PROCESS FOR THE PREPARATION OF A RENZIMIDAZOLE DERIVATIVE

The invention relates to a process for preparing the compound of formula 1
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a valuable intermediate product in the synthesis of the pharmaceutical active substance
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dabigatran etexilate.

Prior art
Dabigatran etexilate is known in the prior art and was first disclosed in International Patent
Application WO 98/37075. Processes for preparing dabigatran etexilate are also known
from WO 2006/000353 or from Hauel et al. (J. Med. Chem., 2002, 45, 1757 ff).

As can be seen from WO 2006/000353, the compound of formula 1 is of central
importance in the synthesis of dabigatran etexilate as an intermediate product.

The aim of the present invention is to provide a process which allows for an improved
large-scale industrial synthesis of the compound of formula 1.



Summary
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optionally in the form of the acid addition salts thereof,
characterised in that in a first step a diamine of formuta 2
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which is converted without isolation into the hydrobromide of formula 4-Br ,
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which is finally converted into the amidine of formula 1.
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In & second aspect, there is provided a compound of formula 4-Br.
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Detailed description of the invention

The present invention relates to a process for the large-scale industrial preparation of the

compound of formula
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optionally in the form of the acid addition salts thereof, preferably in the form of the para-
toluenesulphonic acid salt thereof,

characterised in that in a first step a diamine of formula 2
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in the presence of a suitable coupling reagent, to form a compound of formula 4
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which is converted without isolation into the hydrobromide of formula 4-Br
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which 18 finally converted into the amidine of formula 1.

10 For reacting the compound of formula 2 to form the compound of formula 4 the following
procedure is preferably adopted according to the invention.

The compound of formula 2 s first of all dissolved in a suitable solvent, Suitable solvents
according to the invention are preferably solvents selected from the group comprising

15 methylene chloride, dimethyHormamide, benzene, toluene. chlorobenzene,
tetrahydrofuran, dioxane and mixtures thereof, of which dimethylformamide and
tetrahydrofuran are preferred. According to the invention tetrahydrofuran is of particular

importance as a solvent at this point.
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Preferably 0.5 - 11 (litre), particularly preferably 0.65 - 0.85 [, more preferably 0.7 - 0.8}
of the above-mentioned solvent is used per mole of the compound of formula 2 used.

Besides the above-mentioned solution another solution is also prepared which contains the
carboxylic acid of formula 3 as well as the above-mentioned coupling reagent. For this,
according to the invention, the coupling reagent is preferably first of all dissolved in a
solvent, which is preferably selected from among the group of solvents mentiened above.,
Preferably the same solvent is used as is used to dissolve the compound of formula 2. The
coupling reagent is preferably selected from among N,N'-dicyclohexylcarbodiimide,
N,N'-carbonyldiimidazole and carbonyl-di-(1,2,4-triazole), while N N'-
carbonyldiimidazole and carbonyl-di-(1,2,4-triazole), preferably carbonyl-di-(1,2,4-

triazole), are of particular importance according to the invention.

Preferably 1 - 2 mol, particularly preferably 1 - 1.5 mol, more preferably 1.05 - 1.25 mol of
the above-mentioned coupling reagent are used per mol of the compound of formula 2
used. Preferably, 1 - 3 1, particularly preferably 1.5 - 2.5 1, more preferably 1.8 - 2.2 1 of
the above-mentioned solvent are used, per mol of the compound of formula 2 put in, to

dissolve the coupling reagent in the above~-mentioned solvent.

The solution of the coupling reagent thus prepared is either stirred at ambient temperature
or heated with stirring fo a temperature of about 25 - 50°C, preferably 30 - 40°C,
particularly preferably 32 - 38°C and then combined with the compound of formula 3. The
addition of the compound of formula 3 preferably takes place batchwise over a period of
.25 to 4 h (hours), preferably over a period of 0.5 to 3 h, particularly preferably over a
period of 1 to 2 h. The addition of the compound 3 is preferably carried out with the

existing solution at a constant temperature.

Preferably 1 - 2 mol, particularly preferably 1 - 1.5 mol, more preferably 1.05 - 1.15 mol of
the above-mentioned compound of fornmula 3 are used, per mol of the compound of

formula 2 put in.

After the addition of the compound of formula 3 the solution of coupling reagent and 3
thus obtained is optionally stirred for a further period of 0.25 to 4 h (hours), preferably
over a period of 0.5 to 3 h, particularly preferably over a period of 0.5 to 1 h. During this



10

15

20

25

{42
—
o

WO 2008/095928 POCT/EPO08/051397

time the solution is preferably maintained in one of the above-mentioned temperature

ranges, while the temperature is particularly preferably kept constant,

The solution thus obtained is then added to the solution of the compound of formula 2
already prepared. Preferably the solution of compound 2 described above 1s heated
beforehand with stirring to a temperature in the range from about 30 - 65°C, preferably 40
- 60°C, particularly preferably 47 ~ 33°C.

The solution of coupling reagent and compound 3 prepared is preferably metered into the
solution of compound 2 over a period of 0.5 - 5 h, preferably 1 - 4 h, particularly
preferably 2 - 3 h. Puring this time the temperature of the existing solution of compound 2

is preferably kept constant,

After the addition of the solution prepared from 3 and coupling reagent has ended it may
optionally be useful to dilute the reaction solution further by the addition of solvent. If
more solvent 1s added, preferably one of the above-mentioned solvents is used, while it is
particularly preferable to use the solvent that has already been used to prepare the solution
of compound 2.

If the solution is further diluted, preferably 0.1 - 0.5 1, particularly preferably 0.2 - 0.3 L of

the above-mentioned solvent is used per mol of the compound of formula 2 used.

After the addition of the solution prepared friom 3 and coupling reagent has ended and any
additional solvent has been added, the solution obtained is stirred for a further period of at
least 1 to 8 h (hours), preferably at least 2 to 7 h, particularly preferably at least 3 to 6 h.

The solution is preferably kept within one of the above-mentioned temperature ranges, and

particularly preferably the temperature is kept constant,

Then large amounts of the solvent are optionally distilled off under reduced pressure,
Particularly preferably, 1 ~ 1.8 1, particularly preferably 1.2 - 1.7 |, more preferably 1.4 -
1.5 | of the above-mentioned solvent is eliminated by distillation, per mol of compound 2
used.

The distillation of the solvent is preferably carried out in a temperature range of about 40 -
65°C, particularly preferably at 50 - 60°C, Ifit is not possible to distil off the solvent at
normal pressure within this temperature range on account of the choice of solvent, the
pressure 1s lowered until distillation takes place successfully within the temperature range

specified.
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It may optionally be advantageous to entrain any residual amounts of the solvent originally
used which are present in the distillation residue by adding another solvent. If for example
tetrahydrofuran is used as solvent for the reaction described hercinbefore, the use of n-
butyl acetate has proved advantageous. If n-butyl acetate is used at this point it is distilled
off together with the tetrahydrofuran under reduced pressure at a temperature of about 50-
85°C. The distitlation is carried out such that the tetrahydrofuran used previously is almost
totally removed and only n-butyl acetate remains as solvent.  After distillation is complete
the remaining solution 1s combined with acctic acid. Preferably, concentrated acetic acid is
used at this point, particularly glacial acetic acid (approx. 99% acetic acid).

Preferably 100 - 200 g {grams), particularly preferably 120 - 170 g, more preferably 130 -
145 g of the above-mentioned concentrated acetic acid are used, per mol of the compound
of formula 2 used.

Then the mixture 18 heated with stiring to a temperature in the range from about 65 -
100°C, preferably 75 - 95°C, particularly preferably 85 - 90°C and stirred at least over a
period of 0.5 - 5 h, preferably 1 - 4 h, particularly preferably 2 - 3 h at constant
temperature.

Then the mixture is preferably brought to a temperature in the range from about 43 - 85°C,
preferably 55 - R0°C, particularly preferably 65 - 75°C and mixed with water for further
working up. Particularly preferably, 0.5 - 2 |, particularly preferably 0.75 - 1.5 1, more
preferably 0.9 - 1.1 L of water are added, per mol of the compound of formula 2 used.
Optionally, agueous NaCl solution is also added, besides water, If NaCl is also added,
preferably 20 - 80 g (grams), particularly preferably 30 - 60 g, more preferably 40 - 50 ¢
NaCl are used, per mol of the compound of formula 2 used.

The phase mixture thus obtained is mixed thoroughly and the aqueous phase is separated
off using conventional methods. Optionally the phase separated off is extracted again with
the organic solvent used previously. The solvent is removed from the organic phases by
distillation under reduced pressure.

The distillation of the solvent is preferably carried out in a temperature range of below
80°C, preferably at about 60 ~ 80°C, particularly preferably at 70 - 80°C, If it is not
possible to distil off the solvent at this temperature range under normal pressure on account
of the choice of solvent, the pressure is lowered until the distillation takes place

successfully within the temperature range specified.
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The distillation residue remaining contains the compound of formula 4, which is further
reacted directly, according to the invention, without being isclated, using the procedure
described below, to obtain the compound of formula 4-Br.

The distillation residue is combined with an alcohol, preferably with ethanol or
1sopropanol, particularly preferably isopropanol, and optionally heated slightly.
Preferably, 0.5 - 3 1, particularly preferably 1 - 2.5 |, more preferably 1.5 - 2 [ of the above-
mentioned alcohol are added per mol of the compound of formula 2 used.

If the resulting mixture is heated, a temperature of preferably about 25 - 50°C, preferably
30 - 40°C, particularly preferably 32 - 38°C is selected.

Then aqueous hydrobromic acid is added. 1t is particularly preferable to use concentrated
aqueous hydrobrormc acid. For example, 48% aqueous hiydrobromic acid may be used.
Sufficient hydrobromic acid is added at constant temperature, with stirring, until the pH of
the mixture obtained is less than 3, preferably less than 2, and particularly preferably is in
the range between pH 0.6 - 1.3. Using the 48% hydrobromic acid mentioned hereinbefore
by way of example, 0.1 - 0.3 kg, preferably 0.15 - 0.25 kg, particularly preferably 0.17-
0.21 kg hydrobromic acid (48%) may be added per mol of the compound of formula 2

used.

After the addition of the hydrobromic acid has ended the mixture obtained is stirred for a
further period of at least 5 to 60 min (minutes), preferably at least 10 to 45 min,
particularly preferably at least 20 to 30 mun. During this time the solution is preferably
maintained in one of the above-mentioned temperature ranges, while the temperature is
particularly preferably kept constant. Then the resulting mixture is preferably cooled to a
temperature in the range from 0 to 20°C, preferably 5 to 15°C, particularly preferably 7-
13°C and stirred at this temperature for a further period of at Iecast 0.5 to 2 h (hours),
preferably at least 0.75 to 1.5 h, particularly preferably at least 1 h.

The resulting suspension of 4-Br. in alcohol is then freed from the solvent by centrifuging
and the residue remaining is optionally washed with one of the above-mentioned alcohols.
The 4-Br obtained is then dried in vacuo at a temperature of not more than 30 - 65°C,
preferably not more than 50 - 60°C.

The present invention further relates to the hydrobromide of formula 4-By



10

15

20

25

WO 2008/095928 PCT/EPZOGB/051397

o
v
/ pbnasg
o
OW N o
r() B l x HBr
4-Br

thus obtained as such. Surprisingly it has been found that this salt of the compound of

formula 4 is particularly easy to separate off, which makes it significantly simpler to
isolate this mtermediate product during reactions on an industrial scale. By ease of
separation is meant, within the scope of the present invention, the ability to free the
resulting crystalline product from the solvent by filtration, suction filtering, centrifuging or
comparable methods of isolation. An improvement to the separation qualities has a direct
effect on the throughput of the process and is therefore of exceptional importance,
particularly when carrying out reactions on an industrial scale. The product, having better
separation qualities, can be isolated faster, washed faster and better and hence dried faster

as well,

The compound of formula I may be obtained from the compound 4-Br using the following

procedure.

4-Br is first of all preferably added to an organic solvent mixed with a suitable acid. The
acid 1s preferably hydrochloric acid according to the invention and the solvent is preferably
an alcohol.  Particularly preferably, isopropanel or ethanol, particularly preferably ethanol
is used. It has proved particularly preferable according to the invention to use 5-12 molar,
particularly preferably 9 - 11 molar ethanolic hydrochloric acid. If, as is particularly
preferred according to the invention, 10 molar cthanolic hydrochloric acid is used,
preferably 0.4 - 1.5 kg, preferably 0.6 - 1.0 kg, particularly preferably 0.75 - 0.85 kg of the
10 molar ethanolic hydrochloric acid are used per mol of the compound 4-Br used.

4-Br is preferably added to the acid-containing alcoho! according fo the invention at a
temperature in the range from about 20 - 25°C, preferably at ambient temperature (23°C),
with stirring. Preferably, according to the invention, the compound of formula 1 is
prepared m the form of an acid addition salt. Particularly preferably the compound of
formula 1 is prepared in the form of its para-toluenesulphonic acid salt. If the compound
of formula I 1s to be obtained as a paratoluenesulphonic acid addition salt, it has proved
advantageous to add the para-toluenesulphonic acid at this stage. Accordingly, after the

K
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addition of the solution of 4-Br to the above-mentioned, preferably hydrochloric, acid-
containing alcohol, p-toluenesulphonic acid is also added. The para-toluenesulphonic acid
is preferably added in the form of its hydrate.

Alternatively to the procedure described above, all the para-toluenesulphonic acid may be
added first, before the compound 4-Br is added to the acid-containing alcohol. Preferably
180 - 300 g (grams), particularty preferably 200 - 300 g, more preferably 245 - 255 g of the
above-mentioned aqueous p-toluenesulphonic acid may be added per mol of the compound

of formula 4-Br used.

After the addition has ended the mixture is preferably adjusted, with stirring, to a
temperature in the range from about 23 - 40°C, preferably 25 - 35°C, particularly
preferably 28 - 29°C and stirred for a further period of at most 12 - 36 h, preferably at most
20 - 28 h, particularly preferably at most 23 - 25 h at constant temperature.

It may then optionally be sensible to dilute the reaction solution further by the addition of
solvent. If more solvent is added, preferably one of the above-mentioned alcohols is used,
while it 1s particularly preferable to use the particular alcohol that has already been used to
prepare the solution of the compound 4-Br. Accordingly, ethanol is preferably used here

as well.

If the solution is diluted further, preferably 0.5 - 1.5 1, particularly preferably 0.8 - 1.0 1 of
the above-mentioned solvent, preferably alcohol, particularly preferably ethanol is used

per mol of the compound of formuia £-Br used.

Then the mixture 15 cooled with stirring to a temperature in the range from about -10 to
15°C, preferably -5 to +5°C, particularly preferably 1 to 3°C and combined with aqueous
ammonia solution. It is particularly preferable to use 20-30%, preferably 20-25%
ammonia solution, while 25% aqueous ammonia solution is preferably used according to
the invention, If 25% aqueous ammonia solution is used, preferably 0.5 - 1.5 kg,
particularly preferably 0.6 - 1.0 kg, more preferably 0.7 - 0.8 kg of the above-mentioned

25% aqueous ammonia solution are used per mol of the compound of formula 4-Br used.

The aqueous ammonia solution is preferably added such that the temperature is maintained
in the range from about 0 - 15°C, preferably ¢ - 10°C. Particularly preferably the addition



10

,._a
e

25

WO 2008/095928 PCT/EP2008/051397

is controlled so that the temperature remains constant. The pH of the solution preferably
rises to a range of 9 - 10.5 | preferably to pH 9.3 - 10.

After the addition has ended the mixture is preferably heated with stirring to a temperature
in the range from about 20 - 30°C, preferably 22 - 27°C, particularly preferably about 25°C
and stirred for a further period of at least 2 - 8 h, preferably at least 2.4 - 6 h, particularly
preferably at least 3 - 5 h at constant temperature.

Then large amounts of the solvent are optionally distilled off under reduced pressure.
Particularly preferably, 0.2 - 0.8 1, particularly preferably 0.3 - 6.7 1, more preferably 0.4 -
0.51 of the above-mentioned solvent is eliminated by distillation, per mol of compound 4-
Br used.

The distillation of the solvent is preferably carried out in a temperature range of about 40 -
65°C, particularly preferably at 50 - 60°C. Ifit is not possible to distil off the solvent at
normal pressure within this temperature range on account of the choice of solvent, the
pressure is lowered until distillation takes place successfully within the temperature range

specified.

Then the mixture is mixed with water at constant temperature (about 50 - 60°C) for further
working up. Particularty preferably, 2 - 8 1, particularly preferably 4 - 7 |, more preferably
5 - 6 1water are added per mol of the compound 4-Br used. Besides the addition of water,
aqueous NaOH solution, preferably 30-60%, particularly preferably 40-50% NaOH
solution is also added. It is particularly preferable according to the invention to add 50%
aquecus NaOH solution.

I 50% NaOH solution is added, preferably 50 - 200 ml, particularly preferably 70 - 150
ml, more preferably 90 - 110 ml of 50% NaOH solution are added per mol of the
compound 4-Br used.

After the addition has ended the mixture is preferably adjusted to a temperature in the
range from about 40 - 70°C, preferably 50 - 60°C, particularly preferably about 55°C with
stirring and stirred for a further period of at least 0.5 - 1.5 h, preferably at least 0.6 - 1.25 h,
particularly preferably at least 0.75 - | h at constant temperature.

The mixture 1s then optionally cooled to & temperature in the range from about 0 - 30°C,
preferably 5 - 20°C, particularly preferably 10 - 153°C and stirred for a further period of at
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least 0.5 - 2 h, preferably at {east 6.75 - 1.5 h, particularly preferably at least 1 b at constant

temperature.

The crystals obtained are separated off, washed with water and optionally an organic
solvent and then dried in vacuo at a temperature of not more than 50 - 90°C, preferably not
more than 60 - 70°C,

The following Examples serve to illustrate a synthesis process carried out by way of
example. They are intended solely as examples of possible procedures without restricting

the inveniion to thetr contents.

Example I - Large-scale industrial svnthesis of the compound of formula 4-Br

88 kg carbonyl-di-(1,2,4-triazole) are taken and combined with 920 1 tetrakydrofuran. The
contents of the apparatus are heated fo 35°C with stirring. Then 90 kg of compound 3 are
added batchwise at 35°C within I to 2 hours.

160 kg of compound 2 are placed in a second reaction vessel, then 350 1 tetrahydrofuran
are added and the mixture is heated to 50°C with stirring,.

The solution of 3 is metered into the solution of 2 within 2 to 3 hours at 47°C - 53°C and
the solution obtained is diluted with 115 1 tetrahydrofuran.

Then the mixture is stirred for another 4 hours at 47°C - 53°C ( preferably 50°C ). Then
670 I- 695 | tetrahydrofuran are distilled off in vacuo at 50°C-60°C. 235 1 of n-butyl
acetate are then allowed to flow into the residue. After this, 600 1 -630 1 of a butyl
acetate/THF mixture are distilled off in vacuo at 50°C-85°C. During the distillation 700 |
butyl acetate are metered in.

65 kg acetic acid are allowed to flow into the residue, the contents are heated to 85°C-90°C
and stirred for at least another 2.5 h at this femperature. Then the mixture is cooled to
65°C-75°C. A solution of 165 | water and 20 kg common salt is added to the contents and
the mixture 15 ninsed with 300 | water. Then the temperature is adjusted to 60°C-70°C and
the mixture 1s stirred for a minimum of 15 min. at this temperature. For phase separation
the stirrer is stopped and the mixture is left to settle for at least 15 min. The aqueous phase
is drained off into another reaction vessel which contains 120 [ of n-butyl acetate. The
mixture is heated to 60°C-70°C with stirring and stirred for at least 10 min. After phase
separation the aqueous phase 1s drained off into the chemical waste drain. The butyl
acetate phases and 20 I of butyl acetate for rinsing are combined. 590 | - 620 | of n-buty!
acetate are distilled off from this content in vacuo at a max. internal temperature of 80°C.,

-10-
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880 1 isopropanol are allowed to flow into the distillation residue and the content is
adjusted to 32°C-38°C. Then approx. 90 kg of 48% hydrobromic acid are metered in at
32°C-38°C until the pH value 15 0.6 to 1.3, The mixture is stirred for a mintmum of 20
min. at 32°C-38°C and then cooled to 7°C-13°C and stirred at this temperature for at least
one hour. The resulting suspension is centrifuged, washed with a total of 840 |
isopropano] and dried in vacuo at max, 55°C.

Yield: 2171 kg-250 kg. M.p.: 200-215°C (with decomposition).

The compound 4-HBr may be isolated using any standard commercially available

centrifuge.

Example 2 - Larve-scale industrial svnthesis of the compound of formula 1 (in the

form of the para-toluenesulphonate acid addition sait)

330 kg of compound 4-Br and 147 kg p-toluenesulphonic acid {aqueous) are added with
stirring to 470 kg of 10 molar ethanolic hydrochloric acid at 23°C. Then the mixture is
heated to 28°C-29°C and stirred for 23 h at this temperature. The reaction mixture is
diluted with 693 1 ethanol and transferred into a second reaction vessel. The contents of
this reaction vessel are difuted with another 536 | ethanol and cooled to 2°C. 440 kg of
25% ammonta solution are metered in, with the temperature maintained at around 10°C,
until a pH 0f 9.3 to 10 is obtained, with further cooling and stirring. The contents of the
apparatus are heated to 25°C and stirred for 4 hours at this temperature. Then the contents
are heated to 50 to 60°C and 24¥ [ - 261 [ of cthanol are distilled off in vacuo. Then 12201
of water are added at an internal temperature of 50°C - 60°C. The contents of the
apparatus are divided between two reaction vessels of the same size in equal amounts
(approx. 1450 1). Processing is continued in parallel (simultanecusly) in both apparatus.
In each case a solution of 950 | water and 31 | sodium hydroxide solution (50%) is added.
The contents of the two apparatus arc adjusted to a temperature of 50 to 60°C (preferably
55°C) and stirred for 45 mm. Then within 3 h the mixture is cooled to 10°C - 15°C and
stirred for a further 60 min. at this temperature,

The crystal suspensions are separated off through two centrifuges. The product is washed
first of all with water, then with acetone and then dried in vacuo to a max. Temperature of
70°C.

Yield: 314 kg — 371 kg; melting point: 209-211°C.

211
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23 Process according to claim 1, characterised in that the reaction of 2 with 3 is carried
out in a solvent which is selected from among methylene chloride, dimethylformamide,

benzene, toluene, chiorobenzene, tetrahydro furan, dioxane and mixtures thercof

3) Process according to claim 1 or 2, characterised in that the coupling reagent is
selected from among N,N'-dicyclohexylcarbodiimide, N,N'-carbonyldiimidazole and
carbonyl-di-(1,2,4-triazole).

4} Process according to one of claims 1 to 3, characterised in that for preparing the

compound of formula 4 acetic acid is added.

5) Process according to one of claims 1 to 4, characterised in that the compound of
formuia 4-Br is obtained from the compound of formula 4 by the addition of aqueous

hydrobromic acid.

6) Process according to one of claims 1 fo 5 for preparing the compound of formula 1
in the form of the acid addition sait thereof with p-toluenesulphonic acid, characterised in

that the conversion of the compound of formula 4-Br info the amidine of formula 1 in the

form of the addition salt thereof with p-toluenesuiphonic acid is carried out by adding the

compound of formula 4-Br to acid-containing alcoho! with the addition of p-toluene-

sulphonic acid and subsequently adding ammonia solution.

7y Process according to claim 6, characterised in that the total amount of p-
tojuenesulphonic acid is added at the start of the reaction of the compound of formula 4-Br
with the acid-containing alcchol.

8) Process according to one of claims 6 or 7, characterised in that the acid-containing
alcohol 1s hydrochloric acid-containing ethanol.
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