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Pimobendan manufacturing process

The present invention generally relates to an improved process for the manufacture of a non-

solvated crystalline compound of formula (1).

N

N
H (),

The invention further relates to a new valuable intermediate compound for the commercial
synthesis of pimobendan, which is a compound according to formula (1) e n MeOH, wherein
n is from 1 to 2 molar equivalents. Still further, the invention relates to the use of said
intermediate compound or a compound according to formula (I) obtained by the process of

the invention, for the manufacture of a pharmaceutical composition.

Background of the invention

Pimobendan (commercially available as Acardi® and Vetmedin®) is a calcium sensitizer with
positive ionotropic and vasodilatory effects and an inhibitor of phosphodiesterase (I11)
(PDE3).

Research has shown that pimobendan increases survival time and improves quality of life of
patients with congestive heart failure when compared with benazepril, an angiotensin-
converting-enzyme (ACE) inhibitor. Pimobendan is further useful for the management of

heart failure in dogs.

One synthetic route to obtain pimobendan, which is a compound according to formula (l), in
the form of a pharmaceutically acceptable salt thereof, is disclosed in DE 2837161 as

follows:
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A compound of formula (Ill) is treated with hydrogen in the presence of Pd/C to form a
compound of formula (IV), which then is cyclized in presence of acetic acid to obtain a
compound of formula (I) in the form of the corresponding hydrochloride salt (I) ¢ HCI.
However, the yield of said synthetic route is only about 50 % for compound (l), based on

compound (IV).

A compound of formula (l) is also accessible according to DE 2837161 by reacting
benzimidazole of formula (V) with a large excess of highly toxic hydrazine hydrate in acetic
acid. The yield of said synthetic route is only about 70 % for compound (l), which was

isolated as its hydrochloride after chromatographic work up.

NoH
N CoOMe — 24 .
MeO

N
H

It is to be noted, that the acetic acid in DE 2837161 is used as a solvent , i.e. in large excess

based on the amount of the compound of formula (IV) or (V), respectively.

An improvement to said synthetic route was reported in Hecheng Huaxue 1999, 7, 194,
wherein the need for column chromatography is overcome by re-crystallization of crude
pimobendan obtained according to the above, from a mixture of DMF and water, yielding

compound (I) as a hydrate, which exhibited a melting range of 175 to 178 °C.

Further, as disclosed in Zhongguo Yaowu Huaxue Zazhi 1997, 7, 185, the compound of

formula (I) can also be obtained by the reaction of a compound of formula (ll) with 4-
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methoxybenzaldehyde in the presence of sodium metabisulfite in a mixture of methanol and
water to obtain the compound of formula (l) in yields of about 90 % after chromatographic

purification over silica gel, in a crystalline form (melting range of 240 to 242 °C).

Said synthesis however, has some major disadvantages, in particular for the manufacture of
pimobendan on a commercial scale. The process requires not only a chromatographic
purification procedure for the compound of formula (I). Moreover the conversion according to
the above reaction scheme is exothermic. During the initial heating of the reaction mixture, a
spontaneous reaction can be observed which releases a total energy of 130 kJ/mol with
respect to compound (ll). This corresponds to an adiabatic temperature increase of 55 K. It is
to be noted, that an adiabatic increase of not more than 50 K is typically considered safe,
provided that the boiling point of the reaction mixture is not exceeded and the reactants are
thermodynamically stable. The synthesis as disclosed above therefore cannot be regarded

as safe on an industrial scale.

Further, as disclosed in Zhongguo Yaowu Huaxue Zazhi 1997, 7, 185, in order obtain the
desired high yield for the synthetic route, the compound of formula (ll) has to be purified by

means of chromatography over silica gel prior to the reaction to compound of formula (1).

As disclosed in Eur. J. Med. Chem. 1993, 28, 129, compounds of formula (ll) are readily
accessible by hydrogenation of 6-(4-benzylamino-3-nitrophenyl)-5-methyl-2,3,4,5-
tetrahydropyridazin-3-one of formula (X). However, the quality of (ll) strongly depends on the
purity of the corresponding precursor (X). Moreover, compounds of formula () proved to be

unstable under general laboratory conditions.
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DE3129447 discloses the synthesis of said precursor (X) starting from 4-(4-(benzylamino)-3-

nitrophenyl)-3-methyl-4-oxobutanoic acid of formula (XI).

O COOH

Xl
Cl

The known processes for the preparation of compounds of formula (X) require a large
excess (three to eleven molar equivalents) of hydrazine hydrate. According to the processes
disclosed in the prior art, compounds of formula (XI) are usually dissolved in acetic acid and
treated with excess hydrazine hydrate at reflux temperature for several hours. This again

cannot be regarded as safe on an industrial scale.

It is therefore a general objective of the present invention to provide an improved process for

the manufacture of a compound of formula (l), which is feasible on an industrial scale.
It is a further objective of the present invention to provide an improved process to obtain
intermediates (ll) and (X) in sufficient purity, which on an industrial scale is feasible to provide

the compound of formula (l) in sufficient yield and purity.

It is still a further objective of the present invention to provide a defined, pure and stable

compound of formula (I) in crystalline form, which is feasible for pharmaceutical use.

Summary of the invention

In one aspect the present invention relates to an improved process for the manufacture of a
non-solvated crystalline compound of formula (1), wherein the obtained compound of formula

(I) preferably is characterized by a purity of more than 99 %.
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In another aspect the present invention relates to an improved process for the manufacture
of compounds of formula (ll), as an important intermediate for the manufacture of a
compound of formula (I). The improved process provides highly pure 6-(3,4-diaminophenyl)-
5-methyl-4,5-dihydropyridazin-3(2H)-one of formula (ll) in a safe, viable and economic
manner, wherein the obtained compound of formula (ll) is characterized by a purity of more
than 99 % and is further substantially free of inorganic salts, heavy metals and residual

hydrazine.

Surprisingly it has been found that, starting from a compound of formula (XI) or (XIl), and
using from 1 to 2 molar equivalents of hydrazine, preferably hydrazine hydrate, a compound
of formula (X) can be obtained in yields of more than 70% and purities of more than 99.7 %

with no need for further purification.

Further, it has been found that, the conversion can be accelerated significantly by addition of
sub-stoichiometric amounts of a proton donor, preferably an organic acid, more preferably
acetic acid, as a catalyst. It is to be noted, that in related processes in the prior art, acetic
acid is used as a solvent, i.e. in large excess, whereas in the present invention it has
surprisingly been found, that sub-stoichiometric amounts, respectively catalytic amounts, of a
proton donor, preferably an organic acid, more preferably acetic acid, are effective in
reducing the total reaction time at comparably low temperatures, which leads to a
significantly improved impurity profile and to improved yields.

Hydrogenation of the compound of formula (X) then provides the compound of formula (Il).

In yet another aspect, the present invention relates to an improved process for the
manufacture of a solvated compound of formula (1) from a compound of formula (ll), wherein
a crystalline hydrate of the compound of formula (1) is obtained and optionally converted to a

crystalline solvate, other than the hydrate of the compound of formula (1).

In still another aspect, the present invention relates to a compound of formula (I) in the form
of a crystalline methanol solvate of the formula (I) ¢ n MeOH (wherein n is from 1 to 2 molar

equivalents, preferably nis 0.125 to 1.25 molar equivalents).
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In still a further aspect, the present invention relates to the use of a compound of formula (1)
as described above for the manufacture of a pharmaceutical composition comprising the
compound of formula () together with at least one pharmaceuticallyacceptable carrier,

diluent, or excipient.

Definitions

A “solvated” compound as used herein generally relates to a compound comprising a solvent
as an adduct, e.g. of the general formula A e B. In particular solvation occurs in that a solvent
is incorporated in the crystal structure of the respective crystalline compound. Crystalline
solvates of a compound may comprise the respective solvent in an amount of 1 to 10 % by
weight, preferably 2 to 8 % by weight, more preferably 4 to 6 % by weight. In the general

formula A e n B, the solvent content is usually expressed in molar eqgivalents (n).

The term “solvate” inter alia comprises the term “hydrate” as a preferred meaning. Within the
term “hydrated compounds”, monohydrates are most preferred, e.g. corresponding to a
general formula A e n H,O, wherein n is 1. Crystalline hydrates of a compound may comprise
water in an amount of 1 to 10 % by weight, preferably 2 to 8 % by weight, more preferably 4
to 6 % by weight.

In a “non-solvated” compound as used herein the residual solvent is 1% or less, preferably
0.5 or less and more preferably 0.1% or less. Accordingly, the crystal structure is only little or
undisturbed compared to a (theoretical) compound with no residual solvent at all.

Generally, crystalline compounds may exist in more than one “polymorphic form”. The term
“polymorphic form” refers to the ability of a solid material to exist in more than one form or
crystal structure and covers all known forms of polymorphism, for example, polyamorphism,
packing polymorphism, conformational polymorphism, as well as so-called pseudo-

polymorphism, i.e. different crystal forms as a result of different solvation.

The term “solvent” as used herein refers to a polar or non-polar liquid or mixture of liquids
that at least partially dissolve a solid, liquid, or gaseous solute, resulting in a solution,

emulsion, or a suspension.
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The terms “acid” and “base” as used herein refer to Brgnsted acids and Bregnsted bases, that

is “proton donators” and “proton acceptors”, respectively.
The term “oxidant” as employed herein means elements or compounds in reduction-oxidation
(redox) reactions that oxidize another species, and are therefore the electron acceptors in

the redox reaction.

Preferred embodiments of the invention

The present invention provides a safe, viable and economic process to produce highly pure
6-(3,4-diaminophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one of formula (ll), characterized
by purities of more than 99 %, which are substantially free of inorganic salts, heavy metals

and residual hydrazine. In accordance with the present invention compounds of formula (ll),

are an important intermediate for the manufacture of a compound of formula (l).

Generally the present invention relates to an improved process for the manufacture of a
solvated compound of formula (I), wherein the process comprises reacting the compound of
formula () with 4-Methoxybenzaldehyde in a polar aprotic solvent, such as DMF to yield the
hydrate of the compound of formula (1); and optionally converting the hydrate of the

compound of formula (I) to a solvate, other than the hydrate of the compound of formula (I).

Such a process for the manufacture of compounds of formula (l), based on the intermediate
compound of formula (ll), is described as follows. It is to be noted that compounds of formula
(VIIN) and (IX) are intermediates only, which are neither isolated nor fully characterized. Said
compounds are included in the below reaction scheme only for illustrative purposes and are
not to be understood to limit the present invention to a particular pathway for the reaction

from compound of formula (ll) to compound of formula (l).
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In embodiments A-1 to A-3, the present invention comprises a process for the manufacture
of a non-solvated crystalline compound of formula (), comprising the steps of:

5 (@) providing a solvated compound of formula (I)

N O
l\ll/N
N
N
H ",

(b) optionally removing residual water by azeotropic distillation;

(c) treating said compound to obtain a non-solvated crystalline compound of formula (I) by re-
crystallisation from suspension, preferably at reflux temperatures, more preferably at

10 80°C, preferably for 0.5 to 10 hours, more preferably from 3 to 5 hours;

wherein the solvent is selected from the group consisting of linear or branched Cq4
alcohols, such as methanol, ethanol, 1-propanol, 2-propanol, and n-butanol; or Ci4
alkylesters, such as butylacetate or ethylacetate; and mixtures thereof; preferably the
solvent is selected from the group consisting of ethanol, n-butanol, and ethylacetate,

15 most preferably the solvent is ethylacetate;
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(d) isolating the non-solvated crystalline compound of formula (1),
with the proviso that if the solvated compound of formula (1) is a hydrated compound of

formula (1), the residual water has to be removed by azeotropic distillation in step (b).

In embodiments A-4 to A-6, the present invention comprises a process for the manufacture

of a non-solvated crystalline compound of formula (), comprising the steps of:

(a) providing a solvated compound of formula (1),

(b) dissolving the solvated compound of formula (1) in a polar aprotic solvent, in particular
DMF, preferably at temperatures of from 70 to 153°C, in particular of from 90 to 100°C;

(c) optionally removing residual water by azeotropic distillation;

(d) treating the solution with an anti-solvent, preferably at temperatures from 0 to 5 °C,
preferably under agitation, optionally with seeding; wherein the anti-solvent is selected
from the group consisting of C4.4 alkylesters, preferably butylacetate or ethylacetate,
and mixtures thereof, most preferably ethylacetate;

(e) isolating and drying the non-solvated crystalline compound of formula (1),

with the proviso that if the solvated compound of formula (1) is a hydrated compound of

formula (1), the residual water has to be removed by azeotropic distillation in step (c).

According to a highly preferred embodiment of the present invention, a crystalline non-
solvated compound of formula (I) is obtained in high yields and high purities from a solvated
compound of formula (1), in particular a hydrated compound of formula (), when residual
water is removed, prior to treatment of the solvated compound, by azeotropic distillation,

preferably utilizing n-butanol, ethyl acetate, ethanol or toluene as solvent.

To provide the compound of formula (l) in pharmaceutical purity (i.e. purity of 99% or higher)
a process for the synthesis of highly pure compounds of formula (ll) and/or stable salts
thereof, as well as a reliable process for the transformation of compound (ll) into the

compound of formula (I) had to be provided.

Surprisingly it has been found that, starting from a compound of formula (XI), or a compound

of formula (XII), wherein R is Cq.4 alkyl;
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a compound of formula (X) can be obtained in yields of up to 60%, preferably more than
70%, in purities of more than 99.4%, preferably more than 99.7% with no need for further

purification. The reaction time preferably is from 10 to 12 hours.

Further, it has been found that, said conversion can be accelerated significantly by addition
of sub-stoichiometric amounts, preferably up to 0.5 molar equivalents, more preferably up to
1.0 equivalents, most preferably from 0.5 to 1.0 equivalents, of a proton donor, preferably an
organic acid, more preferably acetic acid, as a catalyst. Said addition reduces the total
reaction time at comparably low temperatures, which leads to a significantly improved
impurity profile and to yields of more than 70 %, preferably more than 80 %, with purities of
more than 99.4 %, preferably more than 99.7 %. The reaction time then preferably is from 3
to 7 hours, more preferably either one of 3 to 4 hours, 4 to 5 hours, 510 6 hours, or6to 7
hours. The reaction is preferably carried out at reflux temperatures until the conversion is

completed.

The compound (X) is then hydrogenated to form intermediate compound (ll), preferably by

catalytic hydrogenation with a palladium catalyst.

In embodiments A-7 to A-10, the present invention comprises a process for the manufacture

of a solvated compound of formula (I), comprising the steps of:
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(a) reacting a compound of formula (XI)
O COOH
O,N
©/\N
H
Xl
or a compound of formula (XIl), wherein R corresponds to Cy4 alkyl, preferably methyl,
5 ethyl, 1-propyl, 2-propyl, n-butyl, sec.-butyl or tert.-butyl, more preferably ethyl;
@)
O2N O\R
@)
N
O/\H
Xl

with hydrazine, preferably hydrazine hydrate, in a solvent to yield a compound of formula

10 (X), wherein the solvent preferably is a water-miscible solvent selected from linear or

branched Cq4 alcohols, such as methanol, ethanol, 1-propanol, 2-propanol, and n-

butanol, most preferably ethanol;

wherein hydrazine, respectively hydrazine hydrate, is used in amounts of 1 to 2 molar

equivalents, preferably in amounts of 1.0 to 1.5 molar equivalents, and more preferably

15 in amounts of 1.0 to 1.2 molar equivalents relative to the compounds of formula (XI) and

(XII), respectively;

wherein the reaction mixture preferably is heated to temperatures below 100°C, more

preferably to 80°C, in particular to reflux temperature, preferably for 3 to 16 hours, more

preferably for 6 to 7 hours; and
20
(b) subsequently hydrogenating the compound of formula (X)

H

N/N O

O,N |

O
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to a compound of formula (ll);

HoN

HyN
Il

wherein the hydrogenation preferably is carried out in a solvent, preferably selected from
the group consisting of linear or branched C1.4 alcohols, such as methanol, ethanol, 1-
propanol, 2-propanol, and n-butanol, more preferably methanol, optionally in the
presence of water;

wherein the hydrogenation preferably is carried out in the presence of a catalyst,
wherein the catalyst is preferably a palladium-catalyst, more preferably a palladium-
catalyst on charcoal, preferably loaded with 5 to 10 % palladium, in particular 10 %,
wherein the catalyst is present in an amount of 1 to 10 % (m/m), more preferably 1 to 5
% (m/m), and in particular in an amount of 2 % (m/m) relative to the compound of
formula (X);

wherein the hydrogenation preferably is carried out at 1 to 12 bar, preferably at 1 to 5
bar, and even more preferably at 4 to 5 bar; and wherein the hydrogenation is carried
out at elevated temperatures, preferably at temperatures of from 30 to 60 °C; optionally

the hydrogenation is carried out under agitation;

mixing the compound of formula (ll) with an oxidant; and a solvent, wherein the solvent
is a polar aprotic solvent, preferably DMF, and wherein the oxidant preferably is sodium

metabisulfite;

(d) heating the mixture to 50 to 150°C, preferably 90 to 130°C and more preferably to 110 to

115°C;

(e) adding 4-Methoxybenzaldehyde, optionally under agitation, in amounts of from 0.75 to

1.5 molar equivalents, preferably in stoichiometric amounts, preferably over 0.25 to 2
hours, even more preferably within 0.5 hours;
optionally filtering the mixture, preferably at 0 to 90 °C, more preferably at 60 to 70 °C;

rinsing the filter residue with the solvent, and combining the filtrates;

(f) adding a proton acceptor, wherein the proton acceptor preferably is aqueous ammonia;

(g) adjusting the pH to an alkaline value; preferably in the pH range of 8 to 9, preferably at
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temperatures of 40 to 60 °C; wherein the pH preferably is adjusted by adding aqueous
sodium hydroxide, in particular 2 N aqueous sodium hydroxide;

(h) treating the reaction mixture with water, optionally under agitation, preferably at room
temperature;

(i) optionally seeding the mixture;

(j) allowing the hydrate of the compound of formula (l) to precipitate, optionally under
agitation; and separating the crystalline hydrate of the compound of formula (l),
optionally drying the solid;

(k) optionally converting the hydrate of the compound of formula (l) to a solvate other than

the hydrate of the compound of formula (I).

Step (a) preferably is carried out in the presence of a proton donor, preferably an organic
acid, more preferably acetic acid, in sub-stoichiometric amounts, more preferably in amounts
of 0.5 molar equivalents relative to the compounds of formula (XI) and (XIl), respectively.
Most preferably step (a) is carried out in the presence of acetic acid in catalytic amounts. The
resulting compound of formula (X) preferably is a crystalline compound with a purity of at
least 99 %, and more preferably the resulting compound (X) is substantially free of residual

hydrazine.

In an alternative process for the manufacture of a compound of formula (l), the process

comprises, the following steps, in addition to steps (a) and (b) above:

(¢c) mixing the compound of formula (ll) with an oxidant, 4-methoxybenzaldehyde and a
solvent, wherein the solvent is a polar aprotic solvent, preferably DMF, and wherein the
oxidant preferably is sodium metabisulfit;

(d) heating the mixture to a temperature of from 120 to 125 °C

(e) optionally stirring the mixture, preferably for 1 hour;

(f)  cooling the reaction mixture to room temperature;

(g) adding water, preferably at a temperature of from 0 to 4 °C;

(h) optionally seeding the mixture;

(i) allowing the hydrate of the compound of formula (l) to precipitate, preferably to
crystallize, optionally under agitation;

wherein steps (j) and (k) are the same as above.
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In yet another alternative process for the manufacture of a compound of formula (1), the

process comprises, the following steps, in addition to steps (a) and (b) above:

(c)

(d)

(e)

(f)

(9)

(h)

(i)

mixing the compound of formula (ll) with a solvent, wherein the solvent is a polar
aprotic solvent, preferably DMF;

heating the mixture to a temperature from 50 to 150°C, preferably from 70 to 130°C
and in particular to 80°C;

adding 4-Methoxybenzaldehyde, optionally under agitation, in amounts of from 0.75 to
1.5 molar equivalents, preferably in stoichiometric amounts, preferably over 0.25 to 2
hours, even more preferably within 0.5 hours; and preferably allowing the formation of
an intermediate compound of formula (V1) as represented in the scheme above;
adding said reaction mixture to a mixture of an oxidant in a solvent, wherein the solvent
preferably is a polar aprotic solvent, more preferably DMF, and wherein the oxidant
preferably is sodium metabisulfit;

adjusting the temperature from 100 to 120°C, preferably at about 110°C; and optionally
stirring the mixture; preferably for at least 1 hour, more preferably for 2 hours;

allowing the reaction mixture to cool to room temperature and adding the reaction
mixture to water, optionally under agitation, preferably at a temperature from 0 to 4 °C;

optionally seeding the mixture;

wherein steps (j) and (k) are the same as above.

In a preferred process according to embodiment A-9, in step (k) of any of the processes

described above, the hydrate of the compound of formula (l) is converted to a compound of

the formula (1) e n MeOH

-N 20

n MeOH

T=" =

()
wherein n is from 1 to 2 molar equivalents, preferably n is from 0.125 to 1.25 molar

equivalents.
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In some embodiments of the present invention, the compound of formula (l) is obtained as
crystalline hydrate. Crystalline hydrates of a compound of formula () preferably comprise
water in an amount of 1 to 10 % by weight, more preferably 3 to 8 % by weight and even

more preferably 4 to 6 % by weight.

In other embodiments of the present invention, the compound of formula (l) preferably is

obtained as crystalline solvate other than the hydrate of the compound of formula (l).

Preferred solvates of the compound of formula (I) are methanol solvates, comprising the
solvent in an amount of 1 to 5 % by weight, preferably 1 to 3 % by weight and even more

preferably 1 to 2 % by weight.

Methanol solvates of the compound of formula (I) can be obtained by converting the hydrate
of the compound of formula (1) to a methanol solvate of the compound of formula (1).

In a preferred conversion process of embodiment A-12, the hydrate of the compound of
formula (l) is dissolved in a polar aprotic solvent, preferably DMF, heated to a temperature of
from 50 to 150°C, preferably from 70 to 130°C and in particular to 80°C; then the solution is
optionally filtered and cooled to 50°C; methanol is added, optionally with stirring. The mixture
is cooled slowly to a temperature of from 0 to 5 °C and preferably stirred for a further 2 to 3
hours. The resulting solid is separated, preferably washed with methanol and optionally

dried, to yield a methanol solvate of the compound of formula (l).

More preferably a crystalline compound of formula (I) ¢ n MeOH (n is from 1 - 2 molar
equivalents, preferably n is from 0.125 to 1.25 molar equivalents) is obtained in high yields

and high purities from a compound of formula (1).

In another embodiment of the invention, residual water is removed, prior to conversion, by
azeotropic distillation, preferably utilizing n-butanol, ethyl acetate, ethanol or toluene as

solvent.

In yet another embodiment A-13, the present invention relates to a compound of formula (1)
in the form of a crystalline methanol solvate (I) ¢ n MeOH (wherein n is 1 to 2 molar

equivalents, preferably n is from 0.125 to 1.25 molar equivalents).
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In yet another embodiment A-14, the present invention relates to a compound of formula (1)

obtained by any of the processes described above.

Finally, in yet another embodiment A-15, the present invention relates to the use of the

above described compounds of formula (I) for the

composition comprising the compound of formula

pharmaceutically acceptable carrier, diluent, or excipient.

manufacture of a pharmaceutical

() together with at least one
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Examples

Residual solvent content was determined using Gas Chromatography (GC). Residual water
content was determined using Karl Fischer titration on a Titrando 835 (Metrohm) with douple
Pt-electrode. HPLC is High Performance Liquid Chromatography and was conducted using a
commercially available HPLC-system consisting of a gradient pump, an auto sampler,
column thermostat and UV-detector (Agilent or Dionex). MP is the melting point and is
determined according to known methods on a B545 (Buichi), in particular thermo-
microscopically, preferably verified by DSC. DSC is Differential Scanning Calorimetry and
was conducted on a commercially available DSC822 (Mettler) with inert gas: nitrogen,
temperature program from 30°C to 400 °C and heating rate: 10 °C/min. NMR is Nuclear
Magnetic Resonance Spectroscopy and was conducted on a commercially available Bruker
AVANCE 300 spectrometer at 301K. IR is Infrared Spectrometry and was conducted using a
commercially available FTIR-spectrometer Spectrum one (Perkin-Elmer). LCMS is Liquid
Chromatography Mass Spectrometry and was conducted using a commercially available
HPLC-system consisting of a gradient pump, an auto sampler, column thermostat, UV-
detector and MS-detector (Agilent or Dionex). XRPD. powder diffractometer D5000 (Fa.
Siemens) using Cu-anode, Nifilter, variable (O-dependent) divergence and antidiffusion

screen.

Example 1

1.A) Preparation of 4-(4-(benzylamino)-3-nitrophenyl)-3-methyl-4-oxobutanoic acid (XI)
The starting material 4-(4-chloro-3-nitrophenyl)-3-methyl-4-oxobutanoic acid is readily
accessible by nitration of 4-(4-chlorophenyl)-3-methyl-4-oxobutanoic acid according to Eur. J.
Med. Chem. 1993, 28, 129.

A round bottom flask was charged with 4-(4-chloro-3-nitrophenyl)-3-methyl-4-oxobutanoic
acid (77.9 g; 286.8 mmol) and absolute ethanol (390 mL). The mixture was heated to 40 - 50
°C and benzylamine (153.1 g, 1.43 mol, 5 eq.) was added over about 20 minutes with
stirring. The mixture was then heated to reflux temperature and stirring was continued for 7
h. The mixture was concentrated under reduced pressure and toluene (624 mL) and water
(235 mL) were added to the warm residue with stirring. Aq. hydrochloric acid (37 %, 82.1 g)

was added to adjust the pH to a value of 2.0 - 1.5. After stirring for 20 minutes the organic
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phase was separated. The aqueous mixture was extracted with toluene (1 x 78 mL). The
combined organic phases were washed with water (2 x 155 mL). The organic phase was
treated with water (625 mL) and aq. sodium hydroxide (50 %, 21.5 g) to adjust the pH to a
value of 12 - 13. Stirring was continued for 20 minutes and the phases were separated. The
aqueous phase was washed with toluene (3 x 78 mL) and treated with tert-Butylmethylether
(MTBE) (390 mL). Aq. hydrochloric acid (37 %, 28 g) was added with stirring to adjust the pH
to a value of 2. The phases were separated and the aqueous phase was extracted with
MTBE (78 mL). The organic phases were combined and the solvent was distilled off at 40 -
50 °C under reduced pressure. The crude product was dried under reduced pressure (100
mbar, 50 °C, 90 minutes) to give the title compound. Yield: 89.35 g (260.99 mmol, 90.9 %).
HPLC: 98.8 %. The product can be obtained in crystalline from by crystallisation from warm
ethanol (approx. 1: 4 m/v). HPLC: 99.65 %. Mp: 102 - 109 °C, DSC: 101.5/ 107.93 °C
(onset / peak). 'H-NMR (300 MHz, CDCl3, ppm): 6 8.86 (s, 1 H, arom.), 8.80 - 8.79 (s, br., 1
H, NH), 8.04 - 8.00 (dd, ®J = 6.0 Hz, *J = 3.0 Hz, 1 H, arom.), 7.39 - 7.33 (m, 5 H, arom.),
6.92 - 6.89 (d, °J = 9Hz, 1 H, arom), 4.63 - 4.61 (d, J = 6.0 Hz, 2 H, PhCH,), 3.87 - 3.80 (m, 1
H, CH), 3.03 - 2.94 (m, 1 H, CH,), 2.52 - 2.45 (m, 1 H, CH,), 1.24 - 1.22 (d, °J = 6 Hz, 3 H,
CHs). ®C-NMR (75 MHz, CDCls, ppm): & 199.26 (keto-C=0), 177.15 (carboxy-C=0), 147.76
(C, arom.), 136.31 (C, arom.), 135.55 (CH, arom.), 131.54 (C, arom), 129.12 (2x CH, arom.)
128.56 (C, arom.), 128.07 (CH, arom.), 127.02 (2 x CH, arom.), 123.63 (CH, arom.), 114.39
(CH, arom.), 47.30 (PhCH,), 36.96, 36.39, 18.14 (CHs). IR (KBr, cm™): 3374, 2975, 1709
(Vc=0), 1675 (vc-0), 1617, 1564, 1530, 1454, 1431, 1355, 1275, 1226, 1194, 1054, 1022,
997, 896, 819, 741, 700, 527. LCMS (ESI", m/z): = 342.6 [MH]",

1.B) Preparation of ethyl 4-(4-(benzylamino)-3-nitrophenyl)-3-methyl-4-oxo-butanoate
(Xt

4-(4-(benzylamino)-3-nitrophenyl)-3-methyl-4-oxobutanoic acid (XI, 103.77 g, 0.303 mol),
prepared according to example 1 was dissolved in absolute ethanol (500 mL) and treated
with a solution of hydrogen chloride in ethanol (9 M, 2 mL). The mixture was heated to reflux
and water was removed by continuous azeotropic distillation until the complete conversion
was obtained. The solvent was evaporated at 50-80 °C under reduced pressure to obtain
methyl 4-(3,4-diaminophenyl)-3-methyl-4-oxobutanoate in practically quantitative yield, which

was used without further purification. HPLC: 95.7 %. 'H-NMR (300 MHz, CDCl3, ppm): 0 8.88
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(s, 1 H, arom.), 8.06 - 8.02 (d, 1 H, arom.), 7.41 - 7.26 (m, 5 H, arom.), 6.91 - 6.88 (d, 1 H,
arom.), 4.62 - 4.61 (d, 2 H, CH2), 4.12 - 4.05 (g, 2 H, CH2), 3.90 - 3.83 (m, 1 H, CH), 2.99 -
2.90 (dd, 1H, CH2), 2.48 - 2.41 (dd, 1 H, CHy), 1.22 - 1.18 (t, 6 H, 2 x CH;). "C-NMR (75
MHz, CDClz, ppm): 8 199.58 (keto-C=0), 172.19 (carboxy-C=0), 147.66 (C, arom.), 136.35
(C, arom.), 135.52 (CH, arom.), 131.53 (C, arom), 129.07 (2x CH, arom.) 128.47 (C, arom.),
128.01 (CH, arom.), 127.03 (2 x CH, arom.), 123.97 (CH, arom.), 114.32 (CH, arom.), 60.56
(CH,), 47.25 (PhCH2), 37.63, 36.44, 18.04 (CH3), 18.14 (CH3). IR (KBr, cm™): 3375, 3032,
2979, 2936, 1733 (Vc=0), 1675 (vc-=0), 1616, 1564, 1530, 1496, 1454, 1432, 1354, 1275,
1184, 1095, 1053, 1028, 997, 902, 822, 740, 698, 622, 529. LCMS (ESI*, m/z): 371.1 [MH]".

Example 2
Preparation of 6-(4-benzylamino-3-nitrophenyl)-5-methyl-2,3,4,5-tetrahydropyridazin-3-
one (X)

2.A) Employing excess hydrazine hydrate, and acetic acid as solvent (according to
prior art method disclosed in DE 3129447)

A round bottom flask was charged with 4-(4-(benzylamino)-3-nitrophenyl)-3-methyl-4-
oxobutanoic acid (XI, 88.5 g, 258 mmol), prepared according to example 1 and acetic acid
(225 mL). The mixture was heated to 40 - 50 °C with stirring and added to a solution of
hydrazine hydrate (163 mL, 2.67 mol, 10.3 eq.) in acetic acid (500 mL). After the addition
was completed the mixture was heated at 80 - 85 °C for about 3 - 4 h with stirring. The
mixture was allowed to reach room temperature and poured into water (1800 mL). Stirring
was continued for a further 30 min after which the precipitate was separated and washed
with water (4 x 100 mL). The solid was dried at 50 - 60 °C to yield 71.74 g (212 mmol, 82.2
%) of the title compound. HPLC: 98.8 %. For further purification the product (70.00 g, 206
mmol) was re-crystallized from refluxing n-butanol (1100 mL) to yield after separation of the
crystalline solid at 0 °C, washing with n-butanol (2 x 41 mL) and drying at 50 - 60 °C the title
compound in yields of 97 % (68.12 g, 201 mmol, overall yield: 78 %). HPLC: 99.97 %. Mp:
208-211 °C; Lit. 187 - 191 °C (DE 3129447), 207 - 209 °C (Eur. J. Med. Chem. 1993, 28,
129), DSC: 209.59 / 210.64 °C (onset / peak), 'H-NMR (300 MHz, CDCls3, ppm): 8 8.67 (s, 2H,
2 x NH), 8.48 -8.47 (d, *J = 3.0 Hz, 1 H, arom.), 7.98 - 7.94 (dd, *J = 3.0 Hz, °J = 9.0 Hz, 1
H, arom.), 7.39 - 7.26 (m, 5 H, arom), 6.91 - 6.88 (d, °J=9.0 Hz, 1 H, arom), 4.62 - 4.60 (d, J
= 6.0 Hz, 2 H, PhCHy), 3.36 - 3.31 (m, 1 H, CH), 2.74 - 2.66 (dd, °J = 9.0 Hz, %) = 18.0 Hz, 1
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H,CH,), 2.51 - 2.45 (dd, °J = 3.0 Hz, J = 18.0 Hz, 1 H, CH,), 1.25-1.23 (d, °J = 6 Hz, 3 H,
CHs). ®C-NMR (75 MHz, CDCls, ppm):  166.42 (keto-C=0), 152 .06 (C, arom.), 145.91 (C,
arom.), 136.75 (C, arom.), 133.58 (CH, arom.), 131.66 (C, arom.), 129.04 (2 x CH, arom.)
127.92 (CH, arom.), 127.02 (2 x CH, arom.), 124.22 (CH, arom.), 122.45 (CH, arom.), 114.96
(CH, arom.), 47.21 (PhCH,), 33.79, 27.65, 16.28 (CHs). IR (KBr, cm™): 3368 (vnn), 3219,
1689 (Vc-o0), 1630, 1563, 1522 (Vc=c, aromat), 1455, 1402, 1345, 1269, 1245, 1195, 1153, 1053,
1038, 956, 821, 761, 726, 696, 556. LCMS (ESI", m/z): 339.0 [MH]".

2.B) Employing ethanol as solvent, 0.5 equivalents of acetic acid, and 1.2 equivalents of
hydrazine hydrate

A round bottom flask was charged with 4-(4-(benzylamino)-3-nitrophenyl)-3-methyl-4-
oxobutanoic acid (X1, 132.38 g, 0.387 mol), prepared according to example 1, hydrazine
hydrate (29.16 g, 0.464 mol), acetic acid (11.65 g, 0.194 mol) and ethanol (560 g) and the
mixture was heated at reflux for 6 - 7 h with stirring. The mixture was allowed to reach room
temperature and the precipitated product was filtered off, washed with ethanol (2 x 20 mL)
and dried at 60 °C to yield pure X (107.9 g, 82 %) without the need for further purification.
HPLC: 99.7 %.

2.C) Employing ethanol as solvent, 0.5 equivalents of acetic acid, and 1.5 equivalents of
hydrazine hydrate.
6-(4-benzylamino-3-nitrophenyl)-5-methyl-2,3,4,5-tetrahydropyridazin-3-one (X) was obtained
in a similar manner as described in example 2 item B. Reaction time: 6 - 7 h. Yield: 0.75 g
(2.22 mmol, 71 %). HPLC: 99.8 %.

2.D) Employing ethanol as solvent, 0.5 equivalents of acetic acid, and 2.0 equivalents of
hydrazine hydrate

6-(4-benzylamino-3-nitrophenyl)-5-methyl-2,3,4 5-tetrahydropyridazin-3-one (X) was obtained
in a similar manner as described in example 2 item B. Reaction time: 3 - 4 h. Yield: 0.77 g
(2.28 mmol, 72 %). HPLC: 99.8 %.

2.E) Employing ethanol as solvent, 1.0 equivalents of acetic acid, and 2.0 equivalents of

hydrazine hydrate
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6-(4-benzylamino-3-nitrophenyl)-5-methyl-2,3,4 ,5-tetrahydropyridazin-3-one (X) was obtained
in a similar manner as described in example 2 item B. Reaction time: 3 - 4 h. Yield: 0.77 g
(2.28 mmol, 72 %). HPLC: 99.4 %.

2.F) Employing ethanol as solvent and 1.5 equivalents of hydrazine hydrate
6-(4-benzylamino-3-nitrophenyl)-5-methyl-2,3,4,5-tetrahydropyridazin-3-one (X) was obtained
in a similar manner as described in example 2 item B. Reaction time: 6 - 7 h. Yield: 0.76 g
(2.25 mmol, 71 %). HPLC: 99.8 %.

2.G) Employing ethanol as solvent and 1.2 equivalents of hydrazine hydrate
6-(4-benzylamino-3-nitrophenyl)-5-methyl-2,3,4,5-tetrahydropyridazin-3-one (X) was obtained
in a similar manner as described in example 2 item B. Reaction time 10 - 12 h. Yield: 0.63 g
(1.86 mmol, 59 %). HPLC: 99.7 %.

2.H) Employing Ethyl 4-(4-(benzylamino)-3-nitrophenyl)-3-methyl-4-oxobutanoate (XIl) as
starting material

Ethyl 4-(4-(benzylamino)-3-nitrophenyl)-3-methyl-4-oxo-butanoate (XII, 1.15 g, 3.11 mmol),
prepared according to example 3 was dissolved in ethanol (21 mL). Hydrazine hydrate (51%,
0.191 mL, 3.16 mmol) and acetic acid (0.089 mL, 0.5 eq.) were added and the mixture was
heated at reflux for about 16 h with stirring. The resulting suspension was allowed to reach
room temperature. The precipitate was separated, washed with ethanol (2 x 1 mL), and dried
at 50 °C to yield 0.56 g (1.66 mmol, 53.5 %) of 6-(4-benzylamino-3-nitrophenyl)-5-methyl-
2,3,4,5-tetrahydro-pyridazin-3-one. HPLC: 98.9 %.

Example 3

Preparation of 6-(3,4-diaminophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (ll)

A round bottom flask was charged with 6-(4-benzylamino-3-nitrophenyl)-5-methyl-2,3,4,5-
tetrahydropyridazin-3-one (X, 31.0 g, 0.0916 mol), prepared according to example 2 item B,
methanol (170 mL) and aq. hydrochloric acid (1 N, 91.6 mL) with stirring. After addition of
Pd/C (10 %, 0.62 g) hydrogen was applied (4 - 5 bar) and stirring was continued for 2 h at 30
°C. The catalyst was separated and the methanol was distilled off under reduced pressure.
The clear filtrate was treated with ag. sodium hydroxide (2 N, 35 mL) with stirring. The

resulting suspension was allowed to reach 18 °C after which the precipitated product was
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separated, washed with water and dried at 50 - 60 °C to yield the title compound (16.68 g,
83.4 %). HPLC: 99.3 %. Mp: 185 - 190 °C; Lit. 183 - 185 °C (Eur. J. Med. Chem. 1993, 28,
129), DSC: 190.28 / 191.34 °C (onset / peak). "H-NMR (300 MHz, DMSO, ppm): 5 10.61 (s, 1
H, NH), 7.04 (s, 1 H, arom.), 6.85 - 6.82 (dd, *J = 3.0 Hz °J = 9.0 Hz, 1 H, arom.), 6.52 - 6.49
(d, °*J =9.0 Hz, 1 H, arom.), 4.69 (s, br., 4 H, 2 x NH,), 3.24 - 3.19 (m, 1 H, CH), 2.61 - 2.53
(dd, °J = 6.0 Hz, °J = 18.0 Hz, 1 H,CH,), 2.18 - 2.13 (d, °J = 18.0 Hz, 1 H, CH,), 1.04 - 1.02
(d, °J = 6 Hz, 3 H, CHs;). ®C-NMR (75 MHz, DMSO, ppm): & 166.00 (keto-C=0), 153.41 (C,
olef.), 137.05 (C, arom.), 134.42 (C, arom.), 123.28 (CH, arom.), 115.98 (CH, arom.), 113.31
(CH, arom.), 111.39 (CH, arom.), 33.60 (CH,), 26.86 (CH), 16.08 (CHs). IR (KBr, cm™): 3397
(VnH), 3262, 2961, 1672 (vc=o), 1522 (Vc-c.aomatic), 1445, 1366, 1342, 1293, 1213, 1188,
1138, 1081, 1038, 1022, 956, 909, 870, 806, 744, 592. LCMS (ESI", m/z): 219 [MH]".

Example 4
Preparation of crystalline 6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-
4,5-dihydro-pyridazin-3(2H)-one monohydrate (I ¢« H,O)

4. A) Method 1

A reactor was charged with 6-(3,4-diaminophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one
(I, 1.0 eq.), prepared according to example 3, and sodium metabisulfite (1.1 eq.) in DMF (3.5
L/kg; V:mqy). The mixture was heated to 110 - 115 °C and 4-Methoxybenzaldehyde (1.0 eq.)
was added over 30 min with stirring. After the addition was complete stirring was continued
for a further 60 min. The suspension was cooled to 60 - 70 °C, filtered and the filter cake was
washed with DMF (1.24 L/kg; V:mguy). The clear filtrate was treated with ag. ammonia at 45 -
55 °C to adjust the pH to a value of 8 - 9. The mixture was then cooled to 25 - 30 °C and
water (6.87 L/kg; V:mquy) was added slowly with stirring. Stirring was continued for a further 1
- 2 h at room temperature and the precipitated product was separated by filtration. The solid
was washed with water (4 x 1.24 L/kg; V:mq,) and acetone (4 x 2.47 L/kg; V:my,) and dried
under reduced pressure at 40 - 60 °C to obtain 93.8 % of crystalline 6-(2-(4-methoxyphenyl)-
1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydro-pyrida-zin-3(2H)-one monohydrate. Residual
solvents: H,0, 4.97 % (KF). HPLC: 99.04 %. Mp: 162-164 °C. "H-NMR (DMSO, 300 MHz):
0=12.82 (s, br. 1 H, NH), 10.89 (s, 1 H, NH), 8.14 - 8.11 (d, 2 H, 2 x CH, arom), 7.93 (s, 1 H,
arom), 7.71-7.68 (1 H, d, arom.), 7.59 - 7.56 (1d, H, arom.), 7.13 - 7.10 (d, 2 H, arom.), 3.83
(s, 3 H, CH30), 3.53 - 3.44 (m, 1 H, CH), 3.56 (s, br), 2.87-2.68 (dd, 1 H, CH,), 2.28 - 2.22
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(dd, 1 H, CH,), 1.13 - 1.1 (d, 3 H, CH,). ®C-NMR (DMSO, 75 MHz): § = 166.23, 160.76,
153.31, 152.58, 128.78, 128.09, 122.37, 119.98, 114.37, 55.30, 33.65, 27.45, 16.02. IR
(KBr, cm™): 3273, 1620, 1493, 1459, 1422, 1393, 1380, 1342, 1297, 1252, 1179, 1079,
1034, 960, 924, 893, 833, 813, 773, 744, 687, 639, 608, 519.

XRPD
Angle d value Intensity
2-Theta ° Angstrom %
5.944 14.85700 1.4
11.152 7.92770 28.8
11.640 7.59646 24
12.779 6.92155 55.7
13.208 6.69809 20.7
14.274 6.20001 1.3
15.073 5.87314 48
15.773 5.61396 218
16.113 5.49615 5.8
17.231 5.14202 1.5
17.585 5.03940 1.7
17.879 4.95710 1.7
18.442 4.80707 8.8
19.058 4.65297 8.7
19.388 4.57471 34
20.752 4.27698 100.0
21.240 417972 11.0
22.382 3.96905 8.9
23.869 3.72501 29.7
24.556 3.62235 386
25.967 3.42863 7.0
26.669 3.33987 16.0
28.404 3.13975 26.9
28.969 3.07978 18.9
29.426 3.03295 16.8
30.708 2.90937 48
31.755 2.81557 9.4
33.421 2.67894 4.0
34.300 261233 3.9
35.280 2.54194 3.3
35.879 2.50090 31
37.149 241822 23
39.253 2.29331 1.9
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4.B) Method 2

A round bottom flask was charged with 6-(3,4-diaminophenyl)-5-methyl-4,5-dihydropyridazin-
3(2H)-one (ll, 163.7 g, 0.75 mol), prepared according to example 3, and DMF (526 mL). The
mixture was heated to 80 °C and 4-methoxybenzaldehyde (102.2 g, 0.75 mol) was added
over 30 min with stirring. After the addition was completed stirring was continued for approx.
90 min. Subsequently the mixture was cooled to about 40 °C. A second round bottom flask
was charged with sodium metabisulfite (156.8 g, 0.825 mol) and DMF (500 mL) and the
mixture was heated to 110 °C. At 110 °C the solution of the Schiff base in DMF was added
under stirring over about 60 minutes and the stirring was continued for a further 100 minutes.
The reaction mixture was cooled to room temperature and the organic phase was separated
by decantation. The organic phase was added to ice-water (2250 g) over about 30 minutes
and stirring was continued for a further 60 minutes. The precipitated product was separated
by filtration and washed with water (2 x 50 mL). The moist product was suspended in
acetone (500 mL) and refluxed for 15 minutes with stirring. The solid was separated by
filtration and washed with acetone (2 x 50 mL). The procedure was repeated once. After
drying at 60 °C (8 h) 6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydro-
pyridazin-3(2H)-one monohydrate (70 %) was obtained. HPLC: 98.4 %. Residual solvents:
H,0, 4.80 % (KF). Mp. 160-165 °C.

4.C) Method 3

A round bottom flask was charged with 6-(3,4-diaminophenyl)-5-methyl-4,5-dihydropyridazin-
3(2H)-one (36.0 g, 0.165 mol), prepared according to example 3, sodium metabisulfite (34.5
g, 0.179 mol), 4-methoxybenzaldehyde (22.46 g, 0.165 mol) and DMF (115 mL). The mixture
was heated to 120 - 125 °C and stirred for a further 50 minutes at 120 - 125 °C. The reaction
mixture was cooled to room temperature and added under stirring to ice-water (595 g). The
precipitated product was separated by filtration and washed with water (2 x 10 mL). The
moist product was suspended in acetone (200 mL), refluxed under stirring for about 10
minutes and the solid was separated by filtration and washed with acetone (10 mL). The
product was refluxed again with acetone (135 mL) and washed with acetone (3 x 15 mL)

after filtration. This procedure was repeated with ethyl acetate (135 mL). The product was
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dried over night at room temperature and subsequently at 60 °C (2 h). Yield: 50.91 g (0.144
mol, 92.3 %), HPLC: 99.2 %, Residual solvents: H,0, 5.2 % (KF). Mp. 163-167 °C
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Example 5
Preparation of crystalline methanol solvates of 6-(2-(4-methoxyphenyl)-1H-
benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (I) ¢ n MeOH

(n = 0.125 to 1.25 molar equivalents)

6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydro-pyridazin-3(2H)-one

e H,O (I « H,O, 100 g, 283.8 mmol), prepared according to example 4 item A, was dissolved
in DMF (200 mL) with heating. The solution was filtered, cooled to 50 °C and hot methanol
(1000 mL) was added with stirring. The mixture was cooled slowly to 0 - 5 °C and stirred for a
further 2 - 3 h. The resulting solid was separated, washed with methanol (3 x 100 mL) and
dried at 70 °C to vyield 80 g (239.25 mmol, 80 %) of crystalline 6-(2-(4-methoxyphenyl)-1H-
benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one - n methanol. HPLC: 99.93
%. Residual solvents: H,0, 0.5 % (KF); MeOH, 30000 ppm (approx. 0.32 molar equivalents,
GC).

XRPD
Angle d value Intensity
2-Theta ° Angstrom %
5.945 14.85419 1.0
11.151 7.92845 291
11.696 7.56029 27
12.803 6.90863 411
13.209 6.69759 214
14.387 6.15134 1.6
14.755 5.99876 3.0
15.050 5.88195 3.9
15.774 5.61378 239
16.117 5.49495 8.1
16.558 5.34940 29
17.248 5.13705 20
17.680 5.01250 1.9
18.452 4.80438 8.8
19.049 4.65530 8.8
19.429 4.56514 3.7
20.742 4.27891 100.0
21.240 417972 10.8
21.747 4.08345 26
22.388 3.96794 6.6
23.866 3.72540 29.5
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Angle d value Intensity
2-Theta ° Angstrom %
24.542 3.62439 48
25.962 3.42924 9.4
26.660 3.34104 12.1
27.493 3.24164 23
28.427 3.13718 221
28.977 3.07891 16.4
29.407 3.03491 15.0
30.622 291715 49
31.744 2.81660 6.6
32.639 2.74138 26
33.367 268314 3.8
34.361 260777 48
35.220 2.54611 3.7
35.879 2.50085 3.0
37.218 2.41389 45
39.041 2.30528 3.2

Example 6

Preparation of pure non-solvated crystalline 6-(2-(4-methoxyphenyl)-1H-
benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (I) by conversion of
6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-
one () * n methanol

A round bottom flask was charged with 6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-
methyl-4,5-dihydropyridazin-3(2H)-one (I) ® n methanol (53.4 g, 159.7 mmol), prepared
according to example 5, and ethyl acetate (265 mL). The mixture was heated at reflux about
5 h with stirring. The solid was isolated, washed with ethyl acetate (2 x 10 mL) and dried at
60 °C to give 52.26 g (156.3 mmol, 97.9 %) of 6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-
5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one. HPLC: 99.94 %. Assay: 100.1 % (titration).
Mp: 240 - 243 °C (boetius), DSC: 240.10 / 241.87 °C (onset / peak). "H-NMR (300 MHz,
DMSO, ppm): & 12.85 (s, 1 H, NH), 10.89 (s, 1 H, NH), 8.14 - 8.11 (d, °*J =9.0 Hz, 2 H, 2 x
CH arom), 7.72 - 7.59 (m, 3 H, 3 x CH), 7.14 - 7.11 (d, °J = 9.0 Hz, 2 H, 2 x CH, arom), 3.85
(s, 3 H, CHz0), 3.52 - 3.47 (m, 1 H, CH), 2.76 - 2.69 (dd, °J = 6.0 Hz, °J = 15.0 Hz, 1 H, CH,),
2.29 - 2.23 (d, ) = 18.0 Hz, 1 H, CH,), 1.15 - 1.12 (d, *J = 9 Hz, 3 H, CHs). ®C-NMR (75
MHz, DMSO, ppm): $ 166.12, 160.66, 153.19, 127.99, 122.28, 114.28, 55.22, 33.56, 27.35,
15.94. UVIVis: (1) = 27593.02 L-mol”-cm™ at 3max (1) = 266.21 nm, € = 42009.00 L-mol"-cm’
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at 3max 2) = 328.52 nm. IR (KBr, cm™): 3234 (vun), 2972, 2904, 1671 (veo), 1627, 1611, 1578,
1492, 1445, 1420, 1372, 1339, 1297, 1253, 1181, 1125, 1074, 1026, 961, 922, 903, 837,
812,792, 743, 694, 585, 526.

XRPD
Angle d value Intensity
2-Theta ° Angstrom %
7.979 11.07152 1.1
11.053 7.99860 3.5
12.275 7.20451 1.4
12.641 6.99698 54
15.234 5.81147 8.7
16.049 5.51789 9.1
16.820 5.26680 0.9
18.698 474173 100.0
19.206 461755 43.2
19.690 4.50518 30.9
21.687 4.09458 27.9
23.724 3.74748 12.2
25.103 3.54460 20
26.864 3.31608 1.7
27.936 3.19128 9.0
28.706 3.10734 7.8
29.213 3.05460 10.5
30.318 2.94573 20.8
31.144 2.86945 29
32.778 2.73002 48
33.385 268174 5.1
34.000 2.63466 29
37.512 2.39566 48

Example 7

Preparation of pure non-solvated crystalline 6-(2-(4-methoxyphenyl)-1H-
benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (I) by re-crystallization
of 6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-
3(2H)-one (1) ¢ n methanol
6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one
() ® 0.32 methanol (15 g, 43.5 mmol), prepared according to example 5, was dissolved in
DMF (30 mL) at 90 - 100 °C. The clear solution was allowed to reach 70 °C and ethyl acetate
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(200 mL) was added with stirring. The mixture was cooled to 0 - 5 °C and stirring was
continued for 6h. The solid was separated and washed with ethyl acetate to give
Pimobendan (4.0 g). From the mother liquor a second crop of Pimobendan (5.5 g) was
obtained by dilution with further ethyl acetate (400 mL) and cooling to 0 °C for about 12 h.
Total yield: 9.5 g (28.4 mmol, 63 %). HPLC: 99.34 %. DSC: 241.93 / 244.22 °C (onset /
peak).

Example 8

Preparation of pure non-solvated crystalline 6-(2-(4-methoxyphenyl)-1H-
benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (I) by conversion of
6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-
one () e H,O by employing n-butanol as the solvent
6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one
(I e HO (5 g, 14.19 mmol), prepared according to example 4 item A, was suspended in n-
butanol (50 mL). About 30 mL of the solvent were distilled off at 116 - 118 °C (normal
pressure). This procedure was repeated once. The solution was cooled to room temperature
and the solid was isolated by filtration. Yield: 3.55 g (10.6 mmol, 76 %). HPLC: 99.78 %.
DSC: 239.77 /] 244.35 °C (onset / peak).

Example 9

Preparation of pure non-solvated crystalline 6-(2-(4-methoxyphenyl)-1H-
benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (I) by conversion of
6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-
one () e H,O by employing ethyl acetate as the solvent
6-(2-(4-methoxyphenyl)-1H-benzo[d]imidazol-5-yl)-5-methyl-4,5-dihydropyridazin-3(2H)-one
(1) » H,O (5 g, 14.19 mmol), prepared according to example 4 item A, was suspended in ethyl
acetate (50 mL). About 30 mL of the solvent were distilled off at normal pressure. This
procedure was repeated 6 times. The solution was cooled to room temperature and the solid
was isolated by filtration. Yield: 4.22 g (12.6 mmol, 92.5 %). HPLC: 99.56 %. DSC: 241.99 /
243.85 °C (onset / peak).
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Claims

1. A process for the manufacture of a non-solvated crystalline compound of formula (1),
comprising the steps of:

(a) providing a solvated compound of formula (I)

N
N
H (1),

(b) optionally removing residual water by azeotropic distillation;

(c) treating said compound to obtain a non-solvated crystalline compound of formula (I)
by re-crystallisation from suspension, wherein the solvent is selected from the
group consisting of linear or branched C,.4 alcohols, such as methanol, ethanol, 1-
propanol, 2-propanol, and n-butanol; or C44 alkylesters, such as butylacetate or
ethylacetate; and mixtures thereof;

(d) isolating the non-solvated crystalline compound of formula (I);

with the proviso that if the solvated compound of formula (1) is a hydrated compound of

formula (1), the residual water has to be removed by azeotropic distillation in step (b).

2. A process according to claim 1, wherein the re-crystallisation from suspension in step

(c) is carried out at reflux temperatures for 0.5 to 10 hours.

3. A process according to claim 1 or 2, wherein residual water is removed, prior to
treatment of the solvated compound, by azeotropic distillation utilizing n-butanol, ethyl

acetate, ethanol or toluene as solvent.

4. A process for the manufacture of a non-solvated crystalline compound of formula (1),

comprising the steps of:

(a) providing a solvated compound of formula (I)
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(1),
(b) dissolving the solvated compound of formula (1) in a polar aprotic solvent;
(c) optionally removing residual water by azeotropic distillation;

(d) treating the solution with an anti-solvent, wherein the anti-solvent is selected from

C14 alkylesters, such as butylacetate or ethylacetate; and mixtures thereof; and
(e) isolating and drying the non-solvated crystalline compound of formula (I);

with the proviso that if the solvated compound of formula (1) is a hydrated compound of

formula (1), the residual water has to be removed by azeotropic distillation in step (c).

A process according to claim 4, wherein step (d) is carried out at temperatures from 0
to 5°C.

A process according to claim 4 or 5, wherein residual water is removed, prior to
treatment of the solvated compound, by azeotropic distillation utilizing n-butanol, ethyl

acetate, ethanol or toluene as solvent.

A process for the manufacture of a solvated compound of formula (I), comprising the

steps of:

(a) reacting a compound of formula (XI)
O COOH

o
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X1

or a compound of formula (XIl), wherein R corresponds to Cq4 alkyl,

O
N
O/\H
Xl
with hydrazine in a solvent to yield a compound of formula (X),
wherein hydrazine is used in amounts of 1 to 2 molar equivalents relative to the

compounds of formula (XI) and (XIl), respectively; and

(b) subsequently hydrogenating the compound of formula (X)

N0
Nl’
O,N
N
©/\H
X
to a compound of formula (ll);
N0
Nl,
HoN
HyN

Il
(¢) mixing the compound of formula (ll) with an oxidant; and a solvent, wherein the
solvent is a polar aprotic solvent;
(d) heating the mixture to 50 to 150 °C;
(e) adding 4-Methoxybenzaldehyde, in amounts of from 0.75 to 1.5 molar equivalents;
(f) adding a proton acceptor;
(g) adjusting the pH to an alkaline value;
(h) treating the reaction mixture with water;

(i) optionally seeding the mixture;
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(j) allowing the hydrate of the compound of formula (I) to precipitate; and separating the
crystalline hydrate of the compound of formula (1);
(k) optionally converting the hydrate of the compound of formula (l) to a solvate other

than the hydrate of the compound of formula (1).

A process according to claim 7, wherein step (a) is carried out in the presence of a
proton donor in sub-stoichiometric amounts relative to the compounds of formula (XI)

and (XII), respectively.

A process according to claim 7 or 8, wherein after steps (a) and (b), the process is as
follows:

(c) mixing the compound of formula (ll) with an oxidant, 4-methoxybenzaldehyde and
a solvent, wherein the solvent is a polar aprotic solvent;

(d) heating the mixture to a temperature of from 120 to 125 °C;

(e) optionally stirring the mixture;

(f) cooling the reaction mixture to room temperature;

(g) adding water;

(h) optionally seeding the mixture;

(i) allowing the hydrate of the compound of formula (1) to precipitate;

wherein steps (j) and (k) are the same as in claim 7 or 8.

A process according to claim 7 or 8, wherein after steps (a) and (b), the process is as

follows:

(¢) mixing the compound of formula (ll) with a solvent, wherein the solvent is a polar
aprotic solvent;

(d) heating the mixture to a temperature from 50 to 150°C;

(e) adding 4-Methoxybenzaldehyde, in amounts of from 0.75 to 1.5 molar equivalents;

(f) adding said reaction mixture to a mixture of an oxidant in a solvent;

(g) adjusting the temperature from 100 to 120 °C for at least 1 hour;

(h) allowing the reaction mixture to cool to room temperature and adding the reaction
mixture to water;

(i) optionally seeding the mixture;

wherein steps (j) and (k) are the same as in claim 7 or 8.
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11. A process according to any one of claims 7 to 10, wherein in step (k) the hydrate of the

compound of formula (l) is converted to a compound of the formula (I) ¢ n MeOH

H
N’N o)
N I
CH30_©_</ *n MeOH
N
H
()
5 wherein n is from 1 to 2 molar equivalents.

12. A process according to claim 11, wherein the process of converting comprises
dissolving the hydrate of the compound of formula (1) in a polar aprotic solvent,

10 heating to a temperature from 50 to 150°C;
adding methanol; slowly cooling the mixture to a temperature of from 0 to 5 °C;

separating the resulting solid and optionally drying the resulting solid.

15 13. A compound of formula (l), wherein the compound is in the form (I) e n MeOH

H

N/N 0

CH o—@—(fN *n MeOH
3

N

H

(1)

wherein n is from 1 to 2 molar equivalents.

20 14. A compound of formula (l), wherein the compound is obtained by the process

according to any one of claims 1 to 12.
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15. Use of a compound according to claim 13 or 14 for the manufacture of a
pharmaceutical composition comprising the compound of formula (1) together with at

least one pharmaceutically acceptable carrier, diluent, or excipient.
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