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PROCESS FOR MANUFACTURING 2-](3,5-DIFLUORO-3'-METHOXY-1,1'-BIPHENYL-4-
YL)AMINOINICOTINIC ACID

The present invention relates to a process for the manufacture of 2-[(3,5-difluoro-3'-

methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid.

This compound, which has the structure of formula (I), as well as a process for its

manufacture, is described in the international patent application WO 2008/077639 A1.

It is generally known that impurities present in pharmaceutical substances should, due to
the regulatory restrictions associated to the pharmaceutical substances, be reduced or, if

possible, eliminated.

In particular, the Guideline on the Specification Limits for Residues of Metal Catalysts or
Metal Reagents from the European Medicines Agency (EMEA), establishes a
concentration limit for metal residues present in pharmaceutical substances due to the
use of a specific metal catalyst or metal reagent in synthetic processes for the

manufacture said pharmaceutical substances.

Additionally, the Guideline on the Limits of Genotoxic Impurities of the Committee for
Medicinal Products for Human Use (CHMP) from the European Medicines Agency
(EMEA) sets concentration limits of genotoxic impurities in drug substances. Some of the
impurities which often reside in pharmaceutical substances are potentially genotoxic
(reagents, intermediates or by-products) either because they are known as genotoxic
and/or carcinogenic (e.g. alkylating agents) or because they are substances which shuw

“alerting structure” in terms of genotoxicity (Judson P, J Toxicol Sci, 2002, 27(4), 278)
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WO 2008/077639 A1 describes a two steps process for the manufacture of 2-[(3,5-

difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid:

Step a)

F o} F
, 1.K2C03, PA(PPh3)4 N

H,N + B oL in toluene / MeOH .
O
[ j O (o}
Br 2.80°C overnight / ethyl  F O ~

F acetate / K2CO3 aq. sol.
4-bromo-2,6-difluoroaniline 3-methoxyphenylboronic acid 3,5-difluoro-3'-methoxybiphenyl-4-amine
Step b)
1. acetic acid,
N F 0 OH 130°C overnight
H
NG O
| _ o + | 2. filtration, washmg
F ~ N with acetic acid and
diethyl ether
3,5-difluoro-3'-methoxybiphenyl-4- 2-chloronicotinic acid 2-[(3,5-difluoro-3"-methoxy-1,1'-bipheny’
amine -4-yl)amino]nicotinic acid

The inventors have now unexpectedly found that, by proper selection of the reaction
conditions, particularly by forming and isolating an aminium salt of 3,5-difluoro-3'-
methoxybiphenyl-4-amine, the process described in WO 2008/077639 A1 can be
optimized to decrease the content of impurities, which can be metal residues from metal-
based catalysts, by-products of the reaction process or non-reacted intermediates

suspected to be genotoxic, while maintaining or increasing the reaction yield.

The inventors have also unexpectedly found that by using a Pd/C catalyst for the coupling
reaction between 4-bromo-2,6-difluoroaniline and 3-methoxyphenylboronic acid, the yield
of the overall reaction can be increased significantly compared with the process described
in WO 2008/077639.

A first aspect of the invention therefore provides a process for manufacturing 2-[(3,5-

difluoro-3'-methoxy-1,1'-biphenyl-4-yt)amino]nicotinic acid, which comprises the steps of:

a) providing 3,5-difluoro-3’-methoxybiphenyl-4-amine,
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b) preparing and isolating an aminium salt of the 3,5-difluoro-3’-methoxybiphenyl-

4-amine, and

c) further reacting the aminium salt of 3,5-difluoro-3'-methoxybiphenyl-4-amine
obtained in b) to obtain  2-[(3,5-difluoro-3'-methoxy-1,1-biphenyl-4-

yhamino]nicotinic acid.

A further aspect of the invention provides a process for manufacturing 2-[(3,5-difluoro-3'-

methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid, which comprises the steps of:

i) reacting 4-bromo-2,6-diflucroaniline with 3-methoxyphenylboronic acid in the
presence of a Pd/C catalyst to obtain 3,5-difluoro-3’-methoxybiphenyl-4-amine,

and

ii) further reacting the 3,5-difluoro-3'-methoxybiphenyl-4-amine obtained in step i)
to obtain-2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid.

A further aspect of the invention provides a compound of formula (I):

)
wherein X is the anion of a mineral acid or an organic acid.

Typically, in step a), 3,5-difluoro-3’-methoxybiphenyl-4-amine is obtained by reacting 4-
bromo-2,6-difluoroaniline with 3-methoxyphenylboronic acid. Step a) of the process
typically corresponds to a coupling reaction of an haloarene with an arylboronic acid and
can be carried out under the conditions of the Suzuki reaction (Miyaura, N.; Suzuki, A.
Chem. Rev. 1995, 95, 2475) or as described in WO 2008/077639 A1. TypAicaHy said
reaction is catalyzed by palladium catalysts such as [1,1'-bis(diphenylphosphino)-
ferrocene] dichloropalladium () complex with dichloromethane (1:1),
tetrakis(triphenylphosphine)-palladium(0), bis(triphenylphosphine)palladium(ll) chloride or
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tris(dibenzylideneacetone)-dipalladium(0) in a aprotic organic solvent such as dioxane,
toluene, dimethylformamide (DMF) or dimethoxyethane (DME) and in the presence of a
base such as cesium carbonate, sodium carbonate, potassium carbonate or potassium

phosphate at a temperature from 70 to 140 °C.

In a preferred embodiment, step a), i.e. reacting 4-bromo-2,6-difluoroaniline with 3-
methoxyphenylboronic acid to obtain 3,5-difluoro-3'-methoxybiphenyl-4-amine is catalyzed
by a heterogeneous palladium supported on carbon catalyst (Pd/C catalyst). Typically in
said Pd/C catalyst the molar ratio palladium to carbon ranges from 0.5 to 20%, preferably
from 1 to 15%. Typically, Pd/C catalyst is applied suspended in aqueous sodium
carbonate or potassium carbonate solution. The Pd/C catalyst is typically loaded in an
amount which ranges from 1 to 20 wt. % of the substrate, preferably from 2 to 15 wt. %.

If step a) is catalyzed by a Pd/C catalyst a polar solvent such as water, methanol, ethanol,
n-propanol, isopropanol, n-butanol, isobutanol, sec-butanol, tert-butanol, n-pentanol, tert-
pentyl alcohol (tert-amy! alcohol), ethylene glycol, propylene glycol, dipropylene glycol or

glycerol can be present in the reaction medium. A particularly preferred solvent is ethanol.

Typically, 3,5-difluoro-3’-methoxybiphenyl-4-amine obtained in step a) is isolated and
purified using standard purification techniques before conducting step b), i.e. the formation
of the aminium salt (i.e. non-quaternary ammonium salt). Standard purification techniques
are described in Purification of Laboratory Chemicals, third edition, 1988, Ed. Pergamon
Press, and include acid-base extraction in a solvent and subsequent distillatipn of said

solvent.

The aminium salt from step b) is typically formed by mixing a mineral acid or an organic
acid with 3,5-difluoro-3’-methoxybiphenyl-4-amine, preferably by mixing said acid with a
solution or suspension of 3,5-difluoro-3’-methoxybiphenyl-4-amine in a solvent or mixture
of solvents selected from the group consisting of Cs-Cg alkanes, C,-Cg haloalkanes,

alcohols, esters, ethers, water and mixtures thereof.

According to the invention the term mineral acid refers to an acid derived by chemical
reaction from inorganic minerals. Preferred mineral acids are selected from the group
consisting of hydrobromic acid, hydrochloric acid, hydrofluoric acid, nitric acid, phosphoric

acid, sulfuric acid and mixtures thereof.
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According to the invention the term organic acid refers to an organic compound with acidic
properties. Preferred organic acids are selected from the group consisting of cyclamic
acid, ethane-1,2-disulfonic acid, methanesulfonic acid, naphthalene-1,5-disulfonic acid,
naphthalene-2-sulfonic acid, thiocyanic acid, formic acid, acetic acid, p-toluenesulfonic

acid, 4-chloro benzenesulfonic acid, 4-bromo benzenesulfonic acid and mixtures thereof.

Preferably, the acid is selected from the group consisting of hydrochloric acid, nitric acid,
phosphoric acid, sulfuric acid, p-toluenesulfonic acid and mixtures thereof. Particularly

preferred acids are hydrochloric acid, p-toluenesulfonic acid and mixiures thereof.

In a preferred embodiment, the acid (mineral or organic) is in the form of an aqueous
solution. Typically, the concentration of said aqueous solution ranges from 5 to 50 wt. %,
preferably from 10 to 40 wt. %.

Preferred solvents are selected from the group consisting of pentane, n-hexane, n-
heptane, n-octane, chloromethane, dichloromethane, tetrachloromethane, ethanol, n-
propanol, isopropanol, n-butanol, isobutanol, sec-butanol, t-butanol, n-pentanol, tert-pentyl
alcohol (tert-amyl alcohol), ethylene glycol, propylene glycol, dipropylene glycol, glycerol,
diethylene glycol monoethyl ether, n-propyl acetate, isopropyl acetate, butyl glycol
acetate, water and mixtures thereof. Preferably, the solvent is selected from the group
consisting of n-hexane, dichloromethane, ethylene glycol, propylene glycol, n-propyl
acetate, isopropyl acetate, water and mixtures thereof. A particularly preferred solvent is

isopropyl acetate.

In one embodiment the aminium salt from step b) is formed by mixing an acid selected
from the grou‘p consisting of hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, p-
toluenesulfonic acid and mixtures thereof in the form of a 5 to 50 wt. %, preferably a 10 to

40 wt. % aqueous solution with 3,5-difluoro-3'-methoxybiphenyl-4-amine.

In another embodiment the aminium salt from step b) is formed by mixing an acid selected
from the group consisting of hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, p-
toluenesulfonic acid and mixtures thereof in the form of a 5 to 50 wt. %, preferably a 10 to
40 wt. % aqueous solution with a solution or suspension of 3,5-difluoro-3'-

methoxybiphenyl-4-amine in a solvent selected from the group consisting of n-hexane,
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dichloromethane, ethylene glycol, propylene glycol, n-propyl acetate, isopropy! acetate

and mixtures thereof.

In a preferred embodiment, the ratio of volume of the solvent from step b) (in L) to the
mass of 4-bromo-2,6-difluoroaniline from step a) (in Kg) ranges from 2:1 to 50:1,
preferably from 4:1 to 25:1, more preferably from 5:1 to 18:1, even more preferably from
6:1 to 9:1. This ratio represents an optimum between yield and impurities. A higher
solvent content would reduce the crystallization yield while a lower solvent content would

increase the amount of impurities, in particular the content of palladium.

Typically, the aminium salt of 3,5-difluoro-3’-methoxybiphenyl-4-amine from step b) is
isolated by filtration and washed with an appropriate solvent before conducting step c).

Preferably said solvent corresponds to the solvent used in step b).

Typically, step ¢) comprises either c1) reacting the aminium salt of 3,5-difluoro-3’-
methoxybiphenyl-4-amine obtained in step b) with 2-chloronicotinic acid, or c2)
hydrolysing the aminium salt of 3,5-difluoro-3’-methoxybiphenyl-4-amine obtained in step
b) to obtain 3,5-difluoro-3'-methoxybiphenyl-4-amine and reacting the thus-obtained 3,5-

difluoro-3’-methoxybiphenyl-4-amine with 2-chloronicotinic acid.

In one embodiment (step c1), the aminium salt of 3,5-difluoro-3’-methoxybiphenyl-4-amine
from step b) is dried or semidried to remove or partially remove the solvent and then it is
reacted with 2-chloronicotinic acid to obtain 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-

yl)amino]nicotinic acid.

In another embodiment (step c2), the aminium salt of 3,5-difluoro-3'-methoxybiphenyl-4-
amine from step b) is optionally, dried or semidried to remove or partially remove the
solvent. Subsequently, said aminium salt is hydrolyzed in the presence of water under
well-known reaction conditions to 3,5-difluoro-3'-methoxybiphenyl-4-amine and finally, 3,5-
difluoro-3’-methoxybiphenyl-4-amine in the amine form is reacted with 2-chloronicotinic

acid to obtain 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid.

According to the invention, it is preferred that step c1) or c2) takes place in a-solvent or
mixture of solvents. Typically, solvents are selected from the group consisting of ethanol,

n-propanol, isopropanol, n-butanol, isobutanol, sec-butanol, t-butanol, n-pentanol, tert-
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pentyl alcohol (tert-amyl alcohol), ethylene glycol, propylene glycol, dipropylene glycal,
glycerol, diethylene glycol monoethyl ether, tetrahydrofurane, 1,4-dioxane, 1,2-dioxane,
1,3-dioxane and mixtures thereof. Preferably solvents are selected from the group
consisting of ethanol, ethylene glycol, propylene glycol, dipropylene glycol and mixtures

thereof. A particularly preferred solvent is ethanol.

In one embodiment, step c2) can be carried out in water, preferably without isolating the
3,5-difluoro-3'-methoxybiphenyl-4-amine in the amine form obtained by hydrolysis reaction

of the aminium salt.

According to the invention, it is preferred that in step c1) or c2) a mineral acid or an

organic acid is added to the reaction mixture.

However, when step c2) takes place in water, a mineral acid or an organic acid can

optionally be added to the reaction mixture.

Preferred mineral acids to be used in steps c1) or c2) are selected from the group
consisting of hydrobromic acid, hydrochloric acid, hydrofluoric acid, nitric acid, phosphoric

acid, sulfuric acid and mixtures thereof.

Preferred organic acids are selected from the group consisting of cyclamic acid, ethane-
1,2-disulfonic acid, methanesulfonic acid, naphthalene-1,5-disulfonic acid, naphthalene-2-
sulfonic acid, thiocyanic acid, formic acid, acetic acid, p-toluenesulfonic acid, 4-chloro

benzenesulfonic acid, 4-bromo benzenesulfonic acid and mixtures thereof.

Preferably, the acid is selected from the group consisting of hydrochloric acid, nitric acid,
phosphoric acid, sulfuric acid, p-toluenesulfonic acid and mixtures thereof. Particularly

preferred acids are hydrochloric acid, p-toluenesulfonic acid and mixtures thereof.

In a preferred embodiment, the acid (mineral or organic) is in the form of an aqueous
solution. Typically, the concentration of said aqueous solution ranges from 5 to 50 wt. %,

preferably from 7 to 40 wt. %, more preferably from 8 to 20 wt. %.

In a preferred embodiment, the volume ratio of the solvent to the acid ranges from 1:5 to

1:15, preferably from 1:2 to 1:10, more preferably from 1:1 to 1:5.



WO 2011/045059 PCT/EP2010/006283

Typically, 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid obtained in
step c1) or c2) is further purified using standard purification techniques such as. distillation

of the solvent, filtration, extraction and/or lixiviation.
In one embodiment, the process of the invention comprises the steps of

a) reacting 4-bromo-2,6-difluoroaniline with 3-methoxyphenylboronic acid to obtain

3,5-difluoro-3'-methoxybiphenyl-4-amine,

b) forming and isolating an aminium salt of 3,5-difluoro-3’-methoxybiphenyl-4-

amine obtained in step a), and

c1) reacting the aminium salt of 3,5-difluoro-3'-methoxybiphenyl-4-amine from step
b) with 2-chloronicotinic acid, or

c2) hydrolysing the aminium salt of 3,5-difluoro-3’-methoxybiphenyl-4-amine frem
step b) to obtain 3,5-difluoro-3'-methoxybiphenyl-4-amine and reacting the thus-

obtained 3,5-difluoro-3’-methoxybiphenyl-4-amine with 2-chloronicotinic acid.

In a preferred embodiment, the process for the manufacture of 2-[(3,5-difluoro-3'-methoxy-

1,1'-biphenyl-4-yl)amino]nicotinic acid comprises the steps of:

a) reacting 4-bromo-2,6-difluoroaniline with 3-methoxyphenylboronic acid to obtain
3,5-difluoro-3'-methoxybiphenyl-4-amine,

b) forming and isolating an aminium salt of 3,5-difluoro-3’-methoxybiphenyl-4-
amine obtained in step a) by mixing an acid selected from the group consisting of
hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, p-toluenesulfonic acid
and mixtures thereof with a solution or suspension of 3,5-difluoro-3'-
methoxybiphenyl-4-amine in a solvent selected from the group consisting of n-
hexane, dichloromethane, ethylene glycol, propylene glycol, n-propyl acetate,

isopropyl acetate and mixtures thereof,
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c1) reacting the aminium salt of 3,5-difluoro-3'-methoxybiphenyl-4-amine from step

b) with 2-chloronicotinic acid.

According to the invention, it is preferred that in step ¢1) a mineral acid or an organic acid

is added to the reaction mixture.

Preferred mineral acids are selected from the group consisting of hydrobromic acid,
hydrochloric acid, hydrofluoric acid, nitric acid, phosphoric acid, sulfuric acid and mixtures

thereof.

Preferred organic acids are selected from the group consisting of cyclamic acid, ethane-
1,2-disulfonic acid, methanesulfonic acid, naphthalene-1,5-disulfonic acid, naphthalene-2-
sulfonic acid, thiocyanic acid, formic acid, acetic acid, p-toluenesulfonic acid, 4-chloro

benzenesulfonic acid, 4-bromo benzenesulfonic acid and mixtures thereof.

Preferably, the acid is selected from the group consisting of hydrochloric acid, nitric acid,
phosphoric acid, sulfuric acid, p-toluenesulfonic acid and mixtures thereof. Particularly

preferred acids are hydrochloric acid, p-toluenesulfonic acid and mixtures thereof.

In a preferred embodiment, the acid (mineral or organic) is in the form of an aqueous
solution. Typically, the concentration of said aqueous solution ranges from 5 to 50 wt. %,

preferably from 7 to 40 wt. %, more preferably from 8 to 20 wt. %.

According to the invention, it is preferred that step c1) takes place in a solvent or mixture

of solvents.

Preferred solvents are selected from the group consisting of pentane, n-hexane, n-
heptane, n-octane, chloromethane, dichloromethane, tetrachloromethane, ethanol, n-
propanol, isopropanol, n-butanol, isobutanol, sec-butanol, t-butanol, n-pentanol, tert-pentyl
alcohol (tert-amyl alcohol), ethylene glycol, propylene glycol, dipropylene glycol, glycerol,
diethylene glycol monoethy! ether, n-propyl acetate, isopropyl acetafe, butyl glycol acetate
and mixtures thereof. Preferably, the solvent is selected from the group consisting of n-
hexane, dichloromethane, ethylene glycol, propylene glycol, n-propyl acetate, isopropyl

acetate, water and mixtures thereof. A particularly preferred solvent is isopropyl acetate.
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In another preferred embodiment, the process for the manufacture of 2-[(3,5-difluoro-3'-

methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid comprises the steps of:

a1) reacting 4-bromo-2,6-difluoroaniline with 3-methoxyphenylboronic acid to

obtain 3,5-difluoro-3'-methoxybiphenyl-4-amine,
a2) purifying 3,5-difluoro-3'-methoxybiphenyl-4-amine,

b) forming and isolating an aminium salt of 3,5-difluoro-3’-methoxybiphenyl-4-
amine obtained in step a2) by mixing an acid selected from the group consisting of
hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, p-toluenesulfonic acid
and mixtures thereof with a solution or suspension of 3,5-difluoro-3'-
methoxybiphenyl-4-amine in a solvent selected from the group consisting of n-
hexane, dichloromethane, ethylene glycol, propylene glycol, n-prOp)}l acetate,

isopropyl acetate and mixtures thereof,

c1) reacting the aminium salt of 3,5-difluoro-3'-methoxybiphenyl-4-amine from step
b) with 2-chloronicotinic acid to obtain 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-
yl)amino]nicotinic acid in a solvent or mixture of solvents and adding a mineral acid

or organic acid to the reaction mixture,

d) purifying 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid.

Typically, 3,5-difluoro-3'-methoxybiphenyl-4-amine (step a2) and 2-[(3,5-difluoro-3'-

methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid (step d) are purified using standard
purification techniques such as acid-base extraction in a suitable solvent. Additionally,

subsequent distillation of said solvent may be carried out if needed.

The term distillation refers to method of separating mixtures based on differences in their

volatilities in a boiling liquid mixture. Typically, distillation is used to eliminate the solvent.

The term acid-base extraction refers to a procedure using sequential liquid-liquid
extractions to purify acids and bases from mixtures based on their chemical properties.
Usually, the mixture is dissolved in a suitable solvent and poured into a separating funnel.

An aqueous solution of the acid or base is added, and the pH of the aqueous phase is
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adjusted to bring the compound of interest into its required form. After shaking and
allowing for phase separation, the phase containing the compound of interest is collected.
The procedure is then repeated with this phase at the opposite pH range. The order of the
steps is not important and the process can be repeated to increase the separation.

Typically, sodium carbonate, potassium carbonate, sodium hydroxide, potasium
hydroxide, ammonia, sodium bicarbonate, potassium bicarbonate or mixtures thereof are
used to adjust the pH to alkaline conditions. According to the invention, preferred bases
are sodium carbonate, sodium hydroxide, ammonia or mixtures thereof. It is preferred that
the base (or mixture of bases) is used in the form of aqueous solutions. Typically, the
concentration of said aqueous solution ranges from 2 to 50 wt. %, preferably from 3 to 40
wt. %, more preferably from 3 to 30 wt. %.

Typically, citric acid, phosphoric acid, hydrochloric acid, nitric acid, sulfuric acid or
mixtures thereof are used to adjust the pH to acidic conditions. According to the invention,
preferred acids are hydrochloric acid, phosphoric acid, sulfuric acid or mixtures thereof. it
is preferred that the acid (or mixture of acids) is used in the form of aqueous solutions.
Typically, the concentration of said aqueous solution ranges from 5 to 50 wt. %, preferably
from 10 to 40 wt. %.

Typically, suitable solvents to be used in the acid-base extraction are solvents non-
miscible in water such as pentane, n-hexane, ciclohexane, n-heptane, n-octane,
chloromethane, dichloromethane, tetrachloromethane, ethyl acetate, n-propyl acetate,
isopropyl acetate, butyl glycol acetate and aromatic solvents such as benzene, toluene,
ethylbenzene, chlorobenzene, p-xylene, m-xylene, o-xylene, styrene, isopropylbenzene,
n-propylbenzene, 2-chlorotoluene, 3-chlorotoluene, 4-chlorotoluene, tert-butylbenzene, s-
butylbenzene,  isobutylbenzene,  1,3-dichlorobenzene,  1,4-dichlorobenzene,  n-
butylbenzene, 1,2-dichlorobenzene, 1,3-diisopropylbenzene, 1,4-diisopropylbenzene, 2-
nitrotoluene, 3-nitrotoluene, 4-nitrotoluene and mixtures thereof. Preferred solvents are
selected from the group consisting of n-hexane, ciclohexane, dichloromethane, ethyl
acetate, n-propyl acetate, isopropyl acetate, toluene, 2-nitrotoluene, 3-nitrotoluene, 4-

nitrotoluene and mixtures thereof.

In a preferred embodiment, 3,5-difluoro-3'-methoxybiphenyl-4-amine (step a2) is purified
by acid-base extraction using 2 to 50 wt. %, preferably from 3 to 40 wt. %, more preferably
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from 3 to 30 wt. % of aqueous solutions of bases selected from sodium carbonate, sodium
hydroxide, ammonia and mixtures thereof in a solvent selected from n-hexane,
ciclohexane, dichloromethane, ethyl acetate, n-propyl acetate, isopropyl acetate and

mixtures thereof, followed by a distillation of the solvent.

In a preferred embodiment, 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic
acid (step d) is purified by an acid-base extraction using 2 to 50 wt. %, preferably from 3
to 40 wt. %, more preferably from 3 to 30 wt. % of aqueous solutions of bases selected
from sodium carbonate, sodium hydroxide, ammonia and mixtures thereof in a solvent
selected from n-hexane, ciclohexane, p-xylene, m-xylene, o-xylene, toluene, 2-
nitrotoluene, 3-nitrotoluene, 4-nitrotoluene and mixtures thereof; followed by precipitation
using 5 to 50 wt.%, preferably 10 to 40 wt.% of aqueous solutions of acids selected from

hydrochloric acid, phosphoric acid, sulfuric acid and mixtures thereof.

In  another preferred embodiment,  2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-
yl)amino]nicotinic acid is further purified by subsequent lixiviation (step e) in a solvent or

mixture of solvents having a boiling point of between 30 and 210 °C.

The term lixiviation refers to the process of separating soluble from insoluble substances

by dissolving the former in water or some other solvent.

In a preferred embodiment, in the lixiviation step (e) the solvent or mixture of solvents
having a boiling point of between 30 and 210 °C are selected from the group consisting of
ketones, ethers including cyclic ethers, Cs-Cg alkanes including Cs-Cjy cicloalkanes and

alcohols.

The following are some examples of solvents that can be used for carrying out the
lixiviation: acetone, methyl ethyl ketone (MEK), methyl isobutyl ketone (MIK), phenyl ethyl
ketone, cyclopentanone, dioxane, tetrahydrofurane, ethyltetrahydrofurane,
ethyltetrahydrofurane, n-pentane, n-hexane, n-heptane, n-octane, ciclopentane,
ciclohexane, methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, tert-
butanol and tert-pentyl alcohol (tert-amy! alcohol). Preferred solvents are selected from
the group consisting of acetone, n-hexane or ethanol. A particularly preferred solvent is

acetone.
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Step (i) of the process of the invention is catalyzed by a heterogeneous palladium
supported on carbon catalyst (Pd/C catalyst). Typically in said Pd/C catalyst the molar
ratio palladium to carbon ranges from 0.5 to 20%, preferably from 1 to 15%. Typically,
Pd/C catalyst is applied suspended in aqueous sodium carbonate or potassium carbonate
solution. The Pd/C catalyst is typically loaded in an amount which ranges from 1 to 20 wt.
% of the substrate, preferably from 2 to 15 wt. %. A polar solvent such as water,
methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, sec-butanol, tert-
butanol, n-pentanol, tert-pentyl alcohol (tert-amyl alcohol), ethylene glycol, propylene
glycol, dipropylene glycol or glycerol is typically present in the reaction medium. A

particularly preferred solvent is ethanol.

Step (ii) of the process of the invention typically comprises steps b) and c¢) as defined
above. Thus, step (ii) of the process of the invention typically compises the steps of:

b) forming and isolating an aminium salt of 3,5-difluoro-3'-methoxybiphenyl-4-
amine provided in step a), and

c) further reacting the aminium salt of 3,5-difluoro-3'-methoxybiphenyl-4-amine
obtained in b) to obtain  2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-
yl)amino]nicotinic acid.

Preferred embodiments of steps b) and c) are defined above.

In the compound of the present invention, X is typically the anion of a mineral acid or

organic acid described above. X' is preferably ClI".

The following examples show illustrative methods for preparing compounds according to

the present invention, and are not intended to limit the scope of the invention.

EXAMPLES

Example 1

1) Preparation of 3,5-difluoro-3’-methoxybiphenyl-4-amine (step a)
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10 kg of 4-bromo-2,6-difluoroaniline (48.08 mol) and 67 L of toluene were charged into a
reactor under nitrogen atmosphere and stirred at 20 °C until complete dissolution. 1.67 kg
of Pd(PPh3)s (1.44 mol) were charged and stirred for 10 min. 48 L of a 20 wt. % aqueous
solution of Na,CO; were then charged, followed by the addition of a solution of 3-
methoxyboronic acid (8.77 kg, 57.7 mol) in methanol (32 L) over 20 minutes. The mixture
was heated at 72 °C for 4 hours and then cooled to 20 °C. .

2) Purification of 3,5-difluoro-3'-methoxybiphenyl-4-amine

2.1. A solution of 123 L of a 10% aqueous solution of Na,CO;, 1.5 L of a 25 wt. % aque-
ous solution of ammonia and 2.0 kg of a filtration resin (Dicalite) were charged to the reac-
tor and the mixture stirred for 5 minutes. The mixture was recirculated through a filter until
clarification of the liquors (35 min) and charged into a reactor. 60 L of isopropy! acetate
were added and the mixture was stirred for 10 minutes and the phases (A1+01) were
allowed to separate. The aqueous phase (A1) was transferred to a different reactor and
60 L of isopropyl acetate were charged. The mixture was stirred and the phases (A2 + 02)
were allowed to separate. Both organic phases (O1+02) were charged into a reactor and
108 L of a 10 wt. % aqueous solution of Na,CO; were added. The mixture was stirred and
the phases (A3+03) were allowed to separate. The organic phase (O3) was stirred with
108 L of a 10 wt. % aqueous solution of Na,CO; and the phases (A4+04) were allowed to
separate. The organic phase (O4) was stirred with 100 L demineralised water and the
phases (A5+05) were allowed to separate. The organic phase (O5) was filtered over a

filtration resin (Dicalite) in a filter and charged in to a reactor.

2.2. Distillation: The organic phase (O5) was distilled during 2 hours under reduced pres-

sure (approx. 750 mm Hg) keeping the distilled mixture at temperature below 65 °C.

3) Preparation of the aminium salt (step b)

The distillation residue was dissolved in 100 L of isopropyl acetate, the mixture was
cooled to 0-5 °C and 4.2 L of a 35 wt. % aqueous solution of HC| were added drop-wise
until the pH was lower than 2. The aminium salt precipitated as a white solid from the dark
brown coloured solution. The slurry was stirred for 2 hours at 0-5 °C, filtered and the cake
washed twice with 50 L of previously cooled isopropyl acetate. The cake was pulled dry

under reduced pressure. 3,5-difluoro-3'-methoxybiphenyl-4-aminium chloride was isolated
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as beige solid. The weight of the wet-cake was 13.83 kg, equivalent to 10.25 kg of dry
product (37.73 mol) which corresponds to a yield of 78.5 %.

4) Preparation of 2-[(3,5-difluoro-3'-methoxy-1,1"-biphenyl-4-yl)amino]nicotinic acid (step
c1)

3,5-difluoro-3’-methoxybiphenyl-4-aminium chloride as wet cake (equivalent to 10.25 kg
dry, 37.73 mol) and 30 L of ethanol 96% were charged into a reactor and stirred
vigorously (150 rpm) at 20°C. Then, the following materials were charged: 100 L of a 10
wt. % aqueous solution of HCI, 3.5 kg of p-toluenesulfonic acid (18.4 mol) and 11.6 kg of
2-chloronicotinic acid (73.6 mol). The slurry was heated to reflux (90-95 °C) under
vigorous stirring. After 8 hours of reaction, 2.9 kg of 2-chloronicotinic acid (18.4 mol) were
charged and the mixture was stirred for a further 8 hours.

The reaction was distilled until a distillation temperature of 100 °C was reached, ensuring
that all the ethanol had been removed. After complete distillation of ethanoll 150 L of
demineralised water were added, the mixture was heated to 95 °C and the hot slurry was
filtered at 95 °C in a closed filter. The cake was washed twice with hot water (2 x 100 L).

5) Purification of 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid

5.1. A mixture of 80 L of a 4 wt. % aqueous solution of NaOH and 50 L of toluene
previously cooled to 15 °C were recirculated through the filter until complete dissolution of
the cake and charged into a reactor. The layers were allowed to separate (A1+01). The
aqueous phase (A1) was stirred with 50 L of toluene and the layers were allowed to
separate (A2+02), and the aqueous phase (A2) was filtered over a filtration resin
(Dicalite) and charged into a reactor. The filter was washed with 10 L of a 4 wt. %
aqueous solution of NaOH, and 15 L of demineralised water, and both filtrates were
charged to the reactor which contained the aqueous phase A2.

The aqueous phase A2 was cooled to 0-5 °C and a HClI in the form of a 35 wt. % aqueous
solution was added keeping the reaction temperature below 15 °C until the pH of the
mixture was 1. The slurry was stirred for 1 hour, filtered and the cake washed three times

with previously cooled demineralised water (3 x 100 L).

5.2. The solid was suspended in 80 L acetone, refluxed for 30 min and the mixture
allowed to cool to 0-5 °C. After 1 hour, the slurry was filtered and the cake washed twice

with previously cooled acetone (2 x 10 L).
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The cake was dried at 60 °C under reduced pressure until constant weight and was milled
at 1600 rpm using a 0.8 mm sieve.
2-[(3,5-difluoro-3'-methoxy-1, 1'-biphenyl-4-yl)amino]nicotinic acid was isolated as a white

solid yielding 8.9 kg (24.98 mol) which corresponds to a yield of 66.2%.

Example 2
1) Preparation of 3,5-difluoro-3'-methoxybiphenyl-4-amine (step a) using a Pd/C catalyst

100 g of 4-bromo-2,6-difluoroaniline (0.481 mol) were dissolved in 750 mL of ethanol 96
% under nitrogen atmosphere and stirred at 20 °C for 15 minutes. Then, 38.85 g (18
mmol, 3.75% molar) of Pd/C 50 wt. % wet were added followed by the addition of 1.25 L
of a 20 wt. % aqueous solution of Na,CO; keeping the reaction temperature below 30°C.
Finally, 87.67 g (0.577 mmol, 1.2 eq) of 3-methoxyboronic acid were added and the reac-
tion heated to 60 °C for 8 hours and then cooled to 20 °C.

2) Purification of 3,5-difluoro-3'-methoxybiphenyl-4-amine

2.1. 600 mL of isopropyl acetate were added and the mixture was stirred for 10 minutes
and the phases (A1+01) were allowed to separate. The aqueous phase (A1) was stirred
with 600 mL of isopropy! acetate for 10 minutes and the phases (A2 + O2) were allowed to
separate. Both organic phases (O1+02) were stirred with 600 mL demineralised water
and the phases (A3+03) were allowed to separate. The organic phase (O3) was filtered

over a filtration resin (Dicalite) in a filter.

2.2. Distillation: The organic phase (0O3) was distilled under reduced pressure (approx.
750 mm Hg) keeping the distilled mixture at temperature below 65 °C to yield a dark col-

oured oil residue.

3) Preparation of the aminium salt (step b)

The distillation residue was dissolved in 800 L of isopropyl acetate (8 vol/w) , the mixture
was cooled to 0-5 °C and 50 mL of a 35 wt. % aqueous solution of HCI were added drop-
wise until the pH was lower than 2. The aminium salt precipitated as a white solid from the
dark brown coloured solution. The slurry was stirred for 2 hours at 0-5 °C, filtered and the

cake washed twice with 50 mL of previously cooled isopropyl acetate. The cake was
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pulled dry under reduced pressure and dried at 60 °C under reduced pressure (approx.
750 mm Hg) to constant weight. A total of 117 g (0.431 mmol, 89 % yield) of 3,5-difluoro-
3’-methoxybiphenyl-4-aminium chloride were isolated as beige solid.

4) Preparation of 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid (step
c1)

The experimental procedure described in Example 1 was followed .

5) Purification of 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid

The cake was suspended in acetone. The solid was suspended in 650 mL acetone,
refluxed for 30 min and the mixture allowed to cool to 0-5 °C. After 1 hour, the slurry was
filtered and the cake washed twice with previously cooled acetone (2 x 65 mL). -
2-{(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid was isolated as a white
solid yielding 129 g (0.362 mol, 84 % yield) which corresponds to an overall yield of 75 %.

Comparative Example 1

33.44 g of 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid, which corre-
sponds to a yield of 53.4%, were obtained and purified following the process described in
WO 2008/077639 A1.

The total impurities’ content and the palladium content of 2-[(3,5-difluoro-3'-methoxy-1,1'-
biphenyl-4-yl)amino]nicotinic acid obtained in Examples 1 and 2 (according to the
invention) and Comparative Example 1 (C1) are indicated in Table 1. Said impu‘rities were
determined by High Performance Liquid Chromatograph (HPLC) and/or Capillary

electrophoresis (CE). Additionally, the reaction yield is also indicated.

Table 1 — Impurities’ content and reaction yield of the different processes

Overall
Pd content Total impurities’ content )
-Example ( ) (excluding Pd)' (%) Reaction
ppm excludin
P S ° yield (%)
1 <2 0.10 66.2
2 <10 0.20 75.0
C1 100 0.46 53.4
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wt.% with respect to the total weight of 2-{(3,5-difluoro-3-methoxy-1, 1"-biphenyl-4-

ylyaminojnicotinic acid.

From the experimental results it can be concluded that the process according to the
invention allows a reduction in the content of impurities in 2-{(3,5-difluore-3-methoxy-1, 1"
biphenyl-<4-yllamino]nicotinic acid, while increasing the reaction yield. This reduction of
impurities is particularly avident in the case of the Pd content.

Additionally, when the coupling step between 4-bromo-2,8-diflucroaniline and 3-
methoxyphenylborenic acid to obtain 3 5-diffucro-3'-methoxybiphenyl-4-amine is catalyzed
by a Pd/C catalyst the reaction yield is further increased.

Throughout this specification and the ciaims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as “comprises” and "comprising", will
be understood {0 imply the inclusion of a stated integer or step or group of integers or
steps but not the axclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any forni of suggestion that that prior publication (or information derived from
it) or known matter forms part of the common general knowledge in the field of endeavour
to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A process for manufacturing 2-{(3,5-difluoro-3-methoxy-1,1-biphenyl-4-
yhaminonicotinic acid, which comprises the steps of:

a) providing 3,5-diffuore-3-methoxybiphenyl-4-amine,

by preparing and isolating an aminium salt of the 3,5-difluoro-3-methoxybiphenyl-
4-amine, and

c) further reacting the aminium salt of 3, 5-difluoro-3-methoxybiphenyl-4-amine
obtained in b) ta obtain 2-[(3.5-difluoro-3'-methoxy-1. 1"-bighenyl-4-
yhiaminoinicotinic acid.

A process according to slaim 1, wherein in step aj 3,5-diflucre-3-methoxybiphenyl-
4-amine is obtained by reacting 4-bromo-2 §-diflucroaniline with 3-
methoxyphenylboronic acid.

A process according to claim 1 or 2, wherein step ¢) comprises the step of ¢1)
reacting the aminium salt of 3,5-difluoro-3-methoxybiphenyl-4-amine obtained in
step k) with 2-chloronicotinic acid, or c2) hydrolysing the aminium salt of 3,5-
diffuaro-3'-methoxybiphenyl-4-amine obtained in step b) to obtain 3,5-difluore-3'-
methoxybiphenyl-4-amine and reacting the thus-obtained 3,5-diflucro-3'~
methoxybiphenyl-4-amine with 2-chloronicotinic acid.

A process according to any one of the preceding claims, wherein the aminium salt
in step by is formed by mixing a mineral acid or an organic acid with a solution or
suspension of the 3,5-difluoro-3'-methoxyhiphenyl-4-amine, in a solvent selected
from the group consisting of Cs-C; alkanes, C-C; haloalkanes, alcohols, esters
and ethers, water and mixtures thereof.

A process according to claim 4, wherein:
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the mineral acid is selected from the group consisting of hydrobromic acid,
hydrochloric acid, hydrofluoric acid, nitric acid, phosphoric acid, sulfuric acid and

mixtures thereof; and/or

the organic acid is selected from the group consisting of cyclamic acid, ethane-1,2-
disulfonic acid, methanesulfonic acid, naphthalene-1,5-disulfonic acid,
naphthalene-2-suffonic acid, thiocyanic acid, formic acid, acetic acid, p-
toluenesulfonic acid, 4-chloro benzenesulfonic acid, 4-bromo benzenesulfonic acid

and mixtures thereof; and/or

the solvent is selected from the group consisting of pentane, n-hexane, n-heptane,
n-octane, chloromethane, dichloromethane, tetrachloromethane, ethanol, n-
propanol, isopropanol, n-butanol, isobutanol, sec-butanol, t-butanol, n-pentanol,
tert-pentyl alcohol (tert-amyl alcohol), ethylene glycol, propylene glycol,
dipropylene glycol, glycerol, diethylene glycol monoethyl ether, n-propyl acetate,
isopropyl acetate, butyl glycol acetate, water and mixtures thereof, preferably n-
hexane, dichloromethane, ethylene glycol, propylene glycol, n-propyl acetate,

isopropyl acetate, water and mixtures thereof.

A process according to any one of claims 2 to 5, wherein the ratio of the volume of
the solvent in step b) to the mass of 4-bromo-2,6-difluoroaniline from step a)

ranges from 2:1 to 50:1, preferably from 5:1 to 25:1.

A process according to any one of claims 3 to 6, wherein step c1) or c2) takes

place in a solvent or mixture of solvents.

A process according to claim 7, wherein the solvent is selected from the group
consisting of ethanol, n-propanol, isopropanol, n-butanol, isobutanol, sec-butanol,
t-butanol, n-pentanol, tert-pentyl alcohol (tert-amyl alcohol), ethylene glycol,
propylene glycol, dipropylene glycol, glycerol, diethylene glycol monoethyl ether,

tetrahydrofurane, 1,4-dioxane, 1,2-dioxane, 1,3-dioxane and mixtures thereof.

A process according to any one of claims 3 to 8, wherein in step c1) or c2) a
mineral acid as defined in claim 4 or 5 or an organic acid as defined in claim 4 or 5

is added to the reaction mixture.
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A process according to claim 9, wherein the acid is added in the form of an
aqueous solution; and/or wherein the volume ratio of the solvent to the acid ranges
from 1:5 to 1:15, preferably from 1:2 to 1:10.

A process according to claim 1, which comprises the steps of:

a) reacting 4-bromo-2,6-difluoroaniline with 3-methoxyphenylboronic acid to obtain
3,5-difluoro-3'-methoxybiphenyl-4-amine,

b) forming and isolating an aminium salt of 3,5-difluoro-3’-methoxybiphenyl-4-
amine obtained in step a) by mixing an acid selected from the group consisting of
hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, p-toluenesulfonic acid
and mixtures thereof with a solution or suspension of 3,5-difluoro-3-
methoxybiphenyl-4-amine in a solvent selected from the group consisting of n-
hexane, dichloromethane, ethylene glycol, propylene glycol, n-propyl aceta‘e,

isopropyl acetate and mixtures thereof, and

c1) reacting the aminium salt of 3,5-difluoro-3’-methoxybiphenyl-4-amine from step

b) with 2-chloronicatinic acid.

A process according to any one of claims 2 to 11, wherein step a) is catalyzed by a
Pd/C catalyst.

A process for manufacturing 2-{(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-
ylYamino]nicotinic acid, which comprises the steps of:

i) reacting 4-bromo-2,6-difluoroaniline with 3-methoxyphenylboronic acid in the
presence of a Pd/C catalyst to obtain 3,5-difluoro-3’-methoxybiphenyi-4-amine,
and

i) further reacting the 3,5-difluoro-3'-methoxybiphenyl-4-amine obtained in step i)
to obtain 2-[(3,5-difluoro-3'-methoxy-1,1'-biphenyl-4-yl)amino]nicotinic acid.
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14. A process according to claim 13, wherein step ii) comprises steps b) and c) as

defined in any one of claims 1 and 3 to 12.

15. A compound of formula (1):

(1

wherein X' is the anion of a mineral acid or an organic acid.



