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Description

Highly stable crystalline Eltrombopag monoethanolamine salt form D1

Technical Field

[0001]

The present invention refers to a process for a highly stable crystalline
Eltrombopag monoethanolamine salt form D1, which is a solid form particularly

stable and well suitable for pharmaceutical purposes.

Background Art

[0002]

[0003]

[0004]

[0008]

[0006]

[0007]

Eltrombopag (abbreviate with the acronym ETP) is a small molecule, non-peptide
thrombopoitin (TPO) receptor agonist that stimulates the proliferation and
differentiation of megakaryocytes.

ETP has the following chemical formula (l1):

N ° OH

N71\N,NH O o)
J 7%
(1),

and has chemical name 3-{(22)-2-[1-(3,4-dimethylphenyl)-3-methyl-5-ox0-1,5-
dihydro-4H-pyrazol-4-ylidene]-hydrazino}-2'-hydroxy-3- biphenyl carboxylic acid
or 3-{N'-[1-(3,4-dimethylphenyl)-3-methyl-5-oxo-1,5-dihydropyrazol-4- ylidene]
hydrazino}-2'-hydroxybiphenyl-3-carboxylic acid.

This molecule is an active pharmaceutical ingredient, which is known in the
market with the commercial name Promacta® in the USA and Revolade® in most
countries outside the USA.

Specifically, ETP is used to treat adults and children one year of age and older
with low blood platelet counts due to chronic immune (idiopathic)
thrombocytopenia (ITP), when other medicines to treat ITP or surgery to remove
the spleen have not worked well enough.

Eltrombopag is commercialized in pharmaceutical compositions comprising this

active pharmaceutical ingredient in form of Eltrombopag olamine or ETP olamine,
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[0008]
[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

i.e. a salt of ETP with ethanolamine in 1:2 ratio, also called Eltrombopag

bisethanolamine salt of formula (ll1):

0
N OH H2N/\/OH
AN NN 0
N OH
OH HNT
(1),

having molecular weight 564.65.

Eltrombopag olamine is supplied for oral administration in two strengths: 25 mg
and 50 mg film-coated tablets.

This salt is a red/brown crystalline solid, sparingly soluble in water and non-
hygroscopic. The molecule does not contain asymmetric centres although it
exists as the Z -isomer in solution and the solid state. It is thermally stable up to
about 125°C. At higher temperature, an endothermic reaction associated with its
degradation occurs, as reported in Australian and EU assessment/Regulatory
report.

A crystalline form of the above mentioned disalt is claimed by the originator in
WO003098992, and other polymorphs of ETP olamine (example Form I, II, lll, V
and XVI) are disclosed in WO 2010/114943.

Moreover, an alternative to commercial ETP bisethanolamine salt is ETP
monoethanolamine salt, which is used to prepare pharmaceutical formulation
according to WO 2010/114943.

In particular, two crystalline Eltrombopag (ETP) monoethanolamine salt forms,
i.e. ETP monoethanolamine salt Form H and ETP monoethanolamine salt Form
E are described in WO 2010/114943.

Specifically, the paragraphs [00174] and [00175] of WO 2010/114943 disclose
the XPRD peaks of ETP monoethanolamine salt form H, having characteristic
peaks 2-Theta values (20) at: 4.9, 6.9, 15.1 and 23.0° 26 + 0.2°, and the process
for preparing said Form H by crystallization of ETP bisethanolamine salt in 1-
butanol or 1-pentanol, as shown in the example 37 and 38.

Moreover, said WO 2010/114943 describes ETP monoethanolamine salt form E,
at paragraphs [00176] and [00177], with its XPRD characteristic peaks 2-Theta
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[0016]

values (26) at: 10.5, 13.4, 19.5 and 21.8° 20 + 0.2°, and the process for preparing
it in 2,2,2-trifluoroethanol, shown in the example 39.

Both processes for the preparation of the above two different ETP
monoethanolamine salt forms, i.e. Form H and Form E, are carried out starting

from ETP bisethanolamine salt.

Summary of invention

[0017]

[0018]

[0019]

[0020]

The problem addressed by the present invention is therefore that of providing a
better crystalline form of Eltrombopag (ETP) monoethanolamine salt, more
thermodynamically stable, and process thereof, which allows to get a better
product compared to those of the prior art.

This problem is solved by the crystalline Eltrombopag (ETP) monoethanolamine
salt form D1, having the highest thermodynamic stability (see the lowest solubility
in water, and the highest value of DSC onset and DSC peak), well suitable for
pharmaceutical purposes.

The crystalline Eltrombopag (ETP) monoethanolamine salt form D1 is prepared
by a process that starts from Eltrombopag free acid, as outlined in the annexed
claims, whose definitions are integral part of the present description.

Further features and advantages of the process according to the invention will
result from the description hereafter reported of examples of realization of the

invention, provided as an indication and not as a limitation of the invention.

Drawings

[0021]

[0022]

[0023]
[0024]

Fig. 1 shows the powder x-ray diffraction pattern of Eltrombopag
monoethanolamine salt form D1 of formula (I), the product of the present
invention.

Fig. 2 shows the DSC curve of Eltrombopag monoethanolamine salt form D1 of
formula (1), the product of the present invention.

Fig. 3 shows the DSC curve of Eltrombopag monoethanolamine salt form H.

Fig. 4 shows the humidity adsorption curves of four ETP monoethanolamine salt

forms, described in the example 6.

Description of embodiments

[0025]

Object of the present invention is a crystalline Eltrombopag monoethanolamine

salt Form D1 of formula (1):
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[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

)

N OH O H2N/\/OH
N
0O
NS \N,NH
OH

(1)
having one of the following characteristic peaks of X-ray powder diffraction
pattern expressed in 2-Theta values (26) at: 7.6, 11.6 and 16.5, each peak £ 0.2.
It has been indeed surprisingly found that the crystalline form of Eltrombopag
monoethanolamine salt Form D1 is highly stable and well suitable to be
employed for pharmaceutical purposes. Moreover, it has been surprising that the
above mentioned crystalline form can be produced starting from Eltrombopag
(free acid), in a solvent with the addition of ethanolamine, produces a form of
Eltrombopag monoethanolamine salt, having characteristic peaks of X-ray
powder diffraction pattern and specific value of DSC analysis, i.e. DSC onset and
DSC peak. Specifically, the crystalline Eltrombopag monoethanolamine salt Form
D1 of the present invention can be suitable in the preparation of pharmaceutical
formulation.
Moreover, the present invention provides a different process to provide a
crystalline Eltrombopag monoethanolamine salt, compared to the above
mentioned prior art, wherein ETP monoethanolamine salt forms are produced
starting from ETP bisethanolamine salt.
Moreover, it has been observed that said ETP monoethanolamine salt Form D1
has a value of DSC onset and DSC peak, measured by DSC analysis, higher
than other ETP monoethanolamine salt forms. This characteristic is an important
evidence of the stability of the product.
Another very important advantage of the product of the present invention is that
said ETP monoethanolamine salt Form D1 is more and higher stable than other
ETP monoethanolamine salt forms, according to ICH guideline conditions, as
better described in the following invention and in the experimental part. This
characteristic/result of stability is important in the pharmaceutical composition,
since it guarantees efficacy and safety.
Further aspect of the product of the present invention is that, Eltrombopag
monoethanolamine salt Form D1 can be prepared heating at specific temperature
Eltrombopag monoethanolamine salt Form H, whose preparation is disclosed in
WO 2010/114943, as the starting material. Indeed, at defined temperature, ETP
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[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

monoethanolamine salt Form H converts to ETP monoethanolamine salt Form
D1, as it can be seen comparing Figure 2 with Figure 3.

The latest ETP monoethanolamine salt Form D1, as above described, is more
stable than ETP monoethanolamine salt Form H, as reported in the present
invention.

Finally, the product of the present invention, ETP monoethanolamine salt Form
D1, being more stable under ICH guideline and having a high DSC onset, it can
be a good alternative to other ETP monoethanolamine salt forms (i.e. ETP
monoethanolamine salt Form H and ETP monoethanolamine salt Form E) or to
ETP olamine in the preparation of pharmaceutical composition.

The crystalline Eltrombopag (ETP) monoethanolamine salt Form D1 of formula (1)
of the present invention has one of the following characteristic peaks of X-ray
powder diffraction pattern expressed in 2-Theta values (268) at: 7.6, 11.6 and
16.5, each peak £ 0.2.

According to a preferred embodiment of the present invention, said crystalline
ETP monoethanolamine salt Form D1 of formula () of the present invention has
one of the following characteristic peaks of X-ray powder diffraction pattern
expressed in 2-Theta values (26) at: : 7.6, 11.6 and 16.5, each peak + 0.1.
According to further preferred embodiment of the present invention, the
crystalline ETP monoethanolamine salt Form D1 of formula (l) has two or three of
the following characteristic peaks of X-ray powder diffraction pattern expressed in
2-Theta values (20) at: 7.6, 11.6 and 16.5, each peak * 0.2; preferably each peak
+0.1.

According to a more preferred embodiment of the present invention, the
crystalline ETP monoethanolamine salt Form D1 of formula () has characteristic
peaks of X-ray powder diffraction pattern expressed in 2-Theta values (26) at:
7.6, 10.5, 11.6, 16.5 and 19.9, each peak + 0.2; preferably each peak + 0.1.
According to a preferred embodiment of the present invention, the crystalline ETP
monoethanolamine salt Form D1 of formula (I) has characteristic peaks of X-ray
powder diffraction pattern expressed in 2-Theta values (26) at: 5.3, 7.6 and 8.5,
each peak £ 0.2; preferably each peak £ 0.1.

Specifically, the beforehand characteristic peaks of ETP monoethanolamine salt
Form D1 of formula (l), i.e. 5.3, 7.6 and 8.5, each peak * 0.2, have an higher
intensity value, as reported in the Table 1.

According to a particularly preferred embodiment of the present invention, the

crystalline ETP monoethanolamine salt Form D1 of formula () has characteristic
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[0041]

[0042]

[0043]

[0044]
[0045]
[0046]
[0047]

peaks of X-ray powder diffraction pattern expressed in 2-Theta values (26) at:
5.3,7.6,8.5,11.6, 13.6 and 16.5, each peak + 0.2; preferably each peak + 0.1.
Moreover, the list of the value of the peaks of X- powder diffraction ray pattern
expressed in 2-Theta values (26) of the crystalline ETP monoethanolamine salt
Form D1 of formula (1) is following reported in Table 1, and shown in Figure 1:
Table 1

Pos. [°26] d-spacing[A]  Rel. Int. [%]
5.3 16.8 56
7.6 11.6 100
8.5 10.5 36
10.5 8.4 2
11.6 7.6 17
13.3 6.6 9
13.6 6.5 16
15.3 5.8 5
15.7 5.6 9
16.5 54 14
18.9 4.7 3
19.9 45 4
21.2 4.2 2
22.5 4.0 2
23.6 3.8 4
24.8 3.6 7

According to another preferred embodiment of the present invention, the
crystalline Eltrombopag monoethanolamine salt Form D1 of formula (I) has DSC
onset comprised in the range from 234°C to 236°C and/or DSC peak in the range
from 238°C to 240°C.

Specifically, the value of DSC onset is recorded as measured by DSC.

The DSC onset corresponds to the melting point value.

The DSC method is better described in the experimental part.

According to more preferred embodiment of the present invention, the crystalline
Eltrombopag monoethanolamine salt Form D1 has onset 235°C as measured by
DSC.
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[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

According to more preferred embodiment of the present invention, the crystalline
Eltrombopag monoethanolamine salt Form D1 has peak at about 239°C as
measured by DSC

According to more preferred embodiment of the present invention, Eltrombopag
monoethanolamine salt Form D1 has onset at about 235°C and peak at about
239°C both as measured by DSC.

Specifically, DSC analysis shows one endothermic event with an onset at 235°C
and a peak at 239°C, the value of onset corresponds to the melting point of ETP
monoethanolamine salt Form D1, followed by large event due to a degradation
event (see Figure 2).

Moreover, the above mentioned DSC analysis of the crystalline ETP
monoethanolamine salt Form D1 shows a linear curve having only one onset and
one peak, that is an evidence of the own better stability compared with DSC
analysis of Eltrombopag monoethanolamine salt Form H, wherein there are two
peaks, as shown in Figure 3.

Specifically, ETP monoethanolamine salt Form H, as disclosed in WO
2010/114943, has the characteristic peaks of X-ray powder diffraction pattern
expressed in 2-Theta values (20) at: 4.9, 6.9, 15.1 and 23.0° 26 £ 0.2°.

In particular, the DSC analysis of the crystalline ETP monoethanolamine salt
Form H shows onset at about 199°C, i.e. melting point as measured by DSC, and
peak at 215°C, moreover the same DSC analysis shows a second curve having
an onset at about 234.9°C and peak at 239.2°C.

The second curve of said DSC analysis corresponds exactly to the curve of the
DSC analysis of the crystalline Eltrombopag monoethanolamine salt Form D1, as
shown in Figure 2.

Therefore, ETP monoethanolamine salt Form H converts to ETP
monoethanolamine salt Form D1 during the first thermal melting.

Another aspect of the present invention is thus, the process for the preparation of
the crystalline Eltrombopag monoethanolamine salt Form D1 of formula (I), above

described:

)

) * L,
N
O
A \N,NH
OH



CA 03108007 2021-01-28

WO 2020/025449 PCT/EP2019/070077

(1)

[0057] comprising the following steps:
a) providing a suspension of Eltrombopag in a solvent,
b) heating the mixture of the step a) to give a solution,
c) adding to the solution of the step b) an amount of ethanolamine to give a

suspension of Eltrombopag monoethanolamine salt Form D1 of formula (1):

0O
N OH O HzN/\/OH
N
0O
AS \N,NH
OH

(1)
in a solvent,
d) isolating Eltrombopag monoethanolamine salt Form D1 from the suspension
of the step c).
[0058] In the step a), the suspension of Eltrombopag contains ETP free acid, i.e.

Eltrombopag of formula (I1):

)

o 20D
N

O
NS \N,NH
OH

(1),
suspended in a solvent.

[0059] Suspension means a solid material suspended in a solution, i.e. mixture of solid
Eltrombopag is suspended in a solvent.

[0060] The starting material Eltrombopag free acid is commercially available, for
example from Sigma-Aldrich Inc. (USA) with product code COM497515993 and
product name Eltrombopag.

[0061] Moreover, the above mentioned starting material can be prepared, following the
method disclosed in WO 01/89457, specifically, Example 3 describes its

preparation.
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[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]
[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

According to preferred embodiment of the present invention, the solvent of the
step a) is 1-pentanol or 1-butanol solvent.

According to preferred embodiment of the present invention, in the step a) ETP
free acid is suspended in 1-pentanol or 1-butanol solvent.

According to preferred embodiment of the present invention, the heating of the
step b) is carried out at reflux temperature.

Reflux temperature means the boiling point temperature of the solvent.
Specifically, in the step b), the mixture of the step a) is heated at temperature,
wherein the solvent, i.e. 1-pentanol or 1-butanol, reaches the boiling point
temperature, to give a solution.

Mixture means thattwo or more substances are combined such that each
substance retains its own chemical identity.

Specifically, the mixture of the step a) contains Eltrombopag and 1-pentanol or 1-
butanol solvent.

In the step b), the heating of the mixture of the step a) gives a solution.

Solution means to dissolve a solid compound in a solvent, for example the
solution can be as an opalescent solution or a microsuspension or a suspension
of little amount of solid material, typically an amount of insoluble material is less
than 5% by weight of weight of the compound dissolved in a solvent. In the
present invention, the solution is obtained from the dissolution of Eltrombopag in
a solvent.

Specifically, in the present invention, Eltrombopag is dissolved in 1-pentanol or 1-
butanol solvent.

Optionally, the resulting solution of the step b) could be stirred at about 80°C, to
give a clear solution, before to proceed to the step ¢).

According to preferred embodiment of the present invention, the amount of
ethanolamine of the step ¢) is comprised among 1.00 and 1.10 molar equivalent
of ethanolamine, compared to ETP.

According to more preferred embodiment of the present invention, the amount of
ethanolamine of the step c) is 1.00 molar equivalent of ethanolamine.

Molar equivalent means that the molar amount of a substance reacts with a molar
amount of another substance in a given chemical reaction.

According to more preferred embodiment of the present invention, in the step ¢),
the addition to the solution of the step b) an amount of ethanolamine, comprised
among 1.00 and 1.10 molar equivalent of ethanolamine, to give a suspension of

Eltrombopag monoethanolamine salt Form D1 of formula (l):
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[0077]

[0078]

[0079]

[0080]

[0081]

10

0
N OH H2N/\/OH
NN _NH 0

N
OH

(1)

in a solvent, specifically in 1-pentanol or 1-butanol.

Specifically, when an amount of ethanolamine is added to the solution of the step
b) gives a suspension of Eltrombopag monoethanolamine salt Form D1 of
formula (1), more specifically a precipitation is observed to give a suspension.
According to a preferred embodiment of the process of the present invention, in
the step d) Eltrombopag monoethanolamine salt Form D1 is isolated from the
suspension of the step c).

Specifically, the isolation can be carried out cooling the suspension or isolating at
high temperature, then the resulting solid is filtered, washed and finally dried, to
obtain the crystalline Eltrombopag monoethanolamine salt Form D1, as described
in the experimental part of the present invention.

Another aspect is thus, the process for the preparation of the crystalline

Eltrombopag monoethanolamine salt Form D1 of formula (1), above described:

0
N OH H2N/\/OH
NN _NH 0

N
OH

(1)

comprising the following steps:

A) heating solid Eltrombopag monoethanolamine salt Form H, having the
characteristic peaks of X-ray powder diffraction pattern expressed in 2-Theta
values (26) at: 4.9, 6.9, 15.1 and 23.0° 20 + 0.2°, at temperature comprised in
the range from 200°C to 210°C,

B) maintaining at temperature of the step A) until the conversion of the product
of the step A) to Eltrombopag monoethanolamine salt Form D1 of formula (1),

C) cooling the product of the step B).
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[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

11

Specifically, in the step A), Eltrombopag monoethanolamine salt Form H, having
the characteristic peaks of X-ray powder diffraction pattern expressed in 2-Theta
values (20) at: 4.9, 6.9, 15.1 and 23.0° 20 £ 0.2°, is produced as described in
WO02010/114943 at paragraph [00175] and in the example 37 and 38, by
crystallization of ETP bisethanolamine salt in 1-butanol or 1-pentanol.

According to a preferred embodiment of the process of the present invention, the
heating of the step A) is carried out at temperature comprised in the range from
200°C to 205°C.

According to further preferred embodiment of the process of the present
invention, the step A), and the following step, i.e. step B) and step C), are carried
out without solvent.

According to a preferred embodiment of the process of the present invention, in
the step B) temperature is maintained at the same range of the step A), i.e.
comprised from 200°C to 210°C, preferably from 200°C to 205°C, until the
conversion of the product of the step A) to Eltrombopag monoethanolamine salt
Form D1 of formula ().

Specifically, at said temperature ETP monoethanolamine salt Form H converts to
ETP monoethanolamine salt Form D1. This completeness of the conversion can
be verified by taking samples of obtained product and performing during the DSC
analysis. (as explained in the example 4).

Then, in the step C), the product of the step B) is cooled, to give the crystalline
ETP monoethanolamine salt Form D1, having one of the following characteristic
peaks of X-ray powder diffraction pattern expressed in 2-Theta values (26) at:
7.6, 11.6 and 16.5, each peak + 0.2.

In particular, in the DSC analysis of ETP monoethanolamine salt Form H, its
second curve corresponds to the DSC curve of ETP monoethanolamine salt
Form D1, as beforehand better disclosed, and as seen in the figure 2 and 3.
Another aspect is thus, a pharmaceutical composition comprises a crystalline
Eltrombopag monoethanolamine salt Form D1 as above described, and one or
more pharmaceutically acceptable excipients.

Indeed, said crystalline form of Eltrombopag monoethanolamine salt Form D1 is
well stable and well suitable to be employed for pharmaceutical purposes, as
show in the Example 8, which refers to stability study.

Moreover, a pharmaceutical composition can comprise a crystalline Eltrombopag

monoethanolamine salt Form D1 in combination with a polymorphs of
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Eltrombopag bisethanolamine and one or more pharmaceutically acceptable
excipients.

Pharmaceutical compositions have different dosage forms, which may include,
for example, capsules, tablets, powders, suspensions or any other suitable
dosage form. In such said dosage forms, Eltrombopag monoethanolamine salt
Form D1 may be combined with one or more pharmaceutically acceptable
excipients, carriers or diluents, such as, for example mannitol, silicic derivatives
or sugar.

Another aspect of the present invention is thus, a crystalline Eltrombopag
monoethanolamine salt Form D1 as above described or the pharmaceutical
composition as beforehand discussed, for use as medicament.

Further aspect of the present invention is thus, a crystalline Eltrombopag
monoethanolamine salt Form D1 as above described or the pharmaceutical
composition as beforehand discussed, for the treatment of chronic immune
thrombocytopenia.

According to a preferred embodiment, a crystalline Eltrombopag
monoethanolamine salt Form D1 as above described or the pharmaceutical
composition as beforehand discussed, can be used for the treatment of adults
and children 1 years of age older with chronic immune thrombocytopenia.

Finally, considering that ETP monoethanolamine salt Form E is not stable, and
therefore is discharged for pharmaceutical purposes (see example 5), the
crystalline Eltrombopag monoethanolamine salt Form D1 has the lowest
hygroscopicity at 95% RH, and moreover has the best thermodynamic stability
(see the lowest solubility in water and the highest value of DSC onset and DSC
peak), respect to other known ETP monoethanolamine salt Forms, therefore it is
advantageously suitable for pharmaceutical purposes.

EXPERIMENTAL SECTION

The starting material Eltrombopag free acid can be prepared according to known

prior art methods, for example, as described in in WO 01/89457 or can be
purchased on the market (for example Sigma Aldrich).

The following table lists the abbreviations used:

ACN Acetonitrile

°C Degree Centigrade or Degree Celsius
DSC Differential scanning calorimetry

EA Ethanolamine

EtOAC Ethyl acetate
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eq. Equivalent
G Gramme
h Hour
HPLC High performance liquid chromatography
IPA Isopropyl alcohol
min minute
mg Milligramme
mL Millilitre
mmol Millimole
MTBE Methyl-tert-butyl ether or tert-butyl methyl ether
NMR nuclear magnetic resonance
RH relative humidity
rpm revolutions per minute
RT Room temperature
T Temperature
THF Tetrahydrofuran
V Volume
wiw Weight/weight
XPRD X-ray Powder Diffraction
ulL Microlitre

[00100] Example 1: Process for the preparation of the crystalline Eltrombopag

monoethanolamine salt Form D1 of formula (l).

OB oL
N
NS \N,NH 0O
OH
(1)

[00101] In a round bottom flask (25 ml), ETP free acid (292 mg, 0.66 mmol) and 1-butanol
(5.9 ml, 30 Vol) were heated to reflux. To the resulting red solution, was added
ethanolamine (40 ml, 0.66 mmol, 1 eq.). The mixture turned dark and

precipitation was observed. The suspension was allowed to cool down at RT and
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stirred for 15 h, then it was filtered and the resulting orange solid was washed
with additional 1-butanol (2 x 1 ml). After drying at RT under vacuum, were
obtained 294 mg (Y = 85 %) of the crystalline Eltrombopag monoethanolamine
salt Form D1 of formula (I) were recovered according to XRPD analysis (shown
Fig. 1).

Example 2. Process for the preparation of the crystalline Eltrombopag
monoethanolamine salt Form D1 of formula (l), containing an optional stirring at
the step b).

0O
N OH O HzN/\/OH
N
0O
AS \N,NH
OH

(1)

In an assay tube, ETP free acid (74.3 mg, 0.17 mmol) and 1-pentanol (1.5 ml)
were heated to reflux. Optionally, the resulting clear solution was stirred at 80 °C
before adding ethanolamine (10 ul, 0.17 mmol). The crude mixture turned dark
and a precipitate appeared.

Then the mixture was allowed to cool down at RT. Due to stirring issues, 1-
pentanol (1 ml) was added to improve the stirring. After 30 min at RT, the crude
was cooled to 0-5 °C with an ice-water bath for 45 min. The resulting orange solid
was filtered and washed with additional 1-pentanol (2x0.5 ml). After drying for
12h at RT under vacuum and for 6h at 50 °C under vacuum, and obtained 55.3
mg (Y = 65 %) of the crystalline Eltrombopag monoethanolamine salt Form D1
was obtained according to XRPD analysis, which is equivalent to XRPD analysis
of the Figure 1.

Example 3: XPRD diffractometer and method for the characterization of the
crystalline Eltrombopag monoethanolamine salt Form D1 of formula (I), i.e. the
product of the present invention.

Diffraction measurements were performed at ambient conditions on a PANalytical
X'Pert PRO 2 theta (208) diffractometer of 240 mm of radius in reflection
geometry, equipped with Cu Ka radiation and a PlXcel detector, operated at 45
kV and 40 mA.
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A sample of the crystalline Eltrombopag monoethanolamine salt Form D1 was
mounted on a zero-background silicon holder and allowed to spin at 0.25 rev/s
during the data collection. The measurement angular range was 3.0-40.0° (26)
with a step size of 0.013°. The scanning speed was 0.0328°/s for routine analysis
and 0.082°/s for characterization and final product analysis.

This analysis of XRPD diffractogram, as disclosed in the description part of the
invention, and showed in Figure 1.

In particular, the crystalline Eltrombopag monoethanolamine salt Form D1 of
formula () has one of the following characteristic peaks of X-ray powder
diffraction pattern expressed in 2-Theta values (28) at: 7.6, 11.6 and 16.5, each
peak £ 0.2.

Example 4: DSC

DSC analyses were recorded with a Mettler Toledo DSC2.

Samples were weighed into a 40 pL aluminium crucible with a pinhole lid and
heated at 10K/min from 25 to 300 °C under nitrogen (50 mL /min).

DSC analysis of the crystalline Eltrombopag monoethanolamine salt Form D1 of
formula (1):

An amount of sample of Eltrombopag monoethanolamine salt Form D1 were

analysed by DSC.

Said DSC analysis shows one endothermic event with an onset at 235°C that
corresponds to the melting of ETP monoethanolamine salt Form D1 and a peak
at 239°C, followed by a large exothermic event due to a degradation event (as
shown in Figure 2).

DSC analysis of the Eltrombopag monoethanolamine salt Form H:

1.2500 mg of sample of Eltrombopag monoethanolamine salt Form H were
analysed by DSC.

DSC analysis shows two endothermic events:

- the first having an onset at about 199°C and a peak at 215°C

- the second having an onset at about 234.9 °C and a peak at 239.2°C.

In particular, the first endothermic event, with an onset at about 199°C,
corresponds to a polymorphic transition of ETP monoethanolamine salt Form H
to another crystalline form, in particular at temperature between 200°C to 210°C,
ETP monoethanolamine salt Form H converts to Eltrombopag monoethanolamine
salt Form D1, as provide by XPRD diffractogram and token a samples of the

product. Following, the second endothermic event, with an onset at about 235°C,
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corresponds to the melting of the crystalline Eltrombopag monoethanolamine salt
Form D1 (as shown in Figure 2).

Example 5: Stability study of Eltrombopag monoethanolamine salt Form E

The stability of Eltrombopag monoethanolamine salt Form E, whose preparation
is described in background of the present invention, was carried out following two
different conditions.

In the first ETP monoethanolamine salt Form E was exposed to atmospheric
conditions for 1 day was unstable, and a new form very similar to Form Il (ETP
bisethanolamine salt) described in US8372822B2 was recovered according to
XRPD analysis.

In the second ETP monoethanolamine salt Form E was exposed to ICH guideline
accelerated conditions (40 °C/75 RH%). Under these conditions, Form E
converted partially to a new unknown form.

Results of stability study after 1 day of exposition:

1) Atmospheric conditions: Form Il + one peak at 8.6° (26),

2) 40 °C/75 RH %: partial conversion to a new form with a main peak at 8.6° (26).
Therefore, ETP monoethanolamine salt Form E is not stable under atmospheric
or ICH guideline accelerated conditions for 1 day, and therefore not suitable for
pharmaceutical purpose.

Example 6: Hygroscopicity study of various crystalline Eltrombopag
monoethanolamine salt Forms: ETP monoethanolamine salt Form D1, ETP
monoethanolamine salt Form H, ETP monoethanolamine salt Form D, ETP
monoethanolamine salt Form H2.

Hygroscopicity study was determined by DVS (Dynamic Vapour Sorption) with a
Q5000 TA instrument. This is a gravimetric technique that measures how much
water is absorbed or desorbed by a sample at different relative humidity (RH).
At each RH, the sample mass must be allowed to reach gravimetric equilibrium
(or surpassed time limit) before progressing to the next humidity level. Sorption
and desorption isotherms were performed at 25 °C over a range of 0 — 95 %RH.
The samples gently milled were not previously dried but they were exposed to
0% RH until a stable weight was reached before starting the DVS cycle. This
equilibration step allows possible adsorbed humidity to be eliminated.

DVS analyses were performed with ca. 10 mg of the 4 crystaline ETP
monoethanolamine salt forms (Form D, Form H, Form D1 and Form H2) following
the conditions described below:

- weight equilibration at 25 °C under 0% RH,
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- increase to the higher RH% level when the weigh variation of the sample is inferior
to 0.02% w/w after 10 min or after a time limit of 300 min.

A graphic comparison of the humidity absorption profile of the 4 forms is shown
on Figure 4.

DVS analysis of the different monoethanolamine salts indicated that the water
uptake increases progressively between 0 and 85% RH before increasing faster at
95% RH. However, the final water uptake remains low indicating that these forms are
slightly hygroscopic (up to 1.4 % w/w at 95% RH).

a. ETP monoethanolamine salt Form H is the most hygroscopic form, adsorbing up
to 1.4 % w/w of humidity at 95% RH.

b. ETP monoethanolamine salt Form H2, unknown in literature, is a form similar
to ETP monoethanolamine salt Form H. Said ETP monoethanolamine salt Form
H2 has a hygroscopicity similar to Form H up to 85% RH, but remained lower at
95% RH (0.6 vs 1.4 w/w).

c. ETP monoethanolamine salt Form D is not hygroscopic up to 85% RH.

d. ETP monoethanolamine salt Form D1 has the best non-hygroscopic behavior at
95 % RH, less than 0.2 % w/w at 95 % RH (see Fig. 4).

The solids recovered after the DVS analysis cycle maintained their initial crystalline
form according to XRPD (crystalline conversion did not occur).

Therefore, ETP monoethanolamine salt Form D1 shows a lower hygroscopitiy
respect to Form H, previously described in the literature.

Therefore, ETP monoethanolamine salt Form D1 has a better hygroscopicity
behaviour than all known ETP monoethanolamine salt Forms, and unknown
Form, as Form HZ2.

Example 7: Water solubility study of different crystalline Eltrombopag
monoethanolamine salt Forms: ETP monoethanolamine salt Form D1, ETP
monoethanolamine salt Form H, ETP monoethanolamine salt Form D, ETP
monoethanolamine salt Form H2.

The relative solubility of the above mentioned 4 ETP monoethanolamine salt
Forms was studied in water at RT. The validity of any solubility measurement
requires that the crystalline form must remain stable with respect to any phase
conversion taking place during the determination of the equilibrium solubility.

Preliminary stability in water

[00144] A preliminary test stability study in water at RT of 4 ETP monoethanolamine salt

Forms was performed in order to observed possible crystalline transitions.
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A sample of each crystalline form was slurried in water at RT and periodically

analysed by XRPD (1, 3, 6 and 24 h) in order to detect possible crystalline

transformation.

ETP monoethanolamine salt Form D1, Form H, Form D and Form H2 remained

stable 24 h under these conditions. Then, their thermodynamic solubility can be

determined.

Determination of relative thermodynamic solubility in water at RT by HPLC

Once confirmed that the different ETP monoethanolamine forms are stable under

water, the thermodynamic solubility of these forms was evaluated.

As the solubility of these forms was very low in water, a suspension (10 mg in 1

mL of water) was performed in water at RT in order to afford a saturated solution.

This suspension was stirred 24 h at RT in order to reach the equilibrium. Then, a

sample was filtered and the resulting filtrate was analysed by HPLC by duplicate.

The average peak area of ETP gave a relative value of the thermodynamic

solubility of each form that can be compared with each other. The solids

recovered after filtration were also analysed by XRPD to check that no crystalline

phase transformation occurred during the slurring.

The following HPLC conditions were used to determine the relative solubility (due

to their short analysis time and good response):

Column: C18 Zorbax Eclipse (XDB), 150 x 4.6 mm, 5 pm

Sample concentration: Saturated water solution of the ETP
monoethanolamine salt

Mobile phase: ACN:MeOH:H20 (55:35:10) at pH = 6.0 +/- 0.2

Temperature: 27 °C

Flow rate: 1 mL/min

UV detector wavelength: 230 nm

Injection: 5L

Run time: 10 min

HPLC ETP peak area in each of the different forms analysed was measured in

order to establish their relative solubility. The HPLC analyses were performed by
duplicate for each ETP monoethanolamine salt. This solubility study was
repeated twice in order to confirm the solubility values, as reported in the

following Table 2).



CA 03108007 2021-01-28

WO 2020/025449 PCT/EP2019/070077
19
Table 2
S — e -
olubility test Solubility test Intensity standard
Entry Form #1 (area #2 (area test .
deviation
counts) counts) average
1 Form D1 2722 3100 2911 267
2 Form H 3963 5031 4497 755
3 Form D 7930 8201 8066 192
4 Form H2 3068 2665 2867 285

[00152]

[00153]

[00154]

[00155]

[00156]

[00157]

[00158]

[00159]

[00160]

[00161]

- ETP monoethanolamine salt Form D1 showed a relative solubility intermediate,
that is lower than ETP monoethanolamine salt Form H (Entry 1).

- ETP monoethanolamine salt Form H afforded a higher solubility than ETP
monoethanolamine salt Form D1 (Entry 2).

Then, ETP monoethanolamine salt Form D1 has lower solubility in water respect
to know ETP monoethanolamine salt Forms.

Thus, ETP monoethanolamine salt Form D1, affording one the most low solubility,
is the most thermodynamic stable form according the stability study performed.
Example 8: Stability study of crystalline Eltrombopag monoethanolamine salt
Form D1.

Crystalline stability of Eltrombopag monoethanolamine salt Form D1 was studied
under accelerated ICH guideline conditions (T = 40 °C/ 75£5% RH).

ETP monoethanolamine salt Form D1 obtained in the Example 1 was stored on a
XRPD sample holder (10 mg) and exposed to ICH guideline accelerated stability
conditions in the appropriate climate chamber (45t2 °C - 7515% RH). This
sample was periodically analysed by XRPD in order to observe possible
crystalline transformation or amorphization.

The crystalline Eltrombopag monoethanolamine salt Form D1 remaines stable for
at least 2 months and said period could also be much longer. (The analysis has
been carried out for 2 months).

The that

monoethanolamine salt Form D1 has remained stable, indeed polymorphic

results show that during study period, the crystaline ETP
transition, hydrate formation or amorphization was not observed.

Moreover, a sample of ETP monoethanolamine salt Form D1 stored on a XRPD
silicon holder was exposed in a climatic chamber. It is worth noting that these
stability conditions are harsher than standard stability conditions due to the high
surface of exposition of the solid stored on the XRPD silicon holder. The samples
were periodically analysed by XRPD to observe possible crystalline

transformation.
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[00162] Finally, said that Eltrombopag monoethanolamine salt Form D1 has the best
thermodynamic stability, as seen by the DSC and solubility study and confirmed
by the stability study, in comparison with the known forms, and therefore is well
suitable for pharmaceutical purposes. Moreover, ETP monoethanolamine salt
Form D1 has the lowest hygroscopicity at 95% RH. Said features provide evident
advantages in pharmaceutical compositions comprising ETP monoethanolamine

salt Form D1.
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Claims

1.

Crystalline Eltrombopag monoethanolamine salt Form D1 of formula (1):

0O
N OH O H2N/\/OH
N
0O
NS \N,NH
OH

(1)

having one of the following characteristic peaks of X-ray powder diffraction pattern
expressed in 2-Theta values (20) at: 7.6, 11.6 and 16.5, each peak + 0.2.

The crystalline Eltrombopag monoethanolamine salt Form D1 according to the claim
1, having two or three of the following characteristic peaks of X-ray powder diffraction
pattern expressed in 2-Theta values (26) at: 7.6, 11.6 and 16.5, each peak £ 0.2.

The crystalline Eltrombopag monoethanolamine salt Form D1 according to any one of
the claims from 1 to 2, having characteristic peaks of X-ray powder diffraction pattern
expressed in 2-Theta values (26) at: 7.6, 10.5, 11.6, 16.5 and 19.9, each peak + 0.2.
The crystalline Eltrombopag monoethanolamine salt Form D1 according to any one of
the claims from 1 to 3, having characteristic peaks of X-ray powder diffraction pattern
expressed in 2-Theta values (20) at: 5.3, 7.6 and 8.5, each peak + 0.2.

The crystalline Eltrombopag monoethanolamine salt Form D1 according to any one of
the claims from 1 to 3, having characteristic peaks of X-ray powder diffraction pattern
expressed in 2-Theta values (26) at: 5.3, 7.6, 8.5, 11.6, 13.6 and 16.5, each peak
0.2.

The crystalline Eltrombopag monoethanolamine salt Form D1 according to any one of
the claims from 1 to 4, having DSC onset comprised in the range from 234°C to
236°C and/or DSC peak in the range from 238°C to 240°C.

Process for the preparation of the crystalline Eltrombopag monoethanolamine salt

Form D1 of formula (l) according to any one of the claims from 1 to 6:
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0]
N OH O H2N/\/OH
N
0]
NS \N,NH
OH

(1)
comprising the following steps:
a) providing a suspension of Eltrombopag in a solvent,
b) heating the mixture of the step a) to give a solution,
c) adding to the solution of the step b) an amount of ethanolamine to give a

suspension of Eltrombopag monoethanolamine salt Form D1 of formula (1):

0
) * L,
N

O
A \N,NH
OH

(1)

in a solvent,
d) isolating Eltrombopag monoethanolamine salt Form D1 from the suspension of the

step ¢).
Process according to the claim 7, wherein the solvent of the step a) is 1-pentanol or 1-
butanol solvent.
Process according to any one of the claims from 7 to 8, wherein the heating of the
step b) is carried out at reflux temperature.
Process according to any one of the claims from 7 to 9, wherein the amount of
ethanolamine of the step c) is comprised among 1.00 and 1.10 molar equivalent of
ethanolamine.
Process for the preparation of the crystalline Eltrombopag monoethanolamine salt

Form D1 of formula (l) according to any one of the claims from 1 to 6:
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0O
N OH O H2N/\/OH
N
0O
NS \N,NH
OH

(1)

comprising the following steps:

A) heating solid Eltrombopag monoethanolamine salt Form H, having the
characteristic peaks of X-ray powder diffraction pattern expressed in 2-Theta
values (20) at: 4.9, 6.9, 15.1 and 23.0° 28 £ 0.2°, at temperature comprised in the
range from 200°C to 210°C,

B) maintaining at temperature of the step A) until the conversion of the product of the
step A) to Eltrombopag monoethanolamine salt Form D1 of formula (1),

C) cooling the product of the step B).

Process according to the claim 11, wherein the heating of the step A) is carried out at

temperature comprised in the range from 200°C to 205°C.

A pharmaceutical composition  comprising a  crystalline  Eltrombopag

monoethanolamine salt Form D1 according to any one of the claims from 1 to 6, and

one or more pharmaceutically acceptable excipients.

Crystalline Eltrombopag monoethanolamine salt Form D1 according to any one of

claim from 1 to 6 or the pharmaceutical composition according to claim 13, for use as

medicament.

Crystalline Eltrombopag monoethanolamine salt Form D1 according to any one of

claim from 1 to 6 or the pharmaceutical composition according to claim 13, for the

treatment of chronic immune thrombocytopenia.
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Figure 2

Jo06C 08¢ 0L 09T 0SC &WW 0£€ 0ZC 0T 00C 06T 0BT 0T 09T 0ST OFT OET OCT OTT 00T 06 08 OL 09 05 OF O

Do €££°6€T Nead

Do 92'5€7 195UQ
I-vOf 10°1Z1- peziewuou

(w /€'19¢- jeabayug

1

Ui 0'0S TN UU0TB00E ST PoYRK
bw g091'Z ‘gL 1-17-6€3 ojdwes




CA 03108007 2021-01-28

PCT/EP2019/070077

WO 2020/025449

3/4

Figure 3
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Figure 4
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