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AN IMPROVED METHOD FOR THE SYNTHESIS AND PURIFICATION OF PIRFENIDONE

This invention relates to an improved process for the preparation and purification of

pirfenidone.

Pirfenidone (1) is a small molecule whose chemical name is 5-methyl-1-phenyl-2-(1H)-
pyridone. lts use for the manufacture of a medicament for the preparation and/or prevention
of fibrotic lesions is first described in EP0383591.

BRIEF DESCRIPTION OF THE PRIOR ART

Pirfenidone is typically synthesized by copper catalyzed N-arylation of 5-methyl-2-pyridone
with bromobenzene or iodobenzene, generally at elevated temperatures. There are generally
two approaches to the copper catalyzed synthesis of pirfenidone starting from 5-methyl-2-

pyridone:

i. The use of iodobenzene or bromobenzene as solvent.
ii. The use of polar aprotic solvent, such as DMF, in the presence of excess
bromobenzene. In this approach, solvent DMF presumably also acts as a

supporting ligand for copper catalyst.

US3974281 and US3839346 describe the preparation of pirfenidone (1) starting from 5-
methyl-2-pyridone (2} in the presence of anhydrous sodium carbonate, copper powder,
iodobenzene (3), under reflux for 18 hours, furnishing crude pirfenidone (1), which after then
crystallized in benzene and petroleum ether and obtained in a yield of 85%.

0 | 0 /J::::]
NH Cu powder l N

+ -
/ Na2CO3 /

CHj CHg
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EP2440543 explains the synthesis of pirfenidone (1) from 5-methyl-2-pyridone (2) and

excess bromobenzene (1.8 mol eq) (4) with Cu,O catalysis to obtain crude pirfenidone in
85% yield:

0 Br O
NH Cu,O/K,CO4 N
+ >
= DMF, 125°C =
CHs CHa
2 4 1

Those above mentioned methods have some major drawbacks:

When the iodobenzene or bromobenzene reagent is used as solvent or in excess
quantities, their removal from the initially obtained crude product requires the use of
large amounts nonpolar solvents; like heptane, hexane, pentane or petroleum ether.
These solvents have the proper solubilizing power for iodo- or bromobenzene residues
whereas they only poorly dissolve the product pirfenidone. Besides, the use of excess
reagents and large amounts of solvents leads to higher manufacturing costs and
environmental problems. Thus it would be highly advantageous minimizing the quantities

of these reagents and solvents both from economic and environmental point of view.

. When the reaction is run in the presence of polar aprotic solvents like DMF like in

EP2440543, the product isolation gets complicated, directly affecting the product yields.
in order to prevent the product loss due to the presence of DMF, it must be removed by
aqueous washes prior to crude product isolation. Since pirfenidone presents remarkable
aqueous solubility, product loss during extractions to the aqueous phases is inevitable
uniess the aqueous phases are saturated with salts. However, using saturated salt
solutions for aqueous extractions would prevent the effective removal of DMF from the
organic phase that in turn affects the product isolation yield. In fact, EP244053 teaches
that an optimal sodium chloride solution is high enough to minimize the loss of
pirfenidone in the aqueous layer, but low enough to allow maximum amount of DMF in
the aqueous layer. Thus it would be highly advantageous to have a method that utilizes
minimum amount of polar organic solvents like DMF to increase the yields and simplify
the manufacturing process.

Pirfenidone is a small neutral molecule. The absence of acidic or basic sites prevents
the isolation and purification of pirfenidone through the formation of salts. As mentioned

above, means for isolation or purification of pirfenidone is limited to solvent
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precipitations/crystallizations. Thus it would be highly advantageous to have additional
means of purification for pirfenidone free from reagents, colored impurities and residual
solvents etc.

To overcome the disadvantages of the state of art, the present invention provides a process

5 for the synthesis of pirferidone by reacting 5-methyl-2-pyridone with a low quantity of
bromobenzene in a low quantity of polar aprotic solvent in the presence of a copper catalyst
and a base. The present invention also provides a method for purification of pirfenidone by
initially synthesizing an acid adduct of pirfenidone from crude pirfenidone and then
recovering pirfenidone with increased purity.

10  DETAILED DESCRIPTION OF THE INVENTION

The present invention is a process for the synthesis of pirfenidone (1),

0N©

| =
CHs

1
said process comprising the steps of; reacting 5-methyl-2-pyridone (2),

15
with bromobenzene (4),

Br

4

in a polar aprotic solvent, in the presence of Cu(l) or Cu(ll) salts and a base, wherein

bromobenzene (3) is used as 1 to 1,5 mole equivalent of 5-methyl-2-pyridone (2) and the
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polar protic solvent is used as 0,1-1 volume equivalent with respect to weight of 5-methyl-2-
pyridone (2).

According to the invention, 5-methyl-2-pyridone (2) is reacted with preferably 1,2 - 1,4 mole

equivalent of bromobenzene.

According to the invention the polar aprotic solvent can be selected from dimethylsulfoxide
(DMSO), hexamethylphosphoramide (HMPA) and their mixtures thereof. In a preferred
embodiment the reaction is carried out in DMSO wherein DMSO is used as 0,1-1 volume
equivalent with respect to weight of 5-methyl-2-pyridone (2). In a more preferred embodiment
the reaction is carried out in 0,5 volume equivalent DMSO with respect to weight of 5-methyl-

2-pyridone (2).

According to the invention the reaction is carried out in the presence of Cu(l) or Cu(ll) salts,
such as CuCl, CuBr, Cul, Cu,0, Cu(OAc), Cu(OAc).. In a preferred embodiment the reaction
is carried out in the presence of Cu,O or CuBr, wherein the appropriate Cu salt is used in
catalytical amount which means that less than stoichiometric amount.

According to the present invention, the reaction can be carried out in the presence of a base
selected from K,CO; Na,CO;, Na;PO,, K;PO,. In a preferred embodiment the reaction is
carried out in the presence K;CO;. In a more preferred embodiment the reaction is optionally
carried out in the presence of an additional base wherein the additional base is 0,05-0,30
mole equivalent of sodium acetate (NaOAc), preferably 0,2 mole equivalent of NaOAc with
respect to 5-methyl-2-pyridone (2).

According to the invention the reaction is carried out at temperatures sufficient to form

pirfenidone, preferably >100°C, more preferably >120°C or most preferably at 135-140°C.

According to the invention pirfenidone can be isolated from the reaction mixture by traditional
methods.

Another embodiment of the present invention is a process for the purification of pirfenidone

(1),
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wherein said process comprising the steps of;

a) formation of an acid adduct compound (5)

[
)

CH,
5

by reacting pirfenidone or crude pirfenidone with HX, wherein HX is a strong acid with pKa<0

and,
b) recovering the pirfenidone (1) from acid adduct compound (5).
Crude pirfenidone is unpurified isolated reaction product with any level of purity.

Being a neutral molecule, pirfenidone can only form adducts with strong acids. Acids with
pKa>0 was unable to induce adduct formation. Acids with pKa<0 are useful acids for adduct
formation and isolation. For example, pirfenidone cannot form adducts with acetic acid and
phosphoric acid.

According to the invention, suitable acids that may form stable adducts with pirfenidone (1) in
step a are acids with pKa<0. Preferably suitable acids used in adduct formation are selected
from the group of sulfuric acid (H.SO,), hydrochloric acid (HCI), hydrobromic acid (HBr),
hydroiodic acid (H!), and methanesulfonic acid (MsOH).

According to the invention, strong acid that may form stable adducts with pirfenidone (1) in
step a is preferably H,S0,.

According to the invention, the acid adduct formation reaction in step a can be carried out in
a solvent selected from acetone, tetrahydrofuran (THF), acetic acid, ethyl acetate,
dichloromethane and their mixtures or their mixtures with nonpolar solvents, such as toluene.

In a preferred embodiment the reaction is carried out in acetone.

According to the invention, recovery of pirfenidone (1) from pirfenidone adduct (5) in step b
can be carried out in a solvent in the presence of a base which is basic enough to neutralize

the adduct of formula (5). In a preferred embodiment the base is NaOH.

According to the invention, the solvent of step b can be water in which pirfenidone will

precipitate after neutralization of the acid adduct form with a suitable base. The solvent can

5
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also be an organic solvent such as methanol in which pirfenidone acid adduct can be

neutralized.

The present invention provides a process for the synthesis and purification of pirfenidone
free of major drawbacks of the processes presented in the prior art:

a. The use low quantity of bromobenzene (4) is more cost effective and environmentally
friendly. The lower quantities of residual bromobenzene (4) in the crude pirfenidone
(1) product simplify the isolation and purification process and affect the yields in a
positive manner.

b. Easy removal of low quantities of DMSO with aqueous washes simplifies the process.
The lack of considerable quantities of residual DMSO after aqueous washes also
simplifies the crude product isolation and has a positive impact on the yields.

c. Formation of stable adducts with strong acids provided a strong leverage for the quick
and quantitative formation of pirfenidone adduct through which non-polar impurities
and residual bromobenzene was removed completely together with colored
impurities. Pirfenidone acid adduct compounds are highly soluble in water and
soluble in alcohols. Thus, pirfenidone can be recovered easily by dissolving it in a
proper media, final filtration followed by neutralization with a base. This process also
serves as a final purification of pirfenidone to get the product in a pharmaceutically
acceptable purity and form.

The following examples will illustrate the synthesis, isolation, formation of acid adducts of
pirfenidone and recovery of pure pirfenidone from the adduct. These examples should not,

however, be construed as limiting the invention:
Examples:

A) Synthesis of Crude Pirfenidone:

0 Br @]
CuBr 10%
NaQAe 20%
NH K.CO, N
+

- DPMSO, 135140°C =
CHj CH3

2 4 1
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5-methyl-2-pyridone (2) (20 g, 0,18 mol), K,CO; (30,4 g, 0,22 mol), NaOAc (3 g, 0,036 mol,
0,2 mol eq), CuBr (2,62 g, 0,018 mol, 0.1 mol eq) [or Cu,0O (1,29 g, 0,05 mol eg)],
Bromobenzene (4) (40,28 g, 0,26 mol, 1,4 mol eq) and DMSO (10 mL, 0,5 V eq) was placed
in a round bottom flask under a nitrogen atmosphere. Flask was heated to 135-140°C and
stirred at this temperature for 6-8 h. After the completion of the reaction according to HPLC
analysis, reaction medium was cooled down to about 60 °C. Then, 100 mL water was added
to the reaction mixture followed by 4 mL NH,OH and 100 mL toluene. The resulting mixture
was stirred for 15 min and the phases were separated. Agueous phase was extracted with
2x50 mL toluene then organic phases were combined (all extractions were carried out at
about 60°C). Combined organic phases were filtered over a bed of celite after treatment with
charcoal. After evaporation of toluene to the dryness, 36,3 g crude pirfenidone was obtained.
Crude pirfenidone purity is >89,5% (HPLC analysis, UV detector 310 nm).

B) Formation of Pirfenidone: H,S0, adduct:

I /@ O /©
| N H,80, | N

o

CH,

Pirfenidone:H.SO, 1:1
Acetone = H,80, 2=

97-99%
CH,

1

85 g pirfenidone (1) was placed in round bottom flask followed by 3 volume equivalent of
acetone and heated to 40-45°C. After complete dissolution of, 1.0-1.1 mol equivalent of
H,SO, was added slowly through a dropping funnel so as to keep the reaction temperature
below 50°C. After completion of the addition, an extra 1 volume equivalent of acetone was
added to the reaction mixture through the addition funnel. Reaction mixture was stirred for 3-
4 hr at room temperature, then cooled to ~-5°C and further stirred for 3-4 hours. Precipitated
product was filtered, washed with 1 volume equivalent cold acetone and dried in an oven at
50-60°C to furnish pirfenidone adduct in 97-99% yield based on a 1:1 Pirfenidone:H,S0..

C) Recovery of Pirfenidone from pirfenidone: H,SO, adduct:

24 g pirfenidone adduct (5) was placed in a round bottom flask together with 2 volume
equivalent of MeOH. Mixture was heated to 40-45°C and the starting material was dissolved
completely. A separately prepared solution of 2.0-2.2 mol equivalent NaOH dissolved in 4
volume equivalent of MeOH was slowly added during which formation and precipitation of
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insoluble inorganic salts was observed. After completion of addition, mixture was further
stirred for 15-20 min and filtered to obtain a clear solution of pirfenidone. This resulting clear
solution can be evaporated and used for further purification if necessary or can be
evaporated to dryness to get a solid product. For example, in our case, to the residue was
added 2 volume equivalent water (based on the expected product) and heated to ~80°C to
obtain a two phase system or a clear solution based on the amount of residual MeOH in the
original residue. Afterwards, solution was cooled to ambient temperature, then to ~-5°C for 4-
5h. Then product was filtered, washed with cold water and dried in an oven ~50°C to obtain
14.4-14.7 g white product (90-82% based on the pirfenidone: H,SO,4 1:1 adduct).

D) Formation of Pirfenidone: H;80, adduct from crude Pirfenidone:

36,3 g crude pirfenidone (from example A) was placed in round bottom flask followed by 3

volume equivalent of acetone and heated to 40-45°C. After complete dissolution, 1.0-1.1 mol
equivalent of H,SO, was slowly added through a dropping funnel so as to keep the reaction
temperature below 50°C. After the completion of the addition, an extra 1 volume equivalent of
acetone was added to the reaction mixture through the addition funnel. Reaction mixture was
allowed to cool to room temperature and stirred for 1 hr, then cooled to ~-5°C and further
stirred for 4-5 hr at this temperature. Precipitated product was filtered, washed with 1 volume
equivalent cold acetone and dried in an oven at 50-60°C to furnish 48 g pirfenidone adduct in
94% overall yield and 99.8% purity starting from 5-methyl-2-pyridone. The obtained product
is a white solid completely free from Bromobenzene.

E) Formation of pure Pirfenidone:

Pirfenidone: H,S0O, adduct obtained in example D was treated as described in example C to
obtain 29,3 g pure Pirfenidone in 86% overall yield starting from 5-methyl-2-pyridone and
>99,9% purity.
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CLAIMS

1. A process for the synthesis of pirfenidone (1),

said process comprising the steps of; reacting 5-methyi-2-pyridone (2),

=)

with bromobenzene (4),

Br

4

in a polar aprotic solvent, in the presence of Cu(l) or Cu(ll) salts and a base, wherein
bromobenzene (3) is used as 1 to 1,5 mole equivalent of 5-methyl-2-pyridone (2) and the

10 polar protic solvent is used as 0,1-1 volume equivalent with respect to weight of 5-
methyl-2-pyridone (2).

2. A process according to claim 1, wherein 5-methyl-2-pyridone (2) is reacted with
preferably 1,2 - 1,4 mole equivalent of bromobenzene.
3. A process according to claims 1, wherein the polar aprotic solvent is selected from
15 DMSO, HMPA and mixtures thereof.
A process according to claim 3, wherein the polar aprotic solvent is DMSO.
A process according to claim 1, wherein DMSO is used as 0,5 volume equivalent with

respect to weight of 5-methyl-2-pyridone (2).
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6. A process according to claim 1, wherein the Cu(l) or Cu(ll) salt is selected from CuCl,
CuBr, Cul, Cu,0, Cu(OAc), Cu(OAc),, preferably Cu,0 or CuBr.

7. A process according to claim 1, wherein the base is selected from K,CO; Na,CO;,
Naz;POy4, KiPO,, preferably is K,COs.

8. A process according to claim 7, wherein the reaction is optionally carried out in the
presence of an additional base wherein the additional base is 0,05-0,30 mole equivalent
of NaOAc, preferably 0,2 mole equivalent with respect to 5-methyl-2-pyridone (2).

9. A process according to claim 1, wherein the reaction is carried out at temperatures
sufficient to form pirfenidone, preferably >100°C, more preferably >120°C or at 135-
140°C.

10. A process for the purification of pirfenidone (1),

wherein the said process comprising the steps of;
a) formation of an acid adduct compound (5)

%/@

5
by reacting crude pirfenidone with a strong acid HX, wherein HX is a strong acid with
pKa<0 and,

b) recovering the pirfenidone (1) from acid adduct compound (5).

11. A process according to claim 10, wherein the strong acid is selected from the group of
H,SO,, HCI, HBr, HI, and MsOH.

12. A process according to claim 11, wherein the strong acid HX is H,SO,.

13. A process according to claim 10-12, wherein step a is carried out in an organic solvent.

14. A process according to claim 13, wherein the solvent is selected from acetone, THF,
acetic acid, ethyl acetate, dichloromethane and their mixtures or their mixtures with

nonpolar solvents.

10
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15. A process according to claim 10, wherein step b is carried out in the presence of a base.
16. A process according to claim 15, wherein the base is NaOH.
17. An acid adduct form of pirfenidone of formula (5), wherein HX is a strong acid with

pKa<0.
o] @
( N
_ HX
CHs
5 5

18. The use of acid adduct form of pirfenidone of formula (5) for the preparation of

pirfenidone.

10

15

20
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