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A CRYSTALLINE FORM OF A SALT OF SACUBITRIL AND A PROCESS OF
ITS PREPARATION

Field of the Invention

5 The present invention provides a process for the preparation of a salt of sacubitril.
Specifically, the present invention provides a process for the preparation of a sodium salt
of sacubitril. The present invention further provides a crystalline Form I of sodium salt of

sacubitril and its process of preparation.

Backeround of the Invention

10 U.S. Patent No. 5,217,996, PCT Publication Nos. WO 2008/031567, WO
2008/083967, WO 2009/090251, WO 2012/025502, WO 2012/025501, WO
2013/026773, and WO 2014/032627 provide processes for the preparation of sacubitril of

Formula I or salts thereof.

15 FORMULA I

Summaryv of the Invention

The present invention provides a simple, industrially viable, and cost effective
process for the preparation of a salt of sacubitril. Specifically, the present invention
provides a process for the preparation of a sodium salt of sacubitril. The sodium salt of

20 sacubitril produced by following the process disclosed herein, is non-hygroscopic, has
better vield, purity, and flowability. The sodium salt of sacubitril produced by following

the process disclosed herein is also easy to handle and is found to be stable. The present
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invention further provides a crystalline Form I of sodium salt of sacubitril and its process

of preparation.

Brief Description of the Drawings

Figure 1 depicts an X-ray Powder Diffraction (XRPD) pattern of a crystalline Form I of

the sodium salt of sacubitril as prepared according to Example 1(a).

Figure 2 depicts an X-ray Powder Diffraction (XRPD) pattern of a crystalline Form I of
the sodium salt of sacubitril as prepared according to Example 1(a) after 1 month of

storage at 30°C + 2°C at a relative humidity of 75% + 5%.

Figure 3 depicts a Differential Scanning Calorimetry (DSC) pattern of a crystalline Form

I of the sodium salt of sacubitril as prepared according to Example 1(a).

Detailed Description of the Invention

The term “about,” as used herein, refers to any value, which lies within the range

defined by a number up to £10% of the value.

The term “ambient temperature,” as used herein, refers to the temperature in the

range of 25°C to 35°C.

EE IS

The term ‘“treating,” “reacting,” or “converting,” as used herein, includes

combining, mixing, triturating, suspending, contacting, or a combination thereof.

The term “stable,” as used herein, refers to a salt of sacubitril, which does not
convert to any other polymorphic form upon storage at 30°C £2°C and 75% +5% relative

humidity and for which the chromatographic purity does not decrease on storage.

A first aspect of the present invention provides a process for the preparation of a
sodium salt of sacubitril, wherein the process comprises treating sacubitril with a sodium

salt of an organic acid.

Sacubitril is prepared by any method known in the art, for example, according to
the processes disclosed in U.S. Patent No. 5,217,996 or J. Med. Chem. 1995, 38, 1689-
1700.

The sodium salt of an organic acid is selected from the group consisting of sodium
2-¢thyl hexanoate, sodium octanoate, sodium formate, sodium acetate, sodium propionate,
sodium butyrate, sodium valerate, sodium caproate, sodium oxalate, sodium lactate,

sodium malate, sodium citrate, sodium benzoate, sodium succinate and a mixture thereof.
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The treatment of sacubitril with the sodium salt of an organic acid is carried out in

a solvent.

The solvent is selected from the group consisting of water, aromatic hydrocarbons,
ketones, esters, ethers, alkanols, halogenated hydrocarbons, aliphatic hydrocarbons, polar
aprotic solvents, and mixtures thereof Examples of aromatic hydrocarbons include
toluene or benzene. Examples of ketones include acetone or methyl ethyl ketone.
Examples of esters include ethyl acetate, n-propyl acetate, isopropyl acetate, or n-butyl
acctate. Examples of ethers include methyl #-butyl ether or tetrahydrofuran. Examples of
alkanols include primary, secondary, and tertiary alcohols having from one to six carbon
atoms. Suitable alkanols include methanol, ethanol, 1-propanol, 2-propanol, or butanol.
Examples of halogenated hydrocarbons include dichloromethane, chloroform, or 1,2-
dichloroethane. Examples of aliphatic hydrocarbons include n-pentane, n-hexane, n-
heptane, cyclohexane, or cycloheptane. Examples of polar aprotic solvents include N, N-
dimethylformamide, N,N-dimethylacetamide, dimethylsulphoxide, acetonitrile, or N-
methylpyrrolidone.

Sacubitril is treated with the sodium salt of an organic acid at a temperature of

about 10°C to about 60°C, for example, at about 20°C to about 55°C.

Sacubitril is treated with the sodium salt of an organic acid for about 2 hours to

about 15 hours, for example, for about 2 hours to about 14 hours.

The sodium salt of sacubitril may be isolated by methods including concentration,
distillation, decantation, filtration, evaporation, centrifugation, or a combination thereof,

and may further be dried.

A second aspect of the present invention provides crystalline Form I of the sodium
salt of sacubitril characterized by an X-ray powder diffraction (XRPD) pattern having
peaks at d-spacings of about 14.1, 4.4, and 3.7 A

The crystalline Form I of sodium salt of sacubitril is further characterized by an
XRPD pattern having additional peaks at d-spacings of about 7.4, 6.9, 5.4, 4.1, 3.4 and 3.3
A

The crystalline Form I of sodium salt of sacubitril is further characterized by an

XRPD pattern as depicted in Figure 1.
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Table 1 provides XRPD peak values (20), their corresponding d-spacing values
(A), and the relative intensities of the crystalline Form I of the sodium salt of sacubitril as

prepared according to Example 1(a).

Position d-spacing Relative Intensity

(£0.2° 20) [A] (%)
3.1 28.2 8.6
6.3 14.1 37.0
7.3 12.2 8.8
7.8 11.3 53
9.3 9.5 14
12.0 7.4 14.0
12.5 7.1 8.3
12.8 6.9 10.6
13.0 6.8 3.1
13.8 6.4 10.2
15.6 57 6.4
16.5 54 12.8
16.9 52 39
17.3 5.1 37
17.6 5.0 4.1
18.4 4.8 9.9
18.7 4.7 55
19.1 4.6 6.3
20.0 44 100.0
21.6 4.1 12.9
22.0 4.0 4.4
22.4 4.0 10.0
22.7 39 55
23.8 37 26.5
24.2 37 12.6
25.0 3.6 10.1
26.3 34 22.1
26.9 33 12.4
27.8 32 8.3
28.6 3.1 7.7
29.5 3.0 25
30.3 2.9 2.9
314 2.8 6.6
31.8 2.8 6.6
322 2.8 6.1
33.9 2.6 1.3
359 25 7.4
37.1 2.4 3.1
37.8 2.4 1.0
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The crystalline Form I of the sodium salt of sacubitril prepared by the present
invention is found to be stable after storing at 30°C £2°C/ 75% +5% RH for 1 month as

depicted in Figure 2.

The crystalline Form I of the sodium salt of sacubitril is characterized by a

differential scanning calorimetry (DSC) thermogram as depicted in Figure 3.

The crystalline Form I of the sodium salt of sacubitril is characterized by a DSC
thermogram having endothermic peaks at about 161.8°C and 247.2°C.

A third aspect of the present invention provides a process for the preparation of a
crystalline Form I of the sodium salt of sacubitril, wherein the process comprises treating

sacubitril with a sodium containing reagent.

Sacubitril is prepared by any method known in the art, for example, according to

methods disclosed in U.S. Patent No. 5,217,996 or J. Med. Chem. 1995, 38, 1689-1700.

The sodium containing reagent is selected from the group consisting of sodium
methoxide, sodium carbonate, sodium bicarbonate, sodium chloride, sodium bromide,
sodium 2-ethyl hexanoate, sodium octanoate, sodium formate, sodium acetate, sodium
propionate, sodium butyrate, sodium valerate, sodium caproate, sodium oxalate, sodium
lactate, sodium malate, sodium citrate, sodium benzoate, sodium succinate and a mixture

thereof.

The treatment of sacubitril with a sodium containing reagent is carried out in a

solvent.

The solvent is selected from the group consisting of water, aromatic hydrocarbons,
ketones, esters, ethers, alkanols, halogenated hydrocarbons, aliphatic hydrocarbons, polar
aprotic solvents, and mixtures thereof Examples of aromatic hydrocarbons include
toluene or benzene. Examples of ketones include acetone or methyl ethyl ketone.
Examples of esters include ethyl acetate, n-propyl acetate, isopropyl acetate, or n-butyl
acctate. Examples of ethers include methyl #-butyl ether or tetrahydrofuran. Examples of
alkanols include primary, secondary, and tertiary alcohols having from one to six carbon
atoms. Suitable alkanols include methanol, ethanol, 1-propanol, 2-propanol, or butanol.
Examples of halogenated hydrocarbons include dichloromethane, chloroform, or 1,2-
dichloroecthane. Examples of aliphatic hydrocarbons include n-pentane, n-hexane, n-

heptane, cyclohexane, or cycloheptane. Examples of polar aprotic solvents include N,N-
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methylpyrrolidone.

Sacubitril is treated with the sodium containing reagent at a temperature of about

10°C to about 60°C, for example, at about 20°C to about 55°C.

Sacubitril is treated with the sodium containing reagent for about 2 hours to about

15 hours, for example, for about 2 hours to about 14 hours.

The crystalline Form I of the sodium salt of sacubitril may be isolated by methods
including concentration, distillation, decantation, filtration, evaporation, centrifugation, or

a combination thereof, and may further be dried.

A fourth aspect of the present invention provides use of a crystalline Form I of the

sodium salt of sacubitril for the preparation of a pharmaceutical active agent.

A fifth aspect of the present invention provides use of a crystalline Form I of the
sodium salt of sacubitril for the preparation of a pharmaceutical composition comprising

solid forms of valsartan and sacubitril.

A sixth aspect of the present invention provides use of a crystalline Form I of the
sodium salt of sacubitril for the preparation of a medicament for treating or preventing a
cardiovascular or renal condition or a medical condition responsive to valsartan and/or

sacubitril in a patient in need thereof.

A seventh aspect of the present invention provides use of a crystalline Form I of
the sodium salt of sacubitril for the preparation of a medicament comprising a solid form
of sacubitril and valsartan for treating or preventing a cardiovascular or renal condition or

a medical condition responsive to valsartan and/or sacubitril in a patient in need thereof.

While the present invention has been described in terms of its specific aspects and
embodiments, certain modifications and equivalents will be apparent to those skilled in the

art, and are intended to be included within the scope of the present invention.
Methods

XRPD of the samples was determined by using a PANalytical® instrument; Model
X’pert PRO:; Detector: X’ celerator®.

DSC was recorded using Mettler Toledo DSC 82le.
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The following examples are for illustrative purposes only and should not be

construed as limiting the scope of the invention in any way.

EXAMPLE
Example 1: Preparation of a sodium salt of sacubitril

(a) Sacubitril (24 g) was added to methyl #butyl ether (350 mL) at 20°C to 25°C and the
mixture was stirred for 30 minutes. Sodium-2-cthyl hexonoate (10.84 g) was added to the
mixture. The reaction mixture was heated to 50°C to 55°C for 2.5 hours. The reaction
mixture was cooled to 20°C to 25°C and stirred for 3 hours. The reaction mixture was
filtered under nitrogen atmosphere. The reaction mixture was washed with methyl #-butyl
ether (50 mL) under nitrogen atmosphere. The product obtained was dried under nitrogen
atmosphere for 10 minutes and then dried under 650 mm Hg to 680 mm Hg of pressure for

24 hours at 40°C to 45°C to obtain the title compound.

Yield: 19 g.

Chromatographic purity (Initial): 99.85%

Initial X-ray Powder Diffraction (XRPD) pattern is depicted in Figure 1.
Chromatographic purity after 1 month of storage (at 30°C £2°C/75% +5% RH): 99.76%.

X-ray Powder Diffraction (XRPD) pattern after 1 month of storage is depicted in Figure 2.

(b) Sacubitril (50 g) was added to methyl #-butyl ether (600 mL) at 20°C to 25°C and the
mixture was stirred for 20 minutes. Sodium-2-ethyl hexonoate (20.2 g) was added to the
mixture. The reaction mixture was heated to 50°C to 55°C for 2 hours. Methyl #-butyl
ether (200 mL) was added to the reaction mixture and cooled to 20°C to 25°C. The
reaction mixture was stirred at 20°C to 25°C for 1 hour. The reaction mixture was filtered
under nitrogen atmosphere. The reaction mixture was washed with methyl ¢-butyl ether
(100 mL) under nitrogen atmosphere. The product obtained was dried under nitrogen
atmosphere for 30 minutes and then dried under 650 mm Hg to 680 mm Hg of pressure for

20 hours to obtain the title compound.

Yield: 47 g.
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(c) Sacubitril (10 g) was added to methyl #butyl ether (100 mL) at 20°C to 25°C and the
mixture was stirred for 15 minutes. Sodium-2-ethyl hexonoate (3.9 g) was added to the
mixture. The reaction mixture was heated to 50°C to 55°C for 2 hours. The reaction
mixture was cooled to 40°C to 45°C. The reaction mixture was filtered under nitrogen
atmosphere and then washed with methyl #butyl ether (50 mL) under nitrogen
atmosphere. The product obtained was dried under 650 mm Hg to 680 mm Hg of pressure
for 16 hours at 40°C to 45°C to obtain the title compound.

Yield: 85g.

(d) Sodium-2-e¢thyl hexanoate (4 g) was added to toluene (100 mL) and toluene was
recovered at 123°C to 135°C. The mixture was cooled to 40°C to 45°C. Sacubitril (10 g)
in methyl #butyl ether (150 mL) was added to the reaction mixture. The reaction mixture
was heated to 50°C to 55°C and then stirred for 2 hours. The reaction mixture was filtered
under nitrogen atmosphere at 20°C to 25°C. The reaction mixture was washed with
methyl #-butyl ether (50 mL) under nitrogen atmosphere. The product obtained was dried
under 650 mm Hg to 680 mm Hg of pressure for 16 hours at 40°C to 45°C to obtain the

title compound.

Yield: 55g.

(e) Sacubitril (50 g) was added to methyl #butyl ether (500 mL) at 20°C to 25°C and the
mixture was stirred for 15 minutes. Sodium-2-ethyl hexonoate (21.6 g) was added to the
mixture. The reaction mixture was heated to 50°C to 55°C for 14 hours. The reaction
mixture was cooled to 35°C to 40°C. The reaction mixture was filtered under nitrogen
atmosphere. The reaction mixture was washed with methyl #-butyl ether (400 mL) under
nitrogen atmosphere. The product obtained was dried under 650 mm Hg to 680 mm Hg of
pressure for 16 hours at 40°C to 45°C to obtain the title compound.

Yield: 49 g.
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We Claim:

L. A process for the preparation of a sodium salt of sacubitril, wherein the process

comprises treating sacubitril with a sodium salt of an organic acid.

2. The process according to claim 1, wherein the sodium salt of an organic acid is
selected from the group consisting of sodium 2-¢thyl hexanoate, sodium octanoate, sodium
formate, sodium acetate, sodium propionate, sodium butyrate, sodium valerate, sodium
caproate, sodium oxalate, sodium lactate, sodium malate, sodium citrate, sodium benzoate,

sodium succinate and a mixture thereof.

3. The process according to claim 1, wherein the treatment of sacubitril with the

sodium salt of an organic acid is carried out in a solvent.

4. The process according to claim 3, wherein the solvent is selected from the group
consisting of water, an aromatic hydrocarbon, a ketone, an ester, an ether, an alkanol, a
halogenated hydrocarbon, an aliphatic hydrocarbon, a polar aprotic solvent, and a mixture

thereof.

5. The process according to claim 4, wherein the aromatic hydrocarbon is selected

from the group consisting of toluene and benzene.

6. The process according to claim 4, wherein the ketone is selected from the group

consisting of acetone and methyl ethyl ketone.

7. The process according to claim 4, wherein the ester is selected from the group

consisting of ethyl acetate, n-propyl acetate, isopropyl acetate, and n-butyl acetate.

8. The process according to claim 4, wherein the ether is selected from the group

consisting of methyl #-butyl ether and tetrahydrofuran.

9. The process according to claim 4, wherein the alkanols are selected from the group
consisting of primary, secondary, and tertiary alcohols having from one to six carbon

atoms.

10.  The process according to claim 4, wherein the halogenated hydrocarbon is selected

from the group consisting of dichloromethane, chloroform, and 1,2-dichloroethane.

11.  The process according to claim 4, wherein the aliphatic hydrocarbon is selected
from the group consisting of n-pentane, n-hexane, n-heptane, cyclohexane, and

cycloheptane.
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12.  The process according to claim 4, wherein the polar aprotic solvent is selected
from the group consisting of N,N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulphoxide, acetonitrile, and N-methylpyrrolidone.

13.  The process according to claim 1, wherein the treatment of sacubitril with the

sodium salt of the organic acid is performed at a temperature of about 10°C to about 60°C.

14. Crystalline Form I of a sodium salt of sacubitril characterized by an X-ray powder

diffraction (XRPD) pattern having peaks at d-spacings of about 14.1, 4.4, and 3.7 A

15. The crystalline Form I of the sodium salt of sacubitril, according to claim 14,
further characterized by an XRPD pattern having peaks at d-spacings of about 7.4, 6.9,
54,41,34and33A.

16. A crystalline Form I of a sodium salt of sacubitril characterized by an XRPD

pattern as depicted in Figure 1.

17. A crystalline Form I of a sodium salt of sacubitril characterized by a differential

scanning calorimetry (DSC) thermogram as depicted in Figure 3.

18. A crystalline Form I of a sodium salt of sacubitril characterized by a DSC
thermogram having endothermic peaks at about 161.8°C and 247.2°C

19. A process for the preparation of a crystalline Form I of a sodium salt of sacubitril,

wherein the process comprises treating sacubitril with a sodium containing reagent.

20.  The process according to claim 19, wherein the sodium containing reagent is
selected from the group consisting of sodium methoxide, sodium carbonate, sodium
bicarbonate, sodium chloride, sodium bromide, sodium 2-ethyl hexanoate, sodium
octanoate, sodium formate, sodium acetate, sodium propionate, sodium butyrate, sodium
valerate, sodium caproate, sodium oxalate, sodium lactate, sodium malate, sodium citrate,

sodium benzoate, sodium succinate and a mixture thereof.

21.  The process according to claim 19, wherein the treatment of sacubitril with a

sodium containing reagent is carried out in a solvent.

22.  The process according to claim 21, wherein the solvent is selected from the group
consisting of water, an aromatic hydrocarbon, a ketone, an ester, an ether, an alkanol, a
halogenated hydrocarbon, an aliphatic hydrocarbon, a polar aprotic solvent, and a mixture

thereof.

10
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23.  The process according to claim 22, wherein the aromatic hydrocarbon is selected

2 from the group consisting of toluene and benzene.

24.  The process according to claim 22, wherein the ketone is selected from the group

2 consisting of acetone and methyl ethyl ketone.

25.  The process according to claim 22, wherein the ester is selected from the group

2 consisting of ethyl acetate, n-propyl acetate, isopropyl acetate, and n-butyl acetate.

26.  The process according to claim 22, wherein the ether is selected from the group

2 consisting of methyl #-butyl ether and tetrahydrofuran.

27.  The process according to claim 22, wherein the alkanols is selected from the group
2 consisting of primary, secondary, and tertiary alcohols having from one to six carbon

atoms.

28.  The process according to claim 22, wherein the halogenated hydrocarbon is
2 selected from the group consisting of dichloromethane, chloroform, and 1,2-

dichloroethane.

29.  The process according to claim 22, wherein the aliphatic hydrocarbon is selected
2 from the group consisting of n-pentane, n-hexane, n-heptane, cyclohexane, and

cycloheptane.

30. The process according to claim 22, wherein the polar aprotic solvent is selected
2 from the group consisting of N,N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulphoxide, acetonitrile, and N-methylpyrrolidone.

31.  The process according to claim 19, wherein the treatment of sacubitril with a

2 sodium containing reagent is performed at a temperature of about 10°C to about 60°C.

32.  Use of a crystalline Form I of sodium salt of sacubitril for the preparation of a

2 pharmaceutical active agent.

33.  Use of a crystalline Form I of sodium salt of sacubitril for the preparation of a

2 pharmaceutical composition comprising solid forms of valsartan and sacubitril.

34,  Use of a crystalline Form I of sodium salt of sacubitril for the preparation of a
2 medicament for treating or preventing cardiovascular or renal condition or a medical

condition responsive to valsartan and/or sacubitril in a patient in need thereof.

11
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35.  Use of a crystalline Form I of sodium salt of sacubitril for the preparation of a
medicament comprising solid form of sacubitril and valsartan for treating or preventing
cardiovascular or renal condition or a medical condition responsive to valsartan and/or

sacubitril in a patient in need thereof.

12
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Figure 1 depicts an X-ray Powder Diffraction (XRPD) pattern of a sodium salt of
sacubitril as prepared according to Example 1(a).
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Figure 2 depicts an X-ray Powder Diffraction (XRPD) pattern of a sodium salt of
sacubitril as prepared according to Example 1(a) after 1 month of storage at 40°C +2°C
at a relative humidity of 75% +5%.
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Figure 3 depicts a Differential Scanning Calorimetry (DSC) pattern of a crystalline Form

I of sodium salt of sacubitril as prepared according to Example 1(a).
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