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Description

FIELD OF THE INVENTION

[0001] This invention relates to a new ethanolate of azithromycin, processes for its manufacture, and pharmaceutical
compositions containing the new ethanclate.

BACKGROUND OF THE INVENTION

[0002] Azithromycin, 9-deoxc-9a-aza-9a-methyl-8a-homeerythromycin A, having the fermula

is a semi-synthetic macrolide antibiotic related to erythromycin A, useful for treating infections caused by susceptible
microorganisms. This invention provides a new non-hygroscopic form of azithromycin, processaes for its manutacture,
and pharmaceutical compositions containing it.

[0003] Azithromycin may be made by methods described in U.S. Patent Nos. 4,517,359 and 4,474,768. According
to European Patent Application EP 288,650, the azithromycin obtained by these methods is a hygroscopic monohy-
drate. Because of its hygroscopic nature, this menohydrate is difficult to prepare and maintain in a form having a
constant, reproducible water-content, and is particularly difficult to handle during formulation. EP 298,650 describes a
dehydrate form of azithromycin that is less hygroscopic than the previously known monchydrate. The method described
in EP 298,650 for making the dehydrate form is by crystallization from tetrahydrofuran, hexane and water.

[0004] Chinese Patent Application CN 1,093,370, describes an azithromycin crystal having water content of 4-6%.
This form of azithromycin is stated as being less hygroscopic than the dehydrate described in EP 298,650, The method
disclosed in CN 1,093,370 for making the described form of azithromycin is by crystaliization from acetone and water.

SUMMARY OF INVENTION

[0005} The present invention provides a new sthanclate of azithromycin that is less hygroscopic than azithromycin
monohydraie. The new ethanolate has an ethano! content of about 1.5% to about 3% and a water content of about
2% to about 4%.

[0006] The present invention also provides & method of making an ethanolats of azithromycin, comprising the steps
of:

dissolving azithromycin in ethano!,

adding water to the azithromycin solution such that crystallization of the azithromycin begins and a suspension is
formed, and

isolating the crystals of azithromycin.

[0007] The present invention further provides a pharmaceutical composition comprising a therapeutic amount of an
ethanolate of azithromycin in accordance with the present invention and a pharmaceutically acceptable carrier.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008]
Figure 1 is a comparison of hygroscopicity of the azithromycin ethanolate of the present invention and azithromycin
monohydrate over a range of relative humidity, based upon data provided in EP 298,850.
Figure 2 is a characteristic powder X-ray diffraction pattern of the azithromycin ethanolate of the presentinvention.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The present invention discloses a new ethanolate of azithromycin that is less hygroscopic than the prior art
monohydrate, and has an ethanol content of about 1.5 to about 3% and water content of about 2 to about 4%. Preferably
the ethanol content is between about 1.5% and about 2.5%. Preferably the water content is between about 2.5% and
about 3.5%. A comparison of the hygroscopicity of the ethanolate of the present invention and azithromycin monohy-
drate can be found at Figure 1.

[0010] The process for manufacture of azithremycin ethanolate of the present invention utilizes the fact that water
is & poorer solvent for azithromycin than ethancl, so that the addition of water to a solution of azithromycin in ethanol
causes crystallization. Second, heating a solution of azithromycin in ethanol in the presence of water promotes crys-
tallization.

[0011] In accordance with the process aspects of the invention, azithromycin is dissolved in absolute ethanol, in a
ratio of about 2.5:1 {ethancl.azithromycin by weight) at a temperature of between about 10°C and about 80°C, pref-
erably at about 20° to about 30°C. A minimal amount of water is added, i.e. an amount no greater than 20% (by weight
versus ethanol), preferably about 6 to about 16%. The solution is heated slowly at a constant temperature gradient
over a first time interval of about 2 to about 18 hours, preferably about 3 to about 8 hours, reaching a maximum
temperature of about 30 to about 80°C and preferably about 40 to about 60°C at the end of the first time interval.
Crystallization appears to begin in the temperature range of about 30-45°C. During the first time interval, the water
content of the solution is gradually increased, but to a concentration of no more than about 50%.

[0012] Atthe end of the first time interval, the resulting suspension is maintained at the maximum temperature for a
second time interval of about 1 to about 18 hours, preferably about 1 to about 4 hours. During the second time interval,
additional water is added to complete the crystatlization process.

[0013] At the end of the second time interval, the suspension is cooled using a constant temperature gradient over
a third time interval of about 1 to about 18 hours, preferably about 2 to about 4 hours, reaching a final temperature of
about 20°C. The resulting precipitate is coliected by filtration and dried to constant weight. Table 1 shows the water
content of the new azithromycin ethanolate using Karl Fisher analysis and ethanoi content using gas chromatography.

Table 1.
Ethancl and Water Content of Azithromycin Ethanolate
Batch | Ethanol Content (gas chromatography) | Water Content {(Karl- Fischer)
% wiw (weight/weight) % wiw

A 2.2 3.24
B 2.3 2.46
cC 2.2 2.71
D 2.3 2.77
E 2.2 3.28
F 1.62 270
G 1.7 3.4C

[0014] [n accordance with the present invention, the new ethanolate of azithromycin may be prepared as pharma-
ceutical compositions that are particularly useful for the treatment of infections caused by susceptible microorganisms.
Such compositions comprise the new ethanolate of azithromycin with pharmaceutically acceptable carriers and/or
excipients.

[0015] For example, these compositions may be prepared as medicines to be administered orally, parenterally, rec-
tally, transdermally, bucally, or nasafly. Suitabie forms for oral administration include tablets, compressed or coated
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pills, dragess, sachets of powder for reconstitution, hard or gelatin capsules, sub-lingual tablets, syrups and suspen-
sions. Suitable forms for for parenteral administration inciude an agueous or nonagquecus solution or emulsion, while
for rectal administration suitable forms include suppositories with hydraphilic ar hydrophobic vehicles, For topical ap-
plication the invention provides ointments or aerosof formulations known in the art; for transdermal delivery there are
provided suitable delivery systems as known in the art. For nasal delivery there are provided suitable asrosol delivery
systems known in the art.

Experimental Detaiis

{0016] Hygroscopicity profiles were obtained by maintaining samples in controfled humidity chambers for a period
of two weeks, followed by Karl Fisher analysis of water content.

[0017] Gas chromatograms were obtained using a Hewlett-Packard 5890 gas chromatograph.

[0018] Powder x-ray diffraction patterns were cbtained by methods known in the art using & Philips X-Ray powder
diffractometer, Goniometer model 1050/70 at a scanning speed of 2° per minute, with a Cu radiation of & = 1.5418 A,
[0018] This invention will be better understood from the Example that follows. However, the examples illustrate, but
do not fimit, the invention. Those skilled in the art will readily appreciate that the specific methods and resulis discussed
are merely illustrative of the invention as described more fully in the claims that follow thereafter.

EXAMPLE
Preparation of Azithromycin Ethanolate.

[0020] Ten g of azithromycin crude was introduced into a 0.25 liter three-necked flat flanged jacketed vessel equipped
with a mechanical stirrer, a condenser and thermometer and containing 30 ml of absolute ethano! at 20°C. Three ml
of water at 20°C were added and the solution was heated at a constant temperature gradient so as to reach 55°C after
4 hours. Between 35°C and 55°C, additionat waler having a totai volume of 11 ml was slowly added at regular time
intervals. When 55°C was reached, the resulting suspension was maintained at this temperature for 2 hours, during
which an additicnal 49 mt. of water was added. The suspension was then cooled from 55°C to 20°C over 2 hours. The
precipitate was filtered. After drying, 9 g of azithremycin ethanolate were obtained.

[0021] Although certain presently preferred embodiments of the invention have been described herein, it will be
apparent to those skilled in the art to which the invention pertains that variations and moditications of the described
embodiments may be made without depariing from the scope of the invention. Accordingly, it is intended that the
invention be limited only to the extent required by the appended ¢laims and the applicable rules of law.

Claims

1. An ethanolate of azithromycin having an ethanol content of about 1.5% to about 3%.

2. The athanolate of claim 1, having a water content of about 2% to about 4%.

3. The ethanolate of claim 2, wherein the water content is between about 2.5% and about 3.5%
4. The ethanolate of claim 1, wherein the ethanol content is about 1.5% to about 2.5%.

5. The ethanolate of claim 4, wherein the water content is about 2% 1o about 4%.

6. The ethanolate of claim 5, wherein the water content is between about 1.5% and about 2.5%.

7. An ethanolate of azitnromyein that is characterized by a powder x-ray diffraction pattern substantially as depicted
in Figure 2.

8. A method of making an ethanolate of azithromycin of claim 1, comprising the steps of:

dissolving azithromycin in ethanol,

adding water to the azithromycin sclution such that crystallization of the azithromycin begins and a suspension
is formed, and

isolating the crystals of azithromycin.
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9. The method of claim 8, further comprising the step of maintaining the suspension at a temperature from about 30°
to about 80°C.
10. The method of claim @ wherein additicnal water is added to the suspension, and the suspension is held at a
temperature from abcut 30° to about 80°C for about 1 to about 18 hours.
11. The method of claim 10, wherein the suspension is cooled to about 20°C prior to isolating the crystals of azithro-
mycin.
12. The method of claim 8, wherein the ethanolate has an ethanol content of about 1.5% to about 3%.
13. The method of claim 12, wherein the ethanolate has a water content of about 2% to about 4%.
14. The method of claim 8, wherein the ethanolate is characterized by a powder x-ray diffraction pattern substantially
as depicted in Figure 2.
15. A pharmaceutical composition compriging a therapeutically effective amount of the sthanolate of the claim 1 and
a pharmaceutically acceptable carrier.
Patentanspriiche
1. Ethanolat des Azithromycins mit einem Ethanolgehalt von etwa 1,56 % bis etwa 3 %.
2. Ethanolat nach Anspruch 1 mit einem Wassergehalt von etwa 2 % bis etwa 4 %.
3. Ethanolat nach Anspruch 2, worin der Wassergehalt zwischen etwa 2,5 % und stwa 3,5 % betragt.
4, Ethanolat nach Anspruch 1, worin der Ethanoigehait etwa 1,5 bis etwa 2,5 % betrégt.
5. Ethanoclat nach Anspruch 4, werin der Wassergehalt etwa 2 % bis etwa 4 % betragt.
6. Ethanclat nach Anspruch 5, worin der Wassergehalt zwischen etwa 1,5 % und etwa 2,5 % belragt.
7. Ethanolat des Azithromycing, das durch ein Pulver-Rontgenbeugungsmuster gekennzeichnet ist, im Wesentlichen
wie in Figur 2 gezeigt,
8. Verfahren zur Herstellung eines Ethanclats des Azithromycins nach Anspruch 1, umfassend die Schritte:
Lésen von Azithromycin in Ethanol,
Zusetzen von Wasser zur Azithromycinldsung, so dass eine Kristallisation des Azithromyeins beginntund eine
Suspension gebildet wird, und
Isolieren der Kristalie des Azithromycins.
9. Verfahren nach Anspruch 8, zusatzlich umfassend den Schritt des Haltens der Suspension bei einer Temperatur
von etwa 30° C bis etwa 84° C.
10. Verfahren nach Anspruch 9, worin zuséatzliches Wasser zur Suspension zugesetzt wird und man die Suspension
fiir etwa 1 bis etwa 18 Stunden bsi einer Temperatur von etwa 30° C bis etwa 80° C hélt.
11. Verfahren nach Anspruch 10, worin die Suspension vor dem Isalieren der Kristalle des Azithromycins auf etwa
20° C gekdhlt wird.
12. Verfahren nach Anspruch 8, worin das Ethanclat einen Ethanolgehatlt von etwa 1,5 % bis etwa 3 % aufweist.
13. Verfahren nach Anspruch 12, werin das Ethanolat einen Wassergehalt von etwa 2 % bis etwa 4 % hat.
14, Veriahren nach Anspruch 8, worin das Ethanclat durch ein Pulver-Réntgenbeugungsmuster gekennzeichnat ist,
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im Wesentlichen wie in Figur 2 gezeigt.

Pharmazeutische Zusammensetzung, umfassend eine therapeutisch wirksame Menge des Ethanolats nach An-
spruch 1 und einen pharmazeutisch annehmbaren Trager.

Revendications

10.

11.

12.

13.

14.

15.

Ethanolate d'azithromycine ayant une teneur en éthanol d'environ 1,5 % & environ 3 %.

Ethanolate selon la revendication 1, ayant une teneur en eau d'environ 2 % & environ 4 %.

Ethanolate selon la revendication 2, dans lequel la teneur en eau est comprise entre environ 2,5 % et environ 3,5 %.
Ethanolate seion la revendication 1, dans lequel la teneur en éthanol est d'environ 1,5 % a environ 2,5 %.
Ethanolate seion la revendication 4, dans lequel la teneur en eau est d'environ 2 % & environ 4 %.

Ethanolate selon la revendication 5, dans lequel la teneur en eau est comprise entre environ 1,5 % et environ 2,5 %.

Ethanolate d'azithramycine qui est caractérisé par un profil de diffraction aux rayons X des poudres sensiblement
tel que décrit sur a Figure 2.

Procédé pour préparer un éthanolate d'azithromycine selen ia revendication 1, comprenant les étapes de:
dissolution de F'azithromycine dans de I'éthanol,
addition d'eau & la solution d'azithromycine de fagon que la cristaliisation de l'azithromycine commence et
qu'une suspension soit formée, et

isolation des cristaux d'azithromycine.

Procédé selon la revendication 8, comprenant en outre 'étape de maintien de la suspension & une température
d'environ 30 & environ 80°C.

Procédé selon la revendication 9, dans lequel de I'eau additionnelle est ajoutée & la suspension, et la suspension
est maintenue a une température d'environ 30° a environ 80°C pendant environ 1 & environ 18 heures.

Procéde selon la revendication 10, dans lequel la suspension est refroidie & environ 20°C avant l'isolation des
cristaux d'azithromycine.,

Procédé selon ia revendication 8, dans lequel I'éthanclate a une teneur en éthanol d'environ 1,5 % a environ 3 %.
Procédé selon la revendication 12, dans lequel I'éthanolate a une teneur en eau d'environ 2 % & environ 4 %.

Procédé selon la revendication 8, dans iequel {'éthanolate est caractérisé par un profil de diffraction aux rayons
X des poudres sensibiement tel que décrit sur la Figure 2.

Composition pharmaceutique comprenant une guaniité efficace, du point de vue thérapeutique, de 'éthanolate
de la revendication 1, et un véhicule acceptable en pharmacie.
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