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PROCESS FOR THE PREPARATION OF RABEPRAZOLE

Field of the Invention

The present invention provides a compound of Formula III, process of its preparation
and its use as a reference marker or as a reference standard. The present invention further
5 provides a process for the preparation of rabeprazole, a salt or a solvate thereof. The invention
also provides a chromatographic method for testing the purity of rabeprazole, a salt or a solvate

thereof.

Backeround of the Invention

Rabeprazole sodium is marketed in the United States under the brand name Aciphex®
10 and is indicated for the treatment in healing and symptomatic relief of erosive or ulcerative

gastroesophageal reflux disease (GERD).

Rabeprazole sodium of Formula I is chemically described as sodium salt of 2-({[4-(3-

methoxypropoxy)-3-methylpyridin-2-yl[methyl} sulfinyl)- 1H-benzimidazole of Formula II.
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Processes for the preparation of rabeprazole and its sodium salt are described in U.S.

Patent Nos. 5,045,552, 6,313,303, and 7,439,367, European Patent EP 1,000,943 B1; European



WO 2014/091450 PCT/IB2013/060883

Patent Application EP 0,268,956 A; Indian Patent IN 192030 and PCT Publication Nos. WO
2007/023393, WO 2003/101452, WO 2006/024890 and WO 2009/116072.

Summary of the Invention

The present inventors have found that the existing processes for the preparation of
5 rabeprazole result in the formation of impurities including genotoxic impurities. The present
invention provides a process for the control of the impurities in the final active pharmaceutical
ingredient and dosage form. The present invention provides a compound of Formula III, process
of its preparation and its use as a reference marker or as a reference standard. The present
invention further provides a process for the preparation of rabeprazole, a salt or a solvate
10 thereof. The invention also provides a chromatographic method for testing the purity of

rabeprazole, a salt or a solvate thereof.

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.

15 A first aspect of the present invention provides a compound of Formula 111
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The compound of Formula I is found to be genotoxic in nature. This was confirmed by
using various techniques like DEREK (Deductive Estimation of Risk from Existing Knowledge)

20 analysis and Ames biological assays.

A second aspect of the present invention provides a process for the preparation of
rabeprazole, a salt or a solvate thereof, substantially free from a compound of Formula I11,

wherein the process comprises:

a) reacting a compound of Formula IV or a salt thereof with a chlorinating agent at a

25 temperature not exceeding 0°C
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FORMULA VII

¢) converting the compound of Formula VII to rabeprazole of Formula II; and
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5 d) optionally converting the rabeprazole of Formula II to its salt or a solvate thereof.

A third aspect of the present invention provides a process for the preparation of
rabeprazole, a salt or a solvate thereof, substantially free from a compound of Formula I11,

wherein the process comprises:

a) reacting a compound of Formula I'V or a salt thereof with a chlorinating agent at a

10 temperature not exceeding 0°C
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FORMULA V

b) converting the compound of Formula V to rabeprazole of Formula II; and
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c) optionally converting the rabeprazole of Formula II to its salt or a solvate thereof.

The compound of Formula IV or a salt thereof may be prepared by any method known in
the literature, for example U.S. Patent No. 5,045,552. The chlorinating agent may be selected
from the group consisting of thionyl chloride, phosphorous trichloride, phosphorous
oxychloride, phosphorous pentachloride and sulfuryl chloride. A preferred chlorinating agent is
thionyl chloride. The temperature for the chlorination of the compound of Formula IV or a salt
thereof is less than about 0°C. The temperature for chlorination is, for example, from about -5°C

to about -30°C, for example, from about -10°C to about -20°C.

The chlorination of the compound of Formula IV or a salt thereof is carried out
optionally in the presence of a base. The base may be selected from the group consisting of
inorganic bases and organic bases. The inorganic bases may be selected from the group
consisting of hydroxides, carbonates and bicarbonates. Hydroxides may be, for example, sodium
hydroxide, potassium hydroxide or barium hydroxide. Carbonates may be, for example, sodium
carbonate, potassium carbonate or barium carbonate. Bicarbonates may be, for example, sodium
bicarbonate, magnesium bicarbonate or potassium bicarbonate. The organic bases may be, for
example, triethyl amine, ethyl amine, ammonia or diisopropyl ethyl amine. A preferred base is

sodium carbonate.

The compound of Formula IV or a salt thereof may be reacted with the chlorinating
agent in the presence of a solvent. The solvent may be selected from the group consisting of
water, alcohols, halogenated hydrocarbons, esters, nitriles, and a mixture thereof. Alcohols may

be, for example, methanol, ethanol or methylated ethanol. Halogenated hydrocarbons may be,
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for example, dichloromethane. Esters may be, for example, ethyl acetate, or diisopropyl ethyl
acetate. Nitriles may be, for example, acetonitrile. Preferred solvents include dichloromethane,

methylated ethanol, or mixtures thereof.

The salt of the compound of Formula V may be, for example hydrochloride salt. The
compound of Formula I'V or its salt may be chlorinated to prepare the compound of Formula V
or its salt for about 3 hours to 8 hours, for example for about 4 hours to about 6 hours. The
compound of Formula V or its salt may optionally be isolated from the reaction mixture. The
term “isolation” includes filtration, distillation, decantation, vacuum drying, evaporation or a

combination thereof.

The compound of Formula V or a salt is reacted with the compound of Formula VI in a

solvent and optionally in the presence of base.

The base may be selected from the group consisting of inorganic bases and organic
bases. The inorganic bases may be selected from the group consisting of hydroxides, carbonates
and bicarbonates. Hydroxides may be, for example, sodium hydroxide, potassium hydroxide or
barium hydroxide. Carbonates may be, for example, sodium carbonate, potassium carbonate or
barium carbonate. Bicarbonates may be, for example, sodium bicarbonate, magnesium
bicarbonate or potassium bicarbonate. The organic bases may be, for example, triethyl amine,

cthyl amine, ammonia or diisopropyl ethyl amine. A preferred base is sodium hydroxide.

The solvent for the reaction of the compound of Formula V or a salt and the compound
of Formula VI may be selected from the group consisting of water, alcohols, halogenated
hydrocarbons, esters, nitriles, and mixtures thereof. Alcohols may be, for example, methanol,
ethanol, or methylated ethanol. Halogenated hydrocarbons may be, for example,
dichloromethane. Ester solvents may be, for example, ethyl acetate or diisopropyl ethyl acetate.
Nitriles may be, for example, acetonitrile. Preferred solvents include water, methylated ethanol

or mixtures thereof.

The reaction of the compound of Formula V or a salt and the compound of Formula VI
may be carried out at about 15°C to about 55°C, for example, at about 25°C to about 45°C. The
reaction of the compound of Formula V or a salt and the compound of Formula VI may be

carried in about 1 hour to about 4 hours, for example, in about 2 hours to about 3 hours.

The compound of the Formula VII obtained by the reaction of the compound of Formula

V and the compound of Formula VI may optionally be isolated from the reaction mixture. The
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term “isolation” includes filtration, distillation, decantation, vacuum drying, evaporation or a

combination thereof.

The compound of the Formula VII may be converted to rabeprazole of the compound of
Formula IT in the presence of an oxidizing agent, a base and a solvent. The oxidizing agent may
be selected from the group consisting of sodium hypochlorite, hydrogen peroxide, m-
chlroperoxybenzoic acid, and cumene hydroperoxide. Preferred oxidizing agent is sodium
hypochlorite. Sodium hypochlorite may used in any strength, for example from about 2% to
about 15%, for example from about 6% to about 9%. The compound of Formula VII may be

converted to the compound of Formula II in the presence of sodium thiosulphate.

The base used for the conversion of the compound of Formula VII may be selected from
the group consisting of inorganic bases, and organic bases. The inorganic bases may be selected
from the group consisting of hydroxides, carbonates and bicarbonates. Hydroxides may be, for
example, sodium hydroxide, potassium hydroxide or barium hydroxide. Carbonates may be, for
example, sodium carbonate, potassium carbonate or barium carbonate. Bicarbonates may be, for
example, sodium bicarbonate, magnesium bicarbonate or potassium bicarbonate. The organic
bases may be, for example, triecthyl amine, ethyl amine, ammonia or diisopropyl ethyl amine. A

preferred base is sodium hydroxide.

The solvent used for the conversion of the compound of Formula VII to rabeprazole of
the compound of Formula II may be selected from the group consisting of water, glacial acetic
acid, alcohols, halogenated hydrocarbons, ketones, esters, nitriles, and a mixture thereof.
Alcohols may be, for example, methanol, ethanol or methylated ethanol. Halogenated
hydrocarbons may be, for example, dichloromethane. Ester solvents may be, for example, ethyl
acetate, or diisopropyl ethyl acetate. Nitriles may be, for example, acetonitrile. Ethers may be,
for example, diisopropyl ether. Ketones may be, for example, acetone. Preferred solvents

include water, glacial acetic acid, acetonitrile, ethyl acetate and diisopropyl ether.

The conversion of the compound of Formula VII to rabeprazole of the compound of
Formula II may be carried out in the presence of a seed of rabeprazole. The seed of rabeprazole

may be prepared by the process disclosed in U.S. Patent No. 5,045,552,

The conversion of the compound of Formula VII to rabeprazole of the compound of
Formula I may be carried out at about -20°C to about 60°C, for example, at about -10°C to

about 50°C. The conversion of the compound of Formula VII to rabeprazole of the compound



10

15

20

25

WO 2014/091450 PCT/IB2013/060883

of Formula II may be carried in about 4 hours to about 8 hours, for example, in about 6 hours to

7 hours.

Rabeprazole of the compound of Formula II may optionally be isolated. The term
“isolation” includes filtration, distillation, decantation, vacuum drying, evaporation or a

combination thereof.

Rabeprazole of the compound of Formula Il may optionally be purified using a solvent
selected from the group consisting of water, glacial acetic acid, alcohols, halogenated
hydrocarbons, ketones, esters, nitriles, and mixtures thereof. Alcohols may be, for example,
methanol, ethanol or methylated ethanol. Halogenated hydrocarbons may be, for example,
dichloromethane. Esters may be, for example, ethyl acetate, or diisopropyl ethyl acetate. Nitriles
may be, for example, acetonitrile. Ethers may be, for example, diisopropyl ether. Ketones may

be, for example, acetone. Preferred solvents include acetone and diisopropyl ether.

Rabeprazole of the compound of Formula II may optionally be converted to its salt or a
solvate thereof. The salt of the rabeprazole may be, for example, sodium salt. The solvate of the
compound of Formula I may be, for example, acetone solvate or alcohol solvate. Alcohol
solvate may include ethanol solvate or methanol solvate. Rabeprazole of the compound of
Formula Il may be converted to the sodium salt of the Formula I using a base and a solvent. The

base may be selected form sodium hydroxide and sodium carbonate.

The solvent used for the preparation of rabeprazole sodium of Formula [ may be selected
from the group consisting of water, alcohols, halogenated hydrocarbons, ketones, esters, nitriles,
and a mixtures thereof. Alcohols may be, for example, methanol, ethanol or methylated ethanol.
Halogenated hydrocarbons may be, for example, dichloromethane. Esters may be, for example,
ethyl acetate or diisopropyl ethyl acetate. Nitriles may be, for example, acetonitrile. Ethers may
be, for example, diisopropyl ether. Ketones may be, for example, acetone. A preferred solvent is

ethanol.

Rabeprazole sodium of the compound of Formula I may be isolated and characterized.
The term “isolation” includes filtration, distillation, decantation, vacuum drying, evaporation or
a combination thereof. Rabeprazole sodium of the compound of Formula I may be amorphous

1n nature.
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A fourth aspect of the present invention provides use of a compound of Formula Il as a
reference marker or a reference standard to analyze the purity of rabeprazole, a salt or solvate

thereof.

An embodiment of the present invention provides use of the compound of Formula I1I as
a reference marker or a reference standard to analyze the purity of rabeprazole, a salt or solvates

thereof wherein the sample comprises any of the following:
a) rabeprazole active pharmaceutical ingredient or its sodium salt;

b) a pharmaceutical composition comprising active pharmaceutical ingredient or its

sodium salt;
c) a solvate or salt of rabeprazole; and
d) a pharmaceutical composition comprising solvates or a salt of rabeprazole.

A fifth aspect of the present invention provides a chromatographic method for testing the

purity of rabeprazole, a salt or solvates thereof, wherein the method comprises:

a) dissolving rabeprazole, a salt or solvates thercof in a solvent to produce a sample
solution;
b) dissolving a sample of a compound of Formula I1I in a solvent to make a

reference marker solution;

c) subjecting the sample solution and the reference marker solution to a

chromatographic method; and

d) determining the compound of Formula III in the sample solution, using the

reference marker solution.

The chromatographic method may be, for example, HPLC (high-performance liquid
chromatography), LC-MS (liquid chromatography—mass spectrometry), or TLC (thin layer
chromatography).

The determination of the presence of the compound of Formula III in the sample solution
is effected by comparing the retention [(retention time in HPLC (high-performance liquid
chromatography) or LC-MS (liquid chromatography—mass spectrometry), or retention factor in
TLC (thin layer chromatography)] of the different components of the sample solution separated
by the chromatographic method with the retention of the compound of Formula III under the

same chromatographic conditions (i.c. same stationary phase, mobile phase, temperature,

9
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pressure). A preferred chromatographic method is a liquid chromatographic method, such as a

LC-MS method.

In the context of the present invention, "comparing the retention" is to be understood as
determining whether two retention values are substantially the same, for example, the first value
being the retention of one of the different components of the sample solution separated by the
chromatographic technique and the second value being the retention of the compound of
Formula IIT under the same chromatographic conditions. In the present invention, "substantially
the same" means that the retention values differ in less than 10%, preferably less than 5%, even
more preferably less than 1%, still more preferably less than 0.5%, the most preferably less than
0.1%.

A sixth aspect of the present invention provides a method for the purification of

rabeprazole, salt or solvate thereof suitable for pharmaceutical use, comprising the steps of:
a) preparing rabeprazole, salt or solvate thereof;,

b) assessing the purity of rabeprazole, salt or solvate thereof by using a compound

of Formula III as a reference marker; and

c) subjecting rabeprazole, salt or solvate thercof to purification, wherein step ¢) may

also be carried out before step b).

A seventh aspect of the present invention provides rabeprazole, a salt or solvate thereof

substantially free from the compound of Formula I11.

The term “substantially free” includes less than 10%, preferably less than 5%, even more
preferably less than 1%, still more preferably less than 0.5%, the most preferably less than 0.1%
of the compound of Formula III. The term “substantial free” may include rabeprazole

completely free from a compound of Formula I11.

The term "reference marker”, as used herein, refers to a compound that may be used in
qualitative analysis to identify components of a mixture based on their position, ¢.g. in a HPLC
chromatogram, LC-MS chromatogram or on a Thin Layer Chromatography (TLC) plate, and/or
in quantitative analysis to determine the concentration of said compound in a mixture by

reference to the concentration of a solution comprising a known amount of said compound.

The purification steps mentioned in step (¢) refer to conventional purification techniques,

such as chromatography, distillation and crystallization.

10
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The term "reference standard", as used in the context of the present invention, has an

equivalent meaning to "reference marker".

An eighth aspect of the present invention provides a process for the preparation of a

compound of Formula I1I

o CH,0 N
IG2es

N
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\{
FORMULA III

wherein the process comprises:

a) reacting a compound of Formula VIII or a salt

Cl
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with a compound of Formula VI
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to prepare a compound of Formula IX; and

11
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b) converting the compound of Formula IX to the compound of Formula III.

The compound of Formula VIII may be prepared as described herein in step a) of

Example 6.

The reaction of the compound of Formula VIII with the compound of Formula VI is

carried out in a solvent optionally in the presence of a base.

The base may be selected from the group consisting of inorganic bases and organic
bases. The inorganic bases may be selected from the group consisting of hydroxides, carbonates
and bicarbonates. Hydroxides may be, for example, sodium hydroxide, potassium hydroxide or
barium hydroxide. Carbonates may be, for example, sodium carbonate, potassium carbonate or
barium carbonate. Bicarbonates may be, for example, sodium bicarbonate, magnesium
bicarbonate or potassium bicarbonate. The organic bases may be, for example, triethyl amine,

cthyl amine, ammonia or diisopropyl ethyl amine. A preferred base is sodium hydroxide.

The solvent may be selected from the group consisting of water, alcohols, halogenated
hydrocarbons, esters, nitriles, and mixtures thereof. Alcohols may be, for example, methanol,
ethanol or methylated ethanol. Halogenated hydrocarbons may be, for example,
dichloromethane. Esters may be, for example, ethyl acetate, diisopropyl ethyl acetate. Nitriles
may be, for example, acetonitrile. Preferred solvents include water, methylated methanol or

mixtures thereof.

The reaction of the compound of Formula VIII with the compound of Formula VI may
be carried out at about 10°C to about 50°C, for example, at about 20°C to about 40°C. The
reaction of the compound of Formula VIII with the compound of Formula VI may be carried in

about 1 hours to about 6 hours, for example in about 2 hours to about 4 hours.

12
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The compound of Formula IX obtained by the reaction of the compound of Formula VIII
and the compound of Formula VI may optionally be isolated from the reaction mixture. The
term “isolation” includes filtration, distillation, decantation, vacuum drying, evaporation or a

combination thereof.

The compound of Formula IX is converted to the compound of Formula III in the
presence of an oxidizing agent, a base and a solvent. The oxidizing agent may be selected from
the group consisting of sodium hypochlorite, hydrogen peroxide, m-chlroperoxybenzoic acid,
and cumene hydroperoxide. A preferred oxidizing agent is sodium hypochlorite. Sodium
hypochlorite may be used in any strength, for example, from about 2% to about 15 %, for
example, from about 6% to about 9 %. The compound of Formula IX is converted to the

compound of Formula I1I in the presence of sodium thiosulphate.

The base may be selected from the group consisting of inorganic bases and organic
bases. The inorganic bases may be selected from the group consisting of hydroxides, carbonates
and bicarbonates. Hydroxides may be, for example, sodium hydroxide, potassium hydroxide or
barium hydroxide. Carbonates may be, for example, sodium carbonate, potassium carbonate or
barium carbonate. Bicarbonates may be, for example, sodium bicarbonate, magnesium
bicarbonate or potassium bicarbonate. The organic bases may be, for example, triethyl amine,

cthyl amine, ammonia or diisopropyl ethyl amine. Preferred base is sodium hydroxide.

The solvent used for the conversion of the compound of Formula IX to the compound of
Formula III may be selected from the group consisting of water, acetic acid, alcohols,
halogenated hydrocarbons, ketones, esters, nitriles, and mixtures thereof. The acetic acid
solution may be aqueous or glacial acetic acid. Alcohols may be, for example, methanol, ethanol
or methylated ethanol. Halogenated hydrocarbons may be, for example, dichloromethane. Esters
may be, for example, ethyl acetate, diisopropyl ethyl acetate. Nitriles may be, for example,
acetonitrile. Ethers may be, for example, diisopropyl ether. Ketones may be, for example,
acetone. Preferred solvents include water, acetic acid, acetonitrile, ethyl acetate or a mixture

thereof.

The base may be selected from the group consisting of inorganic bases, and organic
bases. The inorganic bases may be selected from the group consisting of hydroxides, carbonates
and bicarbonates. Hydroxides may be, for example, sodium hydroxide, potassium hydroxide or
barium hydroxide. Carbonates may be, for example, sodium carbonate, potassium carbonate or

barium carbonate. Bicarbonates may be, for example, sodium bicarbonate, magnesium

13
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bicarbonate or potassium bicarbonate. The organic bases may be, for example, triethyl amine,

cthyl amine, ammonia or diisopropyl ethyl amine. A preferred base is sodium hydroxide.

The conversion of the compound of Formula IX to the compound of Formula III may be
carried out at about -20°C to about 60°C, for example, at about -10°C to about 50°C. The
conversion of the compound of Formula VIII to the compound of Formula III may be carried in

about 4 hours to about 8 hours, for example in about 6 hours to about 7 hours.

The compound of Formula III may optionally be isolated. The term “isolation” includes

filtration, distillation, decantation, vacuum drying, evaporation or a combination thereof.

While the present invention has been described in terms of its specific 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.
EXAMPLES

Example 1: Preparation of 2-(chloromethvl)-4-(3-methoxvpropoxyv)-3-methyl pyridine

(Formula V)

Dichloromethane (300 mL) was added to [4-(3-methoxypropoxy)-3-methylpyridin-2-
yl|methanol (Formula I'V) hydrochloride (100 g) and the reaction mixture was cooled to -10°C to
-5°C. Thionyl chloride (57.7 g) was added to the reaction mixture at -10°C to -5°C for 30
minutes to 60 minutes. The reaction mixture was stirred at -10°C to -5°C for 30 minutes to 60
minutes. The pH was adjusted to 7.0 to 7.5 with the aqueous sodium carbonate solution
(prepared by dissolving 120 g of sodium carbonate in 500 mL of de-ionized water at 20°C to
25°C) at -10°C to -5°C. The temperature of the reaction mixture was raised to 0°C to 5°C. The
mixture was allowed to settle for 10 minutes to 20 minutes and the layers obtained were
separated. The organic layer was concentrated at 15°C to 30°C at 50 mm to 100 mm Hg of
pressure. The residue obtained was dissolved in denatured spirit (100 mL). The mixture was
concentrated at 15°C to 30°C at 20 mm to 30 mm Hg of pressure. The residue obtained was used

in the next step.

Example 2: Preparation of 2-({[4-(3-methoxvpropoxy)-3-methylpyridin-2-vl]methv1tsulfanyl)-
1H-benzimidazole (Formula VII)

Sodium hydroxide (24.3 g) was added to de-ionized water (500 mL) and the mixture was
stirred. The mixture was cooled to 25°C to 30°C. Denatured spirit (100 mL) and 2-

14
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mercaptobenzimidazole (Formula V1) (63.7 g) were added to the reaction mixture and it was
stirred at 25°C to dissolve the solid material. The product obtained in Example 1 was dissolved
in 100 mL of methylated ethanol and added to the reaction mixture at 25°C to 30°C for 20
minutes to 30 minutes. The reaction mixture was stirred at 25°C to 30°C for 30 minutes to 60
minutes. De-ionized water (500 mL) was added at 25° C to 30°C for 30 minutes to 45 minutes.
The mixture was stirred at 25°C to 30°C for 60 minutes to 70 minutes. The solid obtained was
filtered and washed with de-ionized water (2 X 500 mL). The wet solid obtained was dried at
50°C to 55°C till the moisture content was not more than 0.5% w/w in an oven to obtain the title

compound.

Yield: 1.32 w/w

Example 3: Preparation of rabeprazole (Formula II)
2-({|4-(3-Methoxypropoxy)-3-methylpyridin-2-yl|methyl } sulfanyl)- 1H-benzimidazole
(Formula VII) obtained in Example 2 (125 g) was added to acetonitrile (625 mL) and the
reaction mixture was cooled to 10°C to 15°C. Sodium hydroxide solution (prepared by
dissolving 29.2 g of sodium hydroxide in 475 mL of de-ionized water) was added to the reaction
mixture at 8°C to 15°C for 5 minutes to 10 minutes. The reaction mixture was stirred at 8°C to
15°C and cooled to -7°C to -8°C. Sodium hypochlorite (1.05 mole equivalent) was added to the
reaction mixture at -8°C to -2°C for 30 minutes to 50 minutes. Sodium thiosulphate solution
(prepared by dissolving 12.5 g sodium thiosulphate in 125 mL de-ionized water) was added to
the reaction mixture at -8°C to +5°C. The pH of the mixture was adjusted to 8.7 to 9.1 with
aqueous acetic acid solution (80 mL; prepared by dissolving 40 mL glacial acetic acid with 40
mL de-ionized water) at 0°C to 5°C. Ethyl acetate (625 mL) was added to the mixture and the
temperature was increased to 10°C to 20°C. The mixture was allowed to settle for 10 minutes to
30 minutes and the layers obtained were separated. The organic layer was concentrated at 15°C

to 30°C and 20 mm to 30 mm of Hg pressure.

The residue obtained was dissolved in acetone (625 mL) at 25°C to 30°C and the reaction
mixture was cooled to 0°C to 5°C. Rabeprazole seed (0.25 g) was added to the reaction mixture
and the reaction mixture was stirred at 0°C to 5°C. Diisopropyl ether (625 mL) was added to the
mixture at 0°C to 5°C for 30 minutes to 45 minutes. The reaction mixture was stirred at 0°C to
5°C for 60 minutes to 70 minutes. The solid obtained was filtered and washed with pre-cooled

(0°C to 5°C) acetone-diisopropyl ether (2 X 125 mL; prepared by dissolving 125 mL acetone in
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125 mL diisopropyl ether). The solid obtained was dried at 40°C to 45°C at 10 mm to 20 mm of

Hg pressure till the loss on drying was not more than 1.0% w/w to obtain the title compound.

Yield: 0.72 w/w

Example 4: Purification of rabeprazole

Rabeprazole (80 g) prepared in Example 3 was added to acetone (1280 mL). The mixture
was heated to 30°C to 35°C. Activated carbon (8.0 g) was added to the reaction mixture and it
was stirred at 30°C to 35°C for 25 minutes to 35 minutes. The reaction mixture obtained was
filtered through celite. The celite was washed with acetone (2 X 180 mL). The mixture obtained
was concentrated to 360 mL to 400 mL at 15°C to 30°C and 20 mm to 30 mm of Hg pressure.
Diisopropyl ether (400 mL) was added to the reaction mixture at 15°C to 30°C for 30 minutes to
45 minutes. The reaction mixture was cooled to 10°C to 15°C and stirred for 50 minutes to 70
minutes. The solid obtained was filtered and washed with pre-cooled (10°C to 15°C) acetone-
diisopropyl ether (2 X 80 mL; prepared by dissolving 80 mL acetone in 80 mL diisopropyl
cther). The solid obtained was dried at 40°C to 45°C at 10 mm to 20 mm of Hg till the loss on

drying was not more than 0.5% w/w to obtain the title compound.

Yield: 0.825 w/w

Example 5: Preparation of rabeprazole sodium

Ethanol (325 mL) was added to sodium hydroxide (7.24 g) and the mixture was heated to
40°C to 45°C. The mixture was stirred at 40°C to 45°C and cooled to 20°C to 25°C.
Rabeprazole (65 g) obtained in Example 4 was added to the reaction mixture and it was stirred at
20°C to 25°C. Activated carbon (3.25 g) was added to the reaction mixture and the mixture was
stirred at 20°C to 25°C for 30 minutes. The mixture was filtered through celite and washed with
ethanol (2 X 130 mL). The filtrates were combined and filtered. The filter paper was washed

with ethanol (65 mL) and spray dried under following conditions.
Inlet temperature: 110°C to 120°C

Oxygen Level: Not more than 3.0%
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The solid obtained was dried at 60°C to 65°C at 10 mm to 20 mm Hg till the ethanol content is
not more than 5000 ppm and water content was not more than 4.5% w/w to obtain the title

compound.
Yield: 0.95 w/w
Content of Form III: 1.5 ppm

HPLC purity: 99.7%

1H-benzimidazole (Formula III)

Step a): Preparation of 2-(chloromethyl)-4-(3-chloropropoxy)-3-methylpyridine (Formula
VIII)

3-{[2-(Hydroxymethyl)-3-methylpyridin-4-yljoxy } propan-1-ol (44 g) was added to
dichloromethane (220 mL) at 28°C. The reaction mixture was cooled to 0°C to 5°C. Thionyl
chloride (41 mL) dissolved in dichloromethane (88 mL) was added to the reaction mixture at
0°C to 5°C for 30 minutes. The reaction mixture was stirred at 20°C to 30°C for 12 hours. The
mixture obtained was concentrated at 15°C to 30°C for 30 minutes and used as such in the next

step.

Step b): Preparation of 2-({[4-(3-chloropropoxy)-3-methylpyridin-2-yljmethyl}sulfanyl)-
1H-benzimidazole (Formula IX)

Sodium hydroxide (19.14 g) was added to the reaction mixture of water (220 mL) and
methylated ethanol (44 mL). 2-Mercapto benzimidazole (Formula VI) (29.67 g) was added to
the reaction mixture at 28°C. 2-(Chloromethyl)-4-(3-chloropropoxy)-3-methylpyridine
(Formula VIII) obtained in Step a) was dissolved in methylated ethanol (88 mL) and added to
the reaction mixture at 20°C to 25°C for 30 minutes and the reaction mixture was stirred for 1
hour. The solid obtained was filtered and washed with 50 mL of mixture of methylated ethanol
and water (1:1) and then washed with water (200 mL). The solid obtained was dried at 35°C for

12 hours to obtain the title compound.

Yield: 612 ¢
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Step c): Preparation of 2-({[4-(3-chloropropoxy)-3-methylpyridin-2-yljmethyl}sulfinyl)-
1H-benzimidazole (Formula III)

2-({|4-(3-Chloropropoxy)-3-methylpyridin-2-yl[methyl} sulfanyl)-1H-benzimidazole
(Formula IX) (35 g) obtained in step b) was added to acetonitrile (175 mL) at 28°C. Sodium
hydroxide (8.09 g) dissolved in water (131 mL) was added to the reaction mixture at 10°C to
15°C. The reaction mixture was cooled to -2°C to -8°C and sodium hypochlorite (60.86 g) was
added in 30 minutes. The reaction mixture was stirred at -2°C to -8°C for 5 hours. A 10%
sodium thiosulphate solution (35 mL) was added to the reaction mixture. The pH of the mixture
was adjusted to 8 to 9 with acetic acid, and then ethyl acetate (175 mL) was added to the
reaction mixture. The solid obtained was filtered and washed with ethyl acetate (2x 20 mL).
The solid obtained was dried at 35°C to 40°C for 2 hours to 3 hours to obtain the title compound.

Yield: 202 g

1H NMR (400 MHz, CDCI13), 6 (in ppm): 2.13 (s, 3H, C24-H3), 2.24 (m, 2H, C21- H2),
3.70 (t,2H, J = 6.2 Hz, C22-H2), 4.12 (m, 2H, C20-H2), 4.78 (dd, 2H, J = 13.7 Hz C12-H2),
6.72 (d, 1H, J = 5.6 Hz, C16-H), 7.30 (m, 2H, C7-H, C8-H), 7.48-7.77 (m, 2H, C6-H, C9-H),
8.31(d, 1H,J =5.6 Hz, C15-H).

Mass (API 2000), Ion Spray in +ve ion mode: 364.3 [M + H|"; MS/MS: 246.0, 199.0.

IR (FT-IR, Perkin Elmer, Spectrum One), in KBr, (in cm'l): 1582 & 1462 (benzimidazole
and pyridine ring stretchings), 1224 and 1043 (alkyl aryl C-O stretchings), 1083 (-S=0
stretching), 746 (aromatic C-H bending).

Example 7. HPLC method of analysis for the compound of Formula I11

The chromatographic separation was carried out in a Kromasil C18, 5 um, 4.6 mm x 150
mm column at 50°C. The mobile phase was prepared by filtering and degassing an acetonitrile /
buffer solution (70:30) v/v mixture. The buffer solution was obtained by dissolving 0.77 g of
ammonium acetate in 2000 mL water. The pH of the solution was adjusted to 7.0 + 0.05 with
1% ammonia solution (prepared by dissolving 1 ml of 25 % ammonia solution in 99 mL water)

and filtered through 0.45 um.

The chromatograph was equipped with a mass spectrometer detector and the flow rate

was 1.5 mL per minute. 10 uL of the test samples were injected. The samples were prepared by
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dissolving 50 mg of sample in 100 mL of diluent and diluting 25 mL of solution to 100 mL with
diluent. The diluent was prepared by dissolving water and methanol at the ratio of 50:50. The
chromatogram was run for at least 15 minutes. The approximate retention time for the

compound of Formula III was found to be 10.8 minutes.
LOD (limit of detection): 0.24 ppm

LOQ (limit of quantitation): 0.31ppm
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We claim:

L. A process for the preparation of rabeprazole, a salt and a solvate thereof,

substantially free from the compound of Formula III,

Cl

oi CH,0 N
<A
Wl

FORMULA I1I
wherein the process comprises:
a) reacting a compound of Formula I'V or a salt with a chlorinating agent at a
temperature not exceeding 0°C
_CHs

o
OJ)
CH
\ 3
P OH
N

FORMULA IV

to prepare a compound of Formula V or salt thereof;
@]
o/H
CH
@;3
s C
N

FORMULA V

_CHs
I
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13 b) reacting the compound of Formula V or salt with a compound of Formula VI
N
HS—</
N
14 H
15 FORMULA VI
16 to prepare a compound of Formula VII;
CHy
o}
Q CHa N
= s—¢
S0
17 N H
18 FORMULA VII
19 c) converting the compound of Formula VII to rabeprazole of Formula II; and
/CH3
O
O
CHs0
NP
=~
\ /7 ND
20 N H
21 FORMULA 11
22 d) optionally converting the compound of Formula II to its salt or solvate.
1 2. A process for the preparation of rabeprazole, a salt or a solvate thereof,

2 substantially free from a compound of Formula III,
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o CH,0 N
{500

N

H

\_/

3 N
4 FORMULA I1I
5 wherein the process comprises:
6 a) reacting a compound of Formula IV or a salt thereof with a chlorinating agent at a
7 temperature not exceeding 0°C
ot
o/H
| _ OH
3 N
9 FORMULA 1V
10 to prepare a compound of Formula V or a salt thereof;

S
o/H
-
_ cl
11 N

12 FORMULA V

13 b) converting the compound of Formula V to rabeprazole of Formula II; and
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/CH3
0]
Q CH30 "
\
= s—¢
N %ND
N H
FORMULA 11
c) optionally converting the rabeprazole of Formula II to its salt or a solvate thereof.
3. The process according to claims 1 or 2, wherein the chlorinating agent is selected

from the group consisting of thionyl chloride, phosphorous trichloride, phosphorous

oxychloride, phosphorous pentachloride, and sulfuryl chloride.

4. The process according to claim 3, wherein the chlorinating agent is thionyl
chloride.
5. The process according to claims 1 or 2, wherein the chlorination of the compound

of Formula IV or a salt is carried out in the presence of a base.
6. The process according to claim 5, wherein the base is sodium carbonate.

7. The process according to claims 1 or 2, wherein the compound of Formula IV or
a salt is reacted with chlorinating agent in the presence of a solvent selected from the group

consisting of water, alcohols, halogenated hydrocarbons, esters, nitriles, and a mixture thereof.

8. The process according to claim 1, wherein the compound of Formula V is reacted

with the compound of Formula VI in the presence of a base and a solvent.
9. The process according to claim 8, wherein the base is sodium hydroxide.

10. The process according to claim 8, wherein the solvent is selected from the group

consisting of water, alcohols, halogenated hydrocarbons, esters, nitriles, and a mixture thereof.

11. The process according to claim 1, wherein the compound of Formula VII is
converted to rabeprazole of compound of Formula II in the presence of an oxidizing agent, a

base and a solvent.

12.  The process according to claim 11, wherein the oxidizing agent is sodium

hypochlorite.
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13.  The process according to claim 11, wherein the solvent is selected from the group
consisting of water, glacial acetic acid, alcohols, halogenated hydrocarbons, ketones, esters,

nitriles, and a mixture thereof.

14.  The process according to claim 11, wherein the base is organic base or inorganic

base.

15. The process according to claims 1 or 2, which further comprises the use of the
compound of Formula I1I as a reference marker or a reference standard to analyze the purity of

the rabeprazole, a salt or solvates thereof.

16.  The process according to claim 15, wherein the sample of rabeprazole, a salt or

solvates thereof is selected from
a) rabeprazole active pharmaceutical ingredient or its sodium salt,

b) a pharmaceutical composition comprising active pharmaceutical ingredient or its

sodium salt,

c) a solvates or a salt of rabeprazole, or
d) a pharmaceutical composition comprising a solvates or a salt of rabeprazole.
17. The process according to claims 1 or 2, which further comprises a

chromatographic method for testing the purity of rabeprazole, salt or solvate thereof, comprising

the steps of:

a) dissolving rabeprazole, a salt or solvates thercof in a solvent to produce a sample
solution;
b) dissolving a sample of a compound of Formula I1I in a solvent to make a

reference marker solution;

c) subjecting the sample solution and the reference marker solution to a

chromatographic method; and

d) determining the compound of Formula III in the sample solution using the

reference marker solution.

18.  The process according to claims 1 or 2, which further comprises a method for the
purification of rabeprazole, a salt or solvate thereof suitable for pharmaceutical use, comprising

the steps of:

24



WO 2014/091450 PCT/IB2013/060883

a) preparing rabeprazole, a salt or solvate thereof;

b) assessing the purity of rabeprazole, a salt or solvate thercof by using compound

of Formula III as a reference marker; and
c) subjecting the rabeprazole, a salt or solvate thereof to purification
wherein step ¢) may also be carried out before step b).

19. Rabeprazole, a salt or solvate thereof substantially free of the compound of

Formula III

o CHyQ N
<3

N

H

\_/

N

FORMULA IIL
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