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Claim
A process for preparing a l-(hydroxyalkyl)-

nitroimidazole of formula:

in which R denotes hydrogen, alkyl of 1 to 4 carbon atoms,

or alkenyl of 2 to 4 carbgn atoms, the said alkyl and

alkenyl being unsubstituted or substituted by one or more

identical or different radicals chosen from phenyl, phenoxy

and 5- or 6é-membezed oxygen-containing heterocyclic

tadicals,
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or alternatively, R denotes aryl of 6 to 10 carbon
atoms, unsubstituted or substituted by one or more identical
or different substituents chosen from halogen, alkyl of 1 to
4 carbon atoms, alkoxy of 1 to 4 carbon atoms, phenyl,
phenoxy and nitro,

or alternatively R denotes cycloalkyl of 5 or 6
carbon atoms; the aforesaid phenyl, phenoxy and heterocyclic
radicals being unsubstituted or substituted by one or more
identical or different substituents chosen from halogen,
alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms,

phenyl, phenoxy and nitro;
and n is 2 or 3 and one of the carbon atoms of the alkylene

chain ~(CH,) - can be substituted by methyl, which
comprises reacting a sulphite or diacetate of an alkylene-

diol of formula:
HO-(CH, ), -OH

in which n is 2 68 3 and one of the carbon atoms of ‘the
alkylene chain -(CH,) - can be substituted by methyl in the
presence of a strong acid and at 80 to 140°C with an imida-

zole derivative of formula:

VanN
Niikiz///jy.q X

|
R

in which R is defined as above and X denotes hydrogen or a
radical which can be removed by hydrolysis or alcoholysis;
hydrolysing or aicohelysing the condengation product

obtained and isolatisig the l-{hydroxyalkyl)nitroimidazole.
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COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED:

Process for preparing I-hydroxyalkyl-2-methyl-5-nitroimidazoles

The following statement is a full description of this invention, including the best method of
performing it known to me/us:-
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PROCESS FOR PREPARING 1-HYDROXYALKYL-

2-METHYL-5-NITROIMIDAZOLES

The present invention relates to the preparation of
1-hydroxyalkyl-5-nitroimidazoles.

Among imidazole derivatives, 1-hydroxyethyl-2-
methyl-5-nitroimidazole (or metronidazole), 1-(2-hydroxy-
propyl)-2-methyl-5-nitroimidazole (or secnidazdle) or 1-(3-
hydroxypropyl)-2-methyl-5-nitroimidazole (ternidazole) are
of particular importance on account of their noteworthy
therapeutic properties.

It is known to prepare metronidazole by the action
of an excess of ethylene oxide on 2-methyl-4(er 5)-nitro-
imidazole under the conditions described in French Patent
1,379,915, However, the yields are not satisfactory.

It is known to prepare 2-(4-fluorophenyl)}-1-
hydroxymethyl-S5-nitroimidazole by the action of ethylene
sulphate on 2-(4-fluorophenyl)-4{or S)-nitroimidazole
according to the process described in US Patent 3,743,653.
However, in this case, the yield is less than 10%.

According to the present invention, the l-(hydroxy-
alkyl)-nitroimidazoles of formula:

NO,

N - (CH,), -~ OH (1)
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in which R denotes hydrogen, alkyl of 1 to 4 carbon atoms,
or alkenyl of 2 to 4 carbon atoms, the said alkyl and
alkenyl being unsubstituted or substituted by one or more
identical or different radicals chosen from phenyl, phenoxy,
S and 5~ or 6-membered oxygen-containing heterocyclic
radicals,
or alternatively R denotes aryl of 6 to 10 carbon
atoms unsubstituted or substituted by one or more identical
or different substituents chosen from halogen, alkyl of 1 to
10 4 carbon atoms, alkoxy of 1 to 4 carbon atoms, phenyl,
phenoxy, and nitro,
or alternatively R denotes cycloalkyl of 5 or 6
carben atoms; the aforesaid phenyl, phenoxy and heterocytlic
radicals being unsubstituted or substituted by one or more
15 identical or different substituents chosen from halogen,
alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms,
phenyl, phenoxy and nitro; and n is 2 or 3 and one of the
carbon atoms of the alkylene chain ’(Cﬁz)p‘ can be
substituted by methyl,
20 may be obtained in good yield by a process which
comprises: reacting a sulphite or diacetate of an

alkylenediol of formula:
HO-(CH, ), ~OH (11)

in which n is 2 or 3 and one of the carbon atoms of the
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alkylene chain (CH,) can be substituted by methyl in the
presence of a strong acid, with an imidazole derivative of

formula:

N N-X (III)

5 in which R is defined as above and X denotes hydrogen or a
radical which can be removed by hydrolysis or alcoholysis,
such as hydroxymethyl, alkoxymethyl of 1 to 4 carbon atoms
or acyloxymethyl in which the acyl contains 1 to 4 carbon
atoms in a straight or branched chain, or an allylic ethy-

10 lenic radical such as allyl, or an arylmethyl such as
benzyl; hydrolysing or alcoholysing the condensation product
obtained; and isolating the 1-(hydroxyalkyl)nitroimidazole.

More espeeialIy, the rpesent invention relates to
the preparation of 1-hydroxyethyl-2-methyl-S-nitro-imidazole

15 and 1-(2-hydroxypropyl)-2-methyl-5-nitroimidazole.

In general, the strong acid is sulphuri¢, methane-
sulphonic or p-toluenesulphonic acid.
The condensation is performed at a temperature from
80 to 140°c, and generally using one mole of acid and one
20 mole of éster per mole of imidazole derivative of formul:

(111).
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Moreover, when the diacetate of the alkylene
glycol of formula (II) is used, it is especially
advantageous to also use an acid anhydride, e.g., to use
acetic anhydride and to distil off the acetic acid formed.

The condensation product which precipitates may be
dissolved:

- either in an aqueous solution of a strong mineral acid,
e.g. sulphuric acid or hydrochloric acid,
- or in an alcohol such as, e.g., methanol or ethanol.

When the condensation product is dissdlved in
aqueous acid, the l-(hydroxyalkyl)nitroimidazole is
extracted according to the usual techniques after the pH of
the reaction mixture has been adjusted to be in the region
of 10.

When the condensation product is dissolved in an
alcohol, the 1-(hydroxyalkyl)nitroimidazole is isolated
according te the usual technigues without prior treatment of
the reaction mixture.

When carrying out the process, it is not necessary
to isolate the intermediate condensation product, and it is
possible to perform the hydrolysis or alcoholysis
sequentially in the same apparatus.

The imidazole derivative of formula (III1) in which
X denotes a hydroxymethyl, methoxymethyl, alkoxymethyl or
acyleoxymethyl radical may be prepared under the conditions

described in British Patent 1,026,631,
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The examples which follow show how the invention
may be put into practice.
EXAMPLE 1

Ethylene sulphite (0.9 g; 0.0083 mole), 1-acet-
exymethyl-2-methyl-4-nitroimidazole (0.2 g; 0.001 mole)
and concentrated sulphuric acid (d = 1.83) (60 micro-
Litres; 0.001 mole) are introduced inte a round-bottomed
flask equipped with a stirrer. The reaction mixture is
heated to 120°C for 4 hours. The hydrolysis is then car-
ried out by adding a solution of sulphuric acid (60
microlitres) in water (2 cc) and then heating the solu=-
tion obtained to 90°C for 8 hours.

After dilution of the reaction mixture, metronid-
azole (60 mg) is assayed by high performance liquid
chromatography (HPLC) with external calibration.

The degree of conversion of 1-acetoxymethyl-2-
methyl-4-nitraimidazole is 74%.

The yield of metronidazole is 35% relative to
the 1-acetoxymethyt-2-methyl-4-nitroimidazole introduced
and 47% relative to the 1-acetoxymethyl-2-methytl-é-nitro-

imidazole converted.

EXAMPLE 2

t-Acetoxymethyl-2-methyl-4-nitroimidazole
(0.46 g; 0.023 mele), glycol diacetate (2.5 c¢) and con-
centrated sulphuric acid (d = 1.83) (0.30 cc; 0.0028 mote)

-
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are introduced into a round-bottomed flask equipped with

a stirrer. The reaction mixture is heated to 140°C for

3 hours. The hydrolysis is then carried out by adding

a solution of sulphuric acid (0.15 cc¢) in water (2.5 cc)
S and then heating the solution obtained to 80°C for

4 hours.

After dilution, metronidazole (0.218 g) in the
reaction mixture is assayed by HPLC with external cali-
bration.

10 The degree of conversion of 1-acetoxymethyl-2-
methyl-4-nitroimidazole is 92X%.

The yield of metronidazole is 55% relative to
the 1-acetoxymethyl-2-méthyl-4-nitroimidazole introduced
and 60X relative to the 1-acetoxymethyl-2-methyl-4-nitro-

15 imidazole converted.
EXAMPLE 3

2-Methyl-4(or 5)-nitroimidazole (0.334 g;

0.0026 mote), glycol diacetate (2.5 cc) and concentrated
sulphuric acid (d = 1.83) (0.15 cc; 0.0028 mole) are

20 introduced into a round-bottomed flask equipped with a
stirrer. The reaction mixture is heated to 140% for
3 hours. The hydrolysis is then carried out by adding
a solution of sulphuric acid (0.15 ¢c) in water (2.5 cc)
and then heating the solution obtained to 80°C for

2S5 & hours.

After dilution, metronidazole (185 mg) in the

redction mixture is assayed by H/LC with external
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calibration,

The degree of conversion of 2-methyl-é4~(or 5)-
nitroimidazole is 61X.

The yield of metronidazole is 41% retative to
the 2-methyl-4-(or S5)-nitroimidazole introduced and 68%
relative to the 2-methyl-4(or S5)-nitroimidazole
converted.

EXAMPLE &

Ethylene glycol diacetate (4.38 g; 0.03 mole),
1-acetoxymethyl-2-methyl-4-nitroimidazole (2 g; 0.02
mole), concentrated sulphuric acid (d = 1.83) (1.56 g;
0.016 mole) and acetic anhydride (0.45 cc), for the pur-
pose of removing the water present in the sulphuric
acid, are introduced into a distillation apparatus in
which the receiver is immersed in an acetone/dry ice
bath. A pressure of 150 mmHg (20 kPa) is established in

the apparatus, and the reaction mixture is then heated

for 8 hours to 95°C. During the heating, acetic acid
(0.94 g) is distilled off. The distillation apparatus
is returned to atmospheric pressure and, after the reac-
tion mass has been cooled, ethanol (15 c¢c) is added into
the boiling vessel. The distillation apparatus is re-
placed by a condeénser. The Solution obtained after add-
ing ethanol is heated under reflux for 4 hours.

After the mixture is cooled, metronidazole (1 g)
in the reaction mixture is assayed by HPLC with external

calibration.
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The degree of conversion of 1-acetoxymethyl-2-
methyl-4-nitroimidazole is 71X.

The yield of metronidazole is 59% relative to
the 1-acetoxymethyl-2-methyl-4-nitroimidazole introduced

and 83X relative to the 1-acetoxymethyl-2-methyl-4-

nitroimidazole converted.

EXAMPLE 5

1-Acetoxymethyl-4-nitroimidazole (12 g; 0.06
mole), glycol diacetate (26 g; 0.18 mole) and concentra-
ted sulphuric acid (9.4 g; 0.09 mole) are introduced
into a round-bottomed flask equipped with a stirrer.

The mixture s heated for 6 hours under a pressure of
150 mmHg (20 kPa).

During the heating, a mixture of

acetic acid and glycol diacetate is distilled off.

Wwater (30 cc) is added and the mixture is then heated
under reflux for & hours.

pfter dilution, assay by high performance Ligquid
chromatography (HPLC) with external calibration shows
that:
- the degree of ¢onversion of 1-acetoxymethyl-4-nitro-
imidazole is 87.8%
- the yield of 1-hydroxyethyl-5-nitroimidazole is 85%

relative to the 1-acetoxymethyl-4-nitroimidazole

converted.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: °

1. A process for preparing a l1-(hydroxyalkyl)-

nitroimidazole of formula:

in which R denotes hydrogen, alkyl of 1 to 4 carbon atoms,

+ ' S or alkenyl of 2 to 4 carbon atoms, the said alkyl and

alkenyl being unsubstituted or substituted by one or more
identical or different radicals chosen from phenyl, phenoxy
and 5~ c¢r 6-membered oxygen-containing heterocyclic

radicals,

10 or alternatively, R denotes aryl of 6 to 10 carbon

atoms, unsubstituted or substituted by one or more identical
or different substituents chosen from halogen, alkyl of 1 to
4 carbon atoms, alkoxy of 1 to 4 carbon atoms, phenyl,
phenoxy and nitro,

or alternatively R denotes cycloalkyl of 5 er 6
carbon atoms; the aforesaid phenyl, phenoxy and heterocyclic
radicals being unsubstituted or substituted by one or more
iden;ical or different substituents chosen from halogen,
alkyl of 1 to 4 carbon atoms, alkoxy of 1 to ¢ carbon atoms,

phenyl, phenoxy and nitro;

g d
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and n is 2 or 3 and one of the carbon atoms of the alkylene
chain -(CH,) - can bs substituted by methyl, which
comprises reacting a sulphite or diacetate of an alkylene-

diol of formula:

5 HO-(CH, ) -OH

in which n is 2 or 3 and one of the carbon atoms of the
alkylene chain -(CH,) - can be substituted by methyl in the
presence of a strong acid and at 80 to 140°C with an imida-

zole derivative of formula:

T 10 //F_Toz
N N - X
S i
s £ l
. LR R
R in which R is defined as above and X denotes hydrogen or a

radical which can be removed by hydrolysis or alcoholysis;
P hydrolysing or alcoholysing the condensation product
Cer e obtained and isolating the 1l-(hydroxyalkyl)nitroimidazole.
15 2. A process according to claim 1, wherein the
group which can be removed by hydrolysis or alcoholysis is a
hydroxymethyl radical, an alkoxymethyl radical in which the

alkyl portion contains 1 to 4 carbon atoms, an acyloxymethyl
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radical in which the acyl portion contains 1 to 4 carbon
atoms in a straight or branched chain, an allvlic ethylenic
radical, or an arylmethyl radical.

3. A process accox¥ding to claim 1 or 2, wherein

S5 the strong acid is sulphuric, methanesulphonic or p-toluene-

sulphonic acid.

4. A process according to any one of the
preceding claims, wheréin one mole of strong acid and c¢re

mole of diester are used per mole of imidazole derivative.

N 10 5. A process according to any one of the
P preceding claims, wherein the hydrolysis of the condensation
veed product is performed in the presence of sulphuric acid or

hydrochloric acid.
6. A process according to any one of claims 1 to
15 4, wherein the alcoholysis of the condensation product is
. performed by heating in the presence of methanol or ethanol.
‘ 7. A process according to any one of the
., preceding claims, wherein the 1-(hydroxyalkyl)nitroimidazole
obtained is metronidazole, secnidazole or ternidazole.
20 8. A process according %o claim 1, substantially
as described in any one of the foregoing examples.
9. 1-(Hydroxyalkyl)-2-methyl-5-nitroimidazoles
when prepared by a process as defined in any one of claims 1

toe 8.
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disclosed herein or referred to or indics in the
specification and/or of this application,
individual 0llectively, and any and all combinations
2atures-

DATED this THIRTEENTH day of JANUARY 1989

1. Rhone-Poulenc Sante
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. Patent Attorneys for the applicant(s)
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