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Improved Process for the Preparation of Nebivolol Hydrochloride

Related Application:
This application claims the benefit of priority of our Indian patent application
number 19/CHE/2009 filed on 5™ January 2009, which is incorporated herein by

reference.

Field of the Invention:

The present invention relates to an improved process for the preparation of
nebivolol and its pharmaceutically acceptable salts, especially the hydrochloride salt. The
present invention also relates to organic acid salts of benzyl protected nebivolol and their
polymorphic forms. Nebivolol hydréchloride is chemically known as (aR,a’R,2R,2’S)-
rel-0,0’-[iminobis(methylene)]bis[6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol]

hydrochloride represented by the following structural formula-1.

OH OH
H
- O N O
HCI1
F F
Formula-1

Nebivolol is useful in the treatment and prevention of coronary vascular disorders
Beta blockers are used in the treatment of high blood pressure, control of angina,
arrthythmia, post myocardial infection, heart failure and migraine or essential tremor.
Nebivolol is a highly selective beta blocker and has been found to be useful for the
management of hyper tension. Nebivolol is a Pl-adrenoceptor blocking drug, or
B-blocker, distinguished from other members of its drug class by its additional nitric
oxide (NO)-mediated vasodilatory effects. Consequently, it effectively lowers blood
pressure by blocking B1l-adrenoceptors in the heart and vasculature, nebivolol may also
slow or prevent some of the vascular complications associated with hypertension, by

improving arterial compliance and reducing peripheral vascular resistance.

Background of the Invention:
Nebivolol, its pharmaceutically acceptable salts and process for their preparation

was first disclosed in US 4654362. The disclosed process involves the esterification of
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6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid provides ethyl 6-ﬂuoro-3,4-‘

dihydro-2H-1-benzopyran-2-carboxylate, = which on  reduction  with  bis(2-
methylethoxy)aluminate in methyl benzene provides 6-fluoro-3,4-dihydro-2H-1-
benzopyran-2-methanol. Thus obtained alcohol is reacted with oxalyl chloride and then
with triethyl amine to provide the corresponding 6-fluoro-3,4-dihydro-2H-1-benzopyran-
2-carboxaldehyde. The 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxaldehyde when
treated with sodium hydride and then with trimethyl sulfoxonium iodide in dimethyl
sulfoxide provides 6-ﬂuoro-3,4-dihydro-2-oxiranyl-2H-1-bénzopyran. This on treatment
with benzyl amine provides 3,4-dihydro-2-[[(phenylmethyl)amino]methyl]-2H-1—
benzopyran-2-methanol, which on subsequent reaction with 6-fluoro-3,4-dihydro-2-
oxiranyl-2H-1-benzopyran provides benzyl protected nebivolol. The benzyl protected
nebivolol on deprotection with palladium carbon in methanol, followed by treatment with
hydrochloric acid provides nebivolol hydrochloride. The disclosed process involves the

usage of sodium hydride, which is commercially not recommendable.

The different processes for the preparation of nebivolol hydrochloride have been
reported in EP 1803715, EP 1803716, WO 2006/025070, WO 2006/016376, WO
2007/009143, WO 2007/083318, WO 2008/040528 and WO 2008/064826 patent

publications.

In general, all the reported processes involve the isolation of 6-fluoro-3,4-
dihydro-2-[[(phenylmethyl)amino]methyl]-2H-1-benzopyran-2-methanol, by reacting the
6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran with benzyl amine. Nebivolol is
prepared by treating the 6-fluoro-3,4-dihydro-2-[[(phenylmethyl)amino]methyl]-2H-1-
benzopyran-2-methanol ~ with 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran and
subsequent debenzylation, which is time consuming and lengthy process leading to

increase in the cost of production. -

The present invention provides an improved and economical process for the
preparation of nebivolol and its pharmaceutically écceptable salts without isolating
6-fluoro-3,4-dihydro-2-[[(phenylmethyl)amino]methyl]-2H-1-benzopyran-2-methanol
and proceeds through crystalline oxalic acid salt of benzyl protected nebivolol, which

improves the yield and purity and overcomes the all the prior art problems.
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Brief Description of the Invention:

The first aspect of the present invention is to provide an improved process for the

preparation of nebivolol hydrochloride, which comprise of the following steps;

a)

b)

d)

Reacting 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid compound of
formula-2 with alcohol in presence of a suitable catalyst to provide alkyl 6-fluoro-3,4-
dihydro-2H-1-benzopyran-2-carboxylate compound of general formula-3,

reducing the alkyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate compound
of general formula-3 with a suitable reducing agent in a suitable solvent to provide
6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxaldehyde compound of formula-5,
which is treated in-situ with trimethylsulfoxonium iodide in the presence of a suitable
base in a suitable solvent to provide 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-
benzopyran compound of formula-6,

reacting the 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran compound of
formula-6 with benzyl amine in a suitable solvent followed by treatment with
suitable organic acid, and recrystallization of the obtained compound in a suitable
solvent to provide the corresponding organic acid salt of benzyl protected nebivolol
compound of general formula-7,

debenzylating the benzyl protected nebivolol salt compound of general formula-7
using hydrogen in presence of a suitable catalyst in a suitable solvent, followed by
treatment with hydrochloric acid in a suitable solvent to provide nebivolol

hydrochloriéle compound of formula-1.

The second aspect of the present invention is to provide an improved process for

the preparation of nebivolol hydrochloride, which comprise of the following steps;

a)

b)

Reacting the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid compound of
formula-2 with alcohol in presence of a suitable catalyst to provide alkyl 6-fluoro-3,4-
dihydro-2H-1-benzopyran-2-carboxylate compound of general formula-3,

reducing the alkyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate compound
of general formula-3 with a suitable reducing agent in a suitable solvent to provide

6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol compound of formula-4, -
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¢) oxidizing the compound of formula-4 with sodium hypochlorite in presence of a
suitable catalyst in a suitable solvent to provide 6-fluoro-3,4-dihydro-2H-1-
benzopyran-2-carboxaldehyde compound of formula-5,

d) converting the obtained 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxaldehyde

compound of formula-5 into nebivolol hydrochloride.

The third aspect of the present invention is to provide novel organic acid salts of

benzyl protected nebivolol compound of general formula-7.

The fourth aspect of the present invention is to provide a crystalline form of
oxalic acid salt of benzyl protected nebivolol. The crystalline oxalic acid salt of benzyl

protected nebivolol of the present invention is characterized by its PXRD diffractogram.

Brief Description of the Drawings:

Figure-1: Illustrates the powder X-ray diffraction pattern of nebivolol hydrochloride
compound of formula-1.

Figure-2: Illustrates the powder X-ray diffraction pattern of crystalline Qxalic acid salt of
benzyl protected nebivolol compound of formula-7a.

Figure-3: Illustrates the photograph of nebivolol hydrochloride obtained as per the

process of the present invention as seen through the microscope.

Detailed Description of the Invention:
As used herein, the term “alkyl” refers to C, to C4 alkyl, including methyl, ethyl,
n-propyl, isopropyl, n-butyl and isobutyl.

As used herein, the term “benzyl protected nebivolol” refers to the compound
which is  chemically known as (aR,&’R,2R,2’S)-rel-a,a’-[benzyliminobis

(methylene)]bis[6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol].

The present invention relates to an improved process for the preparation of
nebivolol and its pharmaceutically acceptable salts, especially hydrochloridé salt

compound of formula-1.
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The first aspect of the present invention provides an improved process for the

preparation of nebivolol hydfochloride compound of formula-1,

Joonracel

Formula-1

5  Which comprise of the following steps,

a)
10
15

b)
20

Reacting the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid compound of

F

Formula-2

formula-2

with suitable alcohol selected from methanol, ethanol, isopropanol and butanol,
preferably methanol in presence of a suitable catalyst selected from sulfuric acid,
hydrochloric acid, paratoluene sulfonic acid, preferably sulfuric acid to provide the

alkyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate compound of general

F

Formula-3

formula-3,

where in R is alkyl,

reducing the alkyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate compound
of general formula-3 with suitable reducing agent like DIBAL-H, vitride, preferably
DIBAL-H in a suitable hydrocarbon solvent selected from toluene, heptane and
hexane, preferably toluene to provide the 6-fluoro-3,4-dihydro-2H-1- benzopyran-2-

carboxaldehyde compound of formula-5,

F

Formula-5

5
)
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d)

which on in-situ treatment with trimethylsulfoxonium iodide in presence of a suitable
base selected from sodium tertiary butoxide and potassium tertiary butoxide,
preferably sodium tertiary butoxide in a suitable polar aprotic solvent like dimethyl
sulfoxide, dimethyl acetamide and dimethylformamide, preferably dimethylsulfoxide
to provide the 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran compound of
formula-6,

0]

Formula-6
reacting the 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran compound of
formula-6 with benzyl amine in a suitable solvent selected from alcohol solvents
methanol, ethanol and isopropanol and ester solvents like ethyl acetate, isopropyl
acetate solvent, preferably alcohol solvents like methanol followed by treatment with
suitable organic acids like oxalic acid, tartaric acid, maleic acid, fumaric acid,

salicylic acid and malic acid, and recrystallization of the obtained compound in a

suitable solvent selected from ether solvents like diisopropy! ether and diethyl; nitrile

solvents like acetonitrile and hydrocarbon solvents like toluene, heptane, hexane and
cyclohexane to provide the corresponding organic acid salt of benzyl protected

nebivolol compound of general formula-7,

Organic acid

Formula-7
debenzylating the benzyl protected nebivolol salt compound of general formula-7
using hydrogen in the presence of a suitable catalyst like palladium-carbon in a
suitable solvent like methanol, ethanol, isopropanol, preferably methanol followed by
treating with hydrochloric acid in a suitable alcoholic solvent like methanol, ethanol
and isopropanol or in a ester solvent like ethyl acetate; preferably isopropanol, and

the recrystallization of the obtained compound in a suitable alcohol solvents selected

ol
L B4R



WO 2010/089764 PCT/IN2010/000004

from methanol, ethanol, isopropanol or mixtures thereof, preferably methanol to

provide the pure nebivolol hydrochloride compound of formula-1.

The second aspect of the present invention is to provide an improved process for

5  the preparation of nebivolol hydrochloride compound of formula-1, which comprises of
the following steps;

a) Reacting 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid compound of

- F

10 : Formula-2

formula-2

with suitable alcohol like methanol, ethanol, isopropanol and butanol, preferably
methanol in presence of a suitable catalyst selected from sulfuric acid, hydrochloric
acid, paratoluene sulfonic acid, preferably sulfuric acid to provide the alkyl 6-fluoro-

3,4-dihydro-2H-1-benzopyran-2-carboxylate compound of general formula-3,

F

Formula-3

15

wherein R is alkyl, A
b) reducing the alkyl 6-ﬂuoro-3,4-dihydro-2H-1-beniopyran-Z-carboxylate compound
_ of general formula-3 with a suitable reducing agent selected from DIBAL-H, sodium
20 borohydride and the like, preferably sodium borohydride in a suitable solvent selected
from alcohol solvents like methanol, ethanol, isopropanol or ether solvents like
tetrahydrofuran or mixtures thereof to provide the 6-ﬂuoro-3,4-dih);dro-2H-1-

benzopyran-2-methanol compound of formula-4,

F

25 Formula-4
¢) oxidizing the compound of formula-4 with sodium hypochlorite in the presence of a

suitable catalyst like 2,2,6,6-tetramethyl piperidinyl oxy free radical (TEMPO)/KBr
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in a suitable solvent selected from chloro solvents like methylene chloride and
chloroform; hydrocarbon solvents like toluene, heptane, hexane and cyclohexane,
preferably chloro solvent like methylene chloride to provide the 6-fluoro-3,4-dihydro-

2H-1-benzopyran-2-carboxaldehyde compound of formula-5,

F

Formula-5
d) converting the obtained 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxaldehyde

compound of formula-5 into nebivolol hydrochloride.

The 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxaldehyde compound of
formula-5 obtained by the above process converted into the nebivolol hydrochloride by
the process described in the first aspect of the invention or by the process known in the

art.

Further, the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol compound of .
formula-4 also directly obtained from 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-
carboxylic acid compound of formula-2, by reacting it with sodium borohydride and BF3- "+ .

etherate complex.

The third aspect of the present invention provides novel organic acid salts of
benzyl protected nebivolol compound of formula-7, with the proviso that the organic acid

is not an oxalic acid.

Ph
OH OH

(0] N o
Organic acid
Formula-7

The organic acid is selected from tartaric acid, maleic acid, fumaric acid, salicylic acid

and malic acid.
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The novel organic acid salt of benzyl protected nebivolol compound of the present
invention is prepared by treating the benzyl protected nebivolol with a suitable acid like
tartaric acid, maleic acid, fumaric acid, salicylic acid and malic acid in a suitable solvent
selected from alcohol solvents like methanol, ethanol, 1-propanol, isopronaol; ester
solvents like ethyl acetate, methyl acetate, isopropyl acetate; ether golvents like
diisopropyl ether, diethyl ether, dimethyl ether and tetrahydrofuran; hydrocarbon solvents

like toluene, heptane, hexane and cyclohexane or mixtures thereof.

The organic acid salts of benzyl protected nebivolol compound of general

formula-7 of the present invention used as an intermediate or processing aid for the

-preparation of highly pure nebivolol or its pharmaceutically acceptable salts, especially

hydrochloride compound of formula-1.

The fourth aspect of the present invention provides a crystalline form of oxalic
acid salt of benzyl protected nebivolol compound of formula-7a having the following

structure.

?60!—1
COOH
Formula-7a
The crystalline form of the present invention is characterized by its strong powder
X-ray diffraction peaks (expressed in degrees 20) at 6.9, 14.9, 15.2, 18.7, 20.7, 25.9, 28.9,
30.3, 37.0, 39.9 and 45.8 £0.2 degrees 26.

The novel crystalliné form of oxalic acid salt of benzylated nebivolol compound
of formula-7a of the present invention useful in the preparation of highly pure nebivolol

and its pharmaceutically acceptable salts.

Highly pure nebivolol hydrochloride of the present invention refers to the

compound with purity greater than 99.00%, preferably 99.50% by High performance
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The following are structural formulae of the process related impurities (herein
5  nebivolol hydrochloride.
Impurity-A:

Liquid Chromatography. Nebivolol hydrochloride of the present invention can be further
micronized or milled to get the desired particle size.
designated as impurity A, B, C, D and E) which are formed during the preparation of

rph

OH OH
F

Impurity-B:

10 Impurity-C:

OH OH
H
O N O
. HCI
F

OH H OH
o) N~ @)
F F
Impurity-D:

Q

H
Impurity-E:

ulQ

H H .
O A N A (0]
F F
15

OH H OH
O N O
. HCI

The related substance of nebivolol hydrochloride was analyzed by HPLC using
the following conditions: Column: Hypersil BDS C18, 250X 4.6 mm, 5 pm or equivalent;
20

Flow rate: 1.0 ml/min; wavelength: 220 nm; Temperature: 25°C; Load: 20 pl; Run time:
50 min; and using acetonitrile: water (1:1) as a diluent.

10
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The details of impurities and their RRT are as follows:

Impurity RRT
Impurity-A ~2.07
Impurity-B ~0.79
Impurity-C ~1.10
Impurity-D ~0.88
Impurity-E ~0.65

XRD analysis of crystalline oxalic acid salt of benzyl protected nebivolol and
nebivolol hydrochloride were carried out using SIEMENS/D-5000 X-Ray diffractometer

5 using Cu, Ka radiation of wavelength 1.54 A° and continuous scan speed of 0.045°/min.

Morphology of nebivolol hydrochloride was recorded in the following method:
The samples are molded on alumina stubs using double adhesive tape, coated with gold
using HUS-5GB vacuum evaporator and observed in Hitachi S-520 Scanning Electron

10  Microscope at an acculation voltage of 10 KV.

The present invention is schematically represented as below

11
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F
Alcohol Formula-2 NaBH,
catalyst BF;-etherate
COOR CH,OH
/@i/\'/ NaBH,/DIBAL _ /@;J/

_ Formula-3 Formula-4
DIBAL-H NaOQOCl
Toluene /Q:C)J-/CHO TEMPO

F
Formula-5
Dimethylsulfoxide

Trimethylsulfoxoniumiodide
Sodium tertiary butoxide

o

A0

« |
Formula-6

F

Benzyl amine
Methanol
Organic acid

Y
Ph
OH ( OH

0 N 0
Organic acid

Formula-7

- Pd/C
Methanol
IPA HCI

OH OH
H
o N 0)

HCI
Formula-1

12
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The process described in the present invention was demonstrated in examples
illustrated below. These examples are provided as illustration only and therefore should
not be construed as limitation of the scope of the invention.

Examples:
Example-1: Preparation of methyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-
carboxylate: ‘

Mixture of 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid (100 g),
methanol (1000 ml) and sulfuric acid (1.0 ml) was heated to reflux for 3 hours, then
distilled off the solvent completely under reduced pressure. Water (400 rhl) was added to
the obtained residue and basified with sodiumbicaronate solution. The reaction mixture
was extracted into methylene chloride. The methylene chloride was distilled off from the
reaction mixture under reduced pressure at below 45°C to get the title compound as a

semi solid.

Example-2: Preparation of methyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-

.carboxylate:

Mixture of 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid (50 g),
methanol (500 ml) and sulfuric acid (0.5 ml) was heated to refluxed for 3 hours, then
distilled off the solvent completely under reduced pressure. Water (200 ml) wés added to
the obtained residue and basified with sodiumbicaronate solution and the reaction
mixture was stirred for 30 minutes at 25-30°C. The obtained solid was filtered off,
washed with water and then dried to get the title compound as a solid.

Yield: 42 grams; M.R: 39-43°C

Example-3: Preparation of 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran:
DIBAL (300 ml) was added to a solution of methyl 6-fluoro-3,4-dihydro-2H-1-
benzopyran-2-carboxylate (50 gram) in toluene (250 ml) at -75 to -70°C and stirred for
3 'hours. The reaction mixture was quenched with methanol at -75 to -70°C and then
acidified with aqueous hydrochloric acid. The organic and aqueous layers were separated
at 25-35°C, aqueous layer extracted with toluene. The combined organic layer washed
with aqueous acetic acid followed by sodium chloride solution and then dried with

sodium sulphate. A suspension of trimethylsulfoxonium iodide (63 g) and sodium tertiary

13

s
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butoxide (26 g) in dimethyl sulfoxide (250 ml) was stirred for 1.5 hours at 7-15°C and to
this mixture, added the combined'organic layer obtained above. The reaction mixture was
stirred for 3 hours at 25-30‘5C and then quenched with ice water. The layers were
separated and aqueous layer was extracted with ethyl acetate. The combined organic
layer washed with water followed by sodium chloride solution, then dried with sodium
sulphate. Distilled off the solvent from the organic layer to get the title compound.

Yield: 35 grams

Example-4: Preparation of 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran:

DIBAL (300 ml) was added to a solution of methyl 6-fluoro-3,4-dihydro-2H-1-
benzopyran-2-carboxylate (50 gram) in toluene (250 ml) at -75 to -70°C and stirred for
3 hburs. The reaction mixture was quenched with methanol at -75 to -70°C and then
acidified with aqueous hydrochloric acid. The organic and aqueous layers were separated
at 25-35°C, aqueous layer extracted with toluene. The combined organic layer washed
with aqueous acetic acid followed by sodium chloride solution and then dried with
sodium sulphate. A suspension of trimethylsulfoxonium iodide (63 g) and sodium tertiary
butoxide (26 g) in dimethyl sulfoxide (250 ml) was stirred for 1.5 hours at 7-15°C and to
this mixture, added the combined organic layer obtained above. The reaction mixture was
stirred for 3 hours at 25-30°C and then quenched with ice water. The layers were
separated and aqueous layer was extracted with ethyl acetate. The combined organic
layer washed with water followed by sodium chloride solution, then dried with sodium
sulphate. Distilled off the solvent completely from the orgahic layer under reduced
pressure and the obtained residue was subjected to high vacuum distillation to collect the
title compound. -

Yield: 29 grams

Example-5: Preparation of oxalate salt of b.enzyl protected nebivolol:

A mixture of 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran (50 g), benzyl
amine (14 g) and methanol (300 ml) was heated to 65-70°C and stirred for 6 hours. The
solvent from the reaction mixture was distilled off completely under reduced pressure at
below 60°C. The obtained residue was cooled and dissolved in ethyl acetate. The reaction

mixture was acidified with hydrochloric acid, stirred for 10 minutes then the organic and

14
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aqueous layers were separated. The organic layer washed with water and then oxalic acid
(65 g) was added to it, stirred for 60 minutes at 25-30°C. The solvent was distilled off
from the reaction mixture under reduced pressure at below 60°C and the obtained residue
dissolved in acetonitrile at 30-35°C and stirred. Diisopropyl ether (100 ml) was added to
the reaction mixture and stirred for 3 hours. The solid obtained was filtered, washed with
acetonitrile and finally recrystallised from acetonitrile to get the title compound.

Yield: 30 grams

Example-6: Preparation of oxalate salt of benzyl protected nebivolol: ,

A mixture of 6-ﬂuoro-3,4-dihydro-2-oxiranyl—2H-l-benszyran (50 g), benzyl
amine (14 g) and methanol (300 ml) was heated to 65-70°C and stirred for 6 hours. The
solvent from the reaction mixture was distilled off completely under reduced pressure at
below 60°C. The obtained residue was cooled and dissolved in ethyl acetate. The reaction
mixture was acidified with hydrochloric acid, stirred for 10 minutes then the organic and
aqueous layers were sepafateci. The organic layer washed with water and then oxalic acid
(65 g) was added to it, stirred for 60 minutes at 25-30°C. The solvent was distilled off
from the reaction mixture under reduced pressure at below 60°C, the obtained residue
was dissolved in acetonitrile at 30-35°C and stirred for 3 hours. The solid obtained was
filtered, washed with acetonitrile and finally recrystallised from acetonitrile to get the
title compound.

Yield: 29 grams

Example-7: Preparation of oxalate salt of benzyl protected nebivolol:

A mixture of 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran (50 g), benzyl
amine (14 g) and methanol (300 ml) was heated to 65-70°C and stirred for 6 hours. The
solvent from the reaction mixture was distilled off completely under reduced pressure at
below 60°C. The obtained residue was cooled and dissolved in ethyl acetate. The reaction
mixture was acidified with hydrochloric acid, stirred for 10 minutes then the organic and
aqueous layers were separated. The organic layer washed with water and then oxalic acid
(65 g) was added to it, stirred for 60 minutes at 25-30°C. The solvent was distilled off
from the reaction mixture under reduced pressure at below 60°C and the obtained residue

dissolved in acetonitrile at 30-35°C and stirred. Cyclohexane (100 ml) was added to the
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reaction mixture and stirred for 3 hours. The solid obtained was filtered, washed with
acetonitrile and finally recrystallised from acetonitrile to get the title compound.

Yield: 28.6 grams

Exmaple-8: Preparation of nebivolol hydrochloride:

Benzyl protected nebivolol oxalate (50 g) was dissolved in methanol (2.5 1) by
heating to 50-55°C. Palladium carbon (5 g) in water was added to the above solution
taken in hydrogenator. The hydrogen pressure 4.0 kg/cm® was applied and maintained for
3 hours at 25-30°C. After the completion of the reaction, the reaction mixture was filtered
through hyflow and washed the bed with methanol. The methanol from the filtrate was
distilled off at 65-75°C under reduced pressure and then IPA hydrochloric acid (45 ml)
was added to it and stirred for 1.5 hours at 65-70°C. The reaction mixture was cooled to
35-40°C and methanol was added to it. The reaction mixture was subjected to carbon
treatment and filtered through hyflow. The isoproanol hydrochloric acid (5 ml) was
added to the filtrate and stirred for 30 minutes at 60-65°C. The methanol was distilled off
from the reaction mixture up to 70% under reduced pressure at 65-75°C. The reaction
mixture was slowly cooled to 33-35°C and stirred for 4 hours. The obtained solid was
filtered, washed with methanol and dried to provide the title compound.

Yield: 20 grams

Example-9: Purification of nebivolol hydrochloride:

A mixture of nebivolol hydrochloride (11 g) and methanol (44 ml) was heated to
65-70°C and stirred for 45 minutes. The reaction mixture was cooled to 30-35°C and
stirred for 45 minutes. The solid was filtered and washed with methanol. The obtained
solid was dissolved in methanol (150 ml) by heating to 65-70°C and treated with carbon
and stirred for 45 minutes at 65-70°C. The reaction mixture was filtered through the
hyflow and washed the bed with methanol. The 70% of the solvent from the filtrate was
distilled off and the reaction mixture was cooled to 30-35°C then stirred for 45 minutes.
The solid obtained was filtered, washed with methanol and then dried to get high pure

nebivolol hydrochloride.

‘Yield: 5.5 grams; Particle size Distribution: D (0.1): 16 pm ; D (0.5): 87 um; D (0.9):

210 pm; D[4,3]: 375 pm
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Purity by HPLC: 99.90 %; Impurity A: Not detected, Impurity B: Not detected; Impurity
C: 0.04 %; Impurity D: 0.03%;, Impurity E: Not detected

Example-10: Preparation of 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol:

Methanol (100 ml) was added to a mixture of methyl 6-fluoro-3,4-dihydro-2H-1-
benzopyran-2-carboxylate (100 g), sodium borohydride (17.6 g) in tetrahydrofuran (250
ml) and stirred for 3.5 hours. The reaction mixture was quenched with chilled water and
the reaction mixture was extracted with ethyl acetate. The ethyl acetate layer was washed
with sodium bicarbonate solution followed by sodium chloride solution. The solvent from
the ethyl acetate layer was distilled off completely under reduced pressure at below 60°C
to get the title compound. '

Yield: 85 grams

Example-11: Preparation of 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran:

Sodium hypochlorite (220 ml) was slowly added to a mixture of 6-fluoro-3,4-
dihydro-2H-1-benzopyran-2-methanol (50 g), TEMPO (0.1 grém), potassium bromide
(3.3 g) and methylene chloride (600 ml) at -10 to 0°C and stirred for 20 minutes. The
reaction mixture was quenched with sodium thiosulphate solution. The layers were
separated and the organic layer was washed with sodium bicarbonate, water and saturated
sodium chloride solution respectively. The combined organic layer dried with sodium
sulphate. A suspension of trimethyl sulfoxonium iodide (72.5 g) and sodium tertiary
butoxide (30.5 g) in dimethyl sulfoxide (250 ml) was stirred for 1.5 hours at 7-15°C
and to this mixture, added the combined organic layer obtained above. The reaction
mixture was stirred for 3 hours at 25-30°C and then quenched with ice water. The layers
were separated and aqueous layer was extracted with ethyl acetate. The combined organic
layers washed with water followed by sodium chloride solution, then dried with sodium
sulphate. Distilled off the solvent completely from the organic layer to get the title
compound

Yield: 31 grams

Example-12: Preparation of maleic acid salt of benzyl protected nebivolol.
A mixture of 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran (4 g), benzyl
amine (1.12 g) and methanol (24 ml) was heated to 65-70°C and stirred for 6 hours. The
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solvent from the reaction mixture was distilled off completely under reduced pressure at
below 60°C. The obtained residue was cooled and dissolved in ethyl acetate. The reaction
mixture was acidified with hydrochloric acid, stirred for 10 minutes then the organic and
aqueous layers were separated. The organic layer washed with water and then maleic acid
(1.4 g) was added to it and stirred for 12 hours at 25-30°C. The solvent was distilled off
from the reaction mixture, acetonitrile was added to the residue and stirred for 3 hours at
25-30°C. Diisopropylether (25 ml) was added and stirred for 2 hours at 25-30°C. The
obtained solid filtered and washed with diisopropyl ether and dried to get the title
compound.

Yield: 2 grams; M.R: 157-163°C

‘Example-13: Preparation of salicylic acid salt of benzyl protected nebivolol:

The salicylic acid salt of benzyl protected nebivolol has been prepared in an
analogous manner to example-12 using the salicylic acid (1.67 gram) in place of maleic

acid.

Yield: 3 grams; M.R: 105-109°C

Example-14: Preparation of fumaric acid salt of benzyl protected nebivolol:

The fumaric acid salt of benzyl protected nebivolol has been prepared in an s

analogous manner to example-12 using the fumaric acid (1.4 gram) in place of maleic

acid.
Yield: 1.9 grams; M.R: 123-126°C

.Example-IS: Purification of nebivolol hydrochloride compound of formula-1:

Nebivolol hydrochloride (10 grams) was dissolved in methanol (150 ml) by
heating to 65-70°C and treated with carbon and stirred for 45 minutes at 65-70°C. The
reaction mixture was filtered through the hyflow and washed the bed with methanol. The
70% of the solvent from the filtrate was distilled off and the reaction mixture was cooled
to 30-35°C then stirred for 45 minutes. The solid obtained was filtered, washed with
methanol and then dried to get high pure nebivolol hydrochloride.

Yield: 5.2 grams; Purity by HPLC: 99.91%
Particle Size Distribution: _
D (0.1): 0.156 pm ; D (0.5): 20.05 pm; D (0.9): 93.82 um; D[4,3]: 36.91 um
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We Claim:

1. An improved process for the preparation of nebivolol hydrochloride compound of
formula-1,
OH OH .
H
o) N o)
F F
5 Formula-1

Which comprise of the following steps,
a) Reacting the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid compound

F

10 Formula-2

of formula-2

with suitable alcohol in presence of a suitable catalyst to provide the alkyl

6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate compound of general

F

15 Formula-3
wherein R is C;-C4 alkyl,
b) reducing the alkyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate

formula-3,

compound of general formula-3 with suitable reducing agent in a suitable solvent

to provide the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxaldehyde
20 compound of formula-5,
F _
Formula-5
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which on in-situ treatment with trimethylsulfoxonium iodide in presence of a
suitable base in a suitable polar aprotic solvent to provide the 6-fluoro-3,4-
dihydro-2-oxiranyl-2H-1-benzopyran compound of formula-6,

0)
o

Formula-6
reacting the 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran compound of
formula-6 with benzyl amine in a suitable solvent followed by subsequent
treatment with suitable organic acid, and recrystallisation of the obtained
compound in a suitable solvent to provide the corresponding organic acid salt

compound of general formula-7,

Organic acid

F F

Formula-7
debenzylating the benzyi protected nebivolol salt compound of general formula-7
using hydrogen in the presence of a suitable catalyst in a suitable solvent followed
by treating with hydrochloric acid in a suitable solvent, and recrystallisation of the
obtained compbund in a suitable solvent to provide nebivolol hydrochloride

compound of formula-1.

2. A process according to claim 1, wherein

i)

in step a) the alcohol is selected from methanol, ethanol, isopropanol and butanol;
catalyst is selected from sulfuric acid, hydrochloric acid and paratoluene sulfonic
acid;

in step b) reducing agent is selected from DIBAL-H and vitride; solvent is
selected from hydrocarbon solvents like toluene, heptane and hexaﬁe; polar

aprotic solvents like dimethylsulfoxide, dimethylformamide and dimethyl

20
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acetamide; and base is selected from sodium tertiary butoxide and potassium
tertiary butoxide;

iii) in step c) solvent is selected from alcoholic solvents like methanol, ethanol and
isopropanol, ester solvent like ethyl acetate, isopropyl acetate; and organic acid is
5 selected from oxalic acid, tartaric acid, maleic acid, fumaric acid, salicylic acid
and malic acid; and the solvent for recrystallisation is selected from ether solvent
like diisopropyl ether; nitrile solvent like acetonitrile; hydrocarbon solvents like

toluene, heptane, hexane and cyclohexane or mixtures thereof;
iv) in step d) hydrogenation catalyst is selected from palladium-carbon and solvent is
10 selected from alcohol solvents like methanol, ethanol, isopropanol and butanol,

ester solvents like ethyl acetate and isopropyl acetate or mixtures thereof.

3. An improved process for the preparation of nebivolol hydrochloride compound of

formula-1, which comprise of the following steps,

15 a) reacting the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid compound
of formula-2
F
Formula-2

with methanol in presence of sulfuric acid to provide methyl 6-fluoro-3,4-

20 dihydro-2H-1-benzopyran-2-carboxylate compound of formula-3a,

/@ioj/coocm
F

Formula-3a
b) reducing the methyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate
compound of formula-3a with DIBAL-H in toluene to provide the 6-fluoro-3,4-
25 dihydro-2H-1-benzopyran-2-carboxaldehyde compound of formula-5,

F :

Formula-5
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which on in-situ treatment with trimethylsulfoxonium iodide in presence of a
sodium tertiary butoxide in dimethylsulfoxide to provide the 6-fluoro-34-

dihydro-2-oxiranyl-2H-1-benzopyran compound of formula-6,
o)
o

5 : Formula-6
c) reacting the 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran compound of
formula-6 with benzyl amine in methanol followed by subsequent treatment with
oxalic acid in ethylacetate, and recrystallisation of the obtained compound in a
acetonitrile or diisopropyl ether or mixtures thereof to provide the oxalic acid salt

10 of benzyl protected nebivolol compound of formula-7a,

?0.0H
COOH
Formula-7a
d) debenzylating the benzyl protected nebivolol oxalate compound of formula-7a -
using hydrogen in the presence of palladium/carbon in methanol followed by -
15 treating with hydrochloric acid in isopropyl alcohol, and recrystallisation of the

obtained compound from methanol provides the pure nebivolol hydrochloride

compound of formula-1.

4. An improved process for the preparation of nebivolol hydrochloride compound of
20 formula-1, which comprise of the following steps;

a) reacting the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid compound

F

Formula-2

of formula-2
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5
b)
10
©)
15
20

with suitable zlcohol in presence of a suitable catalyst to provide the alkyl 6-

ﬂuoro-3,4-dihydro-2H-l-benzopyran-2-carboxylate compound of general

F

Formula-3

formula-3,

wherein R is C;-C4 alkyl,
reducing the alkyl  6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate
compound of general formula-3 with a suitable reducing agent in a suitable

solvent to provide the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol

F

Formula-4

compound of formula-4,

oxidizing the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol compound of
formula-4 with sodium hypochlorite in the presence of a suitable catalyst in.a
suitable solvent to piovide the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-

carboxaldehyde compound of formula-5,

F

Formula-5
which on in-situ treatment with trimethylsulfoxonium iodide in presence of a
suitable base and in a suitable polar aprotic solvent to provide the 6-fluoro-3,4-

dihydro-2-oxiranyl-2H-1-benzopyran compound of formula-6,
o)
o)

Formula-6
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d) reacting the 6-fluoro-3,4-dihydro-2-oxiranyl-2H-1-benzopyran compound of

i)

formula-6 with benzyl amine in a suitable solvent followed by subsequent
treatment with suitable organic acid, and recrystallisation of the obtained
compound in a suitable solvent to provide the corresponding organic acid salt of

benzyl protected nebivolol compound of general formula-7,

Organic acid

Formula-7
debenzylating the benzyl protected nebivolol salt compound of general formula-7
using hydrogen in the presence of a suitable catalyst in a suitable solvent followed
by treating with hydrochloric acid in a suitable solvent, recrystallisation of the
obtained compound in 'a suitable solvent to provide nebivolol hydrochloride

compound of formula-1.

. A process according to claim 4, wherein

in step a) the alcohol is selected from methanol, ethanol, isopropanol and butanol;
catalyst is selected from sulfuric acid, hydrochloric acid, paratoluene sulfonic

acid;

ii) in step b) reducing agent is selected from DIBAL-H and sodium borohydride;

solvent is selected from alcohols solvents like methanol, ethanol, isopropanol or

tetrahydfofuran;

iii) in step c) the catalyst is 2,2,6,6-tetramethyl piperidinyl oxy free radical

(TEMPO)/KBEr; suitable solvent is selected from chloro solvent like methylene
chloride and chloro form; hydrocarbon solvents like toluene, heptane, hexane and
cyclohexane; and the base used is selected from sodium tertiary butoxide,
potassium tertiary butoxide; and polar aprotic solvent is selected from dimethyl

sulfoxide, dimethylformamide and dimethyl acetamide;

iv) in step d) solvent is selected from alcohol solvents like methanol, ethanol and

isopropanol, ester solvents like ethyl acetate, isopropyl acetate solvent; and
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. A

organic acid is selected from oxalic acid, tartaric acid, maleic acid, fumaric acid,
salicylic acid and malic acid; -

in step e) hydrogenation catalyst is selected from palladium-carbon and solvent is
selected from alcohol solvents like methanol, ethanol, isopropanol and butanol;

ester solvents like ethyl acetate and isopropyl acetate or mixtures thereof.

process for the preparation of 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-

carboxaldehyde compound of formula-5, which comprise of the following steps;

a)

b)

reacting the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylic acid compound
of formula-2 with suitable alcohol in presence of a suitable catalyst to provide the
alkyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate compound of general
formula-3,

reducing the alkyl 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxylate
compound of general formula-3 with a suitable reducing agent in a suitable
solvent to provide the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol
compound of formula-4, »
oxidizing the v6-ﬂuoro-3,4-dihydro-2H—1-benzopyran-2-methanol compound:zof
formula-4 with sodium hypochlorite in the presence of a suitable catalyst like
2,2,6,6-tetramethyl piperidinyloxy free radical (TEMPO)/KBr in a suitable
solvent to provide the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-carboxaldehyde

compound of formula-5.

. Organic acid salts of benzyl protected nebivolol compound of general formula-7

having the following structure

Ph
OH OH

O N O

Organic acid

Formula-7

with the proviso that the organic acid is not an oxalic acid.
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8.

9.

10.

11.

12.

13.

The organic acid salts according to claim 7, is selected from tartaric acid, maleic acid,

fumaric acid, salicylic acid and malic acid.

Use of organic acid salts of benzyl protected nebivolol compound of general formula-
7 as claimed in claim 7, as an intermediate or processing aid to prepare the highly

pure nebivolol or its pharmaceutically acceptable salts.

A process for the preparation of novel organic acid salt of benzyl protected nebivolol

compound of general formula-7,

Ph
OH OH

0] N o
- Organic acid

Formula-7
which comprise of treating the benzyl protected nebivolol with a suitable acid in
suitable solvent selected from alcohol solvents like methanol, ethanol, 1-propanol,
isopronaol; ester solvents like ethyl acetate, methyl acetate, isopropyl acetate; ether
solvents like diisopropyl ether, diethyl ether, dimethyl ether and tetrahydrofuran;
hydrocarbon solvents like toluene, heptane, hexane and cyclohexane or mixtures
thereof to provide the corresponding organic acid salt of benzyl protected nebivolol

compound of formula-7.

A process according to claim 10, wherein the acid is selected from tartaric acid,

maleic acid, fumaric acid, salicylic acid and malic acid

A process for the preparation of highly pure nebivolol hydrochloride compound of
formula-1, which comprise of preparing organic acid salt of benzyl protected
nebivolol as per the process of claim 10 and converting it into nebivolol

hydrochloride.

Nebivolol hydrochloride containing any of the impurities A, B, C, D and E, less than
0.1 area-% by HPLC;
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14.

15.

16.

Wherein the said nebivolol hydrochloride obtained by the process, which comprises

of debenzylating the benzyl protected nebivolol salt compound of general formula-7

Organic acid

Formula-7
wherein the organic acid is selected from tartaric acid, maleic acid, fumaric acid,
salicylic acid and malic acid,
using hydrogen in the presence of palladium-carbon in a suitable solvent selected
from alcohol solvents like methanol, ethanol, isopropanol followed by treating with
hydrochloric acid in a suitable alcoholic solvent like methanol, ethanol, n-propanol
and isopropanol or ester solvent like ethyl acetate to provide nebivolol

hydrochloride.

Crystalline form of oxalic acid salt of benzyl protected nebivolol having the following

structural formula o
Ph
OH ( OH
O N 0
CéOH
F oon F

characterized by its powder X-ray diffraction peaks at 6.9, 14.9, 15.2, 18.7, 20.7,
25.9,28.9, 30.3, 37.0, 39.9 and 45.8 £0.2 degrees 26.

Use of crystalline oxalic acid salt of benzyl protected nebivolol as claimed in claim

14, as an intermediate or processing aid in the preparation of highly pure nebivolol or

its pharmaceutically acceptable salts.

A process for the preparation of 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-

carboxaldehyde compound of formula-5
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F ,

Formula-5

which comprises of oxidizing the 6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol

F

Formula-4

compound of formula-4

with sodium hypochlorite in the presence of 2,2,6,6-tetramethyl piperidinyloxy free
radical (TEMPO)/KBr in a suitable solvent selected from chloro solvents like

methylene chloride or hydrocarbon solvent like toluene.

ok ok ok ok ok ok ok
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