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(57) Abstract: A method for preparing anastrozole characterised in that it comprises; - a bromination step, wherein 2-2' (5-methyl-1,
3- phenylene) bis (2-methylpropanenitrile) is subject to a bromination reaction in the presence of an ester solvent so as to obtain 2-
[3 -bromomethyl-5 - (cyano-dimethyl-methyl) -phenyl] - 2-methyl-propanenitrile; - a nucleophilic substitution step, wherein an or -
ganic mixture comprising unreacted 2-2' ( 5-methyl-1, 3 -phenylene) bis (2- methylpropanenitrile), the 2- [3 -bromomethyl-5- (cy-
ano-dimethyl- methyl) -phenyl] -2 -methyl-propanenitrile formed and, if necessary, other reaction by-products is caused to react in
dimethylformamide with 1-2-4-triazole or with its sodium salt at a temperature ranging from 0 to 25 °C for the formation of anastro -
zole; - an anastrozole puritication step.
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“"METHOD FOR PREPARING ANASTROZOLE FOR PHARMACEUTICAL PURPOSES”

TECHNICAL FIELD

The present - invention concerns a simple direct process for
preparing pure anastrozole, with IUPAC name 2,2'-[5-(1H-1,2,4-
triazol-1l-yl-methyl)-1,3-phenylene]bis(2-

methylpropanenitrile) .

By means of the present process it is possible to synthesise
and isclate anastrozole for pharmaceutical purposes from a
commercially available starting material without having to

isolate and purify other process intermediates.

BACKGROUND ART

Anastrozole is an active ingredient in the category of hormone
drugs, able to inhibit the action of a specific enzyme for the
regulatioh and control of female sex hormones. In medicine
anastroczole 1is usually used in the treatment of advanced or
recurrent breast cancer in post-menopausal women. The typical

dosage for administration of the drug is 1 mg/day orally.

Although wvarious procedures for the total synthesis of
anastrozole have been described in literature, the most
expedient one, from various points of view, including that of
industrial production, congists in two consecutive and

distinct process steps. The general reaction scheme is as

follows:
A N'ZN\
X | N
N/
RN 2ep I Qep 11
— . et
Ne CN NC CN
NC CN
A=H, OH
% =Br, Cl, TsO
Compound 1
P Compound 2 Anastrozole

In this regard, one of the synthesis approaches most widely
used consists in reacting the 2-2’ (5-methyl-1,3-
phenylene)bis (2-methylpropanenitrile) (A=H) [COMPOUND 1] with

a brominating agent in the presence of a radical initiator to
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form the intermediate 2- [3-bromomethyl-5- (cyano-dimethyl-
methyl) -phenyl] -2-methyl-propanenitrile (X=Rr) [COMPOUND 2].
Said intermediate, after being isolated and purified, in
general by means of crystallization or chromatography, is
reacted with 1’1-2-4-triazole or with its sodium salt to form
anastrozole. This approach, described initially by the patent
EP0296749, has been taken up and widened in many variations by
subsequent patents which all claim different implementation
conditions for the initial radical bromination reaction,
purification of the intermediate [COMPOUND 2], coupling of the
same with the triazole (or a derivative thereof) and, above
all, different methods of purifying raw quality anastrozole in
order to isolate a finished product with purity grade suitable

for pharmaceutical use.

Many of the works reported in literature detail the different
synthesis methods wused and the methods of isolation and
purification of anastrozole, by way of example we cite:

- US2007/010048: describes a purification process of the
product by passage through silica gel followed by
crystallization in water/isopropanol.

- US2007/028192: describes a purification process of raw
anastrozole to pure anastrozole by means of a
crystallization/recrystallization sequence in water/alcohol,
regulating the pH and the temperature. ‘

- US2006/0035950 and US2009/0286989: describe anastrozole
purification methods which eliminate the use of
chromatography; from a raw product in solution, by addition of
strong acid, an anastrozole salt 1is isolated which, after
being treated with water base, is extracted in organic solvent
and then crystallized with high purity.

- US2010/0099887 <claims purification conditions of the
intermediate [COMPOUND 2] which, after being isolated with a
high purity level, is treated with 1,2,4-triazole, a base and
a phase transfer catalyst. The product obtained is isoclated by

crystallization from ethyl acetate/diethyl ether.



10

15

20

25

30

WO 2014/184754 PCT/IB2014/061435

HThe__main4Mqharacteristi¢ common . to all the methods of

preparation of anastrozole described above is the different
approach aimed at removing from the product the unreacted
substrates, the by-products and the isomers formed in the .

general sequence of the two reaction steps.

Two of the main reaction by-products, widely described and
reported in 1literature, are characterised by the following

structures:
u

"

Br Br Ho #

HC CH

Impurity 1 Impurity 2

[IMPURITY 1]: by-product of dibromination of [COMPOUND 1]

[IMPURITY 2]: regioisomer of anastrozole (isoanastrozole)

The procedures described above, which entail either the use of
chromatographic techniques or isolation and purification of
the [compound 2], or isolation and purification of an
anastrozole salt or the use of multiple
crystallization/recrystallization sequences, although they are
able to guarantee.a degree of pharmaceutical purity of the end
product, necessarily also involve drawbacks both in terms of
applicability in the industrial field and productivity with
the inevitable loss of overall yield and lengthening of the
process times due to the isclation of an intermediate reaction

product.

The need was therefore felt for an anastrozole preparation
procedure that was easily applicable on an industrial scale,
that reduced the operational - complexity thereof, at the same
time maximising the final yield and, above all, was able to

rapidly guarantee the obtaining of a preduct with high purity,
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compatible with a pharmaceutical use.

DISCLOSURE OF INVENTION

The subject "of the present invention is a method for the
preparation of anastrozole, the essential characteristics of
which are described in claim 1, and the preferred and/or
auxiliary characteristics of which are described in claims 2-

10.

BEST MODE FOR CARRYING OUT THE INVENTION -

For a better understanding of the invention, embodiments are

described below purely by way of non-limiting example.
Example

10.0 g of [COMPOUND 1] and 100 ml of tert-butyl acetate are
loaded in a flask. The resulting suspension is kept wunder

stirring at ambient temperature.

8.30 g of N-bromosuccinimide (NBS) followed by 220 mg of
catalyst azobisisobutyronitrile (AIBN) are then added. At this
point, the resulting mixture 1is heated and kept at a

temperature of 65°¢-75°C for 2-4 hours.

The reaction quenching is performed by lowering first the
temperature of the reaction mixture to 30°-40°C and then

adding 50 ml of a 5% solution of sodium metabisulphite.

At this point the organic rich phase is separated from the

water phase and then washed with distilled water.

80 ml of dimethylformamide (DMF) are added to the rich
solution, after the latter has been concentrated in a vacuum.
The solution thus obtained is re-distilled to eliminate the

residual t-butylacetate solvent.
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4.47 g sodium 1,2,4-triazole are added to the same solution,
after the latter has been brought to a temperature of 0°-25°C
(preferably 5°-10°C). The reaction mixture thus obtained is

kept under stirring for 1-2 hours.

The reaction is quenched by the addition of 100 ml toluene and
125 ml distilled water. After separation of the phases, the

rich organic phase is treated with a water solution HC1l 0.1M.

After separation of the phases, 1 g of carbon 1s added to the
resulting organic phase and it 1s kept under stirring at

ambient temperature.

After filtering, the clarified organic phase is extracted
twice with 100 ml of HCl 2M. The rich water phase, containing
high purity dissolved anastrozole, is lastly back-washed with

toluene.

Maintaining a temperature below 15°C, a solution of NaOH at
30% by weight is added to the rich acid solution in 60-90
minutes until pH 1 is reached. The mixture is then 1left in
crystallization break at 0°-5°C for 2 hours. A solution of
NaOH 0.5 M is then added until a pH of between 2.5 and 3.5 is
obtained. The resulting suspension is then left in break at
0c-5°C for a further 2 hours. A last quantity of NaOH 0.5 M
solution is then added until a final pH of between 5 and 7 1is
reached, followed by a last break at 0°-5°C.

The product is lastly filtered, washed with distilled water

and then dried in a vacuum at a temperature of 50°C.

In this way 6.3-6.6 g of pharmaceutical grade anastrozole are

obtained from 10 g of commercial grade ANA-3.

In particular, the product has:
anhydrous titre: 99.16% =+ 101.10%;
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KFc0.1%;

[} [+

total impurities: 0.21% + 0.26%

In conclusion, the method subject of the present invention
offers the important advantages of not requiriﬁg the use of
purification by column chromatography, which is costly and
difficult to apply con an industrial scale, of not requiring
the step of isolation and purification of the bromoderivative
intermediate or other intermediates, therefore facilitating
operation and productivity of the process, of using ester
solvents readily available on the market, with low toxicity
and environmental impact, and lastly of not requiring multiple
processes of crystallization/isolation/recrystallization but
of allowing anastrozole to be obtained for pharmaceutical
purposes by means of one single crystallization from purely

water solvent by control of the pH.
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CLAIMS

1. A method for preparing anastrozole characterised in that it

comprises:
- a bromination step, in which 2-2' (5-methyl-1,3-
phenylene)bis (2-methylpropanenitrile) is subject to a

bromination step in the presence of an ester solvent so as to
obtain 2-[3-bromoethyl-5- (cyano-dimethyl-methyl) -phenyl] -2-

methyl-propanenitrile;

- a nucleophilic substitution step, in which an organic-
mixture comprising unreacted 2-2'" (5-methyl-1,3-

phenylene)bis(2-methylpropanenitrile), the 2-[3-bromoethyl-5-

(cyano-dimethyl-methyl) -phenyl] -2-methyl-propanenitrile formed
and, 1f necessary, other reaction by-products is caused to
react in dimethylformamide with 1-2-4-triazole or with its

sodium salt at a temperature ranging from 0 to 25¢C for the
formation of anastrozole;

- an anastrozole purification step comprising, in sequence,

the following sub-steps:

a) a mixture of an organic solvent immiscible with water and
water is added to the solution resulting from the nucleophilic

substitution step;

b) the organic phase is separated from the water phase;

c¢) the organic phase is treated with a water solution with a
pH value ranging from 0.8 to 1.2 and subsequently separated;

d) the organic phase is treated with a water solution with a
pH value lower than or equal to 0 and subsequently the water
phase is collected;

e) the acid water phase resulting from step (d) is subject to
a crystallization operation by means of a gradual pH variation
through the addition of an alkaline solution, at a temperature

ranging from 0 to 15°C, until a final PH value ranging from 5

to 7 is reached.

2. A method for preparing anastrozole according to claim 1,

characterised in that the purification step comprises a sub-
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step (c¢’), which takes place between the sub-step (c) and the
sub-step (d) and in which active carbon is added to the
organic phase previously separated during sub-step (c) and

later removed by means of filtration.

3. A method for preparing anastrozole according to claim 1 or
2, characterised in that, during the bromination reaction, the
ester solvent is comprised in the group consisting of tert-
butyl acetate, 1isopropyl acetate, iscobutyl acetate, ethyl

acetate.

4. A method for preparing anastrozole according to claim 1,
characterised in that said crystallization operation
comprises, 1in sequence, a first alkalinization, in 30+60
minutes, ﬁp to a pH value ranging from 0.8 to 1.2, keeping the
temperature lower than 15°C; a crystallization break at a
temperature ranging from 0 to 5°C for an amount of time
ranging from 2 to 3 hours; a second alkalinization, in 15+30
minutes, up to a pH value ranging from 2.5 to 3.5; a
crystallization break at a temperature ranging from 0 to 5°C
for an amount of time ranging from 1 hour to 2 hours; a third
alkalinization, in 5+15 minutes, up to a pH value ranging from
5 to 7; a crystallization break at a temperature ranging from

0 to 5°C for an amount of time ranging from 1 hour to 2 hours.

5. A method for preparing anastrozole according to claim 4,
characterised in that said first, second and third
alkalinization involve the use of a basic solution selected
among sodium hydroxide solution, potassium hydroxide solution,

lithium hydroxide solution and ammonia solution.

6. A method for preparing anastrozole according to claim §5,
characterised in that said first alkalinization uses a sodium

hydroxide solution at 30% by weight and said second and third

o

alkalinization wuse a sodium hydroxide solution at 2 by

weight.
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7. A method for preparing anastrozole. according to any of. the.
previous claims, characterised in that the nucleophilic
substitution reaction takes place at a temperature ranging
from 0 to 10°C. |

8. A method for preparing anastrozole according to any of the
previous claims, characterised in that it comprises a solvent
change step, which is interposed between said bromination step
and said nucleophilic substitution step and in which the
solution resulting from the bromination reaction is subject to
at least one extraction with water and subsequently to a
distillation for the removal of the ester solvent; the organic
mixture comprising unreacted 2-2" (5-methyl-1,3-
phenylene)bis (2-methylpropanenitrile), the 2-[3-bromoethyl-5-
(cyano—dimethyl—methyl)—phenyl]—2—methy1—propanenitrile formed
and other reaction by-products being subsequently dissolved in

dimethylformamide.

9. A method for preparing anastrozole according to any of the
previous claims, characterised in that, during said sub-step
(¢) and said sub-step (d), the respective acid solution used
is selected among water solution of HCl, water solution of

sulphuric acid and water solution of hydrobromic acid.

10. A method for preparing anastrozole according to any of the
previous claims, characterised in that, during said
anastrozole purification step, a mixture of toluene and water
is added to the solution resulting from the nucleophilic

substitution reaction.
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