
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date
23 December 2010 (23.12.2010) WO 2010/146187 A2

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
C07D 235/20 (2006.01) A61P 9/12 (2006.01) kind of national protection available): AE, AG, AL, AM,
A61K 31/4184 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/EP2010/058754 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

2 1 June 2010 (21 .06.2010) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

P-200900169 19 June 2009 (19.06.2009) SI kind of regional protection available): ARIPO (BW, GH,

P-200900267 30 September 2009 (30.09.2009) SI GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

P-200900387 18 December 2009 (18.12.2009) SI ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(71) Applicant (for all designated States except US): KRKA, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
tovarna zdravil, d.d., Novo mesto [—/SI]; Smarjeska LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
cesta 6, 8501 Novo mesto (SI). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).
(72) Inventors; and
(75) Inventors/Applicants (for US only): ZUPANCIC, Silvo Published:

[SI/SI]; Zupnca 4b, 8000 Novo mesto (SI). SEDMAK,
— without international search report and to be republishedGregor [SI/SI]; Palmejeva 30, 1000 Ljubljana (SI).

upon receipt of that report (Rule 48.2(gf)
(74) Agent: UEXKULL & STOLBERG; Beselerstr. 4, 22607

Hamburg (DE).

(54) Title: PROCESS FOR THE PREPARATION OF TELMISARTAN

(57) Abstract: The invention relates to processes for preparing telmisartan or a pharmaceutically acceptable salt thereof as well as
to a process for preparing a telmisartan cyano intermediate. Moreover, the invention relates to a multilayer pharmaceutical tablet
comprising (a) at least one first tablet layer comprising 1 to 50 wt. -% telmisartan or a pharmaceutically acceptable salt thereof by
weight of the first tablet layer and (b) at least one second tablet layer comprising 1 to 50 wt.-% of a diuretic and 50 to 99 wt.-% of
at least one filler by weight of the second tablet layer, wherein the combined weight of the diuretic and the at least one filler is at
least 87 wt.-% by weight of the second tablet layer. The invention also relates to a process for the preparation of a multilayer phar
maceutical tablet.



Process for preparing telmisartan

The invention relates to a process for preparing telmisartan

or its pharmaceutically acceptable salts. It further relates

to a process for isolating telmisartan or its pharmaceutically

acceptable salts. Moreover, the invention is directed to a

process for preparing a telmisartan cyano intermediate. The

invention also relates to multilayer pharmaceutical tablet

comprising telmisartan and a diuretic as well as the process

for the preparation of a multilayer pharmaceutical tablet.

Background of the invention

Telmisartan with its chemical name 4 '- [(2-n-propyl-4-methyl-6-

(l-methylbenzimidazol-2-yl) benzimidazol-1-yl) methyl] biphenyl-

2-carboxylic acid and formula 1



is a non-peptide angiotensin II receptor type ATi antagonist

useful for the treatment of hypertension. It can be used alone

or in combination with another pharmaceutically active com

pound like a diuretic such as hydrochlorothiazide.

Telmisartan was originally disclosed in EP 0 502 314 Al and J .

Med. Chem. 36 (25), 4040-4051 (1993). Its polymorphs are known

from EP 1 144 386 Al, and J . Pharm. Sci, 89 (11), 1465-1479

(2000) .

EP 0 502 314 Al and J . Med. Chem. 36 (25), 4040-4051 (1993)

disclose a method for the preparation of telmisartan compris

ing hydrolysis of the corresponding tert. -butyl ester interme

diate into free acid telmisartan. However, WO 2004/087676 re

ports that such a hydrolysis is difficult to be performed on a

large industrial scale. In particular, the final product is

said to be difficult to be filtered, washed and isolated.

Therefore, there are various patent applications disclosing

the preparation of telmisartan by hydrolysis of other telmis

artan intermediates. For example, WO 2004/087676 describes the

hydrolysis of a compound with the chemical name 4 '-((1,7'-

dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo [d] imidazol-3 '-yl) -

methyl) biphenyl-2-carbonitrile and having formula 2



which is hereinafter referred to as cyanotelmisartan . In par-

ticular, the hydrolysis of cyanotelmisartan is carried out at

elevated temperatures using strong alkaline conditions. Also,

CN 1412183 discloses the hydrolysis of cyanotelmisartan.

US 2006/0264491 Al discloses the hydrolysis of 4'-((l,7'-

dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo [d] imidazol-3 '-

yl) methyl) biphenyl-2-carboxamide having formula 3

which is hereinafter referred to as carboxamidotelmisartan .

The hydrolysis is effected with a base in an organic solvent.

Regardless of the above-discussed preparation processes, there

still exists a need for an efficient synthesis of telmisartan

and its pharmaceutically acceptable salts. Thus, it is an ob

ject of the present invention to provide a process for prepar

ing telmisartan which process is suitable to prepare telmisar-



tan, in particular on an industrial scale, with high quality

and high yield using mild reaction conditions in an environ

mentally friendly as well as cost and time effective way

avoiding expensive specialty equipment and rigorous production

conditions. This object is surprisingly achieved by the proc

ess for preparing telmisartan described herein below.

Telmisartan is commercially available in particular in its

free acid form, which is poorly soluble in neutral or acidic

media. Thus, telmisartan is typically formulated together with

a basic agent or in the form of a basic salt for improved

solubility.

Diuretics such as amiloride, chlorthalidone, furosemide, hy-

drochlorothiazide, indapamide or piretanide are therapeutic

agents which can also be used in the treatment of hyperten

sion. It is also known to use combinations of angiotensin II

receptor antagonists and diuretics in the treatment of hyper

tension in order to achieve a synergistic effect. It is gener-

ally desirable for such combination formulations that the diu

retic is dissolved more rapidly than the angiotensin II recep

tor antagonist.

Hydrochlorothiazide (HCTZ), the chemical name of which is 6-

chloro-1, l-dioxo-3, 4-dihydro-2H-l, 2 ,4-benzothiadiazine- 7-sulfon

amide, is a diuretic which is stable in neutral and relatively

weak acidic environments, but poorly stable in alkaline envi

ronments. In particular, HCTZ is incompatible with basic

agents that are commonly used together with the free acid form

of telmisartan. This incompatibility is problematic where com

bination formulations of telmisartan and a base-labile diu

retic such as HCTZ are concerned.

Different approaches have been pursued in order to address the

incompatibility problem. A classical approach is to coat diu-



retic particles with water soluble polymers like hydroxypro-

pylcellulose, hydroxypropylmethylcellulose or polyvinylpyr

rolidone. However, this measure has been found not to suffi

ciently protect the diuretic from degradation when formulated

together with telmisartan as a compressed tablet. Moreover,

the polymeric coating typically results in a reduced dissolu

tion rate of the diuretic.

WO 2003/059327 Al discloses a bilayer tablet comprising a

first tablet layer containing telmisartan in a dissolving tab

let matrix and a second tablet layer containing a diuretic in

a disintegrating tablet matrix. WO 2004/028505 Al, WO 2004/

096215 Al, WO 2006/063737 Al and WO 2007/060170 A2 describe

further embodiments of bilayer tablets. The telmisartan con-

taining layer is based on a composition that is generally pre

pared using spray-drying or fluid bed granulation. The diu

retic containing layer is based on a composition that is par

ticularly prepared by wet granulation of a diuretic with the

constituents of a disintegrating tablet matrix. Among these

constituents are a number of specialty excipients such as dry

binders, wet granulation binders, and disintegrants .

WO 2007/144175 A2 discloses a pharmaceutical composition com

prising first units in the form of granules, pellets or tablet

cores comprising telmisartan and second units in the form of

granules, pellets, or tablet cores comprising HCTZ. The first

and second units can be compressed into tablets together with

a suitable carrier such that the units are substantially

evenly distributed throughout the tablets. The first and sec-

ond units are optionally coated. In particular, a separating

coating of the first units is contemplated. Furthermore, poly

vinylpyrrolidone should be incorporated into the HCTZ contain

ing part of the composition in order to achieve better stabil

ity.



In the pharmaceutical compositions of the prior art, complex

formulations of the angiotensin II receptor antagonist and the

diuretic are necessary to address the incompatibility of the

active agents and stabilize the compositions. These complex

formulations require the use of substantial amounts of expen

sive specialty excipients. Moreover, preparation of these for

mulations involves complex and costly processing steps such as

wet granulation.

It is therefore another object of the present invention to

provide a multilayer pharmaceutical tablet comprising telmis-

artan and a diuretic in a fixed dosage form avoiding the

above-discussed drawbacks and which not only exhibits high

chemical and physical stability as well as an appropriate dis-

solution profile and bioavailability, but which also can be

prepared from inexpensive excipients and can be manufactured

using a simple and economical process.

This object is surprisingly achieved by the multilayer pharma-

ceutical tablet described herein below. The invention also re

lates to a process for the preparation of a multilayer pharma

ceutical tablet comprising telmisartan and a diuretic.

Summary of the invention

In one aspect, the present invention provides a process for

the preparation of telmisartan and its pharmaceutically ac

ceptable salts comprising the following steps:

(a) providing a mixture comprising a derivative of telmisar

tan, an acid and a solvent,

(b) heating the obtained mixture,

(c) optionally converting the telmisartan to its pharmaceuti

cally acceptable salt, and



(d) isolating telmisartan or its pharmaceutically acceptable

salt .

In a second aspect, the invention is directed to a process for

isolating telmisartan from a telmisartan containing mixture.

This process comprises the steps of:

(a) providing a telmisartan containing mixture,

(b) adjusting pH,

(c) extracting telmisartan with a first organic solvent,

(d) removing the first organic solvent,

(e) crystallizing telmisartan from a second organic solvent,

and

(f) optionally converting the telmisartan to its pharmaceuti-

cally acceptable salts.

In a third aspect, the present invention is directed to a

process for preparing cyanotelmisartan (4 '-( (1, 7'-dimethyl-2 '-

propyl -IH, 3 'H- [2, 5'-bibenzo [d] imidazol] -3 '-yl) methyl) -[1,1'-

biphenyl ]-2-carbonitrile) comprising

(a) reacting 1 ,7'-dimethyl-2 '-propyl-lH, 3'H-2, 5'-bibenzo [d] -

imidazole or a salt thereof with 4'- (halomethyl) - [1 ,1'-

biphenyl ]-2-carbonitrile in the presence of a base and a

solvent to obtain cyanotelmisartan.

In a fourth aspect, the invention relates to a multilayer

pharmaceutical tablet comprising

(a) at least one first tablet layer comprising

1 to 50 wt. -% telmisartan or a pharmaceutically acceptable

salt thereof

by weight of the first tablet layer; and



(b) at least one second tablet layer comprising

1 to 50 wt. -% of a diuretic and

50 to 99 wt. -% of at least one filler

by weight of the second tablet layer, wherein the combined

weight of the diuretic and the at least one filler is at

least 87 wt.-% by weight of the second tablet layer.

The invention also relates to a multilayer pharmaceutical tab

let comprising

(a) at least one first tablet layer comprising

1 to 50 wt. -% telmisartan or a pharmaceutically acceptable

salt thereof by weight of the first tablet layer; and

(b) at least one second tablet layer comprising

1 to 50 wt. -% of a diuretic; and

less than 2 wt.-% of disintegrant

by weight of the second tablet layer.

Finally, the invention also relates to a process for the

preparation of a multilayer pharmaceutical tablet comprising

at least one layer comprising telmisartan and at least one

layer comprising a diuretic, the process comprising

(a) providing a first tablet layer composition comprising tel

misartan;

(b) providing a second tablet layer composition comprising a

diuretic by



(i) dry granulating the diuretic with at least one filler

and optionally other pharmaceutically acceptable ex-

cipients to obtain a granulate; and

(ii) optionally blending the obtained granulate with addi

tional excipients;

(c) optionally providing one or more further tablet layer com-

positions; and

(d) compressing said tablet layer compositions to result in

the multilayer pharmaceutical tablet.

Detailed description of the invention

According to the first aspect, the present invention provides

a process for the preparation of telmisartan or a pharmaceuti

cally acceptable salt thereof comprising

(a) providing a mixture comprising a derivative of telmisar

tan, an acid and a solvent,

(b) heating the obtained mixture,

(c) optionally converting the telmisartan to a pharmaceuti-

cally acceptable salt thereof, and

(d) isolating telmisartan or its pharmaceutically acceptable

salt .

The derivative of telmisartan used in step (a) is a telmisar-

tan intermediate substituted on position 2 of the biphenyl

group of 4 '- [(2-n-propyl-4-methyl-6- (l-methylbenzimidazol-2-

yl) benzimidazol-1-yl) methyl ]biphenyl . The substituent on posi

tion 2 is a group Z which can be converted to a carboxyl

group. Preferably, Z is selected from the group consisting of

CN and CON(R) 2 , wherein R is H , Ci-C 6 alkyl or benzyl, and



more preferably Z is CN or CONH 2. Accordingly, it is preferred

that the telmisartan derivative used in step (a) is 4 '-((1,7'-

dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo- [d] imidazol-3 '-

yl) methyl) biphenyl-2-carbonitrile (cyanotelmisartan) or 4'-

((1,7' -dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo [d] imidazol-3 '-

yl) methyl) biphenyl-2-carboxamide (carboxamidotelmisartan) .

Preferably, the derivative is cyanotelmisartan. The telmisar

tan derivative can be prepared by any method known from the

prior art, such as for example the methods disclosed in EP 0

502 314 Al, CN 1412183, WO 2004/087676, US 200 6/02 644 91, WO

2007/147889 and WO 2009/004064. If the derivative is

cyanotelmisartan, it is preferably prepared by the process ac

cording to the third aspect of the invention as described be

low .

In a preferred embodiment, the derivative of telmisartan is

used in such an amount that the concentration of the deriva

tive of telmisartan in the mixture of step (a) is more than

about 1 mol/L, preferably more than 1.5 mol/L, more preferably

more than 1.8 mol/L like about 2 mol/L. Due to the rather high

concentration of the starting material the reactor to be used

in the production plant may have a rather small volume.

The acid used in step (a) can be a mineral acid selected from

the group consisting of, but not limited to, H2SO4, HCl, HNO3,

H3PO4 and mixtures thereof or can be an organic acid selected

from the group consisting of, but not limited to, acetic acid,

trif luoroacetic acid, p-toluenesulf onic acid, methanesulf onic

acid, benzenesulf onic acid and mixtures thereof. Preferably,

the acid is a mineral acid, more preferably the acid is H2SO4.

In another embodiment, the acid used in step (a) does not com

prise substantially amounts of an organic acid, i.e. the acid

comprises less than 10 mol.-%, preferably less than 5 mol.-%,

more preferably less than 2 mol.-% and most preferably less

than 1 mol.-% of an organic acid, based on the total molar



amount of acid used in step (a) . The term "organic acid" as

used herein refers to any organic compound having at least one

carboxyl group -COOH.

The concentration of the acid in the mixture of step (a) is

preferably more than about 3 mol/L, more preferably more than

6 mol/L.

Furthermore, it is preferred that the molar ratio between the

acid and the derivative of telmisartan ranges from about 2 to

about 12, more preferably from 3 to 8 , and most preferably

from 4 and 6.

The solvent of step (a) can be a polar organic solvent se-

lected from the group consisting of, but not limited to, DMSO,

N,N-dimethyf ormamide, / -dimethylacetamide, alcohols, such as

for example butanol, amyl alcohol, isoamyl alcohol or hexylal-

cohol, water and any mixture thereof. Preferably, the solvent

used in step (a) comprises water. In particular, the solvent

comprises more than 90 vol.-%, preferably more than 93 vol.-%,

more preferably more than 95 vol.-% and even more preferably

more than 97 vol.-% of water. Most preferably, the solvent is

water .

In step (b) , the mixture provided in step (a) is heated. The

heating can be performed at temperature between 80 and 150 0C ,

preferably between 100 and 140 0C , more preferably between 115

and 130 0C . Suitably, the heated mixture is stirred in step

(b) . Preferably, the mixture is heated for at least 15 hours,

such as for 20 to 30 hours in order to complete the hydrolysis

reaction. During step (b) the derivative of telmisartan is

converted into telmisartan. Thus, at the end of step (b)

telmisartan is obtained.



In step (c) , the obtained telmisartan is optionally converted

into a pharmaceutically acceptable salt thereof. This conver

sion can be performed by any known method, such as for example

the methods disclosed in WO 2007/147889 and WO 2009/004064.

Suitable pharmaceutically acceptable salts are selected from

the group consisting of, but not limited to, alkaline salts,

such as for example sodium or potassium, and amine salts, such

as for example lysine, arginine or meglumine, in any crystal

line or amorphous form. In another embodiment, the pharmaceu-

tically acceptable salts can be any salts known from the art

such as disclosed in WO 03/0307876, CN 1548421, WO

2006/044754, WO 2006/050509, WO 2006/050921, EP 1719766, WO

2006/136916, WO 2007/010559, WO 2007/147889.

Isolating step (d) can be performed by any known method, such

as for example the methods disclosed in WO 2007/147889 and WO

2009/004064, or by the process for isolating telmisartan in

accordance with the second aspect of the invention as de

scribed below.

The process of the present invention allows the preparation of

telmisartan and its pharmaceutically acceptable salts in high

yields and high purity in a cost efficient manner. It has sev

eral advantages over the processes known in the art.

It has surprisingly been found that due to the acidic condi

tions used in step (a) the heating temperature in step (b) can

be lower compared with prior art processes. This results in

milder reaction conditions with no special equipment being re-

quired. This appears particularly important for the production

on bigger scale. Thus, no special high temperature plant for

performing the hydrolysis reaction is needed.

Moreover, due to the use of an acid in step (a) the reaction

solvent can be water without substantial amounts of high boil-



ing organic solvents like ethylene glycol resulting in an en

vironmentally more friendly process.

In addition, it has surprisingly been found that the use of a

rather high concentration of telmisartan intermediate and acid

in step (a) allows the preparation of telmisartan in high

yield and purity. Such a rather high concentration of the

starting materials results in that a smaller reactor volume

can be used in the production plant.

Also, it has unexpectedly been found that telmisartan can be

prepared by the process of the present invention in high yield

and purity, even if the acid used in step (a) does not com

prise substantially amounts of an organic acid. In general,

organic acids are more expensive than mineral acids and,

therefore, the avoidance of organic acids is particularly cost

efficient .

In a second aspect, the invention is directed to a process for

isolating telmisartan from a telmisartan containing mixture.

This process comprises the steps of:

(a) providing a telmisartan containing mixture,

(b) adjusting pH,

(c) extracting telmisartan with a first organic solvent,

(d) removing the first organic solvent,

(e) crystallizing telmisartan from a second organic solvent,

and

(f) optionally converting the telmisartan to its pharmaceuti-

cally acceptable salts.

In step (a) a mixture containing telmisartan or a salt thereof

is provided. In particular, the mixture can be provided by a

process according to the first aspect of the invention. Ac-

cordingly, the present invention also relates to a process for



the preparation of telmisartan or its pharmaceutically accept

able salts comprising the following steps:

(a' ) providing a mixture comprising a derivative of telmisar-

tan, an acid and a solvent,

(a' ') heating the obtained mixture,

(a' '') cooling the obtained mixture,

(b) adjusting pH,

(c) extracting telmisartan with a first organic solvent,

(d) removing the first organic solvent,

(e) crystallizing telmisartan from a second organic solvent,

and

(f) optionally converting the telmisartan to its pharmaceu

tically acceptable salts.

Preferred embodiments of steps (a' ) and (a' ') with regard to

telmisartan derivative, acid and solvent and their amounts as

well as to reaction conditions are described above in connec

tion with the first aspect of the invention.

It is preferred that in step (a' '') the reaction mixture is

cooled to a temperature between 0 and 100 0C , preferably be

tween room temperature and 80 0C .

The mixture of step (a) can also be provided by preparing

telmisartan or a salt thereof according to any process known

from the state of the art. Thus, the present invention also

relates to a process for the preparation of telmisartan or its

pharmaceutically acceptable salts comprising the following

steps:

(a' ) providing a mixture comprising a salt of telmisartan

prepared by any process known from the state of the art,

(b) adjusting pH,

(c) extracting telmisartan with a first organic solvent,



(d) removing the first organic solvent,

(e) crystallizing telmisartan from a second organic solvent,

and

(f) optionally converting the telmisartan to its pharmaceu-

tically acceptable salts.

In step (b) of the process according to the second aspect of

the invention, the pH of the mixture obtained in step (a) is

adjusted. Preferably, the pH is adjusted to 4 to 7 and more

preferably to 4.5 to 6 . It is particularly preferred to adjust

the pH to 5 to 5.5. Accordingly, the adjusted pH of the mix

ture provided in step (a' ) comprising the derivative of

telmisartan, the acid and the solvent is preferably between 4

and 7 , more preferably between 4.5 and 6 . It is preferred that

in step (b) the pH is adjusted by using an aqueous solution of

mineral bases such as for example NaOH, KOH, LiOH, Ca (OH) 2 and

the like, mineral acids such as for example HCl and H2SO4, am

monia or organic bases such as for example amines. Preferably,

NaOH or KOH is used for pH adjustment.

Extraction of telmisartan in step (c) can be performed with a

first organic solvent selected from the group consisting of,

but not limited to, an ester such as for example ethyl ace

tate, isopropyl acetate or butyl acetate, an ether such as for

example diethyl ether, diisopropyl ether or tert-buty methyl

ether, toluene, a halogenated organic solvent such as for ex

ample dichloromethane and any mixtures thereof. Preferably,

dichloromethane is used for extracting telmisartan.

In step (d) , the first organic solvent can be removed by

evaporation or any other method known from the art.

The second organic solvent used for crystallizing telmisartan

in step (e) can be selected from the group consisting of, but

not limited to, an alcohol such as for example methanol, etha-



nol or isopropanol, an ester such as for example ethyl ace

tate, isopropyl acetate or butyl acetate, a ketone such as for

example acetone, 2-butanone, 3-pentanone or methyl isobutyl

ketone, an ether such as for example diethyl ether, diisopro-

pyl ether or tert-buty methyl ether, a nitrile such as for ex

ample acetonitrile and any mixtures thereof. Preferably, ace

tone is used as second organic solvent.

In optional step (f ), the telmisartan obtained in step (e) can

be converted into a pharmaceutically acceptable salt thereof.

This optional conversion can be performed by any known method,

such as for example the methods disclosed in WO 2007/147889

and WO 2009/004064. The pharmaceutically acceptable salts can

be selected from the group consisting of, but not limited to,

alkaline salts, such as for example sodium or potassium, and

amine salts, such as for example lysine, arginine or meglu

mine, in any crystalline or amorphous form. In another embodi

ment, the pharmaceutically acceptable salts can be any salts

known from the art such as disclosed in WO 03/0307876, CN

1548421, WO 2006/044754, WO 2006/050509, WO 2006/050921, EP

1719766, WO 2006/136916, WO 2007/010559, WO 2007/147889.

The purity of the telmisartan or its pharmaceutically accept

able salts obtained by the process according to the second as-

pect of the invention is more than 99.0%, preferably more than

99.5%, according to Area% HPLC method.

Thus, it has surprisingly been found that the process of the

second aspect of the present invention provides the desired

product in high yields and a high purity.

In particular, if in step (a) of the process according to the

second aspect the mixture comprising telmisartan or a salt

thereof is provided by the process according to the first as-

pect of the invention, the rather low excess of acid used in



(a' ) results in that no high amounts of base are needed for

adjusting the pH in step (b) . In addition, the side product of

the pH adjusting step can be removed by the water phase during

the extraction of the product with an organic solvent in step

(C) .

Moreover, in view of extracting step (c) there is no need for

evaporation of the reaction solvent. This has proven to be

particularly beneficial since the first organic solvent used

for extraction has usually a lower boiling point than the re

action solvent.

According to a third aspect, the present invention is directed

to a process for preparing cyanotelmisartan (4 '-((1,7'-

dimethyl-2 '-propyl-lH, 3 'H- [2, 5 '-bibenzo [d] imidazol] -3 '-yl) -

methyl) - [1,1'-biphenyl ]-2-carbonitrile) comprising

(a) reacting 1 ,7 '-dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo [d] -

imidazole or a salt thereof with 4 '- (halomethyl) - [1 ,1 '-

biphenyl ]-2-carbonitrile in the presence of a base and a

solvent to obtain cyanotelmisartan.

The starting materials, i.e. 1 ,7 '-dimethyl-2 '-propyl-lH, 3 'H-

2 ,5 '-bibenzo [d] imidazole or a salt thereof, 4 '- (halomethyl) -

[1 ,1'-biphenyl] -2-carbonitrile, base and solvent, are prefera

bly mixed and the resulting mixture is stirred. Suitably, the

mixture is stirred for 0.5 to 24 hours, preferably 0.5 to 2

hours such as about 1 hour. The reaction temperature can range

from about 10 to 80 0C , preferably from about 15 to 30 0C such

as room temperature.

Suitable bases include, but are not limited to, alkali metal

bases such as alkali metal bases selected from the group con

sisting of LiOH, NaOH, K2CO3, Na2CO3, Li2CO3, Cs2CO3 and KOH.

Preferably, the base is KOH.



- I i

Suitable solvents include, but are not limited to, polar or

ganic solvents selected from the group consisting of N ,N-

dimethylf ormamide, N,N-dimethylacetamide, acetonitrile, di-

methylsulf oxide and mixtures thereof. According to a preferred

embodiment, the solvent comprises acetonitrile and more pref

erably the solvent is acetonitrile.

It is preferred that 4 '- (bromomethyl) - [1 ,1'-biphenyl] -2-

carbonitrile is used as 4 '- (halomethyl) - [1 ,1'-biphenyl] -2-

carbonitrile . Moreover, it is preferred that the molar ratio

of 4 '- (halomethyl) - [1,1'-biphenyl ]-2-carbonitrile to 1,7'-

dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo [d] imidazole or its salt

is 1.2 to 1.0. In addition, the molar ratio of base to 1,7'-

dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo [d] imidazole or its salt

is preferably 1.8 to 1.0 such as 1.5 to 1.3.

After completion of the reaction, the reaction mixture can be

cooled to a temperature of about -10 to 10 0C , preferably about

-5 to 5°C like about 00C . The formed precipitate can be sepa

rated from the reaction mixture by e.g. filtration. Further

more, the isolated cyanotelmisartan can be washed with water

and/or an organic solvent such as alcohols, nitriles or ke

tones and dried. Preferably, the isolated cyanotelmisartan is

washed with water and dried.

The obtained product can be further purified. For example, it

can be recrystallized from an organic solvent such as acetoni

trile, N ,N- dimethylf ormamide or N ,N- dimethylacetamide . Also,

the product can be suspended in an organic solvent such as for

example acetonitrile, ethyl acetate or isopropyl acetate.

It has surprisingly been found that cyanotelmisartan can be

obtained in a high yield and purity by the process according

to the invention.



The cyanotelmisartan prepared by the above process can be fur

ther reacted to telmisartan by any method known in the art,

such as WO 2004/087676, CN 1412183 or WO 2009/004064, or by

the process according to the first or second aspect of the

present invention. Accordingly, in a preferred embodiment the

invention provides a process for preparing telmisartan or a

pharmaceutically acceptable salt thereof comprising

(a) reacting 1 ,7 '-dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo [d] -

imidazole or a salt thereof with 4 '- (halomethyl) - [1 ,1 '-

biphenyl ]-2-carbonitrile in the presence of a base and a

solvent to obtain cyanotelmisartan,

(b) providing a mixture comprising the obtained cyanotelmisar-

tan, an acid and a solvent,

(c) heating the obtained mixture,

(d) optionally converting the telmisartan to a pharmaceuti

cally acceptable salt thereof, and

(e) isolating telmisartan or its pharmaceutically acceptable

salt.

Preferred embodiments of steps (a) and (e) are described above

in connection with the first and third aspect of the inven

tion, respectively.

Furthermore, in another preferred embodiment the invention

provides a process for preparing telmisartan or a pharmaceuti

cally acceptable salt thereof comprising

(a') reacting 1 ,7 '-dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo [d] -

imidazole or a salt thereof with 4 '- (halomethyl) - [1 ,1 '-

biphenyl ]-2-carbonitrile in the presence of a base and a

solvent to obtain cyanotelmisartan,

(a' ') providing a mixture comprising the obtained cyanotelmis-

artan, an acid and a solvent,



(a' '') heating the obtained mixture,

(a' ''') cooling the obtained mixture,

(b) adjusting pH,

(c) extracting telmisartan with a first organic solvent,

(d) removing the first organic solvent,

(e) crystallizing telmisartan from a second organic solvent,

and

(f) optionally converting the telmisartan to its pharmaceu

tically acceptable salts.

Preferred embodiments of steps (a' ) to (f ) are described above

in connection with the first, second and third aspect of the

invention .

In a fourth aspect, the invention relates to a multilayer

pharmaceutical tablet comprising

(a) at least one first tablet layer comprising

1 to 50 wt. -% telmisartan or a pharmaceutically acceptable

salt thereof

by weight of the first tablet layer; and

(b) at least one second tablet layer comprising

1 to 50 wt. -% of a diuretic and

50 to 99 wt. -% of at least one filler

by weight of the second tablet layer, wherein the combined

weight of the diuretic and the at least one filler is at

least 87 wt.-% by weight of the second tablet layer.

As used herein, the term "multilayer pharmaceutical tablet"

refers to a pharmaceutical tablet which is made up of at least



two distinct layers, such as at least two layers, at least

three layers, at least four layers, at least five layers,

etc., with the individual layers being arranged one on top of

another. The multilayer tablet generally has a sandwich-like

appearance because the edges of each layer are exposed. Typi

cally, adjacent layers of the tablet will be of different com

position. It has to be understood that the terms "first tablet

layer" and "second tablet layer" as used herein refer to tab

let layers having a particular composition. However, these

terms do not necessarily reflect the order in which the layers

are arranged in the tablet.

It has surprisingly been found that the multilayer pharmaceu

tical tablet of the invention exhibits a dissolution profile

that is comparable to the one typically found for tablets con

taining telmisartan in a dissolving tablet matrix and a diu

retic in a disintegrating tablet matrix.

The first tablet layer comprises telmisartan or a pharmaceuti-

cally acceptable salt thereof. Telmisartan is typically em

ployed in its free acid form although pharmaceutically accept

able salts can also be used. The first tablet layer preferably

comprises 3 to 50 wt.-%, particularly 5 to 35 wt.-%, more

preferably 10 to 20 wt.-% of telmisartan or a pharmaceutically

acceptable salt thereof.

According to one embodiment, the first tablet layer comprises

telmisartan and a basic agent. The term "basic agent" as used

herein refers to a substance which is characterized in that a

3 wt. -% aqueous solution thereof has a pH value of at least

8.0. Suitable basic agents include ammonia, NaOH, KOH, Ca(OH) 2,

Na2CO3, K2CO3, NaHCO 3, KHCO 3, Na3PO4, K3PO4, Na2HPO4, K2HPO4, cho

line, tert-butylamine, ethanolamine, meglumine, piperazine,

diethylamine, L-arginine and mixtures thereof. Alkali metal

hydroxides such as NaOH and KOH, amino sugars such as meglu-



mine and mixtures thereof are preferred basic agents. It is

particularly preferred that the basic agent comprises a mix

ture of an alkali metal hydroxide such as NaOH or KOH and an

amino sugar such as meglumine in a weight ratio of 1:1 to

1:10, more particularly 1:2 to 1:5, more preferably 1:3 to

1:4, most preferably about 1:3.5. The first tablet layer pref

erably comprises 0.25 to 20 wt.-%, particularly 1 to 15 wt.-%,

more preferably 2 to 10 wt.-% of basic agent.

The telmisartan can be amorphous or crystalline. As used

herein, the term "amorphous" includes amorphous and partly

crystallized forms. Amorphous telmisartan can be obtained by

methods generally known in the art such as freeze drying of

aqueous solutions, coating of carrier particles by a solution

of telmisartan in a fluidized bed, and solvent deposition on

sugar pellets or other carriers.

According to another embodiment, the first tablet layer com

prises a pharmaceutically acceptable salt of telmisartan.

Suitable pharmaceutically acceptable salts include alkaline

salts such as the sodium salt of telmisartan. The pharmaceuti

cally acceptable salt of telmisartan can be amorphous or crys

talline .

In addition to telmisartan or a pharmaceutically acceptable

salt thereof, the first tablet layer can comprise pharmaceuti

cally acceptable excipients. The term "pharmaceutical accept

able excipient" as used herein refers to additives useful for

converting pharmacologically active compounds into pharmaceu-

tical dosage forms which are suitable for administration to

patients. Excipients suitable for use in the first tablet

layer include fillers, binders, surfactants, crystallization

retarders, lubricants, glidants and coloring agents. Other

pharmaceutically acceptable excipients can also be included.



The first tablet layer typically comprises at least one

filler. Water-soluble fillers are generally preferred. Suit

able fillers for use in the first tablet layer include mono

saccharides, oligosaccharides and sugar alcohols such as glu-

cose, fructose, saccharose, lactose (anhydrous and monohy-

drate) , raffinose, trehalose, dextrates, mannitol, erythritol,

sorbitol, maltitol, xylitol and lactitol, compressible sugar,

calcium hydrogen phosphate, calcium carbonate, calcium lactate

and mixtures thereof. Preferred fillers are monosaccharides

and oligosaccharides such as glucose, fructose, saccharose and

lactose, sugar alcohols such as mannitol, erythritol, sorbi

tol, maltitol, xylitol and lactitol and mixtures thereof. Lac

tose, sorbitol and mixtures thereof are particularly pre

ferred. It is particularly preferred that the filler comprises

a monosaccharide or oligosaccharide such as lactose and a

sugar alcohol such as sorbitol in a weight ratio of 1:1 to

1:10, particularly 1:2 to 1:5, most preferably about 1:2.5.

The first tablet layer preferably comprises 30 to 95 wt.-%,

particularly 60 to 90 wt.-%, more preferably 70 to 80 wt.-% of

filler.

Suitable binders for use in the first tablet layer include

povidone (polyvinylpyrrolidone) , copovidone (vinylpyrrolidone-

vinylacetate copolymer) , cellulose powder, crystalline cellu-

lose, microcrystalline cellulose, siliconized microcrystalline

cellulose, cellulose derivatives such as hydroxymethylcellu-

lose, hydroxyethylcellulose, hydroxypropylcellulose and hy-

droxypropylmethylcellulose, starch, pregelatinized starch, po-

lymethacrylates and mixtures thereof. Povidone is particularly

preferred. The first tablet layer preferably comprises 1 to 30

wt.-%, particularly 2 to 10 wt.-%, more preferably 3 to 7 wt .-

% of binder.

Suitable surfactants for use in the first tablet layer include

anionic, cationic, ampholytic and non-ionic surfactants such



as sodium lauryl sulfate, cetrimide, N-dodecyl-N, N-dimethyl-

betaine, polysorbates (such as Tweens®) , poloxamers and mix

tures thereof. Non-ionic surfactants such as polysorbates and

poloxamers are preferred. The first tablet layer preferably

comprises 1 to 30 wt.-%, particularly 2 to 10 wt.-%, more

preferably 3 to 7 wt.-% of surfactant.

Suitable crystallization retarders for use in the first tablet

layer include povidone, copovidone, crospovidone, carboxy-

methylcellulose sodium, hydroxypropylcellulose and hydroxypro-

pylmethylcellulose . The first tablet layer preferably com

prises 0.1 to 10 wt.-%, particularly 0.25 to 5 wt.-%, more

preferably 0.5 to 2 wt.-% of crystallization retarder.

Suitable lubricants for use in the first tablet layer include

stearic acid and stearic acid salts such as magnesium

stearate, magnesium palmitate and magnesium oleate, hydrogen-

ated vegetable oil, hydrogenated castor oil, talc, sodium

stearyl fumarate, macrogols and mixtures thereof. Stearic

acid, magnesium stearate and hydrogenated vegetable oil are

particularly preferred. The first tablet layer preferably com

prises 0.1 to 10 wt.-%, particularly 0.25 to 5 wt.-%, more

preferably 0.5 to 2 wt.-% of lubricant.

Suitable glidants for use in the first tablet layer include

colloidal silicon dioxide and magnesium trisilicate. The first

tablet layer preferably comprises 0.1 to 10 wt.-%, particu

larly 0.25 to 5 wt.-%, more preferably 0.5 to 2 wt.-% of gli-

dant .

Suitable coloring agents for use in the first tablet layer in

clude dyes and pigments such as iron oxide and titanium oxide.

The first tablet layer preferably comprises 0.001 to 1 wt.-%,

particularly 0.01 to 0.5 wt.-%, more preferably 0.05 to 0.2

wt. -% of coloring agent.



According to a particular embodiment, the first tablet layer

comprises

(aa) 3 to 50 wt.-%, particularly 5 to 35 wt.-%, more prefera

bly 10 to 20 wt. -% of telmisartan or a pharmaceutically

acceptable salt thereof;

(bb) 0.25 to 20 wt.-%, particularly 1 to 15 wt.-%, more pref

erably 2 to 10 wt. -% of basic agent;

(cc) 30 to 95 wt.-%, particularly 60 to 90 wt.-%, more pref

erably 70 to 80 wt. -% of filler;

(dd) 1 to 30 wt.-%, particularly 2 to 10 wt.-%, more prefera

bly 3 to 7 wt. -% of binder;

(ee) 0 to 30 wt.-%, particularly 2 to 10 wt.-%, more prefera-

bly 3 to 7 wt.-% of surfactant;

(ff) 0 to 10 wt.-%, particularly 0.25 to 5 wt.-%, more pref

erably 0.5 to 2 wt. -% of lubricant; and

(gg) 0 to 1 wt.-%, particularly 0.01 to 0.5 wt.-%, more pref

erably 0.05 to 0.2 wt. -% of coloring agent.

The second tablet layer comprises a diuretic and at least one

filler. Preferred diuretics include amiloride, chlorothali-

done, furosemide, hydrochlorothiazide, indapamide or

piretanide. Hydrochlorothiazide (HCTZ) is particularly pre-

ferred.

The diuretic has preferably an average particle size of less

than 80 µm , particularly less than 50 µm , more preferably less

than 30 µm . The term "average particle size" as used herein

refers to the volume mean diameter of particles. The volume

mean diameter can be determined by laser light scattering for

instance using a Malvern Mastersizer Apparatus MS 2000

equipped with a Hydro S dispersion unit.



The second tablet layer comprises at least one filler, wherein

the combined weight of the diuretic and the at least one

filler is at least 87 wt.-% by weight of the second tablet

layer. It is particularly preferred that the combined weight

of the diuretic and the filler is at least 90 wt.-%, more

preferably at least 93 wt.-%, further more preferably at least

95 wt.-%, most preferably at least 99 wt.-% by weight of the

second tablet layer.

Water-soluble fillers are generally preferred. Suitable fill

ers for use in the second tablet layer include monosaccha

rides, oligosaccharides and sugar alcohols such as glucose,

fructose, saccharose, lactose (anhydrous and monohydrate) ,

raffinose, trehalose, dextrates, mannitol, erythritol, sorbi-

tol, maltitol, xylitol and lactitol, compressible sugar, cal

cium hydrogen phosphate, calcium carbonate, sodium carbonate

in anhydrous or hydrated form, sodium hydrogen carbonate, cal

cium lactate and mixtures thereof. Preferred fillers are mono

saccharides and oligosaccharides such as glucose, fructose,

saccharose and lactose, sugar alcohols such as mannitol,

erythritol, sorbitol, maltitol, xylitol and lactitol and mix

tures thereof. Mannitol is particularly preferred. The second

tablet layer preferably comprises 50 to 99 wt.-%, particularly

80 to 98 wt.-%, more preferably 90 to 96 wt.-% of filler.

The second tablet layer can generally comprise additional

pharmaceutically acceptable excipients. Additional excipients

suitable for use in the second tablet layer include binders,

surfactants, lubricants, glidants and coloring agents.

Suitable binders for use in the second tablet layer include

povidone (polyvinylpyrrolidone) , copovidone (vinylpyrrolidone-

vinylacetate copolymer) , polyvinyl alcohol, graft copolymer of

polyethyleneglycol and polyvinyl alcohol obtainable as Kolli-

coat IR, polyethylene glycol having a molecular weight in the



range of 200 to 10,000, preferably in the range 1,000 to

8,000, cellulose powder, crystalline cellulose, microcrystal-

line cellulose, siliconized microcrystalline cellulose, cellu

lose derivatives such as hydroxymethylcellulose, hydroxyethyl-

cellulose, hydroxypropylcellulose and hydroxypropylmethylcel-

lulose, starch, pregelatinized starch, polymethacrylates and

mixtures thereof. In particular, the second tablet layer can

comprise 1 to 20 wt.-%, particularly 2 to 10 wt.-%, more pref

erably 3 to 7 wt. -% of binder. Preferably, water soluble bind-

ers such as povidone (polyvinylpyrrolidone) , copovidone (vi-

nylpyrrolidone-vinylacetate copolymer) , polyvinyl alcohol,

graft copolymer of polyethyleneglycol and polyvinyl alcohol

obtainable as Kollicoat IR, polyethyleneglycol with molecular

weight in the range of 200 to 10,000, preferably in the range

1,000 to 8,000, hydroxypropylmethylcellulose having a viscos

ity (2 wt/vol% solution in water at 25°C) of less than 50

mPas, preferably of less than 15 mPas can be used.

Suitable surfactants for use in the second tablet layer in-

elude anionic, cationic, ampholytic and non-ionic surfactants

such as sodium lauryl sulfate, cetrimide, N-dodecyl-N, N-

dimethylbetaine, polysorbates (such as Tweens®) , poloxamers

and mixtures thereof. Non-ionic surfactants such as polysor

bates and poloxamers are preferred. In particular, the second

tablet layer can comprise 1 to 30 wt.-%, particularly 2 to 10

wt.-%, more preferably 3 to 7 wt.-% of surfactant.

Suitable lubricants for use in the second tablet layer include

stearic acid or stearic acid salts, such as magnesium

stearate, magnesium palmitate and magnesium oleate, hydrogen-

ated vegetable oil, hydrogenated castor oil, talc, sodium

stearyl fumarate, macrogols and mixtures thereof. Stearic

acid, magnesium stearate and hydrogenated vegetable oil are

particularly preferred. In particular, the second tablet layer



can comprise 0.1 to 10 wt.-%, particularly 0.25 to 5 wt.-%,

more preferably 0.5 to 2 wt.-% of lubricant.

Suitable glidants for use in the second tablet layer include

colloidal silicon dioxide and magnesium trisilicate. In par

ticular, the second tablet layer can comprise 0.1 to 10 wt.-%,

particularly 0.25 to 5 wt.-%, more preferably 0.5 to 2 wt.-%

of glidant.

Suitable coloring agents for use in the second tablet layer

include dyes and pigments such as iron oxide and titanium ox

ide. In particular, the second tablet layer can comprise 0.001

to 1 wt.-%, particularly 0.01 to 0.5 wt.-%, more preferably

0.05 to 0.2 wt. -% of coloring agent.

According to a preferred embodiment, the second tablet layer

comprises

(aa) 1 to 50 wt.-%, particularly 2 to 20 wt.-%, more prefera-

bly 4 to 8 wt. -% of a diuretic, preferably HCTZ;

(bb) 50 to 99 wt.-%, particularly 80 to 98 wt.-%, more pref

erably 90 to 96 wt. -% of filler;

(cc) 0 to 30 wt.-%, particularly 2 to 10 wt.-%, more prefera

bly 3 to 7 wt. -% of surfactant;

(dd) 0 to 10 wt.-%, particularly 0.25 to 5 wt.-%, more pref

erably 0.5 to 2 wt. -% of lubricant;

(ee) 0 to 10 wt.-%, particularly 0.25 to 5 wt.-%, more pref

erably 0.5 to 2 wt. -% of glidant; and

(ff) 0 to 1 wt.-%, particularly 0.01 to 0.5 wt.-%, more pref-

erably 0.05 to 0.2 wt.-% of coloring agent.

Other pharmaceutically acceptable excipients can also be in

cluded in the second tablet layer. However, it is generally

preferred that the second tablet layer does not comprise sub-

stantial amounts of disintegrant . It is further preferred that



the second tablet layer comprises less than 2 % , particularly

less than 1 % , more preferably less than 0.5 % , most prefera

bly less than 0.1 % by weight of the second tablet layer of a

disintegrant . According to a particularly preferred embodi-

ment, the second tablet layer is substantially free of disin

tegrant .

The term "disintegrant" as used herein refers to any material

that has wicking and/or swelling properties when it comes in

contact with water. In particular, the term "disintegrant" re

fers to the group of compounds consisting of crospovidone,

pregelatinized starch, sodium starch glycolate, hydroxypropyl

starch, carboxymethylcellulose sodium and calcium, cross-

linked carboxymethylcellulose sodium, polacrilin potassium,

low-substituted hydroxypropylcellulose, sodium and calcium

alginate, docusate sodium, methylcellulose, agar, guar gum,

chitosan and alginic acid. More particularly, the term "disin

tegrant" refers to the group of compounds consisting of povi

done, crospovidone, starch, pregelatinized starch, sodium

starch glycolate, hydroxypropyl starch, microcrystalline cel

lulose, carboxymethylcellulose sodium and calcium, cross-

linked carboxymethylcellulose sodium, polacrilin potassium,

low-substituted hydroxypropylcellulose, sodium and calcium

alginate, docusate sodium, methylcellulose, agar, guar gum,

chitosan and alginic acid.

According to a particular embodiment, the second tablet layer

consists of a diuretic and at least one filler.

Where the multilayer pharmaceutical tablet according to the

invention comprises more than two layers, various embodiments

are possible with respect to the composition and order of ar

rangement of layers. For instance, where the multilayer phar

maceutical tablet is a three-layer tablet, the tablet com-

prises an additional layer in addition to a first tablet layer



and a second tablet layer as defined above. The additional

layer can be a further first tablet layer or a further second

tablet layer as defined above. For instance, a three-layer

tablet can have one first tablet layer arranged between two

second tablet layers or one second tablet layer arranged be

tween two first tablet layers. Alternatively, the additional

layer can be a layer differing in composition from both the

first tablet layer as well as the second tablet layer. For in

stance, the additional layer can be a telmisartan containing

layer of different composition than the first tablet layer or

a diuretic containing layer of different composition that the

second tablet layer. It can also be a layer containing neither

telmisartan nor diuretic. The same applies mutatis mutandis to

a multilayer tablet having more than three layers.

According to one embodiment, the multilayer pharmaceutical

tablet is a bilayer tablet having a first tablet layer com

prising telmisartan and a second tablet layer comprising a

diuretic as defined above. According to another embodiment,

the multilayer pharmaceutical tablet is a three-layer tablet

having a first tablet layer comprising telmisartan arranged

between two second tablet layers comprising a diuretic.

The invention also relates to a multilayer pharmaceutical tab-

let comprising

(a) at least one first tablet layer comprising

1 to 50 wt. -% telmisartan or a pharmaceutically acceptable

salt thereof by weight of the first tablet layer; and

(b) at least one second tablet layer comprising

1 to 50 wt. -% of a diuretic; and

less than 2 wt.-% of disintegrant



by weight of the second tablet layer.

The term "disintegrant" is to be understood as defined above.

It is particularly preferred that the second tablet layer com

prises less than 2 wt.-%, in particular less than 1 wt.-%,

more preferably less than 0.5 wt.-%, most preferably less than

0.1 wt. -% by weight of the second tablet layer of one or more

disintegrants selected from the group consisting of crospovi-

done, pregelatinized starch, sodium starch glycolate, hy-

droxypropyl starch, carboxymethylcellulose sodium and calcium,

cross-linked carboxymethylcellulose sodium, polacrilin potas

sium, low-substituted hydroxypropylcellulose, sodium and cal-

cium alginate, docusate sodium, methylcellulose, agar, guar

gum, chitosan and alginic acid. It is even more particularly

preferred that the second tablet layer comprises less than 2

wt.-%, in particular less than 1 wt.-%, more preferably less

than 0.5 wt.-%, most preferably less than 0.1 wt.-% by weight

of the second tablet layer of one or more disintegrants se

lected from the group consisting of povidone, crospovidone,

starch, pregelatinized starch, sodium starch glycolate, hy-

droxypropyl starch, microcrystalline cellulose, carboxymethyl

cellulose sodium and calcium, cross-linked carboxymethylcellu-

lose sodium, polacrilin potassium, low-substituted hydroxypro

pylcellulose, sodium and calcium alginate, docusate sodium,

methylcellulose, agar, guar gum, chitosan and alginic acid.

It is further preferred that the second tablet layer comprises

less than 1 wt.-%, more preferably less than 0.5 wt.-%, most

preferably less than 0.1 wt.-% of disintegrant by weight of

the second tablet layer. According to a particularly preferred

embodiment, the second tablet layer is substantially or en

tirely free of disintegrant.



It has been found that the multilayer pharmaceutical tablet of

the invention comprising only low amounts of or being substan

tially free of disintegrant can be formulated very effec

tively. Surprisingly, the multilayer pharmaceutical tablet

thus formulated exhibits a dissolution profile that is compa

rable to the one typically found for tablets containing tel-

misartan in a dissolving tablet matrix and a diuretic in a

disintegrating tablet matrix.

Further preferred embodiments of the multilayer pharmaceutical

tablet with regard to specific components and their amounts

are as described above for the first aspect of the invention.

The multilayer pharmaceutical tablet according to the inven-

tion can be prepared in principle by any method used for manu

facturing tablet formulations. Preparation of the tablet gen

erally comprises preparing a first tablet layer composition

comprising telmisartan and a second tablet layer composition

comprising a diuretic and compressing the tablet layer compo-

sitions to produce a multilayer tablet.

The first tablet layer composition comprising telmisartan can

be prepared by various methods. Suitable methods include

spray-drying and fluid-bed granulation.

One method for preparing the first tablet layer composition

comprises preparing a spray-solution by dissolving telmisartan

together with at least one basic agent in an appropriate sol

vent (e.g. water or organic solvent). Optionally, additional

excipients, such as a crystallization retarder and/or a sur

factant can be included in the spray-solution. The spray solu

tion is subsequently spray-dried to give a spray-dried granu

late. The spray-dried granulate is mixed with further excipi

ents to give a tablet layer composition ready for tableting.



Another method for preparing the first tablet layer composi

tion comprises preparing a granulation liquid by dissolving

telmisartan together with at least one basic agent in an ap

propriate solvent (e.g. water or organic solvent). Optionally,

additional excipients, such as a crystallization retarder

and/or a surfactant can be included in the spray-solution. At

least one excipient selected from fillers, binders and mix

tures thereof is placed into a fluid-bed granulating machine

and sprayed with the granulation liquid. When granulation is

completed, the granulate is dried and optionally mixed with

further excipients to give a tablet layer composition ready

for tableting.

The second tablet layer composition comprising a diuretic can

also be prepared by various methods such as direct compres

sion, compression of a granulate obtained by state of the art

processes like wet, dry or thermoplastic granulation or melt

extrusion. For instance, the second tablet layer composition

can in a first embodiment of the present invention be prepared

using a wet granulation technique. A suitable wet granulation

technique comprises preparing a granulation liquid by dissolv

ing at least a part of a filler and/or binder in an appropri

ate solvent (e.g. water, organic solvent or a mixture thereof)

and adding like spraying the granulation liquid onto a premix

comprising diuretic and optionally additional excipients. The

obtained wet granulate is dried, optionally sieved and option

ally mixed with further excipients to give a tablet layer com

position ready for tableting.

According to a second embodiment, the second tablet layer com

position is prepared using a dry granulation method as de

scribed below.

According to a third embodiment, the second tablet layer com-

position is prepared using a thermoplastic granulation,



wherein a mixture of diuretic and least one exipient is granu

lated with a binder having a melting or softening point below

170 0C , preferably below 150 0C and most preferably below 130°C.

Suitable binders having low melting or softening point can be

selected from polymers such as, but not limited to, polyethyl

ene glycol having a molecular weight in the range 1,000 to

10,000, poloxamer, povidone with a K value of less than 50,

copovidone, Soluplus ® or mixtures thereof. State of the art

equipment such as high share mixer, fluid bed granulator or

extruder can be used in preparation of thermoplastic granu

lates. Agglomeration can be achieved by adding melted binder

or by in situ melting or softening of a binder having low

melting or softening point. In situ melting can be achieved by

heating the components to the temperature of at least 5 de-

grees (0C ) above the melting or softening temperature of a

binder or by heat release due to mixing the powders or ele

vated pressure. The obtained granulate can optionally be mixed

with further excipients and compressed into multilayer tablet.

According to a fourth embodiment, the second tablet layer com

position is prepared using a direct compression method where a

powder premix of diuretic and at leas one further exicient se

lected from filler, binder, lubricant, glidant and mixtures

thereof is directly compressed onto the first layer containing

telmisartan.

In order to prepare the final multilayer pharmaceutical tablet

according to the present invention, the first and second tab

let layer compositions can be compressed in a manner generally

known in the art, such as using a rotary tablet press in an

appropriate multilayer tableting mode. For instance, for the

manufacture of a bilayer tablet, the first tablet layer compo

sition comprising telmisartan can be introduced into the ta

bleting machine first, followed by introducing the second tab-

let layer composition comprising diuretic and compressing the



two layers in a bilayer tableting mode. Likewise, for the

manufacture of a three layer tablet, part of the second tablet

layer composition comprising diuretic can be introduced into

the tableting machine first, followed by introducing the first

tablet layer composition comprising telmisartan and then the

remaining second tablet layer composition comprising diuretic

and compressing all three layers in a three layer tableting

mode .

The invention also relates to a process for the preparation of

a multilayer pharmaceutical tablet comprising at least one

layer comprising telmisartan and at least one layer comprising

a diuretic, the process comprising

(a) providing a first tablet layer composition comprising tel

misartan;

(b) providing a second tablet layer composition comprising a

diuretic by

(iii) dry granulating the diuretic with at least one

filler and optionally other pharmaceutically accept

able excipients to obtain a granulate; and

(iv) optionally blending the obtained granulate with addi

tional excipients;

(c) optionally providing one or more further tablet layer com

positions; and

(d) compressing said tablet layer compositions to result in

the multilayer pharmaceutical tablet.

Preferred embodiments of the first tablet layer composition

comprising telmisartan with regard to specific components and



their amounts as well as to methods for its preparation are as

described above.

Preferred embodiments of the second tablet layer composition

with regard to specific components and their amounts are as

described above.

It has surprisingly been found that a process for the prepara

tion of a multilayer tablet, wherein a dry granulation method

is used for preparing the second tablet layer composition com

prising a diuretic, provides a number of advantages. Such

process is particularly suitable for application on an indus

trial scale. In particular, the process is simple and highly

cost effective. The tablet layer composition ready for tablet-

ing which is obtained according to the process exhibits excel

lent physical characteristics particularly with regard to

flowability and provides for very fast dissolution of the diu

retic in the final tablet.

In particular, the second tablet layer composition is prepared

by mixing the diuretic and at least one filler in a suitable

mixer in order to prepare a pre-mixture. The pre-mixture is

then compacted on a dry granulation machine and the compact

milled into granules of appropriate particle size. It is pre-

ferred that the compact is milled into granules having an av

erage particle size of less than 80 µm , particularly less than

50 µm , more preferably less than 30 µm .

In order to prepare the final multilayer pharmaceutical tab-

let, the first and second tablet layer compositions and op

tionally further tablet layer compositions are compressed in a

multilayer tableting mode as described in more detail above.

The invention also relates to a multilayer pharmaceutical tab-

let prepared by the process according to the invention.



The invention will be further illustrated by way of the fol

lowing examples.

Examples

Example 1 : Preparation and isolation of telmisartan

Into a reaction vessel 2Og (40 mmol) cyanotelmisartan and 20

ml (l δOmmol) H2SO4 (1:1) were added. The reaction mixture was

heated to around 125°C and stirred at this temperature for 30

h . A sample of the reaction mixture was analyzed by Area% HPLC

(cyanotelmisartan below 0.1 % , intermediate amide of telmisar

tan less than 0,2%, telmisartan over 97%) . The reaction mix-

ture was cooled below 8O 0C and 250 ml of water were added.

Then, 200 ml of dichloromethane were added and pH value of

mixture was adjusted to 5.3 by addition of 6M NaOH. The mix

ture was stirred for approximately 5 min and then the phases

were separated. The water phase was reextracted with 136 ml of

dichloromethane. Collected organic phases were washed with wa

ter (2 χ l36ml) and then treated with activated charcoal (5.3

g ) . Subsequently, the organic phase was evaporated to an oily

residue (26g) . 264 ml of acetone were added. The mixture was

stirred at room temperature for at least 6 hours. The precipi-

tated product was separated and washed with fresh acetone and

dried at 65°C under reduced pressure for 3hours .

Yield: 18g (88%)

Area % HPLC: Telmisartan 99.86%

Example 2 : Preparation and isolation of telmisartan

Into a reaction vessel 20. 5g (40 mmol) 4 '- ((1, 7 '-dimethyl-2 '-

propyl -IH, 3 'H-2,5 '-bibenzo [d] imidazol-3 '-yl) methyl) biphenyl-2-

carboxamide and 20 ml (l δOmmol) H2SO4 (1:1) were added. The re-



action mixture was heated to about 125°C and stirred at this

temperature for 28 h . A sample of the reaction mixture was

analyzed by Area% HPLC (starting compound below 0.1%, telmis-

artan over 97%) . The reaction mixture was cooled below 80 0C

and 250 ml of water were added. Then, 200 ml of dichloro-

methane were added and pH value of mixture was adjusted to 5.4

by addition of 6M NaOH. The mixture was stirred for approxi

mately 5 min and then the phases were separated. The water

phase was reextracted by 136 ml of dichloromethane . Collected

organic phases were washed with water (2 χ l36ml) and then

treated with activated charcoal (5.3 g ) . Subsequently, the or

ganic phase was evaporated an oily residue (26g) . 264 ml of

acetone were added. The mixture was stirred at room tempera

ture for at least 6 hours. The precipitated product was sepa-

rated and washed with fresh acetone and dried at 65°C under

reduced pressure for 3 hours.

Yield: 18. 3g (89%)

Area % HPLC: Telmisartan 99.80%

Example 3 : Isolation of telmisartan

Into a reaction vessel 7 .5g (15 mmol) of cyanotelmisartan, 30

ml of propylene glycol, 0.8 ml of water and 3g (45 mmol) of

85% KOH were added. The reaction mixture was heated to around

160 0C to 170 0C and stirred at this temperature for 24 h . The

reaction mixture was cooled below 80 0C and 75 ml of water were

added. Then, pH value of the mixture was adjusted to 4.8 (by

addition of 6M HCl) and then 150 ml of dichloromethane were

added. The mixture was stirred for approximately 5 min and

then the phases were separated. The water phase is reextracted

by 50 ml of dichloromethane. Collected organic phases were

washed with water (2 χ50ml) and then treated with activated

charcoal (2 g ) . After that the organic phase was evaporated to

an oily residue (9.8g) . 100 ml of acetone were added. The mix-



ture was stirred at room temperature for at least 6 hours. The

precipitated product was separated and washed with fresh ace

tone and dried at 65°C under reduced pressure for 3 hours.

Yield: 6.8g (88%)

Area % HPLC: Telmisartan 99.60%

Example 4 : Preparation of cyanotelmisartan

Into a reaction vessel 56 ml of acetonitrile, 0.95 g (14 mmol)

of solid 85% KOH, 3.04 g (10 mmol) of 1 ,7 '-dimethyl-2 '-propyl-

IH, 3 'H-2, 5 '-bibenzo [d] imidazole and 2.96 g (10.9 mmol) of 4'-

(bromomethyl) - [1 ,1 '-biphenyl] -2-carbonitrile were added. The

reaction mixture was stirred at room temperature for 1 hour.

The mixture was cooled to 00C and filtered. The obtained prod

uct was washed with water and dried.

Yield: 4.18 g (85%)

HPLC: 96.5%

Example 5 : Preparation of cyanotelmisartan

Into a reaction vessel 115g (0.43mol) of methyl 4-methyl -2-

propyl-lH-benzo [d] imidazole-6-carboxylate hydrochloride, 91g

(0.86mol) of Na2CO3, 0.64g (0.0043mol ) of NaI and 690 ml ace

tone were added. After the mixture was stirred for 2-3 hours,

116g (0.43mol) of 4 '- (bromomethyl) biphenyl-2-carbonitrile were

added. Then, the reaction mixture was heated to reflux for 15

hours, cooled to 10-15 0C , stirred for one additional hour and

filtered. The obtained solid was dried at 60 0C for 24 hours.

The obtained product methyl 1- ((2 '-cyanobiphenyl-4-yl) methyl) -

4-methyl-2-propyl-lH-benzo [d] imidazole-6-carboxylate was iso

lated (172g, yield 95%) .

Into a reaction vessel 172g (0.41mol) of methyl l-((2'-



cyanobiphenyl-4-yl) methyl) -4-methyl-2-propyl-lH-benzo [d] imid-

azole-6-carboxylate, 19. 6g (0.49mol) of NaOH, 8.9g (0.49mol)

of H2O and 172ml of methanol were added. Then, the reaction

mixture was heated to reflux for 2 hours and cooled to room

temperature. Then, 4mol/L of HCl is added until pH is between

6 and 7 , the mixture was filtered and the wet product was

dried at 60 0C for 24 hours. The obtained product l-((2'-

cyanobiphenyl-4-yl) methyl) -4-methyl -2-propyl -lH-benzo [d] imid-

azole-6-carboxylic acid was isolated (159g, yield 97%).

Into a reaction vessel 159g (0.375mol) of l-((2'-

cyanobiphenyl-4-yl) methyl) -4-methyl -2-propyl -lH-benzo [d] imid-

azole-6-carboxylic acid, 0.77 ml of dimethylf ormamide and

636ml of CH2Cl2 were added. Then, 88. 5g (0.75mol) of SOCl 2 were

added at 00C . The reaction mixture was heated to reflux for 7

to 8 hours and concentrated to dryness. Then, 318ml of ethyl

acetate were added, the reaction mixture was filtrated and the

wet product was used directly in the next step.

Into a reaction vessel 179g (1.69mol) of Na2CO3, 4Og of NaCl,

636ml of H2O and 636ml of ethyl acetate were added. The solu

tion was cooled to 0-5°C and 219g (1.13mol) of N-

methylbenzene-1, 2-diamine dihydrochloride were added. The re

action mixture was stirred for 30min, cooled to -15 to -20 0C

and then the product obtained in the previous step was added.

After stirring for 30min the temperature slowly rose to 0-5 0C

and after filtration the obtained product was dried at 60 0C

for 24 hours and isolated (173g, yield 90%) .

Into a reaction vessel 173g (0.317mol) of the product obtained

in the previous step, 0.97g (0.015mol) of H3BO3 and 1304ml of

toluene were added. The reaction mixture was heated to reflux

for 3-5hours and then cooled to 10-15 0C and stirred for 2

hours. After filtration the wet product was dried at 60 0C for

24 hours and cyanotelmisartan was isolated (143g, yield 86%).



lOOg of the crude product and 200ml of ethyl acetate were

heated to reflux for lhour, then cooled to room temperature

and stirred for lhour. After filtration the wet product was

dried at 60 0C for 24 hours and then isolated (95g, yield 95%) .

Example 6 : Preparation of cyanotelmisartan

1Og of methyl 4-methyl-2-propyl-lH-benzo [d] imidazole-6-carb-

oxylate hydrochloride and 12. 8g of K2CO3 were added to 4Og of

dimethylf ormamide . After the mixture was stirred for 1 hour at

ambient temperature, 11. 6g 4 '- (bromomethyl) biphenyl-2-

carbonitrile were added. The mixture was stirred for 6 to 7

hours at ambient temperature. Then, 200ml water were added

drop-wise at temperatures around 3O0C . The obtained mixture was

filtered and washed with water. The cake was morcellated with

30ml of acetone at reflux temperature for 30 minutes, cooled

to ambient temperature and continued to stir for 1 hour, fil

trated and dried at 5O0C for 4hours . The obtained product

methyl 1- ((2 '-cyanobiphenyl-4-yl) methyl) -4-methyl -2-propyl -IH-

benzo [d] imidazole-6-carboxylate was isolated as a white solid

(14g, yield 90%) .

Into a reaction vessel 172g of methyl 1- ((2 '-cyanobiphenyl-4-

yl) methyl) -4-methyl -2-propyl -lH-benzo [d] imidazole- 6-carb-

oxylate, 19. 6g of NaOH, 8.9g of H2O and 138g of methanol were

added. Then, the reaction mixture was heated to reflux for 4

hours and cooled to room temperature. Then, 344g of HCl

(1.42M) were added until the pH was between 6 and 7 . After

filtration, the wet product was dried at 70 0C under reduced

pressure. The obtained product 1- ((2 '-cyanobiphenyl-4-

yl) methyl) -4-methyl -2-propyl -lH-benzo [d] imidazole- 6-carboxylic

acid was isolated as white solid (159g, yield 97%) .



Into a reaction vessel 159g of 1- ((2 '-cyanobiphenyl-4-

yl) methyl) -4-methyl -2-propyl -lH-benzo [d] imidazole- 6-carboxylic

acid, 0.75g of dimethylf ormamide and 636g of CH2CI2 are added.

Then, at 00C 88. 5g of SOCl 2 were added. The reaction mixture

was heated to reflux for 5 hours and concentrated to dryness.

Then, 285ml of ethyl acetate was added, filtrated and the wet

product was used directly in the next step.

Into a reaction vessel 179g of Na COs, 636g of H2O and 57Og of

ethyl acetate were added. The solution was cooled to 0-5 0C and

182g of N-methylbenzene-1, 2-diamine dihydrochloride were

added. The reaction mixture was stirred for 30min at a tem

perature of about 0 to 5°C, cooled to -15 to -20 0C and then

the product obtained in the previous step was added at a tem-

perature below -10 0C . After stirring for 30min the obtained

mixture was filtered and the cake was washed with ethyl ace

tate. The cake was morcellated with 32Og of CH3OH at reflux

temperature for 0.5 hours when 120Og of water is added. The

mixture was cooled to ambient temperature for 0.5 hours with

stirring and filtering. The residue was morcellated with 28Og

of ethyl acetate at a temperature of about 5O0C for 1 hour and

then filtered and dried at 6O0C under reduced pressure. The

product was grey to off-white solid (17Og, yield 85%).

Into a reaction vessel 173g (0.317mol) of the product obtained

in the previous step, 0.97g (0.015mol) of H3BO3 and 1304ml of

toluene were added. The reaction mixture was heated to reflux

for 3-5 hours and then cooled to 10-15 0C and stirred for 2

hours. After filtration the wet product was dried at 6O 0C for

24 hours and cyanotelmisartan was isolated (143g, yield 86%).

lOOg of the crude product and 200ml of ethyl acetate were

heated to reflux for 1 hour, then cooled to room temperature

and stirred for lhour. After filtration the wet product was

dried at 6O 0C for 24 hours and then isolated (95g, yield 95%) .



Example 7 : Bilayer tablet - Dry granulation

Bilayer tablet composition comprising 80 mg telmisartan and

12.5 mg HCTZ:

Telmisartan, meglumine, sodium hydroxide and povidone were

dissolved in water q.s. in order to prepare a granulation liq

uid. Lactose monohydrate was placed in a fluid-bed granulating

machine and sprayed with the granulation liquid. After granu

lation had been completed, the granulate was dried and mixed

with sorbitol and magnesium stearate to form a tablet layer

composition ready for tableting.

Hydrochlorothiazide (HCTZ) was mixed with mannitol and com

pacted in a dry granulation apparatus. The obtained compact

was milled into granules having an average particle size (vol

ume mean diameter) of less than 30 µm . The particle size was

determined by laser light scattering using a Malvern Master-

sizer Apparatus MS 2000 equipped with a Hydro S dispersion



unit. Vegetable oil was used as the dilution medium. Thus, a

tablet layer composition containing only HCTZ and mannitol was

obtained.

Bilayer tablets containing telmisartan and HCTZ were prepared

by first introducing the telmisartan containing tablet layer

composition into the tableting machine, followed by the HCTZ

containing tablet layer composition. These two layers were

then compressed on a rotary tablet press in a bilayer tablet

ing mode.

The dissolution profile of the finished bilayer tablet was de

termined in simulated gastric fluid (pH 2.0, USP apparatus II,

50 rpm) . The dissolution profiles thus obtained are shown in

Figure 1 (dissolution profile of telmisartan) and Figure 2

(dissolution profile of HCTZ) . The dissolution profiles are

comparable to that of commercially available Micardis Plus

tablets.

Example 8 : Bilayer tablet - Fluid bed granulation

The telmisartan layer was the same as from Example 7 .



Hydrochlorothiazide and mannitol were granulated with hy-

droxypropyl cellulose or povidone dissolved in water. The ob

tained granulate was dried in a fluid bed dryer. The obtained

granulate was then mixed with additional mannitol (if applica-

ble) , Aerosil 200 and magnesium stearate to form final compo

sition ready for tableting.

Bilayer tablets containing telmisartan and HCTZ were prepared

by first introducing the telmisartan containing mixture ready

for tableting into the tableting machine, followed by intro

ducing the HCTZ containing mixture ready for tableting. These

two layers were then compressed on a rotary tablet press in a

bilayer tableting mode.

Example 9 : Bilayer tablet - Direct compression

The telmisartan layer was the same as from Example 7 .

Hydrochlorothiazide was mixed with either xylitol, lactose

monohydrate or mannitol as well as together with Aeroperl 300

and sodium stearyl fumarate to form a final composition ready

for tableting by direct compression.



Bilayer tablets containing telmisartan and HCTZ were prepared

by firstly introducing the telmisartan containing mixture

ready for tableting into the tableting machine, followed by

introducing the HCTZ containing mixture ready for tableting.

These two layers were then compressed on a rotary tablet press

in a bilayer tableting mode.



CLAIMS

1 . A process for preparing telmisartan or a pharmaceutically

acceptable salt thereof comprising

(a) providing a mixture comprising a derivative of

telmisartan, an acid and a solvent,

(b) heating the obtained mixture,

(c) optionally converting the telmisartan to its pharma

ceutically acceptable salt, and

(d) isolating telmisartan or its pharmaceutically accept

able salt.

2 . Process according to claim 1 , wherein the derivative of

telmisartan is a telmisartan intermediate having a sub-

stituent Z on position 2 of the biphenyl group, wherein Z

is selected from the group consisting of CN and CON(R) 2,

wherein R is H , Ci-C alkyl or benzyl.

3 . Process according to claim 2 , wherein the derivative of

telmisartan is cyanotelmisartan or carboxamidotelmisartan .

4 . Process according to any one of claims 1 to 3 , wherein the

concentration of the derivative of telmisartan in the mix

ture of step (a) is more than about 1 mol/L, preferably

more than about 1.5 mol/L, more preferably more than about

1.8 mol/L such as about 2 mol/L.

5 . Process according to any one of claims 1 to 4 , wherein the

acid is a mineral acid selected from the group consisting

of H2SO4, HCl, HNO3, H3PO4 and mixtures thereof or the acid

is an organic acid selected from the group consisting of

acetic acid, trif luoroacetic acid, p-toluenesulf onic acid,



methanesulf onic acid, benzenesulf onic acid and mixtures

thereof .

6 . Process according to any one of claims 1 to 4 , wherein the

acid does not comprise substantial amounts of an organic

acid.

7 . Process according to any one of claims 1 to 6 , wherein the

acid H2SO4.

8 . Process according to any one of claims 1 to 7 , wherein the

concentration of the acid in the mixture of step (a) is

more than about 3 mol/L, preferably more than about

6mol/L .

9 . Process according to any one of claims 1 to 8 , wherein in

step (a) the molar ratio between the acid and the deriva

tive of telmisartan ranges from about 2 to about 12, more

preferably from 3 to 8 , and most preferably from 4 and 6 .

10. Process according to any one of claims 1 to 9 , wherein the

solvent is selected from the group consisting of DMSO,

W,W-dimethyf ormamide, W,W-dimethylacetamide, alcohols, wa

ter and mixtures thereof.

11. Process according to any one of claims 1 to 10, wherein

the solvent comprises more than 90 vol.-%, preferably more

than 93 vol.-%, more preferably more than 95 vol.-% and

even more preferably more than 97 vol.-% of water.

12. Process according to claim 11, wherein the solvent is wa

ter.

13. Process according to any one of claims 1 to 12, wherein in

step (b) the mixture is heated to a temperature between 80



and 150 0C , preferably between 100 and 140 0C , more prefera

bly between 115 and 130°C.

14. A process for preparing telmisartan or a pharmaceutically

acceptable salt thereof comprising

(a) providing a mixture containing telmisartan or a salt

thereof,

(b) adjusting pH,

(c) extracting telmisartan with a first organic solvent,

(d) removing the first organic solvent,

(e) crystallizing telmisartan from a second organic sol

vent, and

(f) optionally converting the telmisartan to its pharma-

ceutically acceptable salts.

15. Process according to claim 14 comprising

(a' ) providing a mixture comprising a derivative of

telmisartan, an acid and a solvent,

(a' ') heating the obtained mixture,

(a' '') cooling the obtained mixture,

(b) adjusting pH,

(c) extracting telmisartan with a first organic sol-

vent,

(d) removing the first organic solvent,

(e) crystallizing telmisartan from a second organic

solvent, and

(f) optionally converting the telmisartan to its phar-

maceutically acceptable salts.

16. Process according to claim 15, wherein step (a') is per

formed according to step (a) of the process according to

any one of claims 2 to 12.



17. Process according to claim 14 comprising

(a' ) providing a mixture comprising a salt of telmisar-

tan prepared by any process known from the state of

the art,

(b) adjusting pH,

(c) extracting telmisartan with a first organic sol

vent,

(d) removing the first organic solvent,

(e) crystallizing telmisartan from a second organic

solvent, and

(f) optionally converting the telmisartan to its phar

maceutically acceptable salts.

18. Process according to any one of claims 14 to 17, wherein

in step (b) the pH is adjusted to 4 to 7 , preferably to

4.5 to 6 , more preferably to 5 to 5.5.

19. Process according to any one of claims 14 to 18, wherein

the pH is adjusted by adding an aqueous solution of min

eral bases, mineral acids, ammonia or organic bases, and

preferably by adding an aqueous solution of NaOH or KOH.

20. Process according to any one of claims 14 to 19, wherein

the first organic solvent is selected from the group con

sisting of an ester, an ether, toluene, a halogenated or

ganic solvent and mixtures thereof, and preferably is di-

chloromethane .

21. Process according to any one of claims 14 to 20, wherein

the second organic solvent is selected from the group con

sisting of an alcohol, an ester, a ketone an ether a ni-

trile and mixtures thereof, and preferably is acetone.



22. A process for preparing cyanotelmisartan (4 '-((1,7'-

dimethyl-2 '-propyl -IH, 3 'H- [2 ,5 '-bibenzo [d] imidazol ]-3 '-

yl) methyl) - [1 ,1 '-biphenyl] -2-carbonitrile) comprising

(a) reacting 1 ,7 '-dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-bibenzo-

[d] imidazole or a salt thereof with 4 '- (halomethyl) -

[1 ,1 '-biphenyl] -2-carbonitrile in the presence of a

base and a solvent to obtain cyanotelmisartan.

23. Process according to claim 22, wherein the 4'-

(halomethyl) - [1 ,1 '-biphenyl] -2-carbonitrile is 4 '- (bromo-

methyl) - [1,1 '-biphenyl ]-2-carbonitrile .

24. Process according to claim 22 or 23, wherein the base is

selected from the group consisting of LiOH, NaOH, K2CO3,

Na2CO3, Li2Cθ3 , CS2CO3, KOH and mixtures thereof, and pref

erably is KOH.

25. Process according to any one of claims 22 to 24, wherein

the solvent is selected from the group consisting of N ,N-

dimethylf ormamide, W,W-dimethylacetamide, acetonitrile,

dimethylsulf oxide and mixtures thereof.

26. Process according to claim 25, wherein the solvent is ace-

tonitrile.

27. Process according to any one of claims 22 to 26, wherein

the molar ratio of 4 '- (halomethyl) - [1 ,1 '-biphenyl] -2-

carbonitrile to 1 ,7 '-dimethyl-2 '-propyl-lH, 3 'H-2, 5 '-

bibenzo [d] imidazole or its salt is 1.2 to 1.0.

28. Process according to any one of claims 22 to 27, wherein

the molar ratio of base to 1 ,7 '-dimethyl-2 '-propyl-lH, 3 'H-

2 ,5 '-bibenzo [d] imidazole or its salt is 1.8 to 1.0, pref-

erably 1.5 to 1.3.



29. Process according to any one of claims 22 to 28, wherein

the obtained cyanotelmisartan is further reacted to

telmisartan in accordance with a process as defined in any

one of claims 1 to 21, and in particular in accordance

with a process as defined in claim 1 or claim 15.

30. A multilayer pharmaceutical tablet comprising

(a) at least one first tablet layer comprising

1 to 50 wt. -% telmisartan or a pharmaceutically ac

ceptable salt thereof by weight of the first tablet

layer; and

(b) at least one second tablet layer comprising

1 to 50 wt. -% of a diuretic and

50 to 99 wt. -% of at least one filler

by weight of the second tablet layer, wherein the

combined weight of the diuretic and the at least one

filler is at least 87 wt.-% by weight of the second

tablet layer.

31. A multilayer pharmaceutical tablet comprising

(a) at least one first tablet layer comprising

1 to 50 wt. -% telmisartan or a pharmaceutically ac

ceptable salt thereof by weight of the first tablet

layer; and

(b) at least one second tablet layer comprising



1 to 50 wt. -% of a diuretic; and

less than 2 wt.-% of disintegrant

by weight of the second tablet layer.

32. The tablet according to claim 30 or 31, wherein the second

tablet layer comprises less than 2 wt.-% by weight of the

second tablet layer of one or more disintegrants selected

from the group consisting of crospovidone, pregelatinized

starch, sodium starch glycolate, hydroxypropyl starch,

carboxymethylcellulose sodium and calcium, cross-linked

carboxymethylcellulose sodium, polacrilin potassium, low-

substituted hydroxypropylcellulose, sodium and calcium

alginate, docusate sodium, methylcellulose, agar, guar

gum, chitosan and alginic acid.

33. The tablet according to any one of claims 30 to 32,

wherein the second tablet layer comprises less than 1 wt .-

% , more preferably less than 0.5 wt.-%, most preferably

less than 0.1 wt.-% of disintegrant by weight of the sec

ond tablet layer.

34. The tablet according to any one of claims 30 to 33,

wherein the first tablet layer comprises telmisartan and a

basic agent.

35. The tablet according to any one of claims 30 to 34,

wherein the first tablet layer comprises

(aa) 3 to 50 wt.-%, particularly 5 to 35 wt.-%, more pref

erably 10 to 20 wt. -% of telmisartan or a pharmaceu

tically acceptable salt thereof;

(bb) 0.25 to 20 wt.-%, particularly 1 to 15 wt.-%, more

preferably 2 to 10 wt.-% of basic agent;



(cc) 30 to 95 wt.-%, particularly 60 to 90 wt.-%, more

preferably 70 to 80 wt.-% of filler;

(dd) 1 to 30 wt.-%, particularly 2 to 10 wt.-%, more pref

erably 3 to 7 wt. -% of binder;

(ee) 0 to 30 wt.-%, particularly 2 to 10 wt.-%, more pref

erably 3 to 7 wt. -% of surfactant;

(ff) 0 to 10 wt.-%, particularly 0.25 to 5 wt.-%, more

preferably 0.5 to 2 wt.-% of lubricant; and

(gg) 0 to 1 wt.-%, particularly 0.01 to 0.5 wt.-%, more

preferably 0.05 to 0.2 wt.-% of coloring agent.

36. The tablet according to any one of claims 30 to 35,

wherein the diuretic of the second tablet layer is se

lected from the group consisting of amiloride, chlorotha-

lidone, furosemide, hydrochlorothiazide, indapamide and

piretanide .

37. The tablet according to any one of claims 30 to 36,

wherein the combined weight of the diuretic and the at

least one filler of the second tablet layer is at least 90

wt.-%, more preferably at least 93 wt.-%, even more pref

erably at least 95 wt.-%, most preferably at least 99 wt .-

% by weight of the second tablet layer.

38. The tablet according to any one of claims 30 to 37,

wherein the filler of the second tablet layer is selected

from the group consisting of monosaccharides, oligosaccha

rides, sugar alcohols and mixtures thereof.

39. The tablet according to any one of claims 30 to 38,

wherein the filler of the second tablet layer is selected

from the group consisting of glucose, fructose, saccha

rose, lactose, raffinose, trehalose, dextrates, mannitol,

erythritol, sorbitol, maltitol, xylitol, lactitol and mix

tures thereof.



40. The tablet according to any one of claims 30 to 39,

wherein the second tablet layer comprises

(aa) 1 to 50 wt.-%, particularly 2 to 20 wt.-%, more pref

erably 4 to 8 wt. -% of a diuretic, preferably hydro

chlorothiazide;

(bb) 50 to 99 wt.-%, particularly 80 to 98 wt.-%, more

preferably 90 to 96 wt.-% of filler;

(cc) 0 to 30 wt.-%, particularly 2 to 10 wt.-%, more pref

erably 3 to 7 wt. -% of surfactant;

(dd) 0 to 10 wt.-%, particularly 0.25 to 5 wt.-%, more

preferably 0.5 to 2 wt.-% of lubricant;

(ee) 0 to 10 wt.-%, particularly 0.25 to 5 wt.-%, more

preferably 0.5 to 2 wt.-% of glidant; and

(ff) 0 to 1 wt.-%, particularly 0.01 to 0.5 wt.-%, more

preferably 0.05 to 0.2 wt.-% of coloring agent.

41. The tablet according to any one of claims 30 to 40, which

is a three-layer tablet having a first tablet layer com

prising telmisartan arranged between two second tablet

layers comprising a diuretic.

42. A process for the preparation of a multilayer pharmaceuti

cal tablet comprising at least one layer comprising

telmisartan and at least one layer comprising a diuretic,

the process comprising

(a) providing a first tablet layer composition comprising

telmisartan;

(b) providing a second tablet layer composition compris

ing a diuretic by



(i) dry granulating the diuretic with at least one

filler and optionally other pharmaceutically ac

ceptable excipients to obtain a granulate; and

(ii) optionally blending the obtained granulate with

additional excipients;

(c) optionally providing one or more further tablet layer

compositions; and

(d) compressing said tablet layer compositions to result

in the multilayer pharmaceutical tablet.

43. The process according to claim 42, wherein providing the

second tablet layer composition in step (b) further com

prises (iii) milling the obtained granulate into granules

having an average particle size of less than 80 µm , pref

erably less than 50 µm , more preferably less than 30 µm .

44. A multilayer pharmaceutical tablet prepared by the process

of claims 42 or 43.
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