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NEW POLYMORPHOUS FORMS OF RIFAXIMIN, PROCESSES FOR

' THEIR_ PRODUCTION AND USE_THEREOF IN THE MEDICINAL

PREPARATIONS

Background of the invention

The rifaximin (INN; see The Merck Index, XIII Ed., 8304) is an
antibiotic pertaining to the rifamycin class, exactly it is a pyrido-imidazo
rifamycin described and claimed in the Italian Patent IT 1154655, while the
European Patent EP 0161534 describes and claims a process for its production
starting from the rifamycin O (The Merck Index, X111 Ed., 8301).

Both these patents describe the purification of the rifaximin in a generic
way saying that the crystallization can be carried out in suitable solvents or
solvent systems and summarily showing in some examples that the product
coming from the reaction can be crystallized from the 7:3 mixture of ethyl
alcohol/water and can be dried both under atmospheric pressure and under
vacuum without saying in any way neither the experimental conditions of
crystallization and dfying, nor any distinctive crystallographic characteristic
of the obtained product.

The presence of different polymorphs had not been just noticed and
therefore the experimental conditions described in both patents had been
developed with the goal to get a homogeneous product having a sujtable purity
from the chemical point of view, apart from the crystallographic aspects of the
product itself.

It has now be found, unexpectedly, that some polymorphous forms exist
whose formation, in addition to the solvent, depends on the conditions of time
and temperature at which both the crystallization and the drying are carried
ount.

These orderly polymorphous forms will be, later on, conventionally



10

15

20

WO 2006/094662 PCT/EP2006/001758
2

identified as rifaximin 5 (figure 1) and rifaximin ¢ (figure 2) on the basis of
their respective specific diffractograms reported in the present application,

The polymoiphous forms of the rifaximin have been characterized
through the technique of the powder X-ray diffraction.

The identification and characterization of these polymorphous forms
and, contemporarily, the definition of the e¢xperimental conditions for
obtaining them is very important for a compound endowed with
pharmacological activity which, like the rifaximin, is marketed as medicinal
preparation, both for human and veterinary use. In fact it is known that the
polymorphism of a compound that can be used as active principle contained in
a medicinal preparation can influence the pharmaco-toxicologic properties of
the drug. Different polymorphous forms of an active principle administered as
drug under oral or topical form can modify many properties thereof like
bioavailability, solubility, stability, colour, compressibility, flowability and
workability with consequent meodification of the profiles of toxicological
safety, clinical effectiveness and productive efficiency.

What above mentioned is confirmed with authority by the fact that the
authorities that regulate the grant of the authorization for the admission of the
drugs on the market require that the manufacturing methods of the active
principles are standardized and controlled in such a way that they give
homogeneous and sound results in terms of polymorphism of the production
batches (CPMP/QWP/96, 2003 - Note for Guidance on Chemistry of new
Active Substance; CPMP/ICH/367/96 - Note for guidance specifications: test
procedures and acceptance criteria for new drug substances and new drug
products: chemical substances; Date for coming into operation: May 2000).

The need of the above-mentioned standardization has further been
strengthened just in the field of the rifamycin aniibjotics from Henwood $.Q.,
de Villiers M.M., Licbenberg W. and Ldtter AP., Drug Development and

17
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Industrial Pharmacy, 26 (4), 403-408, (2000), who have ascertained that
different production batches of the rifampicin (INN) made from different
manufacturers differ among them because they show different polymorphous
characteristics, and as a consequence they show different profiles of
dissolution together with consequent alteration of the respective
pharmacological properties.

By applying the processes of crystallization and drying generically
disclosed in the previous patents IT 1154655 and EP 0161534 it has been
found that under some experimental conditions the poorly crystalline form of
the rifaximin is obtained while under other experimental conditions the other
crystalline polymorphous forms of the rifaximin are obtained. Moreover it has
been found that some parameters, absolutely not disclosed in the above-
mentioned patents, like for instance the conditions of preservation and the
relative humidity of the ambient, have the surprising effect to determine the
form of the polymorph. )

The polymorphous forms of the rifaximin object of the present pateat
application were never seen or hypothesized, while thinking that a sole
homogeneous product would always have been obtained whichever method
would have been chosen within the range of the described conditions,
irrespective of the conditions used for crystallizing, drying and preserving.

It has now been found that the formation of the § and & forms depends
on the presence of water within the crystailization solvent, on the temperature
at which the product is crystallized and on the amount of water present into
the product at the end of the drying phase.

The form 5 and the form & of the rifaximin have then been synthesised
and they are the object of the invention.

In particular the form § is characterised by the residual content of water
in the dried solid material in the range from 2.5% and 6% (w/w), more
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preferably from 3% and 4.5%, while the form € is the result of a polymorphic
transition under controlled temperature moving from the form 6. ‘

These results have a remarkable importance as they determine the
conditions of industrial manufacturing of some steps of working which could
not be considered critical for the determination of the polymorphism of a
product, like for instance the maintaining to a crystallized product a quantity
of water in a stringent range of values, or the process of drying the final
product, in which a form, namely form &, has to be obtained prior to
continuing the drying to obtain the form s, or the conditions of preservation of
the end product, or the characteristics of the container in which the product is
preserved.

Rifaximin exerts its broad antibacterial activity in the gastrointestinal
tract against localized gastrointestinal bacteria that canse infectious diarrhea
including anaerobic strains. It has been reported that rifaximin is characterized
by a negligible systemic absorption, due to its chemical and physical
characteristics (Descombe J.J. et al. Pharmacokinetic study of rifaximin after
oral administration in healthy volunteers. Int J Clin. Pharmacol. Res., 14 (2),
51-56, (1994))

Now we have found that it is possible on the basis of the two identified
polymorphic forms of rifaximin to modulate its level of systemic adsorption,
and this is part of the present inventibn, by administering distinet
polymorphous forms of rifaximin, namely rifaximin § and rifaximin &. It is
possible to have a difference in the adsorption of almost 100 folds in the range
from 0.001 to 0.3 pg/mi in blood.

The evidenced difference in the bioavailability is important because it
can differentiate the pharmacological and toxicological behaviour of the two
polymorphous of rifaximins & and s.

As a matier of fact, rifaximin € is negligibly absorbed through the oral
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route while rifaximin § shows a mild absorption.

Rifaximin & is practically not absorbed, might act only through a topical
action, including the case of the gastro-intestinal tract, with the advantage of
very low toxicity.

On the other way, rifaximin 5, which is mildly absorbed, can find an
advantageous use against systemic microorganisms, able to hide themselves
and to partially elude the action of the topic antibiotics.

In respect of possible adverse events coupled to the therapeutic use of
rifaximin of particular relevance is the induction of bacterial resistance to the
antibiotics.Generally speaking, it is always possible in the therapeutic practice
with antibiotics to induce bacterial resistance to the same or to other antibiotic
through selection of resistant strains.

In case of rifaximin, this aspect is particulasly relevant, since rifaximin
belongs to the rifamycin family, a member of which, the rifampicin, is largely
used in tuberculosis therapy. The current short course treatment of
tuberculosis is 2 combination therapy involving four active pharmaceutical
ingredients: rifampicin, isoniazid, ethambutol and pyrazinamide and among
them rifampicin plays & pivotal role. Therefore, any drug which jeopardized
the efficacy of the therapy by selecting for resistance to rifampicin would be
harmfuol. (Kremer L. et al. “Re-emergence of fuberculosis: strategies and
treatment”, Expert Opin.Investig.Drugs, 11 (2), 153-157, (2002)).

In principle, looking at the structural similarity between rifaximin and
rifampicin, it might be possible by using rifaximin to select resistant strains of
M.tuberculosis aud to induce cross-resistance to rifampicin. In order to avoid
this negative event it is crucial to have a comirol of quantity of rifaximin
systemically absorbed.

Under this point of view, the difference found in the systemic absorption
of the 3 and & forms of the rifaximin is significant, since also at sub-inhibitory

v
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concenfration of rifaximin, such as in the range of from 0.1 to 1 pg/ml,
sclection of resistant mutants has been demonstrated to be possible (Marchese
A. et al. In vitro activily of rifaximin, metronidazole and vancomycin against
clostridium difficile and the rate of selection of spontancously resistant mutants
against representative anaerobic and aerobic bacteria, including ammonia-
producing species. Chemotherapy, 46(4), 253-266,(2000)).

According to what above said, the importance of the present invention,
which has led to the knowledge of the existence of the above mentioned
rifaximin polymorphous forms and to variows industrial routes for
manufacturing pure single forms having different pharmacological properties,
is clearly strengthened.

The above-mentioned 8§ and s forms can be advantageously used as pure
and homogeneous products in the manufactmre of medicinal preparations
containing rifaximin.

As already said, the process for manufacturing rifaximin from rifamycin
O disclosed and claimed in EP 0161534 is deficicnt from the point of view of
the purification and identification of the product obtained; it shows some
limits also from the synthetic point of view as regards, for instance, the very
long reaction times, from 16 to 72 hours, very little suitable for an industrial
use and moreover because it does not provide for the in situ reduction of the
rifaximin oxidized that may be formed within the reaction mixture.

Therefore, a further object of the present invention is an improved
process for the industrial manufacturing of the & and & forms of the rifaximin,
herein claimed as products and usable as defined and homogeneous active
principles in the manufacture of the medicinal preparations containing such
active principle.

Deseription of the invention

As already said, the form & and the form & of the antibiotic known as
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7
rifaximin (INN), processes for their production and the use thercof in the
manufacture of medicinal preparations for oral or topical route, are object of
the present invention.

A process object of the present invention comprises reacting one molar
equivalent of rifamycin O with an excess of 2-amino-4-methylpyridine,
preferably from 2.0 to 3.5 molar equivalents, in a solvent mixture made of
water and ethyl alcohol in volumetric ratios between 1:1 and 2:1, for a period
of time between 2 and 8 hours at a temperature between 40°C and 60°C.

At the end of the reaction the reaction mass is cooled to room
temperature and is added with a solution of ascorbic acid in a mixture of
water, ethyl alcohol and aqueous concentrated hydrochloric acid, under strong
stirring, in order to reduce the small amount of oxidized rifaximin that forms
during the reaction and finally the pH is brought to about 2.0 by means of a
further addition of concentrated aqueous solution of hydrochloric acid, in
order to beiter remove the excess of 2-amino-4-methylpyridine used in the
reaction, The suspension is filtered and the obtained solid is washed with the
same solvent mixture water/ethyl alcohol used in the reaction. Such semi
finished product is called “raw rifaximin®.

The raw rifaximin can be directly submitted to the subsequent step of
purification. Alternately, in case long times of preservation of the semi
finished product are expected, the raw rifaximin can be dried under vacuum at
& temperature lower than 65°C for a peried of time beiween 6 and 24 hours,
such semi finished product is called “dried raw rifaximin®.

The so obtained raw rifaximin and/or dried raw rifaximin are purified
by dissolving them in ethyl alcobol at a temperature between 45°C and 65°C
and by crystallizing them by addition of water, preferably in weight amounts
between 15% and 70% in respect of the amount by weight of the ethyl alcohol
used for the dissolution, and by keeping the obtmined suspension at a
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8
temperature between 50°C and 0°C under stirring during a period of time
between 4 and 36 hours.

The suspension is filtered and the obtained solid is washed with water
and dried under vacuum or under normal pressure, with or without a drying
agent, at a temperature between the room temperature and 105°C for a period
of time between 2 and 72 hours.

The achievement of the 5 and & forms depends on the conditions chosen
for the crystallization. In particular, the composition of the solvent mixture
from which the crystallization is carried out, the temperature at which the
reaction mixture is kept after the crystallization and the period of time at
which that temperature is kept, have proven to be critical.

More precisely, the & and £ rifaximins are obtained when the
temperature is first brought to a value between 28°C and 32°C in order to
cause the beginning of the crystallization, then the suspension is brought to a
temperature between 40°C and 50°C and kept at this value for a period of time
between 6 and 24 hours, then the suspension is quickly cooled to 0°C, in a
period of time between 15 minutes and one hour, is filtered, the solid is
washed with water and then is dried.

The step of drying has an important part in obtaining the & and €
polymorphous forms of the rifaximin and has to be checked by means of a
suitable method fit for the water dosage, like for instance the Karl Fisher
method, in order to check the amount of remaining water present in the
product under drying.

The obtaining of the rifaximin 8 during the drying in fact depends on
the end remaining amount of water which shonld be comprised from 2.5%
(w/w) and 6% (w/w), more preferably between 3% and 4.5%, and not from the
experimental conditions of pressure and temperature at which this critical
limit of water percent is achieved.

7
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In order to obtain the poorly adsorbed £ form it has to start from the 8
form and it has to be continued the drying under vacuum or at atmospheric
pressure, at room temperature or at high temperatures, in the presence or in
the absence of drying agents, provided that the drying is prolonged for the
time necessary so that the conversion in form € is achieved.

Both the forms 8 and ¢ of the rifuximin are hygroscopic, they absorb
water in a reversible way during the time in the presemce of suitable
conditions of pressure and humidity in the ambient and are susceptible of
transformation to other forms.

The transitions from one form to another result to be very important in
the ambit of the invention, becanse they can be an alternative manufacturing
method for obtaining the form desired for the production of the medicinal
preparations, Therefore, the process that allows to turn the rifaximin 8 iato
rifaximin € in a valid industrial manner is important part of the invention.

The process concerning the transformation of the rifaximin & info
rifaximin & comprises drying the rifaximin 8 under vacuum or at atmospheric

pressure, at room temperature or at high temperatures, in the presence or in

the absence of drying agents, and keeping it for a period of time until the
conversion is obtained, usually between 6 and 36 hours.

From what above said, it results that during the phase of preservation of
the product a particular care has to be taken so that the ambient conditions do
not change the water content of the product, by preserving the product in
ambient having controlled humidity or in closed containers that do not allow
in a significant way the exchange of water with the exterior ambient.

The polymorph called rifaximin § is characterised from a content of
water in the range between 2.5% and 6%, preferably between 3.0% aund 4.5%
and from a powder X-ray diffractogram (reported in figure 1) which shows
peaks at the values of the diffraction angles 20 of 5.7°%0.2, 6.7°+0.2,

1
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7.1°£0.2, 8.0°:0.2, 8.7°:02, 10.4°%0.2, 10.8°:0.2, 11.3°+0.2, 12.1°%0.2,
17.0°+0.2, 17.3°%0.2, 17.5°%0.2, 18.5°£0.2, 18.8°+0.2, 19.1°%0.2, 21.0°+0.2,
21.5°20.2. The polymorph called rifaximin £ is characterized from a powder
X-ray diffractogram (reported in figure 2) which shows peaks at the values of
the diffraction angles 20 of 7.0°%0.2, 7.3°%0.2, 8.2°+0.2, 8.7°+0.2, 10.3°+0.2,
11.1°4:0.2, 11.7°40.2, 12.4°:0.2, 14.5°+0.2, 16.3°+0.2, 17.2°+0.2, 18.0°%0.2,
19.4°:0.2.

The diffractograms have been carried out by means of the Philips
X’Pert instrument endowed with Bragg-Brentano geometry and under the
following working conditions:

X-ray tube: Copper

Radiation uged: K (a1), K (a2)

Tension and current of the generator: KV 40, mA 40

Monocromator: Graphite

Step size: 0.02

Time per step: 1.25 seconds

Starting and final angular 26 value: 3.0°+30.0°

The evaluation of the content of water present in the analysed samples
has always been carried out by meaus of the Karl Fisher method.

Rifaximin 3 and rifaximin & differ each from other also because they
show significant differences as regards bioavailability.

A bioavailability study of the two polymorphs has been carried out on
Beagle female dogs, ireated them by oral route with a dose of 100 mg/kg in
capsule of one of the polymorphs, collecting blood samples from the jugular
vein of each animal before each dosing and 1,2,4,6,8 and 24 hours after each
dosing, transferring the samples into tubes containing beparin and separating
the plasma by centrifugation.

The plasma has been assayed for rifaximin on the validated LC-MS/MS
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method and the maximum observed plasma concentration (Cmax), the time to
reach the Cmax (tmax), and the area under the concentration -time curve
(AUC) have been calculated.

The experimental data reported in the following table 1 clearly show
that rifaximin € is negligibly absorbed, while rifaximin 3 is absorbed at a
value (Cmax = 0.308 pg/ml) comprised in the range of from 0.1 to 1.0 pg/ml.

Table 1

Pharmacokinetic parameters for rifaximin polimorphs following
single oral admipistration of 100 mg/kg by capsules to female dogs

Cmax Tmax AUC0-24

ng/ml h ng.h/mi

Mean Mean Mean
Polimorph 8 308.31 2 801
Polimorph € 6.86 4 42

The above experimental results further point out the differences existing
among the two rifaximin polymorphs.

The forms § and & can be advantageously used in the production of
medicinal preparations having antibiotic activity, containing rifaximin, for
both oral and topical use. The medicinal preparations for oral use contain the
rifaximin 8 and € together with the usual excipients as diluting agents like
mannitol, lactose and sorbito]; binding agents like starchs, gelatines, sugars,
cellulose derivatives, natural gums and polyvinylpyrrolidone; lubricating
agents like talc, stearates, hydrogenated vegetable oils, polyethylenglycol and
colloidal silicon dioxide; disintegrating agents like starchs, celluloses,
alginates, gums and reticulated polymers; colouring, flavouring and
sweetening agents.

All the solid preparations administrable by oral route can be used in the
ambit of the present invention, for instance coated and uncoated tableis,
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capsules made of soft and hard gelatine, sugar-coated pills, lozenges, wafer
sheets, pellets and powders in sealed packets. '

The medicinal preparations for topical use contain the rifaximin § and &
together with the usual excipients like white petrolatum, white wax, lanoline
and derivatives thereof, stearylic alcohol, propylenglycol, sodium lauryl
sulfate, ethers of the fatty polyoxyethylene alcohols, esiers of the fatty
polyoxyethylene acids, sorbitan monostearate, glyceryl monostearate,
propylene glycol monostearate, polyethylene glycols, methylcellulose,
hydroxymethylpropylcellulose, sodium carboxymethylcellulose, colloidal
aluminium and magnesium silicate, sodium alginate.

All the topical preparations can be used in the ambit of the present
invention, for instance the cintments, the pomades, the creams, the gels and
the lotions.

The invention is herein below illustrated from some examples that do
not have to be taken as a limitation of the invention: from what described
resuits in fact evident that the forms & and € can be obtained by suitably
combining between them the above mentioned conditions of crystallization
and drying.

Example 1

Preparation of raw rifaximin and of dried raw rifaximin

In a three-necked flask equipped with mechanic stirrer, thermometer
and reflux condenser, 120 ml of demineralised water, 96 ml of ethyl alcohol,
63.5 g of rifamycin O and 27.2 g of 2-amino-4-methylpyridine are loaded in
succession at room temperature. After the loading, the mass is heated at
474+3°C, is kept under stirring at this temperature for § hours, then is cooled to
20+3°C and, during 30 minutes, is added with a mixture, prepared separately,
made of 9 ml of demineralised water, 12.6 ml of ethyl alcohol, 1.68 g of
ascorbic acid and 9,28 g of aqueous concentrated hydrochloric acid. At the




10

15

20

WO 2006/094662 PCT/EPZ006/001755
13

end of the addition, the mass is kept under stirring for 30 minutes at an
interior temperature of 20+3°C and then, at the same temperature, 7.72 g of
concentrated hydrochloric acid are dripped until a pH equal to 2.0.

At the end of the addition, the mass is kept under stirring, always at an
interior temperature equal to 20°C, for 30 minutes, then the precipitate is
filtered and washed by means of a mixture made of 32 ml of demineralised
water and of 25 ml of ethyl alcohol. The so obtained “raw rifaximin” (89.2 g)
is dried under vacuum at room temperature for 12 hours obtaining 64.4 g of
“dried raw rifaximin™ which shows a water content equal to 5.6%. The product
by further drying under vacuum until the weight of 62.2 g of dried raw
rifaximin having a water content equal to 3.3%, whose diffractogram
corresponds to the polymorphous form 3 characterized from a powder X-ray
diffractogram showing peaks at values of angles 20 of 5.7°+0.2, 6.7°+£0.2,
7.1°£0.2, 8.0°:0.2, 8.7°%0.2, 10.4°+0.2, 10.8°:0.2, 11.3°30.2, 12.1°%0.2,
17.0°+0.2, 17.3°+0.2, 17.5°+0.2, 18.5°%0.2, 18.8°+0.2, 19.1°%0.2, 21.0°:0.2,
21.5°+0.2. The product is hygroscopic.

Example 2

Preparation of rifaximin &

Example 1 is repeated and after having obtained the § form, the solid
powder is further dried under vacuum for 24 hours at the temperature of 65°C.
The product obtained is rifaximin € characterized from a powder X-ray
diffractogram showing peaks at values of angles 26 of 7.0°+0.2, 7.3°%0.2,
8.2°40.2, 8.7°+0.2, 10.3°£0.2, 11.1°+0.2, 11.7°%0.2, 12.4°+0.2, 14.5°%0.2,
16.3°10.2, 17.2°%0.2, 18.0°+0,2, 19.4°+0.2.

Example 3

Bioavailability in dogs by aral route

Eight pure-bred Beagle females dogs having 20 weeks of age and
weighing between 5.0 and 7.5 kg have been divided into two groups of four.
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The first of these group has been treated with rifaximin 5, the second
with rifaximin € according to the following procedure.

To each dog have been administered by the oral roite 100mg/kg of one
of the rifaximin polymorphs into gelatine capsules and blood samples of 2 mil
each have been collected from the jugular vein of each animal before each
dispensing and 1,2,4,6,8 and 24 hours after the administration.

Each sample has been transferred into a tube containing heparin as
anticoagulant and has been centrifuged; the plasma has been divided into two
aliquots, each of 500 ul, and has been frozen at -20°C.

The rifaximin contained in the plasma has been assayed by means of the
validated LC-MS/MS method and the following parameters have been
calculated according to standard non-compartmental analysis:

Cmax = maximum observed plasma concentration of rifaximin in the
plasma; _

Tmax = time at which the Cmax is reached;

AUC = area under the concentration-time curve calculated through the

The results reported in the table 1 clearly show how the rifaximin & is
much more absorbed, more than 40 times, in respect of rifaximin €, which is

23
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1.  Polymorph of the antibiotic rifaximin called rifaximin & characterized
from a water content in the range from 2.5% (w/w) to 6% (w/w), preferably
comprised between 3.0% and 4.5%, and from a powder X-ray diffractogram
showing peaks at values of the diffraction angles 20 of 5.7°£0.2, 6.7°+0.2,
7.1°¢0.2, 8.0°%0.2, 8.7°+0.2, 10.4°%0.2, 10.8°%0.2, 11.3°:0.2, 12.1°%0.2,
17.0°%0.2, 17.3°£0.2, 17.5°%0.2, 18.5°+0.2, 18.8°+0.2, 19.1°+0.2, 21.0°+0.2,
21.5°+0.2.

2.  Polymorph of the antibiotic rifaximin called rifaximin & characterized
from a powder X-ray diffractogram showing peaks at values of the diffraction
angles 20 of 7.0°:0.2, 7.3°30.2, 8.2°+0.2, 8.7°+0.2, 10.3°+0.2, 11.1°+0.2,
11.7°40.2, 12.4°%0.2, 14.5°:0.2, 16.3°%0.2, 17.2°+0.2, 18.0°%0.2, 19.4°+0.2.
3.  Process for the production of the rifaximins 8 and &, characterized in that
a molar equivalent of rifamycin O is reacted with an excess of 2-amino-4-
methylpyridine, preferably from 2.0 to 3.5 molar equivalents, in a solvent
mixture made of water and ethyl alcohol in volumetric ratios between 1:1 and
2:1 for a period of time between 2 and 8 hours at a temperature between 40°C
and 60°C, the reaction mass is treated at room temperature with a solation of
ascorbic acid in a mixture of water, ethyl alcohol and concentrated agueons
hydrochloric acid, the reaction mass is brought to pH 2.0 by means of
concentrated agqueous solution of hydrochloric acid, the suspension is filtered,
the solid obtained is washed with the same water/ethyl alcohol solvent mixture
used in the reaction, the raw rifaximin so obtained is purified by dissolving it in
cthyl alcohol at a temperature between 45°C and 65°C, by causing the
precipitation by addition of water, preferably in weight amounts between 15%
and 70% in respect of the weight amount of ethyl alcohol used for the
dissolution, by lowering the temperature of the suspension at values between
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50°C and 0°C under stirring for a period of time between 4 and 36 hours, lastly
by filtering the suspension, by washing with water the obtained solid and by
drying it under vacuum or under conditions of normél pressure, with or without
a drying agent, at a temperature between room temperatare and 105°C, for a
period of time between 2 and 72 hours.

4.  Process according to claim 3 for the production of rifaximin &
characterized in that after the addition of water to the ethanol solution of the
raw rifaximin the temperature is lowered to a value between 28°C and 32°C in
order to cause the beginning of the crystallization, the so obtained suspension
is kept between 40°C and 50°C under stirring for a period of time between 6
and 24 hours, then it is cooled, in a period of time between 15 minutes and
one hout, to 0°C before being filtered, and the drying of the solid obtained is
carried out until a water content in the range from 2.5% (w/w) to 6% (w/w),
preferably comprised between 3.0% and 4.5%.

5. Process according to claim 3 for the production of rifaximin &
characterized by drying rifaximin 8 under vacuum or at atmospheric pressure,
at room temperature or at high temperatures, in the presence or in the absence
of drying agents, provided that the drying is prolonged for the time necessary
80 that the conversion in form ¢ is achieved.

6.  Use of the rifaximin & in the preparation of medicinal preparations for
oral use with antibiotic activity together with the usual excipients like
diluting, binding, Iubricating, disintegrating, colouring, flavouring and
sweetening agents.

7.  Use of the rifaximin g in the preparation of medicinal preparations for
oral use with antibiotic activity together with the usual excipients like
diluting, binding, lubricating, disintegrating, colouring, flavouring and
sweetening agents.

8. Use according to each of claims 6 and 7 characterized in that the
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MEEVAS FODMAS POLINORFICAS DE RIFAXIMINA, PROCESOS PARA SU

PRODUCCION Y SU USC EN LAS PREPARACIONES MEDICINALES

Antecedentes de la Invencién

El rifaximina (INN; ver The Merck Index, XIII Ed., 8304) es
un antibiético que pertenece a la clase de rifamicina,
axa‘ct_ame_nﬁe es una pirido-imidazo rifamicina descrita Yy
reivindicada en la patente italiana EP 1154655, aungue la
patente europea EP 0161534 describe y reivindica un proceso
para su produccién partiendo de la rifamicina O (The Merck

Index, XII Ed., 8301}).

Ambas patentes describen la purificacién de la rifaximina de
una manera gendérica diciendo que la cristalizacidén puede
llevarse a cabo en disolventes adecuados o en sistemas
disolventes adecuados y de manera muy resumida muestra en
algunos ejemplos que el producto ‘que proviene de la reaccién
puede ser cristalizado desde la mezcla 7:3 de alcchol

etilico/agua y puede ser secado tanto bajo presién

atmosférica como bajo vacio sin decir de ninguna manera si

las condiciones del experimento de cristalizacidn y secado,




ni las caracteristicas cristalogréficas distintivas del

producto obtenido.

La -presencia de polimorfos diferentes ha sideo solamente
informado y por lo tanto las condiciones experimentales
descritas en ambas patentes han 8ido desarrolladas con el
prop6sito u objetivd de obtener um producto homogéneo gue
teﬁga una pureza adecuada desde el punto de vista quimico, a
péu:te de los aspectos cristalogrédficos del producto obtenido.
" Bhora se ha encontrado, de manera inesperada que algunas
formas polimbrficas existen cuya formaciémn, en adici6n del
disolvente, dependen de las condiciones de tiempo vy
temperatura en las cuales tanto la cristalizacién como el
secado se llevan a cabo.

Estas formas polimSrficas ordenadamente seran,

postexriormente, - identificadas convencionalmente como
rifaximina 8 (figura 1) y rifaximina & (figura 2) sobre la

base de sus difractogramas especificos respectivos reportados

en la siguiente solicitud.
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Las formas polimdrficas de rifaximina han sido caracterizadas

mediante la técnica de la difraccién de rayos X en el polvo.

La identificacién y <caracterizacién de esas formas
polimSrficas y, contemporéncamente, la definicién de las
condiciones experimentales para obtenerlas es wuy importante
para un compuesto al que se le asigna con una actividad
farmacolégica que, tal como la rifaximina, es comercializado
como una preparacitn wmwedicinal, tanto.para uso humano como
veterinario. be hecho es conocido que el polimorfismo de un
compuesto pqéLe ser usado como un principio active contenido
en una preparacién medicinal puede influenciar las
propiedades farmacotoxicolégicas de la droga. Diferentes
formas de polimorfos de un principio activo administradas
como droga bajo forma oral o tépica puede modificar wmuchas
propiedades de los mismos como la biodisponibilidad,
solubilidad, la estabilidad, el color, la compresibilidad, la
fluidez y trabajabilidad com la modificacifén consiguiente de
los perfiles de seguridad toxicolbgica, efectividad cliniéa-y

eficiencia productiva.
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Lo que se menciond anteriormente es confirmado con autoria
por el hecho de que las autorias son las que regulan el
otorgamiento de la autorizacifn para la admisgidén de las
drogas en el- mercado requiere que los méﬁodos de fabricaciém
de los agentes activos @eﬁ%aﬁdarizados y controlados de
tal manera gque ellos proborcionqz, resultados homogéneos y
arménicos en términos del polimorfismo de las tandas de
produccién (CPMP/OWP/96, 2003~ Nota para la gulfa sobre
quinica de nuevas sustancias activas; C?HP/ICH/:!G?/SG - Nota
para especificaciones de gufa: procedimientos de ensayo Y
criterios de aceptacién para nuevas sustancias de drogas Yy
nmuevos productos de drogaa sustancias quimicas; fecha para

entrar en operacién: Mayo 2000).

La necesidad de la estandarizacién anteriormente mencionada
ha sido fortalecida adicionalmente justo en el | campo de los
antibiéticos de rifamicinma a partir de Henwood S.Q., de
Villiers M.M., Liecbenberg W. y Lotter A.P., Drug Development
and Industrial Pharmacy, 26 (4), 403-408, (2000), quienes han
determinado que las tandas de produccién diferentes de 1la
rifampicina (INN) hechas por diferentes fabricantes difieren

entre ellas porgue ellas muestran diferentes caracterfisticas

0N



5 - PCT/EP2006/001755

de polimorfos, y como una consecuencia - ellas muestran
diferentes perfiles de disolucién junto <con alteracidn

consiguiente de las propiedades farmacoldgicas respectivas.

Al aplicar los ©procesos de cristalizacién y secado
generalmente descritos en las patentes anteriores IT 1154655
y EP 0161534 se ha encontrado que bajo algunas condiciones
experimentales la forma cristalina pdbre de la rifaximina es
obtenida aungue bajo otras condiciones expe_rimentales las
otras formés polimdrficas cristalinas de la rifaximina son
obtenidas. Mas aGn se ha encontrado que algunos parametros,
absolutamente no descritos en las patentes anteriormente
mencionadas, como por ejemplo las condiciones de preservacidn
y la humedad relativa del ambiente, tienen el efecto

gorprendente para determinar la forma del polimorfo.

Las formas polimérficas de la rifaximina objeto de la

presente solicitud de patente nunca fueron vistas o

hipotetizadas, aunque pensando que un solo producto homogéneo
siempre habria de obtenerse no importa el método que se

escogiera dentro del rango de las condiciones descritas, y




respectivamente de las condiciones usadas para la

cristalizacién, el secado, y la preservacién.

Se ha encontrado ahora que la formacién de las formas & y ¢
depende de la presencia de agua dentro del disolvente de
cristalizacidén, de la temperatura a la cual el producto es
cristalizado y de la cantidad de agua presente en el producto

al final de la fase de secado.

La forma 8 y la forma € de la rifaximina han sido entonces

gintetizadas y ellas son el objeto de la invencidn.

En particular la forma § estd caracterizada por el contenido
residual de agua en el material sblido secado en el rango
entre 2,5% y 6% (p/p), més preferiblemente entre el 3% y
4.5%,aunque la forma € es el resultado de una tramsicién
polimérfica bajo temperatura controlada que se mueve desde la

forma .

Estos resultados tienen una importancia notable ya que
determinan las condiciones de la fabricacitn industrial de

algunas etapas de trabajo que podrian no ser consideradas
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criticas para la determinacién del polimorfismo de un
producto, come por ejemplo el mantener a un producto
cristalizado en una cantidad de agua con un range muy

estricto de valores, o el proceso de secado del producto
final, en el cual una forma, particularmente la forma 8§ debe
ser obtenida antes de continuar el secado para obtener la
forma €&, o las condiciones de preservacitn del producto
£ inai, o las caracteristicas del contenedor en el cual el

producte es reservado.

La rifaximina ejerce su actividad antibacterial amplia en el
tracto gastrointestinal contra las bacterias localizadas
gastrointestinalmente que causan diarrea infecciosa
incluyendo cepas anaerbébicas. Se ha reportado que ia
rifaximina est& caracterizada por una absorcifn sistémica
despreciable debido a sus caracteristicas quimicas y fisicas
(Descombe J.J. et al. Pharmacokinetic study of rifaximin
alter oral administration in healthy volunteers. Int J Clin.

Pharmacol. Res., 14 (2), 51-56, (1994))

Ahora hemos encontrado que es posible sobre la base de las

dos formas polimérficas identificadas de rifaximina modular
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gu nivel de absorcién sistémica, y esto es parte de la

presente invencidén mediante administrar formas polimérficas
distintas de rifaximin, particularmente rifaximina 8 y
rifaximina €. Es posible tener una diferencia en el absorcidn

de casi 100 veces en el rango entre 0,001 a 0,3 pg/ml en 1la

sangre.

La evidencia diferenciada en la biodisponibilidad es
importante porque puede diferenciar el comportamiento

farmacolégico y téxico 1l6gico de 1los dos polimorfos de

rifaximina 8 vy €.

De hecho, la rifaximina ¢£.se absorbe de manera despreciable a

través de la via oral mientras que la rifaximina 8 wmuestra

una absorcidén mejor.

-

La rifaximina ¢.practicamente no es absorbida, hecho poderoso
solamente mediante una accién tépica, incluyendo el caso del

tracto gastrointestinal, con la ventaja de wuna baja

toxicidad.

AP
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Deé otro lado, la rifaximina 8, que es absorbida suavemente,
puede encontrar un uso ventajoso contra organismos
gsistémicos, capaces de esconderse y de inhibir la accién de

antibisSticos tépicos.

Con respecto a eventos adversos posibles acoplados al uso
terapéutico de la rifaximina de relevancia particular es la
induccién de la resistencia bacteriana a los antibifticos.
Hablando dé manera general, siempre es posible en la préactica
terapéutica con antibiéticos inducir resistencia bacteriana a
los mismos u a otros antibidticos wediante la seleccién de

cepas resistentes.

En el caso de la rifaximina este aspecto es particularmente
relevante, ya que la rifaximina pertenece a la familia de la
rifamicina, un miembro de 1la cual, la rifampicina es
ampliamente usgada en la terapia de la tuberculosis. El
tratamiento de curso corto actual de tuberculosis es una
terapia de combinacién que involucra cuatro ingredientes
activos farmacduticos: rifampicina, isoniazida, etaobutol vy
pirazinamida .y- entre ellos la rifampicina juega un papel

principal. Por 1lo tanto cualquier droga puede dafiar 1la
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eficacia de la terapia mediante seleccionar en cuanto a
resistencia a la rifampicina lo que seria daﬁoaé. {Kremer L.
et al. “Re-emergence of tuberculosi: strategies and
treatment®, Expert Opin. Investig. Drugs, 11 (2), 153-157,

(2002)}.

En principio, mirando a la similitud estructural entre la
rifaximina y la rifampicina, podria ser posible wediante usar
rifaximina para seleccionar cepas resistentes de la M.
tuberculosis y para inducir una resistencia cruzada con la
rifampicina. Paré poder evitar este evento negativoe es
crucial temer un control de la cantidad de rifaximina

absorbida sistémicamente.

Bajo este punto de vista, la diferencia encontrada en la
absorcifn sistémica de las forma 8 y e.de la rifaximina es
significativa, ya que también en concentracifn sub-inhibidora
de rifaximina, tal como en el rango entre 0,1 a 1 pg/ml, la

seleccién de mutantes resistentes ha sido demostrada que es
posible (Marchese A. et al. In vitro activity of rifaximin,
metronidazole and wvancomycin against clostridium dJdifficile

and the rate of selection of spontaneously resistant mutants
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against representative anaerobic and bacteria aerobic,
including ammonia-producing species. Chemotherapy, 44(4),

253-266, (2000)}.

De acuerdo con lo dicho anteriormente, la importancia de la
presente invencién, que ha llevado al conocimiento de 1la

exigtencia de las formas polimdrficas de rifaxiwmina

mencionadas anteriormente y a diversas rutas industriales

para la fabricacitn de formas simples puras que tienen
propiedades farmacolbgicas diferentes se wven fortalecidas

claramente.

Las formas & y &.mencionadas anteriormente pueden ser usadas
ventajosamente como productos puros y homogéneos en la
fabricacién de preparaciones medicinales que contienen

rifaximina.

Como ya se dijo, el proceso para fabricar rifaximina de 1la
rifamicina o descrita y reivindicada exi la EP 0161534 es
deficiente desde el punto de vista de la purificacién e
identificacién del producto obtenido; se muestran algunos

limites también desde el punto de vista sintético con
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respecto, por ejemplo, a los tiempos my largos de reacciln,

desde 16 a 72 horas, muy poco adecuado para un uso industrial

 y mis afin porque no suministra para la reduccidn in situ de

la rifaximina oxidada que puede ser formada dentro de 1la

mezcla de reaccién.

Por lo tanto, un objetivo adiéional de la presente invencién

es un proceso wejorado para la fabricaci6n industrial de las

formas 8 y e.de la rifamixina, reivindicadas aquf como

productos y utilizables como se defini6 y principios activos

homogéneos en la fabricacién de preparaciones medicinales que

contienen tales principios activos.

Descripci&n de la Invencién

Como ya se dijo, la forma & y‘é.del antibidtico conocido como

rifaximina (INN), los pxoceaba para su produccién y uso del -

mismo en la fabricacién de preparaciones medicinales para

‘xutas orales o tépicaa; son objeto de la presente inﬁencién._

Un proceso objeto de la presente invencién comprende hacer

‘reaccionar un eguivalente molar de rifamicina O con un exceso
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de 2-amino-4-metilpiridina, preferiblemente de 2.0 a 3.5
equivalentes molares, en una mezcla de disolvente hecha de
agua y de alcohol etflico en ﬁroporciones volum&tricas entre
i:1 y 2:1, durante un periodo de tiempo eﬁtre 2y8 ht-)raa a
teumperatura entre 40°C y 60°C.

Al final de la xeaccién la masa de _reacéién es enfriada a
temperatura ambiente y es agregada con una solucién de dcido
ascOrbico en una mezcla de agua, de alcohol etilico y &cido
clorhidrice acuoso concentrado, bajo fuerte égitacidn para
poder reducir la cantidad pequefia de rifaximina oxidado que
se forma durante la reaccitn y finalmente el pH es llevado a
cerca de 2,0 mediante una adicién adicional de una solucién
acuosa concentrada de.'&cido clorhidrico, para poder remover

mejor el exceso de 2-amino-4-metilpiridina usado en la

reaccién. La suspensifn es filtrada y el s8lido obtenido es

lavado con la misma mezcla disolvente agua/alcohol etflico

usado en la reaccién. Tal producto semideterminado se llama

srifaximina bruta”.

En la rifaximina bruta puede ser sometida directamente a uma

etapa posterior de purificacién. Alternativamente, en caso de
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largos tiempos de preservacidon del producto subterminado son
esperados, la rifaximina bruta puede ser secada bajo vacio a
temperatura inferior de 65°C por un periodo de tiewmpo entre 6
y 24 horas, tal producte semiterminado se llama “rifaximina

producto seco”.

El rifaximina bruto asi obtenido y/o el rifaximina bruto
gecado son purificados mediante disolverlos en alcohol
etilico a una temperatura entre 45°C y 65°C y luego
cristalizarloa mediante la adicidn de agua, preferiblemente
en cantidades en peso entre 15% y 70% cﬁn regpecto a la
cantidad en peso del alcohol etilico usado para la
disolucitn, y mediante el mantener la suspensién obtenida a
una temperatura entre 50°C y 0°C bajo agitaciémn en un periodo

de tiempo entre 4 a 36 horas.

La sugpensidén es filtrada y el s8lido obtenido es lavado con:

agua y secado bajo vacio o bajo presiém normal, con o sin un
agente de secado, a una temperatura entre la temperatura

ambiente y 105°C por un periodo de tiempo entre 2 y 72 horas.
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El logro de las formas 8 y €.depende de las condiciones

escogidas para 1la cristalizacién. En particular, la-

composicién de la mezcla disolvente desde la cual 1la
cristalizacién se lleva a cabo, la temperatura en la cual la
mezcla de reaccién es mantenida después de la cristalizacidn
y el periodo de tiempo durante el cual esa temperatura es

mantenida, han quedado ser criticos.

Mis precisamente, las rifaximinas § y £.son obtemidas cuando
la temperatura es primero llevada entre un valor entre 28°C y
32°C para poder causar el inicio de la cristalizacidn, luego
la suspensién es llevada a una temperatura entre 40°C y 50°C

y Se mantiene en este valor durante um periodo de tiempo

entre 6 y 24 horas. Luego la suspensién es enfriada

répidamente a 0°C, sin un periodo de tiewpo entre 15 minutos
y 1 hora, es filtrado, el s6lido es lavado con agua y luego
es secado. La etapa de secado tiene una parte importante en
la obtencién de las formas polimSrficas & y €.de 1la
rifaximina y tiene que ser verificado por medio de un mé&todo
adecuado ajustado a la dosificacién de agua, como por ejemplo
el método Karl Fisher para poder verificar la cantidad de

agua remanente presente en el producto bajo secado.
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La obtenci6n de la rifaximina 8 durante el secado de hecho
depende en la cantidad remanente final de agua que deberfa
estar comprendida entre 2,5% (p/p) y 6% (p/p}), més
preferiblemente entre 3% y 4.5%, y no de las condiciocnes
experimentales de presién y temperat:urav a las cuales este

ifmite critico de porcentaje de agua es logrado.

Para poder obtener la forma €.pobremente absorbida tieme que

iniciarse desde la forma 8 y tiene que continuarse em secado
bajo vacio o a presién atmosférica, a temperatura ambiente o
a temperaturas mayores, en la presencia o en la ausencia de
agentes de secado, siempre que el secado sea prolongado
durante el tiempo necesario de modo que la conversién en la

forma € sea lograda.

Ambas formas 8§ y € de la rifaximina son higroscépicas, ellas
absorben agua de una manera reversible durante el tiempo en
la presencia de condiciones adecuadas de presién y humed}étd- en
el ambiente y son susceptibles de transformacién a otras

formas.
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Las transiciones de una forma a otra resultan ser muy
importantes en el &mbito de la invencién, porque ellas pueden
ser un método de fabricacién altermativo para obtener 1la
forma deseada para la produccién de las preparaciones

medicinales. Por lo tanto, el proceso que permite convertir
la rifaximina 8 a rifaximina € en una wmanera industrial

vilida es una parte importante de la invencidn.

El proceso concerniente a la transformacién de la rifaximina
.$ a rifaximina € comprende secar la rifaximina & al vacio o a
una presién atmosférica, a tewperatura ambiente o a
temperaturas mayores, en la presencia o ausencia de agentes
de secado, y mantenerlas durante un periodo de tiempo hasta
que la conversién sea obtenida, usualmente entre 6 y 36

horas.

De lo dicho anteriormente, resulta que durante la fase de
pregservacién del producto de un cuidado particular debe ser
tenido en cuenta de modo que las condiciones ambiente no
cambian el contenido de agua del producto, mediante preservar
el producto en un ambiente gue tenga humedad controlada o en

contenedores c¢errados que no permitan de una manera




significativa el intercambic de agua con el anmbiente

exterior.

El polimorfo llamado rifaximina 8 est& caracterizado de un
contenedor de agua en el range entre 2.5 y 6%,

preferiblemente entre 3,0 % y 4,5% y un difract-ograma de

rayos X en polvo (reportadd en la figura 1) que muestra picos

en los valores de los &ngulos de difraccién 20 de 5,7°%0.2,

6.7+ 0.2, 7.1+ 0.2, 8.0 * 0.2, 8.7 * 0.2, 10.4 * 0.2, 10.8 *
0.2, 11.3% 0.2, 12.1 % 0.2, 17.0 + 0.2, 17.3 *+ 0.2, 17.5 &
0.2, 18.5 % 0.2, 18.8t 0.2, 19.1 % 0.2, 21.0 & 0.2, 21.5 *

0.2. El polimorfo llamado rifaximina & est& caracterizado por

un difractograma de rayos X en polvo (reportado en la figura

2} que wiestra picos en los valores de los angulos de .

difraccién 20 de 7.0°%0.2, 7.3t 0.2, 8.2+ 0.2, 8.7 % 0.2,
10.3 £ 0.2, 11.1 £ 0.2, 11.7 % 0.2, 12.4 % 0.2, 14.5 * 0.2,

16.3 £ 0.2, 17.2 * 0.2, 18.0 0.2, 19.4 % 0.2.

Los difractogramas han sido llevados a cabo por medic del
instrumento X’Pert que estd diseflado con una geometria Bragg-

Brentano y_.bajo' las siguientes condiciones de trabajo.




Un estudio de biodisponibilidad de los dos polimorfos han
sido llevados a cabo sobre perros hembras Beagle, tratados
‘mediante ruta oral con una dosis de 100 mg/kg en c&psula de
uno de los polimorfos, se recolectaron muestras de sangre de
la vena yugular de cada animal antes de cada dosis y 1, 2, 4,
6, 8 y 24 horas después de cada dosis, transfiriendo las
muestras a tubos que contienen heparina y separando el plasma

mediante centrifugacidn.

El plasma ha sido ensayado para la rifaximina sobre el método
LC-MS/MS y 1la concentracién wmixima de plasma observada
(Cmax), el tiempo para alcanzar el Cwmax {tmax), y el &rea
bajo la curva de concentracién-tiempo (AUC} han sido

calculados.

Los datos experimentales reportados en la siguiente tabla 1
claramente muestran que la rifaximina & es absorbida de
manera despreciable mientras que la rifaximina & es absorbida
en un valor (Cmax= 0.308 ug/ml) comprendido en el rango de

0.1 a 1.0 pg/ml.

Tabla 1

" 20 T PCTIEPIOOEYTSS T
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Pazdiiatros farsacocinéticos para los polimorfos de rifaximina
" luego de la administracién oral finica de 100 mg/kg mediante

cépsulas de perros hembra

Cmax Tmax ! AUC 0-24
ng/ml h Ng.h/ml
Media Media Media
Polimorfo & - 308.31 2 801
Polimorfo € 6.86 4 " 42
Los resultados experimentales anteriores resaltan

adicionalmente las diferencias que existen entre los dos

polimorfos de rifaximina.

Las formas 8 y € pueden ser usadas ventajosamente en la
produccidén de preparaciones medicinales que tienen actividad
antibiética, que contienen rifaximina, tanto para uso oral
como tépico. Laé preparaciones medicinales para uso oral
contienen la rifaximina & y € junto con los excipientes
-usuales como agentes de dilucifn como wmanitol, lactosa y
gsorbitol; agentes de aglomeracién como almidones, gelatinas,

aziicares, dexrivados de celulosa, gomas naturales vy

G
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poliviﬁilpi_rrolidona ; agentes lubricantes tal como t_alco,
estearatos, aceites vegetales hidrogenados, pol.iétilenglicol
Y diéxido de silicio coloidal. Agentes de desintegracién
tales como almidones, celulosas, alginatos, gomas y polimeros

reticulados; colorantes, saborizantes y agentes endulzantes.

Todas las preparaciones s6lidas administrables wediante ruta
oral pueden ser usadas en el &mbito de la presente invencitn,
por ejemplo tabletas recubiertas y no recubiertas, cédpsulas
hechas de gelatina suave o dura, pildoras recubiertas de
az@car, pastillas, laminas de emparedado, grémulos © polvos

en paguetes sellados.

Las preparaciones medicinales para uso tépico que contienen
1a rifaxim-iﬁa 8 vy € con los excipientes usuales tal como
petrolato blanco, cera blanca, lanolina y derivados de ellos,
alcohol estearilico, propilenglicol, lauril sulfato de sodio,
éteres de alcoholes grasos de polioxietileno, ésteres de
Scidos de polioxietileno graso, monoestearatc de sorbitén,
monoestearato de glicerilo, monoestearato de propilenglicol,

glicoles de polietileno, metilcelulosa,
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hidroximetilpropilcelulosa, carboximetilcelulosa de sodio,

alurminio coloidal y silicato de magmesio, alginato de sodio.

Todas las preparaciones t6picas pueden ser usadas en el
émbito de la presente invencidén, por ejemplo en unglentos,

pomadas, cremas, geles ¥ lociones.

La invencién se ilustra de agui en adelante mediante algunos
ejemplos que no tiénen que ser tomados como una limitacién de
‘la invencién: de los resultados qﬁe se describen el hecho
evidente es qua-llas formas 8 y ¢ pueden ser obtenidas
mediante combinar adecuadamente entre ellas las condiciones

anteriormente mencicnadas de cristalizacién y secado.

Ejemplo 1
Preparacién de rifaximina bruto y de rifaximina bruto secado

En un frasco de tres cueiloa' equipado con un agitador
mecénico, termSmetro y condensador de reflujo.'. 120 ml de agua
desmineralizada, 96 ml de alcohol etilico, 63,5 g de
iifamicina OIy 27,2 g de 2-amino-4-metilpiridina son cargados

en sujecién a temperatura ambiente. Despuds de la carga, 1la
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masa es calentada a 4733°C, es mantenida en agitacién a esta
temperatura durante. 5 horas, y luego es enfriada a 20:3°C y,
durante 30 minutos, =se agrega como una mezcla, preparada
geparadamente, hecha de 9 ml de agua desmineralizada, 12,6 mi
de alcohol etfilico, 1,68 g de &cido ascérbico y 9,28 de &cido
clorhidrico concentrado. Al final de la adicifén, la masa es
mantenida bajd agitacién durante 30 minutos a una- temperatura
interior de ;;;3°c- Yy luego, a la misma temperatura, se gotea
7,72 g de &cido c¢lorhidrico concentrado hasta gue se logre un

pH de 2.0-

Al final de la adicitn, la masa es mantenida bajo agitaciénm,
giempre a una temperatura interior igual a 20°C, durante 30
minutos, luego el precipitado es filtredo y lavado por medio
de una mezcla becha de 32 ml de agua desmineralizada y de 25
ml de alcohol etilico. La ‘“*rifaximina bruta” asi obtenida
(82,2 g) es secada bajo vacio a temperatura ambiente durante
12 horas obteﬁiendo 64.4 g de *rifaximina bruta seca® que
meestra un contenido de agua igual a 5,6%. El pi:oducto eg
secado adicionalmente bajo vacfo hasta que el peso de 62.2 g
de rifaximina bruta seca tenfa un contenido de agua igual a

3.3%, cuyo difractograma corresponde a la forma polimorfa &
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caracterizada por el difractograma de rayos X en polvo que
muestra picos en los Ivalores de los &ngulos 20 de S5,7°:0,2,
6,7°+0,2, 7,1°:0,2, 8,0°:0,2, 8,7°:0,2, 10,4°+0,2, 10,8°+0,2,
11,3949, 2, 12,1°%40,2, 17,0°+0,2, 17,3°10,2, 17,5°+0,2,
18,5°:0,2, 18,8°+0,2, 19,1°:0,2, 21,0°40,2, 21,5°:0,2. El

producto es higroscépico.

Bfsmplo 2
Pruparaci‘én de rifaximina ¢

El ejemplo 1 se repite y después de haber obtemnido la forma
5, el polvo s6lido es secado bajo vacio por 24 horas a la
temperatura de 65°C. El producto obtenido es rifaximina ¢
caracterizada por el difractograma de rayos X en polve que
muestra los picos en los valores de los &ngulos 20 de
7,0°+0,2, 7,3°40,2, 8,2°+0,2, 8,7°+0,2, 10,°:+0,2, 11,1°%0,2,
12,7230,2, 12,4°4+0,2 14,5°+0,2, 16,3°x0,2, 17,2°10,2,

18'0°i0‘2' 19’4°t0’2.

- Ejemplo 3

Biodisponibilidad en perros mediante via oral




Ocho perros hembra Beagle de crianza pura que tienen 20
semanas de nacidos y un peso entre 5,0 y 7,5 kg han sido

divididos en dos grupos de cuatro.

El primero de esos grupos ha sido tratado con rifaximina 35,
el segundo con rifaximina £ de acuerdo con el siguiente

procedimiento.

A cada perro se le ha administrado mediante via oral 100
mg/kg de uno de los polimorfos de rifaximina en cépsulas de
gelatina, y se tomaron muestras de sangre de 2 ml de cada uno
de la vena yugular de cada animal antes de cada dispensado y

1, 2, 4, 8 y 24 horas después de la administracidn.

Cada muestra ha sido transferida a un tubo que contiene
. heparina como anticoagulante y ha s8ido centrifugada; el
plasma ha sido dividido en dos alicuotas, cada una de 500pl,

vy ha sido congelado a -20°C.

La rifaximina contenida en el plasma ha sido ensayada por
medios del método LC-MS/MS validado y 1los siguientes
parametros se han calculado de acuerdo con el anélisis

estindar no compartimental:

o
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El polimorfo del antibiético rifaximina llamado

[P ARY PP

rifaximina & caracterizado por un contenido de agua.
en el rango de 2.5% /p/p) a 6% (p/p), preferiblemente
comprendido entre 3,0% y 4,5%, y por el difractograma
de rayos X en polvo que muestran los picos en polvoe
de los éangulos de difraccién 20 de 5,7°:0,2,
6,7°x0,2, 7,1°z0,2, 8,0°%0,2, 8,7°:0,2, 10.4°10,2;
10,8°+0,2, 11,3°+0,2, _ 12,1°30,2, 17,0°+0,2,
17,3°+0,2, 17,540, 2, i8,5°+0,2, 18,8°10,2,

19,1°+0,2, 21,0°+0,2, 21,5°10,2.

El polimorfo del antibiético rifaximina llamado
rifaximina ¢ caracterizado por el difractograma de
rayos X en polvo que muestran los picos en polvo de
los &dngulos de difracci6n 26 de 7,0°:0,2, 7,3°10,2,
8,2°+0,2, 8,7°:0,2, 10,°+0,2, 11,1°%0,2, 11,7°10,2,
12,4°+0,2 14,5°+0,2, 16,3°+0,2, 17,2°x0,2, 18,0°10,2,

19,4°40,2.
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Un procesc para la producciém de las rifaximina o y e,-
caracterizado en gque un equivalente molar de
rifamicina O reacciona con un exceso de 2 éu;mo—-di-
metilpiridina, preferiblemente entre 2,0 a 3,5
équivalentea molares, en un solvente de mezcla hecha
de agua y  alcohol etilico en  proporciones
volumétricas entre 1;1 y 2;1 por un periodo de tiempo
entre 2 y 8 horas a una temperatura entre 40°C y
60°C, la masa de reaccidén es tratada a temperatura
ambiente con una solucién de &cido ascbébrbico en una
mezcla de agua, alcohol etilico y &cido clorhidrico
acuoso concentrado, l1a masa de reaccibn se lleva a un
pH de 2,0 wmediante la solucién de &cido clorhidrico
acuosa concentrada, las suspensi6tn es filtrada, el
s6lido obtenido es lavadoc con la misma mezcla de
disolvent_e agua/alcohol etilico usada en la reaccifdn,
la zrifaximina bruta asi obtenida es purificada
mediante disolverla en alcohol etilico a una
temperatura  entre 45°C vy 65°C, causando la
precipitacién mediante’ la adicién de agua,
preferiblemente en cantidades en peso entre 15% y 70%

con respecto de 1la cantidad en peso del alcohol
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b

etilico usado para la disolucién, mediante disminuir
la temperatura de la suspensidn a valores entre 50°C
y 0°C bajo agitacién durante un periodo de tiempo
entre 4 y 36 horas, por uGltimo mediante filtrar la
sugpensién, wmediante lavar con - agua el sb6lido
obtenido y mediante secarlo bajo vacio o bajo
condiciones de presifén normal, con o 8in un agente de
secado, a una temperatura entre temperatura ambiente
y 105°C, durante un periodo de tiempo entre 2 y 72

horas.

4. El proceso de acuerdo a la reivindicacifm 3 para 1la
produccién de la rifaximina & caracterizada en que
después de la adicidén de agua a la solucidn de etanol
de la rifaximina bruta la temperatura es disminuida a
un valor entre 28°C y 32°C para poder causar el
inicio de la cristalizaci6n, la suspensién asi
obtenida es mantenida a 40°C vy 50¢C bajo agitacién
durante un periodo de tiempo entre 6 y 24 horas,
luego es enfriada, durante un periodo de tiempo de 15
minutos y 1 hora a 0°C antes de sér filtrada, y el

secado del sodio obtenido se lleva a cabo hasta que




el contenido de agua est& en el rango entre 2,5% (p/) -
a 6% (p/p). preferiblemente comprendido entre 3.0%- Y

4,5%.

Bl proceso de acuerdo a la reivindicaciém 3 para la
produccién de la rifaximina ¢ caracterizada mediante
secar la rifaximina 3 bajo vacfo ¢ a una presibn
atmosférica a temperaturﬁ ambiente o a temperaturas
altas, en la presencia o© ausencia de agentes de
secado, siempre que el secado sea prolongado durante
el tiempo necesario de modo.que la conversifn en la

forma & sea lograda.

El uso de la rifaximina & en la preparacién de
preparaciones wmedicinales para uso oral con actividad
antibidtica junto con los excipientes usuales como
diluyentes, aglomerantes, lubricantes,
'deaintegrantes, colorantes, saborizantes y ageﬁtes de

endulzamiento.

El uso de la rifaximina & en la preparacidn de

preparaciones medicinales para uso oral con actividad




8.

10.

11.

32 PCT/EP2OGRRTTSS

antibiética junto con los excipientes usuales como
diluyentes, aglomerantes, lubricantes,
desintegrantes, colorantes, saborizantes y agentes de

endulzamiento.

El uso de acuerdo con cada una de las reivindicaciones
6 y 7 caracterizado en que las prepéracionea para uso
oral sgon seléccionadas entre tabletas recubiertas y
no recubiertas, cépsulas de gelatina dura y suave,
pildoras recubiertas de 'azﬁcar, léminas de wafer,

granulos y polvos en paguetes sellados.

El uso de la rifaximina & en la preparacién de
preparaciones medicinales con actividad antibiftica

para uso tépico.

Bl uso de la rifaximina ¢ en 1la preparacitn de

preparaciones medicinales para uso tépico.

El uso de acuerdo a cada una de las reivindicaciones

2 y 10 caracterizada en gque las preparaciones para

O3
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WORVAS POYMAS POLIMORFICAS DE RIFAXIMIN, PROCESOS PARA SU

PRODUCCION Y USOS EN LA MEDICINA

Las formas polimbérficas cristalinas del antibi6tico

rifaximina (INN) llamado rifaximina 8 y rifaximina € Gtil en

.la produccién de preparaciones wmedicinales que contienen

rifaximina para uso oral y tdpico y obtenido por medio de un
proceso de cristalizacién llevado a cabc mediante disclucidn
en caliente del rifaximina rico en alcochol etilico y mediante
causar la cristalizacién del producto mediante agregar agua a
una temperatura determinada y durante un periocdo de tiempo
determinado, sequido mediante el secado llevado a cabo bajo
condiciones controladas hasta alcanzar un contenido de agua
establecido en el producto final, son el objeto de 1la

invencidn.
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WRITTEN COPINION OF THE Intemational application No.
INTERNATIONAL SEARCHING AUTHORITY PCTEP2006001755

Baox No.] Basls of the opinion
1. With regard to the languags, this opinlon has been established on the basis of:
& the intemational application in the language in which it was filed

O atranslation of the international appfication into , which Is the language of a translation fumished for the
purposes of intemational search (Rules 12.3({a) and 23.1 ().

2. With regard to any nucleotide andor amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:

0O asequence ksting

O tahle(s) related to the sequence listing
b. format of material.

O on paper
O in electronic torm
¢. time of filingfumnishing:
O contained in the international appiication as filed.
O  fied together with the intemationat appfication in electronic form.
O fumished subsequently to this Authority for the purposes of search.

3. O In addition, in the case that more than one version or copy of a sequence listing andir table relating thersto
has been fiied or fumished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as fied, as
appropriate, were fumished.

4. Arditional comments:

Form PCTESA 237 (Apeil 2005)




WRITTEN OPINION OF THE International appiesiign No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/EP2006/001755
Reltem V

Reasoned statement with regard to noveity, inventive step or industrial applicability;
citations and explanations supporting such statement

1- Reference is made to the following documents:

d1: EP-A-0 161 534
d2: US-A-4 341 785

2- Novelly

In claims 1 and 2 the rifaximin polymorphs have been characterised by some of the peaks
of the X-ray diftractogram and, In the case of the form &, by the indication of the water
content. Processes for the preparation of rifaximin are disclosed in examples 1, 4 and 6 to
14 of d1 and in example 6 of d2. The final step of the example 1 of d1 is a crystaffization in
ethanal. In the other examples of d1 it is stated that the compound obtained has the same
chemico-physical characteristic of the compound of 1. The UV, IR, NMR data of the
compound obtained in d2 appear identical to the respective data of the example 1 of d1.
From these considerations it can be concluded that all the processes mentioned above
relate to the preparation of crystalline rifaximin and that the form obtained Is very lkely
always the same.

However, in any of these documents the product has been characterised by the X-ray
diffractogram or by the indication of the water content. Conversely, In the present claims
the polymorphs have not been characterized by the parameters used in d1 and d2 {Le.
melting point, UV, IR, HNMR, CNMR)

As general rule, the novelly of a compound cannot be acknowledged for the sole reason
that said compound has been defined by means of parameters or physical properties
which have never besn used In the prior art for describing a compound having the same
chemical formula (Guidefines G-V, 7.5).

Additionally, the mére fact that a compound has been obtained by a new process does not
imply that sald compound is novel.

Henge, in order to demonstrate the novelty of the present compounds, the applicant
should provide the evidence that the compound(s) obtained according to the prior arnt
processes present an X-ray diffractogram which is different from the one of present forms.
As alternative, novelty should be shown by testing each of the two forms claimed

Forra PCTASA/237 (Separato Sheat) (Sheet 1) (EPO-Aprid 2005)
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WRITTEN OPINION OF THE intemnational epplication No. |
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2006/001755

according to one of the analytical method used in d1 and d2.

In addition to the preparation of rifaximin, d2 discloses also its medical uses and
pharmaceutical compositions containing this compound.

In view of d1 and d2, the subject matter of claims 1,2 6 to 11 does not comply with the
requirements of Art. 33.2 PCT.

None of the cited documents discloses a process according to present claims 3 to 5.

3- Inventive step

Aithough the requireaments of Art. 33.3 PCT can be assessed only when claims satisfying
the requirements of novelly are on file, the following general considerations can be made
re invantive activity.

The applicant has set himself the task of providing polymorphic forms of Rifaximin

D1 and d2 appear to be equally relevant for the assessment of inventive step. Hence, any
of them can be regarded as closest state of the art.

The technical problem c¢an be seen in the provision of aiternative forms of Rifaximin,

it is well known In the fiald of organic chemistry that some compounds, including active
ingredients of pharmaceutical compositions, may exist in more than one crystalline or
amorphous form. '

The processes of crystallization usually comprise the formation of solutions or suspension
of the compound, the heating and cooling of the mixture, sometime the addition of seed
crystal.

The processes according to the present invention appear to be based upon these well-
known techniques.

The mere provision of a new polymorphic form of a compound, cannot be regarded as an
activity involving inventive skill since the skilled person knows that a certain compound can
exist in different polymorphic forms, the preparation of which usually require the application
of standard methods.

Accordingly, in the absence of unexpected property in respect to the known form, a new
polymorph cannct be considered inventive for the sole reason that it has been made
available.

Form PCTHSA/Z3T (Sepamte Sheaf} (Sheet 2) (EPD-Apil 2005)
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WRITTEN OPINION OF THE Intermational application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2008/001755

In this respect it is observed that the description of the application provides various
information concerning the pharmacokinetic parameters of the two forms. It has also been
noted that the two forms have different pharmacological properties in view of their different
systemic absorption. This technical information could possibly contain relevant data that
could be used during the prosecution of the examination for the assessment of the
inventive step. However, the comparison of the pharmacokinetic behaviour of the two
forms claimed, although very Important from a sclentific and technical perspective, does
not appear to be relevant for the assessment of inventive step. On the contrary, it would be
very important to underline the different characteristics or the different behaviour of the
present forms vis-a-vis the form known from dt and d2.

Re ltem Vi
Certain documents cited

d3: WO 2005/044823 A (ALFA WASSERMANN S.P.A; VISCOMI, GIUSEPPE, C;
CAMPANA, MANUELA; BRAGA,) 19 May 2005 (2005-05-19)
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Box No.1 Basis of the report

1. With regard to the languags, this report Is based an
& the intemational application in the language In which &t was filed
O atranslation of the intemational application into , which is the language

of a translation fumished for the purposss of:

[J intemational search (under Rules 12.3(a) and 23.1(b})
O publication of the intarnationa! application (under Rule 12.4(a))
0O intemational prefiminary examination (under Rules 56.2(a) andior 55.3(a))

2. With regard 1o the elements* of the intemational application, this repert Is based on (repiacement sheets which
have been furnished to the recetving Office in response to an invitation under Article 14 are referred 1o in this
report as “originally fled” and are not annaxed to this report)

Description, Pages
114 as originally fled

Clalms, Numbers
1-11 as originally filed

O asequence Usting and/or any related table(s) - see Supplemental Box Relating to Sequence Listing

3. 0 The amendments have resulted in the canceliation of:
O the description, pages
{1 the claims, Nos.
1 the drawings, sheetsfigs
D the sequence listing (speciy):
O any table(s) related to sequence listing (speciy);

4.0 This report has been estabiished as if (some of) the amendments annexed to this report and fisted below
hed not been made, since they have been considared to go beyond the disclosure as filed, as indicated in the
Supplemental Box (Rule 70.2{(c)).

[J the description, pages

O the claims, Nos.

[ the drawings, shestsfigs

] the sequence lsting (specitly):

O] any table(s) related to sequence lsting (specifyf:

* If item ¢4 applies, some or all of these shests may be marked *guperseded, *
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Reasoned statement with regard to novelty, inventive step or Industrial
applicability; citations and explanations supporting such statement

1- Reference is made to the following documents:

d1: EP-A-0 161 534
d2: US-A4 341 785

2- Novelty

In claims 1 and 2 the rifaximin polymorphs have been characterised by some of the
peaks of the X-ray diffractogram and, in the case of the form §, by the indicalion of the
water content. Processes for the preparation of rifaximin are disclosed in examples 1, 4
and 6 to 14 of d1 and In example 6 of d2, The final step of example 1 ofdiisa
crystaliization in ethanol. In the other examples of d1 it Is stated that the compound
cbtained has the same chemico-physical characteristic of the compound of 1. The UV,
R, NMR data of the compound obtained in d2 appear identical to the respective data of
the example 1 of d1. From these considerations it can be concluded that all the
processes montioned above relate to the preparation of crystalline rifaximin and that the
torm obtainad s very likely always the same.

The XRPD of present forms § and ¢ appear different from the XRPD gensrated by the
applicant for the rifaximin obtained according to the procedures of d1 and d2.

Forms 0 and ¢ are therefore novel.

In view of the abova it is considered that the subject matter claimed mests the
requirements of Art. 33.2 PCT.

3- Inventive step

The applicant has set himsal!f the task of providing polymorphic forms of Riteximin

D1 and d2 appear to be equally relevant for the assessment of inventive step. Hance,
any of them can be regarded as closest state of the art.

The technical problem can be seen in the provision of alternative forms of Rifaximin.

It is well known in the field of organic chemistry that soms compounds, Including active
ingredients of pharmaceutical compositions, may exist in more than one crystalline or
amorphous form. it Is also well known that hydrate forms of a given compound can exist
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in various crystalline forms.

The processes of crystallization usually comprise the formation of solutions or
suspension of the compound, the heating and cooling of the mixture, sumetime the
addition of seed crystal.

Though the determination of the exact conditions for obtaining a specific polymorph
may require extensive experimental work, this activity is normally based upon well-
known techniques such as the procedures mentioned above. The process of present
claim 3 does not appear to involve any unconventional procedure. Even the steps of
washing and drying the final compound with water belongs to those experimental
procedures that a person skilled in the art Is used to apply in order to optimise the
process or the properiies of the final products. For nstance, In examples 11, 12 and 13
of d1 the processes for obiaining rifaximin derivatives are concluded by washing and
drying steps.

Thus, the skilled person not only knows that an organic compound may exist In different
polymorphic and/or solvated forms, but he knows also the general procedures for
obtalning these forms. ' :

Accordingly, a skilled person faced with the problem of providing a further form of
rifaximin, form which dees not need to be characterised by specific properties or
advantages, would consider cbvious to prepare any new solvate or crystalline form of
this compound. In other words, it appears that the skilled persan, as far as is not
demanded to prepare a form characterised by specific properites, he does not need to
exarcise any inventive skill becauss the simple implementation of routine procedures
would allow him to solve the problem. Therefore, an inventive activity cannot be
acknowledged only because additional forms of rifaximin have been made avallable.

Accordingly, It is consldered that claims 1 to 11 do not mest the requirements of art.
33.3 PCT.

Be item Vi
Certaln documents cited

d3: WO 20086/044823 A (ALFA WASSERMANN S.P.A; VISCOMI, GIUSEPPE, C;
CAMPANA, MANUELA; BRAGA,) 19 May 2006 (2005-05-19)

Fonn PCT/Separata Ehest’409 [Sheat 2) {EPO-April 2005)
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2. A copy of the report and iis ennexas, if any, is being transmiited to the International Bureau for
communication to all the elected Offices,

the raport (out not of eny annexes) and will transmit such transiation to those

4. REMINDER

mmmmmmmmpmm‘mmmwmmm(m
translations end paying national fees) within 30 menths fram the priorily (or later m soma Offices)
(Article 38(1)) (see also the reminder sent by the Intemational Bureau with Form PCTAB301),

Where a translation of the intemational application must be furnished to an elected Office, that translation
must contein a transiation of any ennexes to the intemational prefiminary report on patentabilily. it is the
applicant's responsibiRy to prepare and fumish such trenslation directly to each aelectad Office concerned,

PCT Applicant's Guide.

The applicant's attention s drawn to Article 33(6), which that the criteria of novelty, inventive step
and Industrial applicabifly described in Article 33(2) to (4) merely serve the purpeses of infernational
pmmmmmmm'mwmwwmymmmmmmmmm
5700 Buh aional Clent may sl o Sxmm. b exoromeee oo or PO (620 oo Aricle

. may y exem A for
enabling disclosure, clarily end support tor the claims,

1. The applicant is hereby notified that this Intemational Praliminary Exam Authorily transmits herewith the

3. Where required by eny of the elected Offices, the nfemnational Bureau will an English translation of

For further details on the epplicable time Emits and requirements of the elested Offices, see Volume Il of the

Nams aod atidress of B Intematioral Authorized Officer
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Doctor (a)

RODRIGUEZ DALEMAN DILIA MARTA
Apoderado(a) y/o Representante de
ALFA VABSERMAMN 8.P.A.

, REFERENCIA Radicacién No. 7 86429
| Solicitud internacional PCT/EP2006/001755
Fecha inicio fase nacional 03/10/2007

Trimite 11
Evento a7e
Actuaciém 430
Oficio ENo.

15854

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
1a Decligiém 486 de la Comisién de la Commidad Andina, articulo 27 del Tratado de
Cooperacifn en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
finica de la Superintendencia de Industria y Comercio, se le commmica que:

A > 1. La solicitud no contieme 1la copia dal documento en que consta la cesifm del
derecho a la patente del inventor al solicitante o a su causante. {(Art. 26-k)
Decisifm 486.

- En cumplimiento de lo dispuesto por el articulo 39 de la Decisifm 486, me le
‘ requiere para que dentro del término de dos meses siguientes a la fecha de
| notificacitn del presente oficlo, complete los requisitos anteriormente emmciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
congiderari abandonada y perderd su prelacifm.

Notifiquese el presente oficlio conforme a lo dispuesto en el nmumeral 5.2, literal
o primeroc da la Circular Unica No.1l0 de 2001.

{ , El aiteri U'requen-imt.o fue notificado por fijaciém en lista de

2 DiC. 207




