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Description

[0001] The presentinvention relates to a process for preparing some carboxylic acid derivatives through the resolution
of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid, as for example Ambrisentan or Darusentan. It also relates to new
cocrystals useful in such preparation process.

BACKGROUND ART

[0002] Ambrisentan is the International Nonproprietary Name (INN) of name (2S)-2-[(4,6-dimethylpyrimidin-2-yl)oxy]-
3-methoxy-3,3-diphenylpropanoic acid, and has the CAS Nr 177036-94-1. It functions as an endothelin receptor antag-
onist, and is selective for the type A endothelin receptor (ET,). Itis a drug indicated for use in the treatment of pulmonary
hypertension.

[0003] The structure of Ambrisentan corresponds to formula (1):

(0

[0004] Different processes for the preparation of Ambrisentan and its salts are known in the art.

[0005] Ambrisentan was first described in the patent family of US5932730-BASF. In this patent it is disclosed a res-
olution step on a laboratory scale of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid using as resolving agents either
L-prolinemethylester (cf. Example 10) or (S)-1-(4-nitrophenyl)ethylamine (cf. Example 11). In the first case the diaster-
eoisomeric salt of the (R)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid is crystallized and separated off, and then
from the mother liquor is subsequently isolated the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid (35% yield
from racemic - 100% ee). In the second case, the corresponding diastereoisomeric salt is crystallized from methyl tert-
butyl ether/acetone, and subsequently it is converted into the free acid (35% yield from racemic - 99.8% ee).

[0006] Unfortunately, these resolution agents are extremely expensive and would not be preferable for large scale
production. In addition, the methyl prolinate could not be completely recycled since free methyl prolinate tends to form
diketopiperazines (cf. eg. R. Jansen et al., Organic Process Research & Development, 2001, vol. 5, pp.16-22). On the
other hand, in US6559338 from the same applicant it is stated that when this described reaction was scaled up, additional
working steps became necessary in order to ensure a high optical purity as the diasterecisomeric salt with (S)-1-(4-
nitrophenyl)ethylamine crystallized with difficulty and could not be filtered off readily. As a consequence, some of the
mother liquor remained in the crystals together with the enantiomer to be separated off. Only when the crystals were
additionally stirred in the tank together with fresh solvent, and when the crystals which had been filtered off once more
had been copiously rewashed, could the required optical purity be obtained.

[0007] US6559338 describes a process of resolution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid by using an
optically active base (S)-1-(4-chlorophenyl)ethylamine. In Example 1, the resolution process is carried out using tert-
butylmethylether/methanol as solvents and one of the diastereomeric salts formed is separated off with a yield of 36%
and an ee >99.5%. The filtration problem is reported to be resolved with this agent. However, this resolving agent is
also very expensive and would not be preferable for large-scale production.

[0008] Otherresolution processes have also been disclosed in the art. Thus, WO2012017441A1-NATCO Pharma Ltd
discloses an improved process of resolution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid with (S)-1-(4-nitroph-
enyl)ethylamine (as US5932730). According to the Example, it is obtained a compound having a chemical purity of
99.97% and a chiral purity of 99.98% with a yield of 27.5% in this step of the global process.

[0009] WO2011004402A2-Cadila Healthcare Limited describes a process of resolution of the 2-hydroxy-3-methoxy-
3,3-diphenylpropanoic acid by using a chiral amine, in particular, (S)-3-methoxyphenylethylamine or (R)-2,4-dichloroph-
enylethylamine, and the diastereoisomeric salts thus obtained can be directly used in the following step of alkylation to
form Ambrisentan. According to the Examples, in the alkylation step N,N-dimethylformamide is used as solvent, which
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implies that the recovery of the chiral amine most probably will be difficult to carry out.

[0010] Finally, WO2010070658A2-MSN Laboratories Ltd also discloses a process for the preparation of (S)-2-hydroxy-
3-methoxy-3,3-diphenylpropanoic acid, which comprises treating the racemic 2-hydroxy-3-methoxy-3,3-diphenylpropa-
noic acid compound with R(+)-phenyl ethyl amine in a chlorinated solvent to provide the R(+)-phenyl ethyl amine salt of
(S)- 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid. In Example 22 is exemplified the process which uses chloroform
as solvent. The use of chlorinated solvents and, specially, chloroform are not convenient in the industry.

[0011] The (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid is an intermediate useful not only to prepare Am-
brisentan but also to prepare other endothelin receptor antagonists such as Darusentan, which is the compound (2S)-
2-(4,6-dimethoxypyrimidin-2-yl)oxy-3-methoxy-3,3-di(phenyl)propanocic acid. From what is known in the art is derived
that there is still a need of a new resolution process for 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid using cheaper
chiral agents and safer solvents.

SUMMARY OF THE INVENTION

[0012] Inventors have found a new resolution process for 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid with goes
through the formation of a cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and a further compound
selected from L-valine and L-2-aminobutyric acid. The process shows the following striking advantages: high yield and
high ee (in one step, i.e. without the need of further crystallizations); low cost resolution agents; possibility to use a lower
amount of resolution agent (0.5 to 0.25 eq.); easy to recover the resolution agent to be used for another resolution
process; amino acids are easier to handle, less toxic and less prone to degradation than primary amines; use of low
cost and safer solvents; and good filtration. Consequently, this improved process has better industrial applicability and
utility than the known processes and overcome the drawbacks of the existing ones. The identification of the right resolving
agent is not a routine exercise and cannot be predicted theoretically. The state of the art does not give any indication
as to the use of these resolution agents, nor about the formation of a cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphe-
nylpropanoic acid and a further compound which is an amino acid, in particular, L-valine or L-2-aminobutyric acid.
[0013] According to our knowledge, the use of cocrystals for the preparation of Ambrisentan or Darusentan is also not
known in the art.

[0014] Accordingly, anaspectofthe presentinvention relates to the provision of a cocrystal of (S)-2-hydroxy-3-methoxy-
3,3-diphenylpropanoic acid and an amino acid, in particular, L-valine or L-2-aminobutyric acid.

[0015] Another aspect of the present invention relates to a process for preparing a cocrystal of (S)-2-hydroxy-3-
methoxy-3,3-diphenylpropanoic acid and an amino acid as a pure form or a mixture with (R)-2-hydroxy-3-methoxy-3,3-
diphenylpropanoic acid comprising either (a) wet grinding of a mixture of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic
acid or (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino acid in water, a (C4-C4)-alcohol, methyl
isobutyl ketone, or ethyl acetate; and (b) isolating the compound thus obtained; or alternatively, (2’) mixing 2-hydroxy-
3-methoxy-3,3-diphenylpropanoic acid or (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino acid in a
mixture of (C,-C,)-alcoholiwater at a temperature of from 40 °C to the reflux temperature of the solvent system used,
(b’) cooling the mixture; and (c’) isolating the compound thus obtained.

[0016] The step (a’) may be carried out by dissolving 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino
acid in a mixture of (C4-Cy)-alcohol/water. It can also be carried out by adding an aqueous solution of an amino acid
over a solution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid in (C4-C,4)-alcohol at a temperature of from 40 to 65
°C. Itcan also be carried out by adding a solution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid in (C4-C,)-alcohol
over an aqueous solution of an amino acid at a temperature of from 40 to 65 °C.

[0017] Another aspect of the present invention relates to a process of resolution of 2-hydroxy-3-methoxy-3,3-diphe-
nylpropanoic acid which comprises first preparing a cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
and an amino acid by (@’) mixing 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino acid in a mixture of
(C4-Cy)-alcohol/water at a temperature of from 40 °C to the reflux temperature of the solvent system used; (b’) cooling
the mixture; (¢’) isolating the compound thus obtained; and then dissociating the cocrystals thus obtained by mixing the
cocrystal with a mixture of water and a solvent selected from (C,-Cg)-ether and (C,-Cg)-alkyl (C,-Cg)-alkanoate, sepa-
rating off the aqueous phase from the organic phase, optionally, carrying out extractions with the solvent used, and
finally separating the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid from the joined organic phases. The (S)-2-
hydroxy-3-methoxy-3,3-diphenylpropanocic acid may be separated by methods known in the art, for instance, crystalli-
zation or evaporation.

[0018] Another aspect of the present invention relates to another process of resolution of 2-hydroxy-3-methoxy-3,3-
diphenylpropanoic acid which comprises first preparing a cocrystal (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
and an amino acid by (a’) mixing 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino acid in a mixture of
(C4-Cy)-alcohol/iwater at a temperature of from 40 °C to the reflux temperature of the solvent system used; (b’) cooling
the mixture; and (c’) isolating the compound thus obtained; and then dissociating the cocrystals thus obtained by hot
slurrying with an organic solvent selected from (C,-Cg)-alkyl (C,-Cg)-alkanoate, (C,-Cg)-alcohol, and mixtures thereof,
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filtrating the amino acid, optionally washing the organic phase with water and separating the (S)-2-hydroxy-3-methoxy-
3,3-diphenylpropanoic acid from the organic phase. The (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid may be
separated by methods known in the art, for instance, crystallization or evaporation.

[0019] The cocrystals of the invention may be purified by recrystallization or slurrying prior to their dissociation, for
example, by recrystallization or by slurrying in an organic solvent or a mixture thereof, or in a mixture water/organic
solvent. Another aspect of the present invention is the use of the cocrystals of the present invention, that is, a cocrystal
of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino acid for preparing Ambrisentan, Darusentan, or
their pharmaceutically acceptable salts.

[0020] Finally, another aspect of the present invention relates to a process for preparing Ambrisentan, Darusentan,
or their pharmaceutically acceptable salts which comprises carrying out any of the processes of resolution described
above, and converting the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid thus obtained or a derivative thereof
into Ambrisentan, Darusentan, or their salts by known processes in the art. It is also part of the invention the conversion
of the cocrystals of the invention directly into Ambrisentan or Darusentan, without the need of isolation of the (S)-2-
hydroxy-3-methoxy-3,3-diphenylpropanoic acid.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

FIG. 1 shows the X-ray powder diffractogram (XRPD) of cocrystal (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic
acid - L-valine in a molar ratio 2:1, named Form |.

FIG. 2 shows the X-ray powder diffractogram (XRPD) of cocrystal (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic
acid - L-2-aminobutyric acid in a molar ratio 2:1, named Form II.

DETAILED DESCRIPTION OF THE INVENTION
[0022] Definitions:

The term "cocrystal” refers herein to a crystalline entity with at least two different components constituting the unit
cell at room temperature (20-25 °C) and interacting by weak interactions. Thus, in a cocrystal one component
crystallizes with one or more neutral components. The cocrystals may include one or more solvent molecules in the
crystal lattice.

[0023] The term "weak interaction" refers herein to an interaction which is neither ionic nor covalent, and includes for
example: hydrogen bonds, van der Waals interactions, and m-n stacking.

[0024] Theterm"solvate" is to be understood as meaning any form ofthe cocrystal in which the compound has attached
to it via non-covalent binding solvent molecules. When the solvent is water the solvate is a hydrate.

[0025] When a ratio of components of the cocrystals of the invention is specified it refers to the molar ratio between
the components that forms the cocrystal.

[0026] The term "molar ratio" has been used to express the stoichiometric amount in mols of each of the components
of a cocrystal.

[0027] When values of characteristic peaks of an X-ray diffractogram are given it is said that are "approximate" values.
It should be understood that the values are the ones shown in the corresponding lists or tables = 0.1 degrees 2 theta
measured in an X-ray diffractometer with Cu-K, radiation % = 1.5406 A.

[0028] The term "room temperature" as disclosed herein refers to a temperature of the environment, without heating
or cooling, and is generally comprised of from 20 to 25 °C.

[0029] The term "reflux temperature " as disclosed herein refers to the temperature where the mixture boils in circum-
stances such that the vapour returns to the stock of liquid after condensing.

[0030] The term "hot slurrying" as disclosed herein refers to stirring a suspension of a compound in an appropriate
solvent at a temperature comprised of from 40 °C to 90 °C, preferably at a temperature of about 80 °C.

[0031] For the purposes of the invention, any ranges given include both the lower and the upper end-points of the
range. Ranges given, such as temperatures, times, and the like, should be considered approximate, unless specifically
stated.

[0032] The expression "cocrystal obtainable by" is used here to define each specific cocrystal of the invention by the
process for obtaining it and refers to the product obtainable by any of the corresponding processes disclosed herein.
For the purposes of the invention the expressions "obtainable", "obtained" and equivalent expressions are used inter-
changeably, and in any case, the expression "obtainable" encompasses the expression "obtained".
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[0033] The terms "wet grinding" and "liquid assisted grinding" are equivalent and refer to a technique which consists
of milling or grinding the product or mixture with some drops of solvent added. Neat and liquid-assisted grinding are
techniques that can be employed in order to produce cocrystals. In neat (dry) grinding, cocrystal formers are ground
together manually using a mortar and pestle, using a ball mill, or using a vibratory mill. In liquid-assisted grinding, or
kneading, a small or substoichiometric amount of liquid (solvent) is added to the grinding mixture.

[0034] As mentioned above it is part of the invention the provision of a cocrystal of (S)-2-hydroxy-3-methoxy-3,3-
diphenylpropanoic acid and an amino acid. In a preferred embodiment, the amino acid is an o-amino acid.

[0035] In a more preferred embodiment, it is provided a cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic
acid and a compound selected from L-valine and L-2-aminobutyric acid.

[0036] The cocrystals of the invention may exist in solvated or unsolvated forms, including hydrated forms. It is to be
understood that the invention encompasses all such solvated, as well as unsolvated forms. The obtention of solvates
and hydrates depends on the solvent used and the crystallization conditions that can be determined by the skilled person.
[0037] The crystalline form of the cocrystals of the present invention has been characterized at least by X-ray powder
diffraction (XRPD), proton nuclear magnetic resonance analyses 'H NMR (MeOD-d4), infrared spectroscopy (IR) and
differential scanning calorimetry (DSC).

[0038] XRPD analyses were performed using a PANalytical X'Pert diffractometer with Cu-K_, radiation in Bragg-Bren-
tano geometry. The system is equipped with a monodimensional, real time multiple strip detector. Diffractograms were
recorded from 3° to 40° (20) at a scan rate of 17.6° per minute.

[0039] Proton nuclear magnetic resonance analyses were recorded in deuterated methanol (MeOD-d4) in a Varian
Mercury 400 spectrometer, equipped with a broadband probe ATB 1 H/19F/X of 5 mm. Spectra were acquired dissolving
5-10 mg of sample in 0.6 mL of deuterated solvent.

[0040] FTIR spectrawere recorded using a Thermo Nicolet Nexus 870 FT-IR, equipped with a beamsplitter KBr system,
a 35 mW He-Ne laser as the excitation source and a DTGS KBr detector. Spectra were acquired in 32 scans at a
resolution of 4 cm-1.

[0041] DSC analyses were recorded with a Mettler DSC822¢€. Samples were weighed into a 40 p.L aluminium crucible
with a pinhole lid and were heated, under nitrogen (50 mL/min), at 10 °C/min from 30 to 300 °C.

[0042] Thermogravimetric analyses (TG) were recorded in a thermogravimetric analyzer Mettler TGA/SDTA851¢€.
Samples were weighed into a 70 L alumina crucible with a pinhole lid and were heated at 10 °C/min from 30 to 300
°C, under nitrogen (50 mL/min).

[0043] In a particular embodiment, the cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-valine
of the formula below is in a molar ratio 2:1, named herein cocrystal Form [.

gf/! "Q””’f«/u\m\‘%
T
QL

3 o)

\ /2

[0044] In a preferred embodiment, this cocrystal Form | is characterized by having an X-ray powder diffractogram that
comprises characteristic peaks at approximately 6.7, 12.4, 13.5, 16.2 and 18.9 degrees 2 theta (Cu-K radiation, A =
1.5406 A). In a more preferred embodiment, the cocrystal Form | is characterized by having an X-ray powder diffractogram
that comprises further characteristic peaks at approximately 9.8, 16.0, 20.3, 25.6 and 32.5 degrees 2 theta (Cu-K,
radiation, A = 1.5406 A).

[0045] More specifically, this new cocrystal Form | is characterized by exhibiting in the X-ray powder diffractogram a
pattern of peaks, expressed in 2 theta units in degrees, 260 (°), which is shown in Table 1.

iy

o

Table 1: List of selected peaks (only peaks with relative intensity greater than or equal to 1 % are indicated):

Pos. [°2Th.] Rel. Int. [%]
6.7 100
9.8 7
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(continued)

Pos. [°2Th.] Rel. Int. [%]
10.1 6
124 11
135 19
14.5 3
16.0 10
16.2 11
18.7 4
18.9 11
19.2 2
19.6 6
20.3 8
20.7 1
22.7 5
23.0 5
23.6 3
25.1 6
25.6 9
25.9 1
27.2 4
28.4 1
28.8 1
29.5 1
29.7 1
316 5
322 1
324 7
325 7
365 1
38.4 2

[0046] This cocrystal Form | may be further characterized by an X-ray diffractogram as in FIG. 1.

[0047] This cocrystal Form | may also be further characterized by the following TH NMR spectrum (MeOD-d4, 400
MHz): § = 7.45-7.37 (m, 2x4H); 7.35-7.20 (m, 2x6H); 5.20 (s, 2x1 H); 3.45 (d, J = 4.3 Hz, 1 H); 3.16 (s, 2x3H); 2.28
(dsept, J=4.3Hz, J=7.0Hz, 1 H); 1.07 (d, J=7.0 Hz, 3H); 1.03 (d, J = 7.0 Hz, 3H).

[0048] This cocrystal Form | may also be further characterized by the following IR (KBr): v = 3377 (s, br), 3197 (w),
2829 (w), 1725 (s), 985 (m), 889 (m), 756 (s), 697 (s) cm™.

[0049] This cocrystal Form | may also be further characterized in that the endothermic sharp peak corresponding to
the melting point has an onset at 177.10 °C (fusion enthalpy -277.80 J/g), measured by DSC analysis (10 °C/min).
[0050] This cocrystal Form | may also be further characterized by a TG analysis which shows no significant weight
loss at temperatures lower than the melting point.

[0051] This cocrystal Form | is easy to handle and shows crystal stability at room temperature.

[0052] This cocrystal may be prepared as a pure form or as a mixture by a process comprising (a) wet grinding of a
mixture of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid or (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
and L-valine in water, a (C4-Cy4)-alcohol such as methanol or isopropanol, methyl isobutyl ketone or ethyl acetate; and
(b) isolating the compound thus obtained. In a preferred embodiment, the solvent is water. In another preferred embod-
iment, the solvent is methanol.

[0053] Preferably, this cocrystal is prepared by a process comprising (a’) mixing 2-hydroxy-3-methoxy-3,3-diphenyl-
propanoic acid and L-valine in a mixture of (C4-C,)-alcohol/water at a temperature of from 40 °C to the reflux temperature
of the solvent system used; (b’) cooling the mixture; and (c’) isolating the compound thus obtained. Preferably the
(C4-Cy)-alcohol is isopropanol. More preferably, a mixture of isopropanol/water 2:3 is used.

[0054] The step (a’) may be carried out by dissolving 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-valine
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in a mixture of (C4-C,)-alcohol/water. It can also be carried out by adding an aqueous solution of L-valine over a solution
of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid in (C4-C,4)-alcohol at a temperature of from 40 to 65 °C. It can also
be carried out by adding a solution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid in (C4-Cy4)-alcohol over an aque-
ous solution of L-valine at a temperature of from 40 to 65 °C.

[0055] In a particular embodiment, the mixture of step (a’) is seeded to start the crystallization with the cocrystal Form
|. The seeding cocrystal form may be obtained by any of the processes described above.

[0056] Generally, the molar ratio of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-valine starting materials
of any of the previous processes is 2:1. A small excess of any of them could be used depending on the obtention process.
Thus, the molar ratio can vary from 4:1 to 1:2, preferably 4:1 to 1:1.

[0057] The isolation step may include removing of the solvent, for example, by one or more of the following operations:
filtration, filtration under vacuum, decantation, and centrifugation, or other suitable techniques as known to a skilled
person in the art.

[0058] The compound isolated in any of the previous processes can be dried at room temperature, preferably under
vacuum. Generally, the vacuum is comprised of 0.5 to 3 mbar.

[0059] The cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-valine Form | of the invention may
also be defined by its preparation process. Accordingly, this aspect of the invention can be formulated as the cocrystal
of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-valine Form | as defined above, obtainable by any of the
previous processes, optionally including any preferred or particular embodiment of the processes and possible combi-
nations of some of the process features disclosed above.

[0060] In another particular embodiment, the cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and
L-2-aminobutyric acid of the formula below is in a molar ratio 2:1, named herein cocrystal Form |II.

o

HOy,
. OH

[0061] This cocrystal Form Il is characterized by having an X-ray powder diffractogram that comprises characteristic
peaks at approximately 6.6, 6.7, 10.0, 13.3 and 16.3 degrees 2 theta (Cu-K, radiation, A = 1.5406 A). In a still more
preferred embodiment, the cocrystal Form Il is characterized by having an X-ray powder diffractogram that comprises
further characteristic peaks at approximately 10.3, 18.7, 20.1, 24.9 and 25.6 degrees 2 theta (Cu-K , radiation, 1 = 1.5406
A).

[0062] More specifically, this new cocrystal Form Il is characterized by exhibiting in the X-ray powder diffractogram a
pattern of peaks, expressed in 2 theta units in degrees, 26 (°), which is shown in Table 2.

Table 2: List of selected peaks (only peaks with relative intensity greater than or equal to 1 % are indicated):

Pos. [°2Th.] Rel. Int. [%]
5.1 3
6.6 100
6.7 92
9.8 11
10.0 15
10.3 14
12.3 10
13.3 28
13.5 11
14.2 3
14.4 6
16.1 13
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(continued)

Pos. [°2Th.] Rel. Int. [%]
16.3 21
185 6
18.7
19.2
19.4
19.7
20.0
20.1
20.8
22.5
22.7
23.0
23.9
24.4
24.9 1
25.6
26.4
26.8
27.3
29.2
30.2
304
314
32.1
324
37.2
38.2

—_ —_
T oo N ww

= W N OO

-

N =2 OO WwRNNON=2ND

[0063] This cocrystal Form Il may be further characterized by an X-ray diffractogram as in FIG. 2.

[0064] This cocrystal Form Il may also be further characterized by the following TH NMR spectrum (MeOD-d4, 400
MHz): 8 = 7.45-7.37 (m, 2x4H); 7.34-7.21 (m, 2x6H); 5.20 (s, 2x1 H); 3.53 (dd, J = 5.5 Hz, J = 6.6 Hz, 1H); 3.16 (s,
2x3H); 1.97-1.79 (m, 2H); 1.03 (t, J = 7.4 Hz, 3H).

[0065] This cocrystal Form Il may also be further characterized by the following IR (KBr): v = 3372 (s, br), 3181 (w),
2828 (w), 1727 (s), 1632 (m), 982 (m), 841 (m), 757 (s), 635 (s) cm™".

[0066] This cocrystal Form Il may also be further characterized in that the endothermic sharp peak corresponding to
the melting point has an onset at 164.64 °C (fusion enthalpy -256.40 J/g), measured by DSC analysis (10 °C/min).
[0067] This cocrystal Form Il may also be further characterized by a TG analysis which shows no significant weight
loss at temperatures lower than the melting point.

[0068] This cocrystal Form Il is easy to handle and shows crystal stability at room temperature.

[0069] This cocrystal may be prepared as a pure form or as a mixture by a process comprising (a) wet grinding of a
mixture of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid or (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
and L-2-aminobutyric acid in water, a (C4-Cy)-alcohol such as methanol or isopropanol, methyl isobutyl ketone or ethyl
acetate; and (b) isolating the compound thus obtained.

[0070] Preferably, this cocrystal is prepared by a process comprising (a’) mixing 2-hydroxy-3-methoxy-3,3-diphenyl-
propanoic acid and L-2-aminobutyric acid in a mixture of (C4-C4)-alcohol/water at a temperature of from 40 °C to the
reflux temperature of the solvent system used; (b’) cooling the mixture; and (c’) isolating the compound thus obtained.
Preferably, the (C4-C,)-alcohol is isopropanol. More preferably, a mixture of isopropanol/water 2:3 is used.

[0071] The step (a’) may be carried out by dissolving 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-2-ami-
nobutyric acid in a mixture of (C4-Cy)-alcohol/water. It can also be carried out by adding an aqueous solution of L-2-
aminobutyric acid over a solution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid in (C4-C,4)-alcohol at a temperature
of from 40 to 65 °C. It can also be carried out by adding a solution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
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in (C4-Cy4)-alcohol over an agueous solution of L-2-aminobutyric acid at a temperature of from 40 to 65 °C.

[0072] In a particular embodiment, the mixture of step (a’) is seeded to start the crystallization with the cocrystal Form
II. The seeding cocrystal form may be obtained by any of the processes described above.

[0073] Generally, the molar ratio of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-2-aminobutyric acid start-
ing materials of any of the previous processes is 2:1. A small excess of any of them could be used depending on the
obtention process. Thus, the molar ratio can vary from 4:1 to 1:2, preferably 4:1 to 1:1.

[0074] The isolation step may include removing of the solvent, for example, by one or more of the following operations:
filtration, filtration under vacuum, decantation, and centrifugation, or other suitable techniques as known to a skilled
person in the art.

[0075] The compound isolated in any of the previous processes can be dried at room temperature, preferably under
vacuum. Generally, the vacuum is comprised of 0.5 to 3 mbar.

[0076] The cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-2-aminobutyric acid Form |l of the
invention may also be defined by its preparation process. Accordingly, this aspect of the invention can be formulated as
the cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-2-aminobutyric acid Form Il as defined
above, obtainable by any of the previous processes, optionally including any preferred or particular embodiment of the
processes and possible combinations of some of the process features disclosed above.

[0077] The cocrystals of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and a compound selected from L-valine
and L-2-aminobutyric acid may be easily converted into the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid in high
yield.

[0078] Thus, itis also part of the invention a process of resolution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
which comprises: first, preparing a cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and a compound
selected from the group consisting of L-valine and L-2-aminobutyric acid by (a’) mixing 2-hydroxy-3-methoxy-3,3-diphe-
nylpropanoic acid and a compound selected from the group consisting of L-valine and L-2-aminobutyric acid in a mixture
of (C4-C,)-alcoholiwater, at a temperature of from 40 °C to the reflux temperature of the solvent system used, preferably,
isopropanol/water; (b’) cooling the mixture and (c¢’) isolating the compound thus obtained; and subsequently, (d’) disso-
ciating the cocrystals previously obtained by mixing the cocrystal with a mixture of water and a solvent selected from a
(C5-Cg)-ether such as methyl tert-butyl ether, and (C,-Cg)-alkyl (C,-Cg)-alkanoate such as ethyl acetate, separating off
the aqueous phase from the organic phase, optionally, carrying out extractions with the solvent used, andfinally separating
the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid from the joined organic phases. Preferably, the solvent used
is tert-butylmethyl ether.

[0079] Removing of the solvent may include, for example, one or more of the following operations: filtration, filtration
under vacuum, evaporation, decantation, centrifugation and other suitable techniques as known to a skilled person in
the art.

[0080] Itis also part of the invention a process of resolution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid which
comprises: first preparing a cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and a compound selected
from the group consisting of L-valine and L-2-aminobutyric acid by (a’) mixing 2-hydroxy-3-methoxy-3,3-diphenylpropa-
noic acid and a compound selected from the group consisting of L-valine and L-2-aminobutyric acid in a mixture of
(C4-Cy)-alcohol/water at a temperature of from 40 °C to the reflux temperature of the solvent system used, preferably
isopropanol/water (b’) cooling the mixture ; and (c¢’) isolating the compound thus obtained; and then dissociating the
cocrystals thus obtained by hot slurrying with an organic solvent selected from the group consisting of (C,-Cg)-alkyl
(C,-Cg)-alkanoate or (C,-Cg)-alcohol, and mixtures thereof; filtrating the amino acid; optionally washing the organic
phase with water; and separating the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid from the organic phase.
Preferably, the organic solvent is ethyl acetate or isopropanol. Removing of the solvent may include, for example, one
or more of the following operations: filtration, filtration under vacuum, evaporation, decantation, and centrifugation and
other suitable techniques as known to a skilled person in the art.

[0081] The cocrystals of the invention may also be purified by recrystallization or by slurrying prior to their dissociation
and subsequent condensation of the compound obtained with 4,6-dimethyl-2-(methylsulfonyl)pyrimidine or with 4,6-
dimethoxy-2-(methylsulfonyl)pyrimidine. Thus, in a particular embodiment, an additional step of purification is carried
out to reach the desired optical purity of the cocrystals of the present invention, as for example, by recrystalization or
by slurrying in an organic solvent or a mixture thereof, or in a mixture water/organic solvent. Preferably, the slurrying is
carried out at room temperature. Preferably, the solvents used in both processes are the same used for the preparation
of the cocrystal. For instance, the organic solvent may be a (C4-C,)-alcohol or mixtures thereof or their mixture with
water. More preferably, the mixture is a mixture of isopropanol/water. Depending on the amount of solvents and the
temperature it is carried out the recrystallization or the slurrying.

[0082] It is part of the invention any process for preparing Ambrisentan, Darusentan or a salt thereof, comprising
carrying out the preparation processes of the cocrystals of the invention defined above.

[0083] Itis also part of the invention any process for preparing Ambrisentan, Darusentan or a salt thereof, comprising
carrying out the resolution of 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid as defined above comprising the prep-



10

15

20

25

30

35

40

45

50

55

EP 2 867 214 B1

aration of the cocrystals of the invention and the dissociation step.
[0084] In a particular embodiment, the process for preparing Ambrisentan, Darusentan or a salt thereof comprises
first preparing the cocrystals of the invention by the process defined above, and then the following further steps:

(i) either reacting the cocrystals of the invention as obtained above with 4,6-dimethyl-2-(methylsulfonyl)pyrimidine
in the presence of an inert solvent system and a base to yield Ambrisentan, or with 4,6-dimethoxy-2-(methylsulfo-
nyl)pyrimidine in the presence of an inert solvent system and a base to yield Darusentan, or alternatively,

(") first dissociating the cocrystals of the invention by any of the processes disclosed above, and then reacting the
(S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid obtained with 4,6-dimethyl-2-(methylsulfonyl)pyrimidine in the
presence of an inert solvent system and a base to yield Ambrisentan, or with 4,6-dimethoxy-2-(methylsulfonyl)py-
rimidine in the presence of an inert solvent system and a base to yield Darusentan, or alternatively,

(i) first dissociating the cocrystals of the invention by any of the processes disclosed above, followed by preparing
a derivative of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid, and then reacting the derivative of (S)-2-hy-
droxy-3-methoxy-3,3-diphenylpropanoic acid with 4,6-dimethyl-2-(methylsulfonyl)pyrimidine in the presence of an
inert solvent system and a base, followed by hydrolyzing the compound thus obtained to yield Ambrisentan; or with
4,6-dimethoxy-2-(methylsulfonyl)pyrimidine in the presence of an inert solvent system and a base, followed by
hydrolyzing the compound thus obtained to yield Darusentan and

(ii) optionally, converting the compound obtained in step (i), (i’), or (i") into a pharmaceutically acceptable salt by
reacting the free acid with a pharmaceutically acceptable base.

[0085] In another particular embodiment of the invention, the process for preparing Ambrisentan or its salts comprises
providing a cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino acid; and then carrying out
the steps (i), or alternatively (i’), or alternatively (i") and (ii) as defined above.

[0086] Suitable bases which can be used for the above couplings with the 4,6-dimethyl-2-(methylsulfonyl)pyrimidine
or with the 4,6-dimethoxy-2-(methylsulfonyl)pyrimidine may include a metal hydroxide such as sodium or potassium
hydroxide, a metal carbonate such as sodium or potassium carbonate, a metal bicarbonate such as sodium or potassium
bicarbonate, a metal alkoxide such as sodium or potassium tert-butoxide, sodium hydride, or alkali metal amides such
as lithium diisopropylamide or lithium amide.

[0087] Suitable solvents include dimethylsulfoxide, N,N-dimethylformamide; acetonitrile, acetone, diethyl ether or tet-
rahydrofurane. Preferably, the temperature ranges from room temperature to the boiling point of the solvent employed.
[0088] As explained above in detail, the dissociation step of the cocrystals may be carried out by mixing the cocrystal
with a mixture of water and a solvent selected from a (C,-Cg)-ether such as methyl tert-butyl ether, and (C,-Cg)-alkyl
(C,-Cg)-alkanoate such as ethyl acetate, separating off the aqueous phase from the organic phase, optionally, carrying
out extractions with the solvent used, and finally separating the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
from the joined organic phases, or by hot slurrying with an organic solvent selected from the group consisting of
(C5-Cg)-alkyl (Co-Cg)-alkanoate or (C,-Cg)-alcohol, and mixtures thereof; filtrating the amino acid; optionally washing
the organic phase with water; and separating the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid from the organic
phase.

[0089] When a derivative of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid is used, the process further com-
prises a previous step of preparing the derivative of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid which is an
ester such as methyl ester, by reacting the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid with an esterifying
agent. In addition, in this embodiment, after the alkylation of the compound thus obtained with 4,6-dimethyl-2-(methyl-
sulfonyl)pyrimidine, the process further comprises a further step of hydrolyzing the compound obtained to yield Am-
brisentan. The hydrolysis may be carried out using a suitable base, for instance, a metal hydroxide such as sodium or
potassium hydroxide, or a metal carbonate such as sodium or potassium carbonate, in a suitable solvent, for instance
N,N-dimethylformamide or a (C,-Cg)-ether.

[0090] When the alkylation step is carried out directly from the cocrystals of the invention, after reacting the cocrystal
with a suitable base, for instance with lithium amide, to form the corresponding salt of (S)-2-hydroxy-3-methoxy-3,3-
diphenylpropanoic acid it may be reacted with 4,6-dimethyl-2-(methylsulfonyl)pyrimidine. The reaction is carried out in
the presence of a suitable base from those mentioned above and a suitable solvent from those mentioned above.
[0091] The term "pharmaceutically acceptable salts" used herein encompasses any salt formed from pharmaceutically
acceptable non-toxic bases including inorganic or organic bases. There is no limitation regarding the salts, except that
if used for therapeutic purposes, they must be pharmaceutically acceptable.

[0092] The preparation of pharmaceutically acceptable salts of Ambrisentan or Darusentan can be carried out by
methods known in the art. For instance, they can be prepared from Ambrisentan, which contains an acidic moiety, by
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conventional chemical methods. Generally, such salts are prepared by reacting the free acid of Ambrisentan or of
Darusentan with a stoichiometric amount of the appropriate pharmaceutically acceptable base in water or in an organic
solvent or in a mixture of them. Examples of appropriate organic solvents include (C4-Cg)-alcohols or ethyl acetate.
[0093] It is also part of the present invention the provision of a single reaction step of the process to obtain (S)-2-
hydroxy-3-methoxy-3,3-diphenylpropanocic acid, as well as the combination of two or more sequential steps of the process.
Likewise, it is also part of the present invention the provision of a single reaction step of the process of preparing
Ambrisentan or Darusentan directly from the cocrystals of the invention, as well as the combination of two or more
sequential steps of this process, with the proviso that these reaction steps comprise the step in which is used one of the
cocrystals of the invention as starting material.

[0094] With regard to the specific conditions for carrying out the process of the invention, the skilled person would
know how to adjust the parameters of each of the steps indicated above in the light of the description and examples of
the present invention.

[0095] Throughout the description and claims the word "comprise" and variations of the word, are not intended to
exclude other technical features, additives, components, or steps. Furthermore, the word "comprise" encompasses the
case of "consisting of . Additional objects, advantages and features of the invention will become apparent to those skilled
in the art upon examination of the description or may be learned by practice of the invention. The following examples
are provided by way of illustration, and they are not intended to be limiting of the present invention. Furthermore, the
present invention covers all possible combinations of particular and preferred embodiments described herein.

EXAMPLES

Example 1: Preparation of the cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-valine (2:1) (Form
1) by wet grinding in water and without seeding

[0096] To a2 mL eppendorf containing 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid (35 mg, 0.13 mmol), L-valine
(15 mg, 0.13 mmol) and three 4 mm stainless steel grinding balls, one drop of water was added. The reactor was stirred
45 minutes at a rate of 30 Hz (3 x 15 minutes). The product was dried under vacuum at room temperature. A mixture of
(S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-valine (2:1) (Form [), (R)-2-hydroxy-3-methoxy-3,3-diphenyl-
propanoic acid and L-valine was obtained as a white powder. According to XRPD, the compound of the title is present
in the mixture.

[0097] The same experiment was carried out with MeOH instead of water with the same result.

Example 2: Resolution by preparing the cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-valine (2:1)
(Form 1) by crystallization in water/IPA (3:2) without seeding

[0098] To an assay tube equipped with magnetic stirrer containing 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
(41 mg, 0.15 mmol) and L-valine (9 mg, 0.08 mmol) was added a mixture of water/IPA (3:2) (0.5 mL). The resulting
suspension was heated atreflux until complete dissolution and then cooled down to room temperature. A white precipitate
was formed and the slurry was stirred at room temperature for 4 hours. The solid was filtered with a sintered funnel
(porosity 4), washed with water/IPA (3:2) (0.15 mL) and dried under vacuum at room temperature. (S)-2-hydroxy-3-
methoxy-3,3-diphenylpropanoic acid - L-valine (2:1) (Form |) was obtained as a white powder (18 mg, 36% yield, 89%
ee). According to TH NMR (MeOD-d4, 400 MHz) and XRPD it corresponds to the compound of the title.

Example 3: Resolution by preparing the cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-valine (2:1)
(Form 1) by crystallization in water/IPA (3:2) with 0.5 eq. of L-valine with seeding

[0099] To around-bottom flask equipped with magnetic stirrer containing 2-hydroxy-3-methoxy-3,3-diphenylpropanoic
acid (1.65 g, 6.06 mmol) and L-valine (0.35 g, 2.99 mmol, 0.5 eq.) was added a mixture of water/IPA (3:2) (16 mL). The
resulting suspension was heated at 100 °C (bath temperature) until complete dissolution and then cooled down to room
temperature. The solution was seeded with Form |, obtained in Example 2, at 60-70 °C. A white precipitate was formed
and the slurry was stirred at room temperature for 2 hours. The solid was filtered with a sintered funnel (porosity 3),
washed with water/IPA (3:2) (2 x 4 mL) and dried under vacuum at room temperature. (S)-2-hydroxy-3-methoxy-3,3-
diphenylpropanoic acid - L-valine (2:1) (Form |) was obtained as a white powder (0.79 g, 40% yield, 99% ee). According
to "H NMR (MeOD-d4, 400 MHz) and XRPD it corresponds to the compound of the title.
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Example 4: Resolution by preparing the cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-valine (2:1)
(Form 1) by crystallization in water/IPA (3:2) with 0.26 eq. of L-valine with seeding

[0100] To an assay tube equipped with magnetic stirrer containing 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
(181 mg, 0.66 mmol) and L-valine (20 mg, 0.17 mmol, 0.26 eq.) was added a mixture of water/IPA (3:2) (1.6 mL). The
resulting suspension was heated at reflux until complete dissolution and then cooled down to room temperature. The
solution was seeded with Form |, obtained in Example 2, at 60 °C. A white precipitate was formed and the slurry was
stirred at room temperature for 2 hours. The solid was filtered with a sintered funnel (porosity 4), washed with water/|IPA
(3:2) (2 x 0.5 mL) and dried under vacuum at room temperature. (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid
- L-valine (2:1) (Form |) was obtained as a white powder (74 mg, 34% vyield, 96% ee). According to TH NMR (MeOD-d4,
400 MHz) and XRPD it corresponds to the compound of the title.

Example 5: Preparation of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid by dissociation of cocrystal of (S)-2-
hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-valine (2:1) (Form |) in water/TBME and extraction of the compound
obtained in TBME

[0101] To a round-bottom flask equipped with magnetic stirrer containing Form | (98% ee) (200 mg, 0.30 mmol) was
added a mixture of water/TBME (1:1) (10 mL). The resulting mixture was stirred at room temperature for 30 minutes.
After phase separation, the aqueous phase was separated off and extracted with TBME (3 x 5 mL). The combined
organic extracts were washed with water (10 mL), dried (MgSO,) and distilled under vacuum to yield (S)-2-hydroxy-3-
methoxy-3,3-diphenylpropanoic acid as a white solid (157 mg, 95% yield, 99% ee).

Example 6: Preparation of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid by dissociation of cocrystal of (S)-2-
hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-valine (2:1) (Form |) in AcOEt

[0102] To an assay tube equipped with magnetic stirrer containing Form | (97.5% ee) (180 mg, 0.27 mmol) was added
AcOEt (3.6 mL). The resulting suspension was stirred at 80 °C (bath temperature) for 3 hours. The solid was filtered
with a sintered funnel (porosity 4), washed with hot AcOEt (1 mL) and dried under vacuum at room temperature. L-valine
was obtained as a white powder (31 mg, 97% yield). The filtrate was washed with water (1.5 mL), dried (MgSQO,) and
distilled under vacuum to yield (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid as a white solid (quantitative yield,
97% ee)

Example 7: Preparation of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanocic acid by dissociation of cocrystal of (S)-2-
hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-valine (2:1) (Form 1) in IPA

[0103] To an assay tube equipped with magnetic stirrer containing Form 1 (97% ee) (50 mg, 0.08 mmol) was added
IPA (1 mL). The resulting suspension was stirred at 80 °C (bath temperature) for 3 hours. The solid was filtered with a
sintered funnel (porosity 4), washed with hot IPA (0.5 mL) and dried under vacuum at room temperature. L-valine was
obtained as awhite powder (7.2 mg, 81% yield). The filtrate was distilled under vacuum to yield (S)-2-hydroxy-3-methoxy-
3,3-diphenylpropanoic acid as a white solid (40 mg, 98% yield, 97% ee)

Example 8: Preparation of the cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-2-aminobutyric acid
(2:1) (Form |I) by wet grinding in water without seeding

[0104] To a 2 mL eppendorf containing 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid (25 mg, 0.09 mmol), L-2-
aminobutyric acid (10 mg, 0.10 mmol) and three 4 mm stainless steel grinding balls, one drop of water was added. The
reactor was stirred 45 minutes at a rate of 30 Hz (3 x 15 minutes). The product was dried under vacuum at room
temperature. A mixture of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-2-aminobutyric acid (2:1) (Form I1),
(R)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and L-2-aminobutyric acid was obtained as a white powder. Ac-
cording to XRPD the compound of the title is present in the mixture.

[0105] The same experiment was carried out with IPA, AcOEt or methyl isobutyl ketone with the same result.

Example 9: Resolution by preparing the cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-2-ami-
nobutyric acid 2:1 (Form |l) by crystallization in water/IPA (3:2)

[0106] To around-bottom flask equipped with magnetic stirrer containing 2-hydroxy-3-methoxy-3,3-diphenylpropanoic
acid (420 mg, 1.54 mmol) and L-2-aminobutyric acid (80 mg, 0.78 mmol) was added a mixture of water/IPA (3:2) (4 mL).
The resulting suspension was heated at 60 °C (bath temperature) until complete dissolution and then cooled down to
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room temperature. The solution was seeded with Form |l at 40 °C. A white precipitate was formed and the slurry was
stirred at room temperature for 2 hours. The solid was filtered with a sintered funnel (porosity 3), washed with water/|IPA
(3:2) (2 x 1 mL) and dried under vacuum at room temperature. (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid -
L-2-aminobutyric acid (2:1) (Form |l) was obtained as a white powder (138 mg, 28% yield, 97% ee).
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Claims

1. A cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino acid.

2. The cocrystal according to claim 1, wherein the amino acid is an a-amino acid.

3. The cocrystal according to claim 1, wherein the amino acid is selected from the group consisting of L-valine and L-
2-aminobutyric acid.

4. The cocrystal according to claim 3, which is (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-valine in a
molar ratio 2:1.

5. The cocrystal according to claim 4, which is characterized by having an X-ray powder diffractogram that comprises
characteristic peaks atapproximately 6.7, 12.4,13.5, 16.2and 18.9 degrees 2 theta ata Cu-K, radiation, A = 1.5406 A.

6. The cocrystal according to claim 5, which is characterized by further comprising characteristic peaks in the X-ray
powder diffractogram at approximately, 9.8, 16.0, 20.3, 25.6 and 32.5 degrees 2 theta at a Cu-K radiation, A =
1.5406 A.

7. Thecocrystalaccording to claim 3, which is (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid - L-2-aminobutyric
acid in a molar ratio 2:1.

8. The cocrystal according to claim 7, which is characterized by having an X-ray powder diffractogram that comprises
characteristic peaks atapproximately 6.6,6.7, 10.0, 13.3 and 16.3 degrees 2 thetaata Cu-K, radiation, A =1.5406 A.

9. The cocrystal according to claim 8, which is characterized by further comprising characteristic peaks in the X-ray

powder diffractogram at approximately 10.3, 18.7, 20.1, 24.9 and 25.6 degrees 2 theta at a Cu-K, radiation, A =
1.5406 A.

10. A process for preparing a cocrystal of (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino acid as

1.

defined in any of the claims 1-9, comprising

(a’) mixing 2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid and an amino acid in a mixture of (C4-C,)-alco-
hol/water at a temperature of from 40 °C to the reflux temperature of the solvent system used;

(b’) cooling the mixture and

(c’) isolating the compound thus obtained.

The process according to claim 10, further comprising an additional step of purifying the cocrystal obtained by
recrystallization or by slurrying in an organic solvent, a mixture thereof or a mixture of water/organic solvent.

12. The process according to any of the claims 10-11, further comprising dissociating the cocrystals obtained in any of
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the claims 10 or 11, either

by mixing the cocrystal with a mixture of water and a solvent selected from a (C,-Cg)-ether, and (C5-Cg)-alkyl
(C,-Cg)-alkanoate; separating off the aqueous phase from the organic phase; optionally, carrying out extractions
with the solvent used; and finally separating the (S)-2-hydroxy-3-methoxy-3,3-diphenylpropanoic acid from the joined
organic phases; or alternatively,

by hot slurrying with an organic solvent selected from (C,-Cg)-alkyl (C,-Cg)-alkanoate, (C,-Cg)-alcohol, and mixtures
thereof; filtrating the amino acid; optionally washing the organic phase with water; and finally separating the (S)-2-
hydroxy-3-methoxy-3,3-diphenylpropanoic acid from the organic phase.

A process for preparing Ambrisentan, Darusentan or a salt thereof, comprising carrying out the process of any of
the claims 10-12.

Use of a cocrystal as defined in any of the claims 1-9 for the preparation of Ambrisentan, Darusentan, or a salt thereof.

Patentanspriiche

1. Ein Cokristall aus (S)-2-Hydroxy-3-methoxy-3,3-diphenylpropansaure und einer Aminosaure.

2. Der Cokristall nach Anspruch 1, wobei die Aminosaure eine o-Aminosaure ist.

3. Der Cokristall nach Anspruch 1, wobei die Aminosaure ausgewahlt aus der Gruppe bestehend aus L-Valin und L-
2-Aminobuttersaure ist.

4. Der Cokristall nach Anspruch 3, welches (S)-2-Hydroxy-3-methoxy-3,3-diphenylpropansaure-L-Valin in einem Mol-
verhaltnis von 2:1 ist.

5. Der Cokristall nach Anspruch 4, welcher dadurch gekennzeichnet ist, dass er ein Rontgen-Pulverdiffraktogramm
hat, welches charakteristische Peaks bei ca. 6,7, 12,4, 13,5, 16,2 und 18,9 Grad 2 Theta bei einer Cu-K, Strahlung
von X = 1,5406 A hat.

6. Der Cokristall nach Anspruch 5, welcher dadurch gekennzeichnet ist, dass er weiterhin charakteristische Peaks
im Réntgen-Pulverdiffraktogramm bei ca. 9,8, 16,0, 20,3, 25,6 und 32,5 Grad 2 Theta bei einer Cu-K, Strahlung
von A = 1,5406 A hat.

7. DerCokristallnach Anspruch 3, welcher (S)-2-Hydroxy-3-methoxy-3,3-diphenylpropansaure- L-2-Aminobuttersaure
in einem Molverhaltnis von 2:1 ist.

8. Der Cokristall nach Anspruch 7, welcher dadurch gekennzeichnet ist, dass er ein Rontgen-Pulverdiffraktogramm
hat, welches charakteristische Peaks bei ca. 6,6, 6,7, 10,0, 13,3 und 16,3 Grad 2 Theta bei einer Cu-K Strahlung
von A = 1,5406 A hat.

9. Der Cokristall nach Anspruch 8, welcher dadurch gekennzeichnet ist, dass er weiterhin charakteristische Peaks
im Réntgen-Pulverdiffraktogramm bei ca. 10,3, 18,7, 20,1, 24,9 und 25,6 Grad 2 Theta bei einer Cu-K_ Strahlung
von X = 1,5406 A hat.

10. Ein Verfahren zur Herstellung eines Cokristalls aus (S)-2-Hydroxy-3-methoxy-3,3-diphenylpropanséure und einer
Aminosaure wie in einem der Anspriiche 1-9 definiert, umfassend

(a’) das Beimischen von 2-Hydroxy-3-methoxy-3,3-diphenylpropansaure und einer Aminosaure in einer Mi-
schung aus (C4-C,4)-Alkohol/Wasser bei einer Temperatur von 40 °C bis der Ricklauftemperatur des verwen-
deten Losungsmittelsystems;
(b’) das Abkihlen der Mischung und
(c’) das Isolieren der dadurch erhaltenen Verbindung.

11. Das Verfahren nach Anspruch 10, weiterhin umfassend einen zusatzlichen Schritt, in dem der durch Rekristallisation

oder durch das Aufschlammen in einem organischen Losungsmittel, einer Mischung davon oder einer Mischung
aus Wasser/organischem Lésungsmittel erhaltene Cokristall gereinigt wird.
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Das Verfahren nach einem der Anspriiche 10-11, weiterhin umfassend das Dissoziieren der in einem der Anspriiche
10 oder 11 erhaltenen Cokristalle, entweder durch das Mischen der Cokristalle mit einer Mischung aus Wasser und
einem aus einem (C,-Cg)-Ether, und (C,-Cg)-Alkyl (C,-Cg)-Alkanoat ausgewéhlten Lésungsmittel; das Abtrennen
der wassrigen Phase aus der organischen Phase; wahlweise, das Durchfiihren von Extraktionen mit dem verwen-
deten Lésungsmittel; und schlieRlich das Abtrennen der (S)-2-Hydroxy-3-methoxy-3,3-diphenylpropansaure aus
den kombinierten organischen Phasen; oder, wahlweise,

durch heile Aufschlammung mit einem organischen Lésungsmittel ausgewahit aus (C,-Cg)-Alkyl (C,-Cg)-Alkanoat,
(C,-Cg)-Alkohol, und Mischungen davon; das Filtern der Aminosaure; das wahlweise Reinigen der organischen
Phase mit Wasser; und schlieRlich das Abtrennen der (S)-2-Hydroxy-3-methoxy-3,3-diphenylpropansaure aus der
organischen Phase.

Ein Verfahren zur Herstellung von Ambrisentan, Darusentan oder ein Salz davon, umfassend die Durchfiihrung des
Verfahrens von einem der Anspriiche 10-12.

Die Verwendung von einem Cokristall wie in einem der Anspriiche 1-9 definiert fiir die Herstellung von Ambrisentan,
Darusentan oder ein Salz davon.

Revendications

10.

11.

Un cocristal d’acide (S)-2-hydroxy-3-méthoxy-3,3-diphénylpropanoique et un acide aminé.
Le cocristal selon la revendication 1, dans lequel 'acide aminé est un acide c-aminé.

Le cocristal selon la revendication 1, dans lequel 'acide aminé est choisi dans le groupe constitué de la L-valine et
'acide L-2-aminobutirique.

Le cocristal selon la revendication 3, qui est acide (S)-2-hydroxy-3-méthoxy-3,3-diphénylpropanoique-L-valine dans
un rapport molaire de 2:1.

Le cocristal selon la revendication 4, qui est caractérisé en ce qu’il a un diffractogramme de poudre aux rayons X
qui comprend des pics caractéristiques a environ 6,7, 12,4, 13,5, 16,2 et 18,9 degrés 2 théta pour un rayonnement
Cu-K,, A 1,5406 A.

Le cocristal selon la revendication 5, qui est caractérisé en ce qu’il comprend en outre des pics caractéristiques
dans le diffractogramme de poudre aux rayons X a environ 9,8, 16,0, 20,3, 25,6 et 32,5 degrés 2 théta pour un
rayonnement Cu- K, A = 1,5406 A.

Le cocristal selon la revendication 3, qui est acide (S)-2-hydroxy-3-méthoxy-3,3-diphénylpropanoique-acide L-2-
aminobutirique dans un rapport molaire de 2:1.

Le cocristal selon la revendication 7, qui est caractérisé en ce qu’il a un diffractogramme de poudre aux rayons X
qui comprend des pics caractéristiques a environ 6,6, 6,7, 10,0, 13,3 et 16,3 degrés 2 théta pour un rayonnement
Cu- K, A = 1,5406 A,

Le cocristal selon la revendication 8, qui est caractérisé en ce qu’il comprend en outre des pics caractéristiques
dans un diffractogramme de poudre aux rayons X a environ 10,3, 18,7, 20,1, 24,9 et 25,6 degrés 2 théta pour un
rayonnement Cu- K, 1. = 1,5406 A.

Un procédé de préparation d’un cocristal d’acide (S)-2-hydroxy-3-méthoxy-3,3-diphénylpropanocique et un acide
aminé tel que définie dans 'une quelconque des revendications 1-9, comprenant

(a’) mélanger acide 2-hydroxy-3-méthoxy-3,3-diphénylpropanocique et un acide aminé dans un mélange de
(C4-Cy)-alcool/eau a une température allant de 40 °C a la température de reflux du systéme de solvants utilisé;
(b’) refroidir le mélange et

(c’) isoler le composé ainsi obtenu.

Le procédé selon la revendication 10, comprenant en outre une étape additionnelle de purification du cocristal
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obtenu par recristallisation ou moyennant la mise en suspension d’un solvant organique, un mélange de ceux-ci ou
un mélange d’eau/solvant organique.

Le procédé selon 'une quelconque des revendications 10-11, comprenant en outre dissocier les cocristaux obtenus
dans l'une quelconque des revendications 10 ou 11, ou bien

moyennant mélange du cocristal avec un mélange d’eau et d’un solvant choisi parmi un (C,-Cg)-éther, et (C,-Cg)-alk-
yle (C,-Cg)-alkanoate; séparation de la phase aqueuse de la phase organique; facultativement, réalisation d’ex-
tractions avec le solvant utilisé; et finalement séparation de I'acide (S)-2-hydroxy-3-méthoxy-3,3-diphénylpropanoi-
que des phases organiques jointes; ou, de fagon alternative,

par mise en suspension chaude avec un solvantorganique choisi parmi (C,-Cg)-alkyle (C,-Cg)-alkanoate, (C,-Cg)-al-
cool, et des mélanges de ceux-ci; filtration de I'acide aminé; lavage facultatif de la phase organique avec eau; et
finalement séparation de I'acide (S)-2-hydroxy-3-méthoxy-3,3-diphénylpropanoique de la phase organique.

Un procédé de préparation d’Ambrisentan, Darusentan ou un sel de ceux-ci, comprenant effectuer le procédé de
'une quelconque des revendications 10-12.

Utilisation d’un cocristal tel que définie dans I'une quelconque des revendications 1-9 pour la préparation d’Ambri-
sentan, Darusentan ou un sel de ceux-ci.
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