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Abstract

5  The present invention relates to a novel and improved process for preparing (4S)- 4-(4-cyano-2-

methoxyphenyl)-5-ethoxy-2,8-dimethyl-1,4-dihydro-1,6-naphthyridine-3-carboxamide of the formula
(1)

CN
H.C ‘
3IVN
O
0 0~ CH,
H_N | | NN
s
H.C H
i (0.

and also the preparation and use of the crystalline polymorph I of (4S)- 4-(4-cyano-2-methoxyphenyl)-
10  5-ethoxy-2,8-dimethyl-1,4-dihydro-1,6-naphthyridine-3-carboxamide of the formula (I).



>

10

15

20

CA 02956529 2017-01-27

-1 -

BHC 13 1 085-Foreign Countries

Method for the preparation of (4s)-4-(4-cvano-2-methoxyphenyl)-S-ethox -:2 8-
dimethvl-1.4-dihvdro-1-6-naphthyridine-3-carbox-amide and the purification

thereof for use as an active pharmaceutical ingredient

The present invention relates to a novel and improved process for preparing (4S)- 4-(4-cyano-2-

methoxyphenyl)-5-ethoxy-2,8-dimethyl-1,4-dihydro-1,6-naphthyridine-3-carboxamide of the formula
(1)

CN
o A0
0 0~ CH,
HN | | NN
HCT N =
o,

and also the preparation and use of the crystalline polymorph I of (4S)- 4-(4-cyano-2-methoxyphenyl)-
S>-ethoxy-2,8-dimethyl-1,4-dihydro-1,6-naphthyridine-3-carboxamide of the formula (I).

The compound of the formula (I) acts as a non-steriodal antagonist of the mineralocorticoid receptor

and may be used as an agent for prophylaxis and/or treatment of cardiovascular and renal disorders

such as heart failure and diabetic nephropathy, for example.

The compound of the formula (I) and the preparation process thereof are described in WO
2008/104306 and ChemMedChem 2012, 7, 1385, in which a detailed discussion of the synthetic
research 1s disclosed in both publications. A disadvantage of the synthesis described therein is the fact
that this synthesis is unsuitable for a further large-scale process, since many steps proceed at very high
dilution, with very high excesses of reagents and therefore afford a relatively low overall yield.
Furthermore, many intermediate chromatographic purifications are necessary, which are technically
generally very laborious and entail a high consumption of solvents, which are costly and are fherefore

to be avoided if possible. Some stages are not achievable due to safety and process technology

difficulties.

There existed a need, therefore, for an industrially practicable synthesis, which affords the compound

of the formula (I) in a reproducible manner in high overall yield, low production costs and high purity
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and meets all regulatory requirements, in order to provide clinical trials with active ingredient and to be

used for later regulatory submission.

In terms of the present invention, a very efficient synthesis has been found which allows the

requirements mentioned above to be met.

In the publication ChemMedChem 2012, 7, 1385, which discloses the research scale synthesis of the
compound of the formula (I), the compound of the formula (I) is prepared in 10 stages starting from
vanillin with an overall yield of 3.76% of theory. The compound of the formula (I) was obtained by
evaporation of chromatographic fractions as an amorphous solid; a defined crystallisation process for

the final stage for polymorphic adjustment has not been described to date.

The following scheme 1 shows the known process for preparing the compound of the formula (1).
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Scheme 1: Research scale synthesis of the compound of the formula (I)

Three chromatographic purifications are utilised and also a chiral chromatography stage for separating
the enantiomers of the racemate of the formula (XIII). Some of the stages proceed at very high dilution

and using very large amounts of reagent.

For instance, the sequence of the preparation of the nitrile-aldehyde intermediate (VI) in particular,

which takes on a central role in this synthesis, is unacceptable in terms of atom economy.

Furthermore, this process cannot be transferred to an industrial scale since first of all very expensive

reagents are used, such as trifluoromethanesulphonic anhydride [(III) => (IV)] and excesses of tert-
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butyl acrylate. On scaling up the Heck reaction (IV) => (V), a residue similar to plastic forms in the
tank, which originates from the polymerisation of the tert-butyl acrylate used in excess. This is
unacceptable in an industrial procedure, since the danger exists that it can cause a fracture of the stirrer

and would lead to residues 1n the stirrer mechanism that are too hard to remove.

The subsequent cleavage of the double bond with sodium periodate and the highly toxic osmium
tetroxide should also be avoided since, under the experimental conditions described, a delay of the

reaction occurs and results in a strong exothermicity and therefore links to a runaway reaction.

Scheme 2 1llustrates the novel process according to the invention, which affords the compound of the

formula (I) in 9 stages 1n an overall yield of 27.7% of theory without chromatographic purification of

intermediates.
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Scheme 2: Process according to the invention for preparing the compound of the formula (I).

The methyl ester (XV) and the aldehyde (XVI) are not isolated but are further reacted directly in
solution, which results 1n only 7 stages to be 1solated. A preparative chiral HPLC method (e.g. SMB

Technology, Varicol) is used for the enantiomer separation.

The aldehyde (VI) 1s known from the literature (J. Med. Chem. 2007, 50, 2468-2485) and is an

important intermediate in this synthesis. Meanwhile, there i1s also the possibility to purchase the

compound commercially.
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(Vla) (VIb) (VD)
Starting from 4-cyano-2-methoxytoluene (VIa), a dibromide (VIb) 1s prepared with NBS, which 1s
reacted in ethanol with 2.46 eq. of silver nitrate (in water) to the target aldehyde (VI). This synthesis

described in the literature and the process described in the research scale synthesis are completely

unsuitable for scaling up to the multi-tonne scale such that a great need existed for a novel, more

efficient and economically more viable synthesis.

The halobenzoic acids (XIV) and (XIVa)

Br CI
HO : HO :
COOH COOH
(XIV) (XIVa)

are commercially available in relatively large amounts. A very efficient and cheaper process has been

developed in which the intermediates (XV) and (XVI)

Br Br Br
i ~ ,@ — ~
HO O O T
O

COOH COOMe

(XIV) (XV) (XVI)

are not 1solated but are further reacted dissolved in solution. This is only possible because the yield and
purity of each reaction is very high (> 95% of theory). The methyl ether ester (XV) is known from the
literature (Journal of Medicinal Chemistry, 1992, vol. 35, p. 734 — 740) and is prepared by reaction
with the highly volatile, harmful to health and expensive methyl 1odide.

With the new process according to the invention it was possible to show that the non-volatile, less
expensive dimethyl sulphate can be used analogously. Starting from the acid (XIV), said acid is reacted
In a solvent such as acetone, 2-butanone, THF, 2-methyl-THF, DMF, DMA or NMP with dimethyl
sulphate with the aid of an auxiliary base such as potassium carbonate, sodium carbonate, calcium

carbonate, lithium carbonate, N-methylimidazole, triethylamine, pyridine or 2,6-lutidine at
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temperatures of 50-100°C to give the methyl ether ester (XV). Methods known to those skilled in the
art here are esterification of acids and etherification of phenols (Tetrahedron, 2013 , vol. 69, p. 2807 -
2815, Journal of the American Chemical Society, 2013 , vol. 135, p. 5656 - 5668). The reaction in
acetone under reflux (56°C) using dimethyl sulphate and potassium carbonate has been found to be
particularly preferred. In this case, dimethyl sulphate 1s added to the boiling reaction mixture over 4
hours. The acetone is distilled off and replaced by toluene (redistillation). For the work-up, water 1s
added (decomposing the excess dimethyl sulphate), the toluene phase 1s separated and washed with
water and saturated sodium chloride solution and the toluene solution subsequently distilled oft to a
certain volume (serves as azeotropic drying, 1.e. removal of water for the subsequent stage).
Determination of the solution content shows virtually complete conversion (> 96% of theory). Instead

of the bromine compound, the chlorine compound may be used analogously for which the achieved

conversions are 1dentical to the bromine compound.

The preparation of the aldehyde (XVI) 1s described in the literature, examples of which include: Glaxo
Group Limited US2008/312209 A1, 2008, European Journal of Medicinal Chemistry, 1986, vol. 21,
p. 397 — 402, Journal of Medicinal Chemistry, 1992, vol. 35, p. 734 — 740, Journal of Materials
Chemistry, 2011, vol. 21, p. 9523 — 9531. However, the starting materials used in the reactions are
very expensive and not obtainable in large amounts, therefore a new method starting from the methyl
ether ester (XV) was developed. The conversion of (XV) to the aldehyde (XVI) 1s possible using
REDAL (sodium bis(2-methoxyethoxy)aluminium dihydride) in toluene by addition of N-
methylpiperazine. This method 1s described 1n the literature (Synthesis 2003, No. 6, 823-828 and
Tetrahedron 57 (2001) 2701-2710). If the reaction 1s carried out analogously to the stoichiometry
stated 1n the literature, a further compound 1s found in the mixture in addition to the aldehyde. It was

shown that this 1s the corresponding benzyl alcohol which is formed by overreduction of up to 10%. It

was shown that it 1s important to adjust the stoichiometry of the REDAL and N-methylpiperazine to
exactly 1.21 eq. of REDAL + 1.28 eq. of N-methylpiperazine, making it possible to reduce this by-
product, which disrupts the crystallization in the subsequent stage, to < 1% . For this purpose, a 65%

REDAL solution in toluene at 0-5°C is charged (preferably 1.21 eq.) and 1.28 eq. of N-
methylpiperazine 1s added. The solution of REDAL with N-methylpiperazine thus obtained is added

over ca. 30 minutes to the bromo methyl ester solution (XIV) charged in toluene and the mixture is
subsequently stirred for one hour at 0°C. The reaction solution is quenched in water/acid, preferably
aqueous sulphuric acid and the toluene phase is separated and washed with water and saturated sodium
chloride solution. The toluene is distilled off and redistilled in DMF (solvent for the subsequent stage).

The reaction yield i1s generally > 94% of theory. The corresponding reaction with the chloro
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compound proceeds analogously and the yields are equivalent. The DMF solution is used directly in

the subsequent reaction.

In the turther course of the synthesis, the bromoaldehyde (XVI) i1s converted to the nitrile in a manner
known per se by methods familiar to those skilled in the art (Synth. Commun. 1994, 887-890, Angew.
Chemie 2003, 1700-1703, Tetrahedron Lett. 2007, 2555-2557, Tetrahedron Lett. 2004, 1441-1444.
JACS 2003, 125, 2890-2891, Journal of Organometallic Chemistry 689 (2004), 4576-4583), where in
this case the nitrile aldehyde (V1) is obtained. It has proven particularly advantageous in the case of the
bromo compound to carry out a palladium-catalysed reaction with potassium hexacyanoferrate * 3 H,O
as the cyanide source (Tetrahedron Lett. 48 (2007), 1087-1090). For this purpose, the bromoaldehyde
(XVI) 1s charged m DMF (8- 10 fold), 0.22 eq. of potassium hexacyanoferrate * 3 H,O and 1 eq. of
sodium carbonate is charged and then 0.005 eq. of palladium acetate is added. The mixture is heated to
120°C for 3 hours. The solution is cooled to 20°C, then water and ethyl acetate is added. The ethyl
acetate phase 1s separated off, the water phase washed again with ethyl acetate and the combined ethy]
acetate phases then redistilled in 1sopropanol. The product precipitates by water precipitation at the
boiling temperature. After 1solation, the product is dried under vacuum. In some cases, the product was
precipitated directly by addition of water to the DMF and used directly in the subsequent stage after
1solation and drying. The reaction yields are generally > 85% of theory. Palladium acetate is not
adequate for the conversion of the chloro compound and it has proven advantageous in this case to use
the palladium catalysts familiar to those skilled in the art, such as is described in Tetrahedron Lett. 48
(2007), 1087-1090, where the yields are somewhat lower than with the bromo compound, generally
80-85% of theory.

The cinnamic ester (VIII a,b) is obtained as an E/Z mixture starting from the aldehyde of the formula

(VI) by a Knoevenagel reaction with the cyanoester (VIII):

(VI) (VIII a+b)

E/Z-cinnamic ester mixture
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In the research directive, 16.6 fold dichloromethane and 0.2 eq. of piperidine/0.2 eq. of glacial acetic
acid were heated for 20 hours on a water separator. After aqueous work-up, the product is crystallized

from methanol after evaporation of the solvent, the target compound being obtained at 52% of theory.

The reaction proceeds preferably in boiling dichloromethane (10-fold) by addition of 5-20 mol% of
piperidine, preferably 10 mol% and 5-20 mol% of glacial acetic acid, preferably 5 - 10 mol%, on a
water separator. The reaction time 1s 4-12 h, but preferably 5-6 h, particularly preferably 6 h. 1.0-1.5
eq, preterably however 1.1 to 1.35 eq. or 1.25 eq to 1.35 eq of the cyanoester (VII) is added. With
particular preference 1.1 eq. 1s added. The preparation of the cyanoester (VII) is described in
Pharmazie, 2000, vol. 55,‘ p- 747 — 750 and Bioorg. Med. Chem. Lett. 16, 798-802 (2006). After
completion, the reaction 1s cooled to 20°C and the organic phase is washed twice with water. The
organic wash 1s redistilled in 2-butanol and the E/Z cinnamic ester mixture (VIII a+b) is used directly

without intermediate isolation in the subsequent reaction with the heterocycle (IX) to give the

dihydropyridine (X):

0
NH
=N N |
0 ~ (l) Z H N
| T (X)
N///\/) NN
0 O

(VIII a-+b)

E/Z-cinnamic ester mixture

For the further reaction in the research scale synthesis, the mixture was heated under reflux with the

heterocycle (1X) in 1sopropanol for 40 hours.

It has been found that the reaction may be carried out, preferably in a secondary alcohol such as
1sopropanol, 1sobutanol, 2-amyl alcohol or cyclohexanol at temperatures of 80-160°C, at atmospheric
pressure and also in autoclaves (2-10 bar), with reaction times of 8-40 h, but preferably for 20-25 h in
boiling 2-butanol at atmospheric pressure or else in isopropanol in an autoclave (100°C, 2-10 bar.
preferably 3-5 bar, 8-24 h). For work-up, the mixture is cooled to 0°C to 20°C, the crystals filtered off

and washed with 1sopropanol and then dried (in vacuum, 60°C).

It the use of dichloromethane should be omitted for environmentally economic reasons, it has proven

to be advantageous to prepare the cinammic ester (VIII a,b) in isopropanol, in which case the aldehyde



10

15

20

25

CA 02956529 2017-01-27

BHC 13 1 O85-Foreign Countries

- 10 -

(VI) 1s charged in 1sopropanol (3-9 fold, preferably 5-7 fold) and 5-20 mol% of piperidine, preferably 5
- 10 mol%, 10 mol% and 5-20 mol% of glacial acetic acid, preferably 5 - 10 mol% or 10 mol% is
added. At 30°C, 1.0-1.5 eq, preferably 1.1 - 1.35 eq. or 1.35 eq., particularly preferably 1.1 eq. of

cyanoester (VII) 1s added over 3 hours, optionally dissolved in a little isopropanol, and the mixture is
stirred at 30°C for 1 hour. The cinammic ester (VIIla,b) crystallizes out during the reaction. The
product 1s subsequently filtered off, optionally after cooling, preferably at 0°C, washed with a little
1sopropanol (cooled to 0°C) and used moist in the subsequent reaction as described above. The yield is
>96% of theory. The subsequent reaction is preferably performed in 10- 15 fold (with respect to
aldehyde (VI)), preferably 11-12 fold isopropanol for 20-24 hours at 100°C under pressure. After
termination of the reaction and cooling, the product is isolated by filtration or centrifugation. The
product 1s subsequently dried at 40 - 90°C under vacuum. Since the conversion to the cinammic ester
proceeds virtually quantitatively, the process for the subsequent stage can be readily standardised
without having to adjust the amount of heterocyle (IX) in each case, as the product can be used moist
with 1sopropanol. The yields are > 87% of theory. The heterocycle (IX) can be prepared by known
literature methods such as is described, for example, in Synthesis 1984, 765-766.

Starting from the dihydropyridine (X), the ethyl ether (XI) is obtained by reaction under acidic

catalysis with an orthoester, where R is -H or -methyl:

(X) R=H, Me (XI)

In the research scale synthesis, the reaction was carried out in 25 fold DMF with 20.2 eq. of triethyl
orthoformate and catalytic amounts of conc. sulphuric acid at 135°C. The mixture was concentrated to
dryness and the residue was purified by chromatography with a yield of 86% of theory. This method is
unsuitable as a technical procedure due to the high dilution and the use of triethyl orthoformate, highly

flammable at low temperature, which is used in very large excess, and the subsequent chromatography.

It has been found, surprisingly, that the reaction can be carried out highly concentrated (up to 1.5 g of
solvent per 1 g of reactant) in solvents such as dimethylacetamide, NMP (1-methyl-2-pyrrolidone) or

DMF (dimethylformamide) by addition of 4-10% by weight, preferably 6-8% by weight, of conc.
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sulphuric acid. The reaction proceeds, surprisingly, even with 2.5 - 5 eq. or 5 eq. of orthoester. It has
been found that it 1s much more convenient to use the corresponding triethyl orthoacetate in the

reaction, since it reacts much more cleanly on the one hand and is much less inflammable, making it
particularly appropriate for the technical procedure. The reaction is preferably carried out in DMA
(dimethylacetamide) and/or NMP (1-methyl-2-pyrrolidone), at temperatures of 100-120°C, preferably
115°C. Before starting the actual reaction, it has proven advantageous to distill off some of the solvent
(DMA and/or NMP) at elevated temperature (100 -120°C under vacuum) in order to remove any
residues of 1sopropanol present from the precursor, as otherwise undesirable by-products occur.
Reaction: Stir for 1.5 - 3 hours, preferably 2 hours. For the work-up, water is added directly to the
mixture, wherein the product crystallizes out. In order to have a particularly stable and reproducible
process, a portion of the water (e.g. 1/3) is first added, then 1t 1s seeded, and the remaining amount of
the water 1s added. This procedure guarantees that the same crystal polymorph is always obtained,

which shows the optimum isolation characteristics. The product is washed with water and dried. The

yields are > 92% of theory.

Starting tfrom the ethyl ether (XI), the acid (XII) 1s obtained by alkaline saponification and subsequent

acidic work-up.

(XT) (XIT)

In the research scale synthesis, the saponification was carried out at high dilution (33.9 fold) in a
mixture of DME/water 3:1. Here, it was essential primarily to increase throughput and to replace the
DME (dimethoxyethane) used, which has a very low flash point and is therefore considered to be

particularly critical for large-scale use. It has been found, surprisingly, that the reaction can also be
conducted very readily highly concentrated in mixtures of THF/water. For this purpose, the reaction is
preferably performed in a mixture of THF/water 2:1 (9-fold), the aqueous sodium hydroxide solution is
added at 0-5°C, then the mixture is stirred at 0-5°C for 1 - 2 hours. Aqueous potassium hydroxide can
also be used but NaOH i1s preferably used. For the work-up, the mixture is extracted with MTBE
(methyl tert-butyl ether) and ethyl acetate and for the isolation the pH is adjusted with a mineral acid
such as hydrochloric acid, sulphuric acid or phosphoric acid, but preferably hydrochloric acid, to pH
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6.5 - 7.0 or pH 7. The mixture 1s then mixed with saturated ammonium salt solution of the
corresponding acid, but preferably ammonium chloride solution, wherein the product quantitatively
crystallizes out. After 1solation, the product is washed with water and with ethyl acetate or acetonitrile
or acetone, but preferably acetonitrile, and dried under vacuum at 40-50°C. The yield is virtually
quantitative (99%). Alternative preferred work-up: As an alternative work-up, toluene is added to the
mixture, sodium acetate 1s added and the mixture is stirred at 20°C, the phases are then separated and
the aqueous phase s adjusted at 0°C with 10% aqueous hydrochloric acid to pH 6.5 - 7.0 (may
optionally be seeded at pH 9.5 - 10). The mixture 1s briefly stirred and the product filtered off, washed

with a little water and toluene and dried at 40-50°C under vacuum. The yields achieved are also

quantitative in this case.

The subsequent conversion of the acid to the amide (XIII) was carried out in the research stage as
follows: The acid (XII) was dissolved in ca. 10-fold DMF, 1.25 eq. of 1,1'-carbodiimidazole and 0.1
eq. of DMAP (4-(dimethylamino)pyridine) were added and the mixture was stirred at room
temperature for 4 hours. Subsequently, 20 eq. of ammonia in the form of an aqueous 25% solution
were added and this mixture transferred to an oilbath pre-heated to 110°C. In this procedure, relatively
large amounts of ammonia gas form instantaneously, which escape the system and in addition ensure a
sharp increase in pressure. This mixture was added to ca. 90-fold water and adjusted to pH 7 by
addition of sodium acetate. The precipitated product was filtered off and dried (yield: 59% of theory).
A fturther portion was 1solated from the mother liquor by exhaustive extraction (ca. 100 fold ethyl
acetate), which was stirred with highly flammable diethyl ether and comprised ca. 14% DMEF. It is
clear that such a method cannot be achieved in such a manner in an operational framework and
therefore there is a high demand for an alternative procedure. The effort required for the isolation of

this portion 1s disproportionate to the amount isolated in this case.
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It has been found, surprisingly, that in the reaction of the acid (XII) in THF, the amide (XIII)
crystallises out directly from the solution and can be obtained in high yield and purity. For this
purpose, the carboxylic acid (XII) in THF 1s reacted with 1.1 to 1.6 eq., preferably 1.3 - 1.4 eq. of 1,1'-
carbodiimidazole under DMAP catalysis (5 — 15 mol%, preferably 10 mol%) to give the imidazolide,

which takes place at temperatures between 20 — 50°C, the preferred approach having proven to be

initially starting at 20°C, then stirring 1 to 2 hours at this temperature and then further stirring at 50°C
for 2 to 3 hours. After completion of the activation, 3 - 8 eq, preferably 4.5 eq. of
hexamethyldisilazane 1s added and the mixture is boiled under reflux for 16-24 hours, but preferably 16
hours. The resulting disilylamide compound here can optionally be isolated but it has been proven to
be advantageous to continue in a one-pot reaction. Therefore, on completion of the reaction, the
mixture 1s cooled to 0 — 3°C and a mixture of water/or in a mixture with THF is added, it having
proven to be advantageous to use an amount of water of 0.5 to 0.7 fold (with respect to reactant),
particularly advantageous being an amount of water of 0.52 fold. The water can be added directly or as
a mixture with approximately an equivalent up to double the amount of THF by volume. After
quenching is complete, the mixture is heated under reflux for 1-3 hours in total, preferably 1 hour. The

mixture 1s cooled to 0°C and stirred for 1-5 hours, preferably 3 hours, at this temperature, then the
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product 1s 1solated by filtration or centrifugation. The product is washed with THF and water and dried
under vacuum at elevated temperature (30 to 100°C, preferably at 60°C to 90°C or at 40°C to 70°C).
The yields are very high and are generally >93% of theory. The purity is generally > 99% (HPLC,
100% method). The compound (XIII) may also be obtained directly by reacting with ammonia gas in
the autoclave (ca. 25 to 30 bar). For this purpose, the preactivation described above is carried out and
the reaction mixture is heated under pressure under gaseous ammonia. On completion of the reaction, it

1s cooled and the product filtered off. The yields and purities thus achieved are comparable.

To obtain the compound of the formula (I), the racemic mixture of amides (XIII) must be separated
into the antipodes. In the published research scale synthesis, a specifically synthesized chiral phase was
used for this purpose (prepared in-house), which comprised N-(dicyclopropylmethyl)-N*-methacryloyl-
D-leucinamide as chiral selector. This selector was prepared in a multi-stage process and then
polymerized on special silica gel. Methanol/ethyl acetate served as eluent. A major disadvantage of this
method was the very low loading, 30 mg per separation on a 500¥63 mm chromatography column,
such that there was a high need to find as effective a separation method as possible which allows
separation of antipodes to be performed in the multi-tonne range. It has been found, surprisingly, that
the separation can be performed on a readily commercially available phase. This takes the form of the
phase Chiralpak AS-V, 20 pm. The eluent used was a mixture of methanol/acetonitrile 60:40. This
mixture has the major advantage that it can be recovered as eluent after distillative work-up having the
identical composition (60:40 corresponds to the azeotrope. A very efficient process is achieved in this
way 1 which the yield of the separation is >47% of theory (50% is theoretically possible). The optical
purity here 1s > 93% e.e. but preferably > 98.5 % e.e. In this case, the chromatography may be carried
out on a conventional chromatography column, but preferably the techniques known to those skilled in
the art such as SMB or Varicol (Computers and Chemical Engineering 27 (2003) 1883-1901) are used.
For instance, ca. 500 kg of the racemic amide (XIII) was separated using an SMB system, in which a
yield of 48% was achieved. The product is obtained as a 3-8%, preferably 5-7% solution in a mixture
of methanol/acetonitrile 60:40 and can be used directly in "final processing”. Other solvent mixture
ratios of acetonitrile to methanol are also conceivable (90:10 to 10:90). Alternatively, other solvent
mixtures can also be used, however, for the SMB separation, such as acetonitrile/ethanol in mixture

ratios of 10:90 to 90:10. The particular solvent ratio depends partly on the technical properties of the
SMB system and must be adjusted, if appropriate (e.g. varying flow rate, recycling of the solvent on a

thin film evaporator).
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1) chiral
HPLC

2) crystallisation
EtOH

racemic

(XIII) (1)

Since the compound of the formula (I) has been developed in the form of a tablet, there exists a high
demand that the i1solated compound of the formula (I) is isolated in a defined crystalline form in a
reproducible manner such that a reproducible bioavailability can be ensured. It has been found,
surprisingly, that the compound of the formula (I) can be crystallized from methanol, ethanol, THF,
acetonitrile, and also mixtures thereof with water, wherein only one polymorph I is reproducibly

formed, which has a defined melting point of 252°C. By way of advantage, ethanol or denatured

ethanol 1s used.

Final crystallization process: For this purpose, the ca. 5-7% product solution in methanol/acetonitrile
60:40 (or, 1f ethanol/acetonitrile was employed, a ca. 3-4% solution of ethanol/acetonitrile 50:50)
originating from the chromatography is firstly subjected to a particle filtration for GMP technical
reasons and subsequently a solvent exchange with ethanol is performed, preferably using ethanol
denatured with toluene. For this purpose, the solution 1s repeatedly redistilled, concentrated and fresh
ethanol added each time. After exchange, as much ethanol is added until a solution phase is passed

through at the boiling point and then it is concentrated under atmospheric pressure or under slightly
reduced pressure to ca. 3 to 4 fold by volume, whereupon the product crystallizes out. This is cooled to
0°C and the crystals then 1solated and dried at 40 — 50°C under vacuum. The yields are generally >90%
of theory. The chemical purity achieved is >99.8% and the content ~ 100 % correspond to the criteria

for commercial products according to ICH guidelines. Residual solvent, in the case of ethanol, is

<0.02%. The optical purity 1s >> 99% e.e.

The present invention provides the compound of the formula (I) in crystalline form of polymorph I
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CN
IV
0
0 0~ cH,
H,N | | SN
HC™ N =
o,

characterized 1n that the x-ray diffractogram of the compound exhibits peak maxima of the 2 theta

angle at 8.5, 14.1, 17.2, 19.0, 20.5, 25.6, 26.5.

The present invention further provides the compound of the formula (I) in crystalline form of

polymorph |
CN
H3C\o N
O O CH,
H_N | | SN
~
H,C N
H
T}

characterized 1n that the IR spectrum (IR-ATR) of the compound exhibits band maxima at 3475, 2230,
1681, 1658, 1606, 1572, 1485, 1255, 1136 and 1031 cm'.

The present invention further provides the compound of the formula (I) in crystalline form of

polymorph I
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CN
H.C.

0

0 0~ cH,
N

HC™ N

“Hs (1),

characterized in that the Raman spectrum of the compound exhibits band maxima at 3074, 2920, 2231,
1601, 1577, 1443, 1327, 1267, 827 and 155 cm™.

The present invention further provides a process for preparing the compound of the formula (I) in
crystalline form of polymorph I, characterized in that the compound of the formula (I), present in one

or more polymorphs or as a solvate in an inert solvent, 1s stirred at a temperature of 20°C - 120°C and

the compound of the formula (I) 1s 1solated in crystalline polymorph 1.

Preferred solvents for the process for preparing the compound of the formula (I) in crystalline form of
polymorph I are methanol, ethanol, THF, acetonitrile, and also mixtures thereof. Particular preference

1s given to ethanol or denatured ethanol.

A preferred temperature range for the process for preparing the compound of the formula (I) in

crystalline tform of polymorph I 1s from 20°C to 90°C.

The present invention further provides a compound of the formula (I) in crystalline form of polymorph

(I) as described above for treatment of disorders.

The present invention further provides a medicament comprising a compound of the formula (I) in
crystalline form of polymorph (I) as described above and no greater proportions of any other form of

the compound of the formula (I) in crystalline form of polymorph (I) as described above. The present
invention further provides a medicament comprising a compound of the formula (I) in crystalline form
of polymorph (I) as described above in more than 90 per cent by weight based on the total amount of

the compound of the formula (I) present in crystalline form of polymorph (I) as described above.
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The present invention further provides for the use of the compound of the formula (I) in crystalline

form of polymorph I as described above. To prepare a medicament for the treatment of cardiovascular

disorders.

The present invention further provides the method for treatment of cardiovascular disorders by
5 administering an effective amount of a compound of the formula (I) in crystalline form of polymorph

(I) as described above.

The present invention further provides a process for preparing compound (I), characterized in that the

compound of the formula (XIV) or the formula (XIVa)

Br Cl
HO HO
COOH COOH
10 (XIV) (XIVa)

are reacted by addition of dimethyl sulphate to give the compound of the formula (XV) or (XVa)

Br Cl
~o° i ~o° i

COOMe COOMe

(XV) (XVa)

and the non-isolated methyl esters of the formula (XV) or (XVa) are reduced with 1.21 eq of REDAL
(sodium bis(2-methoxyethoxy)aluminium dihydride and 1.28 eq of N-methylpiperazine to give the
15  aldehyde of the formula (XVI) or (XVIa)

Br Cl
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(XVI) (XVla),

and the aldehyde (XVI) or (XVIa) 1s reacted further without 1solation to give the nitrile of the formula
(VI)

CN

5 (VI).

The present invention further provides a process for preparing compound of the formula (I),

characterized 1n that the compound of the formula (VI)

CN

N\

O
O" H

10 (V)

dissolved in 1sopropanol (3-7 fold), 5-10 mol% of piperidine and 5- 10 mol% of glacial acetic acid at
30°C 1s reacted with the compound of the formula (VII)

O O N
S
MO/\//
(VII)

15  to give the compounds (VIlla+b).
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(I) N (|) N
o ]
N%v ONN
O O I
(VIII a+b)

The present invention further provides a process for preparing compound of the formula (I),

characterized in that the compound of the formula (X)

(X),

1s reacted while stirring with 2.5 - 5 eq of triethyl orthoacetate in dimethylacetamide at 100 to 120°C
for 1.5 to 3 hours to give the compound of the formula (XI)
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The present invention further provides a process for preparing compound of the formula (I),

characterized in that the compound of the formula (XI)

N

Il
~0
o 07
["’\‘C) Y NH
Il N~ NP

N H
(XT)

5  1s saponified in a THF/water mixture (2:1, 9-fold) with aqueous sodium hydroxide solution to give the

compound of the formula (XII)

N
I
~o
o 07N
HO Y NH
N o
H
(X1D).

10  The present invention further provides a process for preparing compound of the formula (I),

characterized in that the compound of the formula (XII)
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(XII)

1s reacted 1in a one-pot reaction in THF firstly with carbodiimidazole and catalytic amounts of 4-
(dimethylamino)pyridine, in a second step is heated under reflux together with hexamethyldisilazane

5  for 16 to 24 hours and in a third step is hydrolysed in water with THF or water to give the compound of
the formula (XIII)

(X1II).

10  The present nvention further provides a process for preparing compound of the formula (I),

characterized in that the compound of the formula (XIV) or the formula (XIVa)

Br Cl
HO i HO i

COOH COOH

(XIV) (XIVa)
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are reacted by addition of dimethyl sulphate to give the compound of the formula (XV) or (XVa)

Br CI
~o° i ~o° i

COOMe COOMe

(XV) (XVa)

and the non-isolated methyl esters of the formula (XV) or (XVa) are reduced with 1.21 eq of REDAL
(sodium bis(2-methoxyethoxy)aluminium dihydride and 1.28 eq of N-methylpiperazine to give the

aldehyde of the formula (XVI) or (XVIa)
Br Cl
~0° ; S0’ ;
O” H O H

(XVI) (XVlIa),

and the aldehyde (XVI) or (XVIa) is reacted further without 1solation to give the nitrile of the formula
(VD)

CN

(V1)

and the compound of the formula (VI)
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CN

~0

O" H

(VD)

dissolved in isopropanol (3-7 fold), 5-10 mol% of piperidine and 5-10 mol% of glacial acetic acid at
30°C 1s reacted with the compound of the formula (VII)

0O O N
o
5 MM A~ #
(VID)

The present invention further provides a process for preparing compound of the formula (I),

10  characterized 1n that the compound of the formula (VI)

CN

(V1)
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dissolved in isopropanol (3-7 fold), 5-10 mol% of piperidine and 5-10 mol% of glacial acetic acid at
30°C is reacted with the compound of the formula (VI1I)

O O N
S
/u\/I‘LO/\//
(VII)

5 to give the compounds (VIlla+b)

; N
‘ +
0
N///\/
0O O

(VI a+b)

and that the compound of the formula (X)

(X),

10  is reacted while stirring with 2.5 - 5 eq of triethyl orthoacetate in dimethylacetamide at 100 to 120°C
for 1.5 to 3 hours to give the compound of the formula (XI)
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N
1
~

o)

0 07N
(\0 Y NH
Il N~ N
N H

(X1).

The present invention further provides a process for preparing compound of the formula (I),

characterized in that the compound of the formula (X)

(X),

is reacted while stirring with 2.5 - 5 eq of triethyl orthoacetate in dimethylacetamide at 100 to 120°C

for 1.5 to 3 hours to give the compound of the formula (XI)
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and that the compound of the formula (XI)
N
|
S0
0 07
ro T N
il Z
N H
(XI)

is saponified in a THF /water mixture (2:1, 9-fold) with aqueous sodium hydroxide solution to give the

5  compound of the formula (XII)

(XID).

The present invention further provides a process for preparing compound of the formula (I),

10  characterized 1n that the compound of the formula (XI)
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N
Il
~
O
O 07
ro Y NH
i N~ N
N H
(XI)

is saponified in a THF/water mixture (2:1, 9-fold) with aqueous sodium hydroxide solution to give the

compound of the formula (XII)

(X1I)

and that the compound of the formula (XI1)

(XII)
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1s reacted 1n a one-pot reaction in THF firstly with carbodiimidazole and catalytic amounts of 4-
(dimethylamino)pyridine, 1n a second step 1s heated under reflux together with hexamethyldisilazane

for 16 to 24 hours and 1n a third step 1s hydrolysed in water with THF or water to give the compound of

the formula (X1II)
N
I
| AN
NoT N
0 07 ™
H,N | | ~N
N N
H
(XI1I).

The present invention further provides a process for preparing compound of the formula (I),

characterized in that the compound of the formula (XIV) or the formula (XIVa)

Br Cl
HO i HO i

COOH COOH

(XIV) (XIVa)

are reacted by addition of dimethyl sulphate to give the compound of the formula (XV) or (XVa)

Br Cl
~o° i ~0° i

COOMe COOMe

(XV) (XVa)
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and the non-isolated methyl esters of the formula (XV) or (XVa) are reduced with 1.21 eq of REDAL
(sodium bis(2-methoxyethoxy)aluminium dihydride and 1.28 eq of N-methylpiperazine to give the

aldehyde of the formula (XVI) or (XVla)
Br Cl
~0° ; ~0° ;
O~ H O~ H

(XVI) (XVla),

and the aldehyde (XVI) or (XVIa) is reacted further without isolation to give the nitrile of the formula
(V)

CN

(V1)
and the compound of the formula (VI)

CN

™~

O
O" H

(V1)

dissolved in isopropanol (3-7 fold), 5-10 mol% of piperidine and 5- 10 mol% of glacial acetic acid at
30°C is reacted with the compound of the formula (VII)
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(VID)

to give the compounds (VIlla+b)

and that the compound of the formula (X)

(X),

is reacted while stirring with 2.5 - 5 eq of triethyl orthoacetate in dimethylacetamide at 100 to 120°C
for 1.5 to 3 hours to give the compound of the formula (XI)

N
1|l
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The present invention further provides a process for preparing compound of the formula (1),

characterized in that the compound of the formula (VI)

CN

™~

O
O° H

(VD)

5  dissolved in isopropanol (3-7 fold), 5-10 mol% of piperidine and 5-10 mol% of glacial acetic acid at
30°C is reacted with the compound of the formula (VII)

to give the compounds (VIlla+b)

I N
| N |
O
O O 0 o

10 (VIII a+b)

and that the compound of the formula (X)
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(X),

is reacted while stirring with 2.5 - 5 eq of triethyl orthoacetate in dimethylacetamide at 100 to 120°C

for 1.5 to 3 hours to give the compound of the formula (XI)

and that the compound of the formula (XI)

(A1)

is saponified in a THF/water mixture (2:1, 9-fold) with aqueous sodium hydroxide solution to give the

10  compound of the formula (XII)
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(XIT).

The present invention further provides a process for preparing compound of the formula (I),

characterized in that the compound of the formula (X)

(X),

is reacted while stirring with 2.5 - 5 eq of triethyl orthoacetate in dimethylacetamide at 100 to 120°C

for 1.5 to 3 hours to give the compound of the formula (XI)

N
|l
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(XI)
and that the compound of the formula (XI)
N
i
~o
0 o
If”\‘C) 7Y NH
Il Z
N H
(XI)

is saponified in a THF/water mixture (2:1, 9-fold) with aqueous sodium hydroxide solution to give the

compound of the formula (XII)

(XI0).

and that the compound of the formula (XII)
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(XII).
is reacted in a one-pot reaction in THF firstly with carbodiimidazole and catalytic amounts of 4-

(dimethylamino)pyridine, in a second step is heated under reflux together with hexamethyldisilazane

for 16 to 24 hours and in a third step is hydrolysed in water with THF or water to give the compound of

5  the formula (XI1I)

N
Ii
~o0
0 0”7
H,N ‘ | ~N
N
H
(XIID).

The present invention further provides a process for preparing compound of the formula (1),

10  characterized in that the compound of the formula (XIV) or the formula (XIVa)

Br Cl
HO i HO i

COOH COOH

(XIV) (XIVa)

are reacted by addition of dimethyl sulphate to give the compound of the formula (XV) or (XVa)
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Br | CI
~o° : ~o° ¢
COOMe COOMe
(XV) (XVa)

and the non-isolated methyl esters of the formula (XV) or (XVa) are reduced with 1.21 eq of REDAL
(sodium bis(2-methoxyethoxy)aluminium dihydride and 1.28 eq of N-methylpiperazine to give the

aldehyde of the formula (XVI) or (XVla)
Br Ci
o ; ~o° ;
O” H O” H

5
(XVI) (XVIa),
and the aldehyde (XVI) or (XVIa) is reacted further without isolation to give the nitrile of the formula
(V1)
CN
~o
O° H
10 (V)
and the compound of the formula (VI)
CN
e
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(VD)

dissolved in isopropanol (3-7 fold), 5-10 mol% of piperidine and 5-10 mol% of glacial acetic acid at
30°C is reacted with the compound of the formula (VII)

o, O "
S
/U\)‘\O/\//
(VII)

to give the compounds (VIlla+b)

and that the compound of the formula (X)

(X),

is reacted while stirring with 2.5 - 5 eq of triethyl orthoacetate in dimethylacetamide at 100 to 120°C

for 1.5 to 3 hours to give the compound of the formula (XI)
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N
I
~
o
0O 07N
r\o Y NH
I %
N b
(XI)

and that the compound of the formula (XI)

5 (XI)

is saponified in a THF/water mixture (2:1, 9-fold) with aqueous sodium hydroxide solution to give the

compound of the formula (XII)

(XII).

10
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characterized in that the compound of the formula (V1)

CN

N

O
O” H

(V1)

dissolved in isopropanol (3-7 fold), 5-10 mol% of piperidine and 5-10 mol% of glacial acetic acid at

30°C is reacted with the compound of the formula (V1)

O O N
_
Mo/\//
(VII)

and that the compound of the formula (X)
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(X),

is reacted while stirring with 2.5 - 5 eq of triethyl orthoacetate in dimethylacetamide at 100 to 120°C

for 1.5 to 3 hours to give the compound of the formula (XI)

N
I
~o
0 07
ro Y NH
I 7
N N
(XI)
and that the compound of the formula (X1)
N
I
~0
0 07
ro Y NH
H| 7
N b
(XI)

is saponified in a THF/water mixture (2:1, 9-fold) with aqueous sodium hydroxide solution to give the

compound of the formula (XII)
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(XII)
and that the compound of the formula (XII)
N
|
e
o oM
HO | i NH
N -
H
(XII).

1s reacted in a one-pot reaction in THF firstly with carbodiimidazole and catalytic amounts of 4-

(dimethylamino)pyridine, in a second step 1s heated under reflux together with hexamethyldisilazane

for 16 to 24 hours and in a third step is hydrolysed in water with THF or water to give the Compound of

the formula (XIII)
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(XIID).

The present invention further provides a process for preparing compound of the formula (I),

characterized in that the compound of the formula (XIV) or the formula (XIVa)

Br Cl
HO i HO :I;

COOQOH COOH

5 (XIV) (XIVa)

are reacted by addition of dimethyl sulphate to give the compound of the formula (XV) or (XVa)

Br Cl
~0° : ~o° :

COOMe COOMe

(XV) (XVa)

and the non-isolated methyl esters of the formula (XV) or (XVa) are reduced with 1.21 eq of REDAL
(sodium bis(2-methoxyethoxy)aluminium dihydride and 1.28 eq of N-methylpiperazine to give the

10  aldehyde of the formula (XVI) or (XVla)
Br Cl
0’ ; e} ;
O” H O” H

(XVI) (XVIa),

and the aldehyde (XVI) or (XVIa) is reacted further without isolation to give the nitrile of the formula
(VD)
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CN

(V1)
and the compound of the formula (VI)

CN

N

O
O H

5 (VI),

dissolved in isopropanol (3-7 fold), 5-10 mol% of piperidine and 5-10 mol% of glacial acetic acid at
30°C is reacted with the compound of the formu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>