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PROCESS FOR PREPARING IRBESARTAN

INTRODUCTION TO THE INVENTION:

The present invention relates to a process for preparing the compound 2-n-
Butyl-3-[[2’-(1H-tetrazol-5-yl) [1,1'-biphenyl]-4-yllmethyl]- 1,3-diazaspiro [4.4]non-
1-en-4-one, also named 2-butyl-3[p-(o-1H-tetrazol-5-ylphenyl)benzyl]-1,3-
diazaspiro[4,4]non-1-en-4-one, which is also known by the adopted name
“irbesartan.” Pharmaceutical products containing irbesartan are being sold using
the trademark AVAPRO, for treating hypertension. The compound can be

represented by formula (1).

N—
[\
\I AN HN\/N
|
/
Formula (I)

U.S. Patent 5,352,788 disclosed and claimed certain N- substituted
heterocyclic derivatives including 2-n-butyl-4-spirocylopentane-1-[(2-(tertrozol-5yl)
biphenyl-4-yl)methyl]-2-imidazolin-s-oné, commonly known as irbesartan, and
pharmaceutical compositions containing them.

Irbesartan is a non-peptide compound, which antagonizes the physiologic
effects of angiotensin Il by inhibiting the action of angiotensin |l on its receptors;
the compounds particularly prevent increases in blood pressure produced by the
receptor interaction. Thus, the compound Irbesartan is useful in the treatment of
cardiovascular conditions such as hypertension and heart failure, as well as in
preventing disorders of central nervous system, glaucoma, diabetic retinopathy,
and diabetic nephropathy.
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A process for preparing irbesartan has been described in U.S. Patents
5,270,317 and 5,352,788. According to the patents, irbesartan can be prepared
by reacting 2-n-butyl-4-spirocylopentane-2-imidazolin-5-one with 4-bromomethyl-
2-cyanobiphenyl in the presence of NaOH, followed by a column chromatography
separation to yield 1-[(2'-cyanobiphenyl-4-yl) methyl]-2-n-butyl-4-
spirocyclopentane-2-imidazolin-5-one (II). This product compound is further
reacted with tributyltin azide and the product treated with trityl chloride and
separated by column chromatography. Finally, trityl protected irbesartan is
deprotected with HCI and the final irbesartan product is isolated.

U.S. Patent 6,162,922 has described a process for the preparation of 4-[[2-
butyl-4-oxo-1, 3-diazaspiro [4,4] non-1-ene-3yl] methyl] [1,1-biphenyl]-2-
carbonitrile (IV) comprising reacting 2-butyl-1,3-diazaspiro[4,4] nonane-4-one
hydrochloride with 4’-(bromomethyl)[1,1-biphenyl]-2-carbonitrile (Iil) in the
presence of phase transfer catalyst.

The known processes for preparing irbesartan involve tedious workup
procedures, e.g., involve a large number of steps which include the protection and
subsequent deprotection and isolation of intermediates, as well as separations by
column chromatography. The processes of the art involve tedious workup to
isolate the required product and this results in excessive production times, which
in turn renders the process more costly and less eco- friendly; thus, the processes
are not suitable for commercial scale-up. Accordingly, there remains a need for a

simple, commercially advantageous process.

SUMMARY OF THE INVENTION

In one embodiment, a process for preparing irbesartan comprises:

(a) reacting a compound having the formula lil:
o)

OH In
NH,

with valeryl chloride, to form a compound having the formula 1V:
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OH v

NHﬁ\/\/
O

(b)  reacting the compound having formula IV with a compound having

formula V:

Q O VI
CN

(¢)  cyclizing the compound having formula VI in the presence of an acid
to form a compound having the formula Ii:

and
(d) reacting the compound having formula Il with sodium azide to form
irbesartan.
In a second embodiment, irbesartan is prepared by a process comprising:
(@) reacting a compound having formula VII:
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N VI

M o

H
*HCl

with 4-bromobenzylbromide to form a compound having formula IX:

\/\/Zo

IX
Br
and;
5 (b) reacting the compound having formula IX with a compound having
formula X:
B(OH), N—N
7/
N X
to form irbesartan.
10 DETAILED DESCRIPTION

The present invention provides simple processes for preparing irbesartan.
One embodiment of the present invention comprises pentanoylation of
cycloleucine (l1l) in the presence of sodium hydroxide to form n-pentanoyl
15 cycloleucine (1V), condensing this product with 2-(4-aminomethyl phenyl)

benzonitrile (V) using dicyclohexyl carbodiimide and 1-hydroxy benzotriazole as a
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catalyst to form the 4-(a-N-pentanoyl amino) cyclopentamido methyl-2’-cyano
bipheny! (V1) compound, and then cyclizing using trifluroacetic acid in the
presence of an aromatic solvent such as xylene or toluene to get cyano irbesartan
(). Cyano irbesartan is converted to irbesartan (1) by reaction with tributyltin
5 chloride and sodium azide in the presence of an aromatic solvent such as toluene
or xylene. Finally a pure pharma grade crystalline Form A irbesartan is isolated
by recrystallization from methyl isobutyl ketone solvent.
The present invention relates to a novel and improved process for the
preparation of 2-n-Butyl-3-[[2’-(1H-tetrazol-5-yl ) [1,1’-biphenyl]-4-yllmethyl]- 1,3-
10 diazaspiro [4.4]non-1-en-4-one (commonly known as irbesartan). A process of

the present invention is schematically represented as follows.

2 o 2 o
K — DA

Formula I Formula IV

\ 7/ NH,+ | DCC
N

FormulaV ﬁ
Q/ NN
OO 1

Formula VI
Formula I

Tributyl tin chloride
N aN3

N

Formula |

In one aspect, a process of the present invention comprises:
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(1)  reacting cycloleucine, or 1-amino-cyclopentanecarboxylic acid, (l11)
with valeryl chloride in the presence of an inorganic base such as sodium
hydroxide, potassium hydroxide, sodium bicarbonate, potassiurh bicarbonate,
sodium hydride, or organic bases such as triethyl amine, preférably sodium
hydroxide, to produce n-pentanoyl cycloleucine, or 1-[(1-oxopentyl)amino]-
cyclopentanecarboxylic acid, (1V);

(2) condensing the n-pentanoyl cycloleucine (IV) with 2-(4-aminomethyl
phenyl) benzonitrile (V), using dicyclohexyl carbodimide and 1-hydroxy
benzotriazole as a catalyst, in a solvent such as tetrahydrofuran or methylene
chloride, to obtain 4-(a-N-pentanoyl amino) cyclopentamido methyl-2’-cyano
biphenyl, or 1-(2’-cyanobiphenyl-4-ylmethylaminocarbonyl)-1-
pentanoylaminocyclopentane, (VI);

(3) cyclization of the 4-(a-N-pentanoyl amino) cyclope'ntamido methyl-
2'-cyano biphenyl (VI) in the presence of an acid such as trifluroacetic acid,
hydrochloric acid in isopropanol, or trichloroacetic acid, methanesulfonic acid, or
phosphorous pentoxide and 4-methylbenzene sulfonic acid in a solvent selected
from xylene or toluene or acetic acid or isopropanol or n-butanol and sec. butanol,
to get cyano irbesartan, or 4’-[(2-butyl-4-oxo-1,3-diazaspiro[4,4]non-1-en-3-
yl)methyl]-[1,1’-biphenyl]-2-carbonitrile, (I1); and

(4) reacting the cyano irbesartan (ll) with sodium azide in the presence
of tributyl tin chloride or tributyl ammonium chloride in a solvent such as xylene,
toluene, or a mixture thereof to get irbesartan (1).

If desired, a more pure pharmaceutical grade material can be obtained by
recrystallizing the irbesartan from a solvent such as acetone, methyl ethyl ketone,
methyl propyl ketone, methyl isobutyl ketone, acetonitrile, propionitrile, or mixtures
of any two or more thereof.

The starting material cycloleucine, or 1-amino-1-cyclopentanecarboxylic
acid, is commercially available and was described at Z. Physiol. Chem., Vol. 75,
page 350 (1912). The compound 2-(4-aminomethyl phenyl) benzonitrile (V), or 4'-
(aminomethyl)-[1,1’-biphenyl]-2-carbonitrile, has been described in U.S. Patent
5,015,651.

Another aspect of the invention provides a process for the preparation of 2-
n-butyl-3-[[2-(1 H-tetrazol-5-yl)[1 ,1’-biphenyl]-4-y|]methy|]-1 ,3-diazaspiro[4.4]non-
1-en-4-one of Formula (1), which is schematically depicted as follows:
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Formula-(VII) Formula-(VIII)

STEP-II

NQ N MN/ o

\§
BOH)N N ; N==N,
[ N\ (R | 1. (PhyP),Pd |\
N NCPhy ———= ' NH

+ 2. Aq. HCI

Br Formula-(l)

Formula-(IX)

Accordingly, this process for the preparation of 2-n-butyl-3- [[2'-(1H-

5 tetrazol-5-yl)[1,1-biphenyl]-4-ylimethyl]-1,3-diazaspiro[4.4]non-1-en-4-one of
Formula (I) comprises:

(a) reacting 2-Butyl-1,3-diazo spiro [4.4] non-1-en-4-one
monohydrochloride of Formula (Vil) with 4-bromobenzyl bromide of Formula (VIil)
in a solvent such as toluene or dimethyl formamide, preferably dimethyl

10 formamide, using a base such as potassium hydroxide, potassium carbonate,
triethylamine, or sodium carbonate, preferably potassium carbonate, to yield 3-[4-
bromo benzyl]-2-butyl-1,3-diazaspiro[4.4]non-1-en-4-one of Formula (1X);

(b)  reacting 3-[4-bromo benzyl]-2-butyl-1,3-diazaspiro[4.4]non-1-en-4-
one of Formula (IX) with 2-(2’-(triphenyl methyl-2'H-tetrazol-5'-yl) phenyl boronic

15  acid under an inert atmosphere with tetrakis triphenyl phosphine palladium using a
base such as potassium carbonate, sodium carbonate, or triethylaminepreferably
potassium carbonate, to afford irbesartan; and

(c)  optionally, recrystallizing the compound obtained in step (b) using a
ketone solvent such as methyl isobutyl ketone, methyl ethyl ketdne, or methyl
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propyl ketone, preferably methyl isobutyl ketone, or alcohol solvents such as
isopropanol, or nitrile solvents such as acetonitrile, to obtain recrystallized
irbesartan.

The irbesartan prepared in the present simple process has crystalline Form
A,'with sufficient purity to be suitable for use in pharmaceutical formulations.

The following examples are only illustrative and are not intended to limit the

scope of the invention as it is defined by the claims.
EXAMPLE 1

In a process for the preparation of n-pentanoyl cycloleucine of Formula 1V,
sodium hydroxide (68.2 grams, 1.7 moles) was added to water (275 ml) and
cooled the solution cooled to 0-5°C, then there was added slowly a solution of
cycloleucine (55 grams, 0.426 moles) and valeryl chloride (77 grams, 0.639
moles) in toluene (55 mi) over about 2-3 hours at 0-10°C. The reaction mass was
maintained at 0-10°C for about 2-3 hours. Water (275 ml) and toluene (55 ml)
were added to the reaction mass and the mixture was stirred for about 15
minutes. The aqueous layer was separated and washed with toluene (55 mi),
then the aqueous layer pH was adjusted to 2.0-2.5 with 8% aqueous hydrochloric
acid (95 ml) and stirred for 15 minutes as a solid formed. The solid was separated
by filtration and washed with water (45 ml), then was dried at 70-80°C to get the

desired compound of Formula IV, in an amount of 50 grams.
EXAMPLE 2

In a process for the preparation of 4-[(alpha-N-pentanoyl amino)
cyclopentamido methyl]-2’-cyano biphenyl of Formula VI, a mixture of methylene
chloride (750 ml), 4- amino-2’-cyano 1,1’-biphenyl of Formula V (30 grams, 0.144
moles), n-pentanoyl cycloleucine of Formula IV (33 grams, 0.158 moles), hydroxy
benzotriazole (3.9 grams, 0.028 moles) and dicyclohexyl carbodiimides (29.7
grams, 0.144 moles) was stirred at 25-35°C, until the reaction was complete. The
formed solid was filtered and washed with methylene chloride (30 ml) followed by
washing the filtrate with saturated sodium bicarbonate solution (2x250 ml). The

organic layer was separated and concentrated under reduced pressure.
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Cyclohexane (100 mi) was added to the residue and the mixture stirred for 15

minutes. Then the separated solid was removed by filtration, washed with

cyclohexane (30 ml), and dried at 70-80°C to a constant weight to yield the

desired compound (59 grams).

EXAMPLE 3

A process for the preparation of 1-[(2'-Cyanobiphenyl-4-yl) methyl] —2-n-
butyl-4-spirocyclopentane-2- imidazolin-5-one of Formula (Il) involved charging 4-
[(alpha-N-pentanoyl amino) cyclopentamido methyl]-2’-cyano biphenyl (140 ml,
0.347 moles) toluene (1400 ml) and trifluoroacetic acid (40.1 ml) to a vessel,
heating to reflux temperature and maintaining until completion of the reaction.
After cooling the reaction mass to 25-35°C, the mixture was washed with water
(1x1400ml and 1x280ml) and the organic layer was separated. To the organic
layer was added 6% aqueous HCI (1120 ml) and the mixture was stirred for 1-2
hours. The mixture was further cooled to 0-5°C and stirred for 2 hours. The solid
was filtered, washed with toluene (140.0 ml), and dried at 70-80°C to get the
desired compound (88.0 grams).

EXAMPLE 4

In a process for the preparation of 2 -Butyl-3-[[2’-(1H-tetrazol-5-yl) [1,1’-
biphenyl]-4-yllmethyl]- 1,3-diazaspiro [4.4]non-1-en-4-one (1), a solution of 1-[(2'-
cyanobiphenyl-4-yl) methyl] —2-n-butyl-4-spirocyclopentane-2- imidazolin-5-one
hydrochloride (50 grams, 0.1186 moles) and toluene (250 ml) was charged into a
mixture of 17% liquid ammonia (29.6 ml, 0.296 moles) and water (500 ml). The
reaction mass was stirred at 30-35°C for 35-45 minutes, then filtered and the solid
washed with toluene (150 ml). The aqueous layer was separated and extracted
with toluene (150 ml). The organic layers were combined and concentrated under
reduced pressure. Xylene (50 ml) was added to the residue followed by tributyltin
chloride (77.1 grams, 0.237 moles) and sodium azide (15.4 grams, 0.2369 moles),
and the reaction mass heated to reflux until the reaction completed. The reaction
mass was cooled to 25-35°C and water (500 ml) and acetone (400 ml) were

added. Reaction mass pH was adjusted to 4.0 to 4.5 with a 1:3 solution of acetic
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acid and water (140 ml), then cyclohexane (500 ml) was added and the mixture

stirred for 2 hours. A solid was isolated by filtering the reaction mass and was

washed with cyclohexane (250 ml). After drying the solid at 70-80°C the desired

compound was obtained (48 grams). |

EXAMPLE 5

Irbesartan was purified by recrystallization from methyl isobutyl ketone.
A mixture of irbesartan (11 grams) and methyl isobutyl ketone (330.0 ml) was
heated to reflux. Decolorizing carbon powder was added to the reaction solution
and maintained at reflux for 35-45 minutes. Carbon was removed by filtering the
mixture in a hot condition and washing the carbon with methyl isobutyl ketone (11
ml). The filtrate was cooled to 25-30 °C and stirred for 45 minutes and then
further cooled to 0-5°C and stirred for 45 minutes to produce a solid. The solid
was isolated by filtration and washed with methyl isobutyl ketone (11 ml). After
drying at 70-80°C, the desired compound was obtained (8.8 grams).

EXAMPLE 6

Irbesartan was purified by recrystallization from isopropyl alcohol.
Irbesartan (30 grams) and isopropyl alcohol (600 ml) were mixed and heated to
reflux. After 15 minutes, the solution was filtered and the solid washed with
isopropyl alcohol (30 ml). The filtrate was cooled to 20-25 °C with stirring for 30
minutes to produce a solid. The solid was isolated by filtration and washed with
water (60 ml). The obtained solid was dried at 70-80°C to yield the desired
compound (20.9 grams).

EXAMPLE 7

3-[4-bromo benzyl]-2-butyl-1,3-diazaspiro [4.4]non-1-en-4-one was
prepared by adding a mixture of 2—-Butyl-1,3-diazo spiro [4. 4] non —1- en —4- one
Hydrochloride (50 grams), potassium carbonate (74.8 grams), 4-bromobenzyl
bromide (67.8 grams) at a temperature of 25-35°C to dimethylformamide (400 ml),

heating to a temperature of 50-55°C, and then stirring gently and maintaining at
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temperature until TLC analysis indicated reaction completion. Subsequently, the
reaction mixture was cooled to a temperature of 25-35°C. A mixture of toluene
(500 mi) and water (800 ml) was added to the reaction mixture and stirred for 45-
60 minutes, then the organic layer was separated and washed with water (6 X 400
ml). Solvent was distilled off to obtain the desired compound. (Yield: 60.2 grams,
76 %).

EXAMPLE 8

The preparation of Irbesartan is accomplished by adding a mixture of 3-[4-
Bromo benzyl]-2-butyl-1,3-diazaspiro [4.4]non-1-en-4-one (5.0 grams, prepared
according to preceding Example 7), 2—(2'-Triphenylmethyl-2’'H-tetrazol-5-yl)-
phenylboronic acid (6.1 grams, prepared according to Example 1 of U.S. Patent
No. 5,310,928), and potassium carbonate (4.7 grams) to toluene (60 ml) followed
by water addition (0.7 ml) under a nitrogen atmosphere. Tetrakis(triphenyl
phosphine)palladium (0.4 grams) was added to the above reaction mixture at a
temperature of 25-35°C, and the reaction mixture was heated to a temperature of
80-85°C and stirred until completion of the reaction as shown by TLC analysis.
The reaction mixture was cooled to a temperature of 25-35°C and water (50 mi)
was added and stirred for 30 minutes at a temperature of 25-35"’C. The resultant
reaction mixture was filtered and washed with toluene (20 ml), then the organic
layer was separated and washed with water (20 ml). Solvent was distilled from
the organic layer under reduced pressure. The resulting residue was dissolved in
dichloromethane (50 ml) and washed with saturated sodium chloride solution (2 X
20 ml). Solvent was distilled from the organic layer. Methyl isobutyl ketone (50
ml) was added to the resulting residue followed by addition of 30% aqueous
hydrochloric acid (10 ml) and stirring until the reaction was complete, as shown by
TLC analysis. Solvent was distilled from the reaction mixture under a reduced
pressure. Sodium hydroxide (3 grams) in water (30 ml) was added followed by
water (100 ml) and the mixture was stirred for 30 minutes. The aqueous layer
was washed with toluene (3 X 15 fnl) at a temperature of 10-15°C, then the
aqueous layer was separated and its pH was adjusted to 5 using dilute acetic
acid. Upon stirring for 1-2 hours at a temperature of 25-35°C the produced solid
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mass was filtered and washed with water (25 ml) to afford the desired compound.
(Yield: 1.3 grams, 22%).
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CLAIMS:

1. A process for preparing irbesartan, comprising:
(@) reacting a compound having the formula Ill:

o) _
NH,

with valeryl chloride, to form a compound having the formula IV:
0

NHC\/\/
n |

0]

(b)  reacting the compound having formula IV with a compound having

C

N

formula V:

to form a compound having formula VI:
O

t j NHC
NH
Q O VI

. CN
(c) cyclizing the compound having formula VI in the presence of an acid

to form a compound having the formula II:
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N
\/\/</
N
OO
CN
and
(d) reacting the compound having formula Il with sodium azide to form

irbesartan.
2. The process of claim 1, wherein the reaction of step (a) occurs in the

presence of a base.

3. The process of claim 1, wherein the reaction of step (a) occurs in the

presence of an inorganic base.

4. The process of claim 1, wherein cyclization in step (c) occurs in the
presence of an acid.

5. The process of claim 1, wherein cyclization in step (c) occurs in the
presence of an acid comprising trifluoroacetic acid.

6. The process of claim 1, wherein the reaction of step (d) occurs in the
presence of tributyltin chloride.

7. The process of claim 1, wherein the reaction of step (a) occurs in the
presence of an inorganic base, cyclization in step (c) occurs in the presence of an
acid, and the reaction of step (d) occurs in the presence of tributyl tin chloride.

8. A process for preparing irbesartan, comprising:
(a) reacting a compound having formula VII:
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N VI

\/\/L 0

H
*HCI

with 4-bromobenzylbromide to form a compound having formula IX:
7
M o}
N

Br
and

(b) reacting the compound having formula IX with a compound having
formula X:

B(OH), N—N

N
7/
N X
to form irbesartan.
9. The process of claim 8, wherein the reaction of step (a) occurs in the

presence of a base.

10.  The process of claim 8, wherein the reaction of step (b) occurs in the
presence of tetrakis(triphenylphosphine)palladium.
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11. The process of claim 9, wherein the reaction of step (a) occurs in the

presence of a base, and the reaction of step (b) occurs in the presence of

tetrakis(triphenylphosphine)palladium.



INTERNATIONAL SEARCH REPORT

International spplipgfiem Ney -~ 17'
PCT/US05/17953% = - = -

A CLASSIFICATION OF SUBJECT MATTER
IPC(7) CQ7D 257/00
USCL 548/253

B.  FIELDS SEARCHED

According to International Patent Classification (TPC) or to both national classification and IPC

U.S. : 548/253

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 5,352,788 (Bernhart et al) 04 October 1994 (04.10.1994), columns 1-3. 1-11
A US 6,162,922 (Anderson et al) 19 December 2000 (19.12.2000), columns 1-4. 1-11
A US 6,800,761 B1 (Fm.nc et al) 05 October 2004 (05.10.2004), colurmms 1-3. 1-11

D Further documents are listed in the continuation of Box C.

D See patent family annex.

d Special cateprries of cited documents:

“A"  document defining the general state of the art which is not considered to be of
patticular relevance

“B”  eadier application or patent published on or after the intemational filing date

“L”  document which may throw doubts on priority claim(s) or which is cited to
establish the publication date of another citation or other special reascn (as
specified)

“0"  doaunent referring to an oral disclosure, usc, exhibition or other means *

“P"  document published prior to the intemational filing date but later than the
pdarity date claimed

“T" later d published after the i tional filing date or priarity date
and not in conflict with the application bat cited to und d the
principle or theaty underlying the invention

“X" & t of particular rel ; the claimed inventian cannot be
considered novel or cannof be cansidered to involve an inventive step
when the document is taken alone

¥ docurnent of particular relevance; the claimed invention cannot be
ocansidered to involve an inventive step when the docament is combined
with one or moare other such documnents, such cambination being obvicus
toa person skilled in the art

“&" documnent member of the sams patent family

Date of the actual completion of the international search

21 July 2005 (21.07.2005)

Date of mailing of the m'gnjmﬁl Efﬁ%
. {

3

Name and mailing address of the ISA/US
Mail Stop PCT, Attn: ISAUS
Commissioner of Patents

P.O. Box 1450
Alexandria, Virgicia 22313-1450

Facsimile No. (703)305-3230

DEgertC. Taumblinel_of .

Telephone No. 703-308-1235

Form PCT/ISA/210 (second sheet) (July 1998)



	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

