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JURISDICTION AND VENUE

1. This is an action for patent infringement arising under the Patent and Food
and Drug laws of the United States, Titles 35 and 21, United States Code. Jurisdiction ;md venue
are based on 28 U.S.C. §§ 1331, 1338(a), 1391(b), 1391(c), 1400(b), 2201, 2202 and 35 U.S.C. §
271.

2. On information and belief, Dr. Reddy’s Laboratories, Ltd. and Dr.
Reddy’s Laboratories, Inc. (jointly and severally “DRL”) have infringed United States Patent
Nos. 5,690,960, and 5,900,424 by submitting an abbreviated new drug application designated
ANDA No. 78-878 and by submitting Drug Master Files (DMF) seeking FDA’s approval to
commercially manufacture its proposed “omeprazole magnesium delayed release capsules”
(equivalent to 20 mg and 40 mg of omeprazole free base, and hereinafter referred to as the
“Omeprazole Magnesium Delayed Release Capsules™) containing the active ingredient
omepr’azole magnesium.

3. In DRL’s notice letter, entitled ‘“Notice Of Paragraph IV Certification Re:
Dr. Reddy’s Laboratories, Ltd.’s And Dr. Reddy’s Laboratories, Inc.’s Omeprazole Magnesium
Delayed-Release Capsules (Equivalent To 20 Mg Of Omeprazole Free Base)” (hereinafter
referred to as the “Notice of Certification”), DRL has indicated that it intends to market its
Omeprazole Magnesium Delayed Release Capsules before the expiration of the ‘960 and 424
patents.

4. DRL’s submission of ANDA No. 78-878 and the DMF, in addition to
service of its Notice of Certification, indicates a refusal to change its current course of action.

5. There has been and is now an actual controversy between DRL and

Plaintiffs as to whether DRL infringes the 960 and ’424 patents.
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THE PARTIES

6. Plaintiff AstraZeneca AB is a company organized and existing under the
laws of Sweden, having its principal place of business at Sodertilje, Sweden. AstraZeneca AB
was a corporate name change from Astra Aktiebolaget.

7. Plaintiff Aktiebolaget Hissle (“Hissle™) is a company organized and
existing under the laws of Sweden, having its principal place of business at Molndal, Sweden.

8. Plaintiff AstraZeneca LP is a limited partnership organized under the laws
of Delaware having its principal place of business at Wilmington, Delaware. AstraZeneca LP
holds an approved New Drug Application from the United States Food and Drug Administration
(“FDA”) for an omeprazole magnesium formulation which it sells under the name NEXIUM®.

9. Plaintiff KBI Inc. (“KBI”) is a Delaware corporation having it principal
place of business at Whitehouse Station, New Jersey.

10. Plaintiff KBI-E Inc. (“KBI-E”) is a Delaware corporation, having its
principal place of business at Wilmington, Delaware. KBI and KBI-E have exclusive rights in
the United States to patents-in-suit.

11. On information and belief, defendant Dr. Reddy’s Laboratories, Ltd. is a
public limited liability company organized and existing under the laws of India, having corporate
headquarters in Hyderabad, India.

12. On information and belief, defendant Dr. Reddy’s Laboratories, Inc. is a
New Jersey corporation, having a principal place of business at 200 Somerset Corporate
Boulevard, Bridgewater, New Jersey.

13. On information and belief, Dr. Reddy’s Laboratories, Ltd. and Dr.

Reddy’s Laboratories, Inc. (jointly and severally “DRL”) are doing business in New York, have



Case 1:07-cv-06790-CM-GWG Document 1 Filed 07/27/07 Page 4 of 28

continuous and systematic contacts with New York, have engaged in activities together related to

the subject matter of this action and are subject to personal jurisdiction inthis judicial district.

+

FIRST CLAIM FOR RELIEF: 960 PATENT

14.  Plaintiffs reallege paragraphs 1 through 13, above, as i‘f set forth
specifically here.

15.  The 960 patent, (copy attached as Exhibit A), entitled “Phannacéutical
Formulation Of Omeprazole,” was issued on November 25, 1997 to AstraZeneca AB, upon
assignment from the inventors Inga Siv Bengtsson and Kurt Ingmar Lévgren. The *960 patent
claims, inter alia, omeprazole magnesium salt formulations exhibiting more than 70%
crystallinity, as determined by x-ray powder diffraction, methods of treatment using the claimed
formulations, and processes for preparing the claimed formulations.

| 16.  Plaintiff AstraZeneca AB has been and still is the owner of the *960

patent. The *960 patent expires on November 25, 2014, |

17. In the Notice of Certification, DRL notified Plaintiffs that, as part of its
ANDA, it had filed a certification of the type described in 21 U.S.C. § 355G)2)(A)(vii)(IV)
(“Paragraph IV”) with respect to the 960 patent. This statutory section requires, inter alia,
certification by the ANDA applicant that the subject patent, here the *960 patent, “is invalid or
will not be infringed by the manufacture, use, offer to sale or sale of the new drug for which the
application is submitted . . . .” The statute (21 U.S.C. § 355(j)(2)(B)(iv)) also requires a
Paragraph IV notice to “include a detailed statement of the factual and legal basis of the
applicant’s opinion that the patent is not valid or will not be infringed.” The FDA Rules and

Regulations (21 C.F.R. § 314.95(c)) specify, inter alia, that a Paragraph IV notification must

include “[a] detailed statement of the factual and legal basis of applicant’s opinion that the patent
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is not valid, unenforceable, or will not be infringed.” The detailed statement is to include “(i)
[f]or each claim of a patent alleged not to be infringed, a full and detailed explanation of why the
claim is not infringed” and “(ii) [flor each claim of a patent alleged to be invalid or
unenforceable, a full and detailed explanation of the grounds of supporting the allegation.”

18. On information and belief, at the time DRL’s Notice of Certification was
served, DRL was aware of the statutory provis‘ions and regulations referred to in paragraph 17,
above.

19.  DRL’s Notice of Certification, which is required by statute and regulation
to provide a full and detailed explanation regarding all bases for non-infringement (see paragraph
17 above), does not do so and provides only conclusory statements.

20. DRL’s Notice of Certification, which is required by statute and régulation
to provide a full and detailed explanation regarding alleged invalidity (see paragraph 17 above),
does not allege invalidity of any claims of the *960 patent.

21.  DRL’s Notice of Certification, which is required by statute and regulation
to provide a full and detailed explanation regarding alleged unenforceability (see paragraph 17
above), does not allege unenforceability or allege inequitable conduct of the *960 patent.

22. In the Notice of Certification, DRL did not provide the full and detailed
statement required by, and therefore fails to comply with, the statutory and regulatory provisions
set forth in paragraph 17, above, as to the *960 patent.

23.  DRL’s Notice of Certification fails to comply with the law, as specified in
21 U.S.C. § 355(j), and FDA rules and regulations, as specified in 21 C.F.R. § 314.95.

24. DRL has infringed the 960 patent under 35 U.S.C. § 271(e)2) by filing

its ANDA and seeking approval from the FDA to engage in the commercial manufacture, use or
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sale of a drug claimed in this patent, or the use of which is claimed in this patent, prior to the
expiration of the 960 patent.

25.  On information and belief, DRL’s Omeprazole Magnesium Dela;/ed
Release Capsules, if approved, will be administered to human patients in a therapeutically
effective amount to treat gastrointestinal diseases. On information and belief, this ad:ninistration
will occur at DRL’s active behest and with its intent, knowledge and encouragement. On
information and belief, DRL will actively encourage, aid and abet this administration with |
knowledge that it is in contravention of Plaintiffs’ rights under the *960 patent.

26.  On information and belief, DRL’s Omeprazole Magnesium Delayed
Release Capsules are especially made or especially adapted to treat gastrointestinal diseases
through administration to humans in need of such treatment via the administration of a
therapeutically effective amount of DRL’s Omeprazole Magnesium Delayed Release Capsules
phanr;aceutical formulation. On information and belief, DRL is aware that its Omeprazole
Magnesium Delayed Release Capsules are so made or so adapted. On information and belief,
DRL is aware that its Omeprazole Magnesium Delayed Release Capsules, if approved, will be
used in contravention of Plaintiffs’ rights under the *960 patent.

27.  On information and belief, the manufacture, use and sale of DRL’s
Omeprazole Magnesium Delayed Release Capsules infringe the *960 patent claims.

28.  To further investigate whether DRL’s Omeprazole Magnesium Delayed
Release Capsules infringe the *960 patent claims, in a letter dated July 3, 2007, AstraZeneca
requested access to certain documents, information and samples, as well as access to DRL’s

ANDA No. 78-878 and the DMF. AstraZeneca requested the information and samples to permit

evaluation and investigation relating of Dr. Reddy’s ANDA and Product Information.
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29. Despite AstraZeneca’s July 3, 2007 request, at the time this complaint was
filed, DRL merely provided selected DRL’s product information. This information was received
with a letter dated July 17, 2007 from DRL’s counsel. This limited product information did not
provide clear evidence as to the investigation of DRL’s infringement of the *960 patent.

30.  DRL refused to produce a full and complete copy of ANDA No. 78-878
and the DMF. DRL did not provide access to any samples requested in AstraZeneca’s July 3,
2007 letter.

31.  In addition, DRL did not timely respond to requests that in-house counsel
and technical experts be permitted to access the requested samples and information, under
confidentiality restrictions, to investigate and analyze DRL’s products for infringement of the
"960 patent.

32.  DRL’s failure to provide any samples or additional information other than
that contained in the Notice Letter and that which DRL handpicked, and DRL’s failure to timely
respond to requests that in-house attorneys and technical experts be permitted to access
documents and samples, under confidentiality restrictions, precluded AstraZeneca from fully
evaluating the issues in this case.

33. Plaintiffs bring this suit, in part, to employ the judicial process and the aid
of discovery to obtain under appropriate judicial safeguards information to confirm that DRL’s

Omeprazole Magnesium Delayed Release Capsules infringe the *960 patent claims.
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SECOND CLAIM FOR RELIEF: *424 PATENT

34.  Plaintiffs reallege paragraphs 1 through 13, above, as if set forth
specifically here. |

35.  The ’424 patent, (copy attached as Exhibit B), entitled ‘“Omeprazole
Magnesium Salt Form” was issued on May 4, 1999 to AstraZeneca AB, upon assig‘nment from
the inventors Lars Ake Killstrom and Monica Annelie Nygren. The *424 patent claims, inter
alia, omeprazole magnesium salts exhibiting more than 70% crystallinity, as determined by‘ X-ray
powder diffraction, methods of treatment using the claimed salts, and processes for preparing the
claimed salts.

36. Plaintiff AstraZeneca AB has been and still is the owner of the ’424
patent. The *424 patent expires on May 4, 2016.

37. In the Notice of Certification, DRL notified Plaintiffs that, as part of its
AND)\, it had filed a certification of the type described in 21 U.S.C. § 355()(2)(A)(vii)(IV)
(“Paragraph IV”) with respect to the 424 patent. This statutory section requires, iﬁter alia,
certification by the ANDA applicant that the subject patent, here the *424 patent, “is invalid or
will not be infringed by the manufacture, use, offer to sale or sale of the new drug for which the
application is submitted . . . .” The statute (21 U.S.C. § 355()(2)(B)(iv)) also requires a
Paragraph IV notice to “include a detailed statement of the factual and legal basis of the
applicant’s opinion that the patent is not valid or will not be infringed.” The FDA Rules and
Regulations (21 C.F.R. § 314.95(c)) specify, inter alia, that a Paragraph IV notification must
include “[a] detailed statement of the factual and legal basis of applicant’s opinion that the patent

is not valid, unenforceable, or will not be infringed.” The detailed statement is to include “(i)

[f]or each claim of a patent alleged not to be infringed, a full and detailed explanation of why the
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claim is not infringed” and “(ii) [flor each claim of a patent alleged to be invalid or
unenforceable, a full and detailed explanation of the grounds of supporting the allegation.”

38.  Oninformation and belief, at the time DRL’s Notice of Certification was
served, DRL was aware of the statutory provisions and regulations referred to in paragraph 37,
above.

39.  DRL’s Notice of Ccrtiﬁcation, which is required by statute and regulation
to provide a full and detailed explanation regarding all bases for non-infringement (see paragraph
37 above), does not do so and provides only conclusory statements.

40.  DRL’s Notice of Certification, which is required by statute and regulation
to provide a full and detailed explanation regarding alleged invalidity (see paragraph 37 above),
does not do so.

41.  DRL’s Notice of Certification, which is required by statute and regulation
to provide a full and detailed explanation regarding alleged unenforceability (see paragraph 37
above), does not allege unenforceability or allege inequitable conduct of the *424 patent.

42. In the Notice of Certification, DRL did not provide the full and detailed
statement required by, and therefore fails to comply with, the statutory and regulatory provisions
set forth in paragraph 37, above, as to the "424 patent.

43.  DRL’s Notice of Certification fails to comply with the law, as specified in
21 U.S.C. § 355()), and FDA rules and regulations, as specified in 21 C.F.R. § 314.95.

44. DRL has infringed the 424 patent under 35 U.S.C. § 271(e)(2) by filing
its ANDA and seeking approval from the FDA to engage in the commercial manufacture, use or
sale of a drug claimed in this patent, or the use of which is claimed in this patent, prior to the

expiration of the *424 patent.
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45.  On information and belief, DRL’s Omeprazole Magnesium Delayed
Release Capsules, if approved, will be administered to human patients in a therapeutically
effective amount to treat gastrointestinal diseases. On information and belief, this admi.nistration
will occur at DRL’s active behest and with its intent, knowledge and encouragement. On
information and belief, DRL will actively encourage, aid and abet this administration‘with
knowledge that it is in contravention of Plaintiffs’ rights under the 424 patent.

46.  On information and belief, DRL’s Omeprazole Magnesium Delayed |
Release Capsules are especially made or especially adapted to treat gastrointestinal diseases
through administration to humans in need of such treatment via the administration of a
therapeutically effective amount of DRL’s Omeprazole Magnesium Delayed Release Capsules
pharmaceutical formulation. On information and belief, DRL is aware that its Omeprazole
Magnesium Delayed Release Capsules are so made or so adapted. On information and belief,
DRL is aware that its Omeprazole Magnesium Delayed Release Capsules, if approved, will be
used in contravention of Plaintiffs’ rights under the *424 patent. |

47. On information and belief, the manufacture, use and sale of DRL’s
Omeprazole Magnesium Delayed Release Capsules infringe the 424 patent claims.

48.  To further investigate whether DRL’s Omeprazole Magnesium Delayed
Release Capsules infringe the *424 patent claims, in a letter dated July 3, 2007, AstraZeneca
requested access to certain documents, information and samples, as well as access to DRL’s
ANDA No. 78-878 and the DMF. AstraZeneca requested the information and samples to permit
evaluation and investigation relating of Dr. Reddy’s ANDA and Product Information.

49.  Despite AstraZeneca’s July 3, 2007 request, at the time this complaint was

filed, DRL merely provided selected DRL’s product information. This information was received

10
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with a letter dated July 17, 2007 from DRL’s counsel. This limited product information did not
provide clear evidence as to the investigation of DRL’s infringement of the 424 patent.

50.  DRL refused to produce a full and complete copy of ANDA No. 78-878
and the DMF. DRL did not provide access to any samples requested in AstraZeneca’s July 3,
2007 letter.

51.  In addition, DRL did not timely respond to requests that in-house counsel
and technical experts be permitted to access the requested samples and information, under
confidentiality restrictions, to investigate and analyze DRL’s products for infringement of the
’424 patent.

52. DRL’s failure to provide any samples or additional information other than
that contained in the Notice Letter and that which DRL handpicked, and DRL’s failure to timely
respond to requests that in-house attorneys and technical experts be permitted to access
documents and samples, under confidentiality restrictions, precluded AstraZeneca from fully
evaluating the issues in this case.

53.  Plaintiffs bring this suit, in part, to employ the judicial process and the aid
of discovery to obtain under appropriate judicial safeguards information to confirm that DRL’s

Omeprazole Magnesium Delayed Release Capsules infringe the *424 patent claims.

WHEREFORE, Plaintiffs respectfully request the following relief:

(a) A judgment declaring that the effective date of any approval of DRL’s
ANDA under Section 505(j) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. § 355())
for the drug product “Omeprazole Magnesium” must be later than May 4, 2016, the expiration

date of the last patent in suit that is infringed;

11
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(b)

A judgment declaring that the *960 and *424 patents will be infringed by

DRL if DRL’s Omeprazole Magnesium Delayed Release Capsules are made, used, offered for

+

sale or sold in the United States prior to the expiration of said patents;

©

A judgment declaring that DRL has not complied with the requirements of

35U.5.C. § 271(e)(2), 21 U.S.C. § 355(G)(2)(A)(viiX(IV), 21 U.S.C. § 355()(2)(B)(iv), 21 C.F.R.

§ 314.94 and 21 U.S.C. § 314.95;

(d)
'424 patents;

©)

4y

(8)

(h)

Dated: July 27, 2007

A permanent injunction against any infringement by DRL of the 960 and

A judgment that DRL’s conduct is exceptional;

Attorneys' fees in this action under 35 U.S.C. § 285;

Costs and expenses in this action; and

Such other relief as this Court may deem proper.

12
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Exhibit A
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US005690960A
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(22] PCTFiled:  Jul 8, 1994 9501783 &/1994 WIPO .
[86] PCT No.: PCT/SE94/00681 OTHER PUBLICATIONS ,
§371 Date:  Sep. 27, 1994

§ 102(c) Date:  Sep. 27, 1994
(871 PCT Pub. No.. W095/01783
PCT Pub. Date: Jan. 19, 1995
130 Forelgn Application Priority Data
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[51] Imt. CLY e - A61IK 9/32; AGIK 9736
[521 US.ClL o 424/480; 424/474; 424/482;

424/494; 424/497
[58] Field of Search .o 424/480, 474,
424/482, 494, 497

Pilbrant et al, “Development of an oral formulation of
omeprazole,” Scand J Gastroenterol 1985; vol. 20 (Suppl
108) : 113120,

Primary Examiner—Thurman K. Page
Assistant Examiner—James M. Spear
Attorney, Agent, or Firm—White & Case

571 ABSTRACT
A new oral pharmaceutical formulation containing a novel
physical form of a magnesinm salt of omeprazole, a method

for the manufacture of such a formulation, and the use of
such a formnulation in medicine.

22 Claims, No Drawings
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5,690,960
1 2 |
PHARMACEUTICAL FORMULATION OF attractive in full scale production. Performing the proccss
OMEPRAZOLE without crystallization of the magnesium omeprazole gives

This application is a 371 of PCY/SE 94/00681 filed Jul.
8, 19%4.

FIELD OF THE INVENTION

The present invention is related to a new pharmaceutical
formulation containing a novel physical form of a magne-
sium sait of omeprazole, to a method for the manufacture of
such a formulation, and to the use of such a formulation in
medicine.

BACKGROUND OF THE INVENTION

5

"8

The compound known under the generic name
omeprazole, 5-methoxy-2{(((4-methoxy-3,5-dimethy!-2-
pyridinyl)methyl)sulfinyl)-1H-benzimidazole, is described
La. in EP-A 0 005 129.

Omeprazole is useful for inhibiting gastric acid secretion
and has gastric mucosa protective activity. In a more general
sense, omeprazole may be used for prevention and treatment
of gastric acid related disorders in mammals and man,
including e.g. gastroesofageal reflux discase, gastritis, gas-
tric ulcer and duodenal ulcer. Omeprazole is susceptible to
degradation/transformation in acid reacting and neutral
media. The half-life of degradation of omeprazole in water
solutions at pH-values less than four is shorter than ten
minutes. Also at neutral pH-values degradation proceeds
rapidly, ¢.g. at pH=7 the half-life of omeprazole is about 14
hours, while at higher pH-values the stability in solution is
much better (Pilbrant and Cederberg, Scand. J. Gastroenter-
ology 1985; 20 (suppl. 108) p. 113-120). Omeprazole also
in the solid state is susceptible to degradation and is stabi-

lized in mixtures with alkaline reacting compounds. The-

stability of omepeazole is also affected by moisture, heat,
organic solvents and to some degree by light.

From what is said about the stability propertics of
omeprazole, it is obvious that an oral dosage form of
omeprazole must be protected from contact with the acid
reacting gastric juice and the active substance mmst be
transferred in intact form to that part of the gastrointestinal
tract where pH is near neutral and where rapid absorption of
omeprazole can occur.

A pharmacentical oral solid dosage form of omeprazole
must be protected from contact with acidic gastric juice by
an enteric coating. In U.S. Pat. No. 4,786,505 is descxibed an
enteric coated omeprazole preparation containing a scparat-
ing subcoat between the core material and the enteric
coating. Said preparation contains an alkaline core comgpris-
ing omeprazole, a subcoating and an enteric coating.

Certain salts of omeprazole including alkaline reacting
salts of omeprazole are described in EP-A 0 124 495. In said
patent specification the requirements and importance regard-
ing storage stability of omeprazole for incarporation in
pharmaceutical pareparations are emphasized.

There is however, a demand for the development of new
enteric preparations of omeprazole with enhanced stability
and for environmental aspects there is also a strong desire
for the use of water based processes in production of
pharmaceutical products.

The isolation and purification in full manufacturing scale
of the magnesium omeprazole salts described in EP-A 0 124
495 presents one major problem in that the magnesium
omeprazole salt particles are very fragile making pharma-
ceutical manufacturing processes utilising this product less

35

45

65

a product which is less suitable as a pharmaceutical sub-
stance.

In order to use the magnesium salt of omeprazole, in this
specification denoted magnesium omeprazole, in full manu-
facturing scale in preparing pharmacentical formnlations
primarily for oral administration, such as tablets, it is
necessary that said magnesium omeprazole possesses a
combination of propertics which makes such full scale
manufacturing feasible.

The combination of physical propertics of the novel
magnesium omeprazole product described in the present
specification with respect to the degree of crystallinity,
particle diameter, density, hygroscopicity, low water content
and low content of other solvents is favorable and permits
the manufacture of magnesium omeprazole in a form which
is useful for the manufacture of the new pharmaceutical
formnlation.

The novel form of magnesinm omeprazole can be formu-
lated into different dosage forms for oral and rectal admin-
istration. Examples of such formulations are tablets,
granules, pellets, capsules, suppositories and suspensions.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a
pharmaceatical formulation of magnesium omeprazole.

Another object of the present invention is to provide a
process for full scale production of pharmaceutical formu-
lations of omeprazole, especially an enteric coated dosage
form of omeprazole, which is resistant to dissolution in acid
media and which dissolves rapidly in neutral to alkaline
media and has a good stability during long-term storage.

Yet another object of the invention is to provide an

‘environment friendly completely water-based process for

the manufacture of pharmaceutical formulations of omepra-
zole.

The new dosage form is characterized in the following
way. Core matexial in the form of pellets, granules or tablets
containing the novel form of a magnesium salt of
omeprazole, optionally together with an alkaline reacting
compound, and on said core material one or more subcoating
layers optionally comprising tablet excipients which are
soluble or insoluble but disintegrating in water, or
polymeric, filmforming compounds, optionally containing
pH-buffering, alkaline compounds between the core and an
outer layer, which is an enteric coating. This/these inmer
layer/layers scparates/separate the core material from the
outer layer being an enteric coating.

The process of forming the enteric coated dosage form is
preferably wates-based. Also the enteric ooating process
step, which usally is carried out using an organic solvent,
can be camied out using a water-based process which is
desirable both for the working environment inside the phar-
maceutical plant and for global environmental reasons.

It has been found that a magnesium omeprazole having a
degree of crystallinity which is higher than 70% is useful in
the manufacture of the pharmaceutical formulations of ome-
prazole according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The new pharmaceutical formnlation is defined in claims
1-8, a process for the manufacture of the pharmaceutical
formulation according to the present invention is defined in
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5,690,960

3

claims 910 and the usc of the formulation in medicine is
defined in daims 11-17.

Magnesium Omeprazole

Magnesium omeprazole feasible for the manufacturing of
the claimed formulation has the following properties:

a) Crystalline form, with a degree of crystallinity of not
less than 70%, preferably higher than 75% as deter-
mined by X-ray powder diffraction

It is desirable that the product also exhibits the following
properties;

b) Particle size measured as mean mass diameter (MMD)
less than 30 pym, preferably less than 20 pm as deter-
mined by laser diffraction technique.

c) Density between 1.33 g/em® and 135 g/em® as deter-
mined by powder pycnometer.

d) Hygroscopicity not exceeding 2% increase of weight
upon storage for one month up to 94% relative atmo-
spheric humidity as determined gravimetrically.

€) A content of water of between 5% and 10% by weight
as determined by titration according to Karl Fischer

f) A content of methanol less than 0.1% preferably less
than 0.05% by weight as determined by gas
chromatography, in case methanol is used as solvent,

The process for producing the novel form of magnesium
omeprazole is characterized by the following consccutive
steps

1) treating omeprazole or a salt thereof with magnesinm
alcoholate in a solution

2) separating inorganic salts from the reaction mixture

3) arystallizing magnesium omeprazole

4) isolating the obtained crystalline magnesium omepra-
zole and, optionally

') purifying and drying the crystalline magnesium ome-
prazole using conventional methods.

The process for manufacturing the novel magnesiom

omeprazole can be described in the following way:

A lower alcohol, such as methanol, ethanol, n-propanol or
iso-propanol, preferably methanol, is treated in a solution of
polar solvents with a weighed amount of magnesium at
temperatures between 0° C. and reflux rature. The
temperature should preferably be between 10° and 30° C.
After addition of the magnesium to the solution the tem-
perature can, in a second step be raised further to between
0° C. and reflux temperature, preferably 20°—50° C. After
termination of the reaction the ture is reduced to
0°—40° C., preferably 10°-25° C. Omeprazole ar a salt of
omcprazole is then added to the solution and after termina-
tion of the reaction the mixture is cooled to —10° C. to +20°
C., preferably —5° C. to +5° C. The solvent is then evapo-
rated to 40-60% of the initial volume, which makes the
inorganic salts precipitate. The precipitate is separated from
the reaction solution for example by centrifugation or fil-
tration and the solution is heated to 5° C. to 30° C.
whereafter the solution is seeded with magnesium omepra-
zole crystals. An amount of water, which is approximately
equal to the volume of the solution, is added to start the
arystallization. The solution is cooled to ~10°o +20° C.,
preferably 0°-10° C. to complete the crystallization. The
aystals are then separated from the mother liquid for
example by centrifugation or filtration and washed with
polar solvents preferably an aqueous lower alcohol such as
aqueous methanol. Finally, the crystals are dried preferably
under reduced pressure and heating.

Pharmaceutical formulations containing the novel mag-
nesium omeprazole described above are manufactured as
described herein below.
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Core Material

The novel magnesium salt of omeprazole, herein referved
to as magnesium omeprazole, is mixed with inest, preferably
water soluble, conventional pharmaceutical constituents to
obtain the preferred concentration of omeprazole in the final
mixture. Optionally the magnesium omeprazole may be
mixed with an alkaline reacting, otherwise inert,
ceutically acceptable substance (or substances). Such sub-
stances can be chosen amoag, but are not restricted to
substances such as the sodium, potassium, calcium, magne-
sium and aluminium salts of phosphoric acid, carboric acid,
citric acid or other suitable weak inorganic or orgapic acids;
aluminium hydroxide/sodium bicarbonate coprecipitate;
substances normally used in antacid preparstions such as
aluminium, calcium and magnesium hydroxides; magne-
sium oxide or composite substances, such as
AlL,0,.6Mg0.CO,.12H,0, (MggAL(OH),;C0,.4H,0),
Mg0.AL,0,.28i0,0H,0 or similar compounds; organic
pH-buffering substances such as
trihydroxymethylaminomethane, basic amino acids and
their salts or other similar, pharmaceutically acceptable
PH-buffering substances.

The powder mixture is then formulated into peliets,
granules or tablets, by conventional pharmaceutical proce-
dures. The pellets, granules or tablets are nsed as core
material for further processing.

Separating Layer—Subcoating

The cores containing magnesium omeprazole and option-
ally alkaline reacting substances are separated from the
enteric coating polymer(s). The subcoating layer, in the
following defined as the scparating layer, serves »s a
pH-buffering zone in which hydrogen ions diffusing ‘from
the outside in towards the core can react with hydroxyl ions
diffusing from the, core towards the surface of the coated
particles. The pH-buffering properties of the separating layer
can be further strengthened by introducing in the layer
substances chosen from a group of compounds usually used
in antacid formulations such as, for instance, magnesium
oxide, hydroxide or carbonate, aluminium or calciom
hydroxide, carbonate or silicate; composite aluminium/
magaesium compounds such as, for instance
AL0,.6Mg0.CO,.12H,0, (MgsAL(OH),sCO,.4H,0),
Mg0.A1,0,.28i10,.0H,0, aluminium hydroxide/sodium
bicarbonate coprecipitate or similar compounds; or other
pharmaceatically acceptable pH-buffering compounds such
as, for instance the sodium, potassium, calcium, magnesitm
and aluminium salts of phosphoric, carbonic, citrdc or other
suitable, weak, inorganic or organic acids; or suitable
organic bases, including basic amino acids or salts thereof.

Thesepanﬂnghyu'mayoonsistofoneormorehyers.

The separating layer(s) can be applied to the core
material—pellets, granules or tablets—by conventional
coatingpmwdnruinasuitablccoaﬁngpm,ccntﬁfugal
fluidized coating-granulatar, or in a fluidized bed apparatus
using water and/or conventional organic solvents for the
coating solution. The material for the separating layer is
chosen among pharmaceutically acceptable, inert com-
pounds or polymers used for film-coating applications such
as, for instance, sugar, polyethylene glycol,
polyvinylpyrrolidone, polyvinyl alcohol, hydroxypropyl
cellulose, methylcellulose, ethylcellulose, hydroxymethyl
cellulose or hydroxypropyl methyicellulose. The separating
layer, “subcoating”, applied to the core material may con-
stitute from approximately 0.5 to 25% by weight of the core
weight, preferably 2.0-10.0%, and more preferably
2.5-5.0%.
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In the case of a tablet formulation ancther method to apply
the separating layer(s) can be perfarmed by drycoating
technique. First a tablet containing magnesium omeprazole
is formulated as described above. Around this tablet one or
more layers arc compressed using a suitable tableting
machine. The separating layer(s) consists of pharmaceuti-
cally acceptable, soluble or insoluble but in water disinte-
grating tablet excipients. The scparating layer(s) has pref-
erably a thickness of not less than approximately 1 mm.

Ordinary plasticizers, colorants, pigments, titanium
dioxide, talc and other additives may also be included into
one or more of the separating layer(s).

Enteric Coating Layer

10

L1

The enteric coating layer is applied in one or mare layers
onto the subcoated core material by conventional coating
techniques such as, for instance, pan coating or fluidized bed
coating using solutions of polymers in water, or by using
latex suspensions of said polymers or optionally using
polymer solutions in suitable organic solvemts. As enteric
coating polymers can be used one or more of the following,
for example solutions or dispersions of acrylates
(methacrylic acid/methacrylic acid methylester copolymer),
cellulose acetate phthalate, hydroxypropyl methylcellulose
phthalate, hydroxypropyl methylcellulose acetate succmatc
polyvinyl acetate phthalate, cellulose acetate
carboxymcﬂ:ylemylcel]ulose, shellac or other sujtablc
enteric coating polymer(s). Preferably water-based polymer
dispersions such as for example compounds known under
the trade names Aquateric® (FMC Corporation), Eudragit®
(Rohm Pharma), Agoat™ (Shin-Etsu Chemical), Opadry™
(Colorcon) or similar compounds are used to obtain enteric
coatings. The enteric coating layer can optionally contain a
pharmaceutically acceptable plasticizer for example cetanol,
triacetin, citric acid esters such as, those known under the
trade name Citroflex® (Pfizer), phthalic acid esters, dibutyl
succinate, polyethylene glycol (PEG) or similar plasticizers.
The amount of plasticizer is usually optimized for cach
enteric coating polymer(s) and is usually in the range of
1-50% of the enteric coating polymer(s). Dispersants such
as talc, colorants and pigments may also be included into the
enteric coating layer or sprayed onto the enteric coated
material as an overcoat.

The thickness of the enteric coating may vary widely
without influencing the in vitro release of omeprazole in test
solutions which mimic in vivo conditions in man. To protect
the acid susceptible omeprazole compound and to obtain an
acceptable acid resistance, the enteric coating constitutes at
least an amount of 1.0% by weight of the core weight,
preferably at least 3.0% and espedially at least 6.0%. The
upper amount of the applied enteric coating is normally only
limited by processing conditions. This possibility to vary the
thickness of the enteric coating without deleterious influence
on the release of omeprazole is especially desirable in large
scale processes. The enteric coating layer(s) may be applied
on the pre-processed formulation containing subcoating
layer(s) without exactly controlling the thickmess of the
applied coating layer(s).

Thus, the fonmulation according to the invention consists
of corc material containing magnesium omeprazole option-
ally mixed with alkaline reacting compound(s). The addition
of alkaline reacting material is not necessary, in any sense,
but such a substance may further enbance the stability of
omeprazole. The core material is coated with an enteric
coating rendering the dosage form insoluble in acid media,
but disintegrating/dissolving in neutral to alkaline media
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such as, for instance the liquids present in the proximal part
of the small intestine, the site where dissolution is wanted.
The core material is further coated with an soluble or
insoluble but in water disintegrating coating, optionally
containing one or more pH-buffering substances, which
separate the core material from the enteric coating,

Final Dosage Form

The final dosage form is cither an enteric coated tablet or
capsule or in the case of enteric coated pellets or granules,
these pellets or granules dispensed in hard gelatin capsules
or sachets. The final dosage form may further be coated with
an additional layer containing pigment(s) and/or colorant(s).
It is essential for the long term stability during storage that
the water content of the final dosage form containing mag-
nesium omeprazole (enteric coated tablets, capsules, gran-
ules or pellets) is kept low.

Process

A process for the mamufacture of a dosage form according
totlmpresentmvcnuonmprcscntsafurﬂ:craspcctofﬂw
invention. After the forming of the core material, said
material is first coated with the separating layer(s) and then
with the enteric coating layer(s). The coating(s) are carried
out as described above. Further another aspect of the inven-
tion is that the pharmaceutical processes can be completely
water-based.

The preparation according to the invention is especially
advantageons in reducing gastric acid secretion. It is admin-
istered one to several times a day. The typical daily dose of
the active substance varies and will depend on various
factars such as the individual requirements of the patients,
the mode of administration and the disease. In general the
daily dose will be in the range of 1400 mg of omeprazoie.

The invention is illustrated in detail by the following
examples. Example 1 discloses the preparation of the novel
magnesium omeprazole product, which product is suitable
in manufacturing of the pharmaccutical formulations
according to the present invention. Example 2 discloses
compositions of different enteric coated tablets
magnesium omeprazole and results from acid resistance test
and in vitro dissolution test. Examples 3 discloses tablet
formulations with different thickness of the enteric coating,
the obtained gastric acid resistance of said formulations and
the in vitro release rate of omeprazole. Example 4 discloses
an enteric coated pellet formnlation.

EXAMPLES

The following detailed Bxample 1 will serve to illustrate
a process for manufactuﬁng the magnesium omeprazole,
which will be used in the pharmacentical preparations
according to the present invention.

Example 1

A reactor was filled with 2026 liters of methanol. The
sﬁn'a'wasstmedandﬂ:cwmpuamrcwasadjnstedto20°
C. 3,90 kg of magnesium was added to the vessel and
immediately thereafter 1,0 liter of CH,Cl,. The reactor was
heated to 40° C. and kept at this temperature for 60 nin. It
was then cooled to 15° C. before the addition of 99,9 kg of
omeprazole. The reactor was kept at this temperature for 60
min and then cooled to 0° C. The temperature was kept at
this level for 30 minutes before 1000 L of methanol were
evaporated under vacuum and the inorganic solid salt was
scparated from the liquid first by centrifugation and then by
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fileration. The liquid was heated to 10° C. and the liquid was
seeded with magnesium omeprazole crystals whereafter the
magnesium omeprazole salt was precipitated by addition of
900 L of water. The mixture was then cooled to 5° C. After
the crystallization had been completed the magnesium ome-
prazole crystals were centrifuged off and then washed with
a mixture of 50 L of methanol and 150 L of water. The
produced magnesium omeprazole was dried under reduced
pressure finally producing 92,5 kg of crystalline product
comresponding to a yield of 81,4%.

The novel form of the magnesium salt of omeprazole
according to Example 1 fulfills the properties defined above.

Example 2
Tablet formulations containing magnesinm omeprazole.

10

8
Tblet Strength " Acid resistance
(mg) (%) '
10 95 (93-98)
2 100 (M-102)
o 100 (96-103)

Investigation of In-Vitro Dissolution

After exposure to acid environment, pH 1.2, asdescribed
above, the medium was switched to artificial intestinal fluid
without enzymes, pH 6.8. The dissolved amount of ome-
prazole was determined by HPLC.

Amount ameprazole 10 20 40
Ingredient (mg/abD)  (mg/abl)  (mgitabl)
Tablet core
Magnesinn omeprazole 112 215 450
Mannitol 68.7 574 49
Microcrystalline cellulose 250 250 250
Sodium starch glycolate 6.0 60 60
Hydroxypropy! methyicelinloss 60 60 60
Take 50 50 50
Sodinm stearyl fumarats 25 25 25
Water purified 50.0 500 500
Sub-costing layer
Hydroxypropyl methylcellulose 3.7 37 3.7
Hydrogen peroxide 30% 004 004 004
Water purified 340 340 340
Enteric coating layer
Methacrylic acid copolymer 9.1 9.1 9.1
Polyethylene glycol 10 10 1.0
num dicxide 0.82 11 0.51
Colour iron cxide, red-brown 0.04 0.13 043
Colour iron oxide, yollow 002 — —
Water purified 450 450 450
Polish
Paraffin powder 0.05 0.05 0.05

The tablets with an amount of 20 mg omeprazole/tablet
have been manufactured both in a pilot scale of about 300
000 tablets and a large scale of about 2 million tablets.

Description of Manufacturing

Magnesium omeprazole, mannitol, hydroxypropyl
methylcellulose, microcrystalline cellulose and sodium
starch glycolate are dry-mixed, moistened with water and
wet mixed. The wet mass is dried and milled and finally
mixed with anti-adherent and lubricant substances. The
milled granulate is compressed to tablets with a diameter of
7 mm. The tablets are sub-coated with a polymer film based
on hydroxypropyl methylcellulose and enteric coated with a
methacrylic acid copolymer film. Water used in the manu-
facture of the tablets is removed during subsequent process-

ing.
Investigation of Acid-Resistance

Six individual tablets were exposed to artificial gastric
fluid without enzymes, pH 1.2. After six hours the tablets
were removed, washed and analysed for omeprazole content
using HPLC. The amount of omeprazole is taken as acid
resistance.
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Strength 0 5 10 15 20 25 0
(mg) %) (%) (%) (%) (%) %) &%)
10 [ 2 78 92 93 M4 54
20 0 /] 5 93 9% 96 -2
40 0 9 n 86 91 91 o4

All values of dissolved amount of omeprazole are mean
values of 12 tablets.

Example 3

Tablet formulations containing magnesium omeprazole
with different thickness of the enteric coating.

The composition of the tablets is the same as in Example
2 (20 mg omeprazole). The tablets (n=6) have been exposed
in ap artificial gastric juice (pH 1.2) during 2 hours and then
analysed for remaining amount of omeprazole (acid
resistance). The release of omeprazole was analysed on
tablets (n=6) pre-exposed in gastric juice 2 hrs and thereafter
exposed in a buffer solution (pH 6.8) during 30 min.

Bateric coating  Acid resistance Rolouse
(% woight per (% rosidue after (% afVer 30 min;
EBxperiment® tablet) 2hpH 1.2) pH 6.8)
A 8 101 (98-105) 94 (93-56)
B 3 100 (98-102) 95 (85-98)
[o] 16 98 (96-100)
DA manufactured in large scale
B manufsctured i pilot scale
C manufactured in Iaboratory scale
Exampie 4

Enteric coated pellet formulation containing magnesium
omeprazole.

Pellet core

Magnesinm omeprazole 225 g
Mannito} 1425 g
Hydroxypropyl cellulose 6 g
Microcrystalline celtuicee 40 g
Lactoes anhydrous 80 g
Sodium lanyl sulphats 58
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-continued
Disoditm hydrogen phosphate
Water purified
Subcoating iayer (T)
Hydroxypropyl methylkellulose
Wader purified
Enteric-coating layer (ID)
Methacrylic acid copolymer 4
Polyethylene glycol

Water purified
Polish

350 g

Magnesium stearate

The dry ingredients given above were mixed well in a
mixer. Addition of granulation Liquid was made and the
mixture was kneaded and granulated to a proper consistency.
The wet mass was pressed through an extruder and the
granules were converted to spherical form in a spheronizer.
The peliets were dried and classified into suitable particle
size ranges, e.g. 0.5-1.5 mm.

The polymer solution (I) was sprayed on the uncoated
pellets in a fluidized bed apparatus under conditions suitable
for the equipment used.

The polymer dispersion () was sprayed on the subcoated
pellets in a fluidized bed apparatus. The enteric-coated
pellets were classified, polishing material was admixed and
the pellets Wcreﬁlodmtohatdgclahncapsulcsmanamount
corresponding to 20 mg of omeprazole, using a capsule
filling machine.

Biopharmaceutical Tests

The enteric coated formulations according to Example 2
have been tested in humans with good results.

We claim:

1. A stable oral formulation compeising:

a core containing a magnesium sakt of omeprazole said
salt having mare than 70% crystallinity as determined
by x-ray powder diffraction;

a subcoating layer; and

an enteric coating layer, whereby the thickness of the
enteric coating layer does not effect the release of
omeprazole into solution at the pH predominantly
present in the small intestine.

2. A formulation according to claim 1, wherein the

formulation is a tablet formulation.

3. A formnlation according to claim 1, whercin the
formulation is a pellet formulation.

4. A formnlation according to claim 1, wherein the enteric
coating comprising an enteric coating material, optionally
containing ong or more pharmaceutically acceptable
plasticizers, dispersants, colorants and pigments.

5. A formulation according to claim 4, wherein the enteric
coating comprises water-based polymer solutions or disper-
sions of acrylates, hydroxypropyl methylcellulose acetate
succinate, hydroxypropyl methylcellulose phthalate, poly-
vinyl acetate phthalate, cellulose acetate trimellitate and/or
cellulose acetate phthalate.

6. A formulation according to claim 1, wherein the enteric
coating constitutes from 1.0% by weight of the weight of the
core matesial.
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7. A formulation according to claim 6, wherein the enteric
coating constitutes at least 3.0% by weight of the weight of
the core material.

8. A formulation according to claim 1 wherein the sub-
coating layer(s) comprise polymeric, filmforming com-
pounds or tablet excipients which are soluble or insoluble
but disintegrating in water, and optionally containing
pH-buffering, alkaline compounds.

9. A formulation according to claim 1 wherein the pro-
duced enteric coated formulation contains an overcoat,
optionally comprising one or more pharmaceutically accept-
able plasticizers, dispersants, colorants and pigments.

10. A process for the manufacture of a farmulation of a
pharmaceutical composition for the oral administration of
magnesium omeprazole comprising the steps of:

(a) forming a core material containing magnesium ome-
prazole salt said salt having at least 70% crystallinity as
determined by x-ray powder diffraction;

(b) applying in the presence of water at least one sub-
coating layer onto the core;

(c) further applying in the pittance of water at least one
enteric coating layer onto the subcoated core; and
drying the prepared formulation.

11. A process according to claim 16, wherein the sub-
coating layer(s) is applied on the core material by a dry-
coating process.

12. The oral formulation accarding to claim 8 or 1
wherein the core is coated with more than one subcoating
layer.

13. The oral formnlation according to any one of the claim
1, 4-7 or 9 whexein the enteric coating comprises more than
one layer.

14. The oral formulation according to daim 1 wherein the
crystalline magnesium omeprazole has a mean mass particie
size diameter of less than 30 pum.

15. The oral formnlation according to claim 1 wherein the
crystalline magnesium omeprazole has a hygroscopicity of
less than 2% by weight.

16. The formulation according to claim 1, wherein the
core material is in the form of pellets, granules or tablets.

17. A method for inhibiting gastric acld secretion in
mammals and man by administering to a host in need thereof
a therapeutically effective dose of an enteric coated formn-
lation according to any of claims 1 to 9.

18. A method for the treatment of gastric acid related
diseases in mammals and man by administering to a host in
need thereof a therapeutically effective dose of an enteric
coated formulation according to any of claims 1 to 9.

19. The formulation according to claim 1, wherein the
core further comprises an alkaline reacting compound.

20. The process according to claim 19, wherein the core
material further comprises an alkaline reacting compound.

21. A pharmaceutical composition produced in accor-
dance with the process of claim 16.

22. An improved oral pharmaceutical composition con-
taining a core of omeprazole salt with a subcoating and an
enteric coating wherein the improvement comprises mag-
nesium omeprazole salt having more than 70% crystallinity
as determined by x-ray powder diffraction.
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OMEPRAZOLE MAGNESIUM SALT FORM

This is a 371 of PCT/SE94/00680 filed Jul. 8, 1994, now
WO 95/01977.

FIELD OF THE INVENTION

The present invention relates to a novel process for
manufacturing the magnesium salt of omeprazole; the mag-
nesium salt of omeprazole in a novel physical form, espe-
cially the magnesium salt as a product of the novel process;
the use of the novel form of the magnesium sait of ome-
prazole in the manufacture of pharmaceutical formulations;
and to the use of the novel form of the magnesium salt of
omeprazole in medicine.

BACKGROUND OF THE INVENTION

The compound known under the generic name omepra-
zole is described i.a. in European patent specification
0005129.

Omeprazole is useful for inhibiting gastric acid secretion
and has gastric mucosa protective activity in mammals and
man. In a more general sense, omeprazole may be used for
prevention and treatment of gastric acid related disorders
and gastrointestinal inflammatory diseases in mammal and
man, including e.g. gastritis, gastric ulcer and duodenal
ulcer. )

The term “omeprazole” as used in this specification
designates the neutral form of the compound, that is the form
without a salt forming cation present.

Certain salis of omeprazole are described in European
patent specification 0124495. In said patent specification the
requirements and importance regarding storage stability of
pharmaceutical preparations are emphasized. Salts possess-
ing superior properties with regard i.a. to storage stability
are described in the said European patent specification. In EP
0124495; examples 5 and 6 disclose the synthesis of a
magnesium salt of omeprazole.

The isolation and purification in full manufacturing scale
of the described magnesium omeprazole salts presents one
major problem in that magnesium omeprazole salt crystals
are very fragile making processes utilising such crystals less
attractive in full scale production. Performing the process
without crystalilization of the magnesium omeprazole gives
a product which is less suitable as a pharmaceutical sub-
stance.

In order to use the magnesium salt of omeprazole, in this
specification denoted magnesium omeprazole, in full manu-
facturing scale in preparing pharmaceutical formulations

primarily for oral administration, such as tablets, it is s

necessary that said magnesium omeprazole possesses a
combination of properties which makes such full scale
manufacturing feasible. One object of the present invention
is to provide a process for full scale production of magne-
sium omeprazole. A further object of the present invention
is to provide a novel form of the magnesium salt of ome-
prazole which can be used in full scale manufacturing of
pharmaceutical formulations, such as tablets.

The combination of physical properties of the novel
magnesium omeprazole product of the present invention
with respect to the degree of crystallinity, particle diameter,
density, hygroscopicity, water content and content of other
solvents are favorable and permit the manufacture of mag-
nesium omeprazole in a form which possesses the desired
properties.

The novel form of magnesium omeprazole can also be
formulated into other forms for oral administration and other
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types of administration such as rectal administration.
Examples of formulations are tablets, pellets, granules,
capsules, suspensions and suppositories.

The invention

We now provide a novel form of the magnesium salt of
omeprazole exhibiting the desired combination of physical
properties. This makes full scale production of magnesium
omeprazole as well as full scale production of pharmaceu-
tical formulations thereof feasible.

The novel process for the manufacture of magnesium
omeprazole also circumvents the above described manufac-
turing problems and renders possible the recovery and
work-up of the magnesium omeprazole substance in tradi-
tional chemical process equipment.

It has been found that the following property is significant
to obtain such product:

a) Crystalline form, with a degree of crystallinity of not
less than 70%, preferably higher than 75% as determined by
X-ray powder diffraction
It is desirable that the product also exhibits the following

properties;

b) Particle size measured as mean mass diameter (MMD)
less than 30 um, preferably less than 20 um as determined
by laser diffraction technique.

c) Density between 1.33 g/cm® and 1.35 g/cm® as deter-
mined by powder pycnometer.

d) Hygroscopicity not exceeding 2% increase of weight
upon storage for one month up to 94% relative atmospheric
humidity as determined gravimetrically.

¢) A content of water of between 5% and 10% by weight
as determined by titration according to Karl Fischer.

f) A content of methanol less than 0/1% preferably less
than 0.05% by weight as determined by gas
chromatography, in case methanol is used as solvent.

In a further aspect, the invention also relates to a process
for manufacturing the novel form of magnesium omepra-
zole. This process is described in more detail below.

The invention relates to all of the aspects given under
Field of the invention.

The process for producing the novel form of magnesium
omeprazole is characterized by the following consecutive
steps

a) treating omeprazole or a salt thereof with magnesium
alcoholate in 8. solution

b) separating inorganic salts from the reaction mixture

¢) crystallizing magnesium omeprazole

d) isolating the obtained crystalline magnesium omepra-
zole and, optionally,

¢) purifying and drying the crystalline magnesium ome-
prazole using conventional methods.

The process for manufacturing the new product can be
described in the following way.

A lower alcohol, such as methanol, ethanol, n-propanol or
iso-propanol, preferably methanol, is treated in a solution of
polar solvents with a weighed amount of magnesium at
temperatures between 0° C. and reflux temperature. The
temperature should preferably be between 10 and 30° C.
After addition of the magnesium to the solution the tem-
perature can, in a second step be raised further to between
0° C. and reflux temperature, preferably 20-50° C. After
termination of the reaction the temperature is reduced to
040° C., preferably 10-25° C. Omeprazole or a salt of
omeprazole is then added to the solution and after termina-
tion of the reaction the mixture is cooled to -10° C. to +20°
C., preferably -5° C. to +5° C. The solvent is then evapo-
rated to 40-60% of the initial volume, which makes the
inorganic salts precipitate. The precipitate is separated from
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the reaction solution for example by centrifugation or fil-
tration and the solution is heated to 5° C. o 30° C.
whereafter the solution is seeded with magnesium omepra-
zole crystals. An amount of water, which is approximately
equal to the volume of the solution, is added to start the
crystallization. The solution is cooled to ~10 to +20° C,
preferably 0-10° C. to complete the crystallization. The
crystals are then separated from the mother liquid for
example by centrifugation or filtration and washed with
polar solvents preferably an aqueous lower alcohol such as
aqueous methanol. Finally, the produced crystals are dried
preferably under reduced pressure and heating.

The process for manufacturing the new form of magne-
sium omeprazole differs from the carlier known processes in
that the product is recovered after a controlled crystallization
step in aqueous alcohol, preferably methanol by, first, sepa-
rating the inorganic salts from the mother liquour. The
crystallinity resulting from this step is, unexpectedly, higher
and the product possesses a higher degree of purity and is
more stable to decomposition from uptake of moisture. The
drying step can be performed without caking. The new
process is possible to perform in conventional chemical
process equipment and gives a product with a higher yield
than the processes hitherto known.

The following detailed Example 1 will serve to more fully
illustrate the process for manufacturing magnesium ome-
prazole in full scale according to the present invention. In
FIGS. 1 and 2 sample A is manufactured according to this
example.

EXAMPLE 1

A reactor was filled with 2026 liters of methanol. The
stirrer was started and the temperature was adjusted to 20°
C. 3,90 kg of magnesium was added to the vessel and
immediately thereafter 1,0 liter of CH,Cl,. The reactor was
heated to 40° C. and kept at this temperature for 60 min. It
was then cooled to 15° C. before the addition of 99,9 kg of
omeprazole. The reactor was kept at this temperature for 60
min and then cooled to 0° C. The temperature was kept at
this level for 30 minutes before 1000 1 of methanol were
evaporated under vacuum and the inorganic solid salt was
separated from the liquid first by centrifugation and then by
filtration. The liquid was heated to 10° C. and the liquid was
seeded with magnesium omeprazole crystals whereafter the
magnesium omeprazole salt was precipitated by addition of
900 1 of water. The mixture was then cooled to 5° C. After
the crystallization had been completed the magnesium ome-
prazole crystals were centrifuged off and then washed with
a mixture of 50 1 of methanol and 150 1 of water. The
produced magnesium omeprazole was dried under reduced
pressure finally producing 92,5 kg of crystaltine product
corresponding to a yield of 81,4%.

The novel form of the magnesium salt of omeprazole
according to Example 1 possesses the following properties:

a) Crystalline form, with a degree of crystallinity of 76%,
as determined by X-ray powder diffraction.

b) Particle size measured as mean mass diameter (MMD)
of 19 wm as determined by laser diffraction technique.

) Density of 1.342 g/cm® as determined by powder
pycnometer.

d) Hygroscopicity of 1.62% increase of weight upon
storage for one month at 94% relative atmospheric humidity
as determined gravimetrically.

¢) Content of moisture water of 7.6 by weight as deter-
mined by titration according to Karl Fischer.

f) Content of methanol of 0.006% by weight as deter-
mined by gas chromatography.
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A comparison between two different samples of the novel
form of magnesium omeprazole of the present invention
obtained from two laboratory scale experiments by prior art
methods and magnesium omeprazole goes forth from dia-
grams 1 and 2. In these diagrams sample A represents the
novel form of the present invention as manufactured in full
scale process equipment. Sample B represents the product of
preparation via synthesis by treatment of omeprazole with
Mg(OCH,),. Sample C represents the product of preparation
via treatment of sodium omeprazole with MgCl,.

FIG. 1 shows in diagram 1 that the particle size measured
as mean mass diameter of the product of method A is 19 yum
which is smaller than the corresponding particle size for the
products of method B which is 25 zm and of method C
which is greater than 600 pm.

FIG. 2 shows in diagram 2 that the degree of crystalliﬁity
of the particles of the product of method A is 76% which is
higher than the corresponding figure for the product of
sample B, which is 0% and also higher than the correspond-
ing figure of sample, C, which 67%.

What is claimed is:

1. An omeprazole magnesium salt having a degree of
crystallinity which is higher than 70% as determined by
x-ray powder diffraction.

2. The omeprazole magnesium salt according to claim 1
wherein the degree of crystailinity is higher than 75%.

3. The omeprazole magnesium salt according to claim 1
wherein the mean particle diameter as determined by laser
diffraction technique is less than 30 um, and preferably less
than 20 um.

4. The omeprazole magnesium salt according to claim 1
wherein the density is between 1.33 g/cm® and 1.35 g/cm®
as determined by powder pycnometer.

5. The omeprazole magnesium salt according to claim 1
wherein the water content is between 5% and 10% by weight
as determined by titration according to Karl Fischer.

6. The omeprazole magnesium salt according to claim 1
having a solvent content less than 0.1% by weight of solvent
as determined by gas chromatography.

7. The omeprazole magnesium salt according to claim 1
having a solvent content less than 0.05% by weight of
solvent as determined by gas chromatography.

8. The omeprazole magnesium salt of claim 6 or 7,
wherein the solvent is an aqueous alcohol.

9. The omeprazole magnesium salt of claim 6 or 7,
wherein the solvent is methanol.

10. The omeprazole magnesium salt according to claim 1
wherein the hygroscopicity is less than 2% increase of
weight upon storage for one month at up to 94% relative
atmospheric humidity as determined by gravimetry.

11. A process for the manufacture of magnesium omepra-
zole according to claim 1 comprising in consecutive steps

a) treating omeprazole or salt thereof with magnesium

alcoholate in a solution,

b) separating inorganic salts from the reaction mixture,

¢) erystallizing magnesium omeprazole by the addition of

water, and

d) isolating the obtained crystalline magnesivm omepra-

zole.

12. A process according to claim 11 wherein the magne-
sium alcoholate is magnesium methyl alcoholate.

13. A process according to claim 11 wherein the solvent
is methanol.

14. A process according to claim 11 wherein the isolation
of the magnesium omeprazole is performed by centrifugal
separation of the crystals.
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15. A process according to claim 11 wherein the isolation
of the magnesium omeprazole is performed by crystalliza-
tion followed by filtration of the crystals.

16. The process according to claim 11, further comprising
the steps of purifying and drying the crystalline magnesium
omeprazole.

17. A process according to claim 16 wherein the purifi-
cation of the magpesium omeprazole crystals is performed
by washing the crystals with a solution of polar solvents.

18. A process according to claim 16 wherein the magne-
sium omeprazole crystals are dried under reduced pressure.

19. A process according to claim 16 wherein the drying of
the magnesium omeprazole crystals is performed by evapo-
rating the remaining solvent by heating.

20. In a process for the manufacture of a crystalline
magnesium salt comprising, (a) treating omeprazole or a salt
thereof with magnesium alcoholate in a solution, (b) crys-

10

6

tallizing magnesium omeprazole and (c) isolating the
obtained crystalline magnesium omeprazole, wherein the
improved process comprises separating inorganic salts from
the reaction mixture prior to the crystallization step by the
addition of water.

21. A method for inhibiting gastric acid secretion in
mammals and man comprising administering to a host in
need thereof a therapeutically effective dose of magnesium
omeprazole according to any of claims 1 to 4, 6-8 and 10,

22. A method for the treatment of gastric acid related
diseases in mammals and man comprising administering to
a host in need thereof a therapeutically effective dose of
magnesium omeprazole according to any of claims 1 to 4,
6-8 and 10. ‘
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