

- Réntgenpulverdiffraktometrie: Peak Nr. 1 Winkel (20) 6,800, relative Intensitdt (%) 100; Peak Nr. 2 Winkel
(20) 7,840, relative Intensitat (%) 12; Peak No. 3 Winkel (20) 9,800, relative Intensitat (%) 13; Peak Nr. 4 Winkel
(26) 10,020, relative Intensitédt (%) 13; Peak Nr. 5 Winkel (20) 10,700, relative Intensitét (%) 6; Peak Nr. 6 Winkel
(20) 11,780, relative Intensitdt (%) 5; Peak Nr. 7 Winkel (26) 13,080, relative Intensitét (%) 12; Peak Nr. 8 Winkel
(20) 13,540, relative Intensitét (%) 32; Peak Nr. 9 Winkel (20) 14,540, relative Intensitédt (%) 21; Peak Nr. 10
Winkel (26) 16,900, relative Intensitédt (%) 8; Peak Nr. 11 Winkel (26) 17,540, relative Intensitédt (%) 18; Peak
Nr. 12 Winkel (20) 18.640, relative Intensitédt (%) 14; Peak Nr. 13 Winkel (20) 19,060, relative Intensitédt (%) 13;
Peak Nr. 14 Winkel (26) 19.620, relative Intensitédt (%) 13; Peak Nr. 15 Winkel (20) 20,000, relative Intensitét
(%) 20; Peak Nr. 16 Winkel (20) 21,420, relative Intensitédt (%) 16; Peak Nr. 17 Winkel (20) 21,780, relative
Intensitat (%) 21; Peak Nr. 18 Winkel (26) 22,660, relative Intensitédt (%) 15; Peak Nr. 19 Winkel (26) 23,680,
relative Intensitédt (%) 15; Peak Nr. 20 Winkel (20) 24,080, relative Intensitét (%) 16; Peak Nr. 21 Winkel (26)
24,740, relative Intensitdt (%) 25; Peak Nr. 22 Winkel (20) 25,340, relative Intensitdt (%) 9; Peak Nr. 23 Winkel
(20) 26,480, relative Intensitét (%) 10; Peak Nr. 24 Winkel (26) 27,580, relative Intensitdt (%) 10; Peak Nr. 25
Winkel (26) 28,220, relative Intensitét (%) 7; Peak Nr. 26 Winkel (20) 29,120, relative Intensitéat (%) 8; Peak Nr.
27 Winkel (20) 29,740, relative Intensitét (%) 11; Peak Nr. 28 Winkel (26) 31,820, relative Intensitét (%) 9; Peak
Nr. 29 Winkel (20) 34,840, relative Intensitat (%) 7; Peak Nr. 30 Winkel (20) 40, 580, relative Intensitat (%) 6; und

solvatisiert mit Isopropanol.

Revendications

Procédé de préparation d’argatroban monohydraté comprenant au moins les étapes consistant a :

- concentrer une masse réactionnelle contenant de I'argatroban brut en un résidu pouvant étre agité ;

- dissoudre le résidu contenant I'argatroban brut avec un solvant organique et séparer par cristallisation un
argatroban purifié par traitement de la solution organique avec un solvant pour le milieu de cristallisation choisi
parmi 'isopropanol et le propanol normal ;

- séparer I'argatroban monohydraté par recristallisation de I'argatroban purifié isolé dans I'étape précédente a
partir d’une solution de mélange de méthanol et d’eau par ajout de carbone décolorant, chauffage a la tempé-
rature de reflux aprés la filtration du carbone et refroidissement contrdlé de la température de reflux a une
température comprise entre 15 et 25 °C en un temps compris entre 11 et 17 heures.

Procédé de préparation d’argatroban monohydraté selon la revendication 1, dans lequel le solvant du milieu de
cristallisation est 'isopropanol.

Procédé de préparation d’argatroban monohydraté selon la revendication 1, comprenant en outre I'étape consistant
a:

- préparer 'argatroban brut & partir de 'acide (2R,4R)-1-[NG-nitro-N2-(3-méthyl-8-quinoléinesulfonyl)-L-arginyl]-
4-méthyl-2-pipéridine-carboxylique dans un mélange de méthanol/acide acétique.

Procédé de préparation d’argatroban monohydraté selon la revendication 1, dans lequel la masse réactionnelle est
traitée avec une solution aqueuse d’une base pour amener le pH du mélange entre 7,0 et 7,5.

Procédé de préparation d’argatroban monohydraté selon la revendication 4, dans lequel la solution de base est
choisie parmi I’hydroxyde de sodium, le bicarbonate de sodium et 'ammoniac a une concentration comprise entre
10 et 30 %.

Procédé de préparation d’argatroban monohydraté selon la revendication 1, dans lequel la cristallisation ou la
recristallisation a partir de méthanol et d’eau est obtenue en soumettant la masse au gradient de température
suivant : chauffage a 90 a 95 °C, maintenance de la température de reflux pendant une durée comprise entre 1 et
3 heures, refroidissement a 70 a 75 °C en au moins une heure et maintenance a cette température pendant au
moins une heure, refroidissementa 20 °C en untemps compris entre 2 et 6 heures et maintenance a cette température
pendant au moins 6 heures.
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Procédé selon la revendication 1, dans lequel le solvant du milieu de mélange a base de méthanol et d’eau a une
concentration comprise entre 10 et 20 % d’alcool et est présent en une quantité allant jusqu’a 50 volumes par
gramme d’argatroban purifié.

Procédé de préparation d’argatroban monohydraté selon la revendication 1, comprenant en outre I'étape consistant
a sécher le précipité cristallin obtenu se composant d’argatroban monohydraté.

Procédé de préparation d’argatroban monohydraté comprenant les étapes telles que définies selon les revendica-
tions 1 a 8.

Procédé de préparation d’argatroban monohydraté comprenant au moins les étapes consistant a :

- préparer I'argatroban monohydraté selon un procédé tel que défini selon 'une des revendications 1a 8 ;
- recristalliser celui-ci aprés dissolution dans de I'eau par refroidissement rapide a une température de 10 a 20
°C en un temps non supérieur a 2 minutes.

Argatroban purifié caractérisé en ce qu’il a:

- un point de fusion de 183 a 185 °C ;

- un spectre IR (KBr) (cm™1) de 3399, 1270, 1160 ;

- une calorimétrie différentielle a balayage avec un événement endothermique a environ 160 °C ;

- XRPD : Pic n° 1 angle (26) 6,800, intensité relative (%) 100 ; Pic n° 2 angle (26) 7,840, intensité relative (%)
12 ; Pic n° 3 angle (260) 9,800, intensité relative (%) 13 ; Pic n° 4 angle (20) 10,020, intensité relative (%) 13 ;
Pic n® 5 angle (26) 10,700, intensité relative (%) 6 ; Pic n° 6 angle (20) 11,780, intensité relative (%) 5 ; Pic n°
7 angle (26) 13,080, intensité relative (%) 12 ; Pic n°® 8 angle (20) 13,540, intensité relative (%) 32 ; Picn® 9
angle (20) 14,540, intensité relative (%) 21 ; Pic n° 10 angle (26) 16,900, intensité relative (%) 8 ; Pic n® 11
angle (20) 17,540, intensité relative (%) 18 ; Pic n® 12 angle (20) 18,640, intensité relative (%) 14 ; Pic n® 13
angle (20) 19,060, intensité relative (%) 13 ; Pic n° 14 angle (26) 19,620, intensité relative (%) 13 ; Pic n® 15
angle (20) 20,000, intensité relative (%) 20 ; Pic n° 16 angle (26) 21,420, intensité relative (%) 16 ; Pic n® 17
angle (20) 21,780, intensité relative (%) 21 ; Pic n° 18 angle (26) 22,660, intensité relative (%) 15 ; Pic n® 19
angle (20) 23,680, intensité relative (%) 15 ; Pic n® 20 angle (20) 24,080, intensité relative (%) 16 ; Pic n°® 21
angle (260) 24,740, intensité relative (%) 25 ; Pic n° 22 angle (26) 25,340, intensité relative (%) 9 ; Pic n® 23
angle (20) 26,480, intensité relative (%) 10 ; Pic n® 24 angle (20) 27,580, intensité relative (%) 10 ; Pic n° 25
angle (20) 28,220, intensité relative (%) 7 ; Pic n° 26 angle (20) 29,120, intensité relative (%) 8 ; Pic n° 27 angle
(20) 29,740, intensité relative (%) 11 ; Pic n® 28 angle (20) 31,820, intensité relative (%) 9 ; Pic n° 29 angle (26)
34,840, intensité relative (%) 7 ; Pic n® 30 angle (20) 40,580, intensité relative (%) 6 ; et

qui est solvaté avec de I'isopropanol.
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FLJARAS ARGATROBAN-MONOHIDRAT ELOALLITASARA
Szabadalmi igénypontok:

1. Eliards argatrobar-monohidral elSaliitdssra, amely lartalmasza legsldbd 3
kovatkezd lspesekal
- nyers  argatrobant  araimazd  reakaodtbmeget  keverhstd  maradékka
koncsntraluni
- oldiuk a nyers argatrobant favlaimazd margdékot szerves olddszermel, &s
alkiilonitunk Kristalyositassal tisztiol argatrobant oly madon, hogy a szerves
oldatol kristalyositd kbzeg oldoszers! kerelitk, amelvet zopropano! &
normal-propanot kOzl valagztunk;
~ elkionitink argatrobdn-monohidrdtol az etz pdsben elkiidnitett tisztiiol
argatroban atkristdlyosiasdval metanol és viz elegyével készilt oidaths,
szintelenild szén hozzdadasaval, refiux hdmérsskisten végeett forraldssal,
majd a sén kiszirésével, &g a reflux himérséklatrd! 18 és 25 °C kdsét
himérsekletre 1Wnénd szabalyozott hitdssel 11 &5 17 dra kdzoi hossadsagy
idd adatl

& Az 1. igenypont szednti eljards argatroban-monohicdedt slddiitasara, amelvhen a
kristalyositasi kdzeg olddszer izoprapanct.

3 Az 10 igenypont szerindt sfidras argatrobdnemonohidrat elbatitasars, amsly
tartalmazsa tovabba 2 kovetkezd épést:
- eifdlifuk a2 nyers  argabrobant (2RARNMN“niro-N-{3-meti-8-
Kinolinszulfonili-L-arginiil-4-meti-2-piparidinkarbonsavbél  metanolfecetsav
alegyben.

4. Az 1. igénypont szerinti elidrés argatrobdn-monchidrdt eldaliidsdra, amelvben a
rea&eiéfﬁmeg&t bazis vizes cldataval kezeljik, hogy maganak az clegynek a pH-
8t 7.0 65 7.5 kézd allitsuk be,



1]

& A4 igénypont szerintl elidrds argatrobdn-monohidedt ldalitasdra, amslfvben a
bazis-cldatol natrium-hidroxid, ndtrium-hidrogén-karbonat és ammdnia oldata

kel valasziiuk, amelynek koncentracidia 10 &8 30 % kizdti,

8. Az 1. igénypont szarinti adards argatrabdnanonochidrat elaliitasdra, amelyban a
metanolbd! &g vizha! Wrténd kristdlyvositast vagy dlkristalvosiiast Goy &rilik &, hogy
a megat a kbvathezd hdmersekiet-gradians hatasdnak tesszik ki melegifiiik 8-
88 “C-ra, reflux homérsakisten tarjuk 1 &5 3 dra kOO hosszisagy idslg, 7075
PCora hiliik legalabb egy dra alafl, &5 ezen a himdrsékisten tartiuk legaldbly agy
Sran at, 20 "Coa hijik 2 és 8 ifwa kOzdl hosszasdgd welg, &3 ezen a

himarseklaten tarfjuk legaldbb 6 dran &

. Az 1 igénypont szernll efidras, amelyben a metibalkohol &5 viz slegy
olddszerben 2z akohol koncentracidia 10 és 20 % kézilt, és a mennyisdge

legfeljebh 50 térfogal o tisztitolt argatroban egy grammidra szdémitva,

8. Az 1. igenypont srerint elifras argatrobdn-monohidrat eldailitésdra, amely
tartalmazza tovabbad a kapotl, argatroban-monohidratbdl 416 kristalyos csapadék

szérithsanak Bpésst

8. tlaras argatroban-monchidral oibaliitdssra, amely tarislmazza sz 1-8

igénypantokban meghatdrozofl épésekat

10, klioras vizmentes argatrobdn eldaliitaséra, amely tadalmaszs sgaldbh a
kbvetkazd epdseket:
- eldalitunk  argatrobdremonchidréiot s 18 igdnyponiok  bammelikéban
meghatdrozolt eligrassal;
~ athristalyositiuk vizhen oriénd feloldas utdn gvors, 16-20 °C-ra tardns hiidsss
2 perongd nem hosszabb idd alatt.

1. Tisztitolt argatroban, azzal sllemesve, hogy rendelkezik a kdvetkerdkkel
- olvaddspont 183188 °C;
LR, spektrum (KB {om') 3388, 1270, 11680;



Lo

< diffgrencidlis paszidzd helormelndval {(differential scanning  calwimelry)
meg:hata%mmi‘{i endoterm esemény Kk 168 %C-on;

~ XRPD 1. Csdos: 8z8g (26) 6 800, Relatlv infenzitas (%) 100, 2. Csoes Szdg
{28y 7 RB4Q, Refallv infenzias (%) 12 3. Csdcs: Szdg (26 8,800, Relhaliv

fnfenzitds (%6} 13; 4. Csdos: Sedg {25 10,028 Relsiiv intenziids (%) 13, &

Csges: Szdg (200 10,700, Refatlv infensiiss (%) & & Csdes: Szdg (29 11,780,
Relatiy infenzitas (%) 5, 7. Csdes: Sedig (26 13.0B0, Relptiv intenzitas (%) 13
8. Cstics: Sz8g {28 13,5840, Relalfv infenziss (%) 32, 8. Osdos) Sxég (29

14,5408, Relativ infenzitas (%) 21, 10, Csues: Szdg (26 18,000, Refaliv
imfenzitas (%) 8, 1. Cstes: Szdg (86 17 540, Relalfv intenzifés (%) 18; 12
Csucs: Sadg {240 18,640, Relallv infenzitdas (%) 14 13 Csuos Szdy (88
18,080, Relathv infenzitas (% 130 14 Csdes Szdg (260 188380, Relatiy

)

infenzitde {96} 13, 18 Csgcs: Szdg (26 20,000, Relativ infenzitaés (%) 20, 18,

sucs: Szdg (26 21 420, Relalfiv infenzitds (%) 18, 17 Cstos: Sidg {28

&
21780, Relatlv infenzitas (%) 2%, 18 Csdesr Szég (24 23680, Relativ

infenzitds (%) 15, 18, Csdes: Szdg (260 23,880, Relaliv infenzitas (%) 15, 20
Cstes: Szt (28 24 080, Relativ infenzitas (%) 18, 21, Csucs, S8y {28
24740, Relalfv jnfenzitds (%) 25, 220 Csdes: Sz8g (260 25340, Relativ
infenzitds (%) 8, 23 Csdos: Jzd8g (261 38,480, Relaliv infenzités (%) 10; 24

sicg: Szbyg {28 27,580, Refaliv infenzitas (%) 10, 35 Csdcs: Szdg (28

2B 220, Relagliv imtenzilas (o) 7, 28 Cstes: S8y (24 28,120, Relstiv

)

£

infenzilas (%) 8 27. Csuoes: 820g (28) 238,740, Relativ infenzitaz (%) 11; 28
Csfics: Sxdg (260 31,820, Relaliv intenzités (%) 8, 28 Csdes: Szag (28

34,840, Relafly infenzitds (% 7. 30 Csdes: Szdg (89 40580, Relaliv

intenzitas (% §

4}’;

opropanolial van seolvatdlva.
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