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(57) Abstract: The object of the present invention relates to a method for the production of formula 1 (R)-2- (2-aminothiazole-4-yl)-
4'-[2-[(2-hydroxy-2-phenyl)ethylamino]ethyl Jacetanilide (mirabegron) and formula lc mirabegron monohydrochloride, as well as
the intermediates used during the method.
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Method for the production of morphologically homogenous mirabegron and

mirabegron monohydrochloride

5  The object of the invention

The object of the present invention relates to a method for the production of formula 1 (R)-2-(2-

aminothiazole-4-yl)-4'-[2-[(2-hydroxy-2-phenyl)ethylamino]ethyl]acetanilide (mirabegron)

H’"’QUHQ/VHOJ\Q
1

10
and formula 1¢ mirabegron monohydrochloride
S
HaN
N HO
15 1¢c

as well as the intermediates used during the method.

20  The state of the art

Formula 1 mirabegron is a selective B3 agonist, an active substance used for the treatment of

overactive bladder syndrome.
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The known forms of synthesis usually have many steps, and are not advantageous methods from

the points of view of technology and economy.

International patent application with publication number WO 99020607 presents the production
of formula 1b mirabegron dihydrochloride salt according to the following reaction scheme.

10

Reaction scheme 1

15 One of the key steps of the method is the reaction of 4-nitrophenethylamine with formula 9
optically active styrene oxide. This reaction is not selective, several products are produced, the

material must be isolated and purified chromatographically, which is not economical on the
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industrial scale and is difficult to carry out in the case of a larger batch size. Due to both the low
yield and the high price of active styrene oxide, it is not suitable for the industrial production of

mirabegron. Also, the use of protective groups results in extra reaction steps.

The key step in the method used in Chinese patent application number CN 103896872 is the
styrene oxide reaction depicted in reaction scheme 1, the disadvantage of which is that the
reaction of formula 9 styrene oxide with a primary amine results in three different products in
comparable amounts, among which the desired product is difficult to extract and difficult to

purify. Therefore waste is produced from a significant part of the expensive styrene oxide.

In several patent applications — WO 2003037881, CN 104016943, CN 104016877 — the
mirabegron is produced starting from mandelic acid or mandelic acid ester instead of styrene

oxide.

According to the method published in Chinese patent application number CN 103387500 formula
9 optically active styrene oxide is used to produce formula 4 (R)-2-[benzyl(4-nitro
phenethyl)amino]-1-phenylethanol. The aforementioned formula 9 styrene oxide is an
exceptionally expensive reagent. The isomer compounds produced during ring opening appear as
potential contaminants in the reaction series, and so also contaminate the final product, to varying

extents (reaction scheme 2).
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11 9 4

o\\ﬁ HO - H,N HO
o
4 2

Reaction scheme 2

Indian patent application number 3843/CHE/2012 describes a form of mirabegron hydrochloride
characterised by powder x-ray also presumably containing water (referred to as form R), as well
as an isopropyl acetate solvate of mirabegron containing a base (referred to as form S). No

mention is made of the precise stoichiometry nor of how homogenous these compositions are.

Mirabegron monohydrochloride and its production are described international patent application

publication number WO 2014132270.

Several forms of mirabegron synthesis are discussed in the publication entitled “Practical
synthesis of Mirabegron” (J. Chem. Pharm. Res. 2015, 7, 1473-1478), none of the methods
published in it provide yealds or advantages that could be realistically implemented on the

industrial scale.

According to the method published in Chinese patent application number CN 104876890

(reaction scheme 3) the product obtained by the reaction of 4-nitro phenethyl amine and the
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formula 10 racemic styrene oxide are resolved, then following hydrogenation the formula 2 key
intermediate (R)-2-(4-amino phenethyl)amino-1-phenylethanol is obtained. The disadvantage of
the method is that only 20-25% of the desired product is produced in the primary amine and

styrene oxide reaction, burdened by a large amount of contaminant.

H H
0\\” /O/\/N /@/\/N
o oqy — 0,

h HO
o

H AR s
H,N
N HZN/QD\)LOH ) H
— . e
H;N HO 3 N Ho
1

Reaction scheme 3

Brief summary of the invention

When elaborating the method according to the invention the objective was to elaborate a novel
synthetic method for the production of formula 1 mirabegron that can be carried out in a way that
is simpler and more economic than previous methods, that provides a better yield, uses easily
accessible reagents, that is free of toxic auxiliary substances, that is implementable under normal
reaction conditions, that progresses through crystalline and easily purified intermediates in the
critical steps, that results in an easily separable final product and that can be implemented to

advantage at industrial scales.

During the research work in connection with the invention it was surprising to find that if the
synthesis series presented in the following reaction scheme 4 is implemented, in other words if

formula 5 racemic 2-(benzyl(4-nitro phenethyl)amino)-1-phenylethanol is produced from formula

_5-
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11 N-benzyl-4-nitro phenethyl-amine and formula 10 racemic styrene oxide then if this is
resolved with formula 6 (R)-mandelic acid to produce the formula 4a (R)-mandelic acid salt of
formula 4 (R)-2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol, then by freeing the base from
the 4a salt the desired, optically active formula 4 compound is obtained, with the catalytic
5 hydrogenation of which the formula 2 amino-ethanol is obtained, following this, by reacting the
formula 2 amino-ethanol with the formula 3 2-aminothiazolyl acetic acid, the formula 1
mirabegron is produced, then from this, optionally, the formula 1¢ mirabegron hydrochloride is

produced, then the set objective may be achieved.

10

Reaction scheme 4

15 It is especially surprising that during the resolving process carried out at 40-50 °C with mandelic
acid in the presence of ethyl acetate in a single crystallization step, without further purification a

diastereomer salt is obtained where with great selectivity the salt precipitated contains 98.9% of
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the desired enantiomer, in other words very great enantiomer purification takes place. This is not
expected even in the light of that stated in the literature (see F. Faigl, E. Fogassy, M. Nogradi, E.
Palovics, J. Schindler, Tetrahedron: Asymmetry, 2008, 19, 519-536).

The object of the invention relates to the production of formula 1 mirabegron. It is characteristic
of the method that by reacting formula S racemic 2-[benzyl(4-nitro phenethyl)amino]-1-
phenylethanol in a solvent with mandelic acid, or by reacting the salt of the formula § compound
with mandelic acid salt formula 4 (R)-2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol is
produced, then in one step the formula 4 compound is transformed into formula 2 (R)-2-(4-amino
phenethyl)amino- 1-phenylethanol, then by reacting the formula 2 compound with formula 3 2-

aminothiazolyl acetic acid the formula 1 mirabegron base is produced.

In the case of a preferable embodiment of the method according to the invention the
transformation of compound 4 into compound 2 is preferably performed with catalytic

hydrogenation.

In the case of another preferable embodiment of the method according to the invention formula 5
racemic 2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol is reacted with formula 6 (R)-

mandelic acid,

OH

OH
(o}

or the salt of the formula § compound is reacted with formula 6 (R)-mandelic acid salt, and from

the crystalized formula 4a (R)-mandelic acid salt
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the optically active formula 4 base is released in a known way.

5 In the case of a further preferable embodiment of the method according to the invention formula
S racemic 2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol is reacted with formula 7 (S)-

mandelic acid,

OH
~_OH
Y
7
10
or a salt of the formula § compound is reacted with a salt of formula 7 (§)-mandelic acid, and
after removing the crystalizing formula 8a (S )-mandelic acid salt
2 s
(o]
D
°\‘|rf HO™
o
8a
15

the desired formula 4 compound is extracted from the supernatant, which is purified if necessary.

In the case of a further preferable embodiment of the method according to the invention the salt
of the formula S compound is hydrochloride, hydrobromide, sulphate or dihydrogen phosphate
20  salt, or a salt formed with organic acids, including acetic acid, propionic acid, benzoic acid,

preferably hydrochloride or acetate salt.
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In the case of a further preferable embodiment of the method according to the invention the salt
of the formula 6 or 7 mandelic acid is sodium, potassium or ammonium salt, preferably sodium

salt.

In the case of a further preferable embodiment of the method according to the invention the
solvent used for resolving is a straight or branched chain alcohol with C;-Cs carbon atoms,
preferably an aliphatic alcohol with C;-C4 carbon atoms, esters of carboxylic acids with C-Cq4
carbon atoms formed with alcohols with C;-C4 carbon atoms, acetonitrile, tetrahydrofuran,
dioxane, toluene, t-butyl methyl ether, diisopropyl ether, water or any mixture of two or more of

these.

In the case of a further preferable embodiment of the method according to the invention the
solvent used for resolving is acetonitrile, isopropyl acetate or ethyl acetate, preferably ethyl

acetate.

In the case of a further preferable embodiment of the method according to the invention the

temperature used during resolving is 40-50 °C, preferably 43-45 °C.

In the case of a further preferable embodiment of the method according to the invention during
resolving the ratio of the formula 6 or 7 mandelic acid with respect to compound 5 is 0.1-1 mole-

equivalent, preferably 0.5-1.0 mole-equivalent, most preferably 0.6-0.8 mole-equivalent.

In the case of a further preferable embodiment of the method according to the invention the
temperature range used for the crystallization of the formula 4a and 8a salts is -50 °C — +120 °C,

preferably - 20 °C —+60 °C.

The invention also relates to mirabegron produced with one of the above methods which contains

a maximum of 0.15 mass%, preferably a maximum of 0.05 mass% of the formula 12



10

15

20

WO 2017/137784 PCT/HU2016/050045

N
YW
H N HO
12
or formula 13

N
O
N HO
OHI-I
13

contaminants.

The invention also relates to the use of the formula 12 or 13 compounds as analytical comparison

substances for the classification of the mirabegron active substance or preparation.

The invention also relates to formula 1 mirabegron which contains a maximum of 0.15 mass%,

preferably a maximum of 0.05 mass% of the formula 12 or 13 contaminants.

The invention also relates to formula § racemic 2-[benzyl(4-nitro phenethyl)amino]-1-

phenylethanol.
The invention also relates to formula 4a (R)-mandelic acid salt.

The invention also relates to formula 8 (S)-2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol

-10 -
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and to formula 8a (S)-mandelic acid salt.

Detailed description of the invention

The process of our method was summarised in the above reaction scheme 4.

10 In the first step the key intermediate formula 5 racemic 2-(benzyl(4-nitro phenethyl)amino)-1-

phenylethanol, a new compound not yet described in the literature,

15  is produced from the known and readily available 11 N-benzyl-4-nitro phenethyl-amine

and the cheap and readily available 10 racemic styrene oxide

20

-11 -
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o

10

In the second step by resolving the formula S racemic compound the formula 4 (R)-2-[benzyl(4-

nitro phenethyl)amino]-1-phenylethanol is produced.

The resolving may be performed using optically active acids by forming a diastereomeric salt

pair, in this method the resolving was preferably performed with formula 6 (R)-mandelic acid,

_12-
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precipitated in crystalline form from the system, with a good yield and with high optical purity, in

other words with a low degree of formula 8 enantiomer contamination

Then by freeing the base from the 4a salt the desired optically active formula 4 compound was

obtained.

10 In the third step of the method by the catalytic hydrogenation of the formula 4 compound the

formula 2 (R)-2-(4-amino phenethyl)amino-1-phenylethanol was obtained.

H
o
H,N HO

2

15
In the last step during the production of mirabegron the formula 2 compound was reacted with
formula 3 2-aminothiazolyl acetic acid.
]
w18
N OH
3
20

It is exceptionally important to use the purest possible chemical and optical form of the above

formula 2 compound in the reaction, as the contaminants of the latter determine the purity of the

-13 -
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final product. In this method the formula 2 amino-ethanol is obtained with 99.7% or higher

HPLC purity.

As an alternative to the above resolving step the method may also involve reacting the formula 5

compound with formula 7 (S)-mandelic acid,

the desired formula 4 compound is extracted from the mother liquor, which is purified if

necessary.

The optical rotation of the above formula 8 compound is [a]p2s = + 22.7 ° (¢: 1, ethanol).

The characteristics of the formula 8a diastereomeric salt determined using structure testing
methods are the following:

'"HNMR (a600, DMSO-de): 8.07 (d, J=8.7 Hz, 2H); 7.42 (~dd, 2H); 7.34 (~t, 2H); 7.33 (~d, 2H);
7.28 (m, 3H); 7.26 (~d, 2H); 7.23 (m, 1H); 7.22 (m, 2H); 7.20 (m, 1H); 7.16 (~dd, 2H); 5.01 (s,
1H); 4.68 (dd, J1=7.3 Hz, J2=5.6 Hz, 1H); 3.76 (d, J=13.9 Hz, 1H); 3.69 (d, J=13.9 Hz, 1H); 2.83
(~t, 2H); 2.74 (~t, 2H); 2.70 (dd, J1=13.2 Hz, J2=7.3 Hz, 1H); 2.65 (dd, J1=13.2 Hz, J2=5.6 Hz,
1H)

_14 -
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CNMR (a600, DMSO-de): 174.33; 149.48; 145.95; 144.88; 140.51; 139.32; 130.23; 128.87;
128.31; 128.18; 128.04; 127.81; 126.99; 126.93; 126.83; 126.40; 123.37; 72.59; 70.86; 61.88;
58.25;55.09; 32.52

The method may also involve reacting a chosen salt of formula 6 or 7 mandelic acid with a salt of
the formula 5 compound, then after removing any salt produced due to metathesis the formula 4a
or 8a diastereomeric salt is crystalized. In this case the salt of formula 6 or 7 mandelic acid is any
chosen alkali metal salt or ammonium salt, preferably sodium, potassium or ammonium salt,
preferably sodium salt. The salt of the formula 5 compound is any chosen salt formed with a
hydrogen halide, preferably hydrochloride or a salt formed with any univalent organic acid,
preferably acetate, or a salt formed with a univalent or multivalent inorganic acid, preferably
sulphate, dihydrogen phosphate.

Examples of univalent organic acids include acetic acid, propionic acid and benzoic acid. The salt

of the formula 5 compound is preferably hydrochloride or acetate salt.

During the reaction of the formula 5 compound with both the formula 6 (R)-mandelic acid, and
with the formula 7 (S)-mandelic acid the solvent used may be a straight or branched chain alcohol
with C;-Cs carbon atoms, preferably an aliphatic alcohol with Ci-C4 carbon atoms, esters of
carboxylic acids with C;-Cs carbon atoms formed with alcohols with Ci-C4 carbon atoms,
acetonitrile, tetrahydrofuran, dioxane, toluene, t-butyl methyl ether, diisopropyl ether, water or
any mixture of two or more of the above solvents. A preferably used solvent may be acetonitrile,

isopropyl acetate and ethyl acetate, most preferably ethyl acetate.

The ratio of the formula 6 or 7 mandelic acid used with respect to compound 5 is 0.1-1 mole-
equivalent, preferably 0.5-1.0 mole-equivalent, most preferably 0.6-0.8 mole-equivalent.
Optionally, in addition to formula 6 or 7 mandelic acid other achiral acids may also be used, in a
0-0.9 mole-equivalent amount, preferably in a 0-0.5 mole-equivalent amount, and most
preferably in a 0.2-0.4 mole-equivalent amount. The latter achiral acids may be organic acids
with a low number of carbon atoms, preferably formic acid, acetic acid, propionic acid, most
preferably acetic acid. The temperature range used for the crystallization of the formula 4a and

8a salts is -50 °C — +120 °C, preferably - 20 °C — +100 °C, most preferably - 20 °C — +60 °C.

-15 -
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The formula 12

Y HO'
on H

wnm&@

and the formula 13 compounds

N
o/@/v
:TN HO
oH "
13

may appear in the mirabegron obtained according to the method as potential contaminants, the
identification of these in the mirabegron is a task belonging to the knowledge of a person skilled

in the art. The formula 12 and 13 compounds may be used as analytical standards.

During our experiments we found that when resolving with other chiral acids the enantiomer
purification does not meet expectations, and the handling of the diastereomeric salt becomes
difficult. In an unexpected way it was found that when crystalizing the diastereomeric mandelic
acid salt with a suitable solvent, in an appropriate temperature range, a material that is easy to

handle and that has high enantiomer purity was obtained.

During our method the formula 1¢ monohydrochloride salt was produced in a known way using
hydrochloric acid from the formula 1 mirabegron base, all the characteristic x-ray powder
diffraction peaks of which (with relative intensity greater than 1%) measured with CuKq x-rays

can be found in the following Table 1. The most characteristic peaks of the formula Ic compound
are the following: 20 (£0.2° 26): 2.15; 4.33; 8.68; 17.66; 19.59; 21.57; 24.77; 25.47; and the even
more characteristic peaks are the following: 26 (£0.2° 26): 2.15; 19.59; 24.77; 25.47.

- 16 -
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The characteristic x-ray powder diffractogram of formula 1¢ mirabegron monohydrochloride can
be seen in Figure 1, and the signals with 1% or higher intensity have been summarised in the

following Table 1.

Table 1
The position and relative intensities of the x-ray diffraction peaks characteristic of formula 1¢

mirabegron monohydrochloride (> 1%)

Peak 20 (9 d(A) Relative intensity (%)
1 2.15 41.09 17
2 433 20,40 5
3 6.51 13.58 4
4 8.68 10.19 11
5 13.04 6.79 1
6 17.11 5.18 7
7 17.66 5.02 28
8 18.06 491 4
9 18.37 4.83 1
10 18.72 474 4
11 19.59 4.53 89
12 20.32 437 13
13 21.57 412 16
14 23.02 3.86 3
15 24.04 3.70 3
16 24.77 3.59 100
17 25.47 3.50 31
18 26.53 3.36 5
19 27.39 3.26 11
20 28.52 3.13 1
21 29.05 3.07 6
22 30.31 2.95 5
23 31.69 2.82 3

-17 -
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Peak 20 (9 d(A) Relative intensity (%)
24 32.97 272 8
25 34.66 2.59 7

The x-ray powder diffraction data disclosed in the present application were obtained under

the following measuring conditions:

Device:

PANalytical Empyrean x-ray powder diffractometer

Measurement alignment: Transmission

X-ray tube
Type:
Anode:
Wavelength:

Focus:

Empyrean long fine focussing, high resolution tube
Cu
Ka (1,541874 A)

line focus

Source-side optical elements

Divergence slit:
Mirror:

Soller slit:

Diffusion inhibitor slit:

Fixed slit 1/2 ©

Focussing elliptical mirror
0.04 rad

Fixed slit 1/2 ©

Diffracted side optical elements

Diffusion inhibitor slit:

Soller slit:

Sample table
Type:

Sample rotation speed:

Direct beam catcher

(“beam knife”):

Programmable slit in fixed mode: 1/2 ©

0.04 rad

Reflection-transmission, with rotatable sample holders

1 rotation/second

Transmission

- 18 -
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Detector

Type:

Operation mode:

Active detector window

size:

Sample preparation:

Measurement conditions

Temperature:
Accelerating voltage:
Anode heating current:
Scanning method:
Measurement range:
Step width;

Step duration:

PCT/HU2016/050045

PIXcel 3D 1x1 area detector

Scanning line detector (1D) operation mode

3.3473°

samples placed between two Mylar sheets, without pulverisation

room temperature

45 kV

40 mA

continuous (6/6) scanning
2.0000 — 34.9964° 26
0.0131° 26

109.650 seconds

No of measurement cycles: 1

Measurement duration:

The characteristic DSC curve of formula 1¢ mirabegron monohydrochloride can be seen in

Figure 2.

~20 minutes

The conditions of the differential scanning calorimetry (DSC) measurement were the

following:

Device:

Atmosphere:

TA Instruments Discovery DSC differential scanning

calorimeter

flowing N2 (50 mL/minute)

-19 -
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Sampling frequency: 0.1 seconds/point
Temperature program: 30°C -235°C 10 °C/minute
Cell: Hermetically sealed Al

The advantage of the method according to the invention is that by using simple crystallization
steps, without the use of toxic solvents, reagents, auxiliary substances, the desired product is
obtained in an environmentally friendly, effective and economic way that may be easily

implemented at industrial scales.

The advantage of the resolving method according to the invention is that under the conditions
used a product is obtained with good yield that has exceptionally high chemical and optical purity
in one crystallization step, due to which the final product mirabegron, and the mirabegron

monohydrochloride salt is also pure.

The further details of the solution according to the invention are presented in the following
examples without restricting the scope of protection of the invention in any way to these

examples.

Example 1
The production of formula 5 2-(benzyl(4-nitro phenethyl)amino)-1-phenylethanol

10.24 g (40 mmol) of formula 11 N-benzyl-4-nitro phenethyl-amine is dissolved in 120 ml of
butanol, 6.24 g (52 mmol) of formula 10 racemic styrene oxide is added, then the mixture is
mixed at reflux temperature until the initial compound 11 is used up. The reaction mixture is
cooled, mixed at a temperature of 4-5 °C, the precipitated substance is filtered and then washed
twice on the filter with butanol. 8.14 g (21.6 mmol; 54 %) of crystalline material is obtained.
Mp.: 60-62 °C.

'H-NMR (DMSO-ds; 600 MHz): 8.07 (d, J=8.6 Hz, 2H); 7.33 (d, J=8.6 Hz, 2H); 7.28 (~t, 2H);
7.25 (~d, 2H); 7.23 (~t, 1H); 7.21 (~t, 2H); 7.19 (m, 1H); 7.16 (~dd, 2H); 5.00 (br d, J=3.1 Hz,
1H); 4.68 (m, 1H); 3.75 (d, J=13.8 Hz, 1H); 3.68 (d, J=13.8 Hz, 1H); 2.82 (~t, 2H); 2.73 (~t, 2H);
2.69 (dd, J1=13.2 Hz, J»=7.3 Hz, 1H); 2.64 (dd, J1=13.2 Hz, J»=5.6 Hz, 1H).

-20 -
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Example 2
The production of formula 4a (R)-2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol (R)-

mandelate

21.3 g (0.14 mol) of formula 6 (R)-(-)-mandelic acid, then 3.72 g (0.062 mol) of 99% acetic acid
is added to a solution of 75.2 g (0.20 mol) of formula § 2-[benzyl(4-nitro phenethyl)amino]-1-
phenylethanol with 310 ml of ethyl acetate at 45°C. The mixture obtained is mixed for 1 hour,
then the suspension is cooled down to 0°C and then mixed for a further 3 hours. The crystalline
material is filtered out and then washed with a cold ethyl acetate-DIPE (1:1) mixture. After
drying 48.3 g (0.091 mol; 91% calculating using half of the initial racemate) of the white
crystalline title material is obtained. (S)-isomer; 1.1 %.

IR (KBr): 3426; 3062; 1598; 1518; 1494; 1453; 1392; 1348; 1317; 1185; 1085; 1061; 746; 735;
698

'HNMR (a600, DMSO-de): 8.07 (d, J=8.6 Hz, 2H); 7.42 (~dd, 2H); 7.34 (~t, 2H); 7.34 (~d, 2H);
7.29 (m, 3H); 7.26 (~d, 2H); 7.23 (m, 1H); 7.22 (m, 2H); 7.20 (m, 1H); 7.17 (~dd, 2H); 5.01 (s,
1H); 4.68 (~t, 1H); 3.76 (d, J=13.8 Hz, 1H); 3.69 (d, J=13.8 Hz, 1H); 2.83 (~t, 2H); 2.74 (~t, 2H);
2.70 (dd, J1=13.2 Hz, J2=7.4 Hz, 1H); 2.65 (dd, J1=13.2 Hz, J2=5.5 Hz, 1H)

CNMR (a600, DMSO-de): 174.33; 149.48; 145.95; 144.87; 140.51; 139.31; 130.23; 128.88;
128.32; 128.19; 128.04; 127.81; 126.99; 126.93; 126.84; 126.40; 123.37; 72.60; 70.86; 61.88;
58.26; 55.09; 32.52

Example 3
The production of formula 4 (R)-2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol

15.9 g (30.0 mmol) of the formula 4a diastereomeric salt obtained in example 2 is suspended in
150 ml of ethyl acetate, then mixed with 50 ml of an aqueous solution of NaOH, then after the
phases have separated, the organic phase is washed, dried, then finally evaporated. 11.4 g of light

beige material is obtained.
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Example 4
The production of formula 2 (R)-2-(4-amino phenethyl)amino-1-phenylethanol

28.2 g (75 mmol) of formula 4a (R)-2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol is
suspended in 280 ml of methanol, then 1.13 g of 10% palladium-on-carbon is added, then
hydrogenated at room temperature. The catalyst is filtered out, and the methanolic solvent is
evaporated. Methanol and diisopropyl ether are added to the residue. The suspension is mixed for
1 hour at an internal temperature of 50 °C, then cooled to room temperature. The substance is
filtered out and washed with diisopropyl ether. After drying 16.77 g of formula 2 white
crystalline material is obtained. Mp.: 101-103 °C. This is suspended in water, then mixed for 3
hours after adding triethylamine. The material is filtered out and washed with water. After drying
16.14 g (63 mmol, 84%) of white crystalline material according to the title is obtained. Mp.: 102-
103 °C.

Example 5
The production of formula 1c¢ (R)-2-(2-aminothiazole-4-y1)-4'-[2-[(2-hydroxy-2-

phenvlethylamino]ethyl] acetanilide monohvydrochloride (mirabegron monohydrochloride)

15.0 g (37.8 mmol) of mirabegron base (1) obtained in a known way (EP 1440969) from the
material 2 obtained in example 4 is heated to a temperature of 75 °C in 210 ml of 2-propanol,
then 6.80 ml (37.5 mmol) of a 5.52 molar HCI/2-propanol solution is added. After mixing for 15
minutes the crystalline mixture obtained is cooled to room temperature, the precipitate is filtered.
After drying 16.15 g (37.3 mmol; 99 %) title material is obtained. Mp. 221-223 °C. (Figures 1
and 2)

Element analysis
Calculated:  C 58.26%, H 5.82%, N 12.94%, S 7.40%, C1 8.19%.
Measured: C58.11%, H5.78%, N 12.86%, S 7.41%, Cl 8.20%.
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Example 6
The production of the contaminant formula 12 (2R)-hydroxy-2-phenylacetyl-4'-[2-[(2R)-
hydroxy-2-phenyl)ethylamino]ethyl]acetanilide

0.77 g (3 mmol) of (R)-2-(4-amino phenethyl)amino-1-phenylethanol (2) is suspended in 9 ml of
water, then 1.5 ml of 2.02 M hydrochloric acid and 0.46 g (3 mmol) of (R)-mandelic acid (6) are
added while mixing. After a short mixing 0.63 g of EDC hydrochloride is added and then the
mixture is stirred at room temperature. The precipitated hydrochloride of the title material is
filtered, washed with water, then after drying it is recrystallized from hydrous ethanol.

'H-NMR (DMSO-ds; 600 MHz): 10.02 (s, 1H); 8.99 (br, 2H); 7.66 (d, J=8.6 Hz, 2H); 7.51 (~d,
2H); 7.39 (m, 4H); 7.35 (~t, 2H); 7.31 (m, 1H); 7.28 (~t, 1H); 7.17 (d, J=8.6 Hz, 2H); 6.45 (d,
J=4.9 Hz, 1H); 6.21 (br d, J=4.1 Hz, 1H); 5.11 (d, J=4.9 Hz, 1H); 4.97 (m, 1H); 3.15 (m, 1H);
3.14 (m, 2H); 3.01 (dd, J1=12.5 Hz, J»=10.6 Hz, 1H); 2.94 (m, 2H).

Example 7
The production of the contaminant formula 13 (25)-hydroxy-2-phenvlacetyl-4'-[2-[(2R)-

hyvdroxy-2-phenyl)ethvlamino]ethyl]acetanilide

0.77 g (3 mmol) of (R)-2-(4-amino phenethyl)amino-1-phenylethanol (2) is suspended in 9 ml of
water, then 1.5 ml of 2.02 M hydrochloric acid and 0.46 g (3 mmol) of (S)-mandelic acid (7) are
added while mixing. After a short mixing 0.63 g of EDC hydrochloride is added and then the
mixture is stirred at room temperature. The precipitated hydrochloride of the title material is
filtered, washed with water, then after drying it is recrystallized from hydrous ethanol.

'H-NMR (DMSO-ds; 600 MHz): 10.01 (s, 1H); 8.99 (br, 2H); 7.66 (d, J=8.5 Hz, 2H); 7.51 (~d,
2H); 7.38 (m, 4H); 7.35 (~t, 2H); 7.31 (m, 1H); 7.28 (~t, 1H); 7.17 (d, J=8.5 Hz, 2H); 6.45 (d,
J=4.7 Hz, 1H); 6.19 (br, 1H); 5.11 (d, J=4.7 Hz, 1H); 4.96 (m, 1H); 3.13 (m, 3H); 3.00 (m, 1H);
2.93 (m, 2H).
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Claims

1. Method for the production of formula 1 mirabegron,

H
s N

1

characterised by that

by reacting formula 5 racemic 2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol

in a solvent with mandelic acid, or by reacting the salt of the formula 5 compound with mandelic

acid salt formula 4 (R)-2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol is produced

then in one step the formula 4 compound is transformed into formula 2 (R)-2-(4-amino

phenethyl)amino- 1-phenylethanol
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H
o
H,N HO

2

then by reacting the formula 2 compound

with formula 3 2-aminothiazolyl acetic acid

3

OH

the formula 1 mirabegron base is produced.

2. The method according to claim 1, characterised by that the transformation of compound 4 into

compound 2 is preferably performed with catalytic hydrogenation.

3. The method according to claim 1 or 2, characterised by that formula S racemic 2-[benzyl(4-

nitro phenethyl)amino]-1-phenylethanol is reacted with formula 6 (R)-mandelic acid
OH

OH
o}

or the salt of the formula § compound is reacted with formula 6 (R)-mandelic acid salt, and from

the crystalized formula 4a (R)-mandelic acid salt
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the optically active formula 4 base is released in a known way.

S5 4. The method according to claim 1 or 2, characterised by that formula S racemic 2-[benzyl(4-

nitro phenethyl)amino]-1-phenylethanol is reacted with formula 7 (S)-mandelic acid

10 or a salt of the formula 5 compound is reacted with a salt of formula 7 (S)-mandelic acid, and

after removing the crystalizing formula 8a (S )-mandelic acid salt

15 the desired formula 4 compound is obtained from the mother liquor, which is purified if

necessary.

5. The method according to any of claims 1 to 4, characterised by that the salt of the formula §
compound is hydrochloride, hydrobromide, sulphate, dihydrogen phosphate salt, or a salt formed
20  with organic acids, including acetic acid, propionic acid, benzoic acid, preferably hydrochloride

or acetate salt.
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6. The method according to any of claims 1 to 5, characterised by that the salt of the formula 6 or

7 mandelic acid is sodium, potassium or ammonium salt, preferably sodium salt..

7. The method according to any of claims 1 to 6, characterised by that the solvent used for
resolving is a straight or branched chain alcohol with C;-Cs carbon atoms, preferably an aliphatic
alcohol with C;-C4 carbon atoms, esters of carboxylic acids with C1-C4 carbon atoms formed
with alcohols with Ci-C4 carbon atoms, acetonitrile, tetrahydrofuran, dioxane, toluene, t-butyl

methyl ether, diisopropyl ether, water or any mixture of two or more of these.

8. The method according to any of claims 1 to 6, characterised by that the solvent used for

resolving is acetonitrile, isopropyl acetate or ethyl acetate, preferably ethyl acetate.

9. The method according to any of claims 1 to 8, characterised by that the temperature used

during resolving is 40-50 °C, preferably 43-45 °C.

10. The method according to any of claims 1 to 9, characterised by that during resolving the ratio
of the formula 6 or 7 mandelic acid with respect to compound S is 0.1-1 mole-equivalent,

preferably 0.5-1.0 mole-equivalent, most preferably 0.6-0.8 mole-equivalent.

11. The method according to any of claims 1 to 10, characterised by that the temperature range
used for the crystallization of the formula 4a and 8a salts is -50 °C — +120 °C, preferably - 20 °C
—+60 °C.

12. Mirabegron produced with any of the methods according to claims 1 to 11, which contains a

maximum of 0.15 mass%, preferably a maximum of 0.05 mass% of the formula 12

N
©\/?L/©/\/
H N HO

on H

12
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or formula 13

H
N

OH
13

contaminants.

13. The use of the formula 12 or 13 compounds as analytical comparison substances for the

classification of the mirabegron active substance or preparation.

14. The formula 1 mirabegron which contains a maximum of 0.15 mass%, preferably a maximum

of 0.05 mass% of the formula 12 or 13 contaminants.

15. The formula 5 racemic 2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol.

16. The formula 4a (R)-mandelic acid salt.

17. The formula 8 (S)-2-[benzyl(4-nitro phenethyl)amino]-1-phenylethanol

and formula 8a (S)-mandelic acid salt.
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