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Process for the production of Dronedarone intermediates

A process for the production of Dronedarone intermediates of the formula |

_ O R1
O
| +
5 |
by acylation of 2-(2-hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone,
subsequent treatment of the ester with bases and a zeolite (alumosilicate) catalyst
and optional subsequent demethylation. This process can be used for the production
of Dronedarone.
10

The present invention relates to a chemical process for the manufacture of 2-n-butyl-

3-(4-methoxybenzoyl)-5-nitrobenzofuran of the formula |, wherein R1 is OMe, (=

compound of the formula la) and 2-n-butyl-3-(4-hydroxybenzoyl)-5-nitrobenzofuran of

the formula |, wherein R1 i1s OH; (= compound of the formula Ib) which are both key
15 Iintermediates for the production of N-(2-n-butyl-3-{4-[3-(dibutylamino)-propoxy]-

benzoyl}-benzofuran-5-yl)-methanesulfonamide of the formula Il (Dronedarone).

O~ | \
HN\|/\ \ N\/\/
\/\O/ \/

1
20  Dronedarone is a drug for the treatment of arrhythmia (US5223510) and several prior
art methods are disclosed for its preparation. These methods involve stepwise

procedures via a number of intermediates, of which two examples are 2-n-butyl-5-
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nitrobenzofuran of the formula Il and 2-n-butyl-3-(4-methoxybenzoyl)-5-

nitrobenzofuran of the formula la.

o} ) O O
N 7,
O";’ \I/k/‘\> O//N\A N
N0 \ |\/\o/ \_-
1 la

The intermediate of the formula lll is prepared by multi-stage processes from 4-

5 nitrophenol as described In US5223510 and H.R.Horton and D.E. Koshland,
J.Methods in Enzymology, Vol. 11, 556, (1967) or from salicylaldehyde as described
in WO0128974 and WO0129019.

The intermediate of the formula la is conventionally prepared from the intermediate of
10  the formula lll by Friedel Crafts benzoylation with anisoyl chloride and heavy metal
Lewis-acids, like tin-tetrachloride or iron(lll)chloride as catalysts in halogenated or
non-halogenated solvents, as described in WO2007140989 and other references
described therein. The intermediate of the formula Ib is conventionally prepared from
the intermediate of the formula la by demethylation.
15
It IS an object of the present invention to provide a novel process for the preparation
of the Dronedarone intermediates of the formula | starting from commercially
avallable materials and from compounds described already in the literature,
themselves being prepared easily from commercially available materials, by using
20  simple and environmentally compatible reagents and solvents, to afford high overall

vields and good purity of the products.

The above object is achieved in accordance with the present invention by preparing
an intermediate of the formula | leading to Dronedarone starting with commercially
25 available compounds such as 4-methoxyacetophenone, 4-chloronitrophenol and

valeric acid chloride (pentanoylchloride).

One aspect of the present invention thus relates to a process for preparing a



10

CA 02766077 2011-11-24
WO 2010/136502 PCT/EP2010/057272

compound of the formula |,

- O R1
7
N
O \|/\ \
\%\o/ \ /

wherein
R1 IS methoxy or hydroxyil;
and salts thereof;

which comprises, as shown in scheme 1,

o -
o /\‘/ 0 /\l/ O
I + O | +
Cl >
\/\OHO base A ‘\/\O O
V| OM
IV VI

step 2

base B +

zeolite

catalyst

Y
OH . O o
O © O
| + Step 3 Il]-'-
/ base B + /
A0 / HCI or HBr A0 _/
or ionic liquid C
b + HCI or HBr I3
Scheme 1

a) acylation of the 2-(2-hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone of the
formula IV by the acid chloride of formula VI in the presence of a base A providing

the new ester of the formula VIl (step 1);
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b) heating of the ester of the formula VIl with a base B and a zeolite (alumosilicate)
catalyst providing the benzofuran of the formula la (step 2);

c) optionally heating of the benzofuran of formula la with HCI or HBr in the presence
of the base B or alternatively heating of the benzofuran of formula la with HCI or

HBr in an ionic liquid C providing the compound of the formula Ib (step 3).

The preparation of the starting material of the formula IV is explicitly described in the
literature (for example US3657350, US3577441, C. Majdik et al., Revistade Chimie
40 (6), 490-3 (1989) and 40 (8), 689-93 (1989) (Bukarest)). The acid chloride of the

formula VI is commercially available.

The following describes each of the distinct process steps of the invention in more

detall:

Step 1 describes the esterification of the compound of the formula IV with the acid
chloride of the formula VI which requires base A to neutralise the acid which is
liberated In the esterification step. At least one equivalent of such base i1s needed for
this purpose, its nature being not critical, since any base neutralising HCI can be
taken, including a metal carbonate, a metal hydroxide, a metal alcoholate, a tertiary
amine, or the like. Examples of base A are triethylamine, diisopropylethylamine, tri-
n-butylamine, pyridine, 4-dimethylaminopyridine, NaOH, KOH, Na>COs; and K2COs.

In one embodiment base A is preferably Na,COs; and KoCOs.

In a special embodiment step 1 comprises at first as shown in scheme 2 the
neutralisation of the acidic OH-moiety in the compound of the formula IV with one of
the above-mentioned hydroxides or carbonates (base A*) in order to obtain the

crystalline sodium or potassium salt of the formula V,

7
. O -
Cl) /\‘/ O_ /\I/O
+ |+
~N N N
ol \/\/\[(\/ 0~ \/\/\[(\/
\ i - \
0K base A* \/\OMO
AYj \V/

Scheme 2
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wherein M is Na or K and wherein base A* Is a metal carbonate or a metal hydroxide,
for example NaOH, KOH, Na>,CO3; and KoCOs, preferably Na,CO3; and KoCOs.

The sodium or potassium salts of formula V can be used as a stable storage form.

For instance, the phenol of the formula IV can be dispersed in a minimum amount of
water and neutralized with approximately one base equivalent of above base A* at
0°C to 100°C, preferably at 0°C to 50°C. The resulting sodium or potassium salt of
the formula V, respectively, can be isolated, for example by precipitation, and can be
filtered and dried afterwards. Alternatively, the salts of the formula V can be prepared
In organic solvents, for example acetone, methylethylketone or acetonitrile,
preferably acetone, by neutralisation with about one equivalent of said bases in water
at 0°C to 100°C, preferably at 0°C to 50°C, for example at 40-50°C, and the products

can be isolated, for example by evaporation of the solvents.

In one embodiment of the invention the phenol ester of the formula VIl can be
obtained by mixing the phenol of the formula IV with one equivalent amount or a
slight excess, for example 1.0 to 1.5 equivalents, of the acid chloride of the formula
VI in an inert organic solvent, for example N,N-dimethylformamide, tetrahydrofuran,
acetone, dichloromethane, methyl-isobutyl ketone, acetonitrile, 2-methyl-
tetrahydrofuran, 1,4-dioxan, toluene, benzene, ethyl acetate or isopropyl acetate,
with base A, at -20°C to +50°C, preferably at 0°C-20°C. The product of the formula
VIl can be isolated in a way known by a person skilled in the art. For example by
washing away excess acid and acid chloride with diluted aqueous bases, for example
NaHCOs or KHCO3, washing away excess base with diluted aqueous acids, for
example HCI, citric acid or NaH2POQOy4, preferably HCI, drying the organic phase for

example with MgS0O4 or Na>S0O4, and evaporation of solvents.

Alternatively, the respective sodium or potassium salt of the formula V can be
combined with about one equivalent of the acid chloride of the formula VI in a volatile
Inert organic solvent for example tetrahydrofuran, acetone, dichloromethane, methyl-
ethyl ketone, methyl-isobutyl ketone, acetonitrile, 2-methyl-tetrahydrofuran, 1,4-
dioxan, toluene, preferably acetone, at -20°C to +50°C, preferably at -10°C to 20°C.

The reaction solution can be directly subjected to the subsequent step 2 or the
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product can be isolated by filtration from the precipitated sodium or potassium

chloride and evaporation of solvents.

By any procedure described here, the ester of the formula VIl is obtained in

practically quantitative yield and good purity for the following reaction step 2.

Step 2 comprises the heating of the ester of the formula VII with a base (base B) and
a zeolite (alumosilicate) catalyst in a solvent to give the benzofuran of formula la. For
that purpose, the ester of the formula VIl is dissolved or suspended in an inert
organic solvent containing the dispersed zeolite, preferably in a minimum amount of
an inert organic solvent, for instance in N,N-dimethylformamide, tetrahydrofuran,
methyl-isobutyl ketone, methyl-ethyl ketone, acetonitrile, 2-methyl-tetrahydrofuran,
1,4-dioxan, toluene, benzene, ethyl acetate, butyl acetate, isopropyl acetate, N-
methyl-pyrrolidone, chlorobenzene or xylene, preferably in xylene or toluene, with

one equivalent or a slight excess, for example 1.0 to 2.0 equivalents, of base B.

Examples for base B performing the desired process include tertiary amines like
diisopropylethylamine, tri-n-butylamine, tri-n-propylamine, N,N-dimethyaniline, N,N-
diethylaniline, N-methyl-imidazole, N-ethyl-imidazole, N-propyl-imidazole, N-butyl-
imidazole, collidine, 2,0-lutidine, 1,4-diazabicyclo-[2,2,2]-octane, 2,2,6,0-
tetramethylpiperidine and quinuclidine. The preferred base B is selected from the
group of diisopropyletnhylamine, tri-n-butylamine, tri-n-propylamine, N,N-
dimethyaniline, N,N-diethylaniline, N-methyl-imidazole, N-ethyl-imidazole, N-propyl-

iImidazole, N-butyl-imidazole.

The zeolite catalyst in step 2 can be an unmodified (natural or synthetic) or modified

zeolite catalyst or a mixture of said catalysts.

Examples for zeolite catalysts performing the desired process include natural and
synthetic alumosilicates of the formula M'xM?yM°z[(Al203)12(SiO5)12] which are
commercially available or can be prepared by a person skilled in the art by known
orocedures and wherein M', M and M° are metals and X/y/z denote the composition
of the respective metal cations required to compensate for the 12 negative charges

of the alumino-silicate framework. As described in L.F. Fieser & M. Fieser, Reagents
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for Organic Synthesis, John Wiley & Sons, page 703-705 (1967), typical metal
cations M include potassium, sodium, calcium and magnesium in widely variable
compositions, and certain commercially available zeolites have homogeneous metal
cation and variable water content, for instance the molecular sieves of the formula
Na12[(Al2O3)12(S102)12] with 0,4 nm pore size which are commercially available from
Sigma-Aldrich and other suppliers. Examples for natural zeolites performing the
process include bentonite and montmorillonite which have similar molecular

compositions and ion exchange properties.

Further types of zeolite catalysts performing the desired process include
alumosilicates which are prepared by partial exchange of at least one of the metal
cations contained in the zeolites of the formula M'xM“yM°z[(Al203)12(SiO2)12] by any
other metal cations M, preferably with variable amounts of iron, manganese, titanium,
zirconium, zinc or scandium. These modified zeolites provide higher catalytic activity
In performing the desired process at lower reaction temperatures and in shorter

reaction times to achieve complete conversion.

Modified zeolites can be purchased from commercial sources or they are prepared
by persons skilled in the art according to literature procedures, for example by simple
lon exchange In liquid phase, by solid-solid-exchange, sublimation methods or by
hydrothermal synthesis as described in

- Review about Fe-zeolites like Fe-ZSM-5: G. Delahay et al., Current Topics in
Catalysis (2007), 6, 19-33; Publisher: Research Trends;

- Review about Fe, Ti-zeolites: G.W.Skeels, E.M.Flanigan, ACS Symposium Series
(1989), 398 (Zeolite Synth.), 420-435;

- Review about Fe, Ti, Mn, Zn-zeolites: J.B.Nagy et al., Molecular Sieves (2007), 5
(Characterization Il), 365-478 and other articles in this book, Publisher: Springer
GmbH, Berlin, Heidelberg);

- Article about Fe, Ti, Zr-zeolites: J.Weitkamp et al., Chem.-Ing.-Technik 58 (1980), 12,
969-971 and references therein.

- Preparation Fe-, Ti-, Zr-, Zn-doped montmorillonite catalysts: P.Lazlo, A.Mathy,
Helv. Chim. Acta, vol. 70, 577-586 (1987)
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These modified or unmodified zeolites are conveniently applied as powders, pellets
or sticks and have variable water content and pore size depending on their

preparation procedures. Typical pore sizes range from 0.3 nm to 15 nm.

The temperature for the reaction in process step 2 can be from 50°C to 250°C,
preferably from 60°C to 140°C.

The reaction rates of step 2 are variable and, as a person skilled knows, depend on
the base, the zeolite catalyst, the solvent and the temperature selected for this
process. A typical reaction time when using tri-n-butylamine as a base, xylene as
solvent and a commercially available unmodified zeolite (e.g. a molecular sieve of 0,5
nm pore size) ranges from 8 to 16 hours when the reaction temperature ranges from
140°C to 100°C. A typical reaction time when using the same base (tri-n-butylamine)
and a commercial molecular sieve which has been modified by exchange with Fe**
lons ranges from one hour to 15 minutes when the reaction temperature ranges from
110°C (reflux temperature in toluene) to 140°C (reflux temperature in xylene). High
turnover rates in this reaction step and highly pure products are achieved when
anhydrous reagents, notably solvents, bases and zeolites are used and when the

water Is removed by azeotropic distillation during the reaction course.

The benzofuran of the formula la can be isolated, for example by filtration of the
reaction solution from the mineral and evaporation of the solvent and the base. If
Isolated in this way or prepared by any other means, the compound of the formula la
may be subjected to the next step 3 comprising the demethylation reaction into the

phenol of formula 1b.

Step 3 comprises the heating of the benzofuran of the formula la with base B and

HBr or HCI in a solvent or without a solvent or alternatively heating of the benzofuran
of formula la with HCI or HBr in an ionic liquid C to give the demethylated benzofuran
of formula Ib. The appropriate solvents and bases B are the same as defined for step

2 of the process.
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The solvent and the base B used in step 3 of the process can independently of each
other be identical or different to the solvent and base B used In step 2, preferably In

step 3 the same solvent and base B is used as in step 2.

Examples of an ionic liquid C used In step 3 are compounds of formula Vlll or IX

R? RY
|
| _ REB AR
G
i /
N, R9” >N~ R5
R3 |
R4
VI | X

wherein R2, R3 and R4 are independly of each other alkyl having 1, 2, 3,4, 5,6 0r 7
carbon atoms, RS, R6, R7, R8 und R9 are independly of each other H or alkyil
having 1, 2, 3, 4, 5, 6 or 7 carbon atoms and X is F, Cl, Br, |, tetrafluoroborate,
hexafluorophosphate, triffluoromethanesulfonate or hexafluoroantimonate, preferable
Xis F, Cl, Br, | or tetrafluoroborate. Preferably the ionic liquid C Is selected from the
group of 1-butyl-4-methylpyridinium tetrafluoroborate, 1-butyl-pyridinium chloride, 3-
butyl-1-methyl-3H-imidazolium chloride, 3-ethyl-1-methyl-3H-imidazolium chloride, 1-
butyl-2-methylpyridinium tetrafluoroborate, 1-butyl-3-methylpyridinium
tetrafluoroborate,1-butyl-pyridinium tetrafluoroborate, 3-butyl-1-methyl-3H-
imidazolium tetrafluoroborate and 3-ethyl-1-methyl-3H-imidazolium tetrafluoroborate,
for example selected from the group of 1-butyl-4-methylpyridinium tetrafluoroborate,
1-butyl-pyridinium chloride, 3-butyl-1-methyl-3H-imidazolium chloride and 3-ethyl-1-
methyl-3H-imidazolium chloride. The compounds of formula VIl or IX are
commercially available or can be prepared according to, or in a similar manner to,

processes which are described In the literature and familiar to those skilled in the art.

In one embodiment of the invention a mixture of the isolated benzofuran of formula la
and 1.0 to 10 equivalents, preferably 1.3 to 3 equivalents, of the hydrochloride or
hydrobromide salt of the respective base B is heated with or without a solvent at the
appropriate temperature until complete conversion of the benzofuran of formula la
Into the phenol of formula Ib. The hydrochloride or hydrobromide salt of the base B is

prepared by mixing HCI or HBr with the respective base B.
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In another embodiment of the invention 1.0 to 10 equivalents, preferably 1.3 to 3
equivalents, of the base B and 1.0 to 10 equivalents, preferably 1.3 to 3 equivalents,
of HCI or HBr are added to the isolated benzofuran of formula la and the mixture is
heated with or without a solvent at the appropriate temperature until complete
conversion of the benzofuran of formula la into the phenol of formula 1b.

In another embodiment of the invention the reaction mixture obtained from step 2 is
separated from the zeolite catalyst by filtration or centrifugation, optionally the solvent
IS evaporated and subsequently the required amount of gaseous HCI or HBr (1.0 to
10 equivalents, preferably 1.3 to 3 equivalents) is added to the remaining mixture
composed of the benzofuran of formula la and the base B from step 2 to provide in
situ the hydrochloride or hydrobromide salt of the base B. Subsequently the mixture
IS heated at an appropriate temperature until complete conversion of the benzofuran
of formula la into the phenol of formula Ib.

In the above described embodiments the appropriate temperature for the reaction In
process step 3 can be from 120°C to 250°C, preferably from 140°C to 200°C. The
reaction rates of step 3 are variable and, as a person skilled knows, depend on the
hydrohalide salt of the base B and the temperature selected for this process. The
typical reaction time when using tributylamine-hydrochloride ranges from one hour to

12 hours when the reaction temperature ranges from 200°C to 140°C.

In another embodiment of the invention the isolated benzofuran of formula la is
heated in an ionic liquid C and 1.0 to 10 equivalents, preferably 1.3 to 3 equivalents,
of HCI| or HBr are added and the mixture is heated at the appropriate temperature
until complete conversion of the benzofuran of formula la into the phenol of formula
Ib In this embodiment the appropriate temperature for the reaction in process step 3
can be from 130 °C to 170°C, preferably from 130°C to 145°C. The reaction rates of
step 3 are variable and, as a person skilled knows, depend on an ionic liquid C and
the temperature selected for this process. The typical reaction time when using Ionic
liguids C ranges from 3 hours to 20 hours when the reaction temperature ranges

from 130°C to 170°C. The ionic liquid C can be regained and recycled.

The benzofurans of the formulas la and Ib can be isolated with methods known to
those skilled in the art. These procedures can include an aqueous work-up of the

reaction mixture or a chromatography of the reaction mixture. An example of an easy
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work-up procedure involves removing excessive base B, for example by distillation or
by washing the mixture with an aqueous acid and then crystallizing the product from
a solvent or from mixtures of solvents like methyl-tert.-butylether, heptane,

diisopropylether, hexane or methanol. Alternatively, the desired product can be

5 obtained by a chromatographic purification.

Another aspect of the invention Is directed to a process for preparing a compound of

the formula la

. O o
O
Ill+
Oé \|/\ \
\/\O/ \ /
la
10 and salts thereof;
which comprises, as shown in scheme 3,
e
O_ /\/O
|{|+ | ) O O
\/\O O > O"N\‘/\ N\
base B /
O)\/\/ + zeolite e S
catalyst
VI I3
Scheme 3

heating a compound of the formula VIl with a base B and a zeolite catalyst.

15
This process corresponds to step 2 in scheme 1 described above and comprises,

therefore, the same reaction conditions as described above.

Another aspect of the invention Is directed to the process for preparing a compound

20 of the formula Ib
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_ O OH
O
Ill+
0~ \|/\ \
N 0 \ /
Ib
and salts thereof;
which comprises, as shown in scheme 4,
O 7
- N -
7, | o O O
O»:, \‘/\/\I_(\/ |{|+
> N
\/\O O base B O ‘ \/
+ zeolite \%“\O \ /
M catalyst
O
Vi la
base B +
HCI or HBr
or ionic liquid C
' + HCI| or HBr
. O OH
O
| +
o”N\‘/\ \
\/\O/ \ /
b
Scheme 4

a) heating the ester of the formula VII with a base B and a zeolite (alumosilicate)
catalyst providing the benzofuran of the formula Ia;

b) heating of the benzofuran of the formula la with HCI or HBr in the presence of the
base B or alternatively heating of the benzofuran of formula la with HCI or HBr in

an ionic liquid C providing the compound of the formula Ib.

This process corresponds to steps 2 and 3 in scheme 1 described above and

comprises, therefore, the same reaction conditions as described above.
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Another aspect of the present invention thus relates to a process for preparing a

compound of the formula |,

O R1

N
//\/\
O X \
/

Ay N\

wherein
R1 IS methoxy or hydroxyl;
and salts thereof:;

which comprises, as shown in scheme 9,

o -
3 Y 3 Y
+ O | +
Cl >
\/\O—O base A ‘\/\O O
\Y + M
Vi O
v VI
step 2
base B +
zeolite
catalyst
Y
_ O OH - O O
O O
| + Step 3 [l]-'-
OéN\‘/\ \ - 0~ \‘/\ N
/ base B + . /
N0 \ / HCI or HBr NFT0 \ /
or ionic liquid C
b + HCI or HBr 13
Scheme 5

a) reacting a compound of the formula V, wherein M is Na or K, with an acid chloride

of the formula VI in the presence of a base A providing the ester of the formula

VII;



CA 02766077 2011-11-24
WO 2010/136502 PCT/EP2010/057272

14

b) heating of the ester of the formula VIl with a base B and a zeolite (alumosilicate)

catalyst providing the benzofuran of the formula Ia;
c) optionally heating of the benzofuran of formula la with HCI or HBr in the presence
of the base B or alternatively heating of the benzofuran of formula la with HCI or

5 HBr in an ionic liquid C providing the compound of the formula |b.

This process corresponds to steps 1, 2 and 3 in scheme 1 described above and

comprises, therefore, the same reaction conditions as described above.

10  Another aspect of the present invention relates to a process for preparing a

compound of the formula Ib,

_ O OH
7
N

O{'/ NN \
2

Ly \/

and salts thereof;

15  which comprises, as shown in scheme 0,

O _ O OH
o} 0 Q
| 4 .
O'}N\/\ \ - O//N\/\
| 7\ / base B + | 7\ /
N 0 HCI or HBr N 0
or ionic liquid C
+ HCI or HBr
Scheme 6

heating of the benzofuran of formula la with HCI or HBr in the presence of the base B
20  or alternatively heating of the benzofuran of formula la with HCI or HBr in an ionic

liquid C providing the compound of the formula Ib.

This process corresponds to step 3 in scheme 1 described above and comprises,

therefore, the same reaction conditions as described above.

25
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The compound of the formulae IV, V and VII may be present in the form of all their
tautomeric forms, unless they are more precisely defined. For example the
compounds of the formula V may also be present as tautomers (keto or enol form) or

as a mixture of tautomeric structures:

o~ -
CI)_ /\‘/ O— /\I/O
+ |+
/N \
0% \/\/\I_(\/ - O{,N\/\/V\/
| - \
A _ O OH

For the purpose of the present invention the compounds of the formulae | and IV to
VIl can be used in form of all derivatives, for example solvates such as hydrates and
alcohol adducts, of the formulae | and IV to VII. The invention likewise encompasses

all crystal modifications of the compounds of the formulae | and IV to VII.

The above-described compounds of the formulae |, IV and VI to VIII may be used in
the process according to the invention in the form of their salts or in salt free form
and/or may be isolated in the form of their salts or in salt free form. Salts may be
obtained by the customary methods, for example by reacting with acids or bases in a
solvent, or by anion exchange or cation exchange from other salts. Useful acid
addition salts are, for example, halides, in particular hydrochlorides and
hydrobromides, lactates, sulfates, citrates, tartrates, acetates, phosphates,
methylsulfonates, benzenesulfonates, p-toluenesulfonates, adipates, fumarates,
gluconates, glutamates, glycerolphosphates, maleates, benzoates, oxalates and
pamoates and trifluoroacetates. If the compounds of the formulae |, IV, VI and VI
contain an acid group, they are capable of forming salts with bases, for example as
alkall metal salts, preferably sodium or potassium salts, or as ammonium salts, for
example as salts with ammonia or organic amines or amino acids. They can also be
present as zwitterions. In the case of the preparation of active ingredients, preference

IS given to physiologically tolerated salts and pharmaceutically acceptable salts.
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Abbreviations:
ca. circa
h hour(s)
l.vac. INn vacuum
LC-MS liguid chromatography-mass spectrometry
Me methyl
MIBK methyl-isobutyl ketone
MTBE methyl-tert.-butylether
NMR Nuclear magnetic resonance
HPLC High performance liquid chromatography
Rt Retention time
THF tetrahydrofuran
Examples

This invention is described in more detail by the examples that follow. These
examples are designated to illustrate the invention, but do not limit its scope. Each
step of the process described Iin the present invention may be operated either batch
by batch or as a continuous process, or semicontinuous mode, and Is scalable on

larger amounts than described here.

The NMR assignments are for illustration only based on analysis of the one-
dimensional 'H NMR spectra as done by those skilled in the art. A more detailed
analysis of the spectra may lead to minor reassignments of some NMR peaks, which
obviously does not change the overall assignment. All '"H NMR spectra are recorded

on a 500 MHz instrument, shifts are relative to TMS in [ppm], the solvent is always
DMSO-ds.

Example 1: Synthesis of 2-(2-hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone

potassium salt (a compound of the formula V, M = K)
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10.0 g (34.8 mmol) of 2-(2-hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone

(compound of the formula V), prepared according to literature procedures (as
described in US3657350, US 3577441, C. Majdik et al., Revistade Chimie 40 (0),
490-3 (1989) and 40 (8), 689-93 (1989) (Bukarest)), were dissolved in 100 ml of
acetone and stirred with a solution of 2.53 g (18.3 mmol) of potassium carbonate In
20 ml of distilled water for 1 h at 40-50°C. The solvents were evaporated and the
remaining yellow solid was dried i. vac. to yield 11.3 g (99.8%) of the title compound.
LC-MS purity >98% (MH™ 287).

The 'H NMR spectrum detected the presence of a mixture of keto- and enol-forms:
3,80, 3,78 (2s, OMe), 3,93 (s, CH2 keto-form), 5,97 (d, =CH enol-form).

Example 2: Synthesis of 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-

ethanone (compound of the formula VII)

4.23 g (35.0 mmol) of valeroyl chloride (compound of the formula VI) were added
with cooling at -10°C to 20°C to a stirred suspension of 11.3 g (34.7 mmol) of 2-(2-
hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone potassium salt (example 1) in
50 ml of dry acetone. After 30 minutes the reaction was complete, as monitored by
LC-MS, and the mixture was filtered through a layer of Celite to remove the
precipitated potassium chloride. The solution was evaporated to dryness to give 9.23
g (98%) of a yellow oil which slowly crystallized while standing at room temperature.
'"H NMR (DMSO-dg): 0.75 (t, 3H, CH3), 1.20, 1.45 (2 m, 4H, CH>CH>), 2.45 (t, 2H,
CH2C=0 ester), 3.87 (s, 3H, OMe), 4.50 (s, 2H, CH>C=0 ketone), 7.07 and 8.05 (2d,
4H, Ar-H), 7.47, 8.23, 8.35 (3 m, 3H, Ar-H).
LC-MS: MH™ 372.

Example 3: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran

(compound of the formula la) using an unmodified molecular sieve (Merck; 0.5 nm

pores; 2 mm beads)

50 ml of dry xylene, 2.10 ml (8.89 mmol) of tri-n-butylamine and 10 g of a
commercially available, unmodified molecular sieve (Merck; 0.5 nm pores; 2 mm
beads) were heated under reflux using a Dean-Stark condenser. 2.20 g (5.92 mmol)

of 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2)
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dissolved in 5 ml of dry xylene were added to the reaction mixture. After 8 h LC-MS
analysis indicated the complete consumption of the 2-(2-pentanoyloxy-5-nitrophenyl)-
1-(4-methoxyphenyl)-ethanone and the reaction mixture was cooled to room
temperature. The molecular sieve was filtered off and the organic layer was washed
once with 25 ml of 1N aqueous HCI, 10 ml of water and dried over MgSOy4. After
evaporation of the solvent the product crystallized on standing to give 1.86 g (89%) of
the title compound.

'"H NMR (DMSO-dg): 0.82 (t, 3H, CHs), 1.25 and 1.68 (2 m, 4H, CH>CH>), 2.85 (t, 2H,
CHy), 3.87 (s, 3H, OMe), 7.15 and 7.85 (2d, 4H, Ar-H), 7.95 (m, 1H, Ar-H), 8.25 (m,
2H, Ar-H). LC-MS: MH" 354

Example 4: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran
(compound of the formula la) using an unmodified molecular sieve (Riedel-de-Haen;

0.4 nm pores; 2 mm beads)

50 ml of dry xylene, 2.10 ml (8.89 mmol) of tri-n-butylamine and 10 g of commercially
avallable, unmodified molecular sieve (Riedel-de-Haen; 0.4 nm pores; 2 mm beads)
were heated under reflux using a Dean-Stark condenser. 2.20 g (5.92 mmol) of 2-(2-
pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) dissolved in
5 ml of dry xylene were added to the reaction mixture. After 8 h LC-MS analysis
iIndicated the complete consumption of the 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-
methoxyphenyl)-ethanone and the reaction mixture was cooled to room temperature.
The molecular sieve was filtered off and the organic layer was washed once with 25
ml of 1N aqueous HCI, 10 ml of water and dried over MgS Q4. After evaporation of the
solvent the product crystallized on standing to give 1.80 g (86%) of the title

compound.

Example 5: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran

(compound of the formula la) using recovered molecular sieve

50 ml of dry xylene, 2.10 ml (8.89 mmol) of tri-n-butylamine and 10 g of the
recovered molecular sieve from example 3 were heated under reflux using a Dean-
Stark condenser. 2.20 g (5.92 mmol) of 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-

methoxyphenyl)-ethanone (example 2) dissolved in 5 ml of dry xylene were added to
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the reaction mixture. After 8 h LC-MS analysis indicated the complete conversion of
the 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone and the reaction
mixture was cooled to room temperature. The molecular sieve was filtered off and the
organic layer was washed once with 25 ml of 1N aqueous HCI, 10 ml of water and
dried over MgSO4. After evaporation of the solvent the product crystallized on

standing to give 1.62 g (77%) of the title compound.

Example 7: Synthesis of 2-n-butyl-3-(4-hydroxybenzoyl)-5-nitrobenzofuran
(compound of the formula Ib) at 200°C

1.85 g (5.25 mmol) of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (from
example 3) were dissolved in 5.84 g (26.32 mmol) of tri-n-butylamine hydrochloride
at 200°C. After 4 h LC-MS indicated the complete consumption of the starting
material and the reaction mixture was cooled to room temperature. After addition of
20 ml of water and 50 ml MTBE the phases were separated, the organic layer was
washed once with 25 ml of 1M HCI and 20 ml of water, dried over MgSO,4 and
evaporated. Flash chromatography gave the title compound which crystallized to
yield 1.50 g (83%).

'"H NMR (DMSO-dg): 0.82 (t, 3H, CHs), 1.25 and 1.68 (2 m, 4H, CH>CH>), 2.85 (t, 2H,
CHy), 6.92 and 7.75 (2d, 4H, Ar-H), 7.95 (m, 1H, Ar-H), 8.25 (m, 2H, Ar-H), 10.65 (s,
1H, OH).

Example 8: Synthesis of 2-n-butyl-3-(4-hydroxybenzoyl)-5-nitrobenzofuran
(compound of the formula Ib) at 150°C

1.50 g (4.25 mmol) of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (la) were
dissolved in 4.71 g (21.2 mmol) of tri-n-butylamine-hydrochloride at 150°C. After 16 h
LC-MS analysis indicated the complete consumption of the starting material and the
reaction mixture was cooled to room temperature. After addition of 20 ml of water
and 50 ml MTBE the phases were separated, the organic layer was washed once
with 25 ml of 1M HCI and 20 ml of water, dried over MgSO4 and evaporated. Flash
chromatography gave the title compound which crystallized to yield 1.10 g (76%).
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Example 9. One-pot synthesis of 2-n-butyl-3-(4-hydroxybenzoyl)-5-nitrobenzofuran

(compound of the formula Ib)

50 ml of dry xylene, 2.1 ml (8.9 mmol) of tri-n-butylamine and 10 g of the recovered
molecular sieve from example 3 were heated under reflux using a Dean-Stark
condenser. Then 2.20 g (5.92 mmol) of 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-
methoxyphenyl)-ethanone (example 2) dissolved in 5 ml of dry xylene were added to
the reaction mixture. After 8 h LC-MS analysis indicated the complete consumption of
the starting material. The reaction mixture was cooled to room temperature and the
molecular sievel was filtered off. After evaporation of the solvent, 2.1 ml (8.9 mmol) of
tri-n-butylamine were added followed by the addition of 17.8 mmol of gaseous HCI.
The resulting mixture was heated at 200°C for 4 h until LC-MS analysis indicated the
complete consumption of the 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran. The
reaction mixture was cooled to room temperature and 20 ml of water and 50 ml
MTBE were added. The organic phase was washed once with 25 ml of 1M aqueous
HCI and 20 ml of water dried over MgSQO4 and concentrated to dryness. Flash
chromatography of the residue provided the pure title compound which crystallized
directly to yield 1.30 g (65%).

Example 10: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran

(compound of the formula la) using Fe-BEA type zeolite

15 ml of dry toluene, 2.10 ml (8.89 mmol) of tri-n-butylamine and 1 g of a
commercially available synthetic zeolite composed of ca. 10% Al>Os, ca. 80% SiO-
and ca. 10% Fe»O3 (Fe-BEA type, powder) were heated under reflux using a Dean-
Stark condenser and 2.20 g (5.92 mmol) of 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-
methoxyphenyl)-ethanone (example 2) dissolved in 5 ml of dry toluene were added to
the reaction mixture. After 24 hours LC-MS analysis indicated a ca. 95% conversion
of the 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone and the
reaction mixture was cooled to room temperature. The zeolite was filtered off and the
organic layer was washed once with 25 ml of 1N aqueous HCI, 10 ml of water and
dried over MgSO4. After evaporation of the solvent the product crystallized on

standing to give 1.60 g (76%) of the title compound.
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Example 11: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a

compound of the formula la) using an iron-doped montmorillonite catalyst

The iron-doped montmorillonite catalyst was prepared as described in Helv. Chim.
Acta, vol. 70, 577-586 (1987). Dry toluene (15 ml) 2.10 ml (8.89 mmol) of tri-n-
butylamine and 0.5 g of the iron-doped montmorillonite catalyst were heated under
reflux using a Dean-Stark condenser and 2.20 g (5.92 mmol) of 2-(2-pentanoyloxy-5-
nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) dissolved in 5 ml of dry
toluene were added. After 2.5 hours LC-MS analysis showed a 100% conversion of
the 2-(2-pentanoyloxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone and the reaction
mixture was cooled to room temperature. The catalyst was filtered off and the organic
layer was washed once with 20 ml of 1N aqueous HCI, 20 ml of water and dried over
MgSOys. Yield of the title compound: 1.92 g (92%)

Example 12: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran (a

compound of the formula la) using iron-, zinc- or titanium-doped molecular sieves.

a) Preparation of the iron-, zinc- and titanium-doped molecular sieves

Commercially available molecular sieves from Merck (Darmstadt,Germany; 0.5 nm
pores; 2 mm beads) were doped with iron, zinc or titanium. Three samples each of 5
g of the unmodified molecular sieve were stirred for 12 hours at room temperature
with 0.40 g of FeCls, 0.27 g of ZnCl2 or 0.19 g of TiCly, respectively, in 30 ml of dry
dichloromethane. Subsequently each batch was filtered, thoroughly washed with 50

ml dry dichloromethane and dried in vacuum.

b) Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran

Each of three flasks containing 0.37 g (1.00 mmol) of 2-(2-pentanoyloxy-5-
nitrophenyl)-1-(4-methoxyphenyl)-ethanone (example 2) and 0.37 g (2.00 mmol) of
tri-n-butylamine in 3 ml of refluxing toluene was charged with ca. 100 mg of the iron-,
zinc- or titanium-doped molecular sieves and the reactions were monitored by LC-MS.
After 30 min almost complete conversion into the target compound was achieved In
both batches containing the iron- and zinc-doped molecular sieves (Fe 98% and Zn
90% percent integrated product peak area at 254 nanometer relative to unconsumed

starting material) whereas the titanium-doped molecular showed a slower conversion
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up to 70% (percent integrated product peak area at 254 nanometer relative to

unconsumed starting material).

Example 13: Synthesis of 2-n-butyl-3-(4-methoxybenzoyl)-5-nitrobenzofuran
(compound of the formula Ib) using 1-butyl-4-methylpyridinium tetrafluoroborate as

lionic solvent and dry Hydrochloric gas as reagent.

30g (84.9mmol) of (2-Butyl-5-nitrobenzofuran-3-yl)(4-methoxyphenyl)methanone
(compound of the formula la, HPLC-Rt: 19.3 min) was heated in 150g (632.5mmol)
1-butyl-4-methylpyridinium tetrafluoroborate to 150-155°C. The resulting solution was
fumigated with dry gaseous HCI. After 20h an HPLC-analysis indicated the end of the
reaction (<1% of starting material). The fumigating was stopped and the reaction
mixture was cooled to 80-85°C. Remaining starting material was extracted with 4 x
120 ml toluene at 80-85°C. The product containing phase was distilled under vacuum
to eliminate last traces of toluene. At 50-60°C 250ml of water was added and the
resulting solution was cooled to 20°C within 1h. The crystallisation started at 40-45°C.
After stirring for 1h at 20-25°C the suspension was cooled down to 5°C. The product
was filtered of, washed with 100ml of water and suspended in 75g of acetic acid.
After heating to 70°C 32g of water was added dropwise to the solution. The mixture
was cooled to 5°C within 2h. The resulting suspension was stirred for further 2h at
5°C, filtered and washed with 50ml acetic acid/water 1:1 (v/v) to give 21.5g (74.6%)
with an LC purity of 99.5%.
HPLC-Rt: 17.5 min
HPLC conditions: Column: HALO"-RP-Amide

Flow: 0,8 ml/min

Detection: UV (275 nm)

Solvent A: 0,77 g NH;OC(O)CH3 + 900 ml water + 100 ml

acetonitrile

Solvent B. 100 % acetonitrile

Gradient: mn %B

0 20
0.1 20
3 40

20 55
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5
In a similar manner to example 13 the reaction was carried out in 1-butyl-pyridinium
chloride, 3-butyl-1-methyl-3H-imidazolium chloride and 3-ethyl-1-methyl-3H-
imidazolium chloride instead of 1-butyl-4-methylpyridinium tetrafluoroborate.
Example | Amount of lonic liquid Reaction time HPLC-area-%" of
compound of | (amount of ionic and temperature | compound of
formula la liquid) formula Ib in the
reaction mixture,
without work-up
14 50 1-butyl-pyridinium | 8 h 96.4
chloride (20 g) 130-135°C
15 59 3-ethyl-1-methyl- | 13 h 95.4
3H-imidazolium 130-135°C
chloride (209)
16 5¢ 3-butyl-1-methyl- | 12 h 94.8
3H-imidazolium 130-135°C
chloride (20 g)
10

* HPLC-area-% gives the percentage of the respective area under the HPLC graph.




CA 02766077 2011-11-24

---WO 2010/136502 PCT/EP2010/057272
24
Claims
1. A process for preparing a compound of the formula la
) O o~
O
|+
O{’N\/\

|\/\o/ S

5 la
and salts thereof;

which comprises

~
O /\/O
| 4 I B O O
O{/N\/\/\ﬂ/\/ 0O
‘ base B I{I+
\/\O O - O{’ \/\ \
zeolite ‘ / \ /
041\/\/ catalyst N0
VI 4

heating a compound of the formula VIl with a base B and a zeolite catalyst.

10
2. A process as claimed in claim 1 for preparing a compound of the formula Ib
_ O OH
O
| +
O//N\I/\
\/\O/ \ /

Ib

and salts thereof:;

which comprises
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O ~
- N B
7, | o O O
O{,N\‘/\/\[(\/ |{|+
> NN
\/\o O base B O ‘ = \/
+ zeolite N 0 \ /
OM catalyst
VI la
base B +
HCI or HBr
or ionic liquid C
! + HCI or HBr
_ O OH
O
| 4
O//"N\/\

a) heating the ester of the formula VII with a base B and a zeolite catalyst providing
the benzofuran of the formula Ia;

b) heating of the benzofuran of the formula la with HCI or HBr in the presence of a
base B or alternatively heating of the benzofuran of formula la with HCI or HBr In

an ionic liquid C providing the compound of the formula Ib.

3. A process as claimed in claim 1 or 2 for preparing a compound of the formula |
- O R1
7
O//N\|/\ \

o~ \ /

wherein

R1 IS methoxy or hydroxyl;

and salts thereof;
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which comprises

o~ -
o /\‘/ 0 /\|/O
I + O | N
O,;N\|/\/\ﬂ/\/ N )I\/\/ Og,N\‘/\/\ﬂ/\/
CI >
A O base A 7 O
VI OM
IV VI
base B +
zeolite
catalyst
Y
_ OH B O o
o 0
‘\/\‘O/ \ / base B + \/\O/ \ /
HCI or HBr
or ionic liquid C
b + HCI or HBr la

a) acylation of the 2-(2-hydroxy-5-nitrophenyl)-1-(4-methoxyphenyl)-ethanone of the
formula IV by the acid chloride of formula VI in the presence of a base A providing
the new ester of the formula VII;

b) heating of the ester of the formula VIl with a base B and a zeolite catalyst
providing the benzofuran of the formula la;

c) optionally heating of the benzofuran of formula la with HCI or HBr in the presence
of a base B or alternatively heating of the benzofuran of formula la with HCI or

HBr in an ionic liquid C providing the compound of the formula |b.

4. A process as claimed in claim 1 or 2 for preparing a compound of the formula |,

_ O R1
O

| +

_N
O \|/\ \

o~ \ /
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wherein
R1 IS methoxy or hydroxyil;
and salts thereof;

which comprises, as shown in scheme 1,

o~ -
3 Y 3 Y
+ O |
Oc’»N\l/\/\[( X ., )_]\/\/ O'?N\/\/\[( X
Cl ""
\/\O—O base A ‘\/\O O
V] T M
VI O
v VII
base B +
zeolite
catalyst
Y
_ OH _ O o
o 0
AN ‘/§ \ - OéN\‘/\ N
/ base B + /
~FT0 / HCI or HBr A0 /
or ionic liquid C
b + HCl or HBr 13

a) reacting a compound of the formula V, wherein M is Na or K, with an acid chloride
of the formula VI in the presence of a base A providing the ester of the formula
VII;

b) heating of the ester of the formula VIl with a base B and a zeolite catalyst
providing the benzofuran of the formula la;

c) optionally heating of the benzofuran of formula la with HCI or HBr in the presence
of a base B or alternatively heating of the benzofuran of formula la with HCI or

HBr in an ionic liquid C providing the compound of the formula |b.

5. A process claimed in claims 2, 3 or 4 wherein the conformation of the
benzofuran of the formula la to the compound of the formula Ib Is carried out by

heating of the benzofuran of formula la with HCI or HBr in the presence of the base B.
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0. A process claimed in claims 2, 3 or 4 wherein the conformation of the
benzofuran of the formula la to the compound of the formula Ib is carried out by

heating of the benzofuran of formula la with HCI or HBr in an ionic liquid C.

7. A process claimed in claims 1, 2, 3, 4, 5 or 6 wherein

the base B IS diisopropylethylamine, tri-n-butylamine, tri-n-propylamine, N,N-
dimethyaniline, N,N-diethylaniline, N-methyl-imidazole, N-ethyl-
iImidazole, N-propyl-imidazole, N-butyl-imidazole, collidine, 2,6-
lutidine, 1,4-diazabicyclo-[2,2,2]-octane, 2,2,6,6-tetramethyl-
piperidine and quinuclidine

and

the zeolite catalyst Is a natural or synthetic alumosilicate

8. A process claimed in claim 1, 2, 3, 4, 5 or 6 wherein

the base B IS diisopropylethylamine, tri-n-butylamine, tri-n-propylamine, N,N-
dimethyaniline, N,N-diethylaniline, N-methyl-imidazole, N-ethyl-
iImidazole, N-propyl-imidazole, N-butyl-imidazole, collidine, 2,06-
lutidine, 1,4-diazabicyclo-[2,2,2]-octane, 2,2,6,6-tetramethyl-
piperidine and quinuclidine

and

the zeolite catalyst Is a modified alumosilicate containing variable amounts of at
least one metal ion selected from the group of iron, manganese,

titanium, zirconium, zink or scandium.

9. A process as claimed in claims 2, 3, 4 or 6 wherein an ionic liquid C is

selected from the compounds of formula VIl or IX

R? RY
|
! _ REB_A R
G
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wherein
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R2, R3 and R4 are independly of each other alkyl having 1, 2, 3,4, 5,6 or 7

carbon atoms;

RS, R6, R7, R8 und R9
are independly of each other H or alkyl having 1, 2, 3,4,5,60r 7

carbon atoms;

and
X Xis F, Cl, Br, |, tetrafluoroborate, hexafluorophosphate,

trifluoromethanesulfonate or hexafluoroantimonate.

10. A process as claimed in claims 2, 3, 4 or 5 wherein the base B used In the
reaction of the compound of the formula la to the compound of the formula Ib Is the

same as the base B used in the reaction of the compound of the formula VIl to the

compound of the formula la.

11. A process as claimed In claims 2, 3, 4, 5 or 6 wherein the compound of the

formula la Is isolated and then Is reacted as claimed to the compound of the formula

b as claimed in claims 2, 3, 4, 5 or 6.

12. A process as claimed in claims 2, 3, 4 or 5 wherein the compound of the
formula la Is prepared in situ without being isolated and then Is reacted to the

compound of the formula Ib as claimed in claims 2, 3, 4 or 5.
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